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Mr. Scott Fowler 
Ms. Victoria Broomhead 
ILLINOIS DEPARTMENT OF 
NATURAL RESOURCES 
Land Reclamation Division 
One Natural Way 
Springfield, IL 62702-1271 

June 8, 2007 

Project No. B0S-330-1413 

Supplemental lnfonnation For Pe1mit No. 375 
Williamson Energy. LLC 

Coal Refuse Disposal Facility Nos. 1 And 2 
Pond Creek Mine No. I 

Williamson County. Illinois 

Dear Mr. Fowler and Ms. Broomhead: 

This submittal has been prepared pursuant to your requests for certain additional subsurface 
information in respect to geologic ru1d hydrogeologic characterization of the above-referenced 
site. Primru·ily, the submittal addresses your concerns pe1taining to the delineation of sru1dstone 
stratigraphy beneath the coal refuse disposal areas, quantifying the sandstone lithology's ability 
to transport groundwater, and discussing the methodology and confirmatory data for ensuring 
that a minimum thickness of 4 feet of clay soil exists beneath the floor of Coal Refuse Disposal 
Facility No. I. 

Sandstone Stratigraphic Unit Characterization 

Seven (7) additional borings, namely B-1 through B-7, have recently been drilled over the site to 
fu1iher define the vertical thickness and horizontal distribution of a sru1dstone stratigraphic m1it, 
as earlier discussed with you. The sandstone unit under study overlies a relatively thin coal 
seam, and the serun was utilized as a key marker bed for correlation of the stratigraphy across the 
site. The coal seam has excellent lateral continuity, and also was utilized for construction of a 
structure map for the study area. The drilling was conducted during April 2007 by Holcomb 
Foundation Engineering Co., Inc. (Holcomb), and Holcomb's report containing a discussion of 
drilling methodology and submittal of borehole logs, laboratory analytical data for sru1dstone 
permeability testing, and color photographs of rock cores are submitted herein as Appendix A. 
Borehole locations, structural contours generated upon the thin seam's bottom of coal elevations, 
and the depiction of other germane site features are'presented on the drawing entitled Coal 
Refuse Disposal Area Borehole Location Map And Underlying Thin Coal Seru11's Structure Map 
(hereinafter simply referenced as "Structure Map") in the "Figures" section of our submittal. 

124 Philpott Lane • Raleigh County Airµort Industrial Park • Be<1ver, WV 25813-9502 • TELE: (304) 255-0491 • FAX: (304) 255.-4232 
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Also submitted is a drawing entitled Sandstone Unit Isopach Map (hereinafter referenced as 
"Sandstone Map"), which portrays the study stratigraphic unit's thickness on a I-foot contour 
interval, based upon 26 boreholes penetrating that horizon. None of these boreholes encountered 
the sandstone unit at a thickness of 10 feet or greater. Borehole P-4, situated west of the 
proposed disposal area, had the thickest value at 9.75 feet. The Sandstone Map clearly 
demonstrates that the sandstone is discontinuous across the study area, with seven (7) boreholes 
reporting the unit as completely absent and an additional eight (8) reporting a thickness of 3 feet 
or less. The map further illustrates three (3) spatially distinct locations of sandstone having 
thicknesses of 6 feet or greater, as denoted by the dark purple areas on that drawing. The data do 
not reveal an interconnection of the thicker areas, and no trends of thickening laterally over any 
appreciable distance upon or away from the study area is discernible. 

The vast majority of the area beneath the footprint of the proposed coal refuse disposal areas has 
either none of the sandstone unit present or else has a thickness ofless than 3 feet. Only two (2) 
small areas of sandstone exhibiting a thickness exceeding 6 feet are present in the footprint - one 
located at the southeastern corner of the facility and the other at the southwestern corner. The 
Sandstone Map illustrates tlu·ee (3) boreholes (B-6, B-7 and GW7 A) with no sandstone at all 
present between these corners of the facility, and again demonstrates the discontinuous nature of 
the deposit. Furthermore, Holcomb's laboratory analytical repmt states the sandstone unit's 
permeability as a mere 4 x 10·7 cm/sec. Based upon these findings, it is our opinion that 
groundwater at the study area does not meet the criteria set forth in § 620.210 for classification 
as Class I: Potable Resource Groundwater. 

The above-referericed information was also included in the Coal Refuse Disposal Facility No. 2 
significant revision submitted to your office on May 18, 2007. 

Methodology and Confirmatorv Data for Determination of Clav Thickness Beneath Coal 
Refuse Disposal Facilitv No. 1 

Within Alliance Consulting, Inc.'s (Alliance) July 7, 2006 Response to Comments addressed to 
Mr. Fowler, multiple methodologies were stated as options that may be used for ensuring that 4 
feet of soil would be provided and documented between bedrock and the base of the incised cut 
( excavation) for the slun·y cells Since then, this cut has been made for Coal Refuse Disposal 
Facility No. 1. The methodology selected from the options was "excavating to bedrock and 
placing four feet of material back, compacted in 6 to 8 inch lifts to 95% standard proctor". 

By the latter part of September 2006, the cut had been completed and clay soil backfilled and 
compacted to a minimum depth of 4 feet above the cut grade elevation at Coal Refuse Disposal 
Facility No. I. Photographs, dated September 22, 2006, of the compacted backfill over the floor 
of the facility are presented within Appendix B. Appendix C contains field nuclear density test 
data summaries for 49 points tested, all of which equaled or exceeded 95% standard proctor. 
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Appendix D submits relevant daily work logs from June through September 2006 for the 
excavation, backfill, compaction and determination of soil thickness upon the subject work area. 
For an even more comprehensive viewing and characterization of the backfill, a drawing entitled 
Compacted Clay Backfill lsopach Map has been prepared and submitted within the "Figures" 
section. Two (2) sets of contours are depicted on that drawing - one illustrating the surveyed cut 
floor elevations and the other showing the surveyed grades on the top of the compacted clay 
backfill. As verified by the drawing, no locations have less than 4 feet of backfill emplaced 
above the cut floor. Moreover, to achieve uniform grading over the entire floor of the facility, 
some areas had more than 5 feet of compacted backfill installed, as evidenced by the dark purple 
shaded areas on the drawing. 

Geologic Cross Sections 

In conformance with your request, the earlier geologic cross sections (A-A' through E-E') 
submitted to you have been updated and/or re-aligned, where necessary, to reflect the additional 
subsurface information generated by the expanded drilling program. New geologic cross 
sections, namely F-F', G-G' and H-H', have been constructed to reflect the new data, as well as 
to more fully present boreholes 8298 and 8299 in respect to your July 6, 2006 e-mailed 

( comments. A ful] suite of these geologic cross sections are provided in the "Figures" section of 
our submittal. For your reference, the location and orientation of each of these geologic cross 
sections are highlighted on both the Structure Map and the Sandstone Map .. 

Response to Inquirv Regarding Correlation of Corehole 8312CG and Monitoring \'✓ell 
GW7A 

During Ms. Broom.head's e-mail c01Tespondence with A1liance during April 2007, we were 
requested to address the con-elation of data from GW7 A located on the subject study area to that 
of distant Corehole 8312CG. It appears that the same tool used for correlation between 
boreholes upon the cun-ent study property would serve as the appropriate methodology for 
con-elating 83 l 2CG - namely the thin coal marker bed. Upon reviewing the log for 8312CG, a 
thin coal (I .3 feet in thickness) is identified between the depths of 33.4 and 34. 7 feet. 
Considering a surface elevation of 448 feet, this equates to a bottom of coal elevation of 
approximately 413 feet and is confonnable with the contour elevation ranges depicted on the 
enclosed Structure Map of that seam. 

Given that scenario, the 1.5-foot thickness of sandstone between depths 31.8 and 33.3 feet in 
83 l 2CG con-elates as the sandstone stratigraphic unit evaluated by the expanded drilling 
program on the study property, and subsequently would also con-elate as the thin sandstone unit 
into which GW7A terminates. 

Deeper in 83 l 2CG, below the thin coal seam, a thicker sandstone in excess of l 0 feet is recorded 
below a depth of 40 feet. The data for our study area characterizes that pa1iicular unit as being 
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absent to only 2 feet thick, in respect to the location of Coal Refuse Disposal Facility Nos. 1 and 
2. 

CLOSING 

We trust that these data and responses satisfy your informational requests and also complete the 
documentation of the clay soil thickness provided between bedrock and the top of compacted 
clay backfill in Coal Refuse Disposal Facility No. 1. Should you have any questions pe1iaining 
to our submittal, please let us know. 

Respectfully submitted, 

ALLIANCE CONSULTING, INC. 

~~~/~ 
Lan-y K. Lucas 
Sen~r Scientist , , 

-·i"' 11J~~ Atepl en M. Sutph" I 

/ Pro~nager 5, . 

/:4:/~"""--C~n, P .. 
Senior Project M 1ager 

Enclosures 

File: 05330-34 
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61$-529-5262 
FAX 618-457-8991 . 
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SOIL BORINGS AN ROCK CORING 
POND CREEK MINE NO. 1 

PROPOSE REFUSE DISPOSAL FACILITY NO. 2 
WILLIAMSON COUNTY, ILLINOIS 

PURCHASE ORDER NO. 3149 

Prepared for: 

Williamson Energy, LLC 
430 Harper.Park Dr. 

Beckey, West Virginia 

Prepared by: 

HOLCOMB FOUNDATION ENGINEERING CO. 
Carbondale, Illinois 

618-529-5262 

April 25, 2007 

HFE File Number: H-05278 
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HOLCOMB FOUNDATION ENGINEERING CO., INC. 
SOILS - BITUMINOUS - CONCRETE - INVESTIGATIONS AND TESTING 

SHIPPING ADDRESS 
Box 393 Wood Road 
Carbondale, IL 62901 

April 25, 2007 

Williamson Energy, LLC 
430 Harper Drive 
Beckley, West Virginia 25801 

Attention: Mr. James Plumley 

Re: Soil Borings and Rock Coring 
Pond Creek Mine No. 1 

www.holcombengineering.com 

MAILING ADDRESS 
P.O. Box 88 

Carbondale, IL 62903 

Propose Refuse Disposal Facility No. 2 
Williamson County, Illinois 
HFE File H-05278 
Purchase Order No. 3149 

Dear Sir: 

618-529-5262 
800-333-17 40 

FAX 618-457-8991 

From April 10 to 18, 2007, we drilled seven soil borings at this site. B01ing coordinates 
and ground line elevations are indicated on top of each Boring Log. During drilling 
operations, we advanced the bore hole with hollow stem augers to rock, and cored the 
rock continuously to depths ranging from 35 to 60 feet below the existing ground line. 
Upon completion of drilling operations, five of the soil borings were grouted with 
bentonite. A 2" diameter PVC pipe was inserted to the bottom of Borings #5 and #7 to 
k~ep the bore holes open for further tests. 

A permeability test was performed on the sandstone encountered in Boring #1 from 39 to 
40 feet in depth. Results of this permeability test are attached. 

Enclosed herewith are the Boring Logs and Core Pictures. If you should have any 
questions, or if we can be of further assistance, please feel free to contact us at your 
convemence. 

Sincerely, 

HO1f;f1!- FOUNDATION ENGINEERING CO. 
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Holcomb Foundation 
Engineering Co. 
pn Bov 1111 Carb--dale., 11 11 --ls 

LOG of BORING _L 
N 426451.59675 
E 360239.04060 

Unconfined Compress Ive Strength (Tons/Sq. Ft.) 

• 4 5 1 2 3 6 

Water Content (%) 

-----------0------------
Standard N Pe netration, Blows/Ft, 

10 20 30 
X 

40 50 60 

Ground Waler Data 

.; • • 0 0. "- z E 
E 0 • "' .c 0. 
0. E • a. • 0 

~ 0 "' 

10 

20 
1 re 

2 re 

30 
3 re 

. 

4 re 

40 
5 re 

6 re 

50 
7 re 

~ 

60 

70 

• u 
C 

~ 
• 0. 
E 
0 

"' 

Description of Material 

Surface Elevation 481 .8 

4" Topsoil 
,Brown Silty CLAY (CL) with sand 

Brown Mottled Gray Silty CLAY (CL) 
with sand and pebbles 

Gray Weathered SHALE 

l'\5" Limestone 
Gray Sandy SHALE 

Gray Sandstone 

Gray SHALE 

r,COAL 
Grav SHALE 
End of Boring @ -55.0' 

Ground Water Encountered @ 18.0' During Drilling. 

Project: Proposed Coal Refuse Disposal Facility 

Client: 

Pond Creek Mine No. 1 Williamson County, Illinois 

Williamson Energy, LLC 
Beckly, West Virginia 

2 

Dote of Boring 

April 12, 2007 

Project No. 
H-05278 
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Holcomb Foundati on N 428637.14010 
Engineering Co. LOG of BORING .2_ E 360254.2801 7 
PO B-·· BR Carb,..ndale Ill I• 

Unconfined Compress Ive Strength (Tons/Sq. Ft.) 

• • 
4 

0 

1 2 3 s 6 • C 

Description of Material • i Wafor Content (%) ~ 0 a. 
z E -----------0------------ -= • 0 

V) • 
Standard N Pe nelration, Blows/Ft. -" a. a. 

C. E • E 
3o X 

0. • 0 ~ 0 
Surface Elevation 10 20 40 50 60 " V) I- V) 446.3 

4" Topsoil 
Brown Moftled Gray Silty CLAY (CL) 

Brown Silty CLAY (CL) with sand 
and pebbles 

10 

20 
Brown Sandy SHALE 

1 re 

2 
Gray SHALE 

re 4.5,, Sandstone Seam @ -27.5' 
30 

3 re 

15 11 COAL 
4 re Gray SHALE 

40 
End of Boring @ -40.0' 

50 

60 

70 

Ground Water Data 
Ground Water Encountered @ -16.0' During Drilling. 

Project: Proposed Coal Refuse Disposal Facility Dote of Boring 

Pond Creek Mi ne No. 1 Williamson County, Illinois April 12, 2007 

Cllenf: Williamson Ene rgy, LLC 
Project No. 

Beckly, West Vi rginia H-05278 

3 
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Holcomb Foundation 
Engineering Co. 
J~O Bov 88 Carbondale 111 1 .... ols 

LOG of BORING _3__ 
N 430497.44353 
E 360292.39822 

Unconfined Compress Ive Slrength (Tons/Sq. Ft.) 

• • 
4 5 

0 

1 2 3 6 ~ C 

• • 2 
Waler Content (%) • 0 0. "- cS :z E --------~--- 0------------- .s • 0 

en • 
Siondard N Pe net ration, Blows/Ft, ~ 0. 0. 

0. E • E 
X "-• 0 ~ 0 

10 20 30 40 50 60 Cl Ul .... VJ 

Description of Material 

Surface Elevation 435,4 

3" Topsoil 
Gray Mottled Brown Silty CLAY (CL) 

10 

20 

Gray SHALE 

1 re I 
30 

I 2 re 

3 re I 14" COAL 
Grav SHALE 

40 End of Boring @ -39.0' 

50 

60 

70 

Ground Waler Dato 
Ground Water Encountered @ -5.0' During Drilling. 

ProJec!: Proposed Coal Refuse Disposal Facility 

Client: 

Pond Creek Mine No. 1 Williamson County, Illinois 

Williamson Energy, LLC 
Becklv, West Yirninia 

4 

Dole of Boring 

April 11, 2007 

Project No. 
H-05278 
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Holcomb Foundation 
Engineering Co. 
PO Bo_x__Jl& Carbond--le 11llno1~ 

LOG of BORING A_ 
N 430626.06201 
E 359192.23576 

Unc onflned Compressl.,,e Strength (Tons/Sq. fl.) 

• 4 5 1 2 3 6 -• 
Water Content (%) ~ 

-----------0------------ -~ 
Sfandard N Penetration, Blows/Ft. .c a. X • 

10 20 30 40 50 60 
C, 

10 

20 

30 

40 

50 

60 

70 

Ground Water Doia 

• u 
C 

• ~ ,; 0. 
z E i5 

• 0 • "' 0. 0. 
E • E 0. 0 

~ 
0 

"' V> 

1 re I 
2 re I 
3 ss I 
4 ss I 
5 ss I 
6 ss I 
7 ss I 

Description of Material 

Surface Elevation 442.2 

5" Topsoil 
Gray Mottled Brown Silty CLAY (CL) 

•t I -''"·- - _J 

Brown Silty CLAY (CL) with fine 
sand 

Gray SHALE 

1---.12" COAL 
" 

End of Boring @ -60.0' 

Ground Water Encountered @ -18.0' During Drilling. 

Project: Proposed Coal Refuse Disposal Facility 

CJlent: 

Pond Creek Mine No. 1 Williamson Countv, Illinois 

Williamson Energy, LLC 
Becklv, West Virninia 

5 

Dote of Boring 

April 1 0, 2007 

Project No. 

H-05278 
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Holcomb Foundation 
Engineering Co. 
r,n Bov 88 Carbondale tlqnnlce 

LOG of BORING .5____ 
N 428636.96558 
E 359062.81936 

Unconfln ed Compresslva Strength (Tons/Sq. Ft.) 

• 1 2 3 4 5 6 • Water Content (%) • "-
-----------0------------ ·" 

Standard N Penetration, Blows/Ft. .c a. 
X • 

10 20 30 40 50 60 
C> 

.10 

20 

l:tl::J:l::l:t:t:l:tl:tttjjjtt!:ttttttt!:tttjjjl:l:!:l30 

40 

50 

60 

70 

Ground Water Doto 

• 0 'li. 
z E 
• 0 

V) 
'li. 
E • 0. 0 ~ 
V) ,_ 

• 0 
C 
0 

" c 
• 'li. 
E 
0 

V) 

Description of Material 

Surface Elevation 
4" Topsoil 
Gray Silty CLAY (CL) 

447.9 

Brown Mottled Gray Silty CLAY (CL) 
with fine sand 

Gray SANDSTONE 

/ 

Brown Mottled 
1 re Gray SHALE 

2 re / 1-,-C_O_A_L-------------1 

Grav SHALE 
End of Boring @ -35.0 

Ground Water Encountered @ -18.0' During Drilling. 

Project: Proposed Coal Refuse Disposal Facility 

Cllent: 

Pond Creek Mine No. 1 Williamson County, Illinois 

Williamson Energy, LLC 
Becklv, Wes! Virainia 

6 

Dale of Boring 

April 17, 2007 
Project No. 

H-05278 
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Holcomb Foundation N 426044.95691 
Engineering Co. LOG of BORING _6_ E 359006.99577 
PO Box 8-R Cgr_Q.Q..,date 11Jlnol<> 

Unconfined Compressive Strength (Tons/Sq. Ft.) 

• • 
4 

0 

1 2 3 5 6 • C 
Description of Material • 0 

Water Content (¾) • 0 0. ~ "" z E -----------0--- -------- ·= • 0 • ,,, 
Standard N Penetration, Blows/Fi, .c 0. 0. 

1i E • E 
3o X 40 

C. • 0 ~ 0 
Surface Elevation 10 20 50 60 

C, ,,, I- ,,, 472.1 
Gray Mottled Brown SPOILS 

Brown Silty CLAY (CL) with sand 

10 
and pebbles 

Brown Weathered SHALE 

1 re - 0 rown Mottled Grav Sandv SHALE 
Brown to Gray SHALE 

20 

2 re 

Gray Sandy SHALE 
3 re 

30 

4 re 

5 re h11" COAL 
40 Grav SHALE 

End of Boring @ -40.0' 

50 

60 

70 

Ground Water Data 

. 

Project: Proposed Coal Refuse Disposal Facility Dote of Boring 

Pond Creek Mine No. 1 Williamson County, Illinois April 16, 2007 

Client: 
Williamson Energy, LLC 

Project No, 

Beckly, West Vir□inia 
H-05278 

7 
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Holcomb Foundation N 426964.4000 
Engineering Co. LOG of BORING L E 358695.4800 
PO Bo'x' 88 Carbondale llllnols 

Unconfined Compressive Strength (Tons/Sq. ft,) 

• • 
4 

0 

1 2 3 5 6 - C 
Description of Material • • 0 

Water Content (%) • ,; 0. ~ "- z E -----------0------------ E • 0 • <n 
Standard N Penetration, Blows/Ft. -" 0. 0. 

0. E • E 
30 X 40 

0. • 0 
?- 0 

Surface Elevation 10 20 50 60 0 <n <n 459.4 
Brown Mottled Gray Clayey SILT(ML) 

Brown Mottled Gray Silty CLAY ( CL) 
with fine sand 

10 

Brown SHALE 
20 

1 re 

Gray SHALE 

2 re Gray Sandy SHALE 

30 
3 re 

14" COAL 
4 re Gray SHALE 

40 End of Boring @ -39.0' 

50 

60 

70 

Ground Water Data 

Project: Proposed Coal Refuse Disposal Facility Dote of Boring 

Pond Creek Mine No. 1 Williamson County, Illinois April 18, 2007 

Client: 
Williamson Energy, LLC 

Project No. 

Beeklv, West Virninia 
H-05278 

8 
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HOLCOMB FOUNDATION ENGINEERING CO., INC. 
SOILS - BITUMINOUS - CONCRETE - INVESTIGATIONS AND TESTING 

SHIPPING ADDRESS 
Box 393 Wood Road 
Carbondale, IL 62901 

www.holcombengineering.com 

MAILING ADDRESS 
P.O. Box 88 

Carbondale, IL 62903 

Permeability Tests Results 
Williamson Energy- Pond Creek Mine #1 

Johnston City, Illinois 

Date: 4/24/2007 Client: Williamson Energy 

Project No.: H-05278 

Moisture Content (%) 
Borina No. Depth (Fl.) Before Test After Test 

Boring #1 39-40' 1.3 4.3 

Permeability Tests performed in accordance with ASTM D-5084 

~\~t\llHI~ 
~ - ES.s 

a;-.~.;,' "'"'"'• lq., ~ 

.} ..... = " ~ .. n = //77/ 
.l· ~I ff ", , .. ~ .,:,.~ 

..... ····••' --~ . -~it"'' . ~ 

'ILUNQ\~~,_.,.-» 
lliiiiiiim.uml<'-'" 

9 

Johnston City, IL 

Dry Unit 
Weiaht (PCF\ 

153.6 

618-529-5262 
800-333-17 40 

FAX 618-457-8991 

Permeability 
(Cm./Sec.) 

4 X 10-7 
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H-05278 Pond Creek Mine No. 1 Williamson Energy, LLC 

C 

Figure 1. 
Boring 1 Core Sample From -19' to -29' 

Figure 2. 
Boring 1 Core Sample From - 29' to -39' 

Figure 3. 
Boring 1 Core Sample From -39' to -49' 

Figure 4. 
Boring 1 Core Sample From -49' to - 55' 
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H-05278 Pond Creek Mine No. 1 Williamson Energy, LLC 

C 

Figure 5. 
Boring 2 Core Sample From -20' to -30' 

Figure 6. 
Boring 2 Core Sample From -30' to -40' 
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H-05278 Pond Creek Mine No. 1 Williamson Energy, LLC 

C 

-- ---:\ 

~ B. ~ 24 ~:'.~~=::.= 
,,.._1) 

Figure 7. 
Boring 3 Core Sample From - 24' to - 34' 

Figure 8. 
Boring 3 Core Sample From - 34' to - 39' 
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H-05278 Pond Creek Mine No. 1 Will iamson Energy, LLC 

Figure 9. 
Boring 4 Core Sample From -25' to - 35' 

Figure 10. 
Boring 4 Core Sample From - 35' to -45' 

~_JJ 

-...,_ /--~s_· ::,::=~~=~~....e-~,J{! 
~ !IC 
Figure 11 . 
Boring 4 Core Sample From -45' to - 55' 

Figure 12. 
Boring 4 Core Sample From - 55' to -60' 
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H-05278 Pond Creek Mine No. 1 Williamson Energy, LLC 

C 

Figure 13. 
Boring 5 Core Sample From - 25' to - 35' 

Figure 14. 
Boring 6 Core Sample From -15' to - 25' 

( Figure 15. 
Boring 6 Core Sample From -25' to - 35' 

Figure 16. 
Boring 6 Core Sample From - 35' to -40' 
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H-05278 Pond Creek Mine No. 1 Williamson Energy, LLC 

C 

Figure 17. 
Boring 7 Core Sample From - 19' to -29' 

Figure 18. 
Boring 7 Core Sample From -29' to - 39' 
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GENERAL NOTES ... 

SAMPLE iDENTIF1CATION 
The Unified Classification System is used to identify the soil unless otherwise noted. 

RELATIVE DENSITY & CONSISTENCY CLASSIFICATION 
TERM !NON-COHESIVE SOILS) BLOWS PER FOOT 

Very Loose 0 - 4 
Loose 5-10 
Finn 11-30 
Dense 31-50 
Very Dense Over 50 

TERM (COHESIVE SOILS) 
Very Soft 
Soft 
Finn 
Stiff 
Very Stiff 
Hard 

DRILLING & SAMPLING SYMBOLS 
ss:- Split Spoon - · I 3/8" I.D., 2" O.D. 
st: Shelby Tube -2.B0"I.D., 3" O.D. 
au: Auger Samples 
cs: Continuous Sampling - 2.0" I.D. 

SOIL PROPERTY SYMBOLS 

OU (tsfl 
0 - 0.25 

0.25 - 0.50 
0.50 - 1.00 
1.00 - 2.00 
2.00 - 4.00 

4.00+ 

© Unconfmed Compressive Strength, Qu, (tsf) 

+ 

0 

X 

PARTICLE SIZE 
Boulders 
Cobbles 
Gravel 
Coarse Sand 

Penetrometer Value, (tsf) 

Plastic Limit (%) 

Water Content (%) 

Liquid Limit (%) 

Standard "N" Penetration: Blows per foot ofa 140 pound hammer 
falling 30 inches on a 2" O.D. Split Spoon 

8 in.+ 
8 in. to 3 in. 
3 in. to 5 mm 
5 mmto 0.6mm 

Medium Sand 
Fine Sand 
Silt 
Clay 

16 

0.6 mm to 0.2 mm 
0.2 mm to 0.74 mm 
0.074 mm to 0.0005 mm 
less than 0.005 mm 
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UNIFIED SOIL CLASSIFICATIONS 
MAJOR DIVISIONS SYMBOL TYPICAL DESCRIPTION 

GW Well graded gravels, 

CLEAN gravel-sand mixtures 
GRAVELS 

GRAVEL GP Poorly graded gravels, gravel-

AND sand mixtures 

GRAVELLY 
SOILS GM Silty gravels, gravel-sand 

GRAVELS silt mixtures 

WITH 
FINES GC Clayey gravels, gravel-sand 

clay mixtures 

COARSE 

GRAINED SW Well-graded sands, gravelly 

SOILS CLEAN sands 
SANDS 

SP Poorly graded sands, gravelly 

SANDS sands 

AND 

SANDY SM Silty sands, sand-silt mixtures 

SOILS SANDS 
WITH 
FINES SC Clayey sands, clay-sand 

mixtures 

ML Inorganic silts of clayey silts 

with slight plasticity 

SILTS AND CLAYS 
LOW PLASTICITY CL Inorganic clays oflow to 

medium plasticity 

OL Organic silts and organic silty 

clays oflow plasticity 

FINE 
GRAINED MR Inorganic silts of high 

SOILS plasticity 

SILTS AND CLAYS CH Inorganic clays of high 

HIGH PLASTICITY plasticity 

OH Organic clays of medium 

to high plasticity 

HlGHL Y ORGANIC SOILS PT Peat, humus, swamp soils 

with high organic contents 

17 
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( 

APPENDIX B 

SEPTEMBER 22, 2006 PHOTOGRAPHS OF fNITIAL CONSTRUCTION OF COAL 
REFUSE DISPOSAL FACILITY NO. 1 WITH COMPACTED CLAY BACKFILL 

ON POND FLOOR 

OJ 
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Lil 
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OJ 
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APPENDIXC 

FIELD NUCLEAR DENSITY TEST DA TA FOR COMPACTED CLAY BACKFILL 
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Allia=ceL7' 
Con.sult::i:n.g, Inc. 

Engineers · Constructors - Scie.ntisrs 

PROJECT NAME: MACH MlNING LLC 
PROJECT NO: 806-328-1444 

n..,..m.,,>000 

TEST NO. N-1 N-2 N-3 N-4 
MATERIAL 

BROWN CLAY 
DESCRIPTION 

LOCATION SOUTHERN SOIL REFUSE CELL 
ELEVATION NIA NIA NIA NIA 

IFEETI 
LIFT THICKNESS 

6" 6" 6" 6" 
flNCHESl 

STAGE/ LIFT NO. NIA NIA NIA NIA 

MODE& DEPTH 12"DT 12"DT 12"DT 12"DT 
COMPACTION 

VIBRATORY ROLLER 
METHOD 

NUMBER OF PASSES NIA NIA NIA NIA 

WET DENSITY 
125.6 127.0 129.4 125.7 

IPCF\ 
FIELD MOISTURE 

17.1 18.1 19.0 16.8 
'¾' 

TARE NO. NIA NIA NIA NIA 
WT. TARE+ WET SOIL 

NIA NIA NIA NIA 
IGRAMSl 

Wl, TARE+ ORY SOIL 
NIA NIA NIA NIA 

fGRAMSl 
OVEN-DRIED 

NIA NIA NIA NIA 
MOISTURE. 1%' 
ORY DENSITY 

107.3 107.5 108.7 107.6 
1PCFl 

MAX. ORY DENSITY 
110.0 110.0 110.0 110.0 

IPCFI 
OPTIMUM MOISTURE 

14.7 14.7 14.7 14.7 
1%1 

REOUlREO 
95 95 95 95 

COMPACTION 1%1 

RELATIVE 
98 98 99 98 

,/"--.,, 

FIELD NUCLEAR DENSITY TEST DATA SUMMARY 

TESTED BY: C. PARKULO 
DATE: September 22, 2006 

CHECKED BY: 
SHEET1 OF--~--

N-5 N-6 N-7 N-8 N-9 N-10 N-11 N-12 

NIA NIA NIA NIA NIA NIA NIA NIA 

6" 6" 6" 6" 6" 6" 6" 6" 

NIA NIA NIA NIA NIA NIA NIA NIA 

12"DT 12"DT 12"DT 12"DT 12"DT 12"DT 12"DT 12"DT 

NIA NIA NIA NIA NIA NIA NIA NIA 

125.5 129.7 125.6 126.7 127.9 124.8 125.4 125.3 

17.2 17.3 15.3 16.2 16.7 17.4 17.2 16.6 

NIA NIA NIA NIA NIA NIA NIA NIA 

NIA NIA NIA NIA NIA NIA NIA NIA 

NIA NIA NIA NIA NIA NIA NIA NIA 

NIA NIA NIA NIA NIA NIA 
. 

NIA NIA 

107.1 110.6 108.9 109.0 109.6 106.3 107.0 107.5 

110.0 114.7 114.7 114.7 114.7 110.0 110.0 110.0 

14.7 14.1 14.1 14.1 14.1 14.7 14.7 14.7 

95 95 95 95 95 95 95 95 

97 96 95 95 96 97 97 98 
COMPACTION 1°1,1 

• STD. PROCTOR REMARKS: TESTS WERE PERFORMED IN THE SOUTHERN CELL. PERCENT COMPACTION WAS BASED ON THE PROCTOR VALUES 

:J MOO, PROCTOR 
DEVELOPED BY GEOTECHNICS ON 7-19-06 AND 7-20-06. 

h ROLLER PASS 

124 PHILPOTT LANE BEAVER, WV 25B13 (304) 255-0491 
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A.llia.:n.ce ~ 
Co:n.sulti:n.g, I:n.c. 

E:ngi:neers · Co:nst::r-u.ctors · Scie:n.tis-t:s 

PROJECT NAME: MACH MINING LLC 
PROJECT NO: B06-328-1444 

"=o.•-= 
TEST NO. N-13 N-14 N-15 N-16 

MATERIAL 
BROWN CLAY 

DESCRIPTION 

LOCATION SOUTHERN SOIL REFUSE CELL 
ELEVATION 

NIA NIA NIA NIA 
IFEET'I 

LIFT THICKNESS 
6" 6" 6" 6" 

!INCHESl 

STAGE/ LIFT NO. NIA NIA NIA NIA 

MODE& DEPTH 12"DT 12"DT 12"DT 12"DT 

COMPACTION 
VIBRATORY ROLLER 

METHOD 

NUMBER OF PASSES NIA NIA NIA NIA 

WET DENSITY 
127.2 127.8 128.5 125.1 

1 PC'°' 
FIELD MOISTURE 

15.3 16.3 17.3 13.9 
'""'' 

TARE NO. NIA NIA NIA NIA 

· WT. TARE+WETSOIL NIA NIA NIA NIA 
fGRAMSI 

WT. TARE+ DRY SOIL 
NIA NIA NIA NIA 

fGRAMSI 
OVEN-DRIED 

NIA NIA NIA NIA 
MOISTURE'¾' 
DRY DENSITY 

110.3 109.9 109.5 109.8 
IPCF' 

MAX, DRY DENSITY 
114.7 114.7 114.7 114.7 

IPCFI 
OPTit.llUM MOISTURE 

14.1 14.1 14.1 14.1 
1%1 

REQUIRED 
95 95 95 95 

COMPACTION 1%1 
RELATIVE 

96 96 96 96 
COMPACTION t¾I 

111111 STO. PROCTOR REMARKS: SEE SHEET 1 OF 5. 

:J MOO. PROCTOR 

7 ROLLER PASS 
124 PHILPOTT LANE BEAVER, 1/'N 25813 (304} 255-0491 

/,·--

FIELD NUCL_~AR DENSITY TEST DATA SUMMARY 

TESTED BY: C. PARKULO 
DATE: September 22, 2006 

CHECKED BY: ___ _ 
SHEET 2 OF __ ~_ 

N-17 N-18 N-19 N-20 N-21 N-22 N-23 N-24 

NIA NIA NIA NIA NIA NIA NIA NIA 

6" 6" 6" 6" 6" 6" 6" 6" 

NIA NIA NIA NIA NIA NIA NIA NIA 

12"DT 12"DT 12"DT 12"DT 12"DT 12"DT 12"DT 12"DT 

NIA NIA NIA NIA NIA NIA NIA NIA 

126.1 126.5 126.7 126.8 122.6 127.4 129.5 126.9 

15.6 16.0 13.6 14.4 11.1 17.0 17.2 14.5 

NIA NIA NIA NIA NIA NIA NIA NIA· 

NIA NIA NIA NIA NIA NIA NIA NIA 

NIA NIA NIA NIA NIA NIA NIA NIA 

NIA NIA NIA NIA NIA NIA NIA NIA 

109.1 109.1 111.5 110.8 110.4 108.9 110.5 110.8 

114.7 114.7 114.7 114.7 114.7 114.7 114.7 114.7 

14.1 14.1 14.1 14.1 14.1 14.1 14.1 14.1 

95 95 95 95 95 95 95 95 

95 95 97 97 96 95 96 97 
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All:i.a=ce L;I" 
Consulti:n.g, Inc. 

Engtn.eers - Const:ru:cr.ors · Scie.n.tist:s 

PROJECT NAME: MACH MINING LLC 
PROJECT NO: B06-328-1444 

n•vis1:1,,.,,ur.; 

TEST NO. N-25 N-26 N-27 N-28 
MATERIAL 

BROWN CLAY 
DESCRIPTION 

LOCATION SOUTHERN SOIL REFUSE CELL 
ELEVATION 

NIA NIA NIA NIA 
IFEETI 

LIFT THICKNESS 
6" 6" 6" 6" 

CINCHES• 

STAGE r LIFT NO. NIA NIA NIA NIA 

MODE & DEPTH 12"DT 12"DT 12"DT 12"DT 
COMPACTION 

VIBRATORY ROLLER 
METHOD 

NUMBER OF PASSES NIA NIA NIA NIA 
WET DENSITY 

126.5 127.0 128.8 125.8 
1PCF' 

FJELD MOISTURE 
16.1 16.7 17.0 15.2 

'¾' 
TARE NO. NIA NIA NIA NIA 

WT.TARE+WETS01L 
NIA NIA NIA NIA 

tGRAMSl 
WT. TARE+ DRY SOIL 

NIA NIA NIA NIA 
IGRAMSl 

OVEN-DRIED 
NIA NIA NIA NIA 

MOISTURE 1%1 
ORY DENSITY 

109.0 108.8 110.1 109.2 
IPCFI 

MAX. DRY DENSITY 
114.7 114.7 114.7 114.7 

tPCFl 
OPTIMUM MOISTURE 

14.1 14.1 14.1 14.1 
f%I 

REQUIRED 
95 95 95 95 

COMPACTION r%1 
RELATIVE 

95 95 96 95 
COMPACTION 1%1 .. STD. PROCTOR REMARKS: SEE SHEET 1 OF 5. 

p MOD. PROCTOR 

~Lll::R PAS~ 
124 PHILPOTT LANE BEAVER, WV 2581l (304) 255-0-491 

FIELD NUCLEAR DENSITY TEST DATA SUMMARY 

TESTED BY: C. PARKULO 
DATE: September 22, 2006 

CHECKED BY: __ -;,--
SHEET 3 OF 5 

N-29 N-30 N-31 N-32 N-33 N-34 N-35 N-36 

NIA NIA NIA NIA NIA NIA NIA NIA 

6" 6" 6" 6" 6" 6" 6" 6" 

NIA NIA NIA NIA NIA NIA NIA NIA 

12"DT 12"DT 1211DT 12"DT 12"DT 12"DT 12"DT 12"DT 

NIA NIA NIA NIA NIA NIA NIA NIA 

126.3 128.4 128.0 129.0 129.4 123.5 125.8 126.5 

15.4 14.8 14.2 15.4 17.8 13.5 14 13.7 

NIA NIA NIA NIA NIA NIA NIA NIA 

NIA NIA NIA NIA NIA NIA NIA NIA 

NIA NIA NIA NIA NIA NIA NIA NIA 

NIA NIA NIA NIA NIA NIA NIA NIA 

109.4 111.8 112.1 111.8 109.8 108.8 110.4 111.3 

114.7 114.7 114.7 114.7 114.7 114.7 114.7 114.7 

14.1 14.1 14.1 14.1 14.1 14.1 14.1 14.1 
. 

95 95 95 95 95 95 95 95 

95 98 98 97 96 95 96 97 
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Alliarice ~ 
Con.sultin.g, In.c . 

.Eng-ir.J..eers ~ Co.r.2:st:r-uct:ors ~ Scientists 

PROJECT NAME: MACH MINING LLC 
PROJECT NO: 806-328-1444 

R,:V,<>;D.~20.o:I 

TEST NO, N-37 N-38 N-39 N-40 
MATERIAL 

BROWN CLAY 
DESCRIPTION 

LOCATION SOUTHERN SOIL REFUSE CELL 
ELEVATION 

NIA NIA NIA NIA 
IFEETI 

LIFT THICKNESS 
6" 6" 6" 6'' 

11NCHES1 

STAGE/ LIFT NO. NIA NIA NIA NIA 

MODE & DEPTH 12"DT 12"DT 12"DT 12"DT 

COMPACTION 
VIBRATORY ROLLER 

METHOD 

NUMBER OF PASSES NIA NIA NIA NIA 
WET DENSITY 

128.1 121.8 124.3 124.4 
IPCfl 

FIELD MOISTURE 
14.7 13.9 15.7 14.6 

1%1 

TARE NO. NIA NIA NIA NIA 
WT. TARE+WETSDIL 

NIA NIA NIA NIA 
IGRAMSl 

WT. TARE+ORY SOIL 
NIA NIA NIA NIA 

fGRAMSI 
OVEN-DRIED NIA NIA NIA NIA 

MOISTURE lo/~I 
ORY DENSITY 

111.7 106.9 107.4 108.6 
IPCFl 

MAX. ORY DENSITY 
114.7 110.0 110.0 110.0 

IPCFI 
OPTIMUM MOISTURE 

14.1 14.7 14.7 14.7 
{%\ 

REQUIRED 
95 95 95 95 

COMPACTION 1%\ 
RELATIVE 

97 97 98 99 
COMPACTION 1%1 .. STO. PROCTOR REMARKS: SEE SHEET 1 OF 5 . 

l=J MOO, PROCTOR 

l=l. ROLt.ER_PASS 
124 PHILPOTT LANE BEAVER, WV 25813 j304) 255-0491 

FIELD NUCLEAR DENSITY TEST DATA SUMMARY 

TESTED BY: C. PARKULO 
DATE: September 22, 2006 

N-41 N-42 N-43 N-44 

NIA NIA NIA NIA 

6" 6" 6" 6" 

NIA NIA NIA NIA 

12"DT 12"DT 12"DT 12"DT 

NIA NIA NIA NIA 

125.6 123.7 126.9 127.9 

16.2 12.6 15.2 13.9 

NIA NIA NIA NIA 

NIA NIA NIA NIA 

NIA NIA NIA NIA 

NIA NIA NIA NIA 

108.1 109.9 110.2 112.3 

110.0 114.7 114.7 114.7 

14.7 14.1 14.1 14.1 

95 95 95 95 

98 96 96 98 

N-45 N-46 

NIA NIA 

6" 6" 

NIA NIA 

12"DT 12"DT 

NIA NIA 

125.8 128.3 

13.7 14.5 

NIA NIA 

NIA NIA 

NIA NIA 

NIA NIA 

110.6 112.1 

114.7 114.7 

14.1 14.1 

95 95 

96 98 

CHECKED BY: __ ~_ 
SHEET 4 OF __ ~_ 

N-47 N-48 

NIA NIA 

6" 6" 

NIA NIA 

12"DT 12"DT 

NIA NIA 

126.9 127.1 

15 16.3 

NIA NIA 

NIA NIA 

NIA NIA 

NIA NIA 

110.3 109.3 

114.7 114.7 

14.1 14.1 

95 95 

96 95 



R
11510

Allia:=ce ~ 
Consulting, Inc. 

Engi:n..eers · Constructors ~ Scientists 

PROJECT NAME: MACH MINING LLC 
PROJECT NO: 806-328-1444 

~""'""tr'•"'"'' 

TEST NO. N-49 
MATERIAL 

BROWN CLAY 
DESCRIPTION 

LOCATION SOUTHERN SOIL REFUSE CELL 
ELEVATION NIA 

IFEen 
LIFT THICKNESS 

6" 
!INCHES\ 

STAGE/ LIFT NO. NIA 

MODE& DEPTH 12"DT 
COMPACTION 

VIBRATORY ROLLER 
METHOD 

NUMBER OF PASSES NIA 
WET DENSITY 

129.7 
fPCfl 

FJELD MOISTURE 
17.3 

•·1.1 

TARE NO. NIA 
WT. TARE+ WET SOIL 

NIA 
tGRAMSI 

WT, TARE+ DRY SOIL NIA 
' 1GRAMS\ 
OVEN-DRIED NIA 

MOISTURE 'o/•1 
ORY DENSITY 

110.6 
'PCF\ 

MAX. DRY DENSITY 
114.7 

IPCfl 
OPTIMUM MOISTURE 

14.1 
1%1 

REQUIRED 
95 

COMPACTION t¾I 
RELATIVE 

96 
COMPACTION '%' 

• STD. PROCTOR REMARKS: SEE SHEET 1 OF 5. 

:J MOO. PROCTOR 

Q_ __ ROLLER PASS -
124 PHILPOTT W\NE BEAVER, WV 25813 (304) 255-0491 

FIELD NUCLEAR DENSITY TEST DATA SUMMARY 

TESTED BY: C. PARKULO 
DATE: September 22, 2006 

CHECKED BY: ___ _ 
SHEET 5 OF---''---
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l 

APPENDIXD 

DAILY WORK LOGS FOR POND (COAL REFUSE DISPOSAL FACILITY NO. 1) CUT 
AND COMPACTED CLAY BACKFILL ACTIVITIES 

Lll 



R11512

_ _D'.""'--''-----------'--------"'i-'"----"":.A.L=-,___ __ 

.. ht-<H=>--------'?'-----------''-'=-"-"""'"=-=~---
--.L2 .. _c,,.::ii"-_,./c__ ___ ~9,__ ____ ~c:,_""'-""-S½-=_.L.--

.6..L't........,__,___6..!J'="-'-. ____ 4-_,__ _____ _c,,,e...L5.-=-_.~ 
. .3..ZS:./4~;,-€.,~---~9------~ 
k. ,31 'i9'--/ >? ;.(~------=".J..LY--=::...L---

2 



R11513

(.• 

I 
'i .,__{ilw..J -

t " L . ··. · :_c)Fui..1c---33a&_'2 ______ _.,_,. ~s.-i_..=. __ -1. ······---·~-___ ..;.;C<.11.k_-.,...LI_ 
·.• r_, e h'-'-ft'.,_1 __ 9,__ ______ ~~=r~~-1- --'--'---"1, #- :z_. 



R11514

WEDNESDAY 

-'-"'rl • • t </_ L,,J ,l b--> • 

~-yos J;9th day - 186 days·follow 

---------!,~-..S..~~~E.'::±:!=a----~------·\';•.•·'\. 

~:t: 1L~'j/-~------9.,__ _____ 1;;.~ « -9 9 /! ~:::,:.t· 
z 7 ,Y"4-- i?tr't: 2 ··,·:,•l

.-~-c... 2 ;:r,, k N - 9 

. ..D +1....· .e.,l:-/ _______ L9 _____ -.L./-1:.L.i11=.£..=-.....19:.__ __ . 
······#- ~ /. __ 1)..3 + 4- -;/ ¢ td..:.,,.J...;-:c._ __ , 

.~5::.../4 ..,, 9 2:::> ... , ; J '1 k,._:.•.~ . .... ) 

___ L7 c..- #-I 7 «' ,z,,..,4'..__ - 9 
.k.~ .:3 Y, , - £, Ck 

;¢. LC::.J.!,>1 9 
5' 1 13.,,;:f 9 

1i_4_,.,J.e_LL -;5( u ,..,_ y_pJ-L,_-sLe.J:.p=-, =--l _. 
·7,_,_.+L-e/ :S f~r,-··J_;,.e_.:;_ I .... ---,\~,. 

\~/..,, :< ../,.Lfe/ !~.'_-~c'J...2.,(-'>-:3(,._~ .L;z._!_~---····'·-,'fNi~. 
. • ~-~"- 9! £~?:7- I j. ·.'- ·~;aMt 
J?. J..--;;Y~'~C..,,.,f-"s_j'e - o-. K .,.·•-->t::l~~: 

------------------------~\:=~, -----------------------~-- --~:,Ii~ 
~,!; ,._v,.~, 

. ;'l',°fl , 



R11515

/ 29 I THURSDAY 

2006 180th day - 185 days follow 

·_. ?f4?i'd :;:,:(,,_~~,-/~ f I .)=:,:,.,_,..~J:W.;..u.,;~-__; 

"· .. ;_,_' ~.. / O ,-,,-1-a //_ j o, "'-,j) lab d ~z. { •• ,. JJ l 
'~,if- 0 1- ~t-v.. .. ks.--_/.d_ :f±o'.,.,.__-=-_,,_"---'-=-L-----
}J~ .. ----------------------------,., 

'!~~j~,----------------------------,,c 



R11516

FRIDAY J 30 J JUNE 

,, 

!, ~,..,a,....c,je 



R11517

TUESDAY 

- (o 



R11518

f 

WEDNESDAY 

.L.L...,__.,--'-___ ,,.z,_,f:....._, ______ f),L,_~,~---~---'o 

,----,b)Cf,_i=f--___ __.6...LX,__ __ --=-----'-'~ ''------~-=o.......,..._...:..___ __ 'z 
,:5:: 4 

'-"OLL-~ __ ____(_c;-t"',. _____ ;z"'----~---"-'="';-''-,L~~~.......;..."'---'--''--'---'-~___;___ __ :5:. 
. ~/ 8 4=~-------'-"--" + 

~-µ_,'~• ---~>5".L ~ C ;{....,, 

,'! 2S: I,< -_9 

I! 

lG -'" l ,__ (, 

K-*Z. = J 



R11519

THURSDAY 
.:f./_·: 

. ·. :i;it;.;;:,.;;;:;;.:,_;; 

•·:;a 

i#"="---L. ____ 9=·· ·•-------1»<--"-;""c'&~~ .. Cc:=. -:-.,,.j;::___? .... ··-•_,. 

·. ·.: ..... ;?5,;-.,.J:.= ... ·@,.·.•: .. ·. . .... ··•···•········ ... 
•"'='='--"-'-'~=.c;;,i ~='1"";""',<J""n""z'"'t""2."'05""-,• ~ .. ;:::::::·; 

.... 

:,c;c.±;s,;,+,;*F.S~e2;;;,,,""";=.;,,~ee~F¥.¾i'-~½'-. 
_/· .. :~{:r 

·:/\ .ff~Eif\}-~ -



R11520

SATURDAY [§] AUGUST 

-oa i.... -J I-£ 7'L_.i_-=&--·; 
--0-K!!.1--____ _,::;;!..,_ ____ __..:,t_;;Ja_/,_,;..;.J..;___=._-d __ .'. 

. 2)3 #4-' . , 2Y....~--"---,e,t,,,Ld . ..cc~~.8~---· 
-i)""f. - 1_2_c., #-/ 7 ,!:; f:_,..,,_fy.. d 

_& ? ~✓ -~~~-
~·- L-1-'---' , w · Ci C • )..,~ !( ct 

,. __,_,_,"'-'_:JzJd ~ LJa~'-
;__/4,L;;J._:.#'---"'2'-------~'"'~'-'-X-'"'''-=~-----t/:t,,_,_,c...,:£'.""--=-=-----"··:,;,• 

51 #- I A Ke !le,,, - a 
q o &:f-a 

--t-~---~·£'...,___ ____ ::Y,_ /~;,~ - 9 

.••.. :,~ __ ____,_:__ ____ _.c-,c__ _____ =t,2r-__ 8 
'.,:•· .t,9....p;,r ,,£,,. .,53_'; C:., cL 
•a;~ I c./, ,,_ I c"? /-:£, !t, ,, ii- .,t..., __ ,:::_,_ ______ t-1--#-r'"'~ 

-~ 'I <:! /, ;:, c3,' l:;lrt,,.,a:,,_.=_Q 

}

.~~ ~~a~_r,..1, -----"-c:3...,__,_;(-'=...._"-----~·.:,.,Z,c_,1 :,,.__:.d ,<~ J1; 
·''".:_ r / 4-- D cl'--' - ... 

- ti __ · 
·-~·,~ . . , 

,.~-J=-L~-1::Z~~~-F==--l /-,, -s:-1,,=y~~~ 

*
£., f,,, c .. )~-0-tt--i 

~a-ll~4-if?~<= ~- ~""~ [., d 
- ul.,,-'-k._L~~ d, ~ ~ -
--f!--h,,r-1_.__a_L_J_l,A. _ _ ~ -=-kt;..£ rrJ 
=4=-~-~~r~~_,j-------~-... =--n-• 

-;-:ttt.:t.~ 



R11521

-~:l'.-,q=t??~:t:,,.,:;.,_-/2-"-'=1--~~--?----"=-''----I-----L~Z.L::!.o:.),"..--=-.L--
{ I. . .: 



R11522



R11523



R11524

AUGUS, ~ FRIDAY SAT 
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Alliance LI 
Consulting, Inc. 

Engineers • Constructors • Scientists 

6431·/12 

INSIGNIFICANT PERMIT REVISION 
PERMIT NO. 375 

POND CREEK NO. 1 MINE 
COAL REFUSE DISPOSAL FACILITY NO. 2 

PHASES SA, 7 AND 8 

Summersville, WV 

848 Northside Drive 
Summersville, WV 26651 
Telephone: (304) 883-2360 

Fax: (304) 883-2361 

Prepared for 

WILLIAMSON ENERGY, LLC 
JOHNSTON CITY, ILLINOIS 

ALLIANCE PROJECT NO. Bll-530-1413 
SEPTEMBER 2012 

Beckley, WV 
Raleigh County Airport Industrial Park 

124 Philpott Lane 
Beaver, WV 25813-9502 

Telephone: (304) 255-0491 
Fax: (304) 255-4232 

Canonsburg, PA 

3 Four Coins Drive, Ste. 100 
Canonsburg, PA 15317 

Telephone: (724) 745-3630 
Fax: (724) 745-3631 
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Illinois Department of 
Natural Resources 
One Natural Resources Way Springfield, Ulinois 62702-1271 
http://dnr.statc.il.us 

Michael Beyer 
Williamson Energy, LLC 
POBox99 
Johnston City, IL 62951 

Re: Permit No. 375 
Insignificant Revision No. 44 

Dear Mr. Beyer: 

October 25, 2012 

6431·/12 

Pat Quinn, Governor 
Marc Miller, Director 

The appropriate Department technical staff has reviewed the proposed change dated November 
2, 2011, and supplemental information dated September 14, 2012, submitted by Alliance 
Consulting, Inc. for the Pond Creek Mine. Alliance has requested approval to increase th~'life of 
the current facility by developing disposal facility No.2 Phases 5A, 7 and 8. Since this operation 
is not currently approved, it will constitute· a change to the approved plan. Insignificant permit 
revisions are allowed under 62 Ill. Adm. Code 1774.13(b)(2). 

The Department has determined the proposed alteration will have no significant potential adverse 
impact on the achievement of final reclamation plans or upon the surrounding area, is in 
compliance with 62 Ill. Adm. Code 1700 - 1850 and is insignificant, and hereby exempts the 
permittee from submitting a significant per;mit revision application in accordance with Section 
l 774.13(b )(2). The Department grants permission to develop disposal facility No.2 phases 5A, 7 
and 8 as submitted. However, Department approval is conditioned as follows, with these 
requirements: 

1. Groundwater monitoring well GW-8 shall be properly plugged and abandoned within 
thirty days of the date of this letter. 

2. A replacement groundwater monitoring well, to be known as GW-8R shall be installed at 
the location depicted on Drawing No. Bl 1"0 530-E2. 

a. This well shall be installed to the uppermost water-bearing unit at a depth 
sufficient to monitor potential groundwater impacts related to the refuse disposal 
area(s). 
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Michael Beyer 
Permit No. 375 
Insignificant Revision No.44 
Page 2 

b. The Replacement well will be considered an upgradient well to the RDA's 

3. Background groundwater quality data shall be collected by a minimum of six samples 
for, the replacement well, over the course of the first year after well installation ( bi
monthly/every two months). Once background has been established for this well, 
groundwater monitoring shall occur quarterly. Bi-monthly data shall be submitted 
quarterly in accordance with the current groundwater monitoring plan. 

Groundwater monitoring well GW-8R shall be sampled for the following parameters: 

Aluminum (Al) 

Antimony (Sb) 

Arsenic (As) 

Banuin (Ba) 

Beryllium (Be) 
Boron (B) 

Ca<lenium (Cd) 
Chloride (Cl) 

*Total and Dissolved 

Chromium (Cr) 

Cobalt (Ca) 

Copper (Cu) 

Cyanide (Cn) 

Fluoride (F) 
Iron (fe) 
Lead (Pb) ... 
Manganese (Mn) 

Mercury (Hg) Vanadium (V) 

Molybdenum (Mo) Zinc (Zc) 

Nickel (Ni) pH 

Selenium (Se) Alkalintiy 

Silver (Ag) Acidity 
' ' . ' . 

Sulfate (SQ4) Hardness 
. Thallium(Tl). H20 Elevation**· 
Totalpisso_lved Solids (TDS) 

**Water Elevation is measured as true elevation, not depth to water. 

4. Within thirty days of completion of well installation activities a boring log and well 
construction/well completion diagram shall be submitted to the Department. Top of 
casing and ground elevation must be surveyed and the surveyd eievations shall be 
included on the boring logs/well construction diagrams. Additionally, a revised/updated 
map shall be submitted showing the location of the newly installed well as well as all 
other groundwater montiroing wells at this facility. 

5. Proof of plugging and abandonment of groundwater monitoring well GW-8 shall be 
submitted to the department within thirty days of completion of well lugging activities. 

No additional bond is required because of this change. 

All conditions and provisions contained in the approved permit also apply to this revision. 
Approval from this agency does not relieve the permittee from obtaining approval from other 
agencies requiring such. 

04 I 80912.doc 
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Michael Beyer 
Permit No. 375 

\ Insignificant Revision No.44 
Page 2 

Please submit two additional copies of your request letter and maps to Ronald Morse, Illinois 
Enviromnental Protection Agency, 2309 West Main Street, Marion, Illinois 62959. 

Should you have any questions, please contact Brad Murphy at our Benton Office. 

Sincerely, 

~la 
Land Reclamation Division 

SKF:CBM:gr 

cc: B. Murphy 
,,.,•, :R. Morse 

,:,,,.,j_ Slapak / 
' / -.••• 1,. 

'· V. Broomhead 

04180912.doc 
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VVitllamson Energy, LLC 
PO 3ox 99 
Johnston C1ty, IL 62951 
Office: 518-983-3020 Fa>:: 518-983-3017 

lvlr. Scon K. Fowler. Supen·isor 
ILLINOIS DEPARTJ'"1ENT OF 
NATUR4L RESOURCES 
One Nntura1 Resources \Vay 
Springfield. LL 62702-1271 

NoYember 7. 201 l 

Re: V/illimnson Energy. LLC - Pcm1it No. 375: Insigni1ic.:ant Penni1 Re,·is.ion 

Dear lvlr. Fowler: 

This letter amharizes Mr. Jim Slapak and Aliim1c~ Consulting. Inc. (}.Jii,mce) and i1s 
represenn:nives. pem1isslon to perform \:\'Ork 01L receive co:nments and submit corrections on the 
nh.:;ve refer-.:-nced application. P1e.a.se S:;!nd copi-:s of any conm1ents to .1-\lliance Consuhing. Inc.. 
m ! :4 PhiJpoh L2a,e. Beaver. l'i'\' 25813. as well ::s Williumson Energy, LLC at the abow 

address. 

That!k you for yc1 ur cocrpern.tion. 

Sincerdy._ 

WILLIA',1S0'.\ ESERGY. LLC 

Anthony \\,.ebb 

/\uthorized A.f:-cnt 
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( 
AllianceO 

Consulting, Inc. 
Engineers · Constructors · Scientists 

November 2, 2011 

Mr. Scott Fowler 

ILLINOIS DEPARTMENT 

OF NATURAL RESOURCES 

Land Reclamation Division 

One Natural Resources Way 

Springfield, IL 62702-1271 

Dear Mr. Fowler: 

Transmittal 
Insignificant Permit Revision 

Pond Creek 1 - Permit No. 375 
Coal Refuse Disposal Facility No. 2 

Phases SA. 7 and 8 
Williamson Energy LLC 

Project No. Bll-530-1413 

On behalf of our client, Willian1son Energy LLC, please find one original and one copy of an 

Insignificant Permit Revision for the permit referenced above. The purpose of the application is 

to increase the life of the facility. 

One copy has been sent to Mr. Brad Murphy in the Benton Office. 

Respectfully submitted, 

A4NS~C 
C~a,P/4 
Senior Project Manager 

CEY:wmb 
Enclosures 

FILE: l 1530-01 

124 Philpott Lane • Raleigh County Airport Industrial Park • Beaver, WV 25813-9502 • TELE: (304) 255-0491 • FAX: (304) 255-4232 
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AllianceO 
Consulting, Inc. 

Engineers · Constructors · Scientists 
November 2, 2011 

Mr. Brad Murphy 
ILLINOIS DEPARTMENT OF NATURAL RESOURCES 
Office of Mines and Minerals 
Land Reclamation Division 
503 E. Main; FLOOl 
Benton, IL 62812 

Dear Mr. Murphy: 

Transmittal 
Insignificant Pennit Revision 

Pond Creek 1 - Permit No. 3 7 5 
Coal Refuse Disposal Facilitv No. 2 

Phases 5A 7 and 8 
Williamson Energy LLC 

Project No. Bl 1-530-1413 

On behalf of our client, Williamson Energy LLC, please find one copy of an Insignificant Permit 

Revision for the permit referenced above. The purpose of the application is to increase the life of 

the facility. 

An original and one copy have been sent to Mr. Scott Fowler in the Springfield Office. 

Respectfully submitted, 

ALLIA~CONSULTING, [NC. 

~K<Y 
Senior Project Manap 

CEY:wrnb 
Enclosures 

FILE: 11530-02 

124 Philpott Lane • Raleigh County Airport Industrial Park • Beaver, WV 25813-9502 • TELE: (304) 255-0491 • FAX (304) 255-4232 

124 Philpott Lane • Raleigh County Airport Industrial Park • Beaver, WV 25813-9502 • TELE: (304) 255-0491 • FAX: (304) 255-4232 
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REPORT 
COAL REFUSE DISPOSAL FACILITY 

PHASE SA, 7, AND 8 
POND CREEK MINE NO. 1 

WILLIAMSON COUNTY, ILLINOIS 
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( 
ENGINEERING DESIGN PLAN 

COAL REFUSE DISPOSAL FACILITY NO. 2 
PHASE SA, 7, AND 8 

POND CREEK NO. 1 MINE 
WILLIAMSON ENERGY, LLC 

"'ILLIAMSON COUNTY, ILLINOIS 
JOHNSON CITY, ILLINOIS 

1.0 INTRODUCTION 

Plans have been developed for the construction of a coarse and fine coal refuse disposal facility 
to be located near .Johnston City in Williamson County, Illinois. The proposed coal refuse 
disposal facility will provide disposal capacity for both coarse and fine coal refuse produced by 
the Pond Creek No. I mine coal preparation plant located approximately 0.25 mile west of the 
proposed facility. The location of the site is just southwest of the intersection ofDwina Road 
and Dean Road and is shown on Figure No. I. 

111e plan, as presented herein, provides for the disposal of approximately 3.1 years of coarse coal 
refuse and 4.3 years of fine coal refuse based on production rates provided by Williamson 
Energy, LLC. The facility shall be constructed in five phases of coarse coal refuse embankment 
construction. During construction of the proposed phase, fine coal refuse shall be disposed in the 
existing phases of the impoundmentCll MSHA ID No. IL08-03141-02 (Phases 4/6 and 5). 

The proposed facility has been designed as a high hazard impoundment using the Probable 
Maximum Flood (PMF) storm event. The facility has been designed to be capable of storing the 
runoff associated with the design storm event. The stored runoff volume, as well as operational 
water, shall be evacuated using a pump for Phases 5A, and 7, and a decant pipe for Phase 8. 

Proposed and existing combination, sedimentation, and perimeter ditches, access road gutters and 
bench gutters will be used to convey storm runoff away from the embankment in a controlled 
manner. The ditches have been designed for routing the runoff associated with the I 00-year, 6-
hour recurrence interval storm event. 

This report presents the design drawings, guideline technical specifications (Appendix A), and 
calculations (Appendix B) necessary for the design and construction of the embankment. 

2.0 EXISTING SITE CONDITIONS 

2.1 Site Characteristics 

The general area of the proposed impoundment has previously been used for agricultural 
purposes and has relatively flat to mild slopes to the ridgeline at approximate Elevation 572. The 
surrounding landscape is characterized by extensive agricultural and rural residential land use. 

'" Alliance Consulting, Inc. report entitled "Plan Modification Pond Creek No. I Mine, Coal Refuse Disposal 
Facility No. 2, Phase 4 Through 7, Impoundment ID No. IL0S-3141-02"'' prepared for Williamson Energy, LLC, 
Johnston City, Illinois, dated March 2011. 

~ 
/Jf!!!Y a' 

/flfl mw 
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Regionally, the proposed permit area is located 011 the southern shelf of the Illinois Basin in the 
Mt. Vernon Hill Country physiographic division. Sunollllding landfonns are the results of both 
\Visconsinian glaciations and normal degradation processes such as weathering, mass wasting, 
and stream erosion. Sunounding topography is characterized by generally flat ridge tops, 
moderately steep hill slopes and broad flat valley iloors associated with major streams. The local 
drainage pattern is dendritic reflecting the regional generally horizontal bedrock stratigraphy. 
The total relief of the Facility No. 2 footprint is approximately 32 feet ranging from 
approximately 436' to 468' above mean seal level (based on aerial photography). 

Glacial deposits of the Carmi Member of the Equality Formation, consisting of quiet water lake 
silt and clay, constituted the original surface materials within the proposed permit area. 

2.2 Geology 

The proposed permit area is underlain by lower Pennsylvanian age rocks consisting of shale, 
sandstone, and siltstone with minor underclay, coal and limestone. These sequences reflect 
fluctuating shorelines, deltas, and shallow seas indicating deltaic, fluvial, and coal swamp 
depositional environments. These bedrock units can be highly variable in thickness and 
continuity. Mississippian rocks unconformably underlie the Pennsylvanian, however, they do not 
outcrop in the subject area and were not penetrated during exploration drilling. 

The major stratigraphic marker is the Herrin No. 6 coal which is generally unifom1 and 
continuous in the subject area and occurs at approximate Elevation 10 beneath the proposed 
refuse disposal facility. Shale and sandstone units in the subject area exhibit a high degree of 
lateral facies changes and interbedding. The Benin No. 6 seam is described as a normal bright
banded coal with a lower portion that contains a prominent claystone paning. The base of the 
Herrin No. 6 exhibits an undulating surface with a general structural trend toward the north
northeast dipping approximately 60 feet per mile. No major faults or other structural anomalies 
are known to be present within the proposed permit. 

3.0 MINING OPERATIONS 

3.1 Mining Operations 

The Herrin No. 6 coal seam (average Elevation 10 feet above mean sea level) has been mined by 
both longwall and conventional mining techniques beneath the footprint area of the proposed 
facility. The disposal plan was staged to minimize the impacts of the mining on the integrity of 
the embankments. Due to the timing of the proposed mining, it was necessary to initiate Phases 
3 and 4 embankment construction above unmined areas. Based on a report prepared by Syd S. 
Peng, et. al. (2), it was anticipated that substantially all of the significant surface subsidence 
resulting from the longwall mining activities should occur within approximately 14 to 21 days 
following longwall mining. Phase 3 has been filled to capacity with fine coal refuse and the 
impounding capability eliminated before being mined under. Following the subsidence period, a 

r1'Repo11 entitled "Prediction of Ground Movement Parameters due to Longwall Mining During different Phases of 
Impoundments", prepared by Syd S. Peng and Thomas Du, Department of Mining Engineering, West Virginia 
University, May 2009. 6/1fl•wc · ,'ft~ 

i..::;.t;:' 

/jlff'7 iffl"Y 
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downstream stage (Phase 6) is cmTently being constructed around the Phase 4 impoundment area. 
This phase essentially "rings" the initial embankment and should serve to mitigate any cracks 
that may have developed in the initial embankment as a result of the subsidence. Internal drains 
were specified(]) for the Phase 3, 5, and 6 embankments to collect and convey potential seepage. 
Based on the predicted subsidence, the drains were designed so that positive drainage will occur 
post subsidence. 

Subsidence monitoring baselines are being used to calibrate the subsidence prediction model and 
compare predicted to actual subsidence due to mining. 

Concerning breakthrough potential, the Bureau of Mines Infom1ation Circular 8741 recommends 
an overburden thiclmess equal to 60 times the extraction height for total extraction mining. The 
lowest level of the subsided pool area is approximately Elevation 420, and the bottom of coal 
seam is at average Elevation IO feet with an extraction height of 6.5 feet. Therefore, the existing 
overburden thickness is greater tha11 the recommended thickness a11d there is no significant 
potential for a catastrophic breakthrough of fine coal refuse slurry into the mine to occur. 

No proposed mining will occur during construction of the proposed phases, therefore, the 
majority of subsidence has already occurred and is not expected to impact construction of the 
new phases. 

Based on these conditions a11d recommended guidelines, it is expected that no adverse effects 
shall impact the stability or breakthrough potential of the impoundments. 

No significant depth of impoundment water will be allowed prior to a11y of the required 
remediation of subsidence disturbance prior to the raising of the post-subsidence stages to a 
suitable elevation. 

3.2 Coal Refuse Production 

Based on cunent plant operation information provided by Williamson Energy, the following 
a1mual production quantities were used in the design (see Calculations in Appendix B). 

• 
• 

Coarse Coal Refuse 
Fine Coal Refuse 

2,568,200 cubic yards/year 
2,064,400 cubic yards/year 

4.0 SUBSURFACE EXPLORATION 

4.1 Subsurface Exploration 

During the month of February 2006, a subsurface exploration program consisting of drilling one 
soil boring (No. 8874) was conducted within the footprint of the proposed emba11kment. The 
intent of the progra111 was to obtain soil samples to define the conditions and engineering 
characteristics relative to the construction and operation of the fine coal refuse sluny disposal 
impoundment. In addition to this soil boring, the results of a previous subsurface exploration 
program performed by Holcomb Foundation Engineering Co. (Holcomb) indicate the following: 

. 

. 

~ 
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Sample number, type, standard penetration test blow counts, and depth; 
• An overall description of the consistency, color and character of the soil; and, 
• Indication of the observed groundwater level in the boreholes at the time of 

drilling. 

Generally, the soils encountered beneath the dam footprint consist of brown and gray silty clay 
with sand and pebbles. The thickness of the soil varied from 12.5' to 22.5' while the surface 
elevation for the borings varied from Elevation 438.5± to Elevation 473.0±. Each of the borings 
was terminated at the top of the bedrock. 

Groundwater was encountered in two (2) of the seven (7) borings (i.e. Nos. 8293 and 8295). 
Following drilling, the depth from the ground surface to groundwater level varied from IO to 
13.5 feet or from Elevation 432.4± to Elevation 438.5± in the borings. 

5.0 FIELD AND LABORATORY TESTING 

5.1 Soil 

Samples of the soils obtained during the subsurface exploration program from Boring No. 8874 
were used for laboratory testing. The scope of the testing is discussed below. 

Visual classification tests were performed by Holcomb on the split spoon san1ples obtained 
during drilling. Samples from the borings represent the foundation conditions for the proposed 
embankment. Additional testing performed on the borings included the following: 

• Grain Size Analysis - Grain size analysis were performed on a san1ple from 
Boring No. 8874; 

• Atterbenr Limits Test -Alterberg Limits tests were performed on a sample from 
Boring No. 8874; 

• Unit Wei2:ht Determination - Performed on a Shelby tube san1ple from Boring 
No. 8874; and, 

• Shear Stre112:th Test - A consolidated, undrained triaxial shear strength test with 
pore pressure measurements was performed on a Shelby tube sample from Boring 
No. 8874. 

5.2 Coarse Coal Refuse 

The proposed embanlrn1ent shall be constructed with coarse coal refuse. The coarse coal refuse 
used to construct the emb:mkrnent has been sampled from the Pond Creek No. I mine coal 
processing plant and has undergone laboratory testing. The scope of the testing is discussed 
below. 

• Grain Size Analvsis - A grain size analysis was performed on the coarse coal 
refuse sample. 

• Shear Strength Test - A consolidated, undrained triaxial shear strength test with 
pore pressure measurements was perfo1111ed on re-molded samples of the coarse 

-4-
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coal refuse. Material from the sample was re-molded to a density equivalent to 
approximately 95 percent of Standard Proctor maximum dry density. 

• Permeabilitv - A constant head penneability test was performed on a re-molded 
sample to determine the permeability characteristics of the coarse coal refuse for 
the embankment construction. The sample was compacted to approximately 95 
percent of the Standard Proctor maximum d1y density. 

• Compaction Test - A Standard Proctor compaction test was performed on the 
coarse coal refuse sample. 

5.3 Fine Coal Refuse 

Two fine coal refuse bulk samples were obtained from the South Pond (Phase 2) for laboratory 
testing. The scope of the testing is discussed below and the results are presented in Appendix r(

3
l 

(under separate cover). 

• 

• 

• 

• 

• 

Moisture Content - Moisture contents were performed on the two fine coal refuse 
samples. 
Grain-size Analvsis - Grain size distribution analysis was perfom1ed on the two 
fine coal refuse samples (sieve and hydrometer). 
Atterburg Limits - Atterberg Limit tests were performed on the two fine coal 
refuse samples. 
Specific Gravity - Specific gravity tests were performed on the two fine coal 
refuse samples. 
Shear Strength - Six consolidated - undrained ttiaxial tests were run on remolded 
fine coal refuse samples. These six tests included moisture content and total and 
dry density determinations. 

5.4 Piezo-Seismic Cone Penetration Testing 

• Fifteen piezo-seismic cone penetration soundings were perfonned at the Pond 
Creek site to measure tip stress, sleeve stress, pore water pressure, and shear 
wave velocities. The testing was used to conelate index and strength parameters 
for the coarse coal refuse and foundation soil and for use in a defonnation 
analysis. 

• The testing data and results are presented in Appendix 1(3) (under separate cover) . 

6.0 COAL REFUSE DISPOSAL PLAN 

The proposed plan provides disposal capacity for approximately 3.1 years of coarse and 4.3 years 
of fine coal refuse production beyond the c1ment Phase 4/6 and 5 plan. The plan has been 
developed in accordance with prudent engineering principles and practices and current Mine 
Safety and Health Administration (MSHA) design criteria for coal refuse disposal facilities. It is 

l3i GIA Consulting, Inc. repm1 entitled "Response to MSHA Comment Nos. 1, 3, 7 and 8, Pond Creek Mine No. I, 
Coal Refuse Disposal Facility No. 2, Phases 3 and 7, lmpoundment JD No. 12l1-IL08-03141-02, Williamson 
Energy, LLC,, Williamson County, Illinois," prepared for Alliance Consulting, Inc.Project C090403.01, MJJJ/09;/Jf 
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intended that the construction of the facility be monitored by experienced persons knowledgeable 
of the design, specifications and regulatory requirements. 
A brief description of the disposal plan is as follows: 

1. Sedimentation control for the construction of the embankment shall be provided by 
sedimentation ditches. Bench gutters and conveyance ditches shall be constructed to 
route the runoff from the embankment area to the sedimentation ditches. 

2. Phase 7 will be constructed to raise the Phase 4/6 crest. Phase 5A will then be 
constructed to match the Phase 7 crest Elevation. Phase 5N7 will then be constructed 
as a joint cell, rising the entire footprint. Buttresses must then be constructed on the 
north and south sides. Phase 8 will then be constructed to raise the entire crest of the 
facility. 

3. Fine coal refuse sluny may be pumped into the Phase 4/6 and 5 impoundments upon 
commencement of construction. The discharge line(s) shall be moved to result in a 
relatively uniform surface of fines throughout the impoundment and to minimize the 
depth of any water impounded directly against the embankment slope. Generally, a 
delta of fine coal refuse shall be maintained along the embankment slope. 

4. Operational pump(s) and discharge line(s) shall be maintained to remove clarified 
water and normal rainfall from the impoundment. The facility has been designed to 
store the runoff associated with a PMF design storm event. A decant pipe has been 
specified to evacuate the design storm runoff for Phase 8 after its dam crest elevation 
reaches 588. Additional pumps with independent power supplies (diesel motors or 
generators) will be kept on site and used to evacuate storm water for all phases until 
final dam crest elevation is reached, and the decant is operational. 

5. An internal drninage system located within the Phases 5A, 7, and 8 embankments 
shall be installed to aid in controlling the phreatic level within the embankments. 
Animal guards shall be installed on all internal drain outlets to prevent vector 
infiltration. 

6.1 Phase 7 Embankment 

Phase 7 will be constructed post-subsidence. The Phase 7 embankment shall be constructed 
using coarse coal refuse from the Pond Creek No. 1 mine coal preparation plant, as centerline 
construction above the Phase 4/6 embankment. The location of the Phase 7 embankment is 
shown in plan on Figure No. 3 and cross section on Figure Nos. 7 and 8, and requires 
approximately 0.45 years of coarse coal refuse production to construct. Pertinent construction 
items include: 

1. Coarse Coal Refuse Disposal Phase 7 involves constructing an embankment 18 feet 
high to Elevation 510 using coarse coal refuse to raise the Phase 4/6 crest as shown on 
Figure No. 2. The slope of the embankment shall be constructed on a grade of 
31-l:lV. 

-6-
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2. Fine Coal Refuse Disposal - Fine coal refuse slurry will be pumped into the Phase 4/6 
and 5 impoundments during Phase 7 construction. Periodic relocation of the sluny 
discharge line shall be performed to promote a more uniform distribution of the fine 
coal refuse and to minimize the depth of clarified water impounded directly against 
the embankment slope. 

3. Pump Installation - An operational pump, of sufficient capacity to remove clarified 
water and normal precipitation, and associated discharge lines shall be installed 
during construction of Phase 7. The pump shall discharge into Sediment Pond No. 6 
and/or the Freshwater Pond. Additional pumps will be kept available on site to 
evacuate 90 percent of the design stonn in 10 days or less. 

4. Internal Drain - An internal drainage system consisting of a perforated pipe and gravel 
wrapped with filter fabric, shall be installed during the construction of Phase 7 to aid 
in controlling the phreatic level within the embankment. The location and invert 
elevations for the internal drain are presented on Figure No. 3. Animal guards shall 
be installed on drain outlets to prevent vector intrusion of the internal drain. Details 
pertaining to the drain construction are provided in the guideline technical 
specifications and on Figure No. 9. 

5. Surface Draina2:e - Existing sedimentation/perimeter ditches shall be used as shown 
on Figure No. 2, to collect surface water and clarify the runoff before it is discharged 
into an existing channel. Bench gutters will be constructed to drain as shown on 
Figure No. 3, and according to Detail 1, on Figure No. 9. Proposed Ditches "O" and 
"P" will be constructed during this phase. 

6.2 Phase 5A Embankment 

Phase 5A, which is shown in plan on Figure No. 4 and cross section on Figure Nos. 7 and 8, 
requires approximately 0.42 years of coarse coal refuse production to construct and will raise the 
Phase 5 crest to Elevation 510, and match the Phase 7 crest. Pertinent construction items 
include: 

l . Embankment Construction - The Phase 5A embankment shall be situated as shown 
on Figure No. 2 with an upstream toe at Elevation 488± and a crest at Elevation 510. 
The embankment will require the placement of approximately 1.08 million cubic 
yards of coarse coal refuse and will match the crest elevation of Phase 7. The 
material used for the embankment construction shall be compacted to 95 percent of 
Standard Proctor maximum dry density. The moisture content of the material shall be 
within -2 to+ 3 percent of the optimum moisture content. As indicated on Figure No. 
3 the upstream and downstream slopes of the Phase SA embankment shall be 
constructed on a grade of3H:1V. Initial coarse refuse construction of this phase will 
temporarily make the impoundment incapable of storing the full design storm. It is 
requested to have consideration for Mach to have variance according to the MSHA 
Engineering and Design Manual for Coal Refuse Embankments, Section 9.5.2 to store 
only the shoti-term design storm of one half PMF. The facility will be regain control 
of the full PMF design storm in approximately 3.5 months after construction of this 

-7-
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phase begins as shown in the embankment construction and fines level schedule 

calculations (Appendix B). 

2. Fine Coal Refuse Disposal - During construction of the Phase SA embankment, the 

fine coal refuse slurry continue to be pumped into the Phase 7 and 5 impoundments. 

After the slurry level in Phase 7 reaches the maximum fines level, the Phase 5A crest 

will already be constructed to store one 72-hour PMF flood storage volume. 

3. Pump Installation - an operational pump, of sufficient capacity to remove clarified 

water and normal precipitation, and associated discharge lines shall be used during 

construction of Phase 5A. The pumps shall discharge into Sediment Pond No. 6 

and/or the Freshwater Pond. Additional pumps will be kept available on site to 

evacuate 90 percent of the design sto1111 in 10 days or less. 

4. Internal drain - An internal drainage system consisting of a non-calcareous gravel 

wrapped with a geotextile and perforated pipe, shall be installed during the 

construction of Phase 5A to aid in controlling the phreatic level within the 

embankment. The location and invert elevations for the internal drain are presented 

on Figure No. 4. Animal guards shall be installed on drain outlets to prevent vector 

intrusion of the internal drains. Details pertaining to the drain constmction are 

provided in the guideline technical specifications and on Figure No. 9. 

5. Surface Drainage - Existing sedimentation/perimeter ditches shall be used as shown 

on Figure No. 2,_to collect surface water and clarify the runoff before it is discharged 

into an existing channel. Bench gutters will be constructed to drain as shown on 

Figure No. 3, and according to Detail 1, on Figure No. 9. Proposed Ditches"]" and 

"L" will be constructed during this phase. 

6.3 Phase SA/7 Embankment 

Phase 5A/7 embankment will be built to raise Phase SA and 7 from Elevation 510 to Elevation 

53 8 as a combined storage cell. The Phase 5A/7 embankment shall be constructed using coarse 

coal refuse from the Pond Creek No. I mine preparation plant. The location of the embankment 

is shown in plan on Figure No. 5 and cross section of Figure Nos. 7 and 8, and requires 

approximately 0.65 years of coarse coal refuse production to construct. Pertinent construction 

items include: 

1. 

2. 

Coarse Coal Refuse Disposal - Phase 5A/7 involves constructing an embanlanent 28 

feet high to Elevation 538 using coarse coal refuse. The upstream and downstream 

slopes of the embankment shall be canst.meted on a grade of3H:!V. 

Fine Coal Refuse Disposal - Fine coal refuse sluny will continue to be pumped into 

the Phase SA impoundment throughout construction. The average settled fine coal 

refuse level is expected to rise to Elevation 498± by the completion of the phase. 

Periodic relocation of the sluny discharge line shall be performed to promote a more 

unifonn distribution of the fine coal refuse and to minimize the depth of clarified 

water impounded directly against the embanlm1ent slope. 
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3. Surface Drainage-Bench gutters shall be constructed as shown on Figure No. 5, to 

collect and convey surface water runoff to the sediment ditches. Ditches 'T', "L", 

''O", and "P" shall be extended as necessary through construction. Ditch details are 

presented on Figure No. 9. 

4. Instrumentation-Piezometer Nos. P-14, P-17, P-18, P-19, P-20, P-21, P-22, and P-23 

shall be installed during Phase 5A/7 construction at the locations shown on Figure 

No. 4. The proposed piezometer tip elevations are presented on Figure No. 12 and the 

piezometer installation detail is presented on Figure No. 10. A conduit of the same 

type shall be used to extend the casing horizontally for the wires of pneumatic 

piezometers PN-3 and PN-4 to maintain access to readings. 

6.4 Buttress Construction 

Buttress construction will begin on the 1101th side ofimpoundment around the Phase 5 cell as 

shown on Figure No. 6. The no1th buttress will take approximately 0.05 years of coarse coal 

refuse to construct. The south buttress may be built by two different options. The first option is 

a coarse coal toe buttress that would require about 0.02 years of coarse coal refuse to construct. 

The second option will be a connector impoundment constructed of approximately 0.04 years of 

coarse coal refuse in two small embankments as shown on Figure No. 6. The Phase 2-3 

connector impoundment will also provide 0.24 years of survey storage. This option would 

require the abandomnent of the underlying 8 inches methane pipeline prior to construction. 

Abandonment would be done by removing the existing pipeline and relocating it to a place not 

covered by the fill. The excavated pipeline trench shall be backfilled and compacted prior to 

placement of fines. 

1. Coarse Coal Refuse Disposal - The slopes of the buttress shall be constructed on a 

grade of3H:IV. The 1101th buttress and one option of the south buttress must be 

constructed prior to construction of Phase 8 to ensure stability is adequate. 

2. Fine Coal Refuse Disposal - Fine coal refuse slurry shall continue to be pumped into 

the Phase 7 impoundment during buttress construction. Fine coal reuse pumping into 

Phase 7 is expected to reach a level of approximately 508.4. Should Phase 2 - 3 

c01mector impoundment option be constructed fines disposal may begin in this cell at 

any time after construction of the emban!Gnents is complete. 

3. Internal drain -An internal drainage system consisting of a non-calcareous gravel 

"~·apped with a geotextile and perforated pipe shall be installed during the 

construction of the Phase 2-3 connector, if constructed, to aid in controlling the 

phreatic level within the embankment. The location and inve1t elevations for the 

internal drain are presented on Figure No. 6. Animal guards shall be installed on 

drain outlets to prevent vector intrusion of the internal drains. Details pe1taining to 

the drain construction are provided in the guideline technical specifications and on 

Figure No. 9. 

-9-
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4. Instrumentation - Piezometer Nos. P-32, P-33, P-34 and P-35 shall be installed in the 
Phase 2-3 connector embankment, if that option is constructed, in the location shown 
on Figure No. 6. 

6.5 Phase 8 Embankment 

Phase 8 is an upstream stage, which is shown in plan on Figure No. 6 and cross section on Figure 
Nos. 6 and 7, requires approximately 1.56 years of coarse coal refuse production to construct. 
Phase 8 will raise the Phase 5A/7 crest 50 feet from Elevation 538 to Elevation 588. Phase 8 
construction will begin after the n01ih and south buttresses have been completed, and the Phase 
SA/7 fines level have reached the maximum limit. During the time required to fill the Phase 
SA/7 cell it is desired to use coarse refuse to construct a separate refuse disposal facility 
(cu1Tently under review for approval, under separate cover.) Pertinent construction items 
include: 

I. 

2. 

4. 

5. 

Coarse Coal Refuse Disposal -Phase 8 will be constructed in four stages to maintain 
the required storm runoff storage capacity. The upstream and downstream 
embankment slopes shall be constructed to 3H: 1 V. The final embankment slopes 
shall be soil covered and vegetated in accordance with the Illinois reclamation permit. 

Fine Coal Refuse Disposal - During the first stage of construction fine coal refuse 
slurry shall be pumped into a separate facility as the Phase 8 embankment is being 
built. The Phase 8 embanlm1ent crest will be kept to at least one 72-hour flood 
storage volume, plus 3 feet of freeboard, above the fine coal refuse level in the Phase 
5A/7 pool until the principal spillway/decant pipe is installed and the crest elevation 
reaches 588.0, its final elevation. Periodic relocation of the slur1y discharge line shall 
be perfonned to promote a more uniform distribution of the fine coal refuse and to 
minimize the depth of clarified water impounded directly against the embankment 
slope. 

Internal drain - An internal drainage system consisting of a non-calcareous gravel 
wrapped with a geotextile and perforated pipe, shall be installed during the 
construction of Phase 8 to aid in controlling the phreatic level within the 
embankment. The location and invert elevations for the internal drain are presented 
on Figure No. 6. Animal guards shall be installed on drain outlets to prevent vector 
intrusion of the internal drains. Details pertaining to the drain construction are 
provided in the guideline technical specifications and on Figure No. 9. 

Surface Drainage -Bench and access road gutters shall be constructed as shown on 
Figure No. 5, to control and convey surface water runoff. Ditches "I", "L", "O", and 
"P" will be extended as necessary through construction. 

Instrwnentation- Piezometer Nos. P-24, P-25, P-26, P-27, P-28, P-29, P-30 and P-31 
shall be installed, during Phase 8 construction at the locations shown on Figure No. 7. 
Piezorneter extension and installation details are presented on Figure No. 10. The 
piezometer tip elevations are specified on Figure No. 12. 
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6. Decant Pipe - Construction of the decant pipe shall be performed concurrent with the 
construction of the Phase 8 embankment. The installation includes excavating a 
trench into the embankment and placing approximately 125 feet of HOPE pipe and 
appurtenant structures ( drop inlet, ditch, filter and drainage diaphragm and outlet 
drain). The drop inlet shall be extended vertically to Elevation 582 by adding the 
appropriate length of 36-inch diameter DR 26 HDPE pipe to the HDPE elbow 
attached to the transpmi section of the decant pipe. The decant pipe shall be installed 
in accordance with the details presented on Figure No. 11. The principle 
spillway/decant pipe is capable of routing the runoff from a 72-hour duration PMF 
rainfall with 3 feet of freeboard and evacuating it in less than 10 days. 

6.6 Abandonment Plan 

An abandonment grading plan has been provided on Figure No. 13. Briefly, the impounding 
capability shall be eliminated by filling the impoundment with approximately 982,000 cubic 
yards of coarse coal refuse, and will take approximately 0.38 years to complete. The final 
embankment configuration and perimeter ditch drains shall be constructed to drain as per the 
lines and grades shown on Figure No. 13 and the entire site shall be soil covered and seeded in 
accordance with the Illinois reclamation permit. The plan shall be reevaluated prior to 
abandonment based on actual coal refuse production rates, existing site conditions and 
embankment configuration, and revised if necessary. 

7.0 ENGINEERING ANALYSES 

In support of the plan, engineering analyses included slope stability analyses and the hydro logic 
and hydraulic studies for the impoundment and surface drainage facilities. The calculations 
describing the design assumptions, methodology and results are included in Appendix B. 

7.1 Hvdrolo!!ic and Hvdraulic Analvses 

The proposed facility has been evaluated using storm criteria for high hazard dams. The 
impoundment shall be capable of storing the runoff associated with a PMF design storm event 
plus tlu·ee feet of freeboard. 

Evacuation of the stored water shall be accomplished by pumping for Phases 5A, 7 and 5A/7, 
and the Phase 2-3 cmmector should that option be constructed. The required pumping capacity is 
based on storing the runoff and evacuating 90 percent of the runoff associated with one design 
storm event within 10 days. Pumps with an independent power source ( diesel motor or 
generator) and associated discharge lines and connections will be kept on site to evacuate the 
storage storm runoff. Required pumping capacities and existing on site capability has been 
defined in Appendix B. 

Evacuation of the stored runoff shall be accomplished by means of a decant pipe for the Phase 8 
irnpoundment after the final embankment crest elevation is reached. The required pipe size, 36-
inch DR 26, is based on evacuating 90% of the runoff associated with one design storm event 
within 10 days. The surface drainage facilities, including road and bench gutters, and Dil , 

!;AT! @1•• 
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"I", "L", "O", and "P", and abandonment Perimeter Ditches PD-1 through PD-10 and 
Combination Ditches CD-1 and CD-2 have been sized to convey runoff associated with the 100-
year, 6-hour recunence interval storm event. All permanent facilities have been designed with 
appropriate protection to minimize the potential for channel erosion. Details for the surface 
drainage facilities are presented on Figure Nos. 9 and 11. 

7 .2 Slope Stabilitv Analvses 

Slope stability analyses have been performed for the upstream and downstream slopes of the 
Phases SA, 7 and 8 embankments using PCSTABL5, a computerized version of the modified 
Bishop Method of Slices, developed by Purdue University and the Indiana State Highway 
Commission. The critical potential failure surfaces, minimum factors of safety, and material 
prope1iies used in the slope stability analyses are presented on Figure No. 12 in the calculation 
brief. 

Slope stability was analyzed for static loading conditions for the downstream and upstream 
embankment slopes. Effective prope1iies for the coal refuse and existing soil were used. The use 
of effective stress properties for the coal refuse and total stress properties for the existing 
cohesive soils is appropriate, giving the effects of the sudden loading in an earthquake event and 
the relatively slow drainage characteristics of the soils. The Phase SA/7 analysis was performed 
without the north and south buttresses to show that it will not be required prior to construction of 
this phase. The Phase 8 analyses were calculated with the buttresses in place, as they will be 
required to achieve stability for Phase 8. The phreatic level used in the stability analyses was 
conservatively based on top flow line calculations performed on a transfonned section and 
piezometer data. The transformed section was based on the horizontal permeability of the 
embankment material being nine times greater than the vertical permeability. The engineering 
properties of the embankment material were based on laboratory test results and our experience 
with similar materials. 

The most critical potential long-term failure surfaces, as shown on Figure No. 12 are summarized 
below: 

Minimum 
Stage Case Static F.S. 

Phase 5A/7 Downstream 1.51 

Upstream 2.00 

Phase 8 Downstream 1.58 
Upstream 2.12 

Phase SA/7 Downstrean1 1.92 
Dike 

Phase 2-3 Downstream 1.50 
Connector Upstream 1.85 

As indicated in the above table, the computed factors of safety meet the minimum requirements 
( 1.5 for the static case). 

-12-



R11549

8.0SUMMARY 

The design plans for the proposed Pond Creek No. 1 mine Coal Refuse Disposal Facility No. 2 
(Phases SA, 7 and 8) are based on the subsurface exploration program, field and laboratory 
testing, and the engineering analyses described herein. 

The plan should provide disposal for approximately 3 .1 years of coarse coal refuse and 4.3 years 
of fine coal refuse. The coarse coal refuse disposal life tmder this plan remaining that will be 
covered the Phases SA, 7 and 8 pool areas, is about 0.38 years. 
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APPENDIX A 

GUIDELINE TECHNICAL SPECIFICATIONS 

ENGINEERING DESIGN PLAN 

PROPOSED COAL REFUSE DISPOSAL FACILITY NO. 4 
MACH#IMINE 

MACH MINING, LLC 

JOHNSTON CITY, WILLIAMSON COUNTY, ILLINOIS 

INTRODUCTION 

These guideline technical specifications have been prepared by Alliance Consulting, Inc. 

(Alliance) for the construction of the Mach Mining, LLC (Mach Mining), proposed Coal Refuse 

Disposal Facility No. 4, located near Johnston City, Williamson County, Illinois. The facility 

will serve the Mach # I Mine coal preparation plant. The information contained herein is 

sufficiently detailed to provide Mach Mining with technical guidance to perfom1 coal refuse 

disposal operations in a marmer consistent with the design assumptions and prudent engineering 

practice. These specifications are intended to be supplemented with regular site visits by persons 

knowledgeable of these design documents and operational requirements for disposal of coal 

refuse. These specifications are not of sufficient detail for use in subcontracting the work. 

Should Mach Mining subcontract any portion of fue work, more detailed specifications and 

construction drawings may be required. 

The disposal plan for fue Coal Refuse Disposal Facility No. 4 provides disposal capacity for 

approximately 8.65 months of coarse coal refuse production, 1.15 years of fine coal refuse 

production if a decant is used, and 11.63 monfus of fine coal refuse production if a pump is used, 

based on refuse production rates provided by Mach Mining. These guideline technical 

specifications pertain to tl1e construction of the proposed embankn1ent. 

Briefly, the work items required in the coal refuse disposal plan include: 

1. Site Preparation - Before construction of the coarse coal refuse embankment begins, 

excavation of the proposed incised area will be performed. In areas of embankment 

construction, fue site preparation items include topsoil st1ipping and stockpiling, 

proofrolling/sealing, and construction of the perimeter sediment ditch. During the disposal 

operations, scarifying/tracking previously compacted surfaces shall be required to minimize 

seepage planes. 

2. Embankment Construction - A coarse coal refuse embankment shall be constructed in one 

phase. The proposed facility has been designed to provide disposal capacity for 

approximately 8.65 months of coarse coal refuse production, 1.15 years of fine coal refuse 

production if a decant is used, and 11.63 months of fine coal refuse production if a pump is 

used. 

3. Subsurface Drainage-An internal drainage system (gravel, perforated pipe, and geotextile) 

shall be installed during construction of the embankment to aid in controlling the phreatic 

level. 
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4. Fine Coal Refuse Disposal-Following completion of the embankment, fine coal refuse 

sluny may be pumped to the impoundment. A water pumping system shall be used to 

remove excess clarified sluny water and precipitation from the impoundment. 

5. Surface Drainage Facilities - To control and direct surface water runoff away from the 

embankment, a perimeter sediment ditch shall be constructed. 

6. Abandonment - An abandonment grading plan has been provided. The plan shall be re

evaluated prior to abandonment based on actual coal refuse production rates, existing site 

conditions and embankment configuration, and revised if necessary. 

7. Revegetation - To control erosion and provide an acceptable post mining land use, all 

completed embankment surfaces shall be soil covered and revegetated in accordance with 

Mach Mining's State Permit. 

8. Monitoring and Maintenance - A program ofregular monitoring and maintenance of the 

disposal operations is described herein. 

The following drawings form a part of these specifications: 

FIGURE NO. DRAWING NO. TITLE 

1 Bll-087-Tl Title Sheet 

2 Bll-087-E3 Plan - Coarse Coal Refuse 
Embankment/Impoundment 

3 Bl l-087-E4 Sections A-A, B-B, and C-C 

4 Bll-087-El0 Decant Pipe Profile 

5 Bll-087-El3 Slope Stability Analyses 

6 Bl 1-087-El 1 Internal Drain Plan 

7 Bl l-087-El2 Internal Drain Profile 

8 Bll-087-E5 Details (Sheet 1 of 3) 

9 Bl l-087-E6 Details (Sheet 2 of 3) 

10 Bl l-087-E14 Details (Sheet 3 of 3) 

11 Bll-087-ES Abandonment Plan 

12 Bll-087-E9 Abandonment Section D-D 

13 Bl l-087-E7 Mine Map-Ziegler No. 4 Mine 

- 2 -
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1.0 SITE PREPARATION 

1.01 General 

An incised fine coal refuse disposal area shall be excavated prior to construction of 

the embankment. Additionally, a soil fill shall be constructed in the northeast comer 

of the refuse disposal area to facilitate construction of the perimeter sediment ditch. 

Beneath all areas of the refuse disposal facility, site preparation shall be required. 

1.02 Stripping and Topsoil Removal 

Stripping and stockpiling of topsoil and root matter are required to provide an 

adequate foundation for facility construction. All topsoil shall be removed prior to 

embankment, impoundment, or road construction. The stripped topsoil shall be 

stockpiled. 

As areas are prepared for final reclamation, topsoil may be removed from future 

disposal areas and hauled directly to areas being reclaimed. 

1.03 Surface Sealing/Proofrolling 

The footprint of the embankment shall be proofrolled following stripping and topsoil 

removal to seal and compact the soils. A minimum of three passes shall be made over 

each area using a large sheepsfoot roller or rubber-tired equipment (i.e. loaded truck) 

to produce a minimum density equal to 95 percent of the maximum dry density 

attainable by the Standard Proctor metl1od of compaction (ASTM D 698). 

Before being backfilled with compacted coarse coal refuse, the surface shall be 

inspected to detem1ine whether any excessively wet or soft soils are present at the 

bottom of tl1e topsoil excavation. Any soft/wet soils shall be removed to a minimum 

depth of 2 feet below the previously excavated surface and replaced with compacted 

soil. The over-excavated area shall be backfilled with silty, clay soil, placed in 12-

inch lifts, and compacted to 9 5 percent of the Standard Proctor maximum dry density 

(ASTM D 698). 

Random in-place density testing shall be performed throughout the embankment area 

to verify that the existing stripped surface is compacted to 95 percent of the Standard 

Proctor maximum dry density prior to fine coal refuse slurry disposal. 

2.0 EMBANKMENT CONSTRUCTION 

2.01 General 

To provide storage capacity for approximately 8.65 months of coarse coal refuse 

production, 1. 15 years of fine coal refuse production if a decant is used, and 11.63 
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months of fine coal refuse production if a pump is used, an embankment shall be 

constructed. Drawing Nos. Bl l-087-E3 and B ll-087-E4 present the plan and profile 

of the proposed embankment. 

Two sediment ditches shall be constructed to provide sediment control and to convey 

surface runoff away from the facility. The design details for the ditches are included 

in the Illinois state permit application. 

2.02 Coarse Coal Refuse Placement and Compaction 

a. Lines and Grades - Coarse coal refuse shall be placed to the lines and grades 

shown on the drawings. Control for placement can be established from the 

coordinate system provided on the drawings. 

b. Material - Run-of-plant coarse coal refuse from the coal preparation plant shall 

be used for the embankment construction. Placement and compaction of the 

refuse shall be in accordance with Sections 2.02.c and d. 

c. Placement - Coarse coal refuse shall be spread in lifts not more than 1 foot thick. 

Material that is too wet to be properly compacted shall be spread and graded to 

facilitate drainage. Discing of the wet material may also be performed to 

facilitate drying. Upon drying to within the acceptable moisture content range, 

compaction shall proceed. 

d. Compaction - The coarse coal refuse shall be compacted by routing heavy 

equipment over it or utilizing specialized compaction equipment to attain the 

specified degree of compaction. No special compaction procedures are 

anticipated to be required to provide densities whlch are consistent with those 

used in the design. However, complete coverage of the entire working surface is 

required, with sufficient overlap between passes to consistently obtain the 

required density. A field density-testing program shall be conducted during the 

placement operations to determine the actual dry density being achieved. A 

compacted dry density of at least 95 percent of the Standard Proctor test (ASTM 

D 698) maximum dry density shall be required for all coarse coal refuse placed 

within the impounding embankment. 

At 40,000 cubic yard placement intervals, the Standard Proctor test of the 

material shall be verified. Additionally, should mining or preparation plant 

operations change or other conditions indicate that a change in refuse material 

properties has occurred, a Standard Proctor test shall be perforn1ed. 

e. Construction Procedures -To minimize penetration of precipitation, the work 

surface shall be sloped and backbladed as the material is spread. No fill shall be 

placed on frozen material. If the surface where fill is to be placed is frozen, the 

frozen material shall be removed over an area where one day's refuse will be 

placed prior to placement of a new lift. The frozen material shall be stored until 

it is thawed and then replaced. Frozen material shall not be placed within the 
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embankment. Surface material in the impounding embankment too wet to 

support construction equipment shall be removed to expose drier material prior 

to placement of the next refuse layer. After drying, these wet materials can be 

reused in the embankment. As the level of the embankment is raised, it shall be 

graded smoothly to the contours shown on the plans. The work surface shall be 

scarified with the dozer cleats or sheepsfoot roller prior to placement of each lift. 

Care shall be taken to avoid placement of new fill on a smooth, compacted 

surface. The work smface shall be graded to drain toward the impoundment or 

toward in-place drainage facilities to minimize pooling of surface water. For 

additional placement requirements, refer to Appendix E. 

2.03 Decant Installation 

a. General - To provide a mechanism to evacuate stored st01m runoff, a decant 

pipe shall be installed with an inlet at Elevation 488 at the upstrean1 face and 

gently slope toward the downstream face to approximate Elevation 482. The 

decant shall be extended along the downstream embankment slope to discharge 

into Ditch No. 1 as shown on Drawing No. Bl 1-087-El0. The decant pipe shall 

be installed on an adequate foundation in a manner to minimize differential 

settlement. All pipe installation shall be supervised by qualified personnel 

familiar with the intent of the design and knowledgeable of proper installation 

procedures. 

b. Decant Pipe - The pipe used for decant construction shall be 24-inch outside 

diameter, SDR 26 HDPE pipe (average inside diameter of22.043 inches). The 

pipe joints shalt be welded (fused) all around and checked for leaks prior to 

backfilling. 

c. AJigmnent - The pipe shall be placed during the embankment construction at the 

location shown on Drawing No. Bl l-087-E3. Compaction shall be achieved in 

accordance with the detail presented on Drawing No. Bl l-087-E6 and Section 

2.04e of these specifications. The decant drop inlet shall extend vertically from 

the upstream end of the pipe to Elevation 48 8. 

d. Pipe Com1ections - The joints shall be welded (fused) sufficiently to provide a 

water-tight seal. 

e. Backfilling- The backfill envelope, as shown on Drawing No. Bl l-087-E6, 

shall be raised uniformly on both sides of the pipe in 6-inch thick layers (8-inch 

thick loose lifts) and compacted to a density greater than or equal to 98 percent 

Standard Proctor maximum dry density (ASTM D 698) within -2 to +3 percent 

of the optimum water content. The bedding material shall be shaped to embed 

the 24-inch HDPE a minimum of 4 inches. One field density test (minimum) 

shall be performed for every 200 cubic yards of backfill placed and compacted 

with at least one test per lift. 
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f. Materials for Backfill - Materials used for backfilling shall consist of coarse 

coal refuse, free of any particles larger than 3 inches in any dimension. 

2.04 Drop Inlet 

a. General - To facilitate the installation of the trash rack and to prevent fines from 

entering the decant pipe, a 24-inch diameter SDR 26 HDPE elbow ( drop inlet) 

shall be used. The elbow shall be fusion welded to the upstream end of the 

decant transport section and flange fitted at the other end to facilitate connection 

to the trash rack. 

2.05 Trash Rack 

a. General - To prevent large particles from entering and possibly clogging the 

decant pipe, a trash rack design has been provided. The trash rack shall be 

bolted to the riser pipe. The trash rack may be fabricated with readily available 

parts. 

b. Material - Materials required for the trash rack include I inch by I inch by 1/8-

inch angle irons, No. 4 rebar, and 1/8-inch thick steel plate. Details are shown 

on Drawing No. B 11-087-E6. The trash rack shall be flange fitted and bolted to 

the riser flange. 

c. Paint - The trash rack shall be protected with rust-resistant paint after 

fabrication. The trash rack shall be inspected periodically and any damage 

repaired accordingly. 

2.06 Filter and Draina!:!e Diaphragm 

a. General - A filter diaphragm shall be installed, as shown in plan on Drawing 

No.BI 1-087-E3, in profile on Drawing No. Bll-087-EIO, and in detail on 

Drawing No. Bl l-087-E6, to minimize internal erosion (piping) along the 

decant. 

b. Material - The diaphragm shall be constructed of hard, durable sandstone 

aggregate within the following gradation range and wrapped entirely in "Geotex 

501" filter fabric or a11 equivalent approved by the Engineer. 
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Sieve Size 
3-inch 
1-1/2-inch 
3/4-inch 
3/8-inch 
No.4 
No. 10 
No.20 
No. 40 
No. 60 
No. 140 
No. 200 

Percent Finer 
100 

95 to 100 
90 to 100 
77 to 100 
65 to 100 
45 to 100 
21 to 60 
0 to 44 
0 to 29 
0 to 9 
0 to 5 

C-33 sand meets the required gradation 

c. Filter and Drainage Diaphragm Outlet Drain - To convey seepage collected by 

the filter and drainage diaphragm to a surface drainage ditch, an outlet drain shall 

be constructed, as shown on Drawing No. Bl 1-087-E3. The drain shall be 

constructed in accordance with the detail presented on Drawing No.Bl 1-087-E6. 

Gradation testing shall be performed on compacted samples of the coarse coal 

refuse and gravel prior to installation of the filter drainage diaphragm to verify 

the parameters used in the design of the diaphragm. 

2.07 Survev Control 

Survey control shall include establishment of pe1manent monuments outside of, but 

adjacent to the refuse disposal facility limits. This control shall be used for the 

management of day-to-day operations. 

2.08 Subsurface Drains 

a. General - To minimize the possible rise in the phreatic level as the 

impoundment level rises, an internal drain shall be installed at the base of the 

coarse coal refuse embankment. The drain shall consist of a perforated pipe 

within a gravel envelope wrapped entirely with filter fabric. The approximate 

alignment and elevations of the drain are indicated on Drawing Nos. B 11-087-

El 1 and Bl l-087-El2. 

b. Gravel - The gravel shall consist of non-acid, and non-toxic forming, non

calcareous particles that will not slake in water or degrade during the life of the 
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facility, and which are free of coal, clay or other non-durable material. The 

gravel shall be washed and in the size range of 3/8 inch to 1 ½ inches. 

c. Pipe-The pipes used in the internal drains shall be SDR-21, perforated high

density polyethylene pipe. The required pipe diameters are presented on 

Drawing No. Bll-087-El 1. The perforations shall be in accordance with the 

detail on Drawing No. B 11-087-ES. The drain outlet pips shall be non

perforated. 

d. Filter Fabric - The filter fabric shall be "Geotex 501" or an approved equivalent 

geotextile that is ultraviolet stabilized to resist deterioration. The filter fabric 

shall be protected from ultraviolet exposure during storage. 

e. Installation - Details pertaining to the internal drains are presented on Drawing 

No. Bl 1-087-ES. As shown on the drawing, the gravel envelop shall be 

wrapped entirely with filter fabric with a minimum 2-foot overlap. The drain 

shall be constructed to the dimensions shown on the drawings. 

To convey seepage collected by the internal drain, to the perimeter ditch, non

perforated SDR-21 HDPE outlet pipes shall be installed at the locations shown 

on Drawing No. B 11-087-El 1. The backfill envelope for the outlet pipes, as 

shown on Drawing No. Bl 1-087-ES, shall be raised uniformly on both sides of· 

the pipe in 8-inch thick loose lifts and compacted to a density greater than or 

equal to 98 percent of the Standard Proctor maximum dry density within -2 to 

+ 3 percent of the optimum water content. One field density test (minimum) 

shall be performed for every 200 cubic yards of backfill placed and compacted 

with at least one test per lift. 

The installation of the underdrains shall be monitored by the engineer 

responsible for certifying the construction of the embankment or by a qualified 

person designated by the engineer. 

2.09 Piezometers 

Piezometers shall be installed at the locations shown on the drawings and in 

accordance with the detail on Drawing No. B 11-087-ES. Clean concrete sand may be 

substituted for the pea gravel if the latter is difficult to obtain. The perforated section 

of the piezometer pipe shall be wrapped with filter fabric. Bentonite seals shall be 

placed immediately above the perforated section and just below the ground surface to 

isolate the piezometer tip from potential perched water iabiez; and minimize any 

influence associated with surface water. 

3.0 FINE COAL REFUSE DISPOSAL 

3.01 General 
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Following the embankment construction, fine coal refuse may be disposed in the 

impoundment. The slurry line(s) shall be periodically moved along the embankment 

perimeter to maintain a relatively uniform fines level within the impoundment and to 

promote sealing of the coarse coal refuse in the impounding embankment, reducing 

seepage. Discharge shall initiate on the impoundment cell bottom and continue on 

fine coal refuse beaches as the slurry settles. In no case shall direct discharge onto 

embankment slopes be allowed. 

3.02 Clarified Water Removal 

Clarified water from the slurry impoundment shall be removed by a pumping system 

and directed into the proposed perimeter ditch system. The water level in the 

impoundment shall be maintained as low as practicable. 

4.0 SURFACE WATER DRAINAGE FACILITIES 

A sediment ditch shall be constructed around the perimeter of the embankment to control 

surface runoff and minimize erosion. For additional ditch requirements, refer to the Illinois 

state permit documents. 

5.0 REVEGETATION OF COMPLETED AREAS 

Revegetation of coarse coal refuse slopes can be accomplished by placing a cover of natural 

soil or other materials capable of supporting vegetation and subsequent planting to establish a 

continuous stand of vegetation. Soil cover and vegetation shall be in accordance with the 

Illinois reclamation permit. 

6.0 MONITORING AND MAINTENANCE 

6.01 Piezometers and Impoundment Level 

Water level readings from the piezometers and the impoundment level shall be recorded 

at intervals not to exceed 7 days. The piezometers shall be flushed on an annual basis 

to ensure they are functioning properly. Should the piezometers become damaged 

during operations, they shall be repaired or replaced. 

6.02 General Observations 

Observations of the embankment and its appurtenant structures shall be made at 

maximum 7 day intervals and immediately following any unusual events such as floods, 

heavy rainfalls, abnormal structural behavior, etc. Any unusual features shall be 

reported immediately to the engineer responsible for certifying the construction. 

a. Embankment Slopes - Any irregularities such as scarps, wet areas, or vegetation 

disturbance shall be recorded. 

b. Working Disposal Surface - Irregularities shall be recorded. 
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( 

c. Bench and Haul Road Gutters and Discharge Channels - General condition of 

channels, soil erosion adjacent to or beneath riprap and seeded slopes, blockage 

by debris, etc. shall be noted. 

d. Vicinity of the Embankment - General conditions throughout the area of the 

embankment shall he observed to note any changes which could be associated 

with the behavior of the embankment and its foundation. 

6.03 Maintenance 

The following maintenance shall be performed regularly: 

a. Routine Maintenance - Maintenance, including regrading temporary bench and 

haul road gutters, backfilling of erosion rills and gullies, removal of debris from 

the ditches at the site, etc. shall be performed. 

b. Maintenance After Unusual Meteorological Events (Heavy Precipitation Events 

and Floods) - The most important maintenance tasks at these times are the 

timely backfilling of all erosion scarps and slumps and the repair and 

improvement of drainage systems and riprap. 

c. Maintenance After Abnormal Changes in the Behavior of the Structure - If 

abnormal behavior of any portion of the embankment is observed, qualified 

persons knowledgeable of the facility design characteristics shall be advised 

immediately and any recommended maintenance measures undertaken. 

6.04 Data Review 

All facility perfom1ance data and data obtained during periodic inspections and 

maintenance shall be reviewed by qualified persons knowledgeable of the facility 

construction and disposal requirements, including the design recommendations 

presented in these documents. 
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Alliance fl 
Consulting, Inc. 

CALC. BY: RPC DATE: 8/19/2011 CHKD. BY: r'Jc!\i-> DATE: !.<\~\ \ \ 
PROJECT NAME: MACH NO. 1 MINE, FACILITY NO. 2 WEST OF DIWANA 

PROJECT NUMBER: B11-423-1413 SHEET 1 OF 1 

DESCRIPTION: CCR AND FCR PRODUCTION RATES 

Engineers · Constructors· Scientists 

Production rates based on information provided by Mach Mining on 8/19/2011. 

Clean coal production rate increased to 7 million tons/year from 6 million tons/year. 

Ratios and unit weights are unchanged. 

7,000,000 tons clean coal per year 

Recovery ratio (clean coal/ raw coal)= 55% 

CCR weighs 117 PCF, FCR weighs 58 PC:F 

CCR to FCR ratio by weight= 3.11 : 1 

CCR to FC:R ratio by volume= 1.54: 1, conservatively using 1.24: 1 

Conservatively assume CCR weighs 125 PCF, and FCR weighs 50 PCF 

Total Refuse Production= 7,000,000 TPY (0.45/0.55) = 

FCR Production= 5,727,272.73 TPY (1/(3.11+1)) = 

CCR Production= (5,727,272.73 - 1,393,497.01) TPY = 

FCR Production = 1,393,497.01 TPY (2000 lb/ton)/ (50 PCF) = 

CCR Production= 4,333,775.71 TPY (2000 lb/ton)/ (125 PCF) = 

Check CCR to FCR Ratio - (69,340,411.41 / 55,739,880.56) = 

5,727,272.73 TPY 

1,393,497.01 TPY 

4,333,775.71 TPY 

55,739,880.56 CF/Yr 

69,340,411.41 CF/Yr 

1.24 

For timing and staging calculations (rounded to nearest 1,000 CF and 100 CY) use: 

FCR Production Rate= 55,740,000 CF/Yr = 

CCR Production Rate = 69,340,000 CF/Yr = 

2,064,400 CY /Yr 

2,568,200 CY /Yr 
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AllianceL7 
Consulting, Inc. 

Engineers · Constructors· Scientists 

ELEVATION 

480 

485 

490 

495 

500 

505 

510 . 

VOLUME C.F. 

5,356,484.1 ·· 

5,478,502.4 . 

5,289,640.9. 

4,868,138.7 . 

4,378,911.8 _ 

3,884,602.2 

BY: 

PROJECT NAME: 

PROJECT NO.: 

DESCRIPTION: 

VOLUME C.Y. 

· 198,388.30 · 

202,907.50 · 

·.·_ 195,9J2.63 

RPG DATE: 8/30/2011 CHKD BY: 

MACH NO. 1 MINE, FACILITY NO. 2 

B11-146-1413 SHEET 

EMBANKMENTVOLUMES-PHASESA 

CUMMALTIVE 
VOLUME C.F. 

5;356,484:ti·.·· 

· 10,834.~a6.!i -

1E>;124-,6:Z7.4. 

CUMMALTIVE 
VOLUME C.Y. 

• ,180,301.43.. . 20,992,766J ' 
' " ·.,. ·- ·- ' ' ' .- ~, " '\ 

'.· •. _ 198,388.30 

401,29!5:80 . 

> .. 59y,208A2 

.. • Tl:7i509.86 

j62,t81.92i 

43;874,16 

25,37.1,677,,9 

29,:256,280!1 

~39;69J;7;7 

... 1,0133,565.93 

DATE: 

OF 

<) 
Pl 

(0 
<D 
~ ,_ 
~ 

1"' 
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Engineers · Constructors· Scientists 

ELEVATION 

492 

495 

500 

505 

510 

VOLUME C.F. 

4,412,296.6 

6,866,84.1.2 · 

10,396,676:1 '· 

9,291,730.5 ·. 

BY: 

PROJECT NAME: 

PROJECT NO.: 

DESCRIPTION: 

VOLUME C.Y. 

163,418.39 

· 254,327.45 ' 

~ 

RPG DATE: 8/30/2011 CHKD BY: 

MACH NO. 1 MINE, FACILITY NO. 2 

811-146-1413 SHEET 

EMBANKMENTVOLUMES-PHASE7 

CUMMALTIVE 
VOLUME C.F. 

<_4:_4j2,296.6 . 

;11,279,13_7.8 '. 

CUMMALTIVE 
VOLUME C.Y. 

163418,39 .. ,, . 

'1 
DATE: -- ---

OF --

385,062,()8 ••' - 2{675,813.9 

. •. ,·· ~,17,74~.§4 

,§()2,807.92 . 

344,138.1.7 30;967,544.4 .... '· '. 1146 946'.09 ' 
' ,·,~ ,,.;_, __ , . '- - ... . . 

"t; 

rE 
<D 

z 
~ 
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Engineers · Constructors· Scientists 

ELEVATION 

510 

515 

520 

525 

530 

535 

538 

VOLUME C.F. 

11,443,769.5 ·_ .. 

9,986,913.7 

8,520,151.6 

7,053,170.9 

5,586,239.9 •. 

2,647,583.5 

BY: 

PROJECT NAME: 

PROJECT NO.: 

DESCRIPTION: 

VOLUME C.Y. 

423,843:31 . 

.. i.'369,885.69. 

. 315,561.17 

. 26.1,22i3'55 

206,897.77 

98,058.65 • 

~~ 

RPC DATE: 8130/2011 CHKD BY: 

MACH NO. 1 MINE, FACILITY NO. 2 

811-146-1413 SHEET 

EMBANKMENT VOLUMES - PHASE 5A/7 

CUMMALTIVE 
VOLUME C.F. 

· 11,443,769}i'-{"".t[:;i_ · 

- 2t,430,{_l83.2; 

·· 29,95o:834C?"ti{);. 

37;0Q4,QO]f?l 

- 42,59Q,f4$i6; ; 

45,237,,_B?g:1 

CUMMALTIVE 
VOLUME C.Y. 

423,843.31 · 

793,729.01 · 

.1.,109,290.18 

1,370,5'18.73 . • 

. 1,577,4-16.50 

·. 1;675,475.15 • 

DATE: 

OF 

7J 
Pl 

(Q 
CD 

z 
!=> 

-t: 



R
11570

AllianceL7 
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Engineers · Constructors· Scientists 

ELEVATION 

524,0 

529.0 

534.0 

539.0 

544.0 

E49.0 

E,54.0 

559.0 · 

.Ei64.0 

fi69.0 

fi74.0 

!i79.0 

!i84.0 

!i88.0 

VOLUME C.F. 

11,161,019.T . 

11,334,802.6 . 

11,971,26:i.O• 

13,128,066.7 

11,852,972.7 · 

10,577,941.7 

9,302,812.6 

8,027,806.4 

6,752,664.9 

5,477,668.1 

4,202,535.4 

2,927,529.~ 

1,423,957.5 

BY: RPC DATE: 8/30/2011 CHKD BY: 

PROJECT NAME: MACH NO. 1 MINE, FACILITY NO. 2 

PROJECT NO.: B11-146-1413 SHEET 

DESCRIPTION: EMBANKMENT VOLUMES - PHASE 8 

VOLUME C.Y . 

· 413,371:10 

.419,807.50 

· 443,380.19. 

CUMMALTIVE 
VOLUME C.F . 

11,161,019.7. 

. 22,495,822:3 

34,467,087:3 

486,224.69: .. \ ··•.· ::'/47,595, 154c0 

438,998.99 59,448,126.7 

391,775.62 70,026,068.4 . 

344,548.61 79,328,881.0. 

297,326.16 ..• , •.• 87,356,687.4 

250,098.70 94,109,352.3 . 

. 202,876.60 . 99,587,020.4 

155,649.46 ·; · -(-103,789,555.8 . . 

. 108,427,01 . 

52,739'17 .. 

06,717,08.5.t 

108,141,042.6. 

CUMMALTIVE 
VOLUME C.Y. 

. 4)3,371.10 

.· ,'"'. 8~3,178.60; 

, ;1 ;276,558.79 1 

"1,762,783.48': 

·, 2,201}82.47: 

· , 2,593,558.09\, 

. 2;938, 106.70 

'3,235,432.87.; 

3,485,531.57 : 

3,688,408.16 ·: 

3;844,057.62 

..,3,952,484.63 , 

4,005,223.80 · .. 

DATE: 

OF 

'D 
OJ 

(Q 
CD 

z 
" 
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Page No. _ __,:;,._ __ 

North Buttress Volume Report Tue Sep 06 11:19:59 2011 

Comparing Grid: //Aci-acad/caddrawings/11146/existing-phases.grd 

and Grid: //Aci-acad/caddrawings/11146/north-buttress.grd 

Grid corner locations: 357461.66,425668.69 to 360813.66,430986.69 

Grid resolution X: 1676, Y: 2659 Grid cell size X: 2.00, Y: 2.00 

Area in Cut : 0.0 S.F., 0.00 Acres 

Area in Fill: 637,983.0 S.F., 14.65 Acres 

Total inclusion area: 639,635.5 S.F., 14.68 Acres 

Cut to Fill ratio: 0,00 
Average Cut Depth: 0.00 Average Fill Depth: 5.32 

Max Cut Depth: 0.00 Max Fill Depth: 9.38 

Cut (C.Y.) / Area (acres): 0.00 
Fill (C.Y.) / Area (acres): 8567.69 
Cut volwne: 0.0 C.F., 0.00 C.Y. 
Fill volume: 3,396,817.5 C.F., 125,808.05 C.Y. 

South Buttress (Option) Volume Report Tue Sep 06 11:22:03 2011 

Comparing Grid: //Aci-acad/caddrawings/11146/existing-phases.grd 

and Grid: //Aci-acad/caddrawings/11146/south-buttress.grd 

Grid corner locations: 357461.66,425668.69 to 360813.66,430986.69 

Grid resolution X: 1676, Y: 2659 Grid cell size X: 2.00, Y: 2.00 

Area in Cut : 0.0 S.F., 0.00 Acres 

Area in Fill: 223,036.0 S.F., 5.12 Acres 

Total inclusion area: 261,883.7 S.F., 6.01 Acres 

Cut to Fill ratio: 0.00 
Average Cut Depth: 0.00 Average Fill Depth: 4.63 

Max Cut Depth: 0.00 Max Fill Depth: 6.67 

Cut (C.Y.) / Area (acres): 0.00 
Fill (C.Y.) / Area (acres): 6364,32 

Cut volwne: 0.0 C.F., 0.00 C.Y. 
Fill volwne: 1,033,086.1 C.F., 38,262.45 C.Y. 

Phase 2-3 Connector (Option) Volume Report Fri Sep 16 11:22:50 2011 

Comparing Grid: //Aci-acad/caddrawings/11146/existing-phases.grd 

and Grid: //Aci-acad/caddrawings/11146/phase2-3-connector.grd 

Grid corner locations: 357461.66,425668.69 to 360813.66,430986.69 

Grid resolution X: 1676, Y: 2659 Grid cell size X: 2.00, Y: 2.00 

Area in Cut : 0.0 S.F., 0,00 Acres 
Area in Fill: 178,756.0 S.F., 4.10 Acres 

Total inclusion area: 180,512.7 S.F., 4.14 Acres 

Cut to Fill ratio: 0.00 
Average Cut Depth: 0.00 Average Fill Depth: 18.21 

Max Cut Depth: 0.00 Max Fill Depth: 44.00 

Cut (C.Y.) / Area (acres): 0.00 
Fill (C.Y.) / Area (acres): 29086.62 

Cut volume: 0 .. 0 C.F., 0.00 C.Y. 

Fill volume: 3,254,445.5 C.F., 120,535.02 C.Y. 



R
11572

AllianceL7 
Consulting, Inc. 

Engineers · Constructors· Scientists 

AVG. STAGE 
ELEVATION AREA (Ac.) AREA INTERVAL 

480 11.909 
12.265 3.00 

483 12.622 
12.984 3.00 

486 13.346 
13.715 3.00 

489 14.085 
16.039 · 3.00 · 

492 17.993 
18.382 .. 3.00• 

495 . 18.772 
19.167 c3.00 

498 19.561 
19.963 .. 3.00 

501 20.364 
20.774 3.00 

504 21.184 
21.999 6.00 

510 22.814 

BY: RPG DATE: 8/30/2011 CHKD BY: DATE: 

PROJECT NAME: MACH NO. 1 MINE, FACILITY NO. 2 

PROJECT NO.: B11-146-1413 SHEET OF ---
DESCRIPTION: IMPOUNDMENT VOLUMES • PHASE 5A 

STORAGE CUMMULATIVE CUMMALTIVE CUMMALTIVE 
(AC-FT) VOLUME AC-FT VOLUME C.F. VOLUME C.Y. 

·· 36.80. ••···_ /\.:.3.6,80.
0

_ .. 1,6():Z,84~;47(. 59;3!3!1;.54 ··•· 

3.8.95 "'

0 ••7;5.7~!1. ·:• 3,299,558.92 'i 22;205'.89 · .. 

• 41.15. ., ,1J6.89. . 5:09j ;554;z2" <i 88,5137.21 

. , 48,12 .. • :'. 1!35,01 7,187,785.51 .... 266;214-:28 

55.15 ::r22b.16 
,,,' ' ' . s,589,97ffP .-· 355\1 ~4.13 

- 57,50 ),'"277;56. 
•,, :,, ' '' 12,094-,65(3j6 / 447,95().23. 

·. 59.89 -·337C5( 1{703,38{79. . 544:~68._70 
~ ' ' '"·• 

· .. 6Z:32 399.8_6< : 17;4.113,1J5,04 .. 64511)5.37 

131.99 · q~1.86 23,1(37,76011:,2 .· 858,065.21 

---

'"(J 
n, 
(0 

Ci) 

z 
9 

I~ 
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( 

....J 

~ 
< 
C) 
[:::: 

'§ 
Lu 
GJ 

STAGE STORAGE CURVE 
Phase 5A 

510 

504 / 
V 

498 / 

I/ 
492 / 

y 
486 / 

/ 480 

0.00 

ELEV. WIDTH 
(ft) (ft) 

480.00 N/A 
483.00 N/A 
486.00 N/A 
489.00 N/A 
492.00 N/A 
495.00 N/A 
498.00 N/A 
501.00 N/A 
504.00 N/A 
510.00 N/A 

. --- -·-- - --- - ------- --

. 

200.00 400.00 

ACCUMULATIVE STORAGE (Acre-Ft) 

STORAGE VOLUME COMPUTATIONS 

Phase 5A 

LENGTH ARE4 AVG. INTERVAL STORAGE 
(ft) (ac) ARE4 (ft) {ac-ft) 

(ac) 

N/A 11.9089 
N/A 12.6219 12.2654 3.00 36.7962 

N/A 13.3456 12.9838 3.00 38.9513 

N/A 14.0847 13.7152 3.00 41.1455 

N/A 17.9926 16.0387 3.00 48.1160 

N/A 18.7718 18.3822 3.00 55.1466 

N/A 19.5613 19.1666 3.00 57.4997 

N/A 20.3641 19.9627 3.00 59.8881 

N/A 21. 1837 20.7739 3.00 62.3217 

N/A 22.8142 21.9990 6.00 131.9937 

--·· - _______ ._ -- ··-· -- - -·-- ---- --------·--., ---- -- --------------------

Pa e No. R 

- ,..,-,,.., ,,..,_,... STRUCTURE 

/ (510.00 

600.00 

ACC. STAGE 

STORAGE INTERVAL 

(ac-ft) (ft) 

36.7962 3.00 
75.7475 6.00 
116.8929 9.00 
165.0089 12.00 
220.1555 15.00 
277.6551 18.00 
337.5432 21.00 
399.8649 24.00 
531.8586 30.00 

- - - ------------- ---
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AllianceL7 
Consulting, Inc. 

Engineers · Constructors· Scientists 

BY: 

PROJECT NAME: 

PROJECT NO.: 

DESCRIPTION: 

RPC DATE: 8/30/2011 

MACH NO. 1 MINE, FACILITY NO. 2 

811-146-1413 

IMPOUNDMENTVOLUMES-PHASE7 

AVG. STAGE STORAGE CUMMULATIVE CUMMALTIVE CUMMALTIVE 
ELEVATION AREA (Ac.) AREA INTERVAL (AC-FT) VOLUME AC-FT VOLUME C.F. VOLUME C.Y. 

481.3 31.518 

484.3 32.515 

487.3. 33.508 

490.3 34,517 

493.3' 35.540 

496.3 36.578 

499.3 37.630 

fi02.3 48.706 

1505.3 49.993 

510 51.717 

32.016. ..3,00 i96,05 

33.012. ; 3.00 . 'i.99.03 · 

34.013 . . ,3,00 :.,102.04. 

35.028 ' ; ,3;00 105.09 

36.059 3.00 . . · · 108, 18 

37.104 ,. 3·,00 111.3.1 

43:168 3.00 · . (129.50, 

49.349 3,00 148.05 

50.855 · A.70 ·' 239.62. 

. 96.o5 ,.4;1_s3;8ei3:e2_ < 154,959,13 . ' ' ' ' . ' . . . . 

. 195.08' . ,. i\;4,9i;859:Q_4 314,735.52 • - .- " ,. '' 

297,12'• ·::12j4~;612'.$4 ... 479,356,02·· 

:402,21 · 1 ts20.11t32, 648,893.23 ·. 

51.0.38 . 2:Z:23?;367:44 823,418.79, 

·. 621JO Z),2o/;QBt077:,76 . 1,003:002.88 ' 

J5120. • ')c 32,722;278.53 . 1,211,936:24. · 

.899.25 . ' p~,11,1,238.52 1,450,78J3.61 

1,138.27 ' 4~;582~81:ti;15 i 1,836,402.75 

·~ 
CHKD BY: ___ DATE: __ _ 

SHEET OF 

7J 
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510 

504 

-.J 

~ 498 

< 
Cl 
i=::: 
~ 492 l.u 
cj 

486 

/ 
480 

0.00 

£LEV 
(ft) 

481.30 
484.30 
487.30 
490.30 
493.30 
496.30 
499.30 
502.30 
505.30 
510.00 

-·-•------

STAG£ STORAGE CURVE 
Phase 7 

/ V 
V 

I/ 
I✓ , 

/ 
V 

/ 

/ 

,) 
/ 

/ 

/ 

Paqe No. /0 

-

✓ 

TOP OF STRUCT, RE 
10.00) (: 

200.00 400.00 600.00 800.00 1000.00 1200.00 

ACCUMULATIVE STORAGE (Acre-Ft) 

STORAGE VOLUME COMPUTATIONS 

Phase 7 

WIDTH LENGTH AREA AVG. INTERVAL STORAGE ACC. STAG£ 

(ft) (ft) (ac) AREA (ft) (ac-ft) STORAGE INTERVAL 

(ac) (ac-ft) (ft) 
- ----------------

N/A N/A 31.5177 

N/A N/A 32.5750 32.0164 3.00 96.0491 96.0491 3.00 

N/A N/A 33.5083 33.0117 3.00 99.0350 195.0840 6.00 

N/A N/A 34.5167 34.0125 3.00 102.0375 297.1215 9.00 

N/A N/A 35.5400 35.0284 3.00 105.0851 402.2066 12.00 

N/A N/A 36.5780 36.0590 3.00 108.1770 510.3836 15.00 

N/A N/A 37.6303 37. 1042 3.00 111.3125 621.6960 18.00 

N/A N/A 48.7058 43.1681 3.00 129.5042 751.2002 21.00 

N/A N/A 49.9927 49.3493 3.00 148,0478 899.2479 24.00 

N/A N/A 51.7172 50.8550 4.70 239.0183 1138.2662 28.70 

------·-------- -- ----··-------
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AllianceL7 
Consulting, Inc. 

Engineers · Constructors · Scientists 

AVG. STAGE 
ELEVATION AREA (Ac.) AREA INTERVAL 

510 75.464 
76.393 · 3.00 

513 77.323 
78.238 · 3.00 

516 79.153 
80:015 .·. 3.oo· 

519 80.997 
81.926 3.00 

522 82.856 
83.793 . 3.00 · 

525 84.730 
85.674 ·.· 3.00 · . 

528 86.619. 
87,571 3.00 

531 88.523 
89.482 3.00 

534 90.442 · 
91.674 4.00 

538 92.906 

BY: RPG DATE: 8/30/2011 CHKD BY: 

PROJECT NAME: MACH NO. 1 MINE, FACILITY NO. 2 

PROJECT NO.: 811-146-1413 SHEET 

DESCRIPTION: IMPOUNDMENTVOLUMES-PHASE5A/7 

STORAGE CUMMULATIVE CUMMALTIVE CUMMALTIVE 
(AC-FT) VOLUME AC-FT VOLUME C.F. VOLUME C.Y. 

· 229.18' 229.18 , 9,983,076i44 , · 369} :43:57< · 

234.71. · . 463.89 20,207,211.75 748,415.25, 

· /240.227, .>704.12', · .... '30,671,386:61• 1,135,977:28: 

<245:78 .. 949.90" .. 41,377,535,:10 · 1,53:Z,5()1.30 

. 251:38 .. 1,201.28. ·. 5:Z,327,61i.41 •. 1,938,059.90 
' ' " ' ' ' , 

· 25i.o2:' ·· 1,458.30 .. . . 133;523,554.53' 2,352,724,24 

. 26:Z.71, t,721.01 74,967.',352.4;2 2,776,568.61 

'•·268AsC, J,989.46 86,660,912.45 3,209,663.42 • 

366.69 2,356.16 ·. 102,634}120.51 3,801,263.72 

DATE: 

OF 
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co 
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540 

534 

-.J 

~ 528 

< 
C) 
i::: 
§ 

522 lw 
cj 

516 

510 / 
0.00 

£LEV 
(ft) 

510.00 
513.00 
516.00 
519.00 
522.00 
525.00 
528.00 
531.00 
534.00 
538.00 

/ 

// 

STAGE STORAGE CURVE 
Phase 5A/7 

I/ 
V 

/ 
// 

V 
I/ 

V 

/ 

Page No. 

v-- TOP OF STRU TUR£ 
(538.00) 

400.00 800.00 1200.00 1600.00 2000.00 2400.00 

ACCUMULATIVE STORAGE (Acre-Ft) 

STORAGE VOLUME COMPUTATIONS 

Phase 5A/7 

WIDTH LENGTH AREA AVG. INTERVAL STORAGE ACC. STAG£ 

(ft) (ft) (ac) AREA (ft) (ac-ft) STORAGE INTERVAL 

(ac) (ac-ft) (ft) 

N/A N/A 75.4638 

N/A N/A 77.3228 76.3933 3.00 229.1799 229.1799 3.00 

N/A N/A 79.1531 78.2380 3.00 234.7139 463.8938 6.00 

N/A N/A 80.9965 80.0748 3.00 240.2244 704.1182 9.00 

N/A N/A 82.8564 81.9265 3.00 245.7794 949.8975 12.00 

N/A N/A 84.7298 83.7931 3.00 251.3793 1201.2768 15.00 

N/A N/A 86.6191 85.6745 3.00 257.0234 1458.3002 18.00 

N/A N/A 88.5232 87.5712 3.00 262.7135 1721.0136 21.00 

N/A N/A 90.4416 89.4824 3.00 268.4472 1989.4608 24.00 

N/A N/A 92.9056 91.6736 4.00 366.6944 2356.1552 28.00 
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( 

AllianceL7 
Consulting, Inc. 

Engineers · Constructors· Scientists 

BY: 

PROJECT NAME: 

PROJECT NO.: 

DESCRIPTION: 

RPG DATE: 8/30/2011 

MACH NO. 1 MINE, FACILITY NO. 2 

811-146-1413 

IMPOUNOMENT VOLUMES - PHASE 8 

AVG. STAGE STORAGE CUMMULATIVE CUMMALTIVE CUMMALTIVE 
ELEVATION AREA (Ac.) AREA INTERVAL (AC-FT) VOLUME AC-FT VOLUME C.F. VOLUME C.Y. 

524 33.194 . 
•• 34.863 '7.00 . :244.04 .·.• 244 .. 04 i.10,630,380.22 3_93,717.79 - ,, .. - ·• -• .. 

. 531 36:532 . 
· 38.223 7 .00 ... 267::56 . 511.60 !22,285,322.14 · 825,382.30 .. 

538 39.914. 

545 43.380 .. 

552 46.925 

559 50.554 

566 54.260 

573 58.052 

580 61.922. 

588 66.341 

41.647 · 7.oo 291.5:f : 803.13: ,;'.;;.~4,98,:1-,4.1ft85 • 1,295,7),9;14\ 

45 .. 152 , . 7.00 . ·.' .316.07. 

48.739 7.00 -341,17 

•. 52.407 .• 7,00 . ·· .. • 366.85' 

,:119:2.0. 'i'48,,752,301.91. ·. 1 ,(305,640.81 ;: 

. 1,460.31 "'.63,613,858.77. 2,356,068.84•; 
, ... ,.~- .. '''"'"".'', -- . . ' - ' 

1,827,22/, }:i79;593,816.46 2,947,919.13 . 

. 56 .. 156 · 7.oo .··· 393.09 / · C c·:2,220.32; !:!~.7J6,934.47 · 3,582:10s.68 .•. 

. 59.987. .· 7.00 

.64:132 · · :. 8.00 

· 419.91 2,640:22,r:·.t11s,oos,1?f77 4,259:560.18 · 

'>513.05 . . '3;153'28-, ?£137,356,687.31 5,087,284.72. 

CHKD BY: ___ DATE: __ _ 

SHEET OF 
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R11579Pa e No. 

STAGE STORAGE CURVE 
Phase 8 

590 

580 

L,,- TOP OF t 

/ 
(588.00) 

TRUCTURE 

V 

570 / 

~ 560 / 
V 

<'. 
C) 
r::: 
~ 550 
l,j 

[;j 

540 

V • 
I/ 

530 / 
,/ 

520 -

0.00 1200.00 2400.00 3600.00 

ACCUMULATIVE STORAGE (Acre-Ft) 

STORAGE VOLUME COMPUTATIONS 

Phase 8 
. ·------------~-··-- ----~----------~- --··---.. 

ELEV. WIDTH LENGTH AREA AVG. INTERVAL STORAGE ACC. STAGE 

(ft) (ft) (ft) (ac) AREA (ft) (ac-ft) STORAGE INTERVAL 

(ac) (ac-ft) (ft) 

524.00 N/A N/A 33.1942 

531.00 N/A N/A 36.5315 34.8629 7.00 244.0400 244.0400 7.00 

538.00 N/A N/A 39.9144 38.2230 7.00 267.5607 511.6006 14.00 

545.00 N/A N/A 43.3802 41.6473 7.00 297.5311 803.1317 21.00 

552.00 N/A N/A 46.9247 45. 7525 7.00 316.0672 1119.1989 28.00 

559.00 N/A N/A 50.5537 48.7392 7.00 341.1744 7460.3733 35.00 

566.00 N/A N/A 54.2604 52.4071 7.00 366.8494 1827.2226 42.00 

573.00 N/A N/A 58.0518 56.1561 7.00 393.0927 2220.3753 49.00 

580.00 N/A N/A 61.9219 59.9869 7.00 419.9080 2640.2233 56.00 

588.00 N/A N/A 66.3412 64.1376 8.00 513.0524 3153.2757 64.00 
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AllianceL7 
Consulting, Inc. 

BY: 

PROJECT NAME: 

PROJECT NO.: 

RPG DATE: 6/21/2011 

MACH NO. 1 MINE, FACILITY NO. 2 

B11-146-1413 

' ~-i 

CHKD BY: ___ DATE: __ _ 

SHEET __ _ OF 

Engineers · Constructors· Scientists 
DESCRIPTION: IMPOUNDMENT VOLUMES • PHASE 2-3 CONNECTOR 

AVG. STAGE STORAGE CUMMULATIVE CUMMALTIVE CUMMALTIVE 
ELEVATION AREA (Ac.) AREA INTERVAL (AC-FT) VOLUME AC-FT VOLUME C.F. VOLUME C.Y. 

458 

463 

468 

473 

478 

483 

488 

493 

498 

502 

0.742 

2.290. 

8.419 . 

9.758 

11.132 

12.546 

13.999 

15.490 

17.022 

19.153 

1.516 . 5.oo· · 7.58 

5.355 5.00 . -.26.77 

9.089 _· .. 5.00. 45.44 

10.445 ·.· 5.00, 52.23 

11.839 5·_00. 59.20 

13.272 . . 5.00. "66.36 

14.744 .. ; 5.00 ·._.73,72-

16.256 · ' 5,00 .. • .... 81,28 ·. 

18.087 4.00 72.35 

7.51) ' .• x:_,< 330,14f24 .·· jZ,?2?-4:5 

34.35 -••. },496,362.23 . . · 55,420.82. • , 

.. /79,86 , \ :3,475;[!70.20j 128'.735_,93 .· 

132.02 >5,7_50,845.65: 212,99_· 4.28 . ' . . . . . . 

91.2i ,,c . s,329,319:§5 .·• 308,495.55 

257 .513 , , 11,220,075.90. , 415,558.37 

· ·. 33f3Q, 14,431,417.11 : . 534,496.93 

412.58C . <17,971,995:69- 665,629:47 .•.· 
., . ' ,, . - ... ' . ,·, ' 

'484.93 .. 21J2:3,535.55 · . 78?,3.53:17. 

7Jf 
IJ)J' 

<Cl 
(D 

z 
0 

~ 
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AllianceL7 
Consulting, Inc. 

BY: RPC DATE: 8/30/2011 CHKO BY: (. ~)1.,,._) DATE: :c:,,j?,\ u 
PROJECT NAME: MACH NO. 1 MINE, FACILITY NO. 2 

Engineers ·Constructors· Scientists 
PROJECT NO.: 811-146-1413 SHEET __ _;. __ OF 

DESCRIPTION: Embankment Construction and Fines Level Schedule 

Current Phase 5 Fines Level = 
Current Phase 5 Total Fines Volume = 

477.0 
1,705.000.00 CY 
135,000.00 CY 

459.00 

As of 8/30/20'11 Co3rse Production Rate= 2,568,200 CYfYr 
Fines Production Rate= 2,064,400 CYfYr 

Fines Storaue Volume Remaining in Phase 5 Cell = 
Current Phase 4/6 Fines Level = As of 813012011 
Current Phase 4/6 Fines Volume = 630,880.25 
Estimated End of Phase 6 Construction= 11/23/2011 
Remaining Time to Complete Phase 6 Construction = 0.2329 
Fines Produced Completing Phase 6 Construction= 480,750.68 
Volume to Fill Phase 5 Cell to Max Level {El. 480) = 135,000.00 
Volume to Fump into Phase 4/6 Cell= (480,750.68 ~ 135,000) = 
Total Phase 4/6 Fines Volume = (630,880.25 + 345,750.68) = 
Fines Level at End of Construction = Elev. Volume 
(Phase 416 Cell} 466.0 921,496.70 

X 976,630.93 
468.0 1,009,004.60 

Begin Phasi~ 7 Construction to El. 500 - 11/24/2011 
Volume to Construct= 417,745.84 CY 
Time to construct= (417,745.84 / 2,568,200) = 0.1627 
Fines Produced During Construction = (0.1627 x 2,064,400) = 
Total Phase 4/6 Fines Volume = (976,630.93 + 335,797.26) = 
at End of Construction 
Fines Level at End of Construction = 
(Phase 4/6 Cell) 

Phase 7 Av.:1ilable Storage will be: 

Elev. 
474.0 

X 
476.0 

Volume 
1,283,700.90 
1,312,428.19 
1,379,416.70 

CY 
(Crest El. = 492.0) 
Yr 
CY 
CY 

Yr 

345,750.68 
976,630.93 

335,797.26 
1,312,428.19 

1 PMF Volume for Crest at El. 500 = (41"}(1 ft/ 12")(97.9 Ac)(43,560 ft2 1 Ac}( 1 CY I 27 CF)= 
Max Storm Level= 500-3 ft Freeboard = 497.0 

Storage Volume at El. 497 = Elev. I Volume 

496.3 823,418.79 

497.0 I 1.003~02.88 499.3 

Fines Volurne Available= (865,321.74-539,646.56) = 325,675.19 CY 

Max Fines Level for Crest at El. 500 = Elev. Volume 

487.3 314,735.52 

X 325,675.19 

490.3 479,356.02 

Phase 5 Cell Max Fines Level Reached -
CY 
CY 

X= 467.26 

Completion Date = 

CY 
CY 

X = 474.60 

539,646.56 CY 

<481.3 OK 

112212012 

< 481.3 OK 

X= 865.321.74 CY 

X= 487.5 

9/2212011 

16 

"D 
Pl 
(0 

m 
z 
p 

1-
6' 



R
11582

--·"· 

flllianceL7 
Consulting, Inc. 

BY: RPG DAlE: 8/3012011 CHKD BY: -CO-,_,'-~--- DATE: ' c'i\ \--. ') \ l I 
l 't :;i 

Engineers · Constructors· Scientists 

Continue Phase 7 Construction to El. 510 
Begin Phase 7 Construction to El. 510 -
Volume to Conslruct = (1,146,946.09-417,745.84) = 
Time to construct= (729,200.25 I 2,568,200) = 

Cc,mp!etion Date :::: 51612012 

PROJECT NAME: 

PROJECT NO.: 

DESCRIPTION: 

112312012 
729,200.25 CY 

0.2839 Yr 

Fines Produced During Construction= (0-2839 x 2,064,400) = 

Total Fines Volume to Max. in Phase 4 Cell (El. 481.3) = 
Fines Volume Remaining in Phase 4 Cell= (1,643,648.16 -1,312,428.19) = 
Fines Volume Pumped into Phase 7 Cell= (586,154.11 - 331,219.97) = 

Fines Level at End of Construction = 
(Phase 7 Cell) 

Phase 7 Available Storage will be: 

Elev. 
484.3 

X 
487.3 

Volume 
154,959.13 
254,934.14 
314,735.52 

MACH NO. 1 MINE, FACILITY NO. 2 

811-146-1413 SHEET 2 OF 

Embankment Construction and Fines Level Schedule 

586,154.11 CY 

1,643,648.16 CY 
331,219.97 CY 
254,934.14 CY 

X= 

Coarse Production Rate= 2,568,200 CY/Yr 
Fines Production Rate= 2,064,400 CY/Yr 

(Pumped to fill Phase 4 Cell Max. (El. 481.3)) 

486.18 < 487.5 OK 

1 PMF Volume for Crest al El. 510 = (41")(1 ft/ 12")(91.5 Ac)(43,560 ft2 I Ac)(1 CY 127 CF)= 504,368.33 CY 

Max Storm Level= 510 - 3 ft Freeboard = 507.0 
St•orage Volume at El. 507 = Elev. 

505.3 

507.0 
510.0 

Fines Volume Available= (1,590,264.79 - 504,368.33) = 

Max Fines Level for Crest at El. 510 == Elev. 
499.3 

X 
502.3 

Volume 

1,450,786.61 

X 
1,836,402.75 

1,085,896.45 CY 

Volume 
1,003,002.88 
1,085,896.45 
1,211,936.24 

X= 1,590,264.79 CY 

X= 500.5 

16 
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AllianceL7 
Consulting, Inc. 

Engineers · Constructors · Scientists 

Begin Phase 5A Construction to EL 490 -
Volume to Construct = 
Time lo construct= (401,295.80 / 2,568,200) = 

Completion Date = 7/3/2012 

BY: 

PROJECT NAME: 

PROJECT NO.: 

DESCRIPTION: 

5/7/2012 
401,295.80 CY 

0.1563 Yr 

Fines Produced During Construction= (0.1563 x 2,064,400) = 

Phase• 7 Fines Volume at End of Construction= (322,574.20+254,934.14)= 

Fines Level at End of Construction :;::; 
(Phase 7 Cell) 

Phase 5A Available Storage will be: 

Elev. 
490.3 

X 
493.3 

Volume 
479,356.02 
577,508.34 
648,893.23 

RPC 

322,574.20 

577,508.34 

1 PMF Volume for Crest at EL 490 = (41")(1 ft/ 12")(44.8 Ac)(43,560 ft2 
/ Ac)(1 CY/ 27 CF)= 

1/2 PFM Volume= 123,473.78 CY 

Max rnorm Level= 490 - 3 ft Freeboard = 487 .0 
\/nhJme Slora!Je Volume at EL 487 = Elev. • v" 

486.0 

487.0 
489.0 

Fines Volume Available= (144,333.00-123,473.78) = 

Max Fines Level for Crest at EL 490 = 

(For 1/2 PMF Storage) 

Elev. 

480.0 

X 
483.0 

122,205.89 

X 
188,587.21 

20,859.22 

Volume ---
0.00 

20,859.22 

59,364.54 

CY 

DATE: 8/30/2011 CHKD BY: " , -,_, __ , DATE: \:I:, i 11 

MACH NO, 1 MINE, FACILITY NO. 2 

B11-146-1413 SHEET 3 OF -----
Embankment Construction and Fines Level Schedule 

Coarse Production Rate= 2,568,200 CY/Yr 

CY 

CY 

X= 

246,947.56 CY 

Fines Production Rate= 2,064,400 CY/Yr 

492.04 < 500.5 OK 

X= 144,333.00 CY 

Not Capable of Full PMF Storage on 5/712012 

Request Short Term Storage Criteria 

X= 481.1 

16 

-0 

~ 
CD 

z 
0 
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AllianceL7 
Consulting, Inc. 

Engineers · Constructors· Scientists 

Begin Phase 5A Construction to El. 500 -
Volume to Construct= (777,509.86 - 401,295.80) = 
Time to construct= (376,214.06 / 2,568,200) = 

Completion Date = 8/26/2012 

BY: 

PROJECT NAME: 

PROJECT NO.: 

DESCRIPTION: 

7/4/2012 
376,214.06 CY 

0.1465 Yr 

Fines Produced During Construction = (0.1465 x 2,064,400) = 

Phase 7 Fines Volume at End of Construction= (302,412.70+577,508.34)= 

Fines Level at End of Construction = 
(Phase 7 Cell) 

Phase 5A Available Storage will be: 

Elev. 
496.3 

X 
499.3 

Volume 
823,418.79 
879,921.04 

1,003,002.88 

,---'"' 

RPC 

302,412.70 

879,921.04 

1 PMF Volume for Crest at El. 500 = (41")(1 ft/ 12")(42.1 Ac)(43,560 ft2 
/ Ac)(1 CY/ 27 CF)= 

Max ::,torm Level= 500 - 3 ft Freeboard = 497.0 
Stora1Ie Volume at El. 497 = Elev. Volume 

495.0 355, 184.13 

497.0 X 
498.0 447,950.23 

Fines Volume Available= (417,028.20 -232,064.56) = 184,963.64 CY 

Max Fines Level for Crest at El. 500 = 

(For Full PMF Storage) 

Elev. 

486.0 

X 

489.0 

Volume 

122,205.89 

184,963.64 

188,587.21 

DATE: 8/30/2011 CHKD BY: C.,_v_,,._) __ _ DATE: () \ 1 ~-\ ., 

MACH NO. 1 MINE, FACILITY NO. 2 

B11-146-1413 SHEET 4 OF 16 

Embankment Construction and Fines Le,vel Schedule 

Coarse Production Rate= 2,568,200 CYfYr 
Fines Production Rate= 2,064,400 CYfYr 

CY 

X= 497.24 < 500.5 OK 

232,064.56 CY 

X= 417,028.20 CY 

Regained Full PMF Control on 8/26/2012 

X= 488.8 
-u
m· 

<O 
(D 

z 
0 
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1 

AllianceLI 
Consulting, Inc. 

Engineers · Constructors· Scientists 

Begin Phase 5A Construction to El. 51 O -
Volume to Construct= (1,083,565.93 - 777,509.86) = 
Time to construct= (306,056.07 / 2.568.200) = 

Completion Date = 10/10/2012 

BY: 

PROJECT NAME: 

PROJECT NO.: 

DESCRIPTION: 

8/27/2012 
306,056.07 CY 

0.1192 Yr 

Fines Produced During Construction = (0.1192 x 2,064,400) = 

RPC 

246.017.50 

DATE: 8130/2011 CHKD BY: ,,~ ,-,\_,_, DATE: ::q-z.;'.,c\·' 

MACH NO. 1 MINE, FACILITY NO. 2 

B11-146-1413 SHEET 5 OF ----
Embankment Construction and Fines Level Schedule 

CY 

Coarse Production Rate= 2,568,200 CYfYr 
Fines Production Rate= 2,064,400 CYfYr 

16 

Pl1ase 7 Fines Volume at End of Construction= (246,017.50+879,921.04) = 1,125,938.55 CY 

Volun;e Remaining in Phase 7 Cell to Max (El. 500.5) = (1,085,896.45-879,921.04) = 
Phase 7 Cell Max Fines Level Reached on - 10/2/2012 
Begin Pumping Fines into Phase 5A Cell 
Volume Pumped into Phase 5A Cell= (246,017.50-205,975.41) = 40,042.09 

Fines Level at End of Construction = 
(Phase SA Cell) 

Phase 5A Available Storage will be: 

Elev. 
480.0 

X 
483.0 

Volume 
0.00 

40,042.09 
59,364.54 

1 PMF Volume for Crest at El. 510 = (41 ")(1 ft/ 12")(39.5 Ac)(43,560 112 
/ Ac)(1 CY/ 27 CF)= 

Max Storm Level= 510- 3 fl Freeboard = 507.0 
Storaue Volume at El. 507 = Elev. 

504.0 

507.0 
510.0 

Fines Volume Available= (751,590.29- 217,732.78) = 

Max Fines Level for Crest at El. 510 = 

(For Full PMF Storage) 

Elev. 

498.0 

X 

501.0 

Volume 

645,115.37 

X 
858,065.21 

533,857.51 CY 

Volume 

447,950.23 

533,857.51 

544,569.70 

205,975.41 CY 

CY 

X= 482.02 < 488.8 OK 

217,732.78 CY 

X= 751,590.29 CY 

X= 500.7 

7:T 

£l 
(]) 

z 
0 

cJ 
0 



R
11586

1 

Alliance L7 
Consulting, Inc. 

Engineers · Constructors· Scientists 

Begin Phase 51V7 Construction to El. 515-
Volume to Construct = 
Time to construct= (423,843.31 / 2,568,200) = 

Completion Date = 12/10/2012 

BY: 

PROJECT NAME: 

PROJECT NO.: 

DESCRIPTION: 

10/11/2012 
423,843.31 CY 

0.1650 Yr 

Fines Produced During Construction= (0.1650 x 2,064,400) = 

Phase SA Fines Volume at End of Construction= (340,698.59+40,042.09)= 

Fines Level at End of Construction = 
(Phase SA Cell) 

Phase SA/7 Available Storage will be: 

Elev. 
495.0 

X 
498.0 

Volume 
355,184.13 
380,740.69 
447,950.23 

RPC 

340,698.59 

380,740.69 

DATE: 8/30/2011 CHKD BY: UV " DATE: o\~? \ ·,, 

MACH NO. 1 MINE, FACILITY NO. 2 

B11-146-1413 SHEET 6 OF 16 

Embankment Construction and Fines Level Schedule 

CY 

CY 

X= 495.83 

Coarse Production Rate= 2,568,200 CY/Yr 
Fines Production Rate= 2,064,400 CY/Yr 

< 500.7 OK 

1 PMF Volume for Crest at El. 515 = (41")(1 ft/ 12")(127.7 Ac)(43,560 ft2 
/ Ac)(1 CY/ 27 CF)= 703,910.78 CY 

Max Storm Level= 515- 3 ft Freeboard = 512.0 
Storage Volume at El. 512 = Elev. 

510.0 

512.0 
513.0 

X= 

Volume 
0.00 

X 
369,743.57 

246,495.71 CY 

Total Storage at El. 512 = (246,495.71 + 477,324.52 + 750,506.30) = 1,474,326.53 CY 

770,415.76 CY Fines Volume Available= (1,474,326.53 - 703,910.78} = 
Fill Phase SA Cell to El. 510 - (770,415.76 - 477,324.52) = 293,091.24 CY Available Storage Remaining 

Phase 7 Cell Fines Volume will be = (1,836,402.75 - 293,091.24) = 

Max Fines Level for Crest at El. 515::: Elev. 

505.3 

X 
510.0 

Volume 

1,450,786.61 

1,555,438.40 
1,836,402.75 

1,555,438.40 CY 

X= 

Remaining Storage in Phase SA Cell= 477,324.52 CY 

(858,065.21 - 380,740.69) 

(Volume at El. 510 -Volume at El. 495.83) 
Remaining Volume in Phase 7 Cell = 750,506.30 CY 

(1,836,402.75 - 1,085,896.45) 

(Volume at El. 510- Volume at El. 500.5) 

506.6 With Phase SA Cell at El. 510 

7J 
Ol 

(0 
(1) 

z 

" ,, 
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BY: RPG DATE: 8/30/2011 CHKD BY: (f' ,\ DATE: c.\\: ~' \ \ \ AllianceL7 
Consulting, Inc. 

PROJECT NAME: MACH NO. 1 MINE, FACILITY NO. 2 

PROJECT NO.: B11-146-1413 SHEET 7 OF 16 
Engineers · Constructors· Scientists 

DESCRIPTION: Embankment Construction and Fines Level Schedule 

Begin Phase 5N7 Construction to El. 525 -
Volume to Construct= (1,109,290.18 - 423,843.31) = 
Time to construct= (685,446.87 / 2,568,200) = 

Completion Date = 3/18/2013 

12/11/2012 
685,446.87 CY 

0.2669 Yr 

Fines Produced During Construction= (0.2669 x 2,064,400) = 

Remaining Storage in Phase 5A Cell= 477,324.52 CY 
Resume Pumping in Phase 7 Cell - (550,983.77 - 477,324.52) = 
Phase 7 Fines Volume at End of Construction= (73,659.25+1,085,896.45)= 

Fines Level at End of Construction = 
(Pl1as,, 7 Cell) 

Phase 5N7 Available Storage will be: 

Elev. 
499.3 

X 
502.3 

Volume 
1,003,002.88 
1,159,555.71 
1,211,936.24 

550,983.77 CY 

(To El. 510) 
73,659.25 CY 

1,159,555.71 CY 

X= 501.55 

Coarse Production Rate= 2,568,200 CY/Yr 
Fines Production Rate= 2,064,400 CY/Yr 

< 506.6 OK 

1 PMF Volume for Crest at El. 525 = (41")(1 ft/ 12")(120.4 Ac)(43,560 ft2 
/ Ac)(1 CY/ 27 CF)= 663,671.56 CY 

Max Storm Level= 525 - 3 ft Freeboard = 522.0 
Stora[Ie Volume at El. 522 = 

Total Storage at El. 522 = (1,532,501.30 + 676,847.04) = 

Fines Volume Available= (2,209,348.34 - 663,671.56) = 

To Fill Phase 7 to El. 510 - (1,545,676.78 - 676,847.04) = 

Max Fines Level for Crest at El. 525 = Elev. 

516.0 

X 

519.0 

1,532,501.30 CY 

2,209,348.34 CY 

1,545,676.78 CY 

868,829.74 CY Fill into Phase 5N7 Cell 

Volume 

748,415.25 

868,829.74 

1,135,977.28 

X= 

Remaining Volume in Phase 7 Cell= 676,847.04 CY 
(1,836,402.75 - 1,159,555.71) 

(Volume at El. 5-JO - Volume at El. 501.55) 

516.9 

'1l 

'" ((' 
CT· 
, 

' 
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/,~-

AllianceL7 
Consulting, Inc. 

Engineers · Constructors· Scientists 

BY: RPC 

PROJECT NAME: 

PROJECT NO.: 

DESCRIPTION: 

DATE: 8/30/2011 CHKD BY: ( /l! __ ,.:, DATE: c\\77\ 

MACH NO. 1 MINE, FACILITY NO. 2 

811-146-1413 SHEET 8 OF 16 -----
Embankment Construction and Fines Level Schedule 

Begin Phase 5A/7 Construction to El. 538 -
Volume to Construct= (1,675,475.15 - 1,109,290.18) = 
Time to construct= (566,184.97 / 2,568,200) = 

3/19/2013 
566,184.97 CY 

Coarse Production Rate= 2,568,200 CY/Yr 
Fines Production Rate = 2,064,400 CY/Yr 

0.2205 Yr 

Comp etion Date = 6/8/2013 

Fines Produced During Construction= (0.2205 x 2,064,400) = 455,117.30 CY 

Phase 7 Fines Volume at End of Construction=(455, 117.30+1, 159,555.71 )= 1,614,673.01 CY 
Fines Level at End of Construction = Elev. Volume 
(Phas,, 7 Cell) 505.3 1,450,786.61 

X 1,614,673.01 X= 507.30 < 516.9 OK 
510.0 1,836,402.75 

Phase 5A/7 Available Storage will be: 
1 PMF Volume for Crest at El. 538 = (41")(1 ft/ 12")(111.1 Ac)(43,560 ft2 

/ Ac)(1 CY/ 27 CF)= 612,407.89 CY 

Max Storm Level = 538 - 3 ft Freeboard = 535.0 

To Maintain Full PMF Control During Phase 8 Construction, Use Phase 8 lmpoundrnent Volumes 

Storm Level During = Elev. Volume 

Phase• 8 Construction 531.0 393,717.79 

X 612,407.89 X= 
538.0 825,382.30 

Max Fines Level for Crest at El. 538 = 524.0 (Required to Maintain PMF Control During Phase 8 Construction) 

Fines Volume at El 524.0 = 

(Phase 5A/7) 

Elev. 

522.0 

524.0 
525.0 

Volume 

1,532,501.30 

X 
1,938,059.90 

X= 

534.5 < El. 535.0 OK 

1,802,873.70 CY 

"1l 
OJ 

(0 
(1) 
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AllianceL7 
Consulting, Inc. 

Engineers · Constructors· Scientists 

Begin North Buttress Construction -
Volume to Construct = 
Time lo construct= (125,808.05 I 2,568,200) = 

Comp:etion Date = 6/27/2013 

BY: 

PROJECT NAME: 

PROJECT NO.: 

DESCRIPTION: 

6/9/2013 
125,808.05 CY 

0.0490 Yr 

Fines Produced During Construction= (0.0490 x 2,064,400) = 

RPG 

101,128.47 

DATE: 8/30/2011 CHKD BY:.£.~'~:,__, ___ , __ DATE: <"I\?. :'-\ 

MACH NO. 1 MINE, FACILITY NO. 2 

B11-146-1413 SHEET 9 OF 16 -----
Embankment Construction and Fines Level Schedule 

CY 

Coarse Production Rate= 2,568,200 CY/Yr 
Fines Production Rate= 2,064,400 CY/Yr 

Phase 7 Fines Volume at End of Construction=(101, 128.47+1,614,673.01 )= 1,715,801.48 CY 
Fines Level at End of Construction= Elev. Volume 
(Phas•a 7 Cell) 505.3 1,450,786.61 

Begin South Buttress Construction (Option) -
Volume to Construct = 
Time lo construct= (38,262.45 / 2,568,200) = 

Completion Date = 7/3/2013 

X 1,715,801.48 
510.0 1,836,402.75 

6/28/2013 
38,262.45 CY 

0.0149 Yr 

Fines Produced During Construction= (0.0149 x 2,064,400) = 

Phase 7 Fines Volume al End of Construclion=(29, 148.90+1,715,801.48)= 

Fines Level at End of Construction = 

(Phase 7 Cell) 

Elev. 

505.3 

X 
510.0 

Volume 

1,450,786.61 

1,746,558.04 

1,836,402.75 

Phase 7 Fines Storage Volume Remaining = (1,836,402.75-1,746,558.04)= 
Phase 5A/7 Fines Storage Volume Remaining = 
Total Fines Storage Remaining= (89,844.71 + 1,802,873.70) = 
Fines Life Remaining= (1,892,718.41 / 2,064,400) = 

X= 508.53 < 524.0 OK 

30,756.56 CY 

1,746,558.04 CY 

X= 508.90 < 524.0 OK 

89,844.71 CY 
1,802,873.70 CY 
1,892,718.41 CY 

0.9168 Yr 

""CJ 
OJ 

co 
(1) 

z 
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AllianceL7 
Consulting, Inc. 

Engineers · Constructors· Scientists 

Begin Phase 2-3 Connector Construction (Option)
Voluma to Construct= 
Time t,, construct= (120,535.02 I 2,568,200) = 

Completion Date = 7/15/2013 

BY: 

PROJECT NAME: 

PROJECT NO.: 

DESCRIPTION: 

6/2812013 
120,535.02 CY 

0.0469 Yr 

Fines I°roduced During Construction= (0.0469 x 2,064,400) = 

RPC 

96,889.84 

DATE: 8/30/2011 CHKD BY: ( ,;-·,.' l DATE: 'J. \7 ••. \ ; ' 

MACH NO. 1 MINE, FACILITY NO. 2 

811-146-1413 SHEET 10 OF 16 -----
Embankment Construction and Fines Level Schedule 

CY 

Coarse Production Rate= 2,568,200 CY/Yr 
Fines Produclion Rate= 2,064,400 CY/Yr 

Phase 7 Fines Volume at End of Construction=(9G,889.84+1,715,801 .48)= 1,812,691.32 CY 
Fines Level at End of Construction= Elev. Volume 
(Phas" 7 Cell) 505.3 1,450,786.61 

X 1,812,691.32 
510.0 1,836,402.75 

Phase 2-3 Connector Available Storage will be: 

1 PMF Volume for Crest at El. 502 = (41")(1 ft I 12")(37.3 Ac)(43,5G0 ft2 
/ Ac)(1 CY/ 27 CF)= 

Max Storm Level= 502 - 3 ft Freeboard = 499.0 
Storage Volume at El. 499 = Elev. 

498.0 

499.0 
502.0 

Fines Volume Available= (694,810.40- 205,605.89) = 

Max Fines Level for Crest at El. 502 = 
(Phas,, 2-3 Connector) 

Elev. 
488.0 

X 
493.0 

X= 

Volume 

665,629.47 

X 
782,353.17 

489,204.51 CY 

Volume 
415,558.37 
489,204.51 
534,496.93 

491.1 

Phase 7 Fines Storage Volume Remaining= (1,836,402.75-1,812,691.32)= 
Phase SA/7 Fines Storage Volume Remaining = 
Total r=ines Storage Remaining= (23,711.43 + 1,802,873.70) = 

Fines Life Remaining = (2,414,281.84 I 2,064,400) = 

23,711.43 
1,802,873.70 
1,826,585.13 

0.8848 

X= 509.71 < 524.0 OK 

205,605.89 CY 

X= 694,810.40 CY 

Phase 2-3 Connector Option Will Provide: 
(489,204.51 I 2,064,400) = 0.2370 Years of Fines Disposal Life 
Should the Phase 2-3 Connector Option be chosen, fines disposal may begin 
at any time after construction is complete 

CY 
CY 
CY 
Yr 

7,,7 
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AllianceL7 
Consulting, Inc. 

Engineers · Constructors· Scientists 

BY: RPC 

PROJECT NAME: 

PROJECT NO.: 

DESCRIPTION: 

DATE: 8/30/2011 CHKD BY: {. ?• '·-' DATE: q \ -z, \ • 1 

MACH NO. 1 MINE, FACILITY NO. 2 

B11-146-1413 SHEET 11 OF 16 -----
Embankment Construction and Fines Level Schedule 

Coars(3 disposal will begin at a separate facility to maximize fines storage, and minimize coarse loss 
at t11is facility. For the purpose of the calculations, timing for Phase 8 will resume at a date when the 
maximum fines level of Phase 5A/7 has been reached. At this time, fines storage may begin at a separate 
facility until Phase 8 construction at this facility has been complete. Calculations were preformed on the 
assumption that the South Buttress Option has been chosen. 

Coarse Production Rate= 2,568,200 CYfYr 
Fines Production Rate= 2,064,400 CYfYr 

Fines Volume Remaining in Phase 7 and 5A/7 = 
Fines Life Remaining= (2,482,022.78 / 2,064,400) = 

1,892,718.41 CY 
0.9168 Yr 

Begin Phase 8 Construction to El. 548 -

Volume to Construct = 

6/3/2014 (Begin With Fines level at El. 524.0) 

Elev. 
544.0 
548.0 
549.0 

Volume 
1,762,783.48 

X 
2,201,782.47 

X = 2,113,982.67 CY 

Time to Construct= (2,113,982.67 / 2,568,200) = 
Completion Date= 3/30/2015 

Fines Produced During Construction= (0.8231 x 2,064,400) = 1,699,285.81 CY (To be Stored at Separate Facility) 

Phase- 8 Available Storage will be: 
1 PMF Volume for Crest at El. 548 = (41 ")(1 ft/ 12")(97.5 Ac)(43,560 ft2 

/ Ac)(1 CY/ 27 CF)= 

Max :C,torm Level = 548 - 3 ft Freeboard = 545.0 

Storane Volume at El. 545 = 1,295,719.14 CY 

Fines Volume Available= (1,295,719.14 - 537,441.67) = 

Max Fines Level for Crest at El. 548 = 
(Phase 8) 

Elev. 
531.0 

X 
538.0 

758,277.47 CY 

Volume 
393,717.79 
758,277.47 
825,382.30 

537,441.67 CY 

X= 536.9 

0.8231 Yr 

T. 
p, 
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AllianceL7 
Consulting, Inc. 

Engineers · Constructors· Scientists 

Begin Phase 8 Construction to El. 558 -

Volume to Construct::: 

(2,869,196.98 - 2,113,982.67) = 

Elev. 
554.0 
558.0 
559.0 

BY: 

PROJECT NAME: 

PROJECT NO.: 

DESCRIPTION: 

3131/2015 

Volume 
2,593,558.09 

X 
2,938,106.70 

755,214.31 CY 

Fines Produced During Construction= (0.2941 x 2,064,400) = 

RPC 

607,065.03 

DATE: 8130/2011 CHKD BY: Cf),_,0 DATE: c:; I , ,: j \ I 
MACH NO. 1 MINE, FACILITY NO. 2 

B11-146-1413 SHEET 12 OF 

Embankment Construction and Fines Level Schedule 

Coarse Production Rate= 2,568,200 CY/Yr 
Fines Production Rate= 2,064,400 CY/Yr 

X= 2,869,196.98 CY 

Time to construct= (755,214.31 / 2,568,200) = 0.2941 Yr 
Completion Date= 7/16/2015 

CY 

16 

Phase, 8 Fines Volume at End of Construction= 
Fines Level at End of Construction = 

607,065.03 CY (Assuming Fines Disposal Resumed in This Facility) 

(Phase 8 Cell) 

Phasei 8 Available Storage will be: 

Elev. 
531.0 

X 
538.0 

Volume 
393,717.79 
607,065.03 
825,382.30 

1 PMF Volume for Crest at El. 558 = (41")(1 It/ 12")(90.9 Ac)(43,560 ft2 
/ Ac)(1 CY 127 CF)= 

Max Storm Level = 558 - 3 ft Freeboard = 555.0 
Stora11e Volume at El. 555 = Elev. 

552.0 

555.0 
559.0 

Fines Volume Available= (2,041,538.54 - 501,061.00) = 

Max f"ines Level for Crest at El. 558 = Elev. 

545.0 

X 
552.0 

Volume 

1,805,640.81 

X 
2,356,068.84 

1,540,477.54 CY 

Volume 

1,295,719.14 

1,540,477.54 

1,805,640.81 

X= 534.46 < 536.9 OK 

501,061.00 CY 

X= 2,041,538.54 CY 

X= 548.4 
cl 
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AllianceL7 
Consulting, Inc. 

BY: RPC 

Engineers · Constructors· Scientists 

Begin Phase 8 Conslruclion to El. 568 -

Volume to Construct = 

(3,435,511.83 -2,869,196.98) = 

Elev. 
564.0 
568.0 
569.0 

PROJECT NAME: 

PROJECT NO.: 

DESCRIPTION: 

7/17/2015 

Volume 
3,235,432.87 

X 
3,485,531.57 

566,314.85 CY 

Fines Produced During Construction = (0.2205 x 2,064,400) = 

Fines Volume at End of Construction= (455,221.70 + 607,065.03) = 
Fines Level at End of Constructlon = Elev. Volume 
(Phase 8 Cell) 538.0 825,382.30 

X 1,062,286.74 
545.0 1,295,719.14 

Phase, 8 Available Storage will be: 

455,221.70 

1,062,286.74 

1 PMF Volume for Crest at El. 568 = (41")(1 ft I 12")(84.5 Ac)(43,560 ft2 I Ac)(1 CY I 27 CF)= 

Max Storm Level = 568 - 3 ft Freeboard = 565.0 
Storarie Volume at El. 565 = Elev. 

559.0 

565.0 
566.0 

Fines Volume Available= (2,863,369.09 - 465,782.78) = 

Max Fines Level for Crest at El. 568 = Elev. 

559.0 

X 
566.0 

Volume 

2,356,068.84 

X 
2,947,919.13 

2,397,586.31 CY 

Volume 

2,356,068.84 

2,397,586.31 

2,947,919.13 

DATE: 8130/2011 CHKD BY: ( _;,,_,) DATE: cc'.\\, :; ·1 , I 

MACH NO. 1 MINE, FACILITY NO. 2 

B11-146-1413 SHEET 13 OF 16 -----
Embankment Construction and Fines Level Schedule 

Coarse Production Rate= 2,568,200 CY/Yr 
Fines Production Rate= 2,064,400 CY/Yr 

X= 3,435,511.83 CY 

Time to construct= (566,314.85 I 2,568,200) = 0.2205 Yr 
Completion Date= 10/6/2015 

CY 

X= 541.53 < 548.4 OK 

465,782.78 CY 

X= 2,863,369.09 CY 

X= 559.5 

7J 
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AllianceL7 
Consulting, Inc. 

Engineers · Constructors· Scientists 

Begin Phase 8 Construction to El. 588 -

Volume to Construct= (4,005,223.80 - 3,435,511.83) = 
Time lo construct= (569,711.97 / 2,568,200) = 

Completion Dale = 12/27/2015 

BY: 

PROJECT NAME: 

PROJECT NO.: 

DESCRIPTION: 

10/7/2015 

569,711.97 CY 
0.2218 Yr 

Fines Produced During Construction= (0.2218 x 2,064,400) = 

Fines Volume at End of Construction = (457,952.41 + 1,062,286.74) = 
Fines Level at End of Construction = Elev. Volume 
(Phas,, 8 Cell) 545.0 1,295,719.14 

X 1,520,239.15 
552.0 1,805,640.81 

Phase 8 Available Storage will be: 

RPC 

457,952.41 

1,520,239.15 

1 PMF Volume for Crest at El. 588 = (41")(1 ft/ 12")(72.2 Ac)(43,560 ft2 
/ Ac)(1 CY/ 27 CF)= 

Max Storm Level = 588 - 3 ft Freeboard = 585.0 

DATE: 8/30/2011 CHKD BY: <.' •;::\.J...) DATE: 1u\:",\1\ 

MACH NO. 1 MINE, FACILITY NO. 2 

811-146-1413 SHEET 14 OF 16 -----
Embankment Construction and Fines Level Schedule 

Coarse Production Rate= 2,568,200 CY/Yr 
Fines Production Rate= 2,064,400 CY/Yr 

CY 

CY (Assuming Available Phase 8 Fines Disposal was used) 

X= 548.08 < 559.5 OK 

397,982.44 CY 

A 36" DR17 HOPE Pipe will be installed in Phase 8 to evacuate the storm volume. Through use of the decant the max. fines 
elevation for Phase 8 will be El. 582.0 (See HEC-1 Analysis). 

Fines Storage Volume at El. 582.0 = Elev. 
580.0 
582.0 
588.0 

X= 

Volume 
4,259,560.18 

X 
5,087,284.72 

4,466,491.32 

Fines Volume Remaining = (4,466,491.32 - 1,520,239.15) = 
2,946,252.17 CY 

Pl1ase 8 Will Provide: 
(2,946,252.17 / 2,064,400) = 

Estimated Date to Max = 

1.4272 Years of Storage After Construction 
is Complete 

5/31/2017 

"1) 
ID 

tO 
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Alliance LI 
Consulting, Inc. 

Engineers · Constructors· Scientists 

Date Description 

8/30/2011 Current Phase 5 Construction 
813012011 Current Phase 416 Construction 

11/2:3/2011 End Phase 4/6 Embankment Construction 

1122/2012 Complete Phase 7 Construction to El. 500 

5/6/2012 Complete Phase 7 Construction to El. 510 

7/3/2012 Complete Phase 5A Construction to El. 490 

8/2612012 Complete Phase 5A Construction to El. 500 

10/2/2012 Phase 7 Max Fines Level Reached 

10/3/2012 Resume PumpinQ Fines in Phase 5/5A 
10/10/2012 Complete Phase 5A Construction to El. 510 

12/10/2012 Complete Phase 5A/7 Construction to El. 515 

3/1 (l/2013 Complete Phase 5A/7 Construction to El. 525 

6/812013 Complete Phase 5A/7 Construction to El. 538 

6/27/2013 Complete North Buttress Construction 

7/3/2013 Complete Souh Buttress (Option) Construction 

* Max Fines Level Reached 

BY: 

PROJECT NAME: 

PROJECT NO.: 

DESCRIPTION: 

Time to 
Construct !Yr 

0.233 

0.163 
0.284 

0.156 

0.146 

0.119 

0.165 

0.267 

0.220 

0.049 

0.015 

RPC DATE: 8/30/2011 CHKD BY: (' pi_,_.:, DATE: 

MACH NO. 1 MINE, FACILITY NO. 2 

811-146-1413 SHEET 15 OF 

Embankment Construction and Fines Level Schedule Summaf)I' 

Completed Crest El. Fines Level Max. Fines Level 

488.0 (Phase 51 477.0 480.0 

492.0 (Phase 416) 459.0 481.3 
492.0 (Phase 4/6) 467.3 !Phase 4/6\ 481.3 /Phase 4/6\ 

488.0 (Phase 5) 480.0 (Phase 5) • 480.0 /Phase 5) 
500.0 (Phase 71 474.6 (Phase 4/6) 487.5 /Phase 71 
510 (Phase 7) 486.18 (Phase 7) 500.5 !Phase 7) 

510.0 (Phase 7) 492.0 (Phase 7) 500.5 I Phase 71 

490 (Phase 5A) 480.0 (Phase 5) 481.1 /Phase 5Al 
510.0 /Phase 7) 497.2 (Phase 7) 500.5 (Phase 7) 
500 (Phase 5A) 480.0 !Phase 5) 488.8 I Phase 5A) 
51 a.a (Phase 7) 500.5 (Phase 7) • 500.5 (Phase 7) 

500.0 /Phase 5Al 480.0 /Phase 5) 488.8 !Phase 5A) 
510.0 /Phase 5A) 482.0 /Phase 5A1 500.7 /Phase 5A1 

515.0 (Phase 5A/7) 
495.8 (Phase 5A) 510.0 /Phase 5A) 
500.5 /Phase 71 506.6 (Phase 7) 

525.0 (Phase 5A/7) 
51 a.a /Phase 5A) 

516.9 (Phase 5A/7) 
501.6 (Phase 7) 

538.0 (Phase 5A/7) 
510.0 (Phase 51 

524.0 (Phase 5A/7) 
507 .3 (Phase 7) 

538.0 (Phase 5A/7) 
510.0 /Phase 5) 

524.0 (Phase 5A/7) 
508.5 /Phase 7) 

538.0 (Phase 5A/7) 
510.0 (Phase 5) 

524.0 (Phase 5A/7) 
508.9 (Phase 71 

Note: Summary Includes Timing for South Buttress Option, and Does Not Include Timing for Phase 2-3 Connector Option 

v.:,\ 0 .\11 

16 
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Alliance LI 
Consulting, Inc. 

Engineers · Co11structors · Scie11tists 

Date Description 

6/3/2014 Begin Phase 8 Construction to EL 548 

3/30/2015 Complete Phase 8 Construction to EL 548 

7/16/2015 Complete Phase 8 Construction to EL 558 

10/6/2015 Complete Phase 8 Construction to EL 568 
12/27/2015 Complete Phase 8 Construction to EL 588 

5/31/2017 Complete Pumping Fines in Phase 8 

Phase 

5A 
7 

5A/7 
8 

North Buttress 
South Buttress (Option) 
2-3 Connector (Option) 

Total 

,,--" 

BY: RPC DATE: 8/30/2011 CHKD BY: CP•J....l DATE: I()\?,) ll 

PROJECT NAME: MACH NO. 1 MINE, FACILITY NO. 2 

PROJECT NO.: B11-146-1413 SHEET 16 OF 16 

DESCRIPTION: Embankment Construction and Fines Level Schedule Summarx. 

Time to Completed Crest El. Fines Level Max. Fines Level 
Construct IW 

538.0 (Phase 5A/7) 524.0 (Phase 5A/7) 524.0 (Phase 5A/7I 

0.823 548.0 (Phase 8) 524 (Phase 5A/7) 536.9 (Phase 8\ 

0.294 558.0 (Phase 8) 534.5 (Phase 81 548.4 (Phase 8) 

0.221 568.0 (Phase 8) 541.5 (Phase 8) 559.5 (Phase 8) 

0.222 588.0 (Phase 8) 548.1 (Phase 8) 582.0 /Phase 8) 
588.0 /Phase 81 582.0 (Phase 8) 582.0 /Phase 8) 

Coarse Disposal Life (Years) Fines Disposal Life (Years) 

0.422 0.416 

0.447 0.890 

0.652 0.873 
1.560 2.164 

0.049 -
0.015 -
0.047 0.237 

3.1 4.3 

Note: Total Disposal Life Includes South Buttress Option, and Does Not Include 2-3 Connector. 
During Construction, 0.917 Yrs of Coarse Refuse and 0.823 Yrs of Fine Refuse 
Will be Stored at a Separate Facility (Currently Under Review). 

,I 
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AllianceO 
Consulting, Inc. 

Engineers · Constructors· Scientists 

CALC.BY: RPC 
PROJECT NAME: 

PROJECT NUMBER: 

DESCRIPTION: 

Calculation to check minimum required freeboard due to wind effects. 

Use design values of: 

Fetch = 3000 ft= 0.57 miles 

Wind speed= so mph 

Embankment slope= 3 : 1 

Ref: Soil Conservation Service, Technical Release No. 69, February 1983 

From Fig. No. 2: 

For Fe= 0.57 and Ud = 50 

1.7 

Hs/ L= 0.0607 

From Fig. No. 12: 

For HS/ L = 0.0607 and slope= 3 : 1 

R/H,= 1.35 

For smooth embankment slope use R / Hs x 1.2 

1.35 X 1,2 = 1.62 

Runnup, R = 1.62 x H5 = 2.75 

Wind setup, S = 0.1 x Hs = 0.17 

Minimum Freeboard = R + S = 2.92 ft 

Use Minimum Freeboard of 3 Feet 

Page No._~3'-1.-'"---

DATE: 10/17/2011 CHKD. BY: ____ DATE: 

MACH N0.1 MINE, FACILl1Y NO. 2 WEST OF DIWANA 

B11-146-1413 SHEET 1 OF 1 

FREEBOARD CALCULATION 

From Fig. No. 11: 

For Fe= 0.57 and Ud = 50 

L= 28 
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CF,,) Effective Fetch . (miles) 

Equation (A21) From A.ppendix A 

- = 1041 ..:!...'..L 
g,'L \lqp~\o.2a 
U . U2 

REF (2) (9) 

Page No.---"1-'--Y __ 
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SEDCAD 4 for Windows 
rnn>1rinhl 1 OQR _ ?nn7 D::imo!,:, I <::rhw::ih 

Page No._1"-'(u'---
1 

Mach No. 1 Mine, Facility No. 2 
Phases SA, 7 and 8 

Filename: PD-1.sc4 

Perimeter Ditch PD-1 

Flume Ditch 'L' 

100 Yr - 6 Hr Event 

RPC 

Alliance Consulting, Inc. 
124 Philpott Ln. 

Beaver, WV 25813 

Phone: 304-255-0491 

Printed 10-08-2011 
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SEDCAD 4 for Windows '., Page No. __ ,_1 __ _ 

('nnurinhl 1aaA _')f"lf'l7 D,:,mob I C:r-h1>1<>h 
2 

General Information 

Storm Information: 
Storm Type: NRCS Type II 

Design Storm: 100yr-6hr 

Rainfall Depth: 6.210 inches 

Filename: PD-1.sc4 Printed 10-08-2011 
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SEDCAD 4 for Windows 
f"'nnurinht 100P. _?nn7 D,:,m<>I:, l C:.r-h,•1<>h 

Structure Networking: 

Type 
Stru (fiows Stru Musk. K 

Musk. X Description 
# into) # (hrs) 

Null #1 ==> #3 0.015 0.443 PD-1 

Null #2 ==> #3 0.002 0.454 Bench Flow 

Null #3 ==> End 0.000 0.000 Ditch 'L' 

{F 
#2 

Null 

{F 
#1 

Null 

#3 

Null 

Structure Routing Details: 

Stru 
Land Flow Condition Slope(%) 

Vert. Dist, Horiz. Dist. 

# (ft} (ft} 

#1 
8. Large gullies, diversions, and low 19.35 138,00 713.00 
flowing streams 

#1 Muskingum K: 

#2 
8. Large gullies, diversions, and low 31.06 50.00 161.00 
flowing streams 

#2 Muskingum K: 

Filename: PD-1.sc4 

Velocity 
(fps) 

13.19 

16.71 

Page No._~1,~S __ _ 

3 

Time (hrs) 

0.015 

0.015 

0.002 

0.002 

Printed 10-08-2011 
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SEDCAD 4 for Windows 

Structure Summary: 
Immediate Total Peak 

Contributing Contributing Discharge 
Area Area 

(ac) (ac) 
(cfs) 

#2 25.800 25.800 104.73 

#1 19.200 19.200 86.28 

#3 0.000 45.000 190.77 

Filename: PD-1.sc4 

Total 
Runoff 

Volume 

(ac-ft) 

8.12 

6.13 

14.25 

Page No __ -;-'-9'----

4 

Printed 10-08-2011 
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SEDCAD 4 for Windows 
rnn.,,ir,hl 1QOR _?nn7 O,;,molo I ~,..h,u:,h 

Structure #2 (Null) 

Bench Flow 

Structure #1 (Null) 

PD-1 

Structure #3 (Null) 

Ditch 'L' 

Filename; PD-1.sc4 

L(O Page No. _ _._ __ _ 

5 

Structure Detail: 

Printed 10-08-2011 
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SEDCAD 4 for Windows Page No. __ 'l'-'-1 __ _ 

6 

Subwatershed Hydrology Detail: 

SWS Area 
Time of Musk K Curve 

Peak Runoff 
Stru sws Cone Musk X UHS Discharge Volume 

# # (ac) (hrs) Number 
(hrs) (cfs) (ac-ft) 

#2 1 25.800 0.270 0.000 0.000 87.000 M 104.73 8.125 

:E 25.800 104.73 8.125 

#1 1 19.200 0.174 0.000 0.000 87.000 M 86.28 6.126 

:E 19.200 86,28 6.126 

#3 :E 45.000 190.77 14.250 

Subwatershed Time of Concentration Details: 

Stru sws 
Land Flow Condition Slope(%) 

Vert. Dist. Horiz. Dist. Velocity 
Time (hrs) 

# # (ft) (ft) (fps) 

#1 1 
6. Large gullies, diversions, and low 1.00 2.65 265.00 3.000 0.024 
flowing streams 

8. Large gullies, diversions, and low 1.00 16.27 1,627.00 3.000 0.150 
flowing streams 

#1 1 Time of Concentration: 0.174 

#2 1 
8. Large gullies, diversions, and low 

33.33 50.00 150.00 17.320 0.002 
flowing streams 

8. Large gullies, diversions, and low 0.50 10.26 2,052.00 2.120 0.268 
flowing streams 

#2 1 Time of Concentration: 0.270 

Filename: PD-1.sc4 Printed 10-08-2011 
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Page No. __ 4'--l-'-----

CALCULATED BY: _:.R.:.:.P-'C'----"1 0"-r7:_:.i2,c:0c.;1-'1-
CH ECKED BY: _______ _ 

DITCH SIZING UTILITY FOR TRIANGULAR AND TRAPEZOIDAL CONFIGURATIONS USING MANNING'S EQUATION: 

ABANDOMENT DITCH - PD-1 

PEAK FLOW= 
BOTTOM WIDTH= 
SIDE SLOPE 1 = 
SIDE SLOPE 2 = 
CHANNEL SLOPE= 
MANNING'S N = 

OUTPUT: 

TRAPEZOIDAL DITCH 

WETTED PERIMETER= 
AREA OF FLOW = 
HYDRAULIC RADIUS, Rh= 
CALC. VELOCITY = 

FREEBOARD REQUIRED= 

TOTAL DEPTH= 

86.28 
8 

2.00:1 
2.00:1 
0.01 

0.069 

CFS 
FT 

FT/FT 
FP(1/6} 

18.38 FT 
29.33 SQ.FT. 
1.60 FT 
2.94 FPS 

1.10 FT 

3.4 FT 

t 

2.0 

-:""-"'~"'--__ -""-_3._t45FT22Z2Y::/:::"'::::::··i· 1 

2.0 
<--8.0 FT--'> 

DEPTH OF FLOW = 2.32 FT 
MEAN DEPTH = 1.70 FT 
FROUDE NO. = 0.40 SUBCRITICAL 

(1 +0.025vd'1/3} 

CHANNEL MATERIAL: SOIL AND GRASS LINING 
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SEDCAD 4 for Windows Page No._...,_'-i'.l"-----

1 

Mach No. 1 Mine, Facility No. 2 

Phases SA, 7, and 8 

Filename· PD-2.sc4 

Perimeter Ditch PD-2 

Ff ume Ditch 'I' 

100 Yr - 6 Hr Event 

RPC 

Alliance Consulting, Inc. 
124 Philpott Ln. 

Beaver, WV 25813 

Phone: 304-255-0491 

Printed 10-08-2011 
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SEDCAD 4 for Windows 

General Information 

Storm Information: 
Storm Type: NRCS Type II 

Design Storm: 100yr-6hr 

Rainfall Depth: 6.210 inches 

-----------------·-· ---
Filename: PD-2.sc4 

Page No. __ Yc..:~---

2 

Printed 10-08-2011 
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SEDCAD 4 for Windows 
('nnurlnh! 100A .?nn7 P::>rncl,::, I <:::rhw,:ih 

Structure Networking: 

Type 
Stru (fiows Stru 

I 
Musk. K 

Musk. X Description 
# into) # (hrs) 

Null #1 ==> #3 0.009 0.451 PD-2 

Null #2 ==> #3 0.002 0.455 Bench Flow 

Null #3 ==> End 0.000 0.000 Ditch 'I' 

.<f 
#2 

Null 

.<f 
#1 

Null 

#3 

Null 

Structure Routing Details: 

Stru 
Land Flow Condition Slope(%) 

Vert. Dist. Horiz. Dist. 

# (ft) (ft) 

#1 
8. Large gullies, diversions, and low 26.89 139.00 517.00 
flowing streams 

#1 Muskingum K: 

#2 
8. Large gullies1 diversions, and low 

33.33 50.00 150.00 
flowing streams 

#2 Muslcinguin K: 

Filename: PD-2.sc4 

Velocity 
(fps) 

15.55 

17.32 

Page No._...:.'l.c.S __ 

3 

Time (hrs) 

0.009 

0.009 

0.002 

0.002 

Printed 10-08-2011 
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SEDCAD 4 for Windows 

Structure Summary: 
Immediate Total Peak 

Contributing Contributing Discharge 
Area Area 

(ac) (ac) 
(cfs) 

#2 22.100 22.100 93.13 

#1 16.200 16.200 73.30 

#3 0.000 38.300 165.26 

Filename· PD-2.sc4 

Total 
Runoff 
Volume 

(ac-ft) 

6.99 

5.18 

12.17 

Page No. __ '-1_1. __ _ 

4 

Printed 10-08-2011 
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SEDCAD 4 for Windows 
rnr>urinht 10QA _?nn7 P::.mo.1:, I C:,-h,.,::,h 

51ructure #2 (Null) 

Bench Flow 

Structure #1 (Null) 

PD-2 

Structure #3 (Nu!f) 

Ditch 'I' 

Filename: P0-2.sc4 

Structure Detail: 

Page No.-...!.LJ..!..r __ 

5 

Printed 10-08-2011 
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( 

SEDCAD 4 for Windows 

Subwatershed Hydrology Detail: 

SWS Area 
Time of Musk K Curve 

Stru sws Cone MuskX UHS 
# # (ac) (hrs) Number 

(hrs) 

#2 1 22.100 0.236 0.000 0.000 87.000 M 

2: 22.100 

#1 1 16.200 0.134 0.000 0.000 87.000 M 

2: 16.200 

#3 2: 38.300 

Page No._--''1-=.B __ _ 

6 

Peak Runoff 
Discharge Volume 

(cfs) (ac-ft) 

93.13 6.991 

93.13 6.991 

73.30 5.176 

73.30 5.176 

165.26 12.168 

Subwatershed Time of Concentration Details: 

Stru SWS 
Land Flow Condition Slope(%) 

Vert. Dist. Horiz. Dist. Velocity Time (hrs) 
# " (ft) (ft) (fps) • 

#1 1 
8. Large gullies, diversions, and low 1.00 2.65 265.00 3.000 0.024 
flowing streams 

8. Large gullies, diversions, and low 1.00 11.88 1,188.00 3.000 0.110 
flowing streams 

#1 1 Time of Concentration: 0.134 

#2 1 
8. Large gullies, diversions1 and low 33.33 50.00 150.00 17.320 0.002 
flowing streams 

8. Large gullies, diversions, and low 0.50 8.95 1,791.00 2.120 0.234 
flowing streams 

#2 1 Time of Concentration: 0.236 

Filename: PD-2.sc4 Printed 10-08-2011 
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CAL CU LA TED BY: ,;_R;;_P-=C'----1'-'0"'/7.;;/2=-'0'-'1,;_1 _ 
CHECKED BY: --------

Page No. __ 'l""'i'----

DITCH SIZING UTILITY FOR TRIANGULAR AND TRAPEZOIDAL CONFIGURATIONS USING MANNING'S EQUATION: 

ABANDOMENT DITCH - PD-2 

PEAK FLOW= 
BOTTOM WIDTH= 
SIDE SLOPE 1 = 
SIDE SLOPE 2 = 
CHANNEL SLOPE= 
MANNING'S N = 

OUTPUT: 

TRAPEZOIDAL DITCH 

WETTED PERIMETER = 
AREA OF FLOW= 
HYDRAULIC RADIUS, Rh= 
CALC. VELOCITY= 

FREEBOARD REQUIRED= 

TOTAL DEPTH = 

73.30 CFS 
8 FT 

2.00:1 
2.00:1 
0.01 

0.069 
FT/FT 
FT'(1/6) 

17.52 FT 
26.08 SQ.FT. 
1.49 FT 
2.81 FPS 

1.09 FT 

3.2 FT 

DEPTH OF FLOW = 
MEAN DEPTH= 
FROUDE NO.= 

(1+0.025vd'1/3) 

<e-- 8.0 FT-

2.13 FT 
1.58 FT 
0.39 SUBCRITICAL 

CHANNEL MATERIAL: SOIL AND GRASS LINING 
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SEDCAD 4 for Windows 
(",.,,.,,,,,,.,ht 100A .?nn7 0::,.mol::,. I <;:,-r,,.,::,.h 

Page No. __ S_o __ 

1 

Mach No. 1 Mine, Facility No. 2 

Phases SA, 7, and 8 

Filename: PD~3 sc4 

Perimeter Ditch PD-3 

Flume Ditch 'P' 

100 Yr - 6 Hr Event 

RPC 

Alliance Consulting, Inc. 
124 Philpott Ln. 

Beaver, WV 25813 

Phone: 304-255-0491 

Printed 10-08-2011 
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SEDCAD 4 for Windows 

General Information 

Storm Information: 
Storm Type: NRCS Type II 

Design Storm: 100 yr - 6 hr 

Rainfall Depth: 6.210 inches 

Filename: PD-3.sc4 

Page No. __ S...:.i __ _ 

2 

Printed 10-08-2011 
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SEDCAD 4 for Windows Page No. S""l..--=----

3 

Structure Networking: 

Type 
Stru (flows Stru Musk. K 

Musk. X Description 
# into) # (hrs) 

Null #1 ==> #3 0.007 0.454 PD-3 

Null #2 ==> #3 0.002 0.454 Bench Flow 

Null /i3 ==> End 0.000 0.000 Ditch 'P' 

<? 
#2 

Null 

<? 
#1 

Null 

#3 

Null 

Structure Routing Details: 

Stru 
Land Flow Condition Slope(%) 

Vert. Dist. Horiz. Dist. Velocity Time (hrs) 
# (ft) (ft) (fps) 

#1 
8. Large gullies, diversions1 and low 

30.89 139.00 450.00 16.67 0.007 
flowing streams 

#1 Muskingum K: 0.007 

#2 
8. Large gullies, diversions, and low 

31.75 40.00 126.00 16.90 0.002 
flowing streams 

#2 Muskingum K: 0.002 

l 
Filename: PD-3.sc4 Printed 10-08-2011 
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SEDCAD 4 for Windows 51 Page No._..=-.;;..... __ 
rnnur,nhl 100A _?(lf\7 D:::,mol,::,. l C::.,-h,.,:::,h 

4 

C Structure Summary: 
Immediate Total Peak 

Total 
Contributing Contributing Discharge 

Runoff 
Area Area Volume 

(ac) (ac) 
(cfs) (dl-fl) 

#2 18.100 18.100 71.13 5.69 

#1 21.100 21.100 95.47 6.74 

#3 0.000 39.200 165.08 12.43 

Filename: PD-3.sc4 Printed 10-08-2011 



R11619

SEDCAD 4 for Windows 
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Structure #? (Null! 

Bench Flow 

Structure #1 (Null} 

PD-3 

Structure #3 (Null) 

Ditch 'P' 

Filename: PD-3.sc4 

Structure Detail: 
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Subwatershed Hydrology Detail: 

SWS Area 
Time of 

Musk K Curve 
Peak Runoff 

Stru sws Cone MuskX UHS Discharge Volume 

# # (ac) (hrs) Number 
(hrs) (cfs) (ac-ft) 

#2 1 18.100 0.313 0.000 0.000 87.000 M 71.13 5.689 

I: 18.100 71.13 5.689 

#1 1 21.100 0.133 0.000 0.000 87.000 M 95.47 6.742 
. .. 

I: 21.100 95.47 6.742 

#3 I: 39.200 165.08 12.431 

Subwatershed Time of Concentration Details: 

Stru sws 
Land Flow Condition Slope(%) 

Vert. Dist. Horiz. Dist. Velocity 
Time (hrs) 

/t # (ft) (ft) (fps) 

#1 1 
8. Large gullies, diversions, and low 1.00 14.45 1,445.00 3.000 0.133 
flowing streams 

#1 1 Time of Concentration: 0.133 

#2 1 
8. Large gullies, diversions, and low a.so 11.94 2,389.00 2.120 0.313 
flowing streams 

#2 1 Time of Concentration: 0.313 

Filename: PD-3.sc4 Printed 10-08-2011 
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CALCULATED BY: .:.R.::.P_:C:..__ __ 1.:.:o::._nc:_i2:::0'-'1...:.1 _ 
CHECKED BY: _______ _ 

DITCH SIZING UTILITY FOR TRIANGULAR AND TRAPEZOIDAL CONFIGURATIONS USING MANNING'S EQUATION: 

ABANDOMENT DITCH - PD-3 

PEAK FLOW= 
BOTTOM WIDTH= 
SIDE SLOPE 1 = 
SIDE SLOPE 2 = 
CHANNEL SLOPE= 
MANNING'S N = 

OUTPUT: 

TRAPEZOIDAL DITCH 

WETTED PERIMETER= 
AREA OF FLOW= 
HYDRAULIC RADIUS, Rh= 
CALC. VELOCITY = 

FREEBOARD REQUIRED= 

TOTAL DEPTH = 

95.47 CFS 
8 FT 

2.00:1 
2.00:1 
0.01 FT/FT 
0.069 FP(1/6) 

18.94 FT 
31.55 SQ.FT. 
1.67 FT 
3.03 FPS 

1.10 FT 

3.5 FT 

2.0 2.0 
.,.._8.0FT---i> 

DEPTH OF FLOW = 2.45 FT 
MEAN DEPTH= 1.77 FT 
FROUDE NO.= 0.40 SUBCRITICAL 

(1 +0.025vd'1 /3) 

CHANNEL MATERIAL: SOIL AND GRASS LINING 
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1 

Mach No. 1 Mine, Facility No. 2 

Phases SA, 7 and 8 

Filename· PD-4 .sc4 

Perimeter Ditch PD-4 

Flume Ditch 'O' 

100 Yr - 6 Hr Event 

RPC 

Alliance Consulting, Inc. 
124 Philpott Ln. 

Beaver, WV 25813 

Phone: 304-255-0491 

Prin\ed 10-08-2011 
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General Information 

Storm Information: 
Storm Type: NRCS Type II 

Design Storm: 100 yr - 6 hr 

Rainfall Depth: 6.210 inches 

Filename: PD-4.sc4 Printed 10-08-2011 
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3 

Structure Networking: 

Type 
Stru (flows Stru Musk. K 

Musk. X Description 
# into) # (hrs) 

Null #1 ==> #3 0.006 0.450 PD-4 

Null #2 ==> #3 0.003 0.450 Bench Flow 

Null #3 ==> End 0.000 0.000 Ditch 'O' 

<? 
#2 

Null 

<? 
#1 

Null 

#3 

Null 

Structure Routing Details: 

Stru Land Flow Condition Slope(%) 
Vert. Dist. Horiz. Dist. Velocity 

Time (hrs) 
# (ft) (ft) (fps) 

#1 
8. Large gullies1 diversions, and low 

26.20 98.00 374.00 15.35 0.006 
flowing streams 

#1 Muskingum K: 0.006 

#2 
8. Large gullies, diversions, and low 

25.64 SO.OD 195.00 15.19 0.003 
flowing streams 

#2 Muskingum K: 0.003 

Filename: PD-4.sc4 Printed 10-08-2011 
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4 

Structure Summary: 
Immediate Total Peak 

Total 
Contributing Contributing Discharge 

Runoff 
Area Area Volume 

(ac) (ac) 
(cfs) (ac-ft) 

#2 7.200 7.200 32.58 2.30 

#1 15.600 15.600 70.44 4.98 

#3 0.000 22.800 103.02 7.28 

Filename: P0-4.sc4 Printed 10-08-2011 
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Structure #2 /Null) 

Bench Flow 

Structure #1 (Null) 

PD-4 

Structure #3 (Null) 

Ditch 'O' 

Filename: PD-4.sc4 
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Subwatershed Hydrology Detail: 

SWS Area 
Time of Musk K Cuive 

Peak Runoff 

Stru sws Cone Musk X UHS Discharge Volume 
# # (ac) (hrs) Number 

(hrs) (cfs) (ac·ft) 

#2 1 7.200 0.130 0.000 0.000 87.000 M 32.S8 2.301 

I: 7.200 32.58 2.301 

#1 1 15.600 0.169 0.000 0.000 87.000 M 70.44 4.981 

I: 15.600 70.44 4.981 

#3 I: 22.800 103.02 7.282 

Subwatershed Time of Concentration Details: 

Stru SWS 
Land Flow Condition Slope(%) 

Vert. Dist. Horiz. Dist. Velocity 
Time (hrs) 

# # (ft) (ft) (fps) 

n 1 
8. Large gullies, diversions, and low 

1.00 6.75 675.00 3.000 0.062 
flowing streams 

8. Large gullies, diversions, and low 
1.00 11.59 1,159.00 3.000 0.107 

flowing streams 

#1 1 Time of Concentration: 0.169 

#2 1 
8. Large gullies, diversions, and low 

33.33 SO.DO 150.00 17.320 0.002 
flowing streams 

-
8. Large gullies, diversions, and low 

0.50 4.90 980.00 2.120 0.128 
flowing streams 

#2 1 Time of Concentration: 0.130 

Filename: P0-4.sc4 Printed 10-08-2011 
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DITCH SIZING UTILITY FOR TRIANGULAR AND TRAPEZOIDAL CONFIGURATIONS USING MANNING'S EQUATION: 

ABANDOMENT DITCH - PD-4 

1-'cAI( FLOW= 
BOTTOM WIDTH = 
SIDE SLOPE 1 = 
SIDE SLOPE 2 = 
CHANNEL SLOPE= 
MANNING'S N = 

OUTPUT: 

TRAPEZOIDAL DITCH 

WETTED PERIMETER = 
AREA OF FLOW = 
HYDRAULIC RADIUS, Rh= 
CALC. VELOCITY = 

FREEBOARD REQUIRED= 

TOTAL DEPTH = 

70.44 
8 

2.00:1 
2.00:1 
0.01 

0.069 

CFS 
FT 

FT/FT 
FT'(116) 

17.32 FT 
25.36 SQ.FT. 
1.46 FT 
2.78 FPS 

1.09 FT 

3.2 FT 

DEPTH OF FLOW = 
MEAN DEPTH= 
FROUDE NO.= 

(1 +0.025vd'113) 

-s.on--+ 

2.08 FT 
1.55 FT 
0.39 SUBCRITICAL 

CHANNEL MATERIAL: SOIL AND GRASS LINING 
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1 

Mach No. 1 Mine, Facility No. 2 
Phases SA, 7, and 8 

Perimeter Ditches PD-5, PD-6, and PD-7 

Filename: PD-5-7 _CD-1.sc4 

Combination Ditch CD-1 

100 Yr - 6 Hr Event 

RPC 

Alliance Consulting, Inc. 
124 Philpott Ln. 

Beaver, WV 25813 

Phone: 304-255-0491 

Printed 10-21-2011 
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General Information 

Storm Information: 
Storm Type: NRCS Type II 

Design Storm: 100 yr - 6 hr 

Rainfall Depth: 6.210 inches 

Filename: PD-5-7 _CD-1.sc4 
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2 

Printed 10-21-2011 
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Structure Networking: 
Type 

Stru (flows Stru Musk. K 
Musk. X Description 

# into) # (hrs) 

Null #1 ==> #2 0.055 0.277 PD-5 

Null #2 ==> #4 0.002 0.449 PD-6 

Null #3 ==> #4 0.002 0.449 PD-7 

Null #4 ==> End 0.000 0.000 CD-1 

#-
#3 

Null 

#-
#1 

Null 

#-
#2 

Null 

#4 

Null 

Structure Routing Details: 
Stru Land Flow Condition Slope(%) 

Vert. Dist. Horiz. Dist. 
# (ft) (ft) 

#1 
8. Large gullies, diversions, and low 0.50 2.10 422.00 
flowing streams 

#1 Muskingum K: 

#2 
8. Large gullies, diversions, and low 
flowing streams 

25.19 34.00 135.00 

#2 Muskingum K: 

#3 
8. Large gullies, diversions, and low 
flowing streams 

25.19 34.00 135.00 

#3 Muskingum K: 

Filename: PD-5-7 _CD-1.sc4 

Velocity 
(fps) 

2.12 

15.05 

15.05 

Page No._...,_l,::.:;l.c_ __ 

3 

nme (hrs) 

0.055 

0.055 

0.002 

0.002 

0.002 

0.002 

Printed 10-21-2011 
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Structure Summary: 
Immediate Total 

Peak 
Contributing Contributing Discharge 

Area Area 

(ac) (ac) 
(cfs) 

#3 13.900 13.900 54.54 

#1 4.300 4.300 26.85 

#t 8.400 12.700 63.17 

#4 0.200 26.800 114.50 

Filename: PD-5-7 _CD-1.sc4 

Total 
Runoff 
Volume 

(ac-ft) 

4.37 

1.69 

4.37 

8.82 
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Structure #3 (Null) 

PD-7 

Structure #1 (Null) 

PD-5 

Structure #2 (Null) 

PD-6 

Structure #4 {Nl!!!) 

CD-1 

Filename: PD-5-7 _CD-1.sc4 

Structure Detail: 

Page No._~:;:.-8;c__ __ 

5 

Printed 10-21-2011 



R11634SEDCAD 4 for Windows 
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Subwatershed Hydrology Detail: 

SWS Area 
Time of Musk K Curve Stru sws Cone MuskX UHS 

# # (ac) (hrs) Number 
(hrs) 

#3 1 13.900 0.315 0.000 0.000 87.000 M 

E 13.900 

#1 1 4.300 0.100 0.000 0.000 87.000 M 

E 4.300 

#2 1 8.400 0.154 0.000 0.000 87.000 M 

E 12.700 

#4 1 0.200 0.002 0.000 0.000 87.000 M 

E 26.800 

Page No._-'(,'-'\'----

6 

Peak Runoff 
Discharge Volume 

(cfs) (ac-ft) 

54.54 4.368 

54.54 4.368 

26.85 1.686 

26.85 1.686 

38.01 2.684 

63.17 4.370 

1.25 0.078 

114.50 8.816 

Subwatershed Time of Concentration Details: 

Stru sws Land Flow Condition Slope(%) 
Vert. Dist. Horiz. Dist. Velocity Time (hrs) 

# # (ft) {ft) (fps) 

#1 1 
8. Large gullies, diversions, and low 33.33 27.00 81.00 17.320 0.001 
flowing streams 

8. Large gullies, diversions, and low 1.00 10.76 1,076.00 3.000 0.099 
flowing streams 

#1 1 Time of Concentration: 0.100 

#2 1 8. Large gullies, diversions, and low 1.00 10.76 1,076.00 3.000 0.099 
flowing streams 

8. Large gullies, diversions, and low 0.50 2.10 422.00 2.120 0.055 
flowing streams 

#2 1 Time of Concentration: 0.154 

#3 1 
8. Large gullies, diversions, and low 1.00 8.50 850.00 3.000 0.078 
flowing streams 

8. Large gullies, diversions, and low 0.50 9.05 1,811.00 2.120 0.237 
flowing streams 

#3 1 Time of Concentration: 0.315 

#4 1 
8. Large gullies, diversions, and low 

25.19 34.00 135.00 15.050 0.002 
flowing streams 

#4 1 Time of Concentration: 0.002 

Filename: PD-5-7 _CD-1.sc4 Printed 10-21-2011 
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CALCULATED BY: c..R::_P_::Cc._ __ 1;..:0c:!7c.::i2c:o0:..:1.c1 _ 
CHECKED BY: _______ _ 

DITCH SIZING UTILITY FOR TRIANGULAR AND TRAPEZOIDAL CONFIGURATIONS USING MANNING'S EQUATION: 

ABANDOMENT DITCH - PD-5 

PEAK FLOW= 
BOTTOM WIDTH= 
SIDE SLOPE 1 = 
SIDE SLOPE 2 = 
CHANNEL SLOPE= 
MANNING'S N = 

OUTPUT: 

TRAPEZOIDAL DITCH 

WETTED PERIMETER= 
AREA OF FLOW = 
HYDRAULIC RADIUS, Rh= 
CALC. VELOCITY= 

FREEBOARD REQUIRED = 

TOTAL DEPTH= 

26.85 CFS 
8 FT 

2.00:1 
2.00:1 
0.01 FT/FT 

0.069 FP(1/6) 

13.49 FT 
12.84 SQ.FT. 
0.95 FT 
2.08 FPS 

1.06 FT 

2.3 FT 

DEPTH OF FLOW = 
MEAN DEPTH= 
FROUDE NO.= 

(1+0.025vd'1/3) 

1.23 FT 
0.99 FT 
0.37 SUBCRITICAL 

CHANNEL MATERIAL: SOIL AND GRASS LINING 
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CALCULATED BY: .,_R::_P_,C'---__ 1,_,0::.:flc.:;12:::0:..:1..:.1 _ 
CHECKED BY: _______ _ 

DITCH SIZING UTILITY FOR TRIANGULAR AND TRAPEZOIDAL CONFIGURATIONS USING MANNING'S EQUATION: 

ABANDOMENT DITCH - PD-6 

PEAK FLOW• 
BOTTOM WIDTH• 
SIDE SLOPE 1 • 
SIDE SLOPE 2 • 
CHANNEL SLOPE• 
MANNING'S N • 

OUTPUT: 

TRAPEZOIDAL DITCH 

WETTED PERIMETER • 
AREA OF FLOW • 
HYDRAULIC RADIUS, Rh• 
CALC. VELOCITY • 

FREEBOARD REQUIRED• 

TOTAL DEPTH • 

63.17 CFS 
10 FT 

2.00:1 
2.00:1 
0.005 FT/FT 
0.069 FT'(1/6) 

19.61 
30.72 
1.57 
2.05 

FT 
SQ.FT. 
FT 
FPS 

1.07 FT 

3.2 FT 

t 

, I ·-,,<,,\,\,, ... ,., ... ,.,.-.,~:.
2 

.. ,: ... ,.,.,.,.-.,,,,,,: ,,,,,,.,::---· J 1 
2.0 2.0 

DEPTH OF FLOW• 
MEAN DEPTH• 
FROUDE NO.• 

(1+0.025vdh1/3) 

2.15 
1.65 
0.28 

<--10.0 FT---i> 

FT 
FT 
SUBCRITICAL 

CHANNEL MATERIAL: SOIL AND GRASS LINING 
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DITCH SIZING UTILITY FOR TRIANGULAR AND TRAPEZOIDAL CONFIGURATIONS USING MANNING'S EQUATION: 

ABANDOMENT DITCH - PD-7 

PEAK FLOW= 
BOTTOM WIDTH= 
SIDE SLOPE 1 = 
SIDE SLOPE 2 = 
CHANNEL SLOPE = 
MANNING'S N = 

OUTPUT: 

TRAPEZOIDAL DITCH 

WETTED PERIMETER= 
AREA OF FLOW = 
HYDRAULIC RADIUS, Rh= 
CALC. VELOCITY = 

FREEBOARD REQUIRED= 

TOTAL DEPTH= 

54.54 CFS 
10 FT 

2.00:1 
2.00:1 
0.005 FT/FT 
0.069 FT'(1/6) 

18.87 
27.72 
1.47 
1.97 

FT 
SQ.FT. 
FT 
FPS 

1.06 FT 

3.0 FT 

t 

1 ··=·r,,,,,""''====,,,,, .. ,.,.,., .. ·.··-=~:-~,.,:.,.,.;., .. ,.-.,,,,,,:::=""'''' ·· 11 
20 20 

DEPTH OF FLOW = 
MEAN DEPTH= 
FROUDE NO.= 

(1 +0.025vd'1/3) 

1.98 
1.55 
0.28 

-<---10.0 FT----+ 

FT 
FT 
SUBCRITICAL 

CHANNEL MATERIAL: SOIL AND GRASS LINING 
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DITCH SIZING UTILITY FOR TRIANGULAR AND TRAPEZOIDAL CONFIGURATIONS USING MANNING'S EQUATION: 

COMBINATION DITCH - CD-1 

PEAK FLOW• 
BOTTOM WIDTH • 
SIDE SLOPE 1 • 
SIDE SLOPE 2 • 
CHANNEL SLOPE• 
MANNING'S N • 

OUTPUT: 

TRAPEZOIDAL DITCH 

WETTED PERIMETER • 
AREA OF FLOW • 
HYDRAULIC RADIUS, Rh• 
CALC. VELOCITY • 

FREEBOARD REQUIRED • 

TOTAL DEPTH • 

114.50 CFS 
8 FT 

2.00:1 
2.00:1 
0.25 FT/FT 

O.Q15 FT'(1/6) 

10.09 
4.17 
0.41 

27.47 

FT 
SQ.FT. 
FT 
FPS 

1.53 FT 

2,0 FT 

DEPTH OF FLOW • 
MEAN DEPTH• 
FROUDE NO.• 

(1+0.025vd'1/3) 

0.47 
0.42 
7.45 

FT 
FT 
SUPERCRITICAL 
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~-
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Mach No. 1 Mine, Facility No. 2 
Phases SA, 7, and 8 

Perimeter Ditches PD-8, PD-9, and PD-10 

Filename: PD-4-10_CD-2.sc4 

Combination Ditch CD-2 

100 Yr - 6 Hr Event 

RPC 

Alliance Consulting, Inc. 
124 Philpott Ln. 

Beaver, WV 25813 

Phone: 304-255-0491 

Printed 10-21-2011 
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Filename: PD-4-1 0_CD-2.sc4 

General Information 

Storm Information: 
Storm Type: NRCS Type II 

Design Storm: 100yr-6hr 

Rainfall Depth: 6.210 inches 

Page No._r-'--5 __ _ 

2 

Printed 10-21-2011 



R11641SEDCAD 4 for Windows 

Structure Networking: 
Type I 

Stru (fiows Stru Musk. K 
Musk. X Description 

# into) # (hrs) 

Null #1 ==> #2 0.098 0.277 PD-8 

Null #2 ==> #4 0.022 0.410 PD-9 

Null #3 ==> #4 0.022 0.410 PD-10 

Null #4 ==> End 0.000 0.000 CD-2 

{}" 
#3 

Null 

{}" 
#1 

Null 

{}" 
#2 

Null 

#4 

Null 

Structure Routing Details: 
Stru 

Land Flow Condition Slope(%) 
Vert. Dist. Horiz. Dist. 

# (ft) (ft) 

#1 
8. Large gullies, diversions, and low 0.50 3.77 755.00 
flowing streams 

#1 Muskingum K: 

#2 
8. Large gullies, diversions, and low 6.75 42.00 622.00 
flowing streams 

#2 Muskingum K: 

#3 
8. Large gullies, diversions, and low 
flowing streams 

6.75 42.00 622.00 

#3 Muskingum K: 

Filename: PD-4-10_CD-2.sc4 

Velocity 
(fps) 

2.12 

7.79 

7.79 

Page No._'r-'-Co"----
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Time (hrs) 

0.098 

0.098 

0.022 

0.022 

0.022 

0.022 

Printed 10-21-2011 
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Structure Summary: 
Immediate Total 

Peak 
Contributing Contributing 

Discharge 
Area Area 

(ac) (ac) 
(cfs) 

#3 14.900 14.900 63.88 

#1 2.300 2.300 14.36 

#2 9.200 11.500 56.07 

#4 1.200 27.600 121.00 

Filename: PD-4-1 0_CD-2.sc4 

Total 
Runoff 
Volume 

(ac-ft) 

4.69 

0.90 

3.84 

9.01 
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Structure #3 (Null) 

PD-10 

Structure # 1 (Null) 

PD-8 

Structure ,i!:2 (Null) 

PD-9 

Structure #4 (Null) 

CD-2 

Filename: PD-4-1 0_CD-2.sc4 
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Structure Detail: 
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Subwatershed Hydrology Detail: 

SWS Area 
Time of Musk K Cu,ve Stru SWS Cone MuskX UHS 

# # (ac) (hrs) Number 
(hrs) 

#3 1 14.900 0.218 0.000 0.000 87.000 M 

L 14.900 

#1 1 2.300 0.098 0.000 0.000 87.000 M 

L 2.300 

#2 1 9.200 0.159 0.000 0.000 87.000 M 

L 11.500 

#4 1 1.200 0.022 0.000 0.000 87.000 M 

L 27.600 

Page No._1"""-'-1 __ _ 
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Peak Runoff 
Discharge Volume 

(cfs) (ac-ft) 

63.88 4.694 

63,88 4.694 

14.36 0.902 

14.36 0.902 

41.63 2.940 

56.07 3.841 

7.49 0.470 

121.00 9.006 

Subwatershed Time of Concentration Details: 

Stru SWS 
Land Flow Condition Slope(%) 

Vert. Oist. Horiz. Dist Velocity 77me (hrs) 
# # (ft) (ft) (fps) 

#1 1 8. Large gullies, diversions, and low 33.33 27.00 81.00 17.320 0.001 
flowing streams 

8. Large gullies, diversions, and low 1.00 10.52 1,052.00 3.000 0.097 
flowing streams 

#1 1 Time of Concentration: 0.098 

#2 1 8. Large gullies, diversions, and low 1.00 8.84 885.00 3.000 0.081 
flowing streams 

8. Large gullies, diversions, and low 0.50 2.98 597.00 2.120 0.078 
flowing streams 

#2 1 Time of Concentration: 0,159 

#3 1 8. Large gullies, diversions, and low 1.00 8.50 850.00 3.000 0.078 
flowing streams 

8; Large gullies, diversions, and low 0.50 5.37 1,075.00 2.120 0.140 
flowing streams 

#3 1 Time of Concentration: 0.218 

#4 1 8. Large gullies, diversions, and low 6.75 42.00 622.00 7.790 0.022 
flowing streams 

#4 1 Time of Concentration: 0.022 

Filename: PD-4-1 O_CD-2.sc4 Printed 10-21-2011 
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CAL CU LA TED BY: -'-R"-P.:;C:__ __ 1:._:0"'rT"'/2::.:0:.:1-'-1-
CH ECKED BY: _______ _ 

DITCH SIZING UTILITY FOR TRIANGULAR AND TRAPEZOIDAL CONFIGURATIONS USING MANNING'S EQUATION: 

ABANDOMENT DITCH - PD-8 

PEAK FLOW= 
BOTTOM WIDTH= 
SIDE SLOPE 1 = 
SIDE SLOPE 2 = 
CHANNEL SLOPE= 
MANNING'S N = 

OUTPUT: 

TRAPEZOIDAL DITCH 

WETTED PERIMETER= 
AREA OF FLOW = 
HYDRAULIC RADIUS, Rh= 
CALC. VELOCITY = 

FREEBOARD REQUIRED= 

TOTAL DEPTH= 

14.36 
8 

2.00:1 
2.00:1 
0.01 

0.069 

CFS 
FT 

FT/FT 
FP(1/6) 

11.86 FT 
8.39 SQ.FT. 
0.71 FT 
1.71 FPS 

1.04 FT 

1.9 FT 

t 

·;·':'(''::\,::::,,,,,,.,.,.,.,.;.;,;,;.:,;.~,.,:, .. ,,;.;,;,•:•:":::'::::'·''" l 1 
2.0 2.0 

DEPTH OF FLOW = 
MEAN DEPTH= 
FROUDE NO.= 

(1+0.025vd'1/3) 

+-- 8.0 FT--'> 

0.86 FT 
0.73 FT 
0.35 SUBCRITICAL 

CHANNEL MATERIAL: SOIL AND GRASS LINING 
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CALCULATED BY: -'-R"-P-"C'------1'-'0"'{7"'/2=0'-'1-'1-
CHECKED BY: _______ _ 

DITCH SIZING UTILITY FOR TRIANGULAR AND TRAPEZOIDAL CONFIGURATIONS USING MANNING'S EQUATION: 

ABANDOMENT DITCH - PD-9 

PEAK FLOW= 
BOTTOM WIDTH = 
SIDE SLOPE 1 = 
SIDE SLOPE 2 = 
CHANNEL SLOPE= 
MANNING'S N = 

OUTPUT: 

TRAPEZOIDAL DITCH 

WETTED PERIMETER= 
AREA OF FLOW = 
HYDRAULIC RADIUS, Rh= 
CALC. VELOCITY = 

FREEBOARD REQUIRED= 

TOTAL DEPTH = 

56.07 CFS 
10 FT 

2.00:1 
2.00:1 
0.005 FT/FT 
0.069 FT•(1/6) 

19.01 
28.25 
1.49 
1.98 

FT 
SQ.FT. 
FT 
FPS 

1.06 FT 

3.1 FT 

t 

1 I .. , ... ,,':::,,,,,,, .. ,.,.,.,,.-.,.,~:
1
"~-- ........ 

2.0 2.0 

DEPTH OF FLOW= 
MEAN DEPTH= 
FROUDE NO.= 

(1+0.025vd•1/3) 

2.01 
1.56 
0.28 

-<---10.0 FT---+ 

FT 
FT 
SUBCRITICAL 

CHANNEL MATERIAL: SOIL AND GRASS LINING 
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CAL CUI.A TED BY: c.R:cP..::;Cc._ __ 1c:0ccn.:.:i2:..:0:..:1c.1 _ 
CHECKED BY: _______ _ 

DITCH SIZING UTILITY FOR TRIANGULAR AND TRAPEZOIDAL CONFIGURATIONS USING MANNING'S EQUATION: 

ABANDOMENT DITCH - PD-10 

PEAK FLOW= 
BOTTOM WIDTH= 
SIDE SLOPE 1 = 
SIDE SLOPE 2 = 
CHANNEL SLOPE= 
MANNING'S N = 

OUTPUT: 

TRAPEZOIDAL DITCH 

WETTED PERIMETER = 
AREA OF FLOW = 
HYDRAULIC RADIUS, Rh= 
CALC. VELOCITY = 

FREEBOARD REQUIRED= 

TOTAL DEPTH = 

63.88 
10 

2.00:1 
2.00:1 
0.005 
0.069 

CFS 
FT 

FT/FT 
FP(1/6) 

19 67 FT 
30.98 SQ.FT. 
1.57 FT 
2.06 FPS 

1.07 FT 

3.2 FT 

t 
3.2 FT · 

1 l.S''::::,,:c::.,.,.,.,., ........... -:-.. ···· . ·,•. ,,,./:''::::• l 1 
2.0 2.0 

DEPTH OF FLOW = 
MEAN DEPTH= 
FROUDE NO.= 

(1+0.025vdh1/3) 

.,__10.0FT---'> 

2.16 FT 
1.66 FT 
0.28 SUBCRITICAL 

CHANNEL MATERIAL: SOIL AND GRASS LINING 
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CALCULATED BY: -'-R-"-P-'C:.._ __ 1cc0c.ncc/2=-'0'-'1-'-1-
CH ECKED BY: _______ _ 

DITCH SIZING UTILITY FOR TRIANGULAR AND TRAPEZOIDAL CONFIGURATIONS USING MANNING'S EQUATION: 

COMBINATION DITCH - CD-2 

PEAK FLOW= 
BOTTOM WIDTH= 
SIDE SLOPE 1 = 
SIDE SLOPE 2 = 
CHANNEL SLOPE= 
MANNING'S N = 

OUTPUT: 

TRAPEZOIDAL DITCH 

WETTED PERIMETER = 
AREA OF FLOW = 
HYDRAULIC RADIUS, Rh= 
CALC. VELOCITY = 

FREEBOARD REQUIRED= 

TOTAL DEPTH = 

121.00 CFS 
8 FT 

2.00:1 
2.00:1 
0.0675 FT/FT 
0.015 FT•(1/6) 

11.15 FT 
6.64 SQ.FT. 
0.60 FT 
18.21 FPS 

1.41 FT 

2.1 FT 

t 

1 -:•t'':::,::::':::::,::,,,:-:•:•:-:-·-:,:~:.
1

.:.:. -:-:-:-:·:-::-:: ,.-:-:~ 1 
20 2D 

DEPTH OF FLOW = 
MEAN DEPTH= 
FROUDE NO.= 

(1+0.025vd•1i3) 

<--- 8.0 FT--+ 

0.71 FT 
0.61 FT 
4.10 SUPERCRITICAL 



R11649SEDCAD 4 for \/Vindows 
rnnucinh! 1QOR _?(1('17 D::,n-..01:, I C::r-h,rn:,h 

Page No. --'?'--4'----
1 

Mach No. 1 Mine, Facility No. 2 
Phases SA, 7, and 8 

Filename: BenchGutter.sc4 

Typical Bech Gutter 

100 Yr - 6 Hr Event 

RPC 

Alliance Consulting, Inc. 
124 Philpott Ln. 

Beaver, WV 25813 

Phone: 304-255-0491 

Printed 10-08-2011 



R11650SEDCAD 4 for Windows 
rnnurinht 100A _?f)f)7 D,:,mol:::i I C::,-h,.,::,h 

Filename: BenchGutter.sc4 

General Information 

Storm Information: 
Storm Type: NRCS Type II 

Design Storm: 100 yr - 6 hr 

Rainfall Depth: 6.210 inches 

Page No._S'~~---

2 

Printed 10-08-2011 
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SEDCAD 4 for Windows Page No._.i.:.P,..::;G, __ _ 

('nnurinht 100A _?nn7 D<amc.b t C:::r-hw<:ih 
3 

Structure Networking: 

Type 
Stru (flows Stru Musk. K 

Musk. X Description 
# into) # (hrs) 

Null #1 ==> End 0.000 0.000 Bench Gutter 

Filename: BenchGutter.sc4 Printed 10-08-2011 



R11652SEDCAD 4 for Windows 
Page No._-1:.B..,_1-__ _ 

4 

Structure Summary: 
Immediate Total Peak 

Total 
Contributing Contributing Discharge 

Runoff 
Area Area Volume 

(ac) (ac) 
(cfs) (ac-n) 

#1 7.800 7.800 31.66 2.46 

Filename: BenchGutter.sc4 Printed 10-08-2011 
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SEDCAD 4 for Windows 
r,-,nurinhl 1QQR _?nn7 D<>mo.l:> I C::,-.h,.1::,h 

Structure #1 (Null) 

Bench Gutter 

Structure Detail: 

------------------------ . ···--·. 

Filename: BenchGutter.sc4 

00 Page No. __ u_o __ _ 

5 

Printed 10-08-2011 
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SEDCAD 4 for Windows ~Q Page No._-"-'-t __ _ 

6 

Subwatershed Hydrology Detail: 

SWS Area 
Time of Musk K Curve 

Peak Runoff 
Stru sws Cone Musk X UHS Discharge Volume 

# # (ac) 
(hrs) 

(hrs) Number (cfs) (ac-ft) 

#1 1 7.800 0.270 0.000 87.000 M 31.66 2.456 

~ 7.800 31.66 2,456 

Subwatershed Time of Concentration Details: 
Stru sws Land Flow Condition Slope(%) 

Vert. Dist. Horiz. Dist. Velocity Time (hrs) 
# # (ft) (ft) (fps) 

#1 1 
8. Large gullies, diversions, and low 33.33 
flowing streams 

50.00 150.00 17.320 0.002 

8. Large gullies, diversions, and low 
flowing streams 

0.50 10.26 2,052.00 2.120 0.268 

#1 1 Time of Concentration: 0.270 

---------------------- ----

Filename: BenchGutter.sc4 Printed 10-08-2011 
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CALCULATED BY: -'R"-P-'C'----__ 1:..:0c.{lc;./2"'0'-'1-'1-
CHECKED BY: _______ _ 

DITCH SIZING UTILITY FOR TRIANGULAR AND TRAPEZOIDAL CONFIGURATIONS USING MANNING'S EQUATION: 

TYPICAL BENCH GUTTER 

PEAK FLOW= 
BOTTOM WIDTH = 
SIDE SLOPE 1 = 
SIDE SLOPE 2 = 
CHANNEL SLOPE= 
MANNING'S N = 

OUTPUT: 

TRIANGULAR DITCH 

WETTED PERIMETER= 
AREA OF FLOW = 
HYDRAULIC RADIUS, Rh= 
CALC. VELOCITY = 

FREEBOARD REQUIRED= 

TOTAL DEPTH = 

31.7 CFS 
0 FT 

3.00:1 
7.00:1 
0.005 FT/FT 
0.033 FTh(1/6) 

15.83 FT 
11.96 SO.FT. 
0.76 FT 
2.64 FPS 

0.30 FT 

1.8 FT 

DEPTH OF FLOW = 
MEAN DEPTH= 
FROUDE NO.= 

(1+0.025vd'1/3) 

3.0 

t . •.:-::-::•·-:---
.,,,,,-::,::/:. -:: .. 1 · 1 

7.0 

1.55 FT 
0.77 FT 
0.53 SUBCRITICAL 

ADDITIONAL FREEBOARD AVAILABLE BY SLOPE OF BENCH 
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CALCULATED BY: -'-R"-P--=C'---__ 1:..:0::.:n_:_:i2c:.:0:..:1-'-1-
CHECKED BY: _______ _ 

DITCH SIZING UTILITY FOR TRIANGULAR AND TRAPEZOIDAL CONFIGURATIONS USING MANNING'S EQUATION: 

USM DESIGN - DITCH 'L' 

PEAK FLOW= 
BOTTOM WIDTH = 
SIDE SLOPE 1 = 
SIDE SLOPE 2 = 
CHANNEL SLOPE= 
MANNING'S N = 

OUTPUT: 

TRAPEZOIDAL DITCH 

WETTED PERIMETER= 
AREA OF FLOW = 
HYDRAULIC RADIUS, Rh = 
CALC. VELOCITY = 

FREE BOARD REQUIRED= 

TOTAL DEPTH = 

190.77 CFS 
10 FT 

2.00:1 
2.00:1 
0.3333 FT/FT 
0.015 FP(1/6) 

12.28 FT 
5.62 SQ.FT. 
0.46 FT 
33.96 FPS 

1.68 FT 

2.2 FT 

t 
2.2 FT 

2.0 2.0 
<----1 0. 0 FT----!> 

DEPTH OF FLOW = 0.51 FT 
MEAN DEPTH= 0.47 FT 
FROUDE NO.= 8.76 SUPERCRITICAL 

(1+0.025vd'1/3) 
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.-1 Alliance .I-A 
Consulting, Inc. 

BY: RPC 

PROJECT NAME: 

PROJECT NUMBER: 

Page No._~'1~1.-__ _ 

DATE: 10/7/2011 CHKD BY: ____ DATE: ____ _ 

Mach No. 1 Mine, Facility No. 2 Phases SA, 7, and 8 

--"'B~11~·~14~6~-1cc4c,1.,c3 __ SHEET: ____ OF: 

r.:ngineers · Constructors · Scientists DESCRIPTION: ARMORFORM DITCH LINING DITCH 'L' 

DITCH PROPERTIES 

ENTERED VALUES 

DESIGN DISCHARGE (cfs), Q= 190. 77 

BOTTOM WIDTH (ft), b= 10.00 
CHANNEL SLOPE (%), So= 33.33 

SIDE SLOPES. Z= 2.00 

TYPE OF MAT TO BE DESIGNED= USM 

UNIT WEIGHT OF CONCRETE (pcD, Ge= ----'c14'='0"'.o'='o __ _ 
UNIT WEIGHT OF WATER (pcD, Gw= ___ 6~2~.4~0 __ _ 

SUBGRADE FRICTION ANGLE (deg), o= ___ 3~0~.o_o __ _ 

TRACTIVE STRESSES DUE TO FLOW OF WATER 

BOTTOM STRESS 

tb=GW"R*So (psf)= ___ 9~.5=2~--

SJDE SLOPE STRESS 

SIDE SLOPE COEFFICIENT= 0.79 -------
ts=0. 79•1b (psD= --~7~.5~2 __ _ 

TOTAL STRESS 

I (psD = 
T (lb/ft)= 

REQUIRED RESISTING STRESS 

9.52 

DESIRED FACTOR OF SAFETY= ___ 1~.5~--

REQUIRED RESISTING STRESS (psD= 14.28 
(lb/ft) = ---17~5-.3~3---

RESISTING STRESS 

BOTTOM STRESS 

MAT THICKNESS (in), 1= ____ 4~---

CONDITION 
ARMORFORM ON 

SOIL 
ARJv10RFORM ON 

,o QO,C 

CALCULATED VALUES 

MANNING'S COEFFICIENT, n= 0.D15 

DEPTH OF FLOW (ft), y= 0.51 
AREA OF FLOW (sq ft), A= 5.62 

WETTED PERIMETER (ft), P= 12.28 
HYDRAULIC RADIUS (ft), R= 0.46 

VELOCITY OF FLOW (fps), V- 33.96 

LINING PERIMETER (ft)= ___ 719:;c·c:c79,---
TOP WIDTH (ft)= 18. 75 

FREEBOARD (ft)= ---~1.~68 ___ _ 

TOTAL DITCH DEPTH (ft), d= ___ _,2~.1c,:9 __ _ 

COARSE 
GRAINED 

25 

30 

SIDE SLOPE COEFFICIENT 

<1.5 
2 
3 
4 

MAT TYPE 
ABM 
FPM 
USM 

FINE GRAINED NO 
COHESION 

25 

25 

FINE GRAINED 
LOW COHESION 

JO 

25 

0.76 
0.79 
0.85 
0.94 

n 
0.045 
0.025 
0.D15 

COHESIVE 

45 

32.5 

t(Gc-Gw) ( ) 
tr,b= .J , tan(d)-So (psD= ___ 5=.9=9~--

l+So-

SIDE SLOPE STRESS 

tl·.s = t(Gc-G><JJ(Ztan(d) J . .J ,.--::::=; So (psD= --~4~.4"'9 __ _ 
l+Sd vl+Z2 

AVERAGE TOTAL RESISTING STRESS FROM MAT 

Tr,t (psD= --~5~.2=5~-- Tr,J (lb/ft)= 

NOTE: TOTAL RESISTING STRESS INCLUDES FREEBOARD 

PORTION OF MAT. CONSERVATIVELY USING MAT'S 

SUBMERGED UNIT WEIGHT FOR FREEBOARD ZONE. 

103.86 
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Alliance fl 
Consulting, Inc. 

BY: -~R~P~C __ DATE: -~10"-/7'-'/~20~1~1- CHKD BY: ____ DATE: ____ _ 

PROJECT NAME: Mach No. 1 Mine. Facility No. 2 Phases SA, 7. and 8 

PROJECT NUMBER: __ 8~1~1~·~14~6--1~4~1~3 __ SHEET: ____ OF: 

.d:ngineers · Constructors· Scientists DESCRIPTION: 

ANCHOR RESISTING STRESS 

REMAINING RESISTANCE REQUIRED (psD=_-~9'-'.0~3~-

ANCHOR RESISTANCE (PSF)= As"(Phi)(fs)/L '2 

REBAR SIZE (#)= ___ ~5 __ _ 

SOLVE FOR REQUIRED ANCHOR SPACING 

L (ft)= ___ 2_4_.1_6 __ _ 

ARMORFORM DITCH LINING DITCH 'L' 

(lb/ft) = __ 7~1~.4~7 __ 

As=CROSS-SECTIONAL AREA OF REBAR TO BE USED (sq in) 

Phi=SHEAR FACTOR=0.85 

fs=ALLOWABLE STRESS FOR STEEL=20,000 psi 

L=ANCHOR SPACING 

REBAR# As (sq in) 

USE REBAR SPACING OF __ ~2e,0,.c.0c,0 ___ 20 ft MAXIMUM 

3 
4 
5 
6 
7 
8 

0.11 
0.20 
0.31 
0.44 
0.60 
0.79 

RESISTANCE PROVIDED (psD= __ -'1"3'-'.1"8 __ _ 

NOTE: ABOVE IS BASED ON YIELD SHEAR STRESS ON BOLT, MUST ALSO CHECK GROUND ANCHORAGE CAPACITY OF BOLT! 

CHECK UPLIFT 

REQUIRED WEIGHT (lbs), W= __ C~w_•'-'H~•G~w __ 

12*2'".33 

Cw= __ ~3"'.7~--

W (lbs)=_-~7.~8~1 __ _ 

MAT WEIGHT (lbs), Wm= __ l~(G~c~-G~w~)~-
12 

Wm= --~2"5~.8~7 __ _ 

CW= 1.3 FOR USM OR FPM, SHORT TERM 

3.7 FOR USM OR FPM, LONG TERM 

2.0 FOR ABM 

Wm IS GREATER THAN W. NO ADDITIONAL UPLIFT RESISTANCE IS NEEDED. 

DESIGN: USE 4 INCH USM WITH ROOF BOLT (#5) ANCHORS ON 7 FOOT SPACING 

(SEE ANCHOR BOLT SPACING CALC SHEET) 

Design procedure based on Nicolon Corporation, Design Theory Manual for Armorform Erosion Protection Mats, dated September 25, 1989. 



R11659

( 

Page No._1"-~'----

CALCULATED BY: -'-R"-P--'C'--__ 1.:..:0c.fTcc/2=:0:..:1..:.1 _ 
CHECKED BY: _______ _ 

DITCH SIZING UTILITY FOR TRIANGULAR AND TRAPEZOIDAL CONFIGURATIONS USING MANNING'S EQUATION: 

USM DESIGN - DITCH 'I' 

PEAK FLOW= 
BOTTOM WIDTH= 
SIDE SLOPE 1 = 
SIDE SLOPE 2 = 
CHANNEL SLOPE = 
MANNING'S N = 

OUTPUT: 

TRAPEZOIDAL DITCH 

WETTED PERIMETER = 
AREA OF FLOW = 
HYDRAULIC RADIUS, Rh= 
CALC. VELOCITY= 

FREEBOARD REQUIRED= 

TOTAL DEPTH= 

165.26 CFS 
10 FT 

2.00:1 
2.00:1 
0 3333 FT/FT 
0.015 FP(1/6) 

12.09 FT 
5.12 SQ.FT. 
0.42 FT 
32.25 FPS 

1.63 FT 

2.1 FT 

t 
2.1 FT 

2.0 
<--10.0 FT-

DEPTH OF FLOW = 0.47 FT 
MEAN DEPTH= 0.43 FT 
FROUDE NO.= 8.65 SUPERCRITICAL 

(1 +0.025vd'1/3) 
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AllianceLI 
Consulting, Inc. 

BY: RPC 

PROJECT NAME: 

PROJECT NUMBER: 

Page No._..!..~~S __ _ 

DATE: _ _,_10ecic,7ico2,e.01,_1'- CHKD BY: ---- DATE. ----

Mach No. 1 Mine, Facility No. 2 Phases 5A, 7, and 8 

-'-B"-1~1c..-1~4~6c.,-1,c4c.c1e.3 __ SHEET: ____ OF: 

Engineers · Constructors· Scientists DESCRIPTION: ARMORFORM DITCH LINING DITCH 'I' 

DITCH PROPERTIES 

ENTERED VALUES 
DESIGN DISCHARGE (efs), Q= 165.26 

BOTTOM WIDTH (ft), b= 10.00 
CHANNEL SLOPE (%), So= 33.33 

SIDE SLOPES, Z= 2.00 

TYPE OF MAT TO BE DESIGNED= USM 

UNIT WEIGHT OF CONCRETE (pen, Ge= ___ 1~40~·~00'-----
UNIT WEIGHT OF WATER (pen, Gw= __ ~6~2c...4~0 __ _ 

SUBGRAOE FRICTION ANGLE (deg), o=_-~3~0~.o~o __ _ 

TRACTIVE STRESSES DUE TO FLOW OF WATER 

BOTTOM STRESS 

tb=Gw·wso (psn= ----'8".a~•'----

SIDE SLOPE STRESS 

SIDE SLOPE COEFFICIENT= ___ 0c..._79'---

ts=0.79•tb (psn= ___ 6".~98~--

TOTAL STRESS 

I (psn = 
T (lb/ft)= 

REQUIRED RESISTING STRESS 

8.84 
106.94 

DESIRED FACTOR OF SAFETY= ___ ~1~.5 __ _ 

REQUIRED RESISTING STRESS (psn= ----,,1,,3.c'2'c5 __ _ 
(lb/ft) - 160.41 

RESISTING STRESS 

BOTTOM STRESS 

MAT THICKNESS (in), 1= ____ 4~---

CONDITION 
ARMORFORM ON 

SOIL 
ARMORFORM ON 

t.'• n'"llf' 

CALCULATED VALUES 
MANNING'S COEFFICIENT, n= 0.015 

DEPTH OF FLOW (ft). y- 0.47 
AREA OF FLOW (sq ft), A= 5.14 

WETTED PERIMETER {ft), P= 12.10 
HYDRAULIC RADIUS (ft). R= 0.42 

VELOCITY OF FLOW (fps), V= 32.32 

LINING PERIMETER (ft)= ____ 1'-c9"".3'-c8'---
TOP WIDTH (ft)- ____ 1ec8c,.3c,9c_ __ 

FREEBOARD (ft)= ---~1".6'-c3 __ _ 
TOTAL DITCH DEPTH (ft). d= 2.10 

SIDE SLOPE 

<1.5 

2 
3 
4 

MAT TYPE 
ABM 
FPM 
USM 

COEFFICIENT 

0.76 
0.79 
0.85 
0.94 

n 
0.045 
0.025 
0.015 

I COARSE FINE GRAINED NO FII\E GRAINED COHESIVE 
1 GRAINED COHESION LOW COHESION 

I 
25 25 JO 45 

I 
JO 25 25 32.5 

tr~b t(Gc-Gw) (tan(d)-So) (psn= __ _c5cc-9c,9 __ 

✓l+So' 

SIDE SLOPE STRESS 

tr,s = t(Gc- G1-1.) (Ztan(d) ) 
✓l+Sd .Ji+z" So (psn= __ -"4 . .:.,49'---

AVERAGE TOTAL RESISTING STRESS FROM MAT 

Tr,! (psn= __ _c5,c.2:c6~-- Tr,! (lb/ft) = 

NOTE: TOTAL RESISTING STRESS INCLUDES FREEBOARD 
PORTION OF MAT, CONSERVATIVELY USING MA T'S 
SUBMERGED UNIT WEIGHT FOR FREEBDARD ZONE. 

102.05 
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A1lian.ceL7 
Consulting, Inc. 

BY: RPC 

PROJECT NAME: 

PROJECT NUMBER: 

Page No. __ 9c;;~--

DATE: 10/7/2011 CHKD BY: ____ DATE: ____ _ 

Mach No. 1 Mine, Facility No. 2 Phases SA, 7, and 8 

__ ,c81,_1:;:·-"14c,Bc.· 1c,4cc1,c3 __ SHEET: ____ OF: 

Engineers · Constructors· Scientists DESCRIPTION: ARMORFORM DITCH LINING DITCH 'I' 

ANCHOR RESISTING STRESS 

REMAINING RESISTANCE REQUIRED {ps0- ___ 7ec-cc99::_ __ 

ANCHOR RESISTANCE {PSF)= As•{Phi)(fs)IL'2 

REBAR SIZE{#)= ___ _,,5 __ _ 

SOLVE FOR REQUIRED ANCHOR SPACING 

L {ft)= ---"'25ec.6e,8:_ __ 

(lb/ft) =_~58~.3~6~-

As=CROSS-SECTIONAL AREA OF REBAR TO BE USED (sq in) 
Phi=SHEAR FACTOR=0.85 
fs=ALLOWABLE STRESS FOR STEEL=20,000 psi 
L=ANCHOR SPACING 

REBAR# As (sq in) 

USE REBAR SPACING OF __ ....:2.:c0-c.:c0.:c0 ___ 20 ft MAXIMUM 

3 
4 
5 
6 
7 
8 

0.11 
0.20 
0.31 
0.44 
0.60 
0.79 

RESISTANCE PROVIDED (ps0= --~1c.:c3.cc.1.a8 __ _ 

NOTE: ABOVE IS BASED ON YIELD SHEAR STRESS ON SOLT, MUST ALSO CHECK GROUND ANCHORAGE CAPACITY OF SOLT! 

CHECK UPLIFT 

REQUIRED WEIGHT (lbs), W- ---"C::.w..c•H.,_•-"Ge,w __ 
12*2".33 

Cw= ___ .:c3-~7 __ _ 

W (lbs)= ---''ec• 1c,9c_ __ 

MAT WEIGHT (lbs), Wm= __ _,,1(-"G::,C·.cG'-'w"-) __ 
12 

Wm=_-~2=5~.8~7 __ _ 

CW= 1.3 FOR USM OR FPM, SHORT TERM 
3.7 FOR USM OR FPM, LONG TERM 
2.0 FOR ABM 

Wm IS GREATER THAN W. NO ADDITIONAL UPLIFT RESISTANCE IS NEEDED. 

DESIGN: USE 4 INCH USM WITH ROOF BOLT (#5) ANCHORS ON 8.5 FOOT SPACING. 
(SEE ANCHOR BOLT SPACING CALC SHEET) 

Design procedure based on Nico!on Corporation, Design Theory Manual for Armorform Erosion Protection Mats, dated September 25, 1989. 
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Page No._--''l--''t __ _ 

CALCULATEO BY: RPC 10nl2011 
CHECKED BY:=~--~=~-

DITCH SIZING UTILITY FOR TRIANGULAR AND TRAPEZOIDAL CONFIGURATIONS USING MANNING'S EQUATION: 

USM DESIGN - DITCH 'O' 

PEAK FLOW= 
BOTTOM WIDTH= 
SIDE SLOPE 1 = 
SIDE SLOPE 2 = 
CHANNEL SLOPE= 
MANNING'S N = 

OUTPUT: 

TRAPEZOIDAL DITCH 

WETTED PERIMETER = 
AREA OF FLOW= 
HYORAULIC RADIUS, Rh= 
CALC. VELOCITY = 

FREEBOARD REQUIRED= 

TOTAL DEPTH= 

103.02 CFS 
10 FT 

2.00:1 
2.00:1 
0.3333 FT/FT 
0.015 FT'(1/6) 

11.58 FT 
3.79 SQ.FT. 
0.33 FT 
27.17 FPS 

1 48 FT 

1.8 FT 

t 
.•,;, 1.8 FT 

1 LS 
2.0 2.0 

<S--10.0 FT-

DEPTH OF FLOW = 0.35 FT 

MEAN DEPTH= 0.33 FT 
FROUDE NO.= 8.31 SUPERCRITICAL 

(1 +0.025vd'1/3) 
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AllianceL7 
Consulting, Inc. 

BY: RPC 

PROJECT NAME: 

PROJECT NUMBER: 

Page No._'l-'-"-3 __ _ 

DATE: _.c10;,.n'-'/-"20,,_1'-'1'--- CHKD BY: ____ DATE: ____ _ 

Mach No. 1 Mine, Facility No. 2 Phases SA, 7, and 8 

--"'B.,_11c.·.,_14c,6c.·1,c4'-"1-"3-- SHEET: ____ OF: 

i:Engineers ·Constructors· Scientists DESCRIPTION: ARMORFORM DITCH LINING DITCH 'O' 

DITCH PROPERTIES 

ENTERED VALUES 
DESIGN DISCHARGE (cfs), Q= 103.02 

BOTTOM WIDTH (ft), b= 10.00 
CHANNEL SLOPE (%), So= 33.33 

SIDE SLOPES, Z= 2.00 

TYPE OF MAT TO BE DESIGNED= USM 

UNIT WEIGHT OF CONCRETE (pcQ, Ge= __ ...,1',;4,"0.",00,_ __ 
UNIT WEIGHT OF WATER (pcQ, Gw= __ ~6=2~.4~0 __ _ 

SUBGRADE FRICTION ANGLE (deg), o= --~3~0-.0~0 __ _ 

TRACTIVE STRESSES DUE TO FLOW OF WATER 

BOTTOM STRESS 

tb=Gw'R:so {psf)= --~6~. 7~3~-

SIDE SLOPE STRESS 

SIDE SLOPE COEFFICIENT= 0.79 -------
ts=0.79"tb (psQ= ___ 5~-~32~--

TOTAL STRESS 

I (psi)= 
T (lb/ft)= 

REQUIRED RESISTING STRESS 

6.73 
77.89 

DESIRED FACTOR OF SAFETY= ___ ~1~.5 __ _ 

REQUIRED RESISTING STRESS (psQ= ___ 1~0~.1~0 __ _ 
(lb/ft)= 116.83 

RESISTING STRESS 

BOTTOM STRESS 

MAT THICKNESS (in), t= ____ 4~---

CONDITION 
ARMORFORM ON 

SOIL 
ARMORFORM ON 

"'""'" 

CALCULATED VALUES 
MANNING'S COEFFICIENT, n= 0.015 

DEPTH OF FLOW (ft), y= 0.35 
AREA OF FLOW (sq ft), A- 3.75 

WETTED PERIMETER (ft), P= 11.57 
HYDRAULIC RADIUS (ft), R= 0.32 

VELOCITY OF FLOW (fps), V= 26.97 

LINING PERI METER (ft)= ---~1C:8cc. 10:6 __ _ 
TOP WIDTH (ft)= ____ 1"-7".3""0 __ _ 

FREE BOARD (ft)= ___ ..c1c;.4,,:8c_ __ 
TOTAL DITCH DEPTH (ft), d= ___ ...,1c,.8cc3 __ _ 

COARSE 
GRAINED 

25 

JO 

SIDE SLOPE COEFFICIENT 

<1.5 
2 
3 
4 

MAT TYPE 
ABM 
FPM 
USM 

FINE GRAINED NO 
COHESION 

25 

25 

FINE GRAINED 
LOW COHESION 

JO 

25 

0.76 
0.79 
0.85 
0.94 

n 
0.045 
0.025 
0.015 

COHESIVE 

45 

32.5 

lr,b = t(Gc-Gw) (tan(d)-So) (psQ=_-~5".9~9 __ 

✓1 +So" 

SIDE SLOPE STRESS 

rl·.s = t(Gc-G>11 (Ztan(d) ) ~ So (psQ= __ -'4.,_.4~9 __ _ 
✓l+So2 -vl+Z2 

AVERAGE TOTAL RESISTING STRESS FROM MAT 

Tr,! (psQ= --~5-~3=-2 __ _ Tr,t (lb/ft)= 

NOTE: TOTAL RESISTING STRESS INCLUDES FREEBOARD 
PORTION OF MAT, CONSERVATIVELY USING MAT'S 

SUBMERGED UNIT WEIGHT FOR FREEBOARD ZONE. 

96.56 
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Alliance fl 
Consulting, Inc. 

BY: _.,,RccPC~- DATE: 10/7/2011 CHKD BY: ____ DATE: ____ _ 

PROJECT NAME: Mach No. 1 Mine, Facility No. 2 Phases SA, 7, and 8 

PROJECT NUMBER: __ s,_B_c11,:·_,;14:,6c:.·1!.:4,_,1_e3 __ SHEET: ____ OF: 

Lngineers · ConstrUctors · Scientists DESCRIPTION: 

ANCHOR RESISTING STRESS 

REMAINING RESISTANCE REQUIRED (psD= ___ 4~-c.7=.9 __ _ 

ANCHOR RESISTANCE (PSF)= As"(Phi)(fs)/L'2 

REBAR SIZE(#)= ____ 5~---

SOLVE FOR REQUIRED ANCHOR SPACING 

L (ft)= ----=3~3~.1~9 __ _ 

ARMORFORM DITCH LINING DITCH 'O' 

(lb/ft) = _...;c20~.2~7 __ 

As=CROSS-SECTIONAL AREA OF REBAR TO BE USED (sq in) 
Phi=SHEAR FACTOR=0.85 
fs=ALLOWABLE STRESS FOR STEEL=20.000 psi 
L=ANCHOR SPACING 

REBAR# As {sq in) 

USE REBAR SPACING OF __ ~2~0~.o~o ___ 20 ft MAXIMUM 

3 
4 
5 
6 
7 
8 

0.11 
0.20 
0.31 
0.44 
0.60 
0.79 

RESISTANCE PROVIDED (psD= ___ 1_3_.1~8 __ _ 

NOTE: ABOVE IS BASED ON YIELD SHEAR STRESS ON BOLT, MUST ALSO CHECK GROUND ANCHORAGE CAPACITY OF SOL Tl 

CHECK UPLIFT 

REQUIRED WEIGHT (lbs), W= __ -cC-ccwcc•H,,•..,G'cw'--_ 
12*2".33 

Cw= ___ ~3~.7 __ _ 

W (lbs)= ___ 5~-=-36e..._ __ 

MAT WEIGHT (lbs), Wm= --~t(~Gc;c-,c•G~w~) __ 
12 

Wm= ----=2"5'-".8"-7 __ _ 

CW= 1.3 FOR USM OR FPM, SHORT TERM 
3. 7 FOR USM OR FPM, LONG TERM 
2.0 FOR ABM 

Wm IS GREATER THAN W. NO ADDITIONAL UPLIFT RESISTANCE IS NEEDED. 

DESIGN: USE 4 INCH USM WITH ROOF BOLT (#5) ANCHORS ON 20 FOOT SPACING. 

Design procedure based on Nico!on Corporation, Design Theory Manual for Armorform Erosion Protection Mats, dated September 25, 1989. 



R11665Page No._'-1"-o"'-o __ _ 

CALCULATED BY: _:_R::_P_.:cC:_ __ 1:.:c0::.;r7.c:i2c,0:..:1_:_1 _ 
CHECKED BY: _______ _ 

DITCH SIZING UTILITY FOR TRIANGULAR AND TRAPEZOIDAL CONFIGURATIONS USING MANNING'S EQUATION: 

USM DESIGN - DITCH 'P' 

PEAK FLOW= 
BOTTOM WIDTH = 
SIDE SLOPE 1 = 
SIDE SLOPE 2 = 
CHANNEL SLOPE= 
MANNING'S N = 

OUTPUT: 

TRAPEZOIDAL DITCH 

WETTED PERIMETER = 
AREA OF FLOW = 
HYDRAULIC RADIUS, Rh= 
CALC. VELOCITY= 

FREEBOARD REQUIRED= 

TOTAL DEPTH = 

165.08 CFS 
10 FT 

2.00:1 
2.00:1 
0.3333 FT/FT 
0.015 FT"(1/6) 

12.09 FT 
5.12 SQ.FT. 
0.42 FT 

32.24 FPS 

1.63 FT 

2.1 FT 

t 
2.1 FT 

2.0 2.0 
<c---10.0 FT----3> 

DEPTH OF FLOW = 0.47 FT 
MEAN DEPTH= 0.43 FT 
FROUDE NO.= 8.65 SUPERCRITICAL 

(1+0.025vd"1/3) 
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J!JTI Alliance,_A 
Consulting, Inc. 

BY: RPC 

PROJECT NAME: 

PROJECT NUMBER: 

Page No. _ _,_/ ___ o,_/ __ _ 

DATE: 10/7/2011 CHKD BY: ____ DATE: ____ _ 

Mach No. 1 Mine, Facility No. 2 Phases SA. 7, and 8 

--=B~11~--'4~6--1~4~1=3 __ SHEET: ____ OF: 

Engi.neers · Constructors· Scientists DESCRIPTION: ARMORFORM DJTCH LINING DITCH 'P' 

DITCH PROPERTIES 

ENTERED VALUES 

DESI.ON DISCHARGE (efs). Q= 165.08 
BOTTOM WIDTH (ft). b= 10.00 

CHANNEL SLOPE (%). So= 33.33 
SIDE SLOPES. Z= 2.00 

TYPE OF MAT TO BE DESIGNED= USM 

UNIT WEIGHT OF CONCRETE (pen, Ge= ___ 14~0~.0~0 __ _ 

UNIT WEIGHT OF WATER (pen, Gw= ___ 6=2~.4=0~--

SUBGRADE FRICTION ANGLE (deg), o=_-~30~.o=o __ _ 

TRACTIVE STRESSES DUE TO FLOW OF WATER 

BOTTOM STRESS 

tb=Gw•R"So (psn= --~8~-~84~-

SIDE SLOPE STRESS 

SIDE SLOPE COEFFICIENT= 0.79 --~=---
ts=0.7s·tb (psn= __ ~6~.9~8~--

TOTAL STRESS 

t (psn = 
T (lb/ft) = 

REQUIRED RESISTING STRESS 

8.84 
106.94 

DESIRED FACTOR OF SAFETY=_-~1~.5~--

REOUIRED RESISTING STRESS (psn= ___ 1~3~.2=5 __ _ 
(lb/ft)= 160.41 

RESISTING STRESS 

BOTTOM STRESS 

MAT THICKNESS (in), t= ____ 4~---

SIDE SLOPE STRESS 

CONDITION 
ARMORFORM ON 

SOIL 
ARMORFORM ON 

"""" 

CALCULATED VALUES 

MANNING'S COEFFICIENT, n= 0.015 
DEPTH OF FLOW (ft), y= 0.47 

AREA OF FLOW (sq ft), A= 5.14 

WETTED PERIMETER (ft), P= 12.10 
HYDRAULIC RADIUS (ft), R= 0.42 

VELOCITY OF FLOW (fps), V= 32.32 

LINING PERIMETER (ft)= ---~1
7
9

7
.3

7
8 __ _ 

TOP WIDTH (ft)= ---~1=8=.3=9 __ _ 
FREEBOARD (ft)= ----;1,'c.6':3 __ _ 

TOTAL DITCH DEPTH (ft), d= 2.10 

COARSE 
GRAINED 

25 

JO 

SIDE SLOPE COEFFICIENT 

<1.5 
2 
3 
4 

MAT TYPE 
ABM 
FPM 
USM 

FINE GRAINED NO 
COHESION 

25 

25 

FINE GRAINED 
LOW COHESION 

JO 

25 

0.76 
0.79 
0.85 
0.94 

n 
0.045 
0.025 
0.015 

COHESIVE 

45 

32.5 

l'
·.s = t(Gc-G1,;JJ (Ztan(d) J 
, ~ SO (psn= 4.49 

✓ l +Sci' -Jl +Z' ------

AVERAGE TOTAL RESISTING STRESS FROM MAT 

Tr,t (psn= ___ 5~·:c26"----- Tr,t (lb/ft)= 

NOTE: TOTAL RESISTING STRESS INCLUDES FREEBOARD 

PORTION OF MAT, CONSERVATIVELY USING MAT'S 

SUBMERGED UNIT WEIGHT FOR FREEBOARD ZONE 

102.05 
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Alliance£1 
Consulting, Inc. 

BY: RPC 

PROJECT NAME: 

PROJECT NUMBER: 

Page No.~/_0_1,-__ _ 

DATE: -~10~/7~/~20~1~1_ CHKD BY: ____ DATE: ____ _ 

Mach No. 1 Mine, Facility No. 2 Phases SA. 7, and 8 

--=81~1~·~14~6~-1~4~1~3 __ SHEET: ____ OF: 

,c,D.gineers ·Constructors· Scientists DESCRIPTION: ARMORFORM DITCH LINING DITCH 'P' 

ANCHOR RESISTING STRESS 

REMAINING RESISTANCE REQUIRED (ps0= ___ 7~.9~9~--

ANCHOR RESISTANCE (PSF)= As"(Phi)(fs)/L '2 

REBAR SIZE (#)= ___ ~5~---

SOLVE FOR REQUIRED ANCHOR SPACING 

L (ft)= ___ 2~5~.6~8 __ _ 

(lb/ft) =_~58~.3~6 __ 

As=CROSS-SECTIONAL AREA OF REBAR TO BE USED (sq in) 

Phi=SHEAR FACTOR=0.65 
fs=ALLOWABLE STRESS FOR STEEL=20,000 psi 

L=ANCHOR SPACING 

REBAR# As (sq in) 

USE REBAR SPACING OF ___ 2,,,0cc.Oc,Oc__ __ 20 ft MAXIMUM 

3 
4 
5 
6 
7 
8 

0.11 
0.20 
0.31 
0.44 
0.60 
0.79 

RESISTANCE PROVIDED (ps0= __ -'1-"3'--'.1-"8 __ _ 

NOTE: ABOVE IS BASED ON YIELD SHEAR STRESS ON BOLT, MUST ALSO CHECK GROUND ANCHORAGE CAPACITY OF BOLT! 

CHECK UPI !FT 

REQUIRED WEIGHT (lbs), W= --~Cw~•H~•~G~w __ 
12*Z'".33 

Cw= ___ -"3.~7 __ _ 

W (lbs)= ___ 7~.1~9~--

MAT WEIGHT (lbs), Wm= __ ~tl~G_c-~G_w~) __ 
12 

Wm= ___ 2,,,5"'.8~7 __ _ 

CW= 1.3 FOR USM OR FPM, SHORT TERM 

3.7 FOR USM OR FPM, LONG TERM 

2.0 FOR ABM 

Wm IS GREATER THAN W. NO ADDITIONAL UPLIFT RESISTANCE IS NEEDED. 

DESIGN: USE 4 INCH USM WITH ROOF BOLT (#5) ANCHORS ON 8.5 FOOT SPACING. 

(SEE ANCHOR BOLT SPACING CALC SHEET) 

Design procedure based on Nicolon Corporation, Design Theory Manual for Armorform Erosion Protection Mats, dated September 25, 1989. 
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AllianceL7 
Consulting, Inc. 

BY: _ccRP~C~_ DATE: 10/7/2011 CHKD BY: ____ DATE: ____ _ 

PROJECT NAME: Mach No. 1 Mine, Facility No. 2 Phases SA, 7, and 8 

PROJECT NUMBER: __ ,eB_c11.c:·c.14e,B,::·_c14,c1c,3c__ SHEET: ____ OF: 

Engineers · Constructors· Scientists DESCRIPTION: ARMORFORM DITCH LINING COMBINATION DITCH CD-1 

DITCH PROPERTIES 

ENTEREO VALUES 
DESIGN DISCHARGE (cfs), Q= 114.50 

BOTTOM WIDTH (ft), b= 8.00 
CHANNEL SLOPE (%), So= 25.00 

SIDE SLOPES, Z= 2.00 

TYPE OF MATTO BE DESIGNED= USM 

UNIT WEIGHT OF CONCRETE (pcQ, Ge= ___ 14~0~.o"o~--
UNIT WEIGHT OF WATER (pcQ, Gw= __ ~6=2'-'.4=0 __ _ 

SUBGRADE FRICTION ANGLE (deg), 5= --~3=0~.o=o __ _ 

TRACTIVE STRESSES DUE TO FLOW OF WATER 

BOTTOM STRESS 

tb=Gw•WSo (psQ= --~6~.4-"9~-

SIDE SLOPE STRESS 

SIDE SLOPE COEFFICIENT= 0.79 --~---"---

ts=0.79·tb (psQ=_-~5"_"13~-

TOTAL STRESS 

I (psQ = 
T (lb/ft) = 

REQUIRED RESISTING STRESS 

6.49 

DESIRED FACTOR OF SAFETY= ___ ~1-~5 __ _ 

REQUIRED RESISTING STRESS (psQ=_-~9~.7"3~--
(lb/ft) = 98.32 

RESISTING STRESS 

BOTTOM STRESS 

MAT THICKNESS (in), I= ____ 4~---

CONDITION 
ARMORFORM ON 

SOIL 
ARMORFORM ON 

"'""'" 

CALCULATED VALUES 
MANNING'S COEFFICIENT, n= 0.015 

DEPTH OF FLOW (ft), y- 0.47 
AREA OF FLOW (sq ft), A= 4.20 

WETTED PERIMETER (ft), P= 10.10 
HYDRAULIC RADIUS (ft), R= 0.42 

VELOCITY OF FLOW (fps), v- 27.60 

LINING PERIMETER (ft)= ___ ..c16"'.,,_97c._ __ 
TOP WIDTH (ft)-___ .c16,c-!',03'---

FREEBOARD (ft)= ___ _;1"".5,-'4 __ _ 
TOTAL DITCH DEPTH (ft), d-___ _;2c,.0c,1 __ _ 

COARSE 
GRAINED 

25 

JO 

SIDE SLOPE COEFFICIENT 

<1.5 
2 
3 
4 

MAT TYPE 
ABM 
FPM 
USM 

FINE GRAINED NO 
COHESION 

25 

25 

FINE GRAINED 
LOW COHESION 

JO 

25 

0.76 
0.79 
0.85 
0.94 

n 

0.045 
0.025 
0.015 

COHESIVE 

45 

32.5 

tr,b t(Gc-Gw) (tan(d)-So) (psQ= __ ;c8-=21~_ 

✓1+so2 

SIDE SLOPE STRESS 

tr,s = t(Gc-G11}(Ztan(d) -so) 
✓i+scl .J1+z2 (psQ= __ "'s."'se~_ 

AVERAGE TOTAL RESISTING STRESS FROM MAT 

Tr,! (psQ=_-~7~.4~1~-- Tr,! (lb/ft) = 

NOTE: TOTAL RESISTING STRESS INCLUDES FREEBOARD 
PORTION OF MAT, CONSERVATIVELY USING MAT'S 

SUBMERGED UNIT WEIGHT FOR FREEBOARD ZONE. 

125.70 
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AllianceLI 
Consulting, Inc. 

BY: _..eRP,_C"'---- DATE: 10/7/2011 CHKD BY: ____ DATE: ____ _ 

PROJECT NAME: Mach No. 1 Mine, Facility No. 2 Phases SA, 7, and 8 

PROJECT NUMBER: --=8~1~1-~14~6,_-~14~1~3 __ SHEET: ____ OF: 

Engineers · Constructors· Scientists DESCRIPTION: 

ANCHOR RESISTING STRESS 

REMAINING RESISTANCE REQUIRED (psn= __ _c2~.3~3~-

ANCHOR RESISTANCE (PSF)= As•(Phi)(fs)/L'2 

REBAR SIZE (#)-___ .:c5 __ _ 

SOLVE FOR REQUIRED ANCHOR SPACING 

L (ft)= __ __:4°'7"".5"9'---

ARMORFORM DITCH LINING COMBINATION DITCH CD-1 

(lb/ft) = _ _:·:,,_27'-'."'38,__ 

As=CROSS-SECTIONAL AREA OF REBAR TO BE USED (sq in) 
Phi=SHEAR FACTOR=0.85 
fs=ALLOWABLE STRESS FOR STEEL=20,000 psi 
L=ANCHOR SPACING 

REBAR# As (sq in) 

USE REBAR SPACING OF __ --=.20"'."00e_ __ 20 ft MAXIMUM 

3 
4 
5 
6 
7 
8 

0.11 
0.20 
0.31 
0.44 
0.60 
0.79 

RESISTANCE PROVIDED (psn= ___ 1,_,3"-.1"'8'---

NOTE: ABOVE IS BASED ON YIELD SHEAR STRESS ON BOLT, MUST ALSO CHECK GROUND ANCHORAGE CAPACITY OF BOL Tl 

CHECK UPLIFT 

REQUIRED WEIGHT (lbs), W= --=C~vt'~H~•=G~w~-
12*2".33 

Cw= ___ =3~.7 __ _ 

W (lbs)= ___ 7~-~19~--

MAT WEIGHT (lbs), wm- __ _,:l(1cG:.,Cc,-Gc:,W::,) __ 
12 

Wm=_-~2=5=.8~7 __ _ 

CW= 1.3 FOR USM OR FPM, SHORT TERM 
3. 7 FOR USM OR FPM, LONG TERM 
2.0 FOR ABM 

Wm IS GREATER THAN W. NO ADDITIONAL UPLIFT RESISTANCE IS NEEDED. 

DESIGN: USE 4 INCH USM WITH ROOF BOLT (#5) ANCHORS ON 20 FOOT SPACING. 

Design procedure based on Nicolon Corporation, Design Theory Manual for Armorform Erosion Protection Mats, dated September 25, 1989. 
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AllianceLT 
Consulting, Inc. 

BY: _ _,,RPc:C"-- DATE: 10/7/2011 CHKD BY: ____ DATE: ____ _ 

PROJECT NAME: Mach No. 1 Mine, Facility No. 2 Phases 5A, 7, and 8 

PROJECT NUMBER: 811-146-1413 SHEET: ____ OF: 

Engineers ·Constructors· Scientists DESCRIPTION: ARMORFORM DITCH LINING COMBINATION DITCH CO-2 

DITCH PROPERTIES 

ENTERED VALUES 
DESIGN DISCHARGE (els), Q= 121.00 

BOTTOM WIDTH (ft), b= 8.00 
CHANNEL SLOPE(%), So= 6.75 

SIOE SLOPES, Z= 2.00 

TYPE OF MAT TO BE DESIGNED= __ __,e:US,:,M"--

UNIT WEIGHT OF CONCRETE (pcij, Ge= --~1'c'4""0."c00"----
UNIT WEIGHT OF WATER (pcij, Gw= ___ 6,e:2c,;.4::,0'---

SUBGRADE FRICTION ANGLE (deg), o= ___ 3,o0,c,0e,0'---

TRACTIVE STRESSES DUE TO FLOW OF WATER 

BOTTOM STRESS 

lb=Gw•R•So (psij- ----=2c,.5ec2 __ _ 

SIDE SLOPE STRESS 

SIDE SLOPE COEFFICIENT= __ _::0;c..7,:.9 __ _ 

ts=0.79"tb (psij-__ ---'1".9"'-9 __ _ 

TOTAL STRESS 

I (psf) = 
T (lb/ft) = 

REQUIRED RESISTING STRESS 

2.52 

DESIRED FACTOR OF SAFETY-___ 1-"."-5 __ _ 

REQUIRED RESISTING STRESS (psij= __ __,3:c.:.7c=,B~--
(lb/ft) = 42.26 

RESISTING STRESS 

BOTTOM STRESS 

MAT THICKNESS (in), 1- ___ ;o.4 __ _ 

CONDITION 
ARMORFORM ON 

SOIL 
ARMORFORM ON - ""'" 

CALCULATED VALUES 
MANNING'S COEFFICIENT, n= 0.015 

DEPTH OF FLOW (ft), y= 0. 71 
AREA OF FLOW (sq ft), A= 6.69 

WETTED PERIMETER (ft), P= 11.18 
HYDRAULIC RADIUS (ft), R= 0.60 

VELOCITY OF FLOW (fps), V= 18.28 

LINING PERIMETER (ft)= ___ ..,_17;-'.4-"7,-__ 
TOP WIDTH (ft)= ___ .:;16ec.4:,c7'---

FREEBOARD (ft)= ___ _,:1c:,4':1 __ _ 
TOTAL DITCH DEPTH (ft). d= ___ _,2"'.1"'2 __ _ 

COARSE 
GRAINED 

25 

30 

COEFFICIENT 

<1.5 
2 
3 
4 

MAT TYPE 
ABM 
FPM 
USM 

FINE GRAINED NO 
COHESION 

25 

25 

F!l\E GRAINED 
LOW COHESION 

30 

25 

0.76 
0.79 
0.85 
0.94 

n 
0.045 
0.025 
0.015 

COHESIVE 

45 

32.5 

t(Gc-Gw)( ) tr,b=~=--a=-'- tan(d)-So (psij=_-~1~3~.1~6 __ 
✓l+So2 

SIDE SLOPE STRESS 

tr,s = t(Gc-G"'J(Ztan(d) -saJ (psij= 11.59 
..J1+sd ..J1+z2 --~~-

AVERAGE TOTAL RESISTING STRESS FROM MAT 

Tr,! (psij= ___ 1"2"'.3'-'1 __ _ Tr,! (lb/ft) = 

NOTE: TOTAL RESISTING STRESS INCLUDES FREEBOARD 
PORTION OF MAT, CONSERVA T/VEL Y USING MA T'S 

SUBMERGED UNIT WEIGHT FOR FREEBOARD ZONE. 

214.98 
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BY: _ _!>R,cPC=--- DATE: _.,_,o,,,,_c7icc2,c01,_1c....... CHKD BY: ---- DATE: -----

PROJECT NAME: Mach No. 1 Mine, Facility No. 2 Phases 5A. 7, and 8 

PROJECT NUMBER: 811-146-1413 SHEET: ____ OF: 

Engineers · Constructors· Scientists DESCRIPTION: ARMORFORM DITCH LINING COMBINATION DITCH CD-2 

ANCHOR RESISTING STRESS 

REMAINING RESISTANCE REQUIRED {psn= ___ -.;8~.5=2 __ _ 

ANCHOR RESISTANCE {PSF)= As•(Phi){fs)/L '2 

REBAR SIZE (#)= ___ .,,s __ _ 

SOLVE FOR REQUIRED ANCHOR SPACING 

L {ft)- __ _:#:::.N:.,U""M"-! __ 

USE REBAR SPACING OF __ -"'#N..,_U"'M""-! __ 

RESISTANCE PROVIDED {psD= __ -"'#N..,_U"'M""-! __ 

{lb/ft) = -172. 73 

#NUMl 

As=CROSS-SECTIONAL AREA OF REBAR TO BE USED {sq in) 
Phi=SHEAR FACTOR=0.85 
fs=ALLOWABLE STRESS FOR STEEL=20,000 psi 
L=ANCHOR SPACING 

REBAR# 
3 
4 
5 
6 
7 
a 

As (sq in) 

0.11 
0.20 
0.31 
0.44 
0.60 
0.79 

NOTE: ABOVE IS BASED ON YIELD SHEAR STRESS ON BOLT, MUST ALSO CHECK GROUND ANCHORAGE CAPACITY OF BOLT! 

CHECK UPLIFT 

REQUIRED WEIGHT {lbs), W= --','Cw""•°'H"'•°'G"°w __ 
12*Z".33 

Cw= ___ 3~-~7 __ _ 

W {lbs)= ___ 1.c,O,c,8"7 __ _ 

MAT WEIGHT {lbs), Wm= __ .e,t<,eG,cC·0cG:,:W:1.I __ 
12 

Wm= __ _c2s,5c,,8'-'7 __ _ 

CW= 1.3 FOR USM OR FPM, SHORT TERM 
3.7 FOR USM OR FPM, LONG TERM 
2.0 FOR ABM 

Wm IS GREATER THAN W. NO ADDITIONAL UPLIFT RESISTANCE IS NEEDED. 

DESIGN: NO ADDITIONAL RESISTANCE REQUIRED, USE 4 INCH USM WITH ROOF BOLT (#5) ANCHORS 
ON 20 FOOT SPACING. 

Design procedure based on Nicolon Corporation, Design Theory Manual for Armorform Erosion Protection Mats, dated September 25, 1989. 



R11672Page No. I or ~-'---

AllianceO 
Consulting, Inc. 

BY: RPC DATE: 1017/2011 CHKD BY: DATE: ----
PROJECT NAME: Mach No. 1 Mine, Facility No. 2 Phases SA, 7 and 8 

Engineers · Constructors· Scientists 

Lined Channel Anchor Bolt Capacity 
Case: Cohesion/ess Soil 

Factor 
y = soil weight, PCF 
CD= effective angle of soil friction, degrees 

D = Bolt anchorage depth, FT 

z = trial distance to balance forces 

PROJECT NO.: 

DESCRIPTION: 

Frx = Horizontal component of channel tractive force, LB 

a = channel slope, degrees 

Ka= tan2(45° - cJ>/2) 

Kp = tan2{45° + ¢/2) 
d = bolt diameter, feet 

Bll-146-1413 

ANCHOR BOLT DESIGN 

Value 
130 

33.7 
4 

26.57 
0.28630 
3.49281 
0.05208 

I:Forcesx=O Trial values, change these only!! 

Frx + (yD2/2)(Ka-3Kp) + zyD(3Kp-Ka) = 0 
For given D, Compute Fn: for trial z distance 

Fr= FTX/cosa 

D(FT) Bolt<l>{FD Trial z (FT) FTX (LB) 

4 0.05208 1.5 138 
4 0.05208 1.51 135 
4 0.05208 1.52 132 
4 0.05208 1.528 130 
4 0.05208 1.53 130 

FT (LB) 
154 
151 
148 
146 
145 

r Moments = 0 (about bottom of bolt) 

Frx + (yz2/3)(3Kp-Ka) = (yD2/6)(3Kp-Ka) 

For given D, use trial z and trial Fn: to make LM = 0 

D{FT) Bolt¢ {FT} Trial z {FD Trial FTX (LB: FT (LB) 

4 0.05208 1.5 138 154.3 
4 0.05208 1.51 135 151.2 
4 0.05208 1.52 132 148.1 
4 0.05208 1.528 130 145.7 

4 0.05208 1.53 130 145.0 

I:Fx balanced with I:M=0 at z = 1.528, FTx = 130 LBS 

Notes: 1. FT and FTX multiplied by bolt ct> to gel pounds on bolt 

2. If it is impossible to make L M = 0, D is is too short 

(yD2/2}(Ka-3Kg} zyD(3Kg-Ka} 
-552 414 
-552 417 
-552 420 
-552 422 
-552 422 

(vz2/3}(3Kg-Ka) yD2/6)(3kp-Ka 
51.8 184.0 
52.4 184.0 
53.1 184.0 
53.7 184.0 
53.8 184.0 

SHEET ___ _ 

Channel 
Slope 
(H:V) 
2: 1 

2.5: 1 
3: 1 

3.5: 1 
4: 1 

Bolt Cll 
(inches) 

1/2 
5/8 
3/4 

LM=? 
5.8 
3.7 
1.6 
0.0 

-0.4 

3. The above analysis is for anchor bolts driven vertically - if bolts are driven perpendicular to the channel slope, 

then FT= Frx. 

File: Channel Anchor Bolts - 1.xls. hlo, rev. 02/11/2011 

OF 

a 
(dearees) 

26.565 
21.801 
18.435 
15.945 
14.036 

Bolt¢ 

lEil 
0.04167 
0.05208 
0.06250 
0.08333 
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PROJECT NO.: 

Engineers · Constructors· Scientists 
DESCRIPTION: 

From Anchor Bolt Design Sheet: 

Bolt Capacity= 130 lb/ bolt 

# Bolts per Row= 4 

Bolt Capacity= 130 x 4 = 520 lb/ row 

From Armorform Ditch Lining Sheets: 

Ditch 'L' 
Resistance Required = 71.47 lb/ft 

Spacing= (520 / 71.47) = 7.28 ft 

Use Bolt Row Spacing= 7 ft 

Ditch 10' 
Resistance Required = 

Spacing= (520 / 20.27) = 

20.27 lb I ft 

25.65 ft 

Use Bolt Row Spacing= 20 ft (Maximum) 

Combination Ditch CD-1 
Resistance Required = 

Spacing= (520 / 15.63) = 

0 lb I ft 

#D!V/0! ft 

Use Bolt Row Spacing= 20 ft (Maximum) 

Decant Ditch 
Resistance Required = 

Spacing= (520 / 15.63) = 

15.63 lb/ft 

33.27 ft 

Use Bolt Row Spacing= 20 ft (Maximum) 

B11-146-1413 SHEET OF ----
ANCHOR BOLT SPACING 

Ditch 'I' 
Resistance Required = 58.36 lb/ ft 

Spacing= (520 / 58.36) = 8.91 ft 

Use Bolt Row Spacing= 8.5 ft 

Ditch 'P' 
Resistance Required = 58.36 lb I ft 

Spacing= (520 / 58.36) = 8.91 ft 

Use Bolt Row Spacing= 8.5 ft 

Combination Ditch CD-2 
Resistance Required = 

Spacing= (520 / 15.63) = 

0 lb I ft 

#D!V/0! ft 

Use Bolt Row Spacing= 20 ft (Maximum) 
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DATE: ----

Engineers · Constructors· Scientists PROJECT NO.: Bll-146-1413 SHEET ---- OF 1 

DESCRIPTION: Phreatic Line - Pool to Underdrain 

Phase 5A/7 - Section D-D 

Ref: SM Note No. 7, Case V Transformation Factor = fr = (kyl k,) 112 = 0.3333 

wl 

h 

0.0018 cm/sec 

0.0002 cm/sec 

3.00 

h (ft.) 

50.0 

d (ft.) 

44.67 

m (ft.) 

50.00 

0.3m(ft.) yn..lfLl 

15 22.38 
~ 
11.19 

z, = 3.00 Phreatic Line Coordinates 

kylk,= 0.1111 

Yo= (h2 + d2
)

112 
- d 

a= a0 =yof2 

Xr = (fr)(x,) 

xA = x distance on actual section 
Xr = x distance on transformed section 
y = y distance on both sections 

k' = (k,kh)'1' = 

q = k'(h2)/(2d) 

0.00060 cm/sec = 

47.5967 ft
3
/day/ft = 

YlfU 
0.00 
3.00 
6.00 

9.00 

12.00 

15.00 

18.00 
25.00 
30.00 

35.00 

40.00 

50.0 

1.7008 

0.2472 

!I..lflJ. WfLl. Elev. (ft) 
-11.19 -33.57 485.00 

-10.99 -32.97 488.00 

-10.39 -31.16 491.00 

-9.38 -28.14 494.00 

-7.97 -23.92 497.00 

-6.16 -18.49 500.00 

-3.95 -11.85 503.00 

2.77 8.32 510.00 

8.92 26.76 515.00 

16.18 48.54 520.00 

24.56 73.68 525.00 

44.67 134.00 535.00 

ft/day 

gpmlft 

Note: q = k'(h 2)/(2d) when d < h; q = k'y0 when d > h and a> 60°, SM Note No. 7 

wl 

0.3(m) 

I' 'I 
B, 

h 

m .1 

Elev. 538 

z, 
1\-

k'(TW) 

1---i 

~ 

Yo I 
a=180° -•-

• ~_ja, 
x, 

TW• 50 

Elev. 535.0 

TRUE 
SECTION 

y 

TRANSFORMED 
SECTON 

N.T.S. 

z, 
--1, 

y 

XA +--I t 
NTS Drain ---- 1 J 

L_ __________ =:::::::::::~=====:::,, l 
Xd= 30 i"-.1 

File: PhreaticV.xls, hlo, rev. 09/13/2010 <---------1 ~ Elev. 485 
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~·~...__ 

f -

EL. 488 

MAXIMUM PHREATIC 
SURFACE 3 

11 -----

EL. 538 W.S. EL. 535 

PHASE 5A/7 

. _ ~'.:>'' ~ ~ I JJ • \ , I \ =-------------
-~""'',.',) PHASE 4,1'~ , \ 1 

INV. EL. 485 

30' 

PHASE 5A/7 SECTION D-D 
1 "=50' 

CALCULATED PHREATIC 
SURFACE 

r- - I I I'" I 10

111111 I~ CHECKED BY ~ Alliance 
Consulting, Inc. 

INTERNAL DRAIN DESIGN 
MACH NO. 1 MINE, 

FACILllY NO. 2 PLAN MODIFICATION 

DRAWN BY 

Engineers • Constructors · Scientists 
BECKLEY, WV SUMMERSVILLE, WV CANONSBURG, PA 
(304) 255-0491 (304) 883-2360 (724) 745-3630 

PHAS~RE~E~,FO~ND 8 I I I 11~ 
MACH MINING, LLC ~~ti,~~ D 

P.O. BOX 300, JOHNSTON CITY, ILLINOIS 62951 
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_
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PROJECT NAME: Mach No. 1 Mine, Facility No. 2 

Page No._lwl_._1 __ _ 

DATE: ----

Engineers · Constructors· Scientists PROJECT NO.: Bl 1-146-1413 SHEET ----1 OF 

DESCRIPTION: Phreatic Line - Pool to Underdrain 

Phase SA/7 - Section E-E 

Ref: SM Note No. 7, Case V Transformation Factor= fr= (k/ k,) 112 = 0.3333 

wl 

h 

kx= 
k, = 

Zu = 

zd = 

k/k, = 

0.0018 cm/sec 

0.0002 cm/sec 

3.00 
3.00 

0.1111 

Yo= (h2 + d2
)

112 
- d 

a= a, =y,12 

Xr = (y2 
- y,')/(2y,) 

Xr = (fr)(x,J 
xA = x distance on actual section 
Xr = x distance on transformed section 
y = y distance on both sections 

k' = (k,kh) 112 = 0.00060 cm/sec 

q = k'y, = 26.7566 ft3/day/ft 

= 

= 

h (ft.) 

43.0 

d (ft.) 

50.90 

m (ft.) 
43.00 

Phreatic Line Coordinates 

Ylf!J wfU &1flJ 
0.00 -7.87 -23.60 
3.00 -7.58 -22.74 
6.00 -6.72 -20.17 

9.00 -5.29 -15.87 

12.00 -3.29 -9.87 
15.00 -0.71 -2.14 

18.00 2.43 7.29 
21.00 6.15 18.45 
25.00 12.00 35.99 

30.00 20.74 62.22 

35.00 31.07 93.20 
43.0 50.90 152.70 

1.7008 ft/day 

0.1390 gpm/ft 

0.3m (ft.) 'lalfLl 
12.9 15.73 

Elev. (ft) 
492.00 
495.00 
498.00 

501.00 

504.00 
507.00 

510.00 
513.00 
517.00 
522.00 

527.00 
535.00 

Note: q = k'(h2)/(2d) when d < h; q = k'y, when d > hand a > 60°, SM Note No. 7 

h 

Elev. 

-
2, 

11-

0.3(m) 

m 

538 

'\ 

k'(TW) 

I 

Elev. 

TW= 100 

535.0 

TRUE 
SECTION 

•~- • -~-

y 

TRANSFORMED 
SECTON 

N.T.S. 

z, --,, 

l!,,_{f\j 

7.87 

File: Phreat1cV.xls, hie, rev. 09/13/2010 Elev. 492 
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MAXIMUM PHREATIC 
SURFACE 

PHASE 4/6 

INV. EL. 492 

5' 

EL. 538 

PHASE 5A/7 

W.S. EL. 535 

3 
-......_____ I 1 

CALCULATED PHREATIC 
SURFACE 

PHASE 5A/7 SECTION E-E 

1 "=50' 

Alliance 
Consulting, Inc. 

Engineers · Constructors· Scientists 
BECKLEY. WV SUMMERSVILLE, WV CANONSBURG, PA 
(304) 255-0491 (304) 883-2350 (724) 745-3830 

lJ 
Ol 
,:::, 

INTERNAL DRAIN DESIGN 
MACH NO. 1 MINE, 

FACILITY NO. 2 PLAN MOOIFICATION 

DRAWN BY I I JWD 110/11/11 1;. 
CHECKED BY 0 

PHASE 5A, 7, AND 8 !APPROVED BY --
PREPARED FOR I I I MACH MINING LLC DRAmm, 

, NUMBER I 
P.O. BOX 300, JOHNSTON CITY, ILLINOIS 62951 B

11 
_

146
_A

3 

I ,.. .... ',n I II~ 
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PROJECT NAME: Mach No. I Mine, Facility No. 2 

Page No._,l:..cl-'Z'----

DATE: ----

Engineers · Constructors · Scientists PROJECT NO.: Bll-146-1413 SHEET ----1 OF 

DESCRIPTION: Phreatic Line - Pool to Underdrain 

Phase SA/7 - Section F-F 

Ref: SM Note No. 7, Case V Transformation Factor = fr = (k/ k,J'
12 

= 0.3333 

wl 

h 

0.0018 cm/sec 

0.0002 cm/sec 

3.00 

z, = 3.00 

h (ft.) 

35.0 

d (ft.) 

40.17 

m (ft.) 
35.00 

Phreatic Line Coordinates 

0.3m (ft.) Yo.lfLl 
10.5 13.11 

i!o...lfLl. 
6.55 

Y.1fLl. &.illJ. wru Elev. (ft) 

k,lkx= 0.1111 

Yo= (h 2 + ct')"' - d 

a = a, =y,/2 

Xr = (y2 
- y,')/(2y0) 

Xr = (fr)(x,) 
xA = x distance on actual section 

Xr = x distance on transformed section 
y = y distance on both sections 

k' = (kvkh) 11
2 = 

q = k'Yo = 

0.00060 cm/sec = 

22.2967 ft
3
/day/ft = 

0.00 -6.55 
3.00 -6.21 

6.00 -5.18 

9.00 -3.47 

12.00 -1.06 

15.00 2.03 

18.00 5.80 

21.00 10.26 

25.00 17.28 

30.00 27.77 

35.00 40.17 

35.0 40.17 

1. 7008 ft/day 

0.1158 gpmlft 

-19.66 500.00 

-18.63 503.00 

-15.55 506.00 

-10.40 509.00 

-3.19 512.00 

6.08 515.00 

17.41 518.00 

30.79 521.00 

51.85 525.00 

83.31 530.00 

120.50 535.00 

120.50 535.00 

Note: q = k'(h2)/(2d) when d < h; q = k'y0 when d > h and a> 60°, SM Note No. 7 

k'(TW) 

0.3(m) r , i 
wlT-::-7-=:,Z::...:s;z 

B, 

1---1 

h 
y, 

a= 180° -

m 

Elev. 538 

- Elev. 535.0 

z, 
11- TRUE 

SECTION 

y 

TRANSFORMED 
SECTON 

N.T.S. 

z, 
--11 

NTS 
XA +----I f 

.L_:_ _____________ D_rai_n------_--=:::::::::::i,;.::====:~ l 
xd = -20 ~I 

File PhreaticV.xls, hlo, rev. 09/13/2010 +-----1 ~ Elev. 500 
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PHASE 3 

MAXIMUM PHREATIC 
SURFACE 

------
PHASE 3 CAP 

EL. 538 

PHASE SA/7 

!NV. EL. 500 

W.S. EL. 535 

CALCULATED PHREATIC 
SURFACE 

PHASE 5A/7 SECTION F-F 

1 "=50' 

r- ~- I I I JWD I 1D/11/111~ 
CHECKED BY ~ Alliance 

Consulting, Inc. 

INTERNAL DRAIN DESIGN 
MACH NO. 1 MINE, 

FACILITY NO. 2 PLAN MODIFICATION 
PHASE 5A, 7, AND 8 

DRAWN BY 

E11gi11eers ·Constructors· Scientists 
BECKLEY, WY SUMMERSVILLE, WY CANONSBURG, PA 
(304) 255-0491 (304} 883-2360 (724") 745-3830 

PREPARED FOR 

MACH MINING, LLC 
P.O. BOX 300, JOHNSTON CITY, ILLINOIS 62951 

APPROVED BY 

DRAWING 
NUMBER 

B11-146-A5 

----
-----<: 
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BY: RPC DATE: 10/10/2011 CHKD BY: 

PROJECT NAME: Mach No. I Mine, Facility No. 2 

Page No.---'IC.li..:S'----

____ DATE: 

Engineers · Constructors· Scientists PROJECT NO.: Bl 1-146-1413 SHEET_......;. __ OF 1 

DESCRIPTION: Phreatic Line - Pool to Underdrain 

Phase 8 - Section D-D 

Ref: SM Note No. 7, Case V Transformation Factor= fr= (k,J k,) 
112 

= 0.3333 

wl 

h 

k = 
' k = y 

0.0018 cm/sec 

0.0002 cm/sec 

3.00 

z, = 3.00 

k,Jk,= 0.1111 

y, = (h2 + d2
)

112
- d 

a= a, =y,12 

Xr = (y2 
- y,2)/(2y,) 

Xr = (fr)(x,J 

xA = x distance on actual section 
Xr ;;; x distance on transformed section 
y = y distance on both sections 

k' = (k,kh) 112 = 
q = k'(h2)/(2d) 

0.00060 cm/sec = 

72.0083 ft3
/day/ft = 

h (ft.) 

52.0 

d (ft.) 

31.93 

m (ft.) 

52.00 

Phreatic Line Coordinates 

Y.lfLl !L.lf!J. 
0.00 -14.54 

3.00 -14.39 

6.00 -13.93 

9.00 -13.15 

12.00 -12.07 

15.00 -10.68 

18.00 -8.98 

25.00 -3.80 

30.00 0.93 

35.00 6.51 

45.00 20.26 

52.0 31.93 

1. 7008 ft/day 

0.3740 gpmlft 

wru 
-43.63 
-43.17 
-41.78 

-39.46 

-36.21 
-32.03 

-26.93 
-11.41 
2.78 

19.53 

60.79 

95.80 

0.3m (ft.) 'la.lf!J l!oJf:U 
15.6 29.09 14.54 

Elev. (ft) 
533.00 
536.00 

539.00 

542.00 

545.00 
548.00 

551.00 
558.00 
563.00 

568.00 

578.00 

585.00 

Note: q = k'(h2)/(2d) when d < h; q = k'y, when d > h and a > 60°, SM Note No. 7 

k'(TW) 

0.3(m) 

I' 'I 
wlT-7;.,..==;L'v 

1~--i 

B, 

h 
Yo 

a=180° - ~-+-"""' 

TW: 30 

Elev. 588 

- Elev. 585.0 

z, 
11- TRUE 

SECTION 

y 

TRANSFORMED 
SECTON 

N.T.S. 

z, 
--11 

y 

NT.S. 
Drain __ xA ~--' j 

L._ _________ ___.::~=.:::::====~1 
__ x,_= 1_0 -----+~ 

File. PhrealicV.x!s, hie, rev. 09/13/2010 Elev. 533 
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MAXIMUM PHREATIC 
SURFACE 

EL. 538 

PHASE 5A/7 

EL. 588 

PHASE 8 

W.S. EL. 585 

3 
--...____ I 1 

INV. EL. 533 

CALCULATED PHREATIC 
SURFACE 

PHASE 8 SECTION D-D 
1 "=50' 

r J 
A · .--. INTERNAL DRAIN DESIGN DRAWN BY JWD 10/11/11 'g 

lliance ~ MAcH No. 1 MINE. CHECKED BY z 

C . FACILl1Y NO. 2 PLAN MODIFICATION ,-l onsult1ng Inc. PHAsE 5A, 7, AND 8 APPROVED BY 
' PREPARED FOR ,,, 

Engineers ·Constructors· Scientists MACH MINING, LLC ~~,~~ -;:; 
BECKLEY, WV SUMMERSVILLE, WV CANONSBURG, PA P.O. BOX 300, JOHNSTON CllY, ILLINOIS 62951 
(304) 2ss-0491 (304} saJ-2Jso cn4) 745-JsJo _ B11-146-A2 
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AllianceL7 
Consulting, Inc. 

BY: RPC DATE: 10/10/2011 CHKD BY: 

PROJECT NAME: Mach No. l Mine, Facility No. 2 

Page No._lwi_l-'------

OATE: ----

Engineers · Constructors· Scientists PROJECT NO.: Bll-146-1413 SHEET ---- OF 1 

DESCRIPTION: Phreatic Line - Pool to Underdrain 

Phase 8 - Section E-E 

Ref: SM Note No. 7. Case V Transformation Factor= fr= (k/ k,) 112 = 0.3333 

wl 

h 

kx = 
ky = 

Zu = 

zd = 

k/k, = 

0.0018 cm/sec 

0.0002 cm/sec 

3.59 

3.00 

0.1111 

Ya= (h 2 + d2
) 1

12 
- d 

a= a0 =yaf2 

Xr = (y2 
• y/)l(2Yo) 

Xr = (fr)(x,J 

xA = x distance on actual section 
xr = x distance on transformed section 
y = y distance on both sections 

k" = (k,k,) 112 = 0.00060 cm/sec 

q = k'Ya = 36.5053 113/day/ft 

= 

= 

h (ft.) 

52.0 

d (ft.) 

52.26 

m (ft.) 
62.23 

Phreatic Line Coordinates 

tifLl &.illJ. &1f.!J. 
0.00 -10.73 -32.20 

3.00 -10.52 -31.57 

6.00 -9.89 -29.68 

9.00 -8.84 -26.53 

12.00 -7.38 -22.13 

15.00 -5.49 -16.47 

18.00 -3.18 -9.55 

25.00 3.83 11.48 
30.00 10.23 30.70 

35.00 H.80 53.41 

45.00 36.44 109.32 

52.0 52.26 156.77 

1.7008 ft/day 

0.1896 gpmlft 

Note: q = k'(h 2)/(2d) when d < h; q = k'y0 when d > h and a > 60°, SM Note No. 7 

0.3(m) 

r '\ 
wl 

Ba 

h 

m ,I 

Elev. 588 

z, 

k'(TW) 1-----, 

y, 

a=180° -

. ~•-. 
Xr 

TW• 30 

Elev. 585.0 

TRUE 

y 

TRANSFORMED 
SECTON 

N.T.S. 

z, 
--1, 

0.3m {ft.) yJf!J 

18.668 21.46 

Elev. {ft) 
533.00 
536.00 
539.00 

542.00 

545.00 
548.00 

551.00 
558.00 
563.00 

568.00 

578.00 
585.00 

&JfLl 
10.73 

y 1\-
SECTION 

~J.T.8. ora;n-xA I j 
L_ __________ ...::::::::::::~==~ 1 
File: PhreaticV.xls, h!o, rev. 09/13/2010 

+---x,_= 6_0 _ ____,~ 
Elev. 533 
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PHASE 5A/7 

ACCESS 
ROAD 

MAXIMUM PHREATIC 
SURFACE 

3.59 (AVG. 
1 I 

INV. EL. 533 

60' 

EL 588 

PHASE 8 

CALCULATED PHREATIC 
SURFACE 

PHASE 8 SECTION E-E 
1 "=50' 

W.S. EL. 585 

-u 

t- _,_ I I I JWD I 10/11/11 I'! 
Alliance 

Consulting, Inc. 

INTERNAL DRAIN DESIGN 
MACH NO. 1 MINE, 

DRAWN BY 

CHECKED BY 
FACILITY NO. 2 PLAN MODIFICATION 

PHASE 5A, 7, AND 8 APPROVED BY 

Engineers · Constructors· Scientists 
BECKLEY, WV SUMMERSVlll.E, WV CANONSBURG, PA 
(304) 255-0491 (304) 883-2360 (724) 745-3630 

PREPARED FOR 

MACH MINING, LLC ~~t,~~ 
P.O. BOX 300, JOHNSTON CITY, ILLINOIS 62951 1-

8
-
1

-'-'
1 

cc._c:..:
14

""'
6
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4
-1-----1 

0 

'
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Page No.---'l-'-1-'-9 __ _ 

AllianceO 
Consulting, Inc. 

BY: RPC DATE: 10/10/2011 CHKD BY: ____ DATE: 

Engineers · Constructors· Scientists 

Ref: SM Note No. 7, Case V 

PROJECT NAME: Mach No. 1 Mine, Facility No. 2 

PROJECT NO.: B11-146-1413 SHEET _ __; __ 

DESCRIPTION: Phreatic Line - Pool to Underdrain 

Phase 8 - Section F-F 

Transformation Factor = fr = (k/ kJ 112 = 

OF 

0.3333 

kx = 

k, = 

Zu = 
Za = 

0.0018 cm/sec 

0.0002 cm/sec 

3.00 

h (ft.) 
52.0 

d (ft.) 

35.27 

m (ft.) 0.3m (ft.) Yo..lfLl ~ 
52.00 15.6 27.56 13.78 

3.00 

k/kx = 0.1111 

Yo= (h2 + d2
)

112
- d 

a = a0 =y,12 

Xr = (y' - Yo 2)/(2y0 ) 

Xr = (fr)(x,J 

xA = x distance on actual section 
xT = x distance on transformed section 
y = y distance on both sections 

k' = (k,kh) 112 = 
q = k'(h2)/(2d) 

0.00060 cm/sec = 
65.2022 ft

3/day/ft = 

Phreatic Line Coordinates 

Y..lfLl &Jru &JfLl 
0.00 -13.78 -41.35 
3.00 -13.62 -40.86 

6.00 

9.00 

12.00 
15.00 

18.00 
25.00 
30.00 

35.00 

45.00 
52.0 

-13.13 

-12.31 

-11.17 
-9.70 

-7.91 
-2.45 
2.54 

8.44 

22.95 
35.27 

1. 7008 ft/day 

0.3387 gpmlft 

-39.39 

-36.94 

-33.51 
-29.10 

-23.72 
-7.34 
7.63 

25.32 

68.85 
105.80 

Elev. (ft) 
533.00 
536.00 
539.00 

542.00 

545.00 
548.00 

551.00 
558.00 
563.00 

568.00 

578.00 
585.00 

Note: q = k'(h 2)/(2d) when d < h; q = k'y0 when d > h and a> 60°, SM Note No. 7 

wl T-r-=:;z'....s;, 
Bo 

h 

Y, i 
a = 180° ...L_ 

m 

TW• 30 

Elev. 588 

wl -.-----=i':_fc-----,,L. Elev. 585.0 

y 

TRANSFORMED 
SECTON 

N.T.S. 

z, 
--11 

h 1\-- TRUE y 

L::::__ ___________ S_E_N~-T~-~~-N ______ o_r_•_in_-_xA_-_:~;~::S:=====::::::,, l 
File; PhreaticV.x!s, hlo, rev. 09/13/2010 

Xd= 20 I' 
l+----~I'-...__ Elev. 533 
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MAXIMUM PHREATIC 
SURFACE 

PHASE 5A/7 

EL. 588 

20· 

!NV. EL. 533 

W.S. EL. 585 

3 
---.._ I 1 

PHASE 8 

CALCULATED PHREATIC 
SURFACE 

PHASE 8 SECTION F-F 
1 "=50' 

Alliance LI 
Consulting, Inc. 

Engineers ·Constructors· Scientists 
BECKLEY, VN SUMMERSVlLLE, VN CANONSBURG, PA 
(30-4) 255-0-491 (30-4) 883-2360 (72-4) 745-3630 

INTERNAL DRAIN DESIGN 
MACH NO. 1 MINE, 

FACILITY NO. 2 PLAN MODIFICATION 
PHASE 5A, 7, AND 8 

1J 
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A1liance0 
Consulting, Inc. 

BY: RPC DATE: 10/10/2011 CHKD BY: 

PROJECT NAME: Mach No. I Mine, Facility No. 2 

Page No._:_1.::.1--..:.\ __ _ 

____ DATE: 

Engineers · Constructors· Scientists PROJECT NO.: Bl 1-146-1413 SHEET _ _:_1 __ OF 1 

DESCRIPTION: Phreatic Line - Pool to Undcrdrain 
Phase 2-3 Connector Option 

Ref: SM Note No. 7, Case V Transformation Factor= IT= (k/ kxl 
112 

= 0.3333 

wl 

h 

k = X 0.0018 cm/sec 

k,= 0.0002 cm/sec 

Zu = 3.00 

zd = 3.00 

k/kx = 0.1111 

Yo= (h2 + ct')"' - d 

a= a, =yc/2 

XT = (y' - y/)/(2y0 ) 

XT = (fT)(X,) 
xA = x distance on actual section 

xT = x distance on transformed section 
y = y distance on both sections 

k' = (kvkh) 112 = 0.00060 cm/sec = 

q=k'yo= 20,7637 ft3/day/ft = 

h (ft.) 
37.5 

d (ft.) 

51.49 

m (ft.) 
37.50 

Phreatic Line Coordinates 

Yl!Ll. !I..illJ. wftl 
0,00 -6.10 -18,31 
2.00 -5,94 -17.82 

4.00 -5.45 -16.35 

6,00 -4.63 -13,89 

8,00 -3.48 -10.45 

10,00 -2,01 -6,03 

15.00 3.11 9.33 

20,00 10.28 30.83 

25,00 19.49 58.48 

30.00 30.76 92,27 

35.00 44.07 132.20 

37.5, 51.49 154.47 

1,7008 ft/day 

0.1079 gpmlft 

0.3m (ft.) YoJfLl. 
11.25 12.21 

Elev. (ft) 
461.50 
463.50 
465.50 

467,50 

469.50 
471,50 

476.50 
481.50 
486.50 

491.50 

496,50 
499.00 

Note: q = k'(h2)/(2d) when d < h; q = k'y0 when d > h and a > 60°, SM Note No. 7 

0.3(m) 

I' •' I 
wl 

B, 

h 

m ,I 

Elev. 502 

z,, 

k'(TW) 

l+---1 

'a--

Y, 

a=180° -

, =9~~-
XT 

TW= 50 

Elev. 499.0 

TRUE 

y 

TRANSFORMED 
SECTON 

N.T.S. 

z,, 
--11 

.wru 
6.10 

y 11-
SECTION 

N.T.S. 
XA ~ i 

L._:_ ____________ D_rain_-_-=:::::::::::::t' -=:===:='::::::::,, l 
File: PhreaticV.x!s, hlo, rev. 09/13/2010 

xd=61.72 ~I 
I,.___ _ ___, I ~ Elev. 461.5 
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CALCULATED PHREATIC 
SURFACE 

INV. EL. 561.5 
61.7' 

EL. 502 

PHASE 2-3 CONNECTOR 

W.S. EL. 499 

3 

--------- I 1 

- - - - - ~EXISTI~ GROUND 

PHASE 2-3 CONNECTOR SECTION G-G 
1 "=50' 

r ~ 

A · .---, INTERNAL DRAIN DESIGN DRAWN BY JWD 10/11/11 'g 
ll1ance ._. MACH No. 1 MINE. CHECKED BY 15 

C 1 
• I FACILITY NO. 2 PLAN MODIFICATION · onsu ting nc. PHASE 5A, 7, AND 8 

J PREPARED FOR 

Engineers · Constructors · Scientists MACH MINING, LLC 

APPROVED BY 

I DRAWING I 11;::; 
NUMBER f" 

BECKLEY. WV SUMMERSVlLLE. WV CANONSBURG, PA P.O. BOX 300, JOHNSTON CITY, ILLINOIS 62951 
(304) 255-0491 (304) 883-2360 (724) 745-3630 B11-146-A7 
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AllianceO 
Consulting, Inc. 

Engineers · Consrructors · Scientists 

Calculation to check capacity of internal gravel drain. 

Use same aggregate as previous underdrain stages. 

CALC. BY: RPC 

PROJECT NAME: 

PROJECT NUMBER: 

DESCRIPTION: 

Aggregate supplied by Freedom Materials, washed river gravel. 

3/8" to 1·1/2" 
66. 7% is 3/8" to 1" 

33.3% is 1" to 1-1/2" 

Underdrain is on a 0.005 ft/ft slope 

Aggregate underdraln area= 15.4 ft2 

0% < 3/8" 

0% > 1-1/2" 

Page No.~(_1-__ 3 __ _ 

DATE: 10/11/2011 CHKD, BY: __ --,- DATE: 

MACH NO. 1 MINE, FACIL!iY NO. 2 WEST OF DIWANA 

811-146-1413 SHEET 1 OF 1 

INTERNAL GRAVEL DRAIN CAPACITY 

Aggregate should have a permeability> Gradation No. 15 {See Figure No. 1 and Figure No. C-15) 

For hydraulic gradient(!) =0.005 

q/A=0.38x10' ft/d 

Q= 5852 ft'/d 

Check ilbility of aggregate to admit flow to perforated pipe 

Smallest head in Phase SA/7 

Calculated phreatic level above drain= 16.68 ft 

To center of underdrain 'h = 14.68 ft 

i=14.68/2= 7.34 

For i = 7.34, (q/A)x103 > 4.0 

A= 4 ft x 4(1 ft width)= 16 ft2 
/ ft 

Q > (16)(4x103
) = 64x103 ft

3 /d-ft 

Max calculated groundflow = 72 ft3/d-ft 

Q= 64xl03 ft3/d-ft > 72 ft3/d•ft 

F.S. = 64x103 
/ 72 = 888.9 > 10 OK 
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MATERIALS U.S. DEPARTMENT of AGRICULTURE DRAIN MATERIALS 
TESTING REPORT SOIL CONSERVATION SERVICE 

PROJECT and STATE 
Project Study No. 101 

DESIGNED AT I BV l OATE 
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Figure 1. Gradations of sands and gravels tested 
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Alliancell 
Consulting, Inc. 

Engineers · Constructors· Scientists 

Check ability of fabric to admit flow into the underdrain. 

Use GEOTEX 501 {See Manufacturers Data Sheet for Specs) 

Required permittivity: 

q = KiA = K(6h/t)A 
t = Thickness of fabric 
l!.h = 16.68 ft 

CALC. BY: RPC 

PROJECT NAME: 

PROJECT NUMBER: 
DESCRIPTION: 

q = 26.7566 ft3/d-ft = 0.0003097 ft3/s-ft 
K/t = lV = Permittivity of fabric 

K/t = <J, = q/(6hA) 

For F.S. = 10 use 10xq = 0.003097 ft3
/s-ft 

Required 4' = 0.003097 = 0.00001160 sec·1 

(16.68)116) 

OK 

Check geotextile clogging potential. 

From previous gradation tests on placed CCR: 

Smallest d85 = 7 mm 

Criteria• AOS S d 85 soil 

EOS =ACS=# 70 sieve= 0.210 mm< 7 mm OK 

NRCS Criteria - For a nonwoven geotextile: 
AOS:;;; # 40 sieve (# 70 Provided} 

tjJ > 0.7 sec·1 (1.4 sec"1 Provided) 

Geotexti!e meets both criteria 

Page No._lsci:...c, __ _ 

DATE: 10/11/2011 CHKD. BY: ____ DATE: 

MACH NO. 1 MINE, FACILITY NO. 2 WEST OF DIWANA 

SHEET 1 OF 1 

FILTER FABRIC PERMITTl\lllY AND CLOGGING POTENTIAL 
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GEOTEX 501 is a polypropylene, staple fiber, needlepunched nonwoven geotextile 
produced by Propex, and will meet the following Minimum Average Roll Values (MARV) 
when tested in accordance with the methods listed below. The fibers are needled to form 
a stable network that retains dimensional stability relative to each other. The geotextile 
is resistant to ultraviolet degradation and to biological and chemical environments 
normally found in soils. 

GEOTEX 501 conforms to the property values listed below. 1 Propex performs internal 
Manufacturing Quality Control (MQC) tests that have been accredited by the Geosynthetic Accreditation Institute - Laboratory Accreditation Program (GAi-LAP). 

Mechanical 
Tensile Strength (Grab) ASTM D-4632 140 los 623 N 
Elongation ASTM D-4632 50% 50% 
Puncture ASTM D-4833 85 lbs 378 N 
CBR Puncture ASTM D-6241 360 lbs 1601 N 
Mullen Burst ASTM D-3786 280 psi 1930 kPa 
Trapezoidal Tear ASTM D-4533 60 lbs 267 N 
:.ndur~mce 
UV Resistance ASTN\ D-4355 70% 70% 
Hydrauiic 
Apparent Opening Size 
(A0S) 3 ASTM D-4751 70 US Std. Sieve 0.212 mm 
Permittivity t-.STM D-4491 1.40 S·2C 1.40 sec· 1 

Water Flow Rate ASTM D-,;49, 115 gpmlft~ 4686 I/minim 
Roi! 51::.-2s 15 ft >: 360 ft 4.57 m X 109.8 Ill 

HOTES: 
1. The property values listed above are eff ec11ve 08/2006 and are subject to change without notice . 
2 Values shown are in weaker principal direclion Mrnimum ave;age roll values (!.1f\RV) are calculated as the typr:::al minus two standard dev;ations Stai1shcally. i! yields 2 97.7% degree of confia'.!nce lt',at any sample~ ~~.en from o_uahly assurance testing will exceed the value reported. 
3. Maximum average ron value 

71H 

01~,• Lan:1,~f-. ••vr~rn;:t• XJ', Supe•Urc', ~etoun,.,• and ~~<rot~· ••~ ,~iuw,ed u,oe""";_, ol r-,~,,,,, '"" 

Prori~•x Inc. 
6025 L':'e Highway, Suite ,-::;5 
PO eox :27E:8 
Cr,a~[anooga, TN :1.-.22 

PH· 42.3 £99 0.:.14 
PH: 800 62i i273 
FAX: ,f23 899 7619 
WWW . .[; E.'Oi.e xt i le. com 
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CALC. BY: RPC DATE: 10/11/2011 CHKD. BY: ____ DATE: 

PROJECT NAME: MACH NO. 1 MINE, FACILITY NO. 2 WEST OF D!WANA 

PROJECT NUMBER: B11-146-1413 SHEET 1 OF 1 
AllianceO 

Consulting, Inc. DESCRIPTION: PHASE SA/7 INTERNAL DRAIN PIPE SIZE AND CAPACITY 

Engineers · Constructors · Scientists 

For Factor of Safety= 10, 0oRAJN has been multiplied by 10 and the pipe sized according to this flow. 

n= 0.015 (aged HOPE) 

n 
Ref. : Hydrology and Hydraulic Systems, Table 10.1 Geometric Elements for Circular Section 

'" Min. Diameter based on C4iEQ flowing full. 

Pipe 1.D. based on DR-26 HOPE pipe 

Length of 
0.oRAIN 

Outlet q fft'/d/ft) pipe/dam, L 
(ft'/d) (qxl) (ft) 

1 47 .5967 339.14 16,141.94 

2 47.5967 339.14 16,141.94 

3 47.5967 276.06 13,139.55 

4 47.5967 276.06 13,139.55 

5 47.5967 306.91 14,607.90 

6 47.5967 306.91 14,607.90 

7 26.7566 443.68 11,871.37 

8 26.7566 433.12 11,588.82 

9 22.2967 459.70 10,249.79 

10 22.2967 459,70 10,249.79 

11 22.2967 355.31 7,922.24 

12 26.7566 351.83 9,413.77 

13 26.7566 351.83 9,413.77 

14 26.7566 302.19 8,085.58 

Length of 
0oRAIN 

Outlet q (ft'/d/ft) pipe/dam, L 
(ft'/d) (qxl) (ft) 

1 47.5967 678.28 32,283.89 

2 47.5967 678.28 32,283.89 

3 47.5967 552.12 26,279.09 

4 47.5967 552.12 26,279.09 

5 47.5967 613.82 29,215.81 

6 47.5967 613.82 29,215.81 

7 26.7566 887.36 23,742.74 

8 26.7566 866.24 23,177.64 

9 22.2967 919.40 20,499.59 

10 22.2967 919.40 20,499.59 

11 22.2967 710.62 15,844.48 

12 26.7566 703.66 18,827.55 

13 26.7566 703.66 18,827.55 

14 26.7566 604.38 16,171.15 

PHASE SA/7 COLLECTION LINES 

OaeQ 
Design 

(10xOoiv.1Nl 
0,p_EQ (cfs) Slope 

(ft/ft) 

161,419.45 1.87 0.005 

161,419.45 1.87 0.005 

131,395.45 1.52 0.005 

131,395.45 1.52 0.005 

146,079.03 1.69 0.005 

146,079.03 1.69 0.005 

118,713.68 1.37 0.005 

115,888.19 1.34 0.005 

102,497.93 1.19 0.005 

102,497.93 1.19 0.005 

79,222.40 0.92 0.005 

94,137.75 1.09 0.005 

94,137.75 1.09 0.005 

30,855.77 0.94 0.005 

PHASE SA/7 OUTLET DRAIN LINES 

OaeQ 
Design 

(l0xO.OMml 
Cln.EQ (cfs) Slope 

(ft/ft) 

322,838.90 3.74 0.010 

322,838.90 3.74 0.010 

262,790.90 3.04 0.010 

262,790.90 3.04 0.010 

292,158.06 3.38 0.010 

292,158.06 3.38 0.010 

237,427.37 2.75 0.010 

231,776.37 2.68 0.010 

204,995.86 2.37 0.010 

204,995.86 2.37 0.010 

158,444.81 1.83 0.010 

188,275.49 2.18 0.010 

188,275.49 2.18 0.010 

161,711.54 1.87 0.010 

Note: Outlet drain lines convey flow from two collection lines (0 is doubled). 

Pipe Dia.* 

(inches) 

11.319 
11.319 

10.478 

10.478 

10.903 

10.903 
10.087 

~9.996 
9.546 

9.546 
8.667 

9.246 
9.246 

8.734 

Pipe Dia.• 

(inches} 

12.889 

12.889 

11.932 

11.932 

12.416 
12.416 

11.487 

11.383 

10.871 
10.871 

9.870 

10.~::!U 

10.530 
9.946 

Pipe 0.0. Pipe I.D. 

(actual) (actual} 
C4-uLL (cfs) 

12 11.710 2.05 

12 11.710 2.05 

12 11.710 2.05 

12 11.710 2.05 

12 11.710 2.05 

12 11.710 2.05 

12 11.710 2.05 

12 11.710 2.05 

10 9.873 1.30 

10 9.873 1.30 

10 9.873 1.30 

10 9.873 1.30 

10 9.873 1.30 

10 9.873 1.30 

Pipe 0.0. Pipe 1.0. 

(actual) {actual) 
Cl.r--uLL (cfs) 

16 14.695 5.30 

16 14.695 5.30 

14 12.858 3.71 

14 12.858 3.71 

14 12.858 3.71 

14 12.858 3.71 

12 11.710 2.89 

12 11.710 2.89 

14 12.858 3.71 

14 12.858 3.71 

12 11.710 2.89 

1L !l.710 2.89 

12 11.710 2.89 

12 11.710 2.89 
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For Factor of Safety= 10, OoRAIN has been multiplied by 10 and the pipe sized according to this flow. 

n= 0.015 {aged HOPE) 

n 
Ref. : Hydrology and Hydraulic Systems, Table 10.1 Geometric Elements for Circular Section 

"' Min. Diameter based on Cl;u:a flowing full. 

Pipe I.D. based on DR-26 HOPE pipe 

PHASE 8 COLLECTION LINES 

length of 
0oAAJN a..,. Design 

Pipe Dia."' Pipe O.D. Pipe I.D. 
Outlet q (ft'/d/ft) pipe/dam, L 

(ft'/d) (qxl) {lOxOoM1Nl 
°'1Eo (cfs) Slope 

(inches) (actual} {actual) 
0ruLt (cfS) 

(ft) (ft/ft) 

15 72..0083 331.53 23,872.91 238,729.12 2.76 0.005 13.108 16 14.695 3.75 

16 72.0083 331.53 23,872.91 238,729.12 2.76 0.005 13.108 16 14.695 3.75 

17 72.0083 352.40 25,375.72 253,757.25 2.94 0.005 13.411 16 14.695 3.75 

18 72.0083 264.40 19,038.99 190,389.95 2.20 0.005 12.041 14 12.858 2.62 

19 72.0083 264.40 19,038.99 190,389.95 2.20 0.005 12.041 14 12.858 2.62 

20 65.2022 409.61 26,707.47 267,074.73 3.09 0.005 13.671 16 14.695 3.75 

21 65.2022 409.61 26,707.47 267,074.73 3.09 0.005 13.671 16 14.695 3.75 

22 65.2022 388.10 25,304.97 253,049.74 2.93 g.005 13.397 16 14,695 3.75 

23 65.2022 388.10 25,304.97 253,049.74 2.93 0.005 13.397 16 14.695 3.75 

24 65.2022 267.54 17,444.20 174,441.97 2.02 0.005 11.653 12 11.710 2.05 

25 65.2022 294.44 19,198.14 191,981.36 2.22 0.005 12.079 14 12.858 2.62 

26 36.5053 337.89 12,334.78 123,347.76 1.43 0.005 10.232 12 11.71 2.05 

27 65.2022 316.67 20,647.58 206,475.81 2.39 0.005 12.413 14 12.858 2.62 

PHASE 8 OUTLET DRAIN LINES 

Length of 
0oM!N °"" 

Design 
Pipe Dia.• Pipe O.D. Pipe I.D. 

Outlet q (ft'/d/ft) pipe/dam, L 
(ft'/d) (qxl) {l0xOoMtNl 

0,.,0 (cfs) Slope 
(inches) (actual) {actual) 

~uu (cfs) 

(ft) (ft/ft) 

15 72.0083 663.06 47,745.82 477,4S8.23 5.53 0.010 14.927 18 16.532 7.26 

16 72.0083 663.06 47,745.82 477,458.23 5.53 0.010 14.927 18 16.532 7.26 

17 72.0083 704.80 50,751.45 507,514.50 5.87 0.010 15.272 18 16.532 7.26 

18 72.0083 528.80 38,077.99 380,779.89 4.41 0.010 13.713 16 14.695 5.30 

19 72.0083 528.80 38,077.99 380,779.89 4.41 0.010 13.713 16 14.695 5.30 

20 65.2022 819.22 53,414.95 534,149.46 6.18 0.010 15.568 18 16.532 7.26 

21 65.2022 819.22 53,414.95 534,149.46 6.18 0.010 15.568 18 16.532 7.26 

22 65.2022 776.20 50,609.95 506,099.48 5.86 0.010 15.256 18 16.532 7.26 

23 65.2022 776.20 50,609.95 506,099.48 5.86 0.010 15.256 18 16.532 7.26 

24 65.2022 535.08 34,888.39 348,883.93 4.04 0.010 13.270 16 14.695 5.30 

25 65.2022 588.88 38.396.27 383,962.72 4.44 0.010 13.755 16 14.695 5.30 

26 36.5053 675.78 24,669.55 246,695.52 2.86 0.010 11.653 12 11.710 2.89 

27 65.2022 633.34 41,295.16 412,951.61 4.78 0.010 14.136 16 14.695 5.30 

Note: Outlet drain lines convey flow from two collection lines (Q is doubled). 
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PHASE 2-3 CONNECTOR (OPTION) INTERNAL DRAIN 

PIPE SIZE AND CAPACITY 

For Factor of Safety= 10, OoRAiN has been multiplied by 10 and the pipe sized according to this flow. 

n= 0.015 (aged HOPE) 

n 
Ref. : Hydrology and Hydraulic Systems, Table 10.1 Geometric Elements for Circular Section 

*Min.Diameter based on Oi,,EQ flowing full. 

Pipe 1.D. based on DR-26 HOPE pipe 

PHASE 2-3 CONNECTOR COLLECTION LINES 

Length of 
ClvRAIN °''" 

Design 
Pipe Dia,• Pipe O.D. Pipe I.D. 

Outlet q (ft3/d/ft) pipe/dam, L 
(ft3/d) (qxl) (lOxOoRA1Nl 

ClaEQ (cfs) Slope 
(inches) {actual) (actual) 

O,uu {cfs) 

(ft) (ft/ft) 

28 20.7637 135.28 2,808.91 28,089.13 0.33 0.005 5.875 6 6.085 0.36 

29 20.7637 95.41 1,981.06 19,810.65 0.23 0.005 5.154 6 6.085 0.36 

PHASE 2-3 CONNECTOR OUTLET DRAIN LINES 

Length of 
0oRAIN °''" 

Design 
Pipe Ola."' Pipe O.D. Pipe I.D. 

Outlet q (ft3/d/ft) pipe/dam, L 
(ft' /d) (qxl) (l0xOoRA1t-1l 

Oti.Ea (cfs) Slope 
(inches) {actual) (actual) 

0ruLL (cfs) 

(ft) (ft/ft) 

28 20.7637 270.56 5,617.83 56,178.27 0.65 0.010 6.690 8 7.922 1.02 

29 20.7637 190.82 3,962.13 39,621.29 0.46 0.010 5.869 6 6.085 0.50 

Note: Outlet drain lines convey flow from two collection lines (Q is doubled). 
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PE 3608/3408 IPS i-iuPE PIPE SIZES 

Pressure Rating DR 17 ( 100psl) DR 19 ( 89psl) DR 21 ( B0psl ) DR 26 ( 65psl ) 

l>i'Jminal 
Actual O.D. 

Min. Average Weigh! Min. Average Weight Min. Average Weight Min. Average Weight Slie wall I.D. lb/II wall l.D. lb/II wall I.D. lb/II wall I.D. lb/II -· 3/4" 1.050" - - - - -- - - - - - - -
1" 1.315" - - - - - - - - - - - -

1 1/4" 1.660" - -- - - -- - - - - - - -
1 1/2" 1.900" --- --- --- --- --- --- -- -- --- --- --- ---,... 

2" 2.375" 0.140" 2.079" 0.429 - - - - - - - - -
3" 3.500' 0.206" 3.064" 0.932 - - - - - - - - -
4" 4.500' 0.265" 3.939" 1.5'10 0.237" 3,998" 1.387 0.214" 4.046" 1.262 0.173" 4.133" 1.030 I--• 
5" 5.375" 0.316" 4.705" 2.197 0.283" 4.775" 1.980 0.256" 4.832" 1.801 0.207" 4.937" 1.470 
5" 5.563" 0.327" 4.869" 2.353 0.293" 4.942" 2.120 0.265" 5.001" 1.929 0.214" 5.109" 1.574 
6" 6.625" 0.390" 5.799" 3.338 0.349" 5.886" 3.007 0.315" 5.956" 2.736 0.255" 6.085" 2.233 
7" 7.125" 0.419" 6.236" 3.860 0.375" 6.330" 3.478 0.339" 6.406" 3.165 0.274" 6.544" 2.582 
8" 8.625" 0.507" 7.549" 5.657 0.454" 7.663" 5,097 0.411" 7.754" 4.637 0.332" 7.922" 3.784 

10" 10.750" 0.632" 9.409'' 8.788 0.566" 9.551" 7.918 0.512" 9.665" 7.204 0.413" ,9.873" 5.878 -· 12" 12.750" 0.750" 11.160" 12.362 0.671" 11.327" 11.138 0.607" 11.463" 10.134 0.490" 11.710" 8.269 
14" 14.000" 0.82<1" 12.254" 14.905 0.737" 12.438" 13.429 0.667" 12.587" 12.218 0.538" 12.858" 9,970 
16" 

I--• 
16.00" 0.941" 14.005" 19.467 0.842" 14.215" 17.540 0.762" 14.385" 15.959 0.615" 14,695" 13.022 

18" 18.00" 1.059" 15.755" 24.638 0.947" 15.992" 22.199 0.857" 16.183" 20.198 0.692" 16.532" 16.480 
20" 20.00" 1.176" 17 .506" 30.418 1.053" 17.768" 27.406 0.952" 17.981" 24.936 0.769" 18.369" 20.346 
22" 

I--• 
22.00" 1.294" 19.256" 36.805 1.158" 19.545" 33.162 1.048" 19.779" 30.172 0.846" 20,206" 24.619 

24" 24.00" 1.412" 21.007" 43.801 1.263" 21.322" 39.465 1.143" 21.577" 35.907 0.923" 22,043" 29.299 
26" 26.00" 1.529" 22.758" 51.406 1.368" 23.099" 46.316 1.238" 23.375" 42.141 1.000" 23.880" 34.385 
28" 28.00" 1.647" ~- 24.508" 59.618 1.474" 24.876" 53.716 1.333" 25.173" 48.874 1.077" 25.717" 39.879 
30" 30,00" 1.765'' 26.259" 68.439 1.579" 26.653" 61.664 1.429" 26.971" 56.105 1.154" 27.554" 45.779 
32" 32.00" 1.882" 28.009" 77.869 1.684" 28.429" 70.160 1.524" 28.770" 63.835 1.231" 29.391" 52.086 
34" 34.00" 2.000" 29.760" 87.907 1.789" 30,206" 79.204 1.619" 30.568" 72.064 1.308" 31.228" 58.814 
36" · 36.00" 2.118" .... 31.511" 98.553 1.895" 31.983" 88.796 1,714" 32.366" 80.791 1.385" 33.065" 65.922 
42" 42.00" 2.471" 36.762" 134.141 2.211" 37.314" 120.861 2.000" 37,760" 109.966 1.615" 38.575" 89.727 
48" 48.00" 2.824" 42.014" 175.205 2.526" 42.644" 157.857 2.286" 43.154" 143.629 1.846" 44.086" 117.194 
54" 54.00" 3.176" 47.266" 222.547 2.842" 47,975" 199.791 2.571" 48.549" 182.298 2.077" 49.597" 148.324 
63" 62,99" --- --- --- -- --- -- 3.000" 56.631" 247.800 2.423" 57.854" 202.010 

NOTE: 

- Items highli~1hled in Blue indicates standard stocking items that are more readily available. 
- Pressures are based on using waler at 23"C (73"F). 

- Average Inside diarneler calculated using nominal OD and minimum wall plus 6% for use in estimating fluid flows. Actual ID will vary. 
- Service factors should be utilized to compensate for lhe effect of liquids other than water, and for olher lempera\ures. 
* Other piping sizes or DR's may be available upon request. 
- Standard Lengths: 40' for 2"-24" / 50' for 26" and larger/ Coils available for 3/4"-6"(8" by special order) 

DR 32.5 ( 50psl) 

Min. Average Weight 
wall I.D. lb/II 

- - -
- - -
- - -
-- --- ---
- - -
- - -

0.138" 4.206" 0.831 

0.165" 5.024" 1.186 
0.171" 5.200" 1.270 
0.204" 6.193" 1.801 

0.219" 6.660" 2.083 
0.265" 8.062" 3.053 
0.331" 10.049" 4.742 

0.392" 11.918" 6.671 
0.431" 13.087" 8.044 
0.492" 14.956" 10.506 

0.554" 16.826" 13.296 
0.615" 18.695" 16.415 
0.677" 20.565" 19.863 

0.738" 22.434" 23.638 
0.800" 24.304" 27.742 
0.862" 26.174" 32.174 

0.923" 28.043" 36.934 
0.985" 29.913" 42.023 
1.046" 31.782" 47.440 
1.108" 33.652" 53.186 

1.292" 39.260" 12.392 
1.477" 44.869" 94.552 
1.662" 50.478" 119.668 
1.938" 58.881" 162.980 

Paga 2 of 2 

""tl 

~ 
CD 

z 
!" 

v-l 



R11697
Page No._..,_11,..:...;.v __ ,. 

Alliance£/ 
Consulting, I11c. 

CALC. BY: RPC DATE: 10/11/2011 CHKD.BY: ____ DATE: 

PROJECT NAME: MACH NO. 1 MINE, FACILllY NO. 2 WEST OF DIWANA 

PROJECT NUMBER: B11-146-1413 SHEET 1 OF 
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Calculation to show the DR-26 HOPE Internal Drain Pipe and decant pipe ls capable of sustaining the proposed cover loading. 

Reference: Performance Pipe Design Manual, Ch. 7 - Buried Piped Design 

Max proposed cover= 50 

Unit Wt. of Material= 130 

Pipe wall compressive stress: 

S= 

288t 

Pr=50x130= 6,500 

Do s 
6 0.255 531.05 

8 0.332 543.84 -

10 0.413 546.48 

12 0.490 552.72 

14 0.538 587.31 

16 0.615 587.17 

18 0.692 587.07 

36 1.385 586.64 

ft 

pcf 

Where: 

psf = 

(Phase 8 Section D-D) 

S = Pipe wall compressive stress, lb/in2 

PT= Vertical load applied to pipe, lb/ft
2 

D0 = Pipe outside diameter, inches 

t = Pipe waif thickness, inches 

45.14 psi 

Highest compressive stress (S) = 587.07 psi, which is less than 800 psi (allowable according to manufacturer), therefore 

the DR-26 HOPE pipe will be resist the compressive stress of the backfill. 

2 
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Calculation to check constrained pipe wall buckling. 

Pwc = 5.65[RB'E'(E/(12(DR-1)
3

)]
112 

R = 1 • 0.33(H'/H) 
H' = 27.35 ft 
H= 50 ft 

R = 0.819 

B' = 1 / {1 + 4e(•0,06SxliJ) 

B' = 0.866 

E'= 3,000 

E= 28,200 

P1 = 6500 

DR= 26 

psi 
psi 

psf = 

Pwc = 101.09 psl 

Factor of Safety = Pwc 

2.24 

Calculation to check ring deflection . 

6.X= 

D, 

o, 

..l',_ 

144 

KL 

2E/3(1/DR-1)3 +0.061E' 

3.7% < 6% (Allowable) 
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Where: Pwc= Allowable constrained buckling pressure, psi 

R= Bouyancy reduction factor 

H'= groundwater height above pipe, ft 

H= Cover above pipe, ft 
B' = Elastic support factor 
E'= Soil reaction modulus, psi (Table 7-7) 

E= Elastic modulus, psi (Table 1, SO yr@ 73°F) 

6X= Horizontal Deflection, inches 

D1= Inside Diameter, inches 

Pr= Vertical load applied to pipe, !b/ft
2 

K= Bedding factor 

L= Deflection lag factor 

45.14 psi 

101.09 

45.14 

Where: K= 0.1 

L= 1.5 
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Table 7-7 Bureau of Reclamation Average E' Values for Iowa Formula (Initial Deflection) 

E' for Degree of Bedding Compaction, lb!in2 

Moderate 
Soil type - pipe bedding material (Unified Slight (48%-95% High 

Ciassificalion)t Dumped 
(<85% Proctor Proctor (>95% Proctor 
<40% relative 40%-70% > 70% relative 

density) relative density) 
density) 

Fine-grained soils (LL>SO):t 
No data available; consult a competent soi!s engineer; otherwise, use Soils with mediUf!1 to high plasticity 

E'= 0. CH, MH, CH-MH 

Fme--grained soils (LL <50) 
Soils with medium to no plasticity 

50 200 400 1000 CL, ML, CL-ML, with <25% coarse grained 
particles 

Fine-grained soils (LL <50) 
Soils with medium to no plasticity 

CL, ML, CL-ML, with >25% coarse grained 
particles 100 400 1000 2000 

Coarse-grained soils with fines 
GM, GC, SM, SC◊ 

contains > 12% fines 
Coarse-grained soils with little or no Tines 

,I( :-30001 GW, GP, SW, SP◊ 200 1000 2000 
contains < 12% fines __ _j 

Ciushed rock 1000 3000 3000 3000 
Accuracy in terms of perr:entage 

:::2% ±2% I ±1% ±0.5% deflection T 
I t ASTM D 2457; USSR Designation E-3. + LL = Liquid limit. ◊ Or any borderline soil beginning with one of these 
symbols, i.e., GM-GC, GC-SC. l" For :::::1 % accuracy and predicted deflection of 3%, actual deflection would be 
between 2% and 4%. 
Note - Values applicable only for fil!s less than 50 ft (15 m). No safety factor included in table values, For use in predicting initial defleciions only; appropriate Deflection Lag Factor must be applied for long-term deflections. If bedding fal!s on the borderline between two c::impaction categories, select the lower E' value or average the two values. Percentage Proctor based on laboratory maximum dry density from test standards using 12,500 ft-lb/ft3 
(:'88,000 Jim') (ASTM D 898, AP.SHTO T-89, USSR Designation E-11). 1 lb/in2 = 6.885 kPa. 

Table 7-8 Duncan-Hartley Soil Reaction Modulus 

Type of SoH I Depth of E' for Standard AASHTO Relative Compa::iion, lb.in2 

Cover, ft 85% 90% 95% 100% 
Fine-grained soi!s 0-5 500 700 1000 1500 
with <25% sand 5-10 600 1000 1400 2000 

content 10-15 700 1200 1600 2300 (CL, !vlL, CL-ML) 
15-20 800 I 1300 1B00 2600 
0-5 I 600 I 1000 1200 1900 Coarse-grained soils 5-10 900 1400 1800 2700 with fines 

(SM, SC) 10-15 1000 1500 2100 I 3200 
15-20 I 1100 I 1600 1400 I 3700 

I I 0-5 ! 700 I 1000 I 1600 I 2500 ' ' ' 

I 
Ccars~-grained soils I 5-10 I 1000 I 1500 I 2200 ! 3300 witn !it11e or no fines 
(SP, SW, G?, GW) I ~10-~5 I 1050 I 1600 I 2400 I 3500 

I 15-20 I 1100 I !/OD I 2500 3800 
. 

( .lleiin: ?? 900 
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The modulus is selected using the same criteria used for determining the stress in the pipe wall due to 
the thermal change. The applicability of Euler's equation for any specific pipeline calculation must be 
evaluated. For pipe installed on top of a surface (i.e. the ground, a pipe rack) pipe and fiuid weight in the 
pipe and frictional forces increase the critical thrust force whereas in aerial applications weight and initial 
curvature due to defiection reduce the critical thrust force. 

While the amount of length change experienced by polyethylene pipe during thermal changes is greater 
than many other materials, the amount of force required to restrain the movement is less because of its 
lower modulus of elasticity. 

Table 1 Typical Elastic Modulus for DriscoPlex® PE 36D8 

Load Duration 
Elastic Modulust, 1000 psi (MPa), at Temperature, "F ('C) 

-20 (-29) 0(-18) I 40 (4) 60 (16) 73 (23) 100 (38) 120 (49) I 140 (60) 

Short-Term 
300.0 260.0 170.0 130.0 110.0 100.0 65.0 so.a 
(2069) ('1793) (1172) (896) (758) (690) (448) (345) 

10 h 
140.8 122.0 79.8 61.0 57.5 46.9 30.5 23.5 
(971) (841) (550) (421) (396) (323) (210) (162) 

100 h I 125.4 108.7 71.0 54.3 I 51.2 41.8 27.2 20.9 
(855) (749) (490) (374) (353) (288) (188) (144) 

1000 h 
. 107.0 92.8 60.7 46.4 43.7 35.7 23.2 17.8 

(738) (640) (419) (320) (301) (246) (160) (123) 

1 y 93.0 80.6 52.7 40.31 38.0 31.0 20.2 15.5 
(641) (556) (363) (278) (262) (214) (139) (107) 
77.4 67.1 

I 
Ll3.9 33,? - - I 25.8 15.8 12.9 10 y '>.' \ 31.6 , 

(534) (463) (303) (231) I (218) > (178) (116) (89) 

50 y 69.1 59.9 I 39.1 29,9. 28.2 23.0 15.0 11.5 
(476) (413) (270) (205) (194) (159) (103) (79) 

t Typical values based on ASTM D 638 testing of molded plaque material specimens. 
Modulus values for PE4710 are under development. 

Controlling Expansion and Contraction 
Black polyethylene pipe on the surface or above grade and exposed to the sun can absorb solar energy. 
The resulting pipe temperatures can be greater than the air temperature. To help reduce temperature 
changes resulting solar heating of a piping system, the pipe may be shaded or placed in a location that 
receives less direct sunlight. 

The effects of thermal expansion and contraction on a piping system can be controlled in several ways, 
including 

o Lateral deflection expansion loops (snaking the pipe) 
o Anchor and guide the pipe 
o Conventional f=xpansion loops 
::i '=>:pansion joints (non-pressures systems only) 
::i Burying pipes 

BuJ!etin: ?? 814-TN 
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Phone: 800-527-0652 
Fax: 9i2-599-i34B 
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Alliance£/ 
Consulting, Inc. 

Engineers · Constructors· Scientists 

CALC. BY: RPC 
PROJECT NAME: 

PROJECT NUMBER: 
DESCRIPTION: 

Calculation to determine number of perforations required for internal drains. 

DATE: 10/11/2011 CHKD. BY:____ DATE: 
MACH NO. 1 MINE, FACILITY NO. 2 WEST OF DIWANA 

B11-14fi.1413 SHEET 1 OF 

INTERNAL DRAIN PIPE PERFORATION SPACING 

Ref: Soil Mechanics Note No. 3, Soil Mechanics Considerations for Embankment Drains, SCS, USDA, 1971 

Aggregate Cu= D60 / 0 10 = 23 mm/ 13 mm= 1.8 <3.0 

Use 70% perforation flow area reduction 

OK 

Design flowrate = Largest flowrate = q = 
ForF.S.=10, q= 720.083 ftl/d/ft= 

72.0083 tt'/d/ft 

0.0083343 ft' /sift 

Previous design selected 3/8" dia. holes to prevent aggregate from entering pipe. 

For 3/8-inch perforations: 

A= n(0.03125 ft)
2 o.000767 ft2 

/ hole 

4 

q = CAe(2gh)112 

q = 0.6(0.3A)(2x32.2x2)112 

q = 2.0428A 

A = 0.0040798 ft2 

Number of holes required: 

0.0040798 

0.000767 

5.32 

Design: Use 2 rows of 3/8" dia. holes at 4" C-C spacing. 

(See Drawing Detail No. 5, Figure No. 9) 

Holes/ ft - Use 6 holes/ ft 

1 
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, _DRAINAGE 

Page No.--'i'---:l_l' __ _ 

SOLUTIONS,INC 

{317) 346-4110 
~'&'!1!19 1E~F~~~14/~ 
Amount in Cart: $0.00 

THE DRAINAGE PRODUCTS STORE Home Sen,ice] Download Soecifications I About Us I Your Account I Sign In Lost your password? ! ~ 

Advanced Search 

Categories 
Animal Guards 
Bar Guard Intake 
Drains & Grates 

Mitered Drains 
Emitters 
Grates - Brass 
Grates - Chrome 
Grates - Metal 
Grates & Covers -
Plastic 
6" Catch Basins & 
Grates 
9" Catch Basins & 
Grates 
"'· 2" Catch Basins & 
Grates 
18" Catch Basins & 
Grates 
24" Catch Basins & 
Grates 

Trench Drain 
NOS Dura Slope 
Channel Drain 6" 
NOS Micro Channel 
Drain 1 1/4" 
NOS Mini Channel 
Drain 3" 
NOS Spee-D Channel 
Drain 4" 
NOS Pro Series 
Channel Drain 3" 
NOS Pro Series 
Channel Drain 5" 
NOS Pro Series 
Channel Drain 8" 
NOS Pro Series 
Channel Drain 12" 

Anti-Seep Collars 
Biobarrier 
Duckbill Earth Anchors 
Fittings-Brass 
Fittings-Corrugated-
S i na lewa 11 

2" Sinalewall 
3" Sinaiewall 
4" Sinalewall 
5" SinalewaH 
3" SinalewaU 
8" Sinalewall 

Fittings-Downspout 
Adapters 
F1ttinas-F!exible 

Search Resuits 

Found 29 product(s) for Animal Guards (1-25 of 29) 

! Animal Guards 

H . 

! Animal Guard ii Animal Guard 
, 4" (Polypropylene) : : 4" (Stainless Steel) 

'. Price: $5.88 I' Price: $10.93 

I [A<t<itoairt] [i"e~l!IIOW.l I! rfai<f to Cmtl! rB,yii II~ 

! Animal Guard 4" (Zinc 
I Coated) 
I 

, Price: $7.79 

l [Lwt~!!] fi,;;.~7 i 
============~· ===-=-=-=-======~;:::.=-=-=-========-

: Animal Guard 6" (Band 

: Iv.Pfil 

H 
I! 

:: Animal Guard !i Animal Guard 
:; 6" (Polypropylene) !, 6" (Stainless Steel\ 
1. .i 

'Price: $21.26 1: Price: $6.83 ', Price: $12.98 . ,, =-=• ,I ' 

: [[A~itocariJ rlhiitllowq l i If Add toCort] ![iitr;ltilow!] ; ! [iM(itocrutll r8LyJi'Y1ow.-·i: . 

'Animal Guard 6" (Zinc 
· Coated) 

: Price: $8.47 

,, 
· Animal Guard 8" (Band 
:; Iv.Pfil 
i Price: $27 .15 

i: Animal Guard 
;' 8" (Polypropylene) 

:: Price: $8.90 

http://stores.homestead.com/DrainageSolutionsinc/-strse-Animal-Guards/Categories.bok 10/18/2011 
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Results for Animal Guards 

Fittinas-Hickenbottom 
Intakes 
Flttinas-PVC DWV 

1 1/2" DWv 
2"0Wv 
21i'F5Wv 
3"0Wv 
4"DVW 
6"DVW 
8"0\/W 
10" DWv 
12" DWv 

Fittinas-PVC Reoair 
1/2" S/40 Reoair 
3/4" S/40 Repair 
1" S/40 Repair 
1 114" S/40 Reoair 
1 1/2" S/40 Repair 
2" S/40 Repair 
2 1/2" S/40 Repair 
3" S/40 Repair 
4" S/40 Repair 
6" S/40 Repair 
8" S/40 Repair 

Fittinqs-PVC Schedule 
40 

1/8" 
1/4" 
3/8" 
1./£'. 
3/4" 
.L 
1 1/4" 
1 1/2" 
2" 
2 1/2" 
;i: 
£ 
['. 
§:'. 
8" 

Fittinas-PVC Schedule 
80 

1 /4" Pressure 
3/8" Pressure 
1/2" Pressure 
1" Pressure 
1 1/4" Pressure 
3/4" Pressure 
1 1/2" Pressure 
2" Pressure 
2 1/2" Pressure 
3" Pressure 
4" Pressure 
5" Pressure 
6" Pressure 
8" Pressure 

Fittings-PVC SDR35 
3" Solvent Weld 
4" Solvent Weld 
6" Solvent Weld 
8" Solvent Weld 
1 0" Solvent Weld 
12" Solvent Weld 
15" Solvent Weld 

Fitt1nas-Ouick Connect 
1/2" Cam & Groove 
3/4" Cam & Groove 
1" Cam & Groove 
1 1/4" Cam & Groove 
1 1/2" Cam & Groove 
2" Cam & Groove 
,, 1 ''>" r,,,.,., R.. ~r""""" 
3" Cam & Groove 

1 Animal Guard 1 0" (Zinc 
, Coated) 

: Price: $13.51 

Page 2 of3 

Page No.__cl_s_g __ _ 

' Animal Guard 10" (Band 

Tullitl 
Price: $30.47 

Animal Guard Animal Guard 12" (Band 
, 1 O"(Stainless Steel) •; Tullitl 
I Price: $25.16 i Price: $37.74 ,·~~-~ ,, 

1 ll~<_i<I fcmt] lCi;i!J!JE0:J i 1 [!'.Id to Cortl ~ITT!-;~ . ; ~_t_o c:ai_t ·1: O lt,l _~~2J • 
:________ 't._.___ . '~--------------: 

'Animal Guard 
· 12" (Stainless Steel) 

, Price: $38.83 

I 

, ~::c:f1:: ")\j 
.,.-. 

10,;."~ .,,_if 

• Animal Guard 
! 15" (Stainless Steel) 

Price: $70.42 

! Animal Guard 12" (Zinc 
i" Coated) 

i: Price: $20.28 

, , Animal Guard 15" (Zinc 
1 Coated) 

Price: $37.58 

' ,, 
1: Animal Guard 15" (Band 
i; Tullitl 
1
; Price: $53.27 

,, 
! 1 Animal Guard 18" (Band 
I! Tullitl 
'' Price: $84.60 

http://stores.homestead.com/DrainageSolutionslnc/-strse-Animal-Guards/Categories.bok 10/18/2011 
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4" Cam & Groove 
5" Cam & Gro'Jve 
6" Cam & Groove 
8" Cam & Groove 
10" Cam & Groove 
12" Cam & Groove 

Fittinas~OwikS-sal 
Flo-Well 
Grass & Grave! Pavers 
Inlet Protection 

Baas 
Gair Mats 
Dandy Products 
Dewaterina Bags 
Drain Guards 
Snout 

Lancisc'aoe Supplies 
Stao!es & Geopins 

New 
Septic & Sewer 
Accessories 

Covers 
Disconnects - Pump 
Pluas 
Valves 

Stealth Products 
Tools 

Knives & Saws 
Marking Products 
Pioe Cutters 
Ratchets 
Shovels 
siirinkwrap 
Staplers 
Tapes 

Valve Box 
Round 6" 
~ound 10" 
Rectangular 13" x 20" 
Rectangular 13" x 24" 
Rectangular 14" x 19" 

Valves- Lab 
Valves-Backwater 
Valves-Ball - Comoact 
Valves-Bal! Valves -
Sinale Entry 
Valves-Bal! Valves -
True Union 
Valves-Flap Gates 
Valves-Septic 
Valves-Sewer 
Valves-Swing Check 
Valves-Valterra Gate 

Items in your cart 
Empty 

Animal Guard 
. 18" (Stainless Steel) 

Price: $90.24 

; Animal Guard 24" (Band 
:Tvpel 

: Price: $150.21 

i' Animal Guard 18" (Zinc 
Coated) 

I 
· Price: $69.75 

Page 3 of3 

P N -
...,1~'3'-'-'l __ age o. 

· Animal Guard 21" (Zinc 
Coated) 

Price: $73.61 

I· ~-~,---- -7j I -.:..; . ,! i 
l~dclto ~~rt :; ii BtV rtUo~j,; 

Pages: 1 6 

Advanced Search [ View Cart [ Checkout [ About Us [ Service [ Policies I Home 

ProStores 1] 
Copyright© 2011 THE DRAINAGE PRODUCTS STORE. All Rights Reserved. 

http://stores.homestead.com/DrainageSolutionsinc/-strse-Animal-Guards/Categories.bok I Oil 8/2011 
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CALC.BY: RPC DATE: _ _,9"-'/9'.!./=:20c:l.=.l _ CHKD. BY, ___ _ DATE: 

Alliance JJ 
Consulti.n.g, Inc. 

PROJECT NAME: MACH NO. 1 MINE, FACILITY NO. 2 WEST OF DIWANA 

PROJECT NUMBER: B11-146-1413 SHEET 1 OF 

DESCRIPTION: Hydro!ogic Design Parameters and Required Pump Capacity 

Engineers · Constructors· Scientists 

Design Rainfall 

The design rainfall is one PMF based on a 72-hour PMP of 41", to be stored and 90% evacuated in 10 days or less 

by pumps for al! phases of construction until the decant pipe is installed and active for Phase 8. The decant pipe 

has been routed for draw down calculations using HEC-1. 

Drainage Areas 

Phase Crest El. DA (Ac.) 
1 PMF Volume 1 PMF 90% Pump Capacity 

(Ac-ft) Volume (CY) Volume {CY) Required {gpm) 

7 500.0 97.9 334.492 539,646.56 485,681.90 6,811.69 

510.0 91.5 312.625 504,368.33 453,931.50 6,366.39 

SA 490.0 44.80 153.067 246,947.56 222,252.80 3,117.10 

500.0 42.10 143.842 232,064.56 208,858.10 2,929.23 

510.0 39.50 134.958 217,732.78 195,959.50 2,748.33 

SA/7 515.0 127.7 436.308 703,910.78 633,519.70 8,885.11 

525.0 120.4 411.367 663,671.56 597,304.40 8,377.19 

538.0 111.1 379.592 612,407.89 551,167.10 7,730.12 

8 548.0 97.5 333.125 537,441.67 483,697.50 6,783.86 

558.0 90.9 310.575 501,061.00 450,954.90 6,324.64 

568.0 84.5 288.708 465,782.78 419,204.50 5,879.34 

588.0 72.2 246.683 397,982.44 358,184.20 5,023.53 

2-3 
502.0 37.3 

Connector 
127.442 205,605.89 185,045.30 2,595.26 

Existing Pumping Capability 

Diesel powered pumps are currently being used on site for existing storm evacuation requirements. Adequate 

pump capacity will be maintained onsite at all times. The current pumps maintained onsite are as follows: 

Model Size (in) 
Capacity Qty. 

Total Cap. 

(gpm) (gpm) 

Godwin DPC300 12 4,490 1 4,490 

Godwin CDlS0M 6 1,700 2 3,400 

Godwin CDl00M 4 695 2 1,390 

Total 5 9,280 

The existing pump capacity onsite is more than adequate to meet the drawdown criteria with the greatest required 

capacity. This occurs when the crest of Phase SA/7 is constructed to El. 515, and the required capacity will be 8,886 gpm. 

However, if the Phase 2-3 Connector is constructed one additional Godwin Mode! CD100M will be required to meet 

the required capacity. The required capacity in this case would be 10,326 gpm when the PhaseSA/7 crest is constructed 

to El. 538.0, and the Phase 2-3 connector has been constructed. 

1 
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The Godwin DPC300 auiomatic Ori-Prime 12" (300mm) centriiugal pump has gained recognition 

as !he industry leader in high volume bypass pumping over the last fifteen years. With flows to 

5,000 gallons per minute (315.5 I/sec.) and solids handling to 3-1 /2" (89mm) in diameter, the 

DPC300 moves large volumes of water while providing ti1e ease of automatic priming to 28 feet 

(8.51vl). The convenience of a low profile discharge flange 1T1akes pipe connections easy and 

efficient. When the job calls tor high volume, U1e Godwin DPC300 is the benchmark by wr1ich 

all others are judgce~J. 

Direct drive automatic priming 12" 

(300mm) high volume centrifugal 

pump witl1 vacuum prir11111g 

compressor mounted to a diesel 

engine . .l\vailabfco in el2ctric ,jri-.,e or 

as bare shaft pumpend. 

All cast iron construction with 4 

vane cast iron impeller. 

Extensive appiicaiian fiexilJility -

will handle raw sewage, ::;iudges 

and liquids witr1 solids up to 3-7.1'.2" 

(39mm) in diameter. 

Continuously operated "·Sodv~r1:1 '· air 

ejector prir11ing de\1 ice rec1uiring no 

form of periodic acJJ~s1mcf'11 or 

control. 

Dry running. oif lu:)n,::2~201
• 

1T1ecr12nical sea.I w1ti~1 ab1·2s10r1 

Solids handling swing check l~on 

Return valve at pump discharge. 

Skid base incorporating integral 

· overnigl1t running fuel tan I<. 

Simple maintenance - normally 

l1mi1ed to checking e11g1r,e vii, 

compressor oil, and seal 

lubrication. 

Standard engine - John Deere 

6068T .'wailal)!e with a varieiy of 

engines including Cummins. 

Ca1s1·pi!lar and Dsut::. 

Lovv profile side d:scl~arge for c-:2sy 
pipe cc1:1n2ction. 

8a!anc'::'•:i unit wit~. cent:·a!::ed 

,A. v3riety of si\?nced units are 

r , 

a ""'O'\ "n ,@ . ✓v11 
'-" 

[)Ull1[)S 
' . 
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FLOW 

Diesel Set: John Deere 6068T, 151 hp (113kw) @ 2400 rpm, Skid Base 

Impeller Diameter: 17 inches (430 mm) 

Total Delivery Head - Feet 

Total Suction 10 20 30 40 50 

Head - Feet Output-GPM 

10 5870 5620 5000 ~ 3115 

15 5500 5140 4710 4250 2900 

20 4600 4500 4230 3130 1415 

25 3875 3730 3250 2105 960 

Performance data listed in table and curves are based on water tests at 

sea level and 68° F (20° C). Larger diameter pipes may be required for 

maximum flows. 

DPC300 - John Deere 6068T, Skid Base 

Weight: 7,265 lbs. (3,295 kg.) 

Page No._,_/ '-l.:...1...-;::_ __ 

Maximum Operating Speed: 

Engine: 2450 rpm/Pump: 1200 rpm 

Maximum Operating Temperature: 

+272° F (100' C) 
Maximum Working Pressure: 

52.0 psi (3.6 BAR) 
Maximum Suction Pressure: 
. 30 psi (2.1 BAR) 

Maximum Casing Pressure: 

75 psi (5.2 BAR) 
Fuel Tank Capacity: 

105 and 150 gal. sizes available 

(397 and 548 liters) 
Fuel Consumption: 

7.8 gph (29.52 lph) @ 2400 rpm 

(full load & max. speed) 
Pipe Connections: 

12 inch (300mm) ASA 150# 
Solids Handling: 

3· 1/2" (89mm) diameter 

Pump Casing, Suction Cover; Separation 

Tank and Wearplates: 
Close Grained Cast Iron 

Pump Shaft: 
1-1/2% Nickel/Chromium Steel 

Non Return Valve Body Ejector Housing: 

Close Grained Cast Iron 
Non Return Valve Flapper: 

High Nitrite Rubber 
Mechanical Seal Faces: 

Solid Silicon Carbide 

gedwin 
pumps 

One Floodgate Road, Bridgeport, J\JJ 08014, USA 

(856) 467-3636 • Fax: (856) 467-4841 

Ouenington, Cirencester, Glos., GL7 SBX, UK 

+44 (0)1285 750271 • Far.: +44 (0)1285 750352 

E-mail: saies@godwinpumps.com 

www.9odw1npumps.com 

BRANCH LOCATIONS: 
Connecticut • Pennsylvania • hlew York • Ohio 

lliinois • lvlary/and • Virginia c West Virginia 

Georgia • South Carolina • I\Jo1ih Carolina 

Florida • Texas • Montana • California • Wnsnington 

Dri-Prnne•·- and the color orange 1or pumps <Jre registered 1mdemar1,s 

of Go:JwIn Pumps of ArT1en::a, !n::. 

Specif1::a\1ons end illustrn11ons are subIec110 revIsI011 wrthou\ n0tIce. 

P.Ji r1gl1is reserved 

G?ASL.O'.?0 iOC5 
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CD1 SOM Dri-Prime® Pumps 
"If"he Godwin Dri-Prime six-inch ( 150mm) 

~ CD l S0M automatic priming 

ti:.' centrifugal pump is clearly the 
backbone of the temporary portable 

pumping industry. With so!ids-hondling to 

3" (75 mm) in diameter, maximum fiows 

of 1700 GPM (385.9 m 3/h) and 160' (48.8 

m) of total dynamic head, and indefinite 

dry-running capabilities, the CDl SOM 

can b9 found in a wide variety of 

applications from dewatering to sewage 

bypassing. Mounted on a highway irailer, 

the CD l S0M is the most maneuverable 

and versatile portabie pumping system 

available, making ii a favorite of 

contractors, municipalities, industry and 

environmental companies across the 

country. 

Fully automatic primin;i from dry to 28' 

(8.5 m) of suction lift. 

Close coupled centrifugal pump with 
vacuum priming compressor mounted 

to a diesel engine. Also available in 

electric drive. 

Extensive application fiexibi!ity - wi!! 
handle row sewage, slurries and liquids 
with soiids up to 3" (75 mm) in diameter. 

Dry running, oil both mechanical seal 
with abrasion-resistant solid silicon 
carbide faces. 

Continuously operated Godwin venturi 

air ejector priming device featuring 

belt-driven air con1pres:.or requiring no 

form of periodic odjustn1eni or control. 

All cast iron construction with cast 

chromium steel irnpelier. 

Standard John Deere 4045D-T2, John 
D~ere 4045T-T3, or Cats-rpilk::ir 

3054C-NA engine. /,lso avoilab!e with 

a variety of other eri;:iin:=s includi:19 

i-i' :J~z, Peridns and De•~1tz.. 

Pipe Connections 

Max. Capacity 

Mox. Head 

Solids Handling 

Impeller Diameter 

Mox. Op. Temp. 

Max. Working Press. 

Max. Suction Press. 

Max. Test Press. 

lv,ax. Op. Speed 

Fuel Tonk Capacity 

Fuel Consumption 
:ii' 2200 RP/✓1 

iFull Load) 

6" (150 mm) .b,S.L\150# 

1700 GPM (385.9 m'-/h) 

160' (48.8 m) 

3" (75 mm) 

l l" (279 mm) 

+212°F (l00°C) 

58.5 psi ( 4 B,t,,R) 

40 psi (2.8 BA.RI 

88 psi (6.1 BAR) 

2200 RPM 

30" · 100 gal 
( 113 5 • 378.5 I) 

JD4045D·T2 · 
3.74 GPH (0.014 m•;/h) 
JD4045T·T3 • 
4.07 GPH {0.015 m·'/h} 
CA T3054C+.JA · 
-s.3 GPH (0.016 m'/h) 

" ~C gal. (2?7 I) skmd:::irci ~q•Jiprnen1 

g@dvvin 
,....,_ 1 I 1-,-, y-, (' 
!-''...Al I lj._,, V• 
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Pump Cosing. Sucfion 
Cover, Separation Tonk, 
Weaplotes, Non-Return 
Valve Body, Ejector 
Housing 

0 

Impeller Cast chromium sieel, 
hardened to minimum Brinell 
341 HB 

Non-Return Valve - Ba!! 
& Seat 

Mechanical Seal Faces 

High nifrile rubber 

Solid silicon carbide 

Pump Shaft 1½ Nickel/chromium steel 

Diesel Set: JD4045D-T2, 68 HP (51 kW)@ 2200 RPM 
JD-l045i-T3, 71 HP (53 kW)@-\ 2200 RPM 

CAT3054C·NA. 74 HP (55 J:WJ 1'!' 2200 RPM 
Impeller Diomeler: 11" (279 mm) 

Total Delivery Head - Feet 

io1al 10 20 30 40 
Suction 

Head• Feel output-GPM 

10 1800 1780 1750 60 
15 1700 1650 1600 1520 

20 1670 1590 1500 1380 

25 1500 1400 1340 1240 

50 

1680, 

1400 

1240 

1100 

Performon::-e do1o n~ted in table and curves based or, wo1er tests al ~eo 

1eve1 and 68°F (20QC), Maximum now; moy requll'e larger d1ometer pipes. 

CD150M - John Deere 40450, GP60 Highway Traiier 

Dry weight - 3250 lbs. ( 147 4 kg) 

II 
1, 

1: 
ii 

0 

59" 
1.499mm 

9:,. ~ ~:J--....._, 0 ' 

_'lQ,LJ- ~;;o 
74-3/4" ,;s:.r 
r 

1,899mm .C--:~=;11 

t~ 
40-1 /2' 

I! j 
1,029 

-'---'-------'-l ,_ -----'~ 

-

65-7 /8" 
1.673mm 

117-7/16" 
2,983mn1 

Home Office: 
G::idwin Pumps of America. tnc. 

On'=:" Floodgate, Rood 
E,riogeporL NJ 08014 USA 

i85,\1 467•3636 • Fox. 1856/ 467-~e,n 

ww.,.: .goav11npumps.c:c.,m 
,., C.OpvtlQht 2!)0i Gotl .. ,,, iou ... ps c-l Am<-l<C1' IOC 

Go~,,,n h,m:,s "'"·F""'~ am.I ih~ '-'•'<• L•d"~' !or ~un,~~ ;,rt reoislPoed 1ta~en,2rr.o or ·:,co1>,,. F,ump1 o' •\rtoP"' a inc 

:,v,:~rr,~~"~"• ~r,u ,IL • .;;:.;t,,:.n~ ~re ~::'.:.:c:: 1: ,, ,,,,:,~ •·,:~.,:.'. n::,:~ ,,..,,, ..• ,, Pu,..o~ •s nr,• l,a~•e ,..,, ,.,..., ir.c.,,moletero~H or ,na~:urnc,N 
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CD1 OO~'"lm Dri-Prir~1e@ Ptienps 

=- ' ',)it~i 
' 
' C 

The Godwin Ori-Prime 4 inch (100mm) CD1 001v1 automatic priming centrifugal pump is a ~ighly 

maneuverable p'.lrtable trasl1 pump with flow capabilities to 750 gallons per minute (47 liters 

per second), total dynamic heads to 115 ieet (35 m2ters) and solids handling to 2 inch (50mm) 

in diameter. The unique Godwin venturi air evacuation system allows the CD1 OOlvl to prime from 

ciry conditions with suction lifts up to 28 feet (8.5 meters). Perfect in interrnitient flow situations, 

the CD100lv1 can run dry indefinitely without damage due to the oil bath mechanical seal design. 

For sewer bypass, general dewatering, and many other applications, the Godwin CD1 OOM with 

4 inch (100mm) l1oses is a p'.lwe1iul, yet ve1·satile and portable pumping system. 

~ -- -~~" ···~ ' ;•·.::" ·• ": 
••'-. - .... 

Close coupled centrifugal purnp with 
vacuum priming compressor mounted to 

a diesel engine. Aiso available in electric 
drive or 2s bare shaft purnpend. 

P,!I cast iron construction with cast 
chromium steel impeller. 

Extensive application flexibility - will 

handle raw sews.ge, slmries and liquids 
v.rith scilids up to 2 inch (50:nn1J in clian1eler. 

/:-.-1-::-cs-~.sed 1mpelier v-3rsion avoiiabl-2 

!.andli;1g solid:; in excess o! 2-3r16 inch 

(56mm) 1n di2rr1~te1·. 

C>:rniinuously op-::rat':"ci "Godwin' 31r 

-?ieGlor prirni;·1g ci2v1::-...2 r-:.~uiri110 :-1c: form 
0f ;:'•-=:-nodic 2:Jius!meni 01 cclllfrnl 

Dry runnind- high oressure oil b.Jth 

Solids handling ball type 1·✓ 011 Retum 
Valve with renewable flexible rubber 

seat and quick release access 
feature. 

Compact unit mounted on skid base 
or two wheeled highway trailer both 
incorpornting integral overnight 
running fue! tank. 

Si111p!E' maintenance - normally 

lnnited to checking engine and seal 

cavity uil levE::ls. 

Standard engine - Yan111ar .JT!-~\/88 

or Ca1erpi!lar 3U13C. Av.ailabie with a 

variBty Oi er1:11n:::!:, 1nciuJing Her:.::, 
Derkiri~: 3rid Di::utz 

fa.. var ie:y of siie1 iced se~s a.rs 

avaiialJle. 
g@dvvin 
f::::> u m r::::i s 
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FLOW 

40 

Diesel Set-Yanmar 3TNV88, 24 hp@ 2200 rpm 

Caterpillar 3013C, 28 hp @ 2200 1pm 

Impeller Diameter - 8-5/8 in. (220 mm) 

Total Delivery Head - Feet 

Total Suction 10 20 30 

50 

40 

Head - Feet Output - GPM 

® 10 720 710 700 

15 615 580 530 500 

20 510 490 475 430 

25 450 440 400 390 

" 
900 US gpm 

!/sec. 

50 

690-

450 

375 

350 

Peiiormance data listed in table and curves are based on water tests 

at sea level and 68° F (20° C). Larger diameter pipes may be required 

for maximum flows. 

CD1 00lv1 - Yan mar 3TIW88, GP30 Highway Trailer 

Weight: 1734 lbs. (788 kg.) 

2.48M 
---~-~-· - ----

Page No. --'l-''1..;:(,,,.._ __ 

Maximum Operating Speed: 
2200 rpm 

Maximum Operating Temperature: 
+212° F (100° C) 

Maximum Working Pressure: 
50.0 psi (3.4 BAR) 

Maximum Suction Pressure: 
40 psi (2.B BAR) 

Maximum Casing Pressure: 
75.0 psi (5.2 BAR) 

Fuel Tank Capacity: 
30 to 100 gallons (30 gallon standard) 
(113.5 to 378.5 liters) 

Fuel Consumption (full load, max. speed): 

Yanmar: 1.21 gph (4.58 lph)@ 2200 rpm 

CAT: 1.67 gph (6.32 lph)@ 2200 rpm 

Pipe Connections: 
4" (100mm) ASA 150# 

Solids Handling: 
2" (50mm) dia. standard impeller 
2-3/16" (56mm) dia. recessed impeller 

Materia!s 

0 

Pump Casing, Suction Cover, Separation Tank 

and Wearplates: 
Close grained cast iron 

Impeller: 
Cast chromium steel hardened to minimum Brinell 

341 HB 
Shaft Sleeve and Shaft: 

1-1/2% nickel/chromium steel 
Non Return Valve Body: 

Close grained cast iron 
Non Return Valve Ball and Seat: 

High nitrile rubber 
Mechanical Seal Faces: 

Solid Silicon Carbide 

gedwin 
pumps 

!!1~~~~~~1~1:lffl 
!it~•~-~Yr&~~·,,:.%'§~:illf. 
One Floodgate Road, Bridgeport, NJ 08014, USA 

{856) 467-3636 • Fax: (856) 467-4841 

Ouenington. Cirencester, Glos .. GL7 5BX, UK 

+44 (0)1285 750271 • Fax: +44 (0)1285 750352 

E-mail: sales@godwinpumps.com 

www.godwinpumps.com 

BRANCH LOCATIONS: 
Connecticut • Pennsylvania • New York • Ohio 

l!!rno1s • Maryland • Virginia • West Virginia 

Georgia • South Carolina • Nonh Carolina 

Florida • Te):as • Montana • California • Washington 

Dn-Pnme"' and the color orange !or pumps are registered tmdemarks 

,..,, S,..,.,,,"" P1.1mri<: r,f A,n<:>rir.::i inc 

Soecif1cahons and Illustrat1ons are SU::JJ8C1 to rev1s1on wrtnoui notice. 

«;1 Copyright W:13-2005 Goow1n Pumps of Amenca. Inc. 

GPASL0'!5.1005 
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AllianceL7 
Consulting, Inc. 

PROJECT NAME: MACH NO. 1 ivIINE. FACILITY NO. 2 

PROJECT NO.: B11-146-1413 

Engineers · Constructors· Scientists 
DESCRIPTION: PHASE 8 DECANT 36" DR-17 HOPE PIPE 

WEIR FLOW Q=CnDH 1 5 

C=3.22+0.44(H/P) 
REF. MSHA MANUAL, PAGE 6.136 

INLET DIAMETER(D)= 2.6259 FEET 
WEIR HEIGHT(P)= 0.1 FEET 

INLET EL.= 582 

ORIFICE FLOW Q=CA(2gH)'" REF. HANDBOOK OF CONCRETE CULVERT PIPE HYDRAULICS, 
PORTLAND CEMENT ASSOCIATION, PAGE 70 

DISCHARGE 
COEFFICIENT(C)= 0.8 

ORIFICE DIAMETER 2.6259 FEET 
AREA(A)= 5.42 SQ. FT. 

ORIFICE CONTROL ELEV. 582.0 

PRESSURE FLOW Q=AV 
V=(2GH/F(L/D)+K+1) '" 
F=1 B5(N210°·33

) 

REF. MSHA MANUAL, PAGE 6.154 

MANNING'S N= 0.014 
PIPE LENGTH(L)= 125.33 FEET 

ENERGY LOSSES(K)= 2.7 
OUTLET EL.= 570.24 

PIPE DIA. = 2.6259 FEET 

Q.CFS 
ELEVATION HEAD, FT. 

WEIR ORIFICE 

582 0 0.00 0.00 
582.5 0.5 15.81 24.58 
582.7 0.7 30.44 29.09 
583 1 62.86 34.77 

583.3 1.3 109.32 39.64 
583.5 1.5 148.83 42.58 
584 2 280.46 49.17 

584.5 2.5 463.70 54.97 
585 3 703.85 60.22 

585.5 3.5 1005.80 65.04 
586 4 1374.04 69.54 

586.5 4.5 1812.81 73.75 

587 5 2326.10 77.74 · 
587.42 5.42 2817.62 80.94 
587.5 5.5 2917.69 81.54 
588 6 3591.20 85.16 

PRESSURE 

66.96 
68.37 
68.92 
69.75 
70.56 
71.10 
72.43 
73.73 
75.01 
76.27 
77.51 
78.73 
79.93 
80.93 
81.12 
82.28 

CALC. BY: RPC 9-20-11 

CHECKED BY: (., V'~'--' t)\ l.\ \ \ I 

WEIR FLOW CONTROLS 

ORIFICE FLOW CONTROLS 

PRESSURE FLOW CONTROLS 

Ir ·1 

-0 

& 
(l) 

z 
9 

..c. 
--;J 
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HECl S/N: 
I' 
' 001909 HMVersion: 6, 3 3 Data File: 

/~ 

Cc \WINDOWS\TEMi-' \0422, TMP 

*****~*********************************** *************************************** 
• • • • 
• Fi,00D HYDROGRAPH PACKAGE (HEC-1) * U.S. ARMY CORPS OF ENGINEERS • 
• MAY 1991 • • HYDROLOGIC ENGINEERING CEtITER • 
• VERSION 4.0.lE * • 609 SECOND STREET • 
• • • DAVIS, CALIFORNIA 95616 • 
• RUll DATE 10/03/2011 TIME 14:45:16 * • (916) 756-1104 • 
• • • * 
*****ff*********************************** *************************************** 

X X xxxxxxx xxxxx X 

X X X X X xx 
X X X X X 

xxxxxxx xxxx X xxxxx X 
X X X X X 

X X X X X X 

X X xxxxxxx xxxxx XXX 

: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 
: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 

Full Microcomputer Implementation 
by 

Haestad Methods, Inc. 

: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 

: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 

37 Brookside Road* Waterbury, Connecticut 06708 * (203) 755-1666 

THIS PROGRAM REPLACES ALL PREVIOUS VERSIONS OF HEC-1 KNOWN AS HECl {JAN 73), HEClGS, HEClDB, AND HEClKW. 

THE DEFINITIONS OF VARIABLES -RTIMP- AND -RTIOR- HAVE CHANGED FROM THOSE USED WITH THE 1973-STYLE INPUT STRUCTURE. 
THE DEFINITION OF -AMSKK- ON RM-CARD WAS CHANGED WITH REVISIONS DATED 28 SEP 81. THIS IS THE FORTFAN77 VERSION 
NEW OPTIONS: DAMBREAK OUTFLOW SUBMERGENCE , SINGLE EVENT DAMAGE CALCULATION, DSS:WRITE STAGE FREQUENCY, 
DSS:READ TIME SERIES AT DESIRED CALCULATION INTERVAL LOSS RATE:GREEN AND AMPT INFILTRATION 
KINEMATIC WAVE: NEW FINITE DIFFERENCE ALGORITHM 

C,OJ-) \,C, \ 4 \ 1 \ 

-0 
0) 

(0 
<D 
z 
9 

~ 

,.,:: 
~o 
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HEC-1 INPUT PAGE 1 

LINE ID ....... 1 ....... 2 ....... 3 ....... 4 • ..•.•• 5 ....... 6 ....... 7 ....... 8 ....... 9 ...... 10 

1 ID Facility No. 2 Phase 8 Decant 
2 IT 5 OlJANll 1000 865 04JAN11 1000 21 
3 IO 5 0 

4 KK PMF 
5 KM 72-hour PMF 
6 KO 22 
7 BA 0 .113 
8 PB 41 
9 IN 15 OlJANll 1000 

10 PI 0.015 0 .015 0.015 0.015 0 .015 0.015 0 .015 0.015 0.015 0.015 
11 PI 0.015 0.015 0.015 0. 015 0 .015 0.015 0 .015 0.015 0.015 0.015 
12 PI 0.015 0.015 0.015 0.015 0.018 0.018 0.018 0.018 0.018 0.018 
13 PI 0. 018 0 .018 0.018 0. 018 0.018 0.018 0.018 0.018 0.018 0 .018 
14 PI 0.018 0.018 0.018 0.018 0.018 0.018 0.018 0.018 0.023 0.023 
15 PI 0.023 0.023 0.023 0.023 0.023 0.023 0.023 0.023 0.023 0.023 
16 PI 0.023 0.023 0.023 0.023 0.023 0.023 0.023 0.023 0.023 0.023 
17 PI 0.023 0.023 0.033 0.033 0.033 0.033 0.033 0.033 0.033 0.033 
18 PI 0.033 0.033 0.033 0.033 0.033 0.033 0.033 0.033 0.033 0.033 
19 PI 0.033 0.033 0.033 0.033 0.033 0.033 0.047 0.047 0. 048 0.048 
20 PI 0.049 0.050 0.050 0.051 0.051 0.052 0.053 0.054 0.054 0.055 
21 PI 0.056 0.057 0.058 0.059 0.060 0.061 0.062 0.063 0.064 0.066 
22 PI 0 .117 0.122 0.126 0 .131 0 .136 0 .141 0.147 0.152 0.158 0.165 
23 PI 0.170 0.176 0.182 0.188 0.195 0.202 0.208 0. 215 0.222 0.230 
24 PI 0.237 0.244 0.252 0.260 0.289 0.380 0.455 0.515 0.558 0.587 
25 PI 0.669 0.856 0.845 1.002 2.354 4. 611 4. 973 3.381 1.290 0.854 
26 PI 0.886 0.783 0.595 0.575 0.538 0.487 0.419 0 .336 0 .113 0.109 
27 PI 0.106 0.102 0.099 0.096 0.093 0.091 0.088 0.086 0.083 0.081 
28 PI 0.079 0.077 0.076 0.074 0.074 0.071 0.070 0.069 0.068 0.067 
29 PI 0.067 0.066 0. 041 0.041 0.041 0. 041 0.041 0.041 0.041 0. 041 
30 PI 0.041 0.041 0.041 0.041 0.041 0. 041 0.041 0.041 0.041 0. 041 
31 PI 0.041 0.041 0. 041 0.041 0.041 0. 041 0.027 0.027 0.027 0.027 
32 PI 0.027 0.027 0.027 0.027 0.027 0.027 0.027 0.027 0.027 0.027 
33 PI 0.027 0.027 0.027 0.027 0.027 0.027 0.027 0.027 0.027 0.027 
34 PI 0.020 0.020 0.020 0.020 0.020 0.020 0.020 0.020 0.020 0.020 
35 PI 0.020 0.020 0.020 0.020 0.020 0.020 0.020 0.020 0.020 0.020 
36 PI 0.020 0.020 0.020 0.020 0.016 0.016 0.016 0.016 0.016 0.016 
37 PI 0.016 0.016 0.016 0.016 0.016 0.016 0.016 0.016 0.016 0.016 
38 PI 0.016 0.016 0.016 0.016 0.016 0.016 0.016 0.016 
39 LS 0 100 
40 !JD 0 

41 KK Phases 
42 KM Facility No. 2 
43 KO 22 
44 RS ELEV 582 

"1) 
45 sv 2640.2 3153.28 Pl 
46 SE 580 588 (Q 

<D 47 SQ 0 15.81 29.09 34.77 39. 64 42.58 49.17 54.97 60.22 65.04 z 48 SQ 69.54 73.75 77.74 80.93 81.12 82.28 !'-' 49 SE 582 582.S 582.7 583 583 .3 583.5 584 584.5 585 585.S 
so SE 586 586.S 587 587.42 587.5 588 
51 zz 1.c 

--" 



R
11715

~ 
HECl S/N: 001909 HMVersion: 6.33 Data File, c,\WINDOWS\TEM\ 1 i.0422.TMP 

*****~*********************************** 

* 
* 
* 
* 

Fl,00D HYDROGRAPH PACKAGE (HEC-1) 
MAY 1991 

VERSION 4.0.lE 

• 
• 
• 

* RUll DATE 10/03/2011 TIME 14:45:16 * 
• • 
***************************************** 

3 IO 

IT 

Facility No. 2 Phase 8 Decant 

OUTPlIT CONTROL Vll.RIABLES 
IPRNT 5 PRINT CONTROL 
I PLOT O PLOT CONTROL 
QSCAL 0. HYDROGRAPH PLOT SCALE 

HYDROGRAPH TIME DATA 
NMIN 5 MINUTES IN COMPUTATION INTERVAL 

IDATE lJANll STARTING DATE 
!TIME 1000 STARTING TIME 

NQ 865 NUMBER OF HYDROGRAPH ORDINATES 
NDDATE 4JAN11 ENDING DATE 
NDTIME 1000 ENDING TIME 
ICENT 0 CENTURY MARK 

COMPUTATION INTERVAL 
TOTAL TIME BASE 

0.08 HOURS 
72.00 HOURS 

ENGLISH UNITS 
DRAINAGE AREA 
PRECIPITATION DEPTH 
LENGTH, ELEVATION 
FLOW 
STORAGE VOLUME 
SURFACE AREA 
TEMPERATURE 

SQUARE MILES 
INCHES 
FEET 
CUBIC FEET PER SECOND 
ACRE-FEET 
ACRES 
DEGREES FAHRENHEIT 

*************************************** 
• • 
• U.S. ARMY CORPS OF ENGINEERS • 
• HYDROLOGIC ENGINEERING CENTER • 
• 609 SECOND STREET • 
• DAVIS, CALIFORNIA 95616 
• (916) 756-1104 • 
• • 
*************************************** 

*** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** 

4 KK 

6 KO 

************** 
• • 
* PMF 
• • 
************** 

OUTPUT CONTROL VARIABLES 
IPRNT 5 PRINT CONTROL 
IPLOT 0 PLOT CONTROL 

. \ 

"'Cl 

els 
CD 

z 
!') 

"' 0 
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QSCAL 0. HYDROGRAPH PLOT SCALE 
IPNCH 0 PUNCH COMPUTED HYDROGRAPH 

IOUT 22 SAVE HYDROGRAPH ON THIS UNIT 
ISAVl 1 FIRST ORDINATE PUNCHED OR SAVED 
ISAV2 865 LAST ORDINATE PUNCHED OR SAVED 

TIMINT 0.083 TIME INTERVAL IN HOURS 

*** *"* *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** 

41 KK 

43 KO 

************** 

* 
* 
* 

* 
Phases * 

• 
************** 

OlITPUT CONTROL VARIABLES 
IPRNT 5 
IPLOT Q 

QSCAL 0. 
IPNCH 0 

IOUT 22 
ISAVl 1 
ISAV2 865 

TIMINT 0.083 

PRINT cmrrROL 
PLOT CONTROL 
HYDROGRAPH PLOT SCALE 
PUNCH COMPUTED HYDROGRAPH 
SAVE HYDROGRAPH ON THIS UNIT 
FIRST ORDINATE PUNCHED OR S.ZWED 
LAST ORDINATE PUNCHED OR SAVED 
TIME INTERVAL IN HOURS 

"D 
m 

<O. 
(l) ...,. , __ ,, 
,I\ 
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RUNOFF SUMMARY 
FLOW IN CUBIC FEET PER~ ,ND 

TIME IN HOURS, AREA IN SQUARE MILES 

PEAK TIME OF AVERAGE FLOW FOR MAXIMUM PERIOD 
OPERATION STATION FLOW PEAK 6-HOUR 24-HOUR 72-HOUR 

HYDROGR.J"\PH AT PMF 1465. 39.25 347. 110. 42. 

ROUTED TO Phases 59. 42.08 58. 54. 27. 

*** NORMAL END OF HEC-1 *** 

BASIN MAXIMUM 
AREA STAGE 

0.11 

0.11 584.89 

TIME OF 
MAX STAGE 

42.08 

""1] 

Ill 
(D 
(1: 

z 
0 

"' IJ 
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CALCULATED BY: ..cR..cP~C ___ 1~0~f7..c/2-'-0~1..c1 _ 
CHECKED BY: _______ _ 

DITCH SIZING UTILITY FOR TRIANGULAR AND TRAPEZOIDAL CONFIGURATIONS USING MANNING'S EQUATION: 

USM DESIGN - DECANT DITCH 

PEAK FLOW= 
BOTTOM WIDTH = 
SIDE SLOPE 1 = 
SIDE SLOPE 2 = 
CHANNEL SLOPE = 
MANNING'S N = 

OUTPUT: 

TRAPEZOIDAL DITCH 

WETTED PERIMETER = 
AREA OF FLOW = 
HYDRAULIC RADIUS, Rh= 
CALC. VELOCITY = 

FREEBOARD REQUIRED = 

TOTAL DEPTH = 

59.00 CFS 
5 FT 

2.00:1 
2.00:1 
0.3333 FT/FT 
0.015 FP(1/6) 

6.69 
2.18 
0.33 

27.07 

FT 
SQ.FT. 
FT 
FPS 

1.49 FT 

1.9 FT 

DEPTH OF FLOW= 
MEAN DEPTH= 
FROUDE NO.= 

(1 +0.025vdh1/3) 

0.38 
0.33 
8.25 

FT 
FT 
SUPERCRITICAL 
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AllianceLI 
Consulti..1J.g, Inc. 

BY: RPC 

PROJECT NAME: 

PROJECT NUMBER: 

Page No._-'-/-'--<;..:.4 __ 

DATE: 1on,2011 CHKD BY: ---- DATE: -----

Mach No. 1 Mine, Facility No. 2 Phases 5A, 7, and 8 

_ ___,B,c1cc1 .c· 1.c,46ec·..c1 4;:_1c,3c...__ SHEET: ____ OF: 

Engineers · Constructors· Scientists DESCRIPTION: ARMORFORM DITCH LINING DECANT DITCH 

DITCH PROPERTIES 

ENTERED VALUES 
DESIGN DISCHARGE (cfs). Q= 59.00 

BOTTOM WIDTH (ft), b= 5.00 
CHANNEL SLOPE (%), So= 33.33 

SIDE SLOPES, Z= 2.00 

TYPE OF MAT TO BE DESIGNED= USM 

UNIT WEIGHT OF CONCRETE (pcij, Ge= ___ 1c'4c'0.:,::,00:,_ __ 
UNIT WEIGHT OF WATER (pcij, Gw=_-~62~.4~0~--

SUBGRADE FRICTION ANGLE (deg), o= ___ 3,,,o"".o"o'------

TRACTIVE STRESSES DUE TO FLOW OF WATER 

BOTTOM STRESS 

tb=Gw•wso (psij= --~8~.1~8 __ _ 

SIDE SLOPE STRESS 

SIDE SLOPE COEFFICIENT= 0.79 -------
ts=0.79·tb (psij=_-~6~.4~6 __ _ 

TOTAL STRESS 

I (psij = 
T (lb/ft) = 

REQUIRED RESISTING STRESS 

8.18 

DESIRED FACTOR OF SAFETY= ___ 1~.5~--

REQUIRED RESISTING STRESS (psij= __ ~12e,..2:,6c_ __ 
(lb/ft) = 87 .10 

RESISTING STRESS 

BOTTOM STRESS 

MAT THICKNESS (in), 1= ____ 4 __ _ 

CONDITION 
ARMORFORM ON 

SOJL 
ARMORFORM ON 

"'""'" 

CALCULATED VALUES 
MANNING'S COEFFICIENT, n= 0.o15 

DEPTH OF FLOW (ft), y= 0.47 
AREA OF FLOW (sq ft), A= 2.79 

WETTED PERIMETER (ft), P= 7.10 
HYDRAULIC RADIUS (ft), R- 0.39 

VELOCITY OF FLOW (fps), V= 30.69 

LINING PERIMETER (ft)= ___ .c14"-.2"c4c--__ 
TOP WIDTH (ft)= 13.27 

FREE BOARD (ft)= ----'=1".a"'o __ _ 

TOTAL DITCH DEPTH (ft), d= ___ _,2c,,0:,c7 __ _ 

COARSE 
GRAll\'ED 

25 

JO 

SIDE SLOPE COEFFICIENT 

<1.5 
2 
3 
4 

MAT TYPE 
ABM 
FPM 
USM 

FINE GRAINED NO 
COHESJON 

25 

25 

FINE GRAINED 
LOW COHESJON 

JO 

25 

0.76 
0.79 
0.85 
0.94 

n 
0.045 
0.025 
0.015 

COHESIVE 

45 

32.5 

t(Gc-Gw)( ) tr,b= 
1 

, tan(d)-So (psij= __ -'5~.9~9 __ 
-v 1 +so-

SIDE SLOPE STRESS 

t(Gc-G,0 [Ztan(d) tr s-
, - .J1+sd- .J1+z2 

so) (psij= ___ 4~.-'-49~--

AVERAGE TOTAL RESISTING STRESS FROM MAT 

Tr,! (psij= --~5~.0~2 __ _ Tr,! (lb/ft) = 

NOTE: TOTAL RESISTING STRESS INCLUDES FREEBOARD 
PORTION OF MAT, CONSERVATIVELY USING MA T'S 

SUBMERGED UNIT WEIGHT FOR FREEBOARD ZONE. 

71.47 
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A1lianceL7 
Consulting, Inc. 

BY: RPC 

PROJECT NAME: 

PROJECT NUMBER: 

Page No._~,-~s __ _ 

DATE: 10/712011 CHKD BY: ____ DATE: ____ _ 

Mach No. 1 Mine, Facility No. 2 Phases SA. 7. and B 

--=B'~'~•-'4~6~·1_4~1~3 __ SHEET: ____ OF: 

Engineers · Constructors· Scientists DESCRIPTION: ARMORFORM DITCH LINING DECANT DITCH 

ANCHOR RESISTING 8 I Rl::SS 

REMAINING RESISTANCE REQUIRED (psij= ___ 7~.2~5~-- (lb/ft) = __ 15~.6_3 __ 

ANCHOR RESISTANCE (PSF)= As•(Phi)(fs)/L'·2 

REBAR SIZE (#)= ----=5 __ _ 

SOLVE FOR REQUIRED ANCHOR SPACING 

L (ft)=_-~26".9"'7 __ _ 

USE REBAR SPACING OF __ ~20".0"'0~ __ 20 ft MAXIMUM 

RESISTANCE PROVIDED (psij=_-~13".1~8~--

As=CROSS-SECTIONAL AREA OF REBAR TO BE USED (sq in) 

Phi=SHEAR FACTOR=0.85 
fs=ALLOWABLE STRESS FOR STEEL=20,000 psi 

L=ANCHOR SPACING 

REBAR# 
3 
4 
5 
6 
7 
8 

As (sq in) 

0.11 
0.20 
0.31 
0.44 
0.60 
0.79 

NOTE: ABOVE IS BASED ON YIELD SHEAR STRESS ON BOLT, MUST ALSO CHECK GROUND ANCHORAGE CAPACITY OF BOLT! 

CHECK UPLIFT 

REQUIRED WEIGHT (lbs), W= __ ~C~w~•H~•~G~w __ 
12"2".33 

Cw= ___ ~3~.7 __ _ 

W (lbs)= ---'7'-'.1-"9 __ _ 

MAT WEIGHT (lbs), Wm= __ _cl(~G-=c•-cG'°'w'") __ 
12 

Wm= ___ 2_5.~8~7 __ _ 

CW= 1.3 FOR USM OR FPM, SHORT TERM 

3.7 FOR USM OR FPM, LONG TERM 

2.0 FOR ABM 

Wm IS GREATER THAN W. NO ADDITIONAL UPLIFT RESISTANCE IS NEEDED. 

DESIGN: USE 4 INCH USM WITH ROOF BOLT (#5) ANCHORS ON 20 FOOT SPACING. 

Design procedure based on Nicolon Corporation, Design Theory Manual for Armorfonn Erosion Protection Mats, dated September 25, 1989. 
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AllianceO 
Consulting, Inc. 

Engineers · Constructors· Scientists 

Calculation to size trash rack for Phase 8 decant. 

From HEC-1 analysis - Q = 59 cfs. 

For Velocity (V) through trash rack< 2 ft/s : 

Q=VA,setV=2ft/s 

A,= 59 / 2 

A = 
" 29.5 ft

2 

Try 5' x 5' x 18" rack. 

Area top= (5 x 5) = 

Area sides= (4)(1.5x5) = 

Area (gross)= A,= 

25 ft2 

30 ft2 

55 ft
2 

CALC. BY: RPC DATE: 8/19/2011 CHKD. BY: ____ DATE: 
PROJECT NAME: MACH NO. 1 MINE, FACILITY NO. 2 WEST OF DIWAN A 
PROJECT NUMBER: B11-146-1413 SHEET 1 OF 1 

DESCRIPTION: TRASH RACK SIZE AND FLOW SPACING 

With #4 bars at 4" spacing 

ff Bars on top= (2)(5 / (4/12) - 1) = 28 

# Bars on sides (horizontal)= (4)((1.S / (4/12) - 1)] = 

ff Bars on sides (vertical)= (4)[(5 / (4/12) - 1)] = 

Area of bar (top and long side) =Ab= [(0.S/12) x 5] = 

Area of bar (short side)= [(.5/12) x 1.5] = 

Total area of bars Ab= (28 + 16)(0.2083) + 56(0.0625) = 

16 

56 

0.2083 ft
2 
/bar 

0.0625 ft2 /bar 

12.667 ft
2 

Ari=Ag-Ab= 42.333 ft
2 > 29.5 ft2 

QI( 

Check Flow 

V =Q/A 

V = 59 / 42.333 = 1.393701 ft/s < 2 ft/s 

Use 5' x 5' x 18" trash rack with #4 bars at 4" spacing. 

OK 

7J 

~ 
(D 

z 
!=' 

J\ .-
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Phase 5A/7 - Section D-D Downstream Static Whole Slope Circle 

700 
Z:\11146\STABIL-1\5ADSST.PL2 Run By: R. Cox 9/2312011 3:24PM 

# FS Soil Soil Total Saturated Friction Piez. 
a 1.51 
b 1.51 

Desc. Type Unit Wt. Unit Wt. Angle Surface 
No. (pcf) (pcf) (deg) No. 

C 1.52 CCR 1 130.0 140.0 33.7 W1 
d 1.52 FCR 2 80.0 90.0 28.0 W1 

600 1-1 e 1.52 
f 1.52 

SOIL 3 125.0 135.0 26.8 W1 

g 1.52 
h 1.52 

1.52 
1.53 

I 
500 

Wl 
/izw~ ------ 2 

1------. 
2 

.-----'!!'.>-,.,~,--A. . -~~ --3•·-·S IH ,,1 ~-w1 3 - -~ ~ . 
w

1
13w1 ., 3·· • --=----::-~ _ 

400 .,,_----------------------- ...... - --- , ... -----~---------··-··-··-3·-··-··-----·-··-··-··-··-3·-··-··-··-··-··-··-··-· w, 

300 ,_ 

200 ,_ 

100 

0'----~---~---~---~---~---~----'----~-__ .J._ ___ _J 

0 100 200 300 400 500 600 700 800 900 1000 

PCSTABL5Mlsi FSmin=1.51 
STED Safety Factors Are Calculated By The Modified Bishop Method 

-0 
Ill 

IQ 
(0 

z 
!=' 

-'\ 
4' 



R11723Page No. __ 1_5_g __ _ 

Z,\11146\stabil-1\5adsst.OUT Page 1 

* * PCSTABLSM * * 
by 

Purdue University 
--slope Stability Analysis-

Simplified Janbu, Simplified Bishop 
or Spencer~s Method of Slices 

Run Date, 9/23/2011 
Time of Run: 3:24PM 
Run By: R. Cox 
Input Data Filename: Z:Sadsst. 
Output Filename: Z:Sadsst.OUT 
Unit: ENGLISH 
Plotted Output Filename: Z:Sadsst.PLT 
PROBLEM DESCRIPTION Phase SA/7 - Section D-D 

Downstream static Whole Slope Circle 
BOillWARY COORDINATES 

13 Top Boundaries 
21 Total Boundaries 

X-Left Y-Left X-Right Y-Right Soil Type Boundary 
No. (ft) (ft) (ft) (ft) Below Bnd 

1 .00 431. 5 9 
2 25.25 431.74 
3 77.02 449.00 
4 82.02 449.00 
5 126. 72 434.10 
6 146. 72 434.10 
7 191. 42 449.00 
8 211.42 449.00 
9 328.42 488.00 

10 348.42 488.00 
11 498.42 538.00 
12 548.42 538.00 
13 590.42 524.00 
14 590.42 524.00 
15 348.42 488.00 
16 372.42 480.00 
17 372. 42 480.00 
18 211.42 449.00 
19 258.90 433.17 
20 508.62 434.60 
21 534.42 426.00 

ISOTROPIC SOIL PARAMETERS 
3 Type(s) of Soil 

Soil Total Saturated Cohesion 
Type unit Wt. Unit Wt. Intercept 

No. (pcf) (pcf) (psf) 
1 130.0 140.0 .0 
2 80.0 90.0 .o 
3 125.0 135.0 .0 

25.25 
77.02 
82.02 

126.72 
146. 72 
191. 42 
211. 42 
328.42 
348.42 
498.42 
548.42 
590.42 
84 0. 00 
722.42 
372.42 
722. 42 
508.62 
258.90 
508.62 
534.42 
840.00 

Friction 
Angle 
(deg) 
33.7 
28.0 
26.8 

431.74 
449.00 
449.00 
434.10 
434.10 
449.00 
449.00 
488.00 
488.00 
538.00 
538.00 
524.00 
524.00 
480.00 
480.00 
480.00 
434.60 
433.17 
434.60 
426.00 
426.00 

Pore 
Pressure 

Param. 
.00 

Pressure 
Constant 

(psf) 
.o 

. 00 .0 

.00 .0 
2 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED 
Unit Weight of Water= 62.40 
Piezometric Surface No. 1 Specified by 11 Coordinate Points 

Point x-water Y-Water 
No. (ft) (ft) 

1 .00 431.59 
2 25.25 431.74 
3 99.36 443.22 
4 174.08 443.22 
5 208.42 443.22 
6 246.05 450.50 
7 328.91 471.00 
8 372.42 480.00 
9 372.43 480.00 

10 
11 

557.42 
840.00 

Piezometric Surface No. 
Point X-Water 

535.00 
535.00 
2 Specified by 2 Coordinate Points 
Y-Water 

3 
3 
3 
3 
3 
3 
3 
1 
1 
1 
1 
1 
2 
1 
1 
2 
1 
3 
3 
3 
3 

Piez. 
Surface 

No. 
1 
1 
1 
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No. 
1 
2 

(ft) 
.00 

840.00 

(ft) 
415.86 
416.63 

A Critical Failure Surface Searching Method, Using A Random 
Technique For Generating Circular Surfaces, Has Been Specified. 
400 Trial Surfaces Have Been Generated. 

20 Surfaces Initiate From Each Of 20 Points Equally Spaced 
Along The Ground Surface Between X 130.00 ft. 

and X 210.00 ft. 
Each surface Terminates Between X 480.00 ft. 

and X 580,00 ft. 
Unless Further Limitations Were Imposed, The Minimum Elevation 
At Which A Surface Extends Is Y =416.00 ft. 
10.00 ft. Line Segments Define Each Trial Failure Surface. 
Following Are Displayed The Ten Most Critical Of The Trial 

Failure Surfaces Examined. They Are Ordered - Most Critical 
First. 
**Safety Factors Are Calculated By The Modified Bishop Method 
Failure Surface Specified By 45 coordinate Points 

Point x-surf Y-Surf 
No. (ft) (ft) 

1 138.42 434.10 
2 148.00 431.21 
3 157.64 428.57 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 

167.35 
177 .12 
186.94 
196.80 
206.71 
216.64 
226.61 
236.59 
246.58 
256.58 
266.58 
276.57 
286.55 
296. 50 
306.43 
316.33 
326.18 
335.99 
345.74 
355.44 
365.06 
374.62 
384.09 
393.48 
402.78 
411.98 
421.07 
430.06 
438.93 
447.68 
456.29 
464.78 
473.13 
481.33 
489.38 
497.28 
505.01 
512.58 
519.98 
527.20 
534.24 
537.62 

426.18 
424. 04 
422.15 
420. 52 
419 .14 
418.01 
417.14 
416.53 
416.18 
416.09 
416.25 
416.67 
417.35 
418.28 
419.47 
420.92 
422.62 
424.57 
426.78 
429.23 
431.94 
434.89 
438.09 
441.53 
445.22 
449.14 
453.29 
457.68 
462.30 
467.15 
472. 22 
477. 51 
483.02 
488.74 
494.67 
500.80 
507.14 
513.68 
520.40 
527.32 
534.42 
538.00 

Circle Center At x = 255.3 ; Y 804.l and Radius, 388.0 

* * 
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-( *** 1.513 *** 
Individual data on the 64 slices 

Water Water Tie Tie Earthquake 
Force Force For:::e Force Force Surcharge 

Slice Width Weight Top Bot Norm Tan Hor Ver Load 

No. (ft) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) 

1 8.3 1402.6 4722.5 5610.0 .0 .o .0 .0 . 0 

2 1. 3 500.8 747.1 982.1 . 0 .0 . 0 .o .0 

3 9. 6 8127.3 4496.3 8317.5 . 0 . 0 . 0 .0 .0 

4 9.7 15708.8 2466.3 9887.6 .0 .0 . 0 . 0 ,o 
5 6.7 15133.9 496, 5 7643.4 ,0 ,o ,0 '0 . 0 

6 3.0 7923.3 '0 3658.2 '0 ,0 ,0 '0 . 0 

7 9, 8 29933,6 ,0 12558.6 '0 ,0 ,0 ,0 '0 
8 4.5 15792.2 ,0 6078.0 '0 ,0 ,0 ,0 '0 
9 5.4 20067.6 ,0 7579.7 '0 ,o ,0 ,o '0 

10 9.9 38436.1 .o 14598.0 . 0 ,0 ,o ,o . 0 

11 1. 7 6824.8 ,o 2599.4 . 0 . 0 '0 ,0 '0 
12 3,0 12064,0 . 0 4576.3 '0 ,o ,0 ,0 '0 
13 5.2 21993,5 . 0 8376.4 '0 '0 ,o ,o . 0 

14 4.6 20935.1 '0 7840.9 ,o . 0 ,0 ,0 ,0 

15 5,3 25527.8 . 0 9436.3 '0 '0 ,0 ,0 '0 
16 10.0 52214.1 . 0 18912.1 ,0 . 0 ,0 ,o ,o 
17 9,5 54411.0 '0 19269,9 ,o '0 . 0 ,0 ,0 

18 '5 3196, 5 '0 1109, 5 ,o .0 . 0 ,0 ,0 

19 9,1 56887,7 '0 19677.2 ,0 ,o '0 ,o ,0 

20 ,9 5735.9 '0 1978.4 . 0 ,0 '0 '0 ,0 

21 ,6 3933.8 . 0 1356.3 . 0 . 0 ,0 ,0 '0 
2_2 1. 7 11270.0 '0 3882.6 ,0 '0 ,o ,0 . 0 

23 7.7 52058,6 '0 17895.5 '0 '0 '0 ,0 '0 
24 10.0 71388.8 '0 24456.4 ,0 . 0 ,0 ,0 . 0 

25 10.0 75103.0 '0 25620,7 ,0 '0 '0 ,0 '0 
26 10.0 78401,5 . 0 26626.7 ,0 . 0 ,0 ,0 . 0 

27 9.9 81276.6 '0 27473.4 ,o ,0 ,0 ,o ,o 
28 9.9 83724.l . 0 28160.6 '0 .o ,0 '0 ,0 

29 9.9 85740.0 '0 28687.6 '0 . 0 ,0 '0 ,0 

30 2.2 19757.5 '0 6601,7 '0 ,0 ,o ,0 ,0 

31 '5 4335.5 '0 1448.2 . 0 . 0 '0 '0 ,0 

32 7,1 62006.2 '0 21120.9 . 0 ,0 ,0 '0 ,0 

33 9.8 83204.3 '0 29214.3 '0 '0 '0 '0 ,0 

34 2.7 22341.7 '0 8038,8 '0 . 0 '0 ,0 ,0 

35 7,0 58558,9 . 0 20979.9 '0 . 0 ,0 . 0 ,0 

36 9.6 81057.2 '0 28662.3 . 0 '0 '0 '0 ,0 

37 6.1 51281. 8 '0 17912.3 '0 ,0 ,o '0 '0 
38 1. 3 11012,8 '0 3809.8 '0 ,0 '0 '0 ,0 

39 '0 84.7 '0 29,8 '0 ,0 ,0 '0 ,0 

40 2.2 18506.1 '0 6276.3 '0 ,0 ,0 '0 ,0 

41 9,5 79190.7 ,0 27278.8 '0 ,0 ,0 '0 ,0 

42 9.4 76738.5 '0 26970,2 ,o ,0 ,0 ,o ,o 
43 9.3 73929.8 ,0 26500.9 '0 ,0 ,o '0 ,0 

44 9,2 70780,4 ,0 25871.3 '0 . 0 .o '0 '0 
45 9.1 67307.9 '0 25081. 7 .. 0 ,0 '0 ,0 . 0 

46 9.0 63531.3 . 0 24132.8 '0 ,0 '0 ,0 . 0 

47 3.6 24785.3 ,0 9580.5 '0 ,0 '0 ,o '0 
48 5.2 35270,3 '0 13444.5 ,0 ,0 '0 ,0 . 0 

49 8,7 58800,3 '0 21759.3 '0 ,0 '0 ,0 . 0 

50 8.6 57568.7 ,0 20336.4 '0 ,0 . 0 ,0 ,0 

51 8,5 56090.2 ,0 18757.3 . 0 ,0 '0 ,0 ,0 

52 3.8 24704.4 ,o 7923.2 '0 ,0 '0 ,0 '0 
53 4.6 29327,7 ,0 9099.6 '0 ,0 ,0 ,0 ,0 

54 8.2 50032,5 . 0 15134.5 ,0 ,0 '0 ,0 . 0 

55 8,1 45590.6 . 0 13093.3 '0 ,0 ,o ,0 '0 
56 7,9 40967.8 . 0 10900.7 '0 ,0 '0 .o ,0 

57 1.1 5605,6 . 0 1417.0 '0 ,0 . 0 ,0 ,0 

58 6,6 29644.5 . 0 7141.1 '0 . 0 '0 ,0 ,0 

59 7,6 27886.2 '0 6067.1 '0 ,0 . 0 ,0 ,0 

60 7,4 20565.8 . 0 3429,3 '0 . 0 '0 ,0 ,0 

61 5,2 10375,9 . 0 753.3 '0 ,0 '0 .o ,0 
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62 
63 
64 

2.0 2985.8 .0 .0 
7.0 6526.9 .0 .0 
3.4 784.6 .o .0 
Failure Surface Specified By 45 

Point x-surf Y-Surf 
No. (ft) (ft) 

1 142.63 434.10 
2 152.20 431.19 
3 161.84 428.53 
4 171.54 426.12 
5 181.31 423.97 
6 191.13 422.07 
7 200.99 420.43 
8 210.90 419.05 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 

220.83 
230.80 
240.78 
250.77 
260.77 
270.77 
280.76 
290.74 
300.69 
310.61 
320.50 
330.34 
340.14 
349.88 
359.55 
369.16 
378.69 
388.1.4 
3 97. 50 
406.76 
415.92 
424.97 
4 3-3. 91 
442.73 
451.42 
459.98 
468.40 
476.67 
484.80 
4 92. 77 
500.57 
508.22 
515.68 
522.98 
530.09 
537.01 
537.93 

417.94 
417.08 
416.48 
416.15 
416.08 
416.27 
416. 72 
417.44 
418.42 
419.65 
421.15 
422. 91 
424.92 
427.19 
429. 71 
432.49 
435.52 
438.80 
442.32 
446.09 
450.10 
454.35 
458.83 
463.55 
468.50 
473.67 
479.07 
484.68 
490.51 
496.55 
502.80 
509.25 
515.90 
522.74 
529.77 
536.99 
538.00 

circle Center At x = 258.5 ; Y 
*** 1.514 *** 

Failure Surface Specified By 47 
Point x-surf Y-Surf 

No. (ft) (ft) 
1 130.00 434.10 
2 139.62 431.37 
3 149.30 428.85 

4 159.03 426.56 
5 168.82 424.49 
6 178.64 422.65 
7 188.51 421.03 
8 198.41 419.63 
9 208.35 418.46 

10 218.30 417.52 
11 228.28 416.81 

Page No._..,_l.;:;.~:....I __ 
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. 0 . 0 .0 .0 . 0 

. 0 . 0 .0 .0 .0 

. 0 . 0 .0 ,, 8 .o 
Coordinate Points 

797.3 and Radius, 381.3 

Coordinate Points 
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12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 

Circle 

238.26 
248.26 
258.26 
268.25 
278.25 
288.23 
298.19 
308.13 
318.04 
327.92 
337.75 
347.55 
357.30 
366.99 
376.63 
386.20 
395.70 
405 .13 
414.48 
423.75 
432.93 
442.02 
451.01 
459.90 
468.68 
477.35 
485.90 
494.33 
502.64 
510.82 
518.86 
526.77 
534.54 
542.16 
549.63 
555.46 

Center At X = 

416.32 
416.06 
416.03 
416.23 
416.65 
417.31 
418.19 
419.30 
420.63 
422.19 
423.98 
425.99 
428.22 
430.68 
433.35 
436.24 
439.36 
442.68 
44 6. 23 
449.98 
453.95 
458.12 
462.50 
467.09 
471.87 
476.86 
482.04 
487.41 
492.98 
498.73 
504.67 
510.79 
517.09 
523.57 
530.22 
535.65 

254.6 ; Y 

*** 1.517 *** 
Failure Surface Specified By 44 

Point x-surf Y-Surf 
No. I ft) (ft) 

1 134.21 434.10 
2 143.77 431. 16 
3 153.41 428.49 
4 163.11 426.08 
5 172. 88 423.94 
6 182.70 422.06 
7 192.57 420.46 
8 202.48 419.12 
9 212.43 418.06 

10 222.40 417.28 
11 232.38 416.76 
12 242.38 416.52 
13 252.38 416,56 
14 262.37 416.87 
15 272.36 417.45 
16 282.32 418.30 
17 292.26 419.43 
18 302.16 420.83 
19 312.02 422.50 
20 321. 83 424.44 

21 331.58 426.65 
22 341.27 429.13 
23 350.89 431.87 
24 360.42 434.87 
25 369.88 438.14 
26 379.24 441.66 

Page No._'-\&"-!.."---
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854.2 and Radius, 438.2 

Coordinate Points 



R11728Page No. I C. J 

Z,\11146\stabil~l\5adsst.OUT Page 6 

27 388.50 445.44 
28 397.65 449.47 
29 406.69 ~53. 74 
30 415.60 458.27 
31 424. 3 9 463.04 
32 433.05 468.04 
33 441.57 473.29 
34 449.94 478.76 
35 458.15 4 84. 46 
36 466.21 490.38 
37 474.10 496. 53 
38 481. 82 502.88 
39 489.36 509.45 
40 496. 72 516.22 
41 503.89 523.19 
42 510.87 530.35 
43 517.65 537. 71 
44 517.90 538.00 

Circle Center At X = 246.1 ; y 781.2 and Radius, 364.7 

*** 1.518 *** 
Failure Surface Specified By 44 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 134.21 434.10 
2 143.79 431.21 
3 153.43 428.59 
4 163.15 426.22 
5 172.93 424.12 
6 182.76 422.28 
7 192.63 420.71 
8 202.55 419.41 
9 212.49 418.37 

10 222.46 417.60 
11 232.45 417.10 
12 242. 45 416.88 
13 252.45 416. 92 
14 262. 44 41 7. 23 
15 272. 43 417.81 
16 282.39 418.66 
17 292.33 419.?8 
18 302.23 421.17 
19 312.09 422.82 
20 321.91 424.74 
21 331.67 426. 92 
22 341.36 429.37 
23 350.99 432.07 
24 360.54 435.04 
25 370.01 438.26 
26 379.38 441.74 
27 388.66 445.46 
28 397.84 44 9. 44 
29 406.90 453.66 
30 415.85 458 .13 
31 424.67 462.84 
32 433.37 467.78 
33 441.92 472.95 
34 450.34 478.36 
35 458.60 483.99 
36 466. 71 489.84 
37 474.66 495.91 
38 482.44 502.19 
39 490.05 508.67 
40 497.48 515.36 
41 504.73 522.25 
42 511.79 529.33 
43 518.66 536.60 
44 519.91 538.00 
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Circle Center At X = 245.9 ; Y 787.3 and Radius, 370.4 

*** 1.518 *** 
Failure Surface Specified By 47 Coordinate Points 

Point x-surf Y-Surf 
No. (ft) (ft) 

1 130.00 434.10 
2 13 9. 63 431.41 
3 149.32 428.95 
4 159.07 426.70 
5 168.86 424.68 
6 178.70 422.88 
7 188.57 421.30 
8 198.48 419.95 
9 208.42 418.82 

10 218. 38 417.92 
11 228.35 417.24 
12 238.34 416.80 
13 248,34 416.57 
14 258.34 416.58 
15 268.34 416.81 
16 278.33 417.27 
17 288.30 417.96 
18 298.26 418.87 
19 308.20 420.01 
20 318.10 421.38 
21 327.98 422.97 
22 337.81 424.78 
23 347.60 426.81 
24 357.34 429.07 
25 367.03 431. 55 
26 376.66 434.25 
27 386.23 437.16 
28 395.72 440.29 
29 405.15 443.64 
30 414.49 447.20 
31 423.75 450.97 
32 432.93 454.95 
33 442.01 459.14 
34 450.99 463.53 
35 459.87 468.13 
36 468.65 472.92 
37 477.31 477.92 
38 485.86 483 .11 
39 494.29 488.49 
40 502.59 494.06 
41 510.77 499.82 
42 518.81 505.77 
43 526.71 511. 89 
44 534.48 518.19 
45 542.10 524.67 
46 549.56 531.32 
47 554.54 535.96 

Circle Center At X = 253.1 ; y 856.9 and Radius, 440.3 

*** 1.519 *** 
Failure Surface Specified By 47 coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 138.42 434.10 
2 14 8. 04 431.37 
3 157.72 428.86 
4 167.46 426.59 
5 177.25 424.54 
6 187.08 422.71 
7 196.95 421.12 
8 206.86 419.76 
9 216.80 418.64 

10 226.76 417.74 
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11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 

Circle 

236.73 
246. 72 
256.72 
266. 72 
276. 72 
286.71 
296.68 
306.63 
316.56 
326.46 
336.32 
346.13 
355.91 
365.62 
375.29 
384.88 
394.42 
403.87 
413. 25 
422.55 
431. 75 
440.87 
449.88 
458.79 
467.59 
476.28 
484.85 
493.30 
501.62 
509.81 
517.86 
525,77 
533.53 
541. 15 
548.61 
555.92 
556.17 

Center At X = 

417.08 
416.65 
416.45 
416.49 
416.76 
417.27 
418.01 
418.98 
420.18 
421.62 
423.29 
425.18 
427.31 
429.66 
432.24 
435.04 
438.07 
441. 32 
444.79 
448.48 
452.39 
456.50 
460.83 
465.37 
470.12 
475.07 
480.22 
485.58 
491. 12 
496. 86 
502.79 
508.91 
515.21 
521. 69 
528.35 
535.18 
535.42 

260.1 ; Y 

*** 1. 520 *** 
Failure Surface Specified By 45 

Point x-surf Y-Surf 
No. (ft} (ft) 

1 146.84 434 .14 
2 156.46 431.39 
3 166.13 428.87 
4 175.87 426.60 
5 185.67 424.57 
6 195.51 422.79 
7 205.39 421. 26 
8 215.30 419.98 
9 225.25 418. 94 

10 235.22 418.15 
11 245.21 417.62 
12 255.20 417.33 
13 265.20 417.29 
14 275.20 417.51 
15 285.19 417.97 
16 295.16 418.69 
17 305.12 419.65 
18 315.04 420.86 
19 324.93 422.33 
20 334.79 424.03 
21 344.59 425.99 
22 354.35 428.19 
23 364.05 430.63 
24 373.68 433.32 
25 383.24 436.24 
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844.4 and Radius, 427.9 

Coordinate Points 
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26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 

Circle 

3 92. 73 
402.13 
411.45 
420.67 
429.79 
438.81 
447.71 
456.50 
465.17 
473.71 
482.11 
490.38 
498.50 
506.48 
S 14. 30 
521. 96 
529.46 
536.79 
543.95 
547.64 

Center At X = 

439.41 
442.81 
446.45 
450.31 
454.41 
458.74 
463.29 
468.06 
473.05 
478.25 
483.67 
489.30 
495 .13 
501.16 
507.39 
513.82 
520.43 
527.23 
534.21 
538.00 

261.6 ; Y 

*** 1. 521 *** 
Failure Surface Specified By 45 

Point x-surf Y-Surf 
No. {ft) {ft) 

1 151.05 435.54 
2 160.60 432.57 
3 170.22 429.85 
4 179.91 427.37 
5 189.66 425.15 
6 199.46 423.17 
7 209.32 421.46 
8 219.21 419.99 
9 229.13 418.78 

10 239.09 417.83 
11 249.06 417.13 
12 259.05 416.69 
13 269.05 416.51 
14 279.05 416.59 
15 289.05 416.92 
16 299.03 417.51 
17 30B.99 418.36 
18 318.93 419.47 
19 328.84 420.83 
20 338. 71 422.44 
21 348.53 424.31 
22 358.30 426.44 
23 368.02 428.81 
24 377.67 431.43 
25 387.25 434.31 
26 396.75 437.42 
27 406.17 440.78 
28 415.50 444.39 
29 424.73 448.23 
30 433.86 452.31 
31 442.88 456.62 
32 451.79 461.16 
33 460.58 465.94 
34 469.24 470.93 
35 477.77 476.15 
36 486.16 481.59 
37 4 94. 41 487.24 
38 502.51 493.10 
39 510.46 499.17 
40 518.25 5 05. 44 
41 525.87 511.91 
42 533.33 518.58 
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816.5 and Radius, 399.2 

Coordinate Points 
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43 540.61 525.43 
44 547.71 532.47 
45 551.90 536.84 

Circle Center At X = 271.1 ; y 804.4 and Radius, 387.9 
*** 1.524 *** 

Failure Surface Specified By 43 Coordinate Points 
Point x-surf Y-Surf 
No. (ft) (ft) 

1 134.21 434.10 
2 143.79 431.22 
3 153.44 428.61 
4 163.16 426.27 
5 1 72. 95 424.20 
6 182.78 422.41 
7 192. 67 420,89 
8 202.59 419.65 
9 212.55 418.69 

10 222,52 418.01 
11 232.51 417.60 
12 242.51 417.48 
13 252.51 417.63 
14 262.50 418.07 
15 272.48 418.78 
16 282.43 419.78 
17 2 92. 3 5 421.05 
18 302.23 422.60 
19 312.06 424.42 
20 321.83 426.52 
21 331,55 428.89 
22 341.19 431.54 
23 350.76 434.45 
24 360.24 437.62 
25 369.63 441.07 
26 378.92 444.77 
27 388.10 448.73 
28 397.17 452.95 
29 406.12 457.42 
30 414.93 462.13 
31 423.62 467.10 
32 ~32.15 472.30 
33 440.55 477.74 
34 448.78 483.41 
35 456.85 489.31 
36 464.76 495.44 
37 472.49 501.78 
38 480.04 508.34 
39 487.40 515.10 
40 494.58 522.07 
41 501.55 529.24 
42 508.32 536.60 
43 509.54 538.00 

Circle Center .Zit X = 241.9 ; y 774.9 and Radius, 357.4 

*** 1. 527 *** 
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Phase 5A/7 - Section D-D Downstream Static Shallow Slope Circle 
Z:111146\STABIL-115ADSST2.PL2 Run By: R. Cox 9/23/2011 3:25PM 700 I I I I I I' I 1 1 1 1 1 # FS 

a 1.97 
b 1.97 
C 1.97 
d 1.98 
e 1.98 

Soil 
Desc. 

Soil Total Saturated Friction Piez. 
Type Unit Wt. Unit Wt. Angle Surface 
No. (pcf) (pcf) (deg) No. 

600 

1 130.0 140.0 33.7 W1 
2 80.0 90.0 28.0 W1 

t 1.991~--------------.:_J 

CCR 
FCR 
SOIL 3 125.0 135.0 26.8 W1 

g 1.99 
a 

sb j 1\ 

500 

h 2.00 
i 2.00 
j 2.01 

•c,•~•·- ··• ~~ .,.~.c<#"L 'f'- ~·==-, .. 
'"""' ,.-,, .. ,-~ .... ~ ' '~ " 

-- -- ___________ 3 --==-~~~ -- ------- ----3 ---- ---- -----
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Safety Factors Are Calculated By The Modified Bishop Method 
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** PCSTABLSM ** 
by 

Purdue University 
--Slope Stability Analysis-

Simplified Janbu, Simplified Bishop 
or Spencer~s Method of Slices 

Run Date: 9/23/2011 
Time of Run: 
Run By: 
Input Data Filename: 
Output Filename: 
Unit: 

3,25PM 
R. Cox 
Z,5ADSST2. 
Z,5ADSST2.0UT 
ENGLISH 

Plotted 
PROBLEM 

Output Filename: Z:5ADSST2.PLT 
DESCRIPTION Phase SA/7 - Section D-D 

Downstream Static Shallow Slope Circle 
BOUNDARY COORDINATES 

13 Top Boundaries 
21 Total Boundaries 

Boundary X-Left Y-Left X-Right 
{ft) 
25.25 
77.02 
82.02 

Y-Right Soil Type 
No. {ft) {ft) (ft) Below Bnd 

1 .00 431.59 
2 25.25 431. 74 
3 77.02 449.00 
4 82.02 449.00 
5 126.72 434.10 
6 14 6. 72 434.10 
7 191. 42 449.00 
8 211. 42 449.00 
9 328.42 488.00 

10 348.42 488.00 
11 498.42 538.00 
12 54 8. 42 538.00 
13 590.42 524.00 
14 590.42 524.00 
15 348.42 488.00 
16 372.42 480.00 
17 372.42 480.00 
18 211.42 449.00 
19 258.90 433.17 
20 508.62 434.60 
21 534.42 426.00 

ISOTROPIC SOIL PARAMETERS 
3 Type{s) of Soil 

soil Total Saturated Cohesion 
Type Unit Wt. Unit Wt. Intercept 

No. {pcf) {pcf) {psf) 
1 130.0 140.0 .0 
2 80.0 90.0 .0 
3 125.0 135.0 .0 

126.72 
146. 72 
191. 42 
211.42 
328.42 
348.42 
498.42 
54 8. 42 
590.42 
840.00 
722.42 
372.42 
722.42 
508.62 
258.90 
508.62 
534.42 
840.00 

Friction 
Angle 
(deg) 
33.7 
28.0 
26.8 

431.74 
449.00 
449.00 
434.10 
434.10 
449.00 
449.00 
488.00 
488.00 
538.00 
538.00 
524.00 
524.00 
480.00 
480.00 
480.00 
434.60 
433.17 
434.60 
426.00 
426.00 

Pore Pressure 
Pressure Constant 

Param . (psf) 
. 00 .0 
.00 .0 
.00 .0 

2 PIEZOMETRIC SURFACE(S) HAVE BEEN 
Unit Weight of Water= 62.40 

SPECIFIED 

Piezometric 
Point 

No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

Piezometric 

Surface No. 
X-Water 

{ft) 
.00 

25.25 
99.36 

174.08 
208.42 
246.05 
328.91 
372.42 
372.43 
557.42 
840.00 

Surface No. 
:x-r•1ater 

1 Specified by 11 Coordinate Points 
Y-Water 

(ft) 
431.59 
431.74 
443.22 
443.22 
443.22 
450.50 
471.00 
480.00 
480.00 
5.35.00 
535.00 
2 Specified by 2 Coordinate Points 
Y-W~te:?::" 

3 
3 
3 
3 
3 
3 
3 
1 
1 
1 
1 
1 
2 
1 
1 
2 
1 
3 
3 
3 
3 

Piez. 
Surface 

No. 
1 
1 
1 
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No. 
1 
2 

(ft) 
.00 

840.00 

(ft} 
415.86 
416.63 

A Critical Failure surface Searching Method, Using A Random 
Technique For Generating circular Surfaces, Has Been Specified. 
400 Trial Surfaces Have Been Generated. 

20 Surfaces Initiate From Each -Of 20 
Along The Ground Surface Between X 

and X 
Each Surface Terminates Between X 

Points 
300.00 
400.00 
480.00 

and X 580.00 

Equally 
ft. 
ft. 
ft. 
ft. 

Spaced 

Unless Further Limitations Were Imposed, The Minimum Elevation 
At Which A Surface Extends Is Y =416.00 ft. 
10.00 ft. Line Segments Define Each Trial Failure Surface. 
Following Are Displayed The Ten Most Critical Of The Trial 

Failure Surfaces Examined. They Are Ordered - Most Critical 
First. 
* * Safety Factors Are Calculated By The Modified Bishop Method** 
Failure Surface Specified By 20 Coordinate Points 

Point x-surf Y-Surf 
No. (ft) (ft) 

1 347.37 488.00 
2 356.37 483.65 
3 365.71 480.07 
4 375.32 477.29 
5 385.12 475.33 
6 395.06 474.20 
7 405.05 473.91 
8 415.04 474.46 
9 424.94 475.85 

10 434.69 478.07 
11 444.22 481.10 
12 453.46 484.92 
13 462.35 489.51 
14 470.81 494.83 
15 478.80 500.84 
16 486.26 507.51 
17 493.13 514. 77 
18 499.36 522.59 
19 504.91 530.91 
20 508.83 538.00 

Circle Center At X = 403.5 y 592.5 and Radius, 118.6 

*** 1. 966 *** 
Individual data on the 27 slices 

Water Water Tie Tie Earthquake 
Force Force Force Force Force Surcharge 

Slice Width Weight Top Bot Norm Tan Hor Ver Load 
No. I ft) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) 

1 1.1 34.7 .0 . 0 . 0 . 0 .0 .0 . 0 
2 8.0 3882.4 .0 . 0 .0 .o .0 .0 . 0 
3 9.3 12562.4 .o . 0 .0 .0 .0 .0 . 0 
4 2.9 5572. 7 .0 .o .0 .0 .0 .o . 0 
5 3.8 8231. 9 .0 225.2 .0 .0 .0 .0 . 0 
6 . 0 23.4 .0 1. 2 .0 .0 .0 . 0 . 0 
7 2.9 7048. 9 .0 489.7 .0 .0 .0 . 0 .0 
8 9.8 27708.1 .0 3597.3 .0 .0 . 0 . 0 . 0 
9 2.0 6332.B . 0 1072. 3 . 0 .0 . 0 .0 .0 

10 7.9 27128.4 .0 5207.6 . 0 .0 .0 .0 .o 
11 10.0 38877.2 .0 8478.8 .0 . 0 .0 .0 .0 
12 10.0 43323.9 .0 10178.4 .0 .0 .0 .0 .0 
13 9.9 46654.5 .0 11366.6 .0 .0 .o .0 . 0 
14 9.8 48786.0 .0 12035.1 .0 .0 . 0 . 0 . 0 
15 6.1 31475.6 .0 7775.6 .0 .0 . 0 . 0 . 0 
16 3.5 18108.8 . 0 4403.5 .0 .0 . 0 . 0 .0 
17 9.2 47949.0 .0 11797.5 . 0 .0 . 0 . 0 .0 
18 8.9 44612.3 .0 10893.0 . 0 .0 . 0 . 0 . 0 
19 8.5 40054.1 .o 9472.2 . 0 .0 . 0 .0 . 0 
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_( 
20 
21 
22 
23 
24 
25 
26 
27 

8.0 34511.8 .0 7545.0 
7.5 28266.1 .0 5125.1 
6. 9 21632.7 .0 2229.7 
1. 2 3165.2 . 0 62.0 
4.1 9926.7 . 0 . 0 

.9 1958.6 . 0 .0 
5.6 8118.B .0 .0 
3.9 1803.2 .o .0 
Failure Surface Specified By 21 

Point x-surf Y-Surf 
No. (ft) (ft) 

1 342.11 488.00 
2 351.51 484.60 
3 361.13 481.86 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

370.91 
380.82 
3 90. 80 
400.80 
410.77 
420.67 
430.45 
440.06 
449.45 
458.57 
467.39 
475.87 
483.95 
491. 59 
498.78 
505.45 
511. 60 
512.31 

479.80 
478.43 
477.75 
477.77 
478.49 
479.90 
482.00 
484.77 
488.21 
492.29 
497.00 
502.32 
508.21 
514. 65 
521.61 
529.05 
536.94 
538.00 

Circle Center At X = 395.5 ; Y 
*** 1.972 *** 
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.0 . 0 . 0 .0 . 0 

. 0 .0 .0 .0 .0 

. 0 .0 .o .0 .0 

. 0 .0 .0 .o .0 

.0 . 0 .0 . 0 .0 

.0 . 0 . 0 . 0 . 0 

.0 . 0 . 0 . 0 . 0 

. 0 . 0 . 0 .0 . 0 
Coordinate Points 

621.0 and Radius, 143.3 

Failure surface Specified By 20 Coordinate Points 
Point X-Surf Y-Surf 

No. (ft) (ft) 
l 342.11 488.00 
2 
3 
4 
5 
6 
7 

8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

351.46 
361.05 
370.82 
380.72 
390.70 
400.70 
410.67 
420.55 
430.29 
439.84 
449.15 
458.17 
466.84 
475.13 
482.98 
490.35 
4 97. 21 
503.51 
508.00 

484.46 
481.62 
479.50 
478.09 
477.42 
477.48 
478.28 
479.80 
482.05 
485.0l 
488.67 
492.99 
497.97 
503.57 
509. 77 
516.52 
523.80 
531.56 
538.00 

Circle Center At X = 394.8 ; Y 

*** 1.972 *** 
Failure Surface Specified By 21 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 342. 11 488.00 
2 350.88 483.21 
3 360.03 479.16 
4 369.48 475.89 
5 379.17 473.42 

613.2 and Radius, 135.9 

Coordinate Points 
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6 389.03 4 71. 76 
7 398.99 470.93 
8 408.99 470.93 
9 418.96 4 71. 76 

10 428.82 473.42 
11 438.51 475.90 
12 ·447.96 479.17 
13 457.10 483.22 
14 465.88 488.01 
15 474. 23 493.52 
16 482.08 499.70 
17 489.40 506.52 
18 4 96 .13 513.92 
19 502.21 521.86 
20 5 07. 62 530.27 
21 511. 71 538.00 

Circle Center At X = 404.0 ; y 590.9 and Radius, 120.1 
*** 1.984 *** 

Failure Surface Specified By 21 Coordinate Points 
Point x-surf Y-Surf 
No. (ft) {ft) 

1 336.84 488.00 
2 345.79 483.53 
3 355.07 479.81 
4 364.62 476.84 
5 374.38 474.65 
6 384.28 473.26 
7 394.26 472.68 
8 404.26 472.90 
9 414. 21 473.93 

10 424. 04 475.76 
11 433.69 478.38 
12 443.10 481. 75 
13 452.20 485.90 
14 460.94 490.76 
15 469.26 496.31 
16 477.10 502.51 
17 484.42 509.33 
18 491.16 516. 72 
19 497.29 524.62 
20 502.75 533.00 
21 505.47 538.00 

Circle Center At X = 396. 5 ; y 596. 4 and Radius, 123.7 

*** 1.984 *** 
Failure Surface Specified By 21 Coordinate Points 

Point x-surf Y-Surf 
No. {ft) {ft) 

1 336.84 488.00 
2 345.94 483.86 
3 3 55. 3 5 480.45 
4 364.99 477.80 
5 374.81 475.92 
6 384.75 474.83 
7 394.75 474.53 
8 404.73 475.03 
9 414.65 476.31 

10 424.43 478.38 
11 434.02 481.22 
12 443.35 484.82 
13 452.37 489.14 
14 461.02 494.16 
15 469.24 499.86 
16 476.98 506.19 
17 484.19 513 .11 
18 490.84 520.59 
19 496.86 528.57 
20 502.24 537.00 
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21 502.77 538.00 
Circle Center At X = 393.5 ; Y 

*** 1.985 *** 
Failure 

Point 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

Surface Specified By 20 
x-surf Y-Surf 

(ft) (ft) 
342.11 488.00 
351.14 483.71 
360.50 480.20 
370.13 
379.95 
389.89 
399.89 
409.87 
419.76 
429.48 
438.98 
448.17 
457.00 
465.40 
473.30 
480.66 
487.42 
493.54 
498.96 
501.81 

477.49 
475.61 
4 74. 57 
474.37 
475.02 
476.51 
478.84 
481.98 
485.92 
490.62 
496.05 
502.17 
508.94 
516.31 
524.22 
532.62 
538.00 

Circle Center At X = 397.2 ; Y 
*** 1.985 *** 

Failure 
Point 

No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

Surface Specified By 25 
x-surf Y-Surf 

(ft) (ft) 
336.84 488.00 
345.91 483.79 
355.21 480.11 
364.71 476.98 
374.37 474.41 
364.17 
394.07 
404.03 
414.03 
424.02 
433.98 
443.87 
453.66 
4 63. 31 
472.79 
482.07 
491.12 
499.91 
508.40 
516.57 
524. 3 8 
531.83 
538.86 
545.48 
549.99 

472.40 
470.97 
470.12 
469.86 
470.17 
471.07 
472.55 
474.60 
477.22 
480.39 
484.12 
488.37 
493.15 
498.43 
504.20 
510.44 
517.12 
524.22 
531.72 
537.48 

Circle Center At X = 413.6 ; Y 
*** 1.998 *** 

Failure 
Point 

No. 
1 
2 
3 
4 
5 
6 

Surface Specified By 24 
x-surf Y-Surf 

(ft) ( ft) 
342.11 488.00 
351.38 484.25 
350.84 481.03 
ro.-:s 478.34 
380.24 476.20 
3 90 .12 474.60 
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600.4 and Radius, 125.9 

coordinate Points 

592.1 and Radius, 117.8 

Coordinate Points 

641.3 and Radius, 171.5 

Coordinate Points 
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7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

400.06 
410.05 
420.05 
430.03 
439.96 
449.80 
459.54 
469.13 
478.54 
487.76 
496. 74 
505.46 
513.90 
522.02 
529.80 
537.22 
544.25 
550.87 

4 73. 56 
473.08 
473.15 
473.79 
474.98 
476.73 
479.02 
481.85 
485.22 
489.11 
493.50 
498.39 
503. 77 
509.60 
515.88 
522.59 
529.70 
537.18 

Circle Center At X = 413.7 ; Y 651.8 and Radius, 178.8 
*** 2.001 *** 

Failure Surface Specified By 23 Coordinate Points 
Point 

No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

X-Surf Y-Surf 
(ft) (ft) 

352.63 
361.32 
370.36 
379.69 
389.27 
399.03 
408.93 
418.91 
428.91 
438.87 
448.75 
458.48 
468.01 
477.29 
486.27 
494.88 
503.10 
510.86 
518 .13 
524.86 
531.03 
536.58 
539.46 

489.40 
484.46 
480.18 
476.58 
473.70 
471.54 
470.12 
469.45 
469.52 
470.34 
471.91 
474.21 
477.23 
480. 96 
485.38 
490.45 
496.15 
502.46 
509.32 
516. 72 
524.59 
532.91 
538.00 

Circle Center At X = 422.9 ; Y 
*** 2.013 *** 

602.8 and Radius, 133.4 
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Phase 5A/7 -Section D-D Upstream Static Whole Slope Circle 
Z:\11146\STABIL ~1\5ADDUSST.PL2 Run By: R. Cox 9/20/2011 9:55AM 

800 rr==========i========,,-----------,--------i--------, 
# 1-::; 
a 2.38 
b 2.38 
C 2.39 
d 2.39 
e 2.39 

Soil 
Desc. 

Soil Total Saturated Friction Piez. 
Type Unit Wt. Unit Wt. Angle Surface 
No. (pcf) (pcf) (deg) No. 
1 130.0 140.0 33.7 W1 

f 2.3911L_C='--"-~~~~~~_j':i_ 
g 2.39 

CCR 
FCR 
SOIL 

2 80.0 90.0 28.0 W1 
3 125.0 135.0 26.8 W1 

h 2.40 
i 2.40 

600 1-1 i 2.41 

Wl 

l _______ _ 
400 '"11=--

-., --. -:f.@"- .. ___________ 1 ______ ~ 

' ~-,- " ~ ~n-- "' - - ·\,o--.iJ'-.~H r "cOC' ~ = •--------- 1 3__ ----·- _3 _______ :' _____ } __________ -·- W2 ··-·· 3 ________ _ -· ---=--··=·· .:g::=3 .. =-· -=---··=----~---··-··--· 
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PCSTABL5M/si FSmin=2.38 
STED Safety Factors Are Calculated By The Modified Bishop Method 
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** PCSTABLSM ** 
by 

Purdue University 
--Slope Stability Analysis-

Simplified Janbu, Simplified Bishop 
or Spencer's Method of Slices 

Run Date: 9/20/2011 
Time of Run: 
Run By: 
Input Data Filename: 
Output Filename: 
Unit: 

9,55AM 
R. Cox 
Z,5ADDUSST. 
Z,5ADDUSST.OUT 
ENGLISH 

Plotted 
PROBLEM 

Output Filename: Z:SADDUSST.PLT 
DESCRIPTION Phase SA/7 -Section D-D 

Upstream Static Whole Slope 
BOUNDARY COORDINATES 

12 Top Boundaries 
21 Total Boundaries 

Circle 

Boundary X-Left Y-Left X-Right Y-Right Soil Type 
No. (ft) (ft) (ft) 

367.58 
451.58 
501.58 
651.58 
691.58 
808.58 
853.28 
873.28 
917.98 
922. 98 
974.75 

(ft) Below Bnd 
1 .00 510.00 
2 367.58 510.00 
3 451.58 538.00 
4 501. 58 538.00 
5 651.58 488.00 
6 691.58 488.00 
7 808.58 449.00 
8 853.28 434.10 
9 873.28 434.10 

10 917.98 449.00 
11 922.98 449.00 
12 974.75 431.74 
13 277.58 480.00 
14 627.58 480.00 
15 277. 58 480.00 
16 491.38 434.60 
17 788.58 449.00 
18 741.10 433.17 
19 491.38 434.60 
20 465.58 426.00 
21 .00 426.00 

ISOTROPIC SOIL PARAMETERS 
3 Type(s) of soil 

Soil Total Saturated Cohesion 
Type Unit Wt. Unit Wt. Intercept 

No. (pcf) (pcf) (psf) 
1 130.0 140.0 .0 
2 80.0 90.0 .0 
3 125.0 135.0 .0 

1000.00 
367.58 
651.58 
627. 5 8 
627.58 
808.58 
788.58 
741.10 
491.38 
465.58 

Friction 
Angle 
(deg) 
33.7 
28.0 

510.00 
538.00 
538.00 
488.00 
488.00 
449.00 
434.10 
434.10 
449.00 
449.00 
431.74 
431.59 
510.00 
488.00 
480.00 
480.00 
449.00 
449.00 
433.17 
434.60 
426.00 

Pore 
Pressure 

Param. 
.00 
.00 

Pressure 
Constant 

26.8 .00 

(psf) 
.0 
.0 
,0 

2 PIEZOMETRIC SURFACE(S) HAVE BEEN 
Unit weight of Water= 62.40 

SPECIFIED 

Piezometric 
Point 

No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

Piezometric 
Point 

Surface No. 
X-Water 

(ft) 
.00 

377.09 
627.57 
627.58 
671. 09 
753.95 
791.58 
825.92 
900.64 
974.75 

1000.00 
Surface No. 

X-Water 

1 Specified by 11 Coordinate Points 
Y-Water 

(ft) 
513.17 
513.17 
480.00 
480.00 
471. 00 
450.50 
443.22 
443.22 
443.22 
431.76 
431.59 
2 Specified by 2 Coordinate Points 
Y-Water 

2 
1 
1 
1 
1 
1 
3 
3 
3 
3 
3 
3 
1 
1 
2 
1 
3 
3 
3 
3 
3 

Piez. 
surface 

No. 
1 
1 
1 
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No. 
1 
2 

(ft) 
.00 

1000.00 

(ft) 
416.63 
415.86 

A Critical Failure Surface Searching Method, Using A Random 
Technique For Generating Circular Surfaces, Has Been Specified. 
400 Trial Surfaces Have Been Generated. 

20 surfaces Initiate From Each Of 20 Points Equally Spaced 
Along The Ground surface Between X 150.00 ft. 

and X 250.00 ft. 
Each Surface Terminates Between X 425.00 ft. 

and X 525.00 ft. 
Unless Further Limitations Were Imposed, The Minimum Elevation 
At Which A Surface Extends Is Y =416.00 ft. 
10.00 ft. Line Segments Define Each Trial Failure Surface. 
Following Are Displayed The Ten Most Critical Of The Trial 

Failure Surfaces Examined. They Are Ordered - Most Critical 
First. 
**Safety Factors Are Calculated By The Modified Bishop Method** 
Failure Surface specified By 33 Coordinate Points 

Point x-surf Y-Surf 
No. (ft) (ft) 

1 213.16 510.00 
2 220.23 502. 93 
3 227.70 496.28 
4 235.55 490.08 
5 243.74 484.35 
6 252.25 479.09 
7 261.05 474.35 
8 270.11 470.12 
9 279.40 466.42 

10 288.89 463.27 
11 298.55 460.68 
12 308.34 458.65 
13 318.24 457.19 
14 32 8, 20 456.31 
15 338.19 456.01 
16 348.19 456.30 
17 358.15 457.16 
18 368.05 458.59 
19 377.85 460.60 
20 387.51 463.18 
21 397.00 466.31 
22 406.30 469.99 
23 415.37 474,20 
24 424.18 478.93 
25 432.70 484.17 
26 440.91 489.89 
27 44 8. 76 496. 08 
28 456.25 502.71 
29 463.33 509.76 
30 470.00 517.22 
31 476,22 525.05 
32 481. 97 533.23 
33 484.93 538.00 

Circle Center At X = 338.4 y 628.2 and Radius, 172. 2 

*** 2.382 *** 
Individual data on the 38 slices 

Water Water Tie Tie Earthquake 
Force Force Force Force Force Surcharge 

slice Width Weight Top Bot Norm Tan Hor Ver Load 
No. (ft) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) 

1 7.1 2250.0 1399.0 4183.8 .0 '0 . 0 .o .0 
2 7.5 6988.3 1477.B 8463.3 . 0 '0 . 0 .0 .0 
3 7.8 11873. 1 1551.7 12472.1 . 0 '0 '0 .0 .0 
4 8.2 16798.6 1620.3 16196.8 . 0 .0 . 0 .0 .0 
5 8.5 21660.9 1683.4 19624.7 . 0 '0 .0 .o ,0 
6 8.8 26360.3 1740.9 22744.4 . 0 '0 '0 .0 .0 

Page 2 
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7 9.1 30802.0 1792.5 25545.l .0 .0 .0 .0 . 0 
8 7.5 27806.6 14 77. 4 22338.0 .0 . 0 .o .0 • 0 

9 1.8 7119.2 360.7 5679.5 .0 .0 .0 .0 . 0 
10 9.5 39607.7 1877.4 30153.3 .0 . 0 .0 .0 . 0 
11 9.7 44341.4 1910.4 31945.3 . 0 . 0 . 0 . 0 . 0 
12 9.8 48581.8 1936.9 33387.4 .0 . 0 . 0 . 0 .0 
13 9.9 52258.7 1957.0 34474.7 . 0 .0 . 0 .0 .0 

14 10.0 55312.5 1970.4 35203.6 .0 .0 . 0 .0 . 0 

15 10.0 57695.7 1977. 2 35571. 6 .0 . 0 . 0 . 0 . 0 
16 10.0 59372.6 1977. 3 35577.5 . 0 .o . 0 . 0 . 0 

17 10.0 60320.8 1970.7 35221.3 . 0 .0 . 0 . 0 .0 
18 9.4 57651. 7 1864.7 32887.9 .0 .0 .0 .o . 0 
19 .5 2881. 9 95.4 1616.1 .0 .o .0 .0 . 0 

20 9.0 56738. 5 896.0 30895.7 .0 .0 .0 .0 . 0 
21 .8 4 83 9. 4 .0 2508.4 .0 .0 .0 .0 . 0 
22 9.7 62844.9 .0 31264.2 . 0 . 0 .0 .0 . 0 
23 9.5 63152.8 .0 28714. 2 .0 .0 .0 .0 . 0 
24 9.3 62662.2 . 0 25837.8 . 0 . 0 .0 .0 . 0 
25 9.1 61400.8 . 0 22645.0 . 0 . 0 .0 .0 . 0 

26 8. 8 59409.4 . 0 19146.5 . 0 . 0 .0 .o . 0 

27 1. 7 11649.3 . 0 3450.7 . 0 . 0 .0 . 0 . 0 

28 6.8 44385.7 .o 11903. 3 . 0 .0 . 0 . 0 .0 

29 8.2 50582.0 . 0 11280.4 .0 .0 . 0 . 0 .0 

30 7.9 44554.6 .0 6939.4 .0 .0 . 0 .o .0 

31 2.8 14900. 2 . 0 1436.8 .0 .0 . 0 . 0 .0 
32 4.6 22679.8 . 0 908.9 . 0 . 0 .0 .0 . 0 

33 .0 90.8 .0 .0 . 0 .0 . 0 . 0 .0 
34 7.1 29260.2 .0 .0 .0 .0 . 0 . 0 .0 

35 6.7 21233.0 . 0 .o .0 .0 .0 . 0 .0 

36 6.2 13637.8 . 0 .0 .0 .o .0 .0 .0 

37 5.8 6629.8 . 0 .0 .0 .0 . 0 .0 .0 

38 3.0 918. 2 .0 .0 .0 .0 . 0 . 0 .0 
Failure Surface Specified By 32 Coordinate Points 

Point x-surf Y-Surf 
No. (ft) (ft) 

1 218.42 510.00 
2 225.50 502.93 
3 232.99 496.31 
4 240.87 490.16 
5 249.12 484.51 
6 257.70 479.37 
7 266.58 474.76 
8 275.72 470.71 
9 285.09 467.23 

10 294.66 464.32 
11 3 04. 3 9 462.01 
12 314. 25 460.30 
13 324.18 459.20 
14 334.17 458.71 
15 3 44 .1 7 458.83 
16 3 54. 14 459.56 
17 364.05 460.90 
18 373.86 462.85 
19 383.53 465.?9 
20 3 93. 03 468.53 
21 402.32 472.23 
22 411.36 476.50 
23 420.12 481.32 
24 428.58 486.66 
25 436. 69 492.52 
26 444.42 498.85 
27 451.75 505.65 
28 458.65 512.89 

( 29 465.10 520.53 

'-.. 30 471.07 528.56 
31 476.53 536.94 
32 477.13 538.00 
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circle Center At x = 337.2 ; Y 
*** 2.384 *** 

Failure 
Po:.nt 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

Sur:ace Specified By 31 
X-Surf Y-Surf 

(ft) (ft) 
218.42 
225.50 
233.00 
240.90 
249.16 
257.76 
266.66 
275.83 
285.23 
294.82 
304.57 
314.44 
324.39 
334. 3 9 
344. 3 8 
354.34 
364.23 
374.01 
383.63 
393.07 
402.28 
411.24 
419.90 
428.23 
436.20 
443.77 
450.93 
457.64 
463.87 
469.61 
473.23 

510.00 
502.93 
496.32 
490.19 
484.56 
479.45 
474.90 
470.90 
467.49 
464.66 
462.44 
460.83 
459.84 
459.47 
459.72 
460.60 
462.09 
464.20 
466.91 
470.22 
474.10 
478.56 
483.56. 
489.09 
495.13 
501.66 
508.64 
516.06 
523.88 
532.07 
538.00 

Circle Center At X = 335.3 ; Y 
*** 2.390 *** 

Failure 
Point 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 

Surface Specified By 34 
x-surf Y-surf 

(ft) (ft) 
213.16 510.00 
220.28 
227.78 
235.64 
243.84 
252.36 
261.15 
270.20 
279.47 
288.95 
298.58 
308.36 
318.23 
328.18 
338.17 
348.17 
358.15 
368.07 
377.90 
387.62 
397.19 
406.58 
415.75 
424.69 
433.37 
441.74 

502.98 
496.37 
490.19 
484.47 
479.22 
474.46 
470.20 
466.46 
463.25 
460.59 
458.47 
456.90 
455.90 
455.46 
455.59 
456.28 
457.53 
459.34 
461.71 
464.62 
468.06 
472.03 
476.51 
481.49 
486.96 
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621.B and Radius, 163.1 

Coordinate Points 

620.0 and Radius, 160.5 

Coordinate Points 

Page 4 
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27 
28 
29 
30 
31 
32 
33 
34 

449.80 
457.50 
464.84 
471.78 
478.30 
484.38 
490.00 
490.58 

492.£8 
499.25 
506.05 
513. 25 
520.83 
528.77 
537.04 
538.00 

Circle Center At X = 340.9 ; Y 
*** 2.391 *** 

Failure 
Point 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

Surface Specified By 31 
X-Surf Y-Surf 

(ft} (ft} 
228.95 510.00 
236.03 502.94 
243.55 
251.46 
259.75 
268.37 
277. 29 
286.48 
295.90 
305.51 
315.28 
325.16 
335.12 
345.12 
355.11 
365.06 
374.93 
384.68 
394.27 
403.67 
412.83 
421.71 
430.30 
438.54 
446.41 
453.88 
460.91 
467.48 
473.56 
479.14 
481.10 

496.35 
490.24 
484.64 
479.57 
475.05 
471.11 
467.75 
464.99 
462.84 
461.31 
460.40 
460.12 

-460. 48 
461. 46 
463.06 
465.28 
468.11 
471. 54 
475.56 
480.14 
485.27 
490.93 
497.10 
503.75 
510.86 
518.40 
526.34 
534.64 
538.00 

Circle Center At X = 344.5 ; Y 
*** 2.392 *** 

Failure 
Point 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 

Surface Specified By 32 
x-surf Y-surf 

(ft} (ft} 
223.68 510.00 
230.76 502.93 
238.25 
246. 11 
254. 34 
262.88 
271. 73 
280.83 
290. 17 
299.70 
309.40 
319.22 
329.14 
339.12 
349.12 
359.10 
369.04 
378.90 

496.30 
490.13 
484.44 
479.25 
474.58 
470.44 
466.86 
463.84 
461.40 
459.54 
458.26 
457.59 
457.51 
458.03 
459.14 
460.85 
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632.3 and Radius, 176.9 

Coordinate Points 

619.0 and Radius, 158.B 

Coordinate Points 
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( 
,....._ ___ 

19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 

Circle 

388.63 
398.21 
407.60 
416.77 
425.69 
434.32 
442.63 
450.59 
458.18 
465.37 
472.13 
478.43 
484.27 
488.47 

Center At X = 

463.14 
466.00 
469.-14 
473.43 
477.96 
483.01 
488.57 
494.62 
501.13 
508.08 
515.45 
523.21 
531. 34 
538.00 

345.4 ; Y 

*** 2.394 
Failure 

Point 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

Surface specified By 31 
x-surf Y-Surf 

(ft) (ft) 
223.68 
230.86 
238.45 
246.43 
254.78 
2C3.45 
272.41 
281. 64 
291.08 
300. 72 
310.50 
320.39 
330.35 
340.35 
350.34 
360.29 
370,15 
379.90 
389.48 
398.87 
408.03 
416.92 
425.50 
433.75 
441.63 
449 .11 
456.16 
462.76 
468.88 
474.49 

510.00 
503.03 
496. 53 
4 90. 50 
484.99 
480.01 
475.58 
4 71. 71 
468.43 
465.75 
463.66 
462.20 
461.35 
461.12 
461.52 
462.54 
464.17 
466.42 
469.27 
472.72 
476.74 
481.32 
486.45 
492.10 
498.26 
504.90 
511. 98 
519.50 
527.41 
535.69 

31 475.85 538.00 
Circle Center At X = 339.0 ; Y 

*** 2.394 
Failure Surface Specified By 35 

Point x-surf Y-Surf 
No. (ft) (ft) 

1 197.37 510.00 
2 204.52 503.01 
3 212. 04 496.41 
4 219.90 490.23 
5 228.08 4 84. 4 B 
6 :36.56 479.18 
7 245.31 474.34 
8 254. 31 469.99 
9 263.53 466.12 

10 272.95 462.75 
11 282.53 459.89 
] 2 292.25 457.56 
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624.8 and Radius, 167.3 

Coordinate Points 

621.5 and Radius, 160.4 

Coordinate Points 
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13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 

302.09 
312.01 
321.98 
331.98 
341.97 
351.93 
361.83 
371.65 
381.34 
390.88 
400.25 
409.42 
418.37 
427.05 
435.46 
443.57 
451. 35 
458.78 
465.84 
472.50 
478.76 
484.59 
486.42 

455.75 
454.47 
453.73 
453.53 
453.86 
454.73 
456.14 
458.08 
460.54 
463.52 
467.01 
471.00 
475.48 
480.43 
485.84 
491.69 
497.98 
504.67 
511. 76 
519.21 
527.01 
535.14 
538.00 

circle Center At X = 330.8 ; Y 
*** 2.396 *** 

639.3 and Radius, 185.8 

Failure Surface Specified By 34 Coordinate Points 
Point x-su~f Y-Su~f 
No. (ft) (ft) 

1 218.42 510.00 
2 225.49 502.93 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 

232.95 
240.78 
243.95 
257.44 
266.21 
275.24 
284.50 
293.96 
303.59 
313. 3 5 
323.23 
333.17 
343.16 
353.16 
363.14 
373.06 
382.90 
392.61 
402.18 
411.57 
420.74 
429.67 
438.33 
446.70 
454.74 
462.43 
469.74 
476.65 
483.14 
489.19 
494.77 
495.52 

496.27 
490.05 
484.28 
478.99 
474.19 
469.89 
466.12 
462.87 
460.17 
458.03 
456.44 
455.41 
454.96 
455.07 
455.75 
456.99 
458.80 
461.17 
464.08 
467.53 
471.51 
476.01 
481.00 
486.48 
492.43 
498.83 
505.65 
512.87 
520.48 
528.45 
536.74 
538.00 

Circle Center At X = 346.2 ; Y 
*** 2.403 *** 

630.7 and Radius, 175.8 

Failure Surface Specified By 34 Coordinate Points 
Point x-surf Y-Surf 

No (ftl 1ft) 
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1 213 .16 510.00 
2 220.~2 503.12 
3 228.05 496.66 
4 236.02 490.62 
5 244.31 485.03 
6 252.90 479.90 
7 261.75 475.26 
8 270.85 471.11 
9 280.16 467.47 

10 289.66 464.34 
11 299.32 461. 75 
12 309.10 459.68 
13 318.99 458.16 
14 328.94 457.19 
15 338.93 456.76 
16 348.93 456.89 
17 358.91 457.57 
18 368.83 458.79 
19 378.68 460.56 
20 388.41 462.87 
21 3 97. 99 465. 71 
22 407.41 469.07 
23 416.63 472. 94 
24 425.€2 477.32 
25 434.36 482.19 
26 442.81 487.53 
27 450.96 493.32 
28. 458.78 499.56 
29 466.24 506.22 
30 473.33 513.27 
31 480.01 520. 71 
32 486.28 528.50 
33 492 .11 536.63 
34 492.98 538.00 

Circle Center Ac X = 341.6 ; y 638.3 and Radius, 181.6 

*** 2.406 *** 
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Phase SA/7 - Section E-E Downstream Static Whole Slope Circle 
Z:111146\STABIL-1\5AEEDSST.PL2 Run By: R. Cox 9/2312011 3:28PM 

800 r.=========i========,,-----------,-------,-----------, 
# FS Soil Soil Total Saturated Friction Piez. 
a 1.64 Desc. Type Unit Wt. Unit Wt. Angle Surface 
b 1.64 No. (pcf) (pcf) (deg) No. 
c 1.64 CCR 1 130.0 140.0 33.7 W1 
d 1.64 FCR 2 80.0 90.0 28.0 W1 
e 1.65 SOIL 3 125.0 135.0 26.8 W1 
f 1.65 
g 1.65 
h 1.65 

1.65 

600 f-1 J 1·65
1 

~-J-~·~----~------- ---------------
2

- ----------- " .. Wl 

I ~------1_ .. -·· 

we__ 3 _ w_:~~---j (~--~ -------------------------------------------- 3 __________________ ._ _________ - __ .. ______ 3 ________ _ 
W2 W2 W2 W2 

400 

200 

o~-------~-------....L.----------L _______ _j _______ __J 

0 200 400 600 800 1000 
PCSTABLSM/si FSmin=1.64 

STED Safety Factors Are Calculated By The Modified Bishop Method 

7J 
OJ 

(Q 
(1) 

z 
!" 

1co 
-" 
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** PCSTABLSM ** 
by 

Purdue University 
--Slope Stability Analysis-

Simplified Janbu, Simplified Bishop 
or Spencer-s Method of Slices 

Run Date: 9/23/2011 
Time of Run1 
Run By: 
Input Data Filename: 
Output Filename: 
Unit: 

3128PM 
R. Cox 
Z:Saeedsst. 
Z:Saeedsst.OUT 
ENGLISH 

Plotted 
PROBLEM 

Output Filename: Z:Saeedsst.PLT 
DESCRIPTION Phase SA/7 - Section E-E 

Downstream Static Whole Slope 
BOUNDARY COORDINATES 

Circle 

13 Top 
·20 Total 

Boundary 
No. 

1 
2 
3 
4 

5 
6 
7 
8 
9 

Boundaries 
Boundaries 

X-Left 
(ft) 

.00 
39.38 
60.38 
65.38 
95.38 

Y-Left 
(ft) 

442.21 
442.00 
449.00 
449.00 
439.00 
439.00 
449.00 
449.00 
492.00 
492.00 
538.00 
538.00 
524.00 
524.00 
492.00 
492.00 
449.00 
442.00 

X-Right 
(ft) 
39.38 
60.38 
65.38 
95.38 

Y-Right 
(ft} 

442.00 
449.00 
449.00 
439.00 
439.00 
449.00 
449. 00 
492.00 
492.00 
538.00 
538.00 
524.00 
524.00 
492.00 
4 92. 00 
445.32 
442.00 

Soil Type 
Below Bnd 

3 

10 
11 
12 
13 
14 
15 
16 
17 
18 

144.78 
174.78 
194.78 
325.78 
345.78 
483.78 
583.78 
625.78 
625.78 
345.78 
721.78 
194. 78 
215.78 

19 442.73 444.00 
20 861.81 445.32 

ISOTROPIC SOIL PARAMETERS 
3 Type(s} of Soil 

Soil Total Saturated Cohesion 
Type Unit Wt. Unit Wt. Intercept 
No. (pcf) (pcf} (psf} 

1 130.0 140.0 .0 
2 80.0 90.0 .0 
3 125.0 135.0 .0 

144. 78 
174.78 
194.78 
325.78 
345.78 
483.78 
583.78 
625.78 

1000.00 
721. 78 
721. 78 
861.81 
215.78 
442.73 
861.81 

1000.00 

Friction 
Angle 
(deg} 
33.7 
28.0 
26.8 

444.00 
445.32 
445.75 

Pore 
Pressure 

Param. 
.00 
.00 
.00 

Pressure 
Constant 

(psf) 
.0 
. 0 
. 0 

2 PIEZOMETRIC SURFACE(S} HAVE BEEN SPECIFIED 
Unit Weight of Water= 62.40 
Piezometric Surface No. l Specified by 6 Coordinate Points 

Point X-Water Y-Water 
No. (ft} (ft} 

1 .00 442.00 
2 39.38 442.00 
3 
4 
5 
6 

Piezometric 
Point 
No. 

1 
2 
3 
4 

83.38 
212. 78 
598.78 

1000.00 
Surface No. 

X-Water 
(ft) 
.00 

218.39 
442.73 

1000.00 

443.00 
443.00 
535.00 
535.00 
2 Specified by 
Y-Water 

(ft} 
422.21 
422.00 
424.00 
425.76 

4 Coordinate Points 

'A Critic-a] Failure Surface Searching Method, Using A Random 

3 
3 
3 
3 
3 
3 
1 
1 
1 
1 
1 
2 
1 
1 
1 
3 
3 
3 
3 

Piez. 
Surface 

No. 
1 
1 
1 
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Technique For Generating Circular Surfaces, Has Been Specified. 
400 Trial Surfaces Have Been Generated. 

20 Surfaces Initiate From Each Of 20 Points Equally Spaced 
Along The Ground Surface Between X 100.00 ft. 

and X 195.00 ft. 
Each Surface Terminates Between X 450.00 ft. 

and X 550.00 ft. 
Unless Further Limitations Were Imposed, The Minimum Elevation 
At Which A Surface Extends Is Y =422.50 ft. 
10.00 ft. Line Segments Define Each Trial Failure Surface. 
Following Are Displayed The Ten Most Critical Of The Trial 

Failure Surfaces Examined. They Are Ordered - Most Critical 
First. 
**Safety Factors Are Calculated By The Modified Bishop Method* * 
Failure Surface Specified By 42 coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

l 125.00 439.00 
2 134.60 436.20 
3 144.27 433.67 
4 154.01 431.39 
5 163.81 429.39 
6 173.66 427.65 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 

183,55 
193,48 
203.43 
213.41 
223.40 
233.40 
243.40 
253.39 
263.37 
273,32 
283.24 
293.13 
302.97 
312.76 
222.49 
332.15 
341.75 
351.26 
360.68 
3 70. 01 
379.23 
388,35 
3 97. 36 
406.24 
414.99 
423.61 
432.09 
440.42 
448.60 
456.62 
464.47 
472.16 
479.66 
486.99 
4 94. 12 
500.09 

Circle Center At X = 
*** l. 638 

Individual data 
Water 
Force 

426.18 
424.97 
424.04 
423.38 
422.99 
422.87 
423.03 
423.45 
424.15 
425 .12 
426.35 
427.86 
429.63 
431.67 
433.98 
436.55 
439.38 
442.47 
445.82 
449.43 
453.28 
457.39 
461. 74 
466.33 
471.16 
476.23 
481. 54 
487.07 
492.82 
498.79 
504.99 
511. 39 
517.99 
524.80 
531.81 
538.00 

232.8 Y 

*** 
on the 

Water 
Force 

790.8 and Radius, 368.0 

53 slices 
Tie Tie Earthquake 

Force Force Force Surcharge 
Slice Width Weight Top Bot Norm Tan Hor Ver Load 

No. (ft) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) 

J 9.6 1813.1 23 96. 3 3368,9 .0 . 0 . 0 ,0 . 0 
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2 9.7 5309.2 2414..4 5033.0 .0 .0 . 0 .0 .0 
3 .5 368.2 126.2 304.4 .0 . 0 .0 .0 .0 
4 9.2 10055.4 1494.7 6228.7 .o . 0 .0 .0 .0 
5 9.8 17545.8 .0 7868.0 . 0 . 0 . 0 .0 .0 
6 9. 8 24157.4 .0 9036.9 . 0 .0 .0 . 0 .0 
7 1. 1 3156.5 .0 1093.7 . 0 .0 . 0 . 0 .0 
8 8.8 25717.7 . 0 8945.1 .o .0 . 0 .0 . 0 
9 9.9 30798.3 . 0 10873.0 .0 . 0 . 0 .0 . 0 

10 1. 3 4163.8 .0 1478.8 . 0 . 0 .0 . 0 .0 
11 8.7 29818.4 .0 10060.2 . 0 .0 .0 . 0 .0 
12 9.3 36850.4 . 0 11264. 0 .0 .0 . 0 .0 . 0 
13 .6 2647.8 . 0 754.2 .0 . 0 . 0 .0 . 0 
14 2.4 10148.9 .0 2894.5 . 0 . 0 .0 .0 .0 
15 7.6 34569.0 .0 9951.4 . 0 . 0 .0 . 0 .0 
16 10.0 49588.4 .0 14446.9 . 0 .0 .0 . 0 .0 
17 10.0 54056.0 .0 15883.3 . 0 .0 .0 . 0 .0 
18 10.0 58112.3 .0 17154.1 .0 .o . 0 . 0 .0 
19 10.0 61746.3 . 0 18258.5 .o .0 . 0 . 0 .0 
20 10.0 64948,7 . 0 19195.5 .0 . 0 . 0 .0 . 0 
21 9. 9 67712.1 . 0 19964.5 . 0 . 0 .0 .0 . 0 
22 9. 9 70031.3 .0 20564.9 . 0 . 0 . 0 .0 .o 
23 9.8 71903. 6 .0 20996.4 . 0 . 0 . 0 .0 . 0 
24 9.8 73327.2 . 0 21258.4 . 0 .0 .0 . 0 .0 
:: 5 9.7 74303.3 . 0 21350.9 .0 .0 .0 . 0 .0 
26 3.3 25376.8 . 0 7259. 4 .o . 0 . 0 .0 . 0 
27 6.4 48591.1 .0 14014.4 . 0 . 0 ,0 .0 . 0 
28 9.6 70355.5 . 0 21027.2 .0 .0 .0 . 0 .0 
29 4.0 28533.7 .0 8805.2 .0 .0 .0 . 0 .0 

30 5.5 38293.2 .0 11805.9 .o .0 . 0 . 0 .0 
31 2.1 14536.9 .0 4473.6 .0 . 0 . 0 . 0 . 0 
32 7.3 51259.7 .o 15552.5 .0 . 0 . 0 . 0 . 0 

( 33 9.3 64602.6 .0 19272.3 ,0 . 0 . 0 . 0 .0 
34 9.2 63000.9 .0 18350.6 .0 . 0 . 0 . 0 . 0 

35 9.1 61009.7 .0 17261.4 .o .0 .0 . 0 .0 
36 9. 0 58646.8 .0 16005.7 .0 . 0 . 0 . 0 ,0 

37 8. 9 55930.7 .0 14584.2 .0 . 0 . 0 . 0 .0 

38 8.8 52882.6 . 0 12998.2 . 0 . 0 . 0 . 0 . 0 
39 3.4 19709.1 . 0 4621. 3 . 0 . 0 . 0 .0 . 0 
40 5.2 29815.0 . 0 6627.4 . 0 . 0 .0 . 0 . 0 
41 8.5 45880.0 . 0 9337.1 . 0 .o . 0 .0 . 0 
42 8.3 41975.2 .0 7264.7 . 0 ,0 . 0 .0 . 0 
43 7.0 32660.0 .0 4457.1 .0 .0 . 0 .0 . 0 

44 1. 2 5176.6 .0 576.1 .0 .0 .0 .0 .0 

45 8.0 33492.8 .0 2644.0 .0 .0 .0 .o . 0 
46 4.2 16075.8 .0 379.2 .0 .0 .0 .0 .0 
47 3.6 12932.2 . 0 . 0 .0 .0 .0 .0 .0 

48 7.7 24627.5 . 0 . 0 .o . 0 .0 . 0 .0 
49 7.5 20183.9 . 0 . 0 . 0 . 0 .0 . 0 .0 
50 4.1 9317.5 . 0 . 0 . 0 . 0 .0 ,0 .0 
51 3.2 6119.6 . 0 .0 . 0 . 0 .0 .0 .0 
52 7.1 8991.7 . 0 . 0 . 0 . 0 .0 . 0 .0 

53 6.0 2402.6 . 0 . 0 . 0 . 0 .0 . 0 .0 
Failure Surface Specified By 42 coordinate Points 

Point x-surf Y-surf 
No. (ft) (ft) 

1 120.00 439.00 
2 129.59 436.17 
3 139.26 433.62 
4 148.99 431.33 
5 158.79 429.31 
6 168.63 427.56 
7 178.53 426.09 
8 188.45 424.89 
9 198 . ..;.l 423.96 

10 208.39 423.31 
11 218.38 422.94 
12 228.38 422.85 
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13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 

Circle 

238.38 
248.37 
258.34 
268.29 
278.21 
288.09 
297.92 
307.69 
317.40 
327.05 
336.62 
346.10 
355.49 
364.78 
373. 97 
383.04 
392.00 
400.82 
409.52 
418.07 
426. 4 7 
434.73 
442. 82 
450.75 
458.50 
466.08 
4 73. 4 8 
480.68 
487.69 
491.06 

Center At X = 

423.03 
423.49 
424.23 
425. 24 
<26.53 
428.09 
429.93 
432.03 
434.41 
437.05 
439.96 
443.14 
446.57 
450.27 
454.22 
458.42 
462.88 
467.58 
472. 52 
477.70 
4 83. 12 
488. 77 
494.64 
500.73 
507.05 
513.57 
520.31 
527.24 
534.37 
538.00 

226. 8 ; Y 

*** 1. 640 *** 
Failure Surface Specified By 42 

Point x-surf Y-Surf 
No. (ft) (ft) 

1 135. 0 0 439.00 
2 144.60 436.21 
3 154. 2 8 433.69 
4 164.02 431. 44 
5 173.83 429.46 
6 183.68 427.76 
7 193.58 426.33 
8 203.51 425.18 
9 213.47 424.30 

10 223.46 423. 71 
11 233. 4 5 423.39 
12 243.45 423.35 
13 253.45 423.59 
14 263.43 424.10 
15 273.40 424.90 
16 283.34 425.97 
17 293.25 427.32 
18 303.12 428.95 
19 312.94 430. 84 
20 322.70 433.02 
21 332.40 435.46 
22 342.02 438.17 
23 351.57 441.15 
24 361.03 444.40 
25 370.39 447.90 
26 379.65 451.67 
27 388.81 455.69 
28 397.85 459.97 
29 406.77 464.50 
30 415.55 469.27 
31 424.20 474.29 
32 432.71 479.54 

Z:\lll46\stabil~l\5aeedsst.OUT Page 4 

783.7 and Radius, 360.9 

COO!:'dinate Points 
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33 441.07 485.03 
34 449.27 490.76 
35 457.31 496. 70 
36 465.18 502.87 
37 472.87 509.26 
38 480.39 515.86 
39 487. 71· 522.66 
40 494. 85 529.67 
,a 501.79 536.87 
42 502.81 538.00 

Circle Center At X = 239.9 ; y 782.1 and Radius, 358.8 
*** 1. 641 *** 

Failure Surface Specified By 44 Coordinate Points 
Point X-Surf Y-Surf 

No. (ft) (ft) 
1 115.00 439.00 
2 124.62 436.27 
3 134. 31 433.79 
4 144.05 431. 54 
5 153.85 429.55 
6 163.70 427.80 
7 173.58 426.29 
8 183.50 425.04 
9 193.45 424.04 

10 203.43 423.28 
11 213. 41 422.78 
12 223.41 422.52 
13 233.41 422.52 
14 243.41 422.77 
15 253.39 423.27 
16 263.37 424.01 
17 273.32 425.01 
18 283.24 426.26 
19 293.12 427.76 
20 302.97 429.50 
21 312. 77 431. 49 

22 322.52 433.73 
23 332.21 436. 21 
24 341.83 438.93 
25 351.38 441. 90 
26 360.85 445.10 
27 370.24 448.54 
28 3 7 9. 54 452.21 
29 388.75 456.11 
30 397.86 460.25 
31 406.85 464.61 
32 415.74 469.20 
33 424.51 474.00 
34 433.15 479.03 
35 4~1.67 484.27 
36 450.05 489.73 
37 458.29 495.39 
38 466.39 501. 25 
39 474.34 507.32 
40 482.13 513.59 
41 489.77 520.05 
42 497.24 526.70 
43 504.54 533.53 
44 509.08 538.00 

Circle Center At X = 228.5 ; y 820.9 and Radius, 398.4 

*** 1.645 *** 
Failure Surface Specified By 41 Coordinate Points 

Point x-surf Y-Surf 
No. (ft) (ft) 

1 140.00 439.00 
2 
3 

149.61 
159.30 

436.25 
433.78 
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4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 

Circle 

169.06 
178.87 
188.74 
198.65 
208.59 
218.56 
228.55 
238.55 
248.55 
258.54 
268.52 
278.47 
288.40 
298.29 
308.13 
317.91 
327.63 
337.29 
346.86 
356.34 
365.74 
375.02 
384.20 
393.27 
402.20 
411.01 
419.68 
428.20 
436.56 
444.77 
452.81 
460.68 
468.37 
475.87 
483.18 
490.29 
497.19 
499.10 

Center At X = 

431.58 
429.66 
428.03 
426.68 
425.61 
424.83 
424.33 
4 24. 12 
424.19 
424.55 
425.20 
426.13 
427.34 
428.84 
430.62 
432.68 
435.02 
437.64 
440.54 
443.70 
44 7. 14 
450.84 
454.81 
459.03 
463.52 
468.26 
473.25 
478.48 
483. 96 
489.67 
495.62 
501.79 
508.19 
514. 80 
521.62 
528.66 
535.89 
538.00 

241.0 i Y 

*** 1.646 *** 
Failure Surface Specified By 39 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 140.00 439.00 
2 149.56 436.08 
3 159.21 433.46 
4 168.94 431.14 
5 178.74 429.13 
6 188.59 427.43 
7 198.50 426.04 
8 208.44 424.95 
9 218.41 424.18 

10 228.40 423.73 
11 238.40 423.58 
12 248.39 423.75 
13 258.38 424.24 
14 268.35 425.03 
15 278.29 426.14 
16 288.19 427.56 
17 298.04 429.29 
18 307.83 431.32 
19 317.55 433.67 
20 327.19 436.31 
21 336.75 439.26 
22 346.21 442.50 
23 355.56 446. 04 
24 364.80 449.87 

Page No.--'.l'-'l:.::6 __ _ 
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773.7 and Radius, 349.6 

Coordinate Points 
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25 373.91 453.99 
26 382.89 458.39 
27 391.73 463.08 
28 400.41 468.03 
29 408.94 473.26 
30 417.30 478.75 
31' 425.48 484.50 
32 433.47 490.50 
33 441. 28 496. 75 
34 448.89 503.24 
35 456.28 509.97 
36 463.47 516.93 
37 470.43 524. 11 
38 477.16 531. 50 
39 482.30 537.51 

Circle Center At X = 238.0 ; Y 742.6 and Radius, 319.0 
*** 1.648 *** 

Failure Surface Specified By 40 Coordinate Points 
Point X-Surf Y-Surf 

No. (ft) (ft) 
1 150.00 440.74 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

159.50 
169.09 
178.77 
188.52 
198.33 
208.20 
218.12 
228.07 
238.04 
248.04 
258.04 
268.03 
278.02 
287.98 
297.91 
307.80 
317.64 
327.42 
337.13 
346.76 
356.30 
365.74 
375.07 
384.30 
3 93. 3 9 
402.35 
411 .1 7 
419. 84 
428.35 
436.69 
444,86 

452.84 
460.64 
468.23 
475.62 
482.79 
489.75 
4 96. 4 8 
501.57 

437.62 
434.80 
432.27 
430.05 
428.13 
426.52 
425.21 
424.22 
423.53 
423.15 
423.09 
423.33 
423.89 
424.76 
425.93 
427.41 
429.20 
431.30 
433.70 
436.40 
439.39 
442.68 
446.27 
450.14 
454.29 
458.73 
463.44 
468.43 
473.68 
479.19 
484.97 
490.99 
497.25 
503.76 
510.50 
517.46 
524.65 
532.05 
538.00 

Circle Center At x = 255.1 ; Y 
*** 1.648 *** 

744.7 and Radius, 321.7 

Failure Surface Specified By 40 coordinate Points 
Point X-Surf Y-Surf 

No. (ft) (ft) 
1 140.00 439.00 
2 149.63 436.29 
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3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
l3 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

circle 

159.33 
169.09 
178.91 
188.79 
198.70 
208.65 
218.62 
228.61 
238.61 
248.61 
258.60 
268.58 
278.53 
288.45 
298.32 
308.15 
317.92 
327.62 
337.25 
346.80 
356.26 
365.62 
374.88 
384.02 
393.05 
401.94 
410.70 
419.32 
427. 79 
436.10 
444.25 
452.22 
460.02 
467.64 
475.07 
482.30 
489.33 
495.55 

Center At X = 

433.86 
431.70 
429.83 
428.25 
426.95 
425.93 
425.20 
424.76 
424.61 
424.74 
425.17 
425.88 
426.87 
428.16 
429.73 
431.58 
433.72 
436 .13 
438.83 
441.80 
445.04 
448.56 
452.34 
456.39 
460.70 
465.27 
470.09 
475.16 
480.48 
486.04 
491. 84 
497.87 
504.13 
510.61 
517.30 
524.21 
531.33 
538.00 

238.9 ; Y 

*** 1.649 *** 
Failure Surface Specified By 43 

Point x-surf Y-Surf 
No. (ft) (ft) 

1 135.00 439.00 
2 144.61 436.24 
3 154.29 433.73 
4 164.04 431.48 

5 173.83 429.49 
6 183.68 427.75 

7 193.57 426.27 
8 203.50 425.04 
9 213.45 424.08 

10 223.43 423.38 
11 233.42 422.94 
12 243.41 422.76 
13 253.41 422.84 
14 263.41 423.19 
15 273.39 423.80 
16 283.35 424.66 
17 293.29 425.79 
18 303.19 427.18 
19 313.06 428.82 
20 322.87 430.73 
21 332.64 432.88 
22 342.34 435.30 
23 351.98 437.97 
24 361.54 440.88 

Page No. I 9 1... 

Z:\11146\stabil-1\Saeedsst.OUT Page B 

771.7 and Radius, 347.1 

coordinate Points 
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_( 
25 371.03 444.05 ·, __ 

26 380.43 447.47 
27 389.73 431.13 
28 398.94 455.03 
29 408.04 459.17 
30 417.04 463.55 
31 425.91 468.16 
32 434.66 473.00 
33 443.28 478.07 
34 451.76 483.36 
35 460.10 488.88 
36 468.30 494.61 
37 476.34 500.55 
38 484.23 506.70 
39 491. 95 513.05 
40 499.50 519.61 
41 506.88 526.36 
42 514.08 533.30 
43 518. 71 538.00 

Circle Center At X = 24.5. 2 ; y 804.9 and Radius, 382.2 

*** 1. 649 *** 
Failure Surface Specified By 42 coordinate Points 

Point x-surf Y-Surf 
No. (f::) (ft) 

1 120.00 439.00 
2 129.64 436.33 
3 139.34 433.92 
4 149.11 431. 76 
5 158.93 429.88 
6 168.79 428.25 
7 178.70 426.89 
8 188.64 425.80 
9 198.61 424.97 

10 208.59 424.41 
11 218.59 424.12 
12 228.59 424.10 
13 238.58 424.35 
14 248.57 424.86 
15 258.54 425.64 
16 268.49 426.69 
17 278.40 428.00 
18 288.27 429.58 
19 298.10 431. 43 
20 307.88 433.53 
21 317.59 435.90 
22 327. 24 438.53 
23 336.82 441.42 
24 346.31 444.56 
25 355. 72 447.95 
26 365.03 451.60 
27 3 74. 24 455.49 
28 383.34 459.63 
29 392.33 464.02 
30 401.20 468.64 
31 409.94 473.50 
32 418.54 478.59 
33 427.01 483.91 
34 435.33 489.45 
35 443.50 4 95. 22 

36 451.52 501. 20 
37 459.37 507.40 
38 467.05 513.80 
39 474.55 520.41 

C 40 481.88 527.22 
41 489.02 534.22 
42 492.67 538.00 

Circle Center At X = 224.4 ; y 796. 8 and Radius, 372. 8 
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Phase 5A/7 - Section E-E Downstream Static Shallow Slope Circle 
Z:111146\STABIL~1\5EEDSST2.PL2 Run By: R. Cox 9123/2011 3:30PM 

800 r.================,,--------,--------,-----------, 
# FS 
a 2.39 
b 2.40 
C 2.43 
d 2.44 
e 2.44 

Soil Soil Total Saturated Friction Piez. 
Desc. Type Unit Wt. Unil Wt. Angle Surface 

No. (pcfj (pct) (deg) No. 
CCR 1 130.0 140.0 33.7 W1 
FCR 2 80.0 90.0 28.0 W1 
SOIL 3 125.0 135.0 26.8 W1 

f 2.45 11" --------------~ 
g 2.46 
h 2.47 
i 2.50 

600 j 2.51 
a. 
~ 

,l" 

1 <~~--:------~·~'--,~~----··;··-------------- --- -"i' 
1------------- ,---

.. ~-•--- =-::·_--_·----~---------------------=----------'-------------------;a----~ 
:~-i~:~~~~~l~~~~ }~~~~~~-----------------~--------------- :

2 
-------------------------------?-------------------------------~----------~---------:2 

400 

200 ,_ 

OL..... _______ ...L.._ _______ _L_ _______ _,_ _______ __, _______ __J 

0 200 400 600 800 1000 

PCSTABLSM/si FSmin=2.39 
STED Safety Factors Are Calculated By The Modified Bishop Method 

~ " !·_:_ 

-i:J 
Pl co 
<D 

2 
0 

.J) 

~ 
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Run Date: 

** PCSTABLSM ** 
by 

Purdue University 
--slope Stability Analysis-

Simplified Janbu, Simplified Bish~p 
or Spencer's Method of Slices 

9/23/2011 
Time of Run: 3,30PM 
Run By: 
Input Data Filename: 
Output Filename: 
Unit: 

R. Cox 
Z,5EEDSST2. 
Z,5EEDSST2.0UT 
ENGLISH 

Plotted Output Filename: Z:5EEDSST2.PLT 
PROBLEM DESCRIPTION Phase SA/7 - Section E-E 

Downstream Static Shallow Slope Circle 
BOUNDARY COORDINATES 

13 Top Boundaries 
20 Total Boundaries 

Boundary X-Left Y-Left X-Right Y-Right Soil Type 
No. (ft) (ft) (ft) (ft) Below Bnd 

1 .00 442.21 39. 38 442.00 
2 39.38 442.00 60.38 449.00 
3 60. 38 449.00 65.38 449.00 
4 65.38 f49.00 95.38 439.00 
5 95.38 439.00 144.78 439.00 
6 144.78 439.00 174.78 449.00 
7 174.78 449.00 194.78 449.00 
8 194.78 449.00 325.78 492.00 
9 325.78 492.00 345.78 492.00 

10 345.78 492.00 483.78 538.00 
11 483.78 538.00 583.78 538.00 
12 583.78 538.00 625.78 524.00 
13 625.78 52.;.. 00 1000.00 524.00 
14 625.78 524.00 721.78 492.00 
15 345.78 492. 00 721.78 492.00 
16 721.78 492. 00 861. 81 445.32 
17 194.78 449.00 215.78 442.00 
18 215.78 442.00 442.73 444.00 
19 442.73 444.00 861. 81 445.32 
20 861.81 445.32 1000.00 445.75 

ISOTROPIC SOIL PARAMETERS 
3 Type (s) of Soil 

Soil Total Saturated Cohesion Friction Pore Pressure 
Type Unit Wt. Unit Wt. Intercept Angle Pressure constant 

No. (pcf) (pcf) (psf) (deg) Param. (psf) 
1 130.0 140.0 . 0 33.7 .DO .0 
2 80.0 90.0 .0 28.0 .OD . 0 
3 125.0 135.0 .0 26.8 .OD .0 

2 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED 
Unit Weight of Water= €2.40 
Piezometric Surface No. 1 Specified by 6 Coordinate Points 

Point X-Water Y-Water 
No. (ft) (ft) 

1 .OD 442.00 
2 
3 
4 

5 
6 

Piezometric 
Point 

No. 
l 
2 
3 
4 

39.38 
83.38 

212. 78 
598.78 

1000.00 
Surface No. 

X-Water 
(ft) 

.OD 
218.39 
442.73 

1000.00 

442.00 
443.00 
443.00 
535.00 
535.00 
2 Specified by 
Y-Water 

(ft) 
422. 21 
422.00 
424.00 
425.76 

4 Coordinate Points 

3 
3 
3 
3 
3 
3 
3 
1 
1 
l 
1 
1 
2 
1 
l 
l 
3 
3 
3 
3 

Piez. 
Surface 

No. 
1 
1 
1 
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Technique For Generating Circular surfaces, Has Been Specified. 
400 Trial Surfaces Have Been Generated. 

20 surfaces Initiate From Each Of 20 Points Equally Spaced 
Along The Ground surface Between X 315.00 ft. 

and X 400.00 ft. 
Each Surface Terminates Between X 510.00 ft. 

and X 575.00 ft. 
Unless Further Limitations Were Imposed, The Minimum Elevation 
At Which A surface Extends Is Y =422.50 ft. 
10.00 ft. Line Segments Define Each Trial Failure Surface. 
Following Are Displayed The Ten Most Critical Of The Trial 

Failure Surfaces Examined. They Are Ordered - Most Critical 
First. 
**Safety Factors Are Calculated By The Modified Bishop Method** 
Failure Surface Specified By 16 coordinate Points 

Point x-surf Y-surf 
No. (ft) (ft) 

1 373.16 501.13 
2 383.15 501.58 
3 393.12 502. 3 6 
4 403.06 503.46 
5 412.96 504.88 
6 422.81 506.61 
7 432.59 508.66 
8 442.31 511. 02 
9 451. 95 513.69 

10 461. 4 9 516.67 
11 f70.94 519.95 
12 480.27 523.54 
13 489.49 527.42 
14 498.57 531.60 
15 507.52 536.06 
16 511.11 538.00 

Circle Center At X = 364.0 y 811. 9 and Radius, 310.9 

*** 2.390 *** 
Individual data on the 16 slices 

Water Water Tie Tie Earthquake 
Force Force Force Force Force surcharge 

Slice Width Weight Top Bot Norm Tan Hor Ver Load 
No. (ft) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) 

1 10.0 1864.8 .0 . 0 .0 .0 .0 .0 . 0 

2 10.0 5371. 5 .0 .0 . 0 . 0 .0 .0 .0 
3 9. 9 8431. 1 . 0 .0 . 0 .0 . 0 .o . 0 
4 9.9 11034.6 .0 .0 . 0 . 0 . 0 .0 .0 
5 9.8 13176.4 .0 .0 . 0 . 0 . 0 .o .0 
6 9.8 14854.2 .0 . 0 .0 .0 . 0 .0 .0 
7 9.7 16068.7 .0 .0 . 0 . 0 . 0 .0 . 0 

8 9.6 16823.7 .0 .0 . 0 . 0 . 0 .0 .0 

9 9.5 17126.5 .0 .0 . 0 . 0 . 0 .0 . 0 
10 9.4 16987.2 .o . 0 . 0 . 0 . 0 .o .0 
11 9.3 16419.0 .0 .0 . 0 . 0 . 0 .0 . 0 
12 3.5 5989.3 .0 .0 . 0 . 0 . 0 .0 . 0 
13 5.7 8742.9 .0 .0 . 0 . 0 . 0 .o . 0 
14 9.1 10027.9 .0 .0 . 0 . 0 .0 .0 . 0 
15 8. 9 4848.3 .0 .0 . 0 . 0 . 0 .0 . 0 
16 3.6 450.8 .0 .0 . 0 . 0 .o .0 . 0 

Failure Surface Specified By 17 Coordinate Points 
Point x-surf Y-Surf 

No. (ft) (ft) 
1 359.74 496.65 
2 369.47 498.96 
3 379.19 501.30 
4 388.90 503.69 
5 398.60 506.12 
6 408.29 508.60 
7 417. 96 511.12 
8 427.63 513.69 
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9 437.28 516.29 
10 446.93 518.94 
11 456.56 521.64 
12 466.18 524.37 
13 475.78 527.15 
14 485.38 529.97 
15 494. 96 532.84 
16 504.52 535.75 
17 511. 82 538.00 

Circle Center At X = -149.6 ; Y = 2670.6 and Radius, 2232.8 

*** 2.399 *** 
Failure 

Point 
Surface Specified By 19 

No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
1B 
19 

x-surf Y-Surf 
(ft) (ft) 

350.79 493.67 
360.76 492. B3 
370.75 492.42 
380.75 492.43 
390.74 492.86 
400.70 493. 72 
410.62 494.99 
420. 47 496.68 
430.25 498.79 
439.93 501.31 
449.49 504.23 
458.92 507.56 
468.20 511. 28 
477. 32 - 515.39 
486.25 519.89 
494.99 524.75 
503.51 529.98 
511. 81 535.57 
515.10 538.00 

Coordinate Points 

Circle Center At X = 375.5 ; Y 728.9 and Radius, 236.6 
*** 2.435 *** 

Failure Surface Specified By 17 Coordinate Points 
Point x-surf Y-Surf 
No. (ft) (ft) 

1 364.21 49B.14 
2 374.03 500.05 
3 3B3.83 502.05 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 

393.61 
403.37 
413.11 
422.83 
432.53 
442.21 
451.86 
461.49 
471.10 
480.68 
490.23 
499.76 
509.26 
515.37 

504.13 
506.30 
508.56 
510.91 
513.34 
515.86 
518.47 
521.17 
523.95 
526.81 
529.77 
532.81 
535. 93 
538.00 

Circle Center At X = 156.6 ; Y = 1592.2 and Radius, 1113.6 

*** 2.444 *** 
Failure Surface Specified By 17 Coordinate Points 

Point x-surf Y-Surf 
No. (ft) (ft) 

1 368.68 499.63 
2 
3 
4 
5 
6 
7 

378.66 
388.62 
398.55 
408.45 
418.31 
428.11 

500.27 
501.18 
502.35 
503.78 
505.48 
507.44 
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8 437.86 509.67 
9 447.55 512.15 

10 457.17 514.89 
11 466. 71 517.89 
12 476.16 521.14 

13 485.53 524.64 
14 494.80 528.39 
15 503.97 532.38 
16 513.02 536.62 
17 515.77 538.00 

Circle Center At X = 349.8 ; y 873.5 and Radius, 374.4 

*** 2.444 *** 
Failure Surface Specified By 23 Coordinate Points 

Point x-surf Y-Surf 
No. (ft) (ft) 

1 315.00 488.46 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

325.00 
335.00 
344.99 
354.98 
364.95 
374.90 
384.81 
394.69 
404.52 
414.30 
424.02 
433.68 
443. 26 
452.77 
462 .18 
471.51 
480. 73 
489.85 
498.86 
507.74 
516.51 
518.13 

488.16 
488.13 
488.37 
488.87 
489.64 
490.67 
491.97 
493.53 
495.35 
497.44 
499.78 
502.38 
505.24 
508.35 
511. 72 
515.33 
519.19 
523.30 
527.64 
532.23 
537.05 
538.00 

Circle Center At X = 331.l ; Y 863.7 and Radius, 375.6 
*** 2.447 *** 

Failure surface Specified By 18 Coordinate Points 
Point x-surf Y-Surf 
No. (ft) (ft) 

1 364.21 498.14 
2 374.17 499.03 
3 384.11 500.13 
4 394.02 501.45 
5 403.90 502.99 
6 413.75 504.74 
7 423.55 506.71 
8 433.31 508.90 
9 443.02 511.29 

10 
11 
12 
13 
14 
15 
16 

452.67 
462.27 
471.80 
481.26 
490.65 
499.96 
509.19 

513.90 
516. 72 
519.75 
522. 99 
526.44 
530.09 
533.94 

17 518.33 537.99 
18 518.34 538.00 

Circle Center At X = 328.8 ; Y 
*** 2.462 *** 

Failure 
Point 

No. 
1 

Surface Specified By 17 
x-surf Y-Surf 

(ft) (ft) 
364.21 498.14 

952.9 and Radius, 456.1 

Coordinate Points 
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2 374.14 499.34 
3 3 84. 04 500.72 
4 393.92 502.27 
5 403.77 503.99 
6 ~13.59 505.89 
7 423.37 507.97 
8 433.12 510.21 
9 442.82 512.63 

10 452.48 515.22 
11 462.09 517.98 
12 471.65 520.91 
13 481.16 524.01 
14 490.61 527.27 
15 500.00 530. 71 
16 509.33 ~34.31 
17 518.43 538.00 

circle Center At X = 301. 5 ; y = 1059.2 and Radius, 564.6 
*** 2.466 *** 

Failure Surface Specified By 21 Coordinate Points 
Point x-surf Y-Surf 

No. (ft) (ft) 
1 337.37 492.00 
2 346.77 488.60 
3 356.38 485.81 
4 366.13 48:?,. 62 

5 376.01 482.06 
6 385.97 481.12 
7 395.96 480.82 
8 405. 96 481.14 
9 415. 91 482.10 

10 425.79 483.68 
11 435.54 485.88 
12 445.14 488.69 
13 454.54 492.10 
14 463.70 496.10 
15 472.60 500.67 
16 481.19 505.80 
17 489.0 511. 45 
18 497.31 517.61 
19 504.78 524.26 
20 511.82 531.37 
21 517.60 538,00 

circle Center At X = 395.8 ; y 639,2 and Radius, 158.4 
*** 2.497 *** 

Failure Surface Specified By 22 Coordinate Points 
Point x-surf Y-Surf 

No. (ft) (ft) 

1 332.90 492. 00 
2 342.09 488.07 
3 351. 53 484,76 
4 361.16 482.06 
5 370.94 480.00 
6 380,84 478.58 
7 390.81 477.81 
8 400.81 477.68 
9 410.79 478.22 

10 420.72 479.40 
11 430.56 481.22 
12 440.25 483.69 
13 449.76 486.78 
14 459.05 490.48 
15 468.08 494.78 

' 
16 476.81 499.66 

\, 17 485.20 505.10 
18 493.22 511.07 
19 500.83 517.55 
?,O 508.00 524.52 
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21 
22 

514.71 
519.51 

531.94 
538.00 

circle Center At X = 397.6 ; Y 

*** 2.514 *** 
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630.9 and Radius, 153.2 
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Phase 5A/7 - Section E-E Upstream Static Whole Slope Circle 
Z:\11146\STABIL~1\5AEEUSST.PL2 Run By: R. Cox 9/20/2011 10:06AM 

800 I 1 , , I 
# FS Soil Soil Total Saturated Friction Piez. 

600 

a 2. 1'I Desc. Type Unit Wt. Unit Wt. Angle Surface 
b 2.16 No. (pcf) (pcf) (deg) No. 
c 2.17 CCR 1 130.0 140.0 33.7 W1 
d 2.18 FCR 2 80.0 90.0 28.0 W1 
e 2.20 SOIL 3 125.0 135.0 26.8 W1 
f 2.23 
g 2.28 
h 2.33 
i 2.34 
j 2.42 

a. 
1J. i 
t;~ 

L.. ____ .. ·~·· .... J~ --~/ 1 -~-I ~4-~'.7'-- - --- 1 ______ : ~ 

, 

----------~-- _ ----~--- _____ 

1 

__________________ 3 __________________________ ----~ __ :~:=·----~----- ~-:~:~-- ~Go~~;;,3 ~, 
1'12 W2 W2 W2 

400 ,_ 

200 

0'----------..L....-------~-------~-------~----------' 
0 200 400 600 800 1000 

PCSTABL5M/si FSmin=2.11 
STED Safety Factors Are Calculated By The Modified Bishop Method 

"U 

&5 
<D 
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** PCSTABLSM ** 
by 

Purdue University 
--Slope Stability Analysis-

Simplified Janbu, Simplified Bishop 
or Spencer~s Method of Slices 

Run Date, 9/20/2011 
Time of Run: 10:06AM 
Run By: R. Cox 
Input Data Filename: Z:SAEEUSST. 
Output Filename: Z:SAEEUSST.OUT 
Unit: ENGLISH 
Plotted Output Filename: Z:SAEEUSST.PLT 
PROBLEM DESCRIPTION Phase SA/7 - Section E-E 

Upstream Static Whole Slope Circle 
BOUNDARY COORDINATES 

13 Top Boundaries 
20 Total Boundaries 

Boundary X-Left Y-Left X-Right Y-Right Soil Type 
No. {ft) {ft) (ft) {ft) Below Bnd 

1 .00 507.30 
2 324.12 507.30 
3 416.22 538.00 
4 516.22 538.00 
5 654.22 492.00 
6 674.22 492.00 
7 805.22 449.00 
8 825.22 449.00 
9 855.22 439.00 

10 904.62 439.00 
11 934.62 449.00 
12 939.62 449.00 
13 960. 62 442.00 
14 278.22 492.00 
15 278. 22 492.00 
16 138.19 445.32 
17 784.22 442.00 
18 .00 442.75 
19 138.19 445.32 
20 557.27 444.00 

ISOTROPIC SOIL PARAMETERS 
3 Type{s) of Soil 

Soil Total Saturated Cohesion 
Type Unit Wt. unit Wt. 

No. (pcf) (pcf) 
1 130.0 140.0 
2 80.0 90.0 

Intercept 
{psf) 

. 0 

.0 

324.12 
416.22 
516.22 
654.22 
674.22 
805.22 
825.22 
855.22 
904.62 
934.62 
939.62 
960. 62 

1000.00 
324.12 
654.22 
278.22 
805.22 
138 .19 
557.27 
784. 22 

Friction 
Angle 
{deg) 
33.7 
28.0 

507.30 
538.00 
538.00 
492. 00 
492.00 
449.00 
449.00 
439.00 
439.00 
449.00 
449.00 
442.00 
442.21 
507.30 
492.00 
492.00 
449.00 
445.32 
444.00 
442.00 

Pore 
Pressure 

Param. 
.00 
.00 

Pressure 
Constant 

{psf) 
. 0 
• 0 

3 125.0 135.0 .0 26.8 .00 .0 
2 PIEZOMETRIC SURFACE{S) HAVE BEEN SPECIFIED 
Unit Weight of Water= 62.40 
Piezometric Surface No. 1 Specified by 6 Coordinate Points 

Point X-Water Y-Water 
No. (ft) {ft) 

1 .00 513.17 
2 

3 
4 
5 
6 

Piezometric 
Point 

No. 
1 
2 
3 
4 

341. 73 
787.22 
916.62 
960. 62 

1000.00 
Surface No. 
X-Water 

{ft) 
.00 

557.27 
781.61 

1000.00 

513.17 
443.00 
443.00 
442.00 
442.00 
2 Specified by 
Y-Water 

{ft) 
425.76 
424.00 
422.00 
422. 21 

4 Coordinate Points 

_A Cr:itir;::il Fi3.11ure Surface Searching Method, Using A Random 

2 
1 
1 
1 
1 
1 
3 
3 
3 
3 
3 
3 
3 
1 
1 
1 
3 
3 
3 
3 

Piez. 
Surface 

No. 
1 
1 
1 
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Technique For Generating Circular Surfaces, Has Been Specified. 
400 Trial Surfaces Have Been Generated. 

20 Surfaces Initiate From Each Of 20 
Along The Ground Surface Between X 

and x 
Each Surface Terminates Between X 

and X 

Points 
200.00 
300.00 
420.00 
515,00 

Equally Spaced 
ft. 
ft. 
ft. 
ft. 

Unless f<'urther LlmlLaLluus Wei:e Itn!:JU,!:H::U, Tlle Ml11lmum Elevation 
At Which A surface Extends Is Y =422.50 ft. 
10.00 ft. Line Segments Define Each Trial Failure Surface. 
Following Are Displayed The Ten Most Critical Of The Trial 

Failure Surfaces Examined. They Are Ordered - Most Critical 
First. 
* * Safety Factors Are Calculated By The Modified Bishop Method 
Failure Surface Specified By 16 Coordinate Points 

Point x-surf Y-Surf 
No. (ft) (ft) 

1 289.47 507.30 
2 299.40 506.10 
3 309.38 505.41 
4 319. 3 8 505.26 
5 329.37 505.63 
6 339.33 506.52 
7 349.23 507.93 
8 359.04 509.86 
9 368.74 512.31 

10 378.29 515.26 
11 387.68 518.70 
12 396.87 522.64 
13 405.85 527.05 
14 414.58 531.93 
15 423.04 537.26 
16 424.09 538.00 

Circle Center At X = 317.4 y 695.5 and Radius, 190.2 

*** 2.109 *** 
Individual data on the 20 slices 

Tie Tie Earthquake 

* * 

Water 
Force 

Top 
(lbs) 

3636.2 

Water 
Force 
Bot 
(lbs) 

4038.5 

Force Force Force Surcharge 

Slice 
No. 

l 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

Width 
(ft) 
9.9 

10.0 
8.7 
1.3 

Weight 
(lbs) 
537.9 

1386.9 
1525.5 

256.7 
4.7 1110.3 
5.3 1944.3 

10.0 6466.4 
2.4 2042.6 
7.5 7230.9 
9.8 10947.2 
1.4 1681.9 
8.3 10260.0 
9.6 12399.4 
9.4 12131.1 
9.2 11170.4 
9.0 9567.4 
8.7 7385.0 
1.6 1127.2 
6.8 2562.0 
1.1 50.8 

3654.4 
3178.7 

483.7 
1737.3 
1724.9 
1611.6 

63.1 
.0 
,0 
.0 
.0 
.0 
. 0 
.0 
.0 
,0 
.0 
.0 
.0 

4626.7 
4237.0 
651.2 

2317.4 
2504.7 
4428.7 

980.1 
2420.1 
1428.5 

26.0 
• 0 
. 0 
.0 
.0 
• 0 
. 0 
.0 
.0 
. 0 

Failure Surface Specified By 17 
Point X-Surf Y-Surf 

No. ( ft) (ft) 
1 278.95 507.30 
2 288.84 505.83 
3 298.79 504.84 
4 308.78 504.34 

Norm Tan Hor Ver Load 
(lbs) (lbs) (lbs) (lbs) (lbs) 

.0 . 0 ,0 .0 .0 

.0 . 0 . 0 . 0 .0 

.0 . 0 . 0 . 0 .0 

.0 . 0 . 0 . 0 .0 

.0 . 0 . 0 . 0 .0 

.0 . 0 . 0 .0 .0 
,0 . 0 . 0 .0 .0 
.0 . 0 .0 . 0 .0 
.0 . 0 . 0 . 0 .0 
.0 . 0 .0 . 0 .0 
.0 . 0 .0 . 0 .0 
.0 . 0 .0 .0 . 0 
.0 . 0 .0 .0 .0 
.0 ,0 .0 .0 . 0 
.0 . 0 .0 .0 .0 
.0 . 0 .0 ,0 . 0 
.0 . 0 .0 .0 . 0 
.0 . 0 .0 .0 . 0 
.0 . 0 .0 .0 . 0 

.0 . 0 . 0 .0 .0 
Coordinate Points 
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5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 

Circle 

318.78 
328.77 
338.72 
348.62 
358.43 
368.14 
377.72 
387.16 
3 96. 42 
405.48 
414.33 
422.94 
426.89 

Center At X = 

504.32 
504.79 
505.74 
507.18 
509.09 
511.48 
514.34 
517.66 
521. 44 
525.66 
530.32 
535.40 
538.00 

314.1 ; Y 

*** 2.161 *** 
Failure 

Point 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

Surface Specified By 16 
X-Surf Y-Surf 

(ft) (ft) 
294.74 
304.42 
314.26 
324.20 
334.20 
344.19 
354.12 
363.93 
373.58 
383.01 
392 .16 
400.98 
409.44 
417.47 
425.04 
425.33 

507.30 
504.79 
503.01 
501.96 
501. 65 
502.09 
503.26 
505.17 
507.80 
511.14 
515.18 
519.88 
525.22 
531. 17 
537.71 
538.00 

Circle Center At X = 333.3 ; Y 
*** 2.168 *** 

Failure 
Point 

No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

Surface specified By 15 
x-surf Y-Surf 

(ft) (ft) 
300.00 
309.92 
319.89 
329.89 
339.88 
349.83 
359.71 
369.48 
379.11 
388.58 
397.84 
406.88 
415.65 
424.14 
429.41 

507.30 
506.00 
505.28 
505.12 
505.54 
506.54 
508.10 
510.22 
512.90 
516.12 
519.89 
524.18 
528.98 
534.27 
538.00 

Circle Center At x = 327.6 ; Y 
*** 2.181 *** 
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709.9 and Radius, 205.6 

Coordinate Points 

636.2 and Radius, 134.6 

coordinate Points 

679.6 and Radius, 174.5 

Failure 
Point 

Surface Specified By 16 Coordinate Points 

No. 
1 
2 
3 
4 
5 
6 
7 
8 

x-surf Y-Surf 
(ft) (ft) 

294.74 507.30 
304.41 504.75 
314.24 502. 91 
324.17 501.78 
334.16 501.38 
344.16 501.71 
354.10 502.75 
363.95 504.52 
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9 373.64 506.99 
10 383.12 510. 16 
11 392.35 514.01 
12 401.28 518.52 
13 409.85 523.65 
14 418.03 529.41 
15 425,78 535.74 
16 428.16 538.00 

circle Center At X = 334.7 ; y 

*** 2.203 *** 
Failure 

Point 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

Scrface Specified By 19 
x-surf Y-Surf 

(ft) (ft) 
257.90 507.30 
267.62 504.99 
277.46 
287.37 
297.33 
307.32 
317.32 
327.30 
337.24 
347.11 
356.88 
366.54 
376.05 
3 85. 4 0 
394.57 
403.53 
412.25 
420. 72 
426. 22 

503.16 
501.83 
500.98 
500.63 
500.78 
501.42 
502.56 
504.19 
506.30 
508.90 
511.97 
515.51 
519.51 
523.96 
528.85 
534.16 
538.00 

Circle Center At X = 309.4 ; Y 
*** 2.229 *** 

Failure 
Point 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

Surface Specified By 16 
x-surf Y-Surf 

(ft) (ft) 
294.74 507.30 
304.53 
314. 43 
324.39 
334.39 
344.38 
354.33 
364.21 
373.97 
383.58 
393.00 
402.21 
411.16 
419.83 
428.17 
435.01 

505.27 
503.84 
503.01 
502.78 
503.16 
504.14 
505.73 
507.90 
510.67 
514.01 
517.92 
522.37 
527.36 
532.87 
538.00 

Circle center At X = 333.1 ; Y 
*** 2.279 *** 

Failure Surface Specified By 21 
Point x-surf Y-Surf 
No. (ft) (ft) 

1 242.11 507.30 
2 251.64 504.30 
3 261. 32 501. 78 
4 271.12 499.76 
5 281.00 498.23 
6 290. S15 497.21 
7 300.93 496.69 
8 310.93 496.68 
9 320.92 497.17 
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639.0 and Radius, 137.6 

Coordinate Points 

702.3 and Radius, 201.7 

Coordinate Points 

667.7 and Radius, 165.0 

Coordinate Points 
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( 10 330.87 498.17 
11 340.76 499.67 
12 .550.::6 501.67 
13 360.24 504.17 
14 369.79 507.15 
15 3 79 .17 510.61 
16 388.36 514.53 
17 3 97. 3 5 518.92 
18 406.10 523.76 
19 414.59 529.04 
20 422.81 534.74 
21 427.04 538.00 

Circle Center At X = 306.2 ; y 694.1 and Radius, 197.5 

*** 2.326 *** 
Failure Surface Specified By 17 coordinate Points 

Point x-surf Y-Surf 
No. (ft) (ft) 

1 294.74 507.30 
2 3 04. 66 506.09 
3 314.64 505.35 
4 3 24. 63 505.08 
5 3 34. 63 505.27 
6 344.61 505.94 
7 354.54 507.08 
8 364.41 508.69 
9 374.20 510.75 

10 383.87 513.28 
11 393.42 516.26 
12 402.81 519.68 
13 412. 04 523.55 
14 421. 07 527.84 
15 429.89 532.55 
16 438.48 537.67 
17 438.97 538.00 

Circle Center At X = 325.4 ; y 717. 5 and Radius, 212.4 

*** 2. 339 *** 
Failure surface Specified By 20 Coordinate Points 

Point x-surf Y-Surf 
No. (ft) (ft) 

1 ~57.90 507.30 
2 266. 72 502.59 
3 275.87 498.55 
4 285.29 495.21 
5 294.94 492.59 
6 304.76 490.69 
7 314.69 489.53 
8 324.68 489.11 

9 334.68 489.45 

10 344.62 490.53 
11 354.45 492.35 
12 3 64 .12 494.91 
13 373.57 498.17 
14 382.75 502.14 
15 3 91. 61 506.78 
16 400.10 512.07 
17 408.16 517.98 
18 415.76 524.47 
19 422.86 531.52 
20 428.48 538.00 

Circle Center At X = 325.2 ; y 622.7 and Radius, 133.6 

*** 2.422 *** 

(_ 



R
11773

Phase SA/7 - Section F-F Downstream Static Whole Slope Circle 
Z:I11146\STABIL~115AFFDSST.PL2 Run By: R. Cox 912312011 3:32PM 

700 ,;====;;==+========r======t==,---,----,---i-----,---,-----,----i 
# FS Soil Soil Total Saturated Friction Piez. 
a 1.66 Desc. Type Unit Wt. Unit Wt. Angle Surface 
b 1.66 No. (pcf) (pcD (deg) No. 
c 1.66 CCR 1 130.0 140.0 33.7 W1 
d 1.66 FCR 2 80.0 90.0 28.0 W1 

600 H e 1.66 SOIL 3 125.0 135.0 26.8 a W1 
f 1.67 .i.l hJ 
g 1.67 F!~ I 
h 1.68 
i 1.68 
j 1.68 

soo ~-
1 --~~ w133, 3 

----- -------------------------\!} -----

2 ~ 
~-- .. •·1 1 

;,w.__, ~ --- ~~----- 3 3 

--- --- -----.,, ------ -- ------- ------- ___ ; _____ ------ ------------------- ------------ =- -------- -------------- -- w, 

~--~~--------- ---4 w 

L---------------- "-----w, 

400 

300 ,_ 

200 

100 ,_ 

o~--~---~---~---~---~--~-__ _,_ ___ _,_ ___ j_ __ __j ___ _J 

0 100 200 300 400 500 600 700 800 900 1000 1100 

PCSTABLSM/si FSmin=1.66 
STED Safety Factors Are Calculated By The Modified Bishop Method 

"1J 
.g 
co 
z 
!=' 

'° 0 

= 
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Run Date: 

** PCSTABLSM ** 
by 

Purdue University 
--Slope St&bility ~..nalysis-

Simplified Janbu, Simplified Bishop 
or Spencer~s Method of Slices 

9/23/2011 
Time of Run: 3:32PM 
Run By: 
Input Data Filename: 
Output Filename: 
Unit: 

R. Cox 
Z:Saffdsst. 
Z:Saffdsst.OUT 
ENGLISH 

Plotted Output Filename: Z:Saffdsst.PLT 
PROBLEM DESCRIPTION Phase SA/7 - Section F-F 

Downstream Static Whole Slope Circle 
BOUN"DARY COORDINATES 

10 Top Boundaries 
27 Total Boundaries 

Boundary X-Left Y-Left X-Right Y-Right soil Type 
No. (ft) (ft) (ft) (ft) Below Bnd 

1 .DO 462.92 
2 19.25 462.92 
3 40.00 456.00 
4 60.00 456.00 
5 96.00 468.00 
6 192.00 SOD.DD 
7 232.00 500.00 
8 346.00 538.00 
9 446.00 538.00 

10 488.00 524.00 
11 488.00 524.00 
12 232.00 SOD.DO 
13 242.00 500.00 
14 562.08 500.00 
15 850.79 500.00 
16 242.00 500.00 
17 837.55 495.00 
18 881. 34 500.00 
19 255.05 495.00 
20 255.05 495.00 
21 726. 56 463.27 
22 60.00 456.00 
23 349.00 459.00 
24 726. 56 463.27 
25 986.02 465.73 
26 1003.52 460.00 
27 .OD 456.00 

ISOTROPIC SOIL PARAMETERS 
3 Type(s) of Soil 

Soil Total Saturated 
Type Unit Wt. Unit Wt. 

No. (pcf) (pcf) 
1 130.0 140.0 
2 80.0 90.0 

Cohesion 
Intercept 

(psf) 
.0 
.0 

19.25 
40.00 
60.00 
96.00 

192.00 
232.00 
346.00 
446.00 
488.00 

1050.00 
562.08 
242.00 
562.08 
850.79 
881.34 
255.05 
850.79 
986.02 
837.55 
349.00 
837.55 
34 9. 00 
726.56 
986.02 

1003.52 
1050.00 

40.00 

Friction 
Angle 
(deg) 
33.7 
28.0 

3 125.0 135.0 .0 26.8 

462.92 
456.00 
456.00 
468.00 
500.00 
500.00 
538.00 
538.00 
524.00 
524.00 
500.00 
500.00 
500.00 
500.00 
SOD.OD 
495.00 
500.00 
465. 73 
495.00 
459.00 
495.00 
459.00 
463.27 
465.73 
460.00 
460.00 
456.00 

Pore Pressure 
Pressure Constant 

Param. (psf) 
.DO .0 
.00 .0 
.00 .0 

2 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED 
Unit Weight of Water= 62.40 
Piezometric Surface No. 1 Specif~ed by 5 Coordinate Points 

Point X-Water Y-Water 
No. (ft) (ft) 

1 .00 456.00 
2 65.00 456.00 
3 255.05 495.00 
4 461.00 535.00 
5 1050.00 535.00 

Piezometric Surface No. 2 Specified by 3 Coordinate Points 
Pcint X-Water Y-Water 

3 
3 
3 
1 
1 
1 
1 
1 
1 
2 
1 
1 
1 
1 
1 
1 
1 
1 
2 
1 
1 
3 
3 
3 
3 
3 
3 

Piez. 
Surface 

No. 
1 
1 
1 
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No. (ft} (ft} 
1 .00 435.38 
2 349.00 439.00 
3 1050.00 439.00 

A critical Failure Surface Searching Method, Using A Random 
Technique For Generating circular Surfaces, Has Been Specified. 
400 Trial Surfaces Have Been Generated. 

20 surfaces Initiate From Each Of 20 Points Equally Spaced 
Along The Ground Surface Between X 40.00 ft. 

and X 140.00 ft. 
Each Surface Terminates Between X 345.00 ft. 

and X 440.00 ft. 
Unless Further Limitations were Imposed, The Minimum Elevation 
At Which A Surface Extends Is Y =436.00 ft. 
10.00 ft. Line Segments Define Each Trial Failure Surface. 
Following Are Displayed The Ten Most Critical Of The Trial 

Failure Surfaces Examined. They Are Ordered - Most Critical 
First. 
**Safety Factors Are Calculated By The Modified Bishop Method** 
Failure Surface Specified By 37 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft} (ft} 

1 40.00 456.00 
2 49.37 452.50 
3 58.85 449.32 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 

68.44 
78.12 
87.88 
97.72 

107.61 
117.54 
127.51. 
137.50 
147.50 
157.50 
167.48 
177.43 
187.35 
197.21 
207.00 
216.72 
226. 3 5 
235.88 
245.30 
254.59 
263.75 
272.77 
281. 62 
290.31 
298.82 
307.14 
315.26 
323.17 
330.86 
338.32 
345.55 
352.53 

36 359.25 
37 363.18 

Circle Center At X = 
*** 1.658 

446.48 
443.98 
441.82 
440.00 
438.53 
437.40 
436.63 
436.20 
436. 13 
436.40 
437.02 
43 8. 00 
439.32 
440.99 
443.00 
445.36 
448.05 
451. OB 
4 54. 44 
458.13 
462.14 
466.47 
471.12 
476.07 
481. 32 
486.87 
492. 71 
498.83 
505.22 
511. 87 
518.79 
525.95 
533.35 
53 8. 00 

144.7 Y 

*** 
Individual data on the 

721.5 

53 slices 

and Radius, 285.4 

Earthquake 
Force Surcharge 

slice 
No. 

Width 
( ft} 
9.4 

Weight 
(lbs} 

2215.4 

Water 
Force 

Top 
(lbs} 

.o 

Water 
Force 

Bot 
(lbs} 

1093.3 

Tie 
Force 
Norm 
(lbs} 

T~"" 
Force 

Tan 
(lbs} 

.o 

Hor 
(lbs} 

.0 

Ver Load 
(lbs} (lbs} 

1 . 0 . 0 . 0 
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2 9.5 6517.8 .0 3177.0 . 0 . 0 . 0 .0 .0 
3 1. 2 1063.9 . 0 512.9 .o . 0 . 0 .0 . 0 
4 5. 0 5778.7 . 0 2524.9 .0 . 0 . 0 . 0 .0 
5 . 3 365.9 . 0 145.5 • 0 . 0 . 0 .0 .0 
6 3.2 4820.2 .o 1906.5 .0 .0 .o . 0 . 0 
7 9.7 19780.3 .0 7622.8 . 0 .0 .0 . 0 . 0 
8 9. 8 27315.6 .0 10268.3 . 0 . 0 .0 .0 . 0 
9 8 .1 27998.3 .0 10325.7 .0 . 0 . 0 .0 .o 

10 1.7 6513.7 .0 2388.4 .0 . 0 .0 .o .0 
11 9.9 41325.9 . 0 14957.2 . 0 .0 .0 . 0 .0 
12 9. 9 47717.0 . 0 16995.0 . 0 . 0 .0 . 0 . 0 
13 9.1 48843.6 .0 17147.4 .0 . 0 .0 .0 .0 
14 . 9 4805.0 .0 1677.4 .0 .0 . 0 .0 .0 
15 10.0 59087.8 .0 20444.S . 0 .o .0 .0 .0 
16 10.0 64005.3 .0 21852.1 . 0 .0 .0 . 0 .0 
17 10.0 68375.8 . 0 23045.7 . 0 . 0 .0 . 0 . 0 
18 10.0 72178.5 . 0 24024.l .0 .0 .0 .0 .0 
19 1. 1 7898.4 . 0 2615.2 .0 . 0 .o .0 . 0 
20 8.9 67497.9 .0 22170.7 .0 . 0 .0 .0 .0 
21 9.9 78017.0 .0 25330.3 . 0 .0 . 0 .0 .0 
22 4.7 37504.1 . 0 12083.2 . 0 .0 . 0 .0 .0 
23 5.2 41940.9 . 0 13573.3 .0 . 0 .o .0 . 0 
24 9.8 77149.7 . 0 25764.1 . 0 . 0 .0 . 0 . 0 
25 9.7 73871.6 .0 25653.1 .0 . 0 . 0 . 0 . 0 
26 9.6 70104.8 .0 25323.6 .0 .0 . 0 .0 . 0 
27 5.6 39502.4 . 0 14767.2 . 0 . 0 .o .0 .o 
28 3. 9 26701.1 .0 10008.7 .0 . 0 .0 . 0 . 0 
29 6.1 42086.5 . 0 15701.2 . 0 .0 . 0 . 0 . 0 
30 3.3 22639.9 . 0 8309.6 . 0 . 0 . 0 .0 .0 
31 9. 0 61458.3 . 0 22336.7 . 0 . 0 .0 .0 . 0 
32 . 3 1940.4 . 0 692.4 . 0 . 0 . 0 .0 . 0 
33 .5 3098.9 . 0 1120.6 . 0 . 0 . 0 .0 . 0 
34 8.7 57633.8 . 0 20726. 7 . 0 . 0 . 0 .0 .0 
35 9.0 56643.7 . 0 20374.7 . 0 . 0 . 0 .0 . 0 
36 8.0 47442.5 .0 17017.2 . 0 . 0 . 0 .0 . 0 
37 . 8 4719.4 . 0 1671.2 . 0 . 0 . 0 .0 .0 
38 8.7 47330,6 .0 16792.5 .0 . 0 . 0 .0 . 0 
39 5.4 27355.4 .0 9603.1 .0 . 0 . 0 .0 . 0 
40 3.1 15077. 9 .0 5086.3 .0 . 0 .0 .0 .0 
41 8.3 39903.6 . 0 12381.9 .0 .0 .0 .0 .0 
42 8.1 37814.9 . 0 9872. 6 .0 .0 .0 .0 .0 
43 3. 0 13458. 8 .0 3012.1 . 0 .0 .0 .0 .0 
44 4.9 21529.4 . 0 4152.6 . 0 .0 .0 .0 .0 
45 1. 4 5857.1 . 0 1007.7 . 0 .0 .0 .0 .0 
46 6.3 24315.7 .0 3253.8 . 0 .0 .0 . 0 .0 
47 6.5 21923.6 .0 1195. 4 . 0 .o .0 . 0 .o 
48 1.0 3107.2 .0 . 0 . 0 . 0 . 0 .0 . 0 
49 7.2 20021. 4 . 0 .0 . 0 . 0 . 0 . 0 . 0 
50 .5 1108.7 . 0 .0 .0 . 0 . 0 . 0 . 0 
51 6.5 13068.8 . 0 .0 .0 . 0 . 0 . 0 . 0 
52 6.7 7298 .1 . 0 .0 .0 . 0 . 0 . 0 . 0 
53 3.9 1188.7 . 0 .0 .0 . 0 . 0 . 0 . 0 

Failure Surface Specified By 37 Coordinate Points 
Point x-surf Y-Surf 

No. (ft) (ft) 
1 40.00 456.00 
2 49.45 452.71 
3 59.00 449.75 
4 68.64 447.11 
5 78. 37 444.80 
6 88.17 442.81 
7 98. 03 441.16 
8 107.95 439.85 
9 117.90 438.87 

10 127.88 438.22 
11 137.87 437.92 
12 147,87 437.95 
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13 157.87 
14 167.84 
15 177. 79 
16 187.69 
17 197.54 
18 207.33 
19 217.05 
20 226.67 
21 236.20 
22 245.63 
23 254.93 
24 264.11 
25 273.15 
26 282.03 
27 290.76 
28 299.31 
29 307.69 
30 315.88 
31 323.87 
32 331.65 
33 339.21 
34 346.55 
35 353.65 
36 360.52 
37 363.71 

Circle Center At X = 
*** 1.661 

438.32 
429.03 
4,lQ.07 

441. 45 
443.17 
445.21 
447.59 · 
450.29 
453.32 
456.66 
460.33 
464.30 
468.58 
473.17 
478.05 
483.23 
488.69 
4 94. 43 
500.45 
506.73 
513.27 
520.07 
527.10 
534.38 
538.00 

141.9 ; Y 
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733.8 and Radius, 295.9 

Failure 
Point 

Surface Specified By 36 coordinate Points 

No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 

x-surf Y-Surf 
(ft) (ft) 
40.00 
49.37 
58.87 
68.47 
78.17 
87.95 
97.80 

107.71 
117.66 
127.64 
137.64 
147.64 
157.63 
167.59 
177.52 
187.39 
197.20 
206.93 
216.57 
226.10 
235.52 
244.80 
253.95 
262.93 
271.75 
280.39 
288.84 
297.09 
305.12 
312.93 
320.50 
327.83 
334.90 
341.71 
348.24 
350.54 

456.00 
452.51 
449.37 
446.58 
444 .14 
442.07 
440.35 
439.00 
438.02 
437.40 
437.15 
437.27 
437.76 
438.61 
439.83 
441.42 
443.37 
445.67 
448.34 
451.36 
454.72 
458.43 
462.48 
466.87 
471.58 
476.61 
481.96 
487.62 
493.57 
499.82 
506.35 
513.16 
520.23 
527.55 
535.13 
538.00 

circle Cent~r At x = 139.4 y 708.6 and Radius, 271.4 
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*** 1.661 *** 
Failure 

Point 
No. 

l 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 

Surface Specified By 36 
X-Surf Y-Surf 

(ft) (ft) 
40.00 
49. 49 
59.08 
68.76 
78.52 
88.35 
98.24 

108.17 
118.13 
128.12 
138.12 
148.11 
158.10 
168.07 
l 78. 00 
187.89 
197.72 
207.48 
217.17 
226.76 
236.26 
245.64 
254.91 
264.04 
273.03 
281.86 
290.54 
299.04 
307.36 
315. 49 
323.42 
331. 14 
33 8. 64 
345.91 
352.95 

456.00 
452.85 
·450. 02 
447.52 
445.34 
443.49 
441.98 
440.79 
439.95 
439.43 
439.26 
439.42 
439.91 
440.75 
441.91 
443.41 
445.25 
447.41 
449.90 
452. 71 
455.84 
459.30 
463. 06 
467.14 
471. 52 
476.20 
481.17 
486.44 
491.98 
497.81 
503.90 
510.26 
516.87 
523.73 
530.84 

36 359.59 538.00 
Circle Center At X = 138.4 ; Y 

*** 1.663 *** 
Failure 

Point 
No. 

l 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

Surface Specified By 36 
X-Surf Y-Surf 

(ft) (ft) 
40.00 456.00 
49.32 452.36 
58.76 449.08 
68.33 446.16 
78.00 
87.76 
97.59 

107.49 
117.43 
127.41 
137.40 
147.40 
157.39 
167.36 
177.28 
187.15 
196.95 
206.67 
216.30 
225.81 
235.20 
211.15 

443.61 
441.43 
439.62 
438.19 
437.14 
436.46 
436.17 
436.26 
436.72 
437.57 
438.80 
440.40 
442.38 
444.73 
447.45 
450.54 
453.98 
457.78 

Page No. _c='~''----
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Coordinate Points 

736.5 and Radius, 297.2 

Coordinate Points 
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23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 

Circle 

253.55 
262.48 
271.24 
279.80 
288.l? 
296. 32 
3 04. 24 
311. 92 
319.36 
326.53 
333.43 
340.06 
346.39 
347.67 

Center At X = 

461.93 
466.42 
471.25 
476.41 
481.89 
487.69 
493.79 
500.19 
506.88 
513.84 
521.08 
528.57 
536.31 
538.00 

140.1 ; Y 
*** 1.663 *** 

Failure 
Point 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 

Surface Specified By 38 
X-Surf Y-Surf 

(ft) (ft) 
40.00 
49.51 
59.12 
68.81 
78.57 
88.40 
98.28 

108.20 
118.16 
128, 14 
138 .14 
148.14 
158.13 
168.11 
178.06 
187.98 
197.85 
207.66 
217.41 
227.08 
236.67 
246.17 
255.56 
264.83 
273.98 
283.01 
291.89 
300.62 
3 09 .19 
317.59 
325.82 
333.86 
341.72 
349.37 
356.81 
364.05 
371.05 
3 71. 79 

456.00 
452.92 
450.14 
447.67 
445.50 
443.65 
442.10 
440.87 
439.96 
439.36 
439.07 
439 .11 
439.46 
440.12 
441.10 
442.39 
444.00 
445.92 
448.15 
450.68 
453.52 
456.67 
460 .11 
463.84 
467.87 
472.19 
476.79 
481.66 
486.81 
492.23 
497.92 
503.86 
510.05 
516.48 
s:3.16 
530.07 
537.20 
538.00 

Circle Center At X = 142.1 ; Y 
*** 1. 669 *** 

Failure 
Point 
No. 

1 
2 
3 
4 

5 

Surface Specified By 36 
x-surf Y-Surf 

(ft) ( ft) 
45.26 456.00 
54.67 452.60 
64.19 449.55 
73.82 446.84 
83.54 444.48 

Page No._1--"-1_4 __ _ 
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698.6 and Radius, 262.4 

Coordinate Points 

755.1 and Radius, 316.0 

Coordinate Points 
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6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 

93.33 
103.20 
113.ll 
123.07 
133.05 
1,;_3,05 
153.05 
163.04 
173.00 
182.92 
192.79 
202.60 
212.34 
221. 98 
231. 52 
240.95 
250.25 
259.41 
268.42 
277. 26 
285.94 
294.42 
302. 72 
310.80 
318.66 
326.30 
333.70 
340.85 
347.74 
354.37 
356. 91 

442.48 
440.83 
439. 54 
438.60 
438.03 
437.82 
437.97 
438.48 
439.35 
440.58 
442.17 
444.12 
446.41 
449.06 
452.06 
455.40 
459.07 
463.08 
467.42 
472. 08 
477.06 
482.35 
487.94 
493.83 
SOD.DO 
506.46 
513.18 
520.17 
527.42 
534.91 
53B.00 

Circle Center At x = 143.9 ; Y 714.4 and Radius, 276.6 
*** 1,669 *** 

Failure Surface Specified By 37 Coordinate Points 
Point x-surf Y-Surf 

No. (ft) (ft) 
1 45.26 456.00 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
:n 

54.78 
64. 39 
74.09 
B3.85 
93.68 

103.57 
113. 49 
123.45 
133.44 
143.44 
153.44 
163.43 
173.40 
183.35 
193.26 
203.12 
212.93 
222. 67 
232.33 
241. 90 
251.38 
260.75 
270.01 
279.14 
288.13 
296.98 
305.68 
314.22 
322. 5 9 
230.78 

452.93 
450.17 
447.71 
445.57 
443.73 
442.21 
441.01 
440.12 
439.55 
439.29 
439.36 
439.74 
440.44 
441. <16 
442.80 
444.44 
446.41 
44B.68 
451.26 
454.15 
457.34 
460.83 
464.62 
468.70 
473.06 
477. 72 
482.65 
487.B5 
493.33 
499.0? 
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( 32 338.78 505.06 
33 346.59 511.31 
34 354.20 517.80 
35 361.59 524.54 
36 368.77 531. so 
37 375.05 538.00 

Circle Center At X = 146.4 ; y 753.5 and Radius, 314. 2 

*** 1.679 *** 
Failure Surface Specified By 35 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 50.53 456.00 
2 59.90 4.52.51 
3 69.40 449.38 
4 79.00 446.'51 
5 88.71 444.20 
6 98.50 442.15 
7 108.36 440.48 
8 118.27 439.17 
9 128.23 438.24 

10 138.21 437.68 
11 148. 21 437.50 
12 158.21 437.69 
13 168.19 438.26 
14 178.15 43 9. 21 
15 188.06 440.52 
16 197.92 442.21 
17 207.70 444.27 
18 217.41 446.69 
19 227.01 449.47 
20 236.50 452.62 
21 245.87 456.11 
22 255.10 459.96 
23 264.18 464.15 
24 273.10 468.68 
25 281.84 473.54 
26 290.39 478.72 
27 298.74 484.23 
28 306.88 490.04 
29 314.79 496 .15 
30 322. 4 7 502.56 
31 329.90 509.25 
32 337.08 516.21 
33 343.99 523.44 
34 350.62 530.92 
35 356.43 538.00 

Circle Center At X = 148 .1 ; y 703.8 and Radius, 266.3 
*** 1. 681 *** 

Failure Surface specified By 39 Coordinate Points 
Point x-surf Y-Surf 
No. (ft) (ft) 

1 45.26 456.00 
2 54.68 452.64 
3 64.21 449.59 
4 73.82 446.84 
5 83.52 444.41 
6 93.29 442.29 
7 103.13 440.48 
8 113.02 438.99 
9 122.95 437.82 

10 132. 91 436.97 
11 142.90 436.44 
12 152.90 436.23 
13 162.89 436.34 
14 172.89 436.77 
15 182.86 437.53 
16 192.80 438 60 
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17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 

Circle Center 
*** 

202.70 
212.55 
222.35 
232.07 
241. 71 
251.26 
260.71 
270.06 
279.28 
288.37 
297.33 
3 06. 13 
314.78 
323.27 
331.58 
339.70 
347.64 
355.37 
362.90 
370.21 
377.30 
384.16 
384.52 
At X = 
1.684 

440.00 
441.71 
443. 74 
446.08 
448. 73 
451. 69 
454.95 
4S8 S? 
462.39 
466.55 
471.00 
475.74 
480.76 
486.05 
491.61 
497.44 
503.52 
509.86 
516.44 
523.27 
530.32 
537.59 
538.00 

154.4 ; Y 

*** 
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747.3 and Radius, 311.1 
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Phase 5Al7 - Section F-F Downstream Static Shallow Slope Circle 
Z:111146\STABIL~115FFDSST2.PL2 Run By: R. Cox 9/23/2011 3:34PM 

700 ,;===r==1=====i=====i====ci==c;---.,---,------,------,----,----,--.,-----,---, 
# FS Soil Soil Total Saturated Friction Piez. 
a 2.17 Desc. Type Unit Wt. Unit Wt. Angle Surface 
b 2.18 No. (pcf) (pcf) (deg) No. 
c 2.20 CCR 1 130.0 140.0 33.7 W1 
d 2.21 FCR 2 80.0 90.0 28.0 W1 
e 2.24 SOIL 3 125.0 135.0 26.8 a W1 
t 2.24 j il 
g 2.26 :t 

500 I- l Hi ,. \1~~~1----7'--;----__·-----------·-·- -··-·-2 -·---·----~ -----';} 

....-------:1--------.1--· · -- ""' 2 1 1 1--------------

--~,.4--··- 1 ·---· ~Jji- J W1 3 3 3 3 3 
w½· ·· - · · - · -- --- ·- - · ·- · · - ·· - --- ··- · · --· ----- --- - ·· -w2 ··------ ------ -- --- -------- ·------- --- · - -- ---- · --- ·- · · - ·· - ··-· • - · ·- · ---------- ----- · ----- · ----- w2 
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STED Safety Factors Are Calculated By The Modified Bishop Method 

7J 

~ 
CD 

z 
9 

~ 
"" 



R11784Page No. _..:1-.;..l~'---

z,\11146\STABIL~l\5FFDSST2.0UT Page 1 

** PCSTABLSM ** 
by 

Purdue University 
--slope Stability Analysis-

Simplified Janbu, Simplified Bishop 
or Spencer's Method of Slices 

Run Date: 9/23/2011 
·rime ur Run: 
Run By: 
Input Data Filename: 
Output Filename: 
Unit: 

3: 34PM 
R. Cox 
Z, 5FFDSST2. 
Z,5FFDSST2.0UT 
ENGLISH 

Plotted 
PROBLEM 

Output Filename: Z:SFFDSST2.PLT 
DESCRIPTION Phase SA/7 - Section F-F 

BOUND~.RY COORDINATES 
10 Top Boundaries 
27 Total Boundaries 

Downstream Static Shallow Slope Circle 

Boundary X-Left 
No. (ft) 

1 .00 

Y-Left 
(ft) 

462.92 
462. 92 
456.00 
456.00 
468.00 
500.00 
500.00 
538.00 
53 8. 00 
524.00 
524.00 
500.00 
500.00 
500.00 
500.00 
500.00 
495.00 
500.00 
495.00 
495.00 
463.27 
456.00 
459.00 
463.27 
465.73 

X-Right 
(ft) 
19.25 
40.00 
60.00 
96.00 

Y-Right 
(ft) 

462.92 
456.00 
456.00 
468.00 
500.00 
500.00 
538.00 
538.00 
524.00 
524.00 
500.00 
500.00 
500.00 
500.00 
500.00 
495.00 
500.00 
465.73 
495.00 
459.00 
495.00 
459.00 
463.27 
465.73 

Soil Type 
Below Bnd 

3 

2 19.25 
3 40.00 
4 60.00 
5 96.00 
6 192.00 
7 232.00 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

346.00 
446.00 
488.00 
488.00 
232.00 
242.00 
562.08 
850.79 
242.00 
837.55 
881.34 
255.05 
255.05 
726.56 

60.00 
349.00 
726.56 
986.02 

26 1003.52 460.00 
27 .00 456.00 

ISOTROPIC SOIL PARAMETERS 
3 Type(s) of Soil 

Soil Total Saturated Cohesion 
Type Unit Wt. Unit Wt. Intercept 

No. (pcf) (pcf) (psf) 
1 130.0 140.0 .0 
2 80.0 90.0 .0 
3 125.0 135.0 .0 

192.00 
232.00 
346.00 
446.00 
488.00 

1050.00 
562.08 
242.00 
562.08 
850.79 
881. 34 
255.05 
850.79 
986.02 
837.55 
349.00 
837.55 
349.00 
726.56 
986.02 

1003.52 
1050.00 

40.00 

Friction 
Angle 
(deg) 
33.7 
28.0 
26.8 

460.00 
460.00 
456.00 

Pore 
Pressure 

Pressure 
Constant 

Param . 
. 00 
.00 
.00 

(psf) 
• 0 
• 0 
. 0 

2 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED 
Unit Weight of Water= 62.40 
Piezometric Surface No. 1 Specified by 5 Coordinate Points 

Point X-Water Y-Water 
No. (ft) (ft) 

1 .00 456.00 
2 65.00 456.00 
3 255.05 495.00 
4 461.00 535.00 
5 1050.00 535.00 

Piezometric Surface No. 2 specified by 3 Coordinate Points 
Point x-water 

3 
3 
1 
1 
1 
1 
1 
1 
2 
1 
1 
1 
1 
1 
1 
1 
1 
2 
1 
1 
3 
3 
3 
3 
3 
3 

Piez. 
Surface 

No. 
1 
1 
1 
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No. (ft) (ft) 
l .00 435.38 
2 349.00 439.00 
3 1050.00 439.00 

A Critical Failure Surface Searching Method, Using A Random 
Technique For Generating Circular Surfaces, Has Been Specified. 
400 Trial Surfaces Have Been Generated. 

20 surfaces Initiate From Each Of 20 Pcints Equally Spaced 
Along The Ground Surface Between X 150.00 ft. 

and X 250.00 ft. 
Each Surface Terminates Between X 360.00 ft. 

and x 440.00 ft. 
Unless Further Limitations were Imposed, The Minimum Elevation 
At Which A Surface Extends Is Y =436.00 ft. 
10.00 ft. Line Segments Define Each Trial Failure Surface. 
Following Are Displayed The Ten Most Critical Of The Trial 

Failure Surfaces Examined. They Are Ordered - Most Critical 
First. 

* * Safety Factors Are Calculated By The Modified Bishop Method 
Failure Surface Specified By 17 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 228.95 500.00 
2 238.11 495.98 
3 247.60 492.86 
4 257.36 490.65 
5 267.28 489.39 
6 277.27 489.07 
7 287.25 489.71 
8 297.12 491.30 
9 3 06. 80 493.83 

10 316 .19 497.27 
11 325.2l 501. 58 
12 333.78 506.74 
13 341.82 512.69 
14 349.25 519.38 
15 356.01 526.75 
16 362.04 534.73 
17 364.C-5 538.00 

Circle Center At X = 275.6 y 593.8 and Radius, 104.7 

*** 2.172 *** 
Individual data on the 26 slices 

Water Water Tie Tie Earthquake 

* * 

Force Force Force Force Force Surcharge 
Slice Width Weight Top Bot Norm Tan Hor Ver Load 

No. (ft) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) 
1 3.1 265.7 .0 .0 .0 .0 .0 .0 . 0 
2 6.1 2933.4 .0 .0 .0 .0 . 0 .o .0 
3 3.9 3717.8 .0 .0 .0 . 0 . 0 .0 .0 
4 4.5 5849.5 .0 .0 .0 .0 . 0 .0 .0 
5 1.2 1795.4 . 0 22.8 .0 .o . 0 .0 .0 
6 7.4 14127.6 . 0 1036.8 .0 .0 . 0 .0 .0 
7 2.3 5193.9 • 0 625.1 .0 .0 . 0 .0 .0 
8 9.9 25145.4 . 0 3916.9 . 0 .0 . 0 .0 .0 
9 2.6 73 73. 4 . 0 1341. a . 0 .0 .0 .0 .0 

10 7.4 22137.6 . 0 4244.2 . 0 .0 .0 .0 .0 
11 3.5 11465. 0 .0 2263.8 . 0 .0 .0 . 0 .0 
12 6.5 22300.3 . 0 4409.2 .0 .o .0 . 0 . 0 
13 9.9 36847.9 . 0 7170.3 .0 .0 .0 .0 .0 
14 9.7 38603.9 . 0 7072. 6 .0 .0 .0 .0 . 0 
15 3.2 13159.2 . 0 2283.8 .0 . 0 .0 .0 .0 
16 6.2 25493.1 . 0 4097.1 .0 . 0 .0 .o . 0 
17 5.7 23057.5 .0 3413.2 . 0 . 0 . 0 .0 . 0 
18 3.3 13026. 8 .0 1688.1 . 0 .0 . 0 .0 .0 
19 8.6 32007.0 .0 3245.6 . 0 .o . 0 .0 . 0 
20 6.5 21968. 9 .0 879.8 . 0 .0 . 0 .0 . 0 

a C 4.838.2 .0 . 0 . 0 .0 .0 .o .0 ··-
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22 
23 
24 
25 
26 

( 

4.2 12362.3 .0 .0 
3.2 8~79.7 .0 .0 
6. 8 13124.5 . 0 .o 
6.0 5687.5 .0 .0 
2.0 427.3 .0 . 0 
Failure Surface Specified By 17 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 228.95 500.00 
2 238.09 495.95 
3 247.57 492.77 
4 257.31 490.49 
5 267.22 489 .13 
6 277. 21 488.70 
7 287.19 489.20 
8 297.09 490.63 
9 306.81 492. 98 

10 316.27 496.23 
11 325.38 500.35 
12 334.07 505.29 
13 342.26 511.03 
14 349.88 517.51 
15 356.87 524.67 
16 363.15 532.45 
17 366.84 538.00 

Circle Center At X = 276.8 ; y 

*** 2.182 *** 
Failure Surface Specified By 14 

Point x-surf Y-Surf 
No. (ft) (ft) 

l 239.47 502.49 
2 249.38 503.89 
3 259.24 505.52 
4 269.06 507.39 
5 278.84 509.50 
6 288.56 511.85 
7 298.22 514.43 
8 307.82 517.24 
9 317.35 520.28 

10 326.79 523.55 
11 33 6. 16 527.05 
12 345.44 530.78 
13 354.63 534.73 
14 361. 77 538.00 

Circle Center At X = 186.8 ; y 

*** 2.199 *** 
Failure 

Point 
Surface Specified By 17 

No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 

x-surf Y-Surf 
(ft) (ft) 

228.95 
237.68 
246.89 
256.46 
266.29 
276.26 
286.25 
296.16 
305.87 
315.27 
324.25 
332.70 
340.53 
347.66 
353.99 
359.46 
362.41 

500.00 
495.14 
491.23 
488.34 
486.48 
485.69 
485.97 
487.31 
489.71 
493 .13 
497.53 
502.88 
509.09 
516.11 
523.85 
532.22 
538.00 

Circle Center At X = 27R.7 ; Y 

Page No._~7,~1.,~1 __ _ 
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. 0 . 0 . 0 . 0 .0 

. 0 .0 . 0 . 0 .0 

.0 .0 . 0 . 0 . 0 

.0 .0 .0 .0 . 0 

.o . 0 .0 .0 . 0 
Coordinate Points 

595.7 and Radius, 107.l 

Coordinate Points 

912. 2 and Radius, 413.l 

Coordinate Points 

579.0 and Radius, 93.4 
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*** 2.215 *** 
Failure Surface Specified By 20 Coordinate Points 

Point x-surf Y-Surf 
No. (ft) (ft) 

1 207.90 500.00 
2 216.94 495.74 
3 226.29 492.18 
4 235.88 489.35 
5 245.66 487.25 
6 255.57 485.92 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

265.55 
275.55 
285.50 
295.35 
305.05 
314.53 
3:23.73 
332.61 
341. 11 
349.19 
356.79 
363.87 
370.39 
372. 86 

485.34 
485.53 
486.48 
488.19 
490.64 
493.83 
497.74 
502.34 
507.60 
513.50 
520.00 
527.06 
534.64 
538.00 

Circle Center At X = 268.1 ; Y 
*** 2.237 *** 

615.8 and Radius, 130.5 

Failure 
Point 
No. 

l 

Surface Specified By 19 Coordinate Points 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

circle 

x-surf Y-Surf 
(ft) (ft) -

213.16 500.00 
222.53 
232.11 
241.87 
251.76 
261. 72 
271. 72 
281.71 
291.63 
301.44 
311. 09 
320.55 
329.75 
338.66 
347.24 
355.44 
363.23 
3 70. 5 7 
3 77. 13 

Center At X = 

496. 50 
493.65 
491.47 
489.97 
489.16 
489.03 
489.60 
490.85 
492.78 
495.39 
498.65 
502.56 
507.10 
512.24 
517.96 
524.23 
531.02 
538.00 

268.5 ; Y 
*** 2.243 *** 

Failure Surface Specified By 20 
Point X-Surf Y-Surf 
No. (ft) (ft) 

l 202.63 500.00 
2 211. 96 496.40 
3 221.51 493.44 
4 231.24 491.13 
5 241.11 489.48 
6 251.06 488.50 
7 261. 05 488.20 
8 271. 05 488.57 
9 280.99 489.62 

10 290.84 491.34 
11 300.55 493.72 
12 310.08 496.75 
13 319.39 500.42 
14 328.42 504.70 

633.9 and Radius, 144.9 

Coordinate Points 
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15 337.15 
16 345.52 
17 353.51 
18 361. 07 
19 368.17 
20 371.10 

509.59 
515.06 
521. 08 
527.62 
534.66 
538.00 

Circle Center At X = 260.5 ; Y 
*** 2.262 *** 

Failure 
Point 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

Surface Specified By 21 
x-surf Y-Surf 

(ft) (ft) 
218.42 500.00 
227.38 
236.65 
246.16 
255.88 
265.75 
275.71 
285.71 
295.69 
305.60 
315.39 
324.99 
334.36 
343.45 
352.20 
360.57 
368.51 
375.98 
382.93 
389.33 
390.72 

495.56 
491.80 
488.73 
486.38 
484.75 
483.86 
483.72 
484.31 
485.64 
487. 71 
490.49 
493.98 
498.16 
502.99 
508.47 
514.55 
521.20 
528.38 
536.07 
538.00 

Circle Center At X = 282.7 ; Y 
*** 2.308 *** 

Failure 
Point 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

Surface Specified By 22 
x-surf Y-Surf 

(ft) (ft) 
207.90 500.00 
216.80 
226.00 
235.47 
245.13 
254. 96 
264.89 
274.88 
284.88 
294.83 
3 04. 6 9 
314. 4 0 
323. 91 
333.19 
342.17 
350.81 
359.08 
366. 92 
374,30 
381.18 
387.53 
387.94 

495.45 
491.54 
488.30 
485.75 
483.89 
482.73 
482.29 
482.56 
483.54 
485.23 
487.62 
4 90. 6 9 
494.43 
498.83 
503.85 
509.48 
515.69 
522.43 
529.69 
537.42 
538.00 

Circle Center At X = 276.1 ; Y 
*** 2.316 *** 

Failure 
Point 

No. 
1 
2 
3 

Surface Specified By 20 
x-surf Y-Surf 

(ft) (ft) 
223.68 500.00 
232.70 
242.01 

Page No._~1."~l.,s"----
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635.9 and Radius, 147.7 

Coordinate Points 

618.4 and Radius, 134.7 

Coordinate Points 

622.4 and Radius, 140.1 

Coordinate Points 
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4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

Circle Center 
*** 

l 

251.57 
261.32 
271. 21 
281..18 
291.18 
301.15 
311. 04 
320.80 
330.36 
339.69 
348.72 
357.40 
365.70 
373.55 
380.93 
387.78 
393.80 

At X = 
2.327 

489.08 
486.86 
485.36 
484.60 
484.59 
485.31 
486.78 
488.97 
491.88 
495.50 
499.80 
504.75 
510.34 
516.53 
523.28 
530.56 
538.00 

286.4 ; Y 

*** 

Page No. _tc....l._'-\.:.._ __ 
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619.1 and Radius, 134.6 
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Phase 5A/7 - Section F-F Upstream Static Whole Slope Circle 
Z:111146\STABIL~115AFFUSST.PL2 Run By: R. Cox 9/20/2011 10:12AM 

700 I , , , 1 1 
# FS Soil Soil Total Saturated Friction Piez. 

1 
I 

a 2.00 Desc. Type Unit Wt. Unit Wt. Angle Surface 
b 2.00 No. (pcf) (pcf) (deg) No. 
c 2.01 CCR 1 130.0 140.0 33.7 W1 
d 2.01 FCR 2 80.0 90.0 28.0 W1 
e 2.02 SOIL 3 125.0 135.0 26.8 W1 a 

f 2.02 ill 
J Ut __ ·-··-··-··-··-·········· ................... 1 ..... 4 .. ~ ~ 

600 . 

500 Wfl ..--------• 1 r·•s=: [ ~a::Z:JV /W111~.~ 
..--------1 .. .............-1 1-.·-··-~ .....-:c• 

.. 3.. ~~············· 3 ·········-··-··· ...•..•. ···-· ........ 3 ···························, ················3················ :~,1•.:5~:: w, 

. 

400 1-

300 1- -

200 1- -

100 1- . 

o~--~---~---~---~------~---~---~---~--~---~ 
0 100 200 300 400 500 600 700 800 900 1000 1100 

PCSTABL5M/si FSmin=2.00 
STED Safety Factors Are Calculated By The Modified Bishop Method 

7J 

~ 
(\) 

z 
~ 

~ 

~ 
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Run Date: 

** PCSTABLSM ** 
by 

Purdue University 
--slope Stability Analysis-

Simplified Janbu, Simplified Eishop 
or Spencer~s Method of Slices 

9/20/2011 
Time of Run: 10,12AM 
Run By: R. Cox 
Input Data Filename: Z, 5AFFUSST. 
Output Filename: 
Unit: 

Z, 5AFFUSST. OUT 
ENGLISH 

Plotted 
PROBLEM 

Output Filename: Z:SAFFUSST.PLT 
DESCRIPTION Phase SA/7 - Section F-F 

Upstream Static Whole Slope 
BOUNEARY COORDINATES 

10 Top Boundaries 
27 Total Boundaries 

Circle 

X-Left Y-Left X-Right Y-Right Soil Type Boundary 
No. (ft) (ft) (ft) (ft) Below Bnd 

1 .00 507.30 
2 509.82 507.30 
3 604.00 538.00 
4 704.00 538.00 
5 818.00 500.00 
6 858.00 500.00 
7 954.00 468.00 
8 990.00 456.00 
9 1010.00 456.00 

10 1030.75 462.92 

11 487.92 500.00 
12 168.66 500.00 
13 199.21 500.00 
14 487. 92 500.00 
15 808.00 500.00 
16 199.21 500.00 
17 794.95 495.00 
18 63.98 465.73 
19 212.45 495.00 
20 212.45 495.00 
21 701.00 459.00 
22 63.98 465,73 

23 323.44 463.27 
24 701.00 459.00 
25 1010.00 456.00 
26 46.48 460.00 
27 .OD 460.00 

ISOTROPIC SOIL PARAMETERS 
3 Type(s) of Soil 

Soil Total Saturated· Cohesion 
Type Unit Wt. Unit Wt. Intercept 

No. (pcf) (pcf) (psfl 
l· 130.0 140.0 .0 
2 80.0 90.0 .0 
3 125.0 135.0 .0 

509.82 
604.00 
704.00 
818.00 
858.00 
954.00 
990.00 

1010.00 
1030.75 
1050.00 
509.82 
199.21 
487.92 
808.00 
818.00 
212.45 
808.00 
168.66 
794.95 
323.44 
794.95 
323.44 
701.00 
990.00 

1050.00 
63.98 
46.48 

Friction 
Angle 
(deg) 
33.7 
28.0 
26.8 

507.30 
538.00 
538.00 
500.00 
500.00 
468.00 
456.00 
456.00 
462.92 
462.92 
507.30 
500.00 
500.00 
500.00 
500.00 
495.00 
500.00 
500.00 
495.00 
463.27 
495.00 
463.27 
459.00 
456.00 
456.00 
465.73 
460.00 

Pore 
Pressure 

Param. 
.00 

Pressure 
Constant 

(psf) 

.00 

.00 

. 0 

.0 

.0 
2 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED 
Unit Weight of water= 62.40 
Piezometric Surface No. 1 Specified by 5 Coordinate Points 

Point x-water Y-Water 
No. (ft) (ft) 

1 .00 513.17 
2 527.43 513.17 
3 794.95 495.00 
4 985.00 456.00 
5 1050.00 456.00 

Piezometric Surface No. 2 Specified by 3 Coordinate Points 
Foint X-Water Y-Water 

2 
1 
1 
1 
1 
1 
1 
3 
3 
3 
1 
1 
1 
1 
1 
1 
1 
1 
2 
1 
1 
3 
3 
3 
3 
3 
3 

Piez. 
Surface 

No. 
1 
1 
1 
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No. (ft) (ft) 

1 .00 39.00 
2 701.00 39.00 
3 1050.00 35.38 

A Critical Failure Surface searching Method, Using A Random 
Technique For Generating Circular Surfaces, Has Been Specified. 
400 Trial Surfaces Have Been Generated. 

20 surfaces Initiate From Each Of 20 Points Equally Spaced 
Along The Ground Surface Between X 400.00 ft. 

and X 500.00 ft. 
Each Surface Terminates Between X 600.00 ft. 

and X 700.00 ft. 
Unless Further Limitations Were Imposed, The Minimum Elevation 
At Which A Surface Extends Is Y =436.00 ft. 
10.00 ft. Line Segments Define Each Trial Failure Surface. 
Following Are Displayed The Ten Most Critical Of The Trial 

Failure Surfaces Examined. They Are Ordered - Most Critical 
First. 
**Safety Factors Are Calculated By The Modified Bishop Method** 
Failure Surface Specified By 21 Coordinate Points 

Point x-surf Y-Surf 
No. (ft) (ft) 

1 447.37 507.30 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

Circle 

455.31 
463.76 
472.67 
481.96 
491.55 
501.35 
511.30 
521.30 
531.27 
541.13 
550.79 
560.18 
569.23 
577.84 
585.95 
593.50 
600.42 
606.65 
612.14 
613.64 

center At X 

*** 2.003 
= 

Individual data 
Water 
Force 

5 01. 22 
495.88 
491.34 
487.63 
484.79 
482.82 
481.77 
481.62 
482.38 
484.05 
486.61 
490.04 
494.32 
499.40 
505.24 
5ll.80 
519.02 
526.85 
535.20 
538.00 

517.9 Y 

*** 
on the 
water 
Force 

591.1 and Radius, 109.6 

29 slices 
Tie Tie 

Force Force 
Earthquake 

Force Surcharge 
Slice Width Weight Top Bot Norm Tan Hor 

(lbs) 
Ver Load 

No. (ft) (lbs) (lbs) 
1 7.9 2172.6 2907.3 
2 1. 9 1162. 5 707.1 
3 6.5 6170.4 2391.3 
4 1.7 2245.1 634.9 
5 7.2 10919. 3 2628.6 
6 9.3 17208.5 3401. 6 
7 6.0 12511. 2 2182.6 
8 3.6 8190.4 1328. 6 
9 9.8 24579.7 3591.7 

10 8. 5 23604.0 3101.3 
11 1. 5 4341.4 545.6 
12 10.0 32149. 6 2466.8 
13 6.1 21893.6 454.7 
14 3. 8 14406.2 .0 
15 9. 9 38969.0 .0 
16 9. 7 40300.5 .0 
17 9.4 40358.6 .0 

(lbs) (lbs) 
5560.7 . 0 
1788.8 .0 
7333.9 . 0 
2152.2 . 0 

10051. 2 . 0 
14777.4 .0 
10248.4 . 0 

6574.7 . 0 
18323.3 .0 
16362.8 .0 

2903.1 .0 
19642.6 .0 
12023.2 . 0 

7379.2 . 0 
18277.8 . 0 
16548.0 . 0 
14279.3 .o 

(lbs) 
.0 
.0 
.0 
. 0 
. 0 
.0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
.0 
.0 
.0 

. 0 

.0 

. 0 

. 0 
• 0 
• 0 
• 0 
.0 
• 0 
. 0 
. 0 
. 0 
• 0 
• 0 
. 0 
. 0 
. 0 

(lbs) (lbs) 
. 0 . 0 
.0 .0 
. 0 . 0 
. 0 . 0 
. 0 . 0 
. 0 . 0 
. 0 . 0 
. 0 . 0 
. 0 . 0 
.0 .0 
.0 . 0 
.0 . 0 
.0 .0 
.0 . 0 
. 0 • 0 
.o . 0 
. 0 . 0 
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( 18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 

Page No. 

Z,\11146\STABIL~l\5AFFUSST.OUT 

9.0 39186.4 .0 11490.8 
1.2 4999.0 .0 :306.3 
7.5 31060.7 .o 6899.4 

. 8 3330.2 .0 641.9 
7.3 27284.5 .0 3809.4 
4.2 14189.7 . 0 687.4 
3.3 10251. 0 . 0 . 0 
6.9 18249.8 . 0 .0 
3.6 7516.1 .0 . 0 
2.7 4416.0 . 0 . 0 
5.5 4981.1 . 0 . 0 
1.5 271.5 . 0 . 0 
Failure 

Point 
No. 

1 

Surface Specified By 21 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

x-surf Y-Surf 
(ft) (ft) 

452.63 507.30 
459.80 500.32 
467.65 494.13 
476.10 488.79 
485.07 
494.44 
504.13 
514.03 
524.02 
534.00 
543.86 
553.49 
562.80 
571. 67 
580.01 
587.74 
594.76 
601.00 
606.40 
610.89 
612.43 

484.36 
480.88 
478.41 
476.95 
476.53 
477.15 
478.81 
481.49 
485.15 
489.76 
495.28 
501.63 
508.75 
516.56 
524.98 
533.92 
538.00 

.0 .0 .0 .0 

.0 .0 . 0 .0 

.0 . 0 . 0 . 0 

.0 . 0 . 0 . 0 

. 0 . 0 . 0 . 0 

.0 .o . 0 .o 

.0 .0 .0 .0 

.0 . 0 . 0 .0 

. 0 . 0 . 0 . 0 

. 0 .0 . 0 .0 

.0 .0 .0 .o 

.0 . 0 . 0 .0 
Coordinate Points 

Circle Center At X = 523.0 ; Y 572.4 and Radius, 95.9 
*** 2.004 *** 

Failure Surface Specified By 19 Coordinate Points 
Paine x-surf Y-Surf 

No. (ft) (ft} 
1 463.16 507.30 
2 
3 
4 
5 
6 
7 
8 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

470.47 
478.51 
487.17 
496.33 
505.88 
515.71 
525.68 
535.68 
545.56 
555.21 
564.51 
573.34 
581.58 
589.13 
595.89 
601.79 
606.73 
610.49 

500.48 
494.53 
489.52 
485.52 
482.57 
480.71 
479.98 
480.36 
481.87 
484.49 
488.17 
492.87 
498.54 
505.09 
512.46 
520.54 
52 9. 23 
538.00 

Circle Center At X = 527.2 ; Y 
*** 2.008 *** 

568.7 and Radius, 

Failure surface Specified By 21 Coordinate Points 
Point x-surf Y-Surf 
No. (ft) (ft) 

1 447.37 507.30 
2 454.60 500.39 

88.8 

. 0 

. 0 

. 0 

.0 

.0 

.0 

.0 

. 0 

. 0 

.0 

.0 

. 0 

1, 18 

Page 3 
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3 
4 
5 
6 
7 

8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

462.49 
470.95 
479.91 
489.27 
498.93 
508.80 
518.78 
528.78 
538.68 
548.38 
557.80 
566.84 
575.40 
583.40 
590.76 
597.40 
603.26 
608.27 
611.79 

494.25 
488.92 
484.47 
480.94 
478.37 
476.78 
476.19 
476.60 
478.01 
480.40 
483.76 
488.04 
493.21 
499.21 
505.99 
513.46 
521. 57 
530.22 
538.00 

Circle Center At X = 519.7 ; Y 
*** 2.009 *** 

Failure 
Point 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

Surface Specified By 22 
x-surf Y-Surf 

(ft) (ft) 
442.11 507.30 
450.08 501.26 
458.53 495.91 
467.39 491.28 
476.61 487.40 
486.12 484.31 
495.85 482.01 
505.74 480.53 
515.72 
525.71 
535.66 
545.49 
555.14 
564. 53 
573.60 
582.30 
590.55 
598.30 
605.50 
612.10 
618.06 
621. 42 

479.87 
480.05 
481.06 
482.89 
485.53 
488. 97 
493.17 
498.12 
503. 77 
510.08 
517.02 
524.53 
532.57 
538.00 

Circle Center At X = 518.5 ; Y 
*** 2.016 *** 
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575.8 and Radius, 

Coordinate Points 

99.6 

599.9 and Radius, 120.1 

Failure surface Specified By 20 Coordinate Points 
Point x-surf Y-Surf 
No. (ft) (ft) 

1 452.63 507.30 
2 460.93 501.72 
3 469.70 496.91 
4 478.86 492.90 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

488.34 
498.07 
507.97 
517. 96 
527.95 
53 7. 8 7 
547.64 
557.18 
566.42 
575.28 
583.68 
591.57 

489.73 
487.42 
485.99 
485.45 
485.80 
487.05 
489.17 
492 .17 
496.00 
500.65 
506.06 
512.21 
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17 
18 
19 
20 

598.87 
605.54 
611.51 
613.65 

519.04 
526.50 
534.52 
538.00 

Circle Center At X = 519.0 ; Y 
*** 2.019 *** 

Failure 
Point 

No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

Surface Specified By 23 
x-surf Y-Surf 

(ft) (ft) 
436.84 
444.16 
452.04 
460.44 
469.28 
478.50 
488.02 
497. 77 
507.68 
517.67 
527.66 
537.58 
547.34 
556.88 
566.12 
574.99 
583.41 
591.33 
598.68 
605.41 
611. 46 
616.79 
620.55 

507.30 
500.48 
494.33 
488.S0 
484.23 
480.35 
477.29 
475.08 
473.74 
473.28 
473.69 
474.98 
477. 13 
480.13 
483.96 
488.59 
493.98 
500.08 
506.86 
514. 26 
522.22 
530.68 
538.00 

Circle center At X = 518.0 ; Y 
*** 2.020 *** 

Failure 
Point 

No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

Surface Specified By 20 
x-surf Y-Surf 

(ft) (ft) 
457.90 
466.18 
474.94 
484.11 
493.60 
503.34 
513. 24 
523.23 
533.22 
543.13 
552.87 
562.38 
571. 56 
580.33 
588.64 
596.41 
603.57 
610.07 
615.85 
616.95 

507.30 
501. 70 
496.88 
492.88 
489.73 
487.45 
486.07 
485.60 
486.04 
487.38 
489.62 
492.74 
496. 71 
501. 49 
507.06 
513.36 
520.34 
527.94 
536.10 
538.00 

Circle Center At X = 523.4 ; Y 
*** 2.021 *** 

Failure 
Point 

No. 
1 
2 
3 
4 
5 

Surface Specified By 19 
x-surf Y-Surf 

(ft) (ft) 
452.63 507.30 
460.57 501.22 
469.08 
478.08 
487.47 

495.97 
491.61 
488.18 

Page No._1"-s.:..0 __ _ 
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597.0 and Radius, 111.s 

Coordinate Points 

587.0 and Radius, 113.7 

Coordinate Points 

595.3 and Radius, 109.7 

coordinate Points 
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6 497. '.!. 7 
7 507.06 
8 517.05 
9 527.03 

10 536.91 
11 546.58 
12 555.95 
13 564.91 
14 573.37 
15 581. 26 
16 588.49 
17 594.97 
18 600.66 
19 604.74 

Circle Center At X = 
*** 2.026 

485. 72 
484.25 
483.78 
484.33 
485.89 
488.43 
491.94 
496.38 
501. 70 
507.85 
514.76 
522.37 
530.59 
538.00 

516.6 ; Y 

*** 

Page No.---'t-"s-'-1 __ 
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582.6 and Radius, 98.8 

Failure Surface Specified By 24 Coordinate Points 
Point X-Surf Y-Surf 
No. (ft) (ft) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

Circle Center 
*** 

436.84 
444.45 
452.57 
461.13 
470.09 
479.38 
488.94 
498.71 
508.63 
518.61 
528.61 
538.54 
54 8. 3 6 
557.98 
567.35 
576.40 
585.07 
593.31 
601.05 
608.25 
614. 86 
620. 84 
626.14 
626.91 
At X = 
2.026 

507.30 
500.81 
494.97 
489.81 
485.36 
481.67 
478.74 
476.61 
475.28 
4 74. 76 
475.07 
476.19 
478.11 
480.84 
484.34 
488.59 
493.57 
499.24 
505.57 
512.50 
520.01 
528.02 
536.50 
538.00 

519.9 ; y 
*** 

596. 9 and Radius, 122.2 
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Phase 5A - 7 Dike Static Slope Failure Toward Phase 5A 
Z:\11146\STABIL~1\HHDIKEST.PL2 Run By: R. Cox 9/20/2011 11:43AM 

600 I , I , I I , I 
# FS Soil Soil Total Saturated Friction Piez. 
a 1.92 Desc. Type Unit Wt. Unit Wt. Angle Surface 
b 1.97 No. (pcf) (pcf) (deg) No. a. 
c 1.99 CCR 1 130.0 140.0 33.7 W1 J 
cl 2.02 FCR 2 80.0 90.0 28.0 W1 e 

t 
ef 22.0039 SOIL 3 125.0 135.0 26.8 W1 j 1 -~-~--- -··-··-··-··-··-··-··-··-··-·· 500 - • \/ . ~--- - ,Wl ~'l w,-.crli~ -~-~-- .......... 1 .. ii 1 1~~~-

l ._...-::-• 3 3 3 
1-;2~ - - _ _;3_ -- -- - -• -- . - -. --- ----.. -- ---· - • -- -. - ----------------- --- - -- - - W2 - - - - - --- ------- ------------ ---- -- •• ----· -- -- - ·-- -- ----- - --- - - -- W2 

-

400 >- -

300 ,_ -

200 >-

100 >- -

o~---~----~----~--------~---~----~----~---~ 
0 100 200 300 400 500 600 700 800 900 

PCSTABL5Mlsi FSmin=1.92 
STED Safety Factors Are Calculated By The Modified Bishop Method 

7) 
!O) 
(!) 
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** PCSTABLSM ** 
by 

Purdue University 
--Slope Stability Analysis-

Simplified Janbu, Simplified Bishop 
or Spencer~s Method of Slices 

Run Date: 9/20/2011 
11,43AM Time of Run: 

Run By: 
Input Data Filename: 
Output Filename: 
Unit: 

R. Cox 
z,HHDIKEST. 
Z, HHDIKEST. OUT 
ENGLISH 

Plotted 
PROBLEM 

Output Filename: Z:HHDIKEST.PLT 
DESCRIPTION Phase SA - 7 Dike 

Static Slope Failure Toward Phase SA 
BOUNDARY COORDINATES 

9 Top Boundaries 
18 Total Boundaries 

X-Left Y-Left X-Right Y-Right Soil Type Boundary 
No. (ft) (ft) (ft) (ft) Below Bnd 

1 .00 480.00 
2 198.62 480.00 
3 222.62 488.00 
4 242.62 488.00 
5 254.62 492.00 
6 476.63 492.00 
7 526.62 510.00 
8 576.62 510.00 
9 614.90 497.24 

10 614. 90 497.24 
11 476.63 492.00 
12 63 0. 62 492.00 
13 72.62 438.00 
14 72.62 438.00 
15 418.61 438.00 
16 787.36 439.76 
17 36.62 426.00 
18 .00 426.00 

ISOTROPIC SOIL PARAMETERS 
3 Type(s) of Soil 

Soil Total Saturated Cohesion 
Type Unit Wt. Unit Wt. Intercept 

No. (pcf) (pcf) (psf) 
1 130.0 140.0 .0 
2 80.0 90.0 .0 
3 125.0 135.0 .0 

198.62 
222.62 
242.62 
254.62 
4 76. 63 
526.62 
576.62 
614.90 
800.00 
630.62 
630.62 
787.36 
198.62 
418.61 
787.36 
800.00 

72. 62 
36.62 

Friction 
Angle 
(deg) 
33.7 
28.0 
26.8 

480.00 
488.00 
488.00 
492.00 
492.00 
510.00 
510.00 
497.24 
497.24 
492. 00 
492.00 
439.76 
480,00 
438.00 
439.76 
439.76 
438.00 
426.00 

Pore Pressure 
Pressure constant 

Param. (psf) 
.00 . 0 
.00 . 0 
.00 . 0 

2 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED 
Unit Weight of Water= 62.40 
Piezometric surface No. 1 Specified by 5 Coordinate Points 

Point X-Water Y-Water 
No. (ft) (ft) 

1 .00 485.00 
2 213.62 485.00 
3 472.62 492.00 
4 593.24 504.46 
5 800.00 504.46 

Piezometric surface No. 2 Specified by 3 Coordinate Points 
Point X-Water Y-Water 

No. (ft) (ft) 
1 .00 418.00 
2 418.61 418.00 
3 800.00 419.82 

2 
1 
1 
1 
1 
1 
1 
1 
2 
1 
1 
1 
1 
3 
3 
3 
3 
3 

Piez. 
surface 

No. 
1 
1 
1 

A Critical Failure Surface Searching Method,· Using A Random 
Technique For Generating Circular Surfaces, Has Been Specified. 
400 Trial Surfaces Have Been Generated. 

20 Surfaces Initiate From Each Of 20 Points Equally Spaced 
JI l ,.......,g 'T'ho r.!,,-onnd Qi,,,-f::,ro Rot-wPen X = 400. 00 f·t. 
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and x 475.00 ft. 
Each Surface Terminates Between X 530.00 ft. 

and X 575.00 ft. 
Unless Further Limitations Were Imposed, The Minimum Elevation 
At Which A Surface Extends Is Y =418.00 ft. 
10.00 ft. Line Segments Define Each Trial Failure Surface. 
Following Are Displayed The Ten Most Critical Of The Trial 

Failure Surfaces Examined. They Are Ordered - Most Critical 
First. 
**Safety Factors Are Calculated By The Modified Bishop Method** 
Failure Surface Specified By a Coordinate Points 

Point X-Surf Y-Surf 
No. (ft} (ft) 

1 467.11 492.00 
2 477.03 490.80 
3 487.03 490.90 
4 496.93 492.31 
5 506.56 495.01 
6 515.76 498.94 
7 524. 3 6 504.04 
8 531.93 510.00 

Circle Center At X = 481.2 y 566.8 and Radius, 76.2 

*** 1.923 *** 
Individual daca on the 13 slices 

Tie Tie Earthquake 
Force Surcharge 

Slice Width Weight 

Water 
Force 

Top 
{lbs) 

. 0 

Water 
Force 
Bot 
(lbs) 

.0 

Force 
Norm 
{lbs) 

Force 
Tan 

{lbs) 
.0 
.0 
. 0 
.0 
.0 
.0 

Hor 
{lbs) 

.0 

Ver Load 
No. 

1 
2 
3 
4 

5 
6 
7 
8 
9 

10 
11 
12 
13 

{ft) {lbs) 
1.0 8.0 
4.5 246.8 
4.0 512.0 

. 4 70.6 
10. 0 4236.7 

7.7 5874.2 
2.2 1980.8 
9.6 9370.B 
1.5 1539.9 
7.7 7377.4 
8.6 6869.8 
2.3 1370.7 
5.3 1441. 2 

. 0 
50.3 

9.5 
• 0 
. 0 
. 0 
• 0 
. 0 
. 0 

94.8 
280.6 
40.7 

1318.2 
1176.1 

309.0 
636.2 
25.7 

.0 

• 0 
. 0 
. 0 
.0 
. 0 
• 0 
.0 
.0 
• 0 
.0 

• 0 
.0 
.0 
.0 

.0 .0 .0 .o 

.0 .0 .0 .0 

.0 .0 .0 .0 
Failure 

Point 
Surface Specified By 8 Coordinate Points 

No. 
1 
2 
3 
4 
5 
6 
7 
8 

x-surf Y-Surf 
{ft) {ft) 

471.05 
480.72 
490.69 
500.64 
510.25 
519.20 
527.22 
533.87 

492.00 
489.45 
488.67 
489.68 
492.46 
496.90 
502.88 
510.00 

. 0 

.0 

.0 

.0 

.0 

. 0 

.0 

.0 

.0 

.0 

.0 

.0 

Circle Center At X = 490.0 i Y 544.3 and Radius, 
*** 1.973 *** 

Failure Surface Specified By 9 Coordinate Points 
Point X-Surf Y-Surf 
No. {ft) {ft) 

1 459.21 492.00 
2 469.10 490.53 
3 479.10 490.17 
4 
5 
6 
7 
8 
9 

489.07 
498.89 
508.44 
517.60 
526.25 
533.27 

490.94 
492. 81 
495.78 
499.79 
504.80 
510.00 

Circle Center At x = 477.3 ; Y 579.4 and Radius, 

{lbs) {lbs) 
. 0 . 0 
. 0 . 0 
. 0 . 0 
. 0 .0 
.0 .0 
.0 . 0 
.0 .0 
.0 .0 
.0 .0 
. 0 .0 
.0 .0 
.0 .0 
.0 .0 

55.7 

89.2 
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*** 1.986 *** 
Failure 

Point 
Surface Specified By B Coordinate Points 

No. 
1 
2 
3 
4 
5 
6 
7 
8 

x-surf Y-Surf 
(ft) (ft) 

475.00 492.00 
484.74 489.73 
494.73 
504.63 
514.10 
522.81 
530.47 
534.35 

489.29 
490.70 
493.92 
498.83 
505.26 
510.00 

circle Center At x = 492.1 ; Y 
*** 2.024 *** 

542.6 and Radius, 

Failure Surface Specified By 9 Coordinate Points 
Point X-Surf Y-Surf 
No. (ft) (ft) 

1 471.05 492.00 
2 480.84 489.97 
3 
4 
5 
6 
7 
8 
9 

490.83 
500.78 
510.47 
519.66 
528.16 
535.75 
53 6. 92 

489.45 
490.44 
492.93 
496.86 
502.14 
508.64 
510.00 

Circle Center At X = 489.3 ; Y 
*** 2.026 *** 

555.3 and Radius, 

Failure 
Point 

Surface Specified By 9 Coordinate Points 

No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 

x-surf Y-Surf 
(ft) (ft) 

471.05 
480.98 
490.98 
500.90 
510.61 
5:9.95 
528.78 
53 6. 98 
538.74 

492.00 
490.79 
490.79 
492.01 
494.43 
498.01 
502.70 
508.42 
510.00 

Circle Center At X = 485.9 ; Y 
*** 2.085 *** 

572.8 and Radius, 

Failure 
Point 
No. 

1 

Surface Specified By 8 Coordinate Points 

2 
3 
4 

5 
6 
7 
8 

x-surf Y-Surf 
(ft) (ft) 

475.00 492.00 
484.24 488.17 
494 .14 
504.08 
513.42 
521.58 
528.03 
530.50 

486.77 
487.89 
491.46 
497.24 
504.88 
510.00 

Circle Center At X = 494.6 ; Y 
*** 2.096 *** 

526.0 and Radius, 

Failure 
Point 
No. 

1 

Surface Specified By 9 Coordinate Points 

2 
3 
4 
5 
6 
7 
8 
9 

x-surf Y-Surf 
I ft) I ft) 

475.00 492.00 
484.76 489.80 
494.74 
504.68 
514.31 
523.38 
531.62 
538.84 
538.98 

489.24 
490.31 
493.00 
497.22 
502.88 
509.81 
510.00 

53.4 

65.8 

82.1 

39.3 
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Circle Center At X = 493.2 ; Y 550.1 and Radius, 
*** 2.118 *** 

Failure 
Point 

Surface Specified By 9 Coordinate Points 

No. 
1 
2 
3 
4 

5 
6 
7 
8 
9 

X-Surf Y-Surf 
I ft) iftl 

4 71. 05 
480.92 
490.92 
500.87 
510.63 
520.04 
528.93 
537.18 
540.80 

4-92. 00 
490.39 
490.05 
490.97 
493.15 
496.55 
501.12 
506. 77 
510.00 

Circle Center At X = 488.6 ; Y 
*** 2.130 *** 

568.7 and Radius, 

Failure 
Point 

Surface Specified By 9 Coordinate Points 
X-Surf Y-Surf 

No. 
1 
2 
3 

(ft) (ft) 
471.05 492.00 
480.86 490.05 
490.84 

4 500.82 
5 510.60 
6 520.02 
7 528.90 
8 537.08 
9 541.45 

Circle Center At X = 
*** 2. 142 

489.44 
490.17 
492.24 
495.60 
500.20 
505.95 
510.00 

490.4- ; Y 
*** 

563.7 and Radius, 

60.9 

78.7 

74.2 
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Phase 2-3 Connector - Section G-G Downstream Static Whole Slope Circle 
Z:111146\STABIL~112-3DSST.PL2 Run By: R. Cox 9/15/2011 4:48PM 

600 ,;==========i========c,---,-----~----,----,-------,------, 
# FS Soil Soil Total Saturated Friction Piez. 
a 1.50 Oesc. Type Unit Wt. Unit Wt. Angle Surface 
b 1.51 No. (pcf) a (pcf) (deg) No. 
c 1.51 CCR 1 130.0 .j;140.0 33.7 W1 
d 1.51 FCR 2 80.0 tJ, 90.0 28.0 W1 
e 1.52 SOIL 3 125.0 "135.0 26.8 W1 

500 1-1 f 1.52 ------------------------7 
1 52 _j._ .. \.,w1-._,=---=----~l 

g. _ ·w1 ~ 

400 

300 

h 1.52 -1w,· Wl 1 
-i-t11 52 -,~~\\Wl 3 ____.3 

Wl • • 

L .1-.1-~2- -~-=----·-------------------------------------i,2·w2 
n n n • 

200 ,_ 

100 ,_ 

o~---~----~---~----~----~---~----~---~----~ 

0 100 200 300 400 500 600 700 800 900 

PCSTABL5M/si FSmin=1.50 
STED Safety Factors Are Calculated By The Modified Bishop Method 

cl 
!ll 
(Q 
(D 

z 
9 

~ 
,-_' 



R11803Page No. __,'1,::..::,:..;%c..---

z,\11146\STABIL-l\2-3DSST.OUT Page 1 

** PCSTABLSM ** 
by 

Purdue University 
--slope Stability Analysis-

Simpli:ied Janbu, Simplified Bishop 
or Spencer~s Method of Slices 

Run Date: 9/15/2011 
Time of Run: 
Run By: 
Input Data Filename: 
Output Filename: 
Unit: 

4:48PM 
R. Cox 
Z,2-3DSST. 
Z,2-3DSST.OUT 
ENGLISH 

Output Filename: Z:2-3DSST.PLT Plotted 
PROBLEM DESCRIPTION Phase 2-3 Connector - Section 

Downstream Static Whole Slope 
BOUNDARY COORDINATES 

5 Top Boundaries 
10 Total Boundaries 

Y-Left X-Right Y-Right 

G-G 
Circle 

Soil Type Boundary X-Left 
No. (ft} (ft} 

459.46 
460.86 
502.00 
502.00 
4.91.30 
4 91. 3 0 
460.86 
461.11 
461.80 
464.27 

( ft} (ft} Below End 
l . 00 
2 
3 
4 
5 
6 
7 
8 
9 

10 

70.94 
194.37 
244.37 
276.47 
276.47 

70.94 
83.64 

168.48 
357.57 

ISOTROPIC SOIL PARAMETERS 
3 Type(s} of Soil 

Soil Total Saturated Cohesion 
Type Unit Wt. Unit Wt. Intercept 

No. (pcf} (pcf} (psf} 
1 130.0 140.0 .0 
2 80.0 90.0 .0 
3 125.0 135.0 .0 

70.94 
194.37 
244.37 
276.47 
400.00 
357.57 

83.64 
168.48 
357.57 
400.00 

Friction 
Angle 
(deg} 
33.7 
28.0 
26.8 

460.86 
502.00 
502.00 
491.30 
491.30 
464.27 
461.11 
461.80 
464.27 
466.00 

Pore Pressure 
Pressure Constant 

Param. (psf} 
.00 .0 
.00 .0 
.00 .0 

2 PIEZOMETRIC SURFACE(S} HAVE BEEN SPECIFIED 
Unit Weight of water= 62.40 
Piezometric surface No. 1 Specified by 17 Coordinate Points 

Point X-Water Y-Water 
No. (ft} (ft} 

1 .00 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 

Piezometric 
Point 

No. 
1 
2 
3 
4 

70.94 
114. 31 
114.84 
116.31 
118.77 
122. 21 
126.63 
141. 99 
163. 43 
191.14 
224.93 
249.11 
251.66 
253.23 
253.57 
400.00 

Surface 
X-Water 

(ft} 
.00 

83.69 
168.48 
355.17 

459.46 
460.86 
461.36 
463.50 
465.50 
467.50 
469.50 
471.50 
476.50 
481. 50 
486.50 
491.50 
494.53 
495.63 
497.91 
499.00 
499.00 

No. 2 specified 
Y-Water 

(ft} 
439.46 
441.11 
441.80 
444.00 

by 5 Coordinate Points 

3 
1 
1 
l 
2 
1 
3 
3 
3 
3 

Piez. 
Surface 

No. 
1 
1 
1 



R11804Page No._::.t.::.1~.:..._--

z,\11146\STABIL-1\2-3DSST.OUT Page 2 

5 373.03 446.00 
A Critical Failure Surface Searching Method, Using A 
Technique For Generating circular Surfaces, Has Been 
400 Trial Surfaces Have Been Generated. 

20 Surfaces Initiate From Each Of 20 Points 
Along The Ground Surface Between X 30.00 

and X 80.00 
Each surface Terminates Between 

and 
X 
X 

195.00 
240.00 

Equally 
ft. 
ft. 
ft. 
ft. 

Random 
Specified. 

Spaced 

Unless Further Limitations Were Imposed, The Minimum Elevation 
At Which A Surface Extends Is Y =440.00 ft. 
10.00 ft. Line Segments Define Each Trial Failure Surface. 
Following Are Displayed The Ten Most Critical Of The Trial 

Failure Surfaces Examined. They Are Ordered - Most Critical 
First. 
**Safety Factors Are Calculated By The Modified Bishop Method** 
Failure Surface Specified By 19 Coordinate Points 

Point x-surf Y-Surf 
No. (ft) (ft) 

1 48.42 460.42 
2 57.61 456.46 
3 67.09 453.29 
4 76.81 450.92 
5 86.68 449.37 
6 96.66 448.65 
7 106.66 448.77 
8 116.61 449.72 
9 126.45 451.50 

10 136 .11 454.10 
11 145.52 457.50 
12 154.61 461.66 
13 163. 31 466.58 
14 171.58 472. 20 
15 179.35 478.50 
16 186.57 4 85. 42 
17 193.18 492.92 
18 199.14 500.95 
19 199.79 502.00 

circle Center At X = 100.3 y 568.2 and Radius, 119. 6 

*** 1.504 *** 
Individual data on the 33 slices 

Water Water Tie Tie Earthquake 
Force Force Force Force Force Surcharge 

slice Width Weight Top Bot Norm Tan Hor Ver Load 
No. (ft) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) 

1 9.2 2563.8 .0 1290.0 . 0 .0 .o . 0 .0 
2 9.5 7444.9 .0 3628.0 .0 . 0 .0 . 0 .0 
3 3.9 415 9. 3 .0 1978. 5 . 0 .0 .0 .0 .0 
4 . 0 2.1 .0 1.0 . 0 .0 .0 .0 . 0 
5 5.9 8048.1 .0 3486.8 . 0 .0 .0 .0 .0 
6 6.8 12416.4 . 0 4568.5 . 0 .0 .0 .0 .0 
7 3.0 6501.4 .0 2194.9 . 0 ,0 .0 . 0 .0 
8 10.0 24922.2 .0 7542.2 .o .0 .0 . 0 .0 
9 10.0 29724.9 . 0 7801. 5 . 0 .0 ,0 .0 ,0 

10 7.5 24695.4 ,0 5723. 4 .0 . 0 .0 .0 .0 
11 . 2 543.8 .0 118. 5 .0 . 0 .0 .0 .0 
12 .5 1787.7 .0 226.7 .0 . 0 . 0 ,0 .0 
13 1.5 5051.7 . 0 925.8 .0 . 0 .0 ,0 . 0 
14 .3 1056.2 . 0 241.8 .o .0 . 0 .0 . 0 
15 2.2 7604.4 . 0 1830.8 .0 .0 . 0 .0 . 0 
16 3.4 12406.8 . 0 3445.0 .0 .0 . 0 .0 .0 
17 4.2 15719 .1 . 0 4761.2 .0 .0 .0 .o .0 
18 . 2 666.1 . 0 209.0 .0 .0 .0 .0 .0 
19 9.5 36135.3 . 0 11790.3 . 0 .0 .o . 0 . 0 
20 5.9 22663.3 . 0 7570.0 . 0 .0 .0 . 0 .0 
21 3.5 13561.7 .0 4568.9 . 0 . 0 .0 . 0 .0 
22 9.1 34244.3 .0 11429.7 .0 .o .0 . 0 .0 
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( 23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 

Page No.~1 ... '-1 ... 0 __ _ 
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. 0 
8. 7 

.1 
8.2 
7.8 
7.2 

.3 
6.3 
1. 2 
4.8 

. 7 

148. 5 
30761. 0 

393.0 
26057.2 
21189.0 

.0 49.9 

.0 9880.7 

.0 126.3 

.0 7754.6 

.0 5110.4 
15449.5 .o 1881.6 

479.2 .a 3.1 
9260.0 .0 .0 
1248.6 .0 .0 
2645.0 .0 .o 

44.3 .0 .0 
Failure Surface Specified By 20 

Point x-surf Y-Surf 
No. (ft) (ft) 

1 43.16 460.31 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

52.25 
61.64 
71.27 
81.09 
91.03 

101.03 
111. 02 
120.93 
130.71 
140.29 
149.62 
158.62 
167.25 
175.45 
183.16 
190.34 
196.93 
202.91 
203. 4 9 

456.14 
452.70 
450.03 
448 .14 
447.04 
446.74 
447.23 
448.53 
450.61 
453.47 
457.08 
461.43 
466.49 
472. 22 
478.59 
485.55 
493.06 
501.08 
502.00 

.0 . 0 . 0 .0 

.0 . 0 . 0 . 0 

.o . 0 . 0 . 0 

.0 . 0 . 0 . 0 

.0 . 0 .o . 0 

.o . 0 .0 . 0 

.0 .0 .0 .0 

.o .0 . 0 .0 

.0 . 0 .0 .0 

.0 .0 .0 . 0 

. 0 .0 .0 . 0 
Coordinate Points 

Circle Center At X = 99.B ; Y 571.6 and Radius, 124.9 

*** 1.511 *** 
Failure Surface Specified By 19 Coordinate Points 

Point x-surf Y-Surf 
No. (ft) (ft) 

1 51.05 460.47 
2 60.26 456.57 
3 69.76 453.44 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

79.48 
89.35 
99.32 

109.32 
119.29 
129.15 
138.85 
148.32 
157.50 
166.33 
174.76 
182.72 
190.17 
197.05 
203.33 
205.57 

451.08 
449.51 
448.74 
448.78 
449.62 
451.27 
453.70 
456.91 
460.88 
465.57 
470.96 
477.01 
483.68 
490.93 
498.71 
502.00 

Circle Center At X = 103.B ; Y 
*** 1.513 *** 

572.5 and Radius, 123.9 

Failure Surface Specified By 20 Coordinate Points 
Point X-Surf Y-Surf 
No. (ft) (ft) 

1 45.79 460.36 
2 
3 
4 

54.82 
64.17 
73.78 

456.07 
452.52 
449.74 

. 0 

.0 

.0 

.0 

.o 

.0 

. 0 

. 0 

.0 

.0 

. 0 
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5 
6 
7 
8 
9 

10 
11. 
12 
13 
14 
15 
16 
17 
18 
19 
20 

Circle 

83.58 
93.51 

l03.50 
113.49 
123.41 
133.20 
142.79 
152.12 
161.13 
169.75 
1 77. 94 
185.63 
192.78 
199.33 
205.26 
206.19 

Center At X = 

447.75 
446.56 
446 .19 
4-6.62 
447.86 
449.91 
452.74 
456.34 
460.68 
465.75 
471.49 
477.88 
484.87 
492.42 
500.48 
502.00 

103.1 ; Y 

*** 1. 515 *** 
Failure 

Point 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
]7 
18 
19 

Surface specified By 19 
x-surf Y-Surf 

(ft) (ft) 
43.16 460.31 
52.53 
62 .13 
71. 91 
81.82 
91. 80 

101. 80 
111. 76 
121. 64 
131.37 
140.91 
150.20 
159.20 
167.85 
1 76 .11 
183.93 
191.27 
198.10 
202.25 

456.82 
454.03 
451. 95 
450.59 
449.97 
450.08 
450.92 
452.50 
454.79 
457.79 
461.49 
465.86 
470.88 
476.51 
482.75 
489.53 
496.84 
502.00 

circle Center At X = 95.3 ; Y 
*** 1.517 *** 

Failure 
Point 

No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

Surface Specified By 19 
X-Surf Y-Surf 

(ft) (ft) 
51. 05 
60.21 
69.66 
79.34 
89.19 
99.15 

109.15 
119.12 
129.01 
138.75 
14 8. 2 8 
157.53 
166.45 
174.97 
183.05 
190.63 
197.66 
204.10 
208.31 

460.47 
456.45 
453.17 
450.67 
448.95 
44-8. 02 
447.90 
448.58 
450,06 
452.33 
455.37 
459.16 
463.69 
468.91 
474.81 
481.33 
488.44 
496.09 
502.00 

Circle Center At X = 105.7 ; Y 
*** 1.520 *** 

Page No._-"1,-'~'-I __ _ 
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569.2 and Radius, 123.0 

Coordinate Points 

586.0 and Radius, 136.1 

Coordinate Points 

572.4 and Radius, 124.5 

Faj1ure Surface Specified By 20 coordinate Points 
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( 
' '· 

Point 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

x-surf 
(ft) 
37.90 
47.04 
56.46 
66.10 
75.91 
85.84 
95.83 

1 OS. 82 
115. 77 
125.61 
135.30 
144.77 
153.97 
162.86 
171.39 
179.50 
187 .16 
194.32 
200.93 
205.60 

Y-Surf 
(ft) 

460.21 
456.16 
452.80 
450.14 
448.22 
447.02 
446.57 
446.87 
447.90 
449.67 
452.17 
455.38 
459.28 
463.86 
469.09 
474.93 
481. 37 
488.35 
495.85 
502.00 

Circle Center At X = 96.9 ; Y 

**' 1. 520 
Failure 

Point 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

Surface specified By 20 
x-surf Y-Surf 

(ft) (ft) 
37.90 
46.84 
56.12 
65. 66 
75. 41 
85. 31 
95.29 

105.29 
115.24 
125.08 
134.76 
144.19 
153.34 
162.12 
170.50 
178.42 
185.82 
192.66 
198.90 
203.13 

460.21 
455.74 
452.00 
449.01 
446.80 
445.37 
444.74 
444.91 
445.88 
447.64 
450.19 
453.50 
457.55 
462.32 
467.78 
473.89 
480.61 
487.90 
495.72 
502.00 

Circle Center At X = 98.1 ; Y 
*** 1.522 *** 

Failure Surface Specified By 20 
Point X-Surf Y-Surf 

No. (ft) (ft) 

l 48.42 460.42 
2 57.56 456.36 
3 66.99 453.03 
4 76.65 450.44 
5 86.48 448.61 
6 96 .43 447.56 
7 106.42 447.27 
8 116. 41 447.77 
9 126. 33 44 9. 04 

10 136.12 451.07 
11 145.72 453.87 
12 155.08 457.40 
13 164,13 461.64 
14 172.83 466.58 
:!.5 181.11 47?.,18 

P N 1,½1.--age o, _____ _ 

Z,\11146\STABIL-1\2-3DSST.OUT Page 5 

580.9 and Radius, 134.3 

Coordinate Points 

569.5 and Radius, 124.8 

Coordinate Points 
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16 188.94 478.40 
17 196.26 485.22 
18 203.02 492. 58 
19 209.20 500.45 
20 210.23 502.00 

Circle Center At X = 105.0 ; y 

*** 1.522 *** 
575.7 and Radius, 128.4 

Failure Surface Specified By 19 Coordinate Points 
Point x-surf Y-Surf 

No. (ft) (ft) 
1 45.79 460.36 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

Circle Center 
*** 

55.20 
64.83 
74.62 
84.54 
94.52 

104.52 
114.48 
124.36 
134.10 
143.66 
152.98 
162.02 
170.73 
179.07 
186.99 
194.45 
201. 42 
206.19 
At X 
1.523 

= 

456.98 
454.27 
452.26 
450.95 
450.36 
450.48 
451. 32 
452.87 
455.12 
458.06 
461.68 
465. 96 
470.87 
476.39 
482.50 
489.16 
496.33 
502.00 

97.8 ; Y 
*** 

590.0 and Radius, 139.7 
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600 

Phase 2-3 Connector - Section G-G Upstream Static Whole Slope Circle 
Z:\11146\STABIL-1\2-3USST.PL2 Run By: R. Cox 9/19/2011 10:06AM 

TID ' ' ' ' Soil Soil Total Saturated Friction Piez. 
a 1.85 Desc. Type Unit Wt. Unit Wt. Angle Surface 
b 1.86 No. ,(pcf) (pcf) (deg) No. 
C 1.86 CCR 1 130.0 140.0 33.7 W1 
d 1.88 FCR 2 ,80.0 90.0 28.0 W1 

500 
e 1.881 SOIL 3 ,125.0 135.0 26.8 W1 
f,1.88~ •• 

''~~,~~~~-1-··-~ . 
[ 3 ~ 1.9? 3 3 3 -Wl J Wl 
,2 --J -·1 ·921-------------· -------------·-w2· ---------·-w2··----------w2 

400 

300 -

200 ~ 

100 -

0 I ' I I I I I 

0 100 200 300 400 500 600 700 
PCSTABLSM/si FSmin=1.85 

STED Safety Factors Are Calculated By The Modified Bishop Method 
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** PCSTABLSM ** 
by 

Purdue University 
--Slope Stability Analysis-

Simplified Janbu, Simplified Bishop 
or Spencer's Method of Slices 

Run Date: 
Time of Run: 
Run By: 
Input Data Filename: 
Output Filename: 
Unit: 

9/19/2011 
10:06AM 
R. Cox 
Z:2-3usst. 
Z:2-3usst.OUT 
ENGLISH 

Plotted Output Filename: Z:2-3usst.PLT 
PROBLEM DESCRIPTION Phase 2-3 Connector - Section G-G 

Upstream Static Whole Slope Circle 
BOUNDARY COORDINATES 

5 Top Boundaries 
8 Total Boundaries 

Boundary X-Left Y-Left X-Right Y-Right Soil Type 
No. (ft) (ft) I ft) (ft) Below Bnd 

1 .00 466.00 
2 42.42 464.27 
3 155.63 502.00 
4 205,63 502.00 
5 329.06 460.86 
6 42.43 464.27 
7 231.52 461.80 
8 316.36 461.11 

ISOTROPIC SOIL PARAMETERS 
3 Type(s) of Soil 

Soil Total Saturated Cohesion 

42.42 464.27 3 
155.63 502.00 1 
205.63 502.00 1 
329.06 460.86 1 
400.00 459.46 3 
231.52 461.80 3 
316.36 461.11 3 
329.06 460.86 3 

Friction Pore Pressure Piez. 
Type Unit Wt. Unit Wt. Intercept 

(psf) 
.0 

Angle Pressure Constant Surface 
No. (pcf) (pcf) (deg) Param. (psf) No. 

1 130.0 140.0 33.7 .DO . 0 
2 80.0 90.0 • 0 28.0 .00 . 0 
3 125.0 135.0 • 0 26.8 .00 . 0 

2 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED 
Unit Weight of Water= 62.40 
Piezometric Surface No. 1 Specified by 4 Coordinate Points 

Point 
No. 

1 
2 
3 
4 

X-Water 
(ft) 
.00 

82.31 
329.06 
400.00 

Y-Water 
(ft) 

477.56 
477.56 
460.86 
459.46 

Piezometric 
Point 

Surface No. 2 specified by s Coordinate Points 

No. 
1 
2 
3 
4 
5 

X-Water 
(ft) 
.00 

44.83 
231.52 
316.31 
400.00 

Y-Water 
(ft) 

446.00 
444.00 
441.80 
441.11 
439.46 

A Critical Failure Surface Searching Method, Using A 
Technique For Generating Circular Surfaces, Has Been 
400 Trial Surfaces Have Been Generated. 

20 Surfaces Initiate From Each Of 20 Points 
Along The Ground Surface Between X 10.00 

and X 80.00 
Each Surface Terminates Between 

and 
X 
X 

160.00 
200.00 

Equally 
ft. 
ft. 
ft. 
ft. 

Random 
Specified. 

Spaced 

Unless Further Limitations Were Imposed, The Minimum Elevation 
At Which A Surface Extends Is Y =440.00 ft. 
10.00 ft. Line Segments Define Each Trial Failure Surface. 
Following Are Displayed The Ten Most Critical Of The Trial 

1 
1 
1 

Failure Surfaces Examined. They Are Ordered - Most Critical 
Fi::-:st. 
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Slice 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

P N 1,'-\(, age o. _____ _ 

Z:\11146\stabil~l\2-3usst.OUT Page 2 

**Safety Factors Are calculated By The Modified Bishop Method** 
Failure Surface Specified By 17 Coordinate Points 

Point x-surf Y-Surf 
No. (ft) (ft) 

1 24.74 464.99 
2 34.04 461.32 
3 43.63 458.49 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 

Circle 

53.44 
63.38 
73.37 
83.35 
93.23 

102.93 
112. 38 
121. 51 
130.24 
13 8. 50 
146.23 
153.38 
159.87 
162.24 

Center At X 

*** 1. 850 
= 

Individual data 
Water 

456.52 
455.43 
455.21 
455.89 
457.44 
459.85 
463.12 
467.21 
472.09 
477.72 
484.06 
491.06 
498.67 
502.00 

70.8 y 

*** 
on the 
Nater 

22 
Tie 

568.2 and Radius, 113. 0 

slices 
Tie Earthquake 

Force Force Force Force Force Surcharge 
Width Weight Top Bot Norm Tan Hor Ver Load 

(ft) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) 

9.3 2064.3 7413.0 8986.9 . 0 . 0 .0 .o .0 
8.4 4923.2 6865.1 9524.3 .o . 0 .o .0 .o 

.0 7.6 8.7 12.2 .0 .0 .0 .0 .0 
1.2 942.8 1034.8 1477.3 .0 . 0 .o .0 .o 
9.8 11748.4 7256. 0 12511.5 .0 . 0 . 0 .0 .0 
9.9 18553.7 5205.5 13468.4 . 0 . 0 .0 .0 .0 

10.0 24202.5 3051. 2 13877. 0 .0 . 0 . 0 .0 .0 
8.9 25352.3 872.8 12320.8 .o . 0 .o .0 .0 
1.0 3145.9 . 0 1407.8 .o .0 .0 .0 . 0 
9.9 31079.0 .0 12759.2 .0 .0 .0 . 0 . 0 
9.7 31985.3 .0 11111.2 .0 .0 . 0 . 0 . 0 
9.5 31396.3 .0 8938.2 . 0 .0 . 0 . 0 . 0 

.5 1684.5 .o 427.5 . 0 .0 . 0 .o . 0 
8.6 27635.0 .0 5829.7 . 0 .0 .0 . 0 . 0 
8.7 25887.9 .0 3089.1 .o .0 . 0 .0 .o 
3.0 8118.4 . 0 249.3 .o .0 .0 .0 . 0 
5.3 13408.1 . 0 .0 .0 . 0 . 0 .0 .0 
7.7 16775. 8 . 0 .0 .0 . 0 .0 .o .0 
7.1 11602.5 .0 .o .0 . 0 .0 .0 .0 
2.3 2707.6 .0 .0 .0 . 0 .0 .0 .o 
4.2 3208.0 .0 .0 .o .0 .0 .0 .0 
2.4 514.2 .0 .0 .0 .0 .0 .0 .0 
Failure Surface Specified By 16 Coordinate Points 

Point x-surf Y-Surf 
No. (ft) (ft) 

1 32.11 464.69 
2 41.76 462.07 
3 51.59 460.23 
4 61.53 459.19 
5 71.53 458.96 
6 81.51 459.53 
7 91.42 460. 91 
8 101.18 463.08 
9 110.73 466.03 

10 120.02 469.74 
11 128.98 474.19 
12 137.54 479.34 
13 145.67 485.17 
14 153.30 491 04 
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15 
16 

160.38 
163.20 

498.69 
502.00 

Circ:e Center Ac X = 69.4 ; Y 
*** 1.860 *** 

Failure 
Point 

No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 

Surface Specified By 17 
X-Surf Y-Surf 

{ft) {ft) 
21.05 
30.29 
39.83 
49.60 
59.51 
69.50 
79.49 
89.40 
99.16 

108.70 
117. 93 
126.79 
135. 21 
143.13 
150.48 
157.22 
162.14 

465.14 
461. 32 
458.31 
456.16 
454.86 
454.43 
454.88 
456.20 
458.38 
461.40 
465.25 
469.88 
475.27 
481. 38 
488.16 
495.55 
502.00 

Circle Center At X = 69.4 ; Y 
*** 1.861 *** 

Page No. v"< 1 
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582.6 and Radius, 123.6 

Coordinate Points 

568.8 and Radius, 114.4 

Failure surface Specified By 18 Coordinate Points 
Point x-surf Y-Sur~ 

No. {ft) {ft) 
1 21.05 465.14 
2 30.20 461.10 
3 
4 

5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 

39.67 
49.38 
59.26 
69.24 
79.23 
89.18 
98.98 

108.58 
117.90 
126.87 
135.42 
143.48 
150.99 
157.90 
164.15 
165.39 

457.87 
455.49 
453.96 
453.30 
453.51 
454.59 
4.56.54 
459.34 
462.97 
467.39 
472.58 
478.50 
485.10 
492.33 
500.]4 
502.00 

Circle Center At X = 71.B ; Y 
*** 1.877 *** 

Failure Surface Specified By 15 
Point x-sur: Y-Surf 

No. {ft) {ft) 
1 43.16 464.52 
2 52.87 462 .12 
3 62.75 460.60 
4 72.73 459.96 
5 82.73 460.21 
6 92.66 461.35 
7 102.45 463.37 
8 112.03 466.26 
9 121.31 469.98 

10 130.22 474.52 
11 138.69 479.83 
12 146.66 485.87 
13 154.06 492.60 
14 160.83 499.97 
15 162.29 502.00 

567.5 and Radius, 114.3 

Coordinate Points 
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Circle Center At X = 74.9 ; Y 572.2 and Radius, 112 .3 
*-;,* 1.879 

Failure Surface Specified By 18 Coordinate Points 
Point X-Surf Y-Surf 

No. !ft) (ft) 
1 17.37 465.29 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 

26.84 
36.53 
46. 3 8 
56.33 
66.32 
75, 31 
86,23 
96, 03 

105.65 
115,04 
124.14 
132.91 
141.29 
149.23 
156, 7 0 
163,64 
164,57 

462.09 
459,61 
457.87 
456.87 
456.62 
457.13 
458.38 
460.38 
463.11 
466.55 
470.69 
475.50 
480. 96 
487.04 
493.69 
500.88 
502.00 

Circle Center At X = 64.6 ; Y 
*** 1.879 *** 

Failure 
Point 
No, 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 

Surface specified By 18 
x-surf Y-Surf 

(ft) (ft) 
21.05 
30. 30 
39,83 
49. 5 8 
59. 4 8 
69,46 
79.46 
89 .40 
5'9.24 

108.89 
118 .29 
127. 3 9 
136.11 
144. 41 
152,23 
159,50 
166.20 
169.09 

465.14 
461.34 
458.32 
456,08 
454.64 
454.02 
454.21 
455.22 
457.05 
459,66 
463.06 
467.22 
472.10 
477,68 
483, 92 
490.78 
498 .:n 
502.00 

Circle Center At X = 72.0 ; Y 
*** 1.892 *** 

Failure 
Point 

No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
15 

Surface specified By 18 
x-surf Y-Surf 

(ft) I ft I 
17,37 465.29 
26.57 461.37 
36,06 
45.77 
55,65 
65,62 
75.62 
85.58 
95.44 

105.12 
114. 57 . 
123.72 
132,51 
140.88 
14 8 , 7 8 
2.56.14 

458.22 
455.85 
454.28 
453.53 
453.59 
454,47 
456.16 
458.65 
461.92 
465.96 
470.73 
476.20 
482.34 
489.10 

589.4 and Radius, 132.B 

Coordinate Points 

576.0 and Radius, 122.1 

Coordinate Points 
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17 
18 

162.93 
167.29 

496.44 
502.00 

Circle Center At X = 69.8 ; Y 
*** 1.893 *** 
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575.5 and Radius, 122.1 

Failure Surface Specified By 18 Coordinate Points 
Point x-surf Y-Surf 

No. (ft) (ft) 
1 11,68 465.44 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 

23.09 
32.72 
42.52 
52.44 
€2.43 
72 .42 
82.38 
92.23 

101. 93 
111.43 
120.66 
129.59 
138.16 
146.32 
154.04 
161.26 
166 .11 

462.04 
459.33 
457.35 
456.10 
455.59 
455.82 
456.79 
458.49 
460.92 
464.06 
467.89 
472.40 
477.55 
483,33 
489.69 
496.61 
502.00 

circle Center At x = 64.3 ; Y 
*** 1.898 *** 

Failure Surface Specified By 18 
Point x-su·rf Y-Surf 

No. (ft) (ft) 
1 24.74 464.99 
2 34.22 461. 82 
3 43.92 459.37 
4 53.77 457.67 
5 63.72 456.70 
6 73.72 456.50 
7 83. 71 457.04 
8 93.62 458.34 
9 103.41 460.38 

10 113.02 463.16 
11 122.39 466.65 
12 131.47 470.83 
13 140.21 475.69 
14 148.56 481.20 
15 156.47 487.31 
16 163.90 494.01 
17 170.80 501.25 
18 1 71. 41 502.00 

Circle Center At X = 71.5 ; y 

*** 1.906 *** 

590.4 and Radius, 134.B 

Coordinate Points 

588.9 and Radius, 132.5 
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Phase 8 - Section D-D Downstream Static Whole Slope Circle 
Z:I11146\STABIL-1\BDDDSST.PL2 Run By: R. Cox 9/2312011 2:43PM 

800 rc=========i========,,-----------,-------,---------~ 
# FS Soil Soil Total Saturated Friction Piez. 
a 1.58 Desc. Type Unit Wt. Unit Wt. Angle Surface 
b 1.58 No. (pcf) (pcf) (deg) No. 
c 1.58 CCR 1 130.0 140.0 33.7 W1 
d 1.59 FCR 2 80.0 90.0 28.0 W1 
e 1.59 SOIL 3 125.0 135.0 26.8 W1 
f 1.59 
g 1.59 
h 1.59 

1.59 
600 1-1 J 1591 
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** PCSTABLSM ** 
by 

Purdue University 
--Slope Scability Analysis-

Simplified Janbu, simplified Bishop 
or Spencer~s Method of Slices 

Run Date, 9/23/2011 
Time of Run: 2:43PM 
Run By: R. Cox 
Input Data Filename: Z:Sdddsst. 
Output Filename: Z:Bdddsst.OUT 
Unit : ENGLISH 
Plotted Output Filename: Z:Bdddsst.PLT 
PROBLEM DESCRIPTION Phase 8 - Section D-D 

Downstream Static Whole Slope Circle 
BOUNDARY COORDINATES 

14 Top 
26 Total 

Boundary 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

Boundaries 
Boundaries 

X~Left 
(ft) 

.00 
25.25 
77.02 
82.02 

Y-Left 
(ft) 

431.59 
431.74 
449.00 
449.00 
434.10 
434.10 
449.00 
488.00 
488.00 
538.00 
538.00 
588.00 
588.00 
582.00 
582.00 
538.00 
524.00 
524.00 
488.00 
480.00 
480.00 

X-Right 
(ft) 
25.25 
77.02 
82.02 

Y-Right 
(ft) 

431.74 
449.00 
449.00 
434.10 
434.10 
449.00 
488.00 
488.00 
538.00 
538.00 
588.00 
588.00 
582.00 
582.00 
524.00 
524.00 
524.00 
480.00 
480.00 
480.00 
434.60 
449.00 
433.17 
434.60 
426.00 
426.00 

soil Type 
Below Bnd 

3 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

126. 72 
146.72 
191.42 
308.42 
348.42 
498.42 
548.42 
698.42 
728.42 
734.42 
734.42 
548.42 
590.42 
590.42 
348.42 
372.42 
372. 42 

22 191.42 449.00 
23 211.42 449.00 
24 258.90 433.17 
25 508.62 434.60 
26 534.42 426.00 

ISOTROPIC SOIL PARAMETERS 
3 Type(s) of Soil 

Soil Total Saturated Cohesion 
Type Unit Wt. Unit Wt. 

No. (pcf) (pcf) 
1 130.0 140.0 

Intercept 
(psf) 

• 0 

126.72 
146.72 
191.42 
308.42 
348.42 
498.42 
548.42 
698.42 
728. 42 
734.42 

1000.00 
920.42 
590.42 
920.42 
722.42 
372. 42 
722. 42 
508.62 
211.42 
258.90 
508.62 
534.42 

1000.00 

Friction 
Angle 
(deg) 
33.7 

Pore Pressure 
Pressure Constant 

Param. (psf) 
. 00 .0 

3 
3 
3 
3 
3 
1 
1 
1 
1 
1 
1 
1 
2 
1 
1 
2 
1 
1 
2 
1 
3 
3 
3 
3 
3 

Piez. 
Surface 

No . 
1 

2 80.0 90.0 .0 28.0 .00 .0 1 
3 125.0 135.0 .0 26.8 .00 .0 1 

2 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED 
Unit Weight of Water= 62.40 
Piezometric Surface No. 1 Specified by 12 Coordinate Points 

Point X-Water Y-Water 
No. (ft) (ft) 

1 .00 431.59 
2 25.25 421.74 
3 99.36 443.22 
4 174.08 443.22 
5 208.42 443.22 
6 246.05 450.50 
7 328.91 471.00 
8 480.00 
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9 372.43 480.00 
10 590.42 524.00 
11 73 7. 93 585.00 
12 1000.00 585.00 

Piezometric Surface 
Point X-Water 

No. 2 Specified by 2 Coordinate Points 
Y-Water 

No. 
1 
2 

(ft) 
.00 

840.00 

(ft) 
415.86 
416.63 

A Critical Failure Surface Searching Method, Using A Random 
Technique For Generating Circular Surfaces, Has Been Specified. 
400 Trial Surfaces Have Been Generated. 

20 Surfaces Initiate From Each Of 20 
Along The Ground Surface Between X 

and x 
Each surface Terminates Between X 

and X 

Points Equally Spaced 
130.00 ft. 
200.00 ft. 
720.00 ft. 
820.00 ft. 

Unless Further Limitations Were Imposed, The Minimum Elevation 
At Which A Surface Extends Is Y =416.00 ft. 
10.00 ft, Line Segments Define Each Trial Failure Surface. 
Following Are Displayed The Ten Most Critical Of The Trial 

Failure Surfaces Examined. They Are Ordered - Most Critical 
First. 

* * Safety Factors Are Calculated By The Modified Bishop Method** 
Failure Surface Specified By 70 Coordinate Points 

Point x-surf Y-Surf 
No. (ft) (ft) 

1 130.00 434.10 
2 13 9. 7 8 432.02 
3 149.59 430.06 
4 159.42 428.24 
5 169.27 426.53 
6 179.15 424.96 
7 189.04 423.51 
8 198. 96 422.19 
9 208.89 421.00 

10 218.83 419.94 
11 228.78 419.00 
12 238.-15 418.19 
13 248.73 417.52 
14 258. 71 416.96 
15 268. 71 416.54 
16 278.70 416.25 
17 288.70 416.09 
18 298.70 416.05 
19 308.70 416.14 
20 318.70 416.37 
21 328.69 416.72 
22 338.68 417.20 
23 348.66 417.80 
24 358.63 418.54 
25 368.60 419.41 
26 378.55 420.40 
27 388.48 421.52 
28 3 98. 4 0 422.77' 
29 408.31 424.15 
30 418.20 425.65 
31 428.06 427.28 
32 437.91 429.04 
33 447.73 430.93 
34 457.52 432.94 
35 467.29 435.08 
36 477.03 437.34 
37 486.74 439.73 
38 496.42 442.24 
39 506.07 444.88 
48 515.68 447.64 
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41 525.25 
42 534.79 
43 544.29 
44 553.74 
45 563.16 
46 572. 52 
47 581.85 
48 591.12 
49 600.35 
so 609.53 
51 618.65 
52 627.72 
53 636.74 
54 645.70 
55 654.60 
56 663.44 
57 672. 22 
SB 680.94 
59 689.60 
60 698.19 
61 706. 71 
62 715.17 
63 723.55 
64 731.87 
65 740.11 
66 748.28 
67 756.38 
68 764.39 
69 772. 33 
70 776.15 

Circle Center At X = 
*** 1. 578 

Individual data 
Water 
Force 

Slice Width Weight Top 
No. (ft) (lbs) (lbs) 

1 9. 8 1373.9 5566.3 
2 6.9 2597.0 3 94 8. 6 
3 2.9 1637.4 1630.6 
4 9. 8 10013.9 4219.6 
s 9.9 16749.7 2102.8 
6 4.8 10554.3 253.2 
7 5.1 12755.9 . 0 
8 9. 9 29488.3 . 0 
9 2.4 7970.4 . 0 

10 7.5 27560.1 . 0 
11 9. 5 39456.6 .0 
12 . s 2076.9 .0 
13 2.S· 11535. 4 .0 
14 7.4 35963.3 . 0 
15 2.5 12681. 0 .0 
16 7.5 40861. 8 . 0 
17 10.0 59431. 2 .0 
18 7.3 47109.S . 0 
19 2.7 18036.8 . 0 
20 10.0 70709.6 . 0 
21 .2 1368.8 . 0 
22 9.8 74688.3 .0 
23 10.0 81139.0 .0 
24 7.8 66405.S . 0 
25 2.2 19634.2 . 0 
26 10.0 90755.6 . 0 
27 9.7 92564.6 . 0 
28 .2 1621.2 . 0 
29 .1 1096. 1 . 0 
30 10.0 9?334.l . 0 
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450.53 
453.54 
456.67 
459.92 
463.30 
466.79 
470.41 
474.15 
478.00 
481.97 
486.07 
490.27 
494.60 
49 9. 04 
503.60 
508.27 
513.05 
517.95 
522.96 
528.08 
533.30 
538.64 
544.09 
549.65 
555.31 
561.08 
566.95 
572. 92 
579.00 
582.00 

296. 4 Y 1192.3 and Radius, 776.3 

*** 
on the 97 slices 

Water Tie Tie Earthquake 
Force Force Force Force Surcharge 
Bot Norm Tan Hor Ver Load 
(lbs) (lbs) (lbs) (lbs) (lbs) (lbs) 

6340.1 .0 .0 .0 . 0 .0 
5250.3 . 0 . 0 .0 . 0 .0 
2349.1 . 0 . 0 . 0 . 0 . 0 
8779. 7 . 0 .0 . 0 .0 . 0 
9881.1 . 0 . 0 . 0 .0 . 0 
5183.3 . 0 .0 . 0 .0 . 0 
5719. 9 . 0 .o . 0 .0 . 0 

11846.0 .0 .0 . 0 . 0 .0 
2971.0 .0 .0 .0 . 0 .0 
9738.2 .0 .0 .0 . 0 . 0 

12843.6 .o .0 .o .0 .o 
638.8 .0 . 0 .0 . 0 .0 

3543.8 .0 . 0 .0 . 0 .0 
11041. 2 . 0 . 0 .0 .o .0 

3883.6 .0 . 0 . 0 . 0 .0 
12493.5 . 0 .0 . 0 .0 .0 
18092.1 . 0 . 0 .0 . 0 .0 
14274.4 .0 . 0 . 0 .0 .0 

5406.9 .0 . 0 . 0 . 0 .0 
21305.9 .0 .0 . 0 .0 .0 

413. 9 .0 .0 . 0 .0 . 0 
22684.0 .0 .0 . 0 .0 . 0 
24812.8 .0 ,0 .0 .0 . 0 
20403.4 .0 . 0 .0 .0 .0 

6046.8 .0 .0 .0 .0 .0 
28009.8 . 0 . 0 . 0 . 0 .0 
28649.0 . 0 . 0 .0 . 0 .o 

502.S . 0 . 0 .0 . 0 .0 
340.0 . 0 .o .0 . 0 .0 

30894.9 .o .0 .0 .0 .0 
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31 10.0 97149.5 . 0 32219.9 .0 .0 .0 . 0 . 0 
32 . 2 2132.4 .0 722.9 . 0 . 0 .o . 0 . 0 
33 9.8 94669.3 .0 32905.6 .0 .0 .0 .o .0 
34 9.7 93892.S . 0 33721.8 .o .0 . 0 . 0 . 0 
35 .2 2310.5 .0 842.8 . 0 . 0 . 0 .0 .0 
36 10. 0 97671. B .o 35414. 9 .0 .0 . 0 .o . 0 
37 10.0 100996.6 . 0 36185.5 .o .0 .0 .0 . 0 
38 3.8 39644.2 .0 14096.1 .0 .o . 0 .0 .0 
39 . 0 104.2 .o 37.7 . 0 .0 . 0 . 0 .0 
40 6.1 64061.3 . 0 22758.6 .o .0 . 0 .0 . 0 
41 9.9 105202.9 . 0 37488.0 . 0 .0 . 0 . 0 . 0 
42 9.9 106274.7 .o 37988.8 .0 .0 .0 .o .0 
43 9. 9 107149. 9 . 0 38409.5 . 0 .0 . 0 . 0 . 0 
44 9.9 107828.5 .0 38750.0 . 0 . 0 .0 . 0 .0 
45 9.9 108310.9 .0 39010.2 .0 .0 .0 .o .o 
46 9.8 108597.7 . 0 39189.9 .o .o . 0 . 0 . 0 
47 9.8 108689.9 .o 39289.4 . 0 .0 .0 .0 . 0 
48 9.8 108588.6 .0 39308.5 .0 . 0 .0 .0 .0 
49 6.4 71112 .1 .0 25779.B .0 .0 . 0 . 0 . 0 
so 3.4 37176.6 .0 13467.4 . 0 . 0 .o .0 .0 
51 9.7 107721.4 . 0 39105.4 .0 . 0 .0 . 0 . 0 
52 9.7 106938.0 . 0 38883.5 . 0 .0 . 0 . 0 . 0 
53 3.6 40004.9 .0 14575.5 . 0 .o .0 .0 .0 
54 6.0 66496. 0 . 0 24005.5 .0 .0 . 0 . 0 . 0 
55 2.0 22212.2 .0 7952.1 . 0 . 0 .0 .o .o 
56 7.6 84452.4 . 0 30246.3 .o .o . 0 . 0 . 0 
57 9.6 104218.9 .0 37735.S .0 .0 .0 .0 .o 
58 9.6 101578.5 . 0 37192.6 . 0 .o . 0 .0 .0 
59 9.5 98832.0 .0 36569.6 .0 .0 .0 .0 .o 
60 9.5 95982.B . 0 35866.6 .0 . 0 .0 .0 .0 
61 4.1 40991. 7 . 0 15439.6 . 0 .o . 0 .0 . 0 
62 5.3 52655.S . 0 19644.2 . 0 .o . 0 . 0 . 0 
63 9.4 94078.7 . 0 34221.5 . 0 . 0 .0 . 0 . 0 
64 9.4 94732.9 . 0 33279.4 . 0 . 0 .0 .0 . 0 
65 9.3 95240.5 . 0 32257.9 .0 .o .0 .0 .0 
66 8.6 88326.2 .0 28834.7 .0 .0 . 0 .o . 0 
67 . 7 7254.5 . 0 2199.3 . 0 .0 .0 .0 .0 
68 9.2 94859.2 . 0 28994.6 .0 . 0 .o .0 .0 
69 4.6 47240.8 .0 14571.3 .0 .0 . 0 .o . 0 
70 4.6 46243.9 . 0 14360.1 . 0 . 0 .0 . 0 . 0 
71 9.1 90607.1 . 0 28787.7 .0 . 0 .0 .0 . 0 
72 9.1 87350.3 .0 28563.3 .0 .o . 0 .0 .0 
73 9.0 83950.3 . 0 28258.4 . 0 . 0 . 0 .0 . 0 
74 9.0 80411.4 .0 27873. 1 .0 . 0 .0 .o . 0 
75 7.7 66823.8 . 0 23829.0 . 0 .0 .0 .0 .0 
76 1. 2 9944.5 . 0 3578.3 . 0 . 0 . 0 .0 . 0 
77 8.8 75060.3 .o 26861.0 . 0 . 0 . 0 . 0 . 0 
78 8.8 74487.4 .0 26234.5 .0 .0 .0 . 0 .0 
79 8.7 73790.0 . 0 25527.9 . 0 . 0 . 0 .0 .o 
BO 8.7 72970.2 . 0 24741.2 . 0 . 0 . 0 . 0 . 0 
Bl 1.8 14728.8 .0 4943.5 .0 . 0 .o . 0 . 0 
82 6.8 56605.1 . 0 18931.1 .o .0 .0 .0 .o 
83 .2 1880.6 . 0 633.6 . 0 . 0 .0 .0 .0 
84 8.3 64752.7 .0 22294.7 . 0 . 0 . 0 .0 .0 
85 8.5 60154.6 .0 21902.3 .o .o .0 . 0 .o 
86 8.4 53631.8 . 0 20796.7 .0 . 0 .0 .o .o 
87 4.9 28295.6 .0 11625. 2 .0 . 0 . 0 .o . 0 
88 3.4 18005.1 . 0 7986.8 .0 .0 .0 .0 .0 
89 2.6 11629.2 .o 5817.2 . 0 . 0 .0 .0 .0 
90 3.5 14347.7 .0 7300. 7 .o .0 .0 . 0 . 0 
91 2.2 8226.4 408.5 5028.4 .0 .o .0 .0 .0 
92 8.2 25983.5 1529.3 16728.0 .o . 0 .0 .0 .o 
93 8.1 18123.9 1515.3 13096.5 . 0 .0 . 0 .0 . 0 
94 7.8 10086.3 1,;53. 0 9157. 2 .0 .0 .0 .0 .0 
95 .3 211. 4 47.9 242.6 . 0 . 0 .o .0 .0 
96 7.9 4313.8 1486. 4 5638.B . 0 . 0 .0 . 0 . 0 
37 3.8 $14.:! 713.7 :!.361.3 . 0 .0 .o .0 . 0 
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Failure Surface Specified By 69 Coordinate Points 
Peine x-surf Y-Surf 

No. (ft) (ft) 
1 130.00 434.10 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 

139.78 
149.58 
159.41 
169.26 
179.14 
189.03 
198.95 
208.88 
218.B2 
228.78 
238.75 
248.73 
258.71 
268.70 
278.70 
288.70 
298.70 
308.70 
318.70 
328.69 
338.67 
348.65 
358.62 
368.57 
378.51 
388.44 
398.35 
408.24 
418.11 
427.96 
437.78 
447.58 
457.35 
467.09 
476.80 
486.48 
4 96 .12 
505.73 
515.30 
524.83 
534.32 
543.76 
553.16 
562.52 
571.83 
581.08 
590.29 
599.44 
608.54 
617.58 
626.57 
635.49 
644.36 
653.16 
661.90 
670.57 
679.18 
687.71 
696.18 
704.58 
712.90 
721.15 
729.32 

432.00 
430.03 
428.19 
426.48 
424.90 
423.45 
422.14 
420.95 
419.90 
418.99 
418.20 
417.55 
417.03 
416.65 
416.39 
416.27 
416.29 
416.44 
416.72 
417.13 
417.68 
418.36 
419.17 
420.11 
421.19 
422.40 
423.75 
425.22 
426.83 
428.56 
430.43 
432.43 
434.56 
436.82 
439.21 
441. 73 
444.38 
447.15 
450.05 
453.09 
456.24 
459.53 
462.94 
466.47 
470.13 
473. 91 
477.81 
481.84 
485.99 
490.26 
494.65 
499.16 
503.79 
508.53 
513. 40 
518.37 
523.47 
528.67 
534.00 
539.43 
544.97 
550.63 
556.39 
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65 737.41 562.27 
66 745.43 568.25 
67 753.36 574.33 
68 761.21 530.52 
69 763.03 582.00 

circle Center At X = 292.6 ; Y = 1166.7 and Radius, 750.4 
*** 1.582 *** 

Failure Surface Specified By 68 Coordinate Points 
Point X-Surf Y-Surf 

No. (ft) (ft) 
1 152.11 435.90 
2 161.84 433.62 
3 171.61 431.49 
4 181. 41 429.49 
5 191. 24 427.63 
6 201.09 425.91 
7 210.96 424.33 
8 220.86 422.88 
9 230.77 421. 58 

10 240.70 420.41 
11 250.65 419.39 
12 260.61 418.50 
13 270.58 417.76 
14 280.57 417.16 
15 290.56 416.69 
16 300.55 416.37 
17 310.55 416.18 
18 320.55 416.14 
19 330.55 416.24 
20 340.55 416.48 
21 350.54 416.86 
22 360.52 417.38 
23 370.50 418.04 
24 380.47 418.84 
25 390.43 419.78 
26 400.37 420.86 
27 410.29 422.08 
28 420.20 423.44 
29 430.09 424.94 
30 439.95 426.57 
31 449.79 428.35 
32 459.61 430.26 
33 469.40 432.32 
34 479.15 434.50 
35 488.88 436.83 
36 498.57 439.29 
37 508.23 441.89 
38 517.85 444.63 
39 527.43 447.50 
40 536.96 450.50 
41 546.46 453.64 
42 555. 91 456.91 
43 565.31 460.31 
44 574.67 463.85 
45 583.97 467.51 
46 593.22 471.31 
47 602.42 475.24 
48 611.56 479.29 
49 620.64 483.48 
50 629.66 487.79 
51 638.63 492.22 
52 647.S2 495.79 
53 655.36 501.47 
54 665.12 506.29 
55 673.82 511.22 
56 682.45 516.27 
50 691.01 521.45 
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58 699.49 526.75 
59 707.89 532.16 
60 716. 22 537.70 
61 724.48 543.35 
62 732.65 549. 11 
63 740.74 554.99 
64 748.74 560.98 
65 756.66 567.09 
66 764.50 573.30 
67 772.24 579.63 
68 775.07 582.00 

Circle Center At X = 318.6 ; y = 1127. 3 and Radius, 711.1 

*** 1. 583 *** 
Failure Surface Specified By 66 Coordinate Points 

Point x-surf Y-Surf 
No. (ft) (ft) 

1 144.74 434.10 
2 154.49 431.90 
3 164.28 429.83 
4 174.09 427. 91 
5 163.93 426.14 
6 193.80 424.50 
7 203.69 423.01 
8 213. 59 421. 67 
9 223.52 420.46 

10 233.47 419.41 
11 243.42 418.49 
12 253. 3 9 417.72 
13 263.37 417.10 
14 273.36 416.62 
15 283.36 416.29 

( 16 293.36 416.10 
17 303.36 416.06 
18 313.36 416.16 
19 323.35 416.41 
20 333.34 416.80 
21 343.33 417.34 
22 353.31 418.02 
23 363.27 418.85 
24 373.22 419.82 
25 383.16 420.94 
26 393.08 422.20 
27 402.98 423.61 
28 412.86 425.16 
29 422.72 426.85 
30 432.55 428.69 
31 442.35 430.67 
32 452.12 432.79 
33 461. 86 435.05 
34 471.57 437.45 
35 481.24 440.00 
36 490.87 442.68 
37 500.47 445.51 
38 510.02 448.47 
39 519.52 451.57 
40 528.98 454.81 
41 538.40 458.19 
42 547.76 461. 71 
43 557.07 465.35 
44 566.33 469.14 
45 575.53 473.06 
46 584.67 477.11 
47 593.75 481. 29 
48 602.77 485.61 
49 611. 73 490.06 
50 620.62 494.63 
51 629. 44 4.99. 34. 



R11823Page No. 1.,,S8 

Z,\11146\stabil~l\Bdddsst.OUT Page B 

52 
53 
54 
55 
56 
57 
SB 
59 
60 
61 
62 
63 

638.20 
646. BB 
655.49 
664. 03 
672.49 
680.87 
689.17 
697.39 
705.52 
713.57 
721. 54 
729. 41 

504.17 
509.13 
514.21 
519.42 
524. 75 
530.21 
535.79 
541.48 
547.30 
553.23 
559.28 
565.44 

64 737.20 571.72 
65 744.89 578.11 
66 749.43 582.00 

Circle Center At X = 301.3 ; Y = 1104.1 and Radius, 688.0 
*** 1.586 *** 

Failure Surface specified By 68 Coordinate Points 
Point x-surf Y-Surf 
No. (ft) (ft) 

1 
2 
3 
4 
5 
6 
7 
B 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 

130.00 
139.77 
149.57 
159.40 
169.25 
179.13 
189.02 
198.93 
208.87 
218.81 
228.77 
238.74 
248.72 
258. 71 
268.70 
278. 70 
288.70 
298.70 
308.70 
318.69 
328.68 
338.66 
348.64 
358.60 
368.55 
378.48 
388.40 
398.30 
408.18 
418.03 
427.86 
437.67 
447.45 
457.20 
466.92 
476.60 
486.25 
495.86 
505.43 
514.97 
524.46 
533.91 
543.31 
552.66 
561.97 
571.22 
580.42 

434.10 
431.98 
429.99 
428.14 
426.42 
424.84 
423.40 
422.08 
420. 91 
419.87 
418.97 
418.20 
417.57 
417.08 
416.72 
416.50 
416.42 
416.47 
416.67 
416.99 
417.46 
418.06 
418.80 
419.67 
420.69 
421.83 
423.12 
424.54 
426.09 
427.78 
429.60 
431.56 
433.66 
435.88 
438.24 
440.74 
443.36 
446.12 
449.01 
452.03 
455.18 
458.45 
461.86 
465.40 
469.06 
472.86 
476.77 
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48 589.57 480.82 
49 598.66 484.99 
50 607.69 489.28 
51 616.66 493.59 
52 625.57 498.23 
53 634.42 502.89 
54 643.20 507.67 
55 651. 92 512.57 
56 660.57 517.59 
57 669.15 522.73 
58 677.66 527.98 
59 686.09 533.35 
60 694.45 538.84 
61 702.74 544.44 
62 710.95 550.15 
63 719.08 555.97 
64 727.12 561. 91 
65 735.09 567.95 
66 742.97 574 .11 
67 750.77 580.37 
68 752.75 582.00 

Circle Center At X = 289.7 ; Y = 1146.6 and Radius, 730.2 
*** 1.586 *** 

Failure Surface Specified By 68 Coordinate Points 
Point x-surf Y-Surf 
No. (ft) (ft) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 

152 .11 
161.86 
171. 64 
181.45 
191. 28 
201.14 
211.02 
220.93 
230.85 
240.79 
250.74 
260.70 
270.68 
280.66 
290.65 
300.65 
310.65 
320.65 
330.65 
340.64 
350.63 
360.62 
370.59 
380.56 
390.51 
400.45 
4.10.37 
420.27 
430.15 
440.01 
449.85 
459.65 
469.43 
479.18 
488.90 
498.58 
508.23 
517.84 
527.41 
536.94 
546.43 

435.90 
433.68 
431. 60 
429.65 
427.84 
426.17 
424.64 
423.25 
422.00 
420.88 
419.:?1 
419.07 
418.37 
417.82 
417.40 
417,12 
416.98 
416.99 
417.13 
417.41 
417.83 
418.39 
419 .10 
419.94 
420.92 
422.04 
423.30 
424.69 
426.23 
427.90 
429.71 
431.66 
433.75 
435.97 
438.33 
440.83 
443.46 
446.22 
449.12 
452.16 
455.32 
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42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 

555.87 
565.26 
574.61 
583.90 
5 93. 14 
602.33 
611.46 
620.53 
629.54 
638.49 
647.38 
656.20 
664.96 
673.65 
682.27 
690.81 
699.28 
707.68 
716. 00 
724.24 
732.40 
740.48 
748.48 
756.39 
764 22 
771. 96 
772.20 

458.62 
,;.52. DS 
465.61 
469.30 
4.73.13 
477.08 
481.15 
485.36 
489.69 
494.15 
498.73 
503.44 
508.27 
513.22 
518.30 
523.49 
528.80 
534.23 
539.78 
545.44 
551.22 
557 .11 
563.12 
569.24 
575.46 
581.80 
582.00 

Circle Center At X = 315.5 ; Y = 1131.5 and Radius, 714.5 
*** 1.587 *** 

Failure surface specified By 66 Coordinate Points 
Point x-surf Y-Surf 
No. (ft) {ft) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 

137.37 
147.12 
156.91 
166.73 
176.57 
186.43 
196.32 
206.23 
216.16 
226.10 
236.06 
246.03 
256.01 
266.00 
275.99 
285.99 
295.99 
305.99 
315.99 
325.98 
335.97 
345.95 
355.91 
365.87 
375.81 
385.73 
395,64 
405.52 
415.38 
425.21 
435.02 
444.80 
454.55 
464.27 
473.95 

434.10 
431.90 
429.85 
427. 94 
426.16 
424.53 
423.05 
421.70 
420.50 
419.44 
418,52 
417.75 
":17.12 
416.63 
416.29 
416.09 
416.03 
416.12 
416.35 
416.73 
417.25 
417.92 
418.72 
419.67 
420.77 
422.00 
423.38 
424.91 
426.57 
428.38 
430.32 
432.41 
434.64 
437.01 
439.52 
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36 463.59 442.16 
37 493.19 444.95 
38 502.76 447.87 
39 512.28 450.93 
40 521.75 454.13 
41 531.18 457.46 
42 540.56 460.93 
43 549.69 464.54 
44 559.lG 4G0.27 
45 568.38 472.14 
46 577.55 476.15 
47 586.65 480.28 
48 595.70 484.55 
49 604.68 488.94 
50 613.60 493.46 
51 622.45 498.11 
52 631.24 502.89 
53 639.95 507.80 
54 648,60 512.82 
55 657.17 517.98 
56 665.66 523.25 
57 674.08 528.65 
58 682.42 534.17 
59 690.68 539.80 
60 698.86 545.56 
61 706.95 551.43 
62 714.96 557.42 
63 722.88 563.52 
64 730.72 569.74 
65 738.46 576.07 
66 745.51 582.00 

Circle Center At X = 294.8 ; y = 1111. 0 and Radius, 694.9 

*** 1. 588 *** 
Failure Surface Specified By 69 Coordinate Points 

Point x-surf Y-Surf 
No. (ft) (ft) 

1 144.74 434.10 
2 154.54 432.10 
3 164. 3 6 430.23 
4 174.21 428.49 
5 184.07 426.87 
6 193. 96 425.39 
7 203.87 424.03 
8 213.80 422.80 
9 223.73 421.70 

10 233.69 420.73 
11 243.65 419.89 
12 253.63 419.18 
13 263.61 418.60 
14 273.60 418.15 
15 283.59 417.83 
16 293.59 417.64 
17 303.59 417.58 
18 313.59 417.65 
19 323. 5 9 417.85 
20 333.59 418.18 
21 343.57 418.64 
22 353.56 419.23 
23 363.53 419.95 
24 373.49 420.80 
25 383.45 421.78 
26 393.38 422.89 
27 403. 31 424.13 
28 413.21 425.50 
29 423.10 426.99 
30 432.97 428.62 
31 442.81 430.37 
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32 452.64 432.25 
33 4€2.43 434.26 
34 4 7::?:. 20 436.40 
35 481. 94 438.66 
36 491.65 441.05 
37 501. 33 443.57 
38 510.97 446.21 
39 520.58 448.98 
40 530.16 451.87 
41 539.69 454.88 
42 549.18 458.02 
43 558.64 461.29 
4. _, 568.05 464.67 
45 577.41 468.18 
46 586.73 471.81 
47 596.00 475.56 
48 605.22 4 7 9. 43 
49 614.39 483.43 
so 623.50 4 87. 54 
51 632.57 491.76 
52 641.57 496.11 
53 650.52 500.57 
54 659.41 505.15 
55 668.24 509.85 
56 677.01 514.65 
57 685.71 519.58 
58 694. 3 S 524.61 
59 702.93 529.76 
60 711.43 535.02 
61 719.87 540.39 
62 728. 24 545.86 
63 736. 53 551.45 
64 744.75 557.15 
65 752.90 562.95 
66 760.97 568.85 
67 768. 96 574.86 
68 776.87 580.98 
69 778.16 582.00 

Circle Center At X = 303.2 ; y = 1185. 8 and Radius, 768.3 
••• 1. 588 . .. 

Failure Surface Specified By 69 coordinate Points 
Point x-surf Y-Surf 

No. (ft) (ft) 
1 130.00 434.10 
2 139.80 432.10 
3 149.62 430.23 
4 15 9. 4 7 428.49 
s 169.34 426.88 
6 179.23 425.39 
7 189.13 424.03 
8 199.06 422.79 
9 209.00 421.69 

10 218.95 420.71 
11 228. 91 419.86 
12 23 8. 8 9 419.14 
13 248.87 418.54 
14 258.86 418.08 
15 268.85 417.74 
16 278.85 417.53 
17 288.85 417.46 
18 298.85 417.51 
19 308.85 417.68 
20 318.84 417.99 
21 328.83 418.43 
22 338.62 418.99 
23 348.79 419.69 
24 358.76 420.51 
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25 368.71 421.46 
26 378.66 422.53 
27 388.58 423.74 
28 398.49 425.07 
29 408.39 426.53 
30 418.26 428.12 
31 428.ll 429.84 
32 437.94 431. 68 
33 447.75 433.65 
34 457.52 435.74 
35 467.27 437. 96 
36 477.00 440.30 
37 486.69 442.77 
38 496. 34 445. 3 7 
39 505.97 448.09 
40 515.55 450.93 
41 525.10 453.89 
42 534.62 456.98 
43 544.09 460.19 
44 553.52 463.52 
45 562.90 466.98 
46 572.24 470.55 
47 581.53 474.24 
48 590.78 478.06 
49 599.97 481.99 
50 609.12 486.04 
51 618.21 490.20 
52 627.:24 4 94. 4 9 
53 636.22 498.88 
54 645.15 503.40 
55 654.01 508.03 
56 6.62.81 512.77 
57 671. 56 517.63 
58 680.24 522.59 
59 688.85 527.67 
60 697.40 532.86 
61 705.88 538.16 
62 714,29 543.57 
63 722.63 549.08 
64 730.90 554. 71 
65 739.10 560.43 
66 747.22 556.27 
67 755.27 572. 21 
68 763.24 578.25 
69 768.06 582.00 

Circle Center At X = 290.0 ; y = 1194. 4 and Radius, 776.9 
*** 1.589 *** 

Failure surface Specified By 74 Coordinate Points 
Point x-surf Y-Surf 
No. (ft} (ft} 

1 133.68 434.10 
2 143.49 432. 12 
3 153.31 430.26 
4 163.16 428.51 
5 173.02 426.87 
6 182.91 425.35 
7 192.81 423.94 
8 202.72 422.65 
9 212.65 421.47 

10 222.60 420.41 
11 232.55 419.46 
12 242. 52 418.63 
13 252.49 417.91 
14 262 . .:;,7 417.31 
15 272.46 416.82 
16 282.45 416.45 
17 292.45 416.20 
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18 302.45 416.06 
19 312. 4 5 416.04 
20 322. 45 416.13 
21 332.45 416.34 
22 342.44 416.66 
23 352.43 417.10 
24 362.42 417.66 
25 372.39 418.33 
26 3 82. 3 6 419.11 
27 392. 32 420.01 
28 402.27 421. 03 
29 412.21 422.16 
30 4 22. 13 423.41 
31 432.04 424. 77 
32 441.93 426.24 
33 451.80 427.83 
34 461.65 429.54 
35 471.49 431. 35 
36 481. 30 433.29 
37 491.09 435.33 
38 500.85 437.49 
39 510.59 439.76 
40 520.30 442.14 
41 529.99 444.64 
42 539.64 447.25 
43 549.26 449.97 
44 558.85 452.80 
45 568.41 455.74 
46 577.93 458.79 
47 587.42 461.95 
48 596. 87 465.22 
49 606.28 468.60 
so 615.65 472.09 
51 624.99 475.69 
52 634.27 479.39 
53 643.52 483.20 
54 652.72 487.12 
55 661. 87 491.15 
56 670.98 495.28 
57 680.04 499.51 
58 689.05 503.85 
59 698.01 508.30 
60 706.91 512.85 
61 715. 77 517.50 
62 724.56 522.25 
63 733.31 527.10 
64 741. 99 532.06 
65 750.62 537.11 
66 759.19 542.27 
67 767.70 547.52 
68 776.15 552.87 
69 784.53 558.32 
70 792.85 563.86 
71 801. 11 569.51 
72 809.30 575.24 
73 817.43 581.07 
74 818.69 582.00 

Circle Center At X = 309.5 ; y 1280.2 and Radius, 864.l 

*** 1.589 *** 
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Phase 8 - Section D-D Downstream Static Shallow Slope Circle 

Z:111146\STABIL-118DDDSST2.PL2 Run By: R. Cox 9/23/2011 2:45PM 
800 r.=========i========,;,--------.---------i--------, 

# FS Soil Soil Total Saturated Friction Piez. 
a 1.85 Desc. Type Unit Wt. Unit Wt. Angle Surface 
b 1.85 No. (pcf) (pcf) (deg) No. 
c 1.86 CCR 1 130.0 140.0 33.7 W1 
d 1.86 FCR 2 80.0 90.0 28.0 W1 
e 1.86 SOIL 3 125.0 135.0 26.8 W1 
f 1.87 
g 1.87 
h 1.87 
i 1.87 a 
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** PCSTABLSM ** 
by 

Purdue University 
--Slope Stability Analysis-

Simplified Janbu, Simplified Bishop 
or Spencer~s Method of Slices 

Run Date: 9/23/2011 
Time of Run: 
Run By: 
Input Data Filename: 
Output Filename: 
Unit: 

2,45PM 
R. Cox 
Z,8DDDSST2. 
Z,8DDDSST2.0UT 
ENGLISH 

Plotted 
PROBLEM 

Output Filename: Z:BDDDSST2.PLT 
DESCRIPTION Phase 8 - Section D-D 

Downstream Static Shallow 
BOUNDARY COORDINATES 

14 Top Boundaries 
26 Total Boundaries 

Slope circle 

Boundary X-Left Y-Left X-Right Y-Right Soil Type 
No. (ft) (ft) (ft) (ft) Below Bnd 

l .OD 431.59 
2 25.25 431.74 
3 77.02 449. 00 
4 82.02 449.00 
5 126.72 434.10 
6 146.72 434.10 
7 191. 42 449.00 
8 308.42 488.00 
9 34 8. 42 488.00 

10 498.42 53 8. 00 
11 548.42 53 8. 00 
12 698.42 583.00 
13 728.42 588.00 
14 734.42 582.00 
15 734.42 582.00 
16 548.42 538.00 
17 590.42 524.00 
18 590.42 524.00 
19 34 8. 42 488.00 
20 372. 42 480.00 
21 372. 42 480.00 
22 191. 42 ~49.00 
23 211. 42 449.00 
24 258.90 433.17 
25 508.62 434.60 
26 534.42 426.00 

ISOTROPIC SOIL PARAMETERS 
3 Type(s) of Soil 

Soil Total Saturated Cohesion 
Type Unit Wt. Unit we. Intercept 

No. (pcf) (pcf) (psf) 
1 130.0 140.0 .0 
2 80.0 90.0 .0 
3 125.0 135.0 .0 

25.25 
77.02 
82.02 

126. 72 
146. 72 
191.42 
308.42 
348.42 
498.42 
548.42 
698.42 
728.42 
734.42 

1000.00 
920.42 
590.42 
920 . .t,.2 
722.42 
372.42 
722.42 
508.62 
211.42 
258.90 
508.62 
534.42 

1000.00 

Friction 
Angle 
(deg) 
33.7 
28.0 
26.8 

431.74 
449.00 
449.00 
434.10 
434.10 
449.00 
488.00 
488.00 
538.00 
538.00 
588,00 
588.00 
582.00 
582.00 
524.00 
524.00 
524.00 
480.00 
480.00 
480.00 
434.60 
449.00 
433.17 
434.60 
426.00 
426.00 

Pore Pressure 
Pressure Constant 

Param. (psf) 
. 00 . o 
.00 . 0 
.00 .0 

2 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED 
Unit Weight of water= 62.40 
Piezometric Surface No. 1 Specified by 12 Coordinate Points 

Point 
No. 

1 
2 
3 
4 
5 
6 
7 
8 

X-Water 
(ft) 

.OD 
25.25 
99. 36 

174.08 
208.42 
246.05 
328. 91 
372.'12 

Y-Water 
(ft) 

431.59 
431.74 
443.22 
443.22 
443.:2 
450.50 
471.00 
4.80.00 

3 
3 
3 
3 
3 
3 
1 
1 
1 
1 
1 
1 
1 
2 
1 
1 
2 
1 
1 
2 
1 
3 
3 
3 
3 
3 

Piez. 
Surface 

No . 
1 
1 
1 
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9 
10 
11 
12 

3 72. 43 
590.42 
737.93 

480.00 
524.00 
585.00 
585.00 

Piezometric 
Point 

1000.00 
Surface No. 
x-water 

(ft) 

2 Specified by 
Y-Water 

2 Coordinate Points 

No. 
1 
2 

.00 
840.00 

(ft) 
415.86 
416.63 

A Critical Failure Surface Searching Method, Using A Random 
Technique For Generating Circular Surfaces, Has Been Specified. 
400 Trial Surfaces Have Been Generated. 

20 surfaces Initiate From Each Of 20 Points Equally Spaced 
hlong The Ground Surface Between X 310.00 ft. 

and X 400.00 ft. 
Each Surface Terminates Between X 720.00 ft. 

and X 820.00 ft. 
Unless Further Limitations were Imposed, The Minimum Elevation 
At Which A Surface Extends Is Y =416.00 ft. 
10.00 ft. Line Segments Define Each Trial Failure Surface. 
Following Are Displayed The Ten Most Critical Of The Trial 

Failure Surfaces Examined. They Are Ordered - Most Critical 
First. 

* * Safety Factors Are Calculated By The Modified Bishop Method** 
Failure surface Specified By 46 Coordinate Points 

Point x-surf Y-surf 
No. (ft) (ft) 

1 343.16 488.00 
2 352.39 484.17 
3 361. 73 480.59 
4 371.17 477.29 
5 380.70 474.24 
6 390. 31 471.47 
7 399.99 468.98 
8 409.74 466.75 
9 419.55 464.80 

10 429.41 463.13 
11 439. 31 461.74 
12 44 9. 25 460.63 
13 459.21 459.79 
14 469.20 459.24 
15 479.19 458.97 
16 489.19 458.98 
17 499.19 459.28 
18 509.17 459.86 
19 519.14 460.71 
20 529. 07 461.85 
21 538.97 463.27 
22 548.82 464.97 
23 558.63 466.94 
24 568.37 469.19 
25 578.05 471. 71 
26 587.65 474.51 
27 597.17 477.57 
28 606.60 480.90 
29 615.93 484.50 
30 625.15 488.36 
31 634.27 492.47 
32 643.26 496.85 
33 652.13 501.47 
34 660.86 506.34 
35 669.45 511.46 
36 677.90 516.81 
37 686.19 522.41 
38 694.32 528.23 
39 702.28 534.28 
1() 710.07 540.55 
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41 717.67 547.04 
42 725.10 553.74 
43 732.33 560.65 
44 739.::SG 567.76 
45 746.19 575.07 
46 752.31 582.00 

Circle Center At X = 483.7 y 813.5 and Radius, 354.6 

*** 1.851 *** 
Individual data on the 61 slices 

Water Water Tie Tie Earthquake 
Force Force Force Force Force Surcharge 

Slice Width Weight Top Bot Norm Tan Hor Ver Load 
No. {ft} {lbs} {lbs} {lbs} {lbs} (lbs} (lbs} (lbs) (lbs} 

1 5. 3 747.1 . 0 . 0 .0 .o . 0 .0 . 0 
2 4.0 1897.0 . 0 . 0 . 0 .0 . 0 .0 . 0 
3 9. 3 10323.4 .0 . 0 . 0 .0 . 0 .0 . 0 
4 5.0 8869.4 .0 . 0 .0 .0 . 0 .0 .0 
5 4.4 9674.1 .0 350.6 . 0 .0 . 0 . 0 . 0 
6 1. 2 3071.1 .0 223.1 .0 . 0 .0 . 0 .0 
7 . 0 25.1 .0 2.0 .0 . 0 . 0 . 0 .o 
8 8.3 23305.5 . 0 2798.3 .0 .0 .0 .o . 0 
9 9.6 33178.3 .0 5982.7 . 0 .0 . 0 .0 . 0 

10 9.7 39676.7 .0 8785.6 .0 .0 . 0 .0 . 0 
11 9.7 45881.9 . 0 11430.2 .0 .0 .0 . 0 .o 
12 6.0 31085.2 . 0 8243.2 . 0 . 0 .0 . 0 .0 
13 3.8 20731.0 .0 5671. 2 . 0 .0 .o . 0 .0 
14 9.9 57959.5 . 0 16236.0 .0 .o . 0 .0 . 0 
15 9.9 64009.6 . 0 18393.5 .0 . 0 .0 . 0 .0 
16 9. 9 69823.4 .0 20385.0 . 0 . 0 .0 .0 . 0 
17 10.0 75380.3 .0 22209.0 . 0 .0 .0 . 0 . 0 
18 10.0 80661.1 . 0 23863.9 .0 . 0 . 0 .0 . 0 
19 10.0 85648.1 . 0 25348.6 . 0 .o .0 .0 . 0 
20 10.0 90324.8 . 0 26661.7 . 0 .0 . 0 .0 . 0 
21 9.2 87244. 0 • 0 25626.9 .0 .0 .0 . 0 .0 
22 . 8 7419.2 . 0 2175.4 .0 .0 . 0 .o . 0 
23 10.0 96196.0 . 0 28769.4 .0 .0 .o . 0 . 0 
24 10.0 95556.5 . 0 29562.4 . 0 .0 . 0 . 0 .0 
25 9.9 94591.7 .0 30180.4 .0 . 0 . 0 . 0 .0 
26 9. 9 93306.9 .0 30623.2 . 0 . 0 .0 . 0 .0 
27 9.5 87971.9 .0 29619.7 . 0 . 0 .0 . 0 .o 
28 . 4 3738.9 . 0 1270.4 . 0 .0 .0 . 0 . 0 
29 9.8 92054.8 . 0 30981. 2 . 0 .0 .0 . 0 .0 
30 9.7 93963. 6 . 0 30896.5 . 0 .0 .0 . 0 . 0 
31 9.7 95498.3 . 0 30635.7 .0 .0 . 0 . 0 . 0 
32 9.6 96659. 5 .o 30199.3 .0 .o . 0 . 0 .0 
33 2.8 28212.7 . 0 8684.9 . 0 . 0 . 0 .0 .0 
34 6.7 68725.3 .0 20056.0 . 0 . 0 . 0 .0 .0 
35 6.9 70018.2 . 0 20841.6 . 0 . 0 . 0 .o .0 
36 2.6 25960.3 . 0 7792.7 . 0 . 0 . 0 .0 .0 
37 9.3 93565.5 . 0 28874.4 .0 . 0 . 0 . 0 .o 
38 9.2 90333.6 . 0 28937.9 . 0 . 0 .0 .0 .0 
39 9.1 86720.4 . 0 28824.9 .0 . 0 .0 .0 .0 
40 9.0 82748.8 . 0 28535.5 .0 .0 .0 .o .0 
41 8. 9 78442.8 .o 28070.1 .0 .0 .0 .0 .0 
42 2.2 18949.3 . 0 6982.8 .0 .o .0 .0 .0 
43 6.5 55828.9 . 0 20445.9 .o .0 .0 . 0 .0 
44 8.6 73146.4 . 0 26612.2 . 0 .0 .0 . 0 . 0 
45 8.4 71335.1 . 0 25621. 0 .0 . 0 .0 . 0 .0 
46 8.3 69251.0 .0 24455.9 . 0 . 0 .0 .0 .0 
47 2.2 18428.4 . 0 6470.4 . 0 . 0 . 0 .0 .0 
48 5.9 47859.5 • 0 155.,;,7_5 . 0 . 0 . 0 .0 .0 
49 4.1 32134. B . 0 11336.2 .0 .0 . 0 .0 .0 
50 3.9 28989.6 . 0 10271. 8 .0 . 0 . 0 .0 .0 
51 7.8 53699.1 . 0 19927.4 .0 .o .0 .0 .0 
52 7.6 45921.4 . 0 18C77.6 .0 .0 .0 . 0 . 0 
53 7.4 38194.5 . 0 16059.8 . 0 . 0 .0 .0 . 0 
54 3.3 14888.0 .0 6661. 0 .0 . 0 .o . 0 . 0 
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55 
56 
57 
58 

3.9 14678.0 
2.1 6223.3 
3.5 8481.6 
1.4 2897.3 

.0 7214.9 

.0 3686.6 
182.6 5696.2 
267.4 2276.2 

59 6.8 5230.3 1278.4 8476.8 
60 2.3 1334.0 423.0 1843.0 
61 3.9 760.5 723.3 1889.0 

Failure Surface Specified By 48 
Point x-surf Y-Surf 
No. (ft) (ft) 

1 333.68 488.00 
2 342.96 484.26 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 

352.33 
361.79 
371.33 
380.94 
390.63 
400.37 
410.18 
420.03 
429.92 
439.85 
449.80 
459.78 
469. 77 
479.77 
489.77 
499.76 
509.74 
519.70 
529.63 
539.53 
549.39 
559.20 
568. 96 
578.65 
588.28 
597.83 
607.31 
616.69 
625.98 
635.17 
644.26 
653.23 
662.08 
670.80 
679.40 
687.85 
696. 17 
704.33 
712.34 
720. 20 
727. 88 
735.39 
742.73 
749.89 
756.86 

48 761.15 

480.77 
477.52 
474.52 
471.78 
469.28 
467.05 
465.07 
463.35 
461.89 
460.68 
459.74 
459.07 
458.65 
458.50 
458.61 
458.98 
45 9. 61 
460.51 
461. 67 
463.09 
464. 77 
466.70 
468.90 
471.35 
474.05 
477.01 
480.21 
483.67 
487.37 
491.31 
495.49 
499.91 
504.56 
509.45 
514.56 
519.90 
525.45 
531.23 
537.21 
543.41 
549.81 
556.40 
563.20 
570.18 
577. 35 
582.00 

Circle Center At X = 480.6 ; Y 

*** 1.854 *** 
Failure 

Point 
Surface Specified By 47 

No. 
1 
2 
3 
4 

x-surf Y-Surf 
(ft) (ft) 

343.16 488.00 
352.57 484.63 
362.07 481.50 
]71.64 478.60 
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.0 . 0 .0 .0 .0 

. 0 .0 . 0 .o . 0 

. 0 . 0 . 0 .0 . 0 

. 0 . 0 . 0 . 0 . 0 

. 0 . 0 . 0 . 0 . 0 

.0 . 0 .o . 0 .0 

.0 . 0 .0 . 0 .0 
Coordinate Points 

838.9 and Radius, 380.4 

Coordinate Points 
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5 381.28 475.94 
6 390.99 473.53 
7 400.75 471.36 
8 410.56 469.43 
9 420.42 467.75 

10 430.31 466.31 
11 440.24 465.12 
12 450. 20 464.18 
13 460.17 463.49 
14 470.16 463.05 
15 480.16 462.86 
16 490.16 462.91 
17 500.16 463.22 
18 510.14 463.78 
19 520.1.1 464.58 
20 530.05 465.63 
21 539.97 466.94 
22 54 9. 8 5 468.49 
23 559.69 470.28 
24 569.48 472.32 
25 579.21 474.60 
26 588.89 477.13 
27 598.50 479.90 
28 608.03 482.90 
29 617.49 486.14 
30 626.87 489.62 
31 636.16 493.33 
32 645.35 497.27 
33 654.44 501. 44 
34 663.42 505.84 
35 672.29 510.46 
36 681.04 515.30 
37 689.67 520.35 
38 698.17 525.62 
39 706.53 531.10 
40 714.76 536.78 
41 722.84 542.67 
42 730.77 548.76 
43 738.55 555.05 
44 746.17 561.53 
45 753.62 568.19 
46 760.91 575.04 
47 767.94 582.00 

Circle center At x = 482.9 ; y 863.4 and RacHus, 400.6 

*** 1.860 *** 
Failure Surface Specified By 46 coordinate Points 

Point x-surf Y-Surf 
No. (ft} (ft} 

1 333.68 488.00 
2 343.04 484.46 
3 352.48 481.18 
4 362.01 478.14 
5 371.62 475.37 
6 381.30 472.84 
7 3 91. 04 470.58 
8 400.83 468.58 
9 410.68 466.84 

10 420.57 465.36 
11 430.50 464.15 
12 440. 45 463.20 
13 450.43 462.51 
14 460.42 462.10 
15 470.42 461.95 
16 480.42 462.06 
17 490.41 462.44 
18 500.39 463.09 
19 5]0.35 464.01 
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20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 

Circle 

520.28 
530.17 
540.03 
549.83 
559.58 
569.27 
578.88 
588.42 
597.88 
607.24 
616.51 
6:'.:!5. 68 
634,73 
643.67 
652.49 
661.18 
669.73 
678.15 
686.41 
694.53 
702.48 
710. 27 
71 7. 89 
725.33 
732.60 
739.68 
746.20 

Center At X = 

465.19 
466.63 
468.34 
470.30 
472. 53 
475.02 
477.76 
480.76 
484.02 
487.52 
491. 27 
495.27 
499.51 
503.99 
508. 71 
513.66 
518.84 
524.25 
529.87 
535. 72 
541.78 
548.05 
554.53 
561.20 
568.08 
575.14 
582.00 

471.1 ; Y 

*** 1. 862 *** 
Failure Surface Specified By 47 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 333.68 488.00 
2 343.09 484.60 
3 352.58 481.44 
4 362 .14 478.53 
5 371.78 475.86 
6 381.48 473.44 
7 3 91. 25 471. 27 
8 401.06 469.36 
9 410.92 467.69 

10 420.82 466.28 
11 430.75 465.13 
12 440.71 464.23 
13 450.69 463.58 
14 460.69 463.20 
15 470.68 463.06 
16 480.68 463.19 
17 490.68 463.57 
18 500.66 464.21 
19 510.52 465 .11 
20 520.55 466.26 
21 530.45 467.67 
22 540.31 469.33 
23 550 .13 4 71. 24 
24 559.89 473.40 
25 569.59 475.82 
26 579.23 478.48 
27 588.80 481.39 
28 598.29 484.54 
29 607.69 487.94 
30 617.01 491.58 
31 626.23 495.45 
32 635.34 499.57 
33 644.35 503.91 
34 653.24 508.48 
35 662.02 513.28 
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837.2 and Radius, 375.3 

Coordinate Points 
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·.c~ 36 670,66 518.31 
37 679.18 523.55 
38 687.55 529.01 
39 695.79 534.69 
40 703.87 540,57 
41 711. 80 546.67 
42 719, 58 552, 96 
43 727.18 559.45 
44 734. 62 566.13 
45 741. 89 573.00 
46 748.97 580.06 
47 750.83 582.00 

Circle Center At X = 470.8 ; y 852.3 and Radius, 389.3 
*** 1. 864 *** 

Failure Surface Specified By 48 Coordinate Points 
Point x-surf Y-Surf 

No. (ft} (ft} 
1 347.90 488.00 
2 357,33 484.70 
3 366.85 481.62 
4 376.44 478.78 
5 386.09 476.17 
6 395.80 473.79 
7 405.57 471.64 
8 415.39 469, '.'4 
9 425.25 468.07 

10 435.14 466.64 
11 445.07 465.45 
12 455.03 464.50' 
13 465.00 463.79 
14 474.99 463.32 
15 484.99 463.09 
16 494.99 463.10 
17 504.99 463.36 
18 514, 97 463.86 
19 524.95 464.59 
20 534.90 465.57 
21 544.82 466.79 
22 554. 72 468.25 
23 564.57 469.94 
24 574.38 471.88 
25 584.14 474.05 
26 593.85 476.45 
27 603.50 479.09 
28 613.08 481. 96 
29 622.58 485.06 
30 632,01 488.39 
31 641. 36 491. 95 
32 650.62 495.73 
33 659.78 499.73 
34 668.84 503. 96 
35 677.80 508.40 
36 686.65 513.05 
37 695.39 517.92 
38 704.00 523.00 
39 712. 49 528.29 
40 720.85 533, 77 
41 729.08 539.46 
42 737.16 545.35 
43 745.10 551.43 
44 752.89 557.69 
45 76 0. 53 564. 15 
46 768.01 570,79 

C 
47 775,33 577.60 
48 779.82 582.00 

Circle Center At X = 489.4 ; y 877.1 and Radius, 414.0 

*** 1. 867 *** 
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( Failure 
Point 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
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Surface Specified By 48 Coordinate Points 
X-Surf Y-Surf 

(ft) (ft) 
324.21 488.00 
333.39 
342.68 
352.07 
361.54 
3 71.11 
380,75 
3 90, 45 
400,22 
410.05 
419.92 
429.83 
439,78 
449.75 
459.74 
469.74 
479.74 
489.73 
499.71 
509.67 
519,61 
529,50 
539.36 
549.16 
558.91 
568,59 
578.20 
587,73 
597.17 
606,52 
615. 77 
624.91 
633.93 
642.84 
651.61 
660,25 
668,74 
677,09 
685,29 
693,32 
701.18 
708,88 
716, 39 
723.72 
730,86 
737.81 
744.55 
747,72 

484.04 
480.33 
476.88 
473.69 
470.77 
468.10 
465.70 
463.57 
461. 71 
460.12 
458,81 
457,76 
456.99 
456.49 
456.27 
456.33 
456,66 
457.26 
458.14 
459.29 
460, 71 
462.41 
464.38 
466,61 
469.11 
471.88 
474.91 
478.20 
481.76 
485.56 
489.62 
493.93 
498.48 
503.28 
508.32 
513.60 
519.10 
524.83 
530,79 
536,96 
543,35 
549.95 
556.75 
563.75 
570.95 
578.33 
582.00 

Circle Center At X = 472.B ; Y 819.7 and Radius, 363.5 
*** 1,867 *** 

Failure surface Specified By 51 Coordinate Points 
Point X-Surf Y-Surf 
No, (ft) (ft) 

1 333,68 488,00 
2 342, 96 484.25 
3 352.32 480,73 
4 361.76 477.44 
5 371.28 474.37 
6 380.87 471.54 
7 390,52 468.94 
8 400.24 466.58 
9 410.01 464.45 

10 419. 83 462.55 
1 J.. 429.69 460.90 
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12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 

Circle 

439.59 
449.52 
459.48 
469 .45 
479.44 
489.44 
499.44 
509.44 
519.42 
529.40 
539.35 
549.27 
559.16 
569.01 
578.82 
588.57 
598.27 
607.91 
617.49 
626.98 
636.41 
645.74 
654.99 
664.14 
673.19 
682.14 
690.98 
699.70 
708.30 
716.77 
725 .11 
733.32 
741.38 
749.30 
757.08 
764.69 
772.15 
779.44 
786.57 
790.13 

Center At X = 

459.48 
458.31 
457.38 
456.68 
456.23 
456.02 
456.05 
456.33 
456.84 
457.60 
458.60 
<59.84 
461.32 
463.03 
464.99 
467.18 
469.61 
472.27 
475.17 
478.29 
481.65 
485.23 
489.03 
493.06 
497.31 
501. 78 
506.46 
511. 35 
516.46 
521.77 
527.28 
533.00 
53 8. 91 
545.01 
551.31 
557.79 
564.45 
571. 30 
578.31 
582.00 

493.1 ; Y 

*** 1.873 *** 
Failure Surface Specified By 47 

Point x-surf Y-Surf 
No. (ft) ( ft) 

1 324.21 4B8.00 
2 333.55 484.43 
3 342.99 481.11 
4 352.50 478.04 
5 362.10 475.23 
6 371.77 4 72. 67 
7 361.50 470.37 
8 391.29 468.33 
9 401.13 466.55 

10 411.01 465.03 
11 420. 93 463.78 
12 430.88 462.78 
13 440.86 462.06 
14 450.85 461.60 
15 460.84 461.40 
16 470.84 461.47 
17 4 e o. 84 461.80 
18 490.82 462.41 
19 500.78 463.27 
20 510.72 454.40 
21 520.62 465.79 
22 530.48 467,45 
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869.2 and Radius, 413.2 

Coordinate Points 



R11840
Page No.~l,~t'-S __ _ 

z,\11146\STABIL-1\8DDDSST2.OUT Page 10 

23 540.30 469.37 
24 550.06 471.54 
25 ~59.76 473.98 
26 569.39 476.67 
27 578.94 479.62 
28 588.42 482.82 
29 597.80 486.27 
30 607.10 489.97 
31 616.28 493.91 
32 625.37 498.10 
33 634.33 502.52 
34 643.18 507.19 
35 651. 90 512.08 
36 660.49 517.21 
37 668.93 522.56 
38 677.23 528.13 
39 685.39 533.93 
40 693.38 539.94 
41 701. 21 546.15 
42 708.88 552.58 
43 716.37 559.20 
44 723.68 566.02 
45 730.81 573.04 
46 73 7. 75 580.24 
47 739.36 582.00 

Circle Center At x = 463.2 ; y 837.9 and Radius, 376.5 

*** 1. 874 *** 
Failure Surface Specified By 49 Coordinate Points 

Point x-surf Y-Surf 
No. (ft) (ft) 

1 314.74 488.00 
2 324.10 484.50 

C 3 333.55 481.22 
4 343.08 478.18 
5 352.68 475.37 
6 362.34 472.80 
7 372. 06 470.47 
8 381.84 468.38 
9 3 91. 67 466.52 

10 401. 54 464.91 
11 411.44 463.54 
12 421.38 462.41 
13 431.34 461.53 
14 441.32 460.89 
15 451.31 460.50 
16 461.31 460.35 
17 471.31 460.45 
18 481.31 460.79 
19 491.29 461.37 
20 501.25 462.20 
21 511. 20 463.28 
22 521. 11 464.60 
23 530.99 466.16 
24 540.82 467. 96 
25 550.61 470.00 
26 560.35 472.28 
27 570.03 474.80 
28 579.64 477. 56 
29 589.18 480.55 
30 598.65 483.78 
31 608.03 487.23 
32 617.33 490.92 
33 626.53 494.83 
34 635.64 498.96 
35 644.64 503.32 
36 653.53 507.90 
37 662.30 512.69 
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38 670. 96 517.69 
39 679.49 522.91 
40 687.89 528.34 
41 696.16 533.97 
42 704.28 539.80 
43 712. 26 545.82 
44 720.09 552.04 
45 727.77 558.46 
46 735.28 565.05 
47 742.63 571. 83 
48 749.81 578. 79 
4~ 752.97 582.00 

Circle Center At X = 462.4 ; y 868.3 and Radius, 408.0 ... 1.875 *** 

l 
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Phase 8 -Section D-D Upstream Static Whole Slope Circle 
Z:111146\STABIL~118DDUSST.PL2 Run By: R. Cox 10/17/2011 9:49AM 800 rr=================;,--------,-,-----------.----------, Soil 

Desc. 
Soil Total Saturated Friction Piez. 

Type Unit Wt. Unit Wt. Angle Suriace 
No. (pcf) (pc0 (deg) No. 
1 130.0 140.0 33. 7 W1 

# FS 
a 2.16 
b 2.16 
C 2.16 
d 2.16 
e 2.16 f 2.171-'=::___.::'_~~-~~-~.LJ~J 

CCR 
FCR 
SOIL 

2 80.0 90.0 28.0 W1 
3 125.0 135.0 26.8 W1 

g 2.17 
h 2.17 a. 

~/, 2.17 
600 1-1, J 2.171 c\1e 

Ji'I~ .······~ _ ~ Wl -··-··-·· : •• _··-··-··-~ 

~ 2~~w1r-·~-.1_··-.. _ 
• 1 ----- 1 

2 ----··-.• _ -
t ~w,·1-~.j_ w,.. w1"•~. 

"" ' ...... + .. . . .. .. . -~-.• ,_ ·--------··--·-3-----------·------~------··-------··---~~~~~~=?~-~i~l w, 

200 ,_ 

0'----------'--------....L.--------L--------'-----------' 
0 200 400 600 800 1000 

PCSTABL5M/si FSmin=2.16 
STED Safety Factors Are Calculated By The Modified Bishop Method 

-0 

JlJ 
CD 

z 
9 

::', _,.,, 
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** PCSTABLSM ** 
by 

Purdue University 
--Slope Stability Analysis-

Simplified Jan.bu, Simplified Bishop 
or Spencer~s Method of Slices 

Run Date: 9/23/2011 
Time of Run: 2:54PM 
Run By: R. Cox 
Input Data Filename: Z:Bddusst. 
Output Filename: Z:Bddusst.OUT 
Unit: ENGLISH 
Plotted Output Filename: Z:Bddusst.PLT 
PROBLEM DESCRIPTION Phase 8 -Section D-D 

Upstream Static Whole Slope circle 
BOUNDARY COORDINATES 

14 Top Boundaries 
26 Total Boundaries 

Boundary X-Left Y-Left X-Right Y-Right Soil Type 
No. (ft) (ft) (ft) (ft) Below Bnd 

1 .00 
2 163.88 
3 271.58 
4 301,58 
5 451.58 
6 501.58 
7 651.58 
8 691.58 
9 808.58 

10 853.28 
11 873,28 
12 917.98 
13 922.98 
14 974.75 
15 79.58 
16 409.58 
17 79.58 
18 277.58 
19 627.58 
20 277.58 
21 491.38 
22 788.58 
23 741.10 
24 491.38 
25 465.58 
26 .00 

ISOTROPIC SOIL PARAMETERS 
3 Type(s) of Soil 

552.10 163.88 552.10 
552.10 271. 58 588.00 
588.00 301.58 588.00 
588.00 451.58 538.00 
538.00 501.58 538.00 
538.00 651.58 488.00 
488.00 691. 58 488.00 
488.00 808.58 449.00 
449.00 853.28 434.10 
434.10 873.28 434.10 
434.10 917.98 449.00 
449.00 922.98 449.00 
449.00 974.75 431.74 
431.74 1000.00 431.59 
524.00 163.88 552.10 
524.00 ½.51.58 538.00 
524.00 409.58 524.00 
480.00 409.58 524.00 
480.00 651. 58 488.00 
480.00 627.58 480.00 
434.60 627.58 480.00 
449.00 808.58 449.00 
433.17 788.58 449.00 
434.60 741.10 433.17 
.;26.00 4 91. 3 8 434.60 
426.00 465.58 426.00 

Soil Total Saturated 
Type Unit Wt. Unit Wt. 

Cohesion 
Intercept 

(psf) 

Friction 
Angle 
(deg) 
33.7 

Pore 
Pressure 

Param. 
.00 

Pressure 
Constant 

No. (pcf) (pcf) 
1 130.0 140.0 . 0 
2 80.0 90.0 .0 28.0 .00 
3 125.0 135.0 .0 26.8 .00 

2 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED 
Unit Weight of Water= 62.40 
Piezometric 

Point 
No. 

1 
2 
3 
4 
5 
6 
7 
e 

Surface 
X-Water 

(ft) 
.00 

173.72 
422.48 
627.57 
627.58 
671. 09 
753.95 
791.58 

No. 1 Specified 
Y-Water 

(ft) 
555.38 
555.38 
528.30 
480.00 
480.00 
471.00 
450.50 
443.22 

by 12 Coordinate 

(psf) 
. 0 
. 0 
• 0 

Points 

2 
1 
1 
1 
1 
1 
1 
1 
3 
3 
3 
3 
3 
3 
1 
1 
2 
1 
1 
2 
1 
3 
3 
3 
3 
3 

Piez. 
Surface 

No. 
1 
1 
1 
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9 
10 
11 
12 

Piezometric 
Point 

No. 
1 
2 

825.92 
900.64 
974.75 

1000.00 
Surface 

X-Water 
(ft) 

.00 
1000.00 

No. 

443.22 
443.22 
431.76 
431.59 
2 Specified by 2 coordinate Points 
Y-Water 

(ft) 
416.63 
415.86 

A Critical Failure Surface Searching Method, Using A Random 
Technique For Generating Circular Surfaces, Has Been Specified. 
400 Trial Surfaces Have Been Generated. 

20 Surfaces Initiate From Each Of 20 Points Equally Spaced 
Along The Ground Surface Between X 5.00 ft. 

and X 105.00 ft. 
Each surface Terminates Between X 275.00 ft. 

and X 350.00 ft. 
Unless Further Limitations were Imposed, The Minimum Elevation 
At Which A Surface Extends Is Y =416.00 ft. 
10.00 ft. Line Segments Define Each Trial Failure Surface. 
Following Are Displayed The Ten Most Critical Of The Trial 

Failure Surfaces Examined. They Are Ordered - Most Critical 
First. 
* * Safety Factors Are Calculated By The Modified Bishop Method** 
Failure Surface Specified By 35 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 15.53 552.10 
2 22.63 545.06 
3 30 .12 538.43 
4 37.97 532.24 
5 46.16 526.50 
6 54.66 521. 23 
7 63.44 516.46 
8 72. 49 512.19 
9 81.76 508.43 

10 91.22 505.21 
11 100.86 502.53 
12 110.63 500.40 
13 120.50 498.82 
14 130.45 497.81 
15 140.44 497.36 
16 150.44 497.48 
17 160.42 498.16 
18 170.34 499.41 
19 180.17 501.22 
20 189.89 503.58 
21 199.46 506.48 
22 208.85 509.93 
23 218.03 513. 90 
24 226.96 518.38 
25 235.64 523.36 
26 244.01 528.82 
27 252.06 534.75 
28 259.77 541.13 
29 267.10 547.93 
30 274.03 555.14 
31 280.55 562.72 
32 286.62 570.67 
33 292.24 578.94 
34 297.38 587.52 
35 297.63 588.00 

circle Center At X = 143.4 y 

*** 2.157 *** 
Individual data on the 

Water Water 
Forc-e Force 

Coordinate Points 

673.9 and Radius, 176.6 

40 slices 
Tie 

Force 
Tie 

Force 
Earthquake 

Force Surcharge 



R11845Page No._-"1.-"B..co __ _ 

r z,\11146\stabil~l\8ddusst.OUT Page 3 

Slice Width Weight Top Bot Norm Tan Hor Ver Load 
No. (ft) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) 

1 7.1 2249.9 1453.4 4243.4 . 0 . 0 . 0 .o .0 
2 7.5 6978.5 1532.7 8507.9 . 0 . 0 . 0 .0 .0 
3 7.9 11846.6 1607.0 12507.9 . 0 . 0 . 0 .o . 0 
4 8.2 16753.6 1676.2 16230.6 . 0 .o .0 . 0 . 0 
5 8.5 21601. 2 1740.0 19664.1 . 0 . 0 .0 .o ', 0 
6 8. 8 26294.1 1798.2 22797.2 . 0 . 0 . 0 .0 .0 
7 9.0 30742.3 1850.6 25620.0 .o .0 .0 . 0 . 0 
8 7.1 26398.9 1451.9 21312.8 . 0 .0 .0 ,0 .0 
9 2.2 8502.5 445.3 6810.7 . 0 . 0 .0 .0 . 0 

10 9.5 39666.3 1937.6 30299.6 .o . 0 . 0 . 0 . 0 
11 9.6 44459.4 1971.8 32141. 3 . 0 .0 .0 . 0 . 0 
12 9.8 48784.l 1999.7 33642.8 . 0 . 0 .0 .0 .0 
13 9.9 52572. 0 2021.2 34799.1 . 0 . 0 . 0 .0 . 0 
14 9.9 55764.5 2036.2 35606.7 . 0 . 0 . 0 . 0 . 0 
15 10.0 58313.9 2044.7 36063.0 .0 . 0 . 0 . 0 . 0 
16 10.0 60183.4 2046.6 36166.3 . 0 .0 .0 . 0 .0 
17 10.0 61348.1 2042.0 35916.5 . 0 .0 .0 . 0 . 0 
18 3.5 21515.4 709.0 12418.0 . 0 . 0 . 0 . 0 .0 
19 6.5 40905.7 936.1 22896. 3 . 0 . 0 . 0 . 0 . 0 
20 3.4 21982.3 125.4 11943. 3 .0 . 0 . 0 . 0 . 0 
21 6.5 42786.4 .0 22144.l . 0 .0 .0 . 0 . 0 
22 9.7 66198.5 . 0 32104.1 . 0 .0 .0 .0 .0 
23 9.6 66814.4 . 0 29819.3 . 0 . 0 . 0 .0 .0 
24 9.4 66637.2 .0 27209.6 .o .0 . 0 . 0 . 0 
25 9.2 65687.3 . 0 24283.4 . 0 . 0 ,0 . 0 . 0 
26 8.9 63997.8 .0 21050.1 .0 . 0 . 0 .0 .o 
27 8.7 61614 .1 .o 17520.0 .0 . 0 . 0 .0 . 0 
28 1.0 6921. 3 . 0 1809.4 . 0 .0 . 0 . 0 . 0 
29 7.4 50780.6 . 0 11895.2 . 0 .0 . 0 . 0 . 0 
30 8.1 51868.5 . 0 9615.9 . 0 .0 . 0 . 0 . 0 
31 7.7 45554.7 . 0 5267.1 . 0 ,0 . 0 . 0 . 0 
32 4.7 25548. 3 . 0 973. 4 . 0 .0 .0 . 0 . 0 
33 2.6 13404. 0 . 0 . 0 . 0 . 0 .0 . 0 . 0 
34 4.5 21554.0 . 0 .0 . 0 .0 .0 . 0 . 0 
35 2.5 10881.8 .0 . 0 .0 . 0 .0 . 0 . 0 
36 6,5 24620.7 .0 .0 .0 . 0 .0 . 0 . 0 
37 6.1 16826.0 .0 .0 .0 .0 . 0 .0 . 0 
38 5.6 9634. 1 . 0 .0 .o .0 . 0 . 0 . 0 
39 5.1 3186.3 . 0 . 0 . 0 .0 . 0 . 0 . 0 
40 .3 7.9 . 0 . 0 . 0 .0 . 0 . 0 . 0 

Failure Surface Specified By 36 Coordinate Points 
Point x-surf Y-Surf 

No. (ft) (ft) 
1 10.26 552.10 
2 17.39 545.09 
3 24.89 538.47 
4 32.74 532.27 
5 40. 91 526.51 
6 49.39 521. 20 
7 58.14 516.36 
8 67.14 512.01 
9 76.36 508.15 

10 85.78 504.79 
11 95.37 501.96 
12 105.10 499.65 
13 114. 94 497.87 
14 124.87 496.63 
15 134.84 495.93 
16 144.84 495.77 
17 154.83 496.16 
18 164.79 497.09 
19 174.68 498.57 
20 184.48 500.57 
21 194.15 503 .11 
22 203.67 506.17 
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23 213.01 509.74 
24 222.14 513.82 
25 231.04 518.38 
26 :.39.68 523.42 
27 24 8. 02 528.93 
28 256.06 534.88 
29 263.76 541. 26 
30 271. 10 548.05 
31 278.07 555.23 
32 284.63 562.77 
33 290.77 570.66 
34 296.48 578.88 
35 301.73 587.39 
36 301.98 587.87 

Circle Center At X = 142. 7 ; y 679.6 and Radius, 183.8 
*** 2.159 *** 

Failure Surface Specified By 21 Coordinate Points 
Point X-Surf Y-Surf 

No. {ft} {ft} 
1 94.47 552.10 
2 104.40 550.90 
3 114. 36 550.03 
4 124.35 549.50 
5 134.35 549.32 
6 144.35 549.47 
7 154.33 549.97 
8 164.30 550.80 
9 174.23 551.97 

10 184.12 553.48 
11 193. 94 555.33 
12 203.70 557.51 
13 213.38 560.01 
14 222.97 562.85 
15 232.46 566.01 
16 241. 84 569.50 
17 251.09 573.30 
18 260.20 577. 41 
19 269.17 581.83 
20 277. 99 586.55 
21 280.49 588.00 

Circle Center At X = 134.8 ; y 843.2 and Radius, 293.9 
*** 2.161 *** 

Failure Surface Specified By 35 Coordinate Points 
Point x-surf Y-Surf 

No. {ft) (ft) 
1 15.53 552.10 
2 22.62 545.05 
3 30.10 538. 41 
4 37.93 532.19 
5 46.08 526.41 
6 54.55 521.08 
7 63.30 516.24 
8 72.30 511.88 
9 81. 52 508.02 

10 90.95 504.68 
11 100.54 501.86 
12 110.28 499.58 
13 120.13 497.83 
14 130.05 496. 63 
15 140. 03 495.98 
16 150.03 <95.88 
17 160.02 496.34 
18 169.97 497.34 
19 179.85 498.89 
20 189.63 500.98 
21 199.28 503.60 
22 208.77 506.76 
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23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 

Circle 

218.07 
227.15 
236.00 
244.56 
252.84 
260.79 
268.39 
275.63 
282.47 
288.90 
294.90 
300.45 
304.20 

Center At X = 

510.43 
514. 61 
519.28 
524.43 
530.05 
536.12 
542.61 
549.51 
556.81 
564.46 
572.46 
580.78 
587.13 

146.8 ; Y 

*** 2.161 *** 
Failure 

Point 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 

Surface Specified By 33 
x-surf Y-Surf 

(ft) (ft) 
26.05 
33.15 
40.66 
48.56 
56.81 
65.39 
74.27 
83.40 
92.77 

102.33 
112. 05 
121. 90 
131. 83 
141. 81 
151. 81 
161. 79 
1 71. 71 
181.54 
191.24 
200.77 
210.10 
219.20 
22 8. 03 
236.56 
244.75 
252.59 
260.04 
267.07 
273.66 
279.78 
285.41 
290.53 
291. 81 

552.10 
545.06 
538.46 
532.32 
526.67 
521. 54 
516.93 
512.86 
509.36 
506.43 
504.08 
502.32 
501.16 
500.60 
500.65 
501. 30 
502.56 
504.41 
506.85 
509.88 
513.47 
517.62 
522.32 
527.54 
533.26 
539.48 
546.15 
553.26 
560.78 
568.69 
576.95 
585.54 
588.00 

Circle Center At X = 146.0 ; Y 
*** 2.162 *** 

Failure Surface Specified By 34 
Point X-Surf Y-Surf 

No. (ft) (ft) 
1 10.26 552.10 
2 17.45 545.14 
3 25.01 538.60 
4 32.93 532.49 
5 41. 18 s:G. B4 
6 49. 73 521. 66 
7 58. 56 516. 97 
8 67.64 512.78 
9 76.95 509 .11 

10 86.44 505.97 
11 96.09 503.36 

Page No._1,_n_-__ 

Z,\11146\stah\l~l\Rddusst.OllT PRge 5 

677.3 and Radius, 181.4 

Coordinate Points 

665.9 and Radius, 165.4 

Coordinate Points 
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12 105.88 501.31 
13 115.77 499.80 
i,; :i.25.72 498.85 
15 135, 71 498.47 
15 145.71 498.64 
17 155.68 499.38 
18 165.60 500.68 
19 175.43 502.53 
20 185.14 504.93 
21 194.69 507.87 
22 204.07 511. 34 
23 213.24 515.34 
24 222.17 519.84 
25 230.83 524.84 
26 239.19 530.32 
27 247.24 536.26 
28 254.94 542.64 
29 262.27 549.44 
30 269.20 556.65 
31 275.72 564. 23 
32 281.80 572 .17 
33 287.43 580.43 
34 291. 98 588.00 

Circle Center At X = 137. 6 ; y 

*** 2.166 *** 
Failure 

Point 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 

surface specified By 34 
x-surf Y-Surf 

(ft) (ft) 
15.53 
22. 83 
30.50 
38.53 
46.87 
55.52 
64.43 
73.58 
82.95 
92 .49 

102.19 
112. 02 
121.93 
131.90 
141.90 
151.89 
161. 85 
171. 74 
181.53 
191.19 
200.69 
210.00 
219.09 
227.93 
236.49 
244.75 
252.68 
260.25 
267.45 
274.24 
280.61 
286.53 
291.99 
293.40 

552.10 
545.27 
538.86 
532.89 
527.38 
522.35 
517.81 
513.79 
510.28 
507.31 
504. 88 
503.00 
501.67 
500.91 
500.70 
501.06 
501. 98 
503.46 
505.50 
508.08 
511. 20 
514.85 
519.02 
523.70 
528.86 
534.50 
540.59 
547.12 
554.07 
561.41 
569.12 
577.17 
585.55 
588.00 

676.4 and Radius, 177.9 

Coordinate Points 

Circle Center At X = 140.5 ; Y 678.3 and Radius, 177.6 
*** 2.167 *** 

Failure Surface specified By 33 Coordinate Points 
Point x-surf Y-Surf 
Ne. (ft) {ft) 
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1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 

Circle 

31.32 
:;a.-12 
45.93 
53.81 
62.04 
70.60 
79.44 
88.55 
97.88 

107.41 
117.10 
125.92 
136.83 
146. 81 
156. 81 
166.80 
176.74 
186.61 
196. 36 
205. 96 
215.38 
224.59 
233.56 
:242.24 
250.62 
258.66 
266.33 
273.62 
280.48 
286.91 
292.87 
298.35 
302.57 

Center At X = 

552.10 
545.06 
538.46 
532.30 
526.63 
521.45 
516.78 
512.65 
509.05 
506.02 
503.55 
501.66 
500.36 
499.64 
499.51 
499.97 
501. 02 
502.66 
504.87 
507.66 
511. 01 
514. 91 
519.34 
524.30 
52 9. 76 
535. 71 
542.12 
548.97 
556.24 
563.90 
571. 93 
580.30 
587.67 

154.0 i Y 

*** 2.171 *** 
Failure Surface Specified By 33 

Point x-surf Y-Surf 
No. I ftl (ft) 

1 26.05 552.10 
2 33. 41 545.32 
3 41.14 538.98 
4 49.22 533.10 
5 57.64 527.69 
6 66.35 522.78 
7 75.33 518.38 
8 84.55 514.51 
9 93.98 511. 18 

10 103.58 508.40 
11 113.33 506.18 
12 123.20 504.53 
13 133.14 503.45 
14 143.13 502.95 
15 153.13 503.03 
16 163.10 503.68 
17 173.03 504.92 
18 182.86 506.72 
19 192.58 509.09 
20 202.14 512.02 
21 211. 52 515.49 
22 220.68 519.51 
23 229.59 524.04 
24 238. 22 529.09 
25 24€.55 534.62 
26 254.55 540.63 
27 262.18 547.09 
28 269.42 553.98 
29 276.26 561.?.R 

Page No. ____,\icc.O_'l __ _ 
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668.8 and Radius, 169.3 

Coordinate Points 
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(-
30 282.66 568.96 
31 288.61 577.00 
32 294.08 585.37 
33 295.59 588.00 

Circle Center At X = 146.8 ; y 675.7 and Radius, 172.8 
*** 2.172 *** 

Failure Surface Specified By 33 Coordinate Points 
Point x-surf Y-Surf 

No. (ft) (ft) 
1 31. 32 552.10 
2 38,43 545.08 
3 45.95 538.48 
4 53.85 532.35 
5 62.09 526.68 
6 70.65 521.51 
7 79.50 516.86 
8 88.61 512.73 
9 97.95 509.15 

10 107.48 506 .12 
11 117.17 503.66 
12 126.99 501.77 
13 136.90 500.47 
14 146.88 499.75 
15 156.88 499.62 
16 166.87 500.07 
17 176.81 501.12 
18 186.68 502.74 
19 196.43 504.95 
20 206.04 507. 72 
21 215.47 511. 06 
22 224.68 514.95 
23 233.65 519.37 
24 242.34 524.31 
25 250.73 529.75 
26 258.79 535.68 
27 266.48 542.07 
28 273.78 548.91 
29 280.66 556.16 
30 287. 11 563.80 
31 293.10 571. 81 
32 298.60 580.16 
33 302.88 587.57 

Circle Center At X = 154.1 ; y 669.4 and Radius, 169.8 
*** 2.172 *** 
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Phase 8 - Section E-E Downstream Static Whole Slope Circle 
Z:111146\STABIL-118EEDSST.PL2 Run By: R. Cox 9/23/2011 2:50PM 

800 1r==ir=============,,-----------,-------,----------i # fS 
a 1.73 
b 1.73 
C '1.73 
d 1.73 
e 1 73 

Soil 
Desc. 

Soil Total Saturated Friction Piez. 
Type Unit Wt. Unit Wt. Angle Surface 

600 

No. (pcf) (pcf) (deg) No. 
1 130.0 140.0 33.7 W1 
2 80.0 90.0 28.0 W1 

f 1.73IIL -=--=-=-----------
g 1.73 

CCR 
FCR 
SOIL 3 125.0 135.0 26.8 W1 

h 1.74 
1.74 
'1.74 

a. 
[\)} ti 

~ 
- -~f ~ 1- .1 1--/ .. ~---.• ~ 

" ~ . cc-:-·/ 

2 

.,,.,,,, .. ~ ',, , _,.,,, ,.,,/ , ,,-~ .. L =s'~ : , , 
0 

_ ~--:221 __ _,__=::::::::::----. 

400 ,_ 
3 3 

- •---- W2 ---------.--·•-··-··-•·-··-··-•---•-··-··-··-··----------••-----------·-··-··- _._. W2 

200 ,_ 

0'----------1 ______ __.l. ______ _L ______ _j_ _____ _J 

0 -~- ·--20u 400 600 800 1000 

STED 
PCSTABL5M/si FSmin=1.73 

Safety Factors Are Calculated By The Modified Bishop Method 
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Run Date: 

* * PCSTABLSM * * 
by 

Purdue University 
--Slope Stability Analysis-

Simplified Janbu, Simplified Bishop 
or Spencer~s Method of Slices 

9/23/2011 
Time of Run: 2, SOPM 
Run By: 
Input Data Filename: 
Output Filename: 
Unit: 

R. Cox 
Z:Beedsst. 
z: Seeds st. OUT 
ENGLISH 

Plotted 
PROBLEM 

Output Filename: Z:Beedsst.PLT 
DESCRIPTION Phase 8 - Section E-E 

Downstream Static Whole Slope Circle 
BOUNDARY COORDINATES 

17 Top Boundaries 
28 Total Boundaries 

Boundary X-Left Y-Left X-Right Y-Right Soil Type 
No. (ft) (ft) (ft) (ft) Below Bnd 

1 .00 442.21 39.38 
2 39.38 442.00 60.38 
3 60.38 449.00 65. 38 
4 65.38 449.00 95. 38 
5 95.38 439.00 144.78 
6 144.78 439.00 174.78 
7 174.78 449.00 194. 78 
B 194.78 449.00 325.78 
9 325. 78 492.00 345.78 

10 345.78 492.00 483.78 
11 483.78 538.00 513.78 
12 513.78 538.00 567.79 
13 567.79 556.00 605.95 
14 605.95 556.00 701.59 
15 701.59 588.00 731. 59 
16 731.59 588.00 749.59 
17 749.59 582.00 1000.00 
18 749.59 582.00 923.59 
19 513.78 538.00 583.78 
20 583.78 538.00 625.78 
21 625.78 524.00 923.59 
22 625.78 524.00 721. 78 
23 345. 78 492.00 721.78 
24 721.78 492.00 861. Bl 
25 194.78 449.00 215.78 
26 215.78 442.00 442.73 
27 442.73 444.00 861.81 
28 861.81 445.32 1000.00 

ISOTROPIC SOIL PARAMETERS 
3 Type(s) of Soil 

Soil Total Saturated Cohesion Friction 
Type Unit Wt. Unit Wt. Intercept 

No. (pcf) (pcf) (psf) 
1 130.0 140.0 .0 
2 80.0 90.0 .0 
3 125.0 135.0 .0 

Angle 
(deg) 
33.7 
28.0 
26.8 

442.00 
449.00 
449.00 
439.00 
439.00 
449.00 
449.00 
492.00 
492.00 
538.00 
538.00 
556.00 
556.00 
588.00 
588.00 
582.00 
582.00 
524.00 
538.00 
524.00 
524.00 
492.00 
492.00 
445.32 
442.00 
444.00 
445.32 
445.75 

Pore Pressure 
Pressure Constant 

Param . (psf) 
. 00 .0 
.00 .0 
.00 . 0 

2 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED 
Unit Weight of Water= 62.40 
Piezometric Surface No. l Specified by 7 Coordinate Points 

Point 
No. 

1 
2 
3 
4 
5 
G 

X-Water 
(f~) 
.00 

39.38 
83.38 

212.78 
605.38 
740.59 

Y-Water 
(ft) 

442.00 
442.00 
443.00 
443.00 
530.80 
585.0C 

3 
3 
3 
3 
3 
3 
3 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
1 
1 
1 
2 
1 
1 
1 
3 
3 
3 
3 

Piez. 
Surface 

No. 
1 
1 
1 
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7 
Piezometric 

Point 
No. 

1 
2 
3 
4 

1000.00 
Surface 

X-Water 
(ft) 
.00 

218.39 
442.73 

1000.00 

No. 
585.00 
2 Specified by 4 Coordinate Points 
Y-Water 

(ft) 
422.21 
422.00 
424.00 
425.76 

A Critical Failure Surface searching Method, Using A Random 
Technique For Generating Circular Surfaces, Has Been Specified. 
400 Trial Surfaces Have Been Generated. 

20 Surfaces Initiate From Each Of 20 Points Equally Spaced 
Along The Ground Surface Between X 100.00 ft. 

and X 220.00 ft. 
Each Surface Terminates Between X 715.00 ft. 

and X 815.00 ft. 
Unless Further Limitations Were Imposed, The Minimum Elevation 
At Which A Surface Extends Is Y =422.50 ft. 
10.00 ft. Line Segments Define Each Trial Failure Surface. 
Following Are Displayed The Ten Most Critical Of The Trial 

Failure Surfaces Examined. They Are Ordered - Most Critical 
First. 

* * Safety Factors Are Calculated By The Modified Bishop Method** 
Failure Surface Specified By 66 Coordinate Points 

Point x-surf Y-Surf 
No. (ft) (ft) 

1 137.90 43 9. 00 
2 147.68 436.94 
3 157.49 435.01 
4 167.33 433.22 
5 1 77 .19 431.57 
6 187.08 430.06 
7 196.98 428.68 
8 206. 91 427.44 
9 216.85 426.34 

10 226.80 425.38 
11 236.77 424.56 
12 2~6. 74 423.87 
13 256.73 423.33 
14 266.72 422. 92 
15 276.72 422.66 
16 286. 72 422.53 
17 296. 72 422.55 
18 306. 71 422.70 
19 316.71 422.99 
20 326.70 423.42 
21 336.68 423.99 
22 346.66 424.70 
23 356.62 425.55 
24 366.57 426.53 
25 376.51 427.66 
26 386.43 428.92 
27 396.33 430.33 
28 406. 21 431.87 
29 416.07 433.54 
30 425.90 435.36 
31 435.71 437.31 
32 445.49 439.40 
33 455.24 441.62 
34 464.96 443.98 
35 474.64 446.48 
36 484.29 449 .11 
37 493.90 451.87 
38 503.47 454.77 
39 513.00 457.80 
40 522.49 460.96 
41 521.93 464.26 
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42 541. 32 467.69 
43 550.67 4 71. 24 
44 559.97 474.93 
45 569.21 478.75 
46 578.40 482.69 
47 587.53 486.76 
48 596.61 490.96 
49 605.62 495.29 
50 614.58 499.74 
51 623.47 504.31 
52 632.30 509.01 
53 641.06 513.83 
54 649.75 518.78 
55 658.37 523.84 
56 666.93 529.02 
57 675.40 534.33 
58 683.81 539.75 
59 692.14 545.28 
60 700.39 550.93 
61 708.56 556.70 
62 716.65 562.58 
63 724.65 568.57 
64 732.57 574.67 
65 740.41 580.89 
66 744.04 583.85 

Circle Center At X = 290.8 y 1139. 9 and Radius, 717.4 

*** 1. 725 *** 
Individual data on the 90 slices 

Water Water Tie Tie Earthquake 
Force Force Force Force Force Surcharge 

Slice Width Weight Top Bot Norm Tan Hor Ver Load 

( No. (ft) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) 
1 6.9 674.5 1718.4 2074.8 .0 . 0 .0 . 0 . 0 
2 2.9 877.2 670.8 1064.8 . 0 .0 .o .0 .0 
3 9.8 7455.7 902.2 4384.2 .0 .0 .0 ,0 . 0 
4 9.8 14108.4 .0 5543.4 .0 .0 . 0 .0 . 0 
5 7.4 14890.4 . 0 4902.1 .0 . 0 .o . 0 . 0 
6 2.4 5469.9 • 0 1715.0 . 0 . 0 .o . 0 .0 
7 9.9 23677.0 . 0 7605.1 . 0 . 0 . 0 .o . 0 
8 7.7 19790.4 . 0 6540.1 .0 . 0 . 0 . 0 . 0 
9 2.2 5975.2 . 0 1966.9 .0 . 0 .0 . 0 . 0 

10 9.9 30609.0 . 0 9322.8 . 0 . 0 .o .0 .0 
11 5.9 20922.9 . 0 5857.2 . 0 .0 . 0 .0 .0 
12 3.0 11473.6 . 0 3072. 3 .0 . 0 . 0 .0 . 0 
13 1.1 4209.2 . 0 1136.1 . 0 . 0 .0 . 0 . 0 
14 10.0 42484.9 .0 11672. 5 . 0 .o .0 .0 . 0 
15 10.0 48183.7 .0 13572.5 .0 .0 .0 .0 .0 
16 10.0 53704.5 .0 15389.5 .0 . 0 .0 .0 .0 
17 10.0 59042.5 . 0 17123.1 .o . 0 . 0 .0 . 0 
18 10.0 64192.9 .0 18772.9 . 0 . 0 .0 . 0 . 0 
19 10.0 69151.7 . 0 20338.7 . 0 .0 .o . 0 . 0 
20 6.4 46974.5 . 0 13859.6 . 0 .0 .0 .0 .0 
21 3.6 26940.1 . 0 7960. 5 .o . 0 .0 .0 .0 
22 10.0 78477.8 . 0 23216.9 .o . 0 .0 .0 .0 
23 10.0 82837.6 .0 24528.7 .0 . 0 .0 .0 .0 
24 4.4 38144.7 . 0 11296. 6 . 0 .0 .0 .0 . 0 
25 5.6 48846.3 . 0 14458.8 .0 .0 .0 .0 .0 
26 9.1 82394.7 . 0 24372.9 .o . 0 . 0 ,0 .0 
27 .9 8521.9 . 0 2523.7 .0 .0 . 0 . 0 . 0 
28 10.0 92146. 9 . 0 27952.2 . 0 .0 .o . 0 . 0 
29 9.1 83392.1 . 0 26336.3 .o . 0 .0 .0 .0 
30 . 9 8042.3 .o 2585.7 .o . 0 . 0 .o .o 
31 10.0 93015.5 . 0 29805.7 .0 .0 . 0 . 0 . 0 

( 32 10.0 96171.3 . 0 30603.2 . 0 .0 .o . 0 . 0 

"· 
33 9.9 99107.7 .0 31314.4 . 0 . 0 .0 .0 .0 
34 9.9 101822.5 . 0 31939.1 .0 . 0 .o .0 .0 
25 9.9 104315.1 .0 32477.1 .0 .o . 0 .o . 0 
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36 9.9 106584.3 .0 32928.4 .o . 0 . 0 .0 .0 
37 9.9 108629.3 . 0 33292.9 .0 .0 . 0 .o . 0 
38 9.8 110450.1 .o 33570.6 .0 .o . 0 . 0 . 0 
39 6. 0 68108.1 . 0 20568.9 .o .0 .0 . 0 . 0 
40 3.8 43938.1 .0 13192.4 .0 .0 .o . 0 . 0 
41 7.0 81226. 9 . 0 24295.5 . 0 . 0 .0 .0 .0 
42 2.B 32190.7 . 0 9569.5 .0 . 0 . 0 .0 . 0 
43 9.7 114566. 8 . 0 33881.7 . 0 . 0 .0 . 0 . 0 
44 9.7 115493.4 . 0 33811. 4 .0 . 0 . 0 .0 .0 
45 . 3 4084.8 . 0 1191. 5 .0 . 0 . 0 . 0 .0 
46 9.3 112057.5 . 0 32462.8 . 0 .0 .0 . 0 . 0 
47 9.1 110322. 0 . 0 31649.6 . 0 . 0 .0 .0 .0 
48 . 5 6175.4 .0 1760.4 .o . 0 . 0 .0 .o 
49 9.6 114425. 0 .0 33078.8 .0 .0 . 0 .0 .0 
50 9.6 110368.8 . 0 32660.9 .0 .0 . 0 . 0 . 0 
51 9.5 106142.8 . 0 32156.2 . 0 .0 . 0 . 0 . 0 
52 . 8 8502.9 . 0 2614. 9 . 0 . 0 .0 . 0 . 0 
53 8.7 94892.4 . 0 28950.0 .0 . 0 .0 .0 .0 
54 9.4 102696. 9 .0 30887.1 .0 .0 .o .0 .0 
55 9.4 101800.6 . 0 30122.6 .0 .0 . 0 .0 .o 
56 9.3 100697.6 . 0 29272. 2 . 0 .0 .0 . 0 . 0 
57 9.3 99390.3 . 0 28335.3 . 0 . 0 .0 .0 .0 
58 7.8 82931.7 .0 23191.0 .0 .0 .0 .0 .0 
59 1.4 14908.8 . 0 4121.9 .0 .o . 0 .0 . 0 
60 9.2 93787.2 . 0 26204.4 . 0 .0 .0 .0 . 0 
61 5.4 52636.5 . 0 14889.6 .0 .0 .0 .o .0 
62 3.8 35646. 5 . 0 l0121.0 .0 .0 . 0 . 0 . 0 
63 9.1 82660.3 .0 23731.6 . 0 . 0 .0 . 0 .. 0 
64 2.2 18912.5 . 0 5487.6 .0 . 0 .0 .0 .0 
65 6.6 56015.4 . 0 16297.3 .0 .o .0 .0 .0 
66 .2 1994.1 . 0 555.8 .0 .0 .0 .0 . 0 
67 .3 2691.9 . 0 756.6 .0 .0 .0 .0 . 0 
68 8.6 69944.6 . 0 19674. 7 .0 . 0 .0 .0 . 0 
69 8.9 70281.0 . 0 19887.8 . 0 .0 . 0 ,0 . 0 
70 2.3 1 7941. 0 . 0 5106.2 .0 .0 . 0 .0 . 0 
71 6.5 49467.2 .0 14151.3 .0 .0 . 0 .0 . 0 
72 8.8 63491.0 .0 18540.4 . 0 .0 .0 .0 . 0 
73 5.6 38854.6 . 0 11572.5 .0 . 0 .0 . 0 .0 
74 3.1 20761.9 . 0 6164.3 .0 .0 .o .0 .0 
75 8.6 58103.5 .0 16846.7 .0 .0 .0 .0 .0 
76 . 3 1763.5 . 0 502.6 . 0 .0 .0 .0 .0 
77 8.3 54373.2 .0 15367.8 .0 . 0 . 0 .0 . 0 
78 8.5 52875.7 . 0 14808.1 .0 . 0 . 0 .0 . 0 
79 8.4 49484.2 . 0 13659.9 .0 . 0 . 0 . 0 . 0 
80 8.3 45970.0 . 0 12426.1 .0 .0 . 0 . 0 .0 
81 8.2 42340.0 .0 11106. 9 .0 .0 .0 . 0 .0 
82 1.2 5900.6 .0 1520.1 . 0 .o .o .0 .0 
83 7.0 31645.9 . 0 8182.5 . 0 .0 .0 .0 .0 
84 8.1 30888.7 .o 8213.5 . 0 . 0 . 0 .0 . 0 
85 8.0 24193.1 . 0 6639.8 .0 . 0 . 0 . 0 . 0 
86 6.9 15679.8 .0 4455.5 .0 .0 . 0 .0 . 0 
87 1.0 1799.4 . 0 526.4 .0 . 0 . 0 . 0 .o 
88 7.8 9154.4 .0 3240.0 .0 .0 . 0 .0 .0 
89 . 2 101. 8 .0 53. 9 .0 .0 .0 . 0 .0 
90 3.5 959.3 130. 7 711. 8 .0 .0 .0 . 0 .0 

Failure Surface Specified By 66 Coordinate Points 
Point X-Su,::f Y-Surf 
No. (ft) (ft) 

1 144.21 439.00 
2 154.00 436. 96 
3 1€3.82 435.05 
4 173.66 433.28 
5 183.53 431.65 
6 193.41 430.16 
7 203.32 428.80 
8 213.25 427.59 
9 2:3.2.9 426.51 
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10 233 .14 425.56 
11 243.11 424.76 
12 253.('9 424.10 
13 263.08 423.57 
14 273.07 423.19 
15 283.07 422.94 
16 293.06 422.83 
17 303.06 422.86 
18 313.06 423. 03 
19 323.06 423.34 
20 333.05 423.79 
21 343.03 424.38 
22 353.00 425.10 
23 362.97 425.97 
24 3 72. 92 426.97 
25 382.85 428.11 
26 392.77 429.39 
27 402.67 430.81 
28 412.55 432.37 
29 422.40 434.06 
30 432.23 435.89 
31 442.04 437.86 
32 451.81 439.96 
33 461.56 442.20 
34 471.27 444.57 
35 480.95 447.08 
36 490.60 449. 72 
37 500.21 452.50 
38 509.77 455.41 
39 519.30 458.46 
40 528.78 461.63 
41 538.22 464.94 
42 547.61 468.38 
43 556.95 471.94 
44 566.24 475.64 
45 575.48 479.47 
46 584.66 483.43 
47 593.79 487.51 
48 602.86 491.72 
49 611.88 496.05 
50 620.83 500.51 
51 629.71 505.10 
52 638.54 509.80 
53 647.29 514.63 
54 655.98 519.59 
55 664.60 524.66 
56 673 .15 529.85 
57 681.62 535.16 
58 6 90. 02 540.58 
59 6 :'.)8. 34 546.13 
60 706.59 551.79 
61 714.75 557.56 
62 722. 84 563.44 
63 730.84 569.44 
64 738.76 575.55 
65 746.59 581.77 
66 747.66 582.64 

Circle Center At X = 295.8 ; y = 1141.4 and Radius, 718.6 

*** 1. 727 *** 
Failure Surface specified By 66 Coordinate Points 

Point x-surf Y-Surf 
No. (ft) (ft) 

1 
2 
3 
4 
5 

144.21 
154.01 
163.83 
173.68 
::!..83. 55 

439.00 
436.99 
435.12 
433.39 
431.79 
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6 193.44 430.32 
7 203. 35 428.99 
8 213.28 427.80 
9 223.23 426.74 

10 233.18 425.81 
11 243 .15 425.03 
12 253.13 424.38 
13 263.12 423.86 
14 273.11 423.49 
15 283. 11 423.25 
16 293.11 423.14 
17 303. 11 423.18 
18 313.11 423.35 
19 323.10 423.65 

20 333.09 424.10 
21 343.07 424.68 
22 353.05 425.40 
23 363.01 426.25 
24 372. 96 427.24 
25 382.90 428.36 
26 392.82 42 9. 63 
27 402.72 431. 02 
28 412. 60 432.56 
29 422. 46 434.22 
30 432.30 436.03 
31 442.11 437.96 
32 451.89 440.03 
33 461.65 442.24 
34 471.37 444.58 

35 481.06 447.05 

36 490.72 449.65 
37 500.33 452.38 
38 509. 91 455.25 

39 519.46 458.25 

40 528.95 461.37 
41 538.41 464.63 

42 547.82 468.02 
43 557.18 471.53 
44 566.49 475.17 
45 575.76 478. 94 
46 584.97 482.84 
47 594.12 486.86 
48 603. 22 491.00 
49 612.26 495.27 
50 621. 25 499.67 
51 630.17 504.18 
52 639.03 508.82 
53 647.82 513.58 
54 656.55 518.46 
55 665.22 523.45 

56 673.81 528.57 
57 682. 33 533.80 
58 690.78 539.15 
59 699.16 544.61 
60 707.46 550.19 
61 715.68 555.88 
62 723. 82 561.68 
63 731.89 567.60 
64 739.87 573.62 
65 747.77 579.75 
66 750.58 582.00 

Circle Center At X = 295.7 ; y = 1154.0 and Radius, 730.8 

*** 1.730 *** 
Failure surface Specified By 66 Coordinate Points 

Point x-surf Y-Surf 
No. (ft) (ft) 

l 4.39.00 
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2 141.37 
3 151.18 
4 161.02 
5 170.89 
6 180.77 
7 190.68 
8 200.60 
9 210.54 

10 220.50 
11 230.47 
12 240.44 
13 250.43 
14 260.42 
15 270.42 
16 280.42 
17 290.42 
18 300.42 
19 310.41 
20 320.40 
21 330.38 
22 340.36 
23 350.32 
24 360.27 
25 370.20 
26 380.12 
27 390.02 
28 399.89 
29 409.75 
30 419.58 
31 429.38 
32 439.16 
33 448.90 
34 458.61 
35 468.29 
36 477.93 
37 487.53 
38 497.09 
39 506.61 
40 516.09 
41 525.52 
42 534.90 
43 544.24 
44 553.52 
45 562.75 
46 571.93 
47 581.05 
48 590 .11 
49 599 .11 
50 608.05 
51 616.92 
52 625.73 
53 634.47 
54 643.15 
55 651.75 
56 660.28 
57 668.74 
58 677.12 
59 685.43 
60 693.65 
61 701.80 
62 709.86 
63 71 7. 84 
64 725.74 
65 733.54 
66 737.76 

Circle Center At X 
l. 730 

= 

436.95 
435.03 
433.25 
431. 61 
430.11 
428.74 
427.52 
426.43 
425.48 
424.67 
424.01 
423.48 
423.09 
422.84 
422.73 
422.76 
422.93 
423.24 
423.69 
424.28 
425.01 
425.88 
426.89 
428.04 
429.32 
430.75 
432.31 
434.01 
435.85 
437.83 
43 9. 94 
442.19 
444.58 
447.10 
449.76 
452.55 
455.48 
458.54 
461. 73 
465.06 
468.51 
4 72 .10 
475.82 
479.66 
483.64 
487.75 
491.98 
496.33 
500.82 
505.43 
510.16 
515.01 
519.99 
525.08 
530.30 
535.64 
541.09 
546.66 
552.35 
558.15 
564.06 
570.09 
576.23 
582.47 
585.94 

283.2 ; Y 

*** 
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Failure 
Point 

N:>. 
l 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 

Surface Specified By 67 
x-surf Y-Surf 

(ft} (ft} 
125.26 439.00 
135.06 437.00 
144.88 435.13 
154.73 433.39 
164.60 431.78 
174.49 430.30 
184.40 428. 96 
194.33 427.75 
204.27 426.67 
214.23 425. 73 
224.19 424.92 
234.17 424.24 
244.15 423.69 
254.15 423.28 
264 .14 423.00 
2 74. 14 422.86 
284.14 422.85 
294.14 422.97 
304.14 423.23 
314 .13 423.62 
324.12 424.14 
334.09 424.80 
344.06 425.59 
354.02 426.51 
363.96 427.57 
373.89 428.76 
383.81 430.08 
393.70 431.54 
403.57 433.12 
413.4'2 434.84 
423.25 436.69 
433.05 438.67 
442.83 440.78 
452.57 443.03 
462.29 445.40 
471.97 447.90 
481.62 450.53 
491. 23 453.29 
500.80 456.18 
510.34 459.20 
519.83 462.34 
529.28 465.61 
538.69 469.00 
548.05 472.52 
557.36 476.17 
566.62 479.94 
575.83 483.83 
584.99 487.85 
594.09 491.99 
603.14 496.25 
612.13 500.63 
621. 06 505.13 
629.93 509.75 
638.74 514.48 
647.48 519.34 
656.16 524.31 
664.77 529.39 
673.31 534.59 
681.78 539.91 
690.18 545.34 
698.50 550.88 
706.75 556.53 
714.93 562.28 
723.03 568.15 
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65 
66 
67 

731.04 
738.98 
743.73 

574.13 
580.21 
583.95 
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Circle Center At X = 279.9 ; Y = 1171.0 and Radius, 748.2 
*** 1.731 *** 

Failure Surface Specified By 65 Coordinate Points 
Point x-surf Y-Surf 

No. (ft) (ft) 
1 144.21 439.00 
2 153.99 436.92 
3 163.80 434.99 
4 173.64 433.19 
5 183.50 431.54 
6 193.39 430.04 
7 203.30 428.68 
8 213.22 427.46 
9 223.17 426.39 

10 233,12 425,46 
11 243.09 424.68 
12 253.07 424.04 
13 263.06 423.55 
14 273.05 423.20 
15 283.05 423.00 
16 293.05 422.94 
17 303.05 423.03 
18 313, 05 423.26 
19 323.04 423.64 
20 333.03 424.17 
21 343.00 424.84 
22 352.97 425.65 
23 362, 92 426.61 
24 372. 86 427.72 
25 382.79 428.97 
26 392.69 430.36 
27 402.57 431.90 
28 412. 43 433.58 
29 422.26 435.41 
30 432.06 437.37 
31 441. 84 439.48 
32 451.58 441.73 
33 461.29 444.13 
34 470,96 446.66 
35 480.60 449.34 
36 490.20 452.15 
37 499.75 455.10 
38 509.26 458.20 
39 518. 72 461.43 
40 528, 14 464.80 
41 537.50 468.30 
42 546.82 471.94 
43 556.08 475.72 
44 565,28 479.63 
45 574.43 483.67 
46 583,52 487.84 
47 592.54 492.15 
48 601. 50 496.59 
49 610.40 501.16 
50 619.22 505.86 
51 627,98 510.68 
52 636.67 515.63 
53 645.29 520. 71 
54 653.83 525. 91 
55 662.29 531.24 
56 670.67 536.69 
57 678.98 542.26 
58 687.20 547.95 
59 6:15.34 553,76 
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60 703.40 559.69 
61 711. 36 565.73 
62 719.24 571. 89 
63 727.03 578.16 
64 734.72 584.55 
65 736.75 586.28 

circle Center At x = 291.9 ; Y = 1110.3 and Radius, 687.4 
*** 1.731 *** 

Failure Surface Specified By 68 Coordinate Points 
Point X-Surf Y-Surf 

No. (ft) (ft) 
1 118.95 439.00 
2 128.75 437.02 
3 138.58 435.17 
4 14 8. 43 433.45 
5 158.30 431.85 
6 168.19 430.39 
7 178.10 429.06 
8 188.03 427.86 
9 197.97 426.79 

10 207.93 425.85 
11 217.90 425.04 
12 227.87 424.36 
13 237.86 423.82 
14 247.85 423.40 
15 257.85 423.12 
16 267.84 422.97 
17 277. 84 42-2.95 
18 287.84 423.06 
19 297.84 423.30 
20 307.83 423.67 
21 317.82 424.18 
22 327.80 424.82 
23 337.77 425.58 
24 347.73 426.48 
25 357.68 427.51 
26 367.61 428.68 
27 377.53 429.7:7 
28 387.42 431.39 
29 397.30 432.94 
30 407.16 434.62 
31 417.00 436.44 
32 426.81 438.38 
33 436.59 440.45 
34 446.34 442.64 
35 456.07 444.97 
36 465.76 447.43 
37 475.43 450.01 
38 485.05 452.71 
39 494.64 455.55 
40 504.19 458.51 
41 513.70 461. 60 
42 523.18 464.81 
43 532.60 468.14 
44 541.99 471.60 
45 551.32 475.18 
46 500.61 478.89 
47 569.85 482.72 
48 579.04 486.66 
49 588.17 490.73 
50 597.25 4 94. 92 
51 606.28 499.23 
52 615.24 503.65 
53 624.lS 508.20 
54 633.00 512.86 
55 641.79 517.63 
SC 6.SC.51 522.52 
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57 659.17 527.53 
58 667.76 532.65 
59 676.28 537.88 
60 684.73 543.22 
61 693.11 548.68 
62 7 01. 42 554.24 
63 709.66 559.91 
64 717. 82 565.69 
65 725.90 571. 58 
66 733.91 577. 57 
67 741. 83 583.67 
68 742.65 584.31 

Circle Center At X = 274.4 ; y = 1183. 0 and Radius, 760.1 

*** 1.734 *** 
Failure Surface Specified By 66 coordinate Points 

Point x-surf Y-Surf 
No. (ft) (ft) 

1 156.84 443.02 
2 166.56 440.68 
3 176.32 438.47 
4 186.10 436.41 
5 195.92 434.49 
6 205.76 432.71 
7 215.62 431. 07 
8 225.51 429.57 
9 235.42 428. 22 

10 245.34 427.01 
11 255.29_ 425.95 
12 265.24 425.03 
13 275. 21 424.25 

( 
14 285.19 423.62 
15 295.18 423.13 
16 305.18 422. 79 
17 315.17 422.59 
18 325.17 422.54 
19 335.17 422.63 
20 345.17 422.86 
21 355.16 423.24 
22 365.15 423.76 
23 375.13 424.43 
24 385.10 425.24 
25 395.05 426.20 
26 404.99 427.30 
27 414.91 428.54 
28 424.81 429.93 
29 434.70 431.46 
30 444.56 433.13 
31 454.39 434.95 
32 464. 20 436.91 
33 473. 97 439.01 
34 483.72 441.25 
35 493.43 443.63 
36 503 .11 446.15 
37 512.75 448.81 
38 522.35 451.61 
39 531. 91 454.54 
40 541.42 457.62 
41 550.89 460.83 
42 560.32 464.18 
43 569.69 467.67 
44 579.01 471.29 
45 588.28 4 75. 04 
46 597.49 478.93 
47 606.65 482.95 
48 615.74 487.11 
49 624.78 491.39 
50 633.75 495.81 
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51 642.66 
52 651. 50 
53 660.27 
54 668.98 
55 677.61 
56 686.16 
57 694.64 
58 703.05 
59 711. 37 
60 719. 62 
61 727.78 
62 735.85 
63 743. 84 
64 751.74 
65 759.56 
66 765.68 

Circle Center At X 
*** 1. 735 

= 
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500.35 
505.02 
509.82 
514.75 
519.80 
524.97 
530.27 
535.69 
541. 23 
546.90 
552.68 
558.57 
564.59 
570.71 
576.96 
582.00 

323.9 ; Y = 1114.1 and Radius, 691.6 

*** 
Failure Surface Specified By 68 Coordinate Points 

Point x-surf Y-Surf 
No. (ft) (ft) 

1 144. 21 439.00 
2 154.02 43 7. 04 

3 163.85 435.22 
4 173.70 433.51 
5 183.58 431. 94 
6 193.47 430.50 
7 2_03. 39 429.18 
8 213.32 427.99 
9 223.26 426.93 

10 233.22 426.00 
11 24.3.18 425.20 
12 253.16 424.53 
13 263.15 423.98 
14 273.14 423.57 
15 283.13 423.28 
16 293. 13 4:3.13 
17 303.13 423.10 
18 313. 13 423.21 
19 323. 13 423.44 

20 333.12 423.81 
21 343.11 424.30 
22 353.09 424.92 
23 363.06 425.67 
24 373.02 426.55 
25 382.97 427.56 
26 392.91 428.70 
27 402.83 429.97 
28 412.73 431.37 
29 422. 61 432.89 

30 432. ~a 434.54 
31 442.32 436.32 
32 452.13 438.23 
33 461.92 440.26 
34 471.69 442.42 

35 481.42 444.71 

36 491.13 447.12 
37 500.80 449.66 
38 510.44 452.32 
39 520.04 455.11 
40 529.61 458.02 
41 539.14 461.06 
42 548.f.2 464.22 
43 558.07 467.50 
44 567.47 470.91 
45 576.83 474.43 
46 586.14 478.08 
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47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 

595.41 
604.62 
613.78 
622.89 
631.95 
640.95 
649.89 
658.77 
667.60 
676.36 
685.06 
693.69 
702.26 
710.76 
719.19 
727.56 
735.85 
744.06 
752.20 
760.27 
768.26 
769.12 

481.84 
485.73 
489.74 
493.86 
498.10 
502.46 
506.94 
511. 53 
516.23 
521. 05 
525.98 
531.03 
536.18 
541.45 
546.83 
5 52. 31 
557.91 
563.61 
569.41 
575.32 
581.34 
582.00 

circle Center At X = 300.1 ; Y = 1194.B and Radius, 771.7 
*** 1.736 *** 

Failure Surface Specified By 69 Coordinate Points 
Point X-Surf Y-Surf 
No. (ft) (ft) 

1 106.32 439.00 
2 116.12 437.05 
3 125.96 435.22 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

135.81 
145.68 
155.58 
165.49 
175.41 
185.35 
195.31 
205.27 
215.25 
225.23 
235.22 
245.21 
255.21 
265.21 
275.21 
285.21 
295.20 
305.20 
315.18 
325.16 
335.13 
345.09 
355.04 
364.97 
374.89 
384,79 
3 94. 6 7 
404.54 
414.38 
4:4.20 
433.99 
4½.3.76 
453.51 
463.22 
472.90 
482.55 
492.17 

433.52 
431.94 
430.48 
429. 14 
427.93 
426,84 
425.88 
425.M 
424.32 
423./3 
423.27 
422.93 
422.71 
422.62 
422.65 
422.81 
423.09 
423.49 
424.02 
424.68 
425.46 
426.36 
427.39 
428.54 
429.82 
431. 21 
432.74 
434.38 
436.15 
438.04 
440.05 
442.19 
444.44 
446.82 
449.32 
451.94 
454.68 
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41 
42 
43 
44 
45 
46 
47 
48 
49 
so 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 

Circle Center 
*** 

501.75 
511. 30 
520.81 
530.28 
539. 71 
549.09 
558.43 
567.73 
576.98 
586.18 
595.34 
604.44 
613. 4 9 
622. 4 8 
631.42 
640.31 
649.13 
657.90 
666.61 
675.25 
683.83 
692.35 
700.80 
709.18 
71 7. 50 
725.74 
733.91 
742.01 
748.16 
At X = 
1. 736 

457.54 
460.52 
463.61 
466.83 
470.16 
473.61 
477.18 
480.86 
484.66 
488.57 
492.60 
496.74 
501. 00 
505.37 
509.85 
514.44 
519 .14 
523.95 
528.87 
533.89 
539.03 
544.27 
549.62 
555.07 
560.63 
566.29 
572. 05 
577.91 
582.48 

267.6 ; Y 

*** 
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1224.8 and Radius, 802.2 
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Phase 8 - Section E-E Downstream Static Shallow Slope Circle 
Z:111146\STABIL~118EEDSST2.PL2 Run By: R. Cox 9123/2011 2:55PM 

800 r-;===;;======i=========,,-------,---------i------~ 
# FS Soil Soil Total Saturated Friction Piez. 
a 2.29 Desc. Type Unit Wt. Unit Wt. Angle Surface 
b 2.29 No. (pcf) (pcf) (deg) No. 
c 2.30 CCR 1 130.0 140.0 33. 7 W1 
d 2.30 FCR 2 80.0 90.0 28.0 W1 
e 2.31 SOIL 3 125.0 135.0 26.8 W1 
f 2.31 
g 2.31 
h 2.31 
i 2.33 

600 j 2.33 

1 --------· 

1 . __ ./1 ____ .. - -

~ 1 •--,./ ~d, "'---::------=-...--- ' • - 1 -··1w1--• 
------- ------ j7, / 2 

2 

-.< ____ .1-------·· = ~ 

Wl ~-- -----F'"T3·3~-- 3 ~--L _________________ 3 _________________________________________________ _ 
W2 W2 W2 

3 3 
··- ·-··-· ·---- W2 

400 

200 ,_ 

0L....---------'-----------'---------~---------'---------' 
0 200 400 600 800 1000 

PCSTABLSM/si FSmin=2.29 
STED Safety Factors Are Calculated By The Modified Bishop Method 
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co 
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Run Date: 

** PCSTABL5M ** 
by 

Purdue U~iversity 
--Slope Stability Analysis-

Simplified Janbu, Simplified Bishop 
or Spencer's Method of Slices 

9/23/2011 
Time of Run: 2:55PM 
Run By: 
Input Data Filename: 
Output Filename: 
Unit: 
Plotted 
PROBLEM 

R. Cox 
z: 8eedsst2. 
Z:8eedsst2.0UT 
ENGLISH 

Output Filename: Z:Beedsst2.PLT 
DESCRIPTION Phase 8 - Section E-E 

Downstream Static Shallow Slope Circle 
BOUNDARY COORDINATES 

17 Top Boundaries 
28 Total Boundaries 

Boundary X-Left Y-Left X-Right Y-Right Soil Type 
No. (ft) (ft) (ft) (ft) Below Bnd 

1 .00 442.21 
2 39. 38 442.00 
3 60.38 449.00 
4 65.38 449.00 
5 95.38 439.00 
6 144.78 439.00 
7 174.78 449.00 
8 194.78 449.00 
9 325.78 492.00 

10 345.78 492.00 
11 483.78 538.00 
12 513.78 538.00 
13 567.79 556.00 
14 605.95 556.00 
15 701. 59 588.00 
16 731.59 588.00 
17 749.59 582.00 
18 749.59 582.00 
19 513.78 538.00 
20 583.78 538.00 
21 625. 78 524.00 
22 625.78 524.00 
23 345.78 492. 00 
24 721.78 492.00 
25 194.78 449.00 
26 215.78 442.00 
27 442.73 444.00 
28 861. 81 445.32 

ISOTROPIC SOIL PARAMETERS 
3 Type(s) of Soil 

Soil Total Saturated Cohesion 
Type unit Wt. Unit Wt. Intercept 
No. (pcf) (pcf) (psf) 

1 130.0 140.0 .0 
2 80.0 90.0 .0 
3 125.0 135.0 .0 

39.38 
60.38 
65.38 
95. 38 

144.78 
174.78 
194.78 
325.78 
345.78 
483.78 
513.78 
567.79 
605.95 
701.59 
731.59 
749.59 

1000.00 
923.59 
583.78 
625.78 
923.59 
721.78 
721. 78 
861.81 
215.78 
442.73 
861.81 

1000.00 

Friction 
Angle 
(deg) 
33.7 
28.0 
26.8 

442.00 
449.00 
449.00 
439.00 
439.00 
449.00 
449.00 
492.00 
492.00 
538.00 
538.00 
556.00 
556.00 
588.00 
588.00 
582.00 
582.00 
524.00 
538.00 
524.00 
524.00 
492. 00 
492.00 
445.32 
442.00 
444.00 
445.32 
445.75 

Pere Pressure 
Pressure Constant 

Param. (psf) 
,00 .0 
.00 .0 
.00 .0 

2 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED 
Unit Weight of Water= 62.40 
Piezometric Surface No. 1 Specified by 7 Coordinate 

Point X-Water Y-Water 
No. (ft) (ft) 

1 .OD 442.00 
2 
3 
4 

5 
G 

39. 38 
83.38 

212.78 
605.38 
740.59 

442.00 
443.00 
443.00 
530.80 
585.00 

Points 

3 
3 
3 
3 
3 
3 
3 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
1 
1 
1 
2 
1 
1 
1 
3 
3 
3 
3 

Piez. 
Surface 

No. 
1 
1 
1 



R11868Page No. _?,.,_~-"'3'----

Z,\lll4G\stabil~l\0eedsst2.OUT Page 2 

7 1000.00 585.00 
Piezometric Surface 

Point X-Water 
No. 2 Specified by 4 coordinate Points 

Y-Water 
No. 

1 
2 
3 
4 

(ft) 
.00 

218.39 
442.73 

1000.00 

(ft) 
422.21 
422.00 
424.00 
425.76 

A critical Failure Surface Searching Method, Using A Random 
Technique For Generating Circular surfaces, Has Been Specified. 
400 Trial Surfaces Have Been Generated. 

20 Surfaces Initiate From Each Of 20 Points Equally spaced 
Along The Ground Surface Between X 310.00 ft. 

and X 400.00 ft. 
Each Surface Terminates Between X 715. 00 ft. 

and X 815.00 ft. 
Unless Further Limitations were Imposed, The Minimum Elevation 
At Which A Surface Extends Is Y =422.50 ft. 
10.00 ft. Line Segments Define Each Trial Failure Surface. 
Following Are Displayed The Ten Most Critical Of The Trial 

Failure surfaces Examined. They Are Ordered - Most Critical 
First. 
* * Safety Factors Are Calculated By The Modified Bishop Method** 
Failure Surface Specified By 51 coordinate Points 

Point x-surf Y-Surf 
No. (ft) (ft) 

1 310.00 486.82 
2 318.39 481.37 
3 326.95 476.20 
4 335.67 471.32 
5 344.56 466.73 
6 353.59 462.44 
7 362.76 458.46 
8 372.06 454. 77 
9 381. 48 451. 40 

10 391.00 448.35 
11 400.61 445.61 
12 ,;10.32 443.19 
13 420.10 441.10 
14 429.94 439.33 
15 439.83 437.89 
16 449.77 436.78 
17 459.74 436.00 
18 469.73 435.55 
19 479.73 435.43 
20 489.73 435.65 
21 499. 71 436.20 
22 509.68 437.08 
23 519.60 438.29 
24 529.48 439.82 
25 539.31 441.69 
26 549.06 443.88 
27 558.74 446.39 
28 568.33 449.23 
29 577. 82 452.38 
30 587.21 455.84 
31 596.47 45 9. 62 
32 605.60 463.70 
33 614.59 468.08 
34 623.42 472.75 
35 632.10 477.72 
36 640.61 482.97 
37 648.94 488.51 
38 657.08 494.31 
39 665.03 500.39 
40 672.77 506. 72 

~" 680.29 Sl3. 31 
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,2 687.59 520.14 
43 694.66 527.21 
44 701. 49 534.51 
45 708.08 542.04 
46 714.41 549.78 
47 720.48 557.73 
48 726.28 565.87 
49 731.81 574.20 
50 737. 06 582. 71 
51 738.73 585.62 

Circle Center At X = 478.2 y 736.5 and Radius, 301.1 

*** 2.288 *** 
Individual data on the 70 slices 

Water Water Tie Tie Earthquake 
Force Force Force Force Force Surcharge 

Slice Width Weight Top Bot Norm Tan Hor Ver Load 
No. (ft) (lbs) (lbs) {lbs) (lbs) (lbs) (lbs) (lbs) (lbs) 

1 8.4 4470.0 . 0 . 0 . 0 .0 . 0 .o .0 
2 7.4 11196. 6 .0 .0 . 0 .0 .0 . 0 . 0 
3 1.2 2341. 8 .0 .0 . 0 .0 .0 . 0 .0 
4 8.7 20692.7 . 0 . 0 .0 . 0 . 0 .0 .0 
5 1.1 3089.4 . 0 . 0 . 0 .0 . 0 .o .o 
6 7. 8 23662.0 . 0 1524.4 . 0 .0 .0 .0 .0 
7 1.2 4127.9 .0 507. 2 .0 . 0 .0 . 0 . 0 
8 7.8 30166.5 .0 4909.3 .o . 0 . 0 .0 .0 
9 9.2 43887.9 . 0 9177.8 . 0 .0 . 0 . 0 . 0 

10 9. 3 53388.6 . 0 12771.7 . 0 . 0 .0 . 0 . 0 
11 9.4 62710.2 . 0 16194.1 .0 .0 . 0 .0 .0 
12 9.5 71801. 0 . 0 19441.4 . 0 .0 . 0 .0 .0 
13 9. 6 80610.5 .0 22509.8 . 0 .0 . 0 . 0 . 0 
14 7.7 69850.3 .0 19858.6 . 0 .0 . 0 .0 . 0 
15 2.0 19238.0 .0 5537.4 . 0 . 0 . 0 .0 .0 
16 9. 8 97117.8 .0 28097.0 .o .0 . 0 . 0 . 0 
17 9.8 104706.7 .0 30609.5 .0 . 0 .0 . 0 . 0 
18 1.9 21493. 3 . 0 6300.3 .0 . 0 . 0 . 0 . 0 
19 7.9 90360.1 . 0 26630.7 .o . 0 .0 . 0 .0 
20 2.9 33913.8 .0 10004.7 .0 . 0 . 0 . 0 .o 
21 7.0 84608.7 . 0 25054.1 .0 .0 . 0 .0 .0 
22 10.0 124682.1 .0 2-6990. 5 . 0 .0 . 0 .0 .0 
23 10.0 130300.2 . 0 38724.1 . 0 .0 . 0 .o . 0 
24 10.0 135350.5 .0 40257.6 . 0 . 0 . 0 . 0 . 0 
25 4.0 56102.0 . 0 16693.1 .0 . 0 .0 . 0 . 0 
26 5.9 82940.8 . 0 24896.3 .0 . 0 .0 . 0 .0 
27 10.0 138923.5 . 0 42717.9 .0 .0 .0 .0 .0 
28 10.0 137851.6 .0 43642.1 . 0 .0 . 0 . 0 . 0 
29 4.1 56482.9 .o 18268.0 . 0 . 0 . 0 .0 . 0 
30 5.8 80440.4 .0 26092.7 . 0 . 0 . 0 .0 . 0 
31 9.9 138552. 8 . 0 44873.0 .0 . 0 . 0 .0 . 0 
32 9. 8 139909.7 . 0 45178.3 .0 . 0 .0 . 0 .0 
33 9.8 140629.9 . 0 45276.8 .0 . 0 .0 . 0 .0 
34 1.8 25633.8 .0 8267.6 . 0 . 0 .0 . 0 .0 
35 7.9 115039.9 .0 36899.9 .0 . 0 .0 . 0 . 0 
36 9.0 132060.8 .0 42320.7 . 0 .0 .0 .0 . 0 
37 . 5 7938.8 .0 2530.7 . 0 .0 . 0 .0 . 0 
38 9.5 136531.3 . 0 44328.3 . 0 . 0 . 0 .0 . 0 
39 6.0 83553.2 . 0 27777. 2 .0 .0 . 0 .0 . 0 
40 3.4 47254.6 .0 15821. B .0 . 0 . 0 .0 .0 
41 9. 3 124636.5 .0 42664.5 .0 . 0 .0 . 0 .0 
42 8.9 115321. 3 . 0 40558.1 . 0 .0 .0 . 0 .0 
43 .2 2726. 1 . 0 922.5 . 0 .0 .o .0 . 0 
44 .4 4467.5 . 0 1537.2 .0 .0 . 0 .0 . 0 
45 8.6 108054.8 .0 37261.5 .0 . 0 . 0 .0 . 0 
46 8. 8 108782.6 .0 38244.2 .0 . 0 . 0 .0 .0 
47 2.4 28621.0 .0 10257.7 .0 . 0 . 0 .0 .0 
48 6.3 75617.0 . 0 27225. 2 .0 .o .o . 0 .0 
49 8.5 98422.2 . 0 36515.9 . 0 .0 .0 . 0 .0 
50 8.3 ~~~"" ~ ..., 

::;,~~~:) • I . 0 .., ,::: .., ~ ~ ~ ..:, J..,-="" . .L . 0 .0 .0 .0 .0 
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51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 

4.9 52165.4 . 0 20620.5 
3.2 33604.5 . 0 13348.4 
7.9 79070.3 .0 32391.7 
7.7 72185.8 . 0 30614. 2 
1. 3 11975.0 .0 5248.0 
6.2 54348.2 .0 23390.6 
7.3 62486.2 .0 26466.9 
3.9 32203.3 . 0 13461.0 
3.2 26057.6 . 0 10640.6 
6.8 52055.5 . 0 21545.3 

.1 700.0 . 0 295.4 
6.5 43847.3 . 0 18505.1 
6.3 36252.3 .0 15870.8 
6.1 28267.6 .0 12758.9 
5.8 20647.5 . 0 9468.6 
5.3 13023. 0 . 0 5829.3 

.2 420.7 . 0 174.0 
5.3 6062.9 .0 2367.0 

. 6 237.1 .0 33.0 
1.0 139. 5 . 0 . 0 
Failure 

Point 
Surface Specified By 55 

No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 

x-surf Y-Surf 
(ft) (ft) 

310.00 
318.05 
326.29 
334. 71 
343.29 
352.04 
360.93 
369.97 
379.14 
388.43 
397.84 
407.35 
416.95 
426.64 
436.40 
446.23 
456.11 
466.03 
475.99 
485.98 
495.97 
505.97 
515.97 
525. 94 
535.89 
545.80 
555.66 
565.47 
575.21 
584.87 
5 94. 4 4 
603. 91 
613.28 
622.53 
631.65 
640.64 
649.48 
658.17 
666.70 
675.05 
683.22 
691. 21 
699.00 
705.S8 

486.82 
480.89 
475.22 
469.82 
464.70 
459.84 
455.27 
450.99 
447.00 
443.31 
439.91 
436.82 
434.03 
431.55 
429.39 
427.53 
426.00 
424. 77 
423.87 
423.29 
423.03 
423.08 
423.46 
424.16 
425.17 
426.50 
428.15 
430.12 
432.39 
434.98 
437.88 
441. 08 
444.58 
448.38 
452.48 
456.86 
461.53 
466.48 
471.70 
477.20 
482. 96 
488.98 
495.25 
501.77 

Page No. __ -.,,_,..,;,s __ _ 

z,\11146\stabil-l\8eedsst2.OUT Page 4 

. 0 .0 . 0 .0 . 0 

. 0 .0 . 0 . 0 . 0 

.0 . 0 . 0 . 0 .0 

.0 .0 . 0 .0 .0 

.o .0 . 0 .0 .0 

. 0 .0 .o .0 . 0 

. 0 .0 .0 .0 .. 0 

. 0 . 0 . 0 . 0 .0 

. 0 .0 .o .0 . 0 

. 0 .0 .0 .0 . 0 

.0 . 0 . 0 . 0 . 0 

.0 . 0 . 0 .0 .0 

.0 .0 .0 .0 . 0 

. 0 .0 .0 .0 . 0 

. 0 .0 .o .0 . 0 

. 0 .0 .0 .0 . 0 

.o .0 .0 .0 . 0 

.0 . 0 .0 .0 . 0 

.0 . 0 . 0 . 0 .o 

.o .0 . 0 . 0 .0 
Coordinate Points 
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( 

45 
46 
47 
48 
49 
SD 
51 
52 
53 
54 
55 

713.96 
721.11 
728.03 
734.72 
741.17 
747.37 
753.32 
7!39.00 
764.42 
769.57 
771.30 

508.53 
515.52 
522.73 
530.16 
537.81 
545.65 
553.69 
5Gl.92 
570.32 
578.90 
582.00 

Circle Cencer At X = 499.2 ; Y 
*** 2.291 *** 

Page No.-~'cc'-~---

z,\11146\stabil~l\8eedsst2.OUT Pages 

735.4 and Radius, 312.4 

Failure surface Specified By 52 Coordinate Points 
Point X-Surf Y-Surf 
No. (ft) (ft) 

1 314.74 488.38 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 

322. 91 
331.27 
339.81 
348.52 
357.39 
366.41 
375.57 
384.86 
394. 27 
403.79 
413.40 
423.10 
432.88 
442.73 
452.62 
462.56 
472.53 
482.52 
492. 52 
502.52 
512.50 
522.46 
532.38 
542.26 
552.07 
561.82 
571.48 
581.05 
590.52 
599.88 
609 .11 
618.21 
627.16 
635. 96 
644.60 
653.05 
661.33 
669.41 
677.29 
684.96 
692.41 
699.62 
706.61 
713. 34 
719. 83 
726.05 
732.01 
737.70 
743.10 
748.22 

482.61 
477.12 
471.92 
467.01 
462. 3 9 
458.07 
454.06 
450.36 
446.98 
443.91 
441.16 
438.74 
436.65 
434.89 
433.45 
432.36 
431.59 
431.16 
431.07 
431.32 
431.90 
432.82 
434.07 
435.65 
437.56 
439.61 
442.38 
445.27 
448.48 
452.01 
455.85 
460.01 
464.46 
469.21 
474.26 
479.59 
485.21 
491. 10 
497.25 
503.67 
510.35 
517.27 
524.43 
531. 82 
539.43 
547.25 
555.29 
563.51 
571. 92 
580.51 
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52 749.13 582.15 
Circle Center At X = 490.2 ; Y 728.4 and Radius, 297.3 

*** 2.296 *** 
Failure Surface Specified By 55 coordinate Points 

Point x-surf Y-Surf 
No. (ft) (ft) 

1 310.00 486.82 
2 318.58 481.69 
3 327.30 476.79 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 

336.16 
345.14 
354.24 
363.45 
372. 76 
382.18 
391.68 
401.27 
410.93 
420.66 
430.45 
440.30 
450.19 
460.12 
470.07 
480.05 
490.04 
500.04 
510.04 
520.03 
530.00 
539.95 
549.87 
559.74 
569.57 
579.34 
589.05 
598.69 
608.25 
61 7. 73 
627.11 
636. 3 9 
645.57 
654.63 
663.56 
672. 3 7 
681.05 
689.58 
697. 97 
706.19 
714.26 
722.16 
729.89 
737.43 
744.79 
751.96 
758.93 
765.69 
772.25 
778.60 
784.73 
789.02 

472.14 
467.74 
463.60 
459.70 
456.07 
452.70 
449.59 
446.75 
444.17 
441.87 
439.84 
438.08 
436.60 
435.39 
434.46 
433.81 
433.44 
433.35 
433.53 
434.00 
434.74 
435.76 
437.06 
438.64 
440.48 
442.61 
445.00 
447.66 
450.60 
453.79 
457.25 
460.97 
464.95 
469.18 
473.67 
478.40 
483.37 
488.59 
4 94. 04 
499. 72 
505.63 
511.76 
518 .11 
524.68 
531.45 
538.42 
545.59 
552.95 
560.50 
568. 23 
576. 13 
582.00 

Circle Center At X = 498.4 ; Y 
*** 2.304 *** 

Failure 
Point 
No. 

1 

surface Specified By 52 
x-surf Y-Surf 

(ft) (ft) 
314.74 488.38 

791.9 and Radius, 358.5 

Coordinate Points 
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2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
so 
51 
52 

Circle 

322.71 
330.90 
339.28 
347.86 
356.60 
365.52 
374.59 
383.80 
393 .14 
402.61 
412.18 
421.85 
431.61 
441.43 
451. 32 
461.25 
471.22 
481.21 
491.20 
501.20 
511.18 
521.14 
531.05 
540.91 
550. 71 
560.43 
570.06 
579.58 
589.00 
598.29 
607.44 
616.44 
625.29 
633.96 
642.46 
650.75 
658.85 
666.74 
674.40 
681.83 
689.02 
695.96 
702.63 
709.05 
715.18 
721.03 
726.59 
731.86 
736.82 
741. 4 7 
741.85 

Center Ac. X = 

482.35 
476.60 
471.15 
466.00 
461.16 
456.62 
452.41 
448.52 
444.96 
441.73 
438.84 
436.29 
434.08 
432.22 
430.71 
429.55 
428.74 
428.29 
428.19 
428.4-1 
429.05 
430.01 
431.32 
432.98 
434.99 
437.34 
440.04 
443.08 
446.45 
450.15 
454.18 
458.53 
463.20 
468.17 
473.45 
479.03 
484.50 
491. 05 
497.47 
504.17 
511.12 
518.32 
525.76 
533.44 
541.34 
549.44 
557.75 
566.26 
574.94 
583.79 
584.58 

489.1 ; Y 

*** 2.308 *** 
Failure Surface Specified By 53 

Point x-surf Y-Surf 
No. (ft) (ft) 

1 314.74 488.38 
2 323.21 483.07 
3 331. 84 478.02 
4 340.62 473.23 
5 349.54 468. 71 
6 358.60 464.47 
7 367.78 460.50 
8 377.08 456.82 
9 386.48 453.42 

10 395.98 450.30 
11 405.57 447.48 

Page No. , 0 8 
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710.7 and Radius, 282.5 

Coordinate Points 
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12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 

415.25 
425.00 
434.81 
444.67 
454.58 
464.53 
474.50 
484.49 
494.49 
504.49 
514.48 
524.44 
534.39 
544.29 
554.15 
563.95 
573.68 
583.35 
592.93 
602.41 
611.80 
621.08 
630.24 
639.28 
648.18 
656.94 
665.55 
673.99 
682.28 
6 90. 3 9 
698.31 
706.05 
713. 59 
720.93 
728.06 
734.98 
741.67 
748.13 
754.36 
760.34 
766.09 
767.55 

444.95 
442. 71 
440.77 
439.13 
437.79 
436.75 
436.01 
435.58 
435.45 
435.63 
436 .11 
436.89 
437.97 
439.36 
441. 04 
443. 03 
445.31 
447.89 
450.75 
453.91 
457.36 
461.08 
465.09 
469.38 
4 73. 94 
478.76 
483.85 
489.20 
4 94. 80 
500.66 
506.75 
513. 08 
519.65 
526.44 
533.45 
540.68 
548.11 
555.74 
563.57 
571. 58 
579.77 
582.00 

Circle Center At X = 493.7 i Y 
*** 2.309 *** 

Page No._1>:....6__c9 __ _ 
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764.6 and Radius, 329.2 

Failure Surface specified By 51 Coordinate Points 
Point x-su~f Y-Surf 
No. (ft) (ft) 

1 314.74 488.38 
2 322.78 482.44 
3 331.03 476.79 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

339.48 
348 .11 
356.92 
365.89 
375.01 
384.27 
393.65 
403.16 
412.77 
422.47 
432.25 
442.10 
452.00 
461.95 
471.93 
481.92 
491.92 

471.43 
466.39 
461.65 
457.22 
453.12 
44 9. 34 
445.90 
442.79 
440.02 
437.59 
435.51 
433.78 
432.40 
431. 3 7 
430.70 
430.38 
430.42 
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21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 

Circle 

501.91 
511.89 
521.83 
531. 72 
541.56 
551.32 
561. 01 
570.59 
580.08 
589.44 
598.67 
607.76 
616.70 
625.47 
634.06 
642.47 
650.68 
658.68 
666.47 
674.02 
681.34 
688.42 
6 95. 23 
701.79 
708.07 
714.07 
719. 78 
725.19 
730.31 
735.12 
737.64 

Center At X = 

430.81 
431.55 
432.65 
434.11 
435.91 
438.06 
440.56 
443.39 
446.57 
450.08 
453.93 
458.09 
462.58 
467.39 
4 72. 50 
477.91 
483.62 
489.62 
495.89 
502.44 
509.26 
516,33 
523.64 
531.20 
538.98 
546.98 
555.19 
563.59 
572 .19 
580.96 
585.98 

485.9 ; Y 

*** 2. 311 *** 
Failure Surface Specified By 52 

Point x-surf Y-Surf 
No. (ft) (ft) 

1 310.00 486.82 
2 317.79 480.54 
3 325.80 474.56 
4 334.02 468.38 
5 342.46 463.50 
6 351.08 458. 44 
7 359.89 453.71 
8 368.87 449.30 
9 378.00 44 5. 23 

10 387.28 441.49 
11 396.69 438.11 
12 406.22 435.07 
13 415.85 432.39 
14 425.58 430.07 
15 435.38 428.11 
16 445.26 426.52 
17 455.18 425.29 
18 465.14 424.43 
19 475.13 423.94 
20 485.13 423.82 
21 495.13 424.07 
22 505.11 424.68 
23 515.06 425.67 
24 524.97 427.03 
25 534.82 428.75 
26 544.60 430.83 
27 554.29 433.28 
28 563.89 436.08 
29 573. 38 43 9. 24 
30 582.75 442.74 
31 591.98 446.59 

Page No._~_1_" __ _ 
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711.8 and Radius, 281.5 

Coordinate Points 
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32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 

Circle 

601.06 
609. 98 
618. 72 
627.28 
635.65 
643.80 
651. 74 
659.44 
666.90 
674.11 
681. 06 
687.74 
694.14 
700.25 
706.07 
711. 57 
716. 77 
721. 64 
726.19 
730.41 
731.81 

Center At X = 

450.78 
455.30 
460.15 
465.32 
470.80 
476.59 
492·. 67 
489.05 
495.71 
502.63 
509.82 
517.27 
524.95 
532.87 
541.00 
549.35 
557.90 
566.63 
575.53 
584.60 
587.93 

483.4 ; Y 

*** 2.313 *** 
Failure Surface Specified By 51 

Point x-surf Y-Surf 
No. (ft) (ft) 

1 310.00 486.82 
2 317.73 480.48 
3 325.70 474.43 
4 333.88 468.69 
5 342.28 463.26 
6 350.88 458.16 
7 359.67 453.38 
8 368.62 448.93 
9 377.74 444.83 

10 387.01 441.08 
11 396.42 437.67 
12 405.94 434.63 
13 415.57 431.95 
14 425.30 429.63 
15 435 .11 427.68 
16 444.99 426.11 
17 454. 91 424.90 
18 464.88 424.08 
19 474,87 423.63 
20 484.87 423.55 
21 4 94. 86 423.86 
22 504.84 424.54 
23 514. 7 8 425.60 
24 524.68 427.03 
25 534.52 428.84 
26 544.28 4.31.02 
27 553.95 433.56 
28 563.52 4:~6.47 
29 572.97 439.73 
30 582.29 443.35 
31 591.47 447.32 
32 600.49 451. 64 
33 609.34 456.29 
34 618.01 461.27 
35 6 26. 4 9 466.57 
36 634.76 472.20 
37 642.81 478.13 
38 650.63 484.36 
39 658.21 490.88 
40 665.54 497.68 
41 5'72.Cl 504..75 

Page No._...:.'>c..1 l __ _ 
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693.9 and Radius, 270.1 

Coordinate Points 
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42 679.41 512.09 
43 685.92 519.68 
44 692.14 527.51 
45 698.06 535.57 
46 703.68 543.84 
47 708.98 552.32 
48 713. 95 561. 00 
49 718.59 569.86 
so 722. 90 578.88 
51 726. 83 588.00 

Circle Center At X = 481. 8 ; y 688.3 and Radius, 264.8 

*** 2.327 *** 
Failure Surface specified By 51 Coordinate Points 

Point x-surf Y-Surf 
No. (ft) (ft) 

1 314.74 488.38 
2 322.59 482.19 
3 330.67 476.29 
4 338.96 470.70 
5 347.46 465.42 
6 356.14 460.46 
7 365.00 455.83 
8 374.03 451.52 
9 383.21 447.56 

10 392.53 443.93 
11 401.97 440.66 
12 411. 54 437.74 
13 421. 20 435.17 
14 430.96 432.96 
15 440.78 431. 12 

C 
16 450.67 429.64 
17 460.61 428.53 
18 470.58 427.79 
19 480.58 427.42 
20 490.58 427.42 
21 500.57 427.78 
22 510.54 428.52 
23 520.48 429.63 
24 530.37 431.11 
25 540.20 432.95 
26 549.96 435.16 
27 559.62 437.72 
28 569.18 440.64 
29 578.63 443.92 
30 587.95 447.54 
31 597.13 451.50 
32 606.16 455.81 
33 615.02 460. 44 
34 623. 71 465.40 
35 632. 2 0 470.68 
36 640.49 476.27 
37 648.57 482.16 
38 656.43 488.35 
39 664.05 494.82 
40 671. 43 501.57 
41 678.55 508.59 
42 685.40 515.87 
43 691.98 523.40 
44 698.28 531.17 
45 704.29 539.17 
46 709.99 547.38 
47 715. 39 555.80 
48 720. 47 564.41 
49 725.23 573.21 
so 729.65 582.17 
51 732.18 587.80 

Circle Cer1te:::- l'.t ~ = 4.25.5 ; y ~ €97. 1 ?.Tid P.a.dius, 269.8 
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*** 2.330 *** 
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Phase 8 - Section E-E Upstream Static Whole Slope Circle 
Z:111146\STABIL~118EEUSST.PL2 Run By: R. Cox 9/23/2011 3:00PM 

800 r,===c;,======i=========,-,--------,----------i-----------i 
# FS II Soil Soil Total Saturated Friction Piez. 

Type Unit Wt. Unit Wt. Angle Surface a 2.12 Desc. 
b 2 15 
c 2.16 

No. (pcf) (pcf) (deg) No. 
1 130.0 140.0 33.7 W1 

d 2.16 _:~LJ:__E~_..2.:c~~--'----e 2.16
1
_ 

f 2.16 a . 

CCR 
FCR 
SOIL 

2 80.0 90.0 28.0 W1 
3 125.0 135.0 26.8 W1 

" -~ - .. _ - ' ~-~ ... , .... .. , .'-:!= _:0 -~- ' ' ,;o_,, ; - .. 
~~---=-~------c==~===--------------,-,------------ ----:::..___1 3 

---- __ 3 _____________ ----------
w, 

400 

200 ,_ 

o~-------~-------~-------~-------~---------' 
0 200 400 600 800 1000 

PCSTABL5M/si FSmin=2.12 
STED Safety Factors Are Calculated By The Modified Bishop Method 

~ " 

1 - . . . 

"lJ 
OJ 

co 
(1) 

z 
!) 

'-"' 
..c 
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* * PCSTABL5M * * 
by 

Purdue university 
--Slope Stability Analysis-

Simplified Janbu, Simplified Bishop 
or Spencer's Method of Slices 

Run Dat·e: 
Time of Run: 
Run By: 
Input Data Filename: 
Output Filename: 
Unit: 

9/23/2011 
3,00PM 
R. Cox 
Z:Beeusst. 
Z:Beeusst.OUT 
ENGLISH 

Plotted 
PROBLEM 

Output Filename: Z:Beeusst.PLT 
DESCRIPTION Phase 8 - Section E-E 

Upstream Static Whole 
BOUNDARY COORDINATES 

Slope Circle 

17 Top 
28 Total 

Boundary 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

Boundaries 
Boundaries 
X-Left 

(ft) 
.00 

161. 01 
268.41 
298.41 
394.05 
432.22 
486.22 
516.22 
654.22 
674.22 
805.22 
825.22 
855.22 
904.62 
934.62 
939.62 
960.62 

Y-Left 
(ft) 

552.10 
552.10 
588.00 
588.00 
556.00 
556.00 
538.00 
538.00 
492.00 
492.00 
449.00 
449.00 
439.00 
439.00 
449.00 
449.00 
442.00 
524.00 
538.00 
524.00 
524.00 
492.00 
492.00 
445.32 
442.00 
442.75 
445.32 
444.00 

X-Right 
(ft) 

161. 01 
268.41 
298.41 
394.05 
432.22 
486.22 
516.22 
654.22 
674.22 
805.22 
825.22 
855.22 
904,62 
934.62 
939.62 
960.62 

Y-Right 
(ft) 

552.10 
588.00 
588.00 
556. 00 
556.00 
538.00 
538.00 
492.00 
492.00 
449.00 
449.00 
439.00 
439.00 
44.9.00 
449.00 
442.00 
442.21 
552.10 
538.00 
538.00 
524.00 
524.00 
492.00 
492.00 
449.00 
445.32 
444.00 
442.00 

Soil Type 
Below Bnd 

2 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 

76.41 
416.22 
374.22 

76. 41 
278.22 
278. 22 
138.19 
784.22 

.00 
138.19 
557.27 

ISOTROPIC SOIL PARAMETERS 
3 Type(s) of Soil 

Soil Total Saturated Cohesion 
Type Unit Wt. Unit Wt. Intercept 

No. (pcf) (pcf) (psf) 
1 130.0 140.0 .0 
2 80.0 90.0 .o 
3 125.0 135.0 .0 

1000.00 
161.01 
486.22 
416.22 
374.22 
374.22 
654.22 
278.22 
805.22 
138.19 
557.27 
784.22 

Friction 
Angle 
(deg) 
33.7 
28.0 
26.8 

Pore 
Pressure 

Param. 
. DO 
.00 
.00 

2 PIEZOMETRIC SURFhCE(S) HAVE BEEN SPECIFIED 
Unit Weight of Water= 62.40 

Pressure 
Constant 

(psf) 
. 0 
• 0 
. 0 

Piezometric Surface No. 1 Specified by 7 Coordinate Points 
Point X-Water Y-Water 

No. (ft) (ft) 
1 .00 555.38 
2 
3 
4 
5 
G 

170.55 
394. 62 
787.22 
916.62 
960.62 

555.38 
530.80 
443.00 
443.00 
442.CO 

1 
1 
1 
1 
1 
1 
1 
1 
1 
3 
3 
3 
3 
3 
3 
3 
1 
1 
1 
2 
1 
1 
1 
3 
3 
3 
3 

Piez. 
Surface 

No . 
1 
l 
1 
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7 
Piezometric 

Point 
No. 

1 
2 
3 
4 

1000.00 
Surface 

X-Water 
(ft) 
.00 

557.27 
781.61 

1000.00 

No. 
442.00 
2 Specified by 4 Coordinate Points 
Y-Water 

(ft) 
425.76 
424.00 
422.00 
422.21 

A Critical Failure surface Searching Method, Using A Random 
Technique For Generating Circular Surfaces, Has Been Specified. 
400 Trial Surfaces Have Been Generated. 

20 surfaces Initiate From Each Of 20 Points Equally Spaced 
Along The Ground Surface Between X 5.00 ft. 

and X 105.00 ft. 
Each Surface Terminates Between X 270.00 ft. 

and x 320.00 ft. 
Unless Further Limitations Were Imposed, The Minimum Elevation 
At Which A Surface Extends Is Y =422.50 ft. 
10.00 ft. Line Segments Define Each Trial Failure Surface. 
Following Are Displayed The Ten Most Critical Of The Trial 

Failure Surfaces Examined. They Are Ordered - Most Critical 
First. 
**Safety Factors Are Calculated By The Modified Bishop Method** 
Failure Surface Specified By 20 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 94.47 552.10 
2 104.~0 550.90 
3 114.37 550.05 
4 124.35 549.57 
5 134.35 549.44 
6 144.35 549.68 
7 154.33 550.27 
8 164.29 551. 23 
9 174.20 552.55 

10 184.06 554.22 
11 193.85 556.24 
12 203.56 558.62 
13 213 .19 561.35 
14 222.70 564.42 
15 232.10 567.84 
16 241.37 571.59 
17 250.50 575.67 
18 259.48 580.08 
19 268.29 584.81 
20 273.75 588.00 

Circle Center At X = 132.8 y 826.2 and Radius, 276.8 

*** 2.124 *** 
Individual data on the 24 slices 

Water Water Tie Tie Earthquake 
Force Force Force Force Force Surcharge 

Slice Width Weight Top Bot Norm Tan Hor Ver Load 
No. (ft) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) {lbs) 

1 9.9 537.8 2031.9 2422.4 . 0 . 0 . 0 . 0 .0 
2 10.0 1458.6 2039.4 3061.7 .0 . 0 . 0 .0 .0 
3 10.0 2060.0 2044.3 3476.7 .0 .0 . 0 .0 .0 
4 10.0 2336.6 2046.6 3666.9 .0 .0 .0 .0 . 0 
5 10.0 2285.8 2046.2 3632.0 .0 .0 .o .0 . 0 
6 10.0 1908.1 2043.1 3372.1 . 0 .0 . 0 .0 . 0 
7 1.7 261.2 340.2 523.7 .0 . 0 . 0 . 0 . 0 
8 5.0 791. 6 1026.5 1479.2 .0 . 0 . 0 . 0 .0 
9 3.3 722.1 589.1 884.6 .0 . 0 . 0 .0 .0 

10 6.3 2276.1 468.9 1472.0 .o . 0 . 0 .0 .0 
11 3.6 1810.1 . 0 656.8 . 0 .0 .0 ,0 .0 
12 8. 7 5408.6 .0 667.2 .0 .0 .o .0 . 0 
13 1. 1 816.9 .0 . 0 . 0 .0 ,0 .0 .0 

"' 9. 8 7905.0 .0 .0 . 0 .0 .0 ,0 .0 
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15 
16 
17 
18 
19 
20 

<?1 
22 
23 
24 

9.7 9177.6 • 0 .0 
9.6 9939.3 . 0 .0 
9. 5 10200.9 .0 . 0 
9.4 9975.7 .0 .0 
9.3 9282.1 .0 ,0 
9.1 8142.1 .0 .0 
9.0 6582.0 .0 . 0 
8.8 4632.1 .0 .0 

.1 50.4 . 0 .0 
5.3 1083.5 . 0 . 0 
Failure 

Point 
Surface Specified By 20 

No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

x-surf Y-Surf 
(ft) (ft) 

105.00 552.10 
114. 92 
124.87 
134.86 
144.86 
154.86 
164.84 
174,78 
184.68 
194. 51 
204.27 
213.93 
223.49 
232.92 
242.22 
251.37 
260.35 
269.16 
277. 77 
278.69 

550.80 
549.90 
54 9. 3 8 
549.25 
549.51 
550.16 
551.20 
552.62 
554.43 
556.62 
559.20 
562.14 
565.46 
569.14 
573.18 
577.58 
582.32 
587.40 
588.00 

Circle Center At X = 143.2 ; Y 
*** 2. 14 9 *** 

Failure Surface Specified By 34 
Point x-surf Y-Surf 
No. (ft) (ft) 

1 15.53 552.10 
2 22.62 545.05 
3 30.12 538.43 
4 37.99 532.26 
5 46.20 526.56 
6 54.74 521.35 
7 63.56 516.64 
8 72.64 512. 46 
9 81.96 508.82 

10 91.47 505. 72 
11 101.14 503.19 
12 110.94 501.22 
13 120.85 499.83 
14 130.81 499.02 
15 140.81 498.79 
16 150.80 499.15 
17 160.76 500.09 
18 170.64 501.60 
19 180.42 503.70 
20 190.06 506.36 
21 199.53 509.57 
22 208.80 513.34 
23 217.82 517.64 
24 226.59 522.45 
25 235.05 527.78 
26 243.19 533.58 
27 250.98 539.85 
28 25 8. 3 9 546.57 
29 ::?::SS .10 553.71 

Page No._~~-1 r'---

z,\1114G\stabil-1\0eeusst.OUT Page J 

.0 . 0 . 0 .0 .0 

.0 .o . 0 ,0 .0 

.0 .0 .0 . 0 . 0 

. 0 .0 . 0 . 0 . 0 

. 0 .0 .0 . 0 . 0 

. 0 . 0 .0 . 0 . 0 

.0 . 0 .0 . 0 . 0 

.0 .0 . 0 .0 .0 

. 0 .0 . 0 .0 . 0 

. 0 .0 .0 . 0 .0 
Coordinate Points 

805.5 and Radius, 256.2 

Coordinate Points 
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30 271. 98 561. 24 
31 278.10 569.14 
32 283.76 577.39 
33 28 8. 92 585.95 
34 289.99 588.00 

Circle Center At X = 139.7 ; y 670.0 and Radius, 171. 2 
*** 2.159 *** 

Failure Surface Specified By 20 Coordinate Points 
Point x-surf Y-Surf 

No. (ft) (ft) 
1 99.74 552.10 
2 109.42 549.59 
3 2.19.21 547.59 
4 129.10 546.09 
5 13 9. 05 545.12 
6 149. 04 544.66 
7 159. 04 544. 72 
8 169.03 545.30 
9 178.97 546.40 

10 188.84 548.01 
11 198.61 550.13 
12 208.26 552.75 
13 217.76 555.88 
14 227.08 559.49 
15 236.21 563.58 
16 245.11 568.14 
17 253.76 573.16 
18 262.14 578.61 
19 270.22 584.50 
20 274.54 588.00 

Circle Center At X = 152.9 ; y 736.9 and Radius, 192.3 
*** 2.159 *** 

Failure Surface Specified By 36 Coordinate Points 
Point x-surf Y-Surf 

No. (ft) (ft) 
1 5.00 552.10 
2 12.07 545.03 
3 19. 51 538.35 
4 27.31 532.08 
5 35.43 526.25 
6 43.85 520.86 
7 52.55 515.93 
8 61.51 511. 48 
9 70.69 507.52 

10 80.07 504.06 
11 89.63 501.11 
12 99.33 498.68 
13 109.15 496. 78 
14 119.05 495.42 
15 129.02 494.59 
16 139.01 494.30 
17 149. 01 494.55 
18 ~.58.98 495.34 
19 168.89 496.66 
20 178.72 498.52 
21 188.43 500.91 
22 197.99 503.82 
23 207.39 507.24 
24 216.59 511. 16 
25 225.56 515.58 
26 234.28 520.47 
27 242.73 525.82 

( 
28 250.87 531. 63 
29 258.69 537.86 

' '- 30 266.16 544.51 
31 273.26 551.55 
32 279.97 558.97 
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33 
34 
35 
36 

286.27 
292.14 
297.56 
299.99 

566.74 
574.83 
583.23 
587.47 

Circie Center At X = 139.4 ; Y 
*** 2.160 *** 

Failure 
Point 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 

Surface Specified By 34 
x-surf Y-Surf 

(ft) (ft) 
10.26 552.10 
17.39 545.09 
24 .91 
32.80 
41.02 
49.56 
58. 38 
67.46 
76.76 
86.26 
95.92 

105. 71 
115.61 
125.57 
135.56 
145.56 
155.52 
165.43 
175.23 
184.90 
194.42 
203.74 
212.84 
221.68 
230.25 
238.50 
246.42 
253.97 
261.13 
267.89 
274.21 
280.07 
285.46 
288.20 

538.49 
532.34 
526.65 
521.45 
516.74 
512.54 
508.88 
505.75 
503.17 
501.15 
499.69 
498.81 
498.50 
498.76 
499.59 
501.00 
502.97 
505.50 
508.57 
512.20 
516.34 
521. 01 
526.17 
531. 82 
537.93 
544.48 
551. 46 
558.63 
566.59 
574.69 
583. 11 
588.00 

Circle Center At X = 136.0 ; Y 
*** 2.164 *** 
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679.3 and Radius, 185.0 

coordinate Points 

672.7 and Radius, 174.2 

Failure Surface Specified By 36 Coordinate Points 
Point X-Surf Y-Surf 

No. (ft) (ft) 
1 5.00 552.10 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 

12.25 
19.85 
27.79 
36.03 
44.57 
53.36 
62.40 
71.65 
81. 09 
90.69 

100.42 
110.26 
120.18 
130.16 
140.16 
150.15 
160.11 
170.02 

545.21 
538.71 
532.63 
526.97 
521.76 
517.00 
512. 72 
508. 92 
505.61 
502.81 
500.52 
498.75 
497.50 
496.78 
496.58 
496.92 
497.78 
499.17 
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20 179.83 501.08 
21 189.53 503.50 
22 199.09 506.44 
23 208.48 509.88 
24 217.68 513.81 
25 226.66 518.21 
26 235.38 523.09 
27 243.84 528.42 
28 252.01 534.20 
29 259.86 540.39 
30 267.37 546.99 
31 274.52 553.99 
32 281.29 561.34 
33 287.67 569.05 
34 293.62 577.08 
35 299.15 585.42 
36 300.29 587.37 

circle Center At X = 138.8 ; y 685.6 and Radius, 189.0 
*** 2.166 *** 

Failure Surface Specified By 33 Coordinate Points 
Point x-surf Y-Surf 

No. (ft) (ft) 
1 15.53 552.10 
2 22.63 545.06 
3 30.14 538.45 
4 38.02 532.30 
5 46.26 526.64 
6 54.82 521.47 
7 63.67 516.82 
8 72.79 512.70 
9 82.13 509.13 

10 91.67 506.12 
11 101.36 503.69 
12 111.19 501.84 
13 121.11 500.57 
14 131.09 499.90 
15 141.09 499.82 
16 151.07 500.33 
17 161.01 501.44 
18 170.87 503.13 
19 180.61 505.41 
20 190. 19 508.27 
21 199.59 511.68 
22 208. 77 515.65 
23 217.69 520.16 
24 226.33 525.19 
25 234.66 530.73 
26 242.64 536.75 
27 250.26 543.24 
28 257.47 550.16 
29 264.26 557.51 
30 270.60 565.24 
31 276.47 573.34 
32 281. 85 581.77 
33 285.32 588.00 

Circle Center At X = 137.4 ; y 668.0 and Radius, 168.2 
*** 2.166 *** 

Failure Surface Specified By 34 Coordinate Points 
Point x-surf Y-Surf 

No. I ft) (ft) 
1 20.79 5.52.10 
2 28.01 54.5.19 
3 35.62 538.69 
4 43.53 532.65 
5 51.88 527.06 
6 60.48 521.95 
7 69.35 517.35 
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(-

8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 

Circle 

78.48 
87.82 
97.35 

107.03 
116. 84 
126.75 
136. 72 
146.71 
156. 71 
166.67 
176.56 
186.35 
196.01 
205.51 
214.82 
223.90 
232.73 
241.28 
24 9. 52 
257.42 
264.96 
272.12 
278.87 
285.18 
291. 05 
296.44 
298.14 

Center At X = 
*** 2.166 

513.25 
509.68 
506.65 
504.16 
502.23 
500.86 
500.06 
499.83 
5 00. 16 
501. 06 
502.53 
504.55 
507.14 
510.26 
513.92 
518 .11 
522.80 
527.99 
533.66 
539.79 
546.35 
553.34 
560. 72 
568.47 
576.57 
584.99 
588.00 

145.8~; Y 

*** 
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675.5 and Radius, 175.6 

Failure Surface Specified By 34 Coordinate Points 
Point 

No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 

x-surf Y-Surf 
(ft) (ft) 
20.79 552.10 
27.87 545.03 
35.33 
43.17 
51.34 
59.83 
68.60 
77.64 
86.90 
96. 36 

105.99 
115.76 
125.63 
135.58 
145.57 
155.57 
165,54 
175.47 
185.30 
195.02 
204.58 
213.97 
223.14 
232.07 
240.74 
249.10 
257.14 
264.83 
272.14 
279.05 
285.55 
291.60 
297.18 
301.89 

538.38 
532.17 
526.41 
521.12 
516.32 
512.03 
508.26 
505.02 
502.33 
500.18 
498.60 
497.58 
497.12 
497.24 
497.92 
499.17 
500.98 
503.35 
506.26 
509. 71 
513.69 
518.19 
523.19 
528.67 
534.61 
541.01 
547.83 
555.05 
562.66 
570.62 
578.92 
586.84 

Circle Center At X = 148.5 ; Y 673.0 and Radius, 175.9 
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700 
# FS 
a 1.60 
b 1.60 
C 1.60 
d 1.60 

Phase 8 - Section F-F Downstream Static Whole Slope Circle 
Z:\11146\STABIL~1\8FFDSST.PL2 Run By: R. Cox 9/23/2011 3:12PM 

Soil Soil Total Saturated Friction Piez. 
Desc. Type Unit Wt. Unit Wt. Angle Surface 

No. (pcf) (pcf) (deg) No. 
1 130.0 140.0 33.7 W1 
2 80.0 90.0 28.0 W1 

a 
h 

600 H e 1.61 

CCR 
FCR 
SOIL 3 125.0 135.0 26.8 W1 e 

f 1.61 
g 1.61 
h 1.61 

1.61 
1.61 

500 

~~ 

~--= 1 ./ 

~ -. ~,:5:2> , . ~-,-1 ~ 
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STED Safety Factors Are Calculated By The Modified Bishop Method 
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* * PCSTABLSM * * 
by 

Purdue University 
--Slope Stability Analysis-

Simplified Janbu, Simplified Bishop 
or Spencer~s Method of Slices 

Run Date: 
Time of Run: 
Run By: 
Input Data Filename: 
Output Filename: 
Unit: 

9/23/2011 
3, 12PM 
R. Cox 
Z:Sffdsst. 
Z:Bffdsst.OUT 
ENGLISH 

Plotted Output Filename: Z:Bffdsst.PLT 
PROBLEM DESCRIPTION Phase 8 - Section F-F 

BOUNDARY COORDINATES 
12 Top Boundaries 
33 Total Boundaries 

Downstream Static Whole Slope Circle 

Boundary X-Left 
No. {ft) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

.00 
19.25 
40.00 
60.00 
96.00 

Y-Left 
{ft) 

462.92 
462.92 
456.00 
456.00 
468.00 
500.00 
500.00 
538.00 
538.00 
588.00 
588.00 
582.00 
582.00 
538.00 
538.00 
524.00 
524.00 
500.00 
500.00 
500.00 
500.00 
500.00 
495.00 
500.00 
495.00 
495.00 
463.27 
456.00 
459.00 
463.27 
465.73 
460.00 
456.00 

X-Right 
{ft) 
19.25 
40.00 
60.00 
96.00 

Y-Right 
{ft) 

462. 92 
456.00 
456.00 
468.00 
500.00 
500.00 
538.00 
538.00 
588.00 
588.00 
582.00 
582.00 
524.00 
538.00 
524.00 
524.00 
500.00 
500.00 
500.00 
500.00 
500.00 
495.00 
500.00 
465.73 
495.00 
459.00 
495.00 
459.00 
463.27 
465.73 
460.00 
460.00 
456.00 

Soil Type 
Below Bnd 

3 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 

192.00 
232.00 
,346. 00 
376.00 
526.00 
556.00 
574.00 
574.00 
376.00 
446.00 
488.00 
488.00 
232.00 
242.00 
562.08 
850.79 
242.00 
837.55 
881.34 
255.05 
255.05 
726.56 

60.00 
349.00 
726. 56 
986.02 

1003.52 
.. 00 

ISOTROPIC SOIL PAR.Al'v'iETERS 
3 Type{s) of Soil 

Soil Total Saturated Cohesion 
Type Unit Wt. Unit Wt. Intercept 

No. {pcf) {pcf) {psf) 
1 130.0 140.0 .0 
2 80.0 90.0 .0 
3 125.0 135.0 .0 

192.00 
232. 00 
346.00 
376,00 
526.00 
556.00 
574.00 

1050.00 
748.00 
446.00 
488.00 
748.00 
562.08 
242.00 
562.08 
850.79 
881.34 
255.05 
850.79 

·986.02 
837.55 
349.00 
837.55 
349.00 
726. 56 
986.02 

1003.52 
1050.00 

40.00 

Friction 
Angle 
(deg) 
33.7 
28.0 
26.B 

Pore 
Pressure 

Param. 
,00 
.00 
.00 

2 PIEZOMETRIC SURFACE{S) HAVE BEEN SPECIFIED 
Unit Weight of Water= 62.40 

Pressure 
Constant 

{psf) 
. 0 
• 0 
. 0 

Piezometric Surface No. 1 Specified by 6 Coordinate Points 
Point X-Water Y-Water 

No. {ft) (ft) 
l .00 456.00 

3 
3 
1 
1 
1 
1 
1 
1 
1 
1 
2 
1 
1 
1 
2 
1 
1 
1 
1 
1 
1 
1 
1 
2 
1 
1 
3 
3 
3 
3 
3 
3 

Piez. 
Surface 

No. 
1 
1 
1 
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2 
3 
4 
5 
6 

Piezometric 
Point 

No. 
1 
2 
3 

65.00 
255.05 
470.00 
565.00 

1050.00 
Surface 

X-Water 
(ft) 
.00 

34 9. 00 
1050.00 

No. 

456.00 
495.00 
530.00 
585.00 
585.00 
2 Specified by 3 Coordinate Points 
Y-Water 

(ft) 
435.38 
439.00 
439.00 

A Critical Failure Surface Searching Method, Using A Random 
Technique For Generating Circular Surfaces, Has Been Specified. 
400 Trial Surfaces Have Been Generated. 

20 Surfaces Initiate From Each Of 20 Points Equally Spaced 
Along The Ground Surface Between X 40.00 ft. 

and x 140.00 ft. 
Each Surface Terminates Between X 540.00 ft. 

and X 620.00 ft. 
Unless Further Limitations Were Imposed, The Minimum Elevation 
At Which A Surface Extends Is Y =436.00 ft. 
10.00 ft. Line Segments Define Each Trial Failure Surface. 
Following Are Displayed The Ten Most Critical Of The Trial 

Failure Surfaces Examined. They Are Ordered - Most Critical 
First. 
i- * Safety Factors Are Calculated By The Modified Bishop Method * * 
Failure Surface Specified By 59 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 45.26 456.00 
2 54.95 453.52 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 

64.68 
74.44 
84.24 
94.08 

103. 94 
113. 83 
123.74 
133.67 
143.63 
153.59 
163.57 
173.56 
183.56 
193.56 
203.56 
213. 5 5 
223.55 
233.53 
243.51 
253.47 
263.41 
273.34 
283.24 
293.12 
302.97 
312.79 
322.57 
332.32 
342.03 
351.70 
361. 32 
370.90 
380.43 
389.90 
399.31 
408.67 

451.20 
449.04 
447.06 
445.24 
443.58 
442.10 
440.78 
439.63 
438.65 
437.84 
437.20 
436.73 
436.42 
436.29 
436.33 
436.53 
436.91 
437.46 
438.17 
439.06 
440.11 
441.33 
442. 72 
444.28 
446.01 
447.90 
449. 96 
452.18 
454.57 
457.13 
459.85 
462.73 
465. 77 
468.97 
472.34 
475.86 
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39 41 7. 97 479.55 
40 ~27.20 463.39 
41 436.37 487.38 
42 445.47 491.53 
43 454.49 495.84 
44 463.45 500.30 
45 4 72. 32 504.91 
46 481.11 509.67 
47 489.83 514.57 
48 498.46 519.63 
49 507.00 524.83 
so 515.45 530.17 
51 523.81 535.66 
52 5:12, 07 541.29 
53 540.24 547.06 
54 548.31 552.96 
55 556.28 559.01 
56 564.15 565.18 
57 571. 90 571.49 
58 579.55 577.93 
59 584.23 582.00 

circle Center At X = 196.4 y 1025.4 and Radius, 589.1 

*** 1. 598 *** 
Individual data on the BS slices 

Water Water Tie Tie Earthquake 
Force Force Force Force Force Surcharge 

Slice Width Weight Top Bot Norm Tan Hor Ver Load 
NO~ (ft) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) 

1 9.7 1623.B .0 774. 8 .0 . 0 . 0 . 0 . 0 
2 5.0 2103.2 .0 999.4 .0 .0 . 0 . 0 . 0 

3 4.7 3154.0 .0 1273.7 .0 .0 . 0 . 0 .0 
4 . 3 277.8 .0 99.6 .0 .0 . 0 .0 .0 
5 .3 235.3 .0 82.2 .0 .0 .0 . 0 .0 
6 9.2 11356.1 .0 3987.2 .0 .0 .0 . 0 .o 
7 9.8 18988.9 . 0 6659.4 .0 .0 .0 . 0 .0 
8 9. 8 25946.7 . 0 9054.9 .0 .0 . 0 . 0 .0 
9 1. 9 5864.5 . 0 2037.3 .o . 0 . 0 . 0 .0 

10 7.9 26867.8 . 0 9315.1 .0 . 0 .0 . 0 .0 
11 9.9 39336.1 . 0 13550.9 .0 .0 . 0 .0 .0 

12 9.9 45748.8 .0 15650.0 .0 . 0 . 0 .0 .0 
13 9.9 51961.4 .0 17648.9 .0 . 0 . 0 .0 .0 
14 10.0 57965. 8 .0 19547.3 . 0 .0 .0 .0 . 0 

15 10.0 63753.7 .0 21344.5 . 0 .0 .o .0 . 0 

16 10.0 69317.7 .0 23039.9 . 0 .0 .0 .0 . 0 
17 2.1 15413.5 .0 5099.4 . 0 .0 .0 .0 . 0 
18 7.9 59237.0 .0 19533.7 . 0 .0 .0 . 0 . 0 
19 10.0 79745.3 .0 26123.7 .0 .o .0 .0 . 0 

20 8.4 71117.9 . 0 23140.9 .0 .0 .o . 0 . 0 

21 1.6 13425.6 .0 4370.3 .0 . 0 .0 .0 . 0 
22 10.0 86355.6 .0 28795.2 .0 . 0 .0 . 0 . 0 
23 10.0 86369.S .o 29975.3 .0 . 0 .0 .0 . 0 
24 10.0 86130.0 .0 31051.3 .0 . 0 .0 .0 . 0 
25 8.5 72530.4 .0 27048.7 .0 . 0 .o . 0 .0 
26 1.5 13157. 9 .0 4974.0 .0 . 0 .0 . 0 . 0 
27 5.6 49190. 0 .o 18508.2 .0 . 0 .0 . 0 . 0 
28 2.8 25044.0 .0 9360.6 . 0 .0 . 0 . 0 .o 
29 1.5 13476.8 .0 5020.4 . 0 .0 . 0 .0 .o 
30 10.0 91014. 3 . 0 33650.B .0 .0 . 0 .0 .0 
31 1. 6 14760.B . 0 5418.9 .0 .0 .0 .0 .0 
32 8.4 78636.7 .0 29011.3 .0 .0 .0 .0 .0 
33 9.9 94261. 2 .o 34769.5 .0 .0 .0 .0 .0 
34 9.9 94831.9 .0 34959.2 .0 .o .0 .0 .0 
35 2.5 24205.0 .0 8927. 6 .0 .0 . 0 .0 .0 

36 7.4 70936.8 .0 26115.5 .o . 0 .o .0 .0 
37 9. B 95192.0 .0 35021.0 .0 . 0 .0 .0 .0 
38 9.8 94983.7 .o 34893.0 . 0 .0 . 0 .o .0 
39 9.8 94519.S .0 34659.1 . 0 . 0 .0 .0 .0 



R11892

( 
z,\11146\stabil-1\0ffdsst.OUT Page 4 

- ' 40 9.7 93802.1 .0 34319.4 . 0 . 0 . 0 .0 .0 

41 9.7 92834.1 .0 33873.9 . 0 .0 .0 .o .0 

42 4.0 37713.2 .0 13749.0 . 0 .0 . 0 .0 .0 

43 3.0 28215.2 .0 10327.7 . 0 .o . 0 .o .0 

44 2.7 25058.8 .0 9246.3 .0 .0 . 0 .0 .0 

45 7.0 63943.9 .o 23900.2 .0 .0 . 0 .0 .0 

46 2.6 23300.9 .0 8766.2 .0 . 0 .0 .0 . 0 

47 9.5 84253.1 .0 31904.7 .0 .0 .0 .0 . 0 

48 5.1 43901.0 . 0 16733.0 . 0 . 0 . 0 .0 .0 

49 4.4 37944.l .0 14305.0 . 0 .0 . 0 .0 .0 

50 9.5 82213.2 .0 30066.4 .0 .o . 0 .0 .0 

51 9.4 82945.9 .0 28990.2 .0 .0 . 0 .0 . 0 

52 9.4 83481.9 .0 27810.0 .0 . 0 . 0 . 0 . 0 

53 9. 3 83822.4 .0 26525.9 .0 . 0 . 0 .0 . 0 

54 9.2 83970.1 . 0 25138.4 .0 .0 . 0 .o . 0 

55 9.2 83927.3 .0 23647.7 . 0 . 0 . 0 .0 . 0 

56 9.1 83697.2 .0 22054.4 .0 . 0 . 0 .0 . 0 

57 . 5 4904.8 . 0 1248.6 .0 . 0 . 0 .0 . 0 

58 6.7 62123.4 . 0 15277 .1 .0 . 0 .0 . 0 . 0 

59 1. 8 16217.6 . 0 3833.2 .0 . 0 . 0 .0 . 0 

60 8.4 75953.4 . 0 17381.4 .o .0 . 0 . 0 . 0 

61 .6 5361.1 .0 1180. 3 .0 .0 .0 . 0 . 0 

62 6.6 58223.0 .0 12495.8 . 0 .0 .0 . 0 . 0 

63 2.3 20262.1 .0 3761.0 . 0 .0 .0 .0 . 0 

64 8. 8 75548.0 .0 14516.7 . 0 .o .0 . 0 .0 

65 6.9 57630.6 .0 11566.6 .0 .0 . 0 . 0 .0 

66 1.8 · 15034.2 . 0 3078. 2 .0 . 0 . 0 .0 . 0 

67 8.6 68785.1 .0 14665.9 .0 . 0 . 0 .0 . 0 

68 1.1 8163.3 .0 1809.6 .0 .0 .0 .0 . 0 

69 6.1 47089.9 .o 10457.7 .0 . 0 .0 .o . 0 

70 1. 4 104 01. 0 .0 2312.7 .0 . 0 . 0 .0 . 0 

71 8.5 63009.3 .0 14387.0 .0 . 0 . 0 .0 . 0 

72 8.4 59442. 8 . 0 14087.1 .o . 0 . 0 . 0 .0 

73 2.2 15077. 5 . 0 3671.1 .0 . 0 . 0 . 0 .0 

74 6.1 39846.2 . 0 10009.2 .0 . 0 . 0 . 0 .0 

75 8.2 48265.0 . 0 13166.8 . 0 . 0 . 0 . 0 .0 

76 8. 1 41475.9 . 0 12546.6 . 0 . 0 . 0 . 0 .0 

77 7.7 33558.3 . 0 11416.3 . 0 . 0 . 0 . 0 .0 

78 . 3 1113. 6 . 0 403.8 .0 .0 . 0 . 0 .o 
79 7.9 26435.4 . 0 10987.4 .0 . 0 . 0 . 0 .0 

80 . 9 2321.7 . 0 1155. 0 . 0 .0 .0 . 0 .0 

81 6.9 14659.0 522.6 9060.3 .0 .o . 0 . 0 . 0 

82 2.1 2927.0 365.4 2158.4 .0 . 0 . 0 . 0 .o 
83 5.6 4725.3 1039.8 4262.0 .0 .0 .0 . 0 .0 

84 1. 8 643.4 344. 6 954.9 .0 . 0 . 0 .0 .0 

85 2.8 313.9 529.7 991. 2 .0 . 0 .0 . 0 .0 

Failure Surface Specified By 59 Coordinate Points 
Point x-surf Y-Surf 
No. (ft) (ft) 

1 45.26 456.00 
2 54.95 453.50 
3 64.67 451.16 
4 74.43 448.99 
5 84.23 446.99 
6 94.06 445.16 
7 103.92 443.49 
8 113.81 442.00 
9 123.72 440.67 

10 133.65 439.52 
11 143.60 438.54 
12 153.57 437.73 
13 163.55 437.09 
14 173.54 436.62 
15 183.53 436.32 
16 193.53 436.20 
17 203.53 436.24 
18 213.53 4:l6.46 
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19 223.52 436.85 
20 233.51 437.41 
21 243.48 438.15 
22 253.44 439.05 
23 263.38 440.13 
24 273.30 441.37 
25 283.20 442.79 
26 293.08 444.37 
27 302.92 446.13 
28 312.73 448.05 
29 322.51 450.15 
30 332.25 452.41 
31 341.96 454. 83 
32 351.61 457.43 
33 361. 22 460.19 
34 370.79 463. 11 
35 3 80. 3 0 466.20 
36 389.76 469.45 
37 399.16 472.86 
38 408. 50 476.44 
39 417.77 480.17 
40 426.98 484.06 
41 436.13 488 .11 
42 445.20 492.32 
43 454.20 496.68 
44 463.12 501.20 
45 471. 96 505.87 
46 480.72 510.69 
47 489.40 515.66 
48 497.99 520.77 
49 506.50 526.04 
so 514.91 531. 45 
51 523.22 537.00 
52 531.44 542.70 
53 539.56 548.53 
54 547.58 554.51 
55 555.49 560.62 
56 563.30 566.87 
57 571.00 573.25 
SB 578.59 579.76 
59 581.12 582.00 

Circle Center At X = 195.8 ; y = 1018.2 and Radius, 582.0 

*** 1. 598 *** 
Failure Surface Specified By 61 Coordinate Points 

Point x-surf Y-Surf 
No. (ft) (ft) 

1 50.53 456.00 
2 60.23 453.59 
3 69.97 451.33 
4 79.75 44 9. 23 
5 89.56 447.28 
6 99.40 445.50 
7 109.26 443.87 
8 119 .16 442.40 
9 129.07 441.09 

10 139.00 439.94 
11 148.95 438.95 
12 158.92 438.12 
13 168.90 437.45 
14 178.88 436.94 
15 18 8. 88 436.58 
16 198.88 436.39 
17 208.88 436.36 
18 218. 8 8 436.50 
19 228.87 436.79 
20 238.86 437.24 
21 248.84 437.85 
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22 258.81 438.62 
23 268.77 439.56 
24 278.71 440.65 
25 288.63 441. 90 
26 298.53 443.31 
27 308.41 444.88 
28 318.25 446.61 
29 328.08 448.49 
30 337.87 450.54 
31 347.62 452.74 
32 357.34 455.09 
33 367.02 457.61 
34 376.66 460.27 
35 386.25 463.09 
36 395.80 466.07 
37 405.29 469.20 
38 414.74 472.48 
39 424.13 475.91 
40 433.47 479.49 
41 442.75 483.22 
42 451.97 487.10 
43 461.12 491.13 
44 470.21 495.30 
45 479.23 499.62 
46 488.17 504.08 
47 497.05 508.69 
48 505.85 513.44 
49 514.57 518.33 
50 523.22 523.36 
51 531.78 528.52 
52 540.26 533.83 
53 548.65 539.27 
54 556.95 544.84 
55 565.17 550.54 
56 573.29 556.38 
57 581.31 562.35 
58 589.24 568.44 
59 597.07 574.66 
60 604.80 581. 01 
61 605.97 582.00 

Circle center At x = 205.7 ; y = 1059.2 and Radius, 622.9 

*** 1. 600 *** 
Failure Surface Specified By 59 Coordinate Points 

Point x-surf Y-Surf 
No. (ft) (ft) 

1 55.79 456.00 
2 65.47 453.51 
3 75.20 451.17 
4 84.96 449.01 
5 94.76 447.01 
6 104.59 445.17 
7 114.45 443.50 
8 124.33 442.00 
9 134.24 440.66 

10 144.18 439.49 
11 154.13 438.49 
12 164.09 437.66 
13 174.07 436.99 
14 184.06 436.50 
15 194.05 436.17 
16 204.05 436.01 
17 214.05 436.02 
18 224.05 436.20 
19 234.04 43t.55 
20 244.03 437.06 
21 254.01 437.75 
22 263.97 438.60 
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23 273.92 439.62 
24 283.85 440.81 
25 293.75 442.16 
26 303.64 443.69 
27 313.49 445.37 
28 323.32 447.23 
29 333.11 449.25 
30 342.87 451. 44 
31 352.59 453.79 
32 362.27 456.30 
33 371.91 458.98 
34 381.49 461. 82 
35 391.03 464.82 
36 400.52 467.98 
37 409.95 471.30 
38 419.33 474.78 
39 428. 64 478.42 
40 437.90 482.21 
41 447.08 486.16 
42 456.20 490.26 
43 465.25 494.52 
44 474.23 498.93 
45 483.13 503.49 
46 491.95 508.20 
47 500.69 513.06 
48 509.35 518.06 
49 51 7. 92 523.21 
so 526.40 528.51 
51 534.79 533.94 
52 543.09 539.52 
53 551.30 545.24 
54 559.41 551.09 
55 567. 41 557.08 
56 575.32 563.21 
57 583.12 569.46 
SB 590.81 575.85 
59 597.97 582.00 

Circle Center At X = 208.5 ; Y = 1028.6 and Radius, 592.6 
*** 1.601 *** 

Failure Surface Specified By 58 Coordinate Points 
Point x-surf Y-Surf 

No. (ft) (ft) 
1 
2 
3 
4 
5 
6 
7 
B 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

50.53 
60.19 
69.90 
79.65 
89. 44 
99.26 

109.12 
119.00 
128.91 
138.85 
148.80 
158.77 
168.75 
178.74 
188.74 
198.74 
208.74 
218. 73 
228.72 
238.70 
248.66 
258.61 
268.54 
27 8. 4 5 
288.33 

456.00 
453.43 
451.03 
448.81 
446.76 
444.90 
443.21 
441.70 
440.36 
439.21 
438.24 
437.44 
436.83 
436.40 
436.15 
436.08 
436.19 
436.48 
436.95 
437.60 
438.43 
439.45 
440.64 
442.01 
443.56 
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26 
27 
28 
:: 9 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
so 
51 
52 
53 
54 
55 
56 
57 
58 

Circle 

298.18 
307.99 
317.77 
327.51 
337.21 
346,87 
356.47 
366.02 
375.52 
384.96 
394.34 
403.65 
412.90 
422.08 
431. 18 
440.20 
449.15 
458.02 
466.80 
475.49 
484.09 
492. 60 
501.01 
509.32 
517.53 
525.64 
533.63 
541.52 
549.30 
556. 96 
564.50 
571.93 
572.52 

Center At X = 

445.29 
447.20 
449.28 
451. 54 
453.97 
456.58 
459.37 
462.33 
465.46 
468.76 
472.23 
475.87 
479.68 
483.65 
487.79 
492.10 
496.56 
501.19 
505.98 
510.92 
516.02 
521. 28 
526.69 
532.25 
537.96 
543.81 
549.81 
555. 96 
562.25 
568.67 
575.24 
581.94 
582.49 

197.6 ; Y 

*** 1.606 *** 
Failure Surface Specified By 62 

Point A-Surf Y-Surf 
No. (ft) (ft) 

1 45.26 456.00 
2 55.00 453.73 
3 64. 78 451.61 
4 74.58 449.63 
5 84.41 447.80 
6 94.27 446.12 
7 104.15 444.58 
8 114. 05 443.19 
9 123.97 441.95 

10 133.91 440.85 
11 143. 87 439.90 
12 153.84 439.10 
13 163.81 438.45 
14 173.80 437.94 
15 183.79 437.59 
16 193.79 437.38 
17 203.79 437.32 
18 213.79 437.41 
19 223.79 437.65 
20 233.78 438.04 
21 243.77 438.57 
22 253.74 439.25 
23 253. 71 440.08 
24 273.66 441.06 
25 283.60 442.19 
26 293.52 443.46 
27 3 03. 41 444.89 
28 313.29 446.45 
29 323.14 448.17 
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989.2 and Radius, 553.1 

Coordinate Points 
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30 332.97 450.03 
31 342.76 452.04 
32 352.53 454.19 
33 362.26 456.48 
34 371. 96 458.92 
35 381.62 461. 51 
36 3 91. 24 464.24 
37 400.82 467 .11 
38 410.36 470.12 
39 419.85 473.27 
40 429.29 476.57 
41 438.68 480.00 
42 448.02 483.57 
43 457.31 487.28 
44 466.54 491.13 
45 475.71 495 .12 
46 4 84. 82 499.24 
47 493.87 503.50 
48 502.85 507.89 
49 511.77 512.41 
50 520.62 517.06 
51 529.40 521.85 
52 538 .11 526. 77 
53 546.74 531.81 
54 555.30 536.98 
55 563.78 542.28 
56 512.19 547. 71 
57 580.51 553.25 
58 588.74 558.92 
59 596.89 564.72 
60 604.96 570.63 
61 612. 93 576.66 
62 619. --is 582.00 

Circle Center At X = 202.8 ; y = 1110. 6 and Radius, 673.3 

*** 1.606 1·,. * 
Failure Surface Specified By 61 coordinate Points 

Point x-surf Y-Surf 
No. (ft) (ft) 

1 55.79 456.00 
2 65.51 453.66 
3 75.27 451. 46 
4 85.06 449.42 
5 94. 88 447.54 
6 104.73 445.80 
7 114.60 444.22 
8 124.50 442.79 
9 134.42 441.52 

10 144.35 440.40 
11 154. 31 439.44 
12 164.28 438.63 
13 1 74. 25 437.98 
14 184.24 437.48 
15 194. 24 437.13 
16 204.23 436.95 
17 214.23 436.91 
18 224.23 437.04 
19 234.:3 437.32 
20 244.22 437.75 
21 254. 2 0 438.34 
22 264.17 439.08 
23 274.13 439.98 
24 284.08 441. 04 
25 294.00 442.25 
26 303.91 443.61 
27 313.80 445.13 
28 323.65 446.80 
29 333.49 448.63 
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30 343.29 450.60 
31 353.06 452.73 
32 362.80 455.01 
33 372.50 457.44 
34 382.16 460.03 
35 391.78 462.76 
36 401. 35 465.64 
37 410.88 468.67 
38 420.36 471.85 
39 429.79 475.18 
40 439.17 478.65 
41 448.49 482.27 
42 457.76 486.03 
43 466.97 489.93 
44 476.11 493. 98 
45 485.19 498.17 
46 494.20 502.50 
47 503.15 506.97 
48 512.02 511. 58 
49 520.B2 516.33 
so 529.55 521. 21 
51 538.20 526.23 
52 546.77 531.38 
53 555.26 536.67 
54 563.67 542.08 
55 571. 99 547.63 
56 580.22 553.30 
57 588.37 559.11 
58 596.42 565.03 
59 604. 3 8 571.09 
60 612.~5 577. 26 
61 618.09 582.00 

Circle Center At X = 211. 3 ; y = 1079.8 and Radius, 642.9 

*** l. 609 *** 
Failure Surface Specified By 57 Coordinate Points 

Point x-surf Y-Surf 
No. (ft) (ft) 

l 50.53 456.00 
2 60.20 453.47 
3 69.92 451.12 
4 79.68 448.95 
5 89.48 446.95 
6 99.31 445.13 
7 109.18 443.48 
8 119. 07 442.02 
9 128.99 440.73 

10 138. 92 43 9. 62 
11 148. 88 438.69 
12 158.85 437.94 
13 168.84 437.38 
14 178.83 436.99 
15 188.83 436.78 
16 198.83 436.75 
17 208.83 436.91 
18 218.82 437.24 
19 228.81 437.76 
20 238.78 438.45 
21 248.74 439.33 
22 258.69 440.38 
23 268.61 441.61 
24 278.51 443.03 
25 288.38 444.62 
26 298.23 446.39 
27 308.04 448.33 
28 317.81 450.46 
29 327.54 452.76 
30 337.23 455.23 
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31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 

Circle 

346.87 
356.47 
366.01 
375.49 
384.92 
394.28 
403.58 
412.81 
421.97 
431. 06 
440.07 
449.00 
457.85 
466.61 
475.29 
483.87 
492. 36 
500.75 
509.04 
517.23 
525.32 
533.30 
541.16 
548.92 
556.56 
564.08 
570.50 

Center At X = 

457.88 
460.70 
463.70 
466.87 
470.20 
473. 71 
477.39 
481. 23 
485.24 
489.41 
493.75 
498.25 
502.91 
507.73 
512.71 
517.84 
523.12 
528.56 
534.15 
539.89 
545.77 
551.80 
557.98 
564.29 
570.74 
577. 33 
583.17 

195.3 ; Y 

*** 1.610 *** 
Failure surface Specified By 62 

Point x-surf Y-Surf 
No. (ft) (ft) 

1 50.53 456.00 
2 60.28 453.78 
3 70.06 451.70 
4 79.87 449.77 
5 89.71 447.99 
6 99.58 446.36 
7 109.47 444.87 
8 119.38 443.53 

9 129.30 442.34 
10 139.25 441.30 
11 149.21 440.41 

12 159.18 439.67 
13 169.17 439.07 
14 179.16 438.63 
15 189.15 438.34 
16 199.15 438.19 
17 209.15 438.20 
18 219.15 438.35 
19 229.14 438.66 
20 239 .13 439.11 

21 249.12 439. 72 
22 259.09 440.47 
23 269.05 441.38 
24 278.99 442.43 
25 288. 92 443.63 
26 298.83 444.98 
27 308.71 446.48 
28 318.58 448 .12 
29 328.42 449.92 
30 338.23 451.86 
31 348.01 453.94 
32 357.75 456.18 
33 367.47 458.56 
34 377.14 461. 08 
35 386.78 463.75 

Page No. "l,1 ~ .. 

Z, \11146\sto.bil·•l \8ffdsst. OUT Page 11 

990. 7 and Radius, 553. 9 

Coordinate Points 
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36 396.37 466.56 
37 ,05.93 469.52 
38 415.44 472.62 
39 424.90 -475.85 
40 434.31 479.24 
41 443.66 482.77 
42 452.97 486.43 
43 462.22 490.23 
44 471.41 494.17 
45 480.54 498.25 
,-
-0 489.61 502.46 
47 498.61 506.81 
48 507.55 511. 29 
49 516.42 515.91 
50 525.22 520.66 
51 533.95 525.54 
52 542.61 530.55 
53 551.19 535.69 
54 559.69 540. 96 
55 568.11 546.35 
56 576.44 551.87 
57 584.70 557.51 
58 592.87 563.28 
59 600.95 569.17 
60 608.94 575.18 
61 616.85 581. 31 
62 61 7. 71 582.00 

Circle Center At X = 203.8 ; y = 1105.8 and Radius, 667.6 

*** 1.611 *** 
Failure Surface Specified By 63 Coordinate Points 

Point x-surf Y-Surf 
No. (fc) (ft) 

1 40.00 456.00 
2 49.78 453.90 
3 5 9. 58 451.93 
4 6 9. 41 4.50.11 
5 79.27 448.42 

6 89.15 446.88 
7 99.05 445.•17 

8 108.97 444.21 
9 118. 91 443.08 

10 128.86 442.10 
11 138.82 441.26 
12 148. 80 440.56 
13 158.78 440.00 
14 168.78 439.58 
15 178.77 439.30 
16 188.77 439.17 
17 198.77 439.17 
18 208. 77 439.32 
19 218. 77 439.61 
20 228.76 440.04 
21 238.74 440.61 
22 248.71 441. 32 
23 258.68 442.18 
24 268.63 443.17 
25 278.56 444.31 
26 288.48 445.59 
27 298.38 447.01 
28 308.26 448.56 
29 318 .11 450.26 

30 327.94 452.10 
31 337.75 454.07 
32 347.52 456.19 
33 357.26 458.44 
34 366.97 460.83 
35 376.65 463.35 
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35 386.29 466.02 
37 395.89 468.82 
38 4 OS. 45 4 71. 75 
39 414. 96 474.82 
40 424.44 478.03 
41 433.86 481.37 
42 443.24 484·.84 
43 452.57 488.45 
44 461.84 492.18 
45 4 71. 07 496.05 
46 480.23 500.05 
47 489.34 504.17 
48 498.39 508.43 
49 507.38 512.81 
50 516.30 517.32 
51 525.16 521. 96 
52 533.96 526. 72 
53 542.68 531.60 
54 551.34 536.61 
55 559.92 541.74 
56 568.43 546.99 
57 576.87 552.36 
58 585.23 557.85 
59 593.51 563.46 
60 601.71 569. :!.9 
61 609.82 575.03 
62 617.86 580.98 
63 619.19 582.00 

Circle Center At X = 193.3 ; y 1145.4 and Radius, 706.2 

*** 1.613 *** 
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b 1.87 
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f 1.89 
g 1.89 
h 1.89 
i 1.90 
j 1.90 

Phase 8 - Section F-F Downstream Static Shallow Slope Circle 
Z:111146\STABIL~118FFDSST2.PL2 Run By: R. Cox 9/23/2011 3:13PM 

Soil T?tal Saturated Friction Piez. 
Type Unit Wt. Unit Wt. Angle Surface 
No. (pcf) (pcf) (deg) No 
1 130.0 140.0 33.'7 _filj1 a 
2 80.0 90.0 28.0 W1 h ;j 
3 125.0 135.0 26.8 W1 ~}s ~----~_.,..,.-~ 
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** PCSTABLSM ** 
by 

Purdue University 
--Slope Stability Aaalysis-

Simplified Janbu, Simplified Bishop 
or Spencer~s Method of Slices 

Run Date: 9/23/2011 
Time of Run: 
Run By: 
Input Data Filename: 
Output Filename: 
unit: 

3, 13PM 
R. Cox 
Z,8FFDSST2. 
Z, 8 FFDSST2 . OUT 
ENGLISH 

Plotted 
PROBLEM 

Output Filename: Z:8FFDSST2.PLT 
DESCRIPTION Phase 8 - Section F-F 

Downstream static Shallow 
BOUNDARY COORDINATES 

Slope Circle 

12 Top 
33 Total 

Boundary 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

Boundaries 
Boundaries 
X-Left 

{ft) 
.00 

19.25 
40.00 
60.00 
96.00 

Y-Left 
{ft) 

462.92 
462.92 
4.56.00 
456.00 
468.00 
500.00 
500.00 
538.00 
538.00 
588.00 
588.00 
582.00 
582.00 
538.00 
538.00 
524.00 
524.00 
500.00 
500.00 
500.00 
500.00 
500.00 
495.00 
500.00 
495.00 
495.00 
463.27 
456.00 
459.00 
463.27 
465.73 
460.00 
456.00 

X-Right 
(ft) 
19.25 
40.00 
60.00 
96.00 

Y-Right 
(ft) 

462.92 
456.00 
456.00 
468.00 
500.00 
500.00 
538.00 
538.00 
588.00 
588.00 
582.00 
582.00 
524. 00 
538.00 
524.00 
524.00 
500.00 
500.00 
500.00 
500.00 
500.00 
495.00 
500.00 
465.73 
495.00 
459.00 
495.00 
459.00 
463.27 
465.73 
460.00 
460.00 
456.00 

Soil Type 
Below Bnd 

3 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 

192.00 
232.00 
346.00 
376.00 
526.00 
556.00 
574.00 
574.00 
376.00 
446.00 
488.00 
488.00 
232.00 
242.00 
562.08 
850.79 
242.00 
837.55 
881.34 
255.05 
255.05 
726.56 

60.00 
349.00 
726.56 
986.02 

1003.52 
33 .DO 

ISOTROPIC SOIL PARAMETERS 
3 Type{s} of Soil 

Soil Total saturated 
Type Unit Wt. Unit Wt. 

No. {pcf) {pcf) 
1 130.0 140.0 
2 80.0 90.0 

Cohesion 
Intercept 

{psf) 
.0 
.0 

192.00 
232.00 
346.00 
376.00 
526.00 
556.00 
574.00 

1050.00 
748.00 
446.00 
488.00 
748.00 
562.08 
242.00 
562.08 
850.79 
881. 34 
255.05 
850.79 
986.02 
837.55 
349.00 
837.55 
349.00 
726.56 
986.02 

1003.52 
1050.00 

40.00 

Friction 
Angle 
{deg) 
33.7 
28.0 

Pore Pressure 
Pressure Constant 

Param. (psf) 
.00 .0 
.00 .0 

3 125.0 135.0 ,0 26.8 .00 .0 
2 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED 
Unit Weight of Water= 62.40 
Piezometric Surface No. 1 Specified by 6 Coordinate Points 

Point x-water Y-Water 
No. (ft) {ft) 

l .00 456.00 

3 
3 
1 
1 
1 
1 
1 
1 
1 
1 
2 
1 
1 
1 
2 
1 
1 
1 
1 
1 
1 
1 
1 
2 
1 
1 
3 
3 
3 
3 
3 
3 

Piez. 
Surface 

No. 
1 
1 
1 



R11904

(~ 

Page No._-',1"--"-1 __ _ 

z,\1114G\DTABIL-l\8FFDSST2.0UT Page 2 

2 
3 
4 
5 
6 

Piezometric 
Point 

No. 
1 
2 
3 

65.00 
255.05 
470.00 
565.00 

1050.00 
Surface 

X"-Water 
(ft) 
.00 

349.00 
1050.00 

No. 

456.00 
495.00 
530.00 
585.00 
585.00 
2 Specified by 3 Coordinate Points 
Y-Water 

(ft) 
435.38 
439.00 
439.00 

A Critical Failure Surface Searching Method, Using A Random 
Technique For Generating Circular Surfaces, Has Been Specified. 
400 Trial Surfaces Have Been Generated. 

20 Surfaces Initiate From Each Of 20 Points Equally Spaced 
Along The Ground Surface Between X 195.00 ft. 

and X 275.00 ft. 
Each Surface Terminates Between X 540.00 ft. 

and X 620.00 ft. 
Unless Further Limitations Were Imposed, The Minimum Elevation 
At Which A Surface Extends Is Y =436.00 ft. 
10.00 ft. Line Segments Define Each Trial Failure Surface. 
Following Are Displayed The Ten Most Critical Of The Trial 

Failure Surfaces Examined. They Are Ordered - Most critical 
First. 
* * Safety Factors Are Calculated By The Modified Bishop Method 
Failure Surface Specified By 41 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 241.32 503. 11 
2 250.28 498.67 
3 259.40 494.56 
4 268.65 490.78 
5 278.04 487.32 
6 287.54 484.20 
7 297.14 481. 42 
8 306.84 478.99 
9 316.62 476.89 

10 326.47 475.15 
11 336.37 473.76 
12 346.32 472.71 
13 356.~9 472. 03 
14 366.29 471.69 
15 376.29 471.71 
16 386.28 472.09 
17 396.25 472.82 
18 406.19 473.90 
19 416.09 475.33 
20 425.93 477.12 
21 435.70 479.25 
22 4.45.39 481. 73 
23 454.98 484.55 
24 464.47 487.71 
25 473.84 4 91. 20 
26 483.08 495.02 
27 492.18 499.17 
28 501.13 503.64 
29 509.91 508.42 
30 518.51 513.51 
31 526.94 518.91 
32 535.16 524.60 
33 543.18 530.57 
34 550.98 536.83 
35 558.55 543.36 
36 565.89 550.15 
37 572. 98 557.21 
:rn 579.82 564,50 

* * 
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39 5 85. 3 9 572.04 
40 5 92. 6 9 579.80 
41 5 94. 35 582.00 

Circle Center At X = 370.7 y 753.6 and Radius, 281.9 
*** 1. 865 *** 

Individual data on the 58 slices 
Water Water Tie Tie Earthquake 
I-'orce .Force 1-'orce r'orce l<'orce Surcharge 

slice Width Weight Top Bot Norm Tan Hor Ver Load 
No. (ft) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) 

1 6.3 2123.0 . 0 . 0 . 0 . 0 .0 .0 .0 
2 2.7 2200.4 . 0 .0 .0 . 0 .0 .o .0 
3 7. 3 9674.0 .0 . 0 .o .0 . 0 .0 . 0 
4 .9 1570.0 .0 16.6 .0 .0 . 0 . 0 . 0 
5 1.0 1785.3 . 0 55.5 . 0 .o . 0 . 0 . 0 
6 9.3 20932.7 . 0 2334.9 .0 . 0 .0 .0 .o 
7 9.4 28206.6 . 0 5499.2 .0 . 0 .0 .0 . 0 
8 7.7 28248.1 .0 6663.8 .o . 0 . 0 .0 .0 
9 1.8 7147. 4 .0 1806.9 .0 . 0 . 0 .0 . 0 

10 9.6 42455.9 . 0 11245.7 .0 .0 . 0 . 0 .0 
11 9.7 49345.8 . 0 13820.7 . 0 .0 .0 . 0 .0 
12 9. 8 56025.1 .0 16192.6 . 0 . 0 .0 . 0 .0 
13 9.8 62454.9 .0 18358.4 .0 . 0 . 0 .0 . 0 
14 9.9 68598.6 . 0 20315.2 .0 .o . 0 .0 . 0 
15 9.6 71978.1 . 0 21335.4 . 0 .0 . 0 . 0 . 0 
16 . 3 2441.9 .0 725.2 .0 . 0 . 0 .0 .0 
l7 10.0 77600.5 . 0 23592.5 .0 .0 . 0 .0 . 0 
18 ·10. 0 78361.2 . 0 24908.8 . 0 . 0 . 0 . 0 . 0 
19 9.7 76451,3 . 0 25249.7 .0 . 0 .0 . 0 .0 
20 . 3 2256.8 . 0 758.3 .0 . 0 .o .0 .0 
21 10.0 80921.5 . 0 26888.7 .0 . 0 .0 .0 .0 
22 10.0 84742.3 . 0 27549.8 . 0 . 0 .0 .0 .0 
23 9.9 88108.4 .0 27990.4 .0 . 0 .0 . 0 .0 
24 9. 9 91004.7 . 0 28209.9 .0 . 0 .0 .0 .0 
25 9. 8 93419.5 . 0 28208.1 .0 .0 .0 .0 .0 
26 9.8 95345.0 .0 27985.1 .0 . 0 . 0 .0 .0 
27 9.7 96775.7 .0 27541. 0 .o .0 . 0 .0 .0 
28 . 6 6182.5 . 0 1737.7 . 0 .0 . 0 . 0 . 0 

29 9.0 91527.8 . 0 25138.8 . 0 . 0 . 0 . 0 .0 
30 9.5 98149.8 . 0 25992.3 . 0 . 0 . 0 . 0 . 0 
31 5.5 57771.1 . 0 14834.9 . 0 . 0 .0 . 0 .0 
32 3.8 40183.1 . 0 9086.4 .o . 0 .0 . 0 .0 
33 9.2 96869.6 .0 22663.8 .0 . 0 .0 .0 .0 
34 .1 583.9 .0 138.4 .0 .0 .0 .0 .0 
35 4.9 51959.6 . 0 12641.9 . 0 . 0 . 0 .0 .0 
36 4.2 43726.9 . 0 10882.3 . 0 . 0 . 0 .0 .0 
37 1.7 17201.9 . 0 4427.1 .o . 0 . 0 .0 . 0 
38 7.3 74320.9 . 0 19596.5 . 0 . 0 .0 .o . 0 
39 8.8 86714. 0 .0 24299.8 . 0 . 0 .0 . 0 .0 
40 8.6 81498.3 . 0 24352.5 .0 . 0 .o . 0 .0 
41 . 6 5747.6 . 0 1796.6 . 0 .0 .0 .0 .0 
42 6.9 63070.4 . 0 19711. 8 .0 . 0 .0 . 0 .0 
43 . 9 8549.7 . 0 2673.1 .0 .0 .o .0 .0 
44 7.4 65567.6 . 0 21319.0 .0 .o . 0 .0 .0 
45 .9 7460.2 .0 2468.2 . 0 . 0 . 0 .0 .0 
46 8.0 65945.3 . 0 23169.8 . 0 .0 . 0 .0 .o 
47 7.8 57852.2 .0 22330.3 .0 . 0 .0 .o . 0 
48 5.0 33723.1 .0 14235.9 .0 .0 .o . 0 . 0 
49 2.6 15882.2 .0 7034.1 .0 .0 .0 . 0 . 0 
50 6.4 35380.9 . 0 17643.6 .o .0 .0 .0 . 0 
51 . 9 4365.9 8.7 2663.4 . 0 . 0 . 0 . 0 . 0 
52 7.1 29627.2 689.4 19543.6 . 0 .0 .0 .0 .0 
53 1.0 3488.1 189.9 2537.5 . 0 . 0 . 0 .0 .0 
54 5.8 16494.4 1088.9 12529.5 . 0 . 0 . 0 .0 .0 
55 6.6 11638. 0 1230.6 10439.0 . 0 . 0 . 0 .0 .0 
56 3.7 3113.5 697.4 3934.3 .0 . 0 .0 .o .0 
57 2.6 877.8 482.4 1 731. 1 .0 . 0 . 0 .0 .0 
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1. 7 163.9 310.4 704. 0 . 0 • 0 .0 . 0 .0 
Failure Surface specified By 42 coordinate Points 

Point 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 

'36 
37 
38 
39 
40 
41 
42 

x-surf Y-Surf 
(ft) (ft) 

228.68 
237.81 
247.06 
256.44 
265.92 
275.51 
285.18 
294.93 
304.75 
314. 62 
324.55 
334.50 
344.49 
354.48 
364.48 
374.48 
384.45 
394.39 
404.30 
414.15 
423.94 
4.33. 65 
443.29 
452.83 
462.26 
471.59 
480.78 
489.85 
498.76 
507.53 
516 .13 
524.56 
532.80 
540.86 
548. 71 
556.36 
563.79 
570.99 
577.96 
584.69 
591.18 
591.35 

500.00 
495.91 
492.12 
488.64 
485.47 
482.61 
480.07 
477,86 
475.96 
474.39 
473.15 
472.23 
471.65 
471.39 
471.47 
471.87 
472.60 
473.66 
475.05 
476.77 
478.81 
481.17 
483.85 
486.85 
490.16 
493.78 
497.70 
501. 93 
506.45 
511.27 
516.37 
521.75 
527.41 
533.34 
539.53 
545.97 
552.67 
559.60 
566.77 
574.17 
581.78 
582.00 

Circle Center At X = 357.2 ; Y 
*** 1.873 *** 

Failure Surface Specified By 40 
Point x-surf Y-Surf 

No. (ft) (ft) 
1 237.11 501.70 
2 246.00 497.14 
3 255.06 492.91 
4 264.28 489.02 
5 273.63 485.47 
6 283.10 482.27 
7 292.69 479.42 
8 302.37 476.93 
9 312. 14 474.80 

10 321.98 473.04 
11 331.89 4 71. 64 
12 341.83 470.60 
13 351.81 469.;!4 
14 361.81 469.65 
15 371.81 469.72 
16 381.80 470.17 

774.4 and Radius, 303.0 

Coordinate Points 
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17 391. 76 470.99 
18 401.69 472.17 
19 411. 57 473.72 
20 421.39 475.64 
21 431.12 4 77. 92 
22 440.77 480.56 
23 450.31 483.55 
24 459.73 486.90 
25 469.03 490.59 
26 478.18 494.62 
27 487.17 498.99 
28 496.00 503.69 
29 5 04. 65 508. 72 
30 513. 10 514.06 
31 521. 35 519.70 
32 529.39 525.66 
33 537.20 531.90 
34 544.77 538.43 
35 552.10 545.24 
36 559.17 552.31 
37 565.97 559.64 
38 572.50 567.21 
39 578.74 575.03 
40 583.90 582.00 

Circle Center At X = 364.7 ; Y 739.6 and Radius, 269.9 
*** 1.876 *** 

Failure Surface Specified By 39 Coordinate Points 
Point X-Surf Y-Su~f 
No. (ft) (ft) 

1 237.11 501.70 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 

246.22 
255.49 
264.88 
274.38 
284.00 
293.70 
3 03 . 4 9 
313 . 34 
323.25 
333.20 
343.18 
353.18 
363.18 
3 73 . 1 7 
383.14 
393.07 
402.95 
412.77 
422.52 
432.18 
441.75 
451.20 
460.52 
469. 71 
478.76 
487.64 
496. 35 
504.88 
513. 22 
521.35 
529.27 
536.96 
544.42 
551.63 
558.59 
565.29 
571.71 

497.60 
493.82 
490.39 
487.29 
484.53 
482.13 
480.07 
478.37 
477.C3 
476.04 
475.41 
475.14 
475.23 
475.68 
476.49 
477.66 
479.18 
481. 06 
483.29 
485.88 
488.80 
492.07 
495.68 
499.62 
503.89 
508.48 
513.39 
518.61 
524.13 
529.95 
536.06 
542.45 
549. 11 
556.03 
563.21 
570.64 
578.30 
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39 574.59 582.00 
Circle Center At X = 355.7 ; Y 752.9 and Radius, 277.8 

*** 1.877 *** 
Failure Surface Specified By 42 Coordinate Points 

Point x-surf Y-Surf 
No. (ft) (ft) 

1 224.47 500.00 
2 233.79 496.35 
3 
4 
5 
6 
7 
8 
9 

~,O 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 

243.20 
252.72 
262.32 
272. 00 
281.75 
291.56 
301.43 
311.34 
321.29 
331.26 
341.26 
351. 25 
361.25 
371.24 
381. 21 
391.15 
401.06 
410.92 
420.72 
430.47 
440.14 
449. 73 
45 9. 22 
468.63 
477.92 
487.10 
496.16 
505.08 
513.86 
5.22.50 
530.98 
539.30 
547.45 
555.42 
563.21 
570.80 
578.20 
585.39 
592.36 
594.73 

492.99 
489.90 
487.11 
484.61 
482.39 
480.47 
478.85 
477.53 
476.50 
475.77 
475.34 
475.22 
475.39 
475.86 
476.64 
477.71 
479.08 
480.75 
482. 71 
484.97 
487.51 
490.35 
493.48 
496.89 
500.58 
504.54 
508.78 
513.30 
518.07 
523.11 
528.41 
533.96 
53 9. 76 
545.79 
552.07 
558.58 
565.31 
572. 26 
579.42 
582.00 

Circle Center At X = 350.5 ; Y 
*** 1.885 *** 

Failure Surface Specified By 40 
Point x-surf Y-Surf 

No. (ft) (ft) 
1 224.47 500.00 
2 233.75 496.26 
3 243.14 4.92.83 
4 252.64 489.71 
5 262.24 486.90 
6 271.93 484.42 
7 281.69 482.25 
8 291.52 480.41 
9 301.40 478.89 

10 311.33 477.70 
11 321.29 476.84 
12 331.28 476.30 
13 341.28 476.10 
14 351.28 476.22 

807.9 and Radius, 332.7 

Coordinate Points 
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15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

Circle 

361. 27 
3 71. 24 
381.17 
391.07 
400.91 
410.69 
420.40 
430.02 
439.54 
448.96 
458.27 
467.44 
476.49 
485.38 
494.12 
502.70 
511. 10 
519.32 
527.34 
535.17 
542.78 
550.18 
557.35 
564.29 
570.98 
572.96 

Center At X = 

476.68 
477.46 
~78.58 
480.02 
481.78 
483.87 
486.28 
489.01 
492. 05 
495.41 
499.08 
503.05 
507.32 
511. 89 
516.74 
521. 89 
527.31 
533.01 
538.97 
545.20 
551.68 
558. 41 
565.38 
572.58 
580.01 
582.35 

342.5 ; Y 

*** 1. 887 *** 
Failure Surface Specified By 48 

Point x-surf Y-Surf 
No. (ft) (ft) 

1 199.21 500.00 
2 207.62 494.58 
3 216.20 489.45 
4 224.96 484.62 
5 233.87 480.10 
6 242.94 475.88 
7 252.15 471. 97 
8 261.48 468.38 
9 270.93 465.12 

10 280.49 462.18 
11 290.14 459.57 
12 299.88 457.29 
13 309.69 455.35 
14 319.56 453.74 
15 329.48 452.48 
16 339.44 451.56 
17 349.42 450.97 
18 359.42 450.73 
19 369.42 450.84 
20 379.41 451.28 
21 389.38 452.07 
22 399.31 453.20 
23 409.20 454.67 
24 419.04 456.48 
25 428.81 458.62 
26 438.49 461.10 
27 448.09 463. 91 
28 457.59 467.05 
29 466.97 470.51 
30 476.23 474.29 
31 485.35 478.38 
32 494.33 482.79 
33 503.15 487.50 
34 511.80 492.51 
35 520.28 497.81 
36 5?8.57 503.40 
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779.2 and Radius, 303.1 

Coordinate Points 
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37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 

Circle 

536.66 
544. 5 5 
552.22 
559.67 
566.89 
573.86 
580.58 
587.05 
593.25 
599.18 
604.82 
604.96 

Center At x = 

509.28 
515.42 
521.84 
528.51 
535.43 
542.60 
550.00 
557.63 
565.48 
573.53 
581.79 
582.00 

361.4 ; Y 
*** 1.892 *** 

Failure 
Point 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 

Surface Specified By 43 
x-surf Y-Surf 

{ft) {ft) 
203.42 
212.68 
222.05 
231. 52 
241.07 
250.71 
260.43 
270.21 
280.05 
289.94 
299.86 
309.82 
319.80 
329.80 
33 9. 8 0 
349.79 
359. 78 
369.74 
379.67 
389.57 
399.42 
409.21 
418.94 
428.59 
438.16 
447.65 
457.04 
466. 32 
475.48 
484.53 
493.44 
502.22 
510.85 
519.32 
527.64 
535.79 
543.76 
551.55 
559.16 
566.57 
573.77 
580.77 

43 584.30 

500.00 
496.22 
492.73 
489.50 
486.56 
483.91 
481.54 
479.46 
477.66 
476.16 
474.96 
474.04 
473.43 
473.10 
473.08 
473.35 
473.91 
474.77 
475.92 
477.37 
479.11 
481.14 
483.45 
486.06 
488.94 
492.12 
495.56 
499.29 
503.29 
507.55 
512.09 
516.88 
521. 93 
527.24 
532.79 
538.59 
544.62 
550.89 
557.38 
564.10 
571. 03 
578.18 
582.00 

Circle Center At x = 335.7 ; Y 
*** 1.894 *** 

Failure 
Point 
No. 

1 
2 

surface Specified By 47 
x-surf Y-Surf 

{ft) {ft) 
203.42 
211.84 

500.00 
494.60 
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742.3 and Radius, 291.6 

Coordinate Points 

811.2 and Radius, 

Coordinate Points 

338.2 
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.( 
\ 

3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 

Circle 

220.44 
229.20 
238.13 
247.21 
256.43 
265.77 
275.23 
284.80 
294.46 
304.20 
314. 01 
323.89 
333.81 
343.77 
353.76 
363.75 
373.75 
383.74 
393. 71 
403.64 
413.53 
423.36 
433.12 
442.80 
452.39 
461.87 
471.25 
480.49 
489.60 
498.57 
507.38 
516.01 
524.48 
532.75 
540.82 
548.69 
556.35 
563.77 
570.96 
577. 92 
584.61 
591.06 
597.23 
603.13 
608 .11 

Center At X = 

489.49 
484.69 
480.18 
475.99 
472.10 
468.54 
465.30 
462.38 
459.80 
457.55 
455.63 
454.05 
452.82 
451. 92 
4$1.36 
451.15 
451.28 
451.76 
452.57 
453. 73 
455.23 
457.06 
459.24 
461. 74 
464.58 
467.74 
471.23 
47.5.04 
479.16 
483.59 
488.33 
493.37 
498.70 
504.31 
510.21 
516.38 
522.82 
529.52 
536.46 
543.65 
551. 08 
558.73 
566.59 
574.67 
582.00 

364.9 ; Y 

*** 1.897 *** 
Failure Surface Specified By 45 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 211. 84 500.00 
2 220.98 495.93 
3 230.23 492.13 
4 23 9. 5 8 488.59 
5 249.03 485.34 
6 258.58 482.35 
7 268.21 479.65 
8 277. 91 477.22 
9 287.68 475.08 

10 297.50 473.22 
11 307.38 471.65 
12 317.29 470.37 
13 327.25 469.37 
14 337.22 468.67 
15 347.21 468.25 
16 357.21 468.12 
17 367 .21 468.29 
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742.6 and Radius, 291.4 

Coordinate Points 
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18 377.20 468.74 
19 387.17 469.49 
20 397.12 470.52 
21 407.03 471.84 
22 416.90 473.45 
23 426.72 475.35 
24 436.48 477.53 
25 446.17 479.99 
26 455.79 482.73 
27 465.32 485.75 
28 474.76 489.05 
29 484. 10 492.62 
30 493. 34 496.46 
31 502.45 500.56 
32 511.45 504.93 
33 520.31 509.56 
34 529.04 514.44 
35 537.62 519.58 
36 546.05 524.96 
37 554.32 530.58 
38 562.42 536.44 
39 570.35 542.54 
40 578 .10 548.86 
41 585.66 555.40 
42 593.03 562.16 
43 600.20 569.14 
44 607.16 576.31 
45 612.36 582.00 

circle Center At X = 356.5 ; y 812.5 and Radius, 344.4 

*** 1. 897 *** 
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Phase 8 - Section F-F Upstream Static Whole Slope Circle 
Z:111146\STABIL~118FFUSST.PL2 Run By: R. Cox 9/23/2011 3:16PM 700 r,=====r====.=====i====F=,--~---~-----r-----,----,------,---, 

600 

# FS II Soil 
a 2.19 Desc. 
b 2.19 

CCR 
FCR 
SOIL 

Soil Total Saturated Friction Piez. 
Type Unit Wt. Unit Wt. Angle Surface 
No. (pct) (pct) (deg) No. I a .. 

1 130.0 140.0 33.7 W1 ~ J 
2 80.0 90.0 28.0 W1 JE'::J 
3 125.0 , 135.0 26.8 W1 • 

c2.20 , -~ 

" , '" ~ ' e 2.21 _,...-------1 , "" '2r . ~ ·~··~··-··---<. _____ j_ __ ~1 ~-
2~===="-'z-~~~=:::::{:::_ ~w11 -~~• 

9 __ 2 2 ·-··- -··- -··2 " ~ .. ~11-.. 1.. _______ 4-._____ -"-:: ., "" ,,, . - ·~,a. 
m , . , ' . . . .,_,, "' 
m -•· ....... .. . 500 1--- ~ 

1 1 

3 -··-··- -··-··~··-··-··-·w,··-··- ----L :i_ =~-- -- __ 1 __ -----~- -··-··-··-··-··- -----·-··-··-· - ·-··-w, 

400 ,_ 

300 

200 

100 

0 L__.. __ __1 ___ _j_ ___ ....L.. ___ ..L...._--~--~---_.L..---~---~--~---~ 
0 100 200 300 400 500 600 700 800 900 1000 1100 

PCSTABL5M/si FSmin=2.19 
STED Safety Factors Are Calculated By The Modified Bishop Method 
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** PCSTABLSM ** 
by 

Purdue University 
--Slope Stability Analysis-

Simplified Janbu, simplified Bishop 
or Spencer~s Method of Slices 

Run Date: 9/23/2011 
Time of Run: 3:16PM 
Run By: R. cox 
Input Data Filename: Z:Bffusst. 
Output Filename: Z:Bffusst.OUT 
Unit: ENGLISH 
Plotted Output Filename: Z:Bffusst.PLT 
PROBLEM DESCRIPTION Phase B - Section F-F 

BOUNDARY COORDINATES 
12 Top Boundaries 
33 Total Boundaries 

Upstream Static Whole Slope Circle 

Boundary X-Left 
No. {ft) 

1 .00 

Y-Left 
(ft) 

552.10 
552.10 
588.00 
588.00 
538.00 
538.00 
500.00 
500.00 
468.00 
456.00 
456.00 
462.92 
524.00 
538.00 
524.00 
524.00 
500.00 
500.00 
500.00 
500.00 
500.00 
500.00 
495.00 
465.73 
495.00 
495.00 
459.00 
465.73 
463.27 
459.00 

X-Right 
(ft) 

386.30 
494.00 
524.00 
674.00 
704.00 
818.00 
858.00 
954.00 
990.00 

Y-Right 
(ft) 

552.10 
588.00 
588.00 
538.00 
538.00 
500.00 
500.00 
468.00 
456.00 
456.00 
462.92 
462.92 
552.10 
538.00 
538.00 
524.00 
524.00 
500.00 
500.00 
500.00 
500.00 
495.00 
500.00 
500.00 
495.00 
463.27 
495.00 
463.27 
459.00 
456.00 

Soil Type 
Below Bnd 

2 

2 386.30 
3 494.00 
4 524.00 
5 674.00 
6 704.00 
7 818.00 
8 858.00 
9 954.00 

10 990.00 
11 1010.00 
12 1030.75 
13 302.00 
14 604.00 
15 562.00 
16 302.00 
17 487.92 
18 168.66 
19 199.21 
20 487.92 
21 808.00 
22 199.21 
23 794.95 
24 63.98 
25 212.45 
26 212.45 
27 701.00 
28 63.98 
29 
30 

323.44 
701. 00 

31 1010.00 456.00 
32 46.48 460.00 
33 .00 460.00 

ISOTROPIC SOIL PARAMETERS 
3 Type(s) of Soil 

Soil Total Saturated Cohesion 
Type unit Wt. Unit Wt. Intercept 

No. (pcf) (pcf) {psf) 
1 130.0 140.0 .0 
2 80.0 90.0 .0 
3 125.0 135.0 .0 

1010.00 
1030.75 
1050.00 

386.30 
674.00 
604.00 
562.00 
562.00 
199.21 
487.92 
808.00 
818.00 
212.45 
808.00 
168.66 
794.95 
323.44 
794.95 
323.44 
701.00 
990.00 

1050.00 
63.98 
46.48 

Friction 
Angle 
(deg) 
33.7 
28.0 
26.8 

456.00 
465.73 
460.00 

Pore 
Pressure 

Param. 
.00 
.00 
.00 

Pressure 
Constant 

(psf) 
.o 
.0 
• 0 

2 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED 
Unit Weight of Water= 62.40 
Piezometric Surface No. 1 Specified by 6 Coordinate Points 

Point X-Water Y-Water 
No. (ft) (ft) 

1 .co 555.38 

1 
1 
1 
1 
1 
1 
1 
1 
3 
3 
3 
1 
1 
1 
2 
1 
1 
1 
1 
1 
1 
1 
1 
2 
1 
1 
3 
3 
3 
3 
3 
3 

Piez. 
Surface 

No. 
1 
1 
1 
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2 
3 
4 
5 
6 

Piezometric 
Point 

No. 
1 
2 
3 

396.14 
580.00 
794.95 
985.00 

1050.00 
Surface 

X-Water 
(ft) 
.00 

701.00 
1050.00 

No. 

555.38 
530.00 
495.00 
456.00 
456.00 
2 Specified by 3 Coordinate Points 
Y-Water 

(ft) 
439.00 
439.00 
435.38 

A Critical Failure Surface Searching Method, Using A Random 
Technique For Generating Circular Surfaces, Has Been Specified. 
400 Trial Surfaces Have Been Generated. 

20 Surfaces Initiate From Each Of 20 Points Equally Spaced 
Along The Ground Surface Between X 200.00 ft. 

and X 300.00 ft. 
Each Surface Terminates Between X 475.00 ft. 

and X 550.00 ft. 
Unless Further Limitations Were Imposed, The Minimum Elevation 
At Which A Surface Extends Is Y =436.00 ft. 
10.00 ft. Line segments Define Each Trial Failure surface. 
Following Are Displayed The Ten Most Critical Of The Trial 

Failure Surfaces Examined. They Are Ordered - Most Critical 
First. 
**Safety Factors Are Calculated By The Modified Bishop Method** 
Failure Surface specified By 33 coordinate Points 

Point x-surf Y-Surf 
No. (ft) (ft) 

1 242.11 552.10 
2 249.22 
3 256.75 
4 264.65 
5 272. 90 
6 281.47 
7 290.33 
8 299.45 
9 308.80 

10 318.34 
11 328.04 
12 337.87 
13 347.80 
14 357.77 
15 367.77 
16 377.76 
17 387.70 
18 397.55 
19 407.28 
20 416.87 
21 426.26 
22 435. 4.4 
23 444.36 
24 453.00 
25 461.33 
26 469.31 
27 476.92 
28 484.13 
29 490.92 
30 497.26 
31 503.13 
32 508.51 
33 511.82 

Circle Center At X = 

*** 2.190 
Individual data 

Water 
F0rce 

545.08 
538.49 
532.36 
526. 71 
521. 55 
516. 92 
512.82 
509.27 
506.28 
503.86 
502.02 
500. 77 
500 .11 
500.04 
500.57 
501.69 
503.39 
505.68 
508.54 
511.97 
515.94 
520.46 
525.49 
531.03 
537.05 
543.54 
550.47 
557.81 
565.54 
573.64 
582.07 
588.00 

363.9 y 

*** 
on the 

Water 
Force 

668.4 and Radius, 168.4 

38 slices 
Tie 

Force 
Tie 

Force 
Earthquake 

Force Surcharge 
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'~ Slice Width Weight Top Bot Norm Tan Hor Ver Load 

No. (ft) (li::s) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) 

1 7.1 2249.8 1456.9 4238.1 .0 . 0 .0 . 0 . 0 

2 7.5 6985.6 1539.6 8485.2 .0 . 0 .0 . 0 . 0 

3 7. 9 11858.3 1617.0 12453.7 .o . 0 .0 .0 . 0 

4 8.3 16757.7 1688.6 16129.8 .0 . 0 . 0 . 0 . 0 

5 8.6 21575.9 1754.3 19500.1 .0 . 0 . 0 .0 . 0 

6 8.9 26209.5 1813.7 22553.1 . 0 .0 . 0 .0 . 0 

7 9.1 30561.3 1866.8 25277. 9 .0 . 0 .0 . 0 . 0 

8 2.5 9124.6 521. 9 7325.7 .0 .0 .0 . 0 . 0 

9 6.8 25801. 8 1391.5 20339.3 . 0 . 0 .0 .0 .0 

10 9. 5 39908.0 1953.1 29705.9 . 0 . 0 .o .o .0 

11 9.7 44497.6 1986.0 31393.4 . 0 . 0 . 0 .0 . 0 

12 9.8 48560.2 2011. 9 32721.5 . 0 .0 . 0 .0 . 0 

13 9.9 52026.3 2030.6 33685.6 . 0 . 0 . 0 .o . 0 

14 10.0 54837.5 2042.3 34282.3 . 0 . 0 .0 .0 .0 

15 10.0 56948.9 2046.7 34509.5 . 0 . 0 .0 .o . 0 

16 10.0 58328.2 2043.9 34366.3 . 0 .0 . 0 .0 . 0 

17 8.5 50633.0 1748.l 29137.9 . 0 .0 . 0 . 0 . 0 

J. 8 1. 4 8353.9 279.9 4715.5 .0 .0 . 0 . 0 . 0 

19 8.4 51831. 2 781. 5 28319.5 . 0 .0 .0 .0 . 0 

20 1. 4 8859.7 . 0 4600.8 .0 .0 .0 . 0 . 0 

21 9.7 62338.4 .0 30894.2 .0 .0 .0 . 0 . 0 

22 9.6 63025.2 . 0 28478.7 .0 . 0 .0 . 0 . 0 

23 9.4 62883.4 . 0 25726.1 . 0 . 0 .o . 0 .0 

24 9.2 61934.7 . 0 22646.1 . 0 . 0 . 0 .o . 0 

25 8.9 60215.6 . 0 19249. 8 .0 .0 . 0 .0 . 0 

26- 6.1 40741.2 . 0 11343. 7 .0 . 0 . 0 . 0 . 0 

27 2.6 16940.2 . 0 4205.l .0 . 0 . 0 . 0 . 0 

28 8.3 52908.4 .o 11556.5 .0 . 0 .0 . 0 . 0 

29 8.0 47000.9 . 0 7286. 8 .o .0 . 0 . 0 . 0 

30 7.6 40642.5 .0 2754.7 .0 .0 . 0 .0 . 0 

31 .6 3140. 4 .0 18.4 . 0 .0 . 0 .0 . 0 

32 6.6 31086.4 .0 .o . 0 .0 . 0 .0 . 0 

33 6.8 27976.1 . 0 .0 . 0 .0 . 0 .0 • 0 

34 3.1 11132.6 .0 .0 . 0 .0 . 0 .0 .o 
35 3.3 10358.3 .0 .0 .o . 0 . 0 .0 . 0 

36 5.9 14048 .1 .0 .0 . 0 .0 .0 .0 .0 

37 5.4 7095.1 . 0 .o .0 . 0 . 0 .0 .0 

38 3.3 1274.6 . 0 .0 . 0 .0 . 0 .0 .0 

Failure Surface Specified By 34 coordinate Points 
Point x-surf Y-Surf 

No. (ft) (ft) 
1 242 .11 552.10 
2 249.36 545.22 
3 257.00 538.76 
4 264.99 532.75 
5 273.32 527.21 

6 281.95 522.16 
7 290 :es 517.61 
8 300.00 513.57 
9 309.37 510.07 

10 318.92 507.11 
11 328.62 504.70 
12 338.45 502.85 
13 348.37 501.57 
14 358.34 500.86 
15 368.34 500. 72 
16 378.33 501. 15 
17 388.28 502.16 
18 398.16 503. 73 
19 407.93 505.87 
20 417.56 508.56 
21 427.02 511. 80 
22 436.28 515.57 
23 445.31 519.88 
o, 4.54.07 524.69 "' 
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25 
26 
27 
28 
29 
30 
31 
32 
33 
34 

462.55 
4 70. 71 
478.52 
485.97 
493.02 
499.65 
505.84 
511.57 
516.82 
516. 92 

529.99 
535.77 
542.01 
548.69 
555.78 
563.27 
571. 12 
579.Jl 
587.82 
588.00 

Circle Center At X = 365.8 ; Y 675.2 and Radius, 174.5 
*** 2.190 *** 

Failure surface Specified By 32 Coordinate Points 
Point x-surf Y-Surf 

No. {ft) {ft) 
1 252.63 552.10 
2 
3 
4 

5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 

259.86 
267.50 
275.52 
283.88 
292.57 
301. 54 
310.76 
320.20 
329.83 
339.60 
349.48 
359.44 
369.43 
379.43 
389.39 
399.27 
409.05 
418.68 
428.12 
437.35 
446.33 
455.02 
463.39 
471.42 
479.06 
486.30 
493 .11 
499.46 
505.32 
510.68 
513.15 

545.19 
538.74 
532.76 
527.28 
522.32 
517.90 
514.04 
510.74 
508.03 
505.90 
504.38 
503.46 
503.15 
503.45 
504.35 
505.86 
507.97 
510.68 
513. 96 
517.81 
522.22 
527.17 
532.63 
538.60 
545.04 
551.94 
559.27 
566.99 
575.09 
583.53 
588.00 

Circle Center At X = 369.5 ; Y 667.1 and Radius, 164.0 
*** 2.199 *** 

Failure Surface Specified By 34 Coordinate Points 
Point x-surf Y-Surf 

No. {ft) {ft) 
1 247.37 552.10 
2 254.67 545.27 
3 262.34 538.85 
4 270.36 532.88 
5 278.70 527.36 
6 287.34 522.33 
7 296.25 517.78 
8 3 05. 4 0 513.74 
9 314.76 510.23 

10 324.30 507.24 
11 334.00 504.80 
12 343.82 502.90 
13 353.73 501.55 
14 363.70 500.77 
15 373.69 500.54 
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16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 

Circle 

383.69 
393.65 
403.54 
413.34 
423.01 
432.51 
441. 84 
450.94 
459.79 
468.38 
476.65 
484.61 
4 92. 21 
499.43 
506.25 
512.65 
518.61 
524.11 
525.60 

Center At X = 

500.88 
501.78 
503.24 
505.24 
507.80 
510.89 
514. 51 
518.65 
523.30 
528.43 
534.04 
540 .11 
546.61 
553.52 
560.83 
568.52 
576.55 
584.90 
587.47 

*** 2.202 
372.7 ; Y 

*** 
Surface Specified By 34 Failure 

Point 
No. 

l 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 

X-Surf Y-Surf 
(ft) (ft) 

231.58 552.10 
239.17 
247.09 
255.32 
263.84 
272.62 
281.65 
290.88 
300.31 
309.90 
319.62 
329.46 
339.37 
349.34 
359.34 
369.34 
379.30 
389.21 
399.04 
408.76 
418.33 
427.75 
436.97 
445.97 
454.73 
463.23 
471.44 
479.34 
486.90 
494.10 
500.94 
507.37 
513.40 

545.59 
539.48 
533.80 
528.57 
523.79 
519.48 
515.64 
512.31 
509.47 
507.14 
505.33 
504. 03 
503.26 
503.02 
503.30 
504 .11 
505.45 
507.30 
509.67 
512.55 
515.92 
519.79 
524.14 
528.96 
534.23 
539.94 
546.08 
552.62 
559.56 
566.86 
574.51 
582.49 

34 517.12 588.00 
Circle Center At X = 358.9 ; Y 

*** 2.213 *** 

Page Na._,~S~">'----
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678.5 and Radius, 178.0 

coordinate Points 

692. 7 and Radius, 189. 7 

Failure Surface Specified By 32 Coordinate Points 
Point x-surf Y-Surf 

No. (ft) (ft) 
1 263.16 552.10 
2 
3 
4 

270.23 
277.73 
285.63 

545.03 
538.42 
532.28 
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5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 

293. 90 
302.50 
311. 40 
320.57 
329.98 
339.57 
349.33 
359.20 
369.15 
379.15 
389.14 
399.10 
408.99 
418.75 
428.37 
437.80 
447.00 
455.94 
464.57 
472.88 
480.83 
488.37 
495 .so 
502.17 
508.36 
514.05 
519.22 
521.65 

526.66 
521. 56 
517.01 
513.02 
509.61 
506,80 
504,60 
503.00 
502.03 
501.68 
501.96 
502.86 
504.38 
506.52 
509.26 
512.59 
516.51 
521.00 
526.04 
531. 60 
537.68 
544. 24 
551. 25 
558.70 
566.55 
574,78 
583.34 
588.00 

Circle Center At X = 379.7 i Y 661.6 and Radius, 159.9 
*** 2.214 *** 

Failure Surface Specified By 34 Coordinate Points 
Point X-Surf Y-Surf 

No. {ft) {ft) 
1 247.37 552.10 
2 254.60 545,20 
3 262.22 538.72 
4 270.19 532.68 
5 278.49 527.10 
6 287.09 522.00 
7 295.97 517.40 
8 305.10 513.31 
9 314.44 509.74 

10 323.97 506.71 
11 333.65 504.22 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 

343.47 
353.37 
363,34 
373.33 
3 83. 3 3 
393.29 
403.18 
412.98 
422. 65 
432.15 
441.46 
450.56 
459.40 
467. 96 
476.22 
484.14 
491.71 
498.89 
505.66 
512.01 
517, 91 
523.34 
525.06 

502.29 
500.91 
500.10 
499.86 
500.18 
501.07 
502.52 
504.53 
507.10 
510.20 
513.84 
518.00 
522.68 
527.84 
533.48 
539.58 
546. 12 
553.08 
560.44 
568.17 
576.24 
584.64 
587.65 
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circle Center At X = 372.6 ; Y 
*** 2.216 *** 

Failure 
Point 

No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 

Surface Specified By 33 
x-surf Y-Surf 

(ft) (ft) 
242.11 
249.19 
2!JG.GO 
264.55 
272.78 
281.34 
290.19 
299.30 
308.64 
318.18 
327.88 
337.71 
347.63 
357.61 
367.61 
377.59 
387.53 
397.38 
407.11 
416.68 
426.06 
435.22 
444.12 
452.74 
461,03 
468.98 
476.54 
483. 71 
490.44 
496. 72 
502.52 
507.83 
510.83 

552.10 
545.04 
!JJO. 42 
532.25 
526.57 
521.39 
516.73 
512.61 
509.05 
506.04 
503.62 
501.77 
500.52 
499.87 
499.81 
500.35 
501.48 
503.21 
505.53 
508.42 
511. 88 
515.90 
520.45 
525.53 
531.12 
537.19 
543. 72 
550.70 
558.09 
565.88 
574. 02 
582.50 
588.00 

Circle Center At X = 363.6 ; Y 
*** 2.221 *** 

Failure Surface Specified By 34 
Point x-surf Y-Surf 

No. (ft) (ft) 

1 226. 32 552.10 
2 233.65 545.30 
3 241. 34 538. 91 
4 24 9. 3 8 532. 96 
5 257.73 527.47 
6 266.38 522.44 
7 275.29 517.90 
8 2 84, 44 513.87 
9 293.80 510.35 

10 303.34 507.35 
11 313.03 504.88 
12 322.84 502.96 
13 332.75 501.58 
14 342. 71 500.76 
15 352. 71 500.48 
16 362. 71 500.77 
17 372.67 501.60 
18 382.58 502.99 
19 392.39 504. 92 
20 402.08 507.40 
21 411.61 510.41 
22 420.97 513. 94 
23 430.11 517.98 
24 439.02 522.53 

z,\11146\stah\1-1\Affusst.OlJT PagR 7 

676.1 and Radius, 176.2 

Coordinate Points 

666.9 and Radius, 167.1 

Coordinate Points 
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25 447.66 527.56 
26 456.01 533.07 
27 464.04 539.02 
28 471.73 545.42 
29 479.05 552.23 
30 485.99 559.43 
31 492.51 567.01 
32 498.60 574.94 
33 504.25 583.20 
34 507.16 588.00 

circle Center At X = 352.6 ; y 680.7 and Radius, 180.3 
*** 2.222 *** 

Failure Surface Specified By 32 Coordinate Points 
Point X-Surf Y-Surf 

No. (ft) (ft) 
1 263.16 552.10 
2 270.28 545.08 
3 277.81 538.50 
4 285.73 532.40 
5 294.01 526.79 
6 302. 62 521.69 
7 311. 52 517.14 
8 320.68 513.13 
9 330.07 509.69 

10 339.65 506.84 
11 349.39 504.57 
12 359.25 502.90 
13 369.20 501.84 
14 379.19 501.39 
15 389.18 501.54 
16 399.16 502. 31 

( 17 409.06 503.69 
18 418.86 505.67 

' 19 428.53 508.24 
20 438.01 511. 40 
21 447.29 515.13 
22 456.32 519.42 
23 465.08 524.26 
24 473.52 529.62 
25 481.62 535.49 
26 489.34 541.84 
27 496.66 548.65 
28 503.56 555.89 
29 509.99 563.54 
30 515.95 571.58 
31 521.41 579. 96 
32 525.66 587.45 

Circle Center At X = 381.6 ; y 665.0 and Radius, 163.6 
*** 2.222 *** 
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ILLINOIS ENVIRONMENTAL PROTECTION AGENCY 

MINE RELATED WATER POLLUTION CONTROL PERMIT 

PERMITNO.: 2012-MA-6141-1 

FINAL PLANS, SPECIFICATIONS, APPLICATION 
AND SUPPORTING DOCUMENTS 
PREPARED BY: James M. Miller 

Alliance Consulting, Inc. 

DATE ISSUED: May 21, 2012 

EXPIRATION DATE: February 28, 2017 

LOG NUMBERS: 6141-12 

SUBJECT: Williamson Energy, LLC - Pond Creek Mine 

Williamson Energy, LLC - Pond Creek Mine 
P.O.Box 99 
Johnston City, IL 62951 

Supplemental Permit is hereby granted to the above designated permittee to construct and operate the swface facilities 
to support the underground mine facility which was previously approved under Permit No. 2012-MA-6141. 

A permit area consisting of0.64 acres, also identified as an Incidental Boundary Revision (IBR) to OMM Permit No. 
3 7 5, located in Section 13, T8 S, R3E, Williamson County, Illinois, as described and depicted in IEP A Log No. 6141-
12 is to be utilized for the construction of the borehole for the batch material supply ofcrushed stone and concrete to 
the underground mine. 

Runoff from the area approved herein will be controlled by silt fence, mulching, seeding, vegetation, rock check darns, 
erosion control blankets, etc. 

The abandonment plan shall be executed and completed in accordance with 35 Ill. Adm. Code 405.109. 

This Supplemental Permit supersedes and replaces Permit Number 2012-MA-6141 which was previously issued for 
the herein permitted facilities. 

This ,Permit is issued subject to the following Special Condition. If such Special Condition requires additional or 
revised facilities, satisfactory engineering plan documents must be submitted to this Agency for review and approval 
for issuance of a Supplemental Permit. 

Special Condition No. 1: This permit is issued with the expressed understanding that there shall be no swface 
discharge from these facilities. If such discharge occurs, additional or alternate facilities shall be provided. The 
construction of such additional or alternate facilities may not be started until a Permit for the construction is issued by 
the Agency. 

This permit is issued in accordance with the Illinois Environmental Protection Act of 1970, the Title 35, Subtitle C: 
Water Pollution and Subtitle D: Mine Related Pollution Regulations adopted pursuant thereto by the Illinois 
Environmental Protection Act. THE STANDARD CONDITIONS OF ISSUANCE INDICATED ON TIIB 
ATTACHMENT TO TIIlS PERMIT (PAGE la) MUST BE COMPLIED WITH IN FULL. READ ALL 
CONDITIONS CAREFULLY. 

cc: IDNR, Office of Mines and Minerals 
IDNR, Division of Water Re~ces 
BOW /MPCP/FOS/Marion 

LDC:IW:cs/6026c/5-l 8-12 

cfb.7:.~ 
Manager, Permit Section 
Mine Pollution Control Program 
Bureau of Water 
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ILLINOIS ENVIRONMENTAL PROTECTION AGENCY 

MINE RELATED WATER POLLUTION CONTROL PERMIT 

PERMIT NO.: 2012-MA-6141 

FINAL PLANS, SPEClFICATIONS, APPLICATION 
AND SUPPORTING DOCUMENTS 
PREPARED BY: James M. Miller 

Alliance Consulting, Inc. 

DATE ISSUED: March 14, 2012 

EXPIRATION DATE: February 28, 2017 

LOG NUMBERS: 6141-12 

SUBJECT: Williamson Energy, LLC- Pond Creek Mine 

Williamson Energy, LLC - Pond Creek Mine 
P.O. Box 99 
Johnston City, IL 62951 

Permit is hereby granted to the above designated permittee to construct and operate the surface facilities to support the 
underground mine facility described as follows: 

A permit area consisting of0.64 acres, also identified as an Incidental Boundary Revision (IBR) to OMM Permit No. 
375, located in Section 13, T8S, R3E, Williamson County, Illinois, as described and depicted in IEPA Log No. 6141-
12 is to be utilized for the construction of the borehole for the batch material supply of crushed stone and concrete to 
the underground mine. 

Runoff from the area approved herein will be controlled by silt fence, mulching, seeding, vegetation, rock check dams, 
erosion control blankets, etc. 

The abandonment plan shall be executed and completed in accordance with 35 Ill. Adm. Code 405 .109. 

This Permit is issued subject to the following Special Condition. If such Special Condition requires additional or 
revised facilities, satisfactory engineering plan documents must be submitted to this Agency for review and approval 
for issuance of a Supplemental Permit. 

Special Condition No. 1: This permit is issued with the expressed understanding that there shall be no surface 
discharge from these facilities. If such discharge occurs, additional or alternate facilities shall be provided. The 
construction of such additional or alternate facilities may be started until a Permit for the construction is issued by the 
Agency. 

This permit is issued in accordance with the Illinois Environmental Protection Act of 1970, the Title 35, Subtitle C: 
Water Pollution and Subtitle D: Mine Related Pollution Regulations adopted pursuant thereto by the Illinois 
Environmental Protection Act. THE STANDARD CONDfl'lONS OF ISSUANCE INDICATED ON THE 
ATTACHMENT TO TIDS PERMIT (PAGE la) MUST BE COMPLIED WITH IN FULL. READ ALL 
CONDITIONS CAREFULLY. 

cc: IDNR, Office of Mines and Minerals 
IDNR, Division of Water Res9urces 
BOW/MPCP/FOS/Marion ✓ 

LDC:IW:cs/6026c/3-14-12 

rfr!.,<?r 
Manager, Permit Section 
Mine Pollution Control Program 
Bureau of Water 
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Illinois Department of 
Natural Resources 
One Natural Resources Way Springfield, Illinois 62702-1271 
http://dnr.statc.ii.us 

James Miller 
W illiamson Energy 
P.O. Box 99 

March 21, 2012 

Johnston City, IL 62951 

Re: Permit No. 375 
Incidental Boundary Revision No. 41 

Dear Mr. Miller: 

6141·/12 
~ o~: L-1-1 ~- Id 

Pat Quinn, Governor 
Marc Miller, Director 

The appropriate Department technical staff have reviewed the proposed incidental boundary 
revision dated February 29, 2012 and the supplemental information dated March 6, 2012, 
submitted by Williamson Energy for Pond Creek Mine, Permit No. 375. The request would add 
0.64 acres to conduct surface coal mining activities. The additional acres would be used for a 
service borehole. 

The Department finds Williamson Energy has demonstrated in its request, and field inspections 
by the Department's field representative have confirmed that these areas (0.64 acres) meet the 
requirements for an incidental boundary change as outlined in 62 Ill. Adm. Code 177 4.13( d). 
Section l 774.13(d)(6) publication requirements have been met. 

A sediment pond exemption is requested for an area delineated in the application. The 
regulations at 62 Ill. Adm. Code 1817.46( e) allow the Department to grant exemptions from the 
requirement to pass all disturbed drainage through a siltation structure when: 

a. The disturbed drainage area within the total disturbed area is small; and 

b. The permittee demonstrates that siltation structnres and alternate sediment control 
measures are not necessary for drainage from the disturbed drainage areas to meet the 
effluent limitations and water quality standards for the receiving waters set forth in 
Section 1817.42. 

The Department has determined that the area for which a sediment pond exemption is requested 
meets the criteria established in Section 1817.46(e) and hereby grants an exemption from the use 
of a sedimentation pond for this area. 

Sediment control measures necessary to minimize sediment loss outside the permit 
area shall be in place and functional, prior to any disturbance. All disturbed area, 
including any stockpiled soil material, shall be vegetated and/or mulched as soon as 
those activities are completed. ) f5}~fC'•'f.\'ir.S:f'~, ff;~\ 

~~~),!~,',''I• ~J 11)' 
MAR 2 3 2012 .. !d) 

IL Environmental Prn1,.,~. ,... ~r:ncy 
MARION RGQION/11,. OffiC£ 
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James Miller · 
Permit No. 375 
Incidental Boundary Revision No. 41 
Page2 

The fee for the area will be $16.00. The fee is comprised of $16.00 for non-surface mining area 
($5/acres x .064 acres x 5 years the bond is in force). 

The bond for the area will be $6,128. Copies of bond form SCML-2 have been enclosed for your 
use. For additional bonding and other forms, please contact this office or download a copy from 
the web at: www.dnr.state.il.us/mines/lrd/forms.htm. Please note many forms have been 
modified. Only the most current versions will be accepted. 

Upon receipt by the Department of the fee and bond, plus forward two complete copies of your 
request letter and map(s) to Ronald Morse, Illinois Environmental Protection Agency, 2309 West 
Main Street, Marion, Illinois 62959, mining activities on these 0.64 acres may commence, 
following Department approval. 

All conditions and provisions contained in the approved permit also apply to this revision. 
Approval from this agency does not relieve Williamson Energy from obtaining approval from 
other agencies requiring such. · · 

Should you have any questions, please contact Brad Murphy at our Benton office. 

SKF:CBM:gr 

Enclosure 
cc: . B. Murphy/ 

R. Morse/ 
M. Parrish 
J. Slapak 

03090909.doc 

Sincerely, 

~µ_ 
Scott K. Fowler, Supervisor 
Land Reclamation Division 
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STATE OF ILLINOIS 

ENVIRONMENTAL PROTECTION AGENCY 

Subject: Williamson Energy, LLC - Pond Creek Mine 

Data: Log No. 6141-12 

Reviewed by: I. Ward Date: 03-09-12 

Log No. 6141-12 ⇒ IBR to OMMPennitNo. 375 

------------------------------------

Log No. 6141-12 

• A permit area consisting of 0.64 acres 

• Facility is located in Section 13, T8S, R4E, Williamson County, Illinois. 

• Permit to be utilized for the construction of the borehole for the batch material 
supply of crushed stone and concrete to the underground mine. 

• Runoff from the area approved herein will be controlled by silt fence, mulching, 
seeding, vegetation, rock check dams, erosion control blankets, etc. 

* Action: Prepare Subtitle D Penni! No.2012-MA-6141. 
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Williamson Energy, LLC 
PO Box 99 
Johnston City, IL 62951 
Office: 618-983-3020 Fax: 618-983-3017 

0.64 ACRES NON-CONTIGUOUS 

INCIDENTAL BOUNDARY REVISION 

FOR PERMIT NO. 375 

WILLIAMSON COUNTY, IL 
POND CREEK MINE NO. 1 

FEBRUARY 29, 2012 
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Williamson Energy, LLC 
PO Box 99 
Johnston City, IL 62951 
Office: 618-983-3020 Fax: 618-983-3017 

February 29, 2012 

Mr. Larry Crislip 
Illinois Environmental Protection Agency 
Mine Pollution Control Program 
2309 West Main 
Marion, IL 62959 

Re: Incident Boundary Revision 
Service Borehole 
Pond Creek No. 1 Mine, Permit #375 

( Mr. Crislip: 

(_ 

Please find enclosed (2) copies of a 0.64 acre non-contiguous IBR application to the Pond 
Creek No. 1 Mine, Permit #375. The IBR will be useq_ for drilling a service borehole. 
Please refer to the enclosed material for details of the IBR. 

Should additional information or questions exist with regard to this proposed IBR, please 
contact me directly at (618) 983-3020 Ext 154 or (618) 889-8905. 

Respectfully submitted, 

{)unu,M 
James Miller, PE 
Authorized Representative 
Williamson Energy, LLC 
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C 
Williamson Energy, LLC 
PO Box 99 
Johnston City, IL 62951 
Office: 618-983-3020 Fax: 618-983-3017 

February 29, 2012 

Mr. Scott Fowler, Supervisor 
Office of Mines and Minerals 
Land Reclamation Division 
Illinois Dept. of Natural Resources 
One Natural Resources Way 
Springfield, IL 62702-1271 

Re: Incident Boundary Revision 
Service Borehole 
Pond Creek No. 1 Mine, Permit #375 

r Dear Mr. Fowler: 
\.. 

(_ 

Please find enclosed an original and one copy of a 0.64 acre non-contiguous IBR 
application to the Pond Creek No. 1 Mine, Pennit #375. 

Please be advised that one copy of this IBR application has also been sent to Mr. Brad 
Murphy in the Benton office. 

Should additional infonnation or questions exist with regard to this proposed IBR, please 
contact me directly at (618) 983-3020 Ext 154 or (618) 889-8905. 

Sincerely, 

~M 
James Miller, P.E. 
Authorized Representative 
Williamson Energy, LLC 

Cc: ILDNR/OMM Benton attn. B. Murphy (1) +.pdf 
ILEPA Marion, attn. L. C1islip (2) +.pdf 
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C 

State of Illinois 
Department of Natural Resources 

Office of Mines and Minerals 
One Natural Resources Way 

Springfield, Illinois 62702-1271 

Permit ID 375 IBR 

Rev Date 2/29/12 

APPLICATION FOR SURFACE COAL MINING AND RECLAMATION OPERATIONS PERMIT 
INCIDENTAL BOUNDARY REVISION IBR-1 

PART I 

(Application to be submitted 120 days (180 day for NP DES) prior to the desired effective date of the permit) 

NOTICE 

This state agency is requesting disclosure of information that is necessary to accomplish the statutory purpose as 
outlined under Ill Rev Stat 1989, Ch. 961/2, par. 7901.01 ct seq. Disclosure of this information is voluntary, 
however failure to comply may result in this form not being processed. This form has been approved by the 
Forms Management Center. 

1) A) General Information 

(I) (We) (The) Williamson Energy, LLC 
(Name of Company, Corporation, Partnership or Individual) 

P. 0. Box 99 Johnston City, ILL 62951 [618] 983-3020 
(Telephone Number) (Address) 

hereby submits application for an [nciclental Boundary Revision to Permit No. ---"#-=-3_,__,75"--_ 

Name of Mine: --------=-Po=n=cl,_C=r=e=ek'-'--N-'--'--"'o'-. l-'---'-'-M,_,_i1""'1e"--- --- - ----- - ---

MSHA ID No. _ _ _____ __,_1..,_l--=-0"'-31'-'4'-'-l _________________ _ 

I, -------- - ~ A=n=th~o=n.,._W~eb~b ____________________ _ 
(vice president or his duly authorized representative) 

under penalty of perjury declare that all information provided in this application is true and correct to 
the best of my knowledge. 

s;gnatm ~ ZJ_,..,AA.. 
Title: ~gent 

EXISTING PERMIT ACREAGE --=-6=33'"".9'-"6 _ _ ADDITIONAL ACRES REQUESTED 

Page I of 10 

0.64 



R11940

B) Indicate the type of disturbance and associated acreage. 

Type of Disturbance 
Existln2. Permit 

Area Strinnin1! 20.13 
Mine Waste Areas 277.39 
ProcessinJ! Arens & Sunnort Facilities 136.67 
Access. Haul Roads & Transnort Facilities 23.57 
Soil Storncc Areas 75.70 
Diversions 32.85 
Coal Recovery (Gob & Slurrvl 0.00 
Other 30.46 
Not to be Disturbed 37.19 

Total 633.96 

Permit ID 375 !BR 

Rev Date 2/29/12 

Acreage 
!BR Total 

20.13 
277.39 

0.64 137.31 
23.57 
75.70 
32.85 
0.00 

30.46 
37.19 

0.64 634.60 

2) A) Provide the name and address of every legal or equitable owner of record of the proposed IBR area. 

RESPONSE: See Attachment 1.2.A 

B) Provide the name and address of the owner of record of all surface and subsurface areas contiguous 
to any part of the proposed IBR area. 

RESPONSE: See At!achment 1.2.A. 

C) Show the location of owners of record of those lands, both surface and subsurface, included in or 
contiguous to the proposed IBR area on the pre-mining land use map or another map, if necessary. 

RESPONSE: See Map 1, Identification of Interests 

3) Provide name and address of any holder of record ofleasehold interest for the proposed IBR area. 

RESPONSE: Williamson Energy, LLC 
P. 0. Box 99 
Johnston City, IL 62951 

4) Affidavits, Certifications 

A) Complete affidavit regarding applicant's legal right to enter and begin snrface coal mining and reclamation 
operations in the IBR area and whether that right is the subject of pending litigation. Identify the 
documents upon which affidavit is based by type and date of execution and identify specific lands to which 
each document pertains and explain the legal rights claimed by the applicant (1778.lS(a)). If the private mineral estate to be mined has been severed from the private surface estate, provide copies of the 
documents required under Section 1778.IS(B)(l)-(3). On the permit map or other designated map show 
the boundaries of land within the permit area upon which the applicant has the legal right to enter and 
begin surface mining activities. 

RESPONSE: See Attachment I.2.A and I.4.A. 

B) Complete certification for engineering aspects of the application. In addition to the general certification, 
three specific certifications are included which are applicable only if the box in front of each is marked. 
The first two cover special permit requirements and should be marked only when they occur for the 

Page 2 of JO 
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Permit ID 375 !BR 

Rev Date 2/29/12 

proposed permit. The third certification covers the Illinois Environmental Protection Agency permit 
requirements. In most cases, an Illinois registered engineer will be required to certify I.E.P .A. permit 
requirements. Except as otherwise provided all maps, plans and cross-sections included in the permit 
application shall be prepared by, or under the direction of, aud sealed by a qualified registered 11rofessional 
engineer licensed under the Illinois Professional Engineering Act, a qualified registered structural engineer 
licensed under the Illinois Structural Engineering Act or if authorized by state law, a qualified registered 
professional land surveyor licensed under the Illinois Land Surveyors Act with assistance from experts in 
related fields. 

RESPONSE: See Attachment 1.4.B. 

5) Areas Designated Unsuitable for Mining 

A) Docs proposed IBR area include: 

1) Lands within boundaries of the National Park System, National Wildlife Refuge System, National 
Recreation Areas, etc. (Section 1761.ll(a)J? 

Yes I No IX] 

2) National forest land? 

Yes( No(XJ 

3) Any land which will adversely affect any publicly owned park or places included in or eligible for 
listing iu the National Register of Historic places, etc. (per 62 lli. Adm. Code 1761.ll(a)(3) or Section 
10, (B)(c) of the SCM-1? 

Yes I No (XJ 

If yes, complete Part 11, Section 10, (B) & (C) of the SCM-1 or the UCM-1 Application. 

4) Any public roads, which are to be removed, relocated or temporarily closed? 

Yes I No [X] 

Indicate on the pre-mining land use map or other designated map the location of the public roads and 
attach a copy of the written agreement from the appropriate authority authorizing the relocation, 
removal or temporary closure. Describe the measures to be used to insure that the interest of the 
public and landowners affected will be protected. 

RESPONSE: Not Applicable. 

B) Will the proposed IBR area be located: 

1) Within 100 feet of the right-of-way line of any public road? 

Yes [X] No [ 

If yes, explain proposed procedure for complying with regulation Section 1761.12 (c), inclnding request 
for variance, if relevant. Provide location of public roads on pre-mining land use map or other 

Page 3 of 10 
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( 

Permit ID 375 !BR 

Rev Date 2/29/12 

designated map. Describe the measures to be used to insure that the interest of the public and 
landowners affected will be protected. 

RESPONSE: "!be access road will encroach upon the right-of-way of Dwina Road. No additional disturbance will 
be located within l 00 feet of the right of way. 

2) Within 300 feet measured horizontally from any occupied dwelling? 

Yes [ No [X] 

If yes, is waiver provided meeting requirements of Section 1761.12(d)? 

3) Within 300 feet measured horizontally of any public building, school, church, collllllunity or 
institutional building or public park? 

Yes [ No [X] 

4) Within 100 feet measured horizontally of a cemetery? 

Yes [ No [X] 

C) Are valid existing rights (per 1761.11) claimed for any part of the IBR area? 

Yes I No [X] 

If yes, provide documentation to substantiate claim. 

RESPONSE: Not Applicable. 

D) Provide a draft copy of the proposed newspaper notice and name of local newspaper of general 
circulation in which advertisement of the application will be published, per 62 Ill. Adm. Code 
1774.13(d)(6). Certification of publication is to be furnished to the Department and must be received 
prior to Department approval of the IBR. 

RESPONSE: Please see Attachment 1.5.D. 

Page4 of JO 
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PART II 
PREMINING INFORMATION 

Permit ID 375 !BR 

Rev Date 2/29/12 

Pre-mining information is to be displayed on pre-mining land use map unless otherwise indicated. 

1) Describe how the IBR area perimeter will be marked and discuss the method or system employed to locate 
permit area perimeter and set markers along it. Designate a reference point outside the IBR area if different 
than the original permit. Provide a description of the reference point and a sketch relating the reference point 
to the IBR area perimeter. 

RESPONSE: The !BR boundaiy will be delineated by using PVC and/or metal posts and will be located within eye 
sight of one another. 

2) Explain and locate areas where the IBR is contiguous to an existing permit. 

RESPONSE: The proposed !BR is not contiguous to the current permitted boundaiy, but does overly the Shadow 
Area ofUG Mining Permit #375. See Map I, Identification oflnterests for a delineation of the !BR 
boundaiy and the relationship of !BR boundaiy to the existing permit boundaiy. 

3) Give the acreage of each land use within the proposed IBR and existing permit area, employing land use 
categories of Section 1701.5 listed below, and delineate on pre-mining land use map existing land uses in the 
proposed permit area and adjacent to it. Include on the pre-mining land use map the location of all buildings 
and identify the current use oft11ese buildings. 

Pre-Mine Land Use AcreaPe 
Existine Permit !BR Total 

Cropland 512.44 0.00 512.44 
Pasture Land 0.00 0.00 0.00 
Gra7Jng land 0.00 0.00 0.00 
Forestrv 101.86 0.00 I 01.86 
Residential 3.33 0.00 3.33 
Industrial/Commercial 0.00 0.00 0.00 
Recreation 0.00 0.00 0.00 
Fish & Wildlife Habitat 14.89 0.64 15.53 
Develooed Water Resources 1.44 0.00 1.44 
Undeveloped Land 0.00 0.00 0.00 

Total 633.96 0.64 634.60 

RESPONSE: See Pre-Mining Land Use Map. 

4) Soils Information 

A) Does the submitted soils map represent a map developed by the National Resources Conservation Service 
(NRCS)? 

Yes [X] No 

If no, explain: 

B) Delineate ou the soils map(s) tile area, which will incur actual mining (removal of overburden and/or 
deposition of overburden for the extraction of coal). 

Page 5 of 10 
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Permit ID 375 !BR 

Rev Date 2/29/!2 

RESPONSE: No removal ofoverburden or deposition of overburden for tl1e extraction ofcoal will occur on U1e 
!BR area. Proposed site disturbance is minimal and will include a single cased drill hole and sho11 
access driveway. Topsoil material will be temporarily stored on site. 

C) Are any of the identified map units correlated as prime farmland by NRCS criteria? 

Yes IXJ No I 

If yes, explain and provide documentation to meet the requirements of Section 1785.17, if a determination 
for grandfathering and/or negative determination is sought. If prime farmlands exist which will not meet 
the exemption criteria described above, the approved prime farmlands restoration plan must be followed. 

RESPONSE: An existing gravel road provides access for adjacent landowners from Dwina Road. The road 
includes a total of0.28 acres Class 2 Subclass E capability soils. 

D) Submit, by completing soils information chart, acreage totals of each map unit (soil type and slope 
classification) and land use capability classes in the IBR area and the percent slope range of each 
lettered slope classification used on the soil map. 

RESPONSE: See Attachment Il.4. 

E) Provide, by completing soil information chart, acreage for each of the map units of high capability 
land (including grandfathered and negatively determined prime farmland) and non-cropland 
capability land with respect to areas which will be mined and areas which will incur otber forms of 
disturbance (i.e., roads, ditches, etc.). Identify and provide map unit acreage values, if any, for areas 
which will not be disturbed. 

RESPONSE: See Attachment IJ.4. 

F) Are selected overburden materials proposed to be used in lieu of or as a supplement to the A
horizon? 

Yes I No IX] 

If yes, provide the appropriate information required under 1780.18(b)(4)/1784.13(b)(4). 

RESPONSE: Not Applicable. 

Page 6 of 10 
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PARTIII 

OPERATIONS PLAN 

Permit JI) 3 75 IBR 

Rev Date 2/29/12 

I) Explain the proposed operation and why the IBR is needed. Locate on a mining operations map. 

RESPONSE: The proposed !BR will include a steel cased borehole for batch delivety of crushed stone and concrete 
supplies to the underground mine. Delivered products will be offioaded directly from the truck to the 
underground mine via the borehole. The borehole will be drilled to an approximate twelve inch diameter 
and lined to an approximate ten inch finished diameter extending approximately 47011 +/- 5ft to the 
active underground works. Materials are commonly used for underground construction and 
maintenance. An existing gravel lane will be upgraded to allow delivety truck access from Dwina Road. 
Please see tl1e attached Mining Operations Map for site layout. Soil stockpiles will be seeded with a 
cover crop to minimize exposure to excessive water and wind erosion. Mulch, chemical binders or other 
stabilization techniques may be used, as required for stockpile protection. Signs will be posted to 
identify topsoil piles. 

2) Surface Drainage Control 

A) I) Locate on the mining operations map or on a separate drainage map all proposed drainage control 
systems and show drainage patterns of all affected mining areas. 

RESPONSE: Disturbed area drainage will be controlled with proven altemate methods of drainage control 
which may include installation of silt fencing, straw bale containment check dams, emihen 
berms and/or mulched filter strips. Following completion of the access driveway and borehole 
installation, long tenn swface drainage will be controlled by well-established vegetative cover. 

2) Will all surface drainage from the affected mining area be collected and treated prior to leaving the 
IBRarea? 

Yes [ No [X] 

If yes, delineate how and where surface drainage will be collected and treated, and list the permit 
numbers and type of permit that the drainage control systems are operated under. If the above 
answer is no, explain how regulatory compliance will be achieved without treatment, i.e., address the 
requirements of 1816.46(e)/1817.46(e). 

RESPONSE: See Patt lll.2.A. I. 

B) Will all surface drainage from unaffected areas be intercepted and diverted around the affected mining 
area? 

Yes [ No [X] 

If no, please discuss. 

RESPONSE: See Patt 111.2.A. I. 

q Overland Flow Diversions and Sediment Ponds. Are either overland flow diversions or sediment ponds to 
be constructed? 

Yes [ No [X] 

Page 7 of JO 
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Permit ID 375 !BR 

Rev Date 2/29/ 12 

If yes, complete applicable parts of the SCM-1 or UCM-1 Part IV (Surface Drainage Control). 

D) Does a perennial or intermittent stream occur within the proposed IBR area? 

Yes I No (XI 

If yes, is an exception to the 100' buffer zone being requested or is a stream diversion being proposed. For 
an exception to the 100' buffer zone, indicate how compliance with 1816.57/1817.57 will be assured. For a 
stream diversion, complete applicable parts of the SCM-1 or UCM-1. 

RESPONSE: Not Applicable. 

3) Roads and other activities 

A) Are roads to be constructed in the IBR area? 

Yes (XJ No I 

If yes, complete the applicable part of the SCM-lor UCM-1 (transportation facilities). 

RESPONSE: An existing right-of-way lane used by adjacent landowners for property access from Dwina Road 
will be used to access the service borehole location and will be incoIJ)Orated as part of the JBR. The 
lane profile will not be modified and since it is at the point ofa drainage divide, culvert design is not 
applicable. However, tl1e road surface will be upgraded and maintained to handle the appropriate 
payload capacity. A profile oftl1e access road is shown on Mining Operations Map. 

B) If the operations involve other activities not specifically addressed above, complete applicable parts of the SCM-1 or UCM-1. 

RESPONSE: No other activities are proposed. 

4) Are any existing structures proposed for utilization in the IBR? 

Yes [ No (XI 

If yes, complete Part IV.4 of the SCM-1. 

RESPONSE: Not Applicable. 

Page 8 of JO 
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PART IV 
RECLAMATION PLAN 

Permit ID 375 !BR 

Rev Date 2/29/12 

1) Provide a reclamation plan map outlining proposed reclamation of the lands within the proposed IBR area 
and state how the IBR area will be reclaimed in conformity with the original plan. 

RESPONSE: When delivery of matetials to the underground mine is no longer required at this location, the 
casing will be removed a minimum distance of four feet below the surface and the borehole will 
be sealed with concrete. All gravel less any pre-existing road base will be removed and topsoil 
will be replaced. The original #375 permit provides more detail regarding soil conservation and 
reclamation practices. The original pennit will be followed with regard to soil handling and 
replacement. Pre-mine topography and land use will remain as is currently present at the site. 

2) Post Mining Land Use 

A) Provide a detailed description of proposed post-mining land uses and capabilities employing land use 
and capability categories listed below. Provide acreage figures for each post-mining land use 
proposed for tile existing permit, the IBR area and total permit after inclusion of the IBR acreage 
and designate the post-mining land uses on the Post Mining Land Use Map. Acreage figures for 
post-mining land use must differentiate between mined and surface disturbance areas based on the 
mining line used in the pre-mining section of the application. 

Land Use Capability 

Existing Pcrmit(ac) IBR(ac) Total (ac) 
Prime HCap NonCrop Prime HCap NonCrop Prime HCap NonCrop 

Cropland 0.00 0.00 
Pasture Land 0.00 0.00 
. ---·-- . - ----
Grazing Land 0.00 0.00 
-------

Forestry 13.36 13.36 
Residential QOO QOO 
------ ·---. ---- ---------· ····----·-- --· ------1------1----t----- .------------ -----+-----1-~ -·--Industrial/Commercial 0.00 0.00 
Recreation 

Fish & Wildlife Habitat 
(Herbacious) 
Fish & Wildlife Habitat 
(Woody) 

Fish & Wildlife Habitat 
(Wetland) 
---···- - ---------- -- . ··---
Developed Water 

Resources 
Undeveloped Land 

Total 

Prime: Prime fannland 

0.00 0.00 

34.83 0.64 35.47 

566.51 566.51 

0.00 0.00 

19.26 19.26 

0.00 0.00 

633.96 634.60 

HCap: High Capability- meeting productivity requirements of62 Ill. Adm. Code 1825. 
NonCrop: Non-Cropland - All soils which do not qualify as prime fannland or high capability. 

Page9ofl0 
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Permit ID 375 !BR 

Rev Date 2/29/12 

3) Pursuant to Section 1784.21 the applicant shall provide a protection and enhancement plan for the Indiana bat 
meeting the specifications of the ,July 2009 Range-wide Indiana bat protection and enhancement plan guidelines 
developed by the U.S. Fish and Wildlife Service and the Otlice of Surface Mining, or justify why no protection 
nnd enhancement plan is required under those guidelines. 

RESPONSE: The !BR pennit area is an open field. No u·ees are present on tl1e site and tl1e pennit boundary has been 
situated so that no trees will be affected by this pennitted area. Therefore, the Protection and 
Enhancement Plan will not be necessary. Refer to the Pre-Mining Land Use Map 3 for an 
orthophotographie map of the site with the !BR boundmydelineated. 

Page IO of IO 
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Attachment List 

Attachment 1.2.A 
Attachment 1.4.A 
Attachment 1.4.B 
Attachment 1.5.D 
Attachment 11.4 

Property Ownership Information 
Real Estate Affidavit 
Engineering Certification 
Newspaper Public Notice 
Soils Information Chart 
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PROPERTY OWNERSHIP 
PROPERTY PROPERTY 

LOCATION INDEX NO. Owner of Reconf Within Adjacent 

03-13-400-017 *Williamson Development X 
Company, LLC 

03-13-400-003 *Williamson Development X 
Company, LLC 

04-18-300-017 Allan D. & Teni L. Thompson X 
15862 Dwina Road 
Marion, IL 62959 

*New River Royalty, LLC 
3801 PGA Boulevard, Suite 903 
Palm Beach Gardens, FL 33410 

PROPERTY 
PARCEL OWNERSHIP PROPERTY 

LOCATION 
NOS. Owner of Record Within Adjacent 

04-18-700-003 WPP, LLC X 
Suite 300, 1035 Third Ave, 
Huntington, WV 25727 

03-13-700-007 Williamson Energy, LLC X 
P. 0. Box 99 
Johnston City, IL 62951 

Coal Properties Corporation X 
Involuntarily dissolved on 
6/04/02. No determination 
of successor. 

Ownership 
Percentage 

100% 

100% 

100% 

Ownership 
Percentage 

100% 

0% 

Permit ID 375 !BR 

Rev Date 2i29/12 

APPLICANT CONTROL 

ROE Type Comments 

Warranty Deed Recorded within the Office of the Williamson County Clerk and Dated: 4114/2008 Recorder in Deed Record 479, Page 727. 

Warranty Deed Recorded within the Office of the Williamson County Clerk and Dated: 9124/2008 Recorder in Deed Record 481, Page 85. 

Warranty Deed Recorded within the Office of the Williamson County Clerk and Dated: 6/2812005 Recorder in Deed Record 470, Page 484. 

Notice and Affidavit of Merger Recorded within the Office of the Williamson County Clerk and Dated: 8112/2010 Recorder in Miscellaneous Record 330, Page 922 

APPLICANT CONTROL 

ROE Type Comments 

Special Warranty Deeds Recorded withln the Office of the Williamson County Clerk Dated: 1/2012006 and Recorder in Deed Record 472, Page 571. 

Short Fonn of Amended & Restated Recorded within the Office of the Williamson County Clerk Coal Mining Lease Agreement and Recorder in Miscellaneous Record 301, Page 480. Dated: 8/14/2006 

Special Warranty Deed Recorded within the Office of the Williamson County Clerk Dated 812211990 and Recorder in Deed Record 420, Page 321. 

Page I of! 
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Permit ID 375 IBR 

Rev Date 2/29/ 12 

REAL ESTATE AFFIDAVIT 
LEGAL RIGHT TO ENTER & CONDUCT MINING SUPPORT OPERATIONS 

I, - - ---'-'A""n""'th""'o"-'11:..L---'Wc:....,:;eb,,_.,b"----------- - ---- ----- - - -------- ----(lndividual or Individuals) 
under penalty ofpe1jury declare on behalf of the applicant, Williamson Energy, LLC , that said applicant has valid documents which bestow upon the applicant a legal right to enter and commence surface coal mining and reclamation operations upon lands contained in the proposed IBR area, and that such legal right is not in any way the 
subject of pending court litigation. 

Dated this __ l_9_+_~ __ day or _ _;_r_e-=--br-_u._a_r-f~- - ---- 2012. 

State of 

County of 

s;good ~ L..1..AA 
s:i;turerritle 

~,·5 

tJ; I[/ ~JYl 3) A.. 

Signed and subscribed to before me on c)-~C, - Jd-' by 
(date) 

OFFICIAL SEAL 
CATHY L. Sl<EL TON 

Nolary Public - Stat;, :-,; ,1•inois 
My Commission Expires Fe.:- 1 ~, ~016 

Page I of I 

Authorized Agent 

~n±l--on~ klw 
(name ofprson) 
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ENGINEERING CERTIFICATION 

Permit ID 375 lBR 

Rev Date 2/29/ 12 

I hereby certify the engineering design used in preparation of this application, attachments, and supplements 
were done by mP or under my direct supervision. 

I further certify to the best of my knowledge all such design is in accordance with all applicable local, state and 
federal laws, rules and regulations. I have placed an "X" in the box below if that item is relevant. 

Whereas the Reclamation Plan calls for an altcmativc land use, I also certify the plans lo confom1 lo applicable accepted standards 
for adequate land stability, drainage, vegetative cover, and aesthetic design appropriate for the post-mine use of the site. 

Whereas tht: operation proposes disposal of spoil or waste materials in areas other than mining workings or excavations, I also 
ce11ify such fills are designed in accordance with recognized professional standards and all applicable laws. 

Cc11ification of Illinois Environmental Protection Agency - 35 Ill. Adm. Code 405. 104(a) Pennit. In my professional judgment, 
X 

the plans and specifications submillcd as pmt of this application describe an operation which will meet all applicable effluent and 
water quality standards. 1 certify that I am familiar with all of the plans, specifications, reports, and maps submitted as part ofthis 
application and that said plans, etc. are accurate insofar as they represent existing conditions. 

James M. Miller. Chief Engineer 062-059719 
Name Illinois Registration Number (seal) 

Mach Mining. LLC (618) 983-3020 
Firm Phone Number 

P. 0. Box99 Johnston City. Illinois 62951 
Address 

~e." Date 

SEAL 

Pagel of I 
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Public Notice 

Permit ID 375 !BR 

Rev Date 2/29/12 

Pursuant to the Surface Coal Mining Land Conservation and Reclamation Act (PA-81-1015, as amended) 
and the Rules and Regulations of the Act, Williamson Energy, LLC, P. 0. Box 99, Johnston City, IL 
62951 hereby gives notice that on ________ 2012, an incidental boundary revision has been 
submitted to the Illinois Depa1tment of Natural Resources, Office of Mines and Minerals, Land 
Reclamation Division, One Natural Resources Way, Springfield, IL 62707-1271. The IBR application is 
for 0.64 acres located West of and adjacent to Dwina Road in the Sl/2 of the NE¼ of the NE¼ of the 
SE¼ of Section 13, T8S, R3E, Williamson County. 

The IBR proposes constructing a mine support facility including a service borehole for batch material 
supply of crushed stone and concrete to the underground mine. The access road to the facility will encroach 
upon the right-of-way of Dwina Road. 

Copies of the application are on file for public viewing at Illinois Department of Natural Resources, Office 
of Mines and Minerals, 503 East Main Street, Benton, Illinois 62812, and at the Springfield office. Public 
hearing requests regarding activity within the public road right-of-way may be submitted no later than 
fourteen [14] days from the publication of this notice. Written comments concerning the operations should 
be submitted to the Illinois Department of Natural Resources Springfield office no later than seven [7] days 
from the date of this notice. 

Page 1 of I 
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SoUMap 
Symbol 

!OD 

301B 

Note: 

/~, 

Permit ID 375 !BR 

Rev Date 2/29/12 

Soil Identification Minine: Area Sunnort Area Prime Soils NonPrime Soils Prime Soils NonPrime Solis Soil Slope Capability Prime NegDct High Low Altemalc Previous T•"" Prime NegDct High 1.-0w Altemate Pre"ious 
Name Class Cbs, Farmland PFL Capable Capable Topsoil Mined Farmland PFL Capable Capable Topsoil Mined 

1%] !acres) (acres] !acres! [acres! [acres I [acresJ Jacres] [acres] [acres) facresl facresl I acres] [acres I 
Plumfield silty 10-18 Vie 

0.36 clay loam 
Grantsburg 2-5 Ile 

0.28 silt loam 

Total 
0.28 0.36 

Soil information was detennined from the Soil Survey of Williamson County, Illinois, 1978, prepared by the United States Department of Agriculture, Soil Conservation Service in cooperation with the Illinois Agricultural Experiment Station. 

Page I of I 

Totals 

!acres) 

0.36 

0.28 

0.64 
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Williamson County, Illinois (IL199) 
Map Unit Symbol 

lOD 

Map Unit Name Acres in AOI 

Plumfield silty clay loam, 10 to 18 percent 
slopes 0.36 

301B Grantsburg silt loam, 2 to 5 percent slopes 0.28 

Totals for Area of Interest 0.64 

Detailed Soil Map Units 

Percent of AOI 

55.8% 

44.2% 

100.0% 

The map units delineated on the detailed soil maps in a soil survey represent the soils or 
miscellaneous areas in the survey area. The map unit descriptions in this report, along with the 
maps, can be used to determine the composition and properties of a unit. 

A map unit delineation on a soil map represents an area dominated by one or more major 
kinds of soil or miscellaneous areas. A map unit is identified and named according to the 
taxonomic classification of the dominant soils. Within a taxonomic class there are precisely 
defined limits for the properties of the soils. On the landscape, however, the soils are natural 
phenomena, and they have the characteristic variability of all natural phenomena. Thus, the 
range of some observed properties may extend beyond the limits defined for a taxonomic 
class. Areas of soils of a single taxonomic class rarely, if ever, can be mapped without 
including areas of other taxonomic classes. Consequently, every map unit is made up of the 
soils or miscellaneous areas for which it is named and some minor components that belong to 
taxonomic classes other than those of the major soils. 

Most minor soils have properties similar to those of the dominant soil or soils in the map unit, 
and thus they do not affect use and management. These are called noncontrasting, or similar, 
components. They may or may not be mentioned in a particular map unit description. Other 
minor components, however, have properties and behavioral characteristics divergent enough 
to affect use or to require different management. These are called contrasting, or dissimilar, 
components. They generally are in small areas and could not be mapped separately because of 
the scale used. Some small areas of strongly contrasting soils or miscellaneous areas are 
identified by a special symbol on the maps. If included in the database for a given area, the 
contrasting minor components are identified in the map unit descriptions along with some 
characteristics of each. A few areas of minor components may not have been observed, and 
consequently they are not mentioned in the descriptions, especially where the pattern was so 
complex that it was impractical to make enough observations to identify all the soils and 
miscellaneous areas on the landscape. 

The presence of minor components in a map unit in no way diminishes the usefulness or 
accuracy of the data. The objective of mapping is not to delineate pure taxonomic classes but 
rather to separate the landscape into landforms or landform segments that have similar use 
and management requirements. The delineation of such segments on the map provides 
sufficient information for the development of resource plans. If intensive use of small areas is 
planned, however, onsite investigation is needed to define and locate the soils and 
miscellaneous areas. 

An identifying symbol precedes the map unit name in the map unit descriptions. Each 
description includes general facts about the unit and gives important soil properties and 
qualities. 

Soils that have profiles that are almost alike make up a soil series. All the soils of a series have 
major horizons that are similar in composition, thickness, and arrangement. Soils of a given 
series can differ in texture of the surface layer, slope, stoniness, salinity, degree of erosion, 
and other characteristics that affect their use. On the basis of such differences, a soil series is 
divided into soil phases. Most of the areas shown on the detailed soil maps are phases of soil 
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series. The name of a soil phase commonly indicates a feature that affects use or 
management. For example, Alpha silt loam, O to 2 percent slopes, is a phase of the Alpha 
series. 

Some map units are made up of two or more major soils or miscellaneous areas. These map 
units are complexes, associations, or undifferentiated groups. 

A complex consists of two or more soils or miscellaneous areas in such an intricate pattern or 
in such small areas that they cannot be shown separately on the maps. The pattern and 
proportion of the soils or miscellaneous areas are somewhat similar in all areas. Alpha-Beta 
complex, O to 6 percent slopes, is an example. 

An association is made up of two or more geographically associated soils or miscellaneous 
areas that are shown as one unit on the maps. Because of present or anticipated uses of the 
map units in the survey area, it was not considered practical or necessary to map the soils or 
miscellaneous areas separately. The pattern and relative proportion of the soils or 
miscellaneous areas are somewhat similar. Alpha-Beta association, 0 to 2 percent slopes, is an 
example. 

An undifferentiated group is made up of two or more soils or miscellaneous areas that could be 
mapped individually but are mapped as one unit because similar interpretations can be made 
for use and management. The pattern and proportion of the soils or miscellaneous areas in a 
mapped area are not uniform. An area can be made up of only one of the major soils or 
miscellaneous areas, or it can be made up of all of them. Alpha and Beta soils, O to 2 percent 
slopes, is an example. 

Some surveys include miscellaneous areas. Such areas have little or no soil material and 
support little or no vegetation. Rock outcrop is an example. 

Additional information about the map units described in this report is available in other soil 
reports, which give properties of the soils and the limitations, capabilities, and potentials for 
many uses. Also, the narratives that accompany the soil reports define some of the properties 
included in the map unit descriptions. 

Land capability classification 

Determinations of land capability involve consideration of the risks of land damage from 
erosion and other causes and the difficulties in land use resulting from physical land 
characteristics and from climate. Land capability, as used in the USA, is an expression of the 
effect of physical land characteristics and climate on the suitability of soils for crops that 
require regular tillage, for grazing, for woodland, and for wildlife habitat. 

Land capability classification shows, in a general way, the suitability of soils for most kinds of 
field crops. Crops that require special management are excluded. The soils are grouped 
according to their limitations for field crops, the risk of damage if they are used for crops, and 
the way they respond to management. The criteria used in grouping the soils do not include 
major and generally expensive landforming that would change slope, depth, or other 
characteristics of the soils, nor do they include possible but unlikely major reclamation 
projects. Capability classification is not a substitute for interpretations designed to show 
suitability and limitations of groups of soils for rangeland, forestland, or engineering purposes. 

In the capability system, soils are generally grouped at three levels: capability class, subclass, 
and unit. 

Capability classes, the broadest groups, are designated by the numbers 1 through 8. 
Capability classes are determined for both irrigated and nonirrigated land. The numbers 
indicate progressively greater limitations and narrower choices for practical use. The classes 
are defined as follows: 
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Class 1 soils have slight limitations that restrict their use. 

Class 2 soils have moderate limitations that restrict the choice of plants or require moderate 
conservation practices. 

Class 3 soils have severe limitations that restrict the choice of plants or require special 
conservation practices, or both. 

Class 4 soils have very severe limitations that restrict the choice of plants or require very 
careful management, or both. 

Class 5 soils are subject to little or no erosion but have other limitations, impractical to 
remove, that restrict their use mainly to pasture, rangeland, forestland, or wildlife habitat. 

Class 6 soils have severe limitations that make them generally unsuitable for cultivation and 
that restrict their use mainly to pasture, rangeland, forestland, or wildlife habitat. 

Class 7 soils have very severe limitations that make them unsuitable for cultivation and that 
restrict their use mainly to pasture, rangeland, forestland, or wildlife habitat. 

Class 8 soils and miscellaneous areas have limitations that preclude commercial plant 
production and that restrict their use to recreational purposes, wildlife habitat, watershed, or 
esthetic purposes. 

Capability subclasses are soil groups within one class. They are designated by adding a 
small letter, e, w, s, or c, to the class numeral, for example, 2e. In class 1 there are no 
subclasses because the soils of this class have few limitations. Class 5 contains only the 
subclasses indicated by w, s, or c because the soils in class 5 are subject to little or no erosion. 
These soils have other limitations that restrict their use to pasture, rangeland, forestland, 
wildlife habitat, or recreation. The significance of each subclass letter is described as follows: 

Subclass letter e shows that the main problem is the hazard of erosion unless close-growing 
plant cover is maintained. The susceptibility to erosion and past erosion damage are the major 
soil-related factors affecting the soils that are assigned this subclass letter. 

Subclass letter w shows that water in or on the soil interferes with plant growth or 
cultivation. In some soils the wetness can be partly corrected by artificial drainage. Ponding, a 
high water table, and/or flooding affect the soils that are assigned this subclass letter. 

Subclass letters shows that the soil has limitations within the root zone, such as shallowness 
of the root zone, a high content of stones, a low available water capacity, low fertility, and 
excessive salinity or sodicity. Overcoming these limitations is difficult. 

Subclass letter c shows that the chief hazard or limitation is climate that is very cold or very 
dry. This subclass letter is used only in some parts of the United States. 

Capability units are soil groups within a subclass. The soils in a capability unit are enough 
alike to be suited to the same crops and pasture plants, to require similar management, and to 
have similar productivity. Capability units are generally designated by adding an Arabic 
numeral to the subclass symbol, for example, 2e-4 and 3e-6. The use of this category of the 
land capability classification is a state option. This category of the system is not stored in the 
soil survey database. For information about capability units, please contact the local NRCS 
State Soil Scientist. For locations of the offices of the State Soil Scientists, click on the State 
Contacts link in the upper portion of this window. 

Reference: 
"National Soil Survey Handbook," Part 622 (GO-Exhibit 1), USDA, NRCS 
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Map Unit Description: Plumfield silty clay loam, 10 lo 18 percent slopes
Williamson County, Illinois 

USDA 
""ffl 

Williamson County, Illinois 

10D-Plumfield silty clay loam, 10 to 18 percent slopes 

Map Unit Setting 
Elevation: 360 to 840 feet 
Mean annual precipitation: 35 to 46 inches 
Mean annual air temperature: 54 to 57 degrees F 
Frost-free period: 175 to 195 days 

Map Unit Composition 
Plumfield and similar soils: 90 percent 

Description of Plumfield 

Setting 
Landform: Till plains 
Landform position (two-dimensional): Backslope 
Landform position (three-dimensional): Head slope, side slope 
Down-slope shape: Linear 
Across-slope shape: Linear 
Parent material: Loess over glacial drift 

Properties and qualities 
Slope: 1 0 to 18 percent 
Depth to restrictive feature: 5 to 20 inches to fragipan 
Drainage class: Moderately well drained 
Capacity of the most limiting layer to transmit water (Ksat): Low to 

moderately low (0.01 to 0.06 in/hr) 
Depth to water table: About 18 to 42 inches 
Frequency of flooding: None 
Frequency of ponding: None 
Sodium adsorption ratio, maximum: 5.0 
Available water capacity: Very low (about 1.0 inches) 

Interpretive groups 
Land capability (nonirrigated): 6e 

Typical profile 
O to 5 inches: Silty clay loam 
5 to 12 inches: Silt loam 
12 to 36 inches: Silt loam 
36 to 60 inches: Silt loam 

Data Source Information 

Soil Survey Area: 
Survey Area Data: 

Natural Resources 
Conservation Service 

Williamson County, Illinois 
Version 7, Jan 20, 2012 

Web Soil Survey 
National Cooperative Soil Survey 

2/13/2012 
Page 1 of1 
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Map Unit Description: Grantsburg silt loam, 2 to 5 percent slopes-Williamson 
Collnty, Illinois 

JSDA =,-ri:ii 

Williamson County, Illinois 

301 B-Grantsburg silt loam, 2 to 5 percent slopes 

Map Unit Setting 
Elevation: 360 to 660 feet 
Mean annual precipitation: 35 to 46 inches 
Mean annual air temperature: 54 to 57 degrees F 
Frost-free period: 175 to 195 days 

Map Unit Composition 
Grantsburg and similar soils: 90 percent 

Description of Grantsburg 

Setting 
Landform: Loess hills 
Landfonn position (two-dimensional): Summit, shoulder 
Landform position (three-dimensional): lnterfluve 
Down-slope shape: Convex 
Across-slope shape: Convex 
Parent material: Peoria and roxana loess over residuum 

Properties and qualities 
Slope: 2 to 5 percent 
Depth to restrictive feature: 24 to 40 inches to fragipan 
Drainage class: Moderately well drained 
Capacity of the most limiting layer to transmit water (Ksat): Low to 

moderately low (0.01 to 0.06 in/hr) 
Depth to water table: About 18 to 42 inches 
Frequency of flooding: None 
Frequency of ponding: None 
Sodium adsorption ratio, maximum: 4.0 
Available water capacity: Moderate (about 6.5 inches) 

Interpretive groups 
Land capability (nonirrigated): 2e 

Typical profile 
O to 11 inches: Silt loam 
11 to 24 inches: Silt loam 
24 to 38 inches: Silty clay loam 
38 to 61 inches: Silt loam 
61 to 80 inches: Silt loam 

Data Source Information 

Soil Survey Area: 
Survey Area Data: 

Natural Resources 
Conservation Service 

Williamson County, Illinois 
Version 7, Jan 20, 2012 

Web Soil Survey 
National Cooperative Soil Survey 

2/10/2012 
Page 1 of 1 
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USDA :.. 

·'l 
Soil Map-Williamson County, Illinois 

MAP LEGEND MAP INFORMATION 
Area of Interest (AOI) 

D Area of Interest {AOI) 

Soils 

Soil Map Units 

Special Point Features 
~; Blowout 

/isl Borrow Pit 

* Clay Spot 

• Closed Depression 

X Gravel Pit 

Gravelly Spot 

@ Landfill 

A Lava Flow 

..i.. Marsh or swamp 

" Mine or Quarry 

@ Miscellaneous Water 

® Perennial Water 

v Rock Outcrop 

+ Saline Spot 

Sandy Spot 

'=" Severely Eroded Spot 

(} Sinkhole 

j) Slide or Slip 

,, Sadie Spot 

"' Spoil Area 

6 Stony Spot 

Natural Resources 
Conservation Service 

(I) Very Stony Spot 

y Wet Spot 

... Other 

Special Line Features 

-._ Gurry 

Short Steep Slope 

.,, , Other 

Political Features 

II> Cities 

Water Features 

~ Streams and Canals 

Transportation - Rails 

~ Interstate Highways 

.,,-,.,,,.- US Routes 

Major Roads 

,v Local Roads 

Map Scale: 1 :11,800 if printed on A size (8.5" x 11 ") sheet. 

The soil surveys that comprise your AOI were mapped at 1 :12,000. 
Please rely on the bar scale on each map sheet for accurate map 
measurements. 

Source of Map: Natural Resources Conservation Service 
Web Soil Survey URL: http://websoilsurvey.nrcs.usda.gov 
Coordinate Syslem: UTM Zone 16N NAD83 

This product is generated from the USDA-NRCS ~ertified data as of 
the version date(s) listed below. 

Soil Survey Area: 
Survey Area Data: 

Williamson County, Illinois 
Version 7, Jan 20, 2012 

Date(s) aerial images were photographed: 6/13/2007 

The orthophoto or other base map on which the soil lines were 
compiled and digitized probably differs from the background 
imagery displayed on these maps. As a result. some minor shifting 
of map un'rt boundaries may be evident. 

Web Soil Survey 
National Cooperative Soil Survey 

211012012 
Page 2 of 3 



R11962

C 

( 

Soil Map-Williamson Counly, Illinois 

USDA ·= 

8D3 

Map Unit Legend 

Williamson County, llllnols (IL199) 

Map Unit Symbol Map Unit Name 

Hickory clay loam, 10 to 18 percent slopes, 
severely eroded 

Acres in AOI Percent of AOI 

4.1 0.7% 

10C Plumfield silly clay foam, 5 to 10 percenl 36.3 5.8% 

10D 

14B 

14C2 

14C3 

301B 

301C2 

301C3 

340D2 

slopes 

Plumfreld silty clay loam, 10 to 18 percent 
slopes 

30.7 

Ava silt loam, 2 to 5 percent slopes 17.7 

Ava silt loam, 5 to 10 percent slopes, eroded 25.7 

4.9% 

2.8% 

4.1% ~-------- -------j-----------1 Ava silly clay loam, 5 to 10 percent slopes, 
severely eroded 

Grantsburg sill loam, 2 to 5 percent slopes 

Grantsburg silt loam, 5 to 1 O percent slopes, 
eroded 

Grantsburg silt loam, 5 to 10 percent slopes, 
severely eroded 

Zanesville silt loam, 10 to 18 percent slopes, 
eroded 

49.3 7.9% 

47.9 7.7% 

18.3 2.9% 

68.9 11.0% 
-------------- ---+--------------\ 
340D3 

908D2 

Zanesville silty clay loam, 10 to 18 percent 
slopes, severely eroded 

Hickory-Kell silt loams, 1 O to 18 percent 
slopes, eroded 

16.2 2.6% 

22.0 3.5% 
t----- ---->----------------<- ---"-~-·-~------- ·-··- ~---------908D3 

3072A 

3382A 

w 

Hickory-Kell clay loams, 1 O to 18 percent 
slopes, severely eroded 

Sharon silt loam, O to 2 percent slopes, 
frequently flooded 

Belknap silt loam, o to 2 percent slopes, 
frequently flooded 

Water 

49.9 8.0% 

102.3 16.4% 

11.7 1.9% 

5.5 0.9% 
Totals for Area of Interest 625,4 100.0% 

Natural Resources 
Conservation Service 

Web Soil Survey 
National Cooperative Soil Survey 

2/10/2012 
Page 3 of3 
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Ecologicol Compliance Assessment Tool 

Applicant: 
Contact: 
Address. 

Project: 
Address: 

James Miller 
James Miller 
16824 Liberty School Road 
Mairon, IL 62959 

Service Borehole - batch material supply 
Dwina Road, Marion 

IDNR Project #: 
Alternate # : 
Date: 

1209752 
1209751 
02/28/2012 

Description: Site proposed for installation of a service borehole to supply batch materials for underground mining construction 

Natural Resource Review Results 
This project was submitted for infonnation only. It is not a consultation under Part 1075. 

The Illinois Natural Heritage Database contains no record of State-listed threatened or endangered species, Illinois Natural Area Inventory sites, dedicated Illinois Nature Preserves, or registered Land and Water Reserves in the vicinity of the project location. 

Location 
The applicant is responsible for the 
accuracy of the location submitted 
for the project. 

County: Williamson 
Township, Range, Section: 
8S, 3E, 13 

IL Department of Natural Resources Contact 
Impact Assessment Section 
217-785-5500 
Division of Ecosystems & Environment 

Disclaimer 
The Illinois Natural Heritage Database cannot provide a conclusive statement on the presence, absence, or condition of natural resources in Illinois. This review reflects the information existing in the Database at the time of this inquiry, and should not be regarded as a final statement on the site being considered, nor should it be a substitute for detailed site surveys or field surveys required for environmental assessments. If additional protected resources are encountered during the project's implementation, compliance with applicable statutes and regulations is required. 

Page 1 of 2 
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IDNR Project Number. 1209752 

Terms of Use 
By using this website, you acknowledge that you have read and agree to these terms. These terms may be revised by IDNR as necessary. If you continue to use the EcoCAT application after we post changes to these terms, it will mean that you accept such changes. If at any time you do not accept the Terms of Use, you may not continue to use the website. 

1. The IDNR EcoCAT website was developed so that units of local government, state agencies and the public could request information or begin natural resource consultations on-line for the Illinois Endangered Species Protection Act, Illinois Natural Areas Preservation Act, and Illinois lnteragency Wetland Policy Act. EcoCAT uses databases, Geographic Information System mapping, and a set of programmed decision rules to determine if proposed actions are in the vicinity of protected natural resources. By indicating your agreement to the Terms of Use for this 
application, you warrant that you will not use this web site for any other purpose. 
2. Unauthorized attempts to upload, download, or change information on this website are strictly prohibited and may be punishable under the Computer Fraud and Abuse Act of 1986 and/or the National Information Infrastructure Protection Act. 

3. IDNR reserves the right to enhance, modify, alter, or suspend the website at any time without notice, or to terminate or restrict access. 

Security 

EcoCAT operates on a state of Illinois computer system. We may use software to monitor traffic and to identify unauthorized attempts to upload, download, or change information, to cause harm or otherwise to damage this site. Unauthorized attempts to upload, download, or change information on this server is strictly prohibited by law. 
Unauthorized use, tampering with or modification of this system, including supporting hardware or software, may subject the violator to criminal and civil penalties. In the event of unauthorized intrusion, all relevant information regarding possible violation of law may be provided to law enforcement officials. 

Privacy 

EcoCAT generates a public record subject to disclosure under the Freedom of Information Act. Otherwise, IDNR uses the information submitted to EcoCAT solely for internal tracking purposes. 

Page 2 of 2 
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User Remarks: 
Permit #375 Incidental Boundary Revis ion 

n 
1 ' 

This map ts for si-neral ,..ftrence only. Th• US Fish and WlldUft Strvk• Is not .-.sponsible for lh• accuracy or cutffnlneu of the bliH data shown on this map. An wetlands related d1t1 should bt UHd In accordance with tht layer metadata found on th• Wetlands Mapper web a itt. 
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R11967ILLINOIS ENVIRONMENTAL PROTECTION AGENCY 
MINE RELATED WATER POLLUTION CONTROL PERMIT 

PERMIT NO.: 2015-MA-6039 

FINAL PLANS, SPECIFICATIONS, APPLICATION 
AND SUPPORTING DOCUMENTS 
PREPARED BY: Anthony Webb 

SUBJECT: 

Williamson Energy, LLC 

Williamson Energy, LLC 
Pond Creek No. I Mine 

Williamson Energy, LLC 
P.O. Box 99 
Jolmston City, Illinois 62951 

DATE ISSUED: February 23, 2015 

EXPIRATION DATE: January 31, 2020 

LOG NUMBERS: 6039-12 

Permit is hereby granted to the above designated permittee to construct and operate the surface facilities to 
support the underground mine facility described as follows: 

A pennit area consisting of 4.65 acres, also identified as Incidental Boundary Revision (IBR) No. 38 to 
OMM Permit No. 3 75, located in Section 14, Township 8 South, Range 4 East, Williamson County, Illinois, 
as described and depicted in IEP A Log No. 6039-12 is to be utilized for the installation of a ventilation shaft 
site. This area will consist of access road, ventilation shaft, fan, power borehole and associated structures. 

Runoff from the area approved herein will be controlled by silt fence, mulching, seeding, vegetation, rock 
check dams, erosion control blankets, etc. 

The abandonment plan shall be executed and completed in accordance with 35 Ill. Adm. Code 405.109. 

(Continued on Page 2) 

This permit is issued in accordance with the Illinois Environmental Protection Act of 1970, the Title 35, 
Subtitle C: Water Pollution and Subtitle D: Mine Related Pollution Regulations adopted pursuant thereto by 
the Illinois Environmental Protection Act. THE STANDARD CONDITIONS OF ISSUANCE 
INDICATED ON THE ATTACHMENT TO THIS PERMIT (PAGE 1 a) MUST BE COMPLIED WITH IN 
FULL. READ ALL CONDITIONS CAREFULLY. 

cc: IDNR, Office of Mines and Minerals 
IDNR, Division of Water Reso],lrces 
BOW/MPCP/FOS/Marion ✓ · 

JDS:DM:cs/6999c/2-20-l 5 

oseph D. Stitely, P .E. 
Acting Manager, Permit Section 
Mine Pollution Control Program 
Bureau of Water 
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Williamson Energy, LLC 
Pond Creek No. I Mine 
Permit No. 2015-MA-6039 
Page2 

ILLINOIS ENVIRONMENTAL PROTECTION AGENCY 
MINE RELATED WATER POLLUTION CONTROL PERMIT 

This Permit is issued subject to the following Special Condition. If such Special Condition requires 
additional or revised facilities, satisfactory engineering plan documents must be submitted to this Agency for 
review and approval for issuance of a Supplemental Penni!. 

Special Condition No. I: This permit is issued with the expressed understanding that there shall be no 
surface discharge from these facilities. If such discharge occurs, additional or alternate facilities shall be 
provided. The construction of such additional or alternate facilities may not be started until a Pennit for the 
construction is issued by the Agency. 
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¥' Illinois Department of 
Natural Resources 
One Natural Resources Way Springfield, Illinois 62702-1271 
http://dnr.statc.il.us 

Steve Sutphin 
Alliance Consulting, Inc. 
c/o Williamson Energy 
124 Philpott Lane 
Raleigh County Airport Industrial Park 
Beaver, WV 25813-9502 

Re: Permit No. 375 
Incidental Boundary Revision No. 38 

Dear Mr. Sutphin: 

January 10, 2012 

Pat Quinn, Governor 
Marc Miller, Director 

The appropriate Department technical staff has reviewed the proposed incidental boundary revision dated 
October 4, 2011 and the supplemental information dated November 14, 2011 and December 5, 201 1, 
submitted by Williamson Energy for Pond Creek Mine, Permit No. 375. The request would add 4.65 
acres to conduct surface coal mining activities. The additional acres would be used for a bleeder shaft 
and associated facilities. 

The Department finds Williamson Energy has demonstrated in its request, and field inspections by the 
Department's field representative have confirmed that these areas (4.65 acres) meet the requirements for 
an incidental boundary change as outlined in 62 Ill. Adm. Code l 774.13(d). Section l 774.13(d)(6) 
publication requirements have been met. 

1817.46( e) A sediment pond exemption is requested for an area delineated in the application. The 
regulations at 62 Ill. Adm. Code 1817.46(e) allow the Department to grant exemptions from the 
requirement to pass all disturbed drainage through a siltation structure when: 

a. The disturbed drainage area within the total disturbed area is small; and 

b. The permittee demonstrates that siltation strnctures and alternate sediment control 
measures are not necessary for drainage from the disturbed drainage areas to meet the 
effluent limitations and water quality standards for the receiving waters set forth in 
Section 1817.42. 

The Department has determined that the area for which a sediment pond exemption is requested 
meets the criteria established in Section 1816/1817.46(e) and hereby grants an exemption from the 
use of a sedimentation pond for this area. 

ILEnvironn,v~i'.:11 ,. -~·- ,,, ::::~,Ky 
MARION REG/0,v,. ... .;, ·,=,;;:: 



R11970Steve Sutphin 
Permit No. 375 
Incidental Boundary Revision No. 36 
Page2 

1761.11 (d) The proposed pennit area is within one hundred (100) feet of the outside right-of-way line 
of a public road in Williamson County, described as follows: 

The proposed permit area is adjacent to the right-of-way of Corinth. The proposed activities in the 
permit area include an access road within 100 feet of the road. 

No approvals from the authority with jurisdiction over the road were required. 

The applicant provided proper public notice and opportunity for a public hearing. No hearing was 
requested and no written comments were submitted to the Department concerning these roads. 

The Department finds the interests of the public and affected landowners will be protected from the 
proposed mining operations as a result of the measures to be taken by the applicant as described in the 
mining operations plan concerning this road. 

The fee for the area will be $116.25. The fee is comprised of $116.25 for non-surface mining area 
($5/acres x 4.65 acres x 5 years the bond is in force). 

The bond for the area will be $27,595.00. Copies of bond form SCML-2 have been enclosed for your 
use. For additional bonding and other forms, please contact this office or download a copy from the web 
at: www.dnr.state.iI.us/mines/lrd/forms.htm. Please note many forms have been modified. Only the most 
current versions will be accepted. 

Upon receipt by the Department of the fee and bond, plus forwarding two complete copies of your request 
and maps to Ronald Morse, Illinois Environmental Protection Agency, 2309 West Main Street, Marion, 

· Illinois 62959, mining activities on these 4.65 acres may commence, following Department approval. 

All conditions and provisions contained in the approved permit also apply to this revision. Approval from 
this agency does not relieve Williamson Energy frqm obtaining approval from other agencies requiring 
such. 

Should you have any questions, please contact Brad Murphy at our Benton office. 

SKF:CBM:gr 

Enclosure 
cc: B.Murphy 

R. }v'.iorse / 

M. Parrish 
J. Slapak 

12071104.doc 

Sincerely, 

e~p~e ... rv_i.,.so_r.J...1t-----

Land Reclamation Division 
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STATE OF ILLINOIS 

ENVIRONMENTAL PROTECTION AGENCY 

Subject: Williamson Energy, LLC - Pond Creek Mine 

Data: Log No. 6039-12 

Reviewed by: D. Maschhoff Date: 2/20/15 

Page 1 of 1 

Log No. 6039-12 ⇒ IBR No. 38 to OMM Permit No. 375 
----------------------------------------·----------------------------

Log No. 6039-12 

• IBR consisting of 4.65 acres located in Section 14, Township 8 South, Range 4 
East, Williamson County. 

• Activities in this IBR area will include drilling a ventilation shaft, constructing an 
access road, installing a ventilation fan and installation of an electrical line. 

• This site is located due south of Corinth Road and west of the Illinois Central 
Railroad. 

• Topsoil from this area will either be bermed along the site or place in the soil 
storage area. 

• A small cuttings pit will be constructed to collect the cuttings from the shaft 
drilling, however, the shaft construction will be a raise bore operation and 
therefore the majority of the cuttings will be transported by the nrines haulage 
system. 

• Disturbance will be kept to a mirumum. A sediment pond exemption is requested 
for this permit area. Silt fence and/or straw bales will be placed for drainage 
control. 

* Action: Prepare Subtitle D Permit 2015-MA-6039. 



R11972AllianceL7 
Consulting, Inc. 

Engineers · Constructors · Scientists 

To: Illinois Environmental Protection Agency 
Mine Pollution Control Program 
2309 West Main Street 
Marion, IL 62959 

Attention: Ronald Morse 

We Transmit: 

~ Herewith 

For Your: 

□ Approval 

■ Review & Comment 

□ Use 

The Following: 

□ Drawings 

□ Specifications 

Copies Date No. 

□ Under Separate Cover 

□ Record 

□ Laboratory Data 

□ Field Data 

l1;I Other 

Description 

Transmittal Letter 

Project No. Bl 1-500-1413 

Date: January 19, 2012 

If enclosures are not as noted, 
please inform us immediately 

2 Copies of the 4.65 Acres Non0Contiguous IBR #38 for Permit 375 

Remarks: 

Per Mr. Scott Fowler's approval letter dated January 10, 2012(attached), two copies of the IBR are being 
submitted to IBP A 

If you have any questions, pl eat (304) 255-0491; extension 113. 

V 

Copies To: J Sia File 

mn'-."1;' 
JAN 2 0 2012 

ILEnv1ronm&11,::, ,,, , , ,, 
MARION R!ia,o. 1, ,1,. ~, ·,:1'c;j ·~ i 

124 Philpott Lane, Beaver, WV 25813 Telephone: 304 / 255-0491 Fax: 304 / 255-4232 
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Alliance 0 
Consulting, Inc. 

Engineers • Constructors • Scientists 

4.65 ACRES NON-CONTIGUOUS 
INCIDENTAL BOUNDARY REVISION #38 

FOR PERMIT NO. 375 

Summersville, WV 

848 Northside Drive 
Summersville, WV 26651 
Telephone: (304) 883-2360 

Fax: (304) 883-2361 

WILLIAMSON COUNTY, IL 
POND CREEK MINE NO. 1 

Prepared for 

WILLIAMSON ENERGY LLC 
JOHNSTON CITY, IL 

ALLIANCE PROJECT NO. B11-287-1413 
SEPTEMBER, 2011 

Beckley, WV 

Raleigh County Airport Industrial Park 
124 Philpott Lane 

Beaver, WV 25813-9502 
Telephone: (304) 255-0491 

Fax: (304) 255-4232 

Canonsburg, PA 

151 East Pike Street 
Canonsburg, PA 15317 

Telephone: (724) 745-3630 
Fax: (724) 745-3631 
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C 
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v Illinois Department of 
Natural Resources 
One Natural Resources Way Springfield, Illinois 62702-1271 
http://dnr.statc.il.us 

Steve Sutphin 
Alliance Consulting, Inc. 
c/o Williamson Energy 
124 Philpott Lane 
Raleigh County Airport Industrial Park 
Beaver, WV 25813-9502 

Re: Permit No. 375 
Incidental Boundary Revision No. 38 

Dear Mr. Sutphin: 

Januar y 10, 2012 

Pat Quinn, Governor 
Marc Miller, Director 

The appropriate Department technical staff has reviewed the proposed incidental boundary revision dated 
October 4, 2011 and the supplemental information dated November 14, 2011 and December 5, 2011 , 
submitted by Williamson Energy for Pond Creek Mine, Permit No. 375. The request would add 4.65 
ac.res to conduct surface coal mining activities. The additional acres would be used for a bleeder shaft 
and associated facilities . 

The Department finds Williamson Energy has demonstrated in its request, and field inspections by the 
Department's field representative have confirmed that these areas ( 4.65 acres) meet the requirements for 
an incidental boundary change as outlined in 62 Ill. Adm. Code 1774.13(d). Section 1774.13(d)(6) 
publication requirements have been met. 

1817.46(e) A sediment pond exemption is requested for an area delineated in the application. The 
regulations at 62 Ill. Adm. Code 1817.46(e) allow the Department to grant exemptions from the 
requirement to pass all disturbed drainage through a siltation structure when: 

a. The disturbed drainage area within the total disturbed area is small; and 

b. The pem1ittee demonstrates that siltation structures and alternate sediment control 
measures are not necessary for drainage from the disturbed drainage areas to meet the 
effluent limitations and water quality standards for the receiving waters set forth in 
Section 1817.42. 

The Depaiiment has dete1mined that the area for which a sediment pond exemption is requested 
meets the criteria establi shed in Section 1816/1817.46(e) and hereby grants an exemption from the 
use of a sedimentation pond for this area. 

IL Et,, 11 v: ,, 11 .. 111e11 i-roiecuon Agency 
MAf:1/ON ~tCilONAL OFFICE 
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Steve Sutphin 
Permit No. 375 
Incidental Boundary Revision No. 36 
Page2 

1761.11( d) The proposed permit area is within one hundred (100) feet of the outside right-of-way line 
of a public road in Williamson County, described as follows: 

The proposed permit area is adjacent to the right-of-way of Corinth. The proposed activities in the 
permit area mclude an access road within 100 feet of the road. 

No approvals from the authority with jurisdiction over the road were required. 

The applicant provided proper public notice and opportunity for a public hearing. No hearing was 
requested and no written comments were submitted to the Department concerning these roads. 

The Department finds the interests of the public and affected landowners will be protected from the 
proposed mining operations as a result of the measures to be taken by the applicant as described in the 
mining operations plan concerning this road. 

The fee for the area will be $116.25. The fee is comprised of $116.25 for non-surface mining area 
($5/acres x 4.65 acres x 5 years the bond is in force). 

The bond for the area will be $27,595.00. Copies of bond form SCML-2 have been enclosed for your 
use. For additional bonding and other forms, please contact this office or download a copy from the web 
at: www.dnr.state.iI.us/mines/lrd/forms.htm. Please note many forms have been modified. Only the most 
current versions will be accepted. 

Upon receipt by the Department of the fee and bond, plus forwarding two complete copies of your request 
and maps to Ronald Morse, Illinois Environmental Protection Agency, 2309 West Main Street, Marion, 
Illinois 62959, mining activities on these 4.65 acres may commence, following Department approval. 

All conditions and provisions contained in the approved permit also apply to this revision. Approval from 
this agency does not relieve Williamson Energy from obtaining approval from other agencies requiring 
such. 

Should you have any questions, please contact Brad Murphy at our Benton office. 

SKF:CBM:gr 

Enclosure 
cc: B. Murphy 

R. Morse 
M. Parrish 

T c-1,.,.,...,., 1,. 
_,, u,u!-'ul'<. 

!2071 !04.doc 

Sincerely, 

e.~p09
e .... rv_i.,.so_r.....,. __ _ 

Land Reclamation Division 
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SCML-2 

State of Illinois 
Department of Natural Resources 

Office of Mines and Minerals - Land Reclamation Division 
One Natural Resources Way, Springfield, IL 62702-1271 

SURETY BOND 

SURFACE-COAL MINING LAND CONSERVATION AND RECLAMATION ACT 

Surety Company Bond No. ________ _ 

KNOW ALL MEN BY THESE PRESENTS, That the undersigned ______ _ 

________________________________ of ___ _ 

_______________ as principal, and ______________ _ 

------------~ duly licensed to do business in the State of Illinois of __ 

_______________ as surety are held and fmnly bound unto the People of 

the State of Illinois, in the penal sum of _____________ Dollars($. ___ _ 

__________ _, for the payment of which sum, we hereby jointly and severally bind 

ourselves, our heirs, administrators, executors, successors, and assigns. 

THE CONDITION OF THE ABOVE OBLIGATION IS SUCH, that whereas, the 

above-named principal filed with the Depaiiment of Natural Resources, Office of Mines and 

Minerals Surface Coal Mining and Reclamation Operations Application 

No .. _______ _, a Pennit to engage in surface coal mining and reclamation operations 

in the State of Illinois, under the terms and provisions of the Surface-Coal Mining Land 

Conservation and Reclamation Act, effective June I, 1980. 

NOTICE - This state agency is requesting disclosure of information that is necessary to accomplish the statutory 

purpose as outlined under 225 ILCS 715/1 (Ill. Rev. Stat., Ch. 96 1/2 par. 4501 et seq.). Disclosure of this 
information is voluntary; however, failure to comply may result in this form not being processed. This form has 
been approved by the Forms Management Center. 

IL472•00086 
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Alliance 
Consultirig, Inc. 

fi',ngineers · Constructors · Scientists 

Office of Mines and Minerals 
Land Reclamation Division 
503 E. Main; FL00l 
Benton, IL 62812 

Attention: Brad Murphy 

We Transmit: 

II Herewith 

For Your: 

D Approval 

Iii Review & Comment 

D Use 

The Following: 

□ Drawings 

□ Specifications 

Copies Date No. 

D Under Separate Cover 

□ Record 

□ Laboratory Data 

□ Field Data 

ii! Other 

Description 

Transmittal Letter 

Project No. Bl 1-500-1413 

Date: December 5, 2011 

If enclosures are not as noted, 
please inform us immediately 

3 1-0ri!!inal & 2 Conies ofSunnlemental Information for Permit 375: 4.65 Ac. IBR 

Remarks: 

This information is being submitted in response to your November 1 ?1h email concerning borehole depths 
and diameters. These boreholes have been removed from the application. 

If you have any questions, please contact me. 

By: Steve Sutphin :!»'1/:/r-
Copies To: J. Slapak, File 

124 Philpott Lane, Beaver, WV 25813 Telephone: 304 / 255-0491 Fax: 304 / 255-4232 
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AllianceO 
Consulting, Inc. 

Engineers · Constructors · Scientists 

December 5, 2011 

Mr. Charles Murphy 
IDNR- Office of Mines & Minerals 
Land Reclamation Division 
503 E. Main Street 
Benton, Illinois, 62812 

Dear Mr. Murphy: 

Supplemental Information for 
Incidental Boundary Revision for 4.65 Acres 

Williamson Energy LLC - Permit No. 375 
Pond Creek Mine No. I 

Williamson County, Illinois 

Project No. Bl 1-500-1413 

On behalf of our client, Williamson Energy, LLC, Alliance Consulting, Inc. is submitting three copies of 
supplemental information to address the agency's review. Please forward two copies to the appropriate 
reviewer in the Springfield office. The following summarizes our responses. 

I. Part III. I has been revised. According to our client, Williamson Energy, the boreholes for the 
water and power will not be drilled. References to the boreholes have been removed from Part 
III. I and Map 6 S.F. (supplemental) has been revised. 

If you have any questions or need additional information, please contact us. 

Respectfully submitted, 

CE CONSULT/NG, INC. 

Shph , M. S,,~h~· 
Project Manager 

SMS:wmb 
Enclosures 

FILE: 11500-04 

124 Philpott Lane • Raleigh County Airport Industrial Park • Beaver, WV 25813-9502 • TELE: (304) 255-0491 • FAX (304) 255-4232 
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updated 02/25/2011 

PART III 

OPERATIONS PLAN 

!) Explain tho proposed operation and why tho IRR is needed. Locate on a mining operation, map. 

RESPONSE: The purpose of this !BR is to permit 4.65 acres for the installation ofa ventilation 
shaft site. MSHA has mandated that the mining operation must install an additional 
ventilation fan located in the bleeder entries of Tailgate No. 6. This !BR will consist 
of an infrequently used access road, a ventilation shaft, fan, and associated structures. 
Refer to Map 6 S.F. and Map 6 S.F. (Supplemental) for the location of the !BR area. 

The 18 feet diameter hole will be drilled and cased to a 16 feet diameter to a depth of 
365 feet. The casing will be grouted with concrete and a small fan will be installed. A 
30 foot by 30 foot by 1 foot thick concrete pad will be constructed for the fan and the 
electronics associated with the fan. Power will be supplied to the site by coming off 
an existing power line. A 12 foot by 12 foot by 1 foot thick pad will be constructed 
for the transformer. 

The site is located due south of Corinth Road and west of the Illinois Central Railroad. 
Topsoil from the !BR area will either be bermed along the site or placed in the soil 
storage area. A small cuttings pit will be constructed to collect the cuttings from the 
shaft drilling, however, the shaft construction will be a raise bore operation and 
therefore the majority of the cuttings will transported by the mine's haulage system. 

Access to the site will be by an existing access road beside of an abandoned barn. 
Topsoil from the access road will be removed and stored and a minimum of one foot 
of gravel will be placed on the road. 

The fan site will be in service during the mining of future longwall panels. Upon 
abandonment, the shaft will be backfilled and the site will be regarded, topsoil will be 
redistributed and the site will be revegetated with the approved seed mixture. 

Upon abandonment, the entire disturbed area will be covered using the stored topsoil, 
seeded and mulched using the approved revegetation plan. 

Refer to enclosed maps for the location of the !BR area outlined in red. 

2) Surface Drainage Control 

A) I) Locate on the mining operations map or on a separate drainage map all proposed drainage control systems. 
Show drainage patterns of all affected mining areas. 

RESPONSE: Refer to Map 6 S.F. Supplemental. 

2) Will all surface drainage from the affected mining area be collected and treated prior to leaving the IBR 
area? 

Revise<l by ACi i l-ii-11 
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& \ 11/17 /11 I REMOVAL OF POWER & PUMP BOREHOLES 

REV. I DATE I DESCRIPTION 

Alliance 
Consulting, Inc . 

Engineers · Constructors · Scientists 

N 

SMS 

P.M. 

BECKLEY, Wv SUMMERSVIUE, Wv CANONSBURG, PA 
(304) 255-0<91 (304) 883-2360 (724) 745-3630 

MAP6 
MAP 6 S.F. (SUPPLEMENTAL) 

POND CREEK 1 MINE 

Prepared For 

WILLIAMSON ENERGY LLC. 

JOHNSTON CITY, IL 

I ISMS 110/02/11 I PROJECT NO. 
811-500-1413 

CAD BY 

CHECKED BY ISMS 110/06/11 f-------~---------1 

APPROVED BY ICEYI 10/06/11 I DRAWING NO. B11-500-B1 
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1/17/11 Affiance Consulting Inc. Mail- !BR dated 10-4-11 4.65 ac. 

Alliance ,U.;I 
Gm.suJiing~ Jnc. 

---••••s,,,,., . .,,. .. ,•.•••-••-•.•-••-"••.•.••,.••s,.,•••••••-•••••·•••------
~· 

· ,R dated 10-4-11 4.65 ac. 
1 message 

Murphy, Brad <Brad.Murphy@illinois.gov> 
To: Stew Sutphin <ssutphin@acl-wv.com> 
Cc: Jim Slapak <Jslapak@machmlnlng.com> 

Steve Sutphin <ssutphln@aci-wv.com> 

Thu, Nov 17, 2011 at 12:35 PM 

Again, we haw to haw borehole depth and dia. to calculate bond. Please email these dimensions to 
alan.meyers@il!inois.gov and to me. I didn't see the dia. and depth for the two boreholes in the submittal but 
maybe it is somewhere. Please follow your emails in writing with the dia. and depth so I can include it with the 
submittal. The email will get this mo\ing again so you can get the appro\lal. 

Charles B. Murphy 

Land Reclamation Specialist 

Office of Mines and Minerals 

618 439-911 ext. 234 

brad murohy@illjnois.ooy 

>, .••~, ~ .. •- ~ ,,••.,y., ..... , . ............ ,, ......... , ... c;.> ...... •., -=. -•- nc,z- __ ., • .. •. -•~•, ,70 ..... ____ ... • ...... -~- .>, ,~.'-.,.-..C ,½C,,0,- --~----- .. , .. •, ...•....... 

ttps://-qif.google.com/maH/?ul=2&ik=2174457058&view=pt&search=inbox ... 1/1 
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1/17/11 Alliance Consulllng Inc. Mail - Bleeder Shaft Permit 

Steve Sutphin <ssutphin@acl-wv.com> 

:eeder Shaft Permit 
1 message 

Jim Slapak <jslapak@machmining.com> 
To: Stew Sutphin <ssutphin@aci-wv.com> 

Ste\19, 

Thu, Nov 17, 2011 at 1:12 PM 

I'm assuming Brad is talking about the power borehole and the pump hole. Neither will be done. SEIEC will be 
able to pro\ide power for the raisebore shaft. If we needed a turbine we would bring it up the bleeder shaft as we 
did with the other one. I don't know how much it might change Al's bond dollars but the shaft will only be about 
365 feet deep. Might want to include that as well. Thanks. 

Jim 

ttps· '' ~il.google.com/mail/?ui=2&ik=217 4457058&view=pt&search=inbox ... 111 
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AllianceLI 
Consulting, Inc. 

Engineers · Constructors · Scientists 

November 14, 2011 

Mr. Charles Murphy 
IDNR - Office of Mines & Minerals 
Land Reclamation Division 
503 E. Main Street 
Benton, Illinois, 62812 

Dear Mr. Mm:phy: 

Supplemental Information for 
Incidental Boundary Revision for4.65 Acres 

Williamson Energy LLC -Permit No. 375 
Pond Creek Mine No. 1 

Williamson County, Illinois 

Project No. B 11-500-1413 

On behalf of our client, Williamson Energy, LLC, Alliance Consulting, Inc. is submitting three 
copies of supplemental information to address the agency's review. Please forward two copies 
to the appropriate reviewer in the Springfield office. The following summarizes our responses. 

Comment No. I: The re:,ponse to Part J[5J [BJ [JJ is not correct. Revise answer to "Yes" and 
provide narrative explaining what type of disturbance, if any, is being 
proposed and whether the provisions of I 7 I 6. I I [ d} are applicable. 

Response: Part 1(5)(B)(l) has been revised. Please refer to the attached revised page. 

Comment No. 2: The response at Part 1[5J [DJ does not spec/fj1 the name of the local newspaper 
in which the public notice will be published 

Response: Pmi 1(5)(D) has been revised and now list the name of the newspaper the 
adve1iisement will published in. 

!24 Philpott Lane • Raleigh County Airport Industrial Park • Beaver, WV 25813-9502 • TELE: (304) 255-0491 • FAX (304) 255-4232 
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Mr. Charles Murphy 
November 14,2011 
Page2 

If you have any questions or need additional information, please contact us. 

Respectfully submitted, 

ALLIANCE CONSULTING, [NC. 

? 

m 
- I/ 

/Stephen M. Sutphin 
Project Manager 

SMS:wmb 
Enclosures 

FILE: 11500-03 
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boundaries of land within the pennit area upon which the applicant has the legal right to enter and begin 
surface mining activities. 

RESPONSE: Refer to Attachment Part !.4.A. 

B) Complete certification for engineering aspects of the application. In addition to the general certification, 
three specific certifications are included which arc applicable only if the box in front of each is marked. 
The first t\vo cover special permit requirements and should be marked only when they occur for the 
proposed pennit. The third certification covers the Illinois Environmental Protection Agency permit 
requirements. In most cases, an lllinois registered engineer will be required to certify IEPA permit 
requirements. Except as otherwise provided all maps, plans and cross-sections included in the permit 
application shall be prepared by, or under the direction of, and sealed by a qualified registered professional 
engineer licensed under the Illinois. Professional Engineering Act, a qualified registered structural engineer 
Ifcensed under the IIIinois Structural Engineering Act or if authorized by state law, a qualified registered 
professional land survey or licensed under the Illinois Land Surveyors Act with assistance from experts in 
related fields. 

RESPONSE: Refer to Attachment Pai11.4.B. 

5) Areas Designated Unsuitable for Mining 

A) Does proposed !BR area include --

(!) Lands within boundaries of the National Park System, National Wildlife Refuge System, National 
Recreation Areas, etc. [Section 1761 .1 l(a)J1 

Yes _____ No_-"-X,__ __ 

(2) National forest land? 

Yes _____ No _ ____,X.,,___ __ 

(3) Any land which wifl adversely affect any pubficfy-owned park or µlaces included in or eligible for 
listing in the National Register of Historic places, etc. [per 62 Ill. Adm. Code 1761.1 l(a)(3) or Section 
10, (B)(C) of the SCM-1? 

Yes _____ NO _ _Lx,__ __ 

If yes, complete Part II, Section JO, (B) & (C) of the SCM-1 or the UCM-1 Application. 

(4) Any public roads which are to be removed, relocated or temporarily closed? 

Yes _____ No _ __,X"-----

Indicate on the pre-mining land use map or other designated map the location of the public roads and 
attach a copy of the written agreement from the appropriate authority authorizing the relocation, 
removal or temporary closure. Describe the measures to be used to insure that the interest of the 
public and land owners affected will be protected. 

B) Will proposed !BR area be located --

(I) Within 100 feet of the right-of-way line of any public road? 

Yes X No ___ _ 

If yes, explain proposed procedure for complying with regulation section 1761.11 (d), 
including request for variance, if relevant. Provide location of public roads on pre-mining 

Revised by AC! 11 /09/11 
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land use map or other designated map. Describe the measures to be used to insure that the 
interest of the public and land owners affected will be protected. 

RESPONSE: The area within l 00 feet of the public road right-of-way will be for access only, which 
is exempt under Section 1761.11 (d)(l ). 

(2) Within 300 feet measured horizontally from any occupied dwelling? 

Yes ____ No --"-X,_ __ 

lf so, is waiver provided meeting requirements of Section 1761.15? 

(3) Within 300 feet measured horizontally of any public building, school, church, community or 
institutional building or public park? 

Yes ____ No _~X,_ __ 

(4) Within JOO feet measured horizontally ofa cemetery? 

Yes ____ No _ _,_X,_ __ 

C) Are valid existing rights (per 1761. I l) claimed for any part of the !BR area? 

Yes _____ No_~X,_ __ 

If yes, provide documentation to substantiate claim•. 

D) Provide a draft copy of the proposed newspaper notice and name oflocaI newspaper of general circulation in 
which advertisement of the application will be published, per 62 Ill. Adm. Code 1774.13(d)(6). Certification 
of publication is to be furnished to the Department and must be received prior to Department approval of the 
!BR. 

RESPONSE: Refer to Attachment Part 1.5.D. for the draft copy of the newspaper notice. The notice 
will be published in The Daily American newspaper. 

Revised by ACI 11/09/11 
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Alliance 
Consulting, Inc. 

Engineers · Constructors · Scientists 

To: Illinois Department ofNatural Resources 
Office of Mines and Minerals 
Land Reclamation Division 
One Natural Resources Way 

Springfield, IL 62702-1271 

Attention: Scott Fowler 

We Transmit: 

1111 Herewith 

For Your: 

□ Approval 

II Review & Comment 

D Use 

The Following: 

□ Drawings 

□ Specifications 

Copies Date No. 

□ Under Separate Cover 

□ Record 

□ Laboratory Data 

□ Field Data 

11 Other 

Description 

Transmittal Letter 

Project No. Bl 1-500-1413 

Date: October 12, 2011 

If enclosures are not as noted, 
please inform us immediately 

1 Orimnal of 4.65 Acre Non-Conti011ous IBR for Williamson Enern:v - Permit 375. 
1 Coov of 4.65 Acre Non-Conti<mous IBR for Williamson Enenro - Permit 375. 

Remarks: 

One copy of the application has been sent to Mr. Brad Murphy. 

If you have any questions, please contact me. 

1/ } . [I ( / ' 
By: Steve Sutphin /}t;;;_ ,J,~ 

I I ii 
Copies To: J. Slapak. File 

124 Philpott Lane, Beaver, WV 25813 Telephone: 304 / 255-0491 Fax: 304 / 255-4232 
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Alliance 

Consulting, Inc. 
_ Engineers · Constructors · Scientists 

Office of Mines and Minerals 
Land Reclamation Division 
503 E. Main; FL00l 
Benton, IL 62812 

Attention: __ _,,,B"'ra..,d'--'M"""'urp""'h._y ___ _ 

We Transmit: 

1111 Herewith 

For Your: 

□ Approval 

II Review & Comment 

D Use 

The Following: 

□ Drawings 

□ Specifications 

Copies Date No. 

D Under Separate Cover 

D Record 

□ Laboratory Data 

□ Field Data 

iii Other 

Description 

Transmittal Letter 

Project No. Bll-500-1413 

Date: October 12, 2011 

If enclosures are not as noted, 
please inform us immediately 

1 Coov of 4.65 Acre Non-Contim1ous IBR for Williamson Enernv -Permit 375. 

Remarks: 

An original and one copy of the application have been sent to Mr. Scott Fowler. 

If you have any question~~ ;ontac~ me. 

By: Steve Sutphin /a wb✓~,J~ 
/ I ' 

Copies To: J. Slapak, File 

124 Philpott Lane, Beaver, WV 25813 Telephone: 304 / 255-0491 Fax: 304 / 255-4232 
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AllianceLI 
Consulting, Inc. 

Engineers · Constructors · Scientists 

Mr. Scott Fowler 
ILLINOIS DEPARTMENT 
OF NATURAL RESOURCES 
Office of Mines and Minerals 
Land Reclamation Division 
One Natural Resources Way 
Sp1ingfield, IL 62702-1271 

October 4, 2011 

Request for Non-Contiguous 
Incidental Boundary Revision for 4.65 Acres 

Williamson Energy LLC - Pennit No. 375 
Pond Creek Mine No. I 

Williamson County. Illinois 

Dear Mr. Fowler: 

Project No. B 11-500-1413 

On behalf of our client, Williamson Energy LLC, Alliance Consulting, Inc. is submitting an original 
and one copy of a 4.65 acre non-contiguous IBR application. The IBR is for a bleeder shaft and 
associated facilities. Please refer to the enclosed incidental boundary revision material. 

Please be advised that one copy of this IBR application has been sent to Mr. Brad Murphy in the 
Benton office. 

If you have any questions, or require additional information, please contact us. 

Respectfully submitted, 

ALLIANCE CONSULTING, INC • 

. f-- I/ , 
;t_f l~ n7 ;Lp& 

1 Stephen M. Sutphm/ 
· Project Manager ' 

SMS:sms 
Enclosures 

FILE: 11500-01 

124 Philpott Lane • Raleigh County Airport Industrial Park • Beaver, WV 25813-9502 • TELE: (304) 255-0491 • FAX (304) 255-4232 
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Alliance LI 
Consulting, Inc. 

Engineers · Constructors · Scientists 

October 4, 2011 

Mr. Brad Murphy 
ILLINOIS DEPARTMENT 
OF NATURAL RESOURCES 
Land Reclamation Division 
503 E. Main, FL 001 
Benton, IL 628 I 2 

Dear Mr. Murphy: 

Request for Non-Contiguous 
Incidental Boundary Revision for 4.65 Acres 

Williamson Energy LLC- Permit No. 375 
Pond Creek Mine No. 1 

Williamson County, Illinois 

Project No. B 11-500-1413 

On behalf of our client, Williamson Energy LLC, Alliance Consulting, Inc. is submitting one copy of a 
4.65 acre non-contiguous !BR application. The !BR is for a bleeder shaft and associated facilities. 
Please refer to the enclosed incidental boundary revision material. 

Please be advised that Mr. Scott Fowler in the Springfield office has received an original and one copy 
of this IBR application. 

If you have any questions, or require additional information, please contact us. 

Respectfully submitted, 

SMS:sms 
Enclosures 

FILE: 11500-02 
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Williamson Energy, LLC 
PO Box 99 
Johnston City, IL 62951 
Office: 618-983-3020 Fax: 618-983-3017 

Mr. Scott K. Fowler, Supervisor 
ILLINOIS DEPARTMENT OF 
NATURAL RESOURCES 
One Natural Resources Way 
Springfield, IL 62702-1271 

Re: Williamson Energy, LLC - Permit No. 375; 4.65acre Non-Contiguous IBR 

Dear Mr. Fowler: 

This letter authorizes Mr. Jim Slapak m1d Alli811ce Consulting, Inc. (Alli811ce) and its representatives, 
permission to perform work on, receive comments and submit cmTections on the above referenced 
application. Please send copies of fil1Y comments to Alliance Consulting, Inc. at 124 Philpott Lm1e, 
Beaver, WV 25813, as well as Williamson Energy, LLC at the above address. 

Thank you for your cooperation. 

Sincerely, 

WILLIAMSON ENERGY, LLC 

Anthony Webb 
Authorized Agent 
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4.65 ACRES NON-CONTIGUOUS 
INCIDENTAL BOUNDARY REVISION 

FOR PERMIT NO. 375 

WILLIAMSON COUNTY, IL 
POND CREEK MINE NO. 1 

Prepared for 

WILLIAMSON ENERGY LLC 
JOHNSTON CITY, IL 

ALLIANCE PROJECT NO. Bll-500-1413 
OCTOBER 2011 
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PARTI 
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State of Illinois 
Department of Natural Resources 

Office of Mines and Minerals 
Land Reclamation Division 
One Natural Resources Way 
Springfield, IL 62702-1271 

updated 02/25/2011 

APPLICATION FOR SURF ACE COAL MINING AND RECLAMATION OPERATIONS 
INCIDENTAL BOUNDARY REVISION IBR-1 

PART I 

DA TE: -~O~c~t~ob~e~r~6~. =20~1~1 ____ _ 

NOTICE: This state agency is requesting disclosure of information that is necessary to accomplish 
the statutory purpose as outlined under Ill. Rev. Stat. I 987 Ch. 96 1/2, par. 7901 .OJ et seq. Disclosure of this information 
is voluntary, however failure to comply may result in this form not being processed. This form has been approved by the 
Forms Management Center. 

I) A) General Information 

(IJ(We)(The) -~W~i=ll=iam=s=o=n~E=n=e.,_,rgo;y~L=L=C~---------------
(Name of Company, Corporation, Partnership or Individual) 

P. 0. Box 99. Johnston City. IL 62951 (618) 983-3020 
(Address) (Telephone Number) 

hereby submit application for an Incidental Boundary Revision to Penni! --~3~7~5~_ 

Name of Mine Pond Creek No. 1 

MSHA No. 11-03141 

I, -----------~A~1~1t~h~o~n'-'---W=e~b~b~ ______________ under penalty of 
(vice president or his duly authorized representative under the existing permit) 

perjury declare that all information provided in this application is true and correct to the best ofmy knowledge. 

Authorized Agent 
Title 

Surface Area: 

ADDITIONAL ACRES REQUESTED __ 4~·=6~5- EXISTING PERMIT ACREAGE 624.80 
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B) Indicate the type of disturbance and associated acreage. 

Type of Disturbance Existing Permit !BR Total 

Area Stripping 20.13 0 20.13 

Mine Waste Areas 277.39 0 277.39 
Processing Areas 
& Support Facilities 127.51 4.65 132.16 
Access, Haul Roads 
& Transpmt Facilities 23.57 0 23.57 

Soil Storage Areas 75.70 0 75.70 

Diversions 32.85 0 32.85 
Coal Recovery 
(Gob & Slurry) 0 0 0 

Other 30.46 0 30.46 

Not to be Disturbed 37.19 0 37.19 

Total 624.8 4.65 629.45 

2) A) Provide name and address of every legal or equitable owner of record of the !BR area. 

RESPONSE: Map ID: A080414-402. Owner: New River Royalty LLC, 208 Public Square; 4th 

Floor, Benton, IL 62812 

B) Provide name and address of the owner of record for all surface and subsurface areas 
contiguous to any part of the proposed !BR area. 

RESPONSE: Map ID: A080414-206. Surface Owner: Southern Illinois Land Co., Inc., South La 
Salle St. Suite 3700, Chicago, IL 60602. Map ID: A080414-207. Owner: New 
River Royalty LLC, 208 Public Square; 4th Floor, Benton, IL 62812. Map ID: 
A080414-401. Surface Owner: Deon Patton, 450 College Road, Eldorado, IL 62930 

C) Show location of owners ofrecord of those lands, both surface and subsurface, 
included in or contiguous to the IBR area on premining land use map or another 
map, if necessary. 

RESPONSE: Refer to Map 6 S.F. (Drawing No. Bl 1-500-Ml) 

3) Provide name and address of any holder of record of leasehold interest for the !BR area. 

RESPONSE: Williamson Energy LLC. P. 0. Box 99, Johnston City, IL 62951 

4) Affidavits, Cettifications 

A) Complete affidavit regarding applicant1s legal right to enter and begin surface coal mining and reclamation 
operations in the !BR area and whether that right is the subject of pending litigation. Identify the 
documents upon which affidavit is based by type and date of execution and identify specific lands to which 
each document pertains and explain the legal rights claimed by the applicant (1778. l S(a)). If the private 
mineral estate to be mined has been severed from the private surface estate, provide copies of the 
documents required under Section 1778.1 S(B)(l )-(3). On the permit map or other designated map show the 
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boundaries of land within the permit area upon which the applicant has the legal right to enter and begin 
surface mining activities. 

RESPONSE: Refer to Attachment Part 1.4.A. 

B) Complete certification for engineering aspects of the application. In addition to the general certification, 
three specific certifications are included which are applicable only if the box in front of each is marked. 
The first two cover special permit requirements and should be marked only when they occur for the 
proposed permit. The third certification covers the Illinois Environmental Protection Agency permit 
requirements. In most cases, an Illinois registered engineer will be required to certify IEPA permit 
requirements. Except as otherwise provided all maps, plans and cross-sections included in the permit 
application shall be prepared by, or under the direction of, and sealed by a qualified registered professional 
engineer licensed under the Illinois Professional Engineering Act, a qualified registered structural engineer 
licensed under the lllinois Structural Engineering Act or if authorized by state law, a qualified registered 
professional land survey or licensed under the Illinois Land Surveyors Act with assistance from experts in 
related fields. 

RESPONSE: Refer to Attachment Part 1.4.B. 

5) Areas Designated Unsuitable for Mining 

A) Does proposed IBR area include --

(I) Lands within boundaries of the National Park System, National Wildlife Refuge System, National 
Recreation Areas, etc. [Section 1761.1 !(a)]? 

Yes _____ No _ _,_X"----

(2) National forest land? 

Yes _____ No --"-X"----

(3) Any land which will adversely affect any publicly-owned park or places included in or eligible for 
listing in the National Register of Historic places, etc. [per 62 Ill. Adm. Code 1761.11 (a)(3) or Section 
10, (B)(C) of the SCM-1? 

Yes _____ No -~X~--

Ifyes, complete Part II, Section JO, (B) & (C) of the SCM-1 or the UCM-1 Application. 

(4) Any public roads which are to be removed, relocated or temporarily closed? 

Yes ____ No --"-X"----

Indicate on the pre-mining land use map or other designated map the location of the public roads and 
attach a copy of the written agreement from the appropriate authority authorizing the relocation, 
removal or temporary closure. Describe the measures to be used to insure that the interest of the 
public and land owners affected will be protected. 

B) Will proposed IBR area be located --

(]) Within 100 feet of the right-of-way line of any public road? 

Yes ____ No -~X"----

If yes, explain proposed procedure for complying with regulation section 176 ! .11 (d), 
including request for variance, ifrelevant. Provide location of public roads on pre-mining 
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land use map or other designated map. Describe the measures to be used to insure that the 
interest of the public and land owners affected will be protected. 

(2) Within 300 feet measured horizontally from any occupied dwelling? 

Yes ____ No _ _,_X,_ __ 

If so, is waiver provided meeting requirements of Section 1761.15? 

(3) Within 300 feet measured horizontally of any public building, school, church, community or 
institutional building or public park? 

Yes ____ No --"-X,_ __ 

(4) Within JOO feet measured horizontally ofa cemetery? 

Yes ____ No _ _,_X"---

C) Are valid existing rights (per 1761.11) claimed for any part of the !BR area? 

Yes _____ No _ _,_X,_ __ 

If yes) provide documentation to substantiate claim. 

D) Provide a draft copy of the proposed newspaper notice and name of local newspaper of general circulation in 
which advertisement of the application will be published, per 62 lll. Adm. Code 1774. 13(d)(6). Certification 
of publication is to be furnished to the Department and must be received prior to Depaitment approval of the 
!BR. 

RESPONSE: Refer to Attachment Part 1.5.D. 
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Attachment l.4.A 

(l)(We) __ ~A'-"'"'nt"'h""o"'-n'-W..,__,__,,e""bb"'--------------------
(Individual or Individuals) 

under penalty of perjury declare on behalf of the applicant, Williamson Energy LLC 
that said applicant has valid documents which bestow upon the applicant a legal right to enter and commence surface coal 
mining and reclamation operations upon lands contained in the proposed IBR area, and such legal right is not in any way 
the subject of pending court litigation. 

Dated this __ _,6~th 
__ day of __ -"O"'c,.to"'b""erc_ ___ _, ___ _,2"'0'-'l'-'l'--

State of ~Lnrtll.,,O 

County of 0: 1 I, a.ru:::;oA.J 

Signed by and subscribed to before me on / O/ {;,/I I 
(date) 

' ' . 
' 1., .. i 

Offtcial Seal 
Cathy L Skelton 

Notary Public State of Illinois 
My Commission Expires 02/15/2012 

Authorized Agent 

by_~"----'-'-rf.....:...f'D-=:_n:.+lr:-~...c.==lo"'------
(nam'e of person) 

(Sigi/aiilye of Notary Public) 
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Attachment l.4.B. 

ENGINEERING CERTIFICATION 

l hereby certify the engineering design used in preparation of this application, attachments, and supplements was done by 
me or under my direct supervision. 

I further certify to the best of my knowledge all such design is in accordance with all applicable local, state and federal 
laws, rules and regulations. I have placed an "X" in the box below if that 
item is relevant. 

D \Vhereas the Reclamation Plan calls for an alternative land use, I also certify the plans to conform to applicable 
accepted standards for adequate land stability, drainage, vegetative cover, and aesthetic design appropriate for 
the post-mining use of the site. 

D Whereas the operation proposes disposal of spoil or waste materials in areas other than mining workings or 
excavations, I also certify such fills are designed in accordance with recognized professional standards and all 
applicable laws. 

[:8'.i Certification of Illinois Environmental Protection Agency-35 Ill. Adm. Code 405.104(a) Permit. In my 
professional judgement, the plans and specifications submitted as part of this application describe an operation 
which will meet all applicable effluent and water quality standards. I certify that I am familiar with all of the 
plans, specifications, reports, and maps submitted as part of this application and that said plans, etc. are accurate 
insofar as they represent existing conditions. 

124 Philpott Lane, Beaver, West Virninia 2580 I 
Address 

/ 
Signature 

062-050632 
Illinois Registration Number (Seal) 

(304) 255-0491 
Phone Number 

Date 
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Attachment 1.5.D. 

PUBLIC NOTICE 

Pursuant to the Surface Coal Mining Land Conservation and Reclamation Act (PA-81-1015, as 
amended) and the Rules and Regulations of the Act, Williamson Energy LLC, P. 0. Box 99, Johnston 
City, IL 62951 hereby gives notice that on ___________ 2011, an incidental boundary 
revision (IBR) has been submitted to the Illinois Department of Natural Resources, Office of Mines and 
Minerals, Land Reclamation Division, One Natural Resources Way, Springfield, IL 62702-1271. The 
IBR application is for 4.65 acres located in Williamson County, Township 8 South, Range 4 East, 
Section 14, at the intersection of Corinth Road and Driot City Road. 

Activities will include drilling a ventilation shaft, constructing an access road, installing a ventilation fan 
and installation ofan electrical line. No mining operations are proposed within 100' of the outside right

of-way of the above referenced roads. 

Copies of the application are on file with the Illinois Department of Natural Resources, Office of Mines 
and Mineral, 503 East Main St., Benton, Illinois 62812, and the Springfield, Illinois Office. 

Written comments concerning the operations should be addressed to the Office of Mines and Minerals, 
Land Reclamation Division at the Springfield office, no later than 7 days from the date of this notice. 
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PART II 

PREMINING INFORMATION 

Premining information is to be displayed on premining land use map unless otherwise indicated. 

I) Describe how the !BR area perimeter will be marked and discuss the method or system employed to locate 
permit area perimeter and set markers along it. Designate a reference point outside the IBR area if different then 
the original permit. Provide a description of the reference point and a sketch relating the reference point to the 
!BR area perimeter. 

RESPONSE: The perimeter of the IBR area will be delineated by using PVC and/or metal post and 
be located within eye sight of one another. 

2) Explain and locate areas where the IBR is contiguous to an existing permit. 

RESPONSE: The proposed IBR area is not adjacent to the current permitted boundary. Refer to 
Map 6 S.F. for the location of the IBR area and the cun-ently approved permit 
boundary. 

3) Give the acreages of each land use within the proposed !BR and existing permit area, employing land use 
categories of Section 1701.5 listed below, and delineate on premining land use map existing land uses in the 
proposed permit area and adjacent to it. Include on the premining land use map the location of all buildings and 
identify the CUJTent use of these buildings. 

Pre-Mine Land Use Existing Permit !BR Total 

Cropland 507.79 4.65 512.44 
Pasture land 0 0 0 
Grazing land 0 0 0 
Forestry 101.86 0 105.85 
Residential 2.55 0 2.55 
Industrial/Commercial 
Recreation 0 0 0 
Fish and Wildlife Habitat 11.16 0 11.16 
Developed Water Resources 1.44 0 1.44 
Undeveloped land 0 0 0 
Total 624.8 4.65 629.45 

RES PON SE: Refer to Map 3 S.F. - Environmental Resources Map. 

4) Soils Information Map 

A) Does the submitted soils map represent a map developed by the National Resources Conservation 
Service (NRCS)? 

Yes __ X~ ____ No ____ _ 

If no, explain. 

B) Delineate on the soils rnap(s) the area which will incur actual mining (removal of overburden and/or 
deposition of overburden for the extraction of coal). 
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RESPONSE: No removal of overburden or deposition of overburden for the extraction of coal will 

occur on the IBR area. Topsoil material will be temporarily stored on site. 

C) Are any of the identified map units correlated as prime farmland by NRCS criteria? 

Yes X No -----

If yes, explain and provide documentation to meet the requirements of Section 

1785.17, ifa detennination for grandfathering and/or negative determination is 

sought. If prime farmlands exist, which wil1 not meet the exemption criteria 
described above, the approved prime farmlands restoration plan must be followed. 

RESPONSE: Refer to Map 5 - Soils Resources Map. Additional infom1ation can be found in the 

NRCS Custom Soil Resource Report. 

D) Submit, by completing soils information chart, acreage totals of each map unit (soil type and slope 

classification) and land use capability classes in the !BR area and the percent slope range of each lettered 

slope classification used on the soil map. 

RESPONSE: Refer to Map 5 - Soils Resources Map. Additional infonnation can be found in the 

NRCS Custom Soil Resource Report. 

E) Provide, by completing soil information chart, acreage for each of the map units of high capability land 

(including grandfathered and negatively determined prime farmland) and non-cropland capability land with 

respect to areas which will be mined and areas which will incur other forms of disturbance (i.e., roads, 

ditches, etc.). Identify and provide map unit acreage values, if any, for areas which will not be disturbed. 

RESPONSE: Refer to Map 5 - Soils Resources Map. 

F) Are selected overburden materials proposed to be used in lieu of or as a supplement to the A-horizon? 

Yes ___ No_~X~--

If yes, provide the appropriate information required under I 780. I 8(b)(4)/1784. I 3(b)(4). 



R12008

PART II ATTACHMENTS 



R12009

ATTACHMENT PART 11.3. 

( 



R12010

ATTACHMENT PART II.4. 



R12011

United States 
Department of 
Agriculture 

'°1 NRCS 
Natural 
Resources 
Conservation 
Service 

A product of the National 
Cooperative Soil Survey, 
a joint effort of the United 
States Department of 
Agriculture and other 
Federal agencies, State 
agencies including the 
Agricultural Experiment 
Stations, and local 
participants 

Custom Soil Resource 
Report for 

Williamson 
County, Illinois 
Bleeder Shaft IBR Site 

October 3, 2011 



R12012

Preface 

Soil surveys contain information that affects land use planning in survey areas. They 
highlight soil /imitations that affect various land uses and provide information about 
the properties of the soils in the survey areas. Soil surveys are designed for many 
different users, including farmers, ranchers, foresters, agronomists, urban planners, 
community officials, engineers, developers, builders, and home buyers. Also, 
conservationists, teachers, students, and specialists in recreation, waste disposal, 
and pollution control can use the surveys to help them understand, protect, or enhance 
the environment. 

Various land use regulations of Federal, Slate, and local governments may impose 
special restrictions on land use or land treatment. Soil surveys identify soil properties 
that are used in making various land use or land treatment decisions. The information 
is intended to help the land users identify and reduce the effects of soil /imitations on 
various land uses. The landowner or user is responsible for identifying and complying 
with existing laws and regulations. 

Although soil survey information can be used for general farm, local, and wider area 
planning, onsite investigation is needed to supplement this information in some cases. 
Examples include soil quality assessments (http://soils.usda.gov/sqi/) and certain 
conservation and engineering applications. For more detailed information, contact 
your local USDA Service Center (http://offces.sc.egov.usda.gov/locator/app? 
agency=nrcs) or your NRCS State Soil Scientist (http://soils.usda.gov/contacl/ 
state_ offices/). 

Great differences in soil properties can occur within short distances. Some soils are 
seasonally wet or subject to flooding. Some are too unstable to be used as a 
foundation for buildings or roads. Clayey or wet soils are poorly suited to use as septic 
tank absorption fields. A high water table makes a soil poorly suited to basements or 
underground installations. 

The National Cooperative Soil Survey is a joint effort of the United States Department 
of Agriculture and other Federal agencies, State agencies including the Agricultural 
Experiment Stations, and local agencies. The Natural Resources Conservation 
Service (NRCS) has leadership for the Federal part of the National Cooperative Soil 
Survey. 

Information about soils is updated periodically. Updated information is available 
through the NRCS Soil Data Mart Web site or the NRCS Web Soil Survey. The Soil 
Data Mart is the data storage site for the official soil survey information. 

The U.S. Department of Agriculture (USDA) prohibits discrimination in all its programs 
and activities on the basis of race, color, national origin, age, disability, and where 
applicable, sex, marital status, familial status, parental status, religion, sexual 
orientation, genetic information, political beliefs, reprisal, or because all or a part of an 
individual's income is derived from any public assistance program. (Not all prohibited 
bases apply to all programs.) Persons with disabilities who require alternative means 
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for communication of program information (Braille, large print, audiotape, etc.) should 
contact USDA's TARGET Center at (202) 720-2600 (voice and TDD). To file a 
complaint of discrimination, write to USDA, Director, Office of Civil Rights, 1400 
Independence Avenue, S.W., Washington, D.C. 20250-9410 or call (800) 795-3272 
(voice) or (202) 720-6382 (TDD). USDA is an equal opportunity provider and 
employer. 
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How Soil Surveys Are Made 

Soil surveys are made to provide information about the soils and miscellaneous areas 
in a specific area. They include a description of the soils and miscellaneous areas and 
their location on the landscape and tables that show soil properties and limitations 
affecting various uses. Soil scientists observed the steepness, length, and shape of 
the slopes; the general pattern of drainage; the kinds of crops and native plants; and 
the kinds of bedrock. They observed and described many soil profiles. A soil profile is 
the sequence of natural layers, or horizons, in a soil. The profile extends from the 
surface down into the unconsolidated material in which the soil formed or from the 
surface down to bedrock. The unconsolidated material is devoid of roots and other 
living organisms and has not been changed by other biological activity. 

Currently, soils are mapped according to the boundaries of major land resource areas 
(MLRAs). MLRAs are geographically associated land resource units that share 
common characteristics related to physiography, geology, climate, water resources, 
soils, biological resources, and land uses (USDA, 2006). Soil survey areas typically 
consist of parts of one or more MLRA. 

The soils and miscellaneous areas in a survey area occur in an orderly pattern that is 
related to the geology, landforms, relief, climate, and natural vegetation of the area. 
Each kind of soil and miscellaneous area is associated with a particular kind of 
landform or with a segment of the landform. By observing the soils and miscellaneous 
areas in the survey area and relating their position to specific segments of the 
landform, a soil scientist develops a concept, or model, of how they were formed. Thus, 
during mapping, this model enables the soil scientist to predict with a considerable 
degree of accuracy the kind of soil or miscellaneous area at a specific location on the 
landscape. 

Commonly, individual soils on the landscape merge into one another as their 
characteristics gradually change. To construct an accurate soil map, however, soil 
scientists must determine the boundaries between the soils. They can observe only 
a limited number of soil profiles. Nevertheless, these observations, supplemented by 
an understanding of the soil-vegetation-landscape relationship, are sufficient to verify 
predictions of the kinds of soil in an area and to determine the boundaries. 

Soil scientists recorded the characteristics of the soil profiles that they studied. They 
noted soil color, texture, size and shape of soil aggregates, kind and amount of rock 
fragments, distribution of plant roots, reaction, and other features that enable them to 
identify soils. After describing the soils in the survey area and determining their 
properties, the soil scientists assigned the soils to taxonomic classes (units). 
Taxonomic classes are concepts. Each taxonomic class has a set of soil 
characteristics with precisely defined limits. The classes are used as a basis for 
comparison to classify soils systematically. Soil taxonomy, the system of taxonomic 
classification used in the United States, is based mainly on the kind and character of 
soil properties and the arrangement of horizons within the profile. After the soil 
scientists classified and named the soils in the survey area, they compared the 
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individual soils with similar soils in the same taxonomic class in other areas so that 
they could confirm data and assemble additional data based on experience and 
research. 

The objective of soil mapping is not to delineate pure map unit components; the 
objective is to separate the landscape into landforms or landform segments that have 
similar use and management requirements. Each map unit is defined by a unique 
combination of soil components and/or miscellaneous areas in predictable 
proportions. Some components may be highly contrasting to the other components of 
the map unit. The presence of minor components in a map unit in no way diminishes 
the usefulness or accuracy of the data. The delineation of such landforms and 
landform segments on the map provides sufficient information for the development of 
resource plans. If intensive use of small areas is planned, onsite investigation is 
needed to define and locate the soils and miscellaneous areas. 

Soil scientists make many field observations in the process of producing a soil map. 
The frequency of observation is dependent upon several factors, including scale of 
mapping, intensity of mapping, design of map units, complexity of the landscape, and 
experience of the soil scientist. Observations are made to test and refine the soil
landscape model and predictions and to verify the classification of the soils at specific 
locations. Once the soil-landscape model is refined, a significantly smaller number of 
measurements of individual soil properties are made and recorded. These 
measurements may include field measurements, such as those for color, depth to 
bedrock, and texture, and laboratory measurements, such as those for content of 
sand, silt, clay, salt, and other components. Properties of each soil typically vary from 
one point to another across the landscape. 

Observations for map unit components are aggregated to develop ranges of 
characteristics for the components. The aggregated values are presented. Direct 
measurements do not exist for every property presented for every map unit 
component. Values for some properties are estimated from combinations of other 
properties. 

While a soil survey is in progress, samples of some of the soils in the area generally 
are collected for laboratory analyses and for engineering tests. Soil scientists interpret 
the data from these analyses and tests as well as the field-observed characteristics 
and the soil properties to determine the expected behavior of the soils under different 
uses. Interpretations for all of the soils are field tested through observation of the soils 
in different uses and under different levels of management. Some interpretations are 
modified to fit local conditions, and some new interpretations are developed to meet 
local needs. Data are assembled from other sources, such as research information, 
production records, and field experience of specialists. For example, data on crop 
yields under defined levels of management are assembled from farm records and from 
field or plot experiments on the same kinds of soil. 

Predictions about soil behavior are based not only on soil properties but also on such 
variables as climate and biological activity. Soil conditions are predictable over long 
periods of time, but they are not predictable from year to year. For example, soil 
scientists can predict with a fairly high degree of accuracy that a given soil will have 
a high water table within certain depths in most years, but they cannot predict that a 
high water table will always be at a specific level in the soil on a specific date. 

After soil scientists located and identified the significant natural bodies of soil in the 
survey area, they drew the boundaries of these bodies on aerial photographs and 
identified each as a specific map unit. Aerial photographs show trees, buildings, fields, 
roads, and rivers, all of which help in locating boundaries accurately. 
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Soil Map 

The soil map section includes the soil map for the defined area of interest, a list of soil 
map units on the map and extent of each map unit, and cartographic symbols 
displayed on the map. Also presented are various metadata about data used to 
produce the map, and a description of each soil map unit. 
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MAP LEGEND 
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MAP INFORMATION 

Map Scale: 1 :12,500 if printed on A size (8.5" x 11 ") sheet. 

The soil suiveys that comprise your AO! were mapped at 1 :12,000. 

Warning: Soil Map may not be valid at this scale. 

Enlargement of maps beyond the scale of mapping can cause 
misunderstanding of the detail of mapping and accuracy of soil line 
placement. The maps do not show the small areas of contrasting 
soils that could have been shown at a more detailed scale. 

Please rely on the bar scale on each map sheet for accurate map 
measurements. 

Source of Map: Natural Resources Conservation Service 
Web Soil Survey URL: http://websoilsurvey.nrcs.usda.gov 
Coordinate System: UTM Zone 16N NAD83 

This product is generated from the USDA-NRCS certified data as of 
the version date(s) listed below. 

Soil Survey Area: 
Survey Area Data: 

Williamson County, Illinois 
Version 6, Feb 7, 2011 

Date(s) aerial images were photographed: 6113/2007 

The orthophoto or other base map on which the soil lines were 
compiled and digitized probably differs from the background 
imagery displayed on these maps. As a result, some minor shifting 
of map unit boundaries may be evident. 



R12020

Custom Soils Resources Report 

Map Unit Legend (Bleeder Shaft Site) 

. i i, VyiJli}rrisciii Cifunty,Uli11dis(IL1~9).{ 
. > M~p Unit SymbqJ\ 

1 OC Plumfield silty clay loam, 5 to 10 percent slopes 

148 Ava silt loam, 5 to 10 percent slopes 

14C3 Ava silty clay loam, 5 to 10 percent slopes, severely eroded 

3382A Belknap silt loam, Oto 2 percent slopes, frequently flooded 

Map Unit Descriptions (Bleeder Shaft Site) 

The map units delineated on the detailed soil maps in a soil survey 
represent the soils or miscellaneous areas in the survey area. The map 
unit descriptions, along with the maps, can be used to determine the 
composition and properties of a unit. 

A map unit delineation on a soil map represents an area dominated by 
one or more major kinds of soil or miscellaneous areas. A map unit is 
identified and named according to the taxonomic classification of the 
dominant soils. Within a taxonomic class there are precisely defined 
limits for the properties of the soils. On the landscape, however, the soils 
are natural phenomena, and they have the characteristic variability of all 
natural phenomena. Thus, the range of some observed properties may 
extend beyond the limits defined for a taxonomic class. Areas of soils of 
a single taxonomic class rarely, if ever, can be mapped without including 
areas of other taxonomic classes. Consequently, every map unit is made 
up of the soils or miscellaneous areas for which it is named and some 
minor components that belong to taxonomic classes other than those of 
the major soils. 

Most minor soils have properties similar to those of the dominant soil or 
soils in the map unit, and thus they do not affect use and management. 
These are called noncontrasting, or similar, components. They may or 
may not be mentioned in a particular map unit description. Other minor 
components, however, have properties and behavioral characteristics 
divergent enough to affect use or to require different management. 
These are called contrasting, or dissimilar, components. They generally 
are in small areas and could not be mapped separately because of the 
scale used. Some small areas of strongly contrasting soils or 
miscellaneous areas are identified by a special symbol on the maps. If 
included in the database for a given area, the contrasting minor 
components are identified in the map unit descriptions along with some 
characteristics of each. A few areas of minor components may not have 
been observed, and consequently they are not mentioned in the 
descriptions, especially where the pattern was so complex that it was 
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impractical to make enough observations to identify all the soils and 
miscellaneous areas on the landscape. 

The presence of minor components in a map unit in no way diminishes 
the usefulness or accuracy of the data. The objective of mapping is not 
to delineate pure taxonomic classes but rather to separate the landscape 
into landforms or landform segments that have similar use and 
management requirements. The delineation of such segments on the 
map provides sufficient information for the development of resource 
plans. If intensive use of small areas is planned, however, onsite 
investigation is needed to define and locate the soils and miscellaneous 
areas. 

An identifying symbol precedes the map unit name in the map unit 
descriptions. Each description includes general facts about the unit and 
gives important soil properties and qualities. 

Soils that have profiles that are almost alike make up a soil series. 
Except for differences in texture of the surface layer, all the soils of a 
series have major horizons that are similar in composition, thickness, 
and arrangement. 

Soils of one series can differ in texture of the surface layer, slope, 
stoniness, salinity, degree of erosion, and other characteristics that affect 
their use. On the basis of such differences, a soil series is divided into 
soil phases. Most of the areas shown on the detailed soil maps are 
phases of soil series. The name of a soil phase commonly indicates a 
feature that affects use or management. For example, Alpha silt loam, 0 
to 2 percent slopes, is a phase of the Alpha series. 

Some map units are made up of two or more major soils or 
miscellaneous areas. These map units are complexes, associations, or 
undifferentiated groups. 

A complex consists of two or more soils or miscellaneous areas in such 
an intricate pattern or in such small areas that they cannot be shown 
separately on the maps. The pattern and proportion of the soils or 
miscellaneous areas are somewhat similar in all areas. Alpha-Beta 
complex, 0 to 6 percent slopes, is an example. 

An association is made up of two or more geographically associated 
soils or miscellaneous areas that are shown as one unit on the maps. 
Because of present or anticipated uses of the map units in the survey 
area, ii was not considered practical or necessary to map the soils or 
miscellaneous areas separately. The pattern and relative proportion of 
the soils or miscellaneous areas are somewhat similar. Alpha-Beta 
association, O to 2 percent slopes, is an example. 

An undifferentiated group is made up of two or more soils or 
miscellaneous areas that could be mapped individually but are mapped 
as one unit because similar interpretations can be made for use and 
management. The pattern and proportion of the soils or miscellaneous 
areas in a mapped area are not uniform. An area can be made up of only 
one of the major soils or miscellaneous areas, or it can be made up of all 
of them. Alpha and Beta soils, 0 to 2 percent slopes, is an example. 

Some surveys include miscellaneous areas. Such areas have little or no 
soil material and support little or no vegetation. Rock outcrop is an 
example. 
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Williamson County, Illinois 

10C-Plumfield silty clay loam, 5 to 10 percent slopes 

Map Unit Setting 
Elevation: 360 to 840 feet Mean annual precipitation: 35 to 46 inches Mean annual air 
temperature: 54 to 57 degrees F Frost-free period: 175 to 195 days 

Map Unit Composition 
Plumfield and similar soils: 90 percent 

Description of Plumfield 

Setting 

Landform: Till plains Landform position (two-dimensional): Shoulder, backslope Landform 
position (three-dimensional): Head slope, side slope Down-slope shape: Convex Across-slope 
shape: Linear Parent material: Loess over glacial drift 

Properties and qualities 
Slope: 5 to 10 percent Depth to restrictive feature: 5 to 20 inches to fragipan Drainage class: 
Moderately well drained Capacity of the most limiting layer to transmit water (Ksat): Low to 
moderately low 

(0.01 to 0.06 in/hr) 
Depth to water table: About 18 to 42 inches 
Frequency of flooding: None 
Frequency of ponding: None 
Sodium adsorption ratio, maximum: 5.0 
Available water capacity: Very low (about 1.0 inches) 

Interpretive groups 
Land capability (nonirrigated): 4e 

Typical profile 
0 to 5 inches: Silty clay loam 
5 to 12 inches: Silt loam 
12 to 36 inches: Silt loam 
36 to 60 inches: Silt loam 

14B-Ava silt loam, 2 to 5 percent slopes 

Map Unit Setting 
Elevation: 360 to 660 feet 
Mean annual precipitation: 35 to 46 inches 
Mean annual air temperature: 54 to 57 degrees F 
Frost-free period: 175 to 195 days 
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Map Unit Composition 
Ava and similar soils: 90 percent 

Description of Ava 

Setting 

Landform: Till plains 
Landform position (two-dimensional): Summit 
Landform position (three-dimensional): lnterfluve 
Down-slope shape: Convex 
Across-slope shape: Convex 
Parent material: Peoria and roxana loess over glacial drift 

Properties and qualities 
Slope: 2 to 5 percent Depth to restrictive feature: 25 to 40 inches to fragipan Drainage class: 
Moderately well drained Capacity of the most limiting layer to transmit water (Ksat): Low to 
moderately low 

(0.01 to 0.06 in/hr) 
Depth to water table: About 18 to 42 inches 
Frequency of flooding: None 
Frequency of ponding: None 
Maximum salinity: Nonsaline (0.0 to 2.0 mmhos/cm) 
Sodium adsorption ratio, maximum: 5.0 
Available water capacity: Moderate (about 6.3 inches) 

Interpretive groups 
Land capability (nonirrigated): 2e 

Typical profile 
0 to 8 inches: Silt loam 
8 to 18 inches: Silt loam 
18 to 36 inches: Silty clay loam 
36 to 53 inches: Silt loam 
53 to 80 inches: Sift loam 

14C3-Ava silty clay loam, 5 to 10 percent slopes, severely eroded 

Map Unit Setting 
Elevation: 360 to 660 feet 
Mean annual precipitation: 35 to 46 inches 

Mean annual air temperature: 54 to 57 degrees F 
Frost-free period: 175 to 195 days 

Map Unit Composition 
Ava, severely eroded, and similar soils: 90 percent 
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Description of Ava, Severely Eroded Setting 
Landform: Till plains 
Landform position (two-dimensional): Backslope, shoulder 
Landform position (three-dimensional): Side slope 
Down-slope shape: Convex 
Across-slope shape: Linear 
Parent material: Peoria and roxana loess over glacial drift 

Properties and qualities 
Slope: 5 to 10 percent Depth to restrictive feature: 25 to 40 inches to fragipan Drainage class: 
Moderately well drained Capacity of the most limiting layer to transmit water (Ksat): Low to 
moderately low 

(0.01 to 0.06 in/hr) 
Depth to water table: About 18 to 42 inches 
Frequency of flooding: None 
Frequency of ponding: None 
Sodium adsorption ratio, maximum: 5.0 
Available water capacity: Low (about4.9 inches) 

Interpretive groups 
Land capability (nonirrigated): 3e 

Typical profile 
0 to 9 inches: Silty clay loam 
9 to 28 inches: Silty clay loam 
28 to 64 inches: Silt loam 
64 to 78 inches: Silt loam 

3382A-Belknap silt loam, O to 2 percent slopes, frequently flooded 

Map Unit Setting 
Elevation: 340 to 490 feet 
Mean annual precipitation: 35 to 46 inches 
Mean annual air temperature: 54 to 57 degrees F 
Frost-free period: 175 to 195 days 

Map Unit Composition 
Belknap, frequently flooded, and similar soils: 90 percent 

Description of Belknap, Frequently Flooded 

Setting 

Landform: Flood plains 
Down-slope shape: Linear 
Across-slope shape: Linear 
Parent material: Silty alluvium 
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Properties and qualities 
Slope: 0 to 2 percent Depth to restrictive feature: More than 80 inches Drainage class: Somewhat 
poorly drained Capacity of the most limiting layer to transmit water (Ksat): Moderately high to high 

(0.20 to 2. 00 in/hr) 
Depth to water table: About 6 to 24 inches 
Frequency of flooding: Frequent 
Frequency of ponding: None 
Available water capacity: Very high (about 12.7 inches) 

Interpretive groups 
Land capability (nonirrigated): 3w 

Typical profile 
0 to 7 inches: Silt loam 
7 to 59 inches: Silt loam 
59 to 80 inches: Silt loam 

W-Water 

Map Unit Composition 
Water: 100 percent 

Description of Water 

Setting 

Landform: Channels, drainageways, lakes, oxbows, perenial streams, rivers 
Parent material: Water 
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PART Ill 

OPERATIONS PLAN 

I) Explain the proposed operation and why the IBR is needed. Locate on a mining operations map. 

RESPONSE: The purpose of this IBR is to pennit 4.65 acres for the installation of a ventilation 
shaft site. MSHA has mandated that the mining operation must install an additional 
ventilation fan located in the bleeder entries of Tailgate No. 6. This IBR will consist 
of an infrequently used access road, a ventilation shaft, fan, a power borehole and 
associated structures. Refer to Map 6 S.F. and Map 6 S.F. (Supplemental) for the 
location of the IBR area. 

The 18 feet diameter hole will be drilled and cased to a 16 feet diameter to a depth of 
460 feet. The casing will be grouted with concrete and a small fan will be installed. A 
3 0 foot by 3 0 foot by 1 foot thick concrete pad will be constructed for the fan and the 
electronics associated with the fan. Power will be supplied to the site by coming off 
an existing power line. A 12 foot by 12 foot by 1 foot thick pad will be constructed 
for the transformer and a power pole will be installed next to the transformer pad. 

The site is located due south of Corinth Road and west of the Illinois Central Railroad. 
Topsoil from the IBR area will either be bermed along the site or placed in the soil 
storage area. A small cuttings pit will be constructed to collect the cuttings from the 
shaft drilling, however, the shaft construction will be a raise bore operation and 
therefore the majority of the cuttings will transported by the mine's haulage system. 

Access to the site will be by an existing access road beside of an abandoned barn. 
Topsoil from the access road will be removed and stored and a minimum of one foot 
of gravel will be placed on the road. 

The fan site will be in service during the mining of future longwall panels. Upon 
abandonment, the shaft will be backfilled and the site will be regarded, topsoil will be 
redistributed and the site will be revegetated with the approved seed mixture. 

Upon abandonrnenl, the enlite distu1l.,ed area will be covered using the stored topsoil, 
seeded and mulched using the approved revegetation plan. 

Refer to enclosed maps for the location of the IBR area outlined in red. 

2) Surface Drainage Control 

A) 1) Locate on the mining operations map or on a separate drainage map all proposed drainage control systems. 
Show drainage patterns of all affected mining areas. 

RESPONSE: Refer to Map 6 S.F. Supplemental. 

2) Will all surface drainage from the affected mining area be collected and treated prior to leaving the IBR 
area? 
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Yes ___ No -~X~--

lfyes, delineate how and where surface drainage will be collected and treated, and list permit numbers and 
type of permit that the drainage control systems are operated under. If above answer is no, explain how 
regulatory compliance will be achieved without treatment, i.e., address the requirements of 
1816.46( e)/1817.46( e). 

RESPONSE: The applicant is requesting to utilize alternate sediment control measures as described 
in 1817.46( e ). Disturbance will be kept to a minimum. Silt fence, hay/straw bales, 
earthen berms and/or other alternative methods of sediment control will be utilized. 
Access and traffic areas will be graveled. All disturbed areas will be graveled or 
vegetated as soon possible. 

B) Will all surface drainage from unaffected areas be intercepted and diverted around the affected mining area? 

Yes _____ No -~X~--

Ifno, please discuss. 

RESPONSE: The site is situated on higher ground. Existing drainage channels will divert surface 
drainage around the site. 

C) Overland Flow Diversions and Sediment Ponds: 

Are either overland flow diversions or sediment ponds to be constructed? 

Yes _____ No -~X~--

Ifyes, complete applicable parts of the SCM-1 or UCM-l Part IV (surface drainage control). 

D) Does a perennial or intermittent stream occur within the proposed !BR area? 

Yes ______ No X 

If yes, is an exception to the JOO foot buffer zone being requested or is a stream diversion being proposed. For an 
exception to the JOO foot buffer zone, indicate how compliance with 1816.57/1817.57 will be assured. For a 
stream diversion, complete applicable pm1s of the SCM-1 or UCM-1. 

3) Roads and other activities: 

A) Are roads to be constructed in the !BR area? 

Yes_~X~ __ No ____ _ 

lfyes, complete the applicable part of the SCM-lor UCM-1 (transpo1tation facilities). 

B) If the operations involve blasting, or any other activities not specifically addressed above, complete applicable 
pmts of the SCM-1 or UCM-1. 

RESPONSE: Refer to Attachment III.3.A. 

4) Are any existing structures proposed for utilization in the IBR? 

Yes No_X~--

lf yes, complete Part IV.4 of the SCM-1 or UCM-1. 
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ATTACHMENT PART 111.3.A 

( 
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Attachment III.3 .A. 

Transportation Facilities 

I) Provide a detailed description on mining operations map or other map and show location of the following: 

a) Proposed road(s), conveyor system(s), or rail system. 

b) Related sediment control facilities. 

c) Earth borrow locations and/or locations for deposition of excess excavation. 

RESPONSE: Williamson Energy and its contractor, Mach Mining is proposing to construct an access 
road to a ventilation shaft site. Topsoil will be removed and either placed in the soils 
storage area or windrowed along the IBR permit boundary. The road will be bedded 
with gravel in order to create a stabilized road surface. The graveled surface will be the 
sediment control for the road. After the ventilation shaft is in place and functioning, the 
access road will be used infrequently. 

2) Provide specifications and plan-profiles of existing gradeline, proposed road centerline, ditch flow lines, 
road cut, fill embankment, culvert, bridge and drainage structures. Provide typical cross sections where 
appropriate. 

RESPONSE: Refer to Map 6 - Access Road Plan View and Profile drawing for details concerning the 
proposed access road. 

3) For all transportation facilities to be constructed, provide construction details for all sediment control 
facilities to be constructed to prevent additional contributions of suspended solids to streamflow or to runoff 
outside the permit area. 

RESPONSE: The access road will be constructed and graveled. Topsoil material will be stockpile 
(windrowed) on-site or placed in the soil storage area. Vegetation will be windrowed 
along the IBR permit boundary. Gravel and temporary/permanent vegetation will be 
utilized to prevent additional contributions of suspended solids or runoff. As needed, silt 
fence, straw and/or hay bales or other methods of sediment control will be installed. 

4) Discuss the revegetation of ditch and borrow areas involved in construction. 

RESPONSE: No ditches or borrow areas are proposed by this IBR application. 

5) Discuss the estimated life of each facility and how materials will be removed when the facility becomes 
inactive. 

RESPONSE: The estimated life of the proposed IBR area is approximately five years. When the 
ventilation shaft is no longer needed, abandoned as per MSHA regulation and the site 
will be reclaimed. The graveled road bed will be removed and hauled off or buried. 
The stockpiled topsoil will be used to cover all disturbed areas and the entire site will be 
vegetated with the approved seed mixture. 
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PART IV 

RECLAMATION PLAN 

1) Provide a reclamation plan map outlining proposed reclamation of the lands within the proposed !BR area and state 
how the !BR area will be reclaimed in conformity with the original plan. 

RESPONSE: Refer to Map 7 S.F.; Reclamation Plan Map. The reclamation of the IBR area will 
comply with the approved reclamation. 

2) Post Mining Land Use 

A) Provide a detailed description of proposed post-mining land uses and capabilities employing land use and 
capability categories listed below. Provide acreage figures for each post-mining land use proposed for the 
existing permit, the IBR area and total permit after inclusion of the IBR acreage and designate the postmining 
land uses on the Post Mining Land Use Map. Acreage figures for postmining land use must differentiate between 
mined and surface disturbance areas based on the mining line used in the premining section of the application. 

RESPONSE: Refer to Map 7 S.F.; Reclamation Plan Map 

Capability 

Existing Permit (ac) !BR (ac) 

Land Use Prime HCan NonCr Prime HCao NonCr 

Cropland 0.00 0.00 

Pasture Land 0.00 0.00 

Grazing Land 0.00 0.00 

Forestry 13.36 0.00 

Residential 0.00 0.00 
Industrial/ 0.00 0.00 

Commercial 

Recreation 0.00 0.00 
Fish & Wildlife 29.36 4.65 

Habitat (Herbaceous) 
Fish & Wildlife 562.82 0.00 

Habitat (Woody) 
Fish & Wildlife 0.00 0.00 

Habitat (Wetland) 
Developed Water 19.26 0.00 

Resources 

Undeveloped Land 0.00 0.00 

Totals 620.23 2.86 

P,·ime: Prime farmland 
HCap: High Capability - meeting productivity requirements of 62 Ill. Adm. Code 1825. 
NonCrop: Non-Cropland - All soils which do not qualify as prime farmland or high capability. 

Total (ac) 

Prime HCap NonCr 

0.00 

0.00 

0.00 

13.36 

0.00 

0.00 

0.00 

34.01 

562.82 

0.00 

19.26 

0.00 

628.79 

3) Pursuant to Section 1784.21 the applicant shall provide a protection and enhancement plan for the Indiana bat 
meeting the specifications of the July 2009 Range-wide Indiana bat protection and enhancement plan guidelines 
developed by the U.S. Fish and Wildlife Service and the Office of Surface Mining, or justify why no protection and 
enhancement plan is required under those guidelines. 
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RESPONSE: The IBR permit area is an open field. No trees are present on the site and the permit 
boundary has been situated so that no trees will be affected by this permitted area. 
Therefore, a Protection and Enhancement Plan will not be necessary. Refer to Map 3 
S.F. - Environmental Resources Map for an orthophotographic map of the site with 
the IBR boundary delineated. 
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ILLINOIS ENVIRONMENTAL PROTECTION AGENCY 

MINE RELATED WATER POLLUTION CONTROL PERMIT 

PERMIT NO.: 2012-MA-7395-1 

FINAL PLANS, SPECIFICATIONS, APPLICATION 
AND SUPPORTING DOCUMENTS 
PREPARED BY: Claudio Eli Yon 

Alliance Consulting, Inc. 

DATE ISSUED: May 21, 2012 

EXPIRATIONDATE: January31,2017 

LOG NUMBERS: 7395-11 

SUBJECT: Williamson Energy, LLC - Pond Creek Mine 

Williamson Energy, LLC - Pond Creek Mine 
P.O.Box99 
Johnston City, Illinois 62951 

Supplemental Permit is hereby granted to the above designated permittee to construct and operate the surface facilities 
to support the underground mine facility which was previously approved under Permit No. 2012-MA-7395. 

A permit area consisting of9.82 acres, also identified as OMM Permit No. 375, IBR No. 33, located in Section 10, 
T8S, R4E, Williamson County, Illinois, as described and depicted in IEP A Log No. 7395-11 is to be utilized for the 
construction of the compressor bore hole, installation and maintenance of a buried power line and an access road. 

Runoff from the area approved herein will be controlled by berms, silt fence, straw bale dikes and vegetation. 

The abandonment plan shall be executed and completed in accordance with 35 Ill. Adm. Code 405.109. 

This Supplemental Permit supersedes and replaces Permit Number 2012-MA-7395 which was previously issued for 
the herein permitted facilities. 

This Penrtit is issued subject to the following Special Condition. If such Special Condition requires additional or 
revised facilities, satisfactory engineering plan documents must be submitted to this Agency for review and approval 
for issuance of a Supplemental Permit. 

Special Condition No. 1: This permit is issued with the expressed understanding that there shall be no surface 
discharge from these facilities. If such discharge occurs, additional or alternate facilities shall be provided. The 
construction of such additional or alternate facilities may not be started until a Permit for the construction is issued by 
the Agency. 

This penrtit is issued in accordance with the Illinois Environmental Protection Act of 1970, the Title 35, Subtitle C: 
Water Pollution and Subtitle D: Mine Related Pollution Regulations adopted pursuant thereto by the Illinois 
Environmental Protection Act. THE STANDARD CONDITIONS OF ISSUANCE INDICATED ON THE 
ATTACHMENT TO THIS PERMIT (PAGE la) MUST BE COMPLIED WITH IN FULL. READ ALL 
CONDITIONS CAREFULLY. 

cc: IDNR, Office of Mines and Minerals 
IDNR, Division of Water Resources 
BOW/MPCP/FOS/Marion ✓ .. 

LDC:IW:cs/600 lc/5-18-12 

efy0.~ 
Larry D. Crislip, P.E. 
Manager, Permit Section 
Mine Pollution Control Program 
Bureau of Water 
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ILLINOIS ENVIRONMENTAL PROTECTION AGENCY 

MINE RELATED WATER POLLUTION CONTROL PERMIT 

PERMIT NO.: 2012-MA-7395 

FINAL PLANS, SPECIFICATIONS, APPLICATION 
AND SUPPORTING DOCUMENTS 
PREPARED BY: Claudio Eli Yon 

Alliance Consulting, Inc. 

DATE ISSUED: February 3, 2012 

EXPIRATION DATE: January 31, 2017 

LOGNUMBERS: 7395-11 

SUBJECT: Williamson Energy, LLC - Pond Creek Mine 

Williamson Energy, LLC - Pond Creek Mine 
P.O. Box99 
Johnston City, Illinois 62951 

Permit is hereby granted to the above designated permittee to construct and operate the surface facilities to 
support the underground mine facility as follows: 

A permit area consisting of9.82 acres, also identified as OMM Permit No. 375, IBR No. 33, located in 
Section 10, TSS, R4E, Williamson County, Illinois, as described and depicted in !EPA Log No. 7395-11 is 
to be utilized for the construction of the compressor bore hole, installation and maintenance of a buried 
power line and an access road. 

Runoff from the area approved herein will be controlled by berms, silt fence, straw bale dikes and 
vegetation. 

The abandonment plan shall be executed and completed in accordance with 35 Ill. Adm. Code 405.109. 

This Permit is issued subject to the following Special Condition. If such Special Condition requires 
additional or revised facilities, satisfactory engineering plan documents must be submitted to this Agency for 
review and approval for issuance of a Supplemental Permit. 

Special Condition No. 1: This permit is issued with the expressed understanding that there shall be no 
surface discharge from these facilities. If such discharge occurs, additional or alternate facilities shall be 
provided. The construction of such additional or alternate facilities may be started until a Permit for the 
construction is issued by the Agency. 

This permit is issued in accordance with the Illinois Environmental Protection Act of 1970, the Title 35, 
Subtitle C: Water Pollution and Subtitle D: Mine Related Pollution Regulations adopted pursuant thereto by 
the Illinois Environmental Protection Act. THE STANDARD CONDITIONS OF ISSUANCE 
INDICATED ON THE ATTACHMENT TO THIS PERMIT(PAGE la) MUST BE COMPLIED WITH IN 
FULL. READ ALL CONDITIONS CAREFULLY. 

cc: IDNR, Office of Mines and Minerals 
IDNR, Division of Water Resoµrces 
BOW/MPCP/FOS/Marion v 

LDC:IW:cs/6001 c/2-7-12 

ctl~f!:f 
Manager, Permit Section 
Mine Pollution Control Program 
Bureau of Water 
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STATE OF ILLINOIS 

ENVIRONMENTAL PROTECTION AGENCY 

Subject: Williamson Energy, LLC - Pond Creek Mine 

Data: Log No. 7395-11 

Reviewed by: I. Ward Date: 02-13-12 

Log No. 7395-11 ⇒ IBR No. 33 to OMM Pennit No. 375 

----------------------- --------------------- ---------------------

Log No. 7395-11 

• A pe1mit area consisting of 0.82 acres 

• Facility is located in Section 10, T8S, R4E, Williamson County, Illinois. 

• Pennit to be utilized for the construction of the compressor bore hole, installation 
and maintenance of a buried power line and an access road. 

• Runoff from the area approved herein will be controlled by bem1s, silt fence, straw 
bale dikes and vegetation. 

* Action: Prepare Subtitle D Pennit No.2012-MA-7395 for IBR No. 33, OMM Permit 
No. 395. 
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Mr. Ronald Morse 

Williamson Energy, LLC 
PO Box 99 
Johnston City, IL 62951 
Office: 618-983-3020 Fax: 618-983-3017 

October 3, 2011 

Illinois Environmental Protection Agency 
2309 West Main Street 
Marion, IL 62959 

Dear Mr. Morse: 

RE: Pond Creek Mine - Permit 375 
Incidental Boundary Revision 33 

c85·/1'l 
~ ChrlJ__ : I I - / lo· I \ 

Enclosed please find two copies of the above referenced IBR. Please contact me if you need 
anything further. 

Sincerely, tuJ ~~ 

~ Japak 
Chief Surveyor - Williamson Energy, LLC 

~ i 
OCT O 4 2011 

IL Enviroi 1,, • 
MARION t,. :_ .., 
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Alliance LI 
Consulting, Inc. 

Engineers • Constructors • Scientists 

INCIDENTAL BOUNDARY REVISION 
FOR 

Summersville, WV 

848 Northside Drive 
Summersville, WV 26651 
Telephone: (304) 883-2360 

Fax: (304) 883-2361 

PERMIT NO. 375 

(0.82 ACRES FOR EMERGENCY 
CONPRESSOR BOREHOLE SITE) 

WILLIAMSON COUNTY, IL 
POND CREEK MINE NO. 1 

Prepared for 

WILLIAMSON ENERGY LLC 
JOHNSTON CITY, IL 

ALLIANCE PROJECT NO. Bll-371-1413 
JULY2011 

Beckley, WV 

Raleigh County Airport Industrial Park 
124 Philpott Lane 

Beaver, WV 25813-9502 
Telephone: (304) 255-0491 

Fax: (304) 255-4232 

Canonsburg, PA 

151 East Pike Street 
Canonsburg, PA 15317 

Telephone: (724) 745-3630 
Fax: (724) 745-3631 
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Illinois Departn1ent of 
Natural Resources 
On;.: Nawrnl Rt.·:-11Jr1.'i:.~ \V;;;, Springfichi. IIIinni:. 6~'{!~- L1

-: i 
http'. ·dnr,::.1;1tc.iLu~ 

Jumes Slapak 
Williamson l:n1:rg,. LI.C 
P.O. Lk,x 99 
J.,hnsllJn l'it). IL 62951 

Re·: Permit No. 375 
Incidental f3nundary Revision No. 33 

flear i\ Ir. Slapak: 

September 23, 20 l l 

P.1! {)um11_ (u1.,emnr 

-·,;r,-,c Miller. nirector 

I he appropriate Department tcchnii.:al staff haw re, icwcd the pniposcd incidental boundary 
rc•vision dated Jul) 19. 11JI L submitted by Williamson Energy !cir Pond Creek !\line. l\:nnit 
'Jo.] 75. The request ,yould add 0.82 acres tu conduc1 surfact: coal mining acti,·itics. n1c 
ac!diticmal acres would k used for a compressor horch,,lc-. 11hich will include the rnrnprcss,>r site 
pad and accc:ss road. 

lh<, Department tinds \Vil!1amson Encrg, has dernunstrakd in its request. and lield inspections 
b> the Department\ lic,ld representative have conlirmed 1but these areas (0.8~ ucn:sJ meet the 
requirements for an incidental boundary change as outlinc•d in 62 Ill. Adm. t 'ode 177-1.1 ,(cl). 
Section J 774. J 3(d)( 61 publication requirements have hccn met 

!he• Department bas ,ktcrmined tlrnt the arLCa delrneatcd in the reque,t med, the criteria 
established in Section l8l7.46(e) and hereby grants an exemption from the use of a 
sedimentation pond for this area. with the following conditions: 

Sediment c,mtrol measures necessary tu minimize' erosion slwll b" in place and 
functional. prior to any disturbance. All stnekpikd material. along: wrth an, dis1urbeJ 
area thal "ill nu! be rnckecl. shall be vegewted andlnr mulched as s,ion as those acti\ ities 
arc compktc'd. 

rl1e bond for the area will be $6.108.00. Copies or bond rorrn SC,V!L-2 have been enclosed for 
y,nir us<:. For additional bonding and other forms. please contact this office or do\\ nlnad a copy 
from the wch at: \\W\\.dnr.state.il.us/rnines/lrd1forms.h1m. Picasc note m,m) f',,rms have been 
modilkd. Only the mnst current versions will be ,ll-ceptcd. 
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Jame, S lapuJ.. 
Permit Nl,. >75 
lneidrntal llounJ,u, Revision Nn. :u 

/- P~1gt: ~ 

l ·1x,n receipt b, the l)q,,1r1111cnt or the fee and bPmL plus 3 copic, or ynur request letter and 
mapl,) and. a1 the same time. forwarding two Ctlpics to Ronald 1vlnrsc. Illinois l·.m iru1uncn1al 
Pr,,t,~ctiun A!lcncy. 230Y \\ est Main Street. ~ larion. lllinnis 62959. mining alli, 1tit'S on the,e 
o.S=:' ~1c1cs rnaj cumn1t'i1t.:c. !'t-'li1J\\illb Dt.."partmc-m appl'i.)\al. 

-\II conditions and pnl\ is1nns contained in the :1pprcl\ cd permit also apply 1,, this re, 1sion. 
,\ppr.-,1 al rrnm this agency doc•s not relieve \VtllwmS<•n Fnergy. l.Ll · from ohtuining apprcwal 
fnm1 other agencies requiring such. 

Should y,n1 have any questions. pkasc cuntw.:t Brad iVlurphy at our 1:knton office. 

C.B. ~lurph, 
R l\lorse 
\.I. Parrish 

Scoll K. f-<,wlcr. Supen isor 
l and 11.eclarnatinn Dhision 
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Sta tc of Illinois 
Department of Natural Resources 

Office of l\lincs and Minerals - Land Reclamation Division 
One Natural Resources Way, Springfield, IL 62702-1271 

SURETY BOND 

Sl•RFACE-COAL !V!INING LAND CONSERVATION AND RECL,\MATION ACT 

Surety Company Bond No. __________ _ 

KNO\\i ALL l\1EN BY THESE.PRESENTS. That tl1e undersigned _____ _cc. __ 

__________________________________ or ___ _ 

________________ as principal. and _______________ _ 

_______________ , duly licensed to do business in the Stale or Illinois or __ 

_________________ as surety arc held and firmly bound unto the People or 

the Srate or llli,wis. in the pcnal sum or _______________ Dollars 1S ___ _ 

___________ ) for the payment of'which sum, we hereby jointly and severally bind 

ourselve:s, our heirs, ad111inistn1tors. executors. successors. and assigns. 

THE CONDJTION OF THE ABOVE OBLIGATION IS SUCII, that whereas, the 

abc1\·c-narncd principal li!cd ,,ith the Department of' Natural Resources, Ol'licc of i\lines and 

Minerals Surface Coal Mining and Reclan1<1tion Operations Application 

No. ________ . a Permit to engngc: in surf'm:c coal mining and rc1..~lanrntio11 operations 

in the Stak: nr Illinois, under the terms and provisitms of' the Surfocc-Coal Mining Land 

C\\nservation and Reclamation Act. effective .lune I. 1980. 

NOTICE - l hi:- "-Hilt.' agi:01..:y is rs.·.;.JU~:--trng Ji~ .. :!nsuri.:- nr inh1flnc11wn that 1:-- o~~·t::-.s.ny t,i .t-:1.·11111pl1~h 1!11..· ::-1.!IU!l•ry 

purp\1:-..- :is outlined undt·r 225 lLCS 7\5_-! {Ill. R;::v. Stat.. Ch. 9(1 I 2 par. •ViOl u ,;;,:q.J. D1~,.:k1su1t: pf thi:-, 
mf, 1rnw1ic•n b \oluntary: lt11\Y\!""er, failmt.: 11, ~:0111p!) ma) ri::-ult in 1hi,, f<1rm fliil h..:ing prn.:\,.•:,,s.:cl Tiu-. rorm li:h 

b\,.TJ) ilpf'fl1\ ed b) the rorm::. >.·! anagemt.·111 c~nkr. 
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N('W if the said prindpal shall faithfully perfonn all r,,quirements of' the Surface Coal 

7'.1111ing Lm<l Cnnse1Yation an<l Reclamation Act and comply \\'ith all rules or the Department 

made in ac,·otxlancc with the provisions of this Act. and satisfactorily reclaim all lands disturbed 

h, surlac,, coal mining and reclamation operations by said principal for II hie!, this bond \\·as 

c>.crnted. within the State ,,r Illinois, as per approval or the principal's reclamation plan by the 

Dcpa1irnenl tp the ai(,resaid application then this ohligatinn shall be nutl and void: othernise it 

shall remain 111 full forec and dTect. 

(Principal l 

!.Jate: By: 

{Official Position) 

Date: By: 

\Vherc one signs by \·inuc of Pov.:cr of Attnn1cy fr)r a surety co111pany, su,,,:h Powc:r or 

Allorney mus! be filed with the bond. 

This bond may be rckased by !he Department upon no\ less than 90 days advance writl<:n 

1101icc served by Ct:rlified !\•foil by the surety 10 the Departmem. and at the same time furnishing 

the Depanmcm. by the party desiring to cancel this bond, proor satisfactory lo 1he Dcpamncrn 

that the prineipal or surcly has fully complied with the terms and conditions of this blind for ,iren 

t)bligated under the bond prior to the date of rd ease rcquesl. 

A release of this bond for an area nm disturbed by surface coal mining and reclamation 

t1pcr,llitms shall not relieve th,.; p1incipal or surc1y or any obligation which arose prior \n release 

for\\ hich obligation tbe bond was given to secure. 

This bond may be released in pmi or in its entirety. The surdy company shall be nolilicd 

al 1he following address: ____________________________ _ 
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Williamson Energy, LLC 
PO Box 99 

July 19, 2011 

Johnston City, IL 62951 
Admin Office: 616-983-3020 
Mirna Office: 61!.l-983-3020 

Mr. Scott K. Fowler 
Illinois Department of Natural Resources 
Land Reclamation Division 
One Natural Resources Way 
Springfield. ll 62702-1271 

Fax: 618-983-3017 
Mine Fax: 6Hl·983-5474 

Request for 
Incidental Bounda1y Revision for o.~ Acres 

Williamson E!1t!L9i' LLC - PermJLl.75 
Pond Creek Mil1!L1'/Q.1 

WillianlJiOll.,(&!JlliY. 

Dear Mr. Fowler: 

Williamson Energy is submitting an aliginal and one copy of a 0.82 acre IBR application. 111e ,!BR is for a compressor borehole, which will include the compressor site pad and access road. Please refer to the incidental boundary revision rnaterlal. 

Please be advised that one copy of this IBR application has been sent to Mr. Brad Murphy in the Benton office. 

If you have any questlons or require additional information, please contatt us. 

Respectively submitted, 
\ 
/r(lrf\~ 

(James W. Slapak 
Chief surveyor Mach Mining, LLC 

Enclosures 
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Williamson Energy, U.C 
PO Box 99 

July 19, 2011 

Johnston City, IL 62951 
Admin Office: 618-983-302.0 

Mine Office: 618-983-3020 

Mr. Brad Murphy 
Illinols Department of Natural Resources 

Land Reclamation Division 
503 East Main St. 
Benton, JI. 62812 

Fax: 6i8·983-3017 
Mine Fax: 6.18-983·5474 

Reguest for 
)ill:idental BQundary Revision for 0.82 Actf:§ 

WHliao,son En!ltQY LLC - PerrnUZS 
Pond_Creek Mine t;)QJ 

)lililliamson Cpuntv 

Dear Mr. Murphy: 

Williamson Energy ls submitting one copy of a 0.82. acre lBR application. The IBR is for a compressor 

borehole, which will include the compressor site pad and access road. Please refer to the inddental 

boundary revision materiaL 

Please be advised that one original and one copy of this 18R application has been sent to Mr. Scott 

Fowler in the Springfield offlce. 

If you have any questions or require additiOnal inforrnalion, please contact us. 

Re;pectlve1y submitted, , 

)-~ ... ~ ll.u' ,,(~/ AA:/' 
,. ,:., :..k-_.t::; /- - - / (..,/ 

/ James W. Slapak · 

Chief Surveyor Mach Mlnlr,g, LLC 

Enclosures 
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Williamson Energy, LLC 
PO Box 99 
Johnston City, IL 62951 
Office: 618·983·3020 Fax: 6l8·983·30i7 

Mr. Scott K. Fowler, Supervisor 
lLLINOIS DEPARTMENT OF 
NATlJRA.L RESOURCES 
One Natural Resources Way 
Springfkl<l, IL 62702-127 l 

Re: Williamson Energy. I.LC - Permit No. 375; /J.S2 acres JBR 

Dear Mr. Fowler: 

This letter nutlmrizes lVlr. Jim Slapuk and Alli,mcc C,irnu!ting. Inc. !Alliance) and its 
representatives. perm.ission lo perform wmk on. receive coinments and submit ,:orrectinns on the 
abm•e referenced ,1pplicati(Jt1. Please send cop le,; of any c,m11ncnls hl Alliance Consulting. Inc. 
at 124 Philpott Lane. Beaver. WV 25813. as v.,·ll as Willi,1111,mn fa1crgy. Ll .C ,1t the above 
address. 

111ank you frir your conperalion. 

Sincerely. 

WILLlAMSON ENERGY, LLC 

Anthony Webb 
Authorized /\gent 
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INCIDENTAL BOUNDARY REVISION 
FOR 

PERMIT NO. 375 

(0.82 ACRES FOR EMERGENCY 
CONPRESSOR BOREHOLE SITE) 

WILLIAMSON COUNTY, IL 
POND CREEK MINE NO. 1 

Prepared for 

WILLIAMSON ENERGY LLC 
JOHNSTON CITY, IL 

ALLIANCE PROJECT NO. Bll-371-1413 
JULY 2011 

LI 
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St,ttc of Illinois 
Ocp:irtmcut of Naturi!l Resources 

Office of Mines :ind Mincrnls 
La11d Reclamaliuu Divi$ion 

01w Naturill Resources \Vay 
Springfield. fL 62702-1271 

APPLICATION FOR SURFACE COAL MINING AND RECLAMATION OPERATIONS 
INCIDENTAi BOUNDARY REVJSION !BR-I 

PARTl 

DATE: )uly 15. 2011 ·-· 

NOTJCE: This state agency is i,~qui;sHng dis1,;fosurc f1finforrmHion t!rnt is neees:-;21) w accomplbh 
the statutory purpose- a,s omlined under Ill. Rev. Stat, l 987 Ch, 'J6 1:2, -pa:r- 7t)0 LO 1 ft ~~q. Di-.t:1,)Slll'e tif this infonrrntlon 
is volun!ary. however failure to comply may result in this form n.:-;t hPing pr,)ct:ss-ed, This. fiwm has been appr·oved by thl.' 
Forms r-.-tanagcment Center. 

l) A} Genernl Information 

rl)(We)(TheJ Willlamsotl Energv LI£. 
{N;mH.? 0fCornflllny. C11r1tnn.HiML Pnniwrs:flfp ,,r lfldh-idu:10 

P. 0. flox 99. Johnston Citv. IL 62951 __ _ 
(/\ddrcssJ 

hereby ~ubmir application for an Incidental Bmmdary Re\'lsioi'l to Pc:nni1 --~3'-';"· ::,"---

Name of Mine . Pond Creek No. 

MSIIA No. I1-0'"'-,J'-4-'-"1,._ ___ _ 

I, Anthonv Webb _______________ umkr p0n;ilt; ,,! 
! vk~ rm.•s\dwll ,)r his- dul:.c authoriztJ r1..•pr.!:,<:nl~1li ve u11-dcr lJ;,.1 c\HAing p;:rmi11 

p~rjury dt.'tlttre 1h~1t -sll iuformrHiou pn'Nidt:d iu tlfrs applkation is true and torrect h.\ th~ best ofmy kth.l-\vkdg<·. 

Authorized Au.eni 
Title 

.-\DDJTJONAL ACRFS REQUESTED ___ 0.82 ... FXISI ING PERM! I At'REAGE .•. 624.80 
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B) Indicate the type of disturbance and associated acreage. 

Type of Disturbance Existing Permit !BR Total 

Area Stripping 20.13 0 20.13 

Mine Waste Areas 277.39 0 277.39 

Processing Areas 
& Support Facilities 127.5 0.82 128.32 

Access, Haul Roads 
& Transport Facilities 23.57 0 23.57 

Soil Storage Areas 75.70 0 75.70 

Diversions 32.85 0 32.85 

Coal Recovery 
(Gob & Slurry) 0 0 0 

Other 30.46 0 30.46 

Not to be Disturbed 37.19 0 37.19 

2) A) Provide name and address of every legal or equitable owner ofrecord of the !BR area. 

RESPONSE: Randy L. and Rebecca A Wright, 917 13th Street, St. Cloud, FL 34772 

B) Provide name and address of the owner ofrecord for all surface and subsurface areas 
contiguous to any part of the proposed !BR area. 

RESPONSE: Randy L. and Rebecca A Wright, 917 13th Street, St. Cloud, FL 34772 

C) Show location of owners of record of those lands, both surface and subsurface, 
included in or contiguous to the IBR area on premining land use map or another 
map, if necessary. 

RESPONSE: Refer to Map 6 S.F. 

3) Provide name and address of any holder of record of leasehold interest for the !BR area. 

RESPONSE: Refer to Attachment Part 1.3. 

4) Affidavits, Certifications 

A) Complete affidavit regarding applicant's legal right to enter and begin surface coal mining and 
reclamation operations in the !BR area and whether that right is the subject of pending litigation. 
Identify the documents upon which affidavit is based by type and date of execution and identify 
specific lands to which each document pertains and explain the legal rights claimed by the applicant 
(1778.15(a)). If the private mineral estate to be mined has been severed from the private surface 
estate, provide copies of the documents required under Section l 778.15(B)(l)-(3). On the permit map 
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or other designated map show the boundaries ofland within the permit area upon which the applicant 
has the legal right to enter and begin surface mining activities. 

RESPONSE: Refer to Attachment Part I.4.A. 

B) Complete certification for engineering aspects of the application. In addition to the general 
certification, three specific certifications are included which are applicable only if the box in front of 
each is marked. The first two cover special permit requirements and should be marked only when 
they occur for the proposed permit. The third certification covers the Illinois Environmental 
Protection Agency permit requirements. In most cases, an Illinois registered engineer will be required 
to certify !EPA permit requirements. Except as otherwise provided all maps, plans and cross-sections 
included in the permit application shall be prepared by, or under the direction of, and sealed by a 
qualified registered professional engineer licensed under the Illinois Professional Engineering Act, a 
qualified registered strnctural engineer licensed under the Illinois Structural Engineering Act or if 
authorized by state law, a qualified registered professional land survey or licensed under the lllinois 
Land Surveyors Act with assistance from experts in related·fields. 

RESPONSE: Refer to Attachment Pait I.4.B. 

5) Areas Designated Unsuitable for Mining 

A) Does proposed !BR area include --

(!) Lands within boundaries of the National Park System, National Wildlife Refuge System, National 
Recreation Areas, etc. [Section 1761.1 l(a)]? 

Yes _____ No _ _,cX.,,__ __ 

(2) National forest land? 

Yes _____ No -~X~--

(3) Any land which will adversely affect any publicly-owned park or places included in or eligible for 
listing in the National Register of Historic places, etc. [per 62 Ill. Adm. Code 1761. J l(a)(3) or 
Section 10, (B)(C) of the SCM-1? 

Yes ____ No_.....e.X,_ __ 

If yes, complete Part II, Section 10, (B) & (C) of the SCM-1 or the UCM-1 Application. 

(4) Any public roads which are to be removed, relocated or temporarily closed? 

Yes _____ No _~X~--

Indicate on the pre-mining land use map or other designated map the location of the public 
roads and attach a copy of the written agreement from the appropriate authority authorizing the 
relocation, removal or temporary closure. Describe the measures to be used to insure that the 
interest of the public and land owners affected will be protected. 

B) Will proposed !BR area be located --

(]) Within JOO feet of the right-of-way line of any public road? 

Yes ____ No ----'-"X,__ __ 
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If yes, explain proposed procedure for complying with regulation section 1761.1 l(d), 
including request for variance, if relevant. Provide location of public roads on pre
mining land use map or other designated map. Describe the measures to be used to 
insure that the interest of the public and land owners affected will be protected. 

(2) Within 300 feet measured horizontally from any occupied dwelling? 

Yes ____ No ----"-X~--

If so, is waiver provided meeting requirements of Section 1761.15? 

(3) Within 300 feet measured horizontally of any public building, school, church, community or 
institutional building or public park? 

Yes ____ No _ ___,_X~· __ 

(4) Within 100 feet measured horizontally ofa cemetery? 

Yes ____ No _ _,_X"---

C) Are valid existing rights (per 1761.11) claimed for any part of the !BR area? 

Yes _____ No ----"-X~--

If yes, provide documentation to substantiate claim. 

D) Provide a draft copy of the proposed newspaper notice and name of local newspaper of general 
circulation in which advertisement of the application will be published, per 62 Ill. Adm. Code 
l 774.13(d)(6). Certification of publication is to be furnished to the Department and must be received 
prior to Department approval of the !BR. 

RESPONSE: Refer to Attachment Part 1.5.D. 
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Prepared by: 
Williamson Energy, LLC 
P.O. Box 99 
Johnston City, IL 62951 

FIRST AMENDMENT TO SURFACE LEASE AGREEMENT 

This First Amendment to Surface Lease Agreement (herein this "First 

Amendment") is made this /( ff<, day of :fuL.Y , 20 I I , by and between the 

RANDY L. WRIGHT and REBECCA A. WRIGHT, husband and wife, with a mailing 

address at 917 13 1
\ St. Cloud, Florida 34774, (herein "Wright"), and WILLIAMSON 

ENERGY, LLC, of P.O. Box 99, Johnston City, Illinois, 62951, (herein "Williamson"). 

WHEREAS, Wright, as Lessor and Williamson, as Compamy entered into a 

Surface Lease Agreement having an effective date of the 11 th day of December, 2009, 

(herein "Lease") pertaining to operating a <lewatering well, injection well or wells and 

related appurtenances to be situated on Property described in said Lease.; and, 

WHEREAS, Wright and Williamson desire to amend the Lease so as to include 

matters corresponding to the location or a new well site and related appurtenances and 

incorporate other surface owned by Wright. 
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NOW, THEREFORE, for and in consideration of the foregoing recitals, the 

mutual benefits to be derived here from and Ten Dollars and other valuable 

considerntion, Wright and Williamson amend the Lease as follows: 

1. The following described surface, owned by Wright, shall be added to and be a 

part ofthe Property under the Lease: 

The NW/4 NW/4 of Section 15, Township 8 South, Range 4 East of the 3'd P.M., 

Williamson County, Illinois. 

2. The general location of the area contemplated to be affected on the Properly 

under the Lease is shown or depicted on the Plat entitled Exhibit "A" to First 

Amendment attached hereto and made a part hereof.. 

3. This First Amendment shall be binding upon and inure to the benefit of the 

Wright and Williamson together with their heirs, successors, personal representatives 

and assigns. 

4. Any assignment, transfer or successor in initcrest of the Lease, as amended 

herein, shall be encumbered by the terms of said Lease and any assignee, transferee or 

successor in interest shall be bound thereby. Notice of any assignment by Wright 01· 
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Williamson shall be given in writing at the time of the assignment to the other party to 

the Lease. 

5. Wright and Williamson ratify and con.firm the Lease in all respects as 

originally drafted and as amended herein. 

DA TED the day and year above written. 

WRIGHT WILLIAMSON 

BY: Q_c~"" j3y;~1 I:~ 
Printed Nmne: d:fJ?ZY L. c;:1-1m,,z.. 
TITLE: llr1r1-10121UJ0 H;tGS'OJ 
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STA TE OF FLORIDA 

COUNTY OF OSCEOLA 

) 
) ss. 
) 

!, the undersigned Notary Public, in and for said County in the State aforesaid, do 
hereby certify that RANDY L. WRIGHT and REBECCA A. WR[GHT, husband and wife, 
personally known to me to be the same persons whose names are subscribed lo the foregoing 
instrument, appeared before me this day in person, and acknowledged that they signed and 
delivered the said instrument cf writing as their free and voluntary act and deed for the uses and 
purposes therein set forth including the release and waiver of the right of homestead. 

Given under my hand and seal this rit1')day 0~ ::JU l ~ '291 I~ 

_c/1lJJJalfl(L'/i~W1 
Notary Public 

My Commission Expires: 

Seal: 

ST ATE OF ILLINOIS ) 
) ss. 

COUNTY OF WILLIAMSON ) 

I, the unders\ 1 ed Notary Public, in and for said Comily in the State aforesaid, do 
!Jereb)' certify that .. ,-:::_hr:: i-. iersonally known lo me to be a 
duly authorized perscn cf 1ILLIAMSO E ERGY, LLC, a Delaware limited liability 
company, and personally known lo me to be the same person whose name is subscribed to the 
foregoing instrument, appeared before me this day in person, and acknowledged that he signed, 
sealed and delivered the sqid instrument as such authorized person pursuant to authority given 
by the Members of said limited liability company, as his free and voluntary act, and as the free 
and voluntary act and deed of said Company, for the uses and purposes therein set forth. 

Given under my hand and seal this / /-IL day of ~(.( ,01..; , 2011, 

~ tti o( " - e_tit.)(__, 

My Commission Expires: cl-\ 1.5[ l ,?J,, 

Seal: 4,l>,Al'vvVvo"r"1Jc"1a,1,1s"e.,.a"1 Vv'\A.IV"> 

Cathy L Skel!Dn 
Nota<y Public Slate of llllnels 

My Commission Expires 02116/2012 
~ 
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Atradm1cnt lAA 

(I J ( w.,. J -----"A""· 1,.,.1t""h~o"'n'-'y_\'-'\~' c~b~b ___ _ 
1Imli\idu:1! , . .1r tndi1,ld@l.,:) 

und~:r})en<llty ofper:jury dech'-ifr on behalf oflhe applicant____ \\lillhu11son l;ner2\:_LJ~.(~·---

that said applk,mt has valid (kJcuments whkh lkst(i\V upon the applicam J !~gal right to emer m1<1 commeni.:·e surface c£1al 

tni11lng and reclamation operations up_on lands cmnaint:i.1 i11 the proposed [BR l1rdL and Sut..:-h 11/gnl right i.1 not in an)\\<.("' 

1hc subjt.~c.t of pending. courr Htigmio1), 

Dated this 15th ---= 
:!CJ l l 

/. ' .\ 
t.-v',,..;.../'L-""' '- Authorized A0 c"''n'"l,.__ ___ _ 

Sign~1turs'. · ritli: 

Signed by a1td :.ubsrribed 10 before me on f.5+(~. _ -~··- b: 

, . Ida!-') 

~"v""vVv--y-"·--c,.../VVVv'-y• , ~ , ,,,__ 

> Olflcii!ll)eal ' ', 
Calhy L Skelli>n ;• 

Nota<y P~b!ic State of Jllmoi, ! 
M)' Commiss,c,n Expires 021151201;, ,; 

'V'~,,;,,_,, ..... ~' 
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Attachment I.4.B. 

ENGTNEERlNG CERTIFlCATION 

I hereby certify the engineering design used in preparation of this application, attachments, and supplements was 
done by me or under my direct supervision. 

I further certify to the best of my knowledge all such design is in accordance with all applicable local, state and 
federal laws, rules and regulations. I have placed an "X" in the box below if that 
item is relevant. 

D Whereas the Reclamation Plan calls for an a lternative land use, I also certify the plans to conform to 

applicable accepted standards for adequate land stability, drainage, vegetative cover, and aesthetic design 
appropriate for the post-mining use of the site. 

D Whereas ·the operation proposes dispo.sal of spoil or waste materials in areas other than mining workings or 

excavations, I also certify such fi lls are designed in accordance with recognized professional standards and 
all applicable laws. 

~ Certification of Illinois Environmental Protection Agency-35 Ill. Adm. Code 405. l 04(a) Permit. In my 

· p!'ofessional judgement, the plans and specifications submitted as part of this application describe an 
operation which will meet all applicable effluent and water quality standards. I certify that I am familiar 
with all of the plans, specifications, reports, and maps submitted as part of this application and that said 
plans, etc. are accurate insofar as they represent existing conditions. 

Claudio E. Yon 
Name 

Alliance Consulting, Inc. 
Firm 

124 Philpott Lane, Beaver, West Virginia 25801 
Address 

062-050632 
Illinois Registration Number (Seal) 

(304) 255-0491 
Phone Number 

Date r I 



R12067

ATTACHMENT PART I.5.D 



R12068

Attachment l.5.D. 

PUBLIC NOTICE 

Pursuant to the Surface Coal Mining Land Conservation and Reclamation Act (PA-81-1015, as 
amended) and the Rules and Regulations of the Act, Williamson Energy LLC, P. 0. Box 99, Johnston 
City, IL 62951 hereby gives notice that on ___________ 2011, an incidental boundary 

revision (IBR) has been submitted to the Illinois Department of Natural Resources, Office of Mines and 
Minerals, Land Reclamation Division, One Natural Resources Way, Springfield, IL 62702-1271. The 
IBR application is for 0.82 acres located in Williamson County, Township 8 South, Range 4 East, the 

southwest quadrant of Section I 0, south of Locust Grove Road. 

Activities will include compressor bore hole, installation and maintenance of a buried pawer line, and an 

access road. 

Copies of the application are on file with the Illinois Department of Natural Resources, Office of Mines 
and Mineral, 503 East Main St., Benton, Illinois 62812, and the Springfield, Illinois Office. 

Written comments concerning the operations should be addressed to the Office of Mines and Minerals, 

Land Reclamation Division at the Springfield office, no later than 7 days from the date of this notice. 
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PART II 

PREMINING INFORMATION 

Premining information is to be displayed on premining land use map unless otherwise indicated. 

1) Describe how the !BR area perimeter will be marked and discuss the method or system employed to locate 
permit area perimeter and set markers along it. Designate a reference point outside the IBR area if different 
then the original permit. Provide a description of the reference point and a sketch relating the reference 
point to the !BR area perimeter. 

RESPONSE: The perimeter of the IBR area will be delineated by using PVC and/or metal post 
and be located within eye sight of one another, if the property owner will allow it. 
A reference point will be adjacent permitted site. 

2) Explain and locate areas where the !BR is contiguous to an existing permit. 

RESPONSE: The IBR area is adjacent to the previously permitted IBR Nos. 16 and 25 and the 
purpose of this application is to permit an emergency compressor bore hole. The 
bore hole will be located in Headgate #4 bleeder entries. This area has been 
filling with water reducing ventilation and making it a safety hazard for the mine 
examiners. Currently the operation has air pumps in this area but the compressors 
are located 4.5 miles away and no longer provide enough air to move the large 
volume of water. Another compressor hole is needed to ensure this area will stay 
open to provide adequate ventilation and safe travel for the mine examiners. 

This IBR area is to construct an access road, drill a 9 7 /8-inch diameter bore hole 
that will be cased to a 5- inch diameter hole and will have a depth of 
approximately 500 to 530 feet. When the bore hole is no longer needed, it will be 
grouted the entire length. In addition to the compressor bore hole, a concrete pad 
measuring 12 feet by 12 feet by I foot will be constructed. 

3) Give the acreages of each land use within the proposed !BR and existing permit area, employing land use 
categories of Section 1701.5 listed below, and delineate on premining land use map existing land uses in 
the proposed permit area and adjacent to it. Include on the premining land use map the location of all 
buildings and identify the cunent use of these buildings. 

Pre-Mine Land Use Existing Permit !BR Total 
Cropland 503.22 0 503.22 
Pasture land 0 0 0 
Grazing land 0 0 0 
Forestry I 01.86 0 101.86 
Residential 2.55 0 2.55 
Industrial/Commercial 
Recreation 0 0 0 
Fish and Wildlife Habitat 8.30 0.82 9.12 
Developed Water Resources 1.44 0 1.44 
Undeveloped land 0 0 0 

4) Soils Information Map 
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A) Does the submitted soils map represent a map developed by the National Resources 
Conservation Service (NRCS)? 

Yes X No, ____ _ 

If no, explain, 

B) Delineate on the soils map(s) the area which will incur actual mining (removal of overburden and/or 
deposition of overburden for the extraction of coal). 

RESPONSE: No removal of overburden or deposition of overburden for the extraction of coal 
will occur on the !BR area. Topsoil material will be temporarily stored on site. 

C) Are any of the identified map units correlated as prime fatmlaild by NRCS criteria? 

Yes X No ____ _ 

Jfyes, explain and provide documentation to meet the requirements of Section 
1785.17, if a determination for grandfathering and/or negative determination is 
sought. If prime farmlands exist, which will not meet the exemption criteria 
described above, the approved prime farmlands restoration plan must be followed. 

RESPONSE: Map 5 - Soils Resources Map indicates that the !BR area is considered prime 
farmland. However, the IBR area has been utilized for hunting and not for 
fannland. 

D) Submit, by completing soils information chart, acreage totals of each map unit (soil type and slope 
classification) and land use capability classes in the !BR area and the percent slope range of each 
lettered slope classification used on the soil map. 

RESPONSE: Refer to Map 5 - Soils Resources Map, Additional information can be found in 
the NRCS Custom Soil Resource Report. 

E) Provide, by completing soil information chart, acreage for each of the map units of high capability land 
(including grandfathered and negatively determined prime farmland) and non-cropland capability land 
with respect to areas which will be mined and areas which will incur other forms of disturbance (i.e., 
roads, ditches, etc.). Identify and provide map unit acreage values, if any, for areas which will not be 
disturbed. 

RESPONSE: Refer to Map 5 - Soils Resources Map, Although the Soil Resource Report 
indicates that the soil type is prime farmland, the area has been designated as 
hunting club property for a number of years and has not been cultivated for 
farming. 

F) Are selected overburden materials proposed to be used in lieu of or as a supplement to the A-horizon? 

Yes ___ No_~X~--

lfyes, provide the appropriate information required under 1780. l 8(b)(4)/1784.13(b)(4). 
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USDA United States 
~ Department of 

Agriculture 

~ NRCS 
Natural 
Resources 
Conservation 
Service 

A product of the National 
Cooperative Soil Survey, 
a joint effort of the United 
States Department of 
Agriculture and other 
Federal agencies, State 
agencies including the 
Agricultural Experiment 
Stations, and local 
participants 

Custom Soil Resource 
Report for 

Williamson 
County, Illinois 
Permit 375 0.82 Acre IBR 

July 15, 2011 
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Preface 

Soil surveys contain information that affects land use planning in survey areas. They 
highlight soil limitations that affect various land uses and provide information about 
the properties of the soils in the survey areas. Soil surveys are designed for many 
different users, including farmers, ranchers, foresters, agronomists, urban planners, 
community officials, engineers, developers, builders, and home buyers. Also, 
conservationists, teachers, students, and specialists in recreation, waste disposal, 
and pollution control can use the surveys to help them understand, protect, or enhance 
the environment. 

Various land use regulations of Federal, State, and local governments may impose 
special restrictions on land use or land treatment. Soil surveys identify soil properties 
that are used in making various land use or land treatment decisions. The information 
is intended to help the land users identify and reduce the effects of soil limitations on 
various land uses. The landowner or user is responsible for identifying and complying 
with existing laws and regulations. 

Although soil survey information can be used for general farm, local, and wider area 
planning, onsite investigation is needed to supplement this information in some cases. 
Examples include soil quality assessments (http://soils.usda.gov/sqi/) and certain 
conservation and engineering applications. For more detailed information, contact 
your local USDA Service Center (http://offices.sc.egov.usda.gov/locator/app? 
agency=nrcs) or your NRCS State Soil Scientist (http://soils.usda.gov/contacV 
state_ offices/). 

Great differences in soil properties can occur within short distances. Some soils are 
seasonally wet or subject to flooding. Some are too unstable to be used as a 
foundation for buildings or roads. Clayey or wet soils are poorly suited to use as septic 
tank absorption fields. A high water table makes a soil poorly suited to basements or 
underground installations. 

The National Cooperative Soil Survey is a joint effort of the United States Department 
of Agriculture and other Federal agencies, State agencies including the Agricultural 
Experiment Stations, and local agencies. The Natural Resources Conservation 
Service (NRCS) has leadership for the Federal part of the National Cooperative Soil 
Survey. 

Information about soils is updated periodically. Updated information is available 
through the NRCS Soil Data Mart Web site or the NRCS Web Soil Survey. The Soil 
Data Mart is the data storage site for the official soil survey information. 

The U.S. Department of Agriculture (USDA) prohibits discrimination in all its programs 
and activities on the basis of race, color, national origin, age, disability, and where 
applicable, sex, marital status, familial status, parental status, religion, sexual 
orientation, genetic information, political beliefs, reprisal, or because all or a part of an 
individual's income is derived from any public assistance program. (Not all prohibited 
bases apply to all programs.) Persons with disabilities who require alternative means 
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for communication of program information (Braille, large print, audiotape, etc.) should 
contact USDA's TARGET Center at (202) 720-2600 (voice and TDD). To file a 
complaint of discrimination, write to USDA, Director, Office of Civil Rights, 1400 
Independence Avenue, S.W., Washington, D.C. 20250-9410 or call (800) 795-3272 
(voice) or (202) 720-6382 (TDD). USDA is an equal opportunity provider and 
employer. 
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How Soil Surveys Are Made 

Soil surveys are made to provide information about the soils and miscellaneous areas 
in a specific area. They include a description of the soils and miscellaneous areas and 
their location on the landscape and tables that show soil properties and limitations 
affecting various uses. Soil scientists observed the steepness, length, and shape of 
the slopes; the general pattern of drainage; the kinds of crops and native plants; and 
the kinds of bedrock. They observed and described many soil profiles. A soil profile is 
the sequence of natural layers, or horizons, in a soil. The profile extends from the 
surface down into the unconsolidated material in which the soil formed or from the 
surface down to bedrock. The unconsolidated material is devoid of roots and other 
living organisms and has not been changed by other biological activity. 

Currently, soils are mapped according to the boundaries of major land resource areas 
(MLRAs). MLRAs are geographically associated land resource units that share 
common characteristics related to physiography, geology, climate, water resources, 
soils, biological resources, and land uses (USDA, 2006). Soil survey areas typically 
consist of parts of one or more MLRA. 

The soils and miscellaneous areas in a survey area occur in an orderly pattern that is 
related to the geology, landforms, relief, climate, and natural vegetation of the area. 
Each kind of soil and miscellaneous area is associated with a particular kind of 
landform or with a segment of the landform. By observing the soils and miscellaneous 
areas in the survey area and relating their position to specific segments of the 
landform, a soil scientist develops a concept, or model, of how they.were formed. Thus, 
during mapping, this model enables the soil scientist to predict with a considerable 
degree of accuracy the kind of soil or miscellaneous area at a specific location on the 
landscape. 

Commonly, individual soils on the landscape merge into one another as their 
characteristics gradually change. To construct an accurate soil map, however, soil 
scientists must determine the boundaries between the soils. They can observe only 
a limited number of soil profiles. Nevertheless, these observations, supplemented by 
an understanding of the soil-vegetation-landscape relationship, are sufficient to verify 
predictions of the kinds of soil in an area and to determine the boundaries. 

Soil scientists recorded the characteristics of the soil profiles that they studied. They 
noted soil color, texture, size and shape of soil aggregates, kind and amount of rock 
fragments, distribution of plant roots, reaction, and other features that enable them to 
identify soils. After describing the soils in the survey area and determining their 
properties, the soil scientists assigned the soils to taxonomic classes (units). 
Taxonomic classes are concepts. Each taxonomic class has a set of soil 
characteristics with precisely defined limits. The classes are used as a basis for 
comparison to classify soils systematically. Soil taxonomy, the system of taxonomic 
classification used in the United States, is based mainly on the kind and character of 
soil properties and the arrangement of horizons within the profile. After the soil 
scientists classified and named the soils in the survey area, they compared the 
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individual soils with similar soils in the same taxonomic class in other areas so that 
they could confirm data and assemble additional data based on experience and 
research. 

The objective of soil mapping is not to delineate pure map unit components; the 
objective is to separate the landscape into landforms or landform segments that have 
similar use and management requirements. Each map unit is defined by a unique 
combination of soil components and/or miscellaneous areas in predictable 
proportions. Some components may be highly contrasting to the other components of 
the map unit. The presence of minor components in a map unit in no way diminishes 
the usefulness or accuracy of the data. The delineation of such landforms and 
landform segments on the map provides sufficient information for the development of 
resource plans. If intensive use of small areas is planned, onsite investigation is 
needed to define and locate the soils and miscellaneous areas. 

Soil scientists make many field observations in the process of producing a soil map. 
The·trequency of observation is dependent upon several factors, including scale of 
mapping, intensity of mapping, design of map units, complexity of the landscape, and 
experience of the soil scientist. Observations are made to test.and refine the soil
landscape model and predictions and to verify the classification of the soils at specific 
locations. Once the soil-landscape model is refined, a significantly smaller number of 
measurements of individual soil properties are made and recorded. These 
measurements may include field measurements, such as those for color, depth to 
bedrock, and texture, and laboratory measurements, such as those for content of 
sand, sill, clay, salt, and other components. Properties of each soil typically vary from 
one point to another across the landscape. 

Observations for map unit components are aggregated to develop ranges of 
characteristics for the components. The aggregated values are presented. Direct 
measurements do not exist for every property presented for every map unit 
component. Values for some properties are estimated from combinations of other 
properties. 

While a soil survey is in progress, samples of some of the soils in the area generally 
are collected for laboratory analyses and for engineering tests. Soil sc1entists interpret 
the data from these analyses and tests as well as the field-observed characteristics 
and the soil properties to determine the expected behavior of the soils under different 
uses. Interpretations for all of the soils are field tested through observation of the soils 
in different uses and under different levels of management. Some interpretations are 
modified to fit local conditions, and some new interpretations are developed to meet 
local needs. Data are assembled from other sources, such as research information, 
production records, and field experience of specialists. For example, data on crop 
yields under defined levels of management are assembled from farm records and from 
field or plot experiments on the same kinds of soil. 

Predictions about soil behavior are based not only on soil properties but also on such 
variables as climate and biological activity. Soil conditions are predictable over long 
periods of time, but they are not predictable from year to year. For example, soil 
scientists can predict with a fairly high degree of accuracy that a given soil will have 
a high water table within certain depths in most years, but they cannot predict that a 
high water table will always be at a specific level in the soil on a specific date. 

After soil scientists located and identified the significant natural bodies of soil in the 
survey area, they drew the boundaries of these bodies on aerial photographs and 
identified each as a specific map unit. Aerial photographs show trees, buildings, fields, 
roads, and rivers, all of which help in locating boundaries accurately. 
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Soil Map 

The soil map section includes the soil map for the defined area of interest, a list of soil 
map units on the map and extent of each map unit, and cartographic symbols 
displayed on the map. Also presented are various metadata about data used to 
produce the map, and a description of each soil map unit.. 
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MAP INFORMATION 

Map Scale: 1:10,000 if printed on A size (8.5" x 11") sheet. 

The soil surveys that comprise your AOI were mapped at 1:12,000. 

Please rely on the bar scale on each map sheet for accurate map 
measurements. 

Source of Map: Natural Resources Conservation Service 
Web Soil Survey URL: http://websoilsurvey.nrcs.usda.gov 
Coordinate System: UTM Zone 16N NAO83 

This product is generated from the USDARNRCS certified data as of 
the version date(s) listed below. 

Soil Survey Area: 
Survey Area Data: 

Williamson County, Illinois 
Version 6, Feb 7, 2011 

Date(s) aerial images were photographed: 6/13/2007 

The orthophoto or other base map on which the soil lines were 
compiled and digitized probably differs from the background 
imagery displayed on these maps. As a result, some minor shifting 
of map unit boundaries may be evident. 
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Map Unit Legend 
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Map Unit Descriptions 

The map units delineated on the detailed soil maps in a soil survey represent the soils 
or miscellaneous areas in the survey area. The map unit descriptions, along with the 
maps, can be used to determine the composition and properties of a unit. 

A map unit delineation on a soil map represents an area dominated by one or more 
major kinds of soil or miscellaneous areas. A map unit is identified and named 
according to the taxonomic classification of the dominant soils. Within a taxonomic 
class there are precisely defined limits for the properties of the soils. On the landscape, 
however, the soils are natural phenomena, and they have the characteristic variability 
of all natural phenomena. Thus, the range of some observed properties may extend 
beyond the limits defined for a taxonomic class. Areas of soils of a single taxonomic 
class rarely, if ever, can be mapped without including areas of other taxonomic 
classes. Consequently, every map unit is made up of the soils or miscellaneous areas 
for which it is named and some minor components that belong to taxonomic classes 
other than those of the major soils. 
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Most minor soils have properties similar to those of the dominant soil or soils in the 
map unit, and thus they do not affect use and management. These are called 
noncontrasting, or similar, components. They may or may not be mentioned in a 
particular map unit description. Other minor components, however, have properties 
and behavioral characteristics divergent enough to affect use or to require different 
management. These are called contrasting, or dissimilar, components. They generally 
are in small areas and could not be mapped separately because of the scale used. 
Some small areas of strongly contrasting soils or miscellaneous areas are identified 
by a special symbol on the maps. If included in the database for a given area, the 
contrasting minor components are identified in the map unit descriptions along with 
some characteristics of each. A few areas of minor components may not have been 
observed, and consequently they are not mentioned in the descriptions, especially 
where the pattern was so complex that it was impractical to make enough observations 
to identify all the soils and miscellaneous areas on the ls3ndscape. 

The.presence of minor components in a map unit in no way diminishes the usefulness 
or accuracy of the data. The objective of mapping is not to delineate pure taxonomic -
classes but rather to separate the landscape into landforms or landform segments that 
have similar use and management requirements. The delineation of such segments 
on the map provides sufficient information for the development of resource plans. If 
intensive use of small areas is planned, however, onsite investigation is needed to 
define and locate the soils and miscellaneous areas. 

An identifying symbol precedes the map unit name in the map unit descriptions. Each 
description includes general facts about the unit and gives important soil properties 
and qualities. 

Soils that have profiles that are almost alike make up a soil series. Except for 
differences in texture of the surface layer, all the soils of a series have major horizons 
that are similar in composition, thickness, and arrangement. 

Soils of one series can differ in texture of the surface layer, slope, stoniness, salinity, 
degree of erosion, and other characteristics that affect their use. On the basis of such 
differences, a soil series is divided into soil phases. Most of the areas shown on the 
detailed soil maps are phases of soil series. The name of a soil phase commonly 
indicates a feature that affects use or management. For example, Alpha silt loam, 0 
to 2 percent slopes, is a phase of the Alpha series. 

Some map units are made up of two or more major soils or miscellaneous areas. 
These map units are complexes, associations, or undifferentiated groups. 

A complex consists of two or more soils or miscellaneous areas in such an intricate 
pattern or in such small areas that they cannot be shown separately on the maps. The 
pattern and proportion of the soils or miscellaneous areas are somewhat similar in all 
areas. Alpha-Beta complex, O to 6 percent slopes, is an example. 

An association is made up of two or more geographically associated soils or 
miscellaneous areas that are shown as one unit on the maps. Because of present or 
anticipated uses of the map units in the survey area, it was not considered practical 
or necessary to map the soils or miscellaneous areas separately. The pattern and 
relative proportion of the soils or miscellaneous areas are somewhat similar. Alpha
Beta association, 0 to 2 percent slopes, is an example. 

An undifferentiated group is made up of two or more soils or miscellaneous areas that 
could be mapped individually but are mapped as one unit because similar 
interpretations can be made for use and management. The pattern and proportion of 
the soils or miscellaneous areas in a mapped area are not uniform. An area can be 
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made up of only one of the major soils or miscellaneous areas, or it can be made up 
of all of them. Alpha and Beta soils, O to 2 percent slopes, is an example. 

Some surveys include miscellaneous areas. Such areas have little or no soil material 
and support little or no vegetation. Rock outcrop is an example. 
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Williamson County, Illinois 

1 0C-Plumfield silty clay loam, 5 to 10 percent slopes 

Map Unit Setting 
Elevation: 360 to 840 feet 
Mean annual precipitation: 35 to 46 inches 
Mean annual. air temperature: 54 to 57 degrees F 
Frost-free period: 175 to 195 days 

Map Unit Composition 
Plumfield and similar soils: 90 percent 

Description of Plumfield 

Setting 
Landform: Till plains 
Landform position (two-dimensional): Shoulder, backslope 
Landform position (three-dimensional): Head slope, side slope 
Down-slope shape: Convex 
Across-slope shape: Linear 
Parent material: Loess over glacial drift 

Properties and qualities 
Slope: 5 to 10 percent 
Depth to restrictive feature: 5 to 20 inches lo fragipan 
Drainage class: Moderately well drained 
Capacity of the most limiting layer to transmit water (Ksat): Low to moderately low 

(0.01 to 0.06 in/hr) 
Depth to water table: About 18 to 42 inches 
Frequency of flooding: None 
Frequency of ponding: None 
Sodium adsorption ratio, maximum: 5.0 
Available water capacity: Very low (about 1.0 inches) 

Interpretive groups 
Land capability (nonirrigated): 4e 

Typical profile 
0 to 5 inches: Silty clay loam 
5 to 12 inches: Silt loam 
12 to 36 inches: Silt loam 
36 to 60 inches: Silt loam 

10D-Plumfield silty clay loam, 10 to 18 percent slopes 

Map Unit Setting 
Elevation: 360 to 840 feet 
Mean annual precipitation: 35 to 46 inches 
Mean annual air temperature: 54 to 57 degrees F 
Frost-free period: 175 to 195 days 
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Map Unit Composition 
Plumfield and similar soils: 90 percent 

Description of Plumfield 

Setting 
Landform: Till plains 
Landform position (two-dimensional): Backslope 
Landform position (three-dimensional): Head slope, side slope 
Down-slope shape: Linear 
Across-slope shape: Linear 
Parent material: Loess over glacial drift 

Properties and qualities 
Slope: 10 to 18 percent 
Depth to restrictive feature: 5 to 20 inches to fragipan 
Drainage class: Moderately well drained 
Capacity of the most limiting layer to transmit water (Ksat): Low to moderately low 

(0.01 to 0.06 in/hr) 
Depth to water table: About 18 to 42 inches 
Frequency of flooding: None 
Frequency of ponding: None 
Sodium adsorption ratio, maximum: 5.0 
Available water capacity: Very low (about 1.0 inches) 

Interpretive groups 
Land capability (nonirrigated): Se 

Typical profile 
0 to 5 inches: Silty clay loam 
5 to 12 inches: Sill loam 
12 to 36 inches: Silt loam 
36 to 60 inches: Silt loam 

14B-Ava silt loam, 2 to 5 percent slopes 

Map Unit Setting 
Elevation: 360 to 660 feel 
Mean annual precipitation: 35 to 46 inches 
Mean annual air temperature: 54 to 57 degrees F 
Frost-free period: 175 to 195 days 

Map Unit Composition 
Ava and similar soils: 90 percent 

Description of Ava 

Setting 
Landform: Till plains 
Landform position (two-dimensional): Summit 
Landform position (three-dimensional): lnterfluve 
Down-slope shape: Convex 
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Across-slope shape: Convex 
Parent material: Peoria and roxana loess over glacial drift 

Properties and qualities 
Slope: 2 to 5 percent 
Depth to restrictive feature: 25 to 40 inches to fragipan 
Drainage class: Moderately well drained 
Capacity of the most limiting layer to transmit water (Ksat): Low to moderately low 

(0.01 to 0.06 in/hr) 
Depth to water table: About 18 to 42 inches 
Frequency of flooding: None 
Frequency of ponding: None 
Maximum salinity: Nonsaline (0.0 to 2.0 mmhos/cm) 
Sodium adsorption ratio, maximum: 5.0 
Available water capacity: Moderate (about 6,3 inches) 

Interpretive groups 
Land capability (nonirrigated): 2e 

Typical profile 
O to 8 inches: Silt loam 
8 to 18 inches: Silt loam 
18 to 36 inches: Silty clay loam 
36 to 53 inches: Silt loam 
53 to 80 inches: Silt loam 

1482-Ava silt loam, 2 to 5 percent slopes, eroded 

Map Unit Setting 
Elevation: 360 to 660 feet 
Mean annual precipitation: 35 to 46 inches 
Mean annual air temperature: 54 to 57 degrees F 
Frost-free period: 175 to 195 days 

Map Unit Composition 
Ava, eroded, and similar soils: 90 percent 

Description of Ava, Eroded 

Setting 
Landform: Till plains 
Landform position (two-dimensional): Summit, shoulder 
Landform position (three-dimensional): lnterfluve 
Down-slope shape: Convex 
Across-slope shape: Convex 
Parent material: Peoria and roxana loess over glacial drift 

Properties and qualities 
Slope: 2 to 5 percent 
Depth to restrictive feature: 25 to 40 inches to fragipan 
Drainage class: Moderately well drained 
Capacity of the most limiting layer to transmit water (Ksat): Low to moderately low 

(0.01 to 0.06 in/hr) 
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Depth to water table: About 18 to 42 inches 
Frequency of flooding: None 
Frequency of ponding: None 
Sodium adsorption ratio, maximum: 5.0 
Available water capacity: Low (about 5.2 inches) 

Interpretive groups 
Land capability (nonirrigated): 2e 

Typical profile 
0 to 9 inches: Silt loam 
9 to 28 inches: Silty clay loam 
28 to 64 inches: Silt loam 
64 to 78 inches: Silt loam 

14C2-Ava silt loam, 5 to 10 percent slopes, eroded 

Map Unit Setting 
Elevation: 360 to 660 feet 
Mean annual precipitation: 35 to 46 inches 
Mean annual air temperature: 54 to 57 degrees F 
Frost-free period: 175 to 195 days 

Map Unit Composition 
Ava, eroded, and similar soils: 90 percent 

Description of Ava, Eroded 

Setting 
Landform: Till plains 
Landform position (two-dimensional): Backslope, shoulder 
Landform position (three-dimensional): lnterfluve 
Down-slope shape: Convex 
Across-slope shape: Linear 
Parent material: Peoria and roxana loess over glacial drift 

Properties and qualities 
Slope: 5 to 1 O percent 
Depth to restrictive feature: 25 to 40 inches to fragipan 
Drainage class: Moderately well drained 
Capacity of the most limiting layer to transmit water (Ksat): Low to moderately low 

(0.01 to 0.06 in/hr) 
Depth to water table: About 18 to 42 inches 
Frequency of flooding: None 
Frequency of ponding: None 
Sodium adsorption ratio, maximum: 5.0 
Available water capacity: Low (about 5.2 inches) 

Interpretive groups 
Land capability (nonirrigated): 3e 

Typical profile 
0 to 9 inches: Silt loam 
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9 to 28 inches: Silty clay loam 
28 to 64 inches: Silt loam 
64 to 78 inches: Silt loam 

3018-Grantsburg silt loam, 2 to 5 percent slopes 

Map Unit Setting 
Elevation: 360 to 66 0 feet 
Mean annual precipitation: 35 to 46 inches 
Mean annual air temperature: 54 to 57 degrees F 
Frost-free period: 175 to 195 days 

Map Unit Composition 
Grantsburg and similar soils: 90 percent 

Description of Grantsburg 

Setting 
Landform: Loess hills 
Landform position (two-dimensional): Summit, shoulder 
Landform position (three-dimensional): lnterfluve 
Down-slope shape: Convex 
Across-slope shape: Convex 
Parent material: Peoria and roxana loess over residuum 

Properties and qualities 
Slope: 2 to 5 percent 
Depth to restrictive feature: 24 to 40 inches to fragipan 
Drainage class: Moderately well drained 
Capacity of the most limiting layer to transmit water (Ksat): Low to moderately low 

(0.01 to 0.06 in/hr) 
Depth to water table: About 18 to 42 inches 
Frequency of flooding: None 
Frequency of ponding: None 
Sodium adsorption ratio, maximum: 4.0 
Available water capacity: Moderate (about 6.5 inches) 

Interpretive groups 
Land capability (nonirrigated): 2e 

Typical profile 
0 to 11 inches: Silt loam 
11 to 24 inches: Silt loam 
24 to 38 inches: Silty clay loam 
38 to 61 inches: Silt loam 
61 to 80 inches: Silt loam 
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301 C2-Grantsburg silt loam, 5 to 10 percent slopes, eroded 

Map Unit Setting 
Elevation: 340 to 1,020 feet 
Mean annual precipitation: 38 to 48 inches 
Mean annual air temperature: 5410 57 degrees F 
Frost-free period: 180 to 210 days 

Map Unit Composition 
Grantsburg, eroded, and similar soils: 90 percent 

Description of Grantsburg, Eroded 

Setting 
Landform: Loess hills 
Landform position (two-dimensional): Shoulder, backslope 
Landform position (three-dimensional): Side slope, head slope, interfluve 
Down-slope shape: Convex 
Across-slope shape: Linear 
Parent material: Peoria and roxana loess over residuum 

Properties and qualities 
Slope: 5 to 10 percent 
Depth to restrictive feature: 24 to 40 inches to fragipan 
Drainage class: Moderately well drained 
Capacity of the most limiting layer to transmit water (Ksat): Low to moderately low 

(0.01 to 0.06 in/hr) 
Depth to water table: About 18 to 42 inches 
Frequency of flooding: None 
Frequency of ponding: None 
Sodium adsorption ratio, maximum: 4.0 
Available water capacity: Low (about 5.8 inches) 

Interpretive groups 
Land capability (nonirrigated): 3e 

Typical profile 
0 to 7 inches: Silt loam 
7 to 21 inches: Silt loam 
21 to 35 inches: Silty clay loam 
35 to 58 inches: Silt loam 
58 to 80 inches: Silt loam 

339D2-Wellston silt loam, 10 to 18 percent slopes, eroded 

Map Unit Setting 
Elevation: 890 to 1,230 feet 
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Mean annual precipitation: 35 to 45 inches 
Mean annual air temperature: 54 to 57 degrees F 
Frost-free period: 175 to 195 days 

Map Unit Composition 
Wellston, eroded, and similar soils: 90 percent 

Description of Wellston, Eroded 

Setting 
Landform: Hillslopes 
Landform position (two-dimensional): Backslope 
Landform position (three-dimensional): Side slope, nose slope 
Down-slope shape: Linear 
Across-slope shape: Linear 
Parent material: Loess over residuum 

Properties and qualities 
Slope: 1 0 to 18 percent 
Depth to restrictive feature: 40 to 72 inches to lithic bedrock; 40 to 72 inches to 

paralithic bedrock 
Drainage class: Well drained 
Capacity of the most limiting layer to transmit water (Ksat): Moderately high to high 

(0.20 to 2.00 in/hr) 
Depth to water table: More than 80 inches 
Frequency of flooding: None 
Frequency of ponding: None 
Available water capacity: Moderate (about 8.1 inches) 

Interpretive groups 
Land capability (nonirrigated): 4e 

Typical profile 
0 to 5 inches: Silt loam 
5 to 28 inches: Silt loam 
28 to 40 inches: Channery silt loam 
40 to 57 inches: Very channery loam 
57 to 67 inches: Bedrock 

340D2-Zanesville silt loam, 10 to 18 percent slopes, eroded 

Map Unit Setting 
Elevation: 360 to 660 feet 
Mean annual precipitation: 35 to 45 inches 
Mean annual air temperature: 54 to 57 degrees F 
Frost-free period: 175 to 195 days 

Map Unit Composition 
Zanesville, eroded, and similar soils: 90 percent 
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Description of Zanesville, Eroded 

Setting 
Landfonn: Hillslopes 
Landfonn position (two-dimensional): Backslope 
Landform position (three-dimensional): Side slope, nose slope 
Down-slope shape: Linear 
Across-slope shape: Linear 
Parent material: Loess over residuum 

Properties and qualities 
Slope: 10 to 18 percent 
Depth to restrictive feature: 19 to 32 inches to fragipan; 40 to 80 inches to paralithic 

bedrock; 40 to 80 inches to lithic bedrock 
Drainage class: Moderately well drained 
Capacity of the most limiting layer to transmit water (Ksat): Low to moder§tely low 

(0.01 to 0.06 in/hr) 
Depth to water table: About 18 to 42 inches 
Frequency of flooding: None 
Frequency of ponding: None 
Sodium adsorption ratio, maximum: 4.0 
Available water capacity: Low (about 3.8 inches) 

Interpretive groups 
Land capability (nonirrigated): 4e 

Typical profile 
0 to 4 inches: Silt loam 
4 to 19 inches: Silty clay loam 
19 to 39 inches: Silt loam 
39 to 57 inches: Channery silt loam 
57 to 67 inches: Bedrock 

340D3-Zanesville silty clay loam, 1 O to 18 percent slopes, severely 
eroded 

Map Unit Setting 
Elevation: 360 to 660 feet 
Mean annual precipitation: 35 to 46 inches 
Mean annual air temperature: 54 to 57 degrees F 
Frost-free period: 175 to 195 days 

Map Unit Composition 
Zanesville, severely eroded, and similar soils: 90 percent 

Description of Zanesville, Severely Eroded 

Setting 
Landfonn: Hillslopes 
Landform position (two-dimensional): Backslope 
Landform position (three-dimensional): Side slope, head slope 

20 



R12094

Custom Soil Resource Report 

Down-slope shape: Linear 
Across-slope shape: Linear 
Parent material: Loess over residuum 

Properties and qualities 
Slope: 10 to 18 percent 
Depth to restrictive feature: 19 to 32 inches to fragipan; 40 to 80 inches to paralithic 

bedrock; 40 to 80 inches to lithic bedrock 
Drainage class: Moderately well drained 
Capacity of the most limiting layer to transmit water (Ksat): Low to moderately high 

(0.01 to 0.20 in/hr) 
Depth to water table: About 18 to 42 inches 
Frequency of flooding: None 
Frequency of ponding: None 
Sodium adsorption ratio, maximum: 4.0 
Available water capacity: Low (about 3.8 inches) 

Interpretive groups 
Land capability (nonirrigated): 6e 

Typical profile 
0 to 2 inches: Silty clay loam 
2 to 19 inches: Silty clay loam 
19 to 37 inches: Silt loam 
37 to 55 inches: Channery silt loam 
55 to 65 inches: Bedrock 

908D3-Hickory-Kell clay loams, 1 O to 18 percent slopes, severely eroded 

Map Unit Setting 
Elevation: 360 to 660 feet 
Mean annual precipitation: 35 to 46 inches 
Mean annual air temperature: 54 to 57 degrees F 
Frost-free period: 175 to 195 days 

Map Unit Composition 
Hickory, severely eroded, and similar soils: 50 percent 
Kell, severely eroded, and similar soils: 40 percent 

Description of Hickory, Severely Eroded 

Setting 
Landform: Till plains 
Landform position (two-dimensional): Shoulder, backslope 
Landform position (three-dimensional): Head slope, side slope 
Down-slope shape: Linear 
Across-slope shape: Linear 

Properties and qualities 
Slope: 10 to 18 percent 
Depth to restrictive feature: More than 80 inches 
Drainage class: Well drained 
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Capacity of the most limiting layer to transmit water (Ksat): Moderately high to high 
(0.60 to 2.00 in/hr) 

Depth to water table: More than 80 inches 
Frequency of flooding: None 
Frequency of ponding: None 
Calcium carbonate, maximum content: 1 0 percent 
Sodium adsorption ratio, maximum: 2.0 
Available water capacity: High (about 9.9 inches) 

Interpretive groups 
Land capability (nonirrigated): 4e 

Typical profile 
0 to 8 inches: Clay loam 
8 to 46 inches: Clay loam 
46 to 58 inches: Clay loam 
58 to 80 inches: Loam 

Description of Kell, Severely Eroded 

Setting 
Landform: Till plains 
Landform position (two-dimensional): Shoulder, backslope 
Landform position (three-dimensional): Head slope, side slope 
Down-slope shape: Linear 
Across-slope shape: Linear 

Properties and qualities 
Slope: 10 to 18 percent 
Depth to restrictive feature: 20 to 40 inches to paralithic bedrock 
Drainage class: Well drained 
Capacity of the most limiting layer to transmit water (Ksat): Low to high (0.01 to 2.00 

in/hr) 
Depth to water table: More than 80 inches 
Frequency of flooding: None 
Frequency of ponding: None 
Available water capacity: Low (about 5.2 inches) 

Interpretive groups 
Land capability (nonirrigated): 4e 

Typical profile 
0 to 7 inches: Clay loam 
7 to 13 inches: Clay loam 
13 to 35 inches: Very channery sill loam 
35 to 60 inches: Bedrock 

3072A-Sharon silt loam, Oto 2 percent slopes, frequently flooded 

Map Unit Setting 
Elevation: 360 to 660 feet 
Mean annual precipitation: 35 to 46 inches 
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Mean annual air temperature: 54 to 57 degrees F 
Frost-free period: 175 to 195 days 

Map Unit Composition 
Sharon, frequently flooded, and similar soils: 90 percent 

Description of Sharon, Frequently Flooded 

Setting 
Landform: Flood plains 
Down-slope shape: Linear 
Across-slope shape: Linear 
Parent material: Silty alluvium 

Properties and qualities 
Slope: O to 2 percent 
Depth to restrictive feature: More than 80 inches 
Drainage class: Moderately well drained 
Capacity of the most limiting layer to transmit water (Ksat): Moderately high to high 

(0.60 to 2.00 in/hr) 
Depth to water table: About 36 to 72 inches 
Frequency of flooding: Frequent 
Frequency of ponding: None 
Available water capacity: Very high (about 12.4 inches) 

Interpretive groups 
Land capability (nonirrigated): 2w 

Typical profile 
0 to 13 inches: Sill loam 
13 to 40 inches: Silt loam 
40 to 80 inches: Silt loam 

3382A-Belknap silt loam, 0 to 2 percent slopes, frequently flooded 

Map Unit Setting 
Elevation: 340 to 490 feet 
Mean annual precipitation: 35 to 46 inches 
Mean annual air temperature: 54 to 57 degrees F 
rrost-free period: 175 to 195 days 

Map Unit Composition 
Belknap, frequently flooded, and similar soils: 90 percent 

Description of Belknap, Frequently Flooded 

Setting 
Landform: Flood plains 
Down-slope shape: Linear 
Across-slope shape: Linear 
Parent material: Silty alluvium 
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Properties and qualities 
Slope: 0 to 2 percent 
Depth to restrictive feature: More than 80 inches 
Drainage class: Somewhat poorly drained 
Capacity of the most limiting layer to transmit water (Ksat): Moderately high to high 

(0.20 to 2.00 in/hr) 
Depth to water table: About 6 to 24 inches 
Frequency of flooding: Frequent 
Frequency of ponding: None 
Available water capacity: Very high (about 12.7 inches) 

Interpretive groups 
Land capability (nonirrigated): 3w 

Typical profile 
0 to 7 inches: Silt loam 
7 to 59 inches: Silt loam 
59 to 80 inches: Silt loam 

W-Water 

Map Unit Composition 
Water.· 100 percent 

Description of Water 

Setting 
Landform: Channels, drainageways, lakes, oxbows, perenial streams, rivers 
Parent material: Water 
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Soil Information for All Uses 

Suitabilities and Limitations for Use 

The· Suitabilities and Limitations for Use section includes various soil interpretations 
displayed as thematic maps with a summary table for the soil map units in the selected 
area of interest. A single value or rating for each map unit is generated by aggregating 
the interpretive ratings of individual map unit components. This aggregation process 
is defined for each interpretation. 

Land Classifications 

Land Classifications are specified land use and management groupings that are 
assigned to soil areas because combinations of soil have similar behavior for specified 
practices. Most are based on soil properties and other factors that directly influence 
the specific use of the soil. Example classifications include ecological site 
classification, farmland classification, irrigated and nonirrigated land capability 
classification, and hydric rating. 

Farmland Classification 

Farmland classification identifies map units as prime farmland, farmland of statewide 
importance, farmland of local importance, or unique farmland. II identifies the location 
and extent of the soils that are best suited to food, feed, fiber, forage, and oilseed 
crops. NRCS policy and procedures on prime and unique farmlands are published in 
the "Federal Register," Vol. 43, No. 21, January 31, 1978. 
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Area of Interest (AOI) 

D Area of Interest (AOI) 

Soils 

Soil Map Units 

Soil Ratings 

D Not prime farmland 

D All areas are prime 
familand 

D Prime familand if drained 

D Prime farmland if 
protected from flooding or 
not frequently flooded 
during the growing season 

D 
D 

D 

D 

Prime farmland if irrigated 

Prime farmland if drained 
and either protected from 
flooding or not frequently 
flooded during the growing 
season 

Prime farmland if irrigated 
and drained 

Prime fam,land if irrigated 
and either protected from 
flooding or not frequently 
flooded during the growing 
season 

MAP LEGEND 

D Prime farmland if 
subsoiled, completely 
removing the root 
inhibiting soil layer 

D Prime farmland if irrigated 
and the product of I (soil 
erodibilily) x C (climate 
factor) does not exceed 60 

D Prime farmland if irrigated 
and reclaimed of excess 
salts and sodium 

D Farmland of statewide 
importance 

D Farmland of local 
importance 

D Farmland of unique 
importance 

Not rated or not available 

Political Features 

o Cities 

Water Features 

Oceans 

.,,_,. Streams and Canals 

Transportation 

+-H;- Rails 

- Interstate Highways 

n 
Custom Soil Resource Report 

/V US Routes 

~ Major Roads 

~ Local Roads 

MAP INFORMATION 

Map Scale: 1 :10,000 if printed on A size (8.5" x 11") sheet. 

The soil surveys that comprise your AOI were mapped at 
1 :12,000. 

Please rely on the bar scale on each map sheet for accurate map 
measurements. 

Source of Map: Natural Resources Conservation Service 
Web Soil Survey URL: http://websoilsurvey.nrcs.usda.gov 
Coordinate System: UTM Zone 16N NAD83 

This product is generated from the USDA-NRCS certified data as 
of the version date(s) listed below. 

Soil Survey Area: 
Survey Area Data: 

Williamson County, Illinois 
Version 6, Feb 7, 201 1 

Date(s) aerial images were photographed: 6/13/2007 

The orthophoto or other base map on which the soil lines were 
compiled and digitized probably differs from the background 
imagery displayed on these maps. As a result, some minor shifting 
of map unit boundaries may be evident. 
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Table-Farmland Classification 

. . .. . . . .. . ... . -· ... . . 
··. Fal111_1~~-d ClaSSlfiCBtiOn..::...:summary:by MBp ul11t-Wllll8mson-Coi.mty~· 1111rt01S ... .. . · ... ; ;·_,,,.,_,'_,,/-.;,-•,'.;-.i"•.>'"'.-·"··>""• .. · .• ·-'· :- ·.,- ··-·:· ·">·---.•;•, 

. Map unit symbol 
.-·. -· ..• ,, :· :.· .-.·--: __ ,·,v,--:•-:'--- .· :/. -- ·:- .· ,' .. Ra11ri9 · . AC"res irL~OI ,----_,/P~l'C~~~ o{!t_Cll --,, )!'1.~p un~ rian,_e , . _ . .. > ·. 

10C Plumfield silty clay loam, 5 to 10 Not prime farmland 26.6 
percent slopes 

10D Plumfield silty clay loam, 10 to 18 Not prime farmland 22.9 
percent slopes 

148 Ava silt loam, 2 to 5 percent slopes All areas are prime farmland 1.6 

1482 Ava silt loam, 2 to 5 percent slopes, All areas are prime farmland 9.8 
eroded 

14C2 Ava silt loam, 5 to 10 percent Farmland of statewide import8nce 7.1 
slopes, eroded 

3018 Grantsburg silt loam, 2 to 5 percent All areas are prime farmland 85.5 
slopes 

301C2 Grantsburg silt loam, 5 to 10 Farmland of statewide importance 0.4 
percent slopes, eroded 

339D2 Wellston silt loam, 10 to 18 percent Farmland of statewide importance 5.2 
slopes, eroded 

340D2 Zanesville silt loam, 1 O to 18 Farmland of statewide importance 13.9 
percent slopes, eroded 

340D3 Zanesville silty clay loam, 1 O to 18 Not prime farmland 125.0 
percent slopes, severely eroded 

908D3 Hickory-Kell clay loams, 10 to 18 Not prime farmland 16.1 
percent slopes, severely eroded 

3072A Sharon silt loam, Oto 2 percent Prime farmland if protected from 43.2 
slopes, frequently flooded flooding or not frequently 

flooded during the growing 
season 

. 

3382A Belknap silt loam, Oto 2 percent Prime farmland if drained and 20.9 
slopes, frequently flooded either protected from flooding or 

not frequently flooded during the 
growing season 

w Water Not prime farmland 0.8 

Totals for Area of Interest 379.0 

Rating Options-Farmland Classification 

Aggregation Method: No Aggregation Necessary 

Tie-break Rule: Lower 

Nonirrigated Capability Class 

Land capability classification shows, in a general way, the suitability of soils for most 
kinds of field crops. Crops that require special management are excluded. The soils 
are grouped according to their limitations for field crops, the risk of damage if they are 
used for crops, and the way they respond to management. The criteria used in 
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grouping the soils do not include major and generally expensive landforming that 
would change slope, depth, or other char.acteristics of the soils, nor do they include 
possible but unlikely major reclamation projects. Capability classification is not a 
substitute for interpretations that show suitability and limitations of groups of soils for 
rangeland, for woodland, or for engineering purposes. 

In the capability system, soils are generally grouped at three levels-capability class, 
subclass, and unit. Only class and subclass are included in this data set. 

Capability classes, the broadest groups, are designated by the numbers 1 through 8. 
The numbers indicate progressively greater limltations and narrower choices for 
practical use. The classes are defined as follows: 

Class 1 soils have few limitations that restrict their use. 

Class 2 soils have moderate limitations that reduce the choice of plants or that require 
moderate conservation practices. 

Class 3 soils have severe limitations that reduce the choice of plants or that require 
special conservation practices, or both. 

Class 4 soils have very severe limitations that reduce the choice of plants or that 
require very careful management, or both. 

Class 5 soils are subject to little or no erosion but have other limitations, impractical 
to remove, ihat restrict their use mainly to pasture, rangeland, forestland, or wildlife 
habitat. 

Class 6 soils have severe limitations that make them generally unsuitable for 
cultivation and that restrict their use mainly to pasture, rangeland, forestland, or wildlife 
habitat. 

Class 7 soils have very severe limitations that make them unsuitable for cultivation 
and that restrict their use mainly to grazing, forestland, or wildlife habitat. 

Class 8 soils and miscellaneous areas have limitations that preclude commercial plant 
production and that restrict their use to recreational purposes, wildlife habitat, 
watershed, or esthetic purposes. 
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Custom Soil Resource Report 

MAP INFORMATION 

Map Scale: 1:10,000 if printed on A size (8.5" x 11") sheet. 

The soil surveys that comprise your AOI were mapped at 1: 12,000. 

Please rely on the bar scale on each map sheet for accurate map 
measurements. 

Source of Map: Natural Resources Conservation Service 
Web Soil Survey URL: http://websoilsurvey.nrcs.usda.gov 
Coordinate System: UTM Zone 16N NAD83 

This product is generated from the USDA-NRCS certified data as of 
the version date(s) listed below. 

Soil Survey Area: Williamson County, Illinois 
Survey Area Data: Version 6, Feb 7, 2011 

Date(s) aerial images were photographed: 6/13/2007 

The orthophoto or other base map on which the soil lines were 
compiled and digitized probably differs from the background 
imagery displayed on these maps. As a result, some minor shifting 
of map unit boundaries may be evident. 
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Table-Nonirrigated Capability Class 

:-::-- ,,. _-. . . :;: . . ··- • . _-cc: ---:::. . ----,-- • . ; : . • -· : . 
N,o~l~r_lE(_c!ted Cap_a,bIUty_ E_la~ Sur_nma_ry __ l>Y,, ~_ap_ Unit.....;. _WHllamson C_01;1nty, unnoi_s_ _ : 

M; unit symbol 

10C Plumfield silty clay loam, 5 to 10 4 
percent slopes 

100 Plumfield silty clay loam, 1 O to 18 6 
percent slopes 

14B Ava silt loam, 2 to 5 percent slopes 2 

14B2 Ava silt loam, 2 to 5 percent slopes, 2 
eroded 

14C2 Ava silt loam, 5 to 1 O percent slopes, 3 
eroded 

3018 Grantsburg silt loam, 2 to 5 percent 2 
slopes 

301C2 Grantsburg siltloam, 5 to 10 percent 3 
slopes, eroded 

33902 Wellston silt loam, 10 to 18 percent 4 
slopes, eroded 

34002 Zanesville silt loam, 10 to 18 percent 4 
slopes, eroded 

34003 Zanesville silty clay loam, 1 O to 18 6 
percent slopes, severely eroded 

90803 Hickory~Kell clay loams, 1 Oto 18 4 
percent slopes, severely eroded 

3072A Sharon silt loam, Oto 2 percent slopes, 2 
frequently flooded 

3382A Belknap silt loam, O to 2 percent 3 
slopes, frequently flooded 

w Water 

Totals for Area of Interest 

Rating Options-Nonirrigated Capability Class 

Aggregation Method: Dominant Condition 

Component Percent Cutoff: None Specified 

Tie-break Rule: Higher 
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Soil Reports 

The Soil Reports section includes various formatted tabular and narrative reports 
(tables) containing data for each selected soil map unit and each component of each 
unit. No aggregation of data has occurred as is done in reports in the Soil Properties 
and Qualities and Suitabilities and Limitations sections. 

The reports contain soil interpretive information as well as basic soil properties and 
qualities. A description of each report (table) is included. 

Vegetative Productivity 

This folder contains a collection of tabular reports that present vegetative productivity 
data. The reports (tables) include all selected map units and components for each 
map unit. Vegetative productivity includes estimates of potential vegetative production 
for a variety of land uses, including cropland, forestland, hayland, pastureland, 
horticulture and rangeland. In the underlying database, some states maintain crop 
yield data by individual map unit component. other states maintain the data at the 
map unit level. Attributes are included for both, although only one or the other is likely 
to contain data for any given geographic area. For other land uses, productivity data 
is shown only at the map unit component level. Examples include potential crop yields 
under irrigated and nonirrigated conditions, forest productivity, forest site index, and 
total rangeland production under of normal, favorable and unfavorable conditions. 

Nonirrigated Yields by Map Unit 

The average yields per acre that can be expected of the principal crops under a high 
level of management are shown in this table. In any given year, yields may be higher 
or lower than those indicated in the table because of variations in rainfall and other 
climatic factors. 

The yields are based mainly on the experience and records of farmers, 
conservationists, and extension agents. Available yield data from nearby counties and 
results of field trials and demonstrations also are considered. 

The management needed to obtain the indicated yields of the various crops depends 
on the kind of soil and the crop. Management can include drainage, erosion control, 
and protection from flooding; the proper planting and seeding rates; suitable high
yielding crop varieties; appropriate and timely tillage; control of weeds, plant diseases, 
and harmful insects; favorable soil reaction and optimum levels of nitrogen, 
phosphorus, potassium, and trace elements for each crop; effective use of crop 
residue, barnyard manure, and green manure crops; and harvesting that ensures the 
smallest possible loss. 

If yields of irrigated crops are given, it is assumed that the irrigation system is adapted 
to the soils and to the crops grown, that good-quality irrigation water is uniformly 
applied as needed, and that tillage is kept to a minimum. 
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Pasture yields are expressed in terms of animal unit months. An animal unit month 
(AUM) is the amount of forage required by one mature cow of approximately 1,000 
pounds weight, with or without a calf, for 1 month. 

The estimated yields reflect the productive capacity of each soil for each of the 
principal crops. Yields are likely to increase as new production technology is 
developed. The productivity of a given soil compared with that of other soils, however, 
is not likely to change. 

Crops other than those shown in the table are grown in the survey area, but estimated 
yields are not listed because the acreage of such crops is small. The local office of 
the Natural Resources Conservation Service or of the Cooperative Extension Service 
can provide information about the management and productivity of the soils for those 
crops. 

The land capability classification of map units in the survey_area is shown in this table. 
This classification shows, in a general way, the suitability of soils for most kinds offield 
crops (United States Department of Agriculture, Soil Conservation Service, 1961). 
Crops that require special management are excluded. The soils are grouped 
according to their limitations for field crops, the risk of damage if they are used for 
crops, and the way they respond to management. The criteria used in grouping the 
soils do not include major and generally expensive landforming that would change 
slope, depth, or other characteristics of the soils, nor do they include possible but 
unlikely major reclamation projects. Capability classification is not a substitute for 
interpretations designed to show suitability and limitations of groups of soils for 
rangeland, for forestland, or for engineering purposes. 

In the capability system, soils are generally grouped at three levels: capability class, 
subclass, and unit. 

Capability classes, the broadest groups, are designated by the numbers 1 through 8. 
The numbers indicate progressively greater limitations and narrower choices for 
practical use. The classes are defined as follows: 

Class 1 soils have slight limitations that restrict their use. 

Class 2 soils have moderate limitations that restrict the choice of plants or that 
require moderate conservation practices. 

Class 3 soils have severe limitations that restrict the choice of plants or that 
require special conservation practices, or both. 

Class 4 soils have very severe limitations that restrict the choice of plants or that 
require very careful management, or both. 

Class 5 soils are subject to little or no erosion but have other limitations, 
impractical to remove, that restrict their use mainly to pasture, rangeland, 
forestland, or wildlife habitat. 

Class 6 soils have severe limitations that make them generally unsuitable for 
cultivation and that restrict their use mainly to pasture, rangeland, forestland, or 
wildlife habitat. 

Class 7 soils have very severe limitations that make them unsuitable for 
cultivation and that restrict their use mainly to grazing, forestland, or wildlife 
habitat. 

Class 8 soils and miscellaneous areas have limitations that preclude commercial 
plant production and that restrict their use to recreational purposes, wildlife 
habitat, watershed, or esthetic purposes. 
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Capability subclasses are soil groups within one class. They are designated by adding 
a small letter, e, w, s, or c, to the class numeral, for example, 2e. The letter e shows 
that the main hazard is the risk of erosion unless close-growing plant cover is 
maintained; w shows that waler in or on the soil interferes with plant growth or 
cultivation (in some soils the wetness can be partly corrected by artificial drainage); 
s shows that the soil is limited mainly because ii is shallow, droughty, or stony; and 
c, used in only some parts of the United States, shows thatthe chief limitation is climate 
that is very cold or very dry. 

In class 1 there are no subclasses because the soils of this class have few limitations. 
Class 5 contains only the subclasses indicated by w, s, or c because the soils in class 
5 are subject to little or no erosion. 

Capability units are soil groups within a subclass. The soils in a capability unit are 
enough alike to be suited to the same crops and pasture plants, to require similar 
management, and to have similar productivity. Capability units are generally 
designated by adding an Arabic numeral to the subclass symbol, for example, 2e-4 
and 3e-6. These units are not given in all soil surveys. 

Reference: 
United States Department of Agriculture, Soil Conservation Service. 1961. Land 
capability classification. U.S. Department of Agriculture Handbook 210. 

Report-Nonirrigated Yields by Map Unit 
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Custom Soil Resource Report 

Land capabUl!y G~s-1~s11111• hay 
Bu Tons 

1 OC-Plumfield silty clay loam, 5 to 1 O percent slopes 71 2.00 

Plumfield 4e 
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updated 02/25/2011 

PART III 

OPERATIONS PLAN 

1) Explain the proposed operation and why the !BR is needed. Locate on a mining operations map. 

RESPONSE: The purpose of this IBR is to permit an emergency compressor 
bore hole. The bore hole will be located in Headgate #4 bleeder entries. This area 
has been filling with water reducing ventilation and making it a safety hazard for 
the mine examiners. Currently the operation has air pumps in this area but the 
compressors are located 4.5 miles away and no longer provide enough air to move 
the large volume of water. Another compressor hole is needed to ensure this area 
will stay open to provide adequate ventilation and safe travel for the mine 
exammers. 

This IBR area is to construct an access road, drill a 9 7/8-inch diameter bore hole 
that will be cased to a 5- inch diameter hole and will have a depth of 
approximately 500 to 530 feet. When the bore hole is no longer needed, it will be 
grouted the entire length. In addition to the compressor bore hole, a concrete pad 
measuring 12 feet by 12 feet by 1 foot will be constructed. 

Access to the site will be by using the previously permitted areas and a new 
access road to the compressor site. Topsoil will be stripped and stockpiled and/or 
windrowed. Trees will be windrowed along the road in accordance to the land 
owners' request. Existing roads/trails will be utilized where possible. 

A power line will be buried in a trench and will connect with power lines located 
on the previous IBR area. 

Upon the completing the compressor installation, the entire disturbed area will be 
seeded and mulched using the approved revegetation plan. 

Refer to Supplemental Map 6 S .F. for the location of the IBR area outlined in red. 

2) Surface Drainage Control 

A) 1) Locate on the mining operations map or on a separate drainage map all proposed drainage control 
systems. Show drainage patterns of all affected mining areas. 

RESPONSE: Refer to Supplemental Map 6 S.F. 

2) Will all surface drainage from the affected mining area be collected and treated prior to leaving the 
!BR area? 

Yes ___ No __ X"-"---

Ifyes, delineate how and where surface drainage will be collected and treated, and list pennit numbers 
and type of permit that the drainage control systems are operated under. If above answer is no, explain 
how regulatory compliance will be achieved without treatment, i.e., address the requirements of 
1816.46( e )/1817.46( e ). 
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RESPONSE: The applicant is requesting to utilize alternate sediment control measures as 
described in 1817.46(e). Disturbance will be kept to a minimmn to compile with 
the land owners' request. Topsoil and vegetation will be windrowed along the 
access road and to the specifications of the land owner. An existing road/trail will 
be utilized where possible. Access to the emergency compressor bore hole will be 
reclaimed and vegetated as soon as the compressor is no longer needed. 

Surface drainage in the compressor site will be directed to the cuttings pond for 
retention and de-watering. Berms, silt fence and/or straw/hay bales will be used 
where needed to prevent sedimentation from entering the receiving stream. All 
disturbances will be vegetated with the approved seed mixture as soon as 
possible. 

B) Will all surface drainage from unaffected areas be intercepted and diverted around the affected mining 
area? 

Yes ____ No _~X~--

. lfno, please discuss. 

RESPONSE: There will be no unaffected areas within the IBR area. 

C) Overland Flow Diversions and Sediment Ponds: 

Are either overland flow diversions or sediment ponds to be constructed? 

Yes ____ No_~X~--

Ifyes, complete applicable paits of the SCM-1 or UCM-1 Part JV (surface drainage control). 

D) Does a perennial or intermittent stream occur within the proposed IBR area? 

Yes _____ No X 

If yes, is an exception to the l 00 foot buffer zone being requested or is a stream diversion being proposed. 
For an exception to the 100 foot buffer zone, indicate how compliance with l 816.57/1817.57 will be 
assured. For a stream diversion, complete applicable patts of the SCM-1 or UCM-1. 

3) Roads and other activities: 

A) Are roads to be constructed in the JBR area? 

Yes _~X,_,,__ __ No ____ _ 

If yes, complete the applicable part of the SCM-lor UCM-1 (transportation facilities). 

B) lfthe operations involve blasting, or any other activities not specifically addressed above, complete 
applicable parts of the SCM-1 or UCM-1 

RESPONSE: Refer to Attachment III.3 .A. 
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( 
4) Are any existing structures proposed for utilization in the !BR? 

Yes No_X=--

Ifyes, complete Part IV.4 of the SCM-1 or UCM-1. 

( 
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Illinois Department of 
Natural Resources 
One Natural Resources Way Springfield, Illinois 62702-1271 
www.dnr.illinois.gov 

Anthony Webb 
Williamson Energy, LLC 
P.O.Box 99 
Johnston City, IL 62951 

Re: PennitNo. 375 
Insignificant Revision No. 38 

Dear Mr. Webb: 

February I, 2011 

Pat Quinn, Governor 
Marc Miller, Director 

IL EnvirOf\llloHLUI 1- t C,w .. u;I Agency 
MARION REGIONAL OFFICE 

The appropriate Department technical staff has reviewed the proposed change dated November 23, 
2010 submitted by Williamson Energy for the Pond Creek Mine. This request was then resubmitted in 
its entirety with additional information but maintained the November 23, 2010 date. The final 
complete request was received January 31, 2011. The pennittee has requested to: 

1. Remove the prohibitions of Condition "K" to Revision No. 2 to Permit No. 375 and extend 
longwall Panels 3 and 4 under the impounding structures identified as Phase 2 and Phase 3. 

2. This request also addresses Condition "J" to Revision No. 2 to Pennit No. 375 in that the 
required construction authorization approvals from the Mine Safety and Health Administration 
(MSHA) and The Illinois Department of Natural Resources, Office of Water Resources (OWR) 
were included. This request documents MSHA and OWR approvals of the construction of 
Phases 3 through 7 and the subsidence of Phases 2 and 3. 

Since this operation is not currently approved, it will constitute a change to the approved plan. 
Insignificant permit revisions are allowed under 62 Ill. Adm. Code l 774.13(b )(2). 

The Department has detemrined the proposed alteration will have no significant potential adverse 
impact on the achievement of final reclamation plans or upon the surrounding area, and ·will have no 
significant potential adverse impact on the achievement of subsidence control plans or upon the 
surrounding area. The Department has determined that the proposed operation is in compliance with 62 
Ill. Adm. Code 1700 - 1850 and is insignificant, and hereby exempts the permittee from submitting a 
significant pennit revision application in accordance with Section 1774.13(b)(2). The Department 

02011120.docx 
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grants permission to execute longwall ei,.1:raction under the refuse impoundment of Phases 2 and 3 as 
conditioned below. 

1. This approval is specifically limited to subsidence associated with the extension of Panel No. 3. 
The stop point for Panel No. 4 shall remain east of the toe of the impounding structure off set 
by the approved angle of draw pursuant to Condition "K" to Revision No. 2 to Permit No. 375. 
Based on the success of the pass of Panel No. 3 under Phases 2 and 3, the Department will 
determine if Panel No. 4 can proceed past the current stop point. Separate Departmental 
approval for alteration of the stop point for Panel No. 4 is necessary. 

2. Impoundment inspection during and after the pass of Panel No. 3 is critical to the initiation of 
the contingency buttressing plan if deemed necessary. Therefore, inspection frequency shall be 
a minimum of once every eight hours from the time the longwa!I reaches the angle of draw on 
the east side until a minimum of four weeks after the completion of the longwall panel. 
Frequency of inspections shall increase as dictated by observed deformations. A person or 
persons qualified in impoundmentinspection Pursuant to 62 Ill. Adm. Code 1817.49(a)(10)(A) 
shall be on sight at all times through the duration of the accelerated inspection period as defined 
above. 

3. In the event monitoring and conditions warrant, the permittee shall notify the Department of the 
initiation of the buttressing operation immediately. 

The Department also finds that the requirements of Condition "J" to Revision No. 2 to Permit No. 375 
have been satisfactorily met. 

( All conditions and provisions contained in the approved permit also apply to this revision. Approval 
from this agency does not relieve the permittee from obtaining approval from other agencies requiring 
such. 

Please submit two additional copies of your request letter and maps to Ronald Morse, Illinois 
Environmental Protection Agency, 2309 West Main Street, Marion, Illinois 62959. 

Should you have any questions, please contact Brad Murphy at our Benton Office or Dan Barkley in 
our Springfield Office. 

SKF:dwb 
cc: J. Slapak 

B. Murphy 
R.Morse 

02011 120.docx 

Sincerely, 

P~/~L 
Scott K. Fowler, Supervisor 
Land Reclamation Division 
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AllianceO 
Consulting, Inc. 

Engineers · Constrnctors · Scientists 

Mr. Ron Morse 
ILLINOIS ENVIRONMENTAL 
PROTECTION AGENCY 
2309 West Main Street, Suite 116 
Marion, IL 62959 

November 23, 2010 

Transmittal 
Additional Information 

Williamson Energy. LLC 
Pond Creek No. 1 Mine 
Permit No. IL0077666 

Williamson County. Illinois 

Dear Mr. Crislip: 

Project No. B 10-148-1413 

On behalf of our client, Williamson Energy, LLC, please find enclosed two (2) sets (Volumes 1 
through 7) of the coal refuse facility design for Stage 3 through Stage 7 for the Pond Creek No. 1 
Mine. This information was requested by the Illinois Department of Natural Resources, Land 

·Reclamation Division. Volumes 2 through 7 contain the plan approved for Stages 3 through 7 
and includes longwall mining beneath the refuse facility approved by MSHA. Volume I is 
additional information requested by Dan Barkley after the plan was approved by MSHA. This 
submittal (Volumes 2 through 7) are identical to the information originally submitted to your 
office as Revision No. 2 to Permit No. 375 with the exception of the additional information 
requested by MSHA. 

One (1) copy of the information was sent to Mr. Larry Crislip at the Illinois Environmental 
Protection Agency office in Marion. 

If you have any questions, or require additional information, please contact us. 

Respectfully submitted, 

CONSULTING, INC. 

~dioE. Yoo,~ 
Senior Project Manager 

CEY:wmb 
Enclosures 

cc: i'-.1r. La..rry Crislip, IEP,A .. w/enclosures 
FILE: IO 148-03 

124 Philpott Lane • Raleigh County Airport Industrial Park • Beaver, V/V 25813-9502 • TELE: (304) 255-0491 • FAX: (304) 255-4::!32 
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AllianceO 
Consulting, Inc. 

Engineers · Constrnctors · Scientists 

Mr. Larry Crislip 
ILLINOIS ENVIRONMENTAL 
PROTECTION AGENCY 
23 09 West Main Street, Suite 116 
Marion, IL 62959 

November 23, 2010 

Transmittal 
Additional Information 

Williamson Energy. LLC 
Pond Creek No. 1 Mine 
Permit No. 110077666 

Williamson County. Illinois 

Dear Mr. Crislip: 

Project No. B 10-148-1413 

On behalf of our client, Williamson Energy, LLC, please find enclosed one (1) set (Volumes I 
through 7) of the coal refuse facility design for Stage 3 through Stage 7 for the Pond Creek No. I 
Mine. This information was requested by the Illinois Department of Natural Resources, Land 
Reclamation Division. Volumes 2 through 7 contain the plan approved for Stages 3 through 7 
and includes longwall mining beneath the refuse facility approved by MSHA. Volume I is 
additional information requested by Dan Barkley after the plan was approved by MSHA. This 
submittal (Volumes 2 through 7) are identical to the information originally submitted to your 
office as Revision No. 2 to Permit No. 375 with the exception of the additional information 
requested by MSHA. 

Two (2) copies of the information was sent to Mr. Ron Morse at the Illinois Environmental 
Protection Agency office in Marion. 

If you have any questions, or require additional information, please contact us. 

Respectfully submitted, 

CEY:wmb 
Enclosures 

CONSULTING, INC. 

cc: Mr. Ron Morse. !EPA w/enclosures 
FILE: 10148-02 

124 Philpott Lane • Raleigh County Airport Industrial Park • Beaver, V./V 25813-9502 • TELE: (304) 255-0491 • FAX: (304) 255-4232 
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AllianceO 
Consulting, Inc. 

Engineers · Constructors · Scientists 

Mr. Dan Barkley 

November 23, 2010 

Project No. B0S-330-1413 

Division Supervisor Land Reclamation 
ILLINOIS DEPARTMENT OF NATURAL RESOURCES 
Office of Mines and Minerals 
One Natural Resources Way 
Springfield, IL 62702 

Dear Mr. Barkley: 

Response to Comments 
Permit No. 375-Revision No. 2 

Williamson Energy. LLC. Pond Creek Mine 
Williamson County. Illinois 

On behalf of our client, Williamson Energy, LLC, this letter and attachments are being submitted 

in response to your October 6, 2010 email (copy attached). 

I. A cover letter that clearly states the intent to remove the condition that prohibits 
subsidence of the impoundments. The condition is Condition K to Permit No. 375, 

Revision No. 2. 

RESPONSE: 

Included with this submittal is a letter from Williamson Energy, LLC to Land Reclamation 
Division, Office of Mines and Minerals, Illinois Department of Natural Resources, requesting 
that Condition K to Permit No. 375, Revision No. 2, be removed. Condition K required that the 

stop point of the Iongwall mining panel be set off the eastern most toe of Refuse Facility No. 2 

by the angle of draw. The letter is contained in Appendix A. 

2. The complete set of information provided to MSHA to achieve approval of subsidence of 

Phases 3 through 6. 

124 Philpott Lane • Raleigh County Airport Industrial Park • Beaver, v..rv 25813-9502 • TELE: (304) 255-0491 • FAX: (304) 255-4232 
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RESPONSE: 

The accompanying Volumes 2 of7 through 7 of7 contained the most recent information 

submitted to and approved by MSHA for Phases 3 through 6 and, although not directly related to 

achieving approval of mine subsidence, is the most recent revision to Phase 7 that was approved 

by MSHA. The revision was made to address MSHA's concerns concerning short-tenn 

construction stability of the portion of Phase 7 that will be built out over a portion of the Phase 3 

impoundment. 

3. Any additional information that MSHA may require to specifically grant approval to 

subside Phase 1 and 2. 

RESPONSE: 

No additional information has been requested by or submitted to MSHA for approval of 

subsidence of Phase I and 2 other than what is included in accompanying Volumes 2 of 7 

through 7 through 7. Longwall mining under Phases 2 and 3 has been approved by MSHA, 

provided that the impoundment pools are capped before the subsidence occurs. 

4. Alliance Consulting has on several occasions referred to other operations where 
longwall subsidence has been conducted under sluny impoundments. It may be 
beneficial to present a summa,y of this iriformation concerning where it occurred and 
some specifics on the size and age of the impoundment structure (i.e. how long it was 
capped before subsidence), the condition of the slurry material at the time of subsidence, 

etc. Case histories would be helpful only if they are similar in nature to the proposed 

Pond Creek action. 

RESPONSE: 

Almes & Associates, predecessor of Alliance Consulting, Inc. monitored the subsidence at the 

Sprucelick Slurry Impoundment, Robinhood Preparation Plant, Federal ID No. 46-03137, 
Pineridge Coal Company, located near Twilight, Boone County, VITV. The large, cross-valley 

slurry impoundment was longwall undermined under the dan1 and pool in the fall of 1998. The 

water was pumped from the impoundment and the fine coal refuse was covered with four feet of 

coarse coal refuse before the undermining occurred. Some cracking of the bedrock exposed in 

the hillside diversion ditches occurred. Maximum vertical subsidence was about three feet. No 

cracking of the coarse coal refuse dam or release of slurry or black water occurred. 

L7 
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Appendix Bin this volume contains the paper "Case Study of Undermining Impoundment 
Embankments by the Longwall Mining Method", Choi, D.S. et al. The mining under the slurry 
impoundment occurred during April 1991. The Harvey Run Sluny impoundment and fresh 
water impoundments described in the paper are located at the Loveridge No. 22 mine, Federal ID 

No. 46-01433, Consolidation Coal Company, located in Marion County, WV. 

Several other large sluny impoundments have been undermined in the Appalachian bituminous 

coal fields. Although we do not have access to detailed information concerning the specific sites, 
we have not heard of any sluny releases related to subsidence from the mining. 

5. lnc01porate the fine refuse and push out pad drilling and testing and provide a discussion 

of how the testing results substantiate the material will not be released through 

subsidence induced ji·acturing. 

RESPONSE: 

Appendix C of this volume contains a letter report entitled "Response to October 6, 2010 IDNR 
Comments Nos. 5 and 7" by Blaise E. Genes, GAI Consultants, Inc., dated November 18, 2010, 
that addresses the effects of capping the impoundments on a subsidence-induced slUITy release. 
Also included in this appendix are the drill logs and soil test results for the borings through the 

caps over the eastern ends of the Phase 2 and Phase 3 impoundments. 

The in place moisture contents of the fine coal refuse were obtained during test drilling in late 
July though late August, 2010. The fine coal refuse in the upper portion of the impoundments 
was in the plastic state. The fine coal refuse in the lower portions of the impoundments ranged 
from slightly fluid to fairly fluid as defined by the liquid limit and liquidity index. We are 
conservatively using the fine coal refuse liquid limit (liquidity index = I 00) as the border 
between a liquid state and a plastic state. Persons present during the drilling observed that the 

fine coal refuse samples were difficult to extract from the split spoon and Shelby tube samplers. 
Progressive capping of the impoundments is having the effect of greatly reducing the 
introduction of additional water to the impounded fine coal refuse slurry and is adding additional 
weight to assist in dewatering and consolidation. It a has been our experience at other sites that 
fine coal refuse san1ples of dominantly clay and silt and in place moisture contents equal to or 
slightly more than the liquid limit are free standing, either when sampled by tubes or excavated. 
Since no more water will be introduced into the Phase 2 and Phase 3 impoundments by slurry 

pumping, consolidation weight is progressively being added due to impoundment capping, and 
direct rainfall water is being eliminated by capping, the fine coal refuse is progressively being 

-
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reduced in moisture content. The two impoundments will be totally capped before being 
undermined in February 2011 and the moisture contents of the fine coal refuse should be result in 

the material being in the plastic or solid state. 

6. Provide any proposed testing in other capped areas as may be necessary to show the 
area beyond the eastern third is consistent and non-jlowable. You may wish to refer to 
Mr. Donahue's field report after his site visit where he documented subsidence impacts to 
the non-impounding embankment over Panel 2. He made several additional 

recommendations in this report. 

RESPONSE: 

We feel that adequate testing has been conducted to date of the character of the fine coal refuse 
after capping. Fine coal refuse slurry is no longer being pumped into Phases 2 and 3. The slurry 
is progressively drying out and is consolidating as the impoundment capping progresses. 

Experience gained in longwall mining under the Phase 4 embankment indicates that 
embankment cracking to the extent that would allow release of flowable sluny is limited to the 
upper 10' to 12' of the embankment. To begin the impoundment capping operation, a coarse coal 

refuse "ring" was placed into and completely around the edges of the Phase 2 and Phase 3 pools 
to establish a base from which to start. The "ring is about 20 feet wide and the drilling indicated 
that it extends down against the into the pool against the upstrean1 slope of the Phase 2 and Phase 
3 embankments to a depth of at least 18 feet. Before the longwall Panel passes mines under 

Phases 2 and 3, both impoundments will have been completely capped. 

The drilling conducted through the Phase 2 and Phase 3 partial caps indicated that the fine coal 
refuse is consolidating and the in place moisture contents and void ratios are being significantly 
reduced. In addition, the thickened fine coal refuse sluny will serve to seal any crack with 

which it may contact. Observations of Phase 4 indicate that the extent of any cracks wide 
enough to admit slurry are limited to short lengths of the embankment and generally quickly 

close up as the longwall panel advances. 

In summary, a banier "ring" has been constructed along the interior of the Phase 2 and Phase 3 
impoundments. The ring extends in depth below open cracks observed in Phase 4. Impoundment 
capping is densifying the slurry to a non-flowable moisture content, and ifit did start to flow out 
of an embankment crack, experiences at other sites indicates that it would seal the crack (it has 

been a successful practice at other sites to direct sluny discharge over foundation and 
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embankment cracks to fill and seal them). If any slurry were forced through any embankment 
cracks, it is anticipated that it would be of a thick paste-like consistency and could be easily 

contained in the sediment ditches which surround both impoundments. 

7. Based on all data and modeling conducted to date, provide a clear discussion, analysis 
and conclusion that the laborato1y data, field data and modeling demonstrate that flow 
will not propagate through and/or outside the coarse refuse impounding structure in a 

worst case scenario. 

RESPONSE: 

This is addressed in the letter report entitled "Response to October 6, 2010 IDNR Comments 
Nos. 5 and 7" by Blaise E. Genes, dated November 18, 2010, in Appendix C of this volume. 

8. Any additional monitoring proposed of the Phase 2 structure similar to what MSHA 

required in their review and approval of Phase 3. 

RESPONSE: 

Additional subsidence survey monument baselines I, J, and K have been added to the crest of 
Phase 2. These lines will be used to measure the vertical and horizontal subsidence movement 
and to determine when subsidence has reached predicted values and is complete. As with Phase 
3, the existing standpipe piezometers will be use to monitor any phreatic line increases due to 
pore water pressure or increases due to water mitigating into embankment subsidence cracks. 

Drawing No. B05-330-M36 has been revised to show the 3 subsidence baselines. 

Guideline Technical Specification 6.03, now titled Phase 2 and Phase 3 Enhanced Monitoring, 
Appendix A, Volume 2 of?, has been revised to include Phase 2 in the enhanced monitoring 

program as the longwall passes under the site. 

The Subsidence Monitoring Plan, Appendix F, Volume 2 of?, has been revised to include Phase 
2 subsidence monitoring baselines I, J, and K. Drawing No. B05-330-M36, Volume 4 of 7, has 

been revised to show the additional baselines. 

9. A description of the contingency plan for buttressing any problem areas. Provide 
delineation of the available material in the event the contingency plan to buttress the 
exterior of the refi1se area is needed. Describe the availability of equipment to quickly 

I 
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execute the buttressing plan and the approximate time frame to complete the necessary 

buttressing plan. The plan should also discuss the impacts to existing structures that may 

be covered over by the buttressing plan if any (Sediment ditch, groundwater monitoring 

wells, etc.) 

RESPONSE: 

A 20-foot wide contingency buttress has been designed in the event excessive embankment 

deformation, excessive embankment cracking, or leakage of slurry occurs. The buttress 

construction detail is shown on Drawing No. B05-330-E47 in Volume 3 of 7. 

The buttress can be constructed of either coarse coal refuse or soil. It is anticipated that soil will 

be used for any buttress construction needed. The soil will be incorporated into the required soil 

covering of the embankment outside slopes. A stockpile of approximately 750,000 CY of clay 
soil is located immediately to the south of Phase 2. If it becomes necessary to use coarse coal 

refuse, it can come from normal plant refuse production or borrowed from the Phase 4 
embankment. Construction of full embankment height contingency buttresses around Phases 2 

and 3 requires 300,450 CY of material. 

A description of the construction equipment readily available and calculation for the times 

needed to construct various contingency buttress scenarios is included in Appendix D of this 

volume. While we do not anticipate that a contingency buttress will be needed, the most likely 

location for pariial contingency buttress construction is at the west end of Phase 3. This opinion 

is based on embankment cracks observed during the undennining of Phase 4 and because the 

impoundment capping process for Phase 3 has been progressing from east to west, which will 

result in the fine coal refuse at the west end being not as consolidated as in the remainder of the 

impoundment. One hundred lineal feet of full height contingency buttress can be built in about 

7 .5 hours for Phase 2 and about I 0.2 hours for Phase 3. Times for I 00 feet of a pariial height 

contingency buttress are 3.1 hours for Phase 2 and 5.5 hours for Phase 3. Additional bulldozers 

and tractor scrapers in addition to those assigned are currently located on the refuse areas and 

will be maintained at the site until the longwall mining is completed beneath Phase III for 

contingency buttress construction should an emergency condition develop. Additional 

equipment can also be remobilized when longwall mining occurs in Panel No. 3. 

Detailed descriptions of structures that would be affected by construction of a contingency 

buttress at various locations ar·ound the outside perimeter of the sites are as follows: 
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Phase 2: 

North Side - Construction of a 20-foot wide buttress would infringe on the gas line right

of-way about 10 feet. The toe area of the embankment could be regraded to 
accommodate the buttress and keep off the gas line right-of-way Ground water 

monitoring well GW-8 is located at 37° 50' 16.4", 88° 49' 10.7" at ground Elevation 

435.5. If a buttress is needed at this location, the well casing will be extended ve1iically 

as needed. 

Southwest Side - Room is available for the buttress. Fill will be placed on the access 

road along the perimeter of the toe at this location to the extent necessary. South Side -

Same as above for the southwest side. 

East Side - The access road along the embankment toe will be covered by the buttress and 

the road will be moved eastward. 

Phase 3: 

North Side - Some of this side is either already adequately buttressed by the Phase 4 

embankment or any slurry emitted through cracks would run into the incised Phase 4 area 

and not be of concern. Adequate room in the Phase 4 impoundment area exists for a 

buttress should construction of one become necessary. 

Northwest Corner - Adequate room for a buttress is available. Since the Phase 6 

embankment will tie into this area this area, coarse coal refuse rather than soil will be 

used. 

West Side -Adequate room for a buttress is available. 

South Side - With some minor regarding between the embankment toe and the sediment 

ditch adequate room is available. 

East Side - Covering of the access road would be required. The access road would be 

raised or otherwise relocated to meet operational needs. 

Northeast Corner- Adequate room for a buttress is available. Since the Phase 6 

embankment will later tie into this area, coarse coal refuse rather than soil will be used. 

L7 
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Notes: 

A 10-foot wide buttress would be adequate if only a partial height buttress is 
needed, or to get quick emergency coverage, the buttress could be built in 
two ten-foot wide increments. 

Piezometers casings will be extended vertically as needed. 

10. Copies of existing and yet to be obtained approvals Ji-om both MSHA and OWR as 

outlined above. 

RESPONSE: 

Copies of the MSHA approval letter to mine under Phase 2 and 3 are located in Appendix E of 

this volume. 

( By submission of this report, we are requesting any remaining required approvals from the 
Office of Mines and Minerals. Specifically needed at this time is the approval to subside the 

Phase 3 impoundment provided that: 

1. The placement of the cap over the pool area is completed prior to subsidence occurring. 

2. Monitoring of the Phase 3 impoundment is conducted according to the procedures 

outlined in Alliance Consulting, Inc.'s October 22, 2009 submittal (see ILDNR's April 

12, 2010 letter for Phase 2). 

11. In reviewing the original Permit No. 375 and Revision No. 1 to Permit No. 375 

applications, the LRD required modifications to address adequate protection of 
groundwater quality and potential impacts to the integrity of the impoundment 's base 

material Ji-om longwall subsidence. In both instances, the operator withdrew the request 

to longwall mine under the refuse areas and therefore did not address the questions. 

Therefore, the applicant must now answer modification question 13 of the Department's 

letter dated May 16, 2005, and modification question 9 of the Department's letter dated 

April 3, 2007. Appropriate information to address the concerns raised should be 

provided in this submittal. 

LI 
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RESPONSE: 

For reference - Comment No. 13 - Letter Dated May 16. 2005 

Questions 9 through 12, above, address the engineering and construction of the refuse 

pile and slurry impoundments for stability, and protection of surface and ground water 
resources. The Map 6UG Underground Operations provides the longwall panel locations. 

Several longwall panels will impact the surface facilities of this operation. Pursuant to 
62 Ill. Adm. Code! 784.14(g), the applicant shall provide additional information on 
expected changes in porosity and permeability due to the proposed longwall subsidence 
of the disposal areas and coal storage areas. Any potential adverse impact to surface or 
ground water as the result of subsidence impacts to the base and sides of the refuse 
disposal areas shall be discussed. The applicant shall demonstrate that longwall mining 

under these sites will not compromise the integrity of the lining 

For reference - Comment No. 9- Letter Dated April 3. 2007 

The revised longwall layout stops longwall panes 3 and 4 short of the only approved 
refuse area. Further refuse disposal areas will be sought for permitted ground to the 
northeast and above longwall panes I and 2. At this time, the applicant has not provided 
sufficient documentation and justification to allow longwall impacts to occur under 
existing or further refuse areas. Currently, a liner of 4 feet is required for the existing 
refuse disposal area. Pursuant to 62 Ill. Adm. Code 1784.20(b )(I 0), the applicant shall 
provide approximate timing of any refuse disposal yet to be approved over panels 1 and 

2. If the applicant proposes refuse disposal above a subsided panel at a later date, the 
amount of time to allow completion of ground movements prior to construction of an 

impervious clay liner will need to be taken into consideration. 

RESPONSE: See document entitled "Subsidence Impact/Groundwater contained in Appendix F 

of tl1is volume. 

12. The position of the applicant is that the slurry material, once capped, will not possess 
flow characteristics under expected subsidence induced strains and therefore will not 

result in a release of slurry through subsidence cracks in the coarse refuse ring. A 
specific engineering certification summarizing this conclusion and sealed by those who 
arrived at this decision should accompany the submittal in order to assist the Department 

to find that the action will comply with 1817.121 (d). 

0 
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The specific regulation we need to assure compliance with is 62 Ill. Adm. Code 

1817.121 (d). This regulation which is unique to the SMCRA state and federal regulato1y 
programs specifically requires that the subsidence control plan demonstrate that material 

damage will not occur to impoundments larger than 20 acre foot. It allows for the 
regulatory program to limit the percentage of coal extracted under such features in order 

to minimize the potential for material damage. This is the threshold we need to arrive at 

to allow longwall subsidence of the impoundments. 

RESPONSE: 

Current al)d prudent engineering practices have been used to minimize the potential for release of 
slnrry from the capped Phase 2 and Phase 3 impoundments during mining. This work includes 

the following: 

1. The beneficial effect of capping both impoundments to preclude the introduction of 
additional water to the fine coal refuse to the extent practical and adding overburden 
weight to assist in consolidation of the fine coal refuse, 

2. The beneficial effect of effectively widening the top portions of both embankments 
during the impoundment capping process which increases the length that cracks must 
promulgate and the distance that slurry must travel to exit the embankments, 

3. The results obtained from drilling through capped portions of both impoundments which 
shows that the slurry is consolidating and reducing in moisture content (flowability), 

4. An analysis which shows that the fine coal refuse will not liquefy during subsidence 

induced strains, and 

5. Experience gained from other refuse impoundments which have been capped and 
undermined without loss of slurry. 

Our Professional Liability Insurance canier prohibits language such as warranty or guarantee 
that will void our coverage. The definition of certify, as it pertains to Alliance engineering 
documents, is as follows: 

"An Engineer's certification of conditions is a declaration of professional judgment. It 
does not constitute a warranty or guarantee, either expressed or implied, nor does it 



R12137

( 

Mr. Dan Barkley 
ILLINOIS DEPARTMENT OF NATURAL RESOURCES 
Page 11 
November 23, 2010 

relieve any other party of their responsibility to abide by contract documents, applicable 

codes, standards, regulations, or ordinances." 

This definition has been used for all states in which Alliance engineers certify engineering 

documents. 

If you have any questions or need additional information, please do not hesitate to contact us. 

Sincerely, 

ALLIANCE CONSULTING, INC. 

Harold L. Owens, P .E. 
Senior Project Manager 

Claudio E. Yon, P. E. 

Principal Engineer 

HLO/CEY:knb 
Enclosures 

FILE: 05330-93 

062-050632 
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ENGINEERING CERTiFICATION 

I hereby certify the engineering design used in preparation of this application, attachments, and supplements was 
done by me or under my direct supervision. 

I further certify to the best of my knowledge all such design is in accordance with all applicable local, state and 
federal laws, rules and regulations. I have placed an "X" in the box below if that 
item is relevant. 

D Whereas the Reclamation Plan calls for an alternative land use, I also ce,tify the plans to conform to 
applicable accepted standards for adequate land stability, drainage, vegetative cover, and aesthetic design 
appropriate for the post-mining use of the site. 

C2J V.'hereas the operation proposes disposal of spoil or waste materials in areas other than mining workings or 
excavations, I also certify such fills are designed in accordance with recognized professional standards and 
all applicable laws. 

C2J Certification of Illinois Environmental Protection Agency-35 Ill. Adm. Code 405.104(a) Permit. In my 
professional judgment, the plans and specifications submitted as part of this application describe an 
operation which will meet all applicable effluent and water quality standards. I certify that I am familiar 
with all of the plans, specifications, reports, and maps submitted as part of this application and that said 
plans, etc. are accurate insofar as they represent existing conditions. 

Claudio E. Yon 
Name 

Alliance Consulting. Inc. 
Firm 

124 Philpott Lane. Beaver. West Virginia 25801 
Address 

Signature 

062-050632 
lllinois Registration Number (Seal) 

(304) 255-0491 
Phone Number 

Date 
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Harold Owens <howens@aci-wv.com> 
011.SU tm.g_, TlC. 

followup to our Thursday September 30th meeting 
3 messages 

Barkley, Dan <Dan.Barkley@illinois.gov> Wed, Oct 6, 2010 at 6:02 PM 
To: Claudio Yon <cyon@aci-wv.com>, Jim Slapak <jslapak@machmining.com>, Harold Owens <howens@aci
wv.com>, "Blaise E.Genes"<b.genes@gaiconsultants.com>, "dshort@clineres.com" <dshort@clineres.com>, 
"mgauldin@machmining.com" <mgauldin@machmining.com> 
Cc: "Fowler, Scott" <Scott.Fowler@illinois.gov>, "Devardo, Tim" <Tim.Devardo@illinois.gov>, "Holloway, Cliff' 
<Cliff. Holloway@illinois.gov>, "Murphy, Brad" <Brad.Murphy@illinois.gov>, "Broomhead, Vickie" 
<Vickie.Broomhead@illinois.gov> 

Gentlemen: 

After our meeting on Thursday September 30, 2010, I contacted Paul Donahue of MSHA Pittsburgh Tech 
support. Mr. Donahue informed me that your meeting with his MSHA Pittsburgh office had been canceled by 
your staff. Mr. Donahue's impression of the purpose of the canceled meeting was to simply learn about new 
technologies of Hayward and Baker for the co-mingling of material in the upper crust to achieve covering. 

The purpose of this email is to reiterate that the Land Reclamation Division will need written approval from both 
MSHA and The Illinois Department of Natural Resources' Office of Water Resources (OWR) for longwall 
subsidence of all existing phases over panels 3 and 4 in order for either panel to proceed beyond the current 
approved stop point. Verification of these approvals would be in addition to the technical information and 
analysis we discussed in the meeting and are awaiting. 

MSHA APPROVAL: It is our position that the current written approval dated December 4, 2009 from the 
Vincennes MSHA office clearly grants approval for construction and subsidence of Phases 3 through 6 and 
denies construction of Phase 7. The approval clearly omits approval for Phases 1 and 2. This Vincennes 
approval letter attached Mr. Donahue's recommendation report dated November 12, 2009. To date, we have 
not seen any written MSHA approval of longwall subsidence of Phase 1 and 2. We are still concerned if any 
consideration was provided by MSHA's Pittsburgh tech support concerning Phase 1 and 2. The lack of any 
required monitoring (piezometers, inclinometers, surveying etc.) for Phases 1 and 2 as required for Phase 3 
reinforces our concerns. 

OWR APPROVAL: It is also our position that the OWR's letter dated April 2, 2010, clearly approves the 
abandonment plan with a soil cover but indicates that the dam will still fall under OWR jurisdictional purview 
pursuant to their Dam Safety Rules. This means that you are approved to execute the final cover plan of the 
slurry cell, but that the dam is not released from their jurisdiction. It will still be considered an impounding 
structure in the eyes of OWR. This letter does clearly grant approval to subside the Phase 2 structure once 
covered. 

A separate OWR letter dated June 2, 2010 approves construction of Phase 7. It is likely that they intended to 
approve construction of all phases, including 3 through 6 in addition to Phase 7 but OWR's letter did not clearly 

11129/2010 2:03 PM 
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state this. It is clear in this correspondence that they specifically denied subsidence of the impounding 
structures through Phase 7 (See Special Condition C). The LRD is taking the position that no subsidence is 
approved by OWR beyond Phase 2. 

REQUEST TO LRD: Another issue discussed at the meeting concerned submittals that were made to MSHA 
and OWR and copied to the LRD. The following email from March 29 and subsequent emails through April 12, 
2010 (copied below) clarifies the LRD's consistent position that these submittals were not considered as formal 
requests from the operator, but only for our information. My email offered to return the 2 sets of 3 binders if it 
would help you prepare a formal submittal to LRD. Although Tim Devardo indicated in the meeting on Thursday 
that we would accept a reference to the submittal, we want to clarify that we still need one cohesive package 
requesting LRD action. If there is material in these binders that is no longer valid based on changes required 
by either MSHA or OWR, then we would request that we return the binders so you can assemble a new stand 
alone request package with only relevant and correct information. 

The following is a summary to the best of our recollection of what we discussed in the meeting regarding the 
aforementioned submittal requesting approval to subside the slurry impoundments. The LRD has also 
incorporated additional requirements envisioned to be needed to aid you in preparing a request. Any submittal 
should include the following information: 

1. A cover letter that clearly states the intent to remove the condition that prohibits subsidence of the 
impoundments. The condition is Condition K to Permit No. 375, Revision No. 2. 

2. The complete set of information provided to MSHA to achieve approval of subsidence of Phases 3 
through 6. 

3. Any additional information that MSHA may require to specifically grant approval to subside Phase 1 and 2. 

4. Alliance Consulting has on several occasions referred to other operations where longwall subsidence has 
been conducted under slurry impoundments. It may be beneficial to present a summary of this information 
concerning where it occurred and some specifics on the size and age of the impounding structure (i.e. how long 
it was capped before subsidence), the condition of the slurry material at the time of subsidence etc. Case 
histories would be helpful only if they are similar in nature to the proposed Pond Creek action. 

5. Incorporate the fine refuse and push out pad drilling and testing and provide a discussion of how the 
testing results substantiate the material will not be released through subsidence induced fracturing . 

6. Provide any proposed testing in other capped areas as may be necessary to show the area beyond the 
eastern third is consistent and non-flowable. You may wish to refer to Mr. Donahue's field report after his site 
visit where he documented subsidence impacts to the non-impounding embankment over Panel 2. He made 
several additional recommendations in this report. 

7. Based on all data and modeling conducted to date, provide a clear discussion, analysis and conclusion 
that the laboratory data, field data and modeling demonstrate that flow will not propagate through and/or 
outside the coarse refuse impounding structure in a worst case scenario. 

8. Any additional monitoring proposed of the Phase 2 structure similar to what MSHA required in their review 
and approval of Phase 3. 

9. A description of the contingency plan for buttressing any problem areas. Provide delineation of the 
available material in the event the contingency plan to buttress the exterior of the refuse area is needed. 
Describe the availability of equipment to quickly execute the buttressing plan and the approximate time frame to 
complete the necessary buttressing plan. The plan should also discuss the impacts to existing structures that 
may be covered over by the buttressing plan if any (Sediment ditch, groundwater monitoring wells, etc.) 

10. Copies of existing and yet to be obtained approvals from both MSHA and OWR as outlined above. 

11/29/2010 2:03 PM 
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11. In reviewing the original Permit No. 375 and Revision No. 1 to Permit No. 375 applications, the LRD 
required modifications to address adequate protection of groundwater quality and potential impacts to the 
integrity of the impoundment's base material from longwall subsidence. In both instances, the operator 
withdrew the request to longwall mine under the refuse areas and therefore did not address the questions. 
Therefore, the applicant must now answer modification question 13 of the Department's Letter dated May 16, 
2005, and modification question 9 of the Department's letter dated April 3, 2007. Appropriate information to 
address the concerns raised should be provided in this submittal. 

12. The position of the applicant is that the slurry material, once capped, will not possess flow characteristics 
under expected subsidence induced strains and therefore will not result in a release of slurry through 
subsidence cracks in the coarse refuse ring. A specific engineering certification summarizing this conclusion 
and sealed by those who arrived at this decision should accompany the submittal in order to assist the 
Department to find that the action will comply with 1817.121(d). 

The specific regulation we need to assure compliance with is 62 Ill. Adm. Code 1817.121(d). This regulation 
which is unique to the SMCRA state and federal regulatory programs specifically requires that the subsidence 
control plan demonstrate that material damage will not occur to impoundments larger than 20 acre foot. It 
allows for the regulatory program to limit the percentage of coal extracted under such features in order to 
minimize the potential for material damage. This is the threshold we need to arrive at to allow longwall 
subsidence of the impoundments. 

PREVIOUS EMAILS: 

(As a corrective note, I had a typo in the email below in the first paragraph under the heading Condition J. My 
response mis-stated it as condition K.) 

April 12 2010 Email from LRD, Dan Barkley: 

Claudio: I discussed your email with both Tim and Scott. I have summarized our position after each of your 
points. If you have any issues with our position or the process to gain approval from this agency, please let us 
know so we can all stay on the same page to avoid problems. 

Also, Operator Memorandum 2007-1 requires copies of requests involving refuse disposal to also be sent to 
!EPA. When you send in the request for longwall mining under the refuse impoundment as outlined below, 
please make sure IEPA receives their copies as well. 

From: Claudio Yon [mailto:cyon@aci-wv.com] 
Sent: Wednesday, April 07, 2010 1:19 PM 
To: Barkley, Dan 
Cc: Devardo, Tim; Diedrichsen, Mike; Fowler, Scott; Jim Slapak; Harold Owens 
Subject: Re: MSHA submittal 

I appologize that it has taken so long to respond to this email. 

11/29/2010 2:03 PM 
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Condition J 

Harold Owens has attempted to correspond with MSHA at the Vincennes District Office since the receipt of 
this email and was only recently successful. Apparently this office currently has staffing issues which has 
created a backlog. We believe this facility will be approved as submitted to Tech Support with no further 
changes to the documents submitted to your office and the OWR. We will continue to pursue the approval 
document. 

Condition K is specific and limited to impoundment construction. not subsidence. Harold has just 
sent a District 8 approval via email attachment for Phases 3 thouQh 6 dated December 8, 2009. For the 
purpose of condition K. this demonstrates MSHA approval of construction of phases 3 throuah 6. 
This leaves Phase 7 as the only outstanding approval from MSHA for the purposes of impoundment 

construction and condition K. 

We jointly submitted the application for Phases 3 through 7 to your Office and the OWR. To the best of my 
knowledge no correspondence has been received from the OWR since that time. 

I am not sure of the status of their review of Phases 3 throuah 7 for either construction or 
subsidence. 

Condition K 

Since the LRD is in possession of all engineering documents submitted to MSHA, I assume that the only 
additional information you will need is a response to comments generated by the OWR. I assume we could 
submit this to the LRD as an I PR? 

To clarify our position, all copies provided to date were to keep the LRD abreast of vour pursuit of 
MSHA approval and informational onlv. We have not treated these multiple submittals as an official 
request to remove condition Kand subside the refuse areas. When OWR and LRD determine what if 
anv additional testinq or analysis is needed to satisfy our collective aqency above and beyond what 
MSHA required and approved, we will communicate these additional needs to you. At that time, we 
believe the cleanest way to handle this is for a re-submittal of all information includina any additional 
information as determined bv OWR and LRD with a cover letter asking LRD to consider lifting the 
prohibition of Condition K. We will then officiallv review and make a decision based on this stand 
alone complete package and OWR's ultimate comfort level as well. If it helps vou to retrieve what we 
now have in our possession (LRD). we can return the binders for your use in preparina the submittal 
to our LRD office. 

Water resources mav already be reviewina the information provided to them in an official capacity for 
both construction and subsidence of Phases 3 throuah 7. We should both (you and I) qet on the same 

11/29/20 IO 2:03 PM 
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paae with OWR's process. If it is clear to OWR that the submittal also attempts to address the 
subsidence of Phase 2, then good. Phase 2 has the complicating factor of being affected by not only 
Panel 3. but also panel 4. I don't recall if the phase 3 throuah 7 analysis prepared for MSHA looked at 
phase 2 and the impact of both panel 3 and 4 combined. This is something I am sure OWR and LRD 
will need to take a close look at and may be where additional information will be necessary beyond 
what has already been provided to MSHA. 

Keep in mind that at the meeting, it was discussed that while drilling piezometers. additional field 
testing of refuse flowability would be a good idea. This type of field testing at depth should be 
discussed with Paul Mauer of OWR before drillina so that appropriate testing he may need is 
completed. 

We have submitted a response to comments to MSHA for Phase 7. A copy of the response was also 
submitted to OWR and LRD. If we recieve further comments, responses and the final approval will be 
forwarded to the OWR and LRD. 

That will again help us stay informed. Ultimately, we need the MSHA District 8 written approval for 
phase 7 as just provided for phases 3 through 6. We also need a specific stand alone request to 
remove Condition K as stated above. 

Although not specifically stated in the MSHA memo from Tech Support, we believe that Phase 2 is also 
included. The plan submitted shows the longwall mining beneath Phase 2. We have, in our response to 
comments for Phase 7, requested that MSHA specifically reference that approval is granted for Phase 2. 

We will need to receive MSHA's District 8 written approval for subsidence of Phase 2 once this is 
resolved. 

I appreciate all of your assitance in this matter. If you have any other questions, please call or email me. 

Thanks. 

On Mon, Mar 29, 2010 at 4:53 PM, Barkley, Dan <Dan.Barkley@illinois.gov> wrote: 

Claudio: 

As you know, this process has been a complicated one with several agencies involved. Therefore, I am 
summarizing what I believe to be the current status of the permitting of construction and subsidence of refuse 
impoundments at Pond Creek as we sit today. 

Condition J. (375 Revision No. 2) 

This is specific to construction only. Condition J to Revision 2 requires submittal of documentation of both 
MSHA and Office of Water Resources approvals. Thus far, no documentation of approval from either agency 
authorizing construction of phased 3 through 7 has been provided to OMM, LRD. 

11/29/2010 2:03 PM 
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The MSHA document you provided from Stan Michalek and the accompanying report by Paul Donahue is a 

technical review of Phases 3 through 7 construction and subsidence. This report is simply a recommendation 

made by Pittsburgh MSHA to the District 8 MSHA office. It is our understanding that the MSHA Tech Support 

group in Pittsburgh does not issue approvals, but only makes recommendations back to the District Offices and 

only when asked for assistance by the District Manager. To our knowledge, District 8 has not acted on 

approving or denying any part of construction of Phases 3 through 7. 

To comply with condition J, we still need specific written authorization for construction of phases 3 through 7 by 

the MSHA District 8 office, and specific written approval for construction by the DNR Office of Water 

Resources. 

Condition K. 

This prohibits subsidence of Refuse facility No. 1 (Phases 2) or any part of Refuse Facility 2 (Phases 3 

through 7) that is acting as an impounding structure at the time of subsidence. We still regard Phase 2 (the 

first cell) as an impounding structure even after capping until proven otherwise. 

We regard the approval for subsidence of the refuse impounding structures as a separate action from 

construction. Construction is already approved by LRD in issuance of Revision No. 2 with the only outstanding 

construction issue being compliance with condition J as outlined above. 

The ability to subside the structure has not been granted by the Land Reclamation Division based on Condition 

K. To receive approval to subside the impoundments from the LRD, a separate request with technical 

justification will be necessary. 

We realize you are working with MSHA to get this approval at the same time as seeking approval for 

construction of phases 3 through 7. We acknowledge that MSHA approval of subsidence is one component of 

getting us comfortable with the subsidence. We realize that there has been some back and forth technical 

exchange with MSHA to date seeking written approval from MSHA. You have copied us on most if not all of 

this information to keep us informed. However, we believe the LRD has no official pending submittal 

requesting subsidence of the slurry impoundments. 

Ultimately, we will need a separate stand alone submittal requesting subsidence of Phases 2 through 7. This 

submittal should incorporate whatever analysis and justification is deemed necessary by us and the Office of 

Water Resources assuring subsidence will not jeopardize public safety or the environment. Obviously, much of 

the effort you have made to satisfy MSHA will help meet this goal but additional information, testing and 

analysis may be necessary. We will work closely with the OWR so that it is clear to the company what needs 

to be done to achieve both our approvals. 

Finally, we point out that to the best of our knowledge, the subsidence of Phase 2 was not addressed by the 

MSHA Pittsburgh Support groups recommendation. Mr. Donahue did not consider this in his analysis as it was 

not part of the request made by District 8. Therefore, you should determine if you need specific approval from 

MSHA District 8 regarding subsidence of Phase 2. It would appear that getting Phase 3 through 7 approved 

by MSHA would be a wasted exercised if MSHA prohibits subsiding Phase 2. 

If you see anything inaccurate above, please let us know. 

And to answer your initial question, I don't see any need to copy anyone else. If it is a large submittal, we will 

make sure Tim Devardo see this submittal to keep him informed as well. If not , feel free to give Tim a copy in 

Benton as well. 

Dan Barkley; P.E. 

Mining Engineer, Land Reclamation Division 

217-785-5197 

From: Claudio Yon [mailto:cyon@aci-wv.com] 

Sent: Friday, Mc1rch 26, 201 O 7:06 AM 

11/29/20 IO 2:03 PM 
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Alliance LI 
Consulting, Inc. 

Engineers · Constructors · Scientists 

Mr. Ron Morse 
ILLINOIS ENVIRONMENTAL 
PROTECTION AGENCY 
23 09 West Main Street, Suite 116 
Marion, IL 62959 

November 23, 2010 

Transmittal 
Additional Information 

Williamson Energy. LLC 
Pond Creek No. 1 Mine 
Permit No. IL0077666 

Williamson Countv. Illinois 

Dear Mr. Crislip: 

Project No. B 10-148-1413 

On behalf of our client, Williamson Energy, LLC, please find enclosed two (2) sets (Volumes 1 
through 7) of the coal refuse facility design for Stage 3 through Stage 7 for the Pond Creek No. I 
Mine. This information was requested by the Illinois Depai-tment of Natural Resources, Land 
Reclamation Division. Volumes 2 through 7 contain the plan approved for Stages 3 through 7 
and includes longwall mining beneath the refuse facility approved by MSHA. Volume 1 is 
additional information requested by Dan Barkley after the plan was approved by MSHA. This 
submittal (Volumes 2 through 7) are identical to the infonnation originally submitted to your 
office as Revision No. 2 to Permit No. 375 with the exception of the additional information 
requested by MSHA. 

One (I) copy of the information was sent to Mr. Larry Crislip at the Illinois Enviromnental 
Protection Agency office in Marion. 

If you have any questions, or require additional information, please contact us. 

Respectfully submitted, 

CONSULTING, INC. 

a,dio E. Yo~~ 
Senior Project Manager 

CEY:wmb 
Enclosures 

cc: Mr. Lany Crislip. !EPA w/enclosures 
FILE: 10148-03 

124 Philpott Lane • Raleigh County Airport Industrial Park • Beaver, WV 25813-9502 • TELE: (304) 255-0491 • FAX: (304) 255-4:232 
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AllianceO 
Consulting, Inc. 

Engineers · Constructors · Scientists 

Mr. Larry Crislip 
ILLINOIS ENVIRONMENT AL 
PROTECTION AGENCY 
2309 West Main Street, Suite 116 
Marion, IL 62959 

Dear Mr. Crislip: 

November 23, 2010 

Transmittal 
Additional Information 

Williamson Enerny. LLC 
Pond Creek No. 1 Mine 
Permit No. IL0077666 

Williamson Countv. Illinois 

Project No. Bl0-148-1413 

On behalf of our client, Williamson Energy, LLC, please find enclosed one (1) set (Volumes 1 
through 7) of the coal refuse facility design for Stage 3 through Stage 7 for the Pond Creek No. 1 
Mine. This infmmation was requested by the Illinois Depa1iment of Natural Resources, Land 
Reclamation Division. Volumes 2 through 7 contain the plan approved for Stages 3 through 7 
and includes longwall mining beneath the refuse facility approved by MSHA. Volume 1 is 
additional information requested by Dan Barkley after the plan was approved by MSHA. This 
submittal (Volumes 2 through 7) are identical to the infonnation originally submitted to your 
office as Revision No. 2 to Permit No. 375 with the exception of the additional information 
requested by MSHA. 

Two (2) copies of the information was sent to Mr. Ron Morse at the Illinois Envirom11ental 
Protection Agency office in Marion. 

If you have any questions, or require additional information, please contact us. 

Respectfully submitted, 

CEY:wmb 
Enclosures 

CONSULTING, [NC. 

cc: Mr. Ron Morse. !EPA w/enclosures 
FILE: IO 148-02 

124 Philpott Lane • Raleigh County Airport Industrial Park • BeaYer, WV 25813-9502 • TELE: (304) 255-0491 • FAX: (304) 255-4232 
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Response to Comments 
Permit No. 375-Revision No. 2 

Williamson Energy, LLC, Pond Creek Mine 
Williamson County, Illinois 
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APPENDIX A 

WILLIAMSON ENERGY, LLC'S 
REQUEST FOR REMOVAL 

CONDITION "K" 
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Williamson Energy, LLC 
PO Box 99 
Johnston City, IL 62951 
Office: 618-983-3020 Fax: 618-983-3017 

November 23, 2010 

Project No. B05-330-1413 

Mr. Scott Fowler 
ILLINOIS DEPARTMENT OF NATURAL RESOURCES 
Land Reclamation Division 
One Natural Resources Way 
Springfield, IL 62702 

Dear Mr. Fowler: 

Request for Removal 
Condition "K" 

Permit No. 375-Revision No. 2 
Williamson Energy. LLC, Pond Creek Mine 

Williamson County. Illinois 

Based on information contained within a submittal dated 11/23/2010 prepared on our behalf by 
Alliance Consulting, Inc., we are requesting the removal of Condition "K" from Revision No. 2 
to Permit No. 375. Condition K required that the stop point of the longwall mining pond be set 
off the eastern most toe of Refuse Facility No. 2 by the angle of draw. 

If you have any questions, or require additional information, please do not hesitate to contact us. 

Sincerely 

WILLIAMSON ENERGY, LLC 

~ZJ~ 
Anthony Webb 
Authorized Agent 

AW:knb 

F[LE: 05330-92 
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APPENDIXB 

"A CASE STUDY OF UNDERMINING IMPOUNDMENT EMBANKMENTS BY THE 

LONGWALL MINING METHOD" BYD. S. CHOI, G. J. HASENFUS AND P. S. 

CARTER 
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A CASE STUDY OF UNDERMINING IMPOUNDMENT 
EMBANKMENTS BY THE LONGWALLMININGMETHOD 

D. S. Choil; G J. Hasenfus 1; P. S. Carter 2 

1 CONSOL Inc. Research and Development, 4000 Brownsville Road, Library, PA 15129, USA 

2 Consolidation Coal Company, Northern West Virginia Operations State Route 7, U.S. 19, P.O. Box 
100, Osage, WV 26543, USA 

ABSTRACT 

Undermining of impoundment embankments over coal mines has been strictly regulated by state and 
federal agencies since the failure of the Buff11-lo Creek dams in West Virginia in 1972~ This paper will 
discuss the safe and successful undermining of one coal fines refuse impoundment and three freshwater 
supply impoundments and their associated embankments. In cooperation with regulatory authorities, the 
embankments were undermined with both room-and-pillar development and subsequent longwall mining 
methodologies at a single mine in the Northern Appalachian coalfield. The mine overburden thickness 
ranges from 225 to 260 meters and consists of typical upper Pennsylvanian and lower Permian 

. sedimentary deposits. Before the embankments were undermined, the impoundments were drained. After 
· undem:rining was complete and the embankment integrity was verified, the impoundments were refilled. 

All embankment crests were monitored for horizontal displacement and tilt using an automated 
recording system. These measurements were augmented with frequent manual recordings of both vertical 
surface subsidence and borehole inclination as well as water levels within the embankments. 

Copyright © 1997 Elsevier Science Ltd 

KEYWORDS 

Fine Coal Refuse • Longwall Mining • Subsidence • Earth Embankment • Waste Disposal • 
Freshwater Impoundment • Instruments 

INTRODUCTION 

Both public and miner safety as well as environmental considerations are of paramount concern when 
undermining water filled impoundments and/or embankments over coal mines. The construction, 
maintenance, and undermining of impounding structures over coal mines is strictly regulated by both 
federal and state agencies, such as the Mine Safety and Health Administration (MSHA), the Office of 
Surface Mining (OSM), and individual state natural resource agencies. Subsequent to the 1972 failure of 
tl1e Buffalo Creek dams in \:Vest Virginia (Davies 1973), the Federal Code of Regulations 1978 was 
revised to require mine operators to obtain permit approval from MSHA prior to undern1ining impounded 
bodies of water or water impounding structures. In addition, the U.S. Bureau of Mines commissioned 
several studies in the mid-to-late 1970's to address undermining of water bodies by U.S. mines, 

. particularly as it related to miner safety. Two of the original studies, summarized by Babcock, Hooker 
· 1977, defme guidelines for mining in close proximity to surface waters. These guidelines, based 

ISSN 0148-9062 
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primarily on foreign cxpcrimwc, rna<le it <lillfoult to undermine impoundments unless undermining was in 
deep cover or "local observations and/or experience so dictate(d)." Undermining oflarge water 
impounding embankments was not permitted by the guidelines. A subsequent study by Kendorski et al. 
1979, refined the criteria for determining when a surface water body constitutes a mining hazard. More 
recently, the August 1995 failure of the Omai tailings dam in Guyana again focused wide international 
attention on the issue of dam safety (Vick 1996). 

Since the early 1970's CONSOL Inc. has been collecting subsidence data resulting from longwall mining 
(Dahl, Choi 1974). Such studies, as well as observations from 25 years oflongwall mining, have 
improved our understanding of the longwall subsidence process and have allowed for prediction of 
subsidence effects on surface structures. 

In the 1980's tv,o ofCONSOL's mining operations, working with MSHA and state regulatory authorities, 
were permitted to longwall mine under an acidic mine drainage (AMD) impoundment and a coal fines 
impoundment (Born 1986; Perin, Puglia 1988). However, in neither case did the existing impounding 
embankment lie over the longwall (high extraction) panel, although the AMD facility did lie over 
room-and-pillar longwall development. In the case of the AMD treatment impoundment, approval to 
directly undermine the impoundment and undermine adjacent to the overlying embankment had been 
granted by MSHA under the following conditions: 1) water from the impoundment had to be drained 
prior to undermining, and 2) a monitoring program had to be established to measure and observe the 
embankment structure and pool area for a period of 40 days following undermining as well as during and 
after subsequent refilling. The monitoring program established that there were no measurable deleterious 
effects of mining on the embankment or pool area, and refill:ing was allowed. Upon refilling, no leakage 
was observed. 

In the early 1990's, to maximize reserve recovery at one ofCONSOL's northern West Virginia mines, 
mine plans were projected to undermine a fine coal refuse impoundment and three freshwater 
impoundments with a series of five longwall panels and associated room-and-pillar development (Figure 
1). The projected panel widths ranged from 168 to 229 meters and were located at depths ranging from 
225 to 260 meters below the impoundment valley bottoms. The fine coal refuse impoundment and its 
coarse refuse embankment were undermined first by two consecutive longwall panels. Portions of the 
three freshwater impoundments (Nos. 1 through 3) were then undermined by three additional panels. One 
of the embankments (No. 3) was directly undermined by longwalling. Undermining of the refuse 
impoundment began in April 1991. The last of the three freshwater impoundments (No. 1) was 
undermined in August 1996. 

Undermining of all impoundments and associated embankments was achieved in full cooperation with 
MSHA and the West Virginia Division ofEnviromnental Protection. As per past practice, approvals were 
contingent on instituting a detailed monitoring program for each impoundment structure and, in instances 
of embankment undermining by longwalls (coal refuse and No. 3 freshwater impoundments), draining of 
the impoundments prior to preundermining. Extensive monitoring programs were thus established to 
measure embankment stmcture movement and internal water levels, and to detect possible leakage. In 
each case, monitoring was initiated well prior to possible mining influence on the embankment and was 
continued for several months after mining had progressed beyond the embankment and after the 
impoundment had been refilled. 

This paper discusses the successful undennining of all four of the impoundments and associated 
embankments. Due to the abundance of data and monitoring details for each embankment, the discussion 

ISSN 0148-9062 
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of mstrumentation and undermining results will focus moslly on the coal I efw,e impoundmcnt 

embankment. Nevertheless, all impoundments and impoundment embankments were undermined without 

any deleterious effect and are completely functional. 

GEOLOGIC SETTING 

The study mine is located in the Northern Appalachian coal field.of West Virginia. The fine coal refuse 

embankment is situated in a small ephemeral tributary of a perennial stream valley. The freshwater 

impoundment embankments lie within an adjacent perennial valley and its tributaries. These 

impoundment structures were built in 1978 primarily to support preparation plant operation, although 

some of the water is used for mining operations. 

The impoundment embankments were all constructed transverse to valleys, from hillslope to opposing 

hillslope. The stratigraphy in which they were constructed is of the Dunkard series of the Pennsylvania 

system. Typical strata of the Dunkard series in this area consists mostly of various shales and sandstones, 

the thicknesses of which vary within short horizontal distances. In addition, several bony coal seams are 

present in the hillsides. 

Four major coal seams are present below the surface. In descending order, they are: the Waynesburg 

seam, 1.1 meters thick; the Sewickley seam, 1.8 meters thick; the Redstone seam, 0.9 meter thick; and 

the Pittsburgh seam, 2.4 meters thick. At present, the Pittsburgh seam is the only seam being mined in 

this area. None of the other overlying seams below the impoundments had been mined. The interburdens 

between the coal seams are 83, 20, and 8 meters, respectively, and consist of shales, sandstones, and 

limestones. The Pittsburgh seam lies at an average depth of 226 meters below the fine coal refuse 

c· emba11kment and approximately 244 meters below the freshwater impoundment embankments. 

No major geologic anomalies are present near the embankment sites. The Pittsburgh seam dips very 

gently with less than a 2% grade to the northwest. TI1e surface soil is classified as a clay loam. The soil is 

residual in nature, derived from weathering of shales and sandstones. The 1. 58-to 3 .15-centimeter thick 

surface soil is immediately underlain by a subsoil of silty loam or silty-clay loam which changes to clay 

with a variable amount of rock fragments. The underlying bedrock consists of interbedded sandstones, 

shales, and c\aystones. 

l\1INE DEVELOPlVIENT AND LONG\VALL EXTRACTION 

The longwall panels in the two mine blocks underlying the impoundments were all developed using 

four-entry gateroad systems (Figure 1). Most entries were driven on 33.5-meter centers, with the crosscut 

centers of the two pillars closest to the tailgate being 54.9 meters and those of the headgate-side pillars 

being 27.4 meters. Entries were mined 4.88 meters wide by 2.14 meters high. The resulting pillar 

dimensions were 28.7 by 50.0 meters and 28. 7 by 22.6 meters. To separate the panels from preexisting 

parallel mains development, two barrier pillars, one on each side with widths ranging from 15.2 to 70.1 

meters, were left adjacent to the mains, which resulted in a reduction in pillar sizes for the adjacent 

tailgate developments for the two panels to the north and south of the mains. Both panel blocks were 

mined progressively toward the mains (northern block to the south, southern block to the north) and 

panels in both blocks were extracted from west to east (Figure 1 ). 

Panel lengths for the northern block of panels were all 1990 meters. The south em block panels varied in 

length; the panel undermining the No. 1 freshwater impoundment was 1740 meters long. All 

.mpoundments were located at least 365 meters from the panel ends, thus eliminating end-panel support 
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influence for all impow1dments and associated embankments. The two panels underlying the refuse 

•( impoundment were 195 and 218 meters wide, respectively. The two southernmost panels ofthe northern 

block, which underlay the No. 3 and No. 2 embankments, were 226 and 159 meters wide, respectively. 

The southern block panel, Wlderlying the No. 1 freshwater impoW1dment, was 226 meters wide. 

EMBANKMENT DESIGN 

The fine coal refuse impoundment was designed to last for the life of the mine. Its embankment was built 

in multiple stages to permit the controlled placement of coal refuse, and reached a height of 61 meters by 

the time of undermining and monitoring (Figure 2). 

The frrst stage dam was constructed of clay borrowed from adjacent pits, and included a cutoff trench. 

The downstream portion of the second stage was constructed of compacted, coarse coal mine refuse, 

while the upstream portion consisted of an impervious zone of cohesive soil extending upward from the 

impervious zone of the first stage structure. Successive stages used the same method as the second stage, 

except that the thickness of the impervious zone was reduced. Proper internal filter drains were 

constructed immediately downstream of the impervious zone to collect and control the flow of any 

impoundment seepage. The drains were also designed to minimize the flow of water through the coal 

refuse portion of the embankment to reduce the potential for acidic drainage. 

Although the three freshwater impoundment embankments had slightly varying sizes, they were all 

nearly identical in design, using a homogeneous earthen fill and equivalent 2: 1 upstream and downstream 

slopes (Figure 3). A cutoff trench, about 4.9 meters,high and 6.1 meters wide (at the top) was included. A 

rock drainage blanket (filter drain) and toe drain were constructed to drain water from the downstream 

side of the embankment. TI1e rock blanket was 0.9 meter thick, including 0.3 meter of graded filter and 

0.6 meter of rock fill. To reduce any wave erosion, 0.2 meter of stone riprap was placed on the upstream 

slope. TI1e freshwater embankments were all constructed to a maximum height of about 16 meters. 

TI1e outlet works for the freshwater embankments consisted of a freshwater intake tower with an arched 

pipe culvert beneath the embankment. Each embankment also included an earth spillway, with a 

7.6-meter wide, 2:1 side slope, concrete weir at the crest. The freshwater impoundments had storage 

capacities ranging from 0.17 to 0.24 million cubic meters. 

The original clay and coarse coal refuse used for embankment construction were tested in the laboratory 

for geomechanical properties prior to construction. The original ground clay shear strength 

characteristics included a 31 ° friction angle and a 20.1 kPa cohesion, while the compacted embankment 

clay had a 26° friction angle and a 21.6 kPa cohesion. The compacted coarse coal refuse had a 37° 

friction angle and a 23.9 kPa cohesion. Using these shear strength parameters, all of the embankments 

were designed with minimum downslope safety factors of 1.6 for static loading and 1.4 for earthquake 

loading. 

REFUSE El\1BANKMENT INSTRUJ\1ENTATION 

Descriptions of the instrW11entation used by others to monitor the integrity of impoundment 

embankments can be found in the literature (Green, Roberts 1982; Lytle 1984). The instmments 

employed for this project, and particularly for the fme coal impoW1dment embankment, were selected 

and/or designed primarily for their practical use in accurately measure mining subsidence. Continuous 

monitoring of subsidence-related displacements was also desirable. The final layout for the refuse 

embankment instrumentation is shown in Figure 4. Along an upstream slope bench, several meters below 
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_ the crest and within the clay liner, a 427-meter long subsidence survey line was established with stations 

on 15.2-meter intervals to measure vertical displacement, relative horizontal movement (strain), and tilt. 

The horizontal strain was measured across the impoundment (parallel to the crest), to detect any tensile 

zones, which may be indicative of cracks (failure planes) extending through the impoundment from the 

upstream to downstream slopes. The survey line ei,.iended 61 meters beyond the embankment onto both 

abutting hillsides. In addition to the survey line, four inclinometer holes were installed to mon:itor 

internal relative displacements of the embankment ai.1d locate possible shear zones that might indicate 

imminent slope failure. Three inclinometers were located along the upper crest of the embankment and 

one on the first downstream slope bench. Finally, four piezometers, each ei,.iending to the embankment 

base were installed along the four downstream slope benches to monitor the water level within the 

embankment. 

Along the survey line, vertical displacements were monitored manually with level surveys at various time 

increments that decreased as undermining drew closer, and ranged benveen once per week and once per 

month. The ei,.'tensometer and tilt monitoring instruments were mounted on the same station pedestals. 

Extensometer and tilt readings were measured both automatically and manually. Manual recording dates 

were coordinated to coincide with the vertical subsidence surveys previously mentioned The automated 

system recorded data on 4-hour intervals. · ' 

The automated subsidence monitoring system was developed at CONSOL. The extensometer 

measurement portion of the system consisted of a cable, chain, and sprocket arrangement with a 

counterweight as shown in Figure 5. The sprocket rotation was sensed by a current angular transducer. 

Given the operational conditions at the site (temperature, humidity, and hardware), the resolution of the 

ei,.iensometer data was approximately 0.25 millimeters (16.7 microstrain). A precision tape extensometer 

was used periodically as a manual calibration check for the automated ei,.'tensometer system. 

Tilt measurements were automatically recorded parallel to the survey line with single component angular 

transducers at each station. The data were checked against periodic manual measurements of slope 

changes parallel and transverse to the subsidence survey line. One use of the tiltrneter data was to 

estimate vertical subsidence between manual level survey dates. In addition, it indicated if the individnal 

measuring stations were physically disturbed. Since the slope change data are of limited value in the 

evaluation of the stability of these embankments, the data are not included in this paper. 

111e holes for the inclinometer and piezometer instrumentation were drilled with a track-mounted auger 

drill. 111e inclinometer holes were completed to bedrock or until the auger could not penetrate any 

further, and the piezometer holes were drilled to within several meters of the drainage blankets. The 

inclinometer holes were cased with internally grooved plastic pipe. TI1e piezometer holes were cased 

with perforated pipe to full depth. The annulus between the respective holes and both types of casing was 

filled with sand so that lateral movement and phreatic surface fluctuation could be detected. 

MEASUREMENT RESULTS AND DISCUSSION 

The large refuse impoundment and embankment straddled two longwall panels: a 195-meter wide panel, 

which first undernnned the northern end of both the impoundment and embankment; and a 218-meter 

wide panel, which subsequently undermined the southern ei,.ient of the impoundment and embankment 

(Figure 1). A four-entry, 100.5-meter wide gateroad system, consisting of28.7-by 50.0-meter and 

28.7-by 22.6-meter pillars was positioned directly under the center ofthe embankment. Undermining of 

'he upstream end of the impoundment by the 195-meter wide panel commenced in April 1991. The 
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northern end of the embank.men[ was subsey:ueully urnlenn.im:d du1iug Jw1e aud July 1991. 111e second 
panel progressed under the southern end of the embankment during December 1991. Prior to 
undernrin.ing of the embankment, the coal slurry (water) from the refuse impoundment was drained into a 
surplus slurry impoundment. A small amount of precipitation runoff water was still present after 
impoundment draining, but the beachhead remained about 300 meters from the upstream embankment 
slope. The irnpoundment remained drained during monitoring, which concluded in January 1992. 

Fignre 6 shows the vertical component of ground subsidence relative to the survey line stations depicted 
in Figure 4. The maximum measured vertical subsidence values were 1.13 meters measured at Station 23 
for the narrower panel and 1.16 meters measured at Station 2 for the wider panel. The largest vertical 
subsidence above the gateroad abutment pillars was about 0.15 meter. With extraction heights of about 
2.38 meters for both panels, the maximum subsidence factors were 47.5% and 48.7%, respectively. Even 
given the subcritical nature of both e2,.1.raction widths (the panel width to overburden depth ratios at the 
embankment base elevations were approximately 0.88 and 0.98, respectively), these vertical 
displacements were still slightly less than those typically expected for a flat horizon with similar panel 
geometry, depth, and extraction height. 

Ground strain was determined from both automated and manual measurements of relative movement 
( extension or contraction) along a line approximately parallel to the ground surface between the survey 
line stat.ions. For the stations located on the embankment, the ground slope was approximately zero, and 
thus, the corresponding strain measurements were horizontal. To illustrate the sensitivity and capability 
of the automated monitoring system, the time dependent development of relative displacement between 
Stations 4 and 5 is depicted in Figure 7. Note that decelerating rates coincident with pauses in face 

(
. advance are readily discemable. Manual extensometer measurements are included to show the relative 

accuracy of the automated system. 

111e maximum relative ground movement measured during the refuse embankment monitoring program 
was recorded between Stations 4 and 5 on the southern edge of the embankment directly adjacent to the 
abutting hillside and approximately 60 meters inside tl1e 218-meter wide panel. However, as shown in 
Fignre 7, the maxinmm 29.0-centimeter relative displacement was contraction, not the expansion 
typically predicted under such conditions. In addition, the corresponding 19 mm/m compressive strain 
was considerably higher than that typically anticipated for a horizontal surface under similar conditions. 
Conversely, the maximum horizontal tensile strain across the embankment was only 3 mm/m 
(5.1-centimeter expansion), which was significantly lower than tensile strains typically anticipated for a 
horizontal surface under similar conditions. A detailed analysis of the data suggests that the higher 
vertical component of ground displacement in the uphill slope direction, coupled with a slight downward 
slope movement, was probably responsible for the higher than anticipated embankment compressive 
strains, and both the lower than anticipated tensile strains and vertical subsidence values. In essence, the 
side slopes served to compress and confine the embaukment. 

Fignre 8 shows the developing and final ground strain profiles across the entire embankment and the 
adjacent abutting hillsides that resulted from the 218-meter wide longwall face advancing under the 
embankment. This profile demonstrates that tensile ground strains occurred primarily over tl1e panel 
gateroads and progressed to no more than 50 meters inside the panel-edge projection. With the exception 
of that measured between Stations 7 and 8, tl1e tensile strain across the entire embankment was less than 
2 mm/m. After mining was complete, no visible cracks were apparent anywhere on the embankment, 

I·· including tl1e soil liner, Given tl1e relatively low cohesions and high deformabilities of the coarse refuse 
\._ __ md compacted clay soil used for embankment construction, postmining embankment integrity was 
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expected. 

In addition to the embankment surface, internal stability of the refuse embankment was demonstrated 
through inclinometer and piezometer monitoring. Throughout the refuse impoundment monitoring 
program, none of the four inclinometers detected any sign of shear plane development within the 
embankment. As exemplified by the No. 2 inclinometer data shown in Figure 9, all computed 
inclinometer displacement profiles (referenced from. the bottom of hole) were smooth and void of offsets, 
with the exception of artificially induced movement in the near-surface casing due to excessive hole 
tolerance. Among the four inclinometers, No. 2, located slightly inside the 218-meter wide panel edge, 
was the only one to show significant movement during mining of either panel. It first moved toward the 
direction of the first panel as it was mined. Then as the second panel was mined it reversed direction, 
moving toward the second panel centerline. However, despite this direction reversal, no abrupt 
inclinometer movements were observed. 

Water levels in the six piezometers installed within the coarse refuse embankment substantiated 
postmining embankment stability. During the entire undermining period, the water levels within all six 
wells remained stable, which indicated that no mining-induced, water-filled fractures developed within 
the embankment. In fact, seepage measurements near the downstream embankment toe indicated that the 
overall seepage outflow declined slightly during undermining. This observation is consistent with the 
slope-induced compressive confinement mentioned previously. 

After the undermining of the refuse embankment was completed, monitoring was continued in order to 
validate post-undermining stability. After more than 12 months of monitoring, no additional ground 
movements had occurred beyond those attributed to· measurement error, and thus, pe1mission was granted 
to reactivate the embankment. 

Although not presented here in detail, monitoring of the freshwater impoundment embankments using 
instrumentation equivalent to that installed on the refuse embankment provided very similar results 
despite differences in geometries and orientations. This confirmed the postmining stabilities of all three 
freshwater embankments. As an example, the crest of the No. 3 freshwater embankment was subjected to 
only 0.30 to 0.37 meter vertical subsidence, due to its relatively close proximity (less than 60 meters) to 
tl1e panel edge. Unlike the refuse embankment, the freshwater embankment crest was oriented nearly 
parallel to the direction of mining. Examples of relative horizontal displacement data, collected by the 
continuous recording system and plotted as a function ohime, are shown in Figure 10. The relative 
locations of the measuring stations are shown in Figure 11. The data show that several different temporal 
responses occurred as the face advanced under the embankment. As the traveling subsidence wave 
passed under the embankment, the zone between Stations 4 and 5 first expanded (tension), after which it 
rapidly contracted and remained in a state of slight compression (1.0 mm/m) after mining influence 
concluded. This response was similar to most movements measured on the No. 3 freshwater embankment 
crest. Conversely, the zone between Stations 13 and 14 (located on the abutting hillside) first contracted 
( compression), then slowly expanded, concluding in a state of slight tension (less than 0.5 mm/m). On 
the other hand, the zone between Stations 10 and 11 (located across the embankment/hillside abutment) 
contracted innnediately and remained in compression, altl1ough a slight decrease from peak compression 
was observed at the conclusion of undermining. TI1is zone recorded the highest peak and permanent 
compressional strains of approximately 1.8 and 1.3 mm/m, respectively. 1n summary, at the conclusion of 
undermining, the entire crest of the No. 3 freshwater embankment was in a state of compression in the 
direction of the crest, probably as a result of the slope effect previously mentioned. With a mining rate of 
cbout 60 feet per day, the traveling horizontal strain profiles passed in less than 2 weeks. 
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CONCLUSIONS 

This case study shows that under certain site-specific conditions, coal mine impoundment embankments 
can be safely and effectively undermined by the longwall method without any deleterious effects. The 
four large impoundments and embankments described in this study were successfully undermined in 226-
to 244-meter cover depths, requiring no remedial wqrk. Under the given site conditions, impoundment 
undermining created no problems and required no additional monitoring action beyond that required for 
MSHA permit approval. For this case study, embankments in close proximity to mining were monitored 
to verify embankment stability and water retention. Embankments that were directly undermined were 
first drained. 

TI1e monitoring instrumentation and associated observations showed that, regardless of orientation, the 
two longwall-undermined embankments, as well as the two embankments adjacent to undermining, were 
subject to higher horizontal compressive strains than tensile strains. The maximum recorded tensile strain 
was approximately 3 mm/m, and the maximum recorded compressive strain was 19 mm/m. This 
post-undermining compressive state likely resulted from abutting slope movements, which served to 

· confine the transversely constructed valley-b9ttom embankments, and compress them upon undermining. 
Instrument data and visual observations suggest that this effect helped to reduce the potential formation 
of cracks along the embankment. The ability to undermine these structures without consequence was also 
a result of proper embankment construction design and the deformable characteristics of the compacted 
earthen fill and coarse refuse construction material. 

TI1e automated, continuous monitoring system was a valuable tool for efficiently and accurately verifying 
embankment stability. It provided a continuous picture of mining-induced ground and embankment 
movements that made initiation and completion of such movements readily discernable. The steady 
development of smooth strain profiles until ground stabilization was completed provided assurance that 
the embankments were stable throughout the undermining process. 
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Figure 1. Plan view of case study impoundments, embankments, and mine development 
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Figure 2. Cross section of coarse refuse embankment for coal fines impoundment 
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Figure 3. Typical cross section of freshwater impoundment embankments 
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Figure 5. Eictensometer sprocket assembly for automated monitoring 
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Figure 6. Incremental time, vertical subsidence profiles for coarse refuse embankment 
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Figure 8, Incremental time, horizontal strain profiles for coarse refuse embankment 
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Figure 9. Incremental time, inclinometer response parallel to the coarse refuse embankment crest 
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Mr. Claudio Yon, P.E. 
Alliance Consulting, Inc. 
124 Philpott Lane 
Raleigh County Airport Industrial Park 
Beaver, West Virginia 25813-9502 

Letter Report 
Response to October 6, 201 O IDNR Comment Nos. 5 and 7 

lj gai consultants 
transforming ideas Into realltyq;, 

Pond Creek Mine No. 1 Coal Refuse Disposal Facility No.2 - Phases 2 and 3 
Williamson Energy, LLC 
Williamson County, Illinois 

Dear Mr. Yon: 

As requested, GAi Consultants, Inc. (GAi} has prepared comment responses for the Illinois 
Department of Natural Resources (IDNR) email correspondence, particularly Comment Nos. 5 
and 7 dated October 6, 2010, which was a follow-up to the September 30, 2010 meeting. In 
general, this comment response assesses the results of site-specific mixed fine coal refuse 
testing, evaluates the potential for subsidence-induced flow of the Phases 2 and 3 fine coal 
refuse impoundment, and compares the results to a study performed by GAi and approved by 
the Mine Safety and Health Administration (MSHA) addressing similar issues of post
subsidence impacts at the Williamson Energy, LLC (Williamson), Pond Creek Coal Refuse 
Disposal Facility No. 2 (Pond Creek). The following comments were provided by IDNR, which 
are addressed herein: 

5. Incorporate the fine refuse and push out pad drilling and testing and provide a 
discussion of how the testing results substantiate the material will not be released 
through subsidence induced fracturing; and 

7. Based on all data and modeling conducted to date, provide a clear discussion, analysis 
and conclusion that the laboratory data, field data and modeling demonstrate that flow 
will not propagate through and/or outside the coarse refuse impounding structure in a 
worst case scenario. 

GAi performed engineering analyses and prepared this comment response, which supplements 
the April 7, 2009 MSHA comment response, which was approved by MSHA on November 12, 
2009. The MSHA comments and responses are presented in Appendix A in their entirety for 
information and the analyses/results are summarized below. Although an evaluation of Phase 2 
was not required for the MSHA submittal, GAi notes that the geometry of the Phase 2 and 
Phase 3 embankments and impoundments are essentially the same, the Phase 2 and 3 testing 
results were similar, and thus the Phase 3 results/conclusions are considered applicable to 
Phase 2. 

Pittsburgh Offire 385 E'ast Watarfront Drive Homestead, PA 15120-5005 T 412.476.2000 F 412.476.2020 www.gaiconsultants.com 
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SUMMARY OF THE 2009 - 2010 SUBSIDENCE-INDUCED ENGINEERING ANALYSES 

Subsidence-related engineering analyses were performed by GAi for the Pond Creek Phase 3 
embankment and impoundment, which included characterizing materials and engineering 
properties, evaluating whether the materials are susceptible to a loss of strength due to 
subsidence strains, performing post-subsidence slope stability analyses to estimate factors of 
safety against subsidence and cracking, and providing recommendations for monitoring and a 
contingency plan for mitigation of potential adverse subsidence strains. The analyses 
summarized below were submitted and approved by MSHA as noted in the attached November 
12, 2009 approval letter. 

Additional field and laboratory testing was performed in July and August 2010 following initial 
FCR mitigation efforts, which included mixing CCR (and in the future cement) with the FCR in 
the Phase 2 and 3 impoundments. Field and laboratory testing results are evaluated relative to 
the previously approved subsidence analyses to assess the benefit and/or potential impact of 
the ongoing/proposed FCR mitigation. 

In general, subsidence is considered a rapid loading, or undrained loading event generating 
excess pore pressure in the saturated FCR materials and inducing horizontal surface strain in 
the CCR embankment. Therefore, a subsidence event is not unlike that of an earthquake, and 
thus the procedure used to evaluate subsidence induced impacts on the Phases 2 and 3 
impoundments is similar to that used to evaluate the susceptibility of an impoundment to a 
liquefaction 'flow' type failure. 

The following analysis objectives were identified and performed: 

1. Assess the liquefaction susceptibility and stability of the impoundment due to 
deformations from subsidence induced shear strains. 

2. Assess the potential for development of large transverse cracks in the CCR 
embankment or foundation materials capable of releasing flowable FCR. 

3. Determine if liquefaction of the FCR would occur due to subsidence induced strain in 
conjunction with transverse cracking, possibly resulting in flow into and/or erosion of 
cracks in CCR. 

Our analyses included: 

• Characterizing the CCR, FCR and residual soil and assessing the consistency of the 
materials relative to potential strength loss, i.e., loose sands or soft clays, which can only 
occur in materials that are loose and saturated; 

• Evaluating if the subsidence event, i.e., strain due to subsidence will trigger a loss of 
strength from the peak to the steady state undrained shear strength; 

• Evaluating the overall stability of the impoundment and embankment using post
subsidence strengths to estimate factors of safety against liquefaction and cracking; and 

• Providing an action plan for monitoring and/or remediation in the wake of the actual 
subsidence. · 

gai consultants 
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The following inputs and data are summarized: 

• Horizontal strains were estimated (by others) at about 3 percent from subsidence 
models and field observations; 

Page 3 

• Site specific field and laboratory testing of CCR, FCR and residual soil was performed 
including PSCPT in CCR and residual soil, and index and CU triaxial testing in CCR, 
FCR and residual soil; and 

• Engineering properties including appropriate drained and undrained shear strength for 
use in liquefaction and cracking stability analyses. 

The results of liquefaction flow and embankment cracking engineering analyses indicated the 
following: 

• In general, the compacted CCR embankment is well graded, cotiesionless and 
characterized as dense sand-like material. Laboratory testing indicated an approximate 
33. 7 degree drained friction angle, and a 14 percent strain to peak due mainly to the clay 
shale derived materials within the refuse. CCR behaves dilatant during undrained 
loading and its drained strength controls in the evaluation of liquefaction stability. 

• Cracking potential was evaluated based on a derived tensile strength of 425 pounds per 
square foot (psf) from consolidated-undrained (CU) testing of CCR and a corresponding 
factor of safety (FS) against cracking was estimated at 1.1. Alternatively and noted by 
MSHA in their review, a minimum friction angle of 19 degrees, which is less than the 
angle of repose of loose CCR, yielded a FS of 1.3. Therefore, slope failure of the CCR 
embankment from subsidence induced shear is unlikely. 

• CCR and foundation cracking susceptibility following subsidence-induced strain was also 
performed based on material properties and literature correlations, and it was 
determined that although cracking is unlikely, it cannot be precluded. 

• A key factor for the purpose of subsidence-induced stability analyses is the strain at 
peak undrained strength (Sup) and the abruptness of the drop-off in shearing resistance 
as strains increase beyond the strain at peak. Loose sands and highly sensitive clays 
can reach Sup at small strains, and experience abrupt drop-off in resistance at higher 
strains. Most silt and clay tend to reach Sup at higher strains, and experience more 
gradual and limited drop-off in shearing resistance at higher strains, as is the case for 
the Phase 2 and 3 FCR and mixed CCR/FCR. 

• FCR was characterized as clay-like based on the percent fines and plasticity index (Pl). 
CCR, FCR and residual soil CU triaxial testing also indicated axial strain to peak 
between 12 and 15 percent. These peak strains are compared to induced strains of 
three percent due to the subsidence event. Thus, peak undrained shear strength 
controls the behavior for these materials during the subsidence event, and used in the 
post-subsidence slope stability analyses. 

• The resulting post-subsidence stability analyses of the impoundment yielded FS against 
liquefaction of 2.2 and 1.3 in the downstream and upstream direction using a zero 
strength for FCR. The actual strength of the FCR and CCR/FCR mix is significantly 
greater than the zero strength assumed in the analyses. GAi notes that the analyses 
assumed that a five-foot thick CCR cap is installed to eliminate any impounding 

gai consultants 
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capability, which has/is being performed as part of the ongoing mitigation plan. This 
analysis also assumed that all of the fines were saturated, and the phreatic levels in the 
impoundment has and will continue to decline. 

SUMMARY OF 2010 FIELD AND LABORATORY TESTING OF MIXED FINE AND COARSE 
COAL REFUSE, AND ENGINEERING ANALYSES 

Additional field testing was performed by Holcomb Foundation Engineering Co., Inc. (Holcomb) 
between July and August, 2010 at the Pond Creek site. Field testing was performed within 
remediation zones of Phases 2 and 3 that have undergone mixing of the FCR with CCR. A total 
of four borings were drilled within each pond from which Standard penetration testing was 
performed and undisturbed samples of the mixed CCR/FCR and FCR materials obtained for 
laboratory testing. The results of the Phase 2 and Phase 3 field and laboratory testing are 
summarized in reports prepared by Holcolm, which are presented in Appendix B. 

At the time of performing the 2010 field testing, the Phase 2 and 3 FCR was not completely 
mixed with the CCR and/or cement materials; however, GAi notes that the data from this recent 
CCR and FCR testing is an indicator of the engineering properties of each of the materials. 

In general, the benefits from the mitigation of the fines by mixing FCR with CCR and/or the 
proposed cement mixing has and will greatly improve the conditions of the FCR from their 
original condition. In conjunction with the data/analyses discussed above that suggest the 
ponds are not susceptible to flow, the additional data from these tests indicates that the mixing 
has: 

• 

• 

Significantly decreased the void ratio of the FCR from an average of about 1.6 to 0.40, 
which correspondingly has decreased the volume of FCR; 

Significantly decreased the moisture content and liquidity index of the FCR, which 
eliminates any potential for increased pore pressure, lateral spreading and liquefaction 
susceptibility; 

• Increased the grain size both on the top and bottom ends (added gravel and decreased 
fines content), which has strengthened a significant volume of FCR. 

• Significantly increased the strength of the mixed material thereby increasing stability and 
further decreasing the sensitivity of the material to strength loss. 

The significant aspects of the 2010 field/laboratory testing results and comparative analyses 
indicate: 

• A significant volume of low strength, high moisture FCR has been replaced by a 
CCR/FCR mix material with an a drained strength of about 36 degrees, as opposed to 
the zero strength assumed in the original analyses, which has eliminated this material 
from consideration as flowable; 

• The existing FCR has a very low sensitivity to strength loss as its peak strength and 
residual strength are essentially the same, i.e., sensitivity (St) = 1, which is characterized 
as insensitive; 

• In conjunction with insensitivity, the strain to peak of the FCR and CCR/FCR mix is equal 
to or greater than 15 percent, as compared to measured/predicted subsidence strains of 
up to three percent; 

tj gai consultants 
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• The CCR mix already placed around the perimeter acts as a filter and eliminates 
potential piping, and any additional mixing will increase the thickness/depth of the filter 
adjacent the embankment; 

PHASE 2 AND 3 SUBSIDENCE-INDUCED ANALYSIS CONCLUSIONS: 

Based on our 2009 and 2010 subsidence-induced liquefaction analyses, the following 
conclusions were noted relative to the potential subsidence impacts on the Phase 2 and 3 
impoundments: 

• Conservatively-derived shear strength parameters were estimated based on the 2010 
field and laboratory testing, and adequate faciors of safety exist relative to the Phase 2 
and 3 overall liquefaction (flow) stability; 

• Although marginal factor of safety exists relative to embankment cracking, the analyses 
were based on very conservative CCR strength parameters. Therefore, significant 
transverse cracking of the embankment due to subsidence strain is unlikely but cannot 
be precluded. Some near-surface cracking was observed due to previous subsidence 
strains; however, the cracking was not deep seated or transverse; 

• The impoundment FCR is not susceptible to a liquefaction flow failure based on the 
clayey characteristics of the material, particularly the strain to peak strength of 12 to 15 
percent relative to the subsidence induced strain of three percent. Therefore, the FCR 
will not flow; 

• MSHA provided a November 12, 2009 letter approving previous subsidence-induced 
analyses, results and conclusions; 

• A pre-mining survey will be performed and instrumentation installed at key locations on 
the embankment and within the pond(s) to monitor key engineering parameters including 
displacement, pore pressure and inclination; and 

• A contingency plan is in place for buttress construction in the event of potential adverse 
conditions during/following subsidence. 

GAi appreciates this opportunity to provide to Alliance specialized subsidence and seismic 
engineering services. Please do not hesitate to contact us if you have any questions 
concerning any of the information presented. 

Respectfully submitted, 
GAi Co · tants, Inc. 

I . 7 
/Bl enes 

Manager of ~eotechnical and Structural 

BEG/jab 
0940301-idnr-ltr-beg(jab d-1 

Attachments 

gai consultants 
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SUMMARY OF POND CREEK PHASES 2 AND 3 FIELD AND LABORATORY TESTING 
PREPARED BY HOLCOMB FOUNDATION ENGINEERING CO., INC. 
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Holcomb Foundation Engineering Co., Inc. 
SOILS • BITUMINOUS • CONCRETE • ENGINEERING AND TESTING 

SHIPPING ADDRESS 
393 Wood Road 
Carbondale, IL 62901 

August 16, 2010 

Williamson Energy LLC 
PO Box 99 
Johnston City, Illinois 62951 

Attention: Mr. Jim Slapak 

MAILING ADDRESS 
PO Box88 

Carbondale, IL 62903 

Re: Soil Borings and Laboratory Testing 
Pond Creek Mine Slurry Cell 
Johnston City, Illinois 
HFE File H-07227 
Purchase Order No. 17678 

Dear Sir: 

PHONE 618-529-5262 
TOLL FREE 800-333-1740 

FAX 618-457-8991 

From July 29 to August 1, 2010, we drilled four soil borings at the above referenced 
project. Two of the borings were advanced with continuous split barrel sampling, and 
two borings were sampled at ten foot centers with Shelby tubes. The tubes were sealed 
and transported to our laboratory for additional testing. 

In our laboratory, two of the Shelby tube samples were subjected to consolidated
undrained triaxial tests, and one slurry sample was subjected to a consolidation test. 
Results of the laboratory tests and the Bo1ing Logs are enclosed. If you should have any 
questions, or if we can be of further assistance, please feel free to contact us at your 
convenience. 

Sincerely, 

HOLCOMB FOUNDATION ENGINEERING CO. 
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En gineering Co. LOG of BORING ill 
PO Box 88 Carbondale, Illinois 

Unconfined Compressive Strength (Tons/Sq. Ft.) 

• • 
4 

0 

I 2 3 5 6 ;; C 

Uescription of Materiul • 0 

Water Con!ent (%) • 0 1i • ~ 

-----------0------------ z E i5 
E • 0 • "' Standard N Penetration, Blows/Ft. " 1i 1i 
1i E • E 

Jo X 
C. • 0 ~ 0 

Surface Elevation I 0 20 40 50 60 
C, "' ~ "' 

I 

I/ Gray Coarse Mine Refuse 
1 ss 

2 ss / 
3 ss / 

10 4 ss I/ 
5 ss / 

6 ss I/ 
7 ss / 

20 8 ss / 
9 ss / 

10 ss I/ 
1 1 ss / 

30 12 ss '/ 
13 ss / 

14 ss / 
15 ss / 

40 16 ss / 
17 ss / 

18 ss / 
19 ss / 

50 20 ss I/ 
21 ss / 

22 ss I/ 
23 ss / 

60 24 ss / c.;rav Mon1ed l:::lrown SilTv I ll.. Tl l l 

Brown SHALE 
End of Bori~g @ -61.0' 

I 70 

Ground Water Doto 

Ground Water Encountered @ -13.0' During Drilling and @ -26.0' Upon Completion. 

Project: Pond Creek Mine Slurry Cell Dote of Boring 

Johnston City, Illinois July 29, 2010 

L 
Client: Mach Mining 

Project No. 

Johnston City, Illinois H-07227 
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Engineering Co. LOG of BORING D2 PO Box 88 Carbondale, lllinois 

Unconfined Compressive Strength (Tons/Sq. Ft.) 

• • u 
I 2 J 4 5 6 • C 

Description of Material • 0 

Waler Content (%) • 0 0. ] .. z E Q 

-----------0------------ ·" • 0 • Vl 

Standard N Penefrolion, B!ows/F't. .c 0. 0. 
0. E • E 

JO X 
a. • 0 ~ 0 

Elevation 10 20 40 50 60 
Q Vl ~ Vl Surface 

1 ss / Gray Coarse Mine Refuse 

2 ss I/ I 

I/ 3 ss / 

10 4 ss / 
5 ss / 

6 ss / 
7 ss / 

20 8 ss / 
9 ss / 

10 ss /, 
1 1 ss / 

30 12 ss / Fine Coal Slurry 
. 13 / ss 

14 ss / 
. 15 ss / 

40 16 ss / 
17 ss / 

18 ss / 

19 ss / 
50 20 ss / 

21 ss / 

22 ss I/ 
" 

23 ss / 
24 ss / 

'so ~ -' \Brown SHALE 
End of Boring @ -60.5' 

I 

I 

I 70 
I 

' 
' I 

Grau nd Wafer Doto 

Ground Waler Encountered @ -17.0' During Drilling and Plugged Upon Completion. 

Proje ct: Pond Creek Mine Slurry Cell Dote of Boring 

Johnston City, Illinois July 30, 2010 

Client: Moch Mining Prnject No. 

Johnston City, Illinois H-07227 
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Engineering Co. LOG of BORING ill PO Box 88 Carbondale, Illinois 

Unconfined Compressive Strength (Tons/Sq. Ft.) 

• • u 
1 2 3 4 5 6 • C 

Description of Material • 0 

Water Content (%) • 0 0. • "-

-----------0------------ z E 0 

·" .,, 0 • V, 
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0. E • E 
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0. • 0 ~ 0 

Elevation 10 20 40 50 60 0 V, ~ V, Surface 

Cool Refuse 
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10 
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20 

3 st 7. 23 11 Recovery 
30 

4 st /. 24" Recovery 40 

5 st /. "No Recovery 
50 

6 st /. 11 II Recovery 
60 

End of Boring @ -60.0' 

70 

I I 

Ground Wafer Data 

Ground Waler Encountered @ -18.0' During Drilling and @ -11.0' Upon Completion. 
Project: Pond Creek Mine Slurry Cell Dote of Boring 

Johnston City, Illinois July 29, 2010 
Client: Moch Mining Project No. 

Johnston City, Illinois H-07227 
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Engineering Co. LOG of BORING .M 
PO Box 88 Carbondale, Illinois 

Unconfined Compressiv e Slrenglh (Tons/Sq. Ft.) 

• • u 
1 2 3 4 5 6 ;; C 

Description of Material • 0 

Water Co nlenl (%) • 0 a. ;;; 
~ 

-----------0 z E 0 
------------ .s 0 • V, • 

Standard N Pene trotion, Blows/Ft. = a. a. 
E • E 

30 X 
a. a. • 0 >- 0 

Elevation 10 20 40 50 60 0 V, r V, Surface 

Coal Refuse 

~ ... 1 st 
10 

/, 1- 1 9" Recovery 

2 st / - 21 II Recovery 
20 

3 st /, ,- g" Recovery 
30 

4 st /, i- 25 11 Recovery 
40 

5 st /, 1- 26" Recovery 
I 50 

I 6 st /. - 26" Recovery 
60 

End of Boring @ -60.0' 

I 70 

G,o und Water Data 

Ground Water Encountered @ -18.0' During Drilling and @ -2.0' Upon Completion. 

P,o ject: Pond Creek Mine Slurry Cell Dote of Boring 

Johnston City, Illinois August 1 , 2010 

Clie nl: Mach Mining Project No. 

Johnston City, Illinois H-07227 
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I I I 
Moisture Content Worksheet 

Project: Williamson Energy 
Project No.: H-07227 -·. ,._ -~ .. . 

Borina Samole Wet Wt. Pan Drv Wt. Mc.(%\ 
D-1 1 308.8 48.4 283.4 10.8 
0-1 2 905.1 103.6 846.3 7.9 
D-1 3 576.8 94.9 543.4 7.4 
D-1 4 943.4 102.4 884.4 7.5 
D-1 5 664.3 103.1 623.8 7.8 
D-1 6 1104.7 108.1 1016.4 9.7 
D-1 7 1065.1 104.7 941.8 14.7 
D-1 8 1147.2 130.1 1032.4 12.7 
D-1 9 1203.2 129.7 1053.6 16.2 
D-1 10 1352.6 137.5 1210.3 13.3 
D-1 · 11 819.1 106.7 726.9 14.9 
D-1 12 1102.0 145.7 959.6 17.5 
D-1 13 832.6 126.0 740.3 15.0 
D-1 14 1108.3 111.6 984.8 14.1 
D-1 15 555.5 132.6 496.9 16.1 
D-1 16 1306.2 101.4 1150.7 14.8 
D-1 17 1097.4 120.0 973.7 14.5 
D-1 18 1400.0 137.2 1251.8 13.3 
D-1 19 1046.7 109.8 927.8 14.5 
D-1 20 1786.6 121.0 1568.5 15.1 
D-1 21 1224.2 101.9 1092.5 13.3 
D-1 22 1797.1 109.8 1574.2 15.2 
D-1 23 759.2 89.2 678.5 13.7 
D-1 24 1269.8 121.4 1138.4 12.9 
D-2 1 885.0 98.4 812.8 10.1 
D-2 2 838.3 102.4 794.9 6.3 
D-2 3 525.5 104.8 500.7 6.3 
D-2 4 843.1 103.5 793.9 7.1 
D-2 5 695.5 120.1 657.0 7.2 
D-2 6 1092.2 109.7 1026.0 7.2 
D-2 7 880.9 108.1 811.9 9.8 
D-2 8 909.2 94.8 820.0 12.3 
D-2 9 943.2 102.8 841.8 13.7 
D-2 10 1504.4 125.8 1338.6 13.7 
D-2 11 1043.7 145.1 932.3 14.2 
D-2 12 1071.7 189.5 813.8 41.3 

D-2 13 843.5 105.8 637.4 38.8 

D-2 14 448.6 136.8 347.0 48.3 
D-2 15 722.2 132.2 542.3 43.9 
D-2 16 410.5 111.0 330.9 36.2 
D-2 17 983.7 88.3 719.0 42.0 

D-2 18 358.8 136.9 288.4 46.5 

D-2 19 843.3 120.8 637.8 39.7 

D-2 20 897.4 128.4 686.4 37.8 

D-2 21 1114.3 127.5 863.3 34.1 

D-2 22 1312.5 120.5 957.3 42.4 

D-2 23 868.6 101.7 643.3 41.6 

D-2 24 1821.7 101.4 1438.3 28.7 
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Holcomb Foundation Engineering Grain Size Analysis 
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Holcomb Foundation Engineering Grain Size Analysis 
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Holcomb Foundation Engineering Grain Size Analysis 
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Holcomb Foundation Engineering Grain Size Analysis 
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1.8 Total Effective ' I i""1 I I I I I I ' 

' I I 

C, tst 0.194 0 T 7 I ' I I 

~. de1 
' I I ' I 

19.0 38.0 I 7 I I I I I I 

Tan" 0.34 ' I I ' I 
0.78 ' I 

I I I I ' I 
I I ' I 

- 1.2 I I I I I 

j!l I i ' 
.,; 

I ' I I 

"' I I ' ['! I I I I I .... ' I I I I I 

ci5 I ' ' I I i 

ti; 
I I ' 

Q) 
I ' 

.<:: .. I ' ... I ' 
(J) 0.6 I I I I I ' 

I ' I 

'C I 
I I 

I / . , I 
I I I 

I 
I 

I T 

0 I I I 

0 0.6 1.2 1.8 2.4 3 3.6 

Total Normal Stress, tsf --

Effective Normal Stress, tsf - - -

3 I I Sample No. 
' I 

1 2 3 
I I 
I ' Water Content, 8.3 7.2 7.6 

2.5 I I Dry Density, pct 105.5 102.2 113.8 
I ni Saturation, 39.9 32.0 46.5 

:g Void Ratio 0.5389 0.5885 0.4259 

]i 2 Diameter, in. 2.80 2.80 2.80 
I I 3 

.,; I Height, in. 3.46 4.96 5.04 

"' ~ I Water Content, 20.7 22.6 16.4 
I I 

(J) 1.5 Dry Density, pct 105.5 102.2 113.8 
~ 1n 
_g Q) Saturation, 100.0 100.0 100.0 

"' 1 f-
·;; 4' Void Ratio 0.5389 0.5885 0.4259 
Q) 

1 
/I Diameter, in. 2.80 2.80 2.80 

0 I 
I Height, in. 3.46 4.96 5.04 

I Strain rate, in./min. 0.00 0.00 0.00 

0.5 
I 

I Back Pressure, tsf 3.60 3.60 3.60 

Cell Pressure, tst 3.96 4.32 5.04 
I 

Fail. Stress, tst 0.91 
0 

1.22 1.94 

0 10 20 30 40 Total Pore Pr., tsf 3.74 3.83 4.49 

Axial Strain, % Ult. Stress, tst 0.91 1.22 1.94 

Total Pore Pr., tsf 3.74 3.83 4.49 

Type of Test: 
cr1 Failure, tst 1.13 1.71 2.50 

CU with Pore Pressures 
cr3 Failure, tst 0.22 0.49 0.55 

Sample Type: Undisturbed Client: Pond Creek Mine 

Description: Coarse Refuse 
Project: Proposed Slurry Cell 

Pond Creek Mine 

Assumed Specific Gravity= 2.6 Location: Boring D-4 (8.0-10.0') 

Remarks: 
Proj. No.: H-07227 Date: 8-13-10 

TRIAX\AL SHEAR TEST REPORT 

Plate 
HOLCOMB FOUNDATION ENGINEERING CO. 

Tested By: ,:L.oeC __________ Checked By: -'-T'-'H _________ _ 
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Client: Pond Creek Mine 

Project: Proposed Slurry Cell 

Location: Boring D-4 (8.0-10.0') 

Project No.: H-07227 Plate I HOLCOMB FOUNDATION ENGINEERING CO, 

Tested By: =L=C _________ _ Checked By: ~T~H~--------
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Date: 

Client: 

Project: 

Location: 

Description: 

Remarks: 

Type of Sample: 

8-13-10 

TRIAXIAL COMPRESSION TEST 
CU with Pore Pressures 

Pond Creek Mine 

Proposed Slurry Cell 

Pond Creek Mine 

Johnston City, Illinois 

Boring D-4 (8.0-10.0') 

Coarse Refuse 

Undisturbed 

Assumed Specific Gravity=2.6 LL= PL= 

Test Method: COE uniform strain 

Pl= 

Specimen Parameter Initial Saturated Consolidated 

Moisture content: Moist soil+tare, gms. 484.900 

Moisture content: Dry soil+tare, gms. 456.000 

Moisture content: Tare, gms. 106.500 

Moisture, ¾ 8.3 

Moist specimen weight, gms. 638.8 

Diameter, in. 

Area, in.2 
Height, in. 

Net decrease in height, in. 

Wet Density, pcf 

Dry density, pcf 

Void ratio 

Saturation, % 

Membrane modulus= 0.124105 kN/cm2 

Membrane thickness= 0.02 cm 

Filter paper coefficient= 0.001926 kN/cm 

Filter paper coverage = 50% 

2.80 

6.16 

3.46 

114.2 

105.5 

0.5389 

39.9 

Consolidation cell pressure= 55.00 psi (3.960 !sf) 

Consolidation back pressure= 50.00 psi (3.600 tsf) 

Consolidation effective confining stress= 0.360 tsf 

Strain rate, in.lmin. = 0.00 

Fail. Stress = 0.906 tsf at reading no. 26 

Ult. Stress = 0.906 tsf at reading no. 26 

20.7 20.7 

2.80 2.80 

6.16 6.16 

3.46 3.46 

0.00 0.00 

127.3 127.3 

105.5 105.5 

0.5389 0.5389 

100.0 100.0 

8/13/2010 
3:23 PM 

Final 

769.700 

691.000 

106.500 

13.5 

.__ __________ HOLCOMB FOUNDATION ENGINEERING CO. _________ __. 
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Def. Deviator Minor Eff. Major Eff. Pore 
Dial Load Load Strain Stress Stress Stress 1:3 Press. p Q 

No. in. Dial lbs. % !sf !sf !sf Ratio psi !sf !sf 

0 0.0000 11.70 0.0 0.0 0.000 0.734 0.734 1.00 44.80 0.734 0.000 
0.0200 28.30 16.6 0.6 0.177 0.590 0.767 1.30 46.80 0.679 0.088 

2 0.0410 33.30 21.6 1.2 0.216 0.518 0.734 1.42 47.80 0.626 0.108 

3 0.0610 38.30 26.6 1.8 0.256 0.461 0.717 1.55 48.60 0.589 0.128 

4 0.0820 41.60 29.9 2.4 0.285 0.418 0.702 1.68 49.20 0.560 0.142 

5 0.1020 44.90 33.2 2.9 0.320 0.382 0.702 1.84 49.70 0.542 0.160 

6 0.1230 47.70 36.0 3.6 0.349 0.353 0.702 1.99 50.10 0.528 0.175 

7 0.1430 48.30 36.6 4.1 0.354 0.338 0.692 2.05 50.30 0.515 0.177 

8 0.1640 50.80 39.1 4.7 0.379 0.317 0.696 2.20 50.60 0.506 0.189 

9 0.1840 52.40 40.7 5.3 0.394 0.310 0.704 2.27 50.70 0.507 0.197 

10 0.2040 54.90 43.2 5.9 0.419 0.295 0.714 2.42 50.90 0.505 0.209 

II 0.2250 56.60 44.9 6.5 0.434 0.288 0.722 2.51 51.00 0.505 0.217 

12 0.2450 58.30 46.6 7.1 0.450 0.281 0.731 2.60 51.10 0.506 0.225 

13 0.2660 59.90 48.2 7.7 0.464 0.274 0.737 2.69 51.20 0.505 0.232 

14 0.2860 61.60 49.9 8.3 0.479 0.274 0.752 2.75 51.20 0.513 0.239 

15 0.3070 62.40 50.7 8.9 0.484 0.274 0.757 2.77 51.20 0.515 0.242 

16 0.3270 62.40 50.7 9.4 0.480 0.274 0.754 2.76 51.20 0.514 0.240 

17 0.3480 63.20 51.5 JO.I 0.485 0.274 0.759 2.77 51.20 0.516 0.243 

18 0.3680 67.40 55.7 10.6 0.525 0.266 0.792 2.97 51.30 0.529 0.263 

19 0.3880 73.20 61.5 11.2 0.582 0.252 0.834 3.31 51.50 0.543 0.291 

20 0.4090 79.10 67.4 11.8 0.638 0.245 0.883 3.61 51.60 0.564 0.319 

21 0.4290 84.10 72.4 12.4 0.685 0.238 0.923 3.88 51.70 0.580 0.343 

22 0.4500 89.00 77.3 13.0 0.730 0.230 0.960 4.17 51.80 0.595 0.365 

23 0.4700 94.00 82.3 13.6 0.775 0.223 0.998 4.47 51.90 0.611 0.388 

24 0.4910 99.00 87.3 14.2 0.819 0.223 1.043 4.67 51.90 0.633 0.410 

25 0.5110 104.90 93.2 14.8 0.872 0.223 1.096 4.91 51.90 0.659 0.436 

26 0.5320 109.00 97.3 15.4 0.906 0.223 1.129 5.06 51.90 0.676 0.453 

27 0.5930 122.30 110.6 17.1 1.015 0.230 1.246 5.41 51.80 0.738 0.508 

28 0.6340 131.50 119.8 18.3 1.144 0.238 1.382 5.82 51.70 0.810 0.572 

29 0.6750 139.00 127.3 19.5 1.198 0.245 1.443 5.89 51.60 0.844 0.599 

30 0.7160 145.60 133.9 20.7 1.242 0.245 1.487 6.07 51.60 0.866 0.621 

l 
._ __________ HOLCOMB FOUNDATION ENGINEERING CO. _________ __, 
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Specimen Parameter Initial Saturated Consolidated Final 

Moisture content: Moist soil+tare, gms. 329.900 1013.600 

Moisture content: Dry soil+tare, gms. 313.900 905.300 
i Moisture content: Tare, gms. 
' 

92.700 101.400 

Moisture,% 7.2 22.6 22.6 13.5 

Moist specimen weight, gms. 878.6 
Diameter, in. 2.80 2.80 2.80 

Ar'ea, in.2 6.16 6.16 6.16 

Height, in. 4.96 4.96 4.96 

Net decrease in height, in. 0.00 0.00 

Wet Density, pcf 109.6 125.3 125.3 

Dry density, pct 102.2 102.2 102.2 

Void ratio 0.5885 0.5885 0.5885 

Saturation, % 32.0 100.0 100.0 

Membrane modulus= 0.124105 kN/cm2 

Membrane thickness = 0.02·cm 

Filter paper coefficient= 0.001926 kN/cm 
Filter paper coverage = 50% 

Consolidation cell pressure= 60.00 psi (4.320 tsf) 

Consolidation back pressure= 50.00 psi (3.600 tsf) 
Consolidation effective confining stress = 0. 720 tsf 

Strain rate, in./min. = 0.00 

Fail. Stress = 1.220 tsf at reading no. 32 

Ult. Stress = 1.220 tsf at reading no. 32 

Def. Oeviator Minor Eff. Major Eff. Pore 
Dial Load Load Strain Stress Stress Stress 1:3 Press. p Q 

No. in. Dial lbs. % !sf tsf tsf Ratio psi tsf !sf 

0 0.0030 71.60 0.0 0.0 0.000 0.382 0.382 1.00 54.70 0.382 0.000 

0.0240 103.20 31.6 0.4 0.368 0.346 0.714 2.06 55.20 0.530 0.184 

2 0.0440 106.50 34.9 0.8 0.381 0.353 0.734 2.08 55.10 0.543 0.191 

3 0.0650 109.90 38.3 1.2 0.407 0.360 0.767 2.13 55.00 0.563 0.203 

4 0.0850 112.40 40.8 1.7 0.422 0.367 0.790 2.15 54.90 0.578 0.211 

5 0.1060 118.20 46.6 2.1 0.477 0.382 0.859 2.25 54.70 0.620 0.239 

6 0.1260 119.80 48.2 2.5 0.493 0.389 0.882 2.27 54.60 0.635 0.247 

7 0.1470 121.50 49.9 2.9 0.510 0.396 0.906 2.29 54.50 0.651 0.255 

8 0.1670 123.20 51.6 3.3 0.527 0.410 0.937 2.28 54.30 0.674 0.263 

9 0.1870 125.70 54.1 3.7 0.553 0.410 0.963 2.35 54.30 0.687 0.276 

10 0.2060 129.00 57.4 4.1 0.587 0.418 1.005 2.41 54.20 0.711 0.294 

11 0.2280 129.80 58.2 4.5 0.593 0.425 1.018 2.40 54.10 0.721 0.297 

12 0.2490 131.50 59.9 5.0 0.609 0.425 1.034 2.43 54.10 0.729 0.305 

13 0.2690 134.00 62.4 5.4 0.634 0.425 1.059 2.49 54.10 0.742 0.317 

14 0.2900 136.50 64.9 5.8 0.658 0.432 1.090 2.52 54.00 0.761 0.329 

15 0.3100 139.80 68.2 6.2 0.692 0.439 1.131 2.57 53.90 0.785 0.346 

16 0.3300 139.80 68.2 6.6 0.688 0.446 1.135 2.54 53.80 0.791 0.344 

17 0.3510 142.30 70.7 7.0 0.712 0.454 1.166 2.57 53.70 0.810 0.356 

18 0.3710 144.00 72.4 7.4 0.727 0.454 1.181 2.60 53.70 0.817 0.364 

19 0.3920 146.50 74.9 7.8 0.751 0.454 1.204 2.65 53.70 0.829 0.375 

20 0.4120 150.60 79.0 8.2 0.791 0.454 1.245 2.74 53.70 0.849 0.396 

21 0.4330 153.10 81.5 8.7 0.814 0.454 1.267 2.79 53.70 0.861 0.407 

HOLCOMB FOUNDATION ENGINEERING CO. 
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Def. Deviator Minor Eff. Major Eff. Pore 
Dial Load Load Strain Stress Stress Stress 1:3 Press. p Q 

No. in. Dial lbs. % tsf !sf !sf Ratio psi !sf tsf 

22 0.4530 155.60 84.0 9.1 0.837 0.454 1.290 2.84 53.70 0.872 0.418 

23 0.4740 159.00 87.4 9.5 0.868 0.454 1.322 2.91 53.70 0.888 0.434 

24 0.4940 158.10 86.5 9.9 0.855 0.461 1.316 2.85 53.60 0.888 0.427 

25 0.5350 164.80 93.2 10.7 0.916 0.475 1.392 2.93 53.40 0.933 0.458 

26 0.5760 170.60 99.0 11.6 0.967 0.468 1.435 3.07 53.50 0.952 0.484 

27 0.6170 175.60 104.0 12.4 1.009 0.475 1.484 3.12 53.40 0.980 0.505 

28 0.6580 182.30 110.7 13.2 1.067 0.475 1.542 3.25 53.40 1.009 0.533 

29 0.6980 188.90 117.3 14.0 1.179 0.475 1.655 3.48 53.40 1.065 0.590 

30 0.7190 190.60 119.0 14.4 1.191 0.482 1.673 3.47 53.30 1.078 0.595 

31 0.7390 192.20 120.6 14.8 1.201 0.482 1.683 3.49 53.30 1.083 0.600 

32 0.7600 194.70 123.1 15.3 1.220 0.490 1.709 3.49 53.20 1.099 0.610 

Specimen Parameter Initial Saturated Consolidated Final 

Moisture content: Moist soil+tare, gms. 212.200 434.600 

Moisture content: Dry soil+tare, gms. 203.700 402.200 

Moisture content: Tare, gms. 92.200 182.000 

Moisture, o/o 7.6 16.4 16.4 14.7 

Moist specimen weight, gms. 998.6 

Diameter, in. 2.80 2.80 2.80 

Area, in.2 6.16 6.16 6.16 

Height, in. 5.04 5.04 5.04 

Net decrease in height, in. 0.00 0.00 

Wet Density, pcf 122.5 132.5 132.5 

Dry density, pcf 113.8 113.8 113.8 

Void ratio 0.4259 0.4259 0.4259 

Saturation,% 46.5 100.0 100.0 

Membrane modulus= 0.124105 kN/cm2 

Membrane thickness= 0.02 cm 

Filter paper coefficient= 0.001926 kN/cm 

Filter paper coverage = 50% 

Consolidation cell pressure= 70.00 psi (5.040 ts!) 

Consolidation back pressure= 50.00 psi (3.600 ts!) 

Consolidation effective confining stress= 1.440 tsf 

Strain rate, in./min. = 0.00 

Fail. Stress= 1.944 tsf at reading no. 33 

Ult. Stress = 1.944 tsf at reading no. 33 

Def. Deviator Minor Eff. Major Eff. Pore 
Dial Load Load Strain Stress Stress Stress 1:3 Press. p Q 

No. in. Dial lbs. % !sf !sf !sf Ratio psi tsf tsf 

0 0.0000 17.50 0.0 0.0 0.000 2.822 2.822 1.00 30.80 2.822 0.000 

0.0190 19.10 1.6 0.4 0.008 2.326 2.334 1.00 37.70 2.330 0.004 

2 0.0400 19.10 1.6 0.8 0.000 2.138 2.138 1.00 40.30 2.138 0.000 

3 0.0600 19.10 1.6 1.2 0.000 2.052 2.052 1.00 41.50 2.052 0.000 

4 0.0810 81.60 64.1 1.6 0.692 1.498 2.190 1.46 49.20 1.844 0.346 

5 0.1010 108.20 90.7 2.0 0.983 1.073 2.056 1.92 55.10 1.564 0.491 

6 0.1220 122.30 104.8 2.4 1.196 0.842 2.038 2.42 58.30 1.440 0.598 

HOLCOMB FOUNDATION ENGINEERING CO. 
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Def. Devlator Minor Eff. Major Eff. Pore 
Dial Load Load Strain Stress Stress Stress 1:3 Press. p Q 

No. in. Dial lbs. % tsf tsf !sf Ratio psi !sf tsf 

7 0.1420 132.30 114.8 2.8 1.305 0.706 2.010 2.85 60.20 1.358 0.652 

8 0.1620 139.00 121.5 3.2 1.375 0.626 2.001 3.20 61.30 1.314 0.688 

9 0.1830 145.60 128.l 3.6 1.444 0.569 2.012 3.54 62.10 1.291 0.722 

10 0.2030 149.80 132.3 4.0 1.485 0.526 2.010 3.82 62.70 1.268 0.742 

11 0.2240 154.80 137.3 4.4 1.534 0.504 2.038 4.04 63.00 1.271 0.767 

12 0.2440 159.00 141.5 4.8 1.575 0.490 2.064 4.22 63.20 1.277 0.787 

13 0.2650 162.30 144.8 5.3 1.604 0.482 2.087 4.33 63.30 1.284 0.802 

14 0.2850 166.40 148.9 5.7 1.643 0.482 2.125 4.41 63.30 1.304 0.821 

15 0.3060 170.60 153.1 6.1 1.682 0.468 2.150 4.59 63.50 1.309 0.841 

16 0.3260 172.30 154.8 6.5 1.693 0.468 2.161 4.62 63.50 1.315 0.847 

17 0.3460 174.80 157.3 6.9 1.713 0.468 2.181 4.66 63.50 1.325 0.857 

18 0.3670 176.40 158.9 7.3 1.723 0.468 2.191 4.68 63.50 1.329 0.861 

19 0.3870 179.80 162.3 7.7 1.752 0.468 2.220 4.74 63.50 1.344 0.876 

20 0.4080 181.40 163.9 8.1 1.761 0.475 2.237 4.71 63.40 1.356 0.881 

21 0.4280 184.80 167.3 8.5 1.790 0.482 2.273 4.71 63.30 1.378 0.895 

22 0.4490 186.40 168.9 8.9 1.799 0.482 2.282 4.73 63.30 1.382 0.900 

23 0.4690 187.30 169.8 9.3 1.801 0.490 2.290 4.68 63.20 1.390 0.900 

24 0.4890 188.90 171.4 9.7 1.810 0.497 2.307 4.64 63.10 1.402 0.905 

25 0.5100 191.40 173.9 10.1 1.828 0.504 2.332 4.63 63.00 1.418 0.914 

26 0.5300 193.90 176.4 10.5 1.846 0.511 2.357 4.61 62.90 1.434 0.923 

27 0.5510 195.60 178.1 10.9 1.855 0.518 2.373 4.58 62.80 1.446 0.927 

28 0.5920 198.90 181.4 11.7 1.872 0.526 2.398 4.56 62.70 1.462 0.936 

( 29 0.6330 203.10 185.6 12.6 1.898 0.533 2.431 4.56 62.60 1.482 0.949 

30 0.6730 207.20 189.7 13.3 1.922 0.540 2.462 4.56 62.50 1.501 0.961 

31 0.7140 209.70 192.2 14.2 1.929 0.540 2.469 4.57 62.50 1.505 0.965 

32 0.7350 211.40 193.9 14.6 1.937 0.547 2.484 4.54 62.40 1.516 0.968 

33 0.7550 213.00 195.5 15.0 1.944 0.554 2.498 4.51 62.30 1.526 0.972 

L----------- HOLCOMB FOUNDATION ENGINEERING CO. ---------.....J 
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Total Normal Stress, tsf -
Effective Normal Stress, !sf - - -

: ! I 
Sample No. ' 

I ' 
I ' 3 Water Content, 
I I 2 Dry Density, pcf I 

- 'iii Saturation, 
I ~ f I I Void Ratio 

I 
! I 

Diameter, in. 
I Height, in. 

! ! 

! ! 
-1---,-~-i--, ., 

1 2 3 

55.1 61.0 59.8 
63.2 60.7 70.2 
91.4 94.8 118.6 

1.5674 1.6728 1.3105 
2.48 2.46 2.60 
5.06 4.66 5.51 

~ ! 'I -f 
I '· 

! Water Content, 60.3 64.3 50.4 
iii 0.75 I I I I ! 

Dry Density, pcf 63.2 60.7 

~ 
I I i I ! ! I 1n 70.2 

I : I ! ! " Saturation, 100.0 100.0 100.0 
I I ' 1 f-

·s: I I ' < Void Ratio 1.5674 1.6728 1.3105 
Ql 0.5 I ! i I Diameter, in. 2.48 2.46 2.60 0 I I I 

I Height, in. 5.06 4.66 5.51 

I I I I 
Strain rate, in./min. 0.01 O.Ql 0.01 

0.25 I I ! I I Back Pressure, !sf 3.60 3.60 3.60 
I I I 

I I I ,, I ! I I I Cell Pressure, !sf 4.32 5.04 5.76 
! I I I 

0 I ' I ' ',, I I I I I I Fail. Stress, !sf 0.62 1.25 1.32 
0 5 10 15 20 Total Pore Pr., !sf 3.84 4.25 4.75 

Axial Strain, % Ult. Stress, tsf 0.62 1.25 1.32 
Total Pore Pr., !sf 3.84 4.25 4.75 

Type of Test: 
cr1 Failure, tsf 1.10 2.05 2.33 

CU with Pore Pressures 
o'3 Failure, tsf 0.48 0.79 I.OJ 

Sample Type: Undisturbed Client: Pond Creek Mine 

Description: Fine Coal Slurry 
Project: Proposed Slurry Cell 

Pond Creek Mine 

Assumed Specific Gravity= 2.6 Location: D-4 (38-40') 

Remarks: 

Proj. No.: H-07227 Date: 8-9-10 

TRIAXIAL SHEAR TEST REPORT 

Plate 
HOLCOMB FOUNDATION ENGINEERING CO. 

Tested By: =LC=---------- Checked By: T_,_H,_,__ ________ _ 
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Stress Paths: Total -- Effective - - -

Client: Pond Creek Mine 

Project: Proposed Slurry Cell 

Location: D-4 (38-40') 

Project No.: H-07227 Plate I HOLCOMB FOUNDATION ENGINEERING CO. 

Tested By: =LC~--------- Checked By: T-'-'H"'----------
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TRIAXIAL COMPRESSION TEST 
CU with Pore Pressures 

Date: 
Client: 
Project: 

Location: 
Description: 
Remarks: 
Type of Sample: 

8-9-10 
Pond Creek Mine 
Proposed Slurry Cell 
Pond Creek Mine 
Johnston City, Illinois 
D-4 (38-40') 
Fine Coal Slurry 

Undisturbed 
Assumed Specific Gravity=2.6 LL= 
Test Method: COE uniform strain 

Specimen Parameter Initial 
Moisture content: Moist soil+tare, gms. 266.900 
Moisture content: Dry soil+tare, gms. 205.000 
Moisture content: Tare, gms. 92.700 
Moisture, % 55.1 
Moist specimen weight, gms. 631.6 
Diameter, in. 2.48 
Area, in.' 4.85 
Height, in. 5.06 
Net decrease in height, in. 

Wet Density, pcf 98.1 
Dry density, pcf 63.2 
Void ratio 1.5674 
Saturation,% 91.4 

Consolidation cell pressure= 60.00 psi (4.320 tsf) 

Consolidation back pressure = 50.00 psi (3 .600 tsf) 
Consolidation effective confining stress= 0.720 tsf 

Strain rate, in./min. = 0.01 
Fail. Stress = 0.621 tsfat reading no. 31 
Ult Stress = 0.6 I 8 tsf at reading no. 32 

PL= 

Saturated 

60.3 

2.48 
4.85 
5.06 
0.00 

101.3 

63.2 
1.5674 

100.0 

Pl= 

Consolidated 

60.3 

2.48 
4.85 
5.06 
0.00 

101.3 
63.2 

1.5674 
100.0 

8/11/2010 
6:29 PM 

92.100 
32.1 

i....---------- HOLCOMB FOUNDATION ENGINEERING CO. ---------......1 
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Def. Deviator Minor Eff. Major Eff. Pore 

Dial Load Load Strain Stress Stress Stress 1:3 Press. p Q 

No. in. Dial lbs. % tsf !sf tsf Ratio psi tsf ts! 

0 0.0000 24.10 0.0 0.0 0.000 1.001 1.001 1.00 46.10 1.001 0.000 

1 0.0190 39.90 15.8 0.4 0.234 0.770 1.004 1.30 49.30 0.887 0.117 

2 0.0400 43.30 19.2 0.8 0.283 0.677 0.960 1.42 50.60 0.818 0.142 

3 0.0600 45.80 21.7 1.2 0.319 0.626 0.945 1.51 51.30 0.786 0.159 

4 0.0810 47.40 23.3 1.6 0.341 0.583 0.924 1.58 51.90 0.754 0.170 

5 0.1010 48.30 24.2 2.0 0.352 0.554 0.907 1.64 52.30 0.731 0.176 

6 0.1220 49.90 25.8 2.4 0.374 0.526 0.900 1.71 52.70 0.713 0.187 

7 0.1420 51.60 27.5 2.8 0.397 0.511 0.908 1.78 52.90 0.710 0.199 

8 0.1620 51.60 27.5 3.2 0.396 0.490 0.885 1.81 53.20 0.687 0.198 

9 0.1830 53.30 29.2 3.6 0.418 0.482 0.901 1.87 53.30 0.691 0.209 

10 0.2030 53.30 29.2 4.0 0.416 0.475 0.892 1.88 53.40 0.683 0.208 

11 0.2240 54.90 30.8 4.4 0.437 0.461 0.898 1.95 53.60 0.679 0.219 

12 0.2440 55.80 31.7 4.8 0.448 0.461 0.909 1.97 53.60 0.685 0.224 

13 0.2650 56.60 32.5 5.2 0.458 0.446 0.904 2.03 53.80 0.675 0.229 

14 0.2850 57.40 33.3 5.6 0.467 0.446 0.913 2.05 53.80 0.680 0.233 

15 0.3060 58.30 34.2 6.0 0.477 0.439 0.917 2.09 53.90 0.678 0.239 

16 0.3260 59.10 . 35.0 6.4 0.487 0.439 0.926 2.11 53.90 0.682 0.243 

17 0.3460 59.90 35.8 6.8 0.496 0.439 0.935 2.13 53.90 0.687 0.248 

18 0.3670 60.80 36.7 7.2 0.506 0.439 0.945 2.15 53.90 0.692 0.253 

19 0.3870 61.60 37.5 7.6 0.515 0.439 0.954 2.17 53.90 0.696 0.257 

20 0.4080 62.40 38.3 8.1 0.523 0.439 0.962 2.19 53.90 0.701 0.262 

21 0.4280 64.10 40.0 8.5 0.544 0.439 0.983 2.24 53.90 0.711 0.272 

22 0.4490 64.10 40.0 8.9 0.542 0.439 0.981 2.23 53.90 0.710 0.271 

( 23 0.4890 64.90 40.8 9.7 0.548 0.439 0.987 2.25 53.90 0.713 0.274 

24 0.5100 65.70 41.6 JO.I 0.556 0.446 1.002 2.25 53.80 0.724 0.278 

25 0.5510 67.40 43.3 10.9 0.573 0.446 1.020 2.28 53.80 0.733 0.287 

26 0.5920 68.20 44.1 11.7 0.579 0.454 1.032 2.28 53.70 0.743 0.289 

27 0.6330 69.90 45.8 12.5 0.595 0.461 1.056 2.29 53.60 0.758 0.298 

28 0.6730 70.70 46.6 13.3 0.600 0.468 1.068 2.28 53.50 0.768 0.300 

29 0.7140 70.70 46.6 14.1 0.595 0.475 1.070 2.25 53.40 0.773 0.297 

30 0.7350 72.40 48.3 14.5 0.613 0.475 1.089 2.29 53.40 0.782 0.307 

31 0.7550 73.20 49.1 14.9 0.621 0.475 1.096 2.31 53.40 0.786 0.310 

32 0.7760 73.20 49.1 15.3 0.618 0.475 1.093 2.30 53.40 0.784 0.309 

L i:....---------- HOLCOMB FOUNDATION ENGINEERING CO. _________ ___.. 
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Initial Saturated Consolidated 

Moisture content: Moist soil+tare, gms. 280.800 

Moisture content: Dry soil+tare, gms. 211.300 455.400 

Moisture content: Tare, gms. 97.300 92.400 

Moisture,% 61.0 64.3 64.3 31.3 

Moist specimen weight, gms. 565.4 

Diameter, in. 2.46 2.46 2.46 

Area, in.2 4.73 4.73 4.73 

Height, in. 4.66 4.66 4.66 

Net decrease in height, in. 0.00 0.00 

Wet Density, pcf 97.8 99.8 99.8 

Dry density, pcf 60.7 60.7 60.7 

Void ratio 1.6728 1.6728 1.6728 

Saturation, % 94.8 100,0 100.0 

Consolidation cell pressure= 70.00 psi (5.040 tsf) 

Consolidation back pressure= 50.00 psi (3.600 tsf) 

Consolidation effective confining stress = 1.440 tsf 

Strain rate, in./min. = 0.01 

Fail. Stress = 1.254 tsf at reading no. 29 

Ult. Stress = 1.254 tsf at reading no. 29 

Def. Deviator Minor Eff. Major Eff. Pore 

Dial Load Load Strain Stress Stress Stress 1:3 Press. p Q 

No. in. Dial lbs. % tsf tsf tsf Ratio psi tsf tsf 

0 0.0000 12.50 0.0 0.0 0.000 2.326 2.326 1.00 37.70 2.326 0.000 

0.0200 44,10 31.6 0.4 0.479 l.735 2.214 1.28 45.90 l.974 0.239 

2 0.0410 45.80 33.3 0.9 0.502 1.656 2.158 1.30 47.00 1.907 0.251 

3 0.0610 47.40 34.9 1.3 0.524 l.584 2.108 1.33 48.00 1.846 0.262 

4 0.0820 49.10 36.6 1.8 0.547 1.519 2.066 1.36 48.90 1.793 0.273 

5 0.1020 51.60 39.1 2.2 0.582 l.469 2.050 1.40 49.60 1.760 0.291 

6 0.1230 60.80 48.3 2.6 0.715 1.339 2.054 1.53 51.40 l.697 0.358 

7 0.1430 64.90 52.4 3.1 0.773 l.231 2.004 1.63 52.90 1.617 0.386 

8 0.1640 68.20 55.7 3.5 0.817 1.166 1.984 1.70 53.80 l.575 0.409 

9 0.1840 71.60 59.1 4.0 0.863 1.130 1.994 1.76 54.30 1.562 0.432 

10 0.2040 74.10 61.6 4.4 0.896 1.087 1.983 1.82 54.90 l.535 0.448 

II 0.2250 76.60 64.1 4.8 0.928 1.044 l.972 1.89 55.50 1.508 0.464 

12 0.2450 78.20 65.7 5.3 0.947 1.022 1.969 1.93 55.80 1.496 0.473 

13 0.2660 80.70 68.2 5.7 0.978 0.986 1.964 1.99 56.30 1.475 0.489 

14 0.2860 82.40 69.9 6.1 0.998 0.922 1.919 2.08 57.20 1.421 0.499 

15 0.3070 84.90 72.4 6.6 1.029 0.886 1.914 2.16 57.70 1.400 0.514 

16 0.3270 86.60 74.1 7.0 1.048 0.864 1.912 2.21 58.00 1.388 0.524 

17 0.3480 88.20 75.7 7.5 1.065 0.835 1.901 2.28 58.40 1.368 0.533 

18 0.3680 89.90 77.4 7.9 1.084 0.821 1.905 2.32 58.60 1.363 0.542 

19 0.3880 91.50 79.0 8.3 1.101 0.806 1.908 2.37 58.80 1.357 0.551 

20 0.4090 93.20 80.7 8.8 1.120 0.799 1.919 2.40 58.90 1.359 0.560 

21 0.4290 94.90 82.4 9.2 1.138 0.785 1.923 2.45 59.10 1.354 0.569 

22 0.4500 96.50 84,0 9.7 1.154 0.785 I.939 2.47 59.10 1.362 0.577 

23 0.4910 98.20 85.7 10.5 1.166 0.778 1.944 2.50 59.20 1.361 0.583 

24 0.5320 100.70 88.2 11.4 1.188 0.778 1.966 2.53 59.20 1.372 0.594 

25 0.5720 103.20 90.7 12.3 l.210 0.778 1.988 2.56 59.20 1.383 0.605 

HOLCOMB FOUNDATION ENGINEERING CO. 
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Def. Deviator Minor Eff. Major Eff. Pore 

Dial Load Load Strain Stress Stress Stress 1:3 Press. p Q 

No. in. Dial lbs. % !sf !sf !sf Ratio psi !sf !sf 

26 0.6130 104.90 92.4 13.2 1.220 0.778 1.998 2.57 59.20 1.388 0.610 

27 0.6540 106.50 94.0 14.0 1.229 0.778 2.006 2.58 59.20 1.392 0.614 

28 0.6950 108.20 95.7 14.9 1.238 0.785 2.023 2.58 59.10 1.404 0.619 

29 0.7160 109.90 97.4 15.4 1.254 0.792 2.046 2.58 59.00 1.419 0.627 

Initial Saturated Consolidated Final 

Moisture content: Moist soil+tare, gms. 262.700 722.900 

Moisture content: Dry soil+tare, gms. 199.000 585.200 

Moisture content: Tare, gms. 92.400 127.400 

Moisture,% 59.8 50.4 50.4 30.1 

Moist specimen weight, gms. 858.5 

Diameter, in. 2.60 2.60 2.60 

Area, in.2 5.29 5.29 5.29 

Height, in. 5.51 5.51 5.51 

Net decrease in height, in. 0.00 0.00 

Wet Density, pcf 112.2 105.7 105.7 

Dry density, pcf 70.2 70.2 70.2 

Void ratio 1.3105 1.3105 1.3105 

Saturation. % 118.6 100.0 100.0 

Consolidation cell pressure= ~0.00 psi (5.760 tsf) 

Consolidation back pressure= 50.00 psi (3.600 tsf) 

Consolidation effective confining stress = 2. 160 tsf 

( 
Strain rate, in./min. = 0.01 

Fail. Stress = 1.322 tsf at reading no. 31 

Ult. Stress= 1.316 tsfat reading no. 32 

Def. Deviator Minor Eff. Major Eff. Pore 

Dial Load Load Strain Stress Stress Stress 1:3 Press. p Q 

No. in. Dial lbs. % !sf !sf tsf Ratio psi tsf tsf 

0 0.0000 33.30 0.0 0.0 0.000 2.779 2.779 1.00 41.40 2.779 0.000 

1 0.0190 50.80 17.5 0.3 0.237 2.398 2.635 1.10 46.70 2.516 0.119 

2 0.0400 64.90 31.6 0.7 0.427 2.196 2.623 1.19 49.50 2.410 0.214 

3 0.0600 77.40 44.1 1.1 0.594 1.973 2.567 1.30 52.60 2.270 0.297 

4 0.0810 84.10 50.8 1.5 0.681 1.800 2.481 1.38 55.00 2.141 0.341 

5 0.1010 89.00 55.7 1.8 0.744 1.663 2.408 1.45 56.90 2.035 0.372 

6 0.1220 92.40 59.1 . 2.2 0.787 1.541 2.328 1.51 58.60 1.934 0.393 

7 0.1420 95.70 62.4 2.6 0.828 1.469 2.296 1.56 59.60 1.883 0.414 

8 0.1620 98.20 64.9 2.9 0.858 1.397 2.254 1.61 60.60 1.826 0.429 

9 0.1830 101.50 68.2 3.3 0.898 1.332 2.230 1.67 61.50 1.781 0.449 

JO 0.2030 103.20 69.9 3.7 0.917 1.274 2.19] 1.72 62.30 1.733 0.458 

11 0.2240 104.90 71.6 4.1 0.935 1.23] 2.166 1.76 62.90 1.699 0.468 

12 0.2440 106.50 73.2 4.4 0.952 1.188 2.140 1.80 63.50 1.664 0.476 

13 0.2650 109.90 76.6 4.8 0.993 1.152 2.145 1.86 64.00 1.648 0.496 

14 0.2850 112.40 79.1 5.2 1.02] 1.123 2.144 1.91 64.40 1.634 0.511 

15 0.3060 I 14.00 80.7 5.6 1.038 1.102 2.139 1.94 64.70 1.620 0.519 

16 0.3260 115.70 82.4 5.9 1.055 1.080 2.135 1.98 65.00 1.608 0.528 

17 0.3460 117.30 84.0 6.3 1.072 1.058 2.130 2.01 65.30 1.594 0.536 

HOLCOMB FOUNDATION ENGINEERING CO. 
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Def. Deviator Minor Eff. Major Elf. Pore 
Dial Load Load Strain Stress Stress Stress 1:3 Press. p Q 

No. in. Dial lbs. % tsf tsf tsf Ratio psi tsf tsf 

( 18 0.3670 118.20 84.9 6.7 1.079 1.044 2.123 2.03 65.50 1.583 0.539 

19 0.3870 120.70 87.4 7.0 !.106 1.030 2.136 2.07 65.70 1.583 0.553 

20 0.4080 122.30 89.0 7.4 !.122 1.022 2.144 2.10 65.80 1.583 0.561 

21 0.4490 125.70 92.4 8.1 !.155 1.001 2.156 2.15 66.10 1.578 0.578 

22 0.4890 128.20 94.9 8.9 !.177 0.994 2.171 2.18 66.20 1.582 0.589 

23 0.5300 131.50 98.2 9.6 1.208 0.994 2.202 2.22 66.20 1.598 0.604 

24 0.5710 134.80 101.5 10.4 1.239 0.986 2.225 2.26 66.30 1.606 0.619 

25 0.6120 135.70 102.4 l!.l 1.239 0.994 2.233 2.25 66.20 1.613 0.620 

26 0.6530 139.00 105.7 11.9 1.268 0.994 2.262 2.28 66.20 1.628 0.634 

27 0.6940 141.50 108.2 12.6 1.287 0.994 2.281 2.30 66.20 1.637 0.644 

28 0.7350 143.10 109.8 13.3 1.295 1.008 2.303 2.29 66.00 1.656 0.648 

29 0.7760 144.80 111.5 14.1 1.304 1.008 2.312 2.29 66.00 1.660 0.652 

30 0.7960 146.50 I 13.2 14.4 1.318 1.008 2.326 2.31 66.00 1.667 0.659 

31 0.8170 147.30 114.0 14.8 1.322 1.008 2.330 2.31 66.00 1.669 0.661 

32 0.8370 147.30 I 14.0 15.2 1.316 1.008 2.324 2.31 66.00 1.666 0.658 

L i----------- HOLCOMB FOUNDATION ENGINEERING CO. _________ _,j 
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LL Pl Pc 

Saturation Moisture 
Dry Dens. 

(pcf) 
Sp. Gr. (tsf) 

Initial Void 
Ratio 

87.8 % 48.4 % 

Project No. H-07227 

Project: Proposed Slurry Cell 
Pond Creek Mine 

66.7 

MATERIAL DESCRIPTION 

Black Coal Slurry 

Client: Pond Creek Mine 

Location: Boring D-4 (39.5-40.0') 

CONSOLIDATION TEST REPORT 

2.6 0.20 

HOLCOMB FOUNDATION ENGINEERING CO. 

0.31 1.434 

uses AASHTO 

Remarks: 

Plate 
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Dial Reading vs. Time 

Project No.: H-O7227 
Project: Proposed Slurry Cell 

Pond Creek Mine 
Location: Boring D-4 (39.5-40.0') 
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Dial Reading vs. Time 

Project No.: H-07227 
Project: Proposed Slurry Cell 

Pond Creek Mine 
Location: Boring D-4 (39.5-40.0') 
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HoJcomb Foundation Engineering Co., Inc. 
SOILS • BITUMINOUS • CONCRETE • FNGINffRING AND TF~TING 

SHIPPING ADDRESS 
393 Wood Road 
Carbondale, IL 62901 

September 14, 2010 

Williamson Energy LLC 
PO Box 99 
Johnston City, Illinois 6295 l 

Attention: Mr. Jim Slapak 

MAILING ADDRESS 
PO Box 88 

Carbondale, ll 62903 

Re: Soil Borings and Laboratory Testing 
Pond Creek Mine Slurry Cell E 
Johnston City, Illinois 
HFE File H-07227 
Purchase Order No. 17678 

Dear Sir: 

PHONE 618-529-5262 
TOLL FREE 800-333-1740 

FAX 618-457-8991 

From August 24 to 25, 2010, we drilled four soil·borings at the above referenced project. 
Two of the borings were advanced with continuous split barrel sampling, and two borings 
were sampled at ten foot centers with Shelby tubes. The tubes were sealed and 
transported to our laboratmy for additional testing. 

In our laboratory, two of the Shelby tube samples were subjected to consolidated
undrained triaxial tests, and one slnrry sample was subjected to a consolidation test. The 
split barrel samples were subjected to moisture content determinations. Results of the 
Jaboratmy tests and the Boring Logs are enclosed. If you should have any questions, or if 
we can be of further assistance, please feel free to contact us at your convenience. 

Sincerely, 

HOLCOMB FOUNDATION ENGINEERING CO. 
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Holcomb Foundation 
Engineering Co. LOG of BORING .E.1 
PO Box 88 Corbondole, lllln_ois 

Unconfined Compressive Slrengih (Tons/Sq. Fl.) 

• • 
4 

u 

1 2 3 5 6 • C 

Description of Material • 0 

Waler Content (%) • ci a. -;;; 
~ z E iS 

-----------0------------ -" • 0 • V, 

Slondord N Penelrolion, Blows/FL = a. a. 
E • E 

30 X 
a. a. • 0 ~ 0 

Elevation 503.8 
10 20 40 50 60 

C V, r V, Surface 

I 1 ss / Gray Coarse Mine Refuse 

I 
I 2 ss I/ I I I 

' .. 3 / I ss 
I 

I/ ' 10 4 ss 

5 ss / 

6 ss / 
7 ss / 

20 8 ss / 
9 ss / 

10 ss I/ 
11 ss / 

30 12 ss / Fine Coal Slurry 

' 
13 ss ./ 

14 ss I/ 
✓ 15 ./ 

I 
ss 

40 1 6 ss I/ 
17 ss ./ 

,Brown Mottled Gray Silly CLAY (CL) 
I End of Boring @ -43.0' 

I 

I 
50 

I I 

I 

I 
I 60 

I 
I 

I 
I I 

I 
I 

I I 
I 

I I I 70 
I I I I 

I ' ' I I ' I 

I I I I ' I 
I 

I I I ' ' I 

I I I I I I I I I I I I 

Grau nd Water Dato 

Ground Water Encountered @ -30.0' During Drilling and @ -19.0' Upon Complelion. 

Proje ct: Pond Creek Mine Slurry Cell Dole of Boring 

Johnston City, Illinois 
August 24, 2010 

~-·-·· 

Client: Mach Mining 
Project No. 

Johnston City, Illinois 
H-07227 
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Holcomb Foundotion 
~ngineering Co. 
PO Box 88 Corbondole, Illinois 

LOG of BORING E2 
UnconrJned Compressive 5trenglh (Tom/Sq. fl.) 

• • u 
1 2 3 4 5 6 • C 

Description of Material • 0 

Water Content (%} • 0 0. -;; 
L. 

-----------0------------ z E 0 
.s • 0 • V, 

Stondard N Peneiralion, Blows/Ft. " 0. 0. 
a. E • E 

30 X 
0. • 0 ~ 0 

Surface Elevotion 503.8 10 20 40 50 60 0 V, ~ V, 

1 ss / Gray Coarse Mine Refuse 

2 ss I/ 
.) ss / 

1 0 4 ss I/ 
' 

5 ss / 

6 ss I/ 
, 

7 ss / 

20 8 ss / 
9 ss I/ 

10 ss I/ 
11 ss / 

30 12 ss / 
13 ss / 

14 ss / 
' 15 ss / 

40 16 ss I/ 
17 ss / 

18 ss / 
19 ss / 

Brown Mottled Gray Silty CLAY (CL) 

50 End of Boring @ -48.0' 

I I 60 

I 

I 70 I 
I 

I 
I 

I I I I I I 

Ground Woter Doto 

No Ground Water Encountered During Drilling and Plugged Upon Completion. 

Project: Pond Creek Mine Slurry Cell Dote of Boring 

Johnston City, Illinois August 24, 2010 

Client: Mach Mining Project No. 

Johnston City, Illinois 
H-07227 
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Holcomb Foundation 
1::ngineering Co. LOG of BORING ..E.3. PO Box 88 Carbondale, Jf!inois 

Unc;u11(l11erJ Compressive ~trenglh (r ons/~q. f I.) 

• • u 
1 2 3 4 5 6 • C 

Description of Material • 0 

Water Conlen! (%) • ci C. -;; 
~ 

-----------0------------ z E i5 
.: • 0 • V, 

Slondord N Penelro!ion, Blows/Fl. £ C. C. 
C. E • E 

3o X 
a. • 0 ~ 0 

Elevation 503.2 10 20 40 50 60 
C, V, ~ V, Surface 

I Gray Coarse Refuse 

10 1 st /. - 1 o" Recovery 

I 

I 

20 2 st /, 1- 1 9" Recovery 

I 

30 3 sf /. -24 11 Recovery 

4 st /. 19.5" Recovery 40 I 

I 

I 50 5 st / Brown SANDSTONE 
End of Boring @ -50.5' 

I 

I 60 
I 

I 

I 

70 

I 
I 

Ground Wafer Data 
Ground Water Encountered @ -45.0' During Drilling and Plugged Upon Completion. 

Project: Pond Creek Mine Slurry Cell Dofe of Boring 

Johnston City, I Iii nois August 25, 2010 

Client: Mach Mining Project No. 

Johnston City, Illinois H-07227 
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Holcomb Foundation 
.Engineering Co. LOG of BORING _EA PO Box 88 Corbondole, Hlinoi·s 

Unoonfinad Comprcs:.i>'C Slr1:ngll1 (Ton!./Sq. Fl.) 

• • u 

' 2 3 4 5 6 ;; C 

Description of Material • 0 
Waler Contenf (%) • ci a. -;; 

~ 

-----------0------------ z E 0 .s • 0 
u> • Standard N Penelralion, Blows/Fl. " a. a. 

Q. E • E 
30 X 

a. • 0 ~ 0 

Surface Elevation 10 20 40 so 60 0 u> ~ u, 503.0 
I I Gray Coarse Refuse 

10 1 st ./. "" 19.5" Recovery 

20 2 st /. - 11.5" Recovery 

I I 30 3 st /, - 21 11 
Recovery I I 

I 

40 4 st /, 1- 1 7" Recovery 

I 
50 5 st ./ 24" Recovery 

!\Brown Mottled Gray Silty CLAY (CL) 

End of Boring @ -50.5' 

I 60 I I 
7 

17 
I I 

I 
I I 

I I 70 I I I I 
I ' ' 7 

' I I ' I 
17 I I 7 I 

Ground Waler Doto 
Ground Water Encountered @ -40.0' During Drilling and Plugged Upon Completion. 

Project: Pond Creek Mine Slurry Cell Dote of Boring 

Johnston City, Illinois August 25, 2010 
Clien!: Mach Mining Project No. 

Johnston City, Illinois H-07227 
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Holcomb Foundation Engineering Company 
I 

i Moisture Content Worksheet 
Project: Williamson Energy 
Project No.: H-07227 

Sample 
Boring Depth Wet Wt. !Pan Orv Wt. Mc.(%) 

E-1 0-3' 902.3i 102.3 852.8 6.6 --
E-1 3-6' 847.8 137.1 803.6 6.6 
E-1 6-8' 727.3 102.9 607.2 23.8 
E-1 8-11' 400.4 101.1 383.6 5.9 
E-1 11-13' 454.6 98.4 427.3 8.3 
E-1 13.-16' 1075.4 103.4 1006.5 7.6 -E-1 16-18' 710.8 113.5 669.4 7.4 
E-1 21-23' 611.7 101.8 575.7 7.6 
E-1 23-26' I 881_5 88.3 811.2 9.7 
E-1 26-28' 766.8 145.4 709.4 10.2 
E-1 28-31' 878.7 108.1 758.7 18.4 
E-1 31-33' 518.9 119.7 412.7 36.2 
E-1 33-36' 589.6 123.8 480.3 30.7 
E-1 36-38' 700.8 137.2 570.3 30.1 
E-1 38-41' 757.5 125.8 642.6 22.2 
E-1 41-43' 585.5 106.3 482.7 27.3 
E-2 0-3 1074.1 112.2 1008.8 7.3 
E-2 3-6' 857.3 94.9 794.3 9.0 
E-2 6-8' 567.4 113.5 538.2 6.9 
E-2 8-11' 1019.4 104.7 949.5 8.3 - . 
E-2 11-13' 645.5 109.7 605.3 8.1 
E-2 13-16' 1015.4 129.4 946.4' 8.4 
E-2 16-18' 568.9 120.8 539.9 6.9 
E-2 18-21' 266.5 132.7 257.3 7.4 --
E-2 21-23' 899.2 109.9 834.6 8.9 
E-2 23-26' 1603.4 135.4 1464.4 10.5 
E-2 26-28' 1107.8 207.7 1022.9 10.4 --
E-2 28-31' 1243.9 143.8 1151.3 ~ 
E-2 31-33' 907.0 139.6 832.4 10.8 
E-2 33-36' 1095.8 192.6 1018.0 9.4 
E-2 36-38' 719.4 208.3 675.4 9.4 
E-2 38-41' 1105.7 209.8 1025.5 9.8 
E-2 41-43' I 912.8 211.1 814.6 16.3 
E-2 43-46' I 644.2 153.7 516.2 35.3 ' E-2 46-48' I 1330.2 166.7 1056.2 30.8 ' 
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Holcomb Foundation Engineering Grain Size Analysis 
21-112 1 314 112318 4 10 20 40 60 100 200 Hydrometer 

100 

i\ I I I 111111 I 
-

• Coarse Refuse I 
~ 90 

I <I) 
<I) - ~ (lJ 

E 80 
~ 

r-1' 2- -

:c I' 
OJ 70 

" 'iii - I"-3 
>, 60 

----.n 
OJ 

- ~r-
",-. C -·u; 50 ---..__ (f) 

(lJ -
~I' Q_ 

~ 40 C I'-. a, - r---, u 
~ ~ 

a, 
D.. 30 

Project: Pond Creek Mine Slurry Cell ~ -

Johnston City, Illinois ~ 

20--
Boring E-4 (8.5-10.0') " -

I' I'-
LL= 32.6 PL= 20.3 Pl= 12.3 10- "'-. - Moisture Content= 9.6% r---. 

0 " ' ' I 11 l I 1 ' ' J I I I I ' I' I I I I ' I . I' 
100 10 1 0.1 0.01 0.001 

clbb 
Gravel Sand 

Silt or Clqy 

I Coarse I Fine Coarse Medium Fine 
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(' /) 

Holcomb Foundation Engineering Grain Size Analysis 
21-1/2 1 3/4 1/2 3/8 4 10 20 40 60 100 200 Hydrometer 

100 

'\ I I I 111111 II I 
-

• Coarse Refuse 
~ 90-

~ "' "' -cu 
E 80 
~ 

" 0 - I\. ~ 

1: I\. 
en 70 

'l's-'iii -
3: ' >, 60 ' .0 r-----. -en 
C >-
'iii 50 - NO-"' cu -
Q_ r--- 40 C 'r----OJ - ~ (.) 
~ 

OJ 30-o_ 
Project: Pond Creek Mine Slurry Cell ' 

- ~" 
Johnston City, Illinois r-,, 

20-
- Boring E-3 (18.5-20.0') [", 

LL= 33.6 PL= 11.7 Pl= 21.9 f'-.._ 
10-

- Moisture Content= 8.4% 

0 " ' ' ' I 11 I I II t ' I I I I I ' I' I' ' ' ' I', 

100 10 1 0_1 0.01 0.001 

I Grovel Sand Cth Silt or Clay 
Coarse I Fine Coaise Medium Fine 
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( 

Holcomb Foundation Engineering Grain Size Analysis 
21-1/2 1 3/4 1/2 3/8 4 10 20 40 60 100 200 Hydrometer 100 

~ I I - I 11 J IJ I - r-- • Coal Slurry ~ 90 
U) 
U) 

cu - \ 

I\ E 80 
~ 

\ 2- -- \ .c: 70 OJ . 
'iii " I' 3: 

"' >, 60-

"' 
.0 
OJ -
C 

' U) 50 
' U) 

' cu -
0. 

I" - 40 C 

'~ 
CD -u 
~ 

CD 
0.. 30-

Project: Pond Creek Mine Slurry Cell '\ -

20- Johnston City, Illinois I"' -- Boring E-3 (49.5-50.0') 

10- LL== 42.6 PL== 22.7 Pl== 19.9 
" Moisture Content== 47.6% 

0 UJ. _J __ I _J_ .J. _j I I .I! ! 11 _j _,_ 11 I 
' . ' ' . . l',, , , . , . I'' 

100 10 1 0.1 0.01 0.001 

C~bb 
Gravel Sand 

Silt or Clay 

I 
Coarse Fine Coarse Medium Fine 
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(~ 
I 

U) 
(f) 
cu 
E 
~ 

.s. 
~ 

.c 
OJ 

"iii 
5 
>, 

_Q 

OJ 
C 

'cij 
(f) 
cu 
Q_ -C 
OJ 
<.l 
~ 

OJ 
Q_ 

Holcomb Foundation Engineering 
21-1/2 1 314 1/2318 4 10 20 40 60 100 200 100 

I I l 

r-!---
90 

-

80 

70 
-

60 
. 

50 
. 

40 
-

30-
- Project: Pond Creek Mine Slurry Cell 

20- Johnston City, Illinois 
- Boring E-3 (48.5-49.0') 

10- · LL= 39.6 PL= 23.1 Pl= 16.5 
. Moisture Content= 49.2% 

0 " ' ' ' ' " ' ' ' . ' ' . . I . . . . I ' 
100 10 1 0.1 

_I Gravel Sand 

Clbh Coarse Fine Coarse .Medium Fine 

,~1 

Grain Size Analysis 
Hydrometer 

1J l_l[ I 

• Coal Slurry 
I\. 

I\ 

\ 
"' 

~ 
' ' 
i 

I\ 
I\ 

\ 
I'\ 

'\ 

I~ 

0.01 0.001 

Silt or Clay 
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(.;, tst 0.222 o I ./, af: ; ! I r·--i ! ! ·:·· 
m, de 31.1 34.1 , -H , , , , , , 

..J. ' ' 
I 

I 
I I 

_LLLJ 
!lli 

' ' I I 

Tanf, 0.60 0.68 ; : 1 
: 1 1 : : l-1 1 

I !-J__ji I jl I II II\ 
I J ' ' ' i I I /7 J J Ii 1 1-+-+-,'-+-+T:T·i · ! I I I r I 1 1 l I! 1-r l 

1.2 , I I I I t [ ' ' 1 I I l 1 1 ! l.....LL 
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I, 
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i ' I I 
I 

I I 
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' 

' ' ffl. I ' 7 I 

' t b .,.1....L'. I ' ·, 
.. ·1 , . 

I 

I . ·t .. "· ~. +- ... r I 
.,. + I 

O /rHh- +++-l-lr/-i-t-f- H - --J-.1._1 1 1 -/ ! 
1 

1 , : 
1 

; 

' ' 0 0.6 1.2 1.8 2.4 3 3.6 

Total Normal Stress, tsf ---
Effective Normal Stress, tsf - - -

3 I I I ' I I 
Sample No. 1 2 3 ~ I 

I I 

' -1: Water Content, 8.4 7.9 8.5 
2.5 ' 1 Dry Density, pcf · 120.3 124.2 134.5 I ' I -- - --

~ -~r '· 2 'iii Saturation, 62.8 66.6 107.3 --r "' -~- E Void Ratio 0.3494 0.3066 0.2066 . /, . 
~ 

2 I ' I I I Diameter, in. 2.80 2.80 2.80 .!!l I ' I ' !+L ,,; , 
' Height, in. 3.68 4.89 5.19 ,,, I I ' i" i-4L1 ' I Water Content, 13.4 11.8 7.9 iii 1.5 I I ' ' Dry Density, pcf 120.3 124.2 134.5 I I t-' I I 7 -;;; ~ 

.8 I I <I> Saturation, 100.0 100.0 100.0 
"' .L ' 3 I-·;;: ,, 

I ' <( Void Ratio 0.3494 0.3066 0.2066 
Q) I , I I Diameter, in. 2.80 2.80 2.80 0 1 " ' 7 I 

I I ' 
. 

' Height, in . 3,68 4.89 5.19 I ' V 
... 

' . 

-f/,"-
., I I ' Strain rate, in./min. 0.00 0.00 0.00 i I ' 0.5 I I I I I I Back Pressure, tsf J.60 3.60 3.60 / I ' I ' Cell Pressure, tsf 3.96 4.32 I ' ' ' I ' 5.04 
I I I 

. 
I I I ' ' 0 I I 

. 
' I ' I I Fail. Stress, !sf 2.31 2.37 1.23 

0 5 10 15 20 Total Pore Pr., tsf 3.74 3.40 4.43 
Axial Strain, % Ult. Stress, tsf 2.31 2.37 1.23 

Total Pore Pr., tsf 3.74 3.40 4.43 

Type of Test: cr, Failure, tsf 2.53 3.30 1.84 
<J3 Failure, tsf 0.22 0.92 0.61 CU with Pore Pressures 

Sample Type: Undisturbed 

Description: Coarse Refuse 

Assumed Specific Gravity= 2.6 

Remarks: 

Plate 

Client: Pond Creek Mine 

Project: Proposed Slurry Cell 

Pond Creek Mine 

Location: Boring E-3 (18.5-20.5') 

Proj. No.: H-07227 Date: 9-9-10 

TRIAXIAL SHEAR TEST REPORT 

HOLCOMB FOUNDATION ENGINEERING CO. 
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a= 0.87 tsf 
a= 9.4 deg 

tan a= 0.17 
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ci 
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Client: Pond Creek Mine 
Project: Proposed Slurry Cell 
Location: Boring E-3 (18.5-20.5') 

Project No.: H-07227 

Tested By: =L~C~-----------

' 

I 
; 
I 

I 
I 

i -1.5 2 2.5 3 

p, tsf 
Stress Paths: Total --- Effective - - -

Plate __ _ I HOLCOMB FOUNDATION ENGINEERING co. 

Chec.ktc:d 8y: -'T-'-~-'-1 __________ _ 
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1.5 Total I Effective J- ! 1-t- =i=tTJ ! ' ! ' I 1-2...l....L 
~ i I 

i l' I I 

C, tsf I 
,_,_ -

17 i I ! i 
-0.005 0 l I t I 

' I 
! 

' I I I I I I I 

~.den 5.0 I 9.9 I ! ' I I ! I I I j I 

TanT, 
I I I ! ! i I I I ! I I I ' 

0.09 0.18 I I I I ! ! ' I I I I T ,-

'+W- +J-Ll ! I ! ! I ! I , I ' 

! I 7~ ! I I I I I ' I I ' I ' l - 1 I '" : I I / I I I I I I I I I I I 

2 -++.J...L --H ' I I .. .L I ! ! ! I ' I '! I 

,_:- i+ I I · ,-H+ I I I I I I ! I I I I I _.._ 

,,; I I + +=FIL =FF I I I +H-
"' TT IT i ! ! ' ! I "-~'- f--

I ' I I I 

Jg I I I I i I I I 11 ! I I I ' ' ! I I 

Cf) I ! I - ! ! I I + I I I ! I I ! I 
: I !- I 

ffi I ' I I I ' I ' ! ! ! 

LJ_ -1---- ! I 7·--- --
_j--:1= ·:r -i- -- __ i_J I I I 

a, •-:- - --
.c --j : I ' ! I ' I I- 1-- - +- - L 1- -H T T 

!-f- 777 . ·- - -- -- -~- ... -- - -
Cf) 0.5 

! I I I ! I '--' 
I ! _I_ ,_ +. ..Lt·-- I I I 'L. I ·- t+H-~ 

t-- ,_ -f- ! ' ~ :.+-7 ,_ ·+- -·t""· - - / .. -- .. - J-1- -

' - _ _!_ Tttf >- I '-1-. ,_ I I 

, ..... -+ =R: - 7 .,- I -H+, I 

I I -· I I ' ! I I i I I I I I I I I I ! ! ' ! I 

I ' I ! ! - ! 71 I ! 1r I I 

I I I I i -+--r 4 -+ •~:--- ! ! ! ! ! ! I 

I --'- - H..:H-+- :.:Jl+ 'iH I+-I+ -I} 1--tt-r: ! ! I 4-++ 0 .i=== 
< I I l 1 Tli I ' '"' 

! 

0 0.5 1 1.5 2 2.5 3 

Total Normal Stress, tsf ---
Effective Normal Stress, tsf - - -

0.6 i I ! ! 
Sample No. 1 2 I ! I ! 3 

I ! I I 
! ! - I Water Content, 49.2 48.5 47.6 

0.5 I I I I Dry Density, pct 53.8 64.3 61.5 
I I I 

I I 1 
ro Saturation, 63.4 82.9 75.5 

I -1----.L -j "" 
I IT 7 1+' 

+- - E Void Ratio 2.0153 1.5229 1.6381 - 0.4 
I l Diameter, in. 2.80 2.80 2.80 

2 I I I ' I + +-,,; ! I 17'71 --
-j 

~f- Height, in. 5.58 5.53 5.57 
-

"' i I 
I "' -{ 1-l-

e> --'-- vr+t· ~+ +- Water Content, 77.5 58.6 63.0 
u5 

!-, I t--f- f-

0.3 I I I ! I I 1n Dry Density, pct 53.8 64.3 61.5 
f-

' 
- 3 

B ' I a, Saturation, 100.0 100.0 100.0 
"' 

,, I I ! I I I-
·5 M I ! I <( Void Ratio 2.0153 1.5229 1.6381 
a, 0.2 I I I I ,-

Diameter, in. 2.80 2.80 2.80 
0 I I I I I I 

I I ' I Height, in. 5.58 5.53 5.57 

i I I ' I 
I I Strain rate, in./min. 0.00 0.00 0.00 

! ' I I I I 
0.1 ; ! I I I Back Pressure, tsf 3.60 3.60 3.60 

I ! !7 ' ! ' I >-+ 2 Cell Pressure, tsf 5.04 4.32 5.76 
I -, ' o ·7 ! I I I Fail. Stress, tsf 0.46 0.05 0.29 

o 5 10 15 20 Total Pore Pr., tsf 3.96 4.54 4.98 

Axial Strain,% Ult. Stress, tsf 0.46 0.05 0.28 

Total Pore Pr., tsf 3.96 4.56 5.00 

Type of Test: 
a, Failure, !sf 1.54 -0.18 1.07 

CU with Pore Pressures 
a, Failure, tsf 1.08 -0.22 0.78 

Sample Type: Undisturbed Client: Pond Creek Mine 

Description: Black Coal Slurry 
Project: Proposed Slurry Cell 

Pond Creek Mine 

. Assumed Specific Gravity= 2.6 Location: Boring E-3 (48.5-50.0') 

Remarks: 

Proj. No.: H-07227 Date: 9-9-10 

TRIAXIAL SHEAR TEST REPORT 

Plate 
HOLCOMB FOUNDATION ENGINEERING CO. 

TGsted Sy: ":..."C"-------------
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Client: Pond Creek Mine 
Project: Proposed Slurry Cell 
Location: Boring E-3 (48.5-50.0') 

Project No.: H-07227 Plate ___ _ HOLCOMB FOUNDATION ENGINEERING CO. 
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CONSOLIDATION TEST REPORT 
1.5 r-,1 ,----r-:-;----,---,---,,r----,--,---,-,,----,---.--,-,-,-----,--,--,---,--,----,----,------,r,----,---,-----;-,----,-----,,----,-, 

I j ' I 11 ' I I I I i I I ' 
: : i I : I I i I I : : 
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1
,, i 1' I ! ,I i ·1 I ,
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1,. I I 
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11 I I I i i I : i ! ! 
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1.2 I : " I I . ' 
. I ' I , 

i i \, I I I I [; ! I I : 
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'E 1· I I 1'. ' I I I 
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·is i ·, I I I I : 

> i ; i"r-N I 1' I i : 
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.s, I ; : '-N._ : I 1' i l I 

Ii i 1 

1

• ~ I i i 1· 

i I i I i ,.,, : I ' : i : 
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------'---t1--+-,c-+-1, 

I 
, r-.._ 1· I . 

i I i I '~:--,.. : i '., I 1. 

I, I ,! '1 '-. i , I 
I 

1 ...... 1 ! I , 
o.71-+-1 -+-t-1'+---+-+-+-++1 -+--+-+1 ++-! -+--+-+1 -1H--+-++++-++-1,---+++-+-+--t-"'.:.::+---t, -!---, -,;-----+,-+-1 -H, 

i l I : i 'Ni..! i, 
0.6 f-----i-------i---i-, --;-+---+--+-+--+--+--+-1--+---+---i-+--+---+--I +-+, ~--+-+--f----f-f---+-+-, +--i-1 +-+-----+1-+-f----f----+---+--+--. -i---'----4 

i I ' I : I I l I : '. I I I 
' I I I i ' I ! I ! I I i I I I ' ! i 

o.5 '-:_1.----~~,_,_2-~~~~-a_5~~~-'---;-1-~~-'--s-2--~~---'-;5-+~~--'---,,10-+~-....,,,20.-----------'-""--,'50 

Natural 

Saturation Moisture 

87.0% 46.0% 

Project No. H-07227 

Project: Proposed Slurry Cell 
Pond Creek Mine 

Applied Pressure - tsf 

Dry Dens. 
(pcf) 

68.3 

LL 

MATERIAL DESCRIPTION 

Black Coal Slurry 

Client: Pond Creek Mine 

Pl Sp.Gr. 

2.6 

Location: Boring E-3 (49.0-49.5') 

CONSOLIDATION TEST REPORT 

0.94 

HOLCOMB FOUNDATION ENGINEERING CO. 

0.26 

uses 

Remarks: 

Initial Void 
Ratio 

1.375 

AASHTO 

Plate 
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Dial Reading vs. Time 

Project No.: H-07227 
Project: · Proposed Slurry Cell 

Pond Creek Mine 
Location: Boring E-3 (49.0-49.5') 
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Dial Reading vs. Time 
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Dial Reading vs. Time 

Project No.: H-07227 

Project: Proposed Slurry Cell 
Pond Creek Mine 

Location: Boring E-3 (49.0-49.5') 
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Dial Reading vs. Time 
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![====- =G=E=' N='E=' RA=L=N.;,O=T=E=S==========-:::J 

SAMPLE IDENTIF!CA T!ON 
The Unified Classification System is used to identify the soil unless otherwise noted. 

RELA T!VE DENSITY & CONSISTENCY CLASSIFICATION 
TERM [NON-COHESIVE SOILS) BLOWS PJ;R FOOT 

Very Loose O - 4 
Loose 5-10 
Finn 11 - 30 
Dense 31 -50 
Very Dense Over 50 

TERM (COHESTVE SO!LS) 
Very Soft 
Soft 
Fim1 
Stiff 
Very Sliff 
Hard 

DRILLING & SAMPLING SYMBOLS 
ss: Split Spoon - l 3/8" LO., 2" O.D. 
s1: Shelby Tube - 2.80"1.D., 3" O.D. 
au: Auger Samples 
cs: Continuous Sampling ~ 2.0" I.D. 

SOIL PROPERTY SYMBOLS 

OU [tsf) 
0 - 0.25 

0.25 - 0.50 
0.50 - 1.00 
l.00 - 2.00 
2.00 - 4.00 

4.00+ 

Gil Unconfined Compressive Strength, Qu, (1st) 

+ 

0 

X 

PARTICLE SIZE 
Boulders 
Cobbles 
Gravel 
Coarse Sand 

Penetrometer Value, (ts/) 

Plastic Limit (%) 

Water Content (%) 

Liquid Limit (%) 

Standard "N" Penetration: Blows per foot ofa 140 pound hammer 
falling 30 inches on a 2" O.D. Split Spoon 

8 in.+ Medium Sand 0.6 mm to 0.2 mm 
8 in. to 3 in. Fine Sand 0.2 mm to 0.74 mm 
3 in. to 5 mm Silt 0.074 mm to 0.0005 mm 
S mm to 0.6 mm Clay less than 0.005 mm 

Hl<ill Pl ASTICITY 
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AlliancelJ 

BY: HLO DATE: 9/28/20 I 0 CHKD BY: DATE: .. . . 

-·--

PROJECT NAME: WiUian1son Energy LLC 

Consulting, Inc. PROJECT NO.: 809-341-1413 SHEET 1 OF 2 . . ---.. - ·- --- .. 
Er.gineers · Constructors· Scientists DESCRIPTION: Borehole._Soil Testing - E_,ind D Holes,_ l'ha_scs 2 and 3 

Uccklcy, WV. File:. [)and E H_oles1.xls, hlo, rev. 11/23/2010 

A:terburg Limits 

Bxehole No. . Depth (Ft,) %<#200 LL PL Pl w~ !¾l uses · Soil Type 
. - '" ·------

- - - - . 

D-1 0 - 58 • 7.4-17.5 __ .. CCR -··-- . . - .. 

D-2 0 - 29 • 7.0 - 14.2: CCR 
; - . ·-·- ----- ··- -- - -- --- --- - ----

29 - 59 34.1 - 48.3: FCR -- - . . - -- -:--
D-3 8 -10 43 30.2 17.4 12.8 10.0 SC CCR . 

18 - 20 79 34.8 20.4 14.4 31.8 CL FCR 
D-4 18 - 20 35 35.1 17.8 17.3 7.2 SC CCR 

- --- -- --
48 - 50 90 38.7 22 16.7 53.9 CL FCR 

- --- -· ·-

E-1 0 - 28 CCR 
. ----- --·· -· --- .. - ·-- ··-- ---

28 - 43 FCR 

- . 

E-2 0 - 47 CCR 

E-3 ** 0 - 18.5 CCR 
18.5 - 20 45 33.6 11.7 21.9 8.4 SC CCR 
48.5 - 49 93 39.6 23.1 16.5 49.2 CL FCR 
49.5 - 50 91 42.6 22.7 19.9 47.6 CL FCR 

E-4 0 - 50 CCR 
8.5 - 10 46 32.6 9.6 12.3 9.6 SC CCR 

Bucket 1 93 36.0 19 17.0 CL FCR 
Bucket 2 93 36.0 19 17.0 CL FCR 
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AllianceL7 
Consulting, Inc. 

BY: HLO 

PROJECT NAME: - ---·· --- . 

PROJECT NO.: 

DATE: 9/28/2010 CHKD BY: 

,y;mamson Energy LL<:: 

809-341-1413 SHEET 
-··-----· ·----· --.. - - .. -•--- - ·- - .... -

DATE: 

2 OF 

E:1gineers · Constructors· Scientists DESCRIPTION: Borehole Soil Testi!tg- E and D Hole~,_Phases 2 and} 

Beckley, WV. .. File: D and E Holes4._xls, hlo, rev.11/23/2010 __ 

Triaxial & Consolidation Tests 

Borehole 

.. 

D-4 
D-4 

Depth _ ,..... <I>' _ 
illJ 

... -····-----
8 -10 19.0 

----
38 -40 11.7 

- -·---- -

- ---- --

E-3 18.5 - 20.5 31.1 
48.5 - 50 5.0 

<I>', C' = Total stress values 
<I>, C = normal stress values 
Cc = Conpression Index 

C' 

(tsf/psfl 

... 

0.194/38E 
0.104/20E 

0.222/44~ ---- . 

0 

<I> 

38.0 
23.5 

34.1 
9.9 

WN = In-place moisture content at time sample was obtained 
PL= Plastic Limit · - ·· 
·Pl = Plasticity Index 
LL= Liquid Limit 

· Soil Type - CCR is coarse coal refuse, FCR is fine coal refuse 

c 

0 
0 

0 
0 

Cc Soil 
IY@. 

CCR 
0.31 FCR 

CCR 
0.26 FCR 

C) 

2 

,_ ____________________________________________________ _J 



R12228
Project C090403.01 
November 18, 201 0 

APPENDIX C 

MSHA APPROVAL LETTER - PHASES 3 THROUGH 6 
NOVEMBER 12, 2009 



R12229

U.S. Department of Labor Mine Safety and Health Administration 
Pittsburgh Safoty & Hoalth Technology Cantor 
P.O. Box 18233 
Pittsburgh, PA 15236 

November 12, 2009 

MEMORANDUM FOR JOSEPH O'DONNELL 

THROUGH: 

FROM: 

SUBJECT: 

Acting District Manager, District 8 
Coal Mine Safety and Health 

-::--~w-F~ 
J°'dHN W. FREDLAND 

Acting Chief, Pittsburgh Safety and Health Technology Center 

S~1 01zJwu 
sT~~Y~lrcHALEK 
Chief, Mine Waste and Geotechnical Engineering Division 

Recommendation for Approval of Design Plans for Phases 3 through 6, 
and Request for Additional Information for Phase 7, Refuse Disposal 
Facility No. 2, Impoundment LD. No. 1211-!108-03141-02, Mach 
Mining, LLC, Mach Mine No. I, Mine I.D. No. I 1-03141, Williamson 
County, Illinois 

As requested by your office, a technical review of the subject proposed impoundment plans has 
been completed. Our review included an initial submittal and two revisions submitted in 
response to our requests for additional information. Report No. MW09-077, which is attached, 
indicates that the subject plans appear to be technically acceptable only through Phase 6 and 
approval through Phase 6 is recommended. Additional information will be required before we 
can recommend approval of Phase 7. 

The proposed mining under Phase 3 will be the most significant event at this facility. Phase 3 
must be closed and covered with a stable cap of coarse refuse, be incapable of impounding water 
or slurry, and all the proposed instrumentation must be in place and operational before the 
proposed longwall mining is advanced within I 00 feet of any part of the Phase 3 embankment. 

The Impoundment and IRPI data sheets have been completed for Phases 3 through 6 and are 
included with the report. Please contact this office ifthere are any questions regarding this 

review. 

Attachment 

cc: L. Zeiler - Acting Director, TS 
M. Smith- Acting Chief, Safety Div., CMS&H 
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UNITED STATES DEPARTMENT OF LABOR 

MINE SAFETY AND HEAL TH ADMINISTRATION 

PITTSBURGH SAFETY AND HEALTH TECHNOLOGY CENTER 

MINE WASTE AND GEOTECHNICAL ENGINEERING DIVISION 

COCHRANS MILL ROAD 
P.O. BOX 18233 

PITTSBURGH, PENNSYLVANIA 15236 

REPORT NO. MW09-077 

REVIEW OF DESIGN PLANS FOR PHASES 3 THROUGH 7 

REFUSE DISPOSAL AREA NO. 2 
MSHAI.D. NO. 1211-IL08-03141-02 

MACH MINING LLC 
MINE LD. NO. 11-03141 

WILLIAMSON COUNTY, ILLINOIS 

NOVEMBER 12, 2009 

BY 

PAUL J. DONAHUE, P .E. 
CIVIL ENGINEER 
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REPORT NUMBER MW09-077 

OWNERSHIP AND LOCATION 

The Refuse Disposal Area No. 2 is owned and operated by Mach Mining, LLC and receives 

coarse and fine coal refuse from the preparation plant for the Mach No. 1 Mine. The site can be 

found on the USGS 7.5 Minute Pittsburg (IL) quadrangle map at geographic coordinates 

N 37°50'30" latitude and W 88°49'17" longitude. This facility is located on a tract comprising 

the east half of Section 12, Township 8S, and Range 3E, Third Principal Meridian. 

MATERIAL REVIEWED 

Original Desie:n Submittal 

The original submitted design documents were prepared for Mach Mining, LLC by Alliance 

Consulting, Incorporated (Alliance) and included the following. 

1. A report entitled "Engineering Design Plan - Proposed Coal Refuse Disposal, Facility No. 2, 

Williamson County, Illinois, dated January 2007." The report included a narrative 

description of the proposed design, and the testing and analyses performed. Appendices to 

the report included construction specifications, calculations, geotechnical test boring and 

laboratory test data. 

2. Thirteen drawings depicting plans, profiles and details of the proposed facility dated 

January 16, 2007. 

During our review of this plan, Mr. Duffy Stradner, former District 8 Impoundment Specialist, 

notified this reviewer in a phone conversation on October 23, 2007, that the impoundment layout 

and geometry would be substantially revised and a new plan submitted. Due to proposed mining 

under the impoundments and other issues that would similarly affect the new design, we 

completed the review and requested additional information in a memorandum to Robert Phillips, 

District Manager, Coal Mine Safety and Health (CMS&H) District 8, dated December 13, 2007. 

The memorandum identified 14 design issues to be addressed in the revised design submittal. 

First Revised Design Submittal 

The revised design package for the coal refuse impoundments was hand delivered to our office 

on August 19, 2008, in conjunction with a meeting with Mach Mining and Alliance Consulting 

personnel to discuss the new design. 

The design documents received at this meeting included the following items. 

1. A report entitled "Response to February 11, 2008, Comments, I.D. No. ILOS-03141-02, 

Mach Mining, LLC-Mach No. 1 Mine ID No. 11-03141, Williamson County, Illinois

Coal Refuse Disposal Facility No. 2 Phases 3 through 7," dated August 2008. Appendices to 
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the report contained construction specifications, various design calculations, geotechnical test 

boring logs, laboratory test data and a CISPM Mine Subsidence Analysis Report prepared by 

Dr. Syd Peng of West Virginia University. 

2. Nineteen drawings, with revision dates from February 14, 2008, to July 7, 2008, depicting · 

plans, profiles and details ofthe proposed facility. 

In addition, the following additional materials were submitted concurrent with the review of this 

submittal. 

l. A set of three drawings depicting longwall panel surface subsidence measurements at 

Baselines "A" through "D" located over the eastern end oflongwall Panel No. l of the 

subject mine. These drawings are dated August 29, 2008, and were received by the Mine 

Waste and Geotechnical Engineering Division (MWGED) on September 3, 2008, 

2. Two Drawings entitled "Map 6 UG - Operations Plan Map" and "Map 10 - Geologic 

columns," prepared by Alliance and dated December 3, 2004, and November 29, 2004, 

respectively, and received by MW GED on September 3, 2008. 

In addition to the submitted document, we also gathered additional information, concurrent with 

the review, through phone and e-mail communication with Mr. Claudio Yon of Alliance and 

Dan Barkley of the Illinois DNR. 

We completed our review of the new design and found eleven items requiring additional 

substantiating data or calculations and/or design changes. These were outlined in our 

memorandum to Robert Phillips, District Manager, CMS&H District 8, dated 

November l 0, 2008. 

Second Revised Desiim Submittal 

The second revised design submittal was received by MWGED on July 20, 2009, and included 

the following. 

l. A report volume entitled "Additional information- Volume I of 3, Comments 2, 4, 5, 6, 9, 10 

and l I, Coal Refuse Disposal Facility No. 2 Phases 3 through 7," Impoundment ID No. IL08-

03141-02 (MSHA ID No. I 1-03141), Williamson County, Illinois," dated July 2009. This 

volume included new, revised and copies of previously submitted materials from the earlier 

August 2008 submittal and was prepared by Alliance. 

2. A second report volume entitled "Additional information- Volume 2 of 3, Comments I, 3, 7 

and 8, Coal Refuse Disposal Facility No. 2 Phases 3 through 7," Impoundment ID No. IL08-

03141-02 (MSHA ID No. 11-03141), Williamson County, Illinois," dated July 2009. This 

volume contained new calculations and analysis performed by GAI consultants for Alliance. 

3. A third volume containing 22 drawings, with revision dates from July 8, 2009, to 

July 13, 2009, depicting plans, profiles, and details of the proposed facility. 
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4. An addendum to the submittal, received on August 21, 2009. This addendum included 

corrected transmittal letters and tables of contents, a revised drawing B05-330-M32 - Phase 5 

Plan View, revised August 18, 2009, and revised Phase 5 dam underdrain calculations. 

Additionally, prior to the receipt of this submittal, we received electronically transmitted 

drawings depicting a longitudinal dynamic subsidence survey over the advancing face of 

Longwall Panel No. 1 at a location immediately to the east of the future Phase 5. These drawings 

were received in our office on February 10, 2009. This survey was performed in response to 

comment No. 4 in the November 10, 2008, memorandum. 

The results of our review of this revised design are discussed in this report. 

BACKGROUND 

The revised Refuse Disposal Facility No. 2 will provide for the disposal of about 3 ½ years of 

coarse coal refuse (CCR) and 6 years of fine coal refuse (FCR) that will be produced from the 

Pond Creek No. 1 Mine following closure of previously approved Facility No. 1 which included 

Phases 1 and 2. This facility is to be constructed in five phases - Phase 3 through Phase 7. 

As planned, the facility will consist of three, approximately rectangular, diked impoundments 

aligned in a north-south direction and sharing common embankments between them. The 

southernmost impoundment will be constructed during Phase 3, with fine refuse placement 

starting upon completion of the em bank.ment to the design crest height. The central 

impoundment will be constructed in three Phases (Phases 4, 6 and 7) with fine refuse placement 

starting during Phase 7, when the embankment will be about 50 percent of the total completed 

height. The northernmost impoundment will be constructed during Phase 5 and will be partly 

incised by excavating the footprint of the impoundment. Fine refuse placement in this 

impoundment will begin once Phase 3 is filled to capacity, and the Phase 5 embankment is about 

80 percent complete. 

The impoundments will cover about 200 acres, and all the impounding embankments will be 

raised longitudinally in segments using belt-delivered coarse coal refuse. The upstream and 

downstream slopes will be 3 horizontal to I vertical (3H: 1 V) except for Phase 3 which will have 

2.6H: 1 V upstream slopes. Maximum embankment heights will range from 49 feet for Phase 3 to 

100 feet for Phase 7. · All embankments, with the exception of a portion of the Phase 7 central 

impoundment, will be founded on 15 to 22 feet of medium to stiff clay deposits overlying shale 

bedrock. The south-facing slope of the Phase 7 embankment will be founded on the impounded 

fine refuse of the adjoining Phase 3. 

The designer considered the impoundments to be of high hazard potential classification for the 

purposes ofhydrologic/hydraulic design. Following one year from the start of construction, all 

phases will be able to accommodate a rainfall volume of two PMF's with pumping capacity 

capable of drawing down one 72-hour PMF in 30 days. When the final crest elevation is 

reached, an 18-inch-diameter HDPE SDR 26 decant spillway will be installed and be capable of 
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drawing down 90 percent of one PMF in less than 10 days. The only exception is the Phase 3 

impoundment. Because of an expected life of less than 1 year, this phase was designed to handle 

at least one half of a 72-hour PMF, but less than a full 72-hour PMF. 

The most significant consideration for these impoundments will be the concurrent mining of 

three longwall panels in the 6.5-foot-thick Herrin No. 6 coal seam beneath the impoundment 

footprints. There are 430 to 450 feet of overburden, with at least 420 feet of this being rock, 

between the embankment foundations or impoundment bottoms and the Herrin No. 6 seam. 

Boring data indicates that about 7 5 to 90 percent of the overburden rock is shale. A sandstone 

unit, 200 to 240 feet above the No. 6 seam and ranging from 21 to 54 feet thick, is the only 

persistent competent unit encountered in the borings. 

The development entries for the longwall mining have a calculated minimum pillar safety factor 

of 2.3 as calculated by the program ALPS. A minimwn rock overburden thickness of about 65 

times the mine height is present above the seam. Therefore, this facility complies with the 

guidance contained in Bureau of Mines publication IC 87 41 for limiting breakt!irough risk. 

However, subsidence from the longwall mining will considerably impact surface structures over 

the mine. 

The subsidence effects on the proposed coal refuse impoundments will be largely mitigated by 

the proposed phasing of the impoundments. Except for Phases 3 and 4, all refuse placement will 

take place after mining has been completed beneath the impoundment and subsidence is 

substantially complete. For Phase 3, FCR placement will be completed to an elevation of 5 feet 

below the crest, about 9 months prior to longwall mining beneath the impoundment. A 5-foot

thick cover of coarse refuse, level with the crest, will be placed over the fine refuse in order to 

eliminate any impounded water before the mining advances beneath the impoundment. Phase 4 

will consist of a 45-foot-high non;impounding embankment placed prior to mining. After the 

mining, the 300-foot-wide Phase 6 embankment will buttress the downstream slope of the Phase 

4 embankment. The width of this embankment is expected to mitigate any possible effects of 

subsidence-related damage to the Phase 4 embankment. 

The planned mining beneath the Phase 3 impoundment, a short time after filling and capping of 

this impoundment, is the most significant issue in evaluating the subsidence impacts. There is 

currently little engineering experience in accommodating longwall mining under a coal refuse 

impoundment and a conservative consideration of all possible potential failure modes and 

mitigatory measures was the primary item of concern in the review of this plan. 

REVIEW DISCUSSION 

The submittal received on July 20, 2009, provided responses to the eleven items of additional 

information that were requested in the November I 0, 2008, memorandum. Additionally the 

submitted addendum included a revised plan for the Phase 5, which will be enlarged by locating 

its north dike approximately 250 feet further north. 
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Phase 7 Stability 

The submittal did not satisfactorily address comment Nos. 7 and 8 in the November I 0, 2008, 

memorandum. These comments noted that a stability analysis of the Phase 7 south dike, which 

will be founded on the settled Phase 3 FCR, had not been performed and requested this analysis 

be performed along with a seismic liquefaction and deformation analysis. The submitted analysis 

in response to these comments included only an analysis of the less-critical completed Phase 7C 

configuration, and not the critical Phase 7A, which will entail advancing the 38-foot-high south 

dike embankment over the thin cover overlying the consolidating fine refuse. An independent 

check calculation using the "Slope W" stability analysis program and normalized undrained 

strength parameters for the FCR developed in the submittal indicated a short-term post 

construction safety factor for the south dike of Phase 7 A of considerably less than one. 

Therefore, Phase 7 A, as currently planned, will require design revisions before MW GED can 

recommend approval. 

Subsidence Impacts - Phase 3 Impoundment 

The largest part of the most recent submittal consisted of various analyses and new test data 

submitted as justification for the proposed longwall mining beneath the capped Phase 3 

impoundrnent, as requested in items 1 through 3 of the November I 0, 2008, memorandum. 

MW GED performed this review in conjunction with a literature review of soil behavior when 

subjected to tensile strains and a published case-study of longwall mining under an impoundment 

in West Virginia.<1> 

The Phase 3 impoundment is located so the dike bounding the FCR pool to the north is centered 

over the Panel's 2 and 3 gateroad development entries, the east and west dikes extend southward 

to approximately the center of the longwall panel, and the south dike runs along the center 

portion of the panel. The panel width (1,400 feet) with respect to depth is such that subsidence is 

supercritical, so the south dike will be subjected only to transient tensile, then compressive, 

strains in a longitudinal direction as the mine face advances east to west. The east and west dikes 

will be subjected to permanent tensile strains near the northwest and northeast comers of the 

impoundrnent and the north dike will be subjected to significant strains only near the inside toe. 

Assuming the impoundment is capped and no longer impounding water at the time the longwall 

panel is advanced, the specific potential failure mechanisms that were examined for the Phase 3 

impoundment included: 

(I) Choi, D.S., et al, 1997, "A Case Study ofUndermining lmpoundment Embankment by the Longwall Mining Method," 

Proc. 36th US Rock Mechanics Symposium 
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1. Stability failure of the CCR embankment due to deformations and weakening from 

subsidence-induced shear strains and cracking. 

2. The potential for tbe development of large, persistent transverse cracks in the CCR 

embankment or foundation materials capable of releasing flowable FCR. The calculated 

horizontal strains induced by the subsidence, using revised CISPM model calculations 

calibrated to actual subsidence measurements at this mine, is about 30 microstrain 

(3 percent). 

3. Weakening and/or liquefaction of the FCR due to subsidence strain-induced pore pressures in 

conjunction with transverse cracking, possibly resulting in flow into, and/or erosion of, 

cracks in the CCR. 

CCR Embankment Stability Under Subsidence Condition 

In order to evaluate the possibility of the first of these mechanisms, a separate analysis performed 

by GAI Consultants for Alliance applied data from existing triaxial test data of the coarse refuse 

(CU with pore pressures) to the formula developed for the double-punch shear test developed by 

Fang and Chen<2J to determine a tensile strength for the CCR. The consolidation stresses for each 

test point were then corrected for equivalent effective vertical stress ( cr' v) and used to develop a 

"normalized tensile strength" ratio (cr,/ cr'v) of 0.15 for the CCR. Using this ratio, an average 

tensile strength of C=475 psf and cp=O degrees was used in a slope stability analysis to obtain a 

worst-case stability safety factor for the subsidence disturbed embankment of 1.10. We do not 

believe the derivation of this strength is technically correct. However, the strength parameter 

derived appears to be very conservative for coarse coal refuse in even the loosest condition. An 

independent analysis showed a factor of safety of 1.3 was achieved with cp=l 9 degrees, which is 

lower than CCR in its loo'sest condition based on the typical angle of repose of this material. 

Therefore, slope failure of the CCR embankment from subsidence-induced shear is very unlikely. 

CCR and Foundation Cracking Susceptibility Under Subsidence 

The second failure mechanism that was evaluated was the potential for large persistent cracks 

through the CCR embankment which, in conjunction with the third mechanism, could result in a 

breach and release of flowable FCR. The submitted data showed the CCR produced at the plant 

is a well graded gravel material (USCS classification GW) with very little fines (2.0 to 2.5 

percent passing the No. 200 sieve). The gradation of oven-dried, compacted Proctor test 

specimens prepared by Alliance was somewhat higher, with an average of 30 percent passing the 

No. 200 sieve and was classified under the USCS system as "SC," a clayey sand. However, the 

lab sample preparation and oven drying likely produced a material with more fines than in the 

constructed embankment. 

(2) Fang, H.Y. and Chen, Wai-Fai, "Determination of Tensile Strength of Soil by Unconfined Penetration Test/ 

ASTM STP-740, R.NYoungEd., 1981 
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The gradation of the CCR and the foundation soil was compared to published correlations of 
deformation cracking and piping potential. The CCR as delivered to the impoundment prior to 
compaction is a cohesionless material and is not subject to· cracking. The laboratory compacted 
and oven-dried CCR material was evaluated as having a medium deformation and cracking 
potential. However, this material is not likely to be representative of the material in the 
embankment which will have less fines; therefore, the overall deformation cracking susceptibility 
of the CCR was evaluated to be low. 

The foundation soils are moderately plastic clays (USCS classification CL with a plasticity index 
of24). These materials were evaluated as having low cracking potential because such materials 
in a saturated condition are subject to deformation rather than cracking under the expected 
strains. Mr. Harold Owens reported, in a phone conversation on June 4, 2009, that aside from a 
]-inch-wide crack in desiccated materials, no obvious cracking was observed in the clayey native 
soils over the previously advanced Longwall Panel No. 1 in the future Phase 5 area. 
Considerable cracking was observed in a more brittle asphalt and chip pavement that crossed the 
edge of the panel. Due to the possibility of localized higher than predicted tensile deformations 
at any surface point over longwall panel edges, the development of significant cracks in the 
foundation and embankments is low but cannot be excluded. 

A similar evaluation was performed for the piping resistance of the foundation and CCR 
materials. Piping resistance was evaluated as "high" for the foundation clay and plant-run CCR 
materials, and medium for the laboratory compacted materials. While not addressed in the 
submittal, we believe that if the impoundment is capped and not impounding water, there will be 
insufficient seepage water to erosively propagate any piping even if persistent cracks develop in 
the embankment. Therefore, for a capped impoundment, cracking and subsequent internal 
erosion via seepage piping is an unlikely possible failure mode. 

Subsidence Induced FCR Flow Through Cracks 

The third potential subsidence induced failure mechanism examined was the possibility of 
flowage of fluid FCR through large transverse cracks in the embankment or foundation. As 
described above, such cracks are unlikely, but cannot be precluded. However, if the FCR is not 
in a sufficiently flowable state, the cracking will be inconsequential, and this mode of failure can 
be precluded. 

The most recent submittal provided the results of laboratory testing and an analysis of the 
potential for triggering strength loss (liquefaction) for the FCR under cyclic stresses from either 
earthquakes or the advancing subsidence across the impoundment. The FCR produced at the 
Mach Mine preparation plant was bulk-sampled and characterized as a fine grained plastic 
material with 93 percent passing the No. 200 sieve and more than 99 percent passing the No. 40 
sieve. The liquid limit was 36 and the plasticity index was 17 and the material was classified 
under the USCS classification system as "CL." 
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The submittal included calculations from two triaxial tests performed on remolded FCR 

specimens prepared from bucket samples of the slurry produced by the preparation plant. These 

calculations showed a post-seismic strength ratio (Su,/ cr'v) of0.24, which is only slightly less 

th.an the peak (Sul cr'v) value of 0.27. If fully consolidated, these materials are not flowable under 

any anticipated seismic or mine subsidence conditions. However, the fine grained FCR at this 

facility is likely to dissipate excess pore pressure and consolidate under self-weight very slowly, 

so the undrained strength of the FCR at the time of mining is likely to be the most critical 

condition, with a very weak upper FCR layer being potentially flowable through cracks extending 

through the embankment. The submittal did not include specific calculations addressing this 

scenario; however, a CCR cap with a minimum thickness of 5 feet is specified to be placed over 

the impoundment prior to mining. It is expected, based on MWGED's previous observations and 

independent calculations, that when CCR is pushed-out over the FCR, the upper materials with 

undrained strength (Su) less than at least 150 pounds per square foot will be displaced during the 

pushout process and therefore are unlikely to be present beneath the pushout. The FCR and/or 

mixed FCR and CCR material that has reached an Su of at least I 50 psf is not flowable through a 

cracked embankment except in conjunction with erosive water flow, which will be precluded by 

the CCR cover. Therefore, provided that the Phase 3 impoundment is capped as shown in the 

submitted design, a failure by FCR flowage through cracks in the CCR embankment is also 

unlikely. 

CONCLUSIONS AA'D RECOMMENDATIONS 

MW GED noted some deficiencies in the submitted responses to our request for information; 

however, check calculations show the results of the analyses are conservative and the 

construction of this facility through Phase 6 is technically satisfactory. However, the submittal 

did not substantiate the stability of the Phase 7 A south embankment which will be constructed 

over Phase 3A fine refuse, and an independent analysis performed in this office found that the 

design as currently plarmed will not be stable under static or seismic conditions. Therefore, 

approval is recommended through Phase 6 only. Additional information and design revisions as 

needed to substantiate the static and seismic stability of Phase7 A will be needed before approval 

of this stage can be recommended. 

Our recommendation for approval assumes the facility is constructed strictly in accordance with 

the submitted plan. In particular, the Phase 3 impoundment must be capped with a stable CCR 

cover and incapable of impounding water before longwall mining approaches the impoundment. 

Also, per the submitted Specification 6.03 for enhanced monitoring, the operability of all the 

specified instrumentation and preparations for the contingency buttress shall be verified by the 

operator's engineer before the longwall mining face is within I 00 feet of any part of the Phase 3 

capped impoundment. 

The CCR embankments at this facility will be constructed in 500- to 600-foot-long longitudinal 

segments in order to take advantage of belt delivery of the CCR to the placement location. In 

order to assnre the segments are adequately compacted and keyed into the adjoining segments, a 

specific placement plan was developed and is included in Appendix E of Volume 1 of the 
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submitted plan. This placement plan, particularly the use of the specified equipment, maximum 

push distances, and excavation of keys into the adjoining segment should be strictly followed. 

The design report narratives and test data should also be considered part of the approved plan. If 

dam or foundation materials or conditions are discovered that are different than those described 

in the submitted reports, the plan should be modifiec.l as needed to address the changed conditions 

and submitted to MSHA for approval. In particular, the safety of this facility is contingent on the 

adherence to the specific mining schedule shown in Drawing B05-330-M36 -Mining/Impound

ment Construction Timing Map, revised July 10, 2009. 

Approved Plan Documents 

Care should be taken to assure the most recent revisions to the drawings and specifications are 

incorporated into the revised plan documents. The approved plan consists of all the documents 

listed in the section of this report titled "Second Revised Design Submittal" with the exception of 

drawing B05-330-M33 - Phase 7 - Plan View and any other Phase 7 details shown on other 

drawings. 

Paul J. Donahue, P.E. 
Civil Engineer 

Report Approved by: 

,~fiP/,~ 
Darren J ~ ,P.E. 
Supervisory Civil Engineer 
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l 

IRPI DATA FROM IMPOUNDMENT PLANS 

Date 10/19/2009 Completed by: ..;Pc.!..!:::___ _________ _ 

(2) State ---"I=L ______ _ (2) County Williamson 

(3) lmpoundment Name 

(4) lmpoundment ID No. 

Mach Mine South Impoundment /Phase 3) 

12ll-IL08-03141-02 

(8) All Information Pertains to Construction Stage 

(9) Nearest Downstream City/Town West Frankfort IL (10) Distance to Nearest City/Town (mi.) 6~5 __ _ 

(11) Latitude N 37.8389 (12) Longitude W 88.8222 
(Degrees + (Minutes/BO) + (Seconds/3600)) (Degrees+ (Minotes/60) + {Seconds/3600)). 

(15) Stream impoundment is located on or tributary to: ... r ... o~o"'d'"'C~r~e .. e .. k.__ ______________ _ 

(16) Section/Range/Township East Half of S12 R3E TBS 3rd PM 

(20) Company or consultant who prepared plan Alliance Consultin~ Inc. 

(35) Foundation Type (rock; rock and soil; soil; unknown) Clay/Silt Soil -12 to 20 ft thick over Shale 

(37) Core Type (earth, plastic, etc.) _._N.;:;os:aneee,__ ______________________ _ 

(38) Core Position (llpstream, J::!omogeneous, .Qore) 

(40) Type of Construction (.!,!pstream, Qownstream, .Qenterline) 

(41) Dam Crest Length 5,450 ft. - Rectangular diked structure feet 

(42) Structure Height (from downstream toe) . ------'5~2~ _______ feet 

(43) Open Channel Spillway Type D Controlled [SJ Uncontrolled D None 

(44) Spillway Width at Maximum Discharge ____ ...,N--'l'---'-'A~ ______ feet 

(45) Maximum Storage 812 /@ min freeboard) acre-feet 

(46) Normal Storage 750 /@ riser elev 494.8) acre-feet 

(47) Maximum Discharge ----~1~4~.8~ ____________ cfs 

(49) Drainage Area 35.0 Acres square miles 

(50) Surface Area 30. 9 Acres acres 

(51) Decant Pipe Type ~S=DcsR:c..2::6<-H=-=D'-'P--'E"-------------------

(52) Decant Pipe Diameter (ID) 

(54) Mining Underneath or Adjacent: [SJ Yes ONo 

(55) Hazard Potential Classification [SJ High D Significant D Low 
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IRPI DATA FROM IMPOUNDMENT PLANS 

Date 10/26/2009 Completed by: _,P'-'-='------------

(2) State _.I""L ______ _ (2) County Williamson 

(3) lmpoundment Name 

(4) lmpoundment ID No. 

Mach Mine Center Irnpoundment First Crest Elev. (Phase 4/ 6) 

121 l-IL08-03141-02 

(8) All Information Pertains to Construction Stage 

(9) Nearest Downstream City/Town West Frankfort. IL (10) Distance to Nearest City/Town (mi.) 6_5 __ _ 

(11) Latitude N37.8427 (12) Longitude WSS.8212 
(Degrees + (Minutes/BO) + (Seconds/3600)) (Degrees+ (Minutes/60) + (Seconds/3600)) 

(15) Stream impoundment is located on or tributary to: ... P.,.o~o ... d,._C_re,..e,..k,_ ______________ _ 

(16) Section/Range/Township East Half of S12 R3E TSS 3rd PM 

(20) Company or consultant who prepared plan Alliance Consulting: Inc. 

(35) Foundation Type (rock; rock and soil; soil; unknown) Clay /Silt Soil - 15 to 20 ft thick over Shale 

(37) Core Type (earth, plastic, etc.) .._N..,;o,,,n,..e"------------------------

(38) Core Position (]Jpstream, jjomogeneous, _Qare) ~ ~ 
(40) Type of Construction (]Jpstream, Qownstream, Qenterline) ~ ~ Ph 6 placed as outer 

(41 ) Dam Crest Length 3750 ft. Rectangular diked structure feet Buttress of Ph. 4 
---------------------

(42) Structure Height (from downstream toe) 47 feet ----~--------
(43) Open Channel Spillway Type □ controlled D Uncontrolled ~ None 

(44) Spillway Width at Maximum Discharge N A feet ----~-'--"-~------
(45) Maximum Storage 1066 (@ 3 ft. freeboard) 

(46) Normal Storage 805 @ storm evacuation pump elev 481 

acre-feet 

acre-feet 

(47) Maximum Discharge ----~N=A~ ____________ cfs 

(49) Drainage Area 46.6 Acres square miles 

(50) Surface Area 31.3 acres 

(51) Decant Pipe Type _,_N-"o"'n"'e"------------------------

(52) Decant Pipe Diameter (ID) ~ ~----'"'-"'-u,,_ __________ _ 

(54) Mining Underneath or Adjacent ~ Yes ONo 

(55) Hazard Potential Classification ~High D Significant D Low 
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IRPI DATA FROM IMPOUNDMENT PLANS 

Date 10/19/2009 Completed by: -"P=D~----------

(2) State -"I""L ______ _ (2) County Williamson 

(3) lmpoundment Name 

(4) lmpoundment ID No. 

Mach Mine North Impoundment (Phase 5) 

1211-IL0S-03141-02 

(8) All Information Pertains to Construction Stage 

(9) Nearest Downstream Cityfrown West Frankfort. IL (10) Distance to Nearest Cityrrown (mi.) 6-,...5 __ _ 

(11) Latitude N37.8465 (12) Longitude W 88.8202 
(Degrees + (Minutes/SO) + (Seconds/3600)) .(Degrees + (Minutes/60) + (Seconds/3600)) 

(15) Stream impoundment is located on or tributary to: ~P~o~n"'d._C-re,..e.,.k,__ ______________ _ 

(16) Section/Rangerrownship East Half of S12 R3E TBS 3,d PM 

(20) Company or consultant who prepared plan Alliance Consulting: Inc. 

(35) Foundation Type (rock; rock and soil; soil; unknown) Clay /Silt Soil - 20 to 25 ft thick over Shale 

(37) Core Type (earth, plastic, etc.) _.,N-"o"'n"'e~----------------------

(38) Core Position (!lpstream, t!omogeneous, Qore) 

(40) Type of Construction (!lpstream, Qownstream, Qenterline) 

(41) Dam Crest Length 5,260 ft. - Rectangular diked structure feet 

(42) Structure Height (from downstream toe) 51 feet ----~~-------
(43) Open Channel Spillway Type □ controlled ~ Uncontrolled D None 

(44) Spillway Width at Maximum Discharge N A feet ----~-'-"-~------
(45) Maximum Storage 1382 /@ 3 ft. freeboard, excL incised portion) 

(46) Normal Storage 750 /@ riser elev 488 excI incised portion) 

acre-feet 

acre-feet 

(47) Maximum Discharge ----~1=6=.l~ ____________ cfs 

(49) Drainage Area 38.4 Acres square miles 

(50) Surface Area 36.0 acres 

(51) Decant Pipe Type ----"S"'D"'R"'-'=26=H""D"'-P"-E"'--------------------

(52) Decant Pipe Diameter (ID) ---~1~6=.6~in=c=h~(P,.....i"'p=e~a~n=d=R~is~e=r,-) ____ inches 

(54) Mining Underneath or Adjacent ~ Yes ONo 

(55) Hazard Potential Classification ~ High D Significant D Low 
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IMPOUNDMENT DATA SHEET 

Completed by: PJD Date 27 October 2009 

All Information Pertains to Construction Soulh hnpc,undment (Stage 3) 

Jmpoundment Name Mach Mine Coal Refuse lmpoundment 

Site ID No. 1211-ILOS-03141-02 

Hazard Potential Classification [81 High D Significant □ Low 

CONFIGURATION 
Maximum Crest Elevation 500.00 feet 
Minimum Crest Width 30 feet 
Minimum Required Freeboard from Max. Nonmal Pool to Crest is 5.20 feet 

Decant Pipe Material Type SOR 26 HOPE 
Inside Diameter 16.6 inches 

Inlet Elevation 494.8 feet 

Open Channel (Emergency) Spillway Invert Elevation NIA feet 
Bottom Width feet 

Lining Type 

Embankment Slopes 

Embankment Benches 

Groin Ditches 

COMPACTION 

Upstream 2.6H:1V 
Downstream 3.0H:1V 

Width 20.0 feet 
Vertical Interval 40.0 feet 

Lining Type NIA 

1 Test per 2000 CY or min. 1 per lift Compaction Test Frequency 
Moisture Content Range 
Compaction Density Standard 

minus 2.00 % to plus 3.00 % 
95.00 % Lift Thickness(es) 12.00 Inches 

INSTRUMENTATION 
Standpipe Piezometers 
Piezometer No. 
P-6 
P-7 
P-8 

Maximum Allowable Water 
Elevation (feet) 

463 
475 
487 

See sheets E39 and E48 for Tip elevations. 

Action Criteria 

Pneumatic Piezometers 
Piezometer No. 

PN-1 
PN-2 
PN-3 
PN-4 

Inclinometers: 
!nclinometer No. 
t-1 1. Development of Breaks or other discontinuities in profile; or 

Maximum Allowable 
Pressure (PSI)* 
10.0 
10.0 
6.5 
6.5 

1-2 2, Continued steady movement more than1 week after mine face passes borehole location 

3. Accelerating movement later than 3 days after mine face passes borehole location 

Subsidence Profile Baselines "G" and "H" are to be used to verify previous subsidence predictions and interpret other 

instrument data. No action criteria are applicable. 

"' Pneumatic Piezo readings are to be used io measure pore pressure changes associated with consolidation of the FCR and 

from mine subsidence related shear strains. 

CRITICAL CONSTRUCTION ITEMS 

The most critical event affecting this phase will be the Longwall Panel No. 3 mining beneath this impoundment expected to 

occur mid-July through August, 2010. The following measures must be strictly implemented. No mining within 100 feet of 

the projected footprint of the Phase 3 embankment should be permitted until the following measures are in place: 

1. The CCR cap over the settled FCR must be in place, sloped for drainage, and any capability to impound any water 

removed. This is a critical measure. 

2. All instnumentation shown on drawing M30 and E47 (Piezometers and inclinometers) and M36 (Subsidence Baselines) are 

in place and operable. Also see Specification 2.05 through 2.07 and Appendix F - Subsidence Monitoring Plan 

3. The procedures in Specification Section 6.03 - Enhanced Monitoring must be strictly followed. 
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IMPOUNDMENT DATA SHEET 

Completed by: PJD Date 27 October 2009 

All Information Perlains to (.;onstruction Centi al hnpou11tlir1Emt (Stage 4/6) 

lmpoundment Name Mach Mine Coal Refuse lmpoundment 

Site ID No. 1211-IL0B-03141-02 

Hazard Potential Classification [8'.I High D Significant D Low 

CONFIGURATION 
Maximum Crest Elevation 492.00 feet 
Minimum Crest Width 100 feet 
Minimum Required Freeboard from Pump Activation Elevation to Crest is 8.0 feet 

Decant Pipe Material Type None - pump with min capacity of 1902 gpm will be used 

Start Pumping at 481.0 feet 

Open Channel (Emergency) Spillway Invert Elevation NIA feet 
Bottom Width feet 

Lining Type 

Embankment Slopes 

Embankment Benches 

Groin Ditches 

COMPACTION 

Upstream 3.0H: 1V 
Downstream 3.0H:1V 

Width None feet 
Vertical Interval feet (One bench near toe) 

Lining Type NIA 

1 Test per 2000 CY or min. 1 per lift Compaction Test Frequency 
Moisture Content Range 
Compaction Density Standard 

INSTRUMENTATION 
Standpipe Piezometers 
Piezometer No. 
P-12 
P-13 
P-15 
P-16 

minus 2.00 % to plus 3.00 % 
95.00 % Lift Thickness(es) 

Maximum Allowable Water 
Elevation (feet) 

445 
450 
451 
465 

12.00 inches 

See Sheets E12, Section D-D and E39 Section G-G for tip elevations. No FCR placement will be placed and impoundment 

will normally be dry. 

CRITICAL CONSTRUCTION ITEMS 

Stages 4/6 will be normally maintained in a dry condition. FCR placement will not start until Stage 7 raise is 50% complete. A 

pump will be provided for evacuation in event of a severe storm. See Appendix G. 

Stage 4 will be constructed then undermined by the advance of Longwall panel No. 2. A thorough post-subsidence inspection 

is required before constructing the Stage 6 on the outer slope of Stage 4. 
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IMPOUNDMENTDATASHEET 

Completeo by: PJD Date 27 October 2009 

All lnformotion Pertains to Construction North lmpoundment (Staoe 5) 
lmpoundment Name Mach Mine Coal Refuse lmpoundment 

Site ID No. 1211-IL0B-03141-02 

Hazard Potential Classification [8J High D Significant □ Low 

CONFIGURATION 
Maximum Crest Elevation 500.00 feet 
Minimum Crest Width 30 feet 
Minimum Required Freeboard from Max. Normal Pool to Crest is 8.0 feet 

Decant Pipe Material Type SOR 26 HOPE 
Inside Diameter 16.6 inches 

Inlet Elevation 480.0 feet 

Open Channel (Emergency) Spillway Invert Elevation N/A feet 
Bottom Width feet 

Lining Type 

Embankment Slopes 

Embankment Benches 

Groin Ditches 

COMPACTION 

Upstream 3.0H:1 V 
Downstream 3.0H:1 V 

Width 20.0 feet 
Vertical Interval 45.0 feet (One bench near toe) 

Lining Type N/A 

Compaction Test Frequency 1 Test per 2000 CY or min. 1 per lift 

Moisture Content Range minus 2.00 % to plus 3.00 % 

Compaction Density Standard 95.00 % Lift Thickness(es) 12.00 inches 

INSTRUMENTATION 
Standpipe Piezometers 
Piezometer No. 
P-9 
P-10 
P-11 

Maximum Allowable Water 
Elevation (feet) 

437 
455 
473 

See Sheets E12, Section C-C for tip elevations. Piezometers relocated to North Dike, but all values are still applicable. 

CRITICAL CONSTRUCTION ITEMS 

CCR embankment fill will be placed in segments by belt delivery and dozer. The fill placement procedure described in 

Appendix E of the approved plan including drawing A-4 should be strictly followed. 
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APPENDIXD 

CONTINGENCY BUTTRESS CONSTRUCTION TIME CALCULATION AND 

VOLUMES 
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A1lianceL7 
Consulting, Inc. 

BY: HLO 

PROJECT NAME: 

0 
DATE: 11/12/2010 CHKD BY: DATE: ---

Refuse Disposal Areas No's. I & 2, Williamson Energy LLC 

B09-341-1413 SHEET OF I/ 
Engineers · Constructors· Scientists 

PROJECT NO. 

DESCRIPTION Contingency Buttress Construction Times 

l 

Beckley, WV Phases 2 and 3 

Equipment Available at Mine Site 

Mach Mining Equipment - 2 Caterpillar D9 dozers, 1 Caterpillar 330 tracked excavator. 

K. D. Crain & Sons Inc. - 2 Komatsu D65PX dozers, 1 Caterpillar D5L dozer, 1 Caterpillar 240 tracked 
excavator, 1 Caterpillar 330 tracked excavator, 1 Caterpillar D9L dozer, 3 Caterpillar MT 865 Challenger 
tracked tractors with 13 CY bowl scraper, & 1 MT875 Challenger tracked tractor with 13 CY bowl scraper. 
The contractor also has a number of Caterpillar 631 wheel tractor scrapers (25 CY) available if needed. 

Cycle Times Reference: Caterpillar Performance Handbook, Edition 33, October 2002 

The soil will be hauled from the soil stock pile (750,000 CY) to the crest of the Phase 2 and Phase 3 

contingency buttress areas by Cat MT675C or Cat MT875C track tractor drawn bowl scrapers 

(about 13 CY capacity) or Cat 631 G wheel tractor scrapers (about 24 CY capacity). The soil will then 
be pushed down slope and compacted by dozers. The buttress spreading and compacting will be 

concurrent with hauling soil from the stockpile. 

Fixed Times: Loading - 0.9 minutes Maneuver & Dump - 0. 7 minutes 

Assume wait and other delays make hauling operation 75% effective. 

The MT865C and MT875Ctractors have similar horsepower and speed to the Cat 631 G tractors. 

Therefore can use the travel time curves for the 631 G tractors for all of the tractors readily available. 

Rolling Resistance (roadway is dirt flexing under load) 

Tracked MT675C or MT685 tractors - 0 13 CY bowl scraper - 5% grade equilvalent 

Cat 631 wheel tractor with 25 CY scraper - 5% grade equilvalent 

Cycle Time =(Loading Time + Travel Time (Loaded) + Dump Time + Travel Time (Empty)) x 1.33 

Travel Distances: 
Phase Stockpile 

No. to Toe 
illl 

2 1,800 
3 2,600 

Grade 
(%) 

0 

0 

Flit. Contingency Uuttrcssl, hlo, rev. l l/12/2010 

Toe to 
Crest 
illl 
360 
250 

Grade 
(%) 

8 
12 

Ave. Haul Distance 
Along Crest 

illl 
1,225 
1,400 

Grade 
(%) 

0 
0 
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BY: HLO DATE: 11/12/2010 CHKD BY: 
0 

DATE: 

Alliance£1 
Consulting, Inc. 

PROJECT NAME: Refuse Disposal Areas No's. I & 2, Williamson Energy LLC 

B09-341-1413 

Engineers · Constructors· Scientists 
PROJECT NU. 

DESCRIPTION 

SHEET 2 OF 

Contingency Buttress construction Times 

Beckley, WV 

EMPTY 

Phases 2 & 3 

631 G Travel Time - Empty 
• 37.25R35 Tires 

Wheel Tractor-Scrapers 
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Empty weight: 46 475 kg (102,460 lb) 

I/ 
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BY: HLO DATE: 11/12/2010 CHKD BY: DATE: ---Alliance£1 
Consulting, Inc. 

PROJECT NAME: Refuse Disposal Areas No's. 1 & 2, Williamson Energy LLC 

B09-341-1413 SHEET 3 

Engineers · Constructors· Scientists 
PROJECT I,, 

DESCRIPTION Contingency Buttress construction Times 

Beckley, WV 

Wheel Tractor-Scrapers 

LOADED 

feet meters 

7000 

Phases 2 & 3 

631 G Travel Time - Loaded 
• 37.25R35 Tires 
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Empty weight: 46 475 kg (102,460 lb} 
Payload: 34 020 kg (75,000 lb} 

OF II 
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AllianceO 
Consulting, Inc. 

BY: HLO 

PROJECT NAME: 

Engineers · Constructors· Scientists 
PROJECT NO. 

OFSCRIPTION 

C 

Beckley, WV 

••• 
TYPICAL FIXED TIMES FOR SCRAPERS 

(Times may vary depending on job conditions) 

Maneuver and 
Spread or 

Load Time Maneuver and 
Model Loaded By (Min.) Dump (Min.) 

613C Series II Self 0.9 0.7 

615C Series II Self 0.9 0.7 

623G Self 0.9 0.7 

611 One DBR 0.5- 0.7 

621G One OBA 0.5 0.7 

627G One OBA 0.5 0.6 

621G One D9A 0.4 0.7 

627G OneD9R 0.4 0.6 

627G/PP Self 0.9* 0.6 

631G One D9R 0.6 0.7 

637G One 09A 0.6 0.6 

631G One D10R 0.5 0.7 
637G One D10R 0.5 0.6 
637G/PP Self 1.0* 0.6 
651E OneD11R 0.6 0.7 
657E OneD11R 0.6 0.6 
657E Push Pull 1.1* 0.6 

Se!! 
621G Auger 0.9 0.7 
627G Auger 0.7 0.7 
631G Auger 0.9 0.7 
637G Auger 0.8 0.7 
651E Auger 1.3 0.7 
657E Auger 1.0 0.7 

Load time per pair, including transfer time. 

Fiic: Cc:.tlngcncyButtrc::;::;2.;d::;, hlo, rev.11/':2/2010 

(_) 
DATE: 11/12/2010 CHKD BY: DATE: 

Refuse Disposal Areas No's. 1 & 2, Williamson Energy LLC 

B09-341-1413 SHEET 4 OF 

Contingency Buttress Construction Times 

Phases 2 & 3 

Phase 2 Cycle Time 

Component 
Loaded 

Stockpile load time 

Stockpile to ramp 

Ramp to crest 
Crest to dump point 
Dump time 

Unloaded 

Dump point to ramp 
Down ramp 

Ramp to stockpile 

Basic cycle time 

Delay time 
Total cycle time 

Phase 3 Cycle Time 

Component 
Loaded 

Stockpile load time 

Stockpile to ramp 
Ramp to crest 
Crest to dump point 
Dump time 

Unloaded 
Dump point to ramp 
Down ramp 

Ramp to stockpile 
Basic cycle time 
Delay time 
Total cycle ti me 

Time /minutes) 

0.90 

1.50 
0.75 
1.05 
0.70 

0.70 
0.25 
1.00 
6.85 
2.26 
9.11 

Time (minutes) 

0.90 
1.90 
0.75 
1.15 
0.70 

0.80 
0.14 
1.00 
7.34 
2.42 
9.76 

II 
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BY: HLO DATE: 11/12/2010 CHKD BY: DATE: ---A11iance£1 

Consulting, Inc. 
PROJECT NAME: Refuse Disposal Areas No's. I & 2, Williamson Energy LLC 

B09-341-I413 SHEET 5 

Engineers · Constructors· Scientists 
PROJECT NO. 

DESCRIPTION Contingency Buttress Construction Times 

Beckley, WV 

Swell and Load Factors 

Assume clay soil stockpile density = 110 pcf 
Load Factor= 0.73, % swell = 37% 
Assume clay soil loose density = 80 pcf (in scraper) 

Phases 2 & 3 

Ave. max. dry density of buttress= 112.4 pcf, Ave optimum moisture content= 14.4% 
(see attached Proctor Curves for Samples S-1 and S-2) 
Ave. density compacted buttress soil=ydry(1 +w) = 112.4(1 + 0.141)= 130.9 pcf(say 131 pcf) 

OF I/ 

Net Load compaction factor= 80/131 = 0.61 (must haul 1.0/0.61 = 1.64 CY to get 1 CY compacted fill) 

Full Height Contingency Buttress Volumes 
Phase 2 = 125,320 CY (see accompanying computation sheet for volumes) 
Phase 3 = 175,130 CY 

Construction Times (Full Height Contingency Buttress using two 13 CY Scrapers) 

Phase 2 = (125,320 CY)(9.11 min./load)/((0.61 )(13 CY/load)(2 scrapers)) 
= 71,984 min. = 1,200 hrs= 50.0 days 

Phase 3 = (175,130 CY)(9.76 min./load)/((0.61 )(13 CY/load)(2 scrapers)) 
= 107,772 min. = 1,796 hrs= 74.8 days 

Construction Times (Full Height Contingency Buttress using two 25 CY Scrapers) 

Phase 2 = 50.0(13)/(25) = 26.0 days 
Phase 3 = 74.8(13)/(25) = 38.9 days 

(2,506) CY /day) 

(2,382 CY/day) 

(4,820 CY/day) 
(4,502 CY/day) 

Construction Times (Full Height Contingency Buttress using two 25 CY & two 13 CY Scrapers) 

Phase 2 = (125,320 CY)/((2,506 + 4,820)CY/day) = 17.1 days 
Phase 3 = (175,130 CY)/((2,382 + 4,502)CY/day) = 25.4 days 
Total = 42.5 days 

File: Contigency Buttress3.xls, hlo, rev. l I /16/2010 

(7,326 CY/day) 
(6,884 CY/day) 
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0 

A1liance£1 
Consulting, Inc. 

BY: HLO DATE: 11/12/2010 CHKLJ HY: ____ UAI c: __ _ 

PROJECT NAME: Refuse Disposal Areas No's. 1 & 2, Williamson Energy LLC 

B09-341-1413 SHEET 6 

Engineers · Constructors· Scientists 
PROJECT NO. 

DESCRIPTION Contingency Buttress Construction Times 

Beckley, WV Phases 2 & 3 

Average Time to build 100' Length of Full Height Buttress 

Phase 2 Ave. Volume/100 feet= (125,320 CY)(100 ft.)/(5,500 ft. ave. perimeter)= 2,278 CY/100 ft. 
Time for two 13 CY scrapers= (2,278 CY)/(2,506 CY/day)= 0.91 days= 21.8 hours 

Time for two 25 CY scrapers= (2,278 CY)/(4,820 CY/day)= 0.473 days= 11.3 hours 

OF II 

Time for two 13 CY and two 25 CY scrapers= (2,278 CY)/((2,506 + 4,820) CY/day)= 0.311 days= 7.5 hours 

Phase 3 Ave. Volume/100 feet= (175,130 CY)(100 ft.)/(6,000 ft. ave. perimeter)= 2,919 CY/100 ft. 

Time for two 13 CY scrapers= (2,919 CY)/(2,382 CY/day)= 1.225 days= 29.4 hours 

Time for two 25 CY scrapers= (2,919 CY)/(4,502 CY/day)= 0.648 days= 15.6 hours 

Time of two 13 CY and two 25 CY scrapers= (2,919 CY)/((2,382 + 4,502)CY/day) = 0.424 days= 10.2 hours 

Ave. Time to Build 100' of Partial Height Contingency Buttress 

Drilling done on the partially capped Phase 2 and Phase 3 revealed that as a miminum, the coarse coal 
refuse (CCR) penetrated down into the slurry 18' (at Borings D-3. The range of penetration was 
18' to 50'. Since both phases have a "ring" of CCR around the perimeter of the cap, assume this will 
serve as an adequate barrier to block leakage of slurrry through subsidence cracks in the top 18' of each 

embankment. Determine the time needed to build 100' of contingency buttress less the top 18'. 

Volume reduction = (18' high x 20' wide x 100' long)/27 ft3/CY = 1,333 CY per 100' 

Phase 2 Volume= (2,278 - 1,333)CY = 945 CY/100 feet 
Time reducton factor to build 100' of buttress= 945/2,278=0.41 

Phase 3 Volume= (2,919 - 1,333)CY = 1,586 CY/100 feet 
Time reduction factor= 1,586/2,919 = 0.54 

Scraper Combinations 
2 ea. 13 CY 
2 ea. 25 CY 
2 ea. 13 CY+ 2 ea. 25 CY 

Phase 2 
8.9 hours 
4.6 hours 
3.1 hours 

File: ContengencyButtress4.xls, hlo, rev. 11/16/2010 

Phase 3 
15.9 hours 
8.4 hours 
5.5 hours 
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A1lianceL7 
Consulting, Inc. 

---
PROJECT NAME: Refuse Disposal Areas No's. 1 & 2, Williamson Energy LLC 

--------~-------~-----~~---
PROJECT NO. B09-341-!413 SHEET 7 OF 

Engineers · Constructors· Scientists DESCRIPTION Contingency Buttress Construction Times 

Beckley, WV Phases 2 and 3 

Discussion: Experience gained in longwall mining under the Phase 4 embankment indicates that 

embankment cracking to the extent that would allow release of slurry is limited to the upper 1 O' to 12' of the 

embankment. In addition, a coarse coal refuse "ring" has been placed adjacent to the upstream slope of 

The "ring" is about 20' wide and extends against the interior slopes of the embankments to a depth of at least 

18' in the pools of Phases 2 and 3. This "ring" was placed to establish a stable base from which to start 

impoundment capping operations. By the time the longwall passes under Phases 2 and 3, both 

impoundments will be completely capped. Drilling conducted though the cap indicates that the fine coal 

refuse slurry is consolidating and the moisture content is less that the fluid condition. In addition, the 

thickened slurry will serve to seal any crack with which it may contact. Observations of Phase 4 indicate 

that the extent of any cracks wide enough to emit slurry are limited to short lengths of the embankment and 

close up quickly as the longwall advances. 

In summary, a barrier "ring" has been constructed along the interior of the impoundments. The ring 

extends in depth below observed depth of open cracks observed in Phase 4. lmpoundment capping 

operations have densified the slurry to a non-flowable moisture content, and if it did start to flow out of an 

embankment crack, experience at other sites indicates that it would seal the crack (it has been a 

successful practice at other sites to direct slurry discharges over foundation and embankment cracks to 

seal them). If any slurry were to be forced through any embankment subsidence cracks, it is anticipated that 

it would be the consistency of tooth paste and could easily be contained in the sediment ditches which 

surround both phases. 

A variety of earth moving equipment is available on the mine property to deal with any cracks that could 

develop in the embankments. Although we do not anticipate any slurry leakage, a contingency buttress 

of a length to cover 100' of embankment could be constructed in as little as 3.1 to 5.5 hours for a partial height 

buttress to 7.5 to 10.2 hours for a full height buttress. 

It is anticipated that stockpile clay soil would be used to construct any contingency/crack repair buttresses 

needed. Approximately 750,000 CY of clay soil is stockpiled immediately south of Phase 2. Full 

contingency buttresses for both phases would require 300,450 CY, therefore plenty of buttress material is 

readily available. 

Fik. Cu11ti11ge11<.;y Dullic:.s5, hlo, rev. 11/16/2010 

II 
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Consulting, Inc. 
PROJECT NAME: Refuse Disposal Areas No's. 1 & 2, Williamson Energy LLC '-'-------------'-'-C::....::L.C."'-C.-:C::...:c=...:.....:....=:...::----'-'---=-----===-.::.::c..::==.:.=.-===--

B09-341-1413 SHEET a 
Engineers · Constructors· Scientists 

P RO J EC T NO. 

DESCRIPTION Contingency Buttress Times 

Beckley, WV 

PHASE 2 

BUTTRESS 

Phases 2 and 3 

Volumes by Triangulation (Prisms) 

Fri Nov 12 10:53:49 2010 

Existing Surface: Z:\05330\20 BUTTRESS BASE.tin 
Final Surface: Z:\05330\20 BUTTRESS.tin 

Cut volume: 2,393.1 C.F., 88.63 C.Y. 
Fill volume: 3,383,756.5 C.F., 125,324.31 C.Y. 

Area in Cut: 36,606.4 S.F., 0.84 Acres 
Area in Fill: 666,533.2 S.F., 15.30 Acres 
Total inclusion area: 705,843.2 S.F., 16.20 Acres 

Average ~ut Depth: 0.07 feet 
Average Fill Depth: 5.08 feet 
Cut to Fill ratio: 0.00 
Import Volume: 125,235.7 C.Y. 
Elevation Change To Reach Balance: -4.791 
Volume Change Per .1 ft: 2,614.2 C.Y. 

Cut (C.Y.) / Area (acres): 5.47 
Fill (C.Y.) / Area (acres): 7734.19 

OF /( 
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AllianceO 
Consulting, Inc. 

PROJECT N....:A:.:M.::E::...: __ ....:R:.:e::f.::u:::se::...D=is,:,PO:::s:.::a::...I ::A::...r:::ea:.:s....:N:.:o::...'::s • ....:l....:&:.::· _:2::..., ..:.W....:i.::11:.:ia:.::m:.::s:.::o:.::n....:E:::.n:.:e::.:r_,,gyLC:L:.::L:.::C::__ 

Engineers · Constructors· Scientists 

Beckley, WV 

PHASE 3 

BUTTRESS 

PROJECT NO. 

DESCRIPTION 

!Tl ... .; ~....,.,..,..,.,1 ~+-.; ,...,.,.... 

B09-341-1413 SHEET 

Contingency Buttress Times 

Phases 2 and 3 

-----••-:::, .......................... .. {Prisms) 

9 

Fri Nov 12 10:55:43 2010 

l 

Existing Surface: Z:\05330\20 BUTTRESS BASE.tin 
Final Surface: Z:\05330\20 BUTTRESS.tin 

Cut volume: 7,242.4 C.F., 268.24 C.Y. 
Fill volume: 4,728,428.1 C.F., 175,126.97 C.Y. 

Area in Cut: 9,465.2 S.F., 0.22 Acres 
Area in Fill: 913,291.8 S.F., 20.97 Acres 
Total inclusion area: 930,151.6 S.F., 21.35 Acres 

Average Cut Depth: 0.77 feet 
Average Fill Depth: 5.18 feet 
Cut to Fill ratio: 0.00 
Import Volume: 174;858.7 C.Y. 
Elevation Change To Reach Balance: -5.076 
Volume Change Per .1 ft: 3,445.0 C.Y. 

Cut (C.Y.) / Area (acres): 12.56 
Fill (C. Y.) / Area (acres) : 8201. 38 

OF II 
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Clienl 
Client Reference 

Project No. 
Lab ID 

Visual Descriplion 

\JC V l •; I, II ti I 1, V 

MOISTUR[ DENSITY RELATIONSHIP 
ASTM 0698-00 SOP-S12 

ALLIANCE CONSUL TING 

MACH IVIINING 605-330-1413 

2006-263-01 
2006-263-01-01 

BROWN CLAY 

Boring No. 
Depth (fl) 
sample No. 
Test Method 

Optimum Water Content 

Maximum Dry Density 

14.1 
114.7 

""' VJ V V 

0 
Qtechnics 
~ INTEGRITY IN TESTING 

SOIL REF CELL 
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Assumed 
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Water Content(%) 

Tested By PC Date 7/20/06 C/1ecked By Date '7 -. 
page 1 of 2 OC N:CT,S 1 !' DAU: 1:!!11/{if; fl£VJ-;JON 7 C V.fSOFFICElE:m:f\FnnlQl/K.OJ~/.,]\"h,.~r/ 

544 Braddock Avenue • East Piltsburgh, PA 15112 • 412-823-7600 • FAX 412-823-8999 • www.geotechnics.net 
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MOISTURE DENSITY RELATIONSHIP 
ASTM 0888--00 SOP-S12 

~ INTEGRITY IN Tl'!Srl'.'.G 

Client ALLIANCE CONSUL TING 
MACH MINING 805-330-1413 
2006-263-01 

Boring No. 
Depth (ft) 
Sample No. 
Test Method 

.:SH LE:'€7' I/ e!>.F I I 

SOIL REF CELL 
Client Reference 
Project No. 
Lab ID 

Visual Description 

2006-263-01-02 

BROWN CLAY 

Optimurn Water Content 
Maximum Dry Density 

14.7 
110.0 

NA 
S-2 
STANDARD 

125 ~---------,---------.------------,----------, 

C 
w 
C. -.£ 
"' = 
"' Cl 

Specific Gravity 2. 70 
Assumed 

120 +----------i--------······~-·· · 

115 +------------ ... · .. -- ---------j-----',-----+---------1 

110 t---------t----:--:::;;;;;;....---1--..... 
I 

I 
I 
I 
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I 
105 +----------t--------++----------t------- --- ____ ,,____ ___ _ 

1 00 +--1----+--+--+---t--+-+--+--+_.;-l---+--+---+---+---t--,..--<--+-------f----l 
5 10 15 20 25 

Water Content(%) 

Tested By 88 Date 7119/06 Checked By ~ Date 1-'9,G-C\L, 
page 1 of 2 DCN:CT-~12. DATf:/2/12/015 ~E\/ISJQN 1 

544 Braddock Avenue • East Pittsburgh, PA 15112 • 412-823-7600 • FAX 412-823-8999 • www.geotechnics.net 
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APPENDIXE 

MSHA AND ILLINOIS DEPARTMENT OF NATURAL RESOURCES OFFICE OF 

WATER RESOURCES APPROVALS 
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fvlr. Anthony Webb, fvline IV1anager 
fvlach Mining, LLC 
P.O. Box 300 
Johnston City, Illinois 62951 

RE: f•/lach ;'¢1 Mine, Mine ID No. 11- 0314i, Refuse Disposal Facility No. 2, 
!mpoundment No. 1211-[L0S-03141-02, Revised Plans for Phase 7 

Dear Mr. Webb: 

The attached report is documentation of the review and recommendations of the 
Mine Waste and Geotechnical Engineering Division (MWGED), Report No. MW-
10-072, daied November 1, 2010. This report addresses the revised plan for 
Phase 7 of Refuse Disposal Faciiity No. 2. Based on the information 
submitted, the revised plan for Phase 7 cs approved. 

If Mach Mining, LLC has any questions concerning the approval of this plan, 
piease contact Stan Reeder at (812) 882-7617. 

Sincerely, 

. / . ' 
•. ,.:~i /:.: <--- --- \ -~--·-· 

Hubert Payne ··~ 
District Manager 
Coal Mine Safety I'., Health 
District 8 

Enclosure 
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November L 20 l 0 

\fEMOR._",_1\fDUl\.f FOR I-illBERT PA \-:\'E 

THROUGH: 

FROM: 

SGBJECT: 

District l\fanager, District 8 
Coar11-,fine Safety and'Realth 

/ J ' ,.:__L-<, ,, 
(. ·._j/ / ·. ( 

~-bv'-c•/7~.};,y; 
KEJ\;'NETH G. FIELDS 
Chief, Pittsburgh Safety and Heaith Technoiogy Center 

Sl~" 7 , Cj'1i;___\i-<.___0;__;"'--
STANLE\ .VMICHALEK 
Chief, Mine Waste and Geotechnical Engineering Division 

Recommendation for Approval of Revised Design Plan for Phase 7, 
Refuse Disposal Facility No. 2. lmpoundment I.D. No. 121 l-IL08-
03 l 41-02, l'viach l\1ining, LLC, Mach Mine :-Jo. 1, Mine I.D. No. 11-
03141, Williamson County, l!!inois 

As requested by your office, a teclmicai review of the plan for proposed Phase 7 of the 
impoundmcnt has been completed. Our review included the submitted re1·ised design 
docun1entation for Phase 7 in response to our request for additional inforn1ation in Report No. 
M\V09-077. Ti1is report recommended approval of the Phases 3 through 6, btrt not Phase 7. 
Report No. l'v!Wl 0-07:2, which is attached. indicates that the revised plan for the Refuse Disposal 
Facility No. :2 now appe:1rs 10 be teclmically accept:ible through Phase 7, which is the final phase 
planned for this facility. 

Tile lmpoundment and IRPI data sheets have been completed for Phase 7 and are included with 
the rcpo11. Please contact this office ifthe,·e are any questions regarding this review. 

Attachment 

cc: J. Kravitz-Actillg Director, TS 
S Gigliotti - Chief, Safety Div .. Cl\!S&H 
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L0°:ITED STATES DEPARTMENT OF L!\.BOR 

Ivffi\i"E SAFETY A.ND HEALTH ADMINISTRATION 

PITTSBURGH SAFETY A.,"\iD HEALTH TECIINOLOGY CENTER 

MINE WASTE Ai"Tl GEOTECHNICAL ENGINEERING DIVISION 

COCHR,\_'\/S IvITLL ROAD 
P.O. BOX i8233 

PITTSBURGH, PEl<NSYLVA.NIA 15236 

REPORT NO. MvVl0-072 

REVIEW OF REVISED DESIGN PLA.s'-JS FOR PI-li-\SE 7 

REFUSE DISPOSAL FACILITY NO. 2 
MSHAI.D. NO. 12Jl-IL08-03141-02 

MACH lviINl:."-iG, LLC 

lvIDl"E I.D. NO. 11-03141 

WILL1"-. .. M:SON COUNTY, ILLL"IOIS 

NOVEMBER 1, 2010 

BY 

PAUL J. DONA.BUE, P.E. 
CIVIL ENGINEER 
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P..EI'ORT NUNt:BER MiVl0-072 

The Refuse Disposal Facility No. 2 is owned and operated by l\1lach :\,fining LLC, a.rid receives 

co2.rse and fine coal refuse from the preparation plant for the Mach No. 1 Mine. The sile can be 

found on the USGS 7.5 Minute Pittsburg (Illinois) quadr,mgle map at geographic coordinates 

~ 37°50'30" latitude 2nd W 88°49'! 7" longitude. This facility is located on a tract comprising 

the east half of Section 12, Tovvnship 8S, ,md Range 3E, Third Principal Meridian. 

I\1ATERIA.L RE\1E\YED 

Revised Desi 01 Submittal 

The revised design documents were prep_ared for Mach Mining LLC by Alliance Consulting, 

Incorporated (Alliance) and included the following items. 

1. A letter report titled "Response IO MSHA Comments - Phase 7 - Coal Refuse Disposal, 

Facility No. 2 - Mach Mining LLC - !mpotmdment ID No. 121 l-IL08-03141-02," dated 

March 22, 2010. The report included a narrative desc1iption of the proposed design 

re·:isions; revised pages 1, 12, 14, A-4, and stability analysis summary sheet of the original 

c18sign report, and supponing calculations for the revised design. 

2. The following are seven revised impoundment plan drav.i.ngs. 

B05-330-M32 - Figure No. 5-Revised 3/i 0/10 

B05-330-M34 - Figure >lo. 6-ReYised 3/10/ 10 

B05-330-M33-Figure No. 7-Revised 3/10/10 

B0S-330-£22-Figure No. 9-Revised 3/10/10 

B05-330-El 2 - Figure No. 14-Revised 3/18/10 

B05-330-E48 - Figure No. 16-Re\·ised 3/17/10 

B05-330-:tvi36 - Figure No. 17-Revised 3/16/10 

The above materials were received by ib.is office on March 29, 2010. 

In addition to the above suboittals, we also reviewed geoteclmical test boring logs and laboratory 

test data for the fine coal refuse (FCR) and the coarse coal refuse (CCR) capping materials 

currently being placed at the Phase l, 2, and 3 cells. The borings and lab tesiing ,vere performed 

by Holcomb Foundation Engineering Company, Carbondale, Iilinois, and furnished lo Mach 

l'vfining LLC, under a transmittal lener dated August 16, 2010. This infom1ation was iransmitted 

to Tecn.i;ica.l Support via e-mail from D2.n Barkley of the Illinois Department ofNamral 

Resources and Harold Owens of A.lliancc on October i, 2010. This geotechnical data was 

ol>tJined as required under the currently approYed plan in order to characterize the properries of 

the capped FCR prior to the adYance of longwall panel :\o. 3 under the Phase 1, 2, and 3 cells in 

eJrlv 201;. Howeyer. th.is data was :ilso used in verifying the s\:ibility a.-1alyses for the re,·ised 
- • ~•-., - • ·' , • l •. l 

--:-.>nj2gurauon 01 .r-r1ase ; 1n Lnc :;uoJecl ::,uo1111L\.,.1_i. 
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BACKGROCND 

The revised Refuse Disposal Facility No. 2 will provide for the disposal of about 3 1/2 ye3rs of 
CCR and 6 years ofFCR that will be produced from the Mach No. l lvfine following closure of 
the previously approved Facility No. 1 which included Phases 1 and 2. This facility is being 
consw.7.lcted in five phases (Phase 3 through Phase 7). 

Refuse Disposal Facility No. 2 consists of three approximately rectangular diked impoundments 
( cel!s) aligned in a north-south direction and shming common embmikments between them. The 
southernmost cell, Phase 3 has been completed and is currently being capped with CCR and soil. 
Phase 5, frie northernmost cell, has also been completed and is currently receiving FCR. The 
central cell will be constrncted in three phases. The initial Phase 4 embanlanents enclose the 
foture FCR storage cell, and have been completed. The Phase 6 will consist of embanlunents 
buttressirrg the outside of the Phase 4 embankments, fmming a 380- to 400-foot-wide crest at an 
elevation of492 feet. Phase 7 will involve raising the Phase 4/6 crest to elevation 538 feet. The 
embankment for th.is raise ·will be centerline construction, founded on the existing 400-foot-wide 
Phase 4/6 crest on the north, east, and ._,vest sides, but wili be founded on the CCR cap and FCR 
of Phase 3 to the south. FCR placement in the central cell \'lill start during Phase 7 when the 
embai7kinent will be about 50 percent of the completed height. 

Under the origin~J plan, Phase 7 was broken into three sub-phases. The south embankment was 
to be raised to its full height (elevation 538 feet) in conjunction v,ith raising the n01ih, east and 
west embankments during Phases 7A a.rid 7B. CCR would then be pl::iced over the rest of the 
fom1er Phase 3 cell to the final crest elevmion during Phase 7C. Our review revealed that the 
original plan would have likely resulted in m1 unstable condition due to the rapid raise of the 
south (outside) slope of the Phase 7 south embankment over a foundation consisting of the clay
like a,-id slow-consolidating FCR within the capped Phase 3 cell. An analysis of the stability of 
the south ernbanlunent at the end of Phase 7B was overlooked in the original submittal. A.n 
analysis performed by the :t-.'fine \Yaste and Geotechnical Engineering Division (l'AWGED), using 
the same nom1alized undrained strengths for the FCR developed in the submittal, resulted in 
safety factors of less thm1 one. 

MWGED' s Report No. M\V09-077, dated November 12, 2009, recommended appro·,al through 
Phase 6, blll stared that a new submittal that addresses the stabilit1· issue would be required 
before :vfWGED could recommend approval of Phase 7. 

R.Evl:EW DISCCSSION 

The March 22, 2010, submirc:11 included a redesign of the Phase 7B embankments. The nevi 
design specifies that the south ernban/;ment for Phase 7 wiil be raised in six intervals, to 
ekYations 500,504, 509. 5 J 7,531, and 538 feet, over 1he entire area of the capped Phase 3 cell. 
This \Yill preYent the deYeloprnenT of 2.:..1 unbalanced loading sufficient to cause- a faiiu:e of the 
FCR en1ba:r .. krnent foundation. SLabi1ity ar:alyses includ-cd in the submirtal included both end-of
cor.struction (EOC) ~rd long-te1n1 sLeady-st~:te conditions. In both oftbesc cases a minin1u111 
fac:or of 53.foty of 1.5 w~s reported. lvf\VGED performed acldhional stability analyses to verify 
-L. ··---·l•- _,- .. L~ ___ , ___ ;_...,rl ----.l-•n•,>• r., .. -,-1 ...... c,,r1 .... ,.,,....,.,..l;+:.--.. • .., ",-,-,--r,.-..,...., . .,~~"<'-"' •H·~·,•---., ... ,.;,,_,, ,l..,~+ d~o. 
UJ.: iC"~Li.(L.';s \_'J L,1~ ;,uUJ.ll.,L-...U <..l.lH .. l.l_'.'>.,_,.,, l \'! l(<'- J....'-.1'- \..V!JUlch.',.,,. •· .._.,_,,._.. .. ,,_, ,._,1,._,._, .__.._,_._ •. ,~}---'V" w~._., '""'-
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nor::nalized. und :1ined stre;igth of the FCR will only be rhat which develops under self weight 
prior to any fill lacement over it. Both circular and non-circular failure surfaces were analyzed. 
\v1:.ile safe-,y fac Jrs for some failure surfaces involving the outside (south) slope were slightly 
less than the allo rnble minimum of J .3 for the EOC condition, all types of failures for which a 
release of iE1pou: ded water or FCR was possible had a factor of safety in excess of 1.5. 

The hig!,Jy plastic FCR at this site exhibits plasticity indices of 17 to 20, and will not be subject 
to significant seisr 1ic strength loss. However, JvnVGED perfonned conservative post-seismic 
stability analyses l 0ing the recommended lower-bound post-seismic strengths for clay-like 
materials in the cm··ent MSHA lmpoundment Engineering and Design MaouaI. This analysis 
yielded a satisfactc ·y factor of safety of at least 1.2. Previous submittals had satisfactorily 
analyzed and preclt. ied significant seismic deformations for the Phase 7 eE1bankn1ents. 

The submittal incluc. cd analyses of the impounding cell capacities for the six proposed crest 
elevations. The imp tmdment will be capable of storing two Probable Maximum Precipitation 
(P!vfP) events throug · the construction period. A purnp \,ith a capacir-j of at least 2, i 80 gallons 
per minute is specifi~ l which will allow draw-dova.1 of the volume of one PMP in 30 days. Upon 
reaclijng the fmal ere,· elevation, an 18-inch-diameter HDPE decant pipe and riser spillway will 
be installed. Th.is fm, · configuration of the Stage 7 cell will be capable of storing one PMP 
evem and ciischarging t \,ith.in 10 days. 

CONCLUSIONS AN.) RECOM."I\IENDATIONS 

\Ve find the revised de, p of Phase 7 of Disposal Facility No. 2 to be satisfactory and 
recon®end that the rev. :ed plan be approved. Our recon1..rnendation for approval assun1es the 
facility is constructed st;· ctly in accordance with the submitted plan. In pa.i,icu!ar, stability 
considermions require tl:: t the south emba.i1.kmcnt of Phase 7 be raised uniformly to elevations 
504, 509, 517, 53 i, a.i1d:. '8 feet over the entire area of the former Stage 3 cell. 

Armrnved Plan Documern · 

The reYised design report 1 mati,·es. specifications 81d calcubiions should also be considered 
part oftJ1e approved plan. or ease of reference, ihe revised pages listed in the "Material 
Re,·iewed" section above si ,uld be marked as revised and inserted into the original deifc,ri1 report. 
The revised dra\\ings listed .bove should be inser:ed into, and the drawings they replace 
rernoved from; the approved 1lan. 

P::u.1 I. Dor:ahue, P .E. 
CiYi] Er:;ineer 

Danen l Blank, r'.E. l 
Superdsory CiYil E;i.ginccr 
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Ccmoletec bv: PjO :'.late 02 November 2010 
Alf Information Pertains to Construction Central Cell !mpoundment (Stage 7) 
!G.poundrr:eni Name Mach Mine Coal Refuse Disposal Facility No. 2 
Site :o No. 12i1-lL08-0314i-02 

Hazaid Potenti2! Classification [Z] High O Significant 

CONFIGURATION 
M2x1mum Crasr Elevation 538.00 feet 
Minimurn Crest VVidth 100 feet 

D Low 

Minim:.Jm Requirec Fieeboard from Pump Activation Elevation to Crest - See Graph on Drawing No. M33 
Final decant riser elevation to crest- 8 feet. 

Decant Pipe Pump with min capacity of 2180 gpm until final crest is reached 
\rVhen final crest is reached install 18 inch, SOR 26 pipe and riser to Elev. 530.0 

Open Channel (Cmergency) Spil!v.;ay Invert Elevation NIA feet 
Bottom Width N/A feet 

Lining Type NIA 

Embankment Slopes Upstream 3.0H:1 V 
Downstream 3.0H:1V 

Embankment Benches VVidth 20 feet 
Vertical Interval 50 feet (One bench at mid-height) 

Groin Ditches Lining Type NIA 

COMP-6CTICN 
Compaction (est Frequer.cy 
Moisture Ccntent Range 

1 Test per 2000 CY or min. 1 per !ift 
minus 2:.00 % to plus 3.00 % 

Compact:on Density Standard 95.00 % Utt Thickness(es) 

INSTRUMENTATION 
Standpipe Piezomete:-s 
Pie::ometer No. 

P-6 
p.7 
P-8 
P-12 
P-13 
P-14 
P-15 
P-16 
P-17 

fdaximum Allowabie \i\later 
Elevation (feet) 

463.4 
475.2 
487.2 
44'i.0 
467.1 
502.4 
452.0 
472.2 
504.8 

See Sheets EI: 2, Section 0-0 and E39 Section G-G for lip elevations. 

CRITICAL CONSTRUCTION ITEMS 

1. Use the current revised drawings for Phc:se 7: 
B05-330-NE2- Figure No. 5 -Revised 3/10110 
B05-330-lv134 - Figure ~o. 6- Revised 3/10/10 
B05-330-1vf33 -Figure No. 7-Revised 3/10/10 
B05-330-E22 - Fig':.lre ~o. 9- Revised 3/10/10 
BOS-330-E?.2-Fig~rre ~o. 14- Revised 3/18/10 
B05-330-E48-Fig~re >lo. 16-Re\"ised 3/17/10 
BJS-330-i\136- Figure No. 17- Re\·ised 3/16/10 

12.00 inches 

Stability coasiderntions ,-equirc that the south dike of Phase i be raised at uniformly over the entire area of the 
capped Phase 3 Cell in six raise intervals. These int.cnals arc Elevation 500 (initial\ 504. 509,517, 531, and 538. 
See Sbect 12 of the revised i\larch 22 submittal calculations for tbt' schedule of these raises. 
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11/02/2010 Com,:leteo by: -'P'-"]D=-·------------

(2) Cour.ty \Villi ams on 

(3) lmpoundment Nsme l\lach Mine Central Cell (Irrmoundment) - Phase 7 

(4) lc:lpcuncment ID No. Pl l-IL08-0314i-02 

(8) A!I lnfonnation Pertains to Construction Stage ,.7 _________________________ _ 

(9) Nearest Downstream Cityffown \1\iest Frankfort. IL (10) Distance to Nearest City/Town (mi.) ~=~----

(11) La~ituda N 37.8427 ( 12) Longitude Vv 88.871 'J 

(Degrees"'" (Minutesf6D1 + (SeG:mds/3600)) 

(15) Stream impoundment is located on or tributary to: 

(Degrees+ (Minutesi5O) + (Seccnds/360O)) 

P0nd Creek 

t 16) Section/Range!T ownship East Half of S1 7 • R3E. T8S. 3,<l PM 

(21J) Comp2ny or consultant who prepared plan Alliance Consul ting Inc. 

(35) Foundation Type (rocr-; rock and soil; soi!; unknown) Cla,· /Silt Soil 1.5 to ?Q ft thick ewer Shale 

(37) Core Type (earth, p!=:stic, etc.) None 

(23) Core Position (.1Jpstrs2m, l:jGmogeneous, .Qare; 

(40) Type of Con.s~ructior. (J::!pstream, _Qownstrsam, ,Qenter!ine) 

(41) Dem Ccesc Length 6430 ft. Rectarn,ular diked stTucture 

[Eg 

~ 
El 
i;ZJ S. dike const. over Phase 3 

feet 

(42) Struc:ure Height (from dovmstream t::>e) 96 feet ----~'-"----------
{43) Open Ch2r.nel Spitlway Tyr:;e LJ Conr.ro!led D Uncon:rcl!ed [LJ None 

( ~4) Spi!iway \Nidth at Maximum Disc:large NI.'\ feet ------'""-'-"--'~-------

(45) fvlaximum Storage 1999 (@: 3 ft. freeboard) 

(46) Norma! Sto,age '1755 ·S: decant eleY. 530 

acre-feet 

acre-ieet 

(47) fv1ax!mum Qischarge _____ __..c1,:6~.--i~ _______________ cfs 

(49) Drainage Area ____ .06:.:c8c...c.A.c:-C,.,rc,·e"s'-________________ square miles 

(50) Surface Area 43 Acres a:::res 

(51) Decsnt Pir:;e Type SDR ?6 HDPE 

____ 1~"~-~(-,~ _______________ inches 

f'xiHig:1 ! I Signifi:::ant -[ -! L0w 
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Illinois Depa1in1ent of 
Natural Resources 
One Natural Resources Way Springfield, l1\inois 62702-127] 
hnp ://dnr_state.il .us 

April12,2010 

SUBJECT: Permit No. DS2008111 
Pond Creek Mine, Phase 2 Dam - IL50592 
Proposed Subsidence & Abandonment 
Williamson County 

Williamson Energy, LLC 
430 Harper Park Drive, Suite A 
Beckley, West Virginia 25801 

ATTENTION: Mr. James R. Morris, President 

Dear Mr. Morris: 

Pat (_Jumn, (iovernor 

Marc Miller, Director 

In accordance with the January 22, 2010 submittal from Alliance Consulting, Inc_, 
the plans and specifications for the modifications to the referenced impoundment 
are hereby approved. 

The approved plans are entitled: 

ABANDONMENT PLAN 
(Figure No. 22, Dated 11/5/09) 

The approved plans show that a soil cover will be placed on the impoundmenL 
As stated in previous correspondence, the abandonment procedures outlined by 
MSHA differ significantly from abandonment as defined by IDNR/OWR's 
"Procedural Guidelines ... ". Due to these differences, review of the plans for the 
MSHA abandonment by this office was limited to evaluating their acceptability as a 
modification to the originally permitted plans. Although the IDNR/OWR approves 
the plans for the proposed modifications necessary to accomplish MSHA 
abandonment procedures, the impoundment will still fall within our jurisdictional 
purview pursuant to our Dam Safety Rules. 

Based on the submitted geotechnical, structural, and impounded material 
flowability analyses, this office has determined that the proposed subsidence 
beneath the impoundment can be allowed. Although the testing and calculations 
indicate that the subsidence will not alter the structural stability or impounding 
capability, due to the possibility of unforeseen conditions and circumstances, 
measures must be taken to ensure that safety to on-site personnel and 
downstream residences is held in the highest regard. The following are conditions 
which will be required to be met before, during, and after the proposed 
subsidence: 
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Williamson Energy, LLC 
!-'age 2 
April 12, 2010 

1. The placement of the soil cover shall be completed prior to subsidence 

of the Phase 2 lmpoundment. 

2. Monitoring of the Phase 2 lmpoundment and vicinity will be conducted 

according to the procedures outlined in the Subsidence Monitoring Plan 

document, contained in your October 22, 2009 submittal. Inspection 

and monitoring reports shall be submitted regularly to IDNR/OWR for 

our review throughout the subsidence process. Record drawings shall 

be submitted along with the final inspection report. 

Approximately 6 months following completion of the proposed subsidence beneath 

the impoundment, this office will continue to review the possible removal of the 

Phase 2 lmpoundment from our jurisdiction. Provided that at least 90% of the 

predicted subsidence has occurred, and upon our receipt and acceptance of the 

post-subsidence inspection report, we can anticipate removing the subject 

structure from IDNR/OWR jurisdiction. The Pond Creek Mine, Phase 2 Dam 

shall be considered a jurisdictional dam until written notification is received 

from IDNR/OWR allowing its removal from our jurisdiction, according to our 

guidelines. All of the other conditions of Permit No. DS2008111 remain in 

fu II force and effect. 

Please feel free to contact Jerry Bishoff of my staff at 217 /558-6617 if you have 

any questions or comments concerning this permit. 

APPROVAL RECOMM~~D7-7 

Michael L. Diedrichsen, Acting Manager 

Downstate Regulatory Programs 

~~J GaryQar,Director 
Office of Water Resources 

MLD:JMB:crw 

APPROVED: 

lll fot,<. m,,:£ df" e 
Marc Miller, Acting Director 
Department of Natural Resources 

cc: Alliance Consulting, Inc. (Claudio Yon, P.E.) _..,,, 

IDNR, Office of Mines and Minerals (Scott Fowler) 
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"' Illinois Depart111ent of 
Natural Resources 
One '.\atural Resource:- Way Springfield. lllinnis 6270:2-12/i 
ht lp:/:'dnr.s.ta le. ii. us 

October 15, 201 O 

SUBJECT: Permit No. DS2008111 
Pond Creek Mine, Phase 2 Dam - IL50592 
Proposed Subsidence & Abandonment 
Williamson County 

Williamson Energy, LLC 
430 Harper Park Drive, Suite A 
Beckley, West Virginia 25801 

ATTENTION: Mr. James R. Morris, President 

Dear Mr. Morris: 

Pat ()umn, (,orernnr 
\1arc \filler, Director 

This office is in receipt of an inquiry by Alliance Consulting, Inc. concerning the 
required documentation and procedures necessary to subside beneath the 
referenced impoundment. 

From review of our records, a revision to Permit No. DS2008111 was issued on 
April 12, 2010 authorizing the placement of a soil cover on the Phase 2 Dam. At 
the time this revision was issued, it was the understanding of the Illinois 
Department of Natural Resources, Office of Water Resources (IDNR/OWR) that 
placement of this cover would be completed prior to the proposed subsidence. 
Based on this understanding, and the fact that having a soil cover in place would 
provide an additional factor of safety, Condition 1 of the April 12 revision required 
that the placement of a soil cover be complete prior to subsidence. 

This office has learned that, due to unforeseen conditions, the placement of soil 
cover prior to subsidence may not be possible. In consideration of these 
circumstances, the IDNR/OWR has re-evaluated the conditions of the permit. Our 
geotechnical engineering staff has determined that subsidence of the Phase 2 
Dam, without soil cover, will also meet the requirements of our Part 3702 Rules. 
Therefore, Condition 1 of our April 12, 2010 revision to Permit No. DS2008111 is 
hereby rescinded, and subsidence activities beneath Phase 2 Dam may be 
commenced without further IDNR/OWR authorization. 

Please note that Condition 2, which requires that the impoundment be monitored 
and remedial actions taken during and after subsidence, and all other conditions of 
the permit, remain in full force and effect. 
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Williamson Energy, LLC 
Page 2 
October 15, 2010 

Please feel free to contact Jerry Bishoff at 217/558-6617 if you have any questions 

or comments concerning this authorization. 

E~~lNED AND RECOMMENDED: 

/Jt)J t /lJ..L. 
Michael L. Diedrichsen, Acting Manager 
Downstate Regulatory Programs 

APPROVED: 

Gary R. rk, Director 
Office of Water Resources 

J;f;r,u_ ~/g,414G 

MM:GRC:MLD:JMB:crw 

Marc Miller, Acting Director 
Department of Natural Resources 

cc: Alliance Consulting, Inc. (Claudio Yon, P.E.) -----· 
IDNR, Office of Mines and Minerals (Scott Fowler) 
Inspection File 
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Illinois Depart1nent of 
Natural Resources 
One Natural Resources Way Springfield, nlinois 62702-1271 
ht1p://dnr.state.il. us 

June 2, 2010 

SUBJECT: Permit No. DS2010047 
Williamson Energy, Pond Creek Mine 
Phase 7 Dam - IL50624 
Williamson County 

Williamson Energy, LLC 
P.O. Box 99 
Johnston City, Illinois 62951 

ATTENTION: Mr. Michael J. Beyer 

Dear Mr. Beyer: 

Marc Miller, Director 

Enclosed is Illinois Department of Natural Resources, Office of Water Resources 
Permit No. DS2010047 authorizing the construction, operation and maintenance of 
the Williamson Energy, LLC, Pond Creek Mine, Phase 7 Dam, an intermediate
size Class I (high hazard potential) dam. This permit does not supersede any 
other federal, state or local authorizations that may be required for the project. 

As stated in Special Condition (c) of this permit, the eventual subsidence beneath 
this structure is not authorized by this permit. Upon completion of the 
impoundment, separate approval should be obtained from the IDNR/OWR for this 
portion of the work. 

Please note that this permit is subject to a number of general and special 
conditions. Upon receipt and review of this permit and all of its conditions, please 
properly execute and return the attached acceptance blank within sixty (60) days 
from the date of the permit. 

Please feel free to contact Jerry Bishoff of my staff at 217/558-6617 if you have 
any questions concerning this authorization. 

4![!) i. D;JLL, 
Michael L. Diedrichsen, P.E. 
Acting Manager, Downstate Regulatory Programs 

MLD:JMB:crw 
Enclosure 
cc: Alliance Consulting, Inc. (Claudio Yon) _,,.,--

IDNR, Office of Mines and Minerals (Scott Fowler) 
U.S. Army Corps of Engineers, St. Louis District (Regulatory Branch) 
Inspection File 
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State of Illinois 

PERMIT NO. OS2010047 
DATE: June 2, 2010 

Department of Natural Resources, Office of Water Resources 

Permission is hereby granted to: 

WILLIAMSON ENERGY, LLC 
P.O. BOX99 

JOHNSTON CITY, ILLINOIS 62951 

to construct, operate and maintain the Williamson Energy, Pond Creek Mine, Phase 7 Dam, an 

intermediate-size Class I (high hazard potential) dam within the watershed of a tributary to Pond Creek 

in the Southwest¼ of Section 12, Township 8 South, Range 3 East of the 3'd Principal Meridian in 

·~/illiamson County, in accordance with an application dated June 11, 2009, and the plans and 

(. cifications entitled: 

POND CREEK MINE NO. 1, PROPOSED COAL REFUSE DISPOSAL FACILITY, WILLIAMSON COUNTY, 

ILLINOIS (Figure Nos. 1 -15 of 15, Dated 4/23/2010); OPERATION AND MAINTENANCE MANUAL, 

ILLINOIS DEPARTMENT OF NATURAL RESOURCES, OFFICE OF WATER RESOURCES, APPLICATION 

NO. 20093068, POND CREEK MINE NO. 1 COAL REFUSE DISPOSAL FACILITY NO. 2, WILLIAMSON 

ENERGY LLC, WILLIAMSON COUNTY, ILLINOIS (Dated May 2010); and EMERGENCY ACTION PLAN, 

OFFICE OF WATER RESOURCES, APPLICATION NO. 20093068 (Dated May 2010). 

md an~ Recommended: 

. J. wlL,, 
Michael L. Diedrichsen, Acting Manager 
Downstate Regulatory Programs 

Gary R. k, Director 
Office of Water Resources 

Approved: 

/lla-u. -~*~---
Marc Miller, Director ' 
Department of Natural Resources 

This PER.MIT is suhiect to the terms and soecial conditions contained herein. 



R12273PERMIT NO. 0S2010047 

THIS PERMIT IS SUBJECT TO THE FOLLOWING CONDITIONS: 

This permit is granted in accordance with the Rivers, Lakes and Streams Act "615 ILCS 5." 

2) This permit does not convey title to the permittee or recognize title of the permittee to any submerged or other lands, 

and furthermore 1 does not convey, lease or provide any right or rights of occupancy or use of the public or private 

property on which the activity or any part thereof will be located, or otherwise grant to the permittee any right or 

interest in or to the property, whether the property is owned or possessed by the State of Illinois or by any private or 

public party or parties. 

3) This permit does not release the permittee from liability for damage to persons or property resulting from the work 

covered by this permit, and does not authorize any injury to private property or invasion of private rights. 

4) This permit does not relieve the permittee of the responsibility to obtain other federal, state or local authorizations 

required for the construction of the permitted activity; and if the permittee is required by law to obtain approvals from 

any federal or other state agency to do the work, this permit is not effective until the federal and state approvals are 

obtained. 

5) The permittee shall, at the permittee's own expense, remove all temporary piling, cofferdams, false work 1 and material 

incidental to the construction of the project. If the permittee fails to remove such structures or materials, the 

Department may have removal made at the expense of the permittee. 

6) In public waters, if future need for public navigation or other public interest by the state or federal government 

necessitates changes in any part of the structure or structures1 such changes shall be made by and at the expense of 

the permittee or the permittee's successors as required by the Department or other properly constituted agency, 

within sixty (60) days from receipt of written notice of the necessity from the Department or other agency, unless a 

longer period of time is specifically author(zed. 

7) The execution and details of the work authorized shall be subject to the review and approval of the Department 

Department personnel shall have the right of access to accomplish this purpose. 

Starting work on the activity authorized will be considered full acceptance by the permittee of the terms and 

conditions of the permit. 

9) The Department in issuing this permit has relied upon the statements and representations made by the permittee; if 

any substantive statement or representation made by the permittee is found to be false, this permit will be revoked; 

and when revoked, all rights of the permittee under the permit are voided. 

10) In public waters, the permittee and the permittee's successors shall make no claim whatsoever to any interest in any 

accretions caused by the activity. 

11) In issuing this permit, the Department does not ensure the adequacy of the design or structural strength of the 

structure or improvement. 

12) Noncompliance with the conditions of this permit will be conside~ed grounds for revocation. 

13) If the construction activity permitted is not completed on or before December 31. 2013, this permit shall cease and be 

null and void. 

THIS PERMIT IS SUBJECT TO THE ATTACHED SPECIAL CONDITIONS 



R12274SPECIAL CONDITIONS 
PERMIT NO. DS2010047 

WILLIAMSON ENERGY, POND CREEK MINE 
PHASE 7 DAM 

a) The dam and appurtenances shall be inspected during construction, 

immediately after completion, and at frequent intervals during the filling 

of the reservoir. Work will be performed, as necessary, to prevent 

excessive erosion of the impounding embankment. 

b) Prior to discharging fine coal refuse material into the facility, the 

Permittee shall provide "as-built" plans and specifications of the 

embankment and request, in writing, the Department of Natural 

Resources, Office of Water Resources' inspection of the dam and 

authorization to commence filling operations. If the Office of Water 

Resources has not acted to grant or deny the authorization to fill within 

30 days after receipt of the written request, the owner may proceed with 

filling operations. 

c) This permit does not authorize the eventual subsidence beneath this 

impoundment. When, at a future date, intentional subsidence is 

anticipated, prior written approval should be obtained from the Illinois 

Department of Natural Resources, Office of Water Resources. 

d) The Permittee shall operate, inspect, and maintain the dam and 

appurtenances in accordance with the approved plans and in accordance 

with the latest edition of the "Rules for Construction and Maintenance of 

Dams" adopted by the Department of Natural Resources. If the approved 

operation, inspection and maintenance plans are not complied with by 

the Permittee, this permit shall cease and be null and void. If changes in 

the operation and maintenance plans are found necessary, revised plans 

should be submitted promptly to the Department of natural Resources, 

Office of Water Resources for review and approval. 

e) The Permittee grants the Department of Natural Resources, Office of 

Water Resources, the right of access to inspect the dam site and 

immediate vicinity beginning from the date of this permit, for the life of 

the dam and appurtenances. 

f) The Permittee authorizes the Department of Natural Resources, Office of 

Water Resources, in the event that the dam is found to be in immediate 

danger of failure, to enter upon the dam property, if necessary, to prevent 

or alleviate any dam breach damage. The Permittee agrees to 

compensate the Office of Water Resources for costs reasonably incurred 

by such emergency action. 

g) The Permittee shall have the dam and appurtenances inspected annually 

by an engineer or other qualified personnel as defined in Section 3702.20 

of the "Rules for Construction and Maintenance of Dams" and shall have 

the engineer or qualified personnel prepare and submit an inspection 

report on forms provided by the Department of Natural Resources to the 

Department of Natural Resources, Office of Water Resources. 
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Illinois Departn1ent of 
~,,;;,".i:'~I Na tur::ll Resources 

One !\atura! Resource~ Way Springfield. lllinms 62702•i27! 
hnp:/fdnr.:.1a.lc. il. us 

October 14, 201 O 

SUBJECT: Permit No. DS2010047 
Williamson Energy, Pond Creek Mine 
Phases 3 - 7 Dam - IL50624 
Williamson County 

Williamson Energy, LLC 
P.O. Box 99 
Johnston City, Illinois 62951 

ATTENTION: Mr. Michael J. Beyer 

Dear Mr. Beyer: 

Pat ()uinn. Go\'t'rnor 
,fore Miller, Director 

Reference is made to our June 2, 2010 issuance of Illinois Department of Natural 
Resources, Office of Water Resources (IDNR/OWR) Permit No. DS2010047 
authorizing the construction, operation and maintenance of the Williamson Energy, 
LLC, Pond Creek Mine, Phases 3 - 7 Dam. Special Condition (c) of that permit 
stated that written approval would be required from IDNR/OWR prior to the 
anticipated subsidence beneath that structure. 

After furthe.r review, we have determined that our inclusion of that special condition 
was in error. No further IDNR/OWR authorization will be required for subsidence 
beneath this structure provided the site is monitored and the appropriate remedial 
actions are taken as specified in the Subsidence Monitoring Plan, Coal Refuse 
Disposal Facility No. 2, Mach #1 Mine received with Alliance Consulting's October 
22, 2009 letter. 

Special Condition (c) of Permit No. DS2010047 is hereby voided. 

Please feel free to contact Jerry Bishoff or me at 217/782-3863 if you have any 
questions concerning this matter. 

Sincerely, 

Michael L. Diedrichsen, P.E. 
Acting Manager, Downstate Regulatory Programs 

MLD:crw 

cc: Alliance Consulting, Inc. (Claudio Yon) / 
IDNR, Office of Mines and Minerals (Scott Fowler) 
i nspectIon File 
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· June 22, 2007 

'v,;'.;· ~ ,:,;;•':t'/ ... · ! : !•·:,•!th -~-~lmii-i: ... ,.-:,:i, 

r-u~:,~.r~;,i '.i, L.;;.y i_; ~ir:.d~:-i Tl1Gh:1olw; / t: 1.,n. •r 

P.O. Eox 18233 
Pittsburgh, PA 15236 

Mine \<Vaste and Geotcchnical Entineering Division 

MEMORANDUM FOR DAVID L. WHITCOMB 

THROUGH: 

FROM: 

SUBJECT: 

Acting District Manager, District 8 
Coal Mine Safety and Health 

~~~ 
Chief, Pittsburgh Safety and Health Technology Center 

~\~~_Q_J 
sf .ANLExi7MICHALEK 
Chief, Mine Waste and Geotechnical Engineering Division 

Recommendation for Approval of Engineering Design Plan for 

Refuse Disposal Impoundment, MSHA I.D. No. 1211-IL0S-03141-

01, Mach Mining, LLC, Mach #1 Mine, Mine I.D. No. 11-03141, 

Johnston City, Williamson County, Illinois 

As requested by your office, a technical review on the above subject plan has been 

completed by a member of my staff. The attached Report No. MW07-035 indicates that 

the subject plan appears to be technically acceptable and approval is recommended. 

Please contact this office if there are any questions regarding this review. 

Attachment 

cc: M. Kalich - Acting Chief, Safety Div., CMS&H 

M. Skiles - Director, TS 
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UNITED ST A TES DEPARTMENT OF LABOR 

MINE SAFETY AND HEALTH ADMINISTRATION 

PITTSBURGH SAFETY AND HEALTH TECHNOLOGY CENTER 

MINE WASTE AND GEOTECHNICAL ENGINEERING DIVISION 

COCHRANS MILL ROAD 
P.O. BOX 18233 

PITTSBURGH, PENNSYLVANIA 15236 

REPORT NO. MW07-035 

REVIEW OF ENGINEERING DESIGN PLAN FOR 

REFUSE DISPOSAL IMPOUNDMENT 

MSHA I.D. NO. 1211-IL0S-03141-01 

MACH#lMINE 
MINE I.D. NO. 11-03141 
MACH MINING, LLC 

JOHNSTON CITY, WILLIAMSON COUNTY, ILLINOIS 

JUNE 22, 2007 

BY 

JAMES M. KELLY 
CIVIL ENGINEER 
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REPORT NO. MW07-035 

LOCATION AND 01-vNERSHIP 

The refuse disposal impoundment at the Mach #1 Mine is owned and operated by 

Mach Mining, LLC. The site is located approximately 7 miles northeast of Johnston City 

in Williamson County, Illinois. The site can be found on the Pittsburg, IL, USGS 7-1/2-

minute series topographic map at Longitude 88.82° West, Latitude 37.84° North. 

MATERIAL REVIEWED 

The following information was evaluated during the review process: 

1. "Engineering Design Plan for Proposed Coal Refuse Disposal Facility, Pond 

Creek Mine No. l," prepared by Alliance Consulting, Inc. and dated April 2006. 

(Although the design plan identifies the facility with "Pond Creek Mine No. 1" 

and Williamson Energy, LLC, the district's receipt acknowledgment letter to 

· Alliance Consulting, Inc. identifies the operator as Mach Mining, LLC and the 

mine name as Mach #1 Mine.) This submittal is a plan for a new impoundment, 

and it was received at the Mine Waste and Geotechnical Engineering Division 

(MW GED) on May 8, 2006. Following its review, MWGED issued a request for 

additional information, dated September 19, 2006. 

2. "Pillar Stability Calculations," prepared by Alliance Consulting, Inc. and dated 

August 16, 2006. This submittal was received at MWGED on August 18, 2006. 

The calculations were reviewed concurrently with item 1. 

3. "Response to September 19, 2006 MSHA Comments," prepared by Alliance 

Consulting, Inc. and dated December 19, 2006. This submittal was received at 

MW GED on January 16, 2007. Following its review, MWGED issued a request 

for additional information, dated April 16, 2007. 

4. "In-Place Density Test Results - Dozer Compaction," prepared by Alliance 

Consulting, Inc. and dated January 25, 2007, was received at MWGED on 

February 1, 2007. This submittal was reviewed concurrently with item 3. 

5. "Distribution of Drawing No. 05-330-Ell, Figure No. 7, Details 1 of l," prepared 

by Alliance Consulting, Inc. and dated March 6, 2007. This submittal was 

received at MWGED on March 8, 2007. The drawing had been inadvertently 

omitted from inclusion as part of item 3 and was reviewed as part of that 

submittal. 
6. "Response to April 23, 2007 MSHA Comments" dated May 10, 2007, and 

prepared by Alliance Consulting, Inc. This submittal was received at MWGED 

on June 7, 2007, and this report reflects the completion of its review. 
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BACKGROUND 

The Mach #1 Mine coal refuse disposal site is a diked slurry impoundment classified as 

low hazard potential. The embankment will be built using coarse coal refuse, and its 

foundation will be natural ground. Phase 1 of construction will be excavation of an 

incised impoundment into existing clay. Phase 2 consists of the construction of an 

embankment around the initial impoundment, with a final crest elevation of 502 feet. 

(All elevations in this report are referenced to mean sea level.) The existing ground 

surface on which the embankment will be built ranges from elevation 460 to 486 feet, 

making the embankment's maximum height above natural ground 42 feet. The 

impoundment will have a total storage capacity of 800 acre-feet. The embankment will 

utilize approximately 584,000 cubic yards of coarse coal refuse in its construction. The 

plan states that the facility will provide for the disposal of approximately 1.6 years of 

coarse coal refuse (CCR) and 3.2 years of fine coal refuse (FCR), based on estimated 

production rates. 

During Phase 2 of construction, there -will be a series of gate entries mined below the 

impoundment, providing access to a future longwall below the impoundment. There is 

over 400 feet of solid cover and a minimum of 4 feet of soil (after excavation) between 

the coal seam and the bottom of the impoundment. This plan has been evaluated with 

the understanding (as stated in the plan) that no longwall mining will be conducted 

below the impoundment until abandonment operations of the impoundment are 

complete. 

The original design for this impoundment included a pumping system to evacuate 

storm water. It was revised in the items 3 and 5 submittals to include a decant to 

evacuate storm water, but will use an operational pumping system to remove clarified 

water from the impoundment and keep the water level as low as practical. 

COMMENTS AND RECOMMENDATIONS 

Item 1 of "Material Reviewed" is the initial submittal of the engineering design plan for 

the facility, including the narrative description, specifications, and drawings. The plans 

and the hydraulic and hydrologic analyses and stability analyses were checked. Review 

of this submittal raised several concerns, including aspects of the stability and 

hydrologic analyses, the effectiveness of the internal drain, the inadvisability of 

longwall mining below the facility before abandonment, and the frequency of density 

testing. These concerns were expressed in a request for additional information. 

Item 2 was submitted prior to the issuance of the first request for additional 

information, to establish that the gate entries that are proposed to be mined below the 

impoundment during Phase 2 do not present a hazard. This submittal was adequate. 
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ltem 3 (;md item 5) responded to MSHA's first request for additional infonr,al10n. · Most 

of the issues were adequately addressed. The size of the internal drain was increased, 

but its location, below the centerline of the crest, still made its effectiveness 

questionable, so analytical substantiation or redesign was requested, and the 

installation of additional piezometers to confirm its performance was suggested. This 

submittal also included the construction of a decant pipe that would only see flow 

during storm events, with the operational level of the impoundment depth as low as 

possible with a pumping system. This submittal included assurance that longwall 

mining would not talce place below the impoundment until after its abandonment. 

Also at this time, MSHA was made aware that the CCR would be transported to the site 

via conveyor belt, and this fact raised concern that placement and compaction of the 

material could be problematic. Within MSHA' s April 23, 2007, request for additional 

information, a material handling analysis and placement guidelines were requested to 

document and substantiate the adequacy of the proposed placement method. 

Item 4 was submitted as substantiation of the adequacy of tracked dozer compaction, 

and in preparation for a possible request to use a modified "Roller-Pass Method" to 

establish a standard maximum density for the CCR, against which field dry densities 

would be compared. This method was being considered due to the high percentage of 

plus ¾-inch size particles in the CCR. After discussions between MSHA and the 

owner's engineer, it was determined that the standard Proctor Method would be 

appropriate for the material. This submittal did establish that, within the appropriate 

moisture range, adequate compaction of the CCR could be achieved, given a sufficient 

number of passes. 

Item 6 provided the responses to all issues raised in MSHA' s April 16, 2007, request for 

additional information. The internal drain was moved downstream and additional 

piezometers were proposed to confirm its effectiveness. The material placement 

guidelines contain two procedures that are not commonly used for the construction of 

impounding embankments, namely, the use of slopes averaging up to 10 percent and all 

compaction being performed by the tracked dozer that is spreading the material. The 

owner's engineer believes that the 10 percent slope will not prevent the achievement of 

95 percent of Standard Proctor maximum density. In the absence of evidence to the 

contrary, and considering the facts that compaction tests will be performed regularly 

and that this is a low hazard potential facility, it is MSHA's position that this method 

should be allowed until and unless it is shown (by compaction test results) that it is not 

achieving adequate compaction. At such time, the operator would need to revise 

compaction procedures and/ or decrease the maximum allowable slope. 
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CONCLUSIONS 

The submittal appears to be technically acceptable and approval is recommended. 

Please contact this office if you have any questions or concerns with this review. 

Report Prepared By: 
./ 

/;:~~ ,q~ 
/I 

J~es M. Kelly 
ril Engineer 

Donald T. Kirkwood 
Supervisory Civil Engineer 
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ll.S. Department of Labor 

June 26, 2007 

Mine Safety and Health Administration 
2300 Willow Street 
Suite 200 
Vincennes, Indiana 47591-5416 

Mr. R.M. "Pete" Hendrick, President 
Mach Mining, LLC 
P.O. Box 300 
Johnston City, IL 62951 

RE: Approval of Revised Plan for Proposed Coal Disposal Facility Impoundment, 

MSHA ID No. 1211 IL08 03141-01, Mach Mining LLC, Mach #1 Mine, 

Johnston City, \Villiamson County, Illinois 

Dear Mr. Hendrick: 

The Mine Safety and Health Administration has completed a review of the engineering 

plan, refen-ed to as Williamson Energy, LLC, "Pond Creek Mine No. 1 ", dated April 

2006, for the design, construction, and maintenance for the subject project The review 

includes the following information: 

• Pillar Stability Calculations, dated August 16, 2006 

• Response to September 19, 2006 MSHA Comments, dated December 19, 2006 

• In-place Density Test Results-Dozer Compaction, dated January 25, 2007 

• Distribution of Drawing No. 05-330-El 1, Figure No.7, Details 1 of 1, dated 

March 6, 2007 
• Response to April 23, 2007 MSHA Comments, dated May 10, 2007 

Based on the information submitted, the plan is approved. 

Section 77.216-2(b) requires that ai1y changes or modifications to this plan be approved 

by the District Manager prior to the initiation of such changes or modifications. 

Sincerely, 

Cfi~~ 
Dist1ict Manager 
Coal Mine Safety and Health 
District 8 
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U.S. Department. of Labor Mine Safety and Health Administration 

Pittsburgh Sa/sty & Health Technolony Center 

P.O. Box 18233 

Pittsburgh, PA 15236 

November 12, 2009 

MEMORANDUM FOR JOSEPH O'DONNELL 

THROUGH: 

FROM; 

SUBJECT: 

Acting District Manager, District 8 

Coal Mine Safety and Health 

-c-··~1,.,_ F~ 
)m.{N W. FREDL/IND 

Acting Chief, Pittsburgh Safety and Health Technology Center 

S~1 01~ 
ST ~~Y()10MICHALEK 
Chief, Mine Waste and Geotechnical Engineering Division 

Recommendation for Approval of Design Plans for Phases 3 through 6, 

and Request for Additional Information for Phase 7, Refuse Disposal 

Facility No. 2, Impotmdrnent l.D. No. 1211-IL08-03141-02, Mach 

Mining, LLC, Mach Mine No.!, Mine I.D.No.11-03141, Williamson 

County, Illinois 

As requested by your office, a technical review of the subject proposed impoundment plans has 

been completed. Our review included an initial submittal and two revisions submitted in 

response to our requests for additional information. Report No. MW09-077, which is attached, 

indicates that the subject plans appear to be technically acceptable only through Phase 6 and 

approval through Phase 6 is recommended. Additional information will be required before we 

can recommend approval of Phase 7. 

The proposed mining under Phase 3 will be the most significant event at this facility. Phase 3 

must be closed and covered with a stable cap of coarse refuse, be incapable of impounding water 

or slurry, and all the proposed instrumentation must be in place and operational before the 

proposed longwall mining is advanced within 100 feet of any part of the Phase 3 embankment. 

TI1e Impoundment and IRPI data sheets have been completed for Phases 3 through 6 and are 

included v,,jth the report. Please contact this office if there are any questions regarding this 

revievv. 

Attachment 

cc: L. Zeiler - Acting Director, TS 

M. Smith -Acting Chief, Safety Div., CMS&H 
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UNITED STATES DEPARTMENT OF LABOR 

MINE SAFETY AND HEALTH ADMINISTRATION 

PITTSBURGH SAFETY AND HEALTH TECHNOLOGY CENTER 

MINE WASTE AND GEOTECHNICAL ENGINEERING DIVISION 

COCHRANS MILL ROAD 
P.O. BOX 18233 

PITTSBURGH, PENNSYLVANIA 15236 

REPORT NO. MW09-077 

REVIEW OF DESIGN PLANS FOR PHASES 3 THROUGH 7 

REFUSE DISPOSAL AREA NO. 2 

MSH.A. I.D. NO. 1211-IL08-03141-02 

MACH MINING LLC 
MINE I.D. NO. 11-03141 

WILLIAJv!SON COUNTY, ILLINOIS 

NOVEMBER 12, 2009 

BY 

PAUL J. DONAHUE, P.E. 
CIVIL ENGINEER 
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REPORT NUMBER MW09-077 

OWNERSHIP AND LOCATION 

The Refuse Disposal Area No. 2 is owned and operated by Mach Mining, LLC and receives 

coarse and fine coal refuse from the preparation plant for the Mach No. 1 Mine. The site can be 

found on the USGS 7.5 Minute Pittsburg (IL) quadrangle map at geographic coordinates 

N 37°50'30" latitude and W 88°49'17" longitude. This facility is located on a tract comprising 

the east half of Section 12, Township 8S, and Range 3E, Third Principal Meridian. 

MATERIAL REVIKWED 

Orif,inal Design Submittal 

The original submitted design documents were prepared for Mach Mining, LLC by Alliance 

Consulting, Incorporated (Alliance) and included tbe following. 

1. A report entitled "Engineering Design Plan - Proposed Coal Refuse Disposal, Facility No. 2, 

Williamson County, Illinois, dated January 2007." The report included a narrative 

description of tbe proposed design, and tbe testing and analyses performed. Appendices to 

the report included construction specifications, calculations, geotechnical test boring and 

laboratory test data. 

2. Thirteen drawings depicting plans, profiles and details oftbe proposed facility dated 

January 16, 2007. 

During our review of this plan, Mr. Duffy Stradner, former District 8 Impoundment Specialist, 

notified this reviewer in a phone conversation on October 23, 2007, tbat the irnpoundment layout 

and geometry would be substantially revised and a new plan submitted. Due to proposed mining 

under the impoundments and other issues that would similarly affect the new design, we 

completed the review and requested additional information in a memorandum to Robert Phillips, 

District Manager, Coal Mine Safety and Health (CMS&H) District 8, dated December 13, 2007. 

The memorandum identified 14 design issues to be addressed in the revised design submittal. 

First Revised Desi en Submittal 

The revised design package for the coal refuse impoundments was hand delivered to our office 

on August 1 9, 2008, in conjunction ,vith a meeting with Mach Mining and Alliance Consulting 

personnel to discuss the new design. 

The design documents received at this meeting included the following items. 

1. A report entitled "Response to February 11, 2008, Comments, I.D. No. 1108-03141-02, 

Mach Mining, LLC -Mach No. 1 Mine ID No. 11-03141, Williamson County, Illinois -

Coal Refuse Disposal Facility No. 2 Phases 3 through 7," dated August 2008. Appendices to 
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the report contained construction specifications, various design calculations, geotechnical test 

boring logs, laboratory test data and a CISPM Mine Subsidence Analysis Report prepared by 

Dr. Syd Peng of West Virginia University. 

2. Nineteen drawings, with revision dates from February 14, 2008, to July 7, 2008, depicting 

plans, profiles and details of the proposed facility: 

In addition, the following additional materials were submitted concurrent with the review of this 

submittal. 

1. A set of three drawings depicting longwall panel surface subsidence measurements at 

Baselines "A" through "D" located over the eastern end oflongwall Panel No. I of the 

subject mine. These drawings are dated August 29, 2008, and were received by the Mine 

Waste and Geotechnical Engineering Division (MWGED) on September 3, 2008, 

2. Two Drawings entitled "Map 6 UG - Operations Plan Map" and "Map 10 - Geologic 

columns," prepared by Alliance and dated December 3, 2004, and November 29, 2004, 

respectively, and received by MWGED on September 3, 2008. 

In addition to the submitted document, we also gathered additional information, concurrent with 

the review, through phone and e-mail communication with Mr. Claudio Yon of Alliance and 

Dan Barkley of the Illinois DNR. 

We completed our review of the new design and found eleven items requiring additional 

substantiating data or calculations and/or design changes, These were outlined in our 

memorandum to Robert Phillips, District Manager, CMS&H District 8, dated 

November 10, 2008. 

Second Revised Desiim Submittal 

The second revised design submittal was received by MW GED on July 20, 2009, and included 

the following. 

1. A report volume entitled "Additional information- Volume I of 3, Comments 2, 4, 5, 6, 9, JO 

and 11, Coal Refuse Disposal Facility No. 2 Phases 3 through 7," Impoundment ID No. IL0S-

03141-02 (MSHA ID No. 11-03141), Williamson County, Illinois," dated July 2009. This 

volume included new, revised and copies of previously submitted materials from the earlier 

August 2008 submittal and was prepared by Alliance. 

2. A second report volume entitled "Additional information- Volume 2 of3, Comments!, 3, 7 

and 8, Coal Refuse Disposal Facility No. 2 Phases 3 through 7," Impoundrnent ID No. IL08-

03 J 41-02 (MSHA ID No. 11-0314 !), Williamson County, Illinois," dated July 2009. This 

volume contained new calculations and analysis performed by GAI consultants for Alliance. 

3. A third volume containing 22 drawings, with revision dates from July 8, 2009, to 

July 13, 2009, depicting plans, profiles, and details of the proposed facility. 
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4. An addendum to the submittal, received on August 21, 2009. This addendum included 

corrected transmittal letters and tables of contents, a revised drawing B05-330-M32- Phase 5 

Plan View, revised August 18, 2009, and revised Phase 5 dam underdrain calculations. 

Additionally, prior to the receipt of this submittal, we received electronically transmitted 

drawings depicting a longitudinal dynamic subsidence survey over the advancing face of 

Longwall Panel No. l at a location immediately to the east of the future Phase 5. These drav.ings 

were received in our office on February 10, 2009. This survey was performed in response to 

comment No. 4 in the November 10, 2008, memorandum. 

The results of our review of this revised design are discussed in this report. 

BACKGROUND 

The revised Refuse Disposal Facility No. 2 will provide for the disposal of about 3 ½ years of 

coarse coal refuse (CCR) and 6 years of fine coal refuse (FCR) that will be produced from the 

Pond Creek No. 1 Mine following closure of previously approved Facility No. 1 which included 

Phases l and 2. This facility is to be constructed in five phases - Phase 3 through Phase 7. 

As planned, the facility v-~ll consist of three, approximately rectangular, diked in1poundments 

aligned in a north-south direction and sharing common embankments between them. TI1e 

southernmost impoundment will be constructed during Phase 3, with fine refuse placement 

starting upon completion of the embankment to the design crest height. The central 

impoundment will be constructed in three Phases (Phases 4, 6 and 7) with fine refuse placement 

starting during Phase 7, when the embrulkrnent will be about 50 percent of the total completed 

height. The northernmost impoundment will be constructed during Phase 5 ru1d will be partly 

incised by excavating the footprint of the impoundment. Fine refuse placement in this 

impoundment will begin once Phase 3 is filled to capacity, ru1d the Phase 5 embankment is about 

80 percent complete. 

The impoundments~]] cover about 200 acres, and all the impounding embankments will he 

raised longitudinally in segments using belt-delivered coarse coal refuse. The upstrerun and 

downstream slopes \,~ll be 3 horizontal to 1 vertical (3H: l V) except for Phase 3 which will have 

2.6H:l V upstream slopes. Maximum embankment heights will range from 49 feet for Phase 3 to 

l 00 feet for Phase 7. All embankments, with the exception of a portion of the Phase 7 central 

impoundment, will be founded on 15 to 22 feet of medium to stiff clay deposits overlying shale 

bedrock. The south-facing slope of the Phase 7 embankment \\~JI be.founded on the impounded 

fine refuse of the adjoining Phase 3. 

The designer considered the impoundments to be of high hazard potential classification for the 

purposes ofhydrologic/hydraulic design. Following one year from the start of construction, all 

phases will be able to accommodate a rainfall volume of two PMF's with pumping capacity 

capable of drawing down one 72-hour PMF in 30 days. \Vhen the final crest eleYation is 

l_ reached, an 18-inch-diameter HDPE SDR 26 decru1t spillway will be installed and be capable of 
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drawing down 90 percent of one PMF in less than 10 days. The only exception is the Phase 3 

impoundment. Because of an expected life of less than 1 year, this phase was designed to handle 

at least one half of a 72-hour PMF, but less than a full 72-hour PMF. 

The most significant consideration for these impoundments will be the concurrent mining of 

three longwall panels in the 6.5-foot-thick Herrin No. 6 coal seam beneath the impoundment 

footprints. There are 430 to 450 feet of overburden, with at least 420 feet of this being rock, 

between the embankment foundations or impoundment bottoms and the Hen-in No. 6 seam. 

Boring data indicates that about 75 to 90 percent of the overburden rock is shale. A sandstone 

unit, 200 to 240 feet above the No. 6 sean1 and ranging from 21 to 54 feet thick, is the only 

persistent competent unit encountered in the borings. 

The development entries for the longwall mining have a calculated minimum pillar safety factor 

of 2.3 as calculated by the program ALPS. A minimum rock overburden thickness of about 65 

times the mine height is present above the seam. Therefore, this facility complies with the 

guidance comained in Bureau of Mines publication IC 8741 for limiting breakthrough risk. 

However, subsidence from the longwall mining will considerably in1pact surface structures over 

the mine. 

The subsidence effects on the proposed coal refuse in1poundments will be largely mitigated by 

the proposed phasing of tbe impoundments. Except for Phases 3 and 4, all refuse placement will 

take place after mining has been completed beneath the impoundment and subsidence is 

substantially complete. For Phase 3, FCR placement will be completed to an elevation of 5 feet 

below the crest, about 9 months prior to longwall mining beneath the impoundment. A 5-foot

thick cover of coarse refuse, level with the crest, will be placed over the fine refuse in order to 

eliminate any impounded water before the mining advances beneath the impoundment. Phase 4 

will consist of a 45-foot-high non-impounding embankment placed prior to mining. After the 

mining, the 300-foot-wide Phase 6 embankment v.,i.ll buttress the downstream slope of the Phase 

4 embankment. The width of this embankment is expected to mitigate any possible effects of 

subsidence-related damage to the Phase 4 embankment. 

The planned mining beneath the Phase 3 impoundment, a short time after filling and capping of 

this impoundment, is the most significant issue in evaluating the subsidence impacts. There is 

currently little engineering experience in accommodating longwall mining under a coal refuse 

impoundment and a conservative consideration of all possible potential failure modes and 

mitigatory measures was the primary item of concern in the review of this plan. 

REVIE\V DISCUSSION 

The submittal received on July 20, 2009, provided responses to the eleven items of additional 

information that were requested in the November l 0, 2008, memorandum. Additionally the 

submitted addendum included a revised plan for the Phase 5, which will be enlarged by locating 

its north dike approximately 250 feet further north. 
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. _( Phase 7 Stability 

TI1e submittal did not satisfactorily address comment Nos. 7 and 8 in the November 10, 2008, 

memorandum. These comments noted that a stability analysis of the Phase 7 south dike, which 

will be founded on the settled Phase 3 FCR, had not been performed and requested this analysis 

be performed along with a seismic liquefaction and deformation analysis. The submitted analysis 

in response to these comments included only an analysis of the less-critical completed Phase 7C 

configuration, and not the critical Phase 7 A, which will entail advancing the 38-foot-high south 

dike embankment over the thin cover overlying the consolidating fine refuse. An independent 

check calculation using the "Slope W" stability analysis program and normalized undrained 

strength parameters for the FCR developed in the submittal indicated a short-tenn post 

construction safety factor for the south dike of Phase 7 A of considerably less than one. 

Therefore, Phase 7 A, as currently planned, will require design revisions before MW GED can 

recommend approval. 

Subsidence Imoacts - Phase 3 Imooundment 

The largest part of the most recent submittal consisted of various analyses and new test data 

submitted as justification for the proposed longwall mining beneath the capped Phase 3 

impoundment, as requested in items 1 through 3 of the November 10, 2008, memorandum. 

MW GED performed this review in conjunction with a literature review of soil behavior when 

subjected to tensile strains and a published case-study oflongv,•all mining under an impoundment 

in West Virginia.<1l · 

The Phase 3 impoundment is located so the dike bounding the FCR pool to the north is centered 

over the Panel's 2 and 3 gateroad development entries, the east and west dikes extend southward 

to approximately the center of the longwall panel, and the south dike runs along the center 

portion of the panel. The panel width (1,400 feet) with respect to depth is such that subsidence is 

supercritical, so the south dike will be subjected only to transient tensile, then compressive, 

strains in a longitudinal direction as the mine face advances east to west. The east and west dikes 

will be subjec1ed to pennanent tensile strains near the northwest and northeast comers of the 

impoundment and the north dike will be subjected to significant strains only near the inside toe. 

Assuming the impoundment is capped and no longer impounding water at the time the longwall 

panel is advanced, the specific potential failure mechanisms that were examined for the Phase 3 

impoundment included: 

(I) Choi, D. S., et al, 1997, "A Case Study ofUndennining Impoundmcnt Embankment by the LongwaH Mining Method," 

Proc. 36th US Rock Mechanics Symposium 
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1. Stability failure of the CCR embankment due to deformations and weakening from 

subsidence-induced shear strains and cracking. 

2. The potential for the development oflarge, persistent transverse cracks in the CCR 

embankment or foundation materials capable of releasing flowable FCR. The calculated 

horizontal strains induced by the subsidence, using revised CISPM model calculations 

calibrated to actual subsidence measurements at this mine, is about 30 microstrain 

(3 percent). 

3. Weakening and/or liquefaction of the FCR due to subsidence strain-induced pore pressures in 

conjunction with transverse cracking, possibly resulting in flow into, and/or erosion of, 

cracks in the CCR. 

CCR Embankment Stabilitv Under Subsidence Condition 

In order to evaluate the possibility of the first of these mechanisms, a separate analysis performed 

by GAl Consultants for Alliance applied data from existing triaxial test data of the coarse refuse 

(CU with pore pressures) to the formula developed for the double-punch shear test developed by 

Fang and ChenC2
) to detemune a tensile strength for the CCR. The consolidation stresses for each 

test point were then corrected for equivalent effective vertical stress (cr'v) and used to develop a 

"normalized tensile strength" ratio (ur/ cr'v) of 0.15 for the CCR. Using this ratio, an average · 

tensile strength of C=475 psf and cp=O degrees was used in a slope stability analysis to obtain a 

worst-case stability safety factor for the subsidence disturbed embankment of 1.10. We do not 

believe the derivation of this strength is technically correct. However, the strength parameter 

derived appears to be very conservative for coarse coal refuse in even the loosest condition. An 

independent analysis showed a factor of safety of 1.3 was achieved with cp=19 degrees, which is 

lower than CCR in its loosest condition based on the typical angle of repose of this material. 

Therefore, slope failure of the CCR embankment from subsidence-induced shear is very unlikely. 

CCR and Foundation Crack.inrr Susceotibilitv Under Subsidence 

The second failure mechanism that was evaluated was the potential for large persistent cracks 

through the CCR embankment which, in conjunction with the third mechanism, could result in a 

breach and release offlowable FCR. The submitted data showed the CCR produced at the plant 

is a well graded gravel material (USCS classification GW) v-~th very little fines (2.0 to 2.5 

percent passing the No. 200 sieve). The gradation of oven-dried, compacted Proctor test 

specimens prepared by Alliance was somewhat higher, with an average of 30 percent passing the 

No. 200 sieve and was classified wider the USCS system as "SC," a clayey sand. However, the 

lab sample preparation and oven drying likely produced a material with more fines than in the 

constructed embankment. 

(2) Fang, H. Y. and Chen, \Vai-Fai, "Detcnnination of Tensile Su~ngth of Soil by Unconftned Penetration Test," 

.•tSTh1 STP-740, R.N Young Ed., 1981 
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The gradation of the CCR and the foundation soil was compared to published correlations of 

deformation cracking and piping potential. The CCR as delivered to the impoundment prior to 

compaction is a cohesionless material and is not subject to cracking. The laboratory compacted 

and oven-dried CCR material was evaluated as having a medium deformation and cracking 

potential. However, this material is not likely to be representative of the material in the 

embankment which will have less fines; therefore, the overall deformation cracking susceptibility 

of the CCR was evaluated to be low. 

The foundation soils are moderately plastic clays (USCS classification CL with a plasticity index 

of24). These materials were evaluated as having low cracking potential because such materials 

in a saturated condition are subject to defom1ation rather than cracking under the expected 

strains. Mr. Harold Owens reported, in a phone conversation on June 4, 2009, that aside from a 

]-inch-wide crack in desiccated materials, no obvious cracking was obsen,ed in the clayey native 

soils over the previously advanced Longwall Panel No. 1 in the future Phase 5 area. 

Considerable cracking was obsen1ed in a more brittle asphalt and chip pavement that crossed the 

edge of the panel. Due to the possibility of localized higher than predicted tensile deformations 

at any surface point over longwall panel edges, the development of significant cracks in the 

foundation and embankments is low but cannot be excluded. 

A similar evaluation was performed for the piping resistance of the foundation and C:CR 

materials. Piping resistance was evaluated as "high" for the foundation clay and plant-run CCR 

materials, and medium for the laboratory compacted materials. While not addressed in the 

submittal, we believe that if the impoundment is capped and not impounding water, there will be 

insufficient seepage water to erosively propagate any piping even if persistent cracks develop in 

the embanlanent. Therefore, for a capped impoundment, cracking and subsequent internal 

erosion via seepage piping is an unlikely possible failure mode. 

Subsidence lnduced FCR Flow Throu£h Cracks 

The third potential subsidence induced failure mechanism examined was the possibility of 

flowage of fluid FCR through large transverse cracks in the embankment or foundation. As 

described above, such cracks are unlikely, but cannot be precluded. However, if the FCR is not 

in a sufficiently flowable state, the cracking will be inconsequential, and this mode of failure can 

be precluded. 

The most recent submittal provided the results of laboratory testing and an analysis of the 

potential for triggering strength loss (liquefaction) for the FCR under cyclic stresses from either 

earthquakes or the advancing subsidence across the impoundmcnt. The FCR produced at the 

Mach Mine preparation plant was bulk-sampled and characterized as a fine grained plastic 

material with 93 percent passing the No. 200 sieve and more than 99 percent passing the No. 40 

sieve. The liquid limit was 36 and the plasticity index was l 7 and the material was classified 

under the USCS classification system as "CL." 
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The submittal included calculations from two triaxial tests performed on remolded FCR 

specimens prepared from bucket samples of the slurry produced by the preparation plant. These 

calculations showed a post-seismic strength ratio (Susi o'v) of 0.24, which is only slightly less 

than the peak (Sul er',) value of0.27. If fully consolidated, these materials· are not flowable under 

any anticipated seismic or mine subsidence conditions. However, the fine grained FCR at this 

facility is likely to dissipate excess pore pressure and consolidate under self-weight very slowly, 

so the undrained strength of the FCR at the time of mining is likely to be the most critical 

condition, with a very weak upper FCR layer being potentially flowable through cracks extending 

through the embankment. The submittal did not include specific calculations addressing this 

scenario; however, a CCR cap with a minimum thickness of 5 feet is specified to be placed over 

the impoundment prior to mining. It is expected, based on MWGED's previous observations and 

independent calculations, that when CCR is pushed-out over the FCR, the upper materials with 

undrained strength (Su) less than at least 150 pounds per square foot will be displaced during the 

pushout process and tl1erefore are unlikely to be present beneath the pushout. The FCR and/or 

mixed FCR and CCR material that has reached an Su of at least 150 psf is not flowable through a 

cracked embankment except in conjunction with erosive water flow, which will be precluded by 

the CCR cover. Therefore, provided tl1at the Phase 3 impoundment is capped as shovm in the 

submitted design, a failure by FCR flowage through cracks in the CCR embankment is also 

unlikely. 

CONCLUSIONS A.ND RECOMMENDATIONS 

MW GED noted some deficiencies in the submitted responses to our request for information; 

however, check calculations show the results of the analyses are conservative and the 

construction of this facility thrnugh Phase 6 is technically satisfactory. However, the submittal 

did not substantiate the stability of the Phase 7A south embankment which will be constructed 

over Phase 3A fine refuse, and an independent analysis performed in this office found that the 

design as currently planned will not be stable under static or seismic conditions. Therefore, 

approval is recommended through Phase 6 only. Additional information and design revisions as 

needed to substantiate the static and seismic stability of Phase7A will be needed before approval 

of tlus stage can be recommended. 

Our recommendation for approval assumes the facility is constructed strictly in accordance with 

the submitted plan. In particular, the Phase 3 impoundment must be capped with a stable CCR 

cover and incapable of impounding water before longwall mining approaches the impoundment. 

Also, per the submitted Specification 6.03 for enhanc_ed monitoring, the operability of all the 

specified instrumentation and preparations for the contingency buttress shall be verified by the 

operator's engineer before the longwall mining face is within 100 feet of any part of the Phase 3 

capped impoundment. 

The CCR embankments at this facility will be constructed in 500- to 600-foot-long longitudinal 

segments in order to take advantage of belt delivery of the CCR to the placement location. In 

order to assure the segments are adequately compacted and keyed into the adjoining segments, a 

specific placement plan was developed and is included in Appendix E of Volume 1 of the 
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submitted plan. This placement plan, particularly the use of the specified equipment, maximum 

push distances, and excavation of keys into the adjoining segment should be strictly followed. 

The design report narratives and test data should also be considered part of the approved plan. If 

dam or foundation materials or conditions are discovered that are different than those described 

in the submitted reports, the plan should be modified as needed to address the changed conditions 

and submitted to MSHA for approval. In particular: the safety of this facility is contingent on the 

adherence to the specific mining schedule shown in Drawing B05-330-M36 -Mining/lmpound

ment Construction Timing Map, revised July I 0, 2009. 

Approved Plan Documents 

Care should be taken to assure the most recent revisions to the drawings and specifications are 

incorporated into the revised plan documents. The approved plan consists of all the documents 

listed in the section of this report titled "Second Revised Design Submittal" with the exception of 

drawing B05-330-M33 - Phase 7 - Plan View and any other Phase 7 details shown on other 

drawings. 

~rt Prepared by: 

ClJ-JQ,C),~ 
Paul J. Donahue, P.E. 

Civil Engineer 

Report Approved by: 

/2~.~1r,,£ 
Darren J rif: ,P.E. 

Supervisory Civil Engineer 
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U.S. D-:p.artrnent of Labor 

December 4, 2009 

!11r . .11.nthony Webb 
M:ach Mining, UC 
P.O. Box 300 
Johnston Ciry, IL 62951 

Mine Safetv and Heaith Adminismnion 
2300 \11/i//ow Street 
Suite 200 
Vincenoes, Indiana 47.591•5416 

· \0.4130 

RE: Appro,·al of Revised Design Plan.s for Phases 3 through 6 of the Proposed Coal Refuse Disposal ·Facility No. 2, Impoundment ID No. 1:211 IT..,08 03141-02, Mach. M1ning, LLC, Mach #1 Mine, l\fSH.A ID No. 11-03141, Johnston City, Williamson County, Illin.ois 

Dear llfr. Webb: 

The IV.Line Safety md Health Administration h2s completed a review of the engineeriog plan. rderred to as Mach Mining, UC, Coal Refuse Disposal FazilityNo. 2, dated January 2007, for the design, construction, and maintenance for the subject project. The review includes the foJlowing information: 

• The original submitted· design entitled "Engineering Design Plan - Proposed Coal Refase Disposal, Facility No. 2", Williamson County, Illinois, dated January 2007. 

•- The i'u;st revised s-.ibmitted desim entitled '·Response to Februa.c-y 11, 2008° Co=ems, dated August 2008. -

• The second revised submitted design entitled "Additional In.formation - Volume lVo1ume 3, Coal Refuse Disposal Facility No, 2 Phase 3 through 7" dated ju}y 20, 2009. . 

Based on the information submitted, ·the plan ·is approved through Ph·ase 6. Additional · information as specified ill the attached report l\fW09-077, dated November IZ, 2009, will be required before Phase 7 can be approved. 

Section 77.2l_6-2(b) requires that any changes or modincations to this plan be appro,•ed by the District l\fanager prior to jrritiation of such changes or modincations. If Mach l\fuzing, Ltc has·any questions concerning this ma;ter, please contact Sta.11Reeder a.t (812) 882-7617. 

Sincerely, 

--;::r-· / /7 ., j / 
,-;.,;~ r- . ,[/ ~ 
Timothy R. Watki:Ds 
Acting District Manager 
Coal Mine Safety 2!ld Health 
Dist:ic: S 

cc: SR::.::der 
.Benton ?i!ed Ofiic~ - fiies 
U\t' Fiie~ 
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lliance Consulting Inc. Mail - Clarification of Recommendations - Ma... http://mail.google.com/a/aci-wv.com/?ui=2&ik=c4501c8aa3&view"'P .. , 

C 

(_ 

AllitmceJl7 
Consul!my, Jru.:. 

Harold Owens <howens@aci-wv.com> 

Clarification of Recommendations - Mach Mine Facility No. 1 (Phase 1 and 

2) - ID No. 1211-IL0B-03141-01 
1 message 

Donahue, Paul - MSHA <Donahue.Paul@dol.gov> Thu, Oct 7, 2010 at 6:48 PM 

To: "Reeder, Stanley E. - MSHA" <Reeder.Stan!sy@dol.gov> 

Cc: "Blank, Darren J - MSHA" <Blank.Darren@do!.gov>, Harold Owens <howens@aci-wv.com>, "Kelly, James - MSHA" 

<Ke!ly.James@dol.gov> 

Stan, 

Technical Support received a submittal, prepared by Alliance Consulting, 

which contains revisions and additional information we requested 

regarding Phase 7 of the Mach Mine Disposal Facility No. 2 (ID No. 

1211-IL0S-02141-02). This submittal is dated March 22, 2010 and was 

received by Technical Support on March 29, 2010. This submittal is 

currently under review. 

The submittal also includes the following statement, which for 

expediency, I am addressing, in this e-mail, separately from the Phase 7 

review: 

" ... we assume that longwall mining beneath the Phase 2 cell is approved 

as shown in the currently approved plan although this was not 

specifically mentioned in your November 12, 2009 memorandum. For 

clarification purposes with other reviewing agencies, we would 

appreciate this language being added to your next memorandum." 

The reason the Phase 2 cell wasn't mentioned in the report recommending 

approval of Phases 3 through 6, (dated November 12, 2009) is because 

this cell is a separate facility (different ID number) from Disposal 

Facility No. 2. Technical Support had already reviewed and recommended 

approval for Phase 2 in a separate report (Report No. MW0?-035), 

prepared by James Kelly, and dated June 22, 2007. A copy of this report 

attached to this e-mail for your reference. 

With regard to the future longwall mining under Phase 2, the June 22, 

2007 report states the following: 

''This plan has been evaluated with the understanding (as stated in the 

plan) that no longwan mining will be conducted below the impoundment 

until abandonment operations of the lmpoundment are complete" 

Therefore, the plan that Technical Support recommended approval already 

requires that the Phase 2 cell be abandoned prior to longwall mining 

under the footprint of the eel!. We consider this requirement to be 

technically adequate, and no other recommendation is needed. For the 

specific situation of mining under this cell, "abandonment" means the 

placement of a stable cap of coarse refuse or other fill over the 

settled fine refuse and graded in a manner that precludes any ponding of 

water on the fill surface within the diked area. This same requirement 

is also part of the approved plan for the Phase 3 cell which we 

recommended approval in the November 12, 2009 report. 

I recommend that the above clarification of what constitutes 

"abandonment" be provided in any correspondence that CMS&H District 8 

furnishes to Mach Mining regarding Phase 2 of the disposal facility. 

Paul Donahue 

Pittsburgh Technical Support 
Mine Waste and Geotechnica! Engineering Division 

412-306-5338 

11/J 8/2010 9:09 AM 
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GROUNDWATER IMPACT 

Longwall mining beneath capped coal refuse impoundments Phase 2 and Phase 3 should have no 

impact to groundwater. This opinion is based on the following: 

• A clay barrier exists beneath these structures. This clay is self-healing. 

• Fine coal refuse deposited on top of the clay barrier consists of over 90 percent clay-size 

and silt-size particles which further reduces the flow of water vertically into the 

groundwater regime. 

• The source of water (pumped fine coal refuse) has been discontinued for quite some time. 

The draining of the coal fines is evidenced by the settlement of the coal fines since 

pumping was discontinued. 

• The addition of the cap further reduced the quantity of water contained in the 

impoundments by assisting in consolidating the fine coal refuse. 

• The cap will eliminate pooled water (rainfall) from accumulating by elimination of 

impounding capability. 

• The cap will be crowned to minimize water infiltration. 

• The footprints of the Phase 4 and Phase 5 impoundments contained pooled water when 

longwall mining in Panel Nos. 1 and 2 occurred beneath them. The pooled water 

remained during and after longwall mining. 

• A portions of the sediment control structures which encircles the refuse area were 

undermined by longwall mining. The pool elevations did not diminish during or after 

longwall mining. These structures were constructed on-site clay. 

1 
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Piezometer DATE 
Warning 

No. Level 

7/2612010 814/2010 611112010 8/1812010 8125/2010 91112010 91812010 9115/2010 9122/2010 9129/2010 10/612010 1011312010 10/20/2010 1012712010 11f.312010 

" 467.8 467.8 467.6 467.4 467.2 467.3 467.1 467.0 467.0 467.0 466.4 466.4 466.2 466.2 465,7 467.0 

" 479.1 479.6 480.1 480 3 480.4 480.5 480.6 480.6 480.7 480.6 480.3 480.5 480,3 480.4 479,8 475.0 

" 469.-4 469,6 469.2 469.2 469.3 469.3 468.9 468 9 468.8 488.9 468.5 468.4 468.5 468.4 468.2 467.0 

" 470.7 471.6 471.9 472.7 473 0 472.5 471.9 471.6 471.4 471.2 471.0 470.8 470.5 470.4 470.3 472.0 

" 476.3 476.-4 476.5 476.7 477.0 477.4 477.8 478.1 478.5 479.1 479.5 460.0 480 3 480.6 460.4 485.5 

Piezomc1er DATE 
Warning 

No. Level 

11/1012010 11117/2010 1112412010 12/112010 12/812010 12/15/2010 12'2212010 1212912010 1/512011 1/1212011 1(1912011 112612011 212/2011 2'912011 211612011 

" 465.7 465.6 465.6 465.7 465.7 465.7 465.9 466.0 466.5 465.9 466.1 467.0 

" 479.7 479.6 479.6 479.7 478.9 478.6 476.6 478.6 478.4 476.1 478.2 475.0 

" 468.2 468.2 468.2 468.3 4680 467.9 467.9 468.1 4681 467.4 467.8 467.0 

" 470.2 470.2 470.3 470.2 470.1 470.1 470.0 470.1 470.0 470 0 469.9 472.0 

P5 480.6 480.6 480.6 480.6 480.5 460.5 480.5 480.4 480.5 480.1 480.2 485.5 
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Piezometer DATE 
No. 

10/8/2008 10/15/2008 10/22/2008 10/29/2008 

P6 465.5 465.8 466.1 466.4 

P7 465.7 466.2 466.8 467.6 

PS 464.3 464.3 464.3 464.3 

Piezometer DATE 
No. 

12/03/2008' 12/10/2008 12/17/2008 12/24/2008 

P6 467.8 467.7 467.8 468.1 

P7 470.5 470.6 470.8 470.8 

PS 465.2 466.1 467.4 467.5 

Piezometer DATE 
No. 

1/28/2009 2/4/2009 2/11/2009 2/18/2009 

PS 468.4 468.8 469.5 469.4 

P7 472.1 473.1 473.6 473.1 

PS 472.3 473.6 477.6 478.9 

Piezometer DATE 
No. 

3/25/2009 4/1/2009 4/8/2009 4/15/2009 

P6 469.1 469.3 469.7 469.6 

P7 472.2 472.5 473.2 473.5 

PS 479.0 479.7 480.3 480.4 

Piezometer DATE 
No. 

5/20/2009 5/27/2008 6/3/2009 6/10/2009 

P6 470.0 470.0 470.0 470.0 

P7 474.0 474.1 473.8 473.9 

PS 480.7 480.4 480.1 480.2 

11/5/2008 11/12/2008 11/19/2008 

466.9 467.3 467.5 
468.2 469.0 469.4 
464.4 464.7 464.8 

12/31/2008 1/7/2009 1/14/2009 
468.1 468.8 467.9 
471.3 471.8 471.6 
469.2 470.1 471.0 

2/25/2009 3/4/2009 3/11/2009 

468.9 468.9 468.5 
472.5 472.3 472.2 
478.8 479.1 479.0 

4/22/2009 4/29/2009 5/6/2009 
469.9 469.9 470.0 
473.8 473.6 474.2 
480.9 481.2 481.6 

6/17/2009 6/24/2009 7/1/2009 

470.0 470.0 469.9 
473.9 473.7 473.5 
480.2 479.7 479.4 

11/26/2008 
467.7 
469.9 
465.d 

1/21/2009 
468.5 
472.0 
471.8 

3/18/2009 
468.9 
472.2 
479.0 

5/13/2009 
470.0 
473.7 
481.7 

7/8/2009 
469.9 
473.3 
479.1 

Warning 
Level Elev. 

463.4 
475.2 
487.2 

Warning 
Level Elev. 

463.4 
475.2 
487.2 

Warning 
Level Elev. 

463.4 
475.2 
487.2 

Warning 
Level Elev. 

463.4 
475.2 
487.2 

Warning 
Level Elev. 

463.4 
475.2 
487.2 

... =" ~ 
" "' 
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Piezometer DATE 
Warning 

No. 
Level Elev. 

711512009 7/22/2009 7/2912009 815/2009 811212009 8/19/2009 8/26/2009 9/212009 

P6 469.7 469.7 469.7 469.6 469.4 469.4 469.1 469.1 463.4 

P7 473.1 472.9 472.9 472.6 472.5 472.5 472.3 472.1 475.2 

P8 479.0 478.7 478.7 478.5 478.4 478.3 478.2 478.0 487.2 

Piezometer DATE 
Warning 

No. 
Level Elev. 

919/2009 9/1612009 9/2312009 9/3012009 10/712009 10/14/2009 10/2112009 10/28/2009 

PG 469.3 469.3 469.2 469.2 469.1 469.1 469.0 4691 463.4 

P7 472.3 472.1 472.1 472.1 472.0 471.4 471.7 471.7 475.2 

P8 477.9 478.0 477.8 477.7 477.7 477.6 477.5 477.6 487.2 

Piezometer DATE 
Warning 

No. 
Level Elev. 

1114/2009 11/11/2009 11/18/2008 11/25/2009 1212/2009 12/912009 1211612009 12123/2008 

P6 468.9 468.8 468.8 468.8 468.6 468.6 468.0 468.0 463.4 

P7 471.7 471.5 471.6 471.5 471.4 471.4 471.0 470.9 475.2 

P8 477.3 477.3 477.3 477.3 477.1 477.0 476.8 476.8 487.2 

Piezometer DATE 
Warning 

No. 
Level Elev. 

12/30/2009 11612010 1113/2010 1120/2010 1/2712010 21312010 2110/2010 2117/2010 

P6 468.3 468.2 467.9 467.9 467.8 467.9 468.0 467.9 463.4 

P7 471.2 470.8 470.7 470.6 470.7 470.7 470.7 470.7 475.2 

P8 477.0 477.0 476.9 476.9 477.0 477.0 476.8 476.9 487.2 

Piezometer DATE 
Warning 

No. 
Level Elev. 

212412010 313/2010 311012010 3/17/2010 3124/2010 3/31/2010 41712010 4/1412010 

P6 467.8 467.8 467.7 467.7 468.0 468.0 467.3 467.7 463.4 

P7 470.5 470.3 470.3 470.3 470.4 470.4 470.6 470.0 475.2 

P8 476.8 476.6 476.6 476.4 476.4 476.4 476.1 475.9 487.2 
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Piezometer DATE 
Warning 

No. Level Elev. 

4/21/2010 4/28/2010 5/5/2010 5/12/2010 5/19/2010 5/26/2010 6/2/2010 6/9/2010 

P6 468.1 468.4 468.4 468.1 468.1 468.1 · 468.2 468.0 463.4 

P7 470.5 470.5 470.5 470.2 470.2 470.2 470.2 470.0 475.2 

P8 476.2 476.0 476.0 476.6 476.5 476.3 476.3 476.0 487.2 

Piezometer DATE 
Warning 

No. Level Elev. 

6/16/2010 6/23/2010 6/30/2010 7/7/2010 7/14/2010 7/21/2010 7/28/2010 8/4/2010 

P6 467.9 468.0 467.8 467.9 467.9 467.9 468.0 468.1 463.4 

P7 469.9 470.0 469.9 469.9 469.9 469.9 469.9 469.9 475.2 

P8 475.8 475.7 475.5 475.4 475.4 475.3 475.2 475.1 487.2 

Piezometer DATE 
Warning 

No. Level Elev. 

8/11/2010 8/18/2010 8/25/2010 9/1/2010 9/8/2010 9/15/2010 9/22/2010 9/29/2010 

P6 468.1 468.1 468.1 468.4 468.4 468.8 469.4 469.9 463.4 

P7 470.0 470.0 470.1 470.3 470.6 470.8 ' 471.4 472.6 475.2 

P8 475.2 475.1 475.1 475.1 475.3 475.8 476.4 477.0 487.2 

Piezometer DATE 
Warning 

No. Level Elev. 

10/6/2010 10/13/2010 10/20/2010 10/27/2010 11/3/2010 11/10/2010 11/17/2010 11/24/2010 

P6 470.0 469.9 470.0 469.9 469.9 469.9 469.9 469.9 463.4 

P7 473.3 475.4 476.2 476.5 476.1 476.2 476.1 476.1 475.2 

P8 477.2 477.1 477.3 477.4 477.4 477.4 477.4 477.5 487.2 

Piezometer DATE 
Warning 

No. Level Elev. 

12/1/2010 12/8/2010 12/15/2010 12/22/2010 12/29/2010 1/5/2011 1/12/2011 1/19/2011 

P6 469.9 469.8 469.8 469.8 469.8 469.8 469.8 469.4 463.4 

P7 476.0 474.7 474.5 474.1 473.8 473.6 473.4 473.2 475.2 

P8 477.6 477.5 477.5 477.4 477.4 477.5 477.1 477.2 487.2 
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Piezometer DATE 
Warning 

No. Level Elev. 

1/26/2011 2/2/2011 2/9/2011 2/16/2011 2/23/2011 3/2/2011 3/9/2011 3/16/2011 

P6 463.4 

P7 475.2 

P8 487.2 
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Data for 68 Pin Monitoring at Pond Creek Mine 

Baseline Data Average: Shot On November 1 O & 12, 2009 December 31, 2009 Data 

Point# Northina Eastina Elevation Point# Northina Eastina 

101 428411.2433 358718.8388 449.55 1231101 428411.2488 358718.9261 

102 428411.0404 358743.7741 449.66 1231102 428411.0934 358743.8222 
103 428411.1509 358768.8500 449.79 1231103 428411.1765 358768.9119 
104 428411.0827 358793.8495 449.79 1231104 428411.1296 358793.9224 

105 428411.2768 358818.7893 449.92 1231105 428411.3205 358818.8424 

106 428411.1052 358843.7660 449.95 1231106 428411.1766 358843.8259 
107 428411.0468 358868.8559 449.99 1231107 428411.1233 358868.9040 

108 428411.2624 358893.8016 449.98 1231108 428411.3094 358893.8823 

109 428411.1398 358918.8297 449.93 1231109 428411.1941 358918.9280 
110 428411.0829 358943.8231 449.73 1231110 428411.1462 358943.8776 

111 428411.1221 358968.8653 449.54 1231111 428411.1829 358968.9241 

112 428411.1495 358993.8497 449.51 1231112 428411.2042 358993.9440 

113 428411.1486 359018.8786 449.38 1231113 428411.1991 359018.9536 

114 428386.1691 359018. 7194 449.79 1231114 428386.1826 359018.8372 

115 428361.0914 359018.7749 449.88 1231115 428361.1102 359018.8627 

116 428336.1338 359018. 7739 450.61 1231116 428336.1516 359018.8980 

117 428311.1872 359018.8005 450.59 1231117 428311.2125 359018.9063 

118 428286.1082 359018.8465 450.31 1231118 428286.1455 359018.9677 

119 428261.1057 359018.8769 450.68 1231119 428261.1909 359019.0124 

120 428236.2287 359018.8089 451.16 1231120 428236.2756 359018.9120 

121 428211.1790 359018.7712 451.85 
. 

1231121 428211.2112 359018.9185 

122 428186.1793 359018.7400 452.51 1231122 428186.2592 359018.8568 

123 428161.1638 359018.8099 452.64 1231123 428161.2272 359018.9443 

124 428136.1816 359018.8031 452.15 1231124 428136.2277 359018.9424 

125 428111.1367 359018.8270 452.37 1231125 428111.2281 359018.9446 

126 428086.1810 359018.7625 451.77 1231126 428086.2406 359018.8845 

127 428061.1300 359018.8122 451.73 1231127 428061.2668 359018.9024 

128 428036.1720 359018.7347 452.14 1231128 428036.2506 359018.8248 

129 428011.2166 359018.7676 452.22 1231129 428011.2841 359018.8635 

130 427986.2052 359018.7642 452.40 1231130 427986.2543 359018.8713 

131 427961.2040 359018. 7292 452.91 1231131 427961.2483 359018.8380 

132 427936.1225 359018.7231 452.92 1231132 427936.1889 359018.8281 

133 427911.1533 359018.7862 453.20 1231133 427911.2045 359018.8766 

134 427886.1123 359018.7523 453.60 1231134 427886.1970 359018.8614 

135 427861.1730 359018.7483 453.88 1231135 427861.2422 359018.8280 

136 427836.1478 359018.7636 454.19 1231136 427836.2187 359018.8538 

137 427811.1182 359018.8285 454.53 1231137 427811.1960 359018.9186 

4383 427345.2341 360349.8149 463.22 
4384 429209.1676 360379.8928 442.31 
4388 430665.6266 360378.9926 435.57 
p248 425434.6524 360202.4261 531.87 

1 

Elevation 
449.83 
449.94 
450.01 
450.04 
450.14 
450.13 
450.15 
450.15 
450.15 
449.92 
449.77 
449.69 
449.61 
450.05 
450.11 
450.82 
450.75 
450.55 
450.87 
451.35 
452.08 
452.68 
452.85 
452.39 
452.58 
451.95 
451.92 
452.32 
452.44 
452.63 
453.13 
453.14 
453.42 
453.80 
454.09 
454.41 
454.73 
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Data for 68 Pin Monitoring at Pond Creek Mine 

Baseline Data Average: Shot On November 10 & 12, 2009 December 31, 2009 Data Data Compared 

Point# Northin□ Eastin□ Elevation Point# Northin□ Eastin□ Elevation Point# Northinq Eastinn Elevation 

101 428411.2433 358718.8388 449.55 1231101 428411.2488 358718.9261 449.58 101 -0,01 -0.09 ·0.02 

102 428411.0404 358743.7741 449.66 1231102 428411.0934 358743.8222 449.69 102 -0.05 -0.05 -0.03 

103 428411.1509 358768.8500 449.79 1231103 428411.1765 358768.9119 449.82 103 -0,03 -0.06 -0.03 

104 428411.0827 358793.8495 449.79 1231104 428411.1296 358793.9224 449.82 104 -0.05 -0.07 -0.03 

105 428411.2768 358818.7893 449.92 1231105 428411.3205 358818.8424 449.95 105 -0.04 -0.05 -0.02 

106 428411.1052 358843.7660 449.95 1231106 428411.1766 358843.8259 449.98 106 -0.07 -0.06 -0.03 

107 428411.0468 358868.8559 449.99 1231107 428411.1233 358868.9040 450.01 107 -0.08 -0.05 -0.02 

108 428411.2624 358893.8016 449.98 1231108 428411.3094 358893.8823 450.00 108 -0.05 -0.08 -0.02 

109 428411.1398 358918.8297 449.93 1231109 428411.1941 358918.9280 449.95 109 -0.05 -0.10 -0.02 

110 428411.0829 358943.8231 449.73 1231110 428411.1462 358943.8776 449.75 110 -0.06 -0.05 -0,;)2 

111 428411.1221 358968.8653 449.54 1231111 428411.1829 358968.9241 449,56 111 -0.06 -0,06 -0,'.)2 

112 428411.1495 358993.8497 449.51 1231112 428411.2042 358993.9440 449.53 112 -0.05 -0.09 -0.'.)2 

113 428411.1486 35901 8.8786 449.38 1231113 428411.1991 359018.9536 449.39 113 -0.05 -0.07 -0.01 

114 428386,1691 359018.7194 449.79 1231114 428386.1826 359018.8372 449.80 114 -0.01 -0.12 -O.'J1 

115 428361.0914 359018.7749 449.88 1231115 428361.1102 359018.8627 449.89 115 -0.02 -0.09 -0.01 

116 428336.1338 359018.7739 450.61 1231116 428336.1516 359018.8980 450,62 116 -0.02 -0.12 -0.'.)1 

117 428311.1872 359018.8005 450.59 1231117 428311.2125 359018.9063 450.60 117 -0.03 -0.11 -0,'.)1 

118 428286.1082 359018.8465 450.31 1231118 428286.1455 359018.9677 450.32 118 -0.04 -0.12 -0.'.)1 

119 428261,1057 359018.8769 450.68 1231119 428261.1909 359019.0124 450.69 119 -0.09 -0.14 -0 01 

120 428236.2287 359018.8089 451.16 1231120 428236.2756 359018.9120 451.17 120 · -0.05 -0.10 -0 '.)1 

121 428211.1790 359018.7712 451.85 1231121 428211.2112 359018.9185 451.86 121 -0.03 -0.15 -0.'.)1 

122 428186.1793 359018.7400 452.51 1231122 428186.2592 359018.8568 452.52 122 -0.08 -0.12 -0.'.)1 

123 428161.1638 359018.8099 452.64 1231123 428161.2272 359018.9443 452.65 123 -0,06 -0.13 -0.31 

124 428136.1816 359018.8031. 452.15 1231124 428136.2277 359018.9424 452.16 124 -0.05 -0.14 -0.01 

125 428111.1367 359018.8270 452.37 1231125 428111.2281 359018.9446 452.39 125 -0.09 -0.12 -0.32 

126 428086.1810 359018.7625 451.77 1231126 428086.2406 359018.8845 451.79 126 -0.06 -0.12 -0.02 

127 428061.1300 359018.8122 451.73 1231127 428061.2668 359018.9024 451.76 127 -0.14 -0.09 -0.03 

128 428036.1720 359018.7347 452.14 1231128 428036.2506 359018.8248 452.17 128 -0.08 -0.09 -O.o3 

129 428011.2166 359018.7676 452.22 1231129 428011.2841 359018.8635 452.24 129 -0.07 -0.10 -0.02 

130 427986.2052 359018.7642 452.40 1231130 427986.2543 359018.8713 452.43 130 -0.05 -0.11 -003 

131 427961.2040 359018.7292 452.91 1231131 427961.2483 359018.8380 452.94 131 -0.04 -0.11 -003 

132 427936.1225 359018.7231 452.92 1231132 427936.1889 359018.8281 452.95 132 -0.07 -0.11 -0-03 

133 427911.1533 359018.7862 453.20 1231133 427911.2045 359018.8766 453.23 133 -0.05 -0.09 -0-03 

134 427886.1123 359018.7523 453.60 1231134 427886.1970 359018.8614 453.63 134 -0,08 -0.11 -0 02 

135 427861.1730 359018.7483 453.88 1231135 427861.2422 359018,8280 453.91 135 -0.07 -0.08 -0 02 

136 427836.1478 35901 8.7636 454.19 1231136 427836.2187 359018.8538 454.22 136 -0.07 -0,09 -0 03 

137 427811.1182 359018.8285 454,53 1231137 427811.1960 359018.9186 454.56 137 -0.08 -0.09 -C 03 

4383 427345.2341 360349.8149 463.22 4383 427345.23 360349.81 463.22 

4384 429209.1676 360379.8928 442.31 4384 429209.17 360379.89 442.31 

4388 430665,6266 360378.9926 435.57 4388 430665.63 360378.99 435.57 

p248 425434.6524 360202.4261 531.87 p248 425434.65 360202.43 531.87 
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Data for 68 Pin Monitoring at Pond Creek Mine 

Baseline Data Average: Shot On November 1 O & 12, 2009 January 4, 201 O Data 

Point# Northino Eastino Elevation Point# Northino Eastina Elevation 
101 428411.2433 358718.8388 449.55 14101 428411.2173 358719.0011 449.56 
102 428411.0404 358743.7741 449.66 14102 428411.1018 358743.8186 449.67 
103 428411.1509 358768.8500 449.79 14103 428411.2118 358768.8875 449.80 
104 428411.0827 358793.8495 449.79 14104 428411.1424 358793.9200 449.80 
105 428411.2768 358818. 7893 449.92 14105 428411.3170 358818.8499 449.93 
106 428411.1052 358843. 7660 449.95 14106 428411.1952 358843.8387 449.96 
107 428411.0468 358868.8559 449.99 14107 428411.1501 358868.9141 449.99 

108 428411.2624 358893.8016 449.98 14108 428411.2916 358893.8671 449.98 
109 428411.1398 358918.8297 449.93 14109 428411.1945 358918.8918 449.94 
110 428411.0829 358943.8231 449.73 14110 428411.1585 358943.8710 449.73 
111 428411.1221 358968.8653 449.54 14111 428411.1835 358968.9374 449.54 

112 428411.1495 358993.8497 449.51 14112 428411.2042 358993.9396 449.51 

113 428411.1486 359018.8786 449.38 14113 428411.2215 359018.9589 449.37 
114 428386.1691 359018.7194 449.79 14114 428386.2728 359018.8580 449.78 
115 428361.0914 359018.7749 449.88 14115 428361.1900 359018.9210 449.87 

116 428336.1338 359018. 7739 450.61 14116 428336.2125 359018.9364 450.60 
117 428311.1872 359018.8005 450.59 14117 428311.2737 359018.9561 450.58 
118 428286.1082 359018.8465 450.31 14118 428286.2382 359018.9909 450.30 

119 428261.1057 359018.8769 450.68 14119 428261.2300 359019.0007 450.67 
120 428236.2287 359018.8089 451.16 14120 428236.3537 359018.9324 451.15 
121 428211.1790 359018.7712 451.85 14121 428211.3301 359018.9059 451.84 

122 428186.1793 359018.7400 452.51 14122 428186.3094 359018.8630 452.50 

123 428161.1638 359018.8099 452.64 14123 428161.2661 359018.9395 452.63 

124 428136.1816 359018.8031 452.15 14124 428136.2693 359018.9400 452.14 

125 428111.1367 359018.8270 452.37 14125 428111.2734 359018.9629 452.36 

126 428086.1810 359018. 7625 451.77 14126 428086.2943 359018.8831 451.76 

127 428061.1300 359018.8122 451.73 14127 428061.2888 359018.9183 451.73 

128 428036.1720 359018.7347 452.14 14128 428036.2868 359018.8337 452.13 

129 428011.2166 359018.7676 452.22 14129 428011.3035 359018.8683 452.20 

130 427986.2052 359018.7642 452.40 14130 427986.3151 359018.8650 452.40 

131 427961.2040 359018. 7292 452.91 14131 427961.2950 359018.8341 452.91 

132 427936.1225 359018. 7231 452.92 14132 427936.2301 359018.8284 452.92 

133 427911.1533 359018.7862 453.20 14133 427911.2616 359018.8760 453.19 

134 427886.1123 359018.7523 453.60 14134 427886.2589 359018.8375 453.59 

135 427861.1730 359018.7483 453.88 14135 427861.2947 359018.8260 453.87 

136 427836.1478 359018. 7636 454.19 14136 427836.2469 359018.8641 454.19 

137 427811.1182 359018.8285 454.53 14137 427811.2392 359018.9329 454.53 

4383 427345.2341 360349.8149 463.22 
4384 429209.1676 360379.8928 442.31 
4388 430665.6266 360378.9926 435.57 
p248 425434.6524 360202.4261 531.87 
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Data for 68 Pin Monitoring at Pond Creek Mine 

Baseline Data Average: Shot On November 10 & 12, 2009 January 4, 2010 Data Data Compared 

Point# Northino Eastinn Elevation Point# Northinn Eastinn Elevation Point# Northin" Eastina Eleva:ion 
101 428411.2433 358718.8388 449.55 14101 428411.2173 358719.0011 449.56 101 0.03 -0.16 o.□ 
102 428411.0404 358743.7741 449.66 14102 428411.1018 358743.8186 449.67 102 -0.06 -0.04 -0.C1 
103 428411.1509 358768.8500 449-79 14103 428411.2118 358768.8875 449.80 103 -0.06 -0.04 -0.C1 
104 428411.0827 358793.8495 449.79 14104 428411.1424 358793.9200 449.80 104 -0.06 -0.07 -0.C1 
105 428411.2768 358818.7893 449.92 14105 428411.3170 358818.8499 449.93 105 -0.04 -0.06 -0.C1 
106 4284111052 358843. 7660 449.95 14106 428411.1952 358843.8387 449.96 106 -0.09 -0.07 -O.C1 
107 428411.0468 358868.8559 449.99 14107 428411.1501 358868.9141 449.99 107 -0.10 -0.06 0.c;J 
108 428411.2624 358893.8016 449.98 14108 428411.2916 358893.8671 449.98 108 -0.03 -0.07 0.c;J 
109 428411.1398 358918.8297 449.93 14109 428411.1945 358918.8918 449.94 109 -0.05 -0.06 0.c:;) 

110 428411.0829 358943.8231 449.73 14110 428411.1585 358943.8710 449.73 110 -0.08 -0.05 o.cn 
111 428411.1221 358968.8653 449.54 14111 428411.1835 358968.937 4 449.54 111 -0.06 -0.07 0.c;J 
112 428411.1495 358993.8497 449.51 14112 428411.2042 358993.9396 449.51 112 -0.05 -0.09 0.c;J 
113 428411.1486 359018.8786 449.38 14113 428411.2215 359018.9589 449.37 113 -0.07 -0.08 0.C1 
114 428386.1691 359018.7194 449.79 14114 428386.2728 359018.8580 449.78 114 -0.10 -0.14 0.G1 
115 428361.0914 359018.7749 449.88 14115 428361.1900 359018.9210 449.87 115 -0.10 -0.15 0.C1 
116 428336.1338 359018.7739 450.61 14116 428336.2125 359018.9364 450.60 116 -0.08 -0.16 0.C1 
117 428311.1872 359018.8005 450.59 14117 428311.2737 359018.9561 450.58 117 -0.09 -0.16 0.C1 
118 428286.1082 359018.8465 450.31 14118 428286.2382 359018.9909 450.30 118 -0.13 -0.14 0.C1 
119 428261.1057 359018.8769 450.68 14119 428261.2300 359019.0007 450.67 119 -0.12 -0.12 0.C1 
120 428236.2287 359018.8089 451.16 14120 428236.3537 359018.9324 451.15 120 -0.12 -0.12 0.C1 
121 428211.1790 359018.7712 451.85 14121 428211.3301 359018.9059 451.84 121 -0.15 -0.13 0.C1 
122 428186.1793 359018.7400 452.51 14122 428186.3094 359018.8630 452.50 122 -0.13 -0.12 0.C1 
123 428161.1638 359018.8099 452.64 14123 428161.2661 359018.9395 452.63 123 -0.10 -0.13 0.C1 
124 428136.1816 359018.8031 452.15 14124 428136.2693 359018.9400 452.14 124 -0.09 -0.14 0.C1 
125 428111.1367 359018.82/0 452.37 14125 428111.2734 359018.9629 452.3G 125 -0.14 -0.14 0.C1 
126 428086.1810 359018.7625 451.77 14126 428086.2943 359018.8831 451.76 126 -0.11 -0.12 0.C1 
127 428061.1300 359018.8122 451.73 14127 428061.2888 359018.9183 451.73 127 -0.16 -0.11 0.CT> 
128 428036.1720 359018.7347 452.14 14128 428036.2868 359018.8337 452.13 128 -0.11 -0.10 0.C1 
129 428011.2166 359018.7676 452.22 14129 428011.3035 359018.8683 452.20 129 -0.09 -0.10 O.C2 
130 427986.2052 359018.7642 452.40 14130 427986.3151 359018.8650 452.40 130 -0.11 -0.10 o.c:i 
131 427961.2040 359018.7292 452.91 14131 427961.2950 359018.8341 452.91 131 -0.09 -0.10 a.co 
132 427936.1225 359018.7231 452.92 14132 427936.2301 359018.8284 452.92 132 -0.11 -0.11 a.co 
133 427911.1533 359018.7862 453.20 14133 427911.2616 359018.8760 453.19 133 -0.11 -0.09 0.C1 

134 427886.1123 359018.7523 453.60 14134 427886.2589 359018.8375 453.59 134 -0.15 -0.09 0.C1 

135 427861.1730 359018. 7 483 453.88 14135 427861.2947 359018.8260 453.87 135 -0.12 -0.08 0.C1 
136 427836.1478 359018.7636 454.19 14136 427836.2469 359018.8641 454.19 136 -0.10 -0.10 a.on 
137 427811.1182 359018.8285 454.53 14137 427811.2392 359018.9329 454.53 137 -0.12 -0.10 o.on 

4383 427345.2341 360349.8149 463.22 4383 427345.23 360349.81 46322 
4384 429209.1676 360379.8928 442.31 4384 429209.17 360379.89 442 31 
4388 430665.6266 360378.9926 435.57 4388 430665.63 360378.99 435 57 
p248 425434.6524 360202.4261 531.87 p248 425434.65 360202.43 531 87 



R
12310

_---, 

\ 

Data for 68 Pin Monitoring at Pond Creek Mine 

Baseline Data Average: Shot On November 10 & 12, 2009 January 5, 201 O Data 

Point# Northina Eastina Elevation Point# Northinq Eastinq Elevation 

101 428411.2433 358718.8388 449.55 15101 428411.2966 358718.9434 449.56 

102 428411.0404 358743.7741 449.66 15102 428411.1232 358743.8260 449.68 

103 428411.1509 358768.8500 449.79 15103 428411.2402 358768.9223 449.81 

104 428411.0827 358793.8495 449.79 15104 428411.1765 358793.9482 449.81 

105 428411.2768 358818.7893 449.92 15105 428411.3412 358818.8425 449.93 

106 428411.1052 358843. 7660 449.95 15106 428411.2046 358843.8569 449.97 

107 428411.0468 358868.8559 449.99 15107 428411.1752 358868.9222 450.00 

108 428411.2624 358893.8016 449.98 15108 428411.3497 358893.8896 449.99 

109 428411.1398 358918.8297 449.93 15109 428411.2446 358918.9139 449.94 

110 428411.0829 358943.8231 449.73 15110 428411.1707 358943.8946 449.74 

111 428411.1221 358968.8653 449.54 15111 428411.2159 358968.9539 449.54 

112 428411.1495 358993.8497 449.51 15112 428411.2119 358993.9516 449.50 

113 428411.1486 359018.8786 449.38 15113 428411.2190 359018.9837 449.36 

114 428386.1691 359018.7194 449.79 15114 428386.3034 359018.8690 449.78 

115 428361.0914 359018.7749 449.88 15115 428361.1947 359018.9389 449.86 

116 428336.1338 359018.7739 450.61 15116 428336.2569 359018.9600 450.59 

117 428311.1872 359018.8005 450.59 15117 428311.2965 359018.9517 450.57 

118 428286.1082 359018.8465 450.31 15118 428286.2552 359019.0079 450.29 

119 428261.1057 359018.8769 450.68 15119 428261.2451 359018.9995 450.66 

120 428236.2287 359018.8089 451.16 15120 428236.3740 359018.9494 451.14 

121 428211.1790 359018.7712 451.85 15121 428211.3102 359018.9395 451 .83 

122 428186.1793 359018.7400 452.51 15122 428186.3101 359018.8939 452.49 

123 428161.1638 359018.8099 452.64 15123 428161.2892 359018.9880 452.62 

124 428136.1816 359018.8031 452.15 15124 428136.3212 359018.9540 452.13 

125 428111.1367 359018.8270 452.37 15125 428111.2925 359018.9631 452.36 

126 428086.1810 359018. 7625 451.77 15126 428086.3170 359018.9210 451.76 

127 428061.1300 359018.8122 451.73 15127 428061.3152 359018.9122 451.72 

128 428036.1720 359018.7347 452.14 15128 428036.3063 359018.8204 452.13 

129 428011.2166 359018. 7676 452.22 15129 428011.3518 359018.8807 452.21 

130 427986.2052 359018.7642 452.40 15130 427986.3442 359018.8921 452.40 

131 427961.2040 359018.7292 452.91 15131 427961.3170 359018.8665 452.91 

132 427936.1225 359018.7231 452.92 15132 427936.2528 359018.8468 452.92 

133 427911.1533 359018.7862 453.20 15133 427911.2879 359018.8824 453.19 

134 427886.1123 359018.7523 453.60 15134 427886.2650 359018.8574 453.60 

135 427861.1730 359018.7483 453.88 15135 427861.2936 359018.8507 453.88 

136 427836.1478 359018.7636 454.19 15136 427836.2401 359018.8912 454.19 

137 427811.1182 359018.8285 454.53 15137 427811.2600 359018.9292 454.53 

4383 427345.2341 360349.8149 463.22 

4384 429209.1676 360379.8928 442.31 

4388 430665.6266 360378.9926 435.57 

p248 425434.6524 360202.4261 531.87 
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Data for 68 Pin Monitoring at Pond Creek Mine 

Baseline Data Average: Shot On November 10 & 12, 2009 January 5, 2010 Data Data Compared 

Point# Northinn Eastina Elevation Point# Northina Eastina Elevation Point# Northina Eastinn Eleva:ion 

101 428411.2433 358718.8388 449.55 15101 428411.2966 358718.9434 449.56 101 -0.05 -0.10 -0.C1 

102 428411.0404 358743.7741 449.66 15102 428411.1232 358743.8260 449.68 102 -0.08 -0.05 -0.C2 

103 428411.1509 358768.8500 449.79 15103 428411.2402 358768.9223 449.81 103 -0.09 -0.07 -0.C2 

104 428411.0827 358793.8495 449.79 15104 428411.1765 358793.9482 449.81 104 -0.09 -0.10 -0.C2 

105 428411.2768 358818.7893 449.92 15105 428411.3412 358818.8425 449.93 105 -0.06 -0.05 -0.C1 

106 428411.1052 358843.7660 449.95 15106 428411.2046 358843.8569 449.97 106 -0.10 -0.09 -O.C2 

107 428411.0468 358868.8559 449,99 15107 4?8411.1752 358868,9222 450.00 107 -0.13 -0.07 -O.C1 

108 428411.2624 358893.8016 449.98 15108 428411.3497 358893.8896 449.99 108 -0.09 -0.09 -O.C1 

109 428411.1398 358918.8297 449.93 15109 428411.2446 358918.9139 449.94 109 -0.10 -0.08 -O.C1 

110 428411.0829 358943.8231 449.73 15110 428411.1707 358943.8946 449.74 110 -0.09 -0.07 o.co 
111 428411.1221 358968.8653 449.54 15111 428411.2159 358968.9539 449.54 111 -0.09 -0.09 O.CD 

112 428411.1495 358993.8497 449.51 15112 428411.2119 358993.9516 449.50 112 -0.06 -0.10 0.C1 

113 428411.1486 359018,8786 449.38 15113 428411.2190 359018.9837 449.36 113 -0.07 -0.11 O.C2 

114 428386.1691 359018.7194 449.79 15114 428386.3034 359018.8690 449,78 114 -0.13 -0.15 O.C2 

115 428361.0914 359018.7749 449.88 15115 428361.1947 359018.9389 449.86 115 -0.10 -0.16 O.C2 

116 428336.1338 359018. 7739 450.61 15116 428336.2569 359018.9600 450.59 116 -0.~2 -0.19 O.C2 

117 428311.1872 359018.8005 450.59 15117 428311.2965 359018.9517 450.57 117 -0. ~ 1 -0.15 O.C2 

118 428286. 1082 359018.8465 450.31 15118 428286.2552 359019.0079 450.29 118 -0.15 -0.16 0.C2 

119 428261.1057 359018.8769 450.68 15119 428261.2451 359018.9995 450.66 119 -0.14 -0.12 O.C2 

120 428236.2287 359018.8089 451.16 15120 428236.37 40 359018,9494 451.14 120 -0.15 -0.14 O.C2 

121 428211.1790 359018.7712 451.85 15121 428211.3102 359018.9395 451.83 121 -0.13 -0.17 O.C2 

122 428186.1793 359018.7400 452.51 15122 428186.3101 359018.8939 452.49 122 -0.13 -0.15 O.C2 

123 428161.1638 359018.8099 452.64 15123 428161.2892 359018.9880 452.62 123 -0.13 -0.18 O.C2 

124 428136.1816 359018.8031 452.15 15124 428136.3212 359018.9540 452.13 124 -0.14 -0.15 O.C2 

125 428111.1367 359018.8270 452.37 15125 428111.2925 359018.9631 452.36 125 -0.16 -0.14 O.C1 

126 428086.1810 359018.7625 451,77 15126 428086.3170 359018.9210 451.76 126 -0.14 -0.16 O.C1 

127 428061.1300 359018.8122 451 .73 15127 428061.3152 359018.9122 451.72 127 -0.19 -0.10 O.C1 

128 428036.1720 359018.7347 452.14 15128 428036.3063 359018.8204 452.13 128 -0.13 -0.09 O.C1 

129 428011.2166 359018. 7676 452.22 15129 428011.3518 359018.8807 452.21 129 -0.14 -0.11 0.C1 

130 427986.2052 359018.7642 452.40 15130 427986.3442 359018.8921 452.40 130 -0.14 -0.13 a.co 

131 427961.2040 359018.7292 452.91 15131 427961.3170 359018.8665 452.91 131 -0.11 -0.14 O.C1 

132 427936.1225 359018.7231 452.92 15132 427936.2528 359018.8468 452.92 132 -0.13 -0.12 0,(,0 

133 427911.1533 359018.7862 453.20 15133 427911.2879 359018.8824 453.19 133 -0.13 -0.10 0.(11 

134 427886.1123 359018.7523 453.60 15134 427886.2650 359018.8574 453.60 134 -0.15 -0.11 0.00 

135 427861.1730 359018.7483 453.88 15135 427861.2936 359018.8507 453.88 135 -0.12 -0.10 0.00 

136 427836.1478 359018.7636 454.19 15136 427836.2401 359018.8912 454.19 136 -0.09 -0.13 0,00 

137 427811.1182 359018.8285 454.53 15137 427811.2600 359018.9292 454.53 137 -0.14 -0.10 0.00 

4383 427345.2341 360349.8149 463.22 4383 427345.23 360349.81 463.22 

4384 429209.1676 360379.8928 442.31 4384 429209.17 360379.89 442.31 

4388 430665.6266 360378.9926 435.57 4388 430665.63 360378.99 435.57 

p248 425434.6524 360202.4261 531.87 p248 425434.65 360202.43 531.87 
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Data for 68 Pin Monitoring at Pond Creek Mine 

Baseline Data Average: Shot On November 10 & 12, 2009 January 6, 201 O Data 

Point# Northina Eastina Elevation Point# NorthinQ Eastinq Elevation 

101 428411.2433 358718.8388 449.55 16101 428411.2823 358718.8738 449.514 

102 428411.0404 358743.7741 449.66 16102 428411.1146 358743.8004 449 628 
103 428411.1509 358768.8500 449.79 16103 428411.2247 358768.9070 449.759 

104 428411.0827 358793.8495 449.79 16104 428411.1307 358793.8787 449.754 

105 428411.2768 358818. 7893 449.92 16105 428411.2927 358818.8382 449.885 

106 428411.1052 358843. 7660 449.95 16106 428411.1501 358843.8218 449 914 

107 428411.0468 358868.8559 449.99 16107 428411.1177 358868.9095 449.949 

108 428411.2624 358893.8016 449.98 16108 428411.2571 358893.8807 449.935 

109 428411.1398 358918.8297 449.93 16109 428411.1560 358918.9014 449.881 

110 428411.0829 358943.8231 449.73 16110 428411.1112 358943.8753 449.666 

111 428411.1221 358968.8653 449.54 16111 428411.1631 358968.9489 449.468 

112 428411.1495 358993.8497 449.51 16112 428411.1827 358993.9700 449.417 

113 428411.1486 359018.8786 449.38 16113 428411.2550 359019.0058 449.258 

114 428386.1691 359018.7194 449.79 16114 428386.2918 359018.8726 449.671 

115 428361.0914 359018.7749 449.88 16115 428361.1831 359018.9227 449.755 

116 428336.1338 359018.7739 450.61 16116 428336.2569 359018.9519 450.484 

117 428311.1872 359018.8005 450.59 16117 428311.2952 359019.0030 450.458 

118 428286.1082 359018.8465 450.31 16118 428286.2475 359018.9972 450.177 

119 428261.1057 359018.8769 450.68 16119 428261.2472 359019.0344 450.545 

120 428236.2287 359018.8089 451.16 16120 428236.3485 359018.9289 451.025 

121 428211.1790 359018.7712 451.85 16121 428211.3037 359018.9155 451.719 

122 428186.1793 359018.7400 452.51 16122 428186.3013 359018.8743 452.382 

123 428161.1638 359018.8099 452.64 16123 428161.2909 359018.9655 452.513 

124 428136.1816 359018.8031 452.15 16124 428136.3018 359018.9667 452.032 

125 428111.1367 359018.8270 452.37 16125 428111.2775 359018.9455 452.261 

126 428086.1810 359018.7625 451.77 16126 428086.3114 359018.8706 451.672 

127 428061.1300 359018.8122 451.73 16127 428061.3051 359018.9063 451.641 

128 428036.1720 359018.7347 452.14 16128 428036.2982 359018.8179 452.056 

129 428011.2166 359018.7676 452.22 16129 428011.3376 359018.8270 452.138 

130 427986.2052 359018.7642 452.40 16130 427986.3131 359018.8075 452.333 

131 427961.2040 359018.7292 452.91 16131 427961.3171 359018.8001 452.846 

132 427936.1225 359018. 7231 452.92 16132 427936.2493 359018.7991 452.864 

133 427911.1533 359018.7862 453.20 16133 427911.2973 359018.8557 453.142 

134 427886.1123 359018. 7523 453.60 16134 427886.2710 359018.8480 I 453.545 

135 427861.1730 359018.7483 453.88 16135 427861.3152 359018.7980 453.83 

136 427836.1478 359018.7636 454.19 16136 427836.2893 359018.8206 454.144 

137. 427811.1182 359018.8285 454.53 16137 427811.2552 359018.9216 454.497 

4383 427345.2341 360349.8149 463.22 
4384 429209.1676 360379.8928 442.31 
4388 430665.6266 360378.9926 435.57 
p248 425434.6524 360202.4261 531.87 
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Data for 68 Pin Monitoring at Pond Creek Mine 

Baseline Data Average: Shot On November 10 & 12, 2009 January 6, 2010 Data Data Compared 

Point# NorthinQ Eastinq Elevation Point# Northinq Eastinq Elevation Point# Northinq Eastina Elevation 

101 428411.2433 358718.8388 449.55 16101 428411.2823 358718.8738 449.514 101 -0.04 .Q.04 0.04 

102 428411,0404 358743.7741 449.66 16102 428411.1146 358743.8004 449.628 102 .Q.07 -0,03 O.C3 

103 428411.1509 358768.8500 449,79 16103 428411.2247 358768.9070 449.759 103 -0.07 -0.06 O.C3 

104 428411.0827 358793.8495 449.79 16104 428411.1307 358793.8787 449.754 104 -0.05 -0.03 O.C4 

105 428411.2768 358818.7893 449.92 16105 428411.2927 358818.8382 449.885 105 -0.02 -0.05 O.C4 

106 428411,1052 358843.7660 449.95 16106 428411.1501 358843.8218 449.914 106 -0.04 -0.06 O.C4 

107 428411.0468 358868.8559 449.99 16107 428411.1177 358868.9095 449.949 107 -0.07 -0.05 O.C4 

108 428411.2624 358893.8016 449.98 16108 428411.2571 358893.8807 449.935 108 0.01 -0.08 O.C5 

109 428411.1398 358918.8297 449.93 16109 428411.1560 358918.9014 449.881 109 -0.02 -0.07 0.05 

110 428411.0829 358943.8231 449.73 16110 428411.1112 358943.8753 449.666 110 -0.03 -0.05 0.06 

111 428411.1221 358968.8653 449.54 16111 428411.1631 358968.9489 449.468 111 -0.04 -0.08 O.G7 

112 428411.1495 358993.8497 449.51 16112 428411.1827 358993.9700 449.417 112 -0.03 -0.12 0.(19 

113 428411.1486 359018.8786 449.38 16113 428411.2550 359019.0058 449.258 113 -0.11 -0.13 0.-2 

114 428386.1691 359018.7194 449.79 16114 428386.2918 359018.8726 449.671 114 -0.12 -0.15 0.-2 

115 428361.0914 359018.7749 449.88 16115 1!!28361.1831 359018.9227 449.755 115 -0.09 -0.15 0:3 

116 428336.1338 359018.7739 450.61 16116 428336.2569 359018.9519 450.484 116 -0.12 -0.18 o:-3 

117 428311.1872 359018.8005 450.59 16117 l-28311.2952 359019.0030 450.458 117 -0.11 -0.20 o:3 

118 428286.1082 359018.8465 450.31 16118 l-28286.2475 359018.9972 450.177 118 -0.14 -0.15 o.-J3 

119 428261.1057 359018.8769 450.68 16119 428261.2472 359019.0344 450.545 119 -0.14 -0.16 O.i3 

120 428236.2287 359018.8089 451.16 16120 428236.3485 359018.9289 451.025 120 -0.12 -0.12 0.14 

121 428211.1790 359018.7712 451.85 16121 428211.3037 359018.9155 451.719 121 -0.12 -0.14 0.13 

122 428186.1793 359018.7400 452.51 16122 428186.3013 359018.8743 452.382 122 -0.12 -0.13 0.13 

123 428161.1638 359018.8099 452.64 16123 428161.2909 359018.9655 452.513 123 -0.13 -0.16 0.13 

124 428136.1816 359018.8031 452.15 16124 428136.3018 359018.9667 452.032 124 -0.12 -0.16 0.12 

125 428111.1367· 359018.8270 452.37 16125 428111.2775 3590-18.9455 452.261 125 -0.14 -0.12 --0.11 

126 428086.1810 359018.7625 451.77 16126 428086.3114 359018.8706 451.672 126 -0.13 -0.11 0.10 

127 428061.1300 359018.8122 451.73 16127 428061.3051 359018.9063 451.641 127 -0.18 -0.09 O.IJ9 

128 428036.1720 359018.7347 452.14 16128 428036.2982 359018.8179 452.056 128 -0.13 -0.08 0.08 

129 428011.2166 359018.7676 452.22 16129 428011.3376 359018.8270 452.138 129 -0 12 -0.06 0 08 

130 427986.2052 359018.7642 452.40 16130 427986.3131 359018.8075 452.333 130 -0 11 -0.04 0 07 

131 427961.2040 359018. 7292 452.91 16131 427961.3171 359018.8001 452.846 131 -0 11 -0.07 0 06 

132 427936.1225 359018.7231 452.92 16132 427936.2493 359018.7991 452.864 132 -0.13 -0.08 O.J6 

133 427911.1533 359018. 7862 453.20 16133 427911.2973 359018.8557 453.142 133 -0.14 -0.07 O.J6 

134 427886.1123 359018.7523 453.60 16134 427886.2710 359018.8480 453.545 134 -0.16 -0.10 0.06 

135 427861,1730 359018.7483 453.88 16135 427861.3152 359018.7980 453.83 135 -0.14 -0.05 0.05 

136 427836.1478 359018.7636 454.19 16136 427836.2893 359018.8206 454.144 136 -0.14 -0.06 0.05 

137 427811.1182 359018.8285 454.53 16137 427811.2552 359018.9216 454.497 137 -0.14 -0.09 003 

4383 427345.2341 360349.8149 463.22 4383 427345.23 360349.81 463.22 

4384 429209.1676 360379.8928 442.31 4384 429209.17 360379,89 44?.31 

4388 430665.6266 360378.9926 435.57 4388 430665.63 360378.99 435.57 

p248 425434.6524 360202.4261 531.87 p248 425434.65 360202.43 531.87 
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Data for 68 Pin Monitoring at Pond Creek Mine 

Baseline Data Average: Shot On November 10 & 12, 2009 January 7, 2010 Data 

Point# Northina Eastina Elevation Point# Northinq Easlina Elevation 
101 428411.2433 358718.8388 449.55 107101 428411.2306 358718.9533 449.53 
102 428411.0404· 358743.7741 449.66 107102 428411.0550 358743.8586 449.64 
103 428411.1509 358768. 8500 449.79 107103 428411.1753 358768.9530 449.77 
104 428411.0827 358793.8495 449.79 107104 428411.1634 358793.9047 449.77 
105 428411.2768 358818.7893 449.92 107105 428411.2923 358818.8912 449.89 
106 428411.1052 358843.7660 449.95 107106 428411.1486 358843.9019 449.93 
107 428411.0468 358868.8559 449.99 107107 428411.1061 358868.9704 449.96 

108 428411.2624 358893.8016 449.98 107108 428411.2925 358893.9407 449.94 
109 428411.1398 358918.8297 449.93 107109 428411.1650 358918.9695 449.88 
110 428411.0829 358943.8231 449.73 107110 428411.1174 358943.9499 449.66 

111 428411.1221 358968.8653 449.54 107111 428411.1659 358969.0280 449.45 

112 428411.1495 358993.8497 449.51 107112 428411.1602 358994.0498 449.38 

113 428411.1486 359018.8786 449.38 107113 428411.1901 359019.1422 449.18 

114 428386.1691 359018.7194 449.79 107114 428386.2207 359019.0079 449.60 

115 428361.0914 359018.7749 449.88 107115 428361.1413 359019.0347 449.68 

116 428336.1338 359018. 7739 450.61 107116 428336.2009 359019.0525 450.41 

117 428311.1872 359018.8005 450.59 107117 428311.2987 359019.0497 450.38 

118 428286.1082 359018.8465 450.31 107118 428286.2642 359019.0983 450.10 

119 428261.1057 359018.8769 450.68 107119 428261.2043 359019.1589 450.47 

120 428236.2287 359018.8089 451.16 107120 428236.3687 359019.0593 450.95 

121 428211.1790 359018.7712 451.85 107121 428211.3395 ' 359019.0328 451.65 

122 428186.1793 359018.7400 452.51 107122 428186.2701 359019.0066 452.31 

123 428161.1638 359018.8099 452.64 107123 428161.2647 359019.0685 452.44 

124 428136,1816 359018.8031 452.15 107124 428136.3320 359019.0458 451.96 

125 428111.1367 359018.8270 452.37 107125 428111.2346 359019,0864 452.20 

126 428086.1810 359018,7625 451.77 107126 428086.2536 359019,0006 451 .61 

127 428061.1300 359018.8122 451.73 107127 428061.2681 359019.0214 451 ,59 

128 428036.1720 359018.7347 452.14 107128 428036.2610 359018.9428 452.01 

129 428011.2166 359018, 7676 452.22 107129 428011.3086 359018.9683 452.09 

130 427986.2052 359018,7642 452.40 107130 427986.3177 359018,9485 452.29 

131 427961.2040 359018,7292 452.91 107131 427961.2886 359018,9226 452.81 

132 427936.1225 359018.7231 452.92 107132 427936.2320 359018,9019 452,83 

133 427911.1533 359018, 7862 453.20 107133 427911.2484 359018,9379 453.12 

134 427886.1123 359018. 7523 453,60 107134 427886,2271 359018,9058 453.53 

135 427861.1730 359018.7483 453,88 107135 427861.3552 359018.8448 453,82 

136 427836.1478 359018.7636 454.19 107136 427836.3269 359018.8367 454.14 

137 427811,1182 359018.8285 454,53 107137 427811.2950 359018.8788 454.49 

4383 427345.2341 360349,8149 463.22 
4384 429209.1676 360379.8928 442.31 
4388 430665.6266 360378.9926 435.57 
p248 425434,6524 360202.4261 531.87 
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Data for 68 Pin Monitoring at Pond Creek Mine 

Baseline Data Average: Shot On November 10 & 12, 2009 January 7, 2010 Data Data Compared 

Point# North in a Eastin□ Elevation Point# Northina Eastina Elevation Point# Northinn Eastinn Elevation 

101 428411.2433 358718.8388 449.55 107101 428411.2306 358718.9533 449.53 101 0.01 -0.11 0.02 

102 428411.0404 358743.7741 449.66 107102 428411.0550 358743.8586 449.64 102 -0.01 -0.08 0.02 

103 428411.1509 358768.8500 449,79 107103 428411.1753 358768,9530 449.77 103 -0.02 -0.10 0.02 

104 428411.0827 358793,8495 449.79 107104 428411.1634 358793.9047 449.77 104 -0.08 -0.06 0.02 

105 428411.2768 358818.7893 449.92 107105 428411.2923 358818.8912 449.89 105 -0.02 -0.10 O.J3 

106 428411.1052 358843. 7660 449.95 107106 428411.1486 358843.9019 449.93 106 -0.04 -0.14 O.'J2 

107 428411.0468 358868.8559 449.99 107107 428411.1061 358868.9704 449.96 107 -0.06 -0.11 0.04 

108 428411.2624 358893.8016 449.98 107108 428411.2925 358893.9407 449.94 108 -0.03 -0.14 0.04 

109 428411.1398 358918.8297 449.93 107109 428411.1650 358918.9695 449.88 109 -0.03 -0.14 0.05 

110 428411.0829 358943.8231 449.73 107110 428411.1174 358943.9499 449.66 110 -0.03 -0.13 o.a7 
111 428411.1221 358968.8653 449.54 107111 428411.1659 358969.0280 449.45 111 -0.04 -0.16 0.'.J9 

112 428411.1495 358993.8497 449.51 107112 428411.1602 358994.0498 449.38 112 -0.01 -0.20 0.13 

113 428411.1486 359018.8786 449.38 107113 428411.1901 359019.1422 449.18 113 -0.04 -0.26 0.20 

114 428386.1691 359018.7194 449.79 107114 428386.2207 359019.0079 449.60 114 -0.05 -0.29 0.19 

115 428361.0914 359018.7749 449.88 107115 428361.1413 359019.0347 449.68 115 -0.05 -0.26 0.20 

116 428336.1338 359018.7739 450.61 107116 428336.2009 359019.0525 450.41 116 -0.07 -0.28 0 20 

117 428311.1872 359018.8005 450.59 107117 428311.2987 359019.0497 450.38 117 -0.11 -0.25 0 21 

118 428286.1082 359018.8465 450.31 107118 428286.2642 359019.0983 450.10 118 -0.16 -0.25 0 21 

119 428261 .1057 359018.8769 450.68 107119 428261.2043 359019.1589 450.47 119 -0.10 -0.28 0 21 

120 428236.2287 359018.8089 451.16 107120 428236.3687 359019.0593 450.95 120 -0.14 -0.25 0 21 

121 428211.1790 359018.7712 451.85 107121 428211.3395 359019.0328 451.65 121 -0.16 -0.26 020 

122 428186.1793 359018.7400 452.51 107122 428186.2701 359019.0066 452.31 122 -0 09 -0.27 020 

123 428161.1638 359018.8099 452.64 107123 428161.2647 359019.0685 452.44 123 -0.10 -0.26 020 

124 428136.1816 359018.8031 452.15 107124 428136.3320 359019.0458 451.96 124 -0.15 -0.24 0 19 

125 428111.1367 359018.8270 452.37 107125 428111.2346 359019.0864 452.20 125 -0.10 · -0.26 0.17 

126 428086.1810 359018.7625 451.77 107126 428086.2536 359019.0006 451.61 126 -0.07 -0.24 0.16 

127 428061.1300 359018.8122 451.73 107127 428061.2681 359019.0214 451.59 127 -0.14 -0.21 0.15 

128 428036.1720 359018.7347 452.14 107128 428036.2610 359018.9428 452.01 128 -0.09 -0 21 0.13 

129 428011.2166 359018.7676 452.22 107129 428011.3086 359018.9683 452.09 129 -0.09 -0.20 0.13 

130 427986.2052 359018.7642 452.40 107130 427986.3177 359018.9485 452.29 130 -0.11 -0.18 0.11 

131 427961.2040 359018.7292 452.91 107131 427961.2886 359018.9226 452.81 131 -0.08 -0.19 0.10 

132 427936.1225 359018.7231 452.92 107132 427936.2320 359018.9019 452.83 132 -0.11 -0.18 0.09 

133 427911.1533 359018.7862 453.20 107133 427911.2484 359018.9379 453.12 133 -0.10 -0.15 0.08 

134 427886.1123 359018.7523 453.60 107134 427886.2271 359018.9058 453.53 134 -0.11 -0.15 0.07 

135 427861.1730 359018.7483 453.88 107135 427861.3552 359018.8448 453.82 135 -0.18 -0.10 0.06 

136 427836.1478 359018.7636 454.19 107136 427836.3269 359018.8367 454.14 136 -0.18 -0.07 0.05 

137 427811.1182 359018.8285 454.53 107137 427811.2950 359018.8788 454.49 137 -0.18 -0.05 0.04 

4383 427345.2341 360349.8149 463.22 4383 427345.23 360349.81 463.22 

4384 429209.1676 360379.8928 442.31 4384 429209.17 360379.89 442.31 

4388 430665.6266 360378.9926 435.57 4388 430665.63 360378.99 435.57 

p248 425434.6524 360202.4261 531.87 p248 425434.65 360202.43 531.87 
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Data for 68 Pin Monitoring at Pond Creek Mine 

Baseline Data Average: Shot On November 1 O & 12, 2009 January 8, 201 O Data 

Point# Northina Eastina Elevation Point# Northina Eastin□ Elevation 
101 428411.2433 358718.8388 449.55 18101 428411.2200 358718.9029 449.52 
102 428411.0404 358743.7741 449.66 18102 428411.0757 358743.8117 449.64 
103 428411.1509 358768.8500 449.79 18103 428411.1961 358768.9013 449.76 
104 428411.0827 358793.8495 449.79 18104 428411.1268 358793.9222 449.76 
105 428411.2768 358818.7893 449.92 18105 428411.3093 358818.8509 449.88 
106 428411.1052 358843.7660 449.95 18106 428411.1589 358843.8731 449.90 
107 428411.0468 358868.8559 449.99 18107 428411.1484 358868.9104 449.92 
108 428411.2624 358893.8016 449.98 18108 428411.2765 358893.9217 449.90 
109 428411.1398 358918.8297 449.93 18109 428411.1753 358918.9574 449.82 
110 428411.0829 358943.8231 449.73 18110 428411.1662 358943.9844 449.56 

111 428411.1221 358968.8653 449.54 18111 428411.1821 358969.1643 449.26 
112 428411.1495 358993.8497 449.51 18112 428411.2021 358994.4031 448.93 

113 428411.1486 359018.8786 449.38 18113 428411.2230 359019.7460 448.16 
114 428386.1691 359018. 7194 449.79 18114 428386.2509 359019.6234 448.58 
115 428361.0914 359018.7749 449.88 18115 428361.1956 359019.6872 448.65 
116 428336.1338 359018. 7739 450.61 18116 428336.2440 359019.7172 449.37 
117 428311.1872 359018.8005 450.59 18117 428311.3139 359019.7310 449.35 
118 428286.1082 359018.8465 450.31 18118 428286.2711 359019.7151 449.08 

119 428261.1057 359018.8769 450.68 18119 428261.2908 359019. 7628 449.48 
120 428236.2287 359018.8089 451.16 18120 428236.4266 359019.6611 449.99 

121 428211.1790 359018.7712 451.85 18121 428211.3831 359019.6526 450.73 
122 428186.1793 359018.7400 452.51 18122 428186.3891 359019.5697 451.44 

123 428161.1638 359018.8099 452.64 18123 428161.3758 359019.6535 451.65 

124 428136.1816 359018.8031 452.15 18124 428136.3998 359019.6284 451.25 

125 428111.1367 359018.8270 452.37 18125 428111.3916 359019.6417 451.58 

126 428086.1810 359018.7625 451.77 18126 428086.3846 359019.4836 451.10 

127 428061.1300 359018.8122 451.73 18127 428061.3692 359019.4310 451.14 

128 428036.1720 359018.7347 452.14 18128 428036.3734 359019.2569 451.60 

129 428011.2166 359018.7676 452.22 18129 428011.4165 359019.2478 451.70 

130 427986.2052 359018.7642 452.40 18130 427986.4076 359019.1726 451.92 

131 427961.2040 359018.7292 452.91 18131 427961.4029 359019.0942 452.47 

132 427936.1225 359018.7231 452.92 18132 427936.3525 359019.0694 452.53 

133 427911.1533 359018. 7862 453.20 18133 427911.4056 359019.0406 452.88 

134 427886.1123 359018.7523 453.60 18134 427886.3918 359018.9368 453.36 

135 427861.1730 359018.7483 453.88 18135 427861.4073 359018.8514 453.71 

136 427836.1478 359018. 7636 454.19 18136 427836.3481 359018.8535 454.07 

137 427811.1182 359018.8285 454.53 18137 427811.2885 359018.8878 454.44 

4383 427345.2341 360349.8149 463.22 
4384 429209.1676 360379.8928 442.31 
4388 430665.6266 360378.9926 435.57 
p248 425434.6524 360202.4261 531.87 
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Data for 68 Pin Monitoring at Pond Creek Mine 

Baseline Data Average: Shot On November 10 & 12, 2009 January 8, 2010 Data Data Compared 

Point# Northina Eastina Elevation Point# Northino Eastina Elevation Point# Northino Eastinq Elewtion 
101 428411.2433 358718.8388 449.55 18101 428411.2200 358718.9029 449,52 101 0.02 -0.06 0-03 
102 428411.0404 358743.7741 449.66 18102 428411.0757 358743.8117 449.64 102 -0.04 -0.04 0-03 
103 428411.1509 358768,8500 449.79 18103 428411.1961 358768.9013 449.76 103 -0.05 -0.05 0-03 
104 428411.0827 358793.8495 449.79 18104 428411.1268 358793.9222 449.76 104 -0.04 -0.07 003 
105 428411.2768 358818.7893 449.92 18105 428411.3093 358818,8509 449.88 105 -0.03 -0.06 0-04 
106 428411.1052 358843.7660 449.95 18106 428411.1589 358843.8731 449.90 106 -0.05 -0.11 0-05 
107 428411.0468 358868.8559 449.99 18107 428411.1484 358868.9104 449.92 107 -0.10 -0.05 0-07 
108 428411.2624 358893.8016 449.98 18108 428411.2765 358893.9217 449.90 108 -0.01 -0.12 009 
109 428411.1398 358918.8297 449.93 18109 428411.1753 358918.9574 449.82 109 -0.04 -0.13 0 11 
110 428411.0829 358943,8231 449.73 18110 428411.1662 358943.9844 449.56 110 -0.08 -0.16 0 17 
111 428411.1221 358968.8653 449.54 18111 428411.1821 358969.1643 449.26 111 -0.06 -0.30 026 
112 428411.1495 358993.8497 449.51 18112 428411.2021 358994.4031 448.93 112 -0.05 -0.55 0 58 
113 428411.1486 359018.8786 449.38 18113 428411.2230 359019. 7 460 448.16 113 -0.07 -0.87 122 
114 428386.1691 359018.7194 449.79 18114 428386.2509 359019.6234 448.58 114 -0.08 -0.90 1 21 
115 428361.0914 359018.7749 449.88 18115 428361.1956 359019.6872 448.65 115 -0.10 -0.91 124 
116 428336.1338 359018.7739 450.61 18116 428336.2440 359019.7172 449.37 116 -0.11 -0.94 124 
117 428311.1872 359018.8005 450.59 18117 428311.3139 359019.7310 449.35 117 -0.13 -0.93 1 24 
118 428286.1082 359018.8465 450.31 18118 428286.2711 359019.7151 449.08 118 -0.16 -0.87 123 
119 428261.1057 359018.8769 450.68 18119 428261.2908 359019.7628 449.48 119 -0.19 -0.89 120 
120 428236.2287 359018.8089 451.16 18120 428236.4266 359019.6611 449.99 120 -0.20 -0.85 117 
121 428211.1790 359018.7712 451.85 18121 428211.3831 359019.6526 450.73 121 -0.20 -0.88 112 
122 428186.1793 359018.7400 452.51 18122 428186.3891 359019.5697 451.44 122 -0.21 -0.83 1 07 
123 428161.1638 359018.8099 452.64 18123 428161.3758 359019.6535 451.65 123 -0.21 -0.84 OS9 
124 428136.1816 359018.8031 452.15 18124 428136.3998 359019.6284 451.25 124 -0.22 -0.83 0 90 
125 428111.1367 359018.8270 452.37 18125 428111.3916 359019.6417 451.58 125 " -0.25 -0.81 079 
126 428086.1810 359018.7625 451.77 18126 428086.3846 359019.4836 451.10 126 -0.20 -0.72 067 
127 428061.1300 359018.8122 451.73 18127 428061.3692 359019.4310 451.14 127 -0.24 -0.62 059 
128 428036.1720 359018.7347 452.14 18128 428036.3734 359019.2569 451.60 128 -0.20 -0.52 0 54 
129 428011.2166 359018.7676 452.22 18129 428011.4165 359019.2478 451.70 129 -0.20 -0.48 052 
130 427986.2052 359018.7642 452.40 18130 427986.4076 359019.1726 451.92 130 -0.20 -0.41 048 
131 427961.2040 359018.7292 452.91 18131 427961.4029 359019.0942 452.47 131 -0.20 -0.36 044 
132 427936.1225 359018.7231 452.92 18132 427936.3525 359019.0694 452.53 132 -0.23 -0.35 0 39 
133 427911.1533 359018.7862 453.20 18133 427911.4056 359019.0406 452.88 133 -0.25 -0.25 0 32 
134 427886.1123 359018.7523 453.60 18134 427886.3918 359018.9368 453.36 134 -0.28 -0.18 024 

135 427861.1730 359018.7483 453.88 18135 427861.4073 359018.8514 453.71 135 -0.23 -0.10 0 17 
136 427836.1478 359018.7636 454.19 18136 427836,3481 359018.8535 454.07 136 -0.20 -0.09 0 12 
137 427811.1182 359018.8285 454.53 18137 427811.2885 359018.8878 454.44 137 -0.17 -0.06 0 09 

4383 427345.2341 360349.8149 463.22 4383 427345.23 360349.81 463.22 
4384 429209.1676 360379.8928 442.31 4384 429209.17 360379.89 442.31 
4388 430665.6266 360378.9926 435.57 4388 430665.63 360378.99 435.57 
p248 425434.6524 360202.4261 531.87 p248 425434.65 360202.43 53L87 
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Data for 68 Pin Monitoring at Pond Creek Mine 

Baseline Data Average: Shot On November 1 O & 12, 2009 January 9, 201 o Data 

Point# Northin~ Eastina Elevation Point# Northina Eastin[] Elevation 
101 428411.2433 358718.8388 449.55 19101 428411.2523 358718.9348 449.51 
102 428411.0404 3587 43. 77 41 449.66 19102 428411.0825 358743.8501 449.62 
103 428411.1509 358768.8500 449.79 19103 428411.2055 358768.9254 449.75 
104 428411.0827 358793.8495 449.79 19104 428411.1464 358793.9340 449.73 
105 428411.2768 358818.7893 449.92 19105 428411.3506 358818.8726 449.85 
106 428411.1052 358843.7660 449.95 19106 428411.2127 358843.8751 449.86 
107 428411.0468 358868.8559 449.99 19107 428411.1559 358868.9751 449.87 
108 428411.2624 358893.8016 449.98 19108 428411.3134 358893.9639 449.80 
109 428411.1398 358918.8297 449.93 19109 428411.2087 358919.0663 449.65 
110 428411.0829 358943.8231 449.73 19110 428411.1730 358944.2197 449.24 
111 428411.1221 358968.8653 449.54 19111 428411.2270 358969.5584 448.67 
112 428411.1495 358993.8497 449.51 19112 428411.2579 358994.8361 447.86 
113 428411.1486 359018.8786 449.38 19113 428411.2105 359019.9409 446.64 
114 428386.1691 359018.7194 449.79 19114 428386.2607 359019.8685 447.09 
115 428361.0914 359018.7749 449.88 19115 428361.2035 359019.9295 447.21 
116 428336.1338 359018.7739 450.61 19116 428336.2496 359019.9429 448.00 
117 428311.1872 359018.8005 450.59 19117 428311.3142 359019.9518 448.03 
118 428286.1082 359018.8465 450.31 19118 428286.2784 359019.9614 447.81 
119 428261.1057 359018.8769 450.68 19119 428261.2720 359020.0336 448.24 
120 428236.2287 359018.8089 451.16 19120 428236.4325 359019.9447 448.80 
121 428211.1790 359018. 7712 451.85 19121 428211.3768 359019.9042 449.58 
122 428186.1793 359018.7400 452.51 19122 428186.3754 359019.8586 450.33 
123 428161.1638 359018.8099 452.64 19123 428161.3422 359019.8885 450.58 
124 428136.1816 359018.8031 452.15 19124 428136.3558 359019.8486 450.18 
125 428111.1367 359018.8270 452.37 19125 428111.3559 359019.8799 450.59 
126 428086.1810 359018.7625 451.77 19126 428086.2956 359019.6262 450.11 
127 428061.1300 359018.8122 451.73 19127 428061.2781 359019.5506 450.06 
128 428036.1720 359018. 7347 452.14 19128 428036.2758 359019.4601 450.42 
129 428011.2166 359018. 7676 452.22 19129 428011.3517 359019.4364 450.43 
130 427986.2052 359018. 7642 452.40 19130 427986.3793 359019.4295 450.58 
131 427961.2040 359018.7292 452.91 19131 427961.4379 359019.3768 451.13 
132 427936.1225 359018.7231 452.92 19132 427936.4669 359019.3272 451.28 
133 427911.1533 359018. 7862 453.20 19133 427911.5930 359019.2543 451.85 
134 427886.1123 359018. 7523 453.60 19134 427886.6340 359019.1223 452.66 
135 427861.1730 359018.7483 453.88 19135 427861.6189 359018.9742 453.34 
136 427836.1478 359018.7636 454.19 19136 427836.4607 359018.9059 453.89 

137 427811.1182 359018.8285 454.53 19137 427811.3641 359018.9143 454.34 

4383 427345.2341 360349.8149 463.22 
4384 429209.1676 360379.8928 442.31 
4388 430665.6266 360378.9926 435.57 
p248 425434.6524 360202.4261 531.87 
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Data for 68 Pin Monitoring at Pond Creek Mine 

Baseline Data Average: Shot On November 10 & 12, 2009 January 9, 2010 Data Data Compared 

Point# Northirin Eastinq Elevation Point# Northlnq Eastinq Elevation Point# Northina Eastino Eleva!ion 

101 428411.2433 358718.8388 449.55 19101 428411.2523 358718.9348 449.51 101 -0.01 -0.10 0.04 

102 428411.0404 358743.7741 449.66 19102 428411.0825 358743.8501 449.62 102 -0.04 -0.08 0.04 

103 428411.1509 358768.8500 449.79 19103 428411.2055 358768.9254 449.75 103 -0.05 -0.08 0.04 

104 428411.0827 358793.8495 449.79 19104 428411.1464 358793.9340 449.73 104 -0.06 -0.08 0.03 

105 428411.2768 358818.7893 449.92 19105 428411.3506 358818.8726 449.85 105 -0.07 -0.08 O.Q7 

106 428411.1052 358843.7660 449.95 19106 428411.2127 358843.8751 449.86 106 -0.11 -0.11 O.C9 

107 428411.0468 358868.8559 449.99 19107 428411.1559 358868,9751 449.87 107 -0.11 -0.12 0.12 

108 428411.2624 358893.8016 449.98 19108 428411.3134 358893.9639 449.80 108 -0.05 -0.16 0,18 

109 428411.1398 358918.8297 449.93 19109 428411.2087 358919.0663 449.65 109 -0.07 -0.24 0.3' 

110 428411.0829 358943.8231 449.73 19110 428411.1730 358944.2197 449.24 110 -0.09 -0.40 0.'9 

111 428411.1221 358968.8653 449.54 19111 428411.2270 358969.5584 448.67 111 -0.~0 -0.69 0.67 

112 428411.1495 358993.8497 449.51 19112 428411.2579 358994.8361 447.86 112 -0.~ 1 -0.99 1.ES 

113 428411.1486 359018.8786 449.38 19113 428411.2105 359019.9409 446.64 113 -0.06 -1.06 2.t4 

114 428386.1691 359018.7194 449.79 19114 428386.2607 359019.8685 447.09 114 -0.09 -1.15 VO 

115 428361.0914 359018.7749 449.88 19115 428361.2035 359019.9295 447.21 115 -0.11 -1.15 2.67 

116 428336. 1338 359018.7739 450,61 19116 428336.2496 359019.9429 448.00 116 -0.12 -1.17 2.131 

117 428311.1872 359018.8005 450,59 19117 428311.3142 359019.9518 448.03 117 -0.13 -1.15 2.56 

118 428286 1082 359018,8465 450,31 19118 428286.2784 359019,9614 447.81 118 -0.17 -1.11 2.50 

119 428261.1057 359018.8769 450.68 19119 428261.2720 359020.0336 448,24 119 -0.17 -1.16 2."4 

120 428236.2287 359018.8089 451.16 19120 428236.4325 359019.9447 448.80 120 -0.20 -1.14 2.36 

121 428211.1790 359018. 7712 451.85 19121 428211.3768 359019.9042 449.58 121 -0.20 -1.13 2.27 

122 428186.1793 359018,7400 452.51 19122 428186.3754 359019.8586 450.33 122 -0.20 -1.12 2.-:S 

123 428161.1638 359018.8099 452.64 19123 428161.3422 359019.8885 450.58 123 -0.18 -1.08 2.06 

124 428136.1816 359018.8031 452.15 19124 428136.3558 359019.8486 450.18 124 -0.17 -1,05 1.S7 

125 428111.1367 359018.8270 452.37 19125 428111.3559 359019,8799 450.59 125 -0.22 -1.05 1.1 8 

126 428086.1810 . 359018.7625 451.77 19126 428086.2956 359019.6262 450.11 126 -0.11 -0.86 1.E6 

127 428061.1300 359018.8122 451.73 19127 428061.2781 359019.5506 450.06 127 -0.15 -0.74 1.67 

128 428036.1720 359018.7347 452.14 19128 428036,2758 359019.4601 450.42 128 -0.10 -0.73 1.72 

129 428011.2166 359018.7676 452.22 19129 428011.3517 359019.4364 450.43 129 -0.14 -0.67 1.r 9 

130 427986.2052 359018.7642 452.40 19130 427986.3793 359019.4295 450.58 130 -0.17 -0.67 1.82 

131 427961.2040 359018.7292 452.91 19131 427961.4379 359019.3768 451.13 131 -0.23 -0.65 1.78 

132 427936.1225 359018.7231 452.92 19132 427936.4669 359019.3272 451.28 132 -0.34 -0.60 1.64 

133 427911.1533 359018. 7862 453,20 19133 427911.5930 359019.2543 451.85 133 -0.44 -0.47 1.35 

134 427866.1123 359018.7523 453.60 19134 427886.6340 359019.1223 452.66 134 -0.52 -0.37 0.94 

135 427861.1730 359018.7483 453.88 19135 427861.6189 359018.9742 453.34 135 -0.45 -0.23 0.54 

136 427836,1478 359018.7636 454.19 19136 427836.4607 359018.9059 453,89 136 -0.31 -0.14 0.:SO 

137 427811.1182 359018.8285 454.53 19137 427811.3641 359018.9143 454.34 137 -0.25 -0.09 0:9 

4383 427345.2341 360349.8149 463.22 4383 427345.23 360349.81 463.22 

4384 429209.1676 360379.8928 442.31 4384 429209.17 360379.89 442..31 

4388 430665.6266 360378.9926 435.57 4388 430665.63 360378.99 435.57 

p248 425434,6524 360202.4261 531.87 p248 425434.65 360202.43 531.87 
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Data for 68 Pin Monitoring at Pond Creek Mine 

Baseline Data Average: Shot On November 10 & 12, 2009 January 10, 201 O Data 

Point# Northina Easting Elevation Point# Northing Eastina Elevation 

101 428411.2433 358718.8388 449.55 110101 428411.2759 358718.9170 449.50 

102 428411.0404 358743.7741 449.66 110102 428411.1213 358743.8323 449.61 

103 428411.1509 358768.8500 449.79 110103 428411.2271 358768.9310 449.73 

104 428411.0827 358793.8495 449.79 110104 428411.1710 358793.9320 449.72 

105 428411.2768 358818.7893 449.92 110105 428411.3470 358818.8875 449.83 

106 428411.1052 358843. 7660 449.95 110106 428411.2118 358843. 8950 449.85 

107 428411.0468 358868.8559 449.99 110107 428411.1855 358868.9813 449.86 

108 428411.2624 358893.8016 449.98 110108 428411.3465 358893.9981 449.78 

109 428411.1398 358918.8297 449.93 110109 428411.2403 358919.1255 449.62 

110 428411.0829 358943.8231 449.73 110110 428411.1902 358944.2670 449.19 

111 428411.1221 358968.8653 449.54 110111 428411.2545 358969.5817 448.58 

112 428411.1495 358993. 8497 449.51 110112 428411.2615 358994. 8466 447.75 

113 428411.1486 359018.8786 449.38 110113 428411.2193 359019.9360 446.54 

114 428386.1691 359018. 7194 449.79 110114 428386.2864 359019.8629 446.98 

115 428361.0914 359018.7749 449.88 110115 428361.2128 359019.9050 447.10 

116 428336.1338 359018.7739 450.61 110116 428336.2569 359019.9256 447.89 

117 428311.1872 359018.8005 450.59 110117 428311.3249 359019.9443 447.91 

118 428286.1082 359018.8465 450.31 110118 428286.2845 359019.9522 447.70 

119 428261.1057 359018.8769 450.68 110119 428261.3143 359020.0551 448.13 

120 428236.2287 359018.8089 451.16 110120 428236.4522 359019.9803 448.69 

121 428211.1790 359018.7712 451.85 110121 428211.3943 359019.9472 449.48 

122 428186.1793 359018.7400 452.51 110122 428186.3983 359019.8879 450.23 

123 428161.1638 . 359018.8099 452.64 110123 428161.3580 359019.9218 450.48 

124 428136.1816 359018.8031 452.15 110124 428136.3346 359019.8917 450.08 

125 428111.1367 359018.8270 452.37 110125 428111.3345 359019.8906 450.48 

126 428086.1810 359018.7625 451.77 110126 428086.2925 359019.6558 450.00 

127 428061.1300 359018.8122 451.73 110127 428061.2832 359019.5790 449.94 

128 428036.1720 359018.7347 452.14 110128 428036.2739 359019.4698 450.29 

129 428011.2166 359018.7676 452.22 110129 428011.3325 359019.4940 450.30 

130 427986.2052 359018.7642 452.40 110130 427986.3662 359019.4662 450.44 

131 427961.2040 359018.7292 452.91 110131 427961.4428 359019.4115 450.99 

132 427936.1225 359018.7231 452.92 110132 427936.4846 359019.3804 451.14 

133 427911.1533 359018.7862 453.20 110133 427911.6358 359019.2846 451.71 

134 427886.1123 359018. 7523 453.60 110134 427886.6660 359019.1491 452.56 

135 427861.1730 359018.7483 453.88 110135 427861.6692 359019.0218 453.27 

136 427836.1478 359018.7636 454.19 110136 427836.4860 359018.9026 453.87 

137 427811.1182 359018.8285 454.53 110137 427811.3698 359018.9528 454.32 

4383 427345.2341 360349.8149 463.22 

4384 429209.1676 360379.8928 442.31 

4388 430665.6266 360378.9926 435.57 

p248 425434.6524 360202.4261 531.87 
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Data for 68 Pin Monitoring at Pond Creek Mine 

Baseline Data Average: Shot On November 10 & 12, 2009 January 10, 2010 Data Data Compared 

Point# Northinn Eastina Elevation Point# NorthinQ Eastinq Elevation Point# Northino Eastin□ Eleva:ion 

101 428411.2433 358718.8388 449.55 110101 428411.2759 358718.9170 449.50 101 -0.03 -0.08 O.C':i 

102 428411.0404 358743.7741 449.66 110102 428411.1213 3587 43.8323 449.61 102 -0.08 -0.06 O.CS 

103 428411.1509 358768.8500 449.79 110103 428411.2271 358768.9310 449.73 103 -0.08 -0.08 O.C5 

104 428411.0827 358793.8495 449.79 110104 428411.1710 358793.9320 449.72 104 -0.09 -0.08 0.0 

105 428411.2768 358818,7893 449.92 110105 428411.3470 358818.8875 449.83 105 -0.07 -0.10 O.c-9 

106 428411.1052 358843.7660 449.95 110106 428411.2118 358843.8950 449.85 106 -0.11 -0.13 0 ,o 
107 428411.0468 358868.8559 449.99 110107 428411.1855 358868.9813 449.86 107 ·0.14 -0.13 O.t3 

108 428411.2624 358893.8016 449.98 110108 428411.3465 358893.9981 449.78 108 ·0.08 ' -0.20 0.20 

109 428411.1398 358918.8297 449.93 110109 428411.2403 358919.1255 449.62 109 ·0.10 -0.30 0.21 

110 428411.0829 358943.8231 449.73 110110 428411.1902 358944.2670 449.19 110 -0.11 . -0.44 0.54 

111 428411.1221 358968.8653 449.54 110111 428411.2545 358969.5817 448.58 111 -0.13 -0.72 0.93 

112 428411.1495 358993.8497 449.51 110112 428411.2615 358994,8466 447.75 112 -0.11 -1.00 1.76 

113 428411.1486 359018.8786 449.38 110113 428411.2193 359019.9360 446.54 113 -0.07 -1.06 2.84 

114 428386.1691 359018.7194 449.79 110114 428386.2864 359019.8629 446.98 114 ·0.12 -1.14 2.e1 

115 428361.0914 359018.7749 449.88 110115 428361.2128 359019.9050 447.10 115 -0.12 ' -1.13 2.r:!3 

116 428336.1338 359018.7739 450.61 110116 428336.2569 359019.9256 447.89 116 -0.12 -1.15 2.72 

117 428311.1872 359018.8005 450.59 110117 428311.3249 359019.9443 447.91 117 -0.14 -1.14 2.68 

118 428286.1082 359018.8465 450.31 110118 428286.2845 359019.9522 447.70 118 -0.18 -1.11 2.62 

119 428261.1057 359018.8769 450.68 110119 428261,3143 359020.0551 448.13 119 -0.21 -1.18 2.55 

120 428236.2287 359018.8089 451.16 110120 428236.4522 359019.9803 448.69 120 ·0.22 -1.17 2Ji7 

121 428211.1790 359018.7712 451.85 110121 428211.3943 359019.9472 449.48 121 ·0.22 -1.18 2.37 

122 428186,1793 359018.7400 452.51 110122 428186.3983 359019.8879 450.23 122 ·0.22 -1.15 2.28 

123 428161.1638 359018.8099 452.64 110123 428161.3580 359019.9218 450.48 123 -0.19 -1.11 2.-,6 

124 428136,1816 359018.8031 452.15 110124 428136.3346 359019.8917 450.08 124 -0.15 -1.09 2.C7 

125 428111.1367 359018.8270 452.37 110125 428111.3345 359019.8906 450.48 125 -0.20 -1.06 1.89 

126 428086.1810 359018. 7625 451.77 110126 428086.2925 359019.6558 450.00 126 -0.11 ·0.89 1.,7 

127 428061.1300 359018.8122 451.73 110127 428061.2832 359019.5790 449.94 127 -0.15 ·0.77 1.79 

128 428036.1720 359018.7347 452.14 110128 428036.2739 359019.4698 450.29 128 ·0.10 -0.74 1.E5 

129 428011.2166 359018.7676 452.22 110129 428011.3325 359019.4940 450.30 129 -0.12 -0.73 1.£-2 

130 427986.2052 359018.7642 452.40 110130 427986.3662 359019.4662 450.44 130 -0.16 -0.70 1.£6 

131 427961.2040 359018. 7292 452.91 110131 427961.4428 359019.4115 450.99 131 -0.24 -0.68 1.S2 

132 427936.1225 359018.7231 452.92 110132 427936.4846 359019.3804 451.14 132 -0.35 ·0.66 1.:-9 

133 427911.1533 359018.7862 453.20 110133 427911.6358 359019.2846 451.71 133 •0.48 -0.50 1.£9 

134 427886.1123 359018.7523 453.60 110134 427886.6660 359019.1491 452.56 134 -0.55 -0.40 1.04 

135 427861.1730 359018.7483 453.88 110135 427861.6692 359019.0218 453,27 135 -0,50 -0.27 0.61 

136 427836.1478 359018.7636 454.19 110136 427836.4860 359018,9026 453.87 136 -0.34 -0.14 0.32 

137 427811.1182 359018.8285 454.53 110137 427811.3698 359018.9528 454.32 137 ·0.25 -0.12 0.21 

4383 427345.2341 360349.8149 463.22 4383 427345.23 360349.81 463.22 

4384 429209.1676 360379.8928 442.31 4384 429209.17 360379.89 442..31 

4388 430665.6266 360378.9926 435.57 4388 430665.63 360378.99 435.57 

p248 425434.6524 360202.4261 531.87 p248 425434.65 360202.43 531.87 
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Data for 68 Pin Monitoring at Pond Creek Mine 

Baseline Data Average: Shot On November 10 & 12, 2009 January 11, 2010 Data 

Point# Northina Eastin~ Elevation Point# Northino Eastina Elevation 

101 428411.2433 358718.8388 449.55 111101 428411.1885 358718.9845 449.49 
102 428411.0404 358743.7741 449.66 111102 428411.1024 358743.8204 449.59 
103 428411.1509 358768.8500 449.79 111103 428411.2112 358768.9369 449.71 
104 428411.0827 358793.8495 449.79 111104 428411.1585 358793.9457 449.68 
105 428411.2768 358818.7893 449.92 111105 428411.3567 358818.8948 449.77 
106 428411.1052 358843.7660 449.95 111106 428411.2132 358843. 9210 449.75 
107 428411.0468 358868.8559 449.99 111107 428411.1728 358869.0904 449.67 

108 428411.2624 358893.8016 449.98 111108 428411.3743 358894.1936 449.40 

109 428411.1398 358918.8297 449.93 111109 428411.2469 358919.4760 448.83 
110 428411.0829 358943.8231 449.73 111110 428411.1955 358944.6017 447.88 

111 428411.1221 358968.8653 449.54 111111 428411.2169 358969.6915 446.89 

112 428411.1495 358993.8497 449.51 111112 428411.2124 358994.6297 446.11 

113 428411.1486 359018.8786 449.38 111113 428411.2020 359019.5854 445.30 

114 428386.1691 359018.7194 449.79 111114 428386.2532 359019.5059 445.72 

115 428361.0914 359018.7749 449.88 111115 428361.1891 359019.5708 445.85 

116 428336.1338 359018. 7739 450.61 111116 428336.2501 359019.5668 446.66 

117 428311.1872 359018.8005 450.59 111117 428311.3255 359019.6022 446.71 

118 428286.1082 359018.8465 450.31 111118 428286.2965 359019.6480 446.54 

119 428261.1057 359018.8769 450.68 111119 428261.3225 359019. 7190 446.98 

120 428236.2287 359018.8089 451.16 111120 428236.4599 359019.6229 447.58 

121 428211.1790 359018.7712 451.85 111121 428211.3936 359019.5959 448.37 

122 428186.1793 359018.7400 452.51 111122 428186.3869 359019.5457 449.12 

123 428161.1638 359018.8099 452.64 111123 428161.3292 359019.5731 449.35 

124 428136.1816 359018.8031 452.15 111124 428136.3104 359019.5440 448.90 

125 428111.1367 359018.8270 452.37 111125 428111.2847 359019.5317 449.17 

126 428086.1810 359018.7625 451.77 111126 428086.2618 359019.4029 448.58 

127 428061.1300 359018.8122 451.73 111127 428061.2789 359019.3758" 448.50 

128 428036.1720 359018. 7347 452.14 111128 428036.2555 359019.2552 448.86 

129 428011.2166 359018.7676 452.22 111129 428011.3431 359019.2547 448.86 

130 427986.2052 359018.7642 452.40 111130 427986.4004 359019.2274 449.01 

131 427961.2040 359018. 7292 452.91 111131 427961.4648 359019.2161 449.58 

132 427936.1225 359018.7231 452.92 111132 427936.5639 359019.2025 449.79 

133 427911.1533 359018.7862 453.20 111133 427911.7896 359019.1725 450.54 

134 427886.1123 359018.7523 453.60 111134 427886.9009 359019.0591 451.72 

135 427861.1730 359018.7483 453.88 111135 427861.9225 359018.9820 452.81 

136 427836.1478 359018. 7636 454.19 111136 427836.6280 359018.8994 453.71 

137 427811.1182 359018.8285 454.53 111137 427811.4422 359018.8998 454.26 

4383 427345.2341 360349.8149 463.22 
4384 429209.1676 360379.8928 442.31 
4388 430665.6266 360378.9926 435.57 
p248 425434.6524 360202.4261 531.87 
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Data for 68 Pin Monitoring at Pond Creek Mine 

Baseline Data Average: Shot On November 10 & 12, 2009 January 11, 2010 Data Data Compared 

Point# Northir1'l Eastinci Elevation Point# Northina Eastina Elevation Point# Northina Eastina Elevation 

101 428411.2433 358718.8388 449.55 111101 428411.1885 358718.9845 449.49 101 0,05 -0.15 0.06 

102 428411.0404 358743,7741 449.66 111102 428411.1024 358743.8204 449.59 102 -0.06 -0.05 O.C7 

103 428411.1509 358768.8500 449.79 111103 428411.2112 358768.9369 449.71 103 -0.06 -0.09 0.08 

104 428411.0827 358793.8495 449.79 111104 428411.1585 358793.9457 449.68 104 -0.08 -0.10 0.11 

105 428411.2768 358818.7893 449.92 111105 428411.3567 358818.8948 449.77 105 -0.08 -0.11 0.15 

106 428411.1052 358843. 7660 449.95 111106 428411.2132 358843.9210 449.75 106 -0.11 -0.15 0.20 

107 428411.0468 358868.8559 449.99 111107 428411.1728 358869.0904 449.67 107 -0.13 -0.23 0,32 

108 428411.2624 358893.8016 449.98 111108 428411.37 43 358894.1936 449.40 108 -0.11 -0.39 0.58 

109 428411.1398 358918.8297 449,93 111109 428411.2469 358919.4760 448.83 109 -0.11 -0.65 1.10 

110 428411.0829 358943.8231 449.73 111110 428411.1955 358944.6017 447.88 110 -0.11 -0.78 1.85 

111 428411.1221 358968.8653 449.54 111111 428411.2169 358969.6915 446.89 111 -0.09 -0.83 2.€5 

112 428411.1495 358993.8497 449.51 111112 428411.2124 358994.6297 446.11 112 -0.06 -0.78 3.~o 

113 428411.1486 359018,8786 449.38 111113 428411.2020 359019.5854 445.30 113 -0.05 -0.71 4.C8 

114 428386.1691 359018.7194 449.79 111114 428386.2532 359019.5059 445.72 114 -0,08 -0.79 4.C7 

115 428361.0914 359018.7749 449.88 111115 428361.1891 359019.5708 445.85 115 -0.10 -0.80 4.C3 

116 428336.1338 359018.7739 450.61 111116 428336.2501 359019.5668 446.66 116 -0.12 -0.79 3.S5 

117 428311.1872 359018.8005 450.59 111117 428311.3255 359019.6022 446.71 117 -0.14 -0.80 3.E8 

118 428286.1082 359018.8465 450.31 111118 428286.2965 359019.6480 446.54 118 -0.19 -0.80 3.77 

119 428261.1057 359018.8769 450.68 111119 428261.3225 359019.7190 446.98 119 -0.22 -0.84 3.70 

120 428236.2287 359018,8089 451.16 111120 428236.4599 359019.6229 447.58 120 -0.23 -0.81 3.58 

121 428211.1790 359018.7712 451,85 111121 428211.3936 359019.5959 448.37 121 -0.21 -0.82 3.49 

122 428186.1793 359018.7400 452.51 111122 428186.3869 359019.5457 449.12 122 -0.21 -0.81 3.:09 

123 428161.1638 359018.8099 452.64 111123 428161.3292 359019.5731 449.35 123 -0.17 -0.76 3.29 

124 428136.1816 359018.8031 452.15 111124 428136.3104 359019.5440 448.90 124 -0.13 -0,74 3.25 

125 428111.1367 359018.8270 452.37 111125 428111.2847 359019.5317 449.17 125 -0.15 -0.70 3.20 

126 428086.1810 359018.7625 451.77 111126 428086.2618 359019.4029 448.58 126 -0.08 -0.64 3.-9 

127 428061.1300 359018.8122 451.73 111127 428061.2789 359019.3758 448.50 127 -0.15 -0.56 3.23 

128 428036.1720 359018.7347 452.14 111128 428036.2555 359019.2552 448.86 128 -0.08 -0.52 3.28 

129 428011.2166 359018.7676 452.22 111129 428011.3431 359019.2547 448.86 129 -0.13 -0.49 3.36 

130 427986.2052 359018.7642 452.40 111130 427986.4004 359019.227 4 449.01 130 -0.20 -0.46 3.39 

131 427961.2040 359018.7292 452.91 111131 427961.4648 359019.2161 449.58 131 -0.26 -0.49 3.33 

132 427936.1225 359018.7231 452.92 111132 427936.5639 359019.2025 449.79 132 -0.44 -0.48 3.13 

133 427911.1533 359018.7862 453.20 111133 427911.7896 359019.1725 450.54 133 ·0.64 ·0.39 2.66 

134 427886.1123 359018.7523 453.60 111134 427886.9009 359019.0591 451.72 134 -0.79 -0,31 1.88 

135 427861.1730 359018.7483 453.88 111135 427861.9225 359018.9820 452.81 135 -0.75 -0.23 1.07 

136 427836.1478 359018.7636 454.19 111136 427836.6280 359018.8994 453.71 136 -0.48 -0.14 DAB 

137 427811.1182 359018.8285 454.53 111137 427811.4422 359018.8998 454.26 137 -0.32 -0.07 0.27 

4383 427345.2341 360349,8149 463.22 4383 427345,23 360349.81 463.22 

4384 429209.1676 360379.8928 442.31 4384 429209.17 360379.89 44:::.31 

4388 430665.6266 360378.9926 435.57 4388 430665.63 360378.99 435.57 

p248 425434.6524 360202.4261 531.87 p248 425434,65 360202.43 53~ .87 
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Data for 68 Pin Monitoring at Pond Creek Mine 

Baseline Data Average: Shot On November 10 & 12, 2009 January 12, 201 O Data 

Point# Northinq Eastina Elevation Point# Northino Eastina Elevation 

101 428411.2433 358718.8388 449.55 112101 428411.2862 358718.9611 449.42 

102 428411.0404 3587 43. 77 41 449.66 112102 428411.0978 358743.9025 449.50 

103 428411.1509 358768.8500 449.79 112103 428411.2184 358769.0539 449.56 

104 428411.0827 358793.8495 449.79 112104 428411.1561 358794.2533 449.40 

105 428411.2768 358818.7893 449.92 112105 428411.3761 358819.4997 449.17 

106 428411.1052 358843.7660 449.95 112106 428411.2189 358844.6295 448.59 

107 428411.0468 358868.8559 449.99 112107 428411.1869 358869.6526 447.90 

108 428411.2624 358893.8016 449.98 112108 428411.3502 358894.5369 447.07 

109 428411.1398 358918.8297 449.93 112109 428411.1874 358919.3274 446.33 

110 428411.0829 358943.8231 449.73 112110 428411.1316 358944.1447 445.66 

111 428411.1221 358968.8653 449.54 112111 428411.1627 358969.0684 445.17 

112 428411.1495 358993.8497 449.51 112112 428411.1667 358993.9298 444.93 

113 428411.1486 359018.8786 449.38 112113 428411.1762 359018.9509 444.53 

114 428386.1691 359018.7194 449.79 112114 428386.2437 359018.8245 444.97 

115 428361.0914 359018.7749 449.88 112115 428361.1932 359018.9230 445.10 

116 428336.1338 359018.7739 450.61 112116 428336.2523 359018.9300 445.91 

117 428311.1872 359018.8005 450.59 112117 428311.3425 359018.9612 445.97 

118 428286.1082 359018.8465 450.31 112118 428286.3092 359019.0242 445.79 

119 428261.1057 359018.8769 450.68 112119 428261.3047 359019.0822 446.27 

120 428236.2287 359018.8089 451.16 112120 428236.4197 359018.9846 446.83 

121 428211.1790 359018.7712 451.85 112121 428211.3622 . 359018.9663 447.59 

122 428186.1793 359018.7400 452.51 112122 428186.3420 359018.9101 448.32 

123 428161.1638 359018.8099 452.64 112123 428161.2942 359018.9393 448.53 

124 428136.1816 359018.8031 452.15 112124 428136.2878 359018.9100 448.06 

125 428111.1367 359018.8270 452.37 112125 428111.2542 359018.8806 448.30 

126 428086.1810 359018. 7625 451.77 112126 428086.2476 359018.7955 447.70 

127 428061.1300 359018.8122 451.73 112127 428061.2815 359018.7588 447.63 

128 428036.1720 359018.7347 452.14 112128 428036.2815 359018.6676 447.99 

129 428011.2166 359018.7676 452.22 112129 428011.3457 359018.6977 448.01 

130 427986.2052 359018. 7642 452.40 112130 427986.4005 359018.6840 448.16 

131 427961.2040 359018. 7292 452.91 112131 427961.4576 359018.6667 448.71 

132 427936.1225 359018.7231 452.92 112132 427936.5778 359018.6813 448.91 

133 427911.1533 359018.7862 453.20 112133 427911.8930 359018.7460 449.68 

134 427886.1123 359018.7523 453.60 112134 427887.1040 359018. 7377 451.00 

135 427861.1730 359018.7483 453.88 112135 427862.1768 359018.7247 452.33 

136 427836.1478 359018. 7636 454.19 112136 427836.8523 359018.7884 453.48 

137 427811.1182 359018.8285 454.53 112137 427811.5186 359018.8342 454.16 

4383 427345.2341 360349.8149 463.22 

4384 429209.1676 360379.8928 442.31 

4388 430665.6266 360378.9926 435.57 
p248 425434.6524 360202.4261 531.87 
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Data for 68 Pin Monitoring at Pond Creek Mine 

Baseline Data Average: Shot On November10 & 12, 2009 January 12, 2010 Data Data Compared 

Point# Northina Eastina Elevation Point# Northina Eastin□ Elevation Point# Northina Eastil11'1 Elevation 

101 428411.2433 358718.8388 449.55 112101 428411.2862 358718.9611 449.42 101 -O.C4 -D.12 0.13 

102 428411.0404 3587 43. 77 41 449.66 112102 428411.0978 358743.9025 449.50 102 -0.C6 -0.13 0.16 

103 428411.1509 358768.8500 449.79 112103 428411.2184 358769,0539 449.56 103 -0.07 -0.20 0,23 

104 428411.0827 358793.8495 449,79 112104 428411.1561 358794.2533 449.40 104 -0.C? -0.40 0.39 

105 428411.2768 358818.7893 449.92 112105 428411.3761 358819.4997 449.17 105 -0.10 -0.71 0.75 

106 428411.1052 358843. 7660 449.95 112106 428411.2189 358844.6295 448.59 106 -0.11 -0.86 1.'37 

107 428411.0468 358868.8559 449.99 112107 428411.1869 358869.6526 447.90 107 -0.14 -0.80 2.')9 

108 428411.2624 358893.8016 449.98 112108 428411.3502 358894.5369 447.07 108 -0.09 -0.74 2.91 

109 428411.1398 358918.8297 449.93 112109 428411.1874 358919.3274 446.33 109 -0.05 -0.50 3.60 

110 428411.0829 358943.8231 449.73 112110 428411.1316 358944.1447 445.66 110 -0.05 -0.32 4.'J7 

111 428411.1221 358968.8653 449.54 112111 428411.1627 358969.0684 445.17 111 -0.04 -0.20 4.37 

112 428411.1495 358993.8497 449.51 112112 428411.1667 358993.9298 444.93 112 -0.02 -0.08 4.58 

113 428411.1486 359018.8786 449.38 112113 428411.1762 359018.9509 444.53 113 -0.03 -0.07 4.85 

114 428386.1691 359018.7194 449.79 112114 428386.2437 359018.8245 444.97 114 -0.07 -0.11 4.82 

115 428361.0914 359018.7749 449.88 112115 428361.1932 359018.9230 445.10 115 -0.10 -0.15 4.78 

116 428336.1338 359018.7739 450.61 112116 428336.2523 359018.9300 445.91 116 -0.12 -0.16 4.70 

117 428311.1872 359018.8005 450.59 112117 428311.3425 359018.9612 445.97 117 -0.16 -0.16 4.62 

118 428286.1082 359018.8465 450.31 112118 428286.3092 359019.0242 445.79 118 -0.20 -0.18 4.52 

119 428261.1057 359018.8769 450.68 112119 428261.3047 359019.0822 446.27 119 -0.20 -0.21 4.42 

120 428236.2287 359018.8089 451.16 112120 428236.4197 359018.9846 446.83 120 -0.19 -0.18 4.33 

121 428211.1790 359018.7712 451.85 112121 428211.3622 359018.9663 447.59 121 -0.18 -0.20 4.26 

122 428186.1793 359018.7400 452.51 112122 428186.3420 359018.9101 448.32 122 -0.16 -0.17 4.19 

123 428161.1638 359018.8099 452.64 112123 428161.2942 359018.9393 448.53 123 -0.13 -0.13 4.11 

124 428136.1816 359018.8031 452.15 112124 428136.2878 359018.9100 448.06 124 -0.11 -0.11 4.'.l9 

125 428111.1367 359018.8270 452.37 112125 428111.2542 359018.8806 448.30 125 -0.12 -0.05 4.'.l7 

126 428086.1810 359018.7625 451.77 112126 428086.2476 359018.7955 447.70 126 -0.07 -0.03 4.:)7 

127 428061.1300 359018.8122 451.73 112127 428061.2815 359018. 7588 447.63 127 -0.15 0.05 4.10 

128 428036.1720 359018.7347 452.14 112128 428036.2815 359018.6676 447.99 128 -0.11 0.07 4.15 

129 428011.2166 359018.7676 452.22 112129 428011.3457 359018.6977 448.01 129 -0. ~ 3 0.07 421 

130 427986.2052 359018.7642 452.40 112130 427986.4005 359018.6840 448.16 130 -0.20 0.08 424 

131 427961.2040 359018.7292 452.91 112131 427961.4576 359018.6667 448.71 131 -0.25 0.06 420 

132 427936.1225 359018.7231 452.92 112132 427936.5778 359018.6813 448.91 132 -0.46 0.04 4.01 

133 427911.1533 359018.7862 453 20 112133 427911.8930 359018. 7 460 449.68 133 -0.74 0.04 352 

134 427886.1123 359018.7523 453.60 112134 427887.1040 359018.7377 451.00 134 -0.99 0.01 260 

135 427861.1730 359018.7483 453.88 112135 427862.1768 359018.7247 452.33 135 -1.00 0.02 1 55 

136 427836.1478 359018.7636 454.19 112136 427836.8523 359018.7884 453.48 136 -0.70 -0.02 0 71 

137 427811.1182 359018.8285 454.53 112137 427811.5186 359018.8342 454.16 137 -0.40 -0.01 037 

4383 427345.2341 360349.8149 463.22 4383 427345.23 360349.81 463.22 

4384 429209.1676 360379.8928 442.31 4384 429209.17 360379.89 442.31 

4388 430665.6266 360378.9926 435.57 4388 430665.63 360378.99 435.57 

p248 425434.6524 360202.4261 531.87 p248 425434.65 360202.43 531.87 
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Data for 68 Pin Monitoring at Pond Creek Mine 

Baseline Data Average: Shot On November 10 & 12, 2009 January 13, 201 o Data 

Point# Northinq Eastinn Elevation Point# Northina Eastina Elevation 
101 428411.2433 358718.8388 449.55 113101 428411.2767 358718.9847 449.39 
102 428411.0404 358743.7741 449.66 113102 428411.0705 358743.9881 449.42 
103 428411.1509 358768.8500 449.79 113103 428411.2011 358769.1954 449.37 

I 104 428411.0827 358793.8495 449.79 113104 428411.1787 358794.6039 448.90 
105 428411.2768 358818. 7893 449.92 113105 428411.3802 358819.6929 448.26 
106 428411.1052 358843. 7660 449.95 113106 428411.2226 358844.6790 447.39 
107 428411.0468 358868.8559 449.99 113107 428411.1980 358869.5692 446.63 
108 428411.2624 358893.8016 449.98 113108 428411.3057 358894.3291 446.09 

109 428411.1398 358918.8297 449.93 113109 428411.1625 358919.0722 445.62 
110 428411.0829 358943.8231 449.73 113110 428411.1118 358943.9297 445.21 
111 428411.1221 358968.8653 449.54 113111 428411.1528 358968.9272 444.88 
112 428411.1495 358993.8497 449.51 113112 428411.1804 358993.8089 444.74 

113 428411.1486 359018.8786 449.38 113113 428411.1939 359018.8645 444.41 

114 428386.1691 359018. 7194 449.79 113114 428386.2495 359018.7275 444.84 

115 428361.0914 359018.7749 449.88 113115 428361.2048 359018.8354 444.97 

116 428336.1338 359018. 7739 450.61 113116 428336.2492 359018.8719 445.78 
117 428311.1872 359018.8005 450.59 113117 428311.3223 359018.8941 445.85 

118 428286.1082 359018.8465 450.31 113118 428286.2979 359018.9529 445.67 
119 428261.1057 359018.8769 450.68 113119 428261.3165 359019.0012 446.14 
120 428236.2287 359018.8089 451.16 113120 428236.4150 359018.9087 446.71 

121 428211.1790 359018.7712 451.85 113121 428211.3705 359018.8899 447.46 

122 428186.1793 359018.7400 452.51 113122 428186,3589 359018.8419 448.18 
123 428161.1638 359018.8099 452.64 113123 428161.3025 359018.8893 448.40 
124 428136.1816 359018.8031 452.15 113124 428136.2988 359018.8034 447.93 

125 428111.1367 359018.8270 452.37 113125 428111.2555 359018.8065 448.16 
126 428086.1810 359018.7625 451.77 113126 428086.2533 359018.6782 447.56 

127 428061.1300 359018.8122 451.73 113127 428061.2708 359018.6842 447.49 

128 428036.1720 359018.7347 452.14 113128 428036.2773 359018.5907 447.86 

129 428011.2166 359018.7676 452.22 113129 428011.3434 359018.6153 447.87 

130 427986.2052 359018.7642 452.40 113130 427986.3948 359018.6089 448.02 

131 427961.2040 359018.7292 452.91 113131 427961.4606 359018.6010 448.56 

132 427936.1225 359018.7231 452.92 113132 427936.5805 359018.6003 448.76 

133 427911.1533 359018. 7862 453.20 113133 427911.9117 359018.6683 449.53 

134 427886.1123 359018. 7523 453.60 113134 427887.1433 359018.6366 450.86 

135 427861.1730 359018.7483 453.88 113135 427862.2082 359018.6341 452.22 

136 427836.1478 359018.7636 454.19 113136 427836.9143 359018.6999 453.42 

137 427811.1182 359018.8285 454.53 113137 427811.5773 359018.8197 454.13 

4383 427345.2341 360349.8149 463.22 
4384 429209.1676 360379.8928 442.31 
4388 430665.6266 360378.9926 435.57 
p248 425434.6524 360202.4261 531.87 
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Data for 68 Pin Monitoring at Pond Creek Mine 

Baseline Data Average: Shot On November 1 O & 12, 2009 January 14, 2010 Data 

Point# Northino Eastinn Elevation Point# Northino Eastina Elevation 
101 428411.2433 358718.8388 449.55 114101 428411.2924 358719.1443 449.29 
102 428411.0404 358743.7741 449.66 114102 428411.0997 358744.2413 449.20 
103 428411.1509 358768.8500 449.79 114103 428411.1915 358769.7374 448.72 
104 428411.0827 358793.8495 449.79 114104 428411.1648 358794.8886 447.73 
105 428411.2768 358818.7893 449.92 114105 428411.3343 358819.7513 446.85 
106 428411.1052 358843. 7660 449.95 114106 428411.2210 358844.5095 446.06 
107 428411.0468 358868.8559 449.99 114107 428411.1762 358869.2138 445.67 
108 428411.2624 358893.8016 449.98 114108 428411.3066 358893.9716 445.49 
109 428411.1398 358918.8297 449.93 114109 428411.1902 358918.8137 445.26 
110 428411.0829 358943.8231 449.73 114110 428411.1284 358943.7461 444.99 
111 428411.1221 358968.8653 449.54 114111 428411.1922 358968.7875 444.75 
112 428411.1495 358993.8497 449.51 114112 428411.1736 358993.7414 444.66 
113 428411.1486 359018.8786 449.38 114113 428411.1752 359018.8099 444.36 
114 428386.1691 359018.7194 449.79 114114 428386.2382 359018. 7255 444.80 
115 428361.0914 359018.7749 449.88 114115 428361.1887 359018.7748 444.92 
116 428336.1338 359018. 7739 450.61 114116 428336.2236 359018.7982 445.74 
117 428311.1872 359018.8005 450.59 114117 428311.3061 359018.8202 445.80 
118 428286.1082 359018.8465 450.31 114118 428286.2740 359018.8834 445.62 
119 428261.1057 359018.8769 450.68 114119 428261.2727 359018.9399 446.10 
120 428236.2287 359018.8089 451.16 114120 428236.3990 359018.8570 446.66 
121 428211.1790 359018. 7712 451.85 114121 428211.3209 359018.8312 447.41 
122 428186.1793 359018.7400 452.51 114122 428186.3176 359018.7847 448.13 
123 428161.1638 359018.8099 452.64 114123 428161.2539 359018.8281 448.36 
124 428136.1816 359018.8031 452.15 114124 428136.2377 359018. 7691 447.88 
125 428111.1367 359018.8270 452.37 114125 428111.2254 359018. 7629 448.11 
126 428086.1810 359018.7625 451.77 114126 428086.2240 359018.6901 447.51 
127 428061.1300 359018.8122 451.73 114127 428061.2592 359018.6655 447.44 

128 428036.1720 359018.7347 452.14 114128 428036.2590 359018.5409 447.81 

129 428011.2166 359018.7676 452.22 114129 428011.3148 359018.5707 447.83 

130 427986.2052 359018.7642 452.40 114130 427986.3482 359018.5838 447.97 

131 427961.2040 359018.7292 452.91 114131 427961.4466 359018.5649 448.52 
132 427936.1225 359018.7231 452.92 114132 427936.5621 359018.5771 448.71 
133 427911.1533 359018. 7862 453.20 114133 427911.8941 359018.6286 449.48 
134 427886.1123 359018.7523 453.60 114134 427887.1223 359018.6120 450.81 

135 427861.1730 359018.7483 453.88 114135 427862.2208 359018.6485 452.18 

136 427836.1478 359018. 7636 454.19 114136 427836.8992 359018. 7091 453.40 

137 427811.1182 359018.8285 454.53 114137 427811.5490 359018.7963 454.12 

4383 427345.2341 360349.8149 463.22 
4384 429209.1676 360379.8928 442.31 
4388 430665.6266 360378.9926 435.57 
p248 425434.6524 360202.4261 531.87 
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Data for 68 Pin Monitoring at Pond Creek Mine 

Baseline Data Average: Shot On November 10 & 12, 2009 January 15, 201 0 Data 

Point# Northina Eastina Elevation Point# Northinq Eastin□ Elevation 
101 428411.2433 358718.8388 449.55 115101 428411.2180 358719.5241 448.75 
102 428411.0404 358743.7741 449.66 115102 428411.0379 358744.6949 448.07 
103 428411.1509 358768.8500 449.79 115103 428411.1172 358769.8631 447.02 
104 428411.0827 358793.8495 449.79 115104 428411.1335 358794.6495 445.90 
105 428411.2768 358818.7893 449.92 115105 428411.3094 358819.2554 445.42 
106 428411.1052 358843.7660 449.95 115106 428411.1765 358843.9830 445.12 
107 428411.0468 358868.8559 449.99 115107 428411.1694 358868.8227 445.10 
108 428411.2624 358893.8016 449.98 115108 428411.3080 358893.6852 445.12 
109 428411.1398 358918.8297 449.93 115109 428411.1662 358918.6214 445.02 
110 428411.0829 358943.8231 449.73 115110 428411.1178 358943.6113 444.82 

111 428411.1221 358968.8653 449.54 115111 428411.1476 358968.7174 444.63 
112 428411.1495 358993.8497 449.51 115112 428411.1600 358993.6770 444.56 
113 428411.1486 359018.8786 449.38 115113 428411.1988 359018. 7828 444.29 
114 428386.1691 359018.7194 449.79 115114 428386.2767 359018.6342 444.72 

115 428361.0914 359018.7749 449.88 115115 428361.2143 359018.6851 444.85 

116 428336.1338 359018.7739 450.61 115116 428336.2865 359018.7149 445.66 
117 428311.1872 359018.8005 450.59 115117 428311.3587 359018.7179 445.73 
118 428286.1082 359018.8465 450.31 115118 428286.3091 359018.7908 445.55 
119 428261.1057 359018.8769 450.68 115119 428261.3418 359018.8445 446.03 
120 428236.2287 359018.8089 451.16 115120 428236.4365 359018. 7869 446.59 
121 428211.1790 359018. 7712 451 .85 115121 428211.3693 359018.7744 447.34 
122 428186.1793 359018.7400 452.51 115122 428186.3608 359018.6842 448.06 
123 428161.1638 359018.8099 452.64 115123 428161.3201 359018.7493 448.28 

124 428136.1816 359018.8031 452.15 115124 428136.2941 359018.6944 447.81 
125 428111.1367 359018.8270 452.37 115125 428111.2588 359018.6887 448.04 

126 428086.1810 359018. 7625 451.77 115126 428086.2795 359018.5899 447.45 

127 428061.1300 359018.8122 451.73 115127 428061.3064 359018.5914 447.38 

128 428036.1720 359018.7347 452.14 115128 428036.2713 359018.4668 447.75 

129 428011.2166 359018.7676 452.22 115129 428011.3565 359018.5215 447.77 

130 427986.2052 359018. 7642 452.40 115130 427986.3850 359018.4924 447.91 

131 427961.2040 359018.7292 452.91 115131 427961.4622 359018.4878 448.45 

132 427936.1225 359018.7231 452.92 115132 427936.6032 359018.5371 448.65 

133 427911.1533 359018.7862 453.20 115133 427911.9407 359018.5894 449.41 

134 427886.1123 359018. 7523 453.60 115134 427887.1582 359018.5583 450.75 

135 427861.1730 359018.7483 453.88 115135 427862.2682 359018.6027 452.13 

136 427836.1478 359018.7636 454.19 115136 427836.9538 359018.6756 453.35 

137 427811.1182 359018.8285 454.53 115137 427811.6057 359018.7994 454.08 

4383 427345.2341 360349.8149 463.22 

4384 429209.1676 360379.8928 442.31 
4388 430665.6266 360378.9926 435.57 
p248 425434.6524 360202.4261 531.87 
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Data for 68 Pin Monitoring at Pone! Creek Mine 

Baseline Data Average: Shot On November 10 & 12, 2009 January 16, 2010 Data 

Point# Northina Eastinq Elevation Paint# Northina Eastinq Elevation 

101 428411.2433 358718.8388 449.55 116101 428411.1915 358719. 7641 447.14 

102 428411.0404 358743.7741 449.66 116102 428411.0837 358744.5060 446.37 

103 428411.1509 358768.8500 449.79 116103 428411.1764 358769.3985 445.66 

104 428411.0827 358793.8495 449.79 116104 428411.1756 358794.1862 445.03 

105 428411.2768 358818. 7893 449.92 116105 428411.3715 358818.8893 444.89 

106 428411.1052 358843. 7660 449.95 116106 428411.2308 358843.7275 444.80 

107 428411.0468 358868.8559 449.99 116107 428411.1926 358868.6341 444.90 

108 428411.2624 358893.8016 449.98 116108 428411.3583 358893.5591 444.99 

109 428411.1398 358918.8297 449.93 116109 428411.2207 358918.5340 444.93 

110 428411.0829 358943.8231 449.73 116110 428411.1400 358943.5280 444.76 

111 428411.1221 358968.8653 449.54 116111 428411.1877 358968.6500 444.58 

112 428411.1495 358993.8497 449.51 116112 428411.1953 358993.6282 444.53 

113 428411.1486 359018.8786 449.38 116113 428411.2210 359018.7329 444.26 

114 428386.1691 359018.7194 449.79 116114 428386.2934 359018.6111 444.70 

115 428361.0914 359018.7749 449.88 116115 428361.2123 359018. 7053 444.83 

116 428336.1338 359018.7739 450.61 116116 428336.2858 359018.7588 445.64 

117 428311.1872 359018.8005 450.59 116117 428311.3911 359018.7275 445.70 

118 428286.1082 359018.8465 450.31 116118 428286.3107 359018.7384 445.53 

119 428261.1057 359018.8769 450.68 116119 428261.3562 359018.8535 446.01 

120 428236.2287 359018.8089 451.16 116120 428236.4249 359018.8039 446.57 

121 428211.1790 359018.7712 451.85 116121 428211.3934 359018. 7502 447.31 

122 428186.1793 359018.7400 452.51 116122 428186.3629 359018.6990 448.03 

123 428161.1638 359018.8099 452.64 116123 428161.2974 359018.7763 448.25 

124 428136.1816 359018.8031 452.15 116124 428136.2856 359018.7001 447.77 

125 428111.1367 359018.8270 452.37 116125 428111.2574 359018.6925 448.01 

126 428086.1810 359018.7625 451.77 116126 428086.2582 359018.6141 447.42 

127 428061.1300 359018.8122 451.73 116127 428061.2970 359018.6037 447.35 

128 428036.1720 359018.7347 452.14 116128 428036.3282 359018.4885 447.72 

129 428011.2166 359018. 7676 452.22 116129 428011.3779 359018.4994 447.74 

130 427986.2052 359018.7642 452.40 116130 427986.4084 359018.4977 447.88 

131 427961.2040 359018.7292 452.91 116131 427961.4829 359018.5114 448.43 

132 427936.1225 359018.7231 452.92 116132 427936.6197 359018.5199 448.62 

133 427911.1533 359018.7862 453.20 116133 427911.9452 359018.5834 449.39 

134 427886.1123 359018.7523 453.60 116134 427887.1706 359018.5744 450.72 

135 427861.1730 359018.7483 453.88 116135 427862.2896 359018.6102 452.10 

136 427836.1478 359018. 7636 454.19 116136 427836.9862 359018.6903 453.33 

137 427811.1182 359018.8285 454.53 116137 427811.6296 359018.8222 454.07 

4383 427345.2341 360349.8149 463.22 
4384 429209.1676 360379.8928 442.31 
4388 430665.6266 360378.9926 435.57 
p248 425434.6524 360202.4261 531.87 



R
12330

!~ . . 

Data for 68 Pin Monitoring at Pond Creek Mine 

Baseline Data Average: Shot On November 1 O & 12, 2009 January 17, 2010 Data 

Point# Northina Eastina Elevation Point# Northina Eastina Elevation 

101 428411.2433 358718.8388 449.55 117101 428411.1948 358719.7075 447.08 

102 428411.0404 358743.7741 449.66 117102 428411.0575 358744.5811 446.31 

103 428411.1509 358768.8500 449.79 117103 428411.0734 358769.3857 445.61 

104 428411.0827 358793.8495 449.79 117104 428411.0692 358794.1646 444.99 

105 428411.2768 358818.7893 449.92 117105 428411.2533 358818.8880 444.86 

106 428411.1052 358843.7660 449.95 117106 428411.1175 358843. 7083 444.77 

107 428411.0468 358868.8559 449.99 117107 428411.1243 358868.6333 444.88 

108 428411.2624 358893.8016 449.98 117108 428411.2516 358893.6183 444.97 

109 428411.1398 358918.8297 449.93 117109 428411.1620 358918.5544 444.92 

110 428411.0829 358943.8231 449.73 117110 428411.0905 358943.5532 444.75 

111 428411.1221 358968.8653 449.54 117111 428411.1351 358968.6739 444.58 

112 428411.1495 358993.8497 449.51 117112 428411.1501 358993.6432 444.53 

113 428411.1486 359018.8786 449.38 117113 428411.1879 359018.7312 444.26 

114 428386.1691 359018.7194 449.79 117114 428386.1724 359018.6039 444.70 

115 428361.0914 359018.7749 449.88 117115 428361.1414 359018.6568 444.83 

116 428336.1338 359018.7739 450.61 117116 428336.2266 359018.6357 445.64 

117 428311.1872 359018.8005 450.59 117117 428311.3605 359018.7109 445.70 

118 428286.1082 359018.8465 450.31 117118 428286.2586 359018.7304 445.52 

119 428261.1057 359018.8769 450.68 117119 428261.2531 359018.7915 446.00 

120 428236.2287 359018.8089 451.16 117120 428236.4275 359018. 7523 446.56 

121 428211.1790 359018.7712 451.85 117121. 428211.3482 359018. 7391 447.31 

122 428186.1793 359018.7400 452.51 117122 428186.3657 359018.7031 448.03 

123 428161.1638 359018.8099 452.64 117123 428161.2807 359018.6964 448.25 

124 428136.1816 359018.8031 452.15 117124 428136.3067 359018.6841 447.77 

125 428111.1367 359018.8270 452.37 117125 428111.2848 359018.6795 448.00 

126 428086.1810 359018.7625 451.77 117126 428086.2840 359018.5580 447.41 

127 428061.1300 359018.8122 451.73 117127 428061.3052 359018.5760 447.35 

128 428036.1720 359018.7347 452.14 117128 428036.2763 359018.4612 447.72 

129 428011.2166 359018.7676 452.22 117129 428011.3206 359018.4662 447.74 

130 427986.2052 359018.7642 452.40 117130 427986.3987 359018.4691 447.88 

131 427961.2040 359018.7292 452.91 117131 427961.5058 359018.5106 448.43 

132 427936.1225 359018.7231 452.92 117132 427936.5905 359018.5068 448.62 

133 427911.1533 359018.7862 453.20 117133 427911.9498 359018.5518 449.39 

134 427886.1123 359018.7523 453.60 117134 427887.1479 359018.5420 450.72 

135 427861.1730 359018.7483 453.88 117135 427862.2716 359018.5791 452.10 

136 427836.1478 359018.7636 454.19 117136 427836.9583 359018. 7068 453.33 

137 427811.1182 359018.8285 454.53 117137 427811.5776 359018.7883 454.07 

4383 427345.2341 360349.8149 463.22 
4384 429209.1676 360379.8928 442.31 
4388 430665.6266 360378.9926 435.57 
p248 425434.6524 360202.4261 531.87 
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Data for 68 Pin Monitoring at Pond Creek Mine 

Baseline Data Average: Shot On November 1 O & 12, 2009 January 18, 201 O Data 

Point# Northina Eastinq Elevation Point# Northinci Eastina Elevation 
101 428411.2433 358718.8388 449.55 118101 428411.2141 358719.2360 445.77 
102 428411.0404 3587 43. 77 41 449.66 118102 428411.0599 358744.0457 445.46 
103 428411.1509 358768.8500 449.79 118103 428411.1329 358769.0418 445.13 

104 428411.0827 358793.8495 449.79 118104 428411.1319 358793.9494 444.74 

105 428411.2768 358818. 7893 449.92 118105 428411.3380 358818.7633 444.72 
106 428411.1052 358843. 7660 449.95 118106 428411.1866 358843.6777 444.69 
107 428411.0468 358868.8559 449.99 118107 428411.1326 358868.6448 444.83 

108 428411.2624 358893.8016 449.98 118108 428411.2987 358893.5566 444.94 
109 428411.1398 358918.8297 449.93 118109 428411.1655 358918.5612 444.89 
110 428411.0829 358943.8231 449.73 118110 428411.1329 358943.5616 444.74 

111 428411.1221 358968.8653 449.54 118111 428411.1588 358968.6818 444.57 

112 428411.1495 358993.8497 449.51 118112 428411.1628 358993.6616 444.52 

113 428411.1486 359018.8786 449.38 118113 428411.1619 359018.7569 444.26 

114 428386.1691 359018.7194 449.79 118114 428386.2095 359018.5936 444.69 

115 428361.0914 359018.7749 449.88 118115 428361.1689 359018.6741 444.82 

116 428336.1338 359018.7739 450.61 118116 428336.2337 359018.6730 445.63 

117 428311.1872 359018.8005 450.59 118117 428311.3139 359018.6959 445.69 

118 428286.1082 359018.8465 450.31 118118 428286.2825 359018.7559 445.51 

119 428261.1057 359018.8769 450.68 118119 428261.2702 359018.8259 446.00 

120 428236.2287 359018.8089 451.16 118120 428236.4139 359018.7316 446.56 

121 428211.1790 359018.7712 451.85 118121 428211.3466 359018. 7128 447.30 

122 428186.1793 359018.7400 452.51 118122 428186.3174 359018.6577 448.02 

123 428161.1638 359018.8099 452.64 118123 428161.2759 359018. 7051 448.24 

124 428136.1816 359018.8031 452.15 118124 428136.2461 359018.6621 447.76 

125 428111.1367 359018.8270 452.37 118125 428111.2288 359018.6431 447.99 

126 428086.1810 359018.7625 451.77 118126 428086.2400 359018.5667 447.40 

127 428061.1300 359018.8122 451.73 118127 428061.2478 359018.5419 447.34 

128 428036.1720 359018. 7347 452.14 118128 428036.2518 359018.4267 447.71 

129 428011.2166 359018.7676 452.22 118129 428011.3338 359018.4692 447.73 

130 427986.2052 359018.7642 452.40 118130 427986.3497 359018.4914 447.87 

131 427961.2040 359018.7292 452.91 118131 427961.4418 359018.4845 448.41 

132 427936.1225 359018.7231 452.92 118132 427936.5884 359018.4875 448.60 

133 427911.1533 359018. 7862 453.20 118133 427911.8951 359018.5625 449.37 

134 427886.1123 359018.7523 453.60 118134 427887.1422 359018.5476 450.71 

135 427861.1730 359018.7483 453.88 118135 427862.2256 359018.5806 452.09 

136 427836.1478 359018. 7636 454.19 118136 427836.9229 359018.6824 453.32 

137 427811.1182 359018.8285 454.53 118137 427811.5831 359018.7930 454.06 

4383 427345.2341 360349.8149 463.22 
4384 429209.1676 360379.8928 442.31 
4388 430665.6266 360378.9926 435.57 
p248 425434.6524 360202.4261 531.87 
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Data for 68 Pin Monitoring at Pond Creek Mine 

Baseline Data Average: Shot On November 10 & 12, 2009 January 18, 2010 Data Data Compared 

Point# Northina Eastina Elevation Point# Northina Eastina Elevation Point# Northin□ Eastinn Elevation 

101 428411.2433 358718.8388 449.55 118101 428411.2141 358719.2360 445.77 101 0,03 -0.40 3.78 

102 428411,0404 3587 43. 77 41 449.66 118102 428411.0599 358744.0457 445.46 102 -0.02 -0.27 4.21 

103 428411.1509 358768.8500 449.79 118103 428411.1329 358769.0418 445.13 103 0.02 -0.19 4,€-6 

104 428411,0827 358793.8495 449.79 118104 428411.1319 358793.9494 444.74 104 -0.05 -0.10 5.06 

105 428411.2768 358818.7893 449.92 118105 428411.3380 358818. 7633 444.72 105 -0,06 0.03 5.~0 

106 428411.1052 358843. 7660 449.95 118106 428411.1866 358843.677? 444.69 106 -0.08 0.09 5_:;:6 

107 428411.0468 358868.8559 449.99 118107 428411.1326 358868.6448 444.83 107 -0.09 0.21 5.~6 

108 428411.2624 358893.8016 449.98 118108 428411.2987 358893.5500 444.94 108 -0.04 0.25 5.04 

109 428411.1398 358918.8297 449.93 118109 428411.1655 358918.5611! 444.89 109 -0.03 0.27 5.04 

110 428411.0829 358943.8231 449.73 118110 428411.1329 358943.5616 444.74 110 -0.05 0.26 4.rn 

111 428411.1221 358968.8653 449.54 118111 428411.1588 358968.6818 444.57 111 -0.04 0.18 4.fl? 

112 428411.1495 358993.8497 449.51 118112 428411.1628 358993.6616 444.52 112 -0.01 0.19 4.99 

113 428411.1486 359018.8786 449.38 118113 428411.1619 359018.7569 444.26 113 -0.01 0.12 s.·-2 
114 428386.1691 359018.7194 449.79 118114 428386.2095 359018.5936 444.69 114 -0.04 0.13 5."0 

115 428361.0914 359018.7749 449.88 118115 428361.1689 359018.6741 444.82 115 -0.08 0.10 5.06 

116 428336.1338 359018.7739 450.61 118116 428336.2337 359018.6730 445.63 116 -0.10 0.10 4.98 

117 428311.1872 359018.8005 450.59 118117 428311.3139 359018.6959 445.69 117 -0.13 0.10 4.90 

118 428286.1082 359018.8465 450.31 118118 428286.2825 359018.7559 445.51 118 -0.17 0.09 4.60 

119 428261.1057 359018.8769 450.68 118119 428261.2702 359018.8259 446.00 119 -0.16 0.05 4.69 

120 428236.2287 359018.8089 451.16 118120 428236.4139 359018.7316 446.56 120 -0.19 0.08 4.60 

121 428211.1790 359018.7712 451.85 118121 428211.3466 359018.7128 447.30 121 -0.17 0,06 4.55 

122 428186.1793 359018.7400 452.51 118122 428186.3174 359018.6577 448.02 122 -0.14 0.08 4_.,_9 

123 428161.1638 359018.8099 452.64 118123 428161.2759 359018.7051 448.24 123 -0.11 0.10 4."-0 

124 428136.1816 359018.8031 452.15 118124 428136.2461 35901-8.6621 447.76 124 -0.06 0.14 .• 4.39 

125 428111.1367 359018.8270 452.37 118125 428111.2288 359018.6431 447.99 125 -0.09 0.18 4.38 

126 428086.1810 359018.7625 451.77 118126 428086.2400 359018.5667 447.40 126 -0.06 0.20 4.37 

127 428061.1300 359018.8122 451.73 118127 428061.2478 359018.5419 447.34 127 -0.12 0.27 4.39 

128 428036.1720 359018.7347 452.14 118128 428036.2518 359018.4267 447.71 128 -0.08 0.31 4.43 

129 428011.2166 359018.7676 452.22 118129 428011.3338 359018.4692 447.73 129 -0.12 0.30 4.-49 

130 427986.2052 359018.7642 452.40 118130 427986.3497 359018.4914 447.87 130 -0.14 0.27 4.53 

131 427961.2040 359018.7292 452.91 118131 427961.4418 359018.4845 448.41 131 M0,24 0.24 4.50 

132 427936.1225 359018.7231 452.92 118132 427936.5884 359018.4875 448.60 132 -0.47 0.24 4.32 

133 427911.1533 359018.7862 453.20 118133 427911.8951 359018.5625 449.37 133 -0.74 0.22 3.83 

134 427886.1123 359018.7523 453.60 118134 427887.1422 359018.5476 450.71 134 -1.03 0.20 2.89 

135 427861.1730 359018.7483 453.88 118135 427862.2256 359018.5806 452.09 135 M1.05 0.17 1_..,.9 

136 427836-1478 359018.7636 454.19 118136 427836,9229 359018.6824 453.32 136 -0.78 0.08 0.87 

137 427811.1182 359018.8285 454.53 118137 427811.5831 359018.7930 454.06 137 -0.46 0.04 0.47 

4383 427345.2341 360349.8149 463.22 4383 427345.23 360349.81 46:3.22 

4384 429209.1676 360379.8928 442.31 4384 429209.17 360379.89 44£.31 

4388 430665.6266 360378.9926 435.57 4388 430665.63 360378.99 435.57 

p248 425434.6524 360202.4261 531.87 p248 425434.65 360202.43 531.87 
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Data for 68 Pin Monitoring at Pond Creek Mine 

Baseline Data Average: Shot On November 10 & 12, 2009 January 19, 2010 Data Data Compared 

Point# Northina Eastino Elevation Point# Northina Eastino Elevation Point# Northlno Eastinn Elevation 

101 428411.2433 358718.8388 449.55 119101 428411.2238 358718.7177 444.70 101 0.02 0.12 4.85 

102 428411.0404 3587 43. 77 41 449.66 119102 428411.0404 3587 43.6440 444.79 102 0.00 0.13 4_a7 

103 428411.1509 358768.8500 449.79 119103 428411.1555 358768. 7670 444.73 103 0,00 0.08 5.D6 

104 428411.0827 358793.8495 449.79 119104 428411.1365 358793. 7890 444.50 104 ·0.05 0.06 5.29 

105 428411.2768 358818.7893 449.92 119105 428411.3546 358818.6409 444.57 105 -0.08 0.15 5.35 

106 428411.1052 358843. 7660 449.95 119106 428411.2108 358843.5940 444.60 106 -0.11 0.17 5.35 

107 428411.0468 358868.8559 449.99 119107 428411.1718 358868.5806 444.77 107 -0.12 0.28 5.23 

108 428411.2624 358893.8016 449.98 119108 428411.3255 358893.5537 444.90 108 -0.06 0.25 5.08 

109 428411.1398 358918.8297 449.93 119109 428411.1975 358918.5286 444.87 109 -0.06 0.30 5,06 

110 428411.0829 358943.8231 449.73 119110 428411.1435 358943.5415 444,72 110 -0.06 0.28 5.01 

111 428411.1221 358968.8653 449.54 119111 428411.1703 358968.6638 444.56 111 -0.05 0.20 4.38 

112 428411.1495 358993.8497 449.51 119112 428411.1754 358993.6479 444.51 112 -0.03 0.20 5.00 

113 4284111486 359018.8786 449.38 119113 428411.1899 359018.7588 444.25 113 -0.04 0.12 5.13 

114 428386.1691 359018.7194 449.79 119114 428386.2315 359018.5846 444.68 114 -0.06 0.13 5.11 

115 428361,0914 359018.7749 449.88 119115 428361.1834 359018.6526 444.81 115 -0.09 0.12 5.37 

116 428336.1338 359018.7739 450.61 119116 428336.2401 359018.6852 445.62 116 -0.11 0.09 4.99 

117 428311.1872 359018.8005 450.59 119117 428311.3197 359018.6998 445.69 117 -0.13 0.10 4.BO 

118 428286.1082 359018.8465 450.31 119118 428286.2680 359018,7499 445,51 118 -0.16 0.10 4,!30 

119 428261.1057 359018.8769 450.68 119119 428261.2842 359018,8174 445.99 119 -0.18 0.06 4.69 

120 428236.2287 359018.8089 451.16 119120 428236.3795 359018.7114 446.55 120 -0.15 0.10 4.61 

121 428211.1790 359018.7712 451.85 119121 428211.3500 359018.6939 447.29 121 -0.17 0.08 4.56 

122 428186.1793 359018.7 400 452.51 119122 428186,3477 359018.6390 448.01 122 -0.17 0.10 4.50 

123 428161.1638 359018.8099 452.64 119123 428161.3179 359018.6873 448.23 123 -0.15 0.12 4.41 

124 428136.1816 359018.8031 .. 452.15 119124 428136.2753 359018.6598 447.75 124 -0.09 0.14 4.40 

125 428111.1367 359018.8270 452.37 119125 428111.2537 359018.6383 447.99 125 -0.12 0.19 4.38 

126 428086.1810 359018.7625 451.77 119126 428086.2680 359018.5685 447.40 126 -0.09 0.19 4.37 

127 428061.1300 359018.8122 451.73 119127 428061.2939 359018.5399 447.34 127 -0.16 0.27 4.39 

128 428036.1720 359018.7347 452.14 119128 428036.2985 359018.4348 447.71 128 -0.13 0.30 4.43 

129 428011.2166 359018.7676 452.22 119129 428011.3526 359018.4734 447.72 129 -0.14 0.29 4.50 

130 427986.2052 359018,7642 452.40 119130 427986.3606 359018.4720 447.87 130 -0.16 0.29 4.53 

131 427961.2040 359018.7292 452.91 119131 427961.4543 359018.4778 448.41 131 -0.25 0.25 4 50 

132 427936.1225 359018.7231 452.92 119132 427936.5800 359018.4807 448.60 132 -0.46 0.24 4.32 

133 427911.1533 359018.7862 453.20 119133 427911.9212 359018.5422 449.37 133 -0.77 0.24 3 83 

134 427886.1123 359018.7523 453.60 119134 427887.1748 359018.5362 450.71 134 -1.06 0.22 2 89 

135 427861.1730 359018.7483 453.88 119135 427862.2587 359018.5672 452.09 135 -1,09 0.18 1 79 

136 427836.1478 359018.7636 454.19 119136 427836.9565 359018.6598 453.32 136 -0.81 0.10 0 87 

137 427811.1182 359018.8285 454.53 119137 427811.5793 359018.7772 454.06 137 -0.46 0.05 047 

4383 427345.2341 360349.8149 463.22 4383 427345.23 360349,81 463.22 

4384 429209.1676 360379.8928 442.31 4384 429209.17 360379.89 442.31 

4388 430665.6266 360378.9926 435.57 4388 430665.63 360378.99 435.57 

p248 425434.6524 360202.4261 531.87 p248 425434.65 360202.43 53'-.87 



R
12334

Data for 68 Pin Monitoring at Pond Creek Mine 

Baseline Data Average: Shot On November 10 & 12, 2009 January 20, 2010 Data Data Compared 

Point# Northinn Eastinn Elevation Point# Northina Eastina Elevation Point# Northina Eastinn Ele,.-ation 
101 428411.2433 358718.8388 449.55 120101 428411.2186 358718.4996 444.46 101 0.02 0.34 5.09 
102 428411.0404 358743.7741 449.66 120102 428411.0700 3587 43.4669 444.621 102 -0.03 0.31 5.04 

103 428411.1509 358768.8500 449.79 120103 428411.1577 358768,6650 444,609 103 -0.01 0.18 5 18 

104 428411.0827 358793.8495 449.79 120104 428411.1618 358793,6426 444.421 104 -0.08 0.21 5.37 

105 428411.2768 358818.7893 449,92 120105 428411.3547 358818.5651 444.515 105 -0.08 0.22 541 

106 428411.1052 358843.7660 449.95 120106 428411.1848 358843.5095 444.551 106 -0.08 0.26 5 40 

107 428411.0468 358868.8559 449.99 120107 428411.1474 358868.4573 444.728 107 -0.10 0.40 5.26 

108 428411.2624 358893.8016 449.98 120108 428411.2900 358893.4797 444.873 108 -0.03 0.32 5 11 

109 428411.1398 358918.8297 449.93 120109 428411.1777 358918.4649 444.848 109 -0.04 0.36 5.08 

110 428411.0829 358943.8231 449.73 120110 428411.1231 358943.4737 444.702 110 -0.04 0.35 5.03 

111 428411.1221 358968.8653 449.54 120111 428411.1496 358968.6249 444.538 111 -0,03 0.24 5.00 

112 428411.1495 358993.8497 449.51 120112 428411.1853 358993.6048 444.493 112 -0.04 0.24 5 02 

113 428411.1486 359018.8786 449.38 120113 428411.1843 359018.6953 444.233 113 -0.04 0.18 5 15 

114 428386.1691 359018.7194 449.79 120114 428386.2345 359018.5692 444.667 114 -0.07 0.15 5 12 

115 428361,0914 359018,7749 449.88 120115 428361.1825 359018.6399 444.795 115 -0.09 0.14 5 08 

116 428336.1338 359018.7739 450.61 120116 428336.2427 359018.6286 445.606 116 -0.11 0.15 5 00 

117 428311.1872 359018.8005 450.59 120117 428311.3352 359018.6528 445.67 117 -0.15 0.15 4 92 

118 428286.1082 359018.8465 450.31 120118 428286.2961 359018.7226 445.49 118 -0.19 0.12 4 82 

119 428261.1057 359018.8769 450.68 120119 428261.3003 359018.7644 445.971 119 -0.19 0.11 4 71 

120 428236.2287 359018.8089 451.16 120120 428236.4191 359018.7045 446.532 120 -0.19 0.10 463 

121 428211.1790 359018.7712 451.85 120121 428211.3321 359018.6469 447.27 121 -0.15 0.12 4 58 

122 428186.1793 359018.7400 452.51 120122 428186.3457 359018,6103 447.989 122 -0.17 0.13 4 52 

123 428161.1638 359018.8099 452.64 120123 428161.3027 359018.6448 448.208 123 -0.14 0.17 4 43 

124 . 428136.1816 359018.8031 452.15 120124 428136,2915 359018,6025 447,731 124 -0.11 0.20 4 42 

125 428111.1367 359018.8270 452.37 120125 428111.2379 359018.5804 447.966 125 -0. 10 0.25 4 40 

126 428086.1810 359018.7625 451.77 120126 428086.27 48 359018.4940 447.378 126 -0.09 0.27 4 39 

127 428061.1300 359018.8122 451.73 120127 428061.2944 359018.4853 447.317 127 -0.16 0,33 4 41 

128 428036.1720 359018. 7347 452.14 120128 428036.2911 359018.3832 447.684 128 -0.12 0.35 4 46 

129 428011.2166 359018.7676 452.22 120129 428011.3670 359018.4182 447.703 129 -0.15 0.35 4 52 

130 427986.2052 359018.7642 452.40 120130 427986.4044 359018.4152 447.845 130 -0.20 0.35 4.55 

131 427961.2040 359018.7292 452.91 120131 427961.4629 359018.4430 448.39 131 -0.26 0.29 4.52 

132 427936.1225 359018.7231 452.92 120132 427936.5988 359018.4542 448.581 132 -0.48 0.27 4.34 

133 427911.1533 359018.7862 453.20 120133 427911.9444 359018.5112 449.35 133 ·0.79 027 3.85 

134 427886.1123 359018.7523 453.60 120134 427887.1685 359018.5059 450.689 134 ·1.06 0.25 2..91 

135 427861.1730 359018.7483 453.88 120135 427862.2776 359018.5329 452.067 135 -1.10 0.22 1.81 

136 427836.1478 359018. 7636 454.19 120136 427836.9943 359018.6299 453.301 136 -0.85 0.13 C.89 

137 427811.1182 359018.8285 454.53 120137 427811.5754 359018.7415 454.036 137 -0.46 0,09 C.49 

4383 427345.2341 360349.8149 463.22 4383 427345.23 360349.81 463.22 

4384 429209.1676 360379.8928 442.31 4384 429209.17 360379.89 4~2.31 

4388 430665.6266 360378.9926 435,57 4388 430665.63 360378.99 435.57 

p248 425434.6524 360202.4261 531.87 p248 425434.65 360202.43 531.87 



R
12335

Data for 68 Pin Monitoring at Pond Creek Mine 

Baseline Data Average: Shot On November 10 & 12, 2009 January 21, 2010 Data Data Compared 

Point# Northinn Eastinn Elevation Point# Northinn Eastinn Elevation Point# Northina Eastina Elevation 

101 428411.2433 358718.8388 449.55 121101 428411.2035 358718.4758 444.39 101 0.04 0.36 5."-6 

102 428411.0404 358743.7741 449.66 121102 428411.0156 358743.4448 444.57 102 0.02 0.33 5.09 

103 428411.1509 358768.8500 449.79 121103 428411.1615 358768.6226 444.58 103 -0.01 0.23 5.21 

104 428411,0827 358793.8495 449.79 121104 428411.1388 358793.6475 444.40 104 -0.06 0.20 5.39 

105 428411.2768 358818.7893 449.92 121105 428411.377 4 358818.5818 444.50 105 -0.10 0.21 5.-42 

106 428411.1052 358843. 7660 449.95 121106 428411.2149 358843.5262 444.54 106 -0.11 0.24 5.41 

107 428411.0468 358868.8559 449.99 121107 428411.1411 358868.4801 444.72 107 -0.09 0.38 5.27 

108 428411.2624 358893.8016 449.98 121108 428411.2936 358893.4811 444.87 108 -0.03 0.32 5.11 

109 428411.1398 358918.8297 449.93 121109 428411.1893 358918.4812 444.85 109 -0.05 0.35 5.08 

110 428411.0829 358943.8231 449.73 121110 428411.1289 358943.5110 444.70 110 -0.05 0.31 5,03 

111 428411.1221 358968.8653 449.54 121111 428411.1654 358968.6287 444.54 111 -0.04 0.24 5.00 

112 428411.1495 358993.8497 449.51 121112 428411.1808 358993.6241 444.50 112 -0.03 0.23 5.01 

113 428411.1486 359018.8786 449.38 121113 428411.1853 359018.7081 444.24 113 -0.04 0.17 5.14 

114 428386.1691 359018.7194 449.79 121114 428386.2157 359018.5424 444.67 114 -0.05 0.18 5.12 

115 428361.0914 359018.7749 449.88 121115 428361.1700 359018.6138 444.80 115 -0,08 0.16 5.08 

116 428336.1338 359018.7739 450.61 121116 428336.2267 359018.6299 445.61 116 -0.09 0.14 5.00 

117 428311.1872 359018.8005 450.59 121117 428311.3205 359018.6729 445.67 117 -0.13 0.13 4.32 

118 428286.1082 359018.8465 450.31 121118 428286.2672 359018.7288 445.49 118 -0.16 0.12 4.32 

119 428261.1057 359018.8769 450.68 121119 428261.2851 359018.7633 445.97 119 -0.18 0,11 4.7 1 

120 428236.2287 359018.8089 451.16 121120 428236.3901 359018.6850 446.54 120 -0.16 0.12 4.63 

121 428211.1790 359018.7712 451.85 121121 428211.3270 359018.6707 447.27 121 -0.15 0.10 4.58 

122 428186.1793 359018.7400 452.51 121122 428186.3433 359018.6157 447.99 122 -0.16 0.12 4.52 

123 428161.1638 359018.8099 452.64 121123 428161.2813 359018.6577 448.21 123 -0.12 0.15 4.43 

124 428136.1816 359018.8031 452.15 121124 428136-2764 359018.6253 , 447.73 124 -0.09 0.18 4.42 

125 428111.1367 359018.8270 452.37 121125 428111.2560 359018.6136 447.97 125 -0.12 0.21 4.40 

126 428086.1810 359018,7625 451.77 121126 428086.2592 359018.5336 447.38 126 -0.08 0.23 4.39 

127 428061.1300 359018.8122 451.73 121127 428061.2819 359018.5178 447.32 127 -0.15 0,29 4.41 

128 428036.1720 359018.7347 452.14 121128 428036.2758 359018.3961 447.69 128 -0.10 0.34 4.45 

129 428011.2166 359018.7676 452.22 121129 428011.3495 359018.4371 447.71 129 -0.13 0,33 4,51 

130 427986.2052 359018.7642 452.40 121130 427986.3690 359018.4442 447.85 130 -0.16 0.32 4.55 

131 427961.2040 359018. 7292 452.91 121131 427961.4311 359018.4401 448.39 131 -0.23 0.29 4 52 

132 427936.1225 359018.7231 452.92 121132 427936,5684 359018.4600 448,58 132 -0.45 0.26 4 34 

133 427911.1533 359018.7862 453.20 121133 427911.9151 359018.5311 449.35 133 -0.76 0.26 3 85 

134 427886.1123 359018.7523 453.60 121134 427887 .1562 359018.5117 450.69 134 -1.04 0.24 2 91 

135 427861.1730 359018.7483 453.88 121135 427862.2475 359018.5348 452.07 135 -1.07 0.21 1.81 

136 427836.1478 359018.7636 454.19 121136 427836.9284 359018.6491 453.30 136 -0.78 0.11 0.89 

137 427811.1182 359018.8285 454.53 121137 427811.5989 359018.7698 454.04 137 -0.48 0.06 0.49 

4383 427345.2341 360349.8149 463.22 4383 427345.23 360349,81 463.22 

4384 429209,1676 360379.8928 442.31 4384 429209.17 360379.89 442.31 

4388 430665.6266 360378.9926 435.57 4388 430665.63 360378.99 435.57 

p248 425434.6524 360202.4261 531.87 p248 425434.65 360202.43 53~.87 
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Data for 68 Pin Monitoring at Pond Creek Mine 

Baseline Data Average: Shot On November 10 & 12, 2009 January 22, 201 o Data Data Compared 

Point# Northino Eastina Elevation Point# Northina Eastinr Elevation Point# Northina Eastino Ele,-ation 
101 428411.2433 358718.8388 449.55 122101 428411.2117 358718.3736 444.37 101 0.03 0.47 5 19 
102 428411.0404 3587 43. 77 41 449.66 122102 428411.0761 358743.3450 444.55 102 -0.04 0.43 5 11 
103 428411.1509 358768.8500 449.79 122103 428411.1606 358768.5122 444.57 103 -0,01 0.34 5.22 
104 428411.0827 358793.8495 449.79 122104 428411.1437 358793.5665 444.39 104 -0.06 0.28 540 
105 428411.2768 358818.7893 449.92 122105 428411.3775 358818.4793 444.50 105 -0.10 0.31 542 
106 428411.1052 358843.7660 449.95 122106 428411.2401 358843.4386 444.54 106 -0.13 0,33 541 
107 428411.0468 358868.8559 449.99 122107 428411.1792 358868.4169 444.72 107 -0.13 0.44 5.27 
108 428411.2624 358893.8016 449.98 122108 428411.3240 358893.3960 444.87 108 -0.06 0.41 5 11 
109 428411.1398 358918.8297 449.93 122109 428411.1879 358918.4114 444.85 109 -0.05 0.42 5.08 

110 428411.0829 358943.8231 449.73 122110 428411.1433 358943.4229 444.71 110 -0.06 0.40 5.03 
111 428411.1221 358968.8653 449.54 122111 428411.1689 358968.5516 444.54 111 -0.05 0.31 5 00 
112 428411.1495 358993.8497 449.51 122112 428411.2129 358993.5504 444.50 112 -0.06 0.30 5.01 

113 428411.1486 359018.8786 449.38 122113 428411.1791 359018.6443 444.24 113 -0.03 0.23 514 

114 428386.1691 359018.7194 449.79 122114 428386.2622 359018.5369 444.67 114 -0.09 0.18 512 

115 428361.0914 359018.7749 449.88 122115 428361.1912 359018.6187 444.80 115 -0.10 0.16 5,08 

116 428336.1338 359018.7739 450.61 122116 428336.2603 359018.6458 445.61 116 -0.13 0.13 5 00 

117 428311.1872 359018.8005 450.59 122117 428311.3630 359018.6548 445.68 117 -0.18 0.15 4.91 

118 428286.1082 359018.8465 450.31 122118 428286.3223 359018. 7358 445.50 118 -0.21 0.11 4 81 

119 428261 .1057 359018.8769 450.68 122119 428261.3236 359018. 7622 445.98 119 -0.22 0.11 4.70 

120 428236.2287 359018.8089 451.16 122120 428236.4399 359018.6956 446.54 120 -0.21 0.11 4 62 

121 428211.1790 359018.7712 451.85 122121 428211.3694 359018.6694 447.28 121 -0.19 0.10 4 57 

122 428186.1793 359018.7400 452.51 122122 428186.3604 359018.6151 447.99 122 -0.18 0.12 4 52 

123 428161.1638 359018.8099 452.64 122123 428161.3392 359018.6551 448.21 123 -0.18 0.15 443 

124 428136.1816 359018.8031 452.15 122124 428136.3086 359018.6133 447.73 124 -0.13 0.19 442 

125 428111.1367 359018.8270 452.37 122125 428111.3140 359018.6041 447.97 125 -0.18 0.22 4 40 

126 428086.1810 359018.7625 451.77 122126 428086.2837 359018.5295 447.38 126 -0.10 0.23 4 39 

127 428061.1300 359018.8122 451.73 122127 428061.3157 359018.5128 447.32 127 -0.19 0.30 4 41 

128 428036.1720 359018.7347 452.14 122128 428036.3414 359018.3877 447.69 128 -0.17 0.35 4 45 

129 428011.2166 359018.7676 452.22 122129 428011.3801 359018.4323 447.71 129 -0.16 0.34 4 51 

130 427986.2052 359018.7642 452.40 122130 427986.4571 359018.4308 447.85 130 -0.25 0.33 4 55 

131 427961.2040 359018.7292 452.91 122131 427961.5161 359018.4241 448.39 131 -0.31 0.31 4 52 

132 427936.1225 359018.7231 452.92 122132 427936.6242 359018.4414 448.58 132 -0.50 0.28 434 

133 427911.1533 359018.7862 453.20 122133 427911.9706 359018.5231 449.35 133 -0.82 0.26 2 85 

134 427886.1123 359018.7523 453.60 122134 427887.2013 359018.5030 450.69 134 -1.09 0.25 2. 91 

135 427861.1730 359018.7483 453.88 122135 427862.3145 359018.4995 452.07 135 -1.14 0.25 1 81 

136 427836.1478 359018.7636 454.19 122136 427837.0190 359018.6379 453.30 136 -0.87 0.13 C.89 

137 427811.1182 359018.8285 454.53 122137 427811.6288 359018.6902 454.04 137 -0.51 0.14 C 49 

4383 427345.2341 360349.8149 463.22 4383 427345.23 360349.81 4E3.22 

4384 429209.1676 360379.8928 442.31 4384 429209.17 360379.89 4<!.2.31 

4388 430665.6266 360378.9926 435.57 4388 430665.63 360378.99 425.57 

p248 425434.6524 360202.4261 531.87 p248 425434.65 360202.43 531.87 
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Data for 68 Pin Monitoring at Pond Creek Mine 

Baseline Data Average: Shot On November 10 & 12, 2009 January 23, 2010 Data Data Compared 

Point# Northina Eastina Elevation Point# Northinn Eastiiln Elevation Point# Northina Eastina Elevation 

101 428411.2433 358718.8388 449.55 123101 428411.2168 358718.3507 444.36 101 0.03 0.49 5 19 

102 428411.0404 358743.7741 449.66 123102 428411.0648 358743.3711 444.55 102 -0.02 0.40 5 11 

103 428411.1509 358768.8500 449.79 123103 428411.1589 358768.5385 444.56 103 -0.01 0.31 5.23 

104 428411.0827 358793.8495 449.79 123104 428411.1463 358793.5719 444.39 104 -0.06 0.28 540 

105 428411.2768 358818.7893 449.92 123105 428411.3843 358818.4919 444.50 105 -0.11 0.30 542 

106 428411.1052 358843.7660 449.95 123106 428411.2365 358843.4554 444.54 106 -0.13 0.31 5 41 

107 428411.0468 358868.8559 449.99 123107 428411.1923 358868.4317 444.72 107 -0.15 0.42 5 27 

108 428411.2624 358893.8016 449.98 123108 428411.3304 358893.4105 444.87 108 -0.07 0.39 5 11 

109 428411.1398 358918.8297 449.93 123109 428411.2160 358918.4160 444.85 109 -0.08 0.41 5 OB 

110 428411.0829 358943.8231 449.73 123110 428411.1722 358943.4177 444.70 110 -0.09 0.41 5 03 

111 428411.1221 358968,8653 449.54 123111 428411.1996 358968,5589 444.54 111 -0.08 0.31 5.JO 

112 428411.1495 358993.8497 449.51 123112 428411.2109 358993.5658 444.50 112 ·0.06 0.28 5.:11 

113 428411.1486 359018.8786 449.38 123113 428411.2063 359018.6491 444.24 113 -0.06 0.23 5.14 

114 428386. 1691 359018.7194 449.79 123114 428386.2616 359018.4890 444.67 114 -0.09 0.23 512 

115 428361.0914 359018.7749 449.88 123115 428361.2026 359018.5626 444.80 115 -0.11 0.21 5.~8 

116 428336.1338 359018.7739 450.61 123116 428336.2880 359018.6508 445.61 116 -0.15 0.12 5.00 

117 428311.1872 359018.8005 450.59 123117 428311.3493 359018.6593 445.67 117 -0.16 0.14 4.92 

118 428286.1082 359018.8465 450.31 123118 428286.3260 359018.7387 445.49 118 -0.22 0,11 4.82 

119 428261.1057 359018.8769 450.68 123119 428261.3233 359018. 7986 445.97 119 -0.22 0.08 4J1 

120 428236.2287 359018.8089 451.16 123120 428236.4484 359018.7191 446.54 120 -0.22 0.09 4.62 

121 428211.1790 359018.7712 451.85 123121 428211.3815 359018.6856 447.28 121 -0.20 0.09 4.57 

122 428186.1793 359018.7400 452.51 123122 428186.4139 359018.6380 447.99 122 -0.23 0.10 4.52 

123 428161.1638 359018.8099 452.64 123123 428161.3286 359018.6637 448.21 123 -0.16 0.15 4.43 

124 428136.1816 359018.8031 452.15 123124 428136.3467 359018.6107 447.74 124 -0.17 0.19 4.41 

125 428111.1367 359018.8270 452.37 123125 428111.3114 359018.6062 447.97 125 -0.17 0.22 4.40 

126 428086.1810 359018.7625 451.77 123126 428086.3277 359018.5161 447.38 126 -0.15 0.25 4.39 

127 428061.1300 359018.8122 451.73 123127 428061.3291 359018.4993 447.32 127 -0.20 0.31 4.41 

128 428036.1720 359018.7347 452.14 123128 428036.3591 359018.3816 447.69 128 -0.19 0,35 4 45 

129 428011.2166 359018.7676 452.22 123129 428011.3986 359018.4146 447.71 129 -0.18 0,35 4 51 

130 427986.2052 359018.7642 452.40 123130 427986.4109 359018.4049 447.86 130 -0.21 0.36 4 54 

131 427961.2040 359018.7292 452.91 123131 427961.4770 359018.4056 448.40 131 -0.27 0.32 4 51 

132 427936.1225 359018.7231 452.92 123132 427936.6487 359018.4514 448.59 132 -0.53 0.27 4 33 

133 427911.1533 359018.7862 453.20 123133 427911.9658 359018.4985 449.36 133 -0.81 0.29 384 

134 427886. 1123 359018.7523 453.60 123134 427887 .2098 359018.4808 450.70 134 -1.10 0.27 2~1 

135 427861.1730 359018.7483 453.88 123135 427862.3186 359018.4984 452.07 135 -1.15 0.25 1 81 

136 427836.1478 359018.7636 454.19 123136 427836.9941 359018.6086 453.31 136 ·0.85 0.15 0 BB 

137 427811.1182 359018,8285 454.53 123137 427811.6377 359018.7231 454.04 137 -0.52 0.11 049 

4383 427345.2341 360349.8149 463.22 4383 427345.23 360349.81 463.22 

4384 429209.1676 360379.8928 442.31 4384 429209.17 360379.89 44?.31 

4388 430665.6266 360378.9926 435.57 4388 430665.63 360378.99 435,57 

p248 425434.6524 360202.4261 531.87 p248 425434.65 360202.43 531.87 
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Data for 68 Pin Monitoring at Pond Creek Mine 

Baseline Data Average: Shot On November 1 O & 12, 2009 January 24, 2010 Data Data Compared 

Point# Northinn. Eastinn Elevation Point# Northina Eastina Elevation Point# Northina Eastinn Ele~tlon 
101 428411.2433 358718.8388 449,55 124101 428411.2902 358718.4137 444.35 101 -0.05 0.43 520 

102 428411.0404 358743.7741 449.66 124102 428411.1108 358743,3580 444.55 102 -0.07 0.42 5 12 

103 428411.1509 358768.8500 449.79 124103 428411.2095 358768,5113 444.56 103 -0.06 0.34 523 

104 428411.0827 358793.8495 449.79 124104 428411.2023 358793.5718 444.39 104 -0.12 0,28 540 

105 428411.2768 358818.7893 449.92 124105 428411,3899 358818.4639 444.50 105 -0.11 0.33 542 

106 428411.1052 358843. 7660 449.95 124106 428411.2304 358843.4126 444.54 106 -0.13 0.35 541 

107 428411.0468 358868.8559 449.99 124107 428411.2301 358868.4120 444.72 107 -0.18 0.44 527 

108 428411.2624 358893.8016 449.98 124108 428411.3432 358893.3978 444.87 108 -0.08 0.40 5 11 

109 428411.1398 358918.8297 449.93 124109 428411.2414 358918.4044 444.85 109 -0.10 0.43 5.'.J8 

110 428411.0829 358943,8231 449.73 124110 428411.1812 358943.4190 444.71 110 -0.10 0.40 5 33 

111 428411.1221 358968.8653 449.54 124111 428411.2471 358968.5546 444.54 111 -0.13 0.31 5.:JO 

112 428411.1495 358993,8497 449,51 124112 428411.2261 358993.5727 444,50 112 -0.08 0.28 5.01 

113 428411.1486 35901 B.8786 449.38 124113 428411.2540 359018,7144 444.24 113 -0.11 0.16 514 

114 428386. 1691 359018.7194 449.79 124114 428386.3116 359018,5417 444.67 114 -0.14 0.18 512 

115 428361.0914 359018.7749 449.88 124115 428361,2473 359018.6107 444.80 115 -0.16 0.16 5.08 

116 428336.1338 359018.7739 450.61 124116 428336.3209 359018.6213 445.61 116 -0.19 0.15 5.00 

117 428311.1872 359018.8005 450.59 124117 428311.3865 359018.6438 445.68 117 -0.20 0.16 4.91 

118 428286.1082 359018.8465 450.31 124118 428286.3389 359018.7131 445.50 118 -0.23 0.13 4.81 

119 428261.1057 359018.8769 450.68 124119 428261.3744 359018.7720 445.98 119 -0.27 0.10 4,70 

120 428236.2287 359018.8089 451.16 124120 428236.4731 359018.6898 446.54 120 -0.24 0.12 4.62 

121 428211.1790 359018.7712 451.85 124121 428211.3975 359018.6860 447.28 121 -0.22 0.09 4.57 

122 428186.1793 359018.7400 452.51 124122 428186.4072 359018.6269 447.99 122 -0.23 0.11 4.52 

123 428161.1638 359018,8099 452.64 124123 428161.3596 359018.6493 448.21 123 -0.20 0.16 4 43 

124 428136.1816 359018.8031 <l.52.15 124124 428136.3477 359018.5391 447.73 , 124 -0.17 0.26 4 42 

125 428111.1367 359018.8270 452.37 124125 428111.3467 359018.5800 447.97 125 -0.21 0.25 4 40 

126 428086.1810 359018.7625 451.77 124126 428086,3405 359018.5108 447.38 126 -0.16 0,25 4.39 

127 428061.1300 359018.8122 451.73 124127 428061.3601 359018.4916 447,32 127 -0.23 0.32 4 41 

128 428036.1720 359018.7347 452.14 124128 428036.3707 359018.3801 447.69 128 -0.20 0.35 445 

129 428011.2166 359018.7676 452.22 124129 428011.4218 359018.4158 447.71 129 -0.21 0.35 4.51 

130 427986.2052 359018. 7642 452.40 124130 427986.4598 359018.4309 447.85 130 -0.25 0.33 4.55 

131 427961.2040 359018.7292 452.91 124131 427961.5334 359018.4008 448.39 131 -0.33 0.33 4.52 

132 427936.1225 359018.7231 452.92 124132 427936.6759 359018.4576 448,59 132 -0.55 0.27 4.34 

133 427911.1533 359018.7862 453.20 124133 427911.9890 359018.5260 449.35 133 -0.84 0.26 3.85 

134 427886.1123 359018.7523 453.60 124134 427887.2156 359018.5106 450.69 134 -1.10 0.24 2.91 

135 427861,1730 359018.7483 453.88 124135 427862.3334 359018.5270 452.07 135 -1.16 0.22 1.81 

136 427836.1478 359018.7636 454.19 124136 427837 .0373 359018.6078 453.30 136 ~0.89 0.16 0.89 

137 427811.1182 359018,8285 454.53 124137 427811.6752 359018.7371 454.04 137 -0.56 0.09 049 

4383 427345.2341 360349.8149 463.22 4383 427345.23 360349.81 46'3.22 

4384 429209.1676 360379.8928 442.31 4384 429209.17 360379.89 442.31 

4388 430665.6266 360378.9926 435.57 4388 430665.63 360378.99 425.57 

p248 425434.6524 360202.4261 531.87 p248 425434.65 360202.43 531.87 
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Data for 68 Pin Monitoring at Pond Creek Mine 

Baseline Data Average: Shot On November 10 & 12, 2009 January 25, 2010 Data Data Compared 

Point# Northina Eastina Elevation Point# Northina Eastina Elevation Point# Northina Eastinn Elevation 

101 428411.2433 358718.8388 449.55 125101 42E411.2545 358718.3646 444.35 101 -0,01 0.47 520 

102 428411.0404 3587 43. 77 41 449.66 125102 428411.1084 358743.3264 444.55 102 -0.07 0.45 5.11 

103 428411.1509 358768.8500 449.79 125103 421:411.2168 358768.4988 444.56 103 -0.07 0.35 5.23 

104 428411.0827 358793.8495 449.79 125104 42€-411.1622 358793.5279 444.39 104 -0.08 0.32 5.40 

105 428411.2768 358818.7893 449.92 125105 428411.3463 358818.4528 444.50 105 -0.07 0.34 5.42 

106 428411.1052 358843.7660 449.95 125106 426411.2418 358843.4088 444,54 106 -0.14 0.36 5.41 

107 428411.0468 358868.8559 449.99 125107 428411.2124 358868.417 4 444.73 107 -0.17 0.44 5.26 

108 428411.2624 358893.8016 449.98 125108 428411.3603 358893.3924 444.88 108 -0.10 0.41 5.11 

109 428411.1398 358918.8297 449.93 125109 428411.2306 358918.3986 444.85 109 -0.09 0.43 5.08 

110 428411.0829 358943.8231 449.73 125110 428411.1722 358943.4226 444.71 110 -0.09 0.40 5.02 

111 428411.1221 358968.8653 449.54 125111 428411.2311 358968.5451 444.55 111 -0.11 0.32 4.99 

112 428411.1495 358993.8497 449.51 125112 428411.2338 358993,5528 444.50 112 -0.08 0,30 5.01 

113 428411.1486 359018.8786 449.38 125113 428411.2419 359018.6595 444.25 113 -0.09 0.22 5 13 

114 428386.1691 359018.7194 449.79 125114 428386.2856 359018.5550 444.68 114 -0.12 0.16 5 11 

115 428361.0914 359018.7749 449,88 125115 428361.2317 359018.6449 444.81 115 -0.14 0.13 507 

116 428336.1338 359018.7739 450.61 125116 428336.3243 359018.6509 445.62 116 -0.19 0.12 4 99 

117 428311.1872 359018.8005 450.59 125117 428311.3664 359018.6520 445,68 117 -0.18 0.15 4 91 

118 428286.1082 359018.8465 450.31 125118 428286.3233 359018.7213 445.50 118 -0.22 0.13 4 81 

119 428261.1057 359018.8769 450.68 125119 428261.3314 359018.7718 445.98 119 -0.23 0.11 4 70 

120 428236.2287 359018.8089 451.16 125120 428236.4468 359018,7063 446.54 120 -0.22 0.10 4 62 

121 428211.1790 359018.7712 451.85 125121 428211.4061 359018,6591 447.28 121 -0.23 0,11 457 

122 428186.1793 359018.7400 452.51 125122 428186.4184 359018.6240 448.00 122 -0.24 0.12 4 51 

123 428161.1638 359018.8099 452.64 125123 428161,3578 359018.6302 448.22 123 -0.19 0.18 4 42 

. 124 428136.1816 359018.8031 452.15 125124 , 428136.3299 359018.5798 447.74 124 -0.15 0.22 4 41 

125 428111.1367 359018.8270 452.37 125125 428111.3298 359018.5777 447.98 125 -0.19 0.25 4 39 

126 428086.1810 359018.7625 451.77 125126 428086.3249 359018.4978 447.39 126 -0.14 0.26 4 38 

127 428061.1300 359018.8122 451.73 125127 428061.3613 359018.4633 447.33 127 -0.23 0.35 4 41 

128 428036.1720 359018.7347 452.14 125128 428036.3449 359018.3721 447.70 128 -0.17 0.36 4 44 

129 428011.2166 359018.7676 452.22 125129 428011.4268 359018.4117 447.71 129 -0.21 0,36 4 51 

130 427986.2052 359018.7642 452.40 125130 427986.4567 359018.4106 447.86 130 -0.25 0.35 4 54 

131 427961.2040 359018.7292 452.91 125131 427961.5063 359018.3952 448.40 131 -0.30 0,33 4 51 

132 427936.1225 359018.7231 452.92 125132 42.-936.6559 359018.4580 448,59 132 -0.53 0.27 4 33 

133 427911.1533 359018.7862 453.20 125133 427911.9978 359018.4872 449.36 133 -0.84 0.30 3 84 

134 427886.1123 359018.7523 453.60 125134 427887.2137 359018.4329 450.70 134 -1.10 0,32 290 

135 427861.1730 359018.7483 453.88 125135 42.'862.3196 359018.4791 452.08 135 -1.15 0.27 1 80 

136 427836,1478 359018.7636 454.19 125136 427837,0114 359018.5663 453.31 136 -0.86 0.20 0 88 

137 427811.1182 359018.8285 454.53 125137 427811,6204 359018.6843 454.05 137 -0.50 0.14 0.48 

4383 427345,2341 360349.8149 463.22 4383 427345.23 360349,81 463.22 

4384 429209.1676 360379.8928 442.31 4384 429209.17 360379.89 442.31 

4388 430665.6266 360378.9926 435.57 4388 430665.63 360378.99 435.57 

p248 425434.6524 360202.4261 531.87 p248 425434.65 360202.43 531.87 
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Data for 68 Pin Monitoring at Pond Creek Mine 

Baseline Data Average: Shot On November 10 & 12, 2009 January 26, 2010 Data Data Compared 

Point# Northinq Eastinn Elevation Point# Northina Eastina Elevation Point# Northina Eastill" Ele-vatlon 

101 428411.2433 358718,8388 449.55 126101 428411.2680 358718.3680 444.34 101 -0 02 0.47 E.21 

102 428411.0404 358743.7741 449.66 126102 428411.0935 358743.3504 444.54 102 -0 05 0.42 5.12 

103 428411.1509 358768.8500 449.79 126103 428411.2233 358768.5304 444.55 103 -0 07 0.32 5.24 

104 428411.0827 358793,8495 449.79 126104 428411.2019 358793.5899 444.39 104 -0 12 0.26 E=.41 

105 428411.2768 358818.7893 449.92 126105 428411.4411 358818.4899 444.49 105 -0 16 0.30 5.43 

106 428411.1052 358843.7660 449,95 126106 428411.2610 358843.4716 444.53 106 -0.16 0.29 5.42 

107 428411.0468 358868.8559 449.99 126107 428411.2208 358868.4575 444.71 107 -0.17 0.40 5.28 

108 428411.2624 358893.8016 449.98 126108 428411.3505 358893.4306 444.87 108 -0 09 0.37 5.12 

109 428411.1398 358918.8297 449.93 126109 428411.2323 358918.4422 444.84 109 -0.09 0.39 E.09 

110 428411.0829 358943.8231 449.73 126110 428411.1827 358943.4439 444.70 110 -0.10 0.38 5.03 

111 428411.1221 358968.8653 449.54 126111 428411.2291 358968.5796 444.54 111 -0.11 0.29 E.00 

112 428411.1495 358993.8497 449.51 126112 428411.2105 358993.5948 444.49 112 -0.06 0.25 E.02 

113 428411.1486 359018.8786 449.38 126113 428411.2164 359018.6994 444.23 113 -0.07 0.18 5.15 

114 428386.1691 359018.7194 449.79 126114 428386.2245 359018.5712 444.67 114 -0.06 0.15 5.12 

115 428361.0914 359018.7749 449.88 126115 428361.1627 359018.6666 444.80 115 -0.07 0.11 E.08 

116 428336.1338 359018.7739 450,61 126116 428336.2459 359018.6679 445.61 116 -0.11 0.11 5.00 

117 428311.1872 359018.8005 450,59 126117 428311.3165 359018.6647 445.67 117 -0.13 0.14 "'-.92 

118 428286.1082 359018.8465 450.31 126118 428286.2842 359018.7530 445.49 118 -0.18 0.09 "'-.82 

119 428261.1057 359018.8769 450.68 126119 428261.2991 359018.8008 445.97 119 -0.19 0.08 "'-.71 

120 428236.2287 359018.8089 451.16 126120 428236.4142 359018.7083 446.53 120 -0.19 0.10 "-.63 

121 428211.1790 359018.7712 451.85 126121 428211.3301 359018.6957 447.27 121 -0.15 0.08 L.58 

122 428186.1793 359018.7400 452.51 126122 428186.3508 359018.6279 447.99 122 -0.17 0.11 L,52 

123 428161.1638 359018.8099 452.64 126123 428161.2866 359018.6678 448.21 123 -0.12 0.14 .c:..43 

124 428136.1816 359018.8031 452.15 126124 428136.2947 359018.6213 447.73 124 -0.11 0.18 ,.42 

125 428111.1367 359018.8270 452.37 126125 428111.2455 359018.6159 447.97 125 -0.11 0.21 .c:.,41 

126 428086.1810 359018.7625 451.77 126126 428086.2828 359018.5449 447,38 126 -0.10 0.22 .c:.,39 

127 428061.1300 359018.8122 451.73 126127 428061.2731 359018.5209 447.31 127 -0.14 0.29 ,.42 

128 428036.1720 359018.7347 452.14 126128 428036.2975 359018.4181 447.69 128 -0.13 0,32 "'-.45 

129 428011.2166 359018.7676 452.22 126129 428011.3625 359018.4533 447.71 129 -0.15 0.31 ,.51 

130 427986.2052 359018.7642 452.40 126130 427986.3779 359018.4633 447.85 130 -0.17 0,30 ,_55 

131 427961.2040 359018.7292 452.91 126131 427961.4688 359018.4717 448.39 131 -0.26 0.26 -<:..52 

132 427936.1225 359018.7231 452.92 126132 427936.5915 359018.5028 448.59 1'32 -0.47 0.22 "'-.34 

133 427911.1533 359018.7862 453.20 126133 427911.9305 359018.5558 449.36 133 -0.78 0.23 3.84 

134 427886.1123 359018.7523 453.60 126134 427887 .1646 359018.5538 450.69 134 -1.05 0.20 2.91 

135 427861.1730 359018.7483 453.88 126135 427862.2622 359018.5814 452,07 135 -1.09 0.17 · .81 

136 427836.1478 359018.7636 454.19 126136 427836.9683 359018.6794 453,30 136 -0.82 0,08 D.89 

137 427811.1182 359018.8285 454,53 126137 427811.6129 359018.7873 454.04 137 -0.49 0.04 0.49 

4383 427345.2341 360349.8149 463.22 4383 427345.23 360349.81 463.22 

4384 429209.1676 360379.8928 442.31 4384 429209.17 360379.89 442.31 

4388 430665.6266 360378.9926 435.57 4388 430665.63 360378.99 435.57 

p248 425434.6524 360202.4261 531.87 p248 425434.65 360202.43 5'31.87 
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Data for 68 Pin Monitoring at Pond Creek Mine 

Baseline Data Average: Shot On November 10 & 12, 2009 January 27, 201 O Data Data Compared 

Point# Northina Eastinn Elevation Point# Northina Eastina Elevation Point# Northinn Eastinn Elevation 

101 428411.2433 358718.8388 449.55 127101 428411.2331 358718.3565 444.34 101 0.01 0.48 5.21 

102 428411.0404 3587 43. 77 41 449.66 127102 428411.07 46 358743.3093 444.54 102 -O.:J3 0.46 5.12 

103 428411.1509 358768.8500 449.79 127103 428411.2137 358768.4965 444.55 103 -0,:)6 0.35 5.24 

104 428411.0827 358793.8495 449.79 127104 428411.1495 358793.5315 444.38 104 -0.07 0.32 5.41 

105 428411.2768 358818.7893 449.92 127105 428411.3646 358818.4458 444.49 105 -0.09 0.34 5.43 

106 428411.1052 358843.7660 449.95 12,105 428411.2321 358843.4060 444.53 106 -0.13 0.36 5.42 

107 428411.0468 358868.8559 449.99 127107 428411.1709 358868.4065 444.71 107 -0.12 0.45 5.28 

108 428411.2624 358893.8016 449.98 127108 428411.3763 358893.4047 444.87 108 -0.11 0.40 5.11 

109 428411.1398 358918.8297 449.93 127109 428411.1930 358918.4117 444.84 109 -0.05 0.42 5.09 

110 428411.0829 358943.8231 449.73 127110 428411.1387 358943.4082 444.70 110 -0.06 0.41 5.03 

111 428411.1221 358968.8653 449.54 127111 428411.1625 358968.5705 444.54 111 -0.04 0.29 5.00 

112 428411.1495 358993.8497 449.51 127112 428411.1634 358993.5630 444.49 112 -0.01 0.29 5.02 

113 428411.1486 359018.8786 449.38 127113 428411.1459 359018.6606 444.23 113 0.00 0.22 5.15 

114 428386.1691 359018.7194 449.79 127114 428386.2733 359018.5241 444.67 114 -0.10 0.20 5.12 

115 428361.0914 359018.77 49 449.88 127115 428361.2448 359018.5796 444.80 115 -0.15 0.20 5.08 

116 428336.1338 359018.7739 450.61 127116 428336.2992 359018.6038 445.61 116 -0.17 0.17 5.00 

117 428311.1872 359018.8005 450.59 127117 428311.3620 359018.6174 445.67 117 -0.17 0.18 4.92 

118 428286.1082 359018.8465 450.31 127118 428286.3254 359018.6823 445.49 118 -0.22 0.16 4.82 

119 428261.1057 359018.8769 450.68 127119 428261.3433 359018.7164 445.97 119 -0.24 0.16 4.71 

120 428236.2287 359018.8089 451.16 127120 428236.4541 359018.6384 446.53 120 -0.23 0.17 4.63 

121 428211.1790 359018.7712 451.85 127121 428211.3920 359018.6306 447.27 121 -021 0.14 4.58 

122 428186.1793 359018.7400 452.51 127122 428186.3761 359018.5782 447.99 122 -020 0.16 4.52 

123 428161.1638 359018.8099 452.64 127123 428161.3480 359018.6103 448.21 123 -0.18 0.20 4.43 

124 428136.1816 359018.8031 452.15 127124 428136.3409 359018.5467 447.73 124 -0.16 0.26 4.42 

125 428111.1367 359018.8270 452.37 127125 428111.2916 359018.5287 447.97 125 -0.15 0.30 4.40 

126 428086.1810 359018.7625 451.77 127126 428086.3099 359018.4518 447.38 126 -0.13 0.31 4.39 

127 428061.1300 359018.8122 451.73 127127 428061.3093 359018.4410 447.32 127 -0.18 0.37 4.41 

128 428036.1720 359018.7347 452.14 127128 428036.3479 359018.3357 447.69 128 -0.18 0.40 4.45 

129 428011.2166 359018.7676 452.22 127129 428011.4117 359018.3772 447.70 129 -0.20 0.39 4.52 

130 427986.2052 359018.7642 452.40 127130 427986.4389 359018.3909 447.85 130 -0.23 0.37 4.55 

131 427961.2040 359018.7292 452.91 127131 427961.4960 359018.3937 448.39 131 -0.29 0.34 4.52 

132 427936.1225 359018.7231 452.92 127132 427936.6210 359018.4528 448.58 132 -0.50 0.27 4.34 

133 427911.1533 359018.7862 453.20 127133 427911.9594 359018.4810 449.35 133 -0.81 0.31 3.85 

134 427886.1123 359018.7523 453.60 127134 427887.2018 359018.5196 450.69 134 -1 09 0.23 2.91 

135 427861.1730 359018.7483 453.88 127135 427862.2985 359018.5180 452.07 135 -1 13 0.23 1.81 

136 427836.1478 359018.7636 454.19 127136 427837 .0094 359018.6140 453.30 136 -0 86 0.15 0.89 

137 427811.1182 359018.8285 454.53 127137 427811.6508 359018.7212 454.04 137 -0 53 0.11 0.49 

4383 427345.2341 360349.8149 463.22 4383 427345.23 360349.81 463.22 

4384 429209. 1676 360379.8928 442.31 4384 429209.17 360379,89 442.31 

4388 430665.6266 360378.9926 435.57 4388 430665.63 360378.99 435.57 

p248 425434.6524 360202.4261 531.87 p248 425434.65 360202.43 531.87 
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APPENDIX I 

C ENHANCED MONITORING PIEZOMETER READING TABLE 
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C 

Enhanced Monitoring Piezometer Reading Table 
Refnse Disposal Area No. 2, Phase 2 and Phase 3 

Williamson Energy LLC 
Project No. Bl0-148-1413 

Exceeding the following water depths and pressures over the sensing zones of the below 
listed piezometers will define "elevated pore pressures" and cause evaluation of the 
embankments for the need to initiate remedial measures as described in Guideline 
Technical Specification 6.03.b of the approved plan: 

PIEZOMETER EMBANKMENT ALERT PIEZOMETER 
NO. PHASE LEVELWATER DEPTH 

OR PRESSURE 
P-1 2 8.4 Feet 
P-3 2 10.4 Feet 
P-4 2 6.2 Feet 
P-5 2 11.4Feet 
P-6 3 15.3 Feet 
P-7 3 16.7 Feet 
P-8 3 15.7 Feet 

PN-1 3 7.41 PSI 
PN-2 3 8.41 PSI 

Notes: 

The above alert piezometer water levels are based on a combination of values for each 
phase which will result in a downstream static slope stability safety factor of 1.5. 
Exceeding of the stipulated level in any one of the piezometers on a given date will cause 
reevaluation of the embankment stability using the piezometric levels in all of the 
applicable piezometers on that date. 

Standpipe Piezometer P-1 in the Phase 2 embankment is not included in the above table 
because its location is not related to the critical stability sections in the embankment. 

The vibrating wire piezometers PN-3 and PN-4 in t)le Phase 3 capped pool area are not 
included in the above table because they are not critical to the embankment stability until 
Phase 7, Stage 2 is built. 

All of the piezometers in Phase 2 and Phase 3 will be read on the prescribed intervals. 
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Consulting, Inc. 

Engineers • Constructors • Scientists 

7225 · /1 'I 

ILLINOIS DEPARTMENT OF NATURAL RESOURCES 
PERMIT NO. 375 

ADDITIONAL MSHA INFORMATION 
COMMENTS 2, 4, 5, 6, 9, 10 AND 11 

VOLUME2OF7 

COAL REFUSE DISPOSAL FACILITY NO. 2 
PHASE 3 THROUGH 7 

IMPOUNDMENT I.D. NO. 1211-IL08-0341-02 
MSHA I.D. NO. 11-03141 

WILLIAMSON COUNTY, ILLINOIS 

Prepared for 

WILLIAMSON ENERGY, LLC 
WILLIAMSON COUNTY, ILLINOIS 

Summersville, WV 

848 Northside Drive 
Summersville, WV 26651 

Telephone: (304) 883-2360 
Fax: (304) 883-2361 

ALLIANCE PROJECT NO. B10-148-1413 
NOVEMBER 2010 

Beckley, WV 
Raleigh County Airport Industrial Park 

124 Philpott Lane 
Beaver, WV 25813-9502 

Telephone: (304) 255-0491 
Fax: (304) 255-4232 

Canonsburg, PA 

151 East Pike Street 
Canonsburg, PA 15317 

Telephone: (724) 745-3630 
Fax: (724) 745-3631 
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AllianceO 
Consulting, Inc. 

Engineers · Constructors · Scientists 

Mr. Robert L. Phillips 
District Manager 

March 26, 2010 

MINE SAFETY AND HEALTH ADMINISTRATION 
2300 Willow Street, Suite 00 
Vincennes, IN 47591-5416 

Dear Mr. Phillips: 

Transmittal 
Response to MSHA Comments 

Phase 7 
Coal Refuse Disposal Facility No. 2 

Mach Mining LLC 
lmpoundment ID No. 121 l-IL08-03141-02 

Project No. B0S-330-1413 

On behalf of our client, Mach Mining LLC, please find attached two copies of the· subject 
response for your approval. One copy of the response has also been forwarded by Alliance 
Consulting, Inc. to Mr. Paul Donahue at the Pittsburgh Safety and Health Technology Center. If 
there are any questions, or if additional information is required, please contact us. 

Respectively submitted, 

ALLIANCE CONSULTING, ]NC. 

fl~/'7?--
7 Frederick R. Vass, P.E. 

Principal Engineer 

FRV:frv 
Attachments 

cc: P. Donahue (MSHA) w/attachments 
S. Fowler (IDNR) w/attachments 
M. Diedrichsen (IOWR) w/attachments 
B. Genes (GAI) w/attachmenls 
J. Slapak (Mach) w/attachments 

file: 05330-79 

114 Philpott Lane • Raleigh County Airport lndustrial Park • Beaver, WV 25813-9502 • TELE: (304) 255-0491 • FAX: (304) 255-4232 
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AllianceO 
Consulting, Inc. 

BY: fft,t/ DATE: '3/;?/fo CHKD BY: - DATE::::--__ @ 
,,,, '.4,:•, 

PROJECT NAME: lt(l!C/1 m1;1,,,_ . LL C.. 

BECKLEY, YN 
(304} 255-0491 

SUMMERSVlll.E, Wv 
(304) 883-2360 

CANONSBURG, PA 
(724) 745-3630 

I , 
PROJECT NO. ::?,o5 • 3 ?:,o -IL// 3 SHEET L ,f _OF '3 7 

Constructors 
Scientisr.s 

DESCRIPTION &;,/,r, -;l'¼.;,,<"'s 1/- 7 q_s "",c. ,.(,/,-c: o/'. Zo:::,7 

The purpose of the following calculations is to revise the 
staging based on current production data and the pla1med 

. installation/operation of the fine coal refuse plate press. 
Initially, the attached calculations sta1iing on Page 1.e were 
based on previously provided production data and the 
e1nbank1nent configurations and i1npoundn1ent levels as of 
Dece1nber 4, 2009 as provided by \Villia1nson Energy. In 
1nid March 2010, after these calculations were performed, 
revised production data was provided along with a revised 
111ine ti1ning 111ap. Generally, the clean coal production 
ren1ained about the sa1ne, but the percent recovery 
increased, resulting in a lesser a1nount of total refuse 
produced. The coarse to fine refuse ratio previously 
detennined based on aerial mapping and plant weights was 
assumed to re111ain unchanged. Therefore, the relative 
staging as previously calculated is appropriate, but the ti111e 
to construct each individual stage and the estin1ated 
con1pletion dates have been revised as shown on attached 
Page 1.d. 

-
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Mach Mining/Processing 2010 

Month Raw Tons Clean Tons Recovery Shipped Mined Tonnage Refuse 

January 704,569 492,736 69.93% 558,851 754,282 211,833 
February 348,582 241,571 69.30% 197,089 360,734 107,011 

March 0 0 0.00% 110,919 40,500 0 
April 936,200 569,500 60.83% 553,500 1,002,000 366,700 
May 1,002,800 598,000 59.63% 594,000 980,000 404,800 
June 1,075,900 654,500 60.83% 621,000 1,078,000 421,400 
July 825,200 476,000 57.68% 499,500 882,000 349,200 

August 1,'/13,800 652,200 58.56% 634,500 1,078,000 461,600 
September 987,100 556,250 56.35% 567,000 1,029,000 430,850 

October 1,091,600 651,000 59.64% 661,500 1,050,000 440,600 
November 818,700 525,300 64.16% 540,000 850,000 293,400 
December 847,400 534,800 63.11% 540,000 864,000 312,600 

2010 Projected 9,751,851 5,951,857 61.03% 6,077,860 9,968,516 3,799,994 

Year Raw Tons Clean Tons Recovery Shipped Mined Tonnage Refuse 

2006 Total 191,671 94,728 49.42% 65,776 96,943 
2007 Total 2,307,020 1,050,258 45.52% 1,021,930 1,256,762 
2008 Total 9,426,634 5,435,173 57.66% 5,451,646 3,991,461 
2009 Total 9,285,096 5,917,580 63.73% 5,810,652 9,691,541 3,367,516 

2010 Projected 9,751,851 5,951,857 61.03% 6,077,860 9,968,516 3,799,994 
Total 30,962,272 18,449,596 59.59% 18,427,863 19,660,057 12,512,676 

© 
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2010 Data from Micky 

Annual Clean Coal 5,951,857 tons 

Percent Recovery 61% 

Total Refuse 3,805,286 tons Dry Unit Weight 
Coarse, pcf Fine, pcf 

Coarse:Fines(by weiqht) 3.11 : 1 125 50 
Coarse:Fines(by volume) 1.24 :1 

Coarse Refuse 2,879,425 tons 1,706,326 cy 

Fine Refuse 925,860 tons 1,371,645 CV 

Fine Refuse After Plate 617,240 tons 914,430 cy 
Press ( 113rd to press) 
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E:eginning Date 12/4/2009 

Stage coarse volume 
cv 

5 451,750 

4 421,211 

Cap Phase 2 241,032 

Cap Phase 3 272,008 

7B to El 492 and 6 to El. 461.6 626,800 

Complete 6 1,190,000 

Phase 7, Stage 1 315,000 

Phase 7, Stage 2 398,000 

Phase 7, Staae 3 498,000 

Phase 7, Stage 4 681,000 

Phase 7, Stage 5 981,000 

Phase 7, Staae 6 379,000 

Fines Volume 
cy 

Fines life remaining after Pl1ase 7, Stage 6 1,846,000 

Annual Production Time to Build Cumulative time 
cy/vr vears vears 

1,106,326 0.26 0.26 

1,706,326 0.25 0.51 

1,706,326 0.14 0.65 

1,706,326 0.16 0.81 

1,706,326 0.37 1.18 

1,706,326 0.70 1.88 

1,706,326 0.18 2.06 

1,706,326 0.23 2.29 

1;?06,326 0.29 2.59 

1,706,326 0.40 2.99 

1,706,326 0.57 3.56 

1,706,326 0.22 3.78 

914,430 2.02 5.80 

Ca ES 01-rn f;Lvn-7 ,__,.:; // 2/ 0., {, 7 
J ii C .:S ?' ,,-2 

completion date 

3/10/2010 

6/8/2010 

7/30/2010 

9/26/2010 

2/7/2011 

10/20/2011 

12/26/2011 

3/20/2012 

7/5/2012 

11/27/2012 

6/25/2013 

9/14/2013 

9/21/2015 

® 
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BECKLEY, 'Ml 
(30,4.) 255-0-4-91 

SUMMERSVJLLE, WV 
(30+) 88:S-2360 
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7 
BY: 77-C DATE: -Z/5./;o CHKD BY: ,-hv-
PROJECT NAME: Jlk,c:-u dl.-,,.;,-v,:c / //' 

DATE:z/4,J·O 

PROJECT NO. Tft,,,-- 330-J,/ 13 SHEET --=~~~~~=~------ t.e.. OF ---
DESCRIPTION -r,;,,.,,CIG- r'llft5E ,Z:-7 ,:15 c,,C 7>5Ctl ,2,770 

A-,.172 /ch,J-/ ½ F,,v;::,c 7itovt1,71orJ Z;;-z::..v,:-=:::; /l'.,;,:J'/1 Zo/o 

_j 



R12353

AllianceO 
Consulting, Inc. 
Engineers 
Constructors 
Scientists 

BECKLEY, VN 
(304) 255-0491 
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(304) 883-2360 

CANONSBURG, PA 
(724) 745-3630 

7 
BY: 724- DATE: :Z/s-/;o CHKD BY: 

DESCRIPTION Tm,01;;.. &ec,-4-1'.ik ,:2r :J>,cc d ,.-,,:i,;q /J/1/o ?J17Jt 1/,,. 
fiNE:< '?t?/JT;;o.,..-rNir,J &poc;7' ;?7rv /_ ~,!)/0 · 

_J 
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BECKLEY, VN 
(30-4) 255-0491 

SUMMERSVIUE, VN 
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PROJECT NAME: /Jlp,:,p /ll,r!irVG // ,1 

PROJECT NO. Jf;,5-_::,:::,o - ;l/13 SHEET 3 OF 

DESCRIPTION ll/r-/d-.- Pf!P<c -'!-7 )/~ Z!r J;;r::_ d .,pp;, 9 ,,;;1,,,,,::, 
v1J171-1 ~.,s h/1/',f~ ?,:,'J')t1::.r!--.r1 <£0uc.::--D @1111, _-::i_:::i/2--::i 

---

l ' ' l 
t:3_7' IVOVt='/7).t,Ce,~ ,,-!(),-c, THC filii!::.~ __ s-/1i/FtJ_'·cJ1v:.v/;;.(j/T _;/~7. ✓-=-V'L!... AivV i3_y_ ... ,/!//1,''.= zf ;,:?010 

I i l I 

;t:f//i.:.'"C' 7 1-- {"/ir.::·,!;:r--, "/"/'/r·, L_?,./ 'ullL'/ ,:;,.7/ -.. ~.-"1/'.,·P "Fi;f:._;:Z" 7 ·J.5 ·,.-1,4p,.::z-v :Pf!/i"'C / /1/7,,.; 

!'Zfj( ~J ,, i ,;;;;,_'..J ~ ~:.; ; ;::_;~J,:,;c;-;~_;;,;/ :; ; ;,le;: ;7,: >:i;E=;Jiz,;:,:~ /~;;/; -~<!,·/,;-/4,'c~)t ~ ;Jr, V '--· - • 

5lf!f:T //✓ f/J/2;:E :,, §CF0/7£ p;},q:;;; 7,t;. /::; ,_,,~/1:-r,r·, 1i:-,1-.:':·~;,; /✓Ec'b /d c:_.;;.,-v_-::7;.,r.:,,.:,;c7 
' I • ! . _::.1P.r..~:. .... --?f:. ~ .... ::='LE j(,-ll/~/[ l{._:-Z~i.C:' -::, ,~ :- .~i,,cf -~~ /1,"/:.,.J/ ,;,--,-, ~ _, .., ?2:.1.'t~'~S~---"-'-----------1 
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fiN£$ 1--P,n--011(.-r.r.1'! -e~DP"j~~, /~A'i I Z-010 

· , . · · ··.··r,T ........... , ... r, ···r·· .... ,. r:··:·,-•·,;·: :·-..··:····~-- ·l·. 1 · 
f"/l . n .. -. ELEVI/Tlv ✓ ~5',R ')5' ·gy v' 00'Vl2'76/;/ 'T'')• ...... ·1 T ' . :·---- _ ---· 

{ ' . 
.,t,JO! L~.-

' :7q,;j,• :-- :·- . 
. ~-~- ,. -"'-,i-"''"-';...c.'"""- I 

s'oti"·· 1 
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tJ.ff//lJ,t!Y:-. cJ,I:31i*,13:=-:;,.7z;,5L7{JF:-i:':- 0 ::,··i: --':":-::--::j{·:- -:-·:-·1 - -:,--.::-
7il?7£/ :ro~11ll./'?1'f/lOJ71E/Jr.1 p.·,.e,1:1 s£. .·,,1,pz.{.?. zt.r : ,,;/.r.;£14f"/"1f(e.::c; a., /7z.',f-e.s< 
COf!t:,!( /'7!":ovVC!£ D [/N c:J.772 .f L:5 .,.. '.?,/7)172, y !jfiZC:t:J; /7)(,(i!?J :' ;j.';3'77,-?1/y .. 
J::."L£, ;17r:i,-,J · 1li/JJ'.i)1n£'·····-···, - ~--~ ···· ·, ·- · :-----) ____ o-: __ .~--:---·--·--·•-· t')-... ------~--- .... l· ---- · ---·------

::~ .. -1_1:t~~ :.r~~:~----j-~ cc• - t ·• ·• 
· . . . d. Y 7,,, - , ___ -- &. '5.7.7., . ... 
. •. ····· 1 ... -~ i •.··· . ix i56f; ;;·rr· r 

• 
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I __ _;_,:o/",80: . ~~L 5' ;::,; 
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PROJECT NO. 7,n-": -- 5'.'?,o --/7/3 SHEET /D OF ---



R12362

AllianceJll 
. Consulting, Inc. 

· ( , m,11A~rs BECKLEY, YN 

BY: CHKD BY: 

PROJECT NAME: jJJ,4, ii /)'!/,-1 1 N <:. ( !C:: 

PROJECT NO. ?n ,- J; ;;;o , I 'i,? 

DATE:ft{/e C) 

SHEET // OF 
-'-'--- ----

, • .:.;y .. ;, ,._..., ,_ (304) 255-0491 
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I I CREST I 

BY: TLG DATE: 3/5/10 CHKD BY: DATE: ___ O 
PROJECT NAME: MACH MINING, LLC 

PROJECT NO. 805-330-1413 

----

SHEET 12 OF ---
DESCRIPTION TIMING PHASE 4-7, AS OF DECEMBER 4, 2009 AND FINES 

WITH 1/3 FINES PRODUCTION REDUCED MAY 1, 2010 

.. I I 
I ' 

2-i TIMET03i DATE OF 'fl 
, I , 

COMPLETION i STAGES ELEV A Tl ON'. CONSTRUCT 
'----i-"-'-'-'-''----'---''---'---"-----'------i--'--c_LJ!'.11.fl'IULAT(VE'.5'I FJ.f'!ES"" . ALLOWABLE 

TIME ELEVATION' FINES 7 

5 "' 488 FT I' 0.21 YRS 2/18/2010 '' 
' 

--::CS ............. I ---, 
-·--

if' ! -----------rs I 
4 492 FT i 0.19 YRS 4/29/2010 469.3 FT 

- ·~ 
480 FT --

' PHASE 5 I ', 
' I PHASE 5 

L--------'------'------'1--------'----'"-' ___ .J_ ___ __: _________ ,, __ 

CAP PHASE 2 I 6 FT CAP 0.51 YRS 480 FT .. !---------+-----"------------1-------~'---------'..:..C.I--_~_ 
PHASE 5 

' i\ I 
I 0.11 YRS .6/8/2010 

! I 

. 

471.6 FT 

PHASE 5 
I ' 

CAP PHASE 3 6 FT CAP 

.. I 

I 0.12 YRS I 7/21/2010 
' 

. 
-..,:C..-----+---

/ 0 . .63 YRS 474.1 FT 480 FT 

PHASE 5 PHASE 5 

r1 
0.29 YRS 11/4/20101 --1--------'-----1----------,.!-+---------'l-------------l 

78 TO ELEV. 461.6 FT 0.92 YRS 480 FT i 480 FT 

·- --------, 

·- •' 

' 
C T(2 ELEV. 461.6 FT 

PHASE 5 PHASE 5 ---+1---'------_L _________________ ·-- ........ _ - .. --

0.54 YRS ' 5/20/2011 I 

' I---P_HA-'-S_E_.6 __ ,--'4-'--92_FT'--+--------,-,~----i---1"-.4-'.6'-,-Y'--R-'-S=-----t----4-".6.::;8·_.c3.c.F_:_T_;_ __ 4c..:7..::3_:_F_:_:T_-l 
'/ PHASE 7 --------'-----'-- ------'-------

PHASE 7 f 1 
--- .. ,. '-'-==.;, __ __j_ ____ ,_______ ···--·- -~··--------·· .... ··-· 

' STAGE 1 500 FT, i 0.14 YRS 7/11/2011 1.60 YRS 472.3 FT 478.5 FT 
---•-,-·---··----------- ·--·-···---- , ... 

1---S_T_A_G_E_2 __ -i-----+-------9_/_14_/2_0_1_1 --+---'-1._7_8 _Y_R_S_··--1--4-'7-'-7'--. 8:...F_T:.___-'--"483.7 FT 

-L-_....::S,T0.:...A:.::G.=E:...3:___'--..::.::;::__:__:__---+--'-"-=;c..'---'-"--'--'1-=2:..:./7:.::/2:..::0_.:_11'-----1--'-'2=0~ YRS 482.5 FT .. _~9g~3 i::! 
STAGE 4 3/29/2012 2.32 YRS i 489.8 FT 500.4 FT 

···-------'----' -----···--···------·-- ·---·-···-----
9/10/2012 ! 2.77 YRS i 499.4 FT 517.1 FT 

-------'-----------·-·i-.------------··-·-----·------·-··"-·------ -··-
STAGE 5 

--------·-

504 FT I 0.18 YRS 

509 FT I 0.23 YRS I 

' ' 517 FT ' 0.31 YRS 
·-·-· i 

; 531 FT ! 0.45 YRS 
··----·--- -··--.-

STAGE 6 ' 538 FT I/ 0.17 YRS 11/11/2012 I 2.94 YRS ;' .. 502.8 FT 530 FT. 
... ! --•-. -----

1---------i--- _ _.'._.',....,===~~---,.;..! ~===--------:::::::_ ____ +!----~-----
- i ----"'-..~! ' .. 
~--------'-, ---·-- ----·--·--------+--,f-------·-···- ,,------ ----------

- Fll'J~~-~lf'f=_ __ J___ ---'---- __ --------------'-!I _______________ ; 
Rr-llllAlllo.llllo.,J .... ,.,... ..... ,...R i I 

c1v1,-.._1_n1_11_\.:J,-..r,i_c __ .i_l ____ __;_i _________ _,_.;_' _______ I ________________ .. _, __ 

PHASE 7, STAGE 6 i I 1.56 YRS 6/3/20141 I 4.5 YRS I 

i I l 

530 FT 530 FT 



R
12364

Alliance L_'~fY 
C'o.us ul ti11g, I11c. 

Engineers · Constructors· Scientists 

PROJECT NU.: 805-330-1413 

PROJECI NAME': WILLIAMSOls/ ENERGY 
Pl !ASE 3 IMP VOL 

SC/ILE: 1 

EL.EV. (FI I PLANii,1. READIIW AHEA (SQ.Ff.) 

452 1727.00 1.73E+03 

454 12582.00 1.26E+04 

•!5G 46388.00 4.64E+04 

d5U 182827.00 1.83E+05 

,1GO 514141.00 5.I4E+05 

462 710341.00 7.10E+05 

,~5,1 758662.00 7.59E+05 

<166 783329.00 7.83E+05 

463 8Ui685.U0 8.08E+05 

1170 832117.00 S.32E+05 

,1 go 957 207.00 9.57E+05 

430 1087747.00 1.09E+0G 

500 1223738.00 l.22E+06 

0 
VOLUME COMPU/"A T/ONS 

CALCS. BY: JLH 10-22-07 

CHECl,ED BY: 1,1013 

AVG AllEA !SQ.FT.) CHANGE IN EL. VOL. (CU.FT.) CUM. VOL. JCU.FT.) CUM VOL.JCLI.YIJ.)-

7.15E+03 2 ·1 A3E+04 
0.00E+00 0.00E+00 

2.95E+04 2 5.90E+04 
1.43E+04 5.30E+02 

7.33E+04 2.7·JE+03 1.15E+05 2 2.29E+05 

3.48E+05 2 6.~17E+05 
3.02E+05 1.12E+04 

6.12E+05 2 122E+06 
9.99E+05 3.70E+04 

7.35E+05 2 1.47E+06 
2.22E+06 8.24E+04 

3.69E+06 1.37E+05 7.7IE+05 2 1.Ei4E+06 

7.96E+05 2 ·J .Ei9E+OG 
5.23E+06 1.94E+05 

6.83E+06 2.53E+05 8.20E+05 2 1.64E+06 

8.47E+0G 3.14E+05 8.95E+05 10 8.85E+0G 

1.02E+06 10 1.02E+07 
1.74E+07 6.45E+05 

1. IGE+0G 10 1.16E+07 
2.76E+07 1.02E+0G 

3.92E+07 1.45[+06 

....__ 
w 



R
12365

. i-lUiance ,,;S!._7 
Consulting, Inc . 

Engiueers · Constructors· Scientists 

,~ 
PROJECT MO.: 805-330-1413 

PRO.JECT NAME: WILLIAMSON ENERGY 
PHASE 4 EMB VOL 

SGAI.E: 1 

--El.EV:__1F!l_ PLAWM. READING AREA \SQ.FT cl. 

4,J,1 26965.00 2.70E+04 

4,1s 222931.00 2.23E-t05 

448 6•19798.00 6.50E+05 

450 823513.00 8.24E+05 

452 962794.00 9.63E+05 

454 1087982.00 1.09E+OG 

•156 1085414.00 1.0!:IE+06 

458 1oss-121.oo 1.0GE+0G 

460 1024374.00 1.02E+06 

-462 995317.00 9.95E+05 

464 966870.00 9.67E+05 

466 934862.00 9.35E+05 

468 893583.00 B.94E+05 

•liO 852054.0U 8.52E+05 

480 6<l0656.00 G.41E+05 

-490 423007.00 4.23E+05 

,rnz 378726.00 3.79E+05 

VOLUME GOMPU1'11 TIONS 

AVG AREA _\SQ.FT :L Cl IAUGE IN EL. 

1.25E+05 2 

4.36E+05 2 

7.37E+05 2 

8.93E+05 2 

1.03E+06 2 

1.09E+0G 2 

1.07E+06 2 

1.04E+0G 2 

1.0IE+0G ·2 

9.8 IE+05 2 

9.51E+05 2 

9.14E+U5 2 

8.73E+05 2 

7.46E+05 10 

5.32E+05 10 

4.01E+05 2 

CALCS. BY: JLH 10-22-07 
-';• 

GHEGl(ED BY: \·\D\':, 

VOL_\CU.FT.J CUM. VOL. 1GU.FT c1_ 

0.00E+00 
2.50E+05 

2.50E+05 
8.73E+05 · 

1.12E+06 
1.47E+0G 

2.60E+06 
1.79E+06 

4.38E+06 
2.05E+06 

6.43E+06 
2.17E+06 

8.61E+06 
2.14E+06 

1.07E+07 
2.U8E+06 

1.28E+07 . 
2.02E+06 

1.48E+07 
1.96E+06 

1.68E+07 
1.9DE+06 

1.87E+07 
1.83E+0G 

2.05E+07 
1.75E+06 

2.23E+07 
7.46E+06 

2.97E<·07 
5.32E+0G 

3.5 IE+07 
8.02E+05 

3.59E+07 

0 

'CUM VOL.\GU.YDJ 

O.OOE+OO 

9.26E+03 

4.16E+04 

9.61E+04 

1.62E+05 

2.38E+05 

3.19E+05 

3.9BE+05 

4.75E+05 
,. 

5.50E+05 

6.23E+05 

6.93E+05 

7.6\E+05 

6.25E+05 

1.10E+06 

1.30E+06 

1.33E+06 

1-
-i:: 
\... 
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B09-018-1413 

PHASE V CO~..L DISPOS~.L AREA 2A 

Volumes by elevation zone Apr 15 14:04:01' 2009 

FROM ORIGINAL GROUND V..APPING 

Zone 426.00 to 431.00 

Cut volurne : 4,461,022.5 C.F., 165,223.05 C.Y. 

Fill volume; 0.0 C.F., 0.00 C.Y. 

Running total: 
Cut volume : 4,461,022.5 C.F., 165,223.05 C.Y. 

Fill vollliue: 0.0 C.F., 0.00 C.Y. 

Zone 431.00 to 436.00 

Cut volume : 4,751,126.5 C.F., 175,967.65 C.Y. 

Fili volume: 0.0 C.F., 0.00 C.Y. 

Running total: 
Cut volume : 9,212,148.9 C.F., 341,190.70 C.Y. 

Fill volume: 0.0 C.F., 0.00 C.Y. 

..;.,,. 

Zone 436.00 to 441.00 ~. 

Cut volume :_ 5,212,544.3 C.F., 193,057.20 C.Y. 

Fill volume: 917,696.2 C.F., 33,988.75 C.Y. 

Running total: 
Cut volume: 14,424,693.2 C.F., 534,247.90 C.Y. 

Fill volume: 917,696.2 C.F., 33,988.75 C.Y. 

Zone 441.00 to 446.00 

Cut volume : 3,992,077.7 C.F., 147,854.73 C.Y. 

Fill volume: 4,833,661.6 C.F., 179,024.51 C.Y. 

Running total : 
Cut volume : 18,416,770.9 C.F., 682,102.63 C.Y. 

Fill volume: 5,751,357.9 C.F., 213,013.25 C.Y. 

Zone 446.00 to 451.00 

Ci1t -volu...Lce: 0.0 C.F., 0.00 C.Y. 

Fill volume: 6,758,492.3 C.F., 250,314.53 C.Y. 

Running total: 
Cut volume: 18,.416,.770.9 C.F., 682,102.63 C.Y. 

Fill volume: 12,509,850.2 C.F., 463,327.79 C.Y. 

Zone 451. 00 to 456, DO 

Cut volw:ne : 0.0 C.F., 0.00 C.Y. 

Fill volume: 5,970,510.2 C.F., 221,130.01 C.Y. 

Paae 1 of 3 
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Cut volume: 18,416,770.9 C.F., 682,102.63 C.Y. 

Fill volume: 18,480,360.4 C.F., 684,457.79 C.Y. 

Zone 456.00 to 461.00 
Cut volume: 0.0 C.F., 0.00 C.Y. 

Fill volume: 5,152,215.8 C.F., 190,822.81 C.Y. 

Running total: 
Cut volume: 18,416,770.9 C.F., 682,102.63 C.Y. 

Fill volume: 23,632,576.2 C.F., 875,280.60 C.Y. 

Zone 461. 00. to 466. 00 
Cut volume~ 0.0 C.F., 0.00 C.Y. 

Fill volume:· 4,298,999.3 C.F., 159,222.20 C.Y. 

Running total: 
Cut volume: 18,416,770.9 C.F., 682,102.63 C.Y. 

Fill volume: 27,931,575.5 C.F., 1,034,502.80 C.Y. 

Zone 466.00 to 471.00 

Cut volume: 0.0 C.F., 0.00 C.Y. 

Fill volume: 3,456,065.3 C.F., 128,002.42 C.Y. 

Running total: 
Cut volume : 18,416,770.9 C.F., 682,102.63 C.Y. 

Fill volume: 31,387,640.8 C.F., 1,162,505.22 C.Y. 

Zone 471.00 to 476.00 

Cut volume: 0.0 C.F., 0.00 C.Y. 

Fill volume: 2,672,881.5 C.F., 98,995.61 C.Y. 

Running total: 
Cut volume: 18,416,770.9 C.F., 682,102.63 C.Y. 

Fill volume: 34,060,522.4 C.F., 1,261,500.83 C.Y. 

Zone 476.00 to 481.00 

Cut_ volume : 0.0 C.F., 0.00 C.Y. 

Fill volume: 1,930,138.0 C.F., 71,486.59 C.Y. 

Running total: 
Cut vol-..rrne : 18,416,770.9 C.F., 682,102.63 C.Y. 

Fill volume: 35,990,660.4 C.F., 1,332,987.42 C.Y. 

Zone 481.00 to 486.00 

Cut volw~e : 0.0 C.F., 0.00 C.Y. 

Fill volume: 1,190,821.8 C.F., 44,104.51 C.Y. 

Running total: 
Cut volume : 18,416,770.9 C.F., 682,102.63 C.Y. 

Fill volume: 37,181,482.2 C.F., 1,377,091.93 C.Y. 

Zone 486.00 to 491.00 
0.00 C.Y. 

Pacre 2 of 3 
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Fill volume: 269,351.5 C.F., 9,975.98 C.Y. 

Running total: 
Cut volume: 18,416,770.9 C.F., 682,102.63 C.Y. 

Fill volume: 37,450,833.7 C.F., 1,387,067.92 C.Y. 

Paae 3 of 3 
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B09-018-1413 

,-" 
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(I { ;Jf!_ 

PHASE V COAL DISPOSJ>.L J>.REA 2A 

Volume Report FOR FINES 

18 

Wed Apr 15 14:12:38 2009 

Lower left grid corner: 358646.98,429211.68 

Upper rightgrid corner: 360016.98,430581.68 

X grid resolution: 137, Y grid resolution: 137 

X grid cell size : 10.00, Y grid cell size: 10.00 

Pond/Pit volume: 78.,644,800.1 C.F., 2,912,770.37 C.Y., 1,805.44 Acre-Ft 

Area: 1,695,534.0 S.F., 38.924 Acres 

Elevation Range: 426.00 to 488.00 

Storage Volumes 
Ele0ation 
43~. 00 
440.00 
447.00 
454.00 
461.00 
468.00 
475.00 
482.00 
488.00 

Storage(AcreFt) (C.Y.) (C.F.) Area(Acre) 

145. 02230 3.1> 8'&"l.'1,,2:J.3-9~-:-3 6317171. 2 21. 674 · 

303. 42103 i,si</-l'i,1/; 4-&S-5'1"'9-;°3 13217020 .2 23. 596 

475. 564815'/q 1°wzc,_,H,'r-Z"47J:'":"o 20715603.o 25.601 

662. 02363 l[q 97&,.'-//,_1..0-68-0-64--:-8 28837749. 4 27. 686 

863. 745811St5°IO'l,/,0i_-3-§3·5'0"9":"9' 37624767. 3 30. 088 

1084 .1881318/r;ts-1Sv'.1:·"J·4ns-il-:-9-'47227235 .1 33. 025 

1323. 6567ln,L/U00.ii.2-1:3·s-,;-s-s-:-s-5765B486. 2 35 .151 

1576. 76859Zt.C:1'15'l.'i.t254-3·8-5-3-:-3 68684039. 9 37. 207 

1805. 43618301.'1/,71,1•&2-9-:l-2-7-=7..Q.....4 78644800 .1 38. 924 

P2.ae 1 0£ 1 
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.l-liliar1ce L._7 
C or1su.lting, Ii-1.c . 

Engineers · Constructors· Scientists 

PHOJECT NO.: 805-330-1413 

PROJECT NAME: WILLIAMSON ENERGY 
PHASE 6 EMS VOL 

SCALE: I 

ELEV. (!'Tl_ PLANIM. READING AREA JSQ.FT./ 

440 20548.00 2.05E+04 

450 7653·16.00 7.65E+05 

460 988066.00 9.88E+05 

470 -1008580.00 1.0IE+06 

480 "1027914.00 1.03E+06 

438 1043059.00 1.04E+06 

488 1350082.00 "l.35E+OG 

490 1330975.00 1.33E+06 

492 131"1871.00 1.31E+OG 

VOLUME COMPUTATIONS 

AVG AREA_1SQ.FT.:1 CHANGE iN EL. 

3.93E+05 10 

8.77E+05 10 . 

9.98E+05 10 

1.02E+06 • 10 

1.04E+06 - 8 

·1.20E+06 0 

1.34E+06 2 

1.32E+OG 2 

CAtcs. BY: JLH 1G-22-07 

CHECl,ED BY: l"IOR 

VOL._1CU.FT .:I CUM. VOL._1CU.FT.:1 

3.93E+06 
0.00E+OO 

8.77E+06 
3.93E+06 

9.\I8E+06 
1.27E+07 

1.02E+07 
2.27E+07 

8.28E+06 
3.29E+07 

o.ooE+oo 
4.11E+07 

2.68E+06 
4.l1E+Uf. 

2.64E+06 
4.38E+07 

4.65E+07 

0 

CUM VOL_1CU.YD,1 

O.OOE+OO 

1.46E+05 

4.70E+05 

8.40E+05 

1.22E+06 -

1.52E+06 

1.52E+OG 

1.62E+OG 

1.72E+06 

...... 
-() 
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10 l 11rne Report 2/21/2008 12:18 

ring Grid: //Aci-acad/caddrawings/05330/7B-7C MERGED.grd 
and Grid: //Aci-acad/caddrawings/05330/7B-7C PROPOSED EMB.grd 

;rid corner locations: 357504.45,426355.33 to 360456.45,427963.33 
;rid resolution X: 492, Y: 268 Grid cell size X: 6.00, Y: 6.00 
.rea in Cut: 382.3 S.F., 0.01 Acres 
.rea in Fill: 428,616.4 S.F., 9.84 Acres 
otal inclusion area: 428,998.6 S.F., 9.85 Acres 
ut to Fill ratio: 0.00 
verage Cut Depth: 0.11 Average Fill Depth: 14.51 
ax cut Depth: 0.52 Max Fill Depth: 22.85 
ut (C. Y.) / Area (acres): 0.16 
ill (C. Y.) / Area (eicres): 23389. 91 
ut volume: 41.8 C.F';, 1.55 C.Y. 
ill volume: 6,219,569.8 C.F., 230,354.44 C.Y. 

( 

Page 1 of 1 

2.0 
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·olumes by elevation zone 2/21/2008 12:19 

.on~ 453.19 to 460.00 
Jlume: 38.8 C.F., 1.44 C.Y. 
volume: 348,025.6 C.F., 12,889.84 C.Y. 

:unning total: 
·ut volume: 38.8 C.F., 1.44 C.Y. 
'ill volume: 348,025.6 C.F.-, 12,889.84 C.Y. 

one 460.00 to 470.00 
ut volume: 1.3 C.F., 0.05 C.Y. 
ill volume: 740,644.0 C.F., 27,431.26 C.Y. 
unning total: 
ut volume : 40.1 C.F., 1.49 C.Y. 
ill volume: 1,088,669.6 C.F., 40,321.10 C.Y. 

one 470.00 to 480.00 
ut volume: 1.6 C.F., 0.06 C.Y. 
ill volume: 755,968.6 C.F., 27,998.84 C.Y. 
unning total: 
ut volume: 41.8 C.F., 1.55 C.Y. 
ill volume: 1,844,638.2 C.F., 68,319.93 C.Y. 

:ine 480.00 to 490.00 
·'volume: 1.2 C.F., 0·.04 C.Y. 

volume : 7 3 9 , 011. 0 C . F. , 2 7 , 3 7 0 . 7 8 C . Y . 
1n,.. · •g total: 

lume : 4 3. 0 C. F., 1. 5 9 C. Y. 
,,olume: _2,583,649.3 C.F., 95,690.71 C.Y. 

,ne 490.00 to 500.00 
,t volume: 1.2 C.F., 0.05 C.Y. 
11 volume: 718,441.7 C.F., 26,608.95 C.Y. 
nning total: 
t volume: 44.2 C.F., 1.64 C.Y. 
11 volume: 3,302,091.0 C.F., 122,299.67 C.Y. 

ne 500.00 to 510.00 
t volume: 0.7 C.F., 0.02 C.Y. 
11 volume: 723,597.6 C.F., 26,799.91 C.Y. 
'1Ding total: 
t volume: 44.9 C.F., 1.66 C.Y. 
11 volume: 4,025,688.6 C.F., 149,099.58 C.Y. 

ie 510.00 to 520.00 
: 7C l ume : 0. 9 C. F. , 0. 0 3 C. Y . 
. 1 volume: 7:JS,277.5 C.F,r ~7 .. 973.24 C.Y. 
1ni ng total: 

VO .l um2 : 4 5 . 8 C . F. , l . 7 0 C. Y. 
-✓olume: 4,780,966.1 C.F., 177,072,82 C.Y. 

( 
J.00 to 530.00 

~-
?age 1 of 2 

7/ 
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'"ill volume: 786,986.3 C. F., 29,147.64 C. Y. 
:,_unning total: 
_:ut volume : 47.l C.F., 1. 74 C.Y. 
=-",.,, volume: 5,567,952.4 C.F., 206,220.46 C.Y. 

:·~( ;f~,~O:t~-~4g:~~' 0.05 C.Y. 
"ii.L volume: 651,624.1 C.F., 24,134.23 C.Y. 
'.unning total: 
·ut volume: 4_8.5 C.F., 1.80 C.Y. 
"ill volume: 6,219,576.5 C. F., 230,354.69 C. Y. 

22.. 
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Alliance LI 
Co1-isultin.g, 11-ic. 

Engineers · ConstructOrs · Scientists 

PROJECT NO.: BOS-330-14I3 

PROJECT NAME: WILLIAMSON ENERGY 
PHASE 7 EMB VOL 

SCALE: 1 

ELEV. (FT) PLANIM. READING AREA (SQ.FT.) 

497. 1689957.00 1.69E+06 

500 2130161.00 2.13E+0_6 

510 1739771.00 1.74E+06 

520 1349290.00 1.35E+06 

530 958717.00 9.59E+05 

538 646196.00 6.46E+05 

VOLUME COMPUTATIONS 

AVG AHEA (SQ.FT.) CHANGE IN EL 

1.91E+06 8 

1.93E+06 10 

1.54E+06 10 

1.15E+06 10 

8.02E+05 8 

CALCS. BY: JLH 10-22-07 

C/-IECl<ED BY: MOl:i 

VOL. (CU.FT.) CUM. VOL (CU.FT.) 

0.00E+OO 
1.53E+07 

1.53E+07 
1.93E+07 

3.46E+07 
1.54E+07 

5.01E+07 
1.15E+07 

6.16E+07 
6.42E+06 

6.80E+07 

0 

CUM VOL.(CU.YO.) 

O.OOE+OO 

5.66E+05 

1.28E+06 

1.85E+06 

2.28E+06 

2.G2E+D6 

\'-.l 
(JJ 
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~ ·rne Report 2/21/2008 11:38 

:ing Grid: //Aci-acad/caddrawings/05330/7B-7C MERGED.grd 
and Grid: //Aci-acad/caddrawings/05330/7B-7C PROPOSED EMB.grd 

rid corner locations: 357504.45,426355.33 to 360456.45,427963.33 
rid resolution X: 492, Y: 268 Grid cell size X: 6.00, Y: 6.00 
rea in Cut : 27.4 S.F., 0.00 Acres ~ 
rea in Fill: 942,917".l S.F., 21.65 Acres 
otal inclusion area: 942,944.5 S.F., 21.65 Acres 
ut to Fill ratio: 0.00 
verage Cut Depth: 0.07 Average Fill Depth: 25.05 
~x Cut Depth: 0.44 Max Fill Depth: 38.00 
ut (C.Y.) / Area (acres): 0.00 
ill (C.Y.) / Area (i,cres): 40417.06 
ut volume: 1.9 C.F./ 0.07 ·c.Y. 
ill volume: 23,622,547.1 C.F., 874,909.15 C.Y. 

2 t../ 



R12376
.- 1 •,mes by elevation zone 2/21/2008 11:39 

C·c· 500.00 to 510.00 
ut .)lume: 1.3 C.F., 0.05 C.Y. 
ill volume: 6,851,079.0 C. F., 253,743.67 C. Y. 
unning total: 
ut volume : 1.3 C.F., 0.05 C.Y. 
ill volume: 6,851,079.0 C. F., 253,743.67 C. Y. 

Jne 510. 00 to 520. 00 
1t volume : 0.0 C.F., 0.00 C.Y. 
lll volume: 6,292,799.0 C.F., 233,066.63 C.Y. 
mning total: 
it volume : 1.3 C.F., 0.05 C.Y . 
. 11 volume: 13,143,878.0 C.F., 486,810.30 C.Y. 

,ne 520.00 to 530.00 
:t volume: 0.0 C.F., 0.00 C.Y. 
11 volume: 5,899,045.6 C.F., 218,483.17 C.Y. 
nning total: 
t volume : 1.3 C.F., 0.05 C.Y. 
11 volume: 19,042,923.7 C.F., 705,293.47 C.Y. 

530.00 to 538.00 
Jolume: 0.0 C.F., 0.00 C.Y. 

l' volume: 4,578,137.9 C.F., 169,560.66 C.Y. 
(- · total: 

: , ... ~ ume : 1 . 3 C. F. , 0. 0 5 C. Y. 
Ll volume: 23,621,061.6 C.F., 874,854.13 C.Y. 

Faae l of l 
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PH(~· 
EllllL. ,KMENT VOLUMES 
CUBIC YARDS e• 

ELVATION PHASE 7 PHASE 7B .. 
492 0 

500 566,000 21,300 

510 1,280,000 48,100 

520 1,850,000 76,073 

530 2,280,000 105,220 

538 2,520,000 129,355 .. 

PHASE 7C CAPPING FOR PHASE 3 

0 0 

0 272,000 

253,744 272,000 

486,810 272,000 

705,293 272,000 

874,853 272,000 

CUMMULATIVE COARSE 

0 

315,300 

1,309,844 

2,140,883 

2,818,513 

3,252,208 

N 
Ci" 
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/1 

i'flOJEC f NO : G05-33Q-1,! 13 

CAL.CS. BY: JLH 10-22-07 
rnoJECT N/\!i,ir.:.: WILL1Alv1SON ENERGY 

CliEC.~EO BY: y\0(2, PHASE 7 IMI' VOL 
SC/\LE: I 

ELEV. l£ I) -- PLANlfll. llEAlliNG AHEA JSQ.Fr.J AVG AP.EA (SQ.FT.I CIIAl!GE IN EL. VOL. (CU.FT.I CUM. VOL. (CU.FT.} CUM VOL.(CU.YO.) 

---- ---

<!•lf3 59515 00 5.9GE+04 
0.00E+00 0.00E+00 1.78E+05 2 3.56E+05 4'.iU 295995.00 2.96E+05 
3.56E+05 ·J .32E+04 4. \8E+05 2 8.36E+05 ,1:i2 540498.00 5.,toE+05 
1.19E+06 4.42E+04 6.73E+05 2 1.35E+06 ,1s,1 805935.00 B.06E+05 
2.54E+06 9.40E+04 9.18E+05 2 1.84E+0G •1'.>L~ 'I030203.00 1.03E+0G 
4.37E+06 l.62E+05 1.0SE+0G 2 2.09E+0G 4!.iD 10621345.00 1.06E+06 
6.47E+06 2.40E+05 1.08E+0G 2 2. I 5E+DG ,\!_;,(1 ·I087B07.00 1.09E+0G 
8.62E+0G 3.'l9E+05 1.I5E+06 10 1.15E+07 ,J .'U 1216944.00 1.22E+06 
2 01 E+07 7.4GE+05 1.29E+06 10 1.29E+07 4JJU 135329-:l OD 1.35E+0G 
3.30E+07 ·l.22E+06 1.43E+06 10 1.43E+07 ,11-)[I I,196B58 00 1.50E+0G 
4.72E+07 L75E+06 1.57E+06 10 1.57E+07 50() I647636.0U 1.G5E+0G 
6.30E+07 2.33E+0G 1.73E+0G 10. 1.73E+07 510 '1605627.00 UIIE+06 
8.02E+07 2.97E+ 06 1.89E+06 10 1.89E+07 52li 1970832 00 1.97E+06 
9.91 E+07 3.67E+06 2.06E+06 10 2.0GE+ 07 5JU 2143251.00 2.I4E+06 
1.20E+08 •l.43E+0G 2.2 IE+DG 8 1.77E+07 ~i38 223637~1 00 2.29E+06 
I .37E+08 5.09E+o6 

) 

J 
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F'1~'\ 7 l~POU~D!VJ~~T V?LMES_CUBIC ~AR? j 
( ,7/r-;:-,: :°'c-( ( ::--, / .,,·1a-,rr ,,{) e;;;i:..f:.,,r.-!ClJh,... 

. 

ELEVATION ORIGINAL PHASE 7 

448 0 

450 13,200 

452 44,200 

454 94,000 

456 162,000 

458 240,000 

460 319,000 

470 746,000 

480 1,220,000 

490 1,750,000 

500 2,330,000 

510 2,970,000 

520 3,670,000 

530 4,430,000 

538 5,090,000 

. , .~ .i 
,c-,..<",t :, {'·{I., C"' .,-~-, • 

PHASE 78 

0 

0 

0 

0 

0 

0 

12,890 

40,321 

68,320 

95,691 

122,300 

149,100 

177,073 

206,220 

230,355 

PHASE 7 WITH 78 TAKEN OUT 

0 

13,200 

44,200 

94,000 

162,000 

240,000 

306,110 

705,679 

1,151,680 

1,654,309 

2,207,700 

2,820,900 

3,492,927 

4,223,780 

4,859,645 

l\J 
GO 
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AllianceO 
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Alliance LI 
Consulting, Inc. 

Engineers · Constructors · Scientists 

Mr. Robert L. Phillips 
District Manager 

March 22, 20 I 0 

MINE SAFETY AND HEALTH ADMINISTRATION 
2300 Willow Street, Suite 00 
Vincennes, IN 47591-5416 

Dear Mr. Phillips: 

Response to MSHA Comments 
Phase 7 

Coal Refuse Disposal Facilitv No. 2 
Mach Mining LLC 

Impoundment ID No. 1211-IL0S-03141-02 

Project No. B0S-330-1413 

On behalf of our client, Mach Mining LLC, this letter and attached documents have been 
prepared in response to the Mine Safety and Health Administration (MSHA) Pittsburgh Safety 
and Health Technology Center's November 12, 2009 memorandw11 (copy attached) pertaining to 
the review of our previous submittal 11 l. The memorandum generally recommended approval for 
Phases 3 through 6 of the subject facility, but requested additional information concerning Phase 
7. Specifically, the memorandum questioned the static and seismic slope stability of Phase 7A 
and slated that design revisions would be required before approval could be recommended. The 
memorandum stated that the safety of the facility was contingent on the adherence to the specific 
mining schedule shown on Drawing No. B05-330-M36 (Figure No. 17). 

In response to the comment, the embankment staging was re-evaluated and revised using coarse 
to fine refuse ratios developed previously from plant production data and aerial mapping, revised 
mine timing and percent clean coal recovery data, and considering that beginning in 
approximately May 2010, one-third of the fine coal refuse production will be diverted to a plate 
press and then combined with the coarse refuse for final disposal. It is Mticipated that adding 
one-third of the fine coal refuse production to the coarse refuse will result in a combined refuse 
material that can be placed and compacted in accordance with the approved specifications. Once 
the plate press is operational, samples of the combined refuse shall be obtained for laboratory 
testing including Standard Proctor, grain size analysis, and shear strength to verify the material 
parameters are consistent with the design. Figure No. 17, the mining/impoundment timing map, 
has been revised accordingly and is attached. 

(ll Alliance Consulting, Inc. 3 volume submittal entitled ·'Additional Information, Coal Refuse Disposal Facility No. 
2. Phases 3 through 7, lmpoundmenl I.D. No. 121 l-lL0S-0341-02, MSHA l.D. I 1-03141, Williamson County, 
Illinois", prepared for Mach Mining, LLC, dated July 2009. 

!:24 Philpott Lane • Raleigh County Airport Industrial Park • Reaver. WV 25813-9502 • TELE: (304) 255-0491 • FAX: (304) ~55-4232 



R12385Mr. Robert L. Phillips 
MINE SAFETY AND HEALTH ADMINISTRATION 
March 22, 20 I 0 
Page 2 

As indicated in the attached revised staging calculations and revised Figure Nos. 6, 7, 9 and 17, 
the embankment staging (construction sequence) has been modified, but the final configuration 
remains unchanged. Briefly, dming Phase 6 construction, but prior to initiating fines disposal in 
the Phase 6 impoundment, the construction of former Phase 7B below Elevation 492 shall be 
started, and the work surface shall be maintained above tl1e settled fine coal refuse level. 
Attached figure No. 6 has been modified accordingly. As shown on revised figure Nos. 7 and 
9, the remainder of fonner Phase 7B and all of former Phases 7 A and 7C shall be constructed as 
a single phase in six steps (stages). By constructing tl1e eml;,ankment in this fashion, the "cap" 
over the Phase 3 impow1dment is raised simultaneously with the embankment crest; therefore, 
unbalanced loading does not occur. The end of construction (sho1t-te1111) stability analyses for 
the Phase 7 embankment has been revised to better model the assumption that the fine coal 
refuse will have total strength parameters and to estimate the maximum allowable phreatic level. 
The PCSTABL5M output for these analyses is attached (Appendix B, Pages 231.a through 
231.p) and replace their equivalents in our July 2009 submittal. Also enclosed is Drawing No. 
B05-330-E48, "Slope Stability Analysis, Section F-F (Phase 7)", which has been changed to 
show the revised allowable short-term piezometer readings and the critical failure circle. 
Applicable sections of the report narrative have also been revised and attached for inclusion in 
the previously submitted documents( 11• · 

( 
\ In addition to the above, Figure Nos. 5 and 14 have been revised to show the as-built locations of 

Piezometer Nos. P-9, P-10, and P-1 I. The as-drilled locations were only slightly different thru1 
the design locations but the measured water level at Piezometer No. P-9 has been slightly higher 
than anticipated; therefore, the previously submitted stability ru1alysis was revised. The revised 
Phase 5 slope stability analysis is attached (revised pages 206 through 211 of Appendix B) and 
the warning levels on Figure No. 14 have been revised. Also, Page 14 of the repmi narrative has 
been revised with the new Phase 5 downstream slope stability factors of safety. 

In summary, the following revised/new documents are attached as part of this response to 
comments. The revised documents should be used to replace same documents in our .July 2009 
submittal. 

• Copy of November 12, 2009 MSHA review memorandum; 
• Revised Repmi Pages 1, 12, and 14; 
• Revised Guideline Technical Specifications Page A-4; 
• Revised Calculation Brief Pages 120,206 through 211, and 231.a through 231.p; 
• New Phases 4 through 7 staging/timing calculations (Pages l .a of 32 through 32 of 32, 

intended to supersede but not directly replace calculations from the original submittal) 
• Revised Drawing Nos.: 

B05-330-M32, Revision 4 - (Figure No. 5); 
B05-330-M34, Revision 4 - (Figure No. 6); 
B05-330-M33, Revision 4 - (Figure No. 7J; 



R12386Mr. Robert L. Phillips 
MINE SAFETY AND HEAL TH ADMINISTRATION 
March 22, 2010 
Page 3 

B05-330-E22, Revision 4 - (Figure No. 9); 
B05-330-E12, Revision 3 - (Figure No. 14); 
B05-330-E48, Revision I - (Figure No. 16); and 
B05-330-M36, Revision 4 - (Figure No. 17). 

Additionally, we assume that longwall mining beneath the Phase 2 cell is approved as shown in 
the currently approved planc 1

) although this was not specifically mentioned in your November 
I 2, 2009 memorandum. For clarification purposes with other reviewing agencies, we would 
appreciate this language being added in your next memorandum. 

We trust this letter and attached documents are sufficient for your review and approval. If you 
have any questions, or require additional information, please contact us. 

Respectively submitted, 

ALLIANCE CONSULTING, INC. 

h /// :1/>/-----
~. -. ~ _,e__,, < 

/Frederick R. Vass, P.E. 
Senior Project Manager 

C~r--
Principal Engineer 

FRV:CEY/frv 
Enclosures 

file: 05330-78 

<1JAlliance Consulting, Inc. 3 volume submittal entitled "Additional Information, Coal Refuse Disposal Facility No, 
2, Phases 3 through 7, lmpoundment I.D. No. 121 J-IL08-034 J-02, MSHA I.D. I 1-03 I 41, Williamson County, 
Illinois", prepared for Mach Mining, LLC, dated July 2009. 

~ 
/4•{/ /4~!3/ 

/ '•''I c:#117 
LY---
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U.S. Department of Labor Mine Safety and Health Administration 

Pittsburgh Safety & Health Technology Center 

P.O. Box 18233 
Pittsburgh, PA 15236 

November 12, 2009 

MEMORA.NDUM FOR JOSEPH O'DONNELL 

THROUGH: 

FROM: 

SUBJECT: 

Acting District Manager, District 8 
Coal Mine Safety and Health 

"(""~t,,.,.F,~ 
JffiIN W. FREDLAND 
Acting Chief, Pittsburgh Safety and Health Technology Center 

S~1 01~ 
ST A~~~Y(Jl!CHALEK 
Chief, Mine Waste and Geotechnical Engineering Division 

Recommendation for Approval of Design Plans for Phases 3 through 6, 

and Request for Additional Information for Phase 7, Refuse Disposal 

Facility No, 2, Impoundment I.D. No. 1211-IL0S-03141-02, Mach 

Mining, LLC, Mach Mine No. 1, Mine I.D.No.11-03141, Williamson 

County, Illinois 

As requested by your office, a technical review of the subject proposed impoundment plans has 

been completed. Our review included an initial submittal and two revisions submitted in 

response to our requests for additional information. Report No. MW09-077, which is attached, 

indicates that the subject plans appear to be technically acceptable only through Phase 6 and 

approval through Phase 6 is recommended. Additional information will be required before we 

can recommend approval of Phase 7. 

The proposed mining under Phase 3 will be the most significant event at this facility, Phase 3 

must be closed and covered with a stable cap of coarse refuse, be incapable of impounding water 

or slurry, and all the proposed instrumentation must be in place and operational before the 

proposed longwall mining is advanced within 100 feet of any part of the Phase 3 embankment. 

The Impoundment and IRPJ data sheets have been completed for Phases 3 through 6 and are 

included with the report. Please contact this office if there are any questions regarding this 

rev1ew. 

Attachment 

cc: L. Zeiler - Acting Director, TS 
M. Smith- Acting Chief, Safety Div., CMS&H 
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UNITED STA TES DEP ARTM:ENT OF LABOR 

MINE SAFETY AND HEAL TH ADMINISTRATION 

PITTSBURGH SAFETY AND HEALTH TECHNOLOGY CENTER 

MINE WASTE AND GEOTECH1'HCAL ENGINEERING DIVISJON 

COCHRANS MILL ROAD 
P.O. BOX 18233 

PITTSBURGH, PENNSYLVANIA 15236 

REPORT NO. MW09-077 

REVIEW OF DESIGN PLANS FOR PHASES 3 THROUGH 7 

REFUSE DISPOSAL AREA NO. 2 

MSHA I.D. NO. !21J-IL08-03J41-02 

MACH MINING LLC 
MINE LD. NO. ll-03141 

WILL!AlvfSON COUNTY, II.UNOIS 

NOVEMBER 12, 2009 

BY 

PAUL J. DONAHUE, P.E. 

CIVIL ENGINEER 
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REPORT NUMBER MW09-077 

OWNERSHIP AND LOCATION 

The Refuse Disposal Area No. 2 is owned and operated by Mach Mining, LLC and receives 

coarse and fine coal refuse from the preparation plant for the Mach No. I Mine. The site can be 

found on the USGS 7.5 Minute Pittsburg (IL) quadrangle map at geographic coordinates 

N 37°50'30" latitude and W 88°49'17" longitude. This facility is located on a tract comprising 

the east half of Section 12, Tov,'llship 8S, and Range 3E, Third Principal Meridian. 

MATERIAL REVIEWED 

Original Desiim Submittal 

The original submitted design documents were prepared for Mach Mining, LLC by Alliance 

Consulting, Incorporated (Alliance) and included the following. 

I. A report entitled "Engineering Design Plan - Proposed Coal Refuse Disposal, Facility No. 2, 

Williamson County, Illinois, dated January 2007." The report included a narrative 

description of the proposed design, and the testing and analyses performed. Appendices to 

the report included construction specifications, calculations, geotechnical test boring and 

laboratory test data. 

2. Thirteen drawings depicting plans, profiles and details of the proposed facility dated 

January 16, 2007. 

During our review of this plan, Mr. Duffy Stradner, former District 8 Impoundment Specialist, 

notified this reviewer in a phone conversation on October 23, 2007, that the impoundment layout 

and geometry would be substantially revised and a new plan submitted. Due to proposed mining 

under the impoundments and other issues that would similarly affect the new design, we 

completed the review and requested additional information in a memorandum to Robert Phillips, 

District Manager, Coal Mine Safety and Health (CMS&H) District 8, dated December 13, 2007. 

The memorandum identified 14 design issues to be addressed in the revised design submittal. 

First Revised Design Submittal 

The revised design package for the coal refuse impoundments was hand delivered to our office 

on August 19, 2008, in conjunction with a meeting with Mach Mining and Alliance Consuliing 

personnel to discuss the new design. 

The design documents received at this meeting included the following items. 

l. A report entitled "Response to February 11, 2008, Corn.men.ts, I.D. No. IL08-03141-02, 

Mach Mining, LLC - Mach No. I Mine ID No. 11-03141, Williamson County, Illinois -

Coal Refuse Disposal Facility No. 2 Phases 3 through 7," dated August 2008. Appendices to 
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the report contained construction specifications, various design calculations, geotechnical test 

boring logs, laboratory test data and a CISPM Mine Subsidence Analysis Report prepared by 

Dr. Syd Peng of West Virginia University. 

2. Nineteen drawings, with revision dates from February 14, 2008, to July 7, 2008, depicting 

plans, profiles and details of the proposed facility. 

In addition, the following additional materials were submitted concurrent with the review of lhis 

submittal. 

l. A set of three drawings depicting longwall panel surface subsidence measurements at 

Baselines "A" through "D" located over the eastern end oflongwall Panel No. I of the 

subject mine. These drawings are dated August 29, 2008, and were received by the Mine 

Waste and Geotechnical Engineering Division (MWGED) on September 3, 2008, 

2. Two Drawings entitled "Map 6 UG - Operations Plan Map" and "Map IO - Geologic 

columns," prepared by Alliance and dated December 3, 2004, and November 29, 2004, 

respectively, and received by MWGED on September 3, 2008. 

In addition to the submitted document, we also gathered additional information, concurrent with 

the review, through phone and e-mail communication with Mr. Claudio Yon of Alliance and 

Dan Barkley of the Illinois DNR. 

We completed our review of the new design and found eleven items requiring additional 

substantiating data or calculations and/or design changes. These were outlined in our 

memorandum to Robert Phillips, District Manager, CMS&H District 8, dated 

November I 0, 2008. 

Second Revised Design Submittal 

The second revised design submittal was received by MWGED on July 20, 2009, and included 

the following. 

I. A report volume entitled "Additional information- Volume I of 3, Comments 2, 4, 5, 6, 9, I 0 

and 11, Coal Refuse Disposal Facility No. 2 Phases 3 through 7," lmpoundment ID No. ILOS-

03141-02 (MSHA ID No. 11-03141), Williamson County, Illinois," dated July 2009. This 

volume included new, revised and copies of previously submitted materials from the earlier 

August 2008 submittal and was prepared by Alliance. 

2. A second report volume entitled "Additional information- Volume 2 of 3, Comments 1, 3, 7 

and 8, Coal Refuse Disposal Facility No. 2 Phases 3 through 7," lmpoundment ID No. IL08-

03141-02 (MSHA ID No. J l-03141 ), Williamson County, Illinois," dated July 2009. This 

volume containec.l new calculations and analysis performed by GA! consultants for A!lianee, 

3. A third volume containing 22 drawings, with revision dates from July 8, 2009, to 

July 13, 2009, depicting plans, profiles, and details of the proposed facility. 
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4. An addendum to the submittal, received on August 21, 2009. This addendum included 

corrected transmittal letters and tables of contents, a revised drawing B05-3 30-M32 - Phase 5 

Plan View, revised August 18, 2009, and revised Phase 5 dam underdrain calculations. 

Additionally, prior to the receipt of this submittal, we received electronically transmitted 

drawings depicting a longitudinal dynamic subsidence survey over the advancing face of 

Longwall Panel No. I at a location immediately to the east of the futw-e Phase 5. These drawings 

were received in our office on February I 0, 2009. This survey was performed in response.to 

comment No. 4 in the November 10, 2008, memorandum. 

The results of our review of this revised design are discussed in this report. 

BACKGROUND 

The revised Refuse Disposal Facility No. 2 will provide for the disposal of about 3 ½ years of 

coarse coal refuse (CCR) and 6 years of fine coal refuse (FCR) that will be produced from the 

Pond Creek No. I Mine following closure of previously approved Facility No. 1 which included 

Phases l and 2. This facility is to be constructed in five phases - Phase 3 through Phase 7. 

As planned, the facility will consist of three, approximately rectangular, diked impoundments 

aligned in a north-south direction and sharing common embankments between them. The 

southermnost impoundment will be constructed during Phase 3, with fine refuse placement 

starting upon completion of the embankment to the design crest height. The central 

impoundment will be constructed in three Phases (Phases 4, 6 and 7) with fine refuse placement 

starting during Phase 7, when the embankment will be about 50 percent of the total completed 

height. The northermnost impoundment will be constructed during Phase 5 and will be partly 

incised by excavating the footprint of the impoundment. Fine refuse placement in this 

impoundment will begin once Phase 3 is filled to capacity, and the Phase 5 embankment is about 

80 percent complete. 

The impoundments will cover about 200 acres, and all the impounding embankments will be 

raised longitudinally in segments using belt-delivered coarse coal refuse. The upstream and 

downstream slopes will be 3 horizontal to I vertical (3H: 1 V) except for Phase 3 which will have 

2.6H: IV upstream slopes. Maximum embankment heights will range from 49 feet for Phase 3 to 

I 00 feet for Phase 7. All embankments, with the exception of a portion of the Phase 7 central 

impoundment, will be founded on 15 to 22 feet of medium to stiff clay deposits overlying shale 

bedrock. The south-facing slope of the Phase 7 embankment will be founded on the impounded 

fine refuse of the adjoining Phase 3. 

The designer considered the impoundments to be of high hazard potential classification for the 

purposes of hydrologic/hydraulic design. Following one year from the start of construction, all 

phases will be able to accorr1inodate a rainfall vo1Ui'11e cft'vVO P}.1F's with pumping capacity 

capable of drawing do"''fl one 72-hour PMF in 30 days. When the final crest elevation is 

reached, an 18-inch-diameter HDPE SDR 26 decant spillway will be installed and be capable of 
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drawing down 90 percent of one PMF in less than 10 days. The only exception is the Phase 3 

impoundment. Because of an expected life of less than 1 year, this phase was designed to handle 

at least one half of a 72-hour PMF, but less than a full 72-hour PMF. 

The most significant consideration for these impoundments will be the concurrent mining of 

three longwall panels in the 6.5-foot-thick Herrin No. 6 coal sean1 beneath the impoundment 

footprints. There are 430 to 450 feet of overburden, with at least 420 feet of this being rock, 

between the embankment foundations or impounclment bottoms and the Herrin No. 6 seam. 

Boring data indicates that about 75 to 90 percent of the overburden rock is shale. A sandstone 

unit, 200 lo 240 feet above the No. 6 seam and ranging from 21 to 54 feet thick, is the only 

persistent competent unit encountered in the borings. 

The development entries for the longwall mining have a calculated minimum pillar safety factor 

of 2.3 as calculated by the program ALPS. A minimum rock overburden thickness of about 65 

times the mine height is present above the seam. Therefore, this facility complies with the 

guidance contained in Bureau of Mines publication IC 8741 for limiting breakthrough risk. 

However, subsidence from the longwall mining will considerably impact surface structures over 

the mine. 

The subsidence effects on the proposed coal refuse impoundments will be largely mitigated by 

the proposed phasing of the impoundments. Except for Phases 3 and 4, all refuse placement will 

take place after mining has been completed beneath the impoundment and subsidence is 

substantially complete. For Phase 3, FCR placement will be completed to an elevation of 5 feet 

below the crest, about 9 months prior to longwall mining beneath the impoundment. A 5-foot

thick cover of coarse refuse, level with the crest, will be placed over the fine refuse in order to 

eliminate any impounded water before the mining advances beneath the impoundment. Phase 4 

will consist of a 45-foot-high non-impounding embankment placed prior to mining. After the 

mining, the 300-foot-v.~de Phase 6 embankment will buttress the downstream slope of the Phase 

4 embankment. The width of this embankment is expected to mitigate any possible effects of 

subsidence-related damage to the Phase 4 em bai1kn1ent. 

The plarmed mining beneath the Phase 3 impoundment, a short time after filling and capping of 

this impoundment, is the most significant issue in evaluating the subsidence impacts. There is 

currently little engineering experience in accommodating longwall mining under a coal refose 

impoundment and a conservative consideration of all possible potential failure modes and 

mitigatory measures was the primary item of concern in the review of this plan. 

REVIEW DISCUSSION 

The submittal received on July 20, 2009, provided responses to the eleven items of additional 

information that were requested in the November I 0, 2008, memorandum. Additionally the 

submitted addendum included a revised plan for the Phase 5, which will be enlarged by locating 

its north dike approximately 250 feel further north. 
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Phase 7 Stability 

The submittal did not satisfactorily address comment Nos. 7 and 8 in the November 10, 2008, 

memorandum. These comments noted that a stability analysis of the Phase 7 south dike, which 

will be founded on the settled Phase 3 FCR, had not been perfonned and requested this analysis 

be performed along with a seismic liquefaction and defonnation analysis. The submitted analysis 

in response to these comments included only an analysis of the less-critical completed Phase 7C 

configuration, and not the critical Phase 7A, which will entail advancing the 38-foot-high south 

dike embankment over the thin cover overlying the consolidating fine refuse. An independent 

check calculation using the "Slope W" stability analysis program and normalized undrained 

strength parameters for the FCR developed in the submittal indicated a short-term post 

construction safety factor for the south dike of Phase 7 A of considerably less than one. 

Therefore, Phase 7 A, as currently planned, will require design revisions before MW GED can 

recommend approval. 

Subsidence Impacts - Phase 3 Irnpoundment 

The largest part of the most recent submittal consisted of various analyses and new test data 

submitted as justification for the proposed longwall mining beneath the capped Phase 3 

impoundment, as requested in items 1 through 3 of the November 10, 2008, memorandum. 

MW GED performed this review in conjunction with a literature review of soil behavior when 

subjected to tensile strains and a published case-study of longwall mining under an impoundment 

in West VirginiaY > 

The Phase 3 impoundment is located so the dike bounding the FCR pool to the north is centered 

over the Panel's 2 and 3 gateroad development entries, the east and west dikes extend southward 

to approximately the center of the longwall panel, and the south dike runs along the center 

portion of the panel. The panel v.~dth (1,400 feet) with respect to depth is such that subsidence is 

supercritical, so the south dike will be subjected only lo transient tensile, then compressive, 

strains in a longitudinal direction as the mine face advances east to west. The east and west dikes 

will be subjected to pennanent tensile strains near the northwest and northeast comers of the 

impoundment and the north dike will be subjected to significant strains only near the inside toe. 

Assuming the impoundment is capped and no longer impounding water at the time the longwall 

panel is advanced, the specific potential failure mechanisms that were examined for the Phase 3 

impoundment included: 

(1) Choi, D. S., et al, 1997, "A Case Study of Undermining lmpoundment Embankment by the Longwal! Mining Method,'' 

Proc. 36lh US Rock Mechanics Symposium 
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1. Stability failure of the CCR embankment due to deformations and weakening from 

subsidence-induced shear strains and cracking. 

2. The potential for the development of large, persistent transverse cracks in the CCR 

embankment or foundation materials capable ofreleasing flowable FCR. The calculated 

horizontal strains induced by the subsidence, using revised CISPM model calculations 

calibrated to actual subsidence measurements at this mine, is about 30 microstrain 

(3 percent). 

3. Weakening and/or liquefaction of the FCR due to subsidence strain-induced pore pressures in 

conjunction with transverse cracking, possibly resulting in flow into, and/or erosion of, 

cracks in the CCR. 

CCR Embankment Stabilitv Under Subsidence Condition 

In order to evaluate the possibility of the first of these mechanisms, a separate analysis performed 

by GAl Consultants for Alliance applied data from existing triaxial test data of the coarse refuse 

(CU with pore_pressures) to the formula developed for the double-punch shear test developed by 

Fang and ChenC2J to detemline a tensile strength for the CCR. The consolidation stresses for each 

test point were then corrected for equivalent effective vertical stress (CJ'v) and used to develop a 

"normalized tensile strength" ratio (o,/ CJ'v) of 0.15 for the CCR. Using this ratio, an average 

tensile strength of C=475 psf and cp=O degrees was used in a slope stability analysis to obtain a 

worst-case stability safety factor for the subsidence disturbed embankment of I. I 0. We do not 

believe the derivation ohhls strength is technically correct. However, the strength parameter 

derived appears to be very conservative for coarse coal refuse in even the loosest condition. An 

independent analysis showed a factor of safety of 1.3 was achieved with cp=19 degrees, which is 

lower than CCR in its loosest condition based on the typical angle of repose of this material. 

Therefore, slope failure of the CCR embankment from subsidence-induced shear is very unlikely. 

CCR and Foundation Cracking Susceptibility Under Subsidence 

The second failure mechanism that was evaluated was the potential for large persistent cracks 

through the CCR embankment which, in conjunction Vl~th the thlrd mechanism, could result in a 

breach and release of flowable FCR. The submitted data showed the CCR produced at the plant 

is a well graded gravel material (USCS classification GW) with very little fines (2.0 to 2.5 

percent passing the No. 200 sieve). The gradation of oven-dried, compacted Proctor test 

specimens prepared by Alliance was somewhat higher, with an average of 30 percent passing the 

No. 200 sieve and was classified under the USCS system as "SC,,, a clayey sand. However, the 

lab sample preparation and oven drying likely produced a material with more fines than in the 

constructed embankment. 

(2) Fang. H. Y. and Chen, Wai~Fai, "Detennination of Tensile Strength of Soil by Unconfined Penetration Test," 

ASTM STP-740, R.N Young Ed .• 1981 
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The gradation of the CCR and the foundation soil was compared to published correlations of 

deformation cracking and piping potential. The CCR as delivered to the impoundment prior to 

compaction is a cohesionless material and is not subject to cracking. The laboratory compacted 

and oven-dried CCR material was evaluated as having a medium deformation and cracking 

potential. However, this material is not likely to be representative of the material in the 

embankment which will have less fines; therefore, the overall deformation cracking susceptibility 

of the CCR was evaluated to be low. 

The foundation soils are moderately plastic clays (USCS classification CL with a plasticity index 

of 24 ). These materials were evaluated as having low cracking potential because such materials 

in a saturated condition are subject to deformation rather than cracking under the expected 

strains. Mr. Harold Owens reported, in a phone conversation on June 4, 2009, that aside from a 

]-inch-wide crack in desiccated materials, no obvious cracking was observed in the clayey native 

soils over the previously advanced Longwall Panel No. 1 in the future Phase 5 area. 

Considerable cracking was observed in a more brittle asphalt and chip pavement that crossed the 

edge of the panel. Due to the possibility oflocalized higher than predicted tensile deformations 

at any surface point over longwall panel edges, the development of significant cracks in the 

foundation and embankments is low but cannot be excluded. 

A similar evaluation was performed for the piping resistance of the foundation and CCR 

materials. Piping resistance was evaluated as "high" for the foundation clay and plant-run CCR 

materials, and medium for the laboratory compacted materials. While not addressed in the 

submittal, we believe that if the impoundment is capped and not impounding water, there will be 

insufficient seepage water to erosively propagate any piping even if persistent cracks develop in 

the embankment. Therefore, for a capped impoundment, cracking and subsequent internal 

erosion via seepage piping is an unlikely possible failure mode. 

Subsidence Induced FCR Flow Through Cracks 

The third potential subsidence induced failure mechanism examined was the possibility of 

flowage of fluid FCR through large transverse cracks in the embankment or foundation. As 

described above, such cracks are unlikely, but cannot be precluded. However, if the FCR is not 

in a sufficiently flowable state, the cracking will be inconsequential, and this mode of failure can 

be precluded. 

The most recent submittal provided the results oflaboratory testing and an analysis of the 

potential for triggering strength loss (liquefaction) for the FCR under cyclic stresses from either 

earthquakes or the advancing subsidence across the impoundment. The FCR produced at the 

Mach Mine preparation plant was bulk-sampled and characterized as a fine grained plastic 

material with 93 percent passing the No. 200 sieve and more than 99 percent passing the No. 40 

sieve. The liquid limit was 36 and the plasticity index was 17 and the material was classified 

under the USCS classification system as "CL." 
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The submittal included calculations from two triaxial tests performed on remolded FCR 

specimens prepared from bucket samples of the slurry produced by the preparation plant. These 

calculations showed a post-seismic strength ratio (Su/ a'v) of 0.24, which is only slightly less 

than the peak (S,/ a'v) value of 0.27. If fully consolidated, these materials are not flowable under 

any anticipated seismic or mine subsidence conditions. However, the fine grained FCR at this 

facility is likely to dissipate excess pore pressure and consolidate under self-weight very slowly, 

so the undrained strength of the FCR at the time of mining is likely to be the most critical 

condition, with a very weak upper FCR layer being potentially flowable through cracks extending 

through the embankment. The submittal did not include specific calculations addressing this 

scenario; however, a CCR cap with a minimum thickness of 5 feet is specified to be placed over 

the impoundrnent prior to mining. It is expected, based on MWGED's previous observations and 

independent calculations, that when CCR is pushed-out over the FCR, the upper materials with 

undrained strength (Su) less than at least 150 pounds per square foot will be displaced during the 

pushout process and therefore are unlikely to be present beneath the pushout. The FCR and/or 

mixed FCR and CCR material that has reached an Su of at least 150 psf is not flowable through a 

cracked embankment except in conjunction with erosive water flow, which will be precluded by 

the CCR cover. Therefore, provided that the Phase 3 impoundment is capped as shown in the 

submitted design, a failure by FCR flowage through cracks in the CCR embankment is also 

unlikely. 

CONCLUSIONS AND RECOMMENDATIONS 

MW GED noted some deficiencies in the submitted responses to our request for information; 

however, check calculations show the results of the analyses are conservative and the 

construction of this facility through Phase 6 is technically satisfactory. However, the submittal 

did not substantiate the stability of the Phase 7 A south embankment which will be constructed 

over Phase 3A fine refuse, and an independent analysis performed in this office found that the 

design as currently planned will not be stable under static or seismic conditions. Therefore, 

approval is recommended through Phase 6 only. Additional information and design revisions as 

needed to substantiate the static and seismic stability of Phase? A will be needed before approval 

ofthis stage can be recommended. 

Our recommendation for approval assumes the facility is constructed strictly in accordance with 

the submitted plan. In particular, the Phase 3 impoundment must be capped with a stable CCR 

cover and incapable of impounding water before longwall mining approaches the impoundment. 

Also, per the submitted Specification 6.03 for enhanced monitoring, the operability of all the 

specified instrumentation and preparations for the contingency buttress shall be verified by the 

operator's engineer before the longwall mining face is within 100 feet of any part of the Phase 3 

capped impoundment. 

The CCR embankments at this facility will be constructed in 500- to 600-foot-long longitudinal 

segments in order to take advantage of belt delivery of the CCR to the placement location. In 

order to assure the segments are adequately compacted and keyed into the adjoini!!g segments, a 

specific placement plan was developed and is included in Appendix E of Volume 1 of the 
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submitted plan. This placement plan, particularly the use of the specified equipment, maximum 

push distances, and excavation of keys into the adjoining segment should be strictly followed. 

The design report narratives and test data should also be considered part of the approved plan. If 

dam or foundation materials or conditions are discovered that are different than those described 

in the submitted reports, the plan should be modified as needed to address the changed conditions 

and submitted to MSHA for approval. In particular, the safety of this facility is contingent on the 

adherence to the specific mining schedule shown in Drawing B05-330-M36 -Mining/Impound

ment Construction Timing Map, revised July 10, 2009. 

Approved Plan Documents 

Care should be taken to assure the most recent revisions to the drawings and specifications are 

incorporated into the revised plan documents. The approved plan coruists of all the documents 

listed in the section of this report titled "Second Revised Design Submittal" with the exception of 

drawing B05-330-M33 - Phase 7 - Plan View and any other Phase 7 details shown on other 

drawings. 

Paul J. Donahue, P.E. 
Civil Engineer 

Report Approved by: 

(2kn~1£ 
Darren J ~ ,P.E. 
Supervisory Civil Engineer 
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U.S. Department of Labor 

August 21, 2009 

Mr. Claudio E. Yon, P.E. 
Principal Engineer 
Alliance Consulting, Inc. 
124 Philpott Lane 

Mine Safety and Health Administration 
2300 Willow Street 
Suite 200 
Vincennes, Indiana 47591-5416 

Raleigh County Airport Ind ustriaI Park 
Beaver, WV 25813-9502 

Dear Mr. Yon: 

Subject: 77.216(a) - Impoundment Construction Plan 
(Revised Information) (08/18/09) 
Coal Refuse Disposal Facility No. 2 
Impoundment I.D. No. 1211-IL08-03141-02 
Mach #1 Mine (11-03141) 
Mach Mining, LLC 
Marion, Williamson County, Illinois 

This will acknowledge receipt of the subject report, as required by the Federal 

Mine Safety and Health Act of 1977, Public Law 91-173, a8 amended by Public 

Law 95-164 or implementing regulations. Review by the District Manager is 

required, and action is being started to determine that this report provides the 

required information. 

Sincerely, 

Robert L. Phillips 
District Manager 
Coal Mine Safety and Health 
District 8 
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July 27, 2009 

Mr. Harold Owens 
Project Manager, P.E. 
Alliance Consulting, Inc. 
124 Philpott Lane 

Mine Safety and Health Administration 
2300 Willow Street 
Suite 200 
Vincennes, Indiana 47591-5416 

Raleigh County Airport Industrial Park 
Beaver, WV 25813-9502 

Dear Mr. Owens: 

Subject: 77.216(a) - Impoundment Construction Plan 
(Additional Information) (07 /15/09) 
Coal Refuse Facility No. 2 
Impoundment I.D. No. 1211-IL0S-03141-02 
Mach #1 Mine (11-03141) 
Mach Mining, LLC 
Marion, Williamson County, Illinois 

This will acknowledge receipt of the subject report, as required by the Federal Mine 

Safety and Health Act of 1977, Public Law 91-173, as amended by Public Law 95-164 

or implementing regulations. Review by the District Manager is required, and action 

is being started to determine that this report provides the required information. 

Sincerely, 

~ +- tf>l"tli7:, 
Robert L. Phillips 
District Manager 
Coal Mine Safety and Health 
District 8 
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AllianceO 
Consulting, Inc. July 20, 2009 

Engineers · Constructors · Scientists 

Mr. Robert L. Phillips 
District Manager 
Mine Safety and Health Administration 
23 00 Willow Street, SuiteOO 
Vincennes, 1N 47591-5416 

Dear Mr. Phillips: 

Correction 
Additional Information 

Coal Refuse Disposal Facility No. 2 
Phases 3 Through 7 

Impoundment ID No. 1211-IL08-03141-02 
Mach Mining LLC 

Mach# 1 Mine 
Mine ID No.I 1-03141 

Project No. B05-330-1413 

On behalf of our client, Mach Mining LLC, please substitute the enclosed transmittal letters 
dated July 15, 2009 and July 16, 2009 and the revised Engineering Design Plan Report Table of 
Contents for the same dated letters and table of contents we sent to you on July 17, 2009. The 
enclosures correct the previously submitted information by showing the correct number of report 
volumes to be three rather than two. 

Please accept our apologies in advance for any inconvenience caused by our oversight. 

If you have any questions, or require additional information, please contact us. 

Respectively submitted, 

ALLIANCE CONSULTING, INC. 

✓~✓c:t~ 
Harold L. Owens, P.E. 
Senior Project Manager 

~~~P? 
Principal En meer 
3 Enclosures 

File: MSHA Response OJ .doc, hlo. rev.7/20/09 
xc: w/enclosure P. Donahue and J. Slapak 

124 Philpott Lane • Raleigh County Airport Industrial Park • Beaver, WV 25813-9502 • TELE: (304) 255-0491 • FAX: (304) 255-4232 
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AllianceLI 
Consulting, Inc. 

Engineers · Constructors · Scientists 

Mr. Robert L. Phillips 
District Manager, District 8 

July 15, 2009 

MINE SAFETY AND HEALTH ADMINISTRATION 
2300 Willow Street, Suite 200 
Vincennes, IN 47591 

Dear Mr. Phillips: 

Transmittal 
Additional Information 

Coal Refuse Disposal Facility No. 2 
Phase 3 through 7 

Impoundment ID No. 121 l-IL08-03141-02 
Mach Mining LLC 

Mine ID No. 11-03141 
Williamson County. Illinois 

Project No. B05-330-1413 

On behalf of our client, Mach Mining, LLC, please find enclosed two copies of the information 
referencing above. This information is transmitted in response to a memo dated Nov. I 0, 2008 from 
Paul J. Donahue P.E. MSHA, Pittsburgh Safety and Health Administration Technology Center, Mine 
Waste and Geotechnical Engineering Division. 

The additional information is contained in three volumes. Volumes I of 3 was prepared by Alliance 
Consulting, Inc. and Dr. Syd Peng, and is a response to comments 2, 4, 5, 6, 9, 10 and 11. Volume 2 
of3 was prepared by GAi Consultants, Inc. and is a response to comments 1, 3, 7 and 8. One copy of 
the additional information was sent directly to Stanley J. Michalek at the MSHA Pittsburgh Technical 
Support, Mine Waste and Geotechnical Engineering Division. 

If you have any questions, or require additional information, please contact us. 

124 Philpott Lane • Raleigh County Airport Industrial Park • Beaver, WV 25813-9502 • TELE: (304) 255-0491 • FAX: (304) 255-4232 
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Mr. Robert L. Phillips 
Mach Mining, LLC 
Page 2 

Sincerely, 

ALLIANCE CONSULTING, INC. 

#~c(~ 
Harold Owens 
Projec anagcr, P.E. 

//~_/·~~ 
I~,P. 

Senior Project anager 

HO/CEY:knm 
Enclosures 

File: 05330-61 

xc: w/enclosure Paul J, Donahue and Jim Slapak 

., 
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AllianceLlf 
Consulting, Inc. 

Engineers · Constructors · Scientists 

July 16, 2009 

Project No. B05-330-1413 

Mr. Robert L. Phillips 
District Manager 
Mine Safety and Health Administration 
23 00 Willow Street, Suite00 
Vincennes, IN 47591-5416 

Dear Mr. Phillips: 

Transmittal 
Volume 1 of 3. 

Additional Information Comments 2, 4. 5. 6. 9 IO and 11; 
Volume2of3, 

Additional Information Comments I. 3, 7 and 8 
And 

Volume 3 of 3, 
Additional Information -Drawings 

Coal Refuse Disposal Facility No. 2 
Phases 3 Through 7 

Impoundment ID No. 1211-IL08-03141-02 
Mach Mining LLC 

Mach# 1 Mine 
Mine ID No.11-03141 

On behalf of our client, Mach Mining LLC, this letter and the subject report have been prepared 
in response to MSHA's Pittsburgh Safety and Health Technology Center's 
November 10, 2008 memorandum. The memorandum requested additional information 
concerning the plan for Phases 3 through 7 of Coal Refuse Disposal Facility No. 2. The 
impoundment plan has been modified to include the following information requested in the 
memorandum: 

Comments - Design Analysis 

1. Characterization of Fine Refuse 

Fine coal refuse samples were collected from the Phase 2 impoundment and tested. 
The testing results are described in the report "Response to MSHA Comments 1, 3, 7 
and 8, Pond Creek Mine No. I, Coal Refuse Facility No. 2, Phases 3 and 7, Impoundment 

124 Philpott Lane • Raleigh County Airport Industrial Park • Beaver, \\IV 25813-9502 • TELE: (304) 255-0491 • FAX: (304) 255-4232 
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I.D. No. 121 l-IL0S-03141-02, Williamson Energy LLC, Mach Mining Company, 
Williamson County, Illinois," Project C090403.0l, GAI Consultants, Inc., May 12, 2009. 
This report is Volume 2 of3 of this report. 

2. Impacts of Greater Than Predicted Subsidence Strains 

The subsidence prediction model previously submitted was recalibrated and revised 
based on the subsidence measurements made to date. Revised predicted subsidence, 
horizontal strain, and displacement profiles have been include in the report"Prediction of 
Ground Movement due to Longwall Mining During Different Phases of Impoundment 
Construction, A Modified Report", Dr. Syd S. Peng and Thomas Du, May 2009. This 
report is included as Appendix Hof Volume I of3 of this report. 

The impacts of the subsidence-induced deformations and strains are addressed in Volume 
2 of3 of this report. The predicted factor of safety against Phase 3 embankment cracking 
due to subsidence is 1. 1 and significant embankment cracking is not anticipated due to 
the high peak strain characteristic of the coarse coal refuse. Additional monitoring and 
contingency measures to be implemented during longwall mining beneath Phase 3 are 
described in Item 3, below. 

3. Fine Refuse Behavior when Subjected to Subsidence 

It is intended that the fine coal refuse in Phase 3 will be dewatered and covered with 
coarse coal refuse before the longwall face passes under the phase. Fine coal refuse 
laboratory testing, properties, and flow slide susceptibility are presented in Volume 2 of 3 
of this report. Flow slide factors of safety of2.2 and 1.3 in the downstream and upstream 
directions, respectively, were obtained. The additional instrumentation, additional 
embankment monitoring, and a contingency buttress/seal plan for the Phase 3 
embankment as recommended in GAi's report will be implemented. These 
provisions are included in Appendix A, "Guideline Technical Specifications", in 
Volume 1 of3 of this report. 

4. Longwall Mining Subsidence Monitoring - Baseline "A" 

As recommended, an additional subsidence baseline, "Subsidence Survey Panel No. 1" 
was established and data was obtained on the progression of the dynamic subsidence 
profile. This data was used to calibrate the revised dynamic subsidence prediction model 
referred to in Item 2, above. The data was previously submitted to MSHA and is shown 
on Drawing No. B05-330-M44. 

5. Longwall Mining Subsidence Monitoring - Baselines "E" through 'T' 

Appendix F in Volume I of 3 of this report has been revised to reflect the recommended 
daily monitoring frequency for remaining baselines orientated in the direction of mining. 
Based on the results of the previously surveyed baselines, the baseline lengths and 
distances between the monitoring stations have been adjusted to target critical 

of 
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infonnation. Baseline measurement points will be 25 feet apart to meet the criteria of the 
overburden depth divided by 20. 

6. Longwall Mining Subsidence Monitoring - Phase 3 Monitoring 

As recommended, a baseline "H" will be located on the southern crest of the Phase 3 
impoundment. The locations of the subsidence monitoring baselines are shown on 
Drawing No. B05-330-M36 and the subsidence monitoring plan is in Appendix Fin 
Volume 1 of3 of this report. 

7. Stability of Phase 7 South Slope 

Stability analysis were perfonned for the Phase 7 south slope (Phase 7C) using zero 
strength for the fine coal refuse for the end-of -construction condition and total undrained 
strength for the long-term condition. Safety factors of 1.6 and 1.8, respectively, were 
obtained. These stability analyses are contained in Volume 2 of3 of this report. 

8. Seismic Stability of Phase 7 South Slope 

A liquefaction susceptibility evaluation and a post-earthquake stability analysis were 
performed for the Phase 7 south slope (Phase 7C). The post-earthquake factor of safety 
was found to be 1.6. The analyses are contained in Volume 2 of3 of this report. 

Comments - Plans and Specifications 

9. Specification Paragraph 2.08a - Decant Pipe Alignment 

The profile for the Phase 3 decant pipe has been put on Drawing No. B05-33-El3 and 
Specification 2.09.a has been revised to cite the correct drawing. 

10. Drawing No. B05-330-E24 

The tractive forces and the uniform section mat ditch lining anchorage requirements 
have been reevaluated for Ditches "D", "F", "I", "L", "M", and the Decant Ditches. The 
anchorage capacity for a 5/8-inch diameter bolt with embedment length of 4-foot into the 
embankment has been determined and the required anchor bolt spacing for the various 
ditches has been shown on Drawing B05-330-E24 The revised and additional 
computations are in Appendix B of Volume 1 of3 of this report. A tractive force 
analysis of the grouted riprap channel lining was also performed. 

11. Coarse Coal Refuse Placement Guidelines 

Appendix E, "Coarse Coal Refuse Placement Guidelines," in Volume 1 of3 of this report 
has been revised to include provisions concerning lift thickness, end slopes, trimming 
slopes, and keying new and old fills together. A typical drawing, B05-330-A4, showing 
refuse placement procedures, has been added to Appendix E. 

11711 
J!llll---,a;Y 
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The report narrative, technical specifications, computations, appendices, and drawings have all 
been revised as needed. The accompanying report, Volume I of3 and Volume 3 of 3, 
supercedes the previously submitted design reports. 

If you have any questions, or require additional information, please contact us. 

Respectively submitted, 

ALLIANCE CONSUL TING, INC. 

~~ 
Harold L. Owens, P.E. 

s~7~ t~Yon,Pr~ 
Principal Enginee'f 

File: 05330-MSHA Response 

0 
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U.S. Department of Labor Mine Safety and Health Administration 

Pittsburgh Safety & Health Technology Center 
P.O. Box 18233 
Pittsburgh, PA 15236 

.Mine Vvaste and Geotechnical Engineering Division 

Novemberl0,2008 

MEMORANDUM FOR ROBERT L. PHILLIPS 
District Manager, District 8 

IBROUGH: 

FROM: 

SUBJECT: 

9;~;;;~µ 
M. TE~~~q/ , . 

Chief, Pittsburgh Safety and Health Technology Center 

£~~~¼ 
Chief, Mme Waste and Geotechnical Engineering Division 

::2~,/J-~,~ 
DARREJ-f 13t,ANK 
Supervisory Civil Engineer, Mine Waste and Geotechnical 

~e;o~ 
~illJ. DONAHUE 

Civil Engineer, Mine Wasle and Geotechnical Engineering 
Division 

Request for Additional Information for Coal Refuse Disposal 
Facility No. 2, Phases 3 through 7, Impoundment I.D. No. 1211-
IL0S-03141-02, Williamson Energy LLC, Mach Mining -
Company, Pond Creek Mine No. 1, Mine I.D. No. 11-03141, 
Williamson County, Illinois 

As requested by your office, we have reviewed the revised design documents submitted 
by Williamson Energy LLC/Mach Mining, and prepared by Alliance Consulting, 
Incorporated. The subrrjtted materials included the fol!owing: 

1. A report entitled "Response to Comments - February 11, 2008, I.D. No. 1211-IL0S-
03141-02 - Mach Mining, LLC - Mach No. 1 Mine l.D. No. 11-03141 - Vviiliarnson 
County, Illinois - Coal Refuse Disposal Facility No. 2 Phases 3 through 7." 
Appendices to the report contained proposed construction guidance specifications, 
various design calculations; geotechnical test boring and laboratory test data; and 



R12408
2 

thirteen drawings depicting plans, profiles, and details of the proposed facility. This 
report is dated August 2008 and was hand delivered to our office on 
August 19, 2008, in conjunction with a meeting with Mach Mining and Alliance 
Consulting personnel to discuss the plan. 

2. A set of three drawings depicting longwall panel subsidence measurements at 
Baselines "A" through "D" at the subject mine. These drawings are dated 
August 29, 2008, and were received in our office on September 3, 2008. 

Description of Proposed Facilitv 

The revised Disposal Facility No. 2 will provide for t..he disposal of about 3 ½ years of 
coarse coal refuse (CCR) and 6 years of fine coal refuse (FCR) produced from the Pond 
Creek No. 1 Mine. This facility is to be constructed in five phases - Phase 3 through 
Phase 7. Phases 1 and 2 are part of Disposal Facility No. 1 which lies immediately to the 
south of Disposal Facility No. 2. 

The currently planned facility will consist of three, four-sided diked impoundments 
aligned in a north-south direction and sharing common embankments between them. 
The southernmost impoundment will be constructed during Phase 3 with fine refuse 
placement starting upon completion of the embankment to the design crest height. The 
central impoundment will be constructed during Phases 4, 6 and 7 with fine refuse 
placement starting during Phase 7 when the embankment will be about 50 percent of 
tl1e total completed height. The northernmost impoundment will be constructed during 
Phase 5 and will be partly incised by excavating the bottom of the impoundment. Fine 
refuse placement in this irnpoundment will begin when the embankment is about SO 
percent complete. 

The impoundments will cover about 200 acres, and all the impounding coarse refuse 
embankments will be raised by do,vnstream or centerline construction methods. The 
upstream and downstream slopes will be of 3 horizontal to 1 vertical (3H:1 V) except for 
Phase 3 which will have 2.6H:1V upstream slopes. Maximum slope heights will range 
from 49 feet for Phase 3 to 100 feet for Phase 7. All embankments with the exception of 
a portion of Phase 7 will be founded on 15 to 22 feet of medium to stiff clay deposits 
overlying shale bedrock. The south-facing slope of the Phase 7 embankment will be 
founded on the impounded fine refuse of the adjoining Phase 3. 

The designer considered the impoundments to be of high-hazard potential classification 
for ilie purposes of hydrologic/hydraulic design. Following 1 year from the start of 
construction, all phases will be able to accommodate a rainfall volume of two PW.LP' s 
with pumping capacity capable of drawing dovm one 72-hour PMF in 30 days. When 
the final crest elevation is reached, an 18-inch-diameter HOPE SDR 26 decant spillway 
will be installed and be capable of drawing down 90 percent of one PMF in less than 10 
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days. The onJy exception is the Phase 3 impoundment. Because of an impoundment 
life of less than 1 year, this impoundment was designed to handle at least one half of a 
72 hour PMF but less than a full 72-hour PMF. 

The most significant consideration.for these L.-npoundments will be the concurrent 
mining of three longwall panels in the 6.5-foot-thick Herrin No. 6 coal seam beneath the 
impoundment footprints. There is 430 to 450 feet of overburden with at least 420 feet of 
this being rock between the embankment foundations or impoundment bottoms and 
the Herrin No. 6 seam. Also, the development entries for the longwali mining have a 
calculated minimum pillar safety factor of 2.3 as calculated by the program ALPS. 
Therefore, breakthrough or sinkhole potential is low, but surface subsidence will 

· considerably impact the facility. 

The construction is to be phased so that, with the exception of Phases 3 and 4, all refuse 
placements will take place after mining has been completed beneath the impoundrnent 
and subsidence is substantially complete. For Phase 3, FCR placement will be 
completed to an elevation 5 feet below the crest, about 9 months prior to longwall 
mining beneath the impoundment. A 5-foot-thick cover of coarse refuse, level with the 
crest, will be placed over the fine refuse in order to eliminate any impounded water 
before the mining advances beneath the impoundment. Phase 4 will consist of a 45-
foot-high non-impounding embankment placed prior to mining. After the mining and 
treatment of any subsidence related surface cracks, the 300-foot-wide Phase 6 
embankment will buttress the downstream slope of the Phase 4 embankment. The 
width of this embankment is expected to mitigate the effects of any subsidence-related 
cracking of the Phase 4 embankment. 

Based on our review of this submittal, the items of additional information for t.J.ie 
original design, outlined in our memorandum dated December 13, 2007, have been 
satisfactorily addressed. However, the new impoundment design includes extensive 
changes from the old design, and mine subsidence data became available after the 
design was finalized. This subsidence data indicates the potential for more severe 
subsidence impacts which will requiJ:e some additional analysis to justify the safety of 
the impoundment design. 

The planned mining beneath the Phase 3 impoundment, a short time after filling and 
capping of this impoundment, is a critical issue. There is currently very little 
engineering experience in safely accommodating longwall mining under a coal refuse 
dam, and a conservative consideration of all possible potential failure modes and the 
implementation of mitigatory measures may be required. 
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The following items of additional information will be required to complete our review: 

COMMENTS - DESIGN ANALYSIS 

1. Characterization of Fine Refuse 

The submittal does not include any site-specific fine refuse strength test data. 
Laboratory and/ or in-situ testing of fine refuse should be performed and submitted 
as appropriate to address the additional analyses requested in items 3, 7 and 8 
below. 

2. Imoacts of Greater than Predicted Subsidence Strains 

The submitted subsidence data from Baselines "B" and "C" indicated up to 250 
percent greater subsidence-related angular deformations, and consequently, much 
higher surface strains than the predictions furnished by Syd Peng, Anil Ray, and 
Thomas Doe that were relied on for the design. An independent subsidence analysis 
done in this office, using the computer program SDPS, with parameters calibrated 
from the actual measured subsidence profiles, indicates maximum horizontal tensile 
strains of about 3.3 percent compared with about 1.0 percent in Peng' s analysis. 

The expected subsidence-related deformations and surface strains should be 
recalculated based on the actual survey measurements. The impacts of the higher 
deformations and strains on the embankments and related structures should be re
evaluated. If necessary, the proposed measures for subsidence monitoring and 
mitigation of the subsidence should be revised or new measures proposed. 

3. Fine Refuse Behavior when Subjected to Subsidence 

The mining of the westernmost 2,300 feet of Longwall Panel No 3 is scheduled to 
occur beneath the Phase 3 impoundment about 9 months after completion of fine 
refuse placement, and an unspecified time after a 5-foot coarse refuse cover is 
placed. The submitted subsidence measurements indicate that somewhat higher
than-predicted tensile strains will occur in conjunction with a transient lowering of 
the eastern embankment crest to the approximate fine refuse elevation as the mine 
face advances beneath the embankment. The degree that the fine refuse will 
consolidate, gain strength, or resist possible strength loss under subsidence-related 
disturbance is not known. The possibilities of fine refuse flowage through large 
cracks in the embankment, or failures resulting from hydrostatic pressures from 
flowable slurry or water in subsidence-induced embankment cracks have not been 
analyzed or excluded. 
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Appropriate field and/ or lab test analyses and calculations should be furnished that 

exclude the failure mode described above. Mitigatory measures to preclude a 

cracking and fine refuse flowage failure mode should also be provided if needed. 

Such measures may include provisions to dewater or accelerate the consolidation of 

the fine refuse prior to subsidence, or measures to prevent continuous cracks 

through the embankment. 

Alternatively, any mining under Phase 3 may be limited to room-and-pillar mining 

using conservative pillar safety factors. 

4. Longwall Mining Subsidence Monitoring - Baselines" A" 

The submitted subsidence survey readings at Baseline "A" were not performed as 

specified in the submitted subsidence monitoring plan. No readings were taken· 

until the mining face had adv:anced well beyond the end of the line. Since the 

purpose of th.is survey baseline was to obtain data on the progression of the 

dynamic subsidence profile in the direction of the longwall mining, no useful data 

was obtained at th.is line. 

A new mid-panel survey baseline should be established as soon as possible and 

readings taken at sufficient frequency to obtain measurements of the subsidence 

profile in the direction of mining and its progression over time. The subsidence data 

should be submitted to this office for review. 

5. Longwall Mining Subsidence Monitoring - Baselines "E" through "I" 

The subsidence muniloring plan (Appendix F) does not specify a frequency of 

readings for these baselines shown on Drawing B05-330-M36. A frequency of 

readings should be specified for each line. Because of the dynamic nature of 

settlement in the direction of mining more frequent readings, daily at a minimum, 

will be required along Baseline "F." 

6. Longwall Mining Subsidence Monitoring-Phase 3 Monitoring 

The most critical phase of surface subsidence monitoring will be when mining of 

Panel No. 3 advances beneath the recently completed and capped Phase 3 

impoundment. In addition to Baseline "I," an additional baseline should be 

considered for the southern crest of this impoundment, or other suitable location 

that is aligned in the direction of mining. 
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7. Stabilitv of Phase 7 South Slope 

The Phase 7 embankment will be founded on the impounded FCR from Phase 3 and 

therefore is the most critical stability analysis case. However, no stability analysis 

was furnished for this slope. 

A stability analysis should be provided for a section through the Phase 7 and 

underlying Stage 3, using site-specific FCR strength parameters as requested in item 

No. 1 above. Because of the anticipated speed at which the Stage 7 embankment will 

be raised, analyses should be run for both the short-term end-of-construction and 

long-term steady-state conditions. Note that for loading of the consolidating, 

saturated FCR, appropriate undrained (phi=0) strength parameters should be used. 

8. Seismic Stability of Phase 7 South Slope 

The fine refuse-on which Phase 7 will be founded may be subject to triggering 

strength loss (liquefaction) under earthquake shaking. 

An evaluation of the susceptibility of the fine refuse to strength loss under 

appropriate earthquake shaking should be performed, and if required, the post 

seismic stability evaluated using estimated reduced post-seismic strengths. 

Alternatively, stability analyses can be performed using conservatively estimated 

post-earthquake strengths for the fine and coarse refuse. If a factor of safety of 1.20 

or greater can be obtained with this conservative analysis, then additional 

liquefaction analyses will not be needed. 

COMMENTS - PLANS AND SPECIFICATIONS 

9. Soecification Paragraph 2.08a - Decant Pipe Alignment 

This paragraph references Drawing BDS-330-E-14 and B0S-330-E-32 for decant pipe 

profiles. However, drawing E-13, not E-14, contains the profiles for the Phase 5 and 

Phase 7 decants. Drawing E-32 does not exist in the submittal, and no profile or 

other elevation information was provided for the Phase 3 decant in any of the 

drawings. 

A detail showing the intended Phase 3 decant profile with riser, inlet and outlet 

elevations should be added to the design drawings. 

10. Drawing No. B05-330-E24 - Detail No. 5 

This detail shows 5/8-inch-diameter roof bolts extending 4 feet into the 

embankment soil for anchorage of the Armorform uniform section grouted mats 

which will be used to line the decant outlet ditches running down the embankment 
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slopes. However, the design calculations show that a satisfactory factor of safety 

again.st sliding relies on the full allowable shear strength of the roof bolts. This is 

not possible if the bars are embedded into only 4 feet of soil. 

Appropriate concrete deadman blocks or other provisions should be added to the 

design to provide satisfactory anchorage for the proposed roof bolts. 

11. Coarse Coal Refuse Placement Guidelines 

These guidelines specify the proposed CCR placement procedures using conveyors 

and dozers. The guidelines specify the use of two D-9 dozers and a D-10 dozer 

equipped with reclamation universal blades and maximum average push distances 

of 500 to 600 feet. Consequently, tl1e operator's proposed construction method will 

be to construct the CCR dike embankments to their design crest elevation in 500 to 

600 feet long segments by pushing refuse from a conveyor stacker at ilie end of the 

previously completed segment. Supporting calculations are included with the 

guidelines. 

While the calculations appear to show this placement approach may be satisfactory 

wiili regard to the material handling capacity of the dozers, other potential problems 

must be addressed if such a placement method is used. The proposed dozer 

placement procedure must address a number of potential issues that include the 

following: 

a. Inadequate compaction or excessive lift thickness at the conveyor end of a new 

embankment segment, or at tl1e far end of the dozer pushes; 

b. Prevent'.ng loose, over steepened and effectively end-dumped slopes at the end 

and sides of each dozed-out embankment segment; 

c. Assuring that adequately compacted CCR extends to the limits of the design 

embankment template; 

d. Assuring each embankment segment is suitably tied-in, by benching or other 

means, to assure loose or permeable zones are not present between segments. 

Suitable drawings, cross sections and ·written specifications should be provided that 

address these issues and show the specific conveyor/ dozer placement procedure 

that is proposed. 

Satisfactory subrrJssion of the requested information vvill be required before we can 

recommend technical approval of tlus impoundment design from Phase 3 through 

Phase 7. However, item Nos. 7 and 8 are only applicable to Phase 7. Therefore, to 
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facilitate approval of the earlier phases, Mach Mining may first address all issues except 

for item Nos. 7 and 8 in an initial submittal with item Nos. 7 and 8 addressed in a later 

submittal. 

If there are any questions concerning this review, please contact this office. 

cc: S. Gigliotti - Chief, Safety Div., CMS&H 

M. Skiles - Director, TS 
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AllianceO 
Consulting, Inc. 

Engineers · Constructors · Scientists 

Mr. Robert L. Phillips 
District Manager 

November 9, 2009 

MINE SAFETY AND HEALTH ADMINISTRATION 
Coal Mine Safety and Health, District 8 
2300 Willow Street, Suite 200 
Vincennes, TN 47591-5416 

Dear Mr. Phillips: 

Transmittal 
Response to Verbal Comments 

Phase V Enlarn:ement 
Impoundment ID No. 1211-IL08-03141-02 

Mach Mining LLC 
Mach# I Mine. Mine ID No.11-03141 

Project No. B05-330-1413 

On behalf of our client, Mach Mining LLC, please find enclosed two copies of response to verbal 
comments from Mr. Paul Donahue to Mr. Harold Owen concerning enlargement of Phase 5. The 
northern embankment of Phase 5 was moved approximately 300 feet north. This move was made as a 
result of the purchase of a piece of property. Enclosed is a set ofrevised drawings and calculations 
showing the enlarged Phase 5 cell. 

One copy of the infonnation has been sent directly to Mr. Donahue at Pittsburgh, Tech Support. 

If you have any questions, or require additional information, please contact us. 

Sincerely, 

ALLIANCE CONSULTING, [NC. 

--~-- zJ 
K-)1,-'A-"J , V ' 

Brian W. Matherly 
Assistant ·oject Engineer 

~E~ 
Principal Engineer 

BWM/CEY:wmb 
Enclosures 

File: 05330-67 

cc: Paul Donahue (w/enclosures) 
J. Slapak (w/endusurt:s) 

124 Philpott Lane • Raleigh County Airport Industrial Park • Beaver, WV 25813-9502 • TELE: (304) 255-0491 • FAX: (304) 255-4232 
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AllianceO 
Consulting, Inc. 

Engineers · Constructors · Scientists 
November 10, 2009 

Mr. Paul J. Donahue 
PITTSBURGH SAFETY AND HEALTH TECHNOLOGY CENTER 
Cochrans Mill Road, Building 3 8 
Pittsburgh, PA 15236 

Dear Mr. Donahue: 

Transmittal 
Response to Verbal Comments 

Phase V Enlarnement 
Impoundment ID No. 121l-IL08-03141-02 

Mach Mining LLC 
Mach # 1 Mine. Mine ID No. l 1-03 l 41 

Project No. B05-330-1413 

On behalf of our client, Mach Mining LLC, please find enclosed one copy of response to verbal 
comments to Mr. Harold Owen concerning enlargement of Phase 5. The northern embankment of Phase 
5 was moved approximately 300 feet north. This move was made as a result of the purchase of a piece of 
property. Enclosed is a set of revised drawings and calcu-lations showing the enlarged Phase 5 cell. 

Two copies of the information has been sent directly to Mr. Robett L. Phillips at the Mine Safety and 
Health Administration in Vincennes, IN. 

If you have any questions, or require additional information, please contact us. 

Sincerely, 

ALLIANCE CONSULTING, [NC. 

,\2()£:.tt,-7 pe, · / ~ // .. J -'-~~ 
Brian W. JV!atherly 
Assistant reject Engineer /~/r--~ 
~P .. 
Principal Engin r 

BWM/CEY:knm 
Enclosures 

File: 05330-68 

cc: Robe11 L. Phillips (w/enclosures) 
J. Slapak (w/enclosures) 

124 Philpott Lane • Raleigh County Airport lndustrial Park • Beaver, \VV 25813-9502 • TELE: (304) 255-0491 • FAX: (304) 255-4232 
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Wifiiamson Energy, LLC 
PO Box 99 
johnston City, IL 62951 
Office: 618-983-3020 Fax: 618-983-3017 

Mr. Robert L. Phillips 
District Manager 

August 8, 2008 

MINE SAFETY AND HEALTH ADMINISTRATION 
2300 Willow Street, Suite 200 
Vincennes, IN 47591 

Re: Pond Creek Mine No. 1, MSHA ID No. 1211ILD803141-D1 

Dear Mr. Phillips: 

This letter authorizes Alliance Consulting, Inc. (Alliance) to perform work on MSHA Id No. 

1211IL0803141-01 and make corrections as necessary. Please send copies of any comments to 

Alliance as well as Williams Energy, LLC. 

Thank you for your cooperation. 

Sincerely, 
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AllianceJl]Jf 
Consulting, Inc. 

Engineers · Constructors · Scientists 

Jvfr. Robert L. Phillips 
District Manager 

August 6, 2008 

MINE SAFETY AND HEALTH ADMINISTRATION 
2300 Willow Street, Suite 200 
Vincennes, IN 47591 

Dear Jvfr. Phillips: 

Transmittal 
WiUian1son Energy 

Pond Creek Mine No. I 
MSHA ID No. 1211IL0803141-0l 

Williamson Countv. Illinois 

Project No. BOS-330-1413 

On behalf of our ciient, \Villian1son Energy, LLC, please find enclosed two copies of the above
referenced application for your review. A preliminary review of this plan was conducted with l\1essers 
Mark Eslinger and Douglas Stradner of your office. 

( e copy of this application will be provided to MSHA, Pittsburgh Safety And Technology Center, P. 
'·~. Box 18233, Pittsburgh, PA 15236 at a meeting to be held to review the final plan 

If you have any questions, please contact us. 

f:,espectfully submitted, 

ALLIANCE CONSULTLIVG, INC. 

d//)1::'; 
/ '-/~.en q C>"--~----·--Harold R. Owens, P. E. Sei~:En:CL_ 

I /) /Z ,. - V ,,;,;::E , 6a~. , on.,,.,. . 
Senior Project"J\1anager 

HRO/CEY:wmb 
Enclosures 

( 
lames Plumley. Mach Mining 

FICE: 05330-49 
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AllianceO 
Consulting, Inc. 

Engineers · Constructors · Scientists 

August 5, 2008 

Mr. Robert L. Phillips, District Manager 
MINE SAFETY AND HEALTH ADMINISTRATION 
2300 Willow Street, Suite 200 
Vincennes, IN 47591-5416 

Dear Mr. Phillips: 

Transmittal 
Additional Information 

Coal Refuse Disposal Facilitv No. 2 
Phases 3 Throug:h 7 

Impoundment I. D. No. l21 l-IL08-03141-02 
Williamson Energy. LLC 
Pond Creek Mine No. 1 
Mine I. D. No. 11-03141 

Williamson Countv. Illinois 

Project No. B07-038-1413 

On behalf of our client, Vv'illiamson Energy, LLC, this letter has been prepared in response to 
your request for additional information dated February 11, 2008. 

As described in the memorandum attached to your letter on Page 3, the plan has been modified 
slightly since the original submittal. The sequence of construction will be from South to Center 
Cells to North Cell rather than South Cell to North Cell to Center Cells. The North and Center 
Cell configuration have changed but the overall concept remains the same. It should be noted 
that the two most southerly cells, Phase 2 and 3 will have been constructed, filled with fine coal 
refuse and abandoned prior to mining beneath the abandoned structures. The northern most cell 
will not be constructed until the longwall mining is completed and subsidence has occurred. 
Drawing No. B05-330-M36 entitled "Mining/Jmpoundment Construction" has been included 
which depicts the individual phases of construction sequentially and the timing of the mining. 
The following infom1ation has been included in response to your letter. 

1. Lonuwall Mining Subsidence Analvsis and Mitiuation 

a) Predicted subsidence, horizontal strain and displacement profiles have been included in a 
report entitled '"Prediction of Ground Movement Parameters due to Longwall Mining 
During different Phases of Impoundments'' by Dr. Syd Peng and are included in 
Appendix H of this response. 
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b) Measures for mitigation of the effects of mining subsidence on the dam embankment and 
foundation are included in Section 3 .1. 

Mining subsidence impact and mitigation measures for the various phases is described as 
follows: 

Phase 3 - This impounding embankment of Phase 3 will be completed and slurry 
pumping into the impoundment will be completed before mining beneath the phase 
occurs. The Phase 3 impoundment will be capped before undermining occurs. Based on 
subsidence predictions, the internal drainage system for the embankment has been 
redesigned to continue to function post-subsidence. Any disruption of surface drainage 
features due to subsidence will be repaired. 

Phase 4 - Phase 4 is an intermediate phase in preparation for the construction of Phases 
5, 6, and 7. No slurry will be pun1ped into Phase 4 and no internal drainage features are 
included in this phase. Undermining of Phase 4 will occur shortly after its construction. 
The embankment and pool area of this phase ,.,,,i]] be examined for subsidence cracks and 
repairs will be made as needed. It is anticipated that when slurry pumping begins in 
Phase 7 any undetected subsidence cracks in the Phase 4 embanlunent and foundation 
will be sealed by the slurry. This Phase will be buttressed to the south by Phase 3, which 
will be already completed and full of slurry; by Phase 6 to the east and west, which will 
be built post-subsidence; and by Phase 5 to the north, which will be also built post
subsidence. 

Phase 5 - Phase 5 will be built post-undennining and the pool and embankment 
foundation area will be exan1ined for subsidence cracks and repairs will be made as 
needed prior to construction. As previously stated, it is anticipated that theslurry will seal 
any undetected cracks. Phase 5 will be buttressed to the south by Phase 4. Phase 5 will 
contain an internal drain. This phase is predicted to be pumped full 22 months after 
construction staris (provides 17 months of slurry pumping). 

Phase 6 - Phase 6 will be built post-mining and the embar1.kment foundation area will be 
exainined for subsidence cracks and repairs made as needed prior to construction. Phase 
6 buttresses Phase 4 and an underdrain will be installed in this phase. No slurry will be 
pumped into Phase 6. 

Phase 7 - Phase 7 will be buill post-mining. Phase 7A will pmiially cap and consolidate 
the slurry in Phase 3. Phase 7B will provide a lining/buttress hetween the Phase 7 pool 
and the potemially cracked Phase 3 ernbanlm1enl (Phase 3 will be undermined after it has 
been pumped full of slurry). The remainder of Phase 7 will sit on top of the previously 
constructed Phases 4. 5. and 6. Phase 7C will finish covering and consolidating the slu1Ty 
contained in the Phase 3 embankment. As previously stated. it is anticipated that the 
slurry will seal any undetected cracks not detected and repaired during Phases 4 and 6. '"•', , ~w 98;; 

~"~W /if!!,/ lififffe:r ,_ · 
. ,, ,.-
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2. Treatment of Subsidence Cracking 

The horizontal strain map, Drawing No. B05-330-M42, included in this report shows the 
areas that are most susceptible to cracking and which will be given special attention for 
the detection and repair of subsidence cracks. Areas considered susceptible to subsidence 
cracking are those predicted to have surface horizontal tensile strain of 0.1 percent or 
greater. 

Examination of the subsidence prediction study data shows that horizontal strain and 
vertical subsidence values do not change significantly when mining occurs in a longwall 
panel adjacent to a previously mined panel directly beneath a phase undergoing 
construction. Overlapping subsidence and strain profiles should have negligible impact 
ori ongoing construction. 

The coarse coal refuse fill to be used in all phases of construction is broadly graded and 
should be less susceptible to cracking than earthern materials traditionally usually used in 
dam construction. Comparison of the gradation curves of the foundation soil and coarse 
coal refuse indicates that they do not fall into the most critical range for cracking (see 
Fig. 2.3:6 adopted from "Design of Earth and Earth Rock Dan1s", Sherard, eta!, 1963, and 
the gradation curves for the foundation soil and coarse coal refuse contained in .... of this 
report). Based on Table 2.2.1 contained in Sherard, on a scale of 1 (highest) to 8 
(lowest), the foundation soil has a piping resistance of (2, high) and the coarse coal refuse 
has a piping resistance of (3, intermediate). 

2.a Crack Repair - Slurry discharge lines will be moved around the interior perimeter of each 
impoundment phase to maintain a delta against the slope and aid in sealing any 
embankment and foundation cracks not discovered by visual observation and sealed. 

Subsidence crack repair of the foundation and the Phase 4 embankment will consist of 
excavation of the areas containing cracks to a depth of at least four feet, proof rolling the 
areas, and backfilling and sealing the areas with a compacted coarse coal refuse seal 
placed to the compaction standard in the Guideline Technical Specifications. In the 
unlikely event that extensive, deep cracking is discovered, a slurry trench or cutoff trench 
will be extended to bedrock through the affected areas. The trench will be located 
beneath the underdrain alignment for Stages 5 and 6. If it is discovered that a slmTy or 
cutoff trench is needed, a specific design will be submitted for approval prior to its 
construction. 

The Phase 4 embankment is the only embankment subject to subsidence cracking orior to - - . 
slurry pumping. Before the construction of Phase 6, the Phase 4 embankment will be 
examined for cracking and any areas containing cracks will be excavated to a depth of a1 
least 4 feet and sealed with compacted coarse coal refuse. Any additional cracks 
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discovered after slurry pumping begins during Phase 7 will be sealed by directing the 
slurry into the pool adjacent to the cracks. 

2.b Defensive Measures - Phase 6, a wide zone of embankment, will be constructed post
mining by the downstream construction method on the east and west sides of Phase 4. It 
would serve as a "crack stopper" for any undetected cracks which may develop in the 
east and west sides of the Phase 4 embankment. The Phase 4 embankment will be 
buttressed on the north side by the Phase 5 embankment and impoundment. Phase 7 will 
be constructed partially on top of Phase 4, the resulting additional consolidation should 
aid in closing any cracks in the Phase 4 embankment. Likewise, the construction of 
Phases 6 and 7 should cause consolidation which should aid in closing any cracks in the 
underlying foundation soil. 

The Stage 5 and 6 embankment underdrains have been redesigned to lower them as 
closely as possible to the predicted subsided original ground surface and still maintain 
gravity outlets. Neglecting the flow capacity of the gravel, the perforated collection pipes 
are designed to have a flow capacity safety factor of five or greater. The use of a safety 
factor of five for the collection pipe is felt to be justified as the entry of seepage water 
into the gravel drain envelope has a safety factor in excess often and the collection pipe 
is an engineered material which will be installed in a controlled fashion. 

3. Subsidence Monitorin£ Plan 

A subsidence monitoring plan which includes subsidence monument locations, reading schedules 
has been included in Appendix F, the rate and magnitude of vertical and horizontal movement 
will he recorded. The location of subsidence monuments are shown on Drawing No. B05-330-
M36. 

4. Coordination ofMinin2 and Surface Disnosal Onerations 

The construction timing and staging are contained in the calculation brief and are based on · 
production ratios and rates provided by Mach Mining, LLC (Mach Mining). Mach Mining is the 
operator of the deep n1ine~ preparation plant and coal refuse disposal facility. Therefore, 
coordination of the mining operation and surface operation should not be an issue. The timing of 
the panel advancement and developmental mining was modeled by Mach Mining. The modeling 
was performed using SurvCADD software. The mining completed during each stage is color 
coded on the map of each stage. Charts with the dates of mining, beginning and ending, fine and 
coarse coal refuse placement has been included for each phase on the "lvfining/!mpoundment 
Timing Map", Drawing No. B05-330-M36. 

5. Draviinu 

The decant outlet ditch has been shown on Drawing Nos. B05-330-M30 and B05-330-M33. 
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6. The horizontal scale for the impoundment curve has been corrected on Drawing No. B05-
330-El3. 

7. Additional piezometer locations have been indicated on Drawing Nos. B05-330-M30, B05-
330-M32, B05-330-M33 and B05-330-M34. 

8. Desi£rn Comments - Soecifications 

The reference to maintaining a four-foot thick (minimum) soil layer between the coal refuse and 
bedrock has been deleted from Page i .. ~3. This v;as an issue related to groundviater protection 
and was applicable to construction of the Phase 1 (incised area only) for the Illinois Department 
of Natural Resources. This language was contained in the approved MSHA plan (1L08-03131-
01) for Phase 1 and was the method by which it was constructed. 

A soil layer inside the incised portion would not affect the stability of the embankment. 

9. Additional information has been provided on Page A-3 for the replacement of soft or wet soils 
with compacted coarse coal refuse. We propose that the soft soils be removed and replaced with 
coarse coal refuse. 

10. 
a) If subsidence cracks are discovered in the pool or embankment fow1dation area of Phases 

5 or 6, areas containing cracks will be excavated to a depth of at least four feet, proof 
rolled, and sealed with a compacted coarse coal refuse placed to the compaction standard 
in the Guideline Technical Specifications. 

b) The topsoil has already been removed from the entire site. No drain tiles or drain pipes 
were encountered. Additionally, the sediment cell has already been excavated around the 
entire perimeter of the facility to depths greater than the topsoil removal. The minimum 
excavation depth was approximately 4 feet up to approximately 15 feet. No drain tiles or 
pipes were encountered. We assume these excavations would have encountered any such 
structure and therefore no addition to the specifications should be required. 

11. A placement plan for utilizing belts and dozers has been included in Appendix E. This plan 
is similar to the currently approved plan for Phase 2 (ID No. IL08-03141-0l) for this type of 
placement at this facility except that an additional D-9 dozer has been purchased and two 
stackers (dump points) are proposed in-lieu of one. Compaction has been achieved by dozer 
traffic. 

12. The pump activation le\'els have been added to Drawing No. B05-330-M5 for Phase 4, 
Drawing No. B05-330-M7 for Phase 6 and Drawing No. B05-330-M8 for Phase 7. 

A statement has been added to the specifications in Section 3.1 of the engineering report stating 
that no significant depth of impounded water will be allowed prior to any of the required 
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remediation of subsidence disturbance or prior to the raising of the post subsidence stages to a 
suitable elevation. 

13. Grout mix and placement procedures have been provided in Section 4.04, Page A-12. 
Uniform section mat has also been provided as an option for grouted rip-rap on Drawing No. 
B05-330-E24. 

14. Additional Required Snecifications 

a) Specific pump specifications have been provided in Appendix G. The maxinmm 
required pumping rate for Phases 4 and 6 are 1,902 gpm with 32.5 feet of static head. For 
Phase 7, a pump wiil be required until the decant iine is instailed. The pump wiil be a 
Goodwin CD 3000 M Dri-Prime Pump manufactured by Goodwin Pumps of America, 
Inc. with a Caterpillar -9 diesel engine or equivalent. This pump will deliver 4,870 gpm 
at a total suction head of 120 feet. 

b) Measures to address mine subsidence have been added in Section 3.1. 

If you have any questions, or require additional information, please contact us. 

Respectfully submitted, 

ALLIANCE COl\'SULTING, [NC. 

Harold L. Owens, P. E. 
Senior Project Engineer 

~o/-Claudio E. Yon, P.1 . 
Principal Engineer 

HLO/CEY:wmb 
Enclosures 

rn r. ,,-,,.....,o 1-, 
t 11..,1.:. v,v.10-J 1 
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U.S. Department of Labor 

February 11, 2008 

Mr. Justin L. Harry, Staff Engineer 
Alliance Consulting, Inc. 
124 Philpott Lane 

Mine Safety and Health Administration 
2300 Willow Street 
Suite 200 
Vincennes, Indiana 47591-541 6 

Raleigh County Airport Industrial Park 
Beaver, WV 25813-9502 

Dear Mr. Hany: 

,•\.I~"' I u, 

,."':-""<-'~-~~«,:) 
C ;!lie 
-,: ' -=:r 
1';. IE:..: 

,;.:~ 

Re: Request of Additional Information dated December 13, 2007, for Coal Refuse Disposal 
Facility No. 2, Impoundment I.D. Number II.OS 03141-02, Mach Mining, I.LC, Mach #1 Mine, 
Jv'fine I.D. No. 11~03141, Johnston City, Wiliiamson County, Illinois 

The Mine Safety Health Administration completed a review of the engineering plan for the 
design, construction, and maintenance of Mach #1 lvline, Mach Mining, LLC. Before the plan 
can be approved, some additional L.'Tiormation is needed. 

Please find attached a memorandum from the Mine Waste and Geotechnical Engineering 
Division of the Pittsburgh Safety and Health Technology Division. The information requested in 
the memorandum must be satisfactorily answered before approval can be granted. 

If you have any questions concerning this matter, please contact Maxk Eslinger, Supen•isory 
Mining Engineer (Veulilciliun) di 812-882-7617. 

SL.tcerely, 

' _,J , .--1--- /, ;)r,? ll.',-( Gtl!!.c'rj er, ,__,,.cu 11:! 

Robert L. Phillips 
District !vfanager 
Coal lv!ine Safety and Health 
District 8 

Attachment 

cc: /}:iJ:riiii~ffdii2k/Ei-esid~:i11 
Mach Minii1g, LLC 
P.O. Box300 
Johnston City, fL 6'.'951 
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U.S. Department of Labor Mine Safety and Health Administration 
Pittsburgh Safety & Health Technology Center 
P.O. Box 18233 
Pittsburgh, PA 15236 

Mine Waste and Geotechnical Engineering Division 

December 13, 2007 
r2,Lf 

MEMORAl\TDUM FOR ROBERT PHILLIPS 

THROUGH: 

FROM: 

SUBJECT: 

District Manager, District 8 
Coal Mine Safety and Health 

---x: dJ-v~;1%✓ 
M. TERRY HOCH 
Chlet Pittsburgh Safety a..ld Health Tedu-1ology Center 

sr;;-~()_ 1[;J~ 
STANLEY JJ;}nCHALEK 
Chief, lvfine 1-Vaste and Geotechnical Engineering Division 

~/h-;<:(~ A,z 
DONALD T. KIRKWOOD 
Supervisory Civil Engineer, Mine Waste and Geotedm.:ical 

~n)neering Division 

l1.,;'.,..{ C). 'J J-----. 
PAULJ. DONAHUE 
Civil Engineer, Mine VVaste and Geoteclmical Engineering 
Division 

Request for Additional Information, Coal Refuse Disposal 
Facility No. 2, Phases 3 through 7, Impoundment I.D. No. 1211-
IL0S-03141-02, Williamson Energy LLC, Pond Creek Mine No. 1, 
Mine 1.D. No. 11-03141, Williamson County, Illinois 

As requested by your office, we have reviewed the design documents submitted by 
Vvilliamson Energy LLC, and prepared by Alliance Consulting, Incorporated The 
submitted material was received in our office on February 8, 2007. 

The submitted design document consists of a report enht1ed: "Engineering Design Plan, 
Proposed Coal Refuse Disposal, Facility No. 2, Williamson County, Illinois, dated 
T ?nrr " TI · 1 ,,ci • ' • • ' • ct· d · d Jc1.nuary -~, ... ,/. ... ... 1e report rnciuues a narralrve uescnpt1011 ot tne propose es1b111, an ... 
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the testing and analyses performed. Appendices to the report contain various design 
calculations; geotechnical test boring and laboratory test data; and thirteen drawings 
depicting plans, profiles, and details of the proposed facility. 

Disposal Facility No. 2, as currently planned, will provide for tl1e disposal of about 11 
years of coarse coal refuse and 17 years of fine coal refuse produced from the Pond 
Creek No. 1 Mine, which has been previously referred to in District 8 correspondence as 
the "Mach No. 1 Mine." This facility is to be constructed in five phases - Phases 3 
through 7. Phases 1 and 2 are part of currently active Disposal Facility No. 1, which lies 
immediately to the south of the proposed Disposal Facility No 2. 

Descriotion of Prooosed Facilitv 

The currently planned facility vvill consist of hvo fourMsided diked irnpoundrnents that, 
upon completion, will share a common embankment separating them on their southern 
and northern margins, respectively. The smaller, partly incised north irnpoundment 
will be constructed as part of the placement Phases 3 and 5, and the larger soutl1 
impoundment that will be constructed as part of Phases 4, 6 and 7. The north 
impoundment will be 1250 by 1850 feet, and the south impoundment 2400 feet by 
2400 feet, in footprint dimensions. Both impoundments will be raised by downstream 
construction methods with upstream and downstream slopes of 3 horizontal to 1 
vertical. The north impoundment will be a maximum of 52 feet in height above the 
dovv115h·eam toe, and the south impoundment will be a maximum of 98 feet above the 
dow11Sh·eam toe. 

The designer considered the impoundments to be of high hazard potential classification 
for the purposes of hydrologic/hydraulic design. Following 1 year from the start of 
construction, Phases 3, 4, a..c1d 6 will accomm.odate a rainfall volume of two PMF' s with 
pumping capacity capable of drawing down one PMF in 30 days. Phases 5 and 7 will 
utilize an 18-inch SDR 26 decant spillway capable of drawing down 90% of one PMF in 
less than 10 days. 

The most sigrificant consideration for these impoundments will be the longivall mining 
of tl1e 6.5-foot-thick Herrin No. 6 Coal Seam beneath the impoundment footprints 
concurrent with tl1e disposal facility development. There is 420 to 450 feet of 
overburden, with at least 420 feet of this being rock, between the embankment 
foundations or impoundrnent botton1S and the Herrin No. 6 seam. Also, the headgate 
and tailgate pillars have a calculated 11Unimun1 pillar safety £actor of 2.3 as calculated by 
the program ALPS. Therefore, breakthrough or sinkhole potential is low, but surface 
subsidence is a significant consideration in the design of this faciJity. 

The north irnpoundment will span the surface projection of the nortl1ernmost of tbe 
tlu·ee 1200-foot-wide longwall panels that will impact the impoundments. The south 
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impoundment will span the soumern two panels. The longwall mining for each panel 
will proceed east to west and panels will be mined north to south. TI1e designer intends 
to accommodate the surface subsidence from the expected longwall mining by staging 
construction so that the downstream coarse refuse stage of each impoundrnent is placed 
after long,vall mining is completed, subsidence is substantially ended, and surfidal 
cracks on critical parts of the pre-mining stage are treated. No fine refuse slurry will be 
placed in eimer irnpoundment until this post-subsidence downstream stage has been 
raised to at least the expected slurry level. Fine refuse will be placed in the currently 
active Disposal Facility No. 1 impoundment prior to the start of the first post
subsidence stage. Long,vall mini.ng\vill be performed under Facility No. 1 after its 
closure. Tims, the safe operation of th.e proposed impoundments will rely on critical 
coordination of the surface disposal activities vdth the underground nuning activities. 

Design Ccmn1ents - Lcngv-,1all lv!ining Impacts 

Based on our review of the submittal, we have concluded that additional engineering 
analyses ·will be required to assure the safe operation of the proposed mine waste 
facility. The potential irnpacts of mine subsidence on this facility are significant. 
However, the submittal does not contain sufficient i11forrnation to demonstrate that the 
designer has thoroughly considered the adverse effects of longvvall subsidence on the 
embankments or their foundations in the design of this facility. 

In a phone conversation with Mr. Douglas (Duffy) Stradner, District 1 Impoundm.ent 
Specialist, on October 23, 2007, we were notified that major revisions to the 
impoundmen.t layout and geomeh-y may be forthcoming. However, we expect that the 
con1111ents and requested inforn1c.tion L.11 this 1nen:1orandu1n \A.rill be applicable to any 
revised designs. 

The following items of additional ii.formation will be required to complete our review: 

1. Longwall Mining Subsidence Analvsis and Mitig:ation 

TI1e designer used the Bureau of Mines IC 8741 guidance to demonstrate that an 
adequate overburden thickness exists to preclude breakthrough. However, 
IC 8741 also specifies a dam protection zone where no mining is allowed within 
specified" safety zone" limits beneath the footprint of a dan1. MSHA generally has 
allowed only essential ventilation or haulage way development mining within the 
IC 8741 limits at coal v,;aste da1r1s unless it can be den1.onstrated that the n1i1,Ti-1g "w·ill 
not impact the integrity of the dam or that specific proposed measures will protect 
the integrity of the darn. Tberefore, a detailed arialysis of the nl..ining related 
subsidence c1.nd possible irnpacts on the planned irnpoundrnents should be 
provided. Th.is analysis should include the following: 
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a. Develop predicted subsidence, horizontal strain, and displacement profiles, at all 
signilicant stages of the mining and impoundment construction; 

b. Furnish any designs and supporting calculations for ar1y measures needed to 
mitigate the effects of the mining subsidence on the dam embankment and 
foundation. Additional, post-subsidence remedial features, such as a cutoff 
trench, compacted clay liner, or other defensive anti-seepage measures to 
address foundation or embankment disturbance should be considered. 

2. Treab:nent of Subsidence Cracking 

The submitted report nanative proposes to "over excavate and fill cracks to a 
minimum depth of 5 to 10 feet" at the south side of the Phase 5 embankment after 
PV't"\Pr+Prl lnnm1;rnll m-inTnn- suhs'd~n,-.o "''"'d ,., .... ..,,,..1,;.,...,0- 'has o .... ,.., ....... ed WO""-'" .... ~•.-. ... ·10 -~•r.._,.,._._,._,.._. '-''-~Q • ........._ ... .1. U.J.L.J..L fj .._, .1. '-.I.'-'- <.,<.J.l \...J."'-'- '-.U.LD J.l 1....1...U..l.l. • .I. .I. Y\'C:VC:J./ J_ 

construction details of the proposed repair were provided. Also, the effectiveness of 
this repair is questionable because it will only address the near surface part of a 
crack and cracks that are visible at the surface. 

a. The designer should provide additional details of the proposed crack repair 
procedui-e with specific dimensions for the excavation and backfilling for the 
various sizes of cracks expected, and provide a justification that the repairs will 
be effective. 

b. i\lternatively, the designer should consider suitable defensive design measures 
such as a graded rock filter zone between the pre- ai1d post-mining stages, which 
may preclude the need for crack repair . 

. ~. Subsidence Monitoring 

The proposed design relies on mine surface subsidence being substantially complete 
before placing the dov-.rnstream stages of the impoundments. However, no 
subsidence monitoring has been proposed. A subsidence monitoring plan should be 
proposed. TI1is plan should include monument locations, reading schedules, and 
action thresholds for the rates and magnitudes of vertical and horizontal movement. 

4. Coordination of Mining and Surface Disposal ODerations 

The proposed facility design relies on close coordination bebveen the lon5vvall 
mi11ing operations and the staging of the surface refuse disposal operations. TI1e 
1nine operator should provide a plan for coordinating t11e underground nlining a11d 
lhe swJace disposal activities and any supporting docun1entation. This should 
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include time!i.nes for the longv,,all mining development and impoundment 
construction that supports the assumptions used in the impoundment staging 
design. 

Mining and impoundment th-neline and expected production data should be 
provided in bar chart or other form for easy reference by mine and MSHA 
inspection personnel. 

Design Comments - Drawings 

5. Drawin12:s B05-33-M6 and MS - Decant Outlet Ditch 

A decant ditch is specified on the ditch schedule on Drawing No. 05-330-E14, but is 
not shovrn on the plan dravvings. TI1e locations and intended plan extents of this 
ditch should be shown on the plan drawings. 

6. Drawing B05-330-E13 - Stage/StoraQ:e Curves 

The horizontal axis (storage volume) scale for the Phase 3/5 impoundment curve is 
incorrect (too high by a factor of 10). Th.is error should be corrected. 

7. Drawings B0S-33-l\16 and MS - Piezometer Locations 

The above drawings show pairs of proposed piczomctcrs to be installed only in the 
lower half of the dm-vnstream slopes. In order to verify assumptions used in the 
slope stability analysis and confirm adequate performance of the underdrain, at least 
one additional piezometer will be needed further up tl1e slope. Therefore, 
additional piezometers should be specified for tl1e downstream edge of the Phase 5 
and Phase 8 crests, or other suitable higher location, or justification provided for the 
currently proposed piezometer layout. 

Design Co1n1nents - ~p1::crr1can.ons 

8. Paragranh 1.02 - Strinning and Topsoil Removal 

Th.is paragraph specifies that a 4-foot-th.ick (minimum) soil layer shall be maintained 
betvveen the coal refuse and bedrock. 

a. It should be clarified if this minimum soil !aver thickness is intended for beneath 
the i1npou11ded fine refuse as V1Te1J as tl1e coarse refuse e111ban.kn1ent. 

b. A list of specific acceptable soil types for the protecti,·e layer, using the Unified 
Soil classification System (USCS) should be included in this specification. 
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c. A means to confirm this soil thickness should be provided. 

d. The excavation of the incised bottom of the north pond will likely encounter 
bedrock in some portions of the pond bottom. If the minimum soil layer 
requirement is applicable to the pond bottom, a specific treatment, such as over 
excavation and replacement with compacted clay soil, should be included in this 
specification. 

9. Paragraph 1.03. - Surface Sealing/Proof rolling 

Specific acceptable USCS soil types should be specified for replacement of soft or 
wet soils. 

10. Section 1.0 - Site Preparation - General 

a. As required to address Comment No. 1, additional preparation measures in both 
the embar1kment foundation and impoundment bottom areas will likely be 
needed to address mine subsidence impacts. The specific measmes developed to 
address this issue should be included in th.is section of the specifications. 

b. Underdrains or "drain tiles" are often used in level, low-lying former cropland 
such as this site. The site preparation specifications should include measures to 
explore for, and if necessary, remove a suitable portion of any drain pipes that 
could provide a seepage path under the coarse refuse embankment. 

11. Paragraph ?.0?.e. Coarse Coal Refuse Placement and ComDaction - Construction 
Procedures 

This paragraph specifies that fill shall be placed in "nearly horizontal layers." 
However, similar wording has been used on sites where MSHA has observed 
excessively sloping coarne refuse fill with thick or poorly defined lifts. This typically 
occurs when dozers are used to push the coarse refuse excessive distances from the 
tail end of a conveyor used to convey the coarse refuse to the dam crest. 

The specification should be revised with additional details to clearly define the 
maximum tolerable slope of the fill surface, and describe specific, acceptable lift 
spreading methods. 

12. Para,rraL,h 3.0? - Clarified 11\Tater Removal 

a. This paragraph states that the water level in ll1e impoundments should be 
maintained as "low as practicable." However, the submittal contains 
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calculations for specific maximum design storm storage water levels and pump 
activation levels prior to installation of the decant spillways. These elevations 
need to be provided in table or other form in the specifications for easy reference. 

b. Additionally, the longwall mining will significantly disturb Phases 3, 4 and 6 
embankments. Therefore, the specification should contain measures to prevent 
any impounding of water prior to any required remediation of subsidence 
disturbance or prior to the raising of the post-subsidence stages to a suitable 
elevation. 

13. Paragraoh 4.04 - Rock Riorap 

a. "Grouted rock riprap" is specified for the decant ditches and other steep surface 
clrah1age ditches that ,,.,rill run dov.rn the ernba...'11,ment slopes. Hov,re·ver, 
specifications for the grout mix and grout placement procedures were not 
provided. These details should be added to this specification. 

b. Subparagraph" d" of this specification also provides the option of using grouted 
8-inch filter point mat or 4-inch uniform section mat in place of riprap. 
Clarification is needed whether this lining is intended as a replacement for both 
grouted and ungrouted riprap lining. Additionally, calculations supporting the 
suitability of tllis alternate charmel lining for the steep cha1mels on the 
embankment slopes should be provided. 

14. Additional Required Soecifications 

Additional significant construction requirements were not included in the submitted 
specifications. Additional sections to the specification should be provided for the 
following: 

a. Pumping Reouirements 

Pumping will be required to meet storm water handling requirements during 
certain stages of consh·uction. Required pumping capacity calculations were 
funlished, but no pump specifications were provided. Specifications should be 
furnished with specific requirements for pump capacity, power source or supply, 
and any testing required to assure reliable operation. 

b. Specifications for Measures to Address Mine Subsidence 

h.~r11h,........,.,,1,-1,....,...,;1c,--1 "F..,_,...,,,...;.c;,.....,.:-; .......... ,.,c,...:..;,.., .... ,., ,.,1 .......... 1.--11 ... ,., ·-·· ..... ~·:;i 0 ,..:i ,.,,., --•h...J, . ...J £,._ ,.,.1 .. 
~ .............. , L.>.~nl<-1-J. '--''--'-'-"'--'- LI ;;:, ''-\...J..1.J,'-'-ll..J.UJ l .:, . \..dVJ.Li:l ::,J.lVU.JU L..'C 1:-'l V \' Ju-...u, a.::i J.tCt:Ucu, J.Vl QJ )' 

nev: features of work developed from the additional subsidence analysis 
requested in iten1.s 1 through 4 of this n1e1norandun1. 
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If there are any questions concerning this review, please contact this office. 

cc: S. Gigliotti - Acting Chief, Safety Div., CMS&H 
M. Skiles - Director, TS 
J. Fredland - DSO, TS 
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REPORT 
ENGINEERING DESIGN PLAN 

PROPOSED COAL REFUSE DISPOSAL FACILITY NO. 2 
MACH#! MINE 

MACH MINING LLC 
WILLIAMSON COUNTY, ILLINOIS 

JOHNSON CITY, ILLINOIS 

1.0 INTRODUCTION 

Plans have been developed for the construction of a coarse and fine coal refuse disposal facility 

to be located near Johnston City in Williamson County, Illinois. The proposed coal refuse 

disposal facility will provide disposal capacity for both coarse and fine coal refuse produced by 

the Mach #1 mine coal preparation plant located approximately 0.25 mile west of the proposed 

facility. The location of the site is just southwest of the intersection of Dwina Road and Dean 

Road and is shown on Figure No. I. 

The plan, as presented herein, provides for the disposal of approximately 4 years of coarse coal 

refuse and 7 years of fine coal refuse based on production rates provided by Mach Mining 

operations for Mach Mining LLC (Mach Mining). The facility shall be constructed in five 

phases of coarse coal refuse embankment construction (Phases 3 through 7). During the initial 

construction of the Disposal Facility No. 2, fine coal refuse shall be disposed in the Disposal 

Facility No. 1 impoundment<1l MSHA ID No. 1211-IL08-03141-02 (Phases I and 2). 

The proposed facility has been designed as a high hazard impoundment using the Probable 

Maximum Flood (PMF) storm everrl. Basecl 011 the clesign production rates, at the I-year 

anniversary of initial impounding capability and thereafter, the facility will be capable of storing 

the runoff associated with the design storm event. The stored runoff volume, as well as 

operational water, shall be evacuated using a pump for Phases 4 and 6 and decant pipes for 

Phases 3, 5 and 7. 

Combination sedimentation and perimeter ditches, access road gutters and bench gutters have 

been specified to convey stom1 runoff away from the embankment in a controlled manner. The 

ditches have been designed for routing the rw10ff associated with the I 00-year, 6-hour recurrence 

interval stonn event. 

This report presents the design drawings, guideline technical specifications (Appendix A), and 

calculations (Appendix B) necessary for the design and construction of the embankment. The 

laboratory data and boring logs are contained in Appendices C and D, respectively. 

<JJ Alliance Consulting, Inc. report entitled "Report, Engineering Design Plan, Proposed Coal Refuse Disposal 

Facility, Pond Creek Mine No. l, Williamson County, Illinois" prepared for Williamson Energy, LLC, Beckley, 

West Virginia, dated April 2006. 

f!LE: Report Phase 3-7 - Rcvised-3-18-10 
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2.0 EXISTING SITE CONDITIONS 

2.1 Site Characteristics 

The general area of the proposed impoundment has previously been used for agricultural 
pmposes and has relatively flat to mild slopes to the ridgeline at approximate Elevation 572. 
The surrounding landscape is characterized by extensive agricultural and rural residential 
land use. Regionally, the proposed permit area is located on the southern shelf of the Illinois 
Basin in the Mt. Vernon Hill Country physiographic division. Surrounding landforms are 
the results of both Wisconsinian glaciations and normal degradation processes such as 
weathering, mass wasting, and stream erosion. Surrounding topography is characterized by 
generally flat ridge tops, moderately steep hill slopes and broad flat valley floors associated 
with major streams. The local drainage pattern is dendritic reflecting the regional generally 
horizontal bedrock stratigraphy. The total relief of the Facility No. 2 footprint is 
approximately 32 feet ranging from approximately 436' to 468' above mean seal level 
(based on aerial photography). 

Glacial deposits of the Carmi Member of the Equality Formation, consisting of quiet water 
lake silt and clay, constituted the original surface mate1ials within the proposed permit area. 

2.2 Geology 

The proposed pennit area is underlain by lower Pennsylvanian age rocks consisting of shale, 
sandstone, and siltstone with minor underclay, coal and limestone. These sequences reflect 
fluctuating shorelines, deltas, and shallow seas indicating deltaic, fluvial, and coal swamp 
depositional environments. These bedrock units can be highly variable in thickness and 
continuity. Mississippian rocks unconformably underlie the Pennsylvanian, however, they do 
not outcrop in the subject area and were not penetrated during exploration drilling. 

T11e major stratigraphic marker is the Herrin No. 6 coal which is generally unifonn and 
continuous in the subject area and occurs at approximate Elevation 10 beneath the proposed 
refuse disposal facility. Shale and sandstone units in the subject area exhibit a high degree of 
lateral facies changes and interbedding. The Herrin No. 6 seam is described as a normal 
bright-banded coal with a lower portion that contains a prominent claystone parting. The 
base of the Herrin No. 6 exhibits an undulating surface with a general structural trend toward 
the north-nmiheast dipping approximately 60 feet per mile. No major faults or other 
structural anomalies are !mown to be present within the proposed permit. 

3.0 MINING OPERATIONS AND COAL REFUSE PRODUCTION 

3.1 Mining Operations 

The Herrin No. 6 coal seam (average Elevation 10 feet above mean sea level) is proposed to 
be mined by both longwall and conventional mining techniques beneath the footprint area of 
the proposed facility. The disposal plan has been staged to minimize the impacts of the 
mining on the integrity of the embankments. Due to the timing of the proposed mining, it 
will be necessary to initiate Phases 3 and 4 embankment construction above unrnined areas. 

~ 
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Based on a report prepared by Syd S. Peng, etaf2l, it is anticipated that substantially all of the 
significant surface subsidence resulting from the longwall mining activities should occur 
within approximately 14 to 21 days following longwall mining. Phase 3 shall be filled to 
capacity with fine coal refuse and the impounding capability eliminated before being mined 
under. Prior to the deposition of the fines, but following the subsidence period, a 
downstream stage (Phase 6) will be constructed around the Phase 4 impoundment area. This 
phase essentially "rings" the initial embankment and should serve to mitigate any cracks that 
may have developed in the initial embankment as a result of the subsidence. Internal drains 
have been specified for the Phase 3, 5, and 6 embankments to collect and convey potential 
seepage. Based on the predicted subsidence, the drains have been designed so that positive 
drainage will occur post subsidence. Also, as discussed in Section 6 of this report, observed 
cracks in the pool area of Phase 4, on the upstream and downstream slopes of Phase 4, the 
pool area and foundation area of Phase 5, and the foundation area of Phase 6 shall be over 
excavated to a depth of at least 4 feet and backfilled with compacted coarse coal refuse. 

Subsidence monitoring baselines will be used to calibrate the subsidence prediction model 
and compare predicted to actual subsidence due to mining. The location of the baselines are 
shown on Figure No. 17 and the monitoring plan is discussed in Appendix F. 

Concerning breakthrough potential, the Bureau of Mines Information Circular 8741 
recommends an overburden thickness equal to 60 times the extraction height for total 
extraction mining. The lowest level of the proposed pool area is Elevation 426, and the 
bottom of coal seam is at average Elevation 10 feet with an extraction height of 6.5 feet. 
Therefore, the existing overburden thickness is greater than the recommended thickness and 
there is no significant potential for a catastrophic breakthrough of fine coal refuse slurry into 
the mine to occur. 

Chapter 8, Section 25 of the MSHA Coal Mine h1spection and Plan Review Handbook, 
October, 2007, recommends a pillar factor of safety should be greater than 2.0 for the long
term support of critical areas. The maximum crest elevation of the proposed embankment is 
538 which create an overburden height of 528 feet. Based on these dimensions, the ALPS 
factor of safety is 2.30, which is greater than the recommended minimum of2.0. 

Based on these conditions and recommended guidelines, it is expected that no adverse 
effects shall impact the stability or breakthrough potential of the impoundments. 

No significant depth of impoundment water will be allowed prior to any of the required 
remediation of subsidence disturbance prior to the raising of the post-subsidence stages to a 
suitable elevation. 

(2iReport entitled "Prediction of Ground Movement Parameters due to Longwa!I Mining During different Phases of 
Impoundments", prepared by Syd S. Peng and Thomas Du, Department of Mining Engineering) West Virginia 
University, May 2009. 



R12440

3 .2 Coal Refuse Production 

Based on information provided by Mach Mining, the following annual production quantities, 
beginning with the frrst year of plant operation, were used in the design (see Calculations in 
Appendix B). 

• Coarse Coal Refuse Prior to longwall startup 
After longwall startup 
Prior to longwall startup 
After longwall startup 

34,330 cubic yards/year 

• Fine Coal Refuse 
2.53 million cubic yards/year 
17,945 cubic yards/year 
1.32 million cubic yards/year 

4.0 SUBSURFACE EXPLORATION 

4.1 Subsurface Exploration 

During the month of February 2006, a subsurface exploration progran1 consisting of drilling 
one soil boring (No. 8874) was conducted within the footprint of the proposed embankment. 
The intent of the program was to obtain soil samples to define the conditions and 
engineering characteristics relative to the construction and operation of the fine coal refuse 
slurry disposal impoundment. In addition to this soil boring, the results of a previous 
subsurface exploration program performed by Holcomb Foundation Engineering Co. 
(Holcomb) are presented in Appendix C and indicate the following: 

• Sample number, type, standard penetration test blow counts, and depth; 
• An overall description of the consistency, color and character of the soil; and, 
• Indication of the observed groundwater level in the boreholes at the time of 

drilling. 

The locations of the borings are depicted on Figure No. 2. 

Generally, the soils encountered beneath the dan1 footprint consist of brown and gray silty 
clay with sand and pebbles. The thickness of the soil varied from 12.5' to 22.5' while the 
surface elevation for the borings varied from Elevation 438.5± to Elevation 473.0±. Each 
of the borings was terminated at the top of the bedrock. 

Groundwater was encountered in two (2) of the seven (7) borings (i.e. Nos. 8293 and 
8295). Following drilling, the depth from the ground surface to groundwater level varied 
from 10 to 13.5 feet or from Elevation 432.4± to Elevation 438.5± in the borings. 

5.0 FIELD AND LABORATORY TESTING 

5.1 Soil 

Samples of the soils obtained during the subsurface exploration program from Boring No. 
8874 were used for laboratory testing. The scope of the testing is discussed below and the 
results are presented in Appendix D. 

-4-
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Visual classification tests were performed by Holcomb on the split spoon samples obtained 
during drilling. Samples from the borings represent the foundation conditions for the 
proposed embankment. Additional testing performed on the borings included the following: 

• Grain Size Analysis - Grain size analysis were performed on a sample from 
Boring No. 8874; 

• Atterbern Limits Test-Atterberg Limits tests were performed on a sample from 
Boring No. 8874; 

• Unit Weil:!ht Determination - Performed on a Shelby tube sample from Boring 
No. 8874; and, 

• Shear Strength Test -A consolidated, undrained triaxial shear strength test with 
pore pressure measurements was performed on a Shelby tube sample from Boring 
No. 8874. 

5 .2 Coarse Coal Refuse 

The proposed embankment shall be constructed with coarse coal refuse. The coarse coal 
refuse used to construct the embankment has been sampled from the Mach #1 Mine coal 
processing plant and has undergone laboratory testing. The scope of the testing is discussed 
below and results are presented in Appendix C. 

• Grain Size Analvsis - A grain size analysis was performed on the coarse coal 
refuse sample. 

• Shear Strength Test - A consolidated, undrained triaxial shear strength test with 
pore pressure measurements was performed on re-molded san1ples of the coarse 
coal refuse. Material from the sample was re-molded to a density equivalent to 
approximately 95 percent of Standard Proctor maximum dry density. 

• Permeabilitv - A constant head permeability test was performed on a re-molded 
san1ple to detennine the permeability characteristics of the coarse coal refuse for 
the embankment construction. The sample was compacted to approximately 95 
percent of the Standard Proctor maximum dry density. 

• Compaction Test - A Standard Proctor compaction test was performed on the 
coarse coal refuse sample. 

5.3 Fine Coal Refuse 

Two fine coal refuse bulk samples were obtained from the South Pond (Phase 2) for 
laboratory testing. The scope of the testing is discussed below and the results are presented 
in Appendix I <3l (under separate cover). 

• Moisture Content - Moisture contents were performed on the two fine coal 
refuse samples. 

• Grain-size Analvsis - Grain size distribution analysis was performed on the two 
fine coal refuse samples (sieve and hydrometer). 

• Atterburg Limits - Atterberg Limit tests were performed on the two fine coal 
refuse samples. 

~ 
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• Specific Gravity - Specific gravity tests were performed on the two fine coal 
refuse samples. 

• Shear Streng-th - Six consolidated - undrained triaxial tests were run on 
remolded fine coal refuse samples. These six tests included moisture content 
and total and dry density detenninations. 

5.3 Piezo-Seismic Cone Penetration Testing 

• Fifteen piezo-seismic cone penetration soundings were performed at the Pond Creek site 
to measure tip stress, sleeve stress, pore water pressure, and shear wave velocities. The 
testing g was used to correlate index and strength parameters for the coarse coal refuse 
and foundation soil and for use in a deformation analysis. 

• The testing data and results are presented in Appendix I (under separate cover). 

6.0 COAL REFUSE DISPOSAL PLAN 

The proposed plan provides disposal capacity for approximately 4 years of coarse and 7 years of 
fine coal refuse production. The plan has been developed in accordance with prudent 
engineering principles and practices and current Mine Safety and Health Administration (MSHA) 
design criteria for coal refuse disposal facilities. It is intended that the construction of the facility 
be monitored by experienced persons knowledgeable of the design, specifications and regulatory 
requirements. 

A brief description of the disposal plan is as follows: 

1. Sedimentation control for the construction of the embankment shall be provided by 
sedimentation ditches. Bench gutters and conveyance ditches shall be constructed to 
route the runoff from the embankment area to the sedimentation ditches. 

2. Following topsoil removal, the Phase 3 embankn1ent footprint shall be proofrolled and 
the Phase 3 embankment shall be constructed. Subsequently, the Phase 4 embankment 
footprint shall be proofrolled and Phase 4 embankment constructed followed by Phases 
5, 6 and 7. Phase 6 shall be constructed using downstream construction techniques and 
Phase 7 shall raise the Phase 6 crest. 

3. Fine coal refuse slurry may be pumped into the Phase 3 impoundrnent upon 
commencement of the construction of the Phase 4 embanlm1ent. The discharge iine(s) 
shall be moved to result in a relatively uniform surface of fines throughout the 
impoundment and to minimize the depth of any water impounded directly against the 

l') GAi Consulting. Inc. repmt entitled" Response to MSHA Comment Nos. 1, 3, 7 and 8, Pond Creek Mine No. I, 
Coal Refuse Disposal Facility No. 2, Phases 3 and 7, lmpoundment ID No. 1211-!L0S-03141-02, Williamson 
Energy LLC, Mach Mining Company, Williamson County, Illinois," prepared for Alliance Consulting, Inc., Project 
C090403.0I, May :W09. 

-6-
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embankment slope. Generally, a delta of fine coal refuse shall be maintained along the 
embankment slope. 

4. Operational pump(s) and discharge line(s) shall be maintained to remove clarified water 
and normal rainfall from the impoundment. The facility has been designed to store the 
runoff associated with a PMF design storm event. Decant pipes have been specified to 
evacuate the design storm runoff. 

5. An internal drainage system located within the Phases 3, 5 and 6 embankments shall be 
installed to aid in controlling the phreatic level within the embankments. 

6. Bench and road gutters shall be installed to control surface runoff and minimize 
erosion. All final surfaces shall be revegetated upon completion. 

6.1 Phase 3 

Prior to Phase 2 embankment construction, it will be necessary to initiate general site preparation 
activities to include topsoil removal and proof rolling. Soft areas encountered during the proof 
rolling shall be compacted or the material shall be removed and replaced with the same material 
as used in the Phase 3 embankment. Following proof rolling, the Phase 3 embankment shall be 
constructed using coarse coal refuse from the Mach # I Mine coal preparation plant. The 
approximate location of the Phase 3 embankment is shown in plan and cross section on Figure 
Nos. 3 and 8, respectively, requires approximately 0.5 years of coarse coal refuse production to 
construct. Pe1tinent construction items include: 

1. Coarse Coal H.efuse Disposal - Phase 3 involves constructing an embankment 50 feel 
high to Elevation 500 using coarse coal refuse. As shown on Pigure No. 8, the 
upstream slope of the embankment shall be constructed on a grade of 2.6H: 1 V and the 
downstream slope shall be on a grade of 3H: 1 V. 

2. Fine Coal Refuse Disposal - Fine coal refuse slun-y may be pumped into the 
impoundment upon the end of Phase 3 construction. Periodic relocation of the slutT)' 
discharge line shall be performed to promote a more m1iform distribution of the fine 
coal refuse and to minimize tbe depth of clarified water impounded directly against the 
embankment slope. 

3. Decant Pipe - Construction of the decant pipe shall be perfonned concurrent with the 
construction of the Phase 3 embankment. T11e installation includes excavating a trench 
into the embankment and placing an HDPE pipe and appurtenant structures ( drop inlet, 
ditch, filter and drainage diaphragm and ontlet drain). The drop inlet shall be extended 
ve1tically to Elevation 494.8 by adding the appropriate length of 18-inch diameter SOR 
26 HPDE pipe to the HDPE elbow attached to the transport section of the decant pipe. 
The decant pipe shall be installed in ac;conlance wilh tl1e details presented on Figure 
No. 11. 

4. Internal Drain - An internal drainage system consisting of a perforated pipe and gravel, 
both wrnpped with filter fabric, shall be installed during the construction of Phase 3 to 

~ 
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5. 

6. 

7. 

aid in controlling the phreatic level within the embankment. The location and invert 
elevations for the internal drain are presented on Figure No. 3. Details pertaining to 
the drain construction are provided in the guideline technical specifications and on 
Figure No. I 0. 

Surface Drainage - Sedimentation/perimeter ditches shall be constructed as shown on 
Figure No. 3, to collect surface water and clarify the runoff before it is discharged into 
an existing channel. Ditch details are included on Figure Nos. I 0, 11 and 12. 

Instrumentation - Piezometer Nos. P-6, P-7, and P-8 shall be installed during Phase 3 
construction at the locations shown on Figure No. 3. The proposed piezometer tip 
elevations are presented on Figure No. 15 and the piezometer installation detail is 
presented on Figure No. 13. Pressure transducers PN-1 and PN-2 (pneumatic 
piezometers or vibrating wire piezometers) and inclinometers I-1 and I-2 shall be 
installed in the Phase 3 embankment prior to undern1ining the phase. Their locations 
are shown on Figure No. 3. The proposed pressure transducer elevations are shown on 
Figure No. 16 and the installations details for the transducers a11d inclinometers are 
shown on Figure No. 13. 

This impounding embankment of Phase 3 will be completed and slurry pumping into 
the impoundment will be completed before mining beneath the phase occurs. The 
Phase 3 impoundment will be capped before undermining occurs. Based on 
subsidence predictions, the internal drainage system for the embmtlG11ent has been 
redesigned to continue to function post-subsidence. Any disruption of surface drainage 
features due to subsidence will be repaired. In the unlikely event embankment cracking 
am! µolt:ulial loss of sluuy O(;(;ws tlu1i11g w,tle1rniuiug of Plmst: 3, a cuutiugency 
buttress and blanket drain have been designed as shown on Figure No. 13. 

6.2 Phase 4 

Phase 4, which is shown in plan and cross section on Figure Nos. 4 a11d 8, respectively, requires 
approximately 0.5 years of coarse coal refuse production to construct. Pertinent construction 
items include: 

I. Embankment Construction - The Phase 4 embankment shall be situated approximately 
as shown on Figure No. 4 with an upstream toe at Elevation 446± and a final crest at 
Elevation 492. The emba1llm1ent will require the placement of approximately 1.3 3 
million cubic yards of coarse coal refuse. The material used for the emba11kment 
construction shall be compacted to 95 percent of Sta11dard Proctor maximum dry 
density. The moisture content of the material shall be within -2 to +3 percent of the 
optimum moisture content. As indicted on Figure No. 8 the upstremn and downstream 
slopes of the Phase 4 embankment shall be constructed on a grade of3 (horizontal) lo l 
(vertical). 

2. Fine Coal Refuse Disposal - During construction of the Phase 4 embankment, the fine 
coal refuse slurry shall continue to be pumped into the Phase 2 and 3 impoundments. 
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3. Pump Installation - An operational pump, of sufficient capacity to remove clarified 
water and normal precipitation, and associated discharge lines shall be installed during 
construction of Phase 4. The pump shall discharge into Sediment Pond No. 6 and/or 
the Freshwater Pond. 

Phase 4 is an intermediate phase in preparation for the construction of Phases 5, 6, and 7. No 
slurry will be pumped into Phase 4 and no internal drainage features are included in this phase. 
Undermining of Phase 4 will occur shortly after its construction. The embankment and pool area 
of this phase will be examined for subsidence cracks and repairs will be made as needed. It is 
anticipated that when slurry pumping begins in Phase 7 any undetected subsidence cracks in the 
Phase 4 embankment and foundation will be sealed by the slurry. This Phase will be buttressed 
to the south by Phase 3, which will be already completed and full of slurry; by Phase 6 to the east 
and west, which will be built post-subsidence; and by Phase 5 to the north, which will be also 
built post-subsidence. 

7.3 Phase 5 

Phase 5 will be built post-undermining. Prior to Phase 5 embankment construction, the 
Phase 5 cell shall be excavated and general site preparation activities including topsoil 
removal, subsidence crack sealing, and proofrolling. Soft areas encountered during the 
proof rolling shall be compacted or the material shall be removed and replaced with the 
same material as used in the Phase 5 embankment. Following subsidence crack sealing and 
proof rolling, the Phase 5 embanlm1ent shall be constructed using coarse coal refuse from 
the Mach # 1 Mine preparation plant. The approximate location of the Phase 5 embanlm1ent 
is shoW11 in plan and cross section on Figure Nos. 5 and 8, respectively, requires 
approximately 0.6 years of coarse coal refuse production to conslrucl. Pertinent 
construction items include: 

1. Coarse Coal Refuse Disposal - Phase 5 involves constructing an embanl(ment 50 feet 
high to Elevation 488 using coarse coal refuse. The upstream slope of the embankment 
shall be constructed on a grade of 3H: IV and the downstream slope shall be on a grade 
of3H:IV. 

2. Fine Coal Refuse Disoosal - Fine coal refuse slurry may be pumped into the 
impoundment throughout Phase 5 construction. The average settled fine coal refuse 
level is expected to rise to Elevation 432± by the completion of the phase. Periodic 
relocation of the sluny discharge line shall be perfonned to promote a more uniforn1 
distribution of the fine coal refuse and to minimize the depth of clarified water 
impounded directly against the embankment slope. 

Internal drain - An internal drainage system consisting of either a geocomposite and 
perforated pipe or non-calcareous gravel wrapped with a geotextile and perforated 
pipe, shali be installed during the construction of Phase 5 to aid in controlling lhe 
phreatic level within the embankment. The location and inve1i elevations for the 
internal drain are presented on Figure No. 5. Details pertaining to the drain 
construction are provided in the guideline teclmical specifications and on Figure No. 
10. 
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4. Surface Drainage - Bench gutters shall be constructed as shown on Figure No. 5, to 
collect and convey surface water runoff to the sediment ditches. Ditch details are 
presented on Figure No. 10, 11 and 12. 

5. Instrumentation-Piezometer Nos. P-9, P-10 and P-11 shall be installed during Phase 5 
construction at the locations shown on Figure No. 5. The proposed piezometer tip 
elevations are presented on Figure No. 14 and the piezometer installation delail is 
presented on Figure No. 13. 

6. Decant Pipe - Construction of the decant pipe shall be performed concunent with the 
construction of the Phase 5 embankment. The installation includes excavating a trench 
into the embankment a11d placing approximately 94 feet of HD PE pipe and appurtenant 
structures ( drop inlet, ditch, filter and drainage diaphragm and outlet drain). The drop 
inlet shall be extended vertically to Elevation 480 by adding the appropriate length of 
18-inch difillleter SDR 26 HPDE pipe to the HDPE elbow attached to the tra11sport 
section of the decant pipe. The decant pipe shall be installed in accorda11ce with the 
details presented on Figure No. 11. 

7. Subsidence Crack Repair - The Phase 5 pool area will be examined for cracking and 
any areas containing cracks will be excavated to a depth of at least four feet, proof 
rolled, and backfilled a11d sealed with compacted coarse coal refuse placed to the 
compaction standard in the Guideline Technical Specifications. In the event that 
extensive, deep cracking is discovered, a sluny trench or cutoff trench will be 
extended to bedrock through the affected areas. The trench will be located beneath the 
underdrain alignment for Stage 5. If it is discovered that a slurry or cutoff trench is 
needed, a specific design will be submitted for approval prior to its construction. Any 
additional cracks discovered after sluny pumping begins during Phase 5 will be sealed 
by directing the sluny into the pool over to the cracks. 

Phase 5 will be buttressed to the south by Phase 4. 

6.4 Phase 6 

Phase 6 will be built post-mining and no sluny will be pumped into this phase. Phase 6, which is 
shown in pla11 a11d cross section on Figure Nos. 6 a11d 8, respectively, requires approximately 0.7 
years of coarse coal refuse production to construct. Pe1iinent construction items include: 

1. Coarse Coal Refuse Disposal - Phase 6 involves widening the Phase 4 emba11kment 
crest and downstream construction techniques. The upstreain a11d downstream slopes 
of the embankment shall be constructed on a grade of 3H: 1 V. 

2. Fine Coal Refuse Disposal - Fine coal refuse slU11 y shall continue to be pmnped into 
the Phase 3/5 impoundment throughout Phase 6 construction. The average settled 
fine coal refuse level is expected to rise to Elevation 462± in Phase 5 by the 
completion of Phase 6. Periodic relocation of the slun,' discharge line shall be 
perforn1ed to promote a more uniform distribution of the fine coal refuse and to 
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minimize the depth of clarified water impounded directly against the Phase 5 
embankment slope. 

3. Pump Installation -An operational pump, of sufficient capacity to remove clarified 
water and normal precipitation, and associated discharge lines shall be installed 
during construction of Phase 6. The pump shall discharge into Sediment Pond No. 6 
and/or the Fresh Water Pond. 

4. Internal drain - An internal drainage system consisting of either a geocomposite and 
perforated pipe or non-calcareous gravel wrapped with a geotextile and perforated 
pipe, shall be installed during the construction of Phase 6 to aid in controlling the 
phreatic level within the embankment. The location and invert elevations for the 
internal drain are presented on Figure No. 6. Details pe_rtaining to the drain 
construction are provided in the guideline technical specifications and on 
Figure No. 10. 

5. Surface Drainage - Sedimentation/perimeter ditches shall be constructed as shown 
on Figure No. 6, to collect surface water and clarify the runoff before it is discharged 
into an existing channel. Ditch details are included on Figure Nos. 10, 11 and 12. 

6. Instrumentation- Piezometer Nos. P-12, P-13, P-15 and P-16 shall be installed 
during Phase 6 construction at the locations shown on Figure No. 6. The proposed 
piezometer tip elevations are presented on Figure Nos. 14 and 15 and the piezometer 
installation detail is presented on Figure No. 13. 

7. Subsidence Crack Repair - Prior lo t:011sl1 udio11 of tl1e Phase G embankment, the 
Phase 4 pool area, Phase 4 embankment, and Phase 6 foundation area will be 
examined for cracking and any areas containing cracks will be excavated to a depth 
of at least four feel, proof rolled, and backfilled and sealed with a compacted coarse 
coal refuse placed to the compaction standard in the Guideline Technical 
Specifications. In the event that extensive, deep cracking is discovered, a slurry 
trench or cutoff trench will be extended to bedrock through the affected areas. The 
trench will be located beneath the underdrain alignment for Stage 6. If it is 
discovered that a slurry or cutoff trench is needed, a specific design will be submitted 
for approval prior to its construction. Any additional cracks discovered after sluny 
pumping begins during Phase 6 will be sealed by directing the slurry into the pool 
over to the cracks. The Phase 4 embankment is the only embankment subject to 
subsidence cracking prior to slun-y pumping. Any additional cracks discovered after 
slurry pumping begins during Phase 6 will be sealed by directing the slurry into the 
pool over to the cracks. 

6.5 Phase 7 

Phase 7, which is shown in plan and cross section on Figures No. 7 and on Figure 8, respectively, 
requires approximately 1.0 years of coarse coal refuse production to construct. Pe1iinent 
construction items include: 
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1. Coarse Coal Refuse Disposal - Phase 7 involves raising the Phase 6 embankment crest 

46 feet to Elevation 53 8 using coarse coal refuse. Phase 7 will be constructed in six 

stages to maintain the required storm nmoff storage capacity. The upstream and 

downstream embankment slopes shall be constructed to 3H:1V. The final 

embankment slopes shall be soil covered and vegetated in accordance with the Illinois 

reclamation permit. 

2. Fine Coal Refuse Disposal - Fine coal refuse slurry shall be pumped into the Phase 5 

impoundment to maximum Elevation 480, at which time slurry shall begin to be 

pumped into the Phase 7 impoundment. The average settled fine coal refuse level is 

expected to rise to Elevation 464± by the completion of the Phase 7 embankment. 

Periodic relocation of the slurry discharge line shall be perfonned to promote a more 

uniform distribution of the fine coal refuse and to minimize the depth of clarified water 

impounded directly against the embankment slope. 

3. Sm-face Drainage - Bench and access road gutters shall be constructed as shown on 

Figure No. 7, to control and convey surface water runoff. Ditch details are presented 

on Figure Nos. I 0, 11 and 12. 

4. Instrumentation- Piezometer Nos. P-14 and P-17 shall be installed, during Phase 7 

construction at the locations shown on Figure No. 7. Piezometer extension and 

installation details are presented on Figure No. 13. The piezometer tip elevations are 

specified on Figure Nos. 14 and 15. Pressure transducers PN-3 and PN-4 will be 

installed after Phase 3 is capped but before Phase 7C is staiied at the locations shown 

on Figure No. 3. The proposed pressw-e transducer elevations are shown on Figure 16 

and the installation details are shown on Figure No. 13. 

5. Decant Pipe - Construction of the decant pipe shall be performed concun-ent with the 

construction of the Phase 7 embai11anent. The installation includes excavating a trench 

into the embankment and placing approximately 190 feet ofHDPE pipe and 

appmienant structures ( drop inlet, ditch, filter a11d drainage diaphragm and outlet 

drain). The drop inlet shall be extended vertically to Elevation 530 by adding the 

appropriate length of 18-inch diameter SDR 26 HPDE pipe to the HDPE elbow 

attached to the transport section of the deca11t pipe. The decant pipe shall be installed 

in accordance with the details presented on Figure No. 11. 

Phase 7 will be built post-mining. As shown on Figure No. 6, the pati of original Phase 7B 

below Elevation 492 shall be constructed during Phase 6 construction. The remainder of Phase 

7B, along with Phase 7 A and Phase 7C shall be constructed in six stages as indicated on Figure 

Nos. 7 and 9. As previously stated, it is ai1ticipated that the sluny will seal any undetected cracks 

not detected and repaired during Phases 4 and 6. 
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6.6 Abandonment Plan 

An abandonment grading plan has been provided on Figure No. 22. Briefly, the 
impounding capability shall be eliminated by filling the impoundment with coarse coal 
refuse. The final embankment configuration shall be constructed to drain as per the lines 
and grades shovm on Figure No. 22 and the entire site shall be soil covered and seeded in 
accordance with the Illinois reclamation permit. The plan shall be reevaluated prior to 
abandonment based on actual coal refuse production rates, existing site conditions and 
embankment configuration, and revised if necessary. 

7.0 ENGINEERING ANALYSES 

In support of the plan, engineering analyses included slope stability analyses and the hydrologic 
and hydraulic studies for the impoundment and surface drainage facilities. The calculations 
describing the design assun1ptions, methodology and results are included in Appendix B. 

7.1 Hvdrologic and Hydraulic Analyses 

7.2 

The proposed facility has been evaluated using storm criteria for high hazard dams. Upon the 
one-year anniversary and thereafter, the impoundment shall be capable of storing the runoff 
associated with a PMF design storm event plus three feet of freeboard. 

Evacuation of the stored water shall be accomplished by pumping for Phases 4 and 6. The 
required pumping capacity (1901.8 gallons per minute for Phases 4 and 6) is based on storing 
the runoff associated with two design ston11 events and evacuating the runoff associated with 
one design storm evenl wilhiu a J easonable time period (approximately 30 days). Should the 
available storage capacity be reduced to one design storm event, the emergency pumps shall 
be mobilized to the site to evacuate the stored runoff and provisions shall be made so the 
pumps and associated discharge line are readily available, when needed. 

Evacuation of the stored runoff shall be accomplished by means of a decant pipe for the 
Phases 3, 5 and 7 impo1111dments. The required pipe size, 18-inch SDR 26, is based on 
evacuating 90% of the runoff associated with one design storm event within IO days. 
The surface drainage facilities, including road and bench gutters, and Ditches C through M 
have been sized to convey runoff associated with the 100-year, 6-hour recunence interval 
storm event. The computed peak discharges were estimated using the computer program 
SedCad developed by the University of Kentucky. All pen11anent facilities have been 
designed with appropriate protection to minimize the potential for channel erosion. Details 
for the surface drainage facilities are presented on Figure Nos. 10, 11 and 12. 

Slope Stabilitv Analvses 

C"l -·- - -•-.-1..!l!;._. ----1----- L-- ,_ l~ .... ,..- _,.. •. .(:',,. •.• __ C,..l .(.',..,.,. f.1-,,.,. ,.,...,,..,; .... ,,.,...,.,,., ,...,.,,-1 ,-1,-,.~,,,.,,,.,.+,•onrn rJ.-.,...,o,-. ,.,..p 
,.)JUJ_JG :,la.UUltJ a11a.1y:,c:, uavc UCCll _l-'l,,.,llUUH U l.\.)i UH. .. , up,:H.l\ .. ,UUl. UllU UUV\'U,:)LlVU.111 JtVJJVJ ,._,,._ 

the Phases 3, 5 and 7 embankments using PCSTABL5, a computerized version of the 
modified Bishop Method of Slices, developed by Purdue University and the Indiana State 
Highway Commission. The critical potential failure surfaces, minimum factors of safety, 
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and material properties used in the slope stability analyses are presented on Figure Nos. 14, 
I 5 and I 6 and in the calculation brief. 

Slope stability was analyzed for both static and seismic (pseudo static) loading conditions 
for the downstream and upstream embankment slopes. For the static analysis, effective 
properties for the coal refuse and existing soil were used. For the pseudo-static analysis, 
total stress properties were used for the existing soils. The use of effective stress properties 
for the coal refuse and total stress properties for the existing cohesive soils is appropriate, 
giving the effects of the sudden loading in an eaiihquake event and the relatively slow 
drainage chai·acteristics of the soils. Also, for the pseudo-static analysis, a horizontal 
acceleration of0.15gl4l was used. The phreatic level used in the stability analyses was 
conservatively based on top flow line calculations performed on a transformed section. The 
transformed section was based on the horizontal permeability of the embankment material 
being nine times greater than the ve1iical penneability. The engineering propetiies of the 
embankment material were based on laboratory test results and our experience with similar 
materials. 

The most critical potential long-term failure surfaces, as shown on Figure Nos. 14, 15 ai1d 
16, are summarized below: 

Minimum Minimum 

Sta!!e Case Static F.S. Seismic F.S. 
Phase 3 Downstreain 1.51 1.23 

Upstream 1.89 1.20 

Phase 5 Downstream 1.58 1.21 

Upstream 1.76 1.32 

Phase 7 Downstream 1.52 1.20 
Upstream 1.82 1.26 

Phase 7C Downstreain 1.50 * 

South Slope 

As indicated in the above table, the computed factors of safety meet the minimum requirements 
(1.5 and 1.2 for the static and seismic cases, respectively). 

* A liquefaction susceptibility analysis for Phase 7C was performed using zero-strength to very 
low strength for the fine coal refuse to evaluate the post-earthquake factors of safety. Factors of 
safety rai1ge from 1.2 to 1.6 for shallow and deep failure circles, respectively. The possibility of 
liquefaction of the fine coal refuse in Phase 3 during mining subsidence related disturbance was 
evaluated using a driving shear stress slope stability ai1alysis with zero strength for the fine coal 
refuse. Factors of safety for the Phase 3 embankment, in the upstrean1 and downstream directions, 
were 2.2 ai1d 1.3 respectively. The factor of safety against embankment cracking during mine 
subsidence was evaluated and estimated to be 1.1. These ai1alyses ai·e contained in Appendix I 
(w1der separate cover). 

C4) National Earthquake Hazards Reduction Program, Pai11, Provisions for the Dewlopment of Seismic Regulations 
for New Buildings, Map I, 1991 Edition. 
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8.0 SUMMARY 

The design plans for the proposed Mach #1 Mine Coal Refuse Disposal Facility No. 2 (Phases 3 
through 7) are based on the subsurface exploration program, field and laboratory testing, and the 
engineering analyses described herein. The plan should provide disposal for approximately 3 .3 
years of coarse coal refuse and 5.8 years of fine coal refuse. 

We trust that the plans, design calculations and guideline technical specifications described herein 
are acceptable to Mach Mining and the appropriate regulatory aulhoriiies. In preparing this 
document, our professional services have been performed with care and skill ordinarily exercised 
by reputable members of the profession practicing under similar conditions at the same time and 
the same or similar locality. No warranty, expressed or implied, is made by rendition of these 
consulting services or by furnishing oral or written reports of the findings made. 

If there are any questions, or if further clarification is required, please contact us. 

Respectfully submitted, 

ALLIANCE CONSULTING, INC. 

~r(cr-~ 
Harold L. Owens, P. o/' {/ 

&~~-e~Yon,P.E..(L 
Principal Engineer 1/ -
HLO/CEY:knm 
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APPENDIX A 

GUIDELINE TECHNICAL SPECIFICATIONS 
ENGINEERING DESIGN PLAN 

PROPOSED COAL REFUSE DISPOSAL FACILITY NO. 2 
MACH#lMINE 

MACH MINING LLC 
WILLIAMSON COUNTY, ILLINOIS 

JOHNSON CITY, ILLINOIS 

INTRODUCTION 

These specifications are intended to serve as guidelines for the construction of the Pond Creek No. 

1 Mine Coal Refuse Disposal Facility No. 2 to serve Mach Mining LLC's (Mach Mining) coal 

preparation plant in Williamson County, Illinois. The information contained herein, including the 

accompanying drawings which illustrate the disposal plan, is sufficiently detailed to provide Mach 

Mining with the technical guidance required to perform coal refuse disposal operations in a 

manner consistent with the design assumptions and sound engineering practice. These 

specifications are intended to be supplemented with periodic site visits by persons knowledgeable 

of the design in order to conduct inspections of the construction procedures, conduct field tests 

and, if necessary, obtain samples and perform laboratory testing. 

The specifications have been prepared to aid Mach Mining in the <lesiga, _µ!aiming, and 

construction of the specific project. Its scope is limited to the project and location described 

herein and represents our understanding of the significant aspects relevant to the planned 

operations. Ifthere are any differences in location and/or design features, the modification should 

be reviewed to determine if revision of conclusions or recommendations is required. 

This refuse disposal plan provides for the construction of a two embankments sharing a common 

side, utilizing coarse coal refuse to form an impoundment for the disposal of fine coal refuse 

slurry. The disposal plan for the facility will provide approximately 4 years of coarse and 7 years 

of fine coal refuse disposal capacity based on refuse production rates supplied by Mach Mining. 

Briefly, the work items required in the coal refuse disposal plan include: 

1. Site Preparation - In areas of embankment construction, the site preparation items include 

topsoil stripping and stockpiling and proofrolling/sealing. During the disposal operations, 

benching of each lift of material into existing slopes shall be required as well as scarifying 

previously compacted surfaces. 
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2. Embankment Construction - Coarse coal refuse embankments shall be constructed to 

provide disposal capacity for approximately 7 years of fine coal refuse. 

3. Subsurface Drainage -An internal drainage system shall be installed in the Phases 5 and 6 

embankment to aid in controlling the phreatic level. 

4. Fine Coal Refuse Disposal- Upon commencement of Phase 4 construction, fine coal refuse 

slurry may be pumped into the Phase 3 impoundment. A water pumping system shall be 

used to remove excess clarified slurry water and precipitation from the impoundment. 

5. Surface Drainage Facilities - To control and direct surface water runoff from the 

embankment and road ditches, Ditches C through M shall be constructed concurrent with 

construction operations. 

6. Abandomnent - An abandomnent grading plan has been provided. The plan shall be re

evalnated prior to abandomnent based on actual coal refuse production rates, existing site 

conditions and embanlanent confignration, and revised if necessary. 

7. Revegetation - To control erosion and provide an acceptable post mining land use, all 

c.;ompleted embankment surfaces shall be rcvcgctated in accordance with Mach Mining Mine 

Permit. 

8. Monitoring and Maintenance - A program ofregular monitoring and maintenance of the 

disposal operations is described herein. 

LIST OF DRAWINGS 

The following drawings form a part of these specifications: 

FIGURE 
NO. 

I 
2 
3 
4 
5 
6 
7 

DRAWING 
NO. 

B05-330-T2 
B05-330-Ml9 
B05-330-M30 
B05-330-M3 l 
B05-330-M32 
B05-330-M34 
B05-330-M33 

TITLE 
Title Sheet 
Plan - Existing Conditions 
Plan - Phase 3 
Plan - Phase 4 
Plan - Phase 5 
Plan - Phase 6 
Plan - Phase 7 
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FIGURE 
NO. 

DRAWING 
NO. TITLE 

8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

B05-330-E13 
B05-330-E22 
B05-330-E14 
B05-330-E24 
B05-330-E49 
B05-330-E47 
B05-330-E12 
B05-330-E39 
B05-330-E48 
B05-330-M36 
B05-330-E46 
B05-330-M50 
B05-330-M51 
B05-330-M44 
B05-330-M20 

Sections C-C, D-D and F-F 
Section E-E 
Details 
Decant Installation and Uniform Section Mat Details 
Ditch "F" Profile and Details 
Instrumentation and Contingency Buttress Details 
Slope Stability Analysis - Sections C-C and D-D 
Slope Stability Analysis- Sections F-F and G-G 
Slope Stability Analysis- Section F-F (Phase 7C) 
Mining/Impoundment Construction Timing Map 
Subsidence Effects Predictions Map 
Mine Vertical Subsidence Predictions 
Mine Subsidence Horizontal Strain Predictions 
Subsidence Survey Panel No. 1 Section 
Abandonment Plan 

1.0 SITE PREPARATION 

1.01 General 

Beneath all areas of the coarse coal refuse embankment, site preparation shall be 

required. 

1.02 Stripping and Topsoil Removal 

Stripping and stockpiling of topsoil and root matter are required to provide an adequate 

foundation for facility construction. All topsoil shall be removed prior to embankment 

construction. The stripped topsoil shall be stockpiled. 

1.03 Surface Sealing/Proofrolling 

The footprint of the embankment shall be proofrolled following stripping and topsoil 
removal to seal and compact the foundation soils. A minimum of three passes shall be 
made over each area using a large sheepsfoot roller or rubber-tired equipment (i.e. 
loaded truck) to produce a minimum dry density equivalent to 95 percent of the 
maximum dry density attainable by the Standard Proctor method of compaction 
(ASTM D 698). Any soft or wet soils shall be removed to a minimum depth of 2 feet 
below the previously excavated surface and replaced with coarse coal refuse. The 
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over-excavated area shall be backfilled in 12-inch lifts, and compacted to 95 percent of · 

the Standard Proctor maximum dry density (ASTM D 698). 

Random in-place density testing shall be performed throughout the impoundment area 
to verify that the existing stripped surface is compacted to 95 percent of the Standard 
Proctor maximum dry density prior to fine coarse coal refuse slurry disposal. 

If subsidence cracks are discovered in the pool or embankment foundation area of 
Phases 5 or 6, areas containing cracks will be excavated to a depth of at least four feet, 
proof rolled, and sealed with compacted coarse coal refuse placed to the compaction 

standards in Section 2.02 of these specifications. Areas of subsidence cracking in the 
Phase 4 embankment shall be excavated to the extent of the visible limits of cracking. 

The excavated areas shall be backfilled with coarse coal refuse placed to the 
compaction standards of Section 2.02 and keyed into the sides of the excavation in the 
manner shown on Drawing Number B05-330-A4 in Section E of this report. 

2.0 EMBANKMENT CONSTRUCTION 

2. 0 1 General 

To provide storage capacity for approximately 4 years of coarse and 7 years of fine 
coal refuse, 3 embanlanents shall be constructed of coarse coal refuse sharing a 
common side. Drawing Nos. B05-330-M30, -M3 l, -M32, -MJJ, -MJ4 and -El3 

present the plans and section of the proposed embankment phases. 

Sediment control shall be provided by the combination sediment/perimeter ditches. 

Conveyance ditches shall be constructed to convey surface runoff to the 

sediment/perimeter ditches. 

2.02 Coarse Coal Refuse Placement and Compaction 

a. Lines and Grades - Coarse coal refuse shall be placed to the lines and grades 
shown on the drawings for the various stages. Control for placement can be 

established from the coordinate system provided on the drawings. 

b. Material: Run-of-plant coarse coal refuse from the coal preparation plant shall be 
used for the embankment construction. Placement and compaction of the refuse 

shall be in accordance with Sections 2.02.c and d. 

c. Placement: Coarse coal refuse shall be spread in lifts not more than I foot thick 
when compacted. Material that is too wet to be properly compacted shall be spread 
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and graded to facilitate drainage. Upon drying to within the acceptable moisture 

content range, compaction shall proceed. 

d. Compaction: The coarse coal refuse in the impounding embankment shall be 

spread in layers having a compacted thickness of I foot or less. The material shall 

be compacted by routing heavy equipment ( dozers, trucks, etc.) over it or utilizing 

specialized compaction equipment to attain the specified degree of compaclion. No 

special compaction procedures are anticipated to be required to provide resulting 

densities which are consistent with those used in the design. A field density testing 

program shall be conducted during the placement operations to detennine the actual 

dry density being achieved. 

Field density testing of the foundation soil and coarse coal refuse placed in the 

embankment areas shall be performed to confirm that the compactive effort 

employed is yielding an in-place dry density of at least 95 percent of the maximum 

density obtainable by the Standard Proctor Compaction Method (ASTM D 698). 

Density testing shall be performed at equivalent frequencies of one test per 2,000 

cubic yards of material placed and compacted and at least one test for each lift. 

Locations, elevations and dates of the tests shall be recorded and maintained for 

documentation purposes. The moisture at time of compaction shall be within the 

range of optimum moisture by -2 percent to + 3 percent If in-place dry densities are 

observed to be less than that required, additional compaction shall be performed on 

the effective test area and the area retested. Such work shall continue until 

satisfactory results are obtained. 

At least one Standard Proctor test of the material shall be verified for every 20 field 

density tests performed. Additionally, should mining or preparation plant 

operations change such that a change in refuse material properties is anticipated, 

the Proctor shall be verified. 

e. Construction Procedures: The work surface shall be advanced upward in nearly 

horizontal layers. To minimize penetration of precipitation, the work surface shall 

be sloped to drain and backbladed as the material is spread. No fill shall be placed 

that is or on frozen material. If the surface where fill is to be placed is frozen, the 

frozen material shall be removed over an area where one day's refuse will be placed 

prior to placement of a new lift. The frozen material shall be stored until it is 

thawed and then replaced. Surface material in the impounding embankment too 

wet to support construction equipment shall be removed to expose drier material 
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prior to placement of the next refuse layer. After drying, these wet materials can be 

reused in the embankment. As the level of the embankment is raised, it shall be 

graded smoothly to the contours shown on the plans. Coarse coal refuse placement 

guidelines are contained in Appendix E. 

2.03 Survey Control 

Survey control shall include establishment of permanent monuments outside of, but 

adjacent to the refuse disposal facility and underground mining limits. This control 

shall be used for the management of day-to-day operations. 

2.04 Subsurface Drains 

a. General - To minimize the possible rise in the phreatic level as the impoundment 

level rises, internal underdrains shall be installed within the embankment. The 

drains shall consist of either a geocomposite drainage material or non-calcareous 

gravel both with an HDPE perforated pipe wrapped entirely with geotextile. The 

approximate alignment and elevations of the drains are indicated on Drawing Nos. 

B05-330-M30, -M32, -M34 and-E22. The underdrain details are presented on 

Drawing No. B05-330-E14. 

b. Filler Fabric - The filter fabric shall be "Propex 4550" manufactured by Propex 

Fabrics, Inc., or an approved equivalent geotextile that is ultraviolet stabilized to 

resist deterioration. The filter fabric shall be protected from ultraviolet exposure 

during storage. 

c. Pipe - The pipe used in the internal drain shall be a perforated high-density 

polyethylene pipe as specified on the individual phase drawings. The perforations 

shall be in accordance with the detail on Drawing No. B05-330-El4. The outlet 

pipes shall not be perforated. 

d. Rock Gravel - Competent, durable, clean gravel in the size range of 3/8" to 1 ½" 

shall be used in the drains. The gravel shall consist of non-acid, non-toxic, non

calcareous rock that will not slake in water or degrade to soil material during the 

life of the facility, and which is free of coal, clay or other non-durable material. 
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e. Geocomposite - If a geocomposite drainage material is selected for the drain in 

lieu of the river gravel, the geocomposite shall be PermaNet HL, manufactured by 

GSE Lining Technologies, or equivalent. The geocomposite shall be entirely 

wrapped with filter fabric and shall be wrapped around the HDPE perforated 

collection/conveyance pipe. The geocomposite underdain detail is presented on 

Drawing No. B05-330-E14. 

3. Installation - Details pe1iaining to the internal drains are presented on Drawing No. 

B05-330-E14. As shown on the drawing, the pipe shall be perforated with 

½ - inch diameter holes and wrapped entirely with filter fabric with a minimum 2-

foot overlap for Phase 3. For Phases 5 and 6, 3/8 - inch perforations may be used 

in lieu if wrapping the pipe with filter fabric. The drain shall be constructed to the 

dimensions shown on the drawing. 

The installation of the underdrains shall be monitored by the engineer responsible 

for certifying the construction of the embankment or by a qualified person 

designated by the engineer. 

Standpipe Piezometers 

Standpipe Piczomctcrs shall be installed at the locations shown on the drawings and 

in accordance with the detail on Drawing No. B05-330-E47. Clean concrete sand 

may be substituted for the pea gravel if the latter is difficult to obtain. The 

perforated section of the piezometer pipe shall be wrapped with filter fabric. 

Bentonite seals shall be placed immediately above the perforated section and just 

below the ground surface to isolate the piezometer tip from potential perched water 

tables and minimize any influence associated with surface water. 

2.06 Pore Pressure Transducers (Piezometers) 

a. Installed in Embankment - Pore pressure transducers shall be installed at the 

locations shown on the Drawing No. B05-330-M30 and in accordance with the 

details on Drawing No. B05-330-M47 Either pneumatic or vibrating wire 

piezometers may be used. Bentonite seals shall be placed immediately above the 

filter zone and just below the ground surface to isolate the piezometer from 

potential perched water tables and to minimize any influence associated with 
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surface water. Alternately, the borehole may be completely backfilled above the 

sand filter with bentonite or bentonite-cement grout. 

b. Installed in Slurry - Pneumatic piezometers enclosed in a push-in well point or 

vibrating wire push-in piezometers shall be installed at the locations shown on 

the Drawing No. B05-330-M30 and in accordance with the detail on Drawing 

No. B05-330-M47 Bentonite seals shall be placed in the borehole through the 

coarse coal refuse immediately above the slurry zone and just below the ground 

surface to isolate the piezometer from potential perched water tables and to 

minimize any influence associated with surface water. The remainder of the 

borehole shall backfilled above the slurry zone with bentonite or bentonite

cement grout. 

c. Pneumatic piezometers shall meet the following requirements: 

Sensor Type 

Range 

Resolution 

Accuracy 

Repeatability 

Filter 

Materials 

Diameter 

Twin-tube pneumatic transducer 

180 psi, pressure rated for 400 psi 

0.01 psi 

± 0.015% FS (digital gauge) 

± 0.05 psi 

Sintered stainless steel, 50 micron pores 

ABS and PVC plastic body, synthetic rubber 

diaphragm 

- 1 inch 

d. Vibrating wire piezometers shall meet the following requirements: 

Sensor Type 

Range 

Resolution 

Accuracy 

Maximum Pressure 

Filter 

Temperature Coefficient 

Materials 

Dimensions 

Pluck-wire vibrating wire sensor with built-in 

thermistor or RTD 

100 psi 

0.025% 

0.1% FS 

150% of range 

Sintered stainless steel, 50 micron pores 

<0.04%FS per °C 

Stainless steel 

~ 0.75" X 7.75" 
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2.07 Inclinometers 

Inclinometers shall be installed at the locations shown on Drawing No. 

B05-330-M30. The inclinometer casing shall be 85 mm (3.34- inch) diameter QC 

or Standard Casing as manufactured by Durham Geo Slope Indicator, or equivalent. 

The inclinometer casing shall grouted into a borehole extending to bedrock as shown 

in the detail on Drawing No. B05-330-M47. 

Casing grooves are to be aligned with the direction of expected ground movement 

(north-south and east-west). Casing shall be supported evenly during transp01iation 

and storage and kept out of direct until installation to prevent deformation. 

The top of the inclinometer casings shall be accurately located in plan view and 

elevation by surveying after installation. The locations shall be resurveyed prior to 

each reading during periods of grow1d movement (i.e. before the longwall 

approaches within I 00-foot of the east side of the Phase 3 embankment, during 

mining under the embankment, and for two weeks after longwall wall mining under 

the east side of the Embankment) 

2.08 Refuse Haul am! Access Road Construction 

An access road shall be extended to refuse facility operations as shown on the 

drawings. Throughout construction, access roads on the refuse pile shall be 

constructed to provide routes for access to the impoundment. Variations of road 

width or grade shall be dete1mined by Mach Mining based upon site-specific 

considerations. The locations of the roads may vary from the roads shown on the 

drawings provided the specified crest widths and embankment slope grades are 

maintained. 

2.09 Decant Installation 

a. General 

To aid in maintaining a normal pool elevation in the impoundment and to provide a 
mechanism to evacuate stored storm runoff, a 18-inch outside diameter, SDR 26 high 
density polyethylene (HDPE) decant pipe shall be installed at the elevations shown on 
Drawing No. B05-330-El3 where it shall discharge into a surface drainage ditch. 
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b. Decant Pipe 

The pipe used for decant construction shall be 18-inch outside diameter, SDR 26 
HDPE pipe (average inside diameter of 1.38 feet). The pipe joints shall be welded 
(fused) all around and pressure tested. Pressures used for the testing shall be for the 
maximum anticipated static water head of approximately 13 feet or approximately 6 
pounds per square inch (psi) measured at the outlet end of the pipe. The pipe shall 
be tested prior to backfilling to facilitate repair or rewelding. End caps used for the 
pressure testing shall be welded sufficiently to withstand the test pressures. A 
pressure relief valve and pressure gauge shall be mounted on the downstream end of 
the pipe. The pipe shall maintain the constant test pressure for a minimum time 
period of 2 hours. No leakage is recommended, so extreme care shall be taken to 
account for any water added to or discharged from the pipe to maintain the specified 
test pressures. Records of the testing shall be maintained. Safety precautions for 

conducting the pressure testing shall be in accordance with current MSHA and 
Occupational Safety and Health Administration (OSHA) guidelines. 

2. IO Pipe Installation 

b. 

C. 

a. General - The decant pipe shall be installed on an adequate foundation in a 
manner to minimize differential settlement and excessive seepage along the 
outside of the pipe. All pipe installation shall be supervised by qualified 
personnel familiar with the intent of the design and knowledge of proper 

installation procedures. 

Alignment - The pipe shall be placed in a trench excavated into the embankment 

at locations shown on Drawings No. B05-330-M30, -M32 and-M33 as 
determined by the engineer. Compacted fill used to level the pipe subgrade and 
form the bedding shall be a minimum of 6 inches thick, but shall not exceed 
approximately 2 feet beneath the pipe invert. Compaction shall be achieved in 
accordance with the detail presented on Drawing No. B05-330-E24 and Section 
2.08e of these specifications. The decant drop inlet shall extended vertically 
from the upstream end of the pipe to the elevations shown on Drawing No. 

B05-330-El3. 

Foundation Preparation - A 4-foot wide (minimum) trench shall be excavated at a 
location, determined by the Engineer, as per the detail presented on Drawing No. 
B05-330-E24. The trench shall be excavated 2 feet (minimum) below the final 
pipe invert. The backfill envelope shall be placed, as per the details shown on 
Drawing No. B05-330-E24 and in accordance with these specifications. 
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d. Pipe Connections - To provide a water-tight seal, the joints shall be welded 
(fused) sufficiently to withstand the design internal water pressure (6 psi, 

minimum) without leakage. 

e. Backfilling - The backfill envelope, as.shown on Drawing No. B05-330-E24, 
shall be raised uniformly on both sides of the pipe in 6-inch thick layers (8-inch 
thick loose lifts) and compacted to a density greater than or equal to I 00 percent 
Standard Proctor maximum dry density (ASTM D 698) within-2 to +3 percent of 
the optimum water content. The bedding material shall be shaped to embed the 
18-inch HDPE a minimum of 4 inches. One field density test (minimum) shall 
be performed for every 200 cubic yards of backfill placed and compacted with at 

least one test per lift. 

f. Materials for Backfill - Materials used for backfilling shall consist of coarse coal 
refuse, free of any particles larger than 3 inches in any dimension. 

2.11 Drop Inlet 

a. General - To facilitate the installation of the trash rack and to prevent fines from 
entering the decant pipe, a drop inlet fabricated out of a 18-inch dian1eter SDR 26 
HOPE 90 degree elbow shall be used. The elbow shall be fuse welded to the 
decant transport section and to the drop inlet riser. 

b. Riser- The riser used to extend the drop inlet shall be 18-inch outside dian1eter, 
SDR 26 HDPE pipe, flange fitted at one end to facilitate connection to the trash 
rack. The riser connections shall be in accordance with the manufacturer's 

recommendations. 

2.12 TrashRack 

a. General - To prevent large particles from entering and possibly clogging the 
decant pipe, a trash rack design has been provided. The trash rack shall be bolted 
to the riser pipe and can be removed for extension of the decant pipe. The trash 
rack may be fabricated with readily available parts. 

b. Material - Materials required for the trash rack include I inch by 1 inch by 1/8-
inch angle irons, No. 4 rebar, and 1/8-inch thick steel plate. Details are shown on 
Drawing No. B05-330-E24. The trash rack shall be flange fitted and bolted to 

the riser flange. 
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c. Paint - The trash rack shall be protected with rust-resistant paint after fabrication. 
The trash rack shall be inspected periodically and any damage repaired 

accordingly. 

2.13 Filter and Drainage Diaphragm 

a. General - A filter diaphragm shall be installed, as shown in plan and in detail on 
Drawing No. B05-330-E24, to minimize internal erosion (piping) along the 

outside of the decant pipe. 

b. Material - The diaphragm shall be constructed of hard, durable, non-calcareous 
aggregate within the following gradation range and wrapped entirely in "Propex 
4550" filter fabric or an equivalent approved by the Engineer. 

Sieve Size Percent Finer 
3-inch 100 
1-1/2-inch 84 to 100 
3/4-inch 36 to 100 
3/8-inch 6 to 100 
No. 4 0 to 52 
No. 10 0 to 10 
No. 20 0 to 9 
No. 40 0 to 8 
No. 60 0 to 7 
No. 140 0 to 6 
No. 200 0 to 5 

c. Filter and Drainage Diaphragm Outlet Drain - To convey seepage collected by the 
filter and drainage diaphragm to a surface drainage ditch, an outlet drain shall be 
constructed in accordance with the detail presented on Drawing No. B05-330-E24. 

3.0 FINE COAL REFUSE DISPOSAL 

3.01 General 

Following disposal of the fine coal refuse in the Phase 2 impoundment to maximum 

Elevation 496, fine coal refuse shall be disposed in the Phase 3 impoundment. The 

slurry line(s) shall be periodically moved along the slope of the impoundment to 

maintain a relatively uniform fines level within the impoundment. Discharge shall 

initiate on the impoundment bottom and continue on fine coal refuse beaches as the 

slurry settles. In no case shall direct discharge onto embankment slopes be allowed. 
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3. 02 Clarified Water Removal 

Clarified water from the slurry impoundment shall be removed by a pumping system 

and directed into the proposed perimeter ditch system or to the coal preparation plant. 

The water level in the impoundment shall be maintained as low as practicable. 

SURFACE WATER DRAINAGE FACILITIES 

4. 01 General 

A system of sediment/perimeter ditches, access road gutters, bench gutters, and 

conveyance ditches shall be constructed to control surface runoff and minimize 

erosion. All runoff collected from the embankment area will be directed toward 

proposed sediment/perimeter ditches located at the toe of the Phases 5 and 7 

embankment slopes. The conveyance ditches convey the flow from the 

embankment benches to the sediment/perimeter ditches. 

4.02 Ditches C through M 

To convey runoff ftom the embankment and slopes to the sediment/perimeter 

ditches, Ditches C through M, shall be constructed. The ditch locations are shown 

on the plan view Drawing Nos. B05-330-M20, -M30, -M32, -M33, and -M34 and 

the construction details are presented on Drawing Nos. B05-330-El4, -E24, and 

-E49. The final ditches shall be lined with the erosion protection specified on 

Drawing No. B05-330-El4. Temporary ditches shall be maintained around the base 

of the slopes. Any erosion damage sustained shall be immediately repaired. 

4.03 Access Road Gutters 

Surface runoff intercepted by access roads shall be kept off the road surface and in 

gutters on the uphill side. The roadway shall slope toward the gutter with the gutter 

approximately the same gradient as the access road. Permanent gutters shall be 

provided at abandonment with erosion protection (riprap) as shown in detail on 

Drawing No. B05-330-El4. 
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RockRiprap 

Where rock riprap protection is required in ditches and gutters because of high flow 

velocity, the riprap must have the following characteristics: 

a. Material - Riprap shall be hard, durable cobbles and boulders of sandstone or 

limestone in the sizes specified on the details. 

b. Size Gradation - Riprap size shall be predominantly in the range specified on the 

drawings. Smaller stones and cobbles shall be used to fill the voids between 

larger pieces. 

c. Subgrade Preparation - The riprap subgrade shall be well compacted before 

riprap is placed. A layer of "Propex 4550" filter fabric, or approved equivalent, 

shall be placed on tl1e subgrade prior to the riprap placement. 

d. Riprap Placement - Riprap shall be spread to the thickness required in a single 

lift. 

e. Grouted Riprap - The grout shall be a sand-concrete mixture, proportioned to 

result in a minimum 28-day compressive strength of2000 pounds per square 

inch (psi). The stones shall be thoroughly moistened and any excess fines shall 

be sluiced to the underside of the stone blanket before grouting. The grout may 

be delivered to the site by any means that will assure uniformity and prevent 

segregation of the particles. The grout shall be vibrated by mechanical means to 

achieve grout penetration. If pressure grouting is used, care shall be taken to 

avoid unseating the stones. Penetration of the grout into the rock riprap shall be 

at least 12 inches. For a smooth surface, grout shall fill the void spaces to 

within ½-inch of the surface. Weep holes shall be provided t!u-ough the blanket. 

A weep hole detail is presented on Drawing No. B05-330-E24. 

Curing and Protection - The completed finished surface shall be prevented from 

drying for a minimum curing period of 7 days following placement. Exposed 

surfaces shall be maintained in a moist condition continuously for the 7-day 

curing period or until curing compound has been applied as specified in this 
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section. Moisture shall be maintained by sprinkling, fog spraying or by covering 

with continuously moistened canvas, cloth mats, straw, sand, or other approved 

material. Water or moist covering shall be used to protect the grout during the 

curing process without causing damage to the grout surface by erosion or other 

mechanisms that may cause physical damage. 

The grouted rock may be coated with an approved curing compound as an 

alternative method to maintaining a continuous moisture condition during the 

curing period. The compound shall be sprayed on the moist grout surface as 

soon as free water has disappeared and all surface finishing has been completed. 

The compound shall be applied at a minimum uniform rate of 1 gallon per 175 

square feet of surface and shall form a continuous adherent membrane over the 

entire surface. Curing compound shall not be applied to surfaces requiring bond 

to subsequently placed grout and/or concrete. If the membrane is damaged 

during the curing period, the damaged area shall be re-sprayed at the rate of 

application specified for the original treatment. 

Gwul mix shall be placed when the temperature is above 35 degrees Fahrenheit 

and rising and shall be protected from freezing. Grout mix shall not be placed 

on a frozen surface. After grouting is completed, no weight shall be placed on 

the grouted riprap until the grout has cured properly. 

4.05 Uniform Section Mat 

a. Material - In lieu of riprap, 4-inch thick Armorform®, or equivalent, uniform 

section mat may be used. The mat shall be keyed 18 inches (minimum) along 

both edges of the ditch and at the upstream end of each section. The mat shall be 

underlain with Propex 4550 filter fabric and installed in accordance with the 

manufacturer's recommendations. Weep holes shall be provided at 15-foot 

elevation intervals and anchor bolts shall be installed on the spacing shown on 

Drawing No. B05-330- E24. 

b. Grout - The grout shall be a pumpable fine aggregate concrete (structural grout) 

proportioned to result in a minimum 28-day compressive strength of 3000 

A-15 



R12469

pounds per square inch (psi). A pozzolan grade fly ash may be substituted for 

up to 3 5 percent of the cement. Fine aggregate concrete consistency should be 

in the 9 - 11 second range when passed through the ¾ - inch orifice of the 

standard flow cone described in ASTM C-939-93. Tests utilizing a concrete 

slump cone are not appropriate. The grouted mat shall be protected from 

freezing and damage as described in Section 4.04.f above. 

5.0 REVEGETATION OF COMPLETED AREAS 

✓ 

Revegetation of coarse coal refuse slopes can be accomplished by placing a cover of natural 

soil or other materials capable of supporting vegetation and subsequent planting to establish a 

continuous stand of vegetation. Soil cover and vegetation shall be in accordance with the 

Illinois reclamation permit. 

6.0 MONITORING AND MAINTENANCE 

6.01 Piezometers and Impoundment Level 

Except as required by Section 6.03 below, water level readings from the piezometers 

and the impoundment level shall be recorded at 7-day intervals and compared to the 

levels used in the design. The standpipe piezometers shall be flushed on an annual 

basis to ensure they are functioning properly. Should the piezometers become 

damaged during operations, they shall be repaired or replaced. Maximum piezometer 

water levels used in the design of the embankments are shown in tables on Drawing 

Nos. B05-330-El2, -E39, and-E48. The piezometer levels in the tables are based on 

estimated maximum allowable phreatic surface to maintain a slope stability factor of 

safety of 1.5 for the static condition and 1.2 for seismic loading. Exceedance of the 

tabulated values does not necessarily mean that the slope stability has been reduced to 

unacceptable levels. It does mean that maximum anticipated phreatic level has been 

exceeded and that action in the form of reevaluation of the slope stability, reduction of 

the amount of water in the impoundment, reduction in the rate of embankment 

construction, installation of additional piezometers, or other remedial measures may 

be needed. 
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6.02 General Observations 

Observations of the embankment and its appurtenant structures shall be made at 7-day 

intervals and immediately following any unusual events such as floods, heavy 

rainfalls, abnormal structural behavior, etc. Any unusual features shall be reported 

immediately to the engineer responsible for certifying the construction. 

a. Embankment Slopes - Any irregularities such as scarps, wet areas, or vegetation 

disturbance shall be recorded. 

b. \Vorking Disposal Surface - Irregularities shall be recorded. 

c. Access Road Gutters and Discharge Channels - General condition of channels, 

soil erosion adjacent to or beneath riprap and seeded slopes, blockage by debris, 

etc. shall be noted. 

d. Pumps. Spillway Pipes and Underdrain Outlets - General condition of the 

discharge facilities and that they are not blocked and are functioning properly. 

Underdrain discharges shall be measured or estimated. 

e. Vicinity of the Embankment- General conditions throughout the area of the 

embankment shall be observed to note any changes which could be associated 

with the behavior of the embankment and its foundation. During and post

longwall mining Particular attention should be paid to the predicted areas of 

high surface strain for the Phase 2, Phase 3 and Phase 4 embankments when the 

longwall mining passes beneath them. Horizontal strain and ve1tical subsidence 

predictions are shown on Drawing Nos. B05-330-M50 and-MS 1. Embankment 

deformation, cracking, and pore pressure buildup are of particular concern. 

6.03 Phase 2 and Phase 3 Enhanced Monitoring 

a. Pore Pressure Transducers (pneumatic or vibrating wire) and Inclinometers will 

be installed in the Phase 3 embankment after the phase is capped with coarse 

coal refuse but prior to Phase 7C construction or longwall undermining under 

Phase 3. 
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b. Monitoring Frequency- Phase 2 and Phase 3 instruments and general 

observations will be made twice daily beginning when the longwall face is 

within 100 feet of the eastern perimeter of the embankments and ending two 

weeks after the longwall face passes under their western ends. 

If post-subsidence instrumentation monitoring and inspection results indicate 

that Phase 2 and Phase 3 embankment/impoundment distress is not a concern, 

i.e., no adverse cracking, seepage, excess pore pressure or deformation, then 

general observations and instrumentation readings for Phase 2 and Phase 3 shall 

be conducted twice weekly for two additional months. If, after the two months 

of additional monitoring, no adverse pore pressures or embankment 

performance factors exist, monitoring may then reve1i to a 7-day basis until the 

sites are reclassified as a non-impounding embankments or are abandoned. 

If embankment distress such as excessive seepage, elevated pore pressmes, 

excessive deformation or cracking is evident, remedial measures will be 

initiated and the inspection and instrumentation reading frequency will be 

decreased to eight hours until stable conditions are achieved. The construction 

of the Contingency Buttress shown on Drawing No. B05-330-E47 will be 

implemented. 

c. Abandonment ofinstrumentation - The Phase 3 pneumatic piezomelers aud 

inclinometers may be left in place but considered abandoned and auxiliaiy to the 

approved plan starting two months after Phase 7C is completed - provided that 

no adverse conditions exists at the Phase 3 and Phase 7C embankments. 

6.04 Subsidence Baselines - Subsidence baselines "A" through "K" shall be monitored 

as described in Appendix F. 

6.05 Maintenance 

The following maintenance shall be performed regularly: 

a. Routine Maintenance - Maintenance, including replacement or patching of 

grouted riprap, regrading temporary bench and haul road gutters, backfilling of 

erosion rills and gullies, removal of debris from the ditches at the site, etc. shall 

be performed. 
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b. Maintenance After Unusual Meteorological Events (Heavy Precipitation Events 

and Floods). - The most important maintenance tasks at these times are the 

timely backfilling of all erosion scarps and slumps and the repair and 

improvement of drainage systems and riprap. 

c. Maintenance After Abnormal Changes in the Behavior of the Structure - If 

abnormal behavior of any portion of the embankment is observed, qualified 

persons knowledgeable of the facility design characteristics shall be advised 

immediately and any recommended maintenance measures undertaken. 

6.04 Data Review 

All facility performance data and data obtained during periodic inspections and 

maintenance shall be reviewed by qualified persons knowledgeable of the facility 

construction and disposal requirements, including the design recommendations 

presented in these documents. 
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PROJECT NO.: B05-330-1413 

PROJECT NAME: WILLIAMSON ENERGY 
PHASE 3 IMP VOL 

SCALE: 1 

ELEV. !FT) PLANIM. READING AREA (SQ.FT.) 

452 1727.00 1.73E+03 

454 12582.00 1.26E+04 

456 46388.00 4.64E+04 

458 182827.00 1.83E+05 

460 514141.00 5.14E+05 

462 710341.00 7.10E+05 

464 758662.00 7.59E+05 

466 783329.00 7.83E+05 

468 807685.00 8.08E+05 

470 832117.00 8.32E+05 

480 957207.00 9.57E+05 

490 1087747.00 1.09E+06 

500 1223738.00 1.22E+06 

0 
VOLUME COMPUTA T/ONS 

CALCS. BY: JLH 10-22-07 

CHECKED BY: ,v\013 

AVG AHEA_1SQ.FT.) CHANGE IN EL. VOL. (CU.FT.) CUM. VOL. (CU.FT.) CUM VOL.1CU.YD.) 

0.00E+00 0.00E+00 
7.15E+03 2 1.43E+04 

1.43E+04 5.30E+02 
2.95E+04 2 5.90E+04 

7.33E+04 2.71E+03 
1.15E+05 2 2.29E+05 

3.02E+05 1.1-2E+04 
3.48E+05 2 6.97E+05 

6.12E+05 2 1.22E+06 
9.99E+05 3.70E+04 

2.22E+06 8.24E+04 
7.35E+05 2 1.47E+06 

3.69E+06 1.37E+05 
7.71E+05 2 1.54E+06 

5.23E+06 1.94E+05 
7.96E+05 2 1.59E+06 

6.83E+06 2.53E+05 
8.20E+05 2 1.64E+06 

6.47E+06 3.14E+05 
8.95E+05 10 8.95E+06 

1.74E+07 6.45E+05 
1.02E+06 10 1.02E+07 

2.76E+07 1.02E+06 
1.16E+06 10 1.16E+07 

2.92E+07 1.45E+06 
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PROJECT NO.: B05-330-14 ·13 

PROJECT NAME: WILLIAMSON ENERGY 
PHASE 4 EMS VOL 

SCALE: 1 

ELEV. IFTl PLANIM. READING AREA {SQ.FT.I 

4'14 26965.00 2.70E+04 

446 222931.00 2.23E+05 

448 649798.00 6.50E+05 

45U 823513.00 B.24E+05 

452 962794.00 9.63E+05 

454 1087982.00 1.09E+06 

456 10854.14.00 1.09E+06 

458 1055127.00 1.06E+06 

460 1024374.00 1.02E+06 

4G2 995317.00 9.95E+05 

464 966870.00 9.67E+05 

466 934862.00 9.35E+0S 

468 893583.00 8.94E+05 

470 852054.00 8.52E+05 

480 640656.00 6.41E+05 

480 423007.00 4.23E+05 

492 378726.00 3.79E+05 

VOLUME COMPUTATIONS 

AVG AREA (SQ.FT.) CHANGE IN EL. 

1.25E+05 2 

4.36E+05 2 

7.37E+05 2 

8.93E+05 2 

1.03E+0G 2 

1.09E+06 2 

1.07E+06 2 

1.04E+06 2 

1.01E+06 2 

9.81E+05 2 

9.51E+05 2 

9.14E+05 2 

8.73E+05 2 

7.46E+05 10 

5.32E+05 10 

4.01E+05 2 

CALCS. BY: JLH 10-22-07 

CHECl<ED BY: \'\01::, 

VOL. ICU.FT.I CUM. VOL. ICU.FT.I 

0.00E+00 
2.50E+05 

2.50E+05 
8.73E+05 

1.12E+06 
1.47E+06 

2.60E+06 
1.79E+06 

4.38E+06 
2.05E+06 

6.43E+06 
2.17E+06 

8.61E+06 
2.14E+06 

1.07E+07 
2.0BE+06 

1.28E+07 
2.02E+06 

1.48E+07 
1.96E+06 

1.68E+07 
1.90E+06 

1.87E+07 
1.83E+06 

2.05E+07 
1.75E+06 

2.23E+07 
7.46E+06 

2.97E+07 
5.32E+06 

3.51E+07 
B.02E+05 

3.59E+07 

,7 
/"'"'.....,,, 

0 

CUM VOL.ICU.YD.) 

0.00E+00 

9.26E+03 

4.16E+04 

9.61E+04 

1.62E+05 

2.38E+05 

3.19E+05 

3.98E+05 

4.75E+05 

5.50E+05 

6.23E+05 

6.93E+05 

7.61E+05 

8.25E+05 

1.10E+06 

1.30E+06 

1.33E+06 r:; 
--.:i 

"-...., 
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PROJECT NO.: B05-330-1413 

PROJECT NAME: WILLIAMSON ENERGY (PHASE 5) 
EMB. VOLS 

SCALE: 1 

ELEV. (FT) PLANIM. READING AREA ISQ.FT.l 

436 8,117 8.12E+03 

438 65,894 6.59E+04 

440 237,202 2.37E+05 

442 572,057 5.72E+05 

444 1,118,526 1.12E+06 

445 1,351,072 1.35E+06 

445 1,250,920 1.25E+06 

446 1,310,776 1.31 E+06 

450 1,368,975 1.37E+06 

455 1,249,069 1.25E+06 

460 1,127,319 1.13E+06 

465 1,003,768 1.00E+06 

470 878,628 8.79E+05 

475 751,474 7.51 E+05 

VOLUME COMPUTA T/ONS 

CALCS. BY: BWM 11-04-09 

CHECKED BY: i':t\ D 

AVG AREA (SQ.FT.) CHANGE IN EL. VOL. ICU.FT.I CUM. VOL. ICU.FT.) ' CUM VOL.(CU.YD.I 
' - -- 0.00E+00 0.00E+00 

3.70E+04 2 · 7.40E+04 

7.40E+04 2.74E+03 
1,52E+05 2 3.03E+05 

3.77E+05 ! 
1.40E+04 

' 4.05E+05 2 8.09E+05 

1.19E+06 4.39E+04 
8.45E+05 2 1.69E+06 

i 2.88E+06 1.07E+05 
1.23E+06 1 1.23E+06 

4.11E+06 1.52E+05 
1.30E+06 0 0.00E+00 I 

I 

4.11 E+06 1.52E+05 
128E+06 1 1.28E+06 

5.39E+06 2.00E+05 
1.34E+06 4 5.36E+06 I 

1.08E+Q7 3.98E+05 
1.31E+06 5 6.55E+06, >s 

1.73E+07 6.41E+05 ~ 1.19E+06 5 5.94E+06 . ;;; 
2.32E+07 8.61E+05 :;i 

1.07E+06 5 5.33E+06 
2.86E+07 1.06E+06 ' 9.41E+05 5 4.71E+06 i f 
3.33E+07 1.23E+06 " 8.15E+05 5 4.08E+06 ~ 
3.73E+07 1.38E+06 

® 
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6.87E+05 5 
480 I 622,199 I 6.22E+05 I 

5.57E+05 5 
485 I 491,443 I 4.91E+05 I 

4.52E+05 3 
488 I 412,125 I 4.12E+05 I 

3.43E+06 

I 4.08E+07 I 
2.78E+06 

I 4.36E+07 I 
1.36E+06 

I 4.49E+07 I 

1.51 E+06 

1.61 E+06 

1.66E+06 

fii" 
s c, 
8 
::::: 

':;;:--
~ 
---0 

0 
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PROJECT NO.: B05-330-1413 

PROJECT NAME: WILLIAMSON ENERGY (PHASE 5) 
IMP. VOLS 

SCALE: 1 

ELEV. (FT) PLANIM. READING AREA (SQ.FT.) 

426 863,976 8.64E+05 

430 909,372 9.09E+05 

435 967,748 9.68E+05 

440 1,027,935 1.03E+06 

445 1,089,935 1.09E+06 

450 1,153,746 1.15E+06 

455 1,219,370 1.22E+06 

460 1,286,743 1.29E+06 

465 1,355,821 1.36E+06 
~ l·C,, 
470 1,426,605 1.43E+06 

475 1,499,093 1.50E+06 

480 1,573,288 1.57E+06 

'\ 

VOLUME COMPUTATIONS 

CALCS. BY: BWM 11-04-09 

' 
CHECKED BY: CAD 

AVG AREA (SQ.FT.) CHANGE IN EL. VOL. (CU.FT.) CUM. VOL. (CU.FT.): CUM VOL.(CU.YD.l 

0.00E+00 0.00E+00 
8.87E+05 4 3.55E+06 

3.55E+06 1.31E+05 
9.39E+05 5 4.69E+06 

8.24E+06 3.05E+05 
9.98E+05 5 4.99E+06 

1.32E+07 4.90E+05 
1.06E+06 5 5.29E+06 

1.85E+07 6.86E+05 
1.12E+06 5 5.61 E+06 

2.41E+07 : 8.94E+05 
1.19E+06 5 5.93E+06 

3.01E+07 1.11E+06 
1.25E+0G 5 6.27E+06 

3.63E+07 1.35E+06 
1.32E+06 5 6.61E+06 

4.29E+07 1.59E+06 
1.39E+06 5 6.96E+06 l/c/) 

4.99E+07 1.85E+06 ! 
1.46E+06 5 7.31E+06 

5.72E+07 2.12E+06 I 
i I 

1.54c'+06 5 7.68E+0G 
6.49E+07 i 2.40E+06 

1.61=+06 5 8.06E+06 

s 

® 
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485 

488 

1,649,305 

1,695,545 

1.65E+06 

1.70E+06 
1.67E+06 

f', 

3 5.02E+06 
7.29E+07 

7.80E+07 

2.70E+06 

2.89E+06 

~ ::;_ 
IA 

'8 
:::::, 

~ 
0-...., 

@ 
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PROJECT NO.: B05-330-1413 

PROJECT NAME: WILLIAMSON ENERGY 
PHASE 6 EMB VOL 

SCALE: 1 

ELEV. (FT) PLANIM. READING AREA (SQ.FT _,j 

440 20548.00 2.05E+04 

450 765316.00 7.65E+05 

460 988066.00 9.88E+05 

470 1008580.00 1.01E+06 

480 1027914.00 1.03E+06 

488 1043059.00 1.04E+06 

488 1350082.00 1.35E+06 

490 1330975.00 1.33E+06 

492 1311871.00 1.31E+06 

-

0 
VOLUME COMPUTATIONS 

CALCS. BY: JLH 10-22-07 

CHECKED BY: MOC, 

AVG AREA (SQ.FT.) CHANGE IN EL. VOL. ICU.FT./ CUM. VOL. 1CU.FT./ CUM VOL.1CU.YU./ 

0.00E+00 0.00E+00 3.93E+05 10 3.93E+06 

3.93E+06 1.46E+05 8.77E+05 10 8.77E+06 

1.27E+07 4.70E+05 9.98E+05 10 9.lI8E+06 

2.27E+07 8.40E+05 1.02E+06 10 1.02E+07 

3.29E+07 1.22E+06 
1.04E+06 8 8.28E+06 

4.11E+07 1.52E+06 1.20E+06 0 0.00E+00 

4.11 E+07 1.52E+06 
1.34E+06 2 2.68E+06 

4.38E+07 1.62E+06 
1.32E+06 2 2.64E+06 

4.65E+07 1.72E+06 

( 
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AllianceL7 
Consulting, In.c. 

E.ng:ineers · Constructors· Scientists 

PROJECT NO.: B05-330-14B 

PROJECT NAME: WILLIAMSON ENERGY 
PHASE 7 EMB VOL 

SCALE: 1 

ELEV. !FT) PLANIM. READING AREA (SQ.FT.l 

492 1689957.00 1.69E+06 

500 2130161.00 2.13E+06 

510 1739771.00 1.74E+06 

520 1349290.00 1.35E+06 

530 958717.00 9.59E+05 

538 646196.00 6.46E+05 

(\ 

0 
VOLUME COMPUTATIONS 

CALCS. BY: JLH 10-22-07 

CHECJ<EDBY: IV\ 0 (::, 

AVG AREA (SQ.FT.) CHANGE IN EL. VOL (CU.FT.) CUM. VOL (CU.FT.) CUM VOL(CU.YD.) 

0.00E+00 0.00E+00 - .91 E+0G 8 1.53E+07 
1.53E+07 5.66E+05 1.93E+06 10 1.93E+07 
3.46E+07 1.28E+06 1.54E+06 10 1.54E+07 
5.01E+07 1.85E+06 

/ 
1.15E+06 10 1.15E+07 

6.16E+07 2.28E+06 E.02E+05 8 6.42E+06 
6.80E+07 2.52E+06 

@ 
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'~ 

.f-\.Uiance 1--7 
( -, 
-onsulti.n.g, Inc . 

Engineers · Constructors· Scientists 0 
VOLUME COMPUTATIONS 

PROJECT NO.: 8(15-330-1413 
CAL.CS. BY: JLH 10-22-07 

PROJECT NAME: WILLIAMSON ENERGY 
CHECKED BY: roe. 

I 
PHASE 7 IMP VOL 

SCALE: 1 

ELEV. (FT) PLANIM. READING AREA !SQ.FT.I AVG AREA (SQ.FT.\ CHANGE IN EL. VOL. ICU.FT.\ CUM. VOL ICU.FT.l CUM VOL(CU.YDJ 
448 59575.00 5.96E+04 

0.00E+00 0.00E+00 1.78E+05 2 3.56E+05 450 295995.00 2.96E+05 
3.56E+05 1.32E+04 4.18E+05 2 8.36E+05 452 540498.00 5.40E+05 
1.19E+06 4.42E+04 6.73E+05 2 1.35E+06 454 805935.00 8.06E+05 
2.54E+06 9.40E+04 9.18E+05 2 1.84E+06 456 1030203.00 1.03E+06 
4.37E+06 1.62E+05 1.05E+06 2 2.09E+06 458 1062845.00 1.06E+06 
6.47E+06 2.40E+05 1.08E+06 2 2.15E+06 460 1087807.00 1.09E+06 
8.62E+06 3.19E+05 1.15E+06 10 1.15E+07 410 1216944.00 1.22E+06 
2.01 E+07 7.46E+05 1.29E+06 10 1.29E+07 480 1353294.00 1.35E+06 
3.30E+07 1.22E+06 1.43E+06 10 1.43E+07 4YO 1496858.00 1.50E+0G 
4.72E+07 '1.75E+06 1.57E+06 10 1.57E+07 500 1647636.00 1.65E+06 
6.30E+07 2.33E+06 1.73E+06 10 1.73E+07 510 1805627.00 1.81E+06 
8.02E+07 2.97E+06 1.89E+06 10 1.89E+07 520 1970832.00 1.97E+06 
9.91E+07 3.67E+06 2.06E+06 10 2.06E+07 530 2'14325'1.00 2.14E+06 
1.20E0 08 4.43E+06 2.21 E+06 8 1.77E+07 538 2286379.00 2.29E+06 
1.37E+08 5.09E+06 

G 



R12497

,,l 11me Report 2/21/2008 12:18 

ing Grid: //Aci-acad/caddrawings/05330/7B-7C MERGED.grd 
and Grid: //Aci-acad/caddrawings/05330/7B-7C PROPOSED EMB.grd 

rid corner locations: 357504.45,426355.33 to 360456.45,427963.33 
rid resolution X: 492, Y: 268 Grid cell size X: 6.00, Y: 6.00 
rea in Cut : 382.3 S.F., 0.01 Acres 
rea in Fill: 428,616.4 S.F., 9.84 Acres 
Jtal inclusion area: 428,998.6 S.F., 9.85 Acres 
Jt to Fill ratio: 0.00 
1erage Cut Depth: 0.11 Average Fill Depth: 14.51 
,x Cut Depth: 0.52 Max Fill Depth: 22.85 
1t (C.Y.) I Area (acres): 0.16 
ell (C. Y.) / Area (acres): 23389. 91 
1t volume: 41.8 C.F., 1.55 C.Y . 
. 11 volume: 6,219,569.8 C.F., 230,354,44 C.Y. 

~C0'2 1 of 1 
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TAGE /B 

Jlumes by elevation zone 2/21/2008 12:19 

:m"' __ 453.19 to 460.00 
1 · '( 1 ume : 3 8. 8 C. F. , 1. 4 4 C. Y. 
LLi. volume: 348,025.6 C.F., 12,889.84 C.Y. 
1nning total: 
Jt volume : 38.8 C.F., 1.44 C.Y. 
Lll volume: 348,025.6 C.F., 12,889.84 C.Y. 

)ne 460.00 to 470.00 
1t volume: 1.3 C.F., 0.05 C.Y. 
'11 volume: 740,644.0 C.F., 27,431.26 C.Y. 
inning total: 
it volume : 40.1 C.F., 1.49 C.Y . 
. 11 volume: 1,088,669.6 C.F., 40,321.10 C.Y. 

me 470.00 to 480.00 
it volume: 1.6 C.F., 0.06 C.Y . 
. 11 volume: 755,968.6 C.F., 27,998.84 C.Y. 
inning total: 
,t volume: 41.8 C.F., 1.55 C.Y. 
11 volume: 1,844,638.2 C.F., 68,319.93 C.Y. 

ne 480.00 to 490.00 
"volume: 1.2 C.F., 0.04 C.Y. 

volume: 739,011.0 C.F., 27,370.78 C.Y. 
n~' .. rig total: 

( ·. ume : 4 3 . 0 C . F. , 1 . 5 9 C . Y . 
lL~volume: 2,583,649.3 C.F., 95,690.71 C.Y. 

ne 490.00 to 500.00 
t volume: 1.2 C.F., 0.05 C.Y. 
11 volume: 718,441.7 C.F., 26,608.95 C.Y. 
nning total: 
t volume: 44.2 C.F., 1.64 C.Y. 
11 volume: 3,302,091.0 C.F., 122,299.67 C.Y. 

1e 500.00 to 510.00 
: volume: 0.7 C.F., 0.02 C.Y. 
Ll volume: 723,597.6 C. F., 26,799.91 C. Y. 
ming total: 
: volume: 44.9 C.F., 1.66 C.Y. 
Ll volume: 4,025,688.6 C.F., 149,099.58 C.Y. 

12 510.00 to 520.00 
~ --.7c l ume : 0. 9 C. F'. , 0. Cl 3 C. Y. 
l -,,olume: 755,277.5 C.r., 27,973.24 C.Y. 

1ning total: 
"\TO l ume : 4 5 . 8 C. F. , 1 . 7 0 C . Y . 

0.00 to 530.00 
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'ill volume: 786,986.3 C.F., 29,147.64 C.Y. 
unning total: 
ut volume : 47.1 C.F., 1.74 C.Y. 
·i'' volume: 5,567,952.4 C.F., 206,220.46 C.Y. 

-::i;(· ·530.00 to 540.00 
u ,lume : 1.4 C.F., 0.05 C.Y. 
ill volume: 651,624.1 C.F., 24,134.23 C.Y. 
unning total: 
ut volume : 48.5 C.F., 1.80 C.Y. 
ill volume: 6,219,576.5 C.F., 230,354.69 C.Y. 

l 
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~ • ·,ne Report 2/21/2008 11:38 

J;' ing Grid: //Aci-acad/caddrawings/05330/7B-7C MERGED.grd 
and Grid: //Aci-acad/caddrawings/05330/7B-7C PROPOSED EMB.grd 

rid corner locations: 357504.45,426355.33 to 360456.45,427963.33 
rid resolution X: 492, Y: 268 Grid cell size X: 6.00, Y: 6.00 
:ea in Cut: 27.4 S.F., 0.00 Acres 
:ea in Fill: 942,917.1 S.F., 21.65 Acres 
)tal inclusion area: 942,944.5 S.F., 21.65 Acres 
,t to Fill ratio: 0.00 
rerage Cut Depth: 0.07 Average Fill Depth: 25.05 
1x Cut Depth: 0.44 Max Fill Depth: 38.00 
1t (C. Y.) / Area (acres): 0. 00 
.11 (C.Y.) / Area (acres): 40417.06 
1t volume: 1.9 C.F., 0.07 C.Y . 
. 11 volume: 23,622,547.1 C.F., 874,909.15 C.Y. 

C 
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TAGE 7C 

"'"mes by elevation zone 2/21/2008 11:39 

:/( 00.00 to 510.00 
ut·,0lume: 1.3 C.F., 0.05 C.Y. 
ill volume: 6,851,079.0 C.F., 253,743.67 C.Y. 
1nning total: 
.it volume: 1.3 C.F., 0.05 C.Y. 
ill volume: 6,851,079.0 C.F., 253,743.67 C.Y. 

)ne 510.00 to 520.00 
1t volume : 0.0 C.F., 0.00 C.Y. 
lll volume: 6,292,799.0 C.F., 233,066.63 C.Y. 
mning total: 
it volume : 1.3 C.F., 0.05 C.Y . 
. 11 volume: 13,143,878.0 C.F., 486,810.30 C.Y. 

me 520.00 to 530.00 
1t volume : 0.0 C.F., 0.00 C.Y . 
. 11 volume: 5,899,045.6 C.F., 218,483.17 C.Y. 
!nning total: 
t volume : 1.3 C.F., 0.05 C.Y. 
11 volume: 19,042,923.7 C.F., 705,293.47 C.Y. 

·- 530.00 to 538.00 
Jolume : 0.0 C.F., 0.00 C.Y. 

l'c·'olume: 4,578,137.9 C.F., 169,560.66 
1 total: 
t volume: 1.3 C.F., 0.05 C.Y. 
11 volume: 23,621,061.6 C.F., 874,854.13 

C.Y. 

C.Y. 
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•ROJECT NAME: 

PROJECT NO.: 

DESCRIPTION: 

PIPE FLOW CALCULATIONS 

WILLIAMSON ENERGY 

805-330-1413 

PHASE 3 

AilianceLI 
Consulting, Inc. 

Engineers · Constructors · Scientists 

CALC. BY: MDB 4/2/08 

CHECKED BY: -;iiAJ7?1 ✓-dl-0( 

..:W.c.cE=clccRc..F-=L~Oc..W~ ___ Q;C(3.14 )DHh1.5 
(;;3.22+0.44(H/P) 

REF. MSHA MANUAL, PAGE 6.136 

INLET DIAMETER(D); __ c.c1 ·c::38,:___ FEET 
WEIR HEIGHT(P); FEET 

INLET EL.; __ 4cc9..c4·cc.8 __ 

-=O"-R""IFc..lC~E~F~L~O_W ___ Q;CA(2GH)'0.5 REF. HANDBOOK OF CONCRETE CULVERT PIPE HYDRAULICS, 
PORTLAND CEMENT ASSOCIATION, PAGE 70 

DISCHARGE 
' COEFFICIENT(C); __ .::_0c,:.6,.......-
ORIFICE DIAMETER 1.38 FEET 

AREA(A); 1.50 SQ. FT. 
ORIFICE CONTROL ELEV. __ ...:.49"-'3'--

PRESSURE FLOW Q;A V 
V;(2GH/F(UD)+K+1 )'0.5 
F=185(N"2/D".33) 

REF. MSHA MANUAL, PAGE 6.154 

MANNING'S N; _ ___cocc.Occ1=.2 __ 
PIPE LENGTH(L); 98 FEET 

ENERGY LOSSES(K); __ .,,2c:,.5'-
OUTLET EL.; __ 24~82ec.__ 

PIPE DIA. ; "1.38 FEET 

ELEVATION HEAD, FT. 

494.8 I 0 
495 0.2 

495.6 0.8 
496 1.2 
497 2.2 

Q.CFS 

WEIR ORIFICE 

0.00 10.18 
1.28 10.68 

11.08 12.05 
21.36 12.88 
59.25 14.76 

PRESSURE 

18.83 
18.98 
19.41 
19.70 
20.39 
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STORM EVACUATION 

PROJECT NAME: 

PROJECT NUMBER: 

DESCRIPTION: 

TOTAL STORED VOLUME: 

VOLUME BELOW DECANT= 

WILLIAMSON ENERGY 

B0S-330-1413 

PHASE 3 

.c2c.c.3~7 ____ (FP3 X 10'6) 

ELEV. CUM. VOLUME 
(FT.'3 X 10'6) 

494.8 33.16 

495 33.4 

495.6 34.09 

496 34.56 

497 35.53 

_3_3_.1_6 ___ (FP3 X 10'6) 

10% VOLUME= 0.237 (FP3 X 10'6) · =~---

ELEV. 

494.8 

495.00 

10% LEVEL 

VOLUrviE 
(FT./\3 X 10"6) 

33.16 

33.397 

:S4.08 

DISCHARGE 
(CFS) 

0 

1.28 

11.08 

12.88 

14.76 

-'"-

CALC. BY: ..:;M::.:D::.:B::_ ___ _ 

CHECKED BY: ~)7/1 
. . 

TIME CUM. TIME CUM. TIME 
(HRS) (HRS) (DAYS) 

165.58 6.90 
104.17 

61.41 2.56 
31.01 

30.39 1.27 
10.90 

19.50 0.81 
19.50 

0.00 0.00 

90% EVACUATION 

ELEV TlfviE.DAYS 

494.8 6.9 

495.00 5.47 

495.6 '1 .27 
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PROJECT NAME: 

PROJECT NO.: 

DESCRIPTION: 

WILLIAMSON 

805-330-1413 

PHASE 5 

PIPE FLOW CALCULATIONS 

Alliance LI 
Consulting, Inc. 

Engineers ·Constructors· Scientists 

CALC. BY: _ ___:J:..:L::..H:...'c:' 2c::i2,,_D:::i..::D:::6 __ 

CHECKED BY: M rz/w(o& 

_,W,.:Ec::l:..:R..:.F..::L:=O:..:W_:..._ ___ Q=C(3 .14 )DH'1.5 
C=3.22+0.44(H/P) 

REF. MSHA MANUAL, PAGE 6.136 

INLET DIAMETER(D)= __ _;1c;.3:..:8:___ FEET 
WEIR HEIGHT(P)= FEET 

INLET EL.= ___ 4_;8_;0 __ 

.:;Oc::R.,,IFc_:l,,::C.:::E..:.F.:::L.::O_::W:__ __ Q=CA(2GH)'O .5 REF. HANDBOOK OF CONCRETE CULVERT PIPE HYDRAULICS, 
PORTLAND CEMENT ASSOCIATION, PAGE 70 

DISCHARGE 
COEFFICIENT(C)= 0.6 

ORIFICE DIAMETER---'1:....3:...8--FEET 

AREA(A)= 1.50 SQ. FT. 
ORIFICE CONTROL ELEV. __ 4c;7~8-:..:0~0 __ 

PRESSURE FLOW Q=AV 
V=(2GH/F(UD)+K+1 )'0.5 
F=185(N'2/D'.33) 

REF. MSHA MANUAL, PAGE 6.154 

MANNING'S N= 0.012 
PIPE LENGTH(L)= 100 FEET ---'-=-=--

ENERGY LOSSES(K)= __ .:::2c.::.5 __ 
OUTLET EL.= __ 4_7_;2~. 7 __ 

PIPE DIA.= 1.38 FEET 

ELEVATION HEAD, FT. 

4B0 0 

480.85 O.B5 

4B2 2 
483 3 

484.1 4.1 

485 5 
486 6 

488 8 . 

Q.CFS 

WEIR ORIFICE 

0.00 10.1B 

12.21 12.16 

50.28 14.40 

102.27 16.10 

160.82 17.79 

262.71 19.05 

373.38 20.37 

661.19 22.77 

PRESSURE 

14.18 
14.98 
16.00 
16.84 
17.71 
18 40 
19.13 
20.52 



R12505STORM EVA CUA T/ON 

PROJECT NAME: Williamson Energy 

PROJECT NUMBER: B05-330-1413 

DESCRIPTION: Phase 5 

- " - . 
TOTAL STORED VOLUME: -'-7"".2-'-1 ____ (FP3 X 10•6) 

ELEV. CUM. VOLUME DISCHARGE 
(FT.•3 X 10•6) (CFS) 

480 64.9 0 

480.85 66.3 12.16 

482 68.1 14.4 

483 69.7 16.1 

484.1 71.5 17.71 

484.5 72.1 18.0 

VOLUME BELOW DECANT= 64.9 (FP3 X 10•6) 

10% VOLUME= 0.721 (FP3 X 10•6) 

10% LEVEL 

ELEV. VOLUME 
(FT. •3 X 1 o•6) 

480 64.9 

480.44 65.621 

480.85 66.3 

TIME 
(HRS) 

63.96 

37.65 

29.14 

29.58 

9.33 

CALC. BY: BWM 11104109 

CHECKED BY:.:KlF ii/ I.{ /oq 
. ( 

CUM. TIME CUM. TIME 
(HRS) (DAYS) 

169.67 7.07 

105. 71 4.40 

68.06 2.84 

38.91 1.62 

9.33 0.39 

0.00 0.00 

90% EVACUATION 

ELEV TIME,DAYS 

480 7.07 

480.44 5.69 

480.85 4.4 
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l 

STORM EVACUATION 

PROJECT NAME: 

PROJECT NUMBER: 

JESCRIPTION: 

TOTAL STORED VOLUME: 

VOLUME BELOW DECANT= 

WILLIAMSON ENERGY 

B05-330-1413 

PHASE 7 

_9_.9_7 ____ (FT'-3 X 10'6) 

ELEV. CUM. VOLUME 
(FT.'3 x 10•6) 

530 120 

530.85 121.81 

532 124.25 

533 126.38 

534 128.5 

534.72 130.02 

120 (FT'-3 X 10•6) -==----

10% VOLUME =_0_.9_9_7 ___ (FT'-3 X 10•6) 

ELEV. 

530 

530.20 

530.85 

10% LEVEL 

VOLUME 
(FT. •3 X 10'6) 

120 

121.002 

124.25 

DISCHARGE 
(CFS) 

0 

12.16 

14.14 

14.91 

15.64 

16.13 

TIME 
(HRS) 

82.69 

51.54 

40.73 

38.55 

CALC. BY: MOB ------
CHECKED BY: yfjAl7rJ 

CUM. TIME CUM. TIME 
(HRS) (DAYS) 

213.52 8.90 

130.83 5.45 

79.29 3.30 

38.55 1.61 

0.00 0.00 

90% EVACUATION 

ELEV 

530 

530.20 

530.85 

TIME,DAYS 

8.9 

8.09 

5.45 
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-

AllianceO 
Consulting, Inc. 

BY:...,,..Lz/ 
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Y1oei 3/io. I a o 
~ ,,, 
'-I ;;7.1) '( 

AllianceO 
BY: DATE: CHKD BY: ;:s't,, r7j,1 DATE: -
PROJECT NAME: \j \LL \'i\\V\c,O 1__\ E~lt!"r2h\' 

Consulting, Inc. PROJECT NO. £,os - 3.3,0 - ,4-,; SHEET OF 
,.- -dneers · Constructors· Scientists 'ft.0=c,0Mo c~~10~ DESCRIPTION 

\\0. Lc9 

'•., 

-::. 



R12509A11ianceL7 
Consulti...1J.g, Inc. 

.:c·---ineers · Constructors· Scientists 

:if \lv11Jv, f 
I \/' l i--.) 

C 
~ ~•.J \ \-.\t) ~ ...,Je:'TL4f' .. 

DATE: 3 / I o,)ai CHKD BY: -12·i1rJJJ DATE: 

PROJECT NAME: NILL I AM8>J J::: 1-J!:c:U:iY ----'-'--=>a.'-'--"'-'-'=---===---"-'------------
PROJECT NO. 

DESCRIPTION 

:::- \.S't X 

( s) O. I --

. \ 
ilS ~ 

,: Ms -= 

SHEET OF ---

1.s'S ;I. \.~ - 2.::;7 

Ot \ ~ \. ;- :;: b1 iS"" 

-;.- 2. 52. , 
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C: 
~ 30 

C: 
Ol 
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REF C2) 
::::,uafion; (A17)B(AJ8) From Appt:riciix A 
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uz u 2 
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u U 2 
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ii.lllan ce /jj}f_S 

Consulting, Inc. 

", 0 ! v/ 

100 (, ---

BECKLEY, 'W 
(J04) :!55-0<t91 

BRISTOL, VA 
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----· 
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PROJECT 

PROJECT 
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Alliance IJJl_,N 

_ Consulting, Inc. 

tlT: -s7/;;;,' UAJt.: /,?/£q'U',, \..,MI\U tlT: {"','Y UAlt.: I '1!--0/[,if--' - / 

PRO~ECT NAME: w I I\ IC, V"1 "-0'7 'En e r-c.. ,1 -' PROJECT NO. ;2.,oS-330 - J t.f / 3 SHEET ___ OF __ 

Constructors 
BECKLEY, Wv 
(.304) 255-0491 

RALEIGH, NC 
{919) 861-2267 
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A.lliance£1 
Consulting, Inc. 

BY: HLO 

PROJECT NAME: 

PROJECT NO.: 

DESCRIPTION: 

Engineers · Constructors· Scientists 

DITCH PROPERTIES 

ENTERED VALUES 
DESIGN DISCHARGE (els), Q= __ ~9~9c:.1,,o __ _ 

BOTTOM WIDTH (ft), b= __ ....;.,12"-.0,';0'----
CHANNEL SLOPE (%), So= ---',3,'3.c,3,'3 __ _ 

SIDE SLOPES, Z= ---=2'-'.0"'0 __ _ 

TYPE OF MAT TO BE DESIGNED= ---"U-"S"'M __ _ 

UNIT WEIGHT OF CONCRETE (pen, Ge= ___ 1_,;4~0c,.0""Oc_ __ 
UNIT WEIGHT OF WATER (pen, Gw= __ _,6"'2'-'.4"'0 __ _ 

SUBGRADE FRICTION ANGLE (deg), 1i= __ _,2cc5c,.0cc0 __ _ 

TRACTIVE STRESSES DUE TO FLOW OF WATER 

BOTTOM STRESS 

tb=Gw•wso (psn= 

SIDE SLOPE STRESS 

SIDE SLOPE COEFFICIENT= 

C ts=0. 79'1b (psn= 

TOTAL STRESS 

I (psn = 
T (lb/ft) = 

REQUIRED RESISTING STRESS 

6.08 

0.79 

4.80 

6.08 
81.37 __ _ 

DESIRED FACTOR OF SAFETY= ___ .:.1,"'5 __ _ 

REQUIRED RESISTING STRESS (psn= ___ ""9 . .:.12e_ __ 
(lb/ft)= 122.06 

RESISTING STRESS 

BOTTOM STRESS 

MAT THICKNESS (in), 1= ___ _;4::,_ __ _ 

61912009 CHKD BY: _____ DATE: __ _ 

Williamson Energy LLC 
B05-330-1413 SHEET OF 

Ditch "D" Tractive Force Computations, 4" USM 

COl\'lllTION 
ARMORFORM ON 

SOIL 
ARMORFORM ON 

"'""'" 

File: Ditch D 4~in USM.xis 

CALCULATED VALUES 
MANNING'S COEFFICIENT, n= 0.015 

DEPTH OF FLOW (ft), y= 0.31 
AREA OF FLOW (sq ft), A= 3.91 

WETTED PERIMETER (ft), P= 13.39 
HYDRAULIC RADIUS (ft), R= 0.29 

VELOCITY OF FLOW (fps), V= 25.19 

LINING PERIMETER (ft)= ___ _,_1~9-,c76e.._ __ 
TOP WIDTH (ft)= ___ _,1_,,_Bc:.9:,:.4 __ _ 

FREEBOARD (ft)- ____ 1~.4~3c_ __ 
TOTAL DITCH DEPTH (ft), d= ____ 1'-'.7'-4'----

COARSE 
GRAINED 

25 

JO 

SIDE SLOPE COEFFICIENT 

<1.5 
2 
3 
4 

MAT TYPE 
ABM 
FPM 
USM 

FINE GRAINED NO 
COIIESION 

25 

25 

FINE GRAJNED 
LOW COHESION 

JO 

25 

0.76 
0.79 
0.85 
0.94 

n 
0.045 
0.025 
0.015 

COHESIVE 

45 

32.5 

t(Gc-Gw)( ) tr,b=-
1 

tan(d)-So (ps0=_-~3-=26~ __ 
-v 1 +S02 

SIDE SLOPE STRESS 

t(Gc-G11j( Ztan(d) S \ 
Ir, s = I ,---;:; - a I (psf)= 2.06 

✓ 1+Scl \,_ ✓ 1+L2 ) --=~--

AVERAGE TOTAL RESISTING STRESS FROM MAT 

Tr,! (psD= __ __,2". 7'-'9'---- Tr,t (lb/ft) = 

NOTE: TOTAL RESISTING STRESS INCLUDES FREEBOARD 
PORTION OF MAT, CONSERVATIVELY USING MAT'S 

SUBMERGED UNIT WEIGHT FOR FREEBOARD ZONE 

55.12 
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A1liance£1 
Consulting, Inc. 

Engineers · Constructors· Scientists 

ANCHOR RESISTING STRESS 

BY: HLO 
PROJECT NAME: 

PROJECT NO.: 

DESCRIPTION: 

REMAINING RESISTANCE REQUIRED (psn= __ __,6"-.3""3'--

ANCHOR RESISTANCE (PSF)= As•(Phi)(fs)/L'2 

REBAR SIZE (#)-___ ,,_5 __ _ 

SOLVE FOR REQUIRED ANCHOR SPACING 

L (ft)= __ _.=,28,c.Be,Se,_ __ 

6/9/2009 CHKD BY: _____ DATE: __ _ 

Williamson Energy LLC 
B05-330~1413 SHEET OF 

Ditch "D" Tractive Force Computations, 4" USM 

File: Ditch D 4-in USM.xis 

(lb/ft) = _ _,6"'6"'.9'--4 _ 

As=CROSS-SECTIONAL AREA OF REBAR TO BE USED (sq in) 
Phi=SHEAR FACTOR=0.85 
fs=ALLOWABLE STRESS FOR STEEL=20,000 psi 
L=ANCHOR SPACING 

REBAR# As {sq in) 

USE REBAR SPACING OF __ _.=,20,c,0e,0e,_ __ 20 ft MAXIMUM 

RESISTANCE PROVIDED (psn= __ -"13"-.1'-"8'----

3 
4 
5 
6 
7 
8 

0.11 
0.20 
0.31 
0.44 
0.60 
0.79 

NOTE: ABOVE IS BASED ON YIELD SHEAR STRESS ON BOLT, MUST ALSO CHECK GROUND ANCHORAGE CAPACITY OF BOLT! 

CHl=CK UPLIFT 

( 

REQUIRED WEIGHT (lbs), W= ---"C"w-'-•Hc...•-=G~w __ 
12"Z'".33 

Cw= __ __,3"-.7'----

W (lbs)= ___ 4c_.7'-4'---

MAT WEIGHT (lbs), Wm= __ ,!!tlo,G,cc-:,Gc,we1.) __ 
12 

25.87 

CW= 1.3 FOR USM OR FPM, SHORT TERM 
3.7 FOR USM OR FPM, LONG TERM 
2.0 FOR ABM 

Wm IS GREATER THAN W. NO ADDITIONAL UPLIFT RESISTANCE IS NEEDED. 

DESIGN: USE 4 INCH USM WITH ROOF BOLT (#5) ANCHORS ON 20 FOOT SPACING. 

Design procedure based on Nicolon Corporation, Design Theory Manual for Armorform Erosion Protection Mats, dated September 25, 1989. 
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AllianceLI 
Consulting, Inc. 

BY: HLO 
PROJECT NAME: 

PROJECT NO.: 

DESCRIPTION: 
Engineers · Constructors· Scientists 

DITCH PROPERTIES 

ENTERED VALUES 
DESIGN DISCHARGE (els), Q= 119.30 

OOTTOM WIDTH (ft), b• 12.00 
CHANNEL SLOPE (%), So= 33.33 

SIDE SLOPES, Z= 2.00 

TYPE OF MAT TO BE DESIGNED= USM. 

UNIT WEIGHT OF CONCRETE (pcij, Gc= ___ 1~4=0-~00~--
UNIT WEIGHT OF WATER (pcij, Gw= ___ 6~2~.4~0~--

SUBGRADE FRICTION ANGLE (deg), 6= ___ 2~5".o~o __ _ 

TRACTIVE STRESSES DUE TO FLOW OF WATER 

BOTTOM STRESS 

tb=Gw•R•so (psij= ___ 6_.8_1 __ _ 

SIDE SLOPE STRESS 

SIDE SLOPE COEFFICIENT= 0.79 -------

C ts=0. 79•1b (psij= ___ 5_.3_8 __ _ 

TOTAL STRESS 

t (psij = 
T (lb/ft) = 

REQUIRED RESISTING STRESS 

6.81 
92.45 

DESIRED FACTOR OF SAFETY= ___ 1".5"---

REQUIRED RESISTING STRESS (psij= __ -cc10
7
.2
7
2=---

(lb/ft) = 138.67 

RESISTING STRESS 

BOTTOM STRESS 

MAT THICKNESS (in), t= ____ 4 __ _ 

DATE: 5/14/09 CHKD BY: __ _ DATE: __ _ 

Williamson Energy LLC 
B0S-330-1413 SHEET OF 

Ditch "F" Tractive Force Computations, 4" USM 

CONDITION 
ARMORFORM ON 

SOIL 
ARMORFORM ON 

r.•m11r 

File: Ditch F 4Min USM.xis 

CALCULATED VALUES 
MANNING'S COEFFICIENT, n= 0.015 

DEPTH OF FLOW (ft), y= 0.35 
AREA OF FLOW (sq ft), A- 4.45 

WETTED PERIMETER (ft), P= 13.57 
HYDRAULIC RADIUS (ft), R= 0.33 

VELOCITY OF FLOW (fps), V= 27.18 

LINING PERIMETER (ft)= ---~2
7
0.

7
18~--

TOP WIDTH (ft)= ___ _,1,-c9.,,32,-__ 
FREEBOARD (ft)- ____ 1cc.4~8~--

TOTAL DITCH DEPTH (ft), d= 1.83 

COARSE 
GRAINED 

25 

JO 

SIDE SLOPE COEFFICIENT 

<1.5 
2 
3 
4 

MAT TYPE 
ABM 
FPM 
USM 

FINE GRAINED NO 
COHESION 

25 

25 

FINE GRAINED 
LOW COllESION 

JO 

25 

0.76 
0.79 
0.85 
0.94 

n 
0.045 
0.025 
0.Q15 

COHESIVE 

45 

32.5 

t(Gc-Gw)( ) tr,b= I 
O 

tan(d)-So (psD= ___ 3~.2~6~--
" 1 +so-

SIDE SLOPE STRESS 

lr,s = t(Gc-G1,0(Ztan(d) 
. ... ~ 

-vl+So- -vJ+z-
Sol 

) 
(psD= --~2-~06=---

AVERAGE TOTAL RESISTING STRESS FROM MAT 

Tr,t (psf)=_-~2".7~7 __ _ Tr,t (lb/ft) = 

NOTE: TOTAL RESISTING STRESS INCLUDES FREEBDARD 
PORTION OF MAT, CONSERVA T/VEL Y USING MA T'S 

SUBMERGED UNIT WEIGHT FOR FREEBOARD ZONE. 

55.98 
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(- AllianceLI 
Consulting, Inc. 

BY: HLO 
PROJECT NAME: 

PROJECT NO.: 

DESCRIPTION: 
Engineers · Constructors· Scientists 

ANCHOR RESISTING STRESS 

REMAINING RESISTANCE REQUIRED (psij= __ _c7cc.4,c.5 __ _ 

ANCHOR RESISTANCE (PSF)= As•(Phi)(fs)/L'2 

REBAR SIZE(#)= ___ 4~--

SOLVE FOR REQUIRED ANCHOR SPACING 

DATE: 5/14/09 CHKDBY: __ _ DATE: __ _ 

Williamson Energy LLC 
B0S-330-1413 SHEET OF 

Ditch "F" Tractive Force Computations, 4" USM 

(lb/ft) = 

File: Ditch F 4-in USM.xis 

~ 

A S SECTIONAL AREA OF REBAR TO BE USED (sq in) 
Phi=SHEAR FACTOR=0.85 
fs=ALLOWABLE STRESS FOR STEEL=20,000 psi 
L=ANCHOR SPACING 

REBAR# As (sq in) 
L (ft)= 21.37 3 0.11 

4 0.20 
USE REBAR SPACING OF 20.00 20 ft MAXIMUM 5 0.31 

6 0.44 
RESISTANCE PROVIDED (psij= 8.50 7 0.60 

8 0.79 
NOTE: ABOVE IS BASED ON YIELD SHEAR STRESS ON BOLT, MUST ALSO CHECK GROUND ANCHORAGE CAPACITY OF BOL Tl 

CHECK UPLIFT 

REQUIRED WEIGHT (lbs), W= -~C~w~•H~•~G~w __ 
12•2"-.33 

Cw= 3.7 

W (lbs)=_-~5~.3~6 __ _ 

MAT WEIGHT (lbs), Wm= __ .,;t(Gocc,:::-=:Gw,c),__ 
12 

25.87 

CW= 1.3 FOR USM OR FPM, SHORT TERM 
3.7 FOR USM OR FPM, LONG TERM 
2.0 FOR ABM 

Wm IS GREATER THAN W. NO ADDITIONAL UPLIFT RESISTANCE IS NEEDED, 

DESIGN: USE 4 INCH USM WITH ROOF BOLT (#4) ANCHORS ON 20 FOOT SPACING. 

Design procedure based on Nicolon Corporation, Design Theory Manual for Armoriorm Erosion Protection Mats, dated September 25, 1989. 
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·(-
Alliance£1 

Consulting, Inc. 

BY: HLO 

PROJECT NAME: 

PROJECT NO.: 

DESCRIPTION: 

"-Engineers · Constructors· Scientists 

DITCH PROPERTIES 

ENTERED VALUES 
DESIGN DISCHARGE {r.fs}. Q= 82.90 

BOTTOM WIDTH {ff), b= 12.00 
CHANNEL SLOPE (%), So= 33.33 

SIDE SLOPES, Z= 2.00 

TYPE OF MAT TO BE DESIGNED= __ .....:<US,cMe:..._ __ 

UNIT WEIGHT OF CONCRETE (pcO, Ge= __ __,1cc40ec·,cc00,_ __ 
UNIT WEIGHT OF WATER (pcQ, Gw= __ -"!62cc.4::,0:_ __ 

SU BG RADE FRICTION ANGLE (deg}. o= ___ 2e,5<c.0,:,0:_ __ 

TRACTIVE STRESSES DUE TO FLOW OF WATER 

BOTTOM STRESS 

tb=Gw"R"So {psO= 

SIDE SLOPE STRESS 

SIDE SLOPE COEFFICIENT= 

( ts=0.79'1b (psO= 

TOTAL STRESS 

I {psO = 
T {lb/ft) = 

REQUIRED RESISTING STRESS 

5.52 

0.79 

4.36 

5.52 
73.15 

DESIRED FACTOR OF SAFETY= -----'1"'.5'---

REQUIRED RESISTING STRESS (psO= ---"8"".2"'8 __ _ 
(lb/ff) = 1 09. 72 

RESISTING STRESS 

BOTTOM STRESS 

MAT THICKNESS (in), t= ___ .:,4 __ _ 

6/9/2009 CHKD BY: _____ DATE: __ _ 

Williamson Energy LLC 
B05-330-1413 SHEET OF 

Ditch "I" Tractive Force Computations, 4" USM 

CONDITION 
ARMORFORM ON 

SOIL 
ARMORFORM ON 

f,'/dJIHf' 

File: Ditch 1 4Min USM.xis 

CALCULATED VALUES 
MANNING'S COEFFICIENT, n= 0.015 

DEPTH OF FLOW {ft), y= 0.28 
AREA OF FLOW (sq ft), A= 3.52 

WETTED PERIMETER {ff), P= 13.25 
HYDRAULIC RADIUS {ff), R= 0.27 

VELOCITY OF FLOW {fps), V= 23.62 

LINING PERIMETER {ff)= ___ __,179.'c-45=----
TOP WIDTH {ff)= ___ _c1,c8."'67:_ __ 

FREEBOARD {ff)= ____ 1-".c;,39=----
TOTAL DITCH DEPTH {ff), d= 1.67 

COARSE 
GRAINED 

25 

JO 

SIDE SLOPE COEFFICIENT 

<1.5 
2 
3 
4 

MAT TYPE 
ABM 
FPM 
USM 

Fli','E GRAJNED NO 
COHF$10N 

25 

25 

FINE GRAJNED 
I.OW COHESION 

JO 

25 

0.76 
0.79 
0.85 
0.94 

n 
0.045 
0.025 
0.015 

COHESIVE 

45 

32.5 

t(Gc-Gw)( ) tr, b - .J , · tan(d)-So {psO= __ -=c3-=-26,_ __ 
l+So-

SIDE SLOPE STRESS 

so) (psD= --~2"'_"'os,_ __ 
J 

AVERAGE TOTAL RESISTING STRESS FROM MAT 

Tr,! (ps0= __ -=2'-'.8"'0 __ _ Tr,! (lb/ft)= 

NOTE: TOTAL RESISTING STRESS INCLUDES FREEBOARD 
PORTION OF MAT, CONSERVATIVELY USING MA T'S 

SUBMERGED UNIT WEIGHT FOR FREEBOARD ZONE. 



R12523

A1lianceL7 
Consulting, Inc. 

Engineers · Constructors· Scientists 

ANCHOR RESISTING STRESS 

BY: HLO 

PROJECT NAME: 

PROJECT NO.: 

OESCRIPTION: 

REMAINING RESISTANCE REQUIRED (ps0= __ ~5~.4~8~-

ANCHOR RESISTANCE (PSF)= As•(Phi)(fs)IL"2 

REBAR SIZE (#)= ___ -"5 __ _ 

SOLVE FOR REQUIRED ANCHOR SPACING 

L (ft)= __ _;3e_1c,,0e..:1 __ _ 

61912009 CHKD BY: _____ DATE: __ _ 

Williamson Energy LLC 
B05-330-1413 SHEET OF 

Ditch "I" Tractive Force Computations, 4" USM 

File: Ditch J 4-in USM.xis 

(lb/ft) = __ 5e,5"".2s,5c.__ 

As=CROSS·SECTIONAL AREA OF REBAR TO BE USED (sq in) 
Phi=SHEAR FACTOR=0.85 
fs=ALLOWABLE STRESS FOR STEEL=20,000 psi 
L=ANCHOR SPACING 

REBAR# As (sq in) 

USE REBAR SPACING OF __ ---"20,c,,c00,:_ __ 20 ft MAXIMUM 

3 
4 
5 
6 
7 
8 

0.11 
0.20 
0.31 
0.44 
0.60 
0.79 

RESISTANCE PROVIDED (ps0= ___ 1c,3o.;, 1c;:B __ _ 

NOTE: ABOVE IS BASED ON YIELD SHEAR STRESS ON BOLT, MUST ALSO CHECK GROUND ANCHORAGE CAPACITY OF BOL Tl 

CHECK UPLIFT 

C 

REQUIRED WEIGHT (lbs), W= __ C-"w~•~H~•G=w __ 
12--z".33 

Cw= ___ -"3~.7 __ _ 

W (lbs)= ___ 4~.2~9~--

MAT WEIGHT (lbs), Wm= --~l(~G~c-~G~w~) __ 
12 

25.87 

CW= 1.3 FOR USM OR FPM, SHORT TERM 
3.7 FOR USM OR FPM, LONG TERM 
2.0 FOR ABM 

Wm IS GREATER THAN W. NO ADDITIONAL UPLIFT RESISTANCE IS NEEDED. 

DESIGN: USE 4 INCH USM WITH ROOF BOLT (#5) ANCHORS ON 20 FOOT SPACING. 

Design procedure based on Nicolon Corporation, Design Theory Manual for Armorform Erosion Protection Mats, dated September 25, 1989. 



R12524

Alliance£1 
Consulting, Inc. 

Engineers · Constructors· Scientists 

DITCH PROPERTIES 

BY: HLO 
PROJECT NAME: 

PROJECT NO.: 

DESCRIPTION: 

ENTEREO VALUES 
DESIGN Ol:SC:HARGF (cfs), Q= 118.00 

BOTTOM WIDTH (ft), b= 12.00 
CHANNEL SLOPE (%), So= 33.33 

SIDE SLOPES, Z= 2.00 

TYPE OF MAT TO BE DESIGNED= ___ U,:.S""M-"----'---

UNIT WEIGHT OF CONCRETE (pcQ, Ge= ---'1c'c40'".0'c0'---
UNIT WEIGHT OF WATER (pcQ, Gw= __ __,6,c2c:.4e,0 __ _ 

SUBGRADE FRICTION ANGLE (deg), 5= ___ 2c,5<c.0e,0c_ __ 

TRACTIVE STRESSES DUE TO FLOW OF WATER 

BOTTOM STRESS 

tb=Gw"R'So (psQ= --~6-~82~-

SIDE SLOPE STRESS 

SIDE SLOPE COEFFICIENT= ___ 0_.7_9 __ _ 

ts=0.79'tb (psQ= __ --".5c,e.3,:.8 __ _ 

TOTAL STRESS 

t (psQ = 
T (lb/ft) = 

REQUIRED RESISTING STRESS 

6.82 

DESIRED FACTOR OF SAFETY= ___ 1'-".5"---

REQUIRED RESISTING STRESS (psQ= -----"10'-'.2"'2'---
(lb/ff) = 138.68 

RESISTING STRESS 

BOTTOM STRESS 

MAT THICKNESS (in), t= ___ ~4 __ _ 

6/9/2009 CHKD BY: _____ DATE: __ _ 

Williamson Energy LLC 
B0S-330-1413 SHEET OF 

Ditch "L" Tractive Force Computations, 4" USM 

CONDITION 
ARMORFORM ON 

SOIL 
ARMORFORM ON 

- ,oo,c 

File: Ditch L 4-in USM.xis 

CALCULATED VALUES 
MANNING'S COEFFICIENT, n= 0.015 

DEPTH OF FLOW (ft), y= 0.35 
AREA OF FLOW (sq ft), A= 4.45 

WETTED PERIMETER (ft), P= 13.57 
HYDRAULIC RADIUS (ft), R= 0.33 

VELOCITY OF FLOW (fps), V= 27.18 

LINING PERIMETER (ft)= ___ _,,2':"0.718::----
TOP WIDTH (ft)= ---~1~9-~32~--

FREEBOARD (ft)= ____ 1cc.4;.,8'---
TOTAL DITCH DEPTH (ft), d= 1.83 

COARSE 
GRAINED 

25 

30 

SIDE SLOPE COEFFICIENT 

<1.5 
2 
3 
4 

MAT TYPE 
ABM 
FPM 
USM 

FINE GRAINED NO 
COHESION 

25 

25 

FINE GRAINED 
LOW COHESION 

30 

25 

0.76 
0.79 
0.85 
0.94 

n 
0.045 
0.025 
0.015 

COHESIVE 

45 

32.5 

tr b - r( Ge- Gw) (tan(d) - So) (psQ= __ _,3c,.2cc6 __ 
, - .J1 +S02 

SIDE SLOPE STRESS 

!r,s = 1(Gc-G211( z:tan(~) 

✓ I +Sd I._ ✓ 1 +Z" 
sol (psfj= __ ...,2,c.0e,6c_ __ 

) 

AVERAGE TOTAL RESISTING STRESS FROM MAT 

Tr.t (psQ= __ _;2-e-7~7 __ _ Tr,t (lb/ft) = 

NOTE: TOTAL RESISTING STRESS INCLUDES FREEBOARD 
PORTION OF MAT, CONSERVATIVELY USING MAT'S 

SUBMERGED UNIT WEIC,HT FOR FREEBOARD ZONE. 

55.97 



R12525

A1liance£1 
Consulting, Inc. 

Engineers · Constructors· Scientists 

ANCHOR RESISTING STRESS 

BY: HLO 

PROJECT NAME: 

PROJECT NO.: 

DESCRIPTION: 

REMAINING RESISTANCE REQUIRED (psD=_-~7~.4~5 __ _ 

ANCHOR RESISTANCE (PSF)= As'(Phi)(fs)/L'2 

REBAR SIZE (#)= ___ -"5 __ _ 

SOLVE FOR REQUIRED ANCHOR SPACING 

L (ft)= ___ 2_6_.6_0 __ _ 

6/9/2009 CHKD BY: _____ DATE: __ _ 

Williamson Energy LLC 
B05-330-1413 SHEET OF 

Ditch "L" Tractive Force Computations, 4" USM 

File: Ditch L 4~in USM.xis 

As=CROSS-SECTIONAL AREA OF REBAR TO BE USED (sq in) 
Phi=SHEAR FACTOR=0.85 
fs=ALLOWABLE STRESS FOR STEEL=20,000 psi 
L=ANCHOR SPACING 

REBAR# As (sq in) 

USE REBAR SPACING OF __ -=2cc0~.0-"0 ___ 20 ft MAXIMUM 

3 
4 
5 
6 
7 
8 

0.11 
0.20 
0.31 
0.44 
0.60 
0.79 

RESISTANCE PROVIDED (psD=_-~13~.1~8~--

NOTE: ABOVE IS BASED ON YIELD SHEAR STRESS ON BOLT. MUST ALSO CHECK GROUND ANCHORAGE CAPACITY OF BOL Tl 

CHECK UPLIFT 

REQUIRED WEIGHT (lbs), W= --~C~w~•H~•~G~w __ 
12"2,..33 

Cw= 3.7 

W (lbs)=_-~5~.3~6 __ _ 

MAT WEIGHT (lbs), Wm= __ ~t(G_c~-G~w_)~
I2 

25.87 

CW= 1.3 FOR USM OR FPM, SHORT TERM 
3.7 FOR USM OR FPM, LONG TERM 
2.0 FOR ABM 

Wm IS GREATER THAN W. NO ADDITIONAL UPLIFT RESISTANCE IS NEEDED. 

DESIGN: USE 4 INCH USM WITH ROOF BOLT (#5) ANCHORS ON 20 FOOT SPACING. 

Design procedure based on Nicolon Corporation, Design Theory Manual for Armorform Erosion Protection Mats, dated September 25, 1989. 



R12526

A1liance£1 
Consulting, Inc. 

Engineers · Constructors· Scientists 

DITCH PROPERTIES 

BY: HLO 
PROJECT NAME: 

PROJECT NO.: 

DESCRIPTION: 

ENTERED VALUES 
DESIGN DISCHARGE (efs), Q= 75.40 

BOTTOM WIDTH (ft), b= 12.00 
CHANNEL SLOPE (%), So= 33.33 

SIDE SLOPES, Z= 2.00 

TYPE OF MATTO BE DESIGNED= __ -"U"S"'M __ _ 

UNIT WEIGHT OF CONCRETE (pen, Ge=_-~1~4~0-.=.0□'---
UNIT WEIGHT OF WATER (pen, Gw= ___ 6e,2"-.4""□'---

SUBGRADE FRICTION ANGLE (deg), o= --~2"'5"'.o'-'o'---

TRACTIVE STRESSES DUE TO FLOW OF WATER 

BOTTOM STRESS 

lb=Gw'R'So (psn= --~5~.3-=-3 __ _ 

SIDE SLOPE STRESS 

SIDE SLOPE COEFFICIENT= 0.79 -------
ts=0.79·tb (psn= __ --"-4.ec2.,_1 __ _ 

TOTAL STRESS 

t (psn = 
T (lb/fl) = 

R<=QU!RED RESISTING STRESS 

5.33 
70.42 

DESIRED FACTOR OF SAFETY= -----'1-".5'---

REQUIRED RESISTING STRESS (psf)= ---,-c'B.='0'c-o __ _ 
(lb/ft) = 105.64 

RESISTING STRESS 

BOTTOM STRESS 

MAT THICKNESS (in), t= ___ ~4 __ _ 

6/9/2009 CHKD BY: _____ DATE: __ _ 

Williamson Energy LLC 
B0S-330-1413 SHEET OF 

Ditch "M" Tractive Force Computations, 4" USM 

CONOITION 
ARMORFORM ON 

SOIL 
ARMORFORM ON 

c,oo,e 

File: Ditch M 4~in USM.xis 

CALCULATED VALUES 
MANNING'S COEFFICIENT, n= 0.015 

DEPTH OF FLOW (ft), y= 0.27 
AREA OF FLOW (sq ft), A= 3.39 

WETTED PERIMETER (ft), P= 13.21 
HYDRAULIC RADIUS (ft), R= 0.26 

VELOCITY OF FLOW (fps), V= 23.08 

LINING PERIMETER (ft)= ---~1-=-9-~35'--
TOP WIDTH (ft)= ---~1~8-.=.57'---

FREEBOARD (ft)= ____ 1'-'.3"7 __ _ 
TOTAL DITCH DEPTH (fl), d= ____ 1~.6~4 __ _ 

COARSE 
GRAINEO 

25 

JO 

SIDE SLOPE COEFFICIENT 

<1.5 
2 
3 
4 

MAT TYPE 
ABM 
FPM 
USM 

FINE GRAINEO NO 
COIIESION 

25 

25 

FINE GRAINEO 
LOW COHESION 

JO 

25 

D.76 
0.79 
0.85 
0.94 

n 
0.045 
0.025 
D.Q15 

COHESIVE 

45 

32.5 

t(Gc-Gw) ( ) tr,b= 
1 0 

tan(d)-So (psf)= ___ 3~.2~6~--
-vl+So-

SIDE SLOPE STRESS 

tr s = 1(Gc-G1-1i)(Ztan(d) 
· ~ "h +scl ✓ 1 +z2 

Soj (psf)= --~2"-.0~6~--
J 

AVERAGE TOTAL RESISTING STRESS FROM MAT 

Tr,t (psn= ---=2-.=.B.=.D __ _ Tr,t (lb/ft)= 

NOTE· TOTAL RESISTING STRESS INCLUDES FREEBOARD 
PORTION OF MAT, CONSERVATIVELY USING MAT'S 

SUBMERGED UNIT WEIGHT FOR FREEBOARD ZONE. 

54.26 



R12527

A1liance£1 
· ( Consulting, Inc. 

Engineers · Constructors· Scientists 

ANCHOR RESISTING STRESS 

BY: HLO 
PROJECT NAME: 

PROJECT NO.: 

DESCRIPTION: 

REMAINING RESISTANCE REQUIRED (psij= __ _..:e5'-'.1-"9 __ _ 

ANCHOR RESISTANCE (PSF)= As•(Phi)(fs)ILh2 

REBAR SIZE (#)= ___ _::5 __ _ 

SOLVE FOR REQUIRED ANCHOR SPACING 

L (ft)= ---=3"-1 ".8"'5 __ _ 

61912009 CHKD BY: ~----DATE: __ _ 
Williamson Energy LLC 
B0S-330-1413 SHEET OF 

Ditch "M" Tractive Force Computations, 4" USM 

File: Ditch M 4-in USM.xis 

(lb/ft) = _ _:5'-'1"".3"-8-

As=CROSS-SECTIONAL AREA OF REBAR TO BE USED (sq in) 
Phi=SHEAR FACTOR=0.85 
fs=ALLOWABLE STRESS FOR STEEL=20,000 psi 
L=ANCHOR SPACING 

REBAR# As (sq in) 

USE REBAR SPACING OF __ -=2-"o".o-"0 ___ 20 ft MAXIMUM 

3 
4 
5 
6 
7 
8 

0.11 
0.20 
0.31 
0.44 
0.60 
0.79 

RESISTANCE PROVIDED (psij= __ __.c1=.3·cc1=.8 __ _ 

NOTE: ABOVE IS BASED ON YIELD SHEAR STRESS ON BOLT, MUST ALSO CHECK GROUND ANCHORAGE CAPACITY OF BOL Tl 

CHECK UPLIFT 

REQUIRED WEIGHT (lbs), W= _ __;C,cw::_•.:,Hc.•G"'-"w __ 
12~211.33 

Cw= ___ ~3~.7 __ _ 

W (lbs)= __ __c:4'-'.1-"3 __ _ 

MAT WEIGHT (lbs), Wm= __ _,,1(.:,G-"c-,oGc:w:.L) __ 
12 

= ,b.87 

CW= 1.3 FOR USM OR FPM, SHORT TERM 
3.7 FOR USM OR FPM, LONG TERM 
2.0 FOR ABM 

Wm IS GREATER THAN W. NO ADDITIONAL UPLIFT RESISTANCE IS NEEDED. 

DESIGN: USE 4 INCH USM WITH ROOF SOLT (#5) ANCHORS ON 20 FOOT SPACING. 

Design procedure based on Nicolon Corporation, Design Theory Manual for Armorform Erosion Protection Mats, dated September 25, 1989. 



R12528

A1Iiance£1 
Consulting, Inc. 

Engineers · Constructors· Scientists 

DITCH PROPERTIES 

BY: HLO 
PROJECT NAME: 

PROJECT NO.: 

DESCRIPTION: 

ENTERED VALUES 
DESIGN DISCHARGE (efs), Q= 19.10 

BOTTOM WIDTH (ft), b- 0.00 
CHANNEL SLOPE (%), So= 33.33 

SIDE SLOPES, Z= 2.00 

TYPE OF MAT TO BE DESIGNED= __ --"U-"S"'M __ _ 

UNIT WEIGHT OF CONCRETE (pen, Ge= __ -'1'c'4""0.'c00"----
UNIT WEIGHT OF WATER (pen, Gw= ___ 6e,2°".4'"0'---

SUBGRADE FRICTION ANGLE (deg), o= ___ 2c,5".o,.,o'---

TRACTIVE STRESSES DUE TO FLOW OF WATER 

BOTTOM STRESS 

6/9/2009 CHKDBY: _____ DATE: __ _ 

Williamson Energy LLC 
B05-330-1413 SHEET OF 

Decant Ditch Tractive Force Computations, 4" USM 

File: Decant Ditch 4-in USM.xis 

CALCULATED VALUES 
MANNING'S COEFFICIENT, n= 0.015 

DEPTH OF FLOW (ft), y= U.63 
AREA OF FLOW (sq ft), A= 0.79 

WETTED PERIMETER (ft), P= 2.82 
HYDRAULIC RADIUS (ft), R= 0.28 

VELOCITY OF FLOW (fps), V= 24.58 

LINING PERIMETER (ft)= ----'9".6~5~--
TOP WIDTH (ft)= ___ _c8".6=3'---

FREEBOARD (ft)= ____ 1~.5~3~--
TOTAL DITCH DEPTH (ft), d= ___ -'2"-.1'-'6~--

SIDE SLOPE COEFFICIENT 

<1.5 0.76 
2 0.79 
3 0.85 
4 0.94 

tb=Gw•R•So (psn= 5.86 ----==---THE DITCH IS V-SHAPED THEREFORE BOTTOM TRACTIVE STRESS IS ZERO. 
BOTTOM TRACTIVE STRESS IS ONLY CALCULATED TO ALLOW CALCULATION 
OF SIDE SLOPE TRACTIVE STRESS. SIDE SLOPE STRESS 

SIDE SLOPE COEFFICIENT= 

( ts=0.79"tb (psn= 

TOTAL STRESS . 

t (psn = 
T (lb/ft) = 

REQUIRED RESISTING STRESS 

0.79 

4.63 

4.63 
13.04 

DESIRED FACTOR OF SAFETY= ___ 1'-'."-5 __ _ 

REQUIRED RESISTING STRESS (psn= __ _:,6co.9::c4 __ _ 
(lb/ft)= 19.57 

RESISTING STRESS 

BOTTOM STRESS 

MAT THICKNESS (in), t= ----'4 __ _ 

cornimoN 
ARMORFORM ON 

SOIL 
ARMORFORM ON 

"'""'" 

COARSE 
GRAINED 

25 

30 

MAT TYPE 
ABM 
FPM 
USM 

FINE GRAINED ND 
COHESION 

25 

25 

FINE GRAINED 
LOW COHESION 

30 

25 

n 
0.045 
0.025 
0.015 

COHESIVE 

45 

32.5 

t(Gc-Gw)( ) tr, b = 
1 

tan(d)-So (psn= ___ 0c,·cc00'-__ DITCH IS V-SHAPED THEREFORE BOTTOM STRESS IS ZERO 

-v1+So2 

SIDE SLOPE STRESS 

{psf)= ---'2"'.""06'---

AVERAGE TOTAL RESISTING STRESS FROM MAT 

Tr,t (psn= ----=2'-'.0-"-6 __ _ Tr,t (lb/ft) = 

NOTE: TOTAL RESISTING STRESS INCLUDES FREEBOARD 
PORTION OF MAT, CONSERVATIVELY USING MA T'S 

SUBMERGED UNIT WEIGHT FOR FREEBOARD ZONE. 

19.82 



R12529

A1lianceL7 
Consulting, Inc. 

Engineers · Constructors· Scientists 

ANCHOR RESISTING STRESS 

BY: HLO 
PROJECT NAME: 

PROJECT NO.: 

DESCRIPTION: 

REMAINING RESISTANCE REQUIRED (psQ-__ _:,:4,e,B:,_9 __ _ 

61912009 CHKD BY: ---~-DATE: __ _ 
Williamson Energy LLC 
B0S-330-1413 SHEET OF 

Decant Ditch Tractive Force Computations, 4" USM 

File: Decant Ditch 4-in USM.xis 

(lb/fl) = __ -~0"'.2~6 __ 

NOTE: NO ANCHORS REQUIRED FOR THIS DITCH, REQUIRED RESISTING STRESS < AVE. RESISTING STRESS FROM MAT IN LB/FT I 

CHECK UPLIFT 

REQUIRED WEIGHT (lbs), W= _ _,C'-cw','•Hc'•-'cG'cw'--
12*2".33 

Cw= __ _,3cc.7c_ __ 

W (lbs)= __ ---"9"'.6_,_4 __ _ 

MAT WEIGHT (lbs), Wm= __ l,c(Gc,c'-c-G"-w"')'--
12 

25.87 

CW= 1.3 FOR USM OR FPM, SHORT TERM 
3.7 FOR USM OR FPM, LONG TERM 
2.0 FOR ABM 

Wm IS GREATER THAN W. NO ADDITIONAL UPLIFT RESISTANCE IS NEEDED. 

Design procedure based on Nicolon Corporation, Design Theory Manual for Armorform Erosion Protection Mats, dated September 25, 1989. 



R12530

AliianceLI 
Consulting, Inc. 

BY: HLO 
PROJECT NAME: 

DATE: 7 /2/09 CHKDBY: __ _ DATE: __ _ 

PROJECT NO.: 

Williamson Energy LLC 
B05-330-1413 SHEET OF 

DESCRIPTION: Ditch "F" Tractive Force Computations, 15" Grouted RRP 
Engineers · Constructors· Scientists 

DITCH PROPERTIES 

ENTERED VALUES 
DESIGN DISCHARGE (els), Q= 119.30 

BOTTOM WIDTH (ft), b= 12.00 
CHANNEL SLOPE ('%}, So= 33.33 

SIDE SLOPES, z- 2.00 

TYPE OF MAT TO BE DESIGNED= Grouted Riprap 

UNIT WEIGHT OF CONCRETE (pefj, Ge= ___ 1"'5"-0.ccO=-0 __ 
UNIT WEIGHT OF WATER (pefj, Gw= __ --"'62°'.4:,:,0,_ __ 

SUBGRADE FRICTION ANGLE (deg), o= __ __.=,25".0,,.,0,_ __ 

TRACTIVE STRESSES DUE TO FLOW OF WATER 

BOTTOM STRESS 

tb=Gw•wso (psfj= ___ 1'-'o~.8"8 __ _ 

SIDE SLOPE STRESS 

SIDE SLOPE COEFFICIENT= __ ......cocc.7.c.9 __ _ 

ts=0.79'tb (psD= -----'8'-'.5-'-9 __ _ 

TOT Al STRESS 

t (psn = 
T (lb/ft)= 

REQUIRED RESISTING STRESS 

DESIRED FACTOR OF SAFETY= ___ 1"."-5 __ _ 

REQUIRED RESISTING STRESS (psD= __ c......16=-·=-32~--
(lb/ft) = 238.12 

RESISTING STRESS 

BOTTOM STRESS 

MAT THICKNESS (in). t= ___ ~15~--

CONDITION 
ARMORFORM ON 

SOIL 
AR/vlORFORM ON 

"'"""" 

tr,b == t(Gc-G-w) (tan(d)-So) (psD= __ _:1.e.3-c:8:c.2 __ 

✓l +So2 

SIDE SLOPE STRESS 

/(Gc-G1<j(Ztan(d) r I 
rr,s= ~-._)O!(psf)= 8.70 

'V1+Sd \.'Vl+Z2 J ----"'-'-"---

AVERAGE TOTAL RESISTING STRESS FROM MAT 

File: Ditch F 15~in GRRP 

CALCULATED VALUES 
MANNING'S COEFFICIENT, n• 0.035 

DEPTH OF FLOW (ft), y= 0.58 
AREA OF FLOW (sq ft), A= 7.63 

WETTED PERIMETER (ft). P= 14.59 
HYDRAULIC RADIUS (ft), R= 0.52 

VELOCITY OF FLOW (fps), V= 15.91 

LINING PERIMETER (ft)= ___ .=207.755=---
TOP WIDTH (ft)= ___ ~1=-9-=-65~--

FREEBOARD (ft)= ---~1~.3'-'3'---
TOTAL DITCH DEPTH (ft), d= 1.91 

COARSE 
GRAINED 

25 

JO 

SIDE SLOPE COEFFICIENT 

<1.5 
2 
3 
4 

MAT TYPE 
ABM 
FPM 
USM 

0.76 
0.79 
0.85 
0.94 

n 
0.045 
0.025 
0.015 

FINE GRAINED NO FINE GRAINED COHESIVE 
COHESION LOW COHESION 

25 JO 45 

25 25 32.5 

" /.,-5 _!,,-< j/C/'_ 

I 2 4 ,:;;-.-?oc, r
/~_,.,;c~ //.'.4'l/6 ✓.J 

Tr.t (psD= ---"11c;.6c,9c...... __ Tr,! (lb/ft)= B 



R12531

A1liance£1 
Consulting, Inc. 

Engineers · Constructors· Scientists 

ANCHOR RESISTING STRESS 

BY: HLO 
PROJECT NAME: 

PROJECT NO.: 

DESCRIPTION: 

REMAINING RESISTANCE REQUIRED (psij= ___ 4::c·,,:63e_ __ 

CHECK UPLIFT 

REQUIRED WEIGHT (lbs), W= __ o,C_::w_,•H.,_•.:cGc,Wc__ 
12*2".33 

Cw= __ _c3~.7~·--

W (lbs)= __ _c8~.8~8~-

MAT WEIGHT (lbs), Wm= __ _,illo,G:,cC-c,Gc,w,.,) __ 
12 

109.50 

DATE: 7/2/09 CHKDBY: __ _ DATE: __ _ 

Williamson Energy LLC 
B05-330-1413 SHEET OF 

Ditch "F" Tractive Force Computations, 15" Grouted RRP 

(lb/ft) = -2.09 

CW= 1.3 FOR USM OR FPM, SHORT TERM 
3.7 FOR USM OR FPM, LONG TERM 
2.0 FOR ABM 

Wm IS GREATER THAN W. NO ADDITIONAL UPLIFT RESISTANCE IS NEEDED. 

Design procedure based on Nicolon Corporation, Design Theory Manual for Armoriorm Erosion Protection Mats, dated September 25, 1989. 
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AllianceO 
Consulting, Inc. 

- ---Sngineers 
- ( :mstructors 

Scientists 

BECKLEY, WV 
(304) 255-0491 

\ 

DATE: C:5'/Ze/i::>7 CHKD BY: 7,;/r DATE: 

PROJECT NO. 8a5-33C) -;'4"/3 SHEET / OF ---- ---
DESCRIPTION /)~/.77/MG /,>7£?W~ ,,-;b £':J,;;;7n;r,1rC 

.-4,,,.,-c,Vc:KAce; ~.4,/TYpr ,,-9 d?.¾-7'° 

r',r-
_(~~--~)_ 

/ 

I,,_ 
I -

~ 

: 

D 
I 
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AllianceO 

Consulting, Inc. 
--sngineers 

;onstructors 
Scientists 

BECKLEY, W\/ 
(30-4-) 255-0491 

_,_ 

z r;,::: _c, 

BY: lft:,D DATE: -f,'iy-/4 f CHKD BY: 11X--r 
PROJECT NAME: ,k//?? ,,-,,;,,rc,70 ,,.J E~,&;y 

PROJECT NO. 8oS-3 30 - /<-;,,/.3 

, . 
LLC 

SHEET 2 OF ----=-- ---
DESCRIPTION .t:2cr--z;;-rJn/,-6 /n:5' ;;;,-4,::; m 5r,-,,,,:;,,y;,6 ~6 

/i',,vcNa,,P.n,:;:5 C,,'i/r'"1 c,,1';,/ 4e A eoq-

I 

..,::: MG' ::- O · · · ·-



R12534
AllianceO 

Consulting, Inc. 

BY: /~v'.::> DATE: .3»q/,::;~HKD BY: 71;:!-;- DATE: 1/..l @lJ 
- ' ' 

PROJECT NAME: J,VdL-#,n f.:__,::x.J 6,,c::,,_,,.-y UC 

'(--~ngineers 
onstructors 

Scientists 

BECKLEY, VN 
(J0-4) 255-0491 

PROJECT NO. Lf'05 -3 30 -/~/? SHEET , ? OF __ 

DESCRIPTION ,i)E TG'.? ,-,~,.,,.__,c:; /,f,::t;,;:v~ :::0 £,;-77,-,,;,--<: Ta 
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I I 
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I 
! 
I 
I 

I 
~-

i 

.,oE = J"D 6.? ,,.0.,, - ./-;;; i , , ·V 

P; = r I.J ( .?A~ -Ir:;;''; 
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DESCRIPTION: Drainage Channel USM Lining Anchora0 e Bolt Design 

Lined Channel Anchor Bolt Capacity-4' long, 5/8" diameter 
Case: Cohesionless Soil 
Factor 

y = soil weight, PCF 
Cl> = effective angle of soil friction, degrees 
D = Bolt anchorage depth, FT 
z = trial distance to balance forces 
Frx = Horizontal component of channel tractive force, LB 
a= channel slope, degrees 
Ka= tan2(45° - <ll/2) 

Kp = tan2(45° + <ll/2) 
d = bolt diameter, feet 

Value 
120 
34 
4 

18.44 

0.28271 

3.53713 
0.05208 

r Forces x = O 

FTX + (yD2I2)(Ka-3Kp) + zyD(3Kp-Ka) = 0 
For given D, Compute FTX for trial z distance 
Fr= Frxl(cosa) 

D (FT) Bolt <ll {FT) Trial z (FT) 
4 0.05208 1.2 
4 0.05208 1.3 
4 0.05208 1.4 
4 0.05208 1.526 

I: Moments = 0 (about bottom of bolt) 

FTX {LB) 
207 
181 
155 
122 

FTX + (yz2I3)(3Kp-Ka) = (yD216)(3Kp-Ka) 

Fr (LB) {yD2/2l{Ka-3Kp) 
218 -516 
191 -516 
163 -516 
129 -516 

For given D, use trial z and trial FTX to make EM = 0 

zyD{3Kp-Ka) 
310 
336 
361 
394 

D (FT) Bolt <ll (FT) Trial z (FT) Trial FTX /LB) FT (LB) 
137.0 
158.1 
128.6 

{yz2I3){3Kp-Ka) {yD2/6)/3kp-Ka) 
4 0.05208 1.4 130 
4 0.05208 1.014 150 
4 0.05208 1.526 122 

ffx balanced with I:M=O at z = 1.53', FT e ~ 
Note: FT and Frx multiplied by bolt¢> to get pounds on bolt 

If it is impossible to make I M = 0, D is is too short 

File: Channel Anchor Bolts - No 5 - 4 ft long.xis, Sheet 1, hlo, rev. 05/18/09 

42.2 172.1 
22.1 172.1 
50.1 172.1 

l: M =? 
0.0 
0.0 
0.0 

DATE: 

OF 

Channel 
Slope a 
(H:V) (degrees) 
2: 1 26.565 

2.5: 1 21.801 
3: 1 18.435 

3.5: 1 15.945 

4: 1 14.036 

Bolt <ll Bolt <ll 
(inches} (FT) 

112 0.04167 

518 0.05208 
314 0.06250 

1 0.08333 
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DATE: 

<@ 
7/1c/4q 
I 

OF 

DESCRIPTION: Drainage Channel USM Lining Anchorage Bolt Desiim 

D 

Case: Cohesionless Soils 

d 

f 

1
..__ __ P---"e = yD(3Kp - Ka) 

' 
' ' ' 

D = depth of bolt penetration 
FTx = tractive force of water in x directon 

' 
' 
' 
' 

' 

' 

' 

C 

PA,= yDKa 

P J = y0(3Kp -Ka) 

l: Fx = 0 by force areas 
FTX + (oec) + (fdj) - (cfo) = 0, reduces to : 

FTX + (y02/2)(Ka - 3Kp) + zyD(3Kp - Ka) = 0 

l:Me = 0 by force areas 
(D)Frx + (oec)D/3 + (fdj)z/3 - (cfo)D/3 = 0, reduces to: 

Frx - (y02/6)(3Kp - Ka)+ (yz2/3)(3kp-Ka) = 0 

Reference: "Foundation Design", Wayne C. Teng, Prentice Hall, Inc., 1962, 
Figure 12-8. · 

File: Channel Anchor Bolts Force Diagram.xis, hlo, rev. 05/19/09 
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PROJECT NO. .Bo5-_;r""".3'c) -/'7" e 
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SHEET 7 OF 

'C:,H,!FC/::: ,,-9NC#,::>~,<Jc;£ .s-;;x€S5c5 b✓ .SCUT:S ,/),c.,,t)' C-o,c}Ck€r€ 

,;;flOL 75' 

,c'.'.',::>..4.o /8?>£7 =- 6°::?, 7 ,:.e3 ,,f-r ( c;; rr Kbt.>S c-cj ,/(,;, ,eoc:;;:s - ,e'?i.0) 

... ---·- - .. - -- - - ·- -- ·--•-- --~--- ··--- =--/ ~¥·---~e/4~4-r----·---------·-. -: ---- __ " ____________ '. -- -----.. --.. ·--•·--·--- ------
/l -"'..LoQ 7: ,:1,;si_s-µ = b?,BS(Z,e~a:? ,PS/_) - /?OOC) :,05/ 

~ ~ ;f0 ,, .ieiL.T =- 0, 3/ ,,,...12. 

/,.?f? 46fa,J/,;p z : ~03;;;~~----? /7,;;;;:;i 
I • 

¢ = u,7l'J 

fa ::::- c::>, 70 ?,,B iJ ~ Ci.:::>o ( ~ s) 

<< 
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PROJECT NO. @S-330-/'71/.3 SHEET f;) OF ---
DESCRIPTION ,/2,€4,,,.iVACtS C>G1-d,,-,,-y,,-a, V.5'0 4,.,..,. /#4" 

A,yC:lt',,:J£A6£ OE 9G"d 

t 
! 
I ' 
:-~... ! 
! -J"_,. : 
i' - ~- : 

---✓ &·,-!...:::,.,,. 
' l;;; 

'? 
- . ..J/--~ -· 
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- . J BY: llLO:'VA IE:[ 6/~~/ioos \CH-Ki)-BY-:--rii \ □ATE: ii1i1&1=-~---A1liance L7 ··;--PROjECT~iAME:;\Viiihunson Energy LLC 11 \ \ (~on suiting, Inc. -=f= rRoJEci- H~==1nos~o.3J-1413 I sHEET I oF I / z I --··-·-· -- ,, - , -+ Engineers · Constructors· Scientists ' DESCRIPTDN 'Phase 5 & 6 Underdrain Design Revisions i ---- - ~- - --·---,-·- · ---- ,-----· I I : . J Outlet Pipes I File: PoudCllUDOntlets.xls I --· - - -- - - ' - - _ _ ___ I _ ! I ) 
I I, 

Phases 5 & 6: Revised Design - Li,,ci~rdrain Coii~ctor Pipe Outlet~ Capacity 12" SDR "13.5 HOPE Pipe, ID= 10.749", n = 0.015 (aged) 

I 

16" SDH 13.5 HOPE Pipe, ID= 13.488", n = 0.015 (aged) 
10" SDH 26 HOPE Pipe, ID= 9.874", n = 0.015 (aged) 

Eilase _ Sta. r 11.L to r Q to \Inlet [Outlet Outlet \Pipe 
--------.-- -------

Pipe) 'Outlet Outlet 

·Sta. !Sta. 
·----: -~- ----........./-·· 

, 
I !Elev. \Elev - --.-- -.. \·-··, . ·r-- - ·.-- I , ' . 

I H" ,,. ______ , uH __ n 1, ... _11 ---~ \1.!.!:!.!.!l !™ 1•·1uvv v.,-. \~ ! I j 
I 

Pipe ISloae 
' /Length ltrurn 
t--
! 

Q (full) Pipe Pipe 

llill!!!l. Flow S.F. ~ 
I 

5 ...--·· 
-· 1SOI 0.01000 

110I 0.01364 

1101 0.00909 

110I 0.01818 

11 ol 0.00909 ----
110I 0.01364 

3+40 1080: 317:- _43~.Sj 437.0~ :-:__ : - _ : ___ : 
10+00 820 1 142: 435.ol 433.51 ----------- T------· ·- -- :-------+, ----'-,----+-----!- - . -16+00 440: 76 44·1,5: 440.5, . ·-·--• - __ ,_ __ --· . --~ ·•--·· - ---:--·-·-------·t---- .I ~ --~ 29+50 •13001 225! 435.ol 433.0 

··-3;;~oo_T-:_ ~_e_o~r-. -------~04~-=~4~_5_._o[ ___ '!.~:.°·+
I
----1--- ~ - - ~ - ~-

• I ' 1 39+00 '. 710j 427: 438.51 437.0, , . _ 

1893 6.0 16" SJR 13.5 HOPE 

962 6.8 1 O" SOR 26 HOPE 

786 10.3 10" SDR 26 HOPE 

1111 4.9 1 O" SOR 26 HOPE 

786 7.6 16" SDR 13.5 HOPE --
2210 5.2 16 "SDR13.5 HOPE 

6 (EAST) 

6 (WESl) 

-____ ! ---···-- i __ - ___ - _ ( _ !----~-
I ·-·-0+00 : 197: i 442.5; 1--.... --." 

---- --·---~-------· ____ ._ _____ -·· 1---------- -, -i 
7+60 710, 332! 445.01 442.0! 330 0.00909 ---·-·-· ·- --1- -------- - -------- - r--
I2+30 400; 187; 449.ol 448.o: 310 0.00323 1 •• _ ••• . -----' --- --- ~ . -- --r --- __ : ______ __j ___ -+----f------+L__ _ ____J 

0+00 , 206 1 
444.0i · · j- ------ - . --1----- L---j 

7+6_0 - - . 4~~. - _21~1 -- 445.51 __ 4~2.0i 3301 0.01061 -- . -
7001 _ _ 328j _ 44s.o! 443.o/ 3601 0.008331 _ I I 

' ,:=' 2030 ---------- --- - ----1-------------1- ~L._.---r·----+------1----+---
I i • -•- ----•·- 1 •• -------·-. ----· - ----'--·· 

·-----~---..,_- ·+-------· 

'13+40 

Mole: ;,, 16" SDH 26 HOPE Pipe can be used instead of a 16"' SDR 13.5 HDPE Pipe for Phase 5 (except al Sta. 3+40). I 

r 
_I 

r.nnrn=•r.t to Phase 5 

18051 5.4 116" SOR 13.5 HOPE 
107R 57 16" SOR 13.5 HDPE 

\ Connect to Phase 5 ! 
10R4i 4~ 12" SOR 13.5 HOPE 

17271 5.3 I 16" SOR 13.5 HOPE 
' I 
I i 

i 

.-------+------+------~-- -

.• -- - •• -- ·-··· ·-- -.· .••• - - -.,... - .• ••" - ------- •• --- l --- - --·;· - -
-----· --- --------- -· Outlet Pipe Footage: 10" SDR 26 = 330' 12" SOR 13.5 = 330' I 116" SOR 13.5 = 137J' 1 -------'---------"-·----'-' :..:______ ! 

' ' ' \ . 
\_ 
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0
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' • •NO· B05-33--14131 I SHEETI = ; L..-

Engineers · Constructors· Scientists-,--· · ·---=·-·'c;:==========±1 ======'=====:;c-=---~-~-='-':: ... ,-:J. 
TITLE: iPhase 5 Underdrain Design Revisions -··--·-- ----~--.,..1 ~~-

! 
' 

' ,for Predicted Subsidence File: PondCkUD5(rev2).xls) 

: ! I 1 1--------'------'----
P has e 5 Underdrain: Revised Design: Post Subsidence Underdrain Collector Pipe Capacity 
12" SDR 13.5 HOPE Collector Pipe, ID= 10.749", n = 0.015 (aged), 0+00 TO 3+40 

_1.Q" SDR 2.,6 HDPE C~llection PJflt ID= 9.874j:":::n:::.=::::0:::.0::::1::::5::'.(::::ag'.):,e:::d:'.:)'':::3:::::+::::4::::0:::::to:::::f:4,0:::+::::9:::0=:::r,====+=:..:=-::::i::• ::: .. :::···=:::·j-
Sta. ! l1 L /ft) Pipe Pipe Pipe E l1L i E Inflow Post Sub. j I ---

Q (full) Sta. to Sta Q Flow 
----

!9.2.!n)~-+-~illl=ft"---l--'(=g=p=m=-)-+_~s=.F=.~---1 __ l__ ______ ___ 
(206 gpm) 1from Phase 6 -->------+----+--------P:::.:C.:c..,c='l--------+=c....:.==~1 

Invert I Slope 

Elev (ft/ft) 

' 

444.00 O+----+-..:..:.=.:+------,f------+----+---+----+t~ie~s:...:..:tophase6 
110 225 5.8 I -·--·-- ---'-=l-----1--=...:..::..:..::..i_....:...:...:..c._-+-_....:...:_--f---='-----+--=--+--+----

0.01618 1314 110 

442.22 

230 0.01618 1314 340 265 5.0 
438,50 340, ! outlet -----·-r·---+--'-..:...:...i----f-----+-----+----+----+--+------1 

0.00500 
440.00 

...... ___ ....L ___ 3 ___ 00+----1----+-----+----+-5 ___ 2_ -+_1 ___ 1 ___ .2_-+---1--------
6401 I 

582 300 

0.01389 
··---···-1-·----·-- --'C:..::.=J-----1---c---f----+--..,...--f-------+-- T--

1 360 62 . .1.~:1 __ 1;..' _ ___,_ _____ _ 
939 360 

____ JOOO; ___ 435.00 -----1-------+------1-----+------~i_o_ut_le'--'t±'---I 
.... _ ----~- ______ !_~O ________ _j ____ Cl__._0_0_93_8~------+----+---_!lO __ 10.0 __ , ~----· 

' I 
798 i 460 

-- ---- l -116~1 .. _ _ . [_ 4~6,50J ______ _ ! _ .. _ _ _ : ____ -I ____ _ 
... . 300 1 I 0.021671 52 I 23.4 ! 1 

3800: 

3900 

4090 

E= 

100 

180 

4090 

... 

438.50 

442.50 

1213 

i 
·-- - j - -· -

0.02000, 1165 

0.02105 1195 

E /bold) = 

300 

' ·- L~ L .. . ' 100 17 68.5 

outlet 

190 230 5.2 .. 

ties to phase 6 

4090 (197gpm) from Phase 6 
- ... 

'L laid - grade change . - .... -=:B'.1!ci&_I~11llic -s~mo_f fo~t o!_iiipe drai~T11g to -o~iiet __ 

/L Inflow Q = 0.173 gpm/ft of pipe for Phase 5 embankment, _ _ _ _ _ _ 

i 
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1eers · Constructors · Scientists DESCRIPTION 

' 
;Phase 5 Underdrain Design Revisions 
I -",( I I I 

' I for Predicted Subsidence (File: PondCkUDS.xls) 

I I I ! i i i 
Phase 5 Underdrain: Existing Design: Underdrain Collector Pipe Capacity 
12" SOR 13.5 HOPE Collector Pipe, ID= 10.749", n = 0.015 (aged) 

fil!!.: I .1 L{fll Pipe Pipe Pipe 

Invert Slope Q (full) 
-- ··-

Elev (ff"Jft} fgpm) 

0 444.00 

110 0.00588 792 

110 443.35 

230 0.00588 792 
340 

c+-----j--·-·---. -· --····· 
442.00 

i 90[ 

5301 I 
·-· I 

3601 
-· 

890 ' ; 
I 270/ .. 

1160 i 
' -

220 

3915· 

175. 

4090 

,: =: 4090 

i 0.00526 749 
443.001 

i 0.00833 943 
-· 

440.00/ 
I 0.00504 734 I 

441.36/ 

I 0.00504 734 

442.471 

I 0.00504 734 

442.86• 

0.00494 i 726 
442.00 

I (bold)= 

rt>L r Inflow 

Sta. to Sta Q .. 
ill! (gem) 

110 21 

190 37 

360 69 

I 

1190 230 

920 178 

135 

120 

27 

··-----·- --
168 

. -"'" 

183 ------

405 78 

4090 

,id - grade change ,: lnfiow Q = 0.193 gpmlfl of pipe 
-·- ·- --· 

'"-: & Bold • sum of ioot of pipe draining to outlet 

i 

Post Sub. 

Flow 

S.F. (1) 

ties to phase 6 

37.3 

! 
' I. 

outlet I 
20.4 i 

! 
13.6 i 

i 

J ... I ,outlet 
I 

3.2 
I 
I 

I 
4.1 

9.3 

ties to phase 6 

-

., 
' 

I 

! 

I 
' 
I 

I 
i 

i 
! 

. 
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~eers · Constructors · Scientists i 

DESCRIPTION ' ___,_,,-- iPhase 6 Underdrain Design Revisions. '''est Side 
I ! ! ! I _:, ( I I :for Predicted Subsidence (File: PondCkUD6W(rev2).xls) 

~ 
I ' I 

I I I I I I i 

Phase 6 Underdrain: Revised Design - Post Subsidence Underdrain Collector Pipe Capacity 
West Side 12" SDR 13.5 HOPE Collector Pipe, ID= 10.749", n = 0.015 (aged) 

Sta. 1 AL (ft) Pipe Pipe Pipe I: AL I I: Inflow Post Sub. 

Invert 

I 

Q (full) Sta. to Sta. Q Flow 
~==-+--'--'---'--1------1-----'----+----+----+-----+----1- ---· 

Slooe 

Elev (gpm) illl /aom\ 111 S.F. 111 

0 444.00 

290 0.01023 1045 440 206 5.1 connect to phase 5 
446.97 290 

-----+-----+-----+----I-----+------+-----+- -----+----1------1--- ···- -- -- . 
I ,_ n 150 

---+-------+--- .. 0.01023 
' 

1045 150 70 
1---'----'..J-- -!----·----·+------+-----+----+----·--'-'--+----· 

I 'f.::, 

448.50 
. I / :... f..----+-----+-----1------+----+----+-----l-.. -··-. ---··-··· 

60 0.00938 1001 60 
447.94i 

i 0.00938 1001 220 

28 35.6 

103 9.7 ' I 

I 

I 
I 
i 

446.44 
0.00938 

_6_60-1----+------1-~=---=c--fl-~~--t--...,.-,cc---l---~-=+----1--- .. ·--L---+----
1001 1001 320 150 

' I 
6.7/ .. 

445.50 1 Outlet 
31.3 

760 
---·+-----!------+--- l-----------l------l-----+-----+---'..:..:..--1----- --+--+----1 

0.03929 I 2043 110 140 66 

.I. 50 
" ' 

23 
1600 447.50· 

' I= 1600· I (bold)= 1600 

;id• grade change .E inflow Q = 0.468 gpmift of pipe 
-· - -·. ---~·--- --- - . -·- ---- --- - - . -- -- -

Ilic & Bold - sum of foot of pipe draining to outlet 
---------·- -----·-------·-· ------·- . --- ·---------·--- - .. -· •--- -- ·--- ----------- .. -- -- ........... -~- ------ ---· ·-

' 
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I PROJECT NO. lB0S-33-1413! i SHEETt i- I OF 1 / 2 --i====:::::::::c:::::::::::::::::::::=::::::=::===:::::::::::e=====±======~=======~==I 
.1eers · Constructors · Scientists ·1 DESCRIPTION iPhase 6 Underdrain Design Revisions~ West Side 

I 
I for Predicted Subsidence (File: PondCkUD6W.xls) 

I i : i I I I 
Phase 6 Underdrain: Existing Design - Underdrain Collector Pipe Capacity 
West Side 12" SOR 13.5 HOPE Collector Pipe, ID= 10.749", n = 0.015 (aged) 

Sta. r ti L /ft) Pipe Pipe Pipe I: /iL I: Inflow Post Sub. 

Invert Slope Q (full) 
... 

Elev /~Jft) (gpm) 

Sta. to Sta Q Flow I 
ill) (apm) {11 fil,_Jjj i ! -

444.00 0 0 ties to phase 5 -+---+----+-----j-----+----+----'--~----1--------l----
290 0.01222 1142 900 

290 447.54 

210 0.01222 ,<,I .. ,., 
I l'+L 610 

500 450.11 
156 0.01222 1142 400 

656 452.02 
104 0.01222 1142 244 

760 453.29 

110 0.01222 1142 140 

- f\Jot including fiows into or from Phases 3 or 5 underdrains 
- - - - . ·--· 

>Id - grade change ,: Inflow = 0.468 gpm/ft of pipe 

fife & Boid - sum of foot of pipe draining to outlet 

421 2.7 

285 4.0 

187 6.1 

114 10.0 

! 66 I 17.4 

. 

.. .. --·-~· - ---·-

- ---i·· - . ----

[ 
i 
! 
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Alliance PROJECT NAME: . Williamson ~nergy LLC --.; l'i./O"r 
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DESCRIPTION !Phase 6 Underdrain Design Revisions -East Side 

f !ror Predicted Subsidence• File: PondCkUD6E(rev).xls 
' 
i I I i 

Phase 6 Underdrain: Revised Design • Underdrain Collector Pipe Capacity 
East Side 12" SOR HOPE Collector Pipe, ID= 10.749", n = 0.015 (aged) 

Note: Phase 6 will be built post subsidence. 

i 

Sta. 11 L (ft) Pipe Pipe ---~---l-----=::::::'::::'..__J.-~:..::_-1---~--1__:__'.:..::_-+----=-=-=--+~_:_:__:_i__:_:_:_:_:_-+_ Pipe r 11L r Inflow Post Sub. 

Invert Slope Q (full) Sta. to Sta Q Flow 

Elev. (ft/ft) .f.gmn} ill} /gom) S.F. 
' 

' I 

0 442.50 i Connect to Phase 5 

225 0.0i 071 i069 420 197 5.4 i 
I 

i -
225 444.91 --------

165 0.01071 1069 195 91 11.7 

390 446.68 I 
30 0.01071 1069 30 14 76.1 i 

420 I 447.00 
I 
I ' I I 

' 
0.00645 830 60 28 29.6 I 
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PROJECT NAME: 
' Consulting, Inc. ' PROJECT NO. i B0S-33-14131 SHEET! 7 I OF ! 

J.eers · Constructors· Scientists I 
----

DESCRIPTION 

! I 
I I 
I I 

I. I 
I,(" l : ' 
·-"' L,---'--, ----f-,---f--

iPhase 6 Underdrain Design Revisions - East Side 
I 

!for Predicted Subsidence (File: PondCkUD6E.xls) 

: 
Phase 6 Underdrain: Existing Design - Underdrain Collector Pipe Capacity ---,--,--~c=--=---:-::-::--:-:==-=--::--=-------:--:---:--::-=cc-----:c---------,-----1---+----+-----+---East Side 12" SOR 13.5 HOPE Collector Pipe, N = 0.015 (aged) 

Sta. 1 11 L (ft) 
--+---+-----+----+----+----- -· 

Pipe Pipe Pipe ;: ll.L r inflow Post Sub. 
----...J 

0 

Invert Slope 

Elev /ft,'ft) 

442.00 

Q (full) Sta, to Sta Q Flow -~-+--'----'-+--------,------+----+-----i-------"r-----1----
raom) ff!l illE!!!l S.F. l 

=--+-~==-+--=~-+-~=~-+-~ outlet & ties to Phase 5 !-

225 

225 0.01111 ---+---+--- ------f-----+-----+-----+------+------'----+-----+---444.50 I i i -+----+------ -· ---·---,---:-----+-----'----------l-------+----+---165/ 0.00864 960 1215 569 1.7 ·- / / 390 ~4'1~.5~.9cc3c+-----+-------+-----+------+-

1

, --- i------
-~-=5=;-Q:_= __ ===17=o:_= __ =:~4_4=_7= __ 4=_0::-~o=~·o="C"o:_8:6:~:l-_==-9=-6=-o=--=:l-_==---1~0=~5=~0=--=:+_==--=4=~9=~1 __ -_=_ ~f--_-_===2_.-0===:==--=--------+--_-~-:_-~----s<----+-'J ___ , 

172 I 0.00864 960 880 412 2.3 ' / . -i32 -------+--4-48 ___ 8_8 ~--;----+------i----t-----'---1-- -+---- ·-J I ---· 
- ··- ·- -------, ---·--·--·f---· - . ----+------f-----+----+----4------·-·--- __ J_ __ ------ i ----·-· ___ 168L_ I 0.00864 960 -+--70_8_-+-__ 33_1_-+-__ 2._9_-+--·-··---+----+'---lr--_ -

900 : 450.33+-----+-----+----~----f------l------l---!--------l-! __ --'/-
,n" ,-- _3_3_o f 

45
i 

19
: o .00864: 9_6_o __ +---=5_4 __ 0_-+--_2_5_3 _ __L __ 3-'.8'-----+--- ____ lr ___ _j__: ___ L __ :=~ 

(. --- 21·t-----~-0-.0-0-86_4_,! ___ 9_6_0_,___2_1_0_-+----9-8-----l--9-.8-- ___ _,_ ___ ----1! __ _,_ __ _ 
"--- . --------- --·---··· .. -----+------------f--------+--~-+-----+------f------+--1440 ! 455.oo I 

1 ·-··-<--

~~~:-4_5~0_°- 0.0

1111 
1089 

- _: __ . ( -~~----1--

2

-

5

'

9 

--+outlet & tie[ to Phase 3 ! __ :-
-~"'.1 _J?~Q/______ ;E_(bold)= __ 1530_ ; _ -------l---=--7--:= __ ; ____ j~-~-= 
------···---·---~-j __ -------·------ - ·-·- --------·--· -- ---·--··-·-·--l-.. ---·····--- ·--·--····--··-·-~-----· ···-· -1-- --- \ _____ J_ .. -- --)id - grade change .... JI:_lnflow_Q_=_0.468 gpmlft o! pipe J 

11/ic & Bold - sum of foot of pipe draining to outlet 

1089 1440 674 1.6 

.I. --

I ,_ _______ . : _____________ ' -i----· 
I -- ·-· --- -- ··•·--

1 
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Project Description 

10" SDR 13.5 HOPE Pipe Rating Curve 
Plotiei;l Curves for Circular Channel 

_,!b.:,- .3'.3'0 - /4//3 Project File 
Worksheet 
Flow Element 
Method 

c: \haestad\fmw\pondck. fm2 
10" SDR 13.5 HDPE Pipe Rating Curve 
Circular Channel 

£!?' ,a.::.e. L)~fi;,r...,,> ✓.Lf:\/'.'-5',?~ 

1400.0 

Solve For 

Constant Data 
Mannings Coefficient 
Depth 
Diameter 

Input Data 

Manning's Formula 
Discharge 

0.015 
9.062 in 
9.062 in 

Minimum Maximum Increment 
Channel Slope 0.001000 0.040000 0.000200 ft/ft 

Discharge vs Channel Slope 

.,, - ,'.'. /,v,r,Z:5 --:,, ::,., ,<..e, '-" 

1'lz7/b5 
c;,F /Z-

.~ 
1000.0 

800.0 

600.0 

400.0 

200.0 
0.0 

5/20/08 
~-55.24 PM 

I 
/ 

' / 
I 

_,-

~ 

/~ 
/ 

/ 
// 

/' 
/ 

// 

/ 
I/ 

0.005 0.01 0.015 0.02 0.025 0.03 0.035 0.04 
Channel Slope (ft/ft) 

Haestad Methods, Inc. 37 Brookside Road Waierbury, CT 06708 (203) 755-1666 Page 1 of 1 
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Project Description 

Project File 
Worksheet 
Flow Element 
Method 
Solve For 

Constant Data 

10" SOR 26 HOPE Pipe Rating Curve 
Plotted Curves for Circular Channel 

c: lh aestadlfmwlpondck. fm2 
1 0" SDR 26 HDPE Pipe Rating curve 
Circular Channel 
Manning's Formula 
Discharge 

Mannings Coefficient 

Depth 
0.015 
9.874 in 
9.874 in Diameter 

Input Data 

Channel Slope 

1800. 0 

')0. 0 

( 
14Uu. D 

1200.0 

1000.0 

800.0 

600.0 

400.0 

200.0 
0.0 

' 

C. -)/13/08 .~----

/ 
/ 

" / 
/ 

/ 
/ 

,• 

0.005 

Minimum Maximum increment 
0.001000 0.040000 0.000200 ft/ft 

Discharge vs Channel Slope 

_,,,,..✓ 

_/ 
~/ 

_/ 

I/ 
,_,, 

./// 

// . 
/,/· 

0.01 0.015 0.02 0.025 
Channel Slope (ft/ft) 

/0£?./.4'7"..SaN .G.,,c-/1/ / / r 

8C:::::- - 5 ::.o - /4-';✓ 3 
/1'VJc,2,,P/.!4e;J ,&-v/S,,-::;.,,.5: 

,0#,f.Z:, ~ J ,,?,.W ? 
,41 ,zcr 1" ,,19 A:> e 

..../ 

,~ 

,.,,-----

0.03 0.035 0.04 

+ 17.27 PM Haestad Methods, Inc 37 Brooksiae Road Waierbury, CT 06708 (203) 755-1666 Page 1 of 1 
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Project Description 
Project File 
Worksheet 
Flow Element 
Method 
Solve For 

Constant Data 
Mannings Coefficient 
Depth 
Diameter 

Input Data 

12" SOR 13.5 HOPE Pipe Rating Curve 
Plotted Curves for Circular Channel 

c:\haestad\fmw\pondck. fm2 
12" SOR 13.5 HOPE Pipe Rating Curye 
Circular Channel 
Manning's Formula 
Discharge 

0.015 
10.749 in 
10.749 in 

/,-✓;'U/ .£,,,,. $'CJ~_) ,t;v::,;rc..c;y a.C 

/?/.}5- .?30 - /4,{-t3 ~-
t/r~#~zAr✓-J /I};; 0:!7.;--!....c-

?. / .,.. .... ;, r ..r~~ ,1--,,w (,J' ~ _.,, .I _....I r: 

;/..7r:9 f'"/Z?/.'-'.5' 

Minimum Maximum Increment 

Channel Slope 

2200.0 

2000.0 

1600.0 

1400.0 

1200.0 

1000.0 

800.0 

600.0 

400.0 

/ 
I 

200.0 

r 0.0 
0.0 

/ ,' 
I 

' 

l ~ 

05/15/08 ., r,•-:✓--

U5'40;16 PM 

, 
/ 

/ 
/ 

/ 

0.005 

0.000100 0.040000 0. 000200 tuft 

Discharge vs Channel Slope 

---~ 

-~ 
__ ,,,.-

/.,..,.-

,,/ 
/ 

.. 
,,/ 

.,..,,,,.,,.-
/ 

/ 

/ .. / 

/' 

0.015 0.02 0.025 0.03 0.035 
Channel Slope (ft/ft) 

Ha=:s,aa Methoas. inc 37 Broof:sice Road vvateroury, CT 06708 ;2031 75S-·1606 

-----

0.04 

F!owMaster vS.13 
Page1of1 
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Project Description 
Project File 
Worksheet 
Flow Element 
Method 
Solve For 

Constant Data 
Mannings Coefficient 
Depth 
Diameter 

Input Data 

16" SDR 13.5 HDPE Pipe Rating Curve 
Plotted Curves for Circular Channel 

c:\haestad\fmwlpondck. fm2 
16" SDR 13.5 HOPE Pipe Rating curve 
Circular Channel 
Manning's Formula 
Dischar~e 

0.015 
13.488 in 
13.488 in 

/2/,I?..? /,<1/,>15,3,-J foc;r,cy ~.C. C 

8 o;;- - 3 3 a -/.:;.,r,,,-3 

/,,1/✓ tJ?2~/.:.A/./✓ ;' .• ,.-,::...~ . .,,-✓ .r,:-/11:--.!S 

/7, .. ,/,,,.::;/C.5 3~ 5:,, ,,,.<.r...o £ 

Minimum Maximum Increment 

Channel Slope 

4000.0 

)0.0 

3U00.0 

2500.0 

2000.0 

1500.0 

1000.0 

500.0 
( 
I 
' 

0.0 
0.0 

/ 

✓/ ,. 
' / 

I 
I 

I 

0.005 

/ 
/ 

0.000010 0.040000 0.000200 ft/ft 

Discharge vs Channel Slope 

~ 
~~ 

/~ 

/ 
// 

_.., ,/ . 
__ .,,.-✓ 

/ 
/ 

./ 
/ 

/ 
./ 

0.01 0.015 0.02 0.025 0.03 0.035 0.04 0.045 
Channel Slope (ft/ft) 

FlowMaster vs 13 -.. , . ' . 
'"-l:J'.CC • ...,, ' 
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Project Description 
Project File 
Worksheet 
Flow Element 
Method 
Solve For 

Consl8nl Data 
Mannings Coefficient 
Depth 
Diameter 

Input Data 

16" SDR 26 HDPE Pipe Rating Curve 
Plotted Curves for Circular Channel 

c:\haestadlfmwlpondck.fm2 
12" SOR HOPE Pipe Rating Curye 
Circular Channel 
Manning's Formula 
Discharge 

0.015 
14.696 in 
14.696 in 

/4/,z.,?/4/"JJQ/4/ ..E~~Y ec 
,!5':2:7- ;3]cJ -/4'/3 

t,-,'rv"~/~.dJ/A/ .~ v.?...o,£ 

Minimum Maximum Increment 
Channel Slope 

5000. 0 

10. 0 

0 

3500. 0 

3000.0 

2500.0 

2000.0 

1500.0 

1000.0 

I 
500.0 

I 

I 

0.0 
0.0 

5 37.20 PM 

I// 
/ 

//~ 
, 

I 
I 

; 

0.005 

0.000100 0.040000 0.000200 ft/ft 

Discharge vs Channel Slope 

1--~ _,,,.. 

~ 
__,.,-/ 

---
_.., ,/ 

_1 • ...---

/ 
, 

/ 
/ 

,, 
/ , .--, 

, 
,· 

/ 
,/ 

, 

0.01 0.015 0.02 0.025 0.03 0.035 
Channel Slope (ft/ft) 

Haestad Methods, lnc 37 Brookside Road Waterbury, CT 06708 (203) 755-1666 

-----

0.04 

F- iowtvJaster vt..13 
Page 1 of 1 
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GEOTEX 501 is a polypropylene, staple fiber, needlepunched nonwoven geotextile 
produced by Propex, and will meet the following Minimum Average Roll Values (MARV) when tested in accordance with the methods listed below. The fibers are needled to form a stable network that retains dimensional stability relative to each other. The geotextile is resistant to ultraviolet degradation and to biological and chemical environments 
normally found in soils. 

GE OTEX 501 conforms to the property values listed below. 1 Propex performs internal Manufacturing Quality Control (MQC) tests that have been accredited by the Geosynthetic Accreditation Institute - Laboratory Accreditation Program (GAi-LAP). 

Mechanical 
Tensile Strength (Grab) ASTM D-4632 140 lbs 623 N Elongation ASTM D-4632 50% 50% 
Puncture ASTM D-4833 85 lbs 378 N CBR Puncture ASTM D-6241 360 lbs 1601 N 
Mullen Burst ASTM D-3786 280 psi 1930 kPa Trapezoidal Tear ASTM D-4533 60 lbs 267 N 
Endurance 
UV Resistance ASTM D-4355 70% 70% 
Hydrauiic 
Apparent Opening Size 
(AOS 13 ASTM D-4751 70 US Std. Sieve 0.212 mm 
Permittivity ASTM D-4491 1.40 sec· 1.40 sec· 
Water Flow Rate ASTM D-4491 ·1·15 gpm/ft' 4686 l/min/m' 
Ro!! Sizes 15 ft X 360 ft 4.57 m x 109.8 m 

NOTES: 
1. The property values listed above are efiective 0Bi2005 and are subject to change wiU1out notice. 2. Values shown are in weaker pnncipaf direction. Minimum average roll values (MARV) are calculated as the typical minus two Sti3ndard deviations Statstically, ii yields a 97.7%degree of confidence that any samples taken from quality assurance testing will exceed the value reported. 3. Maximum average roll value 

TJI[ A[JV/•,hT,l\G( CRLATClf'S 

<.>t"o<e•', Landlo~•. l'yr~mot', Xl', ~uo.,rC,ro', l'eL•omot' ~nd PNwlllc a,,.. •~S"ler~d uauemar,.,_ of l'top~x me. 

Propex Inc. 
6025 Lee Highway, Suite 425 
PO Box 22788 
Chattanooga, TN 37422 

PH: 423 899 0444 
PH: 800 621 1273 
FAX: 423 899 7619 
www. geotextile. com 

THIS PUULl(/..TIOH 5HOULP HOT E[ (OIISTRUW AS ftl(.IU[ERltl(', A[')\11(~ WKIL[ 11/fOIWJ,TlOU CO!IT,•IIIED It/ TKIS rueuc,rnou I~ ACClJlt/..Tt T0 TH[ li[S'J or OUR r.r!OVILEDGt, PROP El'. DOES llOT WARRAl(T ITS ACCURACY OR ((llJJ'LfTEJl~$~. Hlf ULTIIIJ.Tt CUSTOII.Er! .\NO US(R or lH'E PROPU-:'F.. Si,OUL[J I.SSU/.'! ';OU: RfS!•OUSIUILJTY fOP. THE fllML DTTERMIIIATIOH OF TH( SUIT ARIUTY Of THO IPlfORJ.\ATIOII Alm THO PRODUCTS fOR THE COl.'TlMPLATED t,llD ACll/i<L US[. TH!: ONLY WARRAPTTY !MOE 6Y PRoro: fOR ITS PRODUCTS IS SE1 fORTH Ill OUR PRODUCT OIi.TA SHEf'TS FOR THt PROOUCl, OR SUCH OTHER wRlTTEU Wf,RRANn' ,.s /MY DE AGR[ED Bl' PROPf.X AND !llOIVIDlJAL (U0OM!:RS. PROPEX SPCC!flCALLY DIS CU.IMS ALL OTHLR WARRMITJU, EXPR[SS OR U~PLl[D, IIKLUOING WITHOIJT LIMITATION, WARRAHllES OF MERCHANTABILITY OR rrrnrss FOR A PART/ClJLMl PURPOSE, OK ;.RISING FROM PR0\11510/l OF $Al,\PLE5,;. COUR:.t OF OEALltlG 0~ us1-.cr or T!{;,0£ 

...,.J.UUo t'roper. me. 
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Sieve Analysis - ASTM C136-96a 

Sample: Silty CLAY (CL) 

Sieve Openings us 
Standard Weight 

Inches Millimeters Sieve Size Retained 

1.5000 38.1 DOD 1 -1 /2" 0.0 
1.0000 25.4000 1" 0.0 
0.7500 19.1000 3/4" 0.0 
0.5000 12.7000 1/2 11 0.0 
3.7500 9.5200 3/8" 0.0 
0.1870 4.7600 No. 4 2.1 
0.0790 2.0000 No. 10 4.6 
0.0469 1.1 BOD No. 16 4.6 
0.0331 0.8500 No.20 8.6 
0.0165 0.4200 No. 40 12.6 
0.0117 0.2980 No. 50 12.6 
0.0083 0.2500 No. 60 22.2 
0.0059 0.1Li90 No. 100 34.6 
0.0029 0.0740 No. 200 47.7 

Total V\leigh1 in Grams 227.20 

M/,i-?/,'l,?'J ~Od pv.:,;~y ,t.L_C 

gc5"- 3'30-/q/3 -/=OV/--'047.r'o/J ..:.:,0/L 

~{:;C / 5 6T ,,2/ 

2/812006 

Percent Percent 
Retained Finer 

00 100.0 
0.0 100.0 
0.0 100.0 
0.0 100.0 
0.0 100.0 
0.9 99.1 
2.0 98.0 
2.0 98.0 
3.8 96.2 
5.5 94.5 
5.5 94.5 
9.8 90.2 

15.2 84.8 
21.0 79.0 
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Holcomb Foundation Engineering Company 
.. Labo;atory Tesiing Results 

'( . t M h '"1 lvi' r'ro1ec : ,ac .,, 11ne 

project No: H-05278 

Sample 2 

Dish Number LL1 LL2 

Mass of can, W1 (g) 34.70 

Mass of can+ moist soil, W2 (g) 62.84 

Mass of can+ dry soil, W, l,g) 54.52 

Moisture content, w (%) 41.98 

Number of blows, N 24 

Liquid Umit, LL 41.8 

Dish Number PL, 

Mass of can, W 1 (g) 39.76 

Mass of can + moist soil, W 2 (g) 54.79 

Mass of can + dry soil, W, (g) 52.53 

Plastic Limit, PL 17.7 

Pl= 24.1 

( . 
Plasticity Chart 

60 

50 

40 
CH or DH 

s 
X • 1J 

E 30 
~ 
1! .. ;;; 

"' 20 a. CL or OL 
lvlH or OH 

10 

I 
I 

I S>lv1L /✓iL or DL 

o-1 --
I 

0 10 ~o 30 50 70 

I 
40 50 GO 

Liqurd Lrmt1 (LL) 

l 

3 

LL, 

~o 700 
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··(-
Holcomb Foundation Engineering Company 
Laboratory Testing Results 11/30/2006 

Project: Coarse Refuse Disposal Area 

Pond Creek Mine Johnston City, Illinois 

Project No: H-05317 

Sieve Anaiysis - ASTM C136-96a 

Sample: Coarse Refuse 

Sieve Openings us 
Standard Weight Percent Percent 

Inches Millimeters Sieve Size Retained Retained Finer 

3 76.2 3" 0.0 0.0 100.0 

2.0000 50.8100 2" 619.6 a -~.o on -...,-..,.0 

1.5000 38.1000 1 -1/2" 1124.0 17.2 82.8 

1.0000 25.4000 1 ' 1696.2 25.9 74.1 

0.7500 19.1000 3/4" 2110.9 32.3 67.7 

( 
0.5000 12.7000 i/2" 2513.0 38.4 61.6 

3.7500 9.5200 3/8" 3263.7 49.9 50.1 

0.1 B70 4.7600 No. 4 4310.7 65.9 34,1 

0.0790 2.0000 No. 10 5470.5 B3.6 16.4 

0.0469 1.1 BOO No. 16 

0.0331 0.B500 No. 20 6004.4 91.B 8.2 

0.0165 0.4200 No. 40 6178.9 94.4 5.6 

0.0117 0.29B0 No. 50 

0.0083 0.2500 No. 60 6267.8 95.8 4.2 

0.0059 0.1490 No. 100 

0.0029 0.0740 No. 200 6372.4 97.4 2.6 

Total Weight in Grams 6542.80 

L 
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Project: Pond Creek Mine Jolmslon City, Illinois 
- ,- -- Projecl Number: H-05278 
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Sample: Coarse F!efuse 
- Dale: November ·11, 2006 
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R12588.ient: MACH MINING 
·oject: _POND CREEK MINE REFUSE DISPOSAL FACILITY 
-,-,-iect Number: B06-328-1444 

- ( 
)U.1-c:..:t=: 

tmpl.e No. : 

Sample Data 

.ev. or Depth: 
>cation: 

Sample Length(in./cm.): 

,scription: 4-30-07 STANDARD PROCTOR 
.te: 4-30-07 PL: LL: PI: 

:cs Classification: 
tsting Remarks: 

AASHTO Classification: 

Mechanical Analysis Data 

Initial 
-y sample and tare= 4012.00 
.re = 215. 40 
y sai."'nple weight = 3796. 60 
.nus #200 from wash= 18. 1 % 

After wash 
3326.00 
215.40 

3110.60 

.re for cumulative weight retained= . 00 
Sieve Cumul. Wt. Percent 

3 inch 
2 inch 
1 . 5 inch 

nch 

·c inch 

# 4 

# 10 
# 20 
# 4 0 
# 60 
ii 140 
# 2 00 

inch 

retained finer 
0.00 100.0 

J 
0.00 100.0 ~ 

0.00 100.0 ~ 

104.50 97.2 ~ 

201.30 94.7 ~ 

446.90 88.2 1 
1059_70 72.1 ---l 
1598.10 57.9 ' 
2156.50 43.2 ~ 

2522.10 33.6 "· 
'1 

2718.80 28.4_(11_ 
2944.50 22.4 
3110.90 18.1 

Fractional Components 

avel/Sand based on #4 
n~/~inos h~~~~ on #200 
COBBLES= 0.0 % GRAVEL= 27.9 
FINES = 18. 1 

5= 8.09 D50= 2.30 D50= 1.26 
o= o. 30 

% SAND = 54. 0 

A.LLIAl\fCE CON'SlJLTI.NG, INC . 



R12589Particle Size Distribution Report ~ 
.s . . 
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80 I~ 

\ 

70 

' a: \. 
w 60 

II 

: z 
\ LL 

r[ I-z 50 '-1 w 
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( 
GRAIN SIZE- mm 

% COBBLES I %GRAVEL I %SAND I %SILT % CLAY 
. 

0.0 I 27.9 I 54.0 I 18.1 

SIEVE PERCENT SPEC: PASS? Material Dcscriotion 

SIZE FINER PERCENT (X=NO) 4-30-07 STANDARD PROCTOR 
3 in. 100.0 
o· - m. 100.0 

1.5 in. 100.0 
1 in. 97.2 Atterberg Limits 

.75 in. 94.7 PL= LL= Pl= 
.375 in. 88.2 

#4 72.1 Coefficients 
#10 57.9 

D35= 8.09 D50= 2.30 D50= 1.26 
#20 43·_2 
#40 33.6 D30= 0.302 D15= D10= 
#60 28.4 Cu= Cc= 

#140 22A 
#200 I 8.1 Classification 

USCS= AASHTO= 

Remarks 

- rno spccificati011 provided) 

Sampie No.: Source of Sample: Date: 4-30-07 

( 
r 
II 
1·--

Location: Elev./Depth: 

ALLIANCE Client: MACH MINING 

CONSUL TING, INC. Project: POND CREEK MINE REFUSE DISPOSAL FACILITY 

.. - . 
Beaver, Vvest Vtrgn1ta Ii Project No: B(l(,-328-)444 Figure 

I 
I 

11 
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GR..~IN SIZE DISTRIBUTION TEST DATA 

.ient: MACH MINING 
:eject: POND CREEK MINE REFUSE DISPOSAL FACILITY 

~ct Number: B06-328-1444 

Sample Data 

,urce: 
unple No.: 
.ev. or Depth: 
,cation: 

Sample Length(in./cm.): 

,scription: 8-22-07 STANDARD PROCTOR 
,te: 8-22-07 PL: LL: PI: 

;cs Classification: 
,sting Remarks: 

F...P.SHTO Classification: 

Mechanical Analysis Data 

--...l J...----
0.L.I.'-&. t-a.•=-

Initial 
3992.00 

,re = 436. 00 
cy sample weight = 3556. 00 
.nus #200 from wash= 44. 9 % 

7l£f:,=,,,.. W"2,C!h 

2396.90 
436.00 

1960.90 

.re for cumulative weight retained= . 00 
Sieve Cumul. Wt. Percent 

retained 
3 inch 0.00 
2 inch 0.00 

) inch 0.00 
,.nch 0.00 

( .nch 58.50 
• .. 3'>--.J inch 293.80 
# 4 911.80 
# 10 1402.30 
# 20 1630.40 
# 40 1722.60 
# 60 1768.00 
# 140 1837.70 
# 200 1959.90 

avel/Sand based on #4 
nd/Fines based on #200 

finer 
100.0 
100.0 
100.0 
100.0 

98.4 
91. 7 
7 ~. ~ 
60.6 
54.2 
51. 6 
50.3 
48.3 
44.9 

Fractional 

COBBLES = 0. 0 % GRAVEL = 25. 6 

FINES = 44. 9 

5= 7.12 D50= 1.89 D50= 0.17 

Components 

% SJ>-.ND = 29. 5 

F..LLIF..1-ICE COHJU-riTIHG, IHC . 
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Particle Size Distribution Report 
~ " " ~ E ~ " 

.£ 
0 0 0 g 0 g • " ~ ; ; . ~-" " " - ~ ~ ~ ~ • . ~ 
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': 
10 

0 
500 100 10 1 

GRAIN SIZE - mm 
0.1 0.01 0.001 

% COBBLES I % GRAVEL ¾SAND % SILT I % CLAY 
' [ 0.0 ! 25.6 29.~ I 44.9 ... 

SIEVE PERCENT SPEC.* PASS? Material Descri!ltion 
SIZE FINER PERCENT (X=NO) 8-22-07 STANDARD PROCTOR 
3 in. 100.0 
2 in. 100.0 

1.5 in. 100.0 
l in. 100.0 Atterbera Limits .75 in. 98.4 PL= LL= Pl= .375 in. 91.7 

#4 74.4 
Coefficients #10 60.6 

Dg5= 7.12 D50= 1.89 D50= 0.168 #20 54.2 
#40 51.6 D30= D15= D10= 
#60 50.3 Cu= Cc= 

#140 48.3 
#200 44.9 Classification 

USCS= AASHTO= 

Remarks 

. 
(nu spL:c1fical1on prnv1ded) 

Sample No.: Sou:-ce cf Sample: Date: 8-22-07 
Location: ::Jev./Depth: 

I . ALLIANCE Client: MACH MINING 

,,l CONSUL TiNG, INC. Project: POND CREEK MINE REFUSE DISPOSAL FACILITY 

II I Ii 1:::$.eaveri VI/est Vtrqlrda Proiect No: ll0G-328-1444 Fiaure 
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GR.~IN SIZE DISTRIBUTION TEST DATA 

lient: MACH MINING 
t:oject: POND CREEK MINE REFUSE DISPOSAL FACILITY 
~-4ect Number: B06-328-1444 

_ ( _________________ s_am-----=p~l_e_D_a_t__:ca:._ __________________ _ 

:,urc..e: 
ample No.: 
Lev. or Depth: 
)cation: 

Sample Length(in./cm.}: 

ascription: 10-26-07 STANDARD PROCTOR 
,te: 10-26-07 PL: LL: PI: 
;cs Classification: 
,sting Remarks: 

AASHTO Classification: 

Mechanical Analysis Data 

Initial After wash 
·y sample and tare= 3949.30 
.re = 412. 50 
ysampleweight = 3536.80 
nus #200 from wash= 24.3 % 

3089.10 
412.50 

2676.60 

re for cumulative weight retained= .00 
Sieve Cumul. Wt. Percent 

retained 
3 inch 0.00 
2 inch 0.00 

5 inch 0.00 
·nch 120.20 

. ·· ; nch 270.30 

. _( inch 1023.50 
• 4 1562.90 rr 

# 10 2144.50 
# 20 2386.40 
# 40 2482.30 
" 60 2526.70 It 

" 140 2587.30 T 

200 2667.70 

,vel/Sand based on #4 
1d/Fines based on #200 

finer 
100.0 
100.0 
100.0 

96.6 
92.4 
71. 1 
5.~. R 
39.4 
32.5 
29.8 
28.6 
26.8 
24.6 

Fractional 

:OBBLES = 0. 0 % GRA.'VEL = 4 4. 2 
'INES = 24. 6 

= 14.55 D6o= 5.90 Dso= 3.57 
,- 0. 4 5 

Components 

% SAND= 31.2 

============== l'.LLI.ANCE COHSULTING, INC. 
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Particle Size Distribution Report @ 
,S 

,S .S: ~J ,S 
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Ii 

,, 
' I! ~1 

1! 
20 

10 

0 
500 100 10 1 0,1 0,01 0,001 

/_, GRAIN SIZE-mm 
% COBBLES I % GRAVEL %SAND ¾SILT %CLAY I 

i'1 0,0 I 44,2 31.2 I 24,6 I 

SIEVE PERCENT SPEC.' PASS? Material Descriotion 
SIZE FINER PERCENT (X=NO) 10-26-07 STANDARD PROCTOR 
3 in. 100,0 
o· - m. 100,0 

L5 in, 100,0 
l in. 96,6 Atterberg Limits 

.75 in, 92,4 PL= LL= Pl= 
.375 in, 7Ll 

#4 55,8 Coefficients 
#10 39A 

D35= 14,5 D50= 5,90 D50= 3,57 #20 3:2.5 
#40 29,8 D30= 0.453 D15= D10= 
#60 28,6 Cu= Cc= 

#140 26,8 
#200 24,6 Classification 

USCS= AASHTO= 

Remarks 

. 
rno spec1ficmion provided) 

Sample No.: Source of Sampie: r"'\-~-- l 0-2G-07 UCH.":::. 

Location: E!ev./Depth: 

I ALLIANCE Client: MACH MINING 

II(_ CONSUL TING, INC. Project: POND CREEK MINE REFUSE DISPOSAL FACILITY 

tr~ 
__ ,. 

l f" ,_,._; p-; _ 

ii Beaver, tr./<:;;::,,, 'il ll ;.p~ Hct II Project No: 806-328-1444 JI 



R12594ient: MACH MINING 

oject: POND CREEK MINE REFUSE DISPOSAL FACILITY 

oject Number: B06-328-1444 

Specimen Data 

mple No.: 
ev. or Depth: 
cation: 
scription: 4-15-08 STANDARD PROCTOR 

Sample Length(in./cm.): 

ter Content: Liquid Limit: 32 
AASHTO: 

Plasticity Index: 10 

CS: 
sting Remarks: 116.6 PCF@ 11.2% (METHOD "C") 

rcent retained on 3/4 in. sieve: 6.9 

rcent passing No. 200 sieve: 32.8 Specific gravity: 2.23 

Test Data And Results 

pe of test: ASTM D 698-91 Procedure C Standard 

ld Dia.: 6.00 in. Hammer Wt.: 5.5 lb. Drop: 12 in. 

Layers: three Blows per Layer: 56 

POINT NO. l 2 3 

6 

8 

·····,~- .... 

I \ 

\ 

WM + ws 9720.0 9606.0 9960.0 

WM 5550.0 5550.0 5550.0 

WW+T #1- 256·-. 56 235.69 223.31 

WD+T #1 244.70 224.58 2 04. 41 

TARE #1 102.78 94.55 38.96 

( I 
\_ 

I 

MOIST #1 8.4 8.5 11. 4 

WW+T #2 261.85 270.29 232.15 

WD+T #2 248.96 259.08 212.88 

TARE #2 1U4.l:i4 102.78 3S.38 

MOIST #2 8.9 7.2 10.9 

0 MOISTU~ 8.6 7.9 11. 1 

DRY DEN 112.8 110.5 116.6 

18 

4 
9955.0 
5550.0 
2 67: 4 5 
224.60 
36. 57 
22.8 
251.18 
238.33 
]9.04 
6.5 
1 4 . 6 
113.0 

5 9 13 

Uncorrected Results: 
17 lf.ax 

Max 
dry 
dry 

dew.= 
den= 

118.0 pcf 
116.6 pcf 

Opt moisture= 10.8 % 
Opt maisturs= 11.2 % 

TM D 471B Correction Data: 

Bulk Specific Gravity of Oversize Material= 2.23 

~oisture of Oversize Material= 5.5 % 

~rections Applied to Calculated Maximum Density and Optimum Moisture Values 

.ALLIJ>.lKE CONSULTING, INC . 
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I\ I \J. ~ COMPACTION TEST REPORT 
I\I 

' ... '\ ~/~~ :;:../ \\'--\ 
DATE: 4/29/2008 .. 

\ f',_ PROJcCT NO.: B06-328-1444 
" \I PROJcCT: POND CREEK MINE REFUSE DISPOSAL FACILITY 

\ \ 
\ ... I'\ Test specification: 

'I 
ASTM D 698-91 Procedure C Standard ... 

Oversize con-ection applied to final results '- I, " 'h '\ \. 

'\i;::, 
100% SATURATION CURVES 

.. ~ FOR SPEC. GRAV. EQUAL TO: 

., 
~ ' ' I'\. 2.8 

• "e ' ' ' ' 2.7 

" ' • 2.6 
' ' l',._--

" ' ' "1" 
' 1'-...I '-,. 

' '- ...,__ 

', '1-.. 1·, 
'-' '- " ... ' ' 

'-J '- i"-... 
'- ,, ' ' '1-... '--... 

' " ',..._ 
,_ ,--...,. 

'-J "h: -...:: 
I 1'-

I I I 
5 10 15 20 25 30 35 40 

Water content, % 

LOCATION AND DESCRIPTION REMARKS 

Source: I 16.6 PCF@ 11.2% (METHOD "C") 

4-15-08 STANDARD PROCTOR 

uses LL Pl .NAT. MOIST. OVc:RSIZc %< lsio.200 MAX. DRY DEN. OPT. MOIST. 

10 11 fl O pcf 10.8 n;, 

Figure I(_ 
''---'--------------.:..L.:....:~r-~c::: ::;1~:;uL -;-;;~:;, ;1~=----------------' 
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............. ,. ..................... --- ................ _. .......... ,..._. _____ .._ -------
lient: MACH MINING 
reject: POND CREEK MINE REFUSE DISPOSAL FACILITY 
r~1ect Number: B06-328-1444 

-(- Sample Data 

ource: 
ample No.: 
lev. or Depth: 
ocation: 
escription: 4-15-08 STANDARD PROCTOR 
ate: 4-15-08 PL: 22 
SCS Classification: 
asting Remarks: 

Sample Length(in./crn.) 

LL: 32 PI: 10 
A.~SHTO Classification: 

Mechanical A.r.1.alysis Data 

cy sample and tare= 
ire = 
-:y sample weight = 
_nus #200 from wash= 

Initial 
3750.30 

332.00 
3418.30 

32.8 % 

After wash 
2627.80 
332.00 

2295.80 

lre for cumulative weight retained= . 00 
Sieve Cumul. Wt. Percent 

retained 
3 inch 0.00 
2 inch 0-. 0 0 
' 5 inch 0.00 

, nch 117.90 

(_ i.nch 234.90 
inch 436.40 

# 4 1157. 70 
# 10 1666.30 
# 20 1907.60 
# 40 2009.80 
ii 60 2078.70 
# 140 2187.00 
# 200 2297.90 

,vel/Sand based on #4 
1d/Fines based on #200 

finer 
100.0 
100.0 
100.0 

96.6 
93.1 
87.2 
6 6. l, 
51. 3 
44.2 
41. 2 
39.2 
36.0 
32.8 

Fractional 

:OBBLES = 0. 0 % GRAVEL = 33. 9 
•INES = 32. 8 

;=8.64 D6o=3.70 Dso=l.76 

Components 

% SJi .. ND = 33. 3 

.P..LLIF.HCE CONSULTING, IHC. 
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Particle Size Distribution Report 
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• . I , ii 1: 
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i : 
70 Ii : 

60 
1: : : 
: ' '\ 

50 

40 

30 

20 

10 

0 • 
11 Ii 

500 100 

% COBBLES I 

SIEVE 

SIZE 

3 in. 
o· 
- 111. 

1.5 in. 
1 in. 

.75 in. 
.375 in. 

#4 
#10 
#20 
#40 
#60 

#140 
#200 

o.o I 

PERCENT 

FINER 

100.0 
100.0 
100.0 
96.6 
93.1 
87.2 
66.1 
51.3 
44.2 
41.2 
39.2 
36.0 
32.8 

. 
inn :,;peciikmwn prm-1dcd) 

10 

% GRAVEL 

33.9 

SPEC.* 

PERCENT 

PASS? 

(X=NO) 

1 0.1 0.01 0.001 
GRAIN SIZE - mm 

%SAND %SILT I % CLAY I 
33.3 3:2.8 I 

Material Descriotion 

4-15-08 STANDARD PROCTOR 

PL= 22 

USCS= 

Atterberg Limits 
LL= 32 

Coefficients 
D60= 3.70 
D15= 
Cc= 

Classification 
AASHTO= 

Remarks 

Pl= 10 

Sampie No.: Source of Sampie: Date: 4- 15-08 

Location: 

ALLIANCE 
CONSUL T!NG, INC. 

Eiev ./Depth: 

Client: MACH iv!INING 

Project: POND CREEK MINE REFUSE DISPOSAL FACILITY 
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I 

+3/4 !NCH SPECIFIC GRAVITY GJ: .. 

Weiqht of dry sample & pan 

Weiqht of pan 

Weiqht of oven-dried sample (A) 

Weiqht of saturated surface-dry sample & pan 

Weiqht of pan 

Weiqht of saturated surface-dry sample (B) 

'v'Vei~f1t of saturated sample in ·vvater & basket 

VVeiqht of basket in water 

WeiqlIl ur sc1lu1c1letJ Sdlllµlt iI1 waler (C) 

TEST RES UL TS 

Specific qravity of sample A/(B-C) 

Percent absorption B-A/A X 100 

Pr-oject No.: B06-328-1444 

Project: POND CREEK MINE 

Source: REFUSE FACILITY 

Client: WILLIAMSON 
ENERGY, LLC 

Sample Date: 4-15-08 

Samele l~o.: 

+3/4 INCH SPEClrlC GrcAVITY 

2.23 

5.5% 

Tested By: CRKI I 

Checked sy:At/\f.{.;/.t 
Clev./Depth: 

.A.LL!ANCE COf~SUL TING, [NC. 

3405.0 gms 

424.3 gms 

2980.7 gms 

3570.0 gms 

424.3 gms 

3145.7 gms 

3600.0 · gms 

i790.0 gms 

1810.0 gms 

Material Description 

COARSE COAL REFUSE 

Remarks: 

Paae Illa. 



R12599Lient: MACH MINING 
coject: POND CRE:EK MINE REFUSE DISPOSAL FACILITY 
coject NUII'ber: 306-328-1444 

Sample Data 

~Ce--7 2,:) ~ 2/ 

@ 

Lev. or Depth: Sample Length(in./cm.): 
)cation: 
ascription: Clayey gravel with sand4-15-08 STANDARD PROCTOR 
a.ter Content: 
,sting Remarks: 

Run No. 1 

Net+Tare 36.46 
)rv+Ta:ce 31.08 

Tare 15.20 
# Blows 15 

<ioisture 33.9 

6 

8 

32.2 

31< 

10 

Run No. I 1 
I 

:t+Tare i 19. 8? 
.... y+Ta"1""'"e i 1 0 99 - ..... \._). 

T;:,r.::,. I J ~i. 27 
--· 
:::iis"!:::.ure I ') ') -.. 3 

l 

1\ 

Blows 

I 
I 

uses: GC 

Liquid Limit Data 

2 3 4 

39.14 35.32 35. 4 6 
')') 10 
-1-1. J.._.1 30.41 30.63 
15.23 15.21 15.26 

20 25 30 
33.1 32.3 31. 4 

. 

[\ 
[\ 

\ 
\ 

f\ 
\ 

\ 

I" 
" - ,, L.5 __,Q 40 

Pl2stic Limit Data 

2 I 3 4 

:-o, 62 ' 1 0 O? 
"u v~ 

1 9 67 18. 17 
15. ') 1 1 ' - ~). 21 i 
??.7 ')? 

"--· 3 i 

ll_LLil\lsCE CONSULTING, INC. 

J>._:Z\BHTO: 

5 6 

38.23 
?') '7Q 
-',:... • I u 

15.21 
35 

31. 0 

Liquid Limit=--3~2 __ 
Plastic .Limit=-~2~? __ 

Plasticity Index= __ l~OL-_ 

i 
I 
I 
i -· 
i 

I 
i . -·-- ------ --·- .. ----~ 



R12600
LIQUID AND PLASTIC LIMITS TEST REPORT ® 60--------------------------,--------,-----..::;:::::::....~ 

>< w 
0 
z 

50 

40 

r 30 
0 
[:: 
(/) 

::5 
0.. 

20 

10 

7 

SYMBOL 

• 

Dashed line indicates the approximate 
upper limit boundary for natural soils -~-..._ __ 

I 

I 
I 

10 

SOURCE 

I 
I 

/ 

I 
I 

I 

30 

SAMPLE 
NO. 

I 
I 

I 

I 
I 

I 

I 
I 

I 

I 

I 

I 
I 

I 

R/!L or OL 

I 
50 
LIQUID LIMIT 

SOIL DATA 
NATURAL 

DEPTH WATER 

(ft.) CONTENT 
(%) 

I 
I 

I 

70 

PLASTIC 
LIMIT 

(%) 

22 

i LIOUID Al~u PLASTIC LIIVIITS TEST REPORT 
I Client: MACH MINING 

I 
I 

fv'!H or OH 

I 

LIQUID 
LIMIT 

(%,) 

'0 0-

90 

PLASTICITY 
ll~DEX 

(%) 

10 

I ALLIANCE Project: POND CREEK MINE REFUSE DISPOSAL F.ACILITY 

CONSUL TING, INC. 

uses 

GC 

11 Beaver, West Virainia .J>!".Qject No.: B06-o2P.-1444 -~__FJgur~_ 

110 



R12601

l 

ST ABILTY ANALYSIS FILES - Phase 3 & Phase 7 

Williamson Energy, LLC 
Refuse Disposal Area No. 2 
Project No.: B05-330-1413 

File Name Subject F.S. 

PH3DSST2 Downstream static, Phase 3, Section F-F 1.51 

PH3DSSE1 Downstream seismic, Phase 3, two phreatic surfaces, to get 1.23 

Allowable phreatic level for Piezometers P-6, -7 and -8 

PH3USSE2 Upstream seismic, Phase 3 two phreatic surfaces, pond about 1.16 

1/2 full, (these are shallow circles that do not go through the crest) 

PH3USSE3 Upstream seismic, Phase 3, two phreatic surfaces, pond full, 1.20 

done to check if slurry can be released during earthquake 

PH3USSE4 Upstream seismic, Phase 3, two phreatic surfaces, pond about 1/4 full 1.20 

PH3USST Upstream static, Phase 3, pond about½ full 1.89 

PH7DSST Downstream static, Phase 7, toe circle. 1.53 

PH7DSST2 Downstream static, Phase 7, Section G-0, whole slope circle. 1.52 

PH7DDSE Downstream seismic, Phase 7, Section G-0, two phreatic 1.20 

surfaces, pond level the same as for Section D-D, to get allow 

Phreatic level for Piezometers P-15 -16, and -17. 

PH7USSE Upstream seismic, Phase 7, Section G-0, two phreatic surfaces, 1.26 

pond level the same as for Section D-D. 

PH7USST Upstream static, Phase 7, Section G-0, pond level same as for Section D-D. 1.82 

PH7CEOC3 Downstream static, total strength foundation soil, total strength 1.50 

FCR, effective strength CCR, - for allowable phreatic level end of 

construction Phase 3/7C, Section F-F (P-6, -7, & -8), deep toe circles. 

PH7CEOC4 Downstream static, total strength foundation soil, total strength 2.05 

FCR, effective strength CCR, - for allowable phreatic level end 

of construction Phase 3/7C, Section F-F (P-6, -7, &-8),. 

"hinge" circles Phase 3 to Phase 7 interface. 

PH7CDSL T Downstream static, effective strength foundation soil, FCR, & CCR 

- for allowable phreatic level long term Phase 3/&C, Section F-F 

(P-6, -7, & -8), deep toe circles. 

1.50 

(File: Stability RunsRev.doc, hlo, rev. 03/16/10) 



R12602Allia.t1ce 0 
Consulting, Inc. 
Sr..gi:1eers 
Constructors 

.. Le-· ·ientists 

BECKLEY, YN 
(JO~) 255-0491 

SHEIT _,_/ __ OF / 

DESCRIPTION /?h'-;,,,,c::S ,'3 :(r,14,,.c ,,7 y- /'/<.<'s-s- _;;:;-;:r,:;::;,,J 

'~ r-/.~.a//r-...4' _,,,::7/2Z Z--1/,;11. . .c-,r"~ L,.-:>c:;,,,;, ,~~&..25 
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580 

540 

500 ,_ 

460 J.: 
"' 

420 ,_ 

380 

340 

PHASE 3 DOWNSTREAM STATIC REFUSE DISPOSAL AREA NO. 2 C:\DOCUME-1\HOWENS\MYDOCU-1\WILLIA-1\STABIL-1\PH3DSST2.PL2 Run By: HLO 612712008 4:08PM 
II FS 
a 1.51 
b 1.52 

Soil 
Oesc. 

Soil Total Saturated Friction Piez. 
Type Unit Wt. Unit Wt. Angle Surface 

e 1.521 CCR I d 1 52 FCR 
e 1.52 SOIL 

No. (pe0 (pe0 (deg) No. 
1 130.0 140.0 33.7 W1 
2 80.0 90.0 28.0 W1 
3 125.0 135.0 - 26.8 W1 

f 1.52 
g 1.52 
h 1.53 
i 1.53 
j 1.53 

-~------:.· .............. .:.i;. 
3 Fi 

2 • 3 ___.r: ----,-~~·..,.,---~-----·· 

--------------- *1 

a . 
chi J 

e- d \', 

lnit Points: 50. to 130. 
Term Limits: 220. to 320. 

---L ........ __ -- 1. -- -- -- ---··-··1 ------••j Wl -......__ 2 

.Ii_ 
1 

300 L_ ___ L_ __ __J~ __ ___J~-----'-------'----'--------'------'------'----~ 0 40 80 120 160 200 240 280 320 360 400 

STED 
PCSTABLSM/si FSmin=1.51 

Safety Factors Are Calculated By The Modified Bishop Method ® ' 
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c: \docume-1 \howens\mydocu-1 \willia-1 \stabil-1 \ph3dsst2. OUT Page 1 

** PCSTABLSM ** 
by 

Purdue University 
--Slope Stability Analysis-

Simplified Janbu, Simplified Bishop 
or Spencer~s Method of Slices 

Run Date: 6/27/2008 
Time of Run: 4:08PM 
Run By: HLO 
Input Data Filename: C:ph3dsst2. 
Output Filename: C:ph3dsst2.0UT 
Unit: ENGLISH 
Plotted Output Filename: C:ph3dsst2.PLT 
PROBLEM DESCRIPTION PHASE 3 DOWNSTREAM STATIC 

REFUSE DISPOSAL A.1<EA NO. 2 
BOUNDARY COORDINATES 

Note: User origin value specified. 
Add 0.00 to X-values and 300.00 to Y-values listed. 

7 Top Bvu.uda.1. _;,_co 

9 Total Boundaries 
Boundary X-Left Y-Left X-Right Y-Right Soil Type 

No. {ft) {ft) {ft) 
100.00 
136. 00 
156.00 
252.00 
282.00 
295.00 
389.00 
389.00 
389.00 

{ft) Below Bnd 
1 .00 156.00 156. 00 3 
2 100.00 156.00 168.00 1 
3 136.00 168.00 168.00 1 
4 156.QO 168.00 200.00 1 
5 252.00 200.00 200.00 1 
6 282.00 200.00 195.00 1 
7 295.00 195.00 195.00 2 
8 295.00 195.00 159.00 1 
9 .00 156.00 159.00 3 

ISOTROPIC SOIL PARAMETERS 
3 Type(s) of Soil 

Soil Total Saturated Cohesion Friction 
Type Unit Wt. Unit Wt. Intercept Angle 

Pore Pressure Piez. 
Pressure Constant Surface 

No. {pcf) {pcf) {psf) {deg) Param . (psf) No. 
1 130.0 140.0 .0 33.7 . 00 .0 
2 80.0 90.0 .o 28.0 .00 .0 
3 125.0 135.0 .o 26.8 .00 .0 

1 PIEZOMETRIC SURFACE{S) HAVE BEEN SPECIFIED 
Unit Weight of Water= 62.40 
Piezometric Surface No. 1 Specified by 4 Coordinate Points 

Point X-Water Y-Water 
No. (ft) (ft) 

1 .00 156.00 
2 
3 
4 

105.00 
289.80 
389.00 

156.00 
197.00 
197.00 

1 
l 
l 

Searching Routine Will Be Limited To An Area Defined By 1 Boundaries 
Of Which The First 1 Boundaries Will Deflect Surfaces Upward 
Boundary X-Left Y-Left X-Right Y-Right• 

No. (ft) (ft) (ft) (ft) 
1 .00 136.00 389.00 136.00 

]\ Critical Failure Surface Searching Method, Using A Random 
Technique For Generating Circular Surfaces, Has Been Specified. 
400 Trial Surfaces Have Been Generated. 

20 Surfaces Initiate From Each Of 20 
P.long The Ground Su::-face Between X 

and X 
F,;:ir.h Surface Terminates Between 

and 
X 
X 

Points Equally Spaced 
50.00 ft. 

130.00 ft. 
2:'.:'.0.00 ft. 
320.00 ft. 

Unless Further Limitations Were Imposed, The Minimum Elevation 
At Which A Surface E:-:tends !s Y = . 00 ft. 
10.00 ft. Line Segme:i.ts Define Each Trial Failure Surface. 
Following Are Displayed The Ten Most Critical Of The Trial 

Failure Surfaces Examined. They Are Ordered - Most Critical 
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c:\docume-1\howens\mydocu-1\willia-1\stabil-1\ph3dsst2.OUT Page 2 

First. 

* * Safety Factors Are Calculated By The Modified Bishop Method * * 
Failure Surface Specified By 22 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 79.47 156.00 
2 88.79 152.36 
3 98. 31 149. 31 
4 108.01 146. 86 
5 11 7. 84 145.04 
6 127.77 143".83 
7 13 7. 75 143.25 
8 14 7. 75 143. 30 
9 157.73 143.98 

10 167.64 145.29 
11 177.45 147.21 -· 
12 187.12 149. 76 
13 196. 62 152.90 
14 205.89 156.64 
15 214.92 160.95 
16 223.65 165.82 
17 232.06 171. 23 
18 240.11 177 .16 
19 247.77 183. 59 
20 255.02 190.48 
21 261.81 197.82 
22 263.59 200.00 ~ 

Circle Center At X = 141. 9 y = 301. 9 and Radius, 158.7 

*** 1.513 *'* 
Individual data on the 29 slices 

Water Water Tie Tie Earthquake 
Force Force Force Force Force Surcharge 

Slice Width Weight Top Bot Norm Tan Hor Ver Load 

(~ 
No. (ft) (lbs) (lbs) (lbs) (lbs} (lbs) (lbs) {lbs) (lbs) 

1 9. 3 222 9. 3 .o 1136.4 . 0 .0 .0 . 0 .o 
2 9.5 6574.4 . 0 3224.1 .0 . 0 .0 . 0 .0 
3 1. 7 1561.3 . 0 750.4 .0 .o . 0 .0 . 0 
4 5.0 5751.1 . 0 2492. 6 . 0 .o . 0 . 0 . 0 
5 3.0 4394.6 . 0 1718 .1 . 0 . 0 . 0 . 0 . 0 
6 . 8 1243.4 .o 4 77. 5 . 0 . 0 . 0 .o .0 
7 9.1 17703.0 . 0 6717. 4 .o . 0 . 0 .0 .0 
8 9.9 25619.0 . 0 9455.1 .0 .0 .0 . 0 . o 
9 8.2 25582.2 . 0 9233.8 . o .o .o . 0 .o 

10 1. 7 5834.7 .0 2111. 2 . 0 . o . 0 . 0 . o 
11 10.0 33509.6 ,0 12856.9 . 0 . o . 0 '0 . 0 
12 8.3 27467.6 .o 11499.2 ,0 .o '0 .o .o 
13 1.7 5750.9 ,0 2486.6 ,0 '0 .o ,0 .o 
14 9.9 34700.8 .o 14724.5 . 0 ,0 .o . o .o 
15 9.8 36606.4 ,0 15072.8 '0 ,0 ,0 . 0 .o 
16 9.7 37452.6 .o 15028.4 .o ,o ,o '0 ,0 
17 9.5 37257.4 '0 14591. 5 ,0 . 0 . 0 . 0 '0 
18 9.3 36063.5 . 0 13763.8 '0 . 0 . 0 ,0 . 0 
19 2.0 7746,6 '0 2937.2 .o '0 '0 .o . 0 
20 7.0 26133. 5 '0 9611.4 .o '0 '0 ,0 .o 
21 8.7 30721.4 .o 10950.6 ,0 '0 '0 ,0 '0 
'.l2 8.4 26818.7 .o 8976.4 .o ,o ,0 .o '0 
23 8.1 22313.1 ,0 6633.6 '0 ,0 ,0 ,0 '0 
24 7.7 17358.2 ,0 3931.6 .o ,0 ,0 '0 ,0 
25 4.2 7631.6 ,0 905.6 ,0 . 0 '0 ,o '0 
26 1.4 2105,8 ,0 58.1 '0 .o ,0 ,0 . o 
27 1.6 2197,2 ,0 ,o '0 .o .o .o .o 
28 6.8 5168.6 ,0 '0 . 0 . 0 .o ,0 ,0 
29 1.8 252.5 .o . 0 .o .o .o .o .o 

Failu:::-e Su:::-face Specified By 20 Coordinate Points 
Point X-Surf Y-Surf 
No. (ft) (ft) 

1 83.68 156.00 
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2 93.07 152.54 
3 102.66 149.72 
4 112.42 147.55 
5 122.31 146.04 
6 132.27 145.21 
7 142. 27 145. 04 
8 152.26 145.55 
9 162.19 146.74 

10 172.02 148. 58 
11 181. 70 151.09 
12 191.19 154.24 
13 200.44 158.03 
14 209.42 162.43 
15 218.09 167.42 
16 226.39 172.99 
17 234.31 179.10 
18 241.79 185.74 
19 248.81 192.86 
20 254.95 200.00 

Circle Center At X = 139.7 ; y 293.3 and Radius, 148.3 

*** 1.516 *** 
Failure Surface Specified By 22 Coordinate Points 

Point 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

X-Surf Y-Surf 
(ft) (ft) 
79.47 
88.61 
98.00 

107.60 
11 7. 36 
127.25 
137.21 
147. 21 
157.20 
167 .13 
176.96 
186.64 
196.14 
205.41 
214. 40 
223.08 
231. 41 
239.35 
246.86 
253.92 
260.48 
263.45 

156.00 
151.93 
148. 49 
145.68 
143. 52 
142.02 
141.18 
141. 02 
141.52 
142.69 
144. 53 
14 7. 02 
150.15 
153. 91 
158.28 
163.25 
168.78 
174.86 
181. 46 
188.55 
196. 09 
200.00 

Circle Center At X = 144.7 ; Y 
*** 1.517 *** 

Failure Surface Specified By 22 
Point X-Surf Y-Surf 
No. (ft) I ft) 

1 83.68 J..56.00 
2 93.10 152.63 
3 102.70 14 9. 83 
4 112.45 147.60 
5 122.31 145.95 
6 132.25 144.89 
7 142.24 144.42 
8 :;.52. 24 l4 4 . 54 
9 162.22 14.5.26 

10 172.13 146.57 
11 181.95 148.46 
12 191.64 150.93 
13 201.17 153.98 
14 210.49 157.58 
15 219.59 161.72 
16 228.43 166.41 

290.0 and Radius, 149.1 

Coordinate Points 
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17 
18 
19 
20 
21 
22 

236.97 
245.20 
253.06 
260.55 
267.64 
270.17 

171. 60 
177. 30 
183.47 
190.09 
197.15 
200.00 

Circle Center At X = 145.1; Y 312.8 and Radius, 168.4 
*** 1.520 *** 

Failure Surface Specified By 21 Coordinate Points 
Point X-Surf Y-Surf 
No. (ft) (ft) 

l 75.26 156.00 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

84.54 
94.05 

103.74 
113. 57 
123.50 
133.49 
143.49 
153.46 
163.35 
173.13 
182.75 
192.16 
201. 34 
210.23 
218.80 
227.02 
234.84 
242.23 
249.17 
254.78 

152.28 
149.17 
146.70 
144.87 
143. 70 
143 .18 
143.31 
144.11 
145.56 
14 7. 66 
150.40 
153. 77 
157.74 
162.32 
167.47 
173.17 
179.40 
186.13 
193.34 
200.00 

Circle Center At X = 136.4 ; Y 
*** 1.523 *** 

Failure 
Point 

No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

Surface Specified By 20 
X-Surf Y-Surf 

(ft) (ft) 
92.11 156.00 

101.31 
110.79 
120.47 
130.31 
140.26 
150.25 
160.24 
170.17 
179.99 
189.63 
199.06 
208.21 
21 7. 04 
225.50 
233.54 
241.11 
248.18 
254. 71 
259.17 

152.10 
148.89 
146.39 
144.62 
143.58 
143.28 
143.72 
144.90 
146.81 
149. 45 
152.79 
156.82 
161.51 
166.85 
1 72. 80 
179.33 
186.40 
193.97 
200.00 

Circle Center At X = 149. 3 ; y, 
1.524 

Failure 
Point 

Ho. 
l 
2 
3 
4 
5 

Surface Specified By 21 
x-surf Y-Surf 

{ft) (ft) 
83.68 156.00 
92.73 

102.07 
111.64 
121.40 

151.74 
148.15 
145.26 
143. 08 

294.9 and Radius, 151.8 

Coordinate Points 

278.1 and Radius, 134.8 

Coordiuace Points 
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6 131. 29 141. 62 
7 141.27 140.90 

[( 8 151. 27 140.90 
9 161.24 141.64 

10 171.13 143 .11 
11 180.89 145.30 
12 190.46 148.20 
13 199.79 151. 79 
14 208.83 156.06 
lo 21'7.!,4 160.98 
16 225.86 166.53 
17 233.75 172.67 
18 241.17 179.38 
19 248.08 186.61 
20 254.43 194.33 
21 258.45 200.00 

Circle Center At X = 146.2 ; y 277.0 and Radius, 136 .2 
*** 1.524 *** 

Failure surface Specified By 21 Coordinate Points 
Point X-Surf Y-Surf 
No. (ft) (ft) 

1 92.11 .156. 00 
2 101.18 151. 80 
3 110.55 148.30 
4 120.16 145. 53 
5 129. 95 143. so 
6 139.87 142. 22 
7 149. 85 141. 70 
8 159.85 141. 95 
9 169.80 142. 95 

10 179.64 144. 71 
11 189.33 147. 22 
12 198.79 150.46 
13 207.98 154.40 

( 14 216. 84 159.04 
15 225.32 164.34 
16 233.37 170.27 
u 240. 94 l'/6.80 
18 248.00 183.88 
19 254.50 191. 48 
20 260.40 199.56 
21 260.67 200.00 

Circle Center At X = 151. 7 ; y 272. 8 and Radius, 131.1 
*** 1. 532 *** 

Failure Surface Specified By 22 Coordinate Points 
Point X-Surf Y-Surf 
No. (ft) (ft) 

1 83.68 156.00 
2 93.23 153.03 
3 102.93 150.59 
4 112.75 148.69 
5 122.66 147.32 
6 132.62 146.51 
7 142.62 146.23 
8 152.61 146.51 
9 162.58 147.33 

10 172.49 148. 70 
11 182.30 150.61 
12 192.00 153.06 
13 201.55 156.03 
14 210.92 159.52 
15 220.08 163.52 
16 229.02 168.01 
17 237.69 172.99 
18 246.08 178.43 
19 254.15 184.33 

( 20 261.90 190.66 
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21 26"9.28 197.41 
22 271. 82 200.00 

Circle Center At X = 142.6 ; y 328.5 and Radius, 182.2 
*** 1.534 *** 

Failure Surface Specified By 22 Coordinate Points 
Point X-Surf Y-Surf 
No. [ft) (ft) 

1 87.90 156.00 
2 96.96 151. 77 
3 106.29 148.17 
4 115.84 145.22 
5 125.58 142.94 
6 135.45 141. 3 2 
7 145.40 140.39 
8 155. 4 0 140.14 
9 165.39 140.58 

10 175.33 141. 70 
11 185.16 143.50 
12 194.85 145. 97 
13 204.35 149.09 
14 213.61 152.86 
15 222.60 157.26 
16 231. 25 162. 27 
17 239.55 167.85 
18 247.44 173.99 
19 254.89 180.66 
20 261. 87 187.82 
21 268.34 195.45 
22 271. 70 200.00 

Circle Center At X = 154.0 ; y 285.7 and Radius, 145.6 
*** 1. 535 *** 
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PHASE 3 DOWNSTREAM SEISMIC REFUSE DISPOSAL AREA NO. 2 . 
C:\DOCUME-1\HOWENS\MYDOCU-1\WILLIA-1\STABIL~1\PH3DSSE1.PL2 Run By: HLO 6/27/2008 4:29PM 620 ,==========i========'!===u===i======i==,---~----,---.======= 

lnit Points: 50. to 130. 
Term Limits: 220. to 320. 

# FS Soil Soil Total Saturated Cohesion Friction Piez. I Load Value a 1.23 Desc. Type Unit Wt. Unit Wt. Intercept Angle Surface Horiz:Eqk 0.150g< b 1.24 No. (pcf) (pcf) (psi) (deg) No. 
c 1.25 CCR 1 130.0 140.0 0.0 33.7 W1 
d 1.25 FCR 2 80.0 90.0 0.0 28.0 W1 580 H e 1.26 SOIL 3 135.0 135.0 400.0 19.5 W2 

540 , .. 

500 f·-

f 1.26 
g 1.27 
h 1.27 

1.28 
1.29 

h 

"" !,-- , • -- ~ 
l 

3 .. •• " ......... .-~'r >s
4 

--· Wl .........----=-c:: - c=· 
"' ------

9 "" ' --- ----------- ' -----*1 ______ _ 

380 ,_ 

at ig 

d
1

(;:, 7 • 5 - § 

-----------------H2 

340• [__ ___ _]_ ___ __1. ____ .]__ ___ _L ___ __, ____ ..L._ ___ __,_ ____ c__ ___ ...1-___ _,J 

O 40 80 120 160 200 240 280 320 360 400 
PCSTABL5M/si FSmin=1.23 

STED Safety Factors Are Calculated By The Modified Bishop Method mi ,t~:A ® 
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** PCSTABL5M ** 
by 

Purdue University 
--Slope Stability Analysis-

Simplified Janbu, Simplified Bishop 
or Soencer's Method of Slices 

Run Date: • 6/27/2008 
4,29PM Time of Run: 

Run By: 
Input Data Filename: 
Output Fiiename: 
Unit: 

HLO 
c,ph3dssel. 
C,ph3dssel.OUT 
ENGLISH 

Plotted 
PROBLEM 

Output Filename: C:ph3dssel.PLT 
DESCRIPTION PHASE 3 DOWNSTREAM SEISMIC 

REFUSE DISPOSAL AREA F/0. 2 
BOUNDARY COORDINATES 

Note: User origin value specified. 
Add 0.00 to X-values and 340.00 to Y-values listed. 

7 Top 
9 Total 

Boundary 

Boundaries 
Boundaries 
X-Left 

(ft) 
Y-Left X-Right Y-Right Soil Type 

No. 
1 
2 
3 
4 
5 
6 
7 

(ft) 
116.00 
116. 00 
128.00 
128.00 
160.00 
160.00 

(ft) 
100.00 
136. 00 
156.00 
252.00 
282.00 
295.00 
389.00 
389.00 
389.00 

(ft) Below Bnd 

8 
9 

ISOTROPIC 

.00 
100.00 
136. 00 
156.00 
252.00 
282.00 
295.00 155.00 
295.00 155.00 
100.00 116.00 

SOIL PARAMETERS 
3 Type(s) of Soil 

Soil Total Saturated Cohesion 
Type Unit Wt. Unit Wt. Intercept 

No. (pcf) (pcf) (psf) 
1 130.0 140.0 .0 
2 80.0 90.0 .0 
3 135.0 135.0 400.0 

Friction 
Angle 
(deg) 
33.7 
28. 0 
19.5 

116. 00 
128.00 
12 8. 00 
160.00 
160.00 
155.00 
155.00 
119.00 
119.00 

Pore Pressure 
Pressure Constant 

Param. (psf) 
.00 . 0 
.00 . 0 
.00 .0 

2 PIEZOMETRIC SURFACE(S) HAVE BEEN 
Unit Weight of Water= 62 .. 40 

SPECIFIED 

Piezometric 
Point 

No. 
1 
2 
3 
4 

Piezometric 
Point 

No .. 
1 

Surface No. 
X-Water 

(ft) 
.OD 

105.00 
295.00 
389.00 

Surface No. 
X-Water 

(ft) 
.OD 

389.00 

1 Specified by 4 Coordinate Points 
Y-Water 

(ft) 
116. 00 
116. 00 
155.00 
155.00 
2 Specified by 2 Coordinate Points 
Y-Water 

(ft) 
96.00 

3 
1 
1 
1 
1 
1 
2 
1 
3 

Piez. 
Surface 

No. 
1 
1 
2 

2 
Searching 

Of Which 
Boundary 

No. 

Routine Will 
The First 1 

X-Left 
(ft) 

.00 

99.00 
Be Limited 
Boundaries 

Y-Left 

To Jl..n Area Defined By 
Will Deflect Surfaces 

1 Boundaries 
Upward 

1 
If t) 
96.00 

X-Right Y-Right 
(ft) (ft) 

389.00 99.00 
A Horizontal Earthquake Loading Coefficient 
Of .150 Has Been Assigned 
A Vertical Earthquake Loading Coefficient 
Of .COO Has Been Assigned 
Cavi.~ation Pressure = . D (psf) 
A Critical Faiiure Surface Searching Method, Using A Random 
Technique For Generating Circular Surfaces, Has Been Specified. 
400 Trial Surfaces Have Been Generated. 
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20 Surfaces Initiate From Each Of 20 Points Equally Spaced 
Along The Ground Surface Between X 50.00 ft. 

and X 130.00 ft. 
Each Surface Terminates Between X 220.00 ft. 

and X 320.00 ft. 
Unless Further Limitations Were Imposed, The Minimum Elevation 
At Which A Surface Extends Is Y = 96.00 ft. 
10.00 ft. Line Segments Define Each Trial Failure Surface. 
Following Are Displayed The Ten Most Critical Of The Trial 

Failure Surfaces Examined. They Are Ordered - Most Critical 
First. 
**Safety Factors Are Calculated By The Modified Bishop Method** 
Failure surface Specified By 18 Coordinate Points 

Point X-Surf Y-Surf 
No. 1ft) (ft) 

l 117.37 121.79 
2 127.15 119.72 
3 137.04 118.24 
4 147.00 117.36 
5 157.00 11 7. 08 
6 166.99 117. 41 
7 176. 95 118. 33 
8 186.84 119.85/ 
9 196.61 121. 96 

10 206.24 124.66 
11 215.69 127.93 
12 224.93 131. 76 
13 233. 92 136.14 
14 242.62 141.06 
15 251.02 146.49 
16 259.08 152.41 
17 266.76 158.81 
18 268. 03 160.00 

Circle Center At X = 156.6 y 283.l and Radius, 166.0 
••• 1.231 ••• 

Individual data on the 22 slices 
Water Water Tie Tie Earthquake 
Force Force Force Force Force Surcharge 

Slice Width Weight Top Dot Norm Tan Hor Ver Load 
No. (ft) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) 

l 7. 8 2154. 5 .o . 0 . 0 . 0 323.2 . 0 .0 
2 2.0 1243.4 .0 51.2 .0 . 0 186.5 . 0 .0 
3 8. 8 8794.B . 0 1310. 2 .o .0 1319. 2 . 0 . 0 
4 1.0 1354. 5 .o 267.5 . 0 .o 203.2 . 0 . 0 
5 10.0 13770.l .0 3543.8 .0 .o 2065.5 .o . 0 
6 9.0 13318.4 .0 4570.8 .0 . 0 1997.B . 0 .o 
7 1.0 1531.8 .0 579.4 . 0 . 0 229.8 . 0 .o 
8 10.0 17594.6 .0 6391.3 . 0 .0 2639.2 . 0 .o 
9 10.0 21165. 7 .0 7262.4. . 0 .0 3174.9 . 0 . 0 

10 9.9 23767.3 .0 7760.4 .0 .0 3565.l . 0 . 0 
11 9.8 25379.l .o 7883.5 . 0 .0 3806.9 .o .o 
12· 9.6 26003.4 .o 7631.2 .o .o 3900.5 .o . 0 
13 9.5 25665.2 .0 7004.5 .0 . 0 3849.8 .0 .0 
14 9.2 24411.8 .0 6005.7 .o . 0 3661.B .o .o 
15 9.0 22311.6 .0 4538.3 .o . 0 3346.7 .o .o 
16 8.7 19453.l .0 2907.3 . 0 .0 2918.0 .o .o 
17 7.2 13925.0 .0 840.6 . 0 .0 2088.8 .o . 0 
18 1.2 2021.5 .0 . 0 .0 .o 303.2 .o . 0 
19 1.0 1650.2 .0 .o .0 . 0 247.5 .0 .0 
20 7.1 9380.0 .o .o .o .o 1407.0 . 0 .o 
:21 7.7 4386.6 .o . 0 .0 .o 658.C 0 0 . u 

22 l. 3 98.2 .o .0 . 0 . 0 14.7 .0 .0 
Failure Surface Specified By 18 Coordinate Points 

Point :X- Surf Y-Surf 
No. (ft) (ft) 
·l 117.37 121.79 

2 127. 18 119.87 
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3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 

137.09 
14 7. 05 
157.04 
167.04 
177.0l 
186.93 
196.75 
206.47 
216.04 
225.44 
234.64 
243.62 
252.34 
260.79 
268.93 
275.78 

118.48 
117. 63 
117. 32 
117.55 
118.33 
119. 64 
121. 49 
123.86 
126.76 
130.17 
134.09 
138 .50 
143.38 
148.74 
154.54 
160.00 

Circle Center At X = 157.8 ; Y 301.9 and Radius, 184.5 
*** 1.243 *** 

Failure Surface Specified By 19 Coordinate Points 
Point X-Surf Y-Surf 

No. (ft) (ft) 
1 113.16 120.39 
2 123.06 119.00 
3 133.02 118.07 
4 143.01 117.59 
5 153.01 117.57 
6 163.00 118.00 
7 172.96 118.89 
8 182.87 120.23 
9 192.71 122.02 

10 202.45 124.26 
11 212.09 126.94 
12 
13 
14 
15 
1fi 
17 
18 
19 

221. 59 
230.94 
240.12 
249 .11 
,.S7.R9 
266.45 
274.76 
278.19 

130.05 
133.59 
137.56 
141. 94 
146.72 
151.90 
157.47 
160.00 

Circle Center At X = 148.5 ; Y 
*** l. 247 *** 

Failure 
Point 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

Surface Specified By 16 
x-surf Y-Surf 

(ft) (ft) 
130.00 
139.33 
148.95 
158.79 
168.75 
178.75 
188.70 
198.51 
208.10 
217.37 
226.26 
234.57 
242.54 
249.80 
256.38 
258.40 

126.00 
122.40 
119.69 
117.89 
117. 02 
117.10 
118. 11 
120.04 
122.89 
126.63 
131.22 
136.52 
142.79 
149.67 
157.20 
150.00 

circle Center At X = 173.0 ; Y 
1.255 

Failure 
Point 

No. 
1 

Surface Specified By 18 
X-Surf Y-Surf 

(ft) (ft) 
121.58 123.19 

337.1 and Radius, 219.5 

Coordinate Points 

223.2 and Radius, 106.3 

Coordinate Points 
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2 131.44 121.53 
3 141. 37 120.38 
4 151. 35 119.75 
5 161. 35 119. 64 
6 171. 34 120. 06 
7 181. 30 121.00 
8 191.19 122.45 
9 201.00 124.42 

10 210.69 126.90 
11 220.23 129.87 
12 229.61 133. 3 5 
13 238.79 137.31 
14 24 7. 76 141. 74 
15 256.48 146.63 
16 264. 93 151.97 
17 273. 10 157.75 
18 275.95 160.00 

Circle Center At X = J.58.4 ; y 310.9 and Radius, 191.3 

*** 1.261 *** 
Failure Surface Specified By 17 Coordinate Points 

Point x-surf Y-Surf 
No. (ft) (ft) 

l 117.37 121.79 
2 127.31 120. 72 
3 13 7. 29 120 .13 
4 14 7. 29 120.04 
5 157.29 120.43 
6 167.25 121. 31 
7 177 .15 122.67 
8 186.98 124.51 
9 196. 71 126.84 

10 206.31 129.63 
11 215. 76 132.89 
12 225. 05 136.61 

( 13 234 .14 140.78 
14 243.01 145.38 
15 251. 66 150.42 
16 260.04 155.86 
17 26!i. 77 160.00 

Circle Center At X = 144.3 ; y 324.8 and Radius, 204.8 
*** 1.261 *** 

Failure Surface Specified By 19 Coordinate Points 
Point x-surf Y-Surf 
No. (ft) (ft) 

1 113.16 120.39 
2 123.10 119.32 
3 133. 08 118.64 
4 143. 07 118.36 
5 153.07 118.47 
6 163. 06 118.97 
7 173.02 119.86 
8 182. 94 121.15 
9 192.80 122.82 

10 202.58 124.88 
11 212.28 127.32 
12 221.87 130.14 
13 231.35 133.33 
14 240.69 136.90 
15 249.89 140.83 
16 258.92 145.12 
17 267.78 149.75 
18 276.45 154.74 
19 283.75 159.33 

Circle Center At X = 145.3 ; y 372.9 and Radius, 254.5 
*** 1. 273 *** 

Failure Surface Specified By 15 Coordinate Points 

l Point X-Surf Y-Surf 
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No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

(ft) 
117. 37 
127.18 
137.10 
14 7. 09 
157.09 
167.03 
176.87 
186.54 
196.00 
205.18 
'.Ll4.04 
222.52 
230.58 
238.17 
241.13 

(ft) 
121.79 
119. 83 
118. 62 
118 .16 
118. 45 
119.50 
121. 3 0 
123.83 
127.08 
131.04 
135.69 
14 0. 98 
146.90 
153.42 
156.38 

Circle Center At X = 148.2 ; Y 
*** 1.273 *** 

Failure 
Point 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

Surface Specified By 20 
X-Surf Y-Surf 

(ft) (ft) 
104.74 117.58 
114.70 116.72 
124.69 
134. 69 
144.68 
154.67 
164.62 
174.52 
184.37 
194.15 
203.85 
213.45 
222. 94 
23 2. 30 
241.53 
250.61 
259.53 
2G0.20 
276. 84 
280.45 

116.24 
116.12 
116. 37 
116.99 
117. 99 
119.34 
121.07 
123 .15 
125.60 
12 8. 40 
131.56 
135.06 
138.91 
143. 10 
14 7. 62 
152.47 
157.63 
160.00 

Circle Center At X = 132.9 ; Y 
*** 1.280 *** 

Failure 
Point 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 

Surface Specified By 18 
X-Surf Y-Surf 

(ft} {ft) 
113.16 120.39 
123.15 
13 3. 14 
143.14 
153 .12 
163.06 
172. 96 
182.79 
192.54 
202.20 
211.74 
221.17 
230.45 
23 9. 58 
248.55 
257.33 
265.92 

119.88 
119.76 
120.04 
120.70 
121.76 
123. 21 
125. 04 
127.26 
129.86 
132.83 
136.18 
139.90 
143.97 
14 8. 4 0 
153 .18 
158.30 

18 268.54 150.00 
Circle Center At X = 131.2 ; Y 

1.286 

250.6 and Radius, 132.4 

Coordinate Points 

386.2 and Radius, 270.0 

Coordinate Points 

374.3 and Radius, 254.6 
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PHASE 3 UPSTREAM St:ISMIC REFUSE DISPOSAL AREA NO. 2 
C:\DOCUME~1\HOWENS\MYDOCU~1\WILLIA~1\STABIL~1\PH3USSE2.PL2 Run By: HLO 6130/2008 11:46AM 

# FS Soil Soil Total Saturated Cohesion Friction Piez. I Load Value 
a 1.16 Desc. Type Unit Wt. Unit Wt. Intercept Angle Surface HorizEqk 0.150g< 
b 1.16 No. (pcf) (pcf) (psf) (deg) No. 
c 1.17 CCR 1 130.0 140.0 a.a 33.7 W1 
d 1.17 FCR 2 80.0 90.0 a.a 28.0 w·1 
e 1.17 SOIL 3 135.0 135.0 400.0 19.5 W2 
f 1.18 
g 1.18 
h 1.18 

1.18 
1.19 

a 

. h j L 
e g f c bl,1 J 

__.d- 1 .... 

·•·•-••·fl::=;;;..,,,~ 1/ ··--- ----
d.. 
1 

lnit Points: 50. to 140. 
Term Limits: 180. to 240. 

460 I 1 ~ ----------.. ____ ~ 
3 9 ··----.. 1 

3 ··- --~ 

W2~~- ~ *1 . *2 

420 ,. 

380 ,. 

340 
0 

STED 

~
~j 

. -~~ 
... y·_): ~?) 

40 80 120 160 200 240 280 

PCSTABL5M/si FSmin=1.16 
Safety Factors Are Calculated By The Modified Bishop Method 

w, 

320 360 400 

® ' 
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** PCSTABLSM ** 
by 

Purdue University 
--Slope Stability Analysis-

Simplified Janbu, Simplified Bishop 
or Spencer~s Method of Slices 

Run Date: 6/30/2008 
11:46AM Time of Run: 

Run By: 
Input Data Filename: 
Output Filename: 
Unit: 

HLO 
C:ph3usse2. 
C:ph3usse2.0UT 
ENGLISH 

Plotted 
PROBLEM 

Output Filename: C:ph3usse2.PLT 
DESCRIPTION PHASE 3 UPSTREAM SEISMIC 

REFUSE DISPOSAL AREA NO. 2 
BOUNDARY COORDINATES 

Note: User origin value specified. 
Add 0.00 to X-values and 340.00 to Y-values listed. 

6 Top Boundaries 
9 Total Boundaries 

Boundary X-Left Y-Left X-Right Y-Right Soil Type 
No. (ft) (ft) (ft) (ft) Below Bnd 

1 .00 139.00 152.00 
2 152.00 139.00 207.00 
3 207.00 160.00 237.00 
4 237.00 160.00 333.00 
5 333.00 12 8. 00 353.00 
6 353.00 128.00 389.00 
7 .00 120.00 100.00 
8 100.00 119.00 152.00 
9 100.00 119.00 389.00 

ISOTROPIC SOIL PARAMETERS 
3 Type(s) of Soil 

Soil Total Saturated Cohesion Friction 
Type Unit Wt. Unit Wt. In_tercept Angle 
No. (pcf) (pcf) (psf) (deg) 

1 130.0 140.0 .o 33.~ 
2 80.0 90.0 .o 28.0 
3 135.0 135.0 400.0 19.5 

13 9. 00 
160.00 
160.00 
128.00 
128.00 
116.00 
119.00 
139.00 
116. 00 

Pore 
Pressure 

Pressure 
Constant 

Param. 
.OU 
.oo 
.00 

(psf) 
.o 
.o 
.o 

2 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED 
Unit Weight of Water= 62.40 
Piezometric Surface No. 1 Specified by 4 Coordinate Points 

Point X-Water Y-Water 
No. (ft) (ft) 

1 .00 139.00 
2 152.00 139.00 
3 384.00 116.00 
4 389.00 

Piezometric Surface No. 
Point X-Water 
No. (ft) 

1 . 00 
2 389.00 

116.00 
2 Specified by 2 Coordinate Points 
Y-Water 

(ft) 
99.00 

2 
1 
1 
1 
1 
1 
3 
1 
3 

Piez. 
Surface 

No. 
1 
1 
2 

Searching Routine Will 
Of Which The First 2 

96.00 
Be Limited 
Boundaries 

To l-m Jl.x-ea Defined By 
Will Deflect Surfaces 

2 Boundaries 
Upward 

Boundary 
No. 

1 
2 

X-Left 
(ft} 

.00 
100.00 

Y-Left 
(ft) 
99.00 
99.00 

X-Right Y-Right 
(ft) (ft) 

100.00 99.00 
389.00 96.00 

A Horizontal Earthquake Loading Coefficient 
Of .150 Has Been Assigned 
A Vertical Earthquake Loading Coefficient 
Of .000 Has Been Assigned 
Cavitation Pressure= .o (psf) 
.'A. Cricical Failure Surface Searching Method, Using 1.1. Random 
Technique For Generating Circular Surfaces, Has Been Specified. 
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400 Trial Surfaces Have Been Generated. 
20 Surfaces Initiate From Each Of 20 Points Equally Spaced 

Along The Ground Surface Between X 50.00 ft. 
and X 140.00 ft. 

Each Surface Terminates Between X 180.00 ft. 
and X 240.00 ft. 

Unless Further Limitations Were Imposed, The Minimum Elevation 
At Which A Surface Extends Is Y = 99.00 ft. 
10.00 ft. Line Segments Define Each Trial Failure Surface. 
Following Ji.re Displayed The Ten Most Critical Of The Trial 

Failure Surfaces Examined. They Are Ordered - Most Critical 
First. 
**Safety Factors Are Calculated By The Modified Bishop Method** 
Failure Surface Specified By 16 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 64.21 139.00 
2 74.01 137.01 
3 83.90 135.52 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

93.85 
103.84 
113. 84 
123.82 
133. 77 
143.66 
153.46 
163.15 
172. 70 
182.09 
191.30 
200.30 
207.34 

Circle Center At X = 
*** 1.161 

134.52 
134.02 
134. 03 
134. 53 
135.53 
137.03 
139.02 
141.50 
144.46 
147.89 
151. 79 
156.15 
160.00 

108.8 Y 

Individual data on the 

333.5 and Radius, 199.5 

19 slices 
Tie Tie Earthquake 

Force Force Surcharge 

Slice Width Weight 

Water 
Force 

Top 
(lbs) 

.0 

Water 
Force 
Bot 
(lbs) 
619.8 

Norm Tan 
Force 

Hor Ver Load 

No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
l9 

(ft) 
9.8 
9.9 

10.0 
10.0 
10.0 
10.0 

9.9 
9.9 
6.8 
1.5 

.9 

.5 
9.7 
9.6 
9.4 
9.2 
9.0 
5.7 

. 3 

(11,s) 
876.2 

2432.6 
3563.3 
4.248.9 
4477.3 
4244.9 
3555.5 
2421.0 

784.4 
70.3 
44.2 
34.6 

1447.0 
2610.7 
3078.7 
2879.2 
2052.0 

644.3 
4.1 

.0 

. 0 

. 0 

.0 

.0 

.0 

.o 

.o 

.o 

.0 

.o 

.o 

.0 

.0 

.0 

.0 

.0 

.0 

1705.8 
2483.0 
2949.5 
3104.3 
2946.9 
2477.6 
1697.7 
554.9 

42.2 
8.1 

. 0 

. 0 

. 0 

.0 

.0 

.0 

.0 

.0 

(lbs) 
.0 
. 0 
.o 
.0 
.0 
.0 
.0 
.0 
.0 
.o 
.o 
. 0 
. 0 
. 0 
.0 
.0 
.0 
.o 
.o 

(lbs) 
.0 
.0 
.0 
. 0 
. 0 
.0 
.. 0 
. 0 
. 0 
.0 
. 0 
.0 
.o 
.o 
.0 
.o 
.0 
.0 
. 0 

(lbs) 
131.4 
364.9 
534.5 
637.3 
671. 6 
636.7 
533.3 
363.2 
117. 7 

10.5 
6.6 
5.2 

217.1 
391. 6 
461.8 
4.31.9 
307.8 

96. 7 
.6 

Failure Surface Specified By 16 Coordinate Points 
Point X-Surf Y-Surf 

No. \fr) (ft) 
1 
2 
3 
4 

5 
6 

64.21 
73.97 
83. 83 
93.76 

.103.74 
113.74 

139.00 
136.81 
135.14 
134. 00 
133.40 
133.33 

(lbz) (lbs) 
. 0 . 0 
.0 .o 
.0 .0 
.0 .0 
.0 .o 
.0 . 0 
.0 .0 
.0 .0 
.0 .0 
.0 .0 
.0 .0 
.0 . 0 
. 0 .0 
. 0 . 0 
.0 .0 
.0 .0 
.0 .o 
.0 .0 
.0 .o 



R12619

C 

c:\docume-l\howens\mydocu-l\willia-1\stabil-l\ph3usse2.OUT Page 3 

7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

123.73 
133.68 
143. 57 
153.35 
163.01 
172.52 
181. 85 
190.97 
199.87 
204.48 

133.80 
'134. 80 
13 6. 34 
13 8. 4 0 
140. 98 
144.07 
147.67 
151. 76 
156.34 
159.04 

Circle Center At X = 110.0; Y 319.6 and Radius, 186.3 
*** 1.161 *** 

Failure Surface Specified By 17 Coordinate Points 
Point X-Surf Y-Surf 
No. (ft) (ft) 

1 50.00 139.00 
2 59.58 136.14 
3 69.31 133.84 
4 79.16 132.09 
5 89.09 130.90 
6 99.07 130.27 
7 109.07 130.22 
8 119.06 130.73 
9 129.00 131.81 

10 138.86 133.45 
11 148.62 135.64 
12 158.23 138.39 
13 167.68 141.68 
14 176.92 145.50 
15 185.93 149.84 
16 194.68 154.68 
17 197.15 156.24 

Circle Center At X = 105.1; Y 306.3 and Radius, 176.1 
*** 1.166 ••• 

Failure Surface Specified By 16 Coordinate Points 
Point X-Surf Y-Surf 
No. (ft) (ft) 

1 68.95 139.D0 
2 78.76 137.10 
3 88.67 135.69 
4 98.63 134.80 
5 108.62 134.41 
6 118.62 134.53 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

128.60 
138.53 
148.40 
158.17 
167.81 
177.31 
186.64 
195.77 
2D4.69 
2D8.D8 

Circle Center At X = 
*** 1.168 

135.16 
136.3D 
137.94 
14D.DB 
142.72 
14.5.84 
149.44 
153.52 
158.D5 
16D.00 

111.2 ; Y 330.4 and Radius, 

Failure 
Point 

Surface Specified By 9 Coordinate Points 

No. 
1 
2 
3 
4 
5 
6 
7 
B 
9 

X-Surf Y-Surf 
(ft) (ft) 

106.84 139.00 
:!.16.61 136.85 
126.55 135.77 
136.55 135.76 
14 6. 4 9 136.83 
156.26 J..38. 96 
165.75 142.13 
174.84 146.30 
181.46 15D.25 

196. 0 
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Circle Center At X = 131.6 ; Y 
*** 1.174 *** 

Failure 
Point 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

Surface Specified By 11 
X-Surf Y-Surf 

(ft) (ft) 
102 .11 
111. 90 
121.83 
131. 83 
141.81 
151. 69 
161. 39 
170.83 
179.94 
188.64 
189.91 

139.00 
136.97 
13 5. 84 
13 5. 5 9 
13 6. 25 
137.80 
140.24 
143.53 
14 7. 66 
152.59 
153.47 

228.5 and Radius, 

Coordinate Points 

92.8 

Circle Center At X = 129.5 ; Y 246.8 and Radius, 111.2 
*** 1.178 *** 

Failure Surface Specified By 10 Coordinate Points 
Point X-Surf Y-Surf 
No. (ft) (ft) 

1 102.11 139.00 
2 111.84 136.69 
3 121.74 135.35 
4 131.74 134.99 
5 141.72 135.63 
6 151.59 137.24 
7 161.25 139.82 
8 170.61 143.34 
9 

10 
179.57 
186.85 

Circle Center At X = 

14 7. 77 
152. 31 

130.3 ; Y 

*** *** 1.179 
Failure 

Point 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

3,,..,.....,e::::,,..0, Cpo,...; sF; ""~ By 15 
X-Surf Y-Surf 

(ft) (ft) 
64.21 139.00 
7J.70 
83.39 
93.23 

103.17 
113 .16 
123.15 
133 .10 
142. 96 
152.68 
162.20 
171.49 
180.50 
189.18 
195.29 

lJ S. OS 
133.37 
131.58 
130. 4 7 
130. 07 
130.36 
131.35 
133. 04 
135.41 
138.45 
142.15 
146.49 
151. 45 
155.53 

Circle Center At X = 114.0 ; Y 
*** 1.181 *** 

Failure 
Point 

No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

Surface Specified By 12 
X-Surf Y-Surf 

( ft) (ft) 
87.90 
97.43 

107.21 
117.14 
127.14 
137.11 
146.99 
156.67 
166.08 
175.13 
183.76 

139. 00 
136.00 
133. 89 
132.70 
132.44 
133.11 
134. 70 
137.19 
140.58 
144.82 
149.89 

235.9 and Radius, 

Coordinate Points 

100.9 

273.0 and Radius, 143.0 

Coordinate Points 
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12 187.41 152.52 
Circle Center At X = 124.9 ; Y 239.6 and Radius, 107.2 

*** 1.182 *** 
Failure Surface Specified By 14 Coordinate Points 

Point x-surf Y-Surf 
No. {ft) (ft) 

1 83.16 139.00 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

Circle Center 

*** 

92. 71 
102.46 
112.36 
122.34 
132.34 
142.29 
152.14 
161.82 
171.28 
180.45 
189.27 
197.69 
203.08 
At X = 
1.188 

136.03 
133. 82 
132.40 
131. 76 
131.91 
132.85 
134.57 
137.07 
140.33 
144.32 
149.03 
154.42 
158.50 

125.4 ; y 

*** 
257.7 and Radius, 126.0 
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580 

540 ,_ 

500 ,_ 

# FS Soil Soil Total Saturated Cohesion Friction Piez. \ Load Value a 1.20 Desc. Type Unit Wt. Unit Wt. lntercep: Angle Surface Horiz Eqk 0.150 g< b 1.20 No. (pcf) (pcf) (psf) (deg) No. c 1.21 CCR 1 130.0 140.0 0.0 33.7 W1 d 1.24 FCR 2 80.0 go.0 0.0 28.0 W1 e 1.24 SOIL 3 135.0 135.0 400.0 19.5 W2 f 1.26 
g 1.26 
h 1.26 

1.26 
1.26 

a 
g1i 

e 
3 
1 

d.. 
1 

lnit Points: 50. to 140. 
Term Limits: 180. to 240. 

460 l 
7 ~"'5?-,.___ - -- • ·-;.co-;!£· :;;z-=.·~- -- ----- ............ ··y-· _____ __ __ __ - 1 -~ 3 

3 -- - w1W1. 

..o~•.-- - - .. - -- --.....-- ..-- --- 5 

w'2 *1 - - ---------------------=·=-=-=-=,--_.,,. _ _... _ _... _ _... _ _,, _ _,,,. _ _,,,. ____ *2_______________ -------------"' 
420 

380 ,_ 

340 L_ ___ _L ___ _j_ ____ _j_ ___ _L_--~----~---~----~---~---~ 0 

STED 

Ill.,. 
~,;; . 

c:_i:1l,?·, 

40 80 120 160 200 240 280 320 360 400 
PCSTABL5M/si FSmin=1.20 

Safety Factors Are Calculated By The Modified Bishop Method 

( 
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Run Date: 

** PCSTABLSM ** 
by 

Purdue University 
--Slope Stability Analysis-

Simplified Janbu, Simplified Bishop 
or Spencer~s Method of Slices 

6/30/2008 
Time of Run: 1'55PM 
Run By: 
Input Data Filename: 
Output Filename: 
Unit: 

HLO 
C,PH3USSE4. 
C,PH3USSE4.0UT 
ENGLISH 

Plotted 
PROBLEM 

Output Filename: C:PH3USSE4.PLT 
DESCRIPTION PHASE 3 UPSTREAM SEISMIC 

REFUSE DISPOSAL AREA NO. 2 
BOUNDARY COORDINATES 

Note: User origin value specified. 
Add o.oo to X-values and 340.00 to Y-values listed. 

6 Top 
9 Total 

Boundary 

Boundaries 
Boundaries 
X-Left 

(ft) 
Y-Left X-Right Y-Right Soil Type 

No. 
1 
2 
3 
4 

(ft) 
129.00 
129.00 
160.00 
160.00 
128.00 

(ft) (ft) Below Bnd 
.00 

126.00 
207.00 
237.00 
333.00 5 

6 
7 

353.00 128.00 
.00 120.00 

8 100.00 119.00 
9 100.00 119.00 

ISOTROPIC SOIL PARAMETERS 
3 Type(s) of Soil 

Soil Total Saturated 
Type Unit Wt. Unit Wt. 

No. (pcf) (pcf) 
1 130.0 140.0 
2 80.0 90.0 
3 135.0 135.0 

Cohesion 
Intercept 

(psf) 
. 0 
. 0 

400.0 

126.00 129.00 
207.00 160.00 
23 7. 00 160.00 
333.00 128.00 
353.00 128.00 
389.00 116. 00 
100.00 119. 00 
152.00 13 9. 00 
389.00 116. 00 

Friction Pore Pressure 
Angle Pressure Constant 
(deg) Param. (psf) 
JJ.7 .00 .0 
28.0 .00 . 0 
19.5 .00 . 0 

2 PIEZOMETRIC SURFACE(S) 
Unit Weight of Water= 
Piezometric Surface No. 

HAVE BEEN SPECIFIED 
62 .40 

Point X-Water 
No. (ft) 

1 . 00 
2 126.00 
3 384.00 
4 389.00 

Piezometric 
Point 
No. 

1 

Surface 
X-Water 

(ft) 
.00 

389.00 

No. 

1 Specified by 4 Coordinate Points 
Y-Water 

(ft) 
129.00 
128.00 
116. 00 
116. 00 
2 Specified 
Y-Water 

(ft) 

by 2 Coordinate Points 

2 
1 
1 
1 
1 
1 
3 
1 
3 

Piez. 
Surface 

No. 
1 
1 
2 

2 
Searching 

Of Which 
Boundary 

No. 

Routine Will 
The First 2 

X-Left 
(ft) 

.00 
100.00 

99.00 
96.00 

Be Limited 
Boundaries 

To lm P.~ea Defined By 
Will Deflect Surfaces 

2 Boundaries 
Upward 

1 
2 

Y-Left 
(ft) 
99. 00 
99.00 

X-Right Y-Right 
(ft) (ft) 

100.00 99.00 
329.00 96.00 

A Horizontal Earthquake Loading Coefficient 
Of . 2.50 Has Been Ji.ssigned 
A Vertical Earthquake Loading Coefficient 
Of .ODO Has Been Assigned 
Cavitation Pressure= .o (psf) 
A Critical Failure Surface Searching Method, Using A Random 
Technique For Generating Circular Surfaces, Has Been Specified. 
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400 Trial Surfaces Have Been Generated. 
20 Surfaces Initiate From Each Of 20 Points Equally Spaced 

Along The Ground Surface Between X 50.00 ft. 
and X 140.00 ft. 

Each Surface Terminates Between X 180.00 ft. 
and X 240.00 ft. 

unless Further Limitations Were Imposed, The Minimum Elevation 

At Which A Surface Extends Is Y = 99.00 ft. 
10.00 ft. Line Segments Define Each Trial Failure Surface. 

Following Are Displayed The Ten Most Critical Of The Trial 

Failure Surfaces Examined. They Are Ordered - Most Critical 

First. 
**Safety Factors Are Calculated By The Modified Bishop Method** 

Failure Surface Specified By 9 Coordinate Points 
Point X-Surf Y-Surf 
No. (ft) (ft) 

1 135.26 132.55 
2 144.98 134.92 
3 154.60 137.63 
4 164.13 140.68 
5 173.54 144.06-
6 182.83 147.76 
7 
8 
9 

191.98 
200.98 
208.30 

151.80 
156.15 
160.00 

Circle Center At X = 72.5 Y 

*** 
410.6 and Radius, 285.1 

*** 1.195 
Individual data 

Water 
on the 

Water 
10 slices 
Tie Tie 

Force Force Force Force 
Earthquake 

Force Surcharge 

Slice Width Weight Top Bot Norm Tan Hor 
(lbs) 

Ver Load 

No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

(ft) (lbs) 
9. 7 849.6 
7.0 1551. 9 
2.6 739.9 
9.5 3239.4 
9.4 3702.5 
9.3 3695.1 
9.2 3235.3 
9. 0 2345.1 
6. 0 874.0 
1.3 57.5 

(lbs) (lbs) (lbs) (lbs) 
.o .o .0 .0 
.o .0 .0 .0 
.o .0 .0 .o 
.o .o .0 .0 
.o .o .0 .0 
.o .0 .0 .0 
.o .0 .0 .o 
.o .0 .0 .0 
.o .0 .0 .0 
.o .0 .o .0 

127.4 
232.8 
111.0 
485.9 
555.4 
554.3 
485.3 
351. 8 
131.1 

8.6 

Failure Surface Specified By 7 Coordinate Points 

Point x-surf Y-Surf 
No. (ft) (ft) 

1 135.26 132.55 
2 145.04 134.66 
3 154.65 137.42 
4 164.06 140.80 
5 173.23 144.79 
6 182.12 149.37 
7 187.14 152.40 

Circle Center At X = 108.0 ; Y 
*** 1.201 *** 

Failure 
Point 
No. 

1 
2 
3 
4 
5 
6 
7 
8 

Surface Specified By 8 
X-Surf Y-Surf 

(ft) (ft) 
135.26 
145.13 
154.86 
164.40 
~ ... .., ..,.., 
J.. ,.:, • t.:. 

182.76 
191.49 
198.2D 

132.55 
134.19 
136.50 
139.4.9 
143.12 
147.38 
152.26 
156.63 

282.1 and Radius, 

Coordinate Points 

(lbs) (lbs) 
. 0 . 0 
. 0 . 0 
. 0 . 0 
.0 . 0 
.0 . 0 
. 0 . 0 
. 0 . u 
.0 . 0 
. 0 . 0 
.0 . 0 

152.0 

Circle Cen~er At X = 116.6 ; Y 275.7 and Radius, 144.3 

*** l. 214 *** 
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Failure Surface Specified By 8 Coordinate Points 

Point x-surf Y-Surf 
No. (ft) (ft) 

1 130.53 130.73 
2 140.48 131.73 
3 150.29 133.67 

4 159.87 136.54 

5 169.13 140.32 
6 177.99 144.96 

7 186.36 150.42 

8 190.40 153.65 

Circle Cenler At X = 125.3 ; Y 234.0 and Radius, 103.4 

*** 1.242 *** 
Failure 

Point 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

Surface Specified By 9 Coordinate Points 

X-Surf Y-Surf 
(ft) (ft) 

140.00 134.36 
149.91 135.73 
159.71 137.70 
169.38 140.26 
178.87 143.41 
188.15 147.13 
197.18 151.42 
205.94 156.24 
211.87 160.00 

Circle Center At X = 122.6; Y 297.2 and Radius, 163.7 

*** 1.243 *** 
Failure Surface Specified By 17 Coordinate Points 

Point x-surf Y-Surf 
No. {ft) {ft) 

1 54.74 129.00 

2 64.12 125.53 
3 73.73 122.79 

4 83.53 120.78 

5 93.45 119.53 
6 103.44 119.03 

7 113.44 119.29 

8 123.38 120 31 

9 133.22 122.09 

10 142.90 124.60 

11 152.36 127.85 
12 161.55 131.80 

13 
14 
15 
16 
17 

170.41 
178. 89 
186.94 
194.52 
196 .19 

Circle Center At X = 
*** 1.257 

136.44 
141.74 
147.67 
154.19 
155.86 

105.0 ; Y 
*** 

Failure Surface Specified By 17 

Point X-Surf Y-Surf 
No. (ft) {ft) 

1 59. 47 129.00 

2 69.17 126.56 

3 79. 00 124.73 

4 88.93 123.50 

5 98. 91 122.88 

6 108.91 122.88 

7 118. 89 123.50 

8 128.81 124.72 

9 13 8. 64 126.56 

10 148. 34 128.99 

11 157.87 132. 02 

12 167.20 135.63 

13 176.29 139.80 

14 185.10 144.53 

15 193.61 149.79 

250.6 and Radius, 

Coordinate Points 

131.5 
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16 201.77 155.56 
17 207.30 160.00 

Circle Center At X = 103.9 ; y 285.4 and Radius, 162.5 
*** 1.261 *** 

Failure Surface Specified By 17 Coordinate Points 
Point X-Surf Y-Surf 
No. (ft) (ft) 

l 64 .21 129.00 
2 73. 87 126.40 
3 83.67 124.44 
4 93.59 123 .13 
5 103.57 122.46 
6 113. 57 122.45 
7 123.54 123.08 
8 133.46 124. 3 7 
9 143.27 126.30 

10 152.94 128. 87 
11 162.42 132.06 
12 171.67 135.86 
13 180.65 140.26 
14 189.32 145. 23 
15 197.65 150.76 
16 205.61 156.82 
17 209.27 160.00 

Circle Center At X = 108.8 ; y 275.6 and Radius, 153.3 
*** 1. 261 *** 

Failure Surface Specified By 18 Coordinate Points 
Point 
No. 

l 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

, 15 
16 
17 
18 

X-Surf Y-Surf 
(ft) (ft) 
59.47 129.00 
68.90 
78. 54 
88.34 
98.25 

108.23 
118. 23 
128.20 
138.09 
147.86 
157.46 
166.83 
175.95 
184. 75 
193.20 
201.27 
208.90 
212.61 

125.67 
122.99 
121. 00 
119. 69 
119.07 
119 .14 
119. 91 
121.37 
12J.S2 
126.33 
129.81 
133.93 
138.67 
14-4.01 
149.93 
156.39 
160.00 

Circle Center At X = 112.1 ; Y 
*** 1.262 *** 

Failure Surface Specified By 16 
Point x-surf Y-Surf 

No. (ft) (ft) 
l 59.47 129.00 
2 68.97 125.85 
3 78. 67 123.44 
4 88.53 121. 79 
5 98.49 120. 90 
6 108.49 120.78 
7 118.47 121.44 
8 128.37 122.86 
9 138.13 125.04 

10 147.69 127.96 
11 157.00 131.62 
12 166.00 135.98 
13 174.64 141.02 
14 182.86 146.71 
15 190.61 153.02 

262.7 and Radius, 143.7 

Coordinate Points 
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16 191.86 154.20 
Circle Center At X = 105.0 i Y = 250.2 and Radius, 129.4 

*** 1. 263 *** 
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PHASE 3 UPSTREAM SEISMIC REFUSE DISPOSAL AREA NO. 2 
620 

C:\DOCUME-1\HOWENS\MYDOCU~1\WILLIA-1\STABIL-1\PH3USSE3.PL2 Run By: HLO 6/27/2008 5:24PM 

# FS Soil Soil Total Saturated Cohesion Frictior P,ez. I Load Value 
a 1.20 Desc. Type Unit Wt. Unit Wt. Intercept Angle su~face Horiz Eqk 0.150 g< 
b 1.23 · No. (pcf) (pcf) (psf) (deg) No. 

I nit Points: 0. to 100. 
Term Limits: 216. to 250. 

c 1.23 CCR 1 130.0 140.0 0.0 33.7 W1 
d 1.23 FCR 2 80.0 90.0 0.0 28.0 W1 

580 e 1.24 SOIL 3 135.0 135.0 400.0 19.5 W2 
f 1.24 
g 1.25 
h 1.26 
i 1.27 

1.27 

540 

500,· 
~~~-➔~..-.-•,,, 
~~ 

-•-•-•---J~ 
2 

2 

. a. 
J 91 l·I 
)e 

=, 
------- ----- ~ 

·-----. -------1. ________ _ 

460 1 7 ~ -·----~ 
3 • 9 1-------- --.... 

3 --

W2 "1 ------- - ~- - *2 - . 

420 

380 ,_ 

Wl 

340 ~-----'-----~----~---~----~---~---~----~-----'------' 
0 

STED 

i!)jli --- .~~ 

t~1~:r"t~}f1t~~,\f~~l~:! 

40 80 120 160 200 240 280 320 360 400 

PCSTABL5M/si FSmin=1.20 
Safety Factors Are Calculated By The Modified Bishop Method 

® 
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** PCSTABLSM ** 
by 

Purdue University 

--Slope Stability Analysis-

Simplified Janbu, Simplified Bishop 

or Spencer~s Method of Slices 

Run Date: 6/27/2008 

Time of Run: 5:24PM 

Run By: HLO 

Input Data Filename: C:ph3usse3. 

Output Filename: C:ph3usse3.0UT 

Unit: ENGLISH 

Plotted Output Filename: C:ph3usse3.PLT 

PROBLEM DESCRIPTION PHASE 3 UPSTREAM SEISMIC 

REFUSE DISPOSAL AREA NO, 2 

BOUNDARY COORDINATES 
Note: User origin value specified. 

Add 0.00 to X-values and 340.00 to Y-values listed. 

6 Top 
9 Total 

Boundary 

Boundaries 
Boundaries 
X-Left 

(ft) 
Y-Left X-Right Y-Right Soil Type 

No. 
1 
2 
3 
4 
5 
6 
7 

(ft) 
155.00 
155.00 
160.00 
160.00 
12 8. 00 
128.00 
120.00 
119. 00 

(ft) {ft) Below Bnd 

.oo 
194,00 
207.00 
237.00 
333.00 
353.00 

.oo 
8 100.00 
9 100.00 

ISOTROPIC SOIL PARAMETERS 

, Type(s) of Soil 

119.00 

Soil Total Saturated Cohesion 

Type Unit Wt. Unit Wt. Intercept 

No. (pcf) {pcf I (psf) 

1 130.0 140.0 .0 

2 80.0 90.0 .0 

3 135.0 135.0 400.0 

194.00 
207.00 
237.00 
333.00 
353.00 
389.00 
100.00 
194.00 
389.00 

Frictiori 
Angle 
{deg) 
33. 7 
28.0 
19.5 

155.00 
160.00 
160.00 
128.00 
128.00 
116. 00 
119.00 
155.00 
116.00 

Pore Preo □ure 

Pressure Constant 
Param. (psf) 

. 00 . 0 

.00 . 0 

.00 . 0 

2 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED 

Unit Weight of Water= 62.40 

Piezometric Surface No. 1 Specified by 4 Coordinate Points 

Point 
No. 

1 
2 
3 
4. 

Piezometric 
Point 

No. 
1 
2 

X-Water 
(ft) 

.00 
194.00 
384.00 
389.00 

Surface No. 
X-Water 

(ft) 
.00 

389.00 

Y-Water 
(ft) 

155.00 
155.00 
116. 00 
116.00 
2 Specified by 
Y-Water 

(ft) 
99.00 
96.00 

2 Coordinate Points 

2 
1 
1 
1 
1 
1 
3 
1 
3 

Pie, 
Surface 

No. 
1 
1 
2 

Searching Routine Will Be Limited 

Of Which The First 2 Boundaries 
To ~.n Area Defined By 
Will Deflect Surfaces 

2 Boundaries 
Upward 

Boundary 
:No. 

1 
2 

X-Left 
{ft) 

.oo 
100.00 

Y-Left 
!ft) 
99.00 
99.00 

X-P.ight Y-Right 
(ft) (ft l 

100.00 99.00 

389.00 96.00 

A Horizontal Earthquake Loading Coefficient 

Of .150 Has Been Assigned 

A Vertical Earthquake Loading Coefficient 

Of .000 Has Been Assigned 

Cavitation Pressure= .0 (nsf) 

J-~ -=::.-:..ti:::al ?ai.2.u::-e ~:1.::-~"!,...,. S-?-R;-chin9 Method, Usinq A Random 

Technique For GenetdLi.1is Circular Surfaces:, H.ns RP.en Specified. 
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400 Trial Surfaces Have Been Generated. 

20 Surfaces Initiate From Each Of 20 Points Equally Spaced 

Along The Ground Surface Between X .00 ft. 
and X 100.00 ft. 

Each Surface Terminates Between X 216.00 ft. 
and X 250.00 ft. 

Unless Further Limitations Were Imposed, The Minimum Elevation 

At Which A Surface Extends Is Y = 99.00 ft. 

10.00 ft. Line Segments Define Each Trial Failure Surface. 

Following Are Displayed The Ten Most Critical Of The Trial 

Failure Surfaces Examined. They Are Ordered - Most Critical 

First. 
**Safety Factors Are Calculated By The Modified Bishop Method** 

Failure Surface Specified By 24 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft} (ft} 

1 .00 155.00 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

9.81 153.06 
19.66 151.31 
29.54 149.77 
39.45 148.42 
49.38 
59.33 
69.31 
79.29 
89.29 
99.29 

109.29 
119.28 
129.27 
13 9. 25 
149.21 
159.15 
169.07 
l'/8. ::16 
188.82 
198.64 
208.43 
218 .16 
223.48 

147.28 
146. 33 
145.59 
145.05 
144.71 
144.57 
144,64 
144. 91 
145.38 
146.05 
146. 93 
14 8. 00 
149.28 
150,75 
152.43 
154.30 
156.38 
158.65 
160.00 

Circle Center At X = 101.0 Y 638.6 and Radius, 494.0 

*** 1.202 *** 
Individual data 27 slice$ 

Water Tie Tie Earthquake 

Force Force Force 

Slice Widt:h Weight Top 

on the 
Water 
Force 

Bot 
(lbs} 
606.5 

Norm Tan 
Force 

Hor 
(lbs} 
128.7 
374.4 
595.l 
790.2 
959.2 

Surcharge 
Ver Load 

No. (ft} (lbs} (lbs} 

1 9. 8 858.0 .0 

2 9.8 2495.7 .o 
3 9.9 3967.1 .o 
4 9.9 5267.9 .o 
5 9.9 6394.5 .o 
6 10.0 7343.7 . 0 

7 10.0 8112.8 .o 
8 10.0 8699.7 .0 

9 10.0 9102.6 .o 
10 10.0 9320.5 .o 
11 10.0 9352.7 .o 
12 10.0 9199.2 .o 
13 10.0 8860.4 .o 
14 10.0 8337.2 . 0 

15 10. 0 7631.l .o 
16 9-9 6744.1 .o 
17 9.9 5678.7 . 0 

18 9. 9 4437.9 .o 
J.9 7.1 2328.4 .o 
20 2.8 737. 4 . 0 

1757.3 
2784.0 
3665.9 
4462.9 
5114. 5 
5640.5 
6040.6 
6314.8 
6462.8 
6484.7 
6380.4 
6150.0 
5793.5 
5311.2 
4 703 .1 
3969.7 
3111.0 
1637.5 

490.1 

(lbs} 
.o 
. 0 
.o 
• 0 
.o 
. 0 
. 0 
. 0 
.o 
.o 
.o 
. 0 
. 0 
.o 
.o 
.o 
. 0 
. 0 
.o 
. 0 

(lbs} 
.0 
.0 
.0 
. 0 
.0 
. 0 
. 0 
. 0 
. 0 
.o 
.0 
.0 
. 0 
.o 
.0 
. 0 
.0 
. 0 
. 0 
.0 

1101. 6 
1216.9 
1305.0 
1365.4 
1398.1 
1402.9 
1379.9 
1329.1 
1250.6 
1144.7 
1011. 6 

851. 8 
665.7 
349.3 
110.6 

(lbs} (lbs} 
. 0 . 0 
.0 . 0 
. 0 . 0 
.0 . 0 
. 0 . 0 

.0 .0 

.0 . 0 

.0 .0 

. 0 . 0 

.0 . 0 

.o .0 

.o . 0 

. 0 . 0 

.o .0 

.o .0 

. 0 .0 

.o .0 

.o .0 

. 0 .o 

.o . 0 
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5.2 1249.6 .o 683.6 
4.0 1054.2 .0 196.8 

.6 203.4 .0 .0 
8.4 3481.1 .0 .0 
1.4 699.3 . 0 . 0 

9.7 3150. 4 .0 .0 
5.3 467.5 .o .0 
Failure 

Point 
No. 

1 

Surface Specified By 18 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 

X-Surf Y-Surf 
(ft) (ft) 
57.90 155.00 
67.62 152.69 
77. 43 150. 71 
87.29 149.07 
97.21 147.77 

107.16 146.80 
117.14 146.18 
127.14 145.90 
137.14 145.96 
147.13 146.36 
157.10 147.10 
167.04 148.19 
176.94 
186.78 
196.56 
206.26 
215.88 
220.05 

149.61 
151.37 
153.46 
155.89 
158.65 
160.00 

Circle Center At X = 130.3 ; Y 

*** *** 1. 226 
Failure 

Point 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

Surface Specified By 20 
x-surf Y-Surf 

(ft) (ft) 

42.11 155.00 
51.64 152.00 
61.29 149.37 
71.03 147.11 
80.86 
90.74 

100.68 
110.66 
120.65 
130.65 
140.64 
150.61 
160. 53 
170.41 
180.21 
189.93 
199.55 
209.06 
218.45 
220.28 

145. 23 
143. 74 
142.62 
141.90 
141.56 
141.60 
142.04 
142. 86 
144.06 
145.65 
147.62 
149.97 
152.69 
155.78 
159.24 
160.00 

Circle Center At X = 124.4 ; Y 

*** 1.228 *** 
Failure 

Point 
No. 

1 
2 
3 
4 

5 
6 
7 
e 
9 

Surface Specified By 23 
X-Surf Y-Surf 

If t) If t) 
15.79 155.00 
25.55 152.81 
35.35 150.85 
45.21 149.14 
55.10 147.66 
65.02 146.42 
74.97 145.43 
84. 94 144.67 
94. 93 144.16 

.o .0 187.4 .0 . 0 

. 0 . 0 158. l .0 . 0 

. 0 .o 30.5 .0 . 0 

. 0 .0 522.2 . 0 . 0 

. 0 .0 104.9 . 0 . 0 

. 0 .0 472 .6 .0 . 0 

. 0 .0 70.1 . 0 . 0 
Coordinate Points 

438.0 and Radius, 292.1 

Coordinate Points 

399.6 and Radius, 258.1 

Coordinate Points 
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10 104.92 143. 90 
11 114. 92 143. 87 
12 124. 92 144.09 
13 134. 91 144. 55 
14 144.89 145.25 
15 154.84 146.19 
16 164. 77 14 7. 3 8 
17 174.67 148. 80 
18 184. 53 150.47 
19 194.35 152.37 
20 204 .11 154.51 
21 213. 83 156.89 
22 223.48 159.50 
23 225.15 160.00 

Circle Center At X = 111.0 ; y 555.9 and Radius, 412.0 

••• 1. 231 *** 
Failure 

Point 
No. 

1 

Surface Specified By 23 Coordinate Points 
X-Surf Y-Surf 

(ft) (ft) 
15.79 155.00 

2 25.59 153.01 
3 35.43 151. 24 
4 45.31 149.69 
5 55.22 148.36 
6 65.16 147.25 
7 75.12 146.36 
8 85.10 145.69 
9 95.09 145.25 

10 105.09 145.02 
11 115.09 145.01 
12 125.08 145.23 
13 135.07 145.67 
14 145.05 146.33 
15 155.01 147.21 
16 164.95 148.31 
17 1 74. 87 149.64 
18 184.75 151.18 
19 194.59 152. 94 
20 204.39 154.92 
21 214.15 157.11 
22 223.85 15 9. 52 
23 225.61 160.00 

Circle Center At X = 110. 3 ; y 

*** 1.237 ••• 
Failure Surface Specified By 23 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 15.79 155.00 
2 25.28 151.85 
3 34.87 149.03 
4 44.56 14 6. 53 
5 54.32 144.36 
6 64.15 142.53 
7 74.04 141.04 
8 83.97 139.88 
9 93.94 139.06 

10 103.93 138.58 
11 113.92 13 8. 44 
12 123.92 138. 64 
13 133.91 1.39.18 
14 143.87 140.07 
15 153.79 141.29 
16 163.67 142.84 
17 173.49 144.74 
18 183.24 146.96 
::..!.? :'.. S' ~ . s-::.. ;..~~. s~ 
20 202.48 152.41 

596.0 and Radius, 451.0 

Coordinate Points 
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21 
22 
23 

211. 95 
221. 31 
223.36 

155.61 
159.14 
160.00 

Circle Center At X = 113.0; Y 
*** 1.238 *** 

Failure 
Point 

No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

Surface Specified By 22 
X-Surf Y-Surf 

(ft) (ft) 
26.32 155.00 
35.72 151.60 
45.25 148.58 
54.89 145.92 
64.63 143.65 
74.45 141.76 
84.34 140.25 
94.27 139.13 

104.25 
114.24 
124.24 
134.23 
144.20 
154.12 
164.00 
173.80 
183.51 
193 .13 
202.63 
212.01 
221.24 
221.91 

138.39 
138.05 
13 8. 09 
13 8. 53 
139.35 
140. 57 
142.16 
144.15 
146.51 
149.25 
152.36 
155.84 
159.69 
160.00 

Circle Center At X = 118.1 ; Y 
*** 1.245 *** 

Failure 
Point 

No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

Surface Specified By 22 
X-Surf Y-Surf 

(ft) (ft) 
21.05 155.00 
30.87 
40.73 
50.62 
60. 54 
70.48 
80.45 
90.43 

100.42 
110. 42 
120.42 
13 0. 42 
140.41 
150.38 
160.34 
170.27 
180.18 
190.06 
199.90 
209.70 
219.45 
226.90 

153.10 
151. 41 
149.93 
148. 68 
147.64 
146. 81 
146.21 
145.82 
145.65 
145.70 
145.97 
146.45 
147.16 
148.08 
149. 21 
150.57 
152.14 
153.92 
155.92 
158.14 
160.00 

Circle Center At X = 113.1 Y 

*** 1.259 *** 
Failure 

Point 
No. 

1 
2 
3 
4 

5 

Surface Specified By 22 
x-surf Y-Surf 

(ft) (ft) 
26.32 155.00 
36. 03 152.64 
45.81 150.55 
55.65 148.73 
CS.52 147.17 

432.1 and Radius 1 293.6 

Coordinate Points 

394.3 and Radius 1 256.3 

Coordinate Points 

603.4 and Radius, 457.8 

Coordinate Poincs 
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75.44 145. 67 
7 85. 39 144.85 
8 95.36 144.09 
9 105.35 143. 60 

10 115. 34 143.39 
11 125.34 143. 44 
12 135.34 143.77 
13 145.32 144.36 
14 155.28 145.22 
15 165.22 146.35 
16 175 .12 147.75 
17 184.98 149. 42 
18 194.79 151.35 
19 204. 55 153.55 
20 214. 24 156.01 
21 223.86 158.73 
22 227. 93 160.00 

Circle Center At X = 118. 3 ; Y 513 .1 and Radius, 369. 7 

*** 1.272 *** 
Failure Surface Specified By 14 Coordinate Points 

Point X-Surf Y-Surf 
No, (ft) (ft) 

1 94.74 155.00 
2 104.62 153.49 
3 114.55 152.31 
4 124.52 151.47 
5 134.50 150.96 
6 144.50 150.79 
7 154.50 150.96 
8 164.49 151.47 
9 174.45 152.31 

10 184.38 153.49 
11 194.27 155.01 
12 204.10 156.85 
13 213.86 159.03 
14 217.60 160.00 

Circle Center At X = 144.4 ; Y 446.0 and Radius, 295.2 
1.275 *** 
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# FS 
a 1.89 
b 1.90 
C 1.91 
d 1.92 

540 H e 1.93 
f 1.99 
g 2.02 
h 2.02 
i 2.02 
j 2.04 

500 t-
.,, 

I 
460 

Soil 
Desc. 

CCR 
FCR 
SOIL 

7 
3 

PHASE 3 UPSTREAM STATIC REFUSE DISPOSAL AREA NO. 2 
C:\DOCUME-1\HOWENS\MYDOCU-1\WILLIA-1\STABIL-1\PH3USST.PL2 Run By: HLO 6/27/2008 5:16PM 

I ' Soil Total Saturated Friction Piez. 
Type Unit Wt. Unit Wt. Angle Surface 
No. (pcf) (pcD (deg) No. 

I I I 

I 
lnit Points: 50. to 140. 
Term Limits: 180. to 240. 

1 130.0 140.0 33.7 W1 
2 80.0 90.0 28.0 W1 
3 125.0 135.0 26.8 W1 -

a U 
e 

3 

1 ~4 
_._. ____ _,;_ ..... _._. ___ ~- 1 
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PCSTABL5IVl/si FSmin=1.89 
STED Safety Factors Are Calculated By The Modified Bishop Method 
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** PCSTABL5M ** 
by 

Purdue University 
--Slope Stability Analysis-

Simplified Janbu, Simplified Bishop 
or Spencer~s Method of Slices 

Run Date: 
'l'ime of Run: 

6/27/2008 
5,16PM 

Run By: 
Input Data Filename: 
Output Filename: 
Unit: 

HLO 
C:ph3usst. 
C:ph3usst.OUT 
ENGLISH 

Plotted 
PROBLEM 

Output Filename: C:ph3usst.PLT 
DESCRIPTION PHASE 3 UPSTREAM STATIC 

REFUSE DISPOSAL AREA NO. 2 
BOUNDA.~Y COORDINATES 

Note: User origin value specified. 
Add 0.00 to X-values and 300.00 to Y-values listed. 

6 Top 
9 Total 

Boundary 
No. 

Boundaries 
Boundaries 
X-Left 

(ft) 
Y-Left X-Right Y-Right Soil Type 

(ft) 
179.00 
179.00 
200.00 

(ft) 
152. 00 
207.00 
237.00 
333.00 
353.00 

(ft) Below Bnd 
1 .00 
2 152.00 
3 207.00 
4 237.00 
5 333.00 
6 353.00 
7 . 00 
8 100.00 
9 100.00 

ISOTROPIC SOIL PARAMF:TERS 
3 Type(s) of Soil 

200.00 
168.00 
168.00 
160.00 
159.00 
159.00 

389.00 
100.00 
152. 00 
389.00 

179.00 2 
200.00 1 
200.00 1 
168.00 1 
168.00 1 
156.00 1 
159.00 3 
179.00 1 
156.00 3 

Soil Total SaturaL!::!<.l Cullesion 
Type Unit Wt. Unit Wt. Intercept 

Friction 
Angle 
(deg) 
33.7 

Pore Pressure Piez. 
Pressure Constant Surface 

No. (pcf) (pcf) (psf) Param. {psf) No. 
1 130.0 140.0 .o 
2 80.0 90.0 .0 28.0 
3 125.0 135.0 .0 26.8 

1 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED 
Unit Weight of Water= 62.40 

.oo .o 

.00 .0 

.00 .0 

Piezometric Surface No. 1 Specified by 4 Coordinate Points 
Point X-Water Y-Water 
No. (ft} (ft) 

1 .00 179.00 
2 152.00 179.00 
3 384.00 156.00 
4 389.00 156.00 

1 
1 
1 

Searching Routine Will Be Limited 
Of Which The First 2 Boundaries 
Boundary X-Left Y-Left 

To An Area Defined By 
Will Deflect Surfaces 

2 Boundaries 
Upward 

No. 1ft) (ft) 
X-Right Y-Right 

(ft) (ft) 
1 .00 139.00 100.00 139.00 
2 100.00 139.00 369.00 136.00 

A Critical Failure Surface searching Method, Using A Random 
Technique For Generating Circular Surfaces, Has Been Specified. 
400 Trial Surfaces Have Been Generated. 

20 Surfaces Initiate From Each Of 20 Points Equally Spaced 
Along The Ground Surface Between X 50.00 ft. 

and 
Each Surface Terminates Between 

and 

X 
X 
X 

140.00 
180.00 
240.00 

ft. 
ft. 

Unless Further Limitations Were Imposed, The Minimum Ele,~ation 
•21.!: 1'1hi=h P. .Si.;.::-face ex.tends Is Y =139.00 ft. 
10.00 ft. Line Segments Define Each Trial Failure Su~face. 
Followinq Are Displayed The Ten Most Critl~nl Of The Trial 

Page 1. 
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Slice 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
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Failure Surfaces Examined. They Are Ordered - Most Critical 
First. 
**Safety Factors Are Calculated By The Modified Bishop Method 
Failure Surface Specified By 8 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 140.00 179.00 
2 149.94 177.88 
3 159.93 178.24 
4 169.76 180.09 
5 179.20 183.38 
6 188.05 188.04 
7 196.11 193.96 
8 199.18· 197.01 

Circle Center At X = 152.5 Y 244.1 and Radius, 66.3 
*** 1.895 *** 

Individual data on the 
Water Water 

10 slices 
Tie Tie Earthquake 

* * 

Force Force Force Force Force Surcharge 
Width 

(ft) 
9.3 

. 7 
2.1 
7.7 

. 2 
9.8 
9.4 
8. 8 
8.1 

Weight Top Bot Norm Tan 
(lbs) (lbs) (lbs) (lbs) (lbs) 
437.7 .0 305.4 .o .0 

70.5 .0 45.4 .o .0 
272. 9 .0 140.0 .o .0 

2433.3 .0 251.8 .o .0 
99.5 .o .0 .0 .0 

6054.0 .0 .0 .0 .0 
7180.4 .0 .o .0 .0 
6175.1 . 0 . 0 . 0 . 0 
3463.3 . 0 . 0 . 0 . 0 

375.9 .0 .0 .0 .0 

Hor 
(lbs) 

.0 

. 0 

.o 

. 0 

. 0 
• 0 
.o 
. 0 
• 0 
.0 3.1 

Failure 
Point 

Surface Specified By 8 Coordinate Points 

Nu. 
1 
2 
3 
4 
5 
6 
7 
8 

X-Surf Y-Surf 
(fl) (ft) 

135.26 179.00 
145.13 177.39 
155.13 
165.03 
1 74. 59 
183.60 
191.83 
196.34 

177.30 
178.74 · 
181.67 
186.01 
191.68 
195.93 

Circle Center At X = 150.7 ; Y 

*** *** 1.902 
242.0 and Radius, 

Failure 
Point 

Surface Specified By 6 Coordinate Points 

No. 
1 
2 
3 
4 
5 
6 

X-Surf Y-Surf 
(ft) (ft) 

140.00 179.00 
149.92 
159.89 
169.50 
178.36 
185.78 

1 77. 70 
178.44 
181.19 
185.83 
191.90 

Circle Center At X = 151.3 i Y 
*** 1.909 *** 

226.6 and Radius, 

Failure Surface Specified By 6 Coordinate Points 
Point X-Surf Y-Surf 
No. (fcj (ft} 

1 135.26 179.00 
2 
3 
4 
5 
6 

145.15 
155.14 
164. 84 
173. 88 
181. 39 

Circle Center At X = 
1.919 

177.49 
177.95 
180.36 
184.64 
190.22 

14 7. 8 i Y 227.8 and Radius, 

Failure Surface Specified By 11 Coordinate Points 

Ver Load 
(lbs) (lbs) 

.o . 0 

.o . 0 

. 0 . 0 

.0 . 0 

.0 . 0 

. 0 . 0 

. 0 . 0 

. 0 . 0 

. 0 . 0 

. 0 . 0 

64.8 

49.0 

50.4 
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Point X-Surf Y-Surf 
No. (ft) (ft) 

1 116.32 179.00 
2 126.13 177.09 
3 136.08 176 .11 
4 146.08 176.07 
5 156.04 176.97 
6 165.87 178.80 
7 175.49 181.55 
8 184.80 185.19 
9 193.74 189.69 

10 202.21 195.00 
11 208. 71 200.00 

Circle Center At X = 141. 5 ; y 
*** 1.929 *** 

Failure 
Point 
No. 

l 

su~fa~o Opo~~~io~ By 11 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

x-surf Y-Surf 
(ft) (ft) 

116.32 
125.96 
135. 86 
145.85 
155.81 
165.58 
1 75. 02 
184. 00 
192. 39 
200.06 
200.17 

179.00 
176.37 
174. 91 
174.66 
175.60 
177. 73 
181.02 
185.42 
190.87 
197.28 
197.39 

Circle Center At X = 143.0 ; Y 
*** 1.989 *** 

282.3 and Radius, 

Coordinate Points 

257.8 and Radius, 

Failure 
Point 

Surface Specified By 8 Coordinate Points 

No 
1 
2 
3 
4 
5 
6 
7 
8 

X-Surf Y-Surf 
(ft I (ft) 

135.26 179.00 
144.68 175.63 
154.61 174.41 
164.56 175.40 
174.05 
182. 63 
189.87 
192.44 

178.54 
183.68 
190.58 
194.44 

Circle Center At X = 155.1 ; Y 
*** 2.017 *** 

219.2 and Radius, 

Failure 
Point 

Surface Specified By 7 Coordinate Points 

No. 
1 
2 
3 
4 
5 
6 
7 

X-Surf Y-Surf 
(ft) (ft I 

135.26 
144.73 
154.70 
164.55 
173.65 
181.43 
184.59 

179.00 
175.78 
175.02 
1 76. 77 
180. 91 
187.20 
191.44 

Circle Center At X = 152.7 ; Y 
*** 2. 017 *** 

214.8 and Radius, 

Failure Surface Specified By 13 Coordinate Points 
?oinL X-Surf Y-Surf 
No. (ft) (ft) 

1 
2 
3 
4 
5 
6 
7 
8 

102.11 179.00 
111.90 176.96 
121.81 175.66 
131. 8 0 175.10 
141.79 175.28 
151.75 176.21 
lCl. i:";;i. 177. 67 
171.32 160.26 

106.3 

83.2 

44. 8 

3 9. 6 
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9 
10 
11 
12 
13 

180.83 
190.08 
199.02 
207.60 
212.16 

183.37 
187.17 
191. 65 
196.79 
200.00 

Circle Center At X = 134.3 ; Y 309.5 and Radius, 134.4 
*** 2.022 *** 

Failure Surface Specified By 13 Coordinate Points 
Point X-Surf Y-Surf 
No. (ft) (ft) 

1 102.11 179.00 
2 111.84 176.72 
3 121.73 175.20 
4 131.70 174.46 
5 141.70 174.49 
6 151.67 175.30 
7 161.54 176.88 
8 171.26 179.23 
9 180.77 182.32 

10 
11 
12 

190.01 
198.92 
207.46 

13 213 .14 
Circle Center At X = 

*** 2.037 

186.15 
190.68 
195.89 
200.00 

136.3 ; Y 

*** 
302.9 and Radius, 128.5 
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PHASE 7 D.S. STATIC, PIEZ.15, 16, 17 REFUSE DISPOSAL AREA NO. 2 

1000 I ' 7C 

C:\DOCUME-1\HOWENS\MYDOCU-1\WILLIA-1\STABIL -1\PH7DSST.PL2 Run By: hlo 711112008 1:39PM 
II FS 
a 1.52 
b 1.52 
C 1.52 
d 1.52 

Soil 
Desc. 

Soil Total Saturated Friction Piez. 
Type Unit Wt. Unit Wt. Angle Surface lnit Points: 160. to 300. 

T errn Limits: 350. to 420. 

900 

800 ,_ 

700 ,_ 

600 , · 

No. (pcf) (pcD (deg) No. 
1 130.0 140.0 33.7 W1 
2 80.0 90.0 28.0 W1 

e 1.s2
1
,_._-__.:__:.__:.::.:..:.:c.___.:_=--==--='.._ f 1.52'" 

CCH 
FCF, 
SOIi 3 125.0 135.0 26.8 W1 

g 1.53 
h 1Sl 
i 1.54 

1.54 

)

a f IO~: .. ---~~------~¥,-·-.::.___::__·· .. .. .. --~- .. ··-··-··-··-··-··- 1 ~-----··· ~ 500 1-
8 __ • -~-------

1 ---..___ 

16 
6 7 ••• ~---1 p 15 3 

__ __}____ ] H0~-4~-~~ ~ 3 _ 
--WJ ___ 3 ____ ,n __ ~ _ _;! ~•v"' · ~--- - - - - - - -.1- - -

400 ,. 

300 
0 

STED 

--,~-'---,.~"'"~:11 
·'"'""-"°~,, . .J{i{~f1! 

·100 200 300 400 500 600 700 800 
PCSTABL5JVl/si FSmin=1.52 

Safety Factors Are Calculated By The Modified Bishop Method 

900 1000 1100 

® 
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** PCSTABLSM ** 
by 

Purdue University 
--slope Stability Analysis-

Simplified Janbu, Simplified Bishop 
or Spencer~s Method of Slices 

Run Date: 
Time of kun: 
Run By: 
Inout Data Filename: 
output Filename: 
Unit: 

7/11/2008 
l,39PM 
hlo 
C,PH7DSST. 
C,PH7DSST.OUT 
ENGLISH 

Plotted 
PROBLEM 

Output Filename: C:PH7DSST.PLT 
DESCRIPTION PHASE 7 D.S. STATIC, 

REFUSE DISPOSAL AREA 
BOIBIDARY COORDINATES 

Note: User origin value specified. 

PIEZ. 15, 16, 17 
NO. 2 

Add 0.00 to X-values and 300.00 to Y-values listed. 

13 Top 
16 Total 

Boundary 

Boundaries 
Boundaries 
X-Left 

(ft) 
Y-Left X-Right Y-Right Soil Type 

No. 
l 
2 
3 
4 

(ft) (ft) (ft) Below Bnd 

5 
6 

.OD 
80.00 

180.00 
200.00 
220.00 
240.00 

7 250.00 
8 270.00 
9 385.00 

10 405.00 
11 038.20 
12 638.20 
13 662.20 
14 662.20 
15 240.00 
l6 896.20 

ISOTROPIC SOIL PARAMETERS 
3 Type(s) of Soil 

Soil Total Saturated 

151. 50 
152.50 
152.00 
145.30 
145.30 
152.00 
155.30 
155.30 
193.60 
193.60 
238.00 
238.00 
230.00 
23 0. 00 
152.00 
152. 00 

Cohesion 
Type Unit Wt. Unit Wt. Intercept 

No. (pcf) (pcf) (psf) 
l 130.0 140.0 .0 
2 80.0 90.0 .o 
3 125.0 135.0 .o 

80.00 
180.00 
200.00 
220.00 
240.00 
250.00 
270.00 
385.00 
405.00 
538.20 
638.20 
662.20 

1030 .OD 
896.20 
896.20 

1030.00 

Friction 
Angle 
(deg) 
33.7 
28.0 
26.8 

152.50 
152. 00 
145.30 
145.30 
152.00 
155. 3 0 
155.30 
193.60 
193.60 
238.00 
238.00 
230.00 
230.00 
152.00 
152.00 
150.00 

Pore Pressure 
Pressure Constanc 

Param. lpsf) 
.oo . 0 
.OD .0 
. 00 . 0 

l PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED 
Unit Weight of Water= 62.40 
Piezometric Surface No. 1 Specified by 5 Coordinate Points 

Point X-Water Y-Water 
No. (ft) (ft) 

1 .00 151.50 
2 BO.OD 152.00 
3 260.00 152.00 
4 
5 

64 7. 2 a 
1030.00 

235.00 
235.00 

3 
3 
3 
3 
3 
l 
l 
l 
l 
l 
l 
l 
2 
l 
3 
3 

Piez. 
Surface 

No. 
l 
l 
1 

Searching Routine Will Be Limited To An Area Defined By l Boundaries Of Which The First 1 Boundaries Will Deflect Surfaces Upward 
Boundary X-Left Y-Left Y.-Right Y-Right 

No. (ft) (ft) (ft) (ft) 
1 .DO 132.00 1020.00 132.00 

A Critical Failure Surface Searching Method, Using A Random 
Technique For Generating Circular Surfaces, Has Been Specified. 400 ~ri=.l S'....:~faces Ea·~-e Been CT'?n~::-c'.:e:1. 
20 Surfaces Initiate From Each Of 20 Points Equally Spaced 

Along The Ground Surface Between X = 160.00 ft. 
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and X 
Each Surface Terminates Between X 

and X 

300.00 ft. 
350.00 ft. 
420.00 ft. 

Unless Further Limitations Were Imposed, The Minimum Elevation 
At Which A Surface Extends Is Y = .oo ft. 
10.00 ft. Line Segments Define Each Trial Failure Surf~ce. 
Following Are Displayed The Ten Most Critical Of The Trial 

Failure Surfaces Rxamined. They Are Ordered - Most Critical First. 
**Safety Factors Are Calculated By The Modified Bishop Method** Failure Surface Specified By 21 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 218.95 145.30 
2 228.53 142.43 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

238.27 
24 8 .13 
258.07 
268.06 
278.06 
288.03 
297.93 
307. 72 
317.37 
326. 84 
336.09 
345.09 
353.80 
362.20 
370.24 
377.90 
385.14 
391.95 
392.95 

140 .16 
138 .50 
137.45 
13 7. 01 
137.20 
138.00 
139. 41 
141.44,:_ 
144.06 
14 7. 28 
151.08 
155.44 
160.34 
165.78 
171. 73 
178.16 
185.05 
192.37 
193. 60 

Circle Center At X = 270.1 Y 298.8 and Radius, 161.8 
*** 1.516 *** 

Individual data 28 slices 
Water Tie Tie Earthquake 
Force Force Force Force Surcharge Slice Width Weight Top 

on the 
Water 
Force 
Bot 
(lbs) 
469.9 

Norm Tan Hor 
(lbs) 

.o 

. 0 

.o 

.o 

.o 

Ver Load No. (ft) (lbs) 
1 1.1 22.4 
2 8.5 3476.2 
3 9.7 11162.3 
4 1. 7 2735.2 
5 8.1 15477.7 
6 1.9 4165.0 
7 8.1 18855.5 
8 1.9 4624.3 
9 8.1 19621.8 

10 1.9 4775.3 
11 8.1 21264.9 
12 10.0 29735.5 
13 9.9 32516.2 
14 9.8 34273.6 
15 9.6 35004.6 
16 9.5 34729.7 
17 9.1 31493.2 
18 1. 9 6776.2 
19 7.1 24524.7 
20 8.7 28:!.57.4 
21 8.4 24323.9 
22 8.0 19906.7 
23 6.2 12600.4 
24 1.4 2470.1 
oc 
"J 7.1 J.0050.8 
26 .1 1::.::1 .1 

(lbs) 
439. 9 

2958.5 
1417.6 

33.1 
. 0 
. 0 
.0 
. 0 
.o 
. 0 
.0 
.0 
. 0 
. 0 
.0 
. 0 
.0 
. 0 
.o 
.o 
. 0 
.0 
.0 
.0 
. 0 
.0 

4605.4 
6677.9 
1314. 0 
6591. 0 
1597.5 
7154. 3 
1756.9 
7720.3 
1998.6 
8799.7 

11803. 9 
12427.1 
12665.6 
12518.4 
ll986.2 
11070.9 

2194.1 
7582.0 
8106.7 
6069.0 
3670.9 

971.4 
. 0 
. 0 
.0 

(lbs) 
. 0 
. 0 
. 0 
. 0 
. 0 
.o 
. 0 
.0 
. 0 
.o 
. 0 
.o 
.0 
.0 
.o 
.0 
. 0 
. 0 
.o 
.o 
. 0 
.o 
. 0 
. 0 
. 0 
.o 

(lbs) 
. 0 
.o 
. 0 
.o 
. 0 
.o 
. 0 
. 0 
. 0 
.0 
• 0 
. 0 
.o 
. 0 
.0 
.o 
.0 
. 0 
.o 
.o 
• 0 
.0 
. 0 
.o 
.o 
. 0 

. 0 

.o 

. 0 

.o 

.o 

. 0 

.0 
• 0 
.0 
.o 
.o 
. 0 
.o 
. 0 
.o 
. 0 
• 0 
.0 
.0 
.0 
. 0 

(lbs) (lbs) 
.0 . 0 
.0 .o 
. 0 . 0 
. 0 . 0 
.o .o 
. 0 . 0 
. 0 . 0 
. 0 . 0 
. 0 . 0 
. 0 . 0 
. 0 . 0 
.0 . 0 
. 0 . 0 
. 0 . 0 
. 0 . 0 
.0 
.o 
.0 
.0 
• 0 
.o 
. 0 
.o 
.o 
. 0 
.o 

.o 

. 0 

.o 

. 0 

. 0 

.o 
• 0 
• 0 
.o 
.0 
. 0 
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27 
28 
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6.8 
1.0 

4326.6 .0 .0 .0 .0 
80.2 .o .o .0 .o 

Failure Surface Specified By 20 Coordinate Points 
Point X-Surf Y-Surf 

No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

{ft) {ft) 
218.95 145.30 
228.34 141.86 
23 7. 94 
24 7. 72 
257.62 
267.60 
277.60 
287.57 
297.48 
307.26 
316.87 
326.26 
335.39 
344.21 
352.67 
360.75 
368.39 
375.56 
382.22 
388.00 

13 9. 08 
136.99 
135.58 
134.88 
134.87 
135.57 
136.96 
13 9. 05 
141.81 
145.24 
14 9. 3 3 
154.04 
159.36 
165.26 
171.71 
178.68 
186.14 
193.60 

.0 
• 0 

.0 

.0 

Circle Center At X = 272.7 ; Y 277.3 and Radius, 142.5 
*** 1.518 *** 

Failure Surface Specified By 21 Coordinate Points 
Point X-Surf Y-Surf 
No. {ft) {ft) 

1 211.58 145.30 
2 221.07 142.16 
3 230.75 139.62 
4 240.56 137.70 
5 250.48 136.41 
6 260.45 135.75 
7 270.45 135.72 
8 280.44 136.32 
9 290.36 137.56 

10 300.18 139.42 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

309.87 
319.38 
328.68 
337.73 
346.48 
354. 91 
362.99 
370.68 
377.94 
384.76 
388.02 

141.90 
144.99 
148.67 
152. 94 
157.77 
163.14 
169.04 
175.44 
182.31 
189.62 
193.60 

Circle Center At X = 265.9 ; Y 
*** 1.518 *** 

293.5 and Radius, 157.8 

Failure surface Specified By 21 Coordinate Points 
Point X-Surf Y-Surf 
No. (ft! (ft) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

11 

211.58 145.30 
""" ...,.., ~ , ~ A n 
,:.,::u. o.:, ..l..':Ll.,<jc:;1 

230.32 138.34 
240.00 135.84 
249.83 134.02 
259.77 132.89 
269.76 132.44 
279.75 132. 69 
289. 71 133.63 
:99.SB ::s.:s 
309.31 137.55 

• 0 
. 0 

Page 3 
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12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

318.86 
328.18 
337.23 
345.96 
354.34 
362. 31 
369.86 
376. 92 
383.49 
389.27 

140.52 
144 .14 
148.40 
153.27 
158. 73 
164.76 
171. 33 
178.40 
185.95 
193 . 60 

Circle Center At X = 271.2 ; Y 277.0 and Radius, 144.6 
*** 1.522 *** 

Failure Surface Specified By 23 Coordinate Points 
Point X-Surf Y-Surf 
No. (ft) (ft) 

1 204.21 145.30 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

213.59 
223.15 
232.88 
242.72 
252.65 
262.63 
272. 63 
282. 62 
292. 54 
302.39 
312 .10 
321.67 
331.04 
340.19 
349.08 
357.69 
365.98 
17~.92 
381.49 
388.66 
395.40 
396. 98 

141.83 
138. 91 
136.57 
134.81 
133.63 
133.05 
133.06 
133.66 
134.85 
136.62 
138.98 
141.91 
145.40 
149.44 
154.01 
159.10 
164. 69 
170. 77 
177.30 
184.27 
191.66 
193.60 

Circle Center At X = 267.5 ; Y 
*** 1.523 *** 

Failure 
Point 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18, 

19 
20 
21 
22 
L3 

Surface Specified By 23 
X-Surf Y-Surf 

(ft) (ft) 
204. 21 
213.59 
223 .15 
232.86 
242.70 
252.62 
262.60 
272.60 
282.59 
292.53 
302.39 
312.14 
221.74 
331.17 
34.0. 3$1 
349.36 
358.07 
366.48 
374.55 
382.28 
389.62 
396.55 
4.00. 30 

145.30 
141.82 
138. 89 
136.52 
134.72 
133.49 
132.84 
132.77 
133.27 
134.36 
136.02 
138. 24 
141.03 
144.37 
148.25 
152.66 
157.58 
162.99 
168.89 
175.24 
182.03 
189. 23 
193.60 

Circle Center Jl.t X - 268.9 ; Y 

301.7 and Radius, 

Coordinate Points 

168.7 

305.2 and Radius, 172.5 
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*** 1.525 *** 
Failure 

Point 
Surface Specified By· 20 

No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

X-Surf Y-Surf 
{ft) {ft) 

226. 32 147.42 
235.52 143. 49 
244.99 140.29 
254.68 137.82 
264.53 136.09 
274.48 13 5. 13 
284. 48 134. 93 
294.46 135.49 
3 04. 37 136. 82 
314 .15 138.90 
323.75 141.73 
333.10 145.28 
342.15 149. 53 
350.84 154. 4 7 
359.14 160.05 
366.98 166.26 
374.32 173.04 
381. 13 180.37 
387.35 188.20 
391. 01 193.60 

Coordinate Points 

Circle Center At X = 282.1; Y 265.3 and Radius, 130.4 
*** 1.529 *** 

Failure Surface Specified By 19 Coordinate Points 
Point X-Surf Y-Surf 
No. {ft) {ft) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

218.95 
228.45 
23 8. 15 
247.99 
257.94 
267.93 
277. 93 
287.87 
297. 71 
307.40 
316.90 
326.15 
335.10 
343. 73 
351.97 
359.79 
367.15 
3 74. 01 
379.96 

145.30 
142 .18 
139.74 
137.99 
136. 94 
136.60 
136. 96 
138 .03 
139.80 
142.26 
145.40 
149.20 
153.65 
158.71 
164.38 
170.61 
177. 38 
184.65 
191. 92 

Circle Center At X = 267.B ; Y 
*** 1.532 *** 

Failure Surface Specified By 22 
Point X-Surf Y-Surf 
No. {ft) {ft) 

1 204.21 145. 30 
2 213.51 141.61 
3 223.02 138.55 
4 232.73 136.12 
5 242.57 134.34 
6 252.50 133.23 
7 262.49 132. 77 
8 272.49 132.98 
9 282.45 133.85 

10 292.34 135.38 
11 302.09 137.56 
12 311.09 140.39 
13 321. 07 143.85 
14 330.20 147.92 

278.0 and Radius, 141.4 

Coordinate Points 
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15 
16 
17 
18 
19 
20 
21 
22 

3 3 9. 05 
347.56 
355.71 
363.45 
370.75 
377.59 
383. 93 
385.19 

152.59 
157.83 
163.64 
169.96 
176.79 
184.09 
191.83 
193.60 

Circle Center At X = 264.4 ; Y 283.2 and Radius, 150.4 
*** 1.536 *** 

Failure Surface Specified By 19 Coordinate Points 
Point X-Surf Y-Surf 

No. (ft) (ft) 
1 233.68 149.88 
2 243.02 146.29 
3 
4 
5 
6 
7 
B 
9 

10 
11 
12 
13 
14 
15 
16 
17 

252.59 
262.36 
272.26 
282.24 
292. 24 
302.20 
312.0B 
321.81 
331.34 
340.61 
349.58 
358.20 
366.40 
374.16 
381.42 

143.41 
141. 26 
13 9. 84 
13 9 .17 
139.25 
140. OB 
141.65 
143.96 
146.99 
150.72 
155.14 
160.22 
165. 93 
172.25 
179.12 

18 388.15 186.52 
19 393.68 193.60 

Circle Center At X = 286.2 ; Y 
1.536 *** 

272.5 and Radius, 133.3 
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** PCSTABLSM ** 
by 

Purdue University 
--Slope Stability Analysis-

Simplified Janbu, Simplified Bishop 

Run Date: 
or Spencer~s Method of Slices 

7/11/2008 
Time of. Run: 
Run By: 
Input Data Filename: 
Output Filename: 
Unit: 

ll,48AM 
hlo 
c,ph7dsst2. 
c,ph7dsst2.0UT 
ENGLISH 

Plotted 
PROBLEM 

Output Filename: C:ph7dsst2.PLT 
DESCRIPTION PHASE 7 D.S. STATIC, PIEZ. 

REFUSE DISPOSAL AREA NO. 2 
BOUNDARY COORDINATES 

Note: User origin value specified. 

15, 16, 17 

Add o.oo to X-values and 300.00 to Y-values listed. 

13 Top Boundaries 
16 Total Boundaries 

Boundary X-Left Y-Left X-Right Y-Right Soil Type 
No. (ft) (ft) (ft) (ft) Below Bnd 

1 .OD 151.50 SO.OD 
2 SO.OD 152.50 180.00 
3 180.00 152.00 200.00 
4 200.00 145.30 220.00 
5 220.00 145.30 240.00 
6 240.00 152.00 250.00 
7 250.00 155.30 270.00 
8 270.00 155.30 385.00 
9 385.00 193.60 405.00 

10 405.00 193.60 538.20 
11 S18 ?O ?38 00 638.20 
12 638.20 23 8. 00 662.20 
13 662.20 230.00 1030.00 
l4 662.20 230.00 896.20 
15 240.00 152.00 896.20 
16 896.20 152. 00 1030.00 

ISOTROPIC SOIL PARAMETERS 
3 Type(s) of Soil 

Soil Total Saturated Cohesion Friction 
Type Unit Wt. Unit Wt. Incercept Angle 

No. (pcf) (pcf) (psf) (deg) 
1 130.0 140.0 .o 33.7 
2 80.0 90.0 .o 28.0 
3 125.0 135.0 .o 26.8 

152.50 
152.00 
145.30 
145.30 
152.00 
155.30 
155.30 
193.60 
193.60 
238.00 
238.00 
230.00 
2JO.OO 
152.00 
152.00 
150.00 

Pore Pressure 
Pressure Constant 

Param. (psf) 
.OD .0 
.DO .0 
.OD . 0 

1 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED 
Unit Weight of Water= 62.40 
Piezometric Surface No. 1 Specified by 5 Coordinate Points 

Point X-Water Y-Water 
No. (ft) (ft) 

1 .00 151.50 
2 80.00 152.00 
3 250.00 152.00 
4 647 . .:!0 225.00 
5 1030.00 235.00 

3 
3 
3 
3 
3 
1 
1 
1 
1 
1 
1 
1 
2 
1 
3 
3 

Pie'.?. 
Surface 

No. 
1 
1 
1 

co::,.-,.-.,-.h.;,..,g 0,.-.,,,1-.;..,"" w.;11 Be r,;m;t-oM '!'0 _n_1; P.rea Defined By 1 1=<r.11nM;:..rio~ 

Of Which The First 1 Boundaries Will Deflect Surfaces Upward 
Boundary X-Left Y-Left X-Right Y-Right 

No. (ft) (ft) (ft) (ft) 
1 .00 132.00 1020.00 132.00 

A Critical Failure Surface Searching Method, Using A Random 
Technique For Generating Circular Surfaces, Has Been Specified. 
400 Trial Surfaces Have Been Generated. 

LO Surfaces Initiate From Each Of 20 Points Equally Spaced 
Along The Ground Surface Between X = 220.00 ft. 
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and X 
Each Surface Terminates Between X 

and X 

300.00 ft. 
480.00 ft. 
640.00 ft. 

Unless Further Limitations Were Imposed, The Minimum Elevation 
At Which A Surface Extends Is Y = .00 ft. 
10.00 ft. Line Segments Define Each Trial Failure Surface. 
Following Are Displayed The Ten Most Critical Of The Trial 

Failure Surfaces Examined. They Are Ordered - Most Critical 
First. 
* * Safety Factors Are Calculated By The Modified Bishop Method 
Failure Surface Specified By 35 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 220.00 145.30 
2 229. 61 142. 53 
3 23 9. 31 140 .10 
4 249.09 138.00 
5 258. 93 136.23 
6 268.83 134. 81 
7 278.77 133. 73 
8 288.74 132.99 
9 298.73 132.59 

10 308. 73 132.54 
11 318. 73 132. 83 
12 328. 71 133.47 
13 338.66 134. 45 
14 348.57 13 5. 77 
15 358.43 13 7. 43 
16 368.23 139. 43 
17 3 77. 96 141. 77 .-
18 387.59 144.43 
19 397 .13 14 7. 43 
20 406.56 150.76 
21 415.88 154. 41 
22 425. 06 15 8. 3 7 
23 434.09 162.65 
24 442.98 167.24 
25 451.70 172.13 
26 460.25 177.32 
27 468.62 182.79 
28 476.79 188.56 
29 484.76 194.60 
30 492. 51 200. 91 
31 500.05 207. 4 8 
32 507.35 214.31 
33 514.42 221. 3 9 
34 521. 24 228. 71 
35 525.69 233.83 

Circle Center At X = 305.2 y 423.1 and Radius, 290.6 

*** l. 524 *** 
Individual data on the 42 slices 

Water Water Tie Tie Earthquake 

* * 

Force Force Force Force Force Surcharge 
Slice Width Weight Top Bot Norm Tan Hor Ver Load 

No. (ft) (lbs) (lbs) (lbs) (lbs) (lbs) (l!Js} (lbs) (lbs) 
l 9.6 3883.3 3218.9 5044.3 . 0 .0 .o .0 .o 
0 9.7 11560.6 J.184.7 66£;7.7 .o . 0 .o . 0 .0 

3 7 1107 .0 5.3 528.5 .o .0 . 0 .0 .0 
4 9.1 17749.9 .0 7554.5 . 0 .0 .o .0 .0 
5 . 9 2113.1 . 0 816.5 .o .0 .o .o .0 
0 8.9 21872.0 .o 8411.8 .0 . 0 .o .D .0 
7 l. 1 L750 . .2: .0 1069.7 . 0 . 0 .0 .0 . 0 

8 8.8 23564 .8 .0 9525.2 . 0 .0 .0 . 0 .o 
9 1.2 3253.6 .0 1387.5 .o .0 .0 .0 .o 
0 8.8 6720.5 . 0 11238. 5 .o .0 . 0 . 0 .o 
l 

~ ,., ,,., ,....,,--,,., r, 
• V ::..:;.;c.;.. 3 .o .0 . 0 .0 .o .., ,,.,., ...... 

2 10.0 1131.6 .o 16136.4 .o .o .o .0 .o 

Page 2 
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13 10.0 46002.2 . 0 17580.7' .o . 0 . 0 .o . 0 
14 10.0 50357.2 .0 18815.l . 0 .0 . 0 .0 . 0 
15 10.0 54176.6 . 0 19838.4 . 0 .0 . 0 .0 . 0 
16 10.0 57444.6 . 0 20649.3 .0 .0 . 0 .o . 0 
17 9.9 60148.6 . 0 21246.8 . 0 . 0 . 0 .o . 0 
18 9.9 62280.9 . 0 21630.2 .0 .0 .0 . 0 . 0 
19 9.8 63838.0 . 0 21799.2 . 0 .o .0 . 0 . 0 
20 9.7 64819.9 .0 21753.4 . 0 . 0 . 0 . 0 . 0 
21 7.0 47606.0 . 0 15746.2 . 0 .0 . 0 .0 . 0 
22 2.6 17479.3 .0 5746.7 .0 . 0 . 0 . 0 . 0 
23 9.5 62038.7 .0 21018.l . 0 • 0 . 0 . 0 . 0 
24 7.9 48243.7 . 0 17013.l . 0 . 0 . 0 .0 . 0 
25 1.6 93 09. 2 . 0 3316. 4 .0 . 0 . 0 .0 . 0 
26 3.2 18830.0 . 0 6728. 9 . 0 .0 .0 . 0 . 0 
27 6.1 36219.2 . 0 12699.0 . 0 . 0 . 0 . 0 . 0 
28 9.2 53255.8 . 0 18314.4 . 0 .o .o .0 . 0 
29 9.0 50965.3 . 0 16990.3 . 0 . 0 . 0 . 0 . 0 
30 8.9 48216.5 . 0 15457.2 . 0 . 0 . 0 . 0 . 0 
31 8.7 45042.4 .0 13716.8 .0 . 0 . 0 .0 . 0 
32 8.5 41479.5 . 0 11771.4 . 0 .o .0 . 0 .0 
33 8.4 37567.0 . 0 9623.0 .0 . 0 . 0 . 0 . 0 
34 8.2 33347.4 .0 7274.4 . 0 . 0 . 0 . 0 . 0 
35 8.0 28866.0 . 0 4728.2 .0 .0 .0 .o . 0 
36 7.8 24170.5 .0 1987.6 .o . 0 .0 . 0 . 0 
37 l. 4 3961.8 .0 53.5 . 0 . 0 . 0 .o . 0 
38 6.1 15469.4 . 0 .0 . 0 . 0 . 0 . 0 . 0 
39 7.3 14814. 4 .0 .0 .0 .0 .0 .0 . 0 
40 7.1 10142. l .0 .0 . 0 .0 . 0 . 0 . 0 
41 6.8 5459.l . 0 . 0 .0 .o . 0 .0 . 0 
42 , -•• 0 1053.3 .0 .0 . 0 .0 .0 . 0 .0 

c: 
Failure Surface Specified By 34 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

l 224.21 146. 71 
4 Ol 3 3 • '/Ol 14.3.6:2 
3 243.34 140.90 
4 253 . 06 138.55 
5 262.86 136. 56 
6 272. 73 134. 95 
7 282.66 133. 71 
8 292.62 132.66 
9 302.61 132.38 

10 312.61 132.28 
11 322.60 132.56 
12 332.58 133. 23 
13 342.53 134.26 
14 352.43 135.68 
15 362.27 137.47 
16 3 72 . 03 1.39.64 
17 381.70 142.17 
18 391.27 145.07 
19 400.73 148.33 
20 410.05 151.95 
21 419.23 155.92 
22 428.25 160.24 
23 437.10 164.89 
24 445.77 169.88 
25 454.24 175.19 
26 462.50 180.82 
27 470.55 186.76 
28 478.36 193.01 
29 485.93 199.54 
30 493.24 206.36 
31 500.29 213.45 
32 507.07 220.80 ,, ::;: 3. 5-; '.?7~ ~ j 

34 5l5. 05 230.28 
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Circle Center At X = 310.2 ; Y 395.4 and Radius, 263.l 
*** 1.531 *** 

Failure Surface Specified By 31 Coo~dinate Points 
Point x-surf Y-Surf 
No. (ft) (ft) 

1 220.00 145.30 
2 229.53 142.28 
3 239.18 139.65 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

Circle 

24 8. 93 137.40 
258.75 135.55 
268.65 134.10 
278.59 133.05 
288.57 132.40 
298.57 132 .15 
308.57 132.30 
318.55 132.85 
328.51 13 3. 81 
338.41 135.16 
348.26 136. 92 
358.02 139.06 
367.70 141. 60 
377. 26 144. 53 
386.70 147.84 
395.99 151.52 
4 05. 13 155.58 
414.10 160.00 
422.89 164.78 
431.47 169.90 
439.85 175.37 
447.99 181.17 
455.90 187:30 
463.55 193.73 
4 70. 94 200.47 
478.05 207.51 
484.87 214.82 
491.39 222. 40 

Center At X = 299.8 ; Y 380.6 and Radius, 248.5 
*** 1.532 *** 

Failure Surface Specified By 31 Coordinate Points 
Point x-surf Y-Surf 
No. (ft) (ft) 

l 220.00 145.30 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14. 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

26 

229.53 
239.17 
248.92 
258.74 
268.64 
278.58 
288.56 
298.56 
308.56 
318.54 
328. 49 
338.40 
348.24 
358.00 
367.66 
377.21 
386.63 
395.91 
405.03 
413.97 
422.73 
431.28 
439.62 

4.55.58 

142.27 
139. 62 
137.37 
135.52 
134. 06 
133.02 
132.37 
132 .13 
132.30 
132.87 
133.85 
135.23 
137.01 
13 9, 19 
141.77 
144.73 
148.08 
151.82 
255.92 
lG0.33 
165.22 
170.40 
175.93 
181.79 
187.97 
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27 463.18 194. 4 7 
28 470.51 201.27 
29 477.56 208.37 
30 484.31 215.74 
31 489.36 221. 72 

Circle Center At X = 299.4 ; y 

*** 1. 532 *** 
Failure 

Point 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 

Surface Specified By 33 
X-Surf Y-SuL[ 

(ft) (ft) 
220.00 145.30 
229.64 142.63 
239.36 
249.17 
259.04 
268.96 
278.92 
288.90 
298.90 
308.90 
318. 89 
328.84 
338.76 
348.63 
358.43 
368.15 
3 77. 78 
387.31 
396.73 
406.01 
415.15 
424.14 
432. 97 
441.62 
450.09 
458.35 
466.41 
474.25 
481.86 
489.22 
496.34 
503.20 
505.68 

140.31 
138.34 
13 6. 73 
135.47 
134.58 
134.04 
133 ."87 
134.06 
134. 61 
135. 52 
136. 79 
13 8. 42 
140.40 
142.74 
145.43 
148.46 
151.84 
155.56 
159.61 
163.98 
168.68 
173.70 
179.02 
184.65 
190.57 
196.78 
203.27 
210.04 
217. 06 
224.33 
227.16 

Circle Center At X = 298.7 ; Y 
*** 1.534 *** 

Failure Surface Specified By 31 
Point X-Surf Y-Surf 
No. If ti (ft) 

1 220.00 145.30 
2 229.53 142. 25 
3 23 9. 17 139.61 
4 248.91 137.37 
5 25 8. 74 135.53 
6 268.64 134 .11 
7 278.59 133.10 
8 288.57 132.51 
9 298.57 132.33 

10 308.57 132.58 
11 318.55 133.23 
12 328.49 134.31 
l3 338.38 135.79 
14 34 B. ~O ::_37. 69 
15 357.93 140.00 
16 367.55 142.71 
17 377.06 145. 81 
.l-U 306.43 1.;_9. 32 
19 3Sl5. 64 153.21 

378.3 and Radius, 246.2 

Coordinate Points 

410.3 and Radius, 276.4 

Coordinate Points 
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20 404.68 157.48 
21 413.54 162.12 
22 422.19 167 .13 
23 430.63 172.49 
24 438. 84 178.20 
25 446.80 184.25 
26 454.51 190.63 
27 461. 94 197.32 
28 469.08 204.32 
29 475.93 211.60 
30 482.47 219.17 
31 482. 74 219.51 

Circle Center At X = 297.8 ; y 372 .1 and Radius, 239. 8 

*** 1. 535 *** 
Failure Surface Specified By 33 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft} (ft} 

1 220.00 145.30 
2 229.66 142.71 
3 239.41 140.47 
4 249.23 138.58 
5 259 .11 137. 04 
6 269.03 135.85 
7 279.00 135. 02 
8 288.99 134. 54 
9 298. 99 134.41 

10 308.99 134.65 
11 318.97 135.23 
12 328.92 136.18 
13 338.84 137.48 
14 348.70 139 .13 
15 358.50 141.13 
16 368.22 143.47 
l 7 377. 85 146 .17 
18 387.38 149. 20 
19 396.79 152.57 
20 406. 08 156.27 
21 415.23 160.30 
22 424.24 164. 66 
23 433.08 169.33 
24 441.75 174.32 
25 450.23 179.61 
26 458.52 185.20 
27 466.61 191.08 
28 474.49 197.24 
29 482.13 203.68 
30 489.55 210.39 
31 496.72 217.36 
32 503.64 224.58 
33 506.05 227.28 

Circle Center .P.t X = 297.4 ; y 415.2 and Radius, 280.8 

*** 1.537 *** 
Failure Surface Specified By 36 Coordinate Points 

Point X-Surf Y-Surf 
N"o. (ft} (ft} 

1 232.63 149.53 
2 242.08 14.6.26 
3 251.G4 14.3.32 
4 261.30 140.73 
5 271.05 138.49 
6 280.87 136.60 
7 290.75 135.07 
8 300.68 133.89 
9 310. 64 133.07 

10 320.63 132.61 
11 .::J0.6J 1.3L.5.L 
12 340.63 132.77 
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13 350.61 133. 39 
14 360.56 134. 36 
15 370.47 135. 70 
16 380.33 137.38 
17 390.12 13 9. 43 
18 399.83 141. 82 
19 409.45 144.56 
20 418.96 147.64 
21 428.35 151.06 
22 437. 62 154.82 
23 446.75 158.91 
24 455. 72 163.33 
25 464.53 168.06 
26 4 73. 16 173 .11 
27 481.60 178.47 
28 489.85 184.12 
29 497.89 190.07 
30 505. 71 196. 31 
31 513.30 202.82 
32 520.65 209.60 
33 527. 75 216.64 
34 534.60 223.93 
35 541.18 231.46 
36 546.49 238.00 

Circle Center At X = . 328. 5 ; y 410.6 and Radius, 278.1 
*** 1.537 *** 

Failure Surface Specified By 34 Coordinate Points 
Point X-Surf Y-Surf 
No. (ft) (ft) 

1 220. 00 145.30 
2 229. 71 142.89 
3 239.49 140.80 
4 249.33 139. 04 
5 259. 2) 13 7. GO 
6 269.16 136.49 
7 279. 13 135. 71 
8 289.12 135.26 
9 299.12 135.14 

10 309. 12 135.34 
11 319 .11 135.88 
12 329.07 136.75 
13 339. 00 137.94 
14 348.88 139.46 
15 358.71 141.31 
16 368.47 143.48 
17 378.15 145.97 
18 387.75 148. 78 
19 397.25 151.90 
20 406.64 155.34 
21 415.92 159.08 
22 425.06 163 .13 
23 434.06 167.48 
24 442.92 1 72. 12 
25 451.62 177.05 
26 460.15 182.27 
27 468.51 187.76 
28 4 76. 58 193.53 
c, " n" ,.... ;,. ..-o ... U...J 199.57 
30 492.42 205.86 
31 499. 98 212.41 
32 507.32 219.20 
33 514.~3 225.23 
34 519.76 231.ES 

Circle Center At X = 297.8 ; y 438.l and Radius, 303.0 
*** 1. 538 *** 

Failure Surface Specified By 31 Coordinate Points 
Point }:-surf Y-Surf 



R12655

C:\docume-1\howens\mydocu-1\willia-1\stabil-l\ph7dsst2.OUT Page 8 

No. (ft) (ft) 
1 224.21 146. 71 
2 233.70 143.55 
3 243.31 140.78 
4 253.03 138.43 
5 262.84 136.49 
6 272. 72 134. 97 
7 282.66 133. 86 
8 292.64 133.18 
9 302.63 132. 92 

10 312.63 133.08 
11 322.61 133.66 
12 332.56 134. 67 
13 342.46 136.09 
14 352.29 137.93 
15 362.03 140.19 
16 3 71. 67 142.85 
17 381.19 145.92 
18 390.57 149.39 
19 399.79 153.25 
20 408.84 157.50 
21 417. 71 162.13 
22 426.37 167.13 
23 434. 81 172.49 
24 443.02 178.20 
25 450.98 184.25 
26 458.68 190.63 
27 466.10 197.34 
28 473.23 204. 3"5 
29 480.06 211.65 
30 486.57 219.24 
31 488.23 221.34 

Circle Center At X = 303.8 ; y 369.5 and Radius, 236.6 
*-A"k 1.541 -},_· .,-, -~-

l 
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PHASE 7 D.S. SEISMIC, PIEZ. 15, 1G, 17 REFUSE DISPOSAL AREA NO. 2 
C:\DOCUME~1\HOV'/ENS\MYDOCU~1\WILLIA~1\STABIL~1\PH7DSSE.PL2 Run By: hlo 7/14/2008 10:35AM 

- - , I I 
# FS Soi! Soil Total Saturatec Cohesion Friction Pie!. Load Value I I 

lnit Points: 200. to 300. 
a 1.20 Desc. Tvpe Unit Wt. Unit Wt. Intercept Angle Surface Horiz Eqk 0.150 g< Term Limits: 480. to 640. 
b 1.20 No. lpcf) (ref) (psf) (deg) No. 
c 1.20 CCR 1 130.0 140.0 0.0 33.7 W1 
d 1.20 FCR 2 80.0 90.0 0.0 28.0 W1 
e 1.20 SOIL 3 135.0 135.0 400.0 19.2 W2 -
r 1.20 
H 1.21 
h 1 21 
i 1 21 
j 1.21 

-

-- -

-· a -

j gJre hi 

~ II '2 13 

- 9 -~~z~ 1 ____ .--1--,1-------------- 4 2 Wl -

8 1 -----~ 1 

--'-----· 2 iJ~.,;,.~- -cf ~- 16 
w_t 3 lil J J ~ Wl ~ 3 3 
11'2------------------J.- *1 W2 

- -

I 
i I I I I I I I I I , 

-\ i 
"" V'i (j:)1 

o ·too 200 300 400 500 600 700 800 900 1000 1100 

STED 

§Jr·--· ~ ~~~ 
-- ,f]~ 

'·"-' f"'\:; h' 'i)' . ./. ,, . ' '"' {?:-1:~?/~J ;(;/) 

PCSTABL5M/si FSmin=1.20 
Safety Factors Are Calculated By The Modified Bishop Method ® ) 

' 
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C, \DDCUME-1 \HOWENS\MYDOCU-1 \WILLIA-1 \STABIL-1 \PH7DSSE. OUT 

Run Date: 

** PCSTABLSM ** 
by 

Purdue University 
--Slope Stability Analysis-

Simplified Janbu, Simplified Bishop 
or Spencer~s Method of Slices 

7/14/2008 
Time of ·Run: 10:3!:iAM 
Run By: 
Input Data Filename: 
Output Filename: 
Unit: 

hlo 
C:PH7DSSE. 
C,PH7DSSE.OUT 
ENGLISH 

Plotted 
PROBLEM 

Output Filename: C:PH7DSSE.PLT 
DESCRIPTION PHASE 7 D.S. SEISMIC, PIEZ. 15, 16, 17 

REFUSE DISPOSAL AREA NO. 2 
BOUND.P..RY COOP.DINJ'.I.TES 

Note: User origin value specified. 
Add 0.00 to X-values and 300.00 to Y-values listed. 

13 Top 'Annnrl=~; cc 

16 Total Boundaries 
Boundary X-Left Y-Left X-Right Y-Right Soil Type 

No. (ft) (ft) (ft) (ft) Below Bnd 
1 .OD 151.50 
2 80.00 152.50 
3 180.00 152.00 
4 200.00 145.30 
5 220.00 145.30 
6 240.00 152.00 
7 250.00 155.30 
B 270.00 155.30 
9 385.00 193.60 

10 405.00 193.60 
11 538.20 238.00 
12 63 8. 2 0 238.00 
13 662.20 230.00 
14 662.20 230.00 
15 240.00 152.00 
16 896.20 152.00 

ISOTROPIC SOIL PARAMETERS 
3 Type(s) of Soil 

Soil Total Saturated Cohesion 
Type Unit Wt. Unit Wt. Intercept 

No. (pcf) (pcf) (psf) 
1 130.0 140.0 .o 
2 80.0 90.0 .o 
3 135.0 135.0 400.0 

BO.OD 152.50 
180.00 152.00 
200.00 145.30 
220.00 145.30 
240.00 152.00 
250.00 155. 3 0 
270.00 155.30 
385.00 193.60 
405.00 193.60 
538.20 238.00 
GJ0.20 230.00 
662.20 230.00 

1030.00 230.00 
896. 20 152.00 
896.20 152.00 

1030.00 150.00 

Friction Pore 
Angle Pressure 
(deg) Param. 

Pressure 
Constant 

33.7 .00 
28.0 .DO 
19.2 .OD 

(psf) 
.o 
.o 
.o 

2 PIEZOMETRIC SURFACE(S} HAVE BEEN SPECIFIED 
Unit Weight of Water= 62.40 
Piezometric Surface No. 1 Specified by 

Point 
No. 

1 
2 
3 
4 
5 

Point 
No. 

1 
2 

X-Water 
(ft) 

.OD 
BO.DO 

300.00 
562.20 

1030.00 

X-Wacer 
(ft) 
.00 

1020.00 

Y-Wacer 
{ft) 

151.50 
152.00 
152.00 
230.00 
~30.00 

Y-Wac.er 
(ft) 

132.00 
132.00 

5 Coordinate Points 

3 
3 
3 
3 
3 
1 
1 
1 
1 
1 
1 
1 
2 
1 
3 
3 

Piez. 
Surface 

No. 
1 
1 
2 

Searching Routine Will Be Limited To An P~rea Defined By l Boi;.ndaries 
Of Which The First 1 Boundaries Will Deflect Surfaces Upward 
Boundary X-Left Y-Left X-R ght Y-Right 

No. {ft:) (ft) I cl (ft) 
1 .00 132.00 102 .OD 132.00 

Page 1 
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A Horizontal Earthquake Loading Coefficient 
Of .150 Has Been Assigned 
A Vertical Earthquake Loading Coefficient 
Of .ooo Has Been Assigned 
Cavitation Pressure= .O (psf) 
A Critical Failure Surface Searching Method, Using A Random 
Technique For Generating Circular surfaces, Has Been Specified. 
400 Trial Surfaces Have Been Generated. 

20 Surfaces Initiate From Each Of 20 Points Equally Spaced 
Along The Ground Surface Between X 200.00 ft. 

and X 300.00 ft. 
Each Surface Terminates Between X 480.00 ft. 

and X 640.00 ft. 
Unless Further Limitations Were Imposed, The Minimum Elevation 
At Which A Surface Extends Is Y = .DO ft. 
10.00 ft. Line Segments Define Each Trial Failure Surface. 
Following Are Displayed The Ten Most Critical Of The Trial 

Failure Surfaces Examined. They Are Ordered - Most Critical 
First. 
**Safety Factors Are Calculated By The Modified 'Aic:,h,-.,p Mot-n,-.,n * * 
Failure Surface Specified By 39 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 215.79 145.30 
2 225.45 142.73 
3 235.19 140.45 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 

244.99 
254.84 
264. 73 
274.67 
284. 63 
294.61 
304.61 
314. 61 
324.60 
334.59 
344.55 
354.48 
364.38 
374.23 
384.03 
393.76 
403.43 
413. 02 
422.52 
431.93 
441.23 
450.43 
459.51 
468.47 
477.29 
485.98 
494.51 
502.90 
511.12 
519.18 
527.06 

542.28 
549.60 
556.72 
558.89 

138.44 
136. 72 
135.28 
134 .13 
133.26 
132.68 
132.39 
132.39 
132.68 
133. 25 
134.12 
135.26 
13 6. 70 
138.42 
140.42 
142. 71 
145.27 
148 .11 
151.23 
154.62 
158.28 
162.20 
166.39 
170.84 
175.55 
180.50 
185.71 
191.16 
196.85 
202.77 
2C•8. 93 
21s. :n 
221.91 
228.72 
225.74 
2:rn.00 

Circle Cen~er At X = 309.7 Y 479.3 and Radius, 346. 9 
*"'* 1.197 

Tndividual data on the 
Water Water 
Force Force 

48 slic.:es 
Tie 

Force 
Tie 

Force 
La:-thqu.ake 

Force Surcharge 
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Slice Width Weight Top Bot Norm Tan Hor Ver Load 
No. {ft) {lbs) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) 

1 4.2 317.8 . 0 . 0 . 0 .0 4 7. 7 .o . 0 
2 5.5 2029.8 . 0 .o .0 .0 304. 5 .0 . 0 

3 9.7 9421.2 .0 . 0 . 0 .o 1413. 2 .0 . 0 
4 4.0 7299. 9 . 0 . 0 .0 .0 1095.0 . 0 . 0 
5 5.0 9318.2 . 0 . 0 .0 . 0 1397.7 . 0 . 0 

6 5.0 11086. 2 .o .o . 0 .0 1662.9 . 0 . 0 
7 4.8 11778.6 . 0 . 0 .o .o 1766.8 .0 . 0 
8 9.9 25623.5 .0 . 0 .0 . 0 3843.5 . 0 . 0 
9 5.3 14365.8 .0 .o .0 .0 2154. 9 . 0 . 0 

10 4.7 13562.5 .0 . 0 . 0 .o 2034.4 .0 . 0 
11 10.0 33055.4 . 0 . 0 . 0 .0 4958.3 .0 . 0 
12 10.0 38407.6 . 0 . 0 .0 .0 5761.1 .o . 0 
13 5.4 22787.1 .o . 0 . 0 .0 3418.1 .0 . 0 
14 4.6 20579.5 .0 . 0 .o .o 3086.9 .0 .0 

15 10.0 48066.7 . 0 . 0 . 0 .0 7210.0 .o .0 
16 10.0 52392.2 . 0 .0 .0 .0 7858.8 .o . 0 

l7 10.0 56275.6 . 0 .o .0 .0 8441.3 .o . 0 

18 10.0 59705.3 .o .o . 0 • 0 8955.8 . 0 . 0 

19 9.9 62672. 0 .0 . 0 . 0 .0 9400.8 . 0 . 0 

20 9.9 65168.7 . 0 . 0 . 0 .0 9775.3 . 0 . 0 

21 9.9 67191. 3 . 0 .0 .0 .0 10078.7 . 0 .o 
22 9.8 68737.8 . 0 . 0 .0 . 0 10310.7 .0 . 0 
23 1.0 6904.4 .0 . 0 . 0 .o 1035.7 .0 .0 
24 8.8 61241.2 .0 .0 . 0 .0 9186.2 .0 . 0 
25 9.7 64716.1 .o . 0 . 0 .0 9707.4 .o . 0 

26 1. 6 10208.4 . 0 . 0 . 0 .0 1531.3 . 0 . 0 
27 8.0 52080.8 . 0 .0 .0 . 0 7812.l . 0 .0 
28 9.5 61983.9 . 0 .0 .0 .0 9297.6 . 0 . 0 

29 2.1 13973.9 . 0 . 0 .0 .0 2096.1 . 0 .o 
30 7.3 47267.8 . 0 12404.2 . 0 .0 7090.2 .0 . 0 
31 9.3 59957.1 .o 15233.2 . 0 .0 8993.6 . 0 .o 
32 q ? SR?4, " .0 141:\4.9 . 0 . 0 8736.5 . 0 . 0 
33 9.1 56123.6 .0 12859.9 . 0 .0 8418.5 .0 . 0 
34 9.0 53616.6 .0 11409.4 . 0 . 0 8042.5 . 0 .0 
35 8. 8 50745.2 .o 9784.5 . 0 . 0 7611.8 . 0 .o 
36 8.7 47533.5 .0 7986.6 . 0 .o 7130.0 . 0 . 0 
37 8.5 44007.l .o 6017.2 . 0 .0 6601.l . 0 .0 
38 8.4 40194.6 .0 3877.9 . 0 . 0 6029.2 .o . 0 
39 8.2 36125.3 .0 1570.5 . 0 . 0 5418.8 . 0 . 0 

40 1. 2 4902.2 .0 27.5 . 0 .0 735.3 .0 .0 
41 6.9 27048.6 .0 . 0 . 0 .0 4057.3 .0 .o 
42 7.9 27790.7 . 0 . 0 . 0 .0 4168.6 . 0 .0 
43 7.7 23480.3 .0 . 0 . 0 .0 3522.0 . 0 .0 
44 3.4 9212. 5 .0 .o . 0 .0 13 81. 9 . 0 . 0 
45 4 .1 94 76. 5 .0 . 0 . 0 .0 1421.5 .0 .0 
46 7.3 12076.5 .0 .o . 0 . 0 1811. 5 . 0 . 0 
47 7.1 5344.7 .0 .o . 0 . 0 801. 7 .0 . 0 
48 2.2 318.7 .0 .o . 0 . 0 47.8 .o . 0 

Failure Surface Specified By 40 Coordinate Points 
Point X-Surf Y-Surf 

No. (ft) I ft) 
1 210.53 145.30 
2 .<:.<:U • ..!:.L 142.79 
3 229.95 140.56 
4 239.76 2.38.59 
5 .:,-;.;, • O.L 130.89 
6 259.51 135.47 
7 269.44 134.31 
8 279.41 133.44 
9 289.39 132.83 

10 299.38 132.51 
11 309.38 132.46 
12 319.38 132.68 
l. .5 :,L;J . .:, I .L..:. .. :...1.ti 

14 339.34 1J3.95 
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15 349.28 135.00 
16 359.19 136.33 
17 369.07 137. 92 
18 378.89 139.79 
19 388.66 141.93 
20 398.37 144.33 
21 408.00 147.01 
22 417.56 149.94 
23 427.04 153.14 
24 43 6. 42 156.60 
25 445.70 160.32 
26 454.88 164. 29 
27 463.94 168.51 
28 472.89 1 72. 98 
29 4B1. 71 177.70 
30 490. 39 182.65 
31 498.94 187.85 
32 507.34 193. 28 
33 515.58 198.93 
34 523.67 204.82 
35 531.59 210.92 
36 539.34 217.24 
37 546. 91 223.77 
38 554.30 23 0. 51 
39 561.51 237.44 
40 562.05 238.00 

Circle Center At X = 306. 3 ; y 

*** 1.199 ••• 
495.2 and Radius, 362.7 

Coordinate Points Failure Surface Specified By 39 
Point x-surf Y-Surf 
No. (ft) (ft) 

1 210.53 145.30 
2 220.21 142. 78 
3 229.9!i 140.54 
4 239.75 13 8. 57 
5 249.61 136.87 
6 259.51 135.45 
7 269.44 13 4. 31 
8 279. 41 133.45 
9 289.39 132.86 

10 299.38 132.55 
11 309.38 132. 52 
12 319.38 132.78 
13 329.37 13 3. 31 
14 339.33 134. 12 
15 349.27 135.20 
16 359.18 136.57 
17 369.04 138. 21 
18 378.86 140.12 
19 388.62 142. 31 
20 398.31 144.77 
21 407.93 147.50 
22 417.47 150.50 
23 426.92 153.77 
24 435.28 157.29 
25 445.53 161.08 
25 454.68 165.12 

"" "' 463.71 159.4.2 
28 472.62 173.97 
29 481.39 178.76 
30 4 90. 03 123.60 
31 498.52 189.08 
32 506.87 194.59 
33 515.05 200.33 
34 523.08 206.30 
J5 530.93 212.50 
36 538.61 218. 90 
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37 
38 
39 

546.10 
553.41 
559.12 

225.52 
232.35 
238.00 

Circle Center At X = 305.4 ; Y 490.5 and Radius, 358.0 
*** 1.199 *** 

Failure Surface Specified By 38 Coordinate Points 
Point X-Surf Y-Surf 
No. (ft) (ft) 

1 226.32 147.42 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 

235.87 
245.51 
255.24 
265.03 
274. 89 
284.79 
294. 73 
3 04. 70 
314.70 
324.69 
334.69 
344.68 
354.64 
364.57 
374.46 
384.29 
394.07 
403.76 
413.38 
422.90 
432.32 
441.62 
450.81 
459.86 
468.77 
477.53 
486.12 
494.56 
502.61 
510.88 
518.75 
526.43 
533.89 
541.13 
54 B. 15 
554.94 
556.92 

144.46 
141. 82 
139. 49 
137.47 
135.76 
134.38 
133. 31 
132.56 
132.13 
132.03 
132.24 
132.78 
133.64 
134. Bl 
136.31 
13 8 .12 
140.25 
142.68 
145.43 
148.49 
151.85 
155.52 
159.47 
163.73 
lG0.27 
173.09 
178.19 
183.57 
189.22 
195.12 
201.29 
207.70 
214.36 
221. 25 
228.37 
235. 72 
238.00 

Circle Center At X = 323.D ; Y 
*** 1.199 *** 

Failure Surface Specified By 39 
Point X-Surf Y-Surf 

No. (ft) (ft) 

1 226.32 147.42 
2 235.92 144.63 
3 245.61 142.14 
4 255.36 139. 94 
5 265.18 138.03 
6 275.05 136.42 
7 

..,,... ,.._,.,. 
13.S.10 "-O"i. ;;o 

8 294.91 134.07 
9 304.88 133.35 

10 314.87 132.92 
11 324.87 132.80 
12 334.87 132.97 
13 344.86 133.44 
14 354. 83 134.21 
J..5 :::64. /7 1:-15 .';;:.7 

16 3 74. 68 136.64 

443.2 and Radius, 311.2 

Coordinate Points 

Page 5 
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3 84. 54 138.29 
18 3 94. 35 140.25 
19 404. 09 142.49 
20 413 . 76 145. 03 
21 423.36 147.85 
22 432.86 150.96 
23 442.27 154.35 
24 451. 57 158.02 
25 460.76 161.97 
26 469.82 166.19 
27 4 7 8. 76 170.68 
28 487.56 175.44 
29 496.21 180.45 
30 504.70 185. 73 
31 513.04 191. 25 
32 521. 21 197.02 
33 529.20 203.03 
34 537.00 209.28 
35 544.62 215.76 
36 552.04 222.47 
37 559.26 229.39 
38 566.26 236.52 
39 567. 63 238.00 

Circle Center At X = 324.1 ; Y 467.3 and Radius, 334.5 
*** 1.200 *** 

Failure Surface Specified By 39 Coordinate Points 
Point X-Surf Y-Surf 
No. (ft) (ft) 

1 215.79 145.30 
2 225.52 142.98 
3 235.31 140.93 
4 245.15 139.15 
5 255.03 13 7. 64 
6 264.95 136.40 
7 274. 91 13 5. 42 
8 284.88 134. 72 
9 294.87 134.30 

10 304.87 134 .14 
11 314. 87 134.26 
12 324.86 134.65 
13 334.84 135.31 
14 344.80 136.25 
15 354.72 137.45 
16 364.61 138.93 
17 374.46 140.68 
18 384.26 142.69 
19 393.99 144.97 
20 403.66 147.51 
21 413.26 150.32 
22 422.78 153.39 
23 432.21 156.72 
24 441. 54 160.30 
25 450.78 164 .14 
26 459.91 168.22 
27 468.92 172.56 
28 477.81 177.14 
29 486.57 161.95 
30 195.20 187.01 
31 503.68 192.30 
32 512.02 197.82 
33 520.21 203.57 
34 528.23 209.53 

l 35 
36 
37 

536.09 215.71 
543.78 222.11 
551.29 228. 71 

38 :)S8.62 2]5.52 
39 561.15 238.00 
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Circle Center At X = 305.6 ; Y 500.7 and Radius, 366.6 
*** 1.203 *** 

Failure Surface Specified By 37 Coordinate Points 
Point x-surf Y-Surf 
No. ( ft) (ft) 

1 231.58 149.18 
2 241.09 146.07 
3 250.69 143.30 
4 260.39 140.84 
5 270.16 138.72 
6 280.00 136.94 
7 289.89 135.49 
8 299.83 134.37 
9 309.80 133.60 

10 319.79 133.16 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 

329.79 
33 9. 79 
349.77 
359.73 
369.65 
379.52 
389.33 
399.07 
408. 73 
418.29 
427.75 
437.09 
44 6. 31 
455.39 
464.32 
473.10 
481.70 
490.13 
498. 37 
S0fi.41 
514.25 
521. 86 
529.26 
536 .o 
543.34 
550.01 
552.76 

133.06 
133.31 
133.89 
134.81 
136.07 
13 7. 67 
139.60 
141.87 
14.4.46 
l4 7. 38 
150.63 
154.19 
158.07 
162.26 
166.76 
171. 56 
176.65 
182.04 
187.70 
193.65 
199.86 
206.34 
213.07 
220.05 
227.27 
234.72 
238.00 

Circle Center At X = 327.6 ; Y 
*** 1.207 *** 

Failure 
Point 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

] 0 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

Surface Specified By 41 
X-Surf Y-Surf 

( ft) (ft) 
205.26 145.30 
215.01 143.05 
224.80 141.04 
234.65 139.27 
244.53 137.73 
254.44 136.44 
264.39 13 s. 3 a 
274. 3 5 134.57 
284.34 134. 00 
294.33 133.€,7 
... " . ., ... .;,v-;t • .:,.:, ~ ., .., I'"" ..,_.:,.:, . ..,,., 
314.33 133.73 
324.32 134.13 
334.30 134.76 
344.26 135.64 
354.20 136.76 
364.11 138.12 
373.98 13 9. 72 
JCJ.01 1-11.55 
393.59 143.63 

427.1 and Radius, 294.1 

Coordinate Points 
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21 403.32 145.94 
22 412.99 148.48 
23 422.60 151.26 
24 432.14 154.27 
25 441.60 157.51 
26 450.98 160.97 
27 460.27 164.67 
28 469.47 168.58 
29 478.57 172. 72 
30 487.58 177.08 
31 496.47 181.65 
32 505.25 186.44 
33 513. 91 191.44 
34 522.45 196.64 
35 530.86 202.05 
36 53 9. 13 207.67 
37 547.27 213.48 
38 555.26 219.49 
39 563.11 225.69 
40 570.81 232.07 
41 577.61 238.00 

Circle Center At X = 303. 0 ; y 546.9 and Radius, 413. 3 
*** l. 209 *** 

Failure Surface Specified By 40 Coordinate Points 
Point X-Surf Y-Surf 
No. (ft) (ft) 

l 226.32 147.42 
2 236.01 144.97 
3 245.77 142. 78 
4 255.58 140. 84 
5 265.44 13 9. 16 
6 275.34 13 7. 73 
7 285.27 136.57 
8 295.23 135.66 
9 305.20 135. 01 

10 315.20 134. 63 
11 325.20 134.50 
12 335.20 134. 63 
13 345.19 135.03 
14 355.17 135.68 
15 365.12 136.59 
16 375.06 137. 77 
17 384.95 139. 20 
18 3 94. 81 140.89 
19 404.62 142.83 
20 414.37 145.03 
21 424.07 147.48 
22 433.70 150.19 
23 443.25 153 .14 
24 452. 72 156. 34 
25 462.11 159.79 
26 4 71. 4 0 163.48 
27 480.60 167.41 
28 489.69 171. 58 
29 198.66 175.99 
30 507.52 180.63 
7; o. 5~6.26 185.49 
32 .S24.87 190.59 
33 533.34 195.90 
34 541.67 201.43 
35 54 9. 8 5 207.18 
7r SS7.88 213.14 

(~ 
"u 
37 565.75 219.31 
38 573.46 225.68 
29 CO~ f"\ n 

_ivJ.. UV 2:12 ::.:'5 
40 !::.b I • .:! i5 Lj t). 00 

Circle Center At X = 325.1 ; y 518.4 and Radius, 383. 9 
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*** 1. 210 *** 
Failure 

Point 
Surface Specified By 36 

X-Surf Y-Surf 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

(ft) (ft) 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 

221. 05 
230.65 
240.34 
250.11 
25 9. 94 
269.83 
279.76 
289.73 
299. 72 
309.72 
319. 72 
329.70 
339.66 
349.59 
359.46 
369.28 
379.03 
388.69 
398.27 
407.74 
417.09 
426.32 
435.42 
444.36 
453.15 
461.78 
470.22 
4 78. 48 
486.54 
494.40 
502.04 
509.46 
516.65 

34 523.60 
35 530.30 
36 532.72 

Circle Center At X = 

*** 1.212 

145. 65 
142.85 
140.37 
138. 22 
136.41 
134. 93 
133.78 
132. 98 
132.51 
132.39 
132.60 
133.15 
134. 05 
135.28 
136.84 
138.74 
140. 98 
143.54 
146. 43 
149.64 
153.18 
157.02 
161.19 
165.65 
170.42 
175.48 
180.84 
186.48 
192.39 
198.58 
205.02 
211. 73 
218.68 
225.88 
233.30 
236.17 

308.4 ; Y 

*** 

Coordinate Points 

426.6 and Radius, 294.2 
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500 
# 
a ·1 
b 1 
C 1 
d 1 
e 1 
f 1 

400 H g h 

JUO ,_ 

200 ,_ 

.. 

'S 
.26 
27 
27 
.29 
.31 
.31 
,'.\ 1 
.32 
.32 
.33 
--

PHASE 7 UPSTHEAM SEISMIC, SECTION G-G REFUSE DISPOSAL AREA NO. 2 
C:\DOCUME~11HOWENS\MYDOCU~1\WILLIA-11STABIL-1\PH7USSE.PL2 Run By: HLO 7/14/2008 2:17PM 

I 
Soil Soil Total Saturated Cohesion Friction Piez. Load Value 

I 
lnit Points: 25. to 125. Desc. Type Unit Wt. Unit Wt. Intercept Angle Surface Horiz Eqk 0.1509< 7erm Limits: 460. to 6'10. No. (pcD (pcf) (psi) (deg) No. 

CCR 1 130.0 140.0 a.a 33.7 W1 
FCR 2 80.0 90.0 0.0 28.0 W1 
SOIL 3 135.0 '135.0 400.0 19.2 W2 

a 

b 
\17 iJ 

3 
C ·1 4 

2 ~ 1 

1 -·l 
Wl 

t __ 
'¼ftJt!...Oen~-•-!.._l'--9•.1!~ j 

™ ;;...±iii:=:2.Ei9 , ' 
~ ....••..................... " 

7 
·3 3 

w, --------------- "1 n 

1 ll □ 1-

I 
oL 

0 

STED 
.,✓-=-n\Itl 

L==-J'i~lt!~! 
. ~: ~ 

I 

100 

I ' l ' ' 
200 300 400 500 600 

PCSTABL5M/si FSmin=1.26 
Safety Factors Are Ca cu lated By The Modified Bishop Method 

-

-
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200 e-

\ 
PHASE 7 UPSTREAM SEISMIC, SEv i"ION G-G REFUSE DISPOSAL AREA NO. 2 

C:\DOCUME-1\HOWENS\MYDOCU-1\WILLIA~1\STABIL-1\PH7USSE.PL2 Run By: HLO 7/14/2008 2:17PM 

# FS 
a ·1.25 
b 127 

Soil 
Desc. 

Soil Total Saturated Cohesion Friction Piez. 
Type Unit Wt. Unit Wt. Intercept Angle Surace 
No. (pcf) (pcf) (psf) (deg) No. 
1 130.0 140.0 0.0 33.7 Vl/1 
2 80.0 90.0 0.0 28.0 Vl/1 
3 13S O 135 0 400.0 19.2 W2 

C 1.271 CCR I d 1.29 FCR 
e I 31 SOIL .... 
f 1.31 
g 1.31 
ll 1.32 
i 1.32 
j 1.33 

Load Value 
Horiz Eqk 0.150 JJ.< 

a 

J 
h} 

I " ;·-~•··~··- ~_/ ' ~ '~~ ,,..._._ ~ ~ "' . . .~ .. '. . - ~= ,_,;A-'C'C: --------------~----~·=·=-~~--=·=·=·=·==·==·~~-~-~-~-~--., w, 

·100 

0 I I 

{I ·100 200 300 400 500 600 

PCSTABL5IV1lsi FSmin=1.26 
STED Safety Factors Are Calculated By The Modified Bishop Method 

~
~ 1Zf4fil 

.. '.:': 
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700 
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** PCSTABLSM ** 
by 

Purdue University 
--Slope Stability Analysis-

Simplified Janbu, Simplified Bishop 
or Spencer's Method of Slices 

Run Date: 
Time of Run: 
Run By: 
Input Data Filename: 
Output Filename: 
Unit: 

7/14/2008 
2,17PM 
HLO 
C,PH7USSE. 
C,PH7USSE.OUT 
ENGLISH 

Output Filename: C:PH7USSE.PLT Plotted 
PROBLEM DESCRIPTION PHASE 7 UPSTREAM SEISMIC, SECTION 

REFUSE DISPOSAL AREA NO. 2 
BotJNDARY COORDINATES 

4 Top Boundaries 
7 Total Boundaries 

Boundary X-Left Y-Left Y-Right 

G-G 

Soil Type 
No. (ft) (ft) 

X-Right 
{ft) 

290.00 
{ft) Below End 

l .DO 164.00 
2 290.00 164.00 
3 512.00 238.00 
4 612.00 238.00 
5 .00 150.00 
6 254.00 152.00 
7 254.00 152.00 

ISOTROPIC SOIL PARAMETERS 
3 Type(s) of Soil 

512.00 
612.00 
660.00 
254.00 
290.00 
660.00 

164.00 2 
238.00 l 
238.00 l 
222.00 l 
152.00 3 
164.00 l 
150.00 3 

Soil Total Saturated Cohesion 
Type Unit Wt. Unit Wt. Intercept 

Friction 
Angle 
(deg) 
33.7 
78 0 

Pore Pressure Piez. 
Pressure Constant Surface 

No. (pcf) (pcf) (psf) Param. (psf) No . 
1 130.0 140.0 .o 
7 eo o qo o o 
3 135.0 135.0 400.0 19.2 

2 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED 
Unit Weight of Water= 62.40 

. DO . 0 
00 0 

.OD . 0 

Piezometric Surface No. l Specified by 3 Coordinate Points 
Point X-Water Y-Water 

No. (ft) (ft) 
l .00 164.00 
2 
3 

Piezometric 
Point 

No. 
1 

290.00 
660.00 

Surface No. 
X-Water 

(ft) 
.OD 

660.00 

164.00 
175.00 
2 Specified by 
Y-Water 

(ft) 
132.00 
132. 00 

2 Coordinate Points 

l 
1 
2 

2 
Searching 

Of Which 
Boundary 

No. 

Routine Will Be Limited 
The First 1 Boundaries 

To An Area Defined By 
Will Deflect Surfaces 

1 Boundaries 
Upward 

X-Left Y-Left X-Right Y-Right 
I ft) (ft) (ft) !ft) 

l . 00 13 2. 00 660.00 132.00 
A Horizontal Earthquake Loading Coefficient 
Of .150 Bas Been l'.ssignsd 
A Vertical Earthquake Loading Coefficient 
Of . ooo Has Been .Zi.ssigned 
("';:,,vit-::it-irm P-r<=>c::c::11-r,:::,. = .0 (psf) 
A Critical Failure Surface Searching Method, Using A Random 
Technique For Generating Circular Surfaces, Has Been Specified. 
400 Trial Surfaces Have Been Genera;::.ed. 

20 Surfac,e;s Initiate From Each Of 20 Points Equally Spaced 
Along The Ground Surface Between X 25.00 ft. 

and X 125.00 ft. 
Each Surface Terminates Between X 460.00 ft. 

ctlid X 610.00 fc. 
Unless Further Limitations Were Imposed, The Minimum Elevation 

Page 1 
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At Which A Surface Extends Is Y = .00 ft. 
10.00 ft. Line Segments Define Each Trial Failure Surface. 
Following Are Displayed The Ten Most Critical Of The Trial 

Failure Surfaces Examined. They Are Ordered - Most Critical 
First. 
**Safety Factors Are Calculated By The Modified Bishop Method** 
Failure Surface Specified By 51 Coordinate Points 

Point X-Surf Y-Su-rf 
No. (ft) (ft) 

1 25.00 164.00 
2 34.86 162.30 
3 44.73 160.74 
4 54.63 159.30 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
'.?5 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
0 
44 
4.5 
46 
47 
4 8 
49 
50 
51 

64.54 
74.47 
84.42 
94.38 

104.35 
114.32 
124.31 
134.30 
144.30 
154.30 
164.30 
174.30 
184.29 
194.29 
204.27 
214.25 
224.22 
234.18 
244 .12 
254.05 
?f;1 q7 

273.86 
283.74 
293.59 
303.43 
313.23 
323.01 
332.77 
342.49 
352.18 
361.84 
371.46 
381.05 
390.60 
400. 11 
409.58 
419.00 
428.38 
437.71 
447.00 
456.24 
465.42 
474.53 
483.63 
492.66 
501.62 
509.07 

Circle Center At X = 

157.99 
156.82 
155.77 
154.85 
154.07 
153.41 
152.89 
152.49 
152.23 
152.10 
152.10 
152.23 
152. 4 9 
152.89 
153.41 
154.07 
154.85 
155.77 
156.82 
157.99 
1 :,g. ~o 
160.74 
162.30 
164.00 
165.83 
167.78 
169.86 
172. 07 
174. 41 
176.88 
179.47 
182.19 
185.03 
188.00 
191.10 
194.32 
197.66 
201.13 
204.72 
208.43 
212.26 
216.21 
220.29 
'.224. 4 8 
228.79 
233.22 
237.02 

159. 3 Y 
*~* 1.262 *** 

Individual data on the 

914.B and Radius, 762.7 

slices 
Earthquake 

Force 
Slice Width 

(ft) 
\l'!E:iqht 

(lbs) 

Water 
Force 

Top 
(lbsi 

Water 
Force 

bot. 
(lbsi 

Tie 
Force 
N::):!:"ffi 

(lbs) 

Tie 
Force 

Tan 
(lbs) 

Hor 
(lbs) 

Ver 
Surcharge 

:Uoad 
(lbs) No. (lbs) 
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1 9.9 752.2 .0 529.2 . 0 .o 112. 8 .o .o 
2 9.9 2204.0 . 0 1547.2 . 0 .0 330.6 . 0 .0 

3 9.9 3546.1 .o 2484.4 .0 .0 531.9 .0 .o 
4 9.9 4776.9 .o 3340.7 .0 .0 716. 5 .0 .o 
5 9.9 5895.0 .0 4115.8 . 0 .0 884.3 .0 .0 

6 9.9 6899.0 .0 4809.7 . 0 .0 1034.9 . 0 .o 
7 10.0 7787.7 . 0 5422.3 .0 . 0 1168. 2 . 0 .o 
8 10.0 8560.1 .o 5953.4 . 0 .o 1284.0 .o .o 
9 10.0 9215 .1 .0 6402.9 . 0 .0 1302.3 .0 .0 

10 10.0 9752.2 .0 6770.8 .0 .0 1462.B . 0 .o 
11 10.0 10170.5 .o 7057.0 .0 .0 1525.6 .o .o 
12 10.0 10469.7 .o 7261. 5 . 0 .o 1570.5 .0 .o 
13 10.0 10649.3 .o 7384.2 . 0 .o 1597.4 .0 .0 

14 10.0 10709.2 .0 7425.0 . 0 .0 1606.4 .0 .0 
15 10.0 10649.2 .0 7384.1 . 0 .0 15 97. 4 .0 .o 
16 10.0 10469.5 .o 7261.4 . 0 .o 1570.4 .0 .o 
17 10.0 10170.3 .0 7056.8 . 0 .0 1525.5 .0 .o 
18 10.0 9751.9 .0 6770.6 . 0 .0 1462.8 .0 .o 
19 10.0 9214. 7 .o 6402.6 .0 . 0 13 82. 2 .o .o 
20 10.0 8559.6 .0 5953.1 .0 . 0 1283.9 .o .0 

21 10.0 7787.2 .0 5421. 9 .0 . 0 1·168 .1 .0 . 0 
22 9.9 6898.4 .0 4809.3 .o .0 1034.8 .0 . 0 

23 9.9 5894.3 . 0 4115. 3 . 0 .0 884.1 .0 .0 
24 9.9 4776.1 .0 3340.1 . 0 .0 716 .4 . 0 .o 
25 9.9 3545.2 .0 2483.8 .0 .0 531. 8 .0 .o 
26 9.9 2203.1 .0 1546.6 . 0 .0 330.5 . 0 .o 
27 2.4 324.9 .o 228.6 .0 .0 48.7 . 0 .0 

28 3.8 385.7 .o 229.7 .o . 0 57.9 .0 .0 

29 3.6 437. 0 . 0 82.3 .0 .0 65.6 .o .o 
30 . 7 110.3 .0 2.3 .0 . 0 16.5 .0 .0 

31 9.2 2348.2 .0 . 0 .0 . 0 352.2 .0 .o 
32 9.8 4216.0 .0 . 0 . 0 .0 632.4 . 0 .o 
33 9.8 5789.4 .0 .0 . 0 .o 868.4 .0 . 0 

34 9.8 7179. 0 .o .o . 0 .0 1076.8 .o .o 
35 9.7 8385.1 .0 .0 .0 .0 1257.8 .0 .o 
36 9.7 9408.6 .0 .0 .0 0 1411., .0 .0 

37 9.7 10250.4 .0 .0 . 0 .o 1537.6 .0 .o 
38 9.6 10911.7 .o .0 .o .0 1636.8 . 0 . 0 

39 9.6 11393.9 .0 .o .o . 0 1709.1 . 0 . 0 

40 9.5 11698.6 .0 .0 .0 .0 1754.8 .0 .o 
41 9.5 11827.7 .0 .0 .0 .o 17-74.2 .0 .0 

42 9.5 11783.1 .0 .0 .0 . 0 1767.5 .0 .0 

43 9.4 11567.2 .0 .0 .0 .0 1735.1 .0 .o 
44 9.4 11182.2 .0 .0 .0 .0 1677.3 ,0 . 0 

45 9.3 10631. 0 .0 .0 .0 .0 1594.6 .o .o 
46 0 ' ,.o 9916.3 .0 .0 .0 . 0 14 a 7. 4 .o .o 
47 9.2 9041.1 .0 .0 .0 . 0 1356.2 .o .0 

48 9.2 8008.7 .0 . 0 .0 . 0 1201.3 .o .o 
49 9.1 6822.6 .o . 0 .0 . 0 1023.4 .0 . 0 

so 9.1 5486.3 .o . 0 .0 . 0 822.9 .0 . 0 

51 9.0 4003.7 .0 . 0 .o . 0 600.5 .0 .0 

52 9.0 2378.6 .0 . 0 . 0 .0 356.8 .o .0 

53 7.5 639.7 .0 . 0 .0 .0 96. 0 .o .o 
Failure Surface Specified By 46 Coordinate Points 

Point 1:-S'..!rf Y-Surf 
No. (ft) If t I 

1 :: 6. 58 164.00 
2 66 42 162.24 

3 76.~9 160.63 
4 86.19 159.17 
5 96.10 157.86 
G 106.03 156.70 
7 115.98 155.69 
8 125. 94 154.83 
9 135.92 154.12 

::.. ..1."!.:.... ;,..! 
- -- - ,. ..;,._,_,•JU 

11 155.90 153.16 
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12 165.89 152.90 
13 175.89 152.80 
14 185.89 152.85 
15 195.89 153.05 
16 205.88 153.40 
17 215. 87 153.90 
18 225.85 154.55 
19 235.82 155.35 
20 245. 77 156.31 
21 255. 71 157. 41 
22 265.63 158.67 
23 275.53 160.07 
24 285.41 161.62 
25 . 295.26 163.33 
26 305.09 165.18 
27 314.89 167.18 
28 324.66 169.33 
29 334.39 1 71. 63 
30 344.08 174.07 
31 353.74 176.66 
32 363.36 179.40 
33 372.94 182.28 
34 382.47 185.30 
35 391.95 188.47 
36 401.39 191.79 
37 410.77 195.24 
38 420.10 198.84 
39 429.38 202.57 
40 438.60 206.45 
41 447.76 210.47 

( 42 456.85 214. 62 
43 465.88 218.91 
44 474.85 223.34 
45 4.83. 75 227.90 
46 487.16 229.72 

Circle Center At X = 177. 7 ; y 813.5 and Radius, 660.7 

*** 1. 266 *** 
Failure Surface Specified By 39 Coordinate Points 

Point x-surf Y-Surf 
No. (ft) (ft) 

1 98.68 164.00 
2 108.50 162 .11 
3 118.36 160.40 
4 128.24 158.88 
5 138.15 157.55 
6 148.09 156.41 
7 158.04 155.46 
8 168.01 154.70 
9 178.00 154.12 

10 187.99 153.74 
11 197.99 153.54 
12 207.99 153.54 
13 217.99 153.72 
14 227.98 154.09 
15 237.96 154.66 
2.6 247.93 155.41 
J 7 257.89 1S6. 3 5 
:8 267.£3 15 7. 4 8 
19 277.74 lSB.80 
20 287.62 160.31 
21 297.48 162.00 
:2 :.;c1. Jo ~ ,. ~ " ,, 

.l.0~.00 

23 317.08 165.95 
24 326.83 168.20 
25 336.53 170.64 
::6 346.18 173.26 
27 355.78 176.06 
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28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 

365.32 
374.81 
384.23 
393.59 
402.88 
412.10 
421. 24 
410 .. 11 
439.29 
448.19 
457.00 
461.57 

179.05 
182.21 
185.56 
189.08 
192.78 
196. 66 
200. 71 
204.93 
209.33 
213.89 
218.62 
221.19 

circle Center At X = 203.3 ; Y 680.4 and Radius, 526.9 
*** 1.270 *** 

Failure Surface Specified By 44 Coordinate Points 
Point X-Surf Y-Surf 
No. (ft) (ft) 

1 103.95 164.00 
2 113.78 162.19 
3 123.65 160.54 
4 133.54 159.07 
5 143.45 157.77 
6 153.39 156.65 
7 163.34 155.69 
8 173.31 154.91 
9 183.29 154.31 

10 193.28 153.87 
11 203.28 153.61 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 

4.1 
42 
43 
44 

213. 28 
223.28 
233.28 
243.27 
253.25 
263. 22 
273 .17 
283 .11 
293.02 
302.91 
312.78 
322. 61 
332.41 
342.18 
351.90 
361.59 
371.23 
380.82 
390.36 
399.84 
409.27 
418.64 
427.95 
437.20 
446.37 
455.48 
464.51 
4/3.47 
4 82. 2 5 

499.86 
508.48 
513.24 

153.53 
153.61 
153.88 
154.31 
154.92 
155.70 
156.66 
157.79 
159.09 
160.56 
162.21 
164.03 
166.01 
168.17 
170.50 
172.99 
175.66 
178.49 
181.48 
184.65 
187.97 
191. 46 
195.12 
::!..98. 93 
202.90 
207.04 
211.33 
215.77 
220.33 
~25.13 
230.04 
235.10 
2.:;s. oo 

Circle Center At X = 213.2 ; Y 

Failure 
Point 

No. 
l 

1. 294 
Surface Specified By 44 

X-Surf Y-Surf 
(ft) 

103.95 
(ft) 

164.00 

"728.6 and Radius, S/5.0 

Coordinat~ Points 
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2 113. 86 162.64 
3 123.78 161.44 
4 133. 73 160.38 
5 143.69 159.48 
6 153.66 158.73 
7 163.64 158 .13 
8 173.63 157.69 
9 183.63 157.39 

10 193. 62 157.25 
11 203.62 157.26 
12 213. 62 157.42 
13 223.62 157.74 
14 233.61 158.21 
15 243.59 158.83 
16 253.56 159.60 
17 263.52 160.52 
18 273.46 161. 60 
19 283.38 162.83 
20 293.29 164. 21 
21 303.17 165.73 
22 313. 03 167.41 
23 322.86 169.24 
24 332.66 171, 22 
25 342.43 173.35 
26 352.17 175.63 
27 361.87 178.05 
28 371. 53 180.62 
29 381.16 183.34 
30 390. 74 186.21 
31 400.27 189.22 
32 409.76 192. 38 
33 419.20 195.68 
34 428.59 199.12 
35 437.92 202 71 
36 447.20 206.44 
37 456.42 210.31 
38 465.58 214.32 
39 474.68 218.47 
40 483.72 222.75 
41 492.69 227.18 
42 501.58 231.74 
43 510.41 236.44 
44 513. 25 238.00 

Circle Center At X = 197.9 ; y 813 .2 and Radius, 656.0 

*** 1. 306 *** 
Failure 

Point 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
::i.6 
19 

Surface Specified By so Coordinate Points 
X-Surf Y-Surf 

(ft) (ft) 
56.58 164.00 
66.42 162.24 
76.29 160.61 
86.18 159.13 
96.09 157.78 

106.01 156.57 
115.96 155.50 
125.91 154 .57 
135.88 :! 53. 77 
14 5. 86 153.l2 
155.85 152.61 
155.84 152.24 
175.84 152.00 
2.85.84 2.51. 91 
15'5.84 151.96 
205.84 152.14 
215.83 152.47 
::::s. D:2 -".:,.,:; . :, .., 
235.80 153.54 
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20 245.77 154.29 
21 255.73 155.17 
22 265.68 156.20 
23 275.61 157.36 
24 285.53 158.66 
25 295.42 160.10 
26 305.30 161. 68 
27 315.15 163.40 
28 324.98 165.25 
29 334.78 167.25 
30 344.55 169.38 
31 354.29 171. 64 
32 363.99 174.04 
33 373.67 176.58 
34 383.30 179.25 
35 392. 90 182.06 
36 402.46 185.00 
37 411. 98 188.07 
38 421.45 191.28 
39 430.87 194.62 
40 440.25 198.09 
41 449.58 201.69 
42 458.86 205.42 
43 468.08 209.28 
44 4 77. 25 213. 27 
45 486.37 217.39 
46 495.42 221.63 
47 504.41 226.01 
48 513 .35 230.50 
49 522.21 235.12 
50 527.55 238.00 

Circle Center 1\t X = 187.5 ; y 866.6 and Radius, 714. 6 

*** 1. 306 *** 
Failure Surtace Specified By oO l!oordinate !-Joints 

Point x-surf Y-Surf 
No. (ft) (ft) 

1 56.58 164.00 
2 66.45 162.39 
3 76.34 160.91 
4 86.25 159.56 
5 96.17 158.35 
6 106 .12 157.27 
7 116.07 156.32 
8 126 . 04 155.51 
9 136.01 154.82 

10 14 6. 00 154.27 
11 155.99 153.86 
12 165.99 153.57 
13 175.98 153.42 
14 185.98 153. 41 
15 195.98 153.53 
16 205.98 153.78 
17 215.97 154.16 
18 225.96 154.68 
19 235.94 155.33 
20 245.91 156.11 
21 ::ss. 87 157.03 
22 265.81 2-se.as 
23 275.74 159.26 
24 285.65 160.58 
25 295.55 :i..62.03 

26 305.42 163.61 

l 27 315.28 165.32 
28 325.10 167.16 
?.9 334 .91 169.13 
JD ::44 CB 0

l 71. 21 

31 354.43 173.47 
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32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
so 

C,\DOCUME-l\HOWENS\MYDOCU-l\WILLIA-l\STABIL-l\PH7USSE.OUT 

364.15 
373.83 
383.48 
393.10 
402.67 
412.21 
421.71 
431.16 
440.57 
449.93 
459.25 
468.52 
4 77. 73 
486.89 
496.00 
SOS.OS 
514.05 
522.98 
528.00 

175.83 
178.33 
180.95 
183.70 
186.58 
189.58 
192.72 
195.98 
199.36 
202.87 
206.51 
210.27 
214 .15 
218.16 
222.29 
226.54 
230.90 
23 5. 3 9 
238.00 

Circle Center At X = 182.2 ; Y 902.5 and Radius, 749.1 
*** 1.314 *** 

Failure Surface Specified By 47 Coordinate Points 
Point X-Surf Y-Surf 
No. (ft) (ft) 

1 82.90 164.00 
2 92.78 162.49 
3 102.69 161.13 
4 112.61 159.90 
5 122.55 158.81 
6 132.51 157.87 
7 142.48 157.07 
8 152.45 156.41 
9 162.44 155.89 

10 177 41 1SS.ol 
11 182.43 155.28 
12 192.43 155.18 
13 202.43 155.23 
14 212.43 155.42 
15 222.42 155.76 
16 232.41 156.23 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

33 
34 
35 
36 
37 
38 
]9 
40 
41 

242.39 
252.36 
262.32 
272.27 
282.20 
292.11 
302.00 
311. 87 
321. 72 
331.54 
341.33 
351.10 
360.83 
370.53 
380.19 
389.81 
399.40 
408.94 
418.44 
427.90 
437.30 
.;46,66 
455.97 
465.23 
474.43 

492.65 

156.85 
157.61 
15 8. 51 
159.55 
160.73 
162.06 
163.52 
165.13 
166.87 
168.76 
170.78 
172.94 
l 75. 24 
177.68 
180.26 
182.98 
:es.83 
180.01 
191.93 
195.19 
198.58 
202.10 
205.76 
209.55 
213.47 

221.59 

Page B 
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( 

l 
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44 
45 
46 
47 

501. 68 
510.64 
519.54 
525.20 

226.00 
230.44 
235.00 
238.00 

Circle Center At X = 194.0 ; Y 
*** 1.319 *** 

Failure 
Point 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
43 
4q 

so 
51 
52 
53 

Surface Specified By 54 
x-surf Y-Surf 

(ft) (ft) 
25.00 164.00 
34.88 162.45 
44.78 161.02 
54.69 159.70 
64.62 158.50 
74.56 157.42 
84.51 
94.48 

104.45 
114. 43 
124.42 
134. 41 
144.41 
154.41 
164.41 
174.41 
184.40 
194.40 
204.39 
214.37 
224.35 
234.32 
244.28 
254.22 
264.16 
274.08 
283.98 
293.87 
303.74 
313.59 
323.42 
333.22 
343.00 
352. 76 
362.49 
372.19 
381.87 
391.51 
401.12 
410.70· 
420.25 
429.76 
439.23 
448. 66 
458.05 
467.40 
476.71 
485.98 
4 95. 20 
504 .38 
513.51 
522.59 
S31.C2 

156.46 
155.61 
154.88 
154.26 
153. 77 
153.39 
153.12 
152.98 
152.95 
1s3 .-ds 
153.25 
153.58 
154.02 
154.59 
15 5. 26 
156.06 
156.97 
158.00 
159.15 
160.41 
161. 80 
163.29 
164.90 
166.63 
168.48 
170.44 
172.51 
174.70 
177.01 
179.43 
181.96 
184.61 
187.37 
190.24 
193.22 
196.32 
199.53 
202.85 
206.28 
209.82 
213.47 
217. 23 
221.10 
225.07 
229.16 
233.25 

54 532.34 238.00 

859.1 and Radius, 703.9 

Coordinate Points 

Circle Center At X = 161.6 ; Y: l0D3.3 and Radius, 850.4 
*** 1.319 *** 

?c.ilt.Li.-~ Su.i:f.::i_c SlJl;:;!C.:.t[.!..1;:;!d 3y ..,. 7 Coordir.a~e !"'cints 
Point X-Surf Y-Surf 

Page 9 
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No. (ft) (ft) 
1 93.42 164.00 
2 103.29 162.40 
3 113 .19 160.95 
4 123.10 159.64 
5 133. 03 158.48 
6 142.98 157.47 
7 152.95 156.61 
8 162.92 155.89 
9 1 72. 90 155.32 

10 182.89 154.90 
11 192.89 154.63 
12 202.89 154.51 
13 212.89 154.53 
14 222.89 154.70 
15 232.88 155.02 
16 242.87 155.49 
17 252.85 156 .11 
18 252.82 156.87 
19 272.78 157.79 
20 282.73 158.85 
21 292. 65 160.05 
22 302.56 161.41 
23 312.45 162.91 
24 322.31 164.55 
25 332.15 166.35 
26 341.96 168.28 
27 351.74 170.37 
28 361.49 172. 60 
29 371.20 174.97 
30 380.88 177.48 
31 390.52 180.14 
32 400.12 182.95 
33 409.68 rn,. e~ 
34 419.19 188.97 
35 428.66 192.20 
36 438.07 195.57 
37 447.44 199.07 
38 456.75 202.71 
39 466.01 206.49 
40 475.21 210. 41 
41 484.35 214.46 
42 493.43 218.65 
43 502.45 222.98 
44 511.40 227. 4.3 
45 520.29 232.02 
46 529.10 236.74 
47 531.38 238.00 

Circle Center -~t X = 206. 3 ; y 829.3 and Radius, 674.8 

*** 1.331 *** 
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500 
II FS 
a 1.82 
b 1.82 
C 1.82 
d 1.82 
e 1.82 
f 1 82 

400 H ~ i ~~ 
i ·1 83 
j 1.83 

300 •-· 

PHASE 7 UPSTREAM STATIC, SECTION G-G REFUSE: DISPOSAL AREA NO. 2 
C:\DOCUME-1\HOWENS\MYDOCU-1\WILLIA-1\STABIL-1\PH7USST.PL2 Run lly: HLO 7/15/2008 11:43AM 

Soil Soil Total Saturated Friction Piez. 
Desc. Type Unit Wt. Unit Wt. Angle Surface 

No. (pcf) (pcf) (deg) No. 
CCR 1 130.0 140.0 33.7 W1 
FCR 2 80.0 90.0 28.0 W1 
SOIL 3 125.0 135.0 26.8 W1 

a . 

g' hdel?J 
3 
1 

Int Points: 150. to 250. 
Term Limits: 460. to 610. 

1.. 
1 

200 1-

l 
2 

? I , , 1 ........ / [~~~····~~~ .~:~•-_ _y.,··· . ~- . . - - - - - . -- ~~ -··-··•1 

"'1 ------ 3 -------------- . ----

100 ,_ 

oL-----~-----~-----~-----~----~-----~-----~ 
O -JOO 200 300 400 500 600 700 

PCSTABL5M/si FSmin=1.82 

STED Safety Factors Are Ca culated By The Modified Bishop Method 

~~i! 
!1.~1 

(;;'i 
v 
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** PCSTABLSM ** 
by 

Purdue University 
--Slope Stability Analysis-

Simplified Janbu, Simplified Bishop 
or Spencer ... s Method of Slices 

Run Date, 7/14/2008 
Time. of Runr 
Run By: 
Input Data Filename: 

2: 30PM 
HLO 
C,PH7USST. 

Output Filename: C:PH7USST.OUT 
Unit: ENGLISH 
Plotted Output Filename: C:PH?USST.PLT 
PROBLEM DESCRIPTION PHASE 7 UPSTREAM SEISMIC, SECTION G-G 

REFUSE DISPOSAL AREA NO. 2 
BOUNDARY COORDINATES 

4 Top Boundaries 
7 Total Boundaries 

Boundary X-Left Y-Left Y-Right Soil Type 
No. (ft) (ft) 

X-Right 
!ft) 

290.00 
512.00 

(ft) Below Bnd 
1 .00 164.00 
2 290.00 164.00 
3 512.00 238.00 
4 · 612.00 238.00 
5 .00 150.00 
6 254.00 152.00 
7 254.00 152.00 

ISOTROPIC SOIL PARAMETERS 
3 Type(s) of Soil 

612.00 
660.00 
254.00 
290.00 
660.00 

164.00 2 
238.00 1 
238.00 1 
222.00 1 
152.00 3 
164.00 1 
150.00 3 

Soil Total Saturated Cohesion 
Type Unit Wt. Unit Wt. Intercept 

Friction 
Angle 
(deg) 
33.7 

Pore Pressure Piez. 
Pressure Constant Surface 

No. (pcf) (pcf) (psf) Param. (psf) No. 
1 130.0 140.0 .0 
2 80.0 90.0 .0 28.0 
3 125.0 135.0 .0 26.8 

1 PIEZOMETRlC SURFACE(S) HAVE BEEN SPECIFIED 
Unit Weight of Water = 62. 4 O 

.00 .0 

.00 .0 

.00 . 0 

Piezometric Surface No. 1 Specified by 3 Coordinate Points 
Point X-Water Y-Water 

No. (ft) (ft) 
1 .00 164.00 
2 
3 

290.00 
660.00 

164.00 
175.00 

1 
1 
1 

Searching Routine Will Be Limited 
Of Which The First l Boundaries 

To An P.rea Defined By 
Will Deflect Surfaces 

l Boundaries 
Upward 

Boundary 
No. 

X-Left 
(ft) 

.00 

Y-Left 
(ft) 

132.00 

X-Right Y-Right 
(ft) (ft) 

1 660.00 132.00 
A Critical Failure Surface Searching Method, Using A Random 
Technique For Generating Circular Surfaces, Has Been Specified. 
400 Trial Surfaces Have Been Generated. 

20 Surfaces Initiate From Each Of 20 Points Equally Spaced 
.n.long The Ground Surface Between X 150. 00 ft. 

and X 250.00 ft. 
Each Surface Terminates Between X 460.00 ft. 

and X 610.00 ft. 
Unless F'urther Limitations Were Imposed, The Minimum Elevation 
At Which P·. Surface Ext'::'nds Js Y = . 00 ft. 
10.00 ft. Line Segments Define Each Trial Failure Surface. 
Following Are Displayed The Ten Most Critical Of The Trial 

Failure Surfaces E,~amined. They Are Ordered - Most Critical 
First. 
**Safety Factors Are Caiculated By The Modified Bishop Method* * 
Failure Surface Specified By 35 Coordinate Points 

Point X-Surf Y-Surf 
No. 

1 
{ fi:) 

207.90 
1f i:j 

164.00 
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2 216.56 159.01 
3 225.45 154. 42 
4 234.54 150.26 
5 243.81 146 . .52 
6 253.25 143. 22 
7 262.84 140.36 
8 272.54 137.95 
9 282.35 13 6. 00 

10 292.24 134. 51 
11 302.18 133.48 
12 312.17 132.91 
13 322.17 132. 81 
14 332.16 133 .18 
15 342.13 134.01 
16 352. 04 135.31 
17 361.89 13 7. 06 
18 371.64 139.27 
19 381. 28 141. 94 
20 390.78 145.05 
21 400.13 148.60 
22 409.30 152.58 
23 418.28 156.99 
24 427.04 161. 81 
25 435.57 167.03 
26 443. 84 1 72. 65 
27 451.85 178.64 
28 459.56 185.00 
29 466.98 191.71 
30 474.07 198. 77 
31 480.82 206.14 

( 32 487.22 213. 82 
33 493.26 221. 79 
34 498.92 230.04 
JS SOl.74 234.58 

Circle Center At X - 319.3 y 347.3 and Radius, 214 .5 
*** 1. 817 *** 

Individual data on the 39 slices 
Water Water Tie Tie Earthquake 
Force Force Force Force Force Surcharge 

Slice Width Weight Top Bot Norm Tan Hor Ver Load 
No. (ft) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) 

1 8.7 1946.9 .o 1558.0 . 0 . 0 . 0 .o . 0 
2 8.9 5827.6 .o 4546.4 . 0 .0 .0 .o . 0 
3 5.7 5560.8 .o 4240.9 .0 .o . 0 .o .0 
4 3.4 4102.1 .0 3 03 5. 4 .0 .0 . 0 .o . 0 
5 9.3 14491.5 .0 9741. 7 . 0 . 0 . 0 . 0 . 0 
6 9.4 19263.3 .0 11937.5 .0 . 0 .0 .0 .o 
7 . 7 1 704. 0 .0 1016.5 . 0 .o . 0 .0 .o 
8 8.8 22505.5 .o 12842.1 .o .0 .0 .0 . 0 
9 9.7 29526.3 .0 15501.1 .o . 0 . 0 .0 . 0 

10 9.8 34318.9 • D 16861.3 .0 .0 .o . 0 . 0 
11 7.7 29490.5 .o 13796.3 .o . 0 .o . 0 .o 
12 2.2 9101. 5 .o 4142.9 .0 .0 . 0 . 0 .o 
13 9.9 44027.6 .o 18849.1 .o .o . D .D .0 
14 10.0 49611.8 .o 19531.8 .o .o .o .o .0 
15 10.0 54500.0 .0 19924.7 .0 .o . 0 .o .0 
16 10. 0 58647.5 .o 20027.0 .o . 0 .o .o .o 
17 10.0 62019.3 . 0 19838.5 .o .o .0 .0 .o 
18 9.9 64590.3 . 0 19359.6 .o . 0 .0 . 0 . 0 
19 9.8 66345.8 . 0 18591.3 . 0 .o .0 .0 .o 
20 9.8 67281.3 . 0 17535.4. .0 .0 .0 .o .o 
21 9.6 67402.7 . 0 16193. 9 .0 . 0 .o . 0 . 0 

L 22 9.5 66726.4 '0 14570.1 . 0 .o . 0 .o . 0 
23 9.3 65278.9 .o 12667.2 .o . 0 . 0 .o .o 
24 6.1 42099.7 . 0 7233.3 . 0 . 0 .0 . 0 .o :: .s ~-" 20986.2 . 0 :;:;:=;(1. ? . (l (l 0 0 (l 
26 9.0 60064.0 . 0 8041. 7 . 0 .0 . 0 . 0 . 0 
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27 8.8 56357.3 .0 5329.2 .o .0 . 0 .0 .o 
28 8.5 52073.5 . 0 2357.7 . 0 .o . 0 .o .0 

29 2.0 11733.2 . 0 97.5 . 0 .0 . 0 . 0 .o 
30 6.3 35681.2 .0 .0 .0 .0 .0 .0 .0 

31 8.0 42634.7 .o . 0 . 0 .o .o .0 . 0 

32 7.7 37532.1 .0 .0 . 0 .0 .0 . 0 . 0 

33 7.4 32180.4 .0 .o .0 .o .0 . 0 . 0 

34 7.1 26670.8 .0 . 0 . 0 . 0 .0 .0 .0 

35 6.8 21098.5 .0 .0 .0 .0 . 0 . 0 . 0 

36 6.4 15561.l . 0 .0 . 0 .0 . 0 . 0 .o 
37 6. 0 10158.7 .0 .o . 0 .o ,0 . 0 .0 

38 5.7 4991.6 .o .o . 0 .o .o .0 . 0 

39 2.8 660.3 .o .0 . 0 . 0 .0 . 0 . 0 

Failure Surface Specified By 35 Coordinate Points 
Point X-Surf Y-Surf 
No. I ft) (ft) 

1 218.42 164.00 
2 22 7. 24 159.28 
3 23 6. 26 154.97 
4 24 5. 46 151. 06 
5 254.84 147.57 
6 264.35 144.51 
7 274.00 141.87 
8 283.76 139.68 
9 293.60 13 7. 92 

10 303.52 136. 61 
11 313.48 135.75 
12 323.47 135.33 
13 333.47 135.37 
14 343.46 135. 85 
15 353. 41 136.79 
16 363.32 138 .17 
17 373.15 139.99 
18 382.89 14:l. ~!, 

19 392.52 144. 95 
20 402.02 148.08 
21 411.36 151. 64 
22 420.54 155.61 
23 429.53 159.99 
24 43 8. 32 164. 77 
25 44 6. 8 8 169. 94 
26 455.19 175.49 
27 463.26 181.41 
28 4 71. 04 187.68 
29 478.54 194.30 
30 485.73 201.25 
31 492.60 208.51 
32 499.14 216.08 
33 505.33 223.93 
34 511.16 232.06 
35 515.04 238.00 

Circle Cent.er At X = 327.7 ; y 357.6 and Radius, 222.3 

*** 1.819 *** 
Failure Surface Specified By 34 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 218.42 164.00 
2 227.16 159.13 
3 23 6 .11 154.69 
4 245.28 150.68 
5 254.62 14 7. 12 

( __ 
6 264.13 144.02 
7 273.77 141.37 
8 283.53 139.20 
9 :?:93. 39 137.50 

10 303.31 136.27 
11 313.28 135.53 
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12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 

323.28 
333.28 
343.25 
353.18 
363.04 
372.81 
382.47 
391.99 
401.35 
410.53 
419.51 
428.27 
436.78 
445.03 

13 5. 26 
13 5. 4 8 
136 .18 
13 7. 3 6 
139.02 
141.15 
143.75 
146. 82 
150.33 
154.30 

"158.70 
163.53 
168.78 
174.43 

453.00 180.47 
460.66 186.89 
468.01 193.68 
475.02 200.81 
481.69 208.26 
487.98 216.03 
493.89 224.10 
499.41 232.44 
500.42 234.14 

Circle Center At X = 323.7 ; Y 342.6 and Radius, 207.3 
*** 1.819 *** 

Failure Surface Specified By 38 Coordinate Points 
Point X-Surf Y-Surf 
No. (ft} (ft} 

1 197.37 164.00 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
'27 
33 

Circle Center 

206.17 
215.16 
224.32 
2D.64 
243.10 
252.68 
262.38 
272.17 
282.03 
291.96 
301.92 
311. 91 
321.91 
331.90 
341.87 
351. 79 
361.66 
371.45 
381.14 
390.73 
400.19 
409.51 
418.67 
427.65 
436.45 
445.05 
453.43 
461.57 
469.17 
477.11 
484. 48 
491.56 
4.98.35 
504.82 
510.98 
Sl6.81 
516.96 
At X 

159.25 
154.B7 
150.B6 
147.21 
143.99 
141.14 
13B.69 
136. 65 
135.01 
133. 77 
132. 95 
132.54 
132.54 
132.95 
133.77 
13 5. 01 
13 6. 65 
13 8. 70 
141.15 
144.00 
14 7. 24 
150.87 
154.88 
159.26 
164.01 
169.12 
174.58 
180.38 
186.5? 
192.97 
199.73 
206.79 
214 .14 
221.76 
229.64 
'"'"l.., ..,r 
._._,I, I U 

238.00 
= 316.9 ; y 374.9 and Radius, 242.4 
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*** 1.819 *** 
Failure Surface Specified By 37 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 197.37 164.00 
2 206.12 159.15 
3 215.06 154.69 
4 224.19 150.61 
5 233.49 146.93 
6 242.94 143.66 
7 252.52 140.80 
8 262.22 138.35 
9 272.01 136.32 

10 281.88 134.72 
11 291.81 133.55 
12 301.79 132.80 
13 311.78 132.49 
14 321.78 132.61 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

331. 77 
341. 72 
351.62 
361.45 
3 71.19 
380.83 
390.34 
399.71 
408.92 
417.95 
426.79 
435.4.2 
443. 82 
451.98 
459.89 
467.52 
474.87 

133.15 
134.13 
135.54 
13 7. 3 8 
139.63 
142.31 
145.39 
148.89 
152.79 
157.08 
161. 75 
166.80 
172. 22 
178.00 
184.13 
190.S9 
197.37 

32 481.92 204.46 
33 488.65 211.86 
34 495.06 219.53 
35 501.14 227.48 
36 506.86 235.68 
37 507.35 236.45 

Circle Center At X = 314.1 ; Y 

*** 1.822 *** 
Failure 

Point 
Surface Specified By 32 

No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

X-Surf Y-Surf 
(ft) (ft) 

213.16 164.00 
221.80 
230.70 
23 9. 81 
249.12 
258.61 
268.25 
278.01 
287.87 
297.81 
307.78 
317,78 
327.78 
337.74 
347.64 
357.45 
367.16 
376.73 
386.13 
395.36 
404.36 

158.97 
154.40 
150.28 
146.64 
14 3. 4 9 
140.82 
138.65 
136.99 
135.83 
135.18 
135.05 
135.43 
136.33 
137.73 
i39.64 
142.05 
144. 9 5 
148.35 
152.22 
156.55 

364.2 and Radius, 231.7 

Coordinate Points 
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22 
23 
24 
25 
26 
27 
28 

413 .14 
421. 66 
429.90 
437.83 
445.44 
452.71 
459.62 

161.35 
166.59 
172. 26 
178.34 
184.83 
191. 69 
198.92 

29 466.15 206.50 
30 472.28 214.40 
31 478.00 222.60 
32 481.20 227.73 

Circle Center At X = 315. 3 ; Y 329. 7 and Radius, 194. 7 

*** 1.823 *** 
Failure Surface Specified By 31 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 218.42 164.00 
2 227.07 158.98 
3 235.97 154.42 
4 245.10 150.34 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

254.44 
263.95 
273.61 
283.40 
293.28 
3 03. 23 
313. 21 
323.21 
333.20 
343 .14 
353.00 
362.76 
3 72. 40 
381.88 
391.18 
400.27 
4 09. 12 
417.72 
426.03 
434.03 
441. 71 
449.03 
4.55. 98 
4 62. 54 
468.69 
474.41 
478.22 

146.76 
143.67 
141.09 
139. 04 
137.50 
136.49 
136.01 
136.06 
136.64 
137. 75 
13 9. 3 9 
141.55 
144. 23 
147.41 
151. 09 
155.26 
159. 91 
165.02 
170.58 
176.57 
182.98 
189.79 
196.98 
204.53 
212.42 
220.62 
226.74 

Circle Center At X = 317.3 ; Y 
*** 1.823 *** 

324.2 and Radius, 1B8.2 

Failure Surface Specified By 33 Coordinate Points 
Point x-surf Y-Surf 
No. (ft) (ft) 

1 213.16 164.00 
2 222.03 159.39 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

15 

231.11 
240.38 
249.81 
259.39 
269.09 
278.89 
288.78 
2 9 8 . 72 
3 0 8. 70 
318.70 
328.70 
'": ~r,. GG 
34 B. 58 

155.20 
151.44 
148.12 
145.24 
142.81 
140.84 
139.33 
138.28 
137.70 
137.59 
137.94 
1J8.7G 
140.05 

Page 6 
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16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 

358.43 
368.18 
377.82 
387.32 
396.67 
405.85 
414. 82 
423.58 
432 .11 
440.38 
448.38 
456.09 
463.50 
470.58 
477.32 
4 83. 71 
489.74 
493.28 

141.80 
144.00 
146.66 
149. 77 
153.32 
157.31 
161. 71 
166.53 
171. 76 
177.38 
183.38 
189.75 
196.47 
203.53 
210.91 
218. 60 
226.58 
231.76 

Circle Center At X = 316.1 ; Y 351.4 and Radius, 213.8 
*** 1.824 *** 

Failure Surface Specified By 38 Coordinate Points 
Point 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 

X-Surf Y-Surf 
(ft) {ft) 

197.37 164.00 
206.21 159.33 
215.23 155.01 
224.41 
233.74 
243.21 
252.80 
262.50 
272.28 
282.14 
292. 06 
302.02 
312.01 
322. 00 
332.00 
341. 98 
351.92 
361.80 
371.62 
381.36 
391.00 
400.53 
409.93 
419.19 
428.28 
437.21 
445.95 
454.49 
462.81 
470.91 
478.77 
486.38 
493. 73 
500.79 
507.58 
514.06 
520.24 
524.15 

151.05 
14 7. 4 6 
144.24 
141.40 
138.95 
136.88 
135.21 
133. 92 
133.04 
132.55 
132.4.5 
132.76 
133.46 
134. 55 
136.05 
137.93 
140.20 
142.86 
145.90 
149.31 
153.10 
157.25 
161.75 
166.61 
171.82 
177.36 
183.22 
189.40 
195.89 
202.68 
209.76 
217.11 
224.72 
232.58 
238.00 

Circle Center P.t X = 3l9.3 ; Y 
*** 1.825 *** 

383.9 and Radius, 251.5 

Failure Surface Specified By 38 Coordinate Points 
Point X-Surf Y-Surf 

1 

/J:C;..\ 
\'' I 

197.37 164.00 
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2 206.22 159.35 
3 215.26 155.06 
4 224.45 151.13 
5 233.79 14 7. 57 
6 243.27 144.38 
7 252.87 141.!,"/ 
8 262.57 139.14 
9 272. 36 Ll7 .10 

10 282.22 13 5. 45 
11 292 .14 134.19 
12 302 .10 133.32 
13 312.09 132.85 
14 322.09 132. 78 
15 332.09 133 .11 
16 342.06 133.83 
17 352.00 134.95 
18 351.89 136.46 
19 371. 70 13 8. 3 6 
20 381.44 140.64 
21 391.07 143.32 
22 400.60 146.37 
23 409.99 149.80 
24 419.24 153.60 
25 428.33 157.76 
26 437.25 162.28 
27 445.99 167.15 
28 454.52 172.36 
29 462. 84 177.91 
30 4 70. 94 183.78 
31 478.79 189.97 
32 486.39 196.47 
33 493. 73 203.26 
34 500.80 210.34 
35 507.57 217. 69 
36 514.06 225.30 
37 520.23 233.17 
38 523. 72 238.00 

Circle Center At X = 318.9 ; y = 384.7 and Radius, 251.9 ... 1.825 *'* 
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Phase 5 Emb DS Static MACHS.in 
C:ISTEDWINIWILLIA~1\MACH5.PL2 Run By: FRV, ALLIANCE CONSUL TING, INC. 3/18/2010 10:32AM 

goo rr=~:=if=ci==========i=====,----,----i-----~----i--r======;i 
# FS Soil Soil Total Saturated Friction Piez. lnit Points: 255. to 350. 

800 

700 c-

600 , __ 

500 , __ 

400 ,_ 

a 1.58 Desc. Type Unit Wt. Unit Wt. Angle Surface Term Limits: 400. to 540. 
b 1.58 No. (pcD (pcf) (deg) No. 
c 1.59 CCR 1 130.0 140.0 33.7 W1 
d 1.59 FCR 2 80.0 90.0 28.0 W1 
e 1.60 ORIG 3 125.0 135.0 26.8 ws 
f 1.60 
g 1.60 
h 1.61 
i 1.61 
j 1.62 

a 

tjJ1 
.c 

~ -1 -;,1~ 2 

•:__ 3 .,,-r11 _,;,~ ~jc._WC ------- Wl ~ 1 ~ 
"' ----------- -----~'1-~-2--~3-=_•~-----o----

Wl 

"' 

300 L_ ___ ___J ____ ____L ____ __j__ ____ _L... ____ ..L_ ____ .L..._ ___ -----"'--------'-----~ 

0 100 200 300 400 500 600 

PCSTABL5M/si FSmin=1.58 
STED Safety Factors Are Calculated By The Modified Bishop Method 

g,~~ 

700 800 900 

~ 
<. 
'-"' -;:::--
"° -<i ® 
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C,\STEDWIN\WILLIA~l\MACH5.0UT 

** PCSTABLSM ** 
by 

Purdue University 
--Slope Stability Analysis-

Simplified Janbu, Simplified Bishop 
or Spencer's Method of Slices 

Run Date, 3/18/2010 

Time of Run: 10:32AM 
Run By, FRV, ALLIANCE CONSULTING, INC. 

Input Data Filename: C:MACHS. 

Output Filename: C:MACHS.OUT 
Unit: ENGLISH 
Plotted Output Filename: C:MACHS.PLT 

PROBLEM DESCRIPTION Phase 5 Emb DS Static 
t-w.CHS. in 

BOillirDARY COORDINATES 
Note: User origin value specified. 
Add 0.00 to X-values and 300.00 to Y-values listed. 

11 Top Boundaries 
22 Total Boundaries 

Boundary X-Left Y-Left X-Right Y-Right Soil Type 

No. (ft) (ft) (ft) (ft) Below Bnd 

1 120.00 136.00 226.50 136.40 3 

2 226.50 136.40 252.20 145.00 1 

3 252.20 145.00 257.20 145.00 1 

4 257.20 145. 00 276.70 138. DO 1 

5 276.70 138.00 296.70 138.50 1 

6 296.70 138.50 316.20 145.00 1 

7 316.20 145.00 336.20 145.00 1 

8 336.20 145.00 465.20 188.00 1 

9 465.20 188.00 485.20 188.00 1 

10 485.20 188.00 509.20 180.00 1 

11 509.20 180.00 840.00 180.00 2 

12 225.50 136.40 452.70 137.80 3 

u 509.20 180.00 !;;5,4.20 16!:i. 00 1 

14 452.70 137.80 534.20 165.00 1 

15 452.70 137.80 478.80 138.00 3 

16 534.20 l65.00 554.20 165.00 1 

17 4 78. 80 138.00 53 9. 4 o 138. DO 3 

18 539.40 138.00 553.30 138. 00 3 

19 554.20 165.00 632.90 138.70 1 

20 553.30 138.00 632.90 138.70 3 

21 632.90 138.70 671. 20 126.00 3 

22 671. 20 126.00 840.00 126.00 3 

ISOTROPIC SOIL PARAMETERS 

3 Type (s) of soil 
Soil Total Saturated Cohesion Friction Pore Pressure Piez. 

Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface 

No. (pcf) (pcf) (psf) (deg) Param. (psf) No. 

1 130.0 140.0 .0 33.7 .DO . 0 1 

2 80.0 90.0 .0 28.0 .00 . 0 1 

3 125.0 135.0 .0 26.8 .DO .0 1 

2 PIEZOMETRIC SURFACE IS) HAVE BEEN SPECIFIED 

Unit Weight of Water = 62.40 
Piezometric Surface No. 1 Specified by 8 Coordinate Points 

Point x-Water Y-Water 
No. (ft) I ft I 

1 120.00 136.00 

2 226.50 136.40 

3 320.00 137.20 P-9 
4 _)_2l) QQ --15.1.~QO 
5 407.00 ~ .. SJi__,_.00 ~::J_D 
6 465.00 1 7_';_._Q.0 -I 

7 509.20 180.00 

8 840.00 180.00 

Piezometric Surface No. 2 Specified by 2 coordinate Points 

Page 
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Point X-Water Y-Water 
No. (ft) (ft) 

1 120.00 121.00 
2 840. 00 120.00 

Searching Routine Will Be Limited To .An Area Defined By 1 Boundaries 
Will Deflect surfaces Upward Of Which The First 1 Boundaries 

Boundary. X-Left Y-Left X-Right Y-Right 

No. (ft) (ft) (ft) (ft) 

1 120.00 121.00 840,00 120.00 

A Critical Failure Surface Searching Method, Using A Random 

Technique For Generating Circular Surfaces, Has Been Specified. 

400 Trial Surfaces Have Been Generated. 

20 Surfaces Initiate From Each Of 20 Points Equally Spaced 

Along The Ground Surface Between X 255.00 ft. 
and X 350.00 ft. 

Each Surface Terminates Between X 400.00 ft. 
and X 540.00 ft. 

Unless Further Limitations Were Imposed, The Minimum Elevation 

At Which A Surface Extends Is Y =100.00 ft. 
10.00 ft. Line Segments Define Each Trial Failure Surface. 

Following Are Displayed The Ten Most Critical Of The Trial 

Failure Surfaces Examined. They Are Ordered - Most Critical 

First. 
**Safety Factors Are Calculated By The Modified Bishop Method 

Failure Surface Specified By 24 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 280.00 138.08 
2 289.02 133.77 
3 298.31 
4 307.82 
5 317. so 
6 327.33 
7 337.26 
B :147. 25 
9 357.25 

10 367.22 
11 377.12 
12 386.90 
13 396,53 
14 405.97 
15 415.16 
16 424.08 
17 432.69 
18 440.95 
19 448.82 
20 456.27 
21 463.27 
22 469.78 
23 475.79 
24 477.07 

Circle Center At X = 
*** 1.577 

Individual data 
Vlater 

130.06 
126. 96 
124.48 
122.65 
121.46 
120.92 
121.04 
121.81 
123.22 
125.28 
127.98 
131.30 
135. 22 
139.74 
144.83 
150.48 
156.65 
163.32 
170.46 
178.05 
186.04 
188.00 

350.5 y 

*** 
on the 

water 
35 
Tie 

273.8 and Radius, 153.0 

slices 
Tie Earthquake 

* * 

Force Force Force Force Force Surcharge 

Slice Width Weight Top Bot Norm Tan Hor Ver Load 

No. ( ft I (lbs) llbs) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) 

l 2.5 207.2 .0 .0 . 0 .0 . 0 .0 .o 
2 .3 46.0 .0 1.2 .0 . 0 . 0 . 0 .0 

3 6.2 2463.9 . 0 710.7 .0 . 0 . 0 . 0 .0 

4 7.7 6344.5 . 0 2441.9 .o .0 .0 .0 .0 

5 1. 6 1808.1 .0 716.3 .o .0 .0 .0 . 0 

6 9.5 15387.3 . 0 5334.2 .0 .0 . 0 .0 . 0 

7 8.4 19790.4 .0 6071. 7 .0 . 0 .0 .0 .0 

8 1.3 3534.5 .0 1052.1 .0 . 0 .0 . 0 .0 

9 ?.5 G894.7 .0 2049.2 .0 .0 .0 .0 .0 

@ 
f!.ev 

Page 2 -;/t~\i:> 
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900 

800 

700 .. 

600 . 

500 >· 

400 .. 

300 
0 

STED 

# FS 
a 1.21 
b 1.21 
C 1.22 
d 1.23 
e 1 24 
f 1 24 
g 1.24 
11 1 24 
i 1.25 

~r 
S\~fJ '*W'' -~~ 

Soil Soil 

Phase 5 Emb DS Pseudo-Static MACHS.in 
C:\STEDWIN\WILLIA-1\MACH5.PL2 Run By: FRV, ALLIANCE CONSULTING, INC. 3/18/2010 10:26AM 

' ' Total Saturated Cohesion Friction Piez. Load Value 
Desc. Type Unit Wt. Unit Wt. Intercept Angle Surface Horiz Eqk 0.150g< I 

I lnit Points: 255. to 350. 
Term Limits: 400. to 540. 

No. (pcf) (pcf) (psf) (deg) No. 
CCR 1 130.0 140.0 0.0 33.7 W1 
FCR 2 80.0 90.0 0.0 28.0 W1 

ORIG 3 135.0 135.0 400.0 19.5 W2 

a 
g f ~1i ! 
C , .• 1 

I /------:1~ -··-· 2·-··-··-··-··-··-··-··-··- .,-, 

i -:·i~/- 1 
---·- ·.' :,.,_ .. -----~"- ,_,. __ ,/ 1 1 . 

1-?1·-------3··-----·w1111 1 ,Wlf 3 . _· ... 3~3-~~
0 0 

W2 ----- ·---- ------------- -----------·-·-----~-----------· ---·-----•--· ··- -3---------- W2 

I I I ' ' ' I I 

100 200 300 400 500 600 700 800 

PCSTABL5M/si FSrnin=1.21 
Safety Factors Are Calculated By The Modified Bishop Method 

-

-

-

-

-

900 

~ 
"' ..,, -"" 
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Run Date: 

** PCSTABLSM ** 
by 

Purdue University 
--Slope Stability Analysis-

Simplified Janbu, Simplified Bishop 
or Spencer~s Method of Slices 

3/18/2010 
Time of Run: 10,26AM 

Run By: 
Input Data Filename: 
Output Filename: 
Unit: 

FRV, ALLI.Z\NCE CONSULTING, INC. 
C,MACHS. 
C,MACH5.0UT 
ENGLISH 

Plotted Output Filename: C:MACHS.PLT 
PROBLEM DESCRIPTION Phase 5 Emb DS Pseudo-Static 

tv'JACHS. in 
BOUNDARY COORDINATES 

Note: user origin value specified. 
Add 0.00 to x-values and 300.00 to Y-values listed. 

11 Top Boundaries 
22 Total Boundaries 

Boundary 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

X-Left 
(ft) 

120.00 
226.50 
252.20 
257.20 
276.70 
296.70 
316.20 
336.20 
465.20 
485.20 
509.20 
225.50 
509.20 
452.70 
452.70 
534.20 
478.80 
539.40 
554.20 
553.30 
632.90 
671.20 

Y-Left 
(ft) 

136.00 
136.40 
145.00 
145.00 
138.00 
138 .50 
145.00 
145.00 
188.00 
188.00 
180.00 
136.40 
180.00 
137.BO 
137.80 
165.00 
138. 00 
138.00 
165.00 
138.00 
138.70 
126.00 

X-Right 
(ft) 

226.50 
252.20 
257.20 
276.70 
296.70 
316.20 
336.20 
465.20 
485.20 
509.20 
840.00 
452.70 
554.20 
534.20 
478.BO 
554.20 
539.40 
553.30 
632.90 
632.90 
671. 20 
840.00 

Y-Right 
( ft) 

136.40 
145.00 
14 5. 00 
138. DO 
138.50 
145.00 
145.00 
188.00 
188.DO 
180.00 
180.00 
137.80 
165.DD 
1G5.00 
138. DO 
165.00 
138. 00 
138.00 
13 8. 70 
138.70 
126.00 
126.00 

Soil Type 
Below Bnd 

3 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

ISOTROPIC SOIL PARAJvlETERS 
3 Type(s) of Soil 

Soil Total Saturated 
Type Unit Wt. Unit Wt. 

No. (pcf) (pcf) 
1 130.0 140.0 
2 80. 0 
3 135. 0 

Cohesion 
Intercept 

(psf) 
.0 

Friction 
Angle 
(deg) 
33.7 

.D 28.0 
400.0 19.5 

Pore 
Pressure 

Param. 
.OD 
.00 
.DO 

Pressure 
Constant 

(psf) 
.0 
.0 
.0 

2 PIEZOMETRIC 

90.0 
135.0 

SURFACE(S) HAVE BEEN SPECIFIED 
Unit weight of Water = 62.40 
Piezometric Surface No. 1 Specified by 8 Coordinate faints 

Point X-Water Y-Water 
No. (ft) (ft) 

1 120.00 136.00 

2 226.50 136.40 

3 320.00 137.20 

4 350.00 147.00 

5 407.00 156.00 

6 465.00 175.00 

7 509.20 180.00 

8 840.00 180.00 
D; ,=,,;,rim,=,i--ri r Su:r-f?ce No. 2 Specified by 

1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
3 
1 
1 
3 
1 
3 
3 
1 
3 
3 
3 

Piez. 
Surface 

No. 
1 
1 
2 
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Point X-Water Y-Water 
No. (ft) (ft) 

1 120.00 121.00 
2 840.00 120.00 

Searching Routine Will Be Limited To An Area Defined By 1 Boundaries 
Upward Of Which The First 1 Boundaries Will Deflect 

Doundo.ry X-Left Y-Left X-Right 
No. (ft) (ft) (ft) 

1 120.00 121.00 840.00 
A Horizontal Earthquake Loading coefficient 
Of .150 Has Been Assigned 
A Vertical Earthquake Loading Coefficient 
Of .000 Has Been Assigned 
Cavitation Pressure= .O (psf) 

surfaces 
Y-R\ght 

(ft) 
120.00 

A Critical Failure Surface Searching Method, Using A Random 
Technique For Generating circular Surfaces, Has Been Specified. 
400 Trial Surfaces Have Been Generated. 

20 Surfaces Initiate From Each Of 20 Points Equally Spaced 
Along The Ground Surface Between X 255.00 ft. 

and X 350.00 ft. 
Each Surface Terminates Between X 400.00 ft. 

and X 540.00 ft. 
Unless Further Limitations Were Imposed, The Minimum Elevation 
At Which A Surface Extends Is Y =100.00 ft. 
10.00 ft. Line Segments Define Each Trial Failure Surface. 
Following Are Displayed The Ten Most Critical Of The Trial 

Failure surfaces Examined. They Are Ordered - Most Critical 
First. 
**Safety Factors Are calculated By The Modified Bishop Method** 
Failure Surface Specified By 17 Coordinate Points 

Point x-surf Y-Surf 
No. (ft) (ft) 

1 330.00 145.00 
2 339.55 142.02 
~ ~49.30 139.81 
4 359.20 138.38 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 

369.18 
379.17 
389.13 
398.97 
408.65 
418.09 
427.23 
436.03 
444.42 
452.35 
459.76 
466.62 
472.39 

Circle·Center At X = 
*** 1.206 

Individual data 
Water 
Force 

137.75 
137.92 
138.88 
140.64 
143.17 
146.47 
150.51 
155.27 
160. 71 
166.81 
173.52 
180.80 
188.00 

372.1 y 

*** 
on the 

Water 
Force 

263.0 and Radius, 125.3 

22 slices 
Tie Tie Earthquake 

Force Force Force Surcharge 

Slice Width Weight Top Bot Norm Tan Hor Ver Load 

No. (ft) (lbs) (lbs) 

1 6.2 780.3 . 0 
(lbs) 

.0 
(lbs) (lbs) 

.0 .0 
(lbs) (lbs) (lbs) 
117.0 .0 .0 

2 .9 258.8 . 0 .0 .0 .0 38.8 .0 .o 
3 2.5 1071.5 . 0 119.4 .0 .0 160.7 .0 .0 

4 9.8 9051.7 . 0 2532.7 .0 .0 1357.8 .0 . 0 

5 .7 934.6 .0 300.1 .0 .0 140.2 .0 .0 

6 9.2 15239.6 .0 4971.7 . 0 .0 2285.9 . 0 .0 

7 10.0 22199.3 .0 6887.0 .0 .0 3329.9 .0 .0 

8 10.0 27049.2 . 0 8002.3 .0 . 0 4057.4 .0 .0 

9 10. 0 30597.5 .0 8624.8 .0 . 0 4589.6 . 0 .0 

10 9.8 32766. 7 .0 8750.3 .0 . 0 4915.0 . 0 .o 
~l 8.0 '27770. 0 .0 G995.8 .o .0 4155.5 .0 .o 
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PHASE 5 US STATIC 

C:\STEDWIN\STEELH~1\RUNSTC~1\STH127.PL2 Run By: MOB 4114/2008 9:43AM 

800 --=7r-=======,-,----------,------,---------.====c::=,i 

II FS I Soil Soil Tola! Saturated Friction Piez. 

lni! Points: 180. to 245. 

a 1.76) Desc. Type Unit Wt. Unit WI. Angle Surface 

Term Limits: 300. to 430. 

700 

600 

500 ,_ 

CCR 
FCR 
ORIG 

No. (pcf) (pcf) (deg) No. 

1 130.0 140.0 33.7 W1 

Z 80.0 90.0 28.0 W1 

3 125.0 '135.0 26.8 W1 

I 

1 ~-
,J ~~ 

. • .. • •·~-=:,a1-=i~ 

~~~:·~------ -3.-2 -- - 114 • •-E•~-~:.__-;1----------~--------------

400 l-
1 

! 

300 '--------'----------'~--------'---------'---------'--------L-----...J 

0 

STEO 

~141\f& 

·'<:7(ifj 

100 
200 

300 400 500 600 
700 

PCSTABL5M/si FSmin=1.76 

Safety Factors Are Calculated By The Modified Bishop Method ~ 
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** PCSTABLSM ** 
by 

Purdue University 

--Slope Stability Analysis-

Simplified Janbu, Simplified Bishop 

or Spencer'" s Method of Slices 

Run Date, 
4/15/2008 

Time of Run: 
2:55PM 

Run By, 
MDB 

Input Data Filename: C:sth127. 

Output Filename: 
C:sth127.0UT 

Unit, 

ENGLISH 

Plotted Output Filename: C:sthl27.PLT 

PROBLEM DESCRIPTION PHASE 5 US STATIC 

BOUNDARY COORDINATES 

Note: User origin value specified. 

Add 0.00 to X-values and 300.00 to Y-values listed. 

10 Top Boundaries 

13 Total Boundaries 

Boundary X-Left Y-Left X-Right Y-Right Soil Type 

No. 
(ft) (ft) 

{ft) (ft) Below Bnd 

1 
.oo 132.00 

2 
245. 00 132. 00 

3 
414.70 188.00 

4 
434.70 188.00 

5 
563.70 145.00 

6 
583.70 145.00 

7 
603.20 138.50 

8 
623.20 138.50 

9 
642.70 145.00 

10 
647.70 145.00 

11 
.00 126.00 

12 
228.70 126.00 

13 
245.00 132.00 

ISOTROPIC SOIL PARJ>.METERS 

3 Type(s) of Soil 

Soil Total Saturated Cohesion 

Type Unit Wt. Unit Wt. 

No. (pcf) (pcf) 

1 130.0 140.0 

2 80.0 90.0 

3 125.0 135.0 

Intercept 

(psf) 
.o 
.o 
.o 

245.00 132. 00 

414.70 188.00 

434. 70 188.00 

563.70 145. 00 

583.70 145.00 

603.20 138.50 

623.20 138.50 

642.70 145.00 

647.70 14.5.00 

673.40 136.40 

228.70 126.00 

245.00 132.00 

673.40 136.40 

Friction Pore Pressure 

Angle Pressure Constant 

(deg) Param. (psf) 

33.7 . 00 
.o 

26.0 . 00 .o 

26.8 .00 
.o 

1 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED 

Unit Weight of Water= 62.40 

Piezometric Surface No. 1 Specified 

Y-Water 

Point X-Water 

No. 
(ft) 

1 
.00 

2 
297.70 

3 
563.70 

4 
673.40 

(ft) 

132.00 

132.00 

137.00 

136. 40 

by 4 Coordinate Points 

2 
1 
1 
l 
l 
1 
l 
1 
1 
1 
3 
3 
3 

Pioz 
Surface 

No . 
1 
l 
l 

Searching Routine Will 

Of Which The First 1 
Be Limited 

Boundaries 
To An Area Defined By 

Will Deflect Surfaces 
1 Boundaries 

Upward 

Boundary 

No. 

X-Left Y-Left 
(ft) 

120.00 

X·Right Y-Right 

(ft) 
If t I 

iftl 

1 
. 00 

673.40 

A Horizontal Earthquake Loading Coefficient 

Of . 150 Ha.B Been Assigned 

A Vertical Earthquake Lo~ding Cce~ficient 

Of .000 Has Been Assigned 

cavitation Pressure= .0 (psf} 

A Horizontal Earthquake Loading Coefficient 

Of .coo Has Been Assigned 

A Vertical Earthquake Loading Coefficient 

0£ .ooo Has Been Assigned 
. o (psf) 

121. 00 
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A Critical Failure Surface Searching Method, Using A Random 

Technique For Generating Circular Surfaces, Has Been Specified. 

400 Trial Surfaces Have Been Generated. 

20 Surfaces Initiate From Each Of 20 Points Equally Spaced 

Along The Ground Surface Between X 180.00 ft. 

and X 245.00 ft. 

Each Surface Terminates Between X 300.00 ft. 

and X = 430.00 ft. 

Unless Further Limitations Were Imposed, The Minimum Elevation 

At Which A surface Extends rs Y =100.00 ft. 

10.00 ft. Line Segments Define Each Trial Failure Surface. 

?allowing Are Displayed The Ten Most Critical Of The Trial 

Failure Surfaces Examined. They Are Ordered - Most Critical 

First. 
**Safety Factors Are Calculated By The Modified Bishop Method** 

Failure Surface Specified By 12 Coordinate Points 

Point x-su~f Y-Surf 

No. 
(ft) 

(ft) 

1 2l7.63 132.00 

2 226.71 127.82 

3 236.29 124.95 

4 246.18 123.45 

5 256.18 123.35 

6 266.10 124.65 

7 275.73 127.33 

8 284.89 131.34 

9 293.40 136.59 

10 301.10 142.98 

11 307.82 150.38 

12 309.87 153,41 

Ci~cle Center At X = 251.8 ; Y 194.1 and Radius, 70.9 

*** 1.762 *** 
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PHASE 5 US SEISMIC 

C:\STEDWIN\STEELH~1\RUNSTO~1\STH'l26.PL2 Run By: MDB 4/15/2008 2:56PM 

800 
I r II FS

7
1 Soil Soil Tolal Saturated Cohesion Friction Piez Load Value 

a 1.32 Desc. Type UnitWL UnitWL Intercept Angle Surface HorizEqk 0.150g< 

700 

600 ,_ 

500 

CCR 
FCR 
ORIG 

No. (pcf) (pcf) (psf) (deg) No. 

1 130.0 140.0 0.0 33.7 W1 

2 80.0 90.0 0.0 28.0 W' 

3 135.0 135.0 400.0 19.5 W2 

tmt Points: 75. to 150. 

Term Limits: 375. to 450. 

/, 
·r·--==-_L~:-· ---~5 ~~ ----- 3 . 1 - .... ---:~~, 

~2 
,J 

*1 

WJ 

400 ,. 

1·,., 

30U '------~'---------'-------L-----~--'-------'-------'-------' 

0 

STED 

£-: 
-:x::,::27 . 

100 200 
300 400 500 600 700 

PCSTABL5M/si FSmin=1.32 

Safety Factors Are Calculated By The Modified Bishop Method ® 
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** PCSTABLSM ** 
by 

Purdue University 

--Slope stability A.~alysis-

Simplified Janbu, Simplified Bishop 

or Spencer~s Method of Slices 

Run Date, 
4/15/2008 

Time of Run: 2:56PM 

Run By: 
MDB 

Input Data Filename: C:sth126. 

output Filename: C:sthl26.0UT 

Unit: 
ENGLISH 

Plotted Output Filename: C:sthl26.PLT 

PROBLEM DESCRIPTION PHASE 5 US SEISMIC 

BOUNDARY COORDINATES 

Note: User origin value specified. 

Add 0.00 to X-values and 300.00 to Y-values listed. 

10 Top Boundaries 

13 Total Boundaries 

Boundary X-Left Y-Left X-Right Y-Right Soil Type 

No. (ft} (ft) (ft I {ft) Below Bnd 

1 .00 132.00 245.00 132.00 2 

2 245.00 132.00 414.70 188.00 1 

3 414.70 188.00 434.70 188.00 1 

4 4.34.70 188.00 563.70 145.00 1 

5 563.70 145.00 563.70 145.00 1 

6 583.70 145.00 603.20 138.50 1 

7 603.20 138.50 623.20 138.50 1 

8 623.20 138.50 642.70 145.00 1 

9 642.70 145.00 647.70 145. 00 l 

10 647.70 145.00 673.40 136. 40 l 

11 .00 126.00 228.70 126. 00 3 

12 228.70 126.00 245.00 132.00 3 

13 24 5. 00 132.00 G73. 40 J..36. 40 3 

ISOTROPIC SOIL PJ>.RAMETERS 

3 Type (s) of Soil 

Soil Total Saturated Cohesion Friction Pore Pressure Piez. 

Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface 

No. (pcf) ipcfl 

1 130. 0 140.0 

2 80.0 90.0 

3 135. 0 135.0 

2 PIEZOMETRIC SURc'ACE (SJ 

Unit Weight 

Piezometric 

Point 
No. 

1 
2 
3 
4 

Piezometric 

Point 
No. 

l 
2 

of Water = 

Surface No. 

X-Water 
(ft) 

.00 
297.70 
563.70 
673.40 

Surface No. 

X-Water 
(ft I 

.00 
673.40 

(psf) {deg} Param. {psf} 

. 0 33.7 .00 .0 

.0 28.0 .00 .o 

400.0 19.5 . 00 .o 

HAVE BEEN SPECIFIED 

62.40 
1 Specified by 

Y-Water 
1ft) 

132. 00 
132.00 
137.00 
13 6. 4 0 

2 Specified by 

Y-Vlater 

I ft) 
120.00 
121.00 

4 Coordinate Points 

2 Coordinate Points 

No. 
l 
1 
2 

Si?arching Routine Will Be Limit.ed 

Of Which The Fi.z:st l Boundaries 
To An Area Defined By 

Vlill Deflect Surfaces 
1 Boundaries 

Upward 

Boundary X-Left Y-Left X-Right Y-Right 

No. !ft) (ft} If ti (ft} 

1 .00 l20.00 673.40 

A Horizontal Earthquake Loading Coefficient 

Of .150 Has Been Assigned 

A Vertical Earthquake Loading Coefficient 

Of .000 2as Been kssigned 

Cavitation Pressuye ~ 

121.00 
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A Critical Failure surface Searching Method, Using A Random 

Technique For Generating Circular Surfaces, Has Been Specified. 

400 Trial Surfaces Have Been Generated. 

20 Surfaces Initiate From Each Of 20 Points Equally Spaced 

Along The Ground Surface Between X 75.00 ft. 

and X 150.00 ft. 

Each Surface Terminates Between X 375.00 ft. 
and X 450.00 ft. 

Unless Further Limitations Were Imposed, The Minimum Elevation 

At Which A Surface Extends Is Y =100.00 ft. 

10.00 ft. Line Segments Define Each Trial Failure Surface. 

Following Are Displayed The Ten Most Critical Of The Trial 

· Failure Surfaces Examined. They Are Ordered - Most Critical 

First. 
**Safety Factors Are Calculated By The Modified Bishop Method** 

Failure Surface Specified By 34 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

l 98.68 132.00 

2 108.59 130.66 

3 118.53 129.50 

4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
lb 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 

Circle 

128.48 
13 8. 45 
148.44 
158.43 
168.43 
17 8. 43 
188.43 
198.42 
208.4.0 
218.37 
228.32 
238.25 
248.lS 
258.02 
267.87 
277. 67 
287.44 
297.16 
306.83 
316.45 
326.02 
335.53 
344.97 
354.35 
363.66 
3 72, 90 
382.06 
3 91.14 
4 00 .14 
409.05 
415.17 

Center At X 

*** l. 322 
= 

128.55 
127.79 
127.22 
126.85 
126.68 
126. 70 
126. 91 
127. 32 
127.93 
128.73 
129.73 
130. 92 
132.30 
133. 88 
135. es 
137.62 
13 9. 77 
142.12 
144. 65 
147.38 
150.29 
153.38 
156.67 
160.13 
163.78 
167.62 
171.63 
175.82 
180.18 
184.72 
188.00 

172.4 ; Y 

*** 
637.8 and Radius, 511.1 
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PHASE 7 EMB OS STATIC 

900 

~=cc--~-1~ ·1 01 

Desc. 

C:ISTEDWINISTEELrHIRUNSTO-1\STH101.PL2 Run By: JLH 1212012006 1:20PM 

Soil Total Saturated Friclion Piez.. 

Type Unit Wt. Unit Wt. An~le Surface 

No. (pcf) (pcf) (deg) No. 

lnil Points: 239.5 lo 335. 

Term Limits: 575. to 725. 

800 , __ 

"/UU •-· 

600 ,-

sou ,_ 

"' 

400 , .. 

300 , __ 

CCFl 
FCR 
ORIG 

1 130.0 140 0 33.7 W1 

2 80.0 90.0 28.0 W1 

3 125.0 135.0 26.8 W1 

/ 

a 

\ 
-- .. -· -- .. -- ··,; 

___./w t.----·w1J~ -- 2 

-------·---

-~--3 - -- - - -~~ ... ---------~ ----- -~-------· 

- - ·i" - - - :c. _3__:J.:..~=-·:E··.·~;~-~--~· ~?:'.:==========--=~3f===-:--~=:::::::::::::::::-.. 
-

•3 --- • ------

200 L__ ____ L._ ___ _L ___ __, ____ _,__ ___ ~----.L....----L-----'----...L
----1 

0 1 OU ZOU 300 40C 500 600 700 800 900 1000 

PCSTABL5M/si FSmin=1.72 

STED Safety Factors Are Calculated By The Modified Bishop Method 

JI! 
® 



R12700

C:\stedwin\steelh~l\runsto-1\sthlOl.OUT Page 1 

* * PCSTF.BL5M * * 
by 

Purdue University 

--Slope Stability Analysis-

Simplified Janbu, Simplified Bishop 

or Spencer· s M.ethod of Slices 

Run Date: 
12/20/2006 

Time of Run: 1:20PM 

Run By: 
JLH 

Input Data Filename: C:sthlDl. 

Output Fileni=',me: C: sthlOl. OUT 

Unit: 
ENGL I SH 

Plotted Output Filename: C:sthlOl.PLT 

PROBLEM DESCRIPTION PHASE 7 E!'nl OS STATIC 

BOUNDARY COORDINATES 

Note: User origin value specified. 

Add 0.00 to X-values and 200.00 to Y-values listed. 

14 Top Boundaries 

17 Total Bnnnrl;:,..-i t:'<:t 

Boundary X-Left Y-Left X-Right Y-Right Soil Type 

No, lftJ (ftj {ftj {ftJ Below Bnd 

l .DO 241. 00 

2 208.60 242.90 

3 214. 90 245.00 

4 219.90 245.00 

5 239.40 238.50 

6 259. 4 0 238.50 

7 27 4. 4 0 243. 40 

B 291.00 24 9. 00 

9 311.00 249.00 

10 ~45.10 293.70 

11 465.10 293.50 

lL 597.90 338.00 

13 697.90 338.00 

14 n1. ~o 330.00 

15 274.40 2 43. 4 0 

16 721. 90 3 30. OD 

17 4.55.30 246.00 

ISOTROPIC SOIL PARAMETERS 

3 Type(s) of Soil 

Soil Total Saturated Cohesion 

Type Unit Wt. Unit Wt.. Intercept 

No. (pcf) (pcf) (psf) 

1 130.0 140.0 .0 

2 80.0 90.0 .0 

3 125.0 135.0 .0 

208.60 
214.90 
219.90 
239.40 
259.40 
27 4. 4 a 
291. 00 
311. 00 
445.10 
'i65 .10 
597.90 
697.90 
'/H.90 
97 0. 7 0 
455.30 
97 0. 7 0 
97 0. 7 0 

Friction 
Angle 
{dcgJ 
33.7 
28.0 
26.8 

242.90 
245.00 
245.00 
236.50 
238.50 
243.40 
249.00 
249.00 
293. 7 0 
293.50 
338.00 
338.00 
330.00 
330.00 
246.00 
247.00 
24 7. 00 

Pore Pressure 

Pressure Constant 

Pr.ram. (psfl 

. 00 .o 
.00 . 0 

.00 .0 

l PIEZOMETRIC SURFACE(SJ HAVE BEEN 

Unit Weight of Water= 62.4.0 
SPECIFIED 

Piezometric 

Point 
No. 

l 
2 
3 
4 
5 

Surface l'lo. 

):-Weter 
(ft) 

.00 
225. 00 
360.00 
695.70 
970.71 

1 Specified by 

Y-Water 
(ft) 

240.00 
240.00 
242.00 
335.00 
.:,35. co 

5 Coordinate Points 

3 
3 
3 
3 
3 
3 
1 
1 
l 
l 
l 
l 
l 
2 
3 
1 
3 

Piez. 
Surface 

No. 
1 
1 
1 

Sear:..:t::.ng F:c:-·:3t ine w:.11 Be :.,im.:ted To 1'.n F.rea i:i~fined By 3 B0urdc:.~ies 

Of Which The First 3 B0undar..iE:s Will Deflect Su.r:;:aces r_1pw2rd 

Bo' .. mdary 
l,;Jo. 

1 
2 
3 

X-Left 
( ft. i 

. 00 
277.00 
~·55.00 

'::'-Left 
( ft) 

220.00 
2'.:3. 00 
226.00 

X-P.ight 
(ft) 

277.00 
455.00 
970.00, 

A ~nr zc~tal EarthquaJ:e Loading Coefficient 

Of . 1 0 Hes Been Assigned 

A Ver ical Ear-chquaY.e Loading Cveffic.ient 

Y-Right: 
(::t) 
23. 00 
2 6. 00 
27.00 
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Of .ODO Has Been Assigned 
Cavitation Pressure = . 0 (psf) 

A Horizontal Earthquake Loading Coefficient 

Of .ODO Has Been Assigned 
A Vertical Earthquake Loading Coefficient 

Of .000 Has Been Assigned 
Cavitation Pressure= .0 (psf) 

A Critical Failure .Surface Sea.r.d1lng Method, U8ing A Random 

Technique For Generating Circular Surfaces, Has Been Specified. 

400 Trial Surfaces Have Been Generated. 

20 Sur±aces Initiate FLom Each Of 20 Points Equally ~paced 

Along The Ground Surface Between X 239.50 ft. 
and X 335.00 ft. 

Each Surface Terminates Between X 575.00 ft. 
and X 725.00 ft. 

Unless Further Limitations Were Imposed, The Minimum Elevation 

At Which A Surface Extends Is Y =200.00 ft. 

10.00 ft. Line Segments Define Each Trial Failure Surface. 

Following Are Displayed The Ten Most Critical Of The Trial 

J:":::ii1,i,.-,::, ~,,,....f:::iroc: J:"v:::im;,..,.or1. 'T''noy ~ .... Q o..-r<c,...od - M,-,e,+ ('-,.-~+-i,-.:::il 

First. 
**Safety Factors Are Calculated By The Modified Bishop Method 

Failure Surface Specified By 41 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 254.58 238.50 

2 264.21 235.82 

3 273.92 233.43 

4 283.70 231.30 

5 293.52 229.46 

6 303.40 227.90 
7 313.32 226.63 
8 323.27 225.63 

9 333.25 LL4.92 

10 343.24 224.50 

11 353.24 224.36 
12 363.23 224.51 

13 373.23 224.94 

14 383.20 225.66 

15 393.15 226.66 

16 403.07 227.94 

17 412.94 229.51 

18 422.77 231.36 
19 432.54 233.49 
20 442.25 235.89 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
3:!. 
22 

34 
:::s 
:,6 
37 
38 
39 

41 

451.88 
461. 0 
470.90. 
480.27 
489.53 
498.69 
507. 72 
516.63 
525.41 
.:,34. 04 
~,4 ~. :,3 
:.:,0.26 
~,,. n r, ,\ _,_:;;. ,,.., 

567.04 
~ 7 4 . 87 
552.:,2 
S2S. :18 
597.~5 
0[14.32 

238.58 
2 41. 53 
244.76 
248.26 
252.02 
256.CS 
260.33 
264.87 
2 6 9. 67 
::74.71 
~so.no 
285. :'J2 
.2 91 . :9 
297.28 
]03.50 
309. f>.4 
316. 60 
323.47 
330. :,4 
33 7 .f:.1 

Circle Center At X = 353.l ; Y 574.7 a~d ~adius, 350.3 

* * 
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1.717 
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900 , 1-# F:S 11-Soil 
a 1.20 Desc. 

800 ,_ 

700 ,. 

600 ,_ 

CCR 
FCR 
ORIG 

~7,. r-''?-.D 
PHASE 7 L,~IB DS SEISMIC 

C:\STEDWIN\STEELH-1\RUNSTO-1\STH100.PL2 Run By: JLH 12/20/2006 1:19PM 

Soil Total Saturated Cohesion Friction Piez.. I Load Value 
Type Unit Wt. Unil Wt. Intercept Ang-le Surface Horiz Eqk 0.150 g< 
No. (pcf) (pcf) (psi) (deg) No. 

I 130.0 140.0 0.0 33.7 W1 
2 80.0 90.0 0.0 28.0 W1 
3 135.0 135.0 400.0 19.5 W2 

a 

lnit Points: 240. to 335. 
Term Limits: 575. lo 725. 

~~
. 

'" I -- 1 ·-::, '· '. . . ~' .. . ///' ., 
' ·- .... ~' ./.. ---.. o, , .... , .... ,-, L_,~, = ; ) /::;; ,/ ' > 

·2 - 1'12 
3 •3 -- ----. ------., 

500 l-

300 ,_ 

200 
0 

STE□ 
~ 

,1;,i!;t" 
,~~ 

'ff"~1i'~~}~:t!!c,;f";"·t•;~;;~~f:r½:t:~~f'~i~~ 

100 200 300 400 500 600 700 800 900 1000 

PCSTABL5M/si FSmin=1.20 
Safety Factors Are Calculated By The Modified Bishop Method ® iv 
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Run Date: 

+-* PCSTABL5M ** 
by 

Purdue University 
--Slope Stability ~.nalysis-

Simplified Janbu, Simplified Bishop 
or Spencer's Method of Slices 

12/20/2006 

Time of Run: 1: 19PM 
Run By: 
Input Data Filename: 
Output Filename: 
Unit: 

JLH 
C:sthlOO. 
C:sthlOO.OUT 
ENGLISH 

Plotted Output Filename: C:sthlOO.PLT 
PROBLEM DESCRIPTION PHASE 7 EMB OS SEISMIC 
BOUNDF.RY COORDINATES 

Note: User origin value specified. 
Add 0.00 to X-values and 200.00 to Y-values list.ed. 

14 Top Boundaries 
17 Total Boundaries 

Boundary X-Left Y-Left X-Right Y-Right 

No. (ft) (ft) (ft) (ft) 

1 .00 241.00 208.60 242,90 

2 208.60 242.90 214.90 245.00 

3 214. 90 245.00 219.90 245.00 
4 219.90 245.00 239. 4 0 238.50 
5 239. 4 0 238.50 259.40 238.50 
6 259.40 238.50 27 4. 4 0 243.40 
7 27 4. 4 0 24 3. 4 0 291.00 249.00 
8 291.00 249.00 311. 00 249.00 

9 311. 00 24 9. 00 445.10 293.70 
10 4':iS.10 293.70 465.10 293.50 
11 465.10 293.50 597.90 338. 00 
12 597.90 338.00 b~f/.!:,U JJ8.00 

13 697. 90 338. 00 721. 90 330.00 

14 721.90 330.00 970.70 330.00 

15 27 4. 4 0 243.40 455.30 246.00 
16 721.90 330.00 970.70 247. 00 
17 455.30 246.00 97 0. 7 0 247.00 

ISOTROPIC SOIL PARAMETERS 
3 Type (s) of Soil 

Soil 
Below 

3 
3 
3 
3 
3 
3 
1 
l 
l 
1 
1 
l 
1 
2 
3 
l 
3 

Soil Total Saturated Cohesion Friction Pore Pressure 

Type 
End 

Piez. 

Type Unit Wt. Unit Wt. Intercept .2\ngle Pressure Constant Surface 

No. (pcf) (pcf) (psf) (deg) Parara. 

1 130.0 140.0 . 0 33. 7 

2 80.0 90.0 . 0 28.0 

3 135.0 135.0 400.0 19.5 
2 Pii::ZOMETRIC SURFACE (S) HP.VE BEEN SPECIFIED 

Unit Weight of Water= 62.40 

. 00 

.DO 

.DO 

(psf) 
. 0 
. 0 
. 0 

Piezornetric Su;:::-:face No. 1 Specified by 5 Coordinate Points 

Point X-Water Y-Water 
No. (ft) (ft) 

1 .00 240.00 
2 ::25.oo 242.00 
3 360.00 242.00 
4 721.~0 ::-::o.oo 
5 SO0.71 :,30. 00 

Pie::ome:.ric Surface No. 2 Specified by 4 Cvord.:.nate ?oints 

Point 
No. 

1 
2 
3 
4 

:.:-water 
(ft) 

.OD 
277.00 
4 55. 00 
970.00 

Y-Water 
/ft) 

~20.00 
2.23.00 
226.00 
227.00 

Of Which T:1e Fi~st 3 Bo-,;;"J.ciar es W 11 De J.ect su::::taces ~pwa=d 

Boundary Z-Left ·:-Lef -P.ish Y-Right 

No. 
1 
l 
2 
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No. 
1 
2 
3 

(ft) 
. 00 

277.00 
455.00 

(ft) 
220. 00 
223.00 
22 6. 00 

(ft) 
277.00 
455.00 
970.00 

A Horizontal Earthquake Loading Coefficient 
Of .150 Has Been Assigned 
A Vertical Earthquake Loading Coefficient 
Of .000 Has Been Assigned 
Cavitation Pressure= .0 (~sf) 

(ft) 
223.00 
226.00 
227.00 

A Critical Failure Surface Searching Method, Using A Random 
Technique For Generating Circular Surfaces, Has Been Specified. 
400 Trial Surfaces Have Been Generated. 

20 Surfaces Initiate From Each Of 20 Points Equally Spaced 
Along The Ground Surface Between X 240.00 ft. 

and X 335.00 ft. 
Each Surface Terminates Between X 575.00 ft. 

and X 725.00 ft. 
Unless Further Limitations Were Imposed, The Minimum Elevation 
At Which A Surface Extends Is Y =200.00 ft. 
10.00 ft. Line Segments Define Each Trial Failure Surface. 
Following Are Displayed The Ten Most Critical Of The Trial 

Failure Surfaces Examined. They Are Ordered - Most Critical 

First. 
**Safety Factors Are Calculated By The Modified Bishop Method 

Failure Surface Specified By 42 Coordinate Points 
Point X-Surf Y-Surf 

No. (ft) (ft) 
1 260.00 238.70 
2 269.67 236.13 
3 279.40 233.82 
4 289.18 231.78 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
"" "' :s 
:9 
co 
o, 
-·" 
32 
33 
'· 4 
'.'; .5 
36 
37 
:,s 

;o 

299.02 
308. 91 
118. 83 
328.78 
338.75 
348.74 
358.74 
368.74 
378.74 
oon .:,oo. 72 
398. 68 
408.61 
418.51 
428.37 
438.18 
44 7. 93 
457. 62 
467.24 
476.79 
4 a6. ::s 
495. 63 
504.90 
514.07 
:.:::3. 14 
s:.2. os 
:.4 0. 90 
:.~ 9. :::f\ vu 

.s.: 8. 16 
566.57 
.5 I 4 . H 
~S2. S-6 
=·90. 92 
:-ss. 71 
606.23 
t.::.:· .. --:: 
621.04 

229.99 
228.48 
227.22 
226.23 
225.51 
225.06 
224.87 
224. 96 
225.30 
225.92 
226.81 
227.96 
229.37 
231.05 
232.99 
235.20 
237.66 
240.39 
243.37 
246.00 
250.09 
253.83 
'.:57.81 
2€2.04 
2 66. 51 

281.33 
286.73 
LS2.~5 
2:,e. 19 
304 . .25 
310.S·2 
316.99 

::.30. 54 

* * 

Page 2 
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41 628 .11 337.61 
42 628. 4 9 338.00 

Circle Center •" ... X - 360.7 ; y 598.4 and Radius, 373.5 

'** 1.203 *** 

C 
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800 ' u-·1~s·1 
a 1.87 

700 

600 ,_ 

Soil 
Desc. 

CCR 
FINES 
ORIG 

"ii\ ),J l)-.D -
PHASE i EMB US STATIC 

C:\STEDWIN\STEELH~1\RUNSTO~1\STH103.PL2 Run By: MOB 4/14/2008 2:15PM 

Soil Total Saturated Friction Piez. 
Type Unit Wt. Unit Wt. Angle Surtace 
No. (pcf) (pcf) (deg) No. 
1 130.0 140.0 33.7 W1 
2 80.0 90.0 28.0 WI 
3 125.0 135.0 26.8 WI 

a 

lnit Points: 150. to 220. 
Term Limits: 480. to 625. 

~ 1 1~ 

500 , I ~ 1 

_______ ..✓-c:.------------------------------------------•• 
\ / ~--~---·-···-··-··-,,· ___/ 

,. 2 ::s: . ....---------; =-==--=----- 3 • 

400 ,_ 

300 n 
V 

STED 
...---r.r:~ 

1~·••a 
, .. '\, < i¥:~~1j 

3 

100 

-~--sc=---===-
·1 ----------------------

200 200 400 500 600 700 

PCSTABL5M/si FSmin=1.87 
Safety Factors Are Calculated By The Modified Bishop Method 

® -
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* * PCSTJi..BLSM * * 
by 

Purdue University 
--Slope Stability Analysis-

Simplified Janbu, Simpl·ified Bishop 
or Spencer-s Method of Slices 

Run Date, 4/15/2008 
Time of Run: 2:50PM 
Run By: MDB 
Input Data Filename: C:sthl03. 
Output Filename: C:sthl03.OUT 
Unit: ENGLISH 
Plotted Output Filename: C:sthl03.PLT 
PROBLEM DESCRIPTION PHASE 7 EMB US STATIC 
BOUNDARY COORDINATES 

Note: User origin value specified. 
Add 0.00 to X-values and 300.00 to Y-values listed. 

4 Top Boundaries 
8 Total Boundaries 

Boundary X-Left Y-Left 
No. {ft} {ft} 

l .00 164.00 

X-Right 
{ft} 

280.00 

Y-Right 
{ft} 

164.00 

Soil Type 
Below Bnd 

2 

2 280.00 164.00 
3 502.00 238.00 
4 602.00 238.00 
5 .00 147.00 
6 229.00 147.00 
7 229.00 147.00 
8 .OD .00 

ISOTROPIC SOIL PARAMETERS 
3 Type(s} of Soil 

Soil Total Saturated Cohesion 
Type Unit Wt. Unit Wt. Intercept 

No. {pcf} (pcf} (psf} 
l 130.0 140.0 .0 
2 80.0 90.0 .0 
3 125.0 135.0 .0 

502.00 
602.00 
649.00 
22 9. 00 
280.00 
649.00 

.00 

Friction 
Anglrs 
(deg} 
33. ·; 
28.0 
26.8 

238.00 
23 8. 00 
222.00 
147.00 
164.00 
146.00 

.DO 

Pore Pressure 
Press.:ure Constnnt 

Param. {psf} 
.00 .0 
.00 .0 
.00 .0 

1 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED 
Unit Weight of Water= 62.40 
Piezometric Surface No. 1 Specified by 3 Coordinate Points 

Point X-Water Y-Water 
No. (ft} (ft} 

1 .00 164.00 
2 388.00 164.00 
3 

l 
l 
l 
3 
l 
3 
a 

Piez. 
RurfnrP 

No. 
l 
l 
l 

Searching 
Of Which 
Boundary 

No. 

649.00 
Routine Will 
The First 1 

X-Left 
{ft} 

.00 

175.00 
Be Limited 
Boundaries 

Y-Left 
(ft} 

To An Area Defined By 
Will Deflect Surfaces 

1 Boundaries 
Upward 

X-Right Y-Right 
(ft} (ft} 

l 12 7. 00 64 9. 00 
A Horizontal Earthquake Loading Coefficient 
Of .150 Has Been Assigned 
A Vertical Earthquake Loading Coefficient 
Of . 000 Has Been Assigned 
Cavitation Pressure= .0 (osf) 
A Horizontal Earth~Jake Loadin9 Coefficient 
nf nnn ~~o Coan ~oo;~na~ -- . - - - ---- ----- -----:::,-·--
A Vertical Earthquake Loading Coefficient 
Of .000 Has Been Assigned 
Cavitation Pressure= .O (psf) 

126.00 

A Critical Failure Surface Searching Mechod, Using A Random 
Technique For Generating Circular Surfaces, Has Been Specified. 
400 Trial Surfaces Have Been Generated. 

20 Surfaces Initiate From Each Of 20 Points Equally Spaced 

and X = 220.00 ft. 
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Each Surface Terminates Between X = 4B0.00 ft. 
and X = 625.00 ft. 

Unless Further Limitations ·Were Imposed, The Minimum Elevation 

At Which A Surface Extends Is Y =100.00 ft. 

10.00 ft. Line Segments Define Each Trial Failure Surface. 

Following Are Displayed The Ten Most Critical Of The Trial 

Failure Surfaces Examined. They Are Ordered - Most Critical 

First. 
**Safety Factors Are Calculated By The Modified Bishop Method** 

Failure Surface Specified By 38 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

l 183.16 164.00 
2 191.72 158.84 
3 200.50 154.05 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
77 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 

Circle Center 
*** 

209.48 149.64 
218.63 145.61 
227.95 
237.41 
247.01 
256. 71 
266.51 
276.39 
286.32 
296.30 
3 06. 29 
316.29 
326.28 
336.23 
346 .13 
355.96 
365.70 
375.34 
184.86 
3 94. 23 
403.45 
412.50 
421. 35 
430.00 
43 B. 43 
446.61 
454.55 
462.22 
469.60 
476.69 
483.48 
489.94 
496. 08 
501.86 
506.75 
At X = 
1. 867 

141. 99 
138. 76 
13 5. 94 
13 3. 53 
131. 54 
129.97 
128.82 
128.10 
127.81 
127.94 
128.50 
129.48 
130.89 
132. 72 
134. 97 
137.64 
140.71 
144.19 
148.0G 
152.33 
156.98 
162.00 
167.38 
173 . 12 
179. 21 
185.63 
192.37 
199.42 
206.77 
214. 40 
222.30 
230.45 
238.00 

308.2 ; Y 

*** 
361.8 and Radius, 234.0 
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PHASE 7 EMB US SEISMIC 
C:ISTEDWINISTEELH-1\RUNST0-1\STH102.PL2 Run By: MDB 4/15/2008 2:47PM 

'',.., 

\ 

800 , I # -;;~ 

a 1.27 
Soil 

Desc. 
Soil Total Saturated Cohesion Friction Fiez. I Load Value 

Type Unit Wt. Unit Wt. Intercept Angle Surface Horiz Eqk 0.150 g< 
lnit Points: 25. to 125. 
Term Limits: 480. to 625. 

700 ,_ 

600 ,_ 

500 I-

Wl 

CCR 
FINES 
ORIG 

No. (pcf) (pcf) (psD (deg) No. 
1 130.0 140.0 0.0 33. 7 W1 
2 80.0 90.0 ,· 0.0 28.0 'N1 
3 135.0 135.0 400.0 19.5 'N2 

J '·"········~ .,.-:::'. 

1 1..._____ 

--·------------------- ------------------------·w1 

- 0 ~ 
I 3 3 • 

w~---------------------------.1-------------------------w, 
400 ,_ 

300 L-------~-----~-----~------~-----~-----~-----~ 
0 

STED 

~)flt'l!l }~t~';;~ 

·100 200 300 400 500 600 700 

PCSTABL5IVl/si FSmin=1.27 
Safety Factors Are Calculated By The Modified Bishop Method ® 
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** PCSTABL5M ** 
by 

Purdue University 
--Slope Stability Analysis-

Simplified Janbu, Simplified Bishop 
or Spencer .. ,s Method of Slices 

Run Date, - 4/15/2008 
Time of Run: 2:47PM 
.Run By: MDB 
Input Data Filename: C:sthl02. 
Output Filename: C:sthl02.0UT 
Unit, ENGLISH 
Plotted Output Filename: C:sthl02.PLT 
PROBLEM DESCRIPTION PHASE 7 EMB US SEISMIC 
BOUNDARY COORDINATES 

Note: User origin value specified. 
Add 0.00 to X-values and 300.00 to Y-values listed. 

4 Top Boundaries 
7 Total Boundaries-

Boundary X-Left Y-Left X-Right Y-Right Soil Type 
No. 

l 
2 
3 
4 
5 
6 
7 

(ft) (ft) (ft) (ft) Below Bnd 
.00 164.00 

280.00 164. 00 
502.00 238.00 
602.00 238.00 

.00 147.00 
229.00 147. 00 
229.00 147.00 

ISOTROPIC SOIL PARAMETERS 
3 Type {s} of Soil 

Soil Total Saturated Cohesion 
Type Unit Wt. Unit Wt. Intercept 
No. (pcf) (pcf) (psf) 

1 lJU.U 140.0 .0 
2 80.0 90.0 .0 

280.00 
502.00 
602.00 
649.00 
229.00 
280.00 
649.00 

Friction 
Angle 
(deg) 
33.7 
28.0 

164.00 
238.00 
23 8. 00 
222.00 
147.00 
164.00 
146.00 

Pore 
Pressure 

Param. 
.00 

Pressure 
Constant 

(psf) 
. 0 

.00 . 0 
3 135.0 135.0 400.0 19.5 .00 .0 

2 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED 
Unit Weight of Water= 62.40 
Piezometric Surface No. 1 Specified by 3 Coordinate Points 

Point X-Water Y-Water 
No. (ft) (ft) 

l .00 164.00 
2 376.00 164.00 
3 649.00 175.00 

Piezometric 
Point 
No. 

l 
2 

Surface No. 
X-Water 

(ft) 
.00 

649.00 

2 Specified by 
Y-Water 

(ft) 
127.00 
126.00 

2 Coordinate Points 

2 
l 
l 
1 
3 
l 
3 

Piez. 
Surface 

No. 
1 
1 
2 

Searching Routine Will Be Limited 
Of Which The First 1 Boundaries 

To F.n Area Defined By 
Will Deflect Surfaces 

1 Boundaries 
Upward 

Boundary X-Left Y-Left X-Right Y-Right 
No. (ft) (ft) (ft) (ft) 

1 .00 127.00 649.00 126.00 
A Horizontal Earthquake Loading Coefficient 
Of .150 Has Been P.ssioned 
A Vertical EarLhquake~Loading Coefficient 
Of .000 Has Been Assigned 
Cavitation Pressure= .0 (psf) 
A Critical Failure Surface Searching Method, Using A Random 
Technique For Generating Circular Surfaces, Has B~en Sp8cified. 
400 Trial Surfaces Have Been Generated. 

20 Surfaces Initiate From Each Of 20 Points Equally Spaced 
Along The Ground Surface Between X 25.00 ft. 

· and z 125. 00 ft. 
Farh SurfarP. TP.rmin.=ttf'r. Bfl.twe8n X - 480.00 ft. 
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and X = 625.00 ft. 
Unless Further Limitations Were Imposed, The Minimum Elevation 
At Which A Surface Extends Is Y =100.00 ft. 
10.00 ft. Line Segments Define Each Trial Failure Surface. 
Following Are Displayed The Ten Most Critical Of The Trial 

Failure Surfaces Examined. They Are Ordered - Most Critical 
First. 
**Safety Factors Are Calculated By Th~ Modified Bishop Method 
Failure Surface Specified By 44 Coordinate Points 

Point x-surf Y-Surf 
No. (ft) (ft) 

1 82.90 164.00 
2 92.58 161.49 
3 102.31 159.18 
4 157.07 112. 08 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 

Circle 

121. 90 
131. 75 
141. 64 
151.55 
161. 49 
171. 45 
181. 42 
191. 41 
201. 41 
211. 41 
221. 41 
231.40 
241.39 
251.36 
261. 32 
271.25 
2B1.16 
2 91. 04 
300 88 
310.69 
320.46 
330.18 
339.85 
349.46 
359.02 
368.51 
3 77. 94 
387.30 
395.58 
405.79 
414. 91 
423.95 
432.90 
44.1. 76 
450.52 
459.18 
467.73 
476.18 
484.51 
4 8 7. 12 

Center At X 

*" 1.270 
= 

155.16 
153.46 
151.95 
150.65 
149.55 
148.65 
147.96 
147.47 
147.18 
147.10 
147.23 
147.56 
148.09 
148.83 
149.77 
150.91 
152.26 
153.81 
1c;c;,c;fj 

157.52 
159.67 
162.02 
164.57 
167.32 
170.26 
173.40 
176.74 
180.26 
183.98 
187.88 
191.97 
196.25 
200.71 
205.36 
210.18 
215.18 
220.36 
225.71 
231.24 
233.04 

210.3 ; Y 

*** 
635.8 and Radius, 488.7 

* * 
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PHASE 3/7C DOWNSTREAM EOG STATIC REFUSE DISPOSAL AREA NO. 2 
C:\DOCUME~11HOWENS\MYDOCU~1\l'VILLIA~1\STABIL~1\PH7CEOC3.PL2 Run By: HLO 3/10/2010 1:16PM 

740 rr====ir====i========i=======,-i------~-----,r=======;i 

640 

# FS Soil Soil Total Saturated Cohesion Friction Piez. 
a 1.50 Desc. Type Unit Wt. Unit Wt. Intercept Angle Surface 
b 1.50 No. (pcf) (pcf) (psf) (deg) No. 
c 1.50 CCR-PH3 1 130.0 140.0 0.0 33.7 W1 
d 1.50 FCR 2 80.0 90.0 0.0 18.8 W2 
e 1.50 CCR-PH7 3 130.0 140.0 0.0 33.7 W1 
f 1.50 SOIL 4 125.0 135.0 400.0 19.5 W1 
g 1.50 
h 1.50 

1.50 
1.50 

540 ,_ 

' ~ 4 

w, / 3 ~ _ •. ----

1 

••••• . 2 ........ ~~---1 
440 _ 4 · •~·•~- ------r 
. .,------~ /2 _____ :___ ... ~ --- •1 

7 

3 

lnit Points: 50. to 150. 
Term Limits: 350. to 600. 

-- • -------- Wl 

/0 
2 

/3 

4 

----------- -- W2 

340 '-------'-------'------~---------'-------__.J_ ______ _J 

0 100 200 300 400 500 600 

PCSTABL5M/si FSmin=1.50 
STED Safety Factors Are Calculated By The Modified Bishop Method 

~)rCN\ 
~~ I 
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** PCSTABLSM ** 
by 

Purdue University 
--Slope Stability Analysis-

Simplified Janbu, Simplified Bi-shop 
or Spencer~s Method of Slices 

Run Date: 3/10/2010 
Time of Run: 
Run By: 
Input Data Filename: 
Output Filename: 
Unit: 

1,16PM 
HLO 
C,PH7CEOC3. 
C,PH7CEOC3.0UT 
ENGLISH 

Plotted 
PROBLEM 

Output Filename: C:PH7CEOC3.PLT 
DESCRIPTION PHASE 3/7C DOWNSTREAM EOC STATIC 

REFUSE DISPOSAL AREA NO. 2 
BOUNDARY COORDINATES 

Note: User origin value specified. 
Add o.oo to X-values and 340.00 to Y-values listed. 

7 Top 
13 Total 

Boundary 

Boundaries 
Boundaries 
X-Left 

(ft) 
Y-Left X-Right Y-Right Soil Type 

No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 

(ft) (ft) (ft) Below End 

10 
11 

.00 
100.00 
136.00 
156.00 
252.00 
272. 00 
396.00 
272.00 
282.00 
295.00 
295.00 

12 100.00 
13 389.00 

ISOTROPIC SOIL PARAMETERS 
4 Type(s) of Soil 

116. 00 100.00 
116. 00 136.00 
128. 00 156.00 
128.00 252.00 
160.00 272. 00 
160.00 396.00 
198.00 600.00 
160.00 282.00 
160.00 295.00 
155.00 600.00 
155.00 389.00 
116.00 389.00 
119. 00 600.00 

Cohesion 

116. 00 4 
128.00 1 
128.00 1 
160:00 1 
160.00 1 
198.00 3 
198.00 3 
160.00 1 
155.00 1 
155.00 2 
119. 00 1 
119. 00 4 
119.00 4 

Pressure Piez. Soil Total saturated 
Type Unit Wt. Unit Wt. Intercept 

(psf) 

Friction 
Angle 
(deg) 
33.7 
18.B 
33.7 

Pore 
Pressure Constant Surface 

No. (pcf) (pcf) Param. 
.00 
.OD 
.00 

(psf) No. 
1 130.0 140.0 
2 80.0 90.0 
3 130. 0 140.0 

. 0 

.o 

.o 
4 125.0 135.0 400.0 19.5 .00 

2 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED 

.0 

. 0 

.0 

. 0 

Unit Weight of water= 62.40 
Piezometric Surface No. 1 specified by 5 Coordinate Points 

Point X-Water Y-Water 
No. (ft) (ft) 

1 .00 116.00 
2 105.00 116.00 
3 295.00 157.10 
4 396.00 179.00 
5 600.00 179.00 

Piezometric Surface No. 2 Specified by 2 Coordinate Points 
Point X-Water Y-Water 

No. (ft) (ft) 
1 .00 96.00 
2 600.00 99.00 

1 
2 
1 
1 

Searching Routine Will Be Limited To An Area Defined By 1 Boundaries 

Of Which The First 1 Boundaries Will Deflect Surfaces Upward 

Boundary X-Left Y-Left X-Right Y-Right 
No. (ft) I ft I (ft) (ft) 

1 .00 96.00 600.00 99.00 
A Critical Failure Surface Searching Method, Using A Random 
Techni~Je For Generating Circular Surfaces, Has Been Specified. 
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400 Trial surfaces Have Been Generated. 
20 Surfaces Initiate From Each Of 20 Points Equally Spaced 

Along The Ground Surface Between X so.oo ft. 
and X 150.00 ft. 

Each surface Terminates Between X 350.00 ft. 
and X 600.00 ft. 

Unless FUrther Limitations Were Imposed, The Minimum Elevation 

At Which A surface Extends Is Y = 96.00 ft. 

10.00 ft. Line Segments Define Each Trial Failure Surface. 
Following Arc Displayed The Ten Most Critical Of The Trial 

Failure Surfaces Examined. They Are Ordered - Most Critical 

First. 
**Safety Factors Are Calculo..Led By The Modified Bishop Method** 

Failure Surface Specified By 37 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 81.58 116.00 
2 91.00 112.66 
3 100.54 109.64 
4 110.17 106.95 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
,u 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 

Circle 

119.88 
129.68 
13 9. 53 
149.44 
159.38 
169.36 
179.35 
189.35 
199.35 
209.33 
219. 2 8 
229.18 
23 9. 04 
24 8. 84 
258.56 
268.19 
277. 73 
287.16 
296.47 
305.65 
314. 70 
323.59 
332.32 
340.88 
349.26 
357.45 
365.44 
373.22 
380.78 
388.12 
395.22 
402.08 
406.06 

Center At X = 
*** 1. 496 

104.58 
102.55 
100.85 

99.49 
98.46 
97.77 
97.43 
97.42 
97.75 
98.42 
99.43 

100.78 
102.46 
104.48 
106.83 
109.Gl 
112. 52 
115. 84 
119.49 
123.45 
127. 72 
132.29 
137.17 
142.34 
147.79 
153.53 
159.54 
165.83 
172.37 
179.16 
186.20 
193.48 
198.00 

184.6 Y 

*** 
Individual data on the 51 

Water water Tie 

391.6 and Radius, 294.2 

slices 
Tie Earthquake 

Force Force Force Force Force Surcharge 

Slice Width Weight Top Bot Norm Tan Hor Ver Load 

No. (ft) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) 

1 9.4 2125.9 .0 1042.6 .0 .0 . 0 .o .0 

2 9.0 5787.7 .0 2806.2 .0 . 0 . 0 .0 .0 

3 .5 462.0 .0 220.9 .0 .0 . 0 .0 .0 

4 4.5 4742.2 .0 2019.4 . 0 . 0 .o .o .0 

5 .3 315.6 .0 122.5 .0 . 0 .o . 0 .0 

6 4.9 7212.7 .0 2788.3 .0 . 0 .o . 0 . 0 

7 9.7 19930.6 .0 756B.0 . 0 .0 .o . 0 . 0 
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,'( B 9.8 27320. 9 .0 10196.6 . 0 . 0 .0 .0 . 0 

9 6. 3 21290.7 .0 7837.3 . 0 . 0 .0 .0 . 0 

10 3.5 12809.9 .0 4794.0 . 0 . 0 .0 .0 . 0 

11 9. 9 37398.2 .0 14869.2 .0 . 0 .0 . 0 . 0 

12 6.6 25788.5 .0 10937.5 . 0 . 0 .0 . 0 . 0 

13 3.4 13816.1 .0 5970.3 .0 . 0 .0 . 0 .0 

14 10.0 44447.6 .0 18744.8 . 0 . 0 .0 . 0 . 0 

15 10.0 49752.B . 0 20378 .1 . 0 . 0 .0 . 0 . 0 

16 10.0 54560.4 . 0 21805.6 .0 .0 . 0 .0 . 0 

17 10.0 !,884'/,!, .0 23025.9 .0 . 0 . 0 .0 . 0 

18 10.0 62595.0 . 0 24037.4 .0 . 0 . 0 .0 .0 

19 9.9 65787.4 . 0 24839.1 . 0 . 0 .0 .0 . 0 

20 9.9 68413.6 .0 25429.9 .0 . 0 .0 .0 . 0 

21 9.9 70466. 0 .0 25809.2 .o .0 .0 .0 .0 

22 9. 8 71941.4 .0 25976.6 .0 . 0 ,0 ,0 . 0 

23 3.2 23580.1 ,0 8458.6 .0 . 0 .0 . 0 . 0 

24 6.6 48329.0 . 0 17473.2 .0 .0 .0 . 0 . 0 

25 9.6 68419.3 .0 25675.0 . 0 .0 .0 . 0 . 0 

26 3. 8 26112. 2 .0 10137.3 ,0 .0 .0 . 0 . 0 

27 5.7 38810.1 .0 15069.l .0 .0 .0 .0 . 0 

28 4.3 28885.5 .0 11207.8 .0 .0 .0 . 0 . 0 

29 5.2 34742.0 .0 13318.7 . 0 . 0 .0 .0 ,0 

30 4.3 29111. 9 . 0 11158.2 . 0 . 0 .0 .0 .0 

31 1. 2 7742.1 . 0 2944.0 . 0 . 0 . 0 .0 .0 

32 2.3 15506.6 .0 5868.6 . 0 . 0 . 0 .0 .0 

33 1. 5 9709.3 ,0 3665.1 .0 . 0 . 0 .0 . 0 

34 9.2 58663.3 . 0 22536.1 . 0 . 0 . 0 . 0 . 0 

35 9.0 54132.4 .0 21231. 3 . 0 . 0 . 0 .0 .0 

36 8.9 49249.1 .0 19719.7 .0 . 0 . 0 .0 .0 

37 8.7 44053.6 . 0 18003.3 .0 . 0 . 0 ,0 .0 

38 3.6 16752.0 ,0 6985.0 .0 . 0 . 0 .0 .0 

39 5.0 22568.9 .0 . 0 . 0 . 0 . 0 . 0 .o 
40 8.4 37545.5 .0 . 0 . 0 . 0 .0 . 0 . 0 

41 8.2 35883.0 . 0 . 0 . 0 . 0 .0 . 0 . 0 

42 2.0 8405.9 . 0 .o . 0 . 0 .0 .0 . 0 

43 6.0 24745.8 . 0 6659.8 .0 . 0 .0 .0 .0 

44 7.8 28257.1 . 0 6424.7 .0 . 0 . 0 .0 .0 

45 7.6 23122.3 . 0 3528.5 .0 .0 . 0 .0 .0 

46 4.7 11996. 9 . 0 651. 2 ,0 .0 . 0 .0 .0 

47 2.6 5911.3 . 0 .0 .0 . 0 . 0 .0 . 0 

48 7.1 12915.8 ,0 .0 .0 . 0 . 0 .0 .0 

49 • B 1138. 9 .0 .0 ,0 . 0 .0 . 0 . 0 

so 6.1 6121.9 .0 .0 .0 . 0 . 0 . 0 .0 

51 4,0 1168 .1 ,0 .o .0 . 0 . 0 .0 . 0 

Failure Surface specified By 37 coordinate Points 
Point X-Surf Y-Surf 

No. (ft) (ft) 

1 92 .11 116. 00 
2 101.58 112. BO 
3 111.15 109.91 
4 120.82 107.34 
5 130.56 105.09 
6 140.37 103.16 
7 150.24 101.56 
B 160.16 100.29 
9 170.12 99.34 

10 180.10 98.72 
11 190.09 98.43 
12 200.09 98.47 
13 210.09 98.84 
14 220.06 99.54 
15 230.01 100.57 
16 239.92 101. 92 
17 249.78 103.60 
18 259.57 105.61 
19 269.30 107. 94 
20 278.94 110.59 
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'.l( 21 288.49 113. 55 
22 297.94 116. 83 
23 307. 27 120.42 
24 316.48 124.31 
25 325.56 128.50 
26 334.50 133.00 
27 343.28 137.78 
28 351.89 142.85 
29 360.34 148. 21 
30 368.61 153.84 
31 376.68 159.73 
32 384.56 165.90 
33 392.23 172. 31 
34 399.68 178.98 
35 406.91 185.89 
36 413.90 193.04 
37 418.45 198.00 

Circle Center At X = 193.9 ; y 401.5 and Radius, 303.1 
*** 1.497 *** 

Failure Surface Specified By 38 Coordinate Points 
Point x-surf Y-Surf 

No. (ft) (ft) 

1 Bl. 58 116. 00 
2 91.07 112. 85 
3 100.65 109.99 
4 110.32 107.44 
5 120.06 105.19 
6 129.87 103.24 
7 139.74 101.60 
B 149.65 100.27 
9 159.60 99.25 

( 10 169.57 98.54 
11 179.56 98.14 

'-- 12 189.56 98.06 
n 199. 'i6 98.28 
14 209.55 98.82 
15 219.51 99.67 
16 229.44 100.83 
17 239.33 102.30 
18 249.18 104.08 
19 258. 96 106.17 
20 268.67 108.55 
21 278.30 111.25 
22 287.84 114.24 
23 297.28 11 7. 52 
24 306.62 121.10 
25 315.84 124.97 
26 324.94 129.13 
27 333.90 133.56 
28 342.72 138.28 
29 351. 3 9 143.26 
30 359.89 148.52 
31 368.23 154.04 
32 376.40 159.81 
33 384.38 165.84 
34 392.16 172.12 
35 399.75 178.63 
36 407.13 185.38 
37 414.30 192.35 
38 419.75 198.00 

Circle Center At X = 187. 3 ; y 418.3 and Radius, 320.3 
*** 1,499 *** 

Failure Surface Specified By 38 coordinate Points 
Point X-Surf Y-Surf 

No. (ft) (ft) 

1 81.58 116.00 
2 91.07 112.85 
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3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
,7 
38 

100.65 
110.32 
120. a 6 
129.87 
139.74 
149.65 
159.60 
169.57 
179.57 
189.57 
199.56 
?09.55 
219.51 
229.44 
239.33 
249.17 
258.95 
268.66 
278. 28 
287. 82 
297.26 
306.59 
315.81 
324.89 
333.85 
342.66 
351.31 
359.81 
368.14 
376.29 
384.25 
392.02 
399. 59 
406.95 
414.10 
419.11 

109.99 
107.44 
105.19 
103.24 
101.61 
100.28 

99.27 
98.56 
98.17 
98.09 
98.33 
98.88 
99.73 

100. 91 
102.39 
104.18 
106.27 
108.68 
111.38 
114. 39 
117.69 
121. 28 
125.17 
129.34 
133.80 
138.53 
143.53 
148.81 
154.35 
160. 14 
166.19 
1 72. 48 
179.02 
185.79 
192.78 
198.00 

ClLcle Center At X = 187.1 ; Y 
*** 1.499 *** 

417.5 and Radius, Jl9.4 

Failure Surface specified By 40 Coordinate Points 
Point X-Surf Y-Surf 
No. (ft) (ft) 

1 76.32 116.00 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
2G 

85.80 
95.38 

105.04 
114. 77 
124.56 
134.41 
144.31 
154.25 
164.21 
174.20 
184.19 
194.19 
204.19 
214.17 
224.12 
234.04 
243.93 
253.76 
263.53 
273.23 
282.86 
292.41 
301.86 
311. 21 
320. 45 

112. 84 
109. 96 
107.36 
105.06 
103.05 
101. 32 

99.90 
98.76 
97.93 
97.39 
97 .14 
97.20 
97.55 
98.20 
99.14 

100.38 
101. 92 
103.75 
105.87 
108.28 
110.98 
113. 96 
117. 23 
120.77 
124.60 
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27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

329.57 
338.57 
347.43 
356.16 
364.73 
373.14 
381.39 
389.47 
397.37 
405.09 
412.61 
419.93 
427.05 
427.43 

128.69 
133.06 
137.69 
142,58 
147.73 
153.13 
158.78 
164.68 
170.81 
177.17 
183.76 
190. 5,7 
197.60 
198.00 

Circle Center At X = 187.4 i Y 433.2 and Radius, 336.1 

*** 1.499 *** 
Failure Surface Specified By 39 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 76.32 116.00 
2 85.80 112.82 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 

95. 37 
105.03 
114.77 
124.57 
134.42 
144.33 
154.27 
164.24 
1 74. 23 
184.23 
194.23 
204.22 
214.19 
224.13 
234.03 
243.89 
253.69 
263.43 
273.09 
282.67 
292.16 
301.54 
310.81 
319.96 
328.99 
337.88 
346.62 
355.21 
363.64 
371. 90 
379.98 
387.87 
3 95. 5 B 
403.08 
410.38 
417.47 
419.4.3 

109.94 
107.35 
105.06 
103.07 
101.39 
100.00 

98.92 
98.15 
97.69 
97.53 
97.68 
98. 13 
98.90 
99. 97 

101.34 
103.02 
105.00 
107.28 
109.86 
112.74 
115.90 
119. 36 
123.11 
127.13 
131. 44 
136.02 
140.88 
146. 00 
151.38 
157.02 
162.91 
169.04 
175.42 
182.03 
188.87 
195.92 
198.00 

Circle Center At X = 184.4 ; Y 
*** 1.499 *** 

Failure surface Specified By 38 
Point x-surf Y-Surf 

No, {ft) (ft) 

1 97.37 116.00 
2 
3 

106.82 
116.38 
126.02 

112. 74 
109.79 
107.14 

422.B and Radius, 325.3 

coordinate Points 
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5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 

135.74 
145.54 
155. 3 9 
165.30 
175.24 
185.21 
195.20 
205.20 
215.20 
225.19 
235.15 
245.08 
254.96 
264.80 
274.56 
284.26 
293.87 
3 03. 3 8 
312.79 
322. 0 9 
331.27 
340.31 
349.21 
357.95 
366.54 
374.96 
383.19 
391.25 
399.10 
406.76 
41.4.20 
421. 42 
428.41 
431.90 

104.81 
102.79 
101.09 

99. 71 
98.65 
97. 91 
97.49 
97. 39 
97.61 
98.16 
99.03 

100.22 
101. 72 
103.55 
105.69 
108.15 
110.91 
113. 99 
117.37 
121.05 
125.03 
129.30 
133.86 
138. 71 
143.84 
149.24 
154.90 
160.84 
167.02 
173.46 
180.14 
187.06 
194.20 
198.00 

Circle center At X = 203.2 ; Y 
*** l.499 **~ 

407.5 and Radius, 310.2 

Failure Surface Specified By 35 Coordinate Points 
Point x-surf Y-Surf 
No. (ft) (ft) 

l 97.37 116.00 
2 106.79 112.64 
3 116.32 109.63 
4 125.96 106.97 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 

135.70 
145.50 
155. 3 8 
165.30 
175.27 
185.25 
195.25 
205. 25 
215.23 
225.18 
235.09 
244.95 
254. 74 
264.44 
274.05 
283.55 
292.93 
3 02. 18 
311.28 
320. 22 
328.99 
337.58 
345.98 
3 54. l 8 

104.67 
102.72 
101.14 

99.92 
99. 06 
98.57 
98.44 
98.68 
99.29 

100.26 
101.60 
103.30 
105.35 
107. 77 
110.54 
113. 66 
11 7. 12 
120.93 
125.08 
129.55 
134.35 
139.47 
144.90 
150.63 
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29 362.15 156.66 
30 369.91 162.97 
31 377.42 169.57 
32 3 84. 6 9 176.44 
33 391.70 183.57 
34 398.45 190.95 
35 404,43 198.00 

Circle Center At X = 193.7 ; y 371. 3 and Radius, 272. 9 

*** l. 501 *** 
Failure Surface Specified By 38 Coordinate Points 

Point 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 

x-surf Y-Surf 
(ft) (ft) 
76.32 116.00 
85.78 
95.35 

105.00 
114.74 
124.54 
134.40 
144.30 
154.25 
164.23 
174.22 
184.22 
194.21 
204.20 
214 .16 
224.09 
233.97 
243.80 
253.57 
263.26 
272.87 
282.38 
7q1 79 

301.09 
310.27 
319.31 
328.21 
336.97 
345.56 
353.98 
362.23 
370.29 
378.16 
385.83 
3 93. 2 8 
400.52 
407.54 
410.78 

112.78 
109.86 
107.26 
104.96 
102.97 
101.30 

99.95 
98.92 
98.20 
97.81 
97.73 
97.97 
98.54 
99.42 

100.63 
102.15 
103.98 
106.13 
108.59 
111.36 
114.44 
11 7. 82 
121. 50 
125.48 
129.74 
134.30 
139.14 
144.25 
149.64 
155.30 
161.21 
167.38 
173.80 
180.47 
187.36 
194.49 
198.00 

Circle center At X = 181.6 ; Y 
*** 1.501 *** 

Failure Surface Specified By 35 
Point x-surf Y-Surf 

No. (ft) (ft) 

l 92.11 116. 00 
2 101. 52 112. 62 
3 111.05 109.59 
4 120.68 106.91 
5 130.41 104.59 
6 140.21 102.62 
7 150.08 101. 02 
8 160.01 99.78 
9 169.97 98.90 

10 179.95 98.39 
11 189.95 98.25 
12 199.95 98.48 

409.8 and Radius, 312.l 

Coordinate Points 
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,'( 13 209.93 99.07 
14 219.89 100.03 
15 229.80 101.35 
16 239.66 103. 04 
17 249.44 105.09 
18 259.15 107.49 
19 268.76 110.25 
20 278.27 113. 36 
21 287.65 116. 82 
22 296. 90 120.62 
23 306.00 124.76 
24 314.95 129.23 
25 323.72 134.02 
26 332.32 13 9. 14 
27 340.72 144.56 
28 348.91 150.29 
29 356.89 156.32 
30 364.64 162.64 
31 372.16 169.23 
32 379 .43 176.10 
33 386.44 183.23 
34 393.18 190.62 
35 399.45 198.00 

circle Center At X = 188.8 ; y 370.5 and Radius, 272.3 

*** 1. 503 *** 

C 
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PHASE 3/7C DOWNSTREAM EOC STATIC REFUSE DISPOSAL AREA NO. 2 
C:\DOCUME-1\HOWENS\MYDOCU-1\Wl'.LIA-1\STABIL-1\PH7CEOC4.PL2 Run By: HLO 3/10/2010 1:26PM 

740 rr======+=======i=======;--i-------,------======:::;i 
# FS Soil Soil Total Saturated Cohesion Friction Piez. 
a 1.96 Desc. Type Unit Wt. Unit Wt. Intercept Angle Surface 
b 1.99 No. (pcf) (pcf) (psf) (deg) No. 
c 2.00 CCR-PH3 1 130.0 140.0 0.0 33.7 W1 
d 2.02 FCR 2 80.0 90.0 0.0 18.8 W2 
e 2.06 CCR-PH? 3 130.0 140.0 0.0 33.7 W1 
f 2.06 SOIL 4 125.0 135.0 400.0 19.5 W2 
g 2.09 
h 2.10 
i 2.10 

640 ,. j 2.11 

540 ~-

a 

h f i @j 
C 

7 
3 

lnit Points: 220. to 320. 
Term Limits: 350. to 500. 

Wl 

~ 
.... .s.~ •• 1 ------

"' , Ye/ -lie:' ~ 
'" e :,-----.,c= , '" .,-- ------- -- "• , , I 

--------- .,- ------------ ~ ----------
"' 

340 L...-..-------'----------L------~-------_L_ ______ _,_ ______ _J 
0 ·-- ... . .. 100 200 300 400 500 600 

PCSTABL5M/si FSmin=1.96 
STED Safety Factors Are Calculated By The Modified Bishop Method 

~@ 
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* * PCSTABLSM * * 
by 

Purdue University 
--Slope Stability Analysis-

Simplified Janbu, Simplified Bishop 
or Spencer~s Method of Slices 

Run Date: 
Time of Run: 
Run By: 
Input Data Filename: 
Output Filename: 
Unit: 

3/10/2010 
l,26PM 
HLO 
C:PH7CEOC4. 
C,PH7CEOC4.0UT 
ENGLISH 

Output Filename: C:PH7CEOC4.PLT Plotted 
PROBLEM DESCRIPTION PHASE 3/7C DOWNSTREAM EOC STATIC 

REFUSE DISPOSAL AREA NO. 2 
BOUNDARY COORDINATES 

Note: User origin value specified. 
Add o.oo to X-values and 340.00 to Y-values listed. 

7 Top Boundaries 
13 Total Boundaries 

X-Left Y-Left X-Right Y-Right Soil Type Boundary 
No. (ft) (ft) 

116. 00 
116.00 
128.00 
128.00 
160.00 
160.00 
198.00 
160.00 
160.00 
155.00 
155. 00 
116.00 

(ft) (ft) Below Bnd 
1 .00 
2 100.00 
3 136.00 
4 156.00 
5 252.00 
6 272. 00 
7 3 96. 00 
8 272. 00 
9 282.00 

10 295.00 
11 295.00 
12 100.00 
13 389.00 119.00 

ISOTROPIC SOIL PARAMETERS 
4 Type(s) of Soil 

Soil Total Saturated Cohesion 
Type Unit Wt. Unit Wt. Intercept 

No. (pcf) (pcf) (psf) 
1 130.0 140.0 .0 
2 80.0 90.0 .0 
3 130.0 140.0 .0 
4 125.0 135.0 400.0 

100. oo· 116. 00 
136.00 128.00 
156.00 128.00 
252.00 160.00 
272. 00 160.00 
396.00 198.00 
600.00 198.00 
282.00 160.00 
295.00 155.00 
600.00 155.00 
389.00 119. 00 
JB~.00 1151. 00 
600.00 119. 00 

Friction Pore Pressure 
Angle Pressure Constant 
(deg) Param. (psf) 
33.7 .00 .0 
18.8 .00 .0 
33.7 .00 .0 
19.5 .00 .0 

2 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED 
Unit Weight of Water= 62.40 
Piezometric surface No. 1 Specified by 5 Coordinate Points 

Point X-Water Y-Water 
No. (ft) (ft) 

1 .00 116.00 
2 105. 00 116. 00 
3 295.00 157.10 
4 396.00 179.00 
5 600.00 179.00 

Piezometric Surface No. 
Point 

No. 
1 

2 Specified by 2 Coordinate Points 
Y-Water 

(ft) 
96.00 

4 
1 
1 
1 
1 
3 
3 
1 
1 
2 
1 
4 
4 

Piez. 
Surface 

No. 
1 
2 
1 
2 

2 
Searching 

Of Which 
Boundary 

No. 

X-Water 
(ft) 
.00 

600.00 
Routine Will 
The First l 

X-Left 
(ft) 

.00 

99.00 
Be Limited 
Boundaries 

To An Area Defined By 
Will Deflect Surfaces 

1 Boundaries 
Upward 

1 

Y-Left 
(ft) 
96. 00 

X-Right Y-Right 
(ft) (ft) 

600.00 99.00 
A Critical Failure surface Searching Method, Using A Random 
Tf!chniq1.1e For Gen~rating Circular Surf aces, Has Been Specified. 
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400 Trial Surfaces Have Been Generated. 
20 Surfaces Initiate From Each Of 20 

Along The Ground Surface Between X 
and X 

Each Surface Terminates Between X 

Points 
220.00 
320.00 
350.00 

and X 500.00 

Equally 
ft. 
ft. 
ft. 
ft. 

Spaced 

Unless Further Limitations were Imposed, The Minimum Elevation 
At Which A surface Extends Is Y = 96.00 ft. 
10.00 ft. Line Segments Define Each Trial Failure Surface. 
Following Are DiDplayed The Ten Most Critical Of The Trial 

Failure Surfaces Examined. They Are Ordered - Most Critical 
First. 
**Safety Factors Are Calculated By The Modified Bishop Method** 
Failure Surface Specified By 16 Coordinate Points 

Point x-surf Y-Surf 
No. (ft) (ft) 

1 277.90 161.81 
2 286.87 157.39 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

296.28 
306.02 
315.96 
325. 96 
335.89 
345.63 
355.06 
364.04 
372. 46 
380.21 
387.19 
393.30 
398.48 
398.91 

154.02 
151.75 
150.60 
150.59 
151.72 
153.98 
157.33 
161.73 
167.13 
1 73. 44 
180.61 
188.51 
197.07 
198.00 

Circle Center At X = 321. 0 Y 

*** 1.955 *** 
Individual data on the 

Wale1. Wale1. 

238.0 and Radius, 87.6 

24 slices 
T.i.e Tie EarthquaJrn 

Force 
Top 

(lbs) 
. 0 
.0 
.0 
. 0 
• 0 
.0 
.0 

Force 
Bot 
(lbs) 

.0 

.0 

. 0 

.0 

Force 
Norm 
(lbs) 

Force 
Tan 

(lbs) 

Force surcharge 
slice 

No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

Width 
( ft) 
3.7 

.4 
4.9 
3.6 
1.1 
3.5 
1. 3 
3.2 
6.5 
9.9 

10.0 
9.9 

Weight 
(lbs) 
699.1 
175.8 

3304.3 
3876.6 
1376.8 
5237.1 
2185.8 
5941. 0 

13715.0 
25457.0 
30269.8 
33787.0 

• 0 
• 0 
. 0 
.0 
.0 

21.2 
365.8 
248. 3 
830.1 

• 0 
. 0 
. 0 
• 0 

• 0 
• 0 
• 0 
. 0 
. 0 
. 0 
. 0 
.0 
. 0 
• 0 
. 0 
.0 

. 0 

. 0 

. 0 
• 0 
• 0 
• 0 
• 0 
• 0 
.O 
.0 
.0 
.0 

9.7 35836.1 .0 .0 .0 .0 
2.9 10947.1 .0 .0 .o .0 
6.6 
9.0 
8.4 
7.8 
2.6 
4.3 
6.1 
2.7 
2.5 

.4 

24935.5 .0 5618.1 .0 .o 
32882.3 .0 7055.3 .0 .0 
2s141,2 .a 521a.o .o .o 
22188.0 .0 2714.5 .O .0 

6452.8 .0 245.2 .0 .0 
9185.9 .0 .0 .0 .O 
9288.1 .0 .0 .0 .0 
2398.7 .0 .o .0 .0 

962. 2 . 0 . 0 . 0 . 0 
25.8 .0 .0 .o .0 

Hor Ver Load 
(lbs) (lbs) (lbs) 

. 0 . 0 . 0 

. 0 . 0 . 0 

.0 

.0 

.0 

.0 

.o 

.0 

.0 

. 0 

.0 

.o 

.0 

.0 
• 0 
.0 
. 0 
.o 
• 0 
. 0 
.0 
.0 
.0 
• 0 

. 0 

.0 

.0 

.0 

. 0 

. 0 
• 0 
. 0 
.0 
.0 
.0 
.0 
.0 
.o 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 

. 0 

. 0 

.0 

.0 

.0 

.0 

.o 

. 0 

.0 

.0 
• 0 
. 0 
• 0 
.o 
.0 
• 0 
• 0 
. 0 
. 0 
. 0 
. 0 
.0 

Failure surface Specified By 16 Coordinate Points 
Point 

No. 
1 

X-Surf Y-Surf 
(ft) (ft) 

283.16 163.42 
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rev, 

C,\DOCUME-l\HOWENS\MYDOCU-l\WILLIA-l\STABIL-l\PH7CEOC4.0UT Page 3 

2 291. 77 158.33 
3 300.95 154.36 
4 310.55 151.56 
5 320.42 149. 99 
6 330.42 149. 66 
7 340.37 150.58 

8 350 .14 152. 73 
9 359.56 156,09 

10 368.48 160.60 
11 376,78 166.19 
12 3 84. 31 172,76 
13 390. 96 180,23 
14 396.63 188.47 
15 401.23 197,35 
16 401.46 198.00 

circle Center At X = 328.0 ; y 229.5 and Radius, 79,9 

*** 1.985 *** 
Failure Surface Specified By 18 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 272.63 160.19 
2 282.10 156.98 
3 291.79· 154.49 

4 301.63 152.73 

5 311.58 151.70 
6 321.57 151.43 
7 331.56 151.90 
8 341.49 153.12 
9 351.29 155.08 

10 360.93 157.76 
11 370.33 161.16 
12 379.46 165.25 
13 388.25 170.01 

14 396. 66 175.42 

1S 404.65 181.44 

16 412.16 188.04 
17 419.16 195.18 
18 421.53 198.00 

Circle Center At X = 320.2 ; y 284.8 and Radius, 133.4 

*** 2.004 *** 
Failure Surface Specified By 15 Coordinate Points 

Point x-surf Y-Surf 
No. (ft) (ft) 

1 283.16 163.42 
2 292.02 158.79 
3 301.37 155.23 
4 311.06 152.79 
5 320.98 151.49 

6 330.98 151. 3 7 
7 340.92 152.42 

8 350.68 154.62 

9 360,11 157,95 

10 369.08 162.36 
11 377.48 167.78 
12 385.19 174.16 
13 392.10 181.39 
14 398.11 189.38 
15 403.14 198.00 

circle center At x = 327.0 ; y 236.6 and Radius, 85.3 

*** 2.016 *** 
Failure Surface Specified By 20 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 262 .11 160.00 
2 271.38 156.25 
3 280.88 153.14 
4 290.57 150.68 
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rev. 

C:\DOCUME~l\HOWENS\MYDOCU-l\WILLIA-l\STABIL~l\PH7CEOC4.0UT Page 4 

5 300,41 148.88 
6 310.35 147.75 
7 320.34 147.29 
8 330.33 147.51 

9 340.29 148.41 
10 350.17 149.98 

11 359.92 152.21 
12 369.49 155.10 
13 378.85 158.62 
14 387.95 162.77 

15 396.74 167.53 
16 405.20 172.87 

17 413.27 l 78. 77 

18 420.93 185.21 
19 428.13 192.14 
20 433.44 198.00 

circle center At X = 322.l ; y 294.9 and Radius, 147.6 

**' 2.060 *** 
Failure Surface Specified By 18 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 272. 63 160.19 
2 281.29 155.19 
3 290.41 151. 08 
4 299.88 147.89 

5 309.63 145.67 
6 319.56 144.42 
7 329.55 144.18 

8 339.53 144.92 
9 349.37 146.66 

10 359.00 149.37 

11 368. 31 153.03 

12 377,20 157.60 

13 385.60 163.03 

14 393.4? Hi9.27 

15 400.57 176.25 

16 406.99 183.92 

17 412.62 192.18 

18 415.78 198.00 

Circle Center At X = 327.0 ; y 244.2 and Radius, 100.l 

*** 2.063 *** 
Failure Surface Specified By 21 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

l 256.84 160.00 
2 265.91 155.79 
3 275.25 152.21 

4 284.82 149.30 

5 294.57 147.07 
6 304.44 145.51 

7 314.41 144.65 

8 324.41 144.49 

9 334.39 145.03 

10 344.32 146.26 
11 354. 13 148.18 

12 363.79 150.78 

13 373.24 154.04 

14 382.44 157. 96 

15 391.34 162.51 

16 399.91 167.67 

17 408.09 173.42 

18 415.86 1 79. 72 

19 423.16 186.55 

20 429.98 193.87 

21 433.32 198.00 

circle Center At X = 321.7 ; y 287.8 and Radius, 143.3 

*** 2.088 *** 
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Failure 
Point 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

Surface Specified By 15 
x-surf Y-Surf 

I ft) 1ft) 
262.11 160.00 
271.51 156.60 
281.20 154.14 
291.09 152.65 
301.08 152.15 
311 07 
320.96 
330.66 
340.07 
349.10 
357.67 
365.68 
373.07 
379.75 
3 83. 05 

152.63 
154.10 
156.53 
159.91 
164.20 
169.36 
175.35 
182.09 
189.53 
194.03 

circle center At X = 301.2 ; Y 

*** 2.095 *** 
Failure 

Point 
Surface Specified By 19 

X-Surf Y-Surf 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

Circle 

(ft) (ft) 

272.63 
281.19 
290.21 
2 9 9. 61 
309.30 
319.18 
329.17 
339.16 
349.06 
358.78 
368.22 
377.29 
385.91 
394.00 
401.47 
408.26 
414. 3 0 
419.53 

160.19 
155.02 
150. 71 
147.29 
144.81 
143.29 
142. 74 
143.17 
144.56 
146.92 
150.22 
154.42 
159.49 
165.37 
172. 02 
179.36 
187.33 
195.85 

420.58 198.00 
Center At X = 329.B ; Y 

*** 2.104 *** 

Coordinate Points 

253.4 and Radius, 101.2 

Coordinate Points 

245.l and Radius, 102.3 

Failure Surface Specified By 19 Coordinate Points 
Point x-surf Y-surf 

No. (ft) (ft) 

1 272.63 160.19 

2 
3-
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

Ce!"!ter 

282.13 
291. 81 
301.63 
311.55 
321.53 
331.53 
341.51 
351.42 
361.24 
370.91 
380.40 
389.67 
398.68 
407.40 
415.79 
423.81 
431.43 
438.49 

_Zl._t X 

2.108 

157.06 
154.55 
152.65 
151. 3 9 
150.76 
150.77 
151.42 
152. 71 
154.62 
157.16 
160.31 
164.06 
168.40 
173.30 
178.75 
184.72 
191.19 
198.00 

= 326.4 y 

*** 

307.3 and Radius, 156.6 



R12729

l 

ALPS, 1/23/2007, 11:41:04 

ALPS module build: 5.1.21 
Project File: UnTitled 
Units: {ft) (psi) 

[PROJECT TITLE] 
POND CREEK NO. 1 PILLAR STABILITY 

[PROJECT DESCRIPTION] 
AREA UNDER PHASE 7 IMPOUNDMENT 

[GEOMETRY PARAMETERS] 
Entry Height ...................................... 8 (.ft) 

Depth of Cover ....... , ............................ 528 ( ft} 

Panel Width ....................................... 1250 (ft) 

Entry Width ................ ., ..................... 18 (ft) 

Number of Entries ................................. 3 

Center to Center Distance #1 ...................... 100 (ft) 

Center to Center Distance #2 ...................... 100 (ft) 

Crosscut Spacing .................................. 100 (ft) 

[DEFAULT PARAMETERS) 
In Situ Coal Strength ............ , ................ 900 {psi) 

P.butment .Z>.J1gle .................................... 21 (deg) 

Unit Weight of Overburden ......................... 154 (pcf) 

[ALPS STABILITY FACTORS - STANDF~.D GEOMETRY) 

Classic ALPS 

Development Loading ........... . 4.64 
Headgate Loading ............... 3.70 
Bleeder Loading .......... , ..... 3.08 

Tailgate Loading ............... 2.49 

Isolated Loading ............... 2.30 

[ PILLAR LOAD BE!'-1UNG CA.PACI TY] 

PILLAR iil 

ALPS (RI 
4. 64 
3.70 
3.08 
2.49 
2.30 

for Pillar Width ( ft) .......................................... 82. 0 

and Pillar Length (ft) ......................................... 82.0 

Width/Height Ratio ............................................. 10. 25 

Unit Pillar Strength (psi) ..................................... 3897 

Pillar Load Bearing Capacity (lbs) / (ft) of gate entry ........ 3.77E+07 

Unit Pillar Strength (R) (psi} ................................. 3897 

Pillar Load Bearing Capacity (R) (lbs) / (ft) of gate entry .... 3.77£+07 

PILLAR #2 
for Pillar Width {ft) .......................................... 82.0 

and Pillar Length (ft) ......................................... 82. 0 

Width/Height Ratio ........... ,. ................................. 10. 25 

Unit Pillar Strength (psi) ..................................... 3897 

Pillar Load Bearing Capacity (lbs} / (ft) of gate entry ........ 3.77£+07 

Unit Pillar Strength (R) (psi} ................................. 3897 

Pillar Load Bearing Capacity {R) (lbs) / (ft) of gate entry .... 3.77E+07 

TOTJtL ?ILLAR SYSTEM LOl:i,.D EEJ.',RING C:AFACITY [J>.LPS Classic] 

Total Lead (lbs) / (ft) 0f gate entry .......................... 7.5SE~07 

TOTf'.L PILLF.R SYSTEM LC;.!..D BEA.RING CJ>.P,n...CITY [AL?S (R)] 

'f'r, .... .,1 ;,,--;:,r, (l!:'s) / (f':) ,:if ge.te entr}'·.,,,. . , , ... 7. S:",E+07 

[DESIGN LOF.DINGS ON PILLAR SYSTEM (lbs) / (ft) of gate entry) 



R12730

C 

ALPS, 1/23/2007, 11:41:04 

Development Loading ................................ 16, 262,400 

Headgate Loading ..................... , ............. 20,381,370 

Bleeder Loading .................................... 24,500,340 

H-* Tailgate Loading ................................... 30,270,590 

Isolated Loading ................................... 32,742,620 

[INDIVIDUAL PILLAR LOADING (psi)) 

LOADING 
CONDITION 

Development 
Headgate 
Bleeder 
Unit Pill.Str. 
Unit Pill.Str. (R) 

PILLAR 
#1 

840 
1201 
1562 
3897 
3897 

PILLAR 
#2 

840 
904 
968 

3897 
3897 

NOTE: INDIVIDUAL PILLAR LOADINGS DO NOT CONSIDER LOAD 
TPP.NSFER DUE TO PILLJI.R YIELDING! 

Un I+ we1:}~+ o.C over burd.e/V = 

IOC>'r.,130/6 (cc;,\ rel=)+- 20''1- l'J,0/i, (e1.1s+,,,jSo,\) 1- {lot 1x1,z.6 (t2oc-4)-: sz9 

= !S1( pc.( 

.Cn-1-ry !)e(/rl- =- 15 g' 1/'J 5ene,q I 1.-vl+J-r q,;; muc,/-; /'is /()
1

111 /.5a/qted a.ret/.S 
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Cu 
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Cu u5 1 

Analysis of Lo11gwall Pillar 
Stability 

/ Development Loading 

/ Headgate Loading 

, Bleeder Loading 

0 '------+---+---l---+---------J 
0 500 1000 1500 2000 2500 / TAILGATE Loading 

Panel Width (ft) 
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Constructors 
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R12734SEDGAD 4 for Windows 
f"nnvrinhl 1oai:,. D::,,m<>l,:, 1 C:.rh,.,:::,1-, 

MACH MINING-, 

Fi\er.ame: D!TCH C.sc4 

JLH 

ALUANCE CONSULTING me 
124 PHILP0-1 I LANE 

BEI\VER WV 25813 

Phone: 304-255-0491 

~ 

Printed 05-23-2006 



R12735SEDCAD 4 for V\l'indows 

General Information 

Storm Information: 
Storm Type: NRCS Type II 

Design Storm: 100 yr - 6 hr 

Rainfall Depth: 6. 210 inches 

Filer.arne. D!TCH C.sc4 
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SEDCAD 4 for Windows 
r,-,,...rrinht 1 CCR D,::,mab J C::.,-h.,.1<>!-. 

Type 

Null 

( 

Filename: DITCH C.sc4 

I 
Stru· 
# 

I #1 

Structure Netv✓orking: 
(flows. - Stru I Musk K - ·' · · - 1· ' " · -
into) .- _ # . , -: (hrs) , -_,M_:1slc X. f)es_crip~io~ 

==> End I 0.000 0.000 I DITCH C 

Pnnted 05<?.3-2006 
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SEDCAD 4 for Vvindows 

4 

Structure Summary: 

#1 39.500 39.500 95.83 13.07 

Filename: DITCH C.sc4 
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S EDCAD 4 for \IVindovvs 

( 

C 

Structure # 1 (Null) 

DJTCHC 

Filename: DITCH C.sc4 

Ss 

Structure Detail: 

Printed 05-23-2006 
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SEDCAD 4 for Windows 

Stru · 
#, 

#1 1 

SWS Area 

39.500 

39.500 

Subwatershed Hydrology Detail: 

0.667 0.000 0.000 80.000 M 95,8., 

95.83 

Subwatershed Time of Concentration Details: 

l 

Stru . 
# 

#1 

#1 

1 

1 

8. Large gullies, diversions, and low 

flowing streams 

8. Large gullies, diversions, and low 

flowing streams 

Time of Concentration: 

Filename: DITCH C.sc4 

1.00 9.00 900.00 3.000 

0.25 7.88 3,155.00 1.500 

6 

13,072 

13.072 

0.083 

0.584 

0.667 
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CALCULATED BY: JU:l, , ,. 5124/2006 

CHECKED BYvf?i/;-n/' c/:zo/or, 

DITCH SIZING UTILITY FOR TRIANGULAR AND TRAPEZOIDAL CONFIGURATIONS USING MANNING'S EQUATION: 

INPUT: 

PEAKFLOW
BOTTOM WIDTH -
SIDE SLOPE 1 -
SIDE SLOPE 2 -
CHANNEL SLOPE -
MANNING'S N -

OUTPUT: 

DITCH C 

TRAPEZOIDAL DITCH 

WETTED PERIMETER -
AREA OF FLOW = 
HYDRAULIC RADIUS, Rh= 

CALC. VELOCITY = 

FREEBOARD REQUIRED -

95,8 CFS 
12 FT 

2.00:1 
2.00:1 
0.0025 FT/FT 
0.033 FP(116) 

20.95 FT 
32.05 SQ.FT. 
1.53 FT 
2.99 FPS 

1.09 FT 

3.1 FT 

t 
.. 3.1 FT · 

, I ·-·-::,.,,,,::::.,,._._._.,.,._._._._._._._._.,._._.,._._ ... ,,,,,,,,,,2J 1 

2.0 2.0 
..,__12.0 FT__,. 

DEPTH OF FLOW - 2.00 FT 
MEAN DEPTH = 1.60 FT 

FROUDE NO.= 0.42 SUBCRITICAL 

(1 +0.025vdh1 /3) 

(CHANNEL LINING: SOIL AND GRASS) 
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SEDCAD 4 for Vvindows 
r'r,n,mnhl 1 Cai:: D::r.mab, I ~,-hu.,,,_h 

MACH ft.iir~ING 

Filename: DITCH D.sc4 

DITCH "D" 

JLH 

ALUANCE CONSUL TING INC 
124 PHILPOTT LANc 
BEAVcR WV 25813 

Phone: 304-255-0491 

1 

Printed 05-23-2006 
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SEDCAD 4 for Windov,s 
2 

General Information 

Storm Information: 
Storm Type: NRCS Type II 

Design Storm: 100 yr - 6 hr 

Rainfall Depth: 6.210 inches 

Filename: DITCH D.sc4 Printed 05-23-2006 
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SEDCAD 4 for \IVindows 
(",.,.."',tnnht 1aaA P::,m<>l,:i I C::rh.•1::>h 3 

Structure Net'rl'ilorking: 

Type' 

Null I #1 =-> End I 0.000 0.000 I DITCH D 

l 

Filename· DITCH D.sc4 Printed 05-23-2006 
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SEDCAD 4 for Windows 
f':,..,n,mnhl 1 OQA D::,m,:,I:,. I (;,-hu.1<>h 4 

Structure Summary: 

#1 41.000 41.000 99.13 13.57 

( 

Filename· DITCH O.sc4 Printed 05-23-2006 
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SEDCAD 4 for Windows 
(' .-,n-.,rinhl 1 CCR O:,,mol,:, I C:::,-h.,.,::,1-, 

( 

Structure #1 (Null) 

DJTCHD 

r"iler.ame: DITCH D.s:::~ 

5 

Structure Detail: 



R12746
SEDCAD 4 for Windows 
r-,-,n,rrinht 1 OOA P:::.,..,.,c.l:o I ~r-hu.=h 

Subwatershed Hydrology Detail: 
. 

Tim-e of. a 

Stru sws· SWS Area 
Cone 

Musk K:<, 
# # (ac}, (hrS) . ,, , (hrsL" , 

Musk X 

#1 1 41.000 0.671 0.000 0.000 80.000 M 

:E 41.000 

99.13 

Runoff •. 
Volume, 

(ac-ft) , 

13.568 

99.13 13.568 

Subwatershed Time of Concentration Details: 

#l 1 
8. Large gu!!ies, diversions, and !ow 

1.00 9.00 900.00 3.000 0.083 
flowing streams 

8. Large gullies, diversions, and low 27.59 72.00 260.00 15.780 0.004 
flowing streams 

8. Large gullies, diversions, and low 0.25 7.88 3,155.00 1.500 0.584 
flowing streams 

#1 l Time of Concentration: 0.671 

Fi1ename: DiTCH D.sc4 Primed 05-23-2006 

6 
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SEDCAD 4.0 
/":nr,1,rinn.t 1 OOA P,::,m<>l"'- I C:.rh.....,::,h 

CULVERT NO. 1 

Culvert Inputs: 

· Length (ft) · . . . 

Culvert Results: 

SEDCAD Utility Run 

30.00 3.00 0.0240 5.00 0.00 0.90 

Minimum pipe diameter required: 36 inches 

Detailed Perfor.mance rurves 
Design Discharge = 49.56 ds f-_ 2 p,pe.s =- qq, 13 c. c:'s 

Maximum Headwater = 5.00 n 
(BOLD indicates design pipe size) 

,:'.~~\r{\s~?, ·;W!c~;,;{~:!1-,_:(.1~ii~.l;.;i:.(~tt,1; 
."~., .. , ... ,.· ·,, ·(30 in}•'·;, .. ,. •( 36 m},,c,-;::. { 42 in)~ : 

0.50 1.86 2.22 2.59 

1.00 5.24 6.28 7.33 

1.50 9.62 11.54 13.47 

2.00 14.81 17.77 20.73 

2.50 20.69 · 24.f:3 28.97 

3.00 26.85 32.64 38.08 

3.50 31.83 4l.!.3 47.99 

4.00 36.21 47.70 58.63 

4.50 40.12 53.79 67.36 

5.00 43'.68 59.27 75.38 

5.50 46.97 64.27 82.63 

6.00 50.04 68.91 89.30 

6.50 52.94 73.27 95.50 

7.00 55.69 77.37 101.32 

7.50 58.30 Sl.27 106.82 

Printed 05-23-2006 
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·'· (· CALCULATED BY: JLbl:7 I_.., ,4l24/2D06 ~ 
. CHECKED BYr::f'.'rtt/ 171 1;/,w!o/4 r- - . . 

DITCH SIZING UTILITY FOR TRIANGULAR AND TRAPEZOIDAL CONFIGURATIONS USING MANNING'S EQUATION: 

INPUT: 

PEAK FLOW= 
BOTTOM WIU fH = 
SIDE SLOPE 1 = 
SIDE SLOPE 2 = 
CHANNEL SLOPE= 
MANNING'S N = 

OUTPUT: 

DITCH D 

TRAPEZOIDAL DITCH 

WETTED PERIMETER = 
AREA OF FLOW = 
HYDRAULIC RADIUS, Rh= 
CALC. VELOCITY = 

FREEBOARD REQUIRED= 

TOTAL DEPTH= 

99.1 CFS 
12 f-'/ 

2.00:1 
2.00:1 
0.33 FT/FT 

0.035 FT'(1l6) 

14.31 
6.72 
0.47 

14.74 

FT 
SQ.FT. 
FT 
FPS 

1.30 FT 

1.8 FT 

DEPTH OF FLOW = 
MEAN DEPTH= 
FROUDE NO.= 

(1 +0.025vd'1l3) 

0.52 
0.48 
3.76 

FT 
FT 
SUPERCRITICAL 

(CHANNEL LINING: GROUTED RIPRAP) 



R12749
SEDCAD 4 for \IVindows 

fv1ACH MINING 

( 

Filename: DiTCH E.sc4 

DITCfl "E" 

JLH 

ALLJANCE CONSULTING INC 
124 PHILPOTT LANE 
B::AVER WV 25813 

Phone: 304-255-0491 

Printed 0:5-23-2006 



R12750
SEDCAD 4 for Windows 
r ,..r,,rcinhl 1 DOA P"...-."'l" I C:.rh,.,:,h 

General Information 

Storm Information: 
Storm Type: NRCS Type II 

Design Storm: 100 yr - 6 hr 

Rainfall Depth: 6.210 inches 

( 

Filename: DITCH E.sc4 Printed 05·23-2006 



R12751
SEDCAD 4 for \IV'indows 
r,v,,,nr.ht 100.l'l D::imol::i t C::,-h,....,h 

Structure Networking: 

Null #1 ==> End / 0.000 0.000 / DITCH E 

C 

L 

Fileiiame: DITCH E.sc4 Printed 05-23-2006 



R12752

SEDCAD 4 for Vvindows 
r.nn"nnhl 1 OOR D:>m<>I:> I ~r-h,u::ah 

Structure Summary: 

#1 42.000 42.000 101.89 13.90 

Filename: :J!TCH E.s:"4 Printed 05-23-2006 



R12753SEDCAD 4 for Viindows 

C 

l 

Structure #1 (Null) 

DITCHE 

Filename: DITCH !::.sc4 

Structure Detail: 

Printed 05-23-2005 



R12754
SEDCAD 4 for \IVindows 
r,-..,,,rinht -iaaP. P:,mnl:> I <::.r-h"t::ah 

Subwatershed Hydrology Detail: 

Stru- SWS _ -· SWS Area 
· · . Peak· .· Runoff 

UHS Discharge Volume 

.- .--;,:. _:. , (cfs): ·•· (ac-ft) ,;-

#1 1 42.000 0,667 0.000 0.000 80.000 M 101.89 13.899 

~ 42.000 101.89 13.899 

Sub"'vatershed Tirne of Concentration Details: 

#1 

#1 

C 

1 
8. Large gu!!!es, dlversic!1s, and low 
flowing streams 

8. Large gullies, diversions, and low 
flowing streams 

1 Time of Concentration: 

Fiie r.ame: DiTCH E.sc4 

1.00 

0.25 

9.00 900.00 3.000 0.083 

7.88 3,155.00 _ 1.500 0.584 

0.667 

Printed 05-23-2005 

6 



R12755

DITCH SIZING UTILITY FOR TRIANGULAR AND TRAPEZOIDAL CONFIGURATIONS USING MANNING'S EQUATION: 

INPUT: 

PEAK FLOW= 
BOTTOM WIDTH = 
SIDE SLOPE 1 = 
SIDE SLOPE 2 = 
CHANNEL SLOPE= 
MANNING'S N = 

OUTPUT: 

DITCH E 

TRAPEZOIDAL DITCH 

WETTED PERIMETER = 
AREA OF FLOW = 
HYDRAULIC RADIUS, Rh= 
CALC. VELOCITY = 

FREEBOARD REQUIRED= 

TOTAL DEPTH = 

<: 

101.9 CFS 
12 FT 

2.00:1 
2.00:1 
0.0025 FT/FT 
0.033 FT'(1/6) 

21.27 
33.45 
1.57 
3.05 

FT 
SQ.FT. 
FT 
FPS 

1.10 FT 

3.2 FT 

~:,.,-.. t 
1 I ·.·.,,:•::::,:,,.,, ........ •.·.•.~·:2 .. ~:._._ ... _ ..... ,::•:'''·'''·'·· I 1 

DEPTH OF FLOW = 
MEAN DEPTH= 
FROUDE NO.= 

(1 +0.025vd'1/3) 

2.0 2.0 

2.07 
1.65 
0.42 

-<-------12.0 FT--i> 

FT 
FT 
SUBCRITICAL 

(CHANNEL L!N!NG: SOIL AND GRASS) 



R12756

l 

)CAD 4 for Windows 

MACH l\1INING 

Filename: DffCH F.sc4 

DITCH "F" 

JLH 

ALUANCE CONSUL TING INC 

124 PHILPOTT LANE 

BEAVER WV 25813 

Phone: 304-255-0491 



R12757

SEDCAD 4 for Windows 
rn,..vrinhl 1 aaA P::,m.c.!:i I t::.,-h,.,,,.i-, 

General Information 

Storm Information: 
Storm Type: NRCS Type II 

Design Storm: 100yr-6hr 

Rainfall Depth: 6.210 inches 

( 

Fiiename: DITCH F.sc4 Printed 05-23-2006 



R12758

SEDCAD 4 for \l\findows 
r.n .... vnriht 1 aas:i P:>rn<>I:> l ~,..1-,,..,,,1-, 

Structure l\/etv;rorking: 
Type. I Stru cnows . #,,· .. into) 

Null I #1 ==> End I 0.000 0.000 I DITCH F 

( 

Filename: DITCH F.sc4 



R12759

SEDCAD 4 for Windows 
4 

Structure Summary: 

-;-'.(':. 
-; < 

#1 49.400 49.400 119.34 16.35 

Fi1ename: DiTCH F.sc4 



R12760

SEDCAD 4 for Windows 
r:nn,trinht 1 OOP. D::>mcl:. l C::.r-hnr.:,h 

Structure Detail: 

Structure #1 (Null) 

DITCHF 

Filename: DITCH F.sc4 Printed 05-23-2006 



R12761
SEDCAD 4 for Windows 
("o..,,tri,-,hl 1 CCR P::imcl<> I C::,-.hur:ih 

Subwatershed Hydrology Detail: 

#1 1 49.400 0.672 0.000 0.000 80.000 M 119.34 

49.400 119.34 

Subwatershed Thne of Concantration Details: 
Stru 

" # 

#1 

#1 

1 

1 

Fiienarne: DITCH F.sc4 

a. Large gullies, diversions, and low 
flowing streams 

8. Large gullies, diversions, and low 
flowing streams 

8. Large gullies, diversions, and low 
flowing streams 

Time of Concentration: 

•· '''"-· · '0'' .: i Vert. Disf; .. ·. Horiz. Dist.'•.·" Velocity· 
. Sjope·.( Vo) , •-' (ft) c,. ·• (ft:)· : .• - (fp ) · 

.. , ., , 1 ., •. • ··,.~: • , c- 5 ,. 

1.00 9.00 900.00 3.000 

28.67 86.00 300.00 16.060 

0.25 7.88 3,15S.OO 1.500 

Runoff 
Volume" 

(ac-ft);' •. 

16.348 

16.348 

Time (hrs) 

0.083 

0.005 

0.584 

0.672 

6 



R12762

SEDCAD 4.0 

CULVERT NO. 2 

Culvert Inputs: 

30.00 3.00 0.0240 5.05 0.00 0.90 

Culvert Results: 

Minimum pipe diameter required: 36 inches 

. . . J/(f3Yc.Fs 
Design Discharge = 59.67 cfs 'f.. 2-p,pes := • 

Maximum Headwater= 5.05 ft 

(BOLD indicates design pipe size) 

1.01 5.32 6.38 7.44 

1.51 9.76 11.72 13.67 

2.02 15.03 18.03 21.04 

2.53 21.00 25.20 29.41 

3.03 27.09 33.13 38.65 

3.54 32.15 41.55 48.71 

4.04 36.54 48.21 59.51 

4.55 40.45 :54.31 68.ll 

5.05 59.78 76.13 

5.56 47.32 64.80 83.39 

6.06 50.40 59.45 90.06 

6.57 53.31 73.81 95.27 

7.07 56.06 77.92 102.10 

7.58 58.69 i0?.62 

SEDCAD Utility Run Printed 05-23-2006 



R12763

DITCH SIZING UTILITY FOR TRIANGULAR AND TRAPEZOIDAL CONFIGURATIONS USING MANNING'S EQUATION: 

INPUT: 

PEAK FLOW= 
BOTTOM WIDTH = 
SIDE SLOPE 1 = 
SIDE SLOPE 2 = 
CHANNEL SLOPE= 
MANNING'S N = 

OUTPUT: 

DITCH F 

TRAPEZOIDAL DITCH 

WETTED PERIMETER= 
AREA OF FLOW = 
HYDRAULIC RADIUS, Rh= 
CALC. VELOCITY = 

FREEBOARD REQUIRED= 

(~'"'TAL DEPTH= 

119.3 CFS 
12 FT 

2.00:1 
2.00:1 
0.33 FT/FT 

0.035 FTh(1/6) 

14.57 
7.57 
0.52 

15.76 

FT 
SQ.FT. 
FT 
FPS 

1.33 FT 

1.9 FT 

DEPTH OF FLOW = . 
MEAN DEPTH= 
FROUDE NO.= 

(1+0.025vdh1/3) 

0.58 
0.53 
3.82 

FT 
FT 
SUPERCRITICAL 

(CHANNEL LINING: GROUTED RIPRAP) 



R12764
Williamson Energy, LLC, Ditch F, USM 

Worksheet for Trapezoidal Channel 

Project Description 
Project File 
Worksheet 
Flow Element 
Method 
Solve For 

Input Data 
Mannings Coefficient 
Channel Slope 
Left Side Slope 
Right Side Slope 
Bottom Width 
Discharge 

Results 
Depth 
Flow Area 
Wetted Perimeter 
Top Width 
Critical Depth 
Critical Slope 
Velocity 
VelaGity HP.Rei 

c:\haestadlfmwlwilliams.fm2 
Williamson Energy, LLC - Ditch "F" 
Trapezoidal Channel 
Manning's Formula 
Channel Depth 

0.015 
0. 100000 ft/ft 
2.000000 H : V 
2. 000000 H : V 

12.00 ft 
119.30 els 

0.50 ft 
6.45 ft2 

14.22 ft 
13.99 ft 

1.34 ft 
0.003296 ft/ft 

18.49 ft/s 
5.32 ft 

,;./4 HY,cv✓,u.,~c Specific Energy (§) ft Froude Number - _I c,.,r17 r' 
Flow is supercritical. 

/ o¾ Sccr,,-,s,-J /4/,,eoc:,/(z ~/ 

O.c=:::·vc# c;'u7,,-c;e 

.53 : "'1;.;.-,... !J ;;'?'/✓ 0 ,J / .0 % _:;;-,,c,,,, .z:. z: 

~ l)v..Jc; / /4, 
80:S- 3,3,Q - E~/q" 

-;;:;::;;:;z,:::.~v.:::; A/ dP~ . ...-:✓-~S.... ;(-?-"'j-:J ~/74/ 
. ,, r ~,r. ~-·••:.? £'_ 

,---::--;,-·::./ 
05/19/09 
02:02:34 PM Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 (203) 755~1666 

FlowMaster vS.13 
Page 1 of 1 



R12765

SEDCAD 4 for Vvindows 

MACH MINING 

Filename: DiTCH G.sc4 

DITCH rrGrr 

JLH 

ALLIANCE CONSUL TING INC 
124 PHILPOTT LANE 
BEAVER WV 25813 

Phone: 304-255-M91 

1 



R12766

SEDCAD 4 for Windows 
rnn.,rinhl 100A O<>mo.lo l J::.,-h,.,<>h 

2 

General Information 

Storm Information: 
Storm Type: NRCS Type II 

Design Storm: 100 yr - 6 hr 

Rainfall Depth: 6.210 inches 

Filename: DITCH G.sc4 Printed 05-:2•-2006 



R12767

SEDCAD 4 for \'Vindows 
rnn.,nnht 1QOR P,::,m.,I:> I i:;:,..r,,.,,,h 

3 

~tr-nr+u r,::;i N,::;if-•11.,n ,-t-1·ng.• - • --... -· - • ___ ., -~ /tJ 

Type. 

Null I #1 ==> End I 0.000 0.000 I DITCH G 

Fi!er.ame: DITCH G.sc4 Printed C!S-23-2006 



R12768

SEDCAD 4 for \IVindows 
4 

Structure Summary: 

#1 7.200 7.200 28.29 2.38 

Filename: DITCH G.sc4 Printed 05<~3-2005 



R12769

SEDCAD 4 for Windows 
r'nn,,rinl"lt 1 OOR D::imol:, I C::.rhur.,h 

Structure #1 (Null} 

DITCHG 

Filename: DITCH G.sc4 

5 

Structure Detail: 

Printed 05~~3~2006 



R12770

SEDCAD 4 for \IVindov,1s 
f'nnlfrinMt 1001=! P:::imcib 1 C::r-hu.,:,h 

6 

Sub11Vatershed Hydrology Detail: 

7.200 28.29 2.383 

SubM1atershed Tirne of Concentratiol1 Details: 
Stru sws· .. ,, ,,.-.,,.•:.· . . -" ~:: ·~;.-:: -~1cj~~f(o/

0
j,' ~-::\.-~ V~rt. Di~t'.·i _HDnz: ~ist: -~: ~. Velocity ::,··~, ... 

Land Flow C6ndition -•,, . Time '(hrs). 
# #· · a: • • •. :. (ft) - . · (ft) , :,, ·• (fps) - · · 

#1 1 
8. Large gullies, divers-tons, and [01/,' 

1.00 5.00 500.00 3.000 0.046 flowing streams 

8. Large gullies, diversions, and low 
0.25 1.67 670.00 1.500 0.124 flowing streams 

#1 1 Time of Concentration: 0.!.70 

C 

P;inted 05<:'..3-2006 



R12771

CALCULATED BY: JLt,I 5/24/2006 

CHECKED BY~6 :-;; I'?"'._/ /'./ zo.jn.&_ 

DITCH SIZING UTILITY FOR TRIANGULAR AND TRAPEZOIDAL CONFIGURATIONS USING MANNING'S EQUATION: 

INPUT: 

PEAK FLOW= 
BOTTOM WIDTH = 
SIDE SLOPE 1 = 
S !DE SLOPE 2 = 
CHANNEL SLOPE= 
MANNING'S N = 

OUTPUT: 

DITCH G 

TRAPEZOIDAL DITCH 

WETTED PERIMETER = 
AREA OF FLOW = 
HYDRAULIC RADIUS, Rh= 
CALC_ VELOCITY = 

FREEBOARD REQUIRED= 

28_3 CFS 
12 FT 

2_00:1 
2_00:1 
0_0025 FT/FT 
0_033 FP(1 /6) 

16.47 FT 
14_00 SQ_FT_ 
0_85 FT 
2_02 FPS 

1-05 FT 

2.1 FT 

~- t 

~-"(::-::,:-::::\-:,. _____________ 2.:1 __ ~~-----.-.-.-.-:::-/:'':-:-- [ 1 
2_0 2_0 

~12.0FT~ 

DEPTH OF FLOW = 1 _00 FT 
MEAN DEPTH = 0_88 FT 
FROUDE NO_= 0_38 SUBCRITICAL 

(1 +Q_025vd'1/3) 

(CHANNEL LINING: SOIL AND GRASS} 



R12772

SEDCAD 4 for Vlfindows 
f"'nn\lrinhl 1 OOR 0,:,malo I t::.,-hw:>h 

MACH MINING 

Filename: DITCH H.sc4 

DITCH "H" 

JLH 

ALLIANCE COMSUL TING INC 
124 PHILPOTT-LANE 
BEAVER WV 25813 

Phone: 304-255-0491 

c§ 
1 

Printed 05-Z3-2006 



R12773

SEDCAD 4 for Windows 
rn,..,.,cinhl 1 OOA 0:::,mal::, I <::,-,hu,::,h 

2 

General Information 

Storm Information: 
Storm Type: NRCS Type II 

Design Storm: 100yr•6hr 

Rainfall Depth: 6.210 inches 

Filename: D!TCH ~.s:4 Primed 05-23-2006 



R12774

SEDCAD 4 for Vvindows 
3 

Structure Nenvorking: 

Null I #1 ==> End I 0.000 0.000 I DITCH H 

File name: DITCH H.sc4 Printed 05<::3-2006 



R12775

SEDCAD 4 for VVindows 

Structure Summary: 
., I d - . T t I ,.. ' 
'> rnme iate -, · -,·.::·} _o a ,-.1 ;::,::· Peak 

·,-Contributing, ·· Contributing._,,;· 
0

,-ch 
0 

Area -~ . Aiea ;,-. ·- · ~ ·~ " arg_ 

(ac); · •· (ac)- (cfs)"C - · /ac-ft) 
1---------'--'-------'--'------------'---·--.. -

Total 
Runoff· 
Volume 

#l 11.500 11.500 37.18 3.Bl 

Filename· DITCH H.sc4 Printed 05-23-2006 



R12776

SEDCAD 4 for Windows 

Structure #1 (Null) 

DITCHH 

rilename: DITCH H.sc4 

5 

Structure Detail: 



R12777
SEDCAD 4 for Windows 

6 

Subwatershed Hydrology Detail: 
•;::- Time of 

Stru sws· SWS Area Cone 
Musk K· 

! 

(hrs)•:}: 
·• 

# # (ac}~ (~~) :.;: ·~; 
•:: . ,, .. , 

\~~_:;;: j 
. ;• (ac:ft) )'./: 

#1 1 .11500 0.356 0.000 0.000 80.000 M 37.18 3.806 

:E 11.500 37.18 3.806 

Subwatershed Time of Concentration Details: 
sws . ;. . - ,. ,,, .. , --~· .. 

Vert. Dist. Horiz. Dist. 
. 

Velocity,'-Stru· Land Flow Condition - .. 
·• Slope ('/,) . 17me (hrs) 

# #' . . . (ft)''·-c. . 
(ft) ::- ·-~ .. :, (fps)./·· . . 

.. 1 
8. Large gullies1 diversions, and low 

ff< flowing streams 
1.00 5.20 520.00 3.000 G.048 

8. Large gullies, diversions, and low 0.25 4.17 
flowing streams 

1,668.00 1.500 0.308 

#1 l Time of Concentration: 0256 

File name. DITCH H.M..4 rrinted Q5-2J-200G 



R12778

CALCULATED BY: JLH. 5124/2006 

CHECKED BY: ..r{-t-,/--t'fl /,ll't1h; v 
/_. I ,. • 

DITCH SIZING UTILITY FOR TRIANGULAR AND TRAPEZOIDAL CONFIGURATIONS USING MANNING'S EQUATION: 

INPUT: 

PEAK FLOW= 
BOTTOM WIDTH = 
SIDE SLOPE 1 = 
SIDE SLOPE 2 = 
CHANNEL SLOPE = 
MANNING'S N = 

OUTPUT: 

DITCH H 

TRAPEZOIDAL DITCH 

WETTED PERIMETER= 
AREA OF FLOW = 
HYDRAULIC RADIUS, Rh= 
CALC. VELOCITY = 

FREEBOARD REQUIRED= 

(TOTAL Di=PTH = 

\,s_ 

37,2 
12 

2.00:1 
2.00:1 
0.0025 
0.033 

17.23 
16.78 
0.97 
2.21 

CFS 
FT 

FT/FT 
FP(1/6) 

FT 
SQ.FT. 
FT 
FPS 

1.06 FT 

2.2 FT 

DEPTH OF FLOW= 
MEAN DEPTH= 
FROUDE NO.= 

(1 +0.025vd•1/3) 

1.17 
1.01 
0,39 

FT 
FT 
SUBCRITICAL 

(CHANNEL LINING: SOIL AND GRASS) 



R12779

SEDCAD 4 for Windows 

Filename: DITCH l.sc4 

MACH MINING 
,.... .,....,,...il"""f,, ,,..,.,, 

v.1. 1 f..n .1. 

JLH 

ALUANCE CONSUL TING INC 
124 PHILPOTT LANE 
BEAVER WV 25813 

Phone: 304-255-0491 

1 

Printed 06-21-2006 



R12780

SEDCAD 4 for Windows 
2 

General Information 

Storm Information: 
Storm Type: NRCS Type II 

Design Storm: 100 yr- 6 hr 

Rainfall Depth: 6.210 inches 

l 
i=ilename; DITCH Lsc4 



R12781
SEDCAD 4 for Vlfindows 

Structure Neh111orking: 
.: : · ·I Stru (flows-' Stru •I . Musk. K · -
· ·c,· · · ' # . · into)' · :· # (hrs) · 

Null I #1 ==> End I 0.000 0.000 I DITCH I 

C 

~i!ename: D!TCH Lsc4 Printed 06-21-2006 



R12782
SEDCAD 4 for Vvindows 

:r Structure Summary: 
Immediate Total· Peak Total 

Contributing Contributing 
Discharge. 

Runoff 
Area Area Volume 

(ac),.·r ... (ac) · (ds) ; 
(ac-ft) 

#1 25.700 25.700 82.86 8.51 

Fiienarne: DITSH l.sc4 Primed 05-21-2006 



R12783

SEDCAD 4 for \'Vindows 
rnn,"1nht 1oaA D,:,..,...,,I,:, I 0:::,-hw::,h 

Structure Detail: 
Structure #1 (Null) 

nTTrf-1 r ,,_,.,_I,._,,, I_.. 

ilename: DITCH l.s:;4 Printed 06-21-2006 



R12784
SEDCAD 4 for Vl.findows 

Subwatershed l-fydrofogy Detail: 
-- . _}'me of_. -- ·-

. ·- Peak Runoff 
SWS Area 

-, 

Musk K 
,. 

·-- Curve 
Stru SWS C?nc, . - -- Musk.X UHS Discharge Volume 

# # 
. 

(ac) _ (hrs) Number 
(hrs) 

.· (cfs) (ac-ft) 
- -

#1 1 25.700 0.359 0.000 0.000 80.000 M 82.86 8.505 

~ 25.700 82.86 8.505 

---

Subwatershed Time of Concentration Details: 

Stru - sws 

#1 1 

#1 1 

l 
Filename: DITCH J.sc4 

.. 
Land Fi;wc;ndition ,,; . --

8. Large gullies, diversions, and low 
flowing streams 

8. Large gullies, diversions, and low 
Aowing streams 

8. Large gullies, diversions, and low 
flowing streams 

Time of Concentration: 

--
Slope(%) 

1.00 

24.21 

0.25 

Vert. Dist:·· 
(ft) ' 

5.20 

46.00 

4.17 

Horiz. Dist. 
-- (ft) 

520.00 

190.00 

1,668.00 

Velocity 
(fps) 

3.000 

14.760 

1.500 

Time (hrs} 

0.048 

0.003 

0.308 

0.359 

J->rinted 06-i1-2006 

t, 



R12785

SEDCAD 4.0 
r,..,..,,..;nhl 100R C:,,:,m,,./o ! C:::,-h,.,<>h 

Culvert Inputs: 

Culvert Results: 

S:=DCAO Utiiity Run 

CULVERT NO. 3 

Max. ,.:· 
Headwater·. 

(ft): 

Entrance 
Tailwater"·{ 

(ft) . Loss Coef. 

30.00 3.00 0.0240 5.60 0.00 

Minimum pipe diameter required: 42 inches 

Detailed Performance Curves 

Design Discharge = 82.85 cfs 

Maximum Headwater= 5.50 ft 

(BOLD indicates design pipe size) 

0.56 2.63 3.07 3.29 

1.12 7.45 8.69 9.31 

1.6B 13.6B lS.96 17.10 

2.24 21.06 24.57 26.33 

2.80 29.44 3434 36.79 

3.36 38.69 45.14 48.36 

3.92 46.65 56.88 60.94 

4.48 53.56 67.01 73.53 

5.04 59.68 75.99 84.06 

5.60 65.22 84.01 93.58 

6.16 70.34 91.32 102.22 

6.72 75.09 98.10 110.18 

7.28 79.57 104.44 117.60 

7.84 83.82 110.41 124.5B 

8.40 B7.85 11€.08 131.19 

(Ke) 

0.90 

Printed 06-21-2006 



R12786

CALCULATED BY: JL\;I, • 6/2912006 
CHECKED BY: "f!'.2V12'/ l,/~o/or-

' I I 

JITCH SIZING UTILITY FOR TRIANGULAR AND TRAPEZOIDAL CONFIGURATIONS USING MANNING'S EQUATION: 

INPUT: 

PEAK FLOW= 
BOTTOM WIDTH = 
SIDE SLOPE 1 = 
SIDE SLOPE 2 = 
CHANNEL SLOPE= 
MANNING'S N = 

OUTPUT: 

DITCH I 

TRAPEZOIDAL DITCH 

WETTED PERIMETER= 
AREA OF FLOW = 
HYDRAULIC RADIUS, Rh= 
CALC. VELOCITY = 

FREEBOARD REQUIRED= 

TOTAL DEPTH= 

82.9 
12 

2.00:1 
2.00:1 
0.33 

0.035 

CFS 
FT 

FT/FT 
FT'(116) 

14.07 FT 
6.00 SQ.FT. 
0.43 FT 

13.81 FPS 

1.27 FT 

1.7 FT 

t 

1 LS\,,,,.,,. ....... ·.·.·.:.:r: ............. ,:::,:''''''"'·· I 1 
20 2~ 

-12.0 FT----+ 

DEPTH OF FLOW= 0.46 FT 
MEAN DEPTH = 0.43 FT 
FROUDE NO, = 3,70 SUPERCRITICAL 

(1+0.025vd'113) 

(CHANNEL LINING: GROUT:=D RIPRAP) 



R12787
SEDCAD 4 for VVindows 
r ,.,,..,,.;,,hf 1 CCR D:::>mcil:::, I <:::r-h,u:::,h 

f.JIACH MINifiG 

( 

f-1!ename: DJTCH J.sc4 

DITCH ''J" 

JLH 

ALLIANCE CONSUL TING INC 
124 PHILPOTT LANE 
8EIWC:P. WV 25813 

Phone: 304-255-0491 

1 

Printed 05-23~2006 



R12788SEDCAD 4 for VVrndows 
r ..... nvr-inh! 100A D,:,rnc.!,:, I C:.,-hu,::ih 2 

General Information 

Storm Information: 
Storm Type: NRCS Type II 

Design Storm: 100 yr· 6 hr 

Rainfall Depth: 6.210 inches 

Filename: DITCH J.sc4 Printed CS-23-2006 



R12789SEDCAD 4 for Vvindows 

Type 

Null 

C 

Filename: DITCH J.sc4 

Stru -
# 

#1 ==> End ! 0.000 0.000 DITCH J 

Printed 05-2.:0~2006 

/ 

3 



R12790
SEDCAD 4 for \'vindows 
r,..,nurinht 1 CCR P:,rT><>b I C::,-h,..1:ah 

4 

Structure Summary: 

#1 

Filename. DfTCH J.sc4 Printed 05-23-2006 



R12791
SEDCAD 4 for V\lindows 

Stiuctuie D=taif: 
Structure #1 (Null) 

DITCH] 

filename: DITCI I J.sc4 rrint~d 05-.23-2006 



R12792
SEDCAD 4 for Vvindows 

Stru 
# 

#1 1 7.900 

7.900 

Sub11ratershed Hydrology Detail: 

0.169 0.0DD O.D00 BO.ODO M 31.07 ?.614 

31.07 2.614 

Subv,ratershed Time of Concentration Details: 
Stru sws· .. . 

•'"' ,. •· .. -., i;: ,:,' 
0

Sl~pe (6/o)/ Vert. Dist. Hanz. Dist. Velocity -= .. 
.• 

Land Flow Condition. ' Time (hrs) 
# # 

•'c, 

(ft)" (ft}"; (fps) . .. . .. 

#1 1 
8. Large gullies, diversions, and low 1.00 5.00 500.00 3.000 0.046 
flowing streams 

8. Large gullies, diversions, and low 0.25 1.67 668.0D 1.50D 0.123 
flowing streams 

#1 1 Time of Concentration: 0.169 

C 

rrinte:d 05-:J-2000 

6 



R12793

CALCULATED BY: JLH 5/24/2006 1 
CHECKED BY?-f{-?,/7(/ /,/ 2 ;J/ c7 I., 

I'-' .. • ' 

,TCH SIZING UTILITY FOR TRIANGULAR AND TRAPEZOIDAL CONFIGURATIONS USING MANNING'S EQUATION: 

INPUT: 

PEAK FLOW= 
BOTTOM WIDTH = 
SIDE SLOPE 1 = 
SIDE SLOPE 2 = 
CHANNEL SLOPE = 
MANNING'S N = 

OUTPUT: 

DITCH J 

TRAPEZOIDAL DITCH 

WETTED PERIMETER= 
AREA OF FLOW = 
HYDRAULIC RADIUS, Rh= 
CALC, VELOCITY = 

FREEBOARD REQUIRED= 

TOTAL DEPTH = 

31,0 CFS 
12 FT 

2,00:1 
2,00:1 
0.0025 FT/FT 
0.033 FP(1/6) 

16.72 
14.88 
0.89 
2,08 

FT 
SQ,FT, 
FT 
FPS 

1.05 FT 

2,1 FT 

DEPTH OF FLOW = 
MEAN DEPTH= 
FROUDE NO,= 

(1 +0,025vdA1/3) 

1,05 
0,92 
0,38 

FT 
FT 
SUBCRITICAL 

(CHANNEL LINING: SOIL AND GRASS) 



R12794SEDCAD 4 for Windows 

fviACH MINING 

Filename: DlTCH K.sc4 

DITCH "K" 

JLH 

ALLIANCE CONSULT1i'JG INC 
124 PHILPOTT LN 

SEA.\/::P., VVV 25813 

Phone: 304 
Email: 255-0491 

(0 
1 

Prirl1ull 01 08 2007 



R12795SEDCAD 4 for VV'indows 
rnn11rinht 1aaR _ ?nn? o",..,,"'I" I C::r-h,.,e,h 

2 

General Information 

Storm Information: 
Storm Type: NRCS Type II 

Design Storm: 100yr-6hr 

Rainfall Depth: 6.210 inches 

File name: D!TCH K.sc4 Printed 01-08-2007 



R12796
SEDCAD 4 for Vvindows 

3 

Structure Nenvorking: 

Type 
Stru {flows Stru Musk. K Musk. X I Description 

# into) # (hrs) 

Null #1 ==> End 0.000 0.000 j DITCH K 

Filename: DI i CH K.sc~ ,:.rintad 01 O[ 2007 



R12797
SEDCAD 4 for Windows 
f'nnvrinht 100A _?f\n? D,::,,mc.lo I ~,-hu,:oh 

4 

(~ Structure Summary: 
Immediate Total Peak Total 

Contributing Contributing 
Discharge 

Runoff 

Area Area Volume 

(ac) (ac) 
(cfs) (ac-ft). 

#1 10.800 10.800 3~.53 2.85 

Filename: DITCH K.sc4 Printed 01-08-2007 



R12798SEDCAD 4 for \/Vindows 
5 

Structure Detail: 

Structure #1 (Null) 

DJTCHK 

File r,ame: DITCH K.sc4 .P1111t:.:U 01 D8·2007 



R12799
SEDCAD 4 for \<Vindows 

6 

Subv✓atershed l-lydrofogy Detail: 

SWS Area 
Time of 

Musk K Curve 
Peak Runoff 

Stru sws Cone Musk X UHS Discharge Volume 
# # (ac) (hrs) Numb9r 

(hrs) .. (cfs) (ac·ft) 

#l 1 10.800 0.368 0.000 0.000 80.000 M 34.53 2.852 

:E 10.800 34.53 2.852 

SubHratershed Time of Concentration Details: 
Stru sws Land Flow Condition Slope(%) 

Vert. Dist. Horlz. Dist: Velocity 
1ime (hrs) 

# # (ft) (ft) (fps) 

#1 1 
8. Large gullies: diversions1 and low 
flm,ving streams 

1.00 5.20 520.00 3.000 0.048 

8. Large gullies, diversions1 and low 
flowing streams 

0.25 4.32 1,730.00 1.500 0.320 

,:Cl l Time of Concentration: 0.368 

Fii~ncime· DITCH K.sc4 Printed 01-08-2007 



R12800

CALCULATED BY: JLH 1/8/2007 ~~------CHECKED BY:XLF-" I/(,';/ 07 ~~--=-~~ 
~,TCH SIZING UTILITY FOR TRIANGULAR AND TRAPEZOIDAL CONFIGURATIONS USING MANNING'S EQUATION: 

INPUT: 

PEAK FLOW= 
BOTTOM WIDTH = 
SIDE SLOPE 1 = 
SIDE SLOPE 2 = 
CHANNEL SLOPE= 
MANNING'S N = 

OUTPUT: 

DITCH K 

TRAPEZOIDAL DITCH 

\Atl=TTi=n Pl=R!METER = 

AREA OF FLOW = 
HYDRAULIC RADIUS, Rh= 

CALC. VELOCITY = 

FREEBOARD REQUIRED= 

TOTAL DEPTH = 

34.5 CFS 
12 FT 

2.00:1 
2.00:1 
0.0025 FT/FT 
0.033 FT'(116) 

17.02 FT 
15.98 SO.FT. 
0.94 FT 
2.16 FPS 

1.06 FT 

2.2 FT 

t 

,· ·-r,,.,,,,.,,,,,,,, .. , .... -......... 2.:~.·=····•····--··::"''''''''.,, , 
2D 20 

+--12.0 FT--->-

DEPTH OF FLOW = 1.12 FT 
MEAN DEPTH= 0.97 FT 
FROUDE NO.= 0.39 SUBCRITICAL 

(1 +0.025vd'1/3) 

(CHANNEL LINING: SOIL AND GRASS) 



R12801
SEDCAD 4 for \/Vindows 
r-.,-,nvrinhl 1aot=t D,:,mc,!::, I <::,-h,-r.:,h 

MACH MINING 

F1ter.ame: DI I CH L.sc4 

DITCH "L" 

JLH 

ALLIANCE CONSUL TING INC 
124 PHILPOTT LANE 
BEAV::R WV 25813 

Phone: 304-255-0491 

1 

P1 ir 1tE::ci OG-2C-2000 



R12802SEDCAD 4 for Vlfindows 

General Information 

Storm Information: 
Storm Type: NRCS Type II 

Design Storm: 100yr-6hr 

Rainfall Depth: 6.210 inches 

C 

Filename: DITCH L.sc4 Printed 05-26-2006 



R12803
SEDCAD 4 for \fiindows 

Type.· 
. Stru . (floWs. 

# intof. 

Null #1 ==> 

i='ilename: DITCH L.sc4 

Stru . 
#' 

,. 

End 

Musk. K' 
(hrs)" . 

0.000 

Fl 
~ 

Musk. X ~. D;scription . 

0.000 / DITCH L 

Printed 06-28-2006 



R12804SEDCAD 4 for Windows 
r,-,.n,mnht 1aOR P<>m<>b I <::;,-h,ar:ih 

#1 

:=-ile;;ame: DITCH L.sc4 

Structure Summary: 
lmmediate ... •, ; 
Contributing ·• . 

. Are"a 
,, ,· (ad ... ;, 

37.000 

(acj · 

37.000 

(cfsJ · • 
. . .· 

117.98 

Total ' 
· Runoff 
Volume 

(ac:ft) 
12.24 

4 



R12805SEDCAD 4 for Vvindows 
r"nvnnht 100A O::,mo.J::, I o:;::,..;,,.,::,h (8 

Structure Detail: 

Structure #1 (Null) 

DITCHL 

Filename. DITCH L.sc4 Pnmed 06-28-2006 



R12806SEDCAD 4 for V\findows 

Subi¥atershed Hydrology Detail: 

SWS Area 
Time of 

Musk K Curve 
Peak Runoff 

Stnu sws Cone Musk X UHS Discharge Volume 
# # (acj (hrs) Number 

(hrs) (cfs) (ac-ft) 

#1 1 37.000 0.371 0.000 0.000 BO.ODD M 117.98 12.245 

:E 37.000 117.98 12.245 

Subv,ratershed Time of Concentration Details: 
Stru sws. 

Land Flow Condition Siope (%) 
Vert. Dist. Horiz. Dist. Velocity 

Time (hrs) 
# ~ (ft) (ft) (fps) 

" 
#l l 

8, Loroe aul!ies; diversions; and !ow 1.00 5.20 520.00 3.000 0.048 
flowing streams 

8. Large gullies, diversions1 and low 
21.50 '13.00 · 200.00 13.910 0.003 

flowing streams 

8. Large gullies, diversions, and low 0.25 4.31 
flowing streams 

1,728.00 1.500 0.320 

#1 1 Time of Concentration: 0.371 

Fi1er.ame. DITCH L.sc4 Printed 06-28-2005 



R12807SEDCAD 4.0 

CULVERT NO. 5 

Culvert Inputs: 
. 

. . Mai.,. . . _ · Entrance • • Tailwater 

e-le_n_gth-(ft-'-)-'--S-lo_,P_e--'(
0

"-1/o i_· _· _M_a'-n-ni._ng'-'s_~_:'._H_.••...:..t~•~:~~-- • _(_ft_)._._·._·. _Lo-~'--K--';)-'e'-f •. -'I, 

Culvert Results: 

( 
\ 

SEDCAD Utility Run 

30.00 3.00 0.0240 5.00 0.00 U.YU 

Minimum pipe diameter required: 36 inches 

na r.::> ii ,::vi t::J,::,rf_n rm:::: n r,:::a ru rv,:::,~ :;.#'....-;..~,:~,._,= ., -- - -- ____ ,. ___ --·,., --

Design Discharge= 59.00 cfs y. 2. p,pes "'))7,CJ ic...C.s 

Maximum Headwater = 5.00 ft 

(BOLD indicates design pipe size) 

. -~ -,.::,.j_;:"-'/ :/; 
' •• ,<>- •• ' .• _- •• -- . --

: l Discharge-:~ Dischar963_:, ;;: Discharge· 7~ 

Headwater ,;;\ ~~~;_;~tC'C'ttt)i;'.1:}'t~:s~~;~-. · :. Jft) •. ~~ 
--~··.; · .. .-·_·. :.:; '• 

0.50 1.86 2.22 2.59 

1.00 5.24 6.28 7.33 

1.50 9.62 11.54 13.47 

2.00 14.81 17.77 20.73 

2.50 20.69 24.83 28.97 

3.00 26.85 32.64 38.08 

3.50 31.83 41.13 47.99 

4.00 36.21 47.70 58.63 

4.50 40.12 53.79 67.36 

5.00 43.68 59.27 75.38 

5.50 46.97 64.27 82.63 

6.00 S0.04 G8.S1 89.30 

6.50 52.94 73.27 95.50 

7..00 55.69 77.37 101.32 

7.50 58.30 81.27 106.82 

Printed 06-28-2006 



R12808

CALCULATED BY: ..:J:cL;_;H __ ----'6"'12=8cc/2=0'-=0-=-6-

CHECKED BY7""~~,0~~~il/L1-'l-~4~-/~2~~~/,_,~n~&~ 

DITCH SIZING UTILITY FOR TRIANGULAR AND TRAPEZOIDAL CONFIGURATIONS USING MANNING'S EQUATION: 

INPUT: 

PEAK FLOW= 
BOTTOM WIDTH = 
SIDE SLOPE 1 = 
SIDE SLOPE 2 = 
CHAN is EL SLOPE= 
MANNING'S N = 

OUTPUT: 

DITCH L 

TRAPEZOIDAL DITCH 

Vvc r I cD r-crdM:::. r cR = 
AREA OF FLOW = 
HYDRAULIC RADIUS, Rh= 
CALC. VELOCITY = 

FREEBOARD REQUIRED= 

TOTAL DEPTH= 

118.0 CFS 
12 FT 

2.00:1 
2.00:1 
0.33 FT/FT 

0.035 FTh(1/6) 

'14.56 
7.51 
0.52 

15.69 

FT 
SO.FT. 
FT 
FPS 

1.33 FT 

1.9 FT 

DEPTH OF FLOVv' = 
MEAN DEPTH= 
FROUDE NO.= 

(1+0.025vdh1/3) 

0.57 
0.53 
3.81 

FT 
FT 
SUPERCRITICAL 

(CHANNEL LINING: GROUTED RIPRAP) 



R12809
SEDCAD 4 for Vvindows 

MACH MINING 

Ftler;ame: D!TC:H M.s:::4 

DITCH "M 11 

JLH 

ALLIANCE CONSULTil~G INC 
124 PHILPOTT LN 

B::AV::R, VVV 2581.3 

Phone: 304 
Email: 255-0491 

?rin\ed 01-08-2007 



R12810SEDCAD 4 for \l\findows 

General Inforn1ation 

Storm Information: 
Storm Type: NRCS Type II 

Design Storm: 100yr-6hr 

Rainfall Depth: 6.210 inches 

C 

Filename: DITCH M.sc4 Printed 01-0C-2007 



R12811
SEDCAD 4 for Windows 

Type I 
Stru (Aows Stru Musk. K 

Musk. X I Description 
# into) # (hrs)· 
~ 

Null ! #1 ==> End 0.000 0.000 I DITCH M 

Filename· DITCH lv'!.sc4 Print;:id 01-08·2007 



R12812
SEDCAD 4 for \!Vindows 
f",-,nvnnht 100A .?nn? D:::o,.,,cil,:, I C:.r-h,.,::,h 

Structure Summary: 
Immediate Total Peak 

Total 

Contributing Contributing 
Disd1a•g~ 

Runoff 
Area Area Volume 

(ac) (ac) 
(cfs) (ac-~) 

#1 14.500 14.500 75.40 5.39 

Filu11c1n1£:. OlTCl I M.5C4 
Printed 01-06-2007 



R12813SEDCAD 4 for \IVindows 

Structure Detail: 

Structure #1 (Null) 

DITCHM 

Filename: DITCH M.sc4 



R12814
SEDCAD 4 for Vvindows 
(",..r,.,mnht 1aai:t _?nn? D<>mol,:, I C:,-h,u:,h 

Sub1,vatershed Hydrology Detail: 

SWS Area 
lime of Musk K Curve 

Peak Runoff 
Stru SWS Cone· Musk X UHS Discharge Volume 

# # (ac) (hrs) Number 
(hrs) (cfs) (ac-ft) 

#1 1 14.500 0.277 0.000 0.000 87.000 F 75.40 5.390 

I: 14.500 75.40 5.390 

Sub watershed Time of Concentration Details: 
Stru SWS Land Flow Condition Slope(%) 

Vert. Dist. Horiz. Dist. Velocity lime (hrs) 
# # (ft) (ft) (fps) 

#1 1 
8. Large gu!!ies, diversions: and low 10.00 
flowing streams 

40.00 400.00 9.480 0.011 

8. Large gullies, diversions, and low 0.50 10.17 
flowing streams 

2,035.00 2.120 0.266 

8. Large gullies, diversions, and low 33.33 20.00 
flowing streams 

60.00 17.320 0.000 

#1 1 Time of Concentration: 0.277 

C 

i-1lename: un ::.:H tv1.sc4 Prn1t~:J 01-08-2007 



R12815

CALCULATED BY: JLH 1/8/2007 
CHECKED BY:.f\c:...,;ccL.;,F ___ /.,.;/cc0;c;/ D=cc,'--

' 
rcH SIZING UTILITY FOR TRIANGULAR AND TRAPEZOIDAL CONFIGURATIONS USING MANNING'S EQUATION: 

INPUT: 

PEAK FLOW= 
BOTTOM WIDTH= 
SIDE SLOrE 1 = 
SIDE SLOPE 2 = 
CHANNEL SLOPE= 
MANNING'S N = 

OUTPUT: 

DITCH M 

TRAPEZOIDAL DITCH 

WETTED PERIMETER= 
AREA OF FLOW = 
HYDRAULIC RADIUS, Rh= 
CALC. VELOCITY = 

FREEBOARD REQUIRED= 

TOTAL DEPTH= 

75.4 CFS 
12 FT 

2.00:1 
2.00:1 
0.33 FT/FT 

0.0J5 FT'(1/G) 

13.96 FT 
5.65 SQ.FT. 
0.40 FT 
13.34 FPS 

1.25 FT 

1.7 FT 

DEPTH OF FLOW = 0.44 FT 
MEAN DEPTH = 0.41 FT 
FROUDE NO.= 3.67 SUPERCRITICAL 

(1 +0.025vd'1/3) 

(CHANNEL LINING: GROUTED RIP RAP) 



R12816SEDCAD 4 for \¥indows 

WILLIAMSON ENERGY, LLC 

l 
Filename: DITCH N.sc4 

POND CREEK MINE NO. 1 

WILLIAMSO/v COUNTY,, ILLittOIS 

DITCH "N" 

AND 

CULVER.TS 12 AND 15 

JLH 

ALUANCE CONSULTING INC 

124 PHILPOTT LN 

BEN/CR, VI/V 25813 

Phone: 304 
Email: 255-0491 

Printed 01-04-2007 



R12817
Si=DCAD 4 for Y\findows 
r,...nvnnhl 100R .?nn? D::,r'l"l.cil::, I C:::rh,.,::,h 

General Information 

Storm Information: 
Storm Type: NRCS Type II 

Design Storm: 10 yr - 24 hr 

Rainfall Depth: 5.210 inches 

Filename: DITCH N.sc4 Printed o·J-04-2007 



R12818SEDCAD 4 for \/Vindows 
r,u"mriht 100A. _?nn? D::,FTu:,I:, I e;..+,,..,:ok 

Structure l'./etworkiny: 
Type I 

Stru (fiows Stru Musk. K 
Musk. X Description # into) # (hrs) 

-· 
Null I Ill ==> End 0.000 0.000 DITCH N 

:nename: DlTCH hJ.sc4 
Printed Oi <)4-2007 



R12819SEDCAD 4 for Windows 
r,..,,,,,,;,,ht 1 aa~ _ ?nn? D::om,:,b I c:,..h,.,::,h 

Structure Summary: 
Immediate . Tota·1 

Peak 
Total 

Contributing Contributing 
~jcrh3rgo 

Runoff 
Area Area Volume 

(ac) . (ac) 
(cfs) (ac ft) 

#1 75.500 75.500 84.55 14.49 

C 

Filename: DITCH N.sc4 Printed 01-04-2007 



R12820SEDC.A.D 4 for \IVindows 
5 

Structure Detail: 

Structure #1 (Null) 

DITCHN 

C 

Filer.ame: DITCH N.sc4 Printed 0 1-04-2007 



R12821SEDCAD 4 for Vvindows 
f'.nn,mnht 1COA. _?nO? D,:,mol::. I C::,-h,•t:>h 

6 

Sub1111atershed Hydrology Detail: 

SWS Area 
Time of Musk K Curve ; Peak Runoff 

Stru sws Cone MuskX UHS Disch_arge Volume 
# # (ac) (hrs) Nl.lmber 

(hrs) (cfs) , (ac-ft) 

#I I 75.500 0.854 0.000 0.000 78.000 M 84.55 14.486 

I: 75.500 84.55 14.486 

Subl/;ratershed Ti me of Concentration Details: 
Stru sws Land Flow Condition Slope (%1 

Vert. Dist. Horiz. Dist. Velocity nme (hrs) 
# # , (ft) (ft) (fps) 

#I 1 
8. Large gullies, diversions, and low 0.27 5.00 i,867.06 1.550 0.334 
flowing streams 

8. Large gullies, diversions, and low 2.32 12.00 518.00 4.560 0.031 
fiowing streams 

8. Large gullies, diversions, and low 0.25 5.70 2,286.00 1.490 0.426 
flowing streams 

8. Large gullles, diversions, and low 1.00 2.42 243.00 2.990 0.022 
. flowing streams 

B. Large gullies, diversions, and !ow 1.50 8.17 
flowing streams 

545.00 3,670 0.041 

I #1 1 Time of Concentrz:tion: 0.854 

Filename. [dTGH N.sc4 Printed 01-04-2007 



R12822

CALCULATED BY: JLH 11412007 ~ c· CHECKED BY: r,l? I/ 'f I fY7 

,, . ~, fCH SIZING UTILITY FOR TRIANGULAR AND TRAPEZOIDAL CONFIGURATIONS USING MANNING'S EQUATION: 

INPUT: 

PEAK FLOW= 
BOTTOM WIDTH = 
SIDE SLOPE 1 = 
SIDE SLOPE 2 = 
CHANNEL SLOPE = 
MANNING'S N = 

OUTPUT: 

DITCH N 

TRAPEZOIDAL DITCH 

VVt-. i I c:.U r-'cR.uv1c i t:.I"\ = 
AREA OF FLOW= 
HYDRAULIC RADIUS, Rh= 

CALC. VELOCITY = 

FREEBOARD REQUIRED= 

TOTAL DEPTH = 

C 

84.6 
12 

2.00:1 
2.00:1 
0.015 
0.033 

i7.02 
15.98 
0.94 
5.29 

CFS 
FT 

FT/FT 
FT'(116) 

FT 
SQ.FT. 
FT 
FPS 

1.14 FT 

2.3 FT 

+--12.0 FT---i> 

DEPTH OF FLOVV = 1.12 FT 
MEAN'DEPTH= 0.97 FT 

FROUDE NO.= 0.95 SUBCRITICAL 

(1 +0.025vd'1 /3) 

(CHANNEL LINING: SOIL LINED) 



R12823SEDCAD 4.0 
(',....,-..,rinhl 1aa/:L?nn? D:a,...,ol::,, l (;,-h,.,,:,h 

Culvert Inputs: 

Length (ft) 

GD.DD 

Culvert Results: 

CULVERTS 12 AND 15 

Slope(%) Manning.1s n 
Max. 

Headwater· 
(ft) 

Tai!water 
(ft) 

3.00 0.0240 4.70 0.00 

Entrance 
Loss Coef. 

(Ke) 

0.90 

Minimum pipe diameter: 1 - 48 inch pipe(s) required 

( 

S::DCAD U1il1ty Run 

Detaf led Petforlnal1cc Cut··v=s 

Design Discharge = 84.55 cfs 

Maximum Headwater= 4.70 ~ 

(BOLD indicates design pipe size) 

Headwater 
Discharge .. Discharge . Discharge- -

(cfs) ·-, ·_-.·, (cfs) . · (cfs) · 
(ft) C .. -. · . 

( 45 in) . -· ( 48 in) ( 54 in) 

0.47 2.53 2.70 3.04 

0.94 7.16 7.63 8.S9 

1.41 13.15 14.03 15.78 

1.88 20.24 21.59 24.29 

2.35 28.29 30.17 33.95 

2.82 37.19 39.67 4'1.62 

3.29 46.86 49.98 56.23 

3.76 57.25 61.05 68.70 

4.23 68.31 72.86 81.97 

4.70 77.71 85.07 96.01 

5.17 86.36 94.61 110.76 

5.64 94.22 103.87 122.59 

6.11 101.47 112.37 134.05 

6.58 108.24 120.26 14'1.62 

7.05 I 114.61 127.67 154.46 

Printed O 1-04-2007 



R12824SEDCAD 4 for VV'indows 
(",-,n,mnhl 100A D::,.-r,t>I::> I C::,+,..,,,r, 

MACH MINING 

Fi!enB.rr.e· CULV:'.:RT 4.sc4 

CULVERT/VO. 4 

JLH 

ALLiANCE CONSUL TING INC 
124 PHILPOTT U\NE 
BEAVER WV 25813 

Phone: 304-255-0491 

1 

Printed 06-28-2006 



R12825SEDCAD 4 for Vvindows 
r.,-,n"ri,,hl 1 OCR P<>m<>I<> I C:::rhu,:,h 

2 

General Information 

Storm Information: 
Storm Type: NRCS Type II 

Design Storm: 100 yr - 6 hr 

Rainfall Depth: 6.210 inches 

Filename. CULVCRT 4.sc4 Printed 05-28-2006 



R12826SEDCAD 4 for Windows 

Structure tveti-vorkf ;;g: 
Type I 

Stru (flows· Stru 

I 
Musk. K 

Musk. X ·1 Description ... 
# into) # (hrs) 

Null I #1 :::=> End I 0.000 0.000 I CULVERT NO. 4 

C 

Fiiename· CUL \IC.RT 4.sc4 Printed 06-28-2006 



R12827SEDCAD 4 for Windows 

#1 

( 

Filename· CULVC.RT .:'i.sc4 

Structure Summary: 
Immediate 

Contributing 
Area 

(ac) 

5.300 

Total , : : ~ Peak· 
Contributing 

Area· Discharg~ 

(ac) (cfs) 

5.300 33.09 

Total 
Runoff 
Volume 

(ac-ft) 

2.08 

Printed 06-28-2006 



R12828SEDCAD 4 for Windows 
rn,"mnht 100A D,:am<>I<> I <::.,-h«1'lh 

Structure #1 (Null) 

CUL VERT NO. 4 

Fiien2me: CULVERT 4.sc4 

Structure Detail: 



R12829SEDCAD 4 for Windows 

Subi¥atershed Hydrology Detail: 

SWS Area 
T1me of 

Musk K Curve 
Peak Runoff 

Stru svvs Cone MuskX UHS Discha;ge , Volume 
# # (ac) (hrs) Number (hrs) . (cfs) (ac-ft) 

111 1 5.300 0.084 0.000 0.000 87.000 F 33.09 2.084 

I: 5.300 33.09 2.084 

Stru sws -
Vert. Dist. Horiz. Dist. Velocity 

# # 
Land Flow Condition Slope(%) 

(ft) (ft) (fps) 
Time (hrs) 

#1 1 
8. Large gullies, diversions, and iow 

31.62 43.00 136.00 16.860 0.002 flowing streams 

8. Large gullies, diversions, and low 
1.00 8.89 890.00 3.000 0.082 flowing streams 

#1 l Time of Concentration: 0.084 

Fi!sr,ame: CULVERT ~.sc4 Primed 06-28~2006 



R12830SEDCAD 4.0 

Culvert Inputs: 

Length (ft) 

30.00 

Culvert Results: 

CULVERT NO. 4 

Slope (%) · Manning 1s n 

3.00 0.0240 

Max. 
Headwater 

(ft) 

5.00 

Tailwater 
(ft) 

0.00 

Minimum pipe diameter required: 30 inches 

( 

SEDCAD Utility Run 

Design Discharge = 33.09 cfs 

Maximum Headwater= 5.00 ft 

(BOLD indicates design pipe size) 

. Discharge Discharge Discharge . 
Headwater, (cfs) .- {cfs) (cfs) 

(ft) .. 
. ( 24 in) { 301n)'' ( 36 in) 

0.50 1.49 1.86 2.22 

1.00 4.19 5.24 6.28 

1.50 7.69 9.62 11.54 

2.00 11.85 14.81 17.77 

2.50 16.11 20.69 24.83 

3.00 19.52 26.85 32.64 

3.50 22.43 31.S3 41.13 

4.00 25.01 36.21 47.70 

4.50 27.23 40.12 53.79 

5.00 29.01 ~3.68 59.27 

5.50 30.67 46.97 64.27 

6.00 32.26 50.04 68.91 

6.50 33.78 52.94 73.27 

7.00 35.24 55.69 77.37 

7.50 36.63 58.30 81.27 

Entrance 
Loss Coef. 

(Ke) 

0.90 



R12831SEDCAD 4 for \,Vindows 

MACH MINifiG 

( 

Filename: CULV:::RT 5.sc4 

CUL VERT /rO. S 

JLH 

ALLIANCE CONSUL TING INC 
124 PHILPOTT lAl~E 
BE/I.VER vrv 2.5813 

Phone: 304-2:5-0491 

?rinted 06-26~2006 



R12832SEDCAD 4 for Windows 

General Inforn;ation 

Storm Information: 
Storm Type: NRCS Type II 

Design Storm: 100 yr· 6 hr 

Rainfall Depth: 6.210 inches 

Fiiename: CULVERT 5.s:4 



R12833SEDCAD 4 for Windows 

•- i Structure tierworking: 
Type 

Stru (flows Stru Musk. K Musk. X Description • into) • (hrs) • • 
Null 111 ==-> End 0.000 0.000 CULVERT NO. 5 

C 

Filename.: CUL\/ERT 5.sc4 Printed 05-28-2006 



R12834SEDCAD 4 for Windov.-s 
rnr>"r,,,ht 1 OCR t:>,.,..,....,,1,:, I C::.rh,,.,::,h 

Structure Summary: 
Immediate Total Peak 

Total 

Contributing Contributlng 
Discharge 

Runoff 

Area Area Volume 

(ac) . (ac) 
(cfs) (ac-ft) 

#1 2.800 2.800 17.48 1.10 

C 

:=i!enarne CUL'✓::RT 5.sc:4 
Printed 06-28-2006 



R12835SEDCAD 4 for Windovts 
("',-,n..,rinht 100A. D::.....,cl:i I C::rhu1::.h 

Structure #1 (Null) 

CUL VERT NO. 5 

i=iler,ame. CULV:=:RT 5 sc4 

Structure Detail: 



R12836SEDCAD 4 for \ti/indows 
rnn\/ror,hi 1 00&:l D:,mola. I C::rh"1ol-i 

Sub watershed Hydrology Detail: 

SWS Area Time of 
Musk K Curve Peak Runoff 

Stru sws . Cone Musk X . ;-, .. UHS Discharge Volume '# # (ac)· · . ., 
(hrs)' - - Nu'mber. [hrs)' ... .. (cfs). (ac-ft) 

#1 1 2.800 0.071 0.000 0.000 87.000 F 17.48 1.101 

:s 2.800 17.48 l.lOl 

Subwatershed Tifne of Concentration Details: 
Stru 

. sws Vert. Dist. Horiz. Dist.• Velocity. 
# # 

Land Flow Condition Slope{%) 
(ft) (ft) (fps) 

Time (hrs) 

8. Large gullies, diveisions, and low 
. 

#1 1 
flowing streams 31.62 43.00 136.00 16.860 0.002 

8. Large gullies, diversions1 and low 
1.00 7.50 750.00 3.000 0.069 flowing streams 

#1 1 Time of Concentration: 0.071, 

r"iiEH1ame: CUL'v't=~T 5.sc4 Printed 06·28-2006 



R12837SEDCAD 4.0 

CULVERT NO. 5 

Culvert Inputs: 

Max. 
Length (ft) Slope (%) · Manning's n Headwater 

Tailwater 
(ft) 

Culvert Results: 

( 

SEDC,.D..D Utility Run 

(ft) . 

30.00 3.00 0.0240 5.00 0.00 

Minimum pipe diameter required: 21 inches 

Detaiied Performance Curves 

Design Discharge = 17.48 cfs 

Maximum Headwater = 5.00 ft 

(BOLD indicates design pipe size) 

Discharge - - Discharge Discharge 
Headwater (cfs) (cfs) (cfs) 

(ft) . 
( 18 in) ( 21 in) ( 24 in) 

0.50 1.12 1.30 1.49 

1.00 3.14 3.66 4.19 

1.50 5.77 6.73 7.69 

2.00 8.43 10.S3 11.85 

2.50 10.45 l~.:i2. 16.11 

3.00 11.83 15.78 19.52 

3.50 12.91 17.78 22.43 

4.00 13.91 19.28 25.01 

4.50 14.83 20.64 27.23 

5.00 15.71 21.92 29.01 

5.50 16.54 23.13 30.67 

6.00 17.33 24.28 32.26 

6.50 18.08 25.38 33.78 

7.00 18.80 2.6.li3 35.24 

7.50 19.50 27.44 36.63 

Entrance 
Loss Coef. 

(Ke) · 

0.90 

Printed 0S-24-2006 



R12838SEDCAD 4 for Windows 

MACH MINING 

Fiiename: CULVERT 7 .sc4 

CUL VERT NO. 7 

JLH 

ALLIANCE CONSUL TING INC 
124 PHILPOTT LN 

BEAVER, WV 25813 

Phone: 304 
Email: 255-0491 

Printed 01-06-2007 



R12839SEDCAD 4 for V\findows 
rn,...11nnht 1CCR .?nn? D:imob I C:.,-h,.,::,h 

General Information 

Storm Infora1ation: 
Storm Type: NRCS Type II 

Design Storm: 100yr-6hr 

Rainfall Depth: 6.210 inches 

Filename· CULVERT 7 .sc4 Printed 01-02,-2007 



R12840SEDCAD 4 for Windows 

Structure t./etiliiorking: 

Type I 
Stru (flows • Stru Musk. K Musk. X Description 

# into) ~ (hrs) ~ 

Null I #1 ==> End 0.000 0.000 CULVERT NO. 7 

Filename CULVt:RT 7.sc4 Printed □ 1·08·2007 



R12841SEDCAD 4 for Windows 
rn ... urinht 10CR _ ?fin? D:,mob 1 t;;:,-hu,:,h 

ti( Structure Summary: 

Imme.di ate Total Peak 
Total 

Contributing Contributing Discharge 
Runoff 

Area Area Volume 

(ac) - (ac) 
(els) (ac-ft) 

#1 3.600 3.600 22.48 1.41 

Filer,arne: CULVt:.RT 7.sc4 
Printed D1-08-20G7 



R12842SEDCAD 4 for Vvindows 

Structure Datail: 

Structure # 1 (Null) 

CUL VERT NO. 7 

Fi1er,ame. CULVERT 7.sc4 



R12843SEDCAD 4 for VV'indows 

t 

Subwatershed Hydrology Detail: 

SWS Area 
Time of Musk K Curve 

Peak Runoff 

Stru sws Cone Musk X UHS Discharge Volume 

# # (ac) (hrs) Number 
(hrs) 

(cfs) (ac-ft) . 

#1 1 3,600 0.015 0.000 0.000 87,000 F 22.48 1.411 

L 3.600 
22.48 1.411 

Subv.ratershed Time of Concentration Details: 

Stru sws Land Flow Condition Slope(%) 
Vert, Dist. Horiz. Dist: Velocity Time (hrs) 

• # 
(ft) . (ft) (fps) 

w 

#1 1 
8. Large gullies, diversions, and low 10.00 52.10 521.00 9.480 0.015 

flowing streams 

#1 l Time of Concentration: 
0.015 

r"ilsname: CULVEr\T 7 .s:.4 
Printed 01-08-2007 



R12844SEDCAD 4.0 
r,.,,.,,,cinhl 10CR-?fln? Deimcb I c;,.,r,,.,,,h 

Culvert Inputs: 

Length (ft) 

30.00 

Culvert Results: 

CULVERT NO. 7 

Max. 
Slope(%) Manning's n Headwater 

(ft) 

3.00 0.0240 5.00 

Tailwater 
(ft) 

0.00 

Entrance 
Loss Coef. 

(Ke) 

0.90 

Minimum pipe diameter: 1 - 24 inch pipe(s) required 

C 

SC.DC,A,D Utiiity Run 

Design Discharge = 22.48 ds 

Maximum Headwater= 5.00 ft 

(BOLD indicates design pipe size) 

Headwater 
Discharge Discharge Discharge 

(cfs) (cfs) (cfs) 
(ft) 

( 21 in) ( 24 in) ( 30 in) 

0.50 1.30 1.49 1.86 

1.00 3.66 4.19 5.24 

1.50 6.73 7.69 9.62 

2.00 10.33 ll.85 14.81 

2.50 13.32 16.11 20.69 

3.00 15.78 19.52 26.85 

3.50 17.78 22.43 31.83 

4.00 19.28 25.01 36.21 

4.50 20.64 27.23 40,12 

5.00 21.92 29.01 43.68 

5.50 23.13 30.67 46,97 

6.00 I 24.28 32.26 50.04 

6.50 25.38 33.78 52.94 

7.00 I 26.43 25.24 55.69 

7.50 I 27.44 36.€3 58.30 

Printed 0 1-08-2007 



R12845SEDCAD 4 for \fl/indows 
r'.nn,n-inht 100P t>:,mol:, I C::rh,.,:>h 

MACH MINING 

( 

Fr!er,ame: CULV:=r,T 8.sc4 

CUL VERT NO. 8 

JLH 

ALUANCE CONSULTING INC 
124 PHILPOTT LANE 

Phone: 304-255-0491 

Printed 05-28-2DD6 



R12846SEDCAiJ 4 for VVindows 
r.nr>"rinht 1 OOR D:::mc.l:> I C:::rhue:ah 

General Information 

Storm Information: 
Storm Type: NRCS Type II 

Design Storm: 100 yr-6 hr 

Rainfall Depth: 6.210 inches 

C 

Filename· CULV:::RT 8.sc4 Primed 06-28-2006 



R12847SEDCAD 4 for \IV'indows 
r r,.n,trinht 1 OOA p,,....,,.,.1,,. l c::,,.n,.,::,h 

Structure Neh¥orking: 
Type 

Stru -- (flows Stru -1 Musk. K 
#· into)· # (hrs) 

Null #1 --> End I 0.000 0.000 J CULVERT NO. 8 

Filename· CULV:::RT 8.sc4 Printed 06-28-2006 



R12848SEDCAD 4 for V\findows 
rnn..,nnhl 100i:t 0,::imob I <:::,-h,.,:,h 

Structure Summary: 
Immediate Total Peak Total 

Contributing Contributing 
Discharge Runoff 

Area · Area Volume· 

(ac) (ac) (cfs) (ac-ft) 

#1 1.200 1.200 7.49 0.47 

i=i!ename· CULVERT 8.sc4 Printed 0G-n-2005 



R12849SEDCAD 4 for VVindows 
i'nn,lnnhl 1CQR D::omal:, 1 C::,-r,,.,,,h 

Structure Detail: 

Structure #1 (Null) 

CUL VERT NO. 8 

r"ilename: CULV:'.:RT 8.sc4 Printed 0S-28-2006 



R12850SEDCAD 4 for \!Vindows 

Sub11Vatershed Hydrology Detail: 

SWS Area Time of Musk K Curve · Peak Runoff 
Stru sws Cone Musk X UHS Discharge Volume 
#· # (ac) . 

(hrs) 
(hrs) Number (cfs) (ac-ft) . 

#1 1 1.200 0.053 0.000 0.000 87.000 F 7.49 0.472 

E 1.200 7.49 0.472 

Subirvatershed Time of Concentration Details: 
Stru sws -Land Flow Condition Slope(%) 

Vert. Dist. Horiz. Dist. -· Velocity Time (hrs) 
#· # (ft) (ft) (fps) 

#1 1 
8. Large gullies, diversions, and low 

0.50 2.05 410.00 2.120 0.053 
flowing streams 

#l l Time of Concentration: 0.053 

C 

Filename. CULV=RT e.s:"4 Printed 05-28-2005 



R12851SEDCAD 4.0 

CULVERT NO. 8 

Culvert Inputs: 

Max. 
Length (ft) . Slope(%) Manning's n Headwater Tailwater 

(ft) . 

Culvert Results: 

C 

s::DCAD Utility Run 

(ft) 

30.00 3.00 0.0240 5.00 0.00 

Minimum pipe diameter required: 15 inches 

Detaiied Perforn1ance Cu,-ves 
Design Discharge = 7.49 cfs 

Maximum Headwater= 5.00 It 

(BOLD indicates design pipe size) 
.. ·-' "·' Discharge'. ·;'· Discharge Disch·arge 
Headwater (cfs) (:'5ti (cfs) 

(ft) 
( 12 in} .. 

( !5 in) · · (18 i~) . 

0.50 0.74 0.94 1.12 

1.00 2.10 2.62 3.14 

1.50 3.37 4.78 5.77 

2.00 3.99 6.36 8.43 

2.50 4.45 7.28 10.45 

3.00 4.87 8.02 11.83 

3.50 5.25 8.70 12.91 

4.00 5.61 9.32 13.91 

4.50 - o-::> • ..,:, 9.90 14.83 

5.00 6.27 10.46 15.71 

5.50 6.57 10.99 16.54 

6.00 6.86 ll.49 17.33 

6.50 7.14 11.98 18.08 

7.00 7.40 12.44 18.80 

7.50 I 7.67 12.89 19.50 

Entrance 
Loss Coef. 

(Ke) 

0.90 

Printed 05-24-2006 



R12852SEDCAD 4 for Vv'indows 
rr,.nw-inht 1aOA 0::,.mcb I <:::.,-h,.n,h 

Fv1ACH tJIINir,IG 

( 

Filename: CULV:::RT 9.sc4 

CUL VERT NO. 9 

JLH 

ALLJANCE CONSUL TING INC 
124 PHILPOTT LP.NE 
B=AVER VVV 25813 

Phone: 304-255-0491 

Printed 06-28-2006 



R12853SEDCAD 4 for Windows 

General Information 

Storm Information: 
Storm Type: NRCS Type !I 

Design Storm; 100 yr - 6 hr 

Rainfall Depth: 6.210 inches 

Filename. CULV=RT 9.sc.4 Printed 06-28-2006 



R12854SEDCAD 4 for Vlfindows 

Structure Networking: 
Type Stru (fiows , Stru I Musk, K 

Musk. ,x I Des;iptian ~ into) . # (hrs) ~ 

Null #1 ==> End I 0.000 0.000 I CJLVERT NO. 9 

r"ilename. CUL\/=RT 9.sc4 Printed 05-28<'!006 



R12855SEDCAD 4 for Vvindows 
rnn"nnht 100::I O,:,mot:> I ~,..h,01,:,h 4 

Structure Summary: 
Immediate Total Peak 

Total 

Contributing Contributing 
Discharge 

Runoff-
Area· Area Volume 

(ac) (ac) 
(cfs) 

(ac-Ft) 

#1 16.200 16.200 84.24 6.37 

r"iiename: CULVERT 9.sc:4 Printed 05-28-2005 



R12856

SEDCAD 4 for VVindows 
r.nnvnnht 100A P:,m<>I::> I C:::,,-h,.,,,h 

Structure #1 (Null) 

CULVERT NO. 9 

Fiiename: CULV:=:RT 9.sc4 

Structure Detail: 

Printed 06-W-2005 



R12857

SEDCAD 4 for \!Vindows 
rnn,rrinhl 10CR D::imol:, I c:;,..l,iu,:,h 

6 

Sub1/jl-atershed Hydrology Detail: 

SWS Area 
1ime of Musk K Curve 

Peak Runoff 
Stru S\".1S Cone Musk X UHS Discharge Volume 

# # (ac) (hrs) 
(hrs) Number (cfs) (ac-ft) 

#1 1 16.200 0.277 0.000 0.000 87.000 F 84.24 6.370 

:E 16.200 84.24 6.370 

Sub~vatershed Time of Concentration Details: 
Stru sws Land Flow Condition Slope(%) 

Vert. Dist. Horiz. Dist. Velocity 1ime (hrs) 
# # (ft) (ft) (fps) 

#1 1 
8. Large gullies, diversions, and low 10.00 
flowing streams 

40.00 400.00 9.480 0.011 

8. Large gullies, diversions, and low 
flowing streams 

33.33 20.00 60.00 17.320 0.000 

8. Large gullies, diversions, and low 0.50 10.17 2,035.00 2.120 0.255 
flowing streams 

#1 l Time of Concentration: 0.277 

Filename· CULV!::RT 9,sc4 Primed 06-28-2006 



R12858

SEDCAD 4.0 
rnn,mnhl 100A P::amal::, I C:::r-h,..,<>h 

CULVERT NO. 9 

r, iiHo.rt Tnn1 rh:::• ........ , ........ , ·••y----• 

Max. 
Length (ft). Slope(%) Manning's n Headwater 

Tailwater 
(ft) 

Entrance 
Loss Coef. 

(Ke) 

Culvert Results: 

s:=:DCAD Utility ?-un 

(ft) 

30.00 3.00 0.0240 5.00 0.00 0.90 

Minimum pipe diameter required: 30 inches 

Detailed Performance Curves '-t ?-' 
P

p< ~i''-f,7, '
Design Discharge= 42.12 cfs 'I- 'Z-P 1 

v;:; 

M~vim11m f-lc~rl1•1ator = 5 00 ft I ._.,-.,11 ,._., I ,....,,....,_. 'I; ._..... o 

(BOLD indicates design pipe size) 

Headwater 
Discharge Discharge Discharge 

(cfs) (cfs) (cfsj 
(ft) 

( 24 in) ( 30 in) ( 36 in) 

0.50 U9 1.86 2.22 

1.00 4.19 5.24 6.28 

1.50 7.69 S.62 11.54 

2.00 11.85 14.81 17.77 

2.50 16.11 20.69 .., ~ ,..., 
L"'l,O.'.l 

3.00 19.52 26.BS 32.64 

3.50 22.43 31.63 41.13 

4.00 25.01 36.21 47.70 

4.50 27.23 40.12 53.79 

5.00 29.01 43.68 59.27 

5.50 30.67 46.97 64.27 

6.00 32.26 50.04 68.91 

6.50 33.78 52.94 73.27 

7.00 35.24 5'5.69 77.37 

7.50 36.63 58.30 81.27 

Printed 05<24-2005 



R12859

SEDCAD 4 for Windows 
r,-,nvrinht 100$1 D,::,mcl,:, I <:::,-.hv.~h 

MACH MINING 

L 

Filename CUL 'JE:.RT 1 0.s,:;4 

CUlVERTNO.10 

JLH 

ALLIANCE CONSULTING INC 
124 PHILPOTT LANE 
B!:AV::R. V.JV 25813 

Phone: 304-255-0491 



R12860

SEDCAD 4 for Windows 
(',-.n,mrihl 10CIR P::.rnol::, I ~,-h,.r::.h 

General Information 

Storm Information: 
Storm Type: NRCS Type I! 

Design Storm: 100yr-6hr 

Rainfall Depth: 6.210 inches 

l 
i=i!ename· CULV:::RT 1 0.sc4 Printed 05-2.1..-2006 



R12861

SEDCAD 4 for Vvindows 
r,-,,..,,r,..,ht 1 aaR D,:,m.,_1,:, I C::rh,.v:oh 

Structure Neh¥orking: 
Type· I Stru (flows.•. 

Strn ··I Musk. K M~~k_-x I D~c~ptio~; # into) . # . (nrs)": 

Null I #1 ::::::> End I 0.000 0.000 j CULVERT NO. 10 

C 

Filer.ams: CULVt:RT 1 0.s::4 Printed 05-24-2006 



R12862

Si::DCAD 4 for Vvindows 
r,-.n,trinht 100A P::>mcl<> I C::rh .. 1:,h 

Structure Summary: 

I 

#1 1.500 1.500 9.37 0.59 

Filename: CULVERT 1 O.sc4 P1inted 05-24-2005 



R12863

SEDCAD 4 for Windows 
r,...,.,,,,.;,,ht 100R D,:,m,:,.I:, l C::Crhw:>h 

Structure # 1 (Null) 

CULVERT NO. 10 

r"ilename: CULVERT 1 0.sc4 

Structure Detail: 

Printed 05-24-2006 



R12864

SEDCAD 4 for Windows 

Sub1¥atershed Hydrology Detail: 
-- .. . ' ... . . .. . ' e .. -- ' . .. Peak Runoff · 

SWS Area 
Time of Musk K. .. curve Stru sws Cone Mt.!sk X. UHS Discharge Volume 

# # (ac) 
, 

(hrs) ... NlJrTlber.-· 
,. 

~ ·- ·.· . -
(hrs) '. ., .. '' (cfs) (ac-ft) . . 

#1 ·1 1.S00 0.087 0.000 0.000 87.000 F 9.37 0.590 

~ 1.500 9.37 0.590 

Subwatershed Time of Concentration Details: 
Stru · 

# 

#1 

#1 

1 
8. Large gullies, diveisions, and iov~ 
flowing streams 

1 Time of Concentration: 

Fi1ename: CUL'v'i::RT 1 0.sc4 

0.50 

Velocity :·.' 
(fps): .llme (hrs) 

3.35 670.00 2.120 0.087 

0.087 

Printed 05-24-2006 

/ 



R12865

SEDCAD 4.0 
i':nnurinht 100A D,:,mclo I ~,-h,.,,::,h 

CULVERT NO. 10 

Culvert Inputs: 

Max: " 
Length (ft). .. . Slope (%) , Manning's n :- "Headwater · 

(ft) 

Tailwater · 
(ft) . 

. " 

Culvert Results: 

SEDCAD Utility Run 

30.00 3.00 0,0240 5.00 0.00 

Minimum pipe diameter required: 15 inches 

Design Discharge = 9.37 cfs 

Maximum Headwater = 5.00 h 

(BOLD indicates design pipe size) 

' .. >· -:: ._;~ -~-- : '.~>- ~1scharg_e~'.::t, D'zscnar~,eL\ ➔ .?isCh~r~_e·-· 
Headwater -

,\:· r,~;~f t~f:_;t~~~~f,&-\l\lt~j-::: ·· ,,i''t (ft));' . ~.-, " 

0.50 0.74 0.94 1.12 

1.00 2,10 2.62 3.14 

1.50 3.37 4.78 5.77 

2.00 3.99 6.36 8.43 

2.50 4.45 7.28 10.45 

3.00 4.87 8.02 11.83 

3.50 5.25 8.70 12.91 

4.00 5.61 9.32 13.91 

4.50 5.95 9.90 14.83 

5.00 6.27 10.46 15.71 

5.50 6.57 10.99 16.54 

6.00 6.86 11.49 17.33 

6.50 7.14 ll.S8 18.08 

7.00 7.40 12.44 18.80 

7.50 7.67 12.89 19.50 

Entrance· 
Loss Coef. · 

(Ke). 

0,90 



R12866

SEDCAD 4.0 

CULVERT 11 

Culvert Inputs: 

Length· (ft) Slope (%) Manning 1s n· , 
Max., 

Headwater·, 
(ft) 

Tailwater 
(ft) 

Entrance 
Loss Coef. 
. (Ke) 

Culvert Results: 

SEDCAO Utility Run 

170.00 1.00 0.0240 5.20 0.00 

Minimum pipe diameter: 1 - 48 inch pipe(s) required 

Detaf led Perforrnance Cut"•✓es 

Design Discharge = 86.22 cfs 1 
Maximum Headwater = 5.20 ft 

(BOLD indicates design pipe size) 
. 

.Discha~ge_ .. Discharge ··.; Discharge . 
Headwater (cfs) · 

. . 
(cfs) ·c-- . .. 

,. (cfs) 
{ft) 

( 45 in) { 48 inr ( 54 in) 

0.52 18.97 21.43 26.54 

1.04 22.68 25.78 32.32 

1.56 26.02 29.69 37.54 

2.08 29.06 33.27 42.33 

2.50 31.90 36.60 46.76 

3.12 37.00 39.70 50.91 

3.64 48.36 50.77 55.47 

4.16 60.05 63.64 69.72 

4.68 70.71 76A4 85.18 

5.20 76.26 86.49 100.75 

5.72 81.42 92.69 116.12 

6.24 86.28 98.50 124.23 

6.76 90.88 103.99 131.B5 

7.28 95.25 109.20 139.05 

7.80 99.44 114.::..8 145.87 

0.90 

1 

Printed 0 1-04-2007 
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SEDCAD 4.0 

CULVERTS 13 AND 14 

Culvert Inputs: 
. 

Max. 
Length (ft) Slope(%) Manning1s n Headwater 

Tailwater Entrance 

(fl)
. · · Loss Coef. 

Culvert Results: 

SEDCAD Utility Run 

.. 
. . 

(ft) ~- (Ke) . 

30.00 3.00 0.0240 S.00 0.00 0.90 

Minimum pipe diameter: 1 - 21 inch pipe(s) required 

netai!ed Performance Cu!".res 

Design Discharge= 19.10 ds ::ft. 

Maximum Headwater= 5.00 ft 

(BOLD indicates design pipe size) 

Discharge Discharge:- - Discharge 
Headwater (cfs) . (cfs) . (cfs) 

(ft) 
( iB in). '", ;( 21·in): · ( 24 in') 

o.so 1.12 1.30 1.49 

1.00 . 3.14 3.66 4.19 

1.50 5.77 6.73 7.69 

2.00 8.43 10.33 11.85 

2.50 10.45 13.32 16.11 

3.00 11.83 15.78 19.52 

3.50 12.91 17.78 22.43 

4.00 13.91 19.28 25.01 

4.50 14.83 20.64 27.23 

5.00 15.71 21.92 29.01 

5.50 16.54 2.3.13 30.67 

6.00 17.33 24.28 32.26 

6.50 18.08 25.38 33.78 

7.00 I 18.80 26.43 35.24 

7.50 I 19.50 27.44 36.63 

-
~-- \ l)\~J 

1 

Printed 01-04-2007 
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SEDCAD 4 for Vvindows 

MACH MINING 

Filename: ROAD GUTTER.sc4 

ROAD GUTTER 

JLH 

ALL1.4NCE CONSUL TING INC 
124 PHILPOTT L.A.Nc 
6EA\fi:R WV 25Si3 

Phone: 304-255-0491 

Printed 05-25-2006 
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SEDCAD 4 for \/Vindows 

General Information 

Storm Information: 
Storm Type: NRCSType II 

Design Storm: 100yr-6hr 

Rainfall Depth: 6.210 inches 

( 

Filename: ROAD GUTTER.sc4 Printed 05-25-2006 
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SEDCAD 4 for \Nindows 

:{c 
I< 

Type 
Stru · 

#··· 

Structure Netv.1orking: 

Null I #1 ==> End I 0.000 0.000 I ROAD GUTTER 

Filename: ROAD GUTT:::.R.sc4 Printed 05-25-2006 
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SEDCAD 4 for \l\findows 
,',-,.nunnhl 1 OOA O,,,mo.l,:,. I C::.r-hu.r.:,h 

4 

Structure Summary: 

#1 0.900 0.900 5.62 0.35 

( 

Filer.ams: ROAD GUTTER.sc4 Printed 05-25-2006 
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S EDCAD 4 for Vvindows 

Structure Detail: 
Structure #1 (Null) 

ROAD GUTTER 

Filename. ROAD GUTT!::R.s:4 Printed 05-25-2006 
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SEDCAD 4 for Windows 
rnr,\lrinht 1 acA D::,....,.c,I::, I (;;,-h-.,,ak 

stru SWS SWS Area 

# ., , ." . (acf<',_, 

#1 1 0.900 

L 0,900 

Subwatershed Hydrology Detail: 
Time of 

Cone;_ 

': ',. (hrs)'., -> . 
0,011 0.000 

UHS 

0,000 87,000 F 

' ._ Peak - Ru·noff · '. 
Discharge Volume: 

-
(cfs) " .· (ac-ftj 

S,62 0,354 

5.62 0.354 

Subwatershed Time of Concentration Details: 
Stru . SWS '·' - ' . · • ' ' · ·,:·_:; ., ·• ' ,•:.. - .. · Vert Dist:-,: Horii. Dist.· ... 
# __ # ·. ~•~d ~~"' Condition_- , _ ,' • • Slop~(%) , (ft) (ftL ... 

#1 

#1 

1 
8. Large guliies, diversions, and low 
flowing streams 

1 Time of Concentration: 

Filename: ROAD GUTTER.sc4 

10.00 40,00 400.00 

Velocity 
(fps) . 

9.480 

i1me (hrs) 
. . - -· 

0.011 

0.011 

Printed 05-25-2006 

6 
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CALCULATED BY: _J_L~f:l _ __.,_5c../2~5c../2c..0_0~6-
CHECKED BY;:z';-',.,,'J,.,1/..µ...-r-l-'t,~/co2./;,.l-"o-"{,.'--r--- 4,!--1. l 

. DITCH SIZING UTILITY FOR TRIANGULAR AND TRAPEZOIDAL CONFIGURATIONS USING MANNING'S EQUATION: 

INPUT: ROAD GUTTER 

PEAK FLOW= 
BOTTOM WIDTH = 
SIDE SLOPE 1 = 
SIDE SLOPE 2 = 
CHANNEL SLOPE= 
MANNING'S N = 

OUTPUT: 

TRIANGULAR DITCH 

\/VETTED PERIMETER= 
AREA OF FLOW = 
HYDRAULIC RADIUS, Rh= 
CALC. VELOCITY = 

TOTAL DEPTH = 

5.6 
0 

3.00:1 
2.00:1 

0.1 
0.035 

CFS 
FT 

FT/FT 
FP(1/6) 

3.34 FT 
0.96 SQ.FT. 
0.29 FT 
5.84 FPS 

0.00 FT 

1.0 FT 

DEPTH OF FLOW= 
MEAN DEPTH= 
FROUDE NO.= 

(1+0.025vd'1/3) 

3.0 

t 
·.,:-:-·-·. 1 

2.0 

0.62 FT 
0.31 FT 
1.85 SUPERCRITICAL 

(SLOPE OF ROAD WILL PROVIDE ADDITIONAL FREEBOARD) 

' 
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SEDCAD 4 for \fvindOVi/'S 
rnrnmnht 100A P::imol,a, l C:rh ... 1:>h 

MACH MINING 

L 
Filename· B:=NCH GUTTER.sc4 

BENCH GUTTER 

JLH 

ALUANCE CONSUL TING INC 
124 PHILPOTT LANE 
BEAVER WV 25813 

Phone: 304-255-0491 

I 
1 
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SEDCAD 4 for Windows 
2 

General Information 

Storm Information: 
Storm Type: NRCS Type II 

Design Storm: 10Dyr-6hr 

Rainfall Depth: 6.210 inches 

Filename: B:::.NCH GUTT~R.sc4 
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SEDCAD 4 for Windovlfs 
;-,..,..,.,rinht 1 CCR O::,n,ol::> I C:..--h,.,:,1-, 

Structure Nehvorking: 
Type 

Null I #1 ==> End I 0.000 0.000 I BENCH GUTTER 

Filename. s:::NCH GUTTt:R.sc4 
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SEDCAD 4 for Vvindows 

#1 

Fiiename: 8::"NCH GUTT::R.sc4 

Structure Summary: 
Immediate ~ 

Contributing·, 
Area 

(ac)' -

8,200 8.200 

-- (cfs)-.--':_, . ., .. 

40.81 

Total : 
Runoff 

Vo1Lfrrle · 

. (ac-ft) 

3.22 

4 -

Printed 05-25-2006 
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SEDCAD 4 for Windows 

C 

Structure #1 (Null) 

BENCH GUTTER 

Filename. BENCH GUTTER..sc4 

Structure Detail: 

Pnnted 05-25-2006 
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SEDCAD 4 for Windows 

Sub111atershed Hydrology Detail: 
.. 

' Time of 
.. ~, ·-'· . .. . Peak Runoff 

Stru_ sws SWS Area 
Cone 

Musk K ,. curve 
Discharge Volume 

• ~ 

(hrs).· 
: . Musk X. .. 

Numbe'r ·: 
UHS 

ft ft (ac) ' (hrsi · ,.:~_ :/-~~::.- :~-~ . ., .. 
, .. ' 

" (cfs) (ac-ft) : . 

#1 1 8.200 0.338 0.000 0.000 87.000 F 40.81 3.224 

I: 8.200 40.81 3.224 

Subwatershed Time of Concentration Details: 
Stru sws: .. , .. a· •·"·•·- , .-__ ""'" . 

" -> Vert. Dist. . Horiz. Dist .• Velocity Land .'Flow co·haltion:. · ··-1-. ',,:. . 
Slope(%) Time (hrs) • ~ (ft)' . 

: 
(ft) (fps) ft . .. ~ . 

#1 1 
8. Large gumes, diversions, and !ow o.so 12.92 2,586.00 2.120 0.338 flowing streams 

#1 1 Time of Concentration: 0.338 

Filename: BENCH GUTT::R.sc4 Printed 05-25-2006 
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CA LC ULA TED BY: JLH 6128/2006 
CHECKED BY:z-"•9 ;,'Z.:...,'711~, __ (..:::~/c;:7"-'~",/a:'.O'.l-"'--

OITCH SIZING UTILITY FOR TRIANGULAR AND TRAPEZOIDAL CONFIGURATIONS USING MANNING'S EQUATION: 

INPUT: BENCH GUTTER 

PEAK FLOW= 
BOTTOM WIDTH = 
SIDE SLOPE 1 = 
SIDE SLOPE 2 = 
CHANNEL SLOPE= 
MANNING'S N = 

OUTPUT: 

TRIANGULAR DITCH 

WETTED PERIMETER = 
AREA OF FLOW = 
HYDRAULIC RADIUS, Rh= 
CALC. VELOCITY = 

TOTAL DEPTH= 

40.8 CFS 
0 FT 

3.00:1 
7.00:1 
0.005 FT/FT 
0.033 FT'(116) 

17.41 FT 
14.48 SQ.FT. 
0.83 FT 
2.82 FPS 

0.00 FT 

2.0 FT 

DEPTH OF FLOVV = 1.70 FT 
MEAN DEPTH= 0.85 FT 
FROUDE NO.= 0.54 SUBCRITICAL 

(1+0.025vd'1/3) 

(SLOPE OF BENCH WILL PROVIDE ADDITIONAL FREEBOARD) 
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CALCULATED BY: ~J~L~H __ __c1~21~2"'8/~20c.c0cc6_ 
CHECKED BY: _______ _ 

JITCH SIZING UTILITY FOR TRIANGULAR AND TRAPEZOIDAL CONFIGURATIONS USING MANNING'S EQUATION: 

INPUT: DECANT DITCH 

PEAK FLOW= 
DOTTOM WIDTH = 
SIDE SLOPE 1 = 
SIDE SLOPE 2 = 
CHANNEL SLOPE= 
MANNING'S N = 

OUTPUT: 

TRIANGULAR DiTCH 

WETTED PERIMETER = 
AREA OF FLOW = 
HYDRAULIC RADIUS, Rh= 
CALC. VELOCITY = 

FREESOARD REQUIRED= 

TOTAL DEPTH= 

C 

19.1 
0 

2.00:1 
2.00:1 
0.33 

0.035 

CFS 
FT 

FT/FT 
FT'(1/6) 

3.84 FT 
1.48 SQ.FT. 
0.38 FT 

12.89 FPS 

1.31 FT 

2.2 FT 

FLOW BASED ON MAXIMUM FLOW OF DECANT PIPE 

-·•--:~~~~; 

DEPTH OF FLOW = 
MEAN DEPTH= 
FROUDE NO.= 

(1 +0.025vd'1/3) 

0.86 FT 
0.43 FT 
3.47 SUPERCRITICAL 

(CHANNEL LINING: GROUTED RIP RAP) 
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CD 

APPENDIXC 

Laboratory Testing 
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APPEl\1DIX C 

LABORATORY TESTING 
PROPOSED COAL REFUSE DISPOSAL FACILITY NO. 2 

POND CREEK MINE NO. 1 
WILLIAMSON COUNTY, ILLINOIS 

\VILLIAMSON ENERGY, LLC 

SOIL TESTING 
Summary 
Strength Test 
Grain Size 

BECI{.I.EY, lVEST U:i;R,GINIA 

TABLE OF CONTENTS 

Atterberg Limits Test Results 

COARSE COAL REFUSE TESTil..JG 
Summary 
Grain Size 
Proctor Test 
Permeability Test 
Strength Test 

G) 

PAGE 

1 
3 

10 
12 

13 
15 
17 
18 
20 

LI 
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. 

HOLCOMB FOUNDATION ENGINEERING CO., INC. G) 
SOILS • BITUMINOUS • CONCR:TE • INVESTIGATIONS AND TESTING 

February 10, 2006 

SHIPPING ADDRESS 
Box 393 Wood Road 
Carbondale, IL 62901 

Williamson Energy LLC 
. PO Box 99 

Johnston City, Illinois 62951 

Attention: Mr. James Plumiey 

Re: Soil Boring and Laboratory Test.s 
Boring #8874 
Mach JV.tine # I 
Johnston City, Illinois 
HFEFile H-05278 

www.holcombenglneering.com 

MAILING ADDRESS 
P.O. Box 88 

Carbondale, IL 62903 

Mach JV.tining Purchase Order No. ___ _ 

Dear Sir: 

618-529-5262 
800-333-1740 

FAX 618-457-8991 

In accordance with your in.structions, on February 1, 2006, we drilled one soil boring and sampled 
the subsoils witb Shefoy tubes. The soil sample taken from JO to 12 .feet in depth was subjected to 
laboratory tests. Results of the tests are as follows: 

Boring No.: 
Depth: 
Visual Classification: 
Atterberg Limits: 
Unit \\f eight: 
:Moisture Content: 
Effective Cohesion: 
Effective Phi Angle: 

8874 
8.0-l 0.0' 
Silty CLAY (CL) 
LL=41.8% PL=17.7% PI=24.l 
105.3 PCF 
21.5% 
OPSF 
26.8 Degrees 
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Mach Mine #1 Soil Tests 

' 1( Febroary 10, 2006 
Page2 

C 

The Boring Log and test results are enclosed. If you should have any questions, or ifwe can be of 

further assistance, please feel free to contact us at your convenience. 

Sincerely, 

1 copy: Fred Vass - Alliance Consulting 

0 
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9 7 
Total Effective I I I ' I ' ' ' ! 

I I I I 
-

I I I I I I C. tsf 0.208 0 I I 
I I I I I I I ...., 

Q I. de 19.5 26.8 I ' ! 

Tan(di) 0.35 0.51 
I I I I I ...-, 
I I I I I I I 

! I I I I I I I I I I I ! I I I I I ! I I 
I I ! I I I I I I I I ! ! I ',( 

'- 5 
I I I I I I I I I I I I I I I I ! ...., 

I 
El I I I I I I I I I I I I I ! ! I I I ,. I 

I I I J I I I I I I I I I ,,,. 
I I I I I I ! I I I I '-Y-tt' I I 

"' t ! I I I I I I I I I ...-,, I 

" ~ I I I I ! ! ! I I I .f' I ! i ! I I I 

I I I I I I I I I I I ,.... i I I 

'- I I I I I I I I I I I I ' I I 
~ I I I I I I ! I I I '=.L I 

:!1 I I I I I I I I I ! I I I 

i.'i 3 I I I I I I 
__ ..,_, 

I \ I 
I I I I I I I I I I I ! ! I I I I I 
I I I- I I ! I I I I I I 
I TT I ,,..,. t I I l '4 

I , I I I I I 
I I I I I I I 

I I I I I I I 
I ,~ I ! I I I 

I I ! I ' I I I I I 
I ! I I I I ! I I I I 

O· I ! I I! ! I I I ' 
0 6 g 12 

Total Normal Stress, tsf 
Effective Normal Stress, tsf - - -

'-
El ,,,. 

( "' "' ;; 
'-a 

~ 
" Q 

9 f-l--4- +-+-1-1...L.1 .,!:-':...L.: -'1-':-!-1-1,~:---1'-''-'-: ...L.: -,'-' --1 
I I I I ! l I I I l t I I I I I 

I I I I I I I f l l I I / 1· f I I 
7.5 I I J I I I I l I l l j ! I ! I I I ! 

-1 I I I I I 1 I I I I I I I I I 

~l~l-'1--;_cl__,_!_,_l-'1_~•~1~1_,_--'-,I I I!/ 
I I I I I ! ! I I l I I 7· 1 I I ! 

+H_j_/1111 ti ''ll(l 
I l I I I I i I I I I l t t 

6 I I I I I I l I I I j I i I f I 
I I I 
I I I 
I I I 

I ' ' 
I I Y 

I 

I I l I I I I I I 
! -i I I ! IT I I I 
I I t I l ! I I I 1 I \ 

I ) t 1' I I I I ! 1 I l l I I I I I I 4.5'--~, -,--.;~ ,,-',-',-'-, '"',--'-,-'--'-, -',-~ .-'-,-'-, -'-, -',-',-',-' 
! " l I I I I I I I I I l I 

I ! I I I I I I i" l I I I 1 i I 

., lr-M-ill ,::::::1: 
"1-'""-''-''-''--'-'-'-'''-''-i-'-'-'-''-''-'-'-'-'-'-'-''-''-''-' I / I l I I I I f-1 c:·1--!--l_,_I _cl'---.jl....,Cl_,1--'+I --''-'I-/ 

VI I ! I I I I I ( I I I I I I I I I 
I I 1 1 I ·r I 

1 l J ! I I I I ! I t I t ! I ! I I I 
1.5 I YI I I I I I I I I I / I I I I 

! I I / I J I l ! I I I I I 
I I I I I I I I 1.L ic.l -''-'---1'---i-\ ...L.I __ IL.._1---11 

IJ I ! I I I I I I l I 
1
1 +!I I I I I 

ari-T7·1i11111 11,111 

0 10 15 20 

Axial Strain, % 

Type of Test: 
CU with Pore Pressures 

Sample Type: Shelby Tube - Undisturbed 
Description: Gray Mottled Brown Silty CLAY 

LL= 41.8 PL= 17.7 Pi= 24.l 

Specific Gravity= 2.65 

3 

2 

1 

Sample No. 

Water Content, 
Dry Density, pcf 

~ Saturation, 
..:: Void Ratio 

· Diameter, in. 
Height, in. 

Water Content, 
;;; Dry Density, pcf 
~ Saturation, 

~ 
Void Ratio 
Diameter, in. 
Height, in. 

Strain rate, inJmin. 
Back Pressure, /sf 
Cell Pressura, tsf 
Fail. Stress, tsf 

Total Pore Pr., tsf 

Ult. Stress, tsf 
Total Pore Pr., tsf 

cr1 Failure, tsf 
cr, Failure, tsf 

Client: Ailianc~ Consulting 

Project: Triaxial Test 

Mach Mine#! 

I 
I 
I 
I 

I 
I 

I 

...., I I I I I 
! I I I I I 

I I I I I I ! 
I I I I I I 
I I 1 J...J..... 
I ! I ' I ' - ! I I I I I ) ' 

! I I I I I I rt,,-
I I I I I I ! ! 

I I I 
I I 

I I I I ' ! I I I I I I I I ! ! 
I I I I ! I I 

I I I I I I i I 
I I I I I 
I I I I 

I I I I I ! 
I I I I I 
I I I 
I 
I I 

1 1 

1 2 3 

21 .5 20.8 l 7.6 
105.3 106.5 112.5 
100.0 99.7 98.9 

0.5706 0.5536 0.4707 
2.80 2.80 2.80 
5.51 5.49 5.54 

21.5 20.9 l 7.8 
l 05.3 106.5 112.5 
100.0 100.0 l 00.0 

0.5706 0.5536 0.4707 
2.80 2.80 2.80 
5.51 5.49 5.54 
0.00 0.00 0.00 
3.6 3.6 '.2.2 
5.0 6.5 7.9 
2.0 3.4 6.3 
3.7 3.9 4.l 
2.0 3.2 6.3 
3.6 3.8 4 .1 
3_3 6.0 I 0.2 
1.3 2.6 3.9 

I 
Assumed 

Remarks: 

Location: Boring #8814 

Samp,!e Number: 3 Depth: 10.0-12.0' 

( 
J Plate 

T e:st::!d 3y: ,1=--"c'---------------

Proj. ll'lo.: H-05278 Date: 2-1-05 

TR/AXIAL Si-EAR TEST REPORT 

HOLCOMB FOUNDATION ENGINEERING CO. 

-:::he::ked 3y: 0T-'.½-''---------------
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,I 8 I 8 
1 2 

6 
I I 

6 

I 
, I 

I I 
I 

; 

' ( 
"' "' 

_J __ 
"· :i "' 4 /--i---r--1-- :i "' 4 

"' "' "' "' r 
"' " '- "' "' '-- I "' - "' " - ~ 
ct Cl) it Cl) 

'- 2 f- __ L , I '- 2 
o, D !12 .2 
&] ti:·~ 
- Ql - Ql 
..':!Cl .:: a 0 
,D 0 ,': ,-.. 

·2 -2 
0% 8"' " 16% 0% 8% 

4 

2 

B~ I 

I I -
6 

~-I / 

/11 I 
' 

6 

8~ 

r 

0 

C -2 -2 
0% 8% 16% 0% 8¾ 

6 Peak Strength 
Total Effective 

a= o.17 tsf 0.00 ts/ 

a:= 18.8 deg 24.1 deg 

tan a:= 0.34 OAS 
4 

I 
1---

--- -,.__ 
.':3 ---

- ..- _.. I 

I 
---=- l--~ 

- -
,;; -

2 

--- ' 

~ ' 
' ' ' I 

2 4 6 8 

p, ts/ 

Stress Paths: Total--- Effective - - -

C fient: Alliance Consul,ing 

( "\ject: T riaxial Test 
"-.. cation: Boring #8874 

f :-,.rr.i:;,..-f r,;.., • t.:I ;:~/IQ 
, .. -1--·. ·--· .. 

Depth: I 0.0-12.0' 
Plate 

Sample Number: 3 

C:he::lced 3y: T-f ~-------------

, I GD 
---

16% 

.,, 

I --- ---
--- --- -1 

I 

72 
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I 
/-

TRIAXIAL COMPRESSION TEST 

CU with Pore Pressures 

Date: 

Client: 
Proje::t: 

Location: 
Depth: 
Description: 

Remarks: 

2-1-05 

Alliance Consulting 

Triaxial Test 

M"::h Mine # 1 
Johnston City, Illinois 

Boring #8874 
10.0-12.0' 

Gray Mottled Brown Silty CLAY 

Type of Sample: Shelby Tube • Undisturbed 

Assumed Specific Gravity=2.65 LL=41.8 

Test Method: COE uniform strain 

Sample Number: 

PL=17.7 

3 

Specimen Parameter initial Saturated Consolidated 

Moisture content Moist soil+tare, gms. 189.100 

Moisture content Dry soil+tare, gms. 

Moisture content Tare, gms. 

Moisture,% 

Moist specimen weight, gms. 

176.100 

I 15.700 
21.5 

I 140.2 
21.5 21.5 

Diameter, in. 2.80 2.80 2.80 

Area, in.' 6.16 6.16 6.16 

Height, in. 5.51 5.51 5.51 

Net decrease in height, in. 0.00 0.00 

Wet Density, p::f 128.0 128.0 128.0 

Dry density, p::f I 05.3 I 05.3 I 05.3 

Void ratio 0.5706 0.5706 0.5706 

Saturation, % I 00.0 100.0 100.0 

G 

Final 

1279.000 
1072.200 

103.200 
2 l.3 

~--~~ =-~~~~~i 
Membrane modulus= 0.124105 kN/cm• 

Membrane thickness= 0.02 cm 

Filter paper coefficient= 0.001926 k.N/cm 

i=ilter paper coverage= 30% 

Consolidation cell pressure= 70.00 psi (5.040 tsf) 

Consolidation back pressure= 50.00 psi (3.600 t,f) 

Consoiidation effe=:tive confining stress= 1.440 tsf 

Strain rate, in./min. = 0.00 

Fail. Stress = 1.981 tsf at reading no. }4 

Ult .Stress= 1.955 tsf at reading no. 30 

_I ______________ H':'~::~,rif:3 :='.J:Jt"2DATl:>N :=N,:;1,-..::==:R!t-\3 c:c:. _____________ _ 
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·( 

I 
I 
l 
I 

C 
I 

( 
I''-

Def. 
Dial Load 

No. in. Dial 

0 0.0000 18.30 

0.0190 20.00 

2 0.0400 21.60 

3 0.08i0 l i3.20 

4 0.1010 129.80 

5 0.1420 143.10 

6 0.1620 J 61.50 

7 0.1830 168.90 

8 0.2030 174.80 

9 0.2240 178.90 

JO 0.2440 182.30 

11 0.2650 186.40 

12 0.2850 188.10 

l3 0.3060 I 9l.40 

14 0.3260 [93.10 

15 0.3460 194.70 

16 0.3670 196.40 

17 0.3870 ]98.10 

18 0.4080 l 98.l 0 

[9 0.4280 200.60 

20 0.4490 200.60 

21 0.4890 203. J 0 

22 0.5300 204.70 

23 0.57] 0 207.20 

24 0.6120 208.90 

::s 0.6530 209.10 

26 0.6940 211.40 

27 0.7350 212.20 

28 0.7790 213.90 

29 0.8170 215.50 

30 0.8380 215.50 

Load Strain 
lbs. % 

0.0 0.0 

1.7 0.3 

3.3 0.7 

94.9 1.5 

lll.5 1.8 

124'.8 2.6 

143.2 2.9 

150.6 3.3 

156.5 3.7 

160.6 4.1 

]64.0 4.4 

J 68.1 4.8 

169.8 5.2 

173.J 5.6 

J 74.8 5.9 
176.4 6.3 

l 78.l 6.7 

179.8 7.0 

l 79.8 7.4 

182.3 7.8 
J 82.3 . 8. l 

J 84.8 8.9 

l 86.4 9.6 

l 88.9 10.4 

190.6 l 1. 1 

190.8 11.8 

'193.l 12.6 

193.9 13.3 

195.6 l 4. l 

J 97.2 14.8 

197.2 15.2 

Deviator Minor Eff. Major Eff. Pore 

CD Stress Stress Stress 1:3 Press. p Q 

ts! ts! ts! Ratio psi tsf tsf 

0.000 5.112 5.112 1.00 -1.00 5.112 0.000 

0.014 2.830 2.844 1.00 30.70 2.837 0.007 

0.026 2.426 2.452 1.01 36.30 2.439 0.013 

1.093 1.505 2.59& 1.73 49.10 2.051 0.547 

1.280 1.318 2.597 1.97 51.70 1.958 0.640 .. 

1.422 l.181 2.602 2.20 53.60 J.892 0. 7] 1 

J.625 1.159 2.784 2.40 53.90 l.972 0.813 

J.702 l.145 2.847 2.49 54.JO l.996 0.85] 

1.763 l.]38 2.900 2.55 54.20 2.019 0.881 

l.802 1.145 2.946 2.57 54.10 2.046 0.90] 

1.833. 1.145 2.978 2.60 34.10 2.061 0.916 

1.871 l.]52 3.023 2.62 54.00 2.088 0.936 

J.883 1.166 3.049 2.61 53.80 2.J 08 0.941 

1.912 l.166 3.078 2.64 53.80 2.122 0.956 

1.923 l.181 3.104 2.63 53.60 2.142 0.962 

1.933 1. l 88 3.121 2.63 53.50 . 2.155 0.967 

1.944 1.202 3.146 2.62 53.30 2.174 0.972 

i.955 J.2]0 3.164 2.62 53.20 2.187 0.977 

1.947 l .224 3.171 2.59 53.00 2.[97 0.973 

1.966 J.231 3.197 2.60 52.90 2.214 0.983 

1.958 1.238 3.196 2.58 52.80 2.217 0.979 

1.969 l .267 3.236 2.55 52.40 2.252 0.985 

1.970 1.289 3.259 2.53 52.10 2.274 0.985 

1.980 1.3 JO 3.290 2.51 51.80 2.300 0.990 

1.981 1.332 3.313 2.49 51.50 2.323 0.991 

1.967 1346 3.313 2.46 51.30 2.330 0.983 

1.974 1.361 3.334 2.45 51.JO 2.348 0.987 

1.965 1.390 3.354 2.4 I 50.70 2.372 0.982 

1.964 1.404 3.368 2.40 50.50 2.386 0.982 

1.964 1.426 3.39.0 2.38 50.20 2.408 0.982 

J.955 1.433 3.3r.8 2.36 50.JO 2.410 0.978 

_! ____________ H'.Y .. GOT\1'3 r'.JIJl\!D.':,Tf::JN ::NS!bi::::rW,·3 CD. ___________ __, 
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Specimen Parameter Initial Saturated Consolidated 

Moisture content: Moist soil+tare, gms. 154.800 

Moisture. content Dry soil+tare, gms. 145.800 
I 

(~ Moisture content: Tare, gms. ]02.600 

Moisture,% 20.8 

I Moist specimen weight, gms. ] ]42.2 

Diameter, in. 2.80 

20.9 20.9 

2.80 2.80 

Area, in.2 6.16 6.16 6.16 

Height, in. 5.49 5.49 5.49 
Net decrease in height, in. 0.00 0.00 

Wet Density, pcf 128.7 128.7 128.7 
Dry density, pcf I 06.5 106.5 106.5 

Void ratio 0.5536 0.5536 0.5536 
Saturation, % ':19.7 100.0 J 00.0 

I Membrane modulus= 0.124105 kN/cm 2 

Membrane thickness = 0.02 cm 

FIiter paper coefficient= 0.001926 kN/crn 

Filter paper coverage = 30% 

Consolidation cell pressure-= 90.00 psi (6.480 tsf) 

Consolidation back pressure= 50.00 psi (3.600 tsf) 
Consolidation effective confining stress = 2.880 tsf 
Strain rate, in.lmin. = 0.00 

Fail. Stress = 3 .41_ 8 tsf at reading no. 24 

Ult. Stress = 3 .250 tsf at reading no. 29 

Def. Deviator Minor !=ff. Major Eff. Pore 
Dial Load Load Strain Stress Stress Stress 1:3 Press.. p 

No. in. Dial lbs, 'lo !sf !sf tsf Ratio psi ts! 

0 0.0000 27.50 c.o 0.0 Q.000 4.385 4.385 1.00 29.10 4.3~5 
I 0.0190 134.00 106.5 0.3 1.241 3.254 4.495 1.38 44.80 3.875 

2 0.0400 103.10 155.6 0.7 1.806 2.750 4.557 1.66 51.80 3.653 

3 0.0600 218.90 )91.4 1. 1 2.214 2.484 4.698 1.89 55.50 3.59) 

4 0.08)0 243.80 216.3 1.5 2.492 2.340 4.832 2.06 57.50 3.586 

5 0.10)0 264.60 237.J J.8 2.7'21 2.254 4.975 2.2 l 58.70 3.6)4 

6 0.1220 282.10 254.6 0 " -·"- 2.9) J 2.210 5.12) - "0 ~--'- 59.30 3.666 

7 0.1420 295.40 267.9 2.6 3.052 2.)82 5.233 2.40 59.70 3.707 

8 0.1620 305.40 277.9 2.9 3.)54 2.)82 5.335 2.45 59.70 3.758 

9 0.1830 3 ]4.60 287.J 3.3 3.245 2.J 89 5.434 2.48 59.60 3.8) 1 

JO 0.2030 322.10 294.6 J.7 3.317 2.]96 5.513 '2.51 59.50 3.E::5 

11 0.2240 327.l 0 299.6 4. J 3.360 2.2) 8 5.578 2.52· 59.20 3.898 

12 0.2440 332.90 305.4 4.4 3.4 )2 2.232 5.644 2.53 59.00 3.938 

13 0.2650 336.20 308.7 4.8 3.435 2.254 5.689 2.52 58.70 3.971 

14 0.2850 339.50 312.0 5.2 3.459 2.Z75 5.734 2.52 58.40 4.005 

f 

15 0.3060 343.70 3) 6.2 5.6 3.49] 2.-:!.97 5.788 2.52 58. J 0 4.042 

16 0.3260 ?,45.40 3) i.9 .5.9 3 497 2.318 5.815 2.5 l 57.80 4.067 

17 0.3670 348.70 321.2 6.7 3.505 2.369 5.874 2.48 57.10 4.)21 

J 8 0.4080 352.00. 324.5 7.4 3.512 2.4 )2 5.924 2.46 56.50 4.J 68 

r 
' 

.9 0.4490 353.70 326.2 8.2 3.502 2.44 J 5.943 2.43 56.J 0 4.) 92 

jCJ o_~g90 .o:•4 .SO .).:: i.O o.9 .o.ab3 .!A J{) .).9::3 ~.41 ~:,. /U 4.111 
P. 

f 
2 J 0.5300 ~55.40 327.9 9.7 3.464 2.498 5.963 2.39 55.30 4.230 

;-t:,~:::Ht3 ~:nJHDL.. ";""!:ll✓ ::t-J-3H•!=::Rli~-::; ::,::. 

~ Final 

~1347.900 

1154.100 

135.100 

19.0 

Q 
ts! 

O.QQO 

0.620 

0.903 

J.J 07 

1.246 

1.361 

1.455 

1.526 

1.577 

1.623 
1.c:·.9 

J .680 

l.706 

1.7 I 8 

l .729 

J.746 

1 _748 

1.752 

J.756 

1.751 

1./4~ 

1.7:'2 

,.. 
"" 
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I 
I 
l 

! 

Daf. Deviator Minor E.ff. Major Eff. Pore 

Dial Lo.3d Load St--ain Stress Stre2:s 

No. in. Dial lbs. % tsf tsf 

22 0.5510 357.00 329.5 10.0 3.466 2.513 
r 

'") ~-- A 

'( 
:'.:3 0.5920 356.20 328.7 l 0.8 3.419 _,.).":',: 

24 0.6330 357.90 330.4 11.5 3.418 2.556 

I 25 0.6730 · 357.00 .129.5 i2.3 3.381 2.585 

26 0. 7140 357.90 330.4 13.0 3.361 2.599 

27 0.7550 357.90 330.4 13.7 3.332 2.6]4 

28 0.7960 356.20 328.7 ]4.5 3.286 2.628 

29 0.8370 355.-10 327.9 J:,.2 3.250 ? ,,,5 
Specimen Parameter Initial 

Moisture content: Moist soil+t.are, gms. 248.400 

Moisture conient: Dry soil+tare, gms. 226.700 

Moisture content: Tare, gms. 103.200 

Moisture,% I 7 .6 
Moist specimen v-reight,·gms. J J 84.7 

Diameter, in. :.80 

Area, in.t 6.16 

Height, in. 5.54 

Net decrease in height, in. 

\fiet Densit,11 pcf 132.3 

Dry density, pcf l 12.5 

Void ratio 0.4707 

Saturation, % 98.9 

(- ,embrane modulus= 0.124105 kN/cm' 

--- Membrane thickness= 0.02 cm 

Filter paper coefficient= 0.001926 k:N/cm 

Fitter paper coverage-= 30% 

Consolidation cell pressurn = I I 0.00 psi (7 .920 tsf) 

Consoiidation back pressure = 30.00 psi (2.160 tst) 

Consolidation effective confining stress= 5.760 tsf 

Strain rate, in./min.. = (LOO 

Fail. Stress= 6.334 tsfat reading no. 33 

Ult. Stress= 6.334 tsf at reading no. 33 

Def. Do,viator 

Dial Load Lead Strain Stress 

No. in. Dial !b-s. % t,;f 

0 0.0000 3 l.60 0.0 0.0 0.000 

0.0190 39.90 o.3 0.3 0.091 

2 0.0411(1 -'4.JO 12.5 0.7 0.133 

3 fi.OWO i75.60 144 .0 J.l 1.666 

4 0 081 (I 140.50 20i:.9 1.5 2.407 

5 ,.. • r,1 I"\ 291.30 ,..,r,., .,. 
' 0 "I r,o 1 

V.JL/! U _.,,:7. I LO -.;?Ol 

6 0.1::20 329.60 29£.0 2.2 3.408 

7 (i . .1..;::0 3L;:.oo --.,, . 
_1_~U.'T :.G ..., ..., ,· ~ 

_1, /\)~ 

f, 0. 1620 ?92.00 360.4 2.9 ,:L091 

~ 0.1830 412.80 361.2 3.3 4.3 }0 

Minor E.ff. 
Stress 

:sf 

7.812 

7.690 

7.574 

7.308 

6.926 
,. ,t ,; ,. v.,,,..., 

:.9P.3 

.::;_.,t'79 

5.(\40 

4.666 

Stres$ 1:3 Press. p 

tsf Ratio psi tsf 

5.979 2.38 55.IO 4.246 

5.964 :us 54.80 4.249 

5.974 2.34 54 . .50 4.265 

5.966 2.31 54. 10 4.275 

5.960 2.29 53.90 4.280 

5.946 2.27 53.70 4.280 

5.914 2.25 53.50 4.271 

5.885 2.23 53.40 4.260 

Saturated Consoiidatad 

I 7.8 17.& 

2.80 
n nn 
..:..ov 

6.16 6. 16 

5.54 5.54 
0.00 0.00 

132-5 131.5 

112.5 J 12.5 

9.4797 0.4707 

100.0 100.0 

Major Eff. Pore 
Strei:.a 1 :3 Press. p 

tsf P.atio psi tsf 

7.E12 I.DO 1.50 7.SJ2 

7.781 1.01 3.1-0 7.735 

7.707 1.02 4 .8(1 7.641 

t.974 l.23 8.50 8.14 l 
Q .......... 
, .. ~.,~, U5 i 3.80 S.J 30 
Q ,. A"/ 
,, ,-,-, I l.t-16 ~a.20 7.956 

9.391 1.57 26.90 7.6~7 
,, .... ,, ~ 1.69 :;3_90 7.361 ;J._..,...,. 

9 .13 I 1.81 40.00 7.fJ85 

~.976 1.92 45.20 6.S~J (_ 
HOL.Cor✓i3 F=OUWDAT!Or.J :;;NS!N::::Rih.lG co. 

Q ® tsf 

J.733 

!.71 5 
1.709 

1.690 

1.681 
J.666 

t.643 

1.6::'.5 

Final 
1374.500 

1195.400 
127.700 

16.8 

Q 
tsf 

0.000 

0.045 
0.066 

0.833 

].J03 

l.491 

1.704 

l. P.f.2 

2.0~5 
'? 1 i: -__ ,__,,) 



R12893

Def. Deviator Minor E.ff. Major Eff. P,ore 
,,--

Dial Load Load SiTain Stress Stress Stress 1:3 'Press. p Q G) No. in. Dial lbs. % !sf tsf !sf Ratio psi !sf tsf 

10 0.2030 ~32.&0 401.2 3.7 4.519 4.363 8.883 2.04 49.40 6.623 2.260 

(~ 11 0.2:!40 446.90 415.3 4.0 4.660 4.140 s.soo 2.13 52.50 6.470 2.330 

12 0.2440· 465.20 433.6 4.4 4.847 3.9&2 8.828 2.22 54.70 6.405 2.423 

I 13 0.2650 471.00 439.4 4.8 4.892 3.852 8.744 2.'27 56.50 6.298 2.446 

14 0.2850 483.50 451.9 5.1 5.012 3.766 8.778 2.33 57.70 6.272 2.5D6 

15 0.3060 490.20 458.6 5.5 5.066 3.694 8.760 2.37 58.70 6.227 2.533 

16 0.3260 503.50 471.9 5.9 5.193 3.643 8.837 2.43 59.40 6.240 2.:597 

]7 0.3460 516.80 485.2 6.2 5.319 3.607 8.926 2.47 59.90 6.267 2.660 

18 0.3670 521.80 490.2 6.6 5.352 3.5R6 8,938 2.49 60.20 6,262 2.676 

19 0.3&70 530.10 498.5 7.0 5.422 3,571 8,993 2.52 60.40 6.262 2.711 

20 0.4080 538.40 506.8 7.4 5.490 3.564 9.054 2.54 60.50 6.309 2.745 

21 0.4280 543.40 51 l.8 7,7 5.522 3.564 9,086 2.55 60.50 6.325 2.761 

22 0.4490 554.30 522.7 8.1 5,617 3.571 9.188 2.57 60.40 6.380 2.808 

23 0,4690 565,90 534.3 8.5 5,719 3.578 9.297 2.60 60.30 6.438 2J~59 

24 0.4090 567,60 536.0 S.8 5. 714 3.578 9.'.293 2.60 60.30 6.436 2,857 

I 25 0.5300 58 i. 70 550.i 9.6 5.817 3.600 9.417 2.62 60.00 6.509 2,909 

26 0.5710 591. 70 560.1 10.3 5.874 3.636 9.510 2.62 59.50 6.573 2.937 

27 0.6120 605.00 573.4 11.0 5.964 3.66S 9.629 2.63 59.10 6.647 2.982 

28 0.6530 615,00 583.4 I 1.8 6.018 3.701 9.719 2.63 . 58.60 6,710 3.009 

::9 0.6940 626.70 595.1 12.S 6.087 3.737 9.S24 2.63 58,10 6,780 3,044 

30 0.7350 638.30 606.7 13.3 6,]53 3,773 9.926 2,63 57,60 6,849 3.077 

31 0.7760 649. IO 617.5 I ij,O 6.209 3.816 10.025 2.63 57,00 6.9.'.ll 3.]05 

32 0.8] 70 657.50 625.9 14.7 6.240 3J~52 10,092 o 'O ..... ti_ 56.50 6.972 3.120 

C 
33 0.8390 669.90 638.3 15.1 6.334 3,866 10.200 2.64 56.30 7.033 3.167 

I 
l 
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- --

- F'rojecl Number: H-05278 

Sample: B-8874 Depth 10-12' 
- Dale: Fel.Jruaiy 8, 2006 

-
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Holcomb Foundation Engineering Company 
Laboratory Tesiing Results 2/812006 

Project: Mach ii 1 Mine 

Project No: H-05278 

Sieve Analysis - ASTM Ci 36-96a 

Samnlo• 
I ·r-"•-• Silty CLAY (CL) 

Sieve Openings us 
Standard Weight Percent Percent 

Inches Millimeters Sieve Size r\etained Retained Finer 

( 1.500D 38.1000 1 -1 /2" 0.0 0.0 100.0 

1.0000 25.4000 1' 0.0 0.0 100.0 

0.7500 19.1000 3/4' 0.0 0.0 100.0 

0.5000 12.7000 1/2 11 0.0 0.0 100 0 

3.7500 9.5200. 3/8" 0.0 0.0 100.0 

0.1 870 4.7600 No. 4 2.1 0.9 99.1 

0.0790 2.0000 No. 10 4.6 2.0 98.0 

0.0469 1.1 BOO No. 16 4.6 · 2.0 98.0 

D.0331 0.8500 No. 20 8.6 3.8 96.2 

D.0165 0.4200 No. 40 12.6 5.5 94.5 

D.D 117 0.2980 No.50 12.6 5.5 94.5 

D.0083 0.2500 No.60 22.2 9.8 90.2 

D.0059 0.1490 No. 100 34.6 15.2 84.8 

0.0029 0.0740 No.200 47.7 21.0 79.0 

227 .20 
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"~Yolcomb Foundation Engineering Company 
· ( .boratory Testing Results 

Project: Mach #1 lvline 
Proiect l✓ o: H-05278 

Sample 

Dish 1-Jumber LL1 

Mass of can, W 1 (g) 34.70 

Mass of can+ mois1 soil, W2 (g) 62.84 

Mass of can + dry soil, W, (g) 54.52 

Moisture content, w (%) 41.98 

Number of blows, N 24 

Li□uid Limit, LL 41.B 

Dish I-Jumber PL, 

Mass of can, W 1 (g) 39.76 

Mass of can + moist soil, W, (g) 54.79 

Mass of can+ dry soil, W3 (g) 52.53 

Plastic Limit, PL 17.7 

Pl= 24.1 

Plasticity Chart 

60 

50 

[ 40 
X • :! 

.= 30 
::-
:cl 
;;; 
~ 20 

CH or OH 

.. 
CL or OL 

2 

LL, 

/ lv1H or OH 

I 

I 
1 0 1 // 

,---::-,-.,,-l--/- i·/iL or JL 

Liquid LirnH (LL) 

3 

LL3 
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HOLCOMB FOUNDATION ENGINEERING CO., INC. 
SOILS - B!TUMINOUS - CONCRETE - INVESTIGATIONS AND TESTtNG 

November 30, 2006 

SHIPPING ADDRESS 
Box 393 Wood Road 
Carbondale, IL 62901 

Williamson Energy LLC 
PO Box 99 
Johnston City, Illinois 62951 

Attention: Mr. James Plumley 

Re: Coarse Refuse Laboratory Tests 
Pond Creek Mine 
Johnston City, Illinois 
HFE File H-05278 

Dear Sir: 

www.holcombengineering.com 

MAILING ADDRESS 
P.O. Box 88 

Carbondale, IL 62903 

618-529-5262 
800-333-17 40 

FM 618-457-8991 

In accordance with your instructions, on November 17, 2006, we sampled coarse refuse at Mach 
Mine and performed iaboratory tests on remoided samples. Results of the tests are as follows: 

Visual Classification: Coarse Coal Refuse (Shale, Coal, Sandstone Mixture) 

Proctor Test Results: 
Maximum Dry Unit Weight: 124.6 PCF 
Optimum Moisture Content: 9 .3 % 

Specific Gravity: 2.3 7 

Triaxial Test Results: 
Effective Cohesion: 0PSF 
Effective Phi Angle: 3 3. 7 Degrees 

Permeability: 2 x 10-4 cm./sec. 

Results of the grain size analysis and the laboratory tests are attached. 
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Pond Creek Mine #1 Coarse Refuse Tests 
November 30, 2006 
Page2 

If you should have any questions, or ifwe can be of further assistance, please feel free to contact us 

at your convenience. 

Sincerely, 

1 copy: Justin Harry - Alliance Consulting 
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Grain Size Analysis 
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2 1-1/2 1 3/4 1/2 3/8 4 10 20 40 60 100 200 Hydrometer 

80 
' Project: Pond Creek Mine Johnston City, Illinois -

Project Number: H-05278 \ -

70 

Sample: Coarse Heluse - I\ - Dale: November ·11, 2006 - - r 
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Holcomb Foundation Engineering Company 
Laboratory Testing Results 11/30/2006 

Project: Coarse Refuse Disposal Area 
Pond Creek Mine Johnston City, Illinois 

Project No: H-05317 

Sieve Anaiysis • ASTM C136-96a 

Samp!e: Coarse Refuse 

Sieve Openings us 
Standard Weight Percent Percent 

Inches Millimeters Sieve Size Retained Retained Finer 

3 76.2 3' 0.0 0.0 100.0 

2.0000 50.8100 2' 619.6 9.5 90.5 

1.5000 38.1000 1 -1/2" 1124.0 17.2 82.8 

1.0000 25.4000 1" 1696.2 25.9 74.1 

0.7500 19.1000 3/4" 2110.9 32.3 67.7 

0.5000 12.7000 1/2" 2513.0 38.4 61.6 

3.7GOO 9.5200 3/8" 3263.7 '19.9 50.1 

0.1870 4.7600 No. 4 4310.7 65.9 34.1 

0.0790 2.0000 No. iO 5470.5 83.6 16.4 

0.0469 1.1 BOO No. 16 
0.0331 0.8500 No. 20 6004.4 91.8 8.2 

0.0165 0.4200 No. 40 6178.9 94.4 5.6 

0.0117 0.2980 No. 50 
0.0083 0.2500 No. 60 6267.B 95.8 4.2 

0.0059 0.1490 No. 100 
0.0029 0.0740 No. 200 6372.4 97.4 2.6 

Total Weight in Grams 6542.B0 
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I 
I 

u: 
" !::. 

Project: 

Project No.: 

Date: 

Test Data 

126.0 

12.5.0 

'124.0 

g 123.0 -" ::, 

i:' 
Cl 

122.0 

121.0 

Holcomb Foundation Engineering 

Moisture Density Relationship 

Pond Creek Mine 

Johnston City, Illinois 

H-05278 

11130/2006 

ASTM D-598 (standard) 

Moisture 

Content(%) 

7.6 

11.2 

12.0 

9.3 

Proctor Test Results 

Soll Classification: 

Maximum Dry Density (PCF} 

Optimum Moisture Content(%) 

Dry Unit Wt 

(PCF) 

122.8 

122.5 

~20.4 

124.8 

Proctor Curve 

------------~ 

Location: Coarse Refuse Disposal Area 

Gray Coarse Refuse 

124.8 

9.3 

120.0 ~---------------------------------------; 

,2.0 I 
7.0 8.0 ~.D 1: .. 0 

% Wio1srure 

11.0 
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Daie: 

Project No.: 

Sample 

Coarse Refuse 

HOLCOMB FOUNDATION ENGINEERING CO., INC. 
SOILS - BITUMINOUS - CONCRETE - INVESTIGATIONS AND TESTING 

SHIPPING ADDRESS 
Box 393 Wood Road 
Carbondale, IL 62901 

www.holcombengineering.com 

MAILING ADDRESS 
P.O. Box 88 

Carbondale, IL 62903 

Permeability Tests Results 
Laboratory Tests 
Coarse Refuse 

Pond Creek Mine - Johnston City, Illinois 

11/30/2006 Client: Pond Creek Mine 
Johnston City, Illinois 

H-05278 

I Moisture Content(%) Dry Unit 
Depth (Ft.) Before Test After Test Weioht /PCF) 

7.7 11.8 119.3 

618-529-5262 
800-333-17 40 

FAX 618-457-8991 

Permeability 
/Cm./Sec.) 

2 X 10-4 

Permeability Tests performed in accordance with ASTM D-5084 
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Project 

in ?lace Mc 
Net Wt. 
0 an 
)ry Wt. 
~c (%) 

195.3 
94.2 

188.1 
7.7 

-------- =-=== 
'ime(hrs) Time(min) 
•======= === 

7 
7 

7 
7 
7 

9 
9 
9 

26 
34 

33 
45 
47 

16 
23 
30 

Pond Creek Mine 

H-05278 

11/30/2006 

After Test ivic 
Wet Wt. 
Pan 
Dry Wt. 
Mc(%) 

1300.4 
103.1 

1173.6 
11.8 

PERMEABILITY TEST RESULTS 

Boring/Sample 
Depth 
Classification 

Coarse Refuse 

Diameter 
Length 

2.8 Inch 
5.6 Inch 

Unit \Neioht (?CF) 
SampleWt. 1161.8 

Wet UW= 128.5 
Dry UW= 119.3 

- ---------======== 
Quantity ( cc) Head (psi) 

-----=== =========== 
24.7 

8.2 

24.5 
2.7 
0.8 

24.4 
9.6 
0.9 

Average Permeability 

1 
1 

1 
1 

Permeability (cm/sec) 
= 

1.75E-04 

1.54E-04 
1.44E-04 

1.79E-04 
1.43E-04 

1.63E-D4 
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9 Total I Effective ' I I ' ' I , I I I I I I ' ,. I I I ' I I I I I 

' ' I ' I I ' I I I I ., I I ' I I I 

C, tsf 
d>, deo 
Tan(di\ 

0.507. 0 I I I ' I I I I >I I I I I a I I I I I 

I I I I I I I I I I I I I I I I I I 

18.5 33.7 I I I 
' ' I 

I I I YI I I , I I I I I I ' I 

0.33 0.67 
I I I I I I ',; I I I • I I I I I I I I I 

I I I I I ' I I I I I I I I I I I I I 

I ' I ' ' I I ' ' ' I I I ' ' ' I , I I I I I I I I I I I I I I I I I I ' I I 

I I ' I ' I I I I I I I I ' I I I I I I I I YI I I I I I I I ' I I I I I I ' 

6 
I I 
I I 

I I I I I ' I I I j I I I I I I I I I I..< I I I I I I ' I I I I I I I I I I ' 

' I I I I I I I I , I I I I , I ' I I I I ' I I I I I I I ' . 

I I I I I I I I I ' ' ' I I I I I I I I I ' I I I I ' ' I 

I I I I I I I I I ' I ' I I I I I I ' I I ' I I I ' I 

' ' I I I I I I ! I ' ' ' I I I I ' I ' I ' I ' I I I I 

I I I 
I I 

I ' I ·I I I I I I I I I I I ' I I I I I I I I I I I I 

! 1 1 1 ' I I I I ' I I I I I I I I ' I I I I I I I I I 

I I I • I I I I ,- I I ' ' I ' ' ' ' I' I I I I ' 

I I I 

' I ' 

3 
I I I 
I I 

I I I I I I I I . ' I I ' ' ' I I I ' ' I I I I ! I I I I 

I I I ' I, ' ' I I I .J ' I , I I ' ' I I I 

I I I I I ' I I I I ' ' I I I I I It I I I I ' I I I ' I 

I I ' I I I I I I I ' ~, I I I I I I ' I I I I , I I I I I I 

I I I I I I ' I ' ' y' " I I I I I ' I ' I I I I I I I ' 
I I I , I r, I I I •I I I I ' I ' I I I I ' I I I I 

I I I I ' I I V I I I ' " I I I I I I I I I I I I 

' I ' I I ·~· I I ' I I I I I I I I I I I I I I I I I I I I I ' 

I I ' ' I 
.,, I ~, I I I I j_ I I I I I • I I I I I I I I I I I I I 

I , I I I I• 

' I " ' .. 
' " I I I ' I ' 

0 ' ' I ' I ' 

0 3 

9 I I ' I I I I I 

' I ' I 

I I I I I I I I I I I I 

I I I I I I I I I 

7.5 I ' I I I I I I I I I 

I I I I I I I ' I I I 

I I I I I I I I 

I ' I I 
I I I ' I 

$ 6 
I I I ' 

I I I I I ' ' 
ui I I I I 

I '" I I I I I I 
Q) 

' I I I I I ' 
ci5 I I" l l I I I ' 

4.5 I I I I I I I I I 
~ 

.!d I ' I I I I ' 
"' ' ' I I I I I ' 

·;;: I • I I I I I ' 
Q) I I I I I ' I I ' 
0 3 I ' I I I I ' 

I I I I I 

/• I I ' I 

I I I ' I I 
I I I ' I I I I I I 

1.5 . I I ' I I ' ' I I I 

I I I I I I ' 
I I I I I 

I I I I I ' I ' 
0 I I I I I I ' I 

0 5 10 

Axial Strain, % 

Type of Test: 
CU with Pore Pressures 

Sample Type: Rernolded 

Description: Coarse Coal Refuse 

Assumed Specific Gravity: 2.3 7 

" I I 
I " 'I " 

I I I 
I 

I I 
I ' 
I 
I I, 

I I 
I I 
I I 
I I 

' 
I ' 
I I 
I I 

I I I 
I I 

I 'I 
I ' 

' I 

' I 
I I 
I I 

I I I 

' I 

' I 
I I 
I 

I 

' 
15 

' I ! l I I ' I ' I ' I 

I I I I I ' ' I I I I 

' I I I ,. 
' I 

I I I I I I I ' 
6 9 12 

Total Normal Stress, tsf --

Effective Normal Stress, tsf - - -

I Sample No. I 
I 

' Water Content, 
I Dry Density, pcf 
I 
I iii Saturation, 
I 3 = 

I I £ Void Ratio 
I Diameter, in. 

I ' 
I I 

I 
Height, in. 

I I Water Content, 
I ' 

I ;;; Dry Density, pcf 

I I Q) Saturation, 2 I-
I 4: Void Ratio 
I I Diameter, in, 
I ' 1 
I I Height, in. 
I I 

' Strain rate, in./mln. 
I I 
I ' Back Pressure, tsf 

' 
' Cell Pressure; tsf 
I 
I I Fail. Stress, tsf 

20 Total Pore Pr., tsf 

Ult. Stress, tsf 

Total Pore Pr., tsf 

"1 Failure, tsf 

a', Failure, tsf 

Client: Pond Creek Mine 

I I I I I I I I ' 
I I • I I I ' I 
I ' I ' I I I ' ' 

'" I ; • I ' I I I I I 

15 

1 2 

IO.I 10.8 
I I 8.7 117.8 

97.0 99.8 
0.2470 0.2558 

2.80 2.80 
5.65 5.57 

10.4 10.8 
I I 8.7 117.8 
100.0 100.0 

0.2470 0.2558 
2.80 2.80 
5.65 5.57 

0.01 0.01 

3.60 3.60 

5.04 6.48 

2.78 3.83 

3.86 4.96 

2.77 3.83 

3.85 4.95 

3.96 5.35 

1.18 1.52 

Project: Coarse Refuse Laboratory Tests 

Location: Coarse Refuse Stocl..-pile 

Sample lfomber: Coarse Refuse 

Proj. No.: H-05278 Date: l 1/17/06 

I RIAXIAL SHEAR I EST REPORT 

(adj 
I I I ' 
' I I 
I I I I 

' I I 
I I I I 
I I I 
I ! I 

' I I I 

' 
' I I 

I I I ' I I I 
I I I I 

' I 
I I ' 

' I I 

-I I I 
I I I 
I I 
I ' I 
I I I 

' ' I I I 
I I 

I 

' I 
I ' ' 

18 

3 

10.3 
I 18. 7 
99.3 

0.2468 
2.80 
5.60 

10.4 
JI 8.7 
100.0 

0.2468 
2.80 
5.60 

om 
2.16 
7.92 
6.76 
5.23 
6.76 
5.23 
9.44 
2.69 

I e,cao., 

Plate 
HOLCOMB FOUNDATION E~~GINEERlf-..JG CO. 

Tested Sy: =L~C~---------- Checl;ed Sy: ~T~H~---------
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C 

( 

-
(' u3. 

7.5 L2J 7.5 
~ 

I 6 
I 6 

I 

I 
I 

I I I ,,.- - --- ---,__ __ 
a, Q) I 
:5 " 4.5 - 4.5 

::, " I "' " ,.---r---. 1---- "' " "' " - --- " " - I " - " " - " L---a: en _. ct~ - -~ - 3 3 

I 
~ .9 I ~ .9 

(--0 "' 

~ 
L--·- 0 "' 0.. ·;;:: a.·;; 

- a, - " .!'l Cl 
1.5 

.!'l Cl 
1.5 0 0 

I- I-

0 0 
0" ,. 8% 16% 0% 8% 16% 

I 
7.5 2J I 

7.5 
~ 

I _,...- I 
6 6 

I 

I ~ -~- I 

I I /( --- I 
~ 4.5 ~ 4.5 
::, "' I I ::, "' 
" "' "' "' " " - I " Q) -" - "' " - "' - l'5 - I rt ci5 ..... 
a. - 3 fl! _g 3 fl! .9 
0 "' I 0 "' 0.. ·s; CL.> 

- a, - Q) 

.!'l Cl 
1.5 

.!'l Cl 
1.5 0 0 

I- I-

I 
0 0 

0% ao;I) 16% O" 8% 16% ,, 

6 Peak Strength L,...,... ) ,... ,... 
Total Effective 

a::: 0.52 tsf 0.00 tsf _,... 
a= 17.4 deg 29.4 deg ,...· ~_,... 

tan a= 0.31 0.56 _,... 

------4 

I I ..----(,...,...1 ....----: v-....----: .!!l 
ti- A I I I/ _,... 1'-

_,...,... I~ - ----1 , , 
2 

7 V ~ 
-~ /. 

0

;:-T,......--YI/ V / l~1I 
0 2 

I Client: Pond Creek Mine 
Project: Coa,se Refuse Laboratory Tests 

Location: Coarse Refuse Stockpile 

Project No.: H-05278 

1 ested By: =L~C~' ___________ _ 

4 6 B 10 12 

p, tsf 
Stress ?aths: Tota[--- Effective - - -

Sample ll!umber: Coarse Refuse ;c:c.c..;c._==----------------i 
Plate --- I HOLCOMB i=OUNDATION :NGil~==RING CO. 

Chectted Ely: ~T..cH,_ ________ _ 
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'( 
I 

·, 

I 
I 
I 
I 

I 

r 
C. I 

I 

I 
I 

Date: 
Client: 
Project: 
Location; 
Sample Number: 

Description: 

Remarks: 

11/17/06 

TRIAX,AL COMPRESSION TEST 

CU with Pore Pressures 

Pond Creek Mine 
Coarse Refuse Laboratory Tests 

Coarse Refuse Stockpile 

Coarse Refuse 

Coarse Coal Refuse 

Type of Sample: Remo!ded 

Assumed Specific Gravity=2.3 7 LL= PL= 

Test Method: COE uniform strain 

11/30/2006 

10:19 AM 

¾-..,,_ -~ '' ~ , ··1 ,::.."! ""' "; '..\ , ~ ..... ,_ .i,•:' - ,, "·, :· .,. <t<·- __,,y,-..,_,.. -:.-~A"'i-ti''•., t'tl."''-"91'1 :c ~•'f,~- ~~' 

~,,1••~'"'",.='~'l -••<!I'•~<•~ • d!',r"~.:::' ••- ~•~ "' - • -- , 

Sp9cimen Parameter 

Moisture content: Moist soU+tare, gms. 

Moisture content: Dry soil+ta.re, gms. 

Moisture content: Tare, gms. 

Moisture,% 

Moist specimen weight, gms. 

Diameter, in. 

Area, in.z 

Height, in. 

Net decrease in height, in. 

Wet Density, pcf 

Dry density, pcf 

Void ratio 

Saturation, % 

Membrane moduius = 0.124105 kN/cm' 

Membrane thickness = 0.02 cm 

Filter paper coefficient= 0.001926 k. .. ~/cm 

Filter paper coverage = 50% 

Initial 

226.800 
218.600 
137.500 

10.1 
1193.1 

2,80 

6.16 
5,65 

130,6 

118.7 
0.2470 

9'/,0 

Consolidation cell pressure = 70.00 psi (5.040 tsf) 

Consolidation back pressure = 50.00 psi (3 .600 tsf) 

Cor.salidation effective confining stress = 1.440 tsf 

Strain rate, in./min. = 0.01 

Fall. Stress= 2.778 tsfat reading no. 41 

U!t. Stre~s = '2.767 tsf at reading no. 42 

Saturated Consolidated Final 

1320. 700 

1195.800 

107.600 

10.4 10.4 11.5 

2.80 2.80 

6.16 6.16 

5.65 5.65 

0.00 0.00 

131.0 131.0 

118.7 118.7 

0.2470 0,2470 

100,0 100,0 

HOLCOlv.S FOUNDAi ION :::NGIN::::::KING GU. --------------1 
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Def. Deviator Minor Eff. Major Eff. Pore 
Dial Load Load Strain Stress Stress Stress 1 :3 Press. p Q 

No. in. Dial lbs. ¼ tsf tsf tsf Ratio psi tsf tsf 
i 

0 0.0010 46.60 0.0 0.0 0.000 l.498 l.498 l.00 49.20 1.498 0.000 

1 0.0180 160.60 114.0 0.3 1.329 1.152 2.481 2.15 54.00 1.816 0.664 

2 0.0390 189. 70 143.1 0.7 1.662 l.001 2.663 2.66 56.10 1.832 0.831 

3 0.0590 205.60 159.0 i.O i.840 0.929 2.769 2.98 57.10 1.849 0.920 

4 0.0800 212.20 165.6 l.4 1.909 0.907 2.816 . 3.10 57.40 1.862 0.955 

5 0,1000 218.90 172.3 1.8 1.979 0.900 2.879 3.20 57..50 1.890 0.990 

6 0.1200 232.20 185.6 2.1 2.125 0.900 3.025 3.36 57.50 l.962 l.062 

7 0.1410 240.50 193.9 2.5 2.2ll 0.907 3.118 3.44 57.40 2.013 l.106 

8 0.1610 245.50 198.9 2.8 2.260 0.914 3.174 3.47 57.30 2.044 l.130 

9 0.1820 252.20 205.6 3.2 2.327 0.922 3.249 3.53 57.20 2.085 l.164 

10 0.2020 253.80 207.2 3.6 2.337 0.936 3.273 3.50 57.00 2.104 1.168 

II 0.2230 250.50 203.9 3.9 2.291 0.958 3.248 3.39 56.70 2.103 1.145 

12 0.2430 261.30 214.7 4.3 2.403 0.972 3.375 3.47 56.50 2.173 l.201 

13 0.2630 266.30 219.7 4.6 2.450 0.979 3.429 3.50 56.40 2.204 l.225 

14 0.2840 266.30 219.7 5.0 2.440 0.994 3.434 3.46 56.20 2.214 1.220 

15 0.3040 272.10 225.5 5.4 2.495 1.008 3.503 3.48 56.00 2.256 l.248 

16 0.3250 274.60 228.0 5.7 2.513 1.022 3.536 3.46 55.80 2.279 1.257 

17 0.3450 268.00 22!.4 6.1 2.431 1.037 3.468 3.34 55.60 2.252 1.216 

I 8 0.3660 273.00 226.4 6.5 2.476 1.051 3.527 3.36 55.40 2.289 I.238 

19 0.3860 278.00 231.4 6.8 2.521 1.058 3.580 3.38 55.30 2.319 1.261 

20 0.4070 278.00 231.4 7.2 2.511 1.066 3.577 3.36 55.20 2.321 1.256 

21 0.4270 283.00 236.4 7.5 2.556 1.073 3.629 3.38 55.10 2.351 1.278 

22 0.4470 284.60 238.0 7.9 2.563 1.080 3.643 3.37 55.00 2.362 l.282 

c, 23 0.4680 278.80 232.2 8.3 2.491 1.087 3.578 3.29 54.90 2.333 1.245 

:14 0.4880 286.30 239.7 8.6 2.561 1.087 3.648 3.36 54.90 2.368 I.281 

25 0.5090 290.40 243.8 9.0 2.594 1.094 3.689 3.37 54.80 2.392 1.297 

I 26 0.5290 292.10 245.5 9.3 2.602 1.102 3.704 3.36 54.70 2.403 1.301 

27 0.5500 298.80 252.2 9.7 2.662 1.109 3.771 3.40 54.60 2.440 1.331 

28 0.5700 299.60 253.0 10.1 2.660 1. l 16 3.776 3.38 54.50 2.446 1.330 

29 0.5910 294.60 248.0 10.4 2.597 1.116 3.713 3.33 54.50 2.415 l.299 

30 0.61 I 0 302.10 255.5 10.8 2.665 1.123 3.788 3.37 54.40 2.456 1.333 

31 0.6310 306.30 259.7 11.2 2.698 l.i30 3.828 3.39 54.30 2.479 1.349 

32 0.6520 306.30 259.7 l 1.5 2.687 l.l30 3.817 3.38 54.30 2.474 1.343 

33 0.6720 312.10 265.5 11.9 2.736 1.145 3.881 3.39 54.10 2.513 1.368 

34 0.6930 309.60 263.0 12.2 2.699 l.!45 3.843 3.36 54.10 2.494 1.349 

35 0.7130 308.80 262.2 12.6 2.680 1.152 3.832 3.33 54.00 2.492 1.340 

36 0.7340 309.60 263.0 13.0 2.676 1.159 3.835 3.31 53.90 2.497 1.338 

37 0.7540 3 l 5.40 268.8 13.3 2.724 1. I 66 3.891 3.34 53.80 2.528 1.362 

38 0.7750 3 I 6.20 269.6 13.7 2.721 1.166 3.887 3.33 53.80 2.5:.7 l.360 

I 
39 0.7950 323. 70 277.1 14.] 2.785 l. l 81 3.966 3.36 53.60 2.573 1.392 

40 0.8150 3:5.40 278.8 14.4 2.790 1.181 3.971 3.36 53.60 2.576 l .~95 

I 
41 A O'J,C::f"l 'J 'l C A f\ 'l'i(i 0 

" Q 
'I //0 l .l 81 3S59 ' " ,:-, r.f\ ,, i::-if\ 1 -, (>fl 

V,<.l.JVV .. ,..,_.J,""TV "'' v.u !"'!.!..' .... , ,u .,,..,., _.,_._,v .:.,.;1v i ,.;t,7 

.'!2 0.8560 325.40 278.8 15.l 2.767 !. l 88 3.~SS 3.33 53.50 ') C''l1 1.3~3 ,_,..,1, 

(~_ 
' ' HOLCOilf:B roui~iJAi j(jji,j =-1~Gih!:::.=K.ih!G c;u. 
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Specimen Parameter Initial Saturated Consolidated Final 

Moisture content: Moist soil+tare 1 gms. 211.600 1335.900 

r;,'loisture content: Dry soil+tare, gms. 203.200 1222.200 

Moisture content: Tare, gms. 125.200 134.800 

Moisture,% 10.8 10.8 10.8 10.5 

Moist specimen weight, gms. I 175.1 

Diameter, in. 2.80 2.80 2.80 

Area, in? 6.16 6.16 6.16 

Height, in. 5.57 5.57 5.57 

Net decrease in height, in. 0.00 0.00 

Wet Density, pcf 130.5 130.5 130.5 

Dry density, pcf 117.8 117.8 117.8 

Void ratio 0.2558 0.2558 0.2558 

Saturation, % 99.8 iOO.O iOO.O 

Membrane modulus= 0.124105 kN/cm2 

M&lrnh!"'2n12 thirl!-naci:. = n,n'J f'T'n 

Filter paper coefficient= 0.001926 kN/cm 

FIiter paper coverage = 50% 

Consolidation cell pressure= 90.00 psi (6.480 tsf) 

Consolidation back pressure= 50.00 psi (3.600 tsf) 

Consolidation effective confining stress= 2.880 tsf 

Strain rate, in./min. = 0.01 

Fall. Stress = 3.829 tsf at reading no. 40 

c' 
Ult. Stress = 3.828 tsf at reading no. 41 

Def. Deviator Minor Eff. Major Eff. Pore 
Dial Load Load Strain Stress Stress Stress 1:3 Press. p Q 

No. in. Dial lbs. % tsf tsf tsf Ratio psi tsf tsf 

0 0.0000 51.60 0.0 0.0 0.000 3.377 3.377 1.00 43.10 3.377 0.000 

0.0190 l 85.60 134.0 0.3 1.562 2.340 3.902 1.67 57.50 3.121 0.781 

2 0.0400 233.00 181.4 0.7 2.106 1.814 3.920 2.16 64.80 2.867 1.053 

3 0.0600 253.00 201.4 l.l 2.330 1.562 3.892 2.49 68.30 2.727 l.]65 

4 0.0810 263.80 212.2 1.5 2.445 1.433 3.878 2.71 70.lO 2.655 1.223 

5 0.1010 270.50 218.9 1.8 2.513 l .346 3.860 2.87 71.30 2.603 1.257 

6 0.1220 274.60 223.0 2.2 2.550 1.289 3.839 2.98 72.lO 2.564 1.275 

7 0.1420 281.30 229.7 2.5 2.617 J.260 3.877 3.08 72.50 2.569 1.309 

8 0.1620 287.lO 235.5 2.9 2.674 l.238 3.912 3.16 72.80 2.575 l.337 

9 O.l 830 291.30 239.7 3.3 2.711 l.231 3.942 3.20 72.90 2.5S7 l.355 
,n 0.2030 297.10 245.5 3.6 2.766 1.224 3.990 3.26 73.00 2.607 l .383 ,v 

11 0.2240 301.30 249.7 4.0 2.802 l.224 4.026 3.29 73.00 2.625 l .401 

12 0.2440 305.40 253.8 4.4 2.838 1.224 4.062 3.32 73.00 2.643 l.419 

13 0.2650 309.60 258.0 4.8 2.873 1.224 4.097 3.35 73.00 2.GGl l.437 

!4 0.2850 3 l 5.40 263.8 5.1 2.927 l.231 4.158 3.38 72.90 2.695 l.463 

15 0.3060 320.40 268.8 5.5 2.970 1.238 4.209 3 40 72.80 2.724 I 485 

I 
i6 0.3260 326.20 274.6 5.9 3.013 i .246 4.269 3.43 72.70 2.757 i .512 

i7 0.3460 330.40 278.8 6.2 3.058 l.253 4.310 3.44 72.60 2.782 1.529 
,o 0.3670 334.60 203.0 6.6 3.091 1.267 4.358 3.44 72.40 2.813 1.546 
'0 

19 0.3870 341.20 289.6 6.9 3.l 51 1.2E2 4.433 3.46 72.20 2.857 1.576 

(_ 20 0.4080 346.20 294.6 7.3 3.192 l.296 4.488 3.46 72.00 2.892 l.596 

f 21 0.4280 351.20 299.6 7.7 3.234 1.310 4.544 3.47 71.80 2.927 1.617 

HOLCOMB FOUNDATION ENGINEERING CO. 
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Def. Deviator Minor Eff. Major Eff. Porn @ 
r Dial Load Load Strain Stress Stress Stress 1:3 Press. p Q 

No. In. Dial lbs. o/, ts! ts! ts! Ratio psi ts! ts! 

22 0.4490 357.00 305.4 8.1 3.283 1.318 4.601 3.49 71.70 2.959 1.642 

23 0.4690 359.50 307.9 8.4 3.297 1.332 4.629 3.48 71.50 2.981 1.649 

24 0.4890 362.80 311.2 8.8 3.319 1.339 4.659 3.48 71.40 2.999 1.660 

I 
25 0.5100 368.70 317.l 9.2 3.368 1.346 4.715 3.50 71.30 3.031 1.684 

26 0.5300 . 374.50 322.9 9.5 3.416 1.361 4.777 3.51 71.10 3.069 1.708 

27 0.5510 377.00 325.4 9.9 3.429 l.368 4.797 3.51 71.00 3.082 l.714 

28 0.5710 381.20 329.6 10.2 3.459 l.368 4.827 3.53 71.00 3.098 1.730 

29 0.5920 384.50 332.9 10.6 3.479 1.382 4.861 3.52 70.80 3.122 1.739 

30 0.6120 386.20 334.6 l 1.0 3.483 1.390 4.872 3.51 70.70 3.131 1.741 

31 0.6330 392.00 340.4 l 1.4 3.528 1.397 4.925 3.53 70.60 3.161 1.764 

32 0.6530 397.00 345.4 l 1.7 3.565 1.411 4.977 3.53 70.40 3.194 1.783 

I 
33 0.6730 400.30 348.7 12.l 3.585 1.426 5.010 3.51 70.20 3.218 1.792 

34 0.6940 406.10 354.5 12.5 3.629 1.440 5.069 3.52 70.00 3.254 1.814 

35 0.7140 410.30 358.7 12.8 3.657 1.454 5.11 l 3.51 69.80 3.283 1.828 

36 0.7350 413.60 362.0 13.2 3.674 l.469 5.143 3.50 69.60 3.306 I.837 

37 0.7550 420.30 368.7 13.6 3.727 1.483 5.210 3.51 69.40 3.347 J.863 

38 0.7760 423.60 372.0 13.9 3.744 1.498 5.242 3.50 69.20 3.370 l.872 

39 0.7960 427.80 376.2 14.3 3.770 1.505 5.275 3.51 69.10 3.390 1.885 

40 0.8170 435.30 383.7 14.7 3.829 1.519 5.348 3.52 68.90 3.434 1.914 

41 0.8370 436.90 385.3 15.0 3.828 1.526 5.355 3.51 68.80 3.441 1.914 

I 

I 

'------------ HOLCOMS FOUNDATION ENGlh!EERING CO. ------------1 



R12910

( 

(-

I 
I 
I 

I 
I 
I 

Ci 
f 

Specimen Parameter Initial 

Moisture content: Moist soil+tare 1 gms. 

Moisture content: Dry soU+tarer gms. 

Moisture content: Tare, gms. 

Moisture,% 

184.300 

Moist specimen weight1 gms. 

Diameter, in. 

Area, in.2 

Height1 in. 

Net decrease In height, in. 

Wet Density, pci 

Dry density, pcf 

Void ratio 

Saturation, c;, 

177.100 

107.500 

10.3 

1 J 85 .2 

2.80 

6.16 

5.60 

130.9 

118.7 

0.2468 

99.3 

Membrane modulus= 0.124105 kN/cm' 

Mt:imhr-~na thickm::i-c:c = 0.0? rm 

Filter paper coefficient= 0.0019261-.N/cm 

Filter paper coverage = 50% 

Consolidation cell pressure= 110.00 psi (7.920 tsf) 

Consolidation back pressure= 30.00 psi (2.160 tsf) 

Consolidation effective confining stress= 5.760 tsf 

Strain rate, in./min. = 0.01 

Fall. Stress= 6.758 tsf at reading no, 42 

Ult. Stress= 6.758 tsf at reading n6. 42 

Def. Deviator Minor Eff. 

Dial Load Load Strain Stress Stress 

No. in. Dial lbs, ¾ tsf tsf 

0 0.0000 25.00 0.0 0.0 0.000 6.588 

0.0190 88.20 63.2 0.3 0.736 6.458 

2 0.0400 309.60 284.6 0.7 3.304 5.623 

3 0.0600 397.00 372.0 J.l 4.303 4.795 

4 0.0810 428.60 403.6 1.4 4.651 4.234 

5 0.10 I 0 441.90 416.9 1.8 4.787 3,830 

6 0. 1220 449.40 424.4 2.2 4.854 3 .521 

7 0.]420 460.20 435.2 ~.5 4.960 3.283 

8 0.1620 467.70 442.7 2.9 5.027 3.0l 7 

9 0.J 830 476.00 451.0 3.3 5.1 OJ 2.837 

JO 0.2030 483.50 458.5 3.6 5.167 2.693 

11 0.2240 489.30 464.3 4.0 5.212 2.585 

12 0.2440 495.20 470.2 4.4 5.258 2.491 

13 0.2650 505.20 480.2 4.7 5.349 2.419 

14 0.2850 511.00 486.0 5.1 5.394 2.369 

15 0.3060 518.50 493.5 5.5 5.455 2.333 

!6 0.3260 526.80 50i.8 5.8 5.526 2.304 

i7 0.3460 533.50 508.5 6.2 5.579 2.297 

lb 0.3670 539.30 5i4.3 6.6 5.620 2.326 

19 0.3870 548.40 523.4 6.9 5.697 2.275 

20 0.4080 555.90 530.9 7.3 5.756 2.261 

21 0.4280 565.90 540.9 7.6 5.841 2.261 

Saturated Consolidated 

10.4 10.4 

2.80 2.80 

6.16 6.16 

5.60 5.60 

0.00 0.00 

131.0 131.0 

118.7 118.7 

0.2468 0.2468 

100.0 100.0 

Ma.Jar Eff. Pore 
Stress 1:3 Press. p 

tsf Ratio psi ts! 

6.588 1.00 I 8.50 6.588 

7.195 I.I! 20.30 6.827 

8.927 1.59 31.90 7.275 

9.098 1.90 43.40 6.947 

8.885 2.10 51.20 6.559 

8.617 2.25 56.80 6.224 

8.375 2.38 Gl.10 5.948 

8.243 2.51 64.40 5.763 

8.044 2.67 68.10 5.530 

7.938 2.80 70.60 5.387 

7 .860 2.92 72.60 5.276 

7.797 3.02 74.10 5.191 

7.750 3.11 75.40 5.120 

7.768 3.2! 76.40 5.094 

7.762 3.28 77.10 5.066 

7.788 3.34 7i.60 5.060 

7.830 3.40 /E.00 5.067 

7.075 3.43 ,S.i 0 5.086 

i.945 3.42 /7.70 5.i35 
~ 07') I,,,,_ 3.50 78.40 5.124 

8.016 3.55 78.60 5.139 

8.102 3.58 78.60 5.181 

HOLC01Vi3 rOUNDATION ENGINEER.ING CO. 

Q 
tsf 

0.000 

0.368 

1.652 

2.152 

2.326 

2.393 

2.427 

2.480 

2.513 

2.551 

2.583 

2.606 

2.629 

2.675 

2.697 

2.728 

2./63 

2.789 

2.810 

2.849 

2.878 

2.921 

Final 

1333.800 

1230.400 

135.300 

9.4 
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No, 

22 

23 
24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

Oaf. 
Dial Load 
In. Clal 

0.4490 569.20 

0.4690 575.l 0 

0.4890 584.20 

0.5100 592.50 

0.5300 599.20 

0.5510 605.90 

0.5710 613.30 

0.5920 617.50 

0.6120 626.70 

0.6330 638.30 

0.6530 644.l 0 

0.6730 650.80 

0.6940 656.60 

0.7140 662..50 

0.7350 669.l 0 

0.7550 678.30 

0.7760 684.10 

0.7960 690.70 

0.8170 699.10 

0.8370 701.60 

0.8570 707.40 

Oeviator 
Load Strain Stress 

lbs. % !sf 

544.2 8.0 5.853 

550.l 8.4 5.894 

559.2 8.7 5.968 

567.5 9.1 6.031 

574.2 9.5 6.079 

580.9 9.8 6.124 

588.3 10.2 6.178 

592.5 10.6 6.196 

601.7 10.9 6.267 

613.3 11.3 6.361 

619.l 11.7 6.395 

625.8 12.0 6.438 

631.6 12.4 6.470 

63i.5 i2.8 6.504 

644.1 13.l 6.543 

653.3 13.5 6.609 

659.1 13.9 6.639 

665.7 !4.2 6.678 

674.1 14.6 6.732 

676.6 14.9 6.729 

682.4 15.3 6.758 

Minor Eff. Major Elf. Pora 

® Stress Stress 1:3 Press. p Q 

!sf tsf Ratio psi tsf tsf 

2.268 8.121 3.58 78.50 5.195 2.927 

2.282 8.176 3.58 78.30 5.229 2.947 

2.297 8.265 3.60 78.10 5.281 2.984 

2.311 8.343 3.61 77.90 5.327 3.016 

2.333 8.411 3.61 77.60 5.372 3.039 

2J54 8.479 3.60 77.30 5.416 3.062 

2.362 8.539 3.62 77.20 5.450 3.089 

2.405 8.601 3.58 76.60 5.503 3.098 

2.527 8.794 3.48 74.90 5.661 3.133 

2.426 8.787 3.62 76.30 5.607 3.180 

2.448 8.843 3.61 76.00 5.646 3.198 

2.477 8.915 3.60 75.60 5.696 3.219. 

2.498 8.968 3.59 75.30 5.733 3.235 

.., cf\£ 

.f.,.JVV 
n nn.n 
;7,VV ✓ 3.60 75.20 5.758 3.252 

2.542 9.085 3.57 74.70 5.813 3.271 

2.563 9.172 3.58 74.40 5.868 3.305 

2.585 9.224 3.57 74.10 5.904 3.319 

2.614 9.291 3.55 73.70 5.952 3.339 

2.635 9.367 3.55 73.40 6.001 3.366 

2.700 9.429 3.49 72.50 6.065 3.365 

2.686 9.444 3.52 72.70 6.065 3.379 

LI 
:._ __________ HOLCOMB FOUNDATION ENGlNEERII-JG CO. -----------..J 
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Holcomb Foundation 
Engineering Co. 
CIQ 8oY R8 c~n-.on.-inle Illinois 

LOG of BORING B..874 

Un::onfined Compressive Strengih (ions/Sq, Ft.) 

------• 
2 3 4 5 6 

Water Content {¾) 

-----------0------------
Stcndcrd N Penetration, Blows/Fl. 

,-o---20 ___ 30-x 40 
50 60 

I I I I I I J I I I I I f I I I ! l ! t I I I I I I I / l I I l I 

l I 1 / I I I J ! I I I! 1 l I I I l I f I f I I I I I l I! 

I 1 / / / t J j l I I l I If I I I f I I I I l I I I I I I 

I 1 / ! I I I l I ( J I I I I I I I I I l I I I I I I 

1 J I I I I l I I I I I I I I 1 ! I I I I I ! t I I ! I I 

I I I I j ! I I I I I I I It I I I I ! / t I I I ! I I! I 

! I 1 1 I I t I I I! I I I I I I I I I I l I I I I I ! l I 

I ! ! I ! I ! 1 I I I ft l I I l I I I I /ft I ! I I I 

! 1 t ( I I I I I I I I I f ! I I I I l I I I ! ! I I 

I I J I If I l f I I I I I I l I l If ! I I I I I f I I 

I / I I I I l I I Ill f I I I I l I! I I I I I I I I I 

1 I I I I I f I I I I I I I I I I I I I I I l I I I I I 

I I I I I I I I I I I I I I I ! ! I I I I l f I I I 

l I J ! I I I l I I I I I I I I l I I I I I I I I I l I I 

I I I j I ! I I I I I I ! l ! I I l I I I I I I I I I I 

I I J / I I I I I I ( I I ! I J I I I I I I , ! I I I I< 

I I I I l I l I I I I I ! I I! I I I l I I I I I I I I I 

1 t I I 1 I f I I I I I I l I I I ! I I ! I I I I l I! I 

I t I I! i ! I I I I ! I I / I I ! I I I I I I I 

I f ! t I l I I! I 1 I I l I ! I J I I I ! I I I I I I 

I 1 1 I ! I ! I I I I 1 I I I ( ( I I l I I I I J ! I 

I I I I I I I I I I I ! I I I I I I ! I I I I l ! I 

j I t I ! I f I I 1 I I I ( l I t ! I I I ! ! I ! t I J 

I ! J / I I I ! I I I ! f l I I I I J / l I I I I! I 

I f I I J I I ! I I I I I f I I I I f I! I l I ! f J I I I I 

I / J Jr J ( f l I I I I I I I I I l I I I I ! I I I ! I I 

! 1 I /I/! I I t ! t I t·t I l I I I / f I I I I I I l 

J I I I I/ I I 1 I I I I I I I l I I I I l I I I I l I 

/ l r JI I ( t ! I/ I I ! / / I I I I I f ! I I I I I I I 

/ 1 1 1 1 It I I l Ill I t I I ! I I I I ( l I I I I I I ! I I 

1 1 I I I I I f I I I I I I l I I! I I I I I t I I I I I I I 

! I I I I I I l I I I I I \II I I! I I I I I I I I I I I I I 

1 J I ! , l I I I I I I I I I I I I I I I I I I ! I I I l I 

I I j I I Ill I I I I I I I I I I I It 1 I) I l l I I 

.C '!!:!:!iii;i;ii'i /:' ii'iiiii 
I I I / ! ( I ! ! I I! I ! j I I ! I I I t I I ! ! l 

/ I I ! l I I I 7-i7 i i l /' ,I ,.j I I I j l I I 

1 ( l I ! ( I ! I I If I ! l ! I l ( l I I I f I I I 

l I I I t I I I I I I I I ! I·! I l I I I 1 I I I I I 

j I I I I I I I I I I I i I I I ! I l I I l I I I I I 

! I ! I I I I ! ! I I I I! I I I ! I I -I I 1 I I I I I 

I l I I l ! I ! I I l I I ! ! I I ! I I I I I I I I I 

1 I I J I I I I I I I!! I I I I I I I I I I ! I I I I 1 

J I l I I I! ! I! I I 1 ! I ! ! ! ! I I ! I I t f I 

I 1 I I I ! I I I i I! j i i I I I I f I ! I I I I I I I I 

! I ! 1 I I I / r I I I I I l I I I I ! I I I I I I I I I 

1 t J I, I I J I ) I I I I I ! I I I I j I I l I ! I I! I 

f I I I j l I! I I I l ! I t I I l I ! ( I I I I ! I I I I I I 

I / ( I I I I ! I I I I I I I ! I I I I I I I I I I I l ! ! I I 

1 I ! I / l l I I I! I I l I I I I ! ! l ! I I I I / I ! I I 

I J I I I I I I ( l I I f I I ! I ! ! I I I I 1 I I I I l I 

1 I I ! I I I I I I I I I I I I l I I I I I I I I I I I I I 

1 ! I I I I I I I l I I I l I I I I I I I I I I I I I , 

I 1 ! ! I I I I ! I l I I I ! l I I I I I I l I I 1 I I I 1 1 

/ l I I / II I I I I I I I ! I I I 1 I ! I I ! I I I I I I 

1 I I / If I I I I I I I I I I I ! I j / I J t I I I I 

1 / ! I I I I l l I / f I I I I I I I / I I I ! I I I I 

, I I I I I It I l I I I I ( I 1 \ ! I ! I I l I ! 1 I I I 

1 ! I I I I I I I I I I l I i l ! l f I I I I I I i I t I i 

1 I I I J I I I I I / I I I I ! I I I I I I I I ! I f l I 

1 I I I I I I j I f I I I I I I l I l I I I I I I f ! I 

1 I I I I I I I I f ! I l 1 I I ! ! I I I I I I I I I 1 

f l I I I I I I I I I I I ! , I I ! I I I l I I I 

I l , ! 1 1 I I I I I J 1 I l l ! I I I I I I I J I I 

! I I l I I I! I I I f I I I I I I I I I I I I I 

1 ! 1 / l I f I I I I I I I ; I I t I I I I I I I I I 

I I I t f , 1 I I ! I I I I f I I I I I I I i I 1 

j I ! I I I I I I I ' ' I / I I I I / I I I I / I I I I I I i 

I I / I I I I / I ; I I I I I l I I I I I I I I I 

I ! , I I , r I i, r i i i I : l l ! ! I i t i ! i I I 

I I ! I I JI ! I I I I I I l f I I I I I I l f I I I I I I I I I 

I I I / I I I I I l • I I 1 ( I I I I I I I I I ) I I I I I 

round Yl01er :)u;.::; 

• • u.. 

5 

0 
z 
• 0. 

6 
"' 

• 0. 
E 
0 

"' 

• 
" § 

• 5 

• ]-

Descrlption of 1,1,a\e ri a I 

§ >-------------------------< 
..r1 Surface Eievation 

Brown Silty CLAY (CL) with s □ nd 
□ nd pebbles 

1 si / 

2 st/ 

Gr□y Mottled Eirown Silty CLAY ( CL) 

, 5,--+--+--! 

4 st/ 

sJ st/ 
20.---i--+--+------------------1 

End of Boring Q -20.0' 

25 

30 

35 

No Ground Weier E:ncounisred During ~frilling and None Upon Completion. 

l ~:J::h #1 Mine Soils investigation 

-1Jioch #1 Mine Williamson County lliino1s 

1or,L Allion:e lonsul:in\), In:. 
Vvesi \i1r9in10 

I 
Dote of Boring 

Febru:iry 1, 2006 

h-C-5273 
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LOG of BORING B.293 
Holcomb Foundation 
Engineering Co. 

U:-;::::mfin£"d Ccmpnn::lw 

------•-------4 5 2 
Wotar Conl•nt (%) 

-----------0------------
Standcrd N F'snetroticn, Blowa/Ft. 

10 20 so X .w 50 60 
I I I I t ! I I l I t I I I I I I / I I l l ! I I I 
I ! I 1 / I I! t I t I 1 1·-1 I l J ! I I I 
I l I I l I I! I I I J Ii ! I I I t 
f I I l I I I I ! I I I I I 1 ! I l I 
I I ! I I l I I I I I I I I I I I I l l I 
I I I I l I I I I I I I I I I I I I I I I 
! I ! I I I I I ! I t I I I I I l I I I 
I I I I I I I t I I! I l I l I I I I I 

' I 
I I 
I I 

' I 

I ! I I I I / I I l I I I I I I ! ! ! 
! I I! I l I t ! I I ! I I I I I ! 
I I ! f I ! l ! I I f I I I ( l I ! I I I I 
I I I ! I I I I I ,--, I! I l I I I I I 
! j / I l I I 1 ! 1 ! I I ! l ! I I 

1 I I I I I I I I I! I I I I I I I I l 
I I I, I I I ii I I ! I l I \ I I ! 

I I I I 

' I I 
I I I 
I I f I 

' ' ' ' ' ' ' 
' I I ' 

' ' ' ' l I I I 
f I I I 

' ' 
' I ' I I I I 

' I I 

' ' I I 4 I I I I I! I J I I I I I I I I I I l I I I I 'l l 
I I I I I I I I ! 11 I f I I I I I I I I 

£ 

"" C. • 0 

5 
1 ss[/ 

2 ss / 

Description of Materi a I 

Surface Elevation 
7" iopsoil 
Grey Mottled Brown Sllty CLAY (CL) 
with trace of send 

I I l \ I I I I ) f J I I 1 ! I I I I I l 
I i I I I J I f I I I I I I I 1 1 I I I i J I I 
J I I I I I ! I l ( I ! I I ! I I I ! I I I I I 
I ! I I l f ! l l l I l I I I l I I I 
I t I <1 I Ii I l I I t II I ! I I I I 

I ! I ! 
f I I I 

t I ~ I I I I I I I I I I -i I t f ! I I ' ' ' 

1C 3 ss / Brown, Mottled Grey Silty CLAY ( CL) 
1-~-LI -J wfth send and pebbles 

4/ss// 
I 

I I "'It I I ' I I I I I 1 ! 1 t ! I I I I I 
I J / f'IO I I I l I I I l I I ! I I I ! , I I I r I I 

l I I I I I I I ! I I I 1 ! I I f I f ! I I I J j 

I I I I I I I I l I I l ! I I I I ! 1 If I I I I 
I I I l ! I l I l I I I I I I I I t I I I ' I 
I I l I I I I I I I' I 1 1 I 1 ! I I I I It 
I I t I ! I I I ! t I I r I I I I 
l I I I I I l I I I t I II I I 1 f I I I j I I 
I ·I I I l I l I I I I I I l I I I I I I I l I 
I I l I I ! I v I ) l ! ! I I j l I I l l I 
• 1 I l I I I I I l I I I!! I I I I I t I l 

I I I I I ! l I I l I' I I I I I! I I 1 ! 

! ! J I 

I I I t 

I I I I 
I l I t 
I I I I 
I I I ! 

I 1 l fl I! I I l f 1 I I I I l ! I I I r I I I l I 

15 
5 SS' 7 

: I : : : : : : : : : : .: : : :i ;. ,-1 'Lf-!- :;~l-!,~L. 
! I ! I I 1 I I· I I I I ! t I I l I I I I I I , ,,- ..., 

5 ss / 

I 
r'7IT1 :: •• :+.,,7 +-1r< r;-::ro::,:::--v-e::,:-1,no.Ar,_,,-t.-- - -

l I J I l I I t I I I l I l I I f I l J I I I • ~ l ! 
I I I I j-l J t J I ! I •·II I I I ·I l I I I J I f I I I I J I 1 t 
I l ! ! I I I I l J t 1 I I I I f I ! I I I t I I I 
J I j I I I l I I f I! I l I I I I ! ! I I I I t I 
I l I I t l r I 1 t ! J "1 I I I I I • J I I I 1 I 
I I I ! I l I I I I I 1 I l--r I I I I I I I 

l I I I f I l I I I I I I I I I I fl I 1·t l I I I J 1 ! 
I I I I I I I ·1 I t r I I I l t I ( ! I I l t I I 

I I I I I I I I I I 'I ·I I I j I I I I I 
I j I I I l I I I l f I l l 1 l 1 1 1 ! I ! I I l I 
f I I I l I I I I I l f I I t I I I I I l ! 1 I I I I I t l I 

l I I I I ! ft I ! t I I ! ! t t I I I I ! I I I I I I I I 
I I I I I I I I ·1 I l ! I I I I I I I I I I I I l 1-. ! I 1 
I I I I I l I I I i r I I + ! ! ·1 I I I I I I I I ! 1 
1 ( I ! I I I I I I I ! I I I I I l I I ! I I I ! 1 I 1 t I 1 
1 I I I I l I I I ! I ! ! l l J I I I I I I I ! I l t I I 
t I I I I I I! I l l I I I I ! I I I I I I l I I t I I I l 
l I I I I l I I f l I I i I I I I I I ! J J I I I I I ! l 
t I t I ! I I I ' I I I t I I i I I I I I I l I I! I l 
J / I ( I ! I I I l ! l I I I l I I I I I I I I I I I! I ! 
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/ I I I I I I I I l l I I I I I I I I I I I ! I I I I I I 
I J I I l ! I I ! l I l I I I I I I I ! I ! I I I ! I I 1 
! I I r I ( t I I I I ! ! 1 I I I l I j I ! I l l I I I ! ( 

I I l l I I I I I ! l ! I I ! I/ I l ! I I I I I ! ! I I! ( I 
J I I I 1 ! 1 I I I ! I I It ! I I I l I I I I I I I l 
1 I 1 ! I II t I I I I I f I I I I I I I I I I I I I I I I 
I ! I l I I I I t I t I I I I I J I I ! I I t I I I II I f 

: 1 1 I It I I I I I t 1 1 17 11 1 l I I I I I ! i I I 
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1 1 1 J 1 1 1 r 1 1 1 1 1 1 1 1 1 i 1 1 I I i t 1 1 1 1 1 1 I 
! I I f t I I I I I I ( I I l I I I I I I I I I I ! I I I I ! 

1 I I I t I ! I I I ! I l 1 ! I I I I I I I l I I I I I ·1 I ! I 

/ Ground Wai:er Data 

End of Soring Q -19.0' 

Ground Weter En:ountered t;1' -12.0' During Driliing. 
( ___ • ~=-= .. :-. -_--:-k--:P--:b---. --,,--h-,-,. __;: ______ __.::__ __ :::___,I 7D_ar_s_o-c1-a=-o-n,-n_n ________ __j 
,, r:oc ro es Tor M□ C .-,1ne • 

John~tr--;n (':ity
1 

lninni'5 ri~,..."'~1-,.0'"' ~. 2005 
Cfier.7: Williamson County Energy 

Marion, !liinols 

I Pro)o:1 Ne. 
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, Unocnflnwd Comp"""'lvo Strenl,fh (Tona/Sq. F'!.) 

------•-------4 2 s 6 
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-----------0------------
• • ... 0 
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~ 
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Description of Material 
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I I! I I I I I 

f I I I If ! 
I I I I I 

60 
I I ! I I 

I I I I 
1 I I_ 
I I I f 

I I I I 

' ' ' I I 
' I I 

1 f I l 
1 f t I 
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~ -- , I r I I l f l ! I l I I ! ! I I J I l I I I ! I 

I I I I / I j ! l I I l t I ! ! I I l I I I I I I 
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J I I t t I t I I I I f I l I ! I I I ! I ! I t I I 

I I I l I J l I I ! I I I I I l I l I I I l ! I I 
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I I! I I I I I I l 1 l l ! I I I I J I I l J I 

I I I I l I I ! I ! l I I ! I I I I I I I l l , 
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I I l I I ! I I l I I I ! l 1 I I I I I I l I I I I 

( 1 / I I I I I ! I I l I I I I ! I I l ! I I I j I t 
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I I / I 1 f I I ! I It I I I I l I I I l I 1 ! I I I I l I I I 

/ I I I I t l I I l I I I I l I I I I I I I I I I I l I I I ( ! / 

I I ! I I I I l I ( I I I I I j I I I I I I! I I I I ! I I I I I 

I ! I I l I I I I I I Ii I I f I ! I I I I I I I l I ! I t I I 1 

I I I If I I < I I I I I ! ! I I I I I I I l I l ! I l I I 

Woter Date 

30 

B i:s / 

( No Ground Water [ncounfered During Driliing, 

eroJ•c:: Rnck Probes ior Mach Mine 

Johnston City, lllinols 

Vlilii □ rr.son Coun+y ~n ergy 
M::1rion. lliinols 

Surface Elevation 

7" iopsoil 

Brown 
with 

Brown 

Mottled Groy Silty 

sand end pebbles 

SHALE 

End of Soring Q -22.5' 

CLAY (CL) 

I 
Date o{ Borinkl 

Da:::ember 5, 20C5 
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LOG of BORING -8.295 

Holcomb Foundation 

Engineering Co. 

Unconflned Comprr.ssiva Sinngfh (Ton•/Sq. n.) 
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1----,'----'2'-· __ _,5'----4'--,-,c-'5=----=6---j : 

Waier Content (X:) i.... 

-----------0------------
Standard N P .. ne-tr:rllon, 

,-0--2-0---,0-x "o 
Blows/n. 
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) I I I I I I I I j I! I l I I I l I I I l I I I I I I 

1 It ! I I I/ I If ! l I I l I I I I I I I I I I 

I ! I I I II I I f I ! t I I f t I I I l I I ! I 1 

I 1 1 I I I! I I I l I I I I ! 1 ! I I I I l I I 

! 1 I I I I I I I I I I l t I I I I I I I I 
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E 
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Q. 
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• Q. 
E • Ill 

I I! I I t I I t I I I 1 ! 1 I I I I 
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1 1 !Ill 1111 •I I 1111 !!II Ir 1 Ii/ 
\ I! I ,I I! I f l l ! I ! I I I f l ! I I I 2 ti'$ 

1 ! I l I I 1 I I I I I ! I I I I I I I I I i i I ., , 

I I j t 1 ! ! I I I J I I I I I I I I ! I 
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11JJ !Ill Ill /I I Ill/ IJ+J !Ill [l;--!-"""1"--l 

J I I I I I I I I J f t I I I I I j I I I I 

I 1 1 If I 11 I 11 I I 1 1 ! I I I I I I I If I I 
4
/~s// 

J I l I I I' I l l I r l I r I I I I I f ' ~ 

I t I! I It I I t l I I I I I ! I I l I 

J l I t I / 1 I 1 I I I I I 1 l t 1 I I I I I f I I 
I I I I ! I I f I l ' t ! I I I l I I I 1 I I 

Description of Material 

Surface Elevation 

Topsoil 

Brown 
with 

Mottled Grcry Silty 
end pebbles sand 

CLAY (CL) 

11 I ( II l /I Ill I !Ill II! I/ 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 r· 1 1 1 1 1 1 1 1 5 ss f-c8-----

-,-l ,c:: 'T,-'(""-:cls)---------------1 

, 1 1 1 1 1 , 1 1 , 1 , , 1 1 1 1 , , 1 , 1 , 1 
5 

rown S L. m 

( 

I ' ! I I l I l I ! I I I I I I I I I I I I I I j I I 
! l 1 ! I I 1 I ! 1 I. I 1 ! It I I I I 

,11 ( 1(11 111! 1 I Ill I) I/ 
-, I I I I I I I ! t I t I l I I I 1 I 1 I I I l l l 6 SS rl--------------,---------------1 

1 1 , 1 1 1 1 1 i I r 1 1 , r t , 1 1 • 1 • , 1 1 1 1 Brown ~edium to Coarse SAND 

I I I I I ! ! I \ t I -i 1 I I I I I I I 1 ' I I I I 
I / I I ! I j I ! I I I l I I I j ! I I I (SC-S?) 

I ! I ) l I l' I I ! I I I j l t j I j' I 
• , -\ 1 1 1 1 xi 1 1 1 1 1 , 1 1 1 1 1 1 , 1 1 i 7 ss I / 
, 1 1 , , 1 1 1 1 1 r,, 1 1 1 1 1 1 1 1 1 1 20 I/ 

t I I! I I I l I 1 I I ! I I I ! I I I I l I I I I 
! I I I I I I I I r I I ! I I I 1 ! I f I l 

1 1 • 1 , , 1 1 1 1 1 • , , , , 1 , 1 1 , 1 1 ! .,,. 1 1 , ;--1--a-;-1-~-s-1-/-,il,-----------------------------1 

r 1 1 , 1 , , , 1 1 1 , 1-1 1 1 1 1 1 , 1 1,..,-, o _ Gray Mottled Brown SHALE 

I ! I I I I! I I I ! I I 'I I t I I l ! I I I I I I I 
I 

, , , , , , , , , , , , , , , , , , , , , , , , , , End of Boring Q -22.0 
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I I I! I I I / I I I I I l I I I J ( ! I I I I I I I l I I I 

i I i i I! ! I! 1 I 1 I l I 1 I l I ! I I t I l It I I I C t 

! I I I I I ! I I I I f I I I I I I I I I I I I I I I l I I I 

l l I l I l I I I I ! ! \ l I I I I l I l l I I I ! I ! ! I I I I 

I I / I I I I I I ! ( I l I l I I ! 1 I I ! I l I ! I I I I • I I 
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1

-i-. -;

1
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1

-;-
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-+
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Chem: 

Woi'er Dcto 

Ground Water En:::ountered 0 

R.:i~k Probes for Moch Wiinf! 

Johnston Cit)', Illinois 

Vl'°iliiorns:in Couni-y :::nergy 
h1,-::in:i:-.. lfiinois 

-15.0' During Driliing/ ""' -1O.O' Upon r · .. 
\:::!' ---omptB11on. 

I
I Dcte of Coring 

Decernb~i- :i, ZGC5 

I 
F-~ic:::i \fo, 

;-":-C527E' 
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LOG of BORING ..8297 
Holcomb Foundation 
Engineering Co. 

Unconfinad Compn-_s\ve Sirvngth (Tons/Sq. Fl.) 

•--------
2 5 "' 5 6 

Wcrl•r Ccn;•nf (-") 
• • .. 0 
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Description of Materia I 

-----------0------------
Standard M f'en•Tnrlion, Blows/Ft. 

1-0--2-0 ___ 50-x Ml 
50 60 
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I I I I I t ! ! f I l I I \ I -/ ! I I ! I I 
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11 I II JIIJlll!t I 11 !I!! 111 1 17 
( I I I I I ! ! I I ! I I I I I l I I I I ! l ' 2 ""S 

1 I + I ! I I l•i' t I I I I l ( ! I l j I I I I I I I I -

j , t , 1 , I I l 1, 1 1 , 1 , , 1 1 1 , 1 , 1 1 1 1 I I 1· 
I j I ) f I J I l l I I I \ I I I I I I ! I 

Surface Elevation 
9" 

Grey 
with 

Topsoil 

Mottled Brown Silty 

sand and pebbles 
CLAY 

J J I I ! I I I I I I I I I I I I I I l ,3 SS f------------------------J 
II! I I II! If t !/1111 Ill I/ 
1 1, 1 1 , 1 1 1 1 1 1 , 1 1 , 1 1 1 1 1 1 1 Brown Mottled Gray Sllty CLAY (CL) 

1 , 1 1 1 1 1 1 , 1 1 1 1 1 1 1 1 1 1 1 , , 1 , 1 1 1 10 I wlth trcoe of sand 
I ! t I I t I ! r ! I I I I ! I I l I I t I I I I 

lf!l Ill l!!I (I ·j lf Ill Jt/11 :j/ 
I I I Yi I I I I / t I / I I I I I I l r I I I I l I ,4 SS j--------,--.,.-----------------__j 
fr r I I! I l t I I t I I I j I l ' ! ' I I I 

, , 1 1 , , , 1 1 , 1 , 1 1 , 1 , 1 1 1 1 1 1 , , , 1 I Gray hiottled Brown Silty CLAY ( CL) 

1 1 1 1 1 1 1 1 1 1 , 1 , 1 1 1 J 1 1 1 1 1 1 wJth trace of sand 
J I 1 l I t I f I ! I I I I l f I I I I l I I I I 

! I 1 11 I I I! I I I l l t ! I 1 I I ,.._-'- /,- i/ 
I ( I ! I t I I l I I I l I I I I l I I l , ._. C 5 !t:S j--=,----=:-7-:-,7=------------------1 

. 1, 1 1 1 1 1 1 1 1 1 1 , 1 , 1 1 • 1 1 1 1 1 1 1 1 1 1..: Brown SHALE 
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,-,-- I I ! I ! I I l I I I I I I l I I I I I ! I I I I I ! ! f---j---,'--t---:::-CC.;_.:;'c,=,',"-_;::;:;_ ____ --:--:,-,-:----------1 

1 1 1 1 1 1 , 1 1 i, 1 1 1 1 1 , 1 1 1 1 1 1 1 1 1 1 End of Boring Qi -15.5
1 
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APPENDIXE 

COARSE COAL REFUSE PLACEMENT GUIDELINES 
COAL REFUSE DISPOSAL FACILITY NO. 2 

MACH#IMINE 
MACH MINING LLC 

WILLIAMSON, ILLINOIS 

INTRODUCTION 

This coal refuse placement plan is intended to serve as a guidance document for the 

placement of coarse coal refuse at the Pond Creek Mine No. I coal refuse disposal area 

which serves Mach Mining LLC's (Mach Mining) Mach #1 Mine coal preparation plant 

located in Willia,_'11son County, Illinois. The information contained herein is sufficiently 

detailed to provide Mach Mining with the technical guidance required to perfonn coal 

refuse disposal operations in a manner consistent with generally accepted construction 

techniques and sound engineering practice. This plan has been developed based on our 

understanding of the proposed production rates, proposed placement techniques, and the 

heavy equipment available for use at the facility, as provided by Mach Mining. The 

general placement technique for the coarse coal refuse proposed by Mach Mining is to 

discharge the refuse from a conveyor belt into a stockpile adjacent to the active work 

surface of the disposal area. Tracked dozers will then be used to push the refuse 

contained in the stockpile across the work surface in lifts. 

HEAVY EQUIPMENT AND ESTIMATED PRODUCTION CAPABILITY 

As provided by Mach Mining, two Caterpillar D-9 tracked type dozers and one D-10 

tracked type dozer will be available for use at the disposal facility. The D-9 dozers will 

be dedicated to placing refuse at disposal facility. The D-1 O dozer v,~ll be utilized at the 

disposal facility on an as needed basis and be a backup dozer for the D-9 dozers in the 

event of unexpected downtime. The D-10 will also be used to perform other task at the 

mine facility. Both the D-9 and D-10 dozers are equipped with a reclamation universal 

blade which has added capacity over a standard universal blade. 

Utilizing infonnation and procedures contained in the Caterpillar Performance 

determined. The procedures require obtaining the maximum estimated production 

capability of the machine for an average distance of push from a chart and applying 
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appropriate correction factors to the maximum production in order to estimate on the job 

performance. 

The estimated production capability of the D-9 dozer was determined to be 136 cubic 

yards/hour at an average push distance of 600 feet and 170 cubic yards/hour at an average 

push distance of 500 feet. The estimated production capability of the D-10 dozer was 

determined to be 256 cubic yards/hour at an average push distance of·600 feet and 292 

cubic yards/hour at an average push distance of 500 feet. One of the correction factors 

used to estimate the production capability provided that each dozer would place refuse 

for 45 minutes of each hour worked. This factor allows approximately 2 hours per each 

IO hour work shift for work surface grading, backblading and compaction. The 

supporting calculations are attached. 

The information taken from the handbook and used to determine these production rates is 

based on a wide variety of job conditions and should only be considered estimates. The 

only correct way to determine machine perfonnance is by measuring on the job 

production. 

PRODUCTION RATE AND OPERATING SCHEDULE 

As provided by Mach Mining, coarse coal refuse production is estimated to be 2.53 x I 06 

cubic yards per year or 486 cubic yards per hour. Mach Mining is projecting to be 

operating on a double shift, 20 hour per day, 5 days per week work schedule. 

REFUSE PLACEMENT 

Coarse coal refuse will be transported to the work surface by a conveyor belt and 

discharged at two different locations from a stacker belt into stockpiles located adjacent 

to the active work surfaces. The refuse production will be divided by approximately 50 

percent between the two different stockpile locations. The dozers will be used to push 

the refuse out of the stockpiles onto the two work surfaces in lifts. The dozers will also 

be used to provide compactive effort to the refuse. 

Comparing the production rates and work schedule to the estimated production capability 

of the dozers indicates that both of the D-9 dozers and the D-10 dozer v,,jl[ be required to 

manage the refuse production. One D-9 dozer will be required to place refuse on a full 

time basis from each stockpile area. The D-10 will be required to provide additional 
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placement capacity for an estimated combined maximum time of 10 hours per day. The 

dozers will be able to place the refuse in lifts extending an average distance of 500 to 600 

feet from the stockpile. 

Refuse shall be placed in lifts not to exceed one-foot thickness as specified in the 

Technical Specifications. The work surface should be graded to drain surface water away 

from the refuse stockpile area. As a section of the lift is completed the area should be 

backbladed to eliminate windrows. With each backblade pass the dozer should be offset 

one half of the dozer width to provide compactive effort over the work surface. TI1e field 

density testing program will indicate if additional passes are required. 

Mach Mining proposes to construct the embanknients in 500 to 600 feet long sections. 

Each section will be completed from the foundation to the proposed crest elevation in 

compacted lifts not exceeding one-foot. As each section is completed, the conveyor belt 

and stacker will be advanced on the completed section. The refuse belt discharge point 

shall be positioned so that the stockpile is over top of the previously placed and 

compacted refuse. 

Refuse shall be pushed from the stockpile area on top of the completed section down onto 

the working surface on a slope of 2 horizontal to 1 vertical or flatter. All embanlanent 

side slopes, except the working end slope of the completed section, shall be kept trimme,<l 

to design grade in compacted material. When each new one-foot thick lift is started, it 

shall be keyed in to the end slope of the completed section trimmed to no steeper than 2 

horizontal to 1 vertical in compacted material as shown on Drawing No. B05-33-A4. 

Compacted material means coarse coal refuse compacted to the density required in the 

Technical Specifications. 

Each of the proposed stacker belts which will discharge the refuse is approximately 29 

feet high. Assuming that the natural angle of repose of the refuse is 36', each belt will 

stockpile approximately 1,800 cubic yards or a total of3,600 cubic yards for both belts. 

This volume provides approximately 8 hours ofrefuse production storage. This storage 

volume should be adequate to provide time for the dozers to perform other tasks on the 

work surface. 

These recommendations are based on information contained in the Caterpillar 

Performance Handbook. This infonnation has been developed from studies perfonned at 

various job sites operating under various conditions and should only be considered 
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estimates of performance. These guidelines may have to be altered to best suit actual 

field conditions. 
File: Appendix E Revised.doc, hlo, 6/11/09 
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JOB CONDITION CORRECTION FACTORS 
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without tilt cylinder 
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Production graphs. 

GRAt1:':S - See lollowinq eraph. 
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REFUSE STOCKPILE 

, . :\i{t.}i(f :jf I}\:., 
CLEAN OFF END SLOPE TO COMPACTED 
MATERIAL BEFORE STARTING EACH NEW LIFT 

~ ,, 1 2 (MAX 

"'-i::~':il,\l.,~ 
,(,,, 

KEY EACH LIFT INTO END OF 
COMPACTED SECTION (SEE DETAIL BELOW) 

REFUSE PLACEMENT PROCEDURE 
N.T.S. 

z 
::::i 1 

END SLOPE OF 
COMPACTED SECTION 

W' 
z 

KEY DETAIL 

--f- 12" (MAX) -t LIFTS 

NEW EMBANKMENT TO COMPLETED EMBANKMENT SECTION 
N.T.S. 

d 12" (MAX) 
i LIFTS 

Alliance O REFUSE PLACEMENT PROCEDURE DETAILS oRAwN BY DSM 06/15/09 • 

C 
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(724) 503-7242 
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P.O. BOX 99, JOHNSTON CITY, ILLINOIS 62951 

DRAWING 
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APPENDIXF 

SUBSIDENCE MONITORING PLAN 
PROPOSED COAL REFUSE DISPOSAL FACILITY NO. 2 

MACH#lMINE 
MACH MINING, LLC 

WILLIAMSON ENERGY LLC 
JOHNSON CITY, ILLIOIS 

Installation and Location 

Subsidence survey control monuments will be installed away from areas of potential ground 
movement. The monuments will be constructed to minimize the impact of frost heave. A detail 
of the monument is included on Drawing No. B05-330-A3. 

The locations for all of the subsidence monitoring baselines are shown on Drawing No. 
B05-330-M36. 

Subsidence monitoring baseline stations have been installed on 25-foot spacing for Baselines A 
through Don the eastern end of Panel No. 1. 

Baseline A has been installed near the center of the panel. The direction of the baseline is east to 
west and starts at a point 300 feet west of the initial longwall face. The baseline is 325-foot long. 

Baseline B has been installed 700 feet west of the initial longwall face and runs from Baseline A 
north for a distance of 1200 feet. 

Baseline Chas been installed 1250 feet west of the initial longwall face and is 550-foot long 
running south to north over the developmental entries between Panel No. I and Panel No. 2. The 
purpose for this baseline is to determine the effect of the chain pillars on surface subsidence after 
mining on both sides of the chain pillars. 

Baseline D has been installed in the northeast corner of Panel I and extends at an Azimuth of 45 
degrees for a distance of 500 feet. This baseline provides information on surface subsidence in 
the panel corners. 

Baselines E and F will be installed in the Phase 4 pool area over Panel No. 2 on 25-foot station 
spacing. These baselines will provide information as to when foundation subsidence is complete 
and provide dynan1ic subsidence data. Baseline E will be 650 feet long, extending one-half the 
panel width in a south to north direction. Baseline F will run west to east for 300 feet over the 
center of the panel. 

Old Baseline I has been replaced by Baselines G and H. 

Baselines G and H - Baseline G and H will be installed on the Stage 3 embankment crest on 25-
foot station spacing. Baseline G will be located on the entire length of eastern crest running a 

F-1 
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distance of 400 feet north to south. This baseline begins over the Panel No. 3 edge and should 
provide data on the maximum embankment strain and slope. Baseline H will be located on the 
southern crest for a distance of 400 feet over the center of Panel No. 3 and should provide data 
on the maximum vertical surface movement for Phase 3 and the dynamic subsidence profile in 
the direction of mining. 

New Baseline I and Baseline J and K - These three baselines will be installed on the Phase 2 
embankment crest. Baseline I is located on the eastern embankment crest running 350 feet south 
to north. It should provide data on the maximum embankment subsidence. New Baseline I is 
located on the southeastern embankment crest running a distance of 400 feet east to west to the 
edge of Longwall Panel No. 2. This baseline should provide data on the maximum embankment 
strain and slope and the dynamic subsidence profile near the edge oflonwall Panel No. 3 in the 
direction of mining. Baseline K is located on the western embankment crest running 200 feet 
approximately south to north from the edge of the Panel No. 2. This baseline will provide data 
on the maximum embankment strain. 

A primary purpose of all of the baseline measurements is to determine when subsidence is 
compete. 

Pneumatic piezometers and inclinometers will be installed in the Phase 3 
embankment/impoundment prior to its being undermined as described in Technical Specification 
6.03. 

Panel No. I Subsidence Survey baseline was established over the center of Panel No. 1 in a west 
to east direction starting about 250 feet east of the impoundment Phase 5 footprint. This line 
contained 21 surface subsidence monuments spaced 30 feet aparl. The main µutJJUSe of this 
baseline was to obtain dynamic subsidence survey measurements. 

Monitoring 
The monitoring will consist of collecting data including elevation, coordinates in east and north 
planes, date of monitoring, time of monitoring and the location of the longwall face by its 
underground survey station. 

Baselines A, B, C, and D were surveyed on April 24, May 6, and May 19, 2008. The longwall 
started in Panel I on March 18, 2008. The longwall face passed under the southwest end of 
Baseline D on April 2, 2008, under Baseline B on April I 0, 2008, and under the western end of 
Baseline A on April 14, 2008. The longwall face passed under Baseline Con April 24, 2008, the 

day the first post-mining subsidence monitoring survey was conducted. 

Due to the time lag between the subsidence monitoring surveys and the position of the longwall 
face with respect to the baseline locations, the survey measurements for Baseline A, B, and D 

represent near total surface subsidence. 

Panel No. 1 Subsidence Survey Baseline was surveyed from November 18, 2008 through 
January 9, 2009. The longwall face moved under the eastern end of this baseline on November 

21, 2008 and left its western end on December 9, 2008. The subsidence monuments were 
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surveyed on a daily basis from November 18, 2008 through January 9, 2009 on those days when 
the longwall was advancing. Drawing No. B05-330-M36 (and Drawing No. B05-330-
B4 in this Appendix) show the location of the baseline survey points and the timing of the 
longwall face movement and Drawing No. B05-330-M44 shows the tabular and plotted data. 

The subsidence measurement data from the five baselines described above was used to 
recalibrate the subsidence prediction model used in our August 2008 report. The modified 
subsidence prediction report is contained in Appendix H and the drawings which show 

subsidence predictions have been revised to reflect the changes. 

Baseline E will be surveyed daily starting when or before the longwall face approaches it within 

I 00 feet and ending two weeks after the face passes under it. 

Baseline F will be surveyed daily starting when or before the longwall face is within 100 feet of 

its eastern end and ending two weeks after the face passes under its western end. 

Baselines G, I and K will be surveyed daily starting when or before the longwall face approaches 

them within 100 feet and ending two weeks after the face passes under them. 

Baselines Hand J will be surveyed daily starting when or before the longwall face is within 100 
feet of their eastern end and ending two weeks after the face passes under its western end. 

Before, during, and after undermining of the Phase 3 embankment and impoundment, Phase 3 
inspections and instrumentation readings will be done on the frequency described in Technical 

Specification 6.03 .b 

The top of the inclinometer casings shall be accurately located in plan view and elevation by 

surveying after installation. The locations shall be resurveyed prior to each reading during 

periods of ground movement (i.e. before the longwall approaches within 100-foot of the east side 

of the Phase 3 embankment, during mining under the embankment, and for two weeks after 

longwall wall mining under the east side of the Embankment) 

F-3 
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PUMP SPECIFICATIONS 

The following specifications are for a pump capable of evacuating 1902 gpm with 32.5 feet 
of static head during Phases 4 through 6 construction until the Phase 7 decant is installed. 

If this particular pump is not utilized, any equally sized pump will be maintained. 

CD 
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ENGINEERING CATALOG 
CD300M Ori-Prime@ Pump Engineering Data 
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Tl,e Godwin CD300M Dri·Prime pump is a 12 inch (300mm) centrifugal trash pump perfect for your biggest 
jobs. Offering Rows to 6,000 gallons per minute (380 liters per second), discharge heads ta 200 feet 
(60 melers), and solids handling to 3-3/ 4" (95mm) in diameter, the CD300M moves large volumes of water 
and provides automatic self-priming ta 28 feet. For intermittent Rows, the double high pressure mechanical 
seal means the CD300M con run dry indefiniiely without damage. And the underslung discharge Range makes 
pump connections easy and efficient. When your job calls for both high volume and high head, the God-,.,,in 
CD300M is the pump that does it all. 

Features 

• Direct drive automatic priming 12" (300mm) high volume centrifu9ol pump with vacuum priming 
compressor mounted ta a diesel engine. Also available in electric drive or as bore shaft pumpend. 

• Exl'ensive application flexibility- handles raw sewage, sludges and liquids with solids up to 3-3/ 4" 
(95mm) in diameler. 

• Continuously operated "Godwin" air ejector priming device requiring no form of periodic adjustment 
or control. 

• (:ompoct design - Pump is direct coupled to engine flywheel for increased reliability. 
• Underslung side discharge for easy pipe connection. 
• Double, hi~h pressure mechanical seal with high abrasion resistant silicon carbide interfaces. Oil bath 

immersion tor dry running. 
• Skid base incorporating integral overnight running fuel lank. 
• Simple maintenance - normally limited to checking engine oil, compressor oil and seal lubrication. 
• Standard Caterpillar C-9 engine. Also available with 

a variety of other engines including John Deere, Cummins and Deu!z. 
• Balanced unit with centrolized lifting bracket for easy handling. 

Godwin Pumps of America, Inc. Engineering Catalog • Issue 4 • Rev. April 2005 
CD300M- I 
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CD300M Ori-Prime® Pump Engineering Data 

Summary Performance Curve 

Performance Table 

., 
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0 1 000 2000 3000 -4000 5000 WOO US GPM 

0 SO 100 1SD 200 250 300 3$0 USEC 

FLOW 

Diesel Set: Caterpillar C-9, 275 hp (170 kw)@ 1800 rpm 
Impeller Diameter: 14 1 / 4 in. (362 mm) 

Total Delivery Head - Feet 
Total Suction Head -
Feet 40 80 120 160 

Output-GPM 
10 6000 5810 4870 3010 
15 5480 5250 4700 3000 
20 4850 4780 4500 2900 
25 4300 4100 3800 2800 

Performance data listed in table and curves are based on waler tests at sea level and 68' F (20' C). larger 
diameter pipes may 6e required for maximum Hows. 

Godwin Pumps of America, Inc. Engineering Catalog • Issue 4 • Rev. April 2005 
C:D.1(){)M - 2 
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CD300M Ori-Prime® Pump Engineering Data 

Dimensions 

CD~OOM, Caterpillar C-9, Skid Base 
We,ght: 9,600 lbs. [4,344 kg.) 

Specifications 

Maximum Operating Speed 
· Maximum Operating Temperature 

Maximum Working Pressure 
Maximum Suction Pressure 
Maximum Casing Pressure 
Fuel tank Capacity 
Fuel Consumption 
Pipe Connections 
Solids Handling 

Materials 

75,-3/A" 
1924mm 

31-3/4' 
806mm 

Pump Casing, Suction Cover and Separation Tank 
Impeller 
Front Wearplate 
Rear Wearplaie 
Pumo shaft 
Non' Return Valve Body Eiector Housing 
l'-lcn Return Vdve Flapper 
Mechanical Seal Faces 

20· 
508mm~ 

~ so· 
1270mm 

1800 rpm 
+212° F(l00° C) 
87 psi (6.0 BAR) 
88 psi [6. l BAR) 
130 psi (9.0 BAR) 
250 gallons [9 46 liters) 

90-1/4' 
2282mm 

11. l gph (42.0 lph) @ 1800 rpm 
12" (300mm) ASA 150# 
3-3/ .4" (95mm) diameter 

Close Grained Cast Iron 
Nitride Hardened Cast Chromium Steel 
25% Chromium Iron 
t'1itride Hardened Cast Iron 
1-1 /2% Nickel/Chromium Steel 
Close Grained Cast Iron 

~fi~ ~~i~~~6n pt~tde 

Godwin Pumps of America, Inc, Engineering Cotolog • Issue 4 • Rev. April 2005 
CD300M -3 
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CD300M Ori-Prime® Pump Engineering Data 

Pump 
Curve 
Branch Sbres 
Speed 

CD300M 
CD300M-2B-1 
12' x 12' (300mm x 300mm) 
Variable 

TOTAL HEAD 
(m) (tt.) 220 

60- 200 

160 

50 160 

i4U 
40 

120 

1600 RPM 

-----
r--:!500 RPM 

' 
I 
I 

I 

....._____ 

-------1200 RPM I -----~ ,----. 
30 100 

80 

20 60 

10 
40 

20 

0- 0 

too 
BO 

EFF 60 

(%} 40 

20 

0 
240 

POW~;~:: 
(KW} 80 

8-0 
40 40 

0 0 

~ 

MIN.FLO· 

,,b 

.,r 
HP> 

20 
(fl.) 

6 

15 
4 

NPSH 10 
(m) 2 

5 
' 

I ~ ,_ 
I - ~ 

ANGE 

------

-
~ 
~ 

--------- -. 
I I 

0 0 
Add 0.5 Meters to NPSHR test figures tor field applications. 

' ' . 
0 1000 2000 3000 4000 5000 

0 50 100 150 200 250 300 

Notes: 
CAPACITY 

l. Max. impeller diameler 362mm [14.25'). 
2. Min. impeller diameler 330mm [13"). 
3. Max. ~lids handling 95.0mm (3.75~j. 
4. Add 12% far V-belt drives. 

'---.. 

,., -

1800RPM 

1500RP' 

~ 
1800RPM 

6000 USGPM 

350 400 L'SEC. 

5. Max. V-belt sp--....d 1600 rpm. 
6. Whece a cornpre.ssor is fitred, add 2.6Kw [3.5 HP) far small size and far large size 8.25 Kw {11.1 HP). 
7. Pubiished perrormance is achieved at toro! suction heads up to 2.05m [1 Ott.). Vv11en great, reduce performance. 

l Godwin Pumps of America, Inc. {;ngineering Catalog • issue 4 • Rev. April 2005 
CD300M-4 
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CD300M Ori-Prime® Pump Engineering Data 

Pump 
Curve 
Branch Sixes 
Speed 

CD300M Electric 
CD300M-2B-2A 
12" x 12" (300mm x 300mm) 
1800 rpm 

TOTAL HEAD 
(m) W-J 220 

so- 200 

180 

50 160 

40 
140 

120 

30 100 

20 

10 

0 

80 

60 

40 

20 
0 

100 

ao 
EFF 60 

362MM 

---- I 
I 

r----
I -c...__ 

...... ' -- .. - .. u-
----- ..______ 

'-- !""- . 

"- '-
'-

(%) 40 ~ 330MM 362MM 

(KW) SO 

20 

0 
240 

8-0 
-40 40 

.4' ~ 

/" 
HPl 

PO~~;j~= 
0 • (tt.) 
6 20 

4 
NPSH 
(m) 2 

• 

15 

10 

5 

0 
Add 0.5 ~etors to NPSHR test figures for field applications. 

' ' ' ' 

362MM 

••n• .. 

7~ --~ 
0 1000 2000 3000 4000 5000 6000 US GPM ~--~--~--~--~,--~---~--~, --~ 

0 50 100 150 200 250 300 350 .;DO Ll'SEC. 

Noles: CAPACITY 

1. Max. impeller diameter 362mm (14.25 11
}. 

2. Min. impeller diameter 330mm ( l 3 11
). 

3. Mox. sdid; hv,.dling 95.0mm (3.75'',. 
4. Add 12% for V-belt drives. 
5. Mox. V-belt speed 1600rpm. 
6. Vvhere a compressor is fitted, odd 2.6Kw {3.5 HPi for small size and for large size 8.25 Kw (l l .1 HP). 
7. Published performarn:e is achieved at toto! suction heads up to 2.05m (10ft.). '\JI/hen greot, reduce performon-::e. 

Godwin Pumps of America, Inc. Engineering Cafalog • Issue 4 • Rev. April 2005 
CD300M-5 
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1.0 INTRODUCTION - REGRESSION ANALYSIS OF THE MEASURED 
SUBSIDENCE DATA IN PANEL 1 

Among the five survey lines in panel 1 (Fig. 1 ), line A with 13 monuments was located at the 
panel center along the mining direction; line D was diagonal and intersects the tailgate comer of 
the set-up room; lines Band C were transverse to panel 1 mining direction; and points 1-21 just 
east of the proposed impoundment location (Phase 5), was at the panel center along the mining 
direction. Therefore, only line B and C are amenable for regression calibration. 

CISPM, a subsidence prediction software developed by the senior author, was used to 
calibrate the subsidence parameters using the subsidence data measured on lines B and C in 
Panel 1 (Fig. 1 ). The regression results of calibration are shown in Figs. 2 and 3 for lines B and C, 
respectively. From these two figures, the subsidence factors are: 

For line B: 

For line C 

Subsidence factor= 0.83 

Major influence angle= 75.86° 

. Offset of inflection point (left) = 112 ft 

Offset of inflection point (right)= 76.46 ft 

Subsidence factor= 0.81 

Major influence angle= 78.53° 

Offset of infl.ection point (left)= 157.16 ft 

Offset of inflection point (right)= 119.78 ft 

Combine the regression results for line Band C, the modified subsidence parameters are: 

Subsidence factor= 0.83 

Major influence angle= 80° 

Offset of inflection point (left) = 140 ft 

Offset of inflection point (right) = 110 ft 

The above modified subsidence parameters were used to predict the final and dynamic 
subsidence indices along lines A, B, and C, and points 1-21, respectively. Figs. 4; 5 and 6 show 
the measured and predicted subsidence profiles and slope profiles using the regressed subsidence 
parameters for line A, line B, and the combined regression results, respectively. The subsidence 
profiles match perfectly except on both edges. For the slope ·profiles, using the line B combined 
parameters match better than using the regression parameters. 

Figs. 7 and 8 show the measured and predicted subsidence profiles and slope profiles 
using lhe regressed subsidence parameters for lines C and the combined regression resuits, 
respectively. Similarly, the subsidence profiles match well except on both edges probably 
showing the effect of not a complete survey line where the monuments did not extend far enough 
toward the panel center. For the slope profiles, using the line C combined parameters match 

2 
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better than using the regression parameters. Note the slope for C line is positive while for B is 
negative because they are in opposite direction. 

For calibration of dynamic subsidence profile, only those subsidence data obtained for 
points 1-21 were used. Those obtained for line A could not be used for two reasons: (1) Line A is 
flat and only the final subsidence profile was available, and (2) Line A had only 13 monuments, 
too short for dynamic subsidence calibration. 

Figures 9 and 10 show the dynamic subsidence and slope profiles for points 1-21, 
respectively. The solid lines with subsidence and slope data points are the measured dynamic 
profiles, while the dashed lines are the predicted dynamic profiles using the combined regressed 
subsidence parameters. Note the maximum possible subsidence is 5.1 ft and since the mining 
height in points 1-21 is 82 in. (6.83 ft.), the subsidence factor in this area is 0.75 (5.1/6.83) 
instead of 0.83 in lines A, B and C areas. 

In summary, using the subsidence survey data for lines A, B, C, and points 1-21, the 
combined regressed subsidence parameters were obtained which proved to be valid for 
subsidence prediction for subsequent panels as demonstrated by Figs. 4 -10. 

The calibrated input parameters were used to predict the subsidence profiles from Figs. 
11 to 18 using the subsidence prediction program CISPM. 

2.0 Predicted subsidence movements 

Figure 1 shows the location of impoundments and Iongwall panels 1 to 4. The gateroads 
of the Iongwall panels are orientated towards east-west direction. Table 1 shows the mining 
conditions for the four Iongwall panels over which impoundment will be constructed. The panel 
widths are 1,250 for the first two Iongwall panels and 1,400 ft for the third and fourth Iongwall 
panel. The width of chain pillar /gateroad system is 220 ft for all the panels. 

Cross section 'A-A' (Figure 1) parallel to the Iongwall panel width and in the center of the 
impoundment has been considered for prediction of the subsidence movements. Table 1 shows 
the longwall panel parameters. 

Table 1 Longwall panels parameters 

Panel Panel Panel 

No. 
Length, 

Width, Overburden Depth, ft Mining Height, ft 
ft 

ft 
Max. Min. Average Max. Min. Average 

Panel I 17,200 1,250 498 470 482 6.83 5.8 6.3 

Panel 2 17.200 1,250 522 486 501 5.8 5.8 5.8 

Panei 3 17,200 1,400 522 490 506 5.8 5.8 5.8 

Panel 4 18,000 1,400 504 464 475 6.0 6.0 6.0 

3 
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3.0 Prediction of Final Subsidence Parameters 

In order to estimate the ground movement parameters associated with longwall mining over the 
surface where impoundments are located, a local coordinate system has been selected with origin 
(0, 0) at the right edge of 1st longwall panel gateroad system (Figure 1). The X-axis is parallel to 
the mining direction and the distance is measured from the setup room. The Y-axis is along the 
panel width direction or along section A-A. 

The prediction of surface subsidence and subsidence parameters due to mining on the 
surface was performed with monument spacing at 20 ft interval across the panel width. The total 
width along the cross section A-A is 6,360 ft covering all four longwall pai,els and gateroad 
systems. The prediction points along the cross section A-A are shown in Figure 1. 

The final surface movements and deformations along the cross-section A-A have been 
predicted using the subsidence prediction prograi-n CISPM version 2.01. Average mining 
parameters oflongwall panels (Table 1) were used for this subsidence prediction. 

3.1 Surface Subsidence during Phases 2 and 3 

The predicted final subsidence profile across the impoundments after phase 2 and 3 and before 
phase 5 is shown in Fig. 11. Since there is no longwall workings below phase 2 and 3 before 
phase 2 and 3 gets eliminated, no ground movement effect will be observed during phase 2 and 3 
periods. 

3.2 Subsidence movements during Phase 4 

Phase 4 will be built before completion of longwall retreat in panel 1. So during construction it 
will not be influenced by mining induced subsidence. 

3.3 Surface movements during Phase 5 

Before Phase 5 construction starts, the surface will experience m1mng induced ground 
movements. The subsidence, horizontal displacement, slopes and horizontal strain profiles are 
shown in Figures 11, 12, 13, and 14. 

The maximum subsidence may be 5.67 ft at the center of the panel with a flat bottom. 
The predicted value of maximum horizontal displacement, slopes and horizontal strain are 1.87 ft, 
6.6% and 3.50xl 0·2 ft/ft, respectively. 

3.4 Subsidence Movements during Phase 6 

During Phases 4 and 6 the longwall retreat will be below the impoundments in panel 2. Hence it 
may be affected by the mining induced subsidence and other ground movements. During Phases 
4 and 6 the final surface movements are shown in Figs. 15, 16, 17 and 18. 

4.0 Time Required to Attain Majority of Final Surface movements 

From past field experience, the final subsidence at any point/cross section takes place after 2 to 3 
n.ro,:,1,.s ,...-r- ,-,,;ic-c-1, .. ,,. r.f' t'h.o lAnrrn,,;ill f,;i,-.p r:'nrthPrn"l/'\rO th,::,. tin-.:il cn-rf,;icp c,,h5lrlP1"'1f'P. ,;ilc.-A rlon,:,nrls ........... n .. Vi r'u.~.;a..1.J.,5, VJ. UH., J.v.u5••1,.,1. .. u ,.._. .... ...., ..... ..._ ...... UJ. .... J.J.UVJ.V' ~.U'-' ....... ,._ ... _ ...... ., .............. ..., .., ..... v ................. ...,.., ....... ..,..., ......... y .... u ..... 

upon the face retreat rate. 

The dynamic subsidence prediction has been performed for three face retreat rate, i.e., 60, 
80, and 100 ft/day [2] as shown in figure 19. 
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There is no subsidence when the longwall face is directly under the point of interest. 
Thereafter, the subsidence process accelerates and reaches about one half of its final subsidence 
at which subsidence process is most active. A deceleration process is followed. The ground 
surface re-establishes about 500 ft behind the face. Figure 19 also shows that a slower advance 
rate induces a steeper subsidence development curve. However, the differences between the 
subsidence development curves are not significant for the range of high face advance rates used 
in the dynamic subsidence predictions. 

Based on the dynamic subsidence prediction for face retreat rate of 60 ft/day, it will take 
more than 10 working days for the dynamic subsidence to reach the values of final subsidence. 
Hence, on the safe side, 2 weeks is used as the time required to reach the final subsidence. 

5.0 Reference 

1. S.S. Peng and Y Luo, Instruction Manual for CISPM software for Subsidence prediction 

2. S.S. peng, Khaled Morsey, Anil Ray and Thomas Du, "Assessment of subsidence 
influence on Buried Pipeline due to Longwall Mining: Williamson Energy, Johnson City, 
IL ,July 2007 
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Appendix 1 

Final subsidence parameters along cross section A-A after mining all four longwall 
panels (note -the distance is measured from the right edge of paneI1) 

Points Distance along Subsidence, Horizontal Slope,% Strain, ft/ft Curvature, 11ft 
cross section, ft displacement, 

A-A, ft ft 

1 -220 0 0 0.00E+OO O.OOE+OO O.OOE+OO 
2 -200 0 0 O.OOE+OO O.OOE+OO O.OOE+OO 
3 -180 0 0 O.OOE+OO O.OOE+OO O.OOE+OO 
4 -160 0 0 O.OOE+OO 0.00E+OO O.OOE+OO 
5 -140 0 0 O.OOE+OO 0.00E+OO O.OOE+OO 
6 -120 0 0 O.OOE+OO O.OOE+OO O.OOE+OO 
7 -100 0 0 O.OOE+OO O.OOE+OO 0.00E+OO 
8 -80 0 0 O.OOE+OO O.OOE+OO O.OOE+OO 
9 -59 0 0 O.OOE+OO O.OOE+OO O.OOE+OO 
10 -39 0 0 O.OOE+OO O.OOE+OO O.OOE+OO 
11 -19 0 0 O.OOF+QO O.OOF+OO O.OOF+QO 
12 1 0 0 0.00E+OO O.OOE+OO O.OOE+OO 
13 21 0 0 O.OOE+OO O.OOE+OO O.OOE+OO 
14 41 0.002 0.006 2.01 E-04 4.42E-04 1.56E-05 
15 61 0.048 0.104 3.66E-03 6.72E-03 2.37E-04 
16 81 0.224 0.394 1.39E-02 1.95E-02 6.88E-04 
17 101 0.702 0.954 3.37E-02 3.12E-02 1.10E-03 
18 121 1.627 1.595 5.64E-02 2.48E-02 8.76E-04 
19 141 2.903 1.866 6.59E-02 -3.70E-03 -1.30E-04 
20 161 4.154 1.532 5.41 E-02 -3.00E-02 -1.10E-03 
21 181 5.028 0.88 3.11E-02 -3.40E-02 -1.20E-03 
22 201 5.462 0.347 1.23E-02 -2.10E-02 -7.60E-04 
23 221 5.615 0.085 3.02E-03 -9.30E-03 -3.30E-04 
24 241 5.654 0.001 3.52E-05 -3.70E-03 -1.30E-04 
25 262 5.669 0 O.OOE+OO 0.00E+OO O.OOE+OO 
26 282 5.669 0 O.OOE+OO O.OOE+OO O.OOE+OO 
27 302 5.669 0 O.OOE+OO O.OOE+OO O.OOE+OO 
28 322 5.669 0 O.OOE+OO O.OOE+OO O.OOE+OO 
29 342 5.669 0 O.OOE+OO O.OOE+OO O.OOE+OO 
30 362 5.669 0 O.OOE+OO O.OOE+OO O.OOE+OO 
31 382 5.669 0 O.OOE+OO O.OOE+OO O.OOE+OO 
32 402 5.669 0 O.OOE+OO O.OOE+OO O.OOE+OO 
33 422 5.669 0 O.OOE+OO O.OOE+OO O.OOE+OO 
34 442 5.669 0 O.OOE+OO O.OOE+OO 0.00E+OO 
35 462 5.669 0 O.OOE+OO O.OOE+OO O.OOE+OO 
36 482 5.669 0 O.OOE+OO O.OOE+OO O.OOE+OO 
37 502 5.669 0 O.OOF+OO O.OOF+OO O.OOF+OO 
38 522 5.669 0 O.OOE+OO 0.00E+OO O.OOE+OO 
39 542 5.669 0 O.OOE+OO O.OOE+OO O.OOE+OO 
40 562 5.669 0 O.OOF+OO O.OOF+OO O.OOF+OO 
41 583 5.669 0 O.OOE+OO O.OOE+OO O.OOE+OO 
42 603 5.669 0 O.OOE+OO O.OOE+OO O.OOE+OO 
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Points Distance along Subsidence, Horizontal Slope,% Strain, ft/ft Curvature, 1 /ft 
cross section, ft displacement, 

A-A, ft ft 
43 623 5.669 0 0.00E+OO O.OOE+OO O.OOE+OO 
44 643 5.669 0 O.OOE+OO O.OOE+OO O.OOE+OO 
45 663 5.669 0 0.00E+OO O.OOE+OO O.OOE+OO 
46 683 5.669 0 O.OOE+OO O.OOE+OO O.OOE+OO 
47 703 5.669 0 O.OOE+OO O.OOE+OO O.OOE+OO 
48 723 5.669 0 O.OOE+OO O.OOE+OO O.OOE+OO 
49 743 5.669 0 O.OOE+OO O.OOE+OO O.OOE+OO 
50 763 5.669 0 O.OOE+OO O.OOE+OO O.OOE+OO 
51 783 5.669 0 O.OOE+OO O.OOE+OO O.OOE+OO 
52 803 5.669 0 O.OOE+OO O.OOE+OO O.OOE+OO 
53 823 5.669 0 0.00E+OO O.OOE+OO O.OOE+OO 
54 843 5.669 0 O.OOE+OO O.OOE+OO O.OOE+OO 
55 863 5.669 0 O.OOE+OO O.OOE+OO O.OOE+OO 
56 883 5.669 0 O.OOE+OO O.OOE+OO O.OOE+OO 
57 904 5.669 0 0.00E+OO O.OOE+OO O.OOE+OO 
58 924 5.669 0 O.OOE+OD O.OOt:+00 O.OOE+OO 
59 944 5.669 0 O.OOE+OO O.OOE+OO O.OOE+OO 
60 964 5.669 0 O.OOE+OO O.OOE+OO O.OOE+OO 
61 984 5.669 0 O.OOE+OO O.OOE+OO O.OOE+OO 
62 1004 5,669 0 O.OOE+OO O.OOE+OO O.OOE+OO 
63 1024 5.669 0 O.OOE+OO O.OOE+OO O.OOE+OO 
64 1044 5.649 -0.013 -4.60E-04 -4.60E-03 -1.60E-04 
65 1064 5.593 -0.127 -4.50E-03 -1.20E-02 -4.10E-04 
66 1084 5.392 -0.444 -1.60E-02 -2.40E-02 -8.70E-04 

( 67 1104 4.873 -1.015 -3.60E-02 -3.40E-02 -1.20E-03 
68 1124 3.918 -1.604 -5.70E-02 -2.40E-02 -8.60E-04 
69 1144 2 67 -1. 776 -6 30E-02 4.87E-03 1 71 F-04 
70 1164 1.51 -1.378 -4.90E-02 2.78E-02 9.82E-04 
71 1184 0.742 -0.747 -2.60E-02 2.78E-02 9.82E-04 
72 1204 0.381 -0.276 -9.BOE-03 1.47E-02 5.21 E-04 
73 1225 0.261 -0.061 -2.10E-03 4.03E-03 1.43E-04 
74 1245 0.234 0 O.OOE+OO O.OOE+OO O.OOE+OO 
75 1265 0.234 0 O.OOE+OO O.OOE+OO O.OOE+OO 
76 1285 0.234 0 O.OOE+OO O.OOE+OO O.OOE+OO 
77 1305 0.234 0 O.OOE+OO O.OOE+OO O.OOE+OO 
78 1325 0.234 0 O.OOE+OO O.OOE+OO O.OOE+OO 
79 1345 0.234 0 O.OOE+OO O.OOE+OO 0.00E+OO 
80 1365 0.234 0 O.OOE+OO O.OOE+OO O.OOE+OO 
81 1385 0.234 0 O.OOE+OO O.OOE+OO 0.00E+OO 
82 1405 0.234 0 O.OOE+OO O.OOE+OO 'O.OOE+OO 
83 1425 0.234 0 O.OOE+OO O.OOE+OO O.OOE+OO 
84 1445 0.234 0 O.OOE+OO O.ODE+DO O.OOE+OO 
85 1465 0.234 0 O.OOE+OO O.OOE+OO O.OOE+OO 
86 1485 0.234 0 O.OOE+OO O.OOE+OO O.OOE+OO 
n7 1505 0.235 0.002 7.64E-05 i .69t:-04 5.75t:-06 01 

88 1525 0.266 0.07 2.38E-03 4.32E-03 1.47E-04 
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Points Distance along Subsidence, Horizontal Slope,% Strain, ft/ft Curvature, 1 /ft 
cross section, ft displacement, 

A-A, ft ft 
89 1546 0.383 0.271 9.20E-03 1.33E-02 4.53E-04 
90 1566 0.705 0.675 2.29E-02 2.31E-02 7.84E-04 
91 1586 1.351 1.186 4.03E-02 2.19E-02 7.45E-04 
92 1606 2.297 1.497 5.09E-02 3.62E-03 1.23E-04 
93 1626 3.309 1.363 4.63E-02 -1.90E-02 -6.50E-04 
94 1646 4.099 0.893 3.03E-02 -2.80E-02 -9.40E-04 
95 1666 4.549 0.417 1.42E-02 -2.10E-02 -7.20E-04 
96 1686 4.73G 0.133 4.53E-03 -1.10E-02 -3.60E-04 
97 1706 4.793 0.021 7.09E-04 -4.40E-03 -1.50E-04 
98 1726 4.814 0 O.OOE+OO O.OOE+OO O.OOE+OO 
99 1746 4.814 0 O.OOE+OO O.OOE+OO O.OOE+OO 
100 1766 4.814 0 O.OOE+OO O.OOE+OO O.OOE+OO 
101 1786 4.814 0 O.OOE+OO O.OOE+OO O.OOE+OO 
102 1806 4.814 0 O.OOE+OO 0.00E+OO 0.00E+OO 
103 1826 4.814 0 O.OOE+OO O.OOE+OO O.OOE+OO 
104 1846 4.814 0 O.OOE+OO 0.001::+00 O.OOE+OO 
105 1867 4.814 0 O.OOE+OO O.OOE+OO O.OOE+OO 
106 1887 4.814 0 O.OOE+OO O.OOE+OO 0.00E+OO 
107 1907 4.814 0 O.OOE+OO O.OOE+OO O.OOE+OO 
108 1927 4.814 0 0.00E+OO O.OOE+OO O.OOE+OO 
109 1947 4.814 0 O.OOE+OO O.OOE+OO O.OOE+OO 
110 1967 4.814 0 O.OOE+OO O.OOE+OO O.OOE+OO 
111 1987 4.814 0 0.00E+OO O.OOE+OO O.OOE+OO 
112 2007 4.814 0 O.OOE+OO O.OOE+OO O.OOE+OO 
113 2027 4.814 0 0.00E+OO O.OOE+OO 0.00E+OO 
114 2047 4.814 0 O.OOE+OO O.OOE+OO O.OOE+OO 
115 2067 4.814 0 O.OOE+OO O.OOE+OO O.OOE+OO 
116 2087 4.814 0 O.OOE+OO O.OOE+OO O.OOE+OO 
117 2107 4.814 0 O.OOE+OO O.OOE+OO O.OOE+OO 
118 2127 4.814 0 O.OOE+OO O.OOE+OO 0.00E+OO 
119 2147 4.814 0 0.00E+OO O.OOE+OO O.OOE+OO 
120 2168 4.814 0 O.OOE+OO O.OOE+OO O.OOE+OO 
121 2188 4.814 0 O.OOE+OO O.OOE+OO O.OOE+OO 
122 2208 4.814 0 O.OOE+OO O.OOE+OO O.OOE+OO 
123 2228 4.814 0 O.OOE+OO O.OOE+OO O.OOE+OO 
124 2248 4.814 0 O.OOE+OO O.OOE+OO O.OOE+OO 
125 2268 4.814 0 0.00E+OO O.OOE+OO O.OOE+OO 
126 2288 4.814 0 0.00E+OO O.OOE+OO O.OOE+OO 
127 2308 4.814 0 O.OOE+OO O.OOE+OO O.OOE+OO 
128 2328 4.814 0 O.OOE+OO O.OOE+OO O.OOE+OO 
129 2348 4.814 0 O.OOE+OO O.OOE+OO O.OOE+OO 
130 2368 4.814 0 O.OOE+OO O.OOE+OO O.OOE+OO 
131 2388 4.814 0 O.OOE+OO O.OOE+OO O.OOE+OO 
132 2408 4.814 0 O.OOE+OO O.OOE+OO O.OOE+OO 
SM 2428 4.814 0 O.OOE+OO O.OOE+OO O.OOE+OO I,:,,:, 

134 2448 4.814 0 0.00E+OO O.OOE+OO O.OOE+OO 

( 
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Points Distance along Subsidence, Horizontal Slope,% Strain, ft/ft Curvature, 1 /ft 
cross section, ft displacement, 

A-A, ft ft 
135 2468 4.814 0 0.00E+OO O.OOE+OO O.OOE+OO 
136 2489 4.814 0 0.00E+OO O.OOE+OO O.OOE+OO 
137 2509 4.798 -0,008 -2.60E-04 -3.50E-03 -1.20E-04 
138 2529 4.759 -0,09 -3.1 OE-03 -8.50E-03 -2.90E-04 
139 2549 4.619 -0,32 -1.1 OE-02 -1.80E-02 -6.20E-04 
140 2569 4.252 -0.755 -2.60E-02 -2.70E-02 -9.20E-04 
141 2589 3.549 -1.26 -4.30E-02 -2.30E-02 -7.90E-04 
142 2609 2.569 -1.512 -5.1 OE-02 -2.90E-03 -9.90E-05 
143 2629 1.571 -1.307 -4.40E-02 1.87E-02 6.341=-04 
144 2649 0.831 -0.812 -2.80E-02 2.45E-02 8.32E-04 
145 2669 0.43 -0,358 -1.20E-02 1.63E-02 5.54E-04 
146 2689 0.272 -0.106 -3.60E-03 6.27E-03 2.13E-04 
147 2709 0.226 -0.012 -4.20E-04 7.68E-04 2.61 E-05 
148 2729 0.222 0 0.00E+OO O.OOE+OO O.OOE+OO 
149 2749 0.222 0 O.OOE+OO O.OOE+OO O.OOE+OO 
150 2169 0.222 0 0.00E+OO O.OOE+OO O.OOE+OO 
151 2789 0.222 0 O.OOE+OO O.OOE+OO O.OOE+OO 
152 2810 0.222 0 O.OOE+OO O.OOE+OO O.OOE+OO 
153 2830 0.222 0 O.OOE+OO O.OOE+OO 0.00E+OO 
154 2850 0.222 0 0.00E+OO O.OOE+OO O.OOE+OO 
155 2870 0.222 0 O.OOE+OO O.OOE+OO O.OOE+OO 
156 2890 0.222 0 O.OOE+OO O.OOE+OO O.OOE+OO 
157 2910 0.222 0 O.OOE+OO O.OOE+OO O.OOE+OO 
158 2930 0.222 0 O.OOE+OO O.OOE+OO O.OOE+OO 
159 2950 0.222 0 O.OOE+OO O.OOE+OO O.OOE+OO 
160 2970 0.222 0 O.OOE+OO O.OOE+OO 0.00E+OO 
161 2990 0.242 0.046 1.56E-03 2.94E-03 9.88E-05 
162 3010 0.329 0.207 6.95E-03 1.08E-02 3.62E-04 
163 3030 0.587 0.559 1.88E-02 2.11 E-02 7.09E-04 
164 3050 1.143 1.063 3.58E-02 2.38E-02 8.00E-04 
165 3070 2.021 1.457 4.90E-02 9.69E-03 3.?61=-04 
166 3090 3.039 1.449 4.87E-02 -1.40E-02 -4.60E-04 
167 3110 3.907 1.044 3.51 E-02 -2.70E-02 -9.1 OE-04 
168 3131 4.45 0.542 1.82E-02 -2.40E-02 -8.00E-04 
169 3151 4.699 0.198 6.65E-03 -1.30E-02 -4.50E-04 
170 3171 4.782 0.043 1.45E-03 -5.80E-03 -2.00E-04 
171 3191 4.814 0 0.00E+OO O.OOE+OO O.OOE+OO 
172 3211 4.814 0 O.OOE+OO O.OOE+OO O.OOE+OO 
173 3231 4.814 0 O.OOE+OO O.OOE+OO O.OOE+OO 
174 3251 4.814 0 O.OOE+OO O.OOE+OO O.OOE+OO 
175 3271 4.814 0 O.OOE+OO O.OOE+OO O.OOE+OO 
176 3291 4.814 0 O.OOE+OO O.OOE+OO 0.00E+OO 
177 3311 4.814 0 O.OOE+OO O.OOE+OO O.OOE+OO 
178 3331 4.814 0 O.OOE+OO O.OOE+OO 0.001=+00 
i79 3351 4.814 0 O.OOE+OO O.OOE+OO O.OOE+OO 
180 3371 4,814 0 O.OOE+OO O.OOE+OO O.OOE+OO 
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Points Distance along Subsidence, Horizontal Slope,% Strain, ft/ft Curvature, 1 /ft 
cross section, ft displacement, 

A-A, ft ft 
181 3391 4.814 0 O.OOE+OO O.OOE+OO O.OOE+OO 
182 3411 4.814 0 O.OOE+OO O.OOE+OO O.OOE+OO 
183 3431 4.814 0 O.OOE+OO O.OOE+OO O.OOE+OO 
184 3452 4.814 0 0.00E+OO O.OOE+OO O.OOE+OO 
185 3472 4.814 0 O.OOE+OO O.OOE+OO O.OOE+OO 
186 3492 4.814 0 O.OOE+OO O.OOE+OO O.OOE+OO 
187 3512 4.814 0 O.OOE+OO O.OOE+OO O.OOE+OO 
188 3532 4.814 0 O.OOE+OO O.OOE+OO O.OOE+OO 
189 3552 4.814 0 O.OOE+OO O.OOE+OO O.OOE+OO 
190 3572 4.814 0 O.OOE+OO O.OOE+OO O.OOE+OO 
191 3592 4.814 0 O.OOE+OO O.OOE+OO O.OOE+OO 
192 3612 4.814 0 O.OOE+OO O.OOE+OO O.OOE+OO 
193 3632 4.814 0 O.OOE+OO O.OOE+OO O.OOE+OO 
194 3652 4.814 0 O.OOE+OO O.OOE+OO O.OOE+OO 
195 3672 4.814 0 O.OOE+OO O.OOE+OO O.OOE+OO 
196 3692 4.814 0 O.OOE+OO O.OOE+OO O.OOE+OO 
197 3712 4.814 0 O.OOE+OO O.OOE+OO O.OOE+OO 
198 3732 4.814 0 O.OOE+OO 0.00E+OO O.OOE+OO 
199 3752 4.814 0 O.OOE+OO O.OOE+OO O.OOE+OO 
200 3773 4.814 0 O.OOE+OO O.OOE+OO O.OOE+OO 
201 3793 4.814 0 O.OOE+OO O.OOE+OO O.OOE+OO 
202 3813 4.814 0 O.OOE+OO O.OOE+OO O.OOE+OO 
203 3833 4.814 0 O.OOE+OO O.OOE+OO O.OOE+OO 
204 3853 4.814 0 O.OOE+OO O.OOE+OO O.OOE+OO 

( 205 3873 4.814 0 O.OOE+OO O.OOE+OO O.OOE+OO 
206 3893 4.814 0 O.OOE+OO O.OOE+OO O.OOE+OO 
207 3913 4.814 0 O.OOE+OO O.OOE+OO O.OOE+OO 
208 3933 4.814 0 O.OOE+OO O.OOE+OO O.OOE+OO 
209 3953 4.814 0 O.OOE+OO O.OOE+OO O.OOE+OO 
210 3973 4.814 0 O.OOE+OO O.OOt:+00 O.OOE+OO 
211 3993 4.814 0 O.OOE+OO O.OOE+OO O.OOF+OO 
212 4013 4.814 0 0.00E+OO O.OOE+OO O.OOE+OO 
213 4033 4.814 0 0.00E+OO O.OOE+OO O.OOE+OO 
214 4053 4.814 0 O.OOE+OO O.OOE+OO O.OOE+OO 
215 4074 4.814 0 O.OOE+OO O.OOE+OO O.OOE+OO 
216 4094 4.814 0 O.OOE+OO O.OOE+OO O.OOE+OO 
217 4114 4.814 0 O.OOE+OO O.OOE+OO O.OOE+OO 
218 4134 4.792 -0.023 -7.80E-04 -4.60E-03 -1.50E-04 
219 4154 4.733 -0.139 -4.70E-03 -1.1 OE-02 -3.70E-04 
220 4174 4.543 -0.425 -1.40E-02 -2.10E-02 -7.10E-04 
221 4194 4.093 -0.899 -3.00E-02 -2.80E-02 -9.30E-04 
222 4214 3.308 -1.366 -4.60E-02 -1.90E-02 -6.40E-04 
223 4234 2.304 -1.504 -5.1 OE-02 3.26E-03 1.09E-04 
224 4254 1.36 -1.202 -4.00E-02 2.1 SE-02 7.24E-04 
225 4274 0.707 -0.695 -2.30E-02 2.32E-02 7.78E-04 
226 4294 0.376 -0.286 -9.60E-03 1.37E-02 4.62E-04 
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Points Distance along Subsidence, Horizontal Slope,% Strain, ft/ft Curvature, 1 /ft 
cross section, ft displacement, 

A-A,ft ft 
227 4314 0.253 -0.077 -2.60E-03 4.67E-03 1.57E-04 
228 4334 0.22 -0.004 -1.50E-04 3.31 E-04 1.11E-05 
229 4354 0.218 0 O.OOE+OO O.OOE+OO O.OOE+OO 
230 4374 0.218 0 O.OOE+OO O.OOE+OO O.OOE+OO 
231 4395 0.218 0 O.OOE+OO O.OOE+OO O.OOE+OO 
232 4415 0.218 0 O.OOE+OO O.OOE+OO O.OOE+OO 
233 4435 0.218 0 O.OOE+OO O.OOE+OO O.OOE+OO 
234 4455 0.218 0 O.OOE+OO O.OOE+OO O.OOE+OO 
235 4475 0.218 0 O.OOE+OO 0.00E+OO O.OOE+OO 
236 4495 0.218 0 0.00E+OO O.OOE+OO O.OOE+OO 
237 4515 0.218 0 O.OOE+OO O.OOE+OO O.OOE+OO 
238 4535 0.218 0 O.OOE+OO O.OOE+OO O.OOE+OO 
239 4555 0.218 0 O.OOE+OO 0.00E+OO O.OOE+OO 
240 4575 0.218 0 O.OOE+OO O.OOE+OO O.OOE+OO 
241 4595 0.218 0 O.OOE+OO O.OOE+OO O.OOE+OO 
242 4615 0.238 0.046 1.63E-03 3.09E-03 1.11 E-04 
243 4635 0.336 0.224 8.05E-03 1.24E-02 4.44E-04 
244 4655 0.641 0.63 2.26E-02 2.43E-02 8.72E-04 
245 4675 1.309 1.191 4.28E-02 2.50E-02 8.98E-04 
246 4695 2.334 1.554 5.58E-02 4.72E-03 1.70E-04 
247 4716 3.445 1.406 5.05E-02 -2.20E-02 -7.70E-04 
248 4736 4.292 0.881 3.16E-02 -3.00E-02 -1.10E-03 
249 4756 4.746 0.377 1.36E-02 -2.10E-02 -7.70E-04 
250 4776 4.918 0.104 3.72E-03 -9.90E-03 -3.60E-04 
251 4796 4.963 0.009 3.07E-04 -3.90E-03 -1.40E-04 
252 4816 4.98 0 O.OOE+OO O.OOE+OO O.OOE+OO 
253 4836 4.98 0 0.00E+OO O.OOE+OO O.OOE+OO 
254 4856 4.98 0 O.OOE+OO O.OOE+OO O.OOE+OO 
255 4876 4.98 0 O.OOE+OO O.OOE+OO O.OOE+OO 
256 4896 4.98 0 0.00E+OO O.OOE+OO O.OOE+OO 
257 4916 4.98 0 O.OOE+OO O.OOE+OO O.OOE+OO 
258 4936 4.98 0 O.OOE+OO 0.00E+OO O.OOE+OO 
259 4956 4.98 0 O.OOE+OO 0.00E+OO O.OOE+OO 
260 4976 4.98 0 O.OOE+OO O.OOE+OO O.OOE+OO 
261 4996 4.98 0 O.OOE+OO O.OOE+OO 0.00E+OO 
262 5016 4.98 0 O.OOE+OO O.OOE+OO O.OOE+OO 
263 5037 4.98 0 O.OOE+OO O.OOE+OO O.OOE+OO 
264 5057 4.98 0 O.OOE+OO O.OOE+OO O.OOE+OO 
265 5077 4.98 0 O.OOE+OO O.OOE+OO O.OOE+OO 
266 5097 4.98 0 O.OOE+OO O.OOE+OO O.OOE+OO 
267 5117 4.98 0 O.OOE+OO O.OOE+OO O.OOE+OO 
268 5137 4.98 0 O.OOt:+00 O.OOE+OO O.OOE+OO 
269 5157 4.98 0 O.OOE+OO O.OOE+OO O.OOE+OO 
270 5177 4.98 0 O.OOE+OO O.OOE+OO 0.00'::+00 
271 5197 4.98 0 O.OOE+OO 0.00t:+00 O.OOt:+00 
272 5217 4.98 0 O.OOE+OO O.OOE+OO O.OOE+OO 
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Points Distance along Subsidence, Horizontal Slope,% Strain, ft/ft Curvature, 1 /ft 
cross section, ft displacement, 

A-A, ft ft 
273 5237 4.98 0 O.OOE+OO O.OOE+OO O.OOE+OO 
274 5257 4.98 0 O.OOE+OO O.OOE+OO O.OOE+OO 
275 5277 4.98 0 O.OOE+OO O.OOE+OO O.OOE+OO 
276 5297 4.98 0 O.OOE+OO O.OOE+OO O.OOE+OO 
277 5317 4.98 0 O.OOt:+00 0.001::+00 O.OOE+OO 
278 5337 4.98 0 O.OOE+OO O.OOE+OO O.OOE+OO 
279 5358 4.98 0 O.OOE+OO O.OOE+OO O.OOE+OO 
280 5378 4.98 0 O.OOE+OO O.OOE+OO O.OOE+OO 
281 5398 4.98 0 0.00E+OO O.OOE+OO O.OOE+OO 
282 5418 4.98 0 O.OOE+OO O.OOE+OO O.OOE+OO 
283 5438 4.98 0 O.OOE+OO O.OOE+OO O.OOE+OO 
284 5458 4.98 0 O.OOE+OO O.OOE+OO O.OOE+OO 
285 5478 4.98 0 O.OOE+OO O.OOE+OO O.OOE+OO 
285 5498 4.98 0 0.00E+OO O.OOE+OO O.OOE+OO 
287 5518 4.98 0 O.OOE+OO O.OOE+OO O.OOE+OO 
288 5538 4.98 0 O.OOE+OO 0.00E+OO O.OOE+OO 
289 5558 4.98 0 O.OOE+OO O.OOE+OO O.OOE+OO 
290 5578 4.98 0 0.00E+OO O.OOE+OO O.OOE+OO 
291 5598 4.98 0 O.OOE+OO O.OOE+OO O.OOE+OO 
292 5618 4.98 0 O.OOE+OO O.OOE+OO O.OOE+OO 
293 5638 4.98 0 O.OOE+OO O.OOE+OO O.OOE+OO 
294 5658 4.98 0 0.00E+OO O.OOE+OO O.OOE+OO 
295 5679 4.98 0 O.OOE+OO O.OOE+OO 0.00E+OO 
296 5699 4.98 0 O.OOE+OO O.OOE+OO O.OOE+OO 
297 5719 4.98 0 O.OOE+OO O.OOE+OO O.OOE+OO 
298 5739 4.98 0 O.OOE+OO O.OOE+OO O.OOE+OO 
299 5759 4.958 -0.022 -7.90E-04 -4.90E-03 -1.80E-04 
300 5779 4.891 -0.154 -5.50E-03 -1.30E-02 -4.50E-04 
301 5799 4.659 -0.498 -1.80E-02 -2.50E-02 -9.00E-04 
302 5819 4.094 -1.06 -3.80E-02 -3.20E-02 -1.1 OE-03 
303 5839 3.123 -1.554 -5.60E-02 -1.70E-02 -6.10E-04 
304 5859 1.948 -1.58 -5.70E-02 1.14E-02 4.10E-04 
305 5879 0.946 -1.115 -4.00E-02 2.80E-02 1.00E-03 
306 5899 0.343 -0.542 -1.90E-02 2.31 E-02 8.27E-04 
307 5919 0.088 -0.175 -6.30E-03 1.04E-02 3.71 E-04 
308 5939 0.012 -0.028 -1.00E-03 2.09E-03 7.50E-05 
309 5959 0 0 O.OOE+OO O.OOE+OO O.OOE+OO 
310 5979 0 0 O.OOE+OO O.OOE+OO O.OOE+OO 
311 6000 0 0 O.OOE+OO O.OOF+OO O.OOE+OO 
312 6020 0 0 O.OOE+OO O.OOE+OO 0.00E+OO 
313 6040 0 0 O.OOE+OO O.OOE+OO O.OOE+OO 
314 6060 0 0 O.OOE+OO O.OOE+OO O.OOE+OO 
315 6080 0 0 O.OOE+OO O.OOE+OO 0.00E+OO 
316 6100 0 0 O.OOE+OO O.OOE+OO O.OOE+OO 
317 6120 0 0 O.OOE+OO O.OOE+OO 0.00E+OO 
318 6140 0 0 O.OOE+OO O.OOE+OO O.OOE+OO 
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U.S. Department of Labor Mine Safety and Health Administration 

Pittsburgh Safety & Health Technology Center 

P.O. Box 18233 
Pittsburgh, PA 15236 

November 12, 2009 

MEMORANDUM FOR JOSEPH O'DONNELL 

THROUGH: 

FROM: 

SUBJECT: 

Acting District Manager, District 8 
Coal Mine Safety and Health 

~+-w·F~ 
Jffi.lN W. FREDLAND 
Acting Chief, Pittsburgh Safety and Health Technology Center 

S~1 01~ 
ST ~~YG_lrcHALEK 
Chief, Mine Waste and Geotechnical Engineering Division 

Recommendation for Approval of Design Plans for Phases 3 through 6, 

and Request for Additional Information for Phase 7, Refuse Disposal 

Facility No. 2, Impoundment I.D. No. 1211-IL08-03141-02, Mach 

Mining, LLC, Mach Mine No. I, Mine I.D. No. 11-03141, Williamson 

County, Illinois 

As requested by your office, a technical review of the subject proposed impoundment plans has 

been completed. Our review included an initial submittal and two revisions submitted in 

response to our requests for additional information. Report No. MW09-077, which is attached, 

indicates that the subject plans appear to be technically acceptable only through Phase 6 and 

approval through Phase 6 is recommended. Additional information will be required before we 

can recommend approval of Phase 7. 

The proposed mining under Phase 3 will be the most significant event at this facility. Phase 3 

must be closed and covered with a stable cap of coarse refuse, be incapable of impounding water 

or slurry, and all the proposed instrumentation must be in place and operational before the 

proposed longwall mining is advanced within 100 feet of any part of the Phase 3 embankment. 

The Impoundment and !RPI data sheets have been completed for Phases 3 through 6 and are 

included with the report. Please contact this office ifthere are any questions regarding this 

review. 

Attachment 

cc: L. Zeiler - Acting Director, TS 
M. Smith - Acting Chief, Safety Div., CMS&H 
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UNITED STATES DEPARTMENT OF LABOR 

MINE SAFETY AND HEALTH ADMINISTRATION 

PITTSBURGH SAFETY AND HEALTH TECHNOLOGY CENTER 

MINE WASTE AND GEOTECHNICAL ENGINEERING DIVISION 

COCHRANS MILL ROAD 
P.O. BOX 18233 

PITTSBURGH, PENNSYLVANIA 15236 

REPORT NO. MW09-077 

REVIEW OF DESIGN PLANS FOR PHASES 3 THROUGH 7 

REFUSE DISPOSAL AREA NO. 2 
MSHA l.D. NO. 121 l-IL08-03141-02 

MACH MINING LLC 
MINE I.D. NO. 11-03141 

WILLI.AMSON COUNTY, ILLINOIS 

NOVEMBER 12, 2009 

BY 

PAUL J. DONAHUE, P.E. 
CIVIL ENGINEER 
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REPORT NUMBER MW09-077 

OWNERSHIP AND LOCATION 

The Refuse Disposal Area No. 2 is owned and operated by Mach Mining, LLC and receives 

coarse and fine coal refuse from the preparation plant for the Mach No. 1 Mine. The site can be 

found on the USGS 7.5 Minute Pittsburg (IL) quadrangle map at geographic coordinates 

N 37°50'30" latitude and W 88°49'17" longitude. This facility is located on a tract comprising 

the east half of Section 12, Township 8S, and Range 3E, Third Principal Meridian. 

MATERIAL REVIEWED 

Original Design Submittal 

The original submitted design documents were prepared for Mach Mining, LLC by Alliance 

Consulting, Incorporated (Alliance) and included the following. 

I. A report entitled "Engineering Design Plan - Proposed Coal Refuse Disposal, Facility No. 2, 

Williamson County, Illinois, dated January 2007." The report included a narrative 

description of the proposed design, and the testing and analyses performed. Appendices to 

the report included construction specifications, calculations, geotechnical test boring and 

laboratory test data. 

2. Thirteen drawings depicting plans, profiles and details of the proposed facility dated 

January I 6, 2007. 

During our review of this plan, Mr. Duffy Stradner, former District 8 Impoundment Specialist, 

notified this reviewer in a phone conversation on October 23, 2007, that the impoundment layout 

and geometry would be substantially revised and a new plan submitted. Due to proposed mining 

under the impoundments and other issues that would similarly affect the new design, we 

completed the review and requested additional information in a memorandum to Robert Phillips, 

District Manager, Coal Mine Safety and Health (CMS&H) District 8, dated December 13, 2007. 

The memorandum identified 14 design issues to be addressed in the revised design submittal. 

First Revised Design Submittal 

The revised design package for the coal refuse impoundments was hand delivered to our office 

on August 19, 2008, in conjunction with a meeting with Mach Mining and Alliance Consulting 

personnel to discuss the new design. 

The design documents received at this meeting included the following items. 

I. A report entitled "Response to February 11, 2008, Comments, l.D. No. IL08-03141-02, 

Mach Mining, LLC- Mach No. I Mine ID No. 11-03141, Williamson County, Illinois -

Coal Refuse Disposal Facility No. 2 Phases 3 through 7," dated August 2008. Appendices to 
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the report contained construction specifications, various design calculations, geotechnical test 

boring logs, laboratory test data and a CISPM Mine Subsidence Analysis Report prepared by 

Dr. Syd Peng of West Virginia University. 

2. Nineteen drawings, with revision dates from February 14, 2008, to July 7, 2008, depicting 

plans, profiles and details of the proposed facility. 

In addition, the following additional materials were submitted concurrent with the review of this 

submittal. 

1. A set of three drawings depicting longwall panel surface subsidence measurements at 

Baselines "A" through "D" located over the eastern end oflongwall Panel No. 1 of the 

subject mine. These drawings are dated August 29, 2008, and were received by the Mine 

Waste and Geotechnical Engineering Division (MWGED) on September 3, 2008, 

2. Two Drawings entitled "Map 6 UG - Operations Plan Map" and "Map 10 - Geologic 

columns," prepared by Alliance and dated December 3, 2004, and November 29, 2004, 

respectively, and received by MW GED on September 3, 2008. 

In addition to the submitted document, we also gathered additional information, concurrent with 

the review, through phone and e-mail communication with Mr. Claudio Yon of Alliance and 

Dan Barkley of the Illinois DNR. 

We completed our review of the new design and found eleven items requiring additional 

substantiating data or calculations and/or design changes. These were outlined in our 

memorandum to Robert Phillips, District Manager, CMS&H District 8, dated 

November 10, 2008. 

Second Revised Design Submittal 

The second revised design submittal was received by MW GED on July 20, 2009, and included 

the following. 

1. A report volume entitled "Additional information- Volume 1 of 3, Comments 2, 4, 5, 6, 9, 10 

and 11, Coal Refuse Disposal Facility No. 2 Phases 3 through 7," lmpoundment ID No.1108-

03141-02 (MSHA ID No. 11-03141), Williamson County, Illinois," dated July 2009. This 

volume included new, revised and copies of previously submitted materials from the earlier 

August 2008 submittal and was prepared by Alliance. 

2. A second report volume entitled "Additional information- Volume 2 of 3, Comments 1, 3, 7 

and 8, Coal Refuse Disposal Facility No. 2 Phases 3 through 7," Impoundment ID No. IL08-

03141-02 (MSHA ID No. 11-03141), Williamson County, Illinois," dated July 2009. This 

volume contained new calculations and analysis performed by GAi consultants for Alliance. 

3. A third volume containing 22 drawings, with revision dates from July 8, 2009, to 

July 13, 2009, depicting plans, profiles, and details of the proposed facility. 
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4. An addendum to the submittal, received on August 21, 2009. This addendum included 

corrected transmittal letters and tables of contents, a revised drawing B05-330-M32 - Phase 5 

Plan View, revised August 18, 2009, and revised Phase 5 dam underdrain calculations. 

Additionally, prior to the receipt of this submittal, we received electronically transmitted 

drawings depicting a longitudinal dynamic subsidence survey over the advancing face of 

Longwall Panel No. I at a location immediately to the east of the future Phase 5. These drawings 

were received in our office on February I 0, 2009. This survey was performed in response to 

comment No. 4 in the November I 0, 2008, memorandum. 

The results of our review of this revised design are discussed in this report. 

BACKGROUND 

The revised Refuse Disposal Facility No. 2 will provide for the disposal of about 3 ½ years of 

coarse coal refuse (CCR) and 6 years of fine coal refuse (FCR) that will be produced from the 

Pond Creek No. 1 Mine following closure of previously approved Facility No. 1 which included 

Phases 1 and 2. This facility is to be constructed in five phases - Phase 3 through Phase 7. 

As planned, the facility will consist of three, approximately rectangular, diked impoundments 

aligned in a north-south direction and sharing common embankments between them. The 

southernmost impoundment will be constructed during Phase 3, with fine refuse placement 

starting upon completion of the embankment to the design crest height. The central 

impoundment will be constructed in three Phases (Phases 4, 6 and 7) with fine refuse placement 

starting during Phase 7, when the embankment will be about 50 percent of the total completed 

height. The northernmost impoundment will be constructed during Phase 5 and will be partly 

incised by excavating the footprint of the impoundment. Fine refuse placement in this 

impoundment will begin once Phase 3 is filled to capacity, and the Phase 5 embankment is about 

80 percent complete. 

The impoundments will cover about 200 acres, and all the impounding embankments will be 

raised longitudinally in segments using belt-delivered coarse coal refuse. The upstream and 

downstream slopes will be 3 horizontal to I vertical (3H: 1 V) except for Phase 3 which will have 

·2.6H:1V upstream slopes. Maximum embankment heights will range from 49 feet for Phase 3 to 

100 feet for Phase 7. All embankments, with the exception of a portion of the Phase 7 central 

impoundment, will be founded on 15 to 22 feet of medium to stiff clay deposits overlying shale 

bedrock. The south-facing slope of the Phase 7 embankment will be founded on the impounded 

fine refuse of the adjoining Phase 3. 

The designer considered the impoundments to be of high hazard potential classification for the 

purposes ofhydrologic/hydraulic design. Following one year from the start of construction, all 

phases will be able to accommodate a rainfall volume of two PMF's with pumping capacity 

capable of drawing down one 72-hour PMF in 30 days. When the final crest elevation is 

reached, an 18-inch-diameter HDPE SDR 26 decant spillway will be installed and be capable of 
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drawing down 90 percent of one PMF in less than IO days. The only exception is the Phase 3 

impoundment. Because of an expected life of less than I year, this phase was designed to handle 

at least one half of a 72-hour PMF, but less than a full 72-hour PMF. 

'l 'he most significant consideration for these impoundments will be the concurrent mining of 

three longwall panels in the 6.5-foot-thick Herrin No. 6 coal seam beneath the impoundment 

footprints. There are 430 to 450 feet of overburden, with at least 420 feet of this being rock, 

between the embankment foundations or impoundment bottoms and the Herrin No. 6 seam. 

Boring data indicates that about 75 to 90 percent of the overburden rock is shale. A sandstone 

unit, 200 to 240 feet above the No. 6 seam and ranging from 21 to 54 feet thick, is the only 

persistent competent unit encountered in the borings. 

The development entries for the longwall mining have a calculated minimum pillar safety factor 

of 2.3 as calculated by the program ALPS. A minimum rock overburden thickness of about 65 

times the mine height is present above the seam. Therefore, this facility complies with the 

guidance contained in Bureau of Mines publication IC 8741 for limiting breakthrough risk. 

However, subsidence from the longwall mining will considerably impact surface structures over 

the mine. 

The subsidence effects on the proposed coal refuse impoundments will be largely mitigated by 

the proposed phasing of the impoundments. Except for Phases 3 and 4, all refuse placement will 

take place after mining has been completed beneath the impoundment and subsidence is 

substantially complete. For Phase 3, FCR placement will be completed to an elevation of 5 feet 

below the crest, about 9 months prior to longwall mining beneath the impoundment. A 5-foot

thick cover of coarse refuse, level with the crest, will be placed over the fine refuse in order to 

eliminate any impounded water before the mining advances beneath the impoundment. Phase 4 

will consist of a 45-foot-high non-impounding embankment placed prior to mining, After the 

mining, the 300-foot-wide Phase 6 embankment will buttress the downstream slope of the Phase 

4 embankment. The width of this embankment is expected to mitigate any possible effects of 

subsidence-related damage to the Phase 4 embankment. 

The planned mining beneath the Phase 3 impoundment, a short time after filling and capping of 

this impoundment, is the most significant issue in evaluating the subsidence impacts. There is 

currently little engineering experience in accommodating longwall mining under a coal refuse 

impoundment and a conservative consideration of all possible potential failure modes and 

mitigatory measures was the primary item of concern in the review of this plan, 

REVIEW DISCUSSION 

The submittal received on July 20, 2009, provided responses to the eleven items of additional 

information that were requested in the November 10, 2008, memorandum. Additionally the 

submitted addendum included a revised plan for the Phase 5, which will be enlarged by locating 

its north dike approximately 250 feet further north. 
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Phase 7 Stability 

The submittal did not satisfactorily address comment Nos. 7 and 8 in the November 10, 2008, 

memorandum. These comments noted that a stability analysis of the Phase 7 south dike, which 

will be founded on the settled Phase 3 FCR, had not been performed and requested this analysis 

be performed along with a seismic liquefaction and deformation analysis. The submitted analysis 

in response to these comments included only an analysis of the less-critical completed Phase 7C 

configuration, and not the critical Phase 7A, which will entail advancing the 38-foot-high south 

dike embankment over the thin cover overlying the consolidating fine refuse. An independent 

check calculation using the "Slope W" stability analysis program and normalized undrained 

strength parameters for the FCR developed in the submittal indicated a short-term post 

construction safety factor for the south dike of Phase 7 A of considerably less than one. 

Therefore, Phase 7 A, as currently planned, will require design revisions before MW GED can 

recommend approval. 

Subsidence Impacts - Phase 3 Impoundment 

The largest part of the most recent submittal consisted of various analyses and new test data 

submitted as justification for the proposed longwall mining beneath the capped Phase 3 

impoundment, as requested in items 1 through 3 of the November JO, 2008, memorandum. 

MW GED performed this review in conjunction with a literature review of soil behavior when 

subjected to tensile strains and a published case-study of longwall mining under an impoundment 

in West Virginia. (I) 

The Phase 3 impoundment is located so the dike bounding the FCR pool to the north is centered 

over the Panel's 2 and 3 gateroad development entries, the east and west dikes extend southward 

to approximately the center of the longwall panel, and the south dike runs along the center 

portion of the panel. The panel v,,j_dth (1,400 feet) with respect to depth is such that subsidence is 

supercritical, so the south dike will be subjected only to transient tensile, then compressive, 

strains in a longitudinal direction as the mine face advances east to west. The east and west dikes 

will be subjected to permanent tensile strains near the northwest and northeast comers of the 

impoundment and the north dike will be subjected to significant strains only near the inside toe. 

Assuming the impoundment is capped and no longer impounding water at the time the longwall 

panel is advanced, the specific potential failure mechanisms that were examined for the Phase 3 

impoundment included: 

(1) Choi, D.S., et a!, 1997, "A Case Study of Undermining Impoundment Embankment by the Longwall Mining Method," 

Proc. 36th US Rock Mechanics Symposium 
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1. Stability failure of the CCR embankment due to deformations and weakening from 

subsidence-induced shear strains and cracking. 

2. The potential for the development of large, persistent transverse cracks in the CCR 

embankment or foundation materials capable ofreleasing flowable I'CR. The calculated 

horizontal strains induced by the subsidence, using revised CISPM model calculations 

calibrated to actual subsidence measurements at this mine, is about 30 microstrain 

(3 percent). 

3. Weakening and/or liquefaction of the FCR due to subsidence strain-induced pore pressures in 

conjunction with transverse cracking, possibly resulting in flow into, and/or erosion of, 

cracks in the CCR. 

CCR Embankment Stability Under Subsidence Condition 

In order to evaluate the possibility of the first of these mechanisms, a separate analysis performed 

by GA1 Consultants for Alliance applied data from existing triaxial test data of the coarse refuse 

(CU with pore pressures) to the formula developed for the double-punch shear test developed by 

Fang and ChenC2
) to determine a tensile strength for the CCR. The consolidation stresses for each 

test point were then corrected for equivalent effective vertical stress ( a' v) and used to develop a 

"normalized tensile strength" ratio (<Ji/ cr'v) of0.15 for the CCR. Using this ratio, an average 

tensile strength of C=4 7 5 psf and cp=O degrees was used in a slope stability analysis to obtain a 

worst-case stability safety factor for the subsidence disturbed embankment of 1.10. We do not 

believe the derivation of this strength is technically correct However, the strength parameter 

derived appears to be very conservative for coarse coal refuse in even the loosest condition. An 

independent analysis showed a factor of safety of 1.3 was achieved with cp=l9 degrees, which is 

lower than CCR in its loosest condition based on the typical angle ofrepose of this material. 

Therefore, slope failure of the CCR embankment from subsidence-induced shear is very unlikely. 

CCR and Foundation Cracking Susceptibilitv Under Subsidence 

The second failure mechanism that was evaluated was the potential for large persistent cracks 

through the CCR embankment which, in conjunction with the third mechanism, could result in a 

breach and release of flowable FCR. The submitted data showed the CCR produced at the plant 

is a well graded gravel material (USCS classification GW) with very little fines (2.0 to 2.5 

percent passing the No. 200 sieve): The gradation of oven-dried, compacted Proctor test 

specimens prepared by Alliance was somewhat higher, with an average of 30 percent passing the 

No. 200 sieve and was classified under the USCS system as "SC," a clayey sand. However, the 

lab sample preparation and oven drying likely produced a material with more fines than in the 

constructed embankment. 

(2) Fang. H.Y. and Chen, \\lai-Fai, "Determination of Tensile Strength of Soil by Unconfined Penetration Test," 

ASTM STP-740, R.N Young Ed., 1981 
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The gradation of the CCR and the foundation soil was compared to published correlations of 

deformation cracking and piping potential. The CCR as delivered to the impoundment prior to 

compaction is a cohesionless material and is not subject to cracking. The laboratory compacted 

and oven-dried CCR material was evaluated as having a medium deformation and cracking 

potential. However, this material is not likely to be representative of the material in the 

embankment which will have less fines; therefore, the overall deformation cracking susceptibility 

of the CCR was evaluated to be low. 

The foundation soils are moderately plastic clays (USCS classification CL with a plasticity index 

of 24 ). These materials were evaluated as having low cracking potential because such materials 

in a saturated condition are subject to deformation rather than cracking under the expected 

strains. Mr. Harold Owens reported, in a phone conversation on June 4, 2009, that aside from a 

]-inch-wide crack in desiccated materials, no obvious cracking was observed in the clayey native 

soils over the previously advanced Longwall Panel No. 1 in the future Phase 5 area. 

Considerable cracking was observed in a more brittle asphalt and chip pavement that crossed the 

edge of the panel. Due to the possibility of localized higher than predicted tensile deformations 

at any surface point over longwall panel edges, the development of significant cracks in the 

foundation and embankments is low but cannot be excluded. 

A similar evaluation was performed for the piping resistance of the foundation and CCR 

materials. Piping resistance was evaluated as "high" for the foundation clay and plant-run CCR 

materials, and medium for the laboratory compacted materials. While not addressed in the 

submittal, we believe that if the impoundment is capped and not impounding water, there will be 

insufficient seepage water to erosively propagate any piping even if persistent cracks develop in 

the embankment. Therefore, for a capped impoundment, cracking and subsequent internal 

erosion via seepage piping is an unlikely possible failure mode. 

Subsidence Induced FCR Flow Through Cracks 

The third potential subsidence induced failure mechanism examined was the possibility of 

flowage of fluid FCR through large transverse cracks in the embankment or foundation. As 

described above, such cracks are unlikely, but cannot be precluded. However, if the FCR is not 

in a sufficiently flowable state, the cracking will be inconsequential, and this mode of failure can 

be precluded. 

The most recent submittal provided the results of laboratory testing and an analysis of the 

potential for triggering strength Joss (liquefaction) for the FCR under cyclic stresses from either 

earthquakes or the advancing subsidence across the impoundment. The FCR produced at the 

Mach Mine preparation plant was bulk-sampled and characterized as a fine grained plastic 

material with 93 percent passing the No. 200 sieve and more than 99 percent passing the No. 40 

sieve. The liquid limit was 36 and the plasticity index was 17 and the material was classified 

under the USCS classification system as "CL." 
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The submittal included calculations from two triaxial tests performed on remolded FCR 

specimens prepared from bucket samples of the slurry produced by the preparation plant. These 

calculations showed a post-seismic strength ratio (Su,/ o'v) of 0.24, which is only slightly less 

than the peak (Sul o'v) value of 0.27. If fully consolidated, these materials are not flowable under 

any anticipated seismic or mine subsidence conditions. However, the fine grained FCR at this 

facility is likely to dissipate excess pore pressure and consolidate under self-weight very slowly, 

so the undrained strength of the FCR at the time of mining is likely to be the most critical 

condition, with a very weak upper FCR layer being potentially flowable through cracks extending 

through the embankment. The submittal did not include specific calculations addressing this 

scenario; however, a CCR cap with a minimum thickness of 5 feet is specified to be placed over 

the impoundment prior to mining. It is expected, based on MWGED's previous observations and 

independent calculations, that when CCR is pushed-out over the FCR, the upper materials with 

undrained strength (Su) less than at least 150 pounds per square foot will be displaced during the 

pushout process and therefore are unlikely to be present beneath the pushout. The FCR and/or 

mixed FCR and CCR material that has reached an Su of at least 150 psf is not flowable through a 

cracked embankment except in conjunction with erosive water flow, which will be precluded by 

the CCR cover. Therefore, provided that the Phase 3 impoundment is capped as shown in the 

submitted design, a failure by FCR flowage through cracks in the CCR embankment is also 

unlikely. 

CONCLUSIONS AND RECOMMENDATIONS 

MW GED noted some deficiencies in the submitted responses to our request for information; 

however, check calculations show the results of the analyses are conservative and the 

construction of this facility through Phase 6 is technically satisfactory. However, the submittal 

did not substantiate the stability of the Phase 7 A south embankment which will be constructed 

over Phase 3A fine refuse, and an independent analysis performed in this office found that the 

design as currently planned will not be stable under static or seismic conditions. Therefore, 

approval is recommended through Phase 6 only. Additional information and design revisions as 

needed to substantiate the static and seismic stability of Phase7 A will be needed before approval 

of this stage can be recommended. 

Our recommendation for approval assumes the facility is constructed strictly in accordance with 

the submitted plan. 1n particular, the Phase 3 impoundment must be capped with a stable CCR 

cover and incapable of impounding water before longwall mining approaches the impoundment. 

Also, per the submitted Specification 6.03 for enhanced monitoring, the operability of all the 

specified instrumentation and preparations for the contingency buttress shall be verified by the 

operator's engineer before the longwall mining face is within 100 feet of any part of the Phase 3 

capped impoundment. 

The CCR embankments at this facility will be constructed in 500- to 600-foot-long longitudinal 

segments in order to take advantage of belt delivery of the CCR to the placement location. In 

order to assure the segments are adequately compacted and keyed into the adjoining segments, a 

specific placement plan was developed and is included in Appendix E of Volume 1 of the 
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submitted plan. This placement plan, particularly the use of the specified equipment, maximum 

push distances, and excavation of keys into the adjoining segment should be strictly followed. 

The design report narratives and test data should also be considered part of the approved plan. If 

dam or foundation materials or conditions are discovered that are different than those described 

in the submitted reports, the plan should be modified as needed to address the changed conditions 

and submitted to MSHA for approval. In particular, the safety of this facility is contingent on the 

adherence to the specific mining schedule shovm in Drawing B05-330-M36 -Mining/Impound

ment Construction Timing Map, revised July 10, 2009. 

Approved Plan Documents 

Care should be taken to assure the most recent revisions to the drawings and specifications are 

incorporated into the revised plan documents. The approved plan consists of all the documents 

listed in the section ofthis report titled "Second Revised Design Submittal" with the exception of 

drawing B05-330-M33 - Phase 7 - Plan View and any other Phase 7 details shown on other 

drawings. 

~ Prepared by: 

~L.RQ,()g 
Paul J. Donahue, P.E. 
Civil Engineer 

Report Approved by: 

i~d 
Darren J lif J.E. 
Supervisory Civil Engineer 
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Letter Report 
Response to MSHA Comments Nos. 1, 3, 7 and 8 
Pond Creek Mine No. 1 Coal Refuse Disposal Facility No.2 - Phases 3 and 7 

Williamson Energy, LLC 
Williamson County, Illinois 
GAi Project C090403.01 

Dear Mr. Yon: 

transforming ideas into reality® 

In accordance with our Work Order Memorandum No. 001, dated March 25, 2009, GAi 

Consultants, Inc. (GAi) has prepared comment responses for the Draft Mine Safety and Health 

Administration (MSHA) Memorandum and request for additional information, dated 

November 10, 2008. In general, this comment response addresses site-specific fine coal 

refuse testing, evaluates the potential for subsidence-induced triggering of the Phase 3 fine 

coal refuse impoundment, as well as the stability of proposed Phase 7 South embankment at 

the Williamson Energy, LLC (Williamson), Pond Creek Coal Refuse Disposal Facility No. 2 

(Pond Creek). 

GAi performed engineering analyses and prepared detailed comment responses for MSHA 

Comment Nos. 1, 3, 7 and 8 based on our discussions, our understanding of the site 

conditions, and our experience performing similar analyses. MSHA Comment Nos. 1 and 3 

pertain to site-specific laboratory testing and characterization of fine coal refuse materials 

(FCR), and liquefaction (flow) potential of the Phase 3 fine refuse due to longwall mining 

beneath the Phase 3 impoundment. Comment Nos. 7 and 8 are associated with performing 

static and liquefaction (seismic) stability analyses of the Phase 7 South slop_e, respectively. 

GAi notes only Comment Nos. 1, 3, 7 and 8 are addressed herein. Further, GAi understands 

responses to Comment Nos. 2, 4, 5 and 6 were prepared by others, and will be submitted under 

separate cover. 

INTRODUCTION 

Plans have been developed by Alliance Consulting, Inc. (Alliance), Beaver, West Virginia for the 

construction of a coal refuse disposal facility located near Johnston City in Williamson County, 

Illinois. The proposed Pond Creek facility will provide disposal capacity for both coarse and fine 

coal refuse, and will provide for approximately 3 ½ years of coarse coal refuse (CCR) and 

Pittsburgh Office 385 East Waterfront Drive Homestead, PA 15120~5005 T 412.476.2000 F 412.476.2020 www.gaiconsultants.com 
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six (6) years of fine coal refuse (FCR) produced from the Pond Creek No. 1 mine. The facility 
will be constructed in five (5) phases designated Phase 3 through 7. 

The design plans for the Pond Creek facility, submitted under separate cover by Alliance 
includes constructing three (3) four-sided impoundments aligned in a north-south direction, 
which share common embankments in between. The southernmost impoundment, Phase 3 will 
include FCR placement, starting upon completion of the embankment to the design crest 
elevation (El.) 500 feet. The central impoundment will be constructed during Phases 4, 6 and 7 
with FCR placement starting during Phase 7 when the embankment will be about 50 percent of 
the total proposed height. The northernmost impoundment will be constructed during Phase 5 
and will be partly incised by excavating the bottom of the impoundment. FCR placement during 
Phase 5 will begin when the embankment is about 80 percent complete. 

The proposed Phases 3 through 7 impoundments will occupy an area approximately 200 acres, 
and all of the impounding CCR embankments will be constructed by downstream or centerline 
methods. The upstream and downstream slopes will be about three horizontal to one vertical 
(3H:1V) except for Phase 3, which will have 2.6H:1V upstream slopes. Maximum slope heights 
will range from 49 feet for Phase 3 to 100 feet for Phase 7. All of the embankments, with the 
exception of a portion of Phase 7 will be founded on 15 to 22 feet of medium stiff to stiff, sandy 
clay overlying shale bedrock. The south facing slope of Phase 7 (designated 7 A and 7C) will 
be founded on impounded FCR of Phase 3. 

NOTED MSHA CONCERNS 

MSHA noted in their November 2008 information request that the most significant consideration 
for the impoundments will be the concurrent mining of three (3) longwall panels in the 6.5-foot 
Herrin No. 6 Coal Seam beneath the impoundment footprints. GAi understands there is 430 to 
450 feet of overburden between the base of the embankments/impoundments and the Herron 
No. 6 seam, with at least 420 feet of the overburden being rock. MSHA also noted that the 
breakthrough or sinkhole potential was low, but surface subsidence will considerably impact the 
facility. 

Similarly, MSHA noted the construction is to be phased such that, with the exception of Phases 
3 and 4, all refuse placement will take place after mining has been completed beneath the 
impoundment and subsidence is substantially complete. For Phase 3, FCR placement will be 
completed to an elevation five (5) feet below the crest, and about ten (10) months prior to 
longwall mining beneath the impoundment. A 5-foot thick cover of CCR, level with the crest, 
will be placed over the FCR to eliminate any impounded water before the mining advances 
beneath the impoundment. Phase 4 will consist of a 45-foot high, non-impounding 
embankment placed prior to mining. After the mining and treatment of any subsidence related 
surface cracks, the 300-foot wide Phase 6 embankment will buttress the downstream slope of 
the Phase 4 embankment. The width of this embankment is expected to mitigate the effects of 
any subsidence-induced cracking of the Phase 4 embankment. MSHA considers the proposed 
longwall mining beneath the Phase 3 impoundment to be a short time line after filling and 
capping, and a critical issue. 

SUBSIDENCE PREDICTION EVALUATION AND SURFACE SURVEY MONITORING DATA 

Alliance subcontracted Dr. Syd S. Peng of the Department of Mining Engineering at the West 
Virginia University to perform a subsidence study for the prediction of ground movement 
parameters due to longwall mining during the various phases of impoundment construction at 

gai consultants 
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the Pond Creek facility. Final surface movements and deformations along a north-south 
trending cross-section through the proposed facility were predicted using the subsidence 
prediction program CSIPM version 2.01, and a complete copy of the Peng evaluation, and 
related figures prepared by Alliance are presented in Appendix A. 

As previously noted, longwall mining will occur beneath only the Phase 3 impoundment 
approximately 10 months following its completion and the construction of a 5-foot thick CCR 
cap (part of Phase 6) to eliminate the Phase 3 impounding capability. In general, the results of 
the subsidence prediction evaluation suggest the magnitude of surface deformations was about 
4 feet with surface strains estimated at just over one (1) percent. 

GAi understands that survey monitoring was performed during the initial stages of mining 
Longwall Panel No. 1, which indicated surface deformations of about 5 feet, of which 
approximately 50 percent occurred within two (2) days, and total deformation occurred within 
about three (3) days. 

MSHA noted that their independent subsidence verification analyses, which incorporated 
parameters in the SOPS computer program calibrated to the actual measured subsidence 
profiles, resulted in potential strains of 3.3 percent. MSHA further noted in their November 
2008 request for information (Comment No. 2) that updated subsidence-related deformations 
and surface strains should be recalculated based on actual survey measurements. 

The following sections of this letter report include generalized descriptions of the analytical 
approach and responses to the MSHA Comment Nos. 1, 3, 7 and 8. Included in the comment 
responses are summaries of previous deformation and abandonment analyses reports, where 
appropriate, prepared by Civil & Environmental Consultants, Inc. (CEC), pertinent laboratory 
testing results, summaries of our engineering analyses pertaining to the development and use 
of the various material engineering properties, liquefaction (flow) susceptibility and slope 
stability, our conclusions and recommendations, and a reference list. 

Pertinent copies of figures from previous analyses are also included, as appropriate, including 
the results of the subsidence evaluation prepared by Dr. Peng .. Appendices A through F present 
supporting information including detailed calculation briefs for development of pertinent 
engineering parameters, and the slope stability analyses results for the various liquefaction 
(flow slide), subsidence-induced embankment cracking, and static and post-earthquake seismic 
failure scenarios discussed herein. · 

ANALYTICAL APPROACH 

In general, the procedure utilized by GAi for evaluating the susceptibility of the Phase 3 
impoundment to a flow-type (liquefaction) failure is presented by Poulos, Castro and France 
(1985) and the Draft MSHA Engineering and Design Manual, particularly Chapter 7, "Seismic 
Design: Stability and Deformation." Our analyses included characterizing the impounded FCR 
material and assessing the susceptibility of the impoundment and embankment to a liquefaction 
(flow slide) failure. Liquefaction susceptibility was determined by evaluating whether or not the 
Phase 3 FCR would resist triggering a loss of strength, and subsequently estimating the factor 
of safety against post-subsidence instability. The analysis requires the in-situ static driving 
shear stress be determined in the critical layer FCR and a "zero-strength" stability analysis of 
the FCR employed to conservatively represent the undrained shear strength of the FCR, and 
asses the factors of safety against a liquefaction (flow slide) failure. 

gai consultants 
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Poulos, et al (1985) states a soil mass susceptible to liquefaction will only experience a flow 
slide failure when a sufficiently large triggering event causes the strength of the soil to decrease 
to the undrained steady-state strength. Conversely, a soil mass which is not susceptible to 
liquefaction physically cannot fail by liquefaction since the minimum undrained strength 
exceeds the in-situ driving shear stress along the critical failure surface. If stable, a 
zero-strength analysis is considered the most conservative type of analysis since the FCR will 
possess some minimum strength (greater than zero) when subject to a rapid loading event 
such as an earthquake or subsidence-induced disturbance. 

Additionally, the possibilities of failures resulting from FCR flowing and/or hydrostatic pressures 
from flowable FCR or water in subsidence-induced embankment cracks was evaluated in 
conjunction with the results of the liquefaction susceptibility analyses previously described. The 
procedure for evaluating the potential for and resistance to embankment cracking from 
subsidence-related disturbance includes evaluating the tensile streflgth (crtl of site-specific CCR 
material, based on Winterkorn and Fang, (1975), from six (6) consolidated-undrained (CU) 
triaxial test points of compacted CCR at various confining pressures. CCR tensile strength is 
normalized to equivalent vertical effective stress (cr'v) and a 2/3-1/3 relationship of cr,-to-cr'v 
determined. Post-subsidence slope stability analyses are performed, which includes a 
conservatively derived tensile strength of the CCR embankment and the factor of safety against 
embankment cracking estimated. 

Based on the results of these analyses, conclusions are drawn as to the likelihood of failure 
from a flow slide and/or embankment cracking. Recommendations are provided for remedial 
measures, if necessary, and monitoring pore pressure, verticality and deformation before, 
during and following longwall mining to quantify the impact of subsidence on the embankment. 

RESPONSE TO MSHA COMMENT NOS. 1 and 3 

In accordance with this letter report, GAi has performed various analyses, prepared comment 
responses and provide pertinent field and laboratory data, calculation briefs, etc. as 
appendices. To expedite further review, MSHA comments are presented below in bold type, 
followed by GAi's response. 

COMMENT NO. 1: Characterization of Fine Refuse 

The submittal does not include any site-specific fine refuse strength test data. 
Laboratory and/or in-situ testing of fine refuse should be performed and submitted as 
appropriate to address the additional analyses requested in items 3, 7 and 8 below. 

RESPONSE TO COMMENT NO.1: 

Laboratory Testing of FCR 

In May 2008, Alliance obtained bulk fine coal refuse slurry samples from the Phase 2 
impoundment for subsequent laboratory index and strength testing. Surface samples of fine 
coal refuse slurry were obtained from the existing tailings pond adjacent to the upstream slope 
of the coarse embankment. The samples were generally fine-grained, very soft and wet. The 
slurry material was shipped to CEC's Export, Pennsylvania office and subsequently 
hand-delivered to the laboratory. 

CEC retained Geotechnics, Inc. (Geotechnics) of East Pittsburgh, Pennsylvania to perform 
laboratory tests and characterize the FCR. Laboratory testing performed included moisture 
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content, Atterberg limit, grain size and specific gravity testing on slurry samples to aid in soil 
classification and evaluation of the material properties. The FCR material was composited in 
the laboratory to form two (2) remolded slurry samples. The sample preparation was designed 
to simulate the in-situ hydraulic deposition process, and estimate the in-situ undrained shear 
strength after consolidation to various effective stresses. CU triaxial strength tests on the 
remolded slurry samples were performed to estimate peak and steady-state undrained shear 
strength data of the FCR and assess liquefaction susceptibility of the Phase 2 abandonment 
geometry. Effective and total strengthf)ar-ameters were also determined for the slurry samples. 
Laboratory testing procedures and results are summarized in Appendix B. Similarly, the results 
of the site-specific FCR laboratory testing are used to address liquefaction (flow slide) 
susceptibility of the Phase 3 impoundment as discussed below in the response to Comment 
No. 3. 

In general, the as-received moisture contents of the sampled fine coal refuse ranged from 
about 86 to 94 percent. Liquid and plastic limits were 36 and 19, respectively, yielding a 
plasticity index of 17. CU triaxial shear strength testing was performed at confining pressures 
of about 5, 1 O and 20 pounds per square inch (psi). The CU testing produced peak undrained 
shear strengths (Sup) ranging from about 2.6 to 9.3 psi [375 to 1,340 pounds per square foot 
(psf)]. Peak (axial) strains ranged from about 8.4 to 18.4 percent. Steady-state (or residual) 
undrained shear strengths (Sus) ranged from about 2.5 to 8. 7 psi (360 to 1250 psf) at 
maximum strains of about 17.3 to 21.7 percent. 

Response to Comment No. 1 Conclusions 

The results of the laboratory testing indicated the fine coal refuse is clay-like based on an 
average 93 percent passing the No. 200 sieve and plasticity index of 17. Peak and 
steady-state undrained strengths, presented and discussed in Appendix B were reached at 
generally high strains (between 8 and 18 percent), and there was very little drop-off from peak 
to steady-state with increasing strain. The results generally indicated a higher resistance to 
strength loss (and flow) due to the large strains required to exceed the peak strength and 
correspondingly small decrease to the steady-state strength at higher strains. The results will 
be incorporated, as appropriate into the engineering analyses performed to address MSHA 
Comment Nos. 3, 7 and 8. 

COMMENT NO. 3: Fine Refuse Behavior when Subject to Subsidence 

The mining of the westernmost 2,300 feet of Longwall Panel No. 3 is scheduled to occur 
beneath the Phase 3 impoundment about nine months after completion of fine refuse 
placement, and an unspecified time after a 5-foot coarse refuse cover is placed. The 
submitted subsidence measurements indicate that somewhat higher-than-predicted 
tensile strains will occur in conjunction with a transient lowering of the.eastern 
embankment crest to the approximate fine-refuse elevation as the mine face advances 
beneath the embankment. The degree that the fine refuse will consolidate, gain 
strength, or resist possible strength loss under subsidence-related disturbance is not 
known. The possibilities of fine refuse flowage through large cracks in the embankment, 
or failures resulting from hydrostatic pressures from flowable slurry or water in 
subsidence-induced embankment cracks have not been analyzed or excluded. 

lj gai consultants 
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Appropriate field and/or lab test analyses and calculations should be furnished that 
exclude the failure mode described above. Mitigatory (sic.) measures to preclude a 
cracking and fine refuse flowage failure mode should also. be provided if needed. Such 
measures may include provisions to dewater or accelerate the consolidation of the fine 
refuse prior to subsidence, or measures to prevent continuous cracks through the 
embankment. 

RESPONSE TO COMMENT NO.3: 

Liquefaction (flow slide) susceptibility is determined by evaluating whether or not the Phase 3 
FCR would resist triggering a loss of strength due to a rapid loading event such as 
subsidence-related disturbance, and subsequently estimating the factor of safety against 
post-subsidence instability. The analysis requires the in-situ static driving shear stress be 
determined within the critical layer Phase 3 FCR impoundment, and the appropriate undrained 
peak (Sup) and/or steady-state (Sus) shear strength of the FCR to evaluate post-subsidence 

factors of safety. 

Phase 3 In-Situ Driving Shear Stress and Subsidence-Induced Liquefaction Susceptibility 

Estimating the in-situ static driving shear stress in the critical soil layer (i.e., fine coal refuse) is 
one of the steps for evaluating liquefaction susceptibility. The driving shear stress in the critical 
fine coal refuse layer is equal to the minimum shear resistance the layer must have to simply 
maintain stability of the slope (i.e,, factor of safety of 1.0). The driving stress assumes fully 
mobilized shear strengths in the structurally-placed, dense CCR and underlying stiff residual 
soil layers comprising the model. The fully mobilized strengths are those that would act while 
deformation of the slope is occurring and thus, would be available to resist a massive flow slide. 
These shear strengths are quantified by performing a stability analysis for the Phase 3 slope in 
question. 

The driving shear stress (~d) acting along the critical failure surface is determined by assuming 
the shearing resistance (i.e., shear strength) of the material through which the failure surface 
passes is provided solely by cohesion [i.e., angle of internal friction ($)=OJ. The driving stress 
is determined by varying the cohesion value used in the analysis until a factor of safety of 1.0 is 
obtained. For this condition, the driving stress acting along the failure surface analyzed is equal 
to the cohesion value used for the material. 

A series of PCSTABL analyses were performed to identify the most critical circular failure 
surface passing through the Phase 3 impoundment in both the downstream and upstream 
conditions. The range of starting and ending points for failure circle generation were iteratively 
analyzed to evaluate the critical failure surface and included the entire impoundment surface. 
Effective strength of the CCR and total strength parameters of the residual soil described above 
were used while the cohesion values for the FCR layers were modeled and varied until a factor 
of safety of 1.0 was obtained. 

The following soil properties were estimated based on previous field and laboratory testing and 
used in the various driving stress and post-subsidence liquefaction slope stability analyses. 
Appendix B presents summaries of laboratory testing of coarse and fine coal refuse and 
residual soil. Appendix B also presents a summary of previous field testing at the Pond Creek t; gai S8,'2~~!,!~!:c!~ 
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facility, particularly piezo-seismic cone penetration testing (PS-CPT) performed by CEC and 
ConeTec, Inc., West Berlin, New Jersey as part of an evaluation by CEC to address comments 
by Illinois Department of Natural Resources (IDNR) pertaining to Phase 2 permanent 
deformations. Appendix C presents summaries of the various analyses to develop pertinent 
engineering parameters. 

Table 1 
Summary of Coarse and Fine Coal Refuse and Residual Soil Engineering Properties 

Unit Friction Cohesion 
Description 

Weights Angle (c) Strength 
(YbYs} (~) (psf) 
(pcf} (degrees) 

Coarse Coal 33.7 0 Effective Strength (Drained} 
Refuse 130, 140 18.0 736 Total Strength (Undrained) 
(CCR) 0 crJcr'v=0.15 Tensile Strength 

(See Below) 

Fine Coal 36.9 0 Effective Strength (Drained) 
Refuse 80, 90 18.8 0 Total Strength (Undrained} 
(FCR) 0 Sufcr'v=O Zero-Strength (Undrained) 

(Assumed) 

Residual Soil 125,135 
26.8 0 Effective Strength (Drained) 
19.5 416 Total Strenath (Undrained) 

The results of the driving shear stress slope stability analyses indicate the Phase 3 
embankment and impoundment geometry is very favorable, and there is zero (0) in-situ driving 
shear stress along the critical failure surface passing through the Phase 3 FCR in both the 
upstream and downstream directions. Utilizing this zero-strength approach in FCR, effective 
strengths parameters for CCR and total strength parameters for residual soil, minimum factors 
of safety for the critical Phase 3 downstream and upstream impoundment conditions were 2.2 
and 1.3, respectively. 

The results indicate that a rapid loading event such as subsidence-related disturbance will not 
trigger a strength loss in FCR, and is therefore NOT susceptible to a flow slide failure. 

Engineering properties derived from laboratory testing of site specific materials are presented in 
Appendix C. Hard copies of the input and output files for the driving stress analyses are 
presented in Appendix D. 

Phase 3 Factors of Safety Against Embankment Cracking and Failure 

As previously discussed, GAi evaluated the possibility of a flow slide failure of the Phase 3 FCR 
impoundment, and based on the results of the analyses, triggering a FCR strength loss and/or t; gai S8E!~,~L!~!:e!~ 
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flow slide failure is not a feasible failure mode. Additionally, the susceptibility of the Phase 3 
CCR embankment to cracking from subsidence-induced disturbance, and/or failure of the 
embankment due to elevated hydrostatic (pore) pressures from water in embankment cracks 
were evaluated. 

GAi's analysis of embankment cracking included evaluating the tensile strength (cr0 of 
site-specific CCR material, based on Winterkorn and Fang (1975), from six (6) 
consolidated-undrained (CU) triaxial test points of compacted CCR at various confining 
pressures. CCR tensile strength was subsequently normalized to equivalent vertical effective 
stress (cr'v) and a conservative 2/3-1/3 relationship of crcto-cr'v (crJcr'v) estimated at 0.15. 
Appendix C presents calculations deriving CCR crt as a function of cr'v for the Phase 3 
embankment, and the corresponding average CCR crt was estimated at 475 psf. This CTt is 
considered to be a reasonable, low tensile strength value for the Phase 3 structurally-placed 
CCR embankment. 

Phase 3 post-subsidence slope stability analyses were performed to evaluate the potential for 
embankment cracking, and included using a conservatively-derived CCR crt value as cohesion 
(<!>=0 condition) for the embankment, a conservative zero (0) strength value for the FCR, and 
total undrained shear strength values for residual soil. The minimum factor of safety against 
embankment cracking was estimated at 1.1. 

Additional Phase 3 post-subsidence, undrained slope stability analyses were performed to 
evaluate the possibility of failure due to the subsidence event. The analyses include using total 
undrained strength parameters for the CCR embankment and residual soil, which assumes an 
increase in pore pressure of the saturated portions of the embankment and underlying soil due 
to the rapid loading subsidence event and corresponding decrease in strength from drained to 
undrained, and a conservative zero (0) strength cohesion value for the FCR. The minimum 
factor of safety against post-subsidence embankment failure using these consecutive shear 
strengths was estimated at 2.4. Hard copies of the input and output files for the embankment 
cracking stability analyses are presented in Appendix E. 

The results of the post-subsidence analyses suggest that marginal stability exists against 
embankment cracking and adequate factor of safety against embankment failure due to 
increase pore pressure in the embankment and residual soil. Conservatisms inherent in the 
engineering properties used in the post-subsidence stability analyses, which will increase the 
estimated factor of safety, include the following: 

• CCR strength estimates discount negative pore pressures that will undoubtedly develop 
during the initial stages of the subsidence rapid loading event due to the compacted, 
dense initial state of stress of the CCR; 

• CU testing results of all six (6) CCR points suggest that the peak strain for the CCR 
material ranges from about 12.5 to 15.3 percent, which is attributed to the claystone and 
shale rock materials in the CCR; and 

• Peak strain for the CCR material is significantly higher than the range of predicted 
subsidence threshold strains of about 1 to 3 percent. 
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GAi has completed an evaluation of the liquefaction susceptibility of the proposed Pond Creek 
Phase 3 impoundment geometry. B□sed on this evaluation, the impoundment is not 
susceptible to a liquefaction (flow) failure. Additional stability analyses were performed to 
evaluate the potential for embankment cracking and embankment failure due to 
subsidence-related disturbance. Based on conservatively-derived strength parameters, 
adequate factor of safety exists relative to a failure of the Phase 3 embankment. Marginal 
factor of safety exists relative to Phase 3 embankment cracking; however, conservatisms in the 
analyses exist. Additionally, the following conclusions are noted: 

• FCR was characterized as clay-like, which typically is more resistant to strength loss (or 
flow) than sand-like materials; 

• In-situ driving shear stresses through the FCR are 0 psf; 

• Site-specific FCR and CCR laboratory testing results indicate high peak and steady
state undrained shear strains of about 12 to 15 percent relative to the strains induced 
from subsidence of approximately 1 to 3 percent; 

• Phase 3 minimum factors of safety against flow slide susceptibility, with zero-strength 
FCR in the downstream and upstream directions of 2.2 and 1.3, respectively; 

• Phase 3 factor of safety against embankment failure of 2.4; and 

• Phase 3 factor of safety against embankment cracking of 1.1. 

Response to Comment No. 3 Recommendations 

Based on the results of the Phase 3 subsidence-related stability analyses, adequate factors of 
safety exist relative to catastrophic failure scenarios including a potential flow slide and 
embankment failure. Marginal stability exists relative to potential cracking of the Phase 3 
embankment due to the proposed longwall mining beneath the impoundment; however, some 
conservatism exists in the analyses as previously noted, including derivation of tensile strength 
properties, negative pore pressure and increased strength during loading, and high strain 
capability of the CCR embankment materials relative to estimated induced subsidence strain. 
Consequently, GAi does not anticipate significant embankment cracking, if any. However, 
there are various unknowns relative to the actual performance of the impoundment that require 
attention. 

Therefore, GAi recommends that instrumentation installations and monitoring of the Phase 3 
embankment be performed prior to, during and following longwall mining beneath the Phase 3 
impoundment including installing pore pressure transducers and inclinometers. Also, GAi 
recommends that detailed inspections of the embankment, cap, toe areas and outlet structures 
be performed two (2) times/days prior to, daily during, and daily following longwall mining 
beneath the Phase 3 impoundment for a period of two (2) weeks following completion of 
mining, and any deviations noted. 
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Further, GAi recommends that a CCR buttress or sealing layer remedial alternative, such as 
that proposed for the northern slope of the Phase 7 impoundment (Phase 7B) be designed, and 
construction implementation provisions made based on the results of the Phase 3 detailed 
inspections and instrumentation monitoring. If extensive cracking, seepage and/or other 
noticeable surface features are noted, and the magnitude of pore pressure and deformation are 
deemed potentially detrimental to the short- or long-term performance of the Phase 3 
impoundment, then the implementation of the buttress/seal remedial alternative should be 
employed. 

If the post-subsidence instrumentation monitoring and inspection results indicate that the 
Phase 3 embankment/impoundment distress is not a concern, i.e., no adverse cracking, 
seepage, excess pore pressure or deformation, then monitoring of the Phase 3 should continue 
twice a week for a period of two (2) months. If after an additional two (2) months of satisfactory 
monitoring results, and the embankment/impoundment continues to exhibit adequate 
performance characteristics, i.e., the magnitudes of pore pressure and deformation decrease, 
level off, or approach normal operating levels, and no increased seepage conditions or cracking 
exist, then monitoring of the Phase 3 embankment could be discontinued. 

RESPONSE TO MSHA COMMENT NOS. 7 and 8 

In accordance with this letter report, GAi has performed various analyses, prepared comment 
• responses and provide pertinent figures, field and laboratory data, calculation briefs, etc. as 

appendices. To expedite further review, MSHA comments are presented below in bold type, 
followed by GAi's response. 

COMMENT NO. 7: Stability of Phase 7 South Slope 

The Phase 7 embankment will be founded on the impounded FCR from Phase 3 and 
therefore is the most critical stability analysis case. However, no stability analysis was 
furnished for this slope. 

A stability analysis should be provided for a section through the Phase 7 and underlying 
Stage 3, using site-specific FCR strength parameters as requested in item No. 1 above. 
Because of the anticipated speed at which the Stage 7 embankment will be raised, 
analyses should be run for both the short-term end-of-construction and long-term 
steady-state conditions. Note that for loading of the consolidating, saturated FCR, 
appropriate undrained (phi=0) strength parameters should be used. 

RESPONSE TO COMMENT NO.7: 

Static slope stability analyses were performed for the Phase 7 South slope geometry (Phase 
7C), which includes the underlying Phase 3 impoundment FCR. The short-term, end-of
construction analysis condition includes using effective strength parameters for the CCR, total 
undrained shear strengths for the residual soil, and zero (0) strength for the FCR. A 
"zero-strength" type analysis of the FCR, if stable, is considered the most conservative analysis 
because a true zero strength condition physically cannot occur. Some minimum strength, i.e., 

gai consultants 
tr.:n:,forming ideas into reality 



R13001

Mr. Claudio Yon 
Project C090403.01 
May 12, 2009 

Page 11 

steady-state undrained exists even if the material is susceptible to a strength loss triggering 
event. l::ttective strength for CCR and total undrained strength for FCR and residual soil are 
utilized for the long-term, steady-state conditions stability analyses of the Phase 7C South slope 
geometry. 

Soil properties, presented above in Response to Comment No. 3, woro ostimnted b::ised on 
previous field and laboratory testing and used in the appropriate static and liquefaction 
susceptibility slope stability analyses. Laboratory testing procedures and results are 
summarized in Appendix B and estimates of engineering properties are presented in 
Appendix C. 

The results of the Phase 7C static slope stability analyses indicate the Phase 7C embankment 
and underlying Phase 3 impoundment geometry is stable under both short-term, 
end-of-construction and long-term, steady-state conditions. Utilizing conservative strength 
parameters for the various materials including "zero-strength" for FCR, the end-of-construction 
and steady-state static factors of safety are 1.6 and 1.8, respectively. Hard copies of the input 
and output files for the Phase 7C end-of-construction and long-term steady-state slope stability 
analyses are presented in Appendix F. 

COMMENT NO. 8: Seismic Stability of Phase 7 South Slope 

The fine refuse on which Phase 7 will be founded may be subject to triggering strength 
loss (liquefaction) under earthquake shaking. 

An evaluation of the susceptibility of the fine refuse to strength loss under appropriate 
earthquake shaking should be performed, and if required, the post-seismic stability 
evaluated using estimate reduced post-seismic strengths. Alternatively, stability 
analyses can be performed using conservatively estimated post-earthquake strengths 
for the fine and coarse refuse. If a factor of safety of 1.20 or greater can be obtained with 
this conservative analysis, than (sic.) additional liquefaction analyses will not be needed. 

RESPONSE TO COMMENT NO.8: 

Liquefaction susceptibility of the proposed Phase 7C slope geometry and the FCR hydraulically 
placed beneath the Phase 7 CCR embankment depends on the strength of all the soils along 
the critical failure surface. Zones of loose (contractive) soils are critical to analyzing liquefaction 
potential since only loose soils can have an undrained strength that is significantly lower than 
their drained strength. For the purpose of this evaluation, a conservative, simplified approach 
was employed, and assumes the FCR will lose strength during an earthquake, which changes 
the condition from drained to undrained. 

Liquefaction susceptibility was determined by evaluating the Phase 7C embankment and 
underlying Phase 3 FCR utilizing a zero-strength to very low strength approach for the FCR to 
evaluate the post-earthquake factors of safety. The post-earthquake analyses included using 
effective strength parameters for the CCR, total undrained shear strengths for the residual soil, 
and zero (0) strength for the FCR for a deep failure and 260 psf for a shallow failure. The 260 
psf equates to Susicr'v=0.05, far less than the site-specific laboratory testing Sus/cr'v =0.24. Soil 
properties used in the post-earthquake slope stability analyses are summarized in Appendix C. 

Revised 7/13/09 
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The results of the Phase 7C post-earthquake stability analyses indicate the Phase 7C 
embankment and underlying Phase 3 impoundment geometry is stable. Utilizing conservative 
strength parameters for the various materials including zero-strength to 260 psf for FCR, the 
post-earthquake factor of safety ranges from 1.2 to 1.6 for shallow and deep failure circles, 
respectively. Hard copies of the input and output files for the Phase 7C post-earthquake slope 
stability analyses are also presented in Appendix F. 

Poulos, et al (1985) states a soil mass that is not susceptible to liquefaction physically cannot 
fail by liquefaction since the minimum undrained strength exceeds the in-situ driving shear 
stress along the critical failure surface. Permanent deformation analyses were not considered 
pertinent to the Phase 7C geometry since there is no impounded FCR or freeboard. Therefore, 
permanent deformation analyses were not performed. · 

GAi appreciates this opportunity to provide to Alliance specialized subsidence and seismic 
engineering services. Please do not hesitate to contact us if you have any questions 
concerning any of the information presented. 

Respectfully submitted, 
GAi CONSULTANTS, INC. 

f;vlh.L-f-
Blaise E. Genes 
Manager of Geotechnical and Structural 

BEG /Ilg 
0943001-ltr rpt-rtmc-beg/tlg D1 
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1.0 INTRODUCTION 

The Williamson Energy has proposed construction of four impoundments over the 

longwall panels located near the end of the panels. These four impoundments will be constructed 

and used during different phase with respect to longwall mining. The phase sequences for these 

impoundments are given in Figure 1. The phase 2 and 3 impoundment (impoundment 1 and 2) 

constructions are over panel 3 and 4. The impoundmenls 3 and 4 are over longwall panel 2 and 1, 

respectively. 

From the information and details of different phase provided in Figure 1, it is obvious 

that phase 2 and 3 will be completed much before the longwall mining, i.e. over virgin area. In 

relation to longwall mining retreat, only in phase 5, the longwall retreat will be done towards the 

end of longwall panel 1, prior to any impoundment construction over it. During Phase 4 and 6, 

the longwall retreat will be at the end of panel 2. 

The objective of this study is to predict the groW1d movement parameters associated with 

longwall mining in different phase of impoundments. To predict these parameters, the 

subsidence prediction program CISPM version 2.01 developed by the senior author [l] has been 

used. 
The input paran1eter for this software has been used from our earlier repmi [2]. 

2.0 Longwall Panels Parameters 

Figure 1 shows the location of impoundments and longwall panels I to 4. The gateroads 

of the longwall panels are odentated towards east-west direction. Table 1 shows the mining 

conditions for the four longwall panels over which impoundment will be constructed. The panel 

widths are 1,250 for the first two longwall panels and 1,400 ft for the third and fourth longwall 

panel. The width of chain pillar /gateroad system is 220 ft for all the panels. 

A cross section 'A-A' (Figure 1) parallel to the longwall panel width and in center of the 

impoundment has been considered to predict the subsidence parameters. Table 1 shows the 

longwall panel parameters. 
Table 1 Longwall panels parameters 

Panel Panel Panel 

No. Length, Width, Overburden Depth, ft Mining Height, ft 

ft ft 
Max. Min. Average Max. Min. Average 

-

Panel 1 17,200 1,250 498 470 482 5.8 5.8 5.8 

Panel 2 17,200 1,250 522 486 501 5.8 5.8 5.8 

Panel 3 17,200 1,400 522 490 506 5.8 5.8 5.8 

Panel4 18,000 1,400 504 464 475 6.0 6.0 6.0 
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3.0 Prediction of Final Subsidence Parameters 

In order to estimate the ground movement parameters associated with longwall mining over the 

surface where impoundments are located, a local coordinate system has been selected with migin 

(0, 0) at the right edge of 1st Iongwall panel gateroad system (Figure I). The X-axis is parallel to 

the mining direction and the distance is measured from the setup room. The Y-axis is along the 

panel width direction or along section A-A. 

The prediction of surface subsidence and subsidence parameters due to mining on the surface has 

been done at a distance of20 ft across the panel width. The total width along the cross section A

A is 6,360 ft covering all four longwall panels and gateroad systems. The prediction points along 

the cross section A-A are shown in Figure l. 

The final surface movements and defonnations along the cross-section AA have been predicted 

using the subsidence prediction program CISPM version 2.01. Average mining parameters of 

longwall panels (Table 1) were used for th.is subsidence prediction. 

3.1 Subsidence Parameters during Phase 2 and 3 

The predicted final subsidence profile across the impoundments after phase 2 and 3 and before 

phase 5 is shown in Figures 2. Since there is no longwall workings below phase 2 and 3 before 

phase 2 and 3 gets eliminated, no ground movement effect will be observed during phase 2 and 3 

period. 

3.2 Subsidence Parameters during Phase 4 

Phase 4 will be built before completion of longwall retreat in panel J. So during construction it 

won't be influenced by mining induced subsidence. 

3.3 Subsidence Parameters during Phase 5 

Before Phase 5 construction stm1s, the surface will experience mmmg induced ground 

movements. The subsidence, horizontal displacement, slopes and horizontal strain profiles m·e 

shown in Figure 2, 3, 4, and 5. 

The maximmn subsidence may be 3 .87 ft at the center of the panel with a flat bottom. The 

predicted value of maximum horizontal displacement, slopes and horizontal strain are 1.27 ft, 

2.3 7% m1d l l.5xl0·3 ft/ft, respectively. , -

3.4 Subsidence Parameters during 6 Phase 

During Phase 4 and 6 the longwall retreat will be below the impoundments in panel 2. Hence it 

may be affected by the mining induced subsidence and other ground movement pm·ameters. 

During Phase 4 m1d 6 the final subsidence parmneters m·e shown in Figures 6, 7, 8 and 9. 

The Final subsidence parm11eters after mining all four longwall panels are given in Appendix 1. 
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4.0 Time Required to Attain Majority of Final Subsidence Parameters 

From the past field experience, the final subsidence at any points/cross section takes 

place after 2 to 3 weeks oflongwall face passing. Fmiher the final subsidence also depends upon 

the face retreat rate. 

The dynan1ic subsidence prediction has been performed for tlu·ee face retreat rate 60, 80 

and 100 ft/day [2] as shown in figure 10. 

There is 0.06 inch of subsidence when the longwall face is directly under the point of 

interest. Thereafter, the subsidence process accelerates and reaches about one half of its final 

an10unt when the face is about 200 ft passed the point of interest. During this phase of time, the 

subsidence process is most active. A deceleration process is followed, The ground surface re

establishes the stable condition in vetiical direction when the face has passed the point of interest 

a distance about 500 ft. Figure 10 also shows that a slower advance rate induces a steeper 

subsidence development curve. However, the differences between the subsidence development 

curves are not significant for the range of high face advance rates used in the dynamic 

subsidence predictions. 

Distance face pnssed, ft 

-300 -200 -100 0 1 DO 200 300 400 500 600 700 800 900 1 ODO 

-0.5 • 
. 

0 

0,5 ' , 
' ◄ ' ' ' 

' 
-+-60 ft/day 

' --t>-80 ft/day 

_,,_ 100 ft/day 

' ' 
' 

3 

3.5 

4 

4.5 

Figure 10 Predicted Dynamic Subsidence Development Curves 
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Based on dynamic subsidence prediction for a face retreat of 60 ft/day, more than I 0 

working days will be sufficient to attain the dynamic subsidence almost equal to the final 

subsidence value. Hence 2 weeks can be on the safer side. 

5;0 Reference 

I. S.S. Peng and Y Luo, Instruction Manual for CISPM software for Subsidence prediction 

2. S.S. Peng, Khaled Morsey, Anil Ray and Thomas Du, "Assessment of Subsidence 

Influence on Buried Pipelines due to Longwall Mining" Williamson Energy, Johnson 

City, IL, July 2007 
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Appendix 1 

Final subsidence parameters along cross section A-A after mining all four 
longwall panels (note -the distance is measured from the right edge of paneI1) 

Points Distance along Subsidence, Horizontal Slope,% Strain, ft/ft Curvature, 1/ft 

cross section, ft displacement, 

A-A, ft ft 

1 -220 0 0 0 O.OOE+OO O.OOE+OO 

2 -200 0 0 0 O.OOE+DD O.OOE+OO 

3 -180 0 0 0 O.OOE+OO O.OOE+OO 

4 -160 0 0 0 O.OOE+OO O.OOE+OO 

5 -140 D D 0 O.OOE+OO O.OOE+OO 

6 -120 D D 0 O.OOE+OO O.OOE+DO 

7 -1 OD D 0 0 O.DOE+OO 0.DOE+OO 

8 -80 D 0 0 O.OOE+OO O.OOE+OO 

9 -59 0 0 0 O.OOE+OO O.OOE+OO 

10 -39 0.00 0.00 0.01 1.22E-04 2.03E-06 

11 -19 0.01 0.02 ·0.04 8.11E-04 1.35E-05 

12 1 0.03 0.06 0.10 1.94E-03 3.23E-05 

13 21 0.06 0.11 0.21 3.57E-03 5.96E-05 

14 41 0.13 0.21 0.39 5.64E-03 9.41 E-05 

15 61 0.23 0.34 0.63 7.84E-03 1.31 E-04 

16 81 0.40 0.51 0.95 9.62E-03 1.60E-04 

17 101 0.63 0.70 1.30 1.03E-02 1.72E-04 

18 121 0.93 0.88 1.65 9.27E-03 1.55E-04 

19 141 1.29 1.04 1.94 6.38E-03 1.06E-04 

20 161 1.71 1.12 2.10 2.00E-03 3.34E-05 

21 181 2.14 1.13 2.11 -3.00E-03 -4.90E-05 

22 201 2.55 1.04 1.95 -7.40E-03 -1.20E-04 

23 221 2.92 0.89 1.67 -1.00E-02 -1.70E-04 

24 241 3.22 0.70 1.32 -1.1 OE-02 -1.90E-04 

25 262 3.46 0.51 0.96 -1.10E-D2 -1.80E-04 

26 282 3.62 0.34 0.65 -9.1DE-03 -1.50E-04 

27 302 3.73 0.21 0.40 -6.9DE-03 -1.2DE-04 

28 322 3.79 0.12 0.22 -4.80E-03 -8.1 DE-05 

29 342 3.83 0.06 0.11 -3.20E-03 -5.30E-05 

30 362 3.85 0.02 0.04 -2.00E-03 -3.40E-05 

31 382 3.86 0.00 0.01 -1.30E-03 -2.20E-05 

32 402 3.87 0.00 0.00 O.OOE+OO O.OOE+OO 

33 422 3.87 0.00 0.00 O.OOE+OO O.OOE+OO 

34 442 3.87 0.00 0.00 O.OOE+OO O.OOE+OO 

35 462 3.87 0.00 0.00 O.DOE+OD O.ODE+OD 

36 482 3.87 0.00 0.00 O.OOE+OO 0.00E+OO 

37 502 3.87 0.00 0.00 O.OOE+OO O.OOE+OO 

38 522 3,87 0.00 0.00 O.OOE+OO O.OOE+OO 

39 542 3.87 0.00 0.00 O.OOE+OO O.OOE+OO 

40 562 3.87 0.00 0.00 O.OOE+DD O.ODE+OO 

41 583 3.87 0.00 0.00 O.OOE+OO O.OOE+OO 

42 603 3.87 0.00 0.00 O.DOE+OO O.ODE+OO 
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Points Distance along Subsidence, Horizontal Slope,% Strain, ft/ft Curvature, 1 /ft 

cross section, ft displacement, 

A-A, ft ft 

43 623 3.87 0.00 0,00 0.00E+OO 0.00E+OO 

44 643 3.87 0.00 0.00 0.00E+OO O.OOE+OO 

45 663 3.87 0.00 0.00 0.00E+OO O.OOE+OO 

46 683 3.87 0.00 0.00 0.00E+OO O.OOE+OO 

47 703 3.87 0.00 0.00 0.00E+OO 0.00E+OO 

48 723 3.87 0.00 0.00 0.00E+OO 0.00E+OO 

49 743 3.87 0.00 0.00 0.00E+OO 0.00E+OO 

50 763 3.87 0.00 0.00 0.00E+OO O.OOE+OO 

51 783 3.87 0.00 0.00 O.OOE+OO O.OOE+OD 

52 803 3.87 0.00 0.0D O.OOE+OO O.DOE+OO 

53 823 3.87 0.00 0.00 0.00E+OO O.OOE+OO 

54 843 3.87 0.00 0,00 0.00E+OO O.OOE+OO 

55 863 3.87 0.00 D.00 0.DDE+OO O.DOE+OO 

56 883 3.87 0.00 0.00 0.00E+OO O.DOE+OO 

57 904 3.87 0.00 0.00 0.00E+D0 O.OOE+OO 

58 924 3.87 0.00 0.00 O.DOE+OO O.OOE+OO 

59 944 3.87 0.00 0.00 O.OOE+OO O.OOE+OO 

60 964 3.87 0.00 0.00 0.00E+OO O.OOE+OO 

61 984 3.87 0.00 0.00 0.00E+OO O.OOE+OO 

62 1004 3.87 0.00 0.00 0.00E+OO O.OOE+OO 

63 1024 3.87 0.00 0.00 0.DOE+DD O.DOE+OO 

64 1044 3.87 0.00 0.00 0.00E+DO O.OOE+OO 

65 1064 3.87 0.00 0.00 0.00E+OO O.OOE+OO 

66 1084 3.86 -0.0.1 -0.01 -1.50E-03 -2.50E-05 

67 1104 3.85 -0,03 -0.06 -2.30E-03 -3.80E-05 

68 1124 3.82 -0.07 -0.13 -3.50E-03 -5.80E-05 

69 1144 3.78 -0.14 -0.25 -5.20E-03 -8.70E-05 

70 1164 3.71 -0.23 -0.44 -7.30E-03 -1.20E-04 

71 1184 3.59 -0.37 -0.70 -9.30E-03 -1.50E-04 

72 1204 3.42 -0.54 -1,00 -1.10E-02 -1.80E-04 

73 1225 3.18 -0.72 -1.40 -1.1 OE-02 -1.80E-04 

74 1245 2.87 -0.89 -1.70 -9.10E-03 -1.50E-04 

75 1265 2.50 -1.02 -1.90 -5.80E-03 -9.70E-05 

76 1285 2.10 -1.07 -2.00 -1.40E-03 -2.30E-05 

77 1305 1.7D -1.04 ·2.00 3.24E-03 5.42E-05 

78 1325 1.32 -0.94 -1.80 7.01 E-03 1.17E-04 

79 1345 0.99 -0.78 -1.50 9.20E-03 1.54E-04 

80 1365 0.73 -0.60 -1.10 9.61 E-03 1.60E-04 

81 1385 0.53 -0.42 -0.79 8.58E-03 1.43E-04 

82 1405 0.40, -0.28 -0.52 6.70E-03 1.12E-04 

83 1425 0.31 -0.16 -0.31 4.61 E-03 7.69E-05 

84 1445 0.26 -0.09 -0.16 2.76E-03 4.61 E-05 

85 1465 0.24 -0.04 -0.07 1.37E-03 2.29E-05 

86 1485 0.22 -0.01 -0.02 4.50E-04 7.53E-06 

87 1505 0.22 0.00 0.00 -6.80E-05 -1.1 OE-D6 

88 1525 0.22 0.00 0.00 0.00E+OO O.OOE+OO 
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Points Distance along Subsidence, Horizontal Slope,% Strain, ft/ft Curvature, 1 /ft 

cross section 1 ft displacement, 

A-A, ft ft 

89 1546 0.22 0.00 0.00 O.OOE+OO O.OOE+OO 

90 1566 0.22 0.00 0.00 O.OOE+OO O.OOE+OO 

91 1586 0.22 0.00 0.00 O.OOE+OO O.OOE+OO 

92 1606 0.22 0.00 0.01 4.63E-05 7.23E-07 

93 1626 0.22 0.02 0.03 6.37E-04 1.02E-05 

94 1646 0.24 0.05 0.09 1.59E-03 2.54E-05 

95 1666 0.27 0.10 0.18 2.96E-03 4.75E-05 

96 1686 0.32 0.18 0.32 4.72E-03 7.56E-05 

97 1706 0.41 0.29 0.52 6.64E-03 1.06E-04 

98 1726 0.55 0.44 0.78 8.30E-03 1.33E-04 

99 1746 0.74 0.60 1.08 9.1 SE-03 1.47E-04 

100 1766 0.99 0.78 1.40 8.76E-03 1.40E-04 

101 1786 1.30 0.93 1.67 6.78E-03 1.09E-04 

1 O? 1806 1.66 1.03 1.85 3.39E-03 5.43E-05 

103 1826 2.05 1.06 1.92 -8.ZOE-04 -1.30E-05 

104 1846 2.43 1.02 1.84 -5.00E-03 -8.00E-05 

105 1867 2.78 0.91 1.64 -8.20E-03 -1.30E-04 

106 1887 3.09 0.76 1.36 -1.00E-02 -1.60E-04 

107 1907 3.34 0.59 1.05 -1.00E-02 -1.70E-04 

108 1927 3.52 0.42 0.75 -9.30E-03 -1.50E-04 

109 1947 3.65 0.28 0.50 -7.60E-03 -1.20E-04 

110 1967 3.73 0.17 0.30 -5.70E-03 -9.10E-D5 

111 1987 3.79 0.09 0.17 -4.00E-03 -6.40E-05 

112 2007 3.81 0.05 0.08 -2.70E-03 -4.30E-05 

113 2027 3.83 0.02 0.03 -1.70E-03 -2.80E-05 

114 2047 3.84 0.00 0.00 -1.20E-03 -1.90E-05 

115 2067 3.85 0.00 0.00 O.OOE+OO O.OOE+OO 

116 2087 3.85 0.00 0.00. · O.OOE+OO O.OOE+OO 

117 2107 3.85 0.00 0.00 O.OOE+OO O.OOE+OO 

118 2127 3.85 0.00 0.00 O.OOE+OO O.OOE+OO 

119 2147 3.85 0.00 0.00 O.OOE+OO O.OOE+OO 

120 2168 3.85 0.00 0.00 O.OOE+OO O.OOE+OO 

121 2188 3.85 0.00 0.00 O.OOE+OO O.OOE+DO 

122 2208 3.85 0.00 0.00 O.OOE+OO O.OOE+OO 

123 2228 3.85 0.00 0.00 O.OOE+OO O.OOE+OO 

124 2248 3.85 0.00 0.00 O.OOE+OO O.OOE+OO 

125 2268 3.85 0.00 0.00 O.OOE+OO O.OOE+OO 

126 2288 3.85 0.00 0.00 O.OOE+OO O.OOE+OO 

127 2308 3.85 0.00 0.00 O.OOE+OO O.OOE+OO 

128 2328 3.85 0.00 0.00 O.OOE+OO O.OOE+OO 

129 2348 3.85 0.00 0.00 O.OOE+OO O.OOE+OO 

130 2368 3.85 0.00 0.00 O.OOE+OO O.OOE+OO 

131 2388 3.85 0.00 0.00 O.OOE+OO O.OOE+OO 

132 2408 3.85 0.00 0.00 O.OOE+OO O.OOE+OO 

133 2428 3.85 0.00 0.00 O.OOE+OO O.OOE+OO 

134 2448 3.85 0.00 0.00 O.OOE+OO O.OOE+OO 
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Points Distance along Subsidence, Horizontal Slope,% Strain, ft/ft Curvature, 1 /ft 

cross section, ft displacement, 

A-A, ft ft 

135 2468 3.85 0.00 0.00 O.OOE+OO O.OOE+OO 

136 2489 3.85 0.00 0.00 O.OOE+OO O.OOE+OO 

137 2509 3.85 0.00 0.00 O.OOE+OO O.OOE+OO 

138 2529 3.85 0.00 0.00 O.OOE+OO O.OOE+OO 

139 2549 3.85 0.00 0.00 O.OOE+OO O.OOE+OO 

140 2569 3.85 0.00 0.00 0.00E+OO O.OOE+OO 

141 2589 3.85 0.00 0.00 O.OOE+OO O.OOE+OO 

142 2609 3.85 0.00 0.00 O.OOE+OO O.OOE+OO 

143 2629 3.85 0.00 0.00 O.OOE+OO O.OOE+OO 

144 2649 3.85 0.00 0.00 0.00E+OO O.OOE+OO 

145 2669 3.85 0.00 0.00 O.OOE+OO O.OOE+OO 

146 2689 3.85 0.00 0.00 O.OOE+OO O.OOE+OO 

147 2709 3.85 0.00 0.00 6.96E-07 1.11E-08 

148 2729 3.83 -0.01 -0.02 -1.60E-03 -2.60E-05 

149 2749 3.82 -0.04 -0.07 -2.40E-03 -3.90E-05 

150 2769 3.79 -0.08 -0.15 -3.70E-03 -5.90E-05 

151 2789 3.75 -0.15 -0.27 -5.40E-03 -8.60E-05 

152 2810 3.67 -0.25 -0.46 -7.30E-03 -1.20E-04 

153 2830 3.55 -0.39 -0.70 -9.1 OE-03 -1.50E-04 

154 2850 3.38 -0.55 -0.99 -1.00E-02 -1.60E-04 

155 2870 3.14 -0.73 -1.30 -1.00E-02 -1.60E-04 

156 2890 2.85 -0.89 -1.60 -8. 70E-03 -1.40E-04 

157 2910 2.50 -1.01 -1.80 -5.60E-03 -9.10E-05 

158 2930 2.12 -1.06 -1.90 -1.60E-03 -2.60E-05 

159 2950 1.73 -1.04 -1.90 2.68E-03 4.29E-05 

160 2970 1.37 -0.95 -1.70 6.27E-03 1.01E-04 

161 2990 1.05 -0.80 -1.40 8.52E-03 1.37E-04 

162 3010 0.78 -0.63 -1.10 9.21 E-03 1.48E-04 

163 3030 0.58 -0.46 -0.83 8.52E-03 1.37E-04 

164 3050 0.44 -0.31 -0.56 6.95E-03 1.11 E-04 

165 3070 0.34 -0.19 -0.35 5.04E-03 8.08E-05 

166 3090 0.28 -0.11 -0.20 3.23E-03 5.19E-05 

167 3110 0.25 -0.06 -0.10 1.79E-03 2.87E-05 

168 3131 0.23 -0.02 -0.04 7.66E-04 1.23E-05 

169 3151 0.22 -0.01 -0.01 1.22E-04 1.97E-06 

170 3171 0.22 0.00 0.00 O.OOE+OO 0.00E+OO 

171 3191 0.22 0.00 0.00 O.OOE+OO . O.OOE+OO 

172 3211 0.22 0.00 0.00 O.OOE+OO O.OOE+OO 

173 3231 0.22 0.00 0.00 O.OOE+OO O.OOE+OO 

174 3251 0.22 0.00 0.00 -3.50E-05 -5.50E-07 

175 3271 0.23 0.02 0.03 4.86E-04 7.71E-06 

176 3291 0.24 0.04 0.07 1.34E-03 2.12E-05 

177 3311 0.27 0.09 0.15 2.59E-03 4.12E-05 

178 3331 0.32 0.16 0.28 4.24E-03 6.73E-05 

179 3351 0.39 0.26 0.46 6.11E-03 9.69E-05 

180 3371 0.51 . 0.40 0.70 7.84E-03 1.25E-04 
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Points Distance along Subsidence, Horizontal Slope,% Strain, ft/ft Curvature, 1 /ft 

cross section 1 ft displacement, 

A-A, ft ft 

181 3391 0.69 0.56 0.99 8.95E-03 1.42E-04 

182 3411 0.92 0.73 1.30 8.90E-03 1.41 E-04 

183 3431 1.22 0.89 1.58 7.38E-03 1.17E-04 

184 3452 1.56 1.00 1.79 4.40E-03 6.99E-05 

185 3472 1.93 1.06 1.89 4.36E-04 6.91 E-06 ... 
186 3492 2.32 1.04 1.85 -3.70E-03 -5.90E-05 

187 3512 2.68 0.95 1.69 -7.30E-03 -1.20E-04 

188 3532 3.00 0.81 1.44 -9.50E-03 -1.50E-04 

189 3552 3.26 0.64 1.14 -1.00E-02 -1.60E-04 

190 3572 3.46 0.47 0.84 -9.70E-03 -1.50E-04 

191 3592 3.61 0.32 0.57 -8.20E-03 -1.30E-04 

192 3612 3.70 0.20 0.36 -6.30E-03 -1.00E-04 

193 3632 3.76 0.12 0.21 -4.50E-03 -7.20E-05 

194 3652 3.80 0.06 0.11 -3.10E-03 -4.90E-05 

195 3672 3.82 0.03 0.05 -2.00E-03 -3.20E-05 

196 3692 3.83 0.01 0.01 -1.40E-03 -2.10E-05 

197 3712 3.84 0.00 0.00 O.OOE+OO O.OOE+OO 

198 3732 3.84 0.00 0.00 O.OOE+OO O.OOE+OO 

199 3752 3.84 0.00 0.00 O.OOE+OO O.OOE+OO 

200 3773 3.84 0.00 0.00 O.OOE+OO O.OOE+OO 

201 3793 3.84 0.00 0.00 O.OOE+OO O.OOE+OO 

202 3813 3.84 0.00 0.00 0.00E+OO O.OOE+OO 

203 3833 3.84 0.00 0.00 O.OOE+OO O.OOE+OO 

204 3853 3.84 0.00 0.00 O.OOE+OO O.OOE+OO 

205 3873 3.84 0.00 0.00 O.OOE+OO O.OOE+OO 

206 3893 3.84 0.00 0.00 O.OOE+OO O.OOE+OO 

207 3913 3.84 0.00 0.00 O.OOE+OO O.OOE+OO 

208 3933 3.84 0.00 0.00 0.00E+OO O.OOE+OO 

209 3953 3.84 0.00 0.00 O.OOE+OO O.OOE+OO 

210 3973 3.84 0.00 0.00 0.00E+OO O.OOE+OO 

211 3993 3.84 0.00 0.00 O.OOE+OO O.OOE+OO 

212 4013 3.84 0.00 0.00 O.OOE+OO O.OOE+OO 

213 4033 3.84 0.00 0.00 O.OOE+OO O.OOE+OO 

214 4053 3.84 0.00 0.00 O.OOE+OO O.OOE+OO 

215 4074 3.84 0.00 0.00 O.OOE+OO O.OOE+OO 

216 4094 3.84 0.00 0.00 O.OOE+OO O.OOE+OO 

217 4114 3.84 0.00 0.00 O.OOE+OO - O.OOE+OO 

218 4134 3.84 0.00 0.00 O.OOE+OO O.OOE+OO 

219 4154 3.84 0.00 0.00 O.OOE+OO O.OOE+OO 

220 4174 3.84 0.00 0.00 O.OOE+OO O.OOE+OO 

221 4194 3.84 0.00 0.00 O.OOE+OO 0.00E+OO 

222 4214 3.84 0.00 0.00 O.OOE+OO O.OOE+OO 

223 4234 3.84 0.00 0.00 O.OOE+OO O.OOE+OO 

224 4254 3.84 0.00 0.00 O.OOE+OO O.OOE+OO 

225 4274 3.84 0.00 0.00 0.00E+OO O.OOE+OO 

226 4294 3.84 0.00 0.00 O.OOE+OO O.OOE+OO 
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Points Distance along Subsidence, Horizontal Slope,% Strain, ft/ft Curvature, 1/ft 
cross section, ft displacement, 

A-A, ft ft 
227 4314 3.84 0.00 0.00 O.OOE+OO 0.00E+OO 
228 4334 3.84 0.00 0.00 O.OOE+OO O.OOE+OO 
229 4354 3.84 0.00 ·o.oo O.OOE+OO 0.00E+OO ··-230 4374 3.82 -0.01 -0.02 -1.50E-03 -2.50E-05 
231 4395 3.81 -0.04 -0.06 -2.30E-03 -3. 70E-05 
232 4415 3.79 -0.08 -0.14 -3.50E-03 -5.60E-05 
233 4435 3.75 -0.14 -0.25 -5.10E-03 -8.10E-05 
234 4455 3.68 -0.24 -0.42 -6.90E-03 -1.10E-04 
235 4475 3.56 -0.37 -0.66 -8.70E-03 -1 AOE-04 
236 4495 3.40 -0.53 -0.94 -1.00E-02 -1.60E-04 
237 4515 3.18 -0.70 -1.20 -1.00E-02 -1.60E-04 
238 4535 2.90 -0.86 -1.50 -8.90E-03 -1.40E-04 
239 4555 2.56 -0.99 -1.80 -6.20E-03 -9.90E-05 
240 4575 2.19 -1.06 -1.90 -2.40E-03 -3.80E-05 
241 4595 1.81 -1.05 -1.90 1.79E-03 2.83E-05 
242 4615 1.44 -0.97 -1.70 5.50E-03 8.71E-05 
243 4635 1.11 -0.84 -1.50 8.03E-03 1.27E-04 
244 4655 0.84 -0.67 -1.20 9.06E-03 1.44E-04 
245 4675 0.62 -0.50 -0.90 8.69E-03 1.38E-04 
246 4695 0.47 -0.35 -0.62 7.33E-03 1.16E-04 
247 4716 0.36 -0.22 -0.40 5.51 E-03 8.73E-05 
248 4736 0.30 -0.13 -0.23 3.68E-03 5.83E-05 
249 4756 0.26 -0.07 -0.12 2.15E-03 3.41 E-05 
250 4776 0.23 -0.03 -0.06 1.03E-03 1.63E-05 
251 4796 0.22 -0.01 -0.02 2.92E-04 4.61 E-06 
252 4816 0.22 0.00 0.00 O.OOE+OO O.OOE+OO 
253 4836 0.22 0.00 0.00 O.OOE+OO O.OOE+OO 
254 4856 0.22 0.00 0.00 0.00E+OO O.OOE+OO 
255 4816 0.22 0.00 0.00 0.00E+OO O.OOE+OO 
256 4896 0.22 0.00 0.00 0.00E+OO O.OOE+OO 
257 4916 0.22 0.01 0.01 1.39E-04 2.40E-06 
258 4936 0.23 0.03 0.05 9.02E-04 1.53E-05 
259 4956 0.25 0.06 0.12 2.14E-03 3.62E-05 
260 4976 0.29 0.13 0.24 3.89E-03 6.60E-05 
261 4996 0'.36 0.23 0.43 6.0SE-03 1.03E-04 
262 5016 .0.48 0.37 0.70 8.24E-03 1.40E-04 
263 5037 0.66 0.54 1.03 9.83E-03 1.67E-04 
264 5057 0.91 0.73 1.40 1.01 E-02 1.71E-04 
265 5077 1.23 0.91 1.74 8.52E-03 1.44E-04 
266 5097 1.61 1.05 2.00 5.08E-03 8.61 E-05 
267 5117 2.03 1. 11 2.11 3.49E-04 5.96E-06 
268 5137 2.45 1.08 2.06 -4.60E-03 -7.80E-05 
269 5157 2.85 0.97 1.86 -8.70E-03 -1.50E-04 
270 5177 3.20 0.81 1.54 -1.10E-02 -1.90E-04 
271 5197 3.48 0.62 1.17 -1.1 OE-02 -1.90E-04 i 272 5217 3.68 0.43 0.82 -1.00E-02 -1.70E-04 
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Points Distance along Subsidence, Horizontal Slope,% Strain, ft/it Curvature, 1/ft 
cross section, it displacement, 

A-A, it it 
273 5237 3.82 0.28 0.53 -8.20E-03 -1.40E-04 
274 5257 3.91 0.16 0.31 -6.00E-03 -1.DOE-04 
275 5277 3.96 D.D9 0.16 -4.1 OE-03 -6.90E-05 
276 5297 3.98 0.04 D.D7 -2.6DE-D3 -4.40E-05 
277 5317 4.DD 0.01 0.02 -1.7DE-03 -2.9DE-D5 
278 5337 4.01 D.OD O.DD 4.2DE-D6 6.89E-D8 
279 5358 4.01 D.DD D.DD O.DDE+DD D.DDE+DO 
28D 5378 4.01 0.0D D.00 O.OOE+DO O.ODE+OO 
281 5398 4.01 0.0D 0.00 O.ODE+OD O.DOE+OO 
282 5418 4.01 0.00 0.0D O.DDE+DO 0.00E+DO 
283 5438 4.01 0.DD O.DO O.DOE+DO 0.DDE+DO 
284 5458 4.01 0.0D D.OD 0.DOE+OO O.ODE+OO 
285 5478 4.01 D.0D 0.00 O.OOE+OO O.OOE+OO 
286 5498 4.01 0.00 0.00 O.OOE+OO O.OOE+OO 
287 5518 4.01 0.00 0.00 O.OOE+OO O.OOE+DO 
288 5538 4.01 0.00 D.DO 0.00E+OO O.OOE+DO 
289 5558 4.01 0.00 D.00 O.OOE+OO O.ODE+OO 
290 5578 4.01 0.00 0.00 O.DOE+DO O.ODE+OO 
291 5598 4.01 O.DO D.00 O.OOE+DO O.ODE+OO 
292 5618 4.01 0.00 0.00 O.OOE+OO D.ODE+OO 
293 5638 4.01 0.00 0.00 0.00E+DO O.OOE+OO 
294 5658 4.01 0.00 D.OD D.ODE+DD O.DDE+DD 
295 5679 4.01 0.0D 0.00 0.00E+OO O.OOE+DO 
296 5699 4.01 0.DO 0.00 O.OOE+OO O.OOE+OO 
297 5719 4.01 0.00 0.00 0.00E+OO O.OOE+DO 
298 5739 4.01 0.00 0.0D 0.DOE+OD O.OOE+OO 
299 5759 4.01 O.DD 0.00 O.OOE+OD O.OOE+OO 
300 5779 4.01 O.DO 0.00 O.ODE+OO O.OOE+OO 
301 5799 4.01 D.00 0.00 O.OOE+OO O.DOE+OO 
3D2 5819 4.01 0.0D O.DD O.ODE+DD O.DDE+DD 
3D3 5839 4.01 D.00 0.00 O.OOE+OO O.OOE+OO 
304 5859 4.01 0.00 0.DO O.ODE+OO 0.00E+OO 
305 5879 4.01 O.DO 0.00 O.ODE+OO O.OOE+DO 
306 5899 4.01 D.OD 0.00 O.OOE+OO D.DDE+OO 
3D7 5919 4.01 D.DD 0.00 O.DDE+OD 0.0DE+OO 
308 5939 4.01 D.DO D.00 D.OOE+DO 0.DOE+OO 
309 5959 4.01 0.DO O.DD O.DDE+DO O.DOE+DO 
310 5979 4.01 D.DD D.DO 0.DDE+DO D.DDE+DD 
311 600D 4.01 D.DD D.DO O.ODE+DD D.DOE+OO 
312 602D 4.01 0.DO 0.0D O.DOE+OO O.OOE+OO 
313 6040 4.01 0.00 0.00 0.00E+OO O.OOE+OO 
314 6060 4.01 0.00 0.0D O.OOE+OD O.OOE+OD 
315 6D8D 4.01 D.DD . D.00 O.OOE+OO O.OOE+DD 
316 6100 4.01 0.00 0.00 0.00E+OO O.OOE+OO 
317 6120 4.01 0.00 0.00 0.00E+OO O.OOE+OO 
318 6140 4.01 0.00 0.00 O.OOE+OO O.OOE+OO 
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APPENDIXB 

SUMMARY OF LABORATORY TESTING RESULTS AND SUPPLEMENTAL 

CHARACTERIZATION OF THE SUBSURFACE MATERIALS PREPARED BY GAi, 

CHARACTERIZATION OF THE SUBSURFACE MATERIALS PREPARED BY CEC 

SUMMARY OF PIEZO-SEISMIC CONE PENETRATION TESTING PREPARED BY CEC 

tj gai consultants 
tran.:;fnrmin'] id;-a~ into r<'-;,1ity 
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SUBJECT WILLIAMSON ENERGY - POND CREEK 

Phase 3 Subsidence Evaluation - Summary of Laboratory Testing 

BY BEG DATE 2009-MAR-30 PROJ. NO. C090403.01 .001 

CHKD. BY ___ _ DATE ____ _ SHEETNO. '2- '2. OF __ _ 

b. Shear strength tests on remolded slurried fine refuse samples: 

gai consultants 

Engineers • Geologists • Planners 
Environmental Specialists 

• (6) Consolidated-Undrained Triaxial points including (6) additional moisture contents 

and (6) total and dry density .. 

FEBRUARY 2006 -APRIL 2007: Holcolm Foundation Engineering Company. Inc. 

Holcolm Foundation Engineering Company, Inc. (Holcolm) was retained in 2006 and 2007 (Reference 

Nos. 2, 3 and 4) by Williamson Energy, LLC. (Williamson) to perform laboratory testing on an undisturbed 

(Shelby tube) sample of residual soil and two (2) remolded bulk samples of coarse coal refuse materials 

collected from the Pond Creek site. The laboratory testing was performed between February 2006 and 

April 2007 at Holcolm. The purpose of the testing program was to determine index, strength, density and 

permeability parameters, and summarize the results for the residual and coarse refuse materials. 

The laboratory testing program performed by Holcolm included: 

a. Index tests on undisturbed residual soil sample: 

• ( 1) Moisture content; 
• (1) Grain-size distributions; 
• ( 1) Atterberg limits; 
• (1) Total and dry density; 

b. Shear strength test on undisturbed residual soil sample: 

• (3) Consolidated Undrained Triaxial points; 

c. Index tests on remolded coarse refuse samples: 

• (2) Moisture content; 
• (2) Grain-size distributions; 
• (2) Standard proctor maximum dry density and optimum moisture content; 

d. Shear strength test on remolded coarse refuse samples: 

• (6) Consolidated Undrained Triaxial points; and 

e. Permeability tests on remolded coarse refuse samples: 

• (3) Falling head permeability tests. 

SUMMARY OF LABORATORY TESTING RESULTS: 

The attached table presents a results summary of the various laboratory tests, and copies of the 

laboratory testing data performed by Geotechnics and Holcolm are attached. 
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SUBJECT WILLIAMSON ENERGY - POND CREEK 

Phase 3 Subsidence Evaluation - Summary of Laboratory Testing 

BY BEG 

CHKD.8;$ 

DATE 2009-MAR-30 

DATE r;4/o 7 

PROJ. NO. C090403.01 .001 

SHEET NO. _c__/ _ OF 2--

CALCULATION BRIEF 
FOR 

SUMMARY OF LABO RA TORY TESTING 

POND CREEK COAL REFUSE DISPOSAL SITE 

tj 
gai consultants 

Engineers • Geologists • Planners 
Environmental Specialists 

OBJECTIVE: Summarize the laboratory testing program and results obtained for coarse coal refuse, fine 
coal refuse and residual soil materials sampled at the Pond Creek Coal Refuse Disposal 
Facility. A laboratory testing summary table is attached, as well as laboratory testing 
results. 

REFERENCES: 

1. Civil & Environmental Consultants, Inc. Calculation Brief Entitled "Summary of Laboratory Testing," 
Pond Creek Coal Refuse Disposal Site - South Pond, BEG, dated 7/8/08. 

2. Holcolm Foundation Engineering Company, Inc., "Soil Boring and Laboratory Tests Boring #8874," 
Mach Mine No. 1, dated February 10, 2006. 

3. Holcolm Foundation Engineering Company, Inc., "Coarse Refuse Laboratory Tests," Pond Creek 
Mine, dated November 30, 2006. 

4. Holcolm Foundation Engineering Company, Inc., "Coarse Refuse Laboratory Tests,' Mach Mine, 
dated April 9, 2007. 

LABORATORY TESTING PROGRAMS: 

MAY - JUNE 2008: Civil & Environmental Consultants. Inc. 

Civil & Environmental Consultants, Inc. (CEC) retained Geotechnics, Inc. (Geotechnics) of East 
Pittsburgh, Pennsylvania in May 2008 to perform laboratory testing on bulk samples of fine coal refuse 
materials collected from the South Pond (Phase 2) impoundment at the Pond Creek Coal Refuse Disposal 
Facility in Williamson County, Illinois (Reference No. 1 ). The laboratory testing was performed between 
May 2008 and June 2008 at Geotechnics. The purpose of the testing program was to determine index 
and strength parameters, and summarize the results for the fine coal refuse materials. 

The laboratory testing program performed by Geotechnics included: 

a. Index tests on bulk/slurried fine refuse samples: 
• (2) Moisture content; 
• (2) Grain-size distributions; 
• (2) Hydrometers; 
• (2) Atterberg limits; and 
• (2) Specific gravity. 
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03
6

Bucket 1 Remold FCR 82.60 76.60 42.00 2.24 
Test No. I See Note 1 
Bucket l Remold FCR 82.70 84.20 46.10 2.24 

Test No. 2 See Note 1 
Bucket 1 Remold FCR T 79.50 l 8o.5o l 44.80 l 2.24 T 

Test No. 3 See Note 1 
Bucket 1 Bulle FCR I 85.80 I I I 2.24 I 92.83 

See Note 1 
Bucket 2 Remold FCR 82.90 82.60 45.20 2.24 

Test No. 1 See Note 1 
Bucket 2 Remold FCR 85.70 85.70 44.30 2.24 

Test No. 2 See Note I 
Bucket 2 Remold FCR l 83.oo l 83.oo l 46.20 l 2.24 1 

Test No. 3 See Note 1 
Bucket 2 Bulk FCR 94.40 2.24 92.62. 

Boring8874 2 8-10 Residual 21.50 127.90 105.30 79.00 
Undisturbed 3 10-12 SeeNote2 

--- ---- --

11/30/06 Remold CCR 9.30 124.60 2.37 2.60 
Bulk SeeNote3 

04/09/07 Remold CCR 10.70 120.30 2.50 2.00 
B See Note 3 

Notes: 
l. Fine coal refuse (FCR) testing performed by Civil & Environmental Consultants, loc. in May - June 2008. 
2. Residual soil testing performed by Holcolm Foundation Engineering Company, Inc. in February 2006. 

l 

I 99.41 

l 

99.29 

94.50 

5.60 

5.40 

Summary of Laboratory Test Results 
Pond Creek Coal Refuse Disposal Facility 

Williamson County, Illinois 

2.333 

2.035 

I r-- 2.119 I 

I 36 I 19 I 17 

2.095 

2.159 

0.944 

0.955 

0.956 

1.129 

0.931 

40.40 18.40 I 0.664 I 40.40 I 

39.60 13.40 l 1.086 1 39.oo l 

I 37.80 l 13.50 1 ··1:sss I ··36:?o I 

I 38.30 I 10.30 I 0.485 I 36.30 I 

I 39.20 I 14.20 I o.825 I 38.60 1 

1 I l T 2.029 T 0:910 T 31.so·T sAo I 1.681 I 35.70 I 

36 19 I 17 

42 18 1 24 

I I I I I I I I 

3. Coarse Coal Refuse (CCR) testing perfomed by Holcolm Foundation Engineering Company, Inc. in November 2006 and April 2007. 

C090403.01.00I 

21.51 I 0.485 

21.67 l 0.817 l 36.14 J 0.000 I 11.30 I 0.216 

21.74 ·1 1.149 

17.29 I 0.354 

21.32 l 0.616 1 31.11 l 0.000 J 20.30 J 0.013 

21.49 I 1.245 

I I 26.80 I 0.000 j 19.50 j 0.416 
k(cm/sec) 

2x10-4 ,- · I 33.10 I 0.000 I 18.so I 1.014 

2x!0-4 ·r -r 29_30 I 0.152 I 11.40 I 0.458 
xl0-4 

April 2009 
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ATTACHMENT 1 

LABORATORY TESTING RESULTS-FINE COAL REFUSE. 
GEOTECHNICS, INC .. 
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June 5. 2008 

Project No. 2008-210-01 

Mr. Blaise Genes 
Civil & Environmental Consultants 
4 rriangle Dr, Suite 200 
Export, PA 15632-9255 

technics 
..... GEO TECHNICAL AND 

GEOSYNTHETIC SERVICES 

Transmittal 
Laboratory Test Results 

Pond Creek 

Please find attached the laboratory test results for the above referenced project. The tests were outlined 
on the Project Verification Form that was faxed to your firm prior to the testing. The testing was performed 
in general accordance with the methods listed on the enclosed data sheets. The test results are believed 
to be representative of the samples that were submitted for testing and are indicative only of the 
specimens which were evaluated. We have no direct knowledge of the origin of the samples and imply no 
position with regard to the nature of the test results, i.e. pass/fail and no claims as to the suitability of the 
material for its intended use. 

The test data and all associated project information provided shall be held in strict confidence and 
disclosed to other parties only with authorization by our Client. The test data submitted herein is 
considered integral with this report and is not to be reproduced except in whole and only with the 
authorization of the Client and Geotechnics. The remaining sample materials for this project will be 
retained for a minimum of 90 days as directed by the Geotechnics' Quality Program. 

We are pleased to provide these testing services. Should you have any questions ·or if we may be of 
further assistance, please contact our office. 

Re pectively submitte.d,'.;.... __ _ 
G tee · 

David R. Backstrom 
Laboratory Director 

We understand that you have a choice in your laboratory services 
and we thank you for choosing Geotechnics. 

544 Braddock Avenue • East Pittsburgh, PA 15112 • 412-823-7600 • FAX412-823-8999 • www.geotechnics.net 
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Client 
Client Reference 
Project No. 

Lab ID 
Boring No. 
Depth (ft) 
Sample No. 

Tare Number 
Wt. a/Tare & WS (gm) 
Wt. of Tare & DS (gm) 
Wt. o/Tare (gm) 
Wt. of Water (gm) 
Wt. of DS (gm) 

Water Content (¾) 

Notes: NA 

Tested By 

MOISTURE CONTENT 
ASTM D 2216 (SOP-S 1) 

CEC 
POND CREEK 080851 
2008-210-01 

01 
SOUTH POND 

NA 
BUCKET 1 

877 
621.7 

385,56 
110.33 
236.14 
275.23 

85.8 

PC Date 

02 
SOUTH POND 

NA 
BUCKET2 

729 
578.3 

339.54 
86.52 

238.76 
253.02 

94.4 

5/13/08 Checked By 

page 1 of 1 OCN: CT-51 DATE 6-30-98 REVISION: 2 

Date 
C:VJ SOFFICc\E.rcef\Printo\[ J948.XLS]Sheet1 

544 Braddock Avenue • East Pittsburgh, PA 15112 • 412-823-7600 • FAX 412-823-8999 • www.geotechnics.net 
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Client 
Client Reference 
Project N_o. 
Lab ID 

uses 
USDA 

SIEVE AND HYDROMETER ANALYSIS 

ASTM D 422-63/AASHTO T88-00 (SOP-S3) 

CEC 
POND CREEK 080851 

2008-210-01 
2008-210-01-01 

Boring No. 
Depth (ft) 
Sample No. 
Soil Color 

SIEVE ANAL YS/S 

cobbles I aravel I sand 

cobbles l gravel I sand 
I 

12" 6" 3" 3/4" 3/8" #4 #10 #20 #40 #140 #200 

SOUTH POND 
NA 
BUCKET 1 
BLACK 

HYDROMETER 
silt and clav fraction 

I silt I cla 

1 oo T,7';-;-;c,-r-:-<>-r:,:i~-,>-,-<>--?--O,::mn>;-r-\>"""-r'i1"1'.,.,.=77--nTnrrrT---r-71mT7--r---r-, 

·11 ~~ 
90 -1+11-'-,-++-l--+--l+H++-+--l-+--+H+++-+-+--+--++J-H+-1--+--+--H-H\f-+--l--,-l----t+H+++-+-+------J 

.' 
ao / · i l 

,. I 
!1 i 1' 

70 I:' i 
i I I 
i' i 1' I., 

\ 

...,. 

Cl ! . I ! 
•a 60 i~. ~, -'-,--+-+--'----++l-+-l+-1-+--t---+H++++-l--+--1+H++-+-+--1--+++++1-++--+---1+K+-H--+--t--4 

s: !; i , I 1, 

f so .i;lcc! '-; ....:...i -1-! --i--__j...---UJ..W+-1-+--t- 1+1-++1-++--+---1-ia..W..J-+__j...-+--++l-+-l+-1-+--t---+l-l-l-+-illcl--+-+----I 

C I. ' 
u:: 1: 1 1 i i 

i'' / I 
I\ 

10 ! 
1 I I : , I I 

i i; ! 
0 .L.:...;..:....;.....;__!_ _ __1'..'.J..!-L!......C.....J'----+.Lll..L.l....!-1--L.-j.l.Ll.Ll.J...+--L-+LJ..L.!._L.L...!.......!..--!-LLL.l...LJ--+.....J_~ 

1000 100 10 1 0.1 0,01 0.001 

Particle Diameter {mm) 

uses Summary 

Sieve Sizes (mm) Percentage 

Greater Than #4 Gravel 0.00 

#4 To #200 Sand 7.17 

Finer Than #200 Silt & Clay 92.83 

uses symbol CL, TESTED 

usr~ rt,:,,ccifj,-.,=,finn LEI•.N •Y £,. Y 

page 1 of 4 OCN: CT ..S'JA DATE:2/20108 REVISION: B 
C;\MSOFFICE\Excel\Prin/0\[K 13.XLS]Sheet1 

544 Braddock Avenue • East Pittsburgh, PA 15112 • 412-823-7600 • FAX 412-823-8999 • www.geotechnics.net 



R13041

- , 

USDA CLASSIFICATION CHART 

Client 
Client Reference 
Project No. 
Lab ID 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-01 

90 

80 

PERCENTCLAY / 
70 

/ 60 

50 

40 

30 

20 

10 

100 90 80 70 60 50 

Boring No. 
Depth (ft) 
Sample No. 
Soil Color 

40 

PERCENT SAND 

Particle Percent USDA SUMMARY Actual 
Size (mm) Finer Percentage 

Gravel 0.00 
2 100.00 Sand 14.88 

0.05 85.12 Silt 50.02 
0.002 35.10 Clay 35.10 

USDA Classification: SIL TY CLAY LOAM 

page 2 of 4 0CN: CT ..SJA CA TE;2/20/0II REVISION: B 

30 

SOUTH POND 
NA 
BUCKET 1 
BLACK 

PERCENT SILT 

20 10 0 

Corrected % of Minus 2.0 mm 
material for USDA Classificat. 

0.00 
14.88 
50.02 
35.10 

C:\MSOFFfCE=\Excel\PrinlOVK13.XLS}Sheet1 

544 Braddock Avenue • East Pittsburgh, PA 15112 • 412-823-7600 • FAX 412-823-8999 • www.geotechnics.net 
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WASH SIEVE ANALYSIS 
ASTM D 422-63/AASHTO T88-00 (SOP-S3) 

Client CEC 
Client Reference 
Project No. 
Lab ID 

POND CREEK 080851 
2008-210-01 
2008-210-01-01 

Moisture Content of Passino 3/4" Material 

Tare No. 
Wgt. Tare + Wet Specimen (gm) 
Wgt. Tare + Dry Specimen (gm) 
Weight of Tare (gm) 
Weight of Water (gm) 
Weight of Dry Soil (gm) 

Moisture Content(%) 

Wet Weight -3/4" Sample (gm) 
Dry Weight - 3/4" Sample (gm) 
Wet Weight +3/4" Sample (gm) 
Dry Weight + 3/4" Sample (gm) 
Total Dry Weight Sample (gm) 

Sieve Sieve 
Size Opening 

(mm) 

12" 300 
6" 150 
3'' 75 
2" 50 

1 1/2" 37.5 
1" 25.0 

3/4" 19.0 
1/2" 12.5 
3/8" 9.50 
#4 4.75 

#10 2.00 
#20 0.85 
#40 0.425 
#60 0.250 

#140 0.106 
#200 0.075 

Pan -

703 
1020.20 
609.00 
100.40 
411.20 
508.60 

80.8 

NA 
36.47 

NA 
0.00 

NA 

Wgt.of Soil 
Retained 

(gm) 
0.00 
0.00 
0.00 
0.00 
0,00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.12 
2.90 
7.89 

17.74 
7.82 

472.13 

Boring No. 
Depth (ft) 
Sample No. 
Soil Color 

SOUTH POND 
NA 
BUCKET 1 
BLACK 

Water Content of Retained 3/4" Material 

Tare No. 
Wgt.Tare + Wet Specimen (gm) 
Wgt.Tare + Dry Specimen (gm) 
Weight of Tare (gm) 
Weight of Water (gm) 
Weight of Dry Soil (gm) 

Moisture Content (%) 

Weight of the Dry Specimen (gm) 
Weight of minus #200 material (gm) 
Weight of plus #200 material (gm) 

Percent Accumulated Percent 
Retained Percent Finer 

Retained 
(%) (%) (%) 
0.00 0.00 100.00 
0.00 0.00 100.00 
0.00 0.00 100.00 
0.00 0.00 100.00 
0.00 0.00 100.00 
0.00 0.00 100.00 
0,00 0.00 100.00 
0.00 0.00 100.00 
0.00 0.00 100.00 
0.00 0.00 100.00 
0.00 0.00 100.00 
0.02 0.02 99.98 
0.57 0.59 99.41 
1.55 2.15 97.85 
3.49 5.63 94.37 
1.54 7.17 92.83 

92.83 1 DO.DO -

Tested By 
,...._ .. _ 
UdlC 5/21/08 Checked By 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

508.60 
472.13 

36.47 

Accumulated 

Percent 
Finer 

(%) 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
99,98 
99.41 
97.85 
94.37 
92.83 

-

pa9e 3 of 4 OCN: CT ....SJA DA TE:2/20108 REVISION: 8 C:\MSOFFIC8Excef\Fnnt0\{K1J.XLS]Shee/1 

544 Braddock Avenue • East Pittsburgh, PA 15112 • 412-823-7600 FAX 412-823-8999 • www.geotechnics.net 
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HYDROMETER ANALYSIS 
ASTM D 422-63/AASHTO T88-00 (SOP-S3) 

Client 
Client Reference 
Project No. 
Lab ID 

Elapsed 
Time 

(min) 

0 

2 

5 

15 

31 

60 
250 

1440 

Soil Specimen Data 

Tare No. 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-0'1 

R Temp. 
Measured (' C) 

NA NA 

47.0 21.9 

46.0 21.9 

43,.5 21.9 

40.0 21.9 

36.0 21.8 
29.0 21.7 
21.0 21.9 

Tare+ Dry Material (gm) 
Weight of Tare (gm) 

2487 
151.2 
95.01 

Composite 
Correction 

NA 

6.02 

6.02 

6.02 

6.02 

6.07 
6.11 
6.02 

Boring No. 
Depth (ft) 
Sample No. 
Sui! Color 

R 

Corrected 

NA 

41.0 

40.0 

37.5 

34.0 

29.9 
22.9 
15.0 

N 

( % ) 

NA 

79.2 

77.3 

72.5 

65.7 

57.9 
44.3 
29.0 

Other Corrections 

a - Factor 

SOUTH POND 
NA 
BUCKET 1 
BLACK 

K 
Factor 

NA 

0.01314 

0.01314 

0.01314 

0.01314 

0.01316 
0.01317 
0.01314 

Diameter 
(mm) 

NA 

0.0272 

0.0174 

0.0103 

0.0074 

0.0055 
0.0028 
0.0012 

N' 
( % ) 

NA 

73.6 

71.8 
67.3 

61.0 

53.7 
41.1 
26.9 

Weight of Deflocculant (gm) 
Weight of Dry Material (gm) 

5.0 
51.19 

Percent Finer than # 200 

0.99 

92.83 

Specific Gravity 2.7 Assumed 

Note: Hydrometer test is performed on - # 200 sieve material. 

Tested By TO Date 5/21/08 Checked By Vf\ 
page 4 of 4 DCN: CT ..SlA DA TE:2120/08 REVISION: S C;\MSOFFICE\E:cce/\Prin/0\[K1 J.XLS]Shee/1 

544 Braddock Avenue • East Pittsburgh, PA 15112 • 412-823-7600 FAX 412-823-8999 • www.geotechnics.net 
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ATTERBERG LIMITS 
ASTM D 4318-05 / AASHTO T89 (SOP - S4A) 

Client CEC Boring No. SOUTH POND 
Client Reference POND CREEK 080851 Depth (ft) NA 
Project No. 2008-210-01 Sample No. BUCKET 1 
Lab ID 2008-210-01-01 Soil Description BLACK LEAN CLAY 
Note: The USCS symbol usod with this test rotors only to the minus No. 40 ( Minus No. 40 sieve material, Airdried) 
sieve material. See the "Sieve and Hydrometer Analysis" graph page for the complete material descrlptlon. 

Liquid Limit Test 1 2 3 

Tare Number 110 37 40 
Wt. of Tare & WS (gm) 36.10 35.31 37.89 
Wt. of Tare & OS (gm) 30.53 29.82 31.72 
Wt. of Tare (gm) 14.96 14.83 15.54 
Wt. of Water (gm) 5.6 5.5 6.2 
Wt. of OS (gm) 15.6 15.0 16.2 

Moisture Content (%) 35.8 36.6 38.1 
Number of Blows 28 23 15 

Plastic Limit Test 1 2 Range 

Tare Number 134 267 
Wt. of Tare & WS (gm) 21.41 20.16 
Wt. of Tare & OS (gm) 20.44 19.10 
Wt. of Tare (gm) 15.29 13.36 
Wt. of Water (gm) 1.0 1.1 
Wt. of OS (gm) 5.2 5.7 

Moisture Content(%) 18.8 18.5 0.4 
Note: The acceptable range of the two Moisture contents is+ 2.6 

,o 

38 

l6 

34 

~ 32 

5 
U 30 

24 

20 

' 

' 

' 

i 
' I 
I 
I 
I 

I I ' I 
' ! 
I 
' ' 
t 

I 

' I 
! 
! 

Flow Curve 

-

! 
10 

Number of Blows 

I 
,,.., I 
~ 

100 

60 

50 

10 

, 
0 

/ 

0 

CL-ML 

I 

M 
u 
L 
T 
I 
p 
0 
I 
N 
T 

Test Results 

Liquid Limit(%) 36 

Plastic Limit(%) 19 

Plasticity Index {%) 17 

uses Symbol CL 

Plasticity Chart 

. . 
/ --. -

CL -· CH V . . 
/ -

. / -. --. [/ MH -. . -- ® V --- / -
·I ~ 

I ~ 

I ML 

20 40 60 80 100 
Liquid Limit(¾) 

Tested By TO Date 5121/08 Checked By Date 
µage 1 of ·1 DCN: CT-$48 DATE: i2i2C11D6 n:c:V1.:i1uN: 3 

C:\MSOFF/CE\Exr:ef\Pr1ntQ\{K12.xls]Sheer1 

544 Braddock Avenue • East Pittsburgh, PA 15112 • 412-823-7600 • FAX 412-823-8999 • www.geotechnics.net 
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SPECIFIC GRAVITY 
ASTM D 854-02, AASHTO T100-03 (SOP - S5) 

Client 
Client Reference 
ProJect No. 
Lab ID 

Replicate Number 

Pycnometer ID 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-01 

Weight of Pycnometer + Soil + Water (gm) 
Temperature, T ( 'Celsius) 
Weight of Pycnometer + Water (gm) 

Tare Number 
Weight of Tare + Dry Soil (gm) 
Weight of Tare (gm) 

Weight of Dry Soil (gm) 
Specific Gravity of Soil @ T 
Specific Gravity of Water@ T 
Conversion Factor for Temperature T 

Specific Gravity @ 20° Celsius 

Boring No. 
Depth (ft) 
Sample No. 
Visual Description 

1 

G 1155 
737.55 

26.4 
682.36 

674 
199.03 
99.26 

99.77 
2.238 

0.9967 
0.9985 

2.241 

Average Specific Gravity @ 2o' Celsius 

Tested By TO Date 05/20/08 Checked By 
DCN: cr.ss Dare 09125/05 Revision: 1Z 

SOUTH POND 
NA 
BUCKET 1 
BLACK SLUDGE 
( Minus No.4 sieve material, airdried) 

2 

G 1156 
736.34 

25.5 
681.04 

2487 
195.46 
95.76 

99.70 
2.246 

0.9969 
0,9987 

2.248 

2.24 

C:\MSOFFICE\EXCEI.. IPnntO\/F I 57 Xis)Sheet1 
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R13046

Client 
Client Reference 
Prnject No. 
Lab ID 

30 

CONSOLIDATED UNDRAINED TRIAXIAL TEST 
WITH PORE PRESSURE READINGS 

ASTM D4767-95 / AASHTO T297-94 (SOP-S28) 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-01 

Boring No. 
Depth(lt.) 
Sample No. 

SOUTH POND 
NA 
BUCKET 1 

Consolidated Undrained Triaxial Test with Pore Pressure 

SIN<)) = TAN ct 

a 
C = ---

COS <l> 

20 ·c----'---------------~-------'-----+--7"'----,------------;-------1 

!'" QL_---~--~~-------,'----------------------_j 
0 5 10 15 20 

-0-- Max. Effec. Stress Ratio Points --Failure Envelope 

a = 

a. = 
0.00 
30.5 

25 

P, {psi) 

30 

-~TestNo.1 

35 40 45 

-TestNo.2 ~TestNo.3 

Tested By JCM Date 05/21/08 Approved By U!:> Date (p ( rq k:,€) 
/J,Jge 1 of 8 DO~- CT-S20 DATE6-25-ga R:CVIS!ON 1 

544 Braddock Avenue • East Pittsburgh, PA 15112 • 412-823-7600 • FAX 412-823-8999 • www.geotechnics.net 
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R13047

Client 

Client Reference 

Project No. 

Lab ID 

Visual Description: 

CONSOLIDATED UNDRAINED TRIAXIAL TEST 
WITH PORE PRESSURE READINGS 

ASTM D4767-95 / AASHTO T297-94 (SOP-S28) 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-01 

Boring No. 
Depth(ft.) 
Sample No. 

BLACK COAL REFUSE SLURRY (REMOLDED) 

SOUTH POND 
NA 
BUCKET 1 

25 ,----------------------------------~ 

20 

15 

" = 
" " " ii 
" s 
• ·, 
0 
0 

10 

5 

o,;,....------------------------------------' 
0 5 10 15 20 25 

Strain(%) 

----&--Test No. 1 ----e--Test No. 2 ---½-Test No. 3 

Tested By JCM Date 05/21/08 Approved By Date ~ r JC{ o8 
µ:-1ge 2 of 8 
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R13048

CONSOLIDATED UNDRAINED TRIAXIAL TEST 
WITH PORE PRESSURE READINGS 

ASTM D4767-95 / AASHTO T297-94 (SOP-S28) §~!!;~,?!;"~ 
.,fient 

Client Reference 
Project No. 
Lab ID 

Visual Description: 

IS/age No. 
fost No 

PRESSURES (psi) 

Cell Pressure(psi) 
Back Pressure(psi) 
Eff. Cons. Pressure(psi) 
Pore Pressure 
Response (%) 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-01 

Boring No. 
Depth(ft.) 
Sample No. 

SOUTH POND 
NA 
BUCKET 1 

BLACK COAL REFUSE SLURRY (REMOLDED) 

36.6 
31.4 

5.2 

98 

INITIAL SAMPLE DIMENSIONS (in) 

Length 1 3.140 Diameter 1 
Length 2 3.148 Diameter 2 
Length 3 3.151 Diameter 3 
Avg Leng.= 3.146 Avg. Diam.= 

VOLUME CHANGE 
Initial Burette Reading (ml) 
Final Burette Reading (ml) 
Final Change (ml) 

MAXIMUM OBLIQUITY POINTS 

? = 
Q = 

LOAD 
(LBS) 

6.8 
8.2 
8.8 

10.3 
12.1 
15.1 
15.8 
16.2 
17 .1 
17.2 
17.8 
18.4 
18.5 
18.8 
19.0 
18.9 
19.4 
19.6 
20.2 
20.7 
20.8 
21.4 
21.4 
21.6 
22.0 
21.8 
22.8 
23.1 
23.5 
23. 1 
24.0 

Tested By 

6.41 
3.95 

JCM Date 

Initial Dial Reading (D.R.), mils 
D.R. After Saturation, mils 
D.R. After Consolidation, mils 

DEFORMATION 
(INCHES) 

PORE PRESSURE 
(PSI) 

0.000 
0.001 
0.002 
0.005 
0.008 
0.016 
0.020 
0.026 
0.038 
0.051 
0.069 
0.085 
0.101 
0.116 
0.132 
0.158 
0.182 
0.205 
0.236 
0.260 
0.292 
0.316 
0.340 
0.371 
0.411 
0.443 
0.490 
0.530 
0.569 
0 610 
0.664 

05/21 /08 Input Checked By 

31.4 
32.1 
32.1 
32.5 
32.8 
33.2 
33.4 
33.6 
33.7 
33.8 
33.9 
34.0 
34.0 
34.1 
34.1 
34.1 
34.2 
34.2 
34.2 
34.2 
34.1 
34.3 
34.1 
34.1 
34.1 
34.1 
34.1 

34.2 
34.1 
34.1 
34.2 

Date 

1.375 
1.389 
1.399 
1.388 

24.0 
21.7 

2.3 

235 
250 
294 

: . .,.i.JJe j ot 8 ;:;cI,1 CT-3:6 DATE 6-25-95 REVISION 1 
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R13049

CONSOLIDATED UNDRAINED TRIAXIAL TEST 
WITH PORE PRESSURE READINGS 

ASTM 04767-95 / AASHTO T297-94 (SOP-S28) §~!<:~,~~;"~ 
Client 
Client Reference 
Project No. 
Lsb ID 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-01 

Boring No. 
Depth(ft.} 
Sample No. 

SOUTH POND 
NA 
BUCKET1 

'Jisual Description: BLACK COAL REFUSE SLURRY (REMOLDED} 

lt:ffective Confining Pressure (psi) 5.2 

INITIAL DIMENSIONS 

Initial Sample Length (in.) 
!nitial Sample Diameter (in.} 
.;titial Sample Area (in'2) 
l11iiial Sample 'Jolume (in'3) 

Strain Deviation 6 U 
(%) Stress 

0.02 0.93 0.73 
0.07 1.39 0.75 
0.15 2.40 1.15 
0.25 3.62 1.36 
0.52 5.63 1.79 
0.66 6.03 2.01 
0.84 6.35 2.21 
1.22 6.92 2.33 
1.64 6.91 2.40 
2.25 7.31 2.55 
2.75 7.66 2.61 
3.27 7.71 2.64 
3.77 7.81 2.68 
4.28 7.90 2.74 
5.11 7.78 2.71 
5.89 8.02 2.84 
6.65 8.13 2.78 
7.66 8.39 2.83 
8.42 8.64 2.76 
9.45 8.59 2.72 
10.23 8.90 2.86 
11.00 8,80 2.67 
12.03 8.83 2.74 
13.30 8.93 2.72 
14.34 8.73 2.69 
15.88 9.12 2.66 
'17.15 9.15 2.77 
1-3.44 9.22 2.70 
~,., --, ~ 
I 'd. f <+ 8 86 2.70 
21.51 9.19 2.82 

Tested By JCM 
page ..J of 8 

3.15 
1.39 
1.51 
4.76 

5.45 
5.84 
6.46 
7.46 
9.04 
9.22 
9.34 
9.79 
9. 71 
9.96 

10.25 
10.26 
10.34 
10.37 
10.27 
10.38 
10.56 
10.76 
11.09 
11 .. 07 
11.25 
11.33 
11.29 
11.41 
11.25 
11.66 
11.59 
11. 72 
11.36 
11.56 

Date 

4.5 
4.5 
4.1 
3.8 
3.4 
3.2 
3.0 
2.9 
2.8 
2.7 
2.6 
2.6 
2.5 
2.5 
2.5 
2.4 
2.4 
2.4 
2.4 
2.5 
2.3 
2.5 
2.5 
2.5 
2.5 
2.5 
2.4 
2.5 
2.5 
2.4 

05/21/08 

Stage No. 
Test No 

VOLUME CHANGE 

Volume After Consolidation (in'3} 
Length After Consolidation (in) 
Area After Consolidation (in'2) 

Effective Principle 

Stress Ratio 

1.219 
1.311 
1.593 
1.941 
2.649 
2.893 
3.125 
3.417 
3.469 
3.753 
3.961 
4.017 
4.098 
4.208 
4.124 
4.400 
4.359 
4.538 
4.536 
4.464 
4.797 
4.474 
4.594 
4.601 
4.477 
4,587 
4.762 
4.691 
4.536 
4.864 

A 

0.76 
0.55 
0.49 
0.38 
0.32 
0.34 
0.36 
0.34 
0.35 
0.36 
0.35 
0.35 
0.35 
0.35 
0.36 
0.36 _ 
0.35 
0.34 
0.33 
0.32 
0.33 
0.31 
0.32 
0.31 
0.31 
0.30 
0.31 
0.30 
0.31 
0.31 

p 

4.96 
5.14 
5.25 
5.65 
6.23 
6.20 
6.16 
6.33 
6.26 
6.31 
6.42 
6.41 
6.43 
6.41 
6.38 
6.37 
6.49 
6.56 
6.77 
6.77 
6.79 
6.93 
6.87 
6.94 
6.88 
7.10 
7.01 
7 .11 
6.93 
6.97 

Input Checked By Date 

1 
1 

4.55 
3.09 

1.474 

Q 

0.49 
0.69 
1.20 
1 .81 
2.81 
3.02 
3.18 
3.46 
3.46 
3.65 
3.83 
3.85 
3.91 
3.95 
3.89 
4.01 
4.07 
4.19 
4.32 
4.29 
4.45 
4.40 
4.42 
4.46 
4.37 
4.56 
4.58 
4.61 
4.43 
4.59 
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R13050

::nt 
11ent Reference 

?roject No. 
Lab ID 

Visual Description: 

/Stage No. 
/Test No 

.ORESSURES (psi) 

C2II Pressure(psi) 
Back Pressure(psi) 
i.=ff. Cons. Pressure(p~ 
Pore Pressure 
Response (%) 

CONSOLIDATED UNDRAINED TRIAXIAL TEST 
WITH PORE PRESSURE READINGS 

ASTM D4767-95 / AASHTO T297-94 {SOP-S28) 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-01 

Boring No. 
Depth(ft.) 
Sample No. 

SOUTH POND 
NA 
BUCKET 1 

BLACK COAL REFUSE SLURRY (REMOLDED) 

46.5 
36.1 
10.4 

100 

INITIAL SAMPLE DIMENSIONS (in) 

Length 1 3.120 
Length 2 3.137 
Length 3 3.135 
AvgLeng.= 3.131 

VOLUME CHANGE 

Diameter 1 
Diameter 2 
Diameter 3 
Avg. Diam.= 

Initial Surette Reading (ml) 
Final Surette Reading (ml) 
Final Change (ml) 

MAXIMUM OBLIQUITY POINTS 

p 
Q 

= 
= 

,ge 5or8 

LOAD 
(LBS) 

7.9 
13.4 
14.9 
18.3 
20.0 
22.4 
23.0 
23.7 
24.8 
25.7 
26.7 
27.1 
27.5 
27.5 
27.7 
27.9 
28.2 
28.6 
29.5 
30.0 
30.5 
30.4 
31.0 
31.2 
31.8 
31.8 
32.3 
33.0 
32.6 
33.1 
33.6 

Tested By 

11.84 
7.45 

JCM Date 

Initial Dial Reading (D.R.), mils 
D.R. After Saturation, mils 
D.R. After Consolidation, mils 

DEFORMATION 
(INCHES) 

0.000 
0.001 
0.002 
0.005 
0.008 
0.017 
0.020 
0.026 
0.038 
0.051 
0.069 
0.085 
0.100 
0.110 
0.131 
0.157 
0.181 
0.204 
0.235 
0.259 
0.290 
0.313 
0.337 
0.368 
0.408 
0.439 
0.486 
0.526 
0.565 
0.604 
0.659 

05121108 Input Checked By 

PORE PRESSURE 
(PSI) 
36.1 
36.8 
37.0 
37.4 
37.8 
38.7 
38.9 
39.3 
39.9 
40.3 
40.9 
41.1 
41.3 
41.5 
41.6 
41.8 
41.9 
41.9 
42.0 
42.1 
42.1 
42.0 
42.1 
42.0 
42.2 
42.1 
42.1 
42.2 
42.1 
42.2 
42.2 

Date 
DCN: CT -s~a DA TE 6-25-98 REV!SiON 1 

1.396 
1.398 
1.344 
1.379 

24.0 
18.4 

5.6 

77 
112 
166 
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R13051

CONSOLIDATED UNDRAINED TRIAXIAL TEST 
WITH PORE PRESSURE READINGS 

ASTM D4767-95 / AASHTO T297-94 (SOP-S28) 

~nt 
,!i&nt Reference 

ProIect No. 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-01 

Boring No. 
Oepth(ft.) 
Sample No. 

SOUTH POND 
NA 
BUCKET 1 

Lob ID 

\/isual Description: BLACK COAL REFUSE SLURRY (REMOLDED) 

'Effec/lve Confining Pressure {psi} 

INITIAL DIMENSIONS 

Initial Sample Length (in.) 
lrntial Sample Diameter (in.) 
Irutial Sample Area (in"2) 
Initial Sample Volume (in'3) 

Strain 
(%) 

0.03 
0.06 
0.15 
0.25 
0.54 
0.67 
0.86 
1.25 
1.67 
2.28 
2.79 
3.30 
J.60 
4.32 
5.16 
5.95 
6.72 
7.73 
8.52 
9.54 
10.30 
11.07 
12.10 
13.40 
14.44 
15.98 
17.28 
I 8.58 
19.86 

1.67 

Deviation 
Stress 

3.98 
5.09 
7.59 
8.76 

10.51 
10.94 
11.42 
12.16 
12.77 
13.37 
13.56 
13.79 
13.76 
13.77 
13.82 
13.93 
14.04 
14.51 
14.69 
14.91 
14.68 
14.93 
14.89 
15.08 
14.89 
14.92 
15. 10 
14.65 
14.71 
14.66 

0.65 
0.89 
1.34 
1.72 
2.62 
2.79 
3.19 
3.85 
4.19 
4.77 
5.04 
5.25 
5.40 
5.50 
5.69 
5.80 
5.83 
5.87 
6.01 
6.01 
5.94 
6.00 
5.95 
6.10 
6.03 
5.99 
6.12 
5.96 
6.07 
6.08 

10.4 

3.13 
1.38 
1.49 
4.68 

13.73 
14.59 
16.65 
17.44 
18.29 
18.56 
18.64 
18.71 
18.98 
19.00 
18.92 
18.94 
18.76 
18.67 
18.52 
18.52 
18.61 
19.04 
19.08 
19.30 
19.15 
19.33 
19.34 
19.38 
19.25 
19.34 
19.38 
19.09 
19.04 
18.99 

9.7 
9.5 
9.1 
8.7 
7.8 
7.6 
7.2 
6.6 
6.2 
5.6 
5.4 
5.2 
5.0 
4.9 
4.7 
4.6 
4.6 
4.5 
4.4 
4.4 
4.5 
4.4 
4.5 
4.3 
4.4 
4.4 
4.3 
4.4 
4.3 
4.3 

Stage No. 
Test No 

VOLUME CHANGE 

Volume After Consolidation (in'3) 
Length After Consolidation (in) 
Area After Consolidation (in'2) 

Effective Principle 
Stress Ratio 

1 .408 
1.535 
1.838 
2.010 
2.351 
2.438 
2.584 
2.856 
3.055 
3.373 
3.530 
3.675 
3.751 
3.812 
3.934 
4.029 
4.072 
4.205 
4.349 
4.397 
4.289 
4.390 
4.346 
4.506 
4.410 
4.381 
4.528 
4.303 
4.398 
4.393 

A 

0.16 
0.18 
0.18 
0.20 
0.25 
0.25 
0.28 
0.32 
0.33 
0.36 
0.37 
0.38 
0.39 
0.40 
0.41 
0.42 
0.42 
0.40 
0.41 
0.40 
0.40 
0.40 
0.40 
0.40 
0.41 
0.40 
0.41 
0.41 
0.41 
0.41 

p 

11.74 
12.05 
12.85 
13.06 
13.04 
13.08 
12.92 
12.63 
12.60 
12.32 
12.14 
12.05 
11.88 
11.79 
11.62 
11.56 
11.59 
11.78 
11.73 
11.84 
11.80 
11.87 
11.90 
11.84 
11.81 
11.88 
11.83 
11.76 
11.68 
11.65 

1 
2 

4.18 
3.04 

1.374 

Q 

1.99 
2.54 
3.79 
4.38 
5.26 
5.47 
5.71 
6.08 
6.38 
6.68 
6.78 
6.89 
6.88 
6.89 
6.91 
6.96 
7.02 
7.26 
7.35 
7.45 
7.34 
7.46 
7.45 
7.54 
7.44 
7.46 
7.55 
7.33 
7.35 
7.33 

Tested By JCM Date 05/21/08 Input Checked By t½ Date lo-lg -C:~ 
,-.JQe Octa 
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R13052

Client 
Client Reference 
Project No. 
Lab ID 

Visual Description: 

/

Stage No. 
. Test No 

PRESSURES (psi) 

Cell Pressure(psi) 
Back Pressure(psi) 
Eff. Cons. Pressure(p, 
Pore Pressure 
Response (%) 

CONSOLIDATED UNDRAINED TRIAXIAL TEST 
WITH PORE PRESSURE READINGS 

ASTM 04767-95 / AASHTO T297-94 (SOP-S28) 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-01 

Boring No. 
Depth(ft.) 
Sample No. 

SOUTH POND 
NA 
BUCKET 1 

BLACK COAL REFUSE SLURRY (REMOLDED) 

51.4 
31.0 
20.4 

99 

INITIAL SAMPLE DIMENSIONS (in) 

Length 1 
Length 2 
Length 3 
Avg Leng.= 

3.130 
3.121 
3.136 
3.129 

VOLUME CHANGE 

Diameter 1 
Diameter 2 
Diameter 3 
Avg. Diam.= 

Initial Surette Reading (ml) 
Final Surette Reading (ml) 
Final Change (ml) 

MAXIMUM OBLIQUITY POINTS 

p 
Q 

= 
= 

page 7 of 8 

LOAD 
(LBS) 

6.8 
13.5 
15.7 
18.9 
21.3 
25.0 
27.3 
28.7 
30.6 
31.7 
33.1 
33.8 
34.5 
34.7 
35.2 
35.9 
36.6 
37.1 
37.5 
37.8 
38.3 
38.7 
38.8 
40.1 
41.4 
41.7 
40.5 
42.1 
42.5 
41.7 
42.3 

Tested By 

17.19 
10.31 

JCM Date 

Initial Dial Reading (D.R.), mils 
D.R. After Saturation. mils 
D.R. After Consolidation, mils 

DEFORMATION 
(INCHES) 

0,000 
0.001 
0.002 
0,003 
0.005 
0.011 
0.017 
0.024 
0.036 
0.049 
0.067 
0.083 
0.099 
0.108 
0.131 
0.157 
0.180 
0.204 
0.236 
0.260 
0.290 
0.314 
0.337 
0.369 
0.408 
0.440 
0.488 
0.527 
0.566 
0.605 
0.660 

05/21/08 Input Checked By 

PORE PRESSURE 
(PSI) 

J/ ;; 

31.0 
34.0 
34.5 
35.2 
35.9 
37.4 
38.5 
39.4 
40.5 
41.4 
42.3 
42.8 
43.2 
43.4 
43.7 
44.0 
44.2 
44.3 
44.4 
44.4 
44.5 
44.5 
44.5 
44.6 
44.6 
44.6 
44.6 
44.6 
44.6 
44.6 
44.7 

\')I:) Date 
OC~J CT-S28 D,GE 6-25-96 REVJSIGN 1 

1.404 
1.373 
1.371 
1.383 

48.0 
40.5 

7.5 

60 
68 

154 
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R13053

CONSOLIDATED UNDRAINED TRIAXIAL TEST 
WITH PORE PRESSURE READINGS 

ASTM D4767-95 / MSHTO T297-94 (SOP-S28) 

Client 
Client Reference 
ProJect No. 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-01 

Boring No. 
Depth(ft.) 
Sample No. 

SOUTH POND 
NA 
BUCKET 1 

Lab ID 

Visual Description: BLACK COAL REFUSE SLURRY (REMOLDED) 

ressure (psi) 

INITIAL DIMENSIONS 

Initial Sample Length (in.) 
Initial Sample Diameter (in.) 
Initial Sample Area (inA2) 
Initial Sample Volume (inA3) 

Strain 
(%) 

0.02 
0.05 
0.10 
0. 17 
0.37 
0.58 
0.80 
1. 18 
1.61 
2.22 
2.74 
3.26 
3.57 
4.31 
5.17 
5.94 
6.73 
7.78 
8.55 
9 57 
10.34 
11. 11 
12. 15 
13.45 
14.49 
16.07 
17.35 
18.64 
19. 92 
21. 74 

Deviation 
Stress 

4.82 
6.44 
8.70 
10.46 
13.09 
14.68 
15.66 
17.01 
17.71 
18.54 
18.96 
19.34 
19.40 
19.60 
19.89 
20.25 
20.42 
20.44 
20.50 
20.57 
20.62 
20.56 
21.14 
21.64 
21.53 
20.44 
21.06 
20.95 
20.20 
20.03 

L', u 

3.04 
3.45 
4.15 
4.86 
6.38 
7.49 
8.40 
9.52 

10.40 
11.31 
11.76 
12.21 
12.35 
12.73 
12.96 
13.15 
13.27 
13.38 
13.40 
13.48 
13.52 
13.51 
13.55 
13.57 
13.56 
13.58 
13.58 
13.63 
13.64 
13.67 

2 .4 

.3.13 
1.38 
1.50 
4.70 

22.17 
23.39 
24.95 
26.01 
27.10 
27.59 
27.66 
27.89 
27.71 
27.63 
27.60 
27.53 
27.45 
27.27 
27.33 
2'7.50 
27.54 
27.46 
27.50 
27.49 
27.50 
27.45 
27.99 
28.47 
28.36 
27.26 
27.88 
27.72 
26.96 
26.77 

17.4 
16.9 
16.2 
15.5 
14.0 
12.9 
12.0 
10.9 
10.0 
9.1 
8.6 
8.2 
8.0 
7.7 
7.4 
7.2 
7.1 
7.0 
7.0 
6.9 
6.9 
6.9 
6.8 
6.8 
6.8 
6.8 
6.8 
6.8 
6.8 
6.7 

/age No. 
Test No 

VOLUME CHANGE 

Volume After Consolidation (inA3) 
Length After Consolidation (in) 
Area After Consolidation (inA2) 

Effective Principle 
Stress Ratio 

1.278 
1.380 
1.536 
1.673 
1.934 
2.137 
2.305 · 
2.563 
2.772 
3.039 
3.196 
3.361 
3.411 
3.556 
3.676 
3.795 
3.864 
3.912 
3.928 
3.973 
3.995 
3.982 
4.088 
4.170 
4.149 
3.997 
4.086 
4.094 
3.988 
3.975 

A 

0.64 
0.54 
0.48 
0.47 
0.49 
0.52 
0.54 

,0.57 
0.59 
0.62 
0.63 
0.64 
0.64 
0.66 
0.66 
0.66 
0.66 
0.66 
0.66 
0.66 
0.66 
0.66 
0.65 
0.63 
0.64 
0.67 
0.65 
0.66 
0.68 
0.69 

p 

19.76 
20.17 
20.60 
20.77 
20.56 
20.25 
19.83 
19.38 
18.85 
18.36 
18.12 
17.86 
17.75 
17.47 
17.38 
17.37 
17.34 
17.24 
17.25 
17.20 
17.19 
17.17 
17.42 
17.65 
17.60 
17.04 
17.35 
17.25 
16.86 
16.75 

1 
3 

4.20 
3.04 

1.385 

Q 

2.41 
3.22 
4.35 
5.23 
6.54 
7.34 
7.83 
8.50 
8.86 
9.27 
9.48 
9.67 
9.70 
9.80 
9.95 

10.13 
10.21 
10.22 
10.25 
10.28 
10.31 
10.28 
10.57 
10.82 
10.76 
10.22 
10.53 
10.48 
10.10 
10.02 

Tesied By JCivi Date uo,L 11ud Input Checked By 
,I·- I _,r, ., "' f\ij, Dale LP 1~1 -\l Cl 

µage a or a 
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R
13054

Client 
Client Ref. No. 
Project no. 
Lab ID 

IVJClill, l C.J'I AL STREl~Gl r ,,JVLL OPE 

CEC 
POND CREEi< 080851 
2008-210-01 
2008-210-01-01 

Boring No. 
Deplh(fl.) 
Sample No. 
Visual Description 

SOUTH POl'lD 
NA 
BUCKET 1 

§t._J,nics 

BLACK COAL REFUSE SLURRY (RElvlOLDED) 

60 ,----,----r----1---~:------r----~ 
C: 1.5 

50 <I>= 17.3 

40 

11) 
0. 30 

I-' 

20 

10 

20 40 60 80 100 120 

CY (psi) 

Tes/eel By: JClvl Date: 05/21/08 Approvec/ By: 
NOTE: GRAPH NOT 1P. ,l'C"j\LE 

1)!5 Date: (p [ (,,7 JO'f> 
C:\MSOFFICE\Excel\Prmlq;[F 197 xl~JSheel 1 
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R13055

REMOLDED UNIT WEIGHT BEFORE INITIAL CONSOLIDATION 
CONSOLIDATED UNDRAINED TRIAXIAL TEST 

Client 
Client Reference 
Project No. 
Lab ID 

WITH PORE PRESSURE READINGS 
ASTM 04767-95 / AASHTO T297-94 (SOP-S28) 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-01 Specific Gravity (measured) 

Visual Description: BLACK COAL REFUSE SLURRY (REMOLDED) 

SAMPLE CONDITION SUMMARY 

2.24 

Boring No. South Pond South Pond South Pond 

Depth (ft) NA NA NA 

Sample No. Bucket 1 Bucket 1 Bucket 1 

Test No. T1 T2 T3 

Deformation Rate (in/min) 0.0007 0.0007 0.0011 

Ba ck Pressure (psi) 31.4 36.1 31 

Consolidation Time (days) 1 1 1 

Initial State (w%) 82.6 82.7 79.5 

Total Unit Weight (pcf) 76.6 84.2 80.5 

Dry Unit Weight (pcf) 42.D 46.1 44.8 
Final State (w%) 36.8 34.5 32.7 
Initial State Void Ratio, e 2.333 2.035 2.119 

Tested By 05/21/0S :nput Checked By i/ !2.. 
page 1 of 1 DCN CT-328 DATE 6-15-98 REVISION· 1 C \MSOFFJCE\Exc:el\Pr1n.ql(F 184 )(ls)Sheetl 
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R13056

Client 
Client Reference 
Project No. 
Lab ID 

UNIT WEIGHT AFTER INITIAL CONSOLIDATION 
CONSOLIDATED UNDRAINED TRIAXIAL TEST 

WITH PORE PRESSURE READINGS 
ASTM D4767-95 / AASHTO T297-94 (SOP-S;>SJ 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-01 Specific Gravity (measured) 

Visual Description: BLACK COAL REFUSE SLURRY (REMOLDED) 

SAMPLE CONDITION SUMMARY 

Boring No. South Pond South Pond 
Depth (ft) NA NA 
Sample No. Bucket 1 Bucket 1 

Test No. T1 T2 
Deformation Rate (in/min) 0.0007 0.0007 
Back Pressure (psi) 31.4 36.1 
Consolidation Time (days) 1 1 

Initial State (w¾) 41.7 43.3 
Total Unit Weight (pct) 102.0 102.5 
Dry Unit Weight (pct) 71.9 71.5 
Final State (w¾) 36.8 34.5 
Initial State Void Ratio,e 0.944 0.955 

Tested By 

2.24 

South Pond 

NA 
Bucket 1 

T3 

0.0011 
31 

1 

42.4 

1 01 .8 

71.5 
32.7 

0.956 

page 1 of 1 UCN CT-S26 DATE 5-'.:5-90 REVISION 1 C \MSOFF!CE\Excel\Printq\(F165 :dsJSheet1 
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R13057

Client 
Client Reference 
Project No. 
Lab ID 

uses 
USDA 

SIEVE AND HYDROMETER ANALYSIS 

ASTM D 422-63/AASHTO T88-00 (SOP-S3) 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-02 

Boring No. 
Depth (ft) 
Sample No. 
Soil Color 

SIEVE ANAL YS/S 

cobbles I a ravel I sand 

cobbles I gravel I sand 
I 

12" 611 3" 3/4" 3/8" #4 #10 #20 #40 #140 #200 
100 

90 

80 

70 

tso 
$ 
>, 

"' ~ 50 
;;: 

30 

20 

10 

I I I I I 

l ! 
I 

! ; 
i 

i ! ' 
: ! i 
'I ! 

HJ ! :1 ,! I 
li i i 
!! : 

I 
! ; ' .. 
i; 
; I 
Ii 

Ii / 

' ! i ' ! : ' . I I ·i/ ; ! 
I ; i) 
l1' / 
:, ' 
!! ; i 1: i ,. 
i;, I 

!. ; 

i\' 
I 

! 
0 

1000 

I 
' ' ' I ! 
I 
I ! 

' I 
i 

' I I 
i I 

I I 
I 

I I I 
' I 
I 
! 
i 
' 
i 

Sieve Sizes (mm) 

Greater Than #4 
#4 To #200 
Finer Than #200 

uses Symbol 

I 

I 

uses Ciassificaiion 

page 1 of 4 

V. 

~ I 

I I 
100 10 1 0.1 

Particle Diameter (mm) 

uses Summary 
Percentage 

Gravel 0.00 

Sand 7.38 

Silt & Clay 92.62 

CL, TESTED 

LEAN CLAY 

OCN: CT ..$3A DATE:2120!08 REVISION: B 

SOUTH POND 
NA 
BUCKET 2 
BLACK 

HYDROMETER 
silt and clav fraction 

I silt I cla• 

I\ 

\ 
:,,..,_ 

"'\ 

\ 
:, 

\ 

\, 

O.Q1 0.001 

C:\M$0FFJC£\Excel\PrmtQl[K15.XLSJSheel1 
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R13058

USDA CLASSIFICATION CHART 

Client 
Client Reference 
Project No. 
Lab ID 

CEC 
POND CREEK 080851 

2008-210-01 
2008-210-01-02 

90 

80 

PERCENTCLAY / 
70 

/ 60 

50 

40 

30 
/\ 

\ SANDY CLAY LOAM 

20 \/ \,/ 

10 

I\ I\ 
I '-~ SANDY LOAM 

, \./ \ 

100 90 80 70 60 

Particle Percent USDA SUMMARY 

Size (mm) Finer 

Gravel 

2 1 DO.DO Sand 

0.05 84,78 Silt 

0.002 32.14 Clay 

Boring No. 
Depth (ft) 

Sample No. 
Soil Color 

\ I . 

50 40 

PERCENT SAND 

Actual 
Percentage 

0.00 
15.22 
52,64 
32.14 

USDA Classification: SILTY CLAY LOAM 

page 2 of 4 DCN; CT-SJA DATE:2120108 REVISION: B 

30 

SOUTH POND 
NA 
BUCKET 2 
BLACK 

PERCENT SILT 

20 10 a 

Corrected % of Minus 2.0 mm 

material for USDA Classificat. 

0.00 
15.22 
52.64 
32.14 

C:\MSOFFICE\&cel\Prin/OVK15.XLS]Sheet1 
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R13059

WASH SIEVE ANALYSIS 
ASTM D 422-63/MSHTO TBB-00 (SOP-S3) 

Client CEC 
Client Reference 
Project No. 
Lab ID 

POND CREEK 080851 
2008-210-01 
2008-210-01-02 

Moisture Content of Passing 3/4" Material 

Tare No. 
Wgt. Tare+ Wet Specimen (gm) 

Wgt.Tare + Dry Specimen (gm) 

Weight of Tare (gm) 
Weight of Water (gm) 
Weight of Dry Soil (gm) 

Moisture Content(%) 

Wet Weight -3/4" Sample (gm) 

Dry Weight - 3/4" Sample (gm) 
Wet Weight +3/4" Sample (gm) 
Dry Weight + 3/4" Sample (gm) 

Total Dry Weight Sample (gm) 

Sieve Sieve 
Size Opening 

(mm) 

12" 300 
6" 150 
3" 75 
2" 50 

1 1 /2" 37.5 
1" 25.0 

3/4" 19.0 
1 /2" 12.5 
3/8" 9.50 
#4 4.75 

#10 2.00 
#20 0.85 
#40 0.425 
#60 0.250 

#140 0.106 
#200 0.075 

Pan . 

517 
1095.30 
630.20 

97.36 
465.10 
532.84 

87.3 

NA 
39.31 

NA 
0.00 

NA 

Wgt.of Soil 
Retained 

(gm) 
0.00 . 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.13 
3.63 
8.79 

19.00 
7.76 

493.53 

Boring No. 
Depth (ft) 
Sample No. 
Soil Color 

SOUTH POND 
NA 
BUCKET 2 
BLACK 

Water Content of Retained 3/4" Material 

Tare No. 
Wgt.Tare + Wet Specimen (gm) 

Wgt.Tare + Dry Specimen (gm) 

Weight of Tare (gm) 
Weight of Water (gm) 
Weight of Dry Soil (gm) 

Moisture Content(%) 

Weight of the Dry Specimen (gm) 
Weight of minus #200 material (gm) 

Weight of plus #200 material (gm) 

Percent Accumulated Percent 

Retained Percent Finer 
Retained 

(%) (%) (%) 

0.00 0.00 100.00 

0.00 0.00 100.00 

0.00 0.00 100.00 

0.00 0.00 100.00 

0.00 0.00 100.00 

0.00 0.00 100.00 

0.00 0.00 100.00 

0.00 0.00 100.00 

0.00 0.00 100.00 

0.00 0.00 100.00 

0.00 0.00 100.00 

0.02 0.02 99.98 

0.68 0.71 99.29 

1.65 2.36 97.64 

3.57 5.92 94.08 

1.46 7.38 92.62 

92.62 100.00 . 

Tested By JP Date 5/21/08 Checked By 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

532.84 
493.53 

39.31 

Accumulated 

Percent 
Finer 

(%) 
100.00 
100.00 
100.00 
100.00 
1 DO.DO 
1 DO.DO 
100.00 
100.00 
1 OD.DO 
100.00 
1 DO.DO 
99.98 
99.29 
97.64 
94.08 
92.62 

. 

page 3 of 4 DCN; CT .S3A OATE:2120/ClS REVISION: S C:\MSOFFICE\Excef\PrintO\[K 15.XLS]Shee/ 1 
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R13060

HYDROMETER ANALYSIS 
ASTM D 422-63/MSHTO TSS-00 (SOP-S3) 

Client 
Client Reference 
Project No. 
Lab ID 

Elapsed 
Time 

(min) 

o 
2 

5 

15 

34 

62 
250 
1440 

Soil Specimen Data 

Tare No. 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-02 

R Temp. 

Measured ( o C) 

NA NA 

44.5 21.9 

42.5 21.9 

39.5 21.9 

36.0 21.9 

33.0 21.8 
26.0 21.7 
19.0 21.9 

Tare + Dry Material (gm) 
Weight of Tare (gm) 

2343 
151.6 
98.58 

Composite 

Correction 

NA 

6.02 

6.02 

6.02 

6.02 

6.07 
6.11 
6.02 

Boring No. 
Depth (ft) 
Sample No. 
Soil Color 

R 

Corrected 

NA 

38.5 

36.5 

33.5 

30.0 

26.9 
19.9 
13.0 

N 
( % ) 

NA 

79.3 

75.2 

69.0 

61.8 

55.5 
41.0 
26.8 

Other Corrections 

a - Factor 

SOUTH POND 
NA 
BUCKET2 
BLACK 

K Diameter 

Factor (mm) 

NA NA 

0.01314 0.0279 

0.01314 0.0180 

0.01314 0.0106 

0.01314 0.0073 

0.01316 0.0055 
0.01317 0.0029 
0.01314 0.0013 

N' 
( ¾) 

NA 

73.5 

69.7 

63.9 

57.2 

51.4 
38.0 
24.8 

Weight of Deflocculant (gm) 
Weight of Dry Material (gm) 

5.0 
48.02 

Percent Finer than# 200 

Specific Gravity 

0.99 

92.62 

2.7 Assumed 

Note: Hydrometer test is performed on - # 200 sieve material. 

Tested By TO Date 5/21/08 Checked By Date 
page 4 of 4 OCN: CT ..S3A DA TE:2120108 REVISION: 8 C;V.fSOFFIC£\£xcel\Pn'ntQ\[K15XLS)Sheel1 
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R13061

ATTERBERG LIMITS 
ASTM D 4318-05 / MSHTO T89 (SOP - S4A) 

Client CEC Boring No. SOUTH POND 
Client Reference POND CREEK 080851 Depth (ft) NA 
Project No. 2008-210-01 Sample No. BUCKET 2 
Lab ID 2008-210-01-02 Soil Description BLACK LEAN CLAY 
Note: The uses symbol used with this test refers only to the minus No. 40 ( Minus No. 40 sieve material, Airdried) 

sieve material. See the "Sieve and Hydrometer Analysis" graph page far the complete material description. 

Liquid Limit Test 1 2 3 

Tare Number 250 
Wt. ofT are & WS (gm) 37.67 
Wt. of Tare & OS (gm) 32.45 
Wt. of Tare (gm) 17.54 
Wt. of Water (gm) 5.2 
Wt. of OS (gm) 14.9 

Moisture Content(%) 35.0 
Number of Blows 31 

Plastic Limit Test 1 

Tare Number 43 
Wt. of Tare & WS (gm) 25.49 
Wt. of Tare & OS (gm) 24.45 
Wt. of Tare (gm) 19.03 
Wt. of Water (gm) 1.0 
Wt. of OS (gm) 5.4 

Moisture Content(%) 19.2 

20 
39,66 
34.22 
19.33 
5.4 

14.9 

36.5 
22 

2 

274 
26.20 
25.21 
19.96 

1.0 
5.3 

18.9 

284 
39.57 
33.70 
18.37 
5,9 
15.3 

38.3 
15 

Range 

0.3 

M 
u 
L 
T 
I 
p 
0 
I 

N 
T 

Test Results 

Liquid Limit(%) 36 

Plastic Limit(%) 19 

Plasticity Index(%) 17 

uses symbol CL 

Note: The acceptable range of/he two Moisture contents is+ 2.6 

40 

38 

36 

34 

~ 32 

0 
o 30 
; 
~28 

26 

> 

page 1 of 1 

I I 
I I 

i I 

I 
i 
i 
I 
' i i 
' ' ! I 

' i 
I 

' ! . 
I 

i ! I 

Tested By 

Flow Curve 

' I 
I n 

I 

' 
i 

10 

Number of Blows 

TO 

,.,...., 
'Op 

Date 

DCN: CT-S48 

100 

Plasticity Chart 

50 f----+--~--+--+,'-' ,_' ----+-~"--/-+ 
, ,' CH V CL 

,' / 
~ 40 f----+--~--+.,.:_+-/-~"'-+------J 
:i , 
~ , 
C , f ,o f---+--, _-_--l, ~+v-¥'------+-M-H--J 

,£_ 20 f----+-..,.:..' ~f--A---+-----+----1 
--- ®V 

,' / 
10 f-----1-----,~--+-+-----+------J 

:': ✓ :LI o / I 
0 

CL-ML 

20 40 60 

Liquid Limit("!.) 
80 100 

5121108 Checked By 
DATE: 12120/06 REVISION: 3 

C:\JJSOFFICE\Excef\Prmt0'(K14 xl.s}Sheet1 
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R13062

. SPECIFIC GRAVITY 
ASTM D 854-02, AASHTO T100-03 (SOP - S5} 

Client 
Client Reference 
Project No. 
Lab ID 

CEC 
POND CREEK 080851 
2008-210-01 
?OOR-?10-01-02 

Replicate Number 

Pycnometer ID 
Weight of Pycnometer + Soil + Water (gm) 
Temperature, T ( °Celsius ) 
Weight of Pycnometer + Water (gm) 

Tare Number 
Weight ofTare + Dry Soil (gm) 
Weight ofTare (gm} 

Weight of Dry Soil (gm) 
Specific Gravity of Soil @ T 
Specific Gravity of Water@ T 
Conversion Factor for Temperature T 

Specific Gravity @ 20° Celsius 

Boring No. 
Depth (ft) 
Sample No. 
Visual Description 

1 

G 1155 
738.67 

23.6 
682.72 

932 
203.65 
102.67 

100.98 
2.242 

0.9974 
0.9992 

2.244 

Average Specific Gravity@ 2d' Celsius 

Tested By TO Date 05/20108 Checked By 

DCN: CT-S5 Dale 09125/DS Revision: 12 

SOUTH POND 
NA 
BUCKET2 
BLACK SLUDGE 
( Minus No.4 sieve material. airdried) 

2 

G 1156 
736.62 

22.8 
681.37 

966 
202.41 
102.57 

99.84 
2.239 

0.9976 
0.9994 

2.240 

2.24 

Date 
C WISOFFICE\c-XCEL \PnntOVF 1 SB.,ls/Snee/1 
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R13063

Client 
Client Reference 
Project No. 
Lab ID 

CONSOLIDATED UNDRAINED TRIAXIAL TEST 
WITH PORE PRESSURE READINGS 

ASTM D4767-95 / AASHTO T297-94 (SOP-S28) 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-0? 

Boring No. 
Depth(fl.) 
Sample No. 

SOUTH POND 
NA 
BUCKET 2 

Consolidated Undrained Triaxial Test with Pore Pressure 

35 ~--------------------------------------~ 

d 

30 

SIN Cfl = TAN ex. 
a 

C= --
COS <l> 

25 f---------'------+------i---------.,,'------,---------, 

20 

15 

5 f-----)~------,-------:.._-----,-------------1 
4 
J: 
ii 

' ' 
'i,, 

0 '--------'~-----'-'"]s-------------'------------___J 
0 10 20 30 40 50 

P, (psil 

-&- Max. Effec. Stress Ratio Points -Failure Envelope · --c--Test No. 4 -·-Test No. 5 -c- Test No. 6 

Tested By 

a = 

a = 

JCM Date 

0.00 
31.5 

C = 
ct> 

0.001 
37.71 

05/27/08 Approved By J)if:> Date {e( tB( 08 

60 

page 1 of 8 DCN CT -526 DATE 6-25-96 REVIS/ON 1 
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R13064

Client 

Client Reference 
Project No. 

Lab ID 
Visual Oescnption: 

CONSOLIDATED UNDRAINED TRIAXIAL TEST 

WITH PORE PRESSURE READINGS 

ASTM D4767-95 I AASHTO T297-94 (SOP-S28) 

CEC 

POND CREEK 080851 

2008-210-01 

2008-210-01-02 

Boring No. 
Depth(ft.) 

Sample No. 

BLACK COAL REFUSE SLURRY (REMOLDED) 

SOUTH POND 

NA 

BUCKET 2 

25 ~---------------------------------~ 

20 

15 

10 

5 

01,------------------------------------' 
0 5 10 15 20 25 

Strain (¾) 

-----€7- Test No. 4 -e--TestNo. 5 ~TestNo.6 

Tested By JCM Date 05/27/08 Approved By 'DB Date w(tB(oe 
page 2 of a 
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R13065

CONSOLIDATED UNDRAINED TRIAXIAL TEST 
WITH PORE PRESSURE READINGS 

ASTM 04767-95 / AASHTO T297-94 (SOP-S28) §~!:~.~!,;"~ 
.;Iient 
Client Reference 
Project No. 
Lab ID 

Visual Description: 

/Stage No. 
Test No 

e'RESSURES (psi) 

Cell Pressure(psi) 
Back Pressure(psi) 
Eff. Cons. Pressure(psi) 
Pore Pressure 
Response (%) 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-02 

Boring No. 
Depth(ft.) 
Sample No. 

SOUTH POND 
NA 
BUCKET 2 

BLACK COAL REFUSE SLURRY (REMOLDED) 

36.3 
31.2 

5.1 

98 

INITIAL SAMPLE DIMENSIONS (in) 

Length 1 3.150 
Length 2 3.142 
Length3 3.147 
Avg Leng.= 3.146 

VOLUME CHANGE 

Diameter 1 
Diameter 2 
Diameter 3 
Avg. Diam.= 

Initial Burette Reading (ml) 
Final Burette Reading (ml) 
Final Change (ml) 

MAXIMUM OBLIQUITY POINTS 

p = 
'.J = 

LOAD 
(LBS) 

7.6 
9.3 
10.4 
11.6 
12.8 
14.0 
14.8 
15.0 
15.2 
15.7 
16.5 
16.7 
17.0 
17.2 
17.8 
18.1 
18.1 
18.6 
18.8 
19.0 
19.3 
19.5 
19.3 
19.7 
19.8 
19.9 
20.1 
20.1 

Tested By 

4.92 
2.94 

JCM Date 

Initial Dial Reading (D.R.), mils 
D.R. After Saturation, mils 
D.R. After Consolidation, mils 

DEFORMATION 
(INCHES) 

0.000 
0.001 
0.002 
0.005 
0.008 
0.016 
0.020 
0.025 
0.037 
0.050 
0.068 
0.084 
0.100 
0.110 
0.133 
0.159 
0.182 
0.205 
0.237 
0.261 
0.293 
0.316 
0.340 
0.372 
0.412 
0.445 
0.491 
0.531 

05/27/08 Input Checked By 

PORE PRESSURE 
(PSI) 
31.2 
32.1 
32.3 
32.6 
32.9 
33.3 
33.3 
33.6 
33.8 
33.9 
34.2 
34.2 
34.2 
34.3 
34.2 
34.3 
34.3 
34.2 
34.2 
34.3 
34.3 
34.2 
34.3 
34.2 
34.3 
34.3 
34.2 
34.2 

1.453 
1 .463 
1.461 
1.459 

24.0 
21.9 

2.1 

54 
110 
130 

poge 3 of 8 DOJ CT-226 DATE 6-25-9/;l REVISION 1 
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R13066

CONSOLIDATED LJNDRAINED TRIAXIAL TEST 
WITH PORE PRESSURE READINGS 

/1.STM D4767-95 / AASHTO T297-94 (SOP-S28) §t=.:~~!;,~ 
Client 
Client Reference 
Project No. 
Lab ID 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-02 

Boring No. 
Depth(ft.) 
Sample No. 

SOUTH POND 
NA 
BUCKET 2 

Visual Description: BLACK COAL REFUSE SLURRY (REMOLDED) 

!tJfective Confining Pressure (psi) 

I 

INITIAL DIMENSIONS 

Initial Sample Length (in.) 
Initial Sample Diameter (in.) 
Initial Sample Area (in•2) 
Initial Sample Volume (in•3) 

Strain Deviation 6. U 
(%) Stress 

0.02 1.06 0.90 
0.07 1.77 1.15 
0.15 2.55 1.44 
0.25 3.26 1.71 
0.53 4.05 2.11 
0.65 4.54 2.14 
0.82 4.55 2.39 
1.21 4.72 2.58 
1.52 5.03 2.72 
2.22 5.48 2.95 
2.74 5.52 3.02 
3.27 5.75 3.04 
3.59 5.88 3.12 
4.33 6.18 3.02 
5.17 6.27 3.08 
5.93 6.25 3.13 
6.69 6.51 3.03 
7.73 6.56 3.04 
8.50 6.63 3.14 
9.53 6.72 3,14 
'10.30 6.74 3.03 
11.09 6.56 3.07 
12.1 o 6.71 3.03 
13.42 6.59 3.06 
14.49 6.68 3.1 o 
16.00 6.66 3.02 
17.29 6.55 3.03 

Tested By JCM 
page 4 of 8 

5.1 

3.15 
1.46 
1.67 
5.26 

5.26 
5.72 
6.21 
6.65 
7.04 
7.50 
7.36 
7.25 
7.42 
7.63 
7.70 
7.81 
7.86 
8.27 
8.30 
8.22 
8.58 
8.62 
8.59 
8.68 
8.81 
8.59 
8.78 
8.74 
8.58 
8.74 
8.52 

Date 

4.2 
4.0 
3.7 
3.4 
3.0 
3.0 
2.7 
2.5 
2.4 
2.1 
2.1 
2.1 
2.0 
2.1 
2.0 
2.0 
2.1 
2.1 
2.0 
2.0 
2.1 
2.0 
2.1 
2.0 
2.0 
2.1 
2.1 

Stage No. 
Test No 

VOLUME CHANGE 

Volume After Consolidation (in•3) 
Length After Consolidation (in) 
Area After Consolidation (in•2) 

Effective Principle 

Stress Ratio 

1.253 
1.449 
1.698 
1.959 
2.358 
2.531 
2.712 
2.873 
3.112 
3.550 
3.705 
3.790 
3.968 
3.967 
4.101 
4.176 
4.152 
4.176 
4.380 
4.436 
4.256 
4.235 
4.233 
4.281 
4.342 
4.204 
4,171 

A 

0.86 
0.66 
0.58 
0.53 
0.53 
0.48 
0.52 
0.56 
0.55 
0.55 
0.55 
0.54 
0.54 
0.50 
0.50 
0.51 
0.48 
0.47 
0.48 
0.48 
0.46 
0.48 
0.46 
0.47 
0.47 
0.46 
0.47 

p 

4.73 
4.84 
4.94 
5.02 
5.01 
5.23 
5.04 
4.89 
4.90 
4.89 
4.89 
4.93 
4.92 
5.17 
5.16 
5.1 o 
5.32 
5.34 
5.27 
5.32 
5.44 
5.31 
5.43 
5.39 
5.34 
5.41 
5.34 

05/27/08 Input Checked By Date 

4 

4.85 
3.07 

1.580 

Q 

0.53 
0.89 
1.28 
1.53 
2.03 
2.27 
2.32 
2.36 
2.52 
2.74 
2.81 
2.87 
2.94 
3.09 
3.14 
3.13 
3.26 
3.28 
3.31 
3.36 
3.37 
3.28 
3.35 
3.35 
3.34 
3.33 
3.28 

544 Braddock Avenue • East Pittsburgh, PA 15112 • 412-823-7600 • FAX 412-823-8999 • www.geotechnics.net 



R13067

,nt 
...,iient Reference 
ProIect No. 
Lab ID 

Visual Description: 

I
, ::;wge No. 
T11sl No 

PRESSURES (psi) 

Cell Pressure(psi) 
Back Pressure(psi) 
Eff. Cons. Pressure(p, 
Pore Pressure 
Response (%) 

CONSOLIDATED UNDRAINED TRIAXIAL TEST 
WITH PORE PRESSURE READINGS 

ASTM D4767-95 / AASHTO T297-94 (SOP-S28) 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-02 

Boring No. 
Depth(ft.) 
Sample No. 

SOUTH POND 
NA 
BUCKET 2 

BLACK COAL REFUSE SLURRY (REMOLDED) 

41.1 
31.0 
10.1 

99 

INITIAL SAMPLE DIMENSIONS (in) 

Length 1 
Length 2 
Length 3 
Avg Leng.= 

3.138 
3.138 
3.137 
3.138 

VOLUME CHANGE 

Diameter 1 
Diameter 2 
Diameter 3 
Avg. Diam.= 

Initial Surette Reading (ml) 
Final Surette Reading (ml) 
Final Change (ml) 

IVIAXIMUM OBLIQUITY POINTS 

p 

Q 

LOAD 
(LBS) 

8.5 
13.5 
14.3 
16.3 
17.2 
18.9 
19.4 
20.0 
21.0 
21.5 
22.4 
22.9 
23.4 
23.7 
23.8 
24.5 
25.1 
26.0 
26.2 
26.4 
26.2 
26.4 
26.7 
26.9 
26.5 
27.9 
28.0 
28.2 
28.1 
28.5 
28.4 

Tested By 

9.00 
5.66 

JCM Date 

Initial Dial Reading (D.R.), mils 
D.R. After Saturation, mils 
D.R. After Consolidation, mils 

DEFORMATION 
(INCHES) 

PORE PRESSURE 
(PSI) 

0.000 
0.001 
0.002 
0.004 
0.007 
0.016 
0.020 
0.025 
0.038 
0.051 
0.070 
0.085 
0.101 
0.110 
0.132 
0.158 
0.181 
0.205 
0.236 
0.259 
0.290 
0.314 
0.338 
0.370 
0.410 
0.441 
0.488 
0.527 
0.566 
0.605 
0.661 

05127/08 Input Checked By ffi 

31.0 
32.8 
33.0 
33.4 
33.9 
34.9 
35.2 
35.6 
36.1 
36.6 
37.0 
37.2 
37.4 
37.4 
37.5 
37.6 
37.7 
37.7 
37.7 
37.8 
37.7 
37.8 
37.8 
37.8 
37.8 
37.8 
37.8 
37.8 
37.8 
37.8 
37.8 

Date 
DC:N CT-S::!e DATE ~-25-58 REVJSJON \ 

1.407 
1.383 
1.378 
1.389 

24.0 
20.2 

3.8 

88 
94 

124 
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CONSOLIDATED UNDRAINED TRIAXIAL TEST 
WITH PORE PRESSURE READINGS 

ASTM 04767-95 / AASHTO T297-94 (SOP-S28) 

ent 
,lient Reference 
Project No. 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01 -02 

Boring No. 
Depth(ft.) 
Sample No. 

SOUTH POND 
NA 
BUCKET 2 

Lab ID 

Visual Description: BLACK COAL REFUSE SLURRY (REMOLDED) 

:·Effective Confmmg Pressure (psi) 
i 

a,ITIAL DIMENSIONS 

1nit1al Sample Length (in.) 
1111tial Sample Diameter (in.) 
Initial Sample Area (inA2) 
Initial Sample Volume (inA3) 

Strain 
(%) 

0.04 
0.06 
0.13 
0.23 
0.51 
0.64 
0.82 
1 21 
1.63 
L.24 
2.75 
3.25 
'3.56 
4.26 
5.08 
5.85 
6.60 
7.60 
8.34 
9.36 
I 0.13 
; 0.91 
11.94 
·13.21 
·14.21 
15.72 
16.98 
18.25 
19.51 

Deviation L1 U 
Stress 

3.42 1.75 
4.03 2.01 
5.39 2.43 
5.96 2.92 
7.15 3.87 
7.46 4.19 
7.88 4.57 
8.51 5.13 
8.84 5.57 
9.37 5.97 
9.67 6.18 
9.92 6.35 
10.14 6.40 
10.10 6.55 
10.44 6.59 
10.80 6.68 
11.25 6.70 
11.27 6.75 
11.32 6.76 
11.06 6.74 
11 . 11 6.76 
11.20 6.81 
11.17 6.80 
10. 75 6.76 
11.47 6.77 
11.35 6.78 
11.28 6.79 
11.04 6.80 
11. 13 6.82 

10.1 

3.14 
1.39 
1.52 
4.76 

11.77 
12.12 
13.05 
13.13 
13.37 
13.37 
13.41 
13.48 
13.38 
13.50 
13.59 
13.66 
13.83 
13.65 
13.95 
14.21 
14.65 
14.63 
14.66 
14.42 
14.46 
14.49 
14.47 
14.09 
14.80 
14.67 
14.59 
14.33 
14.40 

8.3 
8.1 
7.7 
7.2 
6.2 
5.9 
5.5 
5.0 
4.5 
4.1 
3.9 
3.7 
3.7 
3.6 
3.5 
3.4 
3.4 
3.4 
3.3 
3.4 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 

Stage No. 
Test No 

VOLUME CHANGE 

Volume After Consolidation (inA3) 
Length After Consolidation (in) 
Area After Consolidation (inA2) 

Effective Principle 
Stress Ratio 

1.410 
1.497 
1.703 
1.830 
2.148 
2.262 
2.427 
2.714 
2.950 
3.271 
3.468 
3.648 
3.741 
3.843 
3.978 
4.161 
4.304 
4.363 
4.395 
4.292 
4.323 
4.401 
4.383 
4.214 
4.445 
4.418 
4.411 
4.350 
4.397 

A 

0.52 
0.50 
0.46 
0.50 
0.55 
0.57 
0.59 
0.61 
0.64 
0.64 
0.65 
0.65 
0.64 
0.66 
0.64 
0.63 
0.60 
0.60 
0.60 
0.62 
0.61 
0.61 
0.62 
0.64 
0.60 
0.60 
0.61 
0.62 
0.62 
0.64 

p 

10.06 
10.11 
10.36 
10.16 
9.80 
9.64 
9.47 
9.22 
8.96 
8.81 
8.75 
8.70 
8.76 
8.60 
8.73 
8.81 
9.03 
8.99 
9.00 
8.89 
8.90 
8.89 
8.88 
8.72 
9.06 
9.00 
8.95 
8.81 
8.84 
8.65 

4.50 
3.10 

1.450 

Q 

1.71 
2.01 
2.69 
2.98 
3.57 
3.73 
3.94 
4.26 
4.42 
4.69 
4.84 
4.96 
5.07 
5.05 
5.22 
5.40 
5.62 
5.64 
5.66 
5.53 
5.56 
5.60 
5.58 
5.37 
5.73 
5.68 
5.64 
5.52 
5.56 
5.40 1.32 10.80 6.85 14.05 3.3 4.318 ,_ 

Tested By JCM Date 05127/08 Input Checked By IP, Date l,-1 °i-c:i'.'6 
)FJqe 6 of 8 
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R13069

Client 
Client Reference 
Project No. 
Lab 10· 

CONSOLIDATED UNDRAINED TRIAXIAL TEST 
WITH PORE PRESSURE READINGS 

ASTM 04767-95 / AASHTO T297-94 (SOP-S28) 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-02 · 

Boring No. 
Depth(ft.) 
Sample No. 

SOUTH POND 
NA 
BUCKET 2 

Visual Description: BLACK COAL REFUSE SLURRY (REMOLDED) 

IS/age No. 
-Test No 

PRESSURES (psi) 

Cell Pressure(psi) 
Back Pressure(psi) 
Efl. Cons. Pressure(pi 
Pore Pressure 
Response (%) 

51.4 
31.3 
20.1 

97 

MAXIMUM OBLIQUITY POINTS 

p 

Q 
= 
= 

LOAD 
(LBS) 

4.3 
6.5 
11. 7 
14.0 
16.6 
21.7 
25.0 
27.5 
29.6 
31.7 
32.8 
33.2 
33.9 
34.3 
35.2 
36.1 
37.0 
37.3 
38.7 
39.3 
38.9 
39.0 
39.2 
39.4 
39.9 
40.1 
41.5 
41.9 
41.2 
41.3 
41.4 

Tested By 

19.19 
11.67 

JCM Date 

INITIAL SAMPLE DIMENSIONS (in) 

Length 1 3.142 
Length 2 3.130 
Length 3 3.141 
Avg Leng.= 3.138 

VOLUME CHANGE 

Diameter 1 
Diameter 2 
Diameter 3 
Avg. Diam.= 

Initial Surette Reading (ml) 
Final Surette Reading (ml) 
Final Change (ml) 

Initial Dial Reading (D.R.), mils 
D.R. After Saturation, mils 
D.R. After Consolidation, mils 

DEFORMATION 
(INCHES) 

PORE PRESSURE 
(PSI) 

0.000 
0.001 
0.002 
0.004 
0.006 
0.012 
0.019 
0.026 
0.038 
0.051 
0.070 
0.085 
0.101 
0.110 
0.132 
0.157 
0.181 
0.205 
0.236 
0.259 
0.291 
0.316 
0.340 
0.371 
0.410 
0.441 
0.489 
0.528 
0.568 
0.608 
0.663 

05127108 Input Checked By 

31.3 
32.8 
33.9 
34.7 
35.6 
37.4 
38.7 
39.8 
40.9 
41.7 
42.4 
42.8 
43.1 
43.2 
43.4 
43.7 
43.7 
43.8 
43.8 
43.9 
43.8 
43.9 
43.9 
43.8 
43.8 
43.9 
43.8 
43.7 
43.8 
43.8 
43.8 

Date 
page 7 or 8 DCN. CT-$26 DA TE 5-25-98 REV1510N 1 

1.379 
1.377 
1.386 
1.381 

24.0 
17.7 
6.3 

40 
56 
91 
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~-

CONSOLIDATED UNDRAINED TRIAXIAL TEST 
WITH PORE PRESSURE READINGS 

ASTM D4767-95 / AASHTO T297-94 (SOP-S28) 

Client 
Client Reference 
Project No. 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-02 

Boring No. 
Depth(ft.) 
Sample No. 

SOUTH POND 
NA 
BUCKET 2 

Lab ID 

Visual Description: BLACK COAL REFUSE SLURRY (REMOLDED) 

ecttve onrmmg ressure /psi) 

INITIAL DIMENSIONS 

Initial Sample Length (in.) 
Initial Sample Diameter (in.) 
Initial Sample Area (inA2) 
Initial Sample Volume (inA3) 

Strain 
(%) 

0.04 
0.07 
0.12 
0.19 
0.40 
0.61 
0.85 
1.24 
1.64 
2.26 
2.77 
3.26 
3.58 
4.27 
5.09 
5.66 
6.64 
7.63 
8.39 
9.43 

10.22 
11.00 
12.01 
13.28 
14.28 
15.84 
17.12 
18.40 
19.69 
21.49 

Deviation 
Stress 

1.58 
5.38 
7.06 
8.92 

12.65 
14.97 
16.72 
18.18 
19.63 
20.24 
20.44 
20.87 
21.09 
21.54 
21.97 
22.37 
22.41 
23.10 
23.33 
22.79 
22.67 
22.61 
22.49 
22.46 
22.30 
22.80 
22.66 
21.92 
21.62 
21 21 

6U 

1.52 
2.62 
3.36 
4.30 
6.12 
7.35 
8.47 
9.56 
10.41 
11.15 
11.54 
11.82 
11.94 
12.14 
12.38 
12.43 
12.54 
12.49 
12.58 
12.55 
12.59 
12.56 
12.53 
12.52 
12.63 
12.50 
12.41 
12.46 
12.51 
12 54 

0.1 

3.14 
1.38 
1.50 
4.70 

20.16 
22.86 
23.80 
24.73 
26.62 
27.72 
28.36 
28.72 
29.32 
29.19 
29.00 
29.15 
29.25 
29.50 
29.69 
30.04 
29.98 
30.71 
30.85 
30.34 
30.18 
30.14 
30.05 
30.04 
29.77 
30.40 
30.35 
29.57 
29.21 
28.77 

18.6 
17.5 
16.7 
15.8 
14.0 
12.7 
11.6 
10.5 
9.7 
9.0 
8.6 
8.3 
8.2 
8.0 
7.7 
7.7 
7.6 
7.6 
7.5 
7.6 
7.5 
7.5 
7.6 
7.6 
7.5 
7.6 
7.7 
7.6 
7.6 
7.6 

VOLUME CHANGE 

Volume After Consolidation (inA3) 
Length After Consolidation (in) 
Area After Consolidation (in•2) 

Effective Principle 
Stress Ratio 

1.085 
1.308 
1.422 
1.565 
1.905 
2.174 
2.438 
2.724 
3.025 
3.262 
3.388 
3.521 
3.584 
3.705 
3.846 
3.918 
3.962 
4.034 
4.102 
4.018 
4.021 
4.001 
3.973 
3.961 
3.986 
4.001 
3.948 
3.868 
3.846 
3.805 

A 

0.99 
0.50 
0.49 
0.50 
0.50 
0.51 
0.52 
0.54 
0.55 
0.57 
0.58 
0.58 
0.58 
0.58 
0.58 
0.57 
0.58 
0.56 
0.56 
0.57 
0.57 
0.57 
0.57 
0.57 
0.58 
0.57 
0.56 
0.59 
0.60 
0.61 

p 

19.37 
20.17 
20.27 
20.26 
20.30 
20.23 
19.99 
19.63 
19.51 
19.07 
18.78 
18.71 
18.70 
18.73 
18.71 
18.85 
18.77 
19.16 
19.19 
18.95 
18.84 
18.84 
18.81 
18.81 
18.62 
19.00 
19.02 
18.61 
18.40 
18.17 

1 
6 

4.24 
3.09 

1.374 

Q 

0.79 
2.69 
3.53 
4.46 
6.32 
7.48 
8.36 
9.09 
9.81 

10.12 
10.22 
10.43 
10.54 
10.77 
10.99 
11.19 
11.21 
11.55 
11.67 
11.39 
11.34 
11.30 
11.24 
11.23 
11. 15 
11.40 
11.33 
10.96 
10.81 
10.61 

Tested By JCM Date 05/27/08 Input Checked By ~ Date (g- \9 -C)':6 
page a of 8 

544 Braddock Avenue • East Pittsburgh, PA 15112 • 412-823-7600 • FAX 412-823-8999 • www.geotechnics.net 
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Client 

Client Ref. No. 
Project 110. 

Lab ID 

f\/10lll, l 01 AL STRENGl 1-1. JI: I OPE 

CEC 

POND CREEK 080851 
2008-210-01 
2008-210-01-02 

B01ing l~o. 
Deplhil1.) 
Sample No. 
Visual Description 

SOUTH POND 
NA 
BUCKET2 

§te, 
BLACK COAL REFUSE SLLRRY ;REMOLDED) 

60 i 
I 

c= 0.3 

sol I -I I ... I 1'1•= 2 □.3_] 

40 

<I) 
0. 30 
~ 

p 

20 

10 

0 20 40 60 80 100 

CT (psi) 

NOTE: GRAPH NOT TO SCALE 
Tested By: JCM Date: 05/21 /08 Approved By: J)PJ Date: UI( (le( Io& 

544 Braddock Avenue East Pittsburgh, PA 15112 · Phone (412) 823-7600 • Fax {412) 823-B999 

\ . ,n,cs 

120 

M.JiA 
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REMOLDED UNIT WEIGHT BEFORE INITIAL CONSOLIDATION 
CONSOLIDATED UNDRAINED TRIAXIAL TEST 

Client 
Client Reference 
Project No. 
Lab ID 

WITH PORE PRESSURE READINGS 
ASTM 04767-95 I AASHTO T297-94 (SOP-S28) 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-02 Specific Gravity (measured) 

Visual Description: BLACK COAL REFUSE SLURRY (REMOLDED) 

SAMPLE CONDITION SUMMARY 

2.24 

Boring No. South Pond South Pond South Pond 
Depth (fl) NA NA NA 
Sample No. Bucket 2 Bucket 2 Bucket 2 

Test No. T4 TS TB 
Deformation Rate (in/min) 0.0003 0.0002 0.0003 
Back Pressure (psi) 31.2 31 31.3 
Consolidation Time (days) 1 1 

Initial Slate (w¾) 82.9 85.7 83.0 
Total Unit Weight (pcf) 82.6 82.2 84.5 
Dry Unit Weight (pct) 45.2 44.3 46.2 
Final State (w¾) 37.6 35.9 32.5 
Initial State Void Ratio,e 2.095 2.159 2.029 

Tested By JCM Uate 05/27 /08 
page1 of1 

,/ .!} t r ,.__ r--,") 

Input Checked By {\f') Date lo-')-\ )c, 
DCH CT-:i23 Of>..TE 0-25-96 REVISION 1 

[' 

544 Braddock Avenue East Pittsburgh, PA 15112 • 412-823-7600 • FAX 412-823-8999 • www.geotechnics.net 
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UNIT WEIGHT AFTER INITIAL CONSOLIDATION 
CONSOLIDATED UNDRAINED TRIAXIAL TEST 

WITH PORE PRESSURE READINGS 

Client 
Client Reference 
Project No. 

ASTM D4767-95 / AASHTO T297-94 (SOP-S28) 

CEC 

Lab ID 

POND CREEK 080851 
2008-210-01 
2008-210-01-02 Specific Gravity (measured) 

Visual Description: BLACK COAL REFUSE SLURRY (REMOLDED) 

SAMPLE CONDITION SUMMARY 

Boring No. South Pond South Pond 
Depth (ft) NA NA 
Sample No. Bucket 2 Bucket2 

Test No. T4 TS 
Deformation Rate (in/min) 0.0003 0.0002 
Back Pressure (psi) 31.2 31 
Consolidation Time (days) 1 1 

Initial State (w%) 41.5 41.5 
Total Unit Weight (pcf) 92.9 102.5 
Dry Unit Weight (pct) 65.7 72.4 
Final State (w%) 37.6 35.9 
Initial State Void Ratio,e 1.129 0.931 

1 ested By JCM Date 05/27/08 Input Checked By Date 
page 1 of1 

2.24 

South Pond 

NA 

Bucket 2 

T6 

0.0003 

31.3 

1 

40.9 

103.2 

73.2 
32.5 

0.910 

544 Braddock Avenue East Pittsburgh, PA 15112 • 412-823-7600 • FAX412-823-8999 • www.geotechnics.net 
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ATTACHMENT 2 

LABORATORY TESTING RESULTS - RESIDUAL SOIL AND COARSE COAL REFUSE 
HOLCOLM FOUNDATION ENGINEERING COMPANY, INC. 

(PROVIDED BY ALLIANCE CONSULTING, INC.) 
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HOLCOMB FOUNDATION ENGINEERING CO., INC. 
SOILS - BrTUMINOUS - CONCRETE - INV:STJGATIONS AND TESTING 

Februaiy I 0, 2006 

SHIPPING ADDRESS 
Box 393 Wood Road 
Carbondale, IL 62901 

Williamson Energy LLC 

PO Box 99 
Johnston City, Illinois 62951 

Attention: Mr . .James Plumley 

Re: Soil Boring and Laboratory Tests 

Boring #8874 

Mach Mine#! 
Johnston City, Illinois 

HFE File H-05278 

www.holcombengineering.com 

MAIUNG ADDRESS 
P.O. Box 88 

Carbondale, IL 62903 

Mach Mining Purchase Order No. ___ _ 

Dear Sir: 

618-529-5262 
800-333-1740 

FAX 618-457-8991 

In accordance with your instructions, on February 1, 2006, we drilled one soil boring and sampled 

the subsoils with Shelby tubes. Toe soil sample taken from 10 to 12 feet in depth was subjected to 

laboratory tests. Results of the tests are as follows: 

Boring No.: 
Depth: 
Visual Classifi.catlon: 

Atterberg Limits: 
Unit Weight: 
Moisture Content: 

Effective Cohesion: 

Effective Phi Angle: 

8874 
8.0-10.0' 
Silty CLAY (CL) 
LL=41.8% PL= 17.7% PI=24.l 

105.3 PCF 

21.5% 
OPSF 
26. 8 Degrees 
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,,, Mach Mine#l Soil Tests 
February 10, 2006 
Page 2 

[ft':,( CD 

The Boring Log and test results are enclosed. If you should have any questions, or if we can be of 

further assistance, please feel free to contact us at your convenience. 

Sincerely, 

TON ENGINEERING CO. 

1 copy: Fred Vass - Alliance Consulting 
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· Diameter, in. 
Height, in. 

Water Content, 
;;; Dry Density, pcf 
~ Sa tura fion, 
;;;; Void Ratio 

Diameter, in, 
Height, in. 

Strain rate, in.Jmin. 

Back Pressura, tsf 

Cell Pressure, tsf 

Fail. Stress, tsi 

o s 1 a 1 s 20 

Axial Strain, % 

Total Pore Pr., tsf 

Ult. Stress, tsf 

Total Pore Pr., tsf 

1--------------------, "'er, Failure, tsf 

Type of Test: er, Failure, tsf 
CU with Pore Pressures 

Sample Type: Shelby Tube - Undisturbed Client Alliance Consulting 

Description: Gray Mottled Brown Silty CLAY 

LL= 41.8 PL= 17.7 Pl= 24. I 

Project Triaxial Test 

Mach Mine#] 

Location: Boring #8874 

21.5 
105.3 
100.0 

0.5706 
2.80 
5.51 

0.00 
3.6 
5.0 
2,0 
3.7 
2.0 
3.6 
3_3 
1.3 

0.5536 
2.80 
5.49 

20.9 
106.5 
100.0 

0.5536 
2.80 
5.49 
0.00 

3.5 
6.5 

3.4 
3.9 
3.2 
3.8 
6.0 
2,6 

17.& 
112.5 
100.0 

0.4707 
2.&0 
5.54 
0.00 
2.2 
7,9 
6.3 
4.1 
6.3 
4.1 

10.2 
3.9 

Assumed Specific Gravity= 2.65 

Remarks: Sample Number: 3 Depth: 10.0-12.0' 

'Tested 3y: LC ="-------------

Proj. No.: H-05278 Date: 2-1-05 

TR/AXIAL SHEAR TEST REPORT 

HOLCOMB FOUNDATION ENGINEERING CO. 

::necked 3y: T/-f ~---------------
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i
i Location: Boring #8874 

Project No.: H-05278 Plate ___ _ I I HOLCOMB F0Ut-~DATl0H. ::?-l·3!N~E:R!NG CO. i 

Tested 3r: ='ceC,...· __________ _ C:he:::k=!d 3y: -'-T-'--,'-1'---------------
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TRIAXIAL COMPRESSION TEST 
CU with Pore Pressures 

Date: 2-1-05 

Client: 
Project: 

Alliance Consulting 
Triaxial Test 

Location: 
Depth: 

Mach Mine#! 

Johnston City, Illinois 

Boring #8874 
10.0-12.0' 

Description: Gray Mottled Brown Silty CLAY 

Remarks: 
Type of Sample: Shelby Tube - Undisturbed 
Assumed Specific Gravity=2.65 LL=4 l.8 
Test Method: COE uniform strain 

Specimen Parameter 
Moisture content Moist soil+tare, gms. 

Moisture content Dry soil+tare, gms. 
Moisture content Tare, gms. 
Moisture,% 
Moist specimen weight, gms. 
Diameter, in. 

Area, in.1 

Height, in. 
Net decrease in heigh~ in. 
Wet Density, pcf 
Dry density, pc:f 
Void ratio 
Saturation, % 

Membrane modulus= 0.124105 kN/cm 2 

Membrane thickness = 0.02 cm 
Filter paper coefficient= 0.001926 kN/cm 

Filter paper coverage = 30% 

initial 
189.l 00 
176.100 
l l 5.700 

21.5 
1140.2 

2.80 
6.16 
5.51 

12&.0 
l 05.3 

0.5706 
100.0 

Consolidation cell pressure= 70.00 psi (5.040 tsf) 

Consolidation back pressure= 50.00 psi (3.600 tsf) 

Consolidation effective confining stress= l .440 tsf 

Strain rate, in.lmin. = 0.00 
Fail. Stress = l.98 I tsf at reading no. 24 
Ult Stress= l.955 tsfat reading no. 30 

Sample Number: 

PL=l 7.7 

Saturated 

21.5 

2.80 
6.16 
5.51 
0.00 

128.0 
l 05.3 

0.5706 
100.0 

3 

Consoiidated 

21.5 

2.80 
6.16 
5.51 
0.00 

12&.0 
105.3 

0.5706 
100.0 

57 

2/9/20b3) 
B:50 PM 

Final 
1279.000 
1072.200 

103.200 
2 l.3 
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Def, Deviator Minar Elf. Major Elf. Pare 

Dial Load Load Strain Stress Stress Str,,ss 1:3 Press. p Q 

No. in. Dial lbs. % tsf tsf tsf Ratio psi ts! tsf 

0 0.0000 18.30 0.0 0.0 0.000 5.112 5.112 1.00 -1.00 5.ll2 0.000 

0.0190 20.00 1.7 0.3 0.014 2.830 2.844 1.00 30.70 2.837 0.007 

2 0.D400 21.60 3.3 D.7 0.026 2.426 2.452 1.01 36.30 2.439 0.01 3 

3 D.081D 113.2D 94.9 1.5 1.093 1.505 2.598 l.i3 49.JO 2.051 0.547 

4 O.l DID 129.80 l l 1.5 1.8 l.28D 1.318 2.597 1.97 51.70 1.958 0.640 .. 

5 0.142D 143.lD 124'.8 2.6 1.422 1.181 2.602 2.20 53.60 1.892 D. 711 

6 0.162D 161.50 143.2 2.9 1.625 1.159 2.784 2.4D 53.9D 1.972 D.813 

7 0.1830 168.90 150.6 3.3 1.702 1.145 2.847 .2.49 54.ID l.996 0.851 

8 0.203D 174.8D 156.5 3.7 1.763 1.138 2.90D 2.55 54.2D 2.019 0.881 

9 0.224D 178.9D l 60.6 4.1 1.802 1.145 2.946 2.57 54.10 2.046 0.901 

10 0.2440 182.30 164.0 4.4 1.833. 1.145 2.978 2.60 :S4.10 2.01\l 0.916 

I 
11 0.2650 186.40 I 68. l 4.8 1.871 l.152 3.023 2.62 54.00 2.088 0.936 

12 0.2850 188.10 169.8 5.2 1.883 1.166 3.049 2.61 53.80 2.108 0.941 

13 0.3060 i 91.40 173.1 5.6 1.912 l. i66 3.078 2.64 53.80 2.122 0.956 

14 0.3260 193.10 174.8 5.9 l.923 1.181 3.104 2.63 53.60 2.142 0.962 

15 0.3460 194.70 176.4 6.3 1.933 1.188 3.121 2.63 53.50 2.155 0.967 

16 0.3670 196.40 I 78.l 6.7 1.944 1.202 3.146 2.62 5330 2.174 0.972 

17 0.3870 198. I 0 l 79.8 7.0 1.955 l.210 3.164 2.62 53.20 2.187 0.977 

18 0.4080 198.10 179.8 7.4 1.947 1.224 3.171 2.59 53.00 2.197 0.973 

19 0.4280 200.60 182.3 7.8 1.966 1.23] 3. l 97 2.60 52..9D 2214 0.983 

20 0.4490 200.60 l 82.3 8. l 1.958 1.238 3.196 2.58 52.80 2.217 0.979 

21 0.4890 2D3.10 l 84.8 8.9 1.969 1.267 3.236 2.55 52.40 2.252 0.985 

I 22 0.5300 204.70 l 86.4 9.6 1.970 1.289 3.259 2.53 52.10 2.274 0.985 

23 0.5710 207.20 I 88.9 10.4 1.980 1.310 3.290 2.51 51.80 2.300 0.990 

24 0.6120 208.90 190.6 1 I. l 1.98 l 1.332 3.313 2.49 51.50 2.323 0.991 

ZS 0.6530 209.10 190.8 11.8 1.967 1.346 3.313 2.46 51.30 2330 0.9~3 

26 0.6940 211.40 ·193.1 12.6 J.974 1.361 3.334 2.45 51.10 2.348 0.987 

27 0.735D 212.20 193.9 13.3 1.965 1.390 3.354 2.41 50.70 2.3i2 0.982 

28 0.7790 213.90 195.6 14. I 1.964 1.404 3.368 2.40 50.50 2.386 0.982 

29 0.8170 215.50 197.2 14.8 1.964 1.426 3.39.0 2.38 50.20 2.408 0.982 

30 0.8380 215.50 l 97.2 15.2 1.955 l.433 3.388 2.36 50.10 2.410 0.978 

I 

I HOL.COM:3 rOUNDA:,f.::JN C::NGINC::C::Rll~G C';). __________ __..; 
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I 

Specimen Parameter Initial 

Moisture content: Moist soil+tare, gms. 154.800 

Moisture. content Dry soil+tare, gms. 145.800 

Moisture content Tare, gms. 102.600 

Moisture1 % 20.8 

Moist specimen weight, gms. 1142.2 

Diameter, in. 2.80 

Area, in.Z 6.16 

Height, in. 5.49 

Nat decrease in height, in. 

Wat Density, pcf 128.7 

Dry density, pcf 106.5 

Void ratio 0.5536 

Saturation, % 

Membrane modulus= 0.124105 kN/cm 2 

Membrane thickness = 0. 02 cm 
Filter paper coefficient= 0.001926 kN/cm 

Filter paper coverage = 30% 

99.7 

Consolidation cell pressure-= 90.00 psi (6.480 tsf) 

Consolidation back pressure= 50.00 psi (3.600 tsf) 

Consolidation effective confining stress = 2.880 tsf 

Strain rate, in./min. = 0.00 

Fail. Stress= 3.41_ 8 tsfat reading no. 24 

Ult. Stress= 3.250 tsf at reading no. 29 

Def. 
Dial 

No. in. 

0 0.0000 

l 0.0190 

Load 
Dial 

27.50 

134.00 

Deviator 

Load Strain Stress 

lbs. % tsf 

0.0 0.0 C.000 

106.5 0.3 1.241 

2 0.0400 183.10 155.6 0,7 1.806 

3 0.0600 218.90 191.4 1.1 2.2)4 

4 0,0810 243.80 

5 0.1010 264.60. 

6 0.1220 2&2.10 

7 0.1420 295.40 

8 0.1620 305.40 

9 O.l 830 3 J 4.60 

10 0.2030 322.\0 

II 0.2240 327.JO 

12 0.2440 332.90 

l 3 0.2650 336.20 

14 0.2850 339.50 

15 0.3060 343.70 

16 0.3260 345.40 

17 0.3670 348.70 

18 0.4080 352.00. 

i 9 0.4490 

20 0.4890 

'.' I 0.5300 

353.70 

354.50 

355.40 

216.3 

237.1 

254.6 

267.9 

277.9 

287.l 

294.6 

299.6 

305.4 

308.7 

3 ]2.0 

316.2 

317.9 

321.1 

324.5 

326.'.2 

327.0 

327.9 

1.5 

1.8 

2.2 

2.6 

2.9 

3.3 

J,7 

4.l 

4.4 

4.8 

5.2 

5.6 

5.9 

6.7 

7.4 
"0 
c . ..::. 

8.9 

9.7 

2.492 

2.721 

2.91 l 

3.052 

3.154 

3.245 

3.3)7 

3.360 

3.4 I 2 

3.435 

3.459 

3.49 l 

3.497 

3.505 

3.512 
-. ::r-,, 
.J,..;u.,_ 

3.483 

3.464 

Minor Eff. 
Stress 

tsf 

4.385 

3.254 

2.750 

2.484 

2.340 

2.254 

2.210 

2.]82 

2.182 

2.189 

2.196 

2.218 

2.232 

2.254 

2.275 

2.'297 

2.318 

2.369 

2.412 

2.441 

2.470 

2.498 

Saturated Consolidated 

20.9 

2.80 

6.16 

5.49 

0.00 

128.7 

106.5 

0.5536 

100.0 

Major Eff. 
Stress 

tsf 

4.385 

4.495 

4.557 

4.698 

4.832 

4.975 

5.121 

5.233 

5.335 

5.434 

5.5IJ 

5.578 

5.644 

5,689 

5.734 

5.788 

5.815 

5.874 

5.924 

1:3 
Ratio 

LOO 
1.38 

1.66 

1.89 

2.06 

2.2 l 

2.32 

2.40 

2.45 

2.48 

2.51 

2.52· 

2.53 

2.52 

1.52 

2.52 

2.51 

2.48 

2.46 

Pore 
Press. 

psi 

29. 10 

44.80 

51.80 

55.50 

57.50 

58.70 

59.30 

59.70 

59.70 

59.60 

59.50 

59.20 

59.00 

58.70 

58.40 

58.] 0 

57.80 

57.l 0 

56.50 

S.943 ?..43 56.10 

5.953 2.41 55.70 

5.963 2.39 :.5.30 

20.9 

2.80 

6.16 

5.49 

0.00 

128.7 

106.5 

0.5536 

100.0 

p 
tsf 

3.875 

3.653 

3.59 l 

3.586 

3.614 

3.666 

3.707 

3.758 

3.8 I 1 
3_g55 

3.898 

3.938 

3.971 

4.005 

4.042 

4.067 

4.121 

4.168 

4 192 

4.211 

4.Z30 

Q 
ts! 

0.~00 

0.620 

0.903 

l.l 07 

I .246 

1.36] 

I.455 

1.526 

1.577 

1.623 
1,r,,9 

1.680 

1.706 

1.718 

1.729 

1.746 

1.748 

1.752 

1.756 

l 75 l 

1.7~2 

l .73::! 

/3 57 

Final 0 134 7.900 

1154.100 

135.100 

19.0 
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Daf, Deviator MinorEff. Major E:ff. P-on~ 

Dial Load Load Strain Stress Stress Stress t:3 Pres&. p 

No. in. Dial lbs. % t,;f !sf tsf Ratio psi tsf 

,, 22 0.5510 357.00 329.5 JO.O 3.466 2.513 5.979 2.38 55.10 4.246 

23 0.5920 356,20 328.7 J0.8 3.429 2.534 5.964 2.35 54.80 4.249 

24 0.6330 357.90 330,4 11.5 3.418 2.556 5.974 2.34 54.50 4.265 

25 0.6730 - 357 .00 329.5 12.3 3.381 2.585 5.966 2.31 54.10 4.275 

26 0.7140 357,90 330.4 13.0 3.361 2,599 5.960 2.29 53.90 4.180 

27 0.7550 3.57.90 330.4 13.7 3.332 2.614 5.946 2.27 53.70 4,280 

28 0.7960 356.20 ,28.7 14,5 3.286 2.628 5.914 2.25 53,50 4.271 

29 0.8370 355.40 327.9 15.2 3.250 2.635 5.&&5 2,23 53.40 4.260 

Specimen Parameter Initial Saturated Consolidated 

Moisture content Moist soll-H:are, gms. 248.400 

Moisture content: Dry soil+t:are, gms. 226.700 

Moisture content: Tare, gms, 103.200 

Moisture, ¾ 17.6 17.8 17.8 

Moist specimen weight, gms. l l 84. 7 

Diameter, in. 2.80 2,80 2.80 

Area, in.i 6.16 6. l 6 6. 16 

Height, In, 5.54 5.54 5.54 

Net d&crease in height, in. 0.00 0,00 

Wet Density, pcf 132.3 132.5 132.5 

Dry density, pcf l 12.5 112.5 112.5 

Void ratio 0.4707 0.4707 0.4707 

Saturation, 1'1/,. 98.9 ,. 100.0 100.0 

Membrane thickness= 0.02 cm 

Filter paper coefficient= 0.00 I 926 kN/cm 

Filter paper coverage = 3 0% 

Consolidation cell pressure = 110.00 psi (7,920 tsf) 

Consolidation back pressure = 30,00 psi (2. l 60 tsf) 

consolidation effective confining stress= 5.760 tsf 

Strain rate, in./min. = 0.00 

Fail. Stress= 6.334 tsf at reading no. 33 

Ult Stress = 6.334 tsf at reading no. 33 

Def. Deviator Minor Eff. Major Eff. Pore 

Dial Load Load Strain Stress Stress Stress t:3 Press. p 

No. in. Dial lbs. % tsf tsf tsf R<ltio psi tsf 

0 0.0000 31.60 0,0 0.0 0,000 7.& 12 7.812 LOO !.50 7,812 

I 0.0190 39.90 8,3 03 0,091 7,690 7.781 1.01 3.20 7,735 

2 0. 04(10 44,]0 12.5 0.7 0.133 7.574 7.707 1.01 4,80 7.641 

3 0. 0600 175,60 144,0 1.l 1.666 i.308 8.974 1.23 8,50 8.141 

4 0.0810 240.50 208.9 1.5 2.407 6,926 9.333 1.35 13,80 8.130 

5 0. JOI 0 291.30 259,7 1.8 2.981 6.466 9.447 1.46 20.20 7.956 

6 0, 1220 329.60 298.0 2.2 3.408 5.983 9,391 1.57 26.90 7,687 

7 (I, 1'120 362,00 330.4 2.6 3,764 5.479 9.244 1.69 33.90 7.361 

8 0.]620 392,00 360.4 2.9 4.091 5.040 9. 131 1.81 40.00 7.0SS 

9 0. 1830 412.80 381.2 3.3 4.310 4.666 S.976 1.92 45.20 6.S21 

HOLCOMB FOUNDATION ENGINEERING CO. 

Q 
ts.f 

1.733 

1.71 S 

1.709 

1.690 

l.681 
1.666 

l.643 

1.625 

Final 

1374.500 

1195.400 

127.700 

16.8 

Q 
tsf 

0.000 

0,045 

0,066 

0,833 

1.203 

l.491 

1.70-4 

1.882 

2,045 

2.155 

© 
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Def. DeVidtor Minor Eff. Major Eff. Pore 0) 
Dial Load Load Strain Stress Stress Stress 1:3 Prass. p a 

No. in. Dial lbs. % tsf tsf tsf R.Btio psi tsf tsf 

JO 0.2030 432.80 401.2 3.7 4.519 4.363 8.883 2.04 49.40 6.623 2.260 

11 0.2240 446.90 415.3 4.0 4.660 4.140 8.800 2.13 52.50 6.470 2.330 

12 0.2440 465.20 433.6 4.4 4.847 3.9R2 8.828 2.22 54.70 6.405 2.423 

13 0.2650 471.00 439.4 4.8 4.892 3.852 8.744 2.11 56.50 6.298 2.446 

14 0.2850 483.50 451.9 5.1 5.012 3.766 8.778 2.33 57.70 6.272 2 • .506 

15 0.3060 490.20 458.6 5.5 5.066 3.694 8.760 2.37 58,70 6.227 2.533 

16 0.3260 503,50 471.9 5.9 5.193 3.643 8.837 2.43 59.40 6.240 2.597 

17 0.3460 516.80 485.2 6.2 5.3 l 9 3.607 8.926 2.47 59.90 6.267 2.660 

18 0.3670 521.80 490.2 6.6 5.352 3.586 S.938 2.49 60.20 6.262 2.676 

19 0.3870 530. I 0 498.5 7.0 5.422 3.571 8.993 2.52 60.40 6.282 2.711 

20 0.4080 538.40 506.8 7.4 5.490 3.564 9.054 2.54 60.50 6.309 2.745 

21 0.4280 543.40 51 l.8 7.7 5.522 3.564 9,086 2.55 60.50 6.325 2.761 

22 0.4490 554.30 522.7 &. l 5.617 3.571 9.1&8 2.57 60.40 6.380 2.808 

23 0.4690 565.90 534.3 8.5 5.719 3.578 9.297 2.60 60.30 6.438 2,859 

24 o.4g90 567.60 536.0 8.8 5,714 3.578 9.293 2.60 60.30 6.436 2.857 

25 0.5300 581.70 550.1 9.6 5.81 i 3.600 9.417 2.62 60.00 6.509 2.909 

26 0.5710 591.70 560.1 10.3 5,874 3.636 9.510 2.62 59.50 6.573 2.937 

27 0.6120 605.00 573.4 11.0 5.964 3.665 9.629 2.63 59.10 6.647 2.982 

28 0.6530 615.00 583.4 11.8 6.018 3.701 9.719 2.63 58.60 6.710 3.009 

29 0.6940 626.70 595.1 12.5 6.087 3.737 9.824 2.63 58. IO 6.780 3.044 

30 0.7350 638.30 606.7 13.3 6.153 3.773 9.926 2.63 57.60 6.849 . 3.077 

31 0.7760 649.10 617.5 14.0 6.209 3.816 10.025 2.63 57.00 6,921 3.l 05 

32 0.8170 657.50 625'.9 14.7 6.240 3.852 10.092 2.62 56.50 6,972 3.120 

33 0.8390 669.90 638.3 15.l 6.334 3.866 10.200 2.64 56.30 7.033 3.167 

'------------- HOLCOMa FOUNDATION Er..JGif·,H=CR.nJG co. ----------=-



R
13084

\ 

r·-~~~~~--------. Holcomb Foundation Engineering 

100

~m~1 nv r 'f[lDj I I f-f C '" "" 

100 

'"" • ~:,:·~=y (CL) Wilh sand ~ 
Grain Size Analysis 

90 -1-H H-l--·1-t--J--J--rtl-t-l--t1-1 I 

'jjf so--1-1-1111 I I I I I 
(lj I I I I 11 H-!1---++----t-----t--t-t-l-.H----,-+-t--+-------1-i I I I I 
E 
~ 

0 
~ 10-1-1-rlti I I I I 1-H+HI I I I I I t-H I I I I ltttt I I I I I I 111 I I I I I I --.c 

'iii) Go-1tll1111 I I I lt1HI I I I I I 
3 
>, 
.n 50-
0, 
C 

1-H--t- I I I 1-1TH1 I I I I 

'" U) 

<1J 
0.. -

40 ~H11~ I I I I 11-H-l-lll I I 11 ~+I I I I n-
1project: Macl1 #1 Mine Williamson County, Illinois I 

Project Number: H-05278 
C 
(U 
u 

• L_ 
(U 

0... 

30-,-,_ 

20-
Sample: B-887 4 Depth 10-12' 
Dale: February s, 2006 

10
~~ LL=41.8PL=17.7 Pl=24.1 -l+HH--t I I I 111+-i- I I I I I 

-1~1--+-1----1-l-l~--I--I I I I 11-t'-I I I I I I 
100 10 1 0.1 0.01 

rb li1tll'l'I Sand 
Cuub 

Cocir'Je Fi11e ConrJe Medi1m1 Fme Silt or Clt1y 

0.001 

---~-----~---------------' 

--i' 
~ 

U\ 
-.J 

w 



R13085

t7 j S7 (iL 

Holcomb Foundation Engineering Company 
Laboratory Testing Results 2/8/2006 

Project: Mach #1 Mine 

Project No: H-05278 

Sieve Analysis• ASTM C136-96a 

Sample: Silty CLAY (CL) 

Sieve Openings us 
Standard Weight Percent Percent 

Inches Millimeters Sieve Size Retained Retained Finer 

1.5000 38.1000 1 -1 /2" 0.0 0.0 100.0 

1.0000 25.4000 1. 0.0 0.0 100.0 

0.7500 19.1 ODO 3/4' 0.0 0.0 100.0 

0.5000 12.7000 1 /2' 0.0 0.0 100.0 

3.7500 9.5200 3/8" 0.0 o.o 100.0 

0.1870 4.7600 No. 4 2. 1 0.9 99.1 

0.0790 2.0000 No. 10 4.6 2.0 98.0 

0.0469 1.1800 No. 16 4.6 2.0 98.0 

0.0331 0.8500 No. 20 8.6 3.8 96.2 

0.0165 0.4200 No. 40 12.6 5.5 94.5 

0.0117 0.2980 No. 50 12.6 5.5 94.5 

0.0083 0.2500 No. 60 22.2 9.8 90.2 

0.0059 0.1490 No. 100 34.6 15.2 84.8 

0.0029 0.0740 No.200 47.7 21.0 79.0 

Total Weight in Grams 227.20 
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Holcomb Foundation Engineering Company 
Laboratory Testing Results 

Project: Mach #1 Mine 
Project No: H-05278 

Sample 

Dish Number LL1 

Mass of can, W 1 (g) 34.70 

Mass of can+ moist soil, W, (g) 62.84 

Mass of can+ drys.oil, W, [g) 54.52 

Moisture c□ntent1 w (%) 41.98 

Number of blows, N 24 

Liquid Limit, LL 41.B 

Dish Number PL, 

Mass of can, W 1 (g) 39.76 

Mass of can+ moist soil, W, (g) 54.79 

Mass of can + dry soil, W 3 (g) 52.53 

Plastic Limit, PL 17.7 

Pl= 24.1 

Plasticity Chart 

60 

so 

[ 40 
CH or DH 

"' • 'C 

.E 30 
:::-
~ • " ~ 20 ll. CL or OL 

2 

LL, 

lvlH or OH 

10 

I 
0 -:---

C:.-M!. ML or OL 

0 10 20 30 40 50 60 70 BO 

Liquid Limit (LL) 

18 ( '57 ,--;;. 
\jJ_ 

3 
LL, 

90 100 
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HOLCOMB FOUNDATION ENGINEERING CO., INC. 
SOILS • SmJMINOUS • CONCRETE • INVESTIGATIONS AND TESTING 

November 30, 2006 

SHIPPING ADDRESS 
Box 393 Wood Road 
Carbondale, IL 62901 

Williamson Energy LLC 
POBox99 
Johnston.City, Illinois 62951 

Attention: Mr. J arnes Plumley 

Re: Coarse Refuse Laboratory Tests 
Pond Creek l\lf:ine 
Johnston City, Illinois 
HFE File H-05278 

Dear Sir: 

www.holcombenginsering.com 

MAILING ADDRESS 
P.O. Box BB 

Carbondale, IL 62903 

616-529-5262 
BDD-333· 17 4D 

FAX 61 B-457-8991 

In accordance with your instructions, on November 17, 2006, we sampled coarse refuse at Mach 
!Yline and performed laboratory tests on remolded samples. Results of the tests are as follows: 

Visual Classification: Coarse Coal Refuse (Shale, Coal, Sandstone !Ylixture) 

Proctor Test Results: 
Maximum Dry Unit Weight: 124.6 PCF 
Optimum Moisture Content: 9.3 % 

Specific Gravity: 2.3 7 

Triaxial Test Results: 
Effective Cohesion: OPSF 
Effective Phi Angle: 33.7 Degrees 

Permeability: 2 x 10-4 cm./sec. 

Results of the grain size analysis and the laboratory tests are attached. 

<ii 
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Pond Creek Mine #1 Coarse Refuse Tests 

November 30, 2006 

Page 2 

zo f 57 @_ 

If you should have any questions, or ifwe can be of further assistance, please feel free to contact us 

at your convenience. 

Sincerely, 

1 copy: Justin Harry - Alliance Consulting 
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Holcomb Foundation Engineering Company 
Laboratory Testing Results 11/30/2006 

Project: Coarse Refuse Disposal Area 

· Pond Creek Mine Johnston City, Illinois 

Project No: H-05317 

Sieve Analysis -ASTM C136-96a 

Sample: Coarse Refuse 

Sieve Openings us 
Standard Weight Percent Percent 

Inches Millimeters Sieve Size Retained Retained Finer 

3 76.2 3' 0.0 0.0 100.0 

2.0000 50.8100 2" 619.6 9.5 90.5 

1.5000 38.1000 1 -1 /2" 1124.0 17.2 82.8 

1.0000· 25.4000 1 " 1696.2 25.9 74.1 

0.7500 19.1000 3/4" 2110.9 32.3 67.7 

0.5000 12.7000 1/2" 2513.0 38.4 61.6 

3.7500 9.5200 3/8" 3263.7 49.9 50.1 

0.1870 4.7600 No. 4 4310.7 65.9 34.1 

0.0790 2.0000 No. 10 5470.5 83.6 16.4 

0.0469 1.1800 No. 16 

0.0331 0.8500 No. 20 6004.4 91.8 8.2 

0.0165 0.4200 No. 40 6178.9 94.4 5.6 

0.0117 0.2980 No. 50 

0.0083 0.2500 No. 60 6267.B 95.B 4.2 

0.0059 0.1490 No. 100 

0.0029 0.0740 No. 200 6372.4 97.4 2.6 

Total Weight in Grams 6542.80 
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Project 

Holcomb Foundation Engineering 

Pond Creek Mine 

Johnston City, lllinuis 

Moisture Density Relationship 

Location: Coarse Refuse Disposal Area 

Project No.: H-05270 Proctor Test Results 

Soll C\asslflcatlon: 

Date: 

Test Data 

11/30/2006 

ASTM D-698 (standard) 

Moisture 

Content(%) 

7.6 

11.2 

12.0 

9.3 

Maximum Dry Density (PCF) 

Optimum Moisture Content{'%) 

Dry Unit Wl 

(PCF) 

122.B 

122.5 

120.4 

124.8 

Gray Coarse Refuse 

124.8 

9.3 

126.0 r---------------------------
--------, 

Proctor Curve 

125.0 

124.0 

~ 123.0 
0 
::, 

i:' 
D 

122.0 

121.0 

120.0 +-------~-------------+--------~------, 

7.0 8.0 9.0 10.0 11.0 12.0 

% Moisture 
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Date: 

Project No.: 

Samele 

Coarse Refuse 

2~ I s7 

HOLCOMB FOUNDATION ENGINEERING CO., INC. 
SOILS - BITUMINOUS - CONCRETE - INVESTIGATIONS ANO TESTING 

SHIPPING ADDRESS 
Box 393 Wood Road 
Carbondale, IL 62901 

www.holcombengineering.com 

MAILING ADDRESS 
P.O. Box BB 

Carbondale, IL 62903 

Permeability Tests Results 
Laboratory Tests 
Coarse Refuse 

Pond Creek Mine - Johnston City, Illinois 

11/30/2006 Client Pond Creek Mine 
Johnston City, Illinois 

H-05278 

Moisture Content(%) Dry Unit 
Depth (Ft.\ Before Test After Test Weicht (PCF) 

7.7 11.8 119.3 

618-529-5262 
800-333-17 40 

FAX 61 8-457-8991 

Permeability 
(Cm./Sec.) 

2 X 10-4 

Permeability Tests performed in accordance with ASTM D-5084 
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Project 

uate 

In Place Mc 
Wet Wt. 
Pan 
Dry Wt 
Mc(%) 

195.3 
94.2 

188.1 
7.7 

Pond Creek Mine 

H-05278 

11/30/2006 

After Test Mc 
Wet Wt. 
ran 
Dry Wt. 
Mc(%) 

1300.4 
103.1 
1173.6 

11.8 

PERMEABILITY TEST RESULTS 

Boring/Sample Coarse Refuse 

Depth 
Classification 

Diameter 2.8 Inch 
Length 5.6 Inch 

Unit Weight (PCF) 
Sample Wt 1161.8 

Wet UW= 128.5 
Dry UW= 119.3 

===== ====---------=== ========-
fime(hrs) Time(min) Quantity (cc) Head (psi) Permeability ( cm/sec) 

======== ======== 
7 
7 

7 
7 
7 

9 
9 
9 

--

:======= 

-

26 
34 

33 
45 
47 

16 
23 
30 

======== 

24.7 
8.2 

24.5 
2.7 
0.8 

24.4 
9.6 
0.9 

-

=== --------- •=-==- =====-

1 

1 
1 

1 
1 

--- ---------
Average Permeability 
--------- ---------

1.75E-04 

1.54E-04 
1.44E-04 

1.79E-04 
1.43E-04 

1.63E-04 
--

( - r Qi 
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9 Total Effective ' ' ' I ' I ! I I I I 1 I"' ' I I I ' I I I ' I ' I ' I 1- f I I I I I ' ' 
C, tsf 0.507 0 I I I I I I I . ' I I I I ' 

,-, 
' I 

' I I ' f I I I I I ' ' ' ' ' I I 

d>,den 18.5 33.7 I I I I I I I I I I ' 7 ' ' I I I 

Tan/ol 0.33 0.67 
I ' I I I ' I I I I I I I I ' I 

I I ' I I ' I I ! I I ' I 

' I ' I ' I I ' ' , I I I ' ' I ' ' I I ' I I ' I I I I ' ' I 

I ' I I I ' I I I I ' ' I I I ' i ' I I I ' 
6 ' I I I ' I ' ' ' I I I I ' I I I I ' ' I I ' 'I I 

]i I ' ' I I ' ' I ' I I , I I ' I I I I I I I I I 

I ' I I I ' 
,7 I ,_ s ' I I ' I I I ' ' I I ' <n I I ' I I I I I I ' ' ' I ' I I I ' I 

"' I ' ' ' I ' I J ! r I I I I I ' I ' I ' a, 
I I I I I y I I ' ' I I I I IT, I ' I I I 

fjj I I I I ' I ' I I f I l ! I ' I I ' I 

ti! + -f I I I I I ' I ' ' I 

' ' I I ' I I I 
a, 

I 
T ' ' ' I I - -- I I 

.c:: 
' I I I I I I ' I I I ' I ' (/) 3 I I I I I I ' I I 

I I I I . I I - I I I 

I I I I ' I I I I 
I I I I I I I I 

I I - I ' I I I ' I I I I I I ' 
I I 

,, I I ' I , i I I I I I I I I I 

I I ' I " ' I I I ' ' ' I ,, I I I 
,I I " ' ' I I ' I I I I I I ' I I 

' 
., 

' I ' ' " ' I ' I I I I ' ' I 

0 I " "' ' I ' ' ' ' ' " ' ' I ' ' ' ' 
0 3 6 9 12 15 18 

Total Nonna! Stress, tsf ---
Effective Nonna! Stress, tsf - - -

9 ' I 7 7 I I Sample No. I I ' I I 1 2 3 

' I I I I ' 
I I ' I ' I Water Content, JO.I 10.8 10.3 

7.5 ' I I ' ' I I I Dry Density, pcf 118.7 117.8 I 18.7 I I I ' I I I I 
I I I I -, Jg Saturation, 97.0 99.8 99.3 

I I ' ' ' ' 3 
' ' I ~ Vold Ratio 0.2470 0.2558 0.2468 

2l 6 
I I i I Diameter, in. 2.80 2.80 2.80 

I I I I I ' ' 
,5 I I I I I I 7T ' Height, in. 5.65 5.57 5.60 
"' I I ' I 
C) I I I I ' I I I Water Content, 10.4 10.8 10.4 
ii:i I' I I I I ' 4.5 I ' I I I ' 

,-
"in Dry Density, pcf l I 8.7 117.8 118.7 

5 ' I I ' ' Q) Saturation1 100.0 100.0 100.0 
:ffi '· ' I I I I 2 r 
> I I ' I :'( Void Ratio 0.2470 0.2558 0.2468 
C) I I I I I ' ' Diameter, in. 2.80 2.80 2.80 
0 3 I I I ' I ' ' 1 -, ' ' I TT Height, in. 5.65 5.57 5.60 ,, I ' I I ' 

I I I I I 7 ,---, 
Strain rate, in./min. 0.01 0.01 0.01 

I I I I ' I I I I 
1.5 I ! ' ' I I ---, Back Pressure, tsf 3.60 3.60 2.16 

' I I r• I I ' 
I I ' I I I I ---, Cell Pressure, tsf 5.04 6.48 7.92 

I I I I ' 7 I ' I I ' 
0 ' ' ' ' I ! I ! ' I ' I ' ' Fail. Stress, tsf 2.78 3.83 6.76 

0 5 10 15 20 Total Pore Pr., tsf 3.86 4.96 5.23 

Axial Strain, % Ult. Stress, tsf 2.77 3.83 6.76 
Total Pore Pr., tsf 3.85 4.95 5.23 

Type of Test 
a, Failure, tsf 3.96 5.35 9.44 

CU with Pore Pressures 
a, Failure, tsf 1.18 1.52 2.69 

Sample Type: Remolded Client: Pond Creek Mine 

Description: Coarse Coal Refuse 
Project: Coarse Refuse Laboratory Tests 

Assumed Specific Gravity= 2.37 Location: Coarse Refuse Stockpile 

Remarks: Sample Number: Coarse Refuse 

Proj. No.: H-05278 Date: I 1/17/06 

TRIAX!AL SHEAR TEST REPORT 

Plate 
HOLCOMB FOUNDATION ENGINEERING CO. 

Tested By: "-L,eC _________ _ Checked By: ~T~H _________ _ 
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_,,, 
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,,. 
a= 17.4 deg 29.4 deg ,-· 

, ,,. 
tan a= 0.31 0.56 ---- ---4 A----7 ~ 

[.---' 
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~ -------_, 
2 v lY t::----41 , " L;=1,,. J / y v, 
0 ,,. y / 
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p, ts/ 
Stress Paths: Total --- Effective - - -

Client: Pond Creek Mine 

Project: Coarse Refuse Laboratory Tests 

Location: Coarse Refuse Stockpile Sample Number: Coarse Refuse 

Project No.: H-05278 Plate I HOLCOMB FOUNDATION ENGINEERING co. 

Tested By: ~L=C~---------- Checked By: ~T~H~---------
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Cg 
r------------------------------------

TRIAXIAL COMPRESSION TEST 

CU with Pore Pressures 

Date: 11117/06 

Client: Pond Creek Mine 

Project: 

Location: 

Coarse Refuse Laboratory Tests 

Coarse Refuse Stockpile 

Sample Number: 

Description; 

Remarks: 

Type of Sample: 

Coarse Refuse 

Coarse Coal Refuse 

Rernolded 

Assumed Specific Gravity=2.37 LL= 

Test Method: COE uniform strain 

Specimen Parameter 

Moisture content: Moist soll+tare, gms. 

Moisture content: Dry soil+tare1 gms. 

Moisture content: Tare, gms. 

Moisture,% 

Moist specimen weight, gms. 

Diameter, in, 

Area, ln.2 

Height, in. 

Net decrease in height, in. 

Wet Density, pcf 

Dry density, pcf 

Void ratio 

Saturation, % 

Membrane modulus= 0.124105 kN/cm2 

Membrane thickness= 0.02 cm 

Filter paper coefficient= 0.001926 kN/cm 

Filler paper coverage = 50% 

Initial 

226.800 

218.600 
137.500 

10.1 
I 193. I 

2.80 
6.16 
5.65 

130.6 
I 18.7 

0.2470 
97.0 

Consolidation cell pressure = 70.00 psi (5.040 tsf) 

Consolidation back pressure= 50.00 psi (3.600 tsf) 

Consolidation effective confining stress= 1.440 tsf 

Strain rate, in./mln. = 0.01 

Fail. Stress= 2.778 tsf at reading no. 41 

Ult. Stress = 2.767 tsf at reading no. 42 

PL= 

Saturated 

10.4 

2.80 
6.16 

5.65 
0.00 

131.0 

118.7 
0.2470 

100.0 

Pl= 

Consolidated 

10.4 

2.80 
6.16 
5.65 
0.00 

131.0 
118. 7 

0.2470 

100.0 

11/30/2006 

10:19 AM 

Final 

1320.700 

l I 95.800 

107.600 
11.5 

..._ __________ HOLCOMB FOUNDATION ENGINEERING CO. -------------J 



R13097
Z'l 1 :, ( Cg 

Def. Devtator Minor Elf. Major Elf. Pore 

-- Dial Load Load Strain Stress Stress Stress 1:3 P.ress. p Q 

No. in. Dial lbs. ¼ tsf tsf tsf Ratlo psi !sf tsf 

0 0.00lO 46.60 0.0 0.0 0.000 l.498 1.498 l.00 49.20 1.498 0.000 

l 0.0180 l60.60 ll4.0 0.3 1.329 1.152 2.481 2.15 54.00 l.8l6 0.664 

2 0.0390 189.70 143.1 0.7 1.662 l.001 2.663 2.66 56.10 1.832 0.831 

3 0.0590 205.60 159.0 l.O 1.840 0.929 2.769 2.98 57. 10 1.849 0,920 

4 0.0800 212.20 165.6 1.4 l.909 0.907 2.816 . 3.lO 57.40 l.862 0.955 

5 O.lOOO 218.90 172.3 l.8 1.979 0.900 2.879 3.20 57.50 l.890 0.990. 

6 0.l200 232.20 185.6 2.1 2.l25 0.900 3.025 3.36 57.50 l.962 l.062 

7 O, l410 240.50 193.9 2.5 2.211 0.907 3.118 3.44 57.40 2.013 !.106 

8 0.1610 245.50 198.9 2.8 2.260 0.914 3.174 3.47 57.30 2.044 l.130 

9 0.1820 252.20 205.6 3.2 2.327 0.922 3.249 3.53 57.20 2.085 1.164 

10 0.2020 253.80 207.2 3.6 2.337 0.936 3.273 3.50 57.00 2.104 !.168 

11 0.2230 250.50 203.9 3.9 2.291 0.958 3.248 3.39 56.70 2.103 !.145 

12 0.2430 261.30 2l4.7 4.3 2.403 0.972 3.375 3.47 56.50 2.173 1.201 

13 0.2630 266.30 219.7 4.6 2.450 0.979 3.429 3.50 56.40 2.204 1.225 

14 0.2840 266.30 219.7 5.0 2.440 0.994 3.434 3.46 56.20 2.214 l.220 

15 0.3040 272.10 225.5 5.4 2.495 l.008 3.503 3.48 56.00 2.256 1.248 

16 0.3250 274.60 228.0 5.7 2.513 l.022 3.536 3.46 55.80 2.279 1.257 

17 0.3450 268.00 221.4 6.1 2.431 1.037 3.468 3.34 55.60 2.252 l.216 . 

18 0.3660 273.00 226.4 6.5 2.476 l.051 3.527 3.36 55.40 2.289 l.238 

19 0.3860 278.00 231.4 6.8 2.521 1.058 3.580 3.38 55.30 2.319 l.261 

20 0.4070 278.00 23l.4 7.2 2.511 1.066 3.577 3.36 55.20 2.321 1.256 

21 0.4270 283.00 236.4 7.5 2.556 1.073 3.629 3.38 55.10 2.35l l.278 

22 0.4470 284.60 238.0 7.9 2.563 l.080 3.643 3.37 55.00 2.362 1.282 

23 0.4680 278.80 232.2 8.3 2.491 l.087 3.578 3.29 54.90 2.333 l.245 

24 0.4880 286.30 239.7 8.6 2.561 l.087 3.648 3.36 54.90 2.368 1.281 

25 0.5090 290.40 243.8 9.0 2.594 1.094 3.689 3.37 54.80 2.392 1.297 

26 0.5290 292.10 245.5 9.3 2.602 1.102 3.704 3.36 54.70 2.403 1.301 

27 0.5500 298.80 252.2 9.7 2.662 1.109 3.771 3.40 54.60 2.440 l.331 

28 0.5700 299.60 253.0 IO. 1 2.660 1.116 3.776 3.38 54.50 2.446 1.330 

29 0.5910 294.60 248.0 10.4 2.597 1.116 3.713 3.33 54.50 2.415 1.299 

30 0.61 l 0 302.10 255.5 10.8 2.665 1.123 3.788 3.37 54.40 2.456 l.333 

31 0.6310 306.30 259.7 1 l.2 2.698 l.130 3.828 3.39 54.30 2.479 1.349 

32 0.6520 306,30 259.7 11.5 2.687 l.130 3.817 3.38 54.30 2.474 1.343 

33 0.6720 312.10 265.5 11.9 2.736 1.145 3.881 3.39 54.10 2.513 l.368 

34 0.6930 309.60 263.0 12.2 2.699 1.145 3.843 3.36 54.10 2.494 1.349 

35 0.7130 308.80 262.2 12.6 2.680 1.152 3.832 3.33 54.00 2.492 1.340 

36 0.7340 309.60 263.0 13.0 2.676 1.159 3.835 3.31 53.90 2.497 1.338 

37 0.7540 315.40 268.8 13.3 2.724 1.l66 3.891 3.34 53.80 2.528 1.362 

38 0.7750 316.20 269.6 13.7 2.721 1.166 3.887 3.33 53.80 2.527 1.360 

39 0.7950 323.70 277.1 14.1 2.785 1.181 3.966 3.36 53.60 2.573 1.392 

40 0.8150 325.40 278.8 14.4 2.790 1.181 3.971 3.36 53.60 2.576 1.395 

4l 0.8360 325.40 278.8 14.8 2.778 l.l8l 3.959 3.35 53.60 2.570 l.389 

42 0.8560 325.40 278.8 l5.l 2.767 1.188 3.955 3.33 53.50 2.571 1.383 

,__ __________ HOLCOMB FOUNDATION ENGINEERING CO. ------------1 



R13098

Saturated Consolidated 

~( 
Moisture content: Moist soil+tare1 gms. 

. \ Moisture content: Dry soil+tare, gms, 203.200 

Moisture content: Tare, gms. [25.200 

Moisture, 111. 10.8 10.8 10.8 

Moist specimen weight, gms. 1175.1 

Diameter, in. 2.80 2.80 2.80 

Area, In,,. 6.16 6.16 6.16 

Height, In. 5.57 5.57 5.57 

Net decrease in height, In. 0.00 0.00 

Wet Density, pcf 130.5 130.5 130.5 

Dry density, pcf I 17.8 117.8 I I 7.8 

Void ratio 0.2558 0.2558 0:2558 

Saturation, '/, 99.8 100.0 100.0 

Membrane modulus = 0.124105 kN/cm2 

Membrane thickness = 0. 02 cm 

FIiter paper coefficient= 0.001926 kN/cm 

Filter paper coverage= 50% 

Consolidation cell pressure= 90.00 psi (6.480 !sf) 

Consolidation back pressure= 50.00 psi (3.600 ts!) 

Consolidation effective confining stress = 2.880 tsf 

Strain rate, lnJmin. = 0.01 

Fall. Stress = 3.829 tsf at reading no. 40 

Ult. Stress = 3.828 tsf at reading no. 41 

Def. Deviator Minor Elf. Major Elf. Pora 

Dial Load Load Strain Stress Stress Stress 1:3 Press. p 

No. In. Dial lbs. ¾ !sf !sf !sf Ratio psi !sf 

0 0.0000 51.60 0.0 0.0 0.000 3.377 3.377 1.00 43.10 3.377 

0.0[90 I 85.60 [34.0 0.3 1.562 2.340 3.902 1.67 57.50 3.[21 

2 0.0400 233.00 181.4 0.7 2.106 J.814 3.920 2.16 64.80 2.867 

3 0.0600 253.00 201.4 l.l 2.330 1.562 3.892 2.49 68.30 2.727 

4 0.08 l 0 263.80 212.2 1.5 2.445 1.433 3.878 2.71 70.10 2.655 

5 0.1010 270.50 218.9 1.8 2.513 1.346 3.860 2.87 71.30 2.603 

6 0.1220 274.60 223.0 2.2 2.550 1.289 3.839 2.98 72.10 2.564 

7 0.1420 281.30 229.7 2.5 2.617 1.260 · 3.877 3.08 72.50 2.569 

8 0.1620 287.10 235.5 2.9 2.674 1.238 3.912 3.16 72.80 2.575 

9 0. l 830 291.30 239.7 3.3 2.711 1.23 l 3.942 3.20 72.90 2.587 

JO 0.2030 297.10 245.5 3.6 2.766 1.224 3.990 3.26 73.00 2.607 

11 0.2240 301.30 249.7 4.0 2.802 1.224 4.026 3.29 73.00 2.625 

12 0.2440 305.40 253.8 4.4 2.838 1.224 4.062 3.32 73.00 2.643 

13 0.2650 309.60 258.0 4.8 2.873 1.224 4.097 3.35 73.00 2.661 

14 0.2850 3 l 5.40 263.8 5.l 2.927 1.231 4.158 3.38 72.90 2.695 

15 0.3060 320.40 268.8 5.5 2.970 1.238 4.209 3.40 72.80 2.724 

16 0.3260 326.20 274.6 5.9 3.023 1.246 4.269 3.43 72.70 2.757 

17 0.3460 330.40 278.8 6.2 3.058 1.253 4.310 3.44 72.60 2.782 

18 0.3670 334.60 283,0 6.6 3.091 1.267 4.358 3.44 72.40 2.813 

19 0.3870 341.20 289.6 6.9 3.151 1.282 4.433 3.46 72.20 2.857 

··- 20 0.4080 346.20 294.6 7.3 3.192 1.296 4.488 3.46 72.00 2.892 

21 0.4280 351.20 299.6 7.7 3.234 1.310 4.544 3.47 71.80 2.927 

HOLCOMB FOUNDATION ENGINEERING CO. 

30 ( 57 

Q 
tsf 

0.000 

0.781 

1.053 

1.165 

1.223 

1.257 

1.275 

1.309 

l.337 

1.355 

I .383 

1.401 

l .419 

1.437 

1.463 

1.485 

J.512 

1.529 

1.546 

1.576 

l.596 

1.617 

Final 

1335.900 

[222.200 

134.800 

10.5 
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-~ Daf. Devlator Minor Eff. Major Ef!. Pore 

'. ~ Dial Load Load Strain Stress Stress Stress 1:3 Press. p a 
'', ( No. In. Dial lbs. % tsf !sf tsf Ratio psi tsf tsf 

. \ 

22 0.4490 357.00 305.4 8.1 3.283 1.318 4.601 3.49 71.70 2.959 1.642 

23 0.4690 359.50 '307.9 8.4 3.297 1.332 4.629 3.48 71.50 2.981 1.649 

24 0.4890 362.80 3[1.2 8.8 3.319 1.339 4.659 3.48 71.40 2.999 1.660 

25 0.5100 368.70 317.l 9.2 3.368 1.346 4.715 3.50 71.30 3.031 1.684 

26 0.5300 374.50 322.9 9.5 3.4 l 6 1.361 4.777 3.51 ?I.IO 3.069 1.708 

27 0.5510 377.00 325.4 9.9 3.429 1.368 4.797 3.51 71.00 3.082 1.714 

28 0.5710 381.20 329.6 10.2 3.459 1.368 4.827 3.53 71.00 3.098 1.730 

29 0.5920 384.50 332.9 10.6 3.479 1.382 4.861 3.52 70.80 3.122 1.7W 

30 0.6120 386.20 334.6 11.0 3.483 1.390 4.872 3.51 70.70 3.131 1.741 

31 0.6330 392.00 340.4 11.4 3.528 1.397 4.925 3.53 70.60 3.161 !.764 

32 0.6530 397.00 345.4 11.7 3.565 1.411 4.977 3.53 70.40 3.194 1.783 

33 0.6730 400.30 348.7 12.I 3.585 1.426 5.010 3.51 70.20 3.218 1.792 

34 0.6940 406.10 354.5 12.5 3.629 1.440 5.069 3.52 70.00 3.254 1.814 

35 0.7140 410.30 358.7 12.8 3.657 1.454 5.1 Jl 3.51 69.80 3.283 1.828 

36 0.7350 413.60 362.0 13.2 3.674 1.469 5.143 3.50 69.60 3.306 1.837 

37 0.7550 420.30 368.7 13.6 3.727 1.483 5.210 3.51 69.40 3.347 1.863 

38 0.7760 423.60 372.0 !3.9 3.744 1.498 5.242 3.50 69.20 3370 1.872 

39 0.7960 427.80 376.2 14.3 3.770 1.505 5.275 3.51 69.10 3.390 !.885 

40 0.8170 435.30 383.7 14.7 3.829 1.519 5.348 3.52 68.90 3.434 1.914 

41 0.8370 436.90 385.3 15.0 3.828 1.526 5.355 3.51 68.80 3.441 1.914 

.._ __________ HOLCOMB FOUNDATION ENGINEERING CO. _________ ......,j 
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Specimen Parameter Initial Saturated Consolidated Final 

--~(- Moisture content: Moist soll+tare, gms. 184.300 1333.800 

Moisture content: Dry soil+tare, gms. 177.100 
1230.400 

Moisture content: Tare, gms. 107.500 135.300 

Moisture,% 10.3 10.4 10.4 9.4 

Moist specimen weight, gms. 1185.2 

Diameter, in, 2.80 2.80 2.80 

Area, in,2 6.16 6.16 6.16 

Height, in. 5.60 5.60 5.60 

Net decrease In height, in. 0.00 0.00 

Wet Density, pcf 130.9 131.0 131.0 

Dry density, pcf 118.7 118.7 11?.7 

Void ratio 0.2468 0.2468 0.2468 

Saturation, Of. 99.3 100.0 100.0 

Membrane modulus= 0.124105 kN/cm• 

Membrane th!ckness = 0.02 cm 

Filter paper coefficient= 0.001926 kN/cm 

Filter paper coverage = 50% 

Consolidation cell pressure= 110.00 psi (7.920 tsf) 

Consolidation back pressure= 30.00 psi (2.160 tsf) 

Consolidation effective confining stress= 5.760 tsf 

Strain rate, ln./mln. = 0.Ql 

Fail. Stress= 6. 758 tsf at reading no. 42 

Ult. Stress= 6.758 tsfat reading no. 42 

Def. Dovlator Minor Eff. Major Eff. Pore 

Dial Load Load Strain Stress Stress Stress 1:3 Press. p Q 

No. In. Dial lbs. ¼ tsf tsf tsf Ratio psi tsf tsf 

0 0.0000 25.00 0.0 0.0 0.000 6.588 6.588 1.00 18.50 6.588 0.000 

1 0.0190 88.20 63.2 0.3 0.736 6.458 7.195 1.1 1 20.30 6.827 0.368 

2 0.0400 309.60 284.6 0.7 3.304 5.623 8.927 1.59 31.90 7.275 1.652 

3 0,0600 397.00 372.0 1.1 4.303 4.795 9.098 1.90 43.40 6.947 2.152 

4 0.0810 428.60 403.6 1.4 4.651 4.234 8.885 2.10 51.20 6.559 2.326 

5 0.1010 441.90 416.9 1.8 4.787 3.830 8.617 2.25 56.80 6.224 2.393 

6 0.1220 449.40 424.4 2.2 4.854 3.521 8.375 2.38 61.10 5.948 2.427 

7 0. 1420 460.20 435.2 2.5 4.960 3.283 8.243 2.51 64.40 5.763 2.480 

8 0.1620 467.70 442.7 2.9 5.027 3.017 8.044 2,67 68.10 5.530 2.513 

9 0.1830 476.00 451.0 3.3 5.101 2.837 7.938 2.80 70.60 5,387 2.55! 

10 0.2030 483.50 458.5 3.6 5.167 2.693 7.860 2.92 72.60 5.276 2.583 

11 0.2240 489.30 464.3 4.0 5.212 2.585 7.797 3.02 74.10 5.191 2.606 

12 0.2440 495.20 470.2 4.4 5.258 2.491 7.750 3. I 1 75.40 5.120 2.629 

13 0.2650 505.20 480.2 4.7 5.349 2.419 7.768 3.21 76.40 5.094 2.675 

14 0.2850 511.00 486.0 5.1 5.394 2.369 7.762 3.28 77.10 5.066 2.697 

15 0.3060 518.50 493.5 5.5 5.455 2.333 7.788 3.34 77.60 5.060 2.728 

16 0.3260 526.80 501.8 5.8 5.526 2.304 7.830 3.40 78.00 5.067 2.763. 

17 0.3460 533.50 508.5 6.2 5.579 2.297 7.875 3.43 78.10 5,086 2.789 

18 0.3670 539.30 514.3 6.6 5.620 2.326 7.945 3.42 77.70 5.135 2.810 

19 0.3870 548.40 523.4 6.9 5.697 2.275 7.972 3.50 78.40 5.124 2.849 

20 0.4080 555.90 530.9 7.3 5.756 2.261 8.016 3.55 78.60 5.139 2.878 

'.21 0.4230 565.90 540.9 7.6 5.841 2.261 8.102 3.58 78.60 5. 181 2.921 

HOLCOMB FOUNDATION ENGINEERING CO. 
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·:r Def. Oaviator Minor Elf. Major Ell. Pore 

Dial Load Load Strain Stress Stress Stress 1:3 Press. p Q 

No. in. Dial lbs. ~. !sf tsf tsf Ratio psi !sf !sf 

22 0.4490 569.20 544.2 8.0 5.853 2.268 8.121 3.58 78.50 5.195 2.927 

23 0.4690 575.10 550.1 8.4 5.894 2.282 8.176 3.58 78.30 5.229 2.947 

24. 0.4890 584.20 559.2 8.7 5.968 2.297 8.265 3.60 78.10 5.281 2.984 

25 0.5100 592.50 567.5 9.1 6.031 2.311 8.343 3.61 77.90 5.327 3.016 

26 0.5300 599.20 574.2 9.5 6.079 2.333 8.411 3.61 77.60 5.372 3.039 

27 0.5510 605.90 580.9 9.8 6.124 2.354 8.479 3.60 77.30 5.416 3.062 

28 0.5710 613.30 588.3 10.2 6.178 2.362 8.539 3.62 77.20 5.450 3.089 

29 0.5920 617.50 592.5 10.6 6.196 2.405 8.601 3.58 76.60 5.503 3.098 

30 0.6120 626.70 601.7 10.9 6.267 2.527 8.794 3.48 74.90 5.661 3.133 

31 0.6330 638.30 613.3 11.3 6.361 2.426 8.787 3.62 76.30 5.607 3.180 

32 0.6530 644.10 619.1 1 I. 7 6.395 2.448 8.843 3.61 76.00 5.646 3.198 

33 0.6730 650.80 625.8 12.0 6.438 2.477 8.915 3.60 75.60 5.696 3.219. 

34 0.6940 656.60 631.6 12.4 6.470 2.498 8.968 3.59 75.30 5.733 3.235 

35 0.7140 662.50 637.5 12.8 6.504 2.506 9.009 3.60 75.20 5.758 3.252 

36 0.7350 669.10 644.1 13.l 6.543 2.542 9.085 3.57 74.70 5.813 3.271 

37 0.7550 678.30 653.3 13.5 6.609 2.563 9.172 3.58 74.40 5.868 3.305 

38 0.7760 684.10 659.l 13.9 6.639 2.585 9.224 3.57 74.10 5.904 3.319 

39 0.7960 690.70 665.7 14.2 6.678 2.614 9.291 3.55 73.70 5.952 3.339 

40 0.8170 699. 10 674.1 14.6 6.732 2.635 9.367 3.55 73.40 6.001 3.366 

41 0.8370 701.60 676.6 14.9 6.729 2.700 9.429 3.49 72.50 6.065 3.365 

42 0.8570 707.40 682.4 15.3 6.758 2.686 9.444 3.52 72.70 6.065 3.379 

,.._ __________ HOLCOMB FOUNDATION ENGINEERING CO. _________ __, 
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HOLCOMB FOUNDATION ENGINEERING CO., INC. 
SOILS • BITUMINOUS • CONCRETE • INVESTIGATIONS AND TESTING 

SHIPPING ADDRESS 
Box 393 Wood Road 
Carbondale, IL 62901 

April 9, 2007 

Williamson Energy LLC 
PO Box 99 
Johnston City, Illinois 62951 

Attention: rvfr. James Plumley 

Re: Coarse Refuse Laboratory Tests 
Mach Mine 
Johnston City, Illinois 
HFE File H-05278 

Dear Sir: 

www.holcombengineering.com 

MAIUNG ADDRESS 
P.O. Box 88 

Carbondale, IL 62903 

618-529-5262 
800-333-1740 

FAX 61 B-4S7 ·8991 

In accordance with your instructions, on March 29, 2007, we sampled coarse refu.se at Mach Mine 
and performed laboratory tests on remolded samples. Results oftbe tests are as follows: 

Visual Classification: Coarse Coal Refuse (Shale, Coal, Sandstone Mixture) 

Proctor Test Results: 
Maximum Dry Unit Weight: 120.3 PCF 
Optimum Moisture Content: l 0. 7 % 

Specific Gravity: 2.50 

Triaxial Test Results: 
Effective Cohesion: 
Effective Phi Angle: 

Permeability (2 tests): 

152 PSF 
29.3 Degrees 

3 x 10-4 cm.!sec. 
2 x 10-4 cm.!sec. 

Results of the grain size analysis and the laboratory tests are attached. 



R13103

Mach Mine Coarse Refuse Tests 

April 9, 2007 
Page2 

If you should have any questions, or if we can be of further assistance, please feel free to contact us 

at your convenience. 

Sincerely, 

1 copy: Justin Hany- Alliance Consulting 

35 1 .:, { 



R13104

Date: 

Project No.: 

B□rinq No. 

Coarse Refuse 
Sample #1 

Coarse Refuse 
Sample#2 

:s~ I 57 

HOLCOMB FOUNDATION ENGINEERING CO., INC. 
SOILS • BITUMINOUS • CONCRETE • INVESTIGATIONS AND TESTING 

SHIPPING ADDRESS 

Box 393 Wood Road 

Carbondale. IL 62901 

www.holcombengineering.com 

MAILING ADDRESS 

P.O. Box. BB 
Carbondale, IL 62903 

Permeability Tests Results 
Mach Mine 

4/9/2007 

H-05278 

Death (Ft.) 

Johnston City, Illinois 

Client 

Moisture Content(%) 
Before Test After Test 

10.9 

10.1 

14.6 

14.3 

Williamson Energy 

Dry Unit 
Weicht (PCF) 

115.7 

114.7 

618-529-5262 
800-333-1740 

FAX 618-457 -8991 

Permeability 
(Cm./Sec.) 

3x10-4 

2 X 10-4 

Permeability Tests performed in accordance with ASTM D-5084 
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Project 

Holcomb Foundation Engineering 

Pond Creek Mme 

Johnston City, Illinois 

Moisture Density Relationship 

Location: Coarse Refuse Disposal Area 

Project No.: H-05278 Proctor Test Results 

Soll Classification: 

Date: 

Test Data 

4/9/2007 

ASTM D-698 (standard) 

Moisture 

Content(¾) 

12.B 

13.2 

10.2 

7.8 

10.7 

Maximum Dry Density (PCF) 

Weathered Coarse Refuse 

120.3 

Optimum Moisture Content(%) 10.7 

Dry Unit Wt 

(PCF) 

118.7 

116.7 

120.1 

119.1 

120.3 

122.0 ~----------------------------------~ 

Proctor Curve 

121.0 

120.0 
♦ 

if: 119.0 ♦ -·2 
=> 
~ 
□ 

118.0 

117.0 

115.0 

7.0 6.0 9.0 

♦ 

♦ 

10.0 11.0 12.0 13.0 14.0 

% Moisture 

57 
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Holcomb Foundation Engineering 
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Project 

Project No.: 

Sample No. 

Sieve 

2" 
1.5" 
1" 
3/4" 
1/2" 
3/8" 
#4 
#10 
#20 
#40 
#60 
#100 
#200 

HOLCOMB FOUNDATION ENGINEERING CO., INC. 
SOILS • BITUMINOUS • CONCRETE • INVESTIGATIONS AND TESTING 

SHIPPING ADDRESS 
Box 393 Wood Road 
Carbondale. IL 62901 

www.holcombengineering.com 

MAIUNG ADDRESS 
P.O. Box BB 

Carbondale;, IL 62903 

Grain Size Analysis 

Mach Mine Client Mach Mine 

H-05278 Date: 4/9/2007 

Coarse Refuse Total Weight: 2290.30 

Wl Retained % Ret. % Passing 

0.0 0.0 100.0 
314.4 13.7 86.3 
536.7 23.4 76.6 
674.8 29.5 70.5 
901.6 39.4 60.6 

1061.2 46.3 53.7 
1522.1 66.5 33.5 
1911.6 83.5 16.5 
2091.9 91.3 8.7 
2166.2 94.6 5.4 
2202.2 96.2 3.8 
2223.7 97.1 2.9 
2245.2 98.0 2.0 

618-529-S262 
800-333-17 40 

FAX 618-457-8991 

57 
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5•7 ,----r-"'Tro;;-1aiai1--~EE'fffe~cti:ii'vvee-T-=· ==· +:i·+· +' J,c:i::;:::;::J,:,;::J,:::=i:::c::::::::c:;:.,-c::::=1=;:::::, :it.7. 

C, tsf 0.229 0.076 ·.--;--
1-+~-1 : ' ; ; 1 

~""" ! ~+-: . ; . i 
' ! '_J l ;/ ' .. LL 

, .... , i 

; ' i 

' ' 
0 1.9 3.6 5.7 7.6 9.5 11.4 

' • 
I ; 

' ' ' 

Total Nonna! Stress, !sf --

Effective Nonna! Stress, tsf - - -

!....:....L 2 
;;; 
" ' ' f-

< 

1 2 

14.4 12.7 
113.2 115.! 
95.l 89.0 

0.3 793 0.3560 
2.80 2.80 
5.59 5.58 

15.2 14.2 
113.2 115.1 
100.0 100.0 

0.3793 0.3560 

2 _L_ ·•. ', -+_;....,_. •. ~ , .l , 1 Diameter, in. 

-,- · , +- , • f--'-'H-'-e"i,,_gh"t"-• .:;.inc..----------'="---= 

➔-~--·',-;-~:-+:.-~.~~:-+/~:.~~,~.~!-~:·· Strain rate, in./min. 

2.80 2.80 
5.59 5.58 

1 J=-'-;--f-t-; --..Li__f ; , ; 1 
1 Back Pressure, lsf 

,... '-:-+-. , ;-+-i-:o-:;, .. --~: ·+------l Cell Pressure, tsf 

o ·-:·-;-·1-~•-·,~-~,-+-· Fail. Stress, tsf 

o 5 10 15 20 Total Pore Pr., !sf 

Axial Strain, % 

Type of Test: 
CU with Pore Pre!isures 

Sample Type: Coarse Refuse 

Description: 

UIL Stress, tsf 

Total Pore Pr., tsf 

cr1 Failure, tsf 
cr3 Failure, tsf 

Client: Pond Creek Mine 

0.00 
3.60 
5.04 
1.85 
4.18 
1.85 
4.18 
2.71 
0.86 

Project: Coarse Refuse Laboratory Tests 

Assumed Specific Gravity= 2.50 

Remarks: 

Location: Weathered Coarse Refuse 

0.00 
3.60 
6.48 
2.67 
5.27 
2.66 
5.22 
3.88 
1.21 

Pro]. No.: H-05278 Date: 4/2/07 

Plate 

Tested By: ~L=C _________ _ Checked By: ~T~H~---------

3 

13. I 
l 14.6 
90.4 

0.3615 
2.80 
5.58 

14.5 
114.6 
100.0 

0.3615 
2.80 
5.58 

0.00 
1.80 
7.56 
5.55 
4.77 
5.55 
4.77 
8.34 
2.79 
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I 
----/~---~. -------· ____ ,,.! ____ , 

. I . 

I 

p, tsf 
Stress Paths: Total --- Effective - - -

Client: Pond Creek Mine 
. Project: Coarse.Refuse Lab.oratory.Tests. 

Location: \Veathercd Coarse Refuse: 

Project No.: H-05278 Plate ___ _ HOLCOMB FOUNDATION ENGINEERING CO. 

Tested By: ~L~C _________ _ Checked By: _,_T,_,H ________ _ 

:, ( 
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TRIAXIAL COMPRESSION TEST 
CU with Pore Pressures 

Date: 
Client: 
Project: 

Location: 
Description: 
Remarks: 

4/2/07 
Pond Creek Mine 
Coarse Refuse Laboratory Tests 

Weathered Coarse Refuse 

Type of Sample: Coarse Refuse 
Assumed Specific Gravity=2.50 LL= 
Test Method: COE uniform strain 

Specimen Parameter 

Moisture content: Moist soll+tare, gms. 

Moisture content: Dry soil+tare1 gms. 

Moisture content: Tare1 gms. 

Moisture, °Ii,. 
Moist specimen weight, gms. 

Diameter, in. 

Area, in.2 

Height, in, 
Net decrease in height, in. 

Wet Density, pcf 
Dry density, pct: 
Void ratio 

Initial 
179.300 
165. 700 
71.400 

14.4 
1170.0 

2.80 
6.16 
5.59 

129.5 
113.2 

0.3793 
Saturation,% 95.1 

PL= 

Saturated 

15.2 

2.80 
6.16 
5.59 
0.00 

130.3 
113.2 

~41M@ 
Membrane modulus= 0.124105 kN/cm2 

Membrane thickness= 0.02 cm 

Filter paper coefficient= 0.001926 kN/cm 
Filter paper coverage = 50¾ 

Consolidation cell pressure= 70.00 psi (5.040 tsf) 

Consolidation back pressure= 50.00 psi (3.600 tsf) 

Consolidation effective confining stress = 1.440 tsf 
Strain rate, in.!min.:: 0.00 

Fail. Stress = I .845 tsf at reading no. 3 I 
Ult. Stress = 1.845 tsf at reading no. 31 

Pl= 

Consolidated 

15.2 

2.80 
6.16 
5.59 
0.00 

130.3 
113.2 

0.3 793 
100.0 

, (.. l 

4/9/2007 
11:10AM 

Final 

1255.500 
1117.500 

79.600 
13.3 

.., r 

HOLCOMB FOUNDATION ENGINEERING CO. ----------""" 
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Def. Deviatcr Minor Eff. Major Eff. Pore 

Dial Load Load Strain Stress Stress Stress 1:3 Press. p Q 

No. in. Dial lbs. ¾ tsf tsf tsf Ratio psi !Sf tsf 

0 0.0000 19.10 0.0 0.0 0.000 1.627 1.627 1.00 47.40 1.627 0.000 

0.0190 20.00 0.9 0.3 0.001 l.642 1.642 1.00 47.20 1.642 0.000 

2 0.0400 20.00 0.9 0.7 0.000 1.656 1.656 1.00 47.00 1.656 0.000 

3 0.0600 20.00 0.9 1.1 0.000 1.663 1.663 1.00 46.90 1.663 0.000 

4 0.0810 20.00 0.9 1.4 0.000 1.678 1.678 1.00 46.70 1.678 0.000 

5 0.1010 25.00 5.9 1.8 0.017 1.678 1.694 1.01 46.70 1.686 0.008 

6 0.1220 99.00 79.9 2.2 0.857 1.318 2.175 1.65 51.70 1.746 0.429 

7 0.1420 124.00 104.9 2.5 l.195 1.152 2.347 2.04 54.00 1.750 0.598 

8 0.1620 134.80 115.7 2.9 1.314 1.058 2.372 2.24 55.30 1.715 0.657 

9 0.1830 140.60 121 .5 3.3 1.374 1.001 2.375 2.37 56.10 1.688 0.687 

10 0.2030 144.80 125.7 3.6 1.416 0.965 2.381 2.47 56.60 1.673 0.708 

II 0.2240 148.10 129.0 4.0 1.448 0.936 2.384 2.55 57.00 1.660 0.724 

12 0.2440 150.60 131.5 4.4 l.471 0.914 2.385 2.61 57.30 1.650 0.735 

13 0.2650 153.10 134.0 4.7 l.493 0.900 2.393 2.66 57.50 1.646 0.746 

14 0.2850 155.60 136.5 5.1 1.515 0.878 2.393 2.72 57.80 1.636 0.757 

15 0.3060 157.30 138.2 5.5 1.528 0.864 2.392 2.77 58.00 1.628 0.764 

16 0.3260 159.80 140.7 5.8 1.549 0.857 . 2.406 2.81 58.10 1.631 0.775 

17 0.3460 1 62.30 143.2 6.2 1.571 0.850 2.420 2.85 58.20 1.635 0.785 

18 0.3670 163.10 144.0 6.6 1.573 0.835 2.408 2.88 58.40 1.622 0.787 

19 0.3870 166.40 147.3 6.9 1.603 0.828 2.431 2.94 58.50 1.630 0.802 

20 0.4080 168.90 149.8 7.3 1.624 0.821 2.445 2.98 58.60 1.633 0.812 

21 0.4490 172.30 153.2 8.0 1.648 0.814 2.461 3.02 58.70 1.637 0.824 

22 0.4890 173.90 154.8 8.7 1.652 0.806 2.458 3.05 58.80 1.632 0.826 

23 0.5300 178.90 159.8 9.5 1.691 0.806 2.498 3.10 58.80 l .652 0.846 

24 0.5710 184.80 165.7 10.2 l.740 0.814 2.553 3.14 58.70 1.683 0.870 

25 0,6120 186.40 167.3 l 0.9 1.742 0.806 2.549 3.16 58.80 1.677 0.871 

26 0.6530 190.60 171.5 11.7 1.771 0.821 2.592 3.1'6 58.60 1.706 0.886 

27 0.6940 195.60 176.5 12.4 1.808 0.821 2.628 3.20 58.60 1.725 0.904 

28 0.7350 197.20 178.l 13.l l.809 0.835 2.644 3.17 58.40 1.740 0.904 

29 0.7760 201.40 182.3 13.9 1.836 0.842 2.678 3.18 58.30 1.760 0.918 

30 0.8170 204.70 185.6 14.6 1.853 0.857 2.710 3.16 58.10 1.783 0.927 

31 0.8370 204.70 185.6 15.0 1.845 0.864 2.709 3.14 58.00 1.787 0.923 

.._ __________ HOLCOMB FOUNDATION ENGINEERING CO. __________ ...,. 
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Specimen Parameter Initial Final 

Moisture content: Moist soil+tare, gms. l 69.900 1238.700 

Moisture content: Dry soil+tare, gms. l 58.800 1117.200 

Moisture content: Tare, gms. 71.200 73.100 

Moisture,% 12.7 14.2 14.2 11.6 

Moist specimen weight, gms. 1169.8 

Diameter, in. 2.80 7..80 2.80 

Area, in.1 6.16 6.16 6.16 

Height, in. 5.58 5.58 5.58 

Net decrease in height, in. 0.00 0.00 

Wet Density, pcf 129.7 131.5 131.5 

Dry density, pcf 115.1 115.1 115.1 

Void ratio 0.3560 0.3560 0.3560 

Saturation, % 89.0 100.0 

Membrane modulus= 0.124105 kN/cm' 

Membrane thickness= 0.02 cm 

Filter paper coefficient= 0.001926 kN/cm 

Filter paper coverage = 50% 

Consolidation cell pressure= 90.00 psi (6.480 tsf) 

Consolidation back pressure= 50.00 psi (3.600 tsf) 

Consolidation effective confining stress= 2.880 tsf 
Strain rate, lnJmln. = 0.00 

Fail. Stress= 2.666 tsf at reading no. 27 

Ult. Stress = 2.663 tsf al reading no. 31 

Def. Deviator Minar Eff. Major Eff. Pore 
Dial Load Load Strain Stress Stress Stress 1:3 Press. p a 

No. in. Dial lbs. ¾ tsf tsf tsf Ratio psi tsf tsf 

0 0.0000 62.40 0.0 0.0 0.000 3.967 3.967 1.09 34.90 3.967 0.000 

0.0220 173. JO I J0.7 0.4 1.289 2.484 3.773 1.52 55.50 3. ]29 0.645 

2 0.0420 206.40 144.0 0.8 J.671 2.016 3.687 1.83 62.00 2.852 0.836 

3 0.0620 223.00 160.6 LI l.857 l.764 3.621 2.05 65.50 2.693 0.929 

4 0.0830 230.50 168.l 1.5 1.936 1.6 !3 3.549 2.20 67.60 2.581 0.968 

5 0.!030 235.50 173.1 1.8 1.987 1.512 3.499 2.3 l 69.00 2.505 0.993 

6 0.1240 238.00 175.6 2.2 2.008 1.447 3.455 2.39 69.90 2.45] 1.004 

7 0.1440 242.20 !79.8 2.6 2.048 1.390 3.438 2.47 70.70 2.4]4 1.024 

8 0.1650 245.50 l 83.1 3.0 2.078 1.346 3.424 2.54 71.30 2.385 l.039 

9 0.1850 248.80 I 86.4 3.3 2.107 1.3]0 3.418 2.61 71.80 2.364 1.054 

10 0.2060 252.20 189.8 3.7 2.137 1.289 3.426 2.66 72.10 2.358 1.069 

11 0.2260 254.70 192.3 4.0 2.l 58 1.267 3.425 2.70 72.40 2.346 1.079 

12 0.2460 253.80 l 91 .4 4.4 2. 139 1.253 3.392 2.7] 72.60 2.322 1.070 

13 0.2670 258.80 196.4 4.8 2.!87 1.238 3.425 2.77 72.80 2.332 1.093 

!4 0.2870 260.50 198.l 5.1 2.197 1.231 3.428 2.78 i2.90 2.330 1.099 

15 0.3080 263.00 200.6 5.5 2.216 1.217 3.433 2.82 73.10 2.325 1.108 

16 0.3280 265.50 203.1 5.9 2.235 1.210 3.445 2.85 73.20 2.327 l.l 18 

17 0.3490 268.80 206.4 6.3 2.263 1.210 3.-472 2.87 73.20 2.341 I. 131 

.. JS. ·o-.JoW · ·zGs:80-·· 2U6:a·· ·o.6· · "2251"" uo:r· T456 .. · :z:s7 · "73.30 ·- 1329 ·• · L r2·r 
'--.. 19 0.3900 273.00 2!0.6 7.0 2.290 1.195 3.486 2.92 73.40 2.340 1.145 

20 0.4100 275.50 213.1 7.3 2.309 1.195 3.504 2.93 73.40 2.350 1.154 

~l 0.4510 281.30 218.9 8.1 2.353 i. l 88 3.541 2.98 73.50 2.364 l.176 

HOLCOMB FOUNDATION ENGINEERING CO. 
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Def. Deviator Minor Eff. 
Dial Load Load Strain Stress Stress 

No. in. Dial lbs. % tsf tsf 

22 0.4920 284.60 222.2 8.8 2.369 1.195 

23 0.5330 292.10 229.7 9.6 2.429 1.195 

24 0.5740 296.30 233.9 I 0.3 2.454 1.202 

25 0.6140 300.40 ?18.0 11.0 2.477 1.202 

26 0.6440 305.40 243.0 11.5 2.514 1.217 

27 0.6960 322.90 260.5 I?' 2.666 1.210 

28 0. 7370 316.20 253.8 13.2 2.576 1.238 

29 0.7780 322.10 259.7 13.9 2.613 1.238 

30 0.8190 328.70 266.3 14.7 2.657 1.253 

31 0.8390 330.40 268.0 15.0 2.663 1.260 

Specimen Parameter Initial 

Moisture content: Moist soil+tare, gms. 171.400 

Moisture Content: Dry soil+tare, gms, 

Moisture·content Tare, gms. 

Moisture,¾ 

Moist specimen weight, gms. 

Diameter1 in. 

Area, in.2 

Height, in. 
Net decrease In height, in. 

Wet Density, pcf 

Dry density, pc;f 

160.000 

72,800 

13. I 
1168.8 

2.80 

6.16 

5.58 

129.6 

114.6 

Major Eff. 
stress 1:3 

tsf Ratio 

3.564 2.98 

3.625 3.03 

3.656 3.04 

3.679 3.06 

3.730 3.07 

3.876 3.20 

3.814 3.08 

3.852 3. I l 

3.910 3.12 

3.923 3.11 

Saturated 

14.5 

2.80 

6.16 

5.58 

0.00 

131.2 
114.6 

Pore 
Press. p 

psi tsf 

73.40 2.380 

73.40 2.410 

73.30 2.429 

73.30 2.441 

73.10 2.474 

73.20 2.543 

72.80 2.526 

72.80 2.545 

72.60 2.581 

72.50 2.591 

Consolidated 

14.5 

2.80 

6.16 

5.58 

0.00 

131.2 

114.6 

Void ratio 0.3615 0.3615 0.3615 

90.4 100.0 100.0 

f¥ti¥'Mhk\Ji®i¥44 
Membrane modulus= 0.124105 k.N/cm2 

Membrane thickness= 0.02 cm 

Filter paper coefficient= 0.001926 k,'-//cm 

Filter paper coverage = 50% 

Consolidation cell pressure= I 05.00 psi (7.560 tsf) 

Consolidation back pressure= 25.00 psi (1.800 tsf) 

Consolidation effective confining stress= 5.760 tsf 
Strain rate, inJmin. =· 0.00 

Fail. Stress= 5.549 tsf at reading no. 35 

Ult. Stress= 5.549 tsfat reading no. 35 

Def. Oeviator 

Dial Load Load Strain Stress 
No. in. Dial lbs. % tst 

0 0.0020 102.40 0.0 0.0 0.000 

0.0170 286.30 !83.9 0.3 2.145 

2 0.0370 364.50 262.! 0.6 3.046 

3 0.0580 407.00 304.6 1.0 3.526 

·4 tl:ffi'8{} 4-26:-t()· 32J:7" · .. t:4· · 3:73"3'" .. 

5 0.0990 437.70 335_3 1.7 3.853 

6 0.1190 449.40 347.0 2.1 3.972 

7 0.1400 457.70 ]55.3 2.5 4.052 

Minor Eff. 
Stress 

tsf 

7.207 

6.674 

6.! !3 

5.537 
... 4 .. 997 · 

4.536 

4.133 

3.838 

Major Eff. 
Stress 1:3 

tsf Ratio 

7.207 1.00 

8.819 1.32 

9.158 1.50 

9.063 1.64 

o.73□- .. "TI) --

8.389 1.85 

S.105 1.96 

7.889 2.06 

Pore 
Press. 

psi 

4.90 

12.30 

20.10 

28.10 

T5:60 

42.00 

47.60 

51.70 

HOLCOMB FOUNDATION ENGINEERING CO. 

p 

tsf 

7.207 

7.747 

7.636 

7.300 

6.~64' 

6.462 

6.119 

5.863 

Q 
tsf 

1.185 

1.215 

1.227 

1.238 

1.257 

1.333 

1.288 

1.307 

1.328 

1.331 

Final 
1284.500 

1180.500 

134.900 

9.9 

Q 
tsf 

0.000 

1.072 

1.523 

1.763 
T.867. 

1.926 

1.986 

2.026 
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Def. Daviator Minor Eff. Major Eff. Pore 

Dial Load Load Strain Stress Stress stress 1:3 Press. p Q 

No. In. Dial lbs. % tst tsf tsf Ratio psi tsf tsf 

8 0.1600 464.40 362.0 2.8 4.l 13 3.593 7.706 2.14 55.10 5.649 2.056 

9 0.1810 474.40 372.0 3.2 4,210 3.384 7.594 2.24 58.00 5.489 2.105 

10 0.2010 481.90 379.5 3.6 4.279 3.211 7.490 2.33 60.40 5.351 2.140 

11 0.2210 487.70 385.3 3.9 4.328 3.074 7.403 2.4 I 62.30 5.239 2.164 

12 0.2420 495.20 392.8 4.3 4,395 2.959 7.355 2.49 63.90 5,157 2.198 

13 0.2620 503.50 401.l 4.7 4.47] 2.851 7.323 2.57 65.40 5.087 2.236 

14 0.2830 509.30 406.9 5.0 4.518 2.772 7.290 2.63 66.50 5.031 2.259 

15 0.3030 519.30 416.9 5.4 4.612 2.693 7.305 2.71 67,60 4.999 2.306 

16 0.3240 522.60 420.2 5.8 4.630 2.650 7.279 2.75 68,20 4.965 2.315 

17 0.3440 526.00 423.6 6.1 4.650 2.621 7.270 2.77 68.60 4.946 2.325 

18 0.3650 534.30 43!.9 6.5 4,722 2.578 7.299 2.83 69.20 4.938 2.361 

19 0.3850 541.80 439.4 6.9 4,785 1.549 7.334 2.88 69.60 4,941 2.393 

20 0.4050 546.80 444.4 7.2 4.821 2.534 7.355 2.90 ,69.80 4.945 2.41 l 

21 0.4260 553.40 451.0 7.6 4,873 2.520 7.393 2.93 70.00 4.956 2.436 

22 0.4460 558.40 456.0 8.0 4.908 2,506 7.413 2.96 70.20 4.959 2.454 

23 0.4670 560,90 458.5 8.3 4.914 2.506 7.420 2.96 70.20 4.963 2.457 

24 0.4870 569.20 466.8 8.7 4.984 2.506 7.489 2.99 70,20 4.997 2.492 

25 0.5080 574.20 47l.8 9.1 5.016 2.513 7.529 3.00 70.10 5.021 2.508 

26 0.5280 580.10 477.7 9.4 5.059 2.520 7.579 3.01 70.00 5.050 2.530 

27 0.5690 592.50 490.l 10.2 5.148 2.534 7.683 3.03 69.80 5.!09 2.574 

28 0.6100 600.00 497.6 10.9 5.184 2.570 7.755 3.02 69.30 5,163 2.592 

29 0.6510 610.90 508.5 l l.6 5.254 2.599 7.853 3.02 68.90 5.226 2.627 

30 0.6920 625.80 523.4 12.4 5.363 2.628 7.991 3.04 68.50 5.310 2.682 

31 0.7330 63 l.70 529.3 13.] 5,378 2,671 8.D49 3.01 67.90 5.360 2.689 

32 0.7730 641.60 539.2 13.8 5.434 2.7D7 8.14] 3.01 67.40 5.424 2.717 

33 0.8140 651.60 549.2 14.6 5.487 2.750 8.238 3.0Q 66,80 5.494 2.744 

34 0.8350 656.6D 554.2 14.9 5.513 2.772 8.285 2.99 66.50 5.528 2.756 

35 0.8540 662.5D 560.1 15.3 5.549 2.786 8.335 2.99 66.30 5.561 2.775 

.__ __________ HOLCOMB FOUNDATION ENGINEERING CO. ------------' 
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SUBJECT WILLIAMSON ENERGY - POND CREEK lj Phase 3 Subsidence Evaluation - Characterization of Subsurface Materials 

BY BE~ 
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DATE 2009-MAR-31 
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I • 

PROJ. NO. C090403.01 .001 

I SHEFT NO.------'-- G OF __ _ 

CALCULATION BRIEF 
FOR 

gai consultants 

Engineers • Geologists • Planners 
Environmental Specialists 

SUPPLEMENTAL CHARACTERIZATION OF SUBSURFACE MATERIALS
COARSE REFUSE AND RESIDUAL SOIL 

OBJECTIVE: 

REFERENCES: 

POND CREEK COAL REFUSE DISPOSAL SITE 

To supplement characterization of the subsurface materials Reference (Ref.) 
Number (No.) 1, particularly from coarse coal refuse and residual soil laboratory 
testing from site-specific samples/testing from the Pond Creek Coal Refuse 
Disposal Facility. Materials are characterized as either sand-like or clay-like in 
accordance with various pertinent references shown below and included within the 
"Draft" Mine Health and Safety Administration (MSHA) Engineering and Design 
Manual, specifically Chapter 7: Seismic Design: Stability and Deformation 
Analyses (Ref. No. 2). 

1. Civil & Environmental Consultants, Inc. Calculation Brief Entitled "Characterization of Sand-Like 
and Clay-Like Subsurface Materials," Pond Creek Coal Refuse Disposal Site - South Cell, BEG, 
dated 7/11/08. 

2. Mine Safety and Health Administration, "Draft - Engineering and Design Manual, Coal Refuse 
Disposal Facilities, Chapter 7 - Seismic Design: Stability and Deformation Analyses," dated, 
December 2007 (Updated August 2008). · 

3. GAi Consultants, Inc. Calculation Brief Entitled "Summary of Laboratory Testing," Pond Creek Coal 
Refuse Disposal Site, BEG, dated 3/30/09. · 

4. Civil & Environmental Consultants, Inc. Report Entitled "Abandonment Evaluation, Pond Creek No. 
1 Coal Refuse Disposal Facility, Phase 2 South Pond Slurry lmpoundment, Johnston City, 
Williamson County, Illinois," dated July 23, 2008. 

5. Civil & Environmental Consultants, Inc. Report Entitled "Permanent Deformation Evaluation, Pond 
Creek No. 1 Coal Refuse Disposal Facility, ·South Cell Slurry lmpoundment, Johnston City, 
Williamson County, Illinois," dated January 23, 2008. 
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Reference (Ref.) Number (No.) 1 presents the analyses prepared by Civil & Environmental Consultants, 
Inc. (CEC) addressing the characterization of coarse and fine coal refuse, and residual soil materials 
previously required for evaluating Illinois Department of Natural Resources (IDNR) comments pertaining to 
an abandonment evaluation of the Phase 2 South Cell. A similar characterization approach will be utilized 
to assess the characterization of the coarse and fine coal refuse and residual soils relative to assessing 
the likelihood of flow failure (liquefaction) following a subsidence related loading event associated with the 
mining of Longwall Panel No. 3 beneath the Phase 3 impoundment at the Pond Creek site. 

Therefore, the first step of this and previous analyses is to characterize the subsurface conditions to 
evaluate the fluid nature and whether any zones have the potential for strength loss (i.e., liquefaction 
potential) due to a rapid loading event such as surface strains from subsidence or an earthquake. 
Previously (Ref. No. 5), the materials making up the existing Pond Creek South Cell (Phases 2/3) coarse 
refuse dike and underlying site residual soils were evaluated using piezo-seismic cone penetration testing 
(PScPn as part of a permanent deformation analyses of the South Cell. Subsequently, and as part of the 
abandonment evaluation (Ref. No. 4), laboratory testing and characterization of site specific fine coal r refuse (Ref. No. 1) was performed by CEC. 

\_ 
Coal refuse and residual soils are referred to as sand-like or clay-like depending on whether they exhibit 
monotonic and cyclic undrained shear loading behavior that is fundamentally more similar to that of either 
sand or clay. This differentiation is significant primarily if the material is loose enough (sands) or soft 
enough (clays) that it is potentially susceptible to strength loss. 

SUMMARY OF SITE-SPECIFIC FIELD AND LABORATORY TESTING AND RESULTS: 

In November 2007, CEC developed, implemented and oversaw a detailed field testing program consisting 
of performing PS-CPT at several sounding locations throughout the Pond Creek site, including the South 
Cell. PS-CPT was performed by ConeTec, Inc. (ConeTec) of West Berlin, New Jersey. Subsequently, 
Alliance Consulting, Inc. (Alliance) provided bulk (bucket) samples of fine coal refuse, which were obtained 
for abandonment-related laboratory testing. Geotechnics, Inc. (Geotechnics) of Pittsburgh, Pennsylvania 
performed consolidated undrained triaxial shear strength laboratory testing of the fine coal refuse 
materials. Ref. Nos. 1, 3, 4 and 5 present summaries of the field and labora!ory testing programs, and 
appropriate calculation briefs are attached for information. 

PIEZO-SEISMIC CONE PENETRATION TEST RESULTS SUMMARY: 

Ref. Nos. 1 and 5 presents the details and results of the November 2007 PS-CPT program performed by 
CEC/ConeTec at the Pond Creek site, which are generalized/summarized below. 

LABORATORY TESTING RESULTS SUMMARY: 

Ref. Nos. 1 and 4 presents the details and results of the June 2008 laboratory testing program performed 
by CEC/Geotechnics on bulk samples of fine coa! refuse. !n genera!, the following sumn1arlz.es !aboratory 
testing results of each of 2 buckets of fine coal refuse sampled from the South Pond impound men!. 
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Bucket 1 

Fine Coal Refuse 

Moisture= 85.8 % 

Passing No. 200 = 92.8 % 

Passino No. 40 = 99.4 % 

Plasticitv Index= 17 % 

Avo. Strain to Peak= 15.1 % 

PROJ. NO. C090403.01 .001 

SHEETNO. J 

.. 
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gai consultants 

Engineers • Geologists• Planners 
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Bucket 2 

Fine Coal Refuse 

Moisture = 94.4 % 

Passinq No. 200 = 92.6 % 

Passing No. 40 = 99.3% 

Plasticitv Index= 17 % 

Avo. Strain to Peak = 11.0 % 

Ref. Nos. 3 and 4 present the details and results of the November 2006 and April 2007 laboratory testing 
program performed by Holcolm Foundation Engineering Company, Inc. (Holcolm) on bulk samples of 
coarse coal refuse from the Pond Creek site: 

November 2006 Aoril 2007 
Coarse Coal Refuse Coarse Coal Refuse 

Maximum Drv Density= 124.6 pcf Maximum Dry Density= 120.3 pcf 
ODtimum Moisture = 9.3% Moisture = 10.7% 
Passino No. 200 = 2.6% Passino No. 200 = 2.0% 
Passino No. 40 = 5.6% Passino No. 40 = 5.4% 

Effective Friction = 33. 7 decrees Effective Friction = 29.3 decrees 
Effective Cohesion = 0 DSf Effective Cohesion = 152 osf 

Total Friction = 18.5 decrees Total Friction= 17.4 decrees 
Cohesion= 1,014 osf Cohesion = 458 osf 

Avq_ Strain to Peak= 14.8 % Avo. Strain to Peak= 14.1 % 

Ref. Nos. 3 and 4 also present the details and results of the February 2006 laboratory testing program 
performed by Holcolm on an undisturbed sample of residual soil from the Pond Creek site: 

Februarv 2006 - Barino 8874 

Residual Soil 

Drv Density = 105.3 pcf 

Moisture= 21.5% 

Passinq No. 200 = 79% 

Passinq No. 4.l = 94.5% 

Piasticitv index= 24% 

Avq. Strain to Peak= 12.6% 
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From Ref. No. 2, the first step common to evaluating liquefaction potential (and correspondingly, 
subsidence-related flowability) is to review the subsurface conditions of the embankment, subgrade and 
impoundment contents to evaluate whether any zones have the potential for strength loss. 

Generalized field-related CPT-derived criteria noted in various references within Ref. No. 2 include: 

Sand-like:Fines content< 50% or Pl< 12% 

Loose: SPT N1•60 < 15 or CPT q01 > 75 tsf, & SBT le< 2.6 or F, < 2%). 

Clay-like: Fines content> 50% and Pl >12% 
Soft: OCR< 5, Sufrr'v < 1.0, CPT Q1 < 20 tsf & SBT le> 2.6, SPT N1.so < 8 

CPT data may be used in conjunction with Atterberg limit data (criteria shown below) to differentiate sand
like from clay-like material. CPT Soil Behavior Type Index (1 0), as described in Robertson and Wride 
1998 and reproduced in Youd et al. 2001, values below 2.6 should be considered sand-like. 1

0 
values 

above 2.6 may be considered clay-like. 

Generalized laboratory results criteria noted in various references within and in Ref. No. 1 and 3 include 
the following Atterberg Limit and sieve criteria: 

Atterberg Limits. 

Material should be considered sand-like if any of the following three (3) criteria apply: 

1. The material has less than 35% particles by dry weight passing the No. 40 sieve and less than 
20% by dry weight passing the No. 200 sieve; or 

2. The material has 35% or more particles by dry weight passing the No. 40 sieve and 20% or more 
particles by dry weight passing the No. 200 sieve, but the fraction finer than the No. 40 sieve has a 
Pl of less than 12%; or 

3. The material has 20% or more particles by dry weight passing the No. 200 sieve, but the fraction 
finer than the No. 40 sieve has a Pl of less than 20%. 

The material may be considered clay-like if any of the following two (2) criteria apply: 

1. The material has 35% or more particles by dry weight passing the No. 40 sieve and 20% or more 
particles by dry weight passing the No. 200 sieve, and the fraction finer than the No. 40 sieve has a 
Pl of 12% or higher; or 

2. The material has 20% or more particles by dry weight passing the No. 200 sieve, and the fraction 
finer than the No. 40 sieve has a Pl of 20% or higher. 
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Atterberg limit criteria include as sand-like some materials that are considered clay-like by some 
investigators (e.g. Boulanger and Idriss, 2004, who suggested a break between sand-like and clay-like 
behavior at a Pl of 7%). The intent is to classify borderline materials as sand-like to be conservative. 

Another key factor in differentiating loose sand-like material from soft or medium clay-like material, for the 
purposes of liquefaction analyses, are the strain at peak undrained strength and the abruptness of the 
drop-off in shearing resistance as strains increase beyond the strain at peak. Loose sands and highly 
sensitive clays can reach Sup at small strains, and experience abrupt drop-off in resistance at higher 
strains. Most clays tend to reach Sup at higher strains, and tend to experience more gradual and limited 
drop-off in shearing resistance at higher strains. Fine coal refuse deposits often include materials falling 
within both classifications, and near the boundary of these two types of behavior. 

Loose materials with shear strain at peak strength of less than 2% in an undrained monotonic (non-cyclic) 
test, and a rapid drop-off in resistance after reaching peak strength, are considered sand-like. Loose or 
soft materials with shear strain at peak strength of more than about 5%, and a gradual drop-off in 
resistance after reaching peak strength are considered clay-like. Materials with strain behavior between 
these descriptions are considered borderline and, to be conservative, should generally be analyzed as 
sand-like. (Nole that shear strain in an undrained triaxial test is 1.5 times axial strain.) 

SUMMARY OF PREVIOUS AND SUPPLEMENTAL MATERIAL CHARACTERIZATIONS 

WEIGHTED AVERAGE FIELD AND LAB RESULTS SUMMARY 

Coarse Coal Refuse 1138'\ 

Ava. Tio Stress, Qc ava. = 46 tsf 

Ava. Fines Content, FC ava. = 23% 

Ava. SBT Index, le = 2.25 

Ava. % Passino No. 200 = 2.3% 
' 

Ava. % Passino No. 40 = 5.5 % 

Ava. Strain to Peak= 14.5 % 

Fine Coal Refuse 

Ava.% Passino No. 200 = 92.7% 

Ava. % Passino No. 40 = 99.4 % 

Ava. Plasticitv Index = 17% 

Ava. Strain to Peak= 13.1 % 
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Residual Soil /150.6'\ 

Ava. Tio Stress, Qc ava. = 61 tsf 

Ava. Fines Content, FC ava. = 46% 

Ava. SBT Index, le= 2.73 

Ava. % Passino No. 200 = 79% 

Ava. % Passino No. 40 = 94.5% 

Ava. Strain to Peak= 12.6% 
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Plots of individual and average normalized tip stress with depth are included with an attached copy of Ref. 
No. 1 with copies of the appropriate references also attached. 

CONCLUSION 

Based on the information presented in this supplemental and previous calculation briefs, the following 
material characteristic designations were determined for the coarse coal refuse, fine coal refuse and 
residual soil: 

Coarse Coal Refuse: Medium Dense Sand-Like to Medium Stiff Clay-Like (based on peak strain); 

Fine Coal Refuse: Medium Stiff Clay-Like; 

Residual Soil: Medium Dense Sand-Like and Medium Stiff Clay-Like. 

Further, the results. of the laboratory testing indicate that the fine coal refuse is clay-like based on an 
average 93% passing the No. 200 sieve and plasticity index of 17%. · Peak and steady-state undrained 
strengths presented in Ref. No. 3 were reached at generally high strains (between 8 and 18%), and there 
was very little drop off from peak to steady-state with increasing strain. Similar peak undrained shear 
strains were observed for coarse refuse and residual soil testing results. The results generally indicated a 
higher resistance to strength loss (and flow) due to the large strains required to exceed the peak strength 
and correspondingly small decrease to the steady-state strength at higher strains, particularly for the fine 
coal refuse. 

The susceptibility of the embankment and impoundment to a liquefaction flow failure is a function of both 
the undrained strength (worst case steady-state strength) and the in-situ driving shear stress on a critical 
failure plane passing through the critical layer fine coal refuse material, which is further addressed in 
subsequent calculation briefs. Similarly, subsidence induced strains are subsequently compared to (peak) 
triggering strains of the coarse and fine coal refuse to further assess flowability of fines and potential 
embankment cracking. 
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ATTACHMENT 1 
Reference No. 1 

Civil & Environmental Consultants, Inc., Calculation Brief Entitled "Characterization of Sand-Like and Clay
Like Subsurface Materials," Pond Creek Coal Refuse Disposal Site - South Cell, BEG, dated 7/11/08. 
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CALCULATION BRIEF 
FOR 

CHARACTERIZATION OF SAND-LIKE AND CLAY-LIKE 
SUBSURFACE MATERIALS 

POND CREEK COAL REFUSE DISPOSAL SITE - SOUTH CELL 

OBJECTIVE: To characterize subsurface materials including coarse coal refuse, fine coal 

refuse and residual soils encountered at the Pond Creek South Cell refuse 

disposal facility. Materials are characterized as either sand-like or clay-like 

in accordance with various pertinent references shown below and included 

within the "Draft" Mine Health and Safety Administration (MSHA) 

Engineering and Design Manual, specifically Chapter 7: Seismic Design: 

Stability and Deformation Analyses, March 2007. 

REFERENCES: 

1. Illinois Department of Natural Resources, Office of Water Resources, Construction and 

Maintenance of Dams, Part 3702, Chapter IX. 

2. Mine Safety and Health Administration, "Draft - Engineering and Design Manual, Coal 

Refuse Disposal Facilities, Chapter 7 - Seismic Design: Stability and Deformation 

Analyses," dated, March 13, 2007. 

3. Civil & Environmental Consultants, Inc. Calculation Brief Entitled "Summary of Piezo

Cone Penetration Testing," Pond Creed Coal Refuse Disposal Site, BEG, dated 12/21/07. 

4. Civil & Environmental Consultants, Inc. Calculation Brief Entitled "Normalized PS-CPT 

Data· and Parameter Correlations," Pond Creek Coal Refuse Disposal Site, BEG, dated 

12/28/07. 

5. Civil & Environmental Consultants, Inc. Calculation Brief Entitled "Summary of 

Laboratory Testing," Pond Coal Refuse Disposal Site - South Pond, BEG, dated 7 /8/08. 

6. Boulanger, R.W. and Idriss, I.M. (2004). "Evaluating the Potential for Liquefaction or 

Cyclic Failure of Silts and Clays," Report No. UCD/CGM-04/01, Center for Geotechnical 

Modeling, Department of Civil and Environmental Engineering, University of California, 

Davis, California. 
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7. Robertson, P.K., (Fear) Wride, C.E., List, B.R., Atukorala, U., Biggar, K.W., Byrne, 

P.M., Campanella, R.G., Cathro, D.C., Chan, D.H., Czajewski, K., Finn, W.D.L., Gu, 

W.H., Ham.marnji, Y., Hofmann, B.A., Howie, J.A., Hughes, J., Imrie, A.S., Konrad, 

J.-M., Kupper, A., Law, T., Lord, E.R.F., Monahan, P.A., Morgenstern, N.R., Phillips, R., 

Piche, Plewes, H.D., Scott, D., Sego, D.C., Sobkowicz, J., Stewart, R.A., Tan, S., Vaid, 

Y.P., Watts, B.D., Woeller, D.J., Youd, T.L., and Zavodni, Z., The CANI.EX Project: 

Summary and Conclusions. Canadian Geotechnical Journal, 2000, Vol. 37, No. 3, June, 

pp. 499-504 

8. Youd, T. L. et al. (2001). "Liquefaction Resistance of Soils: Summary Report from the 

1996 NCEER and 1998 NCEER/NSF Workshops on Evaluation of Liquefaction 

Resistance of Soils," Journal of Geotechnical and Geoenvironmental Engineering, ASCE, 

Vol. 127, No. 10, pp. 817-833. 

9. Blight, G. E. and Bente!, G. M., (1983) "The Behaviour of :Mine Tailings During 

Hydraulic Deposition," Journal of the South African Institute of :Mining and Metallurgy, 

April 1983. 

GENERAL: 

Reference (Ref.) Number (No.) 1 presents the following guidelines regarding the methods of 

testing, analyses and computations which must be completed and submitted with an application 

to support an owner's request for abandonment of a disposal impoundment darn: 

1. The classification of the existing condition of the impounded material with respect to its 

fluid nature; 
2. The liquefaction potential of the impounded material and the related stability of the 

containing dam; 
3. The final surface configuration for the impounded materials, especially from any surface 

water impounding characteristics and the erosion potential of the surface material; and 

4. The establishment of a follow-up inspection schedule to ensure the proposed plans have 

been effective and the submittal of record drawings. 

This, and subsequent calculation briefs prepared by Civil & Environmental Consultants, Inc. 

(CEC), address the characterization of the impounded fine coal refuse and the liquefaction 

potential of the fine coal refuse and related stability (i.e., Requirements 1 and 2 above). Alliance 

Consulting, Inc. (Alliance) will provide the final surface configuration and the follow-up 

inspection schedule. 
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From Ref. No. 2, the basic elements for seismic design and analysis are: 

1. Characterize the subsurface materials; 

2. Evaluate if design earthquake will trigger strength loss; 

3. Evaluate seismic stability using post-earthquake strength parameters; and 

4. Evaluate deformations. 

Therefore, the first step for both abandonment and seismic design and analysis is to characterize 

the subsurface conditions to evaluate the fluid nature and whether any zones have the potential 

for strength loss due to earthquake shaking (i.e., liquefaction potential). Previously, the materials 

making up the coarse refuse dike and underlying residual soils were evaluated using piezo

seismic cone penetration testing (PSCPT) (Ref. Nos. 3 and 4) as part of the deformation analyses 

of the South Pond. Subsequently, and as part of the abandonment evaluation, laboratory testing 

(Ref. No. 5) and characterization of the fine coal refuse retained behind the embankment was 

performed as described below. 

For many aspects of seismic stability analyses described in Ref. No. 2, coal refuse and natural 

soils are referred to as sand-like or clay-like depending on whether they exhibit monotonic and 

cyclic undrained shear loading behavior that is fundamentally more similar to that of either sand 

or clay. This differentiation is significant primarily if the material is loose enough (sands) or soft 

enough (clays) that it is potentially susceptible to strength loss. 

SUMMARY OF POND CREEK FIELD AND LABO RA TORY TESTING/RESULTS: 

CBC developed, implemented and oversaw a detailed and thorough field testing program 

consisting of performing PS-CPT at several sounding locations throughout the Pond Creek site, 

including the ongoing South Pond impoundment. PS-CPT was executed at Pond Creek by 

ConeTec, Inc. (ConeTec) of West Berlin, New Jersey. Also, Alliance provided bulk (bucket) 

samples of fine coal refuse, which were obtained for subsequent laboratory testing. Geotechnics, 

Inc. (Geotechnics) of Pittsburgh, Pennsylvania performed consolidated undrained triaxial shear 

strength laboratory testing of the fine coal refuse materials. Ref. Nos. 3 -5 present summaries of 

the field and laboratory testing programs and Appendixes A - C ofthe Pond Creek abandonment 

report present the results of the field and laboratory testing. 
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PlE:lO-SEISMIC COJ\'E PENETRATION TEST RESULTS SUMMARY. 

Generalized South Cell CPT Profiles from the October 2007 field testing presented in Ref. Nos. 
3 and 4 indicated the following: 

CPT-1 CPT-2 

EL 482.19 - Surface Elevation EL 494.21 - Surface Elevation 

15.3 feet - Deoth to Static Ground Water 38.8 feet -Depth to Static Ground Water 

0 - 18.4 feet-Residual Soil 0 - 32 feet - Coarse Refuse 

Refusal at 18.4 feet - Bedrock 32 - 45.3 feet- Residual Soil 

Refusal at 45 .3 feet - Bedrock 

CPT-2A CPT-3 

EL 492.40 - Surface Elevation EL 466.98 - Surface Elevation 

37.0 feet-Deoth to Static Ground Water 11.1 feet - Deoth to Static Ground Water 

0 - 29 feet - Coarse Refuse . 0 - 22.2 feet - Residual Soil 

29 - 41.7 feet - Residual Soil Refusal at 22.2 feet - Bedrock 

Refusal at 41.7 feet - Bedrock 

CPT-4 CPT-5 

EL 482.55 - Surface Elevation EL 482.55 - Surface Elevation 

21.7 feet - Deoth to Static Ground Water 34.4 feet - Depth to Static Ground Water 

0 - 18.9 feet- Residual Soil 0 - 29 feet - Coarse Refuse 

Refusal at 18.9 feet - Bedrock 29 - 49.2feet - Residual Soil 

Refusal at 49 .2 feet - Bedrock 
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CPT-SA CPT-SB 

EL 483.00 - Surface Elevation El. 479.90- Surface Elevation 

35.9 feet- Depth to Static Ground Water 28.0 feet-Depth to Static Ground Water 

0 - 29 feet - Coarse Refuse 0- 19 feet - Coarse Refuse 

29 - 53.2 feet - Residual Soil 19 - 39.7 feet- Residual Soil 

Refusal at 53 .2 feet - Bedrock Refusal at 39. 7 feet - Bedrock 

Cone penetration testing results for CPT-1, CPT-2, CPT-2A, CPT-3, CPT-4, CPT-5, CPT-5A 

AND CPT-5B presented in Ref. Nos. 3 and 4 indicated the following: 

CPT-1 CPT-3 

Residual Soil Residual Soil 

(Layer Thickness = 18.4) (Layer Thickness = 22.2) 

A v_g. Tip Stress, Qc avg. = 79 tsf Avg. Tip Stress, Qc avg.= 43 tsf 

Avg. Fines Content, FC avg.= 27% Avg. Fines Content, FC avg. = 32% 

Avg. SBT Index, Ic = 2.38 Avg. SBT Index, Ic = 2.49 

CPT-4 

Residual Soil 

(Layer Thickness = 18.9) 

Avg. Tip Stress, Qc avg.= 64 tsf 

Avg. Fines Content, FC avg.= 28% 

Avg. SBT Index, Ic = 2.41 
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CPT-2 C:PT-2A 

Coarse Coal Refuse Coarse Coal Refuse 

(Layer Thickness = 32') (Layer Thickness = 29') 

Avg. Tip Stress, Qc avg. = 54 tsf Av_g. Tip Stress, Qc av_g. = 45 tsf 

Avg. Fines Content, FC avg.= 24% Avg. Fines Content, FC avg.= 22% 

Avg. SBT Index, Ic = 2.30 Avg. SBT Index, Ic = 2.23 

Residual Soil Residual Soil 

(Laver Thickness = 13.3') (Layer Thickness= 12.7') 

Avg. Tip Stress, Qc avg_= 47 tsf Avg. Tip Stress, Qc avg.= 86 tsf 

Avg. Fines Content, FC avg.= 60% Avg. Fines Content, FC avg. = 48% 

Avg_ SBT Index, Ic = 2.99 Avg. SBT Index, Ic = 2.80 

CPT-5 CPT-SA 

Coarse Coal Refuse Coarse Coal Refuse 

(Layer Thickness = 29') . · (Layer Thickness = 29') 

Av_g. Tip Stress, Qc avg.= 50 tsf Avg. Tip Stress, Qc avg.= 37 tsf 

Avg. Fines Content, FC avg.= 23% Avg. Fines Content, FC avg.= 24% 

Avg. SBT Index, Ic = 2.24 Avg. SBT Index, Ic = 2.29 

Residual Soil Residual Soil 

(Layer Thickness = 20.2') (Layer Thickness= 24.2') 

Avg. Tip Stress, Qc avg.= 66 tsf Avg, Tip Stress, Qc avg.= 49 tsf 

Av_g. Fines Content, FC avg.= 64% Avg. Fines Content, FC avg.= 56% 

Ayg, SBT Index, Ic = 3.04 Avg. SBT Index, Ic = 2.94 
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CPT-5B 

Coarse Coal Refuse 

(Laver Thickness = 19') 

Av£. Tio Stress, Qc av£.= 41 tsf 

Av£. Fines Content, FC avg,= 19% 

Av£. SBT Index, Ic = 2.15 

Residual Soil 

(Layer Thickness = 20.7') 

Av£. Tio Stress, Qc avg. = 63 tsf 

Avg. Fines Content, FC av'i!. = 51 % 

Avg. SBT Index, Ic = 2.84 

PAGE 
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Cone Penetration Testing: Results - Shear Wave Velocities 

7 

080-851 
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Shear Wave Velocity Shear Wave Velocity 
Coarse Coal Refuse Residual Soil 

CPTNo. (ft/sec) (ft/sec) 
Max. Min. Av,,-. Max. Min. Av,,-. 

CPT-1 NA 1402 645 905 

CPT-2 1284 1029 1120 1173 795 957 

CPT-2A 1169 895 1042 1256 780 918 

CPT-3 NA 1058 569 765 

CPT-4 NA 1242 476 817 

CPT-5 1190 936 1063 1599 780 947 

CPTa5A 1396 779 1064 1580 728 1005 

CPT-5B 1517 818 1080 1649 686 978 
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LABORA'l'OR Y TESTING RESULTS SUMMARY: 

Ref. No. 4 and Appendix A present the details and results of the June 2008 laboratory testing 

program performed by Geotechnics. The following summarizes laboratory testing results of each 

of 2 buckets of fine coal refuse sampled from the South Pond impoundment. 

Bucket 1 Bucket2 

Fine Coal Refuse Fine Coal Refuse 

Moisture= 85.8 % Moisture = 94.4 % 

Passing No. 200 = 92.8 % Passing No. 200 = 92.6 % 

Passing No. 40 = 99.4 % Passing No. 40 = 99.3% 

Plasticity Index= 17 % Plasticity Index = 17 % 

Av_g. Strain to Peak= 15.1 % Avg. Strain to Peak= 11.0 % 

Normalized tip stress and fines content with depth for CPT-1, CPT-2, CPT-2A, CPT-3, CPT-4, 

CPT-5, CPT-SA and CPT-5B including a summary of pertinent average field and laboratory test 

results for each material layer are attached. 

CRITERIA AND METHODOLOGY: 

From Ref. No. 2, the first step common to all approaches is to review the subsurface conditions 

at the embankment to evaluate whether any zones have the potential for strength loss. For this 

initial screening step, saturated to nearly saturated sand-like materials with N 1,6o values less than 

15 blows per foot (bpf), or qc1 (or Qc) values less than 75 tons per square foot (tsf), should be 

considered potentially susceptible to strength loss. Ref. No. 2 noted these values are likely too 

conservative and apply only to clean sands. Their application to silty sands and sands with high 

fines content, which are more representative of fine coal refuse, will likely be overly 

conservative. 
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Generalized field-related CPT-<le1ived criteria noted in various references within Refr.r~nce 2 

include: 

Sand-like: Fines content< 50% or PI< 12% 

Loose: SPT N1.60< 15 or CPT qc1 > 75 tsf, & SBT Ic < 2.6 or F, < 2%). 

Clay-like: Fines content> 50% and PI >12% 

Soft: OCR< 5, SJcr' v < 1.0, CPT Q, < 20 tsf & SBT Ic > 2.6, SPT N1,60 < 8 

CPT data may be used in conjunction with Atterberg limit data (criteria shown below) to 

differentiate sand-like from clay-like material. CPT Soil Behavior Type Index (le), as described 

in Robertson and Wride 1998 and reproduced in Youd et al. 2001, values below 2.6 should be 

considered sand-like. Ic values above 2.6 may be considered clay-like. 

Generalized laboratory results criteria noted in various references within and in Ref. No. 1 

include the following Atterberg Limit and sieve criteria: 

Atterberg Limits. 

• Material should be considered sand-like if any of the following three (3) criteria apply: 

1. The material has less than 35% particles by dry weight passing the No. 40 sieve and less 

than 20% by dry weight passing the No. 200 sieve; or 

2. The material has 35% or more particles by dry weight passing the No. 40 sieve and 20% 

or more particles by dry weight passing the No. 200 sieve, but the fraction finer than the 

No. 40 sieve has a PI of less than 12%; or 

3. The material has 20% or more particles by dry weight passing the No. 200 sieve, but the 

fraction finer than the No. 40 sieve has a PI of less than 20%. 

The material may be considered clav-like if any of the following two (2) criteria apply: 

1. The material has 35% or more particles by dry weight passing the No. 40 sieve and 20% 

or more particles by dry weight passing the No. 200 sieve, and the fraction finer than the 

No. 40 sieve has a PI of 12% or higher; or 
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2. The material has 20% or rnu1e paiticles by dry weight passing the No. 200 sieve, and the 

fraction finer than the No. 40 sieve has a PI of 20% or higher. 

Atterberg limit criteria include as sand-like some materials that are considered clay-like by some 

investigators (e.g. Boulanger and Idriss, 2004, who suggested a break between sand-like and 

clay-like behavior at a PI of 7% ). The intent is to classify borderline materials as sand-like to be 

conservative. 

Another key factor in differentiating loose sand-like material from soft or medium clay-like 

material, for the purposes of seismic stability and deformation analyses, are the strain at peak 

undrained strength and the abruptness of the drop-off in shearing resistance as strains increase 

J:?eyond the strain at peak. Loose sands and highly sensitive clays can reach Sup at small strains, 

and experience abrupt drop-off in resistance at higher strains. Most clays tend to reach Sup at 

higher strains, and tend to experience more gradual and limited drop-off in shearing resistance at 

higher strains. Fine coal refuse deposits often include materials falling within both 

classifications, and near the boundary of these two types of behavior. 

Loose materials with shear strain at peak strength of less than 2% in an undrained monotonic 

(non-cyclic) test, and a rapid drop-off in resistance after reaching peak strength, are considered 

sand-like. Loose or soft materials with shear strain at peak strength of more than about 5%, and 

a gradual drop-off in resistance after reaching peak strength are considered clay-like. Materials 

with strain behavior between these descriptions are considered borderline and, to be 

conservative, should generally be analyzed as sand-like. (Note that shear strain in an undrained 

triaxial test is 1.5 times axial strain.) 

Soil, rock, and mixtures of soil and rock that are not coal refuse such as the underlying starter 

embankment will be referred to as natural soils. Natural soils may be described as sand-like, or 

clay-like, using the same general criteria as refuse. 



R13133

Civil & Environmental Consultants, Inc. 

PROJECT Williamson Energy Pond Creek - South Pond PROJECT NO. 080-851 

Phase 2 Abandonment Evaluation PAGE 11 OF /1-

Characterizafion of Subsurface Materials 

MADE BY -~B_R_,G~'- DATE 7 /11/08 CHECKEDBY ® DATE ]{23,/CE 

CPT-1. CPT-2. CPT-2A. CPT-3. CPT-4. CPT-5. CPT-SA AND CPT-SB AVG. 

WEIGHTED AVERAGE FIELD AND LAB RESULTS SUMMARY 

Coarse Coal Refuse (138') 

Avg. Tip Stress, Qc avg.= 46 tsf 

Avg. Fines Content, FC avg.= 23% 

Avg. SBT Index, Ic = 2.25 

Fine Coal Refuse 

Avg.% Passing No. 200 = 92.7% 

Avg.% Passing No. 40 = 99.4 % 

Avg. Plastici tv Index = 17 % 

Avg. Strain to Peak= 13.1 % 

Residual Soil (150.6') 

Avg. Tip Stress, Qc avg. = 61 tsf 

Avg. Fines Content, FC avg.= 46% 

Avg. SBT Index, Ic = 2. 73 

Plots of individual and average normalized tip stress with depth are included with an attached 

complete copy of Ref. No. 4. 
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CONCLUSION 

Based on the information presented in this calculation brief, the following material characteristic 
designations were determined for the coarse coal refuse, fine coal refuse and residual soil: 

Coarse Coal Refuse: Medium Dense Sand-Like; 

Fine Coal Refuse: Medium Stiff Clay-Like; 

Residual Soil: Medium Dense Sand-Like and Medium Stiff Clay-Like. 

Further, the results of the laboratory testing indicate that the fine coal refuse is clay-like based on 
an average 93% passing the No. 200 sieve and plasticity index of 17%. Peak and steady-state 
undrained strengths presented in Appendix A were reached at generally high strains (between 8 
and 18%), and there was very little drop off from peak to steady-state with increasing strain. The 
results generally indicated a higher resistance to strength loss (and flow) due to the large strains 
required to exceed the peak strength and correspondingly small decrease to the steady-state 
strength at higher strains. Further, previous deformation analyses results indicated induced shear 
strains from the PGA at less than 0.1 %, which is well below a threshold (peak) triggering strain 
of the material. 

The susceptibility of the embankment and impoundment to a liquefaction flow failure is a 
function of both the undrained strength (worst case steady-state strength) and the in-situ driving 
shear stress on a critical failure plane passing through the critical layer fine coal refuse material, 
which is further addressed in subsequent calculation briefs. 
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SUMMARY OF PIEZO-SEISMIC CONE PENETRATION TESTING 

POND CREEK COAL REFUSE DISPOSAL SITE 

OBJECTIVE: 

Summarize the piezo-seismic cone penetration testing (PS-CPT) activit1es performed by 

ConeTec, Inc. (ConeTec), West Berlin, in October 2007 as part of the subsurface exploration at 

the Williamson Energy Pond Creek facility, Williamson County, Illinois. 

REFERENCES: 

1. ConeTec, Inc. (2007), Field Report Entitled "Presentation of CPTU Test Results for: 

Pond Creek Mine - Williamson County, Illinois, December 10, 2007. 

2. Robertson, P.K., et.al. (1992) "SPT-CPT Correlations," Journal of. Geotechnical 

Engineering, ASCE 109 (11): 1449-1459. 

3. Robertson, P.K and Campanella, R.G, (1989), "Guidelines for Geotechnical Design 

Using CPT and CPTU", UBC Soil Mechanics Series No. 120, Civil Eng. Dept., 

Vancouver, B.C., Canada 

4. Robertson, P.K and Campanella, R.G, (1983), "SPT-CPT Correlations," Journal of 

Geotechnical Engineering, ASCE Vol. 109 No. 11, pp. 1449-1459. 

METHODOLOGY: 

As part of the subsurface exploration, a total of 15 PS-CPT soundings were performed at the 

Pond Creek site on October 30 and 31, 2007, at approximate locations shown in Figure 2 of the 

Pond Creek Deformation Evaluation report. PS-CPT exploration was performed under the full

time observation and guidance of CEC personnel. PS-CPT locations designated as CPT-1, CPT-

2, CPT-2A, CPT-3, CPT-4, CPT-5, CPT-5A, CPT-5B, CPT-6, CPT-7, CPT-8, CPT-9, CPT-10, 

CPT-11 and CPT-12 were located by CEC within areas that included existing coarse coal refuse 

and the proposed South Cell, North Central Cell and North Cell impoundments. CPT-2, CPT-

072046 



R13139

Civil & Environmental Consultants, Inc. 
Williamson Energy Pond Creek 

PROJECT Deformation Evaluation PROJECT NO. 072046 

Summary of PS-CPT PAGE 2 OF l'i 

MADE BY __ B_E_G_ DATE 12/21/07 CHECKEDBY ~ DATE 

2A, CPT-5, CPT-5A all(! CPT-5B soundings were located on the existing coarse coal refuse 
embankment crest, and were pushed through coarse refuse and the underlying subgrade residual 
soil. CPT-1, CPT-3, CPT-4, CPT-6, CPT-7, CPT-8, CPT-9, CPT-10, CPT-11 and CPT-12 were 
located throughout the facility at approximate existing ground surface and pushed exclusively 
through residual soil. The following presents the CPT sounding, site coordinates, existing 
ground surface elevation, total depth, interpolated ground water depth and applicable slurry cell. 

Ground Total GWT Applicable 
CPT Northing Easting Surface Depth Interpolated Slurry Cell 
No. (ft) (ft) Elev.(ft) (ft) (ft) 

CPT-1 425784.316 358548.865 482.19 18.4 15.3 South 
CPT-2 426832.420 357857.498 494.21 45.3 38.8 South, 

Central, 
North 

CPT-2A 426828.920 358156.731 492.40 41.7 37.0 South, 
Central, 
North 

CPT-3 426792.780 359207.797 466.98 22.2 11.1 South 
CPT-4 426331.101 360108.800 482.55 18.9 21.7 South 
CPT-5 427485.256 357913.863 482.55 49.2 34.4 South, 

Central, 
North 

CPT-5A 427607.598 357920.844 483.00 53.2 35.9 South, 
Central, 
North 

CPT-5B 427147.684 358343.061 479.90 39.7 28.0 South, 
Central, 
North 

CPT-6 427450.461 358992.616 457.78 22.6 9.2 Central 
CPT-7 427450.884 359850.004 457.83 16.7 9.2 Central 
CPT-8 429006.116 358034.037 444.45 17.9 6.6 Central, 

North 
CPT-9 429077.690 359026.204 445.68 22.0 7.8 Central, 

North 
CPT-10 428965.827 359998.444 442.09 26.1 3.4 Central, 

North 
CPT-11 430316.815 358810.964 440.59 27.6 11.4 North 
CPT-12 430141.831 359852.299 442.08 22.6 11.7 North 

072046 
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Note: CPT coordinates and ground surface elevations were provided by Williamson Energy. 

Determining the dynamic response of the Pond Creek facility and that of the coarse coal refuse 

and subgrade residual soils requires knowledge of the subsurface material's dynamic properties 

to accurately predict the horizontal shear stresses and strains induced in the material by a given 

earthquake loading. Of particular significance in the dynamic evaluation is the distribution of 

density of the coal refuse materials with depth. The low-amplitude, small strain shear modulus 

(G) with depth is an important parameter for characterizing the behavior and response of a soil 

column during earthquake shaking. It is a function of the in-situ shear wave velocity estimated 

at the site with depth and was obtained in the field utilizing PS-CPT. 

The main purpose of the PS-CPT was to measure in-situ shear wave (S-wave) travel times for 

subsequent calculation of shear wave velocity (Vs) and G. Concurrently, CPT was also 

performed which provides nearly continuous, index-type information which can be correlated to 

classification and in-situ strength values based on established procedures such as those outlined 

in Robertson and Campanella (1988). Further, cone data is typically utilized to evaluate 

liquefaction potential based on Robertson and Campanella (1985) similar to the procedures 

described in Seed and Idriss (1983) and to compare with the results using steady-state principles; 

however, only permanent deformations are evaluated in response to regulatory comments. 

The seismic wave form portion of the PS-CPT was conducted by ConeTec at about 3-foot 

intervals throughout the soil profile to the maximum depths indicated. The down-hole seismic 

survey is a reliable technique for obtaining shear wave and compression wave velocities 

accounting for the subsurface material's attenuation and anisotropic effect with depth (Hoar and 

Stokoe, 1978) (Dobry et al., 1981) (Stokoe and Nazarian, 1985). Only S-wave travel times were 

measured for each sounding with depth which was used to calculate the corresponding Vs and G 

used in the dynamic analyses of the Pond Creek facility. 

RESULTS: 

A total of 15 PS-CPT soundings were performed at the Pond Creek site in October 2007, at 

approximate locations shown in Figure 2. ConeTec measured tip stress, sleeve stress and pore 

water pressure, and shear wave velocities at the locations CPT-1 through CPT-12 from the 

existing ground surface through coarse coal refuse, where available and through residual soil 

materials. 

072046 
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Shear wave velocities per material type were measured and the minimum, maximum and 

weighted averages are summarized as follows: 

Shear Wave Velocit:i:: Shear Wave Velocit:i:: 
Max./Min./Avg. Max./Min./ Avg. 

CPT No. Coarse Coal Refuse Residual Soil 
(ft/sec} (ft/sec} 

CPT-1 NA 1402 645 905 

CPT-2 1284 1029 1120 1173 795 957 

CPT-2A 1169 895 1042 1256 780 918 

CPT-3 NA 1058 569 765 

CPT-4 NA 1242 476 817 

CPT-5 1190 936 1063 1599 780 947 

CPT-5A 1396 779 1064 1580 728 1005 

CPT-5B 1517 818 1080 1649 686 978 

CPT-6 NA 1022 514 796 

CPT-7 NA 894 514 682 

CPT-8 NA 1036 541 783 

CPT-9 NA 1484 415 835 

CPT-10 NA 1217 478 828 

CPT-11 NA 1387 471 925 

CPT-12 NA 1230 530 763 

In general, shear wave velocities in coarse refuse ranged from about 779 to 1517 fps with an 

average value of about 1074 fps. For subgrade residual soils, Vs ranged from 415 to 1599 fps 

with an approximate average value of 860 fps. Measured values of Vs for coarse refuse and 

residual soil materials and the density of the respective material with depth are used to estimate 

the initial shear modulus, G, for use in the one dimensional, dynamic SHAKE (Schnabel, et al., 

1972) analysis of the embankment. G-values estimated from the four soundings are used in the 

calculation of induced cyclic shear stress at the SHAKE soil column locations (e.g. PCSC300) 

shown in Figure 3. Appendix A, Attachment A-2 presents the complete ConeTec report and 

Appendix B, Attachment B-1 presents the computations of G for the various SHAKE columns 
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from in-situ measurements of Vs for the coarse refuse, residual soil and bedrock materials 
including plots of Vs and G with depth for both SHAKE columns. 

CONCLUSIONS: 

Summarizing, the PS-CPT field testing was performed as part of the subsurface exploration at 
the Pond Creek facility. The information gathered from the testing will be used to correlate 
index and strength parameters, as well as shear modulus for use in subsequent permanent 
deformation analyses. 
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•
2 ~M·cn1a · r,·-m1m• ;¾\ •.• ~ ., ... ~ .. yen, · .. 1e1I .,. :f,,_j !iJlk~c$%liJti;ifMij!!ili;iloi:;ityZt{ffl';;}~ 

7.54 1204 
10.82 1284 
14.1 1152 

17.39 1085 CCR 
20.67 1029 
23.95 1039 
27.23 1050 
30.51 1114 
33.79 950 
37.07 795 CLAY 
40.35 908 
43.31 1173 

CPT-2A 
~M-d!: o· unnJ •• T;;,,_;,,"J _ J _:f -~q.y~n;; -__ §);t_Jt' t~~ lc'l/1"1>]lnfi;iiyali~i;il§c:ity;\(ffi's)~ 

7.54 977 
10.82 973 
14.1 1121 

17.39 1051 CCR 
20.67 1105 
23.95 1169 
27.23 895 
30.51 780 
33.79 845 CLAY 
37.07 790 
39.86 1256 

CPT-3 

7.21 577 
10.50 569 
13.78 738 

__ ....:...:"-='=----+-----==----~ICLAY 

17.06 883 
I! 20.10 1058 

Clay 

CCR 
CLAY 

CCR· 
CLAY 

CLAY 

Max 

1402 

Max 

1284 
1173 

Max 

1169 
1256 

Max 

1058 

CPT-1 
Min 

645 

CPT-2 
Min 

1029 
795 

CPT-2A 
Min 

895 
780 

CPT-3 
Min 

569 

7 f /1 

!!.Y!l 

905 

!!.Y!l 

1120 
957 

!!.Y!l 

1042 
918 

!!.Y!l 

765 
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CPT-4 

CPT-4 

Max Min ~ 

3.93 476 CLAY 1242 476 817 

7.21 673 CLAY 

10.50 781 

13.78 913 
16.81 1242 
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Williamson Energy• Pond Creek• North Central Cell 
Shear Wave Velocity versus Depth CEC Project No. 072-046 

CPT-5 

Md!'!ia':' YDept!:ir(f!M ' .. J. re: ye;;\_ .. , ·' •··; ;·; l!i!'IMs:11ntetva~e1ool!YlffllsJ,J ........... , ..• , ,., ....... lill'c Max Min !!Y9 

7.54 1030 CCR 1190 936 1063 

10.82 1076 CLAY 1599 780 947 

14.10 991 
17.39 936 CCR 
20.67 1148 
23.95 1190 
27.23 1067 
30.51 780 
33.79 780 
37.07 821 CLAY 
40.35 780 
43.63 923 
46.91 1599 

CPT-5A CPT-5A 

~~Midsl£ayeff,Dei:ittll(ftB ~W§lliJt!aitvll~?lcic:iitJi1(ft'sj;i'f • ,, % • ,_,,, •••• " ,, <"•···· -, , ··-•" f', •• ffifc;.t,j)\j 
Max Min !!Y9 

7.21 844 CCR 1396 779 1064 

10.50 779 CLAY 1580 728 1005 

13.78 1164 
17.06 1396 CCR 

.. , .. 20.34 994 
23.63 1077 
26.90 1195 
30.18 1021 
33.46 784 
36.74 784 
40.02 728 CLAY 
43.30 768 
46.67 961 
49.95 1411 
52.00 1580 

CPT-5B CPT-58 
Max Min !!Y9 

7.54 818 CCR 1517 818 1080 

10.82 900 CLAY 1649 686 978 

14.10 1517 CCR 
17.39 1085 
20.67 856 
23.95 732 
27.23 686 CLAY 
30.59 762 

11~ 33.79 1014 

II 
37.07 1150 
38.88 1649 ~---+-~-11 



R13147

CPT-6 

lliftrf'Mig;,l:$yl'!fiQEiptli,{~)~&!i ,1/t~1>Llo!EioiaM,/~ICJcifyj(11(r,~ 

II 
4.26 514 
7.54 769 
10.82 706 
14.10 945 
17.39 819 
20.51 1022 

CPT-7 

4.26 514 
7.54 575 
10.82 745 
14.10 894 

CPT-8 

4.26 541 
7.54 652 

10.82 708 
14.10 979 

( 
-c.;PT-9 

16.48 1036 

3.93 415 
7.21 904 

10.50 757 
13.78 647 
17.06 805 
20.01 1484 

CPT-10 

4.26 478 
7.54 617 
10.82 656 
14.10 803 
17.36 945 
20.67 1080 
23.87 1217 

CLAY 1022 

CLAY 

CLAY 894 

CLAY 

CLAY 1036 

CLAY 1484 

CLAY 1217 

514 

CPT-7 
Min 

514 

CPT-8 
Min 

541 

CPT-9 
Min 

415 

CPT-10 
Min 

478 

fil!9. 

796 

682 

fil!9. 

783 

fil!9. 

835 

fil!9. 

828 
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Williamson Energy - Pond Creek• North Cell 
Shear Wave Velocity versus Depth CEC Project No. 072-046 

4.26 541 CLAY 
7.54 652 CLAY 
10.82 708 
14.10 979 
16.48 1036 

CPT-9 

3.93 415 CLAY 
7.21 904 
10.50 757 CLAY 
13.78 647 
17.06 805 
20.01 1484 

CPT-10 

4.26 478 CLAY 
7.54 617 

. 10.82 656 CLAY 
14.10 803 
17.36 945 
20.67 1080 
23.87 1217 

CPT-11 

4.26 471 CLAY 
7.54 628 
10.82 719 
14.10 817 CLAY 
17.36 926 
20.67 1207 
23.95 1387 
26.25 1246 

CPT-12 
'JticMid'La.yetIDepth'(fi) :;: :t/V$ lnterva.lNelobity';(ft/s));T 

4.02 530 CLAY 
\ 7.30 596 1·· 10.50 601 II 

II 

13.78 748 
17.06 871 
20.34 1230 -----11 

CL.A.Y 

1036 

1484 

1217 

1387 

1230 

CPT-8 

Min 

541 

CPT-9 
Min 

415 

CPT-10 
Min 

478 

CPT-11 
Min 

471 

CPT-12 
Min 

530 

I/ 1 l'f 

mm 

783 

mm 

835 

mm 

828 

mm 

925 

fil'.!! 

763 
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Pond Creek # 1 Ground Water Sampling 
Permit #375 NPDES# 1L007766 

Stand Pipe 

Date SamolePnt Eastinv Northin~ Elevation 
12/29105 GW-1 354,988 430,899 441.82 

12/29105 GW-2 357,681 430,962 435.73 

12129/05 GW-3 360,278 430,669 438.46 

12/29105 GW4 354,923 425,980 464.03 

12/29105 GW-5 357,632 425,618 482.23 

12/29105 GW-6 360,211 425,416 434.9 

12/29105 GW-7A 358,306 427,592 454.7 

2124106 GW-1 354,988 430,899 441.82 
2124106 GW2 357,681 - 430,962 435.73 

2124106 GW-3 360,278 430,669 438.46 

2124106 GW-4 354,923 425,980 464.03 

2124106 GW-5 357,632 425,618 482.23 

2124106 GW-6 360,211 425,416 434.9 

2124106 GW-7A 358,306 427,592 454.7 

6/28/06 GW-1 354,988 430,899 441.82 

6/28106 GW-2 357,681 430,962 435.73 

6/28/06 GW-3 360,278 430,669 438.46 

6128/06 GW-4 354,923 425,980 464.03 

6128106 GW-5 357,632 425,618 482.23 

6128106 GW-6 360,211 425,416 434.9 

6128/06 GW-7A 358,306 427,592 454.7 

7131106 GW-1 354,988 430,899 441.82 

7131106 GW-2 357,681 430,962 435.73 

7131106 GW-3 360,278 430,669 438.46 

7131106 GW-4 354,923 425,980 464.03 

7131106 GW-5 357,632 425,618 482.23 

7131106 GW-6 360,211 425,416 434.9 

7131106 GW-7A 358,306 427,592 454.7 

8/31106 GW-1 354,988 430,899 441.82 

8/31106 GW-2 357,681 430,962 435.73 
8131106 GW-3 360,278 430,669 438.46 

8/31106 GW-4 354,923 425,980 464.03 

8/31106 GW-5 357,632 425,618 482.23 

8/31106 GW-6 360,211 425.416 434.9 

8/31106 GW-7A 358,306 427,592 454.7 

1012/06 GW-1 354,988 430,899 441.82 

1012106 GW-2 357,681 430,962 435.73 
1012106 GW-3 360,278 430,669 438.46 
1012106 GW-4 354,923 425,980 464.03 

1012/06 GW-5 357,632 425,618 482.23 

1012/06 GW-6 360,211 425.416 434.9 

10/2106 GW-7A 358,306 427,592 454.7 

317107 GW-1 354,988 430.899 441.82 

317107 GW-2 357,681 430,962 435.73 

317107 GW-3 360,278 430,669 438.46 

317107 GW-4 354,923 425,980 464.03 

317107 GW-5 357,632 425,618 482.23 

317107 GW-6 360,211 425,416 434.9 

3n101 GW-7A 358,306 427,592 454.7 

5121107 GW-1 354,988 430,899 441.82 

5/21/07 GW-2 357,681 430,962 435.73 

5121107 GW-3 360,278 430,669 438.46 

5121107 GW-4 354,923 425,980 464.03 

5121107 GW-5 357,632 425.618 482.23 

5121107 GW-6 360,21 I 425,416 434.9 

5121107 GW-7A 358,306 427,592 454.7 

5121107 GW-8 359,568 426,786 467.85 

811107 GW-1 354,988 430,899 441.82 
811107 GW-2 357,681 430,962 435.73 

8/1107 GW-3 360,278 430,669 438.46 

811/07 GW-4 354,923 425,980 464.03 
811107 GW-5 357,632 425,618 482.23 
8/!/07 GW-6 360,211 425,416 434.9 
8/1/07 GW-7A 358,306 427.592 454.7 
811107 GW-8 359,568 426,786 467 .85 

t'i f 8 

Zinc Antimony Beryllium Cobalt MANGANPSE Phenolics Cyanide Chlorides 
Water Elev. lmon m•n m•n m•n m•fl m•n m-n m-n 

435.44 0.012 0.303 <.001 0.014 0.027 <.050 <0.010 20 
428.51 0.024 0.240 <.001 0.013 0.087 <.050 <0.010 42 
432.61 0.001 0.299 <.001 0.012 0.124 <.050 <0.010 26 
456.01 0.009 0.270 <.001 0.017 0.031 <.050 <0.010 17 
470.52 0.01 0.276 <.001 0.007 0.891 <.050 <0.010 40 

No Water N, n/a n/a 
444.99 0.029 0.285 <.001 0.024 0.052 <.050 <0.010 33 
438.34 0.012 <0.002 <.001 <0.005 0.024 <.050 <0.010 <10 
431.31 0.016 <0.0U:l <.002 <0.002 0.027 <.050 <..il.010 <10 
434.29 0.014 <0.002 <.001 <0.005 0.023 <.050 <0.010 <10 
459.45 O.D! <0.002 <.001 <0.005 0.03 <.050 <0.010 <10 
"471.33 0.01 <0.002 <.001 <0.005 0.4 <.050 <0.010 <10 

No Water Ne n/a nia 
447.05 O.Dl8 <.002 <.001 <.005 0.045 <.050 <0.010 <10 
435.70 0.002 0.006 <.001 <.005 <.002 <.050 <0.010 33 
427.72 0.023 0.050 <.001 <.005 0.002 <.050 <0.010 44 
430.10 0.006 0.060 <.001 <.005 0.145 <.050 <0.010 75 
458.03 0.003 0.070 0.001 <.005 <.002 <.050 <0.010 122 
470.85 ~.002 0.050 <.001 <.005 <.002 <.050 <0.010 160 

No Water Ne n/a 
446.30 I 

<.001 0.002 0.090 <.005 0.003 <.050 <0.010 75 
435.08 0.001 0.206 0.003 <.005 0.012 <.050 <0.010 37.5 
429.31 la.DOI 0.184 0.002 <.005 <.002 <.050 <0.010 50 
428.63 

• 
1
~.001 0.129 0.001 <.005 0.024 <.050 <0.010 88 

457.03 0.001 0.153 0.002 <.005 0.026 <.050 <0.010 139 
469.43 \J.006 0.153 0.002 <.005 0.012 <.050 <0.010 150 

No Water No n/a 
445.55 ~.003 0.269 0.001 <.005 0.026 <.050 <0.010 85 
434.92 ':o.001 <.002 <.001 <.005 0.019 <.050 <0.010 20 
424.51 lo.001 <.002 <.001 <.005 0.021 <.050 <0.010 22 
426.86 1_0.013 <.002 <.001 <.005 0.045 <.050 <0.010 44 
456.79 0.006 <.002 <.001 <.005 0.081 <.050 <0.010 42 
468.32 10.02 <.002 <.001 <.005 3.05 <.050 <0.010 105 

No Water No n/a 
444.18 10.018 <.002 <.001 <.005 0.093 .<.050 <0.0lO 8.7 
435.08 (0.001 <.002 <.001 O.oJ5 <.002 <.050 <0.010 14 

' 425.76 ~0.001 <.002 <.0·01 0.013 <.002 <.050 <0.0lO 38 
427.14 1o.009 <.002 <.001 0.006 2.105 <.050 <0.010 28 
455.42 lo.001 <.002 0.002 0.014 0.028 <.050 <0.010 84 

No Water No 
No Water No 

443.95 1\i.001 <.002 <.001 0.005 0.181 <.050 <0.0lO 368 
438.62 30.001 <.002 <.001 <.005 0.005 <.050 <0.010 26 
431.41 40.001 <.002 <.001 <.005 0.003 <.050 <0.010 42 
434.29 4i.001 <.002 0.001 <.005 0.028 <.050 <0.010 66 
458.05 50.001 <.002 <.001 <.005 0.005 <.050 <0.010 109 
473.86 llo.001 <.002 <.001 0.013 0.007 <.050 <0.010 91 

No Water No 
448.63 fio.001 <:002 <.001 <.005 0.007 <.050 <0.010 86 
436.55 5;.002 <.002 <.001 0.034 <.002 <.050 <0.010 42 
428.93 60.001 · <.002 0.001 0.011 0.007 <.050 <0.010 46 
432.08 60.001 <.002 0.001 0.013 0.002 <.050 <0.010 62 
459.93 40.001 <.002 0.002 0.009 <.002 <.050 <0.010 100 
471.74 Ho.OOI <.002 0.002 0.020 <.002 <.050 <0.010 132 

No Water No' 
448.05 60.001 <.002 <.001 0.017 0.002 <.050 <0.010 82 
462.23 50.001 <.002 <.001 0.020 0.544 <.050 <0.010 88 
433.29 81.003 <.002 0.001 <.005 0.007 <.050 <0.010 26 
424.74 1Goo9 0.105 0.001 <.005 0.196 <.050 <0.010 34 
426.09 12:J.01 0.370 0.001 <.005 0.524 <.050 <0.010 66 
458.16 5 ,.002 0.141 0.001 <.005 0.003 <.050 <0.010 100 
469.06 13,.005 0.080 0.002 <.005 0.198 <.050 <0.010 120 

No Water No' 
447.11 \018 0.137 0.002 <.005 1.180 <.050 <0.010 108 
462.70 5·.005 0.200 0.002 <.005 0.042 <.050 <0.010 112 
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1.0 INTRODUCTION 

This report presents the results of a piezo cone penetrometer testing (CPTU) program 
carried out at Pond Creek Mine localed in Williamson County, Illinois. The work was 
performed under subcontract to Civil & Environmental Consultants, Inc. of Export, 
Pennsylvania. The CPTU program took place on October 30th

, and 31st, 2007. 

A total of fifteen soundings were completed al twelve different sounding locations. The 
CPT testing was performed lo evaluate in situ geotechnical as well as seismic criteria 
relative to the proposed expansion. 

While completing the CPT soundings, seismic shear wave velocity testing was conducted 
in all of the soundings. Seismic testing involved collecting shear wave velocity data at one
meter depth intervals. 

CPT sounding locations were selected and numbered under the direction and supervision 
of C.E.C. Personnel. 

Cone Tee, New Jersey 3 
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2.0 FIELD EQUIPMENT AND PROCEDURES 

2.1 CONE PENETRATION TESTING 

The cone penetrometer tests were carried out using an integrated electronic piezo cone 
manufactured by ConeTec in Vancouver, Canada. The piezo cone used was a 
compression model cone penetrometer with a 15 cm2 tip and a 2:?5 cm2 friction sleeve. The 
cone is designed with an equal end area friction sleeve and a tip end area ratio of 0.80. 
The piezo cone dimensions and the operating procedure were in accordance with ASTM 
Standard D-5778-95. A diagram of the cone penetrometer used for this project is shown as 
Figure 1. 

Pore pressure filter elements, made of porous plastic, were saturated under a vacuum 
using glycerin as the saturating fluid. The pore pressure element was six millimeters thick 
and was located immediately behind the tip (the u2 location) for all soundings. 

The cone was advanced using a 20 ton, unitized, track-mounted cone penetration rig. The 
following data were recorded onto magnetic media every five centimeters (approximately 
every two inches) as the cone was advanced into the ground: 

- Tip Resistance (qc) 
- Sleeve F fiction (fs) 
- Dynamic Pore Pressure (ut) 

The field data recorded is included on the attached CD (appendix E). 

Before each sounding a complete set of analog baseline .readings are taken· with a multi
meter and compared with the digitized value on the computer screen. This provides a 
check on the analog to digital conversion board. 

Evaluation of the analog baselines is key to consistent readings. The baseline data should 
be stable and should not wander excessively during the course of a sounding. Baseline 
data can be used to apply corrections to the cone data where necessary. For this project, 
the baseline shift from sounding to sounding was small, typically less than 0.1 % of full 
scale, and no data corrections were applied. 

During seismic testing, the seismic signals were recorded using a geophone mounted in 
the cone as shown in Figure 1 and an up-hole digital oscilloscope. A sledge hammer hit 
against a beam was used for the seismic source. Normal reaction for the beam was 
provided by the dead weight of the rig placed upon the beam. A schematic of the shear 
wave testing configuration is shown in Figure 2. 

Cone Tee, New Jersey 4 



R13157

C 

Triaxial Geophones 
or Accelerometer 
(Vp & Vs) 

Load Cells 

Inclinometer (I) 

--+--- Thermistor (T) 

o-+--- Friction Sleeve (Fs) 

---+-- Pore Pressure 
Transducer (U) 

FIGURE 1 - TYPICAL CONE PENETROMETER 

Cone Tee, New Jersey 5 
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Polarized Shear Wave Trace 

7 ~--------~ I' 
TRiGGER CIRCUIT 

0 0 0 O 

CONE DATA 
ACQUISITION SYSTEM 

DIGITAL STORAGE 
OSCILLOSCOPE 

HAMMER WITH 
CONTACT TRIGGER 

NORMAL FORCE 
I t I I 

'f 'f 'f 'f 
STEEL I ~ BEAM 

Shear Wave 

~ 

FIGURE 2 -SCHEMATIC OF SHEAR WAVE TESTING CONFIGURATION 

2.2 PORE PRESSURE DISSIPATION TESTS 

When cone penetration is stopped, the piezo cone essentially becomes a piezometer. 
While stopped, pore water pressures are automatically recorded at five-second intervals 
and the readings are stored in a dissipation file (.ppd). Dissipation data can then be plotted 
onto a dissipation curve consisting of pore water pressure (u) verses time (t). The shapes 
of dissipation curves are very useful in evaluating soil type, drainage and in situ static water 
level. 

A flat curve that stabilizes quickly (i.e. less than 30 seconds) is typical of a free draining 
sand. In this case, the final measured pore water pressure is the static in situ water 
pressure. 

Soils that generate excess dynamic pore water pressure during penetration will dissipate 
this excess pressLIre when penetration stops. The shape of the dissipation curve and the 
time of dissipation can be used to estimate Ch, the coefficient of consolidation that can in 
tum be used to calculate Kh, the horizontal permeability. 

Figure 3 shows some idealized shapes of various pore water pressure dissipation curves. 
The reader is referred Robertson et. al., 1992 to reference dissipation test data analytical 
techniques. 

Cone Tee, New Jersey 6 
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Estimation of Ground Water Table 
from CPT Dissipation Tests 

...._____ Pore Pressure (u) 
measured here 

Deane - Depth of Cone 

Dwater - Depth to Wai er Table 
Hwaier - Head of Water 

Water Table Calculation 

Oi,niµatlen or Face Pres!ltlfe {U) In NC Clay 

u 

Ue - equilibrium pore pressure 

0--+--------
time 

Das.sipa!ian of Pore Pr.!5Sure(u} ill Sand 

u 

UeI-------

Lie - equilibrium p.cre pressure 

Q----1--------
time 

D1s,;1p11lkm of Pore Presi;ure {uJ ,n Dense Sand. 

u Dilative S~l anti Hea\ll!y oc Ctay 

"·r 
Ue - equilibrium pore pressure 

time 

Dwater = D cone - Hwater 
where Hwater = Ue (depth units) 

Useful Conversion Factors: 1psi = 0.704m = 2.31 feet (water) 
1tsf = 0.958 bar= 13.9 psi 
1 m = 3.28 feet 

FIGURE 3 -TYPICAL DISSIPATION TESTS 

Cone Tee, New Jersey 7 
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3.0 CONE PENETRATION TEST DATA AND INTERPRETATION 

3.1 ANALYSIS OF PIEZOCONE DATA - GENERAL 

A total of fifteen CPT sounding involving 443.90 feet of testing, were completed. 

The interpretation of cone data is based on the relationship between cone bearing, qc, 
sleeve friction, fs, and penetration pore water pressure, u. The friction ratio, Rf, (sleeve 
friction divided by cone bearing) is a calculated parameter which is used to infer soil 
behavior type. Generally, saturated cohesive soils have low tip resistance, high friction 
ratios and generate large excess pore water pressures. Cohesionless soils have higher tip 
resistances, lower friction ratios and do not generate significant excess pore water 
pressure. 

The interpretation of soils encountered on this project was carried out using correlations 
developed by Robertson et al., 1992. It should be noted that ii is not always possible to 
clearly identify a soil type based on qc, fs and ut. Occasionally soils will fall within different 
soil categories on the classification charts. In these situations, experience and judgment 
and an assessment of the pore pressure dissipation data should be used to infer the soil 
behavior type. Computer tabulations of the interpreted soil types along with certain other 
geotechnical parameters for each cone hole is presented in Appendix B. 

Each of the parameters measured in the sounding is discussed briefly below. A detailed 
explanation of CPTU testing and interpretation of the results can be found in Robertson, 
1989. 

TIP RESISTANCE (q0 ): The resistance to penetration, measured at the cone tip, provides 
an accurate profile of subsurface strata. The recorded tip resistance is a composite of the 
penetration resistance of the soils located five to ten cone diameters (7 to 14 inches) in 
front of and behind the tip. The actual resistance "sensed" by the tip depends on the soil 
properties and on the relative stiffness of the layers encountered. Tip resistance is often 
corrected for pore pressure effects when testing in soft saturated cohesive soils. 

For this project the correction was made and the tip resistance shown, qi is the corrected tip 
resistance. 

The correction used is: qi= q0 + (1-a)u 
Where: q, = corrected tip resistance 

qc = measured tip resistance 
a = net area ratio for cone (0.80 for this project) 
u = dynamic pore water pressure measured behind tip 

Cone Tee, New Jeraey 8 
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SLEEVE FRICTION (fs) The resistance recorded on the friction sleeve, is a measure of the 
remolded strength of the soil. Values of sleeve friction in very soft soils ( such as peat) may 
fluctuate due to the measured force being small relative to the capacity of the measuring 
load cell. 

FRICTION RA TIO (Rr) The ratio of sleeve friction to tip resistance expressed as a 
percentage, is an indicator of soil type. Cohesive soils generally have friction ratios that 
are greater than two, while sands and non-plastic silts have friction ratios that are lower 
than two. 

PORE PRESSURE (u) Dynamic pore water pressure is measured during penetration. 
(dynamic pore water pressure data can be found in the .cor, .xis files. Static pore water 
pressure is measured when cone penetration is stopped (static pore water pressure data 
can be found in the .ppd files). The measured dynamic pore water pressure changes with 
the location of the porous filter and negative readings are possible when the filter is located 
behind the tip. 

It is important to note that the CPT classifies soil by physical behavior, not by grain size; 
therefore, the CPT classification should be verified against samples obtained from a 
conventional drilling program. While the CPT soil classification may not always be 
accurate in terms of the actual label it applies to a particular soil, it is very accurate in 
grouping soils with similar mechanical properties. 

Table 1 presents a summary of CPT soundings, including sounding depths. 

3.2 CONE PLOTS 

The data from each sounding was plotted using the computer program ScreenZ. The plots 
are included in Appendix A ScreenZ was developed by ConeTec Inc. and it incorporates 
soil behavior type (SST) classification as part of the plot. The soil classification is based on 
the classification chart reproduced chart in Appendix B. 

3.3 PORE PRESSURE DISSIPATION TEST RESULTS 

When conducting CPT investigations, pore water pressure dissipations are automatically 
recorded during pauses in penetration. The pore water pressure data is recorded at five 
second intervals. Dynamic and static pore pressure dissipation data for each CPT is 
included on the data CD. No dissipation tests were completed during this project. Water 
table depths used in the data interpretations were given to us by the client. 

Cone Tee, New Jersey 9 
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3.4 SHEAR WAVE VELOCITY MEASUREMENTS 

Shear wave velocity measurements were conducted during all of the CPT soundings. 
Shear wave velocity measurements were recorded approximately every meter. The shear 
wave velocity data can be found in Appendix C. 

3.5 CPTSUMM DATA PROCESSING 

The electronic data files were processed using the program CPTSUMM. CPTSUMM is a 
program developed by ConeTec to calculate common engineering parameters from CPT 
data. The data files (xis) can be found on the data CD. The calculations used are 
summarized in the table found in Appendix 8. Each calculation is derived according to the 
referenced article. 

For this project, the depth to ground water was given to us by the client. The exact depth 
used is noted in the header of each CPTSUMM file. 

3.6 DATACD 

One data CD is included in Appendix E. The CD includes all of the CPT, dynamic and 
static pore water pressure and CPTSUMM data. 

Cone Tee, New Jersey 
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CONETEC 
TABLE 1 - SUMMARY OF CPTU SOUNDINGS 

( 

Job No.: 07-804 
Location: Pond Creek Mine - Williamson County, Illinois 
Client: CMI & Environmental Consultants 
Date: October 30, 31, 2007 

Date CPTU Sounding File Name CPT Shear wave Comments 

Total Velocity Tests 
Depth 

(ft) 

31-Oct-07 CPT-1 804cp01.cor 18.37 6 

30-Oct--07 CPT-2 804cp02.cor 45.28 13 

30-Oct--07 CPT-2A 804cp02a.cor 41.67 12 

31-Oct--07 CPT-3 804cp03.cor 22.15 6 

31-Oct--07 CPT-4 804cp04.cor 18.86 6 

30-Oct--07 CPT-5 804cp05.cor 49.21 14 

30-Oct-07 CPT-5A 804cp05a.cor 53.15 16 

30-Oct--07 CPT-58 804cp05b.cor 39.70 12 

31-Oct--07 CPT-6 804cp06.cor 22.64 7 

31-Oct-07 CPT-7 804cp07.cor 16.73 5 

31-Oct-07 CPT-8 804cp08.cor 17.88 6 

31-Oct-07 CPT-9 804cp09.cor 21.98 7 

31-Oct-07 CPT-10 804cp1 0.cor 26.08 8 

31-Oct-07 CPT-11 804cp11.cor 27.56 9 

31-Oct--07 CPT-12 804cp12.cor 22.64 7 

Job Totals: 15 443.90 134 

Page 1 of 1 07-804 Table I.XLS 
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Shearwave CPT plots 
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ConeTec 
Environmental and Geotechnical Site Investigation Contractors 

ConeTec Interpretations as of June 30, 2004 (Release 1.22A) 

ConeTec's interpretation routine provides a tabular output of geotechnical parameters based on current 
published CPT correlations and is subject to change to reflect the current state of practice. The 
interpreted values are not considered valid for all soil types. The interpretations are presented only as a 
guide for geotechnical use and should be carefully scrutinized for consideration in any geotechnical 
design. Reference to current literature is strongly recommended. ConeTec does not warranty the 
correctness or the applicability of any of the geotechnical parameters interpreted by the program and does 
not assume liability for any use of the results in any design or review. Representative hand calculations 
should be made for any parameter that is critical for design purposes. The end user of the interpreted 
output should also be fully aware of the techniques and the limitations of any method used in this program. 
The purpose of this document is to inform the user as to which methods were used and what the 
appropriate papers and/or publications are for further reference. 

The CPT interpretations are based on values of tip, sleeve friction and pore pressure averaged over a 
user specified interval (e.g. 0.20m). Note that q1 is the tip resistance corrected for pore pressure effects 
and qc is the recorded tip resistance. Since all ConeTec cones have equal end area friction sleeves, pore 
pressure corrections to sleeve friction, fs, are not required. 

The tip correction is: q1 = q0 + (1-a) • u2 

where: q1 is the corrected tip resistance 
q0 is the recorded tip resistance 
u2 is the recorded dynamic pore pressure behind the tip (u2 position) 
a is the Net Area Ratio for the cone (typically 0.85 for ConeTec cones) 

The total stress calculations are based on soil unit weights that have been assigned to the Soil Behavior 
Type zones, from a user defined unit weight profile or by using a single value throughout the profile. 
Effective vertical overburden stresses are calculated based on a hydrostatic distribution of equilibrium 
pore pressures below the water table or from a user defined equilibrium pore pressure profile (this can be 
obtained from CPT dissipation tests). For over water projects the effects of the column of water have 
been taken into account as has the appropriate unit weight of water. How this is done depends on where 
the instruments were zeroed (i.e. on deck or at mud line). 

Details regarding the interpretation methods for all of the interpreted parameters are provided in Table 1. 
The appropriate references cited in Table 1 are listed in Table 2. Where methods are based on charts or 
techniques that are too complex to describe in this summary the user should refer to the cited material. 

The estimated Soil Behavior Types (normalized and non-normalized) are based on the charts developed 
by Robertson and Campanella shown in Figures 1 and 2. The Bq classification charts are not reproduced 
in this document but can be reviewed in Lunne, Robertson and Powell (1997) or Robertson (1990). 

Where the results of a calculation/interpretation are declared 'invalid'the value will be represented by the 
text strings "-9999" or "·9999.0". In some cases the value O will be used. Invalid results will occur 
because of (and not limited to) one or a combination of: 

1. Invalid or undefined CPT data (e.g. drilled out section or data gap). 

2. Where the interpretation method is inappropriate, for example, drained parameters in an 
undrained material (and vice versa). 

3. Where interpretation input values are beyond the range of the referenced charts or specified 
limitations of the interpretation method. 

4. Where pre-requisite or intermediate interpretation calculations are invalid. 
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CPT Interpretations Page2/7 

The parameters selected for output from the program are often specific to a particular project. As such, 
not all of the interpreted parameters listed in Table 1 may be included in the output files delivered with this 
report 

The output files are often delivered in one (or more) of the following three formats: 

· File Tvoe Tvoical Extensions Descrintion 
Printable IFP, NLP ASCII files formatted for direct printing either by copying to a printer port, 

through a text editor or through a dedicaled printing routine (such as 
Cone Tee's CTPRIND. Typically formatted for 
132 columns wide and 70 lines per page. Any printer would need to be set 
to have a compressed font (16cpi) as its default. 

Importable IFl,NLI Tab delimited ASCII files (not for use with text editors) meant for importing 
into spreadsheet and database applications (e.g. Excel, Lotus, Quattro, 
Access). Some column and cell formatting maybe required depending on 
the quality of the application's import utility. 

Spreadsheet XLS IFI, NLI files exported direclly to Excel format. Column and cell formatting 
has been done. Header information is exported to start in Column C 
allowing the depth columns A and/or B to be duplicated on each printed 
page without repetition of part of the header information. 

Table 1 
CPT Interpretation Methods 

Interpreted Description Equation 
Parameter 

Mid Layer Depth 

Depth (where interpretations are done at each point then Mid 
Depth {Layer Tap)+ Depth {Layer Bottom) 12.0 

Layer Depth = Recorded Depth) 

Bevattan Elevation of Mid Layer based on sounding collar elevation Elevation = Collar Elevation - Depth 
supplied by client 

I • 

Avgqc Averaged recorded tip value (qc) Avgqc=-Lq. 
ll f:I 

n= 1 when interpretations are done at each point 

Averaged corrected tip (q,} where: 
I • 

Avgqt 
Avgqt=-Lq, 

q, =q,.+(1-a)•u ·~ n== 1 when interpretations are done at each point 

I • 

Avgfs Averaged sleeve friction (fs) 
Av,:f,=-I;fi· 

n ;-i 

n= 1 when interpretations are done at each point 

Averaged friction ratio (Rf) where friction ratio is defined 
AvgRf =-100% • Av,[fs 

AvgRf as: 
Rf= 100%. f!. 

A"Jgqt 

qt 
n= 1 when interpretations are done at each point 

I • 

Avgu Averaged dynamic pore pressure (u) 
Avgu=-Lu, 

n 1:1 

n= 1 when interpretations are done at each point 

Averaged Resistivity (this data is not always available I • 

AvgRes since it is a specialized test requiring an additional A,gu =-I:RESISTIVITY, 
n 1 .. 1 

module) n=1 when interpretations are done at each paint 

CPTSUMM-MethodsV122a - Rev. 06-30-2004 

Ref 
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Interpreted 
Parameter 

AvgUVIF 

AvgTemp 

AvgGamma 

SST 

U.Wt. 

T.Stress 

crv 

E. Stress 

crv 

Ueq 

Cn 

N50 

(N1)50IC 

Su 

k 

CPT Interpretations 

Description 

Averaged UVIF ultra-violet induced fluorescence (this 
data is not always available since it is a specialized test 
requiring an additional module} 

Averaged Temperature (this data is not always available 
since it is a specialized test} 

Averaged Gamma Counts (this data is not always 
available since it is a specialized test requiring an 
additional module) 

Soil Beti'avior Type as defined by Robertson and 
campanella 

Unit Weight of soil determined from one of the following 
user selectable options: 

1} uniform value 
2) value assigned to each SBT zone 
3) user supplied unit weight profile 

Total vertical overburden stress at Mid Layer Depth. 

A layer is defined as the averaging interval specified by 
the user. For data interpreted at each point the Mid Layer 
Depth is the same as the recorded depth. 

Effective vertical overburden stress at Mid Layer Depth 

Equilibrium pore pressure determined from one of the 
following user selectable options: 

1) hydrostatic from water table depth 
2} user supplied profile 

SPT NGO overburden correction factor 

SPT N value at 60% energy c:alculated from qt/N ratios 
assigned to each SBT zone. This method has abrupt N 
value changes at zone boundaries. 

SPT N60 value corrected for overburden pressure 

SPT Nso values based on the le parameter 

SPT Nso value corrected for overburden pressure (using 
Nso le). User has 2 options. 

Clean sand equivalent SPT (N1)60lc. User has 3 options. 

Undrained shear strength - N111 is user selectable 

Coefficient of permeabiltty {assigned to each SBT zone) 

CPTSUMM-MethodsV122a - Rev. 06-30-2004 

I" Avgu=-L,UVJF, 
'2 b,I 

Page 3f7 

Equation 

n=t when interpretations are done at each point 

Mc•=.!. f:.TEMPERATURE, 
'2 t=I 

n= 1 when interpretations are done at each pain! 

I • 
A•g•=-:EGAMMA 

'21,<1 

n-1 when interprstalians ar& done at each point 

See Figure 1 

See references 

TSlress = t r, h1 .. , 
where n is layer unit weight 

hi is layer thickness 

Estress = Tstress - ufKl 

For hydrostatic option: 

u"l =r., •(D-D.,) 
where Ueq is equilibrium pore pressure 

'Yw is unit weight of water 
D is the current depth 
Dw, is the depth to the water table 

Cn=(uvt·5 

where Uv' is in tsf 
0.5< Cn<2.0 

SeeRgure 1 

(qt/pa)/ Nao= 8.5 (1 - lc/4.6) 

1) (N,)w/C= Cn • (Nro le) 
2) q,,,.,i (N1)50IC= 8.5 (1 -lc/4.6) 

1) (N1)"""1c = a + MN,)solc) 
2) (N1),0cslc = Kser • ((N1)50/c) 
3) qc1,d/ (N1),.,,lc = 8.5 (1 -lc/4.6) 

FC~5%: 
FC 235% 
5%<FC<35% 

qr-a 
Su=--• 

N" 

0=0, ~=1.0 
a= 5.0, ~=1.2 
a= exp{1.76 - \190/Fc")] 
~ = [0.99 + (FC ~/1000)] 

Ref 

2,5 

5 

4,5 

4 

5 

4 
5 

10 
10 
5 

1, 5 

5 
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Interpreted 
Parameter 

Bq 

F, 

SBTn 

SBT-BQ 

SBT-BQn 

FC 

le Zone 

PHI 

~ 

Dr 

CPT Interpretations 

Description 

Pore pressure parameter 

Normalized Qt for Soil Behavior Type classffication as 
defined by Robertson, 1990 

Normalized Friction Ratio for Soil Behavior Type 
classification as defined by Robertson, 1990 

Nonnalized Soil Behavior Type as defined by Robertson 
and Campanella 

Non-nonnalized soil behavior type based on the Bq 
parameter 

Normalized Soil Behavior base on the Bq parameter 

Soil index for estimating grain characteristics 

Apparent fines content {%) 

This parameter is the Soil Behavior Type zone based on 
the le parameter (valid for zones 2 through 7 on SBTn 
chart) 

Friction Angle determined from one of the following user 
selectable options: 

a) Campanella and Robertson 
b) Duriiunoglu and Mttchel 
c) Janbu 

Relative Density determined from one of the following user 
selectable options: 

a) Ticino Sand 
b) Hokksund Sand 
c) Schmertmann 1976 
d) Jamiofkowski - All Sands 

CPTSUMM-MethodsV122a- Rev. 06-30-2004 

Au Bq=-
qt-a~ 

where: .bu =u-u,q 

Equation 

and u = dynamic poro prassuro 
Usq = equilibrium pore pressure 

q1-a Qt=--.-· 
Fr=l00%•__.l!__ 

qt-CF~ 

See Figure 2 

See Figure 5.7 (reference 5) 

See Figure 5.8 {reference 5} or Figure 3 
(reference 2) 

Page 4f7 

lo = [(3.47 -log100f + Vog,o Fr+ 1.22f r 
Q=(qr-a-,rP·)· 

P.1 d~ 

Where: 

And Fr is in percent 
Pa = atmospheric pressure 
Pa2 = atmospheric pressure 
n varies from 0.5 to 1.0 and is 

selected in an iterative manner based on the 
resulting le 

FC.,1.75(1cf'25J-3.7 
FC.,100 tor le> 3.5 
FC.,O for le < 1.26 
FC = 5% if 1.64 <Jc< 2.6 AND F,<0.5 

le< 1.31 
1.31 < le < 2.05 
2.05 < le < 2.60 
2.60 < le < 2.95 
2.95 < le < 3.60 
le> 3.60 

See reference 

See reference 

Zone=7 
Zone =6 
Zone=5 
Zane=4 
Zone:3 
Zone =2 

Ref 

1, 5 

2,5 

2,5 

2,5 

2,5 

2,5 

3,8 

3 

3 

5 

5 
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Interpreted Description Equation Ref 
Parameter 

a) Based on Schmertrnann's method involving a 
plot of s,,Ja,,' /( SJcr,')NC and OGR 

OCR Over Consolidation Ratio 9 
where the Su/p' ratio for NC clay is user 
selectable 

----·--- . ----· ----- --
State 

The state parameter is used to describe whether a soil is 

Parameter 
contractive (SP is positive) or dilative (SP is negative) at 
large strains based on the work by Been and Jefferies 

Soo reference a, 6,5 

Es/qt 
Intermediate parameter for calculating Youngs Modulus, Based on Figure 5_59 in the reference 5 
E, in sands. It is the Y axis of the reference chart. 

Youngs Mcxiulus based on the work by Baldi. There are 
Mean normal stress is evaluated from: three types of sands considered in this technique. The 

user selects the appropriate type for the site from: 
• I fa-' . ')' 

a)OCSands 
a =-• +a +a .. 3 ,. 6 • 

Youngs b) Aged NC Sands 5 
Modulus E c) Recent NC Sands where crv'= vertical effective stress 

crt.'= horizontal effective stress 
Each sand type has a family of curves that depend on 
mean normal stress. The program calculates mean and crt. = Ko'"' crv' with Ko assumed to be 0.5 
normal stress and linearly interpolates between the two 
extremes provided in Baldi's chart. 

--- ·--·-· ··- ----·-··-· ---·-- ---·- -

( 
q,, 

Qt normalized for overburden stress used for seismic Qc1 =Qt• (Pa/O"v')0·
5 

analysis where: Pa= atrn. Pressure 3 
qi is in Mpa 

··-------·--···-·· -·-- ··-·------ --- -· ·-
__ , ___ ·---- -----·-

(lc1, q,,, = ((le, I Pa)(Pa/cr,') 
Qc, in dimensionless form used for seismic analysis where: Pa = atrn. Pressure and n ranges from 3 

0.5 to 0.75 based on le. 
-----·------ -·- ·--- -- ----· ----- --------·-- ·----·--···· --· -···---·-- --- - --

i<sPT Equivalent clean sand factor for {N1 )60 Kser= 1-e ((0.75/30) • (FC-5)) 10 

... - --· .. -·. -·- --- . .. . .. . ... . ..... ····- ... _. .. .. . ·-·--- .. .• .. ·-- '" ··-- ---- -

KCPT Equivalent clean sand correction for Qc1N 

Kept= 1.0 for lc51_64 
Kept= f(lc) for le> 1.64 (see reference) 10 

(lc1= Clean sand equivalent C1c1n qc1ncs = Qc1n • Kept 3 

--- ··- ---------- -----. . . _____ ,. ___ .... ------- .. .. .. . . •·•- - -··---- -· ·-- -·-· ··---~-----
qc,ncs< 50: 
CRR1~ = 0.833 [((lc,,d1000J + 0.05 

GRR Cyclic Resistance Ratio (for Magnitude 7.5) 10 
505qc1ncs<160: 
CRR1.s = 93 [(q,,,,.s/1000J

3 + 0.08 

----- ·- -·-------- "·-·-···-"" . . -- ·-·· .. .. ---···-·---·-- ---· 
CSR = (<.,/cr,') = 0.65 (a-/ g) (cr,I <>v') r, 

r,=1.0-0.00765z z 5 9.15m 10 
GSR Cyclic Stress Ratio ,, = 1.174 -0.0267 z 9.15 <Z 523m 

r,=0.744-0.00Bz 23 < z 5 30m 
rd= 0.50 z > 30m 

. ··-- .. -··-- -.-----·-· ·--·•··•- - . ·-·---- . . - ·- ·-- ·----·- .. . .. ·- .. ·- - -.. ·- - - -- . --··- --- -- -----

CPTSUMM-MethodsV122a - Rev. 06-30-2004 



R13202

CPT Interpretations Page 6{7 

Interpreted Description Equation Ref Parameter 

MSF Magnitude Scaling Factor See Reference 10 

FofS Factor of Safety against Liquefaction FS - (CRR,.s / CSR) MSF 10 

Liquefaction Statement indicating possible liquefaction Takes into account FofS and limitations based le 
10 Status and qc1ncs. 

'"°"j~ii 11 
0- Zone qi/ N Soi! Behavior Type 

1 •• 2 sensmve fine grained 
1a 100 ,I:}:-;- 8 2 .. 1 organic material 
e :J •·· 3 " 1 clay 

OJ 4 • 1.5 silly clay to clay 
C ~ 5 .. 2 clayey silt to .silty clay 
-~ ·j·' 6 " 2.5 sandy sill to clayey siJI 
Q) 7 3 siHy sand lo sandy silt 

co - -, 
8 4 sand Jo siHy sand 

Q) 9 5 sand·- · 
C 10 ·10 6 gravelly sand to sand 
0 11 1 very sliff fine grained • 0 

12 2 sand to clayey .sand • 

• overconsolidated or cemented 

2 3 4 5 6 7 8 

Friction Ratio (%), Rf 

Figure 1 Non-Normalized Behavior Type Classification Chart 

CONETEC 

CPTSUMM-MethodsV122a -Rev. 06-30-2004 
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1000 ~-~~=~~~~ .. •-._. .... L.· 

100 

· / 

1 
0.1 

Normalized Friction Ratio 

9 

10 

Is 0 , 

qt~Cvo x100,o 

Zone Normalized Soil Behavior Type 
1 ill sensl!ive fine ,grain!3d 
2 m organic material 
3 Ill c!ayloslltyclay 
4 Zl clayey sllt to sllty clay 
5 ,... 1>iltY sand to sandy sin 
6 clean sands 10 silly sands 
7 gravelly sand to sand 
8 "l very 2tttf 3D.Od1o clayey .rond 
9 very stiff fine grained 

Figure 2 Normalized Behavior Type Classification Chart 

Table 2 References 

No. References 

1 
Robertson, P.K., Campanella, R.G., Gillespie, D. and Greig, J., 1986, gUseoi Piezometer Cone 

Data", Proceedings of lnSitu 86, ASCE Specialty Conference, Blacksburg, Virginia. 

2 Robertson, P.K., 1990, uSoll Classification Using the Cone Penetration Test", Canadian Geotechnical 
Journal, Volume 27. 

3 
Robertson, P.K. and Fear, C.E., 1998, "Evaluating cyclic liquefaction potential using the cone 

penetration test", Canadian Geotechnical Journal, 35: 442-459. 

4 Robertson, P.K. and Wride, C.E., 1998, ~Cyclic Liquefaction and its Evaluation Based on SPT and 
CPT", NCEER Workshop Paper, January 22, 1997 

5 Lunne, T., Robertson, P.K. and Powell, J. J.M., 1997, a Cone Penetration Testing in Geotechnical 
Practicet Blackie Academic and Professional. 

6 
Plewes, H.D., Davies, M.P. and Jefferies, M.G., 1992, ~CPT Based Screening Procedure for 

Evaluating Liquefaction Susceptibility", 45th Canadian Geotechnical Conference, Toronto, 
Ontario, October 1992. 

7 Jefferies, M.G. and DaVies, M.P ., 1993. "Use of CPTu to Estimate equivalent N60", Geotechnical 
Testing Journal, 16(4): 458-467. 

8 Been, K. and Jefferies, M.P., 1985, "A state parameter for sands", Geotechnique, 35(2), 99-112. 

9 Schmertmann, 1977, "Guidelines for Cone Penetration Test Performance and Design", Federal 
Highway Administration Report FHWA-T&78-209, U.S. Department of Transportation 

10 Proceedings of theNCEER Workshop on Evaluation of Liquefaction Resistance of Soils, Salt 
LakeCity, 1996. Chaired by Leslie Youd. 

CON!:TEC 
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Job No 07-804 

Client Civil & Environmental Consultants 
Project Tille Pond Creek Mine 

Hole CPT-1 

Site Williamson County, Illinois 

Dale 1 0/31 /2007 

Seismir. Rourr.er Beam 

Source Offset 1.50 (ft) 

Source Depth: 0.00 (ft) 

Geophone Offset: 0.66 (ft) 

Tip Geophone Ray Depth Time Mid-layer Vs Interval 

Depth Depth Path Interval Interval Depth Velocity 

(ft) (fl) (ft) (fl) (ms) (fl) (ft/s) 

328 2.62 3.02 

6.56 5.90 6.09 3.07 4.76 4.26 645 

9.84 9.18 9.31 3.21 4.90 7.54 856 

13.12 12.46 1255 3.25 4.02 10.82 808 

16.40 15.74 15.82 3.26 3.22 14.10 1013 

18.37 17.71 17.78 1.96 1.40 16.73 1402 

( 
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Job No: 07-804 
Client: C.E.C. 
Project: Pond Creek Mine 
Sounding: CPT-1 
Date: October 31, 2007 

Vs (ft/s} 
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Tip Geophone 

Depth Depth 

(ft) (ft) 

6.56 5.90 

9.84 9.18 

13.12 12.46 
16.40 15.74 

19.69 19.03 

22.97 22.31 

( 26.25 25.59 

29.53 28.87 

32.81 32.15 
36.09 35.43 
39.37 38.71 

42.65 41.99 
4528 44.62 

07-804 Job No 

Client 
Project Tille 

Hole 

Civil & Environmental Consultants 
Pond Creek Mine 
CPT-2 

Site 

Date 

Williamson County, Hlinois 
10/30/2007 

Seismic Source: Beam 
Source Offset 1.50 

Source Depth: 0.00 
Geophone Offset: 0.66 

Ray Depth Time 
Path Interval Interval 

(ft) (ft) (ms) 

6.09 

9.31 321 2.67 

12.55 3.25 2.53 

15.82 326 2.83 

19.09 3.28 3.02 

22.36 3.27 3.18 
25.64 3.27 3.15 

28.91 3.28 3.12 

32.19 3.28 2.94 
35.47 3.28 3.45 

38.74 3.28 4.12 

42.02 3.28 3.61 
44.65 2.63 2.24 

(ft) 

(ft) 
(ft) 

Mid-layer 
Depth 

(ft) 

7.54 

10.82 

14.10 

17.39 

20.67 
23.95 

27.23 

30.51 
33.79 

37.07 

40.35 
43.31 

Vs Interval 

Velocity 

(ft/s) 

1204 

1284 

1152 

1085 
1029 
1039 
1050 

1114 

950 

795 

908 

1173 
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Job No 07-8D4 
Client Civil & Environmental Consultants 

Project Title Pond Creek Mine 

Hole CPT-2A 
Site Williamson County, Illinois 
Date 10130/2007 

Seismic Source: Beam 
Source Offset: 1.50 (ft) 

Source Depth: 0.00 (It) 

Geophone Offset: 0.66 (ft) 

Tip Geophone Ray Depth lime Mid-layer Vs lnteJVal 

Depth Depth Path Interval Interval Depth Velooity 

(It) (ft) (It) (It) (ms) (ft) (lt/s) 

6.56 5.90 6.09 

9.84 9.18 9.31 3.21 3.29 7.54 977 

13.12 12.46 1255 3.25 3.34 10.82 973 

16.40 15.74 15.82 3.26 2.91 14.10 1121 

19.69 19.03 19.09 3.28 3.12 17.39 1051 

22.97 22.31 22.36 3.27 296 20.67 1105 

26.25 25.59 25.64 3.27 2.80 23.95 1169 

29.53 28.87 28.91 3.28 3.66 27.23 895 

32.81 3215 3219 3.28 4.20 30.51 780 

36.09 35.43 35.47 3.28 3.88 33.79 845 
39.37 38.71 38.74 3.28 4.15 37.07 790 

41.67 41.01 41.D4 230 1.83 39.86 1256 
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Job No 07-804 
Client CMI & Environmental Consultants 
Project Title Pond Creek Mine 
Hole CPT-3 

Site Williamson County, Illinois 

Date 10/31/2007 

Seismic Source: Beam 
Source Offset: 1.50 (fl) 

Source Depth: 0.00 (fl) 

Geophone Offset: 0.66 (fl) 

lip Geophone Ray Depth Time Mid-layer Vs Interval 

Depth Depth Path Interval Interval Depth Velocity 

(fl) (fl) (fl) (fl) (ms) (fl) (ft/s) 

6.23 5.57 5.77 

9.51 8.85 8.98 321 5.56 7.21 577 

12.80 12.14 12.24 3.26 5.72 10.50 569 

16.08 15.42 15.50 3.26 4.42 13.78 738 

19.36 18.70 18.76 3.27 3.70 17.06 883 

22.15 21.49 21.55 278 2.63 20.10 1058 

( 
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Job No: 07-804 
Client: C.E.C. 
Project: Pond Creek Mine 
Sounding: CPT-3 
Date: October 31, 2007 
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Job No 07-804 

Client CMI & Environmental Consultants 

Project Trtle Pond Creek Mine 
Hole CPT-4 
Site Williamson County, Illinois 

Date 10/31/2007 

Seismic Source: Beam 

Source Offset: 1.50 (ft) 

Source Depth: 0.00 (ft) 

Geophone Offset: 0.66 (ft) 

Tip Geophone Ray Depth Time Mid-layer Vs Interval 

Depth Depth Path Interval Interval Depth Velocity 

(ft) (ft) (ft) (ft) (ms) (It) (fl/s) 

2.95 2.29 2.74 

6.23 5.57 5.77 3.03 6.37 3.93 476 

9.51 8.85 8.98 3.21 4.77 7.21 673 

12.80 12.14 12.24 3.26 4.17 10.50 781 

16.08 15.42 15.50 3.26 3.57 13.78 913 

18.86 18.20 18.27. 2.77 2.23 16.81 1242 

( 
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Job No 07-804 

Client Civil & Environmental Consultants 

Project Trtle Pond Creek Mine 

Hole CPT-5 
Site Williamson County, Illinois 

Date 10/30/2007 

Seismic Rourc-.e· Bt".am 
Source Offset: 1.50 (ft) 

Source Depth: 0.00 (ft) 
Geophone Offset: 0.66 (ft) 

Tip Geophone Ray Depth Time Mid-layer Vs Interval 
Depth Depth Path Interval Interval Depth Velocity 

(ft) (ft) (ft) (ft) (ms) (ft) (ft/s) 
6.56 5.90 6.09 
9.84 9.18 9.31 321 3.12 7.54 1030 
13.12 12.46 12.55 325 3.02 10.82 1076 
16.40 15.74 15.82 3.26 3.29 14.10 991 
19.69 19.03 19.09 3.28 3.50 17.39 936 
22.97 22.31 22.36 3.27 2.85 20.67 1148 
26.25 25.59 25.64 3.27 2.75 23.95 1190 
29.53 ' 28.87 28.91 3.28 3.07 27.23 1067 
32.81 32.15 32.19 3.28 4.20 30.51 780 
36.09 35.43 35.47 3.28 4.20 33.79 780 
39.37 38.71 38.74 3.28 3.99 37.07 821 
42.65 41.99 42.02 3.28 4.20 40.35 780 
45.93 45.27 45.30 3.28 3.55 43.63 923 
49.21 48.55 48.58 3.28 2.05 46.91 1599 
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500 

Job No: 07-804 
Client: C.E.C. 
Project: Pond Creek Mine 
Sounding: CPT-5 
Date: October 30, 2007 

Vs (ft/s) 
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_i 

Job No 07-804 

Client Civil & Environmental Consultants 
Project Trtle Pond Creek Mine 

Hole CPT-SA 
Site Williamson County, Illinois 

Date 10/30/2007 

Seismic Source: Beam 

Source Offset: 1.50 (ft) 

Source Depth: 0.00 (ft) 
Geophone Offset: 0.66 (ft) 

Tip Geophone Ray Depth Time Mid-layer Vs Interval 
Depth Depth Path Interval Interval Depth Velocity 

(ft) (ft) (ft) (ft) (ms) {ft) (ft/s) 

6.23 5.57 5.77 
9.51 8.85 8.98 3.21 3.80 7.21 844 

12.80 12.14 12.24 3.26 4.18 10.50 779 
16.08 15.42 15.50 3.26 2.80 13.78 1164 
19.36 18.70 18.76 3.27 2.34 17.06 1396 
22.64 21.98 22.03 327 3.29 20.34 994 

C 
25.92 25.26 25.31 3.27 3.04 23.62 1077 
29.20 28.54 28.58 3.27 2.74 26.90 1195 
32.48 31.82 31.86 3.28 3.21 30.18 1021 
35.76 35.10 35.14 3.28 4.18 33.46 784 
39.04 38.38 38.41 3.28 4.29 36.74 764 
42.32 41.66 41.69 3.28 4.50 40.02 728 
45.50 44.94 44.97 3.28 4.27 43.30 768 
49.05 48.39 48.42 3.45 3.59 46.67 961 
52.17 51.51 51.54 3.12 2.21 49.95 1411 
53.15 52.49 52.52 0.98 0.62 52.00 1580 
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Job No: 07-804 
Client: C.E.C. 
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Job No 07-804 
Client Civil & Environmental Consultants 
Project Tille Pond Creek Mine 

Hole CPT-58 
Site Williamson County, Illinois 
Date 10/30/2007 

Seismic Source: Beam 
Source Offset: 1.50 (ft) 
Source Depth: 0.00 (ft) 
Geophone Offset: 0.66 {ft) 

Tip Geophone Ray Depth Time Mid-layer Vs Interval 
Depth Depth Path Interval Interval Depth Velocity 

(fl) (It) (ft) (It) (ms) (fl) (fl/s) 
6.56 5.90 6.09 
9.84 9.18 9.31 3.21 3.93 7.54 818 

13.12 12.46 1255 3.25 3.61 10.82 900 

16.40 15.74 15.82 3.26 2.15 14.10 1517 
19.69 19.03 19.09 3.28 3.02 17.39 1085 
22.97 22.31 2236 3.27 3.82 20.67 856 
26.25 25.59 25.64 3.27 4.47 23.95 732 
29.69 29.03 29,07 3.43 5.01 27.31 886 
32.81 32.15 32.19 3.12 4.09 30.59 762 
36.09 35.43 35.47 3.28 3.23 33.79 1014 
39.37 38.71 38.74 3.28 285 37.07 1150 
39.70 39.04 39.07 0.33 0.20 38,88 1649 
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Tip Geophone 

Depth Depth 

(fl) (fl) 
3.28 2.62 

6.56 5.90 

9.84 9.18 

13.12 12.46 

16.40 15.74 

19.69 19.03 

C 
22.64 21.98 

07-604 Job No 
Client 

Project Trtle 

Hole 

Civil & Environmental Consultants 
Pond Creek Mine 

CPT-6 

Site Williamson County, Illinois 
Date 10/31/2007 

Seismic Source: Beam 

Source Offset: 1.50 (fl) 

Source Depth: 0.00 (fl) 

Geophone Offset: 0.66 (ft) 

Ray Depth Time Mid-layer 

Path Interval Interval Depth 

(fl) (fl) (ms) (ft) 

3.02 

6.09 3.07 5.97 4.26 

9.31 3.21 4.18 7.54 

12.55 3.25 4.60 10.82 

15.82 3.26 3.45 14.10 

19.09 3.26 4.00 17.39 

22.03 2.94 2.88 20.51 

Vs Interval 

Velocity 

(ft/s) 

514 

769 

706 

945 

819 

1022 
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Job No: 07-804 
Client: C.E.C. 
Project: Pond Creek Mine 
Sounding: CPT-6 
Date: October 31, 2007 

Vs {ft/s) 
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Job No 07-804 

Client CMI & Environmental Consultants 
Project Tille Pond Creek Mine 

Hole CPT-7 

Site WIiiiamson County, Illinois 

Dale 10/31/2007 

Seismic Source: Beam 
Source Offset: 1.50 (fl) 
Source Depth: 0.00 (ft) 
Geophone Offset: 0.66 (ft) 

Tip Geophone Ray Depth Time Mid-layer Vs Interval 
Depth Depth Path Interval Interval Depth Velocity 

(ft) (ft) (It) (It) (ms) (ft) (Ills) 
3.28 262 3.02 
6.56 5.90 6.09 3.07 5.97 4.26 514 
9.84 9.18 9.31 3.21 5.59 7.54 575 
13.12 12.46 12.55 3.25 4.36 10.82 745 
16.40 15.74 15.82 3.26 3.65 14.10 894 



R13223

10 

20 

- 30 .:= -.s:: ... 
C. 
Cl) 

C 40 

50 

60 

500 

Job No: 07-804 
Client: C.E.C. 
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Sounding: CPT-7 
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Tip Geophone 
Depth Depth 

(ft) {ft) 

3.28 2.62 
6.56 5.90 
9.64 9.18 

13.12 12.46 
16.40 15.74 

17.88 17.22 

( 

07-804 Job No 
Client 
Projec!Trtle 
Hole 

CMI & Environmental Consultants 
Pond Creek Mine 
CPT-8 

Site 
Date 

Williamson County, Illinois 
10/31/2007 

Seismic Source: Beam 
Source Offset: 1.50 

Source Depth: 0.00 
Geophone Offset: 0.66 

Ray Depth Time 
Path Interval Interval 
(ft) (ft) (ms) 

3.02 

6.09 3.07 5.67 
9.31 3.21 4.93 
12.55 3.25 4.59 
15.82 3.26 3.33 
17.29 1.47 1.42 

(ft) 

(ft) 

(ft) 

Mid-layer 

Depth 
{ft) 

4.26 

7.54 
10.82 

14.10 

16.46 

Vs Interval 

Velocity 
(11/s) 

541 

652 
708 

979 

1038 
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Job No 07-804 

Client Civil & Environmental Consultants 
Project TIiie Pond Creek Mine 

Hole CPT-9 

Site Williamson County, Illinois 
Date 10/3112007 

Seismic Source: Beam 
Source Offset: 1.50 (R) 
Source Depth: 0.00 (ft) 
Geophone Offset: 0.66 (ft) 

Tip Geophone Ray Depth lime Mid-layer Vs Interval 
Depth Depth Path Interval Interval Depth Velocity 

(ft) (fl) (fl) (fl) (ms) (fl) (fl/s) 
2.95 2.29 2.74 
6.23 5.57 5.77 3.03 7.30 3.93 415 
9.51 8.85 8.98 3.21 3.55 721 904 
12.80 12.14 12.24 326 4.30 10.50 757 
16.08 15.42 15.50 3.26 5.04 13.78 647 
19.36 18.70 18.76 327 4.06 17.06 805 

C 
21.98 21.32 21.38 261 1.76 20.01 1484 
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Client: C.E.C. 
Project: Pond Creek Mine 
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Job No 07-804 
Client CMI & Environmental Consultants 
Project Tdle Pond Creek Mine 
Hole CPT-10 
Site WIiiiamson County, Illinois 
Date 10/31/2007 

Seismic Source: Beam 
Smrrr.e Offset: 1.50 {ft) 
Source Depth: 0.00 {ft) 
Geophone Offset: 0.66 (ft) 

Tip Geophone Ray Depth Time Mid-layer Vs Interval 
Depth Depth Path Interval Interval Depth Velocity 

(ft) (fl) (fl) (fl) (ms) (fl) (fl/s) 
3.28 2.62 3.02 
6.56 5.90 6.09 3.07 6.42 4.26 478 
9.84 9.18 9.31 3.21 521 7.54 617 
13.12 12.46 1255 325 4.95 10.82 656 
16.40 15.74 15.82 326 4.06 14.10 803 
19.69 19.03 19.09 328 3.47 17.39 945 

( 
22.97 22.31 22.36 3.27 3.03 20.67 1080 
26.08 25.42 25.47 3.10 2.55 23.87 1217 
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Sounding: CPT-10 
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Job No 07-8D4 
Client CM! & Environmental Consultants 
Project Title Pond Creek Mine 
Hole CPT-11 
Site Williamson County, Illinois 

Date 10/31/2007 

Seismic Source: Beam 
Source Offset: 1.50 (fl) 
Source Depth: 0.00 (fl) 
Geophone Offset: 0.66 (fl) 

Tip Geophone Ray Depth Time Mid-layer Vs Interval 
Depth Depth Path Interval Interval Depth Velocity 

(ft) (ft) (fl) (ft) (ms) (ft) (!tis) 
328 262 3.02 
6.56 5.90 6.09 3.07 6.51 4.26 471 
9.84 9.18 9.31 3.21 5.12 7.54 628 
13.12 12.46 12.55 3.25 4.52 10.82 719 
16.40 15.74 15.82 3.26 3.99 14.10 817 
19.69 19.03 19.09 3.28 3.54 17.39 926 

( 
22.97 22.31 22.36 3.27 2.71 20.67 1207 
26.25 25.59 25.64 3.27 2.36 23.95 1387 
27.56 26.90 26.95 1.31 1.05 26.25 1246 
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Job No: 07-804 
Client: C.E.C. 
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Sounding: CPT-11 
Date: October 31, 2007 
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Job No 07-804 
Client Civil & Environmental Consultants 
Project Trtle Pond Creek Mine 
Hole CPT-12 
Site Williamson County, llfinois 
Dale 10/3112007 

Seismic Source: Beam 
Source Offset: 1.50 (ft) 
Source Depth: 0.00 (ft) 
Geophone Offset: 0.66 (ft) 

Tip Geophone Ray Depth Time Mid-layer Vs Interval 
Depth Depth Peth Interval Interval Depth Velocity 

(ft) (ft) (ft) (fl) (ms) (fl) (fl/s) 
2.95 2.29 274 
6.40 5.74 5.94 3.20 6.03 4.02 530 
9.51 8.85 8.98 3.04 5.11 7.30 596 
1280 12.14 12.24 3.26 5.42 10.50 601 
16.08 15.42 15.50 3.26 4.36 13.78 748 
19.36 18.70 18.76 3.27 3.75 17.06 871 
2264 21.98 22.03 3.27 2.66 20.34 1230 
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( 
No Dissipation Tests were 

performed 
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ConeTec Digital File Formats 

ConeTec CPT data files are named such that the first 3 characters contain the job number, the next two 
characters are CP followed by two characters indicating the sounding number. The last DOS character 
position is reserved for the letters a, b, c, d etc to uniquely identify multiple soundings at the same 
location. The CPT sounding file has the extensions COR, and pore pressure dissipation files have the 
extension PPD. As an example, for job number 99-127 the first sounding will have file names 
127CP01.COR and 127CP01.PPD. 

The CPT (COR) file consists of the following components: 

1. Two lines of header information 
2. Data records 
3. End of data marker 
4. Units information 

Header Lines 

Line 1: Columns 1-6 are blank (future use) 
Columns 7-21 contain the sounding Date and Time 
Columns 22-36 contain the sounding Operator 

Line 2: Columns 1-16 contain the Job Location 
Columns 17-31 contain the Cone ID 
Columns 32-47 contain the sounding number 

Data Records 

The data records contain 4 or more columns of data in floating point format. A comma (and spaces) 
separates each data item: 

Column 1: 
Column 2: 

Column 3: 
Column 4: 
Column 5: 

Sounding Depth (meters) 
Tip (q0) data uncorrected for pore pressure effects. Recorded in units selected by 
the operator. 
Sleeve (fs) data. Recorded in units selected by the operator 
Dynamic pore pressure readings. Recorded in units selected by the operator 
UVIF Data. See UVIF section. 

End of Data Marker 

After the last line of data a line containing ASCII 26 (CTL-Z) and a newline (carriage return/ line 
feed) character. This is used to mark the end of data. 

Units Information 

The last section of the file contains information about the units that were selected for the sounding. 
A separator bar makes up the first line. The second line contains the type of untts used for depth, q0 , 

fs and u. The third line contains the conversion values required for ConeTec's software to convert 
the recorded data to an internal set of base units (bar for q0 , bar for r,; and meters for u). 
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Cone T ec Digital File Formats 2 

CPT Dissipation files have the same naming convention as the CPT sounding files and have the 
extension PPD. PPD files consist of the following components: 

1. Two lines of header information 
2. Data records 

Header Lines (same as COR file): 

Line 1: Columns 1-6 are blank (future use) 
Columns 7-21 contain the sounding Date and Time 
Columns 22-36 contain the sounding Operator 

Line 2: Columns 1-16 contain the Job Location 
Columns 17-31 contain the Cone ID 
Columns 32-47 contain the sounding number 

Data Records 

The data records immediately follow the header lines. Each data record can occupy several lines in 
the file and is a complete record of a dissipation test at a particular depth. Each data record starts 
with a line containing two values separated by spaces; the first value being an index number (not 
currently used by the Software) and the second being the dissipation test depth in meters. Following 
this line are the dissipation pore pressure values stored at 5 second intervals with a maximum of 12 
entries per line. The last line of the dissipation record may not contain a full 12 entries. The data 
record is terminated with an ASCII 30 character (appears as a triangle in some editors) . 

. This sequence is repeated for every dissipation test in the sounding. No marker is used to indicate 
end of file. Units information is not stored in this file. Users would have to check the CPT file for the 
units that were used. 

rn,._1cTcr 

iiiiiiii~ 
' 
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ConeTec Digital File Formats 3 

ConeTec's basic CPT interpretation output files are generally delivered in text files with a TBL extension. 
The root file name is the same as the COR files. A number of calculated geotechnical parameters are 
presented in these files. The files are stored as ASCII text files that can be viewed using any text editor 
such as Notepad or Wordpad. The files do not contain any page formatting. These files are not 
distributed if the enhanced interpretation files are provided. 

ConeTec's enhanced CPT interpretation output files are delivered in several formats, each file type 
containing the exact same information but formatted slightly differently. The files typically have any of 
the following file extensions: 

1. NLI 

2. NLP 

3. XLS 

an importable TAB delimited ASCII text file containing approximately 36 data columns 
of geotechnical interpretations. The file is designed for easy import to Excel. A 
companion document describes the techniques used for the interpretations (usually 
reproduced at the beginning of the Interpretation Appendix). Text editors can be used 
to view the file contents, however, they may remove the tabs or replace the tabs with 
spaces upon saving the file destroying the feature that makes them easy to import into 
Excel. 

a printable ASCII text file containing the same 36 columns of geotechnical 
interpretations as the NLI file. This file type has been formatted as a multi-page 
document with up to 132 characters per line and up to 68 lines per page. Each page 
has been separated into multiple sections to accommodate all the data fields. Each 
physical page has a header section and a page/section number. The file is designed for 
direct printing to laser printers set into compressed font mode. This output is typically 
provided in the Interpretation Appendix. 

an Excel format file that has been generated directly from the corresponding NU file. 

In each case root file name is the same as the COR files. 

rnl'vi=Ti=r 
liiliillllii~ 
' 
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NORMALIZED PS-CPT DATA AND PARAMETER CORRELATIONS 

POND CREEK COAL REFUSE DISPOSAL SITE 

OBJECTIVE: 

Use data recorded during the piezo-seismic cone penetration testing (PS-CPT) at the 
Williamson Energy, Pond Creek Coal Refuse Disposal facility located in Williamson 
County, Illinois to correlate various index and strength properties. Also, nearly 
continuous profiles with depth of various applicable engineering properties of the refuse 
and subgrade soil materials in the fifteen (15) soundings tested at the Pond Creek facility 
are tabulated and attached. 

REFERENCES: 

072046 

1. Bowles, Joseph E. (1984) "Physical and Geotechnical Properties of Soils," Mc-Graw 
Hill. New York: 367-369 and 393-396. 

2. Civil & Environmental Consultants, Inc. Calculation Brief Entitled "Summary of 
Piezo-Cone Penetration Testing," Pond Creek Coal Refuse Disposal Site, BEG, dated 
12/21/07. 

3. ConeTec, Inc. (2007), Field Report Entitled "Presentation of CPTU Test Results for: 
Pond Creek Mine- Williamson County, Illinois, December 10, 2007. 

4. Robertson, P.K (1998), "Applications Guide- CPT" **Fax** 

5. Robertson, P.K., et.al. (1992) "SPT-CPT Correlations," Journal of Geotechnical 
Engineering, ASCE 109 (11): 1449-1459. 
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6. Robertson, P.K and Campanella, R.G, (1989), "Guidelines for Geoteehnical Design 
Using CPT and CPTU", UBC Soil Mechanics Series No. 120, Civil Eng. Dept., 
Vancouver, B.C., Canada 

7. Robertson, P.K and Campanella, R.G, (1983), "SPT-CPT Correlations," Journal of 
Geotechnical Engineering, ASCE Vol. 109 No. 11, pp. 1449-1459. 

8. Civil and Environmental Consultants, Inc. Calculation, "Calculation Brief for 
Estimation and Summary of Engineering Properties Including Peale Undrained Shear 
Strength for Refuse and Subgrade Materials," Pond Creek Coal Refusal Site, BEG 
12/28/07. 

METHODOLOGY: 

072046 

Using laboratory-derived unit weights for the coarse coal refuse and residual soil layers, 
provided by Alliance Consulting, Inc. (Alliance), the following parameters are correlated 
based on established CPT correlations (References 2, 3, 4, 5, 6 and 7) and the data 
collected during the Pond Creek Piezo-Seismic Cone Penetration Testing subsurface 
investigation (Ref. 2): 

• Total stress (crv) 
• Effective stress ( 0-vo') 

• Pore pressure (U eq) 
• SPT N50 correction factor (Cn) 
• SPT blow counts at 60% energy (Nso) 
• N6o corrected for overburden ((N1)so) 
• Corrected tip resistance (qc) 
• Fines content (F c) 
• Effective friction angle (<I>) 
• Soil Behavior Index (Ic) 

Undrained shear strength (Su) was also correlated, and is discussed separately in the 
calculation brief entitled Estimation and Summary of Engineering Properties Including 
Peale Undrained Shear Strength for Refuse and Sub grade Materials," (Reference 8). 
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ANALYSIS: 

072046 

ConeTec, Inc. (ConeTec) performed the PS-CPT and correlated the above noted 
parameters based on various unit weights that were correlated directly from the Soil 
Behavior Type (SBT) (Robertson and Campanella, 1989). The unit weights used by 
ConeTec were based. on data interpolation and thus require modification to reflect the 
laboratory derived unit weights of the coarse refuse and residual soil, which were 
provided by Alliance. Therefore, laboratory-derived unit weight for each of the layers 
was used to correlate the applicable parameters, particularly total and effective stresses, 
which are used throughout the calculations. 

PSCPT correlations were based on much of the work described by Robertson and 
Campanella (1998, 1992, 1989, 1988, 1983). During field testing, ConeTec measured 
four parameters insitu, which were not correlated. They include the recorded tip 
resistance (AvgQt), the recorded side friction (AvgFs), the recorded friction ratio 
(AvgRf) and the pore pressure generated by the CPT probe (AvgUd), all of which were 
used in subsequent correlations. The soil behavior type (SBT) was also determined by 
the ConeTec, and was based on observations and readings of the four parameters just 
listed. 

The following paragraphs briefly describe the parameters as well as providing a 
definition of the parameter and any additional calculations needed: Total stress and 
effective stress are both used in many of the correlations, and are related to each other by 
the presence of water in the form of pore water pressure. Total stress was defined as: 

crv = ( y * H) / 2000 (lb/ton) 

where: O"v = total stress (tsf) 
y = unit weight (pcf) 
H = depth of the sample (ft) 
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Pore pressure is defined as: 

U eq = ( "fw * H) / 2000 (lb/ton) 

where: Ueq = pore pressure (tsf) 

PROJECT NO. 

PAGE 

DATE 

"fw = unit weight of water (pcf) 
= 62.5 pcf 

H = depth of the sample (ft) 

The difference between the two determines the effective stress: 

CTvo' = O'v - Ueq 

where: Ueq = pore pressure (tsf) 
O"v = total stress (tsf) 

072046 

OF '-/8 
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The PS-CPT sampler correlated the number of blows per foot, without the overburden 
correction, to the tip resistance measured as the probe was advanced. This gave measurements 
of N60 every 0.2 meters. Corrected for overburden, the measured tip resistance was then 
calculated: 

qc = AvgQt - (1 - 0.85) * U 

where: AvgQt = measured tip resistance (tsf) 
0.85 = area ratio of the PS-CPT probe 
U = measured pore pressure (tsf) 

This corrected tip resistance (q,) was used along with the soil behavior type index (le) and 
atmospheric pressure to give the recorded N50 value by the equation: 

072046 

NGo = (qc /Pa)/ 8.5 * (1- (Ic / 4.6)) 

where: qc 
Pa 

= corrected tip resistance (tsf) 
= atmospheric pressure (tsf) 
= 1.058 tsf 

le = soil behavior type index (dim) 
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and: Ic = ((3.47 - Log10(Q))2 + (Log10(F) + 1.22)2)0.5 

where: Q 

F 

= normalized cone penetration 
resistance ( dim) 

= normalized friction ratio (pct) 

and: Q = (qc • O'v) / O'vo' 

where: qc = corrected tip resistance (tsf) 
O'v = total stress = ( y * H) / 2000(lb/ton) 

(tsf) 
O'vo' = vertical effective overburden (tsf) 

and: F = 100% * AvgFs / (qc - O'vo') 

where: AvgFs= recorded side friction (tsf) 
qc = corrected tip resistance (tsf) 
O'vo' = vertical effective overburden (tsf) 

OF 'IS 

Once N6o and O'vo' had been calculated, a correction factor (Cn) was applied to 
N 60 to give (N 1)60: 

where N6o = Number of blows/foot to advance 1.5 
feet 

Cn = ( O'vo')-0-5 ( dim) 

Using tip resistance, corrected for overburden, and effective overburden the effective 
friction of the material in the Pond Creek facility could be calculated (Robertson, 1989). 
This was done using the following calculation: 

<j>' = tan-1[(1/2.68) * (Log10 (qc / O'vo') + 0.29)] 
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where: qc = corrected tip resistance (tsf) 
CTvo' = effective vertical stress (tsl) 
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Similarly, the fines content was correlated from PS-CPT data but was not used in any 
further analysis. The fines content was correlated using the soil behavior type index, L,, 
as defined above. To determine the fines content of the material, the following 
relationship was used: 

Fe = (1.75 * Ic3·25 - 3.7) 

where: = fine& content ( % ) 
= soil behavior type index ( dim) 

RESULTS: 

The results of the correlations between PS-CPT data recorded during field testing yield a 
profile of geotechnical parameters at the 15 sounding locations tested at the Pond Creek 
facility. Effective and total stresses provide an indication of the stresses being 
experienced insitu, and generally will increase as material is placed on top of the existing 
materials to the lines and grades of the proposed final geometry. 

In-situ effective friction values were correlated using in-situ corrected tip resistance and 
effective overburden pressures for the 15 soundings tested at the Pond Creek facility. 

CONCLUSIONS: 

072046 

Summarizing, data recorded during PS-CPT field testing was used to correlate index and 
strength parameters for comparison to limited laboratory testing at discrete sample 
locations and to develop nearly continuous profile(s) of engineering properties with depth 
to model the variability of the insitu conditions at the Pond Creek facility. 

Based on modified results, the correlated parameters from PS-CPT are generally 
consistent with each other and similar parameters determined from similar materials at 
other refuse facilities, and from laboratory testing of discrete samples. Therefore, in 
general, a reasonably high confidence level exists applying/using the results of the PS
CPT correlations to the 15 profiles shown in the attached tables. 
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Gone Tee Inc. t(\_ .:1rpre!al1□n 
'nterprelatlon i.. Release 1.22 Rev. Format NLI Imperial 
:.iun No. 07•1210·1006·4622 
Job No: 07·804 
:::11ent: Clvil & Envlronmenlal Consultants 
Project: Pond Creek Mine· Williamson Counly. lll!nols 
Sile: CPT·1 M!i!!!HI§! Im1:m !i!□r.l !Jal] '.ill!'!:19lJI {Qs;!) Etl.LAY9,. .filL8Y.Q,, ~ !:£..fil(g_,. ~ 
_ocalion: Pond Creek Mine deg ts! ts! % % 
:::one: 20TON AD211 ~Restdual Soll I 41.95 I 2.<13 I 78.91 I 26.01 I 2.3a I 
:PT Data: 07/31/10 
:::PT Time: 13:23 
~PT Fite: 804CP01.COR 
l'lorthlng (m): 0.000000 
Easting (m): 0.000000 
Elevation (m): 482.2 

Jser Inputs: 

DILi ~ Ground Surface Elev. 
Assumed: 

State Parameter. ~ CPT area ratio: ~ 
Unlt Weight of Soil {pc!): See Below See Below Copied from ConeTec CPT Da1a FIie 

------------------·-------------------- ------------·-----· -------------
Depth Sample EL AvgQ\ AvgFs AvgRI AvgUd Ola Ria le a F SBT U.Wt. TStrnss EStress u,q Ca N60 (N1)60 s, q, Fo Phi 

(It) {I!) {Isl) (lsf) (%) (II) (tsf) (%) {pc!) (ts!) (Isl) (tsf) (blows/It) (blows/fl) (Isl) (tsf) (%) (Deg.) 

0.164 482.026 16.61 0.44 2.66 0.11 1619.49 2.651 1.66 1619.49 2.65 5 125.00 0.010 0.010 0.000 2.000 2.89 5.79 0.514 16.61 5.45572 52.56 
0.492 481.698 45.67 1.03 2.25 4.37 1484,2 2.257 l.60 1483.SS 2.26 6 125.00 0.031 0.031 0.000 2.000 7.79 15,s1 l 1.41:i 45.65 4.391 52.25 
0.82 481.370 44.31 1.6 3.81 ·3.26 863.585 3,615 1.86 863.98 3.61 5 125.00 0,051 0,051 0.000 2,000 8,26,-' 16.52 \ ,_ 1.310 44,33 ': · 9.36475 50.29 
1.146 481.042 49.34 1.93 3.91 -6.42 686,666 3.917 1.92 687.22 3.91 5 125.00 0.072 0.072 0.000 :2.000 '9.42, 18.64 . , 1.525 49,3B ;·10.8792 49,41 
1.476 480.714 50,64 2.12 4.19 ·7.64 547.943 4.194 1.98 548.49 4,19 5 126.00 0.092 ''ci,092 0.000 2.000 9.90 HMO,', -.1.555 ' 50,69 '·'12.4636 48,51 
1.804 480.386 45.45 2,14 4.71 -0.65 -'102.104 4.720 2.08 402,10 4.72 4 125.00 0.113 0,113 .::o.ooo 2.000 · 9.23 · 18.46 "1.404'' /45.46 15,2837, 47.21 
2.133 480.057 40.4 1,81 4.48 3.83 302.047 4.495 2.12 301.82 4.50 •• 126.00 0.133 0.133 0.000 '2,000,, 8.32 16.64 .t':247 40.37 '16,3803 45.96 
2.461 479.729 34.96 1,32 :3.75 8.22 226.29 3.792 2.12 225.96 , 3,80 5 125.00 0.154 0.154 0.000 ' 2.000 , 7,19 14.36 1.018 34.91 16.3424 44,63 
2.789 479.401 31.18 1.1 3.52 11.83 177.874 3.548 2.15 lTT.47 3.56 5 125.00 0,174 0.174 , 0.000 ,'.2.000 · fi.60: 12.99 ·o.e5o 31.11 17,3915 43.48 
3.117 479.073 29.29 1.15 3,92 14.97 149.35 ·J.953 2.23 148.89 3.96 5 125,00 0.195 0.195 0.000 2.000 6.31 12.62 0.901 29.2 20.1364 42.62 
3.446 478.745 29.06 1.09 3,74 29.44 133.967 3.n9 2.25 133.13 3,80 5 125.00 0.215 0.216 0,000 2,000. 6.28 12,65 o.893 28.88 20.6255 42.05 
3.na 478.417 32.91 1.15 3.49 32.84 138.56 3.520 2.21 137.67 3.54 5 125.00 0.236 0.236 0,000 2,000 '7.01 14.02 1.012 32,7 19.4713 42.22 
4.101 478.089 34.84 1.39 4 29.66 134.928 4.019 2.27 134.19 4.04 5 125.00 0.256 o.256 · 0,000 '. 1.975 7,59 15,00 1;071 34.65 21.3078 42,09 
4.429 477.761 35.38 1.49 4.22 29.72 126.812 4.245 2.30 126.16 4,27 4 125,00 0,277 0.277 O.Ooci 1.901 , 7,83 14,aa 1.087 35.2 22.5767 41.78 
4.757 477.433 34.51 1.53 4.44 31.68 115.073 4.472 2.35 114.40 4.50 4 125.00 0,297 0.297 ' 0.000 1.634 7.78 14.27 1.059 34.31,. 2•t2407 41.27 
5,085 ,\77,105 32,05 1.52 4.75 32,73 99.8456 4.790 2.41 99.18 4.82 4 125.00 o.318 0,318' 0.000 1.774 ,:i42'• 13.17 0.982 31.84 26.6972 40.52 
5.413 476.777 33.07 1.53 4.62 33.55 96.7499 4,674 2.41 96,13 4.70 4 125,00 0.338 , 0.338 0.000, 1.719 7,66 13.17 1.013 32,86 2a.6937 40.36 
5,741 476.449 28.11 1.63 5.81 25.35 77.3416 5.874 2,54 76.90 5.91 ' 126.00 :0.359 0.359 0.000 1.669· 6,95' 11,81 0'.859 27,95 32,7178 39.15 
6,069 476.121 23.82 1,72 7,24 6,62 61.7978 7,338 2.68 61,67 7,35 3 125.00 0.379 0,379 o.oob l.624 6.33 10.27 0.726 23,71 39.3343 37.91 
6,398 475.792 23.35 1,75 7.49 4.73 57,3932 7,625 2,71 57.32 7.64 ' 125.00 '0.400 0.400 0.000 t.581 , . 6.31 9.98 0.711 23.32 41.0639 37.49 
6.726 475.464 25.01 1.76 7.04 4.71 58.4945 7.157 2.68 58.42 7,17 ' 125,00 0.420 0.420 0.000 1.542 6,67 10.29 0,761 24.98 39.6542 37,60 
7.054 475.136 26.32 1.96 7.47 4.23 58.6995 7.574 2,70 58.63 7.58 ' 125.00 0.441 0.44i 0.000 1.506 7.09 10.67 0.601 26.29 40.6073 37.62 
7.382 474.808 26.5 1.n 6.7 3.32 56.437 6,798 2.68 56.39 6.80 ' 125.00 0.461 0.461 0.000 1.472 7.04 10.37 0.806 26,46' 39.2566 37.40 
7.71 474.460 22,44 1.48 6.61 3 45.5681 6.740 2.74 45.53 ,6,76 ' 125.00 0.482 d.462 0.000 , 1.441 6.15 B.aa o·.6ao 22.42 42.3496 36.15 

8.038 474.152 24,71 1.6 6.49 3,7 48.1864 6.609 2.71 4B.15 6.61 ' 125.00 0,502 0,602 0.000 1.4i1 , 6.69 9.44 0.749 24.69 41.1319 36.48 
8.366 473.824 35.83 2.03 5.66 4.8 67.525 5.750 2.57 67.47 5.75 ' 125,00 0.523' 0,523 0,000' '1.363 , 9.02, 12.48 i 1,093 35.8 33,9883 36.42 
8.69'1 473.496 39.18 2.59 6.61 3.46 71,1049 6.703 2,61 71.07 8,71 ' 125.00 0.543 0.543 0.000 1.357 10,06 13.64 1.196 39.-16 35.8018 38,71 
9.022 473.168 64.62 ,., 4.6 6.26 113.6 4.840 2.37 113.53 4,84 11 125.00 0.664 0.564 0.000 1.332 14,83 19.75 U:!83 64.56 25,3247 41,23 
9.35 472.840 86.35 5.07 5.87 3.14 146.765 5.911 2.38 146.73 5.91 11 125.00 0,584 '0.584 ·o.ooo 1.308 19.89 26.02 2.665 86.33' 25.6191 42,54 

9.676 472.512 73.23 5,54 7.56 •2,24 120.066 7.626 2.52 120.08 7.63 11 125,00 0.605 0,605 0.000 L2ae 16.01 23.16 2,248 70.24· 31.6127 41.52 
10.006 472.184 46.41 4.03 8.68 -9.82 73.2115 8.802 2.69 73.31 8.79 0 125.00 0.625 0.625 0.000 1.265 12.47 '15.17 1:411 46.47 40.1446 38.88 
10.335 471.855 39.89 2.66 6.66 ·11.18 60.7552 6.778 2.65 60.86 a.n ' 125.00 0.646 0.646 0.000 1.244 10.50 13.07 1,215' 39.96 38.0706 37.83 
10.663 471.527 54,17 2,97 5.48 -11.18 80.2829 5.551 2.51 80.39 5,54 ' 125.00 0.666 0,666 0.000' 1.225 13,28 16.26 1,656 54.24 31.1774 39,39 
10.991 471.199 62.34 4.01 6.44 -10.85 89.7506 6.504 2,54 89.85 6.50" 11 125.00 0.687: 0.687, o.tmo 1.207 15.46 18.65 Um9 62.4 f · 32.3205 · 39.99 
11.319 470.871 75.65 4.56 6.06 ·9.15 105.935 6.111 2.47 106.01 6.11 11 125.00 0.701 0.707 0.000 1.189 18.19 21.63 2,320 75.7 29.4445 40.87 
11.647 470.543 96 6.72 7 -6.93 130.879 7.053 2,47 130.93 7.05 11 125.00 0.728 0.728 0.000 1.172 23.07 27,04 2.950 96.04 29.4226 41.97 
11.975 470.215 83.38 6.59 7.9 -7.67 110.405 7.975 2.56 110.47 7.97' 11 125.00 0.748 0.748 0.000 1.156 20.88 24.13 2,558 83.43 33.2785 41.09 
12.303 469.887 57.02 4.42 7.74 -9.36 73.1543 7,858 2,66 73.23 7,85 3 125,00 0.769 '0.769 0.000: ,1,140 15.01 17,11 i.142 57,08 38,1113 38.88 
12.631 469.559 67.48 3.97 5.89 -6.63 84.4786 5.953 2.52 84.63 5.95 11 125.00 0.789 0,789 0.000, i.125 16.61 18,70 2,065 61.6'2 31.6601 39.66 
12.959 469.231 79.63 5.29 6.64 -4.3 97.3162 6.711 2,53 97,36 6.71 11 126.00 0.810 0.810 0.000 1.111 19.65 21.83 ;2.440 79.66 31.8895 40.42 " 13.287 468.903 74.37 5.39 7.24 ·3.35 88.6562 7.329 2,58 88.58 7.33 11 125.00 0.830 0.830 0.000 1.097 18,86 20.66 2.2n 74.39 34.4742 39.92 
13.615 468.575 71.75 5.08 7.08 •2.33 83.3188 7.165 2.59 83.34 7.16 11 125.00 0.651 0,851 0.000 1.084 18.25 19.79 2.195 71,77 34.8502 39.59 
13.943 468.247 102.33 5.18 5.06 -0.78 116.427 5.106 2.38 116.44 5.11 11 12$.00 0.871 0.871 0.000 1.071 23.62 25.31 a:141 102.34 25.8028 41.38 ~ 
14.271 467.919 114.91 6.B 5.91 2.36 127.832 5.964 2.42 127,81 5.97 1; 125.00 . 0.892 0.692 0.000 1.059 25,91 28.49 3;530 114.89 27.1057 41.84 

14.6 467.590 134.53 9.49 7.06 6.8 146.43 7.102 2.45 148.3!3 7,11 11 125.00 0.913 0.913 0.000 1.047 31.95 33.45 4)137 134.47 28.4187 42.53 
14.928 467,262 140.8 8.87 ,., 10.72 149.911 6.342 2.40 149.84 6.34 11 125.00 0.933 0.933 0.000 t.035 32.73 33,88 4,330 140.73 26.4588 42.65 -t 
15.256 466,934 130.39 7.43 5.7 2.1 135.749 5.740 2.39 135.74 5.74 11 125.00 0.954 0.954 0.000 1.024 30.14 30.87 4.007 130,38 25.9423 42,15 C 
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' Dept11 Sa'; AvgQI AvgFs AvgRI AVgUd Ota "'" 
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(It) (ft) (Isl) (Isl) {¾) (fl) (Isl) i¾J (pcf) (tsf) (lsf) 

15.584 466.606 108.8 7.14 6.56 -4,18 111.721 6.622 2.49 111.74 6.62 11 135.00 0.974 0.965 
15.912 466.278 78.99 5.55 7.03 ·5,77 79.8262 7.116 2.60 79.86 7.11 " 135.00 0.998 0.977 
16.24 465.950 119.1 5.81 4.88 -0.48 119.401 4.920 2.37 119.40 4.92 11 135.00 1.018 0.989, 
16.568 465.622 148.8 8.34 5,6 -1.5 147.633 5.644 2.36 147.64 5.64 11 135.00 1.040 1.001 
16.BDG 465.294 185.21 10.35 5.59 7.6•1 181.826 5.620 2.31 161.78 5.62 11 135.00 1.063 1,013 
17.224 464.966 333.69 12.91 3.87 16.63 324.597 3.881 2.05 324.50 3.88 12 135.00 1,086 1.025 
17.5S2 464.638 421'41 14.07 3.34 22.43 405.472 3,3<18 1.95 405.34 3.35 12 135.00 1,107 1,037 
17.88 404,310 395.49 15.59 3.94 0.37 376.125 3,953 2.03 376.12 3.95 12 135.00 1.129 1.048 

---------------------
Ueq Co N60 (N1)60 s, ,, 
(Isl) (blows/It) (b!ows/11) (Isl) (Isl) 

0.009 1.018 26.34 26.81 3.338 108.82 
0.019 1.012 20,18 20.42 2.415 79,02 
0,029 1.006 27,25 27.41 3,656 119,1 
0.040 ,- 1.000 34,00 33.98 4.575 148.81 
0.050 0.994 41:38 41.12 5,701 185.16 
0.060 0,988 66.82 66.01 10,297' 333.69 
0.070 , 0.982 81,17 79,72 13.012 421.27 
0.080 o.9n 78.54 76.70 "12,209 395.49 

Fo 
(%) 

30.1191 
35.2737 
25.0315 

24.B!:I 
22.9713 
14.268<!. 
11,5388 
13.6425 

Phi 
(Deg.) 

41.16 
39.35 
41.50 
42.58 
43.60 
46.28 
47,25 
46.93 

-i 

~ 

" I;;> 
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ConeTec Inc. ( 'erpretation 
Interpretation C,_ Release 1.22 Rev. Format: NU Imperial 
Aun Ne: 07-1210-1008-4589 
Job No. 07-B04 
Client: Clvll & Environmental Consultants 
Project: Pond Creek Mine - WIiiiamson County, Illinois 
Site: CPT-2 
Location: 
Cone: 
CPT Dale: 
CPTTime: 
CPT File: 
Northing (II): 
Easting (II): 
Elevation {It): 

User Inputs: 

Assumed. 

Pond Creek Mine 
20 TON AD211 
07/30/10 
13:46 
B04CP02.COA 

0.000000 
0.000000 

494.21 

II): 

State Parameter: 
Unit We!gllt of Soll (pcf): 

OepU1 
(Ill 

Sample El. AvgQI AvgFs 
(tsf) 

AvgRI 
(%) (II) (Isl) 

DiIJ 
nu 
~Saa Balow 

AvgUd 
(fl) 

Ola 
(ts!) 

Ria 
(%) 

CPT area ratio: ~ 

le a F 

Sea Balow 

SBT 

~-

LI.Wt. 
(pc!) 

Material Types and Unlt Weigh! (pc!) Phi Avg I ~ Q£.filg,_ fc Avg. le Avg. 
deg ~ tsL . __ Jsl. % % 

~Coatse Refuse 
LiLJRes!dual Soil 

Ground Surlace Elev. DELI 

//} 

21.01 •I J.39 

Copied from Cone Tee CPT □ala FIie 

TStress EStress 
{Isl) (Isl) 

Uaq 
(ts[) 

Ca NGO (N1)60 ·1 

(blows/fl) (blowsfll)I 
s" 
(tsf) 

.11.rn. 

qo 
(ts!) 

611,7.§ 

Fo 
(%) 

g,!]!}_ 

Phi 
(Deg.) 

~ 
~ 

~ 

C 
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/~ _____ ! 

Deplh 

{It) 

34.612 
34,941 
35.269 
35.597 
35.925 
36.253 
36.581 
36.909 
37.237 
37,565 

sa', 
(fl) 

461.238 
460.910 
460.5B2 
460.254 
459.926 
459.598 
459.269 
<158.941 
458.613 
45B.285 
457.957 
457,629 
457.301 
456.973 
456.645 

AvgQI 
(tsf) 

54.6B 
49.23 
42.89 
42.8 
30.89 
24.22 
21.73 
23.04 
22.63 
23.37 
29.16 
30.74 
30.69 
31.76 
33,62 

AvgFs 
(Isl) 

0.55 
1.11 
1.53 
1.67 
1.32 
1.35 
1,28 
0.96 
0.79 
0.74 
0.6 

0,73 
0.64 
0.47 
0.55 
0.61 

AvgRf 

(%) 

0.82 
2.03 
3.11 
3.9 
3.09 
4.37 
6.28 
4.43 
3.42 
3.26 
2.57 
2.49 
2.07 
1.52 
1.72 
1.8 

AvgUd 
{It) 

-6.6 
0.21 
-2.91 
·0.53 
0.12 
0.37 
0.81 
1.31 
1,73 
2.47 
3.4 
9.07 
12.21 
13.92 
16.67 
17.92 

Ola 
(Isl) 

Ria 
(%) 

r, Q F 

16.6383 3.00434 2.81778 16.6383 3.00431 
30.6024 0.84734 2.29207 30.6213 0,84682 

24.533 2.11274 2.59114 24.533 2,11274 
21.7702 3.25062 2.74669 21.7794 3.24924 
18.6514 4.10244 2.86303 18.6514 4,10244 
18.4277 3,25147 2.80358 18.4277 3,25147 
12.8923 4.70934 3,02533 12.8678 4.71098 
9.79303 5.82455 3.1763 9.76658 5.6272 
8.5955 4.93183 3.17671 8.59109 4.93438 
9.0827 3.80633 3,09074 9.07832 3.80817 

8.81622 3.64094 3.09045 8.80655 3,6'1453 
9.04685 2.85118 3.02107 9.03825 2.8539 
11.4265 2.72252 2.9266 11.4009 2.72863 
11.9863 2.25567 2.86414 11.9525 2.26205 
11.6539 1.66064 2.79759 11.8162 1.66593 
12.1688 1.67381 2.81505 12.1431 1.88088 
12.8434 1.95567 2.80566 12,7981 1.96259 

SBT 

6 
8 
7 
6 
5 
6 
4 
3 
4 
5 
5. 
5 
8 
6 
6 
6 
6 

.~ 
'------ ------------------------------- 1··-----------

LI.Wt. 
(pc!) 

_,tress EStress Ueq Cn NGO (N1)60 I Su qc 
(tsf) (lsf) (Isl) (blows/ll) (blows/fl) (ts!) (Isl) 

125.00 2,10054 2.10054 0 0.69'-10.62956'7,334144' 1.08203 37,05 · 
125.00 2.12104 2,12104 0 0,6866' 14.85918 10.20282; 2.00967, --67.07 
125.00 2.14164 2.14154 o o.6aaa· 1a.e11ea.9.s1os11' ia26sa 54.68 
125.00 2.16204 2.16204 0 0.6801 13.58773 9.240913,' 1.45721 49.25 
125.00 2,18254 2,18254 0'_ 0.6769 12.62559 8.54615; 1.26029 42.89 
126.00 2.20304 2,20304, 0 0.6737 12i18217 8.207546: 1.25687 42.B 
125.00 2.2235'1 2.22354, 0 0.6706'10.02714 6,72442/ 0.88751: 30.86 
125.00 2.24404 2.24404 0 0,6676_'6.694918 5.804303+ 0.66037 24.21 
126.00 2.2646 2.264603 o 0,6645 7.S02906 5.185139 -o.60264 21.12 
125.00 2.2851 '·2.285103 0 0.6615 .-'•7.80226 _5.1611394( 0,64251 : 23.03 
125.oo ;2,:m56-2.soseoa o :o.esae--7,658449 5.043693- 0.62924 22.61 
125.00 2.3281 2.326103 0 0.6557 '7,58159 -"4.95791 0,65151, 23.35 
125.00 ?..3466 2.346603, 0 0,6526 8.691611' 5,604484! 0J!3014 29.1 
125.00 2.3671, 2.367103 '0 _0.65 9,031228 5.670002, 0.87842 30,66 
125.00 2.3876 2,387603 0 0.6472 8.680726 5.617913' 0,87624 1 30.6 
125,00 2.4081 2.408103 0 0.6444, 9.066453 6.84251ff 0.90873 31.65 
125.00 2.4286 2.428603 0 0.6417 9.549031 6.127468, 0.96568 33.51 

Fe 
(%) 

47.0264 

Phl 
{Deg.) 

22,2286 33,739 
13'1.9261 32.344 

42.984 31,681 
49,722 30.575 

· 46.2004 30.497 
60.2073 28.127 
71.1657 26.273 
7L1!i74 25.388 
64.8082 25.762 
64,7868, 25,556 
59.9152 25.732 
53.6748 27,303 
49.7897 27.622 
45.8547 27.644 
46.8672 27.728 
46.321~ 28.081 

-N 

'\ 

--i 
C 
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✓-~ 

---( ·····-···-·-··---------·········-·-···-·--···-····-··· -·-···-····-·····-··--··-··-·--·· 
Oep!ll 

(lt) 

--------------------------------

37.893 
38.221 
38.549 
38.877 
39.206 , 
39.534 
39.862 
40.19 
40.518 
40.846 
41.174 
,~t.502 
41.83 

42.158 
42.486 ' 
42.B14 
43.143 
43.471 
43.799 
44.127 
44.455 
44.783 

Sar, AvgQl AvgFs AvgRf AvgUd Otn Rln fc Q F SBT LI.Wt. . ~tress ES tress u,q 
(Isl) 

Cn N60 (N1)60 Su QC 
(ft) (!sf) (Isl) (%) (II) (Isl) (%) (pcf) (Isl) (Isl) (blows/fl) (blows/ft) (Isl) (Isl) 

456.317 
455.989 
455.661 
455.333 
455.004 
45<1.676 
454,348 
454.020 
453.692 
453,364 
453.036 
452.708 
452.380 
452,052 
451,724 
451.396 
451.067 
450.739 
450.411 

,tt;0.083 
449.755 
449.427 

32.15 
25.87 
21.3 
19.83 
19.78 
20.68 
20.78 
19.42 
16.99 
16.52 
17.43 
22.29 
19.58 
20.78 
27.89 
28.69 
21.75 
22,78 
20.59 
23.42 

253.58 
555.99 

0.63 
0.58 
0.67 
0.72 
0.91 
0.93 
0.B4 
0,BB 
0,73 
0.38 
0.34 
0.68 
0.73 
0.6 

0.65 
1.2l 
0.81 
0,69 
0.61 
1,1 

4.98 
13.9 

1.95 
2.25 
3.13 
3.64 
4.59 
4.48 
4.03 
4.52 
4.28 
2.28 
1.93 
3.06 
3.74 
2.87 
3.06 
4.23 
3.73 
3.01 
2.97 
4.71 
1.96 
2.5 

18.64 
19.84 
19.56 
19.54 
17.32 
18.01 
18.73 
19.38 
19.84 
21,46 
23.46 
24.25 
20.72 
23.56 
26.14 
37.12 
40.41 
41.96 
43.95 
47.39 
20.09 
·21.27 

12.1273 2.12115 2.84602 
9,47537 2.47859 2.97339 
7.55386 3.56195 3,14336 
6.90511 4.15719 3.21395 
6.84374 5.27622 3.27716 
7.15825 5,13102 3.25407 
7.15536 4.61465 3.22705 
6.5B125 5.23163 3.28913 
5.59577 5.08051- 3.33962 
5.37916 2.73844 3,20777 
5.69704 2.30284 3.14792 
7,52921 3.469 3.13915 

6.4503 4.32719 3.24865 
6.B6938 3.32448 3,1617 
9.52399 3,38163 3.04602 
9.77463 4.66935 3.12299 
7.11643 4.27408 3.214 
7.46153 3.45703 3.14483 
6.60515 3.43717 3.18878 
7.61643 5.351'19 3.24B33 
92.4833 1.98649 2.13724 
203.145 2.5132 1.99381 

12.0783 2.12975 
9.42678 2.49137 
7.50567 3.58482 
6.85727 4.18619 
6.80009 5.31009 
7,11481 5.16235 
7.11212 4.6427 

6.5343 5.26922 
5.54903 5.1233 
5.32489 2.76635 
5.63916 2.32648 
7.46TT6 3.49754 
6.40059 4.36079 

6.8161 3.35047 
9.45958 3.40466 
9.68787 4.71117 
7.02255 4.33122 
7.36059 3,50444 
6.50094 3.49227 
7,50897 5,42807 
92.4354 1.98753 
203.193 2.5126 

6 
6 
5 
4 
3 
3 
4 
3 
3 
5 
6 
6 
4 
5 
5 
4 
4 
5 
6 
3 
8 
12 

125.00 2.4491 2.449103 0 0.639 9.337317 5.966486 0.91953 
125.00 2.4696"2.459603 0 0.6363,8.0!:"1387 5.15075 0.72447 
125.00 2.4901 2.490103 0 0.63371.434711 '4.711459 0,58235' 
135.00 2,5106 2,5082, 0.0024 0.6314 7,271031 4.591081 _- 0.6362 
135.00 2,53281 -'2,626143 0.0127. 0.6299 7.602996 4.789302 0.63397 
135.oo 2,55495 2.532049 _: 0.0229 o.6284 -r.a14492 : · 4.91094. o.5e11s 
135,00 2.57709 2.543966 0.0331 0.627 : 7.69793' 4,826354 0,56356 
135.00 2,59923 2.555862 0.0434 0.6255 7.528098 4.708868. 0.52077 
136.00 2.62137-2,567768 o.0536 o.6241 6.843878."4,270948 OA44~5 
135.00 2.64351 2.579675 0.0638 0.6226 6.015767 3,745489 0.42961 
136.00 2.66565 2.591581 0.0741 0.6212 6.084749 3,'179725 ·. 0.4571 
135.00 2,68779 2,603488 0.0843 0.6198 ·7,745791 '4.800517 0.60688, 
135,00 2.70993 2.616394 -0.0945 0.6183 7.359357·4.650628·0.62229 
135.00 2.73207 2.6273 o.'1048 0.6169.7,:33751:iA.526828 0.55876, 
135.00 2,75421 2,639201: 0.115 :0.6165 9.132647 5.62Hf 0.7782 
135.oo 2.77635 2.651113 o.-i252_ o.e142 9.862356'li.05o9a3 o.eo228' 
135,00 2.79866 '2,663056,-0.1355 0.6128 '7,931649 4,860415 0,68673' 
135.00 _2.8207 2.674962. o.1457' 0,6114 '.7,909522 4.83605(0.61'794, 
135.00 '2.84284 2.686869 0.156 0.6101 7.36876 4.489329 0,54945 
135.00 2,86498 2,698TT5 0.1662 0.6087·8.749722 5.32612 0.63638 
135.00 2.88712 2.710682 0.1764 0,6074 52,62093 :31.96092 1,76139 
135.oo 2.90925 2,122588 o.1ae1 o.eo61 109.1065 66.12409 11.1232 

32.03 
25.75 
21.18 
19.71 
19.67 
20,57 
20.67 
19.3 

16.87 
16.38 
17.28 
22.13 
19.45 
20.64 
27.72 
28.46 
21,5 
22.51 
20,31 
23,13 
253.45 
558.12 

Fe 
(%) 

Phi 
(Deg.) 

48.6978 27.692 
56.71 26.018 

68.672 24.471 
74.0883 23.859 
79.1712 23.806 
77.288B 24.117 
75.1234 24.118 

80,159 23.549 
84.4156 22.454 
73.6031 
69.0136 
68.3574 
76.8511 

70.063 
61.7782 
67.1585 
74,0922 
68,7816 
72,126 

76,8256 
16.9566 
12.7819 

22.183 
22,571 
24.466 

23.43 
23.857 
26.072 
26.236 
24.069 
24.389 
23.557 
24.529 
40.151 
44.134 

....... 
w 

" --1: 
Oil 
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Normalized PS-CPT Data and Parameter 

072046 

Correlations PAGE It./ OF 'I~ 
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GoneTec tnc. 

lnterpretalion '
Aun No: 
Job No: 
Client: 
Project: 
Sito: 
Location: 
Cone: 
CPT Dale 
CPTTime; 
CPT File: 
Northing fl\): 
Easling (fl): 
Elevat!on (ft): 

User Inputs: 

Assumed: 

arpretation 
Release 1.22 Rev. Fom1at: NLI Imperial 

07-1210-1008-4556 
07-804 
Civil & Envlronmental Consultants 
Pond Creek Mine - Wllllamson Coun\y, l!linols 
CPT-2A 
Pond Creek M!ne 
20TON AD211 
07/J0/10 
14:50 
804CP02A.COA 

0.000000 
0.000000 
492.4 

State Parameter: 
Unit Weight of Soil (pcf): 

Du 
DD 
~Sea Below 

MBl!l:[ii.!1 Tul2!l:!ii aml ~/[!I! W!l:lgh! {121.ll ~' ~ ~ 
de Isl Isl 

~Coame Refuse 
Resldual Soll 30.69 I 2.60 86.31 

Ground Surface Elev. Dru] 

CPT area ratio: ~ 
See Below Copied from Cone Tee CPT Oala File 

------------·-···-·----··-·-·-·-·-·--·-·-·-·-··-··------·------·----· -----------------·--·-·----·-----·--·---·-·---·-·------·-----·· 
Depth 

(fl) 
Sample El. AvgOI 

(II) (tsl) 
AvgFs 

(tsf) 
AvgRr 

(%) 
AvgUd 

(fl) 
Qfa 
(ts!) 

Ria 
{%) 

le a F SBT U.Wt. 
(pc!) 

TS!ress ES\ress 
(Isl) (Isl) 

Uaq 
(Isl) 

Ca N60 (N1)60 ' 
{blows/fl) (blowsfll) 

s, 
(Isl) 

qc 
(ts!) 

E£.&:g.~ 
% 

- 2 
48.14 

Fe 
(%) 

% 
w 23 

2.80 

Phi 
(Deg.) 

l 

"--s 
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/'' ~ 
{ i ' ---- ' ·----------------------------· ····-·····------------- --------- ----------- ----------- ---·----· --- ' 

Doplh 

(fl) 
Sam1-

(ll) 
AvgQt 

(tsf) 

AVgfs 
(lsf) 

AvgRI 
(%) 

AvgUd 
(fl) 

Ola 
(Isl) 

Ria 
(%) 

le a F SBT U.Wl. 
(pcf) 

. .-LfOSS ES\ress 
(Isl) {Isl) 

u,q 
(!sf) 

Ca NGO (N1)60 
(blows/II) (blows/It) 

s" 
(tsf) 

qe 
(Isl) 

Fe 
(%) 

Phi 
(Deg.) 

29.035 463.365 35.65 0.64 1.79 0.42 17.8897',1.89558 2.67583 17,8897 1:89558 6 125.00 1.88728--1,887275 .'(.>0 .. 0,7279,·9,473102:_~.895~59(· .. 1i04$29/i35.65.;.i39,18~S :30,303 
2e.aoa 463.037 a1.e1 o.e 2.01 a.ea 1s.12aa 2,eee1a 2.aaaes -1s,12sa 2.99e1a a 12s.oo 1,eo11a,heo1ns. ·:o·. o.124,-·e.254s13.e,1OO2as•o.e2aaat·a1.e1:- .'48.1574· 29.453 
2e.ee1 <1a2.1oe 1a.aI 1.1e 2.21 -1a.a1 ae.0101 2,32825 2.45145 39.9174 2.32553 .7 125,oO· .1.92828 1,928275 , · .o ·o.12of 1a;11e7s_;_13.s21asL2.~ao24_:;.- '·ta.9 .·20,5599 35.362 

;~:~!; ::::~:! ;;::~ ~::: ;::: :!~::: ;~:~~;: ~:~:::~ :::;;;! ~~:~:;: ;:;:~~: ·: '~:::~~ t~i!~: ... ~:~::~: ·; f ~:i~:::-~::~;;~t~:::~:~;t~~~~:.~: ',," ~::::.. ·, :::~:~~' :::~~~ 
30,675 461.725 61.35 2.05 3.35 •21.62 29.8326 3.45349 2.65802 29,903 3,44537 6 125.00 1.98975_' 1.989TT6i O· 0.7089 16,1900~_ .. 11.47748/ 1.83ml-:. ~L49 '38.2614 33,691 
31.004 <101.396 20.32 1.ae 4.B •15.93 1a.o012 5.1692 3.0,1324 13,1359 5.14963 3. 12s.oo·:2.01031r_2.01oa3a· o;o,1os3 9.334539 s.5B3S23/0.Bt4s4· 28.42 B1A45S 20.255 
31.332 401.000 40.8 1.24 a,05 -12.11 ts.0902 3.19842 2.78585 19.1296 a . .191_aa 6 12s.oo 2,03oa<1· 2.o~oa3a .. _''. o· 0,1011· 11,521_95 ·a.o~s156j;t2oow·. 40.88_ 45,182 30.741 
31.66 460.1<10 44.64 1.36 3.o5 -16.6 20.1514 3.19334 2.1s555 20.816 3;18511 e 1::s.00 2,051M 2,051338 - >: o o.5982-'.12.41234. a.66633t•1;310sa 44:75' ·,;13,5311 31,289 
31.988 1160,412 36.89 0,92 2.56 •16.G 16.3228 2.72043 2.79674 16.3759 2.71161 6 125.0o·2.07184 2,071838 0, .. 0.694'(10.20781f1,091791r .'~.047 36 ., .. 45.8061 "29.721 
32.316 460.084 41.49 0.76 1.64 ·15.52 1a.B295 '1.92905 2.6602 16.8TT3 1.92416 6 125,00 2.09234:'2.092338 '0 ;o.6913'.10.96277 7,678869;-i:21974 41'69 '38.3734 30.654 
32.644 459.756 44.62 0.87 1.94 ·15.36 20,1185 2.04671 2.6614 20.1658 2.04191 6 125.00 2.11284.'2,112838 0 _0.688._11,73457 8.072984; 1.31601.' ,44.72 37.9227 31.084 
32.972 459.428 46.81 0.97 2.07 ·12.68 20.9421 2.17116 2.65248 20.9796'2,16728 6 125.00 2,13334 2,133338,' 0 0.6847.),12,31082'8.4266331·1.38318 46.89 -37.978 31,34 
33.3 459.100 3•1.78 0.63 1.82 -11.57 15.1479 1.93097 2.73912 16.1804 1,92683 6, 125.00 2.163!!4'2.153838 0 0.6814.9.575763:6.524796'·.1.0101 34.85 42.5673 29,219 

33.628 458.772 27.97 o.53 1.88 -11.11 11,5537, 2.05451 2.84249 1 l.a959· 2-04905 6 12s.oo 2.11434. 2,174338 , o o.s1a2'-a,15ns2· 6.532317, o.79863 , 28.04 48.487 27.59 
33.956 •158.444 25.2 o.51 2,03 -10.93 10..i015 2.21689 2.90541 10,5134 2.21011 s 125.00· 2.19484 :U94B38 o o.61s·:·1.524B1·'5.14_6see! o,71223 25.21 52.3352 26,756 ...., 
34.284 458.116 23.12 0.44 1,91 -10.81 9.43633 2,10479 2.93186 9.46793 2,09777 6 125.00 2.2153•1'2.216338 ', 0 0.6719'·'7;_108146_ 4,776693f 0.6472 23,19 54,0101 26.047 fi: 
34.612 457.788 24.88 0.56 2.24 -10.49 10.1278 2.47304 2.94368 10.1591 2.46542 6. 125.dO 2.23584 2.235838 o·-0,6688 .7,702224 ·5,151053/ 0,70106 24.95 :54.7701 ·26,525 
3,1.941 457.459 27.6 0.74 2.67 -10.42 11.2319 2,919B7 2.94724 11.2685 2.91297 6 125,00 2.2564 2.2564 0 0,6657:':8,567203 5.6967061 0.78463 21-66 '55.0001 27.219 
35.269 457.131 22.71 0.58 2.56 -10.21 8.97409 2.83853 3.02029 9.00483 2.82884 5 125.00 2.2769 ',2.2769' ',O 0.6627;7,373349 4,886443i','·0,632:lf, 22,78 59.8616 25.'707 ........ 
35.597 456.803 20.39 0.5 2.46 .9.49 7.87525 2.76355 3.06177 7.89701 2.75694 6 125.00 2.2974 2.2974 0 0,6596 6.794369'-4.482609; 0.66014 20.44' 62,7431 24.816 'Ii 
35.925 456.475 20.1 0.58 2.89 -8.89 7.67164 3.26171 3.1108 "r.69321 3.26258 6 125.00 2.3179 2.3179 0 0,6568'_6.918507 4.5442810.55053 20.16 66.26-~ 24.639 
36.253 456.147 21.46 0.65 3.04 -5,91 8.17722 3.3993 3.09836 8,19432 3,3922 5 125.00 2.33B4 2.3364' O' 0.6639'7,320835 4,767417: . ., _0,692 21,6 65.3562 25.067 
36.581 455.819 18.81 0.64 3.38 -5.48 6.97406 3.89032 3.18867 6,98677 3.88324 5 125.00 2,3589 2.3589 0, 0.6511 6.6266 4.444123j 0.50932 18.84 72,1173 23.985 ..,. 
36.909 455.491 1B.56 0,68 3.67 -4.62 6.80029 4.20256 3.21677 6.81269 4, 19479 4 125.00 2.3794 2.3794 0 0.6463 6,871849 4.46492 0.50095 16.59 74.3!0¢ 23.814 ( 
37.237 455.163 16.65 0.84 5.06 ·4.85 5.95614 -5.8947 3.34912 5.96868 5.88231 3 135.00 2.3999 2,392506 0.0074 '0.6465 B.a18186'4.408008i0.44118 16.68 85.2328 22.923 
37.565 454.835 18.46 0.76 4.13 -5.01 6.67022 4.73876 3.25373 6.6827 4.72991 4 135.00 2,'12204 2.110~412 0.0176 0,6449 7.022524 4.526859! 0.49663 18.49' 77.2612 23,691 
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Depth 
(fl) 

37.!l93 
38.221 
38.549 ' 
38.877 
39.206 
39,534 
39.862 
40.19 
40.518 
40,846 

41.174 

'~ 
·--------------------------······-·--··-··-·--·-···---·-·· ---····· ------ --·-···· --------- ·----- ------------------------------------- -----------

Sarni-. ... Avgat AvgFs AvgR! AvgUd Qla Ria ,, Q F SBT U.Wt. , .:,tress ES tress Ueq Ca N60 (N1}60 s" qo Fe Phi 
(Ill (!sf) {Isl) (%) (U) (Isl) (%) (pc!) (1sl) (tsf) (Isl) (blows/II) (blows/It) {Isl) (lsf) (%) j□eg.) 

454.507 17.57 0.66 3.77 -4.48 6.2598G 4.3634 3.25552 6.27228 4,35476 4 135.00 2.44418 2.416318 0.0279 0.6433 6,693405 4.30596 0.46829 17.6 77.4062 23.267 
45<1.179 23.26 0.72 3.08 -3.6 8,56333 3.46259 3.08679 8,67568 3.45;6 5 135.oo 2.46632 2.42a22s o.oaa1 o.64t7 1.ae9741'5.oso2aa o.64377: 2a.2e 64.5241 25.388 
453.B51 35.17 1,71 4,86 -4.65 13.3934 5.23231 3.04061 13.4056 5.22751 3 135.00 2,46846'2.440131 0.0483 0.6402 11.54187 7.388724'1.01181 35.2 6l.26H! 28.401 
-<153.523 74,79 4.27 5.7 •12,75 29.4773 5.90763 2.62205 29.5099 5.9011 11 135.oo 2.s100·2..i5203e o.osaa o.6386 -'"21.s31e 1a.1so3f2.23ns 74.87 -47.2766 33.514 
453.194 104.68 6.22 5.94 ·19.79 41.4562 6.08925 2.72869 41,5049 6.08211 11 12s.oo 2.sa201 2,,ts39a:o.oa00 o.s311_2a.sasss 1a.2<12a(3,1e2.is·· 104.a 41.9974 35.6 
452.866 152.53 8.'16 5,55 ·19.17 60.5743 5.64094 2,59462 60.6227 5.63643 11 135.00 .2.55495 2.475887, 0.0791 0.6355 38.92148· 24,73568 4.64319 152.66 ', 35.0952 37.815 
452.538 232.67 i0.79 4.64 ·19.12 92.4888 4.68941 2.41592 92.533 4.68711 11 135,00 2.57709 2.487793 0,0893 '0.634. 64.49616i34.6508i·,1;12362' 232.76 27.064S 40.155 
452.210 391.32 13.96 3.57 -16.27 155.507 3.59127 2.16739 155,651 3,59025 12 135.00 2.59923' 2.4997, 0.0996 0.6325 82.95759 62.47014, 12.0347 391.43 , 1b.574 42.835 
451.882 504.54 14.95 2.96 •19.14 199,8'1 2.97857 2.05825 199.8B8 2,97786 12 135.00 2.62137 2.511606 0.1098 0.631'101.6206 64,0567Ei°15.5393 504.66 14.5769 44.055 
•151.554 352.83 14.47 4.1 7.09 138.769 4,13208 2.26597 138.754 4.13256 12 135.00 2.6'1351, 2,523512 0.12 0.6295 77,28576 48.65156 '10,8417 352,79 21.2814 42.264 
451.226 428.29 14.1 3.29 55.96 167.871 3.31276 2.14021 167.733 3.31551 12 135.00 2.66565 2.536419 0.1302 0.628 66,95563 55.66613 13.1772 427.94 17,0501 4:'.3.207 

---.J 

'-\ 
...j 

,;; 
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I' i~ 
ConeTec Inc. Jrprelalion 
!nlerpretat1on Ou., Release 1.22 Rev. Format: NU Imperial 
Run No: 07-1210-1008-4528 
Job No: 07-804 
Cllenl: Civll & Environmental Consultants 
Project Pond Creek Mine - Williamson County, Illinois 
Sile: CPT-3 Matgrial T~mi!s and llnlt Wglght jgcfl Phi Avg. Sy Avg. ~ ~ l£.8Y9.,, 
location: Pond Creek Mine deg Isl Isl % % 
Cone: 20TON AD211 ~Residual Soil I as.~s L._ 1,_a2 I 43.13 I 32.39 I 2.49 
CPT Date: 07/31/10 
CPTTlme: 07:09 
CPT File: 804CP03.COR 
Norlh!ng (fl): 0.000000 
Easling (rt): 0.000000 
Elevallon (It): 466.98 

User 1npuls: 

~ Ground Surface Elev. Lill&] 
Assumed: 

State Parameter: ~ CPT area ratio: LfilLi 
Unlt Weight of Soll (pcf): ··- Varies __ See Bel~w __________________________ See Below Copied from Conelec CPT Data FIie 

-------------------
Depth Sample El. AvgQI AvgFs AvgRf AvgUd Qfo Rio le Q F SBT U.Wt. TS!ress ES!ress u,, Co N60 {N1)60 s, qe Fe Phi 

(II) (fl) (Isl) (Is!) (%) (fl) (Isl) (%) (pc!) (Isl) {Isl) (tsf) (blows/ft) (blows/II) (Isl) (Isl) {%) (Deg.) 

0.164 466.816 22.8 0.36 1,56 ·0.74 2223.39 1.580 1.42 2224.37 1.58 6 125.00 0.010 0,010 0.000 2.000 3,67-, 7,34 0.706 22.81 1,81602 53,62 

0.492 466.488 42.45 0.67 1.58 -5.17 1379.49 1.579 1.46 1380.46 1.58 7 125,00 0.031 0.031 0.000 :' :2.000 6.91 13.82 1\813 42.48 2.23467 52.00' 

0.82 466,160 28.94 0.66 2.29 -5.45 563.683 2.285 1.73 564.27 2,28 6 125.00 0.051 0.051 0,000 2.000 ';5,11 10,34 0.894 '28.97 B.77422 48.62 

1.148 465.832 23.43 0.46 1.97 -7.27 325.551 1.969 1.79 326.25 1.97 6 125.00 0.0i2 0.072. ,. 0.000 · 2,000 i 4.27 8.55 0;12a· 23AB '7,91659 46,30 

1.476 465.504 32.54 0.5B 1.77 -11.34 351.737 1,787 1.74 352.50 1,78 6 125.00 0.092 0,092 . o.boo i 2.000 :5.82 H.65 1,oos 32.61 : 6.82459 46.64 

1.804 465.176 38.02 0.94 2.47 ·4.06 336.206 2.<180 1.87 336.38 2.48 ,, 125,00 0.113 0.113 0.000 2.000 : -1:12 14.25 'I: 1i174., .38.04. 9.67104 46.44 

2.133 464,847 36.81 1.27 3.46 ·2.93 275.118 3.463 2.04 275.27 3.46 6 125,00 0.133 0,133 o.ooci-: 2,000 ·1,35 14.10 I 1wni: ·, as.ea 1<l.01'76 45.54 

2.461 464.519 32.44 1.88 5.81 ·1.76 209.906 5.823 2.29 209.97 5.82 3 125.00 0.154 0.164 0.000 2,000 t.1f' 14.38 j 1!000 32.45· 22.2623 44.29 

2.789 464.191 33.21 1.9J 5.82 -0.93 189.52 5.842 . 232 189.58 5.84 ' 125.00 0.174 0.174 0.000 ' 2.000 7.44 14.88 J i,023 - 33.22 2J, 1469 , 43,80 

3. 117 463.863 41.98 2.26 5.38 1.78 214.489 5.409 2.26 214.44 5.41 3 126.00 0.195 0.195 0.000, 2.000 9.17 18.36 l 1,294 : 41.97 · 21.0994 44,39 

3.445 463.535 51.02 2.5 4.89 1.36 235.958 4.921 2.20 235.91 4.92 4 125,00 0.215 0.216 0.000, 2.000 , ·10,59 21.78 1<573 51.01 19,1479 44.83 

3.773 463.207 61.43 2.63 4.28 0.26 259.504 4.298 2.13 259.46 4,30 5 125.00 0.236 0.236 , 0.000 2,000 ·12.73 25.48 1.895 61.42 16.8244 45.27 
4.101 462.879 66.35 2.47 3.72 5.77 257.864 3.737 2.08 257,71 3.74 5 125.00 0.256 0.255 ·:: 0,000, 1,975 13.47 26.60 2.046 66,31 15,2758 45,24 

4.429 462.551 70.01 2.46 3.51 -1.2 251.915 3.52B 2.07 251.91 3.53 6 125.00 0.277' 0.2n 0.000 1,901 .14;12 26.84 2,l69 , 70.01' 14,7669 45,14 
4.757 462.223 47,34 1.98 4,19 4.97 158.226 4.209 2.24 158.09 4,21 5 126.00 0.297· 0.297 0.000. 1,634 10,25 18,80 :, 1)456 41,3 . 20.365!:l 42.91 

5.085 461.895 35.26 1.25 3.54 14,76 109.946 3.577 2.28 109,66 3.59 6 126.00 0,31B 0,318 0,000 ,1;774 ··,7;75 \ 13.74 l .. i.~OB? 35,1~: ,21,7542 4to5 
5.413 461.567 29.45 1.07 3.63 14.25 86.0497 3,675 2,36 85.78 a.69 5 125.60 0.338 ,'o,:=ma 0.000 1.719 6.69 11.50 ) o;so1, 29.38 24,6747 39,74 

5.741 461.239 22.73 0,72 3.15 18.2 62.3478 3,218 2.4i 62.01 3.24 5 126.00 0.359 0.359 , 0.000 ,1,669 6.28 8.81 l 0,693. 22.61' 26.8102 37.94 
6.069 460.911 20.62 0.5 2.43 23.72 63.3615 2.470 2.38 52.97 2.49 6 125.00 0.379 0.379 0,000 , 1,624 ' '4.71 7,as , ( o,~2t 20.41 25.5653 37,04 

6.398 460,582 23.44 0.52 2.22 51.64 67.6183 2.257 2.33 56.82 2,29 6 125.oo OAOO 0.400 0,000., 1.581 ·5.21 8.24 ) 0,713 , 23.12 23.7246 37.44 
6,726 460.254 16.44 0.47 264 44.02 38.1079 2.934 2.54 37.44 2,99 5 125.00 0.420 · b.420 0.000 :-1.542 -:4:02 ·a.20 I D.49fl\· 16.16 32.6769 34,97 

7.054 459,926 14.75 0.41 2.79 45.61 32.4562 2.865 2.59 31.82 2.92 5 126.00 0.441 0.441 .o.ooo> 1.506 3.68 5.65 !· 0.443:: 14.47 ·, '34.9073 33.98 

7.382 459.598 17.36 0.43 2.45 47,02 36.67 2.542 2.52 3B,04 2.59 6 125.00 0.<161 0.'161 0.000 ' i.472 ''4,19 6.17 0,524 17.09, 31.3527 34.74 

7.71 459.270 18.54 0.47 2,51 37.83 37,4747 2.603 2.51 36.98 2.64 6 125.00 g::~~' : g::~~' ;.·g:ii~ .: -~::t~' ' '::;~, 8.46 l g;~:~ 18.3 ··l!l.2347 34.90 

8.038 458.942 19.4 0.5 2.58 37.94 37.8166 2.646 2.52 37,18 2.68 5 125.00 6,63 ·rn.11.', , at:!'.584 34,93 

8,366 458.614 17.21 0.55 3.2 34.73 31.9142 3.298 2.63 31.49 '·" 5 125.00 0.623 o.s23 . 0.000 .. 1.ae3·:: _4.41 ·;a.11-, ! o:s17· 16,99' ;35,9521 33.91 

8.694 458.286 17.95 0.56 3.1 31,31 32.0343 3.217 2.52 31.68 3.25 ,5 125,00 0.543 0.543 . 0.000 1.357 '• 4.59 6,23, : l 0.53!f, · 17.76...;, 36,4732 ·. 33.96 

9.022 457,958 19.33 0.57 2.93 27.69 33.2806 3.037 2.59 32.98 3,07 5 126.00 o.564 0,564 :. 0.000; :1,332 4.8B 0.so-: ! 0;6_01 .'. 19,15:. 3•t995_ ·34.20 

9.35 457,630 18.87 0.64 3.4 23.97 31.2909 3.500 2.65 31.03 3.53 5 125.00 0.584 0.584 0.000 ,, '1,308 4,92 '6.43· 
1 

0,566,, 18.72 ,37,9977 33,B2 

9,G78 457,302 20.7 0.61 295 26.23 33.2219 3,036 2.59 32.94 3,06 6 125.00 0,605 ·0.605 0.000, 1,286 5,23' o.n· ... 0.622·: 20.53 34.9967" 34.19 

10.006 456,974 :m.s 0.74 3.57 10.97 32.26 3.668 2,65 32,15 3.68 5 125.00 0,625 0,625 0,000 ,1.265 6.45 · 6.B9 0,625 20.73' 38.0423 34.04 

10.335 456.645 22.06 0,78 3.52 8.13 33.1519 3.642 2.64 33.07 3.65 5 126.00 0.646 0.646 0.000· 1,244 '5.75 '7.15 . , 0,663 22.01 37.4577 34,22 

10.663 456.317 22.26 0.84 3,76 9.06 32.4015 3.B90 2.67 32.31 3,90 4 125.00 0.666 0.666 0.000 1,225 5.88 7,20 ( 01669 22,2 38.8361 34.07 

10.991 455,989 22.23 0.86 3.88 10.07 31.361 3.992 2,69 31.27 4.00 4 135.00 0,6B7 0.687 0,000 ·1.201 :5,93 7,15 · '0.667 22.11 as.ma 33.87 

11,319 455.661 19.23 0.81 4.2 10.53 26.3739 4,373 2.77 26.27 4.39 4 135.00 0,709 0,702 0.00'7 .1.193 ·_"5.35 6.39' 0,573 '19.16 44.2873 32,78 

11.647 455.333 18 0.62 3.43 12,2B 24.1809 3.590 2.74 24.07 3.61 5 135.00 0.731 o.71-4 0.011·, 1,183 4.93 5.84 : 0.535 17,92 42,7427 32.23 

11.975 455,005 21,25 0.62 2.92 16.42 28.2301 3,025 2.64 28.09 3,04 5 135.00 0.75:i· 0.728 '0,027- ·1:114 · 6,53 6.49 0,685 .21;15: 37:498B 33.21 

12.30J 454.677 21.1 0.6 3.6 127 27.5413 3,936 2.73 27.43 3,95 4 135.00 0.775 0,738 0.038 ,· 1.164, :·s.1a· ,6.67 0,629 21.02• 41.6264 · 33.06 

12.631 454,349 17.94 0.7 3.88 13.37 22,6604 4.083 2.80 22.74 4,11 4 ·135,00 0,79B-. 0.750 0.048 1ds5 5.06 . 5.85· 0,531 17.85 45.8564 31.88 

12,959 454.021 16.67 0,53 3.19 25.01 20,8069 3.344 2.78 20.60 3.38 5 135.00 0.620 '0,762 o.058. 1,146 · · 4.63· 5.30 0.491 1s.5l'- 44.6307 31.24 
..__ 

13.267 453,693 17.08 0.47 2.76 28.87 20.988 2.B94 2.73 20.76 2.93 5 135.00 0.842 0,774 0,068 ·1. 137 ';4.63 5,27 'i 0.503 16,9 42.3273 31.30 .... 
13.615 453.366 15.98 0.45 2.79 32.33 19.2415 2,977 2.77 18.99 3.02 5 135.00 0.864 0.788 0.078' i,128 4.42' 4.98 '. 0,468 15.78 44.472 30.73 
13.943 453,037 17 0.42. 2,45 36.95 20.2055 2.606 2,72 1!:l.92 2.64 6 136.00 0.886 0.797 0.089 1.120 4.57 5.11 ;_ 0,-499 16.77. 41.6351 31,o4 ~ 
14.271 452,709 20.35 0.53 2.61 41.32 24.019B 2,726 2.67 23.70 2.76 5 135.00 0.908 0.809 0,099 i,112 5.33 5.93 0,602 20.09 39.0883 32,16 

14.6 452.380 24.99 0.7 2.79 53.19 29.2928 2.!l09 2.63 2B.89 2.95 5 135.00 0,931 0.821 0.109 1.103 8.39 7.05 0,745 24,66 36.6088 33.40 
14.928 452.052 25.B4 0.92 3.55 51.01 29,86TT 3.697 2.69 29.48 3,74 6 135.00 0,953 0.833 0.119 1,095 6.82 7.47 o.7"71 25.52 39.7482 33.63 

15.256 451.724 25.35 0.86 3.38 59.49 28.841 3.526 2.69 2B.40 3.58 5 135.00 0,975 0.845 0.130 1,088 6.67 7.26 0,755 24.98 39,714 33.JO ~ 

IJ 



R
13258

Deplh 

{HJ 

15.584 
15.912 
16.2<1 
16.668 
16.896 
17.224 
17.552 
17.88 

18.208 
18.537 
18.865 
19,193 
19.521 
19,849 
20.177 
20.505 
20.833 
21.161 
21.489 
21.817 

r ------------------------------------------------ ----------------·· f~. 

-- ---·------------------------------
sarr,, AvgOI AvgFs AvgRr AvgUd Ola Ria ,, Q F SBT U.Wt. ... !fess ES!ress Ueq Ca N60 (N1)60 s, " Fo Phi 

(fl) (tsf) (tsl) (%) (ft). {Isl) (%) (pcf) (Isl) (ts!) (Isl) (blowS/1\J (blows/It) jtsl) (Isl) {%) (Deg.) 

451.396 25.2 0.94 3.72 60.14 28.2395 3.884 2.72 27.80 3.95 5 135.00 0,997 0.857 0.140 1.080 6.75 7.29 0.749 24.82 41.5723 33.17 
451.068 23.53 0,87 3.69 59.12 25.9052 3.865 2.75 25.48 3.93 s 135.00 1.019 0.869 0.160' 1.073 6,39 6.86 0.697 23.16 43.0523 32.63 
450.740 24.<12 0.79 3.22 95.41 26.54o:i 3.379 2.71 25.87 3.47 s 135.00 1.041 0.881 0,160 1.065 6.44 6,86 0,724 23,B3 . 40.8417 32.73 
450.412 23.13 0,79 3.4 93, 16 24.7167 3.580 2,75 24.07 3.68 5 135,00 1,063 0,893 0.171 1.058 6,22 6.59 0,683 22.65 43.0416 32,27 
450.084 25.8 0.86 3.32 86,21 27,3182 3.480 2.70 26.73 3.56 5 135.00 1.0B6 '0.905 0.iB1 1.051 ,6.81 7.16 0'765 25,27 40.6511 32.94 
449.756 27.36 1.09 3.99 68.75 28.6411 4.152 2.74 28.17 4.22 4 135,00 1,108 :0,917 0.191 '1.045 7.39 ,:1.12 d.a1a , 26.93 42.4068 33.28 
449.428 23.92 1,23 5.16 49.52 24.5451 5.397 2.86 24.21 5.41 a 135.00 1.130 '0,929 0.201 1.038 ,6,94 7.20' ,Q.70i3' 23.61 ,49,6011' 32,32 
449.100 22,38 1.09 4.B6 39.24 ·22,5732 5.135 2.87 22.31· 5.20 a 135.00 1.152 0.940 '0.212 1.0:31 6.55, "6,75 0.657 22.13 50.2616 31.80 
448.772 17,75 0.82 4.63 24.36 '17.4059 4.947- 2.94 17.25 4.99 3 135.00 ,1.174 0.952 o.22f i,1.02s ,5.43 5.57 0.513 •17,B 54,7916, 30, 15 
448.443 16.18 0.53 3,25 29.47 15.5391 3.537 2.89 15.35 3.58 5 135,00 1,196 0.964 0,232 1,018 4.79 4.88 0.484 16 51,4876 29.40 
448.115 16.38 0.38 2.32 30.44 1.5.5318 2.506 2.80 15.34 2.54 5 135.00 1.218 ··0.976 0.242 1.012 4.61 4.66 0.469 16.19, 46,1677 29.39 
447.787 17.22 0.42 2.44 41.84 16.1723 2.628 2.BO 15.91 2.67 5 135.00 1,241 0.988 0,253 ', 1.006 :4,53 4,86 0.495 16,96 46,1732 29.64 
447.459 27.26 0.55 2.02 43.37 25.9979 2.116 2.58 25.73 2.14 6 135.00 1.263 1.000·, 0,263 1,000 6.82 6,82 0.805 26.99 34.2771 32.71 
447.131 15.42 0,71 4.62 19.56 13.9691 5.023 3.02 13.85 5.07 a 135.00 1,285 '1.012 0.273 0.994 4.95 4.93 , , · o.43e 15,3 59,9097 28,74 
446.803 42.76 1.36 3.19 -1.64 40.4898 3.261 2,55 40.50 3.28 5 135.00 1.307 1.024 0,283 0.988 '10.65 10.52- 1'283 42.77 32.7842 35.49 
446.475 21.33 1.36 6.39 ·21.13 19.3115 6.800 2.99 19.44 S-,76 3 135.00 1.329 1.036 0.293 0.983 "'6.83 '6,71 0.619 21.46 '58,031 30.94 
4<16.147 94.63 4.34 4.59 ·16.03 89.0402 4.653 2,42 89.i4 4.65 11 135.00 1.351, 1.046 0.304 0.977 ',. 22.25 21.74 2.688 94.73 27,3675 39.97 
445.819 325.72 14.52 4.46 -12.24 306.129 4.477 2.11 306.20 4.48 11 135.00 1.373 1,060 0,314 0.972 67.01 65,10 10.042 325.8 16.2306 46.03 
445.491 395.71 17.73 4.48 ·7.11 368.031 4.496 2.08 368.07 4.50 12 135.00 1.396 1.071 0.324 0.966 60.29 77.56 12.208 395.75 15.201 46.84 
445.163 424.33 18.21 4.29 ·16.47 390.385 4,306 2.05 390.48 4.30 12 135.00· 1.418 1,083 0.334 0.981 85.16 81.82 13.093 424.43 14.3837 47,09 

)'-. 
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/"'--.., 
ConeTec Inc. ( 
1n1erpre1ation Q,. 
Run No: 
Job No: 
Client: 
Project: 
Sile: 
Location: 
Cone: 
CPT □ate: 

CPTTime 
CPT File: 
Northing (It): 
Easllng (f1); 
Elevation (fl): 

User Inputs: 

Assumed: 

3rpretalion 
Release 1.22 Rev. Formal: 

07·1210·1008-4501 
07•804 

NU Imperial 

Civil & Environmental Consultants 
Pond Creek Mine. WIiiiamson County, llllnols 
CPT•4 
Pond Creek M!ne 
20TON AD211 
07/31/10 
12:51 
804CP04.COR 

0.000000 
0.000000 

482.55 

Slate Parameter: 
Unit Weigh! of Soll (pcl): 

OITJ 
DD 
~See Below 

----------------------
Dep1h 

(ft) 

0.164 
0.492 
0.82 
1.148 
1.476 
1,604 
2.133 
2.461 
2.789 
3.117 
3.445 
3.773 
4.101 
4.429 
4.757 
5.085 
5.413 
5.741 
6.069 
6.398 
6.726 
7.054 
7.382 
7.71 

8.038 
8.366 
8.694 
9.022 
9.35 

9.676 
10.006 
10.335 
10.663 
10.991 
11.319 
11.647 
11.975 
12.303 
12.631 
12.959 
13.287 
13.615 
13.943 
14.271 
14.6 

14.928 
15.256 

Sample El, AvgQI 
(fl) (tsf) 

482.386 
482.058 
481.730 
481.402 
481.074 
480.746 
480.417 
480.089 
479,761 
479.433 
479,105 
478.777 
478.449 
478.121 
477.793 
477.466 
477.137 
476.809 
476.481 
476.152 
475.624 
475.496 
475,168 
474.840 
474.512 
474.184 
473.656 
473.528 
473.200 
472.672 
472.544 
472,215 
471.887 
471.559 
471.231 
470.903 
470.575 
470.247 
469.919 
469.591 
469.263 
468.935 
468.607 
'168.279 
467.950 
467.622 
'167.294 

18.72 
32.37 
59.25 
69.32 
55.93 
47.44 
31.92 
34.91 
22.26 
18.96 
26.28 
29,78 
30.45 
31.27 
29.3 
29.53 
29.07 
26.51 
27.29 
32.7 
32,33 
27.79 
27,8 
26.97 
23.35 
23.34 
23.05 
21.04 
24.56 
29.72 
27.78 
35.02 
39.84 
51.44 
49.73 
59.48 
59.84 
46.27 
60,74 
85.44 
93.83 
109,07 
131.31 
130.51 
121.15 
117.27 
114.1<1 

AvgFs 
(Isl) 

0.55 
1.04 
1.53 
1.89 
1.68 
1,34 
1.13 
0.98 
0.83 
0.9 
1.23 
1.59 
1.78 
1.79 
1.55 
1.58 
1.51 
1.35 
1,35 
1.45 
1.57 
1.42 
1.26 
1.13 
0,77 
0.69 
1.<11 
1.1 

1.13 
1,6 
1.68 
2.44 
2.72 
3.01 
3.35 
3.27 
3.39 
3.26 
3.55 
5.35 
6.4 

7.14 
8.27 
8.58 
8.14 
7.69 
8.49 

AvgRI 
(%) 

2.92 
3.2 

2.69 
2.73 
3.01 
2.82 
3.53 
2.81 
3.71 
4,76 
4.69 
5.34 
5.66 
5.72 
5.3 
5.36 
5.21 
5.1 

4,94 
4.43 
4.65 
5.1 

4.54 
4.2 
3.28 
3.8 
6.13 
5.22 
4.61 
5.4 
6.06 
6.96 
6.82 
5.85 
6.74 
5.5 
5.67 
7,05 
5.84 
6.27 
6.62 
6.54 
6.3 
6.57 
6.72 
6.56 
7.43 

AvgUd 
(U) 

·0.12 
7.35 
5.03 
-7.9 
•4.6 

·9.26 
·B.69 
•9.96 
·10 

·6.79 
·6.97 
·8.66 
•8.64 

-10.05 
.9.47 
·6.95 
·5,13 
-4,32 
·2.56 
4,16 
6.33 
5.89 
6.3 

7.16 
9.98 
13,65 
7.8f 
9.84 

14 
18.45 
20.23 
1.71 
·8.71 
·13.44 
•15.68 
·19,93 
·19.21 

Oto 
(1s1) 

1825.34 
1051.68 
1155.1 

965,132 
605.287 
419.754 
238.437 
225.965 
126.702 
96.3244 
121.055 
125.287 

117.8 
111.965 
97.5495 
91.9164 
84.9265 
72.8826 
70.946 
80.7756 
75.9075 
62.0337 
69.2547 
54.9669 
45.4792 
43.6378 
41.4201 
36.3132 
41.0278 
48.1341 
43.4213 
53.2158 
58.7805 
73.8831 
69.296 

80.7103 
78,9532 

"'" (%) 

2.940 
3.216 
2.585 
2,729 
3.009 
2.831 
3.555 
2.820 
3.758 
4.796 
4,719 
5.382 
5.895 
5.775 
5.344 
5.409 
5.256 
5.162 
5.017 
4.489 
4.920 
5,192 
4,609 
4.266 
3.370 
3,901 
6,265 
5,372 
4,713 
5.495 
6.187 
7.098 
6.943 
5.931 
6.834 
5,566 
5.737 

·21.45 69.1739 7.165 
·21.71 75.9409 5.922 
•21.04 
·21.32 
·21.2 
·20.49 
·20.11 
·19.98 
·18.71 
·17.94 

104.49 
111.989 
127,176 
149.682 
145.322 
131.767 
124.691 
118.706 

6.322 
6.882 
6.598 
6.340 
6.619 
6.770 
6.610 
7,501 

CPT area ratio: ~ 

,, 
1.70 
1.79 
1.68 
1,73 
1.83 
1.87 
2.08 
2.01 
2.25 
2.41 
2.35 
2.35 
2.43 
2.44 
2.45 
2.47 
2.48 
2.51 
2.51 
2.44 
2.49 
2,56 
2.54 
2.53 
2.62 
2.58 
2.74 
2.73 
2,65 
2.66 
2.72 
2.71 
2.67 
Z56 
2.62 
2.51 
2.53 
2.68 
2.55 
2.49 
2.50 
2.45 
2.40 
2.42 
Z45 
2.46 
2.52 

a 

1825.34 
1050.38 
1154.51 
965.83 
605.61 
420.29 
238.81 
226.35 
127.05 
96.58 
121.24 
125.50 
118,00 
112.22 
97,75 
92.07 
85.02 
72.97 
71.00 
80.70 
75.81 
61.97 
59.17 
54.89 
45,36 
43.47 
41-33 
36.21 
40.87 
47,95 
43.23 
53.20 
58.66 
74,00 
69.44 
80.68 
79.11 
59.36 
76.12 
104.65 
112.16 
127.33 
149.83 
145.47 
131.91 
124.81 
118.82 

F 

2.94 
3.22 
2.59 
2,73 
3.01 
2.83 
3.55 
2.81 
3.75 
4.78 
4.71 
5.37 
5.69 
5.76 
5,33 
5.40 
5.25 
5.16 
5.01 
4.49 
4.93 
5.20 
4.62 
4.27-
3,38 
3.92 
6,28 
5.39 
4.73 
5,52 
6.21 
1,10 
6,93 
5.92 
6,82. 
5,55 
5.73 
7.14 
5.91 
6.31 
6.87 
6.59 
6.33 
6.61 
6,76 
6.60 
7.49 

Sae Below 

SBT 

5 
5 
6 
8 
6 
6 
5 
6 
4 
3 
3 
3 
3 
3 
3 
3 
3 
3. 
3 
4 
3 
3 
4 
4 
5 
4 
3 
3 
3 
3 
3 
3 
3 
3 
3 
11 
11 
3 

11 
11 
11 
11 
11 
11 
11 
11 
11 

U.Wl. 
(pcl) 

125.00 
126.00 
125,00 
125.00 
125,00 
125.00 
126.00 
125.00 
125.00 
125.00 
125.00 
125.00 
125.00 
125.00 
125.00 
125.00 
125.00 
125,00 
125.00 
125,00 
125.00 
125.00 
125,00 
125,00 
125.00 
125.00 
125.00 
125.00 
125.00 

·125,00 
126.00 
125.00 
126.00 
125.00 
125,00 
125.00 
125,00 
125.00 
125.00 
125,00 
125.00 
125.00 
125.00 
125.00 
125.00 
125,00 
125.00 

Material IYRBS and l !nl! We)ab! focll .ElJl.8yg. ~ Q2..llliL. ft..8lfil.. ~ 
{,leg ts! Isl % % 

~Res!dual Soil [ 40,98 I 1.95 j 63.49 I 28.02 I 2.41 

Ground Surface Elev. ~ 

Copied from Cone Tee CPT Data FIie 

TS\ress EStress u,, 
(ts!) 

Ca N60 (N1)60 Su 
(tsf) 

QC 

(Isl) 
Fe 
(%) 

Phi 
(Deg.) (tsf) (tsl) (blows/ft) (blows/I!) 

0.010 
0.031 
0.051 
0.072 
0,092 
0.113 
0.133 
0.154 
0.114 
0,195 
0.215 
0.236 
0.256 
0,277, 
0,297 
0.318 
0.338 
0.359 
0.379' 
Q.400 
0.420 
0.441 
0,461 
0.482' 

·o.so2 
0.523 
0,5'13 
0,564 
0,584. 
0.605 
0.626 
0.646 
0.666 
0.687 
0,707 
0.728 
o.740 
0.769 
0.789 
0.810, 
0.830 
0.851 
0.871 

0.010 0.000 2.000 3.30 6.60 0,679 16.72 6,13882 52,96 
0.031 _ 0.000 2.000 s.87 11,76 1.001 32,33 , 7.80728 51,02 
0,051 '0.000 2.000 10.38 20.76 1.833 59'22-- 5.79663 51.36 

-'0.072 0,000 2,000 12.34 24.68 2;144 69,3i- 6.60102, 50,71 
0.092 0.000" ·2.000 10.34 20.68 1:129 i:,55.98 ' 8.8217 48,91 
0.11s 0.000, Moo: a,91 ·:t1.8.? 1:465 '47.5 9,76493 41.40 
o.133 o.boo 2.000 6.49 12.97 o,984· 3t91: 1s.201a 44.89 
0.154 0.000 2.000 ·,8.90 13.80 1.076 34,97 13.1573 44,64 
0.114, 0.000 2.000 4.87 e.73 0:604 . 22.a2· -20.0ao2 41.01 
0.196 0,000 2.000 · 4.44 8.8B 0.581 19,01 26.8756 40.38 
0.215 0.000 2.000' '5.97' 11.94 0,807 26.32 24.2842 41,57 
o.236 0.000 2.00~ 6.88 1a.n_ J o.91~ 29,03 25.7669 41.75 
0.258 0,000 1,975 7.19 14.21 : 0.935 30.5 '27:7303 '41.43 
0.277 0.000 1.eo1, 7A1 14.oa \ ·o.95o 31.34 ·27i94os 41.17 
0.297 0.000 1.834 6.9( 12.78 L,O.B96 29,36. 28.3092 40,46 
0.318 0.000 \;1,774 7.09 12.57 , 0.904 29,68' '29,17 A0.13 
0.33~, _ 0,000.,,. 1,719 ,·. 7.01 12,~5 ·,,,0.89(>' 29.1. <2_9,B_l31Ef/ 39.69 
0.359 '0.000" 1.669 :.6,50 10.86 .l 0.810 ; 26.54, 31.275 38.66 
o.379 0.000 1.624 ·.-6.69 .1.o.a6; ! o.B33 , 21,31: a1.1947 s0.10 
o.4oo o.~OO\ _L5B1_ 7.73 12.2a, ;:1.000 32.~7 20.0404 as.41 
0.420 0,000· 1.542 , 7.81 12.05 ;--o,988-'• a2.29·< 30.1166 39.07 
o.441 -.:o.ooo_ i,506 · 6.96, 10..is_ ,;:·o,a4T . __ 27,,1e ._aa.:3201 37,94 
0.461 0.000 1.472• 6.88 10.13, ,l 0,846 : 27,76 '32,3359 37,67 

:0.452 ··o,Ooo' -1.441 '. 5,66 9.6((_ j>o.a2f 20,93 32,2.rnr, 37,24 
0.602 ,:0.9~0 _1:411\. '5.72 _,8:07"•_L:_.0,707." ,23.29;'.31,5492' 36.13 
0.523 ,,o.ooo :1.383 5,88; "c"8.13 , . [ · 0,706 ·-23,25\ 34.2563, 35.87 

- ·o.543 · ::o.ooo · 1,357: 6.32 B,58 ·;,-o.697 · •23' -42.6219 · 35.57 
'o.564 ·o,ooo, i.3a2· 5,74 7.65 :·o.634,'' 20.90 42.147 34.77 
0.684 .' 0.000,_' 1.308', 8.43 8.41 j 0,742, 24.47, 38.0684 35.50 

·o.5os , 0.000, 1,2ae :7,78 10.01 2,0._9oi 29,61 · 38.1091 36.45 
0.625 0.000 1.265, '7,64 9.53' i 0.641 27.66 41<7217 35.84 
0.646 ;Q,000 "1.244, , 9.4_6 11:"77 l, 1.054':_ '35.01 · 40.8667 <37,05 
0.668 0.000,:: 1.226 "'10.68 12,96 j .1213 ,, 39.89' 38.9729 ~7'64 
0.687 0.000. 1.207 12.89 15.55 ! 1.571 61,52 33.2411 38,93 
0.707 . 0.000·-- ,1,189 12.87, 15.31 1,518 , 49,83 36.392 38.68 
0,728 0.000' i:172-' 14.58 17,09 ,ta19 ';59.6 31,1331 39.42 
0.748 0.000 t1.56' 14,76 17.09 1.629· 69,!l6 31.8713 :39,30 
0.769 0.000 :1.140 ":'12.36 14,09 1.409 '16.41 . 39.3681 37.69 
0.789. 0.000 1.125 15.17 17.07 i.856 , 60.Blf' 32.8461 39.09 
0.810 0.000 1.111 , 20.71. 23,01" 2.620 85.57 ' 30.0976 '10.81 
0.830 0.000 . 1.097 22.88 . 25,10' 2,879 93_97:' 30.668 41,17 
0.651 0.000 1,084 26,01 28,20 3.350 109.2 28.6543 41.83 
0,671 · 0.000 1;011 30,58 32,73 4.038 131.44 26:4331 , 42,65 

0.692 0.892 0.000,, 1.059 30.69 32.49 4.013" 130.64 27,3685 42.50 
0.913 .. 0.913 0.000 ': l.047 28.90 30.26 , 3,723 121.28 28.6919 42.01 
0.933 0.933 0,000 1.035 28.04 29.03 3.602 111.38 28,8952 41,72 
0.954 0.954 0.000 1.024 28.04 28,72 3.504 114,25 31.4374 41.47 

~ 

t 
""'-1 

~ 
C 
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Dsplh San., 
{II) (It) 

15.584 466.966 
15.912 466.638 
16,24 466.310 
16.568 465.982 
16.898 465.654 
17.224 465,326 
17.562 464.998 
17.88 464.670 
18.208 464.342 
18.537 464.013 

.~ 
··-···--··---·--·--··-·--···--·-·----·-·-·-·-·----------------------- ------------------------------------

AvgQt AvgFs AvgAI AvgUd Oto Rio " Q F SBT U.Wl. • .:ilress ESlress u,, Co N60 (N1)60 s, qo Fo 
(1st) (tsf) (%) (It) (Isl) . (%) (pcf) (tsfJ (Isl) (Isl) (blows/fl) (blowsflt) (tsf) (lsf) (%) 

104.36 7.93 7.6 -18.2 106.146 7,670 2,55 106.27 7.66 11 125.00 0.974 0,974 0.000 1.013 26.08 26.43 3.201 104.48 33.0563 
108.46 7.37 6.8 -18.02 108,06 6.858 2.51 108.17 6.85 11 125.00 0.9!:15 0,995 0,000 1.003' 26.53 '26.60 3.327 I0B.67 31.0225 
113.79 7.8 6.86 -17,9 111.108 6,916 2.50 111.22 6.91 11 125.00 1.015 1,015 0.000 0.993 27.7B : 21.sa 3.491 113.9 3Ci,8<\99 
153.77 8.7 5.66 •14.55 147.498 5.696 2.37 147.59 5.69 11 125.00 1.036 1,036 0.000 Q.983 35.20 34.69 4,729 158.86 , 25.0169 
1<17.94 9.72 6.57 ·6 139.095 6.617 2,43 139.13 6.62 11 125.00 1.056 1.056 0.000 0.97S S4.9S SS.99 4.547 147.98 27,8141 
138.28 8.74 6.32 •8,2 127.453 6.370 2.44 127.51 6.37 11 125.00 1.077 1.077 0,000 0.964 32.76 31.56 :4'.24a'', 138.34 28.1122 
221.55 7.13 3.22 ·1.74 200.96 3.234 2.09 201,01 3.23 12 125.00 1,097 1,097 0.000 0.955 45.08 43.04 6,825 221,6 15.4029 
100.12 6.85 6.84 -12.iS 88.5928 6.919 2.56 88.66 6.91 11 125.00 U18 1.116 0.000 0,946 25.13 23,n 3.065 100.2 33.4931 
76.59 4.86 6.34 ·10.09 66,3023 6.'141 2.61 66.36 6,4<1 11 125.00 1.138 1.138 0.000 0.937 19.73 18.50 2,336 76.66 36.0279 
175.62 5.94 3.38 2.08 150,584 3.405 2.18 150.58 3.40 6 126.00 1.159 1.159 0.000 0.929 37.06 S<l.43 6.401 175.61 18.2356 

Phi 
(Deg.) 

40.89 
40.98 
41,13 
42.57 
42.28 
41.63 
44.0B 
39.92 
38,32 
'12.67 

N 
\N 

'-\ 
-I':: 
0:: 
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(~ 
ConsTec Inc,'. ,erpretatlon 
Interpretation>.. 

Aun No: 
Job No: 
Client: 
Project: 
Site: 
Location 
Cone; 

CPT □ate: 

CPTTime: 
CPT FIie: 
Northlng (II): 
Easting (II): 
Elevation (fl): 

User Inputs: 

Assumed: 

.-Release 1.22Rev. Formal: NU 
07-1210-1008-4462 
07-804 

Imperial 

Civil & Envlronmental Consultants 
Pond Creek Mine - WIiiiamson County, !!linols 
CPT-5 
Pond Creek Mine 
20TON AD211 
07/30/10 
12:34 
804CP05.COR 

0.000000 
0.000000 

4B2.55 

Water Ta,/e Depth j't): 
Nk: 32.3 
Slate Parameter: 
Uni! Weight of Soil (pcl): 

DITJ 
0::0 
~SeeBerow 

'~, 

Ma!eria! Tmel:i ~nd Uni! W!;!lghJ {1,2cf} Phi Avg .fu!.ill'.g,_ ~ ~ le A~g. ,, tsf tsf % % 
~Coarse Refuse l 91l71 

Soll Embankment 27.37 1.95 , 65.50. 63.68 3.04. 

Ground Surface Elev. ~ 
CPT area rat!o: ~ 

See Below Copied from Cone Tee CPT □ala File 
---------··-------------------------------------------------- __________________ , 

Depth 
(fl) 

Sample El. Avg□ l 

(It) (lsf) 
/IVgFs 

(ts!) 
AvgRI 

{%) 
AvgUd 

(II) 
□lo 
(!s!) 

Rfo 
(%) 

fc a F SST U.Wt 
(pcf) 

TS!ress ES!ress 
{Isl) (Isl) 

u,q 
(tsf) 

Co N60 {N1)60 
{blows/ft) (blows/fl) 

s" 
(lsf) 

qc 
(ts!) 

Fe 
(%1 

Phi 
(Deg.) 

I 
I 

'""' 
( 
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_____ (~" 
Depth Samp,_ -t. AvgO! AvgFs 

(Ill (11) (lsf) (tsf) 

29.035 
29.363 : 
29.691 
30.019 
30.3t!7 
30.675 
31.004 
31.332 
31.66 
31.988 
32.316 
32.644 
32.972 

33.3 
33.628 
33.956 
34.284 
34.612 
34.941 
35.269 
35.597 
35.925 
36.253 
36.581 
36.909 
37.237 
37.565 

453.515 
453.187 
452.859 
452.531 
452,203 
451.875 
451.546 
451.218 
450.890 
450.562 
450,234 
449.906 
449.578 
449.250 
448.922 
448.594 
4•18,266 
447.938 
447,609 
447.281 
446.953 
446.625 
446.297 
445,969 
445.641 
445,313 
444.985 

30,38 
26.39 
32.99 
38.04 
35.49 
36.01 
30.49 
20.88 
16,5 
15,2 
13.42 
13.41 
13.24 
15.29 
12.74 
16.46 
19.07 
20.99 
25.65 
24.21 
22.27 
19.46 
24.68 
26.57 
22.11 
21.91 

23 

1.32-
1.19· 
·Us 
1.29 
1.02 
O.B1 
0.67 
0.57 
0.4 

0.37 
0.31 
0.39 
0.28 
0.27 
0.24 
0.33 
0.47 
0.5 
0.82 
1.06 
0.91 
0.98 
1.3 

1.26 
0.92 
0.71 
0.88 

AvgAf AvgUd 
(%) (II) 

4.36 
4.5 
3.43 
3.39 
2.88 
2.24 
2,19 
2.71 
2.43 
2.41 
2.32 
2.88 
2.12 
1.74 
1.85 
2.14 
2.44 
2.36 
3.18 
4.37 
4,1 
5.05 
5,26 
4.75 
4.17 
3.22 
3.81 

·20.28 
·19,63 
-15.73 
·14.99 
·1<l.16 
·13.42 
•12.68 
·12.47 
·12.06 
·11.71 
•10.81 
•l0.09 
'-7.72 
-7.34 
-6.3 

-5.57 
-5.31 
-4.73 
•4.43 
-9.81 
-14.16 
-13.21 
•11.24 
·10.88 
·10.16 
-9.52 
-9.38 

a,, 
{tsf) 

RI, 
(%) 

,, a F 

15,0973·4.63276 2.96484 15,1609 4,61333 
12,6329 4.86067 3.03231 12,8958 4.63698 
16.1086 3.63792 2.ensa 1a.rno4 3.62624 

18.52 3.57428 2.82578 18.5713· 3.5644 
17.0219 3.04289 2.8116 17.0676 3.03475 
17.0975 2.38094 2.74704 17,1377 2,37535 
14.1666 2.35256 2.81069 14.2064 2,34597 
9.28147 3.02401 3,02299 9.32087 3.01123 
7,04353 2'76842 3.10136 7.08253 2.75318 
6.33648 2.61837 3, 1445 6.37027 2,80342 
5.41388 2.73666 3.19603 5.442515':2.72224 
5.34691 3.45219 3.25342 5.36005 3.43094 
5.20624 2.52101 3.19282 5.22968 2,50971 
6.09896 2.05539 3.08974 6.11753 2.04916 
4.85926 2.27151 3.19655 4.87765 2.26294 
6,0438 2.4B772 3.13551 6.05747 2.48211 

7.60817 2.78855 3.07707 7.62171 2.78359 
8.41287 · 2.66607 3.02992 8.42633 2.66182 
10.4374 3.50548 3.01977 10.4508 3.50099 
9.73329 4,8336 3.12648 9.75992 4.62041 
8.61683 4.55737 3.14431 8.85557 4.53692 
7.52587 5,71911 3.25807 7,5654 5.68923 
9.75772 5,82088 3.17489 9.79268 5.6001 
10.5191 5.20634 3,119B6 10.5452 5.19347 
8,5268 4.66552 3, 16289 8.55275 4.65137 

8.38756 3.64159 3.10571 8.41337 3.63042 
8.80187 4.27915 3.12957 8.82755 4.2667 

SST 

4 
4 
6 
5 
6 
6 
6 
5 
5 
5 
5 
5 
5 
6 
5 
5 
5 
s 
5 
4 

' 3 
3 
3 ,, 
5 
4 

LI.WI. , vlress EStress Ueq Cn N60 (N1)60 Su 
(pcl) (Isl) (Isl) (Isl) (blows/II) (blows/fl) (Isl) 

q, 
(Isl) 

Fe 
(%) 

Phi 
(Deg.) 

125.00 1.88728. 1.887275 0 -0,7279_'"9,53739 6,942437i,0.88213 _ :."30,5; ,'.56,1472 29.211 
12s.oo t.9ona •1.som5 (F o.724 · e.646449 '.6.259998: 0,75795,c· 2a,sr: ·so.5014 ·20.132 
126.00 1.92828'.1.928275: 0 ;.0,7201 •9,823652 7.0743B1\ 0.96186 · • -33.09 . 50.616 29.634 
125.00 1.94878·1.948775 0._0.'7163_.10,99164 7,87374('1.ii738 38,14 47.4962 "30.547 
125.00'.1,96928 1,969275 0 0.7126,10.17266'7,248986: 1.03779 35.58 -:46.666 29.994 
126.00 1.98976 1.989776 o: 0:1009' 9.958889 7,060069: i.05326 ·, 36.09' 43.0037' 30.021 
12s.oo 2.01034 -2.010335 o 0.1053 0,_735746 a. 1_s1203;-o.88172 •, ao.57- :'.46.6132 20.110 
125.00 2.03084 2,030838 , 0 0,7017 6,795869 4,768781) 0,68357 · 20.96 60.0464 25.941 
125.00 2,05131 2,051338 0 0.6982,5.6568B8 .3.!?49654! 0,44733·, 16.58 65,5763 24,077 
125.00 2.07184 2.07'1838 0. 0.6947_ 5,364346 :3.726824[:0.40544--. 15.27 '; 68.7573 23.359 
125.00 2.09234-2,092338 6' 0.6913-~.909323 3.393962:"· (l_,3607: 1~.48 72.6878 22.298 
125.00 2.11284 2.112838 0 0.688 .5.118583 3.521397: 0.34976 '13.48 77.2366 22,221 
126.00 2.133(W2,133338 0 0.6847 4.629065 "3,30623210,34386 13.29 72.4383 22.031 
125.oo 2.1sa04 2.153838 --O o.6814 :S.190141-3.5364921 o.40669 15.33 64.7359 23.086 
125.oo 2.1143,i 2.174338 · o 0.6102· 4,656115 3, 151623 o.32111. 12,76 72,7283 21,sa5 
125.00 2,19484 2.194836 0 0.675·5.40821i.3.650504; 0.41069 15.49 68.086 23.019 
125.00 2.21534 2,215338 0 0,6719 6.41274 4.306476: 0.52i82·, 19.1 B3.8264 24.575 
135.00 2.23584 2.229223 0.0066 0.669B 6.845399 4.584817; 0.58062 21.02 '60,5225 25.2.59 
135.00 2.25806 2.241166 0.0169, 0.668 8.309312 5.550448, 0,72421 25.68 59.8266' 26,721 
135.00 2.28019 2.253072 0.027\ 0.6662 '8.421758 5,610676i 0.67894 24.27 67.4162 26.261 

~~::: ~::~::r ~:~:~: ~:~:;: ~:::~ }:::~~~. ::~;:::!: ~::!~!~ -, ~:::: -~~:~~~: ~::: 
~;::: ~:;::;!' ~:!~~~:! 00~~:: o~e::! · ::~:::;~ ::~~!~::: ~:;!!!! · ~::~: •5:,

1;~!: ~::~~! 
135.00 2.39089 2.312604' OJJ183 0.6516 7.887956 5.186973· 0.8105 22.17 70.14~3 25.384 
13s.oo 2.41303 2.324511 0.0005 o.6559 7i5176n 4,930006: o.60362 21.97 65.89«1 2s.277 
135,00 2.'13517 2.336417 0.0987 0.6542 8.018715 6.246016 0,63668 23.06 67.64!:1 25.605 

t 
G 

~ 

t 
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·-····--··-·····-·····-·--···---·-·-··--·-··-·····-·····-·-·····-·-·-····--· --·---- -----····--·--·---··-··-··---·-···-···-·-··---··-
Dep!l1 Sar,. AvgQl AvgFs AvgRI AvgUd Qtn Rfn le Q F SBT U.WI. ..,tress EStress Ueq Cn N60 (N1)60 Su qc Fe Phi 

(It) {fl) (Isl) (ts!) (%) (It) (ts!) (%) (pc!) (Isl) (tsl) jtsl) (blows/II) (blows/It) (Isl) (ls[) {%) (Deg.) 

37.893 44<1.657 19.45 0.95 4.9 -10 7.2361 5.59064 3.2667•\ 7.26165 5.57097 3 135.00 2.'!5731 2.3483?.3 0.109 Q.6526 7.482229 4.88261' 0.52609 19.51 7B.318-1 24,29 
38.221 444.329 18.24 0.79 4.3<1 ·9.37 6.6TT55 5.01251 3.26644 6.70297 4.9935 3 135.00 2.479•15 2.36023 0.1192 0.6509 7.016591 4.567189 0.48794 18,3 78.2934 23.755 
38.549 44<1.001 21.57 0.76 3.6 -8.87 8.0365 4.09053 3.14988 8.06379 4.0777 5 135.00 2.50l59·2.3i2l36 0.1294 0.6493 7,626794 4.951904 o.59035 21.63 69.1606 26.004 
38,677 •"13.673 18.25 0.67 3.65 -8.11 6.59647 4.26039 3.2302 6.61745 4.24668 4 135.00.2.52373 2.384043 0,1397 0.6477 6,83099 4.424117 0.48688 18,3 76.3741 23.677 
39.206 443.344 20.75 0,61 3.91 ·7.44 7.59774 4.44956 3.19132 7.61861 4.43737 4 135,00 2.54b93 2.395985 0'.1499 0.646 7,549899 4.87752 0.66369. 20.8 72.3227 24.628 
39.534 443.016 21.68 1.16 s.34 -5.68 7.9372 6.06951 3.25744 7.95382 6.05683 3 135.oo 2,56807 2.407892 ,0.1ao2: o.6444 8.212102 s.s3oae2-: ·o.5917 · 21.12 77.662 24.921 
39.062 442.686 22.11 1.16 5. t .5,2 8,31466 s.76547 3.22100 0.33119 s.75403 3 135.oo 2,50021 2.41e1sa '0.1104 ·o.6429 a.4ne8a• 5.449889 . o.a229 22,15 76,1893 25.231 
40.19 442.aso 28.63 1.1s 4.17 •3,31 10.6993.4.57382 3.oao47 10.1016 4.51031 4 13s,oo 2.e1235 2.431705 0.180s o.e4t3·9.640815 a.1a229··0.ao55 28.65 64.on 2e,921 
40.518 442,032 28,19 1.27 4.52 ·2.28 10.4581 4.96957 3.11062 10.4622 4.96763 4 135.00 2.63449 2,443611 0;1909··.D.6397, · 9.6613 6.193237; 0,791i9 28.2 •'66.2507 26.774 
<10.646 441.704 26.69 1,27 4.77 ·1.8 9.7675 5.28432 3.1<1971 9.79157 5.28212 3 135.00 2.65663 2.455517 0.2011 0.6382 9.413383 6.007229 0,74407 26.7 69,148 26.331 
41.174 441.376 24.58 1.31 5.34 -1.94 8.67815 5.9B14 3.21633 8.8802 5.97867 3 135.00 2.67877 2:467424 0.2113 0.6366 9,086886 6.784868 0.67806 , 24.$9 74.2759 25.678 
41.so2 441.040 24.a3 1,39 5.59 -2.19 6.92543 6.26133 3.22741 a,9335 6.27566 a .135.oo 2.10091 _-.-2.41933 _o.221a o.aas1 e,257119-5.679011; ·o.aa511 ; ... 24.65 75.1525 2s.121 
41.83 440.120 23.62 1,11 4,95 -2.51 8.38818 s.5989 3.21797 a.3922 5.59623 a 135.oo 2.12Jos 2.491237, o.23ta o.6336·8.7425'23 6.538974-0.64696"'"23.63 , 74.4055 2s.ao4 
42.158 440.392 24.48 0.9B 4.01 -1.99 8.68301 4,5089 3.14929 8.687 4,50682 4 136.00 2.74519'2.603143.(0.242 0,6321 8.831702'6.4557'39' 0.6729 .. 24.49 69.1162 25,538 
42Aas 440.064 22.7s 1. 14 s -2.06 7.94921 5.10209 3.24129 7.95319:5,69924 3 135.oo 2,76733 2,51_5049 0.2523:. o,6306 a.568914. 5.4(13219·· o.tnaa7 :: 22i7r:., 1a.25ee 24.949 
42.814 439.736 20.25 o.99 4.9 -0.12 6.90971 5.66993 3.28856 6.90971 s.66993 3 135.oo 2,7694?:2,626956' o,2a2s-o.a291; 1.09536 ":,,t.96676 o,54057!, 20.25· 60.113r 24.011 
43.143 439.407 14.05 o.79 5.63 -o.os 4,42646 1,02952 3.49955 4.42646 7.02952 3 135.00 2.61168·lt538898 0.2726 o.621a·.a.s2a211:4.097osa 0.34794 14.05 98.8834 21.08 
43.471 439.079 11.7 0.65 5.57 1.64 3.47584 7.33123' 3.59605 3.47192 7,33951 3 135.00 2.83382 2.550805' 0.283 0.626,: 5.953759 3,7276 0,27449 11.69 100 '19.64 
43.799 438.751 14.29 0.66 4.63 1.87 4.4617 5.TT224 3.-1474 4.45n9 5.77729 3 135.00 2.85596 2,562711 0.2932 0.6247'6,334906 3.957221 0,354 14.28 93.9984 21.135 
44.127 438.423 16.74 o.83 4,94 o.9 5.38406 5.98764 3.36977 5.38408 5.98764 3 136.oo 2.8781·2.574618 o.3035o.62321,012565 4.40110io.42e1e •16.74 88'769"3 22.371 
44.455 '139.095 16.83 0.84 5 0.56 5.38551 6.03025 3.39149 5.38551 6.03025 3 135.00 2.90024 2,586524 0.3137 0.6218 7,120717 4-.427511' 0.43126 16.83 88.9421 22,377 
44,783 437.707 14.82 0.61 4.12 1.29 4.57677 5.12708 3.40827 4.5i677 ·s.12708 · 3 135.00 2,92238 ·2.59843 0.3239. 0.6204 .. 6.358557 ' 3.9446 _0.36835, · 1<1.82 90Al39G 21.323 
45.111 437.439 17.14 o.44 2.57 3.14 5.43816 3.09956 3.22672 5.43052 ·3.10395 6 135.oo 2.94452 2.610337 o,3342 o.8169 6.374336 3.94536 o.43949 · 17.12 75,097f:L 22.44 
45.439 437.111 33.51 1.21 3.8 6.51 11.6478 4.16803 3.02121 11.6325 4.16348 , s 13s.oo 2.96666 2.622243 0.3444 o.6175 10.88157 6.71977e·o.94561, 33.47 60.34W 27,515 
45.767 436,783 58.12 2.69 4.62 3.76 20.9294 4.67927 2,87443 20.9218 4.86104 4 135.00 2.9888 2.63415 .. 0,3547 0.6161 17,21801 i0.60748•:1,70885' 56.1 50.4166 31.363 
40.096 436.455 62.78 3.68 5.86 -7A6 22.588 6,15703 2.91763 22.6069 6.15189 11 135.00 3.01094 2.646056 0,3649 0.6148 ·19.09583 .11.73909.'1,85044 62.63 53,1048 31.86 
46.423 436.127 83.6 4.9 5.86 ·7.76 30.3115 6.0819 2.82272 30.3303 6.07613 -11 136.00 3.0J306 2.667962 0.3761 0.6134:24.06568 14.76127:.2.49433 83.65 47.316 33.709 
46.751 435.799 294.51 7.43 2.52 ·2.96 109.164 2.54928 2.16692 109.166 2.54919 7 135,00 3,05022 2.669859 ·0.3854 ,o,612 .. f31.B938 37.87932i9.02337 294,52 '17,9038 41.036 
47.0r9 435.471 443.15 13.54 3.06 ·9,66 164.098 3.07676 2.11943 164.12 3.07636 , 12 135.00 3,07736 2,661775: 0.3956 0.6106 91:35B3 65.78749,· 13.6245 · 443.21 16.402B 43,103 
47.408 435.142 441.36 16.48 3,73 •14,99 162,697 3.76032 2.19234 162.734 3.75946 12 135.00 3.09957 :2.693718 0.4058 0.6093 93.15299 5'7.12276 '13.5684 441.46 16.7882 43.062 
47,736 434,814 430.27 19.31 4.49 ·16.14 157.874 4.52068 2,2656 157,911 •1.51962 12 135,00 3.12171 2.705524 0.4161 0.6079'94.26613 57,30888, 13.2244 430.37 21.266 42.913 
48.064 434.486 369.54 18.25 4.94 ·18.24 134,827 4.98095 2.33911 134.667 4,97945 11 135.00 3.14385 2,717531 0.4263 0.6066,83.59886 50.71228·11.3435· 369.65 23.9983 42.124 
48.392 434.1s0 373.72 19,14 s.12 •23.12 135.762 5.16524 2.35029 135.617 5.16315 11 135.oo 3,16599 2.7291131 o.4366 o.6053 84.97333 51.'1335. 11.4723 373.67 24.4307 42.16 
48.72 433.830 313.66 15.82 5.04 ·20.02 113.255 6.09547 2.39117 113.303 5.09334 11 135.00 3.18813 2.741344 0.4•168 0.604 72,63847 43.67175 9.61213 313.79 26.0525 41.23 

" ~ 

~ 

..l, 
C, 



R13266

PROJECT 

072046 

Civil & Environmental Consultants, Inc. 
Williamson Energy Pond Creek 
Deformation Evaluation PROJECT NO. 072046 
Normalized PS-CPT Data and Parameter 
Correlations PAGE 28 OF '-I B 

MADEBY BEG DATE 12/28/07 CHECKED BY ;r!JL._ 
/ 

DATE~;~ 

NORMALIZED AND MODIFIED BY CEC 
CONETEC, INC. - CPT DATA AND CORRELATED PARAMETERS 

POND CREEK- WILLIAMSON COUNTY, ILLINOIS 
CPT-SA 



R
13267

ConeTec Inc. • Jrelalion 
Interpretation Outpu, ,1etease 1.22 Rev. Format: NU lmperlal 
Run No: 07-1210-1008·4429 
Job No: 
Client: 
Project: 
Site: 
LocaUon: 
Cone: 
CPTDate: 
CPTTirne: 
CPT File: 
Northing (ft): 
Easting (ft): 
Elevatlon (II): 

User Inputs: 

Assumed: 

07-804 
Civll & Environmental Consultants 
Pond Creek Mine • Will!amson County, Illinois 
CPT•5A 
Pond Creek Mine 
20TON AD211 
07/30/10 
10:44 
804CP05A.COR 

0.000000 
0.000000 

483 

fl): 

S!a!e Parameter: 
Uni\ Weigh\ of Soll (pcl): 

DllJ 
i:::::LO 
~See Below 

CPT area raUo: ~ 
See Below 

~\ 

Mater1a1 Types and unn Weight teen f!J!...&m. ~ ~ ~ ~ 

~Coarse Refuse 

~Soil Embankment 

d!!f! tsr Isl % % 
IV 11as&w111:m111maea~rt2:u1SNl@AAI$·I 

28.29 1.43 .48.95 66.29 I 2.94 

Ground Surface Elev. Llli&J 

Copied liom ConeTec CPT Data FIie 
----------------------------------·---------------------------------------------------------------------------------

Deplh 
(It) 

Sample EL AvgQI 
(It) (tsf) 

AvgFs 
(1s1) 

AvgRf 
(%) 

AvgUd 
(It) 

Qto 
(Isl) 

Alo 
(%) 

1, Q F SBT U.Wt. 
(pcf) 

TStress EStress 
(tsf) (Isl) 

u,q 
(!sf) 

Co N60 (N1)60 
(blows/fl) {b!ows/11) 

s, 
(1st) 

qc 
(Isl) 

Fe 
(%) 

Phi 
(Deg.) 

I'\ .... 
~ 

~ 
oc 
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Dap!h 

(It) 
Sarn1-

(lt) 
AvgQt 

(tsf) 
AvgFs 

(Isl) 
AvgAf 

(%) 

AvgUd 

\fl) 
Oto 
(Isl) 

Alo 
(%) 

le Q F SST U.Wt. 
{pcf) 

... 1mss ESlress 
(!sf} (tsf) 

Ueq 
(Isl) 

Co 
----------·---

N60 (N1)60 
(blows/II) {blows/II) 

s" 
(tsr) 

qe 
(tsl) 

Fe 
{%) 

Ph! 
{Deg.) 

29.363 453.637 56.15 0.73 1,3 ·0.09 :::~~: ~:~:~:~ ~::~:~~ :::~~:~ ~:;:~:~ ~; ~~::: ~::~~: t:~~~: ,, . , , ~:·0:~~:__'.~;:::~r·;~5°s~:!rt::;;•_,, :::~: :'. '27.4761 33,276 
2e.ue1 ,isa.aos sB.a1 o.s1 1.s4 o.os 2sAeaa 1.seeaf2.4ssas 2e.4saa 1.sssa1 1 12s.oo 1.s2a2a 1.e2a21s ··,,. __ ··o.·o,1201:-14.o2111.10.os1n-1,_1a104_·:. sa.af .2a.1211 aa.soe 
30.019 452.981 67.14 1.23 1.84 -0.11 33.4524 1.88676 2.45406 33.4524 t'.88676 7 125.00 1,9•!a78 1.94877s· ., '· 0 0.7163 15.M754·11.4s!:!5s'.·;2,01a3• 67,14 :-·20.6717 34.286 
so.347 · 452.653 112.05 2.2 1.96 -0.41 55.8991 1.99853 2.2978 55.8991 1.99863 7 12s.oo 1.95928 1.!:!69275 · o o.712a·2,1.686l9 11,73394"·3.4oaof 112.os \:2;;t4399 37.347 
30.675 452.325 73.06 2.44 3.34 •8,34 35,7177 3.43322 2.59915 35.7428 3.43081 6 125.00 1.98918 1.989776 0 ci.7089··. 18.6832 13.24492:2,20032., 73,11 ,35.3158 34.692 
31.004 451.996 39.96 1.78 4.47 ·10.67 18.8773 4.69042 2.89568 18.9071 4.68302 4 125.00 2,01034 2,010338 .:o Ci,7053'12.00648 8.46BOti:·1,f7491 ·. 40.02 51.728 30.664 
31,332 451.668 3a.12 1.19 3.25 -12.41 11.0012 3.430412.84264 11.1151 a.42356 5 126.00 2.030B4.2.03oa3a o·o.1011 .. 10.104201.s11391'.. 1;01a91 36,79 48.4956 ao.012 
31,60 451,340 32.6 o.98 3 -11.92 14.8921 3,20a 2.81199 14,9252 3.20066 5 125,00 2,ost34_2.o51338 o o.aoa2·.e.666082 a.14os111·0.04575 .. •32.67 50,2573 29,101 
31.988 451.012 30.21 o.B4 2.19 -11.04 13.5813 2.98527 2.8855 13.615 2.97786 6 125.00 2.07181 2.071838 o o.6947:9,030418, 6,27379 ·o.87116·, 30.28 51,d911 28.495 
32.310 450.684 30.02 o.75 2.5 -10.81 13.3476 2.68551 2.86492 13.381 2.6788 6 12s.00·2.09234 2.092338'" o :o.e913· 8.867287 6.13020a.o.a6463 ao.09 49,83€7 28.379 
32.644 450.356 32.56 0.7 2.16 -8.52 14.4106·2.29906 2.79963 14.4342 2,2953 6 125,00 2.11284,2,112838 0 0.688 9.261455 6.371566 0,94264'. 32.61 .45.9727 28.884 
32.972 <150.028 32.57 0.61 1.86 -7.05 14.2572 2.00416 2.77023 14.2859 2.00153 6 125.00 2.13334,2.133338 0 .. 0.6847 9,112641 6.238993'0,94231 32,61 '44.2973 28.816 
33.3 449.100 31.a o.63 2.02 •5.48 13_5322 2.16152 2.60746 13.5508 2.15856 a 125.oo 2.1s3s4 2.153838 o'o.aa14·a,939a21 6.091342 o.902aa 31.34 46.4264 20.463 

33.628 449.372 31.82 0.66 2.08 ·3.97 13.6343 2,2263 2.81229 13.6435 2.22479 6 125.00 2.17434'2.174338 '0 0.6782 9,106774 6.175912 0.91782 3i.B4 46,706 28.509 
33.956 449.044 26.86 o.57 1,98 -2.68 12.149 2,13152 2.84432 12.1581 2.13602 6 125.00 2.19484 2.194838 · o_ o.675 · .. 8.41085. s.611269., o.82555 · 28,88 48.5957 , 27,736 
34.264 448.716 23.21 0.5 2.14 -1.27 9.47696 2.38166 2.96057 9.48147 2.38042 6 125.00 2,21534 2.215338 0 0.6719'-7,241997'4,865622,-0,64999 23.22 :55,5573 26.057 
34.612 448.388 20.41 0.42 2.06 0.02 a.12551 2.31091 3.0103 a.12a51 2,31097 . e 125,00 2.23584 ·2.235838 o o.eaaa e.564749 4,390339 o,Se261 20.41 · , 59.1814 25.012 
34.941 448.059 23.17 0.41 1,77 0.71 9.26857 1.96045·2.92469 9.26414 1.96138 6 125.00 2.2564 .:!,2564 0 '0,6657 7.068599 4,7057111 0,64748 23.16 '53.6531 25.9 \.),J 
35.269 447.731 24.74 0.45 1.82 2.5 9.86565 2.00329 2.90667 9.85687 2.00507 6 125.00 2.2769 2.2769 0 0.6627•'7.464431 '4.946804' 0,69545 24.72 '62.41.:!.6 26,32 C, 
35.597 4<17.403 23.56 0.62 2.64 4.18 9.25607 2.91692 3.01828 9.24637 2,91866 5 125.00 2,2974 2.2974 '0 0.6598 7,609665 5.020503 0.6$828 23,54 59,'72A.3 25.887 
35.925 ,1<11.015 2e.<1e o.s3 2.39 12.8 10..i10 2.so955 2.95013 10.3a45 2.arn2a a 135.oo 2.3179 2.a1712 0.0008 o.es89 ·a.11s519 5.310026 o.74743 28.38 55.1876 26.673 ~ 11 
36.253 446.747 24.52 o.58 2.37 14.27 9.52328 2.61497 2.98363 9.48463 2.52663 6 135,00 2.34004 2.32902a ·o.01,;o.a553, 1.12ao1,e.os3a0s··o.s0559 24.43 57.3863 26.063 ........_ 
36.581 446.419 23.35 0.59 2.53 14.8 8.96558 2.81115 3.02295 8.92713 2.82326 5 135.00 2,36218 2,340933 0.0212 '0,6536 7,541419 4,928997 0.64978 23,26 60.0438 25,655 
36,909 446.091 20.13 o.59 2.83 15.59 7.79725 3.21502 3.10619 7.759 3;231a1 5 135.0o 2,38432 2.362839 o.0315 o.6519 7.064a55 4.605822 o.66nia 20.64 65.9272 24.708 
37.237 445.763 23.32 o.68 2.s2 16.49 8.84389 3,25148 3,06352 8.6016 3.2671 5 135.oo 2Ao545 2.364746 o.0411 0,6503·7'.727244 5.024958 o.64748 23.22 62,86€5 25.566 --t. 
37.565 445.435 24.74 0.81 3.26 8.36 9.38774 3.63043 3.06819 9.36671 3.63859 5 135,00 2.4286 2.376652 0.0519 0.6487 8.24148 5.34592 0.69076 24.69 63.1968 25.99 tl) 
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r ···---·········--·-····-·--····---··--·-··-··---------------·-------·--·-----_..~, ··-------------······--·-·--------------··· 
Deplh Sil, AvgQJ AvgFs AvgRI AvgUd Qin Rfn le Q F SST U.W,. dlress EStress Ueq Cn N60 (N1)60 Su qc Fe Phi 

(fl) (II) {Isl) (!s!) (%) (ft) (Isl) (%) (pcf) (lsf) (tsf) (Isl) (blows/fl) (blows/fl) (Isl) (Isl) (%) (Deg.) 

37.893 445.107 23.87 0.87 3.63 ·3.35 8.96744 4.06176 3.11089 8.97582 4,05798 5 135.00 2.45074 2.38fl558 0.0622 0.647 8.203105 5.307748 0.66313 23.69 66.2702 25.705 
38,221 444.779 22.91 0,77 3,37 •3.42 8.51382 3.76765 3.10987 8.52632 3.75213 5 135.00 2.41288 2.400465 0.0724 0.6454 '7,671536 5.080663.0.63273· 22.94 66.196 25.361 
38.5•19 444.451 25.19 0.68 2.69 ·2.47 9.40775 2.99626 3.01817 9.41189 2.99494 · 5 135.00 2.49502 2.412371 0.0826 0.6438.8.145135 5.24455·0,70263 25.2 .·69.717- 26.032 
as.an 444.123 22.12 0.1 3.15 -2.11 8.08605 3.57091 3.11545 8.09018 3.56909 5 135.00 2.51716 2..424278 o.0929 o.6423 7.52211 4.895353 --a.sass 22.13 ·sa.604 25.012 
39.206 443.794 19.76 o.s1 3.07 3.07 7.06859 3.54226 3.1627 7.06038 3.54638 5 135.oo 2.53937. 2.43622 o.1oaFo.6407 7.022462 4.499157\o.53315 19.74 70,1291 24.097 
39.534 443.466 24.4 0.75 3.os 4.32 8.92049 3.4343 a.07189 8.90824 :i.43903 5 136.oo ·2.55151" 2.44t312i · 0.1134· ·o,ea!J1. fU54358 s.211s2a:·'o.61a11 24.si s3.4594. 25.669 
39.862. 443.130 25.59 o.74 2.9 5.43 9.35205 3.2165 3.03903 9.33579 3.22211 5 ·135_00·2.50aes·2.450033_:o.12as-o.s31s 8,369236'6.335994'1).11227 25.55 61,1526 26.98B 
40,19 442,810 25,05 0.72 2.86 6.14 9.0796 3.20795 3.04897 9.06341 3.21368 5 135.00 2.60579 -2.47194. 0,1338 ,· 0,636 8.244866 6.244024. 0.69487 25.01 61.6447 25,792 
40.518 442.482 23.27 o.76 3.25 7.14 8.31053 3.6818 3.11505 8.2904 3.69074 6 135.oo 2.52793 2.483846 o.1441 o.6345 7_995391 ·s.013146 .. 0:03907 23,22 55.5748 25.193 
40.646 442,154 25.96 o.B8 3.4 a.43 9.33984 3.11s21 3.08008 9.3158 3.78496 5 135,oo 2.05001 2.-495752 0.1543 · '0,033 8,11303s 5.s1S29s .o.721e7: 25.9 54.0434 25.982 
41.174 441.626 25.09 1.01 4.03 s.s9 8,93973 ,4.50535 3.14056 B.91979 4.51542 4 135.0o 2,51221. 2.507659'.-0.1545. o,6315. 8,7721a8,-_5,5399o~:'.o.694os . 25.of:-. 6B.4623 25.693 
41,502 . 441.498 23.31 o,a 3.85 10.14 a.1a223 4.36501 3.16364 8.15841 4,31aae 4 iJs,.oo 2.69435 ·2.s19555 o.i74B_: • o,e3 .. i8,2ne1 ·s.214892:'o,6aa26· ... 23.26/ 10.2152 2s.09s 
41.83 441.170 22.11 0.83 3.76 10.72 7.66096 4.27978 3.18239 7.63331 4.29529 4 136.00 2.71849 2.531472 0,186' 0.6286·7JJ49599·4,996411 0,60042 22.04' , 71.6336 24,66 

42.155 440.B42 22.65 o.97 4,29 10.46 7.B2871 4.87159 ·3,201a5 1,80119.'4,88877 4 135,00 2.73853.'2.513378 :0:.1952 :.·.,.o.s27" o.293291··s.2om!.1~'. o.ete46' ::·2?.58' ~t13,5095 , 24,B 
42.486 440.514 21.66 o.88 4.01 10,99 7.39614 4.55627 ·3.21526 7.35B74 4.67358 4 135.oo 2.10077._ 2.555284: 0.20~5·_ o.525B-;7:9nB84' 4,99ona 1.01s5s12 '. 21.69 :: 74.2104 24.42 
42.814 440.185 22.04 0.74 3.34 10.67 7.50123 3.84274 3.16291 7.47396 3.85676 5 1~5.00'2,78291 2:!i6719r·d.215i/o.6241"' ,·_7.8169A,87871~:o.598i9 ,-:·21,97 70:1447:-24.518 
<13.143 439.857 19.95 0.77 3,87 8.24 6.64754 4."49114 3.24432 6.62815 4.50427 4 135.00 2.80512 2,579133. · 0,226 ·0.6227'.7,505674".4,673551-'"-0.6308 >" 19.9 '. .'7M026' 23,717 
43.471 439,629 17 0.74 4.34 6.35 5.46991 5,22129 3.35118 5.45447 5.23607 3 135.00'2.82728<'2.59104 0,23132'0,6212'6,944066'4.3i396't.'.0.4387fL 16.96'" 85.41D6' 22.424 
43.799 439.201 19.37 o.84 4.35 5.47 5.34589 5.08456 3,29111 6.33152 5,0969 · 3 135.0o 2.8494· 2.ao2941f o.2464'.-o.6198 :7_554s9a 4.602s1a· o.61147\" 19.33: \ ao.3134 23,41a 
44.,27 438.873 21.4 1.00 4.94 0.86 7.08585 5.72093 3.28218 7.08685 5.72093 3 135.00 2.87154 2.614853'0.2567'0,6184 6,303236;5,134803·0.57364",' 21.4. 79.585 24,174 
44.455 438.545 19.64 o.74 3.78 .o.78 6,37528 4.41888 3.25299 6.37909 4,41624 4 135.oo 2.89368 2.626759 d,2669· o.611 7.45B995 '.'· 4.60226 o.61846> 19.65 '<11.2014 23.476 
44.783 430.211 ,s.29 o.89 5.83 -1.04 d,68955 1.19239·3.49477 4.69335 7.18659 a 135.oo 2.01s82 2.638565. o.2771:.o.61sa 7.o14a31 4.318422· 0.3831' 1s,3 ·:97.4324 21.456 
45.111 437.889 18.24 0.81 4.42 1.23 5.77311 5.29341 '3,33425 5.76934 5.29687 3 135.00 2.93796 2.650572 0.2874 ·0,6142·7,364226'.,4,52332'0.47375 , 18,23-' '63.9559 -22.816 
45.439 437.561 23.11 o.9 3.9 2.4 1.5681' 4.45552 3.19593 7.56059 4,47096 4 13s.oo 2.0so1·2.s62478 o,291a:.o.a12a:a.4oas2f:li.15325a o,62384, 23.09 .72.5ao1 24,52 
45.767 437,233 23.58 1.04 4.42 10.81 7.70187 5.04909 3.22274 7.6757 5.06631 4 135.00 2.98224 2,674385 :0.3079':0.8115'-_8.728223·6.337205, ci_.8377, 23.51 '74,782 24.724 
46.095 436.905 23.42 0.95 4.05 11.02 7,59993 4.6533 3.20639 7.57387, 4.66931 4 135.00 3.00438 2.686291' 0,3181 ', 0.610f · 8.56709: 5,22705~·0.63206 ,23.35' 73.495 24.638 
48.423 435.577 19.68 0.01 4. 12 11.4a 6.11208 4.85385 3,29142 s. 14613 4.88<138 4 135.oo 3.02652 2.698197 o.a2aa o.aoee 1.562429·4.554753 o.s1ssg "19,01 80.3493 · 23.25 
46.751 436.2•19 18.67 0.6 3,22 13.05 6,76411 3,8409 3.25826 5.73459 3.86067 5 135.00 3.04866 2,710104·0.3386:,0.6074.,i084343·4,303349 0.45363 '.'18.69 '77.6282 22.795 
47.079 435.921 19.1 o.56 2.91 15.36 5.88874 3.49362 3.22as1 5.852 a.51556 5 135.oo 3.0708 -2.12201_ o.3488 ·o.606f:i,o83552 4,293446. o.49626 19.">: 75,2399· 22.932 
47.408 435,592 21.41 0.69 3.23 16.88 6.69982 3.76699 3.19955 6.66324 3.78767 6 135,00 3,093 '2,733953 · · 0.359 0.6048 '7.780455 4.70554 0.58709 21,31' '72.9615 23.796 
47.730 435.284 49.22 1.77 3.6 20.42 16.7907 3.83907 2,88182 16.7433 3.84993 5 135.00 3.115i4 2,745869 0,3693 0.6035 '14,60876 6.816054·1.i\2739 49.09' 50.6702 29,92 
48.064 434,936 100.31 4.31 3.98 24.9 38.1359 4,osao2 2,63254 38.0789 <1.10425 s 135.oo 3,13728 2.15naa o.37.95 .0.6022 2ti.1oss6 .1a.92smi,:a.25G12,s 105,15: 35.9683 35.o99 
48.392 434.508 114.86 G.35 3.53 2a.4a 51.9931 s.5983 2.45231 61.9389 3.70153 12 135.oo 3,159"2··2.159a12 o.3898 :·o.sbog:41:59555 ·24.99384' s.31581· 174.71 28.5992 37.947 
40.12 434.200 126.51 s.a7 5.o4 9.38 44.3376 5.15507 2.ss154 44.316 5,15758 11 13s.oo a.1e1sa 2,781579 0.4 o.5996 ... 33.2856' .1s.05nf 3,81522 126.45 38.2311 35.001 
49.046 433.952 156.9 B.34 3.8 22.os 58.5993 3.87303 2.48311 58.5492 3.87634 12 · 135.oo 3.2031 2,7934as · 0.4102 t:i.5983 :,io,29oa3.'24.10644 '·c:5,050 166,76 29.9602 37,628 
49.376 433,624 185.28 8 4.32 29.84 64.8944' 4,3943 2.49436 64.8267 4.39889 11 135.00 3.22584 2,605391'·0.4205 _'0.597.'44.94566:26.83435 5.63635 185,09 30.4315 38.206 
49.704 433.296 146.4 7.86 5.37 33.05 50.8118 5.'19067 2.63756 50.7373 5.49873 ·.1 l . 135.00 3.24798 2.817298 0.4307 0.5&58 38.08986 22.69306:4,43195 146,19 37.2207 36.803 ==:~~~======:: ==~==~====~ 50.588 432.312 83,38 3.81 4.57 22.91 28.0635 4.7586 2.naa5 28.0M4 4.76693 11 135.00 3.3144 2.853017 0.4614 o.592-23,30703· 13.'79859 2.47881 83.24 ''44.5017 33.219 
51.016 · 431.984 58.49 2.41 4.12 21.11 -19.2513 4.36963 2.87161 19.2059 4,37996 · 5 135.00 3.33654 2,864923 ·,0.4716 ci.5908 °'17,26483°, 10.20013, 1J70764 58.36 ,.' 50,2442 30.822 

;: ::~; :!!:~;; :~::~ ~:;: ::~! ~::;~ ~::~~;; :::~::! ::;:;~~ ~::::~~ ~:!:;: : ~!::~~ ::;:~~; -~:~:~~:, ~:::!; ,~::::: :~:::~i:: -~::1~~!t~:~:i~-t . !~:~~ .,: ::::::~ :::::: 
52.001 430.999 79.13 2.56 3,36 21,12 2s.1055 3.51262 2.10938 26.040 3.52052 6 135.oo 3.40303 2.90067!r·o.5o24 o.s572'21,364a3::12.5384 2.84449 78.96 :40.9545 32,766 
52.329 430.671 74.91 5.41 1.23 -2.11 24.5434 7,56804 2.95489 24.5503 7.56592 1i 135.oo 3.42517 2.912585 0,512s o.5es·2a.20091·1a.s4618 2.21315 ,74.93· 55.4968 "32.394 
52.657 430.343 267.59 12.98 4.85 •1.85 90.3551 4.91215 2.43828 90.3585 4.91197 11 13s.oo 3.44731 2.924492 o.5228 o.5848 53.31944 37.02843 8.teo89 267,7 27.9998 40.035 
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/~ 
GoneTec Inc./ 
lnterprelallon i._ 

Run No: 
Job No: 
Client: 
Project 
Sile: 
locallon: 
Cone: 
CPTDate: 
CPTTlme: 
CPT File: 
Northing (fl): 
Easllng (ft): 
Elevation (II); 

User Inputs; 

Assumed· 

.drpretatlon 
Release 1.22 Rev. Format 

07·1210-1008-4397 
07-804 

NU Imperial 

Civil & Envlronmenlal Consultants 
Pond Creek Mine - WIiiiamson County, lllinols 
CPT-58 
Pond Creek Mlne 
20TON A□211 
07/30/10 
15:44 
804CPDSB.COR 

0.000000 
0.000000 
479.9 

,It): 

Slate Parameter: 
Uni\ Weight of Soi! (pc[); 

DD 
c::::,:o 
~See Below 

DepU1 
(II) 

Sample Et AvgQt AvgFs 
(ts!) 

AvgRf 
(%) 

AvgUd 
(It) 

Qlo 
(tsl) 

Rio 
(%) (II) (Isl) 

CPT area raUo: ~ 
see Below 

1, a F SBT 

!~\ 

U.Wt. 
(pd) 

Material Types and Unit Weight Inell fb1..ill'.9.. ~ ~ E£..k&. .lli....fil9,, 

~Coarse Refuse 
~Soil Embankment 

deg Isl ~- -% % 
? 1P110i1iri@114Pi®i!n1p;agjlfDil&ffiJ 

31.26 . 1.88 , . 62.63 j0.48 2.~ 

Ground Surface Elev. ~ 

Copied rrom ConeTec CPT □ala FIie 

TStress ES!ress 
(tsf) (tsf) 

Ueq 
{Isl) 

Co N60 (N1)60 Su 
(blaws/11) (blows/ft)_ (Isl) 

,, 
(tsf) 

Fo 
(%) 

Phi 
(Deg.) 

l'\ 
U' 

~ 

-l 
CJ 
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r" ,/'"'\ 
---- r --·-·-·-···---------------------------------·-------------------

oept/" Sari, AvgO! AvgFs AvgRI AvgUd 
(ft) (fl/ (Is[) {tsf) (%) (fl) 

<160,051 40.76 0,63 1.55 -0.25 
459.723 38.62 0.63 1.64 -0.16 

20.505 459.395 44.39 0.75 1,69 ·0.51 
20.833 459.067 57.91 1.33 2.3 -0.41 
21.161 458.739 25.08 1,34 5.36 ·0.07 
21.489 458.411 21.57 0,8 3.69 2.73 
21.817 458.083 29.59 0,95 3.2 6.9 
22.145 <157.755 33,08 1,22 3.68 8.67 
22.473 457.427 36.31 1,19 3,2!) 9.54 
22.802 457.098 35.B3 1.22 3.4 9.26 
23.13 466.770 36.3 1.11 3.07 13.63 

23.458 466.442 34.31 1,06 3.08 15.82 
23,786 466,114 34.28 1.04 3.03 17.95 
24,114 455,786 '34,12 1.05 3.07 21.34 
24,442 455.45B '33.09 1,19 3.59 20.71 
24.77 455.130 35.21 1.24 3.53 21,94 

25.098 454.802 35.32 1.2 a.:m 24.9 
25.426 454.474 33,07 1.09 3.29 27.37 
25.754 464.148 30.14 0.89 2.96 28.13 
26.082 453.818 28,04 0.96 3.41 30.18 
26.41 453.490 27.22 1.12 4,12 32,24 
?.6.739 453.161 25.07 1.08 4.3 31.06 
27.067 ' •152.B33 22.62 0.88 3.89 31.69 
27,395 462.505 23.13 1 4.33 31,09 
27.723 4s2.1n 24.42 1.29 5.28 27,'74 
28.051 451.849 25.99 1A4 5,53 25.13 
28.379 451.621 24.42 1,32 5.42 22,7 
28.707 451.193 24.47 1.16 4,75 25.24 

Qt, 

(Isl) 
Ala 
(%) 

le a F 

36.7141 ·,-,1,7248 
34J17i 1.57182 

30,6326 1,69609 2.44144 30.6326.' 1,59609 
28,5024 1.68851 2.48112 28,5024 __ 1.6B851 
32.3874 1.74174 2.44416 32.3949 1.74133 
41.8949 2.36149 2.43862 41,8949'2,35149 
17.2993 5.65175 2.97846 17,2993 5.65175 
14.5063 3.96453 2.93679 14.4991 '3,96649 
19.9628 3,37137 2.78704 19.9345 3.37616 
22.0998 3.85491 2.79022 22.0649 3.86101 
23.9975 3.4139 2.72893 23.9562 3.41979 
23.3227 '3.55096 2.74942 23.282 3.55717 
23.3036 3.18907 2.7202 23,25 3."19642 
21,6602 3.23211 2.74896 21.5942 ·3.242 

21.338 3.17602 2.74944 21.2663 3.18672 
20.9406. 3.22433 2.7603 20.857 3,23725 
20,0014 3.77605 2.8192 19,9189 3.79169 
21.0599 ·3.68895 2,79552 20.9722'3,70•!38 
20.8482 3.56047 2.78926 20.7564 '3,57639 
19.2003 .3.46771 2.81033 19.0964 3.4$656 
17.1828 3.12474 2.82084 17.0742'3,14461' 
15,7093 3.64162 2.8929 15,5961 3.66806 
15.0249 4.38848 2,95894 14.9071.4.42314 
13.5826 4.6251 3.00754 13.4721 4.66305 

11.945 4.234n 3.02053 11.83 4.27593 
12.1408 4.67949 3.04924 12.0328 4,72147' 
12.7139 ·5.69805 3,08711-. 12.6129 ·5.74372 
13.4414 s,95310 ·a.019a3 13.358 5.99031 
12.4741 6,84156 3.09968 12.3913 5.8806 
12.4079·'5,12717 3,06658 12.3202 S,16369 

29.035 450.865 24,85 1.17 4.72 24.97 · 12.5224 5.09085. 3.06047' 12.4353 -6.12654 · 
29.363 ; 450.537 25.04 1.24 4.96 25.89 12.5326 ·6.35631 3.07414 12.446 5.39359 
29.691 · 450.209 24.64 1.36 5.51 22.33 12.2253 5,98377 3.1127 12.15 6.02086 
30.019 11,19.881 ·19.78 1.13 6,7 16.6 9.53812 6.33195' 3.21114 9.48467 6.36764 
30.347 449.553 16.42 0.88 6.37 15.59 7,68159 6.08413 3.27481 7.62848 6,12649 
30.675 449.225 20.02 0.87 4,36 20.02 9,62165 4.82216 3.13916 9.45822 4.85445 
31,004 ; 448.896 23.04 1.19 5.16 16.63 11.0341 5.65603 3.1306 10.9816 5.68304 
31.332 446.568 21.44 1.16 5.4 11,94 10.1202 5.97403 3.17402 10.0837 5.99566 
31,6G 448,240 16.83 1, 16 6,88 4.5 7,65841 7.84587 3.34165 7.64287 7.86162 
31.988 447.912 14.1 1,08 7.64 2.65 6.19466 8.97526 3.4497" 6.18437 8.9902 
32.316 447.584 36.85 1.84 4.99 8.52 17.786 5.2933 2.95f6i 17,7553 5.30245 
32.644 <147.256 53.58 2.7 5.03 7,3 '26.1754 6,2459 2,82443 26.15 5.251 
32.972 446.928 41.03 2.46 6.99 2.4 19.6625 a.32445 2.01035 19.6524 - 8.32n 

33.3 446.600 30,73 1.67 5.43 5.52 14.3582' 5,84437, 3.04966 14.3431 5.85051 
a3.62a ,; 446.272 25.44 1.21 4,77 7,23 11.6194 5.20153 3.0884 11.5995 5.21049 
33.956 445.944 24.48 1,07 4.38 8.06 11,0631 4.80246 3.08384 11.0382 4.81328 
34.284 445.618 24.3 1.08 4.43 9.26 , 10.8963'4.89172 3,0942 10,8686 4,90505 
34.612 445.286 25.03 1.22 4.87 9.17 11.182 5.3$417 3.10965 11.1674 5.36595 
34.941 444.959 21.34 0.8B 4.11 11.34 9.3057 4.61367 3,13367 9.27155 4,6306B 
35.269 44•1.631 22.16 0.83 3.76 13.05 9.63896 4.17681 3.0961 9.59531 4,19582 
35.597 444,303 27.65 1.08 3.92 12.93 12.2206 4.26212 3.01844 12.1821 4.27562 
35,925 443.975 41.71 1.36 3.26 15.45 1B.8823 3.45376 2.81298 18.8392 3.46168 
36.253 443.647 119.94 5.26 4.39 10.53 56.0647 4.47335 2.54246 56.0314 4.47602 
36.581 443,319 232.84 9.81 4.21 ·2.08 109,265 4.25665 2,33841 109.269 4.256<!6 
36.909 442.991 245.39 11.65 4.75 ~7.92 114.658 4.79442 2.36708 114,581 4.79343 
37.237 442.663 185.81 11.73 6.31 ·9.21 85.9757 6.39625 2.54195 86.0038 6.39416 
37.565 442.335 190.~8 10,73 5.64 ·3.88 87.5721 5.71241 2.49823 87.5614 5.7118 

SBT 

'7 
>,7 

7 
7 
7 
6 
3 
4 
5 
5· 
5 
5 
5 
5 
5 
5, 
5 
6 
5 
5 
5 
6 
4 
4 
4 
4 
3 
3 
3 

:,· 3 
.3 

3 
3 
3 
3 
4 
3 
3 
3 

' ' 4 
3 
3 
3 
4 
4 
3 
4 
4 
4 

5 
11 
12 
11 
11 
11 

U.Wt. 
(pcf) 

.(ess ES\ress 
(lsf) (Isl) 

Ueq 
(tsf) 

Ca N60 (N1)60 Su qc 
{blows/ft) (blows/It) (Isl) (Isl) 

Fe 
{%) 

Phi 
(Dag.) 

125.00 \1.24755 ·1,247545,: ', '0 0.8953 '10.92664.'9.78269(1.41603 .. : ·47.05 ,-' i26.3409 ':34.856 
125.00 i.26805' ,J.268045 0 0.688 '10.a476, 9,'1692ei-;1J3390!• ·. _44,5:r' "26.396$, '34.4D7 
126.00,'i,26855 ).268515 ·o· 0.6809.9,655144'.·8.50567EL1.22~03 ;:40,76''. 28'.1337_". 33;741 

, 125.00 ,j,3Q905·i1.309045 0 0.87,4 ,9.319583, 8.145509'.\1.15514 38.62Y 29.8483'' 33.291 
125.00 '.1,32955 1,329545 , ,.o: 0.8673.:10,53065'9.132i93,.1\33(H4'.,, ,44.<li "28.2491 34,068 
125.00' t:35005 ·.:1,350045 O. 0.8608 :13.69973J1,79061f.1.75108, ,57.91, ,28.014S· 35.652 

',125.00 1:37065 .,11370545 ·, o· 0.8542 '"'ti90639.'>6,'76s25'·o.?3404, .. 25,oa:·. ~1.044S ·:m.062 
, 125.00 1.39105' t391045 o o.8479 6.836117;5,626566 0,52414:.•,21.se: '"54.'45S '28,914 
· 126.00·1.411!::5 1A11545··• o. o,8417 8.334b9t'.1,_9;473f.,:·o.0724 · 29.66' · 4s.2so1 31.009 

125.00 : 1.43205. 1.'432045 o.:o,8356'9.331s22··1.19a111. o.s1sa1 33.03 ,. 45.4317 31.sss 
125.oo · 1.45265 :·vls:?545 o:o.8297:9.906188'8,210431 -1.0191a.-. aa.25 . 42.0101 32,192 
126.00 1.47311 1.473108', o:o.e239:9.8832.B4 8.1429s:f1.06368:. 35.77 · 43.1354 32.01 
126.00 '1.49381 j,493608 o.: o.e152 ·9,a52044 a.oa13sa::·:1.011e · aa.22· 41.5366 · 32,001 
125.00 1.61411 :1:614108 o · 0,8127,·'9.449872 .1.a7s'ts~:i1;tlt5a5 34.21 '.,43.109€ 1 31.526 
125.oo 1.53461 i:53,isoB·, ; tl, 0.8072 ,9.441263, 7.621342 '.1,01379 34.17 43,lae 31.428 
125.00 1.55511, 1.556108 ' 0. 0.8019;''·9.44696 '."_'t.5755f, }1.0082 .. 33,99 .43.7399 s.31'302 
125.00 1.57661 1.575608 ·· o· .. o.7967 9.463703·.7.5394oe:o.a756B' :.32.96 : .41,109e 3L004 
,125.00 1.59611 1.596108 . O' o.7915 :_9.937404 ,7',865781,.. ··t.p<!068 ,., 35,07 , ''45,135E 31,338 
126.00 1.61661 1.616608 :o·o.7665·>·9,93125 1.alo9tr:M4345:::'3.5.r7:. '45.3767' 31.27 
126.00 1.63711 ,1.637108 : -0 0.7816 9.399077,: 7,348396 '0,97315 , 32,!:I-: 46,592:: 30.729 
126,00 1,65761 1,657608 .• , · o o.7767:'8.Bt0264 e.6Eit6a:.ro.8a1a1 · :29,95 <· ·41.2oe . 29.996 
125.00 1.67811'1.6781_08 '. 0-> O,TT2_\8,341715 :B.4394b{'.o,81816," 27.85. ·:,:· ,51.55S '.29.398 
126.00 .1.6986_1 1.698608, : ... o·· b.7673 :B,418813_ 6.45958l.;'.0)9o14 .. 27,02 :, · 55.761 ·<29.099 
125,00 1.11011 1.11a11 ,. · .. ·o :o.7521:.r.s8aa21 ·a.00273a .0,12294> 24.88 5•58.9941 28.424 

· 12e.oo .1.739a1 · .. -1.73967 •> · · ..:; o .. o. 758(·.7 :262348 5.6!)6094 c o.64335 \· 22,32 ': · 'eo.4271 : 27.5s2 

. ~~::~~ g:6~~_:;·_ ~:;:6!~, ~_):}.~ ,I;:~:·:.-;:~;:~:r~~,;~~!::.'~~~~~-;;; ~~r:f ~:~~: · ... ::;::::-
13s.oo ·1_,00111:.1)99579 o.001e::.o.14s4\8:69138B · 8.478936i0.748a8-:, 25.84 64.0251 , 28.368 
135.oo 1,a2331. 1.a114as. o.0115:>o,14a:a.210747/6:14son;:,.o,69959::· 24.27· . ':'66.4465' 21.aa1 
135.oo 1.04545 ·1.a23392:·o.0221-~o.14oa· .. a.,1ooa47.:_'.'5.9991S'.·.o.1004s .. 24.si · ea.0122:. ,21.a32 
135,oo 1.86759 1,835298 .0.0323: o.i382'.·8.20ot62 ·a.052019··0,'11tsa:. · 24.69.'. ,. 62.6514 27.897, 
135.00· 1:88973-.,1,847204 0.0425 · O/i358_ 8,337266_: 6:134311,. 0.71673: 24_.88" ·63,8191._ ·27.908 
135.00 1.91187 ,'1.859l 1J o.0528 o.1334 :5.422109•·6.177365 0,!0366 i 24,5,f. , ;56.402(' 27.747 
rns.oo 1.93401 :1.011011 o.osa 0.7311. 7,24s29a·.s.20e842 o.55251>: 19.68 . '·73.8an 2a.o03 

· 135.oo 1:ssa15 1:082924·.o.0132 •o.7288 ·5,295950 '4,688962' · 0.447a •" 16.32 ,';18.9785 · 24.eta 
135.oo 1,97829 1.89483 o,o8~5- 0,1265:6.965318":5,oeooa:f·tJ.55057 ·,19.9 68.3583 26.072 

·135.00 "2.0005·.1,908713' 0.0937"0.7242', 7,982538 ·5.18084Ei'..0."65138 , 22.94 67,7209 27.081 
135.oo 2.02264 1,918679· 0,104 ·. o.72.19:7.662654 ·5,531947.' o:60116 : 21.37; 70.99i · 26.51 
135.00 2,04478 '1.930586 0.1142 0,7197 .. 6,826488A.913008 0.45776 16.8 <84.59 24.646 
135.oo 2.06892° 1.942492 · 0.1244 · 0.1115 e.258887 :4.49oiae':o.a1254 .. ·. 14.08 94.2141 23.229 
135.00 2.08906.t954398'o,fMr 0.7153:',11.41236 8,153359'.1,01e10· 38.79 "55,2876 30.278 
1as.oo .. 2;1112 1.966305 ··.o.1449 o.113f.:15.4151s>io.99318 'f59345 , 53.53' 47.4168 32.767 
135.oo 2.13334.1.975211 0,1551. b.111:12.atma 9,148439·1,20423 41.01 56.5b89. 30.942 
135.oo 2.15548.1.000118 o.1a54 :o,7089 .'10.12s25·7,177395_:o.e&is0• .30,'t :ei.8941 :'28.881 
135.00 2.17762 2.002()24·•0.1756 ·o.7067Ai.591648'6.0i2283' ci,7202 :.'25.4 >54.6397 27.47 
135.oo 2.19976:,,_ 2.01393 0.1858 0.7o41:8.2300a1:· .. 5_5Qsst{0.68979. 24.43 ,, 64.312& · 27.142 
135.00 ""·2.2219' 2,0251,37 · o.1981·".0,'7028'8.231024··5:782979 _0,68353''. 24,2.4 ,55,057.d.; 27,041 
136,00 2.24404 2.037743 0.2063-0.7005'8.569686·,6.003302, .. 0.70545,' 24,98 66.1725 '·27.219 
135.00 2.26626· 2.049686' 0.2168 0,6985' ·7.41696 5.180619 0.59052< ;21.27 67.9493 '25.982 
135.oo 2.28839. 2.061592 0.2268 ·o.6965 7.503638 5.22so13 o.s1522 22.01 65.1947 26.215 
135.oo 2,31os3 2.013499 o.237:·0.6945 · 6.913341: 8.189971'. :,o.7845 · 27.57 '59,7354 ,27,812 
135.00 2,3326i'2.085405 0,2473' 0.6925 11;90861 8.246427' ·1,21911 '41.62 46,7462 30.682 
135.00 2.35481 2.097311 0,2576'0,6905 29,78849.20.56!H6 .. 3.64041 11!:i.67 32,6167 -37.373 
135.00 2.37695 2.109218 0,2677 0.6886 '52.64439 36.248611 7;13508 232,85 -23.9715 41.04 
135.00 2,39909 2,121124 0.278 0.6866 56.20318'38.59027, 7,52294 '245.44 25.0892 41.287 
135.00 2.42123 2.133031 0.2882 0.6847 46,17675 31.61867.·S.Bn67 185.67 ''32.5936 39.766 
135.00 2.44337 2.144937 0.2984 0.6828 46,29593 31.6108115,81538 190.3 30.6039 39,865 

"J 
Ii" 

~ 

~ 

C 
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Deplh Samp. AvgQl AvgFs AvgRI AvgUd Ola Aro le a F SBT LI.WI. .. ,ess ESlress Ueq Co N60 (N1)60 iSu qe 
(ft) (II) (Isl) (tsf) (%} {It) (lsf) (%) (pcf) (!sf) {Isl) (Isl) (blowsfll) (blows/II) '{Isl) (Isl) 

37.093 442.007 280.56 11,76 4,19 -0.79 128.936 4.22878 2.29281 128.941 4,22863 12 135.00 2,46551 2.156843 0.3087 0.6809 62.17955 42.33677' 8.60974 280.57 
38.221 ', 441.679 230.05 1258 5.47 -8.43 104.928 5.52816 2.43946 104.951 5.52694 11 135.00 2.48765 2,16875. 0.3189· 0.679 54.45582 36.9TT6i 7.'04527 230.1 
38.549 441.351 214,58 12.79 5.96 -3.42 97,2506 6.03102 2.48953 97.2644 8.03017 11 135.00 2.50979 2. 180656 0.3291 0.6772'.51.99489 35.21008, 6,56564 · 214.61 
38.BTT 441.023 252.97 15.89 6.28 S.22 114.222 6.344B8 2.46678 114.208 6.34564 11 135.00 2.53193 2.192563 0.3394 0.8753 60.62771 40.94448, 7.7535 · 252,94 
39.206 440.694 369.1 14.5 3.93 49,56 166.271 3.95585 2.20569 166,131 3.9592 12 135.00 2.65413 2.20<1505 0,3496 0.6735 78.75678 63.04353 11.3482 368.79 

Fe Phi 
(%) (Deg.) 

22.2559 41.895 
28.0501 . 40.829 
30.2173 40.427 
29.2202 41.271 
19,1854 43.163 

N ..., 

"-\ 

C 
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Cone Tee lnc.i .terpretalion 
Interpretation l, . - Release 1.22 Rev. Format: NU lmperlal 
Run N:l: 07-1210-1008-4364 
Job No: 
Client: 
Project: 
Sile: 
Location: 
Cone: 
CPT Date: 
CPTTime: 
CPT File. 
Northing (fl): 
Easting (II): 
Elevation (fl): 

User Inputs: 

Assumed: 

07-804 
Civil & Environmental Consultants 
Pond Creek Mine - WIiiiamson County, 11/inoJs 
CPT-6 
Pond Craek MlmJ 
20TON AD211 
07/31/10 
12:00 
804CP06.COR 

0.000000 
0.000000 
457.8 

Water Table De lh It): 
Nk: 32.3 
Stale Parameter: 
Unit Weight of Soil (pcl): 

DD 
DD 
~See Below 

/\ 

~Residual Soll I 37.16 'I 1.38 I 45.31 L.fil!.4.§ L 2_..§5 

I 

Ground Surface E!ev. ~ 

CPT area ratio: ~ 
see Below Copied lrom ConeTec CPT Data FIia 

-----------------------------------------------------------------·---------------, --------
Depth 

(fl) 

0.164 
0.492 
0.82 
1.1d8 
1.470 
1.804 
2.133 
2.461 
2.789 
3.117 
J.4.!.5 ' 
s.na · 
4.101 
4.429 
4.757 
5.085 
5.413 
5.7d1 
6.069 
8,398 
6.726 
7.054 
7.382 
7.71 
8.038 
8.366 
8.694 
9,022 , 
9,35 

9,678 
10.006 
10.335 
10.663 
10.991 
11.319 
11.647 
11.975 
12.303 
12.631 
12.959 
13.2137 
13.615 
13.943 
14,271 

14.6 
14.928 
15.256 

Sample El. AvgQ\ 
{II) {Isl) 

457.636 
457.308 
456.980 
456,652 
456.324 
455.996 
455.667 
455.339 
455.011 
454.683 
454.355 
454.027 
453.699 
453.371 
453.043 
452.715 
452.387 
452.059 
451.731 
451.402 
451.074 
450.746 
450.418 
450.090 
449.762 
449.434 
449.106 · 
448.nB 
448.450 
448.122 
447,794 
447.465 
447,131 
446.809 
446.481 
446.153 
445.825 
445.497 
445.169 
444.841 
444.513 
444.185 
443.857 
443.529 
443.200 
442.872 
442.544 

8.56 
9.31 
10.B9 
15,32 
38.89 
64.95 
91.43 
106.27 
97.06 
83,61 
75.27 
65,07 
64.94 
63.37 
55.6 

46.31 
49,15 
41.44 
40.26 
35.34 
29.43 
22.96 
22.39 

'24,72 
, 25,96 
' 23,65 

24.35 
28.28 
28.51 
28.8 
30.8 
27.19 
24.41 
22,72 
22.41 
22.09 
19,57 
18.59 
16.32 
19.07 
21.2 
20.7 
23.12 
29.53 
26.74 
20.25 
17.79 

AvgFs 
(tsf) 

OJ 
0.29 
0.47 
0.83 
1.49 
2,12 
3.22 
4,78 
5.09 
4.4 

3.59 
,3,24 

3,2 
3.12 
2.82 
2.63 
2.45 
2.45 
2.'4 
1.94 
1.47 
1,12 
1.27 
1.47 
1.6 
1.49 
1.37 
1.49 
1.65 
1.69 
1.76 
1.42 
1,15 
0.94 
0.82 
0.86 
0.82 
0.79 
0.81 
0.83 

1 
0.95 
1.2 
1.34 
0.91 
0.7 

0.62 

AvgRf 
(%) 

1.11 
3.12 
4.33 
5.4 
3,84 
3.26 
3.53 
4.6 
5.25 
5.26 
4,7T 
4.98 
4.93 
4.93 
6.07 
6.66 
4.98 
5.91 
6.81 
5.49 

'4.99 
4.69 
5.66 
5,94 
6.18 
6.3 

5.64 
5.28 
5.78 
5.86 
6.68 
5.23 
4.72 
4.13 
3.65 
3.9 
4.2 
4.26 
4.95 
4.36 
4.73 
4,58 
5.2 

4.53 
3.39 
3.44 
3.49 

AvgUd 
(II) 

·0.63 
02.93 
·10.58 
-7.37 
3.12 
8.39 
-3.19 
0,63 
3.16 
13.6 

18.34 
11.57 
6.12 
5,33 
3.75 
-1.89 
-2,28 
·3.05 
-3.23 
-2.68 
~1,85 
·1.15 
-4.08 
·5.27 
·6.42 
08.13 
·8.36 
·7.83 
-7.81 
·6.77 
-4,18 
-'3,86 
•3.58 
•3,23 
-2.63 
·2,01 
·Mt 
-0.78 
•0.6 
0.74 
8.36 
10.95 
13.55 
13.72 
16.67 
21.11 
24.51 

Ota 
{Isl) "'" (%) 

834.122 1,170 
301.764 3,125 
211.488 4,336 
212.519 5.443' 
420.572 3.840 
575.053 3.270 
684,832 3.627 
689.906 4.504 
655.B18 5,254 
428.182 6,275 
·348,585 4,783 
274.94 4.997 
252.363 4.947 
227.928 4.945 
186,009 6,099 
144.715 5.718 
144.28 · '5.0i9 

114.492 6,964 
105,139 5.868 
87,3TTB 5.552 
69,0089 ; 6,067 
51.0783 ' 4.974 
47,5289 5;792 
60.2996 ,- 6.065 
60.6745 6,285 
44,2307 6.443 
43.6126 5.755 
49.153 5.376 
48.173 5.909 

47.6562 5,994 
49.9933 ; 6.800. 
43.1215 5.351 
37.8365 4.8•15 
34.4635 4.268 
33,3135 3.780 
32,1993 4,028 
27.8651 4.360 
25.9231 4.437 
22.2013 5.221 
25.6676 4.550 
28.1617 4.914 
26,9943 4,791 
29.7762 5.399 
37.7323 4.663 
33.4964 3.527 
24,6608 3,629 
21.1653 3.689 

,, 
1.40 
1.98 
2.18 
2,26 
1.99 
1.87 
1.66 
1.98 
2.07 
2,12 
2,11 
2,18 
2.19 
2.21 
2.27 
2.37 
2.33 
2.44 
2.46 
2.49 
2,52 
2,60 
2.67 
2,67 
2,68 
2,73 
2,69 
2.64 
2.67 
2.68 
2.66 
2.68 
2.68 
2,68 
2.65 
2.68 
2,75 
2.78 
2,87 
2.79 
2.78 
2.79 
2.79 
2.68 
2.63 
2.74 
2.60 

a F 

1.17 
3.12 
4.31 
5.43 
3.84'· 

. 3.27 
·3.53 
4.50 
6.25 

'5.26 
4.79, 

834.12 
302.41 
212.85 
213,08 
420.36 
574.61 
684.98 
6!i9.84 
555.70 
427.72 
348.07 
274.64 
252.21 

, 6.00 
'4,95 

227.82 ' '4,96 
185,91 -,-6.10· 
144,75 , 5.72 
144,31 5.02 
114.55 , 5.96 
105.19 5.88 
87,43' 6.56 
69.06 5.06 
51:10 4.97' 
47,69 , < 5,78 
50.38 , -' 6.05 ,-' 
50.75 '. 6,28 
44.33 6.43 
43.90 5.74 
49.24 ; 5.37 
48.24 :5.90 
47,72 
50.03 
43.17 
37.87 
34.48 
33.33 
32,21 
27,88 
25.92 
22.20 
25.67 
28.09 
26.91 
29.66 
37.63 
33.37 
24.49 
20.96 

5.99 
. 5.80 
5.34 

,'4,84 
4,26 
:'.L78 
4.03 
4.36 
4.44 
6.22 
4.56 
4.93 
4.81 
5.42 
4.70 
3.64 
3.55 
3.72 

SBT 

5 
4 
3 
3 
s 
6 
B 

11 
11 
11 
11 
11 
11 
11 
4 
3 
4 
3 
3 

'3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
4 
5 
4 
4 
4 
3 
3 
3 
3 
3 
4 
5 
5 
4 

U.W!. 
(pcf) 

TS\ress ESlress 
(Isl) (Isl) 

Uoq 
{Isl) 

c, N60 (N1)60 i 
(blows/fl) {blows/ft/ 

s, 
(lsl) 

qc 
\Isl) 

Fe 
(%) 

Phi 
(Deg.) 

125.00 0,010 0.010 0.000 2.000 -1.37 2.74 0.265 ,_B.56, 1,52433 50,16 
12s.oo 0,031 o.o3t,.· ·o,ooo 2.000_: 1:a2 3.64 :.· 0.2~7 .... s.33·\ · 12,386 , 45.97 
12s.oo ·o.os1 o.ost: ., 0.000 .. 2.000:,, 2.at :4,63 i ·,o,336 · '.10.96. 1a.2ssa _44,35 

.~:::~g ·· .. tg~~.<):.~: :;:-.~:~~~-·,I;~i::\J::t · .. 1~!2\t. ·~::~~., · '!:::;,r ~!:;::_/!i:!~ 
125.00 ,o.11a ··o.-113, ,.0.000:_2.00{) · .. 12,_18· ·: 24:3s•

1
L, 2.007,', 64.9_', ·s.79283'< 48,70 

·1w.oo · 0.133 '·.0.133 :o,ooo' '2.000<< 17.iB • .34_35· ·, 2,e21 .. , 91,46'· :.9.B6183 ·;49.40 
126.00 .o.1s4 · 0.154 0,000, 2.ocio··.\, 20.12 41.43 J 3,2a5··, ioo:2e:,.,•12,33g·/ 49.42 

,12s.oo· 0.114· ,_0.114•, 0.000 .2.000 :.1s.a2 3s,2s)··:tooo,. 97,04.\.14.9666' 4B.55 
't2s.oo 0.195, :.o.1es .:o,ooo ·_?,ooo/·.·11.1s_, .. :J4,38i: 2.683':·' 83.5~·.; . .18.¥983 47.4B 
125.00 0.216_ "0,216_ :·,0.000:.., 2.000 , 16.~6. '.' :-30.93,-t, 2.324,,' i76.16 '16.2666 .46.59 
.12s.oo ' o._235,<.: o.23e-'. :,0,000.:_; 2.000,-; :'._:13.73.: >. 27.45 .J.; 2.001: . ✓_85'. ·, 18.2882,.:4s.s3 
125.00 0.256" 0.26~ ·,, 0.000'• :L976,\ \13.78'~ ;<27!23 t ,_2.0b~, .''64.9 ;;':1~,742ij,, 46,14 
125.00, 0,277, 0.277 : .o.ooo. 1.901, 13:57 25,80,l' -1.953 < 83,34 , 19.4706 44.67 
125.00 0.287 ·0.297 0.000 1,834 ', ,',12,20 22,38'1 1;712' ' 55,57, 21.4653 43.71 
·.125.oo o.318 o,318_ ttooo )'.n4 :10.aa. .., 1e_:as( ~1:424__ '48.32 · M,.252-;. 42.47 
'.126.oo o.33B·_ .. o.338 · o,000 -1.1;719 .::1_1.05.•,,,19.otfj. '1,5\1·:: __ 49.1e·: __ 23,4659 :42.46 
126,00 , 0,359", ,0,359 , 0.000· "1.059 J,9.133',, :,'.16.41:i, ·1272,, ,'41.48 :,28.2345 41.28 

:125,00 .-0,379 ... 0,379 . 0.000> '1.624\' < 9.62: ,,15.62 j :'.li235 ·: 40,28, i 28,91_15 40,83 
125:00 _0.400 ."."0.400 ,<o.oool' 1.sa1 · . _8.56.:. , ' .. .'13:_64', ;1.oa2 ·-: 35,:m !/30:184'2. 39,85 
125.oo,. 0.420 :,;.~_420., 0.000:'. ·1:542\'' ·7.25 ·· '·. h1a\_L dl.89B_'/. 29.4_5'''..(3li6997 ': 38.55 

,:12s.oo :,0-441 •:;o.441 :,,,:.o.ooo·,.1i50e(_ .s.8a>' :::·8,~a'.'.· ·o.6~7:' ·•-:22,97_,:._..3s.6016;'_. 36.83 
125.00 ·,o,4ai ,., 0.461 ,_:/,o,OOo /t412'.<: '5.06: .:'8,76-i .:0,619_:. '.:22.42 -.:;a0.00_65·,_a8Ai 

;126.00 , 0,.482;, 0.4B2./,, 0.000'. 1.441 .:. '..8.66', ,,.'.9.45·./ ,o.750, · 24,76 : 3B.921a ,36.74 
125.00 o._so~ :,',.0,602 __ 

1 
0.000>, ,1;41\"' :6.93 , 9.n_.J •:.o.78B __ . 2a_, . 39.4189 ,aa.10 

125.oo .o,s2a· '.o.s23 .~ 0.000 1.aa3 ,_e.41: _e.05_j o.118i_r. 23,7_ ·''_41,91es _35,99' 
12s.oo 0.54_3. ,o.543 .. : ·o.ooO ,-:.1:357, .,.;.,6.56\ · •]: 8,88 :_'. ,. o.nt:-,._ - •24.4: ::·40.1268 ;35.93 

·12s.oo o.s64·, ·o.564, 0.000 :1,332 :,1.aa ,, 9.83-.'L ·o,aoa .. 25.33,,,37,2549 .36,61 
135,00 'O.s8f··· o.5BO' ':·0.005 1,313, /1,sB> "a.96J < o.eas,·0 ' 28 .. 55 : 39,1366 38,49 

·135,00 ·o.eor' :_-o.se2 ,:0.01_6; .1.300:, · :um·, .-:10.001' 0.873 .. 20.a4 · 39.5436 ',35.43 
136.00 0.629,: · 0.604 '/0.025 , 1,,287· ': 8.12· 10.45, j ,:0,934, , 30,82 , 38,2961 ,36.71 
135.oo , o.551 ,· o.ats ··0.035 1.275; , 1.23 .0.22 ,1. 0.822,, 21.22 :_30.1ec5', 35.84 
185.00 0.673 0.627, 0,046 ,1,263 6.52 · 8.23 ! , 0.735 24.43 '39.6428, 35.06 
135.oo o.695 o.639 o.o.56 . 1.2s1 6.04 7.55 ;" 0.682·:0::-, 22.74 •:39,1418, 34.49 
135.00 '0,717 0.651 , 0.066 •'1.238 5.88 ,7.28 , 0.672, 22.42 37.8448 ;34,25 
135.00 0.739 0.663 0.076 1.228' :,5,88 7.23•1 0.661 '22.1 ,"39.3712" 34.08 
135.00 0.762 0.675- 0.087. 1;217., 5.41 6.58 I 0.51:J2 19,5~ :, 43,1036 33,18 
135.00 0.764 '0.687' 0.097 1.207, 5.22 6.29 0.551 18.59 , 44,7056 32.73 
135.00 0.806 0.699 0.10! ... 1i196 4,64 5.79 , ;0.480' ·:· _15.32,, 50.4414-· 31.75 
135,00 o.828 0.111 o.111•.>MB6 ···5,35:, 6.38 I\, {};555 :··'!9,07' ,45.3058., 32.67. 
135.oo o.660 o.n3 0.128 1.11a 5.95 1,00 , o.a3o .. d,15,, 45.0064 :33.24 
135.oo o.872"·' o.735 o,13e:,;1,1a1-' -'·s.a.:f> _6,80 · "o,a14''' 20.64· .45,3618' 32.97 · 
135.oo o.894 o.746 0,145" 1,157 ,:a.52 ''7,55 I :·o.688· "23.03 '45,6855 '33.58 
135.00 o.917 o.1sa 0,15a 1.148 · 1.83 8.99 ( -''o.ooa· 29.45\: 39.2582, 35.o4 
1:1s.oo o.939 0.110 ~.168 1.139 6.92 1.88 , "o.799 .,-25.54 >:aa.a6a5 34.31 
135.00 0.961 0.782 0.179 1.131 .5.53 6,25 0.597 20.12 42,6233' 32.39 
135.00 0.963 0.794 0.189 1.122 6.00 5.61 0.520 17'53 45.8297 31.41 

~ 

"-l 

< 
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Depth 
(ti) 

15.564 
15,912 
16.24 
16,568 
16.896 · 
17.224 
17.552 
17.88 · 

18,208 
18.537i 
18.865: 
19.193' 
19.521, 
19.649' 
20.111, 
20.505' 
20.833 
21.161' 
21.489 
21.817' 
22.145 

(~ -··-·-·-··---··----·----------·-······· -·-···--·----· -----------
/--. \ 

···-------· 
• San,, AvgQt AvgFs AvgRf AvgUtl Ola Ria lo Q F SBT U.Wt. ,,ress ES\ress u,, Ca N60 {N1)60I s, qc Fe Phi 

(ft) (Is!) (Isl) (%) (fl) (ts!) (%) (pc:f) (tsf) (Isl) (tsl) (blows/It) (blows/fl) (tsf) (Isl) (%) (Deg.) 

442.216 15.28 0.55 3.61 26.19 17.7109 3,853 2.87 17.50 3.90 4 135.00 1.005 0.806 0.199 1.114 4.47 4.98 0.442 15.11 60.169 30.25 
441.888 12,73 0.44 3.46 28.8 14.3083 :l.760 2.94 14.09 3.82 4 135.00 1.027 0.818 0.209 1.106, ·3.86 "4,27 j 0.362 12.55 54.433E' 28.84 
441.560 10.89 0.43 3.91 30.79 11.6589 4.370 3.05 11.63 <l.46 3 '135.00 1.049 0.830 0,220 1.098 3,62·' 3.86 l 0.305 10.7,.' Bi.591:C. 21.59 
441.232 10,9 0.3 2,76 46.79 11.6767 3.052 2.98 11.33 3,15 4 135,00 1.072 0.842 0.230 1.090 3.32 3.61 0.304 10.61 56.0979 27.42 
440.904 10,8 0.23 2.13 52.75 11.3708 2.370 2.91 11.00 2.45 5 135,00 1,094 ·,•,0.854': 0.240 , 1.082 3,18 3.44 '0.301, 10.48 52,8446- 27,23 
440.576 11.97 0.28 2,35 59.86 12.5406 2.680, 2.90 12,10 ·2,67 5 135.00 1.116 ,'0.866· ·0.250 1.075 3.49 3.75 l 0.336 11.59 52,0107 · 27.86 
440.248 10.88 0.31 2.86 64.85 11.1029 3,182 3.00 10.65 3.32 4 1aS.oo 1.138, 0.877 0.281 1.068, '3.35 a.57_ F o,ao2· ·: ·'10.4a .. sa.4a14 27.03 
439.920 8,13 0.21 2.59 64,13 7,83716 3.013 3.12 7.39 3.20· 4 135,00 1:160 0.889 0.271 1.060,: 2.67 2.83• !, 0.216, 7,73 "67'0317 24.64 
439.592 9.83 0.21' 2.14 70.88 9.59534 2.428 2.99 9.11 2.56 5 135.00 :1.1a2 0.901 0,28f 1,053 '2.99 3.15' l 0.268 9.39 57.9642 26,01 
439.263 14.59 0.35 2.37 85.33 14.6681 2.615 '2.86 14,07 2.72 5 135.00 1,204 0.913 0.291 '1,tl46, '4.11., 4.30 . '0.414 14.05 ' 49.0242 28.86 
438.935 17.47 0.43 2.47 91.82 17.5587 2.647 2.79 16.94 2.74 6 135.00 1.227 0,925 0.302'" 1.1)40 4,n 4,96 '0.503 16.9 45.2968, 30.07 
438.607 23.8 0.68 2.76 108,66 24.0676 2.927 2.70 23,34 3.02 5 135.00 1.249 0.937' 0.312'" 1,033, '6.23 6.44 \ 0.698' "23.12 40.6187 32,12 
438.279 26.5 1.31 4.94 95.15 26.5877 5.192 2.83 25.97 5.32 3 135.00 1,271 "'0,949 0.32'2 1:027 · 7.4ti 7,69 0.781,, , 25.91 47.7672 32.79 
437.951 23.66 0.83 3.52 20.44 23.2793 3.711 2.76 :23.15 3.73 5 ~;::: . {:: _'.'. ~:!~ .' ~:;;r .~:~~~ .. :. -:::: 6.69 0.692 23.54 43.9821 ', 32.07 
437.623 18.99 0.49 2.56 28,01 18,1706 2.772 2.77 18.00 2.80 5 5.34 : 0.547' , 1e.82 44Ao19· 3o.41 
437.295 18.95 0.78 4.1 37.55 17.8877 4.429 2.91 17.65 , 4.49 4 135.00 1,337' 0.985 0.353,, ·t.(JOB , 5.65 s.10 ·\/·o.54s .. , /.1a.12, 52.3926 'ao.35 
436.967 49.87 2.16 4.32 27,3 48.6795 4.453 2.58 46.51 4.47 5 135.00 1,::159 0.997 0.363 1,002 ,l, 12.61 12.63- / ', i.502 ,, 49.7 · , 34.6157 36.57 
436.639 83.66 5.29 6.33 •14.43 81.5902 ', 6.429 2.56 81.6B 6.42 11 135.00 1.382 1,008 , 0.373 0,996 ·' 20.96 20.87'1' 2,547 83.75' 33.2996 '39.50 
436.311 243.98 10.44 4,28 -17.83 237.74 ' 4.304 2,15 237,85 4.30 11 136.00 1.404 1.020 o.3a3, o.990 So.99 50.48 '. '7,510 .244.09 '17.4322, 44.BB 
435.983 336.34 16.'14 4.89 -19.33 324.451 4.909 2.14 324.57 4.91 1\ 135.00 1.426 '1.032 . o.394 ·o.984:' 69,87 , 68.tt ; 10.369 336.46 16.9751 '16.29 
435.655 423.23 17.94 4.24 ·18.68 403.946 4,253 2.04 404.05 4.25 12 135.00 1.448 1,044 0.404 0.979 84,57 82.76 \ 13,058 423.34 '14.0663'· 47,24 

I 
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/-\ /\ 
ConeTec Inc.{ ·:1erprelation · 
!nterprelalion L . - Release 1.22 Rev. Format: NLI Imperial 
Aun No: 07-1210-1008·4331 
Job No: 07•804 
Client: Civil & Envlronmenlal Consultants 
ProJec:: Pond Creek Mine• Williamson County, !llino!s , 
Site: CPT-7 Material Tvoes and Unit Wel□ht {Pell .Ebl...fu.q.~ fu!...8.':lQ. .Q£.filQ. ~ 1£.Ayg. 
Locatton: Pond Creek Mine deg Isl tsf % % 
Cone: 20TON AD211 ~Residual Soil I ~9.9§ I 1.ao_l 58.51 I _25.191_2.31 
CPT Dale: 07/31/10 
CPT Tirnn: 07:58 
CPT File: 804CP07.COR 
Northing (It): 0.000000 
Easting {II): 0.000000 
Elevation (fl): 457.8 

User Inputs: 
Water Table De th It): ~ Ground Surface Elev. ~ 

Assumed: Nk: 32.3 
State Parameter: ['JD CPT area ratio: ~ 
Unit Weight of Soll (pcf): ~See Below See Below Copied from ConeTec CPT Dela File 
--------------------------------------- --------------------

o~r~i11 Sa~ftlt El. A;;~t A~;~s A~0~~I A~~~d ~~~ ~;
0
~ le Q F SBT ~~::· T~:~~r E~t~~ts ~=~ Gn (bl~!~rt) (~:~;~t)i (!~) (~~) (~:) (;e~.) 

0.164 457.636 9.8 0.17 1.69 ·0.53 955.098 1.737 1.54 955.10 1,74 6 125.00 0.010 0.010 0.000 2,000 1,64 3.27 0,303 9.6 . 3.41567 50,67 
o.492 451,soa 30_91 o.44 1.41 -5.9B 1004.2 1.425 1.45 1005.so J.42 e , 12s.oo o.oa1 0,031 .. 0.000 .. 2.000 s.02 10.05 . _o.956 30.95 .. ··2.1eaos 5o.as 
0.82 456.980 42 0,69 1.65 -14.97 818.512 1,645 1.54 820.48 1.64 7 ,126.00 0.061' ·0.051 -" 0.000.;. 2,000 •,' 7.03 14.07 ·1 · 1.299' ' 42,1"'. ':3.40523 50.09 
1.148 456.652 38.42 o.s8 1.76 -15.08 634.47 1.773 1.64 535.85 . 1,77 . s 125.00 · 0.012· >0.012 'i:_o.ooo·_.-:2.ooo\/·6.s6: .·:cla.33: ,.1.1a1 ·,",3a,{i2 ,:,s'.10589- 48.41 
1,475 456.324 35,13 o.57 t.61 -15.89 379.813 1,521 1.sa 380.90 ·1,s2 · G__ ,121;.oo · 0.092. ;_:0.092,_ .o.ooO· ... 2.000 :'\B,18 · :.'12,35.,J •·1.005_ .; 35.23 ·,\5.82026:·. 46.98 
1.004 455.986 33.61 o.6 1,11 -9.56 297,093 1.791 1.,a 291,53 1.19 s ... .'125.oo 0.11a' <-_o.11a·: , o.'ooo,. 2.000; ·. ,: e,to 12.20_:( ·,.1.037:,. '33,57 .· 7:65399 · 45.90 
2,133 455.ss1 35.29 o.79 2.24 -0.3 253,1;~ 2.247 1.09 263.79 2.25 6 . 125.oo o.~33 ;.0,133 :·o.ooo.;c:2.000.•·1 .. '..e.ee 1s.32:1 .1.0a8 •: 35,3·<, io,1352, 45.35 
2.461 455.339 39.86 1 2.5 ·0.42 258.14, 2.518 1.94 258.15 2.52 6 125.00 0,164 0,154 ,_ 0.000,,2.000, '·:7-65 15,30:;,1.229 39.86 .. , 11,2767 45,25 
2,789 455.011 41.14 1.05 2.56 -0.45 235.013 2,563 1.96 235,01 2.56 6' 125.00 0,174' '0.174 ," 0.000 ,2,000' 7,98 15,97,} 1.268 41.14 12.0156' 44,82 
3.117 454,683 36.47 0.82 2,25 -0.6 186.206 2.260 1.98 186.28 · 2.26 6 125.00 ·o.;95.: 0.195 0.000i. 2,000 '7,12 14.23 : 1'123 36.-48 12.3943 43.72 
3A45 454.355 34.59 0,81 2.35 -0.76 159.65 2.366 2.03 159.65 2.36 6 125.00 0,215 .·0,216 0,000 '2.000· 6,89 13,79 i ,1,064, 34,59 '13.9069 42.96 
3.773 454.027 45.16 1.24 2.1s ·0.76 190.508 2.160 2.04 190.s1 2.1e. a 12s.oo 0.23a o.2aa·; 0.000 2.000 , is.03 ·.'1a.oe t ·1.a91 45.1s 1•t1489 43.82 
4.101 453.699 52,95 1,71 3.23 ·0,23 205.584 3,245 2.08 205.58 3.25 B 125.00 0.256 0.258" 0,000 ·,• i.976 10,76 _21.24 'j' f,831. 52,95 ,"'15.2795 ·44.19 
4.429 453.371 39.45 1.s9 4,04 4.97 141.515 ,1.059 2.2a 141.41 4,oa s -12s.oo 0.211 0.2n .; ,o.ooo 1,so1 ·· 8.ao: . ·16.34 . ~.213 , 39.42 ; 20.8937 42.36 
4,757 453,043 25.66 0.97 3,TT 17.39 85,3065' 3,825 2.37 84.94 3.84 5 125.00 . 0.297'' · 0.297 0.000., · 1,834 · ··S.81 10.76 '0.785 .. 25.55 . 25.3185 39.69 
5.055 452,715 16.21 0.6 3.68 17,B3 50.0049 3.775 2.53 49,63 ,3,80 ."4 .· ,.125:00 ':_ 0.318' 0.318 ;, 0.000 . .'1,TT4,', 3,97-,:,:., ·. 7.04 "1, ~-492_:., 16.09 ._,_:;31,~342 36.66 
5.413 452.387 12.96 0.42 3,21 19.31 37.3078 3,326 2.6B 36.95 3.36 _4. ·,.125.00, , 0,338, , 0,338 0,000; ;1.719 .. ,._3,25 .'· · .': 5'.59 1 .. · 0,391' _12:84 , _34,6011" 34,90 
5.741 452.059 11.e5 o.a1 3.ta 19.93 a2.0256 a.220 2.62 31.66 a.26 <'4. 12s.oo 0.259-: 0.359'. 0.000: 1.669:,. ;.a.03, · 6.0o ···o.3s6 11.12.\•26.sola 33.95 
a.oeg 451.131 10.01 o.33 a.1 21.29 21.1298 ,•3.201 2.e0 2a.79 • 2.2s :4' 125.oo ·o.s1e ', ,, o.379 ._.o.ooo''_q.a24 2.80 .. ,4.55'. 1·, 0,319 10.54 39.2542_ 22.90 
s.a9a 451.402 9.96 o.31 a.or 23.15 23,9018 a.24a 2.12 23.53 3.29 4 12s.oo o.t100 o.4oo ·•.: 0.000 _., 1.s81 :,:,:. 2.01 ... .t.2a< ; o.2e0. 9.01 _<11.1667 a2.oa 
G.725 451,074 9,7 0.29 2.95 38.8 22.0746 3,125 2.75 21,50 3.21 4 125.00 0.420 0.420 0.000· ,1,6!12 ",",2,61 · .. 4,03 L·0.287 '9.46. ,,43,0291 31.50 
7.054 450.746 14,29 0.34 2.36 47.48 31.4128 2.455 2.56 30.73 2,51 '6 125.00 0.441 0.441 0.000, 1.506 3.51 5.28' ( , 0.429: 13.99 '33.4317 33,76 
7.362 450.418 16.68 0.5 3 56.9 35.1528 3,083 2.59 34.37 ,3,15' 5 125.00 0.461 0.461 0,000··, 1.472' 4,15 , 6,10 0.602. 16.32' . 34,7346 34,45 
7.71 450.090 21.63 0.78 3.61 62.19 43.8872 3.688 2.57 43,08 3.76 5 125.00 0.462 •'0.482 0.000 -;,1.441 5.34.'- 7.70 0.656': ::21.24 •'33.789 35.82 

a.oaa 449.162 21,3 0.0s 4.1s s5.a8 41.3986 4.219 2.s3 40.58 4.37 4 125.oo o.502 · 0.502 0.000 · 1.411· s.4:i· 1.ss :1: o:644 20.89· .36.9226 35.46 
8.366 449.434 20.s2 0.1s 3.62 14.41 38.4358 3.732 2.a2 37.54 3.62 4 12s.oo o,523 '0,523-' 0.000 ·1.383 · s.19 .. -,~.1a· i' o_.e22 20.1s. 35,1207 34.99 
0.se4 44s.1os 21.11 0.13 3.3s 01,34 38.954 3.449 2.59 3a.oa 3.sa s 125.oo o.543 '0,543· · 0.000 _1,357_:;'.5.a9 ,--1,31. ,l:o.e5s ,_ .. _:21.21·;•~34.7719 35.01 
9.022 448.778 22.2s o.62 2,79 96.35 38.4768 2.858 2.54 37.41 2.94 5 125.oo o,554, o.5a4' 0.000 1 :1.332,·· s,37'.'' -7,16 1 o.672 ~-21.66" 32.4751 34.97 
9.35 448.450 20.7 0.61 2,93 91.74 34,7004 '3.032 2.59 33.70 3,12 6 '135.00 0.684: ::d,580 0.005.:: 1.313 ... it.12' 6.73· 0.623 . 20.1~· .\'.34.91~··. ~4.33 

9,s1a 448.122 20.96 0.1 3.35 82.1 34.40,11 3.439 2.e3 33.53 3.53 •5 135.oo a.sot 0,592 0.015' uoo '5.30 6.a9 .l'··,0.630 ;20.44 : 36.7405 '34.30 : 
10.oos 447.794 23.37 o.86 3.67 95.38 37.6819 3.782 2.63 36,'lo· a.88 5 ·135,00 o.629_ 0.60<1 ,,.o.02s _1,287·. ·:5_90_. 1.so to,104 :/.22.16,.;38,1001" _34.86 · 
10.335 447.465 23.21 o.93 4.02 aa.47 3s.0sc11 4,122 2.e6 35.79 :4.22 4: 135.oo · o.651 · o.a15 · ,o.oa5 -_1.215-1, ::,5'.ea· .. '. 1,62 T o.698, i 22.a0.: \'.3e.aa:re ·. 34.71 
10.563 , 447.137 22.21 o.a2 3,68 48.55 34.4891 3.790 2.65 34.01 ·3.B4 4 135.oo o.67a. o,627: o.046. ·1,2s3.t ·· 5.77: ··7.2a · .0.610 ,· .,·_22:or· 37,77t7_.' 34.40 
10,991 446.809 21.94 o.83 3.79 50.34 33.2333 3.907 2,67 32.73 3.97 4 135.oo ·o.a9s· 'o,639 0.066 1.251 ·..' ·,5_73'" 7,Hl 'J.' o.658_ "; 21_;s2' ·:.,38,sm' 34.17 
11.319 446.481 23.94 0.89 3.73 69.05 35,6631 3.832 2.64 35.00 3.90 5 "135.00 0.717 0.651· , 0,066-' ;1;239 ' '. 6,15 ·; '7.62 ·;. 0,719' . 23,51 , ·37.54E7 , 34.58 
11.a47 44a,1s3 31.54 1.47 4.6s 33.01 45.451 4.773 2.e2 46.13 4.81 4 135.oo 0,739 o.eea ,a.ate, '1,228 .a.10 '9.95 l 0.954 :at.as: 25.4722·. 36.24 
11.975; 445.825 52.03 1.94 3.73 5.47 75.9552 3.784 2.40 75.91 3,79 5 135.00 0.762 Ci.675 0,087 ,1.211 '12,09 14.71 i :fi587, '62' 26.41€7 39.08 
12.303 445.<197 68.4 2.01 3,91 -2286 98.4385 3.949 2.34 98.66 3.94 5 12s.oo o,784 · a.eat, ·0.091_ .. 1.207:- 1s.s1 10.11· :; 2.093 88:55 24,0213 40.50 t., 
12.631 445.169 53.25 3.19 6 ·26.04 75.0494 6,083 2.56 75.26 6.07 3 135,00 0.806 0.699 0,107' 1:196 13.38 16.01 ·1.624 63.4 33.4083 39.04 )' 
12.959 444.841 50.44 2.84 5,63 -25.2 69.8071 5.724 2.56 70,03 5.71 3 ,135.00 0,828 0,711, 0.117, 1.186 ·12.67, '15.03' i', 1.536' 50.6 33.3638 38.64 
13.287 444,513 31.23 2.43 1.11 -27.34 42.042 1,999 2.81 42.28 7,95 a '135,00 o,a5o 0.723 o.128 1,176· 8.97 10,55 ·, • o.941 31.4 46,5809 a5.73 ........_ _ 
13.615 444.rns 36.66 2.rn 5.95 -26.55 48.723 s.091 2.sa 48,94 a.oa a 135.oo o,872 0,13s 0,135 1,1a1 9.80 11.44 .

1
. 1:1013': 36.82 ,39.38:;:s 36.so ~ 

13,943 443.857 58.53 3,08 5,44 -25.93 74.5365 5.536 2.53 74.75 5.52 3 135.00 0.894 0.746 0.148 1,151 14.00 16.20 , 1.722 '.56,69, 32,013 39,00 
i<l.271 443.529 129.14 5.32 4.12 ·25.68 169,087 4.149 2.22 169.30 4.14 11 135.00 0.917 0.75B 0,158 1.148 27,75 31.86 3,970 129,3 19.5836 43.26 
t<l.6 443.200 241.69 a.ta 3.37 •25.73 312.554 3.377 2.00 312.16 3.37 12 135.oo o.939 0.110 o.1s0 1.139 47.59 54.23 ·· 1,454 241.65 12.es:;:1 46,12 

14.928 442.672 231.67 8.83 3.61 •25.66 294.958 3.B27 2.06 295.16 3.82 12 135.00 0.961 0.782 0.179 1.131 46.69 52.80 71143 231.83 14.6671 45.86 t; 
15.256 442.544 258.78 8.95 3.46 -26.07 324.647 3.472 2.00 324.86 3.47 12 135.00 0,963 0.794 0.189 1.122 51.01 67.24 7.981 258.94 13.0637 46.29 
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Dept/1 Sa AvgO! AvgFs AvgRI AvgUd Otn Alo le a F SST u.w,. ..,tress EStress Ueq Co N60 (N1)60 s, qc 
(It; (h/ (1s1) (Isl) (%) (II) (Isl) (%) (pc!) (Isl) (ts!) {Isl) (blows/II) (blows/II) (\sf) (Isl) 

15.5!14 442.216 285.8 8.43 2.95 -26.9 353.348 2.960 1.93 353.55 2.96 12 135.00 1.005 0.806 0.199 1.114 54.68 60.90 8.817 285.96 
15.91~! 441.B88 277.04 7.22 2.61 ·28.01 337.467 2.616 1.89 337.67 2.61 7 135,00 1,027 0.818 0.209 1.100 52.28 57.81' 6.545 277.21 
16.24 441.560 219.73 6.99 3.18 -28.89 263.533 3.196 2.02 263.75 3.19 12 135.00 1.049 0.830 0.220 1.098 43.55 47.81, 6.770 219.91 

Fe 
(%) 

11.0253 
10,1227 
13.4471 

Ph! 
(Deg.) 

46.66 
46.46 
45,35 

\J, 
V 

"'--.\ 

-I 
0 
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GoneTec lnc. ( rprelalion , 
/nterpretaUon Oi.... . ie!ease 1.22 Rev. Formal: NU Imperial 
Run No: 07-1210-1008-4303 
Job No: 07-804 
Client: C!vi! & Environmen\al Consultants 

1 
Project Pond Creek Mine - WIiiiamson County, llllnols 1 
Sile: CPT-B Material Ivces and lJnlt weight fnc!I E!:!!..fil'.!L.. ~ ~ ~ .!£...fil9. 
Location: Pond Creek M!no deg tsf tsr % % 
Cone: 20TON AD211 ~Residual Soll I 39.90 11 1.70 I 55.34 I 26.74 I 2.35 
CPT Daw: 07/31/10 
CPT Time: 09:53 
CPT Fite: 804CP08.COA 
Northing (fl): 0.000000 
Easting (fl): 0.000000 
Elevatlon (It): 445 
----
User Inputs: 

~ Ground Surface Elev. ~ 
Assumed: 

Stale Parameter: LJD CPT area ratio: ~ 
Unit We!ght of Soll (pc!}: ~See Below See Be!ow Copied lrom ConeTeo CPT Oala FIie 

Depth Sample El. AvgQt AvgFs AvgAf AvgUd Qtn Rfn le Q F SBT LI.WI. TStress ESlrass Ueq Cn N60 (N1)60 I Su qc Fe Phi 
(It) (I!) (Isl) (lsf) (%) (ft) (Isl) (%) (pcf) (tsf) (Isl} (Isl) (blows/It) (b!ows/fl)i (Isl) {lsf) {%) (Deg.) 

0.164 444,836 17.37 0.13 0.75 0,35 1693.63 0,749 1.12 1693.63 0.75 6 125.00 0.010, 0.010 0,000 2.000 2.65 5,11_ \ 0.537, 17.37 ·1,1659 52.11 
0.492 444.508 21.17 0.35 1.66 -1.57 687.465 1.656 1.57 667.78 1.65 6 126.00 0,031, 0.031 0.000 2.000 3.58 '7,15 , 0.654 21.18' 3,90719 49.41 
0.82 444.180 31.35 0,66 2.09 -3.09 610,707 2,109 1.69 611,10 2.11 6 126.00 0.051 0.051 0.000 2.000 6.51 11.02 ! 0.969 .' _31.37 5.90214 48.94 
1.148 443.B52 4_3.85 o.95 2,11 •1.25 s10.15 2.110 1.10 s10.2s _2.1~ s .12s.oo 0.012. ·, 0.012 0.000 :?,ooo:. 7.73 1s.41· 1 ·1.s95 •"43,66 1;u21s11. 48.94 
1.476 443.524 44.4 1.45 3.29 -o.37 480.:io1 3.295 1.91 480.30 '3.30 s 125,00 0.092 o.oe2 · 0.000;. 2.000 ;_, 8.43 ·rn.8r ii 1.a12 . 44.4 · 10.5955' 47,ss 
1.804 '143.196 47,24 1.66 3.51 0.21 417.98 3.522 1.96 417,98 3.52 5 125.00 0.113 0.113 0.000:-:2.000< 9,16 ,, "18.30 1 '_1.469, 47.24 . 11.8961 47.38 
2.133 442.867 63.62 1.74 2,74 ·0.23 476.225 2.741 1,64 476.22 ·2,74 6 125.00 ·0.133 0.133,, 0.000· 2.000 11,78·' -23,55 !." 1,966 :, 63.62 :8.93891 47,93 
2.45; 442.539 81.01 2.67 3.29 1.8 525.68 3.302 1.89 525.62 3.30 6 125.00 ,0.154 · ,,.0,164 , 0.000 :2.000, '·.16,30 ' 30,60 ! :,2.603,,, '81 ' ,"'10,i349. 48.33 
2.789 442.211 87.64 3.13 3.57 ·0.02 501,775··,3,579 1.93 501;78 3,68· 6·· 125.00 0.174 '0,174:•','·o.ooo·· 2.000 _16,80 33.81 1 i2,70B:\ 87.64' :11.2144 '48.14 
3.117 441.883 72.36 2.94 4.06 0.81 370.434_ '4,074 2.04 370.38 '4,07 5 125.00 0.195 0,195;. 0.000· 2.000, 14_.45 , ·,28.90 .! 2.234;' 72.35 '14.0558, 46.66 
3.445 441.555 54.96 2.44 4.43 7.57 254.257 4.457 2.15 254.02 ,4.46, 5' 125.00 '0.215 ,."0,215,: 0.000, 2.000·, 11.47,' 22,93•' 1.695 · 64.91 17,4107 45.18 
3.773 441.227 46,6 1.94 4.26 13.4 192.374 4.277 2.20 192.03 4.28 5 125.00 0.236 . 0.236 0.000'., 2.000: 9,70 19.39 -1.404. 45,52 18.9745 43.86 
4.101 440.899 47,91 1.89 3.94 10.16 185.92 ·3.966 2.18 185,69 '·3,97 .-5 '125.00 0.266 0.256. :o.ooo 1.975 10;11 19.97· .'1.475, '47.85 18.3226 43.70 
4.429 440.671 55.66 1.91 3.43 18.45 200,075 3.449 2.11 199.64 '3.46 5 125.00 0.277" '"0.277 0.000,,.1.901'.,,,11.41 21,70 :1,715· 55.64 16,1775 44.05 
4.757 440.243 51.39 1.11 a.33 24.18 111.848 a.347 2.14 171.31· 3.36 · 6 125,00 o.297 0,297 0.000 :~_1;a3{::; i0.65 1e.s2 '. l.562': 5t,23 11.0225 43.31 
5.085 439.915 45.68 ,'1.53' 3.36 21.34 142,733' 3.373 2.19 142.32 3,36 · 6 '126.00 .0,318 '0.318 0.000 1,774':':'· 9.66 ·11.14 1:404· 45,65 1B.6411 '42.39 
s.413 439.587 37.97 1.4 3.7 20.15 111.234 3,720 2.2s 110.88 3.73 a 125.00 o,338 .· '.d,338 'o.ooo·: .. 1:719' 6,38_ ,. •·MAO., U65 37.a5·, _,2:t1372' 41.11 

::~:~ :;::~;~ :~:;~ \~: :::: ~:::~ :~:~~~ !:~:! i:~ ::::; !:~: : ~:::~~ ~:;;f ~:;;: .. \ ~:~~~ :,;.,1:::: <;::1 -':<,/~~1: ~:i~t-.:. :~::!, ;' :!:~~~~ :~:: 
6.398 •138.602 ao.81 1.37 4.44 8.27 76.0491 4.505 2.46 75,92 4.51 4 125.00 o.400' ·0.400 0.000· 1'.58J'.'. ·,7,34 11.61 i '6,941 30.76>-. 28.8283, 39.08 
6,726 438.274 30.16 1.35 4.47 11.29 71.4133 4.539 2,48 71.25 4.55 4 '135.00 0.420, 0.416, 0.004 ,_1,55~ ,_7,25 11.24 ·_0.921. 30.09," 29.7266 38,72 
7,054 437.946 30.78 1,3 4.22 12,22 70.824 4.285 2.46 70.64 4.30 4 135.00 0.443 ,<i.428 0.014 1.628 >7.34 11,22 ,o.939 30.7: 29,0142 38.68 
1.aa2 .ta1.61a 28.58 1.25 4.aa 14.3 63.8613 -4.446 2.50 a3.e6 4.46 4 135.oo 0.455 :. o.440 0.024 . 1,501 .. 6.95 10.48 0.810: · 25.49 · ao.e5t1• 38.o9 
7.71 437.290 25.37 1.1 4.35 16 55.0315 4.421 2.55 54.81 4.44 4 ·135.00 0.4B7 , 0.452 .,0.035 ,1;487-,. 6.29 1 ~.36._. 'j 0.770. 26.27 '32.7937 37,24 
8.D38 436.962 23.17 1.04 4.4B 16.B1 48,8312 4.689 2.59 48.59 4.61 4 135.00 0,509 '0.464' 0.045 1'468 · 5.88 8.63' '·0.702 23.06 35.0715· 36.54 
8.366 436,634 21.72 0.99 4.55 15.7 44.5168 4.672 2.63 44.31 4.69 3 135,00 0.53L 0,476 0.055 · ,,1.449 6.60 8'12 ·. 0,555,: 21.62 36.7119 36.00 
8.694 436,306 22.5 o.76 3.39 17 44.9838 3.463 2,53 44.76 3.4a 6 135.00 0.553 0.488 0.066:. ,1.432··, ·S.64 7.93 'b.619·· 22.39 32.1478 36,06 
9.022 435.978 20.87 o.66 3.17 17.39 4o.ao55 a.252 2.55 ··40.41 3.27 5 135.oo o.575 · o,500 .. o.01e: _.1A1s· s.11 7,31 '0.628 ·>20.'Ti;· 32,7685 35.46 
9.35 435.650 20,2a o:rt 3,78 19.44 38.4653 3,912 2,52 38,23 3.94 4 135.oo o.~97 0.512 ·,.o.oa6,,1,398 ,5,20 7,27' _r0_.609,;· 20.15 ·36.2763 35,13 

9,510 435,322 22.23 1.01 4.83 14.64 41.2726 4.951 2.67 41.08 4.97 a 135.oo 0,520 o.524 o:096.: 1.382, · 5.8a 8.10· · :',o.669 22.1a:_:3a,1923 3S.58 
10.000 434.994 21.84 1.1s 4.14 t4.22 50.1095 4.228 2.66 50.62 4.24 4 135.oo o.642 o.53a o.1oe · 1.367 e,94. 9,4a o.842 21.16. · 33,2318 36.79 
10.335 434.665 30.49 1.3 4.2a -2,51 54_.i511 4.359 2.54 54.so 4.36 4 135.oo o.664 o.547 0.111 1,a52_ "7.58 10.24 I o.923 3o.s 32.5983_"31,22 
10.663 434,337 20.58 1.04 5.04 ·6.43 35.6656 5.228 2.73 35.67 5,21 ' 3 ' 135.00 0,686 · 0.559 ' 0.127 1.337': ··S.63 7.53: ' 0.616 : 20.64,, 41.8344 · 34,72 
10.991 434.oog 21.64 o.w 3.6a -8.2 36.6411 3.774 2.62 38.73 3,11 4 '13s.oo 0.108 "0.571 0.131· .1.a23 -;· · 5.ao 7.40 (·. o.64a 21.69 36.2422 34.90 
11.319 433.681 18.91 0.92 4.85 .4,1a al.1738 5.06l 2.16 31.23 5.05 3 _135.oo o.1ao o,563 o._147-''1.3oe<' 6.28 a.as i·. 0.563 18.94 43.5695 33.91 
11.s41 433.353 11 o.91 5,34 •3.97 21.8032 6.601 2,83 21.35 5.59 3 · 135.oo· o.1s3 o.595. 0.151. 1.295' 4.92 'a.a1 r· o.5oa 11.03 47.693 33.oe 
11.975 433,025 20.2 1.09 5.41 -3.4 32.0031 5.611 2.78 32.04 5.61 3 135.00 0,775 0,607' 0,168 1,284 ·5,68 7.30 1_ 0.601'' 20.~ .44,908 34.07 
12.303 432.697 23.77 1.16 4.87 ·3.74 37.12 5.049 2.70 37.15 5.04, 3 135.00 0.797, 0.619 0,178 1.271 '6.41 6,15 :\ 0.711 ;,.23,79, 40.6258 34.97 
12.631 432.369 23.53 1.14 4.a6 -2.66 3s.oo38 s.020 2.11 36.02 · s.02 3 rns.oo o.819' o.531 o.iaa: 1,259 • 6.37 ·, a.02 .0.103. 23.54 41,0417 34.79 
12.959 432.041 25.86 1.03 3.99 -1.59 38.92n 4.117 2.63 38.94 4.12 4 135.oo o,a41 o.643 · o.198·, 1.241".>': a:to 6.36 o.775 · 25.87 . 36.659 35.26 \.J 
13.287 431.713 28,74 1.22 4.25 4.68 42.5854 4.376 2.62 42.54 4,36 4 135.00 0.853 '•>0.655 0.209 ; 1.236 7.41 '. 9,16 . 0,.863, ··':28.71, :S,36.2682 35,79 \. 
13.615 431.385 23.7 o.95 4.02 4.89 34.2297 4,164 2.67 34,18 4,11 4 135.oo o.885 o,667 o.219< 1.22s-: s.21 · 7.59 · · o.706' :2a.st· 38.9352 34,46 
13.943 431.057 21.82 o.s6 2.55 10.93 30.8252 2.678 2.58 30.72 2.69 s 135.00 o.908 o.678 0.229 · 1.214 ·5,60 6.68 o.647 '. ·21.15 · 34.3343 33.83 
1<1.211 430.129 ,17.59 o.45 2.54 19.05 24,134 2.101 2.61 23.96 2.12 s 135.oo o.93o , o.69o '0.239 · 1.204 4.62 5.56 o:sw, · r1;41 38.6783 · ,32.28 '-.....:i 

14.6 430.400 1s.3s o.32 2.09 24.25 20,5023 2.22a 2.61 20.29 2.2s 5 135.oo o.es2 0.102 ·o.2so' 1,193 4.0a i1.a1 o.440· 1 >ts.2 , '.39,052;. 31,24 
14.928 430.072 13.4a 0.21 1.52 31.31 11.s111 1.679 2.66 11.25 1.11 a 135.oo 0.974 o.714 o.2eo 1.1aa 3.51 4.ts o.38i 13.29 38,6544 ao.20 
15.256 429.744 13.47 0.25 1.82 40.37 17.1797 2.004 2.72 16.84 2.05 5 135.00 0.996 0.726 0.270 1.174 3.59 4.21 i 0.386 13.22 41,3202 30,05 

~ 

0 
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OeptJ1 Sam!, AvgQI AvgFs AvgRI AvgUd Oto 
ill) (It) (Isl) (tsf) (%) (II) (Isl) 

15.584 429.416 18.28 0.6 2.74 47 23.3902 
15.912 429.088 44.7 2.02 '4,53 28.04 68.2209 
16.24 428.760 126.44 5.34 4.22 -16.4 164.58 
16.568 428.432 213.9 10.81 5.05 -15.7 275.059 
16.896 428.104 378.56 14.03 3.71 ·15.73 480.355 
17.224 427.776 341.19 15.02 4.4 -16.91 426.134 
17,552 427.448 312.91 15.43 4.93 -12.1 384.691 

---- -····- ---····-·-·--··-----------·---- ,--•---------------•••-•• I--•-••--

Alo le a F SBT LI.WI. . ~,mss ES!ress u,q Co NGO (N1)60 ! s, qe 

(%) (pcl) (Isl) {Isl) (tsl) {btows/11) (blows/11)
1 

{Isl) {!sf) 

2.897 2.70 22.98 2.95 5 135.00 1,010 0.738 0.280 1.164 4.84 5.64 0,534· 17,98 
4.627 2.54 57,98 4,65 4 135.00 1,040 0.750 0.291 1.155 11.07 12.79_) i.352 44.52 
4,259 2.23 164,72 4.26 11 135.00 i,063 0,762 0.301, 1-146, ··21.M 31.33· i 3.882, 126.55 
5.080 2,18 275.19 5.08 11 136.00 '1.085 0.774 0.3i1 ·1,137 45.29,' •51.49.1 ·a.589,'.,. 214 
3.717 1,96 ', 480.48 3.72 12 137.00 :-,1.107 0,786 ·0,32,:, ·.1.12:a :73,23 82.61':1 ' i 1,68G ·, 378.66 
4.417 2.05 426.26 4.42 12 138.00 1,129 '0.798, : 0,331' :-M 19 ·. 68.32 76.47 l •1ci.!i28• 341.29 
4,949 2.11 384.79 4,95 11 139.00 1.152 0.810· 0.342 1,111 64.25 71.37 ; 9,852 312,99 

Fe 
(%) 

40.6576 
32,7068 
20,1417 
18.4606 
11,787 

14.2134 
16,0829 

Phi 
(Deg.) 

32.03 
37.60 
43.13 
45.55 
47,97 
47.46 
47,03 

\., 
0 

'-....3 



R13283

( 
\ 

Civil & Environmental Consultants, Inc. 
Williamson Energy Pond Creek 

PROJECT Deformation .Evaluation PROJECT NO. 072046 
Normalized PS-CPT Data and Parameter 

072046 

Correlations PAGE 37 OF '-18 

MADE BY __ B_E_G_ DATE 12/28/07 CHECKED BY DATE 

NORMALIZED AND MODIFIED BY CEC 
CONETEC, INC. - CPT DATA AND CORRELATED PARAMETERS 

POND CREEK- WILLIAMSON COUNTY, ILLINOIS 
CPT-9 



R
13284

ConeTec Inc. (~\prelalion 
lnterpmtnUon Qi, mlease 1.22 Rev. Format: NU Imperial 
Aun No: 07•1210·1008-4276 
Job No: 07-804 
Client: C!vil & Environmental Consullanls 
Project Pond Creek Mlne · Williamson County, Uiinols 
Sile: CPT•9 Mil!BliiJI IYgei,; en!! Uni! W~iglJ! !1rn!l EhL8Y..g. ~ ~ &filiL !£Mil. 
localion: Pond Creek Mine deg i ilsf isl % % 

Cone: 20TON A□211 c::J::gLJAes!dual Sol! I 39.2s I 1.3a I _45.19 .J 2a.02 I 2.40 
CPT Da!n: 07/31/10 
CPTT!me: 09:17 
CPT Flle: 804CP09.COR 
Northing (It): 0.000000 
Ensttng (U): 0.000000 
Elevation {fl): 445.7 
--·---
User Inputs: 

Water Table De lh It): DD Ground Surface Elev. Dlli:J 
Assumed: Nk: 32.3 

Stale Parameter. ~ CPT area ra!lo: ~ 
Unit Weight of Soil (pcf): See Below See Below Copied from ConeTec CPT Data FIie 
----------------------·-·----·------------ ----------·-----------------------------------------------· 

Depth Sample El. AvgQt AvgFs AvgAI AvgUd Ola Ria le Q F SBT LI.Wt. TStress ESlress u,q Co N60 (N1)60 r s, qe Fe Phi 

(It) (ft) (tsf) (Isl) (%) (fl) (Isl) {%) (pd) (tsl) (tsf) (Isl) (blows/It) (b!ows/fll 1(ts!) {Isl) {%) (Deg.) 

0.164 445.536 15.38 0,2 1.27 ·2.59 1499.49 1.301 1.37 1501.44 1.30 6 125.00 0.010 0.010 0.000 2.000 2.43 4,87 i , 0.4?6 15.4 1,11893 52.29 

0.492 445.208 19;32 0.38 1.92 -12.01 643.553 1.920 1.64 646.15 1.91 6 125.00 0.031 0.031 0.000 2.000 3.44 6.88 . 0,613 19,9 5.03728 49.17 

0.82 444.880 30.1 0.63 2.1 -9.01 586.317 2,097 1.69 587.29 2.09 6 125.00 0.051 0,061 0,000 2.000 5.30 10.61 : 0.930 30.15 5.98332 48.70 
1.148 444,552 43.87 0.91 2.07 •3.21 610.429 2.078 1.68 610.71 2.08 6 125.00 0.072 0.072 0.000 : 2.000 7.69 16.39 l 1.358, 43.89 5,7973 4B.94 

1.475 444,224 47.66 1.19 2.49 0.07 515.64 2.502 1.79 515.64 2.50 6 125.00 0.092 0.092 0.000' 2.000 8.66 17.33 i 1.473 47.66 1.8425 ,48.26 

1.804 443.896 45.87 1.66 3.62 0.07 405.829 3.628 1.9B •105.83 3.63 5 125.00 0.113 0.113: 0.000 2.000 8.94 17.89 t 1.417' 4$,87 12.3416 47.25 

2.133 443.567 41.72 1.68 3.98 0.25 311.949 3.992 2.07 311,95 3.99 6 125.00 0.133 0.133 0.000 2.000 8.42 16.84 ! 1.288 , 41.72 14.8053 46.11 

2.461 443.239 37.44 1.52 4.06 0.39 242.413 4.077 2.13 242.41 4,08 5 125.00 0,154 0.154 0.000 2.000 7.74 15.49 t154 37,44 16.6653 44.96 

2.789 4'!2.911 44.47 1.87 4.2 0.86 254.117 4.222 2.13 254,06 4.22 5 125.00 0.174 0.174 0.000 2.000 9.21 18.41 ·! 1.371 44.48 16.7557 "45.18 

3.117 442.583 59.57 2.65 4.44 0.23 304.781 4.463 2.11 304,78 4.46 5 126.00 0.196 0.195 0.000 2.000 12.25 24.50 / 1.838 59.57 16.2258 46.00 
3.445 442.255 70.47 2.79 3.95 1,85 326.292 3.971 2.06 326.25 3.e7 6 125,00 0.215 0.215 0.000 2.000 14.16 20.31 l 2,175 70,46 l4,4S7 46,30 

3.773 441.927 74.67 2.48 3.29 -0.62 315.65 3,305 1.99 315.69 3.30 6 i26.00 0.236 0.236 0.000 2.000 14.84 29,28 2.304 74.68. 12.72E 46.16 
4,101 441.599 84.53 2.85 3.37 1.85 328.793 3.382 1,99 328.75 3.38 6 125.00 0,256 0.256 0.000 1.975 16.57 32.73 2.609 84.52 12.7342 46.34 

4.429 441.271 104.33 3.88 3.72 1.8 375.898 3.729 2.00 375.86 3.73 6 125,00 0.277 0.277 0.000 , 1,901 '20.54 39,03 3.221 104:32 · 13.0225 46.92 

4.757 440.943 96.44 3.96 4.11 2.45 323.373 4.119 2.07 323.34 4.12 s 125.00 0.291 •'0,297 0.000 1,834: 19.50 35.76 2.977 96.43 14.9462 46,26 

5,085 440.615 102.25 4.19 4.1 0.62 320,731 4.111 2.07 320.70 4.11 s 125.00 0.318 0.318 0.000 1,774 20.68 36,68 3.156 102.24 14.97113 46.23 

5.413 440.287 98.2 4.51 4.59 1.13 289.264 4,609 2.14 289.23 4.61 11 126.00 0.338 0.338 0.000 1,119' 20,38 35.04 3.030 98.19 16.9403 , 45.77 

5.741 439.959 94.73 4.11 4.34 4.32 263.01 4.355 2.14 262.93 4.38 11 125.00 0.359 0.359 0.000 1.669 19.65 32.80 2.922 94,7 16,89d 45.33 
6,069 439.631 84.93 3.46 4.08 5.01 222.905 4.092 2.15 222.83 4.09 5 125,00 0.379 0.379 0.000 1,624 17.71 28,75 2.618 84.9 17.3092 44.57 

6.398 439.302 87,66 3.56 4.07 -2.24 218.219 4.080 2.15 218.24 4.08 6 125.00 0.400 0.400 0.000 1.681 18.31 '28.96 2.702 87,67 17.4182 44.47 

6.726 438.974 69.12 3.37 4.87 4.69 163.425 4,905 2.29 163.35 4,91 11 125.00 0.420 0.420 0.000 1.542 15.27 , 23.58 2,127 69,09 22.0488 43.08 

7.054 438.646 63.77 3.03 4.76 3.08 143.644 4.785 Z31 143.60 •1.79 4 125.00 0.441 0.441 0.000 1.508 14.23 21.43 1 1.961 63.75 22,8724 42.43 

7,382 438.318 53.39 2.77 5.19 7.53 114.719 5.233 2.<10 114.81 '5.24 3 125.00 0.481 0.461 · 0.000, -1.472 12.39 18.24 ! 1-639 53.34 26.3327 41,28 

7.71 437.990 48.17 2.41 4.99 4,9 98.9637 5.054 2.42 98.90 5.08 4 125.00 0.482 0.482 0.000 1.441 11.31 16.30: 1.476 48.14 27.4055 40.51 

8.038 ' 437.662 38.'16 1.98 5.15 10.26 76.6899 5.216 2.50 76.55 6.23 3 135.00 0.502 0.495 0.007 1.421 9.37 13.31 , 1.175 38.39 :m,8807 39.12 

8.366 437.334 30.22 1.55 5.12 11.57 58.5876 5.220 2.58 58.45 5.23 3 135.00 0.525 0.507 0.018 1.405 7.63 10,72.: 0.919 30;15 '34.4169 37.61 

8.694 437.006 28.4 1.39 4.89 12.03 53.6919 4.990 2.59 53.66 5.00 3 135.00 0.547 0.519 0.028 1.388 7,21 10,01 I· 0.882 28.33 34.9372 37,11 

9.022 436.678 29.4 i.32 4.5 11.46 54.33 4.578 2.56 54.20 4,59 4 135.00 0.569 0.531 0.038', 1.373 7.35 10.09 ! 0.893 29.33 33.449 37.18 

9.35 436.350 28.31 1.17 4.14 11.87 51.088 4.221 2.55 50.94 4.23 4 135.00 0.591 · 0.543 0,048 1.358 7.05 9.57 0,858 28,23 33.1117 36.82 

9.676 436.022 26.35 1.19 4,53 15.1 46.4162 4.624 2.61 46.24 4.64 4 135.00 0,613 0.554 0.059 1.343 6.75 9.06 0.797 26.25' 35.9001 36.25 

10.006 435.694 25.07 1.15 4.6 14.55 43.1414 4.706 2.64 42.98 4.72 3 135.00 0.635 0.566 0.069 1.329 6,51 8.65 o.'756 24.98 37.2699 35.82 

10.335 435.365 25.89 1.24 4.78 13.4 43.63 4.914 2.65 43.49 4.93 3 135.00 0,657 0.578 0.079 • 1.315 6.76 8.89 0.781 25.81 37.7669 35.89 

10.663 435,037 22.8 1.2 5.28 9.91 37.4772 5,'\25 2.72 37.38 6.44 3 135.00 0.680 0.590 0.089 1.302 6.20 0.01 I 0.685 22,74 41.7846 34,99 

10.991, 434.709 27.92 1,18 4.22 10.86 45.2024 4,335 2.60 45.09 4.35 4 135.00 0.702 0.602 0.100 U?89 7.11 ::;~ ! 0.643 27.85 35.267 36.11 

11.319 434.381 29.42 1.45 4,92 10.88 46.7326 5.053 2.54 46.62 5.07 3 135,00 0.724 0.614 0.110 1.276 7,64 0.888 29.35 37.1499 36.31 

11.647 434.053 26.23 1.41 5.39 11.38 40.7121 5.533 2.71 40.60 5.65 3 135,00 0.746 '0.626 iJ.120 ·-1.264 7,06 8.93 0.789 26,16 40.77B7 35.49 

11.975 433.725 23.16 , 0.99 4.29 10.95 35.1046 4.421 2.68 34.99 4.44 4 135.00 0,768 0.638 0,130 1.252 S.16 1.71 0.693 23.09 '39.5208 34.60 

12.303 433.397 20.42 0.52 2.55 11.83 30.2103 2.649 2.58 30.10 2.66 5 135.00 0.790 '0.650 0.140 1.241 ·5.16 6.40 0.608 20,35 34.5204 33.68 

12.631 433.069 18.58 0.49 2.64 14.43 26.8524 2.758 2.63 26.72 2.77 5 135,00 0.812 0.662 0.151 1.229 '4.81 5.91 6,550 18.49 37,0571 32.94 

12.959 432.741 22.2 0.51 2.28 45.47 31.7192 2.387 2.54 31.29 2.42 6 135.00 0.835 0.674 0,181 1.218 5.45 6,64 0.661 21.91 32.6826 33.92 I., 

13.287 432.413 18.14 0.35 1.91 50.26 25.2132 2.025 2.58 24.75 2.06 8 135,00 . 0.857 0.685 0.171 1.208 4.52 5.45 0.535 17.82 34.4648 32.46 t 
13.615 432.085 15.61 0.26 1.65 56.56 21.4099 1.741 2.60 20.91 1.78 6 135.00 0.879 0.697 0,181 1.197 3.96 4.74 0.462 15.46 35,5971 31.40 

13.943 431.757 12.95 0.21 1.59 52.01 16.9872 1.743 2.69 16.52 1.79 6 135.00 0.901 0,709 0,192 1,187 3.38 4.01 0.373 12.62 39.9618 29.89 

~ 14.271 431.429 11.94 0.19 1.55 59.86 15.2766 1.725 2.73 14.75 1,79 5 135.00 0.923 0.721 0.202 1.178 3,16 3,73 0.341 11.56 42,1€27 29.15 

1'1.5 431.100 12.26 0.19 1.51 66.28 15.433 1,679 2.72 14.87 1.74 5 135.00 0.945 0,733 0.212 1,168 3.23 3,77 0.350 11.86 41,679 29.21 

1•1.928 430.772 11.19 0,19 1.7 73.44 13.7205 1.859 2.80 13.10 1.95 5 135.00 0.967 0.745 0.222 1.159 3.04 3.52 0.316 '10.73 45.7108 28.39 

15.256 430.444 15.59 0.3 1.9 87.39 19.2881 2.055 2.69 18.56 2.14 5 135.00 0.990 0.757 0.233 1.149 4.03 4.63 0.452 15.04 40.G3 30.65 _, 
C 
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Deµth Sam~ AvgOI AvgFs AvgRI AvgUd Qlo Rio ,, a F SBT U.Wt. .,ess EStrnss u,, Co NBD {N1)60 s, q, Fe Phi 

(It) (I!) (!sf) (lsf) (%) (It) {ls!) (%) (pc!) (ts!) (tsf) (Isl) (blows/fl) (b!ows/11) (tsf) (tsf) {%) {Deg.) 

15.584 430.116 23.74 0.44 1.84 87.72 29.5606 1.936 2.52 28.85 1.98 6 135.00 1,012 0.769 0.243 1.140 5.70 6.50 0,704 23.19 31.5153 33.43 
15.912 429.788 29.33 0.85 2.89 108.61 36.2411 3.004 2.57 35.37 3.08 5 135.00 1.034 0.781 0.253 1.132 7.22 s.11 l 0.876 28.65 33.9566 34.68 
16.24 429.460 38.72 1.<18 3.83 103.37 47.5146 3.929 2.56 46,71 4.00 5 135.00 1.056 0.793 0.263 1.123 9.55 10,73 j i:166 38.08 33,507 36.34 
16.568 •129.132 56.19 2.18 3.88 102.93 68.4969 3.956 2.'!5 67,69 4.00 5 136.00 1,078 0.805 0,274 1.115 13.22 14,73 ; boa 55.54 28.5538 38.46 
16.896 · 428.804 60.78 3,03 4.98 65.61 73.0TT7 5,077 2,51 72.58 5.11 11 137.00 1,100 0.617 ti.284 1.107 14.78 ' · 16,36 j 1,848 60,37 31.2128 3B.85 
17.224 428.476 50.94 2,78 5.46 60A4 60.1007 5.580 2.60 69.64 5.62 3 136.00 1.123 0,829 0.294 : .. J,098 12.92 14, 19 .! 1,642 50.56 35.2BZ3 37.75 
17.552' 428.148 43,07 2,33 5.4 23.93 49.8334 5.558 2.65 49.66 5.58 3 139.00 1.146 0.841 0.304 1.090 1t25 12.26 :·. i,298 42,92 37.TT09 36,70 
17.68 427.820 39.51 1,86 <l.71 ·0.56 4<1.90'12 4,851 2.63 44.90 4,86 4 140.00 1,168 0.854 0.314 1.082 10.27 11.12 ' i.187 39.51 37.026 36.11 

18.208 <127.492 41.11 1.74 4.23 0.62 46.06<10 4.359 2.59 46.06 4.:w 4 141.00 1.191 0.667 0.325 1.074 10.4'7 11.26 • 1.236 41.11 34,9935 36.27 
18.537 <127, 163 41.12 1,68 4.1 2.12 45.3724 4,210 2.59 45.35 4.21 5 142.00 '1.215 0.880 0.335 1.066 10.44 11.13, 1.235 41.1 34,7064 36.17 
18.865 426.835 45.7 1.83 4 4.37 49.814 4.116 2.55 49.79 4.12 6 143.00 1,238 0.893 0.345 1,058 11.40 12.07 ' 1.377 45,68' 33.0275 36.72 
19.133 426.507 43.86 2.11 4.81 4.87 47.0298 4.953 2,63 47.00 4.96 4 1'14.00 1,261 0,906 0.355 1.051 11,38 11.93 1,319 '13.83 36.13851 36.38 
19.521 426.179 36.52 1,92 5.26 11.85 38.3338 5.449 2.72 38.25 5.46 3 145.00 1,285 '0,919 0,366 1.043 9.91 10,33 , 1,091 36.44 41.4759 35.17 
19.849 425.851 49.37 2.52 5.1 12.88 51.5286 5.243 2.62 51.43 5.25 3 146.00 1.309 0.933 0.376 1,035 12.72 1S,17 ·1.488 49,28 36.286 36.91 
20.177 425.523 60,49 3,37 5.58 -1.34 62.5064 5.697 2.59 62.52 5.70 11 147.00 1.333 0.946 0,388 1.026 15.39 15.82 1.831 60.5 34.8428 (i8.02 
20.505 425.195 75,15 3,54 4.72 •5.82 76.8443 4,797 2.47 76.89 4.19 11 1'16.00 1,357 0.960 0.396 1.020 18.09 18.46 2,285 75. 19 , 29.5495 39,17 
20.833 424.867 74.98 3.23 4.31 -7.5 75.5377 4.389 2.45 75.59 4.39 5 1,19,00 1.361 0,974 0,407 1.013 11.84 18.07 2.279 75.03 2B.4m 39.08 
21.161 424.539 51.59 2 3.88 -4.69 50,7665 3.985 2.53 50.80 3.98 5 150.00 1.405 0.989 0.417 1.006 12.78 12,85 i.554 51.62 32.2646 36.84 
21.489 424.211 88.98 4.5 5.06 -4.99 87.2965 5.1•!0 2.46 87.34 5.14 11 151.00 1.430 1.003 0.427 0.999 21,30 21.27 2.711 89.02 29.0451 39.87 

\J 
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ConeTec Inc/ .terpretalion 
lnte1pretalion\ • Release 1.22 Aev. Format: NU Imperial 
Aun No: 07•1210-1008-4243 
Job No: 07-804 
Client: Civil & Environmental Consultants 
Project Pond Creek Mine• Wllllamson County, llllno!s 
Site: CPT-10 
Loca:ion: 
Cone: 
CPTDate: 

CPTTirne: 
CPTFile 
Northing {It): 

Easting {It): 
Elevation (It): 

User Inputs: 

Assumed: 

Pond Creek Mine 
20TON AD211 
07/31/10 
08:35 
804CP10.COR 

0.000000 
0.000000 
442.1 

Stale Parameter: 
Unit Weight ol Soll (pc!): 

CK] 

DD 
~See Below 

Mater1a1 Types and Unit we1aht /pcf) f.b!1l.'lg_; ~ ~ f.£..ill'.lL. J.c...fu'.9... 
deo ! !sf Isl % % 

~Residual Soll I 39.49 : I 1.77 I 57.88 I 26,87 I 2.36 

Ground Surlace Elev. ~ 
CPT area ratio: ~ 

See Below Copied from ConeTec CPT Data File 

----------------------------------------------------------------------------
Deplh 

(fl) 

0.164 
0.d92 
O.ll2 
1.148 
1.476 
1.804 
2.133 
2.461 
2,789 
3.117 
3.445 
3.773 
4.101 
4.429 
4.757 
5.085 
5.413 
5.741 
6.069 
6.398 
6.726 : 
7.054 
7.382 
7.71 
8.038 
8.366 
8.694 
9.022 
9.35 
9.678 
10.006 
10.335 
10.063 
10.991 
11.319 
11.647 
11.975 
12.303 · 
12.631 
12.959 
13.287 
13.615 
13,943 
14.271 
14.6 

14.928 
15.256 

sample El. AvgQt 
(fl) (Isl) 

441.936 
441.608 
441,280 
440.952 
440.624 
440.296 
439.967 
439.639 
439.311 
438.983 
438.655 
438.327 
437.999 
437.671 
437.343 
437.015 
436.687 
436.359 
436.031 
,rns.102 
435.374 
435.046 
434.718 
434.390 
434.062 
433.73•1 
433.406 
433.07B 
432.750 
432.422 
432.094 
431.765 
431.437 
431.109 
430,781 
430.453 
430.125 
429.797 
429.469 
429.141 
42B.813 
428.485 
428.157 
427.829 
427.500 
427.172 
426.844 

22.84 
28.68 
30.14 
41.08 
62.23 
70.49 
63.39 
64.76 
67.64 
62.08 
61.6 
49.8 
35.16 
23.B 

20.99 
23.58 
213.07 

2B 
27.78 
23.67 
22.85 
23.86 
19.8 
17.31 
18.65 
15.11 
14.94 
15.71 
20,24 
21.26 
21.52' 
22.36 
18.99 
14.B1 
15,17 
13.83 
11.53 . 
12.B2 
13.05 
13.03 
14.48 
14.54 
13.29 
16.42 
19.35 
23.7 
26.27 

AvgFs 
(tsf) 

0.17 
0,4 

0.52 
0.62 
0.9 
1.29 
1.44 
1.42 
1.58 
1.55 
1.76 
1.64 
1.26 
0.94 
0,83 
0.9 
1.08 
1.25 
1,26 
0.97 
0.63 
0.78 
0,64 
0.59 
0.73 
0,63 
0.58 
0.65 
0.82 
1.1 
1.14 
t.16 
1.06 
0.82 
0.79 
0.74 
0.56 
0.45 
0.43 
0.41 
0.43 
0.43 
0.47 
0.51 
0.75 
1.01 
0.82 

AvgRI 
(%) 

0.75 
1.4 
1.73 
1,5 

1.44 
1.83 
2.28 
2.19 
2.34 
2.49 
2.86 
3.29 
3,59 
3.96 
3.94 
3.8-

4.15 
4.46 
4,55 
,toe 
3.65 
3.26 
3.24 
3.42 
3,9 

4.1$ 
3.89 
4,15 
4.06 
5.19 
5,29 
5,2 
5.57 
5.55 
5.19 
5.37 
4.82 
3.52 
3.3 
3.16 
2.98 
2.97 
3.55 
3.08 
3.86 
4.25 
3.11 

AvgUd 

(ft) 

0.53 
·1.45 
·6.33 
-7.39 
·3.79 
·0,76 
·1.34 
--1.66 
·1.64 
·2.26 
-2,61 
·3.46 
-0.53 
5.47 
15.36 
17.32 
16.35 
13.72 
13.97 
20.99 
20.09 
20.76 
24.65 
30,58 
29,81 
30.69 
36.S 
39.67 
39.19 
18.66 
14.2 
0.19 
·6.84 
-7.21 
•6,65 
•5.98 
-4.81 
·3.23 
-2.06 
-0.78 
12.21 
15.45 
20.09 
25.66 
19.79 
-5.33 
·8.01 

Ola 
(tsf) 

Ria 
(%) 

2227.29 0.745 
931.683 1.396 
587.098 1,728 
571.265 1;513 
673.58 1.44B 
624.168 1.833 
474.499 2.276 
420.032 2.198 
387.039 2.342 
317.665 2.505 
286.967 2.867 
221.096 3.309 
1<18.88 3.610 

96.1277 3.996 
Bl.156 4.011 

87.7022 3.869 
93,3976, 4,197 
96.7242 -<\.522 
92.5575 4,598 
75.9624 4.168 
70.212B 3.734 
71.6466" 3.331 
57.3614 3.309 
46.4398 3.506 
50.7385 4.023 
39.4655 4.319 
37,7301 4.030 
38.4892 4.293 
46.4809 4.173 
49.4891 5,328 
48.6703 5.459 
49.2066 5.345 
40.4242 5.789 
30.3493 5.812 
30.3001 5.469 
26.7744 5.656 
21.4987 5.204 
23.4732 3.741 
23.3366 3.514 
22.7399 3.362 
24.8506 3.156 
24.39 3.148 

21.6584 3.794 
26.5391 3.291 
30.8671 4.075 
37.4028 4.443 
40.7957 3.244 

" 
1.10 
1.45 
1.62 
1.57 
1.52 
1.63 
1.77 
1.76 
1.B2 
1.89 
1.96 
2.07 
2.20 
2.35 
2.40 
2.37 
2,38 
2.39 ' 
2.41 
2.43 
2.42 
2.38 
2.45 
2.52 
2.54 
2.65 
2.64 
2.66 
a,1 
2.64 
2.65 
W\ 
2.72 
2.Bt 
2.79 
2.B4 
2.88 
2.76 
2.74 
2.74 
2.70 
2.70 
2.80 
2.69 
2,70 
2.66 
254 

a 

2227.29 
931.66 
567.88 
571.96 
673.91 
624.28 
474.57 
420.10 
387:10 
317.n 
2B7.01 
221.23 
148.92 
95.96 
80.76 
87,29 
93,03 
96.44 ·, 
92.25 
75.54 
69,80 
71,25 
56.69 
47.69 
50.21 
38.95 
37.15 
37.85 
47.86 
49.23 
48.46 
49.21 
40.53 
30.44 
30.38 
26.84 
21.56 
23.51 
23.37 
22.74 
24,70 
24.21 
21.43 
26.27 
30.69 
37.45 
40.88 

F 

0,74 
1.40' 

'.1.73 
1.51 
1.45 
1.83 
2,28 

'2.20 
'.2.34 
'2.50 
2,87 
3.31 
3.61 

;~.00 · 
:-4.03: 

3.89 
4.21'· 
4.54 
4.61 
4.19 
3.76 
3.35 
3.34 
3.55 
4.07 
4.38' 
4,09 
4.36 
4.23 
5.36 
5.48 
5.34 
S.77 
5.80 
5.45 
6.64 
5.19, 
3.73 
3.51 
3.36 
3,17, 
3.17 
3.83 
3.33 
4.10 
4.44 
3.24 

SST 

7 
6 

• 7 
7 
7 
6 
7 
6 
6 
6 
6 
5 
4 
4 
4 
4 
4< 

,:4 

4 
s 
5 
s 
4 
4 
3 
4 
3 

. 4 
3 
3 
3 

' ' 3 
3 

3 
4 
4 
4 
s 
5 
4 
s 
4 
4 
5 

U.Wt. 
(pcl) 

TStress ES tress Ueq Cn NGO (N1 )60 I Su 
(lsf) (Isl) (Isl) (blows/fl) (blows/Ill '(tsf) 

qc 
{Isl) 

Fe 
(%) 

Phi 
(Deg.) 

125.00 0.010 0.010 0.000 2.000 3,34 6.67 J 0,707 22.84 -1.3233 53,62 
126.00 0.031 0.031 0.000 2.000 4.66. 9.32 __ ! 0,687' 28.66 2:20569, 50,67 
125.oo o.os1_ 0.061", 0.000 '..2,000 ·.·5.17 10,35 1! ,.o.a32 ·ao:1~ 1 ~.63942'. 4a.19 
125.00 0,072 ''. 0.072 0,000 2,000 6.94 13,88 · t269 41.11 3,88432 48.68 
125.oo _0.092 :o,on. 0.000, 2.000: 10.3<1>·-20.aa·:1 ji924_.:··a2,2a-.;,3.15876•:49,33 
126.00 '0,113 0,113 0.000'" 2.000 :·12,13 _24,27'-I ·, 2,179 ·, "•70.E, . ,4.65185 . 49.03 

'125,00 '0, 133 0,133 0.000 2.000 '. .,11.44 ' 22,87 I ' j,956'' 63.4 , 7.40369 '47.91 
12s.oo , o.154 o.1s4 · ·o.ooo "·2.000 / 11,13 •23.40 :l •·,2,000' · ait-1:t .'l163043. 47.40 
126.00 0.174 0.174'' 0.000 '2,000,, _12,43 24.87-_1 2.089'• 67,65 '6.60004' 47.06 
12s.oo 'o.1ss o.195, ·o.ooo· 2,000- :--11.10 23.40,j _i.918_.:,_ 62,1: :10,.0559 4e.19 
126.00 0.215 0,214 ,0,001 2.000.: :.;11.93 23.86,i .1.900' · 61.61' 'Jl.8666, 45,73 

•'125.00 0.236 0.224~ 0.012, :2.000: '..10.08 20.15 !· 1:534 ";i49,63', '_'14.9652', 44.54 
125.00, o.256 o.2$4 , 0.022· 2.000. . 7.49 _ 14,99 .,: , i.08t_ ·, 35,17:' _-. 19._0045 42.62 
125.oo 0.2n · 0,245, 0.032 -:2.000.; , 5.41 , , 10.a1 ,! , o.728 23.76 ,,_ 24,5219' 40.35 

:.:125.oo o,297; o.2ss ''.0.042 .. ·1,9ao 4,aa 9.63 · L· 0.641' 20,B9 :.- 26.5321 _' 39.43 
"125,00, 0.318' ,._0.266,. ·0.053'; 't.942.:.', 5.38:,· 10.46 _( 0.720 ;_;· 23.4"'' '26.1707<' 39.85 
125.oo ·o.338 -. '" 0.216;>· 'o_.053: ,-1,.9<15_\ .- 5,98 <:11;39 +; o.797:\ 25,9? :·\.25.5391 .. - 40.19 

-12s.oo · ,0.369 : · o,286 . ''o.o73; ,•1.81,1, , "6.47' ·.j..12.10 , > o.ass • -27.92 :~; 26.1485\ 40.39 
125,00 · ,"0,379 .. 0,2.gs· o.oaJ ,::taJa_:,. '-6.47>. -:-,ui9',. 0,846 ,. 27,69. 26.8768, \40,15 
125.00 D.400' 0,306,' '·0.094' · _1.807"' :.6.56,' ', 10.04:. ·,0,72(),.,' 23.54 \_21,8645'_ 39,07'·, 
125.oo o.420 o.317,: 0;104? 1'.m· '·:5.29:c.., 9.40 to.e8e_..- ,22.s2 ,:27,3099· as.ea 
125.00 0,441 0,327 , o._114, ':1.749' , 5.46_,:.i 9,56' 0.725·. , 23.(3 ·:-.'25.66B:. 38,75 · 
125.00 · 0.461 0.337 0,124 ',1.722 4.66, 8.03 : 0.599' 19.64' ':26.3064 37'.49 
125.00 0.482 0,347 0.134 '1.697.'·: .. '4:20 7,13, 0.521 :11,12 '3(4473: 38.49 
135.oo 0.502 , -0.358 · o.t45 <'1.e12r: '4.Se·; :·i.68 0;5t,2 18.,ts· ·· 32,7232 · 38.77 
1a5.oo o.525, ·0,310 o.15s .·1.645' ,a.eo a.42 •0.4s2· .:.14,9_2·,.<31.soo5 '35.28 
135.oo o.547 o.3B1 • 0.165: 1,619' . 3.84 6.22 o.446 14,72', 37,3103 a5.oo 
135.00' 0.669 0.393 "0.176 't594 ·'4.06'' 6.47 0,469 '15.4&, 38.0063 35,11 
135.00 , 0.591 0.405' '0.186 1.571 6.04 7.91 0.608 19.99' 33.9763' 36.50 
135.00 0.613 0,417 0.196 ,'1,548' 5.61 8.53 ·o,639' ··21.15 c::37,2394 36,66 
135.00 0.635 , 0.429 ·0.206· 1.527 , 5,62' 8.58 0.647 21.43 , 37,8499' 36.57 

,·135.00 0.657 0.4'11' · 0,216 1,506 5.83 8,77 0.672 :·22."35 37:2112 3B.66 
135.oo ,o.eao o.453 o.22i' 1.486·::· 5,1a , 7,69 ci.567' 19.04 4Mms: 35.53 
135.00 0,702 , 0.465 0.237' 1,467 4'.23 6.21 0.437 14.85 : 46.4001 33.80 
135.00 0,724 0.477 0.241 1.44B ·4.29 6.22 0.447 1.S,2· 45.3583 33.80 
135.00 0,746 0.489 0.267 .,.1.431< , 4.02' 5.75 ,0.405' HI.BG -48.2129' 33.04 
135.oo o.768 o.501 o.2e0 ·1.413 3.44 4.86 0,333· 11.se· .-so.9toa 31.67 
135.00 0.790 0.51_2 0.278, 1.397 3.57 4.98 , 0.372 12.64 43.7M·, 32.22 
135.oo 0.012 o.524 0,286 1,361 a.eo '4.97 o.379 13.07 42.8475 32.16 
135.oo o.835 o.536 ·· o.298 · 1.366 , 3.58 4.9o o.378 
135.00 0.857 0.548 0,306 1.351 3.67, 5,23i 0.422 
135.00 0.679 0.560 0,319 1.336 ' , 3.90 5,20 0.423 
135.00 0.901 ci.572 0.329 1.322 3,73 4.94 0.384 
135.00 0.923 0.564 0.339 1,309 · 4.35 5.70 0.480 
135.00 0.945 0.596 0.349 1.295 5.1B 8.71 0.570 
135.00 0.967 0.608 0.360 1.283 6.26 6.03 0.704 
135.00 0.990 0.620 0.370 1.270 6.53 6.30 0.783 

-13.03 
14.4 

14.4<? 
13.16 
16.26 
19.23 
23.73 
26.32 

42,7021 
40.3482 
.40.6879 
45.8728 
39.9534 

· 40.4TT 
38,4335 
32.466£1 

32.01 
32.53 
32.41 
31,65 
32,91 
33.67 
-35.07 
35.59 

..., 

~ 

~ 

C 
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Oopth San,i:,. AvgO! AvgFs AvgRI AvgUd QIQ AIQ le a F SBT U.Wt . ~,ress EStress u,, CQ 
(It) (It) (!sf) (tsf) (%} (II) (Isl) (%) (pc!) (Isl) (Isl) (Isl) 

15.584 426.516 28.43 0.71 2.5 1.06 43.411G 2.590 2.45 <13.40 2.59 6 135.00 1.012 0.032 0.380 1,258 
15.912 426.188 34.11 0.83 2.42 14.23 51.4007 2.509 2.39 51.26 2.52 6 135.00 1.03<1 0.643 0.390 1,247 
16.24 425.860 36.87 1.15 3.11 26.79 54.6443 3.211 2.45 54.38 3.23 5 135.00 1.056 0.656 0.401 · 1.235 
16.568 425.532 38.02 1.21 3.18 114.11 55.3595 3.275 2.46 54.30 3.34 5 136.00 1.078· 0.667 0.411 1,224 
16.896 425.204 42.17 1.45 3.45 138.77 60.4616 3.531 2.46 59,17 3.61 5 137.00 1.100 0.679 0.4<!1 1.213 
17,224 424.876 49.75 1.96 3.95 80.34 70.3096 4.031 2.45 69.59 •1.07 5 138.00 1.123 0.692 0.431 1.202 
17.552. 424.548 47.56 1.6 3.37 107.39 65.9285 3.447 2.42 64.98 3.50 5 139.00 i.146 0.704 0.442 1'.192 
17.88 424.220 51.6 i.85 3.59 140,27 70.3788 3.668 2.42 69.15 3.73 5 140,00 i.168 , 0,717 0.452 1.161 

16.208 423.892 65.03 2.32 3.57 168,7 87.5341 3.634 2.36 86,09 3.69 5 1,11.00 1.191 0,729 0.462 1,171 
18.537 423.563 70.02 2.53 3.61 155.08 92.701 3.677 2.34 91.39 3.73 5 142,00 1.215 0.7/42 0.472 1.161 
18.865 423.236 65.59 2.53 3.86 43.63 85.2026 3.931 2.38 84.85 3,95 5 1•13.00 1.238 0.755' 0.483 U51 
19.193 422.907 55.6 2.73 4.9 4.71 70,7073 5.024 2.51 70.67 5.03 4 144.00 1.261 0.769 0.493 , 1.141 
19.521 ' 422.579 110.1 2.81 2.55 ·0.67 139.1? 2.582 2.10 139.17 2.56 7 145.00 1,2as 0.782 0,503 1,131 
19.849 422.251 160.51 4.64 3.02 -18.41 200.145 3.040 2.06 200.30 3.04 7 146.00 1,309 0.795 0.513 t:121 
20.177 421.923 111.07 5.1 4.59 -23.56 135.622 4.647 2.31 135.79 4.64 11 147.00 1.333 0.809 0.523 1;112 
20.505 421.595 58.61 3.39 5.76 -23.63 69.8082 5.900 2.57 69.99 5.89 11 146.00 1.357 0.823 0.534 1.102 
20.833 421.267 53.52 2.16 4.03 -22.7 62.2887 4,143 2.48 62.46 4.13 5 149.00 1.361 0.837 0.544 1.093 
21.161 420.939 55.22 2.52 4.56 -21.43 63.2178 4.683 2.52 63.37 4.67 4 150.00 1.405 0.651 0.564 1.084 
21.489 420.611 99.33 2.92 2.!N -20,71 113.098 2.983 2.21 113.25 2.98 6 151.00 1.430 0.866 0.564 1,075 
21.817 420.283 112.37 3.22 2.86 -15.47 126.016 2.903 2.17 126.13 2.90 6 152.00 1.455 0.680 ,' 0.575 1.066 
22.145' 419.955 57.05 2.85 4.99 -4'13 62'1002 5.129 2.56 62.13 5.13 4 153.00 1.480 0.895 0.585 1.067 
22.473 419.627 49.22 2.02 ,1.1 •0.06 52.4512 4.233 2.64 62.45 '1.23 5 154,00 1,505 0.910 0.595 1.048 
22.602 419.298 45,2 1.76 3.89 26.33 47,2222 4.030 2.56 47.04 4.05 5 155.00 1.530 0.925 0.605 · 1.040 
23.13 416.970 86.55 UJ9 2.18 ·44.16 90.4233 2,224 2.18 90.13 2.23 7 156.00 1.556 0,940 0.616 1,031 
23.458 418.642 135.75 2.31 1.7 0.11 140.445 1.722 1.97 140.43 1,72 6 157.00 1.681 0.955 0.626 1.023 
23.786 416.314 80.31 2.82 3.51 ·7.76 81.0682 3.583 2.36 81.12 3.58 6 158,00 1,607 0.971 0.636 1.016 
24.114 417.986 60.5 2.64 4.36 -3.63 59.6725 4.485 2.52 59.70 4.48 5 159.00 1.633 0.987 0,646 1.007 
24.442 417.658 127.06 4.56 3.59 ·4.92 125.10B 3.636 2.25 125.14 3.64 6 160,00 1,659 1.00;? 0.657 0.999 
24.77 417.330 149.98 9.93 6,62 -11.67 145.622 6.696 2.43 146.70 6.69 11 161.00 1.685 1.018 0.667 0.991 
25.098 417.002 328.34 15.26 4.65 23.26 315.728 4.672 2.12 315.56 4.67 11 162.00 1.712 t.oas 0,677 0,983 
25.426 416.674 419.75 19.4 4.62 18.11 397.761 4.641 2.08 397.68 4.64 11 163.00 1.738 1,051 0.667 0.976 
25.75•1 416.346 389.73 18.71 4.8 438.91 363A82 <1.623 2.11 360.92 4.86 11 164.00 1.765 1.067 0,697 0.966 

- ------------
N60 (N1)60 I So QC Fe 

{blows/It) (blows/11)
1 

{Isl) (1s1) (%) 

6.77 e.s2 I 0,8,)9 28.42 28.7045 
7.88 9.62 l 1.024 34.02 28.1157 
8.72 10,78 1 1.109 36.1 28.4501 
8.91 10.91 1· 1,144 37,31 28.9263 
9.86 11.96 j, 1:272 41,3 26.8349 

11,71 14.0B ·1, tsos · 49.25 28.45C7 
11.00 13.11 ! 1.437 46.89 27.2425 
i1.91 14.07 ·i 1.5a1 50.72 27,3444 
14.58 17,07 ' t'.976 63.98 24.6627 
15,64 16,15 2,130 69.05 · 24,12.ea 
1!;i.06 17.33 'i · 't992 65.32 25.6929 
13.62 15.54-,'\ 1.662 55.57 31.2954 
22.55 25,50 ! :;i,369 110,1 15,903 
32,40 36.33 i 4,929 160.63 14.7692 
24,86 27.63 ' 3.397 111;2: 22.9849 
14,64 16.36 / L779 58.96 33.6626 
12.97 14.18 I i.614 53,66 30,0156 
13.61 14.75 1,666 66,36 31.6051 
21:26 22.65 3.031 99.46 19,2589 
23.66 , 25.22 3."434 112.47 17.9771 
14.28 15.10 t.'720 57.08 33.263 
12.24 12,84 1.477 49,22 32,70l.4 

·11.30 11.75 i.352. 46.03 33.5817 
16.23 18.61 .:t631 86,27 ' ,16,3667 
26.36 26.97 4,154 136.7A ·12,0119 
18,37 18,64 2.437 80.36 24.92i!.7 
14.91 15,01 1,823 60.53 31.782 
27,63 27.60 3.882 127,09 · 20.6506 
35,31 34,99 4.691 150.06 27.5358 
67.79 66.6$ 10.112 328.H? 16.55!?8 
85.07 82.99 12.942 419.6~ 15.1468 
79,68 77,03 12.011 386.9tl 16.2214 

Phi 
(Deg.) 

35,94 
36,91 
37.25 
37,24 
37.73 
38.64 
38,26 
38.61 
39.60 
40,12 
39,72 
38.73 
42.30 
44.08 
42.18 
38.67 
38.04 
38.12 
41,25 
41.80 
38.01 
37.05 
36.42 
40,05 
42.35 
39.48 
37.79 
41.76 
42.63 
46.17 
47.17 
46.75 

-,I 

I' 

~ 

...j 

0 



R13289

( 

Civil & Environmental Consultants, Inc. 
Williamson Energy Pond Creek 

PROJECT Deformation Evaluation PROJECT NO. 

072046 

Normalized PS-CPT Data and Parameter 
Correlations PAGE '-/3 

MADE BY --=B-=E-=G- DATE 12/28/07 CHECKED BY DATE 

NORMALIZED AND MODIFIED BY CEC 
CONETEC, INC. - CPT DATA AND CORRELATED PARAMETERS 

POND CREEK- WILLIAMSON COUNTY, ILLINOIS 
CPT-11 

072046 

OF 4/8 



R
13290

✓-~ r0 ( ' 

ConeTec Inc.! ,erpretation 
lnlerprelalion C, ..... - Release 1.22 Rev. Formal: NU Imperial 
Run No: 07·1210-1008-4215 
Job No: 07-804 
Client: Civil & Env!ronmenla! Consultants I 
Project; Pond Creak Mina • Williamson County, Illinois 

Material IYPes and lJni[ Weiaht /pcfl fb.Lfilg.J ~ ~ ~ .l.l;_8yg,_ Slte: CPT-11 
Locatlon: Pond Creek Mine ~Isl Isl%% 
Cone: 20TON AD211 ~Residual Soll ~ 2.76 I 69.72. ]___g§}§_ I 2,35 
CPT Dale: 07/31/10 
CPT71me: 10:31 
CPT File: 804CP11.GOA 
Northing (fl): 0.000000 
Easting (II): 0.000000 
ElevaUon (ft): 440.6 

User Inputs: 
DII] Ground Surface Elev. ~ 

Assumed 
State Parameter: ~ GPT area ratio: ~ 
Unit Weight of Soil (pcf): See Below See Be!ow Copied lrom ConeTac CPT Dela FIie 

Depth Sample El. AvgO! AvgFs AvyRI AvgUd rn, "'" " a F SBT U.Wt. TStress EStress Ueq c, N60 (N1)60 i s" qc Fe Phi 
{II} (It) {Isl) (Isl) (%) (It) (tsf) (%) (pcf) (ts!) (tsf) (Isl) (blows/II) (blows/fl): {Isl) {Isl) (%) (De!;.) 

0.154 440.436 28.5 0.22 0.76 0.16 27i9.49 0.772 1.11 2778.51 0.77 7 125,00 0.010 0.010 0,000 2.000 4.17 a,34 I 0,882 26.4S ·1,2563 54.33 
0.492 440.108 28.29 0.44 1.56 -0.67 919 1.557 1,50 919,33 1,56 ' 125.00 0.031 0.031 0.000 2,000 4,67 9.34 0.876 26.3 2.63966 50.52 
0.82 439.780 20.17 0.54 2.66 -2.66 392.561 2,684 1.87 392.76 2.68 5 125.00 0,051' 0.051 0.000 2.000 3.78' 7.55 ! 0.623 20.1C- 9.60794 47.11 
1.148 •i39.452 19,6 0.52 2.63 ·12.35 272,171 2.663 1.94 273.29 2.65 5 125.00 0.072 0.072 0.000 2,000 3.79 7.57 ! 0.605 19.66' 1L4iG1 45.51 
1.476 439.124 28.99 0.42 1.43 ·1.13 313.255 1.453 1.69 313.36 1.45 6 125.0D 0.092 0.092 0.000 2.000 , 5.10 10,19 0,895 29 6,94772 46.13 
1.804 438.796 36,06 0,45 1.25 -0.07 318.823 1.252 1.63 318.82 1,25 7 125.00 0.113 '0,113 0.000 2,000 6.22 ' ' 36.01: 4.93192 46.20 12.43 ! 1.113 
2.133 438.467 35.17 0.54 1.52 ·0.16 262.816 1.641 1.76 262.82 1.54 7 125.00 0.133 0.133 0,000 2.000 6.32 '12.65 1.085 35,17 7,21826 45,33 
2.461 438.139 37.91 0.55 1.44 -0.05 245.469 1.457 1.76 245.47 1.46 7 125,00' 0.154 0.154 0,000 2,000 8.81 , 13.63 I 1.169 37,91 7.18838 45.02 
2.789 437.811 36.47 0.68 1.87 -0.34 208.222 1.874 1.89 208.22 1.87 6 125.00 '0.174 0,174 a.boo 2.000 G.87 13.74 ) '1.124 36.47 10.0384 ' 44.25 
3,117 437.<183 27,44 0.59 2.16 ·0.37 139.853 2.166 2.04 139.85 2,17 6 125.00 0.195 0.195 0.000 2,000, 5.49 10.97 ' 0.844 27.4.d 14.139 42.30 
3.445 437.155 20.54 0,66 3.22 ·0.44 94.3962 3.247 2.29 94.40 3.25 5 125.00 0.215 0.215 0.000 2,000 :4,54 9.08 0.629 20.~ 22.0663 40.26 
3.773 436.827 22.61 0,8 3.52 ·1.01 94.8813 3.576 2.32 94.88 3.58 s 125.00 0.236 0.236 0.000 2.000 5.07 10.13 0.693 22.61 , 23.1951 40.29 
4.101 436.499 26.22 0.98 3,73 -1.36 101.297 3.775 2.32 101.30 3,77 5 125,00 0.256 0.256 0.000 1,975 5.88 11.60 0.804 26.2:0 '23.1946 40.63 
4.429 <136.171 31.36 1.08 3.46 ·1.09 112.29 3.475 2.26 112.33 3.47 5 125.00 0.277 0.277 0,000 1,901 6.B6 t3.o4 I o.e62 31.31 21.1287 41.18 
4.757 <135,8<13 38.92 1.07 2.74 1.76 129.906 2,770 2.15 129.84 2]7 6 125.00 0,297 0.297 0,000 1,834 , 8,11 1<!.86 I t, 196 38,9 17.2319 41.92 
5.085 435.515 38.04 1.11 2.93 4.37 118.693 2.9<!3 2.19 118.60 2.94 6 125.00 0.318 0.318 0.000 1,774 B.07 14.31 I 1.16B 38.01 18.7018 41.46 
6.413 435.187 30.78 1.06 3.45 13.37 89.981 3.482 2.33 89.71 3.49 5 125.oo 0.338 0.33B 0.000 '1,719 ,6.90 11.86 l o.942 30.6S 23.4971 39.99 
5.741 434.859 25.89 0.85 3.29 18,6 71.1547 3,329 2.38 70.85 3.34 6 125.00 0,359 0.359 0,000 1.669 5.94 9.91 i 0.790' 25.76' 25.6136 38.69 
6.059 434.531 23.4 0.79 3.36 23.9 60.6906 3.432 2.44 60.30 3.45 5 125.00 0.379 0.379 0.000, 1.624 , 6.50, ,8.93 j 0.713 23.2f 28.015 37.78 
6.338 <!3•1.202 25.75 Us 4.46 22,01 63.3951 4,536 2.51 63.07 4,56 4 125.00 0.400 0.400 0.000' 1,561 6.28 9.93 0.786 25.6~ 31.3104 38.04 
6.726 433.874 29.09 1.27 4.36 14.11 68.2001 4.430 2.48 68.01 <!.44 4 125.00 0.420 0.420 ; 0.000 1.542 7.01 , 10.81 0.888' 29.01; 29.9626 38.4£ 
7.054 433.546 24 1 4.16 11.96 53.4372 4.245 2.54 53,28 4.26 4 125.00 0.441 0.441 0.000 1.506 5.94 8.95 0,729 23.93 32,5699 37,t:17 
7.332 433.218 21.53 0,94 4,35 14.92 45.6649 4.462 2.61 <!5.45 4.48 4 125.00 0.461 0.461 0.000 1.472 5.49 8.09 0.652 21.43 35.6188 36.14 
7.71 <!32.890 22.03 1.05 4,75 14.57 44,7173 4.873 2.64 44.53 <!.89 3 125.0D 0.482 0.482 0.000 1:441 5,72 B,24 0.661 21,9'1-· 37.2891 36,02 

8.038 432.562 22.77 0.99 <!.34 10.23 <!4.3247 4.4<!6 2.61 44.21 4.46 4 125.00 0.502 0.502 0.000 1.411 5.84 8.24' 0.689 22.T; 36.9462 35.97 
8.366 432.234 32.54 1.27 3,9 B.77 6L2328 3.967 2.48 61.12 3.97 5 125.00 0.523 0,523 0.000 taaa 7.BJ 10.aa 0,991 32.<!~ 29,7484 37.66 
8.634 <!31.90Cl 28-72 1.47 5.13 1.57 51.8548 6.217 2.61 51.84 5,22 3 125.00 0,543 0,543 ,o,ooo 1.357 7,39 10.03 0.B72 28.71 36.0689 36.91 
9.022 <!31.578 25.38 1.28 s.0,1 3.58 44.01 5,158 2.66 43,97 5.10 3 125.00 0.564 0,564" 0,000 1.332 6.68 B.90 0.768 25.31:- 38.3383 35.94 
9.35 431.250 21.81 1.12 5.12 4,5 36.3219 5,277 2.72 36.27 5.28, 3 125,00 0.584 0,684 0.000 ,'1.306 5.94 7,77 0,657 21,76 41,7898 34,78 
9.678 430.922 19.77 1.16 5.88 0.32 31.6844 6.053 2.61 31.66 6.05 3 125.00 0.605 0.605 0.000 1.286 5,64 7.25 0,593 19,77 46,4618 :33.95 
10.006 430.594 16.91 1.13 6,7 7.09 26.0398 6.939 2.91 25.98 8.96 3 125.00 0.625 0.625 0.000 1.265 5.11 6.46 0.504 16.87 62,7324 32,71 
10.335 430.265 12.18 0.84 6.91 7.27 17.8563 7.283 3.05 17.78 7.31 3 125.00 0.646 0.646 0.000 1.244 3.99 4.96 , 0.357 12,1::- 61.5745 30.26 
10.663 429.937 13.61 0.58 4.27 11.11 19.422 4.481 2.88 19.32 4,51 3 126.00 0,866 0,666 0.000 1.225 4,02 4.92 I OAOI '13_5c. 50,6152 30.80 
10.991 429.609 16.16 0.58 3,6 16.15 22.5247 3.748 2.78 22.38 3.77 4 125.00 0.687 0.687 0.000 1.207 4.51 5.44 0.479 16.01> 44,7951 31.76 
11.319 •129.261 20.35 0.95 4.66 10.23 27.7658 4,836 2.78 27.67 •1.85 3 125.00 0.707 0.707 0.000 1,189 5.71 6.79 0.606 20.26' 45.0299 33.10 
11.647 428.953 15.41 0.83 5,37 7.37 20.3852 5.653 2.93 20.33 5.67 3 135.00 0.726 0.720 0.008 1.178 4,70 5.54 0.455 16,31 -53.7Hl4 31.14 
11.975 428,625 15.03 0.51 3A 12.31 19.5044 3.571 2.81 19.40 3.59 4 135.00 0.750 0,732 0,018 1.169 4.28 5.00 0.442 14.9$ 46,7592 30.84 
12.303 428.297 13.48 0.39 2.86 16.05 17.0793 3,069 2.82 16.94 3.09 6 135.00 0.772 0.744 0,028 1.159 3.84 4.45 0.393 13.3B 47.1053 29.96 
12,631 427.969 14.27 0.45 3.13 24.68 17.8261 3.339 2,83 17.61 3,38 5 13S.00 0.794 0.756 0,038 1,150 4.07 <l,69 0.417 1<!.1 • 47.7099 30.22 
12.959 427.641 16.62 0.59 3.53 32.75 20.5813 3.733 2.81 20.31 3.7B 4 135.00 0,816 0.768 0.049 U41 4.69 5,36 0.489 15.4· 46.6978 31.15 
13.287 427.313 15.45 0.53 3.41 85,75 18.7382 3.627 2.85 18.06 3.76 4 136.00 0,839 0.780 0.059 1.132 4.36 <!.94 0.452 14,9.: 48.9421 30.39 ' 
13.615 420.985 14.31 OA 2.77 92.79 16.9884 2.974 2.83 16.26 3.11 5 135.00 0,661 0.792 0.069 1.124 3.98 4.47 0.416 13.73 48.025d 29.71 
13.943 426.657 16.27 0.56 3.45 78.04 19.1483 3.639 2,84 1B.54 3.76 4 135,00 0.888 0.804 0.079 1,116 4.m.i 5.12 0.476 16.7f 48,3929 30.57 ~ 14.271 426.329 75.29 0.83 1,1 37.25 91.2159 1.116 1.97 90.93 1,12 8 135.00 D.905 0.815 0.090 1.107 14.61 16.18 2.303 75.0f 12.23a9 <10.07 

14.6 426.000 92.32 1.92 2.08 ·13.9 110.454 2.101 2.10 110.55 2.10 7 136.00 0.927 0.827 0.100 1.099 16.90 20.78 2.829 92.4 16.8278 41.tO 
14.928 425.672 64.03 2.ta 3A -6.84 75.1558 3.456 2.37 75,22 3.45 6 135.00 0.949 0,839 0.110 1.092 14.71 16.06 1.953 64.06' 25.3244 39.03 
15.256 425.344 <!2.B1 1.68 3.92 119.63 49.1501 4.015 2.58 48.27 4.09 5 135.00 0.972 0.851 0.120 1.084 10.53 11.42 1.295 42.013 33.3652 36.51 

I 
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Depth San,, _1. AvgOt AvgFs AvgRI AvgUll Qln Rln le Q F SBT U.Wt. . .::itress ES!ress Ueq Cn N60 (N1)60 i Su qc Fe Phi 
{fl) (It) {Isl) (Isl) (%) (It) (ls[) (%) (pc!) {Isl) (ts!) (Isl) (blows/II) (blows/fl)! {Isl) (Isl) (%) (Deg.) 

15.584 426.016 31.18 1.38 4.44 88.96 34.9725 4.572 2.70 34.34 4.66 4 135,00 0.994 0.863 0,131 1.076 8.26 8.89 0.935 30.63 40.6127 34.47 
15.912 424.688 74.08 1.85 2.5 119.6 83.4971 2.532 2.25 82.64 · 2.56 6 135,00 1,016 0,875 - 0.141 1.069 tS.95 17.05 2,262 73.33 20.7052 39,55 
16.24 424.360 168.1 3.39 2.02 -0.74 188.354 2.029 1.94 188.35 2,03 1 135,00 1.038 o.887 . 0,151•. 1.002· /32.30 · 34.30 fL112 168.1 11\3515'- 43.77 

16.568 424.032 119,25 4.43 2.47 -10.55 198.239 2.486 2.00 198.32 2.49 7 138.0o 1.oao o.899 o.1e1. toss, ·,"35.21 37:14 · 5,517 ns.32 12.8438 44.02 
16.896 423.704 134.23· 3,06· 2.28 -18.82 146.166 2.298 2.05 146.30 2.30 7 137.00 1.082. 0.91 f: 0.171 \'_1.04B · ' 26,94 28.22 4,122 · · 134.3S· . 14.3363: 42.63 
17.224 423.376 78.4B 1.39 1,78 -20,86 83,8148 1.796 2,14 83.96 :.1,79 7. _138,00 '1.105 0.923 0.182 1.041'. '16.31 16,98 2.3!!6 :<18.61 i ·16.912 39.64 
17.552; 423.048 61.76 2.91 4.71 °21.0 6~.0003 4.799 2.s2 64.96 4.79 4 · 139.oo 1.'128 o.936 0,192 ::· i.iJ3•f'. , 15.23 ··· _ 15.71 \1'.877 _ .. ·-au; _ 31.6498 38.22 
17.88 422.120 131.97 4.46 3.38 .22.01 137.977 3.409 2.20 138,12 ,3Jl1 8 Mo.oo 1.1so __ o.e4a 0.202 ·1.021 28,14 ·-_;28.90 ·,·4ioso·>· 132,11 .. 1a.sa11-·42,25 
18.208 422.392 229.79 6.98 3.04 1,89 237.93 3.053 2.03 237.92 3.05 12 -141.00 1.173' 0,961 0.212 1.02(f 46,63 48.55 7,078 "229,78 13.6451 44.88 
18,537 422.063 178.23 4.87 2.73 5.5 181.799 2.751 2.05 181.77. 2.75 7· 142.00 1,196' 0,974 0.223 · 1.013 35;79 36,27 \ ;,5.461. -178.2; '14.4578' 43.60 
18.865 421.735 158.32 3.05 1.93 -5.91 159.195 1.941 1.91 159.24 1.94 ·a 14s.oo · 1:220 .0.9Bt o.2aa toot ·30.19 31.00· 4.e64 ·158.36 12.157 '42,96 
19.193 421.407 ,129.65 3.89 3 -15.68 128.399 3,029 2.18 128.49 3.03 6 144,00 .1,243 1.000 0,243 -1.000 27,40 27,40 3,975,,' 129.74 i8.2843 41.88 
19.521 421.079 173.42 5.09 2.94 ·12.86 169.87 2.957 2, 10 169.95 '2.96 7 145.00·. 1.267 1.013 0.253 · ·o.993 .- ·as.43 · \ 35.20 6.330 . 173,6 15.7Gi6 43.28 
19,649 420.151 263.as e.2 2.35 -1.66 255.66 2.351 1.91 255.67 ,2.:30 7 146.oo 1,291 _1.021 0.264:. 0,987' ·50.2s 49.58 e;129 · 253.es: 10.1530 ,45.21 
20.111 420.423 128.37 5.69 4.43 4.11 122.001 4.478 2.33 122.05 4.4a 11 141.00 1:31s _1.041 0.214 o.9ao - -·20.81 • - ·26.30· 3.934 126.34· 23.6384·_ 41.62 
20.505, 420.095 79.4 4.72 5.95 5.06 74.0219 6.047 2.56 73,99 6.05 i1 148.00' '1.339 '1.055 0,264 0.974 19.92 19.40 2.417 79.37 33,6824 38.95 
20,833 419.767 78.64 4.44 5.65 4.76 72.3155 5.746 2,55 72.29 ·5.75 11 149.00 1.363 1.069 0.294 0.967 : 19.63 :18,99 2.392'. 7B.6f 33.0€98 38.82 
21.161 419.439 89.37 5.02 5.61 5.8 81.2538 5.706 2.52 81.23 5.71 t1 150.00 1.387 1.083 0,305"" 0.961 '21.94 2t09 -·2.12,j 89,34 31.4994 39.47 
21.459 419.111 100.25 5.71 5.27 5,22 97.3752 5.345 2.45 97.35 5.35 11 151.00 1.412 1.097. o.315 o.955 25.71 24.54 3.308 · 100.~2 28.3906 40.44 
21.011 418.783 132 1.1s s.41 2.110 117.444 s.476 2.,11 117.43 5.48 11 1s2.oo 1.437 1,112 o.325 o.!M8 30.78 29,19 - 4.042: 131.98 2s.1224 41.42 
22.145 418.455 152.55 8.54- 5.5 -0.62 134.133 5.652 2.39 134.13 s.65 11 ·153_00 1.<1-62 u2a 0,335 o.942 35,23 · 33.19 · · 4.678 162.ss- 25.8345 42.10 
22.473 418.127 166.92 10.03 6.01 ·0.81 144.956 6.063 2.39 144.96 '6.06 11 154.00 1.467 1.141 ''. 0.345 0,936 38.66 36,19 ·5,122· 166'.S2 26.1022 42.49 
22.ao2 417.798 175.51 10.05 6.1a •0.16 1so.561 6.232 2.39 150.56 a.23 11 155.oo 1.512 1.156 o.356 0;930 '40,69 31.04.- 5.390 11s.ct ;·2e.14ti1" 42.68 
23.13 417,470 186.83 11,72 6.27 0.3 158.165' 6.325 2.39 158.16 6.33 11 156.00 1.537 t.172 0.368 -0.924-'..- .·43_17 39.89 5.737 186.62 25.9033 42.93 

23.458 417.142 212.47 12.86 6.05 ~O.B1 177.701 6.097 2.35 1TT.70 6.10 11 157.00 1.563 1.187' 0.376 .. 0.918'' '46.23 44.27' 6.530 212.47 24.31-44 43.50 
23.786 416.814 206.47 ·rn.20 a.42 -3.42 170.396 6.472 2.3B 110.<12 6.47 11 158.00 1.689 1.202 o.3a6·:.o.a12 ·47.54 43.35 ··6.343 205.5 25.5551 43.29 
24,114 416.486 224.17 13.55 6.04 ·3.65 182,713 6.088 2.34 182.73 8.09 11 159.00 ·1.615 1.218 0.397 0.906 50.73 <!5.97 ! 6.890 224,19 24,049 43,63 
24.442 416.158 237.64 15.41 6.48 -5.54 191.262 6.530 2.36 191.29 6.53 11 160.00 1,641 '1,234 0.407 o.900 54.17 48.78; 7,308 237.67 24.6E95 43.85 
24.77 415.830 244.94 15.19 6.2 -7.81 194.633 6.244 2.34 194.66 6.24 11 161.00 1.667 .1.250 0.417 0.894" 55132 49.48--! 7.532 244.98. 23.8705 43.94 

25.098 415.502 239.96 14.94 6,23 -11.57 188.192 6.270 2.34 188.25 6.27 11 162.00 1,693 1.268 0.427 0,889 5•1.42. 46.36 1 · 7,377 240.03 24.2139 43.78 
25.426 415.174 211.05 14.42 a.62 ~11.67 168.534 5.672 2.39 160.62 6.67 11 163.oo 1.120 - 1.2a2 ·-o.436 o.aa3, so.4a A4.sa-·) 6.691 211.ee · 26.1001 43.24 
25,754 414.848 219.37 13.74 6.26 -20.97 167.543 6.314 2.37 167.64 6.31 11 164.00 1.747 1.299 _0.448" __ 0.877 60.40'. 44.2:q 13,733, '219.5 25~:3516 43.21 
26,082 414.518 214.66 13.21 6,15 ·22.49 161.82 6.205 2.37 161.93 6.20 11 iGs.oo .1,774 L3l6 · 0.458 ·.0.072 ·, 49.36 43,03·1 · 6.!591 214.8.' 25.3928 43.04 
26.41 414.190 225.44 13.56 6.01 -24.85 167.847 6.063 2.36 167.97 6.06 11 166,00 1.801 1.332 ci.468 0.866 51.45 44.57 I 6.924' '225.5 24,7228 43.22 

26.739 413.861 268.44 15.56 5.8 -24.92 191.s12 5.836 2.31 197.68 5.83 11 --1131.00 ,.a2a 1,349 0.479 o.861 59.89 51.56 I .8.254 26a.ss 22.1eo2 44,01 
27.067 413.533 344.83 16.55 4,8 ·25.2 250.97 4.825 2.18 251.09 •U!2 11 168.00 1.665 1.367 0.489 0,855 73,00 62.45 I 10.618 344.99 18.4477 45,13 
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C□neTec Jnc. (~---,\rpretalion 
lnlerpret[llionO {elease 1.22Aev. Format: NLI lmpei!al 
Aun No: 07-1210·1008-4182 
Job No: 07-804 
Client: Civil & Environmental Consullanls 
Project: Pond Creek Mine - Williamson County, llllnols 

Site: GPT-12 Ma\91ial Types fl □ d Unit Weight /pcf) ~ ~ ~ .El<...filg_ l£ha.,_ 
loca1ion: Pond Creek M!ne deg I tsl tsf % % 

Cone: 20 TON AD211 ~Residual Soll j 39,01 r ( 2,80 I 91.11 I 27,63 __] 2.37 
CPT Jain: 07/31/10 
CPTT!m1J: 11:15 
CPT File: 804CP12.COR 
Northing {U): 0.000000 
Easting (U): 0.000000 
E!evalion {ll): 442.1 

User Inputs: 

WaterTaf'e Depth in): Ou:] Ground Surface Elev. ~ 
Assumed: Nk: 32.3 

State Parameter: c::::::3:LJ CPT area ratio: ~ 
Unlt We!ghl of Soil (pcl): ~See Below See Below Copied lrom ConeTec CPT □ala FIie 

Depth Sample El. Avg01 AvgFs AvgAI AvgUd Qtn Afn le Q F SBT U.W!. TS\ress EStress Ueq Cn N60 (N1)60 j Su qc Fe Phi 
(f:J (II) (ts!) (ls[) (%) (!I) (\sf) (%) (pcl) (lsf) (Isl) (Isl) (lllows/U) (blows/ft); (Isl) (Isl) (%) (Deg.) 

0.164 441.936 11.62 0.14 1.16 -0.32 1132.66 1.206 1.37 1132.66 1.21 6 125.00 0.010 0.010 0.000 2.000 1.84 3.67 0.359 11,62 1.12402 51.29 
0.492 441.608 7.94 0.16 2.02 •1.8 257.211 2.023 1.86 257.54 2.02 5 126.00 0.031 0,031 0.000 2.000 1.48 2.96 0.245 7.95 , 9.3841 45.24 
0.82 441.280 9.78 0. 15 1.54 -4.83 189,829 1.542 1.84 190.<11 1,54 5 125.00 0.051 0.051 0.000 ; 2.000 1,82 3.64 ', 0,301 9.81 9.05791 43.82 
1.14B 440.952 14,93 0.2a 1.0s •7.94 201.054 1.884 t.89 207.78 , 1.as s 12s.oo 0.012 o.on 0.000. '2.ooo, 2.62 5.65 0.450. 14.98 .10.011!? ·44_24 
1.476 440,624 13.35 0.35 2.59 ·11.59 143,715 2.640 2.10 144.47 '•2.63 5 125.00 0.092 0.092 0.000:' 2.000 2.74 6,49 ci.410 , 13.42 ', 1!io_7665 42.47 
1.804 440.296 10.42 0,21 2.02 •9.49 91.4169 2.037 2.14 91.95 2.oa 5 125.oo o.113 0.11a ·o.ooo 2.000 2.18 4.36 o.319 · · t0.48. 17.1922 40.12 
2.133 439.967 11.15 0.3 2.65 -4.09 82.6381 2.723 2.27 62.86 2.72 5 125,00 0,133 0,133 0.000 ,2,000 2.45 4.90 0,341 11.18 21.347 39.56 
2.461 439,639 li.4 0,39 3.39 -0.6 73.1162 3.468 2.38 73.12 3.47 4 125.00 0.154 0.154 0,000' 2.000· 2,63 5.26 0.348 11.4 25,7091 38.87 
2.789 439.311 19.33 0.58 3.01 0.23 109.893 3.028 2,22 109,89 3.03 5 125.00 0,174 0.174 0.000 2.000 4.16 8.31 0.593 19.33 19.7298 41.06 
3.111 438.983 25,95 o.84 2.89 2,91 141,504 2.921 2,13 147.55 2.92 s 125.oo 0,195 o.195 0.000 2.000 s.99 11.ea 0.890· 2a.94 i6.7it6 42.57 
3.445 438.655 31.92 1.09 3.41 12.38 147.25 3.438 2,19 146.92 ·3.45 5 125.00 0,215 0.215 0.000 2.000 6.75 ,13.50 0.962 31.85 18.5805 42.55 
3.773 438.327 29.03 1.2 4.13 24.36 122.106 4,168 2.31 121.47 4.19 4 125.00 0.236 0,236 0.000 2.000 '6,43, 12,67 0.891 28,88 22.7083' 41,58 
4.101 437.999 26,16 1.06 4,04 36.19 101.063 4.092 2.35 100.20 4.13 4 125.00 0.256 0,256 0.000 1,976 6.90 11,65 , 0.802 25.94 24.464~ 40,58 
4.429 437.671 2•1.24 0.91 3,76 45.54 86.5683 3.797 2.37 85.56 3.84 4 125.00 0,277 0.277 0,000 1.901 5.50 ·, 10.45, 0,742 23.96 25.2412 · 39.73 
4.757 437.343 19.02 0.82 4.29 43.88 62.9731 4.380 2.51 62.06 4.44 4 125.00 0.297 0.297 0.000 1.834 4,59 8.41, '0.580 18,75 31:1432 37.85 
5.085 437.015 21.3 0.75 3.53 49.65 66.0206 3.574 2.43 65.05 3.63 5 125.oo o,318 0.318 0.000 .t,774 4,95 8.78 d,650 20,99 27.714::' 38.21 
5.413 436.687 23.02 0.78 3.4 49,79 67.0436 3.439 2.41 66.13 3.49 5 125.00 0,338 0,338 (J.000 1.719 5.31 9.13 0.702 22,71 ·26.9846' 38.30 
5.741 436.359 19.94 0.01 4.05 42,61 54.5722 4.137 2.53 53.82 4.19 4 125.oo 0.359 0.359 0.000 1,669 4,87 8.13 d,606 19.67 32.213E- 37.13 
6.059 436.031 19.3 0.6 3.12 42.66 49.8815 3.171 2.<18 49.20 3.22 5 125.00 0.379 '0,379, 0.000 1,624 4,59 ,7.45 0.586 19.04 29.7477 36.60 
6.3;}8 435.702 19.•M 0.61 3.15 38.64 47.6152 3,204 2.50 47.02 3.24 5 125.00 0.400 o.400 ' 0.000 1.581 4,67 7.38 0.589 19.:!' 30.4945 36.34 
G.726 435.374 19.51 0.69 3.55 28.89 45.4109 3.615 2,55 44.98 3.65 4 125.00 0.420, 0.420 0.000 1,542 4,81 7;42 0.591 19.33 32,7392 36.08 
7.054 435.046 19.87 0.87 4.39 16.93 44.0695 4.478 2.62 43.84 4.50 3 125,00 0.441 0.441 0.000 1.506 5.10 7,68 0,602 19,77 36.2175 35.92 
7.3il2 434.718 19.53 0.85 4.34 16.6 41.33 4.458 2.64 41.09 4.48 3 125.00 0.461 0.461 0.000 1.472 5,06 7.44 0,590 19.42 37.1432. 35.54 
7.71 434.390 17.5 0,83 4.73 14.09 35.3165 4.877 2.71 35.13 4,90 3 125.00 0.482 0.482 0.000 1.441 4.71 6,79 0.527 17.41 41.076 34.59 
8.038 434.062 15.42 0.64 4,16 15.08 29,6942 4,290 2.73 29.52 4.32 3 125,00 0.502 0.502 0.000 1.411 4,19 5.91 , 0.462 15,33 41.952:! 33,51 
8.366 433.734 15.44 0.6 3.86 17.32 28.529 4,022 2.72 28.32 4.05 4 125.0tl 0.523 0.523 0.000 '1,383 4.18 5,77 0.462 15.33 41,665!: 33.25 
8.69•1 433.406 19.79 0.74 3.75 16.06 35.4205 3.845 2.64 35.22 3.87 4 125.00 0.543 0.543 0,000 1.357 5, 13 6.96 0.696 19.68 31.304 34,60 
9.022 433,078 19,84 0,86 4.34 16.61 34.1851 4.461 2.69 3~.01 4.48 <I 125.00 0.564 0.564 0,000 1.332 5.30 7,05 I ,0.597 19.74 40.1678 34.39 
9.35 432,750 17.62 0.88 4.98 13.99 29.1519 5,166 2.79 29.01 5.19 3 125.00 0,584 0.584 0.000, 1.308 4.95 6.48 ) 0.527 17,54 45.3203 33.40 

8.678 432.422 16.33 0.12 4.42 21.5 25.9973 4.579 2.79 25.77 4.62 3 12s.oo - o.605 o.cos 0.000 1.2aa 4.sa 5.88 I 0.487 16.19 45.491 32.66 
10,ooG 432.094 13.67 o.59 4.33 11.13 20.8589 4.523 2.0s 20,1s ,1,55 3 12s.oo o.52s o.625 0.000 1.265 a.99 5,04 , 0,404 13.6 49,34a2 31,21 
10.335 <131.765 12.a3 0.44 3.49 13.16 18.553 3.612 2.04 10.<1a a.10 4 125.00 o.646 o.a4s 0.000 1.244 a.a4 4.53 I o.a11 12.s5 48.23s3 3o.so 
10,663 431.437 12.67 0.5 3.92 14,21 18.0115 4.165 2.88 17.89 4.19 i3 125.00 0.666 0.666 0.000 1.225 3.75, ,:1,59 0.372 12.59 '50.9429 30.30 
10.991 •131.109 12.7 0.63 4.97 13.9 17.4879 5,244 2.96 17.37 5.28 3 125.00 0.687' 0.687 0.000 1.207 3.93 4.74 0,372 12.62 '55.13721 30.11 
11.319 430.781 10.22 0.46 4.51 14.5 13.4465 4,836 3.02 13.31 4.89 3 125,00 0.707 0,707 0.000 1,169 3.28 3.91 0.295 10.12 &'J.1556 28.34 
11.a,17 430.453 a.57 0.2 2.34 16.35 10.n3 2,550 2.94 10.64 2.58 4 12s,oo o.728 0,12a 0.000 1.112 2.61 3.os 0,243 .8.47 ;154.42;1 26.83 
11.975 430.126 9.06 0.17 1.83 18.91 11,234 2,045 2.87 11.07 2.08 5 135.00 0,748 0,740 0.009, 1.163: 2.64 ti.OB 0,257 B,94 50.2538 27,11 
12.303 429.797 10.52 0.15 1.38 22.7 12.9687 1.539 2.75 12.76 1.56 5 135.00 0,771 0.762 0.019 1.153 2.87 '3.32 '0,302 10.38 43.3768 28.09 
12.s31 429.469 13.os 0,29 2.23 28.38 16.oso5 2.366 2.10 15.01 2.40 s 135.oo o.793 o.164 0.029 1.144 3.61 4.13 o.379 12.81 44.7486 2e.s1 
12.959 429.141 1a.2a 0.43 3.26 16.7 16.0015 3.464 2.01 15.88 3.49 4 135.oo o.a1a o.n0 0,039 1.136 3,89 4.42 0.384 13,13 so,3848 29.54 
13.287 428.813 13.91 0.36 2.66 7.57 16.601 2,754 2.80 16.54 2.76 5 135.0D 0.837 0.767 0.050' 1,127; 3.93 4,43. 01405 13.86 45,B936 29,B1 .., 
13.615 428.485 17.32 0.69 3.96 6.49 20.5916 4.192 2.84 20.54 4.20 4 135,00 0.859 0.799 0.060 1.118 6.01 5.61 0,510, 17,28 '48,2013 '31;23 -.._' 
13.943 428.157 26.85 1.37 4.74 1.25 34.4741 4.898 2.72 34.46 4.90 3 135.00 0.881 0.811 0.070 1.110 7.83 6.70 D.666 28,84 41.3835 34.48 ~ 
14.271 427.829 35.76 t.61 s.06 a.08 42.3427 5.193 2.67 42.28 5.20 3 135.0o o.903 0.023 0.000 1.102 ,9.48 10.4s 1.019 35:11 3a.os.c12 35,12 
14.6 427.500 93.11 1,97 2.12 5.47 110.381 2.137 2.11 110.35 2.14 7 135.00 0.926 0.635 0.090 1.094 19.09 20,89 2,854 93.08 Hi,0213 41,09 

14.928 427.172 198.6 4.08 2.06 ·1,59 233.341 2.064 1,89 233.35 2.08 8 135.00 0.9•18 0.847 0.101 1,087 37.46 40.71 6:119 198,61 10.1363 44.79 
15.256 426,844 186.18 5.12 2.75 ·9.91 215.622 2.764 2.01 2.15.70 2.76 7 135.00 0.970 0.859 0.111 1.079 36.81 39,72 5.734 186.25 13.29136 44.42 
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15.5B4 420.516 190.04 5.38 2.83 -11.83 217.081 2.846 2.02 217,16 2.81 7 135.00 0.992 0,871 0,121 1,072 37,70 40.40 ' 6.853 190.11 13.5;:!87 44.45 
15.912 426.188 263.65 6.16 2.34 -13.14 297.513 2.345 1.88 297.60 2.34 7 135.00 . 1.014 0,863 0.131 1,064 49.51 52,70 8,131 263,73 9.83312 45.90 16.24 425,860 284.27 6.89 2.42 ·9.63 316,576 2.433 1.88 316.64 2.43 7 135.00 1,036 0.695 0.142 1.057 63.37 66.'12 8.769 264.ZJ 9.8196 46.17 
16.568' 425,532 255.09 5.78 2.27 ·12.84 280,208 2.275 1.88 280.30 2,27 7 136.00 1.058 0.907 0.162 1.050 47,98 50,31' 7,865 265,17 9,90035 45,63 16.896 425.204 262.69 6.83 2.22 ·14.73 284.775 2.229 1.67 284.87 2,23 8 137,00 1.081 0.919 0.162 1.043 49:18 '61.31 8.099 ,262.76 9.63384 45,70 17.224 424.876 262.49 6.06 2.31 -15.64 280.793 2,318 1,89 280.90 2.32 7 138,00 1,103 0.931 0.172 1.036 49/17 51.27 ,8,092 262.59 10.0493 45,64 17.552 424.548 275.92 6.07 2.2 -16.9 291.316 2.209 1.86 291.'13 2.21 8 139.00 1,126 0.943' , 0.'163 1.030 51.50 53,02 8.608 276.03" 9.43529 45.B0 
17.88 424,220 282.44 6.86 2.07 ·17.67 294.284 2.083 1.84 294.40 2,08 8 140.00 1.149 0.956 0.193 1.023 52,26 53.45 - 8.709': 282,65 8,89764 45.65 
18.208 , 423,892 257.04 5.91 2.3 -18.27 264,17 2.310 1.90 264.28 2.31 7 141.00 1,172 0.968 0.203 , 1.016 4B,fi8 49.46 ',1,922: '257, 15' 10.3624 45.36 
18.537 423,563 242.82 4.68 1.93 -18.43 246,178 1.937 1.85 246.30 1.94 8 142,00 1.196 0,982 0,213 1,009' , 46.22 AS.65' •'t,4a1 242.24 9.29281 '45,04 
18.865 423.235 257.45 4.85 1.88 •18,64 257,634 1.693 1.83 257.75 ;1,59 6 1<13.00 1,218 0.995, 0.224 '1.003 "47,6i 41,74 1.933' 257.67 8.85t95 45.25 
19.193 422.907 260.77 6.02 2.31 -18.77 257.525 2,320 1.91 257.64 2.32 7 1'14.00 1,242 1,008 0,234 0.996 49.52, 49,33 8.035 260,69 10.5471 45.25 
19.521 422.579 170.7 6.5 3.81 ·14.05 165.924 3.836 2,19 Hl6.01 3.83 12 MS,00 1.265 1.021 0.244 0.990 36.30 35,92' 5.246 170,79 18.807 43.16 
19.849 422.261 99.48 6.5 6.53 ·18.39 94.8975 6.620 2,53 95.00 6.61 11 146.00 ·1,289 j,035 0.254 0,983 24.51'• 24.16 3,040 99,69 31.9422 40.31 
20.177 •121.923 121.55 7.95 6.6<1 -17,74 11<1.684 6,612 2.48 114,80 6.61 fl 147.00 1,313 1.048 , 0.264 0.9TT 29,34 ~i::~ t !:~;; 121,67,, 29.7886 41,30 
20.505 421.595 160.73 12.29 7.65 -14.95 150,046 7.711 2.47 150,13 7,71 11 148.00 1.337 1,062 0.275 0,970 ·38.65 160.62 29,4577 42.67 
20.833 421.267 215.14 14.59 6.78 •12.33 198.618 6.825 2.36 198.69 6.82 11 149.00 1.361 1.076 0.285 0,964 49.23 47.45 6,619 215.22 24.99!i 44.03 
21.161 420.939 213.16 15.63 7.33 2.1 194,194 7.380 2.40 194.18 7.38 11 ,150.00 1.386 1.091 0.295 0.958 49.62 47.42 6.556 213,14 26.38!i 43.92 
21.489 420.611 245.28 17.26 7.04 16.49 220.717 7.078 2.36 220.62 7.08 11 151.00 1.410 1.IOS 0.305 0,951 55.88 63,16 7.550 245.i7 24.66 44.53 
21.817 420.283 304.39 19.87 6.53 34.99 270.633 6.559 2.29 270.44 8.5G 11 152.00 1.435 1.119 0.316 0,945 67.22 63.53 9,379 304.17 22.0f75 45.47 
22.145 419.955 331.65 17.77 5.36 221.32 291.141 5.382 2.20 289.92 SAO 11 153.00 1.'160 1,13,j 0.326 0.939 70.29 66.00 10.223 330,£7 16,9C79 45.78 

' C 
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APPENDIX A-4 

PHOTOGRAPHS OF OCTOBER 2007 FIELD TESTING 
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PHOTOGRAPHS 

PHOTOGRAPH NO. 1 
View of the Pond Creek facility and South Cell refuse looking southeast. (October 2007) 

072-046 

PHOTOGRAPH NO. 2 
View of Pond Creek facility from existing coarse refuse crest at El. 482± 

looking north toward proposed Central and North Cells. 
ConeTec rig at CPT-6 middle right. (October 2007) 
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072-046 

PHOTOGRAPHS 

PHOTOGRAPH NO. 3 
ConeTec CPT track .ig at CPT-9 and proposed Central/North Cells 

looking south. (October 2007) 

PHOTOGRAPH NO. 4 

{~:! 
I ' i 
~ 

ConeTec CPT track rig at CPT-7 and proposed Central Cell 
looking northeast. (Octobe, 2007) 
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PHOTOGRAPHS 

; 

PHOTOGRAPH NO. 5 
View of ConeTec seismic source beam beneath track and 

hammer with grounding cable. (October 2007) 
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072-046 

PHOTOGRAPHS 

PHOTOGRAPH NO. 6 
View of ConeTec CPT ram, rods and 

instrumentation cable from inside track rig. 
(October 2007) 
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PHOTOGRAPHS 

~,_:>::;:;::A~ 
.,,' 

PHOTOGRAPH NO. 7 
View of ConeTec track rig (in far left background) at CPT-8 

looking northwest toward proposed North Cell. (October 2007) 

PHOTOGRAPH NO. 8 
View of ConeTec track rig at CPT-11 and proposed North Cell 

looking south. (October 2007) 
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ATTACHMENT 1 
Reference No. 1 

Civil & Environmental Consultants, Inc., Calculation Brief Entitled "Characterization of Sand-Like and Clay
Like Subsurface Materials," Pond Creek Coal Refuse Disposal Site - South Cell, BEG, dated 7/11/08. 



R13302

'·. ( PROJECT 

Civil & Environmental Consultants, Inc. 

Williamson Energy Pond Creek - South Pond PROJECT NO. 080-851 

Phase 2 Abandonment Evaluation PAGE 1 OF /2--

Characterization of Subsurface Materials 

MADEBY BEG DATE __ 7~/l~l~/0_8_ CHECKED BY 1-,q"~ DATE r(2S[o"'o 

CALCULATION BRIEF 
FOR 

CHARACTERIZATION OF SAND-LIKE AND CLAY-LIKE 
SUBSURFACE MATERIALS 

POND CREEK COAL REFUSE DISPOSAL SITE - SOUTH CELL 

OBJECTIVE: To characterize subsurface materials including coarse coal refuse, fine coal 

refuse and residual soils encountered at the Pond Creek South Cell refuse 

disposal facility. Materials are characterized as either sand-like or clay-like 

in accordance with various pertinent references shown below and included 

within the "Draft" Mine Health and Safety Administration (MSHA) 

Engineering and Design Manual, specifically Chapter 7: Seismic Design: 

Stability and Deformation Analyses, March 2007. 

REFERENCES: 

1. Illinois Department of Natural Resources, Office of Water Resources, Construction and 

Maintenance of Dams, Part 3702, Chapter IX. 

2. Mine Safety and Health Administration, "Draft - Engineering and Design Manual, Coal 

Refuse Disposal Facilities, Chapter 7 - Seismic Design: Stability and Deformation 

Analyses," dated, March 13, 2007. 

3. Civil & Environmental Consultants, Inc. Calculation Brief Entitled "Summary of Piezo

Cone Penetration Testing," Pond Creed Coal Refuse Disposal Site, BEG, dated 12/21/07. 

4. Civil & Environmental Consultants, Inc. Calculation Brief Entitled "Normalized PS-CPT 

Data· and Parameter Correlations," Pond Creek Coal Refuse Disposal Site, BEG, dated 

12/28/07. 

5. Civil & Environmental Consultants, Inc. Calculation Brief Entitled "Summary of 

Laboratory Testing," Pond Coal Refuse Disposal Site - South Pond, BEG, dated 7 /8/08. 

6. Boulanger, R.W. and Idriss, I.M. (2004). "Evaluating the Potential for Liquefaction or 

Cyclic Failure of Silts and Clays," Report No. UCD/CGM-04/01, Center for Geotechnical 

Modeling, Department of Civil and Environmental Engineering, University of California, 

Davis, California. 
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7. Robertson, P.K., (Fear) Wride, C.E., List, B.R., Atukorala, U., Biggar, K.W., Byrne, 

P.M., Campanella, R.G., Cathro, D.C., Chan, D.H., Czajewski, K., Finn, W.D.L., Gu, 

W.H., Ham.marnji, Y., Hofmann, B.A., Howie, J.A., Hughes, J., Imrie, A.S., Konrad, 

J.-M., Kupper, A., Law, T., Lord, E.R.F., Monahan, P.A., Morgenstern, N.R., Phillips, R., 

Piche, Plewes, H.D., Scott, D., Sego, D.C., Sobkowicz, J., Stewart, R.A., Tan, S., Vaid, 

Y.P., Watts, B.D., Woeller, D.J., Youd, T.L., and Zavodni, Z., The CANI.EX Project: 

Summary and Conclusions. Canadian Geotechnical Journal, 2000, Vol. 37, No. 3, June, 

pp. 499-504 

8. Youd, T. L. et al. (2001). "Liquefaction Resistance of Soils: Summary Report from the 

1996 NCEER and 1998 NCEER/NSF Workshops on Evaluation of Liquefaction 

Resistance of Soils," Journal of Geotechnical and Geoenvironmental Engineering, ASCE, 

Vol. 127, No. 10, pp. 817-833. 

9. Blight, G. E. and Bente!, G. M., (1983) "The Behaviour of :Mine Tailings During 

Hydraulic Deposition," Journal of the South African Institute of :Mining and Metallurgy, 

April 1983. 

GENERAL: 

Reference (Ref.) Number (No.) 1 presents the following guidelines regarding the methods of 

testing, analyses and computations which must be completed and submitted with an application 

to support an owner's request for abandonment of a disposal impoundment darn: 

1. The classification of the existing condition of the impounded material with respect to its 

fluid nature; 
2. The liquefaction potential of the impounded material and the related stability of the 

containing dam; 
3. The final surface configuration for the impounded materials, especially from any surface 

water impounding characteristics and the erosion potential of the surface material; and 

4. The establishment of a follow-up inspection schedule to ensure the proposed plans have 

been effective and the submittal of record drawings. 

This, and subsequent calculation briefs prepared by Civil & Environmental Consultants, Inc. 

(CEC), address the characterization of the impounded fine coal refuse and the liquefaction 

potential of the fine coal refuse and related stability (i.e., Requirements 1 and 2 above). Alliance 

Consulting, Inc. (Alliance) will provide the final surface configuration and the follow-up 

inspection schedule. 
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From Ref. No. 2, the basic elements for seismic design and analysis are: 

1. Characterize the subsurface materials; 

2. Evaluate if design earthquake will trigger strength loss; 

3. Evaluate seismic stability using post-earthquake strength parameters; and 

4. Evaluate deformations. 

Therefore, the first step for both abandonment and seismic design and analysis is to characterize 

the subsurface conditions to evaluate the fluid nature and whether any zones have the potential 

for strength loss due to earthquake shaking (i.e., liquefaction potential). Previously, the materials 

making up the coarse refuse dike and underlying residual soils were evaluated using piezo

seismic cone penetration testing (PSCPT) (Ref. Nos. 3 and 4) as part of the deformation analyses 

of the South Pond. Subsequently, and as part of the abandonment evaluation, laboratory testing 

(Ref. No. 5) and characterization of the fine coal refuse retained behind the embankment was 

performed as described below. 

For many aspects of seismic stability analyses described in Ref. No. 2, coal refuse and natural 

soils are referred to as sand-like or clay-like depending on whether they exhibit monotonic and 

cyclic undrained shear loading behavior that is fundamentally more similar to that of either sand 

or clay. This differentiation is significant primarily if the material is loose enough (sands) or soft 

enough (clays) that it is potentially susceptible to strength loss. 

SUMMARY OF POND CREEK FIELD AND LABO RA TORY TESTING/RESULTS: 

CBC developed, implemented and oversaw a detailed and thorough field testing program 

consisting of performing PS-CPT at several sounding locations throughout the Pond Creek site, 

including the ongoing South Pond impoundment. PS-CPT was executed at Pond Creek by 

ConeTec, Inc. (ConeTec) of West Berlin, New Jersey. Also, Alliance provided bulk (bucket) 

samples of fine coal refuse, which were obtained for subsequent laboratory testing. Geotechnics, 

Inc. (Geotechnics) of Pittsburgh, Pennsylvania performed consolidated undrained triaxial shear 

strength laboratory testing of the fine coal refuse materials. Ref. Nos. 3 -5 present summaries of 

the field and laboratory testing programs and Appendixes A - C ofthe Pond Creek abandonment 

report present the results of the field and laboratory testing. 
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PlE:lO-SEISMIC COJ\'E PENETRATION TEST RESULTS SUMMARY. 

Generalized South Cell CPT Profiles from the October 2007 field testing presented in Ref. Nos. 
3 and 4 indicated the following: 

CPT-1 CPT-2 

EL 482.19 - Surface Elevation EL 494.21 - Surface Elevation 

15.3 feet - Deoth to Static Ground Water 38.8 feet -Depth to Static Ground Water 

0 - 18.4 feet-Residual Soil 0 - 32 feet - Coarse Refuse 

Refusal at 18.4 feet - Bedrock 32 - 45.3 feet- Residual Soil 

Refusal at 45 .3 feet - Bedrock 

CPT-2A CPT-3 

EL 492.40 - Surface Elevation EL 466.98 - Surface Elevation 

37.0 feet-Deoth to Static Ground Water 11.1 feet - Deoth to Static Ground Water 

0 - 29 feet - Coarse Refuse . 0 - 22.2 feet - Residual Soil 

29 - 41.7 feet - Residual Soil Refusal at 22.2 feet - Bedrock 

Refusal at 41.7 feet - Bedrock 

CPT-4 CPT-5 

EL 482.55 - Surface Elevation EL 482.55 - Surface Elevation 

21.7 feet - Deoth to Static Ground Water 34.4 feet - Depth to Static Ground Water 

0 - 18.9 feet- Residual Soil 0 - 29 feet - Coarse Refuse 

Refusal at 18.9 feet - Bedrock 29 - 49.2feet - Residual Soil 

Refusal at 49 .2 feet - Bedrock 
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CPT-SA CPT-SB 

EL 483.00 - Surface Elevation El. 479.90- Surface Elevation 

35.9 feet- Depth to Static Ground Water 28.0 feet-Depth to Static Ground Water 

0 - 29 feet - Coarse Refuse 0- 19 feet - Coarse Refuse 

29 - 53.2 feet - Residual Soil 19 - 39.7 feet- Residual Soil 

Refusal at 53 .2 feet - Bedrock Refusal at 39. 7 feet - Bedrock 

Cone penetration testing results for CPT-1, CPT-2, CPT-2A, CPT-3, CPT-4, CPT-5, CPT-5A 

AND CPT-5B presented in Ref. Nos. 3 and 4 indicated the following: 

CPT-1 CPT-3 

Residual Soil Residual Soil 

(Layer Thickness = 18.4) (Layer Thickness = 22.2) 

A v_g. Tip Stress, Qc avg. = 79 tsf Avg. Tip Stress, Qc avg.= 43 tsf 

Avg. Fines Content, FC avg.= 27% Avg. Fines Content, FC avg. = 32% 

Avg. SBT Index, Ic = 2.38 Avg. SBT Index, Ic = 2.49 

CPT-4 

Residual Soil 

(Layer Thickness = 18.9) 

Avg. Tip Stress, Qc avg.= 64 tsf 

Avg. Fines Content, FC avg.= 28% 

Avg. SBT Index, Ic = 2.41 
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CPT-2 C:PT-2A 

Coarse Coal Refuse Coarse Coal Refuse 

(Layer Thickness = 32') (Layer Thickness = 29') 

Avg. Tip Stress, Qc avg. = 54 tsf Av_g. Tip Stress, Qc av_g. = 45 tsf 

Avg. Fines Content, FC avg.= 24% Avg. Fines Content, FC avg.= 22% 

Avg. SBT Index, Ic = 2.30 Avg. SBT Index, Ic = 2.23 

Residual Soil Residual Soil 

(Laver Thickness = 13.3') (Layer Thickness= 12.7') 

Avg. Tip Stress, Qc avg_= 47 tsf Avg. Tip Stress, Qc avg.= 86 tsf 

Avg. Fines Content, FC avg.= 60% Avg. Fines Content, FC avg. = 48% 

Avg_ SBT Index, Ic = 2.99 Avg. SBT Index, Ic = 2.80 

CPT-5 CPT-SA 

Coarse Coal Refuse Coarse Coal Refuse 

(Layer Thickness = 29') . · (Layer Thickness = 29') 

Av_g. Tip Stress, Qc avg.= 50 tsf Avg. Tip Stress, Qc avg.= 37 tsf 

Avg. Fines Content, FC avg.= 23% Avg. Fines Content, FC avg.= 24% 

Avg. SBT Index, Ic = 2.24 Avg. SBT Index, Ic = 2.29 

Residual Soil Residual Soil 

(Layer Thickness = 20.2') (Layer Thickness= 24.2') 

Avg. Tip Stress, Qc avg.= 66 tsf Avg, Tip Stress, Qc avg.= 49 tsf 

Av_g. Fines Content, FC avg.= 64% Avg. Fines Content, FC avg.= 56% 

Ayg, SBT Index, Ic = 3.04 Avg. SBT Index, Ic = 2.94 



R13308

( 

Civil & Environmental Consultants, Inc. 

PROJECT Williamson Energy Pond Creek - South Pond 

Phase 2 Abandonment Evaluation 

PROJECT NO. 

Characterization of Subsurface Materials 

MADE BY BEG DATE 7 /11/08 

CPT-5B 

Coarse Coal Refuse 

(Laver Thickness = 19') 

Av£. Tio Stress, Qc av£.= 41 tsf 

Av£. Fines Content, FC avg,= 19% 

Av£. SBT Index, Ic = 2.15 

Residual Soil 

(Layer Thickness = 20.7') 

Av£. Tio Stress, Qc avg. = 63 tsf 

Avg. Fines Content, FC av'i!. = 51 % 

Avg. SBT Index, Ic = 2.84 

PAGE 
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Cone Penetration Testing: Results - Shear Wave Velocities 
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Shear Wave Velocity Shear Wave Velocity 
Coarse Coal Refuse Residual Soil 

CPTNo. (ft/sec) (ft/sec) 
Max. Min. Av,,-. Max. Min. Av,,-. 

CPT-1 NA 1402 645 905 

CPT-2 1284 1029 1120 1173 795 957 

CPT-2A 1169 895 1042 1256 780 918 

CPT-3 NA 1058 569 765 

CPT-4 NA 1242 476 817 

CPT-5 1190 936 1063 1599 780 947 

CPTa5A 1396 779 1064 1580 728 1005 

CPT-5B 1517 818 1080 1649 686 978 



R13309

Civil & Environmental Consultants, Inc. 

PROJECT Williamson Energy Pond Creek - South Pond PROJECT NO. 080-851 

Phase 2 Abandonment Evaluation PAGE 8 OF /1, 

Characterization of Subsurface Materials 

MADEBY BEG DATE 7 /11/08 CHECKEDBY ~ DATE l(2,3fc8 

LABORA'l'OR Y TESTING RESULTS SUMMARY: 

Ref. No. 4 and Appendix A present the details and results of the June 2008 laboratory testing 

program performed by Geotechnics. The following summarizes laboratory testing results of each 

of 2 buckets of fine coal refuse sampled from the South Pond impoundment. 

Bucket 1 Bucket2 

Fine Coal Refuse Fine Coal Refuse 

Moisture= 85.8 % Moisture = 94.4 % 

Passing No. 200 = 92.8 % Passing No. 200 = 92.6 % 

Passing No. 40 = 99.4 % Passing No. 40 = 99.3% 

Plasticity Index= 17 % Plasticity Index = 17 % 

Av_g. Strain to Peak= 15.1 % Avg. Strain to Peak= 11.0 % 

Normalized tip stress and fines content with depth for CPT-1, CPT-2, CPT-2A, CPT-3, CPT-4, 

CPT-5, CPT-SA and CPT-5B including a summary of pertinent average field and laboratory test 

results for each material layer are attached. 

CRITERIA AND METHODOLOGY: 

From Ref. No. 2, the first step common to all approaches is to review the subsurface conditions 

at the embankment to evaluate whether any zones have the potential for strength loss. For this 

initial screening step, saturated to nearly saturated sand-like materials with N 1,6o values less than 

15 blows per foot (bpf), or qc1 (or Qc) values less than 75 tons per square foot (tsf), should be 

considered potentially susceptible to strength loss. Ref. No. 2 noted these values are likely too 

conservative and apply only to clean sands. Their application to silty sands and sands with high 

fines content, which are more representative of fine coal refuse, will likely be overly 

conservative. 
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Generalized field-related CPT-<le1ived criteria noted in various references within Refr.r~nce 2 

include: 

Sand-like: Fines content< 50% or PI< 12% 

Loose: SPT N1.60< 15 or CPT qc1 > 75 tsf, & SBT Ic < 2.6 or F, < 2%). 

Clay-like: Fines content> 50% and PI >12% 

Soft: OCR< 5, SJcr' v < 1.0, CPT Q, < 20 tsf & SBT Ic > 2.6, SPT N1,60 < 8 

CPT data may be used in conjunction with Atterberg limit data (criteria shown below) to 

differentiate sand-like from clay-like material. CPT Soil Behavior Type Index (le), as described 

in Robertson and Wride 1998 and reproduced in Youd et al. 2001, values below 2.6 should be 

considered sand-like. Ic values above 2.6 may be considered clay-like. 

Generalized laboratory results criteria noted in various references within and in Ref. No. 1 

include the following Atterberg Limit and sieve criteria: 

Atterberg Limits. 

• Material should be considered sand-like if any of the following three (3) criteria apply: 

1. The material has less than 35% particles by dry weight passing the No. 40 sieve and less 

than 20% by dry weight passing the No. 200 sieve; or 

2. The material has 35% or more particles by dry weight passing the No. 40 sieve and 20% 

or more particles by dry weight passing the No. 200 sieve, but the fraction finer than the 

No. 40 sieve has a PI of less than 12%; or 

3. The material has 20% or more particles by dry weight passing the No. 200 sieve, but the 

fraction finer than the No. 40 sieve has a PI of less than 20%. 

The material may be considered clav-like if any of the following two (2) criteria apply: 

1. The material has 35% or more particles by dry weight passing the No. 40 sieve and 20% 

or more particles by dry weight passing the No. 200 sieve, and the fraction finer than the 

No. 40 sieve has a PI of 12% or higher; or 
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2. The material has 20% or rnu1e paiticles by dry weight passing the No. 200 sieve, and the 

fraction finer than the No. 40 sieve has a PI of 20% or higher. 

Atterberg limit criteria include as sand-like some materials that are considered clay-like by some 

investigators (e.g. Boulanger and Idriss, 2004, who suggested a break between sand-like and 

clay-like behavior at a PI of 7% ). The intent is to classify borderline materials as sand-like to be 

conservative. 

Another key factor in differentiating loose sand-like material from soft or medium clay-like 

material, for the purposes of seismic stability and deformation analyses, are the strain at peak 

undrained strength and the abruptness of the drop-off in shearing resistance as strains increase 

J:?eyond the strain at peak. Loose sands and highly sensitive clays can reach Sup at small strains, 

and experience abrupt drop-off in resistance at higher strains. Most clays tend to reach Sup at 

higher strains, and tend to experience more gradual and limited drop-off in shearing resistance at 

higher strains. Fine coal refuse deposits often include materials falling within both 

classifications, and near the boundary of these two types of behavior. 

Loose materials with shear strain at peak strength of less than 2% in an undrained monotonic 

(non-cyclic) test, and a rapid drop-off in resistance after reaching peak strength, are considered 

sand-like. Loose or soft materials with shear strain at peak strength of more than about 5%, and 

a gradual drop-off in resistance after reaching peak strength are considered clay-like. Materials 

with strain behavior between these descriptions are considered borderline and, to be 

conservative, should generally be analyzed as sand-like. (Note that shear strain in an undrained 

triaxial test is 1.5 times axial strain.) 

Soil, rock, and mixtures of soil and rock that are not coal refuse such as the underlying starter 

embankment will be referred to as natural soils. Natural soils may be described as sand-like, or 

clay-like, using the same general criteria as refuse. 
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CPT-1. CPT-2. CPT-2A. CPT-3. CPT-4. CPT-5. CPT-SA AND CPT-SB AVG. 

WEIGHTED AVERAGE FIELD AND LAB RESULTS SUMMARY 

Coarse Coal Refuse (138') 

Avg. Tip Stress, Qc avg.= 46 tsf 

Avg. Fines Content, FC avg.= 23% 

Avg. SBT Index, Ic = 2.25 

Fine Coal Refuse 

Avg.% Passing No. 200 = 92.7% 

Avg.% Passing No. 40 = 99.4 % 

Avg. Plastici tv Index = 17 % 

Avg. Strain to Peak= 13.1 % 

Residual Soil (150.6') 

Avg. Tip Stress, Qc avg. = 61 tsf 

Avg. Fines Content, FC avg.= 46% 

Avg. SBT Index, Ic = 2. 73 

Plots of individual and average normalized tip stress with depth are included with an attached 

complete copy of Ref. No. 4. 
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CONCLUSION 

Based on the information presented in this calculation brief, the following material characteristic 
designations were determined for the coarse coal refuse, fine coal refuse and residual soil: 

Coarse Coal Refuse: Medium Dense Sand-Like; 

Fine Coal Refuse: Medium Stiff Clay-Like; 

Residual Soil: Medium Dense Sand-Like and Medium Stiff Clay-Like. 

Further, the results of the laboratory testing indicate that the fine coal refuse is clay-like based on 
an average 93% passing the No. 200 sieve and plasticity index of 17%. Peak and steady-state 
undrained strengths presented in Appendix A were reached at generally high strains (between 8 
and 18%), and there was very little drop off from peak to steady-state with increasing strain. The 
results generally indicated a higher resistance to strength loss (and flow) due to the large strains 
required to exceed the peak strength and correspondingly small decrease to the steady-state 
strength at higher strains. Further, previous deformation analyses results indicated induced shear 
strains from the PGA at less than 0.1 %, which is well below a threshold (peak) triggering strain 
of the material. 

The susceptibility of the embankment and impoundment to a liquefaction flow failure is a 
function of both the undrained strength (worst case steady-state strength) and the in-situ driving 
shear stress on a critical failure plane passing through the critical layer fine coal refuse material, 
which is further addressed in subsequent calculation briefs. 
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SUMMARY OF PIEZO-SEISMIC CONE PENETRATION TESTING 

POND CREEK COAL REFUSE DISPOSAL SITE 

OBJECTIVE: 

Summarize the piezo-seismic cone penetration testing (PS-CPT) activit1es performed by 

ConeTec, Inc. (ConeTec), West Berlin, in October 2007 as part of the subsurface exploration at 

the Williamson Energy Pond Creek facility, Williamson County, Illinois. 

REFERENCES: 

1. ConeTec, Inc. (2007), Field Report Entitled "Presentation of CPTU Test Results for: 

Pond Creek Mine - Williamson County, Illinois, December 10, 2007. 

2. Robertson, P.K., et.al. (1992) "SPT-CPT Correlations," Journal of. Geotechnical 

Engineering, ASCE 109 (11): 1449-1459. 

3. Robertson, P.K and Campanella, R.G, (1989), "Guidelines for Geotechnical Design 

Using CPT and CPTU", UBC Soil Mechanics Series No. 120, Civil Eng. Dept., 

Vancouver, B.C., Canada 

4. Robertson, P.K and Campanella, R.G, (1983), "SPT-CPT Correlations," Journal of 

Geotechnical Engineering, ASCE Vol. 109 No. 11, pp. 1449-1459. 

METHODOLOGY: 

As part of the subsurface exploration, a total of 15 PS-CPT soundings were performed at the 

Pond Creek site on October 30 and 31, 2007, at approximate locations shown in Figure 2 of the 

Pond Creek Deformation Evaluation report. PS-CPT exploration was performed under the full

time observation and guidance of CEC personnel. PS-CPT locations designated as CPT-1, CPT-

2, CPT-2A, CPT-3, CPT-4, CPT-5, CPT-5A, CPT-5B, CPT-6, CPT-7, CPT-8, CPT-9, CPT-10, 

CPT-11 and CPT-12 were located by CEC within areas that included existing coarse coal refuse 

and the proposed South Cell, North Central Cell and North Cell impoundments. CPT-2, CPT-

072046 
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2A, CPT-5, CPT-5A all(! CPT-5B soundings were located on the existing coarse coal refuse 
embankment crest, and were pushed through coarse refuse and the underlying subgrade residual 
soil. CPT-1, CPT-3, CPT-4, CPT-6, CPT-7, CPT-8, CPT-9, CPT-10, CPT-11 and CPT-12 were 
located throughout the facility at approximate existing ground surface and pushed exclusively 
through residual soil. The following presents the CPT sounding, site coordinates, existing 
ground surface elevation, total depth, interpolated ground water depth and applicable slurry cell. 

Ground Total GWT Applicable 
CPT Northing Easting Surface Depth Interpolated Slurry Cell 
No. (ft) (ft) Elev.(ft) (ft) (ft) 

CPT-1 425784.316 358548.865 482.19 18.4 15.3 South 
CPT-2 426832.420 357857.498 494.21 45.3 38.8 South, 

Central, 
North 

CPT-2A 426828.920 358156.731 492.40 41.7 37.0 South, 
Central, 
North 

CPT-3 426792.780 359207.797 466.98 22.2 11.1 South 
CPT-4 426331.101 360108.800 482.55 18.9 21.7 South 
CPT-5 427485.256 357913.863 482.55 49.2 34.4 South, 

Central, 
North 

CPT-5A 427607.598 357920.844 483.00 53.2 35.9 South, 
Central, 
North 

CPT-5B 427147.684 358343.061 479.90 39.7 28.0 South, 
Central, 
North 

CPT-6 427450.461 358992.616 457.78 22.6 9.2 Central 
CPT-7 427450.884 359850.004 457.83 16.7 9.2 Central 
CPT-8 429006.116 358034.037 444.45 17.9 6.6 Central, 

North 
CPT-9 429077.690 359026.204 445.68 22.0 7.8 Central, 

North 
CPT-10 428965.827 359998.444 442.09 26.1 3.4 Central, 

North 
CPT-11 430316.815 358810.964 440.59 27.6 11.4 North 
CPT-12 430141.831 359852.299 442.08 22.6 11.7 North 

072046 
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Note: CPT coordinates and ground surface elevations were provided by Williamson Energy. 

Determining the dynamic response of the Pond Creek facility and that of the coarse coal refuse 

and subgrade residual soils requires knowledge of the subsurface material's dynamic properties 

to accurately predict the horizontal shear stresses and strains induced in the material by a given 

earthquake loading. Of particular significance in the dynamic evaluation is the distribution of 

density of the coal refuse materials with depth. The low-amplitude, small strain shear modulus 

(G) with depth is an important parameter for characterizing the behavior and response of a soil 

column during earthquake shaking. It is a function of the in-situ shear wave velocity estimated 

at the site with depth and was obtained in the field utilizing PS-CPT. 

The main purpose of the PS-CPT was to measure in-situ shear wave (S-wave) travel times for 

subsequent calculation of shear wave velocity (Vs) and G. Concurrently, CPT was also 

performed which provides nearly continuous, index-type information which can be correlated to 

classification and in-situ strength values based on established procedures such as those outlined 

in Robertson and Campanella (1988). Further, cone data is typically utilized to evaluate 

liquefaction potential based on Robertson and Campanella (1985) similar to the procedures 

described in Seed and Idriss (1983) and to compare with the results using steady-state principles; 

however, only permanent deformations are evaluated in response to regulatory comments. 

The seismic wave form portion of the PS-CPT was conducted by ConeTec at about 3-foot 

intervals throughout the soil profile to the maximum depths indicated. The down-hole seismic 

survey is a reliable technique for obtaining shear wave and compression wave velocities 

accounting for the subsurface material's attenuation and anisotropic effect with depth (Hoar and 

Stokoe, 1978) (Dobry et al., 1981) (Stokoe and Nazarian, 1985). Only S-wave travel times were 

measured for each sounding with depth which was used to calculate the corresponding Vs and G 

used in the dynamic analyses of the Pond Creek facility. 

RESULTS: 

A total of 15 PS-CPT soundings were performed at the Pond Creek site in October 2007, at 

approximate locations shown in Figure 2. ConeTec measured tip stress, sleeve stress and pore 

water pressure, and shear wave velocities at the locations CPT-1 through CPT-12 from the 

existing ground surface through coarse coal refuse, where available and through residual soil 

materials. 

072046 
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Shear wave velocities per material type were measured and the minimum, maximum and 

weighted averages are summarized as follows: 

Shear Wave Velocit:i:: Shear Wave Velocit:i:: 
Max./Min./Avg. Max./Min./ Avg. 

CPT No. Coarse Coal Refuse Residual Soil 
(ft/sec} (ft/sec} 

CPT-1 NA 1402 645 905 

CPT-2 1284 1029 1120 1173 795 957 

CPT-2A 1169 895 1042 1256 780 918 

CPT-3 NA 1058 569 765 

CPT-4 NA 1242 476 817 

CPT-5 1190 936 1063 1599 780 947 

CPT-5A 1396 779 1064 1580 728 1005 

CPT-5B 1517 818 1080 1649 686 978 

CPT-6 NA 1022 514 796 

CPT-7 NA 894 514 682 

CPT-8 NA 1036 541 783 

CPT-9 NA 1484 415 835 

CPT-10 NA 1217 478 828 

CPT-11 NA 1387 471 925 

CPT-12 NA 1230 530 763 

In general, shear wave velocities in coarse refuse ranged from about 779 to 1517 fps with an 

average value of about 1074 fps. For subgrade residual soils, Vs ranged from 415 to 1599 fps 

with an approximate average value of 860 fps. Measured values of Vs for coarse refuse and 

residual soil materials and the density of the respective material with depth are used to estimate 

the initial shear modulus, G, for use in the one dimensional, dynamic SHAKE (Schnabel, et al., 

1972) analysis of the embankment. G-values estimated from the four soundings are used in the 

calculation of induced cyclic shear stress at the SHAKE soil column locations (e.g. PCSC300) 

shown in Figure 3. Appendix A, Attachment A-2 presents the complete ConeTec report and 

Appendix B, Attachment B-1 presents the computations of G for the various SHAKE columns 

072046 
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from in-situ measurements of Vs for the coarse refuse, residual soil and bedrock materials 
including plots of Vs and G with depth for both SHAKE columns. 

CONCLUSIONS: 

Summarizing, the PS-CPT field testing was performed as part of the subsurface exploration at 
the Pond Creek facility. The information gathered from the testing will be used to correlate 
index and strength parameters, as well as shear modulus for use in subsequent permanent 
deformation analyses. 
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Shear Wave Velocity versus Depth CEC Project No. 072-046 
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14.1 1152 
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CPT-4 

Max Min ~ 

3.93 476 CLAY 1242 476 817 

7.21 673 CLAY 

10.50 781 

13.78 913 
16.81 1242 
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Williamson Energy• Pond Creek• North Central Cell 
Shear Wave Velocity versus Depth CEC Project No. 072-046 

CPT-5 
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7.54 1030 CCR 1190 936 1063 

10.82 1076 CLAY 1599 780 947 

14.10 991 
17.39 936 CCR 
20.67 1148 
23.95 1190 
27.23 1067 
30.51 780 
33.79 780 
37.07 821 CLAY 
40.35 780 
43.63 923 
46.91 1599 

CPT-5A CPT-5A 
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30.18 1021 
33.46 784 
36.74 784 
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52.00 1580 

CPT-5B CPT-58 
Max Min !!Y9 

7.54 818 CCR 1517 818 1080 

10.82 900 CLAY 1649 686 978 

14.10 1517 CCR 
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20.67 856 
23.95 732 
27.23 686 CLAY 
30.59 762 

11~ 33.79 1014 

II 
37.07 1150 
38.88 1649 ~---+-~-11 
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4.26 514 
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CPT-7 

4.26 514 
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14.10 894 

CPT-8 

4.26 541 
7.54 652 
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( 
-c.;PT-9 

16.48 1036 

3.93 415 
7.21 904 

10.50 757 
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17.06 805 
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CPT-10 

4.26 478 
7.54 617 
10.82 656 
14.10 803 
17.36 945 
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CLAY 
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CLAY 

CLAY 1036 

CLAY 1484 

CLAY 1217 
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CPT-7 
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CPT-10 
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478 

fil!9. 
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682 
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Williamson Energy - Pond Creek• North Cell 
Shear Wave Velocity versus Depth CEC Project No. 072-046 

4.26 541 CLAY 
7.54 652 CLAY 
10.82 708 
14.10 979 
16.48 1036 

CPT-9 
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10.50 757 CLAY 
13.78 647 
17.06 805 
20.01 1484 

CPT-10 

4.26 478 CLAY 
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. 10.82 656 CLAY 
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541 
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mm 
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mm 
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mm 
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mm 
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Pond Creek # 1 Ground Water Sampling 
Permit #375 NPDES# 1L007766 

Stand Pipe 

Date SamolePnt Eastinv Northin~ Elevation 
12/29105 GW-1 354,988 430,899 441.82 

12/29105 GW-2 357,681 430,962 435.73 

12129/05 GW-3 360,278 430,669 438.46 

12/29105 GW4 354,923 425,980 464.03 

12/29105 GW-5 357,632 425,618 482.23 

12/29105 GW-6 360,211 425,416 434.9 

12/29105 GW-7A 358,306 427,592 454.7 

2124106 GW-1 354,988 430,899 441.82 
2124106 GW2 357,681 - 430,962 435.73 

2124106 GW-3 360,278 430,669 438.46 

2124106 GW-4 354,923 425,980 464.03 

2124106 GW-5 357,632 425,618 482.23 

2124106 GW-6 360,211 425,416 434.9 

2124106 GW-7A 358,306 427,592 454.7 

6/28/06 GW-1 354,988 430,899 441.82 

6/28106 GW-2 357,681 430,962 435.73 

6/28/06 GW-3 360,278 430,669 438.46 

6128/06 GW-4 354,923 425,980 464.03 

6128106 GW-5 357,632 425,618 482.23 

6128106 GW-6 360,211 425,416 434.9 

6128/06 GW-7A 358,306 427,592 454.7 

7131106 GW-1 354,988 430,899 441.82 

7131106 GW-2 357,681 430,962 435.73 

7131106 GW-3 360,278 430,669 438.46 

7131106 GW-4 354,923 425,980 464.03 

7131106 GW-5 357,632 425,618 482.23 

7131106 GW-6 360,211 425,416 434.9 

7131106 GW-7A 358,306 427,592 454.7 

8/31106 GW-1 354,988 430,899 441.82 

8/31106 GW-2 357,681 430,962 435.73 
8131106 GW-3 360,278 430,669 438.46 

8/31106 GW-4 354,923 425,980 464.03 

8/31106 GW-5 357,632 425,618 482.23 

8/31106 GW-6 360,211 425.416 434.9 

8/31106 GW-7A 358,306 427,592 454.7 

1012/06 GW-1 354,988 430,899 441.82 

1012106 GW-2 357,681 430,962 435.73 
1012106 GW-3 360,278 430,669 438.46 
1012106 GW-4 354,923 425,980 464.03 

1012/06 GW-5 357,632 425,618 482.23 

1012/06 GW-6 360,211 425.416 434.9 

10/2106 GW-7A 358,306 427,592 454.7 

317107 GW-1 354,988 430.899 441.82 

317107 GW-2 357,681 430,962 435.73 

317107 GW-3 360,278 430,669 438.46 

317107 GW-4 354,923 425,980 464.03 

317107 GW-5 357,632 425,618 482.23 

317107 GW-6 360,211 425,416 434.9 

3n101 GW-7A 358,306 427,592 454.7 

5121107 GW-1 354,988 430,899 441.82 

5/21/07 GW-2 357,681 430,962 435.73 

5121107 GW-3 360,278 430,669 438.46 

5121107 GW-4 354,923 425,980 464.03 

5121107 GW-5 357,632 425.618 482.23 

5121107 GW-6 360,21 I 425,416 434.9 

5121107 GW-7A 358,306 427,592 454.7 

5121107 GW-8 359,568 426,786 467.85 

811107 GW-1 354,988 430,899 441.82 
811107 GW-2 357,681 430,962 435.73 

8/1107 GW-3 360,278 430,669 438.46 

811/07 GW-4 354,923 425,980 464.03 
811107 GW-5 357,632 425,618 482.23 
8/!/07 GW-6 360,211 425,416 434.9 
8/1/07 GW-7A 358,306 427.592 454.7 
811107 GW-8 359,568 426,786 467 .85 

t'i f 8 

Zinc Antimony Beryllium Cobalt MANGANPSE Phenolics Cyanide Chlorides 
Water Elev. lmon m•n m•n m•n m•fl m•n m-n m-n 

435.44 0.012 0.303 <.001 0.014 0.027 <.050 <0.010 20 
428.51 0.024 0.240 <.001 0.013 0.087 <.050 <0.010 42 
432.61 0.001 0.299 <.001 0.012 0.124 <.050 <0.010 26 
456.01 0.009 0.270 <.001 0.017 0.031 <.050 <0.010 17 
470.52 0.01 0.276 <.001 0.007 0.891 <.050 <0.010 40 

No Water N, n/a n/a 
444.99 0.029 0.285 <.001 0.024 0.052 <.050 <0.010 33 
438.34 0.012 <0.002 <.001 <0.005 0.024 <.050 <0.010 <10 
431.31 0.016 <0.0U:l <.002 <0.002 0.027 <.050 <..il.010 <10 
434.29 0.014 <0.002 <.001 <0.005 0.023 <.050 <0.010 <10 
459.45 O.D! <0.002 <.001 <0.005 0.03 <.050 <0.010 <10 
"471.33 0.01 <0.002 <.001 <0.005 0.4 <.050 <0.010 <10 

No Water Ne n/a nia 
447.05 O.Dl8 <.002 <.001 <.005 0.045 <.050 <0.010 <10 
435.70 0.002 0.006 <.001 <.005 <.002 <.050 <0.010 33 
427.72 0.023 0.050 <.001 <.005 0.002 <.050 <0.010 44 
430.10 0.006 0.060 <.001 <.005 0.145 <.050 <0.010 75 
458.03 0.003 0.070 0.001 <.005 <.002 <.050 <0.010 122 
470.85 ~.002 0.050 <.001 <.005 <.002 <.050 <0.010 160 

No Water Ne n/a 
446.30 I 

<.001 0.002 0.090 <.005 0.003 <.050 <0.010 75 
435.08 0.001 0.206 0.003 <.005 0.012 <.050 <0.010 37.5 
429.31 la.DOI 0.184 0.002 <.005 <.002 <.050 <0.010 50 
428.63 

• 
1
~.001 0.129 0.001 <.005 0.024 <.050 <0.010 88 

457.03 0.001 0.153 0.002 <.005 0.026 <.050 <0.010 139 
469.43 \J.006 0.153 0.002 <.005 0.012 <.050 <0.010 150 

No Water No n/a 
445.55 ~.003 0.269 0.001 <.005 0.026 <.050 <0.010 85 
434.92 ':o.001 <.002 <.001 <.005 0.019 <.050 <0.010 20 
424.51 lo.001 <.002 <.001 <.005 0.021 <.050 <0.010 22 
426.86 1_0.013 <.002 <.001 <.005 0.045 <.050 <0.010 44 
456.79 0.006 <.002 <.001 <.005 0.081 <.050 <0.010 42 
468.32 10.02 <.002 <.001 <.005 3.05 <.050 <0.010 105 

No Water No n/a 
444.18 10.018 <.002 <.001 <.005 0.093 .<.050 <0.0lO 8.7 
435.08 (0.001 <.002 <.001 O.oJ5 <.002 <.050 <0.010 14 

' 425.76 ~0.001 <.002 <.0·01 0.013 <.002 <.050 <0.0lO 38 
427.14 1o.009 <.002 <.001 0.006 2.105 <.050 <0.010 28 
455.42 lo.001 <.002 0.002 0.014 0.028 <.050 <0.010 84 

No Water No 
No Water No 

443.95 1\i.001 <.002 <.001 0.005 0.181 <.050 <0.0lO 368 
438.62 30.001 <.002 <.001 <.005 0.005 <.050 <0.010 26 
431.41 40.001 <.002 <.001 <.005 0.003 <.050 <0.010 42 
434.29 4i.001 <.002 0.001 <.005 0.028 <.050 <0.010 66 
458.05 50.001 <.002 <.001 <.005 0.005 <.050 <0.010 109 
473.86 llo.001 <.002 <.001 0.013 0.007 <.050 <0.010 91 

No Water No 
448.63 fio.001 <:002 <.001 <.005 0.007 <.050 <0.010 86 
436.55 5;.002 <.002 <.001 0.034 <.002 <.050 <0.010 42 
428.93 60.001 · <.002 0.001 0.011 0.007 <.050 <0.010 46 
432.08 60.001 <.002 0.001 0.013 0.002 <.050 <0.010 62 
459.93 40.001 <.002 0.002 0.009 <.002 <.050 <0.010 100 
471.74 Ho.OOI <.002 0.002 0.020 <.002 <.050 <0.010 132 

No Water No' 
448.05 60.001 <.002 <.001 0.017 0.002 <.050 <0.010 82 
462.23 50.001 <.002 <.001 0.020 0.544 <.050 <0.010 88 
433.29 81.003 <.002 0.001 <.005 0.007 <.050 <0.010 26 
424.74 1Goo9 0.105 0.001 <.005 0.196 <.050 <0.010 34 
426.09 12:J.01 0.370 0.001 <.005 0.524 <.050 <0.010 66 
458.16 5 ,.002 0.141 0.001 <.005 0.003 <.050 <0.010 100 
469.06 13,.005 0.080 0.002 <.005 0.198 <.050 <0.010 120 

No Water No' 
447.11 \018 0.137 0.002 <.005 1.180 <.050 <0.010 108 
462.70 5·.005 0.200 0.002 <.005 0.042 <.050 <0.010 112 
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1.0 INTRODUCTION 

This report presents the results of a piezo cone penetrometer testing (CPTU) program 
carried out at Pond Creek Mine localed in Williamson County, Illinois. The work was 
performed under subcontract to Civil & Environmental Consultants, Inc. of Export, 
Pennsylvania. The CPTU program took place on October 30th

, and 31st, 2007. 

A total of fifteen soundings were completed al twelve different sounding locations. The 
CPT testing was performed lo evaluate in situ geotechnical as well as seismic criteria 
relative to the proposed expansion. 

While completing the CPT soundings, seismic shear wave velocity testing was conducted 
in all of the soundings. Seismic testing involved collecting shear wave velocity data at one
meter depth intervals. 

CPT sounding locations were selected and numbered under the direction and supervision 
of C.E.C. Personnel. 

Cone Tee, New Jersey 3 
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2.0 FIELD EQUIPMENT AND PROCEDURES 

2.1 CONE PENETRATION TESTING 

The cone penetrometer tests were carried out using an integrated electronic piezo cone 
manufactured by ConeTec in Vancouver, Canada. The piezo cone used was a 
compression model cone penetrometer with a 15 cm2 tip and a 2:?5 cm2 friction sleeve. The 
cone is designed with an equal end area friction sleeve and a tip end area ratio of 0.80. 
The piezo cone dimensions and the operating procedure were in accordance with ASTM 
Standard D-5778-95. A diagram of the cone penetrometer used for this project is shown as 
Figure 1. 

Pore pressure filter elements, made of porous plastic, were saturated under a vacuum 
using glycerin as the saturating fluid. The pore pressure element was six millimeters thick 
and was located immediately behind the tip (the u2 location) for all soundings. 

The cone was advanced using a 20 ton, unitized, track-mounted cone penetration rig. The 
following data were recorded onto magnetic media every five centimeters (approximately 
every two inches) as the cone was advanced into the ground: 

- Tip Resistance (qc) 
- Sleeve F fiction (fs) 
- Dynamic Pore Pressure (ut) 

The field data recorded is included on the attached CD (appendix E). 

Before each sounding a complete set of analog baseline .readings are taken· with a multi
meter and compared with the digitized value on the computer screen. This provides a 
check on the analog to digital conversion board. 

Evaluation of the analog baselines is key to consistent readings. The baseline data should 
be stable and should not wander excessively during the course of a sounding. Baseline 
data can be used to apply corrections to the cone data where necessary. For this project, 
the baseline shift from sounding to sounding was small, typically less than 0.1 % of full 
scale, and no data corrections were applied. 

During seismic testing, the seismic signals were recorded using a geophone mounted in 
the cone as shown in Figure 1 and an up-hole digital oscilloscope. A sledge hammer hit 
against a beam was used for the seismic source. Normal reaction for the beam was 
provided by the dead weight of the rig placed upon the beam. A schematic of the shear 
wave testing configuration is shown in Figure 2. 

Cone Tee, New Jersey 4 
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Triaxial Geophones 
or Accelerometer 
(Vp & Vs) 

Load Cells 

Inclinometer (I) 

--+--- Thermistor (T) 

o-+--- Friction Sleeve (Fs) 

---+-- Pore Pressure 
Transducer (U) 

FIGURE 1 - TYPICAL CONE PENETROMETER 

Cone Tee, New Jersey 5 
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Polarized Shear Wave Trace 

7 ~--------~ I' 
TRiGGER CIRCUIT 

0 0 0 O 

CONE DATA 
ACQUISITION SYSTEM 

DIGITAL STORAGE 
OSCILLOSCOPE 

HAMMER WITH 
CONTACT TRIGGER 

NORMAL FORCE 
I t I I 

'f 'f 'f 'f 
STEEL I ~ BEAM 

Shear Wave 

~ 

FIGURE 2 -SCHEMATIC OF SHEAR WAVE TESTING CONFIGURATION 

2.2 PORE PRESSURE DISSIPATION TESTS 

When cone penetration is stopped, the piezo cone essentially becomes a piezometer. 
While stopped, pore water pressures are automatically recorded at five-second intervals 
and the readings are stored in a dissipation file (.ppd). Dissipation data can then be plotted 
onto a dissipation curve consisting of pore water pressure (u) verses time (t). The shapes 
of dissipation curves are very useful in evaluating soil type, drainage and in situ static water 
level. 

A flat curve that stabilizes quickly (i.e. less than 30 seconds) is typical of a free draining 
sand. In this case, the final measured pore water pressure is the static in situ water 
pressure. 

Soils that generate excess dynamic pore water pressure during penetration will dissipate 
this excess pressLIre when penetration stops. The shape of the dissipation curve and the 
time of dissipation can be used to estimate Ch, the coefficient of consolidation that can in 
tum be used to calculate Kh, the horizontal permeability. 

Figure 3 shows some idealized shapes of various pore water pressure dissipation curves. 
The reader is referred Robertson et. al., 1992 to reference dissipation test data analytical 
techniques. 

Cone Tee, New Jersey 6 
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Estimation of Ground Water Table 
from CPT Dissipation Tests 

...._____ Pore Pressure (u) 
measured here 

Deane - Depth of Cone 

Dwater - Depth to Wai er Table 
Hwaier - Head of Water 

Water Table Calculation 

Oi,niµatlen or Face Pres!ltlfe {U) In NC Clay 

u 

Ue - equilibrium pore pressure 

0--+--------
time 

Das.sipa!ian of Pore Pr.!5Sure(u} ill Sand 

u 

UeI-------

Lie - equilibrium p.cre pressure 

Q----1--------
time 

D1s,;1p11lkm of Pore Presi;ure {uJ ,n Dense Sand. 

u Dilative S~l anti Hea\ll!y oc Ctay 

"·r 
Ue - equilibrium pore pressure 

time 

Dwater = D cone - Hwater 
where Hwater = Ue (depth units) 

Useful Conversion Factors: 1psi = 0.704m = 2.31 feet (water) 
1tsf = 0.958 bar= 13.9 psi 
1 m = 3.28 feet 

FIGURE 3 -TYPICAL DISSIPATION TESTS 

Cone Tee, New Jersey 7 
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3.0 CONE PENETRATION TEST DATA AND INTERPRETATION 

3.1 ANALYSIS OF PIEZOCONE DATA - GENERAL 

A total of fifteen CPT sounding involving 443.90 feet of testing, were completed. 

The interpretation of cone data is based on the relationship between cone bearing, qc, 
sleeve friction, fs, and penetration pore water pressure, u. The friction ratio, Rf, (sleeve 
friction divided by cone bearing) is a calculated parameter which is used to infer soil 
behavior type. Generally, saturated cohesive soils have low tip resistance, high friction 
ratios and generate large excess pore water pressures. Cohesionless soils have higher tip 
resistances, lower friction ratios and do not generate significant excess pore water 
pressure. 

The interpretation of soils encountered on this project was carried out using correlations 
developed by Robertson et al., 1992. It should be noted that ii is not always possible to 
clearly identify a soil type based on qc, fs and ut. Occasionally soils will fall within different 
soil categories on the classification charts. In these situations, experience and judgment 
and an assessment of the pore pressure dissipation data should be used to infer the soil 
behavior type. Computer tabulations of the interpreted soil types along with certain other 
geotechnical parameters for each cone hole is presented in Appendix B. 

Each of the parameters measured in the sounding is discussed briefly below. A detailed 
explanation of CPTU testing and interpretation of the results can be found in Robertson, 
1989. 

TIP RESISTANCE (q0 ): The resistance to penetration, measured at the cone tip, provides 
an accurate profile of subsurface strata. The recorded tip resistance is a composite of the 
penetration resistance of the soils located five to ten cone diameters (7 to 14 inches) in 
front of and behind the tip. The actual resistance "sensed" by the tip depends on the soil 
properties and on the relative stiffness of the layers encountered. Tip resistance is often 
corrected for pore pressure effects when testing in soft saturated cohesive soils. 

For this project the correction was made and the tip resistance shown, qi is the corrected tip 
resistance. 

The correction used is: qi= q0 + (1-a)u 
Where: q, = corrected tip resistance 

qc = measured tip resistance 
a = net area ratio for cone (0.80 for this project) 
u = dynamic pore water pressure measured behind tip 

Cone Tee, New Jeraey 8 
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SLEEVE FRICTION (fs) The resistance recorded on the friction sleeve, is a measure of the 
remolded strength of the soil. Values of sleeve friction in very soft soils ( such as peat) may 
fluctuate due to the measured force being small relative to the capacity of the measuring 
load cell. 

FRICTION RA TIO (Rr) The ratio of sleeve friction to tip resistance expressed as a 
percentage, is an indicator of soil type. Cohesive soils generally have friction ratios that 
are greater than two, while sands and non-plastic silts have friction ratios that are lower 
than two. 

PORE PRESSURE (u) Dynamic pore water pressure is measured during penetration. 
(dynamic pore water pressure data can be found in the .cor, .xis files. Static pore water 
pressure is measured when cone penetration is stopped (static pore water pressure data 
can be found in the .ppd files). The measured dynamic pore water pressure changes with 
the location of the porous filter and negative readings are possible when the filter is located 
behind the tip. 

It is important to note that the CPT classifies soil by physical behavior, not by grain size; 
therefore, the CPT classification should be verified against samples obtained from a 
conventional drilling program. While the CPT soil classification may not always be 
accurate in terms of the actual label it applies to a particular soil, it is very accurate in 
grouping soils with similar mechanical properties. 

Table 1 presents a summary of CPT soundings, including sounding depths. 

3.2 CONE PLOTS 

The data from each sounding was plotted using the computer program ScreenZ. The plots 
are included in Appendix A ScreenZ was developed by ConeTec Inc. and it incorporates 
soil behavior type (SST) classification as part of the plot. The soil classification is based on 
the classification chart reproduced chart in Appendix B. 

3.3 PORE PRESSURE DISSIPATION TEST RESULTS 

When conducting CPT investigations, pore water pressure dissipations are automatically 
recorded during pauses in penetration. The pore water pressure data is recorded at five 
second intervals. Dynamic and static pore pressure dissipation data for each CPT is 
included on the data CD. No dissipation tests were completed during this project. Water 
table depths used in the data interpretations were given to us by the client. 

Cone Tee, New Jersey 9 
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3.4 SHEAR WAVE VELOCITY MEASUREMENTS 

Shear wave velocity measurements were conducted during all of the CPT soundings. 
Shear wave velocity measurements were recorded approximately every meter. The shear 
wave velocity data can be found in Appendix C. 

3.5 CPTSUMM DATA PROCESSING 

The electronic data files were processed using the program CPTSUMM. CPTSUMM is a 
program developed by ConeTec to calculate common engineering parameters from CPT 
data. The data files (xis) can be found on the data CD. The calculations used are 
summarized in the table found in Appendix 8. Each calculation is derived according to the 
referenced article. 

For this project, the depth to ground water was given to us by the client. The exact depth 
used is noted in the header of each CPTSUMM file. 

3.6 DATACD 

One data CD is included in Appendix E. The CD includes all of the CPT, dynamic and 
static pore water pressure and CPTSUMM data. 

Cone Tee, New Jersey 
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CONETEC 
TABLE 1 - SUMMARY OF CPTU SOUNDINGS 

( 

Job No.: 07-804 
Location: Pond Creek Mine - Williamson County, Illinois 
Client: CMI & Environmental Consultants 
Date: October 30, 31, 2007 

Date CPTU Sounding File Name CPT Shear wave Comments 

Total Velocity Tests 
Depth 

(ft) 

31-Oct-07 CPT-1 804cp01.cor 18.37 6 

30-Oct--07 CPT-2 804cp02.cor 45.28 13 

30-Oct--07 CPT-2A 804cp02a.cor 41.67 12 

31-Oct--07 CPT-3 804cp03.cor 22.15 6 

31-Oct--07 CPT-4 804cp04.cor 18.86 6 

30-Oct--07 CPT-5 804cp05.cor 49.21 14 

30-Oct-07 CPT-5A 804cp05a.cor 53.15 16 

30-Oct--07 CPT-58 804cp05b.cor 39.70 12 

31-Oct--07 CPT-6 804cp06.cor 22.64 7 

31-Oct-07 CPT-7 804cp07.cor 16.73 5 

31-Oct-07 CPT-8 804cp08.cor 17.88 6 

31-Oct-07 CPT-9 804cp09.cor 21.98 7 

31-Oct-07 CPT-10 804cp1 0.cor 26.08 8 

31-Oct-07 CPT-11 804cp11.cor 27.56 9 

31-Oct--07 CPT-12 804cp12.cor 22.64 7 

Job Totals: 15 443.90 134 

Page 1 of 1 07-804 Table I.XLS 
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Shearwave CPT plots 
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ConeTec 
Environmental and Geotechnical Site Investigation Contractors 

ConeTec Interpretations as of June 30, 2004 (Release 1.22A) 

ConeTec's interpretation routine provides a tabular output of geotechnical parameters based on current 
published CPT correlations and is subject to change to reflect the current state of practice. The 
interpreted values are not considered valid for all soil types. The interpretations are presented only as a 
guide for geotechnical use and should be carefully scrutinized for consideration in any geotechnical 
design. Reference to current literature is strongly recommended. ConeTec does not warranty the 
correctness or the applicability of any of the geotechnical parameters interpreted by the program and does 
not assume liability for any use of the results in any design or review. Representative hand calculations 
should be made for any parameter that is critical for design purposes. The end user of the interpreted 
output should also be fully aware of the techniques and the limitations of any method used in this program. 
The purpose of this document is to inform the user as to which methods were used and what the 
appropriate papers and/or publications are for further reference. 

The CPT interpretations are based on values of tip, sleeve friction and pore pressure averaged over a 
user specified interval (e.g. 0.20m). Note that q1 is the tip resistance corrected for pore pressure effects 
and qc is the recorded tip resistance. Since all ConeTec cones have equal end area friction sleeves, pore 
pressure corrections to sleeve friction, fs, are not required. 

The tip correction is: q1 = q0 + (1-a) • u2 

where: q1 is the corrected tip resistance 
q0 is the recorded tip resistance 
u2 is the recorded dynamic pore pressure behind the tip (u2 position) 
a is the Net Area Ratio for the cone (typically 0.85 for ConeTec cones) 

The total stress calculations are based on soil unit weights that have been assigned to the Soil Behavior 
Type zones, from a user defined unit weight profile or by using a single value throughout the profile. 
Effective vertical overburden stresses are calculated based on a hydrostatic distribution of equilibrium 
pore pressures below the water table or from a user defined equilibrium pore pressure profile (this can be 
obtained from CPT dissipation tests). For over water projects the effects of the column of water have 
been taken into account as has the appropriate unit weight of water. How this is done depends on where 
the instruments were zeroed (i.e. on deck or at mud line). 

Details regarding the interpretation methods for all of the interpreted parameters are provided in Table 1. 
The appropriate references cited in Table 1 are listed in Table 2. Where methods are based on charts or 
techniques that are too complex to describe in this summary the user should refer to the cited material. 

The estimated Soil Behavior Types (normalized and non-normalized) are based on the charts developed 
by Robertson and Campanella shown in Figures 1 and 2. The Bq classification charts are not reproduced 
in this document but can be reviewed in Lunne, Robertson and Powell (1997) or Robertson (1990). 

Where the results of a calculation/interpretation are declared 'invalid'the value will be represented by the 
text strings "-9999" or "·9999.0". In some cases the value O will be used. Invalid results will occur 
because of (and not limited to) one or a combination of: 

1. Invalid or undefined CPT data (e.g. drilled out section or data gap). 

2. Where the interpretation method is inappropriate, for example, drained parameters in an 
undrained material (and vice versa). 

3. Where interpretation input values are beyond the range of the referenced charts or specified 
limitations of the interpretation method. 

4. Where pre-requisite or intermediate interpretation calculations are invalid. 
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The parameters selected for output from the program are often specific to a particular project. As such, 
not all of the interpreted parameters listed in Table 1 may be included in the output files delivered with this 
report 

The output files are often delivered in one (or more) of the following three formats: 

· File Tvoe Tvoical Extensions Descrintion 
Printable IFP, NLP ASCII files formatted for direct printing either by copying to a printer port, 

through a text editor or through a dedicaled printing routine (such as 
Cone Tee's CTPRIND. Typically formatted for 
132 columns wide and 70 lines per page. Any printer would need to be set 
to have a compressed font (16cpi) as its default. 

Importable IFl,NLI Tab delimited ASCII files (not for use with text editors) meant for importing 
into spreadsheet and database applications (e.g. Excel, Lotus, Quattro, 
Access). Some column and cell formatting maybe required depending on 
the quality of the application's import utility. 

Spreadsheet XLS IFI, NLI files exported direclly to Excel format. Column and cell formatting 
has been done. Header information is exported to start in Column C 
allowing the depth columns A and/or B to be duplicated on each printed 
page without repetition of part of the header information. 

Table 1 
CPT Interpretation Methods 

Interpreted Description Equation 
Parameter 

Mid Layer Depth 

Depth (where interpretations are done at each point then Mid 
Depth {Layer Tap)+ Depth {Layer Bottom) 12.0 

Layer Depth = Recorded Depth) 

Bevattan Elevation of Mid Layer based on sounding collar elevation Elevation = Collar Elevation - Depth 
supplied by client 

I • 

Avgqc Averaged recorded tip value (qc) Avgqc=-Lq. 
ll f:I 

n= 1 when interpretations are done at each point 

Averaged corrected tip (q,} where: 
I • 

Avgqt 
Avgqt=-Lq, 

q, =q,.+(1-a)•u ·~ n== 1 when interpretations are done at each point 

I • 

Avgfs Averaged sleeve friction (fs) 
Av,:f,=-I;fi· 

n ;-i 

n= 1 when interpretations are done at each point 

Averaged friction ratio (Rf) where friction ratio is defined 
AvgRf =-100% • Av,[fs 

AvgRf as: 
Rf= 100%. f!. 

A"Jgqt 

qt 
n= 1 when interpretations are done at each point 

I • 

Avgu Averaged dynamic pore pressure (u) 
Avgu=-Lu, 

n 1:1 

n= 1 when interpretations are done at each point 

Averaged Resistivity (this data is not always available I • 

AvgRes since it is a specialized test requiring an additional A,gu =-I:RESISTIVITY, 
n 1 .. 1 

module) n=1 when interpretations are done at each paint 

CPTSUMM-MethodsV122a - Rev. 06-30-2004 
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Interpreted 
Parameter 

AvgUVIF 

AvgTemp 

AvgGamma 

SST 

U.Wt. 

T.Stress 

crv 

E. Stress 

crv 

Ueq 

Cn 

N50 

(N1)50IC 

Su 

k 

CPT Interpretations 

Description 

Averaged UVIF ultra-violet induced fluorescence (this 
data is not always available since it is a specialized test 
requiring an additional module} 

Averaged Temperature (this data is not always available 
since it is a specialized test} 

Averaged Gamma Counts (this data is not always 
available since it is a specialized test requiring an 
additional module) 

Soil Beti'avior Type as defined by Robertson and 
campanella 

Unit Weight of soil determined from one of the following 
user selectable options: 

1} uniform value 
2) value assigned to each SBT zone 
3) user supplied unit weight profile 

Total vertical overburden stress at Mid Layer Depth. 

A layer is defined as the averaging interval specified by 
the user. For data interpreted at each point the Mid Layer 
Depth is the same as the recorded depth. 

Effective vertical overburden stress at Mid Layer Depth 

Equilibrium pore pressure determined from one of the 
following user selectable options: 

1) hydrostatic from water table depth 
2} user supplied profile 

SPT NGO overburden correction factor 

SPT N value at 60% energy c:alculated from qt/N ratios 
assigned to each SBT zone. This method has abrupt N 
value changes at zone boundaries. 

SPT N60 value corrected for overburden pressure 

SPT Nso values based on the le parameter 

SPT Nso value corrected for overburden pressure (using 
Nso le). User has 2 options. 

Clean sand equivalent SPT (N1)60lc. User has 3 options. 

Undrained shear strength - N111 is user selectable 

Coefficient of permeabiltty {assigned to each SBT zone) 

CPTSUMM-MethodsV122a - Rev. 06-30-2004 

I" Avgu=-L,UVJF, 
'2 b,I 

Page 3f7 

Equation 

n=t when interpretations are done at each point 

Mc•=.!. f:.TEMPERATURE, 
'2 t=I 

n= 1 when interpretations are done at each pain! 

I • 
A•g•=-:EGAMMA 

'21,<1 

n-1 when interprstalians ar& done at each point 

See Figure 1 

See references 

TSlress = t r, h1 .. , 
where n is layer unit weight 

hi is layer thickness 

Estress = Tstress - ufKl 

For hydrostatic option: 

u"l =r., •(D-D.,) 
where Ueq is equilibrium pore pressure 

'Yw is unit weight of water 
D is the current depth 
Dw, is the depth to the water table 

Cn=(uvt·5 

where Uv' is in tsf 
0.5< Cn<2.0 

SeeRgure 1 

(qt/pa)/ Nao= 8.5 (1 - lc/4.6) 

1) (N,)w/C= Cn • (Nro le) 
2) q,,,.,i (N1)50IC= 8.5 (1 -lc/4.6) 

1) (N1)"""1c = a + MN,)solc) 
2) (N1),0cslc = Kser • ((N1)50/c) 
3) qc1,d/ (N1),.,,lc = 8.5 (1 -lc/4.6) 

FC~5%: 
FC 235% 
5%<FC<35% 

qr-a 
Su=--• 

N" 

0=0, ~=1.0 
a= 5.0, ~=1.2 
a= exp{1.76 - \190/Fc")] 
~ = [0.99 + (FC ~/1000)] 

Ref 

2,5 

5 

4,5 

4 

5 

4 
5 

10 
10 
5 

1, 5 

5 
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Interpreted 
Parameter 

Bq 

F, 

SBTn 

SBT-BQ 

SBT-BQn 

FC 

le Zone 

PHI 

~ 

Dr 

CPT Interpretations 

Description 

Pore pressure parameter 

Normalized Qt for Soil Behavior Type classffication as 
defined by Robertson, 1990 

Normalized Friction Ratio for Soil Behavior Type 
classification as defined by Robertson, 1990 

Nonnalized Soil Behavior Type as defined by Robertson 
and Campanella 

Non-nonnalized soil behavior type based on the Bq 
parameter 

Normalized Soil Behavior base on the Bq parameter 

Soil index for estimating grain characteristics 

Apparent fines content {%) 

This parameter is the Soil Behavior Type zone based on 
the le parameter (valid for zones 2 through 7 on SBTn 
chart) 

Friction Angle determined from one of the following user 
selectable options: 

a) Campanella and Robertson 
b) Duriiunoglu and Mttchel 
c) Janbu 

Relative Density determined from one of the following user 
selectable options: 

a) Ticino Sand 
b) Hokksund Sand 
c) Schmertmann 1976 
d) Jamiofkowski - All Sands 

CPTSUMM-MethodsV122a- Rev. 06-30-2004 

Au Bq=-
qt-a~ 

where: .bu =u-u,q 

Equation 

and u = dynamic poro prassuro 
Usq = equilibrium pore pressure 

q1-a Qt=--.-· 
Fr=l00%•__.l!__ 

qt-CF~ 

See Figure 2 

See Figure 5.7 (reference 5) 

See Figure 5.8 {reference 5} or Figure 3 
(reference 2) 

Page 4f7 

lo = [(3.47 -log100f + Vog,o Fr+ 1.22f r 
Q=(qr-a-,rP·)· 

P.1 d~ 

Where: 

And Fr is in percent 
Pa = atmospheric pressure 
Pa2 = atmospheric pressure 
n varies from 0.5 to 1.0 and is 

selected in an iterative manner based on the 
resulting le 

FC.,1.75(1cf'25J-3.7 
FC.,100 tor le> 3.5 
FC.,O for le < 1.26 
FC = 5% if 1.64 <Jc< 2.6 AND F,<0.5 

le< 1.31 
1.31 < le < 2.05 
2.05 < le < 2.60 
2.60 < le < 2.95 
2.95 < le < 3.60 
le> 3.60 

See reference 

See reference 

Zone=7 
Zone =6 
Zone=5 
Zane=4 
Zone:3 
Zone =2 

Ref 

1, 5 

2,5 

2,5 

2,5 

2,5 

2,5 

3,8 

3 

3 

5 

5 
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Interpreted Description Equation Ref 
Parameter 

a) Based on Schmertrnann's method involving a 
plot of s,,Ja,,' /( SJcr,')NC and OGR 

OCR Over Consolidation Ratio 9 
where the Su/p' ratio for NC clay is user 
selectable 

----·--- . ----· ----- --
State 

The state parameter is used to describe whether a soil is 

Parameter 
contractive (SP is positive) or dilative (SP is negative) at 
large strains based on the work by Been and Jefferies 

Soo reference a, 6,5 

Es/qt 
Intermediate parameter for calculating Youngs Modulus, Based on Figure 5_59 in the reference 5 
E, in sands. It is the Y axis of the reference chart. 

Youngs Mcxiulus based on the work by Baldi. There are 
Mean normal stress is evaluated from: three types of sands considered in this technique. The 

user selects the appropriate type for the site from: 
• I fa-' . ')' 

a)OCSands 
a =-• +a +a .. 3 ,. 6 • 

Youngs b) Aged NC Sands 5 
Modulus E c) Recent NC Sands where crv'= vertical effective stress 

crt.'= horizontal effective stress 
Each sand type has a family of curves that depend on 
mean normal stress. The program calculates mean and crt. = Ko'"' crv' with Ko assumed to be 0.5 
normal stress and linearly interpolates between the two 
extremes provided in Baldi's chart. 

--- ·--·-· ··- ----·-··-· ---·-- ---·- -

( 
q,, 

Qt normalized for overburden stress used for seismic Qc1 =Qt• (Pa/O"v')0·
5 

analysis where: Pa= atrn. Pressure 3 
qi is in Mpa 

··-------·--···-·· -·-- ··-·------ --- -· ·-
__ , ___ ·---- -----·-

(lc1, q,,, = ((le, I Pa)(Pa/cr,') 
Qc, in dimensionless form used for seismic analysis where: Pa = atrn. Pressure and n ranges from 3 

0.5 to 0.75 based on le. 
-----·------ -·- ·--- -- ----· ----- --------·-- ·----·--···· --· -···---·-- --- - --

i<sPT Equivalent clean sand factor for {N1 )60 Kser= 1-e ((0.75/30) • (FC-5)) 10 

... - --· .. -·. -·- --- . .. . .. . ... . ..... ····- ... _. .. .. . ·-·--- .. .• .. ·-- '" ··-- ---- -

KCPT Equivalent clean sand correction for Qc1N 

Kept= 1.0 for lc51_64 
Kept= f(lc) for le> 1.64 (see reference) 10 

(lc1= Clean sand equivalent C1c1n qc1ncs = Qc1n • Kept 3 

--- ··- ---------- -----. . . _____ ,. ___ .... ------- .. .. .. . . •·•- - -··---- -· ·-- -·-· ··---~-----
qc,ncs< 50: 
CRR1~ = 0.833 [((lc,,d1000J + 0.05 

GRR Cyclic Resistance Ratio (for Magnitude 7.5) 10 
505qc1ncs<160: 
CRR1.s = 93 [(q,,,,.s/1000J

3 + 0.08 

----- ·- -·-------- "·-·-···-"" . . -- ·-·· .. .. ---···-·---·-- ---· 
CSR = (<.,/cr,') = 0.65 (a-/ g) (cr,I <>v') r, 

r,=1.0-0.00765z z 5 9.15m 10 
GSR Cyclic Stress Ratio ,, = 1.174 -0.0267 z 9.15 <Z 523m 

r,=0.744-0.00Bz 23 < z 5 30m 
rd= 0.50 z > 30m 

. ··-- .. -··-- -.-----·-· ·--·•··•- - . ·-·---- . . - ·- ·-- ·----·- .. . .. ·- .. ·- - -.. ·- - - -- . --··- --- -- -----

CPTSUMM-MethodsV122a - Rev. 06-30-2004 
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Interpreted Description Equation Ref Parameter 

MSF Magnitude Scaling Factor See Reference 10 

FofS Factor of Safety against Liquefaction FS - (CRR,.s / CSR) MSF 10 

Liquefaction Statement indicating possible liquefaction Takes into account FofS and limitations based le 
10 Status and qc1ncs. 

'"°"j~ii 11 
0- Zone qi/ N Soi! Behavior Type 

1 •• 2 sensmve fine grained 
1a 100 ,I:}:-;- 8 2 .. 1 organic material 
e :J •·· 3 " 1 clay 

OJ 4 • 1.5 silly clay to clay 
C ~ 5 .. 2 clayey silt to .silty clay 
-~ ·j·' 6 " 2.5 sandy sill to clayey siJI 
Q) 7 3 siHy sand lo sandy silt 

co - -, 
8 4 sand Jo siHy sand 

Q) 9 5 sand·- · 
C 10 ·10 6 gravelly sand to sand 
0 11 1 very sliff fine grained • 0 

12 2 sand to clayey .sand • 

• overconsolidated or cemented 

2 3 4 5 6 7 8 

Friction Ratio (%), Rf 

Figure 1 Non-Normalized Behavior Type Classification Chart 

CONETEC 

CPTSUMM-MethodsV122a -Rev. 06-30-2004 
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1000 ~-~~=~~~~ .. •-._. .... L.· 

100 

· / 

1 
0.1 

Normalized Friction Ratio 

9 

10 

Is 0 , 

qt~Cvo x100,o 

Zone Normalized Soil Behavior Type 
1 ill sensl!ive fine ,grain!3d 
2 m organic material 
3 Ill c!ayloslltyclay 
4 Zl clayey sllt to sllty clay 
5 ,... 1>iltY sand to sandy sin 
6 clean sands 10 silly sands 
7 gravelly sand to sand 
8 "l very 2tttf 3D.Od1o clayey .rond 
9 very stiff fine grained 

Figure 2 Normalized Behavior Type Classification Chart 

Table 2 References 

No. References 

1 
Robertson, P.K., Campanella, R.G., Gillespie, D. and Greig, J., 1986, gUseoi Piezometer Cone 

Data", Proceedings of lnSitu 86, ASCE Specialty Conference, Blacksburg, Virginia. 

2 Robertson, P.K., 1990, uSoll Classification Using the Cone Penetration Test", Canadian Geotechnical 
Journal, Volume 27. 

3 
Robertson, P.K. and Fear, C.E., 1998, "Evaluating cyclic liquefaction potential using the cone 

penetration test", Canadian Geotechnical Journal, 35: 442-459. 

4 Robertson, P.K. and Wride, C.E., 1998, ~Cyclic Liquefaction and its Evaluation Based on SPT and 
CPT", NCEER Workshop Paper, January 22, 1997 

5 Lunne, T., Robertson, P.K. and Powell, J. J.M., 1997, a Cone Penetration Testing in Geotechnical 
Practicet Blackie Academic and Professional. 

6 
Plewes, H.D., Davies, M.P. and Jefferies, M.G., 1992, ~CPT Based Screening Procedure for 

Evaluating Liquefaction Susceptibility", 45th Canadian Geotechnical Conference, Toronto, 
Ontario, October 1992. 

7 Jefferies, M.G. and DaVies, M.P ., 1993. "Use of CPTu to Estimate equivalent N60", Geotechnical 
Testing Journal, 16(4): 458-467. 

8 Been, K. and Jefferies, M.P., 1985, "A state parameter for sands", Geotechnique, 35(2), 99-112. 

9 Schmertmann, 1977, "Guidelines for Cone Penetration Test Performance and Design", Federal 
Highway Administration Report FHWA-T&78-209, U.S. Department of Transportation 

10 Proceedings of theNCEER Workshop on Evaluation of Liquefaction Resistance of Soils, Salt 
LakeCity, 1996. Chaired by Leslie Youd. 

CON!:TEC 
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Job No 07-804 

Client Civil & Environmental Consultants 
Project Tille Pond Creek Mine 

Hole CPT-1 

Site Williamson County, Illinois 

Dale 1 0/31 /2007 

Seismir. Rourr.er Beam 

Source Offset 1.50 (ft) 

Source Depth: 0.00 (ft) 

Geophone Offset: 0.66 (ft) 

Tip Geophone Ray Depth Time Mid-layer Vs Interval 

Depth Depth Path Interval Interval Depth Velocity 

(ft) (fl) (ft) (fl) (ms) (fl) (ft/s) 

328 2.62 3.02 

6.56 5.90 6.09 3.07 4.76 4.26 645 

9.84 9.18 9.31 3.21 4.90 7.54 856 

13.12 12.46 1255 3.25 4.02 10.82 808 

16.40 15.74 15.82 3.26 3.22 14.10 1013 

18.37 17.71 17.78 1.96 1.40 16.73 1402 

( 
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10 

20 

- 30 .::: -.t: 
C. 
Cl) 

C 40 

50 

60 

500 

Job No: 07-804 
Client: C.E.C. 
Project: Pond Creek Mine 
Sounding: CPT-1 
Date: October 31, 2007 

Vs (ft/s} 

1000 1500 2000 
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Tip Geophone 

Depth Depth 

(ft) (ft) 

6.56 5.90 

9.84 9.18 

13.12 12.46 
16.40 15.74 

19.69 19.03 

22.97 22.31 

( 26.25 25.59 

29.53 28.87 

32.81 32.15 
36.09 35.43 
39.37 38.71 

42.65 41.99 
4528 44.62 

07-804 Job No 

Client 
Project Tille 

Hole 

Civil & Environmental Consultants 
Pond Creek Mine 
CPT-2 

Site 

Date 

Williamson County, Hlinois 
10/30/2007 

Seismic Source: Beam 
Source Offset 1.50 

Source Depth: 0.00 
Geophone Offset: 0.66 

Ray Depth Time 
Path Interval Interval 

(ft) (ft) (ms) 

6.09 

9.31 321 2.67 

12.55 3.25 2.53 

15.82 326 2.83 

19.09 3.28 3.02 

22.36 3.27 3.18 
25.64 3.27 3.15 

28.91 3.28 3.12 

32.19 3.28 2.94 
35.47 3.28 3.45 

38.74 3.28 4.12 

42.02 3.28 3.61 
44.65 2.63 2.24 

(ft) 

(ft) 
(ft) 

Mid-layer 
Depth 

(ft) 

7.54 

10.82 

14.10 

17.39 

20.67 
23.95 

27.23 

30.51 
33.79 

37.07 

40.35 
43.31 

Vs Interval 

Velocity 

(ft/s) 

1204 

1284 

1152 

1085 
1029 
1039 
1050 

1114 

950 

795 

908 

1173 
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~ 
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C 40 

50 
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500 

Job No: 07-804 
Client: C.E.C. 
Project: Pond Creek Mine 
Sounding: CPT-2 
Date: October 30, 2007 

Vs (ftls) 

1000 1500 2000 
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Job No 07-8D4 
Client Civil & Environmental Consultants 

Project Title Pond Creek Mine 

Hole CPT-2A 
Site Williamson County, Illinois 
Date 10130/2007 

Seismic Source: Beam 
Source Offset: 1.50 (ft) 

Source Depth: 0.00 (It) 

Geophone Offset: 0.66 (ft) 

Tip Geophone Ray Depth lime Mid-layer Vs lnteJVal 

Depth Depth Path Interval Interval Depth Velooity 

(It) (ft) (It) (It) (ms) (ft) (lt/s) 

6.56 5.90 6.09 

9.84 9.18 9.31 3.21 3.29 7.54 977 

13.12 12.46 1255 3.25 3.34 10.82 973 

16.40 15.74 15.82 3.26 2.91 14.10 1121 

19.69 19.03 19.09 3.28 3.12 17.39 1051 

22.97 22.31 22.36 3.27 296 20.67 1105 

26.25 25.59 25.64 3.27 2.80 23.95 1169 

29.53 28.87 28.91 3.28 3.66 27.23 895 

32.81 3215 3219 3.28 4.20 30.51 780 

36.09 35.43 35.47 3.28 3.88 33.79 845 
39.37 38.71 38.74 3.28 4.15 37.07 790 

41.67 41.01 41.D4 230 1.83 39.86 1256 
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Job No: 07-804 
Client: C.E.C. 
Project: Pond Creek Mine 
Sounding: CPT-2A 
Date: October 30, 2007 

Vs (ft/s) 

1000 1500 2000 
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Job No 07-804 
Client CMI & Environmental Consultants 
Project Title Pond Creek Mine 
Hole CPT-3 

Site Williamson County, Illinois 

Date 10/31/2007 

Seismic Source: Beam 
Source Offset: 1.50 (fl) 

Source Depth: 0.00 (fl) 

Geophone Offset: 0.66 (fl) 

lip Geophone Ray Depth Time Mid-layer Vs Interval 

Depth Depth Path Interval Interval Depth Velocity 

(fl) (fl) (fl) (fl) (ms) (fl) (ft/s) 

6.23 5.57 5.77 

9.51 8.85 8.98 321 5.56 7.21 577 

12.80 12.14 12.24 3.26 5.72 10.50 569 

16.08 15.42 15.50 3.26 4.42 13.78 738 

19.36 18.70 18.76 3.27 3.70 17.06 883 

22.15 21.49 21.55 278 2.63 20.10 1058 

( 
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500 

Job No: 07-804 
Client: C.E.C. 
Project: Pond Creek Mine 
Sounding: CPT-3 
Date: October 31, 2007 

Vs (ft/s) 

1000 1500 2000 0 ____ ..._ ___ _,_ ___ ___. _____ _ 

10 

20 

- 30 
~ 
.c: _, 
c.. 
Q) 

O 40 

50 

60 

70 ....... ---------------' 
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Job No 07-804 

Client CMI & Environmental Consultants 

Project Trtle Pond Creek Mine 
Hole CPT-4 
Site Williamson County, Illinois 

Date 10/31/2007 

Seismic Source: Beam 

Source Offset: 1.50 (ft) 

Source Depth: 0.00 (ft) 

Geophone Offset: 0.66 (ft) 

Tip Geophone Ray Depth Time Mid-layer Vs Interval 

Depth Depth Path Interval Interval Depth Velocity 

(ft) (ft) (ft) (ft) (ms) (It) (fl/s) 

2.95 2.29 2.74 

6.23 5.57 5.77 3.03 6.37 3.93 476 

9.51 8.85 8.98 3.21 4.77 7.21 673 

12.80 12.14 12.24 3.26 4.17 10.50 781 

16.08 15.42 15.50 3.26 3.57 13.78 913 

18.86 18.20 18.27. 2.77 2.23 16.81 1242 

( 
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1
CONEfEC 

---- --- - j 

500 

Job No: 07-804 
Client C.E.C. 
Project Pond Creek Mine 
Sounding: CPT -4 
Date: October 31, 2007 

Vs (Ws) 

1000 1500 2000 0 ____ ...._ ___ __. ____ .._ __ __, 

10 

20 

- 30 
i:!:. 
.c: .... 
0.. 
a, 

Q 40 

50 

60 
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Job No 07-804 

Client Civil & Environmental Consultants 

Project Trtle Pond Creek Mine 

Hole CPT-5 
Site Williamson County, Illinois 

Date 10/30/2007 

Seismic Rourc-.e· Bt".am 
Source Offset: 1.50 (ft) 

Source Depth: 0.00 (ft) 
Geophone Offset: 0.66 (ft) 

Tip Geophone Ray Depth Time Mid-layer Vs Interval 
Depth Depth Path Interval Interval Depth Velocity 

(ft) (ft) (ft) (ft) (ms) (ft) (ft/s) 
6.56 5.90 6.09 
9.84 9.18 9.31 321 3.12 7.54 1030 
13.12 12.46 12.55 325 3.02 10.82 1076 
16.40 15.74 15.82 3.26 3.29 14.10 991 
19.69 19.03 19.09 3.28 3.50 17.39 936 
22.97 22.31 22.36 3.27 2.85 20.67 1148 
26.25 25.59 25.64 3.27 2.75 23.95 1190 
29.53 ' 28.87 28.91 3.28 3.07 27.23 1067 
32.81 32.15 32.19 3.28 4.20 30.51 780 
36.09 35.43 35.47 3.28 4.20 33.79 780 
39.37 38.71 38.74 3.28 3.99 37.07 821 
42.65 41.99 42.02 3.28 4.20 40.35 780 
45.93 45.27 45.30 3.28 3.55 43.63 923 
49.21 48.55 48.58 3.28 2.05 46.91 1599 
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Job No 07-804 

Client Civil & Environmental Consultants 
Project Trtle Pond Creek Mine 

Hole CPT-SA 
Site Williamson County, Illinois 

Date 10/30/2007 

Seismic Source: Beam 

Source Offset: 1.50 (ft) 

Source Depth: 0.00 (ft) 
Geophone Offset: 0.66 (ft) 

Tip Geophone Ray Depth Time Mid-layer Vs Interval 
Depth Depth Path Interval Interval Depth Velocity 

(ft) (ft) (ft) (ft) (ms) {ft) (ft/s) 

6.23 5.57 5.77 
9.51 8.85 8.98 3.21 3.80 7.21 844 

12.80 12.14 12.24 3.26 4.18 10.50 779 
16.08 15.42 15.50 3.26 2.80 13.78 1164 
19.36 18.70 18.76 3.27 2.34 17.06 1396 
22.64 21.98 22.03 327 3.29 20.34 994 

C 
25.92 25.26 25.31 3.27 3.04 23.62 1077 
29.20 28.54 28.58 3.27 2.74 26.90 1195 
32.48 31.82 31.86 3.28 3.21 30.18 1021 
35.76 35.10 35.14 3.28 4.18 33.46 784 
39.04 38.38 38.41 3.28 4.29 36.74 764 
42.32 41.66 41.69 3.28 4.50 40.02 728 
45.50 44.94 44.97 3.28 4.27 43.30 768 
49.05 48.39 48.42 3.45 3.59 46.67 961 
52.17 51.51 51.54 3.12 2.21 49.95 1411 
53.15 52.49 52.52 0.98 0.62 52.00 1580 
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Job No 07-804 
Client Civil & Environmental Consultants 
Project Tille Pond Creek Mine 

Hole CPT-58 
Site Williamson County, Illinois 
Date 10/30/2007 

Seismic Source: Beam 
Source Offset: 1.50 (ft) 
Source Depth: 0.00 (ft) 
Geophone Offset: 0.66 {ft) 

Tip Geophone Ray Depth Time Mid-layer Vs Interval 
Depth Depth Path Interval Interval Depth Velocity 

(fl) (It) (ft) (It) (ms) (fl) (fl/s) 
6.56 5.90 6.09 
9.84 9.18 9.31 3.21 3.93 7.54 818 

13.12 12.46 1255 3.25 3.61 10.82 900 

16.40 15.74 15.82 3.26 2.15 14.10 1517 
19.69 19.03 19.09 3.28 3.02 17.39 1085 
22.97 22.31 2236 3.27 3.82 20.67 856 
26.25 25.59 25.64 3.27 4.47 23.95 732 
29.69 29.03 29,07 3.43 5.01 27.31 886 
32.81 32.15 32.19 3.12 4.09 30.59 762 
36.09 35.43 35.47 3.28 3.23 33.79 1014 
39.37 38.71 38.74 3.28 285 37.07 1150 
39.70 39.04 39.07 0.33 0.20 38,88 1649 
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Tip Geophone 

Depth Depth 

(fl) (fl) 
3.28 2.62 

6.56 5.90 

9.84 9.18 

13.12 12.46 

16.40 15.74 

19.69 19.03 

C 
22.64 21.98 

07-604 Job No 
Client 

Project Trtle 

Hole 

Civil & Environmental Consultants 
Pond Creek Mine 

CPT-6 

Site Williamson County, Illinois 
Date 10/31/2007 

Seismic Source: Beam 

Source Offset: 1.50 (fl) 

Source Depth: 0.00 (fl) 

Geophone Offset: 0.66 (ft) 

Ray Depth Time Mid-layer 

Path Interval Interval Depth 

(fl) (fl) (ms) (ft) 

3.02 

6.09 3.07 5.97 4.26 

9.31 3.21 4.18 7.54 

12.55 3.25 4.60 10.82 

15.82 3.26 3.45 14.10 

19.09 3.26 4.00 17.39 

22.03 2.94 2.88 20.51 

Vs Interval 

Velocity 

(ft/s) 

514 

769 

706 

945 

819 

1022 
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Job No 07-804 

Client CMI & Environmental Consultants 
Project Tille Pond Creek Mine 

Hole CPT-7 

Site WIiiiamson County, Illinois 

Dale 10/31/2007 

Seismic Source: Beam 
Source Offset: 1.50 (fl) 
Source Depth: 0.00 (ft) 
Geophone Offset: 0.66 (ft) 

Tip Geophone Ray Depth Time Mid-layer Vs Interval 
Depth Depth Path Interval Interval Depth Velocity 

(ft) (ft) (It) (It) (ms) (ft) (Ills) 
3.28 262 3.02 
6.56 5.90 6.09 3.07 5.97 4.26 514 
9.84 9.18 9.31 3.21 5.59 7.54 575 
13.12 12.46 12.55 3.25 4.36 10.82 745 
16.40 15.74 15.82 3.26 3.65 14.10 894 
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Tip Geophone 
Depth Depth 

(ft) {ft) 

3.28 2.62 
6.56 5.90 
9.64 9.18 

13.12 12.46 
16.40 15.74 

17.88 17.22 

( 

07-804 Job No 
Client 
Projec!Trtle 
Hole 

CMI & Environmental Consultants 
Pond Creek Mine 
CPT-8 

Site 
Date 

Williamson County, Illinois 
10/31/2007 

Seismic Source: Beam 
Source Offset: 1.50 

Source Depth: 0.00 
Geophone Offset: 0.66 

Ray Depth Time 
Path Interval Interval 
(ft) (ft) (ms) 

3.02 

6.09 3.07 5.67 
9.31 3.21 4.93 
12.55 3.25 4.59 
15.82 3.26 3.33 
17.29 1.47 1.42 

(ft) 

(ft) 

(ft) 

Mid-layer 

Depth 
{ft) 

4.26 

7.54 
10.82 

14.10 

16.46 

Vs Interval 

Velocity 
(11/s) 

541 

652 
708 

979 

1038 
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Job No 07-804 

Client Civil & Environmental Consultants 
Project TIiie Pond Creek Mine 

Hole CPT-9 

Site Williamson County, Illinois 
Date 10/3112007 

Seismic Source: Beam 
Source Offset: 1.50 (R) 
Source Depth: 0.00 (ft) 
Geophone Offset: 0.66 (ft) 

Tip Geophone Ray Depth lime Mid-layer Vs Interval 
Depth Depth Path Interval Interval Depth Velocity 

(ft) (fl) (fl) (fl) (ms) (fl) (fl/s) 
2.95 2.29 2.74 
6.23 5.57 5.77 3.03 7.30 3.93 415 
9.51 8.85 8.98 3.21 3.55 721 904 
12.80 12.14 12.24 326 4.30 10.50 757 
16.08 15.42 15.50 3.26 5.04 13.78 647 
19.36 18.70 18.76 327 4.06 17.06 805 

C 
21.98 21.32 21.38 261 1.76 20.01 1484 
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Job No 07-804 
Client CMI & Environmental Consultants 
Project Tdle Pond Creek Mine 
Hole CPT-10 
Site WIiiiamson County, Illinois 
Date 10/31/2007 

Seismic Source: Beam 
Smrrr.e Offset: 1.50 {ft) 
Source Depth: 0.00 {ft) 
Geophone Offset: 0.66 (ft) 

Tip Geophone Ray Depth Time Mid-layer Vs Interval 
Depth Depth Path Interval Interval Depth Velocity 

(ft) (fl) (fl) (fl) (ms) (fl) (fl/s) 
3.28 2.62 3.02 
6.56 5.90 6.09 3.07 6.42 4.26 478 
9.84 9.18 9.31 3.21 521 7.54 617 
13.12 12.46 1255 325 4.95 10.82 656 
16.40 15.74 15.82 326 4.06 14.10 803 
19.69 19.03 19.09 328 3.47 17.39 945 

( 
22.97 22.31 22.36 3.27 3.03 20.67 1080 
26.08 25.42 25.47 3.10 2.55 23.87 1217 
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Job No 07-8D4 
Client CM! & Environmental Consultants 
Project Title Pond Creek Mine 
Hole CPT-11 
Site Williamson County, Illinois 

Date 10/31/2007 

Seismic Source: Beam 
Source Offset: 1.50 (fl) 
Source Depth: 0.00 (fl) 
Geophone Offset: 0.66 (fl) 

Tip Geophone Ray Depth Time Mid-layer Vs Interval 
Depth Depth Path Interval Interval Depth Velocity 

(ft) (ft) (fl) (ft) (ms) (ft) (!tis) 
328 262 3.02 
6.56 5.90 6.09 3.07 6.51 4.26 471 
9.84 9.18 9.31 3.21 5.12 7.54 628 
13.12 12.46 12.55 3.25 4.52 10.82 719 
16.40 15.74 15.82 3.26 3.99 14.10 817 
19.69 19.03 19.09 3.28 3.54 17.39 926 

( 
22.97 22.31 22.36 3.27 2.71 20.67 1207 
26.25 25.59 25.64 3.27 2.36 23.95 1387 
27.56 26.90 26.95 1.31 1.05 26.25 1246 
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Job No 07-804 
Client Civil & Environmental Consultants 
Project Trtle Pond Creek Mine 
Hole CPT-12 
Site Williamson County, llfinois 
Dale 10/3112007 

Seismic Source: Beam 
Source Offset: 1.50 (ft) 
Source Depth: 0.00 (ft) 
Geophone Offset: 0.66 (ft) 

Tip Geophone Ray Depth Time Mid-layer Vs Interval 
Depth Depth Peth Interval Interval Depth Velocity 

(ft) (ft) (ft) (fl) (ms) (fl) (fl/s) 
2.95 2.29 274 
6.40 5.74 5.94 3.20 6.03 4.02 530 
9.51 8.85 8.98 3.04 5.11 7.30 596 
1280 12.14 12.24 3.26 5.42 10.50 601 
16.08 15.42 15.50 3.26 4.36 13.78 748 
19.36 18.70 18.76 3.27 3.75 17.06 871 
2264 21.98 22.03 3.27 2.66 20.34 1230 
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C 
APPENDIXC 

SUPPLEMENTAL SUMMARY OF ENGINEERING PROPERTIES PREPARED BY GAi AND 
SUMMARY OF ENGINEERING PROPERTIES PREPARED BY CEC 
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SUBJECT WILLIAMSON ENERGY - POND CREEK 

lj Phase 3 Subsidence Evaluation Summary of Engineering Properties and 
Coarse Refuse Tensile Strength 

BY BEG 

CHKD.BY.La'1Ll!.ffi1.e~'---

DATE 2009-MAR-31 PROJ. NO. C090403.01 .001 

DATE -5• 1'2..-D1 SHEET NO. __ i_ OF 

CALCULATION BRIEF 
FOR 

gai consultants 

Engineers • Geologists • Planners 
Enviwmuental Specialists 

SUPPLEMENTAL SUMMARY OF ENGINEERING PROPERTIES AND 
COARSE REFUSE TENSILE STRENGTH FOR SUBSIDENCE LIQUEFACTION AND 

EMBANKMENT CRACKING EVALUATIONS 

OBJECTIVE: 

REFERENCES: 

POND CREEK COAL REFUSE DISPOSAL SITE - PHASE 3 

Summarize engineering properties for coarse and fine coal refuse and residual soil 
materials at the Pond Creek Coal Refuse Disposal site including unit weight (y), 
specific gravity (G,), effective strength, i.e., angle of internal friction W) and 
cohesion (c'), total strength, peak undrained shear strength (Sup), and steady-state 
undra\ned shear strength (Su,) (for fine coal refuse). Also, derive a tensile strength 
to effective stress relationship for coarse coal refuse from laboratory testing to 
subsequently evaluate potential post-subsidence embankment cracking. The 
various strengths will be used in the Pond Creek Phase 3 subsidence/stability 
analyses model{s). 

1. Civil & Environmental Consultants (CEC), Inc. Calculation Brief Entitled "Estimation and Summary 
of Engineering Properties Including Peak and Steady-Sta!e Undrained Shear Strength for Refuse 
and Subgrade Materials," Pond Creek Coal Refuse Dis·posal Site - South Pond Stage 2," BEG, 
07/12/08. 

2. Civil & Environmental Consultants, Inc. Calculation Brief Entitled "Characterization of Sand-Like 
and Clay-Like Subsurface Materials," Pond Creek Coal Refuse Disposal Site - South Cell, BEG, 
dated 7/11/08. 

3. GAi Consultants, Inc. Calculation Brief Entitled "Supplemental Characterization of Subsurface 
Materials - Coarse Refuse and Residual Soil," Pond Creek Coal Refuse Disposal Site, BEG, dated 
3/31/09. . -

4. GAi Consultants, Inc. Calculation Brief Entitled "Summary of Laboratory Testing," Pond Creek Coal 
Refuse Disposal Site, BEG, dated 3/30/09. 

5. Civil & Environmental Consultants, Inc. Report Entitled "Abandonment Evaluation, Pond Creek No. 
1 Coal Refuse Disposal Facility, Phase 2 South Pond Slurry lmpoundment, Johnston City, 
Williamson County, Illinois," dated July 23, 2008. 

6. Civil & Environmental Consultants, Inc. Report Entitled "Permanent Deformation Evaluation, Pond 
Creek No. 1 Coal Refuse Disposal Facility, South Cell Slurry lmpoundment, Johnston City, 
Williamson County, !!linois," dated January 23, 2008. 
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Phase 3 Subsidence Evaluation - Summary of Engineering Properties and 
Coarse Refuse Tensile Strength 
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gai consultants 
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7. Mine Safety and Health Administration, "Draft - Engineering and Design Manual, Coal Refuse 
Disposal Facilities, Chapter 7 - Seismic Design: Stability and Deformation Analyses," dated, 
December 2007 (Updated August 2008). 

8. Poulos, S.J., Castro, G., rrance, J.W. (1085), "Liqucfoction Evnluntion Procedure," Journal of 
Geotechnical Engineering, ASC[, 111 (6), pp. 772-791. 

9. Almes, R. A. and Butail, A. (1976) "Coal Refuse: Its Behavior Related to the Design and Operation 
of Coal Refuse Disposal Facilities," Proceedings of the Ohio River Valley Soils Seminar, Lexington, 
Kentucky, October, 1976. 

10. Winterkorn, Hans F. and Fang, Hsai-Yang. (1975) "Foundation Engineering Handbook," Van 
Nostrand Reinhold Company. New York, page 116. 

SOIL PROPERTIES: 

From Reference (Ref.) Number (No.) 1, the following soil properties were estimated based on laboratory 
testing performed for previous permanent deformation (Ref. No. 5) and abandonment (Ref. No. 4) 
analyses, and/or provided by Alliance Consulting, Inc. (Alliance), which were used in the various slope 
stability analyses. These properties will subsequently be used in subsidence-related analyses, where 
appropriate, supplemented by additional engineer[ng properties as necessary and described below. 

Summary of Coarse and Fine Coal Refuse and Residual Soil Engineering Properties 

Unit Friction 
Weight Angle Cohesion 

(y) (~) (c) 
Descriotion locfl /decrees) losfl Comment 

33.7 0 Effective Strength (Drained) 

Coarse Refuse 130 18.0 736 Total Strength (Undrained) 

0 at/cr'v=0.15 (See Below) Tensile StrenQth 

36.9 0 Effective Strength (Drained) 
Fine Coal 

80 18.8 0 Total Strength (Undrained) 
Refuse 

0 Sus/cr'v=0.24 (See Ref. No. 1) Steadv-State (Undrained) 

26.8 0 Effective Strength (Drained) 

Residual Soil 125 19.5 416 Total Strength (Undrained) 

0 3000 80% Peak Undrained 
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LABORATORY-DERIVED TENSILE STRENGTH OF COARSE COAL REFUSE, cri; 

As presented in Ref. No. 4, two (2) consolidated-undrained (CU) triaxial series tests (3 points each) wore 

performed by Holcolm Foundation Engineering Company, Inc. (Holcolm) on remolded coarse coal refuse 

to determine effective and total strength (und1ai11ed) parameters. CU tests were performed by Holcolm in 

November 2006 and April 2007 from site specific samples of coarse coal refuse. Remolded samples were 

prepared in the laboratory to approximately 95 percent of the standard Proctor maximum dry density at 

near optimum moisture conditions. Samples were consolidated to a range of vertical effective stresses of 

about 70, 90 and 110 pounds per square inch (psi) [or 10,080 to 15,840 pounds per square foot (psf)]. All 

specimens exhibited contractive behavior when sheared under undrained conditions. In general, all 

specimens reached, or nearly reached, a steady-state of deformation within the strain limits of the test 

equipment. 

To evaluate the susceptibility of the Phase 3 compacted coarse refuse embankment to cracking during 

and following longwall mining beneath the Phase 3 impoundment, coarse refuse tensile strengths will be 

estimated from CU testing, and a relationship of tensile strength to effective stress developed to vary the 

strength in the stability model. A total of 6 CU points comprise the (2) series from which peak shear 

strength state failure conditions will be evaluated and a corresponding tensile strength calculated for each 

based on the tensile strength formula from Winterkorn and Fang (Ref. No. 10). Therefore, the following 

equation (Ref. No. 10) was used to calculate tensile strength (cr1) from laboratory test specimens of coarse 

coal refuse: 

Tensile Strength (cr1): 

cr1 = P/ii:(KbH-a2) 
Where, 
P = Load at failure 
K= Constant= 1.0 (per Ref. No. 10) 
b = Radius of test specimen 
H = Height of test specimen 
a= Radius of disks/platens 

The following tensile strength data is presented from CU testing on two (2) remolded coarse coal refuse 

samples (Ref. No. 4) and applying the equation above. CU laboratory test results are attached . 
. 

Sample No. November 2006 Coarse Coal Refuse April 2007 Coarse Coal Refuse 

CU Test No. 1 2 3 1 2 3 

(Confining (70 psi) (90 psi) (110 psi) (70 psi) (90 psi) (105 psi) 

Pressure) 
Parameter 

P (lbs.) @ Failure 278.8 383.7 682.4 185.6 243.0 560.1 

Failure Strain (%) 14.4 14.7 15.3 14.6 12.5 15.3 

b(in.) 1.4 1.4 1.4 1.4 1.4 1.4 

H (in.) 5.65 5.57 5.60 5.59 5.58 5.58 

a (in.) 1.4 1.4 1.4 1.4 1.4 1.4 

cr, (psi) 14.9 20.9 36.9 10.1 13.2 30.5 

cr, (psf) 2146 3010 5314 1454 1901 4392 
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Each CU test tensile strength (rrJ is subsequently normalized to its confining (isotropic) pressure, which is 
converted to equivalent vertical pressure. crt is plotted versus equivalent vertical effective stress (rr'v), and 
is presented in the attached Figure 1. The purpose of developing an effective stress relationship is to 
model the vanat1on m tensile strength with depth, i.e., effective stress within the Phase 3 coarse refuse 
embankment, and estimate a factor of safety against embankment cracking due to the longwall mining 
beneath the impoundment. 

The equivalent effective vertical stress (rr'v), is estimated at 1.5 times the isotropic effective consolidation 
stress (i.e., 1.5 * rr3). The all-around isotropic consolidation stress, rr3 is considered to be the mean 
effective stress (crm), which is converted to rr'v utilizing Ko = 0.5, and the equation: 

rr3 = crrn = (1+2Ko)/3 * rr'v, 

and thus equivalent vertical stress, rr'v is: 

rr'v = 1.5 * rr3. 

EQUIVALENT VERTICAL STRESS: 

Samole No. November 2006 Coarse Coal Refuse 
CU Test No. 1 2 3 
(Confining (70 psi) (90 psi) (110 psi) 

Pressure, rr3) 

·rr'v /□sf) 15120 19440 23760 

ITt /□sf) 2146 3010 5314 

rrtfrr'v (dim) 0.142 0.155 0.224 

April 2007 Coarse Coal Refuse 
1 2 3 

(70 psi) (90 psi) (105 psi) 

15120 19440 22680 
1454 1901 4392 
0.096 0.098 0.194 

A 2/3 - 1 /3 relationship of the data, as shown in the attached Figure 1, was employed to yield a 
conservative representation of the Pond Creek coarse refuse tensile strength-to-effective stress (rrt to rr'v) 

relationship of cr1 = 0.15 rr'v. 

Since site specific testing was performed, and a relationship of crt = 0.15 rr'v is considered realistic with 
some conservatism, based on the various testing conditions and conversions to effective stress. The 
Phase 3 coarse coal refuse embankment will be modeled utilizing this relationship to evaluate the potential 
for cracking. The results of post-subsidence slope stability analyses will subsequently be evaluated in 
another calculation brief to assess the likelihood of cracking of the coarse refuse embankment and 
liquefaction (flow) potential during/following longwall mining beneath the embankment/impoundment. 
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POND CREEK PHASE 3 CCR AVERAGE EFFECTIVE VERTICAL STRESS 

AND COARSE COAL REFUSE {CCR) AVERAGE TENSILE STRENGTH: 

AVERAGE EFFECTIVE VERTICAL STRESSES (KSF): 

INPUT: DEPTH BELOW GROUND SURFACE 

STA 150 200 230 255 300 360 0 0 0 
GWT 0 30 20 16 5 5 0 0 0 
CCR 0 35 45 45 30 5 0 0 0 

BCCR 0 35 45 45 45 45 0 0 0 

OUTPUT: AVERAGE EFFECTIVE VERTICAL STRESSES (ksf) 
STA 150 200 230 255 300 360 0 0 0 

DEPTH 
10 NA 1.30 1.30 1.30 1.04 0.79 NA NA NA 
20 NA 2.60 2.60 2.39 1.81 1.06 NA NA NA 
30 NA 3.90 3.38 3.17 2.59 1.34 NA NA NA 
40 NA NA 4.15 3.94 2.62 1.62 NA NA NA 
45 NA NA 4.54 4.33 2.75 1.75 NA NA NA 

Average Effective Vertical Stress: 
WT.AVG.= 3.18 ksf 

= 3184 psf 

Average CCR Tensile Strength: 
WT. AVG.= crt = 0.15 cr'v = 0.478 ksf 

= 478 psf 

CONCLUSIONS: 

Laboratory undrained shear strength data from CU triaxial tests of coarse coal refuse were determined. 
Procedures were performed to estimate tensile strength ( crt) and a reasonable crt to cr'v relationship of crt = 
0.15 cr'v was estimated. As shown above, the average effective vertical stress within the Phase 3 
embankment is 3184 psf and the corresponding coarse refuse tensile strength is 478 psf. 

The susceptibility of the embankment to cracking and the impounded fine coal refuse to a liquefaction flow 
failure is a function of both the tensile strength of the coarse refuse, the total undrained strength of the fine 
refuse, and the in-situ driving shear stress on a critical failure plane through the Phase 3 
embankment/impoundment. The likelihood of a flow failure and embankment cracking will be assessed in 
a subsequent calculation brief by evaluating the driving shear stress and factor of safety against 
liquefaction/cracking. 
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FIGURE 1 

TENSILE STRENGTH (rr1) TO EFFECTIVE STRESS (rr_'v) - COARSE COAL REFUSE 
2/3 - 1 /3 Relationship of Holcolm CU Data to Yield a rr1 to rr'v Relationship 
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HOLCOMB FOUNDATION ENGINEERING CO., INC. 

SOILS • BffiJMINOUS • CONCRETE • INVESTIGATIONS AND TESTING 

SHIPPING ADDRESS 

Box 393 Wood Road 

Gartxmdale, IL 62901 

Fehru.my 10, 2006 

Williamson Em:-rgy LLC 

PO Box 99 
Johnston City, Illinois 62951 

Attention: Mr . .James Plumley 

Re: Soil Boring and Laboratory Tests 

Boring #8874 

MachMine#l 
Johnston City, Illinois 

HFE File H-05278 

www.holcambengineering.com 

MAILING ADDRESS 
P.O. Box BB 

Carb□11dale, !L G2903 

Mach Mining Purchase Order No. ___ _ 

Dear Sir: 

618-529-5262 
BOD-333-1740 

FAX 61 B-457-8981 

In accordance with your instructions, on February 1, 2006, we drilled one soil boring and sampled 

the subsoils with Shelby tubes. The soil sample taken from 10 to 12 feet in depth was subjected to 

laboratory tests. Results of the tests are as follows: 

Boring No.: 

Depth: 
Visual Classification: 

Atterberg Limits: 

Unit Weight 

Moisture Content: 

Effective Cohesion: 

Effective Phi Angle: 

8874 
8.0-10.0' 

Silty CLAY (CL) 

LL=41.8% PL=17.7% PI=24.l 

105.3 PCF 

21.5% 
0PSF 
26.8 Degrees 

Cl) 
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~· 

---{ . Mach Mine #1 Soil Tests 

( 

February 10, 2006 

Page2 

The Boring Log and test results are enclosed. If you should have any questions, or ifwe can be of 

further assistance, please feel free to contact us at your convenience. 

Sincerely, 

ON ENGINEERING CO. 

1 copy: Fred Vass - Alliance Consulting 



R13424

-

,-
{ 

g I Total i Effective I I I I I I . ' ' I ' i I I I I ' I I ' i ' I ' I ' :_: 

I ., I I ' , I I I I ' ' I I ' I ' ' I ' ' I I I I .,.., I 

C, tsf 0.208 I 0 ' I • I I 1 I ! ' ' I ' ; I I I I - ' . -L..\....!-
I I I I I ' ' I I I I T f ! ' 

4 dea 19.5 26.B ; I I I ; I I 

Tan(~ 0.35 I 0.51 
I ' I I ' I I ' ' I I I 

I I I • I I ' I I ' 

' ' ' I ' ' ' I I I I I I I I ' I ' ' I ' I I I ' I ' ' I I I I I I 

I ' I I I I ; I I I I I I I ' ' ' I ' I I I I I I I ; ' ' I ' ' I I ' 
'- 5 

I I I I I I I I I I I ' I I I I ' I ' I I I ' I ' I ...., 

~ ' I I ' I I ! I ' I I I I I ' I I ' I ' ' I ' ' I ' • !... "f ' 

~- I I I I I I ; I I I I < I I I I ' I ' I I ' I I I I I I . I "' I I I I ' 
; I I ' ' ' ' I ' ' I ! ' ' I I ' ' , I I I I i 

~ I ! ' ' I ' ' ' ' I I I I I I I I i I I ' I I ,,,., I T ' ' : i-1 I 

e I ' ' ' I I I ' I ' ! I I 1 I I , I I i I I I I I I ; L-:' f ' I I I I I I 

iii I I I I ' I I I I ' I I I ' I I , ' I I ,.,. I I I I ' I 

'- I ' I I ' I : I I I ' I ' ' I ' 
<I) I I I I I I I I I I I , I I I I I I I I I I I I I I ! 

~ I I I ' I I I I ' I I I I ~ ' I I ' I ' 
0 I ' I I I I ' I I ·- ' ' ' ; I I 

, 

3 I I i ' ' I I ' I I I 
, ' ' ' ' I i I 

I • I I I I ' ! I 
I ' I 

' ' I I I • I 
, I I I ' I ~ 

I I ' I I I I ~- I ' ' I ' I I ' V I " ' I 

' I , I ' I I ' ' ! " I I " I ' I 

I I I I ' 
I , - I I I ' I ' I ' ' I I I 

I I I ' ' I 
I I I I I ' ' 

I I I I I I 

' ' I I !' I ' I I ' I I I I I i 

I I I I ' ' I ' " ' I ' I , ' I I I I 

0 i fl' ' ' II I . I I I I I I ' I ' 
0 3 5 9 12 

Total NaITT1al Stress, tsf 

Effective Normal Stress, isf - - -

9 --i-+ +-r-1,-~ ::-+,-+-:--+--:'-+-i-,' -!:-~,' -~ ,' --1 

t J I I I r I I J I 

I I I I I I I I I I I I I I I 

i. 5 ,-..,-,-;.-1,.....;--+1 - 1;-;-1-+--,1
H 1-

+-i11--+-+-~+-,+-1 - 1>--1 

H 1-+-,+-iH-+++-H-+1-H1 -+-+++, +~,H 

I I I ! I I I I I ! I 

_ L_i J 1
1 

'I 1 ' I 

~ 1111 

5 ! I l ! I I 
' I 

I I I 

r 1 1 J 1 1 I I I I 

I ! ( 1 1 I ! ( I 

1 I l ! f f I 1 I I I 

'5t--!1-~·'-+n'ri1-+~'H1-+1-+--!1-H'1-+-'i-1 -!1-+1-:-c'1H 

'· H-+1--¥~1'---l1-+1~1~+-1 i-1++i-1 J1-.L1 H11-+1+1 ~1H 
/ I I ! ! l l I ! I I I ! 

3 

I / I l I l I I I I ! l I I 1 

I I I I J J 1 

I 

I I 
/ I I 

I 
I I 

I r , I ) 

I l I I 
.r I I I 1 

'II l I I J I J 
I l l I l 

' I 
I 
I ·I 
I I 

' 

! I I I l I I 1 

1 ' I i 1 I l I 

I l I J J J I I 
f I I I I 

, / I I I 

J I I ! ! I ! ( f I 

I I ' I 
I 

I I I 
I I I 

I l I I I I I t 
I l t l I I 

0 I I I l I ! t I I I I ) ! l I 1 

0 5 10 15 20 

Axial Strain, % 

Type of Test: 

CU with Pore Pressures 

Sample Type: Shelby Tube - Undisturbed 

DescriptiDn: Gray Mottled Brown Silty CLAY 

LL= 41.8 PL= I 7.7 Pl= 14.1 

Assumed Specific Gravity= 2.65 

Remarks: 

3 
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1 

Sample Na. 

Water Conten~ 
Dry Density, pcf 

] Saturation, 

E Void Ratio 
Diameter, in. 
Height, in. 

Weter Content, 

-;;; Dry Density, pcf 

~ Saturation, 

<( Void Ratio 
Diameter, in. 
Height, in. 

Strain rate, in.Jmin. 

Back Pressure, tsf 

Celi Pressure, tsf 

Fail. Stress, tsf 

Total Pore Pr., tsf 

UIL Stress, tsf 

Total Pore Pr., tsf 

er, Failure, tsf 

cr, Failure, tsf 

Client: Alliance Consulting 

Project Triaxial Test 

Mach Mine#! 

Location: Boring #8874 

Sample Number: 3 

Proj. !No.: H-05278 

I ' , 
I I I 
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Depth: J 0.0-12.0' 

Date: 2-J-05 

TR/AXIAL SHEAR TEST REPORT 

~ . 

G) 

I Plate 
HOLCOMB FOUNOA T!ON ENGINEER/NG CO. 

l9sted 3y: LC ="-------------
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l 

Date: 

Client: 

Project 

Location: 

Depth: 

Description: 

Remarks: 

2-1-05 

TRIAXIAL COMPRESSION TEST 

CU with Pore Pressures 

Alliance Consulting 

TriaxiaJ Test 

Mach Mine #1 

Johnston City, Illinois 

Boring #8874 

10.0-12.0' Sample Number: 

Gray Mottled Brown Silty CLAY 

Type of Sample: Shelby Tube - Undisturbed 

Assumed Specific Gravity=2.65 LL=4 I .8 PL=l7.7 

Test Method: COE unifonn strain 

3 

Specimen Parameter lniiial Saturated Consoiidated 

Moisture content Moist so!l+tare, gms:_ 

Moistura content: Dry soil+tare, gms. 

Moisture content: Tare, gms. 

Moisture,% 

Moist specimen weight, gms. 

Diameter, in. 

Area, in.:r. 

Height, in. 

Net decrease in height, in. 

Wet Density, pcf 

Dry density, pcf 

Void ratio 

Saturation, % 

Membrane modulus= 0.124105 kN/cm2 

Membrane thickness = 0.02 cm 

Filter paper coefficient= 0.001926 kN/cm 

Filter paper coverage= 30% 

189.100 

176.100 

115.700 

21.5 

1140.2 
2_80 

6. l 6 

5.51 

12&.0 
J 05.3 

0.5706 

100.0 

Consolidation cell pressure= 70.00 psi (5.040 tsf) 

Consolidation back pressure= 50.00 psi (3.600 tsf) 

Consolidation effective confining stress = 1.440 tsf 

Strain rate, in./min. = 0.00 

Fail. Stress= 1.981 tsfatreading no. 24 

Ult Stress= 1.955 tsfat reading no. 30 

21.5 21.5 

2.&0 2.80 

6.16 6.16 

5.51 5.51 

0.00 0.00 

128.0 128.0 

I 05.3 105.3 

0.5706 0.5706 

100.0 ]00.0 

I 

21912oaJ 
B:50 PM 

Final 

1279.000 

1 072.100 

103.200 

21.3 
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I 

I 

( 

I 

Def. 
Dial Load 

No. in. Dia.I 

0 0.0000 18.30 

I 0.0190 20.00 

2 0.0400 21.60 

3 0.0810 l 13.20 

4 0.10]0 ]29.80 

5 0.1420 143.10 

6 0.1620 161.50 

7 0.1830 I 68.90 

8 02030 174.80 

9 0.2240 178.90 

l O 0.2440 l 82.30 

11 02650 l 86.40 

12 0.2850 188.lO 

13 0.3060 l 9l.40 

l4 0.3260 193.10 

15 0.3460 194.70 

16 0.3670 l 96.40 

17 0.3870 ]98.10 

]8 0.4080 ]98.10 

l 9 0.4280 200.60 

20 0.4490 200.60 

21 0.4890 203. lO 

22 05300 204.70 

23 0.5710 207.20 

24 0,6120 208.90 

~5 0.653D 209. l 0 

26 0.6940 2] l.40 

27 0.7350 212.20 

28 0.7790 2 ]3.90 

29 0.8170 2]5.50 

30 0.8380 215.50 

Load 
lbs. 

0.0 

1.7 

3.3 

94.9 

l l 1.5 

!24.8 

]43.2 

Strain 
% 

0.0 

0.3 

0.7 

!.5 

l.8 

2.6 

2.9 

]50.6 3.3 

156.5 3.7 

]60.6 4.1 

l 64.0 4.4 

l6&.l 4.8 

l 69.8 5.2 

l 73.l 5.6 

174.8 5.9 

176A 6.3 

l 78.1 6.7 

l 79.8 7.0 

]79.8 7.4 

l 823 7.8 

l 823 8.1 

l 84.& 8.9 

l 86.4 9.6 

l 88.9 10.4 

190.6 1 l.l 

!90.8 ll.8 

·193. ! 12.6 

l 93.9 l3.3 

195.6 14.1 

l 97.2 ]4.8 

197.2 15.2 

Deviator 
Stress 

tsf 

0.000 

0.014 

0.026 

1.093 

1.280 

1.422 

!.625 

1.702 

1.763 

1.802 

l.&33. 

1.871 

l.883 

i.912 

!.923 

1.933' 

l.944 

1.955 

1.947 

1.966 

1.958 

1.969 

1.970 

1.980 

1.98] 

l.957 

l.974 

l.965 

l.964 

1.964 

l.955 

Minor Eff. 
stress 

tsf 

5.112 

2.830 

2.426 

1.505 

1.318 

1.181 

1.159 

l.145 

1.138 

1.145 

!.l45 

I. ]52 

1.166 

l.i66 

l.l81 

l. l 88 

1.202 

1.2]0 

1.224 

l.231 

1.238 

1.267 

1.289 

1.310 

1.332 

1346 

l.361 

l390 

1.404 

1.426 

l.433 

Major Eff. 
St:r,,ss 

!sf 

5. 112 

2.844 

2.452 

2.598 

2,597 

2,602 

2.784 

2.847 

2.900 

2.946 

2.978 

3.023 

3.D49 

3.078 

3.1D4 

3.121 

3.146 

3.164 

3.171 

3.! 97 

3.196 

3.236 

3.259 

3.290 

3.313 

3.313 

3.334 

3.354 

3.368 

3.390 

3.388 

1:3 
Ratio 

I.DO 

l.00 

l.Ol 

I. 73 

l.97 

2.20 

2.40 

.2.49 

2.55 

2.57 

2.60 

2.62 

2.61 

2.64 

2.63 

2.63 

2.62 

2.62 

2.59 

2.60 

2.58 

2.55 

2.53 

2.51 

2.49 

2.46 

2.45 

2.41 

2.40 

2.38 

2.36 

Pore 
?ress. 

psi 

-1.00 

30.70 

36.30 

49. 10 

51.70 

53.60 

53.90 

54.JO 

54.20 

54.lO 

34.10 

54.00 

53.80 

53.80 

53,60 

53.50 

53.30 

53.20 

53.DO 

52..90 

52.SO 

52.40 

52.lO 

51.80 

5150 

51.30 

SJ.JO 

50.70 

50.50 

50.20 

SO.JO 

p 

tsf 

5.112 

2.837 

2.439 

2.051 

l.958 

l.892 

J.972 

l.996 

2.019 

2.046 

2.061 

2.088 

2.108 

2.122 

2.]42 

2.155 

2.174 

2.187 

2.]97 

2.214 

2.217 

2.252 

2.274 

2.300 

2.323 

2.330 

2.348 

2.372 

2.386 

2.408 

2.410 

Q 
!sf 

0,000 

0,007 

0.013 

0.547 

0.640 

0. 71 l 

0.813 

0,85] 

0.88 I 

0.901 

0.91 6 

0.936 

0.94] 

0.956 

0.962 

0.967 

0.972 

0.977 

0.973 

0.983 

0.979 

0.985 

0.985 

0.990 

0.991 

0.9'83 

0.987 

0.982 

0.982 

0.982 

0.978 

--------- HCJ!..CDJ\li3 rOUNDATION =:NGIN=:::rs!NG co.-----------
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I 
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Spec:imen Parameter Initial 

Moisture content: Moist soil+tare, gms. 154.800 

Moisture.content Dry soil+tare, gms. 

Moisture content Tare, gms. 

145.800 

Moisture,% 

Moist specimen weight, gms. 

Diameter, in. 

Area, in. 2 

Height, in. 

Nat dec;rease 1n height, In. 

Wet Density, pcf 

Dry density, pcf 

Void ratio 

Saturation1 % 

102.600 

20.8 

1142.2 

2.80 

6.16 

5.49 

128.7 

I 06.5 

0.5536 

99.7 

Membrane modulus = 0.124105 kN/cm • 

Membrane thickness= 0.02 cm 

Filter paper c:oefiicient = 0.001926 lr.N/cm 

Filter paper coverage = 30% 

Consolidation cell pressure-= 90.00 psi (6.480 tsf) 

Consolidation back pressure = SO.OD psi (3 .600 tsf) 

Consolidation effective confining stress = 2.880 tsf 

Strain rate, inJmin. = 0.00 

Fail. Stress = 3.41_ & tsf at reading no. 24 

Ult Stress= 3.250 tsfat reading no. 29 

Def. Deviator Minar Eff. 

Dial Load !.Dad Strain Stress Stress 

No. in. Dial lbs. % tsf tsf 

0 0.0000 27.50 0.0 0.0 0.000 4.385 

1 0.0190 134.00 106.5 0.3 1.241 3.254 

2 0.0400 ]83.10 155.6 0.7 1.806 2.750 

3 0.0600 218.90 191.4 I.I 2.214 2.484 

4 0.0810 243.80 216.3 1.5 2.492 2.340 

5 0.1010 264.60. 237.1 1.8 2.721 2.254 

6 0.1220 282.10 254.6 2.2 2.9]] 2.210 

7 0.1420 295.40 267.9 2.6 3.052 2.182 

8 0.1620 305.40 277.9 2.9 3.154 2.182 

9 0.1830 314.60 287.l 3.3 3.245 2.l 89 

10 0.2030 322. \0 294.6 J,7 3.3 l 7 2. }.96 

11 02240 327.10 299.6 4.l 3.360 2.218 

12 02440 332.90 305.4 4.4 3.412 2.232 

13 02650 336.20 308.7 4.8 3.435 2.254 

14 02850 339.50 312.0 5.2 3.459 2.275 

15 0.3060 343.70 3 l 6.2 5.6 3.491 2.297 

16 0.3260 345.40 317.9 5.9 3.497 2.3 l 8 

17 0.3670 348.70 321.2 6.7 3.505 2.369 

!8 0 4080 352.00 324.5 7.4 3.512 2.412 

19 0.4490 353.70 326.2 8.2 3.502 2.441 

20 0.4890 354.50 327.0 8.9 3.483 2.470 

21 0.5300 355.40 327,9 9.7 3.464 2.498 

Saturated 

20.9 

2.80 

6.16 
5.49 

0.00 

12&.7 

l 06.5 

0.5536 

100.0 

Major Eff. 
Sb-ess 1:3 

tsf Ratio 

4.385 1.00 

4.495 1.38 

4.557 l.66 

4.698 l.89 

4.832 2.06 

4.975 2.21 

5.121 2.32 

5.233 2.40 

5.335 2.45 

5.434 2.4& 

5.513 2.51 

5.578 2.52· 

5.64-4 2.53 

5.689 2.52 

5.734 2.52 

5.788 2.52 

5.815 2.51 

5.874 2.48 

5.924 2.46 

5.943 2.43 

5.953 2.4 I 

5.963 2.39 

Consolidated 

Pore 
Press. 

psi 

29.10 

4-4.80 

51.80 

55.50 

57.50 

58.70 

59.30 

59.70 

59.70 

59.60 

59.50 

59.20 

59.00 

58.70 

58.40 

58. l 0 

57.80 

57.l 0 

56.50 

56.l 0 

55.70 

55.30 

20.9 

2.80 

6.16 

5.49 

0.00 

128.7 

I 06.5 

0.5536 

!00.0 

p 
tsf 

4.3~5 

3.875 

3.653 

3.591 

3.586 

3.614 

3.666 

3.707 

3.758 

3.8 l 1 

3.855 

3.898 

3.938 

3.971 

4.005 

4.042 

4.067 

4.121 

4. l 68 

4.192 

4.:01 l 

4.:?.30 

• ...... , ............. ,,,.,-, -..-..r l\;.r!""\ ,. -1!"'1i-1 =1<.1.~n.:==:::iir..1:-::: r-n 

Q 
ts! 

0.000 

0.620 

0.903 

J.J07 

1246 

J.361 

J.455 

1.526 

1.577 

J.623 
].(,'i9 

l .680 

l.706 

1.718 

1.729 

J.746 

l.748 

1.752 

J.756 

i. 7 5 i 

!.742 

1.732 

/3 

Final 

134 7.900 

1154.100 

135.l DO 

19.0 

57 
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, .· 

Ds.f, Devixtor Minor Eff. 

Dial Load Load Strain Stress Stres-s 

Na. in.. Dial lbs. % tsf tsf 

22 0.5510 357.00 329.5 l0.0 3.466 2.513 

23 0.5920 3 56.20 328.7 10.& 3.429 2.534 

24 0.6330 357.90 330.4 l 1.5 3.418 2.556 

25 0.6730 · 357.00 319.5 12.3 3.381 2.5&5 

26 0.7140 357.90 330.4 13.0 3.361 2.599 

27 0.7550 l57.90 330.4 13.7 3.332 2.614 

28 0.7960 356.20 ~2-8.7 ]4.5 3.286 2.628 

29 0.&370 355.40 327.9 ]5.2 

Specimen Parameter 

Moisture content Moist soll·f-tare, gms. 

Moisture content: Dry soil+tare, gms. 

Moisture content: Tare, gms. 

Moisture, ¾ 

Moist specimen weight, gms. 

Diameter, in. 

Arsa, in.i 

Height, In, 

Net decrease in height, in. 

We! Density, pcf 

Dry density, pcf 

Void ratio 

Saturation, % 

Membrane modulus= 0.124105 kN/cm• 

Membrane thickness= 0.02 cm 

Filter paper coe.fficient = 0.001926 l::Nlcm 

Filter paper coverage= 30% 

3.250 

226.700 

103.200 

17.6 

1184. 7 
2..80 

6.16 

5.54 

132.3 

112.5 

0.4707 

98.9 

2.635 

Consolidation cell pressure = 110.00 psi (7.920 ts!) 

Consolidation back pressure= 30.00 psi (2.160 tsi'.) 

Consolidation affective confining stress= 5.760 tsf 

Strain rate, in./min. = (l.00 

Fail. Stress = 6.334 tsf at reading no. 33 

Ult, Stress= 6.334 tsfat reading no. 33 

Major E.ff. 
Stress 

!sf 

5.979 

S.964 

5.974 

5.966 

5,960 

5.946 

S.914 

5.885 

17.8 

2.80 

6.16 

5.54 
0.00 

132.5 

112.5 

0.4707 

100.0 

i:3 
Ratio 

2.38 

2.35 

2.34 

2.31 

2.29 

2.27 

,.25 

2.23 

Pora 
Pres&. 

psi 

55.10 

54.80 

54.50 

54. 10 

53.90 

53.70 

53.50 

53.40 

p 
tsf 

4.246 

4.149 

4.265 

4.275 

4.280 

4,280 

4.271 

4.260 

17.& 

2.80 

6. 16 

5.54 
0.00 

132.5 

112.5 

0.4707 
100.0 

Def. Dei-viator Minor Eff. Major Eff. Pore 

Dial Load Load Strain Stress Stress Stresa 1:3 Press. p 

No. in. Dial lbs. ¾ !sf tsf tsf Ratio psi b;.f 

0 0.0000 3 l.60 0.0 0.0 0.000 7.812 7.812 I.DD 1.50 7.812 

I 0.0190 39.90 8.3 0.3 0.091 7.690 7.781 1.01 3.20 7.735 

2 0.040(1 44.10 12.5 0.7 0.133 7.574 7.707 1.02 4.80 7.641 

3 0.0600 175.60 144.0 1.1 1.666 7.308 8.974 1.23 8.50 8.141 

4 0.0810 240.50 20&.9 1.5 2.407 6.916 9333 1.35 13.80 8.130 

5 0. 1010 291.30 259.7 1.8 2.981 6.466 9.447 1.46 20.20 7.956 

6 0.1220 329.60 298.0 2.2 3,408 5.983 9.391 l.57 26.90 7.687 

7 0.le20 362.00 330.4 2.6 3.764 5.479 9.244 1.69 33.90 7.361 

8 0.1620 392.00 360.4 2.9 4.091 5.040 9.131 1.81 40.00 7.085 

9 0.1830 412.80 381 .2 3.3 4.310 4.666 8.976 1.92 45.20 6.821 

HOLCOMB FOUNDATION ENGINE:RING CO. 

0. 
!s.f 

1.733 

!. 71 5 
1.709 

1.690 

1.681 
1.666 

t.643 

1.525 

Final 

1374.500 

1195.400 

· l 27.700 

16.8 

Q 
1':!f 

0.000 

0.045 

0,066 

0.833 

1.203 

!.491 

1.704 

1.882 

2.045 

2.155 

® 
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Def. Daviator Minor Eff. Major Eff. Pore 0) 
dial Load Load Strain Stress Stress Stress 1:3 Prass. F' a 

No. in. Dial lb,c. % !sf !sf !sf Ratio psi tsf tsf 

- 10 0.2030 432.80 401.2 3.7 4.519 4.363 8.883 2.04 49.40 6.623 2.260 

11 0.2240 446.90 4153 4.0 4,660 4.140 8.800 :J.13 52.50 6.470 2.330 

11 0.2440 465.20 433.6 4.4 4.847 3.9&2 8.828 2.22 54.70 6.405 2,423 

)3 0.2650 471.00 439.4 4.8 4.892 3.852 8.744 2.27 56.50 6.398 2.446 

14 0.2850 483.50 451.9 5.1 5.012 3.766 8.778 2.33 57.70 6.272 2 . .506 

JS 0.3060 490.20 458.6 5.5 5.066 3.694. 8.760 2.37 58.70 6.227 2.533 

)6 03260 503.50 471.9 5.9 5.193 3.643 8.837 2.43 59.40 6.240 2.597 

]7 0.3460 516.80 485.2 6.2 5.319 3.607 8.926 2.47 59.90 6.267 2.660 

l 8 0,3670 521.80 490.2 6.6 5.352 3.586 S.938 2.49 60.20 6,262 2.676 

19 0.3870 530.10 498.5 7,0 5.422 3.571 8.993 2.52 60.40 6.282 2.711 

20 0.4080 538.40 506.8 7.4 5.490 3.564 9.054 2.54 60.50 6.309 2.745 

21 0.4280 543.40 51 l.8 7,7 5.522 3.564 9,086 2.5S 60.50 6.325 2.761 

22 0.4490 554.30 5'1.2. 7 8.1 5.617 3.571 9.1 S8 2.57 60.40 6.380 2.80& 

23 0.4690 565.90 534.3 8.5 5.719 3.578 9.297 2.60 60.30 6.438 2,859 

24 0.41?90 567.60 536.0 8.8 5.714 3.578 9.293 2.60 60.30 6.436 2,857 

25 0.5300 581.70 550. 1 9.6 5.817 3.600 9.417 2.62 60,00 6.509 2.909 

26 0.5710 591.70 560.l 10.3 5.874 3.636 9.510 2.62 59.50 6.573 2.937 

27 0.6120 605.00 573.4 1 l.O 5.964 3.665 9.629 2.63 59,10 6.647 2.9&2 

28 0.6530 615.00 583.4 l 1.8 6.018 3.701 9.719 2.63 58.60 6.110 3.009 

29 0.6940 626.70 595.1 12.S 6.0&7 3.737 9.824 2.63 58,10 6.780 3.044 

30 0.7350 63830 606.7 13.3 6,153 3.773 9.926 2.63 57.60 6.849 .3.077 

31 0.7760 649.10 617.5 14.0 6.209 3.816 10.025 2.63 57.00 6,921 3.] 05 

C 32 0.8170 657.50 625.9 14.7 6.240 3.852 10.092 2.62 56.50 6.972 3.120 

33 0.8390 669.90 63&,3 15.l 6.334 3.&66 10.200 2.64 56.30 7,033 3.)67 

.._ __________ HOLCOMB FOUNDATION ENGINEERING CO. __________ __, 
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Grain Size Analysis 
21-1/213/41/23/B 4 10 20 •1u b 

100
1T1111 r 11 1 r ~ T rn 11T11, : c ,,1,,,, ~I 1. 1 , 1, ,111 , , ,, , 1TTT11 1 , , 

90-I-HI-H I I I I ~l+I--IW1---,----.--LIJJ_LLL_"-"""l· - --77--i-tlt\ • Silty CLAY (CL) with san~-

1 . . 
so-1-1-111-1 I I I I I 

rn -o 100 , r,-, 
'I I ,_, 
-
' :,. ,, 

7 o -1-ttrH I I I I I I I I I II I I I I 1--m I I I I II IIH-J--1 I I I I I I I I I I I 

60 -1,1 I N--1---J- ·-1--11-1-1---+---I 

s 50-1+r11-1 1 1 1 I I 1-m 11 1 1 1 I t-H--1 I I I I I HI! I I I I I I I H-1-j-j--t----1--, 
CJ) 
C 

(0 
Ul ,~ 
CL -C 
(lJ 

0 
~ 

(lJ 
Q_ 

40- ·r-

Project: Macli #1 Mine Williamson County, Illinois 
30 ~-J-11 Project Number: H-05278 

Sample: B-8874 Depl11 10-12' 

Date: February 8, 2006 
20-

10-,-, 
"LL=41.8PL=17.7 Pl=24.1 

o -tWl!=i--1-rl I 1111~71 I I 
100 10 

I I I I ~1-1-+ I I I I I I t1-l I I I I I J-H-1-Hi--t--t-t---, 

1 0.1 0.01 .0.001 

I li1111'rf 
Cu/J/J 

I I Coar,e I Cow:H' Fille 

Sa11d 

Medium J F111c 
Sill or Cl11y 

..... ... 
"'-
~ 
---1 

~ 
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Holcomb Foundation Engineering Company 
Laboratory Testing Results 2/8/2006 

Project: Mach #1 Mine 

Projec1 No: H-05278 

Sieve Analysis - ASTM C136-96a 

Sample: Silty CLAY (CL) 

Sieve Openings us 
Standard Weight Percen1 Percent 

/ 
Inches Millimeters Sieve Size Retained Retained Finer 

( 
1.5000 38.1000 1 -1 /2" 0.0 0.0 100.0 

1.0000 25.4000 1 • 0.0 0.0 100.0 

0.7500 19.1000 3/4" 0.0 0.0 1 o·o.o 
0.5000 12.7000 1 /2' 0.0 0.0 100.0 

3.7500 9.5200 3/8" 0.0 0.0 100.0 

0.1 870 4.7600 No. 4 2. 1 0.9 99.1 

0.0790 2.0000 No. 10 4.6 2.0 98.0 

0.0469 1.1800 No. 16 4.6 2.0 98.0 

0.0331 0.8500 No.20 8.6 3.8 96.2 

0.0165 0.4200 No. 40 12.6 5.5 94.5 

0.0117 0.2980 No. 50 12.6 5.5 94.5 

0.0083 0.2500 No. 60 22.2 9.8 90.2 

0.0059 0.1490 No. 1 DO 34.6 15.2 84.8 

0,0029 0.0740 No. 200 47.7 21.0 79.0 

Total Weight in Grams 227.20 
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'-lolcomb Foundation Engineering Company 
Laboratory Testing Results 

Project: Mach #1 Mine 
Project No: H-05278 

Sample 2 3 

Dish Number LL, LL, LL, 

Mass of can, W 1 (g) 34.7D 

Mass of can+ moist soil, w, (g) 62.84 

Mass of can+ dry soil, W, (g) 54.52 

Moisture content, w (%) 41.98 

Number of blows, N 24 

Liquid Limit, LL 41.8 

Dish Number PL, 

Mass of can, W 1 (g) 39.76 

Mass of can+ moist son, w, (g) 54.79 

Mass of can+ dry soil, w, (g) 52.53 

( 
Plastic Limit, PL 17.7 

Pl= 24.1 

Plasticity Chart 

60 

50 

[ 40 
CH or DH 

~ • 
" .= 30 
=" 
:li ~ ;;; 
.!! 20 a. CLorOL. 

lvlH or OH 

10 

C'....-ML ML or DL 

0 

0 10 20 30 40 50 60 70 BO 90 1 DO 

Liquid Umi1 (LL) 
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HOLCOMB FOUNDATION ENGINEERING CO., INC. 
SOILS - Bm.JMINOUS - CONCRETE - INVESTIGATIONS AND TESTING 

November 30, 2006 

SHIPPING ADDRESS 
Box 393 Wood Road 
Carbondale, IL 62901 

Williamson Energy LLC 
PO Box99 
J obnston .City, Illinois 62951 

Attention: lv.[r, James Plumley 

Re: Coarse Refuse Laboratory Tests 

Pond Creek Mine 
Johnston City, Illinois 
HFE File H-05278 

Dear Sir: 

www.holcombenginaering.com 

MAILING ADDRESS 
P.O. Box BB 

Carbondale, IL 62903 

61 8-529-5262 
BOD-333-17 40 

FAX 618--457-8991 

In accordance with your instructions, on November 17, 2006, we sampled coarse refuse at Mach 

Mine and performed laboratory tests on remolded samples. Results of the tests are as follows: 

Visual Classification: Coarse Coal Refuse (Shale, Coal, Sandstone Mixture) 

Proctor Test Results: 
Maximum Dry Unit Weight: 124.6 PCF 

Optimum Moisture Content: 9.3 % 

Specific Gravity: 2.3 7 

Triaxial Test Results: 
Effective Cohesion: 0PSF 

Effective Phi Angle: 33.7 Degrees 

Permeability: 2 x 10-4 cm./sec. 

Results of the grain size analysis and the laboratory tests are attached. 

® 
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Pond Creek Mine #1 Coarse Refuse Tests 

November 30, 2006 

Page 2 

z.o 1 57 CE, 

If you should have any questions, or ifwe can be of further assistance, please feel free to contact us 

at your convenience. 

Sincerely, 

1 copy: Justin Harry - Alliance Consulting 
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Holcomb Foundation Engineering Grain Size Analysis 
21-1/2 1 3/4 112 318 4 10 20 40 60 100 200 Hydrometer 

I I I I I l I ]\~ I J J J I J I l I -

!\ Project: Pond Creek Mine Johnston City, Illinois -
'I._ Project Number: H-05278 

Sample: Coarse Refuse -
~ Date: November ·1 1, 2006 

~ 
-

- \ 
- I' 

' 
' 

\ -
• Coarse Refuse 

I\ -
- \ 

I"'---. 
- - - - J 

' 
100 10 1 0.1 0.01 0.001 

_I Grm•cl Sar1d 
Sil1orOe1y Cobb 

I Coarse . \ Medium I Fine l Coarse Fine ~ 

" .U\ 
._,i 

~ 
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Holcomb Foundation Engineering Company 
Laboratory Testing Results 11/30/2006 

Project: Coarse Refuse Disposal Area 

· Pond Creek Mine Johnston City, Illinois 

Project No: H-05317 

Sieve Analysis - ASTM C136-96a 

Sample: Coarse Refuse 

Sieve Openings us 
Standard Weight Percent Percent 

Inches Millimeters Sieve Size Retained Retained Finer 

3 76.2 3' 0.0 0.0 100.0 

2.0000 50.8100 2' 619.6 9.5 90.5 

1.5000 38.1000 1 -1/2' 1124.0 17.2 82.8 

( 1.0000· 25.4000 1 • 1696.2 25.9 74.1 

0.7500 19.1000 3/4" 2110.9 32.3 67.7 

0.5000 12.7000 1/2" 2513.0 38.4 61.6 

3.7500 9.5200 3/8" 3263.7 49.9 50.1 

0.1870 4.7600 No.4 4310.7 65.9 34.1 

0.0790 2.0000 No. 10 5470.5 83.6 16.4 

0.0469 1.1800 No. 16 

0.0331 0.8500 No. 20 6004.4 91.8 8.2 

0.0165 0.4200 No.40 617B.9 94.4 5.6 

0.0117 0.2980 No. 50 

0.0083 0.2500 No.60 6267.8 95.8 4.2 

0.0059 0.1490 No. 100 

0.0029 0.0740 No. 200 6372.4 97.4 2.6 

Total Weight in Grams 6542.80 
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Project 

Z3 f ~7 

Holcomb Foundation Engineering 

Pond Cre~k Mine 

Johnston City, Illinois 

Moisture Density Relationship 

Location: Coarse Refuse Disposal Area 

Project No.: H-05278 Proc.torTest Results 

Soll Class!Hc:atlon: 

Date: 

Test Data 

11/30/200S 

ASTM D-69B (standard) 

Moisture 

Content(%) 

7.6 

11.2 

12.0 

9.3 

Maximum Dry Density {PCF) 

Optimum Moisture Content(%} 

Dl)'UnitWL 

(PCF) 

122.B 

122.5 

120.4 

124.8 

Gray Coarse Refuse 

124.8 

9.3 

126.0 ~---------------------------------~ 

Proctor Curve 

125.0 

124.D 

S: 123.D -'E 
:, 

i:' 
Cl 

122.0 

121.0 

7.0 8.0 9.0 10.0 11.0 12.0 

% Moisture 
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( 

Date: 

Project No.: 

Sample 

Coarse Refuse 

2~ j S7 

HOLCOMB FOUNDATION ENGINEERING CO., INC. 
SOILS - BITUMINOUS - CONCRETE - INVESTIGATIONS ANO TESTING 

SHIPPING ADDRESS 
Box 393 Wood Road 
Carbondale, IL 62901 

www.holcombenginaaring.com 

MAJUNG ADDRESS 
P.O. Box 88 

Carbondale, IL 62903 

Permeability Tests Results 
Laboratory Tests 
Coarse Refuse 

Pond Creek Mine - Johnston City, Illinois 

11/30/2006 Cfient Pond Creek Mine 
Johnston City, Illinois 

H-05278 

Moisture Content(%) Dry Unit 
Deoth (Ft.) Before Test I After Test Weight (PCF) 

7.7 11.8 119.3 

618-529-5262 
800-333-1740 

FAX618-457-8991 

Permeability 
(Cm./Sec.) 

2 x 10-4 

Permeability Tests performed in accordance with ASTM D-5084 

(Ji 
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Project 

t# 

t..iate 

In Place Mc 
WetWl 195.3 
Pan 94.2 
Dry Wt. 188.1 
Mc(%) 7.7 
------- -
Time(hrs) Time(min) 

========= 
7 26 
7 34 

7 33 
7 45 
7 47 

9 16 
9 23 
9 30 

--

======== ======== 

PERMEABILITY TEST RESULTS 

Pond Creek Mine Boring/Sample Coarse Refuse 

Depth 
H-05278 Classification 

11/30/2006 Diameter 2.8 Inch 
Length 5.6 Inch 

After Test Mc Unit Weight (PCF) 

Wet Wt. 1300.4 Sample Wt 1161.8 

Pan 103.1 
DryWl 1173.6 WetUW= 128.5 

Mc(%) 11.8 Dry UW= 119.3 

Quantity (cc) Head (psi) Permeability (cm/sec) 

24.7 
8.2 1 

24.5-
2.7 1 
0.8 1 

24.4 
9.6 1 
0.9 1 

Average Permeability 
- ---------

--

1.75E-04 

1.54E-04 
1.44E-04 

1.79E-04 
1.43E-04 

1.63E-04 

I - C 

~ 
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9 Total Effective I j i I I I I I I > > I I I I ' I I I > 

I I I ' I I I I ' 
C, tsf 0.507 0 I I ' I I I I I I I I I ' I 

' I I ' ' I I I I I I I 

d,, deo 18.5 33.7 I I I I I I I I I ' I ' I I I 

Tan(~\ 0.33 0.67 
I ' I I I I I I I I 

I I I I I > ' I ' ' I / 

I f ! I I ' I I I I I ' I I I I ' I I I I 

' ' I I ' I 
I I I ' ' I ' ' ' ' 

6 
I I ' ' I I I I \; ! I I I ' I I I I I I ' I 

1§ I , I I I I I ' I ' I I 

' I I ' 
I I I I I ' I , I I 

,,; I I I ' I I ' ' I ' I I 

"' ' I I I ' I 11 ' 
_g I ' 

y I I I I ' I I ' 
Cl) I I I I I I I I I I 

~ H-t+ I - I ' 
I 

"' ,I I ' I ' I I I I I I 

a> I ' I I ' I I' I I 

c75 3 
I I I I I I I I I 

-4J I I-· I ~ ' I ' 
I I I I I I I 

£ ' I ' I ' ' I ' 
I I I I , ' I I 

I I I I I I I I I I I I 

~ I I I I I I I I I I 

" ' I ' 
I 

' ' ' ' I I I I I 

I I " ' I ' I I 

0 I ' " "I ' ' I I I I ' I I I I I I I 

0 3 6 9 12 15 18 

Total Normal Stress, tsf ---

Effective Normal Stress, tsf - - -

9 I I I I ' I ' I Sample No. 1 2 
I I I I I 

3 

I ' ' 
' I I I I Water Content 10.1 10.8 10.3 

7.5 I ' ' I I Dry Density, pcf 118.7 117.8 118.7 
I I I I I I ' 
I ' I ' I I ~ Saturation1 

97.0 99.8 99.3 
I I ' I 3 

I ' I I I :S Vold Ratio 0.2470 0.255& 0.2468 

!i 6 ' ' I ' I Diameter, in. 2.&0 2.&0 2.80 
I I I I I I 

,,; I I ' I Height, in. 5.65 557 5.60 

"' I I I ' ' e ' I I I I Water Content, 10.4 10.8 10.4 

iii J'I I ! I I I 
4.5 

I ' I I I I ; - Dry Density, pcf 118.7 117.8 11 &.7 

g "' I I I I I I I I I Q) Saturation, 100.0 100.0 100.0 
ro I I I I ' 2 f-
·;;: I I I I ' I ' :.: Void Ratio 0.2470 0.2558 0.2468 
a, I I Diameter, in. 2.80 2.80 2.80 
0 3 ·- I I I I I I I 1 

I ,- I ' Height, in. 5.65 5.57 5.60 
I , I I I I 

I I I Strain rate, in./min. O.DI 0.01 0.01 
I I ' I I I I 

1.5 I I I Back Pressure, tsf 3.60 3.60 2.16 
I I I ' I I I 

I I ' I ' I ' Cell Pressure, tsf 5.04 6.4& 7.92 
I I ' I ' I I ' ' I ' 

0 I ' ' I I ' I I I Fail. Stress, !sf 2.78 3.83 6.76 

0 5 10 15 20 Total Pore Pr., tsf 3.&6 4.96 5.23 

Axial Strain, % Ull Stress, tsf 2.77 3.&3 6.76 

Total Pore Pr., tsf 3.&5 4.95 5.23 

Type of Test 
er, Failure, tsf 3.96 5.35 9.44 

CU with Pore Pressures 
cr, Failure, tsf 1.18 1.52 2.69 

Sample Type: Remolded Client: Pond Creek Mine 

Description: Coarse Coal Refuse 
Project: Coarse Refuse Laboratory Tests 

Assumed Specific Gravity= 2.37 Location: Coarse Refuse Stockpile 

Remarks: Sample Number: Coarse Refuse 

Pro). No,: H-0527& Date: I 1/17/06 

TRIAXIAL SHEAR TEST REPORT 

Plate 
HOLCOMB FOUNDATION ENGINEERING CO. 

. . 

Tested By: ~L=C ___________ Checked By: ~T~H~---------
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6 Peak Strength 
.,., .,., 

Total Effective 
.,/ .,., .,., 

0.52 tsf 0.00 !sf a= 

I 
.,., 

a:= 17.4deg 29.4 deg .,.,- c.-.,., 
tan ex- 0.31 0.56 __ .,., ~ 

4 ~.,.,.,.,1 ---------- ....----:: 
.!!l 
ti- .,.,· t:.:;J< - / .,., .,., _,, 

2 r:::--v V ~ .,, r::1"'.,., I I/ VI 1~11 0 j/ 
0 2 4 6 8 10 12 

p, tsf 
Stress Paths: Total --- Effective - - -

Client: Pond Creek Mine 

Project: Coarse Refuse Laboratory Tests 

Location: Coarse Refuse Stockpile Sample Number: Coarse Refuse 

Project No.: H-05278 Plate f HOLCOMB FOUNDATION ENGINEERING CO. 

Tested By: "L"=C'----------
Checked By: .,_T_,.__Hc...... ________ _ 
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TRIAXIAL COMPRESSION TEST 

CU with Pore Pressures 

Date: 11/17/06 

Client: Pond Creek Mine 

Project: 

Location: 

Sample Number: 

Coarse Refuse Laboratory Tests 

Coarse Refuse Stockpile 

Coarse Refuse 

Description: Coarse Coal Refuse 

Remarks: 
Type of Sample: Remolded 

Assumed Specific Gravity=2.3 7 

Test Method: COE uniform strain 

Specimen Parameter 

Moisture content: Moist soU+tare, gms. 

Moisture content: Dry soil+tare, gms. 

Moisture content: Tare, gms. 

Moisture1 % 

Moist specimen weight, gms. 

Diameter, in, 

Area, In.= 

Height, in. 

Net decrease in height, in. 

Wei Density, pcf 

Dry density, pcf 

Void ratio 

Saturation, % 

Membrane modulus= 0.124105 kN/cm' 

Membrane thickness = 0.02 cm 

Filter paper coefficient= 0.001926 ¼'-l/cm 

Filter paper coverage= 50% 

LL= 

Initial 

226.800 

218.600 
137.500 

10.l 
l 193.l 

2.80 

6.16 
5.65 

130.6 
118.7 

0.2470 
97.0 

Consolidation cell pressure= 70.00 psi (5.040 tsf) 

Consolidation back pressure= 50.00 psi (3.600 tsf) 

Consolidation effective confining stress= 1.440 tsf 

Strain rate, in./mln. = 0.01 

Fall. Stress= 2.778 tsf at reading no. 41 

Ult Stress= 2.767 tsfat reading no. 42 

PL= 

Saturated 

10.4 

2.80 

6.16 
5.65 
0.00 

131.0 
118.7 

0.2470 

100.0 

Pl= 

Consolidated 

10.4 

2.80 
6.16 
5.65 

0.00 

131.0 
118.7 

0.2470 
100.0 

11/30/2006 

10:19 AM 

Final 

1320.700 

l 195.800 

107.600 
11.5 

.__ __________ HOLCOMB FOUNDATION ENGINEERING CO. __________ ...,j 
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Def. Devlator Minor Elf. Major Eft'. Pore 

Dial Load Load Strain Stress Stress Stress 1:3 Press. p Q 

No. in. Dial lbs. ¾ !sf tsf !sf Rafla psi !sf tsf 

0 0.0010 46.60 0.0 0.0 0.000 1.498 1.498 1.00 49.20 1.498 0.000 

l 0.0180 160.60 114.0 0.3 1.329 1.152 2.481 2.15 54.00 1.816 0.664 

2 0.0390 189,70 143.l 0.7 1.662 I.DO! 2.663 2.66 56.10 1.832 0.831 

3 0.0590 205.60 159.0 1.0 1.840 0.929 2.769 2.98 57.10 1.849 0,920 

4 0.0800 212.20 165.6 1.4 1.909 0.907 2.816 . 3.10 57.40 1.862 0.955 

5 0.1000 218.90 172.3 1.8 1.979 0.900 2.879 3.20 57.50 1.890 0.990 

6 0.1200 232.20 185.6 2.1 2,125 0.900 3.025 3.36 57.50 1.962 1.062 

I 0.1410 240.50 193.9 2.5 2.211 0.907 '1 118 3.44 57.40 2.013 1.106 

8 0.1610 245.50 198.9 2.8 2.260 0.914 3.174 3.47 57.30 2.044 1.130 

9 0.1820 252.20 205.6 3.2 2.327 0.922 3.249 3.53 57.20 2.085 l.164 

10 0.2020 253,80 207.2 3.6 2.337 0.936 3.273 3.50 57.00 2.104 !.168 

11 0.2230 250.50 203.9 3.9 2.291 0.958 3.248 3.39 56.70 2.103 1.145 

12 0.2430 261.30 214.7 4.3 2.403 0.972 3.375 3.47 56.50 2.173 1.201 

13 0.2630 266.30 219.7 4,6 2.450 0.979 3.429 3.50 56.40 2.204 1.225 

14 0.2840 266.30 219.7 5,0 2,440 0.994 3.434 3.46 56.20 2.214 1.220 

15 0.3040 272.10 225.5 5.4 2.495 1.008 3.503 3.48 56,00 2.256 1.248 

16 0.3250 274.60 228.0 5.7 2.513 1.022 3.536 3.46 55,80 2.279 1.257 

17 0.3450 268.00 221.4 6,1 2.431 1.037 3.468 3.34 55.60 2.252 1.216 

18 0.3660 273.00 226.4 6.5 2.476 1.051 3.527 3.36 55.40 2.289' 1.238 

19 0.3860 278.00 231.4 6.8 2.521 1.058 3.580 3.38 55.30 2.319 1.261 

20 0.4070 278.00 231.4 7.2 2.51 l 1.066 3.577 3.36 55.20 2.321 1.256 

( 
21 0.4270 283.00 236.4 7.5 2.556 1.073 3.629 3.38 55.10 2.351 1.278 

22 0.4470 284.60 238.0 7.9 2.563 1.080 3.643 3.37 55.00 2.362 1.282 

23 0.4680 278.80 232.2 8.3 2.491 1.087 3.578 3.29 54.90 2.333 1.245 

24 0.4880 286.30 239.7 8,6 2.561 1.087 3,648 3.36 54.90 2.368 1.281 

25 0.5090 290.40 243.8 9,0 2.594 1.094 3,689 3.37 54.80 2.392 1.297 

26 0.5290 292.10 245.5 9.3 2,602 1.102 3.704 3.36 54.70 2.403 1.301 

27 0.5500 298.80 252.2 9.7 2.662 1.109 3.771 3.40 54,60 2.440 1.331 

28 0.5700 299.60 253.0 10. l 2.660 1.116 3.776 3.38 54.50 2.446 1.330 

29 0.5910 294.60 248.0 10.4 2.597 1.116 3,713 3.33 54.50 2.415 1.299 

30 0.6110 302.10 255.5 10,8 2,665 1.123 3,788 3.37 54.40 2.456 l.333 

31 0.6310 306.30 259.7 11.2 2.698 1.130 3,828 3.39 54.30 2.479 1.349 

32 0.6520 306.30 259,7 11.5 2.687 l.!30 3,817 3.38 54.30 2.474 l.343 

33 0.6720 312.10 265.5 11.9 2.736 1.!45 3,881 3.39 54.l 0 2.513 1.368 

34 0.6930 309.60 263.0 12.2 2.699 1.145 3,843 3,36 54.l 0 2.494 l.349 

35 0.7130 308,80 262.2 12,6 2.680 1.152 3,832 3.33 54.00 2.492 1.340 

36 0.7340 309.60 263.0 13.0 2.676 1.159 3.835 3.31 53.90 2.497 1.338 

37 0.7540 315.40 268,8 13.3 '2.724 1.166 3.891 3.34 53,80 2.528 1.362 

38 0.7750 316.20 269,6 13,7 2.721 I.I 66 3,887 3.33 53,80 2.527 l.360 

39 0.7950 323.70 277.1 14, l 2.785 1.181 3,966 3.36 53.60 2.573 1.392 

40 0.8150 325.40 278.8 14.4 2.790 1.181 3.971 3.36 53.60 2.576 1.395 

41 0.8360 325.40 278,8 14,8 2,778 1.181 3.959 3.35 53.60 2.570 l.389 

42 0.8560 325.40 278.8 15, 1 2.767 1.188 3.955 3.33 53.50 2.571 1.383 

,__ __________ HOLCOMB FOUNDATION ENGINEERING CO. ------------' 
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Specimen Parameter Saturated Consolidated Final 

( 
Moisture content: Moist soil+tare, gms. 1335.900 

Moisture content: Dry soil+tare, gms. 203.200 1222.200 

Moisture content: Tarsi gms. 125.200 134.800 

Moisture, o/. 10.8 10.8 10.8 10.5 

Moist specimen weight, gms. 1175.1 

Diameter, In. 2.80 2.80 2.80 

Area, in.'1 6.16 6.16 6.16 

Height, In. 5.57 5.57 5.57 

Net decrease in height, In. 0.00 0.00 

Wet Density, pcf 130.5 130.5 130.5 

Dry density, pcf 117.8 1 l 7.8 117.8 

Void ratio 0.2558 0.2558 0:2558 

Saturation, % 99.8 100.0 100.0 

Membrane modulus= 0.124105 kN/cm2 

Membrane thk:kness = 0.02 cm 

FIiter paper coefficient= 0.001926 kN/cm 

FIiter paper coverage = 50% 

Consolidation cell pressure= 90.00 psi (6.480 !sf) 

Consolidation back pressure= 50.00 psi (3.600 !sf) 

Consolidation effective confining stress = 2.880 tsf 

Strain rate, lnJmin. = 0.01 

Fall. Stress= 3.829 tsfat reading no. 40 

Ull Stress= 3.828 tsfat reading no. 41 

Def. Deviator Minor Eff. Major Ell. Pore 

Dial Load Load Strain Stress Stress Stress 1:3 Press. p Q 

No. in. Dial lbs. 'I, tsf tsf tsf Ratio psi tsf ts! 

0 0.0000 51.60 0.0 0.0 0.000 3.377 3.377 1.00 43.10 3.377 0.000 

1 0.0190 185.60 134.0 0.3 1.562 2.340 3.902 l.67 57.50 3.121 0.781 

2 0.0400 233.00 181.4 0.7 2.106 l.814 3.920 2.16 64.80 2.867 1.053 

3 0.0600 253.00 201.4 1.1 2.330 1.562 3.892 2.49 68.30 2.727 1.165 

4 0.0810 263.80 212.2 1.5 2.445 l.433 3.878 2.71 70.10 2.655 1.223 

5 0.1010 270.50 218.9 1.8 2.513 1.346 3.860 2.87 71.30 2.603 1.257 

6 0.1220 274.60 223.0 2.2 2.550 1.289 3.839 2.98 72.10 2.564 1.275 

7 0.1420 281.30 229.7 2.5 2.617 1.260 · 3.877 3.08 72.50 2.569 1.309 

8 0.1620 287.10 235.5 2.9 2.674 1.238 3.912 3.16 72.80 2.575 l.337 

9 0.1830 291.30 239.7 3.3 2.711 1.231 3.942 3.20 72.90 2.587 J.355 

10 0.2030 297.10 245.5 3.6 2.766 1.224 3.990 3.26 73.00 2.607 1.383 

11 0.2240 301.30 249.7 4.0 2.802 1.224 4.026 3.29 73.00 2.625 1.401 

12 0.2440 305.40 253.8 4.4 2.838 1.224 4.062 3.32 73.00 2.643 1.419 

13 0.2650 309.60 258.0 4.8 2.873 1.224 4.097 3.35 73.00 2.661 1.437 

14 0.2850 315.40 263.8 5.1 2.927 1.231 4.158 3.38 72.90 2.695 1.463 

15 0.3060 320.40 268.8 5.5 2.970 1.238 4.209 3.40 72.80 2.724 l.485 

16 0.3260 326.20 274.6 5.9 3.023 1.246 4.269 3.43 72. 70 2.757 1.512 

17 0.3460 330.40 278.8 6.2 3.058 1.253 4.310 3.44 72.60 2.782 1.529 

18 0.3670 334.60 283.0 6.6 3.091 1.267 4.358 3.44 72.40 2.813 1.546 

[9 0.3870 341.20 289.6 6.9 3.15[ 1.282 4.433 3.46 72.20 2.857 1.576 

20 0.4080 346.20 294.6 7.3 3.192 1.296 4.488 3.46 72.00 2.892 1.596 

I 21 ,., .., '"10 f\ 351.20 '"lr'ln ;:: "" 3.234 1.310 l;.544 3.47 7!.80 2.927 1.:! 7 
U."t.i.OU k.:,;,.v ,., 

HOLCOMB FOUNDATION ENGINEERING CO. 
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Def. Deviator Minor Elf. Major Elf. Pore 

Dial Load Load Strain Stress Stress Stress 1:3 Prass. p a 
No. In. Dial lbs. ¾ !sf !sf !sf Ratio psi !sf !sf 

22 0.4490 357.00 305.4 8.1 3.283 1.318 4.601 3.49 71.70 2.959 1.642 

23 0.4690 359.50 ·307.9 8.4 3.297 1.332 4.629 3.48 71.50 2.981 I.µ49 

24. 0.4890 362.80 311.2 8.8 3.319 l.339 4.659 3.48 71.40 2.999 1.660 

25 0.5100 368.70 317.1 92 3.368 1.346 4.715 3.50 71.30 3.031 1.684 

26 0.5300 374.50 322.9 9.5 3.416 1.361 4.777 3.51 71.10 3.069 1.708 

27 0.5510 377.00 325.4 9.9 3.429 1.368 4.797 3.51 71.00 3.082 1.714 

28 0.5710 381.20 329.6 10.2 3.459 1.368 4.827 3.53 71.00 3.098 1.730 

29 0.5920 384.50 332.9 10.6 3.479 1.382 4.861 3.52 70.80 3.122 1.739 

30 0.6120 386.20 334.6 11.0 3.483 1.390 4.872 3.51 70.70 3.131 1.741 

31 0.6330 392.00 340.4 11.4 3.528" 1.397 4.925 3.53 70.60 3.161 1.764 

32 0.6530 397.00 345.4 11.7 3.565 1.411 4.977 3.53 70.40 3.194 1.783 

33 0.6730 400.30 348.7 12.l 3.585 1.426 5.010 3.51 70.20 3218 1.792 

34 0.6940' 406.10 354.5 12.5 3.629 1.440 5.069 3.52 70.00 3.254 1.814 

35 0.7140 410.30 358.7 12.8 3.657 1.454 5.111 3.51 69.80 3.283 1.828 

36 0.7350 413.60 362.0 13.2 3.674 1.469 5.143 3.50 69.60 3.306 1.837 

37 0.7550 420.30 368.7 13.6 3.727 1.483 5.210 3.51 69.40 3.347 1.863 

38 0.7760 423.60 372.0 13.9 3.744 1.498 5.242 3.50 69.20 3.370 1.872 

39 0.7960 427.80 376.2 14.3 3.770 1.505 5.275 3.51 69.10 3.390 1.885 

40 0.8170 435.30 383.7 14.7 3.829 1.519 5.348 3.52 68.90 3.434 1.914 

41 0.8370 436.90 385.3 15.0 3.828 1.526 5.355 3.51 68.80 3.441 1.914 

( 

._ __________ HOLCOMB FOUNDATION ENGINEERING CO. ------------1 
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Specimen Parameter Saturated Consolidated Final 

~ Moisture content: Moist soll+tare, gms. 1333.800 

Moisture content: Dry soil+tare, gms. 177.100 1230.400 

Moisture content: Tare, gms. 107.500 135.300 

Moisture, Dfo 10.3 10.4 10.4 9.4 

Moist specimen weight, gms. 1185.2 

Diameter, in. 2.80 2.80 2.80 

Area, in.z 6.16 6.16 6.16 

Height, in, 5.60 5.60 5.60 

Net decrease In height, in. 0.00 0.00 

Wet Density, pcf 130.9 131.0 131.0 

Dry density, pcf 118.7 118.7 118.7 

Void ratio 0.2468 0.2468 0.2468 

Saturation, 'I. 99.3 100,0 100.0 

Membrane modulus= 0.124105 k:N/cm2 

Membrane thickness= 0.02 cm 

Filter paper coefficient= 0.001926 k:N/cm 

Fllter paper coverage= 50% 

Consolidation cell pressure" 110.00 psi (7.920 !sf) 

Consolidation back pressure" 30.00 psi (2.160 !sf) 

Consolidation effective confining stress= 5.760 tsf 

Strain rate, ln.lmin. "0.01 

Fail. Stress" 6. 758 tsf at reading no. 42 

Ult. Stress= 6.758 tsfat reading no. 42 

Def. Devlator Minor Eff. Major Elf. Pora 

Dial Load Load Strain Sb"ess Stress Stress 1:3 Press. p Q 

No. In. Dfal lbs, % tsf tsf tsf Ratio psi tsf tsf 

0 0.0000 25,00 0.0 0.0 0.000 6.588 6.588 1.00 18.50 6.588 0.000 

I 0.0190 88.20 63.2 0,3 0.736 6.458 7.195 1.11 20.30 6.827 0.368 

2 0.0400 309.60 284.6 0.7 3.304 5,623 8.927 1.59 31.90 7.275 1.652 

3 0.0600 397,00 372.0 I.I 4.303 4,795 9.098 1.90 43.40 6.947 2. 152 

4 0.0810 428.60 403.6 1.4 4.651 4.234 8.885 2.10 51.20 6.559 2.326 

5 0.1010 441.90 416.9 1.8 4.787 3.830 8.617 2.25 56.80 6.224 2.393 

6 0.1220 449.40 424.4 2.2 4.854 3.521 8.375 2.38 61.10 5.948 2.427 

7 0.1420 460.20 435.2 2.5 4.960 3.283 8.243 2.51 64.40 5.763 2.480 

8 0.1620 467.70 442.7 2.9 5.027 3.017 8.044 2,67 68.10 5.530 2.513 

9 0.1830 476.00 451.0 3.3 5.1 OJ 2.837 7.938 2.80 70.60 5.387 2.551 

10 0.2030 483.50 458.5 3.6 5.167 2.693 7.860 2,92 72.60 5.276 2.583 

l l 0.2240 489.30 464.3 4.0 5.212 2.585 7.797 3.02 74.1_0 5,191 2.606 

12 0.2440 495.20 470.2 4.4 5.258 2.491 7.750 3.11 75.40 5.120 2.629 

13 0,2650 505.20 480.2 4.7 5.349 2.419 7.768 3.21 76.40 5.094 2.675 

14 0.2850 511.00 486.0 5.1 5.394 2.369 7.762 3.28 77.10 5.066 2.697 

15 0.3060 518.50 493.5 5.5 5.455 2.333 7.788 3.34 77.60 5.060 2.728 

I 6 0.3260 526.80 501.8 5.8 5.526 2.304 7.830 3.40 78.00 5.067 2.763. 

17 0.3460 533.50 508.5 6.2 5.579 2.297 7.875 3.43 78.10 5,086 2.789 

18 0.3670 539.30 514,3 6.6 5.620 2,326 7.945 3.42 77.70 5.135 2.810 

19 0.3870 548.40 523.4 6.9 5.697 2,275 7.972 3.50 78.40 5.124 2.849 

20 0.4080 555.90 530,9 7.3 5.756 2.261 8.016 3,55 78.60 5. 139 2.878 

21 0.4280 565.90 540.9 7.6 t' "~ I ...., -,.::::, ,::, 1/"l"l 3.58 72.60 5.181 2.921 
.),O"tl .i..~VI u • .r,v.._ 

HOLCOMB FOUNDATION ENGINEERING CO. 
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Dof. Deviator Minor Eff. Major Eff. Poro 

Dial Load Load Strain Sll=s Stress Sb'ess 1:3 Press. p Q 

No. in. Dial lbs. ';', tsf tsf tsf Ratio psi !sf !sf 

22 0.4490 569.20 544.2 8.0 5.853 2.268 8.121 3.58 78.50 5.195 2.927 

23 0.4690 575.10 550.l 8.4 5.894 2.282 8.176 3.58 78.30 5.229 2.947 

24 0.4890 584.20 559.2 8.7 5.968 2.297 8.265 3.60 78.10 5.281 2.984 

25 0.5100 592.50 567.5 9.1 6.031 2.311 8.343 3.61 77.90 5.327 3.016 

26 0.5300 599.20 574.2 9.5 6.079 2.333 8.411 3.61 77.60 5.372 3.039 

27 0.5510 605.90 580.9 9.8 6.124 2.354 8.479 3.60 77.30 5.416 3.062 

28 0.5710 6l3.30 588.3 J0.2 6.178 2.362 8.539 3.62 77.20 5.450 3.089 

29 0.5920 617.50 592.5 J0.6 6.196 2.405 8.601 3.58 76.60 ;.503 3.098 

30 0.6120 626.70 601.7 J0.9 6.267 2.527 8.794 3.48 74.90 5.661 3.133 

31 0.6330 638.30 613.3 11.3 6.361 2.426 8.787 3.62 76.30 5.607 3.180 

32 0.6530 644.10 619.1 11.7 6.395 2.448 8.843 3.61 76.00 5.646 3.198 

33 0.6730 650.80 625.8 12.0 6.438 2.477 8.915 3.60 75.60 5.696 3.219. 

34 0.6940 656.60 631.6 12.4 6.470 2.498 8.968 3.59 75.30 5.733 3.235 

35 0.7140 662.50 637.5 12.8 6.504 2.506 9.009 3.60 75.20 5.758 3.252 

36 0.7350 669.JO 644.1 13.1 6.543 2.542 9.085 3.57 74.70 5.813 3.271 

37 0.7550 678.30 653.3 13.5 6.609 2.563 9.172 3.58 74.40 5.868 3.305 

38 0.7760 684.10 659.1 13.9 6.639 2.585 9.224 3.57 74.JO 5.904 3.319 

39 0.7960 690.70 665.7 14.2 6.678 2.614 9.291 3.55 73.70 5.952 3.339 

40 0.8170 699.10 674.1 14.6 6.732 2.635 9.367 3.55 73.40 6.001 3.366 

41 0.8370 701.60 676.6 14.9 6.729 2.700 9.429 3.49 72.50 6.065 3.365 

( 
/ 42 0.8570 707.40 682.4 15.3 6.758 2.686 9.444 3.52 72.70 6.065 3.379 

\ 
'· 
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HOLCOMB FOUNDATION ENGINEERING CO., INC. 
SOILS • BITUMINOUS • CONCRETE - INVESTIGATIONS AND TESTING 

April 9, 2007 

SHIPPING ADDRESS 
Box 393 Wood Road 
Carbondale. IL 62901 

Williamson Energy LLC 

PO Box 99 
Johnston City, Illinois 62951 

Attention: Mr. James Plumley 

Re: Coarse Refuse Laboratory Tests 

Mach Mine 
Johnston City, JJJinois 

HFE File H-052 78 

Dear Sir: 

www.holcombengineering.com 

MAILING ADDRESS 
P.O. Box 88 

Carbondale, IL 62903 

618-529-5262 
800-333-1740 

FAX 618-457-8991 

In accordance with your instructions, on March 29, 2007, we sampled coarse refuse at Mach Mine 

and performed laboratory tests on remolded samples. Results oftbe tests are as follows: 

Visual Classification: Coarse Coal Refuse (Shale, Coal, Sandstone Mixture) 

Proctor Test Results: 
Maximum Dry Unit Weight: 120.3 PCF 

Optimum Moisture Content: 10.7 % 

Specific Gravity: 2.50 

Triaxial Test Results; 
Effective Cohesion: 

Effective Phi Angle: 

Penneability (2 tests): 

152 PSF 
29.3 Degrees 

3 x 10-4 cm./sec. 
2 x l 0-4 cm./sec. 

Results of the grain size analysis and the laboratory tests are attached. 
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( 

Mach Mine Coarse Refuse Tests 

April 9, 2007 

Pagel 

If you should have any questions, or if we can be of further assistance, please feel free to contact us 

at your convenience. 

Sincerely, 

1 copy: Justin Harry- Alliance Consulting 

35 f s7 
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Date: 

Project No.: 

Barino No. 

Coarse Refuse 
Sample #1 

Coarse Refuse 
Sample #2 

HOLCOMB FOUNDATION ENGINEERING CO., INC. 
SOILS • BITUMINOUS • CONCRETE • INVESTIGATIONS AND TESTING 

SHIPPING ADDRESS 
Box 393 Woad Road 
Carbondale, IL 62901 

www.holcombengineering.com 

MAILING ADDREcSS 
P.O. Box BB 

Carbondale, IL 02903 

Permeability Tests Results 
Mach Mine 

Johnston City, Illinois 

4/9/2007 

H-05278 

Client Williamson Energy 

Depth (Fl\ 
Moisture Content(%) 

Beiore Test I After Test 

10.9 

10.1 

14.6 

14.3 

Dry Unit 
Weicht (PCF\ 

115.7 

114.7 

. 

61 B-529-5262 
800-333-17 40 

FAX G10-457-8991 

Penneability 
(Cm./Sec.) 

3x10-4 

2x10-4 

Permeability T es!s performed in accordance with ASTM D-5084 
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Project 

Holcomb Foundation Engineering 

Pond Creek. Mine 

Johnston City, Illinois 

Moisture Density Relationship 

Locatitll t: Coarse Refuse: Disposal Are; 

Project No.: H-05278 Proctor Test Results 

Soll Classification: 

Date: 

Test Data 

4/9/2007 

ASTM D-698 (standard) 

Moisture 

Content(%) 

12-8 

13.2 

10.2 

7.B 

10.7 

Maximum Dry Density (PCF) 

Weathered Coarse Refuse 

120.3 

Optimum Moisture Content{%} 10~7 

Dry Unit Wt 

(PCFJ 

11 B. 7 

116.7 

120.1 

119.1 

120.3 

122.0 .,------------------------------------, 

u:
(.J 

e,. 

121.0 · 

120.0 

g 119.0 

c 
::, 

~ 
CJ 

118.0 

117.0 

7.0 

+ 

s.o 

Proctor Curve 

+ 

• 

• 

9.0 10.0 11.0 12.0 13.0 14.0 

% Moisture 
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Holcomb Foundation Engineering 
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Sample: Coarse Refuse 

10-

n-- N-
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• Weathered Coarse Refuse 
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Q> 
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Project 

Project No.: 

Sample No. 

Sieve 

2" 

( 
1.5" 
1" 
3/4" 
1/2" 
3/8" 
#4 
#10 
#20 
#40 
#60 
#100 
#200 

3't 1· 57 
........... -····-··· ·=·-· .... --- . 

HOLCOMB FOUNDATION ENGINEERING CO., INC. 
SOILS - BITUMINOUS - CONCRETE • l~JVESTIGATIONS AND TESTING 

SHIPPING ADDRESS 
Box 393 Wood Road 
Carbondale, IL 62901 

WlNW.holcombengineering.com 

MAIUNG ADDRESS 
P.O. Box 88 

Carbondale, IL 62903 

Grain Size Analysis 

Mach Mine Client Mach Mine 

H-05278 Date: 4/9/2007 

Coarse Refuse Total Weight: 2290.30 

Wl Retained % Rel % Passing 

0.0 0.0 100.0 
314.4 13.7 86.3 
536.7 23.4 76.6 
674.8 29.5 70.5 
901.6 39.4 60.6 

1061.2 46.3 53.7 
1522.1 66.5 33.5 
1911.6 83,5 16.5 
2091.9 91.3 8.7 
2166.2 94.6 5.4 
2202.2 96.2 3.8 
2223.7 97.1 2.9 
2245.2 98.0 2.0 

618-529-5262 
800-333· 1740 

FAX 61 8-457-8991 
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.,,
"' a> 

&5 
a; 
a> 
/jj 

5.7 

0 

C, tsf 
,;, dee 
Tan(o) 

...L...' 
' 

0 

! ,, " 

: I I ~ 

2 ./: 1 
,, ; ! 

' 
1 ~-'-i-' ! 

! 1 ! 

' ' 

Total Effective 
-:-.; 1 ! :•:-:'--+-..,...~:--,.+-~,~:,·~-+-~'.~~.-•~rx,~7=-},--~-~- t 

0.229 0.076 

1.9 

! ! 

17.4 
0.31 

I : I i 

' ! 

29.3 ' ' 
I ' t ' )_ ' ..,, • 
I i i , 1 

j 0.56 ' ' 
; ; 

' ' '' 

' I ! 

' ' 
' I ' • ' ! i ' 

' ' ' ' 

! ~1 I ' 
i 1 i\. : 

1"1 I , l__i_L_ i ' ' 
'\: 

' 
' ' '' \ ; /' i 

' ' 

' ' 

! I I , a 

3.8 5.7 9.5 11.4 

Total Nomial Stress, ts/ --
Effective Normal Stress, tsf - - -

Sample No. 1 2 3 
Jt--,----------------------------1 

Water Content, 14.4 12.7 13.1 

Dry Density, pcf 113.2 115.1 114.6 
]i Saturation, 95.1 89.0 90.4 

~ Void Ratio 0.3793 0.3560 0.3615 
Diameter, in. 2.80 2.80 2.80 

Heigh~ in. 5.59 5.58 5.58 

Water Content. 

" Dry Density, pcf 
15.2 14.2 14:5 

113.2 l 15.I 114.6 

' I ' ' 
2 

~ ~~~~:~~· 
100.0 100.0 100.0 

' ' ' 
! I ' ccr. l : 
. [....!...L.i 

! . I _j_ ; 
I : I I 

' 

1 
Diameter, in. 
Heigh~ in. 

0.3793 0.3560 0.3615 
2.80 2.80 2.80 
5.59 5.58 5.58 

0.00 0.00 0.00 

:l.60 3.60 1.80 

1-~·, -+-'-, -·~: ~•:---,,--,,---;-; ,'....,.: ·+·_j_~: --i-. -~-; 

Strain rate, in./min. 

Back Pressure, tsf 

Cell Pressure, tsf 

Fail. Stress, tsf 

5.04 6.48 7.56 

-~+-l-L 1 
-'. • .:......L.:_j.. .. LLJ.~•....,.----i 

0 · ' J ' I · : , I · , I l.85 2.67 5.55 

Total Pore Pr., tsf 

UIL Stress, tsf 

Total Pore Pr., tsf 

1-----------------------; "cr1 Failure, tsf 

Type of Test: o', Failure, tsf 

0 5 10 15 

Axial Strain, % 

20 4.18 5.27 4.77 

l.85 2.66 5.55 

4.18 5.22 4, 77 

2.71 3.88 8.34 

CU \i,,,ith Pore Pressures 
0.86 1.2 I 2. 79 

Sample Type: Coarse Refuse Client: Pond Creek Mine 

Description: 

Assumed Specific Gravity= 2.50 

Remarks: 

Plate 

Tested By: ,c.L,eC _________ _ 

Project: Coarse Refuse Laboratory Tesis 

Location: Weathered Coarse Refuse 

Proj. No.: H-05278 Date: 4/2/07 

Checked By: ~T"'H _________ _ 
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7.5 
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4.5 ------ ____ _;_ __ _,_ __ -l----1 

-i- I 
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3f--------'-----i--
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7.5 
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sf---'-----'---......;--~----1 
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/ ! 

3 - 1--+-----'----~------j 
I ' 

I 
1.s le/---,-

/ 

OL._-----,------~~---' 
0% 8% 16% 

6 Peak Strength 
Total 

a= 0.23 tsf 

'----

Effective 
0.07 tsf 

" 5 "' " "' "' " -e .!:: 2 
a. C/J 

e .9 
0 " a. > 
- " !!! □ u 
f-

" ~ ~ "' "' " " " -"~ "' a:~ -
" 0 o ro 

11.. > 
- " !!! □ 
D 
f-

p, tsf 

'fl 1 

7.5 
2 

sf----'----'----~---
, ; j .,,,..-- . ' -

4.5 
I 
I 

3 1'-------,---i---i-----··· ----··-·-

I ,.s -,-

0 
0% 8% 16% 

7.5 
~ 

6 

4.5 

' 3 

1.5 

0 
0% 8% 16% 

Stress Paths: Total --- Effective- - -

Client: Pond Creek Mioe 
Project: .C oarsc .Refuse Laboratory.Tl!SL< .. 
Location; ¥leathered Coarse Refuse 

Project No.: H-05278 

Tested By: LC ··----- .. 

Plate ___ _ HOLCOMB FOUNDATION ENGINEERING CO. 

Checked By: _,_T-'--H'-----------

::, ( 
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C 

Date: 
Client: 
Project: 
Lot;alion: 

Description: 

Remarks: 
Type of Sample: 

4/2/07 

TRIAXIAL COMPRESSION TEST 
CU wilh Pore Pressures 

Pond Creek Mine 
Coarse Refuse Laboratory Tests 

WealheJed Coarse Refuse 

Coarse Refuse 
Assumed Specific Gravity=2.5D LL= PL= 

Test Method: 

Pl= 

Specimen Parameter Initial 
179.300 

165.700 
71.400 

Saturated Consolidated 

Moisture content Moist soil+tare, gms. 

Moisture content Dry soil+tare, gms. 

Moisture content: Tare, gms. 

Moisture, % , 
Moist specimen weight, gms. 

Diameter, in. 

Area, in.2 

Height, in. 
Net decrease in height, in. 

Wet Density, pcf 
Dry density, pc:f 
Void ratio 

Saturation, % 

Membrane modulus= 0.124105 kN/cm2 

Membrane thickness = 0.02 cm 

Filter pap-er coefficient= 0.001926 kN/c.m 

Filter paper coverage = 50% 

14.4 

1170.0 
2.80 
6.16 
5.59 

129.5 
113.2 

0.3793 

95.1 

Consolidatlon cell pressure= 70.00 psi (5.040 ts!) 

Consolidation back pressure= 50.00 psi (3.600 ts!) 

Consolidation effective confining stress= 1.440 tsf 
Strain rate 1 inJmin, = 0.00 

Fail. Stress= 1.845 tsf at reading no. 31 
Ult. Stress = 1.845 tsf at reading no. 31 

15.2 

2.80 
6.16 
5.59 
0.00 

130.3 
113.2 

0.3 793 
100.0 

HOLCOMB FOUNDATION ENGINEERING CO. 

15.2 

2.80 

6.16 
5.59 
0.00 

130.3 
113.2 

0.3793 
100.0 

It.- l 

4/9/2007 
11:10AM 

Final 

1255.500 

1117.500 
79.600 

13.3 

.., r 
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Def. Daviator Minor Eff. Major Eff. Pora 

Dial Load Load Strain Stress Stress Stress 1:3 Press. p Q 

No. In. Dial lbs. ¾ tsf tsf tsf Ratio psi !sf tsf 

0 0.0000 19.10 0.0 0.0 0.000 1.627 1.627 J.00 47.40 l.627 0.000 

0.0190 20.00 0.9 0.3 0.001 l.642 1.642 J.00 47.20 1.642 0.000 

2 0.0400 20.00 0.9 0.7 0.000 1.656 l.656 1.00 47.00 1.656 0.000 

3 0.0600 20.00 0,9 1.1 0.000 l.663 1.663 1.00 46.90 1.663 0.000 

4 0.0810 20.00 0.9 1.4 0.000 l.678 l.678 1.00 46.70 1.678 0.000 

5 0,1010 25.00 5.9 l.8 0.017 1.678 1.694 1.01 46.70 1.686 0.008 

6 0.1220 99.00 79.9 2.2 0.857 l.318 2.175 1.65 51.70 !.746 0.429 

7 0.1420 124.00 104.9 2.5 l.195 1.152 2.347 2.04 54.00 1.750 0.598 

8 0.1620 134.80 115.7 2.9 1.314 1.058 2.372 2.24 55.30 I. 715 0,657 

9 0.1830 !40.60 121.5 3.3 1.374 l.001 2.375 2.37 56.10 l.688 0.687 

10 0.2030 144.80 125.7 3.6 l .416 0.965 2.381 2.47 56.60 l.673 0.708 

11 0.2240 148.10 129.0 4.0 1.448 0.936 2.384 2.55 57.00 1.660 0.724 

12 0.2440 150.60 131.5 4.4 1.471 0.914 2.385 2.61 57.30 1.650 0.735 

13 0.2650 153.10 134.0 4.7 l.493 0.900 2.393 2.66 57.50 l.646 0.746 

14 0.2850 I 55.60 136.5 5.1 1.515 0.878 2.393 2.72 57.80 1.636 0.757 

15 0.3060 157.30 138.2 5.5 1.528 0.864 2.392 2.77 58.00 1.628 0.764 

16 0.3260 159.80 140.7 5.8 1.549 0.857 2.406 2.81 58.10 l.631 0.775 

17 0.3460 I 62.30 143.2 6.2 1.571 0.850 2.420 2.85 58.20 1.635 0.785 

18 0.3670 l 63.10 144.0 6,6 1.573 0.835 2.408 2.88 58.40 l.622 0.787 

19 0.3870 I 66.40 147.3 6.9 1.603 0.828 2.431 2.94 58.50 1.630 0.802 

20 0.4080 168.90 149.8 7.3 l.624 0.821 2.445 2.98 58.60 1.633 0.812 

21 0.4490 172.30 153.2 8.0 J.648 0.814 2.461 3.02 58,70 1.637 0.824 

22 0.4890 173.90 154.8 8.7 1.652 0.806 2.458 3.05 58.80 l.632 0.826 

23 0.5300 178.90 159.8 9.5 1.691 0.806 2.498 3.10 58.80 1.652 0.846 

24 0.5710 I 84.80 165.7 l 0.2 l.i40 0.814 2.553 3.14 58.70 J.683 0.870 

25 0.6120 I 86.40 167.3 10.9 1.742 0.806 2.549 3.16 58,80 1.677 0.871 

26 0.6530 I 90.60 171.5 1L7 1.771 0.S21 2.592 3.16 58.60 1.706 0.886 

r _, 0.6940 195.60 176.5 12.4 1.808 0.821 2.628 3.20 58.60 l .725 0.904 

28 0.7350 197.20 178.1 13.l 1.809 0.835 2.644 3.17 58.40 I .740 0.904 

29 0.7760 201.40 182.3 13.9 J.836 0.842 2.678 3.18 58.30 1.760 0,918 

30 0.8170 204.70 I 85.6 14.6 I.853 0.857 2.710 3.16 58.10 1.783 0.927 

3! 0.8370 204.70 185.6 15.0 J.845 0.864 2.709 3.14 58.00 J.787 0.923 
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Specimen Parameter Initial Saturated Consolidated Final 

Moisture content: Moist soil+tare, gms. l 69.900 1238.700 

Moisture content: Dry soiJ+tare, gms. 158.800 1117.200 

Moisture content: Tare, gms. 71.200 73.100 

Moisture,% 12.7 14.2 14.2 11.6 

Moist spec!men weight, gms. 1 !69.8 

Diameter, in. 2.80 2.80 2.80 

.A.rea, in.2 6.16 6.16 6.16 

Height, in. 5.58 5.58 5.58 

Net decrease in height, in. 0.00 0.00 

Wet Density, pcf 129.7 131.5 131.5 

Dry density, pcf 115.! 115.1 115.l 

Void ratio 0.3560 0.3560 0.3560 

Saturation, % 89.0 100.0 100.0 

Membrane modulus= 0.124105 l::N/cm2 

Membrane th icknes:s = 0.02 cm 

Filter paper coefficient = 0.001926 kNicm 
Filter paper coverage = 50¾ 
Consolidation cell pressure = 90.00 psi (6.480 tst) 

Consolidation back pressure= 50.00 psi (3.600 !st) 

Consolidation effective confining stress= 2.880 tsf 

C Strain rate, lnJmln. = 0.00 

Fail. Stress= 2.666 tsf at reading no. 27 

Ult. Stress = 2.663 tsf at reading no. 31 

Def. Deviator Minor Eff. Major Eff. Pore 
Dial Load Load Strain Stress Stress Stress 1:3 Press. p a 

No. in. Dial lbs. % tsf tsf tsf Ratio psi tsf tsf 

0 0.0000 62.40 0.0 0 .. 0 0.000 3.967 3.967 1.00 34.90 3.967 0.000 

0.0220 I 73.10 I I 0.7 0.4 1.289 2.484 3.773 1.52 55.50 3.129 0.645 

2 0.0420 206.40 144.0 0.8 1.671 2.016 3.687 1.83 62.00 2.852 0.836 

3 0.0620 223.00 160.6 I.I 1.857 1.764 3.621 2.05 65.50 2.693 0.929 

4 0.0830 230.50 168.l 1.5 1.936 1.613 3.549 2.20 67.60 2.581 0.968 

5 0.1030 235.50 173.1 1.8 1.987 1.512 3.499 2.31 69.00 2.505 0.993 

6 0.1240 238.00 175.6 2.2 2.008 1.447 3.455 2.39 69.90 2.451 1.004 

7 0.1440 242.20 179.8 2.6 2.048 1.390 3.438 2.47 70.70 2.414 1.024 

8 0.1650 245.50 183.I 3.0 2.078 1.346 3.424 2.54 71.30 2.385 1.039 

9 0.1850 248.80 186.4 3.3 2.107 1.310 3.418 2.61 71.80 2.364 1.054 

IO 0.2060 252.20 189.8 3.7 2.137 1.289 3.426 2.66 72.10 2.358 1.069 

11 0.2260 254. 70 192.3 4.0 2.158 1.267 3.425 2.70 72.40 2.346 1.079 

12 0.2460 253.80 I 91.4 4.4 2.139 1.253 3.392 2.71 72.60 2.322 1.070 

13 0.2670 258.80 196.4 4.8 2.187 1.238 3.425 2.77 72.SO 2.332 1.093 

14 0.2870 260.50 198.1 5.1 2.197 1.231 3.428 2.78 72.90 2.330 1.099 

15 0.3080 263.00 200.6 5.5 2.216 1.217 3.433 2.82 73.10 2.325 I. 108 

16 0.3280 265.50 203.1 5.9 2.235 1.210 3.445 2.85 i3.20 2.327 I.I 18 

( 
17 0.3490 268.80 206.4 6.3 2.263 1.210 3.472 2.87 i3.20 2.341 1.13 I 

'-... .. lS ···o:-:,a90- ··Z6s:z-o--· ·2v6:.'f --1,.6··· · -z:2sr · 1.2rr:r ·,:s55· ·· · ·2·.s1 ·73_30 .. :r329-··· r:rzT. 
19 0.3900 273.00 2!0.6 7.0 2.290 1.195 3.486 2.92 73.40 2.340 1.145 

20 0.4 I 00 2?5.50 ~l 3.l 0 ' ,_.) 2.309 ! . I 95 "i .::n,1 ___ ,, ___ 2.93 B.40 2.:050 1.154 

21 0.4510 28 !.30 218.9 8.1 2.353 l.188 3.541 2.98 73.50 2.364 1.176 

HOLCOMB FOUNDATION ENGINEERING CO. 
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' ' . Def. Deviator Minor Eff. Major Eff. Pore 
Dial Load Load Strain Stress Stress stress 1:3 Press. p Q 

No. in. Dial lbs. 'I, t,;f t,;f !sf Ratio psi t,;f !sf 

22 0.4920 284.60 222.2 &.8 2.369 l.195 3.564 2.98 73.40 2.380 1.185 

23 0.5330 292.10 229.7 9.6 2.429 l.J 95 3.625 3.03 73.40 2.410 1.215 

24 0.5740 296.30 233.9 10.3 2.454 1.202 3.656 3.04 73.30 2.429 1.227 

25 0.6140 300.40 238.0 ll.O 2.4n 1.202 3.679 3.06 73.30 2.441 1.238 

26 0.6440 305.40 243.0 l 1.5 2.514 1.217 3.730 3.07 73.10 2.474 1.257 

27 0.6960 322.90 260.5 12.5 2.666 1.210 3.876 3.20 73.20 2.543 l.333 

28 0.7370 316.20 253.8 13.2 2.576 1.238 3.814 3.08 72.80 2.526 1.288 

29 0.7780 322.ID 259.7 13.9 2.613 1.238 3.852 3. l l 72.80 2.545 l.307 

30 0.8190 328.70 266.3 14.7 2.657 1.253 3.910 3.12 72.60 2.581 1.328 

31 0.8390 330.40 2.663 1.260 3.923 3.ll 72.50 2.591 1.331 

; 154£&&¥ 
Specimen Parameter Initial Saturated 

Moisture content: Moist sofJ+tare, gms. 171.400 

Moisture Content: Dry soil+tare, gms, I 60.000 

Moisture· content Tare, gms. 72.800 

Moisture, D'/11 13.1 14.5 

Moist specimen weight, gms. I 168.8 

Diameter, in. 2.80 2.80 

Area, in.2 6.16 6.16 

Height, in. 5.58 5.58 

Net decrease in height, in. □.DD 

Wet Density, pcf 129.6 131.2 
Dry density, pcf l 14.6 114.6 

Void ratio 0.3615 0.3615 

Saturation, 0/11 90.4 100.0 

4Ai¥M¥P44QAWi#m 
Membrane modulus= 0.124105 kN/cm2 

Membrane thickness= 0.02 cm 

Filter paper coefficient= 0.001926 k.,"\f/cm 

Filter paper coverage = 50% 

Consolidation cell pressure= 105.00 psi (7.560 ts/) 

Consolidation back pressure= 25.00 psi (l.800 ts/) 

Consolidation effective confining stress= 5.760 tsf 
Strain rate, inJmin. = 0.00 
Fail. Stress= 5.549 tsfat reading no. 35 

Ult. Stress= 5.549 tsfat reading no. 35 

Def. Deviator 
Dial Load Load Strain Stress 

No. in. Dial lbs. % tsf 

0 0.0020 I 02.40 0.0 0.0 0.000 

0.0170 286.30 f 83.9 O.l 2.145 

2 0.0370 364.50 262. l 0.6 3.04-0 

3 0.0580 407.00 304.6 1.0 3.526 

-4 O:iJ780- 42·6-:i'fi·· J2J.·[ .. . r:-'t° 3:7:n · 

5 0.0990 437.70 335.3 1.7 3.853 

6 0.1190 449.40 347.0 2.1 3.972 

7 0.1400 457.70 355.J 2.5 4.052 

MinorEff. 
Stress 

tsf 

7.207 

6.674 

6.113 

5.537 

'"'4'.997" . 

4.536 

4.133 

3.838 

Major Eff. 
Stress 1:3 

!sf Ratio 

7.207 1.00 

8.819 1.32 

9.158 1.50 

9.063 1.64 

8".730- - l.h .. 

8.389 1.85 

8. 105 1.96 

7.889 2.06 

Consolidated 

1284.500 

1180.500 

134.900 

14.5 9.9 

2.80 

6.16 

5.58 

0.00 

131.2 

114.6 

0.3615 

100.0 

Pore 
Press. p Q 

psi tsf !sf 

4.90 7.207 0.000 

12.30 7.747 1.072 

20.10 7.636 l.523 

28.10 7.300 1.763 

·33:50··· o.X64' .. T.867 

42.00 6.462 1.926 

47.60 6.119 l.986 

5l.70 5.863 2.026 

,.._ __________ HOLCOMB FOUNDATION ENGINEERING CO. __________ ___, 
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Def. Daviator Minor Eff. Major Eff. Pore 

Dial Load Load Strain Stress Stress Stress 1:3 Press. p Q 

No. In. Dial lbs. % tsf tsf tsf Ratio psi tsf tsf 

8 0.1600 464.40 362.0 2.8 4.113 3.593 7.706 2.14 55.10 5.649 2.056 

9 0.1810 474.40 372.0 3.2 4.210 3.384 7.594 2.24 58.00 5.489 2.105 

10 0.2010 481.90 379.5 3.6 4.279 3.211 7.490 2.33 60.40 5.351 2.140 

II 0.2210 487.70 385.3 3.9 4.328 3.074 7.403 2.4 I 62.30 5.239 2.164 

12 0.2420 495.20 392.8 4.3 4.395 2.959 7.355 2.49 63.90 5.157 2.198 

13 0.2620 503.50 401.1 4./ 4.4 7 I 2.851 7.323 2.57 65.40 5.087 2.236 

14 0.2830 509.30 406.9 5.0 4.518 2.772 7.290 2.63 66.50 5.031 2.259 

15 0.3030 519.30 416.9 5.4 4.612 2.693 7.305 2.71 67.60 4.999 2.306 

16 0.3240 522.60 420.2 5.8 4.630 2.650 7.279 2.75 68.20 4.965 2.315 

17 0.3440 526.00 423.6 6.1 4.650 2.621 7.270 2.77 68.60 4.946 2.325 

18 0.3650 534.30 431.9 6.5 4.722 2.578 7.299 2.83 69.20 4.938 2.361 

19 0.3850 541.80 439.4 6.9 4.785 1.549 7.334 2.88 69.60 4.941 2.393 

20 0.4050 546.80 444.4 7.2 4.821 2.534 7.355 2.90 69.80 4.945 2.411 

21 0.4260 553.40 451.0 7.6 4.873 2.520 7.393 2.93 70.00 4.956 2.436 

22 0.4460 558.40 456.0 8.0 4.908 2.506 7.413 2.96 70.20 4.959 2.454 

23 0.4670 560.90 458.5 8.3 4.914 2.506 7.420 2.96 70.20 4.963 2.457 

24 0.4870 569.20 466.8 8.7 4.984 2.506 7.489 2.99 70.20 4.997 2.492 

25 0.5080 574.20 471.8 9.1 5.016 2.513 7.529 3.00 70.10 5.021 2.508 

26 0.5280 580.10 477.7 9.4 5.059 2.520 7.579 3.01 70.00 5.050 2.530 

27 0.5690 592.50 490.1 10.2 5.148 2.534 7.683 3.03 69.80 5.109 2.574 

28 0.6100 600.00 497.6 10.9 5.184 2.570 7.755 3.02 69.30 5.163 2.592 

29 0.6510 610.90 508.5 11.6 5.254 2.599 7.853 3.02 68.90 5.226 2.627 

30 0.6920 625.80 523.4 12.4 5.363 2.628 7.991 3.04 68.50 5.310 2.682 

31 0.7330 631.70 529.3 13.1 5.378 2.671 8.049 3.01 67.90 5.360 2.689 

32 0.7730 64 l.60 539.2 13.8 5.434 2.707 8.141 3.01 67.40 5.424 2.717 

33 0.8140 65\.60 549.2 14.6 5.487 2.750 8.238 3.00 66.80 5.494 2.744 

34 0.8350 656.60 554.2 14.9 5.513 2.772 8.285 2.99 66.50 5.528 2.756 

35 0.8540 662.50 560.I 15.3 5.549 2.786 8.335 2.99 66.30 5.561 2.775 

C 

._ __________ HOLCOMB FOUNDATION ENGINEERING CO. ------------1 
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ATTACHMENT 

HOLCOLM FOUNDATION ENGINEERING COMPANY, INC. 

COARSE COAL REFUSE LABORATORY TESTING RESULTS 

NOVEMBER 2006 AND APRIL 2007 
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C ATTACHMENT 

Civil & Environmental Consultants (CEC), Inc. Calculation Brief Entitled "Estimation and Summary 
of Engineering Properties Including Peak and Steady-State Undrained Shear Strength for Refuse 
and Subgrade Materials," Pond Creek Coal Refuse Disposal Site - South Pond Stage 2," BEG, 
07/12/08. 
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Civil & Environmental Consultants, Inc. 
Williamson Energy Pond Creek - South Pond 

PROJECT Phase 2 Abandonment Evaluation PROJECT NO. 

Estimation and Summary of Engineering Properties 

for Fine Coal Refuse 

MADE)lY BEG DATE _...:.7:..::flc.::2:..::/0:,::8_ CHECKF.D BY ~ 

CALCULATION BRIEF 
FOR 

PAGE I 

ESTIMATION AND SUMMARY OF ENGINEERING PROPERTIES 
INCLUDING PEAK AND STEADY-STATE UNDRAINED SHEAR STRENGTH 

FOR REFUSE AND SUBGRADE MATERIALS 

POND CREEK COAL REFUSE DISPOSAL SITE - SOUTH POND STAGE 2 

080851 

OF 

OBJECTIVE: To estimate and summarize engineering properties for fine coal refuse 
materials samples obtained at the Pond Creek Coal Refuse Disposal site 
including unit weight (y), specific gravity (G,), effective strength, i.e., 
angle of internal friction ($') and cohesion (c'), total strength, peak 
undrained shear strength (Sup), and steady-state undrained shear strength 
(Sus), The various strengths will be used in the South Pond abandonment 
analyses model(s). 

REFERENCES: 

1. Civil & Environmental Consultants (CEC), Inc. Calculation Brief Entitled "Summary of 
Piezo-Sei~mic Cone Penetration Testing," Pond Creek Coal Refuse Disposal Site," BEG, 
12/21/07. 

2. Civil & Environmental Consultants (CEC), Inc. Calculation Brief Entitled "Summary of 
Laboratory Testing - Fine Coal Refuse," Pond Creek Coal Refuse Disposal Site - South 
Pond," BEG, 7/10/08. 

3. Alliance Consulting, Inc., "Appendix C Laboratory Testing, Proposed Coal Refuse 
Disposal Facility No. 2, Pond Creek Mine No. 1, Williamson County, Illinois." 

4. Poulos, S.J., Castro, G., France, J.W. (1985), "Liquefaction Evaluation Procedure," 
Journal of Geotechnical Engineering, ASCE, 111(6), pp. 772-791. 
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Civil & Environmental Consultants, Inc. 
Williamson Energy Pond Creek - South Pond 

PROJECT Phase 2 Abandonment Evaluation PROJECT NO. 080851 

Estimation and Summary of Engineering Properties PAGE Z-- OF 

for Fine Coal Refuse ------~ 
MADEBY __ B_E_G __ DATE __ 7/_1_2/_0_8_ CHECKED BY 1-C\'> DATE 1 /2$ /1:8 

5. Genes, B.E., Keller, T.O., and Laird, J.P. (2000) "Steady State Liquefaction Susceptibility 

of High Hazard Upstream-Constructed Coal Refuse Disposal Facilities," Proceedings of 

Tailings Dams 2000, ASDSO/USCOLD, Las Vegas, NV, March 28-30, pp. 47-58. 

6. Almes, R. A. and Butail, A. (1976) "Coal Refuse: Its Behavior Related to the Design and 

Operation of Coal Refuse Disposal Facilities," Proceedings of the Ohio River Valley 

Soils Seminar, Lexington, Kentucky, October, 1976. 

7. Bowles, Joseph E. (1984) "Physical and Geotechnical Properties of Soils," Mc-Graw Hill. 

New York: 367-369 and 393-396. 

SOIL PROPERTIES: 

The following soil properties were estimated based on laboratory testing [Reference Numbers 

(Ref. Nos.) 2 and 3] performed for abandonment analyses and/or provided by Alliance 

Consulting, Inc. for previous deformation analyses, which are used in the various slope stability 

analyses and attached for information: 

e use Ol roper res Rf /S'IP f 
Friction 

Unit Weight Angle Cohesion cii 

(y) C<P) (c) 
Description (pcf) (degrees) (psf) Comment 

Coarse Refuse 130 36 0 Frictional 

6 

36.9 0 Effective Strength (Drained) 

Fine Coal Refuse 85 18.8 0 Total Strength (Undrained) 

0 Varies (See Below) Steady-State (Undrained) 

19.5 400 Total Strength (Undrained) 
Residual Soil 125 

0 3000 80% Peak Undrained 
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LABORATORY-DERNED Sllll and Su,: 

Two (2) consolidated - undrained (CU) triaxial series tests (3 points each) were performed on 
reconstituted bulk fine coal refuse slurry to determine effective and total strength parameters as 
well as peak (Sup) and steady-state (Su,) undrained shear strengths. Samples were prepared in the 
laboratory to simulate in-situ placement and consolidation. Samples were consolidated to a 
range of vertical effective stresses of about 5, 10 and 20 pounds per square inch (psi) [ or 720 to 
2880 pounds per square foot (psf)]. All specimens exhibited contractive behavior when sheared 
under undrained conditions. In general, all specimens reached, or nearly reached, a steady-state 
of deformation within the strain limits of the test equipment. 

A total of 6 CU points comprise the (2) series from which peak and steady-state shear strength 
state. Su, represents the liquefied shear strength [i.e., the minimum (residual) strength available 
following a rapid loading event, such as an earthquake]. 

The following equations (Ref. No. 4) were used to calculate peak (Sup) and steady-state (Sus) 
shear strengths from laboratory test specimens: 

Peak: 

Sup = qup COS %, 

Or 

Sup= cr'3p [cos cjip sin cj>p] / (1 -sin cj>p) 

Steady-State: 

Sus= qus COS <!>us 

Or 

Su, = cr' 3s [ cos <!>us sin <!>usl / (1 - sin <!>u,) 

E, 
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Where, 

qup = shear stress on 45-degree plane at peak strain 

cj>p = friction angle at peak = arcsin ( q/p) at peak strain 

cr' 3P = lateral effective stress at peak strain 

qus = shear stress on 45-degree plane at steady-state (max) strain 

$us= friction angle at steady-state= arcsin (q/p) at max strain 

cr' 3u, = lateral effective stress at steady-state (max) strain 

( The following peak and steady-state data is presented from CU testing on bulk fine coal refuse 
samples Bucket 1 and Bucket 2 and applying the equations above. CU laboratory test results are 
attached. 
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Sample No. Bucket 1- Fine Coal Refuse Bucket 2 - Fine Coal Refuse 

CU Test No. 1 2 3 1 2 3 

(Confining (5.2 psi) (10.2 psi) (20.4 psi) (5.2 psi) (10.4 psi) (20.4 psi) 
Pressure) 

Parameter 

qup (psi) @ 4.61 7.54 10.82 3.37 5.73 11.67 

Peak Strain (%) 18.4 13.4 13.5 10.3 14.2 8.4 

!pp (deg) 40.4 39.6 37.8 38.3 39.2 37.5 

cr' 3p (psi) 2.5 4.3 6.8 2.1 3.3 7.5 

Sup (psi) 3.51 5.81 8.55 2.64 4.44 9.26 

qu, (psi) @ 4.59 7.33 10.02 3.28 5.4 10.61 

Max. Strain(%) 21.5 21.67 21.74 17.29 21.32 21.42 

$us (deg) 40.4 39.0 36.7 36.3 38.6 35.7 

cr' 3us (psi) 2.4 4.3 6.7 2.1 3.3 7.6 

Sus (psi) 3.37 5.67 7.98 2.46 4.28 8.65 

A plot of the Su, of the reconstituted coal refuse slurry samples versus vertical effective stress 
(cr'v) is presented in the attached Figure 1. The equivalent effective vertical stress was assumed 
to be 1.5 times the isotropic effective consolidation stress (i.e., l.5*cr'3). A 2/3 - 1/3 
relationship of the data was employed to yield an Su, to cr'v relationship of Su,= 0.28 cr'v. Ref. 
No. 5 and recent undisturbed/remolded fine coal refuse testing on other projects yielded a range 
of Sus= 0.06 to 0.28 cr'v, with an average of about Su,= 0.22 cr'v. Since site specific testing was 
performed, a reasonable Sus to cr'v relationship of Su,= 0.24 cr'v is considered realistic with some 
conservatism. The impounded/abandoned fine coal refuse in the South Pond will be modeled 
utilizing this relationship. 
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Subsequent slope stability analyses determine the magnitude of driving shear stress on a failure 

plane through the fine coal refuse impoundment to assess the required Sus to maintain 

equilibrium and assess the likelihood of a (liquefaction) flow failure. Post-earthquake slope 

stability of the embankment/impoundment is evaluated as well to assess the failure potential of 

the South Pond embankment using the abandonment geometry. 

CONCLUSIONS 

Laboratory undrained shear strength data from consolidated undrained triaxial tests of fine coal 

refuse were determined. Procedures were performed to estimate Sup, Sus, and a reasonable Su, to 

cr'v relationship of Sus= 0.24 cr'v for the material. The results of the laboratory testing indicated 

Sup and Sus reach their peak and steady-state strength at high strains, and there is very little drop 

off with increasing strain. Further, Sup and Sus values generally indicated resistance to flow. 

Thus, the results suggest undrained strengths of the fine coal refuse will be maintained at or near 

peak levels during an undrained event such as an earthquake, and the susceptibility of the 

impounded fine coal refuse to a liquefaction flow failure is a function of both the undrained 

strength (worst case steady-state strength) and the in-situ driving shear stress on a critical failure 

plane through the fine refuse material. 

Based on this information, the properties evaluated/developed in Ref. No. 2 for fine coal refuse, 

as well as coarse refuse and residual soil, indicated the South Pond fine coal refuse has sufficient 

steady-state shear strength to limit the flowability of the material. The likelihood of a flow 

failure associated with the abandonment scenario will be assessed in a subsequent calculation 

brief by evaluating the driving shear stress and factor of safety against liquefaction in the fine 

coal refuse. 
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C 
POND CREEK PHASE 2 SOUTH POND 

STEADY-STATE UNDRAINED SHEAR STRENGTH-TO-EFFECTIVE 

STRESS RELATIONSHJP 
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Pond Creek Phase 2 South Pond 
Steady-State Undrained Strength vs. Vertical Effective Stress 

0 -------·-------- -···---------- -------·---------------- ·-----

500 -----,....-,---------------------------~-----------" 

1000 ----· _____ __,__ ________ ---- --- ----- ------

■ ■ 

1500 ~---- ------------···-·-·- --· --
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POND CREEK- SOUTH POND 
CONSOLIDATED - UNDRAINED TRIAXIAL LABO RA TORY TESTING RESULTS 

FOR FINE COAL REFUSE 
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Client 
Client Reference 
Project No. 
Lab ID 

CONSOLIDATED UNDRAINED TRIAXIAL TEST 
WITH PORE PRESSURE READINGS 

ASTM D4767-95 / AASHTO T297-94 (SOP-S28) 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-01 

Boring No. 
Depth(ft.) 
Sample No. 

SOUTH POND 
NA 
BUCKET 1 

Consolidated Undrained Triaxial Test with Pore Pressure 

30 r----------------~-----------------------~ 

25 ---

SIN cp = TAN <:X. 

a 
C=

COStP 

20 f--------~---~-----+-----+----+---r--+----+---+----l 

0 

0 5 10 

. .,3-- Max. Effec. Stress Ratio Points 

a = 
Cl 

Tested By JCM 

15 20 25 

P, (psi) 

30 

-Failure Envelope - :: Test No. 1 

0.00 C = 
30.5 ct> 

35 40 45 

--·-Test No. 2 ~-=.--Test No. 3 

0.001 
36.14 

Date 05/21/08 Approved By U!) Date (.P ( rq b~ 
µage 1 of 8 OCN CT-528 DATE 6-25-98 REV!S10N 1 

544 Braddock Avenue • East Pittsburgh, PA 15112 • 412-823-7600 • FAX 412-823-8999 • www.geotechnics.net 

50 
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Client 

Client Reference 

Project No. 

Lab ID 
Visual Description· 

CONSOLIDATED UNDRAINED TRIAXIAL TEST 
WITH PORE PRESSURE READINGS 

ASTM D4767-95 / AASHTO T297-94 (SOP-S28) 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-01 

Boring No. 

Depth(ft.) 
Sample No. 

BLACK COAL REFUSE SLURRY (REMOLDED) 

SOUTH POND 
NA 
BUCKET 1 

25 ~---------------------------------~ 

20 

15 

• 3, 
• • e 
in 
~ 

8 
~ ·, 
~ 

0 
10 

5 

00-----------------------------------~ 
0 5 10 15 20 25 

Strain{%) 

----&-Test No. 1 --e-Test No. 2 ----tr-Test No. 3 

Tested By JCM Date 05/21/08 Approved By 

page 2 of 8 

544 Braddock Avenue • East Pittsburgh, PA 15112 • 412-823·7600 • FAX 412-823·8999 • www.geotechnics.net 
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CONSOLIDATED UNDRAINED TRIAXIAL TEST 
WITH PORE PRESSURE READINGS 

ASTM D4767-95 / AASHTO T297-94 (SOP-S28) 
§~:~.?,~,~ 

lien! 
Client Reference 
Project No. 
Lab ID 

Visual Description: 

I Stage No. 
fost No 

PRESSURES (psi) 

Cell Pressure(psi) 
Back Pressure(psi) 
Eff. Cons. Pressure(psi) 
Pore Pressure 
Response (%) 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-01 

Boring No. 
Depth (ft.) 
Sample No. 

SOUTH POND 
NA 
BUCKET 1 

BLACK COAL REFUSE SLURRY (REMOLDED) 

36.6 
31.4 

5.2 

98 

INITIAL SAMPLE DIMENSIONS (in) 

Length 1 3.140 Diameter 1 
Length 2 3.148 Diameter 2 
Length 3 3.151 Diameter 3 
Avg Leng.= 3.146 Avg. Diam.= 

VOLUME CHANGE 
Initial Surette Reading (ml) 
Final Surette Reading (ml) 
Final Change (ml) 

MAXIMUM OBLIQUITY POINTS 

p 
Q 

= 
= 

LOAD 
(LBS) 

6.8 
8.2 
8.8 

10.3 
12.1 
15.1 
15.8 
16.2 
17.1 
17.2 
17.8 
18.4 
18.5 
1 8.8 
19.0 
18.9 
19.4 
19.6 
20.2 
20.7 
20.8 
21.4 
21.4 
21.6 
22.0 
21.8 
22.8 
23.1 
23.5 
23.1 
24.0 

Tested By 

6.41 
3.95 

JCM Date 

Initial Dial Reading (D.R.), mils 
D.R. After Saturation, mils 
D.R. After Consolidation, mils 

DEFORMATION 
(INCHES) 

0.000 
0.001 
0.002 
0.005 
0.008 
0.016 
0.020 
0.026 
0.038 
0.051 
0.069 
0.085 
0.101 
0.116 
0.132 
0.158 
0.182 
0.205 
0.236 
0.260 
0.292 
0.316 
0.340 
0.371 
0.411 
0.443 
0.490 
0.530 
0.569 
0.610 
0.664 

05/21 /08 Input Checked By 

PORE PRESSURE 
(PSI) 
31.4 
32.1 
32.1 
32.5 
32.8 
33.2 
33.4 
33.6 
33.7 
33.8 
33.9 
34.0 
34.0 
34.1 
34.1 
34.1 
34.2 
34.2 
34.2 
34.2 
34.1 
34.3 
34.1 
34.1 
34.1 
34.1 
34.1 
34.2 
34.1 
34.1 
34.2 

Date 

1.375 
1.389 
1.399 
1.388 

24.0 
21.7 

2.3 

235 
250 
294 

;..:,Jge 3 of 8 DCN· CT-S2B DATE6-25-98 REVISION 1 

544 Braddock Avenue • East Pittsburgh, PA 15112 • 412-823-7600 • FAX 412-823-8999 • www.geotechnics.net 
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CONSOLIDATED UNDRAINED TRIAXIAL TEST 
WITH PORE PRESSURE READINGS 

ASTM D4767-95 / AASHTO T297-94 (SOP-S28) 
§t;.~~~~,: 

Client 
Client Reference 
Project No. 
Lab ID 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-01 

Boring No. 
Depth(ft.) 
Sample No. 

SOUTH POND 
NA 
BUCKET 1 

Visual Description: BLACK COAL REFUSE SLURRY (REMOLDED) 

i Effective Confining Pressure (psi) 

INITIAL DIMENSIONS 

Initial Sample Length (in.) 
initial Sample Diameter (in.) 
,11itial Sample Area (in'2) 
Initial Sample Volume (in'3) 

Strain Deviation 6. U 
(%) Stress 

0.02 0.98 0.73 
0.07 1.39 0.75 
0.15 2.40 1.15 
0.25 3.62 1.36 
0.52 5.63 1. 79 
0.66 6.03 2.01 
0.84 6.35 2.21 
1.22 6.92 2.33 
1.64 6.91 2.40 
2.25 7.31 2.55 
2.75 7.66 2.61 
3.27 7.71 2.64 
3.77 7.81 2.68 
4.28 7.90 2.74 
5.11 7.78 2.71 
5.89 8.02 2.84 
6.65 8.13 2.78 
7.66 8.39 2.83 
8.42 8.64 2.76 
9.45 8.59 2.72 
10.23 8.90 2.86 
11.00 8.80 2.67 
12.03 8.83 2.74 
13.30 8.93 2.72 
14.34 8.73 2.69 
15.88 9.12 2.66 
17.15 9.15 2.77 
18.44 9.22 2.70 
"19.74 8.86 2.70 
21.51 9.19 2.82 

Tested By JCM 

5.2 

3.15 
1.39 
1.51 
4.76 

5.45 
5.84 
6.46 
7.46 
9.04 
9.22 
9.34 
9.79 
9.71 
9.96 

10.25 
10.26 
10.34 
10.37 
10.27 
10.38 
10.56 
10.76 
11.09 
11 .. 07 
11.25 
11.33 
11.29 
11.41 
11.25 
11.66 
11.59 
11.72 
11.36 
11.56 

Date 

4.5 
4.5 
4.1 
3.8 
3.4 
3.2 
3.0 
2.9 
2.8 
2.7 
2.6 
2.6 
2.5 
2.5 
2.5 
2.4 
2.4 
2.4 
2.4 
2.5 
2.3 
2.5 
2.5 
2.5 
2.5 
2.5 
2.4 
2.5 
2.5 
2.4 

05/21 /08 
·-· 

Stage No. 
Test No 

VOLUME CHANGE 

Volume After Consolidation (in'3) 
Length After Consolidation (in) 
Area After Consolidation (in'2) 

Effective Principle 

Stress Ratio 

1.219 
1 .311 
1.593 
1.941 
2.649 
2.893 
3.125 
3.417 
3.469 
3.753 
3.961 
4.017 
4.098 
4.208 
4.124 
4.400 
4.359 
4.538 
4.536 
4.464 
4.797 
4.474 
4.594 
4.601 
4.477 
4.587 
4.762 
4.691 
4.536 
4.864 

A 

0.76 
0.55 
0.49 
0.38 
0.32 
0.34 
0.36 
0.34 
0.35 
0.36 
0.35 
0.35 
0.35 
0.35 
0.36 
0.36 
0.35 
0.34 
0.33 
0.32 
0.33 
0.31 
0.32 
0.31 
0.31 
0.30 
0.31 
0.30 
0.31 
0.31 

1 

p 

4.96 
5.14 
5.25 
5.65 
6.23 
6.20 
6.16 
6.33 
6.26 
6.31 
6.42 
6.41 
6.43 
6.41 
6.38 
6.37 
6.49 
6.56 
6.77 
6.77 
6.79 
6.93 
6.87 
6.94 
6.88 
7.10 
7.01 
7.11 
6.93 
6.97 

4.55 
3.09 

1.474 

Q 

0.49 
0.69 
1.20 
1 .81 
2.81 
3.02 
3.18 
3.46 
3.46 
3.65 
3.83 
3.85 
3.91 
3.95 
3.89 
4.01 
4.07 
4.19 
4.32 
4.29 
4.45 
4.40 
4.42 
4.46 
4.37 
4.56 
4.58 
4.61 
4.43 
4.59 

Input Checked By bf) Date (a-19:(£ 
µage 4 of 8 
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R13477

- .=nt Reference 
Project No. 
Lab ID 

CONSOLIDATED UNDRAINED TRIAXIAL TEST 
WITH PORE PRESSURE READINGS 

ASTM D4767-95 / AASHTO T297-94 (SOP-S28) 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-01 

Boring No. 
Depth(ft.) 
Sample No. 

SOUTH POND 
NA 
BUCKET 1 

Visual Description: BLACK COAL REFUSE SLURRY (REMOLDED) 

/Stage No. 
: Test No 

,>RESSURES (psi) 

Call Pressure(psi) 
Back Pressure(psi) 
Eff. Cons. Pressure(p, 
Pore Pressure 
Response (%) 

46.5 
36.1 
10.4 

100 

MAXIMUM OBLIQUITY POINTS 

p 

Q 
= 
= 

LOAD 
(LBS) 

7.9 
13.4 
14.9 
18.3 
20.0 
22.4 
23.0 
23.7 
24.8 
25.7 
26.7 
27.1 
27.5 
27.5 
27.7 
27.9 
28.2 
28.6 
29.5 
30.0 
30.5 
30.4 
31.0 
31.2 
31.8 
31.8 
32.3 
33.0 
32.6 
33.1 
33.6 

Tested By 

11.84 
7.45 

JCM Date 

INITIAL SAMPLE DIMENSIONS (in) 

Length 1 
Length 2 
Length 3 
Avg Leng.= 

3.120 
3.137 
3.135 
3.131 

VOLUME CHANGE 

Diameter 1 
Diameter 2 
Diameter 3 
Avg. Diam.= 

Initial Surette Reading (ml) 
Final Surette Reading (ml) 
Final Change (ml) 

Initial Dial Reading (D.R.), mils 
D.R. After Saturation, mils 
D.R. After Consolidation, mils 

DEFORMATION 
(INCHES) 

PORE PRESSURE 
(PSI) 

0.000 
0.001 
0.002 
0.005 
0.008 
0.017 
0.020 
0.026 
0.038 
0.051 
0.069 
0.085 
0.100 
0.110 
0.131 
0.157 
0.181 
0.204 
0.235 
0.259 
0.290 
0.313 
0.337 
0.368 
0.408 
0.439 
0.486 
0.526 
0.565 
0.604 
0.659 

05/21/08 Input Checked By 

36.1 
36.8 
37.0 
37.4 
37.8 
38.7 
38.9 
39.3 
39.9 

.40.3 
40.9 
41.1 
41.3 
41.5 
41.6 
41.8 
41.9 
41.9 
42.0 
42.1 
42.1 
42.0 
42.1 
42.0 
42.2 
42.1 
42.1 
42.2 
42.1 
42.2 
42.2 

Date 
DCN. CT-526 DATE 6-25-98 REVISION 1 

1.396 
1.398 
1.344 
1.379 

24.0 
18.4 

5.6 

77 
112 
166 
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R13478

"e,nt 
ant Reference 

Project No. 
Lab ID 

CONSOLIDATED UNDRAINED TRIAXIAL TEST 
WITH PORE PRESSURE READINGS 

ASTM 04767-95 / AASHTO T297-94 (SOP-S28) 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-01 

Boring No. 
Depth(ft.) 
Sample No. 

Visual Description: BLACK COAL REFUSE SLURRY (REMOLDED) 

SOUTH POND 
NA 
BUCKET 1 

/Effective Confining Pressure (psi) 10.4 Stage No. 
Test No 

( 

INITIAL DIMENSIONS 

lnilial Sample Length (in.) 
Initial Sample Diameter (in.) 
111itial Sample Area (in'2) 
Initial Sample Volume (in'3) 

Strain 

(%) 

0.03 
0.06 
0.15 
0.25 
0.54 
0.67 
0.86 
1.25 
1.67 
2.28 
2.79 
3.30 
3.60 
4.32 
5.16 
5.95 
6.72 
7.73 
8.52 
9.54 
10.30 
11.07 
12.10 
13.40 
14.44 
15.98 
17.28 
18.58 
19.86 

Deviation f1 U 
Stress 

3.98 0.65 
5.09 0.89 
7.59 1.34 
8.76 1.72 
10.51 2.62 
10.94 2.79 
11 .42 3.19 
12.16 3.85 
12.77 4.19 
13.37 4.77 
13.56 5.04 
13. 79 5.25 
13.76 5.40 
13.77 5.50 
13.82 5.69 
13.93 5.80 
14.04 5.83 
14 .51 5.87 
14.69 6.01 
14.91 6.01 
14.68 5.94 
14.93 6.00 
14.89 5.95 
15.08 6.10 
14.89 6.03 
14.92 5.99 
15.10 6.12 
14.65 5.96 
14. 71 6.07 

3.13 
1.38 
1.49 
4.68 

13.73 
14.59 
16.65 
17.44 
18.29 
18.56 
18.64 
18.71 
18.98 
19.00 
18.92 
18.94 
18.76 
18.67 
18.52 
18.52 
18.61 
19.04 
19.08 
19.30 
19.15 
19.33 
19.34 
19.38 
19.25 
19.34 
19.38 
19.09 
19.04 

9.7 
9.5 
9.1 
8.7 
7.8 
7.6 
7.2 
6.6 
6.2 
5.6 
5.4 
5.2 
5.0 
4.9 
4.7 
4.6 
4.6 
4.5 
4.4 
4.4 
4.5 
4.4 
4.5 
4.3 
4.4 
4.4 
4.3 
4.4 
4.3 

VOLUME CHANGE 

Volume After Consolidation (inA3) 
Length After Consolidation (in) 
Area After Consolidation (in'2) 

Effective Principle 

Stress Ratio 

1.408 
1.535 
1.838 
2.010 
2.351 
2.438 
2.584 
2.856 
3.055 
3.373 
3.530 
3.675 
3.751 
3.812 
3.934 
4.029 
4.072 
4.205 
4.349 
4.397 
4.289 
4.390 
4.346 
4.506 
4.410 
4.381 
4.528 
4.303 
4.398 

A 

0.16 
0.18 
0.18 
0.20 
0.25 
0.25 
0.28 
0.32 
0.33 
0.36 
0.37 
0.38 
0.39 
0.40 
0.41 
0.42 
0.42 
0.40 
0.41 
0.40 
0.40 
0.40 
0.40 
0.40 
0.41 
0.40 
0.41 
0.41 
0.41 
0.41 

p 

11.74 
12.05 
12.85 
13.06 
13.04 
13.08 
12.92 
12.63 
12.60 
12.32 
12.14 
12.05 
11.88 
11.79 
11.62 
11.56 
11.59 
11.78 
11.73 
11.84 
11.80 
11.87 
11.90 
11.84 
11 .81 
11.88 
11.83 
11.76 
11.68 
11.65 

1 
2 

4.18 
3.04 

1.374 

Q 

1.99 
2.54 
3.79 
4.38 
5.26 
5.47 
5.71 
6.08 
6.38 
6.68 
6.78 
6.89 
6.88 
6.89 
6.91 
6.96 
7.02 
7.26 
7.35 
7.45 
7.34 
7.46 
7.45 
7.54 
7.44 
7.46 
7.55 
7.33 
7.35 
7.33 

C_ 
0 1.67 14.66 6.08 18.99 4.3 4.393 

Tested By JCM Date 05/21/08 Input Checked By t½ Date 1 0 -\ g -{y?-, 
ge 6 of 8 
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R13479

( 

Client 
Client Reference 
Project No. 
Lab ID· 

CONSOLIDATED UNDRAINED TRIAXIAL TEST 
WITH PORE PRESSURE READINGS 

ASTM 04767-95 / AASHTO T297-94 (SOP-S28) 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-01 

Boring No. 
Depth(ft.) 
Sample No. 

SOUTH POND 
NA 
BUCKET 1 

Visual Description: BLACK COAL REFUSE SLURRY (REMOLDED) 

IS/age No. 
Test No 

PRESSURES (psi) 

Cell Pressure(psi) 
Back Pressure(psi) 
Eff. Cons. Pressure(p, 
Pore Pressure 
Response(%) 

51.4 
31.0 
20.4 

99 

MAXIMUM OBLIQUITY POINTS 

p 
Q 

= 
= 

LOAD 
. (LBS) 

6.8 
13.5 
15.7 
18.9 
21.3 
25.0 
27.3 
28.7 
30.6 
31.7 
33.1 
33.8 
34.5 
34.7 
35.2 
35.9 
36.6 
37.1 
37.5 
37.8 
38.3 
38.7 
38.8 
40.1 
41.4 
41.7 
40.5 
42.1 
42.5 
41.7 
42.3 

Tested By 

17.19 
10.31 

JCM Date 

INITIAL SAMPLE DIMENSIONS (in) 

Length 1 
Length 2 
Length 3 
Avg Leng.= 

3.130 
3.121 
3.136 
3.129 

VOLUME CHANGE 

Diameter 1 
Diameter 2 
Diameter 3 
Avg. Diam.= 

Initial Burette Reading (ml) 
Final Burette Reading (ml) 
Final Change (ml) 

Initial Dial Reading (D.R.), mils 
D.R. After Saturation, mils 
D.R. After Consolidation, mils 

DEFORMATION 
(INCHES) 

PORE PRESSURE 
(PSI) 

0.000 
0.001 
0.002 
0.003 
0.005 
0.011 
0.017 
0.024 
0.036 
0.049 
0.067 
0.083 
0.099 
0.108 
0.131 
0.157 
0.180 
0.204 
0.236 
0.260 
0.290 
0.314 
0.337 
0.369 
0.408 
0.440 
0.488 
0.527 
0.566 
0.605 
0.660 

05/21/08 Input Checked By 

31.0 
34.0 
34.5 
35.2 
35.9 
37.4 
38.5 
39.4 
40.5 
41.4 
42.3 
42.8 
43.2 
43.4 
43.7 
44.0 
44.2 
44.3 
44.4 
44.4 
44.5 
44.5 
44.5 
44.6 
44.6 
44.6 
44.6 
44.6 
44.6 
44.6 
44.7 

Date 
page 7 o 8 0CN· CT-528 DAT<: 6-25-98 REVISION 1 

1.404 
1.373 
1.371 
1.383 

48.0 
40.5 

7.5 

60 
68 

154 
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R13480

C 

CONSOLIDATED UNDRAINED TRIAXIAL TEST 
WITH PORE PRESSURE READINGS 

ASTM D4767-95 / MSHTO T297-94 (SOP-S28) 

Client 
Client Reference 
Project No. 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-01 

Boring No. 
Depth(ft.) 
Sample No. 

SOUTH POND 
NA 
BUCKET 1 

Lab ID 

Visual Description: BLACK COAL REFUSE SLURRY (REMOLDED) 

ressure (psi) 

INITIAL DIMENSIONS 

Initial Sample Length (in.) 
Initial Sample Diameter (in.) 
Initial Sample Area (in'2) 
Initial Sample Volume (in'3) 

Strain 
(%) 

0.02 
0.05 
0.10 
0.17 
0.37 
0.58 
0.80 
1.18 
1.61 
2.22 
2.74 
3.26 
3.57 
4.31 
5.17 
5.94 
6.73 
7.78 
8.55 
9.57 

10.34 
11. 11 
12.15 
13.45 
14.49 
16.07 
17.35 
18.64 
19.92 
21.74 

Deviation 
Stress 

4.82 
6.44 
8.70 

10.46 
13.09 
14.68 
15.66 
17.01 
17.71 
18.54 
18.96 
19.34 
19.40 
19.60 
19.89 
20.25 
20.42 
20.44 
20.50 
20.57 
20.62 
20.56 
21.14 
21.64 
21.53 
20.44 
21.06 
20.95 
20.20 
20.03 

Li. u 

3.04 
3.45 
4.15 
4.86 
6.38 
7.49 
8.40 
9.52 
10.40 
11.31 
11.76 
12.21 
12.35 
12.73 
12.96 
13.15 
13.27 
13.38 
13.40 
13.48 
13.52 
13.51 
13.55 
13.57 
13.56 
13.58 
13.58 
13.63 
13.64 
13.67 

2 .4 

3.13 
1.38 
1.50 
4.70 

22.17 
23.39 
24.95 
26.01 
27.10 
27.59 
27.66 
27.89 
27.71 
27.63 
27.60 
27.53 
27.45 
27.27 
27.33 
2'7.50 
27.54 
27.46 
27.50 
27.49 
27.50 
27.45 
27.99 
28.47 
28.36 
27.26 
27.88 
27.72 
26.96 
26.77 

17.4 
16.9 
16.2 
15.5 
14.0 
12.9 
12.0 
10.9 
10.0 
9.1 
8.6 
8.2 
8.0 
7.7 
7.4 
7.2 
7.1 
7.0 
7.0 
6.9 
6.9 
6.9 
6.8 
6.8 
6.8 
6.8 
6.8 
6.8 
6.8 
6.7 

VOLUME CHANGE 

Volume After Consolidation (in'3) 
Length After Consolidation (in) 
Area After Consolidation (in'2) 

Effective Principle 
Stress Ratio 

1.278 
1.380 
1.536 
1.673 
1.934 
2.137 
2.305 
2.563 
2.772 
3.039 
3.196 
3.361 
3.411 
3.556 
3.676 
3.795 
3.864 
3.912 
3.928 
3.973 
3.995 
3.982 
4.088 
4.170 
4.149 
3.997 
4.086 
4.094 
3.988 
3.975 

A 

0.64 
0.54 
0.48 
0.47 
0.49 
0.52 
0.54 
0.57 
0.59 
0.62 
0.63 
0.64 
0.64 
0.66 
0.66 
0.66 
0.66 
0.66 
0.66 
0.66 
0.66 
0.66 
0.65 
0.63 
0.64 
0.67 
0.65 
0.66 
0.68 
0.69 

•I-

p 

19.76 
20.17 
20.60 
20.77 
20.56 
20.25 
19.83 
19.38 
18.85 
18.36 
18.12 
17.86 
17.75 
17.47 
17.38 
17.37 
17.34 
17.24 
17.25 
17.20 
17.19 
17.17 
17.42 
17.65 
17.60 
17.04 
17.35 
17.25 
16.86 
16.75 

I 

1 
3 

'r-.. 

4.20 
3.04 

1.385 

Q 

2.41 
3.22 
4.35 
5.23 
6.54 
7.34 
7.83 
8.50 
8.86 
9.27 
9.48 
9.67 
9.70 
9.80 
9.95 
10.13 
10.21 
10.22 
10.25 
10.28 
10.31 
10.28 
10.57 
10.82 
10.76 
10.22 
10.53 
10.48 
10.10 
10.02 . 

Tested By JCM Date 05/21 /08 Input Checked By I Date u-1'-1-
page8o8 
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60 

50 

40 

VJ 
0. 30 -..., 

20 

10 

Client 
Client Ref. No. 
Project no. 
Lab ID 

0 

0 

Tested By. JCM 

MOHh lC.ilAL STREt,Gll. ,,Vl:LOPE 

CEC Boring No. 
Depth(ft.) 

SOUTH POND 
NA 
BUCKET 1 

1:6 ;::.: 
~tE:. ,nnics 

POND CREEK 080851 
2008-210-01 
2008-210-01-01 

Sample No. 
Visual Description BLACK COAL REFUSE SLURRY (REMOLDED) 

C = 1.5 

<I>= 17.3 

20 40 60 60 100 120 

CT (psi) 

Date: 05/21/08 Approved By: 
NOTE: GRAPH NOT (I iJ£LE -:D:B Date: (JJ V ()'f) 

C:\MSOFFICE\E)lceliPlinlq\lF 197 .xis JS tie el 1 

544 Braddock Avenue • East Pittsburgh, PA 15112 • Phone (412) 823-7600 • Fax (412) 823-8999 



R13482

C 

REMOLDED UNIT WEIGHT BEFORE INITIAL CONSOLIDATION 
CONSOLIDATED UNDRAINED TRIAXIAL TEST 

Client 
Client Reference 
Project No. 
Lab ID 

WITH PORE PRESSURE READINGS 
ASTM D4767-95 / AASHTO T297-94 (SOP-S28) 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-01 Specific Gravity (measured) 

Visual Description: BLACK COAL REFUSE SLURRY (REMOLDED) 

SAMPLE CONDITION SUMMARY 

2.24 

Boring No. South Pond South Pond South Pond 

Depth (fl) NA NA NA 

Sample No. Bucket 1 Bucket 1 Bucket 1 

Test No. T1 T2 T3 

Deformation Rate (in/min) 0.0007 0.0007 0 .0011 

Back Pressure (psi) 31.4 36.1 31 

Consolidation Time (days) 1 1 1 

Initial State (w%) 82.6 82.7 79.5 

Total Unit Weight (pcf) 76.6 84.2 80.5 

Dry Unit Weight (pcf) 42.0 46.1 44.8 

Final State (w%) 36.8 34.5 32.7 

Initial State Void Ratio,e 2.333 2.035 2.119 

Tested By JCM Daie 05i2•i iOB inpui Checked By ~e.) Daie / o-7):::i,)() 
page 1 of 1 DCN CT-528 DATE 6-25-98 FE\IISION· 1 C:IMSOFFICE\Ex:cel\Printq\(F 184 xls)Sheel1 
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R13483

( 

UNIT WEIGHT AFTER INITIAL CONSOLIDATION 

CONSOLIDATED UNDRAINED TRIAXIAL TEST 

WITH PORE PRESSURE READINGS 

Client 
Client Reference 
Project No. 

ASTM 1)4/6/-85 / AASHTO T297-94 (SOP-S28) 

CEC 

Lab ID 

POND CREEK 080851 
2008-210-01 
2008-210-01-01 Specific Gravity (measured) 

Visual Description: BLACK COAL REFUSE SLURRY (REMOLDED) 

SAMPLE CONDITION SUMMARY 

Boring No. South Pond South Pond 

Depth (ft) NA NA 

Sample No. Bucket 1 Bucket 1 

Test No. T1 T2 

Deformation Rate (in/min) 0.0007 0.0007 

Back Pressure (psi) 31.4 36.1 

Consolidation Time (days) 1 1 

Initial State (w¾) 41.7 43.3 

Total Unit Weight (pcf) 102.0 102.5 

Dry Unit Weight (pcf) 71.9 71.5 

Final State (w¾) 36.8 34.5 

Initial State Void Ratio,e 0.944 0.955 

Tested By JCM Date 05/21/08 input Checked By Y/:i Date 

2.24 

South Pond 

NA 

Bucket 1 

T3 

0.0011 

31 

1 

42.4 

101 .8 

71.5 
32.7 

0.956 

page 1 of 1 DCN GT-$28 OATE6,25-96 REVISIQr,J· 1 C \MSOFFICE\Excel\Pnntql(F185 ~l!i-)Sheet1 
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R13484

Client 
C lien! Reference 
Project No. 
Lab ID 

CONSOLIDATED UNDRAINED TRIAXIAL TEST 
WITH PORE PRESSURE READINGS 

ASTM D4767-95 I AASHTO T297-94 (SOP-S28) 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-02 

Boring No. 
Depth(ft.) 
Sample No. 

SOUTH POND 
NA 
BUCKET2 

Consolidated Undrained Triaxial Test with Pore Pressure 

35 r-------,--------,---------,--------,----------,------~ 

-~ 
= 
ci 

30 ·-

SIN cf)= TAN rx. 
a 

C=-
COS <P 

25 f----------;------~+-------1--------+,;l'-------if---------l 

20 

15 

5 

0 

iL 
11 
i( 

• r 
' I 

., 
- l ➔ J 

0 10 20 30 40 50 

P, (psi! 

··-3-- Max. Effec. Stress Ratio Points --Failure Envelope ~ Test No. 4 -"-TestNo.5 -=-Test No. 6 

Tested By 

a = 
a. 

JCM Date 

0.00 
31.5 

C = 

CD = 
0.001 

37.71 

05127108 Approved By :00 Date Ct{tB{D8 

60 

page 1 of 8 DCN· CT-526 DATE 6-25-9a REVISiON 1 
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Client 
Client Reference 

Project No. 

Lab ID 
Visual Description: 

25 

20 

15 
·;; 

= 
00 
00 

~ 
;;; 
0 
.~ 
> 
m 
Cl 

10 

5 

CONSOLIDATED UNDRAINED TRIAXIAL TEST 
WITH PORE PRESSURE READINGS 

ASTM D4767-95 / AASHTO T297-94 (SOP-S28) 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-02 

Boring No. 
Depth(ft.) 
Sample No. 

BLACK COAL REFUSE SLURRY (REMOLDED) 

SOUTH POND 
NA 
BUCKET 2 

□/,------------------------------------' 
0 5 10 15 20 25 

Strain (%) 

---e--Test No. 4 -a-Test No. 5 --ei-Test No. 6 

Tested By JCM Date 05/27/08 Approved By Date (p ( I B{OB 
page 2 of8 
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R13486

CONSOLIDATED UNDRAINED TRIAXIAL TEST 
WITH PORE PRESSURE READINGS 

ASTM D4767-95 I AASHTO T297-94 (SOP-S28) ~;~:~~~,'.1,~ 
:lient 
C!ient Reference 
r'roject No. 
U;b ID 

Visual Description: 

/Stage No. 
Test No 

2RESSURES (psi) 

Cell Pressure(psi) 
Back Pressure(psi) 
Elf. Cons. Pressure(psi) 
Pore Pressure 
Response (%) 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-02 

Boring No. 
Depth (ft.) 
Sample No. 

SOUTH POND 
NA 
BUCKET2 

BLACK COAL REFUSE SLURRY (REMOLDED) 

11 

98 

INITIAL SAMPLE DIMENSIONS (in) 

Length 1 3.150 
Length 2 3.142 
Length 3 3.147 
Avg Leng.= 3.146 

VOLUME CHANGE 

Diameter 1 
Diameter 2 
Diameter 3 
Avg. Diam.= 

Initial Surette Reading (ml) 
Final Surette Reading (ml) 
Final Change (ml) 

MAXIMUM OBLIQUITY POINTS 

p = 
0 = 

LOAD 
(LBS) 

7.6 
9.3 
10.4 
11.6 
12.8 
14.0 
14.8 
15.0 
15.2 
15.7 
16.5 
16.7 
17.0 
17.2 
17.8 
18.1 
18.1 
18.6 
18.8 
19.0 
19.3 
19.5 
19.3 
19.7 
19.8 
19.9 
20.1 
20.1 

Tested By 

4.92 
2.94 

JCM Date 

Initial Dial Reading (D.R.), mils 
D.R. After Saturation, mils 
D.R. After Consolidation, mils 

DEFORMATION 
(INCHES) 

PORE PRESSURE 
(PSI) 

0.000 
0.001 
0.002 
0.005 
0.008 
0.016 
0.020 
0.025 
0.037 
0.050 
0.068 
0.084 
0.100 
0.110 
0.133 
0.159 
0.182 
0.205 
0.237 
0.261 
0.293 
0.316 
0.340 
0.372 
0.412 
0.445 
0.491 
0.531 

05/27/08 

31.2 
32.1 
32.3 
32.6 
32.9 
33.3 
33.3 
33.6 
33.8 
33.9 
34.2 
34.2 
34.2 
34.3 
34.2 
34.3 
34.3 
34.2 
34.2 
34.3 
34.3 
34.2 
34.3 
34.2 
34.3 
34.3 
34.2 
34.2 

'pc1ge 3 of 8 □Ct~: CT-S28 DhTE 6-25-98 REVISION 1 

Input Checked By 

1 .453 
1.463 
1.461 
1.459 

54 
110 
130 
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R13487
CONSOLIDATED UNDRAINED TRIAXIAL TEST 

WITH PORE PRESSURE READINGS 
ASTM 04767-95 / AASHTO T297-94 (SOP-S28) 

g;~;;~,~!,~,~ 
Client 
Client Reference 
Project No. 
Lab ID 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-02 

Boring No. 
Depth(ft.) 
Sample No. 

SOUTH POND 
NA 
BUCKET 2 

Visua I Description: BLACK COAL REFUSE SLURRY (REMOLDED) 

[ Effect/Ve Confining Pressure {psi) 

I 

INITIAL DIMENSIONS 

Initial Sample Length (in.) 
initial Sample Diameter (in.) 
Initial Sample Area (in°2) 
Initial Sample Volume (in'3) 

Strain Deviation !:i U 

(%) Stress 

0.02 1.06 0.90 
0.07 1.77 1.15 
0.15 2.55 1.44 
0.25 3.26 1.71 
0.53 4.05 2.11 
0.65 4.54 2.14 
0.82 4.65 2.39 
1.21 4.72 2.58 
1.62 5.03 2.72 
2.22 5.48 2.95 
2.74 5.62 3.02 
3.27 5.75 3.04 
3.59 5.88 3.12 
4.33 6.18 3.02 
5.17 6.27 3.08 
5.93 6.25 3.13 
6.69 6.51 3.03 
7.73 6.56 3.04 
8.50 6.63 3.14 
9.53 6.72 3.14 
10.30 6.74 3.03 
11.09 6.56 3.07 
12.1 o 6.71 3.03 
13.42 6.69 3.06 
14.49 6.68 3.1 o 
16.00 6.66 3.02 
17.29 6.55 3.03 

5.1 

3.15 
1.46 
1.67 
5.26 

5.26 
5.72 
6.21 
6.65 
7.04 
7.50 
7.36 
7.25 
7.42 
7.63 
7.70 
7.81 
7.86 
8.27 
8.30 
8.22 
8.58 
8.62 
8.59 
8.68 
8.81 
8.59 
8.78 
8.74 
8.68 
8.74 
8.62 

Tested By JCM Date 

4.2 
4.0 
3.7 
3.4 
3.0 
3.0 
2.7 
2.5 
2.4 
2.1 
2.1 
2.1 
2.0 
2.1 
2.0 
2.0 
2.1 
2.1 
2.0 
2.0 
2.1 
2.0 
2.1 
2.0 
2.0 
2.1 
2.1 

Stc1ye No. 
Test No 

VOLUME CHANGE 

Volume After Consolidation (in'3) 
Length After Consolidation (in) 
Area After Consolidation (inA2) 

Effective Principle 

Stress Ratio 

1.253 
1.449 
1.698 
1.959 
2.358 
2.531 
2.712 
2.873 
3.112 
3.550 
3.705 
3.790 
3.968 
3.967 
4.101 
4.176 
4.152 
4.176 
4.380 
4.436 
4.256 
4.235 
4.233 
4.281 
4.342 
4.204 
4.171 

A 

0.86 
0.66 
0.58 
0.53 
0.53 
0.48 
0.52 
0.56 
0.55 
0.55 
0.55 
0.54 
0.54 
0.50 
0.50 
0.51 
0.48 
0.47 
0.48 
0.48 
0.46 
0.48 
0.46 
0.47 
0.47 
0.46 
0.47 

05/27/08 Input Checked By 

p 

4.73 
4.84 
4.94 
5.02 
5.01 
5.23 
5.04 
4.89 
4.90 
4.89 
4.89 
4.93 
4.92 
5.17 
5.16 
5.1 o 
5.32 
5.34 
5.27 
5.32 
5.44 
5.31 
5.43 
5.39 
5.34 
5.41 
5.34 

Date 

1 
4 

4.85 
3.07 

1.580 

Q 

0.53 
0.89 
1.28 
1.63 
2.03 
2.27 
2.32 
2.36 
2.52 
2.74 
2.81 
2.87 
2.94 
3.09 
3.14 
3.13 
3.26 
3.28 
3.31 
3.36 
3.37 
3.28 
3.35 
3.35 
3.34 
3.33 
3.28 

page 4 of 8 
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R13488

',(··ent 
·' mt Reference 

Project No. 
Lab ID 

CONSOLIDATED UNDRAINED TRIAXIAL TEST 

WITH PORE PRESSURE READINGS 

ASTM D4767-95 / AASHTO T297-94 (SOP-S28) 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-02 

Boring No. 
Depth(ft.) 
Sample No. 

SOUTH POND 
NA 
BUCKET2 

visual Description: BLACK COAL REFUSE SLURRY (REMOLDED) 

j.Stage No. 
7 est No 

PRESSURES (psi) 

Cell Pressure(psi) 
Back Pressure(psi) 
Eff. Cons. Pressure(pi 
Pore Pressure 
Response(%) 

41.1 
31.0 
10.1 

99 

MAXIMUM OBLIQUITY POINTS 

p 

Q 
= 
= 

LOAD 
(LBS) 

8.5 
13.5 
14.3 
16,3 
17.2 
18.9 
19.4 
20.0 
21,0 
21.5 
22.4 
22.9 
23.4 
23,7 
23,8 
24.5 
25.1 
26,0 
26.2 
26.4 
26.2 
26.4 
26,7 
26.9 
26.5 
27.9 
28.0 
28.2 
28.1 
28.5 
28.4 

Tested By 

9.00 
5.66 

JCM Date 

INITIAL SAMPLE DIMENSIONS (in) 

Length 1 
Length 2 
Length 3 
Avg Leng.= 

3.138 
3.138 
3.137 
3.138 

VOLUME CHANGE 

Diameter 1 
Diameter 2 
Uiameter 3 
Avg. Diam.= 

Initial Surette Reading (ml) 
Final Surette Reading (ml) 

Final Change (ml) 

Initial Dial Reading (D.R.), mils 
D.R. After Saturation, mils 

D.R. After Consolidation, mils 

DEFORMATION PORE PRESSURE 
(PSI) (INCHES) 

0.000 
0.001 
0.002 
0.004 
0.007 
0.016 
0.020 
0.025 
0.038 
0.051 
0.070 
0.085 
0.101 
0.110 
0,132 
0,158 
0.181 
0.205 
0.236 
0.259 
0.290 
0.314 
0.338 
0.370 
0.410 
0.441 
0.488 
0.527 
0.566 
0.605 
0.661 

05/27/08 Input Checked By 

31.0 
32.8 
33.0 
33.4 
33.9 
34.9 
35.2 
35.6 
36.1 
36.6 
37.0 
37.2 
37.4 
37.4 
37.5 
37.6 
37.7 
37.7 
37.7 
37.8 
37.7 
37.8 
37.8 
37.8 
37.8 
37.8 
37.8 
37.8 
37.8 
37.8 
37.8 

Date l,-
OCN· CT-S28 DATE 6•25-98 REVISION 1 

1.407 
1.383 
'1.378 
1.389 

24.0 
20.2 

3.8 

88 
94 

124 
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R13489
CONSOLIDATED UNDRAINED TRIAXIAL TEST 

WITH PORE PRESSURE READINGS 

ASTM D4767-95 / AASHTO T297-94 (SOP-S28) 

·( ,nt 
•· .. ent Reference 

Project No. 

CEC 
POND CREEK 080851 
2008-21 0-01 
2008-210-01-02 

Boring No. 
Depth(ft.) 
Sample No. 

·SOUTH POND 
NA 
BUCKET2 

Lab ID 

Visual Description: BLACK COAL REFUSE SLURRY (REMOLDED) 

Effective Confining Pressure {psi} 

INITIAL DIMENSIONS 

Initial Sample Length (in.) 
initial Sample Diameter (in.) 
Initial Sample Area (in"2) 
Initial Sample Volume (in"3) 

C 

Strain 

(%) 

0.04 
0.06 
).13 
0.23 
0.51 
0.64 
0.82 
1.21 
1.63 
2.24 
2.75 
3.25 
3.56 
4.26 
5.08 
5.85 
6.60 
7.60 
8.34 
9.36 
10.13 
I 0.91 
11.94 
13.21 
14.21 
15.72 
16.98 
18.25 
19.51 

Deviation /:,. U 
Stress 

3.42 1.75 
4.03 2.01 
5.39 2.43 
5.96 2.92 
7.15 3.87 
7.46 4.19 
7.88 4.57 
8.51 5.13 
8.84 5.57 
9.37 5.97 
9.67 6.18 
9.92 6.35 
10.14 6.40 
10.10 6.55 
10.44 6.59 
10.80 6.68 
11.25 6.70 
11.27 6.75 
11.32 6.76 
11.06 6.74 
11 .11 6.76 
11.20 6.81 
11.17 6.80 
10.75 6.76 
11.47 6.77 
11.35 6.78 
11.28 6.79 
11.04 6.80 
11.13 6.82 

10.1 

3.14 
1.39 
1.52 
4.76 

11.77 
12.12 
13.05 
13.13 
13.37 
13.37 
13.41 
13.48 
13.38 
13.50 
13.59 
13.66 
13.83 
13.65 
13.95 
14.21 
14.65 
14.63 
14.66 
14.42 
14.46 
14.49 
14.47 
14.09 
14.80 
14.67 
14.59 
14.33 
14.40 

8.3 
8.1 
7.7 
7.2 
6.2 
5.9 
5.5 
5.0 
4.5 
4.1 
3.9 
3.7 
3.7 
3.6 
3.5 
3.4 
3.4 
3.4 
3.3 
3.4 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 

Stage No. 
Test No 

VOLUME CHANGE 

Volume After Consolidation (in"3) 
Length After Consolidation (in) 
Area After Consolidation (in"2) 

Effective Principle 

Stress Ratio 

1.41 o 
1.497 
1.703 
1.830 
2.148 
2.262 
2.427 
2.714 
2.950 
3.271 
3.468 
3.648 
3.741 
3.843 
3.978 
4.161 
4.304 
4.363 
4.395 
4.292 
4.323 
4.401 
4.383 
4.214 
4.445 
4.418 
4.411 
4.350 
4.397 

A 

0.52 
0.50 
0.46 
0.50 
0.55 
0.57 
0.59 
0.61 
0.64 
0.64 
0.65 
0.65 
0.64 
0.66 
0.64 
0.63 
0.60 
0.60 
0.60 
0.62 
0.61 
0.61 
0.62 
0.64 
0.60 
0.60 
0.61 
0.62 
0.62 

p 

10.06 
10.11 
10.36 
10.16 
9.80 
9.64 
9.47 
9.22 
8.96 
8.81 
8.75 
8.70 
8.76 
8.60 
8.73 
8.81 
9.03 
8.99 
9.00 
8.89 
8.90 
8.89 
8.88 
8.72 
9.06 
9.00 
8.95 
8.81 
8.84 

1 
5 

4.50 
3.10 

1.450 

Q 

1.71 
2.01 
2.69 
2.98 
3.57 
3.73 
3.94 
4.26 
4.42 
4.69 
4.84 
4.96 
5.07 
5.05 
5.22 
5.40 
5.62 
5.64 
5.66 
5.53 
5.56 
5.60 
5.58 
5.37 
5.73 
5.68 
5.64 
5.52 
5.56 

'1.32 10.80 6.85 14.05 3.3 4.318 0.64 8.65 5.40 

Tested By JCM Date 05/27/08 Input Checked By AA Date l, -\ °i-~'6 
, . .,ge 6 Oi 8 
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R13490

C 

Client 
Client Reference 
Project No. 
Lab ID 

CONSOLIDATED UNDRAINED TRIAXIAL TEST 

WITH PORE PRESSURE READINGS 

ASTM D4767-951 AASHTO T297-94 (SOP-S28) 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-02 · 

Boring No. 
Depth(ft.} 
Sample No. 

SOUTH POND 
NA 
OUCKET 2 

Visual Description: BLACK COAL REFUSE SLURRY (REMOLDED) 

I Stage No. 
-Test No 

PRESSURES (psi) 

Cell Pressure(psi) 
Back Pressure(psi) 
Eff. Cons. Pressure(pi 
Pore Pressure 
Response(%) 

51.4 
31.3 
20.1 

97 

MAXIMUM OBLIQUITY POINTS 

p 

Q 

= 
= 

LOAD 
(LBS) 

4.3 
6.5 
11.7 
14.0 
16.6 
21.7 
25.0 
27.5 
29.6 
31.7 
32.8 
33.2 
33.9 
34.3 
35.2 
36.1 
37.0 
37.3 
38.7 
39.3 
38.9 
39.0 
39.2 
39.4 
39.9 
40.1 
41.5 
41.9 
41.2 
41.3 
41 4 

19.19 
11.67 

INITIAL SAMPLE DIMENSIONS (in) 

Length 1 
Length 2 
Length 3 
Avg Leng.= 

3.14~ 
3.130 
3.141 
3.138 

VOLUME CHANGE 

Diameter 1 
Diameter 2 
Diameter 3 
Avg. Diam.= 

Initial Surette Reading (ml) 
Final Surette Reading (ml) 
Final Change (ml) 

Initial Dial Reading (D.R.), mils 

D.R. After Saturation, mils 
D.R. After Consolidation, mils 

DEFORMATION 
(INCHES) 

PORE PRESSURE 
(PSI) 

0.000 
0.001 
0.002 
0.004 
0.006 
0.012 
0.019 
0.026 
0.038 
0.051 
0.070 
0.085 
0.101 
0.110 
0.132 
0.157 
0.181 
0.205 
0.236 
0.259 
0.291 
0.316 
0.340 
0.371 
0.410 
0.441 
0.489 
0.528 
0.568 
0.608 
0.663 

31.3 
32.8 
33.9 
34.7 
35.6 
37.4 
38.7 
39.8 
40.9 
41.7 
42.4 
42.8 
43.1 
43.2 
43.4 
43.7 
43.7 
43.8 
43.8 
43.9 
43.8 
43.9 
43.9 
43.8 
43.8 
43.9 
43.8 
43.7 
43.8 
43.8 
43.8 

Tested By JCM Date 05/27/08 Input Checked By Date 

page 7 of 8 DCN· cr.s2a DATE 5-25-98 REVISION 1 

1.379 
1.377 
1.386 
1.381 

24.0 
17.7 
6.3 

40 
56 
91 
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R13491

( 
\ 

CONSOLIDATED UNDRAINED TRIAXIAL TEST 

WITH PORE PRESSURE READINGS 

ASTM D4767-95 / AASHTO T297-94 (SOP-S28) 

Client 
Client Reference 

Project No. 

CEC 
POND CREEK 080851 

2008-210-01 
2008-210-01-02 

Boring No. 
Depth(ft.) 
Sample No. 

SOUTH POND 
NA 
BUCKET 2 

Lab ID 

Visual Description: BLACK COAL REFUSE SLURRY (REMOLDED) 

ressure /psi 

INITIAL DIMENSIONS 

Initial Sample Length (in.) 

Initial Sample Diameter (in.) 

Initial Sample Area (in'2) 

Initial Sample Volume (in'3) 

Strain 
(%) 

0.04 
0.07 
0.12 
0.19 
0.40 
0.61 
0.85 
1.24 
1.64 
2.26 
2.77 
3.26 
3.58 
4.27 
5.09 
5.86 
6.64 
7.63 
8.39 
9.43 
10.22 
11.00 
12.01 
13.28 
14.28 
15.84 
17.12 
18.40 
19.69 
21.49 

Deviation 
Stress 

1.58 
5.38 
7.06 
8.92 
12.65 
14.97 
16.72 
18.18 
19.63 
20.24 
20.44 
20.87 
21.09 
21.54 
21.97 
22.37 
22.41 
23.10 
23.33 
22.79 
22.67 
22.61 
22.49 
22.46 
22.30 
22.80 
22.66 
21.92 
21.62 
21.21 

L',. u 

1.52 
2.62 
3.36 
4.30 
6.12 
7.35 
8.47 
9.56 
10.41 
11.15 
11.54 
11.82 
11.94 
12.14 
12.38 
12.43 
12.54 
12.49 
12.58 
12.55 
12.59 
12.56 
12.53 
12.52 
12.63 
12.50 
12.41 
12.46 
12.51 
12.54 

3.14 
1.38 
1.50 
4.70 

20.16 
22.86 
23.80 
24.73 
26.62 
27.72 
28.36 
28.72 
29.32 
29.19 
29.00 
29.15 
29.25 
29.50 
29.69 
30.04 
29.98 
30.71 
30.85 
30.34 
30.18 
30.14 
30.05 
30.04 
29.77 
30.40 
30.35 
29.57 
29.21 
28.77 

18.6 
17.5 
16.7 
15.8 
14.0 
12.7 
11.6 
10.5 
9.7 
9.0 
8.6 
8.3 
8.2 
8.0 
7.7 
7.7 
7.6 
7.6 
7.5 
7.6 
7.5 
7.5 
7.6 
7.6 
7.5 
7.6 
7.7 
7.6 
7.6 
7.6 

VOLUME CHANGE 

Volume After Consolidation (in'3) 

Length After Consolidation (in) 

Area After Consolidation (in'2) 

Effective Principle 

Stress Ratio 

1.085 
1.308 
1.422 
1.565 
1.905 
2.174 
2.438 
2.724 
3.025 
3.262 
3.388 
3.521 
3.584 
3.705 
3.846 
3.918 
3.962 
4.034 
4.102 
4.018 
4.021 
4.001 
3.973 
3.961 
3.986 
4.001 
3.948 
3.868 
3.846 
3.805 

A 

0.99 
0.50 
0.49 
0.50 
0.50 
0.51 
0.52 
0.54 
0.55 
0.57 
0.58 
0.58 
0.58 
0.58 
0.58 
0.57 
0.58 
0.56 
0.56 
0.57 
0.57 
0.57 
0.57 
0.57 
0.58 
0.57 
0.56 
0.59 
0.60 
0.61 

p 

19.37 
20.17 
20.27 
20.26 
20.30 
20.23 
19.99 
19.63 
19.51 
19.07 
18.78 
18.71 
18.70 
18.73 
18.71 
18.85 
18.77 
19.16 
19.19 
18.95 
18.84 
18.84 
18.81 
18.81 
18.62 
19.00 
19.02 
18.61 
18.40 
18.17 

1 
6 

4.24 
3.09 

1.374 

Q 

0.79 
2.69 
3.53 
4.46 
6.32 
7.48 
8.36 
9.09 
9.81" 
10.12 
10.22 
10.43 
10.54 
10.77 
10.99 
11.19 
11.21 
11.55 
11.67 
11.39 
11.34 
11.30 
11.24 
11.23 
11.15 
11.40 
11.33 
10.96 
10.81 
10.61 

"' / I ('\ r.<:"'J 

Tested By JCM Date 05/27108 Input Checked By to Date \r l'1-\\Z) 
page 8 of B 
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40 
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10 

Tested By: 

Client 
Client Ref. No. 
Project no. 
Lail ID 

0 

JCM 

,~ 
IV!Gllh l<J"IALSTRENGlf. \Vi:lOPE 

CEC Boring No. 
Depth(ft.) 

SOUTH POND 
NA 
BUCKET2 
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STEADY STATE LIQUEFACTION SUSCEPTIBILITY OF HIGH HAZARD 

UPSTREAM-CONSTRUCTED COAL REFUSE DISPOSAL FACILITIES 

Blaise E. Genest, Thomas O. Keifer, P.E.2 and Joseph P. Laird, P.E.3 

1.0 Introduction 

Coal refuse disposal facilities are manifestations of deep mining and surface ·mining 

activities and the resulting need for the disposal of waste materials. Due to the massive 

volumes of materials produced annually by mining operations, these "tailings dams" are 

among the largest earth structures in the world and consequently, receive intense 

regulatory and public scrutiny. Coal refuse disposal facilities, their design, construction 

and operation are regulated by the U.S. Department of Labor, Mine Safety and Health 

Administration (MSHA). The concern for refuse disposal safety and environmental control 

by MSHA, the coal industry, engineering consultants and the public has led to the 

development of design procedures that address these concerns, particularly siting, 

material handling and placement techniques. · 

For the most part, tailings dams evaluations are similar to those of water retention 

dams and address geotechnical. issues such as foundation materials, hydrology, 

hydraulics, seepage control, slope stability (static and seismic), construction practices and 

long-term monitoring. In the past, pseudo-static analyses were performed to address 

seismic stability using regional, historic seismic acceleration values and a slightly lowered 

(_ ·· factor of safety limit to assess adequacy. Empirical evaluations are sometimes performed 

to address seismic stability with adequacy based on comparison of limited field and 

laboratory test data with historical performance data of liquefaction and non-liquefaction 

sites from around the world. During the initial to intermediate stages of a refuse facility 

design, simplified analytical methods may be appropriate, such as those based on 

pseudo-static and cone penetration testing (CPT) or standard penetration testing (SPT). 

However, given the uniqueness and complexity of moderate to high hazard tailings dams, 

which are significantly influenced by factors such as the 11umber and geometry of 

upstream stages, deposition history and cross-valley topography, simplified analyses are 

often inadequate to effectively address safety and cost issues. They often do not account 

for critical site-specific cond~ions and may either over-predict strengths leading to a 

potentially unconservative analysis or under-predict strengths leading to costly 

remediation efforts. 
The focus of this paper is on the appllcation of established steady-state liquefaction 

evaluation procedures to high hazard tailings dams, assessing liquefaction susceptibility 

using site-specific data to estimate the factor of safety against a liquefaction flow slide 

failure. A significant emphasis is placed on obtaining in-situ samples and developing 

1 Geotechnical Engineering Program Manager, Almes & Associates, Inc., Consulting Engineers, Four 

Triangle Lane, Suite 200, Export, PA 15632-9255. 

2 vice President and Branch Manager, GEi Consultants, Inc., 2141 Palomar Airport Road, Suite 160, 

Carlsbad, CA 92009-1424. 

3 Project Engineer, Almes & Associates, Inc., Consulting Engineers, Four Triangle Lane, Suite 200, Export, 

PA 15632-9255. 
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;roperties of the hydraulically placed, fine coal refuse consolidated beneath multiple, 

upstream-constructed stages of coarse coal refuse. Detailed evaluations have been 

performed at five Appalachian coal refuse disposal facilities in southern West Virginia as 

part of the permitting process for the various facilities. 

2.0 Analytical Approach 

Coal refuse disposal facilities are generally constructed by three methods, either 

separately or in combination, and include upstream, downstream, and centerline 

construction. Downstream and centerline constructed facilities typically pose only minor 

liquefaction concerns since critical failure surfaces pass mainly through the compacted 

coarse refuse embankments. A typical high hazard, upstream constructed coal refuse 

facility, such as the one shown in Figure 1, is constructed over long periods of time (up to 

25 to 30 years) to heights of 400-plus feet and includes multiple upstream stages "pushed 

out" into the previous stage's tailings pond. Fine coal refuse consolidated under upstream 

stages typically is loose to very loose, silty sand to sandy silt- and clay-sized particles, 

saturated and usually highly contractive. Thus, the potential exists for excess pore 

pressure generation and significant loss of strength during and following a rapid 

(undrained) loading event, such as an earthquake. 

All five facilities evaluated and discussed in the context of this paper were all 

moderate to high hazard structures with downstream toe to crest heights varying from 300 

to 440 feet. Detailed studies of liquefaction susceptibility were performed using the 

methodology presented by Poulos, Castro, and France (1985) to estimate in-situ void ratio 

and Lin drained steady-state strength of the critical layer, fine coal refuse. Presented below 

are the generalized results of field and laboratory testing at the various sites. Field testing 

included performing fixed-piston undisturbed sampling to measure in-situ void ratio and 

piezo-seismic cone penetration testing (PS-CPT) to evaluate stratigraphy and estimate 

shear wave velocity with depth. Laboratory strength testing .of undisturbed, remolded and 

slurry fine coal refuse samples was performed to estimate in-situ, undrained steady-state 

shear strength {Sus) and develop a site-specific Su,-to-effective stress relationship. 

Liquefaction susceptibility was assessed based on the results of limit-equilibrium 

slope stability analyses. Post-earthquake deformations were estimated using one

dimensional wave propagation· and sliding block analysis techniques and the results 

compared to the available freeboard to assess the likelihood of overtopping. Based on the 

regional database of information related to Sus, various trends regarding the general 

behavior of fine coal refuse during undrained loading and the practical implications 

affecting liquefaction susceptibility of upstream-constructed coal refuse impoundments are 

discussed. Detailed discussions regarding post-earthquake deformation analyses and the 

seismic response of coal refuse facilities to acceleration time-histories from stochastic 

simulations of eastern North America earthquakes are reserved for another paper. 

3.0 Field Investigations 

Fixed Piston Sampling 
The main purpose of the subsurface exploration program at the various sites was to 

obtain high quality "undisturbed" fine coal refuse samples of a character suitable for 
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laboratory steady-state strength testing. Multiple undisturbed samples were obtained at 

each site at various depths using a hydraulically actuated Gregory Undisturbed Sampler 

(GUS) fixed piston sampler. The GUS fixed piston sampler was used to advance a thin

wall galvanized steel sampling tube by delivering drilling fluid pressure to the top of the 

sampler, which subsequently advanced the tube around a fixed piston. Penetration of the 

tube into the soil was accurately measured to within ½ to 1 millimeter when ''full 

penetration" of the sampler was achieved. Full penetration of the sampling tube was 

confirmed by observation of the fluid level in the borehole casing which would dramatically 

rise when fluid pressure applied to the top of the sampler vented through ports in the 

sampler. The technique used for undiE.turbed fixed piston sampling allowed samples to be 

obtained to depths as great as 344 feet below the ground surface. 

Detailed measurements of the tube inside, outside and cutting edge diameters and 

length were made and volume changes that occurred during sampling calculated in the 

field from tube penetration and sample recovery measurements. Samples were selected 

for subsequent laboratory testing based on the quality of the "undisturbedn sample using a 

criteria for the change in soil volume (/,.VN). · For the fine coal refuse, minimizing the tube 

clearance ratio [(ID-CE)/CEJ minimized sample volume changes, which typically ranged 

from zero to 2.5 percent. All undisturbed samples were stored in specially designed 

padded wooden boxes and changes in volume routinely monitored during storage and 

prior to and following shipment. Prior to laboratory testing, the tube samples were x-rayed 

and reviewed to select portions of the sample that had a minimum amount of stratification. 

Piezo-Seismic/Cone Penetromeier Testing 

PS-CPT soundings were performed prior to or concurrently with undisturbed 

sampling to help delineate the depth to the top and bottom of fine coal refuse. As shown 

in Figure 2, fine coal refuse layers are characterized by significantly lower tip stresses and 

elevated pore pressure generation, while the coarse and coarse-fine mix typically yield 

much higher tip stresses and lower pore pressure generation. Using seismic downhole 

techniques, estimates of shear wave velocity were obtained· at each site to correlate small 

strain shear modulus (G) with depth. These tests were generally conducted at 5-foot 

intervals throughout the soil profile to depths of 365 feet at one site. Shear wave 

velocities for coarse, coarse-fines mix and fine coal refuse ranged from about 1,000 to 

2,300 feet per second (fps), 800 to 2,000 fps and 800 to 1,200 fps, respectively. These 

velocities were based on data from 14 PS-CPT soundings. Velocities varied dramatically 

with depth, consistent with variations in placement techniques and the micro-layering 

associated with the deposition history of the facility. 

Stratification 
Much of the coarse refuse embankment drilled and sampled was dense to very 

dense as expected due to the structural placement of the material. Loose deposits of fine 

coal refuse were typically encountered below a dense mixed zone of coarse and fine coal 

refuse. The fines were characterized by corrected cone tip resistance values between 300 

to 1,000 pounds per square inch (psi). The CPT soundings (and visually verified in SPT 

samples) have shown that there are significantly thick zones of mixed coarse and fine coal 

refuse. Mixing apparently occurred during the various push-out phases of upstream 

embankment construction into the tailings pond and possibly from the "pumping" of fines 
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up into the coarse refuse during subsequent stage construction. Due to the infusion of 

:oarse refuse into the fines, the mix zones typically exhibited significantly higher average 

cone tip resistance, as well as lower pore pressure generation during cone advancement. 

In-Situ Void Ratio 
A total of 34 undisturbed fine coal refuse samples were obtained from the various 

sites. In-situ void ratio was calculated for each based on the field measurements 

described previously combined with laboratory measurements of the volume of solids in 

the tube. Table 1 presents a summary of sample depth and calculated in-situ void ratio at 

each site. Samples were obtained from beneath about 65 to 344 feet of overlying refuse 

and in-situ void ratios varied from about 0.39 to 0.79, with most (82 percent) of the values 

between 0.43 and 0.59. While in-situ void ratio is influenced by mean effective stress and 

time rate of consolidation, the range of values is relatively narrow. Direct correlation 

between estimated mean effective stress and in-situ void ratio can not be inferred due to 

the unique and complex nature of each site's geometric constraints and deposition history. 

4.0 Laboratory Testing 

Steady-state liquefaction-related laboratory test programs of the coal refuse 

materials sampled from the five sites included performing index tests such as grain size 

distributions, Atterberg limits, and specific gravity, as well as triaxial shear strength tests 

on undisturbed, remolded and slurry samples of fine coal refuse. Table 1 presents a 

summary of laboratory test results from Sites 1 through 5. 

Index Tests 
Fine coal refuse particles vary in size from about 2 mm (No. 10 sieve) to 0.0005 

mm (finer than clay fraction). It is analogous to silty sand to silty clay-sized material. 

Fines content (passing a No. 200 sieve) for fine coal refuse from the five sites varied from 

35 to 76 percent. Fine refuse generally has a low plasticity, ranging from nonplastic to 

Plasticity Indices of 12 percent or less. Values are affected by the parent rock formation 

from which the coal was extracted and from clay layers near the coal seam that get mixed 

within the coal. The specific gravity of fine coal refuse is low and generally varied from 

about 1.4 to 2.4 for the sites tested. As a result, densities are also relatively low, with in

place total unit weight ranging from about 75 to 90 pounds per cubic foot (pcf). 

Steady-State Strength Of Undisturbed Samples 

Isotropically consolidated, undrained triaxial compression (cu) tests were 

performed on undisturbed, remolded and slurry samples of fine coal refuse. The main 

purpose of the triaxial tests was to measure the undrained steady-state shear strength of 

the samples in the laboratory to allow in-situ steady-state shear strengths to be estimated 

based on void ratio corrections (from laboratory to field). A total of 34 cu tests were 

performed on undisturbed samples of fine coal refuse from the five sites. Specimens were 

typically consolidated to an isotropic, effective consolidation stress ( cr 3c) ranging from 8 

to 16 kilograms per square centimeter (kg/cm2
) [16.3 to 32. 7 kips per square foot (ksf)]. 

These relatively high confining pressures were used to ensure contractive behavior, 
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particularly since most samples were obtained from 200 to 344 feet below the ground 

surface. The samples exhibited contractive behavior and reached or approximately 

reached a steady-state of deformation within the strain limits of the test. Laboratory 

values of Sus were corrected to represent steady-state strengths at in-situ void ratios. 

Steady-State Line and In-Situ Steady-State Strength 

Triaxial tests were performed on compacted specimens to determine the steady

state line (SSL) of the fine coal refuse representative for each site. Samples of each batch 

mix were formed using two methods: 1) by placing layers of fine coal refuse in a split mold 

and compacting each layer to a target void ratio; and 2) by placing the material in a mold 

as a slurry subject to one-dimensional consolidation to simulate in-situ placement 

conditions. The various SSL's for each batch mix are shown in Figure 3 where the slope 

(t..e/t.log Sus) varies from 0.11 to 0.13 for moist tamped batch samples with additional 

slurry prepared samples of the batch mix shown for comparison. As discussed by Poulos 

et. al (1985), the slope of the steady state line is dependent on the shape of the grains 

and the vertical position is affected by slight differences in grain-size distribution. In 

general, the variation of the fine refuse coal particle shape from site to site would not be 

expected to vary significantly since the coal was mined from the same region using 

generally similar cleaning techniques. However, the fines content of the coal refuse 

sampled-from the region varies widely. Thus, the SSL's in Figure 3 are consistent with the 

above observations. 
In-situ Sus for each site was estimated by "correcting" the steady-state strengths at 

laboratory void ratios to their respective in-situ void ratio along the slope of the SSL as 

defined by Poulos et. al (1985). In-situ Sus values ranged from 0.06 to 4.62 kg/cm2 

(0.122 ksf to 9.42 ksf) with 7 4 percent of the data falling between 0 .25 and 2.1 kg/cm2 

(0.51 ksf to 4.28 ksf). Figure 4 presents correlated Sus versus in-situ void ratio for 34 

tested samples at the 5 sites. Note that Sus values can vary by more than a factor of 10 

for a given void ratio. 

Sus Versus Effective Stress Relationship 

The estimation of Sus values for fine coal refuse layers that are at in-situ conditions 

different from the samples obtained and tested were estimated using a correlation 

between Sus and effective vertical stress (cr•v) determined for each site. This includes 

proposed upstream stages where sampling is not yet feasible or existing portions of the 

embankment not sampled due to budgetary constraints. By generally assuming that Sus 

values vary linearly with cr·v, and estimating the in-situ effective stress conditions for 

proposed layers of fine coal refuse, the in-situ Sus values for the proposed additional 

zones of fine coal refuse can be approximated. Site-specific Sus /r:r'v relationships are 

presented in Figure 5 and varied from 0.06 to 0.27. The various relationships were 

approximated by conservatively drawing a line from zero through the location at which 

two-thirds of the data points at a particular site lie above the line. 

The lowest strength relationship was achieved at a narrow valley fill with over 200 

feet of coarse and mixed refuse placed above the fine coal refuse. It is deduced that 

significant arching may be occurring within the coarse refuse preventing the full height of 
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cl/ verburden from consolidating the critical fine coal refuse layer. Therefore, factors such 

\. 

( 

as cross-valley topography and deposition history are significantly relevant to the Suslcr·v 

relationship. Similarly, the database of Su5/cr'v relationships obtained from bulk fine coal 

refuse samples prepared as slurried samples may be used to investigate what kind of 

relationship with depth (or effective stress) may be expected in the slurry pond prior to any 

encroachment of coarse embankments. The effective consolidation stresses at which the 

laboratory tests were performed were converted Into equivalent vertical effective stresses 

in the field, assuming that the lateral stresses are equal to one-half of the vertical stresses. 

As stiown in Figure 6, an Su5 /cr'v ratio of 0.18 extends from the zero intercept to the point 

where two-thirds of the data falls above the straight line. 

5.0 Liquefaction Susceptibility Evaluations 

Liquefaction susceptibility depends on the Sus of all the soils along the potential 

failure surface compared to the driving stress along that failure surface. Zones of loose 

(contractive) cohesion less soils are critical to analyzing liquefaction potential because they 

can have an undrained strength that is significantly lower than their drained strength. 

Therefore, the embankment geometry was evaluated to assess the liquefaction potential 

of each stage of construction estimating the average driving shear stresses along the 

critical failure surface at each of the high hazard sites. Generatly, as the construction of 

future upstream staging progresses, there is a corresponding increase in driving stress. 

For layers in which fixed-piston samples were obtained and tested, or layers where similar 

effective stresses are present, a weighted average of steady-state strength, such as the 

Two-Thirds Strength Method, was utilized. This method, utilized by Castro et. al. (1989) 

and recommended by the U.S. Army· Corps of Engineers (1970) in their manual for 

analyzing the stability of earth dams, involves using a design shear strength value that is 

lower than two-thirds of the total test values selected. Sus. values for fine coal refuse 

layers at in-situ cr·v values that significantly differ from the cr•v values at sample locations 

were estimated using the site specific Su5lcrv relationship as previously discussed. Limit 

equilibrium slope stability analyses were performed at each site with Sus values applied to 

fine coal refuse layers and frictional ( drained) strengths applied to coarse and mixed 

refuse layers. Factors of safety against liquefaction (FL) along the critical failure surfaces 

for the various sites ranged from 1.02 to 1.32. 

6.0 Notable Trends From Completed Studies 

Liquefaction evaluations have been performed at five different sites using steady

state techniques as well as other complementary analyses. Since most of the sites are in 

the same geographical region, it is useful to compare the results of the fine coal refuse 

tested to identify trends in its engineering properties. A discussion of notable trends for 

the presented data is discussed below. 

1 . Consistent with the sensitivity of Sus to void ratio, Sus values can vary over 10 times at 

the same void ratio illustrating the need for site specific testing. In-situ void ratios 

varied between 0.39 and 0.79, however, most ranged from 0.43 to 0.59. 
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2. In-situ Sus values for unsampled fine coal refuse layers can be estimated based on Sus 

versus cr'v correlations developed for a particular site. Susfcr'v relationships used for the 

coal refuse impoundment sites have ranged from 0.06 to 0.27 also illustrating the need 

for site specific testing, particularly at facilities with proposed multiple upstream stages. 

3. Sus and Su5/cr'v are significantly influenced by factors such as cross-valley topography, 

deposition history, upstream embankment geometry and construction sequencing. 

7.0 Conclusions 

Steady-state methodology can be effectively applied for the delailed evaluation of 

the liquefaction susceptibility of high hazard coal refuse disposal facilities. The evaluation 

needs to be based on site specific geometry and subsurface conditions, and properties 

developed accounting for the uniqueness and complexity of each site. While it is often 

useful to express the steady-state strength with respect to an estimated vertical stress, 

proper caution should be exercised during its development The database of slurried 

samples has shown that the behavior of newly deposited fine coal refuse can be 

reasonably predicted. The Susfa'v ratio of fine coal refuse consolidated beneath multiple 

upstream embankment stages can vary significantly with age, loading history, arching, and 

geometric constraints. For initial or preliminary liquefaction assessments, it is 

recommended that a range of Su5/cr'v ratios be used to investigate the sensitivity of the 

critical layer to liquefaction susceptibility. For detailed evaluations where significant driving 

stresses are present for multiple upstream stages, site-specific shear strength testing of 

high quality undisturbed samples is recommended to develop the site's Susfcr'v 

relationship and each individual stage evaluated to estimate the factor of safety against 

liquefaction susceptibility. In general, factors of safety against liquefaction susceptibility 

were above 1.0 for the existing and proposed staging at the various high hazard sites. 

Factors of safety below 1.0 indicated the need for remedial design of existing embank

ments or redesign of the staging for proposed expansions to· lower driving stresses. 
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fP 711,5 N" 11111 2011.5 1DD7 D.44◄ D,tllD 0 ◄2◄ 11120 2~30 fi40 7.3 281 521 6.13 16.6 ◄ 62 21.t 3.15 

FP 78.7 NA 1.65 3211.4 11.17 0443 04112 0 . .(JQ 16.111 U15 587 B4 29.11 6JI0 6.12 181 4.D9 20.8 4.62 

FP 01.7 11 1.IID 3-43.J 11.02 0&-11 0605 0.1545 1200 !BOO 481 102 309 ◄.81 -4.68 180 414 306 4.47 

FP 68 6 N.-\ 1.61 200 a 10.65 0.6112 0.508 0 4115 12.DO 18 00 6 67 IB.7 33.7 6 57 6 21 16 7 6 47 33.1 D.85 

FP 213 tM 149 2758 1037 0.7llll D.71Kl 0.661 POD 12.00 377 111.11 3S0 3.17 2111 1118 3,011 35.0 006 

3 OM 701 8 1.80 NA NA NA 0513 0363 16.20 24~ 5,U \03 297 6.44 556 HJ.7 •4.72 21H NA 

BM 701 8 I.DO HA NA NA 0.483 0300 80{1 12.DO 3.08 203 31.2 3.00 204 20.3 281 312 NA 

BM 10.1 8 i.tlO NA NA NA 0633 047g 2.00 300 065 186 33.t 0.05 063 168 0.54 334 NA 

BM 70.1 fl 1.80 NA NA NA 0616 D456 JOO ,HiO IOO 105 33.0 1.00 063 165 D.84 330 NA 

lHNS 70.1 8 160 NA NA NA 1.210 0407 7.00 10.50 2.31 128 32.2 231 202 12.11 1.95 32.Z NA 

BMIS 37.0 '1 2211 NA NA NA 1070 0.362 7D0 1060 2.62 11.G 33.'4 2.52 2Jl6 179 2.10 334 l~A 

DM/S 238 NA 148 NA NA HA O.O'IO 0504 7.00 1060 371 11'17 35.2 371 2.72 19.7 303 352 NA 

4 FP 24 II NA 1 -15 210.0 7 -17 0.657 0 605 0 517 12.DO 18.00 -1.74 19 B 38.1 -1.74 3.30 10 g 3 BJ 30 1 1 78 

fP 157 HA 1.46 222.'Z 7.68 0.6◄ 0 0.671 0460 12.00 111.00 4.85 187 36.2 4.H5 3.45 \B.7 3.91 362 0.9S 

FP 72.0 UA 1.76 135 6 5.49 0.460 O.:i20 0 ◄ 66 0 00 12.00 3.'41 \3 P 33.3 3.37 2.80 16 2 2 6◄ 32 6 1 60 

FP aot NA 1.58 15□ 2 576 o.389 o. ◄oo □.360 aoo 12.00 3D2 1 ◄ .1 35.2 3QIO 309 11.fl 324 33g 100 

fP 71.3 NA 1.70 170 2 8 08 0.407 □. ◄ DB 0.440 6.00 12 00 3.65 17 3 33.6 3.8-4 3.30 18 9 3.24 32.5 2 18 

FP 111.0 NA 1 65 210 3 714 0.491 0 610 0.453 12.00 18.00 ◄.8◄ 14.2 33.B ◄ ll9 4 11 17 1" 4.11 32.7 198 

FP 72.7 NA 1.71 223 3 7.83 0.465 o -1ll2 D ◄ 15 12 00 UI 00 4.75 13 I 32 4 -4 GD 4.23 1U 3 3 g3 31 4 1.50 

I- _IL 75 II NA 173 213.2 7.115 0 464 0 507 0.428 12 00 HI.DO 6.00 12 II 35.2 ◄ 08 3.17 1117 3.00 lJ 6 1.33 

4 BM 76.1 12 1.72 NA NA. NA 0676 0.-410 BOO 12.00 2.IXl 20.B 32.4 2.92 266 1BD 2.-17 32.3 N-" 

ISM 111.t 12 1.12 NA NA NA 0.796 0.-150 4.00 000 1.-(1 17.J 33.2 1.-t'l. 1.16 16D 1111 JJO NA 

BM 76.1 12 1.72 HI\ NA NA. 0 604 0.387 11.00 17.B5 4.31 19.3 31.B -4.26 3 68 IB.0 3 63 31 6 NA 

BM 16 1 12 1.72 NA NA NA 0.005 0.491 2.00 J UO 0.80 21.4 32.6 O 82. 0.63 18 O O 52 32 B UA 

DM/5 75.1 12 1.72 NA NA f.lA NA 0.455 5.00 7.60 1.00 1g o 3.4 3 1.85 3.48 iB O 1.65 33 J NA 

DM/5 52.2 " 1.50 NA NA NA UA OJBO . 6,00 7.60 2.48 23.4 37.'l. 2.-4B I.Bl 234 202 353 HA 

5 fP Bl O NA I.TT 21911 9.54 0.562 0.6&1 0.460 12 00 18.00 4.◄3 10 D 32.D 4.14 3.76 22.2 3 53 31.6 O 63 

ff' '108 HA 1.6-4 23".3 072 0.540 0661 0-4,16 1200 1800 63--1 167 35B 5.33 3.00 17.J 4.3-1 35.4 053 

fP IXlfi HA 1.96 2600 DV3 0.560 O,SUQ 0605 12.00 1600 433 07 28.o -422 -t62 13.Q 371 265 116 

fP 07 G N,t,, 1.711 188 3 D.63 0 622 0 515 0 440 . 12.00 16.00 4 68 B.fi 'J2,8 ◄.23 3.03 20,7 3.62 31.0 O 64 

fP Ba.II N,\ 1.IHi HHO 881 0658 0605 06-47 12.00 ltiOO 4.00 l.5 20,7 397 4.70 4.0 363 27.\ 033 

FP 3S 5 HA. 1.55 233 3 11.02 D.609 0.625 0.◄21 12 00 1.6.00 -1 63 20.3 36 6 4.63 3.35 20.J 3.17 35 5 0 60 

FP 22.5 HA 1-11 2.UO 11.12 0647 0551 0.463 12.00 1600 ,ua 20.6 337 UiO 367 208 37a 33.7 0.96 

FP 3-1.◄ Hi\ 1.IH lllO.◄ U.ll7 0.620 0608 0444 1200 18.00 4.37 \90 356 -4.30 321 21.8 367 :!5.1 008 

FP 7Q5 NA 167 106.0 BOS 0012 0800 0.-140 1200 1800 ◄ 37 9.0 32.D 4.01 3B8 21.3 346 :ID5 0.1\ 

fp 740 NA 188 1B33 846 0,818 0.698 0. ◄60 1200 1800 512 D.B 33.7 4.78 4.20 1Q4 405 32.1 012 

FP 60.7 NA 1.613 200.4 I0.13 0.562 O 575 0.108 12.00 18 00 -1.01 11 0 33.B J.85 3 21 21 7 3 2J 33 0 0 43 

fP 255 NA 157 210.3 1053 0.566 0.5.IIIJ 0.-460 1200 1800 4.88 17.Q 35,3 471> 365 24-1 JOO 340 026 

5 BM 62.0 II 1.70 NA NA HA 0.545 0.401 B DO 12.00 2.56 19 2 32,9 2.66 2.17 1a 2 2 15 32.7 NA. 

BM 62.0 9 1.70 NA. UA. HA 0.54◄ 0 473 2.00 3 00 0 58 20.2 34.li 0.66 0,48 20 J O ◄ 8 33 0 UA 

8~ 920 8 1.70 NA NA NA 0640 0.512 1.00 l.iSO 0.28 1.7 35.2 027 0.21 lQB 022 331 UA 

BUIS 62 0 9 1.70 NA NA NA 0.753 0.35B fi.50 9.76 2.32 19 6 32.0 2.32 2. 10 19.D ua 31 6 NA 

ews 65 1 NP 1.88 NA t.JA UA NA O 633 6 SO 11.15 3 OB 11!, J 34.ll J 01:1 2.32 16 3 2.53 ~ 6 UA 

= fp - fo11ll Pliloo, Unal&ll.llbud Sample 

DM • f\uc:on.1,IILuled BaU:h Mi>< S>11opk, Pn,p;,,red by Mol!;I T=:irni>lng 

1"K.."' 0,5 (fl.l&Uo cl ~~114 Vtmloo.1 Etledl""' :IUu••l 

BM.IS. R11con5\ilulod Elalch Ml- ~ampla Proparod llli Sl~rry 

NA• Nol Applh::iWu 

NP -N□1i,J•tasUc 

Pl· Plu.\lcily Intl&~ 

q"la 1-a1}/2 
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Cone Penelrallon ,, Pore Pressure Readings 
Shear Wave Speeds 
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Figure 2 - CPT Log and Shear Wave Velocity Profile 
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Undrained Steady..State ShHr Strength, Sus1 kg/cmz 
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FIGURE 3 - Steady State Lines of Fine Coal Refuse Batch Samples 
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Undrained Steady State Shear Strength, s.,., kglcm2 
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FIGURE 5 • S.,. of Fixed Piston Samples Versus Estimated Vertical Effective Stress 
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LEGEND NOTES 
• Reconstituted Coal Refuse Slurry Sample 1. Vertical effective stress for reconstituted coal ■ Undisturbed Tube Sample refuse samples assumed to be 1.5 times the 

isotropic effective consolidation stress. 
2. Vertical effective stress of undisturbed tube 

samples estimated by CEC, Inc. 
3. R'4 composed of two different soil types. S"" 

shovm is uncertain. 

Hughes Hollow Slurry lmpoundment ~ ESTIMATED IN-SITU Su, 
Wana, West Virginia VERSUS G E I Consultants VERTICAL EFFECTIVE STRESS Consolidation Coa! Company 

i Pittsburgh, Pennsylvania Project 063570 February 2007 .· Figure 3 
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SUBJECT WILLIAMSON ENERGY - POND CREEK lj Phase 3 Subsidence Evaluation - In-Situ Driving Shear Stress Stability Analyses 

3Y ~ 

CHKD.BYJ'.2::S_ 

DATE 2009-APR-08 

DATE _~_-+j_t,_/,_c~1 __ 
• I 

PROJ. NO.C090403.01 .001 

SHEET NO. __ i _ OF _3 __ 

CALCULATION BRIEF 
FOR 

gai consultants 

Engineers • Geologists • Planners 
Environmental Specialists 

DETERMINATION OF DOWNSTREAM AND UPSTREAM IN-SITU 
DRIVING SHEAR STRESS BY ELASTIC (PCSTABL) SOLUTION 

POND CREEK COAL REFUSE DISPOSAL SITE - PHASE 3 IMPOUNDMENT 

OBJECTIVE: To determine the initial state of static stress (a.k.a., "driving shear stress") for the 
Phase 3 fine coal refuse (FCR) impoundment in both downstream and upstream 
directions. The critical failure, in-situ driving shear stress will be used to evaluate 
the potential for a liquefaction (flow slide) failure of the Phase 3 FCR as part of the 
overall evaluation of the impact of longwall mining beneath the Phase 3 
impoundment. 

METHODOLOGY: Use limit equilibrium analyses to estimate the driving shear stress acting on the 
most critical circular failure surface passing through the Phase 3 impoundment and 
embankment geometry shown in Figure 1. Failure planes in both the upstream and 
downstream directions will be evaluated. 

REFERENCES: 

ANALYSIS: 

1. Gregory, P.E., Garry H., "PCSTABL5M with STEDwin Slope Stability Analysis 
System, Version 2.0," dated September 2001. 

2. Civil & Environmental Consultants, Inc: Calculation, "Calculation Brief for 
Estimation and Summary of Engineering Properties Including Peak and Steady
State Undrained Shear Strengths For Refuse and Subgrade Materials, Pond 
Creek Coal Refuse Disposal Site -South Pond", BEG, 7/12/08. 

3. GAi Consultants, Inc. Calculation, "Supplemental Summary of Engineering 
Properties and Coarse Refuse Tensile Strength for Subsidence Liquefaction and 
Embankment Cracking Evaluations, Pond Creek Coal Refuse Disposal Site -
Phase 3," BEG, 3/31/09. 

4. GAi Consultants, Inc. Calculation Brief Entitled "Summary of Laboratory 
Testing," Pond Creek Coal Refuse Disposal Site, BEG, dated 3/30/09. 

5. Poulos, S.J., Castro, G., and France, J.W. (1985a) "Liquefaction Evaluation 
Procedure," Journal of the Geotechnical Engineering Division, ASCE, Vol. 111, 
No. GT6, pp. 772-792. 

Liquefaction (flow slide) susceptibility was determined by evaluating whether or not the Phase 3 FCR 
would resist triggering a loss of strength, and subsequently estimating the factor of safety against post
subsidence instability. The analysis requires the in-situ static driving shear stress be determined in the 
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critical layer FCR and based on the results of the characterization and triggering evaluations, a "zero
strength" analysis of the FCR is performed. 

Poulos, et al (1985) states a soil mass susceptible to fiquefaction will only experience a flow slide failure 
when a sufficiently large triggering event causes the strength of the soil to decrease to the undrained 
steady-state strength. Conversely, a soil mass which is not susceptible to liquefaction physically cannot 
fail by liquefaction since the minimum undrained strength exceeds the in-situ driving shear stress along 
the critical failure surface. 

The driving shear stress in a critical soil layer is equal to the minimum shear resistance the layer must 
have to just maintain stability of the slope. This assumes fully mobilized shear strengths in the other soil 
layers comprising the slope. The fully mobilized strengths are those that would act while deformation of 
the slope is occurring and, thus, would be available to resist a massive flow slide. These shear strengths 
can be quantified by performing a stability analysis for the slope in question. 

When evaluating slope stability by means of circular failure surface analysis (using the limit equilibrium 
approach), the driving shear stress (~d) acting along the failure surface analyzed can be determined by 
assuming that the shearing resistance (i.e., shear strength) of the material through which the failure 
surface passes is provided solely by cohesion [i.e., angle of internal friction (~ = OJ. The driving stress is 
determined by varying the cohesion value used in the analysis until a factor of safety (F.S.) of 1.0 is 
obtained. For this condition (F.S. = 1.0), the driving stress acting along the failure surface analyzed is 
equal to the cohesion value used for the material. 

The following soil properties were estimated based on previous field and laboratory testing as well as 
current FCR testing for use in the various slope stability analyses as noted in Reference Nos. 3 and 4: 

Total Unit Saturated Unit Effective Effective 
Weight Weight Friction Cohesion 

Material (Yt) (Ys) (fl (c') 
Tvoe focfl focf) (deal fosfl 

Coarse Refuse 130 140 33.7 0 
Fine Refuse 80 90 0 0 
Residual Soil 125 135 19 400 

Soil Cao 130 135 30 0 

Results of Driving Shear Stress Slope Stability Analyses: 

Top of Driving Shear Stress Additional Factor 
Phase 3 Fines Top of in Fine Coal Refuse of Safety Including 

lmpoundment Elevation Cap Elevation(') (~d) (2J Zero-Strength FCR 
(Crest El. 500 ftl (ft) (ft\ fosf) (dim) 

Downstream 495 500 0 2.2 

Upstream 
495 500 0 1.3 

(1) Cap includes 5-foot coarse refuse layer above top of fines elevation as shown in Figure 1. 
(2) Zero-strength driving shear stress analyses yielded additional factors of safety in downstream and 

upstream directions of 2.2 and 1.3, respectively. 
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Based on the information presented in this calculation brief, GAi determined that the Pond Creek -
Phase 3 impoundment geometry has ZERO (0) psf in-situ driving shear stress through the fine coal 
refuse in both the upstream and downstream directions. 

Zero-strength driving shear stress analyses yielded additional factors of safety in downstream and 
upstream directions of 2.2 and 1.3, respectively. 

The results indicate that a rapid loading event such as subsidence-related disturbance will not trigger a 
strength loss in FCR, and is therefore NOT susceptible to a flow slide failure. 

Hard copies of the Phase 3 driving shear stress downstream and upstream slope stability analyses are 
attached. 
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IN-SITU DRIVING SHEAR STRESS PCSTABL SLOPE STABILITY ANALYSES 
PHASE 3 - DOWNSTREAM 
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Pond Creek, Phase 3 Downstream Driving Stress, Zero-Strength - Deep 
c:lprogram fileslstedwinlwiliamson energy pond creeklph3-dsdp.pl2 Run By: Blaise E. Genes, GAi Consultants NT/2009 04:20PM 

~ 7 
# FS Soil Soil Total Saturated Cohesion Friction Piez. 
a 2.22 Desc. Type Unit Wt. Unit Wt. Intercept Angle Surface 
b 2.23 No. (pc!) (pc!) (psi) (deg) No. 
c 2.30 CCR Cap 1 130.0 140.0 0.0 30.0 0 
d 2.30 Fine CR 2 80.0 90.0 0.0 0.0 W1 
e 2.32 P3 CCR 3 130.0 140.0 0.0 33.7 W1 
f 2.33 Residual 4 125.0 135.0 416.0 19.5 W1 

600 

g 2.34 Bedrock 5 145.0 
8 

145.0 2000.0 20.0 W1 
h 2.34 . 
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Pond Creek, Phase 3 Downstream Driving Stress, Zero-Strength - Deep 
c:lprogram fileslstedwin\wiliamson energy pond creeklph3-dsdp.plt Run By: Blaise E. Genes, GAi Consultants 417/2009 04:20PM 
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C:\Program Files\STEDwin\Wiliamson Energy Pond Creek\ph3-dsdp.OUT Page 1 

* * PCSTABLSM * * 
by 

Purdue University 
--Slope Stability Analysis--

Simplified Janbu, Simplified Bishop 
or Spencer~s Method of Slices 

Run Date: 4/7/2009 
Time of Run: 04:20PM 
Run By: Blaise E. Genes, GAI Consultants 
Input Data Filename: C:ph3-dsdp.in 
Output Filename: C:ph3-dsdp.OUT 
Unit: ENGLISH 
Plotted Output Filename: C:ph3-dsdp.PLT 
PROBLEM DESCRIPTION Pond Creek, Phase 3 Downstream Driving s 

tress, Zero-Strength - Deep 
BOUNDARY COORDINATES 

10 Top Boundaries 
48 Total Boundaries 

Boundary X-Left Y-Left X-Right Y-Right Soil Type 
No. (ft) (ft) (ft) (ft) Below End 

1 .00 466.00 45.00 466.00 1 
2 45.00 466.00 110.00 465.00 1 
3 110.00 465.00 120.00 468.00 1 
4 120.00 4 68. 00 140.00 468.00 1 
5 140.00 468.00 233.00 500.00 1 
6 233.00 500.00 268. 00 500.00 1 
7 268. 00 500.00 825.00 498.00 1 
8 825.00 498.00 855.00 498.00 1 
9 855.00 498.00 990.00 454.00 1 

10 990.00 454.00 1010.00 454.00 1 
11 1010.00 454.00 1040.00 454.00 1 
12 .00 466.00 45.00 466.00 2 
13 45.00 466.00 110.00 465.00 2 
14 110.00 465.00 120.00 468.00 2 
15 120.00 468.00 140.00 468.00 2 
16 140. 00 468.00 233.00 500.00 2 
17 233.00 500.00 268.00 500.00 2 
18 268.00 500.00 283.00 495.00 2 
19 283.00 4 95. 00 812.00 495.00 2 
20 812. 00 495.00 825.00 498 . .00 2 
21 825.00 498.00 855.00 498.00 2 
22 855.00 498.00 990.00 454.00 2 
23 990.00 454.00 1010.00 454.00 2 
24 1010.00 454.00 1040.00 454.00 2 
25 .00 466.00 45.00 466.00 3 
26 45.00 466.00 110.00 465.00 3 
27 110. 00 465.00 120.00 468.00 3 
28 120.00 4 68. 00 140.00 468.00 3 
29 140.00 468.00 233.00 500.00 3 
30 233.00 500.00 268.00 500.00 3 
31 268. 00 500.00 283.00 495.00 3 
32 283.00 495.00 370.00 460.00 3 
33 370.00 460.00 716.00 457.00 3 
34 716.00 457.00 812.00 495.00 3 
35 812. 00 495.00 825.00 498.00 3 
36 825.00 4 98. 00 855.00 498.00 3 
37 855.00 498.00 990.00 454.00 3 
38 990.00 454.00 1010.00 454.00 3 
39 1010.00 454.00 1040.00 454.00 3 
40 .00 466.00 45.00 466.00 4 
41 45.00 466.00 110.00 4 65. 00 4 
42 110.00 465.00 370.00 460.00 4 
43 370.00 460.00 716.00 457.00 4 
44 716.00 457.00 990.00 454.00 4 
45 990.00 454.00 1010.00 454.00 4 
46 1010.00 454.00 1040.00 454.00 4 
47 .00 456.00 1010.00 439.00 5 
48 1010.00 439.00 1040.00 439.00 5 
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ISOTROPIC SOIL PARAMETERS 
5 Type(s) of Soil 

Soil Total Saturated Cohesion 
Type Unit Wt. Unit Wt. Intercept 

No. (pct) (pct) (psf) 
1 130.0 140.0 .0 
2 80.0 90.0 .0 
3 130.0 140.0 .0 
4 125.0 135.0 416.0 
5 145.0 145.0 2000.0 

Friction 
Angle 
(deg) 
30.0 

. 0 
33.7 
19.5 
20.0 

Pore 
Pressure 

1-'aram. 
.00 
.oo 
.00 
.00 
.00 

Pressure 
Constant 

(psf) 
.0 
.0 
.0 
.0 
.0 

SPECIFIED 1 PIEZOMETRIC SURFACE(S) HAVE BEEN 
Unit Weight of Water= 62.40 
Piezometric Surface No. 1 Specified by 8 Coordinate Points 

Point X-Water Y-Water 
No. (ft) (ft) 

1 .00 463.00 
2 185.00 461.00 
3 283.00 495.00 
4 812.00 495.00 
5 930.00 451.00 
6 990.00 451.00 
7 1010.00 451.00 
8 1040.00 451.00 

Piez. 
Surface 

No. 
0 
1 
1 
1 
1 

A Critical Failure Surface Searching Method, Using A Random 
Technique For Generating Circular Surfaces, Has Been Specified. 
400 Trial Surfaces Have Been Generated. 

20 Surfaces Initiate From Each Of 20 Points Equally Spaced 
Along The Ground Surface Between X 75.00 ft. 

and X 160.00 ft. 
Each Surface Tenninates Between X 255.00 ft. 

and X 500.00 ft. 
Unless Further Limitations Were Imposed, The Minimum Elevation 
At Which A Surface Extends Is Y = .00 ft. 

5.00 ft. Line Segments Define Each Trial Failure Surface. 
Following Are Displayed The Ten Most Critical Of The Trial 

Failure Surfaces Examined. They Are Ordered - Most Critical 
First. 
**Safety Factors Are Calculated By The Modified Bishop Method 
Failure Surface Specified By 34 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 124.21 468.00 
2 128.62 465.65 
3 133.14 463.49 
4 137.74 461.55 
5 142.43 459.82 
6 147.20 458.31 
7 152.03 457.02 
8 156.91 455.95 
9 161.84 455.10 

10 166.80 454.48 
11 171.79 454.08 
12 176.78 453.92 
13 181.78 453.98 
14 186.78 454.28 
15 191.75 454.80 
16 196.69 455.54 
17 201.60 456.51 
18 206.45 457.71 
19 211.25 459.13 
20 215.97 460.76 
21 220.62 462.61 
22 225.18 464.67 
23 229.63 466.93 
24 233.98 469.40 
25 238.21 472.06 
26 242.32 474.91 

* * 
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27 246.29 477. 95 
28 250.12 481.17 
29 253.80 484.56 
30 257.31 488 .11 
31 260.67 4 91. 82 
32 263. 85 4 95. 68 
33 266.85 499.68 
34 267. 06 500.00 

Circle Center At X = 177. 9 y 563.2 and Radius, 109.3 

*** 2.222 *** 
Individual data on the 41 slices 

Water Water Tie Tie Earthquake 
Force Force Force Force Force Surcharge 

Slice Width Weight Top Bot Norm Tan Hor Ver Load 
No. (ft) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) 

1 4.4 675.1 .0 . 0 .0 .0 . 0 .0 .0 
2 2.2 820.9 .0 .0 .0 .o .0 .0 .0 
3 2.3 1185.7 .0 .o .0 .0 .o .o .0 
4 4.6 3234.4 .0 .0 .0 . 0 .0 . 0 .0 
5 .1 96.6 .0 .0 .0 . 0 .0 . 0 .0 
6 2.1 1887.8 .0 54.5 .0 . 0 .0 .0 .0 
7 2.4 2557.5 . 0 194.5 . 0 .0 . 0 .0 .o 
8 4.8 6548.6 . 0 738.6 . 0 .0 . 0 . 0 .0 
9 4.8 8588.0 . 0 1160.2 . 0 .0 . 0 . 0 .0 

10 4. 9 10524.5 .0 1512.7 . 0 .o . 0 .0 .0 
11 4. 9 12338.2 . 0 1795.4 .o .0 . 0 .0 . 0 
12 5.0 14010.7 .0 2007.7 .0 .0 . 0 .0 .0 
13 5.0 15525.9 . 0 2149.1 .0 .o . 0 .0 .0 
14 5.0 16869.3 .0 2219.3 .0 .0 .0 .0 .0 
15 5.0 18028.8 . 0 2218.2 .o .0 .0 . 0 .0 
16 3.2 12131.8 .0 1394.8 .0 . 0 .0 . 0 .0 

C 
17 1.8 6861. 7 .0 744.1 .0 .o . 0 .0 .0 
18 5.0 19813.8 . 0 2345.1 . 0 .0 .0 .0 .0 
19 .2 962.5 . 0 120.9 .0 .0 .0 .0 .0 
20 4.7 19494.1 . 0 2545.0 .0 .o .0 .0 .0 
21 4.9 20888.9 .0 2916.6 .o . 0 .o .0 .0 
22 4.9 21110. 0 .o 3096.4 . 0 .0 .0 .0 .0 
23 4.8 21121.5 .0 3205.1 . 0 .0 . 0 .0 . 0 
24 4.7 20927.4 . 0 3242.5 . 0 .o .0 .0 .0 
25 4.6 20534.4 . 0 3208.4 .o .·o .0 . 0 .0 
26 .6 2468.9 .o 389.4 .0 . 0 .0 .0 .o 
27 4.0 17463.6 .0 2713.6 .0 .0 . 0 .0 .0 
28 4.5 19120.9 .0 2926.4 .0 .o . 0 . 0 . 0 
29 3.4 14095.7 .0 2098.7 . 0 .0 .0 . 0 .0 
30 1. 0 4024.1 .0 580.3 . 0 .0 .0 . 0 .o 
31 4.2 16423. 9 . 0 2361. 3 .0 .0 .0 .0 .0 
32 4.1 14411. 2 .0 1974.1 . 0 . 0 . 0 .0 .0 
33 4.0 12359. 5 .0 1518.1 . 0 .0 . 0 .0 .0 
34 3.8 10293.7 .0 994.3 . 0 .0 .0 .0 .0 
35 3.7 8239.4 .0 403.7 .0 . 0 . 0 .0 .0 
36 .5 928.6 .0 6.1 . 0 .0 .0 .0 .0 
37 3.0 5322.9 . 0 .o . 0 .0 .0 . 0 .0 
38 3.4 4373.3 .0 .0 . 0 . 0 . 0 .0 .0 
39 3.2 2583.4 . 0 .0 .0 .o . 0 .0 . 0 
40 3.0 905.0 .0 . 0 . 0 .0 . 0 . 0 .0 
41 .2 4.6 . 0 . 0 . 0 .0 .0 . 0 .0 

Failure Surface Specified By 33 Coordinate Points 
Point X-Surf Y-Surf 

No. (ft) (ft) 
1 133.16 468.00 
2 137.49 465.50 
3 141.94 463.23 
4 146.50 461.17 
5 151.16 459.35 
6 155.90 457.76 
7 160.71 456.40 
8 165. 58 455.29 
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9 170.51 454.42 
10 175.47 453.79 
11 180.45 453.42 
12 185.45 453.29 
13 190.45 453.41 
14 195.44 453.78 
15 200.40 454.39 
16 205.32 455.25 
17 210.20 456.35 
18 215.02 457.70 
19 219.76 459.28 
20 224.42 4 61.10 
21 228.98 4 63 .14 
22 233.44 465. 41 
23 237.77 4 67. 90 
24 241. 98 470.60 
25 246.05 473.50 
26 24 9. 97 4 7 6. 61 
27 253.73 479.90 
28 257.32 483.38 
29 260. 74 487.03 
30 263. 97 490.85 
31 267. 01 494.82 
32 269. 84 4 98. 94 
33 270.49 499.99 

Circle Center At X = 185.6 ; y 553.9 and Radius, 100.6 
*** 2.233 *** 

Failure Surface Specified By 37 Coordinate Points 
Point X-Surf Y-Surf 
No. (ft) (ft) 

1 128.68 468.00 
2 133 .17 465.80 
3 137.74 4 63. 76 
4 142. 38 4 61. 90 
5 147. 09 460. 22 
6 151. 86 458.72 
7 156.68 457.40 
8 161. 55 456.26 
9 166.46 455.31 

10 171. 40 454.55 
11 17 6. 37 453. 97 
12 181. 35 453.58 
13 186.35 453.39 
14 191.35 453.38 
15 196. 35 453.56 
16 201. 33 453.93 
17 206.30 454.48 
18 211. 25 455.23 
19 216.16 456.16 
20 221.03 457.28 
21 225.86 458.58 
22 230.63 4 60. 07 
23 235.35 461. 73 
24 240.00 463. 57 
25 244.57 465.59 
26 249.07 4 67. 78 
27 253.48 470.13 
28 257.79 472.66 
29 262. 01 475.34 
30 266.13 478.18 
31 270.13 481.18 
32 274.02 484.32 
33 277.78 487.61 
34 281.42 491. 04 
35 284. 92 4 94. 61 
36 288.29 4 98. 31 
37 289. 65 499.92 
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Circle Center At X = 189.1 ; y 585.3 and Radius, 
*** 2.300 *** 

Failure Surface Specified By 28 Coordinate Points 
Point X-Surf Y-Surf 
No. (ft) (ft) 

1 142.11 468. 72 
2 146. 39 4 66 .15 
3 150.83 4 63. 85 
4 155.40 461. 83 
5 160.09 4 60. 09 
6 164.88 458. 65 
7 169.75 4 57 57 
8 174.68 456.68 
9 179.65 456.16 

10 184. 65 455.94 
11 189.65 456.04 
12 194.63 456.45 
13 199.58 457.16 
14 204.47 458.19 
15 209.30 459.51 
16 214.03 461.13 
17 218.64 463.05 
18 223.14 465.24 
19 227.48 467. 71 
20 231. 67 470.45 
21 235.67 473.44 
22 239.49 4 7 6. 68 
23 243.09 480.14 
24 246.47 483.83 
25 24 9. 62 487.71 
26 252.51 4 91. 7 9 
27 255.15 496. 04 
28 257.29 500.00 

Circle Center At X = 185.6 ; y 536.3 and Radius, 
*** 2.302 *** 

Failure Surface Specified By 33 Coordinate Points 
Point 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 

X-Surf 
(ft) 

137.63 
142.10 
146. 66 
151. 32 
156.05 
160.85 
165.71 
170. 62 
175.57 
180.55 
185.54 
190.54 
195.54 
200.52 
205.48 
210.40 
215.27 
220 .10 
224. 85 
229. 53 
234.13 
238.63 
243.02 
247.30 
251. 4 6 
255.48 
259. 37 
263.11 
266.69 

Y-Surf 
(ft) 

4 68. 00 
4 65. 7 5 
463. 71 
4 61. 8 9 
460.27 
458.88 
457. 71 
456.76 
456.04 
455.55 
455.28 
455.24 
455.44 
455.86 
456.51 
457.39 
458.49 
459.81 
461. 35 
463 .11 
465.09 
467.27 
469.65 
472.24 
475.02 
477.98 
481.13 
484.45 
487.94 

Creek\ph3-dsdp.OUT Page 5 

131.9 

80.3 
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30 270.10 491. 59 
31 273.35 495.39 
32 276.42 4 99. 34 
33 276.86 4 99. 97 

Circle Center At X = 188.8 I y 564. 2 u.nd nu.diu~, 109.0 
*** 2.319 *** 

Failure Surface Specified By 37 Coordinate Points 
Point X-Surf Y-Surf 

Nu. (fl) (ft) 
1 110.79 4 65. 24 
2 115. 46 4 63. 4 6 
3 120.19 4 61. 84 
4 124.97 4 60. 38 
5 129.80 459.07 
6 134. 67 4 57. 92 
7 139.57 456.93 
8 144.50 456.11 
9 149.46 455.45 

10 154.43 454.95 
11 159.42 454. 61 
12 164.42 454.44 
13 169.42 454.44 
14 174.41 454.59 
15 179.40 454.92 
16 184.38 455.40 
17 18 9. 34 456.05 
18 194.27 456.87 
19 199.18 457.84 
20 204.05 458.97 
21 208.88 4 60. 27 
22 213.66 461. 72 
23 218.39 4 63. 33 
24 223. 07 465.09 
25 227.69 467. 01 
26 232.24 469.08 
27 236.72 471.29 
28 241.13 473.66 
29 245.46 476.16 
30 249.70 478.81 
31 253.85 481. 60 
32 257.91 484.52 
33 261. 87 487. 57 
34 265.73 490.75 
35 269.48 494.05 
36 273.12 497.48 
37 275.60 499.97 

Circle Center At X = 167 .1 ; y 606.4 and Radius, 152.0 
*** 2.331 *** 

Failure Surface Specified By 35 Coordinate Points 
Point X-Surf Y-Surf 

No. (ft) (ft) 
1 106.32 4 65. 06 
2 111.00 4 63. 30 
3 115.74 461. 70 
4 120.53 460.28 
5 125.37 459.03 
6 130.25 457.95 
7 135.17 457.04 
8 140.11 456.30 
9 145.08 455.75 

10 150.07 455.36 
11 155.06 455.16 
12 160.06 455.13 
13 165.06 455.28 
14 170.05 455. 60 
15 175.03 456.10 
16 179.98 456.78 



R13525

C:\Program Files\STEDwin\Wiliamson Energy Pond Creek\ph3-dsdp.OUT Page 7 

17 184.91 457.63 
18 189.80 458.66 
19 194.65 459.86 
20 199.46 4 61. 23 
21 204. 22 4 62. 7 6 
22 208.92 464.47 
23 213.56 4 66. 34 
24 218.12 4 68. 38 
25 222. 62 470.57 
26 227.03 4 72. 92 
27 231. 36 475.43 
28 235.59 478.09 
29 239.73 480.89 
30 243.77 483.84 
31 247.70 486.93 
32 251. 51 490.16 
33 255.21 4 93. 53 
34 258.79 497.02 
35 2 61. 64 500.00 

Circle Center At X = 158.4 ; y 596.4 and Radius, 141.3 
*** 2.340 *** 

Failure Surface Specified By 37 Coordinate Points 
Point X-Surf Y-Surf 
No. (ft) (ft) 

1 97.37 4 65 .19 
2 102.02 4 63. 35 
3 106.73 4 61. 67 
4 111. 49 4 60 .14 
5 116.30 458.78 
6 121.15 457.59 
7 126. 04 456.55 
8 130.97 455. 68 
9 135.92 454.98 

10 140.89 454.45 
11 145.88 454.09 
12 150.87 453.89 
13 155.87 453.87 
14 160. 87 454.01 
15 165.86 454.32 
16 170.84 454.80 
17 175.80 455.45 
18 180.73 456.27 
19 185.63 457.25 
20 190.50 458.40 
21 195. 32 459.71 
22 200.10 4 61.18 
23 204.83 462.82 
24 209.49 464.61 
25 214.10 466.56 
26 218.63 4 68. 67 
27 223.09 470.92 
28 227.48 473.33 
29 231. 78 475.88 
30 235.99 478.58 
31 240.10 481. 42 
32 244.12 484.40 
33 248.04 487.51 
34 251. 84 490.75 
35 255.54 494 .11 
36 259.12 4 97. 61 
37 261. 41 500.00 

Circle Center At X = 154.1 ; y 601. 7 and Radius, 147.8 
*** 2.343 *** 

Failure Surface Specified By 34 Coordinate Points 
Point X-Surf Y-Surf 
No. (ft) (ft) 

l 137.63 468.00 
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2 142.13 465.81 
3 146. 71 463.82 
4 151.38 462.02 
5 156.12 460.43 
6 160.92 459.04 
7 165. 78 457.86 
8 170. 68 456.88 
9 175.63 456.12 

10 180.60 455.58 
11 185.58 455.25 
12 190.58 455.13 
13 195. 58 455.22 
14 200.57 455.54 
15 205. 54 456.06 
16 210.49 456.80 
17 215. 40 457.75 
18 220.26 458.91 
19 225.07 4 60. 28 
20 i29.82 4 61. 8 6 
21 234. 49 463. 63 
22 239.08 4 65. 61 
23 243.59 467.78 
24 247.99 470.14 
25 252.30 472. 69 
26 256.48 475.43 
27 260. 55 478.33 
28 264. 4 9 481. 42 
29 268. 29 484.66 
30 271.95 488. 07 
31 275. 45 4 91. 64 
32 278.81 495.35 
33 282.00 499.20 
34 282. 57 499.95 

Circle Center At X = 190.8 ; y 571.4 and Radius, 116.3 
*** 2.346 *** 

Failure Surface Specified By 37 Coordinate Points 
Point X-Surf Y-Surf 
No. (ft) (ft) 

1 133.16 468. 00 
2 137.67 465.85 
3 142.27 4 63. 87 
4 146.93 4 62. 07 
5 151.65 460.43 
6 156. 43 458.97 
7 161.27 457.69 
8 166.14 456.59 
9 171.06 455. 67 

10 176.00 454.93 
11 180.97 454. 37 
12 185.96 454.00 
13 190.96 453.81 
14 195.96 453.80 
15 200.95 453.99 
16 205. 94 454.35 
17 210.91 454.90 
18 215.85 455.63 
19 220.77 456.55 
20 225.65 457.64 
21 230.48 458.92 
22 235.27 460.37 
23 240.00 4 62. 00 
24 244.66 4 63. 80 
25 249.25 465.77 
26 253.77 4 67. 91 
27 258. 21 470.22 
28 262.56 4 72. 68 
29 266.81 475.31 
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30 270.97 478.09 
31 275.01 481. 03 
32 278.95 484 .11 
33 282.77 487.33 
34 286.47 490.70 
35 290.05 494.20 
36 293.49 4 97. 82 
37 295.32 499.90 

CiLcle Ce11LeL AL X ~ 193.6 ; y 589.2 am.l Radius, 135.4 
*** 2.350 *** 
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IN-SITU DRIVING SHEAR STRESS PCSTABL SLOPE STABILITY ANALYSES 
PHASE 3 - UPSTREAM 
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Pond Creek, Phase 3 Upstream Driving Stress, Zero-Strength - Deep 
c:\program files\stedwin\wiliamson energy pond creek\ph3-usdp.pl2 Run By: Blaise E. Genes, GAi Consultants 4/7/2009 04:32PM 

I I I I I 

# FS Soil Soil Total Saturated Cohesion Friction Piez. 
a 1.33 Desc. Type Unit Wt. Unit Wt. Intercept Angle Surface 
b 1.36 No. (pcD (pcD (psD (deg) No. 
c 1.38 CCR Cap 1 130.0 140.0 0.0 30.0 0 
d 1.38 Fine CR 2 80.0 90.0 0.0 0.0 W1 

- e 1.39 P3 CCR 3 130.0 140.0 0.0 33.7 W1 -
f 1.39 Residual 4 125.0 135.0 416.0 19.5 W1 
g 1.39 Bedrock 5 145.0 145.0 2000.0 20.0 W1 
11 1.39 
i 1.39 I i a 

~ 
b 3: -3 -~ . . _ _ (XO) , , , 1 ~ _ .. _ "" -- _ _ _ _ / _ "'I. ''' 
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PCSTABL5M/si FSmin=1.33 
Safety Factors Are Calculated By The Modified Bishop Method 
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Pond Creek, Phase 3 Upstream Driving Stress, Zero-Strength - Deep 
c:\program files\stedwin\wiliamson energy pond creek\ph3-usdp.plt Run By: Blaise E. Genes, GAi Consultants 4/7/2009 04:32PM 
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** PCSTABL5M ** 
by 

Purdue University 
--Slope Stability Analysis--

Simplitied Janbu, Simplified Bishop 
or Spencer's Method of Slices 

Run Date: 4/7/2009 
Time of Run: 04:32PM 
Run By: Blaise E. Genes, GAI Consul tan ts 
Input Data Filename: C:ph3-usdp.in 
Output Filename: C:ph3-usdp.OUT 
Unit: ENGLISH 
Plotted Output Filename: C:ph3-usdp.PLT 
PROBLEM DESCRIPTION Pond Creek, Phase 3 Upstream Driving Str 

ess, Zero-Strength - Deep 
BOUNDARY COORDINATES 

10 Top Boundaries 
48 Total Boundaries 

Boundary X-Left Y-Left X-Right Y-Right Soil Type 
No. {ft) {ft) {ft) {ft) Below End 

1 .00 466.00 45.00 466.00 1 
2 45.00 466.00 110.00 465. 00 1 
3 110.00 4 65. 00 120.00 4 68. 00 1 
4 120.00 468. 00 140.00 4 68. 00 1 
5 140. 00 4 68. 00 233.00 500.00 1 
6 233.00 500.00 268.00 500.00 1 
7 268. 00 500.00 825.00 498.00 1 
8 825.00 498.00 855.00 498.00 1 
9 855.00 498.00 990.00 454.00 1 

10 990.00 454.00 1010.00 454.00 1 
11 1010.00 454.00 1040.00 454.00 1 
12 .00 466.00 45. 00 466.00 2 
13 45.00 466.00 110. 00 465.00 2 
14 110.00 4 65. 00 120.00 4 68. 00 2 
15 120.00 468.00 140.00 4 68. 00 2 
16 140.00 468.00 233.00 500.00 2 
17 233.00 500.00 268.00 500.00 2 
18 268. 00 500.00 283.00 495.00 2 
19 283.00 495.00 812.00 495.00 2 
20 812.00 495.00 825.00 498.00 2 
21 825.00 498.00 855.00 4 98. 00 2 
22 855.00 498.00 990.00 454.00 2 
23 990.00 454. 00 1010.00 454.00 2 
24 1010.00 454.00 1040.00 454.00 2 
25 .00 466.00 45.00 466.00 3 
26 45.00 4 66. 00 110.00 465.00 3 
27 110.00 4 65. 00 120.00 468.00 3 
28 120.00 4 68. 00 140.00 4 68. 00 3 
29 140. 00 468.00 233.00 500.00 3 
30 233.00 500.00 268.00 500.00 3 
31 268. 00 500.00 283.00 4 95. 00 3 
32 283.00 495.00 370.00 4 60. 00 3 
33 370.00 4 60. 00 716.00 457.00 3 
34 716.00 457. 00 812.00 495.00 3 
35 812.00 495.00 825.00 498.00 3 
36 825.00 498.00 855.00 498.00 3 
37 855.00 498.00 990.00 454.00 3 
38 990.00 454.00 1010.00 454.00 3 
39 1010.00 454.00 1040.00 454.00 3 
40 .00 4 66. 00 45.00 466.00 4 
41 45.00 4 66. 00 110.00 4 65. 00 4 
42 110.00 465.00 370.00 460.00 4 
43 370.00 460.00 716.00 457.00 4 
44 716.00 457.00 990.00 454.00 4 
45 990.00 454.00 1010.00 454.00 4 
46 1010.00 454.00 1040.00 454. 00 4 
47 .00 456.00 1010.00 439.00 5 
48 1010.00 439.00 1040.00 439.00 5 
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ISOTROPIC SOIL PARAMETERS 
5 Type{s) of Soil 

Soil Total Saturated Cohesion 
Type Unit Wt. Unit Wt. Intercept 

No. {pcf) {pcf) {psf) 
l 130.0 140.0 .0 
2 80.0 90.0 .0 
3 130.0 140.0 .0 
4 1,5.0 135.0 416.0 
5 145.0 145.0 2000.0 

Friction 
Angle 
{deg) 
30.0 

. 0 
33.7 
19.5 
20.0 

Pore 
Pressure 

Param. 
.00 
.00 
.00 
.00 
.00 

Pressure 
Constant 

{psf) 
. 0 
• 0 
• 0 
• 0 
. 0 

SPECIFIED 1 PIEZOMETRIC SURFACE{S) HAVE BEEN 
Unit Weight of Water= 62.40 
Piezometric Surface No. 1 Specified by 8 Coordinate Points 

Point X-Water Y-Water 
No. {ft) {ft) 

1 .00 463.00 
2 185.00 461.00 
3 283.00 495.00 
4 812.00 495.00 
5 930.00 451.00 
6 990.00 451.00 
7 1010.00 451.00 
8 1040.00 451.00 

Piez. 
Surface 

No. 
0 
1 
1 
1 
1 

A Critical Failure Surface Searching Method, Using A Random 
Technique For Generating Circular Surfaces, Has Been Specified. 
400 Trial Surfaces Have Been Generated. 

20 Surfaces Initiate From Each Of 20 Points Equally Spaced 
Along The Ground Surface Between X = 500.00 ft. 

and X - 630.00 ft. 
Each Surface Terminates Between X = 830.00 ft. 

and X - 950.00 ft. 
Unless Further Limitations Were Imposed, The Minimum Elevation 
At Which A Surface Extends Is Y = .00 ft. 

5.00 ft. Line Segments Define Each Trial Failure Surface. 
Following Are Displayed The Ten Most Critical Of The Trial 

Failure Surfaces Examined. They Are Ordered - Most Critical 
First. 
**Safety Factors Are Calculated By The Modified Bishop Method 
Failure Surface Specified By 60 Coordinate Points 

Point X-Surf Y-Surf 
No. {ft) {ft) 

1 623.16 498.72 
2 626.89 495.40 
3 630.71 492.17 
4 634.60 489.02 
5 638.56 485.97 
6 642.59 483.01 
7 646.69 480.15 
8 650.85 477.39 
9 655.08 474.72 

10 659.37 472.15 
11 663.72 469.69 
12 668.13 467.33 
13 672.59 465.07 
14 677.10 462.92 
15 681.67 460.87 
16 686.28 458.93 
17 690.93 457.10 
18 695.62 455.38 
19 700.36 453.77 
20 705.13 452.27 
21 709.93 450.89 
22 714.77 449.62 
23 719.63 448.46 
24 724.52 447.41 
25 729.43 446.48 
26 734.37 445.67 

* * 
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27 739.32 444.97 
28 744.28 444.39 
29 749.26 443.93 
30 754.25 443.58 
31 759.25 443.35 
32 7 64. 24 443.24 
33 7 69. 24 443.25 
34 774.24 443.37 
.l 0 //9.24 443.61 
36 784.22 443. 96 
37 789.20 444.44 
38 794.17 445.03 
39 799.12 445.74 
40 804.05 446.56 
41 808.96 447. 50 
42 813.85 448.55 
43 818.71 449.72 
44 823.54 451. 00 
45 828.34 452. 40 
46 833.11 453.90 
47 837.84 455.52 
48 842.53 457.25 
49 847.18 459.09 
50 851. 79 4 61. 04 
51 856.34 463.10 
52 860. 85 465.26 
53 865.31 467. 53 
54 869.71 469.90 
55 874.06 472.37 
56 878.34 474.95 
57 882.57 477. 62 

( 58 886. 73 480.39 
59 890.82 483.26 
60 893.70 485.39 

Circle Center At X = 766.5 y 656.1 and Radius, 212.9 
*** 1.329 *** 

Individual data on the 67 slices 
Water Water Tie Tie Earthquake 
Force Force Force Force Force Surcharge 

Slice Width Weight Top Bot Noi:m Tan Hor Ver Load 
No. (ft) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) 

1 3.7 803.7 .0 .0 . 0 .0 .0 . 0 .0 
2 .5 216.2 . 0 .0 . 0 .0 . 0 .0 . 0 
3 3.3 2033.4 . 0 386.9 . 0 .0 . 0 .0 . 0 
4 3.9 3406.5 . 0 1374.0 .0 . 0 . 0 .0 .0 
5 4.0 4567. 2 . 0 2340.5 .0 . 0 . 0 . 0 .0 
6 4.0 5731. 2 .0 3278.0 .0 .0 .0 . 0 .0 
7 4.1 6894.3 .o 4185.9 .0 .0 .0 .0 .0 
8 4.2 8052. 3 .0 5063.8 . 0 .0 . 0 .0 . 0 
9 4.2 9201.1 .0 5911. 2 . 0 .0 .0 .0 .0 

10 4.3 10336.7 .0 6727.5 .0 . 0 . 0 . 0 .0 
11 4.4 11455.3 . 0 7512.5 .0 . 0 .o . 0 .0 
12 4.4 12552.9 . 0 8265.6 . 0 .o . 0 .o .0 
13 4.5 13625.8 .0 8986.4 .0 .0 .0 . 0 . 0 
14 4.5 14670.1 .0 967 4. 5 . 0 .0 . 0 .0 .0 
15 4.6 15682.9 .0 10329.6 . 0 .0 . 0 .0 .0 
16 4.6 16660.4 .0 10951. 3 . 0 .0 . 0 . 0 .0 
17 4.3 16427. 9 .0 10768.8 . 0 . 0 .0 . 0 .0 
18 .3 1172.3 .0 770.4 .0 .0 .0 . 0 .0 
19 4.7 18698.9 .0 12093.0 .0 .0 .0 .0 .0 
20 4.7 19899.3 . 0 12612.4 .o .o .0 .0 . 0 
21 4.8 21033.9 . 0 13097.1 . 0 .0 . 0 .0 .0 
22 4.8 22098.3 . 0 13546.8 . 0 .0 . 0 .0 .0 
23 4.8 23089.5 . 0 13961. 5 . 0 .0 . 0 .0 .0 
24 1.2 6013.4 . 0 3 600. 3 . 0 . 0 .0 .0 .0 
25 3.6 18123.4 .0 10740.3 . 0 .0 .0 .0 .o 
26 4.9 25438.8 .0 14684.3 .o .o .0 • 0 .0 
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27 4.9 26680.0 .0 14991.9 .0 . 0 . 0 .0 .0 
28 4.9 27841. 8 .0 15263.6 . 0 .0 . 0 .0 .o 
29 5.0 28921. 0 . 0 15499.3 . 0 . 0 . 0 .0 .0 
30 5.0 29914.3 . 0 15698.7 . 0 . 0 .0 .0 .0 
31 5.0 30818.9 . 0 15861. 7 . 0 . 0 .0 .0 .0 
32 5.0 31632.6 . 0 15988.2 . 0 . 0 .0 . 0 .0 
33 5.0 32353.0 . 0 16078.1 . 0 . 0 .0 .0 .0 
34 5.0 32978.2 .0 16131.3 . 0 . 0 .0 .0 .0 
35 :,.0 33507.3 . 0 16148.1 . 0 . 0 .0 .o . 0 
36 5.0 33938.3 .0 16128.1 . 0 . 0 .0 .0 .0 
37 5.0 34271.2 .o 16071.8 .0 . 0 .0 .0 .0 
38 5.0 34504.6 .0 15978.7 .0 . 0 . 0 .0 .o 
39 5.0 34638.4 . 0 15849.0 .0 . 0 .0 .0 .0 
40 5.0 34672.9 .0 15682.9 .0 . 0 .0 .0 .0 
41 4.9 34608.7 .o 15480.6 .0 . 0 . 0 .0 .0 
42 4.9 34445.7 .0 15241. 7 . 0 . 0 .0 . 0 .0 
43 4 .. 9 34185.5 .0 14966.9 . 0 . 0 .0 . 0 .0 
44 3.0 21070.2 .o 9155.2 .0 .0 .o . 0 .o 
45 1.8 12719.3 36192.7 5127.1 .o .o .0 . 0 .0 
46 4.9 32858.1 95248.0 12968.9 . 0 . 0 .0 . 0 .0 
47 4.8 31721. l 94688.9 12080.4 . 0 .0 .o .0 .0 
48 1.5 9374.9 28570.0 3488.4 . 0 .o .0 .0 .0 
49 3.3 21147.2 65506.5 7673. 6 . 0 .o . 0 .o .0 
50 4.8 29294.2 93409.2 10214. 3 . 0 .0 . 0 .0 .0 
51 4.7 27997.5 92690.5 9237.6 . 0 .0 . 0 .0 .0 
52 .4 2169.3 7339.2 694.7 . 0 .0 .o .0 .0 
53 4.3 24446.2 84581. l 7537.7 . 0 .o . 0 .o .0 
54 4.6 25145.2 91098.8 7199. 5 .0 .0 .0 .0 .0 
55 4.6 23614.8 90228.1 613 9. 3 .0 .0 .0 .0 .0 
56 3.2 15672. 0 62954.5 3676. 0 . 0 .0 . 0 .0 .0 
57 1. 3 6318.3 27735.3 1376.4 . 0 .0 . 0 .o .0 
58 4.5 19705.2 93256.8 3939.4 . 0 .0 . 0 .0 .0 
59 4.5 17185.9 92608.4 2801.0 .0 .0 .o . 0 .0 
60 4.4 14658.6 91894.1 1637.7 .o . 0 .0 . 0 .0 
61 3.8 10747.4 79736.2 459.5 .0 . 0 .0 . 0 .0 
62 .5 1384.0 11376. 9 .0 . 0 .0 .0 .0 .0 
63 4.3 9712. 6 90266.0 .o .0 .0 . 0 .0 .0 
64 4.2 7369.8 89352.1 .0 . 0 .o . 0 .0 .0 
65 4.2 5045.7 88370.9 .0 . 0 .0 . 0 .0 .0 
66 4.1 2747.6 87325.6 .0 . 0 .o· .0 . 0 .0 
67 2.9 572. 8 61636.2 .o . 0 .0 . 0 . 0 .0 

Failure Surface Specified By 57 Coordinate Points 
Point X-Surf Y-Surf 

No. (ft) (ft) 
1 623.16 4 98. 72 
2 62 6. 7 5 495.25 
3 630.43 4 91. 8 6 
4 634.21 488.58 
5 638.07 485.41 
6 642.01 482.33 
7 646.04 479.37 
8 650.14 476. 51 
9 654.32 473.77 

10 658.57 4 71.14 
11 662. 89 4 68. 62 
12 667. 28 466.22 
13 671. 73 4 63. 94 
14 67 6. 24 4 61. 78 
15 680.81 459.75 
16 685. 43 457.83 
17 690.10 456.05 
18 694.81 454.38 
19 699.57 452. 85 

( 20 704.37 451. 45 
21 709.20 450.17 
22 714. 07 449.02 
23 718. 97 448.01 
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24 723.89 447.13 
25 728.83 446.38 
26 733.79 445.77 
27 738.77 445.28 
28 743.76 444.94 
29 748.75 444. 72 
30 753.75 444.65 
31 758.75 444.70 
32 763.7.~ 444.89 
33 7 68. 7 4 445.22 
34 773. 72 445.68 
35 778.68 446.27 
36 783.63 447.00 
37 788.55 447.86 
38 793.45 448.85 
39 798.33 449.98 
40 803.17 451.23 
41 807. 97 452.61 
42 812.74 454.13 
43 817.46 455.77 
44 822.14 457.54 
45 826. 77 459.43 
46 831. 34 461.45 
47 835.86 4 63. 59 
48 840.32 4 65. 85 
49 844.72 4 68. 22 
50 849.05 470.72 
51 853.31 473.33 
52 857.50 476.06 
53 861. 62 478.90 
54 865.66 481. 85 
55 869.62 484.90 
56 873.49 488.06 
57 876.78 490.90 

Circle Center At X = 754.2; Y 630.4 and Radius, 185.7 

*** 1.356 *** 
Failure Surface Specified By 50 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 630. 00 498.70 
2 633.61 4 95. 24 
3 637.32 491.89 
4 641.14 4 88. 67 
5 645. 07 485. 57 
6 649.08 482.59 
7 653.20 479.75 
8 657. 40 477.03 
9 661. 68 474.46 

10 666.05 472. 02 
11 670.49 469.72 
12 675.00 4 67. 57 
13 67 9. 58 465.56 
14 684. 22 4 63. 70 
15 688.92 4 61. 98 
16 693.67 460.42 
17 698.46 459.01 
18 703.30 457.75 
19 708.18 456.65 
20 713.09 455. 71 
21 718.03 454.92 
22 722.99 454.29 
23 727. 97 453.82 
24 732. 96 453.51 
25 737. 95 453.36 
26 742.95 453.37 
27 747.95 453.54 
28 752.94 453.87 
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29 7 57. 92 454.35 
30 7 62. 87 455.00 
31 7 67. 81 455.80 
32 772. 72 456.76 
33 777. 59 457.88 
34 782.43 459.15 
35 '/87.22 460. 58 
36 791. 96 4 62 .15 
3'/ '/%. 00 4 oJ. 88 
38 801. 29 465.76 
39 805.86 4 67. 79 
40 810.36 469. 96 
41 814.80 4 72. 27 
42 819.15 474.72 
43 823.43 477.31 
44 827. 62 480.04 
45 831. 72 482.90 
46 835.73 485.89 
47 839. 65 489.00 
48 843.46 492.24 
49 847.16 495.60 
50 84 9. 65 4 98. 00 

Circle Center At X = 740.2 ; y 609.9 and Radius, 156.5 
*** 1.378 *** 

Failure Surface Specified By 47 Coordinate Points 
Point X-Surf Y-Surf 
No. (ft) (ft) 

1 630. 00 498.70 
2 633. 68 4 95. 32 
3 637.48 492.06 
4 641. 38 488.93 
5 645.38 485.94 
6 64 9. 48 483.08 
7 653. 67 480.35 
8 657.96 477. 77 
9 662.32 475.33 

10 666.77 473.04 
11 671. 28 470.90 
12 675.87 4 68. 91 
13 680.52 4 67. 07 
14 685.23 465. 39 
15 68 9. 99 4 63. 87 
16 694.80 462. 51 
17 699.66 4 61. 30 
18 704.55 460.26 
19 709.47 459.39 
20 714. 42 458.68 
21 719.39 458.13 
22 724.37 457.75 
23 729. 37 457.53 
24 734. 37 457.49 
25 739.37 457. 60 
26 744.36 457.89 
27 749.34 458.34 
28 7 54. 30 458.96 
29 759.24 459.74 
30 7 64 .15 460.68 
31 7 69. 02 4 61. 7 9 
32 773.86 4 63. 06 
33 778. 65 4 64. 4 9 
34 783.39 466.08 
35 788.08 4 67. 83 
36 792.70 469.73 
37 797.26 471.79 
38 801. 75 473.99 
39 806.16 476.35 
40 810.49 478.85 
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41 
42 
43 
44 
45 
46 
47 

814.73 
818. 89 
822.95 
826. 91 
830.76 
834.51 
835.85 

Circle Center At X = 
*** 1. 380 

481.49 
484.27 
487.19 
490.24 
493.43 
496.74 
498.00 

733.3 ; y 

*** 
Failure Surface Specified By 57 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 616.32 490.75 
2 619.89 495.25 
3 623.56 491.86 
4 627. 32 488.56 
5 631.17 485.37 
6 635 .11 482.29 
7 639.13 479.32 
8 643.23 476.46 
9 647.41 473.72 

10 651. 67 471.09 
11 655.99 468.58 
12 660.39 466.20 
13 664.84 463.93 
14 669.36 4 61. 7 9 
15 67 3. 94 459.78 
16 678. 57 457.89 
17 683. 25 456.13 
18 687.98 454.50 
19 692.75 453.00 
20 697.56 451.64 
21 702.40 450. 41 
22 707.28 449.31 
23 712.19 448.35 
24 717 .12 447.53 
25 722.07 446.84 
26 727.04 446.29 
27 732.03 445.88 
28 737.02 445.60 
29 742.02 445.47 
30 747.02 445.47 
31 752.01 445.61 
32 757.01 445.89 
33 761.99 446.31 
34 766.96 446.86 
35 771. 91 447.55 
36 776.84 448.38 
37 781.75 449.35 
38 786.62 450.45 
39 791. 4 7 451. 68 
40 796. 28 453.05 
41 801. 05 454.55 
42 805.77 456.18 
43 810.45 457.95 
44 815.08 459.84 
45 819.66 4 61. 8 6 
46 824.17 4 64. 00 
47 828.63 4 66. 27 
48 833.02 468.66 
49 837.34 471.17 
50 841. 59 473.80 
51 845.77 4 7 6. 55 
52 849.87 479.41 
53 853.89 482.39 
54 857.83 485.47 
55 8 61. 68 488.66 

607.6 and Radius, 150.1 

Coordinate Points 
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56 8 65. 43 491. 96 
57 8 67. 54 493. 91 

Circle Center At X = 744.4 ; y 626.1 and Radius, 180.6 

*** 1. 389 *** 
Failure Surface Specified By 59 Coordinate Points 

Point X-Surf Y-Surf 
No. {ft) {ft) 

1 623.16 498. 72 
2 626.'/2 495.22 
3 630.38 4 91. 81 
4 634.12 488.49 
5 637.95 485.28 
6 641. 86 482.16 
7 645.85 4 7 9 .15 
8 649.92 4 7 6. 24 
9 654.06 473.44 

10 658.28 470.75 
11 662.56 4 68 .17 
12 666.91 465.70 
13 671. 32 463.35 
14 67 5. 7 9 461.11 
15 680.32 458.99 
16 684.90 456.99 
17 689.53 455 .11 
18 694.21 453.35 
19 698.94 451. 71 
20 703.70 450.20 
21 708.51 448.81 
22 713.34 447.54 
23 718.21 446.41 
24 723.11 445.40 

( 
25 728.03 444.51 
26 7 32. 97 443.76 

' 27 7 37. 94 443.14 
28 742.91 442. 64 
29 747.90 442.27 
30 752.89 442. 04 
31 757.89 441.94 
32 7 62. 89 441. 96 
33 7 67. 89 442.12 
34 772. 88 442.40 
35 777.86 442.82 
36 782.83 443.36 
37 787.79 444.04 
38 792. 72 444.84 
39 7 97. 63 445.78 
40 802.52 446.84 
41 807.38 448.02 
42 812.20 449.34 
43 816.99 450.77 
44 821.74 452.34 
45 826.45 454.02 
46 831.11 455. 83 
47 835. 72 457.76 
48 840.28 459.81 
49 844.79 4 61. 97 
50 849.24 4 64. 2 6 
51 853. 62 466.66 
52 857. 95 469.17 
53 862.20 471. 79 
54 866.39 474.53 
55 870. 50 477.37 
56 874.54 480.32 

(_ 
57 878.50 483.37 
58 882.38 486.52 
59 884.54 488.37 

Circle Center At X = 759.4 ; y 633.8 and Radius; 19]. 8 
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*** 1.390 *** 
Failure Surface Specified By 60 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 630.00 498.70 
2 633.54 495.16 
3 637.16 491. 72 
4 640.87 488.37 
5 644. 67 485.12 
6 648.55 481. 96 
7 652.51 478.91 
8 606.04 4/o.96 
9 660.65 473.11 

10 664.84 470.37 
11 669.09 4 67. 7 4 
12 673.41 4 65. 22 
13 677.79 4 62. 81 
14 682.23 460. 51 
15 686.73 458.33 
16 691. 28 456.26 
17 695.88 454.31 
18 700.54 452.48 
19 705.23 450.77 
20 709.97 449.18 
21 714.75 447. 71 
22 719.57 446.37 
23 724.42 445.15 
24 729.30 444.06 
25 734.20 443.09 
26 739.13 442.24 
27 744.08 441. 53 
28 749.05 440.94 
29 754.02 440.48 
30 759.01 440.14 
31 7 64. 01 439.94 
32 769.01 439.86 
33 774.01 439.91 
34 779.00 440.09 
35 784.00 440.40 
36 788. 98 440.83 
37 793.94 441. 40 
38 798.90 442.09 
39 803.83 442. 91 
40 808.74 443. 85 
41 813.62 444.92 
42 818.48 446.11 
43 823.30 447.43 
44 828.09 448. 87 
45 832.84 450.44 
46 837.55 452.12 
47 842. 21 453.93 
48 846.82 455. 85 
49 851. 39 457.90 
50 855.90 4 60. 06 
51 860.35 4 62. 33 
52 864.74 464. 72 
53 869.07 467.22 
54 873.34 469.83 
55 877.53 472. 55 
56 881.66 475.37 
57 885.71 478.30 
58 889.68 481.34 
59 893.58 484.47 
60 894.39 485.16 

Circle Center At X = 769.5 ; y 634.7 and Radius, 194.8 
*** 1. 390 *** 

Failure Surface Specified By 60 Coordinate Points 
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Point X-Surf Y-Surf 
No. (ft) (ft) 

1 630.00 498.70 
2 633.88 495.54 
3 637.82 492.47 
4 641. 83 489.48 
5 645. 90 486.58 
6 650.04 483.77 
7 654.23 481.05 
8 658.48 478.41 
9 662.79 475.87 

10 667.15 473.43 
11 671. 56 471.08 
12 67 6. 02 4 68. 82 
13 680.53 466.66 
14 685.09 4 64. 60 
15 689.69 4 62. 64 
16 694.33 460.77 
17 699.01 459.01 
18 703.72 457.35 
19 708.47 455.79 
20 713.26 454.33 
21 718.07 452.98 
22 722. 91 451. 73 
23 727.78 450.58 
24 732. 67 449.54 
25 737.58 448.60 
26 742.51 447.78 
27 747.46 447.05 
28 752.42 446.44 
29 757.39 445.93 
30 762. 38 445.53 
31 7 67. 37 445.23 
32 772.36 445. 05 
33 777. 36 444. 97 
34 782.36 445.00 
35 787.36 445.13 
36 792.36 445.38 
37 797.34 445.73 
38 802.32 446.19 
39 807.29 446.75 
40 812.25 447.43 
41 817.18 448.21 
42 822.10 449.09 
43 827.01 450.08 
44 831. 88 451.18 
45 836.74 452.38 
46 841. 56 453.69 
47 846.36 455.10 
48 851.13 456.61 
49 855. 8 6 458.23 
50 860.55 459.94 
51 865. 21 4 61. 7 6 
52 869.83 4 63. 68 
53 874.41 465.69 
54 878.94 4 67. 81 
55 883.42 470.02 
56 887.86 472.33 
57 892.24 474.73 
58 896.57 477.23 
59 900.85 479.81 
60 904.22 481. 96 

Circle Center At X = 778.5 ; y 677.1 and Radius, 232.1 
*** 1.391 *** 

Failure Surface Specified By 54 Coordinate Points 
Point X-Surf Y-Surf 
No. (ft) (ft) 
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1 623.16 498. 72 
2 626.75 4 95. 24 
3 630.44 4 91. 87 
4 634. 23 488.61 
5 638.11 485.46 
6 642. 09 482.43 
7 646.15 479.52 
8 650.30 476.73 
9 654.53 474.06 

10 658. 84 471.52 
11 663.22 469 .11 
12 667. 67 466.83 
13 672 .19 4 64. 69 
14 676. 7 6 462.67 
15 681. 40 4 60. 80 
16 68 6. 09 459.06 
17 690.83 457.47 
18 695.61 456. 01 
19 700.44 454.70 
20 705.30 453.53 
21 710 .19 452. 51 
22 715.11 451. 63 
23 720.06 450.90 
24 725.03 450.32 
25 730.01 449.88 
26 735.00 449.59 
27 740.00 449.45 
28 745.00 449.46 
29 749.99 449. 62 
30 754.98 449.93 
31 759.96 450.38 
32 764. 93 450.98 
33 7 69. 87 451. 73 
34 774.79 452. 62 
35 779.68 453.66 
36 784.54 454.85 
37 789. 36 456.17 
38 794.14 457. 64 
39 7 98. 87 459.26 
40 803.55 461.01 
41 808.18 4 62. 90 
42 812. 7 5 464.93 
43 Bl 7. 26 467.09 
44 821. 71 469.38 
45 826.08 471.81 
46 830.38 474.36 
47 834. 60 477.04 
48 838.74 479.84 
49 842.79 482.77 
50 846.76 485.82 
51 850.63 488.98 
52 854. 41 492.25 
53 858.09 495.64 
54 859.13 496.65 

Circle Center At X = 742. 2 ; y 617.8 and Radius, 

*** 1. 392 *** 
Failure 

Point 
No. 

1 
2 
3 
4 
5 
6 
7 
8 

Surface Specified By 46 Coordinate Points 
X-Surf Y-Surf 

(ft) (ft) 
630.00 498.70 
633.73 495.37 
637.57 492.17 
641.51 489.09 
645.56 486.15 
649.70 483.35 
653.93 480.69 
658.25 478.17 

168. 4 
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9 662.65 475.80 
10 667.13 473.57 
11 671. 68 471.50 
12 67 6. 29 469.58 
13 680. 97 467.82 
14 685.71 466.21 
15 690.49 4 64. 7 6 
16 695.33 4 63. 48 
17 700.20 4 62. 36 
18 705.11 4 61. 40 
19 710. 04 4 60. 60 
20 715.00 459.98 
21 719.98 459.51 
22 724. 97 459.22 
23 729. 97 459.09 
24 7 34. 97 459.13 
25 739.97 459.34 
26 744.95 459.72 
27 749.92 460.26 
28 754.87 4 60. 97 
29 759.80 461. 84 
30 7 64. 69 4 62. 88 
31 7 69. 54 464.08 
32 774.35 4 65. 45 
33 779.11 4 66. 97 
34 783.82 468.65 
35 788.47 470.49 
36 793.06 472.49 
37 7 97. 57 474.63 
38 802.01 4 7 6. 93 
39 806.38 4 7 9. 37 
40 810.65 481.96 
41 814. 84 484.69 
42 818.94 487.56 
43 822.93 4 90. 57 
44 82 6. 83 493.70 
45 830.61 496. 97 
46 831. 73 4 98. 00 

Circle Center At X = 731.2 ; y 608.3 and Radius, 149. 2 
*** 1. 394 *** 
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SUBSIDENCE-INDUCED EMBANKMENT CRACKING AND 

EMBANKMENT FAILURE 
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POST-SUBSIDENCE EMBANKMENT CRACKING AND TOTAL EMBANKMENT FAILURE 
SLOPE STABILITY ANALYSES AND FACTORS OF SAFETY 

POND CREEK COAL REFUSE DISPOSAL SITE - PHASE 3 IMPOUNDMENT 

OBJECTIVE: To evaluate the susceptibility of the Phase 3 coarse coal refuse (CCR) embankment 
to cracking from subsidence-induced disturbance, and failure of the embankment 
due to elevated hydrostatic (pore) pressures from water in embankment cracks. 

METHODOLOGY: Use PCSTABL limit equilibrium analyses, coarse coal refuse (CCR) tensile strength 
and zero-strength for fine coal refuse (FCR) estimated in Reference No. 3 to 
determine the factor of safety against embankment cracking. Also, utilize a total 
undrained and zero-strength approach to determine the factor of safety against a 
total strength embankment failure due to elevated hydrostatic (pore) pressures from 
the rapid loading, subsidence-induced longwall mining beneath the Pond Creek 
Phase 3 impoundment. 

REFERENCES: 

1. GAi Consultants, Inc. Calculation, "Determination of Downstream and Upstream In-Situ 
Driving Shear Stress By Elastic (PCSTABL) Solution, Pond Creek Goal Refuse 
Disposal Site - Phase 3 lmpoundment," BEG, 4/08/09. 

2. Civil & Environmental Consultants, Inc. Calculation, "Calculation Brief for Estimation 
and Summary of Engineering Properties Including Peak and Steady-State Undrained 
Shear Strengths For Refuse and Subgrade Materials, Pond Creek Coal Refuse 
Disposal Site - South Pond", BEG, 7/12/08. 

3. GAi Consultants, Inc. Calculation, "Supplemental Summary of Engineering Properties 
and Coarse Refuse Tensile Strength for Subsidence Liquefaction and Embankment 
Cracking Evaluations, Pond Creek Coal Refuse Disposal Site - Phase 3," BEG, 
3/31/09. 

4. U.S. Department of Labor, Mine Safety and Health Administration, "Engineering and 
Design Manual, Coal Refuse Disposal Facilities, Chapter 7 Seismic Design: Stability and 
Deformation Analyses," Final Draft Dated December 2007, Updated August 1, 2008. 

5. Winterkorn and Fang, (1975), "Foundation Engineering Handbook," Van Nostrand 
Reinhold Publishers. 

6. Gregory, P.E., Garry H., "PCSTABL5M with STEDwin Slope Stability Analysis System, 
Version 2.0," dated September 2001. 
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7. Poulos, S.J., Castro, G., and France, J.W. (1985a) "Liquefaction Evaluation Procedure," 
Journal of the Geotechnical Engineering Division, ASCE, Vol. 111, No. GT6, pp. 772-
792. 

ANALYSIS: 

As previously discussed in Reference No. 1, GAi evaluated the possibility of a flow slide failure of the 
Phase 3 FCR impoundment following the loingwall mining beneath the Phase 3 impoundment and the 
resulting subsidence-induced disturbance. Based on the results of analyses, triggering an FCR strength 
loss and/or flow slide failure is not a feasible failure mode since there is zero (0) driving shear stress along 
the critical failure surface through the Phase 3 impoundment FCR. 

Additionally, and as requested by the Mine Safety and Health Administration (MSHA), the susceptibility of 
the Phase 3 CCR embankment to cracking from subsidence-induced disturbance, and failure of the 
embankment due to elevated hydrostatic (pore) pressures from water in embankment cracks is evaluated 
herein. 

GAi's analysis of embankment cracking included evaluating the tensile strength (crt) of site-specific CCR 
material was based on Winterkorn and Fang, (1975), from six (6) consolidated-undrained (CU) triaxial test 
points of compacted CCR at various confining pressures. Reference No. 3 presents the detailed 
calculations of cr1. 

The following equation was used to calculate tensile strength ( crt) from laboratory test specimens of coarse 
coal refuse: 

Tensile Strength (cr1): 

crt = Pht(KbH-a2
) 

Where, 
P = Load at failure 
K =Constant= 1.0 (per Ref. No. 10) 
b = Radius of test specimen 
H = Height of test specimen 
a= Radius of disks/platens 

CCR tensile strength was subsequently normalized to equivalent vertical effective stress {cr'v), also 
presented in Reference No. 3, and a conservative 2/3-1/3 relationship of cri-to-cr'v (cri/cr'v) estimated at 0.15, 
and the corresponding average CCR cr1 for the Phase 3 embankment was estimated at 475 psf. 

This cr1 is considered to be a reasonable, low tensile strength value for the Phase 3 structurally-placed 
CCR embankment. 
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As presented herein, Phase 3 post-subsidence slope stability analyses were performed to evaluate the 
potential for embankment cracking, and included using the conservatively-derived CCR cr1 value as 
cohesion ($=0, c=475 psf) for the embankment, a conservative zero (0) strength value for the FCR, and 
the total undrained shear strength parameters for residual soil. The minimum factor of safety against 
embankment cracking was estimated at 1.1. 

Additional Phase 3 post-subsidence, undrained slope stability analyses were performed to evaluate the 
possibility of a total failure of the Phase 3 embankment due to the subsidence event. The analyses 
include using undrained total strength parameters for the CCR embankment and residual soil, which 
assumes an increase in pore pressure of the saturated portions of the embankment and underlying soil 
due to the rapid subsidence loading and corresponding decrease in strength from drained to undrained, 
and a conservative zero (0) strength cohesion value for the FCR. The minimum factor of safety against 
post-subsidence embankment failure was estimated at 2.4. 

The following soil properties were estimated based on previous field and laboratory testing as well as 
current FCR testing for use in the various slope stability analyses as noted in Reference Nos. 2 and 3: 

Unit Weights Friction Angle Cohesion 
(Yt,Ys) ($) (c) 

Description locf) (dei:irees) losf) Strenath 

Coarse Coal Refuse 130,140 18.0 736 Total Strength 
(CCR) 0 cr,/ cr' v=0. 15 Tensile Strength 

Fine Coal Refuse 
80, 90 0 Sufcr'v=0 Zero-Strength 

(FCR) 

Residual Soil 125,135 19.5 416 Total Strength 

Results of Embankment Cracking and Embankment Failure Slope Stability Analyses: 

Phase 3 lmpoundment Post-Subsidence 
(Crest/Cap El. 500 ft) Factor of Safety Including 

(Top of Fines El. 496 ft) Zero-Strength FCR 
ldim\ 

Embankment Cracking -
CCR Tensile Strength 

FCR Zero-Strength 1.1 
Residual Total Strenoth 
Embankment Failure -

CCR Total Strength 2.4 
FCR Zero-Strength 

Residual Total Strenqth 
(1) Cap includes 5-foot coarse refuse layer above top of fines elevation. 

Hard copies of the input and output files for the embankment cracking and embankment failure slope 
stability analyses are presented in Attachments 1 and 2, respectively. 
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GAi notes lhe following conservatisms inherent in the engineering properties used in these post
subsidence stability analyses, particularly the embankment cracking analyses, which will increase the 
estimated factor of safety: 

• CCR strength estimates discount negative pore pressures that will undoubtedly develop during 
the initial stages of the subsidence rapid loading event due to the compacted, dense initial state 
of stress of the CCR; 

• CU testing results of all six (6) CCR points suggest that the peak strain for the CCR material 
ranges from about 12.5 to 15.3 percent, which attributed to the claystone and shale rock 
materials in the CCR; and 

• Peak strain for the CCR material is significantly higher than the range of anticipated subsidence 
threshold strains of about 1 to 3 percent. 

CONCLUSIONS 

GAi has completed stability analyses to evaluate the potential for embankment cracking and embankment 
failure due to subsidence-related disturbance. Based on conservatively-derived strength parameters, 
adequate factor of safety exists relative to a total failure of the Phase 3 embankment. Marginal factor of 
safety exists relative to Phase 3 embankment cracking; however, conservatisms in the analyses exist as 
noted above. The following conclusions are noted: 

• FCR was characterized as clay-like, which typically is more resistant to strength loss ( or flow) than 
sand-like materials; 

• In-situ driving shear stresses through the FCR are O psf; 

• Phase 3 minimum factors of safety against flow slide susceptibility, with zero-strength FCR in the 
downstream and upstream directions were estimated at 2.2 and 1.3, respectively, as presented in 
Ref. No. 3; 

• The Phase 3 factor of safety against embankment failure of 2.4; and 

• The Phase 3 factor of safety against embankment cracking of 1.1. 

Recommendations for instrumentation of the embankment prior to, during and following longwall mining 
beneath the Phase 3 impoundment are presented below. 
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Based on the results of the Phase 3 subsidence-related stability analyses, adequate factors of safety exist 
relative to catastrophic failure scenarios including a potential flow slide and embankment failure. Marginal 
stability exists relative to potential cracking of the Phase 3 embankment due to the proposed longwall 
mining beneath the impoundment; however, some conservatism exists in the analyses as previously 
noted, including derivation of tensile strength properties, negative pore pressure and increased strength 
during loading, and high strain capability of the CCR embankment materials relative to estimated induced 
subsidence strain. Consequently, GAi does not anticipate significant embankment cracking, if any. 
However, there are various unknowns relative to the actual performance of the impoundment that require 
attention. 

Therefore, GAi recommends that instrumentation installations and monitoring of the Phase 3 embankment 
be performed prior to, during and following longwall mining beneath the Phase 3 impoundment including 
installing pore pressure transducers and inclinometers. Also, GAi recommends that detailed inspections 
of the embankment, cap, toe areas and outlet structures be performed two (2) times/days prior to, daily 
during, and daily following longwall mining beneath the Phase 3 impoundment for a period of two (2) 
weeks following completion of mining, and any deviations noted. 

Further, GAi recommends that a CCR buttress or sealing layer remedial alternative, such as that proposed 
for the southern slope of the Phase 7 impoundment (Phase 7B) be designed, and construction 
implementation provisions made based on the results of the Phase 3 detailed inspections and 
instrumentation monitoring. If extensive cracking, seepage and/or other noticeable surface features are 
noted, and the magnitude of pore pressure and deformation are deemed potentially detrimental to the 
short- or long-term performance of the Phase 3 impoundment, then the implementation of the 
buttress/seal remedial alternative should be employed. 

If the post-subsidence instrumentation monitoring and inspection results indicate that the Phase 3 
embankment/impoundment distress is not a concern, i.e., no adverse cracking, seepage, excess pore 
pressure or deformation, then monitoring of the Phase 3 should continue twice a week for a period of two 
(2) months. If after an additional two (2) months of satisfactory monitoring results, and the 
embankment/impoundment continues to exhibit adequate performance characteristics, i.e., the 
magnitudes of pore pressure and deformation decrease, level off, or approach normal operating levels, 
and no increased seepage conditions or cracking exist, then monitoring of the Phase 3 embankment could 
be discontinued. 
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Pond Creek, Phase 3 Embankment Tensile Strength CCR, Zero-Strength FCR 

700 
# FS 

I I I I I 
Soil Soil Total Saturated Cohesion Friction Piez. 

c:\program liles\stedwin\wiliamson energy pond creek\ph3-dstl.pI2 Run By: Blaise E. Genes, GAi Consultants 4/7/2009 04:43PM 

a 1.11 Desc. Type Unit Wt. Unit Wt. Intercept Angle Surface 
b 1.14 No. (pcf) (pct) (psf) (deg) No. 
C 1.14 CCR Cap 1 130.0 140.0 0.0 30.0 0 
d 1.15 Fine CR 2 80.0 90.0 0.0 0.0 W1 

600 ~ e 1.16 P3CCRT 3 130.0 140.0 475.0 0.0 W1 -
f 1.18 Residual 4 125.0 135.0 416.0 19.5 W1 
g 1.19 Bedrock 5 145.0 145.0 2000.0 20.0 W1 

500 

h 1.19 -
i 1.20 g l.h i 
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PCSTABL5M/si FSmin=1.11 
STED Safety Factors Are Calculated By The Modified Bishop Method 
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Pond Creek, Phase 3 Embankment Tensile Strength CCR, Zero-Strength FCR 
c:\program files\stedwin\wiliamson energy pond creek\ph3-dstl.plt Run By: Blaise E. Genes, GAi Consultants 417/2009 04:43PM 
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C:\Program Files\STEDwin\Wiliamson Energy Pond Creek\ph3-dstl.OUT Page 1 

** PCSTABLSM ** 
by 

Purdue University 
--Slope Stability Analysis--

Simplified Janbu, Simplified Bishop 
or Spencer's Method of Slices 

Run Date: 4/7/2009 
Time of Run: 04:43PM 
Run By: Blaise E. Genes, GAI Consultants 
Input Data Filename: C: ph3-dstl. in 
Output Filename: C:ph3-dstl.OUT 
Unit: F.NGT,TRH 
Plotted Output Filename: C:ph3-dstl. PLT 
PROBLEM DESCRIPTION Pond Creek, Phase 3 Embankment Tensile s 

trength CCR, Zero-Strength FCR 
BOUNDARY COORDINATES 

10 Top Boundaries 
48 Total Boundaries 

Boundary X-Left Y-Left X-Right Y-Right Soil Type 
No. (ft) (ft) (ft) (ft) Below Bnd 

1 .00 4 66. 00 45.00 466.00 1 
2 45.00 4 66. 00 110.00 4 65. 00 1 
3 110.00 4 65. 00 120.00 4 68. 00 1 
4 120.00 4 68. 00 140.00 468.00 1 
5 140.00 4 68. 00 233.00 500.00 1 
6 233.00 500.00 268.00 500. 00 1 
7 268. 00 500.00 825.00 498.00 1 
8 825.00 498.00 855.00 498.00 1 
9 855.00 498.00 990.00 454.00 1 

10 990.00 454.00 1010.00 454.00 1 
11 1010.00 454.00 1040.00 454. 00 1 
12 .00 4 66. 00 45.00 466.00 2 
13 45.00 466.00 110.00 465.00 2 
14 110.00 4 65. 00 120.00 468.00 2 
15 120.00 4 68. 00 140.00 468.00 2 
16 140.00 4 68. 00 233.00 500.00 2 
17 233.00 500.00 268.00 500.00 2 
18 268. 00 500.00 283.00 495.00 2 
19 283.00 495.00 812.00 4 95. 00 2 
20 812. 00 495.00 825.00 498 .. 00 2 
21 825.00 498. 00 855.00 498.00 2 
22 855.00 498.00 990.00 454.00 2 
23 990.00 454.00 1010.00 454.00 2 
24 1010.00 454.00 1040.00 454.00 2 
25 .00 4 66. 00 45.00 4 66. 00 3 
26 45.00 4 66. 00 110.00 4 65. 00 3 
27 110.00 4 65. 00 120.00 468.00 3 
28 120.00 4 68. 00 140.00 468.00 3 
29 140.00 4 68. 00 233.00 500.00 3 
30 233.00 500.00 268.00 500.00 3 
31 2 68. 00 500.00 283.00 495.00 3 
32 283.00 495.00 370.00 4 60. 00 3 
33 370.00 4 60. 00 716.00 457.00 3 
34 716.00 457. 00 812.00 4 95. 00 3 
35 812.00 495.00 825.00 498.00 3 
36 825.00 498.00 855.00 498.00 3 
37 855.00 498.00 990.00 454.00 3 
38 990.00 454.00 1010.00 454.00 3 
39 1010.00 454.00 1040.00 454.00 3 
40 .00 466.00 45.00 466.00 4 
41 45.00 466.00 110. 00 4 65. 00 4 
42 110.00 465.00 370. 00 4 60. 00 4 
43 370.00 4 60. 00 716. 00 457.00 4 
44 716.00 457. 00 990.00 454.00 4 
45 990.00 454.00 1010.00 454.00 4 
46 1010.00 454.00 1040.00 454.00 4 
47 .00 456.00 1010.00 439.00 5 
48 1010.00 439.00 1040.00 439.00 5 
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ISOTROPIC SOIL PARAMETERS 
5 Type(s) of Soil 

Soil Total Saturated Cohesion 
Type Unit Wt. Unit Wt. Intercept 

Friction 
Angle 
(deg) 
30.0 

Pore Pressure Piez. 
Pressure Constant Surface 

No. (pcf) (pcf) (psf) Param. (psf) No. 
1 130.0 140.0 .0 
2 80.0 90.0 .0 
3 130.0 140.0 475.0 
4 125.0 135.0 416.0 
5 145.0 145.0 2000.0 

.0 

. 0 
19.5 
20.0 

1 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED 
Unit Weight of Water= 62.40 

.00 .o 

.oo .0 

.00 .0 

.00 . 0 

.00 . 0 

Piezornetric Surface No. 1 Specified by 8 Coordinate Points 
Point X-Water Y-Water 
No. (ft) (ft) 

1 .00 463.00 
2 185.00 461.00 
3 283.00 495.00 
4 812.00 495.00 
5 930.00 451.00 
6 990.00 451.00 
7 1010.00 451.00 
8 1040.00 451.00 

A Critical Failure Surface Searching Method, Using A Random 
Technique For Generating Circular Surfaces, Has Been Specified. 
400 Trial Surfaces Have Been Generated. 

20 Surfaces Initiate From Each Of 20 Points Equally Spaced 
Along The Ground Surface Between X = 75.00 ft. 

and X - 180.00 ft. 
Each Surface Terminates Between X = 255.00 ft. 

and X - 400.00 ft. 
Unless Further Limitations Were Imposed, The Minimum Elevation 
At Which A Surface Extends Is Y = .00 ft. 

5.00 ft. Line Segments Define Each Trial Failure Surface. 
Following Are Displayed The Ten Most Critical Of The Trial 

0 
1 
1 
1 
1 

Failure Surfaces Examined. They Are Ordered - Most Critical 
First. 
**Safety Factors Are Calculated By The Modified Bishop Method 
Failure Surface Specified By 30 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 135.79 468.00 
2 140.70 467.07 
3 145.64 466.29 
4 150.60 465.67 
5 155.58 465.21 
6 160.57 464.90 
7 165.57 464.75 
8 170.57 464.76 
9 175.57 464.92 

10 180.56 465.24 
11 185.53 465.72 
12 190.49 466.35 
13 195.43 467.14 
14 200.34 468.08 
15 205.22 469.18 
16 210.06 470.43 
17 214.86 471.83 
18 219.61 473.38 
19 224.32 475.08 
20 228.96 476.93 
21 233.55 478.92 
22 238.07 481.05 
23 242.52 483.33 
24 246.90 485.74 
25 251.20 488.29 
26 255.42 490.98 

* * 
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Slice 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

( 21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

C:\Program Files\STEDwin\Wiliamson Energy Pond Creek\ph3-dstl.OUT Page 3 

27 259.56 493.79 
28 263.60 496.73 
29 267. 54 499.80 
30 267. 78 500.00 

Circle Center At X = 167. 9 y - 623.9 and Radius, 159.2 
*** 1.108 *** 

Individual data on the 31 slices 
Water Water Tie Tie Earthquake 
Force Force Force Force Force Surcharge 

Width Weight Top Bot Norm Tan Hor Ver Load 
(ft} (lbs} (lbs} (lbs} (lbs} (lbs} (lbs} (lbs} (lbs} 
4.2 218.1 . 0 .0 .0 .o .0 . 0 .o 

. 7 89.9 . 0 .0 .0 .0 .0 .0 .0 
4.9 1547. 2 . 0 .o .0 .0 .0 .0 .0 
5.0 3102.8 . 0 .0 .o .0 .0 . 0 .o 
5.0 4570.9 . 0 .0 .o .0 .0 . 0 .0 
5.0 5944.9 . 0 .o .0 .0 .0 . 0 .0 
5.0 7218.7 . 0 .0 .0 .o .0 . 0 .0 
5.0 8386.8 . 0 .0 .0 .0 .0 . 0 .0 
5.0 9444.4 . 0 .0 .0 .0 .o . 0 .0 
5.0 10387.7 . 0 . 0 .0 .0 .0 . 0 .0 
5.0 11213.2 . 0 . 0 . 0 .o .0 . 0 .0 
5.0 11918. 4 .0 . 0 .0 .0 .0 . 0 .0 
4.9 12501. 6 .0 . 0 .0 .0 .0 . 0 .0 
4.9 12961. 6 .0 . 0 .0 .0 .0 . 0 .o 
4.9 13298.3 .0 . 0 .o .o .0 . 0 .0 
4.8 13512 .1 .0 .0 .0 .0 .0 . 0 .0 
4.8 13604.1 .o .0 .0 .0 .0 . 0 .0 
4.8 13576.4 .0 .0 .0 .0 .0 . 0 .o 
4.7 13431. 7 .0 .0 .o . 0 .0 . 0 .0 
4.6 13173.5 .0 .0 . 0 .0 .0 . 0 .0 
4.0 11281. 8 .0 .o .0 .0 .o . 0 .0 

. 6 1517.2 .0 . 0 .0 . 0 .0 .o .0 
4.5 11765.0 .0 . 0 .0 . 0 .0 .0 .0 
4.5 10308.8 . 0 . 0 .0 . 0 . 0 . 0 . 0 
4.4 8803.8 . 0 . 0 .0 . 0 . 0 . 0 .0 
4.3 7259.4 . 0 .0 . 0 . 0 . 0 . 0 .0 
4.2 5685. 5 . 0 .0 .0 . 0 . 0 .0 .0 
4.1 4092.1 . 0 .o . 0 . 0 .0 . 0 .0 
4.0 2489.7 . 0 .o . 0 . 0 .0 .0 .0 
3.9 888.9 . 0 .0 . 0 .o .0 .0 .0 

.2 3.1 .0 .0 .0 .0 .0 .0 .0 
Failure 

Point 
Surface Specified By 38 Coordinate Points 

No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

X-Surf Y-Surf 
(ft} (ft} 

141.32 468.45 
146.28 467.84 
151.25 467.30 
156.23 466.86 
161.22 466.50 
166.21 466.22 
171.21 466.03 
176.20 465.92 
181.20 465.90 
186.20 465.97 
191.20 466.12 
196.20 466.36 
201.19 466.68 
206.17 467.09 
211.14 467.58 
216.11 468.16 
221.07 468.82 
226.01 469.57 
230.94 470.40 
235.86 471.32 
240.75 472.32 
215.61 473.11 



R13555

C 
" 

C:\Prograrn Files\STEDwin\Wiliarnson Energy Pond Creek\ph3-dstl.OUT 

23 250.50 474.57 
24 255.34 475.82 
25 260.16 477.16 
26 264. 95 478.57 
27 269.72 480.07 
28 274.47 481. 65 
29 279.18 483.31 
30 283.87 485.05 
31 288.53 486.87 
32 293 .15 488.77 
33 297.75 490.75 
34 302.30 492.80 
35 306.82 494.94 
36 311. 31 497.15 
37 315.75 499.44 
38 316.48 499.83 

Circle Center At X = 179. 8 ; y 

*** 1.137 *** 
Failure Surface Specified By 30 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 135. 79 468.00 
2 140.72 4 67 .18 
3 145. 68 466.50 
4 150.65 465.97 
5 155. 63 4 65. 59 
6 160. 63 465.36 
7 165.63 4 65. 28 
8 170.63 4 65. 35 
9 175. 62 4 65. 56 

10 180.61 4 65. 93 
11 185.58 466.44 
12 190.54 4 67 .10 
13 195.47 4 67. 91 
14 200.38 468.87 
15 205.26 469.97 
16 210.10 4 71. 22 
17 214.90 472. 61 
18 219.66 474.14 
19 224.37 475.81 
20 229.03 477.63 
21 233.64 4 7 9. 58 
22 238.18 481. 67 
23 242.66 483.89 
24 247.07 486.25 
25 251. 41 488.73 
26 255. 67 491. 35 
27 259. 85 494.09 
28 263.95 496. 95 
29 267. 96 499.93 
30 268.05 500.00 

Circle Center At X = 165. 9 ; y 

*** 1.143 *** 
Failure 

Point 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

Surface Specified By 31 
X-Surf Y-Surf 

(ft) (ft) 
157.90 474.16 
162.69 472.74 
167.53 471.49 
172.41 470.39 
177.32 469.45 
182.26 468.68 
187.22 468.07 
192.20 467.62 
197.19 467.34 
202.19 467.22 
207.19 467.27 

758.0 and Radius, 292.1 

Coordinate Points 

633.0 and Radius, 167·. 7 

Coordinate Points 

Page 4 
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12 212.19 4 67. 48 
13 217 .17 4 67. 86 
14 222.15 4 68. 40 
15 227.10 469.11 
16 232. 02 4 69. 97 
17 236.91 471.00 
18 241. 77 472.19 
19 246.58 473.54 
20 251. 35 475.05 
21 256.07 476.71 
22 260.72 478.53 
23 265. 32 480.50 
24 269.85 482. 62 
25 274. 30 484.89 
26 278.68 487.30 
27 282.98 489.86 
28 287.19 492.55 
29 291.31 495.39 
30 295.33 498.36 
31 297.28 499.89 

Circle Center At X = 203.2 ; y 619.0 and Radius, 151. 7 
*** 1.150 *** 

Failure Surface Specified By 32 Coordinate Points 
Point X-Surf Y-Surf 
No. (ft) (ft) 

1 163.42 476.06 
2 168.05 474.17 
3 172.75 472.47 
4 177.51 470.94 
5 182.33 469.59 
6 187.19 4 68. 42 
7 192.09 4 67. 44 
8 197. 03 466.65 
9 201. 99 466.04 

10 206.97 4 65. 62 
11 211. 97 465.39 
12 216.97 4 65. 35 
13 221.97 4 65. 4 9 
14 226.95 465.83 
15 231. 93 466.35 
16 236.88 4 67. 06 
17 241. 80 4 67. 96 
18 246.68 469.04 
19 251. 51 470.31 
20 256.30 471.76 
21 261.03 473.39 
22 265. 69 475.19 
23 270.28 477.17 
24 274.79 479.32 
25 279.22 481. 65 
26 283.56 484.13 
27 287.80 486.78 
28 291. 94 489.59 
29 295. 96 492.55 
30 299.88 495.66 
31 303. 67 498.92 
32 304. 69 499.87 

Circle Center At X = 215.6 ; y 597. 6 and Radius, 132.2 
*** 1.157 *** 

Failure Surface Specified By 34 Coordinate Points 
Point X-Surf Y-Surf 

No. (ft) (ft) 
1 163.42 476.06 
2 168.04 474.13 
3 172.72 472.37 
4 177.45 470.78 
5 182.25 469.35 
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6 187.08 468.09 
7 191. 96 4 67. 00 
8 196. 88 466.08 
9 201. 82 4 65. 34 

10 206.79 4 64. 77 
11 211.78 4 64. 37 
12 216.77 464.15 
13 221.77 464 .11 
14 22&.n 4 64. 24 
15 231. 7 6 4 64. 54 
16 236.74 4 65. 02 
17 241.69 4 65. 68 
10 246.62 4 66. 51 
19 251. 52 4 67. 51 
20 256.38 468.68 
21 261.20 470.03 
22 265.96 471.54 
23 270. 68 473.22 
24 275.32 475.06 
25 279.90 477.06 
26 284.41 479.23 
27 288.84 481. 55 
28 293.19 484.02 
29 297. 44 486.65 
30 301. 60 489. 42 
31 305.66 4 92. 34 
32 309.62 495.39 
33 313.46 498.59 
34 314.86 499.83 

Circle Center At X = 220.5 ; y 
*** 1.180 *** 

Failure Surface Specified By 22 
Point X-Surf Y-Surf 
No. (ft) (ft) 

1 163.42 476.06 
2 168.07 474.22 
3 172. 83 4 72. 68 
4 177. 67 4 71. 44 
5 182.58 470.50 
6 187.54 4 69. 88 
7 192.53 469.57 
8 197.53 469.57 
9 202.52 469.88 

10 207.48 470.51 
11 212.40 471. 45 
12 217.24 472.69 
13 221. 99 474.24 
14 22 6. 64 4 7 6. 08 
15 231.17 478.20 
16 235.55 480. 61 
17 239.77 483.29 
18 243.82 486.23 
19 247.67 489.41 
20 251.32 492.84 
21 254.74 496.48 
22 257.66 500.00 

Circle Center At X = 195.0 ; y 
*** 1.188 *** 

Failure 
Point 
No. 

1 
2 
3 
4 
5 
6 

Surface Specified By 28 
X-Surf Y-Surf 

(ft) (ft) 
146.84 470.35 
151.78 469.58 
156.74 468.96 
161.72 468.48 
166.71 468.15 
171.71 4 67. 97 

606.4 and Radius, 142.3 

Coordinate Points 

549.2 anq Radius, 79.6 

Coordinate Points 
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7 176.71 4 67. 93 
8 181. 71 468.04 
9 186.70 4 68. 30 

10 191. 68 468. 71 
11 196.65 469.26 
12 201. 60 469.96 
13 206.53 470.80 
14 211. 43 471. 79 
15 216.30 4"/2. 92 
16 221.14 474.20 
17 225.93 4 7 5. 62 
18 230.68 477.18 
19 235.38 478.88 
20 240.03 480. 72 
21 244. 63 482.69 
22 249.16 484.80 
23 253. 63 487.04 
24 258.03 489.41 
25 262.36 4 91. 91 
26 266.62 494.54 
27 270.79 497.29 
28 274.62 499.98 

Circle Center At X = 175.4 ; y 637.4 and Radius, 169.5 
*** 1.190 *** 

Failure Surface Specified By 38 Coordinate Points 
Point X-Surf Y-Surf 

No. (ft) (ft) 
1 152.37 472.26 
2 157.25 4 71.17 
3 162.15 470.18 
4 167. 07 4 69. 30 

C 
5 172. 01 468.52 
6 17 6. 97 4 67. 84 
7 181. 93 467.27 
8 186.91 4 66. 7 9 
9 191. 90 466.43 

10 196.89 466.16 
11 201. 89 4 66. 00 
12 206.89 4 65. 94 
13 211.89 465.99 
14 216.88 466.14 
15 221. 88 466.39 
16 226.86 466.75 
17 231.84 4 67. 21 
18 236.81 4 67. 7 8 
19 241. 77 468.45 
20 246. 71 469.22 
21 251.63 470.09 
22 256.53 471.06 
23 261.42 472.14 
24 266.28 473.32 
25 271.11 474.60 
26 275.92 4 7 5. 97 
27 280.69 477.45 
28 285.44 479.03 
29 290.15 480.70 
30 294.82 482.48 
31 299.46 484.35 
32 304.06 486.31 
33 308.61 488.37 
34 313.13 490.53 
35 317. 59 492. 77 
36 322.01 495 .11 
37 32 6. 38 497.55 
38 330.20 499. 78 

Circle Center At X - 207 .1 ; y 706.7 and Radius, 240.7 
*** 1.197 *** 
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Failure Surface Specified By 48 Coordinate Points 
Point X-Surf Y-Surf 
No. (ft) (ft) 

1 130.26 468.00 
2 135.22 4 67. 32 
3 140.18 466.70 
4 145.15 466.13 
5 150.12 4 65. 63 
6 155.10 4 65 .19 
7 160. 09 4 64. 80 
8 165.08 4 64. 48 
9 170.07 4 64. 22 

10 175.07 4 64. 02 
11 180.06 4 63. 88 
12 185.06 4 63. 7 9 
13 190.06 4 63. 77 
14 195.06 463.81 
15 200.06 463. 91 
16 205.06 464.07 
17 210.05 464. 29 
18 215.05 464.57 
19 220.03 464. 91 
20 225.02 465.31 
21 230.00 465. 77 
22 234.97 466.29 
23 239.94 466.87 
24 244.90 467. 51 
25 249.85 468.21 
26 254. 7 9 4 68. 97 
27 259.72 469.79 
28 264. 64 470.67 
29 269.55 471. 61 
30 274.45 472. 61 
31 279.34 473.66 
32 284.21 474.78 
33 289.07 475.95 
34 293.92 477.18 
35 298.75 478.47 
36 303.57 479.82 
37 308.36 4 81. 23 
38 313.14 482.69 
39 317.91 484.22 
40 322. 65 485.80 
41 327.38 487.43 
42 332. 08 489.13 
43 336.76 4 90. 88 
44 341. 43 492. 68 
45 346.07 4 94. 54 
46 350.68 496.46 
47 355.28 498.44 
48 358.07 4 99. 68 

Circle Center At X = 189.3 ; y 878.3 and Radius, 414·_5 

*** 1. 200 *** 
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Pond Creek, Phase 3 Embankment Total S trength CCR, Zero-Strength FCR 
c:\program files\stedwin\wiliamson energy pond creek\ph3-dsef.pl2 Run By: Blaise E. Genes, GAi Consultants 417/2009 04:47PM 

700 r;:::==================::;----,------,----,----,------,----, 
# FS Soil Soil Total Saturated Cohesion Friction Piez. 
a 2.35 Desc. Type Unit Wt. Unit Wt. Intercept Angle Surface 
b 2.35 No. (pcO (pcO (psO (deg) No. 
c 2.36 CCR Cap 1 130.0 140.0 a.a 30.0 0 
d 2.39 Fine CR 2 80.0 90.0 a.a a.a w1 

600 e 2.39 P3 CCR T 3 · 130.0 140.0 736.0 18.0 W1 -
f 2.43 Residual 4 125.0 135.0 416.0 19.5 W1 
g 2.48 Bedrock 5 145.0 145.0 2000.0 20.0 W1 
h 2.49 
i 2.50 

I-- -- - -- . 
-<''l.~,,; 

-~-- 3 

500 
12 

5 
ll ::?:~v-

__4 WI _.1•~-•-'IJ 
5 

400 ,_ -

300 t---

200 ,_ 

100 ,_ -

0'------~---~---~---~--~---~---~---~---~--~---~ 
0 100 200 300 400 500 600 700 800 900 1000 1100 

PCSTABL5M/si FSmin=2.35 
STED Safety Factors Are Calculated By The Modified Bishop Method e;r, 
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Pond Creek, Phase 3 Embankment Total S trength CCR, Zero-Strength FCR 
c:\program files\stedwin\wiliamson energy pond creek\ph3-dsef.plt Run By: Blaise E. Genes, GAi Consultants 4/7/2009 04:47PM 

700 ~---~---~---~---~---~---~---~---~--~~--~----

600 ,_ 

500 ~~ • ~o~ 
~~-· ... · ~- __ ,l 'C 1z G~4~0c0~ 

R--il- · · .;~L... '"'.. -tl 4 w. w11,g_JI~ 
5 5 

400 

300 

200 ,_ 

100 ,_ 

oL-__ ___1-__ __J ___ _j___ __ ___j_ ___ _L_ __ _j_ ___ j____ __ _,_ ___ c__ __ ___,__ __ ~ 

0 100 200 300 400 500 600 700 800 900 1000 1100 

STED 

~ 
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** PCSTABLSM ** 
by 

Purdue University 
--Slope Stability Analysis--

Simplified Janbu, Simplified Bishop 
or Spencer's Method of Slices 

Run Date: 4/7/2009 
Time of Run: 04:47PM 
Run By: Bla.lse E. Genes, GAI Consultants 
Input Data Filename: C:ph3-dsef.in 
Output Filename: C: ph3-dsef. OUT 
Unit: ENGLISH 
Plotted Output Filename: C: ph3-dsef. PLT 
PROBLEM DESCRIPTION Pond Creek, Phase 3 Embankment Total S 

trength CCR, Zero-Strength FCR 
BOUNDARY COORDINATES 

10 Top Boundaries 
48 Total Boundaries 

Boundary X-Left Y-Left X-Right Y-Right Soil Type 
No. (ft) (ft) (ft) (ft) Below Bnd 

1 .DO 466.00 45.00 4 66. 00 1 
2 45.00 466.00 110.00 4 65. 00 1 
3 110.00 465.00 120.00 4 68. 00 1 
4 120.00 468.00 140.00 4 68. 00 1 
5 140.00 468.00 233.00 SOD.OD 1 
6 233.00 500.00 268.00 SOD.DO 1 
7 268.00 500.00 825.00 498.00 1 
8 825.00 498.00 855.00 498. 00 1 
9 855.00 498.00 990.00 454.00 1 

10 990.00 454.00 1010.00 454.00 1 
11 1010.00 454.00 1040.00 454.00 1 

( 
12 .DO 4 66. 00 45.00 4 66. 00 2 
13 45.00 466.00 110.00 4 65. OD 2 
14 110.00 465.00 120.00 4 68. 00 2 
15 120.00 468.00 140.00 468.00 2 
16 140.00 468.00 233.00 500.00 2 
17 233.00 500.00 268.00 500.00 2 
18 268.00 500.00 283.00 495.00 2 
19 283.00 495.00 812.00 495.00 2 
20 812.00 495.00 825.00 4 98 .. DO 2 
21 825.00 4 98. 00 855.00 498.00 2 
22 855.00 4 98. 00 990.00 454.00 2 
23 990.00 454.00 1010.00 454.00 2 
24 1010.00 454.00 1040.00 454.00 2 
25 .00 466.00 45.00 4 66. 00 3 
26 45.00 466.00 110.00 465.00 3 
27 110. 00 465.00 120.00 4 68. 00 3 
28 120.00 4 68. 00 140.00 468.00 3 
29 140.00 4 68. 00 233.00 500.00 3 
30 233.00 500.00 268.00 500.00 3 
31 268.00 500.00 283.00 495.00 3 
32 283.00 495.00 370.00 4 60. 00 3 
33 370.00 4 60. 00 716.00 457.00 3 
34 716. 00 457.00 812.00 495.00 3 
35 812.00 495.00 825.00 498.00 3 
36 825.00 498.00 855.00 498.00 3 
37 855.00 498.00 990.00 454.00 3 
38 990.00 454.00 1010.00 454.00 3 
39 1010.00 454.00 1040.00 454.00 3 
40 .OD 4 66. 00 45.00 4 66. 00 4 
41 45.00 4 66. 00 110.00 4 65. 00 4 
42 110.00 465.00 370.00 4 60. 00 4 
43 370.00 4 60. 00 716.00 457.00 4 
44 716.00 457. 00 990.00 454.00 4 
45 990.00 454.00 1010.00 454.00 4 
46 1010.00 454.00 1040.00 454.00 4 
47 .00 456.00 1010.00 439.00 5 
48 1010.00 439.00 1040.00 439.00 5 
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ISOTROPIC SOIL PARAMETERS 
5 Type(s) of Soil 

Soil Total Saturated Cohesion 
Type Unit Wt. Unit Wt. Intercept 

No. (pct) (pct) (psf) 
1 130.0 140.0 .0 
2 80.0 90.0 .0 
3 130.0 140.0 736.0 
4 125.0 135.0 416.0 
5 145.0 145.0 2000.0 

Friction Pore 
Angle Pressure 
(deg) Param. 
30.0 .00 

.0 .00 
18.0 .00 
19.5 .00 
20.0 .00 
SPECIFIED 

Pressure 
Constant 

(psf) 
.0 
.0 
.0 
.0 
.0 

1 PIEZOMETRIC SURFACE(S) HAVE BEEN 
Unit Weight of Water= 62.40 
Piezometric Surface No. 1 Specified by 8 Coordinate Points 

Point X-Water Y-Water 
No. (ft) (ft) 

1 .00 463.00 
2 185.00 461.00 
3 283.00 495.00 
4 812.00 495.00 
5 930.00 451.00 
6 990.00 451.00 
7 1010.00 451.00 
8 1040.00 451.00 

Piez. 
Surface 

No. 
0 
1 
1 
1 
1 

A Critical Failure Surface Searching Method, Using A Random 
Technique For Generating Circular Surfaces, Has Been Specified. 
400 Trial Surfaces Have Been Generated. 

20 Surfaces Initiate From Each Of 20 Points Equally Spaced 
Along The Ground Surface Between X 75.00 ft. 

and X 180.00 ft. 
Each Surface Terminates Between X 255.00 ft. 

and X 400.00 ft. 
Unless Further Limitations Were Imposed, The Minimum Elevation 
At Which A Surface Extends Is Y = .00 ft. 

5.00 ft. Line Segments Define Each Trial Failure Surface. 
Following Are Displayed The Ten Most Critical Of The Trial 

Failure Surfaces Examined. They Are Ordered - Most Critical 
First. 
**Safety Factors Are Calculated By The Modified Bishop Method 
Failure Surface Specified By 37 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 124.74 468.00 
2 129.24 465.82 
3 133.82 463.82 
4 138.47 461.99 
5 143.19 460.33 
6 147.97 458.86 
7 152.80 457.56 
8 157.67 456.45 
9 162.59 455.53 

10 167.53 454.79 
11 172.50 454.23 
12 177.49 453.87 
13 182.48 453.69 
14 187.48 453.70 
15 192.48 453.90 
16 197.46 454.29 
17 202.43 454.86 
18 207.37 455.62 
19 212.28 456.57 
20 217.15 457.70 
21 221.98 459.02 
22 226.75 460.52 
23 231.46 462.19 
24 236.10 464.04 
25 240.68 466.07 
26 245.17 468.26 

* * 
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C 27 249.57 4 70. 62 
28 253.89 473.15 
29 258.10 475.84 
30 262.21 478.69 
31 266.21 481.69 
32 270.10 484.83 
33 273.86 488.12 
34 277. 50 491.56 
35 281.01 495.12 
36 284.37 498.82 
37 285.32 499.94 

Circle Center At X = 184.7 ; y ~86.3 and rtadius, 132.6 
*** 2.348 *** 

Individual data on the 46 slices 
Water Water Tie Tie Earthquake 
Force Force Force Force Force Surcharge 

Slice Width Weight Top Bot Norm Tan Hor Ver Load 
No. (ft) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) 

1 4.5 636.8 . 0 . 0 .0 .o . 0 . 0 .0 
2 2.9 1038.5 .0 . 0 .0 .0 . 0 .0 .0 
3 1. 7 851.1 . 0 . 0 .0 .0 . 0 . 0 .0 
4 4.7 3045.6 . 0 . 0 .o .0 . 0 . 0 .0 
5 1. 4 1142.7 . 0 . 0 .0 .0 . 0 . 0 . 0 
6 .1 83.9 . 0 .1 .0 .0 .0 . 0 . 0 
7 3.2 3137.9 . 0 121. 5 .0 .0 . 0 .0 .0 
8 4.8 6386.3 . 0 570.9 .0 .0 .0 .0 . 0 
9 4.8 8396.3 . 0 986.7 .o . 0 .0 .0 . 0 

10 4.9 10324.4 . 0 1345.5 .0 . 0 .0 .0 . 0 
11 4.9 12156.8 . 0 1646.7 .0 . 0 .0 .0 . 0 
12 4.9 13880.9 . 0 1890.2 .o .o . 0 .0 . 0 
13 5.0 15485.0 . 0 2075.3 .0 .0 . 0 .0 . 0 

( 
14 5.0 16958.6 . 0 2202.0 .0 .0 . 0 .0 .0 
15 5.0 18292.2 . 0 2269.9 .0 . 0 .o .0 .0 

'-- 16 2.5 9663. 9 . 0 1149. 5 . 0 . 0 .0 .0 .0 
17 2.5 9814.5 . 0 1134.1 . 0 . 0 .0 .0 .0 
18 4.5 18488.9 . 0 2354.8 . 0 . 0 .o .0 .o 
19 .5 2084.2 . 0 281.1 . 0 . 0 .0 .0 .o 
20 5.0 21527.7 .0 3060. 5 . 0 . 0 .0 .o .0 
21 5.0 22316.9 . 0 3428.1 .0 .0 . 0 . 0 .0 
22 4.9 22937.2 . 0 3738.1 .0 .o· . 0 .0 . 0 
23 4.9 23386.6 .0 3990.3 .o . 0 . 0 .0 . 0 
24 4.9 23664. 5 . 0 4184.1 .0 . 0 .0 .o .0 
25 4.8 23771. 6 . 0 4319.4 .0 . 0 .0 .0 .0 
26 4.8 23710.1 . 0 4395.9 .0 . 0 .0 .0 .0 
27 4.7 23483.4 . 0 4413.5 .o . 0 .o .0 .o 
28 1.1 5660.5 . 0 1076.0 . 0 . 0 .0 .0 .0 
29 . 4 2016.5 . 0 382.7 . 0 . 0 . 0 .0 . 0 
30 3.1 15191. 0 . 0 2913.5 . 0 . 0 . 0 .0 . 0 
31 4. 6 21395.5 . 0 4272 .1 .0 .0 . 0 .0 . 0 
32 4.5 19767.9 . 0 4113.2 .0 . 0 . 0 .0 .0 
33 4.4 18053.2 .0 3895.9 .0 . 0 .0 .0 .0 
34 4.3 16265.6 . 0 3620.4 .0 . 0 .o .0 .o 
35 4.2 14420. 3 . 0 3287.2 . 0 . 0 . 0 .0 .0 
36 4.1 12532.9 . 0 2896. 6 . 0 .0 . 0 .o . 0 
37 4.0 10619.7 . 0 2449.4 . 0 .0 .0 .0 .0 
38 1. 8 4201. 7 . 0 960.1 .0 . 0 . 0 .0 .0 
39 2.1 4494.6 . 0 985.9 .o . 0 .0 .0 .0 
40 3.8 6775.9 . 0 1387.2 .0 . 0 . 0 .o .0 
41 3.6 4880.7 .0 773.8 .0 . 0 .0 . 0 .0 
42 2.3 2173.4 .o 148. 2 .0 . 0 .0 . 0 .o 
43 1.2 860. 0 .0 . 0 .o . 0 . 0 .0 .0 
44 . 4 228.1 . 0 . 0 . 0 .0 . 0 .0 . 0 
45 3.0 1075.7 . 0 . 0 . 0 .0 . 0 .0 . 0 

C 
46 . 9 69.2 . 0 . 0 . 0 .0 . 0 .0 .0 

Failure Surface Specified By 38 Coordinate Points 
Point X-Surf Y-Surf 

No. (ft) {ft) 
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1 119. 21 4 67. 7 6 
2 123. 7 6 465.68 
3 128.37 4 63. 76 
4 133.05 4 62. 00 
5 137.79 460.39 
6 142. 58 458.95 
7 147.41 457.68 
8 152. 29 456.57 
9 1 a7. 20 4:'i:'i.6~ 

10 162.14 454.85 
11 167.10 454.25 
12 172. 08 453.02 
13 177. 07 453.56 
14 182.07 453.47 
15 187.07 453.55 
16 192.07 453.80 
17 197.05 454.22 
18 202.01 454.81 
19 206.95 455.58 
20 211.87 456.51 
21 216.75 457. 61 
22 221. 58 458.87 
23 226.37 4 60. 30 
24 231.11 461.89 
25 235.80 463. 65 
26 240.41 465.56 
27 244.97 467. 63 
28 249.44 469.86 
29 253.84 472.24 
30 258.16 474.76 
31 262.38 477.44 

C 
32 266.51 480.25 
33 270.55 483.21 
34 274.48 486.30 
35 278.30 489.52 
36 282.00 492.88 
37 285.60 496.36 
38 289.04 499. 92 

Circle Center At X = 182.2 ; y 599.5 and Radius, 146. 0 
*** 2.354 *** 

Failure Surface Specified By 36 Coordinate Points 
Point X-Surf Y-Surf 
No. (ft) (ft) 

1 102. 63 465.11 
2 107.28 463. 27 
3 111.99 461. 60 
4 116. 76 460.09 
5 121. 58 458. 76 
6 126.44 457.59 
7 131.34 456.61 
8 136.28 455.79 
9 141. 24 455.16 

10 146.21 454.70 
11 151.21 454.42 
12 156.21 454.31 
13 161. 20 454.39 
14 166.20 454.64 
15 171.18 455.08 
16 176.14 455.69 
17 181. 08 456. 4 7 
18 185.99 457.43 
19 190.86 458.57 
20 195. 68 459.88 
21 200.46 4 61. 3 6 
22 205.18 463.01 
23 209.84 464.83 
24 214.43 466.81 
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25 218.94 468.95 
26 223.38 471.26 
27 227.73 473.72 
28 231.99 476.34 
29 236.16 479.10 
30 240.22 482.01 
31 244.18 485.07 
32 248.03 488.26 
JJ 251. 76 491. 59 
34 255.37 495.05 
35 258.85 498.64 
36 260. 08 500.00 

Circle Center At X = 156.6 ; y 594.4 and Radius, 140.1 
*** 2.360 *** 

Failure Surface Specified By 35 Coordinate Points 
Point X-Surf Y-Surf 
No. (ft) (ft) 

1 119. 21 4 67. 76 
2 123. 7 9 465.75 
3 128.44 4 63. 92 
4 133.16 4 62. 27 
5 137.94 4 60. 80 
6 142.77 459.52 
7 14 7. 65 458.42 
8 152.57 457.51 
9 157.52 456.80 

10 162.49 456.27 
11 167.48 455.94 
12 172. 48 455.80 
13 177. 48 455.85 
14 182.47 456.09 
15 187.45 456.53 
16 192. 41 457.15 
17 197.34 457.97 
18 202.24 458.98 
19 207.10 460.18 
20 211. 90 4 61. 56 
21 216.65 463 .12 
22 221. 33 464.87 
23 225.95 466.80 
24 230.48 468.90 
25 234. 94 471.18 
26 239.30 473.62 
27 243.56 476.24 
28 247.72 479.01 
29 251. 77 481.94 
30 255.70 485.03 
31 259.51 488.27 
32 2 63. 20 4 91. 65 
33 266.75 495.17 
34 270.16 498.82 
35 271.17 499.99 

Circle Center At X = 173. 6 ; y 585.5 and Radius, 129.7 
*** 2.385 *** 

Failure Surface Specified By 32 Coordinate Points 
Point X-Surf Y-Surf 
No. (ft) (ft) 

1 135.79 468.00 
2 140.31 465.87 
3 144.93 463.95 
4 149.63 462.24 
5 154.40 460.75 
6 159.24 459.48 
7 164.13 458.44 
8 169.06 457.62 
9 174.02 457.02 

10 179.01 456.66 
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11 184.01 456.53 
12 189.01 456.62 
13 194.00 456.95 
14 198.97 457.50 
15 203.91 458.28 
16 208.80 459.29 
17 213. 65 460.52 
18 218.43 4 61. 97 
19 223.15 463.64 
20 227. 78 465.53 
21 232.32 467.62 
22 236.76 469.92 
23 241.08 4'/2.43 
24 245.29 475.13 
25 249.37 478.02 
26 253.32 481.09 
27 257.12 484.34 
28 260.76 487.76 
29 264.24 491. 35 
30 267. 56 495.09 
31 270.70 498.98 
32 271. 44 499.99 

Circle Center At X = 184.4 ; y 565.3 and Radius, 108.8 

*** 2.393 *** 
Failure Surface Specified By 42 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 91.58 4 65. 28 
2 96.32 4 63. 69 
3 101.10 462. 22 
4 105.91 4 60. 87 
5 110.76 459.65 
6 115.64 458.54 
7 120.54 457.56 
8 125.46 456.70 
9 130.41 455.96 

10 135.37 455.35 
11 140.35 454.86 
12 145.34 454.50 
13 150.33 454.27 
14 155.33 454.16 
15 160.33 454 .17 
16 165.33 454.31 
17 170. 32 454.58 
18 175.30 454.97 
19 180.28 455. 49 
20 185.24 456.13 
21 190.18 456.89 
22 195.10 457.78 
23 199.99 458.80 
24 204.86 459.93 
25 209.70 461.19 
26 214.51 462. 57 
27 219.28 4 64. 07 
28 224.01 465.69 
29 228.70 4 67. 43 
30 233.34 469.28 
31 237.94 471.25 
32 242.48 473.34 
33 246.97 475.53 
34 251. 40 477.84 
35 255.78 480.27 
36 260.09 482.80 
37 264. 34 485.44 
38 268.52 488.18 
39 272. 63 491.03 
40 27 6. 66 493.98 
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41 280. 63 4 97. 03 
42 284.22 499.94 

Circle Center At X = 157.2 ; y 653.1 and Radius, 199.0 
*** 2. 434 *** 

Failure Surface Specified By 40 Coordinate Points 
Point X-Surf Y-Surf 

No. {ft) {ft) 
1 91. 58 465.28 
2 96.31 463.66 
3 101.08 462.17 
4 105.89 460. 82 
5 llO. 74 459.60 
6 115.62 458.51 
7 120.53 457. 57 
8 125.47 456.76 
9 130.42 456.10 

10 135.40 455.57 
ll 140.38 455.18 
12 145. 38 454.93 
13 150.37 454.83 
14 155.37 454.86 
15 160. 37 455.04 
16 165.36 455.35 
17 170.34 455.81 
18 175.31 456.40 
19 180.25 457 .13 
20 185.17 458.01 
21 190.07 459.02 
22 194. 94 460.17 
23 199.77 461. 45 
24 204. 56 462.87 

C 
25 209.32 4 64. 43 
26 214. 02 4 66. ll 
27 218.68 467. 93 
28 223.28 469.88 
29 227.83 471.96 
30 232.32 474.17 
31 236.74 476.50 
32 241.10 478.95 
33 245.38 481. 53 
34 249.60 484.22 
35 253.73 487.03 
36 257. 78 489. 96 
37 261. 75 493.00 
38 265.64 496 .15 
39 269. 43 499.41 
40 270.07 499.99 

Circle Center At X = 151. 7 ; y - 632.6 and Radius, 177.8 
*** 2.478 *** 

Failure Surface Specified By 31 Coordinate Points 
Point X-Surf Y-Surf 

No. {ft) {ft) 
1 135. 7 9 4 68. 00 
2 140.45 466.20 
3 145.19 4 64. 60 
4 149.99 463 .21 
5 154.85 4 62. 02 
6 159. 7 5 461.04 
7 164. 69 4 60. 27 
8 169. 66 459.71 
9 174. 65 459. 37 

10 179.65 459.24 
11 184. 65 459.32 

( 
12 189.64 459. 62 
13 194.61 4 60 .13 
14 199.56 4 60. 85 
15 204.47 4 61. 7 9 
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16 209. 34 4 62. 93 
17 214.15 464.28 
18 218.91 4 65. 84 
19 223.59 4 67. 59 
20 228.19 469.55 
21 232.70 471. 70 
22 237.12 474.04 
23 241. 43 476.57 
24 245. 63 479.28 
25 249.72 482 .17 
26 253. 67 485.23 
27 257.49 488.46 
28 261.17 491. 80 
29 264.70 495.39 
30 268. 07 499.08 
31 268. 84 500.00 

Circle Center At X = 180.2 ; y 576.1 and Radius, 
*** 2.486 *** 

Failure Surface Specified By 36 Coordinate Points 
Point X-Surf Y-Surf 

No. (ft) (ft) 
1 124.74 4 68. 00 
2 129.44 466.30 
3 134 .19 464. 75 
4 138. 99 463. 35 
5 143.84 462 .11 
6 148.72 461.02 
7 153. 63 4 60. 09 
8 158. 57 459.31 
9 163.53 458.69 

10 168. 51 458.23 
11 173.50 457.93 
12 178.50 457.79 
13 183.50 457.81 
14 188.49 457.99 
15 193.48 458.32 
16 198. 4 6 458.82 
17 203. 42 459.47 
18 208.35 4 60. 28 
19 213.26 461. 25 
20 218 .13 4 62. 37 
21 222. 96 463.65 
22 227. 75 465.08 
23 232.49 466.66 
24 237.18 4 68. 4 0 
25 241. 82 470.28 
26 246.39 4 72. 31 
27 250.89 4H.48 
28 255.32 476.80 
29 259.68 4 7 9. 25 
30 263. 95 481. 85 
31 268 .14 484.58 
32 272. 24 487.44 
33 276.25 490.43 
34 280.16 493.54 
35 283. 97 496.78 
36 287. 44 499.93 

Circle Center At X = 180.4 ; y 614.7 and Radius, 
*** 2.502 *** 

Failure 
Point 

Surface Specified By 43 Coordinate Points 

No. 
1 
2 
3 
4 
5 

X-Surf Y-Surf 
(ft) (ft) 
97.11 465.20 

101.92 463.85 
106.76 462.60 
111.63 461.46 
116.52 460.43 

116. 8 

156.9 

Page 8 
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6 121. 44 459.51 
7 126.37 458.69 
8 131. 32 457.99 
9 136.28 457.39 

10 141. 26 456.91 
11 146.25 456.53 
12 151. 24 456.27 
1:l 156.24 456.12 
14 161. 24 456.07 
15 166.24 456.14 
16 171. 23 456.32 
17 176.23 456.61 
18 181. 21 457.01 
19 186.18 457.51 
20 191.15 458.13 
21 196.09 458.86 
22 201.02 459.70 
23 205.93 4 60. 65 
24 210.82 4 61. 70 
25 215. 68 4 62. 86 
26 220.52 464 .13 
27 225.32 4 65. 51 
28 230.10 4 66. 99 
29 234.84 4 68. 58 
30 239.55 470.27 
31 244.21 472.07 
32 248.84 473.97 
33 253.42 4 7 5. 97 
34 257. 96 478.07 
35 2 62. 45 480.27 
36 266.89 482.57 
37 271. 27 484.97 
38 275. 61 487.46 
39 279.88 490.05 
40 284.10 492.73 
41 288.26 495.51 
42 292.36 498.38 
43 294.44 499.91 

Circle Center At X = 160. 7 ; y 682.1 and Radius, 226.1 
*** 2.511 *** 
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SHORT-TERM END OF-CONSTRUCTION AND LONG-TERM STEADY-STATE STATIC, AND 
POST-EARTHQUAKE SEISMIC SLOPE STABILITY ANALYSES AND 

FACTORS OF SAFETY 

POND CREEK COAL REFUSE DISPOSAL SITE - PHASE 7 SOUTH SLOPE 

OBJECTIVE: To determine the static and seismic factors of safety for the Pond Creek, Phase 7 
South slope (Phase 7C) embankment and impoundment. 

METHODOLOGY: Use PCSTABL limit equilibrium analyses and a "zero-strength" fine coal refuse 
(FCR) approach to determine the short-term end-of-construction and long-term 
steady-state static factors of safety, as well as the post-earthquake seismic factor of 
safety for the Phase 7 South slope (Phase 7C) embankment/impoundment 
geometry presented in Figure 2. 

REFERENCES: 

1. Civil & Environmental Consultants, Inc. Calculation, "Calculation Brief for Estimation 
and Summary of Engineering Properties Including Peak and Steady-State Undrained 
Shear Strengths For Refuse and Subgrade Materials, Pond Creek Coal Refuse 
Disposal Site - South Pond", BEG, 7/12/08. 

2. GAi Consultants, Inc. Calculation, "Supplemental Summary of Engineering Properties 
and Coarse Refuse Tensile Strength for Subsidence Liquefaction and Embankment 
Cracking Evaluations, Pond Creek Coal Refuse Disposal Site - Phase 3," BEG, 
3/31/09. 

3. GAi Consultants, Inc. Calculation, "Determination of Downstream and Upstream In-Situ 
Driving Shear Stress By Elastic (PCSTABL) Solution, Pond Creek Coal Refuse 
Disposal Site - Phase 3 lmpoundment," BEG, 4/08/09. 

4. U.S. Department of Labor, Mine Safety and Health Administration, "Engineering and 
Design Manual, Coal Refuse Disposal Facilities, Chapter 7 Seismic Design: Stability and 
Deformation Analyses," Final Draft Dated December 2007, Updated August 1, 2008. 

5. Winterkorn and Fang, (1975), "Foundation Engineering Handbook," Van Nostrand 
Reinhold Publishers. 

6. Gregory, P.E., Garry H., "PCSTABL5M with STEDwin Slope Stability Analysis System, 
Version 2.0," dated September 2001. 

7. Poulos, S.J., Castro, G., and France, J.W. (1985a) "Liquefaction Evaluation Procedure." 
Journal of the Geotechnical Engineering Division, ASCE, Vol. 111, No. GT6, pp. 772-
792. 
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ANALYSIS: 

END-OF-CONSTRUCTION AND STEADY-STATE STATIC SLOPE STABILITY ANALYSES 

Static slope stability analyses were performed for the Phase 7 South slope geometry (Phase 7C), which 
includes the underlying Phase 3 impoundment FCR. The short-term, end-of-construction (EOG )analysis 
condition includes using effective strength parameters for the CCR, total undrained shear strengths for the 
residual soil, and zero (0) strength for the FCR. For the long-tenm, steady-state (SS) conditions stability 
analyses of the Phase ?C slope geometry, effective strength for CCR and total undrained strength for FCR 
and residual soil are utilized. The following soil properties were estimated based on previous field and 
laboratory testing as noted in Reference Nos. 1 and 2 and used in the various slope stability analyses: 

Unit Weights Friction Angle Cohesion 
(Yt,Ys) (~) (c) 

Description {pcfl {dearees) lnsfl Strenath 

Coarse Coal Refuse 130, 140 33.7 0 Effective Strength 
(CCR) 

Fine Coal Refuse 80, 90 
0 0,260 Zero Strength, Sus=0.05 

(FCR) 18.8 0 Total Strength 

Residual Soil 125, 135 19.5 416 Total Strength 

The results of the Phase 7C slope stability analyses indicate the Phase ?C embankment and underlying 
Phase 3 impoundment geometry is stable under both short-term, EOC and long-term, SS conditions. 
Utilizing conservative strength parameters for the various materials including "zero-strength" for FCR, the 
EOG and SS static factors of safety are 1.6 and 1.8, respectively. 

Results of Static Slope Stability Analyses: 

Phase 7C lmpoundment 
(Crest El. 538 ft) Factor of Safety 

(Ton of Fines El. 496 ft) {dim) 
End-Of-Construction -
CCR Effective Strength 1.6 

FCR Zero-Strength 
Residual Total Strenqth 

Steady-State -
CCR Effective Strength 1.8 

FCR Total-Strength 
Residual Total Strenath 

Hard copies of the input and output fiies for ihe Phase 7C end-of-consiruciion and iong-ierm sieady-slale 
slope stability analyses are presented in Attachment 1. 
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Liquefaction susceptibility of the proposed Phase ?C slope geometry and the FCR hydraulically placed 
beneath the Phase 7 CCR embankment depends on the strength of all the soils along the critical failure 
surface. Zones of loose (contractive) soils are critical to analyzing liquefaction potential since only loose 
soils can have an undrained strength that is significantly lower than their drained strength. For the 
purpose of this evaluation, a conservative, simplified approach was employed, and assumes the FCR will 
lose strength during an earthquake, which changes the condition from drained to undrained. 

Therefore, liquefaction susceptibility was determined by evaluating the Phase 7C embankment and 
underlying Phase 3 FCR utilizing a "zero-strength' approach for the FCR to evaluate the post-earthquake 
factors of safety. A "zero-strength' type analysis of the FCR, if stable, is considered the most conservative 
analysis because a true zero-strength condition physically cannot occur. Some minimum strength, i.e., 
steady-state undrained exists even if the material is susceptible to a strength loss triggering event such as 
an earthquake. 

The post-earthquake analyses included using effective strength parameters for the CCR, total undrained 
shear strengths for the residual soil, and zero (0) strength for the FCR for a deep failure surface and 260 
psf for a shallow failure surface equating to Sus/cr'v=0.05, which is far less than the site specific laboratory 

( testing Sus/cr'v=0.24. Engineering soil parameters used in the post-earthquake stability analyses are 
presented above. 

The results of the Phase 7C post-earthquake stability analyses indicate the Phase 7C embankment and 
underlying Phase 3 impoundment geometry is stable. Utilizing conservative strength parameters for the 
various materials including "zero-strength" for FCR, the post-earthquake factor of safety is 1.6 for a deep 
failure, and 1.2 for a shallow failure with Sus=260 psf. 

Results of Post-Earthquake Seismic Slope Stability Analyses: 

Phase 7C lmpoundment 
(Crest El. 538 ft) Factor of Safety 

/Too of Fines El. 496 ftl /diml 
Post-Earthquake -

CCR Effective Strength 1.6 Deep 
FCR Zero-Strength Deep, Sus=260 psf 1.2 Shallow 

Residual Total Strenath 

Hard copies of the input and output files for the Phase 7C post-earthquake slope stability analyses are 
also presented in Attachment 2. 

Poulos, et al (1985) states a soil mass that is not susceptible to liquefaction physically cannot fail by 
liquefaction since the minimum undrained strength exceeds the in-situ driving shear stress along the 

(_ critical failure surface. Permanent deformation analyses were not considered pertinent to the Phase 7C 
"-.. Jeometry since there is no impounded FCR or freeboard. Therefore, permanent deformation analyses 

were not performed. 
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GAi has completed static stability analyses to evaluate the end-of-construction and steady-state conditions 
of the proposed Phase 7 South (Phase7C) slope. GAi has also completed seismic stability analyses to 
evaluate the post-earthquake condition of the Phase 7C slope. Based on conservatively-derived strength 
parameters, including a zero-strength approach for the FCR, adequate static and seismic factors of safety 
exist for the Phase 7C slope. The conclusions are based on the following: 

• Phase 7 minimum factor of safety for the short-term end-of-construction static condition, with zero
strength FCR in was estimated at 1.6 for a deep failure, and 1.2 for a shallow failure with Sus=260 · 
psf; 

• Phase 7 minimum factor of safety for the long-term, steady-state static condition was estimated at 
1.8; and 

• The Phase 7 factor of safety against a post-earthquake, seismic condition, with zero-strength FCR 
was estimated at 1.6 

Hard copies of the input and output files for the Phase 7C end-of-construction and long-term steady-state 
slope stability analyses are presented in Attachment 1. Hard copies of the input and output files for the 

( Phase 7C post-earthquake slope stability analyses are also presented in Attachment 2 
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ATTACHMENT 1 

PHASE 7 SOUTH (PHASE 7C) SLOPE 
SHORT-TERM END-OF-CONSTRUCTION AND LONG-TERM STEADY-STATE CONDITIONS 

PCSTABL SLOPE STABILITY ANALYSES 
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Pond Creek, Phase 7C South - Zero Strength FCR Static EOC 
c:lprogram files\stedwin\wiliamson energy pond creeklph7ceoc.pl2 Run By: Blaise E. Genes, GAi Consultants 417/2009 04:00PM 

700 i---;:::============i=====i====i=;-------,.:.__----,------,---,-------,-----, 

600 

500 I-

400 ,_ 

300 ,_ 

200 

100 ,_ 

II FS 
a 1.50 
b 1.61 
C 1.63 
d 1.64 
e 1.64 
f 1.67 
g 1.67 
h 1.67 

1.68 

Soil 
Desc. 

CCRP?AC 
Fine CR 
CCRP3 
Residual 
Bedrock 

--a'.'.'.'.".'.:. 

Soil Total Saturated Cohesion Friction Piez. 
Type Unit Wt. Unit Wt. Intercept Angle Surface 
No. (pcQ (pcQ (psQ (deg) No. 
1 130.0 140.0 0.0 33.7 0 
2 80.0 90.0 0.0 0.0 W1 
3 130.0 140.o a.a 33.7 w1 
4 125.0 135.0 416.0 1~.5 

8 
W1 

5 145.0 145.0 2000.0 g f2(Wel W1 h 

5 

1 

2 
3 

1

~ll,g·°\il'a 1 • 
5 

OL--__ ___j ___ _,_ ___ ~---~---~--~---~---~---~---~--~ 

0 100 200 300 400 500 600 700 800 900 1000 1100 

PCSTABL5M/si FSmin=1.58 
STED Safety Factors Are Calculated By The Modified Bishop Method 
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** PCSTABL5M ** 
by 

Purdue University 
--Slope Stability Analysis-

Simplified Janbu, Simplified Bishop 
or Spencer's Method of Slices 

Run Date: 4/7/2009 
Time of Run: 04:00PM 
Run By: Blaise E. Genes, GAl Consultants 
Input Data Filename: C:ph7ceoc.in 
Output Filename: C:ph?ceoc.OUT 
Unit: ENGLISH 
Plotted Output Filename: C:ph7ceoc.PLT 
PROBLEM DESCRIPTION Pond Creek, Phase 7C South - Zero Streng 

th FCR Static EOC 
BOUNDARY COORDINATES 

Note: User origin value specified. 
Add 0.00 to X-values and 0.00 to Y-values listed. 

11 Top 
48 Total 

Boundary 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 

Boundaries 
Boundaries 
X-Left 

(ft) 
.00 

45.00 
110.00 
120.00 
140.00 
238.00 
250.00 
270.00 
375.00 
795.00 

1045.00 
.00 

45.00 
110.00 
120.00 
140.00 
233.00 
268.00 
283.00 
812.00 
825.00 
855.00 
990.00 

1010.00 
. 00 

45.00 
110.00 
120.00 
140.00 
233.00 
268.00 
283.00 
370.00 
716.00 
812.00 
825.00 
855.00 
990.00 

1010.00 
. 00 

45.00 
110.00 
370.00 
7:!.6. 00 
990.00 

Y-Left 
(ft) 

466.00 
466.00 
465.00 
468.00 
4 68. 00 
500.00 
505.00 
505.00 
538.00 
538.00 
454.00 
466.00 
466.00 
465.00 
4 68. 00 
468.00 
500.00 
500.00 
495.00 
495.00 
498.00 
498.00 
454.00 
454.00 
4 66. 00 
4 66. 00 
465.00 
468.00 
468.00 
500.00 
500.00 
495.00 
460.00 
457.00 
495.00 
498.00 
498.00 
454.00 
454.00 
466.00 
466.00 
465.00 
4 60. 00 
4 57. 00 
454.00 

X-Right 
(ft) 
45.00 

110. 00 
120.00 
14 0. 00 
238.00 
250.00 
270.00 
375.00 
795.00 

1045.00 
1100. 00 

45.00 
110. 00 
120.00 
14 0. 00 
233.00 
268.00 
283.00 
812.00 
825.00 
855.00 
990.00 

1010.00 
1100.00 

45.00 
110.00 
120.00 
140.00 
233.00 
268.00 
283.00 
370.00 
716.00 
812.00 
825.00 
855.00 
990.00 

1010.00 
1100.00 

45.00 
110. 00 
370.00 
716. 00 
990.00 

1010.00 

Y-Right 
(ft) 

4 66. 00 
465.00 
468.00 
4 68. 00 
500.00 
505.00 
505.00 
538.00 
538.00 
454.00 
454.00 
4 66. 00 
4 65. 00 
4 68. 00 
4 68. 00 
500.00 
500.00 
495.00 
495.00 
498.00 
498.00 
454.00 
454.00 
454.00 
466.00 
465.00 
4 68. 00 
4 68. 00 
500.00 
500.00 
495.00 
4 60. 00 
457.00 
495.00 
498.00 
498.00 
454.00 
454.00 
454.00 
466.00 
465.00 
460.00 
457.00 
454.00 
454.00 

Soil Type 
Below End 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
4 
4 
4 
4 
4 
4 
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46 1010.00 
47 .00 
48 1010.00 

ISOTROPIC SOIL PARAMETERS 
5 Type(s) of Soil 

454.00 
456.00 
439.00 

1100. 00 
1010.00 
1100.00 

454.00 
439.00 
439.00 

4 
5 
5 

Soil Total Saturated Cohesion 
Type Unit Wt. Unit Wt. Intercept 

Friction 
Angle 
(deg) 
33.7 

Pore Pressure Piez. 
Pressure Constant Surface 

No. (pcf) (pcf) (psf) Param. (psf) No. 

1 130.0 140.0 .0 
2 80.0 90.0 .0 
3 130.0 140.0 .0 
4 125.0 135.0 416.0 
5 145.0 145.0 2000.0 

.0 
33.7 
19.5 
20.0 

1 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED 
Unit Weight of Water= 62.40 

. 00 .0 

.00 . 0 

.00 . 0 

.00 .0 

.00 .0 

Piezometric Surface No. 1 Specified by 8 Coordinate Points 
Point X-Water Y-Water 
No. (ft) (ft) 

1 .00 463.00 
2 185.00 461.00 
3 283.00 495.00 
4 812.00 495.00 
5 930.00 451.00 
6 990.00 451.00 
7 1010.00 451.00 
8 1040.00 451.00 

A Critical Failure Surface Searching Method, Using A Random 
Technique For Generating Circular Surfaces, Has Been Specified. 

1600 Trial Surfaces Have Been Generated. 
40 Surfaces Initiate From Each Of 40 Points Equally Spaced 

Along The Ground Surface Between X 25.00 ft. 
and X 180.00 ft. 

Each Surface Terminates Between X 250.00 ft. 
and X 700.00 ft. 

Unless Further Limitations Were Imposed, The Minimum Elevation 
At Which A Surface Extends Is Y = .00 ft. 
10.00 ft. Line Segments Define Each Trial Failure Surface. 
Following Are Displayed The Ten Most Critical Of The Trial 

0 
1 
1 
1 
1 

Failure Surfaces Examined. They Are Ordered 7 Most Critical 
First. 
**Safety Factors Are Calculated By The Modified Bishop Method 
Failure Surface Specified By 36 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 136.28 468.00 
2 145.87 465.16 
3 155.54 462.61 
4 165.28 460.35 
5 175.09 458.38 
6 184.94 456.71 
7 194.85 455.32 
8 204.79 454.24 
9 214.76 453.44 

10 224.75 452.95 
11 234.74 452.75 
12 244.74 452.86 
13 254.74 453.25 
14 264.71 453.95 
15 274.66 454.94 
16 284.58 456.23 
17 294.45 457.82 
18 304.27 459.69 
19 314.04 461.86 
20 323.73 464.32 
21 333.35 467.06 
22 342.88 470.09 
23 3~2.31 413.IU 

* * 
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24 361. 64 477.00 
25 370.87 480.86 
26 379.97 485.01 
27 388.94 489.42 
28 397.78 494.09 
29 406.48 499.03 
30 415.03 504.22 
31 423.41 50 9. 67 
32 431.63 515. 3 6 
33 439.68 521. 29 
34 447.55 527.46 
:l5 455.23 533.87 
36 459.90 538.00 

Circle Center At X = 236.3 y 788.5 and Radius, 335.8 

*** 1. 578 *** 
Individual data on the 50 slices 

Water Water Tie Tie Earthquake 
Force Force Force Force Force Surcharge 

Slice Width Weight Top Bot Norm Tan Hor Ver Load 
No. (ft) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) 

1 3.7 265. 7 .0 .o . 0 . 0 .0 .0 . 0 
2 5.9 2234.1 . 0 .o . 0 .0 .0 .0 .0 
3 3.5 2624. 7 . 0 .0 . 0 .0 . 0 .0 . 0 
4 6.2 6914.7 .0 . 0 .0 . 0 .0 .0 . 0 
5 5.9 9142.2 .0 . 0 .0 . 0 .0 .0 . 0 
6 3.9 7443.0 . 0 107.1 .0 . 0 .0 . 0 . 0 
7 9.8 23519.9 . 0 1118. 2 . 0 .o .0 . 0 .0 
8 9.9 30190.0 .0 2189.7 .0 . 0 .0 .o . 0 
9 .1 187.0 . 0 14. 9 .o . 0 .0 .0 . 0 

10 7.0 25226.2 . 0 2499.2 . 0 .0 .0 .0 . 0 
11 2.9 11253.1 .0 1433.7 .0 .0 .0 .0 . 0 
12 9.9 42973.5 .0 6709.0 .0 .0 . 0 .0 . 0 
13 10.0 48901.1 .0 9302.9 .0 . 0 .0 . 0 .0 
14 10.0 54425.2 .0 11726.5 .0 .o .0 . 0 .0 
15 8.3 48792.6 .0 11383. 6 . 0 . 0 .0 . 0 .o 
16 1. 7 10731. 4 .0 2593.9 .0 . 0 .0 .0 . 0 
17 3.3 20409.9 .0 5009.2 . 0 . 0 .0 .0 .0 
18 6.7 44035.0 .0 11044.7 . 0 . 0 .0 . 0 .0 
19 5.3 36042.6 .0 9219.4 . 0 .0 .0 . 0 . 0 
20 4.7 33096. 4 .0 8734.6 . 0 .o . 0 .0 . 0 
21 10.0 69375.5 .0 19676.0 .0 . 0 .0 .0 . 0 
22 3.3 22719.0 . 0 6852.3 . 0 . 0 .0 . 0 . 0 
23 2.0 13762.9 .0 4244.6 .0 .o .0 .0 .0 
24 4.7 32367. 8 .0 10121. 5 . 0 .0 .0 . 0 .0 
25 8.3 59423.8 . 0 18900.9 .0 .o .0 . 0 .0 
26 1. 6 11461. 8 . 0 3860.6 .0 .0 .0 . 0 .0 
27 9.9 71688 .1 . 0 23697.4 .0 . 0 .0 .0 .0 
28 9.8 71036.3 . 0 22618. 0 .0 . 0 .0 .0 . 0 
29 6.5 46775.6 . 0 14406.0 .0 . 0 .0 .0 . 0 
30 3.2 23145.9 . 0 6950.2 .o . 0 . 0 . 0 . 0 
31 9.7 68270.8 .0 19913.0 . 0 .0 .0 . 0 . 0 
32 9.6 66148.8 . 0 18289.7 . 0 .0 .0 . 0 . 0 
33 9.5 63597.2 .0 16487.8 .0 . o· .0 .0 .0 
34 1.1 7121. 3 .0 1778.6 . 0 . 0 . 0 .0 . 0 
35 8.3 54824.8 .0 12730.3 .0 . 0 .0 . 0 . 0 
36 9.3 61927.6 .0 12354.8 .0 . 0 . 0 . 0 . 0 
37 9.2 61590.4 .0 10027.3 .0 . 0 . 0 . 0 . 0 
38 4.1 27672.2 .0 3739.8 .0 . 0 . 0 . 0 . 0 
39 5.0 32744.4 .0 3788.6 . 0 .0 .0 . 0 . 0 
40 9.0 56462.6 . 0 4860.6 .0 . 0 .0 . 0 . 0 
41 8.8 51997.6 . 0 2026. 0 .0 . 0 . 0 . 0 . 0 
42 1. 6 9018.9 .0 52.2 . 0 . 0 . 0 .0 . 0 
43 7.1 37804.0 .0 .0 .0 . 0 . 0 .0 . 0 
44 8.5 40413.1 .0 .0 .0 . 0 .0 .0 . 0 
45 8.4 33864.3 .0 .0 .0 . 0 .0 .0 .0 
46 8.2 27242.9 .0 .0 . 0 .0 .0 . 0 .0 
47 8.0 20586.5 .0 . 0 . 0 . 0 .0 . 0 . 0 
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48 7.9 13933.9 .o .0 . 0 . 0 .0 .0 .o 
49 7.7 7324.2 .0 .0 .0 .0 . 0 .0 . 0 
50 4.7 1254. 2 .0 . 0 . 0 .0 . 0 .0 .0 

Failure Surface Specified By 40 Coordinate Points 
Point X-Surf Y-Surf 
No. (ft) (ft) 

1 124.36 4 68. 00 
2 134.04 465.51 
3 143.78 4 63. 24 
4 153.57 4 61. 21 
5 163. 41 459.40 
6 173.28 457.82 
7 183.19 456.47 
8 193.13 455.36 
9 203.09 454.47 

10 213.07 453.82 
11 223.06 453.41 
12 233.06 453.22 
13 243.06 453.27 
14 253.06 453.56 
15 263. 04 454.07 
16 273.01 454.82 
17 282.97 455.81 
18 292. 89 457.02 
19 302. 7 9 458.47 
20 312.65 4 60 .14 
21 322. 4 6 4 62. 05 
22 332.23 464.18 
23 341. 95 466.55 
24 351. 61 4 69. 13 
25 361. 20 471.95 

( 26 370.73 474.98 
27 380.19 478.24 

"- 28 389.56 481. 72 
29 398.85 485.42 
30 408.0~ 489.33 
31 417.17 493.46 
32 426.18 497.79 
33 435.08 502.34 
34 443.88 507.09 
35 452.57 512.05 
36 4 61.13 517. 21 
37 469.58 522.57 
38 477.89 528.12 
39 486.08 533.87 
40 491.68 538.00 

Circle Center At X = 235.9 ; y 881.4 and Radius, 428.1 

*** 1. 613 *** 
Failure Surface Specified By 37 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 132.31 4 68. 00 
2 142.00 465.55 
3 151. 76 463. 35 
4 161.57 4 61. 42 
5 171.43 459.74 
6 181.33 458.32 
7 191.26 457.17 
8 201. 22 456. 27 
9 211.20 455.64 

10 221.19 455.27 
11 231.19 455 .17 
12 241.19 455.33 
13 251.18 455.76 
14 261.16 456.44 
15 271.11 457.39 
16 ~Ol.04 4S8.60 
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17 290.93 460.08 
18 300.78 4 61. 81 
19 310.58 4 63. 80 
20 320.32 466.06 
21 330.00 468.56 
22 339.61 4 71. 32 
23 349.15 474.34 
24 358.60 477.60 
25 3 67. 9 6 481.11 
26 377.23 484.87 
27 386.40 488.87 
28 395.45 493.11 
29 404.39 497. 59 
30 413.21 502.30 
31 421.91 507.24 
32 430.47 512.42 
33 438.89 517.81 
34 447.16 523. 43 
35 455.29 529.26 
36 463.25 535.30 
37 466.62 538.00 

Circle Center At X = 230.1 ; y 834.4 and Radius, 379.2 
*** 1.625 *** 

Failure Surface Specified By 37 Coordinate Points 
Point X-Surf Y-Surf 

No. (ft) (ft) 
1 108. 4 6 4 65. 02 
2 118 .16 462.58 
3 127. 92 460.40 
4 137.73 458.48 
5 147. 60 456.84 

(_ 6 157.50 455.47 
7 167.44 454.36 
8 177.41 453.53 
9 187.39 452.98 

10 197.39 452.69 
11 207.39 452.68 
12 217.38 452.95 
13 227.37 453.48 
14 237.34 454.29 
15 247.28 455.37 
16 257.19 456. 72 
17 267. 05 458.35 
18 276. 87 460.24 
19 28 6. 64 462.40 
20 296.34 464.82 
21 305. 97 467. 52 
22 315.52 470.47 
23 324. 99 473.68 
24 334.37 477.15 
25 343.65 480.88 
26 352. 83 484.86 
27 361.89 489.08 
28 370. 83 493.56 
29 37 9. 65 498.27 
30 388.34 503.23 
31 396.88 508.42 
32 405.28 513.84 
33 413.53 519.49 
34 421. 63 525.37 
35 429.56 531. 46 
36 437.32 537.77 
37 437.58 538.00 

Circle Center At X = 202.8 ; y 818.4 and Radius, 365.7 
*** 1. 635 *** 

Failure Surface Specified By 38 Coordinate Points 
Point X-3urf Y-.Surf 
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No. (ft) (ft) 
1 108.46 4 65. 02 
2 118. 20 4 62. 7 3 
3 127.98 460.68 
4 137.82 458.88 
5 147.70 457.31 
6 157.61 455.99 
7 167 .. 'iS 4S4.92 
8 177 .52 404.09 
9 187.50 453.50 

10 197.49 453.17 
11 207.49 453.08 
12 217.49 453.23 
13 227.48 453.64 
14 237.46 454.28 
15 24 7. 42 455.18 
16 257.36 456.32 
17 267.26 457.70 
18 277.13 459.33 
19 286.95 4 61. 20 
20 296. 72 463. 32 
21 306.44 4 65. 67 
22 316.10 468.26 
23 325.69 471.10 
24 335.21 474.16 
25 344.65 477.46 
26 354.01 480.99 
27 363.27 484.75 
28 372.44 488.74 
29 381. 51 4 92. 9 6 
30 390.47 497.39 
31 399.32 502.05 
32 408.06 506.92 
33 416. 67 512.01 
34 425.15 517.30 
35 433.50 522.81 
36 441. 71 528.52 
37 449.77 534.43 
38 454.40 538.00 

Circle Center At X = 206.2 ; y 858.3 and.Radius, 405.3 

*** 1. 640 *** 
Failure Surface Specified By 31 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 148.21 470.68 
2 157.72 4 67. 59 
3 167. 34 4 64. 88 
4 177.07 462. 55 
5 186.87 460.60 
6 196.75 459.04 
7 206.68 457.87 
8 216.65 457.09 
9 226.65 456. 71 

10 236.65 456."72 
11 24 6. 64 457.12 
12 256.61 457.92 
13 266.53 459 .11 
14 276.41 460.69 
15 286.21 4 62. 66 
16 295.93 4 65. 01 
17 305.55 4 67. 7 4 
18 315.06 470.85 
19 324.43 474.33 
20 333.66 478.18 
21 342.73 482.39 
22 351. 63 486.95 
23 360.34 491.86 
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24 368.85 497 .11 
25 377.15 502. 69 
26 385.23 508.59 
27 393.06 514.81 
28 400.64 521. 33 
29 407.96 528.14 
30 415.01 535.24 
31 417.54 538.00 

Circle Center At X = 231.4 ; y 710.5 and Radiu.sr 253.9 
*** 1.668 *** 

Failure surface Specified By 33 Coordinate Points 
Point X-Surf Y-Surf 
No. (ft) (ft) 

1 112. 44 465.73 
2 122.09 4 63 .11 
3 131.82 4 60. 82 
4 141. 62 458.84 
5 151. 4 9 457.19 
6 161.40 455.86 
7 171. 35 454.86 
8 181. 32 454.19 
9 191.32 453.85 

10 201.32 453.83 
11 211. 31 454.15 
12 221.29 454.79 
13 231. 24 455. 77 
14 241.16 457.07 
15 251.03 458.69 
16 260.83 4 60. 65 
17 270.57 462.92 
18 280.23 465.51 

C 19 289. 80 4 68. 42 
20 299.27 471. 64 
21 308.62 475.17 
22 317.85 479.01 
23 326.96 483.15 
24 335. 92 487.59 
25 344.73 492.32 
26 353.38 4 97. 34 
27 361.86 502.64 
28 370.16 508.22 
29 378.27 514.07 
30 386.19 520.18 
31 393.89 526.55 
32 401.39 533.17 
33 406.51 538.00 

Circle Center At X = 196.7 ; y 757.4 and Radius, 303.6 
*** 1. 673 *** 

Failure Surface Specified By 41 Coordinate Points 
Point X-Surf Y-Surf 
No. (ft) (ft) 

1 128. 33 468.00 
2 138.10 465.87 
3 147.92 4 63. 94 
4 157. 7 6 4 62. 20 
5 167. 65 4 60. 67 
6 177.56 459.34 
7 187.49 458.22 
8 197.45 457.29 
9 207. 43 456. 57 

10 217. 41 456.06 
11 227.41 455.75 
12 237.41 455.64 

I 13 247. 41 455.73 l 
'-- 14 257.40 456.03 

15 2 67. 3 9 456.54 
J..6 211.36 .;.j 7. 2.; 
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17 287.32 458.15 
18 2 97. 2 6 459.27 
19 307.17 460.58 
20 317. 0 6 4 62 .10 
21 32 6. 91 463.82 
22 336. 72 4 65. 7 4 
23 346.50 467.86 
24 356.22 470.18 
25 365.90 472.70 
26 375.53 475.41 
27 385.09 478.32 
28 394.60 481.42 
29 404.04 484.72 
30 413. 41 488.21 
31 422. 71 491. 89 
32 431. 93 495. 76 
33 441.07 499.82 
34 450.13 504.06 
35 459.09 508.48 
36 4 67. 97 513.09 
37 476.75 517.88 
38 485.43 522.85 
39 494.00 527.99 
40 502.47 533.30 
41 509.63 538.00 

Circle Center At X = 237.7 ; y 945.7 and Radius, 490.1 
*** 1. 67 4 *** 

Failure Surface Specified By 32 Coordinate Points 
Point X-Surf Y-Surf 
No. (ft) (ft) 

( 
1 164.10 475.87 
2 173.23 4 71. 77 
3 182.52 4 68. 09 
4 191. 97 4 64. 82 
5 201.56 4 61. 98 
6 211.26 459.56 
7 221.07 457.59 
8 230. 95 456.05 
9 240.89 454.96 

10 250. 87 454.31 
11 260.87 454 .11 
12 270.86 454.35 
13 280.84 455.04 
14 290.77 456.17 
15 300.65 457.75 
16 310. 44 459. 76 
17 320.14 462.21 
18 329. 71 465.10 
19 339 .15 468.40 
20 348.43 472.12 
21 357.54 476. 26 
22 366.45 480.80 
23 37 5 .15 485.73 
24 383.62 491. 04 
25 391.85 496. 72 
26 399.81 502.77 
27 407.50 509.17 
28 414. 8 9 515.90 
29 421. 98 522.96 
30 428. 74 530.33 
31 4 35 .1 7 537.99 
32 435.18 538.00 

( __ 
Circle Center At X = 260.4 ; y 678 .1 and Radius, 224.0 

*** 1. 684 *** 
Failure Surface Specified By 47 Coordinate Points 

Point X-Surf Y-Surf 
i,;;o. (ft.) (iL) 
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1 128.33 468.00 
2 138.12 4 65. 95 
3 147.94 464.05 
4 157.79 462. 32 
5 167.66 460.74 
6 177. 56 459.32 
7 187.48 458.07 
8 197.42 456.97 
9 207.38 456.04 

10 217.35 455.27 
11 227.33 454.66 
12 237.32 454.21 
13 247.32 453.92 
14 257.32 453.80 
15 267.32 453.84 
16 277.31 454.03 
17 287.31 454.40 
18 297.29 454.92 
19 307.27 455.60 
20 317.23 456.45 
21 327.18 457.46 
22 337.11 458. 62 
23 347.03 459.95 
24 356.91 4 61. 44 
25 366. 78 4 63. 09 
26 37 6. 61 464.90 
27 386.42 466.87 
28 396.19 4 68. 99 
29 405.92 471.28 
30 415.62 473.72 
31 425.28 4 7 6. 32 
32 434.89 479.07 
33 444.46 481.98 
34 453.98 485.05 
35 463.45 488.27 
36 472.86 4 91. 64 
37 482.22 495.16 
38 491.52 498.83 
39 500.76 502.66 
40 509.94 506.63 
41 519.05 510.75 
42 528.09 515.02 
43 537.06 519.44 
44 545.96 524.00 
45 554. 7 9 528.70 
46 563. 54 533.54 
47 571.28 538.00 

Circle Center At X = 260.0 ; Y= 1071.2 and Radius, 617.4 

*** 1. 689 *** 

( 
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Pond Creek, Phase 7C South - Zero Strength FCR Static Long-Term SS 

700 
c:\program files\stedwin\wiliamson energy pond creek\ph7cst.pl2 Run By: Blaise E. Genes, GAi Consultants 417/2009 04:10PM 

# FS Soil Soil Total Saturated Cohesion Friction Piez. 
a 1.84 Desc. Type Unit Wt. Unit Wt. Intercept Angle Surface 
b 1.86 No. (pcD (pcD (psD (deg) No. 
c 1.88 CCR P7AC 1 130.0 140.0 0.0 33.7 0 
d 1.91 Fine CR 2 80.0 90.0 0.0 18.8 W1 

600 H e 1.91 CCR P3 3 130.0 140.0 0.0 a 33.7 W1 
f 1.92 Residual 4 125.0 135.0 416

0
-o 19.51 W1 

g 1.93 Bedrock 5 145.0 145.0 2§0 .0 0.0 1f W1 
l1 1.94 °' -
i 1.94 ef}'--:77--;---,-----------;,C---------------<...._ 

3 ->---....___ 500 ~~~1!;:~;"c:c:-✓-~---·-·-··-··-·-2·-· 
5 

'~~ 
~W_l~~j)_L_ 

5 

400 ,_ 

300 

200 

100 ,_ 

0'-------'-----'----_,_---~---~--~----'----_,_ ___ ~ ___ j__ __ __, 

0 

STED 

~ 
~ 

100 200 300 400 500 600 700 800 900 1000 1100 

PCSTABL5M/si FSmin=1.84 
Safety Factors Are Calculated By The Modified Bishop Method 
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Pond Creek, Phase 7C South - Zero Strength FCR Static Long-Term SS 
c:\program files\stedwin\wiliamson energy pond creek\ph7cst.plt Run By: Blaise E. Genes, GAi Consultants 417/2009 04:10PM 
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** PCSTABLSM ** 
by 

Purdue University 
--Slope Stability Analysis-

Simplified Janbu, Simplified Bishop 
or Spencer's Method of Slices 

Run Date: 4/7/2009 
Time of Run: 04:lOPM 
Run By: Blni:'iB E. G!,!'!nB:"i, GAI Consultants 
Input Data Filename: C:ph7cst.in 
Output Filename: C:ph7cst.OUT 
U11l L: ENGLISH 
Plotted Output Filename: C:ph7cst.PLT 
PROBLEM DESCRIPTION Pond Creek, Phase 7C South - Zero Streng 

th FCR Static Long-Tenn SS 
BOUNDARY COORDINATES 

Note: User origin value specified. 
Add 0.00 to X-values and 0.00 to Y-values listed. 

11 Top 
48 Total 

Boundary 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
'4 

45 

Boundaries 
Boundaries 
X-Left 

(ft) 
.00 

45.00 
110.00 
120.00 
140.00 
238.00 
250.00 
270.00 
375.00 
795.00 

1045.00 
.00 

45.00 
110.00 
120.00 
140.00 
233.00 
2 68. 00 
283.00 
812.00 
825.00 
855.00 
990.00 

1010.00 
.00 

45.00 
110.00 
120. 00 
140.00 
233.00 
268.00 
283.00 
370.00 
716.00 
812.00 
825.00 
855.00, 
990.00 

1010.00 
.00 

45.00 
110.00 
370.00 
7Jh,O(l 

990.00 

Y-Left 
(ft) 

466.00 
466. 00 
4 65. 00 
4 68. 00 
468.00 
500.00 
505.00 
505.00 
538.00 
538.00 
454.00 
466.00 
466.00 
465.00 
4 68. 00 
468.00 
500.00 
500.00 
495.00 
495.00 
498.00 
498.00 
454.00 
454.00 
466.00 
466.00 
4 65. 00 
4 68. 00 
468.00 
500.00 
500.00 
495.00 
460.00 
457.00 
495.00 
498.00 
498.00 
454.00 
454.00 
466.00 
466.00 
465.00 
460.00 
.dt;7,00 

454.00 

X-Right 
(ft) 
45.00 

110.00 
120.00 
140.00 
238.00 
250.00 
270.00 
375.00 
795.00 

1045.00 
1100.00 

45.00 
110.00 
120.00 
140.00 
233.00 
268.00 
283.00 
812.00 
825.00 
855.00 
990.00 

1010.00 
1100.00 

45.00 
110.00 
120.00 
140.00 
233.00 
268. 00 
283.00 
370.00 
716. 00 
812.00 
825.00 
855.00 
990.00 

1010.00 
1100.00 

45.00 
110.00 
370.00 
716. 00 
9 90. 00 

1010.00 

Y-Right 
(ft) 

466.00 
4 65. 00 
4 68. 00 
4 68. 00 
500.00 
505.00 
505.00 
538.00 
538.00 
454.00 
454.00 
4 66. 00 
465.00 
468.00 
4 68. 00 
500.00 
500.00 
4 95. 00 
4 95. 00 
498.00 
498.00 
454.00 
454.00 
454.00 
466.00 
465.00 
468.00 
468.00 
500.00 
500.00 
495.00 
460.00 
457.00 
495.00 
498.00 
498.00 
454.00 
454.00 
454.00 
466.00 
4 65. 00 
460.00 
457.00 
454.00 
454.00 

Soil Type 
Below Bnd 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
4 
4 
4 
4 
4 
4 
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46 1010.00 
47 .00 
48 1010.00 

ISOTROPIC SOIL PARAMETERS 
5 Type(s) of Soil 

454.00 
456.00 
439.00 

1100.00 
1010.00 
1100.00 

454.00 
439.00 
439.00 

4 
5 
5 

Soil Total Saturated Cohesion 
Type Unit Wt. Unit Wt. Intercept 

Friction 
Angle 
(deg) 
33.7 
18.8 
33.7 
19.5 
20.0 

Pore Pressure Piez. 
Pressure Constant Surface 

No. (pcf) (pcf) (psf) Param. (psf) No. 
1 130.0 140.0 .0 
2 80.0 90.0 .0 
3 130.0 140.0 .0 
4 125.0 135.0 416.0 
5 145.0 145.0 2000.0 

l PIEZ0t1ETRIC SURFACE ( S) HAVE BEEN SPECIFIED 
Unit Weight of Water= 62.40 

. 00 .0 

.00 . 0 

.00 . 0 

.00 . 0 

.00 . 0 

Piezometric Surface No. 1 Specified by 8 Coordinate Points 
Point X-Water Y-Water 

No. (ft) (ft) 
1 .00 463.00 
2 185.00 461.00 
3 283.00 495.00 
4 812.00 495.00 
5 930.00 451.00 
6 990.00 451.00 
7 1010.00 451.00 
8 1040.00 451.00 

A Critical Failure Surface Searching Method, Using A Random 
Technique For Generating Circular Surfaces, Has Been Specified. 

1600 Trial Surfaces Have Been Generated. 
40 Surfaces Initiate From Each Of 40 Points Equally Spaced 

Along The Ground Surface Between X 25.00 ft. 
and X 180.00 ft. 

Each Surface Terminates Between X 250.00 ft. 
and X 700.00 ft. 

Unless Further Limitations Were Imposed, The Minimum Elevation 
At Which A Surface Extends Is Y = .00 ft. 
10.00 ft. Line Segments Define Each Trial Failure Surface. 
Following Are Displayed The Ten Most Critical Of The Trial 

0 
1 
1 
1 
1 

Failure Surfaces Examined. They Are Ordered~ Most Critical 
First. 
**Safety Factors Are Calculated By The Modified Bishop Method 
Failure Surface Specified By 33 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 112.44 465.73 
2 122.09 463.11 
3 131.82 460.82 
4 141.62 458.84 
5 151.49 457.19 
6 161.40 455.86 
7 171.35 454.86 
8 181.32 454.19 
9 191.32 453.85 

10 201.32 453.83 
11 211.31 454.15 
12 221.29 454.79 
13 231.24 455.77 
14 241.16 457.07 
15 251.03 458.69 
16 260.83 460.65 
17 270.57 462.92 
18 280.23 465.51 
19 289.80 468.42 
20 299.27 471.64 
21 308.62 475.17 
22 317.85 479.01 
23 

* * 
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24 335. 92 487.59 
25 344.73 4 92. 32 
26 353. 38 497.34 
27 361.86 502. 64 
28 370.16 508.22 
29 378. 27 514.07 
30 386.19 520.18 
31 393.89 526.55 
32 401.39 533.17 
33 406.51 538.00 

Circle Center At X = 196.7 Y- 757.4 and Radius, 303.6 

*** 1. 840 *,;.:* 
Individual data on the 48 slices 

Water Water Tie Tie Earthquake 
Force Force Force Force Force Surcharge 

Slice Width Weight Top Bot Nonn Tan Hor Ver Load 
No. (ft) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) 

1 3.1 353.7 . 0 .0 .0 . 0 .0 . 0 . 0 
2 4.5 1757.7 . 0 .0 . 0 . 0 .o . 0 . 0 
3 2.1 1234.9 . 0 .0 . 0 . 0 .0 .0 .0 
4 6.4 4586.9 . 0 .0 .0 .0 . 0 .0 .0 
5 3.4 2930.5 .o 82.1 .0 .o . 0 .o . 0 
6 8.2 8458.9 . 0 802.0 . 0 .0 .0 . 0 . 0 
7 1. 6 1950.4 . 0 255.7 . 0 . 0 .0 . 0 .0 
8 9.9 15575.1 .o 2123.6 . 0 . 0 .0 . 0 .0 
9 9.9 21804.6 . 0 2986.4 .o .o . 0 .0 . 0 

10 9.9 27644.7 .0 3645.3 .0 . 0 .0 . 0 . 0 
11 10.0 33065.4 . 0 4099.4 .0 .0 . 0 .0 .0 
12 3.7 13444.6 . 0 1582.3 .0 .0 . 0 .0 . 0 
13 6.3 24639.2 . 0 3039.6 .0 .0 .o .0 . 0 
14 . 7 2716.5 .0 372.5 . 0 .0 .0 .0 . 0 
15 9.3 40173.7 .0 6174.6 .0 .o . 0 .0 .0 
16 10.0 47244.4 .0 8505.8 .0 .0 . 0 .o . 0 
17 10.0 51091.9 . 0 10267. 9 .o .0 . 0 .0 .0 
18 10.0 54417.7 .0 11831. 6 .0 .0 . 0 .0 .0 
19 1.8 9925.0 .0 2243.7 .0 .0 . 0 .0 .0 
20 5.0 28751. 4 .0 6609.0 .0 .0 . 0 . 0 .0 
21 3.2 18592.7 .0 4342.5 .0 .0 . 0 . 0 .0 
22 8.8 53952.7 . 0 12813.6 .0 .0 . 0 . 0 .0 
23 1.0 6417.4 .0 1543.5 .0 . o· . 0 . 0 .0 
24 9.8 60080.5 . 0 15316.2 .0 .0 .0 . 0 .0 
25 5.8 34135. 3 . 0 9420.1 .0 .0 .0 . 0 .0 
26 1. 4 8216.4 . 0 2341.6 .0 .0 .0 . 0 .0 
27 2.0 11558. 9 . 0 3346.1 . 0 .0 .0 . 0 .0 
28 .6 3296.8 . 0 963. 7 . 0 .0 . 0 . 0 .0 
29 9.7 55913.6 . 0 16621.9 .0 .o . 0 . 0 .0 
30 2.8 16126.0 . 0 4885.4 . 0 .0 . 0 . 0 .0 
31 6.8 39212.7 . 0 12244.6 . 0 . 0 . 0 . 0 .0 
32 9.5 52691. 9 . 0 15581.1 .o .0 . 0 .0 .0 
33 9.4 49475.2 . 0 13473.6 . 0 .0 .0 .0 .o 
34 9.2 45848.8 . 0 11173.8 . 0 . 0 .0 .0 . 0 
35 2.3 10875.7 . 0 2431. 0 .0 . 0 .0 . o· . 0 
36 6.8 31961. 2 . 0 6253.2 .0 . 0 .0 .0 . 0 
37 9.0 41908.2 . 0 6007.6 .0 .o . 0 . 0 . 0 
38 8.8 40765.1 . 0 314 6. 9 . 0 . 0 . 0 . 0 . 0 
39 4.6 21080.3 . 0 445.7 . 0 . 0 . 0 . 0 .0 
40 4.0 18043.1 . 0 .0 . 0 . 0 . 0 . 0 . 0 
41 8.5 35876.4 . 0 .0 . 0 . 0 . 0 . 0 . 0 
42 8.3 32094.7 . 0 . 0 .0 . 0 .0 .0 . 0 
43 4.8 17169.6 . 0 . 0 . 0 .o .0 .o . 0 
44 3.3 10674.9 . 0 .0 . 0 .0 .0 . 0 . 0 
45 7.9 21483.1 . 0 .0 . 0 . 0 .0 . 0 . 0 
46 7.7 14670.9 . 0 .0 .0 .0 .0 . 0 . 0 
47 7.5 7935.8 . 0 . 0 . 0 .0 . 0 . 0 . 0 
48 5.1 1610.1 . 0 .0 . 0 .0 .0 . 0 . 0 

Failure Surface Specified By 29 Coordinate Points 
re~.:--.~. X-8~:::-:' Y~S::.:::::" 
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No. (ft) (ft) 
1 112. 44 4 65. 7 3 
2 121. 96 4 62. 67 
3 131. 60 4 60. 03 
4 141. 35 457.80 
5 151.19 455.99 
6 161.09 4 54. 61 
7 171. 04 453.66 
8 181.03 453.13 
9 191.03 453.03 

10 201.02 4 53. 37 
11 210.99 4 54 .13 
12 220. 92 455.33 
13 230. 7 9 456.94 
14 240.58 458.98 
15 250.27 4 61. 4 4 
16 259.85 4 64. 32 
17 269.30 4 67. 60 
18 278.59 471.29 
19 287.72 475.37 
20 296.66 479.85 
21 305.41 484.70 
22 313.93 4 8 9. 93 
23 322. 23 4 95. 51 
24 330.27 501. 4 5 
25 338.06 507.73 
26 345.56 514.34 
27 352.78 521. 26 
28 359.69 528.49 
29 365. 37 534.97 

Circle Center At X = 188.3 ; y 685.5 and Radius, 232.4 

*** 1. 855 *** 
Failure Surface Specified By 37 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 108. 4 6 4 65. 02 
2 118.16 4 62. 58 
3 127.92 4 60. 4 0 
4 137.73 458.48 
5 147.60 456.84 
6 157.50 455.47 
7 167. 44 454.36 
8 177. 41 453.53 
9 187.39 452.98 

10 197.39 452.69 
11 207.39 452.68 
12 217.38 4 52. 95 
13 227.37 453.48 
14 237.34 454.29 
15 247.28 455.37 
16 257.19 456. 72 
17 267. 05 458.35 
18 276.87 4 60. 24 
19 286.64 4 62. 40 
20 296.34 4 64. 82 
21 305.97 4 67. 52 
22 315.52 470.47 
23 324.99 473.68 
24 334.37 477.15 
25 343.65 480.88 
26 352.83 484.86 
27 3 61. 8 9 489.08 
28 370.83 4 93. 5 6 
29 379.65 498.27 
30 388.34 503.23 
31 396.88 508.42 -~ , AC ,;,-, 

':IV.J, ~O 
;:- , ':> ,., , 
_, .l. _, • u ':i 
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33 413. 53 
34 421.63 
35 429.56 
36 437.32 
37 437.58 

Circle Center At X = 
*** 1.882 

519.49 
525.37 
531. 46 
537.77 
538.00 

202.8 ; Y -
*** 

818.4 and Radius, 

Failure Surface Specified By 31 Coordinate Points 
Pulul X-Surf Y-Surf 
No. (tt) (ft) 

1 148.21 470.68 
2 157.72 467.59 
3 167.34 464.88 
4 177.07 462.55 
5 186.87 460.60 
6 196.75 459.04 
7 206.68 457.87 
8 216.65 457.09 
9 226.65 456.71 

10 236.65 456.72 
11 246.64 457.12 
12 256.61 457.92 
13 266.53 459.11 
14 276.41 460.69 
15 286.21 462.66 
16 295.93 465.01 
17 305.55 467.74 
18 315.06 470.85 
19 324.43 474.33 
20 333.66 478.18 
21 342.73 482.39 
22 351.63 486.95 
23 360.34 491.86 
24 368.85 497.11 
25 377.15 502.69 
26 385.23 508.59 
27 393.06 514.81 
28 400.64 521.33 
29 407.96 528.14 
30 415.01 535.24 
31 417.54 538.00 

365.7 

Circle Center At X = 231.4 ; Y 710.S and Radius, 253.9 
*** 1.908 *** 

Failure Surface Specified By 27 Coordinate Points 
Point X-Surf Y-Surf 
No. (ft) (ft) 

1 124.36 468.00 
2 133.81 4 64. 7 4 
3 143. 42 4 61. 95 
4 153.15 459.64 
5 162. 98 457.83 
6 172.89 456.51 
7 182.86 455.69 
8 192.85 455.37 
9 202. 85 455.56 

10 212.83 456.24 
11 222.76 457.42 
12 232.62 459.09 
13 242.38 4 61. 2 6 
14 252. 02 4 63. 92 
15 261. 52 4 67. 05 
16 270.85 470.66 
17 279.98 474.72 
18 288.90 4 7 9. 24 
19 297.58 484.21 
20 306.01 489.60 
a :i:i...:;. j_5 'l"lt' ,o 

':1;;,J. ':IV 
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22 321. 99 501. 61 
23 329.51 508.20 
24 33 6. 69 515.16 
25 343.52 522.47 
26 349.97 530 .11 
27 349.99 530 .14 

Circle Center At X = 194.2 ; y 655.0 and Radius, 
*** 1. 909 *** 

Failure Surrac..:e SpE:H.:lfi.E:H..l By 36 CuuH.linctle Polnls 
Point X-Surf Y-Surf 
No. (ft) (ft) 

1 136.28 468.00 
2 145.87 465.16 
3 155.54 4 62. 61 
4 165.28 460.35 
5 175.09 458.38 
6 184.94 456. 71 
7 194.85 455.32 
8 204.79 454.24 
9 214.76 453.44 

10 224.75 452.95 
11 234.74 452.75 
12 244.74 452.86 
13 254.74 453.25 
14 264.71 453.95 
15 274.66 454.94 
16 284.58 456. 23 
17 294.45 457.82 
18 304.27 459.69 
19 314.04 4 61. 8 6 
20 323. 73 4 64. 32 
21 333.35 4 67. 06 
22 342.88 470.09 
23 352.31 473.40 
24 361. 64 477.00 
25 370. 87 480.86 
26 379.97 485.01 
27 388.94 489.42 
28 397.78 494.09 
29 406. 48 499.03 
30 415.03 504.22 
31 423.41 509. 67 
32 431. 63 515.36 
33 439. 68 521. 29 
34 447.55 527.46 
35 455.23 533.87 
36 459.90 538. 00 

Circle Center At X = 236.3 ; y 788.5 and Radius, 
*** 1. 924 *** 

Failure Surface Specified By 28 Coordinate Points 
Point 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
j_:j 

X-Surf 
(ft) 

124.36 
133. 67 
143.16 
152.79 
162.55 
172.40 
182. 33 
192.31 
202.30 
212.30 
222.27 
232.18 
242.01 
251. 74 
26i.34 

Y-Surf 
(ft) 

4 68. 00 
464.36 
4 61.19 
458.51 
·456.31 
454.61 
453.42 
452.72 
452.53 
452.85 
453. 67 
454.99 
456.81 
459.13 

199.6 

335.8 

Page 6 
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__ ( 16 270.78 465.22 
'- 17 280.05 4 68. 97 

18 289.11 473.20 
19 297.95 477.87 
20 306.55 482.99 
21 314. 87 488.53 
22 322.90 494.49 
23 330.62 500.84 
24 338.01 507.50 
25 345.05 514. 68 
26 351.73 522 .13 
27 358.01 529.90 
28 360. 62 533.48 

Circle Center At X = 201.1 ; y 650.2 and Radius, 197.7 
*** 1. 926 *** 

Failure Surface Specified By 38 Coordinate Points 
Point X-Surf Y-Surf 
No. (ft) (ft) 

1 108.46 4 65. 02 
2 118.20 4 62. 7 3 
3 127.98 4 60. 68 
4 137.82 458.88 
5 147.70 457.31 
6 157.61 455.99 
7 167.55 454.92 
8 177. 52 454.09 
9 187.50 453.50 

10 197.49 453.17 
11 207.49 453.08 
12 217.49 453.23 
13 227.48 453.64 

( 14 237. 4 6 454.28 
15 247.42 455.18 
16 257.36 456.32 
17 2 67. 2 6 457.70 
18 277.13 459.33 
19 286.95 4 61. 20 
20 296. 72 4 63. 32 
21 306.44 4 65. 67 
22 316.10 4 68. 26 
23 325.69 471.10 
24 335.21 474.16 
25 344.65 477.46 
26 354.01 480.99 
27 363.27 484.75 
28 372. 44 488.74 
29 381. 51 492.96 
30 390. 4 7 497.39 
31 399.32 502.05 
32 4 08. 0 6 506.92 
33 416.67 512.01 
34 425.15 517.30 
35 433.50 522.81 
36 441. 71 528.52 
37 449.77 534.43 
38 454.40 538.00 

Circle Center At X = 206.2 ; y 858.3 and Radius, 405.3 
*** 1. 936 *** 

Failure Surface Specified By 32 Coordinate Points 
Point X-Surf Y-Surf 
No. (ft) (ft) 

1 96.54 465.21 
2 106.24 4 62. 77 

(~ 3 116. 01 4 60. 66 
4 125. 85 458.88 
5 135. 7 5 457.43 
G 145.00 J ::- r- oo 

.,_.,., u • ..JL. 
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7 155.66 455.55 
8 165.65 455.12 
9 175.65 455.02 

10 185. 64 455.26 
11 195.63 455.85 
12 205.58 456.77 
13 ?1.'i .. 'iO 458.02 
14 225.38 459.61 
15 235.19 4 61. 54 
16 244. 93 4 63. 7 9 
17 254.59 466.38 
18 264.16 469.29 
19 273.62 472.52 
20 282.97 4 7 6. 07 
21 292.19 479.93 
22 301. 28 484 .11 
23 310.22 488.59 
24 319. DO 493.37 
25 327.62 498.44 
26 336.06 503.81 
27 344.31 509.46 
28 352.37 515.38 
29 360.22 521. 57 
30 3 67. 8 6 528.02 
31 375.28 534.73 
32 378.65 538.00 

Circle Center At X = 173. 5 ; y 750.2 and Radius, 295.2 
*** 1.943 *** 

Failure Surface Specified By 23 Coordinate Points 
Point X-Surf Y-Surf 
No. (ft) (ft) 

1 124.36 468.00 
2 133.58 464.13 
3 143. 03 460.85 
4 152.66 458 .17 
5 162. 45 456.11 
6 172.34 454.66 
7 182.31 453.84 
8 192.31 453.65 
9 202.30 454.08 

10 212.24 455.15 
11 222.10 456.83 
12 231. 83 459 .14 
13 241.39 462.05 
14 250. 76 465.56 
15 259. 88 4 69. 65 
16 2 68. 7 3 474.31 
17 277.27 479.51 
18 285. 4 6 485.25 
19 293.28 4 91. 4 8 
20 300.69 498.20 
21 307.66 505.37 
22 314 .17 512. 96 
23 320. 02 520. 72 

Circle Center At X = 190.4 ; y 612.5 and Radius, 158.8 
*** 1.950 *** 
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ATTACHMENT 2 

PHASE 7 SOUTH (PHASE 7C) SLOPE 
POST-EARTHQUAKE SEISMIC CONDITIONS 

PCSTABL SLOPE STABILITY ANALYSES 
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Pond Creek, Phase 7C South - Zero Strength FCR Post-EQ Deep 
c:\program files\stedwin\wiliamson energy pond creek\ph7ceq.pl2 Run By: Blaise E. Genes, GAi Consultants 7/11/2009 10:59AM 

700 ========i=====i========:;=;---,----,------,----,---,----, 
II FS 
a 1.58 
b 1.61 
C ·J.6:3 
d 1.64 
e 1.64 
f 1.67 
g 1.67 
h 1.67 

Soil 
Desc. 

600 ,_ 

1.68 

CCR P7AC 
Fine CR 
CCR P3 
Residual 
Bedrock 

Soil Total Saturated Cohesion Friction Piez. 
Type Unit Wt. Unit Wt. Intercept Angle Surface 
No. (pcD (pcD (psD (deg) No. 
1 130.0 140.0 0.0 33. 7 0 
2 80.0 90.0 0.0 0.0 W1 
3 130.0 140.0 0.0 33.7 W1 
4 125.0 135.0 416.0 1l5 a W1 
5 145.0 145.0 2000.0 9 120bi W1 h 

_...----G -7.i:--c,_.-----;-----------0. 

500 - "'~1~'il\ . ;,..-,,;;?,--: /- /, . ~ :--------.....__ 

mm:m.nii-mrm:m.n:,rrrl ,_ - .....----____..,~ - --- - · --~ 
----~ . ,«·. /;, 1 ...___________ 

, a . · ,.,.-; 2 ~~-,a 1~ 
'-3-o-U~ ~==~--,, 3 ~• . 0 ________:______ --·- - ·--~0--

-"------'""-'-- w1_a~--Ji!.Jl_1__1;, 5 5 . 

400 ,_ 

300 ,_ 

200 ,_ 

100 ,_ 

0 L,__ __ ___l ___ _,_ ___ _,_ ___ _,_ ___ ~--~---......L----'-----'----L-----' 

0 

STED 

~·· cr•1 

100 200 300 400 500 600 700 800 900 1000 1100 

PCSTABL5M/si FSmin=1.58 
Safety Factors Are Calculated By The Modified Bishop Method 
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Pond Creek, Phase 7C South - Zero Strength FCR Post-EQ Deep 
c:\program files\stedwin\wiliamson energy pond creek\ph7ceq.plt Run By: Blaise E. Genes, GAi Consultants 7/11/2009 10:59AM 

700 ~---~---~---~---~---~---~---~---~---~---~--~ 

600 ,_ 

500 1- •-~ 
.. -

)-a- (< 

,, ,, 
0 ~ '~' ·~ •• ~~~ 

5•--.{L-~,--. wt ·w~i\y. i-iilLi.. ........ ¼ 
5 

400 ,_ 

300 ,_ 

200 ,_ -

100 ,_ 

0L-----'----'----~----'----L---~----'----~----'----L-----' 
O 100 200 300 400 500 600 700 800 900 1000 

STED 
~tiil 
~~ 

1100 
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** PCSTABLSM ** 
by 

Purdue University 
--Slope Stability P.nalysis-

Sirnplified Janbu, Simplified Bishop 
or Spencer's Method of Slices 

Run Date: 7/11/2009 
Time of Run: 10:59P.M 
Run By: Blaise E. Genes, GAI Consultants 
Input Data Filename: C:ph7ceq.in 
Output Filename: C:ph7ceq.OUT 
Unit: ENGLISH 
Plotted Output Filename: C:ph7ceq.PLT 
PROBLEM DESCRIPTION Pond Creek, Phase 7C South - Zero Streng 

th FCR Post-EQ Deep 
BOUNDARY COORDINATES 

Note: User origin value specified. 
Add 0.00 to X-values and 0.00 to Y-values listed. 

11 Top Boundaries 
48 Total Boundaries 

Boundary X-Left Y-Left X-Right Y-Right 
No. {ft) {ft) (ft) (ft) 

1 .00 4 66. 00 45.00 466.00 
2 45.00 466.00 10.00 4 65. 00 
3 110.00 4 65. 00 20.00 4 68. 00 
4 120.00 4 68. 00 40.00 468.00 

Soil Type 
Below Bnd 

1 
1 
1 
l 
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5 140.00 
6 238.00 
7 250.00 
B 270. 00 
9 375.00 

10 795.00 
11 1045. 00 
12 .DO 
13 45.00 
14 110.00 
15 120.00 
16 140.00 
17 233.00 
18 268.00 
19 283.00 
20 812.00 
21 825.00 
22 855.00 
23 990.00 
24 1010.00 
25 .OD 
26 45.00 
27 110.00 
28 120.00 
29 140.00 
30 233.00 
31 268.00 
32 283.00 
33 370.00 
34 716.00 
35 812.00 
36 825.00 
37 855.00 
38 990.00 
39 1010.00 
40 .00 
41 45.00 
42 110.00 
43 370.00 
44 716.00 
45 990.00 
46 1010.00 
4 7 . 00 
48 1010.00 

ISOTROPIC SOIL PARAMETERS 
5 Type(s) of Soil 

468.00 
500.00 
505.00 
505.00 
538.00 
538.00 
454.00 
466.00 
466.UU 
4 65. 00 
468.00 
468.00 
500.00 
500.00 
495.00 
495.00 
498.00 
498.00 
454.00 
454.00 
466.00 
466.00 
465.00 
468.00 
468.00 
500.00 
500.00 
495.00 
460.00 
457.00 
495.00 
498.00 
498.00 
454.00 
454.00 
4 66. 00 
466.00 
465.00 
460.00 
457.00 
454.00 
454.00 
456.00 
439.00 

Soil Total Saturated Cohesion 
Type Unit Wt. Unit Wt. Intercept 
No. (pcf) (pcf) (psf) 

1 130.0 140.0 .a 
2 so.a 90.o .a 
3 130.0 140.0 .o 
4 125.0 135.0 416.0 
5 145.0 145.0 2000.0 

238.00 
250.00 
270.00 
375.00 
795.00 

1045.00 
1100.00 

45.00 
110.00 
120.00 
140. 00 
233.00 
2 68. 00 
283.00 
812.00 
825.00 
855.00 
990.00 

1010.00 
1100.00 

45.00 
110.00 
120.00 
140.00 
233.00 
268.00 
283.00 
370.00 
716. 00 
812. 00 
825.00 
855.00 
990.00 

1010.00 
1100. 00 

45.00 
110.00 
370.00 
716. 00 
990.00 

1010.00 
1100.00 
1010.00 
1100.00 

Friction 
Angle 
(deg) 
33.7 

. 0 
33.7 
19.5 
20.0 

500.00 
505.00 
505.00 
538.00 
538.00 
454.00 
454.00 
466.00 
4 65. 00 
468.00 
4 68. 00 
500.00 
500.00 
495.00 
495.00 
498.00 
498.00 
454.00 
454.00 
454.00 
466.00 
465.00 
468.00 
4 68. 00 
500.00 
500.00 
495.00 
460.00 
457.00 
495.00 
498.00 
498.00 
454.00 
454.00 
454.00 
466.00 
465.00 
460.00 
457. 00 
454. 00 
454.00 
454.00 
439.00 
439.00 

Pore 
Pressure 

Pressure 
Constant 

Pararn. 
.00 
.DO 
.DO 
.DO 
.OD 

(psf) 
• 0 
. 0 
. 0 
.0 
. 0 

1 PIEZOMETRIC SURFACE (S) HAVE BEEN SPECIFIED 
Unit Weight of Water= 62.40 

1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
4 
4 
4 
4 
4 
4 
4 
5 
5 

Piez. 
Surface 

No. 
0 
1 
1 
1 
1 

Piezometric Surface No. 1 Specified by 8 Coordinate Points 
Point X-Water Y-Water 
No. (ft) (ft) 

1 .00 463.00 
2 185.00 461.00 
3 283.00 495.00 
4 812.00 495.00 
5 930.00 451.00 
6 990.00 451.00 
7 1010.00 451.00 
8 -i r," r, r, :, 

..... ...,~ .... vu 4Sl.OO 
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A Critical Failure Surface Searching Method, Using A Random 
Technique For Generating Circular Surfaces, Has Been Specified. 

1600 Trial Surfaces Have Been Generated. 
40 Surfaces Initiate From Each Of 40 Points Equally Spaced 

Along The Ground Surface Between X 25.00 ft. 
and X 180.00 ft. 

Each Surface Terminates Between X 250.00 ft. 
and X 700.00 ft. 

Unless Further Limitations Were 1mpo,5ed, The Mi.ni.mnm Elevation 
At Which A Surtace Extends Is Y = .OU tt. 
10.00 ft. Line Segments Define Each Trial Failure Surface. 
Followinq Are Displayed The Ten Most Critical Of The Trial 

Failure Surfaces Examined. They Are Ordered - Most Critical 
First. 
**Safety Factors Are Calculated By The Modified Bishop Method 
Failure Surface Specified By 36 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 136.28 468.00 
2 145.87 465.16 
3 155.54 462.61 
4 165.28 460.35 
5 175.09 458.38 
6 184.94 456.71 
7 194.85 455.32 
8 204.79 454.24 
9 214.76 453.44 

10 224.75 452.95 
11 234.74 452.75 
12 244.74 452.86 
13 254.74 453.25 
14 264.71 453.95 
15 274.66 454.94 
16 284.58 456.23 
17 294.45 457.82 
18 304.27 459.69 
19 314.04 461.86 
20 323.73 464.32 
21 333.35 467.06 
22 342.88 470.09 
23 352.31 473.40 
24 361.64 477.00 
25 370.87 480.86 
26 379.97 485.01 
27 388.94 489.42 
28 397.78 494.09 
29 406.48 499.03 
30 415.03 504.22 
31 423.41 509.67 
32 431.63 515.36 
33 439.68 521.29 
34 447.55 527.46 
35 455.23 533.87 
36 459.90 538.00 

Circle Center At X = 236.3 Y 788.5 and Radius, 335.8 
*** 1.578 *** 

Individual data on the 50 slices 
Water Water Tie Tie Earthquake 

* * 

Force Force Force Force Force Surcharge 
Slice Width Weight Top Bot Norm Tan Hor Ver Load 

No. (ft) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) 
1 3. 7 265.7 . 0 . 0 .o . 0 . 0 . 0 .0 
2 5. 9 2234.1 . 0 . 0 .0 . 0 . 0 • 0 . 0 
3 3.5 2 62 4. 7 . 0 . 0 . 0 . 0 . 0 . 0 . 0 
4 6.2 6914.7 . 0 . 0 . 0 .o . 0 . 0 . 0 
5 5. 9 9142.2 . 0 . 0 . 0 . 0 . 0 . 0 .o 
6 3. 9 7443.0 . 0 107.1 . 0 . 0 . 0 . 0 .0 
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7 9.8 23519.9 . 0 1118.2 . 0 . 0 . 0 .0 .0 
8 9.9 30190.0 . 0 2189.7 . 0 . 0 . 0 . 0 .0 
9 .1 187.0 . 0 14.9 .o . 0 . 0 . 0 .o 

10 7.0 25226.2 .0 2499.2 .0 . 0 .0 . 0 . 0 
11 2.9 11253 .1 .0 1433. 7 .0 . 0 . 0 . 0 .0 
12 9.9 42973.5 .0 6709.0 .o . 0 . 0 . 0 . 0 
13 10.0 48901.1 . 0 9302.9 . 0 .0 . 0 . 0 . 0 
14 10.0 54425.2 . 0 11726. 5 . 0 . 0 . 0 .0 . 0 
15 8.3 48792.6 .0 11383.6 . 0 . 0 . 0 . 0 . 0 
16 1. 7 10731. 4 . 0 2593.9 . 0 . 0 . 0 . 0 .0 
17 3.3 20409.9 .0 5009.2 . 0 . 0 . .0 .o .o 
18 6.7 44035.0 .0 11044.7 . 0 . 0 . 0 . 0 . 0 
19 5.3 36042.6 . 0 9219.4 . 0 . 0 . 0 . 0 . 0 
20 4. 7 33096.4 . 0 8734.6 .o . 0 . 0 . 0 .0 
21 10.0 69375.5 . 0 19676.0 .o . 0 . 0 .0 .o 
22 3.3 22719.0 . 0 6852.3 . 0 . 0 . 0 .o . 0 
23 2.0 13762.9 . 0 4244.6 . 0 . 0 . 0 .0 .0 
24 4.7 32367.8 . 0 10121. 5 . 0 . 0 . 0 .0 . 0 
25 8.3 59423.8 . 0 18900.9 . 0 . 0 . 0 . 0 .o 
26 1. 6 114 61. 8 .o 3860.6 .0 . 0 . 0 . 0 . 0 
27 9.9 71688.l . 0 23697.4 . 0 . 0 .0 .0 .0 
28 9.8 71036.3 . 0 22618.0 . 0 . 0 . 0 .0 .o 
29 6.5 46775.6 . 0 14406.0 .0 . 0 . 0 . 0 . 0 
30 3.2 23145.9 . 0 6950.2 .0 .0 . 0 . 0 . 0 
31 9.7 68270.8 . 0 19913.0 . 0 . 0 . 0 . 0 .0 
32 9.6 66148.8 . 0 18289.7 . 0 . 0 . 0 .0 . 0 
33 9.5 63597. 2 . 0 16487.8 . 0 .0 .0 . 0 . 0 
34 1.1 7121. 3 . 0 1778.6 .0 . 0 . 0 . 0 . 0 
35 8.3 54824.8 . 0 12730.3 . 0 . 0 .0 . 0 .o 
36 9.3 61927.6 . 0 12354.8 . 0 . 0 . 0 . 0 .o 
37 9.2 61590.4 . 0 10027.3 .0 . 0 . 0 . 0 . 0 
38 4.1 27 672. 2 . 0 3739.8 .o . 0 . 0 . 0 . 0 
39 5.0 32744. 4 . 0 3788.6 .o . 0 . 0 . 0 .0 
40 9.0 56462.6 . 0 4860.6 . 0 . 0 . 0 . 0 . 0 
41 8.8 51997.6 . 0 2026.0 .0 . 0 . 0 . 0 . 0 
42 1. 6 9018.9 . 0 52.2 .0 . 0 . 0 . 0 . 0 
43 7.1 37804.0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 
44 8.5 40413.1 . 0 . 0 . 0 . 0 . 0 . 0 . 0 
45 8.4 33864.3 . 0 . 0 . 0 . 0 . 0 . 0 . 0 
46 8.2 27242.9 . 0 . 0 . 0 . 0 . 0 . 0 . 0 
47 8.0 20586.5 . 0 . 0 . 0 .o . 0 . 0 . 0 
48 7.9 13933.9 . 0 . 0 . 0 .0 . 0 .0 . 0 
49 7.7 7324.2 . 0 . 0 .0 .0 . 0 . 0 . 0 
50 4.7 1254. 2 . 0 .0 .0 . 0 . 0 .0 . 0 

Failure Surface Specified By 40 Coordinate Points 
Point X-Surf Y-Surf 
No. (ft) (ft) 

1 12 4. 3 6 468.00 
2 134.04 465.51 
3 143.78 463.24 
4 153.57 4 61. 21 
5 163. 41 459.40 
6 173.28 457.82 
7 183.19 456.47 
8 193.13 455.36 
9 203.09 4 54. 4 7 

10 213.07 453.82 
11 223.06 453.41 
12 233.06 453.22 
13 243.06 453.27 
14 253.06 453.56 
15 263.04 454.07 
16 273.01 454.82 
17 282.97 455.81 
18 292.89 457.02 
19 302.79 458.47 
20 312.65 460.14 
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21 322. 4 6 462.05 
22 332.23 464.18 
23 341.95 466.55 
24 351.61 4 69 .13 
25 361.20 4 71. 95 
26 370.73 474.98 
27 380.19 478.24 
28 389.56 481.72 
29 398.85 485. 42 
30 408.06 489.33 
31 417.17 4 93. 4 6 
32 426.18 497.79 
33 435.08 502.34 
34 443.88 507.09 
35 452.57 512.05 
36 4 61.13 517.21 
37 4 69. 58 522.57 
38 477.89 528.12 
39 48 6. 08 533.87 
40 491. 68 538.00 

Circle Center At X = 235.9 ; y 881. 4 and Radius, 
*** 1. 613 *** 

Failure Surface Specified By 37 Coordinate Points 
Point X-Surf Y-Surf 
No. (ft) (ft) 

1 132.31 468.00 
2 142. 00 465.55 
3 151. 76 4 63. 35 
4 161. 57 461.42 
5 171. 43 459.74 
6 181. 33 458.32 
7 191. 26 457.17 
8 201. 22 456.27 
9 211. 20 4 55. 64 

10 221.19 455.27 
11 231.19 455.17 
12 241.19 455.33 
13 251.18 455.76 
14 2 61.16 456.44 
15 271.11 457.39 
16 281.04 458.60 
17 290.93 460.08 
18 300.78 4 61. 81 
19 310.58 4 63. 80 
20 320.32 466.06 
21 330.00 468.56 
22 339.61 4 71. 32 
23 349.15 474.34 
24 358.60 477.60 
25 367. 96 481.11 
26 377.23 484.87 
27 386.40 488.87 
28 3 95. 4 5 493.11 
29 404.39 497.-59 
30 413.21 502.30 
31 421.91 507. 24 
32 430.47 512.42 
33 438. 89 517.81 
34 447.16 523. 43 
35 455.29 52 9. 2 6 
36 4 63. 25 535.30 
37 4 6 6. 62 538.00 

Circle Center At X - 230.1 ; y 834.4 and Radius, 
*** 1.625 *** 

Failure 
Point 
No. 

Surface Specified By 37 Coordinate Points 
X-Surf Y-Surf 

(ft) (ft) 

428.1 

379.2 
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1 108.46 
2 118.16 
3 127.92 
4 137.73 
5 147.60 
6 157.50 
7 167.44 
8 177.41 
9 187.,9 

1D 197.39 
11 207.39 
12 217. 38 
13 227.37 
14 237.34 
15 247.28 
16 257.19 
17 267.05 
18 276.87 
19 286. 64 
20 296. 34 
21 305.97 
22 315.52 
23 324.99 
24 334.37 
25 343.65 
26 352.83 
27 361.89 
28 370.83 
29 379.65 
30 388.34 
31 396.88 
32 405.28 
33 413.53 
34 421.63 
35 429.56 
36 437.32 
37 437.58 

Circle Center At X = 
*** 1.635 

4 65. 02 
4 62. 58 
4 60. 4 D 
458.48 
456.84 
455.47 
454.36 
453.53 
4 'i?. 98 
4 52. 69 
4 52. 68 
452.95 
453.48 
4 54. 2 9 
455.37 
456. 72 
458.35 
4 60. 24 
4 62. 4 0 
4 64. 82 
4 67. 52 
470.47 
473.68 
477 .15 
480.88 
484.86 
489.08 
493.56 
4 98. 27 
503.23 
508.42 
513. 84 
519.49 
525.37 
531. 4 6 
537.77 
538.00 

202.8; Y 

*** 
818.4 and Radius, 

Failure 
Point 

Surface Specified By 38 Coordinate Points 

No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

X-Surf Y-Surf 
(ft) (ft) 

108.46 465.02 
118.20 462.73 
127.98 460.68 
137.82 458.88 
147.70 457.31 
157.61 455.99 
167.55 454.92 
177.52 454.09 
187.50 453.50 
197.49 453.17 
207.49 453.08 
217.49 453.23 
227.48 453.64 
237.46 454.28 
247.42 455.18 
257.36 456.32 
267.26 457.70 
277.13 459.33 
286.95 461.20 
296.72 463.32 
306.44 465.67 
316.10 468.26 
325.69 471.10 
335.21 474.16 
344.65 477.46 

365.7 
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26 354.01 
27 363.27 
28 372.44 
29 381. 51 
30 390.47 
31 399.32 
32 408.06 
33 416. 67 
34 47.'i.l'i 
35 433.o0 
36 441. 71 
37 449.77 
38 454.40 

Circle Center At X = 
*** 1.640 

480.99 
484.75 
488.74 
4 92. 96 
497.39 
502.05 
506.92 
512, 01 
517.30 
on.s1 
528.52 
534. 4 3 
538.00 

206.2; Y 
*** 

Failure Surface Specified By 31 
Point X-Surf Y-Surf 
No. (ft) (ft) 

1 148. 21 4 7 0. 68 
2 157.72 467.59 
3 167.34 4 64. 88 
4 177. 07 4 62. 55 
5 186.87 4 60. 60 
6 196.75 459.04 
7 206.68 457.87 
8 216.65 457.09 
9 226.65 456. 71 

10 236.65 456.72 
11 24 6. 64 457.12 
12 256.61 457.92 
13 266.53 459.11 
14 27 6. 41 460.69 
15 286.21 462.66 
16 295.93 4 65. 01 
17 305.55 4 67. 7 4 
18 315.06 470.85 
19 324. 4 3 474.33 
20 333.66 478.18 
21 342.73 482.39 
22 351.63 486.95 
23 360. 34 4 91. 8 6 
24 368.85 4 97 .11 
25 377.15 502. 69 
26 385.23 508.59 
27 393.06 514.81 
28 400.64 521. 33 
29 407.96 528.14 
30 415.01 535.24 
31 417. 54 538.00 

Circle Center At X - 231. 4 ; y 

*** 1. 668 *** 

858.3 and Radius, 

Coordinate Points 

710.5 and Radius, 

Failure Surface Specified By 33 Coordinate Points 
Point X-Surf Y-Surf 
No. {ft) (ft) 

l 112. 4 4 4 65. 73 
2 122.09 4 63 .11 
3 131.82 460.82 
4 141. 62 458.84 
5 151.49 457.19 
6 161. 40 4 55. 8 6 
7 171. 35 454.86 
8 181.32 454.19 
9 J.91.32 453.85 

10 201.32 453.83 
11 211.31 454.15 
12 221.29 454.79 
13 231.24 455.77 

405.3 

253.9 
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14 241.16 457. 07 
15 251. 03 458. 69 
16 2 60. 83 4 60. 65 
17 270.57 4 62. 92 
18 280.23 4 65. 51 
19 2 8 9. 80 4 68. 42 
20 299.27 471. 64 
21 300. 62 475.17 
22 317.85 4 79. 01 
23 326.96 4 83 .15 
24 335.92 487.59 
25 344.73 4 92. 32 
26 353.38 497.34 
27 361.86 502. 64 
28 370.16 508.22 
29 378.27 514.07 
30 386.19 520 .18 
31 393.89 526.55 
32 401.39 533.17 
33 4 0 6. 51 538.00 

Circle Center At X = 196. 7 ; y 757.4 and Radius, 303.6 
*** 1. 673 *** 

Failure Surface Specified By 41 Coordinate Points 
Point X-Surf Y-Surf 

No. (ft) (ft) 
1 128. 33 468.00 
2 138.10 4 65. 87 
3 147.92 463.94 
4 157.76 4 62. 20 
5 167.65 4 60. 67 
6 177.56 459.34 
7 187.49 458.22 
8 197.45 457.29 
9 207.43 456.57 

10 217. 41 456.06 
11 227. 41 455.75 
12 237.41 4 55. 64 
13 247.41 455.73 
14 257. 40 456.03 
15 267.39 456.54 
16 277.36 457 .24 
17 287.32 458.15 
18 297.26 459.27 
19 307.17 4 60. 58 
20 317.06 4 62 .10 
21 326.91 4 63. 82 
22 336.72 4 65. 7 4 
23 346.50 4 67. 8 6 
24 356.22 470.18 
25 365.90 4 72. 70 
26 37 5. 53 475.41 
27 385.09 478.32 
28 394.60 481.42 
29 4 04. 04 484.72 
30 413.41 4 88. 21 
31 422. 71 491.89 
32 431. 93 4 95. 7 6 
33 441. 07 499.82 
34 450.13 504. 06 
35 459.09 508.48 
36 4 67. 97 513.09 
37 476. 75 517.88 

(_ 38 485. 43 522.85 
39 494.00 527.99 
40 502.47 533.30 
41 509.63 538.00 

Circle Center At X - 237.7 ; y 945.7 and Radius, 490.1 
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1. 67 4 *** 
Failure 

Point 
Surface Specified By 32 Coordinate Points 

No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 

X-Surf 
(ft) 

164 .10 
173.23 
182.52 
191. 97 
201.56 
211.26 
221.07 
230. 95 
240.89 
250. 87 
260.87 
270.86 
280.84 
290.77 
300.65 
310.44 
320.14 
329. 71 
339.15 
348.43 
357.54 
366.45 
375.15 
383.62 
391. 85 
399.81 
407.50 
414.89 
421.98 
428.74 
435 .17 
435.18 

Circle Center At X = 
*** 1.684 

Y-Surf 
(ft) 

475.87 
471. 77 
468.09 
4 64. 82 
4 61. 98 
459.56 
457.59 
456.05 
454.96 
454.31 
454 .11 
454.35 
455.04 
456.17 
457.75 
459.76 
4 62. 21 
4 65 .10 
4 68. 4 0 
472 .12 
476.26 
480.80 
485.73 
4 91. 04 
496.72 
502. 77 
509.17 
515.90 
522. 96 
530.33 
537.99 
538.00 

260.4 ; Y 

*** 
Failure Surface Specified By 47 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 128.33 468.00 
2 138.12 465.95 
3 147.94 464.05 
4 157.79 4 62. 32 
5 167.66 460.74 
6 177.56 459.32 
7 187.48 458.07 
8 197. 42 456. 97 
9 207.38 456.04 

10 217.35 455.27 
11 227.33 454.66 
12 237.32 454.21 
13 247.32 4 53. 92 
14 257.32 453.80 
15 267.32 453.84 
16 277.31 454.03 
17 287.31 454.40 
18 297.29 454.92 
19 307.27 455. 60 
20 317.23 456.45 
21 327.18 457.46 
22 337.11 4 58. 62 
23 347.03 459.95 
24 356. 91 4 61. 4 4 
25 366.78 463.09 
2G ,, -, ,.- r-, a r. ~ nn 

-.J I Lr• V.J.. -; V'O- • ✓ V 

678 .1 and Radius, 

Coordinate Points 

224.0 

Page 9 
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27 386.42 466.87 
28 396.19 468.99 
29 405.92 4 71. 28 
30 415.62 473.72 
31 425.28 4 7 6. 32 
32 434.89 4 7 9. 07 
33 444.46 481. 98 
34 453.98 485.05 
35 463.45 408.27 
36 472.86 4 91. 64 
37 482.22 495.16 
38 491.52 498.83 
39 500.76 502.66 
40 509.94 506.63 
41 519.05 510.75 
42 528.09 515.02 
43 537.06 519.44 
44 54 5. 9 6 524.00 
45 554. 7 9 528.70 
46 563.54 533.54 
47 571.28 538.00. 

Circle Center At X = 260.0 ; y 1071. 2 and Radius, 617.4 
*** 1. 689 *** 
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Pond Creek, Phase 7C South - Sus/sig=.OSFCR Post-EQ Shallow 
c:\program files\stedwin\wiliamson energy pond creek\ph7bcr1.pl2 Run By: Blaise E. Genes, GAi Consultants 1r112009 10:20AM 

700 ,;================i=====---r----,----,----r----,----i 
# FS Soil Soil Total Saturated Cohesion Friction Piez. 
a 1.21 Desc. Type Unit Wt. Unit Wt. Intercept Angle Surface 
b 1.24 No. (pcf) (pcD (psf) (deg) No. 
c 1.27 CCR P7AC 1 130.0 140.0 0.0 33.7 0 
d 1.28 Fine CR 2 80.0 90.0 260.0 0.0 W1 

600 ,_ e 1.30 CCH P3 3 130.0 140.0 0.0 a 33.7 W1 
f 1 31 Hesidual 4 125.0 135.0 416.0 19.5 WJ 
g 1:34 Bedrock 5 145.0 145.0 2000.0 1~,P.O f W\1 
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h 1.3G I O \.· ~ 

1.37 ' ---·--- ~17"· --------;;,------------<>--
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0 
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PCST ABL5M/si FSmin=1.21 
Safety Factors Are Calculated By The Modified Bishop Method 
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Pond Creek, Phase 7C South - Sus/sig=.05FCR Post-EQ Shallow 
c:\program !iles\stedwin\wiliamson energy pond creek\ph7bcr1.pll Run By: Blaise E. Genes, GAi Consultants 7/11/2009 10:20AM 
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** PCSTJ1.BL5M ** 
by 

Purdue University 
--Slope Stability P.nalysis-

Sirnplified Janbu, Simplified Bishop 
or Snencer s Method of Slices 

Run Date: - 7/11/2009 
Time of Run: 10:20P.M 
Run By: Blaise E. Genes, GAI Consultants 
Input Data Filename: C:ph7bcrl.in 
Output Filename: C:ph?bcrl.OUT 
Unit: ENGLISH 
Plotted Output Filename: C:ph7bcrl.PLT 
PROBLEM DESCRIPTION Pond Creek, Phase 7C South - Sus/sig=.05 

FCR Post-EQ Shallow 
BOUNDARY COORDINATES 

Note: User origin value specified. 
Add 0.00 to X-values and 0.00 to Y-values listed. 

11 Top 
48 Total 

Bou..D.dary 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 

45 

Boundaries 
Boundaries 
X-Left 

(ft) 
.00 

45.00 
ll0.00 
120.00 
140.00 
238.00 
250.00 
270.00 
375.00 
795.00 

1045.00 
.OD 

45.00 
ll0.00 
120.00 
140.00 
233.00 
268.00 
283.00 
812.00 
825.00 
855.00 
990.00 

1010.00 
.OD 

45.00 
110.00 
120.00 
140. 00 
233.00 
268.00 
283.00 
370.00 
716.00 
812.00 
825.00 
855.00 
990.00 

1010.00 
.OD 

45.00 
110. 00 
370.00 
716.C0 
990.00 

Y-Left 
(ft) 

466.00 
466.00 
4 65. 00 
468.00 
4 68. OD 
SOD.DO 
505.00 
505.00 
538.00 
538.00 
454.00 
466.00 
466.00 
465.00 
4 68. 00 
4 68. 00 
500.00 
500.00 
495.00 
495.00 
498.00 
498.00 
454.00 
454.00 
466.00 
466.00 
4 65. 00 
4 68. 00 
468.00 
SOD.OD 
500.00 
4 95. 00 
4 60. 00 
457.00 
495.00 
498.00 
498.00 
454.00 
454.00 
466.00 
466.00 
465.00 
460.00 
457.00 
454.00 

X-Right 
(ft) 
45.00 

ll0.00 
120.00 
140.00 
238.00 
250.00 
270.00 
375.00 
795.00 

1045.00 
1100.00 

45.00 
110.00 
120.00 
140.00 
233.00 
268.00 
283.00 
812.00 
825.00 
855.00 
990.00 

1010.00 
llD0.00 

45.00 
110.00 
120.00 
140.00 
233.00 
268.00 
283.00 
370.00 
716.00 
812.00 
825.00 
855.00 
990.00 

1010.00 
ll00.00 

45.00 
110.00 
370.00 
716. 00 
990.00 

1010.00 

Y-Right 
(ft) 

4 66. 00 
4 65. 00 
468.00 
4 68. 00 
500.00 
505.00 
505.00 
538.00 
538.00 
454.00 
454.00 
466.00 
4 65. 00 
4 68. 00 
468.00 
500.00 
500.00 
495.00 
4 95. 00 
498.00 
498.00 
454.00 
454.00 
4 54. 00 
466.00 
465.00 
468.00 
468.00 
500.00 
500.00 
495.00 
460.00 
457.00 
495.00 
498.00 
498.00 
454.00 
454.00 
454.00 
466.00 
465.00 
460.00 
457.00 
4.51.00 
454.00 

Soil Type 
Below Bnd 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
4 
4 
4 
4 
4 
4 
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46 
47 
48 

ISOTROPIC 

1010.00 
.00 

1010.00 
SOIL PJ.i.RA..1'1ETERS 

5 Type(s) of Soil 

454.00 
456.00 
439.00 

1100. 00 
1010.00 
1100. 00 

454.00 
439.00 
439.00 

Pore Pressure 

4 
5 
5 

Piez. Soil Total Saturated Cohesion 
Type Unit Wt. Unit Wt. Intercept 

Friction 
Angle 
(deg) 
33.7 

Pressure Constant Surface 
No. (pcf) (pcf) (psf) Pararn. 

.00 

.OD 

.OD 

.OD 

.OD 

(psf) 
• D 

No. 
1 130.0 140.0 .0 
2 80.0 90.0 260.0 
3 130.0 140.0 .0 
4 125.0 135.0 416.0 
5 145.0 145.0 2000.0 

. 0 
33.7 
19.5 
20.0 

1 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED 
Unit Weight of Water= 62.40· 

. D 
• 0 
• D 
• D 

Piezometric Surface No. 1 Specified by 8 Coordinate Points 
Point X-Water Y-Water 
No. (ft) (ft) 

1 .00 463.00 
2 185.00 461.DO 
3 283.00 495.00 
4 812.00 495.00 
5 930.00 451.00 
6 990.00 451.00 
7 1010.00 451.00 
8 1040.00 451.00 

A Critical Failure Surface Searching Method, Using A Random 
Technique For Generating Circular Surfaces, Has Been Specified. 

1600 Trial Surfaces Have Been Generated. 
40 Surfaces Initiate From Each Of 40 

Along The Ground Surface Between X 
and X 

Each Surface Terminates Between X 
and X 

Points Equally Spaced 
25.00 ft. 

300.00 ft. 
350.00 ft. 
700.00 ft. 

Unless Further Limitations Were Imposed, The Minimum Elevation 
At Which A Surface Extends Is Y = .00 ft. 
10.00 ft. Line Segments Define Each Trial Failure Surface. 
Following Are Displayed The Ten Most Critical Of The Trial 

D 
1 
1 
1 
1 

Failure Surfaces Examined. They Are Ordered - Most Critical 
First. 
**Safety Factors Are Calculated By The Modified Bishop Method 
Failure Surface Specified By 18 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 271.80 505.56 
2 279.64 499.36 
3 288.14 494.10 
4 297.19 489.84 
5 306.67 486.65 
6 316.45 484.57 
7 326.41 483.63 
8 336.40 483.84 
9 346.31 485.18 

10 356.00 487.66 
11 365.34 491.23 
12 374.21 495.85 
13 382.49 501.46 
14 390.07 507.98 
15 396.86 515.33 
16 402.75 523.40 
17 407.69 532.10 
18 410.19 538.00 

Circle Center A~ X = 329.6 
*** 1.206 *** 

Individual data on the 
Water Water 

y 570.4 and Radius, 86.9 

20 slices 
Tie Tie Earthquake 

* * 
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Slice 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

C 
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Width Weight Top Bot 
(ft) (lbs) (lbs) (lbs) 
7.8 4419.2 . 0 .0 
7.0 10945.3 . 0 .0 
1.5 2996.5 . 0 48.4 
9.1 22614.7 . 0 1891.4 
9.5 30446.4 . 0 4213.2 
9.8 37586.9 . 0 5856.6 

10.0 43623.8 .0 6799.9 
10.0 48218.5 . 0 7030.7 

9.9 51123.8 . 0 6545.8 
9.7 52197.6 . 0 5351.8 
9.3 51410.1 . 0 3464.4 
7.2 39848.3 .o 957.6 
1. 6 8968.7 .0 . 0 

. 8 4292.9 .0 . 0 
7.5 38044.0 .0 . 0 
7.6 32804.2 .0 . 0 
6.8 23237.6 . 0 . 0 
5.9 14286.4 . 0 . 0 
4.9 6570.2 .0 . 0 
2.5 958.1 . 0 .0 
Failure Surface Specified By 19 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 278.85 507.78 
2 285. 92 500. 71 
3 293.82 494.58 
4 302. 42 489.48 
5 311. 59 485.49 
6 321.18 482.67 
7 331. 06 481.07 
8 341. 05 480.72 
9 351. 01 481.61 

10 360. 7 8 483.74 
11 370.21 487.07 
12 379.15 491.55 
13 387.47 497.10 
14 395.02 503. 65 
15 401.70 511.09 
16 4 07. 4 0 519.31 
17 412.04 528.17 
18 415.53 537.54 
19 415.64 538.00 

Circle Center P..t X = 338.9 ; y 

*** 1.236 *** 
Failure Surface Specified By 18 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 278.85 507.78 
2 285.95 500.74 
3 293.91 494.69 
4 302.59 489.72 
5 311. 83 485.92 
6 321. 50 483.35 
7 331.42 482.06 
8 341.42 482.07 
9 351. 33 483.38 

10 360. 99 485.97 
11 370.23 489.78 
12 378.90 494.77 
13 386.84 500.84 
14 393.93 507.90 
15 400.05 515.81 
16 405.08 524.45 
17 408.95 533.68 
2. e 42.D.l3 S:38.0/J 

Norm 
(lbs) 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 
• 0 
• 0 
. 0 
. 0 
.0 
• 0 
• 0 
• 0 
. 0 
• 0 
• 0 
. 0 
. 0 
. 0 

Tan 
(lbs) 

. 0 

.o 

. 0 
• 0 
.0 
. 0 
. 0 
• 0 
.0 
. 0 
. 0 
.0 
.0 
. 0 
.0 
.0 
. 0 
.0 
.o 
.0 

Hor 
(lbs) 

• 0 
.0 
. 0 
• 0 
• 0 
• 0 
• 0 
. 0 
• 0 
• 0 
• 0 
• 0 
• 0 
• 0 
.0 
• 0 
• 0 
• 0 
• 0 
• 0 

Coordinate Points 

Ver 
(lbs) 

• 0 
. 0 
. 0 
. 0 
• 0 
• 0 
. 0 
.0 
• 0 
• 0 
• 0 
. 0 
• 0 
• 0 
• 0 
. 0 
. 0 
• 0 
• 0 
• 0 

560.8 and Radius, 80.1 

Coordinate Points 

Load 
(lbs) 

• 0 
. 0 
. 0 
. 0 
• 0 
• 0 
.0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
• 0 
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Circle Center At X = 336.3; Y 
*** 1.267 *** 

Failure Surface Specified By 18 
Point X-Surf Y-Surf 
No. (ft) (ft) 

1 278.85 507.78 
2 286.11 500.91 
3 294.17 494.99 
4 302.90 490.12 
5 312.17 4 8 6. 35 
6 321. 83 483.77 
7 331.74 4 82. 4 0 
8 341. 7 3 482.26 
9 351. 67 483.36 

10 361.40 485.68 
11 370. 77 489.18 
12 37 9. 63 493.82 
13 387.85 499.51 
14 395.30 506.18 
15 401.87 513. 72 
16 407.46 522.01 
17 411. 98 530.93 
18 414. 53 538.00 

Circle Center At X = 337.8 ; y 

*** 1. 284 *** 
Failure Surface Specified By 19 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 278.85 507.78 
2 286. 39 501. 22 
3 294.61 4 95. 52 
4 303. 4 0 490.74 
5 312.65 486.96 
6 322. 2 6 484.20 
7 332.12 482.50 
8 342.10 481.89 
9 352.09 482.37 

10 3 61. 97 483.93 
11 371. 61 486.56 
12 38 0. 92 490.23 
13 389.77 494.88 
14 398.06 500.47 
15 405.69 506.93 
16 412.58 514 .19 
17 418.63 522.15 
18 423.78 530.72 
19 427.14 538.00 

Circle Center At X = 342.7 ; Y 
*** 1.296 *** 

·Failure 
Point 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

Surface Specified By 23 
X-Surf Y-Surf 

(ft) (ft) 
271.80 505.56 
280.26 500.24 
289.08 495.54 
298.22 491.47 
307.63 488.08 
317.25 485.36 
327.05 483.35 
336.96 482.03 
346.94 
356.94 
366.91 
376. 79 
386. 53 
396.09 

481.44 
4 81. 55 
482.39 
483.93 
486.18 
489.12 

558.5 and Radius, 76.6 

Coordinate Points 

562. 8 and Radius, 80.6 

Coordinate Points 

573.6 and Radius, 91. 7 

Coordinate Points 
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16 414. 45 497.01 
17 423.16 501.92 
18 431. 50 507. 44 
19 439. 42 513.54 
20 44 6. 89 520. 20 
21 453.85 527.37 
22 460.29 535.03 
23 462.45 538.00 

Circle Center At X - 350.3 ; y 621. 0 and Radius, 

*** 1.309 *** 
Failure Surface Specified By 17 Coordinate Points 

Point 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 

X-Surf 
(ft) 

278. 85 
286.08 
2 94 .17 
302.97 
312.32 
322.06 
332.02 
342.01 
351. 87 
361.41 
370. 47 
378.89 
38 6. 52 
393.22 
398.88 
403.39 
406. 45 

Circle Center At X = 
*** 1.337 

Y-Surf 
(ft) 

507.78 
500.88 
495.00 
490.25 
486. 71 
484. 44 
483.48 
483.85 
485.55 
488.54 
492.77 
498.17 
504. 63 
512. 05 
520.30 
529.22 
538.00 

334.2; Y 
*** 

558.6 and Radius, 

Failure Surface Specified By 27 Coordinate Points 
Point 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 

X-Surf 
(ft) 

285. 90 
292.99 
300.59 
308. 67 
317.16 
32 6. 03 
335.23 
344.69 
354.37 
364. 21 
374.16 
384.16 
394.15 
404.07 
413. 87 
423.49 
432. 88 
4 41. 98 
450.74 
459.11 
4 67. 04 
474.49 
481.42 
487.78 
4 93. 54 
4 98. 67 
499.31 

Y-Surf 
(ft) 

510.00 
502.95 
496.45 
490.55 
485.27 
480.66 
476. 72 
473.49 
470.99 
4 69. 22 
4 68. 21 
4 67. 94 
4 68. 44 
4 69. 68 
471. 68 
474.40 
477.85 
482.00 
486.82 
4 92. 29 
498.37 
505. 04 
512.25 
519.97 
528 .14 
536.73 
538.00 

Circle Center At X = 382.6; Y 
*** 1.364 *** 

600.2 and Radius, 

Failure Surface Specified By 20 Coordinate Points 
Point X-Surf Y-Surf 

No. 

Creek\ph7bcrl.OUT Page 5 

139. 6 

75.2 

132.3 
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1 2 64. 7 4 505.00 
2 273.38 499.95 
3 282.41 495.66 
4 291. 77 492.15 
5 301.40 489.45 
6 311. 23 487.58 
7 321.17 486.56 
8 331.17 486.39 
9 341.15 487.07 

10 351.03 488.59 
11 3 60. 7 5 490.96 
12 370.23 494.14 
13 379.40 498.12 
14 388.20 502.87 
15 396.57 508.34 
16 404.44 514.52 
17 411. 75 521. 34 
18 418.46 528.75 
19 424.51 536. 72 
20 425.32 538.00 

Circle Center At X = 328.2 ; y 603.5 and Radius, 117 .2 
*** 1. 374 *** 

Failure Surface Specified By 32 Coordinate Points 
Point X-Surf Y-Surf 
No. (ft) (ft) 

1 271. 80 505.56 
2 280.41 500.48 
3 289.24 495.79 
4 298.27 4 91. 50 
5 307.48 487.61 

f 
6 316. 86 484.13 
7 32 6. 38 481.08 

\ 
' 8 336.03 478.45 

9 345.78 476.25 
10 355.63 474.48 
11 365.54 473.16 
12 375.50 472.28 
13 385.49 471.84 
14 3 95. 4 9 471.85 
15 405.48 472.30 
16 415.44 473.19 
17 425.35 474.52 
18 435.19 4 7 6. 30 
19 444.95 478.51 
20 454.59 481.15 
21 464 .11 484.22 
22 473. 48 487.70 
23 482.69 491.60 
24 491. 71 495.91 
25 500.54 500.61 
26 509.15 505.70 
27 517.52 511.17 
28 525. 64 517. 00 
29 533.50 523.19 
30 541.07 529. 72 
31 5~8.34 536.58 
32 549.72 538.00 

Circle Cent.er J\.t X = 390.3 ; y 696.7 and Radius, 224.9 
*** 1. 385 *** 
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EXECUTIVE SUMMARY 

Plans have been developed for the construction of a coarse and fine coal refuse disposal facility 

to be located near Johnston City in Williamson County, Illinois. The proposed Pond Creek 

facility will provide disposal capacity for both coarse and fine coal refuse produced by lhe Pond 

Creek Mine No. 1 coal preparation plant located approximately 0.25 mile to the west. The 

location of the site is just southwest of the intersection of Dwina Road and Dean Road and is 

shown on Figure 1. 

The design plans for the Phase 2 expansion of the Pond Creek facility, submitted under separate 

cover by Alliance Consulting, Inc. (Alliance) of Beckley, West Virginia, includes raising the 

embankment crest to Elevation (EL) 502 by constructing a coarse coal refuse embankment cell 

(South Cell). The corresponding minimum and maximum fine coal refuse slurry impoundment 

levels for the proposed South Cell are EL 474 and EL 496, respectively (along the Section A-A 

line shown in Figure 3). 

The Illinois Department of Natural Resources (IDNR) has required that a revised (seismic) slope 

stability analysis be performed for the South Cell using equivalent static load methods and the 

appropriate peak acceleration based on the Peak Ground Acceleration (PGA) for the 2% 

Probability of Exceedance in 50 Years maps from the USGS. If the required factor of safety is 

not met, i.e., a minimum factor of safety of 1.0 with seismic forces for the steady seepage 

condition, a permanent deformation evaluation should be completed and submitted for review 

before an IDNR/OWR permit can be issued. Accordingly, Civil & Environmental Consultants, 

Inc. (CEC) has revised the seismic slope stability analyses and the minimum factors of safety do 

not meet the required 1.0 safety factor criteria. Subsequently, CEC has performed and completed 

a detailed deformation evaluation of the proposed Pond Creek South Cell impoundment 

addressing relevant issues such as material characterizations, seismic hazard, induced cyclic 

shear stresses and permanent deformations. CEC was authorized and performed this evaluation 

in accordance with the Williamson Energy, LLC (Williamson) Purchase Order (P.O.) Number 

4175. 

i{-072-046.03 January 2008 
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Permanent deformation analyses indicated that the South Cell is NOT susceptible to adverse 

post-earthquake permanent deformations. These conclusions are based on the results of high 

quality field testing and detailed seismically-related engineering and deformation analyses m 

both the upstream and downstream directions. 

CEC, in cooperation with ConeTec, Inc. (ConeTec) developed and implemented a detailed field 

testing program, which utilized the most recent advances in piezo-seismic cone penetration 

testing (PS-CPT) to obtain a significant volume of credible field test results of the existing coarse 

coal refuse and residual soil materials at depth. 

A probabilistic seismic hazard assessment (PSHA) was performed utilizing the 2002 USGS 

Earthquake Hazards Program, Interactive Deaggregation Maps (Frankel, 2002), specifically the 

2% Probability of Exceedance in 50 Years recurrence interval to select the maximum design 

earthquake (MDE) and estimate the corresponding PGA for the Pond Creek site. A PGA value 

of 0.54g was estimated for two (2) controlling maximum design earthquake (MDE) events, 

including a magnitude (M) 8.0 New Madrid, Missouri regional earthquake located 83 kilometers 

(km) from the site, and a M6.8 Background earthquake located 13.5 km from the site, 

respectively. 

Post-earthquake permanent deformation analyses were performed to estimate the anticipated 

maximum crest settlements for the two (2) MDE events. Based on the results of these analyses, 

the estimated maximum deformations are about 17 inches (1.4 feet) for both MDE scenarios. 

The relatively small deformations are attributable to the low frequency embankment response as 

compared to the predominantly higher frequency content of the applicable synthetic MDE 

acceleration time histories created for the Pond Creek site from eastern North American (ENA) 

earthquake ground motion attenuation (OMA) relationships. Given the minimum available 

freeboard of 6 feet, the post-earthquake deformations of 1.4 feet do not pose a threat to the 

integrity of the South Cell geometry. 

R-07:-046.03 January 2008 
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Therefore, it is CBC' s opinion the Pond Creek South Cell impoundment can be operated up to 

the proposed geometry with no appreciable risk of a release of tailings downstream or upstream 

due to permanent deformations expected from any site specific MDE event. It is also understood 

the Pond Creek facility will be operated with an impoundment level at the lowest practical 

elevation except during periods of intense rainfall. Analyses were not performed for the 

simultaneous occurrence of intense rainfall and an MDE due to the low probability of both events 

occurring at the same time. 

R-072-046.03 January 2008 
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1.0 INTRODUCTION 

Plans have been developed for the construction of a coarse and fine coal refuse disposal facility 

to be located near Johnston City in Williamson County, Illinois. The proposed Pond Creek 

facility will provide disposal capacity for both coarse and fine coal refuse produced by the Pond 

Creek Mine No. 1 coal preparation plant located approximately 0.25 mile to the west. The 

location of the site is just southwest of the intersection of Dwina Road and Dean Road and is 

shown on Figure 1. 

The design plans for the Phase 2 expansion of the Pond Creek facility, submitted under separate 

cover by Alliance Consulting, Inc. (Alliance) of Beckley, West Virginia, includes raising the 

embankment crest to Elevation (El.) 502 by constructing a coarse coal refuse embankment cell 

(South Cell). The corresponding minimum and maximum fine coal refuse slurry impoundment 

levels for the proposed South Cell are El. 474 and EL 496, respectively (along the Section A-A 

line shown in Figures 2 and 3). 

1.1 BACKGROUND AND AUTHORIZATION 

The Illinois Department of Natural Resources (IDNR) has required that a revised (seismic) slope 

stability analysis be performed for the South Cell using equivalent static load methods and the 

appropriate peak acceleration based on the Peak Ground Acceleration (PGA) for the 2% 

Probability of Exceedance in 50 Years maps from the USGS. If the required factor of safety is 

not met, i.e., a minimum factor of safety of 1.0 with seismic forces for the steady seepage 

condition, a permanent deformation evaluation should be completed and submitted for review 

before an IDNR/OWR permit can be issued. 

Accordingly, Civil & Environmental Consultants, Inc. (CEC) has revised the seismic slope 

stability analyses and the minimum factors of safety do not meet the required 1.0 safety factor 

criteria. Subsequently, CEC performed and completed a detailed deformation evaluation of the 

proposed South Cell impoundment addressing relevant issues such as material characterizations, 
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seismic hazard, induced cyclic shear stresses and permanent deformations. CEC was authorized 

and performed this evaluation in accordance with the Williamson Energy, Ll.,C (Williamson) 

Purchase Order (P.O.) Number 4175. 

1.2 SEISMIC DESIGN AND ANALYSIS METHODOLOGY 

The permanent deformation analyses performed by CEC for the proposed South Cell facility uses 

well-established field testing and analytical procedures developed by highly specialized and 

experienced authors. Pertinent references are cited throughout this repmt and a list of references 

is attached. 

1.3 SCOPE OF SERVICES 

In general, the scope of services performed by CEC for the South Cell included performing 

highly specialized cone penetration field testing, characterizing the coal refuse and residual soil 

materials, assessing seismic hazard, estimating induced cyclic shear stresses, evaluating yield 

accelerations, and estimating permanent deformations. More specifically, CEC's scope of 

services included: 

1. Developing and implementing a detailed field testing program, which utilized the most 

recent advances in cone penetration testing (CPT) to obtain a significant volume of 

credible field test results of the available coarse refuse and underlying clayey/sandy 

residual soil materials, including: 

a. Piezo-seismic cone penetration testing (PS-CPT) at 15 sounding locations shown in 

Figure 2. PS-CPT obtains a continuous profile of tip stress, sleeve stress and pore

pressure to measure in-situ the consistency of the existing materials, and conelate 

field data to numerous in-situ static parameters. Also, PS-CPT measures shear wave 

velocities (at approximate 3-foot intervals) to conelate in-situ dynamic properties of 

the refuse and soil materials with depth; 
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2. A probabilistic seismic hazard assessment (PSHA) developed specifically for the Pond 

Creek site, which utilized the 2002 USGS Earthquake Hazards Program, Interactive 

Deaggregation Maps (Frankel, 2002) and the 2% Probability of Exceedance in 50 Years 

recurrence interval for the site coordinates, and evaluated both local and regional seismic 

source contributions. Based on the interactive deaggregation plots, the PSHA for the 

Pond Creek facility included contributions from two (2) Maximum Design Earthquake 

(MDE) scenarios: a high magnitude (M) 8.0 earthquake associated with a New Madrid, 

Missouri earthquake event located approximately 83 kilometers (km) from the site, and a 

smaller, M6.8 Background earthquake located about 13.5 km from the site. The USGS 

M8.0 and M6.8 MDE earthquake scenarios yielded a corresponding PGA of 0.54g for the 

site. Time histories and PGAs from both MDE events were used in the various seismic 

shear stress and deformation analyses to evaluate the response of the Pond Creek facility 

to the PGA, duration and frequency content. 

3. Revising pseudo-static seismic slope stability analyses, and estiinating yield accelerations 

and permanent deformations (crest settlements) as a function of time-history horizontal 

shear stresses generated within the embankment mass due to the anticipated MDE events 

and shear moduli developed from in-situ shear wave velocities measured during PS-CPT. 

Permanent deformation analyses included the use of stochastic modeling based on the 

published predictive relations of Atkinson and Boore (1995) and the program SJMSM 

(Boore, 1996) to create a synthetic acceleration-time history for each MDE scenario 

consistent with the most recent advances in development of eastern North American 

(ENA) earthquake response. The source ground motion was estimated using published 

criteria, such as moment magnitude, epicentral distance, focal depth, etc. The resulting 

synthetic time-histories are representative of the current state-of-the-art understanding for 

ENA earthquakes, as opposed to the previously used western United States (U.S.) 

earthquakes, which drastically differ in frequency content and source-distance attenuation 

relationships. Additionally, as a comparison, a western U.S. earthquake record from a 
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1989 Loma Prieta, California M6.9 earthquake and corresponding acceleration time

history was used to evaluate the site response (response spectra). Both the M6.8 

Background and M6.9 Loma Prieta earthquakes response spectra were compared to 

five (5) published ENA and Central United States (CEUS) ground motion attenuation 

(OMA) relationships and corresponding response spectra to assess the reasonableness of 

the ENA/CEUS versus western U.S. earthquake record response. 

4. Finally, based on the results of the aforementioned analyses, drawing conclusions 

regarding the likelihood of excessive downstream or upstream deformations resulting in 

overtopping of the South Cell crest due to the MDE events at the Pond Creek facility. 

The following sections of this report include generalized descriptions of the existing conditions, 

CEC' s understanding of the proposed coal refuse disposal plan, detailed descriptions of the field 

testing programs and subsurface conditions encountered at the Pond Creek site. Also presented 

are summaries of the analytical techniques and results of the material characterizations and 

various permanent deformation analyses. Figure 1 presents a site location map, Figure 2 presents 

the PS-CPT sounding plan and Figure 3 presents the Cross-Section A-A, Pond Creek South Cell 

embankment geometry and results of the yield acceleration analysis. Appendices A through D 

present supporting information including detailed calculation briefs for the various field and 

analytical procedures discussed herein. 
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2.0 EXISTING CONDITIONS AND COAL REFUSE DISPOSAL PLAN 

2.1 EXISTING CONDITIONS 

The proposed coal refuse disposal facility is located approximately seven (7) miles northeast of 

Johnston City, Illinois. The embankment is situated southwest of the intersection of Dwina Road 

and Dean Road. The Pond Creek Mine No. 1 coal preparation plant is located approximately 

0.25 mile west of the embankment. 

CBC understands the proposed South Cell impoundment area was previously used for 

agricultural purposes. Based on our observations, the area has relatively flat to mild slopes to the 

ridgeline at approximate El. 572. The surrounding landscape is characterized by extensive 

agricultural and rural residential land use. 

2.2 COAL REFUSE EXPANSION PLAN 

The Pond Creek disposal plan, as prepared by Alliance, provides for the disposal of 

approximately 1.6 years of coarse coal refuse and 3.2 years of fine coal refuse based on 

production rates provided by Williamson. The facility shall be constructed in two (2) phases 

consisting of an excavated starter cell (Phase 1) and a downstream coarse coal refuse 

embankment (Phase 2). 

CBC understands, based on information provided by Alliance, that the proposed plan raises the 

crest to El. 502 by constructing a coarse coal refuse embankment. CBC also understands that the 

proposed plan was prepared in accordance with prudent engineering principles and practices, and 

interpretation of current Mine Safety and Health Administration (MSHA) and IDNR design 

criteria for coal refuse disposal facilities. 
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3.0 GEOTECHNICAL FIELD INVESTIGATIONS 

3.1 GENERAL 

CEC developed and implemented a subsurface exploration plan including performing a total of 

15 PS-CPT soundings at the Pond Creek site on October 30 and 31, 2007 at the approximate 

locations shown in Figure 2. PS-CPT was performed by ConeTec, Inc. (ConeTec) of West 

Berlin, New Jersey using a 25-ton, unitized, track-mounted cone penetration rig. PS-CPT was 

also performed under the observation and guidance of experienced C~C personnel. 

PS-CPT locations designated as CPT-1, CPT-2, CPT-2A, CPT-3, CPT-4, CPT-5, CPT-SA, 

CPT-SB, CPT-6, CPT-7, CPT-8, CPT-9, CPT-10, CPT-11 and CPT-12 were located by CEC 

within areas that included the proposed South Cell, North Central Cell and North Cell 

impoundment areas. CPT-2, CPT:2A, CPT-5, CPT-SA and CPT-SB soundings were located on 

an existing coarse coal refuse embankment, and were pushed through coarse refuse and the 

underlying residual soil. CPT-1, CPT-3, CPT-4, CPT-6, CPT-7, CPT-8, CPT-9, CPT-10, 

CPT-11 and CPT-12 were located throughout the facility at the approximate existing ground 

surface and were pushed exclusively through residual soil. 

A total of eight (8) soundings were considered most applicable to ,he Pond Creek South Cell 

including CPT-1, CPT-2, CPT-2A, CPT-3, CPT-4, CPT-5, CPT-SA and CPT-SB. Ground 

surface elevations of the soundings were provided by Williamson. The following presents a 

summary of the field testing, including the CPT sounding number, site coordinates, existing 

ground surface elevation, total depth, interpolated ground water depth and applicable slurry cell. 
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CPT 
No. 

CPT-1 

CPT-2 

CPT-2A 

CPT-3 

CPT-4 

CPT-5 

CPT-5A 

CPT-5B 

CPT-6 

CPT-7 

CPT-8 

CPT-9 

CPT-10 

CPT-11 

CPT-12 

Table 1: Summary of October 2007 CPT Soundings -

Pond Creek Coal Refuse Disposal Site 

Ground Total GWT 

Northing Easting Surface Depth Interpolated 

(ft) (ft) Elev.(ft) (ft) (ft) 

425784.32 358548.87 482.19 18.4 15.3 

426832.42 357857.50 494.21 45.3 38.8 

426828.92 358156.73 492.40 41.7 37.0 

426792.78 359207.80 466.98 22.2 11.1 

426331.10 360108.80 482.55 18.9 21.7 

427485.26 357913.86 482.55 49.2 34.4 

427607.60 357920.84 483.00 53.2 35.9 

427147.68 358343.06 479.90 39.7 28.0 

427450.46 358992.62 457.78 22.6 9.2 

427450.88 359850.00 457.83 16.7 9.2 

429006.12 358034.04 444.45 17.9 6.6 

429077.69 359026.20 445.68 22.0 7.8 

428965.83 359998.44 442.09 26.1 3.4 

430316.82 358810.96 440.59 27.6 11.4 

430141.83 359852.30 442.08 22.6 11.7 

Applicable 
Slurry Cell 

South 

South, Central, 
North 

South, Central, 
North 
South 

South 

South, Central, 
North 

South, Central, 
North 

South, Central, 
North 

Central 

Central 

Central, North 

Central, North 

Central, North 

North 

North 

A summary of the PS-CPT operations prepared by CEC and the complete report of field test data 

and various parameter correlations prepared by ConeTec are presented in Appendix A, 

Attachments A-1 and A-2, respectively. Groundwater depths were interpolated by CEC between 

groundwater well data provided by Williamson. 
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3.2 FIELD TESTING PROCEDURES AND RESULTS SUMMARY 

3.2.1 In-Situ Piezo-Seismic Cone Penetration Testing 

Determining the dynamic response of the South Cell embankment and underlying residual soils 

requires knowledge of the subsurface material's dynamic properties to accurately predict the 

horizontal shear stresses and strains induced in the various materials by a given earthquake 

loading. Of particular significance in the dynamic evaluation is the distribution of density of the 

coal refuse materials with depth. The low-amplitude, small strain shear modulus (G) with depth 

is an important parameter for characterizing the behavior and response of a soil column during 

earthquake shaking. The shear modulus is a function of the in-situ shear wave velocity estimated 

at the site with depth and was obtained in the field utilizing PS-CPT. 

The main purpose of the PS-CPT was to measure in-situ shear wave (S-wave) travel times for 

subsequent calculation of shear wave velocity (Vs) and G; however, tip resistance (q,), sleeve 

friction (f,) and dynamic pore pressure (u,) were also measured. CPT provides nearly continuous 

in-situ field data, which was correlated to classification and in-situ strength values based on 

established procedures such as those outlined in Robertson and Campanella (1988). 

3.2.2 Shear Wave Velocity Measurements 

The seismic wave form portion of the PS-CPT was conducted by ConeTec at about 3-foot 

intervals throughout the soil profile to the maximum depths indicated. The down-hole seismic 

survey is a reliable technique for obtaining shear wave and compression wave velocities 

accounting for the subsurface material's attenuation and anisotropic effect with depth (Hoar and 

Stokoe, 1978) (Dobry et al., 1981) (Stokoe and Nazarian, 1985). Only S-wave travel times were 

measured for each sounding with depth. These travel times were used to calculate the 

corresponding Vs and G used in the dynamic analyses of the Pond Creek facility. The in-situ 

seismic survey measured shear wave velocities at locations CPT-1 through CPT-12 from the 
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existing ground surface through coarse coal refuse, where applicable, and also through residual 

soil materials. Shear wave velocities in feet per second (fps) per material type were estimated by 

ConeTec and the minimum, maximum and weighted averages are summarized as follows: 

CPTNo. 

CPT-1 

CPT-2 

CPT-2A 

CPT-3 

CPT-4 

CPT-5 

CPT-5A 

CPT-SB 

CPT-6 

CPT-7 

CPT-8 

CPT-9 

CPT-10 

CPT-11 

CPT-12 

Table 2: Summary of CPT Shear Wave Velocity Summary

Pond Coal Refuse Disposal Site 

Shear Wave Velocity Shear Wave Velocity 

Max./Min./ Avg. Max./Min./ Avg. 

Coarse Coal Refuse Residual Soil 
(fns) (fos) 

NA 1402 645 905 

1284 1029 1120 1173 795 957 

1169 895 1042 1256 780 918 

NA 1058 569 765 

NA 1242 476 817 

1190 936 1063 1599 780 947 

1396 779 1064 1580 728 1005 

1517 818 1080 1649 686 978 

NA 1022 514 796 

NA 894 514 682 

NA 1036 541 783 

NA 1484 415 835 

NA 1217 478 828 

NA 1387 471 925 

NA 1230 530 763 

In general, shear wave velocities in coarse refuse ranged from about 779 to 1,517 fps with an 

average value of about 1,074 fps. For the residual soils, Vs ranged from 415 to 1,649 fps with an 

average value of about 860 fps. Measured values of Vs for coarse refuse and residual soil 

materials and the density of the respective material with depth are used to estimate the initial 

shear modulus, G, for use in the one-dimensional, dynamic SHAKE2000 (Ordonez, 2006) 

analysis of the embankment. G-values estimated are subsequently used in the calculation of 
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induced cyclic shear stress at a SHAKE soil column location (e.g., PCSC300) shown in Figure 3. 

Appendix A, Attachment A-2 presents the complete ConeTec report, and Appendix B, 

Attachment B-1 presents the computations of G for the SHAKE columns from in-situ 

measurements of Vs for the coarse refuse, residual soil and bedrock materials, and includes plots 

of Vs and G with depth. 
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4.0 SUBSURFACE CONDITIONS 

4.1 REFUSE AND RESIDUAL SOIL BOUNDARIES 

Figure 2 depicts the location of the 15 PS-CPT soundings conducted at the site in October 2007. 

Figure 3 presents a generalized cross-section (A-A) of the South Cell impoundment. In general, 

CPT-2, CPT-2A, CPT-5, CPT-5A and CPT-5B were advanced from the existing crest between 

approximately El. 480 and 495 through approximately 19 to 32 feet of coarse coal refuse. 

Residual soil materials were encountered in all CPT soundings below approximate EL 440 to 

482. All CPT soundings were advanced until refusal at depths ranging from 16.4 to 53.2 feet 

below the existing ground surface. 

The stratification lines at the various depths corresponding to the generalized cross-section 

described herein and as shown in Figure 3 were adjusted to account for conditions encountered in 

the field. Refuse and residual soil properties based on the Alliance expansion plan submittal and 

static stability analyses were reviewed by CEC and considered to be reasonably consistent with 

the observed field data, and as such, were used throughout our analyses. Site-specific refuse/soil 

profiles based on the October 2007 PSCPT data for the applicable South Cell CPT soundings are 

as follows: 

CPT-1 CPT-2 

EL 482.19- Surface Elevation EL 494.21 - Surface Elevation 

15.3 feet - Depth to Static Ground Water 38.8 feet - Depth to Static Ground Water 

0 - 18.4 feet - Residual Soil 0 - 32 feet - Coarse Refuse 

Refusal at 18.4 feet - Bedrock 32 - 45.3 feet - Residual Soil 

Refusal at 45.3 feet - Bedrock 
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CPT-2A CPT-3 

El. 492.40 - Surface Elevation El. 466.98 - Surface Elevation 

37.0 feet-Depth to Static Ground Water 11.l feet - Depth to Static Ground Water 

0 - 29 feet - Coarse Refuse 0 - 22.2 feet - Residual Soil 

29- 41.7feet - Residual Soil Refusal at 22.2 feet - Bedrock 

Refusal at 41.7feet-Bedrock 

CPT-4 CPT-5 

El. 482.55 - Surface Elevation El. 482.55 - Surface Elevation 

21.7 feet - Depth to Static Ground Water 34.4 feet-Depth to Static Ground Water 

0 - 18.9 feet - Residual Soil 0 - 29 feet - Coarse Refuse 

Refusal at 18.9 feet - Bedrock 29 - 49.2feet - Residual Soil 

Refusal at 49.2 feet - Bedrock 

CPT-5A CPT-5B 

El. 483.00 - Surface Elevation El. 479.90 - Surface Elevation 

35.9 feet-Depth to Static Ground Water 28.0 feet - Depth to Static Ground Water 

0 - 29 feet - Coarse Refuse 0 - 19 feet - Coarse Refuse 

29- 53.2 feet - Residual Soil 19 - 39.7 feet - Residual Soil 

Refusal at 53.2 feet - Bedrock Refusal at 39.7 feet - Bedrock 

A generalized profile at Station (STA) 300 shown below was created based on the individual 

layer designations shown above for which data were weight averaged, and the critical South Cell 

embankment geometry shown in Figure 3 was correspondingly accounted for (including the 

maximum and minimum phreatic surface) to create the generalized profile. 

GENERALIZED PROFILE FOR POND CREEK SOUTH CELL 

El. 502 - Surface Elevation 

14 to 32 feet-Depth to Ground Water Table 

0 - 32 feet - Coarse Refuse 

32 - 50 feet - Residual Soil 
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Figure 3 presents the generalized embankment Cross-Section A-A, which includes the surface 

and subsurface geometry, and incorporates variations in stratigraphy estimated during field 

testing and subsequent review of available data. The description of the subsurface conditions at 

the site, as presented herein, is generalized from the available plan submittal information and 

interpolated between the soundings pushed during this subsurface exploration. The boundary 

lines between soil types are also estimated based on existing plan information, available field test 

data, and the samples recovered from the borings (by others). 

4.2 GROUNDWATER CONDITIONS 

Groundwater levels were provided by Williamson for existing groundwater wells installed 

throughout the Pond Creek site and are presented in Appendix A, Attachment A-1. Groundwater 

levels at the various CPT soundings were estimated based on the latest groundwater information. 

Groundwater levels are typically also estimated from static pore pressure readings and pore 

pressure dissipation tests performed by ConeTec during PS-CPT; however, long-term pore 

pressure dissipation in the clayey residual soils was not fully realized due to the relative 

impermeability of the materials. Consequently, groundwater levels were interpolated between 

wells based on the piezometric levels measured in the field. The groundwater conditions noted 

represent conditions only at the actual time and location observed and may fluctuate with time 

and/or location. 
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5.0 SEISMIC HAZARD ASSESSMENT 

5.1 METHODOLOGY 

A probabilistic se1s!Dlc hazard assessment (PSHA) was performed for the Pond Creek site 

located near Johnston City, Williamson County, Illinois. PSHA involved utilizing the 2002 

USGS Earthquake Hazard Program, Interactive Deaggregation Maps (Frankel, 2002), particularly 

the 2% Probability of Exceedance in 50 Years recurrence interval for the site coordinates and the 

development of a particular seismic scenario upon which the ground motion hazard evaluation 

was based. The scenario consisted of the postulated occurrence of an earthquake (i.e., 2% 

Probability of Exceedance in 50 Years) of a specified size based on the latest USGS hazard 

mapping surrounding the Pond Creek site. In general, PSHA involved four (4) basic elements: 

1. Evaluate earthquake sources; 

2. Determine controlling earthquake(s): the maximum magnitude and maximum design 

earthquake; 

3. Determination of OMA relationships or distance from the site; and 

4. Determination the peak ground acceleration (PGA). 

PSHA, utilizing the deaggregation maps, determines the earthquakes ,that have the most 

significant impacts at the site, and for engineering design and analyses of tailing dams, a design 

earthquake is desired. 

Stochastic modeling, based on the published predictive relations of Atkinson and Boore (1995), 

was subsequently used to create synthetic acceleration-time histories for the critical earthquake 

scenarios. The required input parameters for the critical earthquake source spectra, including 

moment magnitude, epicentral distance and focal depth were developed from the published 

information discussed above and summarized below. 
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Subsequently discussed below is a comparison of input parameters and site response made by 

CEC using both eastern U.S. synthetic earthquake time histories and actual western U.S. 

earthquake time histories. Available records were scaled in SHAKE to the Pond Creek site PGA 

and the site response compared to published eastern U.S. OMA response spectra to assess the 

reasonableness of the various time histories. 

5.2 POND CREEK PROBABILISTIC SEISMIC HAZARD ASSESSMENT 

The PSHA methodology chosen for this evaluation represents a more refined approach to 

previous methods which solely used empirical, pseudo-static embankment analyses. Similarly, 

the PSHA developed specifically for the Pond Creek site also attempts to eliminate the potential 

for over-conservative, unrealistic strong ground motion associated with the "floating earthquake" 

concept. This approach is generally applied in regions where active earthquake-generating 

surface faults exist and the intensity-based peak acceleration relationships are from only long

period western U.S. and Japanese seismic activity and more importantly, the peak acceleration 

does not account for distance. 

5.2.1 Selection of Maximum Design Earthquake Events and Peak Ground Acceleration 

Based on the most critical regional and local seismic events to the Pond Creek site as identified 

by the USGS deaggregation mapping, two (2) MDE scenarios were selected for analysis 

including a magnitude (M) 8.0, which has boundary limits of about 83 km from the site and the 

potential to generate a high intensity earthquake. The Pond Creek site also has the potential to be 

impacted by a smaller magnitude earthquake or a comparable local "background" earthquake at a 

closer epicentral distance to the site, which based on the USGS seismic hazard program is an 

M6.8 at 13.5 km. The PGA associated with this hazard was defined at 0.54g. Several other 

potential regional and local events were identified by the USGS deaggregation mapping; 

however, these two (2) MDE scenarios were considered the most critical and were subsequently 

used to evaluate their impact on the Pond Creek impoundments since the maximum ground 
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accelerations, frequency contents and durations of effective cycles will be notably different. The 

2002 USGS Interactive Deaggregation Maps including the 2% Probability of Exceedance in 

50 Years maps are presented in Appendix C, Attachment C-1. 

The rate at which the strength of earthquake ground motion attenuates and the amount of 

geometric spreading with distance from the epicenter is required for seismic hazard analyses. 

The focal depth of the earthquake and the near surface geological conditions have a significant 

influence on the intensity attenuation relationship. Information on earthquakes occurring in the 

eastern U.S. suggests that surface faulting does not occur and the center of energy release is 

deeper than the average of California earthquakes. The earthquake energy is therefore radiated 

over a larger area than is experienced in California, and California data cannot be extrapolated 

directly to this region. Several ENA and CEUS GMA relationships including Toro, et.al. (1997), 

Atkinson & Boore (1997), Campbell (2003), Atkinson (2001) and Tavakoli & Pezeshk (2005) 

were used to compare the USGS PGA for the Pond Creek site to that of other ENA and CEUS 

ground motion relationships. 

As previously discussed, CEC utilized the Atkinson and Boore (1995) empi1ically-derived 

earthquake source spectra model for ENA hard rock sites, and created quality synthetic 

acceleration-time histories for the bedrock motions. Subsequently, the various input parameters 

from these ENA synthetic earthquake records were compared to the input and time histories 

scaled accordingly to the PGA anticipated at the Pond Creek site. Also, selection of an 

earthquake time history record from the Pacific Earthquake Engineering Record (PEER) Strong 

Motion Database for western U.S. and Japanese earthquake records, scaled to the Pond Creek site 

PGA was performed. Finally, the corresponding response spectra curves of the South Cell site 

response due to the ENA synthetic and PEER earthquake time histories were compared to 

various ENA and CEUS OMA response spectra to assess the reasonableness of the time 

histories, and is described in Section 7.4. 
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5.3 CREATION OF POND CREEK SYNTHETIC ACCELERATION-TIME 

HISTORIES 

Recent studies (Atkinson and Boore, 1995 and 1998) have also shown that the high frequency 

ground motions observed from a database of low to moderate magnitude earthquakes in the 

eastern U.S. and Canada can reasonably be predicted using stochastic modeling. In this method, 

synthetic time histories are characterized as finite-duration, bandlimited Gaussian noise, while 

known regional source and propagation parameters are utilized to identify the underlying 

amplitude spectrum. 

Synthetic acceleration-time histories were created for the two (2) MDE events affecting the Pond 

Creek facility. The seismological computer program "SMSIM - Fortran Programs for 

Simulating Ground Motions from Earthquakes: Version 1.0," written by David Boore (1996), 

was utilized to predict ENA earthquake ground motions from stochastic modeling and 

empirically derived source spectra relationships. The calculation brief detailing the stochastic 

modeling methodology and the creation of acceleration-time histories for the design MDE 

scenarios is presented in Appendix C, Attachment C-2. 

As discussed by Atkinson and Boore (1995 and 1998), recent understandings in the behavior of 

ENA earthquakes have resulted in a decrease in intermediate-frequency [f ~l Hertz{Hz)] ground 

motions and a shift in expected motions toward the higher frequency range. Based on the 

comparison of simulated values with published values of Atkinson and Boore (1995), the use of 

these synthetic records as base motion provided reliable input for SHAKE trials in the permanent 

deformation analyses of the impoundment (described in detail in Chapter 8.0). 

5.3.1 Stochastic Modeling 

The stochastic method is initiated by defining the Fomier amplitude spectrum of ground 

acceleration with respect to seismic moment and distance. The amplitude spectrum also includes 

a diminution function which models the geometric and an elastic attenuation as a function of 
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hypocentral distance (R) and frequency (f), as well as filters to reduce high-frequency amplitudes 

and shape the response spectrum. The time series is a windowed Gaussian noise sequence with a 

zero mean amplitude. The duration of this window is limited as a function of earthquake 

magnitude and distance from the source. Once the windowed time series has been defined, its 

spectrum is multiplied by the amplitude spectrum then transfonned back into the time domain, 

thus resulting in the simulated earthquake record. 

5.3.2 Source Spectrum Input 

The source spectrum model used to characterize the amplitude of ground motions for the two (2) 

critical earthquake scenarios represents the Atkinson source model. As discussed in Atkinson 

and Boore (1998), which compares the results of several source models with the ground motion 

database of ENA earthquakes and other earthquakes with similar geologic settings, the Atkinson 

source model provides the most accurate ground motion estimates over the frequency range of 

interest (0.1 to 10 Hz) for most engineered facilities. Atkinson and Boore conclude that most 

other ENA models tend to overpredict long-period motion. The use of the Atkinson model was 

also recommended by seismologist Dr. Martin Chapman of the Virginia Polytechnical Institute 

Seismological Observatory, in Blacksburg, Virginia, who previously consulted with CEC on 

similar projects in West Virginia and Kentucky. The source spectrum data used as input for 

two (2) MDE scenarios, including a M8.0 New Madrid, Missouri event at 83 km and a M6.8 

Background event at 13.5 km, were taken directly from the input parameter file for Atkinson and 

Boore (1995), AB95.dat, which is presented as Appendix F of the SMSIM Open Report. These 

parameters, as well as the input magnitudes and attenuation distances, are summarized below. 

MDE No. 1 - M6.8 Background Earthquake: 

• Moment Magnitude, M = 6.8 based on Frankel (2002) 

• Shear Wave Velocity, Vs= 3.8 km/sec 

• Density of Rock Mass, p (Between Source and Site) = 2.8 g/cm2 

• Cutoff Frequency = 50 Hz 
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• Maximum Frequency, jmax = 40 Hz 

• Hypocenter Distance, R = 16.8 km, assuming Epicenter Distance= 13.5 km 

• Focal Depth= 10 km 

• Quality Factor, Q = C * fn where C = 680, n = 0.36,f = frequency 

• Seed (Random Number) = 3 

• Time Step= 0.01 seconds 

MDE No. 2 - M8.0 New Madrid Earthquake: 

• Moment Magnitude, M = 8.0 based on Frankel (2002) 

• Shear Wave Velocity, Vs= 3.8 km/sec 

• Density of Rock Mass, p (Between Source and Site)= 2.8 g/cm2 

• Cutoff Frequency= 50 Hz 

• Maximum Frequency,fmax = 40 Hz 

• Hypocenter Distance, R = 83.6 km, assuming Epicenter Distance= 83 km 

• Focal Depth = 10 km 

• Quality Factor, Q = C * fn where C = 680, n = 0.36,f = frequency 

• Seed (Random Number) = 3 

• Time Step= 0.01 seconds 

The PGA for the M6.8 Background and M8.0 New Madrid earthquake are 739 crn/sec2 (0.754g) 

and 181 crn/sec2 (0.184g), respectively. Higher acceleration values were expected for the 

Background MDE since th~re is less attenuation from the hypocenter to the site (13.5 km 

compared to 83 km). However, it is important to note that the duration of the acceleration record 

for the MS.0 earthquake is about 80 seconds, compared to about 15 seconds for the lower M6.8 

Background earthquake. Additionally, the frequency contents of the two (2) simulations are 

quite different. 
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5.4 COMPARATIVE ASSESSMENT OF SYNTHETIC EASTERN U.S. AND 

ACTUAL WESTERN U.S. EARTHQUAKE RESPONSE SPECTRA 

A comparison of site response (spectra) was made between synthetic acceleration time histories 

using SMSIM (Boore, 1996), based on the eastern U.S. Atkinson & Boore (1995) OMA 

relationship, and an actual time history record from the western U.S., PEER strong motion 

database. Response spectra from each earthquake time history are generated at the base and top 

of the South Cell embankment crest column PCSC300M using the one-dimensional wave 

propagation program SHAKE2000 (Ordonez, 2006), and the compatibility of each response 

spectra is assessed relative to response spectra for five (5) eastern U.S. OMA relationships. The 

eastern U.S. ground motion spectra should envelope the South Cell site response yielding similar 

frequency content and eliminating potential resonance effects. 

Synthetic time histories were used to represent the Pond Creek PSHA MDE earthquakes 

including the M6.8 (13.5 km), which was scaled to USOS-derived POA value of 0.54g for the 

site. Alternatively, a search of the PEER strong motion database of western U.S. earthquakes 

was performed for a range of magnitudes between M5.5 and M7 .2, a radial distance between 10 

km and 50 km and POA between 0.40g and 0.65g to represent the Pond Creek M6.8 source. 

Three (3) earthquake records were reviewed and the 1989 Loma Prieta earthquake, 

LOMAP/001000 record (M6.9 at 11 km) was chosen, with POA of 0.41g, as a comparative,time 

history. The LOMAP/001000 record was subsequently converted in SHAKE2000 and scaled to 

0.54g (from 0.41g), and the resulting response spectra was compared to the corresponding 

synthetic time history and eastern U.S. GMA response spectra. 

5.4.1 SHAKE Input Model 

To compare the Pond Creek site response from both the eastern U.S. synthetic time histories and 

the PEER database western U.S. time history, SHAKE was used to calculate the response spectra 

for each time history using the Pond Creek embankment (crest) SHAKE column PCSC300M. 

Analyses were performed using SHAKE2000 (Ordonez, 2006). SHAKE2000 integrates SHAKE 
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1 (Schnabel et aL, 1972) and SHAKE91 (Idriss, l.M. and Sun, J.I., 1992) with ShakEdit (Ordonez, 

G., 2006) a pre- and post-processor for SHAKE and SHAKE91. SHAKE2000 utilizes a one

dimensional analysis for the vertical propagation of shear waves from the bedrock layer up 

through the soil profile, which is modeled as a series of horizontal layers, to estimate the 

maximum cyclic shear stress and strain with depth. 

A layered SHAKE model was generated utilizing field and laboratory test data, and input 

information including layer thickness, unit weight and (small strain) shear modulus (Gmax). 

Time histories for the M6.8 (at 13.5 km) earthquake scenario, from both the Pond Creek 

synthetic eastern U.S. records and the western U.S. Loma Prieta PEER database time histories 

represent the respective eastern and western U.S. frequency content and PGA. Time histories 

associated with the M6.8 and M6.9 events were scaled to 0.54 g and input into SHAKE at the 

base of the PCSC300M SHAKE column. 

5.4.2 Discussion of SHAKE Output 

SHAKE output included generating and plotting response spectra curves for the Pond Creek site 

response for Layer 1 - at the top of the PCSC300M column, and Layer 17 - at the base of the 

same column. Additionally, the response spectra curves for five (5) published eastern U.S. GMA 

relationships were plotted, and are compared to the Pond Creek site response spectra due to the 

eastern and western U.S. time histories. The response spectra curves for the site response and 

comparative ground motion spectra are presented in Appendix C, Attachment C-2. 

As shown in Attachment C-2 response spectra comparison, the eastern U.S. synthetic time 

history produced a frequency response (predominant period) within a range of periods between 

0.01 and 0.1 seconds, as defined by the eastern U.S. GMA relationships. The western U.S. 

PEER database time history produced predominant periods about 5 to 10 times that of the eastern 

U.S. GMA relationships, between 0.1 and 1 second, and consistent with published information in 

Atkinson & Boore (1995 and 1998). Thus, the response spectra due to the western U.S. time 

history is not consistent with the anticipated eastern U.S. ground motion response spectra and 
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should not be used to represent eastern U.S. earthquake records or time histories. The eastern 

U.S. synthetic earthquake record and site response from the synthetic time histories input into 

SHAKE fell directly within the predominate period range of the multiple eastern U.S. GMA 

relationships as evidenced by the site response spectra curves for the M6.8 Background 

earthquake presented in Attachment C-2. 

Therefore, eastern U.S. synthetic time histories for the M6.8 and M8.0 earthquakes, scaled to the 

Pond Creek MDE PGA of 0.54g were used in supplemental SHAKE analyses to estimate cyclic 

shear stresses/strains and time histories of horizontal cyclic shear stress for the SHAKE crest 

column. 
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6.0 PERMANENT DEFORMATION ANALYSES 

6.1 ANALYTICAL APPROACH 

As previously discussed, IDNR has required that a revised (seismic) slope stability analysis be 

performed for the South Cell using equivalent static load methods and the appropriate peak 

acceleration based on the PGA for 2% Probability of Exceedance in 50 Years maps from the 

USGS. If the required factor of safety is not met, i.e., a minimum factor of safety of 1.0 with 

seismic forces for the steady seepage condition, a permanent deformation evaluation should be 

completed. As described below, revised seismic stability analyses using a PGA value of 0.54g 

yielded factors of safety less than 1.0. Therefore, permanent deformations or crest settlement are 

evaluated, which can occur depending upon the acceleration levels above a defined yield 

acceleration, below which embankment response is assumed to behave elastic-plastic (Newmark, 

1965). If crest settlements eliminate the available freeboard below the maximum tailings 

impoundment level, overtopping of the dam could result posing a threat to the embankment and 

ultimately downstream safety. 

6.1.1 Newmark Analysis of Permanent Deformations 

In a Newmark analysis (Newmark, 1965), deformations are analyzed by considering movements 

of a sliding mass over a sliding surface caused by yielding of the soil at its available strength. 

The basic assumption is that movement (or yielding) occurs when the sum of the static plus the 

seismic shear stresses along the sliding surface reaches the value of the available shear strength. 

Thus, the acceleration that can be transmitted to the sliding mass is limited to a value referred to 

as the yield acceleration. 
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The basic steps of the Newmark analysis involved the following: 

1. For the critical failure surface associated with the proposed South Cell geometry, 

determine from a pseudo-static stability analysis the horizontal acceleration which 

produces a factor of safety of 1.0. This is referred to as the yield acceleration (Ky) with 

units of g. The results are presented in Appendix D, Attachment D-1; 

2. Using the computer program SHAKE2000, determine a time history of horizontal shear 

stresses for the two (2) MDE scenarios. The time history of accelerations of the failure 

mass is computed from the time history of stresses and the total mass above the critical 

layer; and 

3. Using the computer program SHAKE2000 and the Newmark analysis option (Houston et 

al., 1989), displacements are estimated and added each time the earthquake accelerations 

exceed the yield acceleration during the time history to obtain the accumulated 

displacements caused by the various earthquake loadings. 

6.2 DETERMINATION OF THE REVISED PSEUDO-STATIC SEISMIC FACTORS 

OF SAFETY AND YIELD ACCELERATIONS 

Pseudo-static stability analyses were performed for the proposed South Cell downstream and 

upstream geometries including the maximum fines (El. 496) and minimum fines (El. 474) 

conditions respectively using a PGA of 0.54g (as required by IDNR) to assess the revised seismic 

factor of safety (Fs), and to determine the yield acceleration (Ky). 

The yield acceleration is the acceleration level: 

• 

• 

Below which yielding of the embankment (soil mass) does not occur and the soil mass 

deforms elastic-plastic; and/or 

Above which yielding occurs causing permanent deformation . 
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The yield acceleration is used as input to subsequent Newmark permanent deformation analyses 

performed within the computer program SHAKE2000. 

Drained and undrained strengths were developed for the various coal refuse materials including 

coarse coal refuse and residual soil in the GSTABL analysis to obtain Fs and Ky. 

Description 

Table 3: Refuse/Soil Properties Used in Revised Pseudo-Static 

and Yield Acceleration Slope Stability Analyses 

Unit Weight Friction Angle Cohesion Yield Strength 

(pct) (deITT"ees) (psf) (psf) 

Coarse Refuse 130 33.7 0 Frictional 

Fine Refuse 90 30 0 Frictional 

19.5 400 Total (Undrained) Strength 
Residual Soil 125 

0 3000 80% Peak Undrained 

Note: Refuse properties provided by Alliance Consulting, Inc. based on laboratory testing and/or 

literature values noted in the Alliance static/seismic slope stability analyses. 

A horizontal acceleration corresponding to _the PGA value of 0.54g was input into GSTABL to 

assess the revised seismic stability analyses safety factors. Revised Fs values less than 1.0 were 

determined for both the downstream and upstream slope conditions, thus permanent deformation 

analyses are required. 

Additionally, the horizontal acceleration was subsequently varied in GSTABL until a Factor of 

Safety equal to 1.0 was achieved. Consequently, yield accelerations of 0.184g and 0.192g were 

iteratively determined for the soil mass corresponding to the downstream (maximum fines) and 

upstream (minimum fines) critical failure surfaces. 
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The revised seismic stability and yield acceleration GSTABL analyses runs and outputs files are 

presented in Appendix D, Attachment D-1. Finally, a yield acceleration of 0.18g was 

conservatively assumed for all downstream and upstream slope conditions, which was used as 

input for estimatine; the corresponding permanent deformations. 

6.3 SHAKE2000 ANALYSES 

6.3.1 SHAKE2000 Input Summary 

Analyses were performed using SHAKE2000 (Ordonez, 2006), a computer program for the one

dimensional wave propagation analysis of geotechnical earthquake engineering problems. For 

the South Cell impoundment, a user-defined crest column (PCSC300) along an approximate 

centerline cross-section of the embankment was utilized. A total of one (1) SHAKE2000 column 

was chosen to analyze the induced acceleration of the coarse coal refuse and residual soil 

materials along the critical failure surface in the downstream and upstream directions. 

SHAKE2000 columns PCSC300E and PCSC300M were created based on shear wave velocities 

from eight (8) PS-CPT soundings performed within and surrounding the existing/proposed South 

Cell impoundment. The crest column location PCSC300 also included two (2) phreatic levels 

associated with: 1) the "end" (E) of construction, i.e., minimum fines El. 474; and 

2) "maximum" (M) fines El. 496. Columns PCSC300E and PCSC300M were •utilized for 

evaluating the permanent deformations in the upstream and downstream directions, respectively. 

The modulus and damping reduction curves used in the analyses were from published 

references/relationships presented in Appendix D, Attachment D-2, and available curves from 

SHAKE2000 were utilized for the coarse refuse, residual soils and bedrock materials. 
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6.3.2 SHAKE2000 Results Summary 

SHAKE2000 output files for the MDE events, including an M6.8 Background (at 13.5 km) and 

M8.0 (at 83 km) are presented in Appendix D, Attachment D-2. SHAKE2000 summaries of 

maximum shear stress and strain with depth for crest column PCSC300E/M, which become the 

input for pennanent deformation analyses, are also presented in Appendix D, Attachment D-2. 

Figure 3 presents the relative location of the crest SHAKE column PCSC300E/M. Appendix B, 

Attachment B-1 presents the corresponding layer geometry and input information, including 

material type, unit weight, groundwater depth, sub-layer thickness, and average initial G values. 

The maximum induced horizontal cyclic shear stresses estimated at the midpoint of each layer 

are plotted with depth for the Pond Creek - South Cell SHAKE2000 column and MDE scenario, 

and are presented in Appendix D, Attachment D-2. 

SHAKE2000 analyses results allow for estimating the deformations accumulated at the interface 

of each layer within the crest column model, which were used to represent the downstream and 

upstream conditions during MDE loadings. Therefore, time histories of horizontal shear stresses 

(SHAKE2000 Option 7) at all soil layer interfaces were saved for subsequent permanent 

deformation analyses to envelope potential upstream and downstream failure surface scenarios. 

Plots of time histories of (horizontal) shear stress for each column and critical layer are presented 

in Appendix D, Attachment D-2. 

6.4 ANALYSES TO DEFINE TIME-HISTORIES OF ACCELERATION 

Analyses were performed to estimate the time history of horizontal shear stress at all of the layer 

interfaces. The (stress) time history data was subsequently converted to acceleration time 

histories in SHAKE2000 and subsequently used to estimate the maximum displacement 

associated with the respective sublayer within the crest column. 
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The analysis technique for determining time histories of accelerations corresponds to the 

techniques used by Castro et al., (1989) and Houston et al., (1989). The time histories of 

earthquake accelerations on the potential sliding mass were converted in SHAKE2000 by 

dividing each time step by the effective vertical stress on each layer, based on the equation Force 

(F) = mass (m) times acceleration (a) (F = ma) and solving for a at each time step. These time 

histories of acceleration become the input for the computer program SHAKE2000 (Houston et 

al., 1989 displacement option), which computes the layer specific displacement. 

6.5 CRITICAL MASS DISPLACEMENTS 

Horizontal displacements of the proposed South Cell geometry were computed in SHAKE2000, 

which double integrates the difference between the estimated accelerations and yield 

accelerations for the duration of the time history. The integration is performed assuming that 

movements of the sliding block can only occur in the downhill direction for estimated values of 

acceleration which exceed the yield acceleration. Movements in the uphill direction are not 

likely since the value of yield acceleration is notably higher due to the additive static weight 

resistance against pushing the sliding block uphill. 

The anticipated maximum displacements of the soil mass were estimated as a function of 

earthquake acceleration for all layers in the soil column. A summary of ground motion response 

parameters and ground displacements estimated for the various layers within the South Cell crest 

column geometry is presented in Appendix D, Attachment D-3. 

As shown in Appendix D, Attachment D-2, the mean square frequency of the M6.8 Background 

earthquake is 20.4 Hz, which is greater than the M8.0 New Madrid earthquake frequency of 14.6 

Hz. The average fundamental frequencies of the SHAKE2000 columns are similar, ranging from 

about 3.70 to 4.35 Hertz. Due to the variation in frequency content between the low frequency 

South Cell SHAKE2000 column to the high frequency ENA earthquake scenarios, only moderate 

shear stresses and strains are induced into the soil column. The percentage of acceleration within 

the critical layer to that of the base acceleration is lower for the M6.8 and higher for the M8.0 
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earthquakes due to their higher mean square frequency. In other words, while the input 

acceleration is high, particularly for the Background M6.8 MDE (Amax = 0.54g), most of its 

energy is in the high frequency range and only a portion of the induced base acceleration affects 

the critical layer. 

Based on the Newmark method, maximum permanent deformations in any layer within the soil 

column due to both MDE scenarios were estimated at about 17 inches. The resulting maximum 

deformation was due to the estimated acceleration values in the critical layers, as compared to the 

yield acceleration value of 0.18g. Since the maximum accelerations vary above and below the 

Ky value, there were displacements accumulated by performing the double integration of (Ay -

A) of the Newmark method. The South Cell SHAKE2000 files presented in Appendix D-3 

illustrate the sublayer acceleration-time history. 

Finally, the proposed crest elevation for the South Cell is about El. 502 feet, while the maximum 

fines level is El. 496 feet. Therefore, given the amount of freeboard (about 6 feet), maximum 

permanent deformations of 17 inches (or about 1.4 feet) will not pose a threat to the integ1ity of 

the impoundment or adversely affect the South Cell impoundment. 
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7.0 SUMMARY AND CONCLUSIONS 

The IDNR has required that a revised (seismic) slope stability analysis be performed for the Pond 

Creek facility using equivalent static load methods and the appropriate peak acceleration based 

on the PGA for 2% Probability of Exceedance in 50 Years maps from the USGS. CEC revised 

the seismic slope stability analyses and the minimum factors of safety do not meet the required 

1.0 safety factor criteria. 

CEC subsequently completed a permanent deformation evaluation of the proposed South Cell 

embankment geometry, and determined that the facility is NOT susceptible to adverse post

earthquake permanent deformations. These conclusions were based on the results of high quality 

field testing and detailed seismically-related engineering and deformation analyses in both the 

upstream and downstream directions. 

CEC, in cooperation with ConeTec developed and implemented a detailed field testing program, 

which utilized the most recent advances in PS-CPT to obtain a significant volume of credible 

field test results of the existing coarse coal refuse and residual soil materials at depth. 

A PSHA was performed utilizing the 2002 USGS Earthquake Hazards Program, Interactive 

Deaggregation Maps, specifically the 2% Probability of Exceedance in• 50 Years recurrence 

interval to select the MDE and estimate the corresponding PGA for the Pond Creek site. A PGA 

value of 0.54g was estimated for the two (2) controlling MDE events, including an M8.0 New 

Madrid, Missouri regional earthquake located 83 km from the site and an M6.8 Background 

earthquake located 13.5 km from the site. 

Post-earthquake permanent deformation analyses were performed to estimate the anticipated 

maximum crest settlement for the two (2) MDE events. Based on the results of the permanent 

deformation analyses, the estimated maximum deformations are about 1.4 feet. The relatively 

small deformations are attributable to the low frequency embankment response as compared to 

the predominantly higher frequency content of the applicable synthetic MDE acceleration time 
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histories created for the Pond Creek site from ENA earthquake GMA relationships. Given the 

minimum available freeboard of 6 feet, the 1.4 feet of post-earthquake deformations do not pose 

a threat to the integrity of the South Cell geometry. 

Therefore, it is CEC's opinion the Pond Creek South Cell impoundment can be operated up to 

the proposed geometry with no appreciable risk of a release of tailings downstream or upstream 

due to permanent deformations expected from any site specific MDE event. It is also understood 

the Pond Creek facility will be operated with an impoundment level at the lowest practical 

elevation except during periods of intense rainfall. Analyses were not performed for the 

simultaneous occurrence of intense rainfall and an MDE due to the low probability of both events 

occurring at the same time. 

In preparing this report, CEC' s professional services have been performed, findings obtained and 

conclusions prepared in accordance with generally accepted engineering principles and practices. 

No warranty, expressed or implied is made or intended by rendering of these services or by 

furnishing oral or written reports of our findings. This report was prepared for the exclusive use 

of Williamson. 
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CALCULATION BRIEF 
FOR 

SUMMARY OF PIEZO-SEISMIC CONE PENETRATION TESTING 

POND CREEK COAL REFUSE DISPOSAL SITE 

OBJECTIVE: 

Summarize the piezo-seismic cone penetration testing (PS-CPT) ac1Iv111es performed by 
ConeTec, Inc. (ConeTec), West Berlin, in October 2007 as part of the subsurface exploration at 
the Williamson Energy Pond Creek facility, Williamson County, Illinois. 

REFERENCES: 

1. ConeTec, Inc. (2007), Field Report Entitled "Presentation of CPTU Test Results for: 
Pond Creek Mine - Williamson County, Illinois, December 10, 2007. 

2. Robertson, P.K., et.al. (1992) "SPT-CPT Correlations," Journal of Geotechnical 
Engineering, ASCE 109 (11): 1449-1459. 

3. Robertson, P.K and Campanella, R.G, (1989), "Guidelines for Geotechnical Design 
Using CPT and CPTU", UBC Soil Mechanics Series No. 120, Civil Eng. Dept., 
Vancouver, B.C., Canada 

4. Robertson, P.K and Campanella, R.G, (1983), "SPT-CPT Correlations," Journal of 
Geotechnical Engineering, ASCE Vol. 109 No. 11, pp. 1449-1459. 

METHODOLOGY: 

As part of the subsurface exploration, a total of 15 PS-CPT soundings were performed at the 
Pond Creek site on October 30 and 31, 2007, at approximate locations shown in Figure 2 of the 
Pond Creek Deformation Evaluation report. PS-CPT exploration was performed under the full
time observation and guidance ofCEC personnel. PS-CPT locations designated as CPT-1, CPT-
2, CPT-2A, CPT-3, CPT-4, CPT-5, CPT-SA, CPT-SB, CPT-6, CPT-7, CPT-8, CPT-9, CPT-10, 
CPT-11 and CPT-12 were located by CEC within areas that included existing coarse coal refuse 
and the proposed South Cell, North Central Cell and North Cell impoundments. CPT-2, CPT-
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2A, CPT-5, CPT-5A and CPT-SB soundings were located on the existing coarse coal refuse 

embankment crest, and were pushed through coarse refuse and the underlying subgrade residual 

soil. CPT-1, CPT-3, CPT-4, CPT-6, CPT-7, CPT-8, CPT-9, CPT-10, CPT-11 and CPT-12 were 

located throughout the facility at approximate existing ground surface and pushed exclusively 

through residual soil. The following presents the CPT sounding, site coordinates, existing 

ground surface elevation, total depth, interpolated ground water depth and applicable slurry cell. 

Ground Total GWT Applicable 

CPT Northing Easting Surface Depth lllterpolated Slurry Cell 

No. (ft) (ft) Elev.(ft) (ft) (ft) 

CPT-1 425784.316 358548.865 482.19 18.4 15.3 South 

CPT-2 426832.420 357857.498 494.21 45.3 38.8 South, 
Central, 
North 

CPT-2A 426828.920 358156.731 492.40 41.7 37.0 South, 
Central, 
North 

CPT-3 426792.780 359207.797 466.98 22.2 11.1 South 

CPT-4 426331.101 360108.800 482.55 18.9 21.7 South 

CPT-5 427485.256 357913.863 482.55 49.2 34.4 South, 
Central, 
North 

CPT-5A 427607.598 357920.844 483.00 53.2 35.9 South, 
Central, 
North 

CPT-5B 427147.684 358343.061 479.90 39.7 28.0 South, 
Central, 
North 

CPT-6 427450.461 358992.616 457.78 22.6 9.2 Central 

CPT-7 427450.884 359850.004 457.83 16.7 9.2 Central 

CPT-8 429006.116 358034.037 444.45 17.9 6.6 Central, 
North 

CPT-9 429077.690 359026.204 445.68 22.0 7.8 Central, 
North 

CPT-10 428965.827 359998.444 442.09 26.1 3.4 Central, 
North 

CPT-11 430316.815 358810.964 440.59 27.6 11.4 North 

CPT-12 430141.831 359852.299 442.08 22.6 11.7 North 
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Note: CPT coordinates and ground surface elevations were provided by Williamson Energy. 

Determining the dynamic response of the Pond Creek facility and that of the coarse coal refuse 
and subgrade residual soils requires knowledge of the subsurface material's dynamic properties 
to accurately predict the horizontal shear stresses and strains induced in the material by a given 
earthquake loading. Of particular significance in the dynamic evaluation is the distribution of 
density of the coal refuse materials with depth. The low-amplitude, small strain shear modulus 
(G) with depth is an important parameter for characterizing the behavior and response of a soil 
column during earthquake shaking. It is a function of the in-situ shear wave velocity estimated 
at the site with depth and was obtained in the field utilizing PS-CPT. 

The main purpose of the PS-CPT was to measure in-situ shear wave (S-wave) travel times for 
subsequent calculation of shear wave velocity (Vs) and G. Concurrently, CPT was also 
performed which provides nearly continuous, index-type information which can be correlated to 
classification and in-situ strength values based on established procedures such as those outlined 
in Robertson and Campanella ( 1988). Further, cone data is typically utilized to evaluate 
liquefaction potential based on Robertson and Campanella (I 985) similar to the procedures 
described in Seed and Idriss (1983) and to compare with the results using steady-state principles; 
however, only permanent deformations are evaluated in response to regulatory comments. 

The seismic wave form portion of the PS-CPT was conducted by ConeTec at about 3-foot 
intervals throughout the soil profile to the maximum depths indicated. The down-hole seismic 
survey is a reliable technique for obtaining shear wave and compression wave velocities 
accounting for the subsurface material's attenuation and anisotropic effect with depth (Hoar and 
Stakoe, 1978) (Dobry et al., 1981) (Stakoe and Nazarian, 1985). Only S-wave travel times were 
measured for each sounding with depth which was used to calculate the corresponding Vs and G 

used in the dynamic analyses of the Pond Creek facility. 

RESULTS: 

A total of 15 PS-CPT soundings were performed at the Pond Creek site in October 2007, at 
approximate locations shown in Figure 2. ConeTec measured tip stress, sleeve stress and pore 
water pressure, and shear wave velocities at the locations CPT-1 through CPT-12 from the 
existing ground surface through coarse coal refuse, where available and through residual soil 
materials. 
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Shear wave velocities per material type were measured and the minimum, maximum and 

weighted averages are summarized as follows: 

Shear Wave Velocit:i:: Shear Wave Velocit:i:: 

Max./Min./ Avg. Max./Min./ Avg. 

CPTNo. Coarse Coal Refuse Residual Soil 

(ft/sec} (ft/sec} 

CPT-1 NA 1402 645 905 

CPT-2 1284 1029 1120 1173 795 957 

CPT-2A 1169 895 1042 1256 780 918 

CPT-3 NA 1058 569 765 

CPT-4 NA 1242 476 817 

CPT-5 1190 936 1063 1599 780 947 

CPT-5A 1396 779 1064 1580 728 1005 

CPT-5B 1517 818 1080 1649 686 978 

CPT-6 NA 1022 514 796 

CPT-7 NA 894 514 682 

CPT-8 NA 1036 541 783 

CPT-9 NA 1484 415 835 

CPT-10 NA 1217 478 828 

CPT-11 NA 1387 471 925 

CPT-12 NA 1230 530 763 

In general, shear wave velocities in coarse refuse ranged from about 779 to 1517 fps with an 

average value of about 1074 fps. For subgrade residual soils, Vs ranged from 415 to 1599 fps 

with an approximate average value of 860 fps. Measured values of Vs for coarse refuse and 

residual soil materials and the density of the respective material with depth are used to estimate 

the initial shear modulus, G, for use in the one dimensional, dynamic SHAKE (Schnabel, et al., 

1972) analysis of the embankment. G-values estimated from the four soundings are used in the 

calculation of induced cyclic shear stress at the SHAKE soil column locations (e.g. PCSC300) 

shown in Figure 3. Appendix A, Attachment A-2 presents the complete ConeTec report and 

Appendix B, Attachment B-1 presents the computations of G for the various SHAKE columns 
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from in-situ measurements of Vs for the coarse refuse, residual soil and bedrock materials 

including plots of Vs and G with depth for both SHAKE columns. 

CONCLUSIONS: 

Summarizing, the PS-CPT field testing was performed as part of the subsurface exploration at 
the Pond Creek facility. The information gathered from the testing will be used to correlate 
index and strength parameters, as well as shear modulus for use in subsequent permanent 
deformation analyses. 
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7.21 844 
10.50 779 
13.78 1164 
17.06 1396 
20.34 994 
23.63 1077 
26.90 1195 

30.18 1021 
33.46 784 
36.74 784 
40.02 728 
43.30 768 
46.67 961 
49.95 1411 
52.00 1580 

CPT-5B 
. M'd"L ... D th(fl)'. >?!'t, , ... ,. ayerr ep . < frit;, iif;;Vsylnterval?.\(elpqij:y;(ft/s)f/;t 

7.54 818 
10.82 900 
14.10 1517 
17.39 1085 

20.67 856 
23.95 732 
27.23 686 

I 
·- 30.59 762 

33.79 1014 
37.07 1150 
38.88 1649 

CCR 

CLAY 

CCR 

CLAY 

CCR 

CLAY 

CCR 
CLAY 

CCR 
CLAY 

CCR 
CLAY 

1190 
1599 

1396 
1580 

1517 
1649 

CPT-5 
Min 

936 
780 

CPT-SA 
Min 

779 
728 

CPT-5B 
Min 

818 
686 

~ 1 1'1 

1063 
947 

~ 

1064 
1005 

~ 

1080 
978 
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CPT-6 

4.26 
7.54 
10.82 
14.10 
17.39 
20.51 

CPT-7 

4.26 
7.54 
10.82 
14.10 

CPT-8 

4.26 
7.54 
10.82 
14.10 
16.48 

c;PT-9 
~~l$yEit,QEiptli/(ft)il¼l, 

3.93 
7.21 
10.50 
13.78 
17.06 
20.01 

CPT-10 

4.26 
7.54 
10.82 
14.10 
17.36 
20.67 
23.87 

( 

514 CLAY 1022 
769 
706 CLAY 
945 
819 
1022 

514 CLAY 894 
575 
745 
894 CLAY 

541 CLAY 1036 
652 
708 
979 

1036 

fll;Ys'dhtehl(al,~elocity,(ft/s)';fl 

415 CLAY 1484 
904 
757 
647 
805 
1484 

478 CLAY 1217 
617 
656 
803 
945 

1080 
1217 

514 

CPT-7 
Min 

514 

CPT-8 
Min 

541 

CPT-9 
Min 

415 

CPT-10 
Min 

478 

/0 i l'i 

796 

ID!9. 

682 

ID!9. 

783 

ID!9. 

835 

ID!9. 

828 
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Williamson Energy • Pond Creek - North Cell 
Shear Wave Velocity versus Depth CEC Project No. 072-046 

'T-8 CPT-8 

4.26 541 
7.54 652 
10.82 708 
14.10 979 
16.48 1036 

CPT-9 

3.93 415 
7.21 904 
10.50 757 
13.78 647 
17.06 805 
20.01 1484 

CPT-10 
~JMi(l"lfayer;jD.eptli,(ft)i'~ 'f/f;;Y,stlvJgjyals'f!elo¢i!Yl(f1/s,)~ 

4.26 478 
( 7.54 617 

10.82 656 
14.10 803 
17.36 945 
20.67 1080 
23.87 1217 

CPT-11 
±~zll:".Midfl:ayetDepth'(fl),),;'i: ;~~/Vs>lnteryali'Jelocityi(ft/s).1l 

4.26 471 
7.54 628 
10.82 719 
14.10 817 
17.36 926 
20.67 1207 
23.95 1387 
26.25 1246 

CPT-12 
•LfMid0 lfaye(•Deplh•{ft)Jfff . ·•vs·,JntervaH,Yelo6ity (ft/s);• 

( 4.02 530 
\ 7.30 596 •..... 

11 10.50 601 
13.78 748 
17.06 871 
20.34 1230 

CLAY 1036 

CLAY 

Max 

CLAY 1484 

CLAY 

Max 

CLAY 1217 

CLAY 

Max 

CLAY 1387 

CLAY 

Max 

CLAY 1230 

CLAY 

541 

CPT-9 
Min 

415 

CPT-10 
Min 

478 

CPT-11 
Min 

471 

CPT-12 
Min 

530 

I/ { I '1 

783 

J!l!!! 

835 

J!l!!! 

828 

J!l!!! 

925 

J!l!!! 

763 
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( 

Civil & Environmental Consultants, Inc. 
Williamson Energy Pond Creek 

PROJECT Deformation Evaluation PROJECT /'JD 

072046 

Summary of PS-CPT 

MADE BY _ _:B:..:E:.:G:::...__ DATE 12/21/07 CHECKED BY 

GROUNDWATER WELL DATA 
(PROVIDED BY WILLIAMSON) 
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DATE 
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( 

Pond Creek #I Ground Water Sampling 
Permit #375 NPDES# IL007766 

Stand Pipe 
Date Sample Pnt Easting Northing Elevation 

12/29/05 GW-1 354,988 430,899 441.82 
12/29/05 GW-2 357,681 430,962 435.73 
12/29/05 GW-3 360,278 430,669 438.46 
12/29/05 GW-4 354,923 425,980 464.03 
12/29/05 GW-5 357,632 425,618 482.23 
12/29/05 GW-6 360,211 425,416 434.9 
11/29/05 GW-7A 358,306 427,592 454.7 
2/24/06 GW-1 354,988 430,899 441.82 
2/24/06 GW-2 357,681 - 430,962 435.73 
'}}24/06 GW-3 360,278 430,669 438.46 
2/24/06 GW-4 354,923 425,980 464.03 
2/24/06 GW-5 357,632 425,618 482.23 
2/24/06 GW-6 360,211 425,416 434.9 
2/24/06 GW-7A 358,306 427,592 454.7 
6/28/06 GW-1 354,988 430,899 441.82 
6/28/06 GW-2 357,681 430,962 435.73 
6/28/06 GW-3 360,278 430,669 438.46 
6/28/06 GW-4 354,923 425,980 464.03 
6/28/06 GW-5 357,632 425,618 482.23 
6/28/06 GW-6 360,211 425,416 434.9 
6/28/06 GW-7A 358,306 427,592 454.7 
7/31/06 GW-1 354,988 430,899 441.82 
7/31/06 GW-2 357,681 430,962 435.73 
7/31/06 GW-3 360,278 430,669 438.46 
7/31/06 GW-4 354,923 425,980 464.03 
7/31/06 GW-5 357,632 425,618 482.23 

7/31/06 GW-6 360,211 425,416 434.9 
7/31/06 GW-7A 358,306 427,592 454.7 
8/3 l/06 GW-1 354,988 430,899 441.82 
8/31/06 GW-2 357,681 430,962 435.73 
8/31/06 GW-3 360,278 430,669 438.46 
8/31/06 GW-4 354,923 425,980 464.03 
8/31/06 GW-5 357,632 425,618 482.23 
8/31/06 GW-6 360,211 425,416 434.9 
8/31/06 GW-7A 358,306 427,592 454.7 
10/2/06 GW-1 354,988 430,899 441.82 
10/2/06 GW-2 357,681 430,962 435.73 
10/2/06 GW-3 360,278 430.669 438.46 
10/2/06 GW-4 354,923 425,980 464.03 
10/2/06 GW-5 357,632 425,618 482.23 
10/2/06 GW-6 360,211 425,416 434.9 
10/2/06 GW-7A 358,306 427,592 454.7 
3/7/07 GW-1 354,988 430.899 441.82 
3/7/07 GW-2 357,681 430,962 435.73 
3n/07 GW-3 360,278 430,669 438.46 
3n/07 GW-4 354,923 425,980 464.03 
317/07 GW-5 357,632 425,618 482.23 
3/7/07 GW-6 360,211 425,416 434.9 
3/7/07 OW-7A 358,306 427,592 454.7 

5/21/07 GW-1 354,988 430,899 441.82 
5/2!/07 GW-2 357,681 430,962 435.73 
5/2l/07 GW-3 360,278 430,669 438.46 
5/21/07 GW-4 354,923 425,980 464.03 
5/21/07 GW-5 357,632 425,618 482.23 

5121101 GW-6 360,211 425,416 434.9 
5/21/07 GW-7A 358,306 427,592 454.7 
5/21/07 GW-8 359,568 426,786 467.85 
8/1/07 GW-1 354,988 430,899 441.82 
8/1/07 OW-2 357,68 I 430.962 435.73 
8/1/07 GW-3 360,278 430,669 438.46 
8/1/07 GW-4 354,923 425.980 464.03 
8/1/07 GW-5 357,632 425.618 482.23 

8/1/07 OW-6 360,211 425,416 434.9 
3/l/07 ,..,., .... 

...., n - , /"\ .1.,0 •• ,uu 42./ . .J92 454.7 
8/1/07 GW-8 359.568 426,786 467.85 

,~ 
Water Elev. •" 

435.44 )12 
428.51 )24 
432.61 )OJ 
456.01 )09 
470.52 01 

No Water N 
444.99 )29 
438.34 )12 
431.31 )16 
434.29 )14 
459.45 OJ 
471.33 01 

No Water N 
447.05 )18 
435.70 )02 
427.72 )23 
430.10 )06 
458.03 )03 
470.85 )02 

No Water N, 
446.30 l02 
435.08 )01 
429.31 001 
428.63 001 
457.03 JOI 
469.43 )06 

No Water N< 
445.55 )03 
434.92 001 
424.51 001 
426.86 )13 
456.79 106 
468.32 !o2 

No Water Ne 
444.18 \18 
435.08 001 
425.76 001 
427.14 1,09 
455.42 001 

No Water No 
No Water No 

443.95 1001 
438.62 ·001 
431.41 ·001 
434.29 101 
458.05 i!OI 
473.86 \io1 

No Water No 
448.63 liio1 
436.55 102 
428.93 liio1 
432.08 <'oo1 
459.93 'bot 
471.74 I \Jot 

No Water No 
448.05 6ao1 
462.23 5ao1 
433.29 8,03 
424.74 l\09 
426.09 I 11 
458.16 5-02 
469.06 1~05 

No Water No' 
447.i i 7 18 
462.70 5105 

071- olfb 1'7 f 8 

Antimony Beryllium Cobalt MANGANESE Pheno\ics Cyunidc Chlorides 

mun m•" m•" mun m•" mg/L mon 

0.303 <.001 0.014 0.027 <.050 <0.010 20 

0.240 <.001 0.013 0.087 <.050 <0.010 42 

0.299 <.001 0.012 0.124 <.050 <0.010 26 

0.270 <.001 0.017 0.031 <.050 <O.0IO 17 

0.276 <.001 0.007 0.891 <.050 <O.OIO 40 

n/a n/a 

0.285 <.001 0.024 0.052 <.050 <0.010 33 

<0.002 <.001 <0.005 0.024 <.050 <0.010 <10 

o::0.002 <.002 <0.002 0 027 <.050 <0.010 <10 

<0.002 <.001 <0.005 0.023 <.050 <0.010 <10 

<0.002 <.001 <0.005 0.03 <.050 <0.010 <10 

<0.002 <.001 <0.005 0.4 <.050 <O.0IO <10 

n/a n/a 

<.002 <.001 <.005 0.045 <.050 <0.010 <10 

0.006 <.001 <.005 <.002 <.050 <0.010 33 

0.050 <.001 <.005 0.002 <.050 <0.010 44 

0.060 <.001 <.005 0.145 <.050 <O.0IO 75 

0.070 0.001 <.005 <.002 <.050 <0.010 122 

0.050 <.001 <.005 <.002 <.050 <0.010 160 
n/a 

0.090 <.001 <.005 0.003 <.050 <0.010 75 

0.206 0.003 <.005 0.012 <.050 <O.0IO 37.5 

0.184 0.002 <.005 <.002 <.050 <0.010 50 

0.129 0.001 <.005 0.024 <.050 <0.010 88 

0.153 0.002 <.005 0.026 <.050 <0.0IO 139 

0.153 0.002 <.005 0.012 <.050 <0.010 150 
n/a 

0.269 0.001 <.005 0.026 <.050 <0.0IO 85 

<.002 <.001 <.005 0.019 <.050 <0.010 20 

<.002 <.001 <.005 0.021 <.050 <0.010 22 

<.002 <.001 <.005 0.045 <.050 <0.010 44 

<.002 <.001 <.005 0.081 <.050 <0.010 42 

<.002 <.001 <.005 3.05 <.050 <0.010 105 
n/a 

<.002 <.001 <.005 0.093 <.050 <0.010 8.7 

<.002 <.001 0.015 <.002 <.050 <0.010 14 
' 

<.002 <.001 0.013 <.002 <.050 <0.010 38 

<.002 <.00! 0.006 2.105 <.050 <0.010 28 

<.002 0.002 0.014 0.028 <.050 <0.010 84 

<.002 <.001 0.005 0.181 <.050 <0.010 368 

<.002 <.001 <.005 0.005 <.050 <0.010 26 

<.002 <.001 <.005 0.003 <.050 <0.010 42 

<.002 0.001 <.005 0.028 <.050 <0.0lO 66 

<.002 <.001 <.005 0.005 <.050 <0.010 109 

<.002 <.001 0.013 0.007 <.050 <0.010 91 

<.002 <.001 <.005 0.007 <.050 <0.010 86 

<.002 <.001 0.034 <.002 <.050 <0.010 42 

· <.002 0.001 0.01 I 0.007 <.050 <0.010 46 

<.002 0.001 0.013 0.002 <.050 <0.010 62 

<.002 0.002 0.009 <.002 <.050 <0.0IO 100 

<.002 0.002 0.020 <.002 <.050 <0.0IO 132 

<.002 <.001 0.017 0.002 <.050 <0.010 82 

<.002 <.001 0.020 0.544 <.050 <0.010 88 

<.002 0.001 <.005 0.007 <.050 <0.010 26 

0.105 0.001 <.005 0.196 <.050 <0.010 34 

0.370 0.001 <.005 0.524 <.050 <0.010 66 

0.141 0.001 <.005 0.003 <.050 <0.010 100 

0.080 0.002 <.005 0.198 <.050 <0.010 120 

<.005 1.180 

I 

<.050 l<OOIOI 
108 0.137 0.002 

0.200 0.002 <.005 0.042 <.050 <0.010 ll2 
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1.0 INTRODUCTION 

This report presents the results of a piezo cone penetrometer testing (CPTU) program 
carried out at Pond Creek Mine located in Williamson County, Illinois. The work was 
performed under subcontract to Civil & Environmental Consultants, Inc. of Export, 
Pennsylvania. The CPTU program took place on October 30th

, and 31'\ 2007. 

A total of fifteen soundings were completed at twelve different sounding locations. The 
CPT testing was performed to evaluate in situ geotechnical as well as seismic criteria 
relative to the proposed expansion. 

While completing the CPT soundings, seismic shear wave velocity testing was conducted 
in all of the soundings. Seismic testing involved collecting shear wave velocity data at one
meter depth intervals. 

CPT sounding locations were selected and numbered under the direction and supervision 
of C.E.C. Personnel. 

Cone Tee, New Jersey 3 



R13695

2.0 FIELD EQUIPMENT AND PROCEDURES 

2.1 CONE PENETRATION TESTING 

The cone penetrometer tests were carried out using an integrated electronic piezo cone 
manufactured by ConeTec in Vancouver, Canada. The piezo cone used was a 
compression model cone penetrometer with a 15 cm2 tip and a 225 cm2 friction sleeve. The 
cone is designed with an equal end area friction sleeve and a tip end area ratio of 0.80. 
The piezo cone dimensions and the operating procedure were in accordance with ASTM 
Standard D-5778-95. A diagram of the cone penetrometer used for this project is shown as 
Figure 1. 

Pore pressure filter elements, made of porous plastic, were saturated under a vacuum 
using glycerin as the saturating fluid. The pore pressure element was six millimeters thick 
and was located immediately behind the tip (the u2 location) for all soundings. 

The cone was advanced using a 20 ton, unitized, track-mounted cone penetration rig. The 
following data were recorded onto magnetic media every five centimeters (approximately 
every two inches) as the cone was advanced into the ground: 

- Tip Resistance (qc) 
- Sleeve Friction (fs) 
- Dynamic Pore Pressure ( ut) 

The field data recorded is included on the attached CD (appendix E). 

Before each sounding a complete set of analog baseline readings are taken with a multi
meter and compared with the digitized value on the computer screen. This provides a 
check on the analog to digital conversion board. 

Evaluation of the analog baselines is key to consistent readings. The baseline data should 
be stable and should not wander excessively during the course of a sounding. Baseline 
data can be used to apply corrections to the cone data where necessary. For this project, 
the baseline shift from sounding to sounding was small, typically less than 0.1 % of full 
scale, and no data corrections were applied. 

During seismic testing, the seismic signals were recorded using a geophone mounted in 
the cone as shown in Figure 1 and an up-hole digital oscilloscope. A sledge hammer hit 
against a beam was used for the seismic source. Normal reaction for the beam was 
provided by the dead weight of the rig placed upon the beam. A schematic of the shear 
wave testing configuration is shown in Figure 2. 

Cone Tee, New Jersey 4 
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( 

Triaxial Geophones 
or Accelerometer 
(Vp & Vs) 

Load Cells 

Inclinometer (I) 

--+--- Thermistor (T) 

--i-- Friction Sleeve (Fs) 

--i-- Pore Pressure 
Transducer (U) 

FIGURE 1 - TYPICAL CONE PENETROMETER 

Cone Tee, f'Jew Jersey 5 
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Polarized Shear Wave Trac7 
TRiGGER CIRCUIT 

0 0 0 0 [[],+-------.,.-----; ~ 
CONE DATA 

ACQUISITION SYSTEM 
DIGITAL STORAGE 

OSCILLOSCOPE 

HAMMER WITH 
CONTACT TRIGGER 

NORMAL FORCE . .. . . 
STEEL 1-BE.Afvl 

Shear Wave 

~ 

FIGURE 2 - SCHEMATIC OF SHEAR WAVE TESTING CONFIGURATION 

2.2 PORE PRESSURE DISSIPATION TESTS 

When cone penetraiion is stopped, the piezo cone essentially becomes a piezometer. 
While stopped, pore water pressures are automatically recorded at five-second intervals 
and the readings are stored in a dissipation file (.ppd). Dissipation data can then be plotted 
onto a dissipation curve consisting of pore water pressure (u) verses time (t). The shapes 
of dissipation curves are very useful in evaluating soil type, drainage and in situ static water 
level. 

A flat curve that stabilizes quickly (i.e. less than 30 seconds) is typical of a free draining 
sand. In this case, the final measured pore water pressure is the static in situ water 
pressure. 

Soils that generate excess dynamic pore water pressure during penetration will dissipate 
this excess pressure when penetration stops. The shape of the dissipation curve and the 
time of dissipation can be used to estimate Ch, the coefficient of consolidation that can in 
turn be used to calculate Kh, the horizontal permeability. 

Figure 3 shows some idealized shapes of various pore water pressure dissipation curves. 
The reader is referred Robertson et. al., 1992 to reference dissipation test data analytical 
techniques. 

ConeTec, New Jersey 6 
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Estimation of Ground Water Table 
from CPT Dissipation Tests 

Ground 
surface 

Dcone 

,.________ Pore Pressure (u) 
measured here 

Deane - Depth of Cone 

Dwater - Depth to Water Table 
Hwater - Head of Water 

Water Table Calculation 

Dlss,pa~or, or Pore F'O:!!.SUte (u) in NC Clay 

u 

Ue • equilibrium pore pressure 

Q--1----------
time 

Dtr.s:panon of Pore Preasura {u) ill Sand 

u 

"•'--------

Ue - equilibrium pOl'"e pressure 

0--1--------
time 

u 
D1s&1p11Uon of Pore Pressure [ti) rn Oense Sand, 

Dllstlve Sill and Haa'Jlly OC Clay 

Ue················c··~··-----

Ue - equilibrium pore pressure 

Q--l-------
time 

Dwater = Dcor1e - I-I water 
where Hwater = Ue (depth units) 

Useful Conversion Factors: 1psi = 0.704m = 2.31 feet (water) 
1tsf = 0.958 bar= 13.9 psi 
1 m = 3.28 feet 

FIGURE 3 -TYPiCAl DISSIPATION TESTS 

Cone Tee, New Jer:,ey 7 
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3.0 CONE PENETRATION TEST DATA AND INTERPRETATION 

3.1 ANALYSIS OF PIEZOCONE DATA - GENERAL 

A total of fifteen CPT sounding involving 443.90 feet of testing, were completed. 

The interpretation of cone data is based on the relationship between cone bearing, qc, 
sleeve friction, fs, and penetration pore water pressure, u. The friction ratio, Rf , ( sleeve 
friction divided by cone bearing) is a calculated parameter which is used to infer soil 
behavior type. Generally, saturated cohesive soils have low tip resistance, high friction 
ratios and generate large excess pore water pressures. Cohesionless soils have higher tip 
resistances, lower friction ratios and do not generate significant excess pore water 
pressure. 

The interpretation of soils encountered on this project was carried out using correlations 
developed by Robertson et al., 1992. It should be noted that it is not always possible to 
clearly identify a soil type based on qc, fs and ut. Occasionally soils will fall within different 
soil categories on the classification charts. In these situations, experience and judgment 
and an assessment of the pore pressure dissipation data should be used to infer the soil 
behavior type. Computer tabulations of the interpreted soil types along with certain other 
geotechnical parameters for each cone hole is presented in Appendix B. 

Each of the parameters measured in the sounding is discussed briefly below. A detailed 
explanation of CPTU testing and interpretation of the results can be found in Robertson, 
1989. 

TIP RESISTANCE (qc): The resistance to penetration, measured at the cone tip, provides 
an accurate profile of subsurface strata. The recorded tip resistance is a composite of the 
penetration resistance of the soils located five to ten cone diameters (7 to 14 inches) in 
front of and behind the tip. The actual resistance "sensed" by the tip depends on the soil 
properties and on the relative stiffness of the layers encountered. Tip resistance is often 
corrected for pore pressure effects when testing in soft saturated cohesive soils. 

For this project the correction was made and the tip resistance shown, qi is the corrected tip 
resistance. 

The correction used is: qi= q0 + (1-a)u 
Where: q, = corrected tip resistance 

qc = measured tip resistance 
a = net area ratio for cone (0.80 for this project) 
u = dynamic pore water pressure measured behind tip 

Cone Tee, New Jeisey 8 
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SLEEVE FRICTION (f.) The resistance recorded on the friction sleeve, is a measure of the 
re molded strength of the soil. Values of sleeve friction in very soft soils ( such as peat) may 
fluctuate due to the measured force being small relative to the capacity of the measuring 
load cell. 

FRICTION RA TIO (Rr) The ratio of sleeve friction to tip resistance expressed as a 
percentage, is an indicator of soil type. Cohesive soils generally have friction ratios that 
are greater than two, while sands and non-plastic silts have friction ratios that are lower 
than two. 

PORE PRESSURE (u) Dynamic pore water pressure is measured during penetration. 
(dynamic pore water pressure data can be found in the .cor, .xis files. Static pore water 
pressure is measured when cone penetration is stopped (static pore water pressure data 
can be found in the .ppd files). The measured dynamic pore water pressure changes with 
the location of the porous filter and negative readings are possible when the filter is located 
behind the tip. 

II is important to note that the CPT classifies soil by physical behavior, not by grain size; 
therefore, the CPT classification should be verified against samples obtained from a 
conventional drilling program. While the CPT soil classification may not always be 
accurate in terms of the actual label it applies to a particular soil, it is very accurate in 
grouping soils with similar mechanical properties. 

Table 1 presents a summary of CPT soundings, including sounding depths. 

3.2 CONE PLOTS 

The data from each sounding was plotted using the computer program ScreenZ. The plots 
are included in Appendix A ScreenZ was developed by ConeTec Inc. and it incorporates 
soil behavior type (SST) classification as part of the plot. The soil classification is based on 
the classification chart reproduced chart in Appendix 8. 

3.3 PORE PRESSURE DISSIPATION TEST RESULTS 

When conducting CPT investigations, pore water pressure dissipations are automatically 
recorded during pauses in penetration. The pore water pressure data is recorded at five 
second intervals. Dynamic and static pore pressure dissipation data for each CPT is 
included on the data CD. No dissipation tests were completed during this project. Water 
table depths used in the data interpretations were given to us by the client. 

Cone Tee, New Jersey 9 
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( 3.4 SHEAR WAVE VELOCITY MEASUREMENTS 

Shear wave velocity measurements were conducted during all of the CPT soundings. 
Shear wave velocity measurements were recorded approximately every meter. The shear 
wave velocity data can be found in Appendix C. 

3.5 CPTSUMM DATA PROCESSING 

The electronic data files were processed using the program CPTSUMM. CPTSUMM is a 
program developed by ConeTec to calculate common engineering parameters from CPT 
data. The data files (xis) can be found on the data CD. The calculations used are 
summarized in the table found in Appendix B. Each calculation is derived according to the 
referenced article. 

For this project, the depth to ground water was given to us by the client. The exact depth 
used is noted in the header of each CPTSUMM file. 

3.6 DATACD 

One data CD is included in Appendix E. The CD includes all of the CPT, dynamic and 
static pore water pressure and CPTSUMM data. 

Cone Tee, New Jersey 
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CONETEC 
TABLE 1 • SUMMARY OF CPTU SOUNDINGS 

Job No.: 07-804 
Location: Pond Creek Mine - Williamson County, Illinois 
Client: CMI & Environmental Consultants 
Date: October 30, 31, 2007 

Date CPTU Sounding File Name CPT Shear wave Comments 

Total Velocity Tests 
Depth 

(ft) 

31-0ct-07 CPT-1 804cp01.cor 18.37 6 

30-0ct-07 CPT-2 804cp02.cor 45.28 13 

30-0ct-07 CPT-2A 804cp02a.cor 41.67 12 

31-0ct-07 CPT-3 804cp03.cor 22.15 6 

31-0ct-07 CPT-4 804cp04.cor 18.86 6 

30-0ct-07 CPT-5 804cp05.cor 49.21 14 

30-0ct-07 CPT-5A 804cp05a.cor 53.15 16 

30-0ct-07 CPT-58 804cp05b.cor 39.70 12 

31-0ct-07 CPT-6 804cp06.cor 22.64 7 

31-0ct-07 CPT-7 804cp07.cor 16.73 5 

31-0ct-07 CPT-8 804cp08.cor 17.88 6 

31-0ct-07 CPT-9 804cp09.cor 21.98 7 

31-0ct-07 CPT-10 804cp1 O.cor 26.08 8 

31-0ct-07 CPT-11 804cp11.cor 27.56 9 

31-0ct-07 CPT-12 804cp12.cor 22.64 7 

Job Totals: 15 443.90 134 

Page 1 of 1 07-804 Table I.XLS 
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Shearwave CPT plots 
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ConeTec 
Environmental and Geotechnical Site Investigation Contractors 

ConeTec Interpretations as of June 30, 2004 (Release 1.22A) 

ConeTec's interpretation routine provides a tabular output of geotechnical parameters based on current 
published CPT correlations and is subject to change to reflect the current state of practice. The 
interpreted values are not considered valid for all soil types. The interpretations are presented only as a 
guide for geotechnical use and should be carefully scrutinized for consideration in any geotechnical 
design. Reference to current literature is strongly recommended. ConeTec does not warranty the 
correctness or the applicability of any of the geotechnical parameters interpreted by the program and does 
not assume liability for any use of the results in any design or review. Representative hand calculations 
should be made for any parameter that is critical for design purposes. The end user of the interpreted 
output should also be fully aware of the techniques and the limitations of any method used in this program. 
The purpose of this document is to inform the user as to which methods were used and what the 
appropriate papers and/or publications are for further reference. 

The CPT interpretations are based on values of tip, sleeve friction and pore pressure averaged over a 
user specified interval (e.g. 0.20m). Note that q1 is the lip resistance corrected for pore pressure effects 
and q, is the recorded tip resistance. Since all ConeTec cones have equal end area friction sleeves, pore 
pressure corrections to sleeve friction, Is, are not required. 

The tip correction is: q, = qc + (1-a) • U2 

where: q1 is the corrected lip resistance 
qc is the recorded tip resistance 
u2 is the recorded dynamic pore pressure behind the tip (u2 position) 
a is the Net Area Ratio for the cone (typically 0.85 for ConeTec cones) 

The total stress calculations are based on soil unit weights that have been assigned to the Soil Behavior 
Type zones, from a user defined unit weight profile or by using a single value throughout the profile. 
Effective vertical overburden stresses are calculated based on a hydrostatic distribution of equilibrium 
pore pressures below the water table or from a user defined equilibrium pore pressure profile (this can be 
obtained from CPT dissipation tests). For over water projects the effects of the column of water have 
been taken into account as has the appropriate unit weight of water. How this is done depends on where 
the instruments were zeroed (i.e. on deck or at mud line). 

Details regarding the interpretation methods for all of the interpreted parameters are provided in Table 1. 
The appropriate references cited in Table 1 are listed in Table 2. Where methods are based on charts or 
techniques that are too complex to describe in this summary the user should refer to the cited material. 

The estimated Soil Behavior Types (normalized and non-normalized) are based on the charts developed 
by Robertson and Campanella shown in Figures 1 and 2. The Bq classification charts are not reproduced 
in this document but can be reviewed in Lunne, Robertson and Powell (1997) or Robertson (1990). 

Where the results of a calculation/interpretation are declared 'inva/id'the value will be represented by the 
text strings "-9999" or "-9999.0". In some cases the value O will be used. Invalid results will occur 
because of (and not limited to) one or a combination of: 

1. Invalid or undefined CPT data (e.g. drilled out section or data gap). 

2. Where the interpretation method is inappropriate, for example, drained parameters in an 
undrained material (and vice versa). 

3. Where interpretation input values are beyond the range of the referenced charts or specified 
limitations of the interpretation method. 

4. Where pre-requisite or intermediate interpretation calculations are invalid. 
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The parameters selected for output from the program are often specific to a particular project. As such, 
not all of the interpreted parameters listed in Table 1 may be included in the output files delivered with this 
report. 

The output files are often delivered in one (or more) of the following three formats: 

File Tune Tv□ical Extensions Description 
Printable IFP, NLP ASCII files fonnatted for direct printing either by copying to a printer port, 

through a text editor or through a dedicated printing routine (such as 
Cone Tee's CTPRINT). Typically fonnatted for 
132 columns wide and 70 lines per page. Any printer would need to be set 
to have a compressed font (16cpi) as its default. 

Importable IFl,NLI Tab delimited ASCII files (not for use with text editors) meant for importing 
into spreadsheet and database applications (e.g. Excel, Lotus, Quattro, 
Access). Some column and cell formatting maybe required depending on 
the quality of the application's import utility. 

Spreadsheet XLS IFI, NU files exported directly to Excel format. Column and cell formatting 
has been done. Header information is exported to start in Column C 
allowing the depth columns A and/or B to be duplicated on each printed 
page without repetition of part of the header infonnation. 

Table 1 
CPT Interpretation Methods 

Interpreted Description Equation Parameter 

Mid Layer Depth 

Depth 
(where inte,pretations are done at each point then Mid 

Depth (Layer Top) + Depth (Layer Bottom) I 2.0 

Layer Depth = Recolded Depth) 

Elevation Elevation of Mid Layer based on sounding collar elevation Elevation == Collar Elevation - Depth supplied by client 

I • 

Avgqc Averaged recorded tip value (qc) 
Avsqc=-Lq, 

n i=i 

n= 1 when interpretations are done at each point 

Averaged corrected tip (qi) where: 
I • 

Avgqt 
A,gqt=-Lq, 

q,=q,+(l-a)•u n •• 
n= 1 when inte,pretatians are done at each point 

I • 

Avgfs Averaged sleeve friction {fs) 
Avgfi·=-Lft 

" .. 
n=f when interpretations are done at each paint 

Averaged friction ratio (Rf) where friction ratio is defined 
Avg Rf= 100% • M-gfs 

AvgRf 
as: 

Rf=l00%•.ft_ 
Avgql 

qr n= 1 when intelpretatians are done at each paint 

I" 
Avgu Averaged dynamic pore pressure (u) 

Avgu=-Lu; 
n i~i 

n= 1 when interpretations are done at each point 

Averaged Resistivity (this data is not always available I • 

AvgRes since it is a specialized test requiring an additional A,gu ~ - LRESISTIVITY, 
n ;~1 

module} n= 1 when interpretations are done at each point 

CPTSUMM-MethodsV122a - Rev. 06-30·2004 

Ref 
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lrrterpreted 
Parameter 

AvgUVIF 

AvgTemp 

AvgGamma 

SBT 

U.Wt. 

T. Stress 

crv 

E.St~ 

crv 

Ueq 

Cn 

Nro 

(N1)ao 

(N1)rolc 

Su 

I< 

CPT Interpretations 

Description 

Averaged UVIF ultra~violet induced fluorescence {this 
data is not always available since tt is a specialized test 
requiring an additional module) 

Averaged Temperature {this data is not always available 
since tt is a specialized test) 

Averaged Gamma Counts (this data is not always 
available since tt is a specialized test requiring an 
additional module) 

Soil Behclvior Type as· defil18d by Robertson and 
Campanella 

Unit Weight of soil determined from one of the following 
user selectable options: 

1) uniform value 
2) value assigned to each SBT zone 
3) user supplied unit weight profile 

Total vertical overburden stress at Mid Layer Depth. 

A layer is defined as the averaging interval specified by 
the user. For data interpreted at each point the Mid Layer 
Depth is the same as the recorded depth. 

Effective vertical overburden stress at Mid Layer Depth 

Equilibrium pore pressure determined from one of the 
following user selectable options: 

1) hydrostatic from water table depth 
2) user supplied profile 

SPT NBO overburden correction factor 

SPT N value at 60% energy calculated from qt/N ratios 
assigned to each SBT zone. This method has abrupt N 
value changes at zone boundaries. 

SPT N50 value corrected for overburden pressure 

SPT Nso values based on the le parameter 

SPT N50 value corrected for overburden pressure (using 
Nso le}. User has 2 options. 

Clean sand equivalent SPT (N1)50lc. User has 3 options. 

Undrained shear strength - Nkl is user selectable 

Coefficient of permeability (assigned to each SST zone) 

CPTSUMM-MethodsV122a- Rev. 06-30-2004 

Page 3(7 

Equation 

I• 
Avgu =-'f.UVIF1 

n ; .. 1 

n= 1 when interpretations are done at each point 
I • 

A,gu =-"f.TEMPERATURE, 
n,,.1 

n=1 i!hef! interpr~ta#of!S are done at each p_oiryt 

I • 
A,gu =-"f.GAMMA, 

n,,.r 

n=1 when interpretations are done at each point 

See Figure 1 

See references 

TStress= 'J:.Yihi 
J:I 

where 11 is layer unit weight 
h; is layer thickness 

Estress = Tstress- Ueq 

For hydrostatic option: 

u<¥=r ... •(D-D.,) 
where Ueq is equilibrium pore pressure 

1'w is unit weight of water 
D is the current depth 
D..vt is the depth to the water table 

Cn=(crv?--0.s 
where o/ is in tsf 

0.5< Cn <2.0 

See Figure 1 

(N1)co = Cn • N60 

(qt/pa)/ Nso = 8.5 (1 - lc/4.6) 

1) (N1)6DIC= Cn • (Noo le) 
2) q,,,,J (N1)60IC= 8.5 (1 -lc/4.6) 

1) (N1)60cslc =a+ ~((N1)60/c) 
2) (N1),°"'lc = Kser • ((N1)60fc) 
3) q,,,a~)/ (N1 )'°"'le = 8.5 (1 - Jc/4.6) 

fCS5%: 
FC ~ 35% 
5%<fC<35% 

Su= qt -(}',. 

N, 

a=0, ~=1.0 
0=5.0, ~=1.2 
a = exp{1.76 - \190/FC2

)] 

~ = [0.99 + (FC ·5/1000)] 

Ref 

2,5 

5 

4,5 

4 

5 

4 
5 

10 
10 
5 

1, 5 

5 
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Interpreted 
Parameter 

Bq 

a, 

SBTn 

SBT-BQ 

SBT-BQn 

FC 

le Zone 

PHI 
~ 

Dr 

CPT Interpretations 

Description 

Pore pressure parameter 

Normalized Qt for Soil Behavior Type classification as 
defined by Robertson, 1990 

Normalized Friction Ratio far Soil Behavior Type 
classification as defined by Robertson, 1990 

Normalized Soil Behavior Type as defined by Robertson 
and Campanella 

Non-normalized soil behavior type based on the Bq 
parameter 

Normalized Soil Behavior base on the 8q parameter 

Soil index far estimating grain characteristics 

Apparent fines content {%) 

This parameter is the Soil Behavior Type zone based an 
the le parameter (valid for zones 2 through 7 on SBTn 
chart) 

Friction Angle determined from one of the following user 
selectable options: 

a) Campanalla and Robertson 
b) Durgunoglu and Mitchel 
c) Janbu 

Relative Density determined from one of the following user 
selectable options: 

a} Ticino Sand 
b) Hokksund Sand 
c} Schmertmann 1976 
d} Jamiolkowski - All Sands 

CPTSUMM-Me1hodsV122a- Rev. 06-30-2004 

Equation 

where: Au=u-u,q 

and u = dynamic pore pressure 
U8 q = equilibrium pore pressure 

q1-a 
Qt=--.• 

Fr=100%•_.f.s__ 
qt-q~ 

See Figure 2 

See Figure 5.7 (reference 5) 

See Figure 5.8 {reference 5) or Figure 3 
(reference 2) 

Page 4(1 

le= [(3.47 -tog,oOf + (log10 Fr+ 1.22f F' 

Q=(•1-cr.IP·)" 
P,,? a~ 

Where: 

And Fr is in percent 
Pa= atmospheric pressure 
Pe2 = atmospheric pressure 
n varies from 0.5 to 1.0 and is 

selected in an iterative manner based on the 
resulting le . 

FC=1.75(td-25)-3.7 
FC=100 torte> 3.5 
FC=D for le < 1.26 
FC=5%if 1.64 < le< 2.6AND F,<D.5 

le< 1.31 
1.31 < le < 2.05 
2.05 < le < 2.60 
2.60 < le < 2.95 
2.95 < le < 3.60 
le> 3.60 

See reference 

See reference 

Zone =7 
Zone=6 
Zone:::5 
Zone =4 
Zone=3 
Zone =2 

Rel 

1, 5 

2,5 

2, 5 

2,5 

2,5 

2,5 

3,8 

3 

3 

5 

5 
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Interpreted Description Equation Rel 
Parameter 

a) Based on Schmertmann's method involving a 
plot of S,,/a,' /( SJcrv')NC and OCR 

OCR Over Consolidation Ratio 9 
where the Su/p' ratio for NC clay is user 
selectable 

State 
The state parameter is used to describe whether a soil is 

Parameter 
contractive (SP is positive) or dilative (SP is negative) at See reference 8, 6, 5 

large strains based on the work by Been and Jefferies 

Es/qt 
Intermediate parameter for calculating Youngs Modulus, 
E, in sands. It is the Y axis of the reference chart. 

Based on Figure 5.59 in the reference 5 

Youngs Modulus based on the work by Baldi. There are 
Mean normal stress is evaluated from: three types of sands considered in this technique. The 

user selects the appropriate type for the site from: 
I b-' . / ,i =-• +(j +a 

a) OC Sands ., 3 v h h 

Youngs b) Aged NC Sands 5 
Modulus E c) Recent NC Sands where crv'= verticaJ effective stress 

cr11'= horizontal effective stress 
Each sand type has a family of cuives that depend on 
mean normaJ stress. The program calculates mean and cr11 = Ko• crv' with Ko assumed to be 0.5 
nonnal stress and linearly interpolates between the two 
extremes provided in Baldrs chart. 

--·-·-··-······-··-··· ··----··-·· 

'¼1 Qt normalized for overburden stress used for seismic qc1 = qi • {Pa/rJv'}°·5 

analysis where: Pa = atrn. Pressure 3 

qi is in Mpa 
----~--- ""'" .•. -·- --· 

(¼1o qc,, = (Qc1 I Pa)(Palc>,') 
Qc1 in dimensionless form used for seismic analysis where: Pa= atm. Pressure and n ranges from 3 

0.5 to 0. 75 based on le. 
---· 

l<sPT Equivalent clean sand factor for {N1 )60 KSPT= 1 + ((0.75/30) "(FC-5)) 10 

, .• - -•·-· - -- , __ - ,. ... - .. , . ---- ----·-' - -- - ····- - .. ·-··· ---- ··-- ----- ·--- --

KcPT Equivalent clean sand correction for Qc1N 

Kr:pt"" 1.0farlc:5:1.64 
Kr:pr = f(lc] for le> 1.64 (see reference) 10 

'¼1= Clean sand equivalent ctc1n qc1ncs = qc1n "Kept 3 

,,_ ·--.. ---·-··--·· ·-·- ....•. , . ., .. ...... ------ ---------··· 
qc1ncs< 50: 
CRR,., = 0.833 [(qc1od1000j + 0.05 

CRR Cyclic Resistance Ratio (for Magnitude 7.5) 50Sqctncs<160: 
10 

CRR,., = 93 [{Qc1md1000j
3 + 0.08 

·-··•-·--·--·--· -·-·---.. --- -- - ---· -- -- ·- , •. ,. ____ ..... 
CSR= (<.JG,') = 0.65 (a= I g) (<5,,/ G,') r, 

r,=1.0-0.007652 z 5 9.15m 10 
CSR Cyclic Stress Ratio r, = 1.174-0.0267 z 9.15 <ZS 23m 

fd = 0.744-0.008 Z 23 < z s 30m 
fd = 0.50 z > 30m 

······-·•··- _____ ,, __ . __ ,, ... 
., ·---· -- .. ·--·-···- ··----·-· --·· ., ., ·-·· ·-· ··-- - - - ----. --------- -- -- ·-----

CPTSUMM-MethodsV122a-Rev. 06-30-2004 
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Interpreted 
Parameter 

MSF 

FofS 

.. 

Liquefaction 
Status 

O" 

ca 1 oo 
e 
Ol 
C -~ 
a, 

a:, 
(!) 
C 

8 

CPT Interpretations 

Description 

Magnitude Scaling Factor 

- - - ··• 

Factor of Safety against Liquefaction 

Statement indicating possible liquefaction 

2 3 4 5 6 7 

Friction Ratio (%), Rf 

Page 6rT 

Equation Raf 

See Reference 10 

FS = (CRR1.s / CSR) MSF 10 

- -· -·-

Takes into account FofS and limitations based le 
10 and qc1ncs. 

z-On~ _ q~; N,. - S_61l_ Beha_vi_o_rTypE!. 
· 1 Ii·, 2 · senSitiVa _fine· 9raine_d · : 
2, sm• 1 organlC malerial ., · 
3 · m 1, .. , . __ , __ clay_, ,. ,- _ , . _ 
4· m.;·.1·.s ·._,_:siltyclaytoclay..-,··· 

· s·. @· 2 cl~ye'j.sll_t __ tosi/)yclay.· 
6 , "~-~ 2.5 :- sandy sl~ 'I(! ·i;:1ayey .sill 

.,7 '~•a. 3 ·silt}'sandfO'sandjs_l!t 
8 4 .:_ Sand·10,:s_ilty:p_and;;:·· 
9 !ii 5· ·· ·: .. --~<:--' sand··,,;y _, ... , 

·•JD · ~- · 6 · gravellY Sand to sand 
- .11 1- verystittfillegrained>,' 

'!2 :"2 2. Sandlo_~lay_ey San~:'. 
~ overcoiisolidated or cemented 

8 

Figure i Non-Normalized Behavior Type Classification Chart 

CPTSUMM-MethodsV122a - Rev. 06-30-2004 
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( 

Zone_ Normalizt3d Soil Behavior Type 
1 . .· ti s·erJsiti've ilne Qra1ned'. 
2. ·1.!! organic material .. 
3 ··-& claytos!lty.cl_ay 
4 Ei clayey slit to sllty clay 
5 fl s!lty sand to sandy slit_ 
6 .:-t, clean sands.to silty sands_ 
7: :;, gravelly _sand to sand 
8 :'-' Very stlfl sahd to clayey sand 
9 ' · very stiff ilne grained 

Normalized Friction Ratio 

Figure 2 Normalized Behavior Type Classification Chart 

Table 2 References 

No. References 

1 Robertson, P.K., Campanella, R.G., Gillespie, D. and Greig, J., 1986, uuse of Piezometer Cone 
Datan, Proceedings of lnSitu 86, ASCE Specialty Conference, Blacksburg, Virginia. 

2 Robertson, P.K., 1990, "Soil Classification Using the Cone Penetration Test", Canadian Geatechnical 
Journal, Volume 27. 

3 
Robertson, P.K and Fear, C.E., 1998, "Evaluating cyclic liquefaction potential using the cone 

penetration test", Canadian Geotechnical Journal, 35: 442-459. 

4 
Robertson, P.K and Wride, C.E., 1998, "Cyclic Liquefaction and its Evaluation Based on SPT and 

CPT", NCEER Workshop Paper, January 22, 1997 

5 
Lunne, T., Robertson, P.K. and Powell, J. J.M., 1997, a Cone Penetration Testing in Geotechnical 

Practice,n Blackie Academic and Professional. 

P!ewes, H.D., Davies, M.P. and Jefferies, M.G., 1992, ~cPT Based Screeriing Procedure for 
6 Evaluating Liquefactlon Susceptibility", 45th Canadian Geotechnical Conference, Toronto, 

Ontario, October 1992. 

7 Jefferies, M.G. and Davies, M.P., 1993. "Use of CPTu to Estimate equivalent N60", Geotechnical 
Testing Journal, 16(4): 458-467. 

8 Been, K. and Jefferies, M.P., 1985, "A state parameter for sands", Gaotechnique, 35(2), 99-112. 

9 Schmertmann, 1977, "Guidelines for Cone Penetration Test Pertormance and Design", Federal 
Highway Administration Report FHWA-TS-78-209, U.S. Department of Transportation 

10 Proceedings of theNCEER Workshop on Evaluation of Liquefaction Resistance of Soils, Salt 
LakeCity, 1996. Chaired by Leslie Youd. 
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Job No 07-804 

Client Civil & Environmental Consultants 
Project Trt.le Pond Creek Mine 
Hole CPT-1 

Site Williamson County, Illinois 

Dale 10/31/2007 

Seismic Source: Beam 

Source Offset: 1.50 (ft) 

Source Depth: 0.00 (ft) 

Geophone Offset: 0.66 (ft) 

Tip Geophone Ray Depth Time Mid-layer Vs Interval 

Depth Depth Path Interval Interval Depth Velocity 

(ft) (fl) (ft) (ft) (ms) (It) (ft/s) 

3.28 2.62 3.02 

6.56 5.90 6.09 3.07 4.76 4.28 645 

9.84 9.18 9.31 3.21 4.90 7.54 656 

13.12 12.46 12.55 3.25 4.02 10.82 808 

16.40 15.74 15.82 3.26 3.22 14.10 1013 

18.37 17.71 17.78 1.96 1.40 16.73 1402 
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10 
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- 30 
~ 
.r:. 
Q. 
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O 40 

50 

60 

500 

Job No: 07-804 
Client: C.E.C. 
Project: Pond Creek Mine 
Sounding: CPT-1 
Date: October 31, 2007 

Vs (ft/s) 

1000 1500 2000 



R13745

Job No 07-804 
Client Civil & Environmental Consultants 

Project Trtle Pond Creek Mine 
Hole CPT-2 
Site Williamson County, Illinois 

Date 10/30/2007 

Seismic Source: Beam 

Source Offset 1.50 (ft) 

Source Depth: 0.00 (ft} 

Geophone Offset: 0.66 (ft) 

Tip Geophone Ray Depth Time Mid-layer Vs Interval 

Depth Depth Path Interval Interval Depth Velocity 

(ft) (ft) (ft) (ft) (ms) (ft) (ft/s) 

6.56 5.90 6.09 
9.84 9.18 9.31 3.21 2.67 7.54 1204 

13.12 12.46 12.55 3.25 2.53 10.82 1284 

16.40 15.74 15.82 3.26 2.83 14.10 1152 
19.69 19.03 19.09 3.28 3.02 17.39 1085 

22.97 22.31 22.36 3.27 3.18 20.67 1029 

( 26.25 25.59 25.64 3.27 3.15 23.95 1039 
29.53 28.87 28.91 3.28 3.12 27.23 1050 
32.81 32.15 32.19 3.28 2.94 30.51 1114 
36.09 35.43 35.47 3.28 3.45 33.79 950 
39.37 38.71 38.74 3.28 4.12 37.07 795 
42.65 41.99 42.02 3.28 3.61 40.35 908 
45.28 44.62 44.65 2.53 2.24 43.31 1173 

l 
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Job No: 07-804 
Client: C.E.C. 
Project: Pond Creek Mine 
Sounding: CPT-2 
Date: October 30, 2007 

Vs (ftls) 

1000 1500 2000 
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Tip Geophone 
Depth Depth 

(ft) (fl) 

6.56 5.90 
9.84 9.18 
13.12 12.46 
16.40 15.74 
19.69 19.03 
22.97 22.31 

C 
26.25 25.59 
29.53 28.87 

32.81 32.15 
36.09 35.43 
39.37 38.71 
41.67 41.01 

07.a04 Job No 
Client Civil & Environmental Consultants 

Project Trtle Pond Creek Mine 

Hole CPT-2A 

Site Williamson County, Illinois 
Date 10130/2007 

Seismic Source: Beam 
Source Offset: 1.50 (ft) 

Source Depth: 0.00 (ft) 

Geophone Offset: 0.66 (ft) 

Ray Depth Time Mid-layer 

Path lrrterval lrrterval Depth 

(fl) (fl) (ms) (fl) 

6.09 
9.31 3.21 3.29 7.54 

1255 3.25 3.34 10.82 

15.82 3.26 2.91 14.10 

19.09 3.28 3.12 17.39 

22.36 3.27 2.96 20.67 

25.64 3.27 2.80 23.95 
28.91 3.28 3.66 27.23 

32.19 3.28 4.20 30.51 

35.47 3.28 3.88 33.79 

38.74 3.28 4.15 37.07 

41.04 230 1.83 39.86 

Vs Interval 

Velocity 

(fl/s) 

977 
973 
1121 
1051 
1105 
1169 
895 
780 
845 
790 
1256 
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500 

Job No: 07-804 
Client: C.E.C. 
Project: Pond Creek Mine 
Sounding: CPT-2A 
Date: October 30, 2007 

Vs (fUs) 

1000 1500 2000 
0 +------1'----....L.----'-------I 
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'C 
Job No 07-804 

Client CMI & Environmental Consultants 
Project Title Pond Creek Mine 

Hole CPT-3 
Site Williamson County, Illinois 

Date 10/31/2007 

Seismic Source: Beam 

Source Offset: 1.50 (ft} 

Source Depth: 0.00 (ft} 

Geophone Offset: 0.66 (ft} 

Tip Geophone Ray Depth lime Mid-layer Vs Interval 

Depth Depth Path Interval Interval Depth Velocity 

(ft} (fl) (fl) (fl) (ms) (fl} (f!/s) 

6.23 5.57 5.77 

9.51 8.85 8.98 3.21 5.58 7.21 fi77 

12.80 12.14 12.24 3.26 5.72 10.50 589 

16.08 15.42 15.50 3.26 4.42 13.78 738 

19.36 18.70 18.76 3.27 3.70 17.06 883 

22.15 21.49 21.55 2.78 2.63 20.10 1058 
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Job No: 07-804 
Client: C.E.C. 
Project: Pond Creek Mine 
Sounding: CPT-3 
Date: October 31, 2007 

Vs (ft/s) 

1000 1500 2000 
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Job No 07-804 

Client Civil & Environmental Consultants 
Project Trtle Pond Creek Mine 

Hole CPT-4 
Site Williamson County, Illinois 

Date 10/31/2007 

Seismic Source: Beam 
Source Offset: 1.50 (ft) 

Source Depth: 0.00 (ft) 

Geophone Offset: 0.66 (ft) 

Tip Geophone Ray Depth Time Mid-layer Vs Interval 

Depth Depth Path Interval Interval Depth Velocity 

(fl) (ft) {ft) (ft) (ms) (ft) {fl/s) 

2.95 229 2.74 

6.23 5.57 s.n 3.03 6.37 3.93 476 

9.51 8.85 8.98 3.21 4.77 7.21 673 

12.80 12.14 12.24 3.26 4.17 10.50 781 

16.08 15.42 15.50 3.26 3.57 13.78 913 

18.88 18.20 18.27 277 2.23 16.81 1242 
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500 

Job No: 07-804 
Client: C.E.c;. 
Project: Pond Creek Mine 
Sounding: CPT --4 
Date: October 31, 2007 

Vs (ft/s) 

1000 1500 2000 
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Job No 07-804 
Client Civil & Environmental Consultants 

Project Tele Pond Creek Mine 

Hole CPT-5 
Site Williamson County, Illinois 

Date 10/30/2007 

Seismic Source: Beam 
Source Offset: 1.50 (ft) 

Source Depth: 0.00 (ft) 
Geophone Offset: 0.66 (ft) 

Tip Geophone Ray Depth Time Mid~ayer Vs Interval 

Depth Depth Path Interval Interval Depth Velocity 

(ft) (ft) (ft) (ft) (ms) (ft) (ft/s) 

6.56 5.90 6.09 
9.84 9.18 9.31 3.21 3.12 7.54 1030 
13.12 12.46 12.55 3.25 3.02 10.82 1076 
16.40 15.74 15.82 3.26 3.29 14.10 991 
19.69 19.03 19.09 3.28 3.50 17.39 936 
22.97 22.31 22.36 3.27 285 20.67 1148 
26.25 25.59 25.64 3.27 2.75 23.95 1190 
29.53 28.87 28.91 3.28 3.07 27.23 1067 

32.81 32.15 32.19 3.28 4.20 30.51 780 
36.09 35.43 35.47 3.28 4.20 33.79 780 
39.37 38.71 38.74 3.28 3.99 37.07 821 
42.65 41.99 4202 3.28 4.20 40.35 780 
45.93 45.27 45.30 3.28 3.55 43.63 923 
49.21 48.55 48.58 3.28 2.05 46.91 1599 

l 
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Client: C.E.C. 
Project: Pond Creek Mine 
Sounding: CPT-5 
Date: October 30, 2007 

Vs (ft/s) 
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Job No 07-804 
Client CM! & Environmental Consultants 

Project Title Pond Creek Mine 
Hole CPT-5A 
Site Williamson County, Illinois 

Date 10/30/2007 

Seismic Source: Beam 
Source Offset: 1.50 {ft) 

Source Depth: 0.00 {ft) 

Geophone Offset: 0.66 (ft) 

Tip Geophone Ray Depth 11me Mid-layer Vs Interval 

Depth Depth Path Interval Interval Depth Velocity 

{ft) (ft) (ft) {ft) {ms) (ft) {ft/s) 

6.23 5.57 5.77 

9.51 8.86 8.98 3.21 3.80 7.21 844 

12.80 12.14 1224 3.26 4.18 10.50 779 

16.08 15.42 15.50 3.26 2.80 13.78 1164 

19.36 18.70 18.76 3.27 2.34 17.06 1396 

22.64 21.98 22.03 3.27 3.29 20.34 994 

( 25.92 25.26 25.31 3.27 3.04 23.62 1077 

29.20 28.54 28.58 3.27 2.74 26.90 1195 

32.48 31.82 31.86 3.28 3.21 30.18 1021 

35.76 35.10 35.14 3.28 4.18 33.46 784 

39.04 38.38 38.41 3.28 4.29 36.74 764 

42.32 41.66 41.69 3.28 4.50 40.02 728 

45.60 44.94 44.97 3.28 4.27 43.30 768 

49.05 48.39 48.42 3.45 3.59 46.67 961 

52.17 51.51 51.54 3.12 2.21 49.95 1411 

53.15 52.49 52.52 0.98 0.62 52.00 1580 

L 
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Job No 07-804 
Client Civil & Environmental Consultants 
Project TIiie Pond Creek Mine 

Hole CPT-58 
Site Williamson County, Illinois 
Date 10/30/2007 

Seismic Source: Beam 
Source Offset: 1.50 (ft) 

Source Depth: 0.00 (ft) 

Geophone Offset: 0.66 (ft) 

Tip Geophone Ray Depth Time Mid-layer Vs Interval 

Depth Depth Path Interval Interval Depth Velocity 

(ft) (ft) (ft) (ft) (ms) (ft) (ft/s) 

6.56 5.90 6.09 

9.84 9.18 9.31 3.21 3.93 7.54 818 

13.12 12.46 12.55 3.25 3.61 10.82 900 

16.40 15.74 15.82 3.26 2.15 14.10 1517 

19.69 19.03 19.09 3.28 3.02 17.39 1085 

22.97 22.31 22.35 3.27 3.82 20.67 856 

26.25 25.59 25.64 3.27 4.47 23.95 732 
29.69 29.03 29.07 3.43 5.01 27.31 686 

32.81 32.15 32.19 3.12 4.09 30.59 762 
36.09 35.43 35.47 3.28 3.23 33.79 1014 

39.37 38.71 38.74 3.28 2.85 37.07 1150 

39.70 39.04 39.07 0.33 0.20 38.88 1649 
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Job No 07-804 

Client Civil & Environmental Consultants 
Project Tille Pond Creek Mine 

Hole CPT-6 

Site Williamson County, Illinois 

Date 10/31/2007 

Seismic Source: Beam 
Source Offset: 1.50 (ft) 

Source Depth: 0.00 (ft) 

Geophone Offset: 0.66 (ft) 

Tip Geophone Ray Depth Time Mid-layer Vs Interval 

Depth Depth Path Interval Interval Depth Velocity 

(ft) (ft) (ft) (ft) {ms) {ft) {ft/s) 

3.28 2.62 3.02 

6.56 5.90 6.09 3.07 5.97 4.26 514 

9.84 9.18 9.31 3.21 4.18 7.54 769 

13.12 12.46 1255 3.25 4.60 10.82 706 

16.40 15.74 15.82 3.26 3.45 14.10 945 

19.69 19.03 19.09 3.28 4.00 17.39 819 

22.64 21.98 22.03 2.94 2.88 20.51 1022 
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Job No 07-804 

Client Civil & Environmental Consultants 
Project Trtle Pond Creek Mine 
Hole CPT-7 

Site Williamson County, Illinois 
Date 1 0/31 /2007 

Seismic Source: Beam 
Source Offset: 1.50 (ft) 
Source Depth: 0.00 (It) 
Geophone Offset: 0.66 (It) 

Tip Geophone Ray Depth Time Mid-layer Vs Interval 
Depth Depth Path Interval Interval Depth Velocity 

(It) (It) (It) (It) (ms) (It) (ftis) 
3.28 262 3.02 
6.56 5.90 6.09 3.07 5.97 4.26 514 
9.84 9.18 9.31 3.21 5.59 7.54 575 

13.12 12.46 12.55 3.25 4.36 10.82 745 
16.40 15.74 15.62 3.26 3.65 14.10 894 
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Tip Geophone 
Depth Depth 

{ft) (ft) 

3.28 2.62 
6.56 5.90 
9.84 9.18 
13.12 12.46 
16.40 15.74 
17.88 17.22 

07-804 Job No 
Client 
Project Tille 
Hale 

Civil & Environmental Consultants 
Pond Creek Mine 
CPT-8 

Site 
Date 

Williamson County, Illinois 
10/31/2007 

Seismic Source: Beam 
Source Offset: 1.50 
Source Depth: 0.00 
Geophone Offset: 0.66 

Ray Depth Time 

Path Interval Interval 
(ft) (fl) (ms) 

3.02 
6.09 3.07 5.67 
9.31 3.21 4.93 
12.55 3.25 4.59 

15.82 3.26 3.33 
17.29 1.47 1.42 

(ft) 

{ft) 
(ft) 

Mid-layer 
Depth 

(ft) 

4.26 
7.54 
10.82 
14.10 
16.48 

Vs Interval 
Velocity 

(lt/s) 

541 
652 
708 
979 

1038 
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Job No 07-804 
Client Civil & Environmental Consultants 
Project Title Pond Creek Mine 
Hole CPT-9 
Site Williamson County, Illinois 
Date 10/31/2007 

Seismic Source: Beam 

Source Offset: 1.50 (fl) 

Source Depth: 0.00 (ft) 

Geophone Offset: 0.66 (ft) 

Tip Geophone Ray Depth Time Mid-layer Vs Interval 

Depth Depth Path Interval Interval Depth Velocity 

(ft) (ft) (ft) (ft) (ms) (ft) (fl/s) 

2.95 2.29 2.74 
6.23 5.57 5.77 3.03 7.30 3.93 415 

9.51 8.85 8.98 3.21 3.55 7.21 904 
12.80 12.14 12.24 326 4.30 10.50 757 

16.08 15.42 15.50 3.26 5.04 13.78 647 

19.36 18.70 18.76 3.27 4.06 17.06 805 

21.98 21.32 21.38 2.61 1.76 20.01 1484 
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Project: Pond Creek Mine 
Sounding: CPT-9 
Date: October 31, 2007 
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Tip Geophone 
Depth Depth 

(ft) (ft) 

3.28 2.62 

6.56 5.90 

9.84 9.18 

13.12 12.46 

16.40 15.74 

19.69 19.03 

22.97 22.31 

26.08 25.42 

07-804 Job No 
Client Civil & Environmental Consultants 
Project rnie Pond Creek Mine 

Hole CPT-10 

Site Williamson County, Illinois 
Date 10/31/2007 

Seismic Source: Beam 
Source Offset: 1.50 (ft) 

Source Depth: 0.00 (ft) 

Geophone Offset 0.66 (ft) 

Ray Depth Time Mid-layer 

Path Interval Interval Depth 

(ft) (ft) (ms) (ft) 

3.02 

6.09 3.07 6.42 4.26 

9.31 3.21 5.21 7.54 

12.55 3.25 4.95 10.82 

15.82 3.26 4.06 14.10 

19.09 3.28 3.47 17.39 

22.36 3.27 3.03 20.67 
25.47 3.10 2.55 23.87 

Vs Interval 
Velocity 

(ft/s) 

478 

617 

656 

803 

945 

1080 

1217 
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Job No: 07-804 
Client: C.E.C. 
Project: Pond Creek Mine 
Sounding: CPT-10 
Date: October 31, 2007 

Vs (ft/s) 
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Job No 07-804 
Client Civil & Environmental Consultants 
Project Trtle Pond Creek Mine 
Hole CPT-11 
Site Williamson County, Illinois 

Date 10/31/2007 

Seismic Source: Beam 

Source Offset: 1.50 (It) 

Source Depth: 0.00 (ft) 

Geophone Offset: 0.66 (ft) 

Tip Geophone Ray Depth Time Mid-layer Vs Interval 

Depth Depth Path Interval Interval Depth Velocity 

(ft) (ft) (ft) (ft) (ms) (ft) (f!/s) 

3.28 2.62 3.02 

6.56 5.90 6.09 3.07 6.51 4.26 471 

9.84 9.18 9.31 3.21 5.12 7.54 628 

13.12 12.46 12.55 3.25 4.52 10.82 719 

16.40 15.74 15.82 3.26 3.99 14.10 817 

19.69 19.03 19.09 3.28 3.54 17.39 926 

C 
22.97 22.31 22.36 3.27 2.71 20.67 1207 

26.25 25.59 25.64 3.27 2.36 23.95 1387 

27.56 26.90 26.95 1.31 1.05 26.25 1246 
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Tip Geophone 
Depth Depth 

(ft) (ft) 

2.95 2.29 
6.40 5.74 

9.51 8.85 

12.80 12.14 
16.08 15.42 
19.36 18.70 
22.64 21.98 

07-804 Job No 
Client 

Project Trtle 

Hole 

Civil & Environmental Consultants 

Pond Creek Mine 
CPT-12 

Stte Williamson County, Illinois 

Date 10/3112007 

Seismic Source: Beam 

Source Offset: 1.50 (ft) 

Source Depth: 0.00 (ft) 

Geophone Offset: 0.66 (ft) 

Ray Depth Time Mid-layer 
Path Interval Interval Depth 

(ft) (ft) (ms) (ft) 

2.74 

5.94 3.20 6.03 4.02 

8.98 3.04 5.11 7.30 
12.24 3.26 5.42 10.50 
15.50 3.26 4.36 13.78 
18.76 3.27 3.75 17.06 
22.03 3.27 2.66 20.34 

Vs Interval 
Velocity 

(ft/s) 

530 

596 

601 

748 

871 
1230 
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No Dissipation Tests were 
performed 
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ConeTec Digital File Formats 

ConeTec CPT data files are named such that the first 3 characters contain the job number, the next two 
characters are CP followed by two characters indicating the sounding number. The last DOS character 
position is reserved for the letters a, b, c, d etc to uniquely identify multiple soundings at the same 
location. The CPT sounding file has the extensions COR, and pore pressure dissipation files have the 
extension PPD. As an example, for job number 99-127 the first sounding will have file names 
127CP01.COR and 127CP01.PPD. 

The CPT (COR) file consists of the following components: 

1. Two lines of header information 
2. Data records 
3. End of data marker 
4. Units information 

Header Lines 

Line 1: Columns 1-6 are blank (future use) 
Columns 7-21 contain the sounding Date and Time 
Columns 22-36 contain the sounding Operator 

Line 2: Columns 1-16 contain the Job Location 
Columns 17-31 contain the Cone ID 
Columns 32-47 contain the sounding number 

( Data Records 

The data records contain 4 or more columns of data in floating point format. A comma (and spaces) 
separates each data item: 

Column 1: 
Column 2: 

Column 3: 
Column 4: 
Column 5: 

Sounding Depth (meters) 
Tip (q0) data uncorrected for pore pressure effects. Recorded in units selected by 
the operator. 
Sleeve (f,) data. Recorded in units selected by the operator 
Dynamic pore pressure readings. Recorded in units selected by the operator 
UVIF Data. See UVIF section. 

End of Data Marker 

After the last line of data a line containing ASCII 26 (CTL-Z) and a newline (carriage return/ line 
feed) character. This is used to mark the end of data. 

Units Information 

The last section of the file contains information about the units that were selected for the sounding. 
A separator bar makes up the first line. The second line contains the type of units used for depth, q0 , 

f, and u. The third line contains the conversion values required for ConeTec's software to convert 
the recorded data to an internal set of base units (bar for q0 , bar for rs and meters for u). 
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CPT Dissipation files have the same naming convention as the CPT sounding files and have the 
extension PPD. PPD files consist of the following components: 

1. Two lines of header information 
2. Data records 

Header Lines (same as COR file): 

Line 1: Columns 1-6 are blank (future use) 
Columns 7-21 contain the sounding Date and Time 
Columns 22-36 contain the sounding Operator 

Line 2: Columns 1-16 contain the Job Location 
Columns 17-31 contain the Cone ID 
Columns 32-47 contain the sounding number 

Data Records 

The data records immediately follow the header lines. Each data record can occupy several lines in 
the file and is a complete record of a dissipation test at a particular depth. Each data record starts 
with a line containing two values separated by spaces; the first value being an index number (not 
currently used by the Software) and the second being the dissipation test depth in meters. Following 
this line are the dissipation pore pressure values stored at 5 second intervals with a maximum of 12 
entries per line. The last line of the dissipation record may not contain a full 12 entries. The data 
record is terminated with an ASCII 30 character (appears as a triangle in some editors). 

This sequence is repeated for every dissipation test in the sounding. No marker is used to indicate 
end of file. Units information is not stored in this file. Users would have to check the CPT file for the 
units that were used. 
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ConeTec's basic CPT interpretation output files are generally delivered in text files with a TBL extension. 
The root file name is the same as the COR files. A number of calculated geotechnical parameters are 
presented in these files. The files are stored as ASCII text files that can be viewed using any text editor 
such as Notepad or Wordpad. The files do not contain any page formatting. These files are not 
distributed if the enhanced interpretation files are provided. 

ConeTec's enhanced CPT interpretation output files are delivered in several formats, each file type 
containing the exact same information but formatted slightly differently. The files typically have any of 
the following file extensions: 

1. NLI 

2. NLP 

3. XLS 

an importable TAB delimited ASCII text file containing approximately 36 data columns 
of geotechnical interpretations. The file is designed for easy import to Excel. A 
companion document describes the techniques used for the interpretations (usually 
reproduced at the beginning of the Interpretation Appendix). Text editors can be used 
to view the file contents, however, they may remove the tabs or replace the tabs with 
spaces upon saving the file destroying the feature that makes them easy to import into 
Excel. 

a printable ASCII text file containing the same 36 columns of geotechnical 
interpretations as the NLI file. This file type has been formatted as a multi-page 
document with up to 132 characters per line and up to 68 lines per page. Each page 
has been separated into multiple sections to accommodate all the data fields. Each 
physical page has a header section and a page/section number. The file is designed for 
direct printing to laser printers set into compressed font mode. This output is typically 
provided in the Interpretation Appendix. 

an Excel format file that has been generated directly from the corresponding NLI file .. 

In each case root file name is the same as the COR files. 

lONFTFr -,-1 I 
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CALCULATION BRIEF 
FOR 

PROJECT NO. 
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072046 

OF 
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NORMALIZED PS-CPT DATA AND PARAMETER CORRELATIONS 

POND CREEK COAL REFUSE DISPOSAL SITE 

OBJECTIVE: 

Use data recorded during the piezo-seismic cone penetration testing (PS-CPT) at the 
Williamson Energy, Pond Creek Coal Refuse Disposal facility located in Williamson 
County, Illinois to correlate various index and strength properties. Also, nearly 
continuous profiles with depth of various applicable engineering properties of the refuse 
and subgrade soil materials in the fifteen (15) soundings tested at the Pond Creek facility 
are tabulated and attached. 

REFERENCES: 

072046 

1. Bowles, Joseph E. (I 984) "Physical and Geotechnical Properties of Soils," Mc-Graw 
Hill. New York: 367-369 and 393-396. 

2. Civil & Environmental Consultants, Inc. Calculation Brief Entitled "Summary of 
Piezo-Cone Penetration Testing," Pond Creek Coal Refuse Disposal Site, BEG, dated 
12/21/07. 

3. ConeTec, Inc. (2007), Field Report Entitled "Presentation of CPTU Test Results for: 
Pond Creek Mine - Williamson County, Illinois, December 10, 2007. 

4. Robertson, P.K (1998), "Applications Guide- CPT" **Fax** 

5. Robertson, P.K., et.al. (1992) "SPT-CPT Correlations," Journal of Geotechnical 
Engineering, ASCE 109 (11): 1449-1459. 
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6. Robertson, P.K and Campanella, R.G, (1989), "Guidelines for Geotechnical Design 
Using CPT and CPTU", UBC Soil Mechanics Series No. 120, Civil Eng. Dept., 
Vancouver, B.C., Canada 

7. Robertson, P.K and Campanella, R.G, (1983), "SPT-CPT Correlations," Journal of 
Geotechnical Engineering, ASCE Vol. 109 No. 11, pp. 1449-1459. 

8. Civil and Environmental Consultants, Inc. Calculation, "Calculation Brief for 
Estimation and Summary of Engineering Properties Including Peak Undrained Shear 
Strength for Refuse and Subgrade Materials," Pond Creek Coal Refusal Site, BEG 
12/28/07. 

METHODOLOGY: 

072046 

Using laboratory-derived unit weights for the coarse coal refuse and residual soil layers, 
provided by Alliance Consulting, Inc. (Alliance), the following parameters are correlated 
based on established CPT correlations (References 2, 3, 4, 5, 6 and 7) and the data 
collected during the Pond Creek Piezo-Seismic Cone Penetration Testing subsurface 
investigation (Ref. 2): 

• Total stress Ccrv) 
• Effective stress (O'vo') 
• Pore pressure (U eq) 

• SPT N60 correction factor (Cn) 
• SPT blow counts at 60% energy (NGo) 
• N50 corrected for overburden ((N 1)60) 

• Corrected tip resistance (q0) 

• Fines content (F c) 
• Effective friction angle (qi) 
• Soil Behavior Index (Ic) 

Undrained shear strength (S 0 ) was also correlated, and is discussed separately in the 
calculation brief entitled Estimation and Summary of Engineering Properties Including 
Peak Undrained Shear Strength for Refuse and Subgrade Materials," (Reference 8). 
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ANALYSIS: 

072046 

ConeTec, Inc. (ConeTec) performed the PS-CPT and correlated the above noted 
parameters based on various unit weights that were correlated directly from the Soil 
Behavior Type (SET) (Robertson and Campanella, 1989). The unit weights used by 
ConeTec were based on data interpolation and thus require modification to reflect the 
laboratory derived unit weights of the coarse refuse and residual soil, which were 
provided by Alliance. Therefore, laboratory-derived unit weight for each of the layers 
was used to correlate the applicable parameters, particular! y total and effective stresses, 
which are used throughout the calculations. 

PSCPT correlations were based on much of the work described by Robertson and 
Campanella (1998, 1992, 1989, 1988, 1983). During field testing, ConeTec measured 
four parameters insitu, which were not correlated. They include the recorded tip 
resistance (AvgQt), the recorded side friction (AvgFs), the recorded friction ratio 
(AvgRf) and the pore pressure generated by the CPT probe (AvgUd), all of which were 
used in subsequent correlations. The soil behavior type (SET) was also determined by 
the ConeTec, and was based on observations and readings of the four parameters just 
listed. 

The following paragraphs briefly describe the parameters as well as providing a 
definition of the parameter and any additional calculations needed: Total stress and 
effective stress are both used in many of the correlations, and are related to each other by 
the presence of water in the form of pore water pressure. Total stress was defined as: 

crv = ( y * H) / 2000 (lb/ton) 

where: crv = total stress (tsf) 
y = unit weight (pcf) 
H = depth of the sample (ft) 
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Yw = unit weight of water (pcf) 
= 62.5 pcf 

H = depth of the sample (ft) 

The difference between the two determines the effective stress: 

crvo' = crv - Ueq 

where: Ueq = pore pressure (tsf) 
<Jv = total stress (tsf) 

072046 

OF 'f8 

I /z.3 Jag 
r· 

The PS-CPT sampler correlated the number of blows per foot, without the cwerhnnlen 
correction, to the tip resistance measured as the probe was advanced. This gave measurements 
of N60 every 0.2 meters. Corrected for overburden, the measured tip resistance was then 
calculated: 

qc = AvgQt - (1- 0.85) * U 

where: AvgQt = measured tip resistance (tsf) 
0.85 = area ratio of the PS-CPT probe 
U = measured pore pressure (tsf) 

This corrected tip resistance (qc) was used along with the soil behavior type index (le) and 
atmospheric pressure to give the recorded N6o value by the equation: 

072046 

N6o = (qc /Pa)/ 8.5 * (1 - (Ic / 4.6)) 

where: qc 
Pa 

= corrected tip resistance (tsf) 
= atmospheric pressure (tsf) 
= 1.058 tsf 

Ic = soil behavior type index ( dim) 
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and: Ic = ((3.4 7 - Log10(Q))2 + (Log10(F) + l.22)2)0.5 

where: Q 

F 

= normalized cone penetration 
resistance ( dim) 

= normalized friction ratio (pct) 

and: Q = (qc - crv) / CTvo' 

where: q, = corrected tip resistance (tsf) 
crv = total stress = ( y * H) I 2000(lb/ton) 

(tsf) 
CTvo' = vertical effective overburden (tsf) 

and: F = 100% * AvgFs / (qc - CTvo') 

where: AvgFs= recorded side friction (tsf) 
q, = corrected tip resistance (tsf) 
crvo' = vertical effective overburden (tsf) 

072046 

OF 'IS 

Once Nso and crvo' had been calculated, a correction factor (Cn) was applied to 
N so to give (N 1)so: 

where Nso = Number of blows/foot to advance 1.5 
feet 

Cn = ( crvo')·0.5 ( dim) 

Using tip resistance, corrected for overburden, and effective overburden the effective 
friction of the material in the Pond Creek facility could be calculated (Robertson, 1989). 
This was done using the following calculation: 

qi' = taff1[(1/2.68) * (Log10 (q, / CTvo') + 0.29)] 
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where: qc = corrected tip resistance (tsf) 
CTvo' = effective vertical stress (tsf) 

Similarly, the fines content was correlated from PS-CPT data but was not used in any 
further analysis. The fines content was correlated using the soil behavior type index; Io, 
as defined above. To determine the fines content of the material, the following 
relationship was used: 

Fe = (1.75 * 10
3-25 - 3.7) 

where: = fines content (%) 
= soil behavior type index ( dim) 

RESULTS: 

The results of the correlations between PS-CPT data recorded during field testing yield a 
profile of geotechnical parameters at the 15 sounding locations tested at the Pond Creek 
facility. Effective and total stresses provide an indication of the stresses being 
experienced insitu, and generally will increase as material is placed on top of the existing 
materials to the lines and grades of the proposed final geometry. 

In-situ effective friction values were correlated using in-situ corrected tip resistance and 
effective overburden pressures for the 15 soundings tested at the Pond Creek facility. 

CONCLUSIONS: 

072015 

Summarizing, data recorded during PS-CPT field testing was used to correlate index and 
strength parameters for comparison to limited laboratory testing at discrete sample 
locations and to develop nearly continuous profile(s) of engineering properties with depth 
to model the variability of the insitu conditions at the Pond Creek facility. 

Based on modified results, the correlated parameters from PS-CPT are generally 
consistent with each other and similar parameters determined from similar materials at 
other refuse facilities, and from laboratory testing of discrete samples. Therefore, in 
general, a reasonably high confidence level exists applying/using the results of the PS
CPT correlations to the 15 profiles shown in the attached tables. 
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AunNt,: 
Job No· 
Client: 
Project 
Sile: 
Loca1ion 
Cone: 
CPT D,ite: 
CPTTime: 
CPT Fi'e: 
Nortlilng (m): 
Easlinp (m): 
Elevalici11 (m): 

User !nputs: 

Assum•=U: 

·erpretation 

Release 1.22 Rev. Formal: 
07-1210·1008-4622 
07•804 

NU Imperial 

Civil & Environmental Consullanls 
Pond Creek Mine• Williamson County, Illinois 
CPT-1 
Pond Creek Mine 
20TON AD211 
07/31110 
13:23 
804CP01.COR 

0.000000 
0.000000 
482.2 

Stale Parameter: 
Unit Weight of Soil (pc1J: 

[JI[] 

0::0 
~See Below 

Material Type;;; and Unlt weight r□ cll Phi Avg. ~ Q.Q..8YsL. ft...8!m... 1£A'fil. 
dea tsf tsr _% % 

~Residua! Soil f 41.95 L 2.43_· I .78,91 I 26.81 L 2.38 

Ground Surface Elev. ~ 
CPT area ratio: [2ru 

See Below Copied lrom ConeTec CPT Data File 
. . - ·-·---··· ··-···--· ··-·--- -······- ···············-·········· ·-·--······ ···--·-·-···--··-···---··-----·-·······--·-·· -·-····· 

Dep\-7 Sample El. Av9Ql AvgFs 
(fl) (ft) (1SI) (tsf) 

AvgRI 
(%) 

AvgUd 
(It) 

a,, 
(Isl) 

Alo 
(%) " a F SBT U.Wt. TStress EStress Ueq Cn N60 (N1)60 Su 

(pcf) (tst) (Isl) (Isl) (blows/fl) (blows/It) (Isl) 
QC 

(tsf) 
Fe 
(%) 

Phi 
(Deg.) 

0.16•1 482.026., 16.61 _0.44_ 2.66" · '-o.11__·1a19.49·:- 2.65F 1.66 ·' 1619.49 ;_ 2.65j/??5 /; ~ ... 125.oo; __ 0.01o;i_:-:: 0.010>,:_; o.ooo.f:2.ooo;•;:,{2.89.-"··_-'_-__ '.'.5.79);\i'~:514
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Fe 
(%) 

Phi 
(Deg.) 
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Cone1 !lC !/--'\ lnterpretaUon 

lnterp1e!a\ _,1..1\- Release 1.22 Rev. Formal: NU Imperial 
Aun N); 07-1210-1008-4589 
Job ND 07-804 
Client 
Project. 
Site: 
localiDn: 
Cone: 
CPT O;ile: 
CPTT,me: 
CPT f1le: 
No1thir1g (fl): 
Easlinq (fl): 
Elevation (U): 

User lr1puts: 

Assumed: 

Civil & Environmental Consultants 
Pond Creek Mine• Williamson County, Illinois 
CPT-2 
Pond Creek Mine 
20TON AD211 
07/30/10 
13:46 
804CP02.COA 

0.000000 
0.000000 

494.21 

II): 

State Parameter: 
Unit Weight of Soll (pc!): 

~ 
,--,:0 
~See Below 

!\ 
' ' 

CPT area ratio: [Qfil 
See Below 

Material Types and LJni\ Weight facfl Phi Avg. ~ Q£..m Fe Avg. le Avg 

~Coarse Refuse 
~Aes!dual Soil 

df§ ts! ts! % % r.•:s1:,~,,~aa*l''5!:S•™i•sniwaott
1 .27.01,, . .,_J.39. .• 4f ___ - ------- .. -------

F'"'13li\l'lijiijil:j!jilljsa;S4~,,i®i@11® "I : -__ ---: -:_--.:. : .. i .59,75~_.: 2.99 .. , 

Ground Surface Elev. DE[] 

Copied from ConeTec CPT Data FIie 
-----··-····-··· ·-·········- ·········-·-··-·-·····--····--·····-····- ····-···-· ··--·-··· ·······-·- ·-··-···--· ····--·- ··········- ··········-··-···-· ·-···-- -···-·····················-·-·-- -··--

Dept'l 
(ft) 

Sample El. AvgQ\ 
(ft) (\sf) 

AvgFs 
(tsf) 

AvgAI 
(%) 

AvgUd 
(!l) 

Qto 
(Isl) 

Ria 
(%) 

,, Q F SBT U.Wl. 
(pc!) 

TStress EStress 
(tsf) (Isl) 

u,, 
(tsf) 

Ca N60 (N\)60 
(blows/It) (blows/II) 

s, 
{lsfl 

,, 
(ts!) 

Fe 
(%) 

Phi 
{Deg.) 

")i 
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...•........•. •·••······· ·······················-····················· .......•. ······-· •.........•.............. ··---\ .•....• -·······- ····-············· ··························-····- -······ 
Oep1h fl. AvgOI AvgFs AvgRf AvgUd Oln Rln le O F SBT l fSlress ESlress UeQ Cn N60 (N1)60 Su qc 

(fl) ,,c) (1s1) (tsf) (%) (fl) (!s!) (%) (pc11 (Isl) (ts!) (Isl) (blows/fl) (blows/ft) (ts!) {Isl) 
Fo 
(%) 

Phi 
(Dag.) 

, _, 1 a.aJaa.:-s.00434 2.a1na\ 1 s.s3aa; s.00434 :;*·/.·-s ;_:. \ ?'.t :12s.oo_i?;.1 oos4{~~lfj otJ54 :.;+:\7(,pJof ~ff-9.6~t1.o,629Ss:,773a4114 \f_oa20_3i\2~~i,o5_';;,t.41,02e4\>29.a2e: 
_ 461.sss ., s1.03 . o.ss - o.a2_--. ·,. -s.e >::: so.so24:>o.a4134_:2,29201_,_'::~o.e21s;•~--~4682·:-~}'.a_:,±:</:··,-;12s.oo,271?1o4;:X2:c.1?:~04:ft\~:;,::-\I0_kP·~saH4:Bs91s ;1~.2~2e2];~op9~7;'.l67:0!J,F;22,22~Gf ~33.1s9; 

32.97 2 ·- 461.238 · 54.68 ' ·., 1.11 . . ·2.03- 0.21 · ·j :' 24.533. 2111274 ', 2.59114_(''24.533:2'11274,\~:\i~I_->:<h'i,'-'125.00 i2~_1415t\ Z.14154'.f•;+ti_Oi;0.6833/13i9176Bi 9.51os11,\;1_)62658,;}((54,68'.o'.::~,34.926f_F32.344. 
33.3[ 460.910 · '49.23·-, _ 1.53., · · 3.11 ·:.2.si "< ?1,TI02·.3.25062·,2.71669 .. ;21.779(3.2492.4,i?.?e\a)J}:}f;;1257~ct;2,is201.,;j2aa~g4.!:7M~fit0z'~.6~ot)~,sa7!~f;~.2409i3,;l1.:_i15~~1{/r'f~-25)t;:zf42.!ls4,t,a1·,5s1_! 

, 33.623 ~eo.s02·: 42.89 · · .- 1.67 : · _3.9 ·. • :D.53''_; 18.6514 • 4,10244,:"2,86303} 1,a.ss1-4t.4:.~0~41,,{:i•'.s\~'J'f':!.;(i12~\oq;:2.~52s4.t;\,~~a25~f'.'0.ft~o:,-~.67~9I12.~559? a:545_1s;;1i~6q2.!:!:.f{42'.~9?!\ii: ;49,722h;.ao.s75; 
33.955 460.254', 42,8 ' i.32 ; ''.3,09 0.12 :: 18.4277'.'._3.25147-,2.80358 .'', 18.4277J3.2!?1_17f)'.i, a,: _;-;',</-112s.oo,:__2.2Q?~4:;,~,2,JW394'1(f,t::o\.~,67~~}~2'.182m.!:2~!54~i'1,,~68'(,j(.f4~-~Yi-l46."2001·i30.497! 

· 34.201 , 459.92~ . 30.09 <Lt1.a5 :. . .4.-31 _ o.37 .12.592~ (4.70934._ a.02533 ~ 12.a010 ,.p~oes:tr~'.:~ ··.:}?;':.;J125.09,J?.?23~,;:,~g,22cy~mtf-lf&o;io.51o~h1~.0211~::··:~?2442ttt~~~?t-:[1>~.;ro.0a;-;_:;~,~o:2013,:::2~. 1~1; 
34.61 ~ · 469.s9a·· 124,22 'J-'. -:1.20.. :.5,20 _o.0r: 9.79303 .5.82455 -3i1763,-,_9.78858i' :s.0212f .i:<}.3,\.:.t\:'-::·.:1_2s.oo ;2.24404,,,,.2.244o~,,;::;s;yo;:::O.s676:':~.694~1s;-s,504303_(0.s0oa1.-ci°'24:21?•l:•11{_.1a57Jt 25.213 
34.94 j , · 459.269 121,13, } :0.96, :4-43, .. ·: 1.3( :· a.5955 :·4.93183:·3.17671-: 8.ss109'.4.9343~/}11j;_4\~if\:}\12q:oo-:·:_~-?sJs•i~2s4603.~~l~Jfo~o.a64s,i;!~002905~5,_1as13g~o._~02s_4:~f21?2},.;./1'.1~74;':i2s:3aa 
35.25~ · · 458.941 _'23.04 .. ':,0.79; .... 3.42 1.73 : ... 9.0021-:,3.80833 3.09074 9.07832f3.80817~ J<S.t>1\J3·;\125.oo_;_,2.2a5{y2.2a5io3?J;'fl;{,;,to;'i_0,6615.Z1f']';80226·,s,1a1a94i;o,64257,:i:r23:0S:,,·'>.S4.0tia2.io:2s;1a2, 
35.597 1 45B.613'· 22.63 • './ 0.14· ·. ·_,3.26- 2.41_ ·1 B.81522· 3.64094-3.0904s.:-a.aosssx~:64453:;;.,?;~:s .:r·\'.:i;·:.125.oO /2:3osa

1
2.3o56da)l,}[f;.,;10:;o.6586\-·r.666449' s.o436931:<fa2924,;ie:22,61(?:e,t70sa'_.,>25,555· 

35.92 ~ ·, • 45~:20~ :" 23.37., · ·, 0;6 , :, · ,. 2.51 ·a.4 ·. 9.04685: 2.85118 :s.02101_;,~.0302s/2:B53e(:\\;}i/:",;::h:·.;~2s.oo~.:.?.3261.~2:~2.s103}ff?id.t ~.as~?tit~~:S.?.s}'.~95791 fcp.~5t5ti~02a:3p:':}l?9.9152,{25.732, 
- 36.253 457.957,'.- 29, 16 · . o.73 · 2.49 9.07· .. ' 11:4265; 2,122s2,. 2.9266 11.4009 2.120e3}:,t;t;'.6•'.r::>_t•12s.oo,\_.2.~4ae:,,2.Msso3.://UM.o~o,e520 ·:e_.8916ii:·"5.B~4484m83o14·;+':29:1.H/1'::rs3.6746':,.27,3oa: 
; 2a.50 I 457,629 /30.74 ·.t \o.~. 12.01 12.21 _./ 11.9863 2.25567· 2,56414' ·1,:9525~2-?0265;f1;1.-;sJi</\·:,125.oo'j.2:Se11 ;2.3?7103tlI1.:\9).~,\~.6S't0?122f 6.~1009~{~.a?,84~·t)h:19:6fV.49)5~ti:21.622: 
. 36.90~ . 457.ao1 · :30.69; · -0.41.-, 1.52 ·13_92. 11.8539·,_1.66os4· 2.79759 ·11.e1e2,."~-66593°/ ;:_ 6-;i~·>-:;-1<125.oo.:-:-,2,sa1a'.-2.3a1603~)'f<'.;'.9/0i~4727a,a5012e:5.617913l.o.87624t:1so.s;{i",;45..a547{!_!21.544: 

37.237 456.973 31.76. 0.55 1.72 16.67 ' 12.1888· 1.87381 2.81505· 12.1431' 1,88086·:,•:,•e·;:, · "125,00, 2.4081! 2A08103:~i~·,r··ot:o.6444}9.066453 .5.842516~0,90873',i}3i.65t:?:-14B:.Ba72\' 27.728 
37.56•; 456.645 ·33,s2 o.a1 1.8 17.92· 12.a434 1.95567 2.50566 12.1951 1.96269 s, 12s.oo. 2.4286.2.428603'., :.:o··o.6411,_,9_549oa1· e.1214_5afo,ge5ea ,;_:•33.51'~.'.;4e.s211:;,25,05,11 
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.... ········---- ·---------- ------------· -------------------------------- -------·-· --------·- ---·····-- ·--------- ---
O!!plh , EL AvgOI AvgFs AvgAI AvgUd Oln Rfn le a F SBT TStress EStress Ueq 

(ft) ,/ {Isl) (tsf) (%) (fl) (tsl) {%) \I,., (tsf) (tsf) (ts!) 
en N60 (N1 )60 Su 

(blows/It) {blows/fl) (!sf) 
qc 
(Isl) 

Fe 
(%) 

Phi 
(Deg.) 

:;7_eu3 · 456.317·, 32,15"_ •·. o.63 1.9s · ·:1e.s4. 12.121a 2.1211s 2,e4so2 1_:i.0783:_2.12975?·.·.:_·/6·. ·_•1:·,;;,.;·i2s.oo.;;,:2:4491 :-2)149103_.;·.\;7t''.o;::r o.a39'·_9,337311.·5_9ss48EFti._9i9S3_fa2.03 ~;.::_4_8:5978_., 27.692-38.~p . . 455.989 ,~5_91, __ . · .. o.58 2.2s ;· 19_134 ~ g.47s31/2.475s9 .,2.91339 9.42s1~.:~-~a131/f.'.:~1~_~7:f1.;:12s.-p~J\~2._4es~i~:46sso?.1J1;;r~zo:~3aaf;~:os4~01~,-, s.1so1{0.12441:/2S.is/-:A:-ss.1~ ':2s.018 38.S<iO ,.455.661 :, ·21.3 ', 0.67. 3.1~ ; 19.56/: 7.55386 ,;.J.56195 .3.14336 . 7.50567(3\~~482;\;}t5, ".i:}<":?125.0o:,'.2:490f1,~~01o3t<· ',~\:-:0\0.633t?'.4_3~7H/1,7·11~5!J,1,9(~8235 r.\21:1_8.~/.::_\68,672~1 24.471' 38,Bi'.7 ' 455.333, 19.83,' -·o.72 >, 3.64. . 19.54 ·: ',~.90511:.~.15719 ·3,21395' 6,85727;4.J8_619.~.-:}~ 4.;·;.;._:_). __ C"'-:~135.00'.f. 2'.5106,_!"·.'.3?,5082:! O.Oo24rp.631f)!i27103l'..4,59108~1{0;5362?\~9;71_:\}:_74.9BS3'!.'23.859; 39.206 '455.004· ·1s.1s . o.91 · -' .,:4.59_':: ... 17.32 .. :· s.04374:,s'.27522. 3.2n1s s.aooos.: 5,31009:,?'."-·i3-.:, ,f.:it.~ss.oo 12.53281.: 2..s2014a:;_-o.012r,tro.6299;,:1,so2as5_:ti,7a9302ro.saa97.,12,;,:19.6_7!i:::_7a,1112": 23.aos. _39.5~H 454.676. __ >· 20.6B . -.: Q,93': . ·:· 4.4a -<' • _1a.01;.,:- 7.15825 _.:s'.1.a102 :3.254D7 ~-.,:;:,~ 1<1a1/ 5.16235).,;:.::-·3,~.'.ii;if~\:.135 __ 00'. 2;_55495'..:~P.32049ld,02291to:_e?a4.,7:814492:/~-91oo4i.o.saf1~-\ )20]57z:(tr7i,2aaa1-~-24.117' 39.8t12-' .' .. 45~_349.: ·20.1a. · ;1:o._84 ; ' :4.o3 1a.z3•\:7;15535:;4.6t4;55 :-3.22105 _:·-1:~_t212;,'.A,642tf:.-;f!4:f,~-1>;i\ti35:o0/?;5?7~~ :,~,s1~sf.o.ooa11\-\".o_.~fi{)\6s!~3§4,B2~?s4fQ.:.~~~56,J~{~o.6t,;(?s'.1.ga~;J 24.i 1a: . 4o.19: _:.'- ,; .454_.020 :·: 19.42•/'i o.88 4.52 19.38 6.5B125' s 23163 3.28913 - 6.5343,5 26922 1 ~· ')' 3 < 1 
• ,~135.oo 2.69923',2:55586210.0434' 0.6255\7£28098 4.1oaee9\o.s2on/;"1s:ar /. B0,159 :23.649 . ·40_510 ·. ; ... 4sa:ss2-< 16.99 \.-·.0,73'· •4 29 19.84 • s.s9sn

1
5_oaos1 3.33962, s,54903 5:'1233 ·7 3 _ r;:~: fas oo ,2 a213l 2.5enas;o.os3efoi5241~6.B43B7B 

1
4 210948lo.44485'Jf1s.a1,:r:, 84.415B7 22.454 40.816.;, '·,45a'.364\15.52 ,.' _'.o.3a;- 2.2a 

1,1 21.467 '5.37916'2.73844 3.20m s.32"-89;2.76635~~ ~1'5:?"\,")f 1§s.00;2.543S1 2:579675~o'.oa3aio.5226~e.1~1s1e1::t745489!o,4-2961t1Hi'.3a1;, 1?)13,ao31 ,122.1831 41.17,~, -·•·,,453_035,:: 17-43< -·~ ·_o.34 1.93 ' 23.46 5.69704 2.30284 3.14792- 5.63916,2.32648, 0 1 ;; 61;; 'l,L--135,00 2.66565 2.591581. 0.0741' 0.6212,i3.084749
0 3.n97255''10,4571, "[17 25W,,:,69.0136 ;-22,571 41.502.'I.,~ 452.708 ,< 22;29/ '.\ 0.68, '\ 3.06 " 24.25 , 7.52921J,' 3.469 3, 13915 7.11677613,49754 • : '5•_:- ':v 1,'135.00.'2~68779 2.603'188;0.0843''0.61981,7.745791 4.BOO!a'{f0.60688~!_1:22;13 ;;\168.3574'.'24.466 '., 41.83 :~ ,.,, :4s2.aao._<: 19.58' :y::to.13·/: 1 3.74 ' 20.12 _ a.4So3, 4.a2119 3.24865' 6A0059J4'36079 ,1;, 4 -~" 1~;'{135.oo •2.,70993~.2.s1sa94 ,o.oa45/ o.e1asf7~9357,;455oa2ato.s2229"Mft9.45 /Jl,l!G.8511 \~ 23.431 '·•:42,158. I:: ·.\452.0s2·t.20:ta. :(i t-~o.s'..:'-'.,, 2,a1 ,~ 23.sa, :·e.a693B a 32448, ·s'1611 't 6.a161::a260411~1'~\5,;:,lt~ 135.0012,73207;¢;:j; 2,5273JO~lli4afo.a159-i 1,331s13'4.525a2a:'.o.SsB1s:,1120 64,,rt'f\10.05aftt23_0s1, 42.486,:.' . 451:7?4\ ·_27.89. ,_' ''.';O.J!5:' 3.06.':,, r 281141 9.52399 ,3.38163 3 04802, 9.459sa'.::t~0466if 1.'.½S' ;,'_.J.'°;135.00-'2,75421:,z.639207'{;01115i!0.6t!i5:,sa32647.\ t,\5.621610,m2iir127,7l!t1!61.7782~~26.072 42.sH 1 - :4st3ga-::,2a_.61;1,>. ',.:1.21 ' 4.23 · 31.12, 9.77463~4-66935 3.12299, 9.6B787'4.1,1111 rJ[it•"} iJf 13s.oo 2:77s3s 2.55111a·1,o.12s?R.o.a142-9,B52356.6 050983\0.ij0228 t'.'28.4~ 67.15854

: 26.2a5, .43.14.'3• -{-:'45_{057'.; .. 21.15 -" :0.81 3.73 • 40 41 ,r.11643"4 21400 ' a 214 '1.02255"4.:m122 ;.,,.\:A "S;~ t1as.oo 2,19as6-2.sssos51°0,13ssto.s12a·11:9.:Hs4!i 4.aeo41s~o.58673t:
1 
21.s 'f74.oa22'•124,osa· ·. 4-3.471 _,..._, .. 450;739/2210.f 'c"o.69 301 41.96 ·1, 7.4615313.45703 3,14483 7.36059~3 50444;:"', ,5' "1.f ~ 113s.oo 1 2.820i2.5749e2\o,1457f o.6114':l-909522~4.aSsostJo.6119411' .22.51," i 68.1a1s•-;c24.389 43.7Sl9 , '450:4.11;'·20.sg .s· \-0.61 2 9'l. 43.95 '.,-. 6.60515. 3 43717. 318878 6'.50094_3.49~7 ,,/ :s 1 

, • ,,_:135.00 2.8~284._2.686869_ :·o_.1?8' Oi~to,1}1 7\35~~6: .~-48932~,(l.54945 ___ 20.31 ... \"' 72.126•}23.557 '44.127 ', 450.083" 23.42 , ~ :1.1 4.71- . _, , 47,39':_.\;7,61643 ... 5:35149''3.24833 ,_'07,508~7 -5.~2807-,'.-.:_:?3f\:(,}fi:'•1~5.~~,.2.86498:f2.!39Bi'.79~ 0:_1662{0j60~f{:~:J497221<5;.326,2!~;~3638f~/~:1.a.:JV?6.:82S~1;.:24_l529_; 44,4fi5 449.755 . 253.58 . 4:98 1.96 '· 20.09-., 92.4833- .1.98649 2.13724--i 92.4354 :.t.-oa153•'- ;,.:,:,8_·1>P.;'/'.1a5.oo:•2.8a1.12_: 2q105a2., o.11s4·io,5014::,52.s2os3, 31:96092:~7.76l39 ,;'-253.45'.i)Y16:9566//40, 151-: 44.783 449.427 '555_99· · ._:.,·13,9 2.5 · -21.21.· ,203,145~_2.5132· 1.99381· · 203.193 ·"2.5126 · · 12 ."-'{: ·,1as.oo 2,90926 2,722588 \0.1887:. o.sp5_-ti-109.1pss ·ss .. 124mf1~J12a2: '.s50.12;,:·:,,1a1si9._'. ,44.134 

··~ 

........ 
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ConoTe,~ Ir)~~ 1le1pretallon 

lnterpreta!i/ . • Release 1.11 Rev. Format NU Imperial 
Run No: 
Job Ne: 
Client· 
Projecl: 
Site: 
Locaticn: 
Gone: 
CPT □ 11.e: 

CPTTir11e: 
CPT File: 
Northing (ft): 
Eastin(! jlt): 
Elevati•.lll (rt): 

User lri:;uls: 

Assumed: 

07•121 0-1008-4556 
07-804 
Civil & Envlronmental Consultants 
Pond Creek Mine - Williamson County, Illinois 
CPT-2A 
Pond Creek Mine 
20TON AD211 
07/30/10 
14:50 
804GP02A.COA 

0.000000 
0.000000 
492.4 

!I): 

State Parameter: 
Unit Weight cl Soi\ (pc1): 

DO 
CID 
~See Below 

CPT area ratio: rn[J 

M~Jerial I~12e~ anQ l Jnil :-iy!i!iQh1 {121,ll .E.!1l...8Y!L. ~ ~ Fe Avg ~ 
de Isl Isl % % 

~Coarse Refuse ran ,· " Res!dual Soil 30.69 \.,2.;60. 86.Bt-- '·.48,14'~ 2.80'.J 

G1ound Surface Elev. ~ 

See Below Copied from ConeTec CPT Data FIie 

-----·······-····-·········-········-·--·-·····-···········-·-····-···-· ···-···-·· ··--·-· --·-··- ············-· ····-······- -······-·· ·---······-··-·-·-····· ·-··-··-···-···-·-- -··--·· -·--·· 
Depth 

(ft) 
Sample Et. AvgOt 

(lt) {Isl) 
AvgFs 

(tsf) 
AvgAf 

(%) 
AvgUd 

(ft) 
Ola 
{Isl) 

Rio 
(%) 

le a F SBT U.Wt. 
(pcf) 

TStress EStress 
(tsf) (tsfJ 

Ueq 
(Isl) 

Co N60 (N1)60 
(blows/It) (blows/ft) 

s, 
{Isl) 

qe 
(tsf) 

Fe 
(%) 

Phi 
(Deg.) 

' 
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,~ ,/\ -------- -----1 . -------------- ------------- ---------------------------------------------- ---------- ---------- ------------ -------------- ---- ' ------- --------------------------------------------------------------- --------
Oeplh ! _I. AvgOI Avg!=s AvgRI AvgUd Otn Rfn le Q F SBT U. , Stress EStress Ueq Cn N60 (N1)60 Su qc 

(It) ,.,, (Isl) (tsf) (%) {It) (tsf) (%) (pcf) (ts!) (Isl) (ts!) (blows/It) (blows/ft) (Is!) (Isl) 
Fe Phi 
(%) (Deg.) 

463.36St· ·35.65: j'c,.0.64 ·; , -:{1.79 0.42 17.8897 1.89558:,2.67583 17.8897, 1.89558 •: 6, i:.' ,, 125.00 1 8B728'1,887275";-\,~"}0a!0,7219 ... 9,~734(}jf 6.896859:C-1,04529 ;;t3fi; 
463,037·-. 31.91':' : ·,'-'._0.9:, •·::· ;2.01,, o.93 1s.12sa 2,e991a 2 83696 1s.12as 2.99978 a , ,1,: 12s.oo_i.eons;1,sa7775 Eff' o:"o.12,l:~9J~54s1a. s.1002asi:,.o.92aaa ~:'3) 91r., P 48!1574,.\29.453 

29,691 46~.709,, 7s.a1 :\~-79· . _:;.;2.21 .--> ~1s 37. 398707, 2 a2a2s 2.45145 39.9174f2 32553 • :;7: 1 t ,,, 12s oo-1,e2a28 1.s2a21~:.-~ ~~ o;o,12on1ams1s 13.521a5t2J3ao24.v:1p.9'\~128.5599" 35 352, 
30.019 . 462.381 ::75.42' .~. -2:4a: , ,.,-._·. 3.26-. ' -19.88 37.7012 3.34825 2.57393' 37.76281 3.34279 ~' 6, ;i\., 12s,oo\1.94878i 1,94Brni'"·Yi' to\0,716a:ls.o6391, 1s.a55241,2.27455 '':7!i.54 ~ a4.os88 as.027, 
30.3~7 / .-· 462.053 ·•73,52· : · 2,38. /•3.23_" -21 24 • 36.3335 3 32531,2.58372 36.3996'3.3202a1 , ~ s J,(>,12s.oo .1.sas2a:1196sps;,1?t 0Jo.112611a:sn1s•'13.3as31t,2 21s1s "1a.a5',~,~a4.5a1f'a,i.503 
30.675 .461.725 :'.61,35'· ·2.05 : ;'._ 3.35_ -21.62 29 8326 3,45349 2.as002 29.903{3 44531;, ,, 6- , -1125 oo i 98978. 1.989ns.~,ti,~o _0;1oe9q5:19004, 11.4n4a!}1,aane t·, 61.49 / ,a~.2514; ·33.591 
31.00i , 461.396 .. · .28.32 ' 1.36. ;:, •: 4.a -15.93 13.0872" 51692 3 04324, 13.1369 5.14963~- ~ ·31 

., :"12s,0012,01034 ,2.01033a;'.is"'", 010.1osa s.33453s'fs.5ass23fo.81454 r~ 28.42;),5C44ss·, 25 256, 
31,sac · ·' ,-461_.068_~. 40.8-\_, ::,1.24 • - ·.•:s.05· __ :· -12.n 19.0902 3.19842 2.1a5as is.1290:3,-19153 .<~:6 ·,:, .•125.oo 2.9aoa4'2 oao03s\

2
~ '_:1 o _o.101tJ11~5219s e.ossls6

1
';1.2002e ~( 40 as :/./'4si1e2, ',30.141· 

31.66· ,_460.740'' '44.64"' , 1.36 "::_a.Os : ' ·16 6' 20.7614 '3.19334 12.75656 20 815;3,18511 e•~~~ 6' ,': ', 125,oo 2.05134 2.os1~a/:1\t~0{;0.6982,112A1234. 8.66633;.~ 13)853 ~'"M.75 /'}43.5311.. 31,289 
31.988 '.450.412 -35.89·,: o.92- : ... t2.ss· -ts.a 15,3220 2.12043 2,79674 16.3759 2.71161 l'.16,. :1125.oo 2.011at2.011a3at',""<;:o~'o.6941~10.20184 1.09179af -f.041~".,' sa·i~i4S.aosft 29,121 1 

32.315 '450,034 ·•, 41.49 : ,: o.76 ,, /J.84_. -15.s2" 1a 8295'1.92905 2.6602 1a.an3 1.92416_-; • 6·,; ~',,. ~,i:t2s.oo ,2.09234 2.092J3s :~,,;: ,0Jp.6913~19,esm;1,s1a869j 1,21974,., ~41.s9 >J,38,3734 ,20.s54' 
32.644 459.756_ 44.62 , .. o.a7.. '. 1,94 - -15.36' • 20.1~95 2.04671, 2.6514 20,16sa,2.o4191.,, _" 6. ~-- ~, ~~2s.oo _2. t1284 :2J12aaa~, ,~:o .,o.6ss 0 1h13451.;5,072984i,1.3tsoi_s·.-44.12 __ ~,,;_3719221:-:a1.084 
32.972 ' 459,428.' 46.81 ',, 0.97, · ' 2.q1 . ·-12.68 ;, '.20.9421 _ 2.17116,: 2.65248, : . .20:9796~2:16728:f\(6.":i., ;;~;:t\125.00\~:~3334,i2:•1~~~3B)\\1r:wf..~-?847l~2,31qa2,:a.428633ut;s,s31~:~ti1~:-89f/~'.'31,1~7~/'.{ 31_:341 
33.3 459.100· - 34.78 , o.63 _1.a2 _ -:· ·-11.57-'.-.• 15 .. 1479; 1._93097. 2.73912 .:_ 1s:1a0411,92sa3c.-·J:t:af,t :;_;_ ·1125.oo·: 2,15354~2;1s2a3a:-,\.:;-\'.Jio110.a1H,l.'.{,_9.575763.; B.524796\".\:1.010_1;_<'.-:_3:4,a5/,;t·42.56~a, · 29.219 

33.62S -.. 45a,112 · 27.97 ·. o.53 ', . ·1,9a .·,;:'._1uf .\:-t 1,86371 2.054s1:_2.a4249 .·,11:0959i2.04905•:'._:-:;-'.,6 ,i;;:/.i\;i25.00J:!11743412,114:faa;titt:;;'\'1'i:i'·.,'6.61s2\i:1.'.'1_s77s2,_5:532a17f ci:79aija:~'.-~28.o4:1'➔3f4B.48f}';; ·21.s9·: 
3~_9513 ,'458:444 25.2 · / ' o.51 2.~3- ,·. '· 1. i·. ~ 1 C).93 :::~ ·10.4815 :2.2_1 ~89 . 2,9()541 ; .. 10.5134 J2,2io1t;_ ··f ;'.s t:·_j},Si :112s.oo:._2,) 94a,(;~: 1_94~a~:;il~.1{; o}~ ,~·6?5.i 1i? ,624af:,~•.j1?6~aip, i;\~23·:,;;J2it2ftis•t?352_'T,26.7'5a'. 
34.28•1 458.116 23.12 0.44 ', : 1.91 '. · -10.81, · __ 9.43633'2:10479 2.93186' ,9.46793.2.09!77+<,;_{:6i///•,;f:·•125.00 ·2;21534.<2.215338~1,(>;J:.0,·c0.671_9;,_7dOB1~6t4.n5693l,S0_.6472('i,_,23:19_,i,::::'.s4.01_01<·2a.047! 
34.61.? 457.788 • 24.88 .' ·o.56 '· 

1 
2.24,' ·:1(J.49-__ ':10.121a ·2.47304-;2.94368. 10!1s91 i_2.4es42<(f'<e_:f}¥.i1.12s.06 :2.2358.4,f.?;235a3s'_'~,lff~o;o0,55aa\i.702224:s.1s10S3)Q-'_101oa1\24,9st?.54,no1>2s.s2s 

34.94 t · , 457.459:: · 21.e -· . 0,14·_ 2.61 -10.42?:11.2319: 2,9190~,,2.94724/11:2585{2,e129f)}f:a. I);_:;;_::::--112s.o~,i,:;i2sM~:'.;.2:2~6~l,~•;,t'.Jri:fo'.a657{l8.~57203_.':'5:6967b61l:9•7846ai~1;,66\;;ss.00Di\\}21.219:: 
· 35.269 457,131: 22.1f: .-. •0.58_.: ... -'2.56 -~10.21 ', -:'8.97409. 2.83853 a.o2029_,.;,9.0D4B3~2'.~2aa4,tJ\,S~'. 1;,~fi:>~25.00,J:'.~-2769J;}g.21~~i.¥{(~{~lo,6~27)-7',:373349,54.8B6443.1X,o.M26;;f :22,78/_:-.:59..ae15,;,_'.~5,707i 

35.597 456.803 20.39 ' ': 0.5':",' . 2.46 _':' '.;-9.49: ,· 7.87525 · 2.76356. 3,06177 :'?,89701 .!2.75594 ;,r:~.5-;/c}i,",~",:-125,00_;·: 2.2974·1JS::-2,2974··:f :'.'-;tO::i~.6598 /6i794369/4:482609t0,5~014 :t20.44,\',.;;,_62.743i;; · 24.816 
. 35.925 , 456.475:-'. 20.1 •_ ··, o.58 · ,:2.09 ,, • ~a.a9'..:· 7.67164_ 3.2a111: ·:3,11osi 7,69321 :s.25256.\t,t,s _:·:tif··1-12s.oo_, ';2.~11~t:_f2.;~179,.fs-Nf-_to:;o,6568;;6.~1asoi(~-S442~L~._??OS3 _;iJ.:?,o:1.sV,r/66,264)24.639 
26.2s3 456.147· • 21.4s., ·: ·_0.65 3.04 · _ ~s.91 a.11122 3_3993 3.09B36, '8._194321: 3.39?,2~::';·_~,-s ,s· ~·-:".(::12s.oo.·i. 2.33f!~_z:f.~2.aa84ie;,!._;':''""?/O.S539;f7:a2oa3s 4.7B71t?:tJ;q.592,;,?121.s_;_.:::rss._s5a2,:;:,2s.oa11 

· 36.581 455.819: 10.01 · ,'0.64 13.38 .--5.48 • 6.97406 3.89032· 3.18867,. 6.9B6n·;3.BB~24 "~· ·,: s; :';~ ·:,:- _125.0D ·_:,2,a5a9 {_ 2.3589_:t:i;.;. o_;o.651k·_<:;!J.8~s6;_1.444122;?,S9932;i;_)i~.s4;,f>.12;1_11s;,,g3.9a~, 
36.90:J 455.491 ·. 18.56' ·,.: 0.68 3.67. -4.62 6.80029 ,4.20256 3.21677 6.81289 :4.19479 :4 ., ,. . ';i2~.00,,:_2.3794'-~'.:•2,3794f/::/-"Q{,0,6483'.i6:871849'. :_4.45492:i9:SQ095;':;:,'d8.59_'.\':('··74.~104-;(23.814, 

, 37.237 455.163' 16.65 · ' 0.84 5.06 -4.85 5.95614 5.8947 3.34912 5.96868' 5.88231 ' "3 .. /;,'. ··135,00 :•:2.3999 2:39250870.0074_~0.6465:6.818186 4.408008J0.4411S\>16.68.{~i85,2328'.''22.923 
37_55-:; · 454.835 18.46 0.1s 4,1a •5.01 s.61022 4.73876 3,25373 6.6827 4.72991 4 •·. 135.oo 2.42204 •2A04412 -0.0115·_, 0.64-49:1.022524· 4.528859 ·o:49653·>;\'18.49.!·-<z;:.2s_12 ·.:·23.691 
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········• , ..... /---.. ' .... -······-··· •········•·••· ············••• ---········ ········--··-········· ·······-··· -·-······- ·-········ ····--·-··- ·-· -\ ........ _ -·-········-··-·-··············-·-·---········-···· ·-···-··· ····-·-·· 
Oep1h / EL AvgOt AvgFs AvgRf AvgUd Oln Rfn le O F SBT t., 

1

rStress ES!ress Ueq 
(fl) .. , (lsf) (1s1) (%) (U) (ts!) (%) (pc11 {ts!) (Isl) (\sf) 

Cn N60 (N1)60 Su 
{blows/fl) (blows/It) (tsf) 

QO 

(tsf) 
Fe 
(%) 

Phi 
(Deg.) 

a7.aHa 454.501 .11.51- ... o.66" . __ 3.77 ·.: 4.4a,, .. 6.259as ~ 4.3ss4·.3.2sss2 s.27228 4.35476.' :· :· 4,:• ... i,~J._13s.oo'.2A441a::2.41sa1e1,o.0279f o.64_33:'1t6e34os_.;_.4:3os9iV0:46829?'..-'.n6 ·\-.Z'77.4os,H-2s.2s1 
sa.221 · . · _454.179 ;. 23.26 _., ... ' __ 0.72 .. · 3.oa ·:_'•s.6 ". _·8.55333 :3.46259 '3.08679: e;s1ssa·~:_3.4576 .. 2:-::?:s)\·.:'::i>1ss.oo-·2,'.4se.a2·'.·.2;4282~5:::0.Q381·i,lo.e417::.{'7,B6974lfs.oso2a6~.~-6ii377J'.!2s.~9_.:;(;:e4_5241: .. ::2s.aa8 
38,549., ·: .i 453.851:· .' 35,17 ~ ·;f1.11 .'._,· , 4.es · .-4.65 ·. :13.3934_; 5,23231 .3.04051 _ ,13.4oss1.s.221s1_:~,,.;;;,3,>\',':)i_·:.1ss.rio;,2:4aa45·~2.'440151:CO.o4ea~.o.6402J.1i_.s4ta7i1,3as124i\1,o118t_:.h:<35_2·:\;.e1.2s19_;-'•28.401i 
38.8;'7 , ·453.523 

1
74.79' . 4.'21, ~ · 5.T . '..,12.1s:t:29.47?3 _'5.901153:28220~.; 29.5099/s.9011:}//H .f;\:?i:13s.~o·:::2~?i~6).~.S2!)3~$:~~~5i3~~·o:~386~~-2i:~315·:1:fiso32f;¥•23n~.f::7~;81\(4!.276~,/g_3_514_ 

39.2(!(~ . · 453.194,' 104,ea·. ,··.6.22··: ,, 15.94.'•, '
1
::,.i9.1e ,_ ;41.4552;s.oa925 __ 2.12ees\4f.5049jG.08211,;.'.::;.,11\:,r_.;L 1as.0~•;2,5328~f'J.'..2A~9Bfo'.9aae,;!;o,e31_.r,:/2a.e3555)a.:242e1~?;1624s;;,};'lo4.8\1;;;;41;9974?/: :a5.6: 

39.534 · 452.866, ·, 152.53' · .: 8.46 ' ·,-5 5.55 ·>:-:19.17'' , 60.574~:'.5.64094,·,2,59452/60.~2~J_5.6354~'.' -:;:, 'J 1 .H>.'';)t1~~-00 .2.~!j495i:2.47588(~ p .. ~791t.9})~S5{3B_;~21,4~ ''.24;73~64f.~:~31~)0~.52,,65j_\:'35_.0~52'.: 37.815 
· 39.Bfi2 " 452.538 ·:2~2.e1 ,( :_ 10.79,: '· > 4.64 .".-,-01s.12_ :. 92.4888.:-:·~:ey8941 2.41ss2<::e2.S33 ,:4.ae11_7.:',:'/J1 Lf :''.r/:f' 13s,oo ;-2,5~o~·'i?•.~.s.119at.-~·o~s3·(~0.e34:.-04,,iss1e:•34 .. ssoarj7,,~2s62}·,.23~19Ji??'·0649t 40.155, 

40.19'•,•· '452.210/ 391.32 : 13.96. ,. 3.57" : ;-18.27 ·, 155.507":~:~9127 2.18739' 1_155.55t:;3.59025•:?-::!~~,~'i'.'i:'-ii.'..i;135.00.'_2,59923')Y,,~2.4997::_,~;099~'.\0.6325;;~~~,6769!52:47014r12;o347+~391:43);;t)18;~74 1: 42.835 
40.510 , ·451.882 · 504.54 , .' 14.95 ··:.2.96 ~,9.14 , -199.84 ·;2.97957. 2,05825 ',:1~9'.888 12.97786 '. "· -":"/12:·:.·: .. i_: ,,:-.1ss.oo::2,a21a1;,.2.s1.1eoat:o,109a,l.det:es1;:0101_;s2oe,e4,osa1e·~15.s393\~s04.s~: .y:1_4.5769 '_•,44.oss 
40.8it6 '-" 451.s.54 352.83 ; 14.47 · 4.1 · · 1,s9 ·., ·.1s8.1e9 ·4.1s200.:2.2es91 · ·1s8.154.-4'.1s2s6 :::::_\_'.12\ :s'+~_;;·135.oo::2.64351(is2s512J'.\·!o,12;:'0.629Sf1-7,295fa ·.48.6s1sS:~o:9417;:i_·_a~2'.79:\:21_:2814,\'.42.2a4 
41.1i'•I I 451.226 428.29 14.1 •3.29 ' 55.96 167.871 -3.31278 2.14021 '167.733 3.31551 ':.12 -·:" ,;,_:· .. t35.00. 2,66565' 2.535fU9' .. Q,1302i/'.,0.628 )~8,955~3 65.86613:°.13;,_17]21~4.27.94::\\17.050.1.':;,'!1-3.207 

' 



R13795

Civil & Environmental Consultants, Inc. 
Williamson Energy Pond Creek 

PROJECT Deformation Evaluation PROJECTNO. 

072046 

Normalized PS-CPT Data and Parameter 
Correlations 

PAGE /8 

MADE BY __ B_E_G __ DATE 12/28/07 CHECKEDBY 41 DATE 

NORMALIZED AND MODIFIED BY CEC 
CONETEC, INC. -CPT DATA AND CORRELATED PARAMETERS 

POND CREEK- WILLIAMSON COUNTY, ILLINOIS 
CPT-3 

072046 

OF 'itJ 



R
13796

ConeTm: Irr""~~.'\. 
lnlerprelatr.1 
Run Ne: 
Job No 
Client: 
Projecl 
Sile: 
Localion 
Cone: 
CPT Dnte: 
CPT Tirne: 
CPT File: 
Northln9 (ft): 
Eas!ing (ft): 

E!evalio11 (fl): 

User Inputs: 

Assum11<.l: 

1lerpretatlon 

• Release 1.22 Rev. Format: 
07• 1210-1008-4528 
07-804 

NU Imperial 

Civil & Environmental Consultants 
Pond Creek Mine - Williamson County, Illinois 
CPT-3 
Pond Creek Mine 
20TON AD211 
07/31/10 
07:09 
801\CP03.COR 

0.000000 
0.000000 

466.98 

Water Taj'e Depth \fl): 
Nk: 32.3 
Stale Parameter: 
Unit Weight of Soil (pcl): 

DII] 

on 
~See Below 

,-1 

Material Types and llqit Weight /pd) Phi Avg. ~ ~ Fe Avg. ~ 
dea tsl tsl % % 

Og[]Residua!Soil I 36.95 I ·,n32 ·I. 43.13 I 32..39,j: 2,49 :.I 

Ground Sulface E!ev. ~ 
CPT area ratio: ~ 

See Below Copled from Cone Tee CPT Data Flis 
-···------------------------------------- ----------- -------- ·--·----------- --····-· -·····--- ----------------------------------------··· -----

Oep(ll 
(tt) 

Sample EL AvgOt 
{fl) (tsl) 

AvgFs 
(!sf) 

AvgRI 
(%) 

AvgUd 
(It) 

am 
(Isl) "'" (%) 

,, Q F $BT LI.Wt. 
(pcf) 

TStress EStress 
(ts!) (tsl) 

u,q 
(Isl) 

c, N60 {N1)60 
{blows/It) (blows/ft) 

s, 
[Isl) 

q, 
(!sf) 

,, 
(%) 

Phi 
(Deg.) ----,-----------,,---,-----, 

o.16•1 466.816 ii 22.8 · · ··o.36 1.56 -o 74 2223 39 '1.s00 , 1 42 2224.37 f1,58' ...,, a· : ,1125.oo, • 0.010 1 o.01ot''o 000:. ~2.000""' 't3.67 ,:' 7.347, T:-o.706 ~ 22.81' , 11,81602· ,53,62 •' 
0.49;! -J466.488{\:42,45;·.:-: 0.67,: 1.58 -5.17 1 1379.49'~ 1.579 1.46 1380.46 ~ 1158 : .-,,,.7 ,:- i.125.00 ' 0.031 t;- ·o.oa1,i~ 0,000~<2.ooo_'/;\ 5.91 ', r' 13.82 fi'1.313 r;;~42 48' 2 23467 l\.52.00 ' 
o.a21 ', :: 466: lso'!,;,, 28.94,, ,;\,o.66, ,2 29 ,,-5.45 r 563.683< ,2,285 1,73, , ,564 27.t~·2.28~-, \ 6 ', ,. :· 126.00(c,o,05fk_1;0.os1 ::-z ro.oodl12.ooo!~:,'i_!i,17 ',,:~;,10.34,:r;Jti,894 ";'v,28.9l."-; 6.n<122' <48!62' 

-1.148 i':J 465.aa2:/<;23.43.,".·,\', 0.46 11.97 · -1.21 :, 325 551 L969r 1.79,'" ,32825 t i1;g1:-t_/,. s , "' 125.oo -~"' o.~72i·> J>.072;f{ 0.000 f:2.9oo~t)¾:4 21 ,;,M;....B.55'tjto.72a : 1123.401·~nhs59~,_4s.ao ,; 
1.476. ·; :·4e5.504.:1:: 32.54 · .. o.sa: 1.77 -11 34'."., 351.7371 1,787 ,,1.74' ,, 352.50 1 1.7B'L,h:.16., \ :125.oo'~ 10.092>',,t~o.092 '1 00.ooorJ 2.0oop,?~s.0v<:l-- :1i.65ril./l'!.i.oo5~'\ 32:.61",\e.a2459.:f'> 46.64., 
1.004 ;._, ·4s5:11a.;: '·3a.02-;:: ,:,_ 0:94·;'. 1 2.41 -4.0s 336.206', 2.480,: , :1.a1-' ,336.3a,ji,,✓.240;f ".t ;6 \'· 125.oo 1•" o.11s~Jr½ o.11a·-t~i_,!o.oook.r2.oooi:-%;!:-7.12 .,,f:1:.i..25Y1;\174/~ 38.04't 9 e11041. 46,44 ! 
2.13:I'.,, ;'"464.847 •1 :: ·36.81 .·. ,J,27'.·-'. -_ 3.46 ,~ -2.93 275.118 ';., 3 463 2.04.:'. 1"275.27 '~•3.46 'f~, "; 5 f~',~';.~1125,00 : ;0,133"' ~•0.133{\110.000 112.ooo?it,,?7,35<• .. if\14,7(f•!i'¥1-J36 t'-":36.831:J 14.0176}' 45 54 ,j 

' , 2.461 · 464.519 ,\ 32.44: ':,~>1:8B-:, •·''5 8t ~ :·-1.76 209.9D6 , 5.823'" 2.29 209.97s!,1 5 82 :~, "~'.:3 i 1;:125.oot 01154•;'. 0.154r:1!0.0001j:,2.ooot!,J:-7,19~,; ~14.38f,t:.\\1.000 , TJ-32.45 ,\ 22.2s2a""~44.29,. 
2.78_!! :·· . 464.191 V' 33.21 :-.~ .. :1;93 ;::; 5.82 .·0,93 189.52, ',5.842 2 32 , 189.58 t , 5,84 -',, ~ 3 · z :-125.00 1' ,Q-'74 't":0,174 ,t;'f 0.000 ~2 OOO"'"J7.#" '14,88~

1
1:023,'\e ,33.22:'t\23.1.469; 43 BO' 

3,11r '-463.8631'._';41.98; :::2.2~_::' 5.38 ~ 1.78 ~ 214.489 ,5.409'_ 226 '4
1214.44 '!':',541' ,' ,' 3 :~( ,.125.00,::10-195,, 0.195~\._,o.ooo;:;.,2,oooifw!!,.9,17 s' t,18.35,J11,2s4;:~:ft97,c',}21.0994;~44,39;; 

3.44;j, 
1
463._535 ;\ ~t.O?_ .. '-- .ZS.it; l 4 89 1.36 235,958' 4.921 \ 2 20; , 235.91 ,}'4.92 :{ ~: 4 "w ~ ~;_;:'125.00' ?~0.215\,'_:0,215f\:{;0.000:J,2.000q!tJ10\89 ':J t2t.78;y?~1(573;t~ 51.011_;:\~9.1479

1 
44.83 / 

3.nq, 463.201 .,. 51.43. 2,53,.:, 4.20 0.26 • 259.504 _ 4.29a · 2.13 _, 259.45 1 4.30 l' , _ s1:, .125.oo,;. ,o.235v:o.236 /''o.ooo~-~2.oooli'.,~12.13,. ,s-2s.46<f!!-.i1.ae5. J _6L42, ,.1s.8244,, 45.21 i 
_ 4.101:··,, .. 462.879_ •:.,-66.35 2:47 3.72° - 5,n; 257.864 ',,3,737 '.( 2.08 '-•1257.71 tit,3.74 ,' 1,t, 5 j ~-',, 125.00i, "- 0.256\0';025~, ·.1t0,000,"'i!·97~{!\13.471{ ',26.60aj~},Z,?48 £";(66.31,," ... iS,2758~ 45,24 t 

. :4.42!!. 4~2.551 \:>70.01 2.46, ;'3.51 ' , ~1.2 ':' 251,915 !~3.52S 1 2.07 t251i91 .; J3 53 J}~..;ft5~ .. , :r., ~25.00 ;. o.2nf to.2n,;~~o.oopS};;t.90tX;W4,12~'}26,84:_:f02;o1s9,};_-ro.011~-t4.7869_ 45.14" 
:4.7511, ', 462.223 :-:. 47,34 '. '1.98 ~ 4.19 4.97 158,226', 4.209 2,24 r,~ 158.09, ;14.21 ii::-,. ;.st f 125 00} :-,0297wt0,291zf~~o.ooo f:J~._834l;JJ;10,25:, ,. i8.BO;,,j'1ft1,as6,:i\.~\1647.:3'.§;;20:3659/ 42.91 1 
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ConeTPC lnc(r- 11erprstalion 

lnle,prelalior'i - Release 1.22 Rev. Format: NLI Imperial 
Run Ne· 07·1210-1008·4501 
Jot> No 07-804 
Client; Civil & Environmental Consultants 
Project Pond Creek Mine - Williamson County, Illinois 
Sile: CPT-4 
Loca1io•1: 
Cone: 
CPT Date: 
CPTTh·ile: 
CPT Fil~: 
Norlhin.J (11): 
Easting (II): 
Eleva!ien (It): 

User lnnuts: 

AssumGd; 

Pond Creek Mine 
20TON AD211 
07131/10 
12:51 
804CP04.COA 

0.000000 
0.000000 

482.55 

Water Table De th HJ: 
Nk: 32.3 
Slate Parameter: 
Uni\ Weight of Soil (pcf): 

O!TI 
c:::ILI 
~See Below 

Material Typ95 and Unit Weight /pcf\ Phi Avg ~ ~ ~ ~ 
deq Isl Isl % % 

c:::::ig[]AesldualSoil I_ 40.98 I .. 1,95. I 63.49.-I 28.02 I .2.41 

Ground Surface Elev. ~ 
CPT area ratio: ~ 

See Below Copied from ConeTec CPT Data FIie 
--------- ------------ ----------- --------------------- ----------- ---------- ---------- ----------- ----------- ------- ------------------ ------- ------------------------- -----

Deptlt 

(!t) 
Sample El. Avgat 

(lt) (lsf) 
AvgFs 

(Isl) 
AvgAf 

{%) 
AvgUd 

(ft) 
Ota 
(\Sf) "'" {%) 

le a F SBT U.Wt. 
(pct) 

TStress EStress 
(tsf) (tsf) 

Ueq 
(Isl) 

Ca N60 (N1)60 
(blows/I!) (blows/ft) 

s" 
(ISi) 

qe 
(Isl) 

Fe 
(%) 

Phf 
(Deg.) 

0.16<1 482.386, 18.72 o.ss 2.92 .Q.12· 1825.34 2.940 · 1.10 . 1025.34 . 2.94 · · .5 125.oo ·<:-o.010?,,::·o.010·.":::•io.ooo·:t<2.ooo::';.y3_30,.: 660 ~· o.579 -18,72 ·a.13aa2 52.96:: 
, 0.49:! , 482.058 .'·:. 32.37 .. . i 1.04 3.2 7.35 :1051,68 '3.216 ·0 ·1.79. ~;.1050:aar· 3.22- ,, 5 ,: , .. :·125.00 ,1(0.oa1lf\_O.os1'ij{~o.ooolv-:2.ooof~:s:a7:,_:·r-1t75_' f J1.b01 ." \4 32.33 ~ ·.'.7.80728':.,: 51.02,1 

0.82. :.° 481,730.),-:>ss.25. , ... 1.53 2.59 · 5.03 _:.' 1155.1 · ·2.585,i_ . '1,68·> .. 1154.51,;1:,'2.s9f' :· ~-6, ;, _. ,126.00,,f(o.P51 .t;;~.0~1:i;Ho.9~o;f;_·2,poo?:;~o.38)?'.:::j20.76,'."Jtf833,t;:-ss.~':,:;rs.7~663y{s1.36 .i 
1.148 481:402, -'69.32 ·1.89' '2.73 -7.9; 965;132. ·2.129: '1.73;. 965.83 ,i '2.73 ',, ,a j,i: ,.:125.00 -x-::.o.012/f,:·o.012};:•iO.ooo::~2.ooo,:<,:•12.34}\;:.24.6a-(?:·;2.:144,_1:,,.:,,a9;37tJa.60102f.\50,1fri 
1.476 , .. 481.074: ·: 55.93 .. 1.68 ·. 3.01 '4.6· :· 605.287 '3.009' . •·1.83 '. · 605.61_," ~_'3.011 . :\·6/_; .,~{_125,oo.'.ii;-.o.os2t·,:±'.O:.b92:{'j:0._oOO:'.\\i2.000_f'.1~:.j073_4 ·;:,_'.;*·~o.60}:1!/j1?j29,;·_\,_\~s_5.96,l°\,tfB.82_11}:<,48,.91;,i 

'1.ao<1 · 480,746 :' ,· 47.44 ,
1

; 1.34. :2.a2 . ·~9_25 j':1419_754/ 2.031_:: ;:, 1.a7.:i :_,420,28.:,F".'~2:03/;:: ''.".:"iS /:J},.-:~125.oo tJO.i1s:t:.{:_o.jfa'./1¼;:i;O.i:JooN:2.oooJV1f;a_91/.:.';}_::: 11.8~if:.).{1'.4sf]if/47_5>iJ~9,7G493\-r:47i40,: 

• H:f _· :!~~i: ii li:! . _ ~::~ ..... .· .~r:·-·-··· .· :;;~:}~!:::faim ,l!lX:.~:ij .. !IH!~;, It;;itt i;;;:~Il~!1mr~tm:!i~:;;~l;;;;¥};:;i{ilP;;;;;ll~1;~~$~~; :;rntH:;~;;~ ~::: ~ 
a.117 479.433H-..18.9a:-,,:o.91)' '4,1s.,. •· 
3.445 _479, 1_05'[-·~126.28. 1,?3~ 4.69 :, 
3.773 478.1J7'i:". 29.78: ' .. 1.59 .5,34 '' ·8.66 -';·' 125.287 .~:•5.382' 
4.101 479.449,''30.45, 1.78' ·5.86 

·.'4,429 . 478,-12Li_ 131.27,':·"_1'.79' \·_-5?2< 
.4_757., · ~77;_793/i.: __ 29_3. · ~ 1,55-_ , <5.3 
5.08H ,' :477.465\'.;29.53 .,,. ;1.58, :5.36: 

· 5.41a> :,.477.137 :':'.'.29.07;,-: 1.51 · · 5.21'. 
:S.141· \176.sog ~;, 26.s·t · \1·.3s :: . ..:=-s:t:.<, 

. 6.06E!; , 476.48.1 :::.; 27,29 ,, ,., :_ ~.35-:_ ·' ·._- .4.94 
·,6,398_· 476.152°_:'.)"32.7-·· '1.45:,· ;_,.4.43."' . ., __ ¥., -- • _ ~---·- ---- ··--·,~~ ,--~, _ 

.,G.726; ,.:c.--475.a24::_,·.: 32.33 .' ... 1.57,.'._ :.:4_05_; 6.33 75.9075- 4,920 · , 2.49 ,, 1, 75.81
1

;.. 
0 

4.93 ,~::,' 3 1~ ,y 125.oo\ 'o.420 {t"o.420;/•o.ooo:t:1.s42.
1 

't;i?,81-; ~1112.051'1\: o.9sa;'~,32.29t <30.1186 (39.07 J 
7.054" ···:,475.498 <, .. 27:790c: __ <-1.42~ · ss: 5.89" 62.0337 

1
5,192 2.56 • 'e1 97, { 15.20 ~, " 1 3 : '. ~ 125.00 ,~;o.441 \~ 0,441 '-1 ~o.ooo,~.'... 1.5oe4W~, 6.96 

1
·ci10.491q:

1
0.847~:.}27i76':,.,33.520~~.f37.94 ' 

1.a0p;:, _ 475.1aa -~·/'27.8. '.:,:. 1,.2?:: ;4.54,..,, 6 a· , 59.2547 4.ao9~ 2.54 : 59_11 ,1 :S.~.62 L- f' ~4 - ::1- 125.oo,, 0.461 l,•: OA61?r:o.ooo.;r~,.412,\1;;6 a8.-~ ~10.1s f*:o.04e-J\' :2p54 a2;a359t.37.67: 
7.71 :' :_471.B~Q J:r: 26.97: ·"'.: 1,13·:, , _ 4.2 . 7.16 , -54 9!JB9 4.266~ , 2 53 - 54,89 ";"4.27:-." ~ qt;f' : .. 125.oo ~• 0.4B2 i 'o.4a2,{'¾f_o.ooo h''1'..441~~; 6.66- '::.,l'.9,60.-fp 0.82op,;_26.93 :..,i32.2,1s1f37.24 1 

a.o3B. "•474.512 j\'"23.35t ,,· ,o.77 ·. -; '..3.20·: ,, ~g gs 45A792 '3.370 2 s2 , '45.361
''-" 3.38 Y '~. s "• f' d2s oo ~ o.502 \..:,lo.502°:0·0.ooo,t'6Vi11:v:

1
r-ss.12"' ,i8.011,}:f<;o,70r; , ~23.29{5'31-5492'736.13,} 

s.3Bti;: ,474,10,i~·· ,23_34 :";:·:o.s9 ::-· .. 3.at:,,. ' 13,55 • 43.6378 : 3.901' '2 sa· · t 43.47 ,,;, 3.92 1r ';;:,.,4,' • \ 1 125.oo o.523 %: -. o.523fi6',o.000;)~1.saa~.;~:5_aa1 ,,k>a.i31li}o.7osr, n23.25(fa4_256a:J•135 01 1 

8.694.'. >473.856 / '.1'23.0,5, '. .. '.' 1.41,, ·. ;>,6.13/) '7.81 41.4201 6.265 . 2.741• ;:-- 41.33 ~, 6.28, \ \; 1,3 ,{ -125.00><"v o,543 f;,to 543" ~1~0 000 iYJ:1.357;4:tla 32 \., ~\8,5alf>ftfo.697i •. / 23, H:-12.6219f¥35.57 , 
9.022 ,,,473.520 }:•: 21.04'.: ·:· 1:1., :·. · .5.22 9 84 35,3132.-;;: 5.372:, • 2.13 ,' - 30,21 '}, 5 39, .,_1 ,,,,3 ;~ ;1,1125.oo<': o.564 £:Jo 5e4''.!if'o 000;i1.a32:\r:~f'5_74':,, 'f, ,7,55'1' / o,aa4;'\t"20.98~;,r:.42.147 *;'34.77 
·9,35 l' -., ·413.200, .:. 24.5a'- · '1:13 ··4.a1;· 14 41.0218 ,,4.713 ~ 2.55 1\ 40.0rr 4.1a :', ,;,,ta."• , ,t, 126.oo,'~~o.5a4t\..t"o.584 ~r:o.ooo Jif1.3oa~if6-"3:-: t1 'a 41'; f~o;i-4a ,', 124.41,1:••3a 0684 35,50,• 
9.67E1

.' :,,472.,072.i.,::29.72:. · La , < 5.4 18.45 "48.1341 /5 495 ,'\ 2,66,', 47.95, -1 5 s2': ~~•;,3::, .1i.~ 125.oo ": ·o.eo5 :;{o.5os\\~ o.ooo?t2a6;~;h1,7a:, r ~10.01:, X,.o.901t~\29,51-\:;;30,1091:; 36.45 i 
10.00,3., 472.544 _,:;1 27.78 ,, , 1.68 . 6.06 ·-·. 20.23 43.4213. 6.187 2 72 i'. 43 23, 6.21 ~"'* ~ 3'::: ~· :;125 oo '\ o.625~.,A o.625dt. 0.000 if,, 1:265 t:'c\'7,54l "\'•.s.53t [ o.841··'\;:- 21.as l t41'.7217~ 35.134 , 
10.335 412.215 \-'.:·3s.02,._: :,2.44:· /a.96, ,;i ,1111 ,. 53,2158 • 7.oea,,' 2.11 53.20'-i :'/1~10 i ',, ~ 3 ',,1',':12500 ,~ o,s4s't-;_ 0.646j1 'o.ooo ~~'1'.244-i,J:;jt9,45" ;_~ H.n;~1;~;1.os4~Y<35.0Lc;:4oae01, 37.os 
10.68,3 471.887 '.,->39.84.. : 2.72' , ·,· .6.82·· --8.71' 58.7805 6.943 .., 2.67tr: 58.88, !f 6.93 \; · ;3 > ';" 125.00 '_'0.666 :i';:0,666 '( 0.000"'Ji1.225~~11,10.58_; 1 12.96f

1
Ji;~1.213 ,';.;39.89" i38,9729::37i54 { 

', .10.991 · 471.?59 :' 51.44-::-'. ;, a.01 ·,. · ,:\s.as -1344 73.8831 "5.931 1 2.56, , 74.o~ 1,s, 5.921 ,•\".-3," /• 125.oo c· .0,687 ".A0-6B7r-;+o.ooo :i.201;-.,( 1 12.ag tF:,;15,55)-, 1n;1t571t':i1:.s1.52.t ,"33.24115',30 93 I 
11.31:) 471.231 49_73,; 3.35. 6.74 -15.68 69.296 6.834, 2.62' 69.44 a.02 ,, 3 ,, ,125.00 0.101 ,o.1or.,>o.ooo·-::1.1s9.<;p;12.81' ."1s.3P,fi1.518"1;:49.83if36392 "3858 -
11.647 1,.470_903 ;; "59.40:·· 3.27 , : . 5_5 .. :·,: -19.93 ao.1103 5.556 2,51 i"· so.as "'1 5 55 <\ ;11 ,,, -125_00 , 'o.128Z.,\0.728 -~ 0.000~,{172~~.:'14.58 • >:. 17.o9.:'J:"ta19\ 1 ';:.59.6: ~31.1331,1,,39.42 l 
11.97~ ·410.575 ":,'. 59.84 .'' ,3.39 ' ... /5.67:'. -19.21 78.9532 _5.737: 2 53 •1.79.11 J, 5.731

: ,' '11 ·::. ,. 12s.oo·, o,748 ~- o,748'~i 'o.Ooo '_-1 .. 156 ;ii~1417B~-:.;<ciH;09} 1,:{11
1
029\ 1i,l59.96'' 31,a11aJ_,39,3o. l 

12.303 470.247 ;- , 45.27.:. 3.26" ."7.os· .-21.45, 59.1739, ,1.165 2 60, ', 59.36 7.14 ; 1\3 , :125 oo ,1, o.769· • o.7691 ~~q.ooo,-:c7
1
1.140!\t!12.as1: ,~14,os:J 11409 ~;Aa.41!, .. 39.3681 '.37.69 1 

12.631 469.919 \: 60.74 .. ': i3.55_ \,, ... :: 5.84 .. · -21.71 75.9409 , 5.922, 2.55' 76.12 "s.91 
1 I • 11 L ,,125.oo, ~ o.789,J,~ o.7891:,'2:t°·ooo?lu25:.r;A5.11~ ·~".:11.01 'ft 1.056:•:uso.aat 32.8461?:"39.09 ! 

12.95,) ,·469,591 ~;.BS.44.•_ .,.5.35··,·,. .. 6.27-_,-'. -21.04 104.49 a.a22, 2.49 ,104.65 6.31 1 11 1 ,125.00, ~o.a10,, o.a10~ o.otlo"'::i..1.111s,,.20,11 ,1,23,01/ 1-2,620,,, 85.57 ,,30.0976, 40.81 
13.287 . 469.263 , . 93.B.J., _,_-_; 6.4 i ,: ::.I a.02 \·. -21.32;. 111,989 a 002 • · 2.50, ,12.1a_ ,, 6.87t, :: 11 -; ~ 125.oo, o.080;'.'::_:.,.os30' ;r, o.ooo.t1.091,t: 22.ea ,11·.,2s.10! f:.2.079 :'!t93 97 :, 30.668,; 41.17 
13,61'5 · 468:935 :,,: 109.07 .. ·7.14 6.54•: · ,-21.2 121.11a'. a 598 ~ 2.45 121.33 ",6.59 1, ',,11: !""'-{ ;12s.oo fl 10.a51 , :110.351,u ,o ooo 1c1,084,}'[ 2a.01 ·, 20120~ t_{a.sso,, N09.2 ·-,28.65435 41.83 , 

·13_941' 468.607 ¥\:131.ai":,;, 8.27 ' .. , ": 6.3·,, ·20.49 149.682.' 6 340 ', 2.40' 149.83 ' 6 33 _; r 111- 125.00 1 0.871 ~. 0,871, ,410.000 .~ _i:011*tw30 56~ ½, 32173'<l'<'4,038 , '131.44 26.4331 ':: 42.65' 
14.271 . 468.279 ·;'!130,~1;,,: 8.58',,. ,:6.57· -20.11' . 145.322\6.619 ·/.', 2.42 •. t45.47{ ,:··;a.61 "- .. :··\· 11.;~·~.\-·125.00 i'0.892".!:,:(,0-~92::.:Z:~-OOO:'i1'~.059;qi~~O;~rr::t;};:a2.19{\lft4,i()_1an;,,13o_af:'.1'.~7;368~Ct:42.50:_; 
14.6 467.950 .. 121.1s. · , 8.14 6.12 -19.98 -_; 131:767., :6.770 , ·, 2.4s.t·. 131_91_ :'.. ·a:76, -~· , 11 ·-:· :. -'12S.oo /:•:o.91a.1:-,::,:.o.91a:ffo.ooo.:;.::'1,!l47::.1-!!"20.9o:--·, /3D.2G:'.\b'!3.723 .. ;:'),121.2a,1:-2a.69192'·42:01 . : 

14.928 467.622 111.27 7.69 . 6.56 ,. : -10.11 · 124.691}'.· 6.610 : 2.46 · ,;124.a1\ ·6.60.~: ,11 ·:· _..'125.oo-.. o.933 ,.~·,o.933/} o.ooo::f:l:03sf;{?IJ.04J,_!,-;29.03.tf,.3_602\'\117.38\.:·28.i3952~j41.72· 
15.251} 467.294 · 114.14 8.49 7.43 ·17.94 118.706 -·7.501 2.52 118.82 '' 7.49·· 11 · 125.00 'e 0,954 0.954 o.ooo:'-~.1:024 ~/• 28.04'.': '.28.72.: ,-:,;3.5040:\ 114.25~,;- 31~4374}'..'41.4(:· 

.f', 

-.. 
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Oepl1 
(It) 

······~·······- ········-·-··-··········--·-····-········-·············· ············ --··- ······--· --······-· .. /·\, ·········- •·······•··· ···~·-- ··~··~·- ····---···· ····--·····--··-·· ····---J El. AvgOI 
,,1) (ts!) 

AvgFs 
(Isl) 

AvgRf 
(%) 

AvgUd 
(II) 

Oto 
{ts!) 

Rio 
(%) 

le a F SBT ' (pct) 
TStress ESlress Ueq 

(tsf) {!Sf) (tsf) 
Cn N60 (N1)60 Su 

(blows/ft) (blows/It) (tsf) 
QC 

{Isl) 
Fe 
(%) 

Phi 
(Deg.) 

1s.su, .. 4ss.9ss . -104.as 7.ea 1.e -1a.2 1os.14s ·1,s10_ .,.2.ss, . :1oa.21··· .1.as::-:;.,_:-~·;;.111~?/:-'.·i12S.oo,:_'.,_:o.974~:,·t-o,g7,fi::-zo.ooo:_~J,01~ri¢;26.oa,.:(}26,4aff;;·3:20~ !:)'iJ104;4a;::''33_.o5s:'f 40.a9_ i: 15.912 '· 466.638 : 108.46 ' 7.37 : : 6.8 •-:,c-18.02 .·,1O0.os ,, _·6.858.·' ,'2.51 :_ 108.17 . :El.~S;- __ i\{rS:•1t'.::)·).-12S:90\:f:b~995\1,\::-.o:995_;_-tto.ooo./,r.1:ooa{fi2s,53j::-;-,_,; .. 2~.60/fira;327;~·,:/1Qa:57/'i _3_1:O22~.: i4D.98·_; 1s.2-1 ~ 4Bs'.a10- · 11a.1e·.-_· __ · 1,a. ;1; 6.86' ·. '.•17.9 .. 111.10a . 6.916 · 2 so 1 ,111.22 '<-6.9W·:::; ,:1,·.f,Vq12s,001/i'-1.01_5f};_:,_1.01s,_N;J•o_ .. ooo . .£,o:993'.:;r021:.1a0~'.)~21:sa)J,l.aA9(/hJ·11s,9.:cfdo,8499,- ;41.1s .i. , 16.5t-a ; :16s.ea2!',' _ 15s.1i '•'' -a.i ·_ i: _ 5.66 •14'.55_ .; 147.49(\5.696.: .. 2 37, , _:147.se· .. ::~5.69.t/i:'.t,1~t~t,/12s.oo')t1.0sa;2;J1'.9~6:t,1!0.~Jf0.9e3fJ:tffas:2o?;ifS?1;5(fl\?~l729([f1f5a,e6}}25J)j69}'.'42.57 '.'. · 16.a~0, ::465.?54];;. 147.94 .. ,: 9.72: :·,_. :· a.s1 . :'6:: v:."1as1oss i ;',6-617;- :,-::_2.4s .. : ·1as.1s;'.•~'-'~·62;~:,;:-t~~;.!~f::\:\l12s.oo>:1:1-.0ss\,\~/;1(0S6_:?:\:.~.o09_J;'.\~1~73,f;;i.t~-~a;;;r}sa;e~(rV°4;_s4r!fty.'.:1~1.9a.·".:i27:.a.141f:;:-;42.2a '.: ; 17.2~4 .•'465.326'.:\·138.28 ·. ,8.74•'. ~ 6.32 :· ·. c."'•8.2 · '127,453',, 6.370:"/. 2.44,., >1nSL;'f;_s;3T'l'.i.C._f1-1,''i1;;:;,:,;,125:_oo~;/::;_1.071'._:/11?.1,on:~:;:.'-eo,ooo.:_:,:o.964~h?0~2.76t/!31.58\f.-:;i,4J,24B;({:;-'.138,;34 t22a.1_122{-:"41,83 !, · 11.sr 2 :: :·. 464;99B,'.i: ;221.55\: ./ 1i1s: , •, 3.22 :·\ . .::7.74 / 2~0.96:J, 3.234-,::,\2.09,_ 1: ,~ot.Oljf a.23;,!/Jf;,12'.}tf~' •. -1~5.oo-;~~J1;o9?)}t{;1io9!:t/.¼.q.oooy;~~>:~ss''.i1f,~s'.oa;;~{}\-4a.64\l~f~iB2fJJ.22te;;,c,t,15.40~9';.-\44.oa1 :_ 17$3 , 'A64.670, ·-100.12 ,, 6.85. _t,· 6.84 .•12.15.; 88.5928 ::,'.6;919 ;·,', 2.56 ,,. ,,. 88.66,,,_/6,91 :'·l.i'.;?r11 ,·s.•:,:,d25.00-;;:\1111B:,;.k1.1_d_1B',f5,:0.000Y\•.•0,946i;._c:;,\,"2!:i,13"l}t, 23,77\t>lt3:_065/;t;t.,100.2:L.:33,4931?··3!t92 .l 1a.2c0 ··464,342 ·." 76.59: 4.86 :•,., 
0
6.34 .10.09 . 66.3023:, 6.44F ,, -2.a1 :· ?ee.aa··,:·>:a,44,· ;, ,[}ii~)•:·?'.·125.0~ ::. :,'it1a0/'.'._:1i:13a:j,::,o.ooo;·}\o.ss7;);.th19,1a ''·1 ·r1a.sof{:-2:33al,:(:,}~a.ee'Ylaa.021s;~}3s.a2 •~ 18.SH 464.013 :. '175.62 5,94 . - a.as. 2.oa' 150.584 ·, ·3,405 ' · 2:1a 150.sa '-~3.40 ' -:,.·.,.a , •. ·,12s.oo,,:"~:~,-fse'i/-,,:t.1s9_;::<o.oo!r:,r.o.92s)C·37.06 ,,34.4.a 1

~{ 5.401. >:i.",1_75.51'·'."~18.2ass::,:42.6!' · 

..., 
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Civil & Environmental Consultants, Inc. 
Williamson Energy Pond Creek 

PROJECT Deformation Evaluation PROJECT NO. 072046 Normalized PS-CPT Data and Parameter 

072046 

Correlations PAGE 2 'f OF f 8 

MADE BY __ B_E_G __ DATE 12/28/07 CHECKED BY ~ DATE 

NORMALIZED AND MODIFIED BY CEC 
CONETEC, INC. - CPT DATA AND CORRELATED PARAMETERS 

POND CREEK- WILLIAMSON COUNTY, ILLINOIS 
CPT-5 
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ConeTec Ir;,/'~ •. ,nlerpreta!ion 

' lnlerpr,,tali', JI• Release 1.22 Rev. Format: NLI Imperial 
Aun N,-: 07•1210-1008·4462 
Job Ne 07-804 
Client: Civll & Environmental Consultants 
Project Pond Creek Mine - Williamson County, Illinois 
Site·. CPT-5 
locallc:n: 
Cone: 
CPT D·tle: 
CPTTi,ne: 
CPT Fie: 
Northing (ft): 
Eastinp (It): 
Elevali<ln (II): 

User l11puts: 

Assum~d: 

Pond Creek Mine 
20TON AD211 
07/30/10 
12:34 
804CP05.COR 

0.000000 
0.000000 

482.55 

Water Ta,re Depth jlt): 
Nk: 32.3 
State Parameter: 
Unit We!ght of Soi! (pc!): 

DIT:J 
nn 
~SeeBe!ow 

Material T~e§; and Uni\ W§\ghl !gc!} ~ ~ ~ tt.fil9.,. 1£.fil'.9.a ,, tsl Isl % % 
~Coarse Refuse • 1 9 '24' 

Soil Embank.men! 27,37< 1.gs·., ;·,as.so ;, .63.ea .. 3.04: 

Ground Surface Elev. ~ 
CPT area ratio: ~ 

See Below Copied from coneTec CPT Oa!a File -------------- ----------------------------------------------- ----------- ---------- ----------- ---------- ------------ ---------- ---------------- ------------------------------- --------Dep11 
\It) 
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Depth 
(fl) 

~ .<I. AvgO\ 
\II} (Is/) 

AvgFs 
(Isl) 

AvgRI 
(%) 

AvgUd 
{II) 

Ole 
(Isl) "'" (%) 

le Q F SBT u., 
(pcf) 

, Stress EStress 
(Isl) (Isl) 

Ueq 
(tsf) 

c, N60 (N1)60 
(blows/It) (b!ows/1\) 

s, 
(tsf) 

qc 
(ts!) 

Fe 

(%) 
Phi 

(Deg.) 

.so.as1.\<X-~:a2,\\'.;;t_4.as1' ,:?o:?f;:1{':1s.otJ1a;·4,5321a· :_fL9s454;r.:1s'.,009,:,~is1333_t;0x{,4;;,~:¥Jt)~~25:_oo._;;.1_:!3a12a:Mi~~7~1Ji~l¼li1Kp4w.,gz~!!:r~!~31a~~'?-94~43~\P:~!321aJ1t?so.s-t1~}sGJ4z21,:;:29:211i 
_ ',2\3.39 L?)-1-1_9;/:--; t' 4.~~: ?' _,_~19,63 _;;; _'.,12._832.9':1-86~67 :-3,03231 ~'.}2,895Bf4.~3696}}'f;f}}iF~~f [{i\125;0(1Jl :_s9v:et:~~907P~~fi'tm0'.0 :~~0;124;~_8:64~~~~t~--~699~_Bl,?;~67~_~.t,_2G_:s:tt:l~:,sq;_6~7f;T 28,1_3~ 

29.691 <'452.~59_> 32.99( ::•- '_ 1.13 ~':.F<3A3 ":\: ,-'~15,7~ ,.~· 16.1086,',3.63792: 2.Bn6Bt16:1604t~--6~~2~5i:tfit5:.)?;1:;,;x~2~.o~ {1,l:j282~1~J::!]~~!5nJi~\i:'1o,,¼O;J20,_u~;~~652\?•07~381fR,9~,66JJ331~,,JI1r)fso.6i~,\;129.63~l 
30,019 452531 '-'.· 38.04 ~· "lf1 ,29 :; ; ;\~3139'.,. . -14.99 ~ .. : < ··18.52(3.?7428 ·:2~25!8 J\18.?713; t 3.5~44 ~-~'~i{.?iil-·'.{;ltti 25.00/ J;9487B .. 1,~ c94Srys;:;tH~-?jt,~ t~:"!-163_:·,t ~,99_164J:i.-.B7~~48-~H:t~ 7¥.:iIJ'.3~--1~'.;:;::,.17, .4~~~* 30.547. 
30.347. ::. ,: .452,203 -, 35.49:;- · .. ·.1.02·:- ; ,'- ?-BB, i"· ·--~4.1_6 ,'..'; 17.021~;3.04289 :'; ~8116,)P'.,0676,\ .. 3'._0~4,75/(~k_~.6.'.~]lf\~-.\:125.00:',1'.969~8tJr9692?~:f::i]}{4fqo:~,0?12?".,;;\1?•17256J'?"·~~986LJ0~7,:?9Ji~5.~8:{_J;'.'fi 4~,-666.}J,,?9.994: 
30.67 s , -~_45_1.875 '.·'-36'°1 · :-: _i 0.01 . ,.-p-2.24. :'." 13.42 ·~ i 11.0975~ 2,38094 .. _ 2. 74704 .:.' 1.7:,1377;;2,~?5S5i,;l)i E!i1;:,;:-,y_'.J;12q;oo_,1 .9897,B:;}~ .9~9'{-t~o/:t)t:ff ;".l}.p f,o,'!089-)9:~~aa89:;,?,0~o.069/)~ ,_o~~~~-.tv:~s.!)9:l\~,!,4~.~031-t/:~0.0211 
31.004. -, · 451 .546: - 30.49 :·-::;.0.6~ · i:,i 2.1 s .. t 1 ~-~~'"",: 14,1666 '_2.35256•· 2.a1 oss ::-1. 4,20e4_::~.34~91'.':Pi:/I 6t},\r:(: ·:_125_.oo~. 2.01034;:,2:01~a~.{iI7J,\\O{;i.0.?05.~,j~l~5746f .6i1 e12~(0:~.B1J2"tf.ao:57:)}t~ 4e:e1s2t2a.-na; 
a1;332 · 4s1.2ta.:_:20.aa -; .. :o.57_ ;;· · 2.11_; · '.;-12.47,.~,,, ,9.28!~? t,3.~2401 _ ·?.02299: -,.~.32081'.f a.9112_?}.:,~i?S:1Af.,\?_3}12~-~o.;~._03054::.2.Q3-oa3a~i:W(V:·,9f~,~oi1;t B'.799assyt7ea1a1:\·0:.~~~57tit29.9e$.fl:?9,q~51t25.9~1.l 
s1.sr1 . '.450.890 _: , 16.s. . ., . : · o.4 ·:·: , ~ > 2~3, ':; :-·-1206 <: v.o-4353 -~.7684~0 a:101 ae \7 .oa2sa3~-~5~1~~'.'.//(5 t::f:f.5;:12s.oo;,.~~§134£;,2,:05t ~~8&/~J,cl!~~ .;'. o:69~~::fi-PS(;J38~;.-a,9496S4l9,~!S?3_3::t~J"~ s.s~,if;f;65!~763_f:;'.24.oni 
s1.9as• '4so.s62 ·. ;;,15.2 ··,:;,., o.37 . ,it.2.41 · :: -:' ·11.11"'.' .s.3s64a.,_281B37 : · 3.144s:: s.a7027t2'.eo3:12 . .;,;:}f'S:>::~t1;:,~2s.00'!;2.o,1a4:_z_o?:1eaa.\;!',}~f:o/:.o.e947;zs.a64346ja._12s824z;o~'4054<L::,:15.2n'f;'[,68:7s1at:2a.as9 
32.315 . 450.2a4;:_- 13.42· _:-,.:, 0.3-i : ::::·, '2,32, -,.=> ,-10.61' : '5.4138B' 2'73666\3.19~03\'.5.44256'. 217?~4,~;:J~-!fr:.f ,:)1?5.00}2.092M/-2 .. 9923~~•tt;;t;(o_iif~~,a1.1.;~~932f~-~9~~52~-:a_:3~qf&;)Jj3,4fCt'B?2:#~ia.(<22.f98i 
32.644 , -449.906:.; 13.~ ~ :,·. '.: o.39 · ;:-· 2,88 : ·.: :>1 o.os ·:;, 5.316?1 ::-~-~s219 _' :t?5342. !~5.3B0051• :3:430~4}:rb, -'.5 .{j<;:,\;·i::125,00.:,2:1 ~ 204_._'1?, 1 ;1~~~.\\t:l'Jto:.t~:68~t·Sc) 18563?~•-?21. 397~~-i~~ZB\{1$13-*8 ~::;~71i2?S~t22.221J 
--32.972 "', .'449:?78:::- 13.24· ·: -,~··::- 0.28° ·. ·;_,; , _2;12 _' .'. . .'' !,~7.7~/.i; S:20624 :._~JS2101, 3, 192~2;:-. 5.22~68 [_ 2.~b9?t\g:J,15.'.-t~ff>;r~ ~5.00_: ?..J 3_334:2113~33~~0'.f:'f r 05'~-6B-:1?,'i!~l~f996S . ~-30~~2f.,0-3~B~.JJil~ ~:·2.!!,tff\f?2;1383.f ?2°.0311 

' 33.3 
1 

': 1 . "449,25oy_;1s.29~-.'~::
0
0.21 ;_" .'_' -,.1.14 \: ~7.~4 '.\·,; e.o9~96·,2.oss39_,a.oe914 :; 6:J -i1sa,:-.2,04e1_a;.,it~:c:6(·'.:;.?t;;.:i25.0o:_.2 .. 15~~1d!,1~~~8:if)}fi;t o_1:o,sa14f.~t1_9~1.41.fa:'.133s~~p~A~~i;;t1s1?~?;,J~?"r7359{,;;:~~:086

1 ·33.628 ;:/ . 4'18.922 ·:':. 12. 74 : /:.-\0.24 .', ···'. :, .85 , 1 -> .. ~6.3': ,.,~· _4:85926; 2.2115( ~: 1965~_";; 4,87765 ~2.26~~!'.:'.Cts•:~•:;,:.::\'.?125:00.:, 2: 17434 .:2 . .,1, r133B_1;:-:;;:2:tt~~;'\9•5r;~f,4,ss~us:~~·] 57623JP;.a~~1;~~fr~ 2:i?~.J't~?:'! . .1~aa;r:::2~ :~65! 
33.956 , _1,449;594,-_: 15.46 ·.o.33 · . 2:14_ '.. · :.'' ·-s.s1 · _;;:-: 6.043B-:.2,4av~:. 3,13551_:;.,6.05747;; 2.40211. It){S,.':'.';/L:i:-J~'.011:1M9484,-~:1.9,aa~:1,L~;t1t101yq,:~7_5},1?;108?1_7f.3.!i~s04;no,1~~~9 it;1.s.~,;::1ff-.~a:oae;t.'.'.23.019i 
34.2~4 448.266 ·. 19.01 .. ,., 0.47, :·· 2.44:_:,:( .-·.,>s,31 t·: / 1.6oa17-., 2.18a55 :; s.o?.701.:: 1.621 ?i ;_~ 7~?59/:)i',??~):[i,2::,\;_:;,;j125.99;· ~~1 ?34 t?,2~.P~~~i~Iff~~,04~_.6?{9,J:_6:~~27~/ta.oB41~lP,S;i1_a~:_iB?J 9{1i~ t:?!t~f~f',{~4,575! 
J4.612 . 447;93fJ ,: 20.99 ··.: . :o.5 _ . __ 2.36!._:'. '', 04;:73 :;: 8,41287- .~66607_: 3.P2992fB.4~633!.,2:661_~2'1f}J.5(';{1-.i:_~1,/;1?5.,0Q.i.2~35~4. ',2,229,~23(:0,00_66'.\0.66~~"1~:~'.-15~?9_i.4,5848}!Jj_OJ;!i062,.J:;~1 .. ~2l\f~60.5225Tut_.25.259; 
34.941 · ... 447.609 25.65 . 0.82::, · . . : a. ,a· .. ·,: . ..y_:4.43, ; : ·10.4374~3._sos48, 3.o1977 f 10.4soa;:3._sgos9j~;)}-~:f'.lfI,i;:,~135_qg_._2.2~~9~:,~_2411~af._q.015_~.{';,;o.9saJa,,ao9S12,:-?-S50448!1.6l¢42l_)i/2s.pa

5
)~-1s9_a2ss1t~s.121i 

35.269 . : 441.2811 24.21 ... 1.os,. . -.:-: 4.31_ -, .. :;,,:•9.-81. ).- 9.7332~ .~. :4.83s6; ~-~2648 .• 9,75992 ,'.~:8204,/J-+e:tttl\t1?s.oo;_g,?aoJ9~2.¥53~1~;~);0211};1:>,~~6?f?:-421??~: &--~1os1e►.o.6'7894~,':{24:21::f:~fs1:~1132.1;;~6.2s1, 35.597 .'i• 446.953 , 22.21 ,., .. o;g;·,. 4, 1 :- .. :014,.16 '.' a.a1sa3 __ ;~.ps1a~ t3.14431•'. ;8'85557;.4_,536~~?:·!·?!4;./:'-:::\(; fas.co __ 2.ao23~'- 2,264-919,,~.0373_~~~-6B1SF~.8s4o9~:~5-~1ass1.J;~.a~a19\t~.36,.--; ·:·>.f3B,?42s1\-•~-6os· 
35.925 446.625 ,. ,19.46 :- . •0.98 i • s.os . '': -: •13.2t , ·, 7:525sr· s:11911 ·: 3.258on_:;11.s654(~-6a~2a.y:, __ \;\~\'.'J:/;\'.g13s.oo:;2;a2447,; ~2768S~}O.o~~6j,g.6_~~'?{7;1491_11;\4.93666S:~~-5~~~1?z::19.~s+Jjt77-61_25f-;_24.544: 
36.253 :, ": 446.297 . 24.68._.__;, 1.3 . 5.26 '.' .. ,, ·11.24 :' :9.15772_,-5.82088, 3:17489_ · .• 9,_7926B;~ 5.800ff(;(';3·_;:\ :_: . .{t,:135.00\2,3466_1.! 2:288191i:',p,.0578:._~;0,6~t~Jl/3836~8/5.8!20~3to.~9144''f~.24.76;\/'17,1_J'.i5B,E'5.26.293: 

· 36.581 .445.969 \ 26.57 .·\, '1.26 - : 4.'7s. ,,'-1o.8a-· ·i!10.s191.··5.2osa4· 3.119aa. 10.5452.:~_-19341•.:./'._.,s",:'::.;,f{J,;13s,00;2 .. 3sa1s:;-2.~o~es~) .. 9:!l6B~O,-l369~)9\19~3711s.os495~;;_.Q,71~2~,·f::2a.~3-*>;;6~ .. 9~a2;_r.2s.195_; 
36.909 445.641 22.11 , · . .- 0.92 '4.17· . ' _~10.16 .. , 8.5268 ·_4.66552-3.16289 / 8.55275°4.65137·'!>/,,4:_~.;: ·:'~:-,;135.oo.,. 2.39009::,2;312504.,_ o;oz53_:o.ss16--'·7:J387958._:_s.1a6973;-.·o.:610stz,,.22._111.-:1:--10, 1433:r2s.354: 

!i:::~ ' ::::!!!' ~~!1 
. ~::! }~f -:; ·: ~~:;: .·::" :::~;:~ }!i!~!--I~~~!} . :::!;:~·: \~:~:~ , ·. ) r '. ({I{~;::g~'. ~::!:~~I:::~t ~'.~~:~-~_g:~;;~;~:~~:~,i:t::~~~:r~::~.::Jl~!:~tJ:;::~~-~(-:::~t 

. ·, -~ 
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Avgot 

(1s1) 
AvgFs 

(tsf) 
AvgRI 

(%) 
AvgUd 

(I!) 
Oto 
(ISi) 

Rio 
(%) 

,, Q F SBT u.v. 
(pcf) 

.tress EStress Ueq 
(tsf) (\sf) (tsf) 

Cn N60 (N1)60 Su 
(blows/fl) {blows/fl) (ts!) 

QC 

(ts!) 
Fe 
(%) 

Phi 
(Deg.) 

37.8£-3 . , 444.657 19.45 . o.es 4.9 -10 ,. .· . 1.2ae1 -5.59064 3.26674 1.2s1es ·_s.s1oe1~\/<·a,, -'.·;_··> _ .. 1as.Oo. 2.45731.'._2.34832at.o.1Q9:~::0•6s26/f48222e),:4.aa26f{o:s2soe/::::d9.S_t:\.1-?a.31s1-}:2it2e 
• aa.2~·1 . ,. , 4-44.329 _ rn.24 ., . _ o:1e., . _4.34 ,, -e.a1 · s.snss: s.012s1"3.2ss44 s.10?97, :-~4-9935-.>,:/.a :_ {{i/13s.oo_:?.4794s r:fs~o23,i~:~J9?fp.es09{1,0iasai.'·4,sa710~_:0A~19a;::J:\:1a,.a·.):,:~1a.2934\;2a.1ss· 
38,549_ ·; ·444,001 21.57 ·' '0.78\' ·_·- 3.6 !.8.87 : ,: · a.oaas_-_4.09053. _:3, 1498B : a.06379 >"1-0777.-'),i :/<S•i,,r~•i·t 135.00/.2.50159,~372_136:-;,o.1294/W.~93J.7,;626794i4.951904t,0:59035:·-\~2_1.6_3.'\",);,69:j608_:_': 25.004'. 

. 38.877· · _;.., 443.~73. ' 10.25.· , -: o.6z.·, :_,,-3.65, .. ; _ :-B.11/'.'..6.59647-A.26039 ,. 3_2302· :6'.6i74~::f2465a·:;..f'_:~~4/[-;-g ;)as.oq:_2.~2a73;'~?-38404a;to.~a~7)J>-.647f%;a:83o~9,i~,'.12411it1.q.4fle?~ct{;15,3J4,;~is:~14r:_1~3.6n; 
• 39.W6 . '., 443.344"l 20.75 ,. __ 0,81 _ ,\ 3.91; , ' -7,44" , 7i59774•4.44956 3,,19132"·"7,618~1;'.4:43737\",-'_f.'.f-4 },;""'t\_135.00•,2.54593i2.3959B5:'0l1499jf:o.64p:'.7,s49899:'._.4.87752-.~0;q6359;\1~:- 20.a,-?L,72:3227/.J:24.628 

', 39.5:34 "- 443.016 21.68' 1.16'. · ·, 5.34 ' -5.68 7.9372 6 06951 3 25744 ;'7.95382 6.05683\ .,'3'"' ~, -135,00 2.56807 ~2.407892 0.160200.6444'8.272102 5 330862'\ 0,5917 f21.72/'-1; 77.562 ';24.921 
'.39.86~ ·.'._' >142,688 ·_: 22.11 .'. : q5:•.:· ·-_ t 5.{, -5 2 ,t .8 31466- 5.76547' 3.22788 8331fa 5.75403 ,~,;-3· £; ,,_'• ,1as.oo 2_5902-i~2.419798:0-F04~'o.6429,;!l.477683 _5.449889.,_,~o 6229,';, n15 ;~: 75.1893 25 237 
·' ~0.19 /· ':442'.350:;· 28.63rJ\1:19\i-, ··;<4_17 " -3.31:,. rn.6993 4.57382 3.0~041 10.1016 4.57031 i 4-~ , : . 135.oo 2,s12a5•2.431705 ;o.1aos o.641a,9,640615" a.1a229~0.805s;128.65 J5'\ 64.o1t1"26.927 

40.51!;1- :: .. '.i442.032_:_, ;28;1?:·:: (::1:21-_-_:,-- -4.52 , --2.20' 1MS01 4.96957·3.11062 10.4a22'4.96763 \ 4 \ ;~!J,j135.oo '2 63'149,.2A43611!0.ieos¼<i.aas1:,!f9.681~ a.19323ilo.1sj1e~?20.2,i;1 ,66.2501-i2e n4 
,w.9~s \I ·•_-.441:704, 26.69 _ ·';1.-21 >" 1:-4.77 • -1.8 , : 9.7875 5.28432 3.14971 ·9.79157~5 2a212t1w'13,. s, • 135,00'2.65663 2:455.51'7Jl o.2011t0.6a02'.9'.41338a 6.00122e fo.7,4407,.::i\2a.1., 4 • 69MB 26.331, 

· ·' 41.1i4 <-441.376., 24,55;~_.-,-" -1.31-_<:'., .. :--·_;.5_34 , •1.94 -, ·8.87615 ~5.9814'3.21633,, a.a802-5.97B67r;, 1\3,' ;·,r ,:/135.oo l2.a1an'Z467424so,2113¥0.6366~9.0B688B,"5.7B4BB6,..o.a1aoe ~1124,59\~ '74.2759 25 678 
·. :41.502• ... _. :~1.040'. 24.83 ;>'.,::,:_1_39 :··:">--.5.59: 1 -2.19 ''. 8.92543 6.28133 3.22141 ' e.9335i6.275651 ,!-;,tja~~;,:}' 1a~.Oo!2.1ooe1'c,..''2,41933¼0.22t6,.9.aas1,r9_257119,5_az907i1f'"o.6~51t:'~24.Ss;;\75,1s2s,t25.121 
. · .41.8:l' ;• 440.720:- ·23.62'; i: ·:·1>17 :-i <. 4.9~.. ·2.61 ~J 8.38818: 5.5989 3.21797 ~;'8.3922 '5,59623'' 1';; 3] 0 •• J,;135.00 2.72305 2.491237~t0.2318}~0.6f36t~742523 5.538974{~.64696t,;,23.63 \!1)'74.4055' 25.304 

42,158 ''.,'440,392 24.48::": _' 0.98," 4 .. 01' •1.99, 8.68301 , 4,5089 13.14929 ,8.687 4.50682 \'-,, _,4 '' J t)i~ 135,00 2,74519,.2.503J431 lQ.242;0.6321\8•631702
1
5.455739,(. 0,672~,)} 2<!..49 _;..,~69,1162,, 25.538 

· ·,42.4e6 : ,:_'440.064.: ·22._7e"_.? _1:14 , :;: ps '•·2.06r, 7.94921 5.70209 3.24129 },95319 '5,69924 "',.;~3 /j1} ,'135.00~2.76733 '2.5150~9i0,2523t 0.6306'6.568914 5.4032i9 .. 0.61897 <i
1
22il7 {;'762598 ~'24.949 

·42.8_14 " -.. 439_13s:.- 20.25:-. :·';:.· o.99· . •: -, · 4_9,'. , 1 •0.12 6.90971 5.66993,3.28858" 6.90971 5.66993:\";";°'"•3 ·~.t,', 135.00'27894T!2.526956t,0,2625t0,629K(ta9535n4,95575 o.54057}: 20.25, t 80.1137;' '24.0111 
43.143 . · 439.401c;·- 14.05 ..:: , 0,19 _ .<-.:.:.s.a3: ' '-0 os 4,42646 1.0295{3.49955 4.42646 :1 029s2;; /·s 1 :' •;-:;135 oo 2.s11~8. 2.538898'

1 
9.2128j,o.6276 .6:528217 _4.m}105s~o.34794 \)14.05 i ,/98.-~834 <;21.00 

43.471 ''.439.079• ·: 11;7 , 0.85 , ,: 5.57;_ 1.64 , 3.47584:7.33123 3,59605 '3.47192 7133951•~ ,"'3 :1.< ,, '.135.00 2.83382 2.550805;_: 10.2B3,,!),626iL5-953759,;, ~3.7278 0.27449---11.69\ .. < "' 100 "7;(, 19.64 
43.799 · ·439;751 '_-14.29- \ .;·_o.ae' • :-_,;,4.ea, 1.81- 4 4617·5.77224 3 4474, 4.45779 5.n729 ~·3.r.,, ~ 135.oo 2.85596f2.562111 1 o.2932",!Jo,6241 1s.3a490B,;3.951221.r}-.. o.354 ;, 14.20~ ':

1
93,9994, 21.135 

44.127 · 438.423_, -16.74 ~\:;. o.e3 .. ; :_: . . 4.94' o.s , 5.38406 5.98764 a,3a9n' 5.38406 5.98764,. ;a, r, : :135.oot 2.81~1 2.574618 o.3035 40 6232. 1.:072665~4.4ona~10,4?916.:}~J5.14. ~ 88.7893, 22.:m; 
44,455 438,095• .'·16,83;\• 0,84' :••,,<";5"(, 0 58 f 5,38551( 6,03025 3 39149 5,38551: 6,03025: ', ,_3 ,<\ - 135.00 2.90024~f'586524t 0.3137:0,6218 17,1207173.427571\_p.43126J 18,83\ \ 88.9421c, 22,377: 
44.763 ~- 431J767 14.02' __ ': -o.a11;: 4,12_ 1.29, 4.57877 s.12100 3.40021 ,:i-51011,,s.12,oa, v 13, , }, 135.oo 2.92238 , 2.59B43\0,3239tp.620¾,,6.358551 ~,• 3 s44s~o.s5a3s~<11<!..82 .tr}90.43ss1 21:22a, 
45.111 ;. ;'437.439 :•:i1:14·-.-. __ o.44 "",2.57 3.14 5.43818 3.09958 3.22672_'5.43052 3.10395\ -.:s· '1l 

1
, 1!3500 2.94452t2.s1os37uD~342/0.61B9:e.3743ss 394!:i36: o.43s4ef j1.12 1?c,'i5,097B • 22.44' 

45.43?' · 431.111 ~, ~-33.51 ... : 1.21·_ _ 3.8 6.51 , 1 11.6478 4,15503 s.02121 11.sa25.41.1634B;,:\1s'. : {135_00 2.s666B'?-s222~ o.a444;o,61?5f,1o.~a15z 6 11911a,.9.94551 tl33.4:1c;veo.34o6 - 21.5161 
.45.767 ·-436.783-:_ :-se.12; ;·,, 2.69':· ''4,6:'.!' • 3.76~·/ 20 9294 ·4.87927 2.87443' 20 9218 4.88104 .,;:~I' 4-",. :.t 135 oo.r,2,9888 ~ 2.83415{p.3547t4b,61s1,s11,21ao11 :.Jo,.a0740:t1.7i0sa5,c__:j5&1~';..;_1;S0.4166 d 31.363 
46.oss·" ,-'_436:455 ., 62,78-' ·:J,-'.~-68... ,_ 5,8a •7.46 •• 22 588 6.15703 2 91763 • 22.6069 6.15189,'?:,:11, \.t ~i135.oo-3.01os4,2.646056: 0.364~(0.6148,:19.09563 J1,73909t'1•850-¥~"1_62.83 ":,53,1!)48 ': 31,951 

·46.423'• · 436.127-; ' 83.6.'•" 4.9 ': ·_ 5.86_ , , , •7 .. 78 , 30.3115 6.0819 2 82272 30.3303\6.07813 '~ 11 l- : '~~ 13500 3.03308. 2.651962, 0.37Sf½-0.6i34°J4.06568 ,14.76127/2.49433, 1. 83.65 ~Jil-71316': 33,709 
· 46.751 ·-, ·435,799·l_·2s4.5)'. · _ 7.43 __ '.· ·.\_ 2.?2'i ~ -2.96, 109.164 2,5492a,2.1a592 !109.168 2.54919_§,t,, 1'~;'th~135.00\3.05522,?,669~6~.:o.3864;;',;'o.s12Jtmi.a9aa 31.a~a2~9.02331.~1294.s2\ tr.soae-1/.41,035 
47.0i9 -~ 435.471 .. 443.15 '. :'13.54 .; · 3.06 i -9.68 164.098 3,07676 2.11943 ': '164.12 3.07635 , 12' ~:-t 136.00 3.07736"2.681775" 0.3956" 0.6106'1'(91,3583r55,78749,,.13.6245W'443.21~'i16.4026: '43.103 

'47.408, · :435,'142 ·,.,.441.36 .. --.--16.48 i :3.73 ~14.99 '152,697 3 76032 2.19234 1 162.734 3.75946'/ "'.,"'12;· I 'i ~ 135.oo 3.09957t2.693718-:.10405at,o.6oe3J93.75299\'57,1221sj1a.sa0HJ441A6""'rJ8~7382.;!13.oa2 
47,736',. :434 __ 914:_·, ,430.21;\\~; 1.9.;H.' .. 4.49:. -16.14 ~157.874 __ 4:52068. _,2 2656~ 15\.911'.4.s1~a?1.t 1"}_12.l.::".-)35.oo __ a ~211~ ,_:qo5624(o.41~1; o,~~ 

1
94:266t3_,57,308~~.;:1s_'.2244-_~1430'.37,. 'ft21,?sa~J42.s1a 

48.os4· . 434.486 '."," 369.54·' 1 :-18,25-,:, ,,. 4.94·' -,.1a,24;:: p4,B27_ 4.98095 2.3391ti -134.86~(4-97945f>'.;;;11.1i·,;t\:',;)-:}135.00--3,14?B5'.;2~71753Ff_0.4263?i'·~:,606~J8a,s98B6·i,5?.7t22a(.d.1~s_4?-~e~:s~.'}..:;,:23,9983~;-12,1~4; 
4B.3e2· 434:158 ,;,•313.12-- i' 19.-14"-· · .· s.12 -23.12 - 135.752 .5.16524: 2.35029 135.81n5.1aa1s<:>'d,1:::·/ Jii_,,;",135.oo:·a.16599'..2..729437·C0.4356'ro.ao53~94_97333~-:csL4335f!fr4723.::,31,1.01-.i; ;2-4.4So1:i-1.:42.1a·-
48.72 · , <'133.830. 313.66 15.82. 5.04 -20.02 113.255,5.09547 2,39117 113:303 '5_09334 :· t-.11 •':ct~'-r;.135.00,,3:16813;2.74t344-:•o.4468-':C, o.arift2.63847·143.87_175\'9_~12.1.a~:~aia,1_e·,;4;~26.05_26-\~-41.23: 
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Depll sJ ' 

(fl) \ .. , 
AvgOt 
(lsf) 

AvgFs 
(ts!) 

AvgRI 
{%) 

AvgUd 
{fl) 

Ola 
(ts!) 

Ria 
(%) 

le Q F SBT U.V. 
(pcl) 

!fess EStress 
(Isl) (Isl) 

Ueq 
(Isl) 

Ca N60 (Nt)60 
(blows/fl) (blows/ft) 

Su 
(tsf) 

QC 
(tsf) 

Fe 
(%) 

Phi 
(Deg.) 

453.965 > • _.64.33 . , ."l0:45,:J;\4• '.' 0.69 , ._·.-/-0:6--;_>:-;:,33.08s2::0;12oesda:22as1 :·~_3s.oea2 -·o.12ossi;i/i'_ 
·_ :, 453.637 ;_, ;ss. is·\->' o. 1a·:·;, ,-,,- : :J .3_ > ·: . ;-0.09 ') ·::'28.4322}1 ~s4saf '2:1f?B6 (_2~.432g:.:J.i?45a1_1\;W{}t)ff1fi'112~,00 :f1;9~11aJ1 ~!!<rtt?SJ,{t\~¥¥A.t~ttj.72_4~t~t'2053?£~-5s0~4,4~i:~9:i3Ji;se;) s.i)?~~7A1~-10},33.2te) 

·29.GSI 1• r:453.309\58.8_1 · ... : _o.91:-: · 1,54{ \o.oe-:t;29.49BB·:•L599Bf,2!45535'':~9A9BB/~'.?99~tti-.1'·'.-:{'7~fi:f{~{/~25.0?if92828,'l~;_92agISJ)ff:.''.~--o{~t729,1,±f4,~21tt.~b11J97t711J}~,!319~-~_'.1-~,arn:t{28,?27_1;y:;33.506) 
. 30.01 g . · 452,9?1 ·r, 67.14, •· /:. 1 :23_ , , 1 .~4·/:; _ :.:~0.11 \·:- : _33,4521 \1.88676 '..2:4s4oai'1 :33:4524i,1.;B8676.;}\'f,_;?;!~b?"}:~J12S.oo_ (.1 ;9487~ :-t;94877~_~\z/21/\Q1~-11 a~-:'Sl ~._99754\.1_ 1 .;159ssftl?i~10~ .%~s7;1_4•,;;:1:: 2~:a11 ~;;f 3412~s: 
·30.347 ,452.653 ,, 1_12.05 'i.: ·-2.2 ' -:~ 1196 :,:'-" ·:-0.41 .,-: :.55.699r_1.99853 ·:--: 2.2978 ''. 55.89~1('.1.~9853.{f;\f:f?:±}jt{<}/·-125.00,:1,9692~_.11,96927_§_;.§;s:;1$.w:p-;7:126{2_1;~~131~\l!,:?3~94).i\i,,108~7.J"Y~ ~2..0,5)\.f~2'.~399:4:J37.(3471 
30.Gi 5 · . :. 452.32s:i- '?3.06 · -·2.44 · · ;- ~-3~ · : .'•tt34 :.- ./ ~5.7177, ,3.43322 2.sss1S \ 35,7'.428/3;43081 ftRFi-;6_')b:/;?i;i1"125.oo.~1 :sas1e}1~~~9?!~{i:t\·tW,q{p;7~~-{Bla.:~~'.-1.;3;:24192;'.;ZM032fj_S':?~i.111@1i35A~ 5B,:!j~4.B92i 
31.004 . 4511996 _ 39.96 : 1.78 _ .... · 4.47 _-~10:67,'.'\ 1~.07.73:-~.sso4~_,2.89568?-1B:9b71-,-_4:~8302}A\ti:4,:\~c7£?;}i,\~2s,oo :-2.010~4-~2;0~0338}t-;{t}\h'f,OM'7o.~t1?-.0~~8. ·_8.46~?1 tJ1i,:?491f;f_49,~2.=:/iY,''+!:i1!72~/'[_3q,66~ 
31.332 -:-.1451,668-".,:;,36.72_ , , , 1, 19; · 3.2~_ ', · '-12.47".,;,: 17:0812:.,~,13047 _ 2.84264: ,:17:1,157)3:42356\>'r::~5/f'tS,;?;~125.00 _2.03084:t2.~3~8~Bitl).t:;ftQ{Pi701fJ·191?04~;;r,5t139~_'..1<]•073~7,:t\S'.:36.7f!/J!{~8.'.?95~:'.rl-30.0121 

.. 31.61\ 451.310 ·;: 32..6';,'. _: . 0.98 '_;- ·3 ; .. _ :11.92 __ ,,-· 14,89~1:~"-'. ·3.208 .?-87199 _;-14.9262,:3.20066ff:ts :'.;-:..~()1,;)12~.00j~,?5134(2,0~1~~-'i4-'-\~to-\·~,1?9~?,J~'~~~982(~:?,4~$11_t~ti,~_~5!~-1.~3?:!3r~'.·\~?i¥6!~,ft~,1.07l 
31,91:!B 451,012 :· · 30.21-; · ;_: ; 0.84 . 2. 79 , : • 1 1.04 ,; ::13:5813 ! 2.98527 / .2:8855·;1;13.615:\?,97?8~;!,{;L}._6 ~':"iih';~i) 25.00 :2,01104_::Z0!1~~,?l!i~t.or.~\~4Zif;~~~3_,D418.'f'.'.~'gt~!9/0,W,i) sUt~_ao:20;!~1;997~ 1·t¾,2B.49S) 

· 32.31~ , 450.6~4-:. ao.02 : ' , o.75 · ;_:-.· 2.5 // :_-':10.01 _ _, ,,;-:.1a.s41s::,2,6a5~1:.'2.B6492. '.:;'-1~.3a1~-.c1~-~?8B.'~i;,!L6--·?,ii}(stt12s.oo:·,2.~~2Sf;~10_92,33B.;.UtiN!#:i.ota;.591?.:1a.~e?257j;~~~~o20~1~1~646~:itft30:09~S\g4g:8367fP;f;2a:379i 
32.644 ., ·'.'.-: · 450.35~'.: .:'°32.56 _.. of_ .-:-: ':-:,2.16 --(-.: : /8.52 :'-.': 1-4.4~ 06;12:2990_61•2:19e53,: :-~4,4342{:'_2.2953.f'.~'{:·:s-Nf\q},E;ft\1 ~s.oo '.-.2:~ )284:/2._1125~ajijf!ff9:1W:o,~ey-~J_9:2a1_4s!fo6:3115?a\ ~·,9,1264J'y;s2.e1frif:.¥;~??T{;j?B~a!fi/ 
,32.97~ 1 • ,.45i.>.02B-:; ,32.57 : 'i '."(:0.61 ~ :, · .. ; 1_ .86 .:;~- \-7.,05 \.']): 1~.2~2 _; _2.qM 1~. 2: 7702~,", 14'.2859 ---~~01 ~i\ii,it'; a.:I;r'-J ~}f}125.00 ,~2.1 ~3~4:;.z_1 ~a.4}-:it:l1Pi'.9,~B4'1;j[~'.\1 J264 ~ ::S,\23~~~~.-ilf?.,!J423,tl,~?;61fr}'s'::~~;~~~\\28.~1 a; 
. 33.2• ! ; .... 449. 70~'. :_-: ·3 l ;3 · ::1::,0.63 ?,02 · ,:;-5.48 /:\ 13.5322,:~ 16152- '2.8074.6, i,:13'.5508.:\f.15856,itJ?'&;/6;;1;-t.tJYi:'i~25;0~;:2:153~4)?;_11p~3~);'\¥:tJ,.0?.9,6B~.~li:~,~396l?",::,'6-•P9134?J.c>-,~9.23~Jv.?1;3'fi'.h4_p.~2541W;28.463: 
33.62a .. ,_.- ,- 4,1.e.a12:.·· 31 ,~2 '--:, _. o.66. "··· , _2.08 _,;~3.sr :_._'.13:634~·:-'-:-2~226~, 2,a1?2r:- ~~-~4as~:~?f47~}tC..:t;a.:;:_;;srt.~;,;1.~.oo ;?,;17434.-,.ztF-4as~i:w''{:£:}pJ,o:67.B~t~;_,,0o11-t i6-:11s912,;~.9:11a2,:1t.:.31,~12;;tf' 4_6J1os.ii:,2a.5os, 
33,eso . ·; ·: 449.944:i--·28.86 : _. ... , o.57) .:::·:-. 1 ;90 .. ;:,, ?:~2;50 '\:-'- -12.14s_,.-_21t3762- ._2'84432 ,-:-~2: 1_ $81 ,i2.1aeo2t;:T~i6%.Jft\'.~;::12s,o\J '. :t 194B4::2.:19483tpr¥1;,;:i:.-o;:;::-o:s1~1}0,;4.~ 00s-;~.6(7~9-f 0.~55Si1•r;29:~0t.;(~8.5957,i,(f27'.;736) 
34.2M . '. · :",\.44B,71(:f:' 23.~1 ~),f. o.s . , ,. _ ::,,2.14 '_ · _ ::-•1.21:>_ '.9.47ase:·.2.3a_1ss~~-95os1,/ 9,40141,~2.3~~4~:;;-;f; ~?jf.fljl;\'.J2s.oo::~;?t53.4::~¥;~j53~~-~\t!f'it\o.;,p,e71~3;~41~91;.~1 .. es5s22_;1~\~9~~rt1:2a._2f);'.j{S!?:BBHJJ2e,ostj 
34.G12 ' ·448.388. : 20.4 ti: , '.; o.42, :·.:,_·_t2,06 :'._: · . : . 0.02:·:cc:. 8.12857. 2.31097' ;·:_3.0103'•'..B.12857(•_2.31097/.i:_fia:~~-;).Ytt;,125.00 ,,2:235M,_-:_?;23S83a':;t:H•:_0?_0.6688I.il56474,t;4:3903_391ci,S6267:b)20:41<;;;<59,'ta1il-,f\"-~5.012: 
34,9,;.1 ,-:~ , 448:osf-:;.-23. t'7/" ·._ 6.41\: · i-:', i .77,: ,-~.- 0.11: :~ \:9::!685?;)~.9604_6 .2.92469 ,.fl.2641•(1_.9613a_?ff strh+l~l;'t25.oo}~ .. 2564~\f2:25a(i{tJ{t{);~~-~65,t~7~.o~as~~~~;~0?7.~1'.~01~74~~{?23;1e.;1,it\~~:5531\\:\,f:25_.9i 
as.2r,9 · · . 447.731:·- f4.74 /, 0.45 1.a2 .- · 2.s:; -~:. s.~6sss_:2100329'2,9oesT; 9.BS?B7f· ,2.oopo1r;\V,6tli§h}]t2~.ooj·· ~,21~9,i&i·?•27~~f:;¾.t~;!;[),?0:?62f•t;!"164431-·.;~;~46~~4:r,~-~~545if'.;;2~,12J::,P{52;111~t}~26.32 
35.5P7 , , 447:403· ': ~J:.56 · : o.62 2.64 _ 4.16 · ,--:- . 9.251J01;:,g.91 ?~2;-'3.01 B?B-: 9,?4637l_-.2.91866i2'.J\]_;.ey .. ,7':E:1f-iJs12s.oo_j/ 2,291~:}JS_?.:~14 ~~\'.·,:%J;;:o;;:9.Gs9e;,7i609665:-.s_,02059alq.~5~~:~\(23:s4l;\k ~G,12:43;f;25.a01; 
35.925 ·: . 447.075 , 26.46 \' 0.63 . 2.39 ·12.8:, ·:_-.:: 10.41~ _·_2.60955 _.2.95013;_{ 10_,3845'.•26182:30,i;_if:6 '.'.~0:t.\.','J35.00\ --,2,31[~_::::a,~~~712::8,00_0,B~.9,65~94_~p!iS1~:;s:370B26f~i~4743_·~!fs26i38f\ff;~5:ia7S{-:::_26.j373: 
36.?53 ' 445;747.; ,· 24.52 ' _ ::!0.58-'. 2.37 _ _.14.27·1'.( 9.5232~{2.61491:'. 2.98363·.-·, 9.48463.,2.62663\),t~,6 J;rtt\('.i1~5.00 ,"2340!)4 !;~~~~02a:f.0:01~f,~.65~l,S7,72!;)07,:5,~8~:'0.68669/5;24;~1~t57a3883f,; 26;_063! 
36.Sfl: , ,446.419 ., .. 23.~5 i :-_) o.59 .2,53 .. ,~14.8_,_i;-, 8.9655B'.;2-~tl,S: 3.022ss, a.92713:_._2.02a2e:~-/f"-5.:ii;:c:,~l}13s.oo ·a362tB':2,34~9~3_.:}Q-~2l.?tO,f136(Z,541~~9:.4·,92a9sr:fo_._?1~?8tp_23.?6tli:f(60.o~e)l{25.655'. 

· 36.9c•s, ''446.ow ·20.1s ·10.se _· _ . 2.es ,. 1_ .1s,59;: 1,19125·_,a.21ao2 a.10a19., _,_-.1.159 _s.23181._ . . '·:< _s_.;_:·-:;, '/it35.oo 2.38432 ;2.a52as9_: o_,031s_;_o,6s19·::1~_004ess·:4_so5a22<.;o.sa1ga:\,-:20.64:•iN-es.e212::·•24.10a 
a1.2::1 ... · 445.1e3·,.- 22.32 · ·'- o.6B- ,\ · 2.92 ·: ::· -: · 1sA9 · 0.a43B9 ;3,25140, 3.06352 ~._ ·a.ao1a1

'. ·a.2e71 t.\. :_:s';_-;i ,t ''.135.oo:_-2.4064G_;_2.264746·t0.04i7/-0:65b3,':,7,7_21244:· s.0249sEif0.64748:l:;c;2a:22(:-):a2_.as651i\2s.s66: 
a1.se5. '445.435 24.74 o.81 · , a.26 8.36 9.a0114_· 3.63043 3.06819 , e.3ss1t:- 3.6aa5e>:>.5 · , 

0 

135.oo, ,·2.42aa,:2.31eas2 :o.0S1s·. o.6401',':f-.a.24140 _.:s.a459i,;1:1.a.~otaf;24.69~'i1-a3,w6B_:.-\25.99 
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~ 
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Depth 
{!t) , .. , 

-···-············ ····-·-······-··-··-----··· ·-··-··-·-··-·-··-·-·-· ---·--- ·-·······-· .--·····-··- ·---··-- ··-··-··-··-··- ··-· /·-~---···-·- --·-···-·-···-···- -··-- --·-···-·-····-·--····-··· --··--a. AvgOt 
(lsf) 

AvgFs 
(tsf) 

AvgAf 
(%) 

AvgUd 
{ft) 

Oln 
(tsf) 

Rln 
(%) 

le a F SBT u. !Stress EStress Ueq Cn N60 (N1)60 Su qc 
{pct) (tsf) (lsf) (tsf) (blows/It) (blows/fl) (tsf) (tsf) 

Fe 
(%) 

Phi 
(Deg.) 37 ag3 445.107 23 87 , o a1 3.63 '3.as • 8.96744•4.06115 3.11os9 s.97502 4,05798. , , ,s 1;; otrns.00;,2 45074 2aa8S58 'o.os22~'f o,547 8:2o31o5-s.aon4B ~o.ss31a1,·23.e9~ ~aa.2102" 25,705, 38.221 444.n9' 22.91 0.77 ( 3.37 "3.42 '1 .8.51382 3.76765_ 3J0987 8.52632 3.762131,.. ·u.,5. <; i.(:U35.00 2.472881? 400<1s5~o.0724f0.645417.B71536 '5.080663f0.63273-i'422:~4")1:66:i96·.'.',25.361; 38 549 444.451 25.19 ' 1: o.ea • ze9 -2.47 e ,mns 2 99526 3.01817 '9.41189 2.99494" 1;t; s :> ,_;. ,tiss.00·2.49502 2,412371.0.082610.6438'6.145735' ~5 244Ssrn.102sa-lfi25,21} iii59,717 25.oa21 38 877 444.123 •2212 0.7 : 3.1S -2.11 ·- 8 0861'.l5,3.57091 3.11545 8.o901a;,_a s5aoa,h'" 5' ~1 i'~'11Ss.001:2.s11i51-2.4242fato.09291"0,8423:1,.1.e2211

1 
4.895353lt;o.ao59' ;i22.13::~1 <ee.eo41.;2s.012

1 
39 206 443.794 19.76 ,, o.51 .~3 01 3 01 ' - 7.06B59 ,~.54226 ::"3,1527, 7.0B03B•3.5463B ':'S5 /':' ( 1135.00;2.!$3937;;t'2.43622"0.1031to.549?,>'1~922462'4.4991s7Jo.s33151t1s;74'.{"'}'10.1291 ~ 24.097 39.534 1 443.466 24.4 , 0.75 ' 3.06 4.32 0 8.92049• 13.4343~3.07189 ;a.90824 c.3.43903 w!1t6i~◊'4,L135.00 2.56161- 2.44S12iJo.1134i:0.639t':itl,154368 5.21i628.?0.8761H h24:37\}l/53.4594, 25.669 aa.ss2, • 443.138 25.59, "-0.14 ,\, 2.9 ~ 5.43 • 9.3520s./3.215s 3.03903 '' 9_33579'~3 2.2211 J::, 5 :,·:, ft¥135.00 12,s~l3s~2,4~oo:fa; o)2aato.6376)!..359f!a( s 335994{0:i1221{~2s.s5~/i1.6t'.-1s2s\t2s.e8a 40,19 ,442.810 25.05 , 0.12 • 2 86 6.14 ; , 9.0796 a.20795 3.04697. es.06341'3.21358,f' ~, Sy'1t'{',i135 oo 2,so57s,J1~11.1194$'o;jasai1¾ o,aaa't8.244656 5,2Mo24,\io169487f125.ot/¼,au447):25.792 4o 518 442.482, 22.21 'o.76 ; , .a 25 ·, t 7-.,.14 :. ,8.31053, 3,5818 a.11so5,t ;8,?904 ~.69074
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ConeT11.: !r (-.., !nterpreta!ion 

!nlerpmlalk.( .· Release 1.22 Rev. Fonnat: NU lmper'1al 
Run No: 07·1210-1008-4397 
Job No 07-804 
Client: Civil & Erwlronmentat Consultants 
Project Pond Creek Mine - Williamson County, llllnois 
S11e: CPT-5B 
Location: 
Cone: 
CPTDale: 
CPTTiine: 
CPT File: 
No1thlng {I!): 
EasUng (It): 
Elevation (ft): 

User Inputs: 

Assum11d: 

Pond Creek Mine 
20TON A0211 
07/30/10 
15:44 
804CP05B,COA 

0.000000 
0.000000 
479.9 

Waler Table De !h ft): 
Nk: 32.3 
State Parameter: 
Unit Weight of Soil {pcf}: 

DD 
LJLJ 
~See Below 

CPT area ratio: ~ 
see Below 

Material T\1®S and l)n·o Weioh) {pcl\ e!l!.A'&. ~ ~ ~ ~ 

~Coarse Refuse 
~Soll Embankment 

~ tsf Is! % % 

1=<1lll~"ffl/R93W/®ljlag~l@,5!!1 :,31.26:' faa ·: .. 62.63 .'.:· -,:S0.48; .·. 2.84: 

Ground Surface Elev. ~ 

Copied from ConeTec CPT Da1a Fite --------------------------·-·-----·----------------------- ----·-----·---·- ·-·--- --------- ---·---- -·----·-- -------·---------------------·-----------··-----Depth 
(ft) 

Sample El. AvgQt 
(fl) {Isl) 

AvgFs 
(tsf) 

AvgRI 
(%) 

AvgUd 
(ft) 

Ota 
(tsf) 

Ria 
(%) 

,, a F SBT U.Wt 
(pc!) 

TSl/9SS EStress 
(Isl) (ts!) 

Ueq 
(Isl) 

Ca N60 (N1)60 
(blows/ft) (blows/fl) 

s" 
(tsf} 

qc 
(ts!) 

Fe 
(%) 

Phi 
(Deg.) 

~ 

~ 
~ 

~ 

' 
C 
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Dept:1 
(fl) 

,~ 
-------------------------.. ---------------------- ------------------- -------· -------- -------- --------- --- \) --------- ------------------- ---- ---------- --------------- ------· 

.:1 AvgQ\ AvgFs AvgRf AvgUd -· -· ---
, .. , (tsr) (Isl) (%) (II) 

Om 
(lsf) 

Rio 
(%) 

le 0 F $BT u. 
(pclJ 

;s1ress ESlress 
(lsf) {Isl) 

• 460.101 47.os, ,"' 0_19 , J 
1
1.61 ;· -o.ssr., ss.114i•,11.124a 2.sge2e;,s6.7141,, ~-7?4B~'"~fr:7r{f/1125.0IJ;:11247~~,~'1,247 

Uoq 
(tsf) 

Co NGO (N\)60 
{blows/ft) (blows/ft) 

s, 
(tsf) 

qc 
(tsf) 

Fe 
(%) 

Phi 
(Deg.) 

460 379 1 44.52 o.68'- .,j 1,53,_. ,r,l.o.9~,i' 34.1092,11.s121a 2139964 ~,34.1111·,1.57182 :,:'t17⇒ i7l<: 125,oo:,1.2eao5;~.2aao4q~'iP1%\u:;,,u,t1~:;r1~,~1tJ-~.1~1:1,t11r~1,o;:i1:1u1'Mf44.baitti6_.3963F;,34.407{ 

20.,n ~ ::~:~~!1· :~:::~~g:::~: ·: t:: · -.:~:~fj~~::;~: ~:::~~~::::~:,~~~::!:,~:::s~~i;;;1f::~·11;~~:::lt:~:~:~::~:~::}1!~~~~¥0~:~::~:;:,;:~~;~:~~~g~}:;1!:::!:tt:::~i 
20.505 , 459.395, 44.39 ;:: • 0.1s 1 • 1 ,1.sg· ;1 ·-o.sb 32.3874,,1.74174 .. 2.44416 '32.3949 't74-1aa\j ~~•7,§~;r:1t712s_oo 1.32955;,1132954s~:..,~~?to,HJ,B673B.10!53D65"9-132793£l,333i4l('lii44.4.;,,,!2a,2491ti34,oas, 

~~-~: : : ::::~:: t ;~·~! ) ; ~::: "s • s
2
:6·,~ 1 ~:ci~\ ~ ~!::::~ :::~~; ~~::t~i:::::~i~!~~;r(~::\~:~rz:~~~::: ~::::i1~~~~!t~;;tt~!~'.:~l~::~::1~::;:~:~;~:~;!:ij!~:~!~~:~:~!!!!f ;;:~:1 

21 489 : 458.411, '2i.57 , ' o.a ""3.69 ' 2.73~~· 14.sosata.96453 2.9aa19·""14 4991 a 96649 s,,, 4, -,,,:;," 12s.oo' 1,3s1osq:39i~~1:Yr£0.;;o 8479 '5.saa1i"i"s.62656S~d.6241.t:1);l;21_s5\\:;,~ '54.45SZ{25_914; 
2.1.a11 • 1 J46B.o83, 29,59 ~,

1
,• o.95 ~ :.-a.2 :, 't, 6,9: ;: J9.9B2a aa7j37 2;10104; 19_9345' a_37616i;~)its :,Jf?';(;12s.oo ~1.-411ss4;:1",:t11545tt.li!J;~~-oJo.84n;e,'it34o97 ].p1473~ffo'.a124

1
!~29.55}0:~45.:.2501&!131.0o9, 

22.1-1~ 457.75s~: 33.08 i , 1,22 ,t,3.68 ~1 a.s1; ~ , 22.0998 J.85491 2,19022-;22.05w'ia.861ob: ~ f5,:tl;'¾125.oo: 1.4320frnip2045.f.t,\!fit>O;ro,aa561s;331922'}-79Bi71:o.97981'~~-o3•:•.4s,431-t¾131_a6s. 
22.473' 457.427 •36 31'; ,1, ,119 ; , S.29 <-9,54 \ 23.99761 3.4139 2,72893f-23.9562 3 41979< '? s:i f , } 125.00\1.452ssJ,(452545-;:0'~0l 0.8297;i;i9-906188{8,2194S1'0 1~0791Bt,}:'3B.25<}"t42.010t'~,t32;19?j 
22.802 457.098 35.83) _~, '1.22

1
• ;,, 3.4 ; , -· 9_2a '· 23.3227(3.55096 2.74942 ,,2.a.2aa:!;3.551t7/ ~j ,s::,;,ys:t_:12s.oo 1.4731l{1'.41a108r1tt(o}o.8239'91883284,'.BM2993*1;0:63satas_n'~,l,'43.13541 ,;a2.d1, 

2a 13 ' ,456.170 36.3 ':, , ~1.11 "' 1,1..3.01, ', '\13.63 :•• 23.3036•3,1a901 2.1202 \·' 23.2~•.a.19642({ ~s i' 'f ~f5125100•11:493e11
1:1_4935680tr1 01 o.a1a2;9:852044 8.0513s5¾~,on~lrt'35_22 <Ai.~ss/;a2.001j 

23.458 466 442- ,34.31 ' '1 tos , 3.08 11s.02 \'~21.6602 3 2a211 2_74595-,21,s942Jt '3 242 ,, • s,_,r,t:d 1125_00 1isi411 <'4,5141081¥;j1:o}OB121t 9.449872:x7:679759!l1,01535-\;§34,21",:;',,43.1096 ~"31,526' 
2a.1sa , 456,114: 34.28 ,, 1.04 ,, 3,03 - ' 11,95•t "" l:!1,338. 3.11502 2r7~944 ,21.2663' a.18672' ." s~/r-"'i)-12s.oo· 1 53461 :..1,534soa~'Z}t·Jol0,80~.9.441253~7_a21a42:·;1.d1379.;,,·34,17,;\~ 4M38t1'ai142B• 

' - , ' • ,. , ' ,. < \,l' j lj ~~,~,,,r •o s: , ;;, t••~ "' · ,._, 24.114 ,: , 455.186, 34.12. 0 1.05 1 ,3.07 21.34 ,;- 20.9406 3.22433, 2.76u3 20.857, 3.23720-,, ~s ,-1, « :125 00'1,555 11 .555108~1"~;1;¾0!, .8019 \o,9.44696 '"7.v7551P1•i.0082 ,'f733.99'1 •43.7399 ,0 31.302 
24.4~2 , 1 455,458 'aa.09 -' 1.19', ,~1 3.59 ' _20.11 '" 20.0014 3.n6oS 2.a192, 19,9189'3.79169_ ~- ,_ s" '.?1~'12s.oo/1,s1se1)1,s1Seoa!1,;.,::zo. o.796'7:]9-463703 ;7i5394o~:o-97568;.<-"32.9U, p41.1osa'"'31:o04 
24.77 '455,130 35 21 1,24 3.53 , 21.94, , 21_0599 3.58895 2.18ss2 20.8122 3_70435 ' : sf 't:1 

1 ,,2s.oo,:l.596t1' 1,59s1oa:[j~i'rg:0!0_7915,9_937404 7.865781,J1.04068 '•35.07; 1;45.7358 1/31.338 
25 oga 454.802 35,32' 1.2 ,, 3_39 ': • 24.9 r 20.84a2;3.56047, 2.78926 ;20_7554 3.57639,>,;.., ,s;,\:~f:~12s.oo 1.6le61),1.6i6eoa~-1¼1to~o:,865;:;t9.9a12e 1.a10911a$-1.0434slli.~3s_11\, \45_3757 \[ 31_27; 
25.4m 454:474 33.07 ,. 1.09 • 3 29 , 27.371 , 19-2003 3.46771,2.81033 19.0964 '3.48656 J'q,t 5~fr~1, J ,125 00" 1\63711.ij1.637i08) ~;:to ,..Q.7816 9;3996771 7.346396uo_97315 },:32,9 "','46.5923''.30,729) 
25.7/54 _ 454. t46" 30.14 ' o.B9 C: ,> 2.96 • 2a.13',, 11_1a2a· a.12474 2.82084 :111.0142:a.14461 1 ·,:i's '"'" ,,; 12s.oo 1_5575jl\1.65(6oa{ffRihno70.nfffJ,&610254 

1
6.68'768210.8a1af:.,\i29.9s;1: ~7i206 '29.996/ 

26 oa2 ,' 453.a1a'· 20 04 ,. o.96 -. '3.41 ... 30,1a it 1s_'zo93 3_64162 ~2.8929" is.ses1,3_eaao6~~r_J51 "/,~~ 12s.oo f1-6781 '\1_~a1ill!}t;'{;o:rt,o.ne":a'.a4111st6.439401;;:o.~1615~£27.ssr1",, \st555f29_390; 
26 41 453.490 21.22 1.12 · 4.12 1 32 24 _ ,1s.o249 4_38848 2.95894 114.9071°4.42314 1;? 4, ';,,, -,,,.J12s oo 1.698611,1.698608>$/2~ o}o:7673 1M18a13 a.459581!:\,0.79014}'$t21.C12,;, 1j '55,76h' 29_099, 

-26.730 ·453.161 25 07 .. \ 1.08 4.3 31.06 ,' 13 5826, '4.6251 3.00154· 13.4721 \4.663os};;,~""4r1,,__,1S:C; 125.00·1.11s11.i£:1ms1t t.'..iH"2-o,1,o;l621~lZ:988621~6.092735;b.7~94/ 2-4.aa~~:;55_994-f ,,,2a 424
1 - ,, I; '"""1 ~,,,cf ,,,.,,,,,;•,,_.;,,"'6.n-11, • l1, ,r.""'- ,,~ 1-

21.oc? 452.833 , 22.52, , ,0.8~ , 3.89 v< 31.69 ~! ,t 11.945"4.23477 3-02853 ,1 1 .83 4.27593 Vi:;,1!1- ,\'.t> 1,1125.00'. {J396,:r_, 1.739Qqj ~)',vO ;;-9-7582. :7i_262348, o~506094~0-64335~ql22.32 :?;¾60.4271 ,,,27.652 
27.395 ~ - 452 50Si1 23-13 , ,1 1 4.33 ,'31.09- • 121408,'4.67949 3_04924' 12.032Si4.72147 {~"~;\,}'t,tJ,,125.00 iih76017;:_~.76017~ itk~;:5:or 0!5~7;'.17~563768 ':_5 70113~"•0.6616 lir22.94,il'-1'k61,8634 +;l27.667j 
21,123 , 4s2.;.1n 24.42 • 1_29 ,;~, s 2a ," 27,74 12.'7139~5.6980s'a oa111 , 12.a12s,5.74372 '" - 3'\, ""~\,"12s.oo 1.7B057/:1,1ao611,?i;i'$1'S: o;,;o,749~J-at192462"6.'.1393s4,'o,mos1 :li124.241,'(~f54_54saifa1.9aa 
28 osl 451.849 25.99~ 1.44 1,,. s,53 , 25.13 134414~5.95316 3.07983 r 13.35tLs 99031:,;\f1a,1 3,4' ~13s,00~1.ao111,:1:199579}0.001a&o_74541a:e91388's.478936JQ_1488aJ~2s.a4::~T;64.02s1~25 36a 
2s 379 4s1.s21;' 24.42, / }1.32' 

1 
~, s.42: 22.1 ,;:::· 12.4141 ·s,84156 3.09958'~12.3913 :: s 88oe"': '513~'\,J ~~ •'13s.ood,a233t,,,tai1485&0.011aj'¼'P:143fa;210147 "6.14sol7~0-s99S9; h2,4,27;'i:les:44s5 ,. 21_aa1l 

2a 101 ,, 451:193 •"24.47,,, /1~16 1 , ~: 4!75 ' 1 25.24,.,t 124079 5.12111. 3 06558·, 12.3202,5,16369 '};}'V"3 i"'tt't}1,J13s.00"1.13454s:1'.a23392.?o.'0221~0.7,40a';,a'1oo847:i;S.99916~,o,10045'¥J24_31n_!,.;s3_0122V 271832, 
29 oa5 450.865 "•24_8s.,, '.1.11 ,'. ·:· 4.72 ' '24,97•~'cl" 12.5224~s.Ogo~s -a.o604?--' ~2.4.353~ s.t2as-1.,x11!\ 3 {tl-,t~f-;135.oo 1.8675911,a3s2981lo~o323~.0"73~a'2oo~a2Js.~s29?9Jt6,i,11$3p";24.s9!zbs2'.esu;1 27,897/ 

, 29.363 '45o.S37' '2s.04 • ~, 1 24 "- •. 4.96 ,25.89-' 12;5325 5 35631, 3.07414i' "12446::.5.39359~,) ~,t3 :;"\: ,.;t_1as.oo'>-1.88973~1~847204<1:0.042s, OJ358fra.a-31255 s,134311, o.11B1st,,f,4 aa"',~~63.6191.; :21_9051 

; 29 691 450.209 , 24.64' " 1.36 ! ~ _ 5.51 ·; 22,33 ,_ H 12.22s3~6-983n~~3.i1215'\ 12_:1s:a_o2oa61~•i7i''3",,' t ~135.00 'i.91187)-1.859111:.,.._o 0528}o.7334fa:4227a9,6.in365,d.70366j::tt24.sl}se.402.4¥°,21_7,¼7
1 

;~-~~~ :::::::!/" ,~::!:' : ~~-~: .," ":.;7 '; ~ 1~5
6
9 :"' ;::!~!: ·:-~:!~; :::;!!~.:;:::::~1::~::::~{;:1t{1i~;::~~~~::::~~;:~::~!~!!;~~~:~t~:~!!j~~:~~:! 1!:::;~t~;!;!~~::~:~,i:::~~~1::.~~:1 

30.676 449,225· 20 02 "'o 87 1 • 4.36 ' ,'20.02-' 9.52155'4.82218,3.13916 '9.45822 4.85445 s, 
1:' 4';s::,1":' r1,13s.oo 11:97S29-l!d:89483~,o.o8s5)o,7265;6,9653t8)5.060062:tO.Ssa57,& f19,9 ;·r'::6a.3583.'.; 2s.0121 

31.oo4 1 ·44a 896 23.04. · 1.t9 s.16 - ' 16.63'' • 11.0341.\'5.656oa"1 a.13os -:10.9a16~s 68304:c:,i',~ a ;,':ir,{I;,13s.oo, ,2.0006 :1'.9dsna'0 0.093/Jo.7242P1.9a253a)5,7Bo848.1n.es13a;$-}r~94 ,JJ'ai1209f=21_oa1/ 
31.332 1 448.568 21 44 1 - 1.16- ~ • s.4 ... 11.94" 10_1202 5 97403·3.17<102 10.0837'5.99565 ' L\3' , 1~lr 135.oo 2.02264_t1.918679I~o.rn4 0i1219?i7_552554,l's.531947t0.eo116 :02ta1M{~10.9911 2:2s,s11 

a1.sG , , • 448.240" 16 83 us s.a8' ·• , 4.5 •· 7.6sa41~7_84se1 a 34165- :r,642a7 1.as1e2,;,d/'3 ~tJ~,.:_;1as.oo 2'0447a!1:saosa61b.t142;0;7i9746-B2648a ,4.9ta06a' o.45715/fi6.a-0 ~&~a4~9, ~24.6461 

31 988 441,912, 14.1 i,' 1.oa • · 7.64 ,., 2.65 s.1i;i4ss a.97526 3.44974 e.1a437~ a.9902 -tr~ 3 1;,f01;35,00·2.osa92 111942492.:0~1244t..._o,117s4 a.2s8B87' 4:49013610.a1254 ;; ,14_oa '.,, 94.214W' 23.2291 
32 316 447.5841 36.85 ' 1,84 '

1 

4.99 8.52 \, ,17.786, 5,2933•2 95167 17_7553 5.30245\::."'.:,-a ~ i: T '135.oo.'2.009D6f\l,95439a1 o.1347!~0.7:iss.i1U1236 8.163359-¼'.1.076191\36.79 •~?ss_2575v30,218 
32 644 447.256 'c53.58 2.7 • ( 5.03 

1 ~ { 7,3 , _26.1754,- 5 2459, 2.82443 /•~ 26.15~, ,5.251 ,s/' 4 ,'\3 /"135.00V 2.i112.11966305,.e:0.14491J,0.7131~,15.41519'10.9931ai1.s9341:j '/;53.53 \£47:4168 132,767) 
32 972 446.928, -41,03, '' 2.46 ~, s,99 , ,2.4 "' 19.6625'6,32445 2.91035 • 19,5524;;~6.327'.7 ;~i ,3• ,~~~; -,;i,135.oo 2,13334ci.91a211~,o.1s51Wfo'.11:1Sula6718.,.9.148439 1.20423 ,\41.01fv 0ss.soa9 30.942' 
33 :i 446 eoo 30.73 ' 1_a1. s.43 5,52- ;<, 14_3582-5.84437 3.04968, '14~3431 S.850510r., 3,..,, ~ ,':,"13s.oo 2.1ss4aJ,11ggo11afo_1s54 10:1089J;tt12s26 1.1n39a~0.8846e:\ ~!ao_1:-;l.:ii61.a94{~'l2a.a81l 

33,628 _ 446 272 , 25 44 ' 1.21 1 " 4.77 >7.23 ii.6194c5.20153 :a.0884,i 11_5995 5.21049 ~~':,3;"".t,,/135.00 2.J17762i2.002d24""0.l756Jt0-7067ia.591848'6.072283ffo!'72021i"'-25_4'tff54_5397;";,r27.47l 
33.956 445.944, 24.48 , , 1.01 , ; 4.38- ; a.as• 11.0a31 _4.8024s 3_08384 ;p.o3B2,4.81326l\fN4'rL 1stl~fi3s.oo 2.1e976\~2.01393\0_1a58;,0,7o4Z:El.238887\0<s,8o559 9 689!9iljz24.43ih54:s:124,t21.142' 
34.2fl4' ,445,616, 24 3 r , 1.oa ,4.43,, • 9.26 '' 10.8983,4.89172 , 3,0912--\10.8686 ,l-.90505{<'1 '.'4• };. ~ -..1as oo i 2.22rni'2.b25837 1 0_19a1t;0.7o2Gfa231b24'.:.5,782979 o,6835S.f-;\24,24lt

1
fo5,05747d 21.0411 

34.612 445.288' 25.03 
1 

~1.22 , , -l.87 ' 9.11 11.182 '5 354t7 3-10955 11.1574 s.36!i9s l' ,a,",.-('. i13S:Oo'2.24409-1 2:.03n43~ti.2053~0_100S1a.569ea6 s.oo33oi,,d.7o545:"'!24.9a!i,/'66,112sS 21.2191 
34.941 444,959 21.34 ,i o.88 4,tt • 11_34 - 9.3057¾4,st367 3.13367 9.27155'4.eaae8 , l{~ 41.:tjl ~,,>'135.oo '2 26626(,2.04968600.2-ias:;,_0_69aS1;l::f.41595\ s.1aos19 o.59o52fJi21,2t .,;_l:67:.9493) 2s.9a2 
35 260 444.6a1' 22.15 '' o.83 .: '3.76 <, 1a.os 9.63896, 4'11ea1 • 3.0961}-9.5953b4.195a2.cif:;)i l"t:~,i :,13s.oo 22aa39 '?,061592.~922sa" o.a965'7.,503eaa,

1 
s.22so:13J9.61s22J)~22.01S ··,es.1947$ 2s.21s' 

35 597' 444,303 27.65, 1.oa 1 3.92 , 12.93' 12.220s 4,26212 3 01844''1.2.1a21 4.27562 ,~'~ ,4 : ', 135 oo 2.31053 2.013499]\ 0.237' ,0-6945?8!913341"•B.189971t:¥:o,7a4s~1 27.57\1.)J59.7SS4;·21.a12 
35.9~5 '443 975 41.71 1.36 ·• '3 26 1545 ta 8823~3.45376 2.81298 tS.8392 3.46168{J,...,. 5• , ~; 135.oo, 2.33267 2.0854061'0,2'173\:o,6925 '1~,90861: 8.246427'f1.21911:r1?41.62:'t~;46.7462, 30.682 
36.2S3 __ . .'.:443.64!fi·.119.94/:c , s.26 _; .• .-- , 4.39 ·10.53 { ·>ss.0647-:4.4733~. 2.54245.~_56.0314i. 4._4760?;!<'.\ 11t.\,}:'l_f.1s~.oo::2,~5481(;2.09~11:fto.2sr.sJo._69o~}?9,~a49 :?0,5691Bl3~9fio4t ·J[1i9.87.}/3?-61,67fl31.~1a; 
36.SE,1 i ·_'443,319 .· 232.84 ·· 9.81 __ 1,21 , ·.:' 02:08\ '..· 1oe.2~s·_,1..25665'.'2.33841 :::109,269· 4,2564eu-J::.·_:12··;w·tf::;135:oo _;2,-37695,",2'.1092l8}!).2677f0._688~f,52.j34439f'.06,24861r,-·!·13508 '.!1/:23~:85_'1f\'i23.!:Jn5']:::. '41:0f 

• 36.9['9 442.991- 245.39 ·: .11.65 .. , .'. 4.7s ·.- ~. -~1.92_·. ::·114.ssa '4.79442:,-2.3e1oai;J 14.sa1~·4_79343·.t,::".11\\\~·,t·1as.oo,2.~9909Ja1211.2.4\'-'0.27ih,o.6666.:;55.20s1a. 3S.59021/::1,s2294,.\'.;245:44¥l2s.oa92}/41,_2a1: 
'. 31.231·' 442.663~:18s.e1· 11.-13 · ·. · 6.31· :,·.9,21 '.:: : as.9757 5.39625 ·2_s419s·:·aa.003a .6.39416'.?•};111.(R '--?~135.00·:2.42123. 2:13ao3_1':[o.2e82i'D.6847"·4s:11e15-'31;618fi7/_'.5:67'767f;~a5.87;:~\J32;5935/fa9.7e6i 

37.565 , '442.335 190.28 • 10.13 · 5.64 "-.3.88, · a1.s121 · 5.71241' 2.49823,:,a1.sa14-, 5.'71ia ·••_:-. 11 1
>''''..-'. 13s.oo 2.44337:c2.144937."·,o.29a4,'i'o.682a:'45_29s9a._31.sioa,D.s.B,s3ap-.. \,190~3J{j30.eo.39S-39.as5' 

~ 
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~ /\ --------"'·--·1 '·.-·--·-··-·---------------------····---·-----------------·------·--- ---------- -------· ·-------- -------- - i 1··-------- ·-----·--- ··----- ----- ----------··-------- -------·· ------Oeplh '- El. AvgQI AvgFs AvgRf AvgUd Otn Afn le Q F SBT L TS1ress EStress Ueq Cn N60 {N1)60 Su qc Fe 
j%) 

Phi 
(Deg.) 

(ft) . •/ (ts!) (Isl) (%) (!I) (Isl) (%) (PCfJ {Isl) (ISi) (tsf) (blows/fl) (blows/fl), (tsf) (!sf) 
37.893 
38.221 
38.Si!.9 
38.Bi7. 
39.2(16 

442.00( 200.ss .. t: \11.~1s =-~:; , 4.19 -0.10 12a.sas :'4.22a1a, ._2.202s1 12a.s~ 1)4,22ass /,_{:(.12 s:;i;;::/;1 as.oo ·.2:4ess1,'j_1t 1_saB4~:H!:30BtS ~:~ao9;i6~ 11ss5?'42.3ssn:?~~60~•ft2e0,6tt::f 2?2~5~/:~41.ass : ·441 '.679 ' 230.os.:::'. i '12,sa .;_. ,- '-~-5.4 7 :,;._:,~a.43 ,_'. _!,- .. _104.928° 5.52~16 ;' 2.43946 ,:,-:104:951 ·'. 6,!)269'4,T//? f.t'l)'.):"! ''.:135.00 { 2;4B7~51-; t -~>'168!5'./~:·~189}~'.· ~;!:l!~/51-.•_455~:-:3?:97767,-(W:t}4s2?4f2\2_3o:1_:;~fy12a_.osow1_.40,82~, '. '441.35.f,- 214.58':".·: 12. 79: ·:·:,- 5.96 ·. '\ ,3.42 -; ,,_ -·!F:2506 0.os102· -2.,48953 \ 97.2.644: ,.~.oso111;if~1.J 1 <_<{7\ ~). 1 as.oo. ;2'.S09?fl_.\?-1ao~~[(~o._~2~tf: o.GTT2;:s1_;.99~ag .;~s:21qo~t~1!j6564-i'\2_t4,61!;:r,~0.2173: -·t ~0.1.21\ 441.023 252.97 1s:ag · · s.2a . '.-5.22 '1.-· '114.222 '6:34488 2.46678- --.114,208~-?-34564<·;?:':11 >·,:,; ,.·-}135.oo · 2.53193•,_2;192sss_'-'0.3394f:o.s153yso.s2n1 :'4O.94446~•\7.:7535 lf::2s2,_94}1_:.:.29_.22O2). 41:271! :-440.694 · 369.1 · 14.5 3.93· • ,._ 49.56 ·., •166.271: ~.95585 2.20569 ·.:1ee.1a1 .·.;3_9592:-!:'-:•·12:--2·.1 · ::,tas.oo z5.s41s ·._2.204sb_s..'.o:s<1!}6J'o.673!?/7B.7567B_,53.o43s3_~J.1J.34a2.0i.aee.79i'./19.1_13s:4-::43,1e3' 

..... 
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ConeTec Irr',.----.,' 

' lnterpielali 
Aun No: 
Job N,1: 
C!ien1: 
Project: 

nterprelation 

..t-Aelease 1.22Aev. Formal: NU 
07-1210-1008-4364 
07-804 

Imperial 

Civil & Environmental Consultants 

Site: 
Locatllln: 

Pond Creek Mine - Williamson County, Illinois 
CPT-6 
Pond Creek Mine 
20TON AD211 
07/31/10 

Ma!erla! TYQAS and Uni) Weight /pcf) Phi Avg. ~ ~ ~ 1£..filg.. 

Cone: 
deo tsf Isl % % 

1,.-,12s:..jAes!dua1 Soll I • 37.1.6 'J,;'.,.1.38 1,:.45.31 .:j: 35.45:,1 , .. 2.55 . I 
CPT ['ate: 
CPTTime: 
CPT File: 
Nor\hi11g {It); 

EaslinJ (ft): 
Elevat,on (ft): 

User Inputs; 

Assumed: 

12:00 
804CP06.COA 

0.000000 
0.000000 
457.8 

Water Tare Depth r'); 
Nk: 32.3 
Stale Parameter: 
Unit Weight of Soil (pcf): 

DD Ground Surface Elev. LillD 
c:::IO 
~See Below 

CPT area ratio: ~ 
See Below Copied from ConeTec CPT Data Fire ------------------ -------------------------·--····-·---------------------------------------------

Depth 
(II} 

Sample El. AvgQ\ 
(ft) (ts!) 

AvgFs 
(Isl) 

AvgAf 
(%) 

AvgUd 
(II) 

Oto 
(tsf) "'" (%) 

,, a F SST U.Wt. 
(pcf) 

TStress EStress 
(tsf) (tsf) 

~:~ {,jil]!!i,)f:1i:I,~f E-:,{it~ :, ::i~~,:f!I:m,~;;~~lj}iI,il~ii~r~1,;:Uiiit;ii~Jt!Jii;~;I t~:m~, 
,1.8o4:\·.'i·455:9g6.':F -
2.1:i8 ?i.,\is5~sst.> 
2.46J\::(455:339\; 
2.789·<455.otfr! 
3.117,<}~.683\ 
3.445:: ·'/:-,454.355~': 
:u7'a')')454.021,;'.: 
4. 101: ;-:.:'J-453.699_.'0 
4.429 \':·''453.371,'.'f': 
4.757 '~<,·453,()431( 
s,oas, ?•/4s2'.1,1si< 
5,413·:{:· /;45Z387;'t, 
s:;;4r·/\_45io5~} 

::d:::;i\1~~·'.!;~/ 
s.726 ,if:,f 451.074,::, 
1.os4:::.,\4sb:j4s3} 
7,382 /"i460.4t8T
:7_71:·:'?. 450.0!10{ 
8.038:',_,_:, 449,762,i;' 
B.366 .'_; :·_,,449:,rn4:; 
B.69•fi1-?' .449.106/i 
99~325~.: .~?! ::::rsg iJ. 
9.678 ;.,\,448.122? 

Jm~1~r1~[i:f f:~t{jif'~~i~II'.Xl:~i~J[I1;i1IIm~1~[!!/If iim ~\f ~1,~ii];1;i:~;,~:rk 
, 11.s,11 ',446.153,:, 22.09 ·'. ,,o.aa :: ·:,;-:· .3.9. ···,.:-2.01 · ': a2,ts9s.'" \4.02a·t_,'.'2.sa,._:.:r;,s2.21·.~;,:'-.4.03.>i(:;,&::4s:1;:1:.::"r1s5.oou(o.1a9 
1··'11.975 ·.-,.- 44s,a25:_:; 1s.s1 .. ·.:-·.0.82 · · ,r2:-• ,.,-u1: '21.ass1.,A~60 1·-'2,75:;';21.aa'':Sit4)3s>.r,,.,,t\~4:•>'.; · 13s.oo ':o.'7132 
:··,•12.303 _:{44s .. 49r.:: 18.59:f ''0,79·, '}:26·,; , ·-o,1s, 25.9231'- 4.437: 2 78•;' 25.92 ,1 , 4.441

'. '~ "J:4 J \ 135.00 •:vo,784 
. 12.s:-11 •;'. 445.169\ 16,32:' •"0,81 _;•,4.95, I :,0,6 t 22.2013 '5.221 <_'2,87 ~(22,20 ,~\ '5.22' >'':,ft"•/ 3 •<n 135.00{ o,~ 
12,959, · 444,8f1 ... , 1R07:_., ... o .. ~- ... ::'i:.4.3s·:., _ o.74 i-~ 25.6676, ,4 sso ,J 2.79>, i2s.sz j;/ 4.ss:~,--;:i;:a 

0

d\;i35.oo\ ;o 

Ueq 
(Isl) 

Ca 

13.287 444.513,,' _2t2:.;-,· 1 'f·\4.73'.,'.' 836 28.16\7,"4.914 ", 2.78 "";28.09 ;;;_,4,93•, ,,)1 13",./,
1
-c-:135.0071'0.850 ,~ __ 

,. 1s.s1s .. '.··444.185;'. ... ·2of 1~·:/o.9s: .·' 4.sa·: ~ ' 10.95 26.9943 .;:;:4.791 1 ,~2.79, , '26.91 7 .-4.a1 ,.;>./;.;: a ,"'" J 135.oo- o 872" ,,fozy-as;;f1 o.13a ;/1-1 

N60 (N1)60 
(blows/It) (b!owstfl) 

13.943:,: · 443.asr::i 2s.i,2: .. _":,'.,:·1.2. i-t·_. ·s.2 ·. 13.55' •. 29.7762- 5,399 · 2.79 ,r~29.66~ "-s.42-.. :/'/ :r3/'.,\~13500f•~0.894fc0,746',~l,o.148~1'.1 
14.271', ·443.529'.): 29.53_<>.!.i.34 :.:-:_: 4:53 • 13.72 37.7323 14.683 2.68 : {.37.63 ·t, 4,70::, ' 4 «: ~ ias.ooi

1 
0,917·y;I0.758_' to.15a 1 {148~;,,7.831;,1,, 

. i4.fl O ,,144il~OO: '<: 26.,74'.tr,0.91_:':-;; . 3,3~ 16.67 33.4964 3.527: 12.63 33.37 1. ~ 3,54 :·',_,A"'5 ~~: 135.0Q,~' 0,939,' ;-0.TIO _'.0.168," 
0

1.139} l, 6.e21:1{i 
14.928 .. 442,872;\• :20.25.'!·~' /0.7 a.44. 21.11' 24.6608. 3.629 • 2.74 -24 49 ;. 3.65 ,,~ z•~ 5 ",· /'135.oo ". o,9si;,..1 o,'ta2 ,joJ19y,Ma1""~'?s.s:r,, 1J!,b __ 
15.256 442.544,' 17,79 :~- ·o.s2 .3.49 24.51 .21.1653 3.689 2.ao 20.96 -,s.12, ' -4 '"' 135.00- •0.983 ~· o.794- ·o.1a9",.~1.122::1f 5.oo ~ ,-•s.61' 

s, 
(Is[) 

qo 
(Isl) 

Fe 
(%) 

Phi 
(Deg.) 

c:-,f52433i'7.;_50,16'·i 
-.'-1 2.3aa :;1;-.45 .. 91-1·1 

. ' '!11)4;~5)1 
l \'t~4,_36;'.1 

•t(!;:*l 
~.42;! 

~;!:·U 
.:s,iJ 
,."53·.~ 
i;1~fl 
-:67Jj 
1.7,1-1, 
.':,47.ti ,••~ ,28, .. , 

:40_133:? 
-~!fa5.~ 
_38:S~fj 

:?}H 
..•. ,,i)-

'.1EL!~/36.74!1 

, ~.:.~.'.:;}~;~:·l::~ 
~~;:12~8;t]~5;~3 .. ~ 
'17:.2B~0\~6.61 _1,, 

,ft~;\t·~s.4~] 
is.543s'.h1a6.'43,-. 
~a;~Sllt~·?a:1.1q 

isifas·.84'.,l 
ia·Hlas.o6:1 

·¼-~ ·:· '"'' %J~:~9-1 
. _ .. B(fi34.2l\i 
19~37f~5J:,:34,,0B;,j 
3_J1031);f:3~,:1Bt,~ 
?0S6fi'1_32.73J: 
,c441,li1.'fo.1 ;76 d 

' ·,•:!;; :I'• 
::•?05,8 ,';;132.~7'.-:Jj 
,,oo.64,-:u.3a.24-:, 
:.ss_1a~/' .. ~a2.91} 
i!.6as5f;it33,58'1 

29.~.Jt\~?~12sB2J;:,as'.ofi 
;261~11'::136:~3~fi ~4.31 /j 

3-1;:;~:2011J!;)1_}~~6233~Y;32'.~9'.i 
!),_! .'\);1.7,63,-10:'.\:45,.82~7~)_. 3:\;41,· I 

/-"" 
I 

...._ 
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-- r-'•,········-···· ·-··--····· ···-···-····· ····--·-·· ···-··---·······-· -·-······· ---·-·· ··-·--··· ··-·-···-- -·· /~c--· ---····-·-·--···········- ················-·-·······--··-·- -··-·-· Oep(h SJ . AvgQt AvgFs AvgRI AvgUd Oln Rln le Q F SBT u.'A ,\ress ES\ress Ueq Cn N60 (N1)60 Su qc Fe Ph\ (ft) (tsf) (ts!) (%) (ft) (ts!) (%) (pcf) (tsf) (Isl) (lsf) (blows/fl) (blows/ft) (Isl) (Isl) (%) (Deg.) 
·1s.sa4 _442.21s. 1s20 _;:.::o.ss-/; .. ,:a:s1: ; .. ::2a.19: ::11,110Ef/,:3,553./_,·'-\2.a1~, ~S.912.:.; . 441.eaa· "/ 12.1a}:f1:o.·44''./ t~•-3.45 · -~ · .. ,, · · 

· ·16.2~:· ·441,560 ':'._.,o.ag 'M3;-· ·:~.91 
~:1~tr1}st1sstzlso.2S~i 
, 2.?s:-:;J~,~6/:rf::B,84_-~; 
:,10:7{~RJ ~1_,,5~12/¾;21:-597 

-, •. , .. ,½ 66.0979,1-):27;42, ,1 

·_52·.a-448·-tf '27'.23· $ 

:r;1!~:i:r~ 
.:i9a42::Al:iia:01-'.::l 
~:.C1g~:i;{?a.Bs!~1 
5_.2968.l"i,30._07,_); -' 19.193 , 438.607 f 23 8' '. Q,68 '' I 2,76 .',.' 108.66 24.0676, ,2.;927,t' ~2.]Q ,1~i'23,34'•~;'~ 3.02" I I /i'/5'.:J,l~: 135'.00'•1~1•,249"3'~1 °'937:;g¢Jo:afat?£110aa5f'.?(5:231,~'.}~Jis . .w;:mo:a98'f1~'2a,121'l1;4Q.6187t"fu:32.12 1j ,' ' n\ 2 ''"' • ' ' ' ' lj 1'\,~25 e-F~'"~ Y-, '1• "' ,~K"'o .·,·,,~ ''"'2'"1~ .. ;.;,,',, ,,4"l;; ""'' '~1,{ ", \ 19,5,!1 ". '" .. a 27ti. 6 .. 5 v·:·.·.?" .. !1.a.1 .. · ... ;,-;·"·"··:;:.4.94>.: .,, 95.15"' 26.5877;, .5.192. ,2.83 1~ .97~;,.,;'5.32 ;,q ;; ;3, •"?-t, 35.00, J 1:27. 1};;;:~ .949%',%X0.322~tih0 7,?:t __ 'f,f7.69l'J[t0f7811," ,"?5 91 p~7-..767?-l\i32'79•J 19.s,lg ,'. 437.951 .. 23.66/':?' a.as.-::·· :{1a:s2·J 2044_ 2a.2193 3.711•' 2.16, -· < 2a.1s\1/.a.7a~ ~,,f,\5 ,,: £"t,1as.oo ,.1. 1.293 l, o.es1 ./:,,0.33?-''.;~102q~J "6.ss~i.,: \a.69:1~o,ee~1'i'::'ga.54i~~r.4~.ea2u, a2.b1~ ::. 20.17,7_·.-:.\437:?23~_1':'(:18:99/):::i.oAe {'' _}?,56.> , 2a 01 ,~18,n:oa1 ,2.m ,• ,2.11 · ~J- g1~00'", <;12 80 .f'", \-:.s ~-1 •"~1asoo;,.~11a1s,1',jl o.91.t,·1}:. o,:'42]ft1,0141J;¾Jf5.26\•,}J;::s.34 ~l,to.541:1t1{Jl.t~2.§li54~.4019,;t3047,, :-.·20.so5\-/437,29S.<tx,1s,ss:.\/t\0:1a,-.;;';'_, ·:, -4.1 : 37.55" ~·11.sam 4.429" ,2.91k '.•>; 17.65 \ :.A-19•/',, <;:4 '(: ·-;_135.00"h,'1,337,"j "0.985 1'"{f 0.353'.;fz11.oos;;>-1;5,65 ~"' ~'5.1ot,f;: o'.s45~;,1f 1B.?~~j52.~92a ~\30.351 20.8:!3';'..o:;:'·436.967'·,', .. : 49.87.:.'(\,;,2:16· :'_: . 4.32· 21.s , 48.6795, 4.453~-r 2.58 °,-'"48.51 , '4.47 ; ~: s ·' ;·,fas.oo t:" '1.359 )t\o.s91:,,;o.asa;,;;t1,002;:;1r~2.a1tn;tl12,6:i,ii'ltso2~1\1,149ai;;;i34,6157,? ;aa.57; · 21. Uiki\ :435,53t.: "83.66. ' ::; 5.;29.:·. ' 6.33 -14.43 81.5902 ,,6.429 '2.56 ;', 81.68 ; l- 6.42, . ' 1

: i 1~ ~;~' ,135.00 , r 1.382 i,;t1'.008~ ", 0.373~0-_?96fjft:20.96''<:}j,20,8i\ ~;i,2!547,lt;,'i' 83.~5 :\)33.2996-,' 39.50: :1 21.489 ,,'1 "1-36,31.1\::·243;9~:,,, '10.44'. •: ·: 4.28 • -17.83n 237.74 ' 4.304 '.' 2.15 -: 1237,85 .' 4.30' ,i,/ 1L'., :, 125.00 \ 1.404ll
1
%11020,\""0.38~JU0.990i,_¥J;S0.99, / 1 , 50.4~' ~/\ 7.510)\f 244,09:J'.S17.4322:J_r44.88r! 21.817 435,983\:;338,34.' :'16,44_• •',' 4.89 •19,33 324.451 t 4,909 ( 2.14 324,57 4.91 , ~, 1F,"t .135.00, .'1-426( 1.032 ", 0 394J; 0,984 '0:!'69.87 ,Lq,'68,77' r~10.369t ~335.45~ ti6,975i \46,29 IJ 22. Us .. 435.655:: '.423.23 · 11.94: ·.·4,21, .19 68 403 946 4 253 2 04 ~ 404.05 ' 4.25 ,·12 '~> 135.oo ' 1.448, ' i.044 "'0.404 ~'"":_o.979, ~\ 84.s1'1 ~ a2.1s ·,:13 058 <__ ·,J2a.a4 , 014,0663-"'!17.24 i 

u 
C 

~ 

--1 
Cl 
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ConeTec Inc(· nterpretation 
Jnlerpr,,lation' - Release 1.22 Aev. Format: NU Imperial 
Aun No 07-1210·1008-4331 
Job Ne: 07·804 
Client 
Projecl: 
Sl!e: 
Locaticn: 
Cone: 
CPTD3!e: 
CPTTirne: 
CPT File: 
Nortl1in11 (ft): 
Eastin[! (It): 
Elevati-Jn (It); 

User Ir puts: 

Assumed: 

Civil & Env!ronmen!al Consultants 
Pond Creek Mine • Williamson County, Illinois 
CPT·7 
Pond Creek Mine 
20TON A0211 
07/31/10 
07:58 
804CP07.COA 

0.000000 
0.000000 
457.8 

State Parameter; 
Unit Weigh\ or Soil (pc!): 

DD 
0:0 
~See Below 

.~ 

Majerial Typf!s and Unil Weight /pcfl Phi Avg. ~ ~ Fe Avg. ~ 
deo Isl Isl % % 

~Residua! Soil I 39.96 I ·:·.1.80 «1,,.58.51'>'.",I ,25.19 ·-1.,2.31, 

Ground Surface Elev. ~ 
CPT area ratio: ~ 

See Be!ow Copied lrom ConeTec CPT Data File 
-------······-················-·····-····---···-··-······-····-·--··--···-· --···- ··--- -·--·----··-··-· ····-·-··----·-······-··-·---·-·-··-··--·---·--··-·········-·---·-·-··-···-

Depth 
(!t} 

Sample El. Avgat 
(It) (tsl) 

AvgFs 
(tsf) 

AvgRf 
(%) 

AvgUd 
(U) 

Oto 
(Isl) 

Ria 
{%) 

le a F SBT U.Wt 
(pcf) 

TStress EStress 
(tsf) (tsf) 

Uaq 
(Isl) 

Ca N60 (N1)60 
(blows/fl) (b!ows/11) 

s" 
(ts!) 

qe 
(Isl) 

Fe 
{%) 

Phi 
jDeg.) 

o.164 457.636. 98 0.17 1.69, ;053 ,955098-1.737, 1 1.54 -955.10' 1 ~1,74 ~~,-s:-,~'12500~~0.010!1;001ol~ftl.000~'2.ooo~f'1-te4' ~f327'{to,3o3 ::~9.8;)i""3t41567 Stl67.' 
o.492. ' 457,308 3091, o.44 1.41 , -5.98; ·1004,2 1.425 J i.45 ,-1oos50 •. ,1.42 1.,,, 6 /' 126.00\ 0.031'.t -0.031,,\½'o,oolvl.,2.ooos<;".:s,02 , ilo.05 "'J! o.95B11 ~,30.9s, 1\21isao5l,,50_95 1 

o.a2 ' , 456.980, 42 · o.69 1.as :14_97, a1a.s12, .1.645 '¾p1.54 < 820.46 1' '1.fl4;, , ::'1:\ :;,:.125,ooJ. ;,o 051 ',:1 ',10.ost-;'tl;o.ooo,t-t,2.000:'::.tj-,03 ~:( 14.oz ~11299::' , 42J':..'!f 03.40523'< 50,09 i 

1.148 · 456.652 38 42 t o.68 1.76 • , -15.0B' '634.47 1.n3 , 1 64 ·~\5as:as\1, 1.771 (• , '"6 /~,; 125.oo~ ,o.012k 0.012 rto.ooo \'{2:000:;,,;;1. S.611 \}_;1, 13.33 1 ff-?11:1s1{?"':3a_52~ ,s1ios0s· -1s·41 , 
1.476 , 456.324' 35,13 , , o.57 

1 

, 1.61 - -15.89 ~ 379.813 ~ 1.627.' :, 1,6B ' ..,aao.9o;t/1.62;';~t;.,;"'"at1t(~:·125.oo ~:.,o.092f:t"'o.osi1{}t,:o.ooo1'2.0001iYt,4 e.1s"f-·v12.3s;t~z1;oa5' itj;35.23l~ s.a202a:~ '4698 r 
1.804 , 455.996, 33.61, '0,6 · 1.77 , •-956~' 297.093,'1.791il' 1.78 297.63, '1.79·;1»1,,,6' ,.·.·i25.00]..,70,113l?·&0,113H:·o.ooo,,~12.ooo?J~1;ejO)~,' 12.20>;¼w1i~037.'.'0'f33,67: "'7.65399;,145.90) 

, 2.133 . 455.667,, 35 29 1
;~ ,.0.19 2,24 ;,o_3 '263,718,, 2.247 J 1.a9~ 1-263.79 :~ 12.2s' "'~\:{a/ -~~~125 oo\t'.>0.133,&~0 ia3,114;0.ooo t,2.000'1?e.es',.;,,,i:,.,3.32; 'd,1.oaa i:f£~5.sfj\1b.1362t 45.35 ; 

246i' 455 339 -} 39.86 1 ' , 2.5 , 1 ~-0.42, .-258.147/;;).518/" 1.941:• 259,15~:::.""2:52 {'.',:;~;i eJ,1'f1-12s.001%
0 
.. ~.154~.;'0;154\¥t~o:0004.~2.oooi9~1.ss,. '1:, 15.30-:J,~1:229,z;:_39,a5;"l, i1,2167;:-45.25 { 

2.1a~ 45s.011, .41.14 1.05 2,55 , -o.4s:, 235.013,( 2.ssa< 1 1.es, '" 235 01 •~ 12.56; :;~.: e'~f1a~~ 12s.oo ~g;0.1741~\,o.114;-1&,o,OOC1~
1
,2:ooolu?7,9sJt:t;,1~.97 J}·L2ea.;!t,4M4 it• 12.01ss1::?44,s2't 

3.117 1 '454.683 J' 36 47 , . 0.82 . 2.25 ,, •0.6 186,206 ,2,260 , .. 1 98f ,rJB6.26 5 '2,26~4'>11) 6 ~),'{"1, 125.00 t;~0.195},r:o.1~5}~ 0.000ft 2,000}i~7.,12¾"fJ14 23J{'i:1l;l23J4;¾36.48_:'J{a12.3943~,l43.72 [ 
3 445 454,355 , 34.59 , 0 81 ,. ~2.35·- j, ·0,76 "f ::159.65{ '2.356 2.03 . 159 65 0;2.36t ,Jt.,c 51

1' ·,¼l 125 oo,.,_ 0'0,215• '0.215 ff~o.oob '.f\2.000J;,\~6.89 t ,:, 13.79,.1B11.064r :,l 34.59~,.1,13.9069} 42.96 , 
3.773 454.027 45,1G' • 1.24 t"· 2.75 ,1 , -0,76t•t;1go.5os, 2.160 1

'' '2,04' 0/190,51 1§' Z.76 :::,/~ts:;,\- 125.00 i10,236 if,,0.236:!f;oooo\12:ooot\:J.,9.oal1; •• )5,oa~if1'.'39ti¼;:"45,1s"\)b4;114a9i-ta.e2 i 
4.101 453.699 ~· 52 95 -/ 1.11 · a.23 _ -0.23 ,$ 205.584,;a.245,1 2.oa:::, 20s sans;;, 3,25,~fl.f·;,,61' ti@;:126.oox ·~o.2ss\p.o.2S6~~ o.ooo'}v1.9tsf1iK11o.7s::~1;21.24z12,;1:631 1J~}s2.9f··tf1s,21asx.;;44_19-\ 
4 429 , ~453,371-' ''39_45 ' 1.59,, 1 4.04 ,\' 4.97·, !141,s1sf 4.059 1

' ,2,2s , '141.4-1 ;-' 4,06'tf1} s; '":;r,;125.oo ~J9.2ntAtro.2nt~1;0.ooot1½(ao1ir8.6of~1 ,:~s.3.i''~t':2.13~~~i39.42~ 1(120.aga1\42.S6 ! 

l:;H '. :~;:m: , . lHI ·; ;.~:i : ·'.:'J~:·· :1: :~::! .. ,~:!:::·.:~;~1·:·~~~ :.i .!:::n r!:::ili;~if ii:1:l::1:{::i!:~~::!!:~jHEili~:il!S~i;~;; f !tt~gi:~ J1i~~~j~;m~ i~:: J 
~.~:~ . l;t~;;,, :~::;: ~.: g :; ·:: ~~·.~ ,::.!;:~: '-:~:::: 1~:::~~~ :{:: , :i~::;:: 1!~·:::tt~ \,;~ !i(\~ :::::g:{:g;;;:t!g::;:,.~)g:::J;;:;:1~:~i,~;1t:1\lg::::~~~~l~i!if~;!:£~~,-:::~1J 
6.398 451.402 i : 9 96_' ~ 0.31; '' 3,07 ; '",23,76 23,9078-:\' 3,243 ;,~ 2,72{', \23.53' ~\}"l3.29 \':-c ,.,', 14 r .)'·~:125.00zt--;,0.400>: i 0.400.,$i0,000 t~i11581,~'§f2.6Tk;I~~4,23(,io)9~;;;Ji19,8Hfi; ~1!7687,r'J02.os•' 

· 6.726, , 451.074" 9.7 , ·' o 29 ' 2.95 j 38.B, .• , 22.0746-''°3,125', 2,75 -' 1 21.50 ,~! 3.21t _ls~:• 4., . ::.,125.00 .,,; •o.~~o!)," 0.420 }:Z0.0001,,~1.54Z .. t~'?61:-,yi¼. 4,03 )fl\0~287.~,,.}f9.46f.t 43.0291r,t:_31.50 / 
7.051- ''450.746 , 14.29 , o.M• \ 1 2.35 ', ~7.48 , 31.4128 ½-2.455(,,,•2,56"7 :a0.73~" 1 

•• 2-?1£";,:,'>'J / ,5 ,, J 
1 

t12!i.OO £,. 0.441{'!. 0.441' ,1vo,ooo_';-s1,506~$~.S1v,;{,,,s.2al; lt?o129~j~;13.99t:a3.431r,z1133.76J 

7;~:,2 ~ ::g:~!~ I ~t: / ;7~, 1 

3!1 " :2~1
9
9

1{!;·!:;:,1 
:'.~:; (.1'~:~~~:::::~~~,1,"!:i~}\ :~t!,;:t(~~:-:i~,g:::!:i,~:!!!i\i,g::~~~'.:~Jr~2::~!tli~;:~g11;g:~},1r1~~:~!\~;~~~a:9~z,:::!jJ 

' ' ij;> eye'\ "~'j " 'C.lo.\ '"_J;) > _;¼_1~t<»,, h,c,, ':441'<' ,1' "'~< ~; .Jl' 8.038 449.762 ; 21.3 , "0 89·1 
, , 4.19 , 65,68 1~41.3986 4.279' 2,63 :· :40.58, /i4,37.tf """\;-~1:4, ,1<,rn 125.004 ,0.502 ,~t1-0.502 ~~ O.OOOllf.1;41 -µ-11~15.:43t.,<;Jrirl·66:;' ,s;A644 /:'/20,B9{1]?36.9226,f 35.<t6 I 

8.366 , 449.434 v. 20.62 o.75 ' 3,62 74.41 , i38.435B •3,132_ 
1
2.62 37,54n:'s.02; :·, 4 t_ ~,,, ~12s.oo-, ,o.s2a ,,:_;,o;s23 r-::t_o.ooo ",yt3aa~vh5~19~.lW· ta• 110.s22:\"r~~20.1ss:~ '36.1201!:' 34.99 t 

s.694 r 449,106 • 21.11 0.13, ', 3_35, ' 01.34 '38.954 ,:-,3.449 i1 -2.s9 >sa.oa~..,_,-~ 3,535.*\,1 vs _;;.;:,,f12s.oorri{o.543\~ o:543;~ \0.000{i'."i.3~iJ!5,39t,t, '7.31,~1.:o.6~:Bff~21.217.£,t34,7719i,,35.01 , 
s.022 448 na '22 25' · vo.62: · · 2.79', ~ 96.35 , 38.4768' ,2.a5a ·., '"2.54, ,:. 37.41·: 2.94. 1:ft:,;•.s'",-:.:J/ ,125.oO-;;>.o,564~;:i o.56~J'.i•O.ooo '-;. 1:~201~1tas.3r.:r";,7:1sfN °¾"0,012~ ~.- 21.66:•.:3:i:.4751:;· 34.97,1 

,> ; 4"" wi O ·l,.., 4 ~ 31 ,,~.,;,: ,sl;:13500''0584'''058Qf0005 1 1 -~Is:';.' <·Ip;,;.\':-. t. * 62 "•2 i~~J j ,f, 9.35 448.450 20.7 0,61 2.93 , 91.7 , 34.7004 ,,3. 32 f~59; ~• 33,70•, . 2• ,r,~)5 iJ'"~,i,, . ';(°', , 0/ • , >,!,i • A.J .3130;'1 f;0:121 '-\ tl,73,; 1<\0. 3 !J•1~ 0.12 1 ~-9 06)';; 34.33 
9.67$, '· 448 122 20.96 ., 0,7 , 3.35 " 82.7" 34.4041 3.439r:~ 2.63'", 33_53~ ,: 3_53,;''1°'1:a;b:is 135.00¾f 0.60741:>'fo.592{ o.ol5~V1~300'~, 5.so:::.,fl6.a9!\ ;.o.630'-');120.44~-l·3a_7405f34,30 , 

10.00!3 ' 447.794 23.37 ,. o.86 · 1 3 67 • i 95.38' 37"6819 
1
,~3_7921.,, ,2.63"' • ss.10 --"\li3.8a1 1d:};,~s:01;,-'f;;:-r35,oo{: o.629ti\, o.ao4f}~o.02s-1:tl1'.28~1s.9o!My7.6b ,yi:o.704:~t22:1ashsa.1os1t1a4.86 ] 

10.3::-s -447.465 ° 23,21:, ~ o.93. , , 4.02 ,; • 55.47~ ~ 36.6541~:~ 4.122~ . ~66 ~,-• ,35.79,\~4.&!\,~fJi:-;,::•w~ oo ~;o,651/t1'0.61so,µ .. o.Oas~1;21s;,}fs.a8t"J-;,~:•:.~,s2:T[b{Jo.fm~;~i~22.6a'f~f38'.382a.., 134.71 ~; 
10.663 447.137" 22.a1 - 0.02 '! • ,3,68 :' 48.55 34.4891 ·3.790~t 2.55 1 ,·.3,to1, k{ 3.84 )i'.'f, 4;>i • ti;_13s,oos:;;cgo,61a,ql4 o.a211to.046'{J~.2ea,1,~'5.77}/t'\f1.28 !~o,670 f;¥22.oi ~hi37,77:i7,t\34-40,; 
10.9e.1 446.809 '; 21 94 o aa • ,, ' 3.79 . 50.34 c 33.2333' 3.907 ~ . 2.61:,._' ,, 32.13 •,~aw,1 f'< '4- (· ''::<t3s.oo':1010.ass ;..,,,;o.639 @t,o,055;e:i~:251Jf~js:13l~:z1j1s}1fu;10,6SS;)b' &1.a2,:,:~.aB,am1" 34.11-\ 
11,319 446.481 23 94 , '·o.ag ' 3.73 , 69.05', 35.6631 't3.832:; : 2 64~ ~ 35 oo {,',3:90

0
1 / :}'5 '•7ll 1f135.oo.ft:'o.111,f'Y~o.es1~~£p.066[;fa:2a9:h~6r1s:,.;½ !~7,62..i'1Jpo,i,9:1-:1i~2a,51\"'¾31.5487 \34.58-;.E 

11 647 ~ , 446:153' 31.54 ' 1.411 •• 4.66 33.07 ' 46 451';1: 4.n3 2.62 ; , '46. ia, r 14.81 ~' t 1 ;4 ~' , Has.oo t.,yo.739 ,,/i.o.663, :w.o.016,f'~h228::;r1jfa.10~,,~ 't"I 9_951t\!if 0.954f¼'3_,1.33, ~S36.4723r a6.24 ;; 
11.975 445.825 '52.03" 1,94 t 3 73 1 i, 5.47 ,·759552,' 3.784 ' 2.40, ,, _75.91 / 3:79:' 

0 {;c ,5 '; d-;135,00:,1 ,O.i62~,,'.°q 0,675~1tio,oa1/~':i1I211~1i12.09';~,~14,71 1 tiu1.587 ,;1•J::521 ·,.,;,! 25.4167,/39.08 ! 
12,3ro 445497 68.4 

1 
2.67 • a 91 ' •22:86 ';98.43851 '3,949 ~ 2.34~ " 98.66, ( '3.94'1':•,P,s. A;,' 135.oo • ;,o.784? U

1
0.sa1f ,;o.097,f:~;1'.20~7•,_1s.s1~ 1' %11a.'11~ 1-ot093, it 08 sst'\I 24.0213)<'40.so 1 

12.ast - 445.169 , 53_25, 3,19 6 , •. •25.04 1s.oirn4 ~ a.003 '2 56, ,."~15 26 1:,:6.01"· t ,3' f ;r~135.oo•.'- o.aoat':; o.699
1
ik "o,101.f1.1~1e&1'?Aiifa.a0;t~ ,;,16.0t•~ls• 1.0241~·;:,sa.4:\ 'siU083r ,39.04 1 

.12 9~9 444.841 , so 44 • 2.84 5.63' ; 1-25.2 ~ ,69,8071..:: \5:724 ":2.s6 1
,' ;10:03, :.., ,s.11 :.:~it~3tJc;;;C~'135.oo \;o.a2a~tf o,11i,"'~o.1n'.jJ1!le~.,jl~2:61~~~;1s.03J;11_i-1~a:~t1!50.~tt1'.33_35aa:~ 39 641 

13 2E7 • 444 513'. 31.23 ~ 2.43 ~- 7.n i, ·27',34 42.042.f"'"7.999 2.81 0 ,42.:28:f 7.95 ~t~ :1;3 r:-, 135.00~11•;0.850i:°%<'0.723$YJ0,~2Ss;],1761 ~8.97,jtp'l0.55, ~Oi941''\'/1131.4 !;46.j:i809~ 35.731 
1a.a1s 444,165 ~ 36.66 . 2.1a , 5.95 ; -20 55 ~48.723 , 6 091, 2 68 _ 48 94i ' 6.06 -,, ,•,':.3 1 r, < 135.oO~- o.a12";,,-io:1asjiz:,10.13at,lt1,167~~·},9.ao...,~, 11.44 fiiii,1,;iAos !;t,3a.a2. :-39.3835({ 36.60 , 
13 943 <143 B57 

1 
56 53 3.oa , 5.44 . -25.93 74.5365 "-5 53a: 2 53 , !"74.75.' 5.52, '\.-; 3, '-t'13s.oof d.B94, ~:.,o.14a.1S :o:145d\ 1,t5,:J±.l".14.0ot::~ 16.20 ,'tStLn~tss.69 ;~p 32.013t,~,3~_00 ; 

14 211 443.529 , 129.14 ·' 532 . 412 , -2s 68 1a9.oa1-· 4,149,, 2.22 ;. 169.30, , 4.14 (, 1 -t1; :::1tti;1s5.oo l, 0,917,:J" 0,758 ;r:o.1.5a:?1,14a1;J~r.75,:- a1.86 if3.970ft~\)129.3 '5 1j9,saaac"43.26,-, 
146, 443200 24169" 013 :s.37_ ~-25.73~,312.554:,3377 2.00 _s12.1a 3_37-,- -12, ,'>135.oo o.as9-*_;:o.no1~\o.;168·t.1,139,p~~47,59,;, 1~s4.23;41.,454-f:t241.B5112.99a1t',45_12~ 

14 9£8, 442.a12 _ 231.67 . 8.ea , 3.st ,_:25.66 294.958 _, a.021, , 2.os - 295.16 ~_.3.82_ ::_~{.12 1 
_ 7, 135.oo. ,;_ 0,951~_.1:o.162 ,'.,' o:l79 ,;;1:131!\:,_, qs.69~t~_:_s2.~o 1r7 1t143,;J231.~3'.i½t4 6671f;145.B6_~ 

15.2~6-, '442.$44 , 258.78 : . .,·,a.as: ,3.46 . -26.07. 324.647. 3.472 -. 2.00 324.85-;-,:•.3.47,- ': ·:t12 : ,,- 135,oo v.0.983y, o_.:794;.:" 9,:1B9-_d,L122;r',.:5t.01 .-:\'.._57.24~;:.:}·7.9BJf:'.J·,2/i8.94.-1/,:_i_~-0637:1:,:;46,_29,,:j 

'-
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--------------r~---- ------------------------- ------------------------- ----------------- --------- ---------- --------- ---------- ___ ,<\---------- --------------------------------- --------------- ------ -----Depth 1_ El. AvgOI AvgFs AvgRI AvgUd Otn Rln le Q F SBT li. fStress ESlress Ueq Cn N60 (N1)60 Su qc Fe {I!) ,.,J (!sf) (lsf) (%) (ft) (ts!) (%) (pc1J (tsl) (tsf) (Isl) (blows/It) (blows/fl) (ts!) {Isl) (%) 
Phi 

(Deg.) 

15.594 
"15.912 

16.~'.4 

, 442.216, · -285.8 8.43 
441.88Bi/'..2TT.04 · ~' 7.22 

· 441.560 , 219,73 '. ': 6.99 

2,95 
2.61 
3.18 

:, ·26.9 353.348, 2.960 ':·: 1,93 ·(353.~5 (: :,; 2.~6;-'. :,,:;r,::.12}'.f",;'._',.136.00 .\J,OOS'ih/o:Btls,rro.199 ~i-1~~ 14JY\51.ss I;:\;,so.90if;'.i·s·~af7:~~:~?85.96.(;: 11:12s_aij(46.66' ~ : :·-28.01· .· 337.467 i 2.616, : 1,.ae -~'. 337.67·~' :. 2.61·•p),;;:\'7):;,.;-t:_-.135.00, _: , __ 1,027\ .. ';:,: 0,8_18 i i;-0.209,i::j:.JOB)f152;2B-'.-t<:~·57,8~ \½-!'.: B.54?-.:;;:2n.21,,'.,"10.12?1:ilJ_;46.46-·; -28.89 263.533 .3.196 , 2.02 "·. 263.75'<· \ 3.19." •. ,,:'1?·¼>·,;/,·135:oo; ~·:J,049 X0/-0.as_o '.i:::9.220;;,:,,1.091F?:t 43.~f·.',\.'.'47,.8J j}:,'.~.:7!0/:>'5_219,91;"c'·;i3.4:47.t: .. 45.3?.): 

.......... 
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Civil & Environmental Consultants, Inc. 
Williamson Energy Pond Creek 

PROJECT Deformation Evaluation PROJECT NO. 072046 

072046 

Normalized PS-CPT Data and Parameter 
Correlations PAGE 3j OF '18 

MADE BY _.::.B-=E-=G'---- DATE 12/28/07 CHECKED BY /U 
l 

NORMALIZED AND MODIFIED BY CEC 

DATE , l2,1 /. e r, 

CONETEC, INC. - CPT DATA AND CORRELATED PARAMETERS 
POND CREEK- \VILLIAMSON COUNTY, ILLINOIS 

CPT-8 
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Cone Tee ln ~-- Interpretation 

lnlerpr-etalio', :•Release 1.22Rev. Format: NU Imperial 
Run NQ: 07•1210-1008-4303 

07-804 Job Ne, 
Client: Civil & Environmental Consultants 
Project 
Site: 
locatmn: 
cone: 

Pond Creek Mine • Williamson county, Illinois 
CPT-8 MaJerial Typrs and Unit Weight /pcf\ Phi Avg. ~ ~ ~ .1£.fil'.g,_ 

CPT D,ite: 

Pond Creek Mine 
20TON AD211 
07/31/10 

deg ts! Isl % % 
~Residual Soll I 39.90 ,.I .·1'70 .. :I_ 55.34.:,l"',26.74J :.'.2.35: I 

CPTT·me: 
CPT File; 
Northing (fl): 
Easlin11 (It): 
Elevation (I!): 

User Inputs: 

Assumed: 

09:53 
804CP08.COR 

0.000000 
0.000000 

445 

fl): 

Stale Parameter: 
Unit Weight of Soll (pc!}: 

DD Ground Surface Elev. ~ 
CPT area ratio: ~ 

See Below 
i:::::IO 
~See Below Copied from ConeTec CPT Data FUe 

---------------- -------------------------------------------------- ---------- ------- ---------- ---------- ----------- -------- ------- --------------------------------- ---------- ------
Deplh 

(II) 
Sample El. Avgat 

(ft) {Isl) 
AvgFs 

(tsf) 
AvgRf 

(%) 
AvgUd 

(II) 
Oto 
(tsl) 

Rio 
(%) 

1, Q F SBT U.Wt. 
(pc!) 

TStress EStress 
(Isl) (Isl) 

o.16,~ ./444.836 )·.11,37: · > 0.13 :.·· 0.15 ·.~·-. , ·0_3f:~•-· 16ea.63"C,o.749.:;.:,:1._12 -.;:-11se3.631:'.":·~o:1s·\if?T s:,_}if,/;r125.o0.T,C 
· .0.492.' :, 444,508 ~;':,: 21.11 :, 0,35 ·-·":"•_.i< 1.s6:> ._>;_1;s1:·J;:e87.455.l'1:ess:_.:;,,<1:s1,'.;:!i!'.eat.1a.)/)1;es'.:~~:t'?s1\'-'.ii/r1~~- -'"~ 

'-~~1~
2
;· /~:::::~:~?{;!~:; .. _ .\i .. ~::: ··;\s~~;:.·• 1<-~:~:-t,~1,~~~0tr~iliJ'.i~~:~ci:iY(.:~~::~:~til.~::}~, 

1.476 , . _443.524:·;;;.•• 44.4'; _i.:~J,4S .. ,/.:;,_ 3.29: _ , ·0,37. 1 I 480,301 [~3 295 t 1.91 ,;,480.30,!ff'.'3. 
i.804 , !, 443.196t":> 47_,24':,~.:::,:1_,66 '(ii/3,51>' ,', 0.21' ~ 417.98{ .3,522 7 )1 9$,• 1/' 417,98' ,' •3. 
2.13~ .' ::.442,8~11;1:l.sa.62< \:1:1(. _. 2.14· •0.23 416.22s/,2;141 '., .'1:84,, ,! 476 22~~::2; 
2.461 .. :,.·442,539>J;81.0l;-t·i, .. 2.67_.J·:-;:,3.29 ,,h 1.8 , 520.68 "3.302, ,1.89 :,525.820/'3. 
2.1ag ·,r442.211'\>a1.64 >, ·>s.1a,·~·/-:' 3.57 , '/co.02 ),so1.11s~ 3_579\, 1.93 ;~1so1,78fl3.5 ,,,,r~·-;·~,~,]K"''~~,~,?f ~~,~ 

·-1.05,1 
7,38:} 
7.711 

8.0313 
8.3613 
8.69,i 
"9,02i 
9,35/ .. i·' ·435;550(\."im:2e· · :; 0_77,:;:r.' 3.78. 
9,67ii'.'f:,435.322}:.' 22.23' 1.0:f;,.~'.4_83 '...J., 
io.bca·, 434.994. 27.84 "'~ 1.15"'•~· 4.14, 

. li:i!!<:~;i~:mf l;ir:ilf i?;!i\f f iij:tli!c'~:,t;.Y ;t:i:;~,;::HMt~ti;:1:~: 
11.647..>\ 433.353/.':' \·:·- 1,r-·_'.",t}0.91< '.,_.., · ;s.34 · . \03.97.:'_f< 21,aba2.···::_s:so1,\\'..:, 2:aai·f,~21::L" :' 

'~ !::~ !_,'. _,l:!~~~!tf ! /:~ :;i1) ·~ :1~ ;: ;. :· .. --~::::~·' ~\ 1i//~1~:;:~~fiJ::~!!Ji,1~: ;~--~.~-'.~J::~.:~:~it~:iihi~\ 
12.s21 :.; · 432.369{::, :23_53:, \f1i14 '.;: ·. ·. 4.86 ':'.~2.ssi:·:_13s.ooa8_'.:\s.020C:d' 2.11 <;'!'3a.02tfi/s .. 02'.'.tl,;~: 

~;:~:~<!~. ::1!~-:~1;:F:::;:::~! :jpf.~:::(i:;t;:::· -· /~;~~.aS:i}t!::i:;{f'.!:!!~:?:.;i:::;i!(!~::;ti:t~t_,.,,. >~ .. , ........ . 

Ueq 
(Isl) 

Co 

,13.615 v,431,385•1: •23;7, 0.95 fi::•• ;4,02 ,' , '. '.' 1,89''. 34.2297-,,\ 4;164,/1f,2.67"'.'.}f34,18c\JY:>, 4:17tf'c_,,,.Jf,~4 \.\",]"':,C:_135.00'.i,J)~• 

· ~:::;; .:·.·.,:;~:~~!h, ~~::; · ;;:{~::~ · :_ -: {t:;:: ..,(.(:~~:~: / ;~~1~4~;~~t;~ft: ~:~ )}i:~:~:::itt::~~-~lhl~!f~:\i\tJ:~:i~~j~::~- t.;\ ---.-~- ,.,~.... • . . 

14_e~ '430.400;;"." ·1s_35·· • o.32
1

' :: 2.os :· ·:;··24:25.":,'. 20.?023:/'.2:223·,,r .:2-er.-;'!: .:_20.~}:i:•2,2S[:.~''JE4:i5-:':J?Ji·13S.oo:.:::::.o,ss~t;;fo.102.:,\~o.250:;!.,1;1_ . 
14.9~8 · 430,072 '.; 13.48 . 0.21 .• :,.s2 .. 31.31. ·_;-17_5111·, ·:_1.679 ... ·2..so·_:; ,11i25'itfr1.11 ::1\.,::.\s.:::>y;;is5.oo_I!{ .. o.974·\~'i;o.714:;i:;.;o.2soJ+1~~ 
15.256 · 429.744 13.47 0.25. . 1.82. 40.37 :, 17, 1797: •-2.004 ' 2.72,: 16.64:,·:0'.\2..0S•l~ .. :,1 · 5.\: .. ,·:·135.00.•,·l-0.996•',<.,-0.j'261;'c 0.27.0\".· 1,.11,h:, 

N60 (N1)60 
{blows/fl) (blows/ft) 

s" 
(tsf) 

,, 
(Isl) 

Fo 
(%) 

Phi 
(Deg.) 

:3i;ii:~t1i;~t 1i{<~1ii~~:'{f; 1~:4~ -;~j 

:::::~ 
':fo1(;j 
'·.39--1 

9.¥:F;~::-;t 
1~._:f 48~ 14,, 
558;-1/46.~6 :; 
1.ci7~?4~;18:JJ 
1745_:~::43-~~:,1 
1226¼:<ra:10·:1 

· · ·.os,J 
,31))1 
,39,J 

' 

,] 
t-1.j 

·2;;; 
Oi 

_ .. -.---:,:,ci,"'"'·u!J 
. ..4,90B\'.1)34,ofl 

0~:1~,11~10,.a2sa:r3f'._9i,! 
'·':'•"'"'··'·..:3_54 ':fJ.4t:0417, .. :,'.,a9s :~ 

~;~;j:f,i;~;;;titl~36~~s~i~:;~j 
:~.70~,_l1t~~-a:1c;:t&~~:.~3s2.1K34,48 · ·1 
~;~?,d:,,ii;21,\?~/{.~.34 .. ~343w.:aa.83::t 
_q.51a,::,o:-;:),?1~~~!.¼~8-6!~.q32.28>; 
,o.44~,.{'0)FJ S:2::n;;39.052Z;ll!:~~ ,24':J 
0.087'J ;-,.; 1~-~ ,:s;saai6544;: ?;30.20":! 

r;,o~atn\(c 1 a.22. '.:r41.a202;:,,ao.os, , 

..._ 



R
13821

-··············//'~ 

Deplh f 
,~ 

········-··-······ ···-··-··-·-········-··-·- ·--·····----··-·····- ·-·-·- ··--···-· -·--··-- ·········- ··-··---··- ·-· \ ·-·--- --·-···-· -·-···----- -··-··-···· -····----···- -·---· 
1:1. Avgat 

{H) , .. , (Isl) 
AvgFs 
(tsf) 

AvgRf 
(%) 

AvgUd 
(It) 

Oto 
(ts!) 

Rio 
(%) 

,, Q F SST I, 
(PC!/ 

TStress ES\ress Ueq Cn N60 {N1)60 Su " (Isl) 
Fo 
(%) 

Phi 
(Deg.) (tsl) (Isl) (Isl) 

:,;:,~.·· :Ei:! ··•··,::!/:>,ff:~ .. ·.tij., ... j; .~::,.~:;;~::: ;;;:mi .~HI:#,~i~tl;;;~:!!:i{iut!\it1 j,tlil:~!~;(il~i;1ii•~!til~!r;~i1i1 
-1e.s13s . -.420.432\ - 213,9 ,:_·.:! •1o.ar :s.os ,:-.-; : • :~1S.1-'u21s,oss:.:/s.oao 1.<¥2. 1.8 ,:'.?:21s.1s :•v. s.oa'tH:f;L·;11t;f;\J'-1as,oo'·(fJ1;oss_.t;-;_o,n4:l1r;di311:zis1;, 
. ·1s.e~~ '":'.42a,_1o4\. 31a.Ss,.- \~4-_o3'. : _3.1_1 · · ">~1??3i :·10D.3~s/;)13:hr);: :1.ef;fi11lOABifo},.t72.fh-/;};'.1iMi.c:i1a7.-o~Ji~-'1',io1::~39:~~¢!-~{~0;~2J;t~:-1lJ 

11.2:~4 · 427.776\'_ 341.19 ,. 1.1s:02 ·i'4A ·- ·-, :_.~15.9f;'(426.134:?:4.41~.:/}2.o~.,\':;--~2s.2s-ltAA2r:,•,_--;:,;,_,12::-:-1i1r~~-13a~oo--t: 11_o129,:1;iff0.79B\W{0,33:t:~:!,i111· 
1r.ss2 42'?.448 , s12.91, 1s.43 , 4.93 , ·.-12:1,,-:,._-'3B4.69r>;4.94s::'.J.'.2.11. ',1/ _384.79>'~•4.ss,'t_·.-:::1_1 ;\,_" 1:,·" 1s9,oo:":;~J:.1s2 i:\:•o.Bt!>}\~:o,"a42{J~L1 

(blows/It) (b!ows/11) (tsf) 

c~~})t!;lif !E~jq,t;i}l lii;:uiiI\i;ij~ 
,~ t+;;·,~1 •1.9,;_J4,,1/3,!'i~91ic~h14"::f.'fi~-1-so~~<;-i5.:5s f' 
~3;:\t;Je2.~t;,t'!1 V3~s3t~\~1~-~~e~it-111.i?B!1fi!t7:,91i] 
32'i!i1.~·/6A~ "'1°11} ~-,528{?41~29 '.f:f1~•2i 34.,\t'47 ,48 j 

,.·2~·r.,·1 ,. ·:r.1,371,.:dti~-.~92 fo ~:312.~9 ,,t,)_t}.oa2.~1:::.47.o.3::J 

"' 
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Civil & Environmental Consultants, Inc. 
Williamson Energy Pond Creek 

PROJECT Deformation Evaluation PROJECTNO. 072046 
Normalized PS-CPT Data and Parameter 

072046 

Correlations PAGE 37 OF '-18 

MADE BY __ B_E_G_ DATE 12/28/07 CHECKED BY DATE 

NORMALIZED AND MODIFIED BY CEC 
CONETEC, INC. -CPT DATA AND CORRELATED PARAMETERS 

POND CREEK - WILLIAMSON COUNTY, ILLINOIS 
CPT-9 
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Cone lee I ,~\ Interpretation 
lnlerpmlatiJ, , - Release 1.22 Rev. Format: NU Imperial 
Run No: 07·1210·1008·4276 
Job No. 
Client: 
Project 
Site: 
Location: 

Cone: 
CPT Cflte: 
CPT Time: 
CPT File: 
Northing (tt): 
Eastin._;i (It): 
Eleval,.,m {II): 

User Inputs: 

Assunied: 

07•804 
Clvil & Environmental Consultants 
Pond Creek Mine • Williamson County, Illinois 
CPT-9 
Pond Creek Mine 
20TON AD211 
07/31/10 
09:17 
804CP09.COR 

0.000000 
0.000000 
445.7 

fl): 

State Parameter; 
Unit Weight of Soi! (pc!): 

0:0 
~ 
~SeeBe!ow 

Material Types and Unit Weight (pc[} Phi Avg. ~ QQ..m ~ ~ 
deg_ ts! ts! % % 

c::Ig[]Aesidual Soil I 39.25j. ·'.1.38 J~ 4519, (· 28.02:'I. 2-40 

Ground Surface Elev. ~ 

CPT area ra!io: [:]][] 
See Below Copled from ConeTec CPT Data FIie 

-------··········-···---·---·-·--··---·----·---·-·-·--· ·---· -·-·--·---·-·----··--··--····-· ---·····--·---·-······--·-···-·--·-··--·---------·-··-·-
Deplh 

(lt} 
Sample El. Avgat 

(fl) (tsf) 
AvgFs 
(Isl) 

AvgRf 
{%) 

AvgUd 
(fl) 

Ota 
(Isl) 

Ria 
(%) 

le a F SST LI.Wt. 
(pcl) 

TS1ress EStress 
(Isl) jtsf) 

u,q 
(!sf) 

Ca N60 (N1)60 
(blows/fl) jb!ows/11) 

s, 
(ts!) 

qe 
(Isl) 

Fe 
(%) 

Phi 
\Deg.) 

o 1B4 445.ssa 
1 

1s.as • 0.2 1.21 • -2.59 ~ 1499.49 11.301 1.37 .1501.44 "1.so - '.' a -:- ": 125.00 ;:-so.010 r:·001tif{i\o.Ooof:lOOOS'':r2.43-
1
-;7 4.a-rr:;:;o:41a-0

, -· 1s:4, "'1,11sos, -.52.29 ~ 
0o~i '!ll ~~g:~. ~0~2

• · ,; g.: '
1 

."~"~~
2 

: • -1\~1 
""::.;~, '!:~!~,~ ~:~:· ( ·::~:::: ~!-~!'Jt l:,\ ,;.~~: ~:;:gg:~1~~:g:~&\~g:g!!\~itg::g~~~g:~~;:!~;:~~6

ti~
8;ljg~~!~'~{s:;9s~-.~:~!~!:i,:::!~'i 

1.148 444 ss2 '" 1-43 s7i ! o.e1 t' ~- 2.07 · _-3,21'", 010.42f~2.078 · ,:1.6a:· ;a10.11,,'.:';,2;os,:t;' ~' .,6i,.\"f}H2s.oo,,;,; o.012.I ... :,o.012Jt"o.OOOf1zoo0\~'½§'1_a9:f;t~1s'.s9 '',ff11asst'B'.:43.ae;:S:,5Je1s»j, ~48.94:'1 
1.47G 444.224:, '47.66 ~ 1.19 ,-~- 2.49 0.07;, 515.64 '2,502_ ••· 1.79 :· 51!5.64";1;',-2.50 '!~ ,Y..,,5},' ',ie'125,00~1!/0.il92fl~0.092. Kr;:o.ooo,-@2,000.il ~8 66?;','J17.;33,1f'(J;1t473~~47.66"".f1iV.8425~48.25-j 

~:1;~ ~4; ::r ~ :~:~; ~,..:~:~: j ::::.- ·\- ~::: .'::~~:~:! >:::!:~ · / !:iif .J: :~~::;; ~:::: {f 1:;;~:ft;~~;::£1g:~:-:t¥g:~::~g::~~g:~f¥:7:~~l~~:-~~1::~:t%!~::tf ~:'.:t!t~!!~ ,J 
2.401 443.239 ,, 37.44, '1.52, '·-~.06 .• , o.39 J:242.413; \4.on;, 2.13, ,12:42.41:X;-"4.oa,tp\f5•;f1\,/'.;.12s.oo:,1'to.154'-f)o,1s4;::~-o.ooo;:2iboo~~;f'7,74~~)15A9,(1~i54!;f&t3i44~;'J.if6,§663½~44,96'1 

~:~~~ -::~~:! ;_, ::::~: ~i~!::~-L -- 4\~, . : g::· :1 :;::;!;: '11:fa:f1~::~~-t~:~::~::i; ::: r~\~ ~:J.ttl~:::::~\~:~::J111~:~~:ri~::r !:~~~1',~:lj!:::~,~,\~i::!I~~::::~:t~!1:~:;'.it:::~~f! 
3.445 442.255, 70.47 ,, 2.79 ~ 3.95 1'85 :";32s.292\l 3.971· J 2.os •32s.2s!;;1 a.1.m,;;: :Ws !~St{12s 00£l,o.2ls 8,;fO 215 ,ffo.ooo:~2.ooolli14.1s!1,£",ffe8.'31't~J21175f~·to.46,ilJi:w457],_t46.30 l 
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2~1~;;z!:~~~:.~;~:!~-, '"i!::;:r:~,:::~~ ,:~~·01:~tt\;~~:~~>t1~::fj~_~;:tt~~::~ti~:~1~:::~~~::~l~:~:iik,~:::i~1~~::i452,~!::!::1 

4.429 , 441,271 1. 104 33 , , 3.s8 ; a 12 1 ,/s,: ,1.a," ,1375.898 : a,129· !2.00, ~375.861-t"" 3.1a'.~fi1it6' h%ik\ 125.00 ~Y,o.211rJGlo.mJilo.ooo~';f:901{f,20.s4~h~:f39_03-
1
l~31221~14104.32Jt\i3.0225~ 46.92~ 

' 4.757 440.943;' 96.44, ,1 3.96,, , , 4.11, \ 2.45 ,_\\323_373,'.;:"4.119 1 \::2.or :·~,323,34:?t' 4,12 -~,,,111s~\i•i12s.oos11:o.29t:S1'.,>io.291J,ti;O.oooj:,J:as4~ljl· fs19.501)4llf3s.76"''.&i'J}219n-,{'i1- rt:.00.43'¾.~}1~:9462:·1A6.26 j 
4 1 <•4 1 lit, ,
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, '• j , ' 1 f ¥<"1~, 1, "'"" 0lq',\ •A" 8 ec, 3 BS, 11.,.-, , ' 01"-"Y'f1 f)ifi1 'j ', j • l ~ ', · ,, 1-5.085 : 4 0.515, 1 02.25 ,- : 9 • ~ ., ,o.s2,_1,320.73k 4.1 1, 1 , 2.0 \-:.320,10, ~ , ,.,,.,,~ , {" s,,,,_'&; .~25.oo ,,,;;10,a1 f!i•;,o. 1 H'Tu'P·ooo l'' ~\;;:20.ss T;ff,36,68f>t-ta, sa"'1,111 ,oa241'1:-14.9718•,;40.23 1 s.41a ' 440.281,,;', 98 2 :,,4.51 1 , 4.59 ,, 1.13, :· 2B9.264 ~4.609'::·/2.14 ~~ f259.23V;' ,ft.61 i'.t·;.1,~1 i !}~~12s.oo,,,1~0.338'1'-l':o,33a1N';o.ooo~i1,719&1@'20.a81J»35.04i1ffs:o20\t, ~s8,j9fo/-l16,9403.:J 45.TT-"' 

5.741'_,, .439.959' 94.73, 
1
" > 4.11 \: 4.34"' ,'4 32 C" 263.01 'i'~4.355 \,")2.1~; t~262,9S 1\t~4,36,t,l;, r:"'~11 '!l /i11?5.00~f~~o,3s9,'~o.3~~tq,bqoth6?Q,1lnt65~)J{32.~o~z922:~1its4i1~;fie.a94'-J 4533 l 

6.069 1 439.6a1l,'1 84.93 ·,,, ,3.45, , ,4.08 / s.01 :-, 1222.so5, {4.092' ,.:2:15, •1222.as)Zt 4.09i'.}'.t1{(115il, ·J;>"'125.ooJ\i o.37£1,~-o.379}1 "o.ooo~cii1;52if.if~n.11 I1]2B.10tg':,¥2'61S'1\"184,9/\l:'17:3092.'hi4,57'\j 
6.398 • • '439.302,.i 87.66'.0 ; \3.56 ·,iJ( ' 14,07, ,1 -2.24t>t21a.219 :;4.080•,i;12.15 ·~¼218.24 f}ii:•11-.oa,1!!;.;i5g'J,\,1:~12s.0010:ro.400~~0.4oo,;;'.§10,6ob'1;1i,otHt)ll, %'.i8.31 '{f•:\z28.9B,\'fi~,Z102"'{t~a1.e1i:;~1M18ttz44.47": 

,.,•, , ,•. -. ''. l' /;&;,jo-'Y'''\f"JS''"• "•;1,~.-;,;,,•,._,.,~-~ 4i!'-::.!1'/l{ {A"' t~V>~;..i_t•,-, ='''" 1 6.7£6 , 438.974 69.:l2 / 3.37 • ~ 4.87 4.69 , 163.425"" 4.905 \ 2.29 .163.35 - 4,9 /' ~ ',1 ,X :i,125,00 .f~ 0.<t20t~0\.0,4.:v):"\l~O,ODO<t%:11,:,,i.?[,iiw~~15.2t , }) ,23.56, (jt2.'fa7: ,ti,(!69.09 2,•22..0488 ,,'43.081, 
' ' ' 4' !J' • c 'll '• ' S•f4'.);l)'!_, h 'A·.i,,j ,;,,./:' , 's0 4 ''.Jti, 1' S\j~,l-.1 j\'~ctf ,,~, l"• ~ 7.054 438,6 B , ,63.77 ~ 3.03<. ,, .76 , ',3 08 ·. 143.644 4,785': « 2.3k4,i,143.60X~~"'4.79,v:i"iiri: .,tt,",', 125.0011;,.o.'1'¼ tb;t0.<t<t1 t:11,0.000;1 ,l.506", ·~ .23 ;.""12 ,43, Nf>:;1196,. v-63.75ft\22.872'lt 42:43,i 

7.3E2 438 318 , 53.39 ' 2.77 1 ,' 5.19 , , 7.53 , "114.719' 5,233'.1• \2.40 ~ '114.6t]::> .. s.24t' "'~~3,f.1t/)&Jl'l25.00:,t'./0.461,t,;;-~0.461)jl1 o,ooof~1.472ytl~2.39¥'.--1,i('r18,24~sr;1t639,1;Jf 53,84lt126.33276\!£41.28 '4 
1.111 437.oso, '48.17 · '2,41/· , 4.99 ( 49 , ,"' sa,9537' ,,s.054' fa.42'' 95,9o~{~;J5,rn3.'1,\1t 4f'j½* .. 125,oo"il''ci 4a2: 1f'""'o.4az ~P:o.onoi'.P,1.44f/'iJw11.ai l,;;: 16.30~!J1l47G ~;ful'48.1:.{,-,',21'.4os5\! 40.51 1 
a.o3e 437.662/' 38.46 :~, • 1,98 ~ ( 1 s 15 '~' · 10.2a, ~1s.6B99'
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s.216 · -:i2.so,,,; %1s.55 ;.:s.2a~:,;·;);a~1 '~YA;lf.135,00~7?o,.50t;;;}{1 0A9StJ,o.ooii1~421{U!~?~31:}&\~>1a.31~ls;111f-11s *ry'38,as1J!w.~o7~'\39.12~ 

e.368 t1 ,137 334 "' 30.22 : 1.55 ' ' 5.12 ' J1.57't 58.5876 s.220·"' 2,5a, '~58.45 ~ ,; 5.23' :x~~,3;3;£, :ia5.001\to.s2s~tJo.5oi\i<(o.01a,~<1.40S'f§Jtr.63 t ~10.12- ltfo,919~ifit 3o.1s ,1 :J34~169l~37.61', 
8 694 ~437.006 /' 28.4 1.39 "'~ 4.89' ~ :12.03, 1 53.691~:: 4.990, :2.sa, ~H53.56 S·•/5.00 :/-t: 3,¼:t1\11fa5 OO{~!.\o.547;?f10.5l!i)?,7,t,;O.i:i28¥'1,3sslrJ7,21,t,'t~:'c!0.01 ~r{o?862',f jfj26.33~it.-'.l.34,9372.1'{37.11 ~l 
9.0:.,2 436.678 1 , 29 4 ' , 1.a2 '_, 4.5 •'11.46 54.33r ,4.578 ,'2.56 :,':54.20\l" l' 4.59 :rt<:...;,4;i;/'-0)'135iOO·_: 0.569/i.ijo.~1:W4e:;o:.o~J~1,37~fr,s·?;7.35 1tf10.09 fR ot893,'tj)';29133'}%;33.449h 37,18 ; 
9.35 ' 436.350 2B.31' :r 1.11, ; 1 • 4.14 1 11.87' 51.oa8; ,A,221 ". ;'2 55 i ,, so.94_r.:-\4,2.3 fci'i ~:.µ 111:;Jtt13s oo';;o.591td;¼O.s43'~j\0.048 :t1:3sa:di!7.05., jt\~,577-0to/ffe1~8S8,

1
§f28.23:ff:133.111i(JY:36 02 ~ 

9.678 , 436 022 26.35 .,/ 1.19 , 4.53 ' ,., 15.1', / 464162') 4.624.1, •2.61 , 46,2.4 (';:~4.64) ',¾£1}4c-;\· ,s{', 135.IJO ,: 0.613JJ/,0.s5¢"Jlit:,:O 059,t~1.343~tma.75~\; ;/J 9.00~}}i0.797f,;;li!t26 25 i/Jp35.9001 "<36.25,~ 
10.006 "435694 . 25.07" '1.15 , 4.6 ;14.55 43.1414 14.706' -2.64 ,' 42.9B ;i:W'".\:n:';t1/r3::.jJ;_~1135.00~l0.635tf~0.566\t!:t1.069\i1,329\~\\,6,5P't'\a.65~1~10,756t'}ffa4.98'"J."'~37.2699 ~35,82 ! 
10.335 ' 435.36~ , 25.89 ; 1.24 4.78, 1 13.4 • 43,63l~-,'t4.914 ;:_:·2.55· •~ ,43.491,'/4.93•~'1~!,,

1
~Ql'f:;?;136.oo:~,nesr:1~to 578ijlq_.o~,9;l~{31~k'l,i,6:76jf !8.89f~to.7a1~«;25,81\\<~371'7669;",fos 89''.~ 

10.663 435.037 22.8 1.2 ~ 5.28 , ; 9.91 ,37 4TT2' -5.425 · 2,72· 37.38_,;-,15.44 4,if3 ''i"i ',,%136.00{~ 0.£80;PJ'i\0.590\~l::0.089~1t302Nzii~·20,(,1 ¾8.07:f ~~0.685"1}:22,74, 1·141~7846,,'"34.99, 1 

~~-;~! ' :::;~~ . -1 
~;::~ I ' ·i ~~!:: ;-' '::!! )~ ~~::: ; ::::~~f' }~;~ ~, 1~:~-\: :::~:~:!} :.~;l:l}! :~[;~!,~ ~;~·:;f ~~i ~1t:~~!~~::~~1~~:!!!i~~:~:t~:;1:'.!~~-';i:::~t;~:{f~~;2:~1 ::·!~ ~ 

11.817 434,053' 26 23 ; 1 '1.41 ; , 5.39 ;,11.38 ' 40.7121; "5.533> ,. 2 71: '40 so•+' i 5'55: ~ 'c,,,,)3 ,:r ',-135.00 ~30,746
1
fl;o.62G:,'-00:120 t~1.261$\1EJ1.os1£;!i-' a.93;":f~cil789f\JJ,26,16&'\'&4b.nat: \ 135 49 1l 

11.915 "' 433.725- 23.16 ,~- ~0.99 1• 1: 4,29 , '110.95 ', 35.1046 ·,4.42t, , 2.68,, ,l34_99 :t, ;--4,44 ~-::;-:::1,4. vt 135 001~ Z0,'768;£.:0.638 Jt~o~1304:~•t25"-~l(l.!5Jt5,"fg!l..acji:1.1t"~l1~ 0.693:1,~),'23'.09'1-39.5208/;\ 34.Go,: 
, , .,,, ,, , ~ , 1••·' ,•i"''""'~,w ,,· :.A"' """"-i,·.0•-1\lll -~\- n-• .i"',_.,,.~ r 

12 303 433.397' 20.42 ·1 \ 0.52 ':· '2.55 , 11 83 ' 30.2103,,;,2.649 2.58 ~ ~ .. 30,10 ~\: 2.66 ;,<>'.(" 5 / "'s:135.00,,;;;;0.790~~~· 0.650%{/ 0.140't;,;11241~1~~5.18 4¾,v,6.40ffc'i0.6081;zJ,_,,20.as :0·34.5204J•~33.68 
1 

12.6,1 -433.069' 18.58 1 0.49 ~ •• ' 2.64- 14 43 ;v 26.8524;:;)2.758 tr I 2.69 ,,·,, 26}2."{ ,12.n!t .. ,_~t 6"),1>":.;,1as.90;\;_ro.a,12_t~~e:c1.662,~·,o:1~1jr1 • .?29J ki41e1',¾7;-'Y'.s s1;,i,,to:s~o·.~';,'18;49i:.'l\3i0571! '.32J)4'i 
12 959 432.741 22.2 1 o s1 • ' , '2.2s 45 41·,, 31.7192,:._:2 387 2 54" ,"31.29;}, 2.42./f\[>,-. 61 ~t., 135.oo~ , o.835f,>?0.674

1 
i;:;,0.1~1 •;,J,_21a~1s.4s •.• ;'.p6.64,.i/\o,6?1o 1 ?'2t.91~,:f32.682G,( 33 92 ':r 

13.2137. 432.413 ,, 18.14 0.35 · 1 91 r 50.26- · 25 2132" 2.025 '2.58 1\24.75 \!' 12.06" .x~ ""67 ~t •135.00 '\,,0.857) ¾to.6B5(;J';;0!17:1lfr,1.208~T!t'¼i4 52" ~'- ,5.461jj{ao,sash ~\i7.82.'./,34.<l:a48 a:M6 :i 
/ >; •• 1, ,,,;,'"/,L;~ 'olf~Aj".,,;:,, /"<,--,~ So a 

13.615 432.085 15.81 0 26 , · 1.65 56.56• 21.4099" 'l.741> J 2.60 , ,_20 91 ' 1.78;'/it ,,' «6.J'""~ • 136.00]j:_'i;I0.879,.j~ 0.697•, (),181rt7<1ll91; ',y:3-96,c,.n,4.74_, t'"10,462~04:J15.48' ;I 35.5971,yo:'31.40Jj 
13 9,13 431.757 ,12 9s ; 0.21 1 1.s9 · s2.01 '" 16.9872 : 1.143,

1
_ 2.69 •16 s2~t; 1.79/ -., ·5;,"" ,t3135,oo·f,o.9o1,:;;/0.7o9""',;~01192; ,1:101l~fu.a.38 1:0' 1 4.01r\ ,;o:373' ~(Jti2.62,}!t 39,981~ ,~29.89 1 

14.271 431,429' 11.94 0.19 1'.55' 59.86 15.2756 .1.725 ~ 273'' 14.75 ,t1,79, · :'5~,:~ 135.00 1 0.9231' •0.721'fi0.202,a'.1.178-'1J~3,16,~ ~3,73,;J~10134l,'.,!,P>11.s6~'1/42,1627VC29.15'r 
14.'l .431.100 .. 12.26 '0.19 1.51 .. 66.28 15433. :l..679: 2.12., .-14.87····, 1.14· ,, 5,'. 135,oo ·o.945. ,/-o.733~""0.212.·.;1.16s'\1,3;23·.½·,,: 3.nft'".to .. 35o·b/'H'.as~¾~41.a79 p2921.' 

" i .. , ~-, - 4 ' .,.,. a10·---·1,s· ,.,,.,<13 -~-·o,s7'' o·,-·~··1 .• ,,.._, "'''1- - '·'l-··2"'"~:1-··· ,_._,\- ·-->~ -1 ·-~ " 14.928. · «v0,'772 , i 1 .19 ;. 0.19 ·1:,, : ,73. 4, '. 13,7205, 1.859' 2.80 ·-·+.1 . ;: ·. . . ' f, ,·:,_:,, 5.00_,··., . .. ... ,1 i:)l22 '_;l1;1~t:rS>?~'04,:'.,'<,,;: ~-~ )f,f:J,0.3.1~n;:Jo,73-~,,_1t4F· 0~l?:/28,?9.'.} 
15.256. 430.444-,- , 15.59 0.3 ,: ~, 1.9' 87.39, •,19.2881~, 2.055 2.69 · 18.56·' -:•:2.14, 5. ;_-J;·135.oo-,· 0.990,,:-''.C0,757., :; 0.233~( 1.J4!;L,FA.031-;"C~•,:,r.4_.63,,,·r,t\!0.:4~_21/i'-f,15.04}:\'\f40.03:'t;30.65,;: 
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Deplh ' , El. AvgQI AvgFs 

(ft) 111) (lsf) (tsf) 
AvgRI 

(%) 
AvgUd 

(fl) 
om 
(Isl) 

Rio 
(%) 

le Q F SBT L 
ipcl) 

rstress ES!ress Ueq 
(Isl) (Isl) (Isl) 

1s.s1!4. _ '4ao.11a '.· 23.74 0.44 1.a4 · a1.12 · 29.ssos:_\-1.936:· ,~:.2.s::r-;,:;~j,28;as._;JJ::1:sa>;W3'.\!1p;:::\: ,t3s.oo :_y::11.012li'E;o, 
' -.1s.912 ·_- 429,1aa ",.· 29.33:c' , o.es '2.ag . 10a s1 , aa 24114 'a.004,,, ·2.s1 1, as.ai,r:01a.oaJ¼f~"'\ s'.;1:,,; tas.oo\, 'h0344;tfo. 
.'16.2~0

·:\ /429~460'~". 38.72{ • 1.48 ,3.83 _, L103.3Z 47.5146~L 3.929 ,' ~. 2.56J/ ;.4S.1t::1;~4.00,t,.;;'c{,f 5~· s~b 135.oo}:,1}1'.osa \\'g1o, 
ts.SGS · ·429.-132_.-:: ss. 19,; ~ 2.1a 3 ae :- 102,93 J BB.4969 · 3.9ss· ;2,45 67.69 ;;.'{! ,too ", ,:., s'o/[¾,14136,00 r";'!.i.07B'~o. 

:;.·,1a.e!la: [:'428.804:): 60,1s.: t a.o3 ~'4.9a ', 
1 

85.61 1a.om t'5.011, t 2.s1: :1 '112.58 1 ~0,s.11 o/~1:;:;11K't;s->t1a1-.oo }"',1.100\);~1;1 
·,,:_11.2:H• >12~.4!0'.{''. so'.g~ 2.1a < 1i5.4s:, 1 60.44 ~,69.1001:)s:sao",~ 2,eo_{f59.64t:·:~s.e2';~~~{'f~,3 ~;'.:~rfaa.oo~;~.1:12at{~ 
\'' _17:5!i2" :;'.,'428.14!3,'.(,i43,07, \ ~ 2.33, • 5 4' ,\':23.93 :i· 49.8334\ 5.55?,./ 1:,2 65 , ,!,49.66-zy;'.t:6.58 :\.,:1 1> 3 11~:q'~139.00/k ;,,1~146/e•l 
. - 17.8/J · ::427._820;!,f _39~~1', '1.86 ~ ' 4.71 """:. -0.56\', 44.9042'~ 4.851 1\ 2,63; ,;f 44.90 'if 4.65 *0,:?4\{,i'' 140,00)l1~16BJ!tW 

18.208 .' - •427.<192~'.:,:'/_41_;-1.f.. 1 1.74 ,'~ ,4,23 0.62 ii "'46.0646 ''4.359', ',2 59 ; 46.06"i'e<-4.ssr'<f~it;: 4't, ~ 141.001 f,•1H911rr;t1 
·1s.s:n"' ·..427.163f,::41:t2··"' 1.0a ·, ', 4,1 \ , '2.12. 45.3724:;\4.210 ,, 2.59.'-<' 45.ss-1,;j, 4,21 "•~\;:-','~5~)~,;1:,142.00 :;•11:21s~;E1 
18.865_< >426.835 ,:- t '45.7i i.aa _ 4 · , 4.37 ~ 49.814 4.116 i , 2.55 ~:~· 49:79 18 _,'4.124';~ ';'is;>.,-, 1143 oo/;~ 1,23a)~ 
19.193, ,.426,507},~; .43,86· q 2.11, : 4 81 ,' ; , 4.87 ,47.02981,4,953 :'2.63, , v47,00,,_;'ttf4.96' J'.(;1A,

1
tf[ ;144.00 ,, ,1,!'RH :..;" 

· 1s.5:j(\420;frs;f:·3s:!m': "', ·1.92, s 20 1, 11.es: 38.3338\&5.449 iJz12;.,5;•sa:251~c1,s,4a1 ;:;;;,,J3~ :,: i}rts.1 
t9.849 .. i:_:42S;es1't- 49.37_1 2.52, 1s.1 '\ 128Bff1st.52B6°5.243t'.'2,e2,7: 51,43,-0;;s.2s'!,?1:'3\',JHs.01 

'20.1?r:i·~7425,S2a/i'.'.<Go.4.s '.·· 1,'a.37 , ':, s.sa t -1.34 ·02.soe.i.' ,: 5.6971; ,2.ss 1· 0zs£;'lf:s.10 ,, ;"~ 11't 1;:-~-;,47.00,1 \if 
20.5os '!;•:425Jg5\);1'.1sJs' 1 a.54 · 4.12: -se2,.: 1s.a443', 4.1s1,, ~2.41,._ r7aas1',"1.4,1s;f)/11 ;:r,/14a.oo/;,'>1 
20.8:!3' :~424.8s11::,.i14:9B 1a.2a L 4.31 ' : 1 -7.s,.'1 15,5377. 4.389', 2.45 f, 15.59 c'(.14.as', f\, s 1;,-;,, 1its.00;1,:;t1 

,21.Hlt ,'424.539'°''-'51,59 2 '1 3.88·' '-4.69 .. 507665, 3.985·"~ ,2.53 ~ 50.B0':1 398·,ti,,;s' ~?~150.00~ ,,1 ....... ~ ~u-"'"" 'V, • 

21.4!19 •424.211 · 88.98 4.5 s.os -4.99 a1.2ss5 5,)40· 1 2.;;0 87,34 , • s.14 1 <,, 11 ' •'°'1s1.oo~., 1.430 "'~,1.003 -i10.421 

Cn N60 (N1)60 Su 
(blows/fl) (blows/fl) (Isl) 

qc 
(Isl) 

Fe 
(%) 

Phi 
(Deg.) 

~~-, ·- ,~.;i~~::;ri 
l7{i,V:36.34'1i 
'".Bo/{38'.46(1 
~a;:i_qaa_:BS ~ 
2:!U):-31:is:;1 
~,~f;sa;}o:":j 

t+}t36'. 1-1.,~ 
,W,·i 
17/] 
72'.·.j 
.aa:::1 

:!f~ 
.2~,i~3ai>2'.~i 

'~19S,:>;-:~9,i7''i 
:4T77;*;;,3~.08 :'j 
'.254aI'::/36.84·~i 

., -.-·.01s1;,;,;~9.a1:) 

......., 
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,~ 
ConeTec l 

' lnterpretal. 
Aun N·J: 
Job N(I 
Client: 

Projec• 
Sile: 
localiun: 
Cone: 
CPT Date: 
CPTT:me; 
CPT F,te; 
Northing (It): 
Easlinn {ft): 
Elevation (It): 

User Inputs: 

Assumed: 

, Interpretation 

,JUI• Release 1.22 Rev. Format: NLI Imperial 
07-1210-1008-4243 
07-804 
Civil & Environmenla! Consultants 
Pond Creek Mine• Williamson County, llllnois 
CPT-10 
Pond Creek Mine 
20TON AD211 
07/31/10 
08:35 
804CP10.COR 

0.000000 
0.000000 
442.1 

Water Table De th fl): 
Nk: 32.3 
Stale Parameter: 
Unit Weight of Soil (pct); 

CIT::] 

CTI:] 
~See Below 

Material Tynes and unn Weigh! /pcf) El!!..fil'.Y.. ~ ~ E£.fil9.. ~ 
deo tsf tsf % _% 

J -. :.125. _. I Residual Soi! I ,39.49 ti .·.1.71. j ."57.88 'J 26.8Lj 2,3_6 

Ground Surlace Elev. D£IJ 
CPT area ratio: [Q][J 

See Below Copied from ConeTec CPT Data FIie 

Depth 

{U) 
Sample El. A'lgOt 

··--·-·-· -··-···---·-···- --··--· -·-·····-· --···-·--·····-·-··--·--·--·······--·---····----·-··---··---·-·-·· 
(II) (tsf) 

AvgFs 

(Isl) 
AvgRI 

(%) 

AvgUd 

(ft) 
Ola 
(Isl) 

Alo 
(%) 

lo Q F 

~:~;~ ·~ ·: :_;:~_::~::::\:::::(u;:i;-, ;f'.; ·;:~-~~-i j: ~~·-~~--- ;_ '~:f6:: 5~~:;::.;:\:_:_;:~~{;(-;~~\2a9~:ii~~;;i\;t;g 
o.e:i '··'<':'441:200'.,,,. ao.14 , .. o.52 · °' · :1,73,, <:i,6,33 \:587,oea_· :_,:~:1.2a,.,_ ·_;1.62!-:?)5a_1.aa)~<1J 
1.1,la _ ~--440.952 ' 41.oa ,, o s2 , .. '.'. '1.5 2-\i?~1,3e1:.~!s11:2ss_['t-1'.513'\;·:,1'.57:\'S:.;~1\es_,~f;1J1 

tiil ;:-~!:m~t!I:!i:;;:r~f \iii(f ;:}i~il{f r i11r;i:~ i~t!:E~!:!~~1rii1i: 
3,117 , :"'.438.983 _\!·, _62.0_8., ;:--:1,55: : . .' < 2:49 ._!:.-., ·2,26_ •f._317.6!35•:;;2:505•:,:., .. _11:89:i":\31~77, d.,2,. ~:;;:,· : :: '-:~:::~~f ii:;::;;.i~:: ~j\ ·::t:{:::,:·;J:.;{ ~::··-:" /:t!:!! i?t::::~::i); ;::~~ji±::!:~,:ii\i;~~f;g!'.JJ!~~ 
4.10J '''437.AAAi\';:3!..1F, . 

'4,429 
:,.4_75? 

5.085 

SBT U.Wt. 
{pcf) 

TStress EStress 
(Isl) (tsf) 

:~rti:1~~;~~-: ii~:~ 
1 "''25.00 

25.oo 
25:QO~ 
2s.oo: 
2s:ool 
2s.oth 
~5.0o~ 
26.00~ 
25.00.\" 
25:00i 
25;,~0J 

u,, 
(tsf) 

Co N60 (N1)60 
(blows/ft) (blows/fl) 

s" 
(tsf) 

qo 
(Isl) 

Fe 
(%) 

Phi 
(Deg.) 

,,62·'.' 
::sr:)j 
,,:9·.0 
~::u 

''.'i ,J,\i 
.f'i 
o;ry 
51; 

i9~ 
·;{] 

'j 

r,· 
25.00; 
~5:0~i 
25J_}9j 
2s.n-,, 
2S:, 
25_; 
2s:.1 
26'.· 
25:, 
~5,; 

! 
u-"'!f ,i1C,1:'~"'1~~~':'"'.li· ,·, ':'"'•"fa"."' :.--r,;~:.:,1,n1,::\YM 
6.72•3 .. ,:_, 435.374_": ::,22..55,,_,,i:; 0.83f;·.,r.u 3.E 

. .. ~z1 t ;~Uli~!l~i it\1i:Ii:r:ii,~gl!:~:iI~1i~:m1~ilmi~1i:i/,!'s•,•· -;-~;·•I=/"""'1~-,~~·~·i-~·~ 
1 t.916 -:·A39.125 ,:,:11,.!;i?,,:; ~.o,56 ,,;.-, 4.82. ,.. , .. '4.81. \•:.21.49~7.--, 5.204 . .>::-·2.as., .... i.-.. 21,sa\--:'\1 st19)\i.;Jifo3 i;i,t.;t·1,1ss:oo;';~:,~a?6B 
12.at,3i" .. :1't429.797i'. ..'" 12.02': ::,;, 0.45 , ;,- 3.s2 / · . .:::a.2s:\ ·23;4132: .. :.J.a;741i';:<2.tsA-:::23,51t{>·:ai7a'.;<Ji)\:'.-14·t($,:}h~J35.CiO'.t~:tl.790_ 

· !~:~~-;-. -:. _'.~:~~:-~:~ /!:· !;:~~ ';: .. J. ~::~ -·:";/_\ 3~-1~ \\/~:~;/:;:::;;::}\!'.;~:':) tf::;f;:~{;·,;~:~:q:1t:'.;~Ji{~ii::~i~)~:~~~:~~J~ft;!l 
• 13.21:'7 -428.813 ::,·: 14A~-· ,- ',0.43. 2.9a · .. : ... _12.21•(;·24._asoe:.l·a.1s6: \:2,10 : /·24.70\}(1-_3:17:;::.1;.d>:·sf't(; . .X::1ss.oo.:1.f,o,051-
13.e1~; . 4?8,485 1;,:' 14,54'. .),D.431

,,-,., • 2,97.' ~:.1s.4Sf: \·:24:39;t·~ .. ~~a::/2;70 ::(f/24_._2~\,;i\i~,.1?{\~{~:?-;(.:\lh~t35.~_:½t))Q,~7.9 
13.9~.3 ·: _,428.157_.t;: '13.29 1 0.47, ; f!, 3.55 ,'.~' 20:09·.-C\21.6584,>.: 3;794~···.'._, 2.80 :'.":<_2L43?lJ3.83/;}:::·_\!~''.4 ;1;:,':'.t'..135.00_',:':.:.~:q.901 
14.211,· '·421.029/,, :1G.42 ., . o.s1,, •.·, a.oa :"~25.66 < 26.5391: .. \;3.291·''.->-2.69 :i : 2e.21:·,_s3_33. ·--:::1~',::s\:/t;,·1:.13s,oof;,1,;():923_ 
, 14.f; . 427.5oot 19.35: · >o.75 '. >, a.as=·::-::~ 19,1e,X>~o.se11-..{,:4.01~:;:-'_.'2.10-:x\;so.6e:\/~:10·._:, :.·'-.;{c;•(l'.f:;{,135.oo.;i_(,_0.9~5.: 
14.9L8 c -<121.112 2s.r. · 1.01 4.25. · cs.aa. 31.4020.:·-1 4.443 _,, 2.66·· ''',:37.45 -'.~\,_4.44;i)'.i.'>.L·4·-·, '-\;•:_uss.oo·:•'' o.967' 
1s.2rn 426.844 26.27 0.82 3.11 :~0.01 ,· 40.1ss1r.,3.244 2.54 :4o_e0 ":3.24·\;;-~:''5 135.oo· o.990 

,l:!a·j 
',.0?.{i 
,11.-;1 
,.sif\ 
:.6~<,i 

;7,-) ., 
1 
.I 

.JJ4 ,I 
.,,,,/ cc·, .. os_,f;31.6i\~ 

2,B4t't.'i43;7-14·~X~2.22-;; 
}{1 ~:ot)~t\4f~t!iP:t.32. 1. ~-·~ 
s1ma:0$"'1~:1i7021't<32 01 ;:1 

,:~~1it~t~t,~~ t:t:f:d 
,),:\13:~_ 6_1\f 4!5:St20rJa1 _55:.,; 

:-f~16:?ii.f;,9-~s~t~:-~2;9(1 
;t;,,~9;?~J,,::1.1t>.4V$f33.s? . .:i 
:r.:.';1:2a,13 ,tv asA3as\ :as.01 ... 
-,:t'_ 26.32\~ :~J_32,4§i;ie,i a~:;.59. ~ 

----.. 
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- □;;,lh (-,,,' -El:- --~:~f ----------------------------- ---------- -------- -------- --------- ----------- ------- --"\ __________ ------------------- -------------------------AvgFs 
(ts!) 

AvgRI 
(%) 

AvgUd 
(!t) 

Otn 
(Isl) 

Rio 
(%) 

le a F SST L ·rs1ress EStress Ueq 
(pcl) (Isl) (Isl) (Isl) 

en NBO {N1)60 Su 
(blows/ft) (blows/fl) (tsf) 

qc 
[tsf) 

Fe 
(%) 

Phi 
(Deg.) ts.s:3~ 426.~16 2s.43. o.71 2.s, 1.os 43411s.'2.seo, 2.4S,·43.4o, 2.se·,.,,•:,a;:;·::c·:13soo~·1, .1s,e12 12e.1aB,[, .?4.11-:1;;~::''.o,aa.,_") · 2.42, • '14,23,_ s1.4OO77'2.soe :, 2.se:<, s1.2s;y' 2.s2°fJ,.;:0~s :;{!} 13s.oo0, 11. 1,5.2,I 425,eso-: .-ias_.a1,_'it•-i_1:.1s t-... 0.a .. 11: 2s.19 54.6443,' s,211 1 2.4s • 54.se ~-"s.2a ~ ''"1 s i , ,;i~tss.oo ,1\1.i rn.sBa:_.,: 42s,ss2( ., se.o2 ~('. 1.21 :\:\i~ta,.ie- 114 11 ss sses ·~ s.21s~ ~ 2.46 7 't 54,30 C,t,a.34 , · ()"'s ,; ;,,· ,136.oo~,} t 16.896 ,;r ·:42s.204:-,, "-42.11'..:/t.1;45._ ~)."c·_'.s.4q 1 1sa.n: so.4s15 ' 13.5311 2.46 •• 59.17 '.,, ,'3.e1,1 iµ:, "5 1,tJ<·,a1.oo. · "'.1, ·, 17.2',W '--:424.8761(·\ 49,1s,1 · 1.96' ·':. 3,95·. ( ao.34,1 70.3096 '4.oat" J12.45· ; 69.59~1'"' 4,07".1~/t;; 5 'i 1t;:~13a.oot{,i:t,1 17.5!i2.: 424.548 ~ 47'56 1; '1 6 · 3.37 ' , 101.39 65.9285 3.447 ,;2.42; •: 164.98\v; t'a.so"{.,\f: -5 ~ :"'!139.00N" 4~1i1 ,' 1_7.8~ ,i -424 220·,' 51.6· j _ _;'1.85 ;:,_s)L59,i,"' 140 27 "70.378Bt.\31i6B \'1~A2, 'p '.,6e.1ottlf13,7a~t~~5Jt;:r5':;140.00lbt:1:1 ,18.208 , -,423.i;l92 '.11( 6~,o3_;\t;2.a_f:_:p;{315?,:'.': -168.7 ',,87.5341 \3.634 ,;_ 2.36, \,' ;8S.o9J:-#\3.69~t~, i:; 5 ~3\v\_.:_J~1.oof'~1.1 .1a.s:37:::t·,423;553·~- :_; ,10.Qf)::'.~)2!~_a_{•'ii.:'!i:a.s1t ;, 155.oa s2.101n1,,a.6n.\ •2.34 ,1 ~ 91.39f is.13,~f,,, l 1::sty11;;;142.oo}:.; 1. 1R8!i5_:~ -,:423.235·)-'.\fs,~_9,:i~;j:;}:53 ,;{s;<.:}•86//:" !~3.83 • '85.202St 3.931 '_.; 2,38};} 's84.85 :1;]3.95:,;µ Y:.1ics/~~;:: 143,bol ,11 1 1

19.193 , 422.'.907'.:\,_:· 55.6\-:r,·_:::_l_'.73_"..:/_;'t";:4,9,.,.,, , 4.71 _,,,J0.7073:/5.024 ," •2.511,'1;1/70.67 \r:;i_.5,03 i("S~4'.l"f &,,,:i44.00Y,,, 1 "-- 19.s:?1::, ;422.s?9,~1,:•·,1.10,1'.,''-Yt2.0rts-,v:.2,~s.:-:; -o.s1•L 139.11. 2.502 r' 2.10 ;,~,139.11. ,1,1s2,5a 1J };J,11 :~, '"14s.000:~. 1 f 119.8,19!.__ -·422'.251/:l1;,',160:5k>;,c.4:84_,\;,>,1 '3.0i\ -18.41 't.200.145 '\3,040~ 2.oarc1/200.30i'.- '-¥3.04',:;[t'i .7~ ¢ ;~11-145,oor: 1,1, ': 20. 1n .'.'. 421.?2a;;¢7;111.01,}1,;•/5."ii;;.)f'f:4,59/, , -23,58.,;• 135,s22t4,647,'~, 2.31 f,t'\13~?9 y'.,: 4.a(:vff _11r,::i,;),111,rn;>{ .) r~: . ,_i::l:l: ::;~i:~It1i!Hf ,;t~i!i]tr,H! ;;:iijl~:Hl~?};:m til:i~1::~m!\t!~l1r,i'1;11l/~l:i:~l;il;t ' '21.489 ,~•.420.a11'.(,-\-99,33 '_,i.t ,2.92·:_': ;~ .: ,2,94. ·._:"!\>:·20.7~ r, 113.098_. :"}2,9B3)t:221.;i_':l1l3_2~'J:f~9~":'.i:i;Ji{.? ;7;,J;~0;:;-1s1,~01}, ·.: 21.817' · ··420.203,:-'.:-_:.112.37·:,:·· :3._22 "; '--_2.86' .<r--~_1_5.4-!': -_;i2s,010:{2._903 ;'<°?2.-17ii.:f';1~~ .. 13i\'.Jt;2.90H:,i)''.'.'i.6\\¥;ri,'.:/152.0o:+_: 

:tt~l!~ij~i!i~t~ilill~w. 24.442 ,. 411.ssa~:1,121.05 ·,.;., 4.56 •,.;, •,3.59. ,.-,_;_-4sN,f12s11os X·3.636C:,:::2.2S-/( ,125.14',\+.cr3,64.~•/:fb',B,:,:'X:WJ60.00h;m,.1,sS' , . 24:77· .. :'.417.~3oi::149.9~ t>s.93 ·/· '.,'·,_ s.62 '.'.<'..,;01.1.01\.J~s.s22J,6.-?9?-_:Y22-~k:))46,7~¥fle~~fa[~.11:~,fjfi1~~,oo:t1'.J\aa._ 2s.oga -·411._002::;:_1_328,34\c .J-1?,2_~ , .,'.;· _4.65 -::23.26,; .::?15,72B,:;{J672.< •.t2,12'"; \31~.SBJ}\.-4:67 y;;Mr,11,;:,_:-;.11<:1s2.oo,:.:;f/~•7,12,, 25.4:is 41s.s14~;: 419.75• :1., 19.4·: = , : 4.62 1_10.11 \:397.7a1':/4-64f· :· \•2.00::::,:397,s81,.::·.'4.64:.ti,1_F:\h1<,};::tiG3.oo:_Vi;di738i ' ,2s.n4· 416.346- _i,389.73 . , 18.71 '4,8 ,< 438.91'.' 363.482 :-- 4.823· ,: 2.11 :, '. 360.92 ,v,,4_55•\;,l' ;,'::'11: r-.. :t·1a4.0o_:;f:'.1,1ss:l';' 

:~,,Bt~{ts>t.~_::itz~~::~~~,';tt:t'.J 
~Mii~t'.:f2a.4501N•F37.2s.:i1 ,,, ·,/:t•.. . - 1;,--·. _. c a1:31:~i'L~,~,~2~~th ~7,.24 1/ 

~8,83490\'87,73 '] ,_. '.Soiq,\1:aa.6,t;~ 
!425:,'.\'38'.26/J 

.. 34.#{f}:38:~_;:;:~ 
!4.6627f!;- 39,BChJ 

2ii12sG<ft10:.12\J 
,2s.aa2$pJ39i72il 
,~~_,_29~';ef~B/3_..;j 

:-:'! 1/½l :1s_;epa\~12.30;\j 
0:!33t'.'s14:7692f,44'.0S::J 
Jl?:1f~1;:&~84~tf:j2._1B_ij 
3.95:);,;:/33,8626_;::; 38.-67; '. 
"--~\\1:¢o/~156'~1-~a:o4;,l 

· 1:~os11:.::a~.:12_:j 

lfo'.'.i 
!ltn,)J 

.os;;J 
.:42,,:1 
,,05+1 

,{!·,fl 
7;79['.! 

~--'.S}!·Ei.~01i-{(4~)ra] 
... ~o;ashi~?!~~:3~~X7-42;5~~i _1?,tt~020,.19,JIJ 6,55985'= f46.17:'•i 

41?.~f::{4i9,~'\%,1~:14.~B/}47:_17j 
.-1J ,(l;;aas.~9,i ;0.1s_.2214 .(<.46;J:5. ~ 

~ 



R13828

Civil & Environmental Consultants, Inc. 
Williamson Energy Pond Creek 

PROJECT Deformation Evaluation PROJECT NO. 

072046 

Normalized PS-CPT Data and Parameter 
Correlations PAGE '-13 
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ConeTec lq~ Interpretation 
lnterprelatil JI- Release 1.22 Rev. Format NU Imperial 
Aun N 1: 07-1210-1008·4215 
Job Nt,: 07-804 
Client Civll & Environmental Consul1ants 
Projec•.. Pond Creek Mine - Williamson County, Illinois 
Sita: CPT-11 
Locatit,n: 
Cone: 
CPT 0319: 
CPTTme: 
CPT Fie: 
Nor1hing (It): 
Eastinq (It): 
Eleva\i<Jn (HJ; 

User Jr,puts: 

Assurn,3d: 

Pond Creek Mine 
20TON AD211 
07/31/10 
10:31 
804CP11.COR 

0.000000 
0.000000 
440.6 

WaterTarls Depth rt): 
Nk: 32.3 
State Parameter: 
Unlt Wa!ght of Soil (pcf): 

[]IT] 

CID 
~Sea Below 

Material Tvoes and llqit Weight (pcfl Phi Avg ~ ~ Fe Avg. ~ 
dea tsf Isl % _% 

c:J:g0Residual Soil L 39.88 ~J :2.75 I 89.72" ,L.26.76. Js2.35: I 

Ground Surface Elev. ~ 
CPT area ratio: ~ 

See Below Copied from ConeTec CPT Data Fl!e 
---------- - ------- --------------- ----------- -----------------------------------------------------------------

Deplh 
{It) 

Sarnpte El. AvgOt 
(fl) (tsf) 

AvgFs 
(ISi) 

AvgRf 
(%) 

AvgUd 
{It) 

01, 
(Isl) 

RI, 
(%) 

,, a F SBT U.Wt. 
(pc!) 

TS!ress EStress 
(Isl) (lsf) 

Ueq 
(tsf) 

c, N60 (N1)60 
(blows/ft) (blows/fl) 

s, 
(Isl) 

,, 
(Isl) 

Fe 

(%) 
Phi 

(Deg.) 

0.10-i ·,-440.,43s.;: , 28.5 _::0.22 0.1s o 16 : 2779.49,, 0,112 , 1.11 2778.5( f o TT.-' ':•"F"~ ~., 125.00:,:;o,010 1~h,o.01b: :0.000::)iooo-:~4:11·: · \, a.34'·,i~tfo,a02~1T-C:20.4§-:'(-:::,1.2Ss3f.154.33: 
0.492 ·._ '. 440.108'., .. '28.29 .,<· 0.44i - 1.56 ·0.67 . 919·:- ; 1:557, 1.50 <919.33,:: ·tEG,;,_,/,'~s,:t >'125.00° "0.031J\ '0,0314.1;/0,000f;la2.000;i::{~4.6Z,1/,' 9,34,;t":,o.875 ,'Y- 28.3 }4;:_2.8396~Hso.s2 -~ 
o.mr ·_,\'.:' ,il39.18D,,\: 2_0.17,,. ' 0.54. /2.66'" -2.66 392.561.

1 
:2.684 1 1-87 \392;76r.z 2.68;:=~ 'r5'.,• 'i ~126.00 li,, 0.051 J/.'.0.05t1,qe~0Jooo ,;,2.ooot,fl§ta.1s:' cf' ,-7,5ft1fAo;62315:;',t,201185~9.607941;4'1.11 l 

. 1.149. i ,· 439·.'". ;\ .. l .·19 .. G .. ··.•. o.s2. 2.03 ,12.as· 212.111•, 21663 i' _,1.94 . '.,2?3.29J.{ .2.ss,1, ;~,-~1•,J;i-7'125-0o17-.\o.912(f1ro:012;1;1so,8oo~~"aopq¥.,i'3_79 ,";f!1;,s1 "':~~o.aos\~19.~~ 1d,:41,s1-"t#45.s1,,·; 
1.476 'L 439~124.r•,.28.99·:-:,:,,o.42 ,: -f.43 -1.13 313.255, ,1 453 , 1_59G:~ ·313 as 11 •1'.4s--.i•-·. }61 '"ef.. 125 oo ;,1 0.092_/¥ o.092;1)10.oooi2.ooosi¥s.fosY/ :-,0.19 t&!'.o,89S;(WlY'29 ~ik6194n2/\:•45,13,.i 
1.00! :?' _438,796,'.;-\,36'.o~).f':'_o.45\ < • 1..25 ·• ~-0.01,1 31a.a23 •, 1:252,: 11.63 1 310 02 )_;,1.25; ,,'1<.J:;r:::. ·t' .125.oo,, "0J13;,;;,Io.11a)Tu' o,oobis1'2:0oo\itra.i~}t/¾12.43'-t~1~113,5tf~s;Os-:1j4.931e2 t 46,20} 
2.1aJJ;,• 438_:467;:,-p35.17.t'cl'_i/W.54.'., ~ 1-62 , •0.16 ' 262.816 '1-541' i 1.76 ",. 262.82 "', 1.54 . hJ:•-7;; • :\125.oo t 1oJa3~tl0,133 :;;..{O.ooos:..2.ooo~a.a2,&t\,12.65\J.1'j1:005i,t~35,i7 ti'7~21626 i, 45,33 i 
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Oeplh 

(!I) 

~' -- ------------------------------------------------------------------ -------- -------- ---------- -------- ---· \ ---- ----------------- -------
El. AvgQI 

,,,J (Isl) 
AvgFs 

(tslJ 
AvgRI 

(%) 
AvgUd 

{fl) 
Oto 
(Isl) 

Alo 
(%) 

le a F SBT C 
(pct/ 

rstress EStress Ueq 
(Isl) (tslJ (ts!) 

Cn N60 {N1 )60 Su 
{blows/It) (blows/ft) (ts!) 

qe 
(tsf) 

Fe 
(%) 

Phi 
(Deg.) 
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ConeT<:cr·. 'Interpretation 
lnterpr3ta·, ,>UI-Release 1.22Rev. Format: NU Imperial 
Run N,,: 07-1210-1008-4182 
Job Nc•: 07-804 
Client: Clvil & Environmental Consultanls 
Project 
Sile: 
localicn: 

Pond Creak Mina - Williamson County, Illinois 
CPT-12 
Pond Creek Mine 
20TON AD211 
07/31/10 

Material Types and Unit Wel□hl fpcf\ Phi Avg. ~ ~ .&filg_, kA1&. 

Cone: 
dea \sf Isl % % 

~Residual Soll j 39.01:::) :·2.80.!'.,I-,, 9_1.11.·. I .·27.69 '). 2.37: I 
CPT D1le: 
CPTTlme: 
CPT File: 
Nor\hir g (U): 
Eastin11 (II): 
Elev all .m (rt): 

User Jr puts: 

Assumed: 

11:15 
804CP12.COR 

0.000000 
0.000000 
442.1 

Water Ta,le Depth 1ft): 
Nk: 32.3 
State Parameter: 
Unit Weight of Soil (pc!): 

DID Ground Surface Elev. ~ 

0:0 
~See Below 

CPT area ratio: ~ 
See Below Copied from ConeTec CPT Data File 

------------------------------------------------------------ ------------- ------------------------------------------------------------------------------------
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APPENDIX A-4 

PHOTOGRAPHS OF OCTOBER 2007 FIELD TESTING 
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PHOTOGRAPH NO. 1 
View of the Pond Creek facility and South Cell refuse looking southeast. (October 2007) 

072-046 

PHOTOGRAPH NO. 2 
View of Pond Creek facility from existing coarse refuse crest at EI. 482± 

looking north to;vard proposed Central and i~orth Ct!Hs. 
ConeTec rig at CPT-6 middle right. (October 2007) 
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072-046 

PHOTOGRAPHS 

PHOTOGRAPH NO. 3 
ConeTec CPT track rig at CPT-9 and proposed Central/North Cells 

looking south. (October 2007) 

I? 

PHOTOGRAPH NO. 4 
ConeTec CPT track rig at CPT-7 and proposed Central Cell 

looking northeast. (October 2007) 
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072-046 

PHOTOGRAPHS 

PHOTOGRAPH NO. 5 
View of ConeTec seismic source beam beneath track and 

hammer with grounding cable. (October 2007) 
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C 

072-046 

PHOTOGRAPHS 

PHOTOGRAPH NO. 6 
View of ConeTec CPT ram, rods and 

instrumentation cable from inside track rig. 
(October 2007) 
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072-046 

PHOTOGRAPHS 

PHOTOGRAPH NO. 7 
View of ConeTec track rig (in far left background) at CPT-8 

looking northwest toward proposed North Cell. (October 2007) 

PHOTOGRAPH NO. 8 
"\Tipu, nF rnn.o'T.o~_ f,,..Qo,.J,. -~,.. nf rtDT_ 11 ,.....,.,.1 ..... _,,.....,,..,.-::-...1 1\.1.-.-.i.t... ~,..JI 

- ,....,. .... -..,. • '"b ...,., ,.__,.,. -". -.._ .11. uu:u p• vpv~.,__U J. 'IVI l.i.l '-..-C..U 

looking south. (October 2007) 
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APPENDIX B-1 

SHEAR MODULUS CORRELATIONS FOR SHAKE COLUMNS 
PCSC300E AND PCSC300M 
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Civil & Environmental Consultants, Inc. 

/_7· '.OJECT 

' 

Williamson Energy Pond Creek - South Cell 
Deformation Evaluation PROJECT NO. 072046 

Shear Modulus Calculations for SHAKE PAGE I OF 27 
Columns PCSC300E and PCSC300M 

MADE BY --=B:.:E:..:G=-- DATE _ _:1::c/3:::/..::0.::.8_ CHECKED BY IV 
' 

DATE 

OBJECTIVE: 

CALCULATION BRIEF 
FOR 

SHEAR MODULUS CORRELATIONS FOR 
SHAKE COLUMNS PCSC300E AND PCSC300M 

POND CREEK COAL REFUSE DISPOSAL SITE - SOUTH CELL 

Calculate elastic shear modulus (Gmaxl values for coarse coal refuse, coarse/fine 

mixed refuse, and fine coal refuse at the Pond Creek site from shear wave velocities 
measured at the site. Also, correlate these shear modulus values for SHAKE modeling 
of the proposed Pond Creek - South Cell embankment cross section, as shown in 
Figure 3. 

METHODOLOGY: From the measured shear wave velocities (Vs) with depth at Piezo-Seismic Cone 
PenetrometerTest (PSCPT) sounding locations CPT-1, CPT-2, CPT-2A, CPT-3, CPT-
4, CPT-5, CPT-5A and CPT-5B, shear modulus is determined using the relationship 

( 
, 

G = y/g Vs-- To estimate induced cyclic shear stresses in the South Cell impoundment 
at the final geometry, SHAKE analyses are performed in which shear modulus and/or 
shear wave velocity are input parameters. 

The seismic data from CPT-1, CPT-2, CPT-2A, CPT-3, CPT-4, CPT-5, CPT-5A and 
CPT-5B were utilized and modified according to the projected cross-section of the 
future South Cell embankment/fines elevations. Columns PCSC300E/M were created 
from the CPT data at STA 300 along the South Cell cross-section shown in Figure 3. 
The SHAKE columns account for proposed maximum South Cell geometry by 
translating data of corresponding material types to the projected embankment 
geometry. The translated shear modulus data was modified according to the change in 
vertical effective stress (cr'v) of the new column profile using Log Gmax versus Log 

cr'v relationships. Further, shear modulus correlations were performed accounting for 
changes in effective stress due to variations in ground water levels at the End of 
Construction (E) and Maximum fines elevation (M) conditions, which model the worst 
case upstream and downstream embankment scenarios, respectively. Finally, shear 
wave velocities were correlated from the literature (Reference 2) for bedrock as 
necessary input to SHAKE. 
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Civil & Environmental Consultants, Inc. 
Williamson Energy Pond Creek - South Cell 

. ROJECT Deformation Evaluation PROJECT NO. 072046 

Shear Modulus Calculations for SHAKE PAGE z. OF Z1 
Columns PCSC300E and PCSC300M 

MADE BY __ B_E_G __ DATE __ 1_/3_/0_8 __ CHECKEDBY # DATE 

REFERENCES: 

l. ConeTec, Inc. (2007), Field Report Entitled "Presentation of CPTU Test Results for: 
Pond Creek Mine - Williamson County, Illinois, December 10, 2007. 

2. Civil & Environmental Consultants, Inc. Calculation Brief Entitled "Summary of 
Piezo-Cone Penetration Testing," Pond Creek Coal Refuse Disposal Site, BEG, dated 
12/21/07. 

3. Hunt, R. E., 1984, "Geotechnical Engineering Investigation Manual," McGraw Hill 
Book Company, Copyright 1984. 

-4. Schnabel, P. B., Lysmer, J. and Seed, H.B. (1972) "SHAKE: A Computer Program for 
Earthquake Response Analysis of Horizontally Layered Sites," Report No. EERC 72-12, 
University of California, Berkeley. 

5. Hardin, B.O. (1978) The Nature of Stress-Strain Behavior in Soils," Proceedings, 
Geotechnical Engineering Division Specialty Conference on Earthquake Engineering 
and Soil Dynamics, Vol. 1, ASCE,. Pasadena, CA., June, p.p. 3-90. 

SHEAR MODULUS CORRELATION FOR EXISTING REFUSE MATERIALS 

ConeTec, Inc. (ConeTec) performed PS-CPT at 15 locations throughout the Pond Creek site as shown in 
Figure 2 of the report, with locations associated with the South Cell, designated as CPT-1, CPT-2, CPT-2A, 
CPT-3, CPT-4, CPT-5, CPT-5A and CPT-5B also as shown in Figure 2. Based on the information provided 
by ConeTec which is presented in Appendix A, Attachment A-1, measured shear wave velocities were used 
to determine shear modulus (G) values with depth using the relationship: 

2 
G = (Vs * y)/g 

Since low-amplitude (less than 0.00 l % ) shear strains were measured during seismic downhole testing, the 
· shear modulus values obtained from the equation above equal the elastic shear modulus, Gmax· The Gmax -

values estimated by ConeTec in their report were subsequently modified by CEC, due to our interpretations 
of the applicable unit weights for the strata encountered during the piezo-seismic cone penetrometer tests. 
The refuse/soil material properties and the generalized subsurface profile, based on the results of the 
continuous CPT profile as well as the seismic downhole tests which were completed at every three-foot depth 
interval, are tabulated below. The field measured shear wave velocities and modified initial shear modulus 
data (Modulus Calculations From Field Geophysical Data) for each South Cell CPT sounding are attached. 

( __ 
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Civil & Environmental Consultants, Inc. 

Williamson Energy Pond Creek - South Cell 
.'ROJECT Deformation Evaluation PROJECT NO. 072046 

Shear Modulus Calculations for SHAKE PAGE 3 OF 21 
Columns PCSC300E and PCSC300M 

MADE BY __ B_E_G __ DATE __ 1_/3_/0_8 __ CHECKEDBY_,,_-;ry~t=Y~- DATE 

Generalized South Cell CPT Profiles from 10/2007 Field Testing: 

CPT-1 CPT-2 

EL 482.19 - Surface Elevation EL 494.21 - Surface Elevation 

15.3 feet- Depth to Static Ground Water 38.8 feet - Depth to Static Ground Water 

0 - 18.4 feet - Residual Soil 0 - 32 feet - Coarse Refuse 

Refusal at 18.4 feet - Bedrock 32- 45.3 feet - Residual Soil 

Refusal at 45.3 feet - Bedrock 

CPT-2A CPT-3 

El. 492.40 - Surface Elevation EL 466.98 - Surface Elevation 

37.0 feet - Depth to Static Ground Water 11.1 feet - Depth to Static Ground Water 

( 0 - 29 feet - Coarse Refuse 0 - 22.2 feet - Residual Soil 

29 - 41. 7 feel - Residual Soil Refusal al 22.2 feel - Bedrock 

Refusal at 41.7feet - Bedrock 

CPT-4 CPT-5 

El. 482.55 - Surface Elevation EL 482.55 - Surface Elevation 

21.7 feet - Depth to Static Ground Water 34.4 feet - Depth to Static Ground Water 

0- 18.9 feet- Residual Soil 0 - 29 feet - Coarse Refuse 

Refusal at 18.9 feet - Bedrock 29 - 49.2feet - Residual Soil 

Refusal at 49.2 feet - Bedrock 

CPT-SA CPT-SB 

El. 483.00 - Surface Elevation El. 479.90- Surface Elevation 

35.9 feet - Depth to Static Ground Water 28.0 feet - Depth to Static Ground Water 

0 - 29 feet - Coarse Refuse 0 - I 9 feet - Coarse Refuse 

29 - 53.2 feet - Residual Soil 19- 39.7 feet- Residual Soil 

Refusal at 53.2 feet - Bedrock Refusal at 39.7 feet - Bedrock 

l-
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Civil & Environmental Consultants, Inc. 
Williamson Energy Pond Creek - South Cell 

.(QJECT Deformation Evaluation PROJECT NO. 072046 

Shear Modulus Calculations for SHAKE PAGE OF Zj 
Columns PCSC300E and PCSC300M 

MADE BY _ _cBc.cE=-G=-- DATE ---'1-'-'/3"-/0=-8=---- CHECKED BY ,-;rp4 DATE 

Refuse/Soil Pronerties (Prov1 e JV Alliance Consulting, Inc. "d db ase on a oratorv testmg) b d I b 

DescriQtion Unit Weight Friction Angle Cohesion Comment 

(pct) (degrees) (psf) 

Coarse Refuse 130 36 0 Frictional 

Fine Coal Refuse 80 30 Frictional 

19.5 400 Total Strength 
Residual Soil 125 

0 3000 80% Peak Undrained 

1
SHEAR MODULUS CORRELATION FOR MATERIALS AT PROPOSED SOUTH CELL 

\ 
·.rlased on the generalized impoundment profiles of the applicable CPT soundings and the existing site 
topographic conditions, initial moduli were calculated. However, there will be an additional 25 to 55 feet of 
coarse coal refuse that will be placed above the existing South Cell ground surface. Therefore, PSCPT data 
was "transformed" to represent the proposed conditions. This was accomplished by translating data (grouped 
by strata) to the crest location using the respective strata thicknesses for the future South Cell geometry. 
Further, translations were performed as described below for the effective stress variations due to ground 
water levels associated with the End of Construction (E) and the Maximum fines (M) conditions. SHAKE 
column PSCS300E/M were created from CPT-1, CPT-2, CPT-2A, CPT-3, CPT-4, CPT-5, CPT-5A and 
CPT-5B data based on the generalized profiles presented in the following table. 

Generalized Profile of the South Cell SHAKE column PSCS300E and PSCS300M: 

PCSC300E /Upstream Min Fines) 

El. 502 - Surface Elevation 

32 feet - Depth to Ground Water Table 

(Min. Fines Elevation - 4 7 4) 

0 - 32 feet - Coarse Refuse 

32 - 50 feet - Residual Soil 

Below 50 feet - Bedrock 

PCSC300M (Downstream Max Fines) 

El. 502 - Surface Elevation 

14 feet - Depth to Ground Water Table 

(Max. Fines Elevation - 496) 

0 - 32 feet - Coarse Refuse 

32 - 50 feet - Residual Soil 

Below 50 feet - Bedrock 
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Civil & Environmental Consultants, Inc. 
Williamson Energy Pond Creek - South Cell 
Deformation Evaluation PROJECT NO. 072046 

Shear Modulus Calculations for SHAKE PAGE 5 OF 2 ~ 

Columns PCSC300E and PCSC300M 

MADE BY __ B_E_G __ DATE _ _:1.:..:/3=-/-=-08=---._ CHECKED BY -;(IJ,J 
I 

Due to the changes in the South Cell embankment profile from the existing conditions to the final geometry 
conditions, as well as the change in the piezometric surface associated with the upstream min. fines and 
downstream max. fines conditions and the corresponding change in vertical effective stress. The change in 
shear modulus with variations in vertical effective stress has been well documented for most types of soils. 
Hardin (1978) presented a design equation which relates Log Gmax versus Log cr'v for sands. The isotropic 

stress component, n, (or slope) of this relationship was developed for the coarse coal refuse and residual soil 
based on the recorded seismic data from CPT-1, CPT-2, CPT-2A, CPT-3, CPT-4, CPT-5, CPT-5A and CPT-
5B with respect to their corresponding cr'v values and Vs, and was used to modify Gmax for PSCS300. This 

relationship Is illustrated graphical! y presented in this calculation brief. 

The resulting shear modulus values of PCSC300 modified for the proposed maximum South Cell effective 
stresses are presented herein. 

SHEAR VELOCITY CORRELATION FOR "OTHER" MATERIALS 
~-c as_ed on the boring logs and generalized cross section shown in Figure 3, weathered rock to competent rock 

(bedrock) exists beneath the bottom of the site and South Cell. The bedrock layer is accounted for in the 
SHAKE columns and shear wave velocities are correlated from Hunt, R. E., 1984 (Reference 3). 

SHAKE column input parameters for each, including the soil type, depth, layer thickness, layer number and 
initial shear modulus and/or correlated shear wave velocity are attached to this calculation brief. The latter 
information (shear wave velocity) correlated from Hunt for bedrock was estimated as follows: 

From Table 2.9, Hunt presents compression wave velocity (Vp) ranges for various materials 
including Colluvium (firm to medium coarse), Shale (soft to hard) and Sandstone (soft to 
hard). It is assumed that the shale and sandstone sedimentary rock ranges are assumed for the 
bedrock beneath the site. Further, Hunt correlates V p to shear wave velocity (Vs) using the 

relationships: 

Vs= 0.45 to 0.58 V p (poorly to well consolidated soils, respectively) 

Consequently, the following values are correlated. Note, it is assumed that the rock stratum is medium hard. 

Material 

Bedrock 

V:g Range 

Hunt (1984) 

4,000 to I 0,000 fps 

V:g Assumed 

7,000 fps 

Vs Factor 

Hunt (1984) 

0.58 

Vs Used in 

SHAKE 

4,000 fps 
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In order to utilize the correlated and assumed dynamic properties of the impoundment for SHAKE analyses, 
the tabulated data was separated into common material types with a total of sixteen (16) layers. Average 
shear modulus values were obtained by averaging the values for each newly created layer, as shown on the 
attached spreadsheets. In addition, the assumed shear velocity value for bedrock (presented above) was 
utilized for the basal layer (17). The averaged dynamic profiles and tabulated SHAKE input are attached to 
this calculation brief. 

CONCLUSION 
Based on the information presented in this calculation brief, estimates of shear modulus from measured shear 
wave velocities for the Pond Creek- South Cell impoundment were performed. SHAKE columns 
PCSC300E (Crest Column - Upstream Min. Fines) and PCSC300M (Crest Column - Downstream Max. 
Fines) were created by translating the initial shear modulus values from CPT-1 through CPT-5B and 

( -.odifying them with respect to changes in vertical effective stress associated with the final South Cell 
' .,eometry. The Log Gmax versus Log cr' v relationships for coarse refuse and residual soil were developed 

from the downhole seismic data from this study. Additionally, correlations presented for "other" materials 
not directly tested were utilized. The correlated shear modulus values subdivided into layers and averaged 
for use as SHAKE input. The created dynamic profiles will be utilized to estimate induced cyclic shear stress 
with depth for the proposed maximum South Cell geometry. 
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CORRELATED CPT-1 THROUGH CPT-SB SHEAR WAVE VELOCITY DATA 
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REFUSE/SOIL DENSITIES AND SOUTH POND VERTICAL EFFECTIVE STRESS FOR 
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Project: Williamson Energy - Pond Creek South Cell Deformation Analysis 

Subject: Determination of Shear Moduli for Coarse Refuse and Soil - PCSC300M (StageVII Crest Column) 

~South Cell - Crest at El. 502; Fines at El. 496 (MAXIMUM FINES LEVEL) 

r( 
· Objective: Calculate in-situ values of Shear Modulus for coarse refuse and subgrade soils at the Williamson Energy 

Pond Creek South Cell coal refuse disposal site from shear wave velocities measured in various CPT soundinds conducted at the site. 

Pond Creek Refuse Properties: 

(provided by Alliance Consulting Inc. from slope stability analyses) 

Total Unit Weight (pcf) = 

Total Sat. Unit Weight (pc!)= 

Effective Unit Weight (pcf) = 

Coarse 

Refuse 

130.0 

140.0 

77.6 

Residual 

Soil 

125.0 

135.0 

72.6 

Generalized Subsurface Profiles: Cone Penetration Testing (CPT) performed by ConeTec, Inc. and CEC November 2007. 

CPT-1 CPT-2 CPT-2A 

Generalized Profile - CPT-1 Sounding 11/07 Generalized Profile - CPT-2 Sounding 11/07 Generalized Profile - CPT-2A Sounding 11/0Z 

482.2 Surface Elev.,!! 484.2 Surface Elev.,lt 492.4 Surface Elev.,ft 

15.3 Depth to Groundwater Table, It 38.8 Depth to Groundwater Table, It 37.0 Depth to Groundwater Table, ft 

0 -18.4 It Clay 0 - 32.0 It Coarse Refuse 0 - 29.0 ft Coarse Refuse 

18.40 Refusal 32.0 - 45.3 ft Clay 29.0 -41.7 ft Clay 

45.30 Refusal 41. 70 Refusal 

CPT-5 CPT-5A CPT-5B 

( ~eneralized Profile - CPT-5 Sounding 11/07 

• 482.6 Surface Elev.,lt 

Generalized Profile - CPT-5A Sounding 11/07 

484.2 Surface Elev.,ft 

Generalized Profile - CPT-5B Sounding 11/07 

484.2 Surface Elev.,!! 

34.4 Depth to Groundwater Table, It 38.8 Depth to Groundwater Table, It 38.8 Depth to Groundwater Table, ft 

0 - 29.0 It Coarse Refuse 0 - 29.0 ft Coarse Refuse O - 19.0 It Coarse Refuse 

29.0 - 49.2 It Clay 29.0 - 53.2 ft Clay 19.0 - 39.7 It Clay 

49.20 Refusal 53.20 Refusal 39.10 Refusal 

Generalized Profile For PCSC300M Stage VII CREST COLUMN /Crest El. 502. Max. Fines El. 496) 

502.0 Surface Elev.,ft 

14.0 Depth to Groundwater Table, It 

0 - 32 ft Coarse Refuse 

32 - 50 ft Residual Soil 

Below 50 It Bedrock 

07 ;.. I 

CPT-3 CPT-4 

Generalized Profile - CPT-3 Sounding 11/0Z Generalized Profile - CPT-4 Sounding 11/07 

467.0 Surface Elev.,lt 482.6 Surface Elev.,lt 

11.1 Depth to Groundwater Table, ft 21.7 Depth to Groundwater Table, ft 

O - 22.2.0 ft Coarse Refuse O - 18.4 ft Coarse Refuse 

22.20 Refusal 18.40 Refusal 
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WILLIAMSON ENERGY - POND CREEK SOUTH CELL IMPOUNDMENT 

SHAKE CREST COLUMN PCSC300M (CREST EL. 502, MAX. FINES EL. 496) 

CPT-1, 2, 2A, 3, 4, 5, 5A, 5B 

( 
· ',_,,ODULUS CALCULATIONS FROM FIELD GEOPHYSICAL DATA: 

Ex. Surf. El: 482.2 484.2 492.4 

GWT: 466.9 445.4 455.4 

CPT-1 CPT-2 CPT-2A 

CPTMid Shear Shear Shear 

Layer Stage VII Stage VII Wave Wave Wave 

Depth Depth Elevation Velocity Velocity Velocity 

z z El. Vs Vs Vs 

TLC~Ri:l 

C 

SOIL.-

467.0 482.6 482.6 

455.9 460.9 448.2 

CPT-3 CPT-4 CPT-5 

Shear Shear Shear 

Wave Wave Wave 

Velocity Velocity Velocity 

Vs Vs Vs 

484.2 484.2 CCR AND SOIL 

445.4 445.4 CPT-1, 2, 2A, 3, 4, 5, SA, 5B 

CPT-5A CPT-5B Average Average Average Average Based Average 

Shear Shear Shear Initial Stage VII Initial 10X Corr Corrected Stage VII 

Wave Wave Wave Effective Effective SHEAR SHEAR SHEAR Gmax 

Velocity Velocity Velocity Stress Stress MODULUS MODULUS MODULUS For Layer 

Vs Vs Vs cr' cr' Gmax Gmax Gmax Gmax 

fpJ;) (fps) fos!l ~fl (!ss!l din, (k$f) iksl} -

i1'!i 

}1:J~t~:';~'.;b !;!J;), _ _:1~~-- -/2~~·.-··· •·. ~t";}t.:;--- ''':.1~!2: L/~~te .. ·• ... •.;;._ -~1"'· ~}1iBf ···• ;:~~~l,,t};~lltt · .. 2!!:~-'.-. I+::.::·.·.•~~!1··· · i,529··· 

;j~~;~_~!b~bb ···.·.··•··::::~':;0-~t<. ,:-,-~t~ ·~: >•
1~!t: . >~t; :r.tt}:_-_1?1 Zt:, -~~~;_i• ·:::~::Tft.;:~~:__: ,;~;:f!:;;:'.' -~~~~ •:."',. 

·.: 6476' 

LAYER N_O. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 
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INITIAL EFFECTIVE STRESS CALCULATION: 

}:tcR~~ 

C 
SOIL 

C_ 

Ex. Suri. El: 482.2 484.2 492.4 467.0 482.6 482.6 484.2 484.2 

GWT: 466.9 445.4 455.4 455.9 460.9 448.2 445.4 445.4 

CPT-1 CPT-2 CPT-2A CPT-3 CPT-4 CPT-5 CPT-5A CPT-5B Average 

CPTMid Initial Initial Initial Initial Initial Initial Initial Initial Initial 

Layer Stage VII Stage VII Effective Effective Effective Effective Effective Effective Effective Effective Effective 

Depth Depth Elevation Stress Stress Stress Stress Stress Stress Stress Stress Stress 

z z El. cr' cr' cr' cr' cr' cr' cr' cr' cr' 

,~sB.79s'stY?/s5:oo ➔"\\11flis1,0~~01•;,i'~r.{~li&A~~;~3':~1:";;~:;2~~f$01rt;~~'.I~~:ll:~~,~~;~~~7~:t~~~t7;~~?~1'1p!1fJibi~~if£f~1;:; 
'.;~~~;;;;:;~·-~~'i1j~~~~~:~':;0~~grt~~:0~~~t~~~i~:Tu;;;~~~;,;:t;c~~fus~~1~;:k~,~~~~#]~!n~~::;;;:~i~~~~f.~~·rt:1~~:~f :,:;~t,;7a~ 
·s~;}~~1~~~?;0·1l6~:;~:···i'.~:~j~~~\;~~,~it?-ft"d!t~f ~%'~~;¼s~t~¥; .. ~1:t}r~x;~:f;~~':1~Z~'.!if•~?~i~~~~JJ!s~~~:g'.j•y',~~~;~~g: ;'~i~;~· ... 

}!t:~b{1·J1tJ~~1:d~;It:~kll!'.6lf;1!l~?~~~,~t1}1[ }}i~~{¼ :1~~~I.\:C:'fj}5i1~i;•iit1FJ!~~;··i'ftt[t~~;\:0zlJ~!::'~#f :~ ·i(·:J:~ti1t: {~gg}f: 
.. i~)~f .f},~.~:bb•', .. ,; ~i~~~J}fJ~t,}::TCf ~rr::•;;; .. ~f t./,\,;_J:~~~·{i/:,'' f1J!~{;'{c1~1~i:1I;M:s'~,;1~:i .·· }B:' ~~f rt . }!~~:r ... · 
- 20·10··-''' - ··o· ...• -• .,. ···. - . ·· ' ''. . ·. . .,, .. -N·.,, .. ,,,>,·NA.', .. · NA'•- -.·-·204···9· 
. . ,,:•:,, .. 50.0 N/L,,. · . NA.,, NA ·, ·- -· 2040.9 ·• ,. NA .. ,•,,•. Ao•••"••·•>•· :·. · ··, .. '.'.. _ ·- O: 

'49_95 < ho.oo 452.o NA. · NA NA •; NA / i NA . NA - 55§9'.5 NA 5659.5 

6 
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INITIAL SH_EAR MODULUS CALCULATION: 

-.c· ··c· · ·R··•:•··, :c.~:c, 
•T~""•"'"• :::...;,:_,_, 

SOIL.' 

CPT-1 CPT-2 CPT-2A CPT-3 CPT-4 CPT-5 CPT-5A CPT-5B Average 

CPT Mid Initial Initial Initial Initial Initial Initial Initial Initial Initial 

Layer Stage VII Stage VII Shear Shear Shear Shear Shear Shear Shear Shear Shear 

Depth Depth Elevation Modulus Modulus Modulus Modulus 

z z El. Gmax Gmax Gmax Gmax 
kfil 

,•J3379'-,·Qfss'§16~s:;i!!fB;fffl£~5::~:g~~~~f,~~~fE~~;~¥~t;w~~-'}§;±~5:'8£$'11~~;~~ffit1~:::~ff~~:1r::·t:~~~¾;:~~~~'.~~~;F1 

:y~~\;:is~t~-~,~~~~i¥;1S!~I?ff?J:~~~i;~Rstf~t~?f~~;~t;z?~:-~2i~1~i!t~:~55f&1:~~~~-w;ff3t1;~~f~'t?IT;\f'.~~~i~'ft:~~;~~:::·-~rY~!~~;W: 
-'.:
11~~~~t/itf~~~~TI~~~~~1;;~~:~:~~{~~;,t~~~)1~:~:~::~i~ft~~0~t1~-:1;.~;,t~~-1~~~~I~;i~~~~~ffi~~2~ti:~*~'tr~i~~t~~:, :Jl~~!~~~i:·~t:c~~~~&~>' 

.;;t~1~,~~Ef }ltbi*wf1l~ti~~;i~;~r;i}~l~1t11;1:.Hil~\~[rit1Er~1-.\ ,, ::;t~2
~,;{ icf ~;f :c~x6t~t~ii2~11~t~I0M~~,~~1 jt;l_:-.I\~Jr:tr~/•::~i~i,

.>1tiiff if 1;:~,i1;.1~rf.:"11!:it1lv1rtitttf•)i.':~tt11;J:t\: ~t _.... · 3~r-~.}r1;(J~~t-:· .:J~~:i~;;/lJ't;tl!;~ · -/~~i~\;·) :!:~:i. · 
:,20, rn ,,_s. 5o.qQ;;:,j 4~2,,9'.;;~ ·. ~~?/t' :, NA.'.'.;;/,. • r-.JA. '· 4,~jpX~Jj ,_ .NA··'/\/ ':'J_/l>_2 },\}\Nf\3; Nf'Y •· 4~~~ 

49.95 50.00'". 452.0 _,NA·:, ;NA-":-: · NA· ; NA·' . NA · NA' ,:_ 7729· - NA•·. ·77?9. 

.. I 
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Project: Williamson Energy - Pond Creek South Cell Deformation Analysis 

Subject: Determination of Shear Moduli for Coarse Refuse and Soil - PCSC300E (StageVII Crest Column) 

South Cell - Crest at El. 502; Fines at El. 474 (MINIMUM FINES LEVEL} 

Objective: Calculate in-situ values of Shear Modulus for coarse refuse and subgrade soils at the Williamson Energy 

Pond Creek South Cell coal refuse disposal site from shear wave velocities measured in various CPT soundinds conducted at the site. 

Pond Creek Refuse Properties: 

(provided by Alliance Consulting Inc. from slope stability analyses} 

Total Unit Weight (pcf) = 

Total Sat. Unit Weight (pcf} = 

Effective Unit Weight (pc!)= 

Coarse 

Refuse 

130.0 

140.0 

77.6 

Residual 

Soil 

125.0 

135.0 

72.6 

Generalized Subsurface Profiles: Cone Penetration Testing (CPT} performed by ConeTec, Inc. and CEC November 2007. 

CPT-1 

Generalized Profile - CPT-1 Sounding 11/0J 

482.2 

15.3 

0-18.4ft 

18.40 

CPT-5 

Surface Elev.,ft 

Depth to Groundwater Table, ft 

Clay 

Refusal 

(

-.Generalized Profile - CPT-5 Sounding 11/07 

482.6 Surface Elev.,ft 

34.4 Depth to Groundwater Table, ft 

0 - 29.0 ft Coarse Refuse 

29.0 - 49.2 ft Clay 

49.20 Refusal 

CPT-2 

Generalized Profile - CPT-2 Sounding 1 j/07 

484.2 Surface Elev. ,ft 

38.8 Depth to Groundwater Table, ft 

0 - 32.0 ft Coarse Refuse 

32.0 - 45.3 ft Clay 

45.30 Refusal 

CPT-5A 

Generalized Profile - CPT-5A Sounding 11/07 

484.2 Surface Elev.,ft 

38.8 Depth to Groundwater Table, ft 

0 - 29.0 ft Coarse Refuse 

29.0 - 53.2 ft Clay 

53.20 Refusal 

Generalized Profile For PCSC300E Stage VII CREST COLUMN {Crest El. 502, Max. Fines El. 474} 

502.0 Surface Elev.,ft 

32.0 Depth to Groundwater Table, ft 

O - 32 ft Coarse Refuse 

32 - 50 ft Residual Soil 

Below 50 ft Bedrock 

CPT-2A 

Generalized Profile - CPT-2A Sounding 11/07 

492.4 Surface Elev.,ft 

37.0 Depth to Groundwater Table, ft 

O - 29.0 ft Coarse Refuse 

29.0 - 41.7 ft Clay 

41 . 70 Refusal 

CPT-58 

Generalized Profile - CPT-5B Sounding 11/07 

484.2 Surface Elev.,ft 

38.8 Depth to Groundwater Table, ft 

O - 19.0 ft Coarse Refuse 

19.0 - 39.7 ft Clay 

39.1 O Refusal 

CPT-3 CPT-4 

Generalized Profile - CPT-3 Sounding 11/07 Generalized Profile - CPT-4 Sounding 11/07 

467.0 Surface Elev.,ft 482.6 Surface Elev.,ft 

11.1 Depth to Groundwater Table, ft 21.7 Depth to Groundwater Table, ft 

0 - 22.2.0 ft Coarse Refuse 0 - 18.4 ft Coarse Refuse 

22.20 Refusal 18.40 Refusal 
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WILLIAMSON ENERGY - POND CREEK SOUTH CELL IMPOUNDMENT 

SHAKE CREST COLUMN PCSC300E (CREST EL. 502, MIN FINES EL. 474) 

CPT-1, 2, 2A, 3, 4, 5, SA, 5B 

.,ODULUS CALCULATIONS FROM FIELD GEOPHYSICAL DATA: 

Ex. Surf. El: 482.2 484.2 492.4 

GWT: 466.9 445.4 455.4 

CPT-1 CPT-2 CPT-2A 

CPTMid Shear Shear Shear 

Layer Stage VII Stage VII Wave Wave Wave 

Depth Depth Elevation Velocity Velocity Velocity 

z z El. Vs Vs Vs 

467.0 482.6 

455.9 460.9 

CPT-3 CPT-4 

Shear Shear 

Wave Wave 

Velocity Velocity 

Vs Vs 

482.6 

448.2 

CPT-5 

Shear 

Wave 

Velocity 

Vs 

484.2 

445.4 

CPT-5A 

Shear 

Wave 

Velocity 

484.2 

445.4 

CPT-5B 

Shear 

Wave 

Velocity 

Vs 

Average Average 

Shear Initial 

Wave Effective 

Velocity Stress 

Vs a' 

Average 

Stage VII 

Effective 

Stress 

a' 

CCR AND SOIL 

CPT-1, 2, 2A, 3, 4, 5, SA, 5B 

Average Based Average 

Initial 10X Corr Corrected Stage VII 

SHEAR SHEAR SHEAR Gmax 

MODULUS MODULUS MODULUS 

Gmax Gmax 

·:s~f~:t_CRi~T 

( 

SOIL. 

·.:i:~i·t-'',~lti~ft1}11!~f8.:.t··'t:~~2f;~;f' g, ~1c·· x~:??;t'.·ITf-;, .·.·:-1·~12,.':~•;i?)~t~~C'. J~li .. · -.·• ··~~' . . . '1':i~t gi~:{.)tl1~i~1li :cr!!:s• . :::~ -. :::~ .· 7136 

.· .... :~::~.,~Ii61t~:j:=;'f!~!:~·r··· '~if1;-:,.~r: •·· -····~~/-.- _ ... )zr; .. ·:<;2;·;~~:··r i ··•·NA''/'.?;14tft. r::.. -~~}t'~-. !i~::xJf;~tt::l:.I-)t}:~} . ·t:~ ,\.··· ;::~- ·7051 

LAYER NO. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 
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INITIAL EFFECTIVE STRESS CALCULATION: 

Ex. Surf. El: 482.2 484.2 492.4 467.0 482.6 482.6 484.2 484.2 

GWT: 466.9 445.4 455.4 455.9 460.9 448.2 445.4 445.4 

CPT-1 CPT-2 CPT-2A CPT-3 CPT-4 CPT-5 CPT-5A CPT-58 Average 

CPTMid Initial Initial Initial Initial Initial Initial Initial Initial Initial 

Layer Stage VII Stage VII Effective Effective Effective Effective Effective Effective Effective Effective Effective 

Depth Depth Elevation Stress Stress Stress Stress Stress Stress Stress Stress Stress 

z z El. cr' cr' cr' cr' cr' cr' cr' cr' cr' 

CCR\~[ 

'''"""'·'" '·"'' ">GGv,u Xi'." • . , , ,f\1:~1)#;1 NA~f~;J[i'422faJliiJfj4Jti~:i;ri~r!v. 

{•:f1~;~:;;;~:f~i:;;;r~1!I.~:~!t~JJlji~:r~~~i~::;Kti!! ?r:r,:/:{0i;~:J;J;/2:J;:~l~f-~~I~~;~~=~i~1~f ;~~r::f :~i~f JTu:~::;;!~~~J:.; 
SOIL ... j. :;1~~~!,I,~',:j:'.~£~,6~'.'~t~~~!!~.~~d~•;;~~!{i;'.;~~~~;,;;•,j&~~~1···;:;.iih~~:~;":i"Js3!!J:,~2f;:71~!;Jk£t;;,'.'J9N!.~F:.T''.(~f~;:;'.;:l~~~I.· 

.•·~•·l:~1~~;~'.E~i!;~~~;f1i:;~l~?~:p~1c7~z~~E}'f 1~·;J:t¥f .~";~11~:2fr:%1'.~~f P!~'•1Jtii·~;:f/('~~~\iil~-*!!!~~~~~;'n· '·.,:•~~Sf~.tr~6~~•~i.' 
-~·-1~~~i~A:~f~!~66::;":"t:!:~:~f~;~Jh.~~~~~~~;;'·;·~~;~;~.·' ··.~••··~~~: :,i:~,J~~:;~;,}.1;f~}~~;~j';¥'!nb+Zt::~~f ~~~;!~:- ,.•. :~-~%:itf~,:;~ai:~-

49.95' so:oo 1!!:~!{/2"~2 ~~rr·:,:rtt·- ' •_•.' ~;};~.} ~0Jf:9;? j: ~:- . ' • ic/f ~::I?; 'ie~tf} •' ~f './ ',, . ' ~~:~:f 

( 
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INITIA~ SHEAR MODULUS CALCULATION: 

CPT-1 CPT-2 CPT-2A CPT-3 CPT-4 CPT-5 CPT-SA CPT-5B Average 

CPT Mid Initial Initial Initial Initial Initial Initial Initial Initial Initial 

Layer Stage VII Stage VII Shear Shear Shear Shear Shear Shear Shear Shear Shear 

Depth Depth Elevation Modulus Modulus Modulus Modulus Modulus Modulus Modulus Modulus Modulus 

z z El. Gmax Gmax Gmax Gmax Gmax Gmax Gmax Gmax 
ksf) (k 

,·.,:c·c· R.• •• ,,,cc 
•e:,~. ' ',;_,,;'!' 

,. __ ,,;'._,,., .. ,,.. .. ~ ·-·~;<.«,• 

(_ 

;~~i~1¥!~:~sl1~7{If![i8'1~~1~;q~;t~'1!~J~!~,{Wt~tft~f;~fz1%t!~~~1~ft~~~ff!~rr~r¥~~:·~,:?~~1f'f; 
SOIL'' .. j';'tf ~;;~zf !}!~;~~~iz%1~t~~;~n~7;[~~it~E~~~~jsf i;·~;tn~1~~::<~:r?1~~s~·1~:::t~~~i '~SH]:f~~~~tf0~~?~~~~!:·r,~1!~~t~~J-;~<t~};;J·\ ,,., 

,i·!!'.·i~~~~f'~~:~61I~:,~~!:~!gt2~~!21t::,:1"~j{;£~,~~:'•r·2~%;0~0!~'~~~10:s1:i'.>3~!:'.'1~~:~1s~*~j.'.:1:0f'r~tG~'".217;;~r,'.~l'J:~'~~~!;{· 
·•:'7sc~~-~:~;J:i~-i~-:;;;;;1~::~'[Jf':,;~~1°:C?:''~%£~l.'.f,,.\~.·'.··~t•~;~;~''.'~-.~Ni7~;)_,·;z·.s~~~~~;;::·,ytst~E:::,,y·,r1;~i=4';.1\~;\~¼r~-~x,~i~:r 

!t}ci_":-0t:,t~:Eb' , i}>'t:ti;ti~F;f ~ff\if !'°};,~fr~ . ,. "-~r:i. ,_::1Jr ~, · <~Ji{'"f/\~f .:>1(+f~tr ·._. ~,~~)) .. '... t~i!:' · 

( 
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Project: WILLIAMSON ENERGY- POND CREEK SOUTH CELL DEFORMATION ANALYSES 

Subject: Determination of Shear Moduli for Coarse Refuse and Soil Materials, and Regression Analyses Relationships 

'bjective: Calculate in-situ values of Shear Modulus for coarse refuse and soils at the Williamson Energy Pond Creek site, and 

perform regression analyses to develop regression relationships for each material for extrapolating shear modulus at 

different effective stresses. 

Pond Creek Refuse Properties: 

(provided by Alliance Consulting, Inc.) 

Total Unit Weight (pcf) ; 

Total Sat. Unit Weight (pcf); 

Effective Unit Weight (pcf); 

Coarse 

Refuse 

130.0 

140.0 

77.6 

Residual 

Soil 

125.0 

135.0 

72.6 

WILLIAMSON ENERGY - POND CREEK SOUTH CELL IMPOUNDMENT 
SHAKE CREST COLUMN PCSC300 (CREST EL. 502, MAX. FINES EL. 496) 

CPT-1, 2, 2A, 3, 4, 5, SA, 58 
MODULUS CALCULATIONS FROM FIELD GEOPHYSICAL DATA: 

Gmax vs. Vertical Effective Stress 
CPT-1 Coarse Refuse 

+ 
Gmax vs. Vertical Effective Stress 

CPT-2 Coarse Refuse 

+ 

+ 
;'o/i3m~~s'lwlrrt'rl:araisct1fif:s1ri1srF1 
)~1~\i¥J?lflifilITl&\ffir~r~m.rr~]f.?~11ii?.:1 

Gmax vs. Vertical Effective Stress 
CPT-4 Coarse Refuse 

+ 

+ 

;~~:~t:~~t;;~~rfi!t~:l~!1~,1~~;~r 1 
+ 

cl Gmax vs: Vertfcal Effective Stress 
. CPT,513 Coarse Refuse.· C ·, 
< / ·.,,.-.·------··•~-· ····--""" ..... , 

Gmax vs. Vertical Effective Stress 
CPT-1 Residual Soil 

+ 
Gmax vs. Vertical Effective Stress 

CPT-2 Residual Soil 

+ 

Gmax vs. Vertical Effective Stress 
CPT-4 Residual Soil 

+ 

+ 
·••: Gmax"vs~ \lerti2ai Effective Stress < ; ., -~ 

. ··<:; /:Sf.9.~:r:.S6 l;ie~L~~alS,9)1. ;< o; ..... /} 
+ 

· •·0rnax vs: verticafEHecthie S:fress ·.•···• 
· Qf:'T'.5s Rie~[du~ISoil · · 
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WILLIAMSON ENERGY - POND CREEK SOUTH CELL IMPOUNDMENT 
SHAKE CREST COLUMN PCSC300 (CREST EL. 502, MAX. FINES EL. 496) 
CPT-1, 2, 2A, 3, 4, 5, SA, 58 

. ( 'ODULUS CALCULATIONS FROM FIELD GEOPHYSICAL DATA: 
COARSE COAL REFUSE RESIDUAL SOIL 

Initial Initial Initial 

Effective Effective S-Wave SHEAR 

Stress Stress Velocity MODULUS 

cr' cr' Vs Gmax 

(ksf) 1Q§f)_ (!Qfil (ksf) 

NA NA NA NA 

0.98 980.2 1204 5852 

0.98 980.2 1204 5852 

1.41 1406.6 _ 1284 .. 6656, 

1.83 : 1833.0 1152: 5358 

2.26 2260.7 1085 4753 
2.69 2687.1 1029 4275 

3.11 3113.5 1039 4358 

3.54, 3539.9: 1050 ,, · 4451 

3.97.· , 1114' 5010 

( 

NA NA NA NA 

;;l~i1ilf iilJJ.: 
• 2.20-:· •··, 22eo.1, ., 1396.o., • 7867.9 ··i 

Ii!ttlfi! lll!!ltt. 
• 0.9§,_,,,·: 980.2:,· ·• s1s.o,,: ... 2101 .. 4 

'·\.+., 
,.· , •• 0.9f ', 98p.2 ''8'18.0, .. >2701.4\ 

·•·· 1:41 ,· 14oe:e'i.,:iioo.o.--:12fo.2 ~ 
.s:3' , 1833.o ·-- 1517.o . 9290.9 

2.26 2260.7 1,085.0 · :1]52.8 , 

Initial 

Effective 

Stress 

cr' 
(ksf) 

0.53 

0.94 

1.35 

.1.76 
· 1.35 · 

2.04 

4.22 

4.63 

4.96 

5.18 

0.53 

0.94 

1.35 

1.76 

2.13 

Initial 

Effective 

Stress 

cr' 

{Qfil) 

532.5 

942.5 

1352.5 

1762.5 

1352.5 

2040.3 

4223.8 

· 4633.8 
.. 4962.5 

5176.7 

942.5 

1352.5 

1762.5 

2132.5 

S-Wave 

Velocity 

Vs 

(!Qfil 

645.0 

656.0 

808.0 

1013.0 

808.0 

1402.0 

950.0 

795.0 

908.0 

1173.0 

673.0 

781 .0 

913.0 

1242.0 

Initial 

SHEAR 

MODULUS 

Gmax 

(ksf) 

1615·.o 

1670.6 

2534.4 

3983.6 

2534.4 

7630.5 

3503.5 

2453.5 

3200.6 
· 5341.3 

1758.3 

2367.9 

3235.9 
5988,2 

tYi~Jiit\{~liiF!)~;!it~K;f { i;;;t·J 
. 5.18 _, ·• · 5176.7•::cc,·,753_0·,:, 2289.T 

.'};. . . 
s.42::. 5121.4'.\961.o .3585.1 , 

'4.2'·' ·.· _4223.8,,· 1014;0 ,, 3991.4 
0

4.6 46~!J-B:,,i 1150.0 5133.9 

t<J 1 t. 7 
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-c t'ROJECT 

Civil & Environmental Consultants, Inc. 
Williamson Energy Pond Creek - South Cell 
Deformation Evaluation PROJECT NO. 072046 

Shear Modulus Calculations for SHAKE PAGE 2/ OF 21 
Columns PCSC300E and PCSC300M 

MADE BY __ B_E_G_ DATE __ 1'-'/3-'--'/0...c.8_ CHECKEDBY zJ-d DATE 

ELASTIC SHEAR MODULUS VERSUS EFFECTIVE CONFINING 
PRESSURE RELATIONSHIPS USED IN GMAX CORRELATIONS FOR 

COARSE REFUSE AND RESIDUAL SOIL MATERIALS 
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100000 i ,,.i> ;; . ""n, :C;:;1,. ,,·,~,\_ ~-,'~{.c.i~_i,,',;}1;J;dkL,<i ~~ ,~-',;,.,,,'j 
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Power (POND CREEK CCR 

10000 
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l.711:/ 
Civil & Environmental Consultants, Inc. 

Williamson Energy Pond Creek - South Cell 
r'ROJECT Deformation Evaluation PROJECT NO. 

Shear Modulus Calculations for SHAKE PAGE Z'( 
Columns PCSC300E and PCSC300M 

MADE BY __ B_EG __ DATE __ 1_/3_/_08 __ CHECKED BY 1J:f DATE 

CORRELATED AVERAGE GMAX PROFILES FOR 
PCSC300E AND PCSC300M SHAKE COLUMNS 

072046 

OF 2 'f 
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Civil & Environmental Consultants, Inc. 

Williamson Energy Pond Creek - South Cell 
rROJECT Deformation Evaluation PROJECT NO. 072046 

Shear Modulus Calculations for SHAKE PAGE 27 OF 2j 

Columns PCSC300E and PCSC300M 

MADE BY __ B_E_G __ DATE __ 1_/3~/_08 __ CHECKED BY 1L 

SIL<\.KE COLUMN INPUT FOR 
PCSC300E AND PCSC300M 
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WILLIAMSON ENERGY - POND CREEK SOUTH CELL IMPOUNDMENT 
SUMMARY OF SHAKE INPUT PARAMETERS 

STAGE VII CREST SHAKE COLUMN PCSC300E • MIN FINES EL. 474 
SURFACE EL.= 502 FT; GWT DEPTH= 32 FEET; 5% DAMPING 

MATERIAL 
TYPE 

LAYER 
NO. 

DEPTH BELOW 
GROUND 

LAYER AVERAGE 
SHEAR MODULUS, G 

(KSF 

,·~Es1□-u;L §61c.·.:;I;, (-,--';_,;.,c"-':-=-:+---c=_;--+----'-":::,..;.,.c.:,-+----~='-"-------:+'-,"..::C::.:::._,--1 
(Tot~fUnit Wf.::f25 ~cf). . •· ··•: 39.5 ·. 

["" ' ' '•',' '-· -,-, ' " . ; . ' 
.. (Saturated Unit Wt.=13,5 pcf) . 

' ., ' T •• ~ -,";-;;-. ' , 

14 · 4130 42.5 

7136' ', 45.5 

7051 · 48.5 

Vs~4000 fps 

... , 
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C 

WILLIAMSON ENERGY - POND CREEK SOUTH CELL IMPOUNDMENT 
SUMMARY OF SHAKE INPUT PARAMETERS 

STAGE VII CREST SHAKE COLUMN PCSC300M- MAX FINES EL. 496 
SURFACE EL.= 502 FT; GWT DEPTH= 14 FEET; 5% DAMPING 

MATERIAL 
TYPE 

LAYER 
NO. 

DEPTH BELOW 
GROUND 

LAYER AVERAGE 
SHEAR MODULUS, G 

(KSF 

Z't 1 L.7 
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APPENDIX B-2 

ESTIMATION AND SUMMARY OF ENGINEERING PROPERTIES 
INCLUDING PEAK UNDRATh'ED SHEAR STRENGTH FOR REFUSE 

AND RESIDUAL SOIL MATERIALS 
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Civil & Environmental Consultants, Inc. 
Williamson Energy Pond Creek- South Cell 
Deformation Evaluation PROJECT NO. 072046 (~ TECT 

E::.stimation and Summary of Engineering Properties PAGE 

for Refuse and Subgrade Materials 

MADE BY _.;;cBc::E:..:G::____ DATE 12/28/07 CHECKED BY '174 DATE 1 /23 /4:3 
I J 

OBJECTIVE: 

REFERENCES: 

CALCULATION BRIEF 
FOR 

ESTIMATION AND SUMMARY OF ENGINEERING PROPERTIES 
INCLUDING PEAK UNDRAINED SHEAR STRENGTH 

FOR REFUSE AND SUBGRADE MATERIALS 

POND CREEK COAL REFUSE DISPOSAL SITE - SOUTH CELL 

Summarize engineering properties for the various coal refuse materials encountered at the 
Pond Creek Coal Refuse Disposal site including unit weight (y), specific gravity (G,), 
effective angle of internal friction (<!>') and cohesion (c') and peak undrained shear 
strength (Sup), The various strengths will be used in the Pond Creek deformation analyses 
model(s) were provided by Alliance Consulting, Inc. (Alliance) based on laboratory 
testing or derived herein. 

1. Civil & Environmental Consultants (CEC), Inc. Calculation Brief Entitled "Summary of 
Piezo-Seismic Cone Penetration Testing," Pond Creek Coal Refuse Disposal Site," BEG, 
12/21/07. 

2. Alliance Consulting, Inc., "Appendix C Laboratory Testing, Proposed Coal Refuse 
Disposal Facility No. 2, Pond Creek Mine No. 1, Williamson County, Illinois" 

3. Almes, R. A. and Bu tail, A. ( I 976) "Coal Refuse: Its Behavior Related to the Design and 
Operation of Coal Refuse Disposal Facilities," Proceedings of the Ohio River Valley 
Soils Seminar, Lexington, Kentucky, October, 1976. 

4. Bowles, Joseph E. (1984) "Physical and Geotechnical Properties of Soils," Mc-Graw Hill. 
New York: 367-369 and 393-396. 
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Civil & Environmental Consultants, Inc. 
Williamson Energy Pond Creek - South Cell 

JECT Deformation Evaluation PROJECT NO. 072046 

Estimation and Summary of Engineering Properties 

for Refuse and Subgrade Materials 

PAGE -z. OF B 

MADE BY _ _,B::.,E=.G:=.__ DATE 12/28/07 CHECKED BY 7M 
/ 

DATE 

5. Mayne, Paul W., (2001) "Stress-Strain-Strength-Flow Parameters from Enhanced In-Situ 

Tests", Proceedings - International Conference on In-Situ Measurement of Soil Properties 

& Case Histories, 21-24 May 2001, Bali, Indonesia. 

6. Robertson, P.K (1998), "Applications Guide - CPT" '''*Fax** 

7. Robertson, P.K., et.al. (1992) "SPT-CPT Correlations," Journal of Geotechnical 

Engineering, ASCE 109 (11): 1449-1459. 

METHODOLOGY AND ANALYSES: 

A significant volume of field data was obtained from the various refuse and subgrade materials. Field and 

laboratory data is summarized in References l and 2, which was reduced and analyzed in accordance with 

'!Stablished procedures for estimating and correlating field and laboratory parameters as described below and 

m the corresponding references shown above. 

• Total (y1) and saturated (Ys) unit weight; 

• Effective strength parameters, friction angle (<I>') and cohesion (c'); and 

• Peak undrained shear strength (Sup). 

SOIL PROPERTIES 

The following soil properties were estimated based on laboratory testing (Reference 2) provided by Alliance 

Consulting, Inc., and/or derived herein, which are used in the various seismic/liquefaction slope stability 

analyses: 
Refuse/Soil Prooerties 

Descrii:ition Unit Wei2:ht Friction An2:le Cohesion m Comment 

(pcf) (degrees) (psf) 

Coarse Refuse 130 36 0 Frictional 

Fine Coal Refuse 85 39 0 Frictional 

19.5 400 Total Strength 
Residual Soil 125 

0 3000 80% Peak Undrained 
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CP'l' 

3 
4 
6 
7 
8 
9 
10 
11 
12 
1 
3 
4 
6 
7 
8 
9 
JO 
11 
12 

.~ 
Villiamson Pond Creek Clay Subgrade Nk (Peak Strength)' 'PT - CU CEC: Project No. 072046 

BEG 1/7/08 

Use Su/a'v data from CPT-1, CPT-3, CPT-4, CPT-6, CPT-7, CPT-8, CPT-9, CPT-10, CPT-11, CPT-12 at 10' TO 12' depth. 
Su/cr'v clata from respective No1·malized CPT data files. Sup=Q/2 at max deviator stress frmn CU point. cr'v =1.5*cr3. 

cu cu PSCPT cu CU Test 

0.440 65.40 4.3 4.3 10 -12 0.203 10 -12 ' 2 
0.119 20.8 4.3 4.3 10-12 0.203 10 -12 2 
0.302 46.2 4.3 4.3 10 - 12 0.203 10 -12 2 
0.143 24.20 4.3 4.3 10 -12 0.203 10 -12 2 
0.173 28.30 4.3 4.3 10 -12 0.203 10 -12 2 
0.130 22.40 4.3 4.3 10 -12 0.203 10 -12 2 
0.155 25.8 4.3 4.3 10 - 12 0.203 10 -12 2 
0.091 16.90 4.3 4.3 10-12 0.203 10 -12 2 
0.082 15.70 4.3 4.3 JO -12 · 0.203 10-12 2 
0.051 11.40 4.3 4.3 10 - 12 0.203 10-12 2 
0.204 65.40 8.6 8.6 10 - 12 0.183 10 - 12 3 
0.044 20.8 8.6 8.6 10 - 12 0.183 10 - 12 3 
0.135 46.2 8.6 8.6 10 - 12 0.183 10 - 12 3 
0.056 24.20 8.6 8.6 10 - 12 0.183 10 -12 3 
0.071 28.30 8.6 8.6 10 - 12 0.183 10 - 12 3 
0.050 22.40 8.6 8.6 10 - 12 0.183 10 - 12 3 
0.062 25.8 8.6 8.6 10 - 12 0.183 10 -12 3 
0.030 16.90 8.6 8.6 10 -12 0.183 10 - 12 3 
0.026 15.70 8.6 8.6 10 -12 0.183 10 - 12 3 
0.010 11.40 8.6 8.6 10 -12 0.183 10 - 12 3 

' -. 
' 

\ 

"" 

~ 

<;:; 
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r 
J,kcl 32.3 

FCR 
PSCP'l' LAB 
o.srn 0.229 
0.2(2 0.229 
0.619 0.229 
0.310 0.229 
0.3E7 0.229 
0.2,4 0.229 > 

0.332 0.229 ~ 
o.2e1 0.229 

[/J 

o.rno 0.229 [-< 
p.. 

0.051 0.229 u 
0.440 0.203 "' • 0.ll9 0.203 -~ 
0.302 0.203 cl 

l'i 0.1<13 0.203 ~ 
0 

0.173 0.203 z 
0.130 0.203 
0.155 0.203 
0.091 0.203 
0.082 0.203 
0.051 0.203 
0.204 0.183 
o.o,a 0.183 
0.13-5 0.183 
0.056 0.1811 
0.071 0.183 
0.050 0.183 
0.061 0.183 
0.03•) 0.183 
0.0213 0.183 
0.011) 0.183 

1.0 

0.8 

0.6 
y = 1.000Gx 

0.4 

0.2 

0.0 

0.0 

/~ 

Willia1nson - Pond Creek 
Subgrade Clay Nk (Peak 

0.1 
Normalized CU• Su/013v 

• 

• 

• 

• 

• 
♦ 
♦ 
♦ • 

♦ * . i 
• • • 

Nk=32.3 

0.3 

..... 
"--t 

\) 
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APPENDIX B-3 

LABORATORY TEST RESULTS 
PROVIDED BY ALLIANCE CONSULTING, INC. 
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APPENDIXC 

LABORATORY TESTING 

PROPOSED COAL REFUSE DISPOSAL FACILITY NO. 2 

POND CREEK MINE NO. 1 
WILLIAMSON COUNTY, ILLINOIS 

WILLIAMSON ENERGY, LLC 

SOIL TESTING 
Summary 
Strength Test 
Grain Size 

BECKLEY, WEST VIRGINIA 

TABLE OF CONTENTS 

Atterberg Limits Test Results 

COARSE COAL REFUSE TESTING 

Summary 
Grain Size 
Proctor Test 
Penneability Test 
Strength Test 

PAGE 

1 
3 

10 
12 

13 
15 
17 
18 
20 

{,, ( 57 
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HOLCOMB FOUNDATION ENGINEERING CO., INC. 
SOILS • BrTUMINOUS • CONCR::TE - INVESTIGATIONS AND TESTING 

February 10, 2006 

SHIPPING ADDRESS 
Box 393 Wood Road 
Carbondale, IL 62901 

Williamson Energy LLC 

PO Box 99 
Johnston City, Illinois 62951 

Attention: Mr . .James Plumley 

Re: Soil Boring and Laboratory Tests 

Boring #8874 
MachMine#l 
Johnston City, Illinois 

HFEFile H-05278 

wWN.holcambengineering.com 

MAILING ADDRESS 
P.O. Box 88 

Carbondale, IL 62903 

Mach Mining Purchase Order No. ___ _ 

Dear Sir: 

618-529-5262 
800-333-17 40 

FAX 618-457-8991 

In accordance with your instructions, on February 1, 2006, we drilled one soil boring and sampled 

the subsoils with Shelby tubes. The soil sample taken from 10 to 12 feet in depth was subjected to 

laboratory tests. Results of the tests are as follows: 

Boring No.: 
Depth: 
Visual Classification: 

Atterberg Limits: 
Unit Weight: 
Moisture Content: 
Effective Cohesion: 

Effective Phi ADgle: 

8874 
8.0-10.0' 
Silty CLAY (CL) 
LL=41.8% PL= 17.7% PI=24.l 

105.3 PCF 
21.5% 
OPSF 
26.8 Degrees 

CI) 
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( 

Mach Mine#l Soil Tests 

February 10, 2006 
Page 2 

The Boring Log and test results are enclosed. If you should have any questions, or ifwe can be of 

further assistance, please feel free to contact us at your convenience. 

Sincerely, 

ION ENGINEERING CO. 

1 copy: Fred Vass - Alliance Consulting 
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Sample No. 

Water Content, 
Dry Density, pcf 

]i Saturation, 
"" .s Void Ratio 

Diameter, in. 
Height, in. 

I I I I 
;;; 
~ 

Water Content, 
Dry Densfy, pcf 
Saturation, 

I I 
I ' 

I I I I I I I I T I I I I 2 ~ 
I I l ! I I I 

I I 
I I I l 

+-+-+' I •,-.;·l--+_l~--+-1 -'e---,--+---;l-;--+1--< 
111 1111 I! \ 

Void Ratio 
Diameter, in. 
Height, in. 

' ' 
1.5 I 

I I 

ffi=i 
0 ,-1--H 

I 
I 
I 
I 
I 
I 

1 1 1 1 

I I II II + I I I l-n---
1 l I / I I I I I I I I 

Strain rate, in.Jmin. 

Back Pressure, /sf 

Cell Pressure, tsf 

Fail. Stress, /sf 

1 2 3 

21.5 20.8 17.6 
105.3 106.5 112.5 
100.0 99.7 98.9 

0.5706 0.5536 0.4707 
2.80 2.80 2.80 
5.51 5.49 5.54 

21.5 20.9 17.8 
105.3 106.5 112.5 
100.0 100.0 100.0 

0.5706 0.5536 0.4707 
2.80 2.80 2.80 
5.51 5.49 5.54 

0.00 0.00 0.00 

3.6 3.6 2.2 

5.0 6.5 7.9 

2.0 3.4 6.3 

0 5 Total Pore Pr., tsf 

Ult. Stress, tsf 

Total Pore Pr., tsf 

1-T-y_p_e_o_f_T_e_s_t_: ---------------{"er, Faffure, tsf 

CU with Pore Pressures cr, Failure, /sf 

10 15 20 

Axial Strain, % 

3.7 
2.0 
3.6 
3.3 
1.3 

3.9 4.1 

3.2 6.3 

3.8 4 .1 
6.0 10.2 

2.6 3.9 

Sample Type: Shelby Tube - Undisturbed Client: Alliance Consulting 

Description: Gray Mottled Brown Silty CLAY 
Project: Triaxial Test 

LL= 41.8 PL= 17.7 Pl= 24.l Mach Mine#! 

Assumed Specific Gravity= 2.65 

Remarks: 

j Plate 

Tested 3y: LC ---------------

Location: Boring #8874 

Samp,le Number: 3 Depth: 10.0-12.0' 

Proj. No.: H-05278 Date: 2- 1-05 

TR/AXIAL SHEAR TEST REPORT 

HOLCOMB FOUNDATION ENGINEERING CO. 
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Stress Paths: Total-- Effective - - -

Depth: 10.0-12.0' Sample Number: 3 
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Client: Alliance Consulting 

Project: Triaxial Test 

Location: Boring #8874 
D.-nio,-t Nn • l-Ln~')7s:.! 
. •-J---·--···· ---·-

Plate __ _ ! HOLCOMB FOUNDATION ENGINE::RING CO. 

Tested 3r: =' "'c'-· __________ _ C:he::ked 3y: .!...T'-','-1'-------------
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TRIAXIAL COMPRESSION TEST 

CU with Pore Pressures 

Date: 2-1-05 

Client: 
Project: 

Location: 

Depth: 

Alliance Consulting 

Triaxial Test 

MachMine#l 

Johnston City, Illinois 

Boring #8874 
10.0-12.0' 

Description: Gray Mottled Brown Silty CLAY 

Remarks: 

Type of Sample: Shelby Tube - Undisturbed 

Assumed Specific Gravity=2.65 LL=4 l.8 

Test Method: COE uniform strain 

Specimen Parameter 

Moisture content: Moist soil+tare, gms. 

Moisture content: Dry soil+tare, gms. 

Moisture content: Tare, gms. 

Moisture,% 

Moist specimen weight, gms. 

Diameter, in. 

Area, in/· 

Height, in. 
Net decrease in height, in. 

Wet Density, pcf 

Dry density, pcf 

Void ratio 

Saturation, % 

Membrane modulus= 0.124105 kN/cm 2 

Membrane thickness = O .02 cm 

Filter paper coefficient= 0.001926 kN/cm 

Filter paper coverage = 30% 

initial 

189.100 
176.100 
115.700 

21.5 
1140.2 

2.80 
6.16 
5.51 

128.0 
l 05.3 

0.5706 
100.0 

Consolidation cell pressure= 70.00 psi (5.040 tsf) 

Consolidation back pressure= 50.00 psi (3.600 tsf) 

Consolidation effective confining stress = 1.440 tsf 

Strain rate, in./min. = 0.00 

Fail. Stress = 1.98 l tsf at reading no. 24 

Ult. Stress= l .955 rsf at reading no. 30 

Sample Number: 

PL=l7.7 

Saturated 

21.5 

2.80 
6.16 
5.51 
0.00 

128.0 
105.3 

0.5706 
100.0 

3 

Consoiidated 

21.5 

2.80 
6.16 
5.51 
0.00 

128.0 
105.3 

0.5706 
100.0 

I 

219120[3) 
8:50 PM 

Final 

1279.000 

1072.200 

103.200 
2 l.3 

,.I ______________ H::)!_:;S,fV:3 r=:}'.JND_!i,TION :=NGl"·~==~!f,!3 :::c. -------------
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Def. Deviator Minor Eff. Major Elf. Pore 

Dial Load Load Strain Stress Stress Stress 1:3 Press. p Q 

r- No. in. Dial lbs. % tsf ts! ts! Ratio psi ts! ts! 

\ 0 0.0000 18.30 0.0 0.0 0.000 5.112 5.ll2 1.00 -1.00 5.l 12 0.000 

0.0190 20.00 1.7 0.3 0.0]4 2.830 2.844 1.00 30.70 2.837 0.007 

2 0.0400 21.60 3.3 0.7 0.026 2.426 2.452 1.01 36.30 2.439 0.013 

3 0.08]0 ll 3.20 94.9 l.5 l.093 1.505 2.598 1.73 49.10 2.051 0.547 

4 0.10]0 129.80 l l 1.5 l.8 l.280 l.318 2.597 1.97 51.70 1.958 0.640 

5 0.1420 143. I 0 124'.8 2.6 l .422 l.181 2.602 2.20 53.60 1.892 0.711 

6 0.1620 161.50 143.2 2.9 1.625 J.159 2.784 2.40 53.90 1.972 0.813 

7 0.1830 168.90 150.6 3.3, 1.702 1.145 2.847 .2.49 54.JO l.996 0.85] 

8 0.2030 l 74.80 156.5 3.7 l.763 l.138 2.900 2.55 54.20 2.019 0.881 

9 0.2240 l 78.90 160.6 4.1 l.802 1.145 2.946 2.57 54.10 2.046 0.901 

JO 0.2440 l 82.30 ]64.0 4.4 1.833 1.l45 2.978 2.60 54.10 2.061 0,916 

I 
I 1 0.2650 186.40 168.1 4.8 1.871 1.152 3.023 2.62 54.00 2.088 0.936 

12 0.2850 l 88. l 0 169.8 5.2 l.883 l.166 3.049 2.6] 53.80 2.l 08 0.94] 

13 0.3060 i 9 !.40 l 73.l 5.6 i .912 Ll66 3.07& 2.64 53.80 2.122 0.956 

!4 0.3260 l 93.10 l 74.8 5.9 l.923 l. l 81 3.104 2.63 53.60 2.142 0.962 

15 0.3460 l 94.70 l 76.4 6.3 1.933 l. l 88 3.12] 2.63 53.50 2.155 0.967 

!6 0.3670 196.40 178.1 6.7 l.944 l.202 3.146 2.62 53.30 2.174 0.972 

17 0.3870 198.l 0 179.8 7.0 l.955 1.2]0 3.164 2.62 53.20 2.187 0.977 

18 0.4080 198. l 0 179.8 7.4 1.947 1.224 3.171 2.59 53.00 2.197 0.973 

19 0.4280 200.60 182.3 7.8 1.966 1.231 3.197 2.60 52.90 2.2!4 0.983 

20 0.4490 200.60 l 82.3 . 8.l l.958 1.238 3.196 2.58 52.80 2.2!7 0.979 

( 21 0.4890 203.l 0 l 84.8 8.9 1.969 l.267 3.236 2.55 52.40 2.252 0.985 

22 0.5300 204.70 186.4 9.6 1.970 1.289 3.259 2.53 52.]0 2.274 0.985 

23 0.5710 207.20 188.9 10.4 l.980 1.310 3.290 2.5! 51.80 2.300 0.990 

24 0.6120 208.90 190.6 1 l.l 1.981 1.332 3.313 2.49 51.50 2.323 0.991 

25 0.6520 209.10 190.8 11.8 l.957 1.346 3.313 2.46 51.30 2.330 0.9il3 

26 0.6940 21 l .40 193.1 12.6 1.974 1.36) 3.334 2.45 51.10 2.348 0.987 

27 0.7350 2l2.20 193.9 13 .3 l.965 1.390 3.354 2.4] 50.70 2.372 0.982 

28 0.7790 2!3.90 l 95.6 14. I J.964 l.404 3.368 2.40 50.50 2.386 0.982 

29 0.8! 70 2!5.50 197.2 !4.8 1.964 l.426 3.39.0 2.38 50.20 2.40& 0.982 

30 0.8380 215.50 197.2 15.2 l.955 J .433 3.388 2.36 50.JO 2.410 0.978 

ll 

!'-.' ___________ HOl..COf\/:3 FOUNDATION ::NGll~::::r<il>JG CO.------------! 
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Specimen Parameter Initial 

Moisture content: Moistsoil+tare, gms. 154.800 

Moisture.content: Dry soil+tare, gms. 145.800 

Moisture content: Tare, gms. 

Moisture,% 

Moist specimen weight, gms. 

Diameter, in. 
Area, in.2 
Height, in. 

Net decrease in height, in. 

Wet Density, pcf 

Dry density, pcf 

Void ratio 

Saturation, % 

102.600 

20.8 

1142.2 

2.80 

6.16 

5.49 

128.7 

106.5 

0.5536 

99.7 

Membrane modulus= 0.124105 kN/cm2 

Membrane thickness = 0.02 cm 

Filter paper coefficient= 0.001926 kN/cm 

Filter paper coverage = 30% 

Consolidation cell pressure-= 90.00 psi (6.480 tsf) 
Consolidation back pressure= 50.00 psi (3.600 tsf) 
Consolidation effective confining stress = 2.880 tsf 
Strain rate, in.lmin. = 0.00 

Fail. Stress = 3 .41 8 tsf at reading no. 24 

Ult. Stress= 3 .250 tsf at reading no. 29 

Def. Deviator Minor Eff. 
Dial Load Load Strain Stress Stress 

No. in. Dial lbs. % tsf ts! 

0 0.0000 27.50 0.0 0.0 0.000 4.385 

0.0190 134.00 106.5 0.3 1.241 3.254 

2 0.0400 183.10 155.6 0.7 1.806 2.750 

3 0.0600 218.90 191.4 l.l 2.214 2.484 

4 0.0810 243.80 216.3 1.5 2.492 2.340 

5 0.1010 264.60. 237.1 1.8 2.721 2.254 

6 0.1220 282. 10 254.6 2.2 2.911 2.210 

7 0.1420 295.40 267.9 2.6 3.052 2.182 

8 0.1620 305.40 277.9 2.9 3.154 2.l 82 

9 0.1 830 314.60 287.1 3.3 3.245 2.189 

JO 0.2030 322.10 294.6 J.7 3.317 2.}96 

11 0.2240 327.l 0 299.6 4.l 3.360 2.218 

12 0.2440 332.90 305.4 4.4 3.412 2.232 

13 0.2650 336.20 308.7 4.8 3.435 2.254 

14 0.2850 339.50 312.0 5.2 3.459 2.275 

15 0.3060 343.70 3 l 6.2 5.6 3.491 2.297 

16 0.3260 345.40 3 l 7.9 5.9 3.497 2.318 

17 0.3670 348.70 321.2 6.7 3.505 2.369 

18 0.4080 352.00. 324.5 7.4 3.512 2.412 

19 0.4490 353.70 326.2 8.2 3.502 2.44] 

20 0.4890 354.50 327.0 8.9 3.483 2.470 

21 0.5300 355.40 327 .9 9.7 3.464 2.498 

Saturated 

20.9 

2.80 

6.16 

5.49 

0.00 

128.7 

106.5 

0.5536 

100.0 

Major Eff. 
Stress 1:3 

ts! Ratio 

4.385 1.00 

4.495 1.38 

4.557 J.66 

4.698 1.89 

4.832 2.06 

4.975 2.21 

5.121 2.32 

5.233 2.40 

5.335 2.45 

5.434 2.48 

5.513 2.51 

5.578 2.52· 

5.644 2.53 

5.689 2.52 

5.734 2.52 

5.788 2.52 

5.815 2.51 

5.874 2.48 

5.924 2.46 

5.943 2.43 

5.953 2.41 

5.963 O oo 
.:.. . .), 

Consolidated 

20.9 

2.80 

6. J 6 
5.49 

0.00 

128.7 

106.5 

0.5536 

100.0 

Pore 
Press. p 

psi 1sf 

29.10 4.3es 

44.80 3.875 

51.80 3.653 

55.50 3.591 

57.50 3.586 

58.70 3.614 

59.30 3.666 

59.70 3.707 

59.70 3.758 

59.60 3.81 l 

59.50 3.&cs 

59.20 3.898 

59.00 3.938 

58.70 3.971 

58.40 4.005 

58.J 0 4.042 

57.80 4.067 

57.J 0 4.121 

56.50 4. 168 

56.J 0 4.192 

55.70 4.21 l 

55.30 4.230 

HC•c.G'.)l\f:3 ;=,yJ[\!D4-:--IOI-I ::rJ·31t•:=::?.1i,JG G'.) 

/3 57 

Q 
ts! 

Final 

1347.900 

1154.100 

135.100 

19.0 

0.CQO 

0.620 

0.903 

1.107 

1.246 

1.361 

l.455 

l.526 

1.577 

1.623 

1.('i9 

1.680 

1.706 

1.71 8 

1.729 

l .746 

1.748 

1.752 

1.756 

1. 751 

l.742 

1./32 

(j) 
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Dof, Deviator Minor Eff. Major Eff. 

Dial Lo.ad Load Strain Stress Stress 

No. in. Dial lbs, ¾ tsf tsf 

22 0.5510 357.00 329.5 10.0 3.466 2.513 

23 0.5920 356.20 328.7 10.8 3.429 2.534 

24 0.6330 357.90 330.4 l 1.5 3.418 2.556 

25 0.6730 · 357.00 329.5 12.3 3.381 2.585 

26 0.7140 357.90 330.4 13.0 3.361 2.599 

27 0.7550 357.90 330.4 13.7 3.332 2.614 

28 0.7960 356.20 328.7 14.5 3.286 2.628 

29 0.8370 355.40 327.9 15.2 3.250 2.635 

Specimen Parameter Initial 

Moisture content: Moist soil-!-rare, gms. 248.400 

Moisture content: Dry soil+tare, gms. 

Moisture content: Tare, gms, 

Moisture,% 

Moist specimen weight, gms. 

Diameter, in. 

226.700 

103.200 

17.6 

1184. 7 

Area, in.2 

Heigh~ In, 

2.80 
6.16 

5.54 

Net decrease in height, in. 

Wet Density, pcf 

Dry density, pcf 

Void ratio 

Saturation, 0/o 

132.3 

l 12.5 

0.4707 

98.9 

Membrane modulus= 0.124105 kN/cm' 

Membrane thickness= 0.02 cm 

Filter paper coefficient" 0.001926 kN/cm 

Filter paper coverage= 30% 

Consolidation cell pressure = I I 0.00 psi (7 .920 tsf) 

Consolidation back pressure = 30.00 psi (2.160 tsf) 

Consolidation effective confining stress= 5.760 tsf 

Strain rate, in./min. = (l.00 

Fail. Stress= 6.334 rsf at reading no. 33 

Ult. Stress = 6.334 tsf at reading no. 33 

Def. Ds-viator 

Dial Load Load Strain Stress 

No. in. Dial lbs. % tsf 

0 0.0000 31.60 0.0 0.0 0.000 

0.0190 39.90 8.3 0.3 0.091 

2 0.0400 44.10 12.5 0.7 0.133 

3 0.0600 175.60 144.0 1.1 1.666 

4 0.0810 240.50 208.9 1.5 2.407 

5 0.1010 291.30 259.7 1.8 2.981 

6 0.1220 329.60 298.0 2.2 3.408 

7 0.1420 362.00 330.4 2.6 3,764 

8 0.1620 392.00 360.4 2.9 4.091 

9 0.1,830 412.SO 381.2 3.3 4.310 

Minor Eff, 
Stress 

tsf 

7.812 

7.690 

7.574 

7.308 

6.926 

6.4(,G 
5.983 

5.479 

5.040 

4.666 

Stress 1:l 
!sf Ratio 

5.979 2.38 

5.964 :us 
5.974 2.34 

5.966 2.31 

5.960 2.29 

5.946 2.27 

5.914 2.25 

5.885 2.23 

Saturated 

17.8 

2.80 
6.16 

5.54 
0.00 

132.5 

112.5 

0.4707 
.lOQ.O 

Major Eff. 
Stress 1:3 

tsf R.>tio 

7.812 1.00 

7.781 1.01 

7.707 1.02 

8.974 1.23 

9.333 1.35 

9.447 1.46 

9.391 1.57 

9.244 1.69 

9. 131 1.81 

S.976 1.92 

Pore 
Press. p 

psi tsf 

55.lO 4.246 

54.80 4.249 
54.50 4.265 

54. 10 4.275 

53.90 4.280 

53.70 4.280 

53.50 4.271 

53.40 4.260 

Consolidated 

Pore 
Press. 

psi 

1.50 

3.20 

4.80 

8.50 

13.80 

20.20 

26.90 

33.90 

40.00 

45.20 

17.8 

2.80 
6.16 

5.54 
0.00 

132.5 
112.5 

0.4707 
100.0 

p 
tsf 

7.812 

7.735 
7.641 

8.14] 

8.130 

7.956 

7.687 

7.361 

7.085 

6.821 

··-·-------- HOLCOMB FOUNDATION ENGINEERING CO. 

Q 
tsf 

J.733 

!. 71 5 
l.709 

1.690 

l.681 

l.666 

l.643 
1.625 

Q 
tsf 

0.000 

0.045 

0.066 

O.S33 

J.203 

l .491 
J.704 

1.882 

2,045 

2.155 

Final 
1374.500 

1195.400 
127.700 

16.8 

CD 
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Def. Devia.tor Minor Eff. Major Eff. Pore 0) 
Dial Load Load Strain Stress Stress Stress 1:3 Pre:s.s. p Q 

No. in. Dial lbs. % tsf tsf !sf Ratio psi !sf tsf 

10 0.2030 432.80 401.2 3.7 4.519 4.363 8.883 2.04 49.40 6.623 2.260 

11 0.2240 446.90 415.3 4.0 4.660 4.140 8.800 2.13 52.50 6.470 2.330 

12 0.2440· 465.20 433.6 4.4 4.847 3.982 8.828 2.22 54.70 6.405 2.423 

13 0.2650 471.00 439.4 4.8 4.892 3.852 8.744 2.".:.1 56.50 6.298 2.446 

14 0.2850 483.50 451.9 5.1 5.012 3.766 8.778 2.33 57.70 6.272 2.506 

15 0.3060 490.10 458.6 5.5 5.066 3.694 8.760 2.37 58.70 6.227 2.533 

16 0.3260 503.50 471.9 5.9 5.193 3.643 8.837 2.43 59.40 6.240 2.597 

17 0.3460 516.80 485.2 6.2 5.319 3.607 8.926 2.47 59.90 6.267 2.660 

18 0.3670 521.80 490.2 6.6 5.352 3.586 8.938 2.49 60.20 6.262 2.676 

19 0.3870 530.10 498.5 7.0 5.422 3.571 8.993 2.52 60.40 6.282 2.711 

20 0.4080 538.40 506.8 7.4 5.490 3.564 9.054 2.54 60.50 6.309 2.745 

21 0.4280 543.40 51 l.8 7.7 5.522 3.564 9.086 2.55 60.50 6.325 2.761 

22 0.4490 554.30 522.7 8,1 5.617 3.571 9.188 2.57 60.40 6.380 2.808 

23 0.4690 565.90 534.3 8.5 5.719 3.578 9.297 2.60 60.30 6.438 2.859 

24 0.4890 567.60 536.0 8.8 5. 714 3.578 9.293 2.60 60.30 6.436 2.857 

25 0.5.300 581.70 550. 1 9.6 5.817 3.600 9.417 "'? ..!,.O_ 60.00 6.509 2.909 

26 0.5710 591.70 560.l l 0.3 5.874 3.636 9.510 2.62 59.50 6.573 2.937 

27 0.6120 605.00 573.4 11.0 5.964 3.665 9.629 2.63 59.10 6.647 2.982 

28 0.6530 615.00 583.4 11.8 6.018 3.701 9.719 2.63 58.60 6.710 3.009 

29 0.6940 626.70 595.l 12.5 6.087 3.737 9.824 2.63 58.10 6.780 3.044 

30 0.7350 638.30 606.7 13.3 6. 153 3.773 9.926 2.63 57.60 6.849 3.077 

31 0.7760 649.10 617.5 14.0 6.209 3.816 10.025 2.63 57.00 6.921 3. J 0:5 

32 0.8] 70 657.50 625.9 14.7 6.240 3.852 10.092 2.62 56.50 6.972 3.120 

( 33 0.8.390 669.90 638.3 15.l 6.334 3.866 l 0.200 2.64 56.30 7.033 3.167 

\ 

::,__ ____ ~.,=-~-~=-•·~=--·····=- HOLCOMB FOUNDATION ENGIN!::ERlt-JG CO, _________ ........, 
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Holcomb Foundation Engineering 
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Holcomb Foundation Engineering Company 
Laboratory Testing Results 2/8/2006 

Project: Mach #1 Mine 

Project No: H-05278 

Sieve Analysis· ASTM C136-96a 

Sample: Silty CLAY (CL) 

Sieve Openings us 
Standard Weight Percent Percent 

Inches Millimeters Sieve Size Retained Retained Finer 

( 1.5000 38.1000 1 -1 /2" 0.0 0.0 100.0 

1.0000 25.4000 1" 0.0 0.0 100.0 

0.7500 19.1000 3/4" 0.0 0.0 100.0 

0.5000 12.7000 1/2" 0.0 0.0 100.0 

3.7500 9.5200 3/8" 0.0 0.0 100.0 

0.1 870 4.7600 No. 4 2.1 0.9 99.1 

0.0790 2.0000 No. 10 4.6 2.0 98.0 

0.0469 1.1800 No. 16 4.6 2.0 98.0 

0.0331 0.8500 No. 20 8.6 3.8 96.2 

0.0165 0.4200 No. 40 12.6 5.5 94.5 

0.0117 0.2980 No. 50 12.6 5.5 94.5 

0.0083 0.2500 No. 60 22.2 9.8 90.2 

0.0059 0.1490 No. 100 34.6 15.2 84.8 

0.0029 0.0740 No.200 47.7 21.0 79.0 

Total Weight in Grams 227.20 
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Holcomb Foundation Engineering Company 
Laboratory Testing Results 

Project: 
Project No: 

Mach #1 Mine 
H-05278 

Sample 

Dish Number 

Mass of can, W, (g} 

Mass of can + moist soil, W2 (g) 

Mass of can+ dry soil, W3 \g) 

Moisture content, w (%) 

Number of blows, N 

Liquid Limit, LL 

Dish Number 

Mass of can, W, (g) 

Mass of can + moist soil, W2 (g) 

Mass of can + dry soil, W3 (g) 

Plastic Limit, PL 

LL, 

34.70 

62.84 

54.52 

41.98 

24 

41.B 

PL, 

39.76 

54.79 

52.53 

17.7 

Pi= 24.1 

60 

50 

K 40 
~ • "O 

E 30 
=" 
LJ 

"' a 

ii 20 

Plasticity Chart 

CH or OH 

CL or DL. 

2 

LL2 

lv1H or OH 

10 

C!..•Ml. ML or OL 

0 10 20 30 40 50 60 70 BO 

Liquid Limit (LL) 

3 

LL3 

90 

18 ( 57 

100 



R13888
11 f 57 

HOLCOMB FOUNDATION ENGINEERING CO., INC. 
SOILS - BITUMINOUS - CONCRETE - INVESTIGATIONS AND TESTING 

November 30, 2006 

SHIPPING ADDRESS 
Box 393 Wood Road 
Carbondale, IL 62901 

Williamson Energy LLC 
PO Box 99 
Johnston City, Illinois 62951 

Attention: Mr. James Plumley 

Re: Coarse Refuse Laboratory Tests 
Pond Creek Mine 
Johnston City, Illinois 
HFE File H-05278 

Dear Sir: 

www.holcombengineering.com 

MAILING ADDRESS 
P.O. Box 68 

Carbondale, IL 62903 

618-529-5262 
800-333-1740 

FAX 618-457-8991 

1n accordance with your instructions, on November 17, 2006, we sampled coarse refuse at Mach 
Mine and performed laboratory tests on remolded samples. Results of the tests are as follows: 

Visual Classification: Coarse Coal Refuse (Shale, Coal, Sandstone Mixture) 

Proctor Test Results: 
Maximum Dry Unit Weight: 124.6 PCF 
Optimum Moisture Content: 9.3 % 

Specific Gravity: 2.3 7 

Triaxial Test Results: 
Effective Cohesion: 0 PSF 
Effective Phi Angle: 33.7 Degrees 

Permeability: 2 x 10-4 cm./sec. 

Results of the grain size analysis and the laboratory tests are attached. 

® 
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Pond Creek Mine #1 Coarse Refuse Tests 

November 30, 2006 
Page2 

zo f 57 

If you should have any questions, or ifwe can be of further assistance, please feel free to contact us 

at your convenience. 

Sincerely, 

HOLC OUNDATION ENGINEERING CO. 
( 

1 copy: Justin Harry - Alliance Consulting 

® 
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Holcomb Foundation Engineering 
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H I b F d +· i:: • • C o,com oun a.ion .ngineermg ompany 
Laboratory Testing Results 11/30/2006 

Project: Coarse Refuse Disposal Area 

Pond Creek Mine Johnston City, Illinois 

Project No: H-D5317 

Sieve Analysis - ASTM C136-96a 

Sample: Coarse Refuse 

Sieve Openings us 
Standard Weight Percent Percent 

Inches Millimeters Sieve Size Retained Retained Finer 

3 76.2 3" 0.0 0.0 100.0 

2.0000 50.8100 2" 619.6 9.5 90.5 

1.5000 38.1000 1 -1/2" 1124.0 17.2 82.8 

1.0000 25.4000 1" 1696.2 25.9 74.1 

0.7500 19.1000 3/4" 2110.9 32.3 67.7 

0.5000 12.7000 1/2" 2513.0 38.4 61.6 

3.7500 9.5200 3/8" 3263.7 49.9 50.1 

0.1870 4.7600 No. 4 4310.7 65.9 34.1 

0.0790 2.0000 No. 10 5470.5 83.6 16.4 

0.0469 1.1800 No. 16 

0.0331 0.8500 No. 20 6004.4 91.8 8.2 

0.0165 0.4200 No. 40 6178.9 94.4 5.6 

0.0117 0.2980 No. 50 

0.0083 0.2500 No. 60 6267.8 95.8 4.2 

0.0059 0.1490 No. 100 

0.0029 0.0740 No. 200 6372.4 97.4 2.6 

Total Weight in Grams 6542.80 
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Holcomb Foundation Engineering 

Pond Creek Mine 

J0hnston City, Illinois 

Moisture Density Relationship 

Location: Coarse Refuse Disposal Area 

Project No.: H~05278 Proctor Test Results 

Soll Classification: 

Date: 

Tes! Data 

11/30/2006 

ASTM D-696 (standard) 

Moisture 

Content(%) 

7.6 

11.2 

12.0 

9.3 

Maximum Dry Density (PCF) 

Optimum Moisture Content (11/o) 

Dry Unit Wt. 

(PCF) 

122.6 

122.5 

120.4 

124.6 

Gray Coarse Refuse 

124.B 

9.3 

126.0 ------------------------------------~ 

Proctor Curve 

125.0 

124.0 

~ 123.0 

122.0 

121.0 

7.0 6.0 9.0 10.0 11.0 12.0 

% Moisture 

@ 
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Date: 

Project No.: 

Samele 

Coarse Refuse 

2'-1 j 57 

HOLCOMB FOUNDATION ENGINEERING CO., INC. 
SOILS - BITUMINOUS - CONCRETE - INVESTIGATIONS AND TESTING 

SHIPPING ADDRESS 
Box 393 Wood Road 
Carbondale, IL 62901 

www.holcombengineering.com 

MAILING ADDRESS 
P.O. Box 88 

Carbondale, IL 62903 

Permeability Tests Results 
Laboratory Tests 
Coarse Refuse 

Pond Creek Mine - Johnston City, Illinois 

11/30/2006 Client: Pond Creek Mine 
Johnston City, Illinois 

H-05278 

Moisture Content(%) Dry Unit 
Deoth /Ft.) Before Test After Test Weiqht /PCF) 

7.7 11.8 119.3 

618-529-5262 
800-333-17 40 

FM 618-457-8991 

Permeability 
(Cm./Sec.l 

2 X 10-4 

Permeability Tests performed in accordance with ASTM D-5084 



R13894PERMEABILITY TEST RESULTS 

Project Pond Creek Mine Boring/Sample Coarse Refuse 

, (ect# 

L,.: _-...; 

In Place Mc 
Wet Wt. 
Pan 
Dry Wt. 
Mc(%) 
======== 

195.3 
94.2 
188.1 

7.7 
= 

H-05278 

11/30/2006 

After Test Mc 
Wet Wt. 
Pan 
Dry Wt. 
Mc(%) 

Time(hrs) Time(min) Quantity (cc) 

======== 
7 
7 

7 
7 
7 

9 
9 
9 

======== 

-------- -===------
26 24.7 
34 8.2 

33 24.5 
45 2.7 
47 0.8 

16 24.4 
23 9.6 
30 0.9 

======== 

Depth 
Classification 

Diameter 2.8 Inch 
Length 5.6 Inch 

Unit Weight (PCF) 
1300.4 Sample Wt. 1161.8 
103.1 
1173.6 Wet UW= 128.5 

11.8 Dry UW= 119.3 
- -- -- =-==- ---

Head (psi) Permeability (cm/sec) 

========= ========= -=== 

1 

1 
1 

1 
1 

---------=-== 
Average Permeability 
===--==== =:::::======= === 

-- ( 

1.75E-04 

1.54E-04 
1.44E-04 

1.79E-04 
1.43E-04 

1.63E-04 

J l 
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9 Total Effective I I I I ' ' I 
,, 

' I I I I ' I I I 

I ' I I ' ~ I I I I I 

( 
C, tsf 0.507 0 I • I I I ,, I ' I I 

I I I I I I ' I I I 

d,,dea 18.5 33.7 I I ! I YI I I I I I I I I I 

Tani•\ 0.33 0.67 
I I ' I I I I I I I ' I I I 

I I I I I I I ' I I I I I 

' ' I 
I l I ! I I I I I I I I - I I ' ' I ' I I 

I ' I I ' ' I I I I I I , I ' ' I 

6 
I I I I I , I I , I I ,< I I I I I I I I I I I I I 

]i ' I I • I I I I I I I ' I I I , I 

I ' I I I I I ' I I I I I I I 

,,; ' I 
I I I I ' I 

"" I I I ' I ' ' 
~ I I I 

., I I I I I I I ! I I ' I 

en I ' I I I I I I ' ' I I ' 
~ ' I ' ' ' 
"' I ~ I I I I I ' I ' 
Q) I ' ' I I ' I ' 
.t: I I I ' I I I I I I I I I 

en 3 I I I I I I I ' I I 

' ' 
I I ' I I 

I I I ' " ' ' 
' ' I V ' ' I 

' ' I I I ,i I I I I I I 

I I I ,, I I I I I I I I ,, 
''"' . " • ' ' I ' I I ' I I 

,, ,, 
I " ' I I I I I ' 

I I ' I• ' I ' ' I " I 

0 I I I I I I " ' I 

0 3 6 9 12 15 18 

Total Normal Stress, tsf ---

Effective Normal Stress, tsf - - -

9 I I I l I I Sample No. 1 2 3 
I I I 

I 
I I I Water Content, 10.1 10.8 10.3 

7.5 
I I Dry Density, pcf I 18.7 117.8 I 18.7 
I I I I I I 
I I I ~ Saturation, 97.0 99.8 99.3 

I 3 
I I I I E Void Ratio 0.2470 0.2558 0.2468 

.!:'l 6 
I I I I Diameter, in. 2.80 2.80 2.80 

I I I 

u; I I I Height, in. 5.65 5.57 5.60 
U) I 

~ ' I 
I Water Content, 10.4 10.8 10.4 

I, I I en 4.5 V I I I I I I I I I I I ;;, Dry Density, pcf 118.7 117.8 118.7 
~ I _g I I ' I Q) Saturation, 100.0 100.0 100.0 

"' 
I I , I ' I I 2 f-

·;;: I I ' I :;: Void Ratio 0.2470 0.2558 0.2468 
Q) 

3 I I I I ' ' Diameter, in. 2.80 2.80 2.80 
Cl I I I I ' I I 1 

I ' I ' Height, in. 5.65 5.57 5.60 
,, ' I 

I I ' I ' Strain rate, in./min. O.QJ 0.01 0.01 
I ' ' I I 

1.5 I I I I I I Back Pressure, tsf 3.60 3.60 2.16 

' I I I I I I 

I I I I I I I I Cell Pressure, tsf 5.04 6.48 7.92 
I I I I I I I I ' Fail. Stress, tsf 2.78 3.83 

0 ' I I I I I I I I I I I I I 
6.76 

0 5 10 15 20 Total Pore Pr., tsf 3.86 4.96 5.23 

Axial Strain, % Ult. Stress, tsf 2.77 3.83 6.76 

Total Pore Pr., tsf 3.85 4.95 5.23 

Type of Test: 
a1 Failure, tsf 3.96 5.35 9.44 

CU with Pore Pressures 
cr, Failure, tsf 1.18 1.52 2.69 

Sample Type: Remolded Client: Pond Creek Mine 

Description: Coarse Coal Refuse 
Project: Coarse Refuse Laboratory Tests 

Assumed Specific Gravity= 2.37 Location: Coarse Refuse Stockpile 

Remarks: Sample Number: Coarse Refuse 

Proj, No.: H-05278 Date: 11/17/06 

TRIAXIAL SHEAR TEST REPORT 

Plate 
HOLCOMB FOUNDATION ENGINEERING CO. 

Tested By: ~LC"---------- Checked By: ~T~H~---------
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1.5 
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C 0 0 
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6 Peak Strength 

I L-----
I,, / 

Total Effective 

a= 0.52 tsf 0.00 tsf 

I 
/ 

a= 17.4 deg 29.4 deg ,-· ~--
tan o:= 0.31 0.56 -✓ ---4 I ----1 ----,,---

!!J 
..,.,.---( I ....----: 

cf / ~ I L-- ,/ / '- --~ 
/ ~---_, 

2 ------7 V ~I - /i, 

L---{--" J / / y 
0 / V _V>i 

0 2 4 6 8 10 12 

p, tsf 

Stress Paths: Total --- Effective - - -

Client: Pond Creek Mine 

Project: Coarse Refuse Laboratory Tests 

Location: Coarse Refuse Stockpile Sample Number: Coarse Refuse 

Project No.: H-05278 Plate I HOLCOMB FOUNDATION ENGINEERING co. 

Tested By: =LC~---------- Checked By: ~T~H~---------
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TRIAXIAL COMPRESSION TEST 

CU with Pore Pressures 

Date: I 1/17/06 

Client: Pond Creek Mine 

Project: 

Location: 

Sample Number: 

Coarse Refuse Laboratory Tests 

Coarse Refuse Stockpile 

Coarse Refuse 

Description: Coarse Coal Refuse 

Remarks: 

Type of Sample: Remolded 

Assumed Specific Gravity=2.3 7 LL= 

Test Method: COE uniform strain 

Specimen Parameter Initial 

Moisture content: Moist soll+tare, gms. 226.800 

Moisture content: Dry soil+tare, gms. 

Moisture content: Tare, gms. 

Moisture,% 

Moist specimen weight, gms. 

Diameter, in. 

Area, in.2 

Height, in. 

Net decrease in height, in. 

Wet Density, pcf 

Dry density, pcf 

Void ratio 

Saturation, % 

Membrane modulus= 0.124105 kN/cm2 

Membrane thickness = 0.02 cm 

Filter paper coefficient= 0.001926 k..~/cm 

Filter paper coverage = 50% 

218.600 

137.500 
IO.I 

1193.I 
2.80 

6.16 
5.65 

]30.6 

118.7 

0.2470 
97.0 

Consolidation cell pressure= 70.00 psi (5.040 tsf) 

Consolidation back pressure= 50.00 psi (3.600 tsf) 

Consolidation effective confining stress = 1.440 tsf 

Strain rate, in.lmin. = 0.01 

Fall. Stress= 2.778 tsf at reading no. 41 

Ult. Stress= 2.767 tsfat reading no. 42 

PL= 

Saturated 

10.4 

2.80 
6.16 
5.65 
0.00 

131.0 

118.7 
0.2470 

100.0 

Pl= 

Consolidated 

10.4 

2.80 
6.16 
5.65 
0.00 

131.0 

118.7 

0.2470 

100.0 

11 /3012006 

10:19 AM 

Final 

1320.700 
1195.800 

107.600 

11.5 

..._ __________ HOLCOMB FOUNDATION ENGINEERING CO. __________ _, 
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Del, Devlator Minor Eff. Major Elf. Pore 
Dial Load Load Strain Stress Stress Stress 1:3 Press. p Q 

Na, in. Dial lbs. % tsf tsf tsf Ratio psi ts! tsf 

0 0.0010 46.60 0.0 0.0 0.000 1.498 1.498 1.00 49.20 1.498 0.000 

0.0180 160.60 114.0 0.3 1.329 1.152 2.481 2.15 54.00 1.816 0.664 

2 0.0390 189.70 143.l 0.7 1.662 1.001 2.663 2.66 56.10 1.832 0.831 

3 0.0590 205.60 159.0 1.0 1.840 0.929 2.769 2.98 57.10 1.849 0.920 

4 0.0800 212.20 165.6 1.4 l.909 0.907 2.816 . 3.10 57.40 1.862 0.955 

5 0.1000 218.90 172.3 1.8 1.979 0.900 2.879 3.20 57.50 1.890 0.990 

6 0.1200 232.20 185.6 2.1 2.125 0.900 3.025 3.36 57.50 1.962 1.062 

7 0.1410 240.50 193.9 2.5 2.211 0.907 3.118 3.44 57.40 2.013 1.106 

8 0.1610 245.50 198.9 2.8 2.260 0.914 3.174 3.47 57.30 2.044 1.130 

9 0.1820 252.20 205.6 3.2 2.327 0.922 3.249 3.53 57.20 2.085 1.164 

10 0.2020 253.80 207.2 3.6 2.337 0.936 3.273 3.50 57.00 2.104 1.168 

11 0.2230 250.50 203.9 3.9 2.291 0.958 3.248 3.39 56.70 2.103 1.145 

12 0.2430 261.30 214.7 4.3 2.403 0.972 3.375 3.47 56.50 2.173 1.201 

13 0.2630 266.30 219.7 4.6 2.450 0.979 3.429 3.50 56.40 2.204 1.225 

14 0.2840 266.30 219.7 5.0 2.440 0.994 3.434 3.46 56.20 2.214 1.220 

15 0.3040 272.10 225.5 5.4 2.495 1.008 3.503 3.48 56.00 2.256 1.248 

16 0.3250 274.60 228.0 5.7 2.513 1.022 3.536 3.46 55.80 2.279 1.257 

17 0.3450 268.00 22l.4 6.1 2.431 1.037 3.468 3.34 55.60 2.252 1.216 

18 0.3660 273.00 226.4 6.5 2.476 1.051 3.527 3.36 55.40 2.289 1.238 

19 0.3860 278.00 231.4 6.8 2.521 1.058 3.580 3.38 55.30 2.319 1.261 

20 0.4070 278.00 231.4 7.2 2.511 1.066 3.577 3.36 55.20 2.321 1.256 

21 0.4270 283.00 236.4 7.5 2.556 1.073 3.629 3.38 55.10 2.351 1.278 

22 0.4470 284.60 238.0 7.9 2.563 1.080 3.643 3.37 55.00 2.362 1.282 

23 0.4680 278.80 232.2 8.3 2.491 1.087 3.578 3.29 54.90 2.333 1.245 

24 0.4880 286.30 239.7 8.6 2.561 1.087 3.648 3.36 54.90 2.368 1.281 

25 0.5090 290.40 243.8 9.0 2.594 1.094 3.689 3.37 54.80 2.392 1.297 

26 0.5290 292.10 245.5 9.3 2.602 1.102 3.704 3.36 54.70 2.403 1.301 

27 0.5500 298.80 252.2 9.7 2.662 1.109 3.771 3.40 54.60 2.440 1.331 

28 0.5700 299.60 253.0 10.1 2.660 1.116 3.776 3.38 54.50 2.446 1.330 

29 0.5910 294.60 248.0 10.4 2.597 1.1 l 6 3.713 3.33 54.50 2.415 1.299 

30 0.6110 302.10 255.5 10.8 2.665 1.123 3.788 3.37 54.40 2.456 1.333 

31 0.6310 306.30 259.7 11.2 2.698 1.130 3.,828 3.39 54.30 2.479 1.349 

32 0.6520 306.30 259.7 11.5 2.687 1.130 3.817 3.38 54.30 2.474 1.343 

33 0.6720 312.l 0 265.5 11.9 2.736 1.145 3.881 3.39 54.10 2.513 1.368 

34 0.6930 309.60 263.0 12.2 2.699 1.145 3.843 3.36 54.10 2.494 1.349 

35 0.7130 308.80 262.2 12.6 2.680 1.152 3.832 3.33 54.00 2.492 1.340 

36 0.7340 309.60 263.0 13.0 2.676 1.159 3.835 3.31 53.90 2.497 1.338 

37 0.7540 315.40 268.8 13.3 2.724 1.166 3.891 3.34 53.80 2.528 1.362 

38 0.7750 316.20 269.6 13.7 2.721 1.166 3.887 3.33 53.80 2.527 1.360 

39 0.7950 323.70 277.l 14.l 2.785 1.181 3.966 3.36 53.60 2.573 1.392 

40 0.8150 325.40 278.8 14.4 2.790 1.181 3.971 3.36 53.60 2.576 1.395 

41 0.8360 325.40 278.8 14.8 2.778 1.181 3.959 3.35 53.60 2.570 1.389 

42 0.8560 325.40 278.8 15.1 2.767 1.188 3.955 3.33 53.50 2.571 1.383 

r....----------- HOLt;UIVll3 t-UUNDAl ION ENGINEERING CO. __________ .....,. 
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Specimen Parameter Initial Saturated Consolidated Final 

Moisture content: Moist soil+tare, gms. 211.600 1335.900 

Moisture content: Dry soil+tare, gms. 203.200 1222.200 

Moisture content: Tare, gms. 125.200 134.800 

Moisture,% 10.8 10.8 10.8 10.S 

Moist specimen weight, gms. 1175. l 

Diameter, in. 2.80 2.80 2.80 

Area, in.:2 6.16 6.16 6.16 

Height, In. 5.57 5.57 5.57 

Net decrease in height, in. 0.00 0.00 

Wet Density, pcf 130.5 130.5 130.5 

Dry density, pcf 117.8 117.8 117.8 

Void ratio 0.2558 0.2558 0.2558 

Saturation, % 99.8 100.0 100.0 

Membrane modulus= 0.124105 kN/cm2 

Membrane thickness= 0.02 cm 

Filler paper coefficient= 0.001926 kN/cm 

Filter paper coverage = 50% 

Consolidation cell pressure= 90.00 psi (6.480 !sf) 

Consolidation back pressure= 50.00 psi (3.600 tsf) 

Consolidation effective confining stress= 2.880 tsf 

Strain rate, ln./min. = 0.01 

Fall. Stress = 3.829 tsf at reading no. 40 

Ult. Stress = 3.828 tsf at reading no. 41 

( 
Def. Deviator Minor Eff. Major Elf. Pore 

"·· Dial Load Load Strain Stress Stress Stress 1:3 Press. p Q 

No. In. Dial lbs. % tsf tsf ts! Ratio psi ts! ts! 

0 0.0000 51.60 0.0 0.0 0.000 3.377 3.377 1.00 43.10 3.377 0.000 

0.0190 185.60 134.0 0.3 1.562 2.340 3.902 1.67 57.50 3.121 0.781 

2 0.0400 233.00 181.4 0.7 2.106 1.814 3.920 2.16 64.80 2.867 1.053 

3 0.0600 253.00 201.4 1.1 2.330 1.562 3.892 2.49 68.30 2.727 1.165 

4 0.0810 263.80 212.2 1.5 2.445 1.433 3.878 2.71 70.10 2.655 1.223 

5 0.1 OJ 0 270.50 218.9 1.8 2.513 1.346 3.860 2.87 71.30 2.603 1.257 

6 0.1220 274.60 223.0 2.2 2.550 1.289 3.839 2.98 72.10 2.564 1.275 

7 0.1420 281.30 229.7 2.5 2.617 1.260 3.877 3.08 72.50 2.569 1.309 

8 0.1620 287.10 235.5 2.9 2.674 1.238 3.912 3.16 72.80 2.575 1.337 

9 0.1830 291.30 239.7 3.3 2.711 1.231 3.942 3.20 72.90 2.587 1.355 

10 0.2030 297.10 245.5 3.6 2.766 1.224 3.990 3.26 73.00 2.607 1.383 

11 0.2240 301.30 249.7 4.0 2.802 1.224 4.026 3.29 73.00 2.625 1.401 

12 0.2440 305.40 253.8 4.4 2.838 1.224 4.062 3.32 73.00 2.643 1.419 

13 0.2650 309.60 258.0 4.8 2.873 1.224 4.097 3.35 73.00 2.661 1.437 

14 0.2850 3 I 5.40 263.8 5.1 2.927 1.23 I 4.158 3.38 72.90 2.695 1.463 

15 0.3060 320.40 268.8 5.5 2.970 1.238 4.209 3.40 72.80 2.724 1.485 

I 6 0.3260 326.20 274.6 5.9 3.023 1.246 4.269 3.43 72.70 2.757 1.512 

17 0.3460 330.40 278.8 6.2 3.058 1.253 4.310 3.44 72.60 2.782 1.529 

18 0.3670 334.60 283.0 6.6 3.091 1.267 4.358 3.44 72.40 2.813 1.546 

( 
19 0.3870 341.20 289.6 6.9 3.151 1.282 4.433 3.46 72.20 2.857 1.576 

\. _____ 20 0.4080 346.20 294.6 7.3 3.192 1.296 4.488 3.46 72.00 2.892 1.596 

21 0.4280 351.20 299.6 7.7 3.234 1.310 4.544 3.47 71.80 2.927 1.617 

HOLCOMB FOUNDATION ENGINEERING CO. 
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Def. Deviator Minor Eff. Major Eff. Pore 

/~ Dial Load Load Strain Stress Stress Stress 1:3 Press. p a 
! No. In. Dial lbs. % tsf tsf tsf Ratio psi tsf tsf 

. \ 

22 0.4490 357.00 305.4 8.1 3.283 1.318 4.601 3.49 71.70 2.959 1.642 

23 0.4690 359.50 307.9 8.4 3.297 1.332 4.629 3.48 71.50 2.981 1.649 

24 0.4890 362.80 311.2 8.8 3.319 1.339 4.659 3.48 71.40 2.999 1.660 

25 0.5100 368.70 317.1 9.2 3.368 1.346 4.715 3.50 71.30 3.031 1.684 

26 0.5300 374.50 322.9 9.5 3.416 1.361 4.777 3.51 71.10 3.069 1.708 

27 0.5510 377.00 325.4 9.9 3.429 1.368 4.797 3.51 71.00 3.082 1.714 

28 0.5710 381.20 329.6 10.2 3.459 1.368 4.827 3.53 71.00 3.098 1.730 

29 0.5920 384.50 332.9 10.6 3.479 1.382 4.861 3.52 70.80 3.122 1.739 

30 0.6120 386.20 334.6 11.0 3.483 1.390 4.872 3.51 70.70 3.131 1.741 

31 0.6330 392.00 340.4 11.4 3.528 1.397 4.925 3.53 70.60 3.161 1.764 

32 0.6530 397.00 345.4 11.7 3.565 1.411 4.977 3.53 70.40 3.194 1.783 

33 0.6730 400.30 348.7 12.1 3.585 1.426 5.010 3.51 70.20 3.218 1.792 

34 0.6940 406.10 354.5 12.5 3.629 1.440 5.069 3.52 70.00 3.254 1.814 

35 0.7140 410.30 358.7 12.8 3.657 1.454 5.111 3.51 69.80 3.283 1.828 

36 0.7350 413.60 362.0 13.2 3.674 1.469 5.143 3.50 69.60 3.306 1.837 

37 0.7550 420.30 368.7 13.6 3.727 1.483 5.210 3.51 69.40 3.347 1.863 

38 0.7760 423.60 372.0 13.9 3.744 1.498 5.242 3.50 69.20 3.370 1.872 

39 0.7960 427.80 376.2 14.3 3.770 1.505 5.275 3.51 69.10 3.390 1.885 

40 0.8170 435.30 383.7 14.7 3.829 1.519 5.348 3.52 68.90 3.434 1.914 

41 0.8370 436.90 385.3 15.0 3.828 1.526 5.355 3.51 68.80 3.441 1.914 

----------- HOLCOMB FOUNDATION ENGINEERING CO. _________ __. 
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Specimen Parameter lnltlal Saturated Consolidated Final 

Moisture content: Moist soil+tare, gms, 184.300 1333.800 

Moisture content: Dry soil+tare1 gms. 177.100 1230.400 

Moisture content: Tare, gms. 107.500 135.300 

Moisture,% 10.3 10.4 10.4 9.4 

Moist specimen weight, gms. 1185.2 

Diameter, in. 2.80 2.80 2.80 

Area, in.2 6.16 6.16 6.16 

Height, in. 5.60 5.60 5.60 

Net decrease In height, in. 0.00 0.00 

Wet Density, pcf 130.9 131.0 131.0 

Dry density, pcf 118.7 118.7 118.7 

Void ratio 0.2468 0.2468 0.2468 

Saturation, ¾ 99.3 100.0 100.0 

Membrane modulus= 0.124105 kN/cm2 

Membrane th!ckness == 0.02 cm 

Filter paper coefficient = 0.001926 kN/cm 

Filler paper coverage= 50% 

Consolidation cell pressure= 110.00 psi (7.920 tsf) 

Consolidation back pressure= 30.00 psi (2.160 tsf) 

Consolidation effective confining stress= 5.760 tsf 

Strain rate, ln./mln. = 0.01 

Fall. Stress = 6. 758 tsf at reading no. 42 

( 
Ult. Stress= 6.758 tsfat reading no. 42 

Def. Deviator Minor Eff. Major Elf. Pore 

Dial Load Load Strain Stress Stress Stress 1:3 Press. p Q 

No. In. Dial lbs, % tsf tsf tsf Ratio psi tsf tsf 

0 0.0000 25.00 0.0 0.0 0.000 6.588 6.588 1.00 18.50 6.588 0.000 

1 0.0190 88.20 63.2 0.3 0.736 6.458 7.195 1.11 20.30 6.827 0.368 

2 0.0400 309.60 284.6 0.7 3.304 5.623 8.927 1.59 31.90 7.275 1.652 

3 0.0600 397.00 372.0 1.1 4.303 4.795 9.098 1.90 43.40 6.947 2.152 

4 0.0810 428.60 403.6 1.4 4.651 4.234 8.885 2.10 51.20 6.559 2.326 

5 0.1010 441.90 416.9 1.8 4.787 3.830 8.617 2.25 56.80 6.224 2.393 

6 0.1220 449.40 424.4 2.2 4,854 3.521 8.375 2.38 61.10 5.948 2.427 

7 0.1420 460.20 435.2 2.5 4,960 3.283 8.243 2.51 64.40 5.763 2.480 

8 0.1620 467.70 442.7 2.9 5.027 3.017 8.044 2.67 68.10 5.530 2.513 

9 0.1830 476.00 451.0 3.3 5.101 2.837 7.938 2.80 70.60 5.387 2.551 

10 0.2030 483.50 458.5 3.6 5.167 2.693 7.860 2.92 72.60 5.276 2.583 

11 0.2240 489.30 464.3 4.0 5.212 2.585 7.797 3.02 74.10 5.191 2.606 

12 0.2440 495.20 470.2 4.4 5.258 2.491 7.750 3.11 75.40 5.120 2.629 

13 0.2650 505.20 480.2 4,7 5.349 2.419 7.768 3.21 76.40 5.094 2.675 

14 0.2850 511.00 486.0 5.1 5.394 2.369 7.762 3.28 77.10 5.066 2.697 

15 0.3060 518.50 493.5 5.5 5.455 2.333 7.788 3.34 77.60 5.060 2.728 

16 0.3260 526.80 501.8 5.8 5.526 2.304 7.830 3.40 78.00 5.067 2.763 

17 0.3460 533.50 508.5 6.2 5.579 2.297 7.875 3.43 78.10 5.086 2.789 

18 0.3670 539.30 514.3 6.6 5.620 2.326 7.945 3.42 77.70 5.135 2.810 

( 
19 0.3870 548.40 523.4 6.9 5.697 2.275 7.972 3.50 78.40 5.124 2.849 

20 0.4080 555.90 530.9 7.3 5.756 2.261 8.016 3.55 78.60 5.139 2.878 
,_ 

21 0.4280 565.90 540.9 7.6 5,841 2.261 8.102 3.58 78.60 5.181 2.921 

HOLCOMB FOUNDATION ENGINEERING CO. 
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.(-
Def. Deviator Minor Elf. Major Elf. Pore 

Dial Load Load Strain Stress Stress Stress 1:3 Press. p Q 

No. in. Dial lbs, ¾ tsf tsf tsf Ratio psi tsf tsf 

22 0.4490 569.20 544.2 8.0 5.853 2.268 8.121 3.58 78.50 5.195 2.927 

23 0.4690 575. 10 550.1 8.4 5.894 2.282 8.176 3.58 78.30 5.229 2.947 

24 0.4890 584.20 559.2 8.7 5,968 2.297 8.265 3.60 78.10 5.281 2.984 

25 0.5100 592.50 567.5 9.1 6,031 2.311 8.343 3.61 77.90 5.327 3.016 

26 0.5300 599.20 574.2 9.5 6.079 2.333 8.411 3.61 77.60 5.372 3.039 

27 0.5510 605.90 580.9 9.8 6.124 2.354 8.479 3.60 77.30 5.416 3.062 

28 0.5710 613.30 588.3 10.2 6.178 2.362 8.539 3.62 77.20 5.450 3.089 

29 0.5920 617.50 592.5 10.6 6.196 2.405 8.601 3.58 76.60 5.503 3.098 

30 0.6120 626.70 601.7 10.9 6.267 2.527 8.794 3.48 74.90 5.661 3.133 

31 0.6330 638.30 613.3 11.3 6.361 2.426 8.787 3.62 76.30 5.607 3.180 

32 0.6530 644.10 619.1 11.7 6.395 2.448 8.843 3.61 76.00 5.646 3.198 

33 0.6730 650.80 625.8 12.0 6.438 2.477 8.915 3.60 75.60 5.696 3.219. 

34 0.6940 656.60 631.6 12.4 6.470 2.498 8.968 3.59 75.30 5.733 3.235 

35 0.7140 662.50 637.S 12.8 6.504 2.506 9.009 3.60 75.20 5.758 3.252 

36 0.7350 669.10 644.1 13.l 6.543 2.542 9.085 3.57 74.70 5.813 3.271 

37 0.7550 678.30 653.3 13.5 6.609 2.563 9.172 3.58 74.40 5.868 3.305 

38 0.7760 684.10 659.1 13.9 6.639 2.585 9.224 3.57 74.10 5.904 3.319 

39 0.7960 690.70 665.7 14.2 6.678 2.614 9.291 3.55 73.70 5.952 3.339 

40 0.8170 699.10 674.1 14.6 6.732 2.635 9.367 3.55 73.40 6.001 3.366 

41 0.8370 701.60 676.6 14.9 6.729 2.700 9.429 3.49 72.50 6.065 3.365 

42 0.8570 707.40 682.4 15.3 6.758 2.686 9.444 3.52 72.70 6.065 3.379 

,..._ __________ HOLCOMB FOUNDATION ENGINEERING CO. ---------.....J 
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HOLCOMB FOUNDATION ENGINEERING CO., INC. 
SOILS • BITUMINOUS · CONCRETE • INVESTIGATIONS AND TESTING 

SHIPPING ADDRESS 
Box 393 Wood Road 
Carbondale, IL 62901 

April 9, 2007 

Williamson Energy LLC 
PO Box 99 
Johnston City, Illinois 62951 

Attention: Mr. James Plumley 

Re: Coarse Refuse Laboratory Tests 
Mach Mine 
Johnston City, Illinois 
HFE File H-05278 

Dear Sir: 

www.holcombengineering.com 

MAILING ADDRESS 
P.O. Box 88 

Carbondale, IL 62903 

618-529-5262 
800-333-17 40 

FAX 618-457-8991 

In accordance with your instructions, on March 29, 2007, we sampled coarse refuse at Mach Mine 
and performed laboratory tests on remolded samples. Results of the tests are as follows: 

Visual Classification: Coarse Coal Refuse (Shale, Coal, Sandstone Mixture) 

Proctor Test Results: 
Maximum Dry Unit Weight: 120.3 PCF 
Optimum Moisture Content: IO. 7 % 

Specific Gravity: 2.50 

Triaxial Test Results: 
Effective Cohesion: 
Effective Phi Angle: 

Permeability (2 tests): 

152 PSF 
29.3 Degrees 

3 x 10-4 cm./sec. 
2 x 1 0-4 cm./sec. 

Results of the grain size analysis and the laboratory tests are attached. 
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l 

Mach Mine Coarse Refose Tests 

April 9, 2007 
Page 2 

If you should have any questions, or ifwe can be of forther assistance, please feel free to contact us 

at your convenience. 

Sincerely, 

1 copy: Justin Harry - Alliance Consulting 

35 i 5 7 
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Date: 

Project No.: 

Borinq No. 

Coarse Refuse 
Sample #1 

Coarse Refuse 
Sample #2 

31, [ 57 

HOLCOMB FOUNDATION ENGINEERING CO., INC. 
SOILS - BITUMINOUS - CONCRETE - INVESTIGATIONS AND TESTING 

SHIPPING ADDRESS 
Box 393 Wood Road 
Carbondale. !L 62901 

www.holcombengineering.com 

MAIUNG ADDRESS 
P.O. Box 88 

Carbondale, IL 62903 

Permeability Tests Results 
Mach Mine 

4/9/2007 

H-05278 

Death /Ft.) 

Johnston City, Illinois 

Client: 

Moisture Content(%) 
Before Test After Test 

10.9 

10.1 

14.6 

14.3 

Williamson Energy 

Dry Unit 
Weiqht (PCF) 

115.7 

114.7 

618-529•5262 
800-333-17 40 

FAX 618•457 -8991 

Permeability 
(Cm./Sec.) 

3 X 10-4 

2 X 10-4 

Permeability Tests performed in accordance with ASTM D-5084 
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Holcomb Foundation Engineering 

Project Pond Creek Mine 

Johnston City, Illinois 

Project No.: H•D5278 

Date: 4/9/2007 

Moisture Density Relationship 

Proctor Test Results 

Soll Classification: 

Maximum Dry Density (PCF) 

Location: Coarse Refuse Disposal Area 

Weathered Coarse Refuse 

120.3 

Optimum Moisture Content(%) 10.7 

Test Data ASTM □·698 (standard) 

Moisture 

u:
L) 

e:. 

Content(%) 

12.6 

13.2 

10.2 

7.6 

10.7 

Dry Unit Wt. 

{PCF) 

116.7 

116.7 

120.1 

119.1 

120.3 

122.0 -~----------------------------------~ 

Proctor Curve 

121.0 · 

120.0 
♦ 

,iE 119.0 ♦ 

♦ 

118.0 

117.0 · 

♦ 

116.0 ~----------------------------------__,J 
7.0 6,0 9.0 10.0 11.0 12.0 13.0 14.0 

0/o Moisture 

57 
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Project: 

Project No.: 

Sample No. 

Sieve 

2" 
1.5" 
1" 

( 3/4" 

"·· 1/2" 
3/8" 
114 
#10 
#20 
1140 
#60 
#100 
#200 

HOLCOMB FOUNDATION ENGINEERING CO., INC. 
SOILS • BITUMINOUS - CONCRETE • INVESTIGATIONS AND TESTING 

SHIPPING ADDRESS 
Box 393 Wood Road 
Carbondale, IL 62901 

www.holcombengineering.com 

MAILING ADDRESS 
P.O. Box 88 

Carbondale, IL 62903 

Grain Size Analysis 

Mach Mine Client: Mach Mine 

H-05278 Date: 4/9/2007 

Coarse Refuse Total Weight: 2290.30 

Wt. Retained % Ret. % Passing 

0.0 0.0 100.0 
314.4 13.7 86.3 
536.7 23.4 76.6 
674.8 29.5 70.5 
901.6 39.4 60.6 

1061.2 46.3 53.7 
1522.1 66.5 33.5 
1911.6 83.5 16.5 
2091.9 91.3 8.7 
2166.2 94.6 5.4 
2202.2 96.2 3.8 
2223.7 97.1 2.9 
2245.2 98.0 2.0 

618-529-5262 
800-333-17 40 

FAX 618-457-8991 
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Axial Strain, % 

Sample No, 

Water Content, 
Dry Density, pcf 

~ Saturation, 
:S Void Ratio 

Diameter, in. 
Height, in. 

Water Content, 
Dry Density, pcf 
Saturation, 
Void Ratio 
Diameter, in. 
Height, in. 

Strain rate, in./min. 
Back Pressure, tsf 
Cell Pressure, tsf 

Fail. Stress, tsf 

Total Pore Pr., tsf 

Ult. Stress, tsf 
Total Pore Pr., Isl 

>---------------------< =a1 Failure, tsf 
Type of Test: G3 Failure, tsf 

CU with Pore Pressures 

Sample Type: Coarse Refuse 

Description: 

Client: Pond Creek Mine 

14.4 
113.2 
95.1 

0.3793 
2.80 
5.59 

15.2 
l 13.2 
100.0 

0.3793 
2.80 
5.59 
0.00 
3.60 
5.04 
1.85 
4.18 
l.85 
4.18 
2.71 
0.86 

Project: Coarse Reiu.se Laboratory TestS 

Assumed Specific Gravity= 2.50 

Remarks: 

Location: \\feathered Coarse Refuse 

2 

12.7 
1 I 5.1 
89.0 

0.3560 
2.80 
5.58 

14.2 
115.1 
100.0 

0.3560 
2.80 
5.58 
0.00 
3.60 
6.48 
2.67 
5.27 
2.66 
5.22 
3.88 
1.21 

Proj. No.: H-05278 Date: 4!2/07 

Plate 

Tested By: ,,L"'C'------------ Checked By: TH 

fO 1 .. 57 

3 

13.1 
114.6 
90.4 

0.3615 
2.80 
5.58 

14.5 
114.6 
100.0 

0.3615 
2.80 
5.58 
0.00 
1.80 
7.56 
5.55 
4.77 
5.55 
4.77 
8.34 
2.79 
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Client: Pond Creek Mine 
.. Project: Coarse Refuse Laboratory Tests 
Location: VVearhered Coarse Refuse 
Project No.: H-05278 

Tested By: "L°"C _________ _ 

1.5 / 

161/o 

7.5 

~ 
6 

i 

<D 
5 "' 
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p, tsf 
Stress Paths: Total --- Effective - - -

Plate HOLCOMB FOUNDATION ENGINEERING CO. 

Checked By: ~T~H~---------
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TRIAXIAL COMPRESSION TEST 
CU with Pore Pressures 

Date: 4/2/07 
Client: Pond Creek Mine 

Project: 

Location: 

Coarse Refuse Laboratory Tests 
Weathered Coarse Refuse 

Description: 

Remarks: 

Type of Sample: Coarse Refuse 
Assumed Specific Gravity-=2.50 LL= 

Test Method: COE uniform strain 

PL= Pl= 

4/9/2007 
11:10AM 

Q4$WdiiSlfflffi¥@f@iif,#i,fi#'ll1 .: = - • · -
Specimen Parameter Initial Saturated Consolidated Final 

Moisture content: Moist soil+tare, gms. 179.300 1255.500 
Moisture content: Ory soil+tare, gms. 

Moisture content: Tare, gms. 

Moisture, 0/o 
Moist specimen weight, gms. 

Diameter, in. 

Area, in.2 

Height, in. 
Net decrease in height, in. 

Wet Density, pcf 

Dry density, pcf 

165.700 
71.400 

14.4 
1170.0 

2.80 
6.16 
5.59 

129.5 
113.2 

15.2 

2.80 
6.16 
5.59 
0.00 

130.3 
113.2 

15.2 

2.80 
6.16 
5.59 
0.00 

130.3 
113.2 

Void ratio 0.3793 0.3793 0.3793 
Saturation,% 95.1 100.0 100.0 

1117.500 
79.600 

13.3 

MJ:ZiJ!i®@1L.;;;;;;;a;;;,..~~~-{NIW 
Membrane modulus= 0.124105 kN/cm2 

Membrane thickness = 0.02 cm 

Filter papei coefficient= 0.001926 kN/cm 
Filter paper coverage = 50% 

Consolidation cell pressure= 70.00 psi (5.040 tsf) 

Consolidation back pressure= 50.00 psi (3.600 ts!) 

Consolidation effective confining stress = 1.440 tsf 
Strain rate, in./rnin. = 0.00 

Fail. Stress = 1.845 tsf at reading no. 31 
Ult. Stress = 1.845 tsf at reading no. 31 

:::, I 

HOLCOMB FOUNDATION ENGINEERING CO. ----------....l 
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( Def. Deviator Minor Eff. Major Eff. Pore 

Dial Load Load Strain Stress Stress Stress 1:3 Press. p Q 

No. in. Dial lbs. ¾ tsf tsf tsf Ratio psi ts! ts! 

0 0.0000 19.10 0.0 0.0 0.000 1.627 1.627 1.00 47.40 1.627 0.000 

0.0190 20.00 0.9 0.3 0.001 1.642 1.642 1.00 47.20 1.642 0.000 

2 0.0400 20.00 0.9 0.7 0.000 1.656 1.656 1.00 47.00 1.656 0.000 

3 0.0600 20.00 0.9 1.1 0.000 1.663 1.663 1.00 46.90 1.663 0.000 

4 0.0810 20.00 0.9 1.4 0.000 1.678 1.678 1.00 46.70 1.678 0.000 

5 0. 1010 25.00 5.9 1.8 0.017 1.678 1.694 1.01 46.70 1.686 0.008 

6 0.1220 99.00 79.9 2.2 0.857 1.318 2.175 1.65 51.70 1.746 0.429 

7 0.1420 124.00 104.9 2.5 1.195 1.152 2.347 2.04 54.00 1.750 0.598 

8 0.1620 134.80 115.7 2.9 1.314 1.058 2.372 2.24 55.30 1.715 0.657 

9 0.1830 140.60 121.5 3.3 1.374 1.001 2.375 2.37 56.10 1.688 0.687 

10 0.2030 144.80 125.7 3.6 1.416 0.965 2.381 2.47 56.60 1.673 0.708 

II 0.2240 148.10 129.0 4.0 1.448 0.936 2.384 2.55 57.00 1.660 0.724 

12 0.2440 I 50.60 131.5 4.4 1.471. 0.914 2.385 2.61 57.30 1.650 0.735 

13 0.2650 153.10 134.0 4.7 1.493 0.900 2.393 2.66 57.50 1.646 0.746 

14 0.2850 155.60 136.5 5.1 1.515 0.878 2.393 2.72 57.80 1.636 0.757 

15 0.3060 157.30 138.2 5.5 1.528 0.864 2.392 2.77 58.00 1.628 0.764 

16 0.3260 159.80 140.7 5.8 1.549 0.857 2.406 2.81 58.10 1.63 l 0.775 

17 0.3460 162.30 143.2 6.2 1.571 0.850 2.420 2.85 58.20 1.635 0.785 

18 0.3670 163.10 144.0 6.6 1.573 0.835 2.408 2.88 58.40 1.622 0.787 

19 0.3870 I 66.40 147.3 6.9 1.603 0.828 2.431 2.94 58.50 1.630 0.802 

20 0.4080 168.90 149.8 7.3 1.624 0.821 2.445 2.98 58.60 1.633 0.812 

21 0.4490 172.30 153.2 8.0 I.648 0.814 2.461 3.02 58.70 1.637 0.824 

22 0.4890 173.90 154.8 8.7 1.652 0.806 2.458 3:05 58.80 1.632 0.826 

23 0.5300 178.90 159.8 9.5 1.691 0.806 2.498 3.10 58.80 1.652 0.846 

24 0.5710 184.80 165.7 10.2 l.740 0.814 2.553 3.14 58.70 1.683 0.870 

25 0.6120 186.40 167.3 10.9 1.742 0.806 2.549 3.16 58.80 1.677 0.871 

26 0.6530 190.60 171.5 11.7 1.771 0.821 2.592 3.16 58.60 1.706 0.886 

r - I 0,6940 195.60 I 76.5 !2.4 1.808 0.821 2.628 3.20 58.60 1.725 0.904 

28 0.7350 197.20 178.1 13.l 1.809 0.835 2.644 3.17 58.40 1.740 0.904 

29 0.7760 201.40 182.3 13.9 1.836 0.842 2.678 3.18 58.30 1.760 0.918 

30 0.8170 204.70 I 85.6 14.6 1.853 0.857 2.710 3.16 58.10 1.783 0.927 

31 0.83 70 204. 70 I 85.6 15.0 1.845 0.864 2.709 3.14 58.00 1.787 0.923 

..._ __________ HOLCOMB FOUNDATION ENGINEERING CO. ------------' 
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Specimen Parameter Initial Saturated onso I a e nal 

Moisture content: Moist soil+tare, gms. 169.900 1238.700 

Moisture content: Dry soil+tare, gms. 

Moisture content: Tare, gms. 

Moisture,% 

Moist specimen weight, gms. 

Diameter, in. 

Area, in.2 

Height, in. 

Net decrease in height, in. 

Wet Density, pcf 

Dry density, pcf 

Void ratio 

158.800 

71.200 

12.7 

1169.8 

2.80 

6.16 

5.58 

129.7 

115.l 

0.3560 

1117.200 

73.100 

14.2 14.2 11.6 

2.80 2.80 

6.16 6.16 

5.58 5.58 

0.00 0.00 

131.5 13 l.5 

115.1 115.1 

0.3560 0.3560 

Saturation,% "'lii'i!/.!\!li~Ell'!!il1s! 89.0 100.0 100.0 

- ~fl' ~•l&Bii . _. - . -~""-----~-
Membrane modulus= 0.124105 kN/cm2 

Membrane thickness= 0.02 cm 

Filter paper coefficient= 0.001926 kNicm 

Filter paper coverage = 50% 

Consolidation cell pressure= 90.00 psi (6.480 tsf) 

Consolidation back pressure= 50.00 psi (3.600 tsf) 

Consolidation effective confining stress = 2.880 tsf 

Strain rate, in./mln. = 0.00 

Fail. Stress = 2.666 tsf at reading no. 27 

Ult. Stress= 2.663 tsf at reading no. 31 

Def. Devlator Minor Eff. Major Eff. Pore 
Dial Load Load Strain Stress Stress Stress 1:3 Press. p Q 

No. in. Dial lbs. % tsf tsf tsf Ratio psi tsf tsf 

0 0.0000 62.40 0.0 0.0 0.000 3.967 3.967 1.00 34.90 3.967 0.000 

0.0220 173.10 110.7 0.4 1.289 2.484 3.773 1.52 55.50 3.129 0.645 

2 0.0420 206.40 144.0 0.8 1.671 2.016 3.687 1.83 62.00 2.852 0.836 

3 0.0620 223.00 160.6 1.1 1.857 1.764 3.621 2.05 65.50 2.693 0.929 

4 0.0830 230.50 168.1 1.5 1.936 1.613 3.549 2.20 67.60 2.581 0.968 

5 0.1030 235.50 173.1 1.8 1.987 1.512 3.499 2.3 I 69.00 2.505 0.993 

6 0.1240 238.00 175.6 2.2 2.008 1.447 3.455 2.39 69.90 2.451 1.004 

7 0.1440 242.20 179.8 2.6 2.048 1.390 3.438 2.47 70.70 2.414 1.024 

8 0.1650 245.50 183.1 3.0 2.078 1.346 3.424 2.54 71.30 2.385 1.039 

9 0.1850 248.80 186.4 3.3 2.107 1.310 3.418 2.61 71.80 2.364 1.054 

10 0.2060 252.20 189.8 3.7 2.137 1.289 3.426 2.66 72.10 2.358 1.069 

11 0.2260 254. 70 192.3 4.0 2.158 l.267 3.425 2.70 72.40 2.346 1.079 

12 0.2460 253.80 191.4 4.4 2. 139 1.253 3.392 2.71 72.60 2.322 1.070 

13 0.2670 258.80 196.4 4.8 2.187 1.238 3.425 2.77 72.80 2.332 1.093 

14 0.2870 260.50 198.l 5.1 2.197 1.231 3.428 2.78 72.90 2.330 1.099 

15 0.3080 263.00 200.6 5.5 2.216 1.217 3.433 2.82 73.10 2.325 I. I 08 

16 0.3280 265.50 203.1 5.9 2.235 1.2] 0 3.445 2.S5 73.20 2.327 1.118 

17 0.3490 268.80 206.4 6.3 2.263 1.210 3.472 2.87 73.20 2.341 1.131 

IS o:3o9o 268.Sa '2"0-6.4 6.6 2.254 1.102 3A56 2.87 73.30 2.329 Ll27 
19 0.3900 273.00 2!0.6 7.0 2.290 1.195 3.486 2.92 73.40 2.340 1.145 

20 0.4100 275.50 213.1 0' ,., 2.309 1.195 3.504 2.93 73.40 2.350 !. ! 54 

cl 0 4510 281 :;o 21 g 9 R l 2 "'l,-=il i 1 RR 3 ,;.::1 \ 2 05! 73.50 1.:364 ! . !?6 

HOLCOMB FOUNDATION ENGINEERING CO. 
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Def. Deviator Minor Eff. Major Eff. Pore 
Dial Load Load Strain Stress Stress stress 1:3 Press. p Q 

No. in. Dial lbs. % tsf tsf tsf Ratio psi tsf tsf 

22 0.4920 284.60 222.2 8.8 2.369 1.195 3.564 2.98 73.40 2.380 1.185 

23 0.5330 292.10 229.7 9.6 2.429 1.195 3.625 3.03 73.40 2.410 1.215 

24 0.5740 296.30 233.9 10.3 2.454 1.202 3.656 3.04 73.30 2.429 1.227 

25 0.6140 300.40 238.0 l 1.0 2.477 1.202 3.679 3.06 73.30 2.441 1.238 

26 0.6440 305.40 243.0 11.5 2.514 1.217 3.730 3.07 73.10 2.474 1.257 

27 0.6960 322.90 260.5 12.5 2.666 1.210 3.876 3.20 73.20 2.543 1.333 

28 0. 7370 316.20 253.8 13.2 2.576 1.238 3.814 3.08 72.80 2.526 1.288 

29 0.7780 322.10 259.7 13.9 2.613 1.238 3.852 3.11 72.80 2.545 1.307 

30 0.8190 328.70 266.3 14.7 2.657 1.253 3.910 3.12 72.60 2.581 1.328 

31 0.8390 330.40 268.0 15.0 2.663 1.260 3.923 3.l l 72.50 2.591 1.331 

IP8Pl!!/¥PW!f¥.llflilll@#iW®i¥MMiiiii&\iiiill½MffdWliii#fif$~ 
Specimen Parameter 

Moisture content: Moist soil+tare 1 gms. 

Moisture Content: Dry soil+tare, gms. 

Moisture content: Tare, gms. 

Initial 

171.400 

160.000 

72.800 

Saturated Consolidated Final 

1284.500 

1180.500 

134.900 

Moisture,% 13.l 14.5 14.5 9.9 

Moist specimen weight, gms. 1168.8 

Diameter, in. 2.80 2.80 2.80 

Area, in.' 6.16 6.16 6.16 

Height, in. 5.58 5.58 5.58 

Net decrease in height, in. 0.00 0.00 

Wet Density, pcf 129.6 131.2 131.2 

Dry density, pcf l 14.6 114.6 114.6 

Void ratio 0.3615 0.3615 0.3615 

Saturation,% 90.4 100.0 100.0 

P%:S#~ff!t~~~ttn44~i P1P 
Membrane modulus= 0.124105 kN/cm' 

Membrane thickness = 0.02 cm 

Filter paper coefficient= 0.001926 k}-1/cm 

Filter paper coverage = 50% 
Consolidation cell pressure= 105.00 psi (7.560 tsf) 

Consolidation back pressure= 25.00 psi (I.800 tsf) 

Consolidation effective confining stress= 5.760 tsf 
Strain rate, inJmin. = 0.00 

Fail. Stress= 5.549 tsfat reading no. 35 

Ult. Stress= 5.549 rsfat reading no. 35 

Def. Deviator 
Dial Load Load Strain Stress 

No. in. Dial lbs. % tsf 

0 0.0020 102.40 0.0 0.0 0.000 

0.0170 286.30 183.9 0.3 2.145 

2 0.0370 364.50 262.1 0.6 3.046 

3 0.0580 407.00 304.6 1.0 3.526 

4 0:0780 426:10 323.-7 l:4 3.733 · 

5 0.0990 4)7.70 335.3 1.7 3.853 

6 0.1190 449.40 347.0 2.1 3.972 
7 0.1400 457.70 355.3 2.5 4.052 

Minor Eff. 
Stress 

tsf 

7.207 

6.674 

6.113 

5.537 

4.997 

4.536 

4.133 

3.838 

Major Eff. Pore 
Stress 1:3 Press. 

!sf Ratio psi 

7.207 1.00 4.90 

8.819 1.32 12.30 

9. 158 1.50 20.10 

9.063 1.64 28.10 

S.730 L/5··· 35:50· 

8.389 1.85 42.00 

8.105 1.96 47.60 

7.889 2.06 51.70 

HOLCOMB FOUNDATION ENGINEERING CO. 

p Q 
tsf tsf 

7.207 0.000 

7.747 1.072 

7.636 l .523 

7.300 1.763 

6.864 . 1.867 

6.462 1.926 

6. l 19 1.986 

5.863 2.026 

., r 
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Def. Deviator Minor Eff. Major Eff. Pore 

Dial Load Load Strain Stress Stress Stress 1:3 Press. p Q 

No. In. Dial lbs. % ts! tsf tsf Ratio psi tsf tsf 

8 0.1600 464.40 362.0 2.8 4.113 3.593 7.706 2.14 55,10 5.649 2.056 

9 0.1810 474.40 372.0 3.2 4,210 3.384 7.594 2.24 58.00 5.489 2.105 

IO 0.2010 481.90 379.5 3.6 4.279 3.211 7.490 2.33 60.40 5.351 2.140 

11 0.2210 487.70 385.3 3.9 4.328 3.074 7.403 2.41 62.30 5.239 2.164 

12 0.2420 495.20 392.8 4.3 4.395 2.959 7.355 2.49 63.90 5.157 2.198 

13 0.2620 503.50 401.l 4.7 4.471 2.851 7.323 2.57 65.40 5,087 2.236 

14 0.2830 509,30 406.9 5.0 4.518 2.772 7.290 2.63 66.50 5.031 2.259 

15 0.3030 519.30 416.9 5.4 4.612 2.693 7.305 2.71 67,60 4.999 2.306 

16 0.3240 522.60 420.2 5.8 4.630 2.650 7.279 2.75 68.20 4.965 2.315 

17 0.3440 526.00 423.6 6.1 4.650 2.621 7.270 2.77 68.60 4.946 2.325 

18 0.3650 534.30 431.9 6.5 4,722 2.578 7.299 2.83 69.20 4,938 2.361 

19 0.3850 541.80 439.4 6.9 4.785 2.549 7.334 2.88 69,60 4,941 2.393 

20 0.4050 546,80 444.4 7.2 4.821 2.534 7.355 2.90 69.80 4,945 2.41 I 

21 0.4260 553.40 451.0 7.6 4.873 2.520 7.393 2.93 70,00 4.956 2.436 

22 0.4460 558.40 456.0 8.0 4.908 2.506 7.413 2.96 70.20 4.959 2.454 

23 0.4670 560.90 458.5 8.3 4.914 2.506 7.420 2.96 70.20 4.963 2.457 

24 0.4870 569.20 466.8 8.7 4.984 2.506 7.489 2.99 70.20 4.997 2.492 

25 0.5080 574.20 47l.8 9.1 5.016 2.513 7.529 3.00 70,10 5,021 2.508 

26 0.5280 580.10 477.7 9.4 5.059 2.520 7.579 3.01 70.00 5,050 2.530 

27 0.5690 592.50 490.l 10.2 5,148 2.534 7.683 3.03 69.80 5.109 2.574 

28 0.6100 600.00 497.6 10,9 5,184 2.570 7.755 3.02 69.30 5,163 2.592 

29 0.6510 610.90 508.5 l 1.6 5.254 2.599 7.853 3.02 68.90 5,226 2.627 

30 0.6920 625.80 523.4 12.4 5.363 2.628 7.991 3.04 68.50 5.310 2.682 

31 0.7330 631.70 529.3 13.1 5,378 2.671 8.049 3.01 67,90 5.360 2.689 

32 0.7730 64 l.60 539.2 13.8 5.434 2.707 8.141 3.01 67.40 5.424 2.717 

33 0.8140 651.60. 549.2 14.6 5.487 2.750 8.238 3.00 66.80 5.494 2,744 

34 0.8350 656.60 554.2 14,9 5.513 2.772 8.285 2.99 66.50 5.528 2.756 

35 0.8540 662.50 560.l 15.3 5.549 2.786 8.335 2.99 66.30 5.561 2.775 

._ __________ HOLCOMB FOUNDATION ENGINEERING CO. __________ __, 
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Holcomb Foundation 
Engineering Co. 
PO Fmx BB c-..:..on...:.- 1-. 111--'s 

LOG of BORING BB? 4 

Unconfined Compressive Strength (Tons/Sq. Fi.) 

C --------•---------
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Description of Material 

Surface Elevation 
Brown Silty CLAY {CL) with s □ nd 
and pebbles . 

Groy Mottled Brown Silty CLAY ( CL) 

't '6 
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1 , , , , , , , , , , End of Boring @ -20.0 
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Ground Water Data 

No Ground Waier Encouniered During Drilling and None Upon Compleiion. 

': Moch #1 Mine Soils Investigation 

I Moch #1 Mine Williomson Countv Illinois I
. Daie of Boring 

February 1, 2006 

I Ciient: Alliance Consulting, Inc. 
Be over, West Vir9inio 

H-05278 ! 
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Holcomb Foundation 

LOG of BORING .8293 Engineering Co . 

Unconfined Compreuive Str.n¢h {Ton,/Sq, Ft.) 

• • u 
1 2 3 4 5 6 ;; 6 Description of Material • 

Weter Content (X) • 0 ii • "-

-----------0------------ :z: E 5 
E • D • "' Standcrd' N P ■netrotlon, Blows/Fi. -" 1i. .. 
C. E • E 

;o X 
0. • 0 ~ 0 
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' ' ' I l I I ' ' ' '' '' ' ' ' 7" Topsoil 
I I I I I I ' I I ' I ' 
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I ' I ' ' ' ' I ' I I ' I I I ' ' ' I I 

I I I I I I ' I ' 
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Gro und Water Data 

Ground Water Encountered 0> -12.0' During Drilling. 
•roj ■ c;: Rock Probes for Moch Mine I Dot, of Boring 

i Johnstun ,...t.1 .•• ::::nuis DecembBr 5. 2805 
._,.l I Yt I I Clion;: Williamson County Energy I Projoci Ne. 

Marion, Illinois H-05278 
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LOG of BORING B294 
Holcomb Foundation 

Engineering Co. 

Unconfinad Compf>flive Slnngtt, (Tons/Sq. Fl.) 
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20 
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3( 
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No Ground Water Encountered During Drilling. 

Project; 

Description of Material 

Surface Elevation 

7" Topsoil 

Brown Mottled 
with sand 

Gray Silty 
and pebbles 

Brown SHALE 

End of Soring Q -2.2..5' 

CLAY (CL) 

R,:,ck Probes for Moch Mine / Dalo oi Boring 

Johnston City, Illinois I December 5. 20C5 

Williamson County Energy I Project No. 

Morion. Illinois 
H-C5278 

'---------------
----'---------' 
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Holcomb Foundation 

LOG of BORING B.295 Engineering Co. 

Unccnfln•d Comprnslve. S\n,ngth {Tens/Sq. Fi.) 

• • u , 2 3 4 5 6 -; " Description of Material • C 

Woier Content (¾) • ,; 'ii. • ... 
% E E 

-----------0------------ .!, • C • "' 
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Ground Water Date 

Ground Water Encountered 0 -16.0' During Drilling/ 0 -10.0' Upon Compleiion, 

,"'roJe:=r; Rock Probes for Mach Mine 
I Dole oi Borln~ 

Johnston City, Illinois I December 5, 2005 

Chent: 
Wilii □ mson Couniy C:nergy 

! Project No. 

h1ario; .. lliinois 
H-C527E:. 
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LOG of BORING .B.297 
Holcomb Foundation 
Engineering Co. 

Unconfined Comprn,,I•• Strength (Tens/Sq. Fl.) 

------•--------
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No Ground Weter Encountered During Drilling. 

ProJscT: 

Clien':: 

Ro~k Probes for Moch Mine 

Johnston City, Illinois 

Williamson County Energy 

Morion. lliino/s 

Description of Material 

Surface Elevation 

9" Topsoil 

Gray hlottled Brown Silty 

with sand end pebbles 

Brown Mottled Gray SIity 

with trace of sand 

Gray Mottled Brown Sllty 
with trace of sand 

Brown SHALE 
End of Boring 0 -15.5' 

! Date o{ Boring 

l Decerriter 

I ProJuc1 No. 

H-C527S 

CLAY (CL) 

CLAY (CL) 

CLAY (CL) 
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DATE 

PROBABILISTIC SEISMIC HAZARD ASSESSMENT -
SOURCE, MAXIMUM MAGNITUDE, DISTANCE 

AND PEAK GROUND ACCELERATION 

POND CREEK COAL REFUSE DISPOSAL SITE 

OBJECTIVE: Utilizing the 2002 USGS Earthquake Hazard Program, Interactive Deaggregation 
Maps (Frankel, 2002), particularly the 2% Probability of Exceedance in 50 years 
recurrence interval, define the local and regional seismic events, maximum 
earthquake magnitudes, focal depths, epicentral distances and peak ground 
accelerations potentially impacting the Williamson Energy, Pond Creek coal 
refuse disposal site, Williamson County, Illinois. 

METHODOLOGY: A probabilistic seismic hazard assessment (PSHA) is performed for the Pond 
Creek site located near Johnston City, Williamson County, Illinois. PSHA 
involves utilizing the 2002 USGS Earthquake Hazard Program, Interactive 
Deaggregation Maps (Frankel, 2002), particularly the 2% Probability of 
Exceedance in 50 years maps for the site coordinates and the development of a 
particular seismic scenario upon which a ground motion hazard evaluation is 
based. The scenario consists of the postulated occurrence of an earthquake (i.e., 
2% Probability of Exceedance in 50 years) of a specified size based on the latest 
USGS hazard mapping for the Pond Creek site. In general, PSHA involves four 
basic elements: 

1. Evaluate earthquake sources; 
2. Determine controlling earthquake(s): the maximum magnitude, maximum 

credible, or maximum considered earthquake; 
3. Determination of ground motion attenuation relationships or distance from the 

site; and 
4. Determination the peak ground acceleration (PGA). 

PSHA determines the earthquakes that have the most significant impacts, and for 
engineering design and analyses of tailing dams, a design earthquake is desired. 

Stochastic modeling, based on the published predictive relations of Atkinson and 
Boore (1995) is subsequently used to create synthetic acceleration-time histories 
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REFERENCES: 

for the critical earthquake scenarios. The required input parameters for the critical 
earthquake source spectra, including moment magnitude, epicentral distance, and 
focal depth are developed from the published information discussed above, and 
summarized below. 

Subsequently discussed in a separate calculation brief, a comparison of input 
parameters and site response will be made using both eastern US synthetic 
earthquake time histories and actual western US earthquake time histories. 
Available records are scaled in SHAKE (Schnabel, 1971) to the Pond Creek site 
PGA and the site response compared to published eastern US ground motion 
attenuation (OMA) response spectra to assess the reasonableness of the various 
time histories. 

1. Nuttli, 0. W. and Herrmann, R, B (1978) "State-of-the-Art for Assessing Earthquake Hazards in 
the United States, Report 12, Credible Earthquakes for the Central United States," U.S. Army 
Corp of Engineers Miscellaneous Paper S-73-1, December, 1978. 

2. Boore, D. M. (1983). "Stochastic Simulation of High-Frequency Ground Motions based on 
Seismological Models of the Radiated Spectra Bulletin of the Seismological Society of America 
(BSSA), Vol. 73, No. 6, p.p. 1865-1894, December, 1983. 

3. Atkinson, G. M. and Boore, D. M. (1995) "Ground-Motion Relationships for Eastern North 
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4. Atkinson, G. M. and Boore, D. M. (1998) "Evaluation of Models for Earthquake Source Spectra 
in Eastern North America," Bulletin of the Seismological Society of America (BSSA), Vol. 88, 
No. 4 p.p. 917-934, February, 1995. 

5. Toro, G.R., Abrahamson, N.A., and Schneider, J.F.(1997). "Model of Strong Ground Motions 
from Earthquakes in Central and Eastern North America: Best Estimates and Uncertainties," 
Seismological Research Letters, Vol. 68, No. I, January/February 1997. 

6. Atkinson, G. M. and Boore, D. M. (1997) "Some Comparisons Between Recent Ground Motion 
Relations," Seismological Research Letters, Vol. 68, No. I, January/February 1997, p.p. 22-40. 

7. Campbell, Kenneth W. (2003) "Erratum: Prediction of Strong Ground Motion Using the Hybrid 
Empirical Method and Its Use in the Development of Ground Motion (Attenuation) Relations in 
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Hazard Analysis in Eastern North America," Seismological Research Letters, Vol. 72, No. 2, 
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12. Schnabel, P. B., Lysmer, J. and Seed, H. B. (1972) "SHAKE88: A Computer Program 
Earthquake Response Analysis of Horizontally Layered Sites," Report No. EERC 72-12, 
University of California, Berkeley. 

SEISMIC HAZARD ASSESSMENT 

General 

Nuttli and Herrmann (1978) outline the input necessary for performing either a deterministic or 
probabilistic method of assessing seismic hazard, which requires that the seismic source zones be 
identified, that the maximum-magnitude earthquake for each source zone be estimated, that the 
magnitude-frequency recurrence rate for each source zone be determined, and that the attenuation of 
seismic wave energy with distance be known. 

Based on the current ability to generate synthetic earthquake acceleration-time histories for eastern North 
American (ENA) earthquakes using the stochastic modeling techniques developed by Boore (1983) and 
Atkinson and Boore (1995), a PSHA approach was chosen to generate a design earthquake(s). Using 
this approach, the Maximum Design Earthquake (MDE) for the 2% Probability of Exceedance in 50 
years was chosen, which for the Pond Creek site has a PGA of 0.54g. As discussed in Atkinson and 
Boore (1995 and 1998), the utilized ground motion relationships compared well to the limited database 
of recorded Eastern North America (ENA) earthquakes and large earthquakes from analogous intra
plate, hard rock sites. In a separate calculation brief, a comparison is made of the PGA from the various 
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ground motion attenuation relationships and the synthetic time-histories, as well as a comparison of the 
site response and response spectra of both the synthetic earthquake acceleration time histories and a 
scaled western U.S. acceleration-time history record to evaluate the consistency and results of the eastern 
and western time histories relative to the embankment response, i.e., frequency content, spectral 
acceleration, etc. 

The PSHA methodology chosen for this evaluation represents a more refined approach to previous 
methods which used empirical, pseudostatic embankment analyses. Similarly, the PSHA developed 
specifically for the Pond Creek site also attempts to eliminate the potential for over-conservative, 
unrealistic strong ground motion associated with the "floating earthquake" concept. This approach is 
generally applied in regions where active earthquake-generating surface faults exist and the intensity
based peak acceleration relationships are from only long-period western U.S. and Japanese seismic 
activity and more importantly, the peak acceleration does not account for distance. 

Selection of Maximum Credible Earthquake Scenarios and Peak Ground Acceleration 

Based on the most 'critical regional and local seismic sources to the Pond Creek site as identified in the 
USGS Interactive Deaggregation Maps, two MDE scenarios have been selected for analysis including a 
magnitude (M) 8.0, which has boundary limits of about 83 km from the site and the potential to generate 
a high intensity earthquake. The Pond Creek site also has the potential to be impacted by a smaller 
magnitude earthquake or a comparable local "background" earthquake at a closer epicentral distance to 
the site, which based on the USGS seismic hazard program is an M6.8 at 13.5 km. The PGA associated 
with this hazard was defined at 0.54g. The 2002 USGS Earthquake Hazard Program, Interactive 
Deaggregation Maps (Frankel, 2002), particularly the 2% Probability of Exceedance in 50 years maps 
are attached. 

The rate at which the strength of earthquake ground motion attenuates and the amount of geometric 
spreading with distance from the epicenter are required for seismic hazard analyses. The focal depth of 
the earthquake and the near surface geological conditions have a significant influence on the intensity 
attenuation relationship. Information on earthquakes occurring in the eastern United States suggests that 
surface faulting does not occur and the center of energy release is deeper than the average of California 
earthquakes. The earthquake energy is therefore radiated over a larger area than is experienced in 
California, and California data cannot be extrapolated directly to this region. Several ENA and CEUS 
ground motion attenuation relationships including Toro, et.al. (1997), Atkinson & Boore (1997), 
Campbell (2003), Atkinson (2001) and Tavakoli & Pezeshk (2005) are used to compare the USGS PGA 
for the Pond Creek site to that of other ENA and CEUS ground motion relationships. 

Therefore, these two MDE scenarios will be evaluated for their impact on the Pond Creek impoundment 
since the maximum ground accelerations, frequency contents, and durations of effective cycles will be 
notably different. 
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As previously discussed, utilizing the Atkinson and Boore (1995) empirically-derived earthquake source 
spectra model for eastern North American hard rock sites, quality synthetic acceleration-time histories 
have been created for the bedrock motions. Subsequently, the various input parameters from these 
synthetic earthquake records are compared to the Pond Creek site input and the time histories scaled 
according! y to the PGA anticipated at the Pond Creek site. Also, selection of an earthquake time history 
record from the PEER Strong Motion Database for western U.S. and Japanese earthquake records, scaled 
to the PGA is performed. Finally (in another calculation brief), the corresponding response spectra 
curves of the site response due to the ENNCEUS synthetic and PEER earthquake time histories are 
compared to the ENA and CEUS ground motion attenuation response spectra to assess the 
reasonableness of the time history. 

CONCLUSION 

A Probabilistic Seismic Hazard Assessment (PSHA) which utilized the 2002 USGS Earthquake Hazard 
Program, Interactive Deaggregation Maps indicated local and regional seismic scenarios of potential 
impact to the Pond Creek coal refuse disposal site located in Williamson County, Illinois. Two MDE 
scenarios were chosen for analysis including M8.0 earthquake located at a epicentral distance of 83 km 
from the site was chosen for potential for a large intensity earthquake with a corresponding PGA of 
0.54g. Additionally, an M6.8 earthquake at an epicentral distance of 13.5 km from the site was 
identified and will be used to model an earthquake that could "occur anywhere" with a PGA of 0.54g. 
These scenarios will be used to scale existing eastern U.S. synthetic acceleration-time histories, based on 
the source spectra models defined by Atkinson and Boore (1995) and a western U.S., PEER earthquake 
record. A comparison of the various input time histories, site response (spectra) and published eastern 
U.S. ground motion attenuation relationships spectra performed in a separate calculation brief. 
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APPENDIX C-2 

SIMULATION OF ACCELERATION-TIME HISTORIES USING STOCHASTIC 
MODELING AND COMPARATIVE ASSESSMENT OF SYNTHETIC EASTERN U.S. 

AND PEER DATABASE (ACTUAL) WESTERN U.S. EARTHQUAKE RECORDS, 
ACCELERATION TIME-HISTORIES AND RESPONSE SPECTRA 
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CALCULATION BRIEF 
FOR 

SIMULATION OF ACCELERATION-TIME 
HISTORIES USING STOCHASTIC MODELING AND 

COMPARATIVE ASSESSMENT OF SYNTHETIC EASTERN U.S. AND 
PEER DATABASE (ACTUAL) WESTERN U.S. EARTHQUAKE RECORDS, 

ACCELERATION TIME HISTORIES AND RESPONSE SPECTRA 

OBJECTIVE: 

POND CREEK COAL REFUSE DISPOSAL SITE 

Create synthetic acceleration-time histories for two maximum design earthquake 
(MDE) sources, and evaluate synthetic eastern U.S. and an actual western U.S. 
earthquake acceleration time histories, the site response spectra of each, and 
determine the appropriate time history to be used to evaluate the Pond Creek coal 
refuse disposal facility. 

METHODOLOGY: Utilize the seismological computer program SMSIM written by David Boore of 
the U.S. Geological Survey (Reference 3). This program is based on the 
stochastic modeling method described in Reference 4, in which the radiation from 
a fault is assumed to be distributed randomly over a time interval and whose 
duration is related to the source size and the distance from the source to the site. 

A comparison of site response (spectra) is also made between synthetic 
acceleration time histories using SMSIM (Boore, 1996), based on the eastern U.S. 
Atkinson & Boore (1995) ground motion attenuation relationship, and an actual 
time history record from the western U.S., Pacific Earthquake Engineering 
Research (PEER)• strong motion database. Response spectra from each 
earthquake time history are generated at the base and top of the Pond Creek 
embankment crest using the I-dimensional wave propagation program SHAKE 
2000 (Schnabel, et.al., 1972), and the compatibility of each spectra is assessed 
relative to response spectra for five (5) eastern U.S. ground motion attenuation 
relationships. 

Reference 1 presents the PSHA for the proposed Pond Creek coal refuse disposal 
facility located near Johnston City, Williamson County, Illinois, which indicated 
two MDE scenarios including a magnitude (M) 8.0 source (83 km from the site) 
and an "occur anywhere" M6.8 Background source (13.5 km from the site). The 
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REFERENCES: 

1. 

Pond Creek PSHA also generated average peak ground accelerations (PGA) of 
0.54g 

Recent advances in ground-motion prediction for eastern North America (ENA) 
include the ability to generate synthetic earthquake acceleration-time history 
records, based on the stochastic simulation of high-frequency ground motions 
such as the method developed by Boore, 1983. Several recent studies, including 
Atkinson and Boore ( 1995) and Hwang and Huo (I 997), have discussed the 
findings of numerous earthquake simulations and expanded the know ledge of 
ENA earthquake ground behavior which generally has a higher frequency content 
than western United States earthquakes. 

Synthetic time histories are used to represent the Pond Creek PSHA MDE 
scenarios including the M6.8 (13.5 km), which will be scaled to Pond Creek PGA 
value of 0.54g. Alternatively, a search of the PEER strong motion database of 
western U.S. earthquakes was performed for a range of magnitudes between M5.5 
and M7 .2, a radial distance between l 0 km and 50 km and PGA between 0.4g and 
0.65g to represent the Pond Creek M6.8 source. Three (3) earthquake records 
were reviewed and the 1989 Loma Prieta earthquake, LOMAP/G0l000 record 
(M6.9 @llkm) was chosen, with PGA of 0.41g, as a comparative time history. 
The LOMAP/G0l000 record will be scaled to 0.54g (from 0.41g) and response 
spectra compared to the corresponding synthetic time history and eastern U.S. 
ground motion attenuation response spectra. 

SHAKE analyses were performed for the PCSC300M crest column and response 
spectra at the base and top of the Pond Creek - South cell embankment are 
compared to the response spectra for five (5) eastern U.S. ground motion 
attenuation relationships, which represent regional ground motion response. Site 
response spectra should fall within the envelope of response spectra of the ground 
motion relationships indicating similar frequency content and eliminating overly 
conservative resonance effects. 

Civil & Environmental Consultants, Inc., "Calculation Brief for Probabilistic 
Seismic Hazard Assessment - Pond Creek Coal Refuse Disposal Site," BEG, 
1/03/08. 
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Correlations for SHAKE Columns PCSC300E and PCSC300M - Pond Creek -
Coal Refuse Disposal Site - South Cell," BEG, 1/02/08. 

3. Boore, D. M., "SMSIM - Fortran Programs for Simulating Ground Motions 
from Earthquakes: Version 1.0,"U.S.G.S. Open-File report 96-80-A, 1996 

4. Boore, D. M. (1983). "Stochastic Simulation of High-Frequency Ground 
Motions based on Seismological Models of the Radiated Spectra," Bull. Seis. 
Soc. Am. 73, No. 6, p.p. 1865-1894, December 

5. Atkinson, G. M. and Boore, D. M. (1995) "Ground-Motion Relationships for 
Eastern North America," Bull. Seis. Soc. Am. 85, No. 1 p.p. 17-30, February 

6. Atkinson, G. M. and Boore, D. M. (1998) "Evaluation of Models for Earthquake 
Source Spectra in Eastern North America," Bull. Seis. Soc. Am. 88, No. 4 p.p. 
917-934, August. 

7. Schnabel, P. B., Lysmer, J. and Seed, H.B. (1972) "SHAKE88: A Computer 
Program Earthquake Response Analysis of Horizontally Layered Sites," Report 
No. EERC 72-12, University of California, Berkeley. 

8. Hwang, Howard and Huo, Jun-Rong. (1997) "Attenuation Relations of Ground 
Motion for Rock and Soil Sites in Eastern United States," Soil Dynamics and 
Earthquake Engineering," 16, p.p. 363-372. 

9. Hanks, T.C. and Kanamori, H. (1979) "A Moment Magnitude Scale," Journal of 
Geophysical Research, 84, p.p. 2348-2350. 

STOCHASTIC MODELING 

From Reference 4, recent studies have shown that the high frequency ground motions observed from a 
database of low to moderate magnitude earthquakes in the eastern United States and Canada can 
reasonably be predicted using stochastic modeling. In the stochastic ground motion model, synthetic time 
histories are characterized as finite-duration bandlimited Gaussian noise, while known regional source and 
nropagation parameters are utilized to identify the underlying amplitude spectrum. 
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The stochastic method is initiated by defining the Fourier amplitude spectrum of ground acceleration with 
respect to seismic moment and distance. The amplitude spectrum also includes a diminuation function 
which models the geometric and anelastic attenuation as a function of hypocentral distance ( R ) and 
frequency (f ), as well as filters to reduce high-frequency amplitudes and shape the response spectrum as 
required. The time series is a windowed Gaussian noise sequence with a zero mean amplitude. The 
duration of this window is limited as a function of earthquake magnitude and distance from the source. 
Once the windowed time series has been defined, it's spectrum is multiplied by the amplitude spectrum, 
then transformed back into the time domain, thus resulting in the simulated earthquake record. 

SOURCE SPECTRUM INPUT 

From Reference 4, the source spectrum model used to characterize the amplitude of ground motions for 
two critical earthquake scenarios is the Atkinson source model (Reference 5). As discussed in Atkinson 
and Boore (1998) which compares the results of several source models with the ground motion database 
of ENA earthquakes and other earthquakes with similar geologic settings, the Atkinson source model 
provides the most accurate ground motion estimates over the frequency of interest (0.1 to 10 Hertz) for 
most engineered facilities. They conclude that most other ENA models tend to overpredict long-period 
motion. The use of the Atkinson model was also recommended by Seismologist Dr. Martin Chapman of 
the Virginia Polytechnical Institute Seismological Observatory, in Blacksburg, VA, who consulted with 
CEC on this and similar projects in West Virginia and Kentucky. The source spectrum data used in 
Reference 3 as input for two MDE scenarios, including a M6.8 Background source at 13.5 km and MS.0 
New Madrid @ 83km were taken directly from the input parameter file for Atkinson and Boore (1995), 
AB95.dat, which is presented as Appendix F of the SMSIM open report (Reference 3). These 
parameters, as well as the input magnitudes and attenuation distances are summarized below. 

MDE No. 1) M6.8 Background Earthquake Source 

Moment Magnitude, M = 6.8 based on Frankel (2002) 

Shear Wave Velocity, Vs= 3.8 km/sec 

Density of Rock Mass, p (Between Source and Site)= 2.8 g/cm2 

Cutoff Frequency = 50 Hertz 

Maximum Frequency,jinax = 40 Hertz 

Hypocenter Distance, R = 16.8 km Assuming Epicenter Distance = 13 .5 km 

Focal Depth = 10 km 
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Quality Factor, Q = C * fn 

Seed (Random Number) = 3 

Time Step= 0.01 seconds 

where C = 680, n = 0.36,f= frequency 

MDE No. 2) MS.0 New Madrid Earthquake Source 

Moment Magnitude, M = 6.8 based on Frankel (2002) 

Shear Wave Velocity, Vs= 3.8 km/sec 

Density of Rock Mass, p (Between Source and Site)= 2.8 g/cm2 

Cutoff Frequency = 50 Hertz 

\1aximum Frequency,jinax = 40 Hertz 

Hypocenter Distance, R = 83.6 km 

Quality Factor, Q = C * fn 

Seed (Random Number) = 3 

Time Step= 0.01 seconds 

DISCUSSION OF SMSIM OUTPUT 

Assuming Epicenter Distance = 83 km 

Focal Depth = 10 km 

where C = 680, n = 0.36,f = frequency 

OF 

The output summaries from SMSIM, which include the simulation results such as peak ground 
acceleration and frequencies for the M6.8 and M8.0 earthquakes are attached. Acceleration - time 
histories were created for theses earthquakes using SMSIM and are illustrated graphically. 

131 

The peak amplitude accelerations for the M6.8 Background and M8.0 New Madrid earthquake are 739 

cm/sec2 (0.754g) and 181 cm/sec2 (0.184g), respectively. Higher acceleration values were expected for 
the background MDE since there is less attenuation from the hypocenter to the site (13.5 km compared 
to 83 km). However, it is important to note that the duration of the acceleration record for the New 
Madrid earthquake is about 80 seconds, compared to about 15 seconds for the lower moment magnitude 
Background earthquake. Additionally, the frequency contents of the two simulations are quite different. 
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SHAKE MODEL INPUT 

To compare the Pond Creek site response from both the eastern U.S. synthetic time histories and the 
PEER database western U.S. time history, the I-dimensional wave propagation program, SHAKE, was 
used to calculate the response spectra for each time history using the Pond Creek embankment (crest) 
SHAKE column PSCS300M. A layered SHAKE model was generated utilizing field and laboratory test 
data, and input information including layer thickness, unit weight and (small strain) shear modulus 
(Gmax), which are presented in Reference 2. Time histories for the M6.8 (at 13.5 km) earthquake 
scenario, from both the synthetic eastern U.S. record (Reference 4) and the western U.S. Loma Prieta 
PEER database time histories represent the respective eastern and western U.S. frequency content and 
PGA. Time histories associated with the M6.8 source were scaled to 0.54 g and input into SHAKE at 
the base of the PSCS300M SHAKE column. 

)ISCUSSION OF SHAKE OUTPUT 

SHAKE output included generating and plotting response spectra curves for the Pond Creek site 
response for Layer 1 - at the top of the PCSC300M column, and Layer 17 - at the base of the same 
column. Additionally, the response spectra curves for five (5) published eastern U.S. ground motion 
attenuation relationships (Reference 4) were plotted, and are compared to the Pond Creek site response 
spectra due to the eastern and western U.S. time histories. The response spectra curves for the site 
response and comparative ground motion spectra are attached to this calculation brief. 

POND CREEK SITE RESPONSE SPECTRA COMPARISON OF EASTERN U.S. (SYNTHETIC) 
AND WESTERN U.S. (PEER DATABASE) 

As previously discussed, an existing eastern U.S. synthetic and western U.S. PEER database time 
history, scaled to 0.54g was used as input to evaluate the site response spectra at the top and bottom of 
the Pond Creek crest SHAKE column PCSC300M. Each site response spectra was compared to 
published response spectra from five (5) eastern U.S. ground motion attenuation relationships to assess 
the frequency content and spectral accelerations for each. As shown in the attached response spectra 
comparison, the eastern U.S. synthetic time history produced a frequency response (predominant period) 
within a range of periods between 0.01 and 0.1 seconds, as defined by the eastern U.S. ground motion 
attenuation relationships. The western U.S., PEER database time history produced predominant periods 
about 10 times that of the eastern U.S. ground motion attenuation relationships, between 0.1 and 1 
second, and consistent with published information in Atkinson & Boore (1995 and 1998). Thus, the 
response spectra due to the western U.S. time history is not consistent with the anticipated eastern U.S. 
ground motion response spectra and should not be used to represent eastern U.S. earthquake records or 
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time histories. The eastern U.S. synthetic earthquake record and site response from the synthetic time 
histories input into SHAKE fell directly within the predominate period range of the multiple eastern U.S. 
ground motion attenuation relationships as evidenced by the attached site response spectra curves for the 
M6.8 earthquake. Therefore, available eastern U.S. synthetic time histories from the M6.8 and M8.0 
earthquakes, scaled to the Pond Creek MDE PGA of 0.54g will be used in supplemental SHAKE 
analyses to estimate cyclic shear stresses and strains for the SHAKE crest column. 

CONCLUSION 

Based on the information presented in this calculation brief, synthetic earthquake records were created 
for the M6.8 Background and M8.0 New Madrid earthquake sources. The resulting acceleration-time 
histories are based on stochastic modeling using the Atkinson 1995 source model, which is considered 
the most accurate model currently available to characterize ground motions for Eastern North America 
earthquakes. Further, the eastern U.S. synthetic earthquake record created from the M6.8 earthquake 
source and resulting acceleration-time history (Reference 4) scaled to the Pond Creek MDE PGA of 
0.54g is considered the more accurate model (as compared to a western U.S. earthquake record) to 
characterize ground motions for Eastern North America earthquakes and the Pond Creek site response. 
The site response of the synthetic earthquake records also correlated well when compared to the work of 
five (5) published ground motion attenuation relationships specifically corresponding to the anticipated 
eastern U.S. response spectra. Therefore, the use of these synthetic records as base motion input for 
SHAKE trials should provide reliable results for determining induced cyclic shear stresses and strains 
and permanent deformation analyses for seismic analyses of the Pond Creek impoundment. 
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ENA/POND CREEK SYNTHETIC RECORD FOR AN 
M6.8 BACKGROUND EARTHQUAKE AT 13.5 KM 

AND 

PEER DATABASE EARTHQUAKE RECORD FOR AN 
M6.9 EARTHQUAKE AT 11 KM 

LOMA PRIETA, CALIFORNIA, GOlOOO 



R
13946

Source File: C:\SHAKE2000\Williamson Energy\Background.M6.8@13.5km.txt 
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PCSC300M Crest Column 
Williamson - Pond Creek South Cell -Surf. El. 502, GWT 14ft., Fines El. 496 
M8.0 New Madrid Synthetic @83km, PGA=0.54g - Atkinson & Boore (1995) 
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PCSC300M-l a.out 
*********************************************************** 
* SHAKE: PROGRAM FOR EARTHQUAKE RESPONSE ANAL. HORIZONTAL* 
* LAYERED SITES by Per Schnable & John Lysmer - 1970 * 
*---------------* * SHAKE85: IBM PC SHAKE VERSION S.S.(Willie) Lai,Jan 1985 * 
*---------------* 
* SHAKE88 :New modulus reduction curves for clays added * 
* using results from Sun et al (I 988) by J. l. Sun * 
* & Ramln Golesorkhi February 26, 1988 * 
* ---------------* 
* SHAKE90/91: Adjust last iteration; Input now is either * 
* Grnax or max Vs; up to 13 materials can be specified* 
* by user; up to 50 Layers can be specified; object * 
* motion can be read in from a separate file and can * 
* user specified format; Different periods for res- * 
* ponse spectral calculations;options are renumbered;* 
* and general cleanup by: J. I. Sun, I. M. Idriss & * 
* P.DirrimJunel990-Februaryl991 * 
*---------------* 
* SHAKE9 l: General cleanup and finalization of input out- * 
* output format ... etc by: I. M. Idriss Dec. 1991 * 
*---------------* 
* SHAKE2000: Fix the incorrect output of Tot. Stress in * 
* Option 2. Changed path of ground motion file in * 
* SHAKE9l. Control file to input file names. Modified * 
* by Jerald M. La Vassar & Gustavo A. Ordonez (March 2003) * 
* RUN DATE 1/02/2008 * 
* RUN TIME 11:01 * 

MAX. NUMBER OF TERMS IN FOURIER TRANSFORM= 32768 
NECESSARY LENGTH OF BLANK COMMON X = 204819 

!****** OPTION I *** READ RELATION BETWEEN SOIL PROPERTIES AND STRAIN 

********************** 
MATERIAL TYPE NO. 1 

CURVE NO. I: Coarse 
CURVE NO. 2: Coarse 

G/Gmax - Gravel (Mean) - Rollins et al. JGGE 
Damping for Gravel (Mean) - Rollins et al. J 

CURVE NO. I CURVE NO. 2 

STRAIN G/GMAX STRAIN DAMPING 
-------- ------- -------- --------
0.0001 1.000 0.0001 0.90 
0.0002 0.995 0.0003 I.II 
0.0005 0.980 0.0006 1.30 
0.0008 0.970 0.0010 1.50 
0.0010 0.960 0.0020 1.91 
0.0020 0.930 0.0030 2.24 
0.0030 0.905 0.0040 2.54 
0.0040 0.880 0.0060 3.05 
0.0070 0.810 0.0080 3.50 
0.0100 0.755 0.0100 3.89 
0.0200 0.630 0.0200 5.45 
0.0700 0.390 0.0300 6.61 
0.1000 0.325 0.0500 8.28 
0.2000 0.205 0.1000 10.79 
0.3000 0. 150 0.2000 13.23 
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0.4000 0.115 0.3000 14.47 
0.5000 0.095 0.4000 15.24 
0.6000 0.080 0.6000 16.14 
0.8000 0.070 0.8000 16.66 
1.0000 0.050 1.0000 17.01 

********************** 
MA 1ERIAL TYPE NO. 2 

********************** 

CURVE NO. 3: Fine Refuse Moduli for Fine Refuse (Ellison & Cho, 1976) 
CURVE NO. 4: Fine Refuse Damping Values for Fine Refuse (Ellison & Ch 

CURVEN0.3 CURVEN0.4 

STRAIN G/GMAX STRAIN DAMPING 
-------- ------- -------- --------
0.0001 1.000 0.0001 0.75 
0.0004 1.000 0.0004 0.65 
0.0010 0.995 0.0010 0.70 
0.0020 0.992 0.0020 0.80 
0.0040 0.989 0.0040 0.90 
0.0060 0.981 0.0060 I.IO 
0.0080 0.965 0.0080 1.30 
0.0100 0.955 0.0100 1.40 
0.0200 0.905 0.0200 2.00 
0.0400 0.828 0.0400 3.10 
0.0600 0.750 0.0600 4.00 
0.0800 0.670 0.0800 5.20 
0.1000 0.610 0.1000 6.00 
0.2000 0.610 0.2000 6.00 

********************** 
MATERIAL TYPE NO. 3 

********************** 

CURVE NO. 5: Residual G/Gmax Pl= 15% - Effective Confining Pressure 
CURVE NO. 6: Residual Damping PI=l5% - Effective Confining Pressur 

CURVEN0.5 CURVEN0.6 
---------
STRAIN G/GMAX STRAIN DAMPING 

-------- ------- -------- --------
0.0000 1.000 0.0000 0.67 
0.0000 1.000 0.0000 0.67 
0.0000 0.999 0.0000 0.68 
0.0001 0.998 0.0001 0.68 
0.0002 0.996 0.0002 0.70 
0.0005 0.991 0.0005 0.75 
0.0010 0.983 0.0010 0.83 
0.0022 0.965 0.0022 1.02 
0.0048 0.931 0.0048 1.43 
0.0100 0.873 0.0100 2.17 
0.0220 0.770 0.0220 3.68 
0.0484 0.618 0.0484 6.24 
0.1000 0.454 0.1000 9.48 
0.2200 0.287 0.2200 13.40 
0.4840 0.163 0.4840 16.87 
1.0000 0.091 1.0000 19.16 
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********************** 
MATERIAL TYPE NO. 4 

********************** 

CURVE NO. 7: Rock 
CURVE NO. 8: Rock 

G/Gmax - ROCK (Schnabel I 973) 
Damping for ROCK (Schnabel 1973) 

CURVE NO. 7 CURVE NO. 8 

STRAIN G/GMAX STRAIN DAMPING 
-------- ------- -------- --------

0.0001 1.000 0.0001 0.40 
0.0003 1.000 0.0010 0.80 
0.0010 0.990 0.0100 1.50 
0.0030 0.950 0.1000 3.00 
0.0100 0,900 1.0000 4.60 
0.0300 0.810 0.0000 0.00 
0.1000 0.725 0.0000 0.00 
1.0000 0.550 0.0000 0.00 

1 ****** OPTION 2 *** READ SOIL PROFILE 
NEW SOIL PROFILE NO. I IDENTIFICATION PSCS300E Crest Column 
NUMBER OF LAYERS 17 DEPTH TO BEDROCK 50.00 

NO. TYPE THICKNESS DEPTH TOTAL PRESS. MODULUS DAMPING UNIT WT. SHEAR VEL 
(FT) (FT) (KSF) (KSF) (KCF) (FPS) 

I 4.0000 2.0000 0.26 3454. 0.050 0.130 924.9 
2 3.0000 5.5000 0.71 3856. 0.050 0.130 977.3 
3 I 3.0000 8.5000. I.II 4110. 0.050 0.130 1009.0 
4 I 3.0000 11.5000 1.50 5739. 0.050 0.130 1192.3 
5 I 3.0000 14.5000 1.90 4941. 0.050 0.140 1066.0 
6 I 3.0000 17.5000 2.32 4453. 0.050 0.140 1012.0 
7 1 3.0000 20.5000 2.74 4832. 0.050 0.140 1054.2 
8 I 3.0000 23.5000 3.16 4269. 0.050 0.140 990.9 
9 1 3.0000 26.5000 3.58 4713. 0.050 0.140 1041.1 
IO 1 4.0000 30.0000 4.07 4808. 0.050 0.140 1051.6 
11 3 3.0000 33.5000 4.55 2635. 0.050 0.135 792.8 
12 3 3.0000 36.5000 4.96 2661. 0.050 0.135 796.7 
13 3 3.0000 39.5000 5.36 2998. 0.050 0.135 845.6 
14 3 3.0000 42.5000 5.77 3763. 0.050 0.135 947.4 
15 3 3.0000 45.5000 6.17 6529. 0.050 0.135 1247.9 
16 3 3.0000 48.5000 6.58 6476. 0.050 0.135 1242.8 
17 BASE 74534. 0.050 0.150 4000.0 

PERIOD= 0.20 FROM AVERAGE SHEAR VEL. = 1011. 

FREQUENCY AMPLITUDE 
MAXIMUM AMPLIFICATION= 12.34 
FOR FREQUENCY = 4.85 C/SEC. 

PERIOD = 0.21 SEC. 

I****** OPTION 3 *** READ INPUT MOTION 

FILE NAME FOR INPUT MOTION= C:\SHAKE2000\Williamson Energy\Background6.8.eq 
NO. OF INPUT ACC. POINTS = 8 I 92 
NO. OF POINTS USED IN FIT= 16384 

NO. OF HEADING LINES = 4 
( NO. OF POINTS PER LINE= 8 
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TIME STEP FOR INPUT MOTION= 0.0100 

FORMAT FOR TIME HISTORY= (8f9.6) 

*****HEADER***** 
Source File: C:\SHAKE2000\Williamson Energy\Background.M6.8@13.5km.txt 
SHAKE2000 Conversion: 8192 .01 4 8 9 (8f9.6 
Acceleration Units: (g's)- No. Values: 8192 -Time Step: .01 (secs) 
Data Format: (8f9.6) - No. Header Lines: 4 
** FIRST AND LAST 5 UNES OF INPUT MOTION ***** 

I 0.000068-0.000484 0.004440-0,000089 0.002476-0.002297-0.001876 0.007725 
2 0.009680 o.020998-0.014349-o.012924 a.a 18874-o.o I 983 J-0.000946 0.024311 
3 -0.016894-0.002461 0.007682-0.006573-0.008604-0.0184!0 0.024194-0.064656 
4-0.0175 I 6 0.023926-0.061566 0.003326 0.022873 0.052730 0.049159 0.008778 
5 -0.041034 0.029324-0.0059910.066674-0.0513360.029966-0.067257 0.001274 

............ INPUT MOTION READ NOT ECHOED .......... . 
1020 -0.000017 0.000017-0.000018 0.000017-0.000019 0.000019-0.000020 0.000020 
1021 -0.0000210.000021-0.0000220.000022-0.000024 0.000023-0.000025 0.000025 
!022 -0.000027 0.000027-0.000028 0.000028-0.000030 0.000030-0.000032 0.000032 
1023 -0.000034 0.000034-0.000035 0.000035-0.000037 0.000037-0.000038 0.000038 
1024 -0.000038 0.000037-0.000036 0.000032-0.000026 0.000014 0.000006-0.000045 

MAXIMUM ACCELERATION= 0.75473 
AT TIME = 3.64 SEC 
THE VALUES WILL BEMULTIPUED BY A FACTOR= 0.715 
TO GIVE NEW MAXIMUM ACCELERATION = 0.54000 
MEAN SQUARE FREQUENCY= 20.41 C/SEC. 
MAX ACCELERATION = 0.5579 I FOR FREQUENCIES REMOVED ABOVE 40.00 C/SEC. 
I****** OPTION 4 *** READ WHERE OBJECT MOTION IS GIVEN 
OBJECT MOTION IN LA YER NUMBER 17 OUTCROPPING 

I****** OPTION 5 *** OBTAIN STRAIN COMPATIBLE SOIL PROPERTIES 
MAXIMUM NUMBER OF ITERATIONS = IO 
FACTOR FOR UNIFORM STRAIN IN TIME DOMAIN = 0.65 

EARTHQUAKE - C:ISHAKE2000\Williamson Energy\Background6.8.eq 
SOIL PROFILE - PSCS300E Crest Column 

ITERATION NUMBER I 

VALVES IN TIME DOMAIN 

NO TYPE DEPTH UNIFRM. <---- DAMPING ----> <---- SHEAR MODULUS-----> 
(FT) STRAIN NEW USED ERROR NEW USED ERROR RATIO 

--- ---- ---- -------- ----- ------ ------ ------- ------ ------ -----
I I 2.0 0.00351 0.024 0.050 -108.1 3078.9 3454.0 -12.2 1.000 

2 I 5.5 0.00785 0.Q35 0.050 -44.1 3055.2 3856.0 -26.2 1.000 

3 I 8.5 0.00986 0.039 0.050 -29.4 3112.0 4110.0 -32.1 1.000 
4 I 11.5 0.00805 0.Q35 0.050 -42.5 4525.4 5739.0 -26.8 1.000 

5 I 14.50.01151 0.042 0.050 -18.9 3605.0 4941.0 -37.1 1.000 
6 I 17.5 0.01524 0.048 0.050 -3.3 3023.5 4453.0 -47.3 1.000 

7 I 20.5 0.01605 0.050 0.050 -0.9 3235.9 4832.0 -49.3 1.000 

8 I 23.5 0.02052 0.055 0.050 9.5 2668.7 4269.0 -60.0 1.000 
9 I 26.5 0.02025 0.055 0.050 8.8 2958.1 4713.0 -59.3 1.000 

IO I 30.0 0.02107 0.056 0.050 10.7 2980.8 4808.0 -61.3 1.000 

11 3 33.5 0.03946 0.056 0.050 10.3 1732.1 2635.0 -52.1 1.000 

12 3 36.5 0.03887 0.055 0.050 9.5 1756.9 2661.0 -5 l.5 1.000 

13 3 39.5 0.03374 0.05 I 0.050 1.3 2061.4 2998.0 -45.4 1.000 

14 3 42.5 0.02773 0.044 0.050 -12.8 2729.6 3763.0 -37.9 1.000 
15 3 45.5 0.01672 0.032 0.050 -58.3 5261.4 6529.0 -24.1 1.000 
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16 3 48.5 0.017900.033 0.050 -52.0 5160.9 6476.0 -25.5 1.000 

EARTHQUAKE - C:\SHAKE2000\Williamson Energy\Background6.8.eq 
SOIL PROFILE - PSCS300E Crest Column 

ITERATION NUMBER 2 

VALUES IN TIME DOMAIN 

NO TYPE DEPTH UNIFRM. <---- DAMPING ----> <---- SHEAR MODULUS -----> G/Go 
(FT) STRAIN NEW USED ERROR NEW USED ERROR RATIO 

I I 
2 I 
3 I 
4 I 
5 I 
6 I 
7 I 
8 I 
9 I 
IO I 
I I 3 
12 3 
13 3 
14 3 
15 3 
16 3 
I 

2.0 0.00433 0.026 0.024 
5.5 0.01076 0.041 0.035 
8.5 0.01356 0.046 0.039 
I 1.50.01116 0.041 0.035 
14.5 0.01611 0.050 0.042 
17 .5 0.02293 0.058 0.048 
20.5 0.02391 0.060 0.050 
23.5 0.03112 0.067 0.055 
26.5 0.02861 0.065 0.055 
30.0 0.02760 0.064 0.056 
33.5 0.04460 0.060 0.056 
36.5 0.04332 0.059 0.055 
39.5 0.03826 0.055 0.051 
42.5 0.03202 0.049 0.044 
45.5 0.01907 0.034 0.032 
48.5 0.02074 0.036 0.033 

8.9 3005.7 3078.9 
14.4 2860.4 3055.2 
15.5 2877.3 3112.0 
15.2 4219.2 4525.4 
15.2 3305.5 3605.0 
17.2 2688.9 3023.5 
16.9 2878.8 3235.9 
17.9 2328.0 2668.7 
!5.3 2646.0 2958. I 
12. l 2732.5 2980.8 
6.6 1669.9 1732.1 
6.0 1701.4 1756.9 
7.4 I 988. 7 2061.4 
9.5 2625.2 2729.6 
7.4 5149.3 5261.4 
7.9 5036.3 5160.9 

-2.4 0.891 
-6.8 0.792 
-8.2 0.757 
-7.3 0.789 
-9.1 0.730 
-12.4 0.679 
-12.4 0.670 
-14.6 0.625 
-I 1.8 0.628 

-9. l 0.620 
-3.7 0.657 
-3.3 0.660 
-3.7 0.688 
-4.0 0.725 
-2.2 0.806 
-2.5 0.797 

EARTHQUAKE - C:ISHAKE2000\Williamson Energy\Background6.8.eq 
SOIL PROFILE - PSCS300E Crest Column 

ITERATION NUMBER 3 

VALVES IN TIME DOMAIN 

NO TYPE DEPTH UNIFRM. <----DAMPING----> <---- SHEAR MODULUS -----> 
(FT) STRAIN NEW USED ERROR NEW USED ERROR 

--- ---- ---- -------- ----- ------ ------ ------- ------ ------ -----

I 

I I 2.0 0.00460 0.027 0.026 2.9 2979.0 3005.7 -0.9 0.870 
2 I 5.5 0.01185 0.043 0.041 5.1 2793.0 2860.4 -2.4 0.742 
3 I 8.5 0.01514 0.048 0.046 5.1 2795.6 2877.3 -2.9 0.700 
4 I 11.50.0117! 0.042 0.041 2.5 4169.5 4219.2 -1.2 0.735 
5 1 14.5 0.01732 0.051 0.050 3.2 3241.l 3305.5 -2.0 0.669 
6 1 17.5 0.02575 0.062 0.058 5.4 2589.8 2688.9 -3.8 0.604 
7 I 20.5 0.02687 0.063 0.060 5.3 2770.8 2878.8 -3.9 0.596 
8 I 23.5 0.03516 0.07! 0.067 5.6 2228.l 2328.0 -4.5 0.545 
9 I 26.5 0.03072 0.067 0.065 3.2 2581.7 2646.0 -2.5 0.561 
IO I 30.0 0.028 I 8 0.064 0.064 0.9 2713.3 2732.5 -0.7 0.568 
11 3 33.5 0.04444 0.060 0.060 -0.2 1671.8 1669.9 0.1 0.634 
12 3 36.5 0.04493 0.060 0.059 2.0 1682.6 1701.4 '1.1 0.639 
13 3 39.5 0.04084 0.057 0.055 3.7 1950.9 I 988.7 -1.9 0.663 
14 3 42.5 0.03430 0.051 0.049 4.3 2575.4 2625.2 -1.9 0.698 
15 3 45.5 0.01855 0.034 0.034 -1.6 5173.0 5149.3 0.5 0.789 
16 3 48.5 0.02042 0.035 0.036 -0.8 5049.4 5036.3 0.3 0.778 

EARTHQUAKE - C:\SHAKE2000\Williamson Energy\Background6.8.eq 
SOIL PROFILE - PSCS300E Crest Column 

ITERATION NUMBER 4 
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VALUES IN TIME DOMAIN 

NO TYPE DEPTH UNIFRM. <---- DAMPING ----> <---- SHEAR MODULUS -----> G/Go 
(Fl) STRAIN NEW USED ERROR NEW USED ERROR RATIO 

1 I 2.0 0.00456 0.027 0.027 
2 I 5.5 0.01191 0.043 0.043 
3 I 8.5 0.01531 0.048 0.048 
4 1 11.5 0.01166 0.042 0.042 
5 1 14.5 0.01740 0.051 0.051 
6 1 17.5 0.02642 0.062 0.062 
7 I 20.5 0.02762 0.064 0.063 
8 1 23.5 0.03637 0.072 0.071 
9 1 26.5 0.03115 0.067 0.067 
10 1 30.0 0.02787 0.064 0.064 
11 3 33.5 0.04402 0.059 0.060 
12 3 36.5 0.04564 0.060 0.060 
13 3 39.5 0.04189 0.058 0.057 
14 3 42.5 0.03519 0.052 0.051 
15 3 45.5 0.01837 0.033 0.034 
16 3 48.5 0.02016 0.035 0.035 
I 

-0.4 2982.5 2979.0 
0.3 2789.6 2793.0 
0.5 2787.6 2795.6 
-0.2 4174.2 4169.5 
0.2 3236.7 3241.1 
1.2 2567.9 2589.8 
1.2 2745.2 2770.8 
1.5 2200.3 2228.l 
0.7 2569.2 2581.7 
-0.5 2723.4 2713.3 
-0.5 1676.6 1671.8 
0.8 1674.6 1682.6 
1.4 1936.2 1950.9 
1.6 2556. 7 2575.4 

-0.5 5181.0 5173.0 
-0.7 5060.6 5049.4 

0.1 0.862 
-0.1 0.724 
-0.3 0.680 

0.1 0.727 
-0.1 0.656 
-0.9 0.582 
-0.9 0.573 
-1.3 0.522 
-0.5 0.548 

0.4 0.564 
0.3 0.634 

-0.5 0.632 
-0.8 0.651 
-0.7 0.684 
0.2 0.792 
0.2 0.780 

EARTHQUAKE - C:ISHAKE2000\Williamson Energy\Background6.8.eq 
SOIL PROFILE - PSCS300E Crest Column 

ITERATION NUMBER 5 

VALVES IN TIME DOMAIN 

NO TYPE DEPTH UNIFRM. <----DAMPING----> <---- SHEAR MODULUS-----> G/Go 
(Fl) STRAIN NEW USED ERROR NEW USED ERROR RATIO 

I 1 2.0 0.00455 0.027 0.027 
2 1 5.5 0.01189 0.043 0.043 
3 I 8.5 0.0I532 0.048 0.048 
4 1 11.5 0.Ql 161 0.042 0.042 
5 1 14.5 a.a 1735 0.051 0.051 
6 1 17.5 0.02655 0.063 0.062 
7 1 20.5 0.02780 0.064 0.064 
8 1 23.5 0.03675 0.073 0.072 
9 1 26.5 0.03122 0.067 0.067 
10 I 30.0 0.02767 0.064 0.064 
11 3 33.5 0.04382 0.059 0.059 
12 3 36.5 0.04592 0.061 0.060 
13 3 39.5 0.04225 0.058 0.058 
14 3 42.5 0.03545 0.052 0.052 
15 3 45.5 0.01834 0.033 0.033 
I 6 3 48.5 0.02008 0.035 0.G35 
1 

-0.2 2984.2 2982.5 
-0.1 2790.6 2789.6 
a.a 2787 .a 2187.6 
-0.2 4178.3 4174.2 
-0.1 3239.3 3236.7 
0.2 2563.6 2567.9 
0.3 2739.2 2745.2 
0.5 2191.9 2200.3 
0.1 2567.1 2569.2 
-0.3 2730.0 2723.4 
-0.2 1678.9 1676.6 
0.3 I 671.5 1674.6 
0.5 1931.3 1936.2 
0.5 2551.4 2556.7 

-0.1 5182.3 5181.0 
-0.2 5063.8 5060.6 

0.1 0.863 
a.a o.723 
a.a o.678 
0.1 0.727 
0.1 0.655 

-0.2 0.577 
-0.2 0.568 
-0.4 0.515 
-0.1 0.545 

0.2 0.566 
0.1 0.636 

-0.2 0.629 
-0.3 0.646 
-0.2 0.679 
a.a o.794 
0.1 0.781 

EARTHQUAKE - C:\SHAKE2000\Williamson Energy\Background6.8.eq 
SOIL PROFILE - PSCS300E Crest Column 

ITERATION NUMBER 6 

VALUES IN TIME DOMAIN 

NO TYPE DEPTH UNIFRM. <----DAMPING----> <---- SHEAR MODULUS -----> G/Go 
(Ff) STRAIN NEW USED ERROR NEW USED ERROR RATIO 

1 1 2.0 0.00454 0.021 0.021 a.a 2984.4 2984.2 a.a o.864 
2 1 5.50.01189 o.043 o.043 o.o 2790.9 2790.6 a.a o.724 
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3 I 8.5 0.01532 0.049 0.048 0.0 2786.7 2787.0 0.0 0.678 
4 I I 1.50.01160 0.042 0.042 -0.1 4179.6 4178.3 0.0 0.728 
5 I 14.5 0.01732 0.051 0.051 -0.1 3241.0 3239.3 0.1 0.656 
6 I 17.5 0.02658 0.063 0.063 0.0 2562.8 2563.6 0.0 0.576 
7 I 20.5 0.02785 0.064 0.064 0.1 2737.8 2739.2 -0.1 0.567 
8 1 23.5 0.03687 0.073 0.073 0.2 2189.2 2191.9 -0.1 0.513 
9 I 26.5 0.03123 0.067 0.067 0.0 2566.9 2567.1 0.0 0.545 
IO 1 30.0 0.02758 0.064 0.064 -0.1 2732.9 2730.0 0.1 0.568 
11 3 33.5 0.04375 0.059 0.059 -0.1 1679.7 1678.9 0.0 0.637 
12 3 36.5 0.04602 0.061 0.061 0.1 1670.4 1671.5 -0.1 0.628 
13 3 39.5 0.04237 0.058 0.058 0.2 1929.7 1931.3 -0.1 0.644 
14 3 42.5 0.03552 0.052 0.052 0.1 2550.0 2551.4 -0.1 0.678 
15 3 45.5 0.01834 0.033 0.033 0.0 5182.7 5182.3 0.0 0.794 
16 3 48.5 0.02006 0.035 0.035 0.0 5064.5 5063.8 0.0 0.782 

1 
EARTHQUAKE - C:\SHAKE2000\Wi!liamson Energy\Background6.8.eq 
SOIL PROFILE - PSCS300E Crest Column 

ITERATION NUMBER 7 

VALUES IN TIME DOMAIN 

NO TYPE DEPTH UNIFRM. <---- DAMPING ----> <-··· SHEAR MODULUS-----> G/Go 
(FT) STRAIN NEW USED ERROR NEW USED ERROR RATIO 

--- ---- ---- -------- ----- ------ ------ ------- ------ ------ -----
I I 2.0 0.00454 0.027 0.027 0.0 2984.4 2984.4 0.0 0.864 
2 I 5.5 0.01189 0.043 0.043 0.0 2790.9 2790.9 0.0 0.724 
3 I 8.5 0.01533 0.049 0.049 0.0 2786.5 2786.7 0.0 0.678 
4 I II .5 0.0 I I 59 0.042 0.042 0.0 4180.0 4179.6 0.0 0.728 

,r-- 5 I 14.5 0.01731 0.051 0.051 0.0 3241.7 3241.0 0.0 0.656 
( 6 I 17.5 0.02658 0.063 0.063 0.0 2562.7 2562.8 0.0 0.576 

"- 7 I 20.5 0.02786 0.064 0.064 0.0 2737.5 2737.8 0.0 0.567 
8 I 23.5 0.03692 0.073 0.073 0.1 2188.2 2189.2 0.0 0.513 
9 I 26.5 0.03122 0.067 0.067 0.0 2567.0 2566.9 0.0 0.545 
IO 1 30.0 0.02755 0.064 0.064 -0.1 2734.0 2732.9 0.0 0.568 
11 3 33.5 0.04373 0.059 0.059 0.0 1680.0 1679.7 0.0 0.637 
12 3 36.5 0.04605 0.061 0.061 0.0 1670.0 1670.4 0.0 0.628 
13 3 39.5 0.04240 0.058 0.058 0.0 1929.3 1929.7 0.0 0.644 
14 3 42.5 0.03554 0.052 0.052 0.0 2549.7 2550.0 0.0 0.678 
15 3 45.5 0.01833 0.033 0.033 0.0 5182.8 5182.7 0.0 0.794 
16 3 48.5 0.02006 O.D35 O.Q35 0.0 5064.7 5064.5 0.0 0.782 
I 

EARTHQUAKE - C:\SHAKE2000\Williamson Energy\Background6.8.eq 
SOIL PROFILE - PSCS300E Crest Column 

ITERATION NUMBER 8 

VALUES IN TIME DOMAIN 

NO TYPE DEPTH UNIFRM. <---- DAMPING ----> <---- SHEAR MODULUS -----> G/Go 
(FT) STRAIN NEW USED ERROR NEW USED ERROR RATIO 

--- ---- ---- -------- ----- ------ ------ ------- ------ ------ -----
I I 2.0 0.00454 0.027 0.027 0.0 2984.4 2984.4 0.0 0.864 
2 I 5.50.01189 0.043 0.043 0.0 2790.8 2790.9 0.0 0.724 
3 I 8.5 0.01533 0.049 0.049 0.0 2786.4 2786.5 0.0 0.678 
4 I I 1.5 0.01159 0.042 0.042 0.0 4180.1 4180.0 0.0 0.728 
5 14.5 0.01730 0.051 0.051 0.0 3242.0 3241.7 0.0 0.656 
6 I 17.5 0.02658 0.063 0.063 0.0 2562.8 2562.7 0.0 0.576 
7 I 20.5 0.02786 0.064 0.064 0.0 2737.4 2737.5 0.0 0.567 
8 I 23.5 0.03693 0.073 0.073 0.0 2187.9 2188.2 0.0 0.513 

( 9 I 26.5 0.03 I 22 0.067 0.067 0.0 2567.1 2567.0 0.0 0.545 
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.( 
PCSC300M-l a.out 

IO I 30.0 0.02754 0.064 0.064 0.0 2734.4 2734.0 0.0 0.569 
I I 3 33.5 0.04372 0.059 0.059 0.0 I 680.1 1680.0 0.0 0.638 
12 3 36.5 0.04606 0.061 0.061 0.0 1669.9 1670.0 0.0 0.628 
13 3 39.5 0.04241 0.058 0.058 0.0 1929.1 1929.3 0.0 0.644 
14 3 42.5 0.03554 0.052 0.052 0.0 2549.6 2549.7 0.0 0.678 
15 3 45.5 0.0 I 833 0.033 0.033 0.0 5182.9 5182.8 0.0 0.794 
16 3 48.5 0.02006 0.035 0.035 0.0 5064.7 5064.7 0.0 0.782 
I 

EARTHQUAKE - C:\SHAKE2000\Williamson Energy\Background6.8.eq 
SOIL PROFILE - PSCS300E Crest Column 

!TERA TION NUMBER 9 

VALUES IN TIME DOMAIN 

NO TYPE DEPTH UNIFRM. <---- DAMPING----> <---- SHEAR MODULUS -----> G/Go 
(FI') STRAIN NEW USED ERROR NEW USED ERROR RATIO 

--- ---- ---- -------- ----- ------ ------ ------- ------ ------ -----
I I 2.0 0.00454 0.027 0.027 0.0 2984.4 2984.4 0.0 0.864 
2 I 5.5 0.0 I 189 0.043 0.043 0.0 2790.8 2790.8 0.0 0.724 
3 I 8.5 0.01533 0.049 0.049 0.0 2786.4 2786.4 0.0 0.678 
4 I II .5 0.0 II 59 0.042 0.042 0.0 4180.1 4180.1 0.0 0.728 
5 I 14.5 0.01730 0.051 0.051 0.0 3242.1 3242.0 0.0 0.656 
6 I 17.5 0.02658 0.063 0.063 0.0 2562.8 2562.8 0.0 0.576 
7 I 20.5 0.02786 0.064 0.064 0.0 2737.4 2737.4 0.0 0.567 
8 I 23.5 0.03694 0.073 0.073 0.0 2187.7 2187.9 0.0 0.513 
9 I 26.5 0.03 I 22 0.067 0.067 0.0 2567.1 2567.1 0.0 0.545 
10 I 30.0 0.02753 0.064 0.064 0.0 2734.6 2734.4 0.0 0.569 
11 3 33.5 0.04372 0.059 0.059 0.0 1680.1 1680.1 0.0 0.638 

( 
12 3 36.5 0.04607 0.061 0.061 0.0 1669.8 1669.9 0.0 0.628 
13 3 39.5 0.04241 0.058 0.058 0.0 1929.1 1929.1 0.0 0.643 
14 3 42.5 0.03554 0.052 0.052 0.0 2549.6 2549.6 0.0 0.678 
15 3 45.5 0.01833 0.033 0.033 0.0 5182.9 5182.9 0.0 0.794 
16 3 48.5 0.02006 0.035 0.035 0.0 5064.7 5064.7 0.0 0.782 
I 

EARTHQUAKE - C:\SHAKE2000\Williamson Energy\Background6.8.eq 
SOIL PROFILE - PSCS300E Crest Column 

ITERATION NUMBER 10 

VALUES IN TIME DOMAIN 

NO TYPE DEPTH UN!FRM. <---- DAMPING ----> <---- SHEAR MODULUS-----> G!Go 
(FI') STRAIN NEW USED ERROR NEW USED ERROR RATIO 

--- ---- ---- -------- ----- ------ ------ ------- ------ ------ -----
I I 2.0 0.00454 0.027 0.027 0.0 2984.4 2984.4 0.0 0.864 
2 I 5.5 0.0 I I 89 0.043 0.043 0.0 2790.8 2790.8 0.0 0.724 
3 I 8.5 0.01533 0.049 0.049 0.0 2786.4 2786.4 0.0 0.678 
4 I I 1.5 0.0 I I 59 0.042 0.042 0.0 4180.1 4180.1 0.0 0.728 
5 I 14.5 0.0 I 730 0.05 I 0.051 0.0 3242.1 3242.1 0.0 0.656 
6 I 17 .5 0.02658 0.063 0.063 0.0 2562.8 2562.8 0.0 0.576 
7 I 20.5 0.02786 0.064 0.064 0.0 2737.4 2737.4 0.0 0.567 
8 I 23.5 0.03694 0.073 0.073 0.0 2187.7 2187.7 0.0 0.512 
9 I 26.5 0.03122 0.067 0.067 0.0 2567.1 2567.1 0.0 0.545 
10 I 30.0 0.02753 0.064 0.064 0.0 2734.6 2734.6 0.0 0.569 
11 3 33.5 0.04372 0.059 0.059 0.0 1680.1 1680.1 0.0 0.638 
12 3 36.5 0.04607 0.061 0,061 0.0 1669.8 1669.8 0.0 0.628 
13 3 39.5 0.04241 0.058 0.058 0.0 1929.1 1929.1 0.0 0.643 
14 3 42.5 0.03554 0.052 0.052 0.0 2549.6 2549.6 0.0 0.678 
15 3 45.5 0.01833 0.033 0.033 0.0 5182.9 5182.9 0.0 0.794 
16 3 48.5 0.02006 0.035 0.035 0.0 5064.7 5064.7 0.0 0.782 
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PCSC300M-la.out 

VALVES IN TIME DOMAIN 

LAYER TYPE THICKNESS DEPTH MAX STRAIN MAX STRESS TIME 

Ff FT PRCNT PSF SEC 

1 1 4.0000 2.0000 0.00699 208.65 2.66 
2 I 3.0000 5.5000 0.01829 510.56 2.66 
3 1 3.0000 8.5000 0.02359 657.19 2.66 
4 1 3.0000 11.5000 0.01783 745.46 3.70 
5 1 3.0000 14.5000 0.02661 862.84 2.53 
6 1 3.0000 17.5000 0.04089 1047.93 2.53 
7 1 3.0000 20.5000 0.04286 1173.22 2.53 
8 1 3.0000 23.5000 0.05683 1243.29 2.53 
9 1 3.0000 26.5000 0.04803 1232.98 2.53 
10 I 4.0000 30.0000 0.04236 1158.30 2.52 
11 3 3.0000 33.5000 0.06726 1130.04 2.52 
12 3 3.0000 36.5000 0.07088 1183.52 2.51 
13 3 3.0000 39.5000 0.06525 1258.79 2.50 
14 3 3.0000 42.5000 0.05468 1394.02 2.62 
15 3 3.0000 45.5000 0.02820 1461.76 2.62 
16 3 3.0000 48.5000 0.03086 1562.90 2.49 

PERIOD = 0.24 FROM AVERAGE SHEAR VEL. = 823. 

FREQUENCY AMPLITUDE 
MAXIMUM AMPLlFICATION= 10.74 
FOR FREQUENCY = 3.87 C/SEC. 

PERIOD = 0.26 SEC. 

( 
•. I*''**** OPTION 6 *** COMPUTE MOTION IN NEW SUBLA YERS 

EARTHQUAKE -C:ISHAKE20001 Williamson Energy\Background6.8.eq 
SOIL DEPOSIT - PSCS300E Crest Column 

LAYER DEPTH 

OUTCR. 
WITHIN 
WITHIN 
WITHIN 
WITHIN 
WITHIN 
WITHIN 
WITHIN 
WITHIN 
WITHIN 
WITHIN 
WITHIN 
WITHIN 
WITHIN 
WITHIN 

Ff G 
0.0000 
4.0000 
7.0000 
10.0000 
13.0000 
16.0000 
19.0000 
22.0000 
25.0000 
28.0000 
32.0000 
35.0000 
38.0000 
41.0000 
44.0000 

MAX.ACC. 
SEC 

0.82118 
0.66221 
0.45724 
0.49140 
0.47695 
0.48874 
0.46491 
0.51703 
0.52919 
0.52041 
0.76846 
0.80342 
0.73631 
0.65050 
0.53855 

TIME MEAN SQ. FR. 
C/SEC 

2.66 
2.66 
2.53 
2.53 
2.53 
2.64 
2.64 
2.60 
2.63 
2.63 
2.62 
2.62 
2.61 
2.59 
3.91 

QUIET ZONE 
15.92 0.000 
12.85 0.000 
9.08 0.000 
12.60 0.001 
15.09 0.001 
14.93 0.000 
15.27 0.001 
16.98 0.001 
16.94 0.000 
16.49 0.001 
17.02 0.000 
18.94 0.000 
20.52 0.001 
20.50 0.001 
20.21 0.001 

I**''*** OPTION 6 *** COMPUTE MOTION IN NEW SUBLA YERS 

EARTHQUAKE -C:\SHAKE2000\Williamson Energy\Background6.8.eq 
SOIL DEPOSIT- PSCS300E Crest Column 

LA YER DEPTH MAX. ACC. 

WlTHlN 
WITHIN 

Ff G SEC 
47.0000 0.52173 
50.0000 0.49204 

TIME 
C/SEC 

3.91 
2.58 

MEAN SQ. FR. 
QUIET ZONE 

19.79 0.001 
19.33 0.001 

Page 9 

ACC. RAT!O 
ACC.RECORD 

2048 
2048 

2048 
2048 
2048 
2048 
2048 
2048 
2048 
2048 
2048 
2048 
2048 
2048 
2048 

TH SAVED 

ACC. RATIO TH SAVED 
ACC. RECORD 

2048 
2048 
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( 

PCSC300M-J a.out 
OUTCR. 50.0000 0.55791 2.58 . 20.41 0.001 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 
SCALE FOR PLOTTING 0.0000 

IDENTIFICATION - PCSC300M Layer 1 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer I Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LA YER 2 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 2 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 2 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 2 Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 3 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 3 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LA YER 3 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 3 Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 4 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 4 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 4 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 4 Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LA YER 5 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 5 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LA YER 5 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 5 Strain 

I****** OPTION 7 ''** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 6 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC330M Layer 6 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 6 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PSCS300M Layer 6 Strain 
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PCSC300M-1 a.out 

1 ****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 7 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 7 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 7 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 7 Strain 

1 ****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 8 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 8 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 8 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 8 Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 9 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 9 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 9 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PSCS300E Layer 9 Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 10 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer IO Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LA YER IO 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300E Layer IO Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 11 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 11 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 11 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 11 Strain 

!****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 12 
SCALE FOR PLOTTING 0.0000 

IDENTIFICATION - PCSC300M Layer 12 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 12 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 12 Strain 
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PCSC300M-l a.out 
I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OP LAYER 13 
SCALE POR PLOTI1NG 0.0000 
IDENTIPICA TION - PCSC300M Layer 13 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OP LAYER 13 
SCALE FOR PLOTI1NG 0.0000 
IDENTIFICATION - PCSC300M Layer 13 Strain 

1 ****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OP LAYER 14 
SCALE FOR PLOTI1NG 0.0000 
IDENTIFICATION - PCSC300M Layer 14 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OP LAYER 14 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 14 Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 15 
SCALE FOR PLOTI1NG 0.0000 
IDENTIFICATION - PCSC300M Layer 15 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 15 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 15 Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 16 
SCALE FOR PLOTI1NG 0.0000 
lDENTIFICA TION - PCSC300M Layer 16 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 16 
SCALE FOR PLOTI1NG 0.0000 
IDENTIFICATION - PCSC300M Layer 16 Strain 

I****** OPTION 9 *** COMPUTE RESPONSE SPECTRUM 
RESPONSE SPECTRUM ANALYSIS FOR LAYER NUMBER 
CALCULATED FOR DAMPING 0.050 

TIMES AT WHICH MAX. SPECTRAL VALUES OCCUR 
TD= TIME FOR MAX. RELATIVE DISP. 
TV = TIME POR MAX. RELATIVE VEL. 
TA= TIME FOR MAX. ABSOLUTE ACC. 

DAMPING RA TIO= 0.050 
PER = 0.0 I TIMES FOR MAXIMA -
PER = 0.02 TIMES FOR MAXIMA -
PER= 0.03 TIMES FOR MAXIMA -
PER = 0.04 TIMES FOR MAXIMA -
PER = 0.05 TIMES FOR MAXIMA -
PER = 0.06 TIMES FOR MAXIMA -
PER = 0.07 TIMES FOR MAXIMA -
PER = 0.08 TIMES FOR MAXIMA -
PER = 0.09 TIMES FOR MAXIMA -
PER= 0.10 TIMES FOR MAXIMA -
PER = 0.1 I TIMES FOR MAXIMA -
PER= 0.12 TIMES FOR MAXIMA --

TD= 2.6500 
TD= 2.6500 
TD= 3.0100 
TD= 2.6600 
TD= 4.9300 
TD= 4.3800 
TD= 5.2600 
TD= 5.2700 
TD= 2.5900 
TD= 2.6000 
TD= 2.6000 
TD= 2.6100 

TV= 2.6500 
TV= 2.6400 
TV= 3.0200 
TV= 2.6700 
TV= 4.9400 
TV= 4.3900 
TV= 5.2800 
TV= 5.2900 
TV= 2.7000 
TV= 2.6600 
TV= 2.5800 
TV= 2.5800 
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TA= 2.6500 
TA= 2.6500 
TA= 3.0100 
TA= 3.6900 
TA= 4.9000 
TA= 4.3800 
TA= 5.2600 
TA= 5.2700 
TA= 2.7200 
TA= 2.5900 
TA= 2.6000 
TA= 2.6100 
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PER= 0.13 
PER=0.14 
PER=0.15 
PER= 0.16 
PER=0.17 
PER =0.18 
PER=0.19 
PER=0.20 
PER= 0.21 
PER=0.22 
PER=0.23 
PER =0.24 
PER=0.25 
PER=0.26 
PER=0.27 
PER =0.28 
PER=0.29 
PER =0.30 
PER= 0.31 
PER=0.32 
PER= 0.33 
PER =0.34 
PER= 0.35 
PER= 0.36 
PER =0.37 
PER =0.38 
PER =0.39 
PER =0.40 
PER= 0.41 
PER =0.42 
PER= 0.43 
PER =0.44 
PER= 0.45 
PER= 0.46 
PER =0.47 
PER= 0.48 
PER= 0.49 
PER=0.50 
PER=0.51 
PER=0.52 
PER=0.53 
PER =0.54 
PER =0.55 
PER=0.56 
PER= 0.57 
PER=0.58 
PER=0.60 
PER=0.62 
PER=0.64 
PER=0.66 
PER =0.68 
PER= 0.70 
PER=0.72 
PER= 0.74 
PER= 0.76 
PER= 0.78 
PER =0.80 
PER =0.82 
PER= 0.84 
PER =0.86 
PER =0.88 

PCSC300M-1 a.out 
TIMES FOR MAXIMA-- TD= 3.7200 TV= 5.1900 TA= 3.7200 
TIMES FOR MAXIMA -- TD= 3.7300 TV= 2.5800 TA= 3.7300 
TIMES FOR MAXIMA-- TD= 4.1600 TV= 2.5800 TA= 4.1600 
TIMES FOR MAXIMA -- TD= 2.6200 TV = 2.5800 TA= 2.6 IOO 
TIMES FOR MAXIMA -- TD= 4.2800 TV = 4.3200 TA= 4.2800 
TIMES FOR MAXIMA -- TD= 1.4300 TV= 2.5900 TA= 1.4300 
TIMES FOR MAXIMA-- TD= 2.7500 TV= 2.7100 TA= 2.7500 
TIMES FOR MAXIMA-- TD= 7.1100 TV= 6.7400 TA= 7.1I00 
TIMES FOR MAXIMA-- TD= 7.1400 TV= 7.0900 TA= 7.1300 
TIMES FOR MAXIMA-- TD= 7.2700 TV= 7.1000 TA= 7.1500 
TIMES FOR MAXIMA -- ID= 7.4200 TV= 2.3500 TA= 7.4I00 
TIMES FOR MAXIMA-· TD= 7.5600 TV= 2.3700 TA= 7.5600 
TIMES FOR MAXIMA-- TD= 1.6100 TV= 6.3700 TA= 1.6100 
TIMES FOR MAXIMA -- ID= 6.3200 TV= 6.3800 TA= 6.3200 
TIMES FOR MAXIMA -· TD = 1.6400 TV = 1.7100 TA= 1.6300 
TIMES FOR MAXIMA -- TD= 1.6500 TV= I.3200 TA= 1.6500 
TIMES FOR MAXIMA-- TD= 5.2100 TV= 5.1500 TA= 5.2I00 
TIMES FOR MAXIMA-- TD= 5.2400 TV= 5.1600 TA= 5.2300 
TIMES FOR MAXIMA -- TD= 2.9800 TV= 2.9000 TA= 2.9700 
TIMES FOR MAXIMA-- TD= 3.0000 TV= 2.9100 TA= 2.9900 
TIMES FOR MAXIMA -- TD= 3.0I00 TV= 2.9100 TA= 3.0000 
TIMES FOR MAXIMA-- TD= 3.0I00 TV= 2.7900 TA= 3.0I00 
TIMES FOR MAXIMA-- TD= 3.0200 TV= 2.7900 TA= 3.0200 
TIMES FOR MAXIMA -- TD= 2.8800 TV= 2.7900 TA= 2.8700 
TIMES FOR MAXIMA-- TD= 2.7200 TV= 2.7900 TA= 2.7100 
TIMES FOR MAXIMA-· TD= 2.7300 TV= 2.6600 TA= 2.7200 
TIMES FOR MAXIMA-- TD= 2.7300 TV= 2.6600 TA= 4.1300 
TIMES FOR MAXIMA-- TD= 4.1500 TV= 2.6600 TA= 4.1400 
TIMES FOR MAXIMA -- TD= 4. I 600 TV = 4.0900 TA= 4.1600 
TIMES FOR MAXIMA -- TD= 3.9900 TV= 4.0900 TA= 3.9800 
TIMES FOR MAXIMA -- TD= 4.0000 TV= 4.0900 TA= 3.9900 
TIMES FOR MAXIMA-- TD= 4.6800 TV= 4.1000 TA= 4.6700 
TIMES FOR MAXIMA-- TD= 4.6900 TV= 4.1000 TA= 4.6800 
TIMES FOR MAXIMA-- TD= 4.7100 TV= 4.1000 TA= 4.7I00 
TIMES FOR MAXIMA -- TD= 4.7300 TV= 4.6400 TA= 4.7200 
TIMES FOR MAXIMA -- TD= 4.7400 TV= 4.6500 TA= 4.7300 
TIMES FOR MAXIMA -- TD= 5.5500 TV= 4.6500 TA= 5.5400 
TIMES FOR MAXIMA-· TD= 5.5700 TV= 2.6700 TA= 5.5600 
TIMES FOR MAXIMA -- TD= 5.5800 TV= 2.6700 TA= 5.5700 
TIMES FOR MAXIMA -- TD= 5.5800 TV= 2.6700 TA= 5.5700 
TIMES FOR MAXIMA -- TD= 2.7600 TV= 2.6700 TA= 2.7500 
TIMES FOR MAXIMA -- TD= 2.7700 TV= 2.6700 TA= 2.7600 
TIMES FOR MAXIMA -- TD= 2.7700 TV= 2.6700 TA= 2.7600 
TIMES FOR MAXIMA -- TD = 2.5700 TV = 2.6700 TA= 2.5600 
TIMES FOR MAXIMA -- TD= 2.5700 TV = 2.6700 TA= 2.5600 
TIMES FOR MAXIMA -- TD= 2.5700 TV = 2.6700 TA= 2.5600 
TIMES FOR MAXIMA -- TD= 2.5800 TV= 2.6700 TA= 2.5700 
TIMES FOR MAXIMA -- TD= 2.5900 TV= 2.6700 TA= 2.5800 
TIMES FOR MAXIMA -- TD= 2.6 I 00 TV = 2.5400 TA= 2.6000 
TIMES FOR MAXIMA -- TD= 2.6200 TV = 2.5400 TA = 2.6100 
TIMES FOR MAXIMA-- TD= 2.6400 TV= 2.5400 TA= 2.6200 
TIMES FOR MAXIMA -- TD= 3.4700 TV= 2.5500 TA= 3.4600 
TIMES FOR MAXIMA -- TD= 3.4800 TV= 2.5500 TA= 3.4700 
TIMES FOR MAXIMA -- TD= 3.4900 TV= 2.5500 TA= 3.4800 
TIMES FOR MAXIMA -- TD= 3.4900 TV= 1.6100 TA= 3.4800 
TIMESFORMAXIMA-- TD= 1.8200 TV= 1.6100 TA= 1.8000 
TIMES FOR MAXIMA -- TD= 1.5200 TV = 1.2700 TA= 1.5100 
TIMES FOR MAXIMA -- TD= 1.5300 TV = 1.2700 TA= 1.5 I 00 
TIMES FOR MAXIMA -- TD= 3.5000 TV= 6.3000 TA= 3.4800 
TIMES FOR MAXIMA -- TD= 3.5000 TV= 5.9400 TA= 3.4800 
TIMES FOR MAXIMA -- TD= 3.5100 TV= 5.9400 TA= 3.4900 
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PER= 0.90 TIMES FOR MAXIMA -- TD= 4.0300 TV= 3.3000 TA= 4.0200 
PER= 0.92 TIMES FOR MAXIMA -- TD= 4.0600 TV= 4.2900 TA= 4.0500 
PER= 0.94 TIMES FOR MAXIMA -- TD= 4.0700 TV= 4.3500 TA= 4.0600 
PER = 0.96 TIMES FOR MAXIMA -- TD= 4.0700 TV = 4.3500 TA= 4.0600 
PER=0.98 TIMES FOR MAXIMA-- TD= 3.1800 TV= 4.3500 TA= 3.1700 
PER= 1.00 TIMES FOR MAXIMA-- TD= 3.1900 TV= 3.9700 TA= 3.1800 
PER=l.05 TIMESFORMAXIMA-- TD=3.2100 TV=3.9700 TA=3.1900 
PER = 1.10 TIMES FOR MAXIMA -- TD= 3.2500 TV = 2.5500 TA = 3.2400 
PER= 1.15 TIMES FOR MAXIMA -- TD= 3.2700 TV= 2.5500 TA= 3.2500 
PER= 1.20 TIMES FOR MAXIMA -- TD= 3.3500 TV= 2.5500 TA= 3.2800 
PER= 1.25 TIMES FOR MAXIMA -- TD= 3.3900 TV = 2.5500 TA= 3.3800 
PER= 1.30 TIMES FOR MAXIMA -- TD= 2.8800 TV= 2.5500 TA= 2.8700 
PER= 1.35 TIMES FOR MAXIMA -- TD= 2.8900 TV = 2.5500 TA= 2.8700 
PER= 1.40 TIMES FOR MAXIMA -- TD= 2.8900 TV = 2.5500 TA= 2.8700 
PER= 1.45 TIMES FOR MAXIMA-- TD= 2.9000 TV= 2.5500 TA= 2.8700 
PER= 1.50 TIMES FOR MAXIMA -- TD= 2.9000 TV= 2.5500 TA= 2.8700 
PER= 1.55 TIMES FOR MAXIMA-- TD= 2.9000 TV= 2.5500 TA= 2.8700 
PER = 1.60 TIMES FOR MAXIMA -- TD= 2.9000 TV = 2.5500 TA= 2.8700 
PER= 1.65 TIMES FOR MAXIMA-- TD= 2.9300 TV= 2.5500 TA= 2.8700 
PER= 1.70 TIMES FOR MAXIMA -- TD= 2.9300 TV= 2.5500 TA= 2.8700 
PER= 1.75 TIMES FOR MAXIMA -- TD= 5.9000 TV= 2.5500 TA= 5.8900 
PER= 1.80 TIMES FOR MAXIMA -- TD= 5.9100 TV= 2.5500 TA= 5.8900 
PER=l.85 TIMESFORMAXIMA-- TD= 5.9200 TV= 2.5500 TA= 5.8900 
PER= 1.90 TIMES FOR MAXIMA-- TD= 6.1200 TV= 2.5500 TA= 6.1000 
PER=l.95 TIMESFORMAXIMA-- TD= 6.1200 TV= 2.5500 TA= 6.1100 
PER= 2.00 TIMES FOR MAXIMA -- TD= 5.4200 TV= 2.5500 TA= 5.4100 
PER= 2.05 TIMES FOR MAXIMA -- TD= 5.4300 TV= 2.5500 TA= 5.4100 
PER= 2.10 TIMES FOR MAXIMA -- TD= 5.4300 TV= 2.5500 TA= 5.4100 
PER= 2.15 TIMES FOR MAXIMA -- TD= 8.7600 TV= 2.5500 TA= 5.4100 
PER= 2.20 TIMES FOR MAXIMA -- TD= 8.7700 TV= 2.5500 TA= 5.4100 
PER= 2.25 TIMES FOR MAXIMA -- TD= 8.9500 TV= 2.5500 TA= 8.9400 
PER= 2.30 TIMES FOR MAXIMA-- TD= 8.9700 TV= 2.5500 TA= 8.9400 
PER= 2.35 TIMES FOR MAXIMA-- TD= 7.9000 TV= 2.5500 TA= 7.8800 
PER= 2.40 TIMES FOR MAXIMA -- TD= 7.9400 TV= 2.5500 TA= 7.8800 
PER= 2.50 TIMES FOR MAXIMA -- TD= 8.0900 TV= 2.5500 TA= 7.9400 
PER= 2.60 TIMES FOR MAXIMA -- TD= 8.1100 TV= 2.5500 TA= 8.0800 
PER= 2.70 TIMES FOR MAXIMA -- TD= 6.9700 TV= 2.5500 TA= 6.9400 
PER= 2.80 TIMES FOR MAXIMA -- TD= 7.0000 TV= 2.5500 TA= 6.9400 
PER= 2.90 TIMES FOR MAXIMA -- TD= 7.0000 TV= 2.5500 TA= 6.9400 
PER= 3.00 TIMES FOR MAXIMA-- TD= 7.0100 TV= 2.5500 TA= 6.9400 
PER=3.10 TIMES FOR MAXIMA-- TD= 7.2400 TV= 2.5500 TA= 7.1900 
PER= 3.20 TIMES FOR MAXIMA -- TD= 7.2500 TV= 2.5500 TA= 7.2000 
PER= 3.30 TIMES FOR MAXIMA -- TD= 7.2500 TV= 2.5500 TA= 7.2000 
PER= 3.40 TIMES FOR MAXIMA -- TD= 7.2600 TV= 2.5500 TA= 7.2000 
PER= 3.50 TIMES FOR MAXIMA -- TD= 7.2600 TV= 2.5500 TA= 7.2400 
PER= 3.60 TIMES FOR MAXIMA -- TD= 7.5200 TV= 2.5500 TA= 7.2400 
PER= 3.70 TIMES FOR MAXIMA -- TD= 7.5200 TV= 2.5500 TA= 7.5000 
PER= 3.80 TIMES FOR MAXIMA -- TD= 7.5200 TV= 2.5500 TA= 7.5000 
PER= 3.90 TIMES FOR MAXIMA -- TD= 7.5300 TV= 2.5500 TA= 7.5000 
PER= 4.00 TIMES FOR MAXIMA -- TD= 7.5300 TV= 2.5500 TA= 7.5000 
PER = 4. IO TIMES FOR MAXIMA -- TD= 6.2300 TV = 2.5500 TA = 6.0000 
PER= 4.20 TIMES FOR MAXIMA -- TD= 6.2400 TV= 2.5500 TA= 6.2100 
PER= 4.30 TIMES FOR MAXIMA -- TD= 6.2400 TV= 2.5500 TA= 6.2100 
PER= 4.40 TIMES FOR MAXIMA -- TD= 6.2500 TV= 2.5500 TA= 6.2100 
PER = 4.50 TIMES FOR MAXIMA -- TD = 6.2500 TV = 2.5500 TA= 6.2100 
PER= 4.60 TIMES FOR MAXIMA -- TD= 6.2500 TV= 2.5500 TA= 6.2100 
PER= 4.70 TIMES FOR MAXIMA -- TD= 6.2500 TV= 2.5500 TA= 6.2100 
PER = 4.80 TIMES FOR MAXIMA -- TD = 6.2600 TV = 2.5500 TA = 6.2100 
PER=4.90 TIMESFORMAXIMA-- TD= 6.2600 TV= 2.5500 TA= 6.2100 
PER= 5.00 TIMES FOR MAXIMA -- TD= 6.2600 TV= 2.5500 TA= 6.2100 
PER = 5.10 TIMES FOR MAXIMA -- TD= 6.2600 TV = 2.5500 TA = 6.2200 
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( PER= 5.20 TIMES FOR MAXIMA -- TD= 6.2600 TV = 2.5500 TA= 6.2200 
\ PER= 5.40 TIMES FOR MAXIMA -- TD= 6.2600 TV = 2.5500 TA= 6.2200 

PER= 5.60 TIMES FOR MAXIMA -- TD= 6.4700 TV= 2.5500 TA= 6.2200 
PER=5.80 TIMES FOR MAXIMA -- TD= 6.4700 TV= 2.5500 TA= 6.2200 
PER= 6.00 TIMES FOR MAXIMA -- TD= 6.4800 TV = 2.5500 TA= 6.2200 
PER= 6.20 TIMES FOR MAXIMA -- TD= 4.8400 TV = 2.5500 TA= 4.5300 
PER= 6.40 TIMES FOR MAXIMA -- TD= 4.8400 TV = 2.5500 TA= 4.7900 
PER= 6.60 TIMES FOR MAXIMA -- TD= 4.8400 TV= 2.5500 TA= 4.7900 
PER= 6.80 TIMES FOR MAXIMA -- TD= 4.8400 TV = 2.5500 TA= 4.7900 
PER=7.00 TIMES FOR MAXIMA -- TD= 4.8400 TV = 2.5500 TA= 4.7900 
PER= 7.30 TIMES FOR MAXIMA -- TD= 4.8400 TV = 2.5500 TA= 4.7900 
PER= 7.60 TIMES FOR MAXIMA -- TD= 4.8400 TV = 2.5500 TA= 4.7900 
PER= 8.00 TIMES FOR MAXIMA -- TD= 4.8400 TV = 2.5500 TA= 4.7900 
PER= 8.50 TIMES FOR MAXIMA -- TD= 4.8400 TV = 2.5500 TA= 4.7900 
PER= 9.00 TIMES FOR MAXIMA -- TD= 4.8400 TV = 2.5500 TA= 4.7900 
PER= 9.50 TIMES FOR MAXIMA -- TD= 4.8400 TV = 2.5500 TA= 4.7900 
PER=!0.00 TIMES FOR MAXIMA -- TD= 4.8400 TV = 2.5500 TA= 4.7900 
SPECTRAL VALUES--
(Acceleration of gravity used = 32.20) 

PSCS300E Crest Column DAMPING RATIO= 0.050 
NO. PERIOD REL. DISP. REL. VEL. PSU.REL.VEL. ABS. ACC. PSU.ABS.ACC. FREQ. 

I 0.01 0.00007 0.00171 0.04195 0.82192 0.81858 100.00 
2 0.02 0.00027 0.04335 0.08336 0.82243 0.81328 50.00 
3 0.03 0.001 IO 0.18379 0.22974 1.51822 1.49432 33.33 
4 0.04 0.00217 0.31642 0.34155 1.74493 1.66617 25.00 
5 0.05 0.00366 0.44677 0.45974 1.82459 1.79417 20.00 
6 0.06 0.00428 0.41585 0.44797 1.42638 1.45686 16.67 
7 0.07 0.00581 0.47802 0.52194 1.47018 1.45494 14.29 

8 0.08 0.01091 0.79906 0.85696 2.13704 2.09023 12.50 
9 0.09 0.01380 0.9 I 960 0.96375 2.07701 2.08952 11.11 

( 10 0.10 0.01203 0.70258 0.75557 1.50682 1.47435 10.00 

·,. 11 0.11 0.01243 0.73464 0.71011 1.28682 1.25967 9.09 
12 0.12 0.01009 0.54647 0.52809 0.85116 0.85872 8.33 
13 0.13 0.01069 0.46673 0.51688 0.78573 0.77583 7.69 
14 0.14 0.01281 0.55624 0.57507 0.81192 0.80152 7.14 
15 0.15 0.01487 0.56239 0.62302 0.80252 0.81046 6.67 
16 0.16 0.01884 0.75229 0.73986 0.91472 0.90230 6.25 
17 0.17 0.02303 0.86039 0.85120 0.97551 0.97703 5.88 
l 8 0.18 0.02485 0.86020 0.86750 0.93942 0.94042 5.56 
19 0.19 0.02857 0.87770 0.94490 0.97165 0.97042 5.26 
20 0.20 0.02938 0.95448 0.92312 0.90821 0.90064 5.00 
21 0.21 0.03784 l.14946 l.13222 I.05638 1.05204 4.76 
22 0.22 0.03804 1.12843 l.08630 0.97513 0.96349 4.55 
23 0.23 0.04244 l.13944 I. l 5933 0.988 I 2 0.98357 4.35 
24 0.24 0.04588 l.22517 l.20103 0.9829 l 0.97648 4.17 
25 0.25 0.05505 1.45180 l.38356 I.07767 1.07990 4.00 
26 0.26 0.06352 1.64419 1.53498 l.15887 l.!5200 3.85 
27 0.27 0.06397 l .49739 1.48854 I.07894 1.07578 3.70 
28 0.28 0.06108 I.44705 l.37074 0.96463 0.95526 3.57 
29 0.29 0.06330 l.50041 l.37148 0.92871 0.92282 3.45 
30 0.30 0.06799 1.58132 I.42398 0.9283 l 0.92621 3.33 
31 0.31 0.07450 1.56110 l.50998 0.95436 0.95046 3.23 
32 0.32 0.07866 l.60487 1.54449 0.94665 0.94180 3.13 
33 0.33 0.07637 1.45088 l.45416 0.86887 0.85985 3.03 
34 0.34 0.07200 l.33968 1.33047 0.77205 0.71i357 2.94 
35 0.35 0.06812 1.34283 l.22295 0.68539 0.68181 2.86 
36 0.36 0.06715 1.33822 1.17200 0.64080 0.63526 2.78 
37 0.37 0.06656 1.28 I 37 1.13028 0.60109 0.59609 2.70 
38 0.38 0.06468 1.25981 l.06944 0.55415 0.54916 2.63 
39 0.39 0.06068 1.23910 0.97764 0.49358 0.48915 2.56 
40 0.40 0.06370 1.17128 l.00062 0.49250 0.48813 2.50 
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·( 41 0.41 0.06256 1.18616 0.95865 0.45808 0.45625 2.44 
42 0.42 0.06037 1.19616 0.90309 0.42280 0.41957 2.38 
43 0.43 0.05966 1.15192 0.87180 0.39751 0.39561 2.33 
44 0.44 0.05930 1.07742 0.84685 0.37888 0.37556 2.27 
45 0.45 0.05866 0.99663 0.81904 0.35661 0.35515 2.22 
46 0.46 0.05718 0.90387 0.78104 0.33309 0.33131 2.17 
47 0.47 0.05473 0.84874 0.73170 0.30536 0.30378 2.13 
48 0.48 0.05130 0.84985 0.67155 0.27399 0.27300 2.08 
49 0.49 0.05240 0.81367 0.67192 0.26905 0.26757 2.04 
50 0.50 0.05402 0.80880 0.67886 0.26657 0.26493 2.00 
51 0.51 0.05288 0.83519 0.65150 0.25161 0.24927 1.96 
52 0.52 0.05027 0.87985 0.60736 0.22945 0.22791 1.92 
53 0.53 0.05172 0.93855 0.61319 0.22691 0.22576 1.89 
54 0.54 0.05617 1.00433 0.65351 0.23851 0.23615 1.85 
55 0.55 0.06000 1.06884 0.68548 0.24516 0.24320 1.82 
56 0.56 0.06644 1.12386 0.74544 0.26427 0.25974 1.79 
57 0.57 0.07374 1.16245 0.81287 0.28269 0.27827 1.75 
58 0.58 0.08007 1.17982 0.86741 0.29612 0.29182 1.72 
59 0.60 0.08866 1.14420 0.92849 0.30613 0.30196 1.67 
60 0.62 0.09140 1.02596 0.92630 0.29378 0.29153 1.61 
61 0.64 0.08974 1.03125 0.88106 0.26991 0.26863 1.56 
62 0.66 0.08366 1.08019 0.79642 0.23773 0.23546 . 1.52 
63 0.68 0.07428 1.06790 0.68631 0.19773 0.19694 1.47 
64 0.70 0.06678 1.00885 0.59944 0.16771 0.16710 1.43 
65 0.72 0.06933 0.92792 0.60506 0.16570 0.16398 1.39 
66 0.74 0.06680 0.83311 0.56721 0.15157 0.14957 1.35 
67 0.76 0.06220 0.75200 0.51422 0.13421 0.13203 1.32 
68 0.78 0.05906 0.72919 0.47575 0.12066 0.11902 1.28 
69 0.80 0.06091 0.71267 0.47839 0.11739 0.11669 1.25 
70 0.82 0.06283 0.70235 0.48142 0.11542 0.11456 1.22 
71 0.84 0.06816 0.71704 0.50982 0.12036 0.11843 1.19 
72 0.86 0.07687 0.74262 0.56162 0.12907 0.12743 I. 16 
73 0.88 0.08600 0.77734 0.61406 0.13751 0.13616 1.14 
74 0.90 0.09759 0.79993 0.68129 0.14881 0.14771 I.II 
75 0.92 0.10954 0.86595 0.74812 0.15920 0.15868 1.09 
76 0.94 0.11962 0.95982 0.79954 0.16788 0.16597 1.06 
77 0.96 0.12541 1.02877 0.82083 0.16974 0.16684 1.04 
78 0.98 0.12810 1.05347 0.82127 0.16447 0.16353 1.02 
79 1.00 0.13647 1.06090 0.85746 0. I 6889 0.16732 1.00 
80 I.OS 0.14854 1.12673 0.88885 0. 16702 0.16518 0.95 
81 I.IO 0.15387 1.13175 0.87890 0.15746 0.15591 0.91 
82 I.IS 0.14959 1.17120 0.81732 0.14084 0.13868 0.87 
83 1.20 0.14036 1.18130 0.73495 0.12010 0.11951 0.83 
84 1.25 0.13601 1.17059 0.68368 0.10739 0.!0672 0.80 
85 1.30 0.13061 1.14666 0.63128 0.09671 0.09475 0.77 
86 1.35 0.12893 l.l 1542 0.60008 0.08915 0.08674 0.74 
87 1.40 0. 12537 1.08104 0.56265 0.08085 0.07842 0.71 
88 1.45 0.12030 1.04630 0.52129 0.07258 0.07015 0.69 
89 1.50 0.11476 1.01286 0.48069 0.06478 0.06253 0.67 
90 1.55 0.!0878 0.98162 0.44095 0.05766 0.0555 l 0.65 
91 1.60 0.10271 0.95297 0.40335 0.05 I 29 0.04919 0.63 
92 1.65 0.09704 0.92697 0.36955 0.04565 0.04370 0.61 
93 1.70 0.09180 0.90352 0.33927 0.04070 0.03894 0.59 
94 1.75 0.09076 0.88242 0.32585 0.03720 0.03633 0.57 
95 1.80 0.09549 0.86342 0.33334 0.03725 0.03614 0.56 
96 1.85 0.09582 0.84627 0.32543 0.03556 0.03432 0.54 
97 1.90 0.09635 0.83074 0.31862 0.03353 0.03272 0.53 
98 1.95 0.09936 0.81662 0.32016 0.033 I 8 0.03204 0.51 
99 2.00 0.10823 0.80374 0.34003 0.03435 0.033 I 7 0.50 
JOO 2.05 0.11706 0.79193 0.35877 0.03544 0.03415 0.49 
IOI 2.10 0.12401 0.78107 0.37104 0.03586 0.03448 0.48 
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102 2.15 0.12967 0.77!05 0.37894 0.03573 0.03439 0.47 
103 2.20 0.13671 0.76177 0.39044 0.03518 0.03463 0.45 
!04 2.25 0.14201 0.75315 0.39657 0.03481 0.03439 0.44 
105 2.30 0.14953 0.74515 0.40849 0.03535 0.03466 0.43 
106 2.35 0.15353 0.73769 0.4!049 0.03452 0.03408 0.43 
107 2.40 0.15782 0.73074 0.41317 0.03399 0.03359 0.42 
!08 2.50 0.16052 0.71820 0.40344 0.03180 0.03149 0.40 
109 2.60 0.16493 0.70726 0.39857 0.03037 0.02991 0.38 
110 2.70 0.16824 0.69772 0.39151 0.02956 0.02829 0.37 
111 2.80 0.17313 0.68944 0.38851 0.02827 0.02707 0.36 
112 2.90 0.17573 0.68225 0.38075 0.02670 0.02562 0.34 
113 3.00 0.17624 0.67604 0.36911 0.02498 0.02401 0.33 
114 3.10 0.18240 0.67068 0.36968 0.02391 0.02327 0.32 
I 15 3.20 0.18800 0.666!0 0.36914 0.02315 0.02251 0.31 
116 3.30 0.19088 0.66221 0.36343 0.02213 0.02149 0.30 
117 3.40 0.19114 0.65890 0.35323 0.02089 0.02027 0.29 
118 3.50 0.18855 0.65614 0.33849 0.01960 0.01887 0.29 
119 3.60 0.18358 0.65386 0.32040 0.01815 0.01737 0.28 
120 3.70 0.18463 0.65196 0.31354 0.01716 0.01654 0.27 
121 3.80 0.18252 0.65044 0.30178 0.01623 0.01550 0.26 
122 3.90 0.17770 0.64924 0.28629 0.01514 0.01432 0.26 
123 4.00 0.17042 0.64831 0.26769 0.01393 0.01306 0.25 
124 4.10 0.17053 0.64762 0.26134 0.01297 0.01244 0.24 
125 4.20 0.17579 0.64713 0.26299 0.01273 0.01222 0.24 
126 4.30 0.17994 0.64684 0.26293 0.01248 0.01193 0.23 
127 4.40 0.18295 0.64670 0.26125 0.01217 0.01159 0.23 
128 4.50 0.18495 0.64668 0.25824 0.01180 0.01120 0.22 
129 4.60 0.18589 0.64682 0.25391 0.01140 0.01077 0.22 
130 4.70 0.18585 0.64703 0.24845 0.01096 0.01032 0.21 
131 4.80 0.18495 0.64733 0.24209 0.01050 0.00984 0.21 

C 132 4.90 0.18336 0.64771 0.23511 0.01004 0.00936 0.20 
133 5.00 0.18105 0.64813 0.22752 0.00956 0.00888 0.20 
134 5.10 0.17813 0.64865 0.21946 0.00909 0.00840 0.20 
135 5.20 0.17468 0.64916 0.21107 0.00862 0.00792 0.19 
136 5.40 0.16651 0.65031 0.19375 0.00771 0.00700 0.19 
137 5.60 0.16025 0.65159 0.17980 0.00686 0.00627 0.18 
138 5.80 0.15264 0.65291 0.16536 0.00607 0.00556 0.17 
139 6.00 0.14415 0.65430 0.15096 0.00536 0.00491 0.17 
140 6.20 0.14369 0.65562 0.14562 0.00501 0.00458 0.16 
141 6.40 0.14541 0.65698 0. 14276 0.00478 0.00435 0.16 
142 6.60 0.14651 0.65833 0.13947 0.00455 0.00412 0.15 
143 6.80 0.14706 0.65959 0.13588 0.00433 0.00390 0.15 
144 7.00 0.14716 0.66086 0.13209 0.00411 0.00368 0.14 
145 7.30 0.14656 0.66269 0.12615 0.00380 0.00337 0.14 
146 7.60 0.14526 0.66446 0.12009 0.00351 0.00308 0.13 
147 8.00 0.14272 0.66661 0.11209 0.00316 0.00273 0.13 
148 8.50 0.13864 0.66906 0.10248 0.00277 0.00235 0.12 
149 9.00 0.13396 0.67127 0.09352 0.00243 0.00203 0.1 I 
150 9.50 0.12900 0.67322 0.08532 0.00214 0.00175 0.11 
151 10.00 0.12397 0.67505 0.07789 0.00190 0.00152 0.10 
152 10.50 0.00000 0.00000 0.00000 0.00000 0.00000 0.10 

VALUES IN PERIOD RANGE. I TO 2.5 SEC. 
AREA OF ACC. RESPONSE SPECTRUM = 0.495 
AREA OF VEL. RESPONSE SPECTRUM = 2.289 
MAX. ACCELERATION RESPONSE VALUE= 1.507 
MAX. VELOCITY RESPONSE VALUE= 1.644 

I****'~* OPTION 9 *** COMPUTE RESPONSE SPECTRUM 
RESPONSE SPECTRUM ANALYSIS FOR LAYER NUMBER 17 

CALCULATED FOR DAMPING 0.050 
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TIMES AT WHICH MAX. SPECTRAL VALUES OCCUR 

TD = TIME FOR MAX. RELATIVE DISP. 
TV = TIME FOR MAX. RELATIVE VEL. 
TA= TIME FOR MAX. ABSOLUTE ACC. 

DAMPING RA TIO= 0.050 
PER = 0.0 I TIMES FOR MAXIMA -
PER = 0.02 TIMES FOR MAXIMA -
PER = 0.03 TIMES FOR MAXIMA -
PER= 0.04 TIMES FOR MAXIMA -
PER= 0.05 TIMES FOR MAXIMA -
PER= 0.06 TIMES FOR MAXIMA -
PER= 0.07 TIMES FOR MAXIMA -
PER= 0.08 TIMES FOR MAXIMA -
PER= 0.09 TIMES FOR MAXIMA -
PER= 0. IO TIMES FOR MAXIMA -
PER= 0.11 TIMES FOR MAXIMA -
PER= 0.12 TIMES FOR MAXIMA -
PER= 0.13 TIMES FOR MAXIMA -
PER= 0. 14 TIMES FOR MAXIMA -
PER= 0.15 TIMES FOR MAXIMA -
PER= 0.16 TIMES FOR MAXIMA -
PER = 0.17 TIMES FOR MAXIMA -
PER = 0.18 TIMES FOR MAXIMA -
PER = 0.19 TIMES FOR MAXIMA -
PER = 0.20 TIMES FOR MAXIMA -
PER= 0.21 TIMES FOR MAXIMA -
PER= 0.22 TIMES FOR MAXIMA -
PER= 0.23 TIMES FOR MAXIMA -
PER = 0.24 TIMES FOR MAXIMA -
PER= 0.25 TIMES FOR MAXIMA -
PER= 0.26 TIMES FOR MAXIMA -
PER= 0.27 TIMES FOR MAXIMA -
PER = 0.28 TIMES FOR MAXIMA -
PER= 0.29 TIMES FOR MAXIMA -
PER = 0.30 TIMES FOR MAXIMA -
PER = 0.31 TIMES FOR MAXIMA -
PER = 0.32 TIMES FOR MAXIMA -
PER = 0.33 TIMES FOR MAXIMA -
PER = 0.34 TIMES FOR MAXIMA -
PER= 0.35 TIMES FOR MAXIMA -
PER = 0.36 TIMES FOR MAXIMA -
PER = 0.37 TIMES FOR MAXIMA -
PER = 0.38 TIMES FOR MAXIMA -
PER= 0.39 TIMES FOR MAXIMA -
PER = 0.40 TIMES FOR MAXIMA -
PER= 0.41 TIMES FOR MAXIMA -
PER= 0.42 TIMES FOR MAXIMA -
PER= 0.43 TIMES FOR MAXIMA -
PER= 0.44 TIMES FOR MAXIMA -
PER= 0.45 TIMES FOR MAXIMA -
PER = 0.46 TIMES FOR MAXIMA -
PER= 0.47 TIMES FOR MAXIMA -
PER= 0.48 TIMES FOR MAXIMA -
PER= 0.49 TIMES FOR MAXIMA -
PER= 0.50 TIMES FOR MAXIMA -
PER= 0.5 I TIMES FOR MAXIMA -
PER= 0.52 TIMES FOR MAXIMA -
PER= 0.53 TIMES FOR MAXIMA -
PER = 0.54 TIMES FOR MAXIMA -
PER= 0.55 TIMES FOR MAXIMA -
PER = 0.56 TIMES FOR MAXIMA --

TD= 2.5700 
TD= 2.5700 
TD= 2.9500 
TD= 3.6300 
TD= 4.8700 
TD= 4.3200 
TD= 4.3300 
TD= 2.5200 
TD= 2.5300 
TD= 2.5900 
TD= 2.5500 
TD= 4.8000 
TD= 3.6600 
TD= 3.6700 
TD= 3.6800 
TD= 4.1800 
TD= 4.1100 
TD= 2.5600 
TD= 2.5700 
TD= 6.6100 
TD= 2.5800 
TD= 2.5000 
TD= 3.4200 
TD= 2.2400 
TD= 6.2400 
TD= 1.5600 
TD= 1.1900 
TD= 1.2100 
TD= 1.2100 
TD= 2.9200 
TD= 2.9400 
TD= 2.9500 
TD= 2.5000 
TD= 2.5000 
TD= 2.5100 
TD= 2.5100 
TD= 2.5100 
TD= 2.5100 
TD= 2.5200 
TD= 3.9400 
TD= 3.9500 
TD= 3.9600 
TD= 3.9700 
TD= 3.9800 
TD= 4.6900 
TD= 4.7000 
TD= 4.7100 
TD= 4.7100 
TD= 5.5200 
TD= 5.5500 
TD= 5.5600 
TD= 2.5I00 
TD= 2.5100 
TD= 2.5100 
TD= 2.5100 
TD= 2.5100 

TV= 2.5700 
TV= 2.5800 
TV= 2.9400 
TV= 2.6100 
TV= 4.8300 
TV= 4.3300 
TV= 4.3100 
TV= 2.5400 
TV= 2.6000 
TV= 2.6100 
TV= 2.5800 
TV= 2.5800 
TV= 4.7900 
TV= 3.7100 
TV= 3.7200 
TV= 4.1500 
TV= .4.1500 
TV= 2.5200 
TV= 2.5300 
TV= 2.5300 
TV= 2.5300 
TV= 2.5500 
TV= 7.0400 
TV= 2.2900 
TV= 6.3100 
TV= 6.3200 
TV= 1.2600 
TV= 1.2600 
TV= 5.l000 
TV= 2.8400 
TV= 2.8500 
TV= 2.5600 
TV= 2.5600 
TV= 2.5600 
TV= 2.5600 
TV= 2.9300 
TV= 2.6000 
TV= 2.8000 
TV= 4.0300 
TV= 4.0300 
TV= 4.0400 
TV= 4.0400 
TV= 4.0500 
TV= 3.9100 
TV= 3.9100 
TV= 3.9100 
TV= 3.9100 
TV= 3.9100 
TV= 5.4100 
TV= 5.4100 
TV= 5.4100 
TV= 5.4400 
TV= 2.6100 
TV= 2.6300 
TV= 2.6400 
TV= 2.6400 
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TA= 2.5700 
TA= 2.5700 
TA= 2.9500 
TA= 3.6300 
TA= 4.8400 
TA= 1.9700 
TA= 4.3300 
TA= 2.5200 
TA= 2.5300 
TA= 2.5900 
TA= 2.5500 
TA= 4.8000 
TA= 3.6600 
TA= 3.6700 
TA= 3.6800 
TA= 4.1800 
TA= 4.1 IOO 
TA= 2.5600 
TA= 2.5700 
TA= 6.6000 
TA= 7.0500 
TA= 2.5000 
TA= 6.9800 
TA= 2.2300 
TA= 6.2400 
TA= 6.2500 
TA= 1.1900 
TA= 1.2000 
TA= 1.2I00 
TA= 2.9100 
TA= 2.9400 
TA= 2.9500 
TA= 2.5000 
TA= 2.5000 
TA= 2.5000 
TA= 2.5000 
TA= 2.5000 
TA= 2.5I00 
TA= 2.5I00 
TA= 3.9400 
TA= 3.9500 
TA= 3.9500 
TA= 3.9600 
TA= 3.9700 
TA= 4.6900 
TA= 4.6900 
TA= 4.7000 
TA= 4.7000 
TA= 5.5100 
TA= 5.5400 
TA= 5.5600 
TA= 2.5000 
TA= 2.5000 
TA= 2.5000 
TA= 2.5000 
TA= 2.5000 

31 1 I 3} 



R13969

L 

PER=0.57 
PER=0.58 
PER=0.60 
PER=0.62 
PER=0.64 
PER=0.66 
PER =0.68 
PER=0.70 
PER=0.72 
PER= 0.74 
PER=0.76 
PER=0.78 
PER=0.80 
PER=0.82 
PER =0.84 
PER =0.86 
PER =0.88 
PER=0.90 
PER= 0.92 
PER =0.94 
PER= 0.96 
PER =0.98 
PER= 1.00 
PER= 1.05 
PER= I.IO 
PER= 1.15 
PER= 1.20 
PER= 1.25 
PER= 1.30 
PER= 1.35 
PER= 1.40 
PER= 1.45 
PER= 1.50 
PER= 1.55 
PER= 1.60 
PER= 1.65 
PER= 1.70 
PER= 1.75 
PER= 1.80 
PER= 1.85 
PER= 1.90 
PER= 1.95 
PER =2.00 
PER =2.05 
PER=2.I0 
PER=2.15 
PER =2.20 
PER= 2.25 
PER =2.30 
PER =2.35 
PER =2.40 
PER =2.50 
PER =2.60 
PER= 2.70 
PER= 2.80 
PER= 2.90 
PER =3.00 
PER =3.10 
PER =3.20 
PER =3.30 
PER= 3.40 

PCSC300M-la.out 
TIMES FOR MAXIMA-- TD= 2.5200 TV= 2.6400 TA= 2.5100 
TIMES FOR MAXIMA -- TQ = 2.5200 TV= 2.6400 TA= 2.5100 
TIMES FOR MAX[MA -- TD= 2.5400 TV = 2.4800 TA= 2.5300 
TIMES FOR MAXIMA -- TD= 2.5600 TV = 2.4800 TA = 2.5500 
TIMES FOR MAXIMA -- TD= 2.5900 TV = 2.4800 TA= 2.5800 
T!MES FOR MAXIMA -- TD= 2.6000 TV= 2.4900 TA= 2.5900 
TIMES FOR MAXIMA -- TD= 3.4100 TV= 2.4900 TA= 3.4000 
TIMES FOR MAXIMA -- TD= 3.4200 TV= 2.4900 TA= 3.4100 
TIMES FOR MAXIMA-- TD= 3.4300 TV= 3.6100 TA= 3.4200 
TIMES FOR MAXIMA -- TD= 3.4400 TV= 3.6100 TA= 3.4300 
TIMES FOR MAXIMA -- TD= 1.8100 TV= 3.6100 TA= 1.7500 
TIMES FOR MAXIMA -- TD= 1.4700 TV= 3.6100 TA= 1.8100 
TIMES FOR MAXIMA-- TD= 1.4700 TV= 3.6100 TA= 1.4600 
TIMES FOR MAXIMA -- TD= 1.4900 TV = 3.6 I 00 TA= 1.4700 
TIMES FOR MAXIMA -- TD= 6.4900 TV= 3.6200 TA= 6.4800 
TIMES FOR MAXIMA -- TD= 3.4700 TV= 4.2200 TA= 3.4700 
TIMES FOR MAXIMA -- TD= 4.0000 TV= 4.2200 TA= 3.9700 
TIMES FOR MAXIMA -- TD= 4.0100 TV= 4.2200 TA= 4.0000 
TIMES FOR MAXIMA -- TD= 4.0100 TV= 4.2900 TA= 4.0000 
TIMES FOR MAXIMA-- TD= 3.1200 TV= 4.2900 TA= 3.1100 
TIMESFORMAXIMA-- TD= 3.1200 TV= 3.9100 TA= 3.1100 
TIMES FOR MAXIMA-- TD= 3.1300 TV= 3.9100 TA= 3.1200 
TIMES FOR MAXIMA-- TD= 3.1500 TV= 3.9100 TA= 3.1200 
TIMESFORMAXIMA-- TD= 3.2000 TV= 3.9100 TA= 3.1800 
TIMES FOR MAXIMA -- TD= 3.2300 TV= 2.4900 TA= 3.2200 
TIMES FOR MAXIMA -- TD= 3.3000 TV= 2.4900 TA= 3.2900 
TIMES FOR MAXIMA-- TD= 3.3300 TV= 2.4900 TA= 3.3100 
TIMES FOR MAXIMA -- TD= 3.3500 TV= 2.4900 TA= 3.3300 
TIMES FOR MAXIMA -- TD= 3.3700 TV= 2.4900 TA= 3.3600 
TIMES FOR MAXIMA -- TD= 2.8400 TV = 2.4900 TA = 2.8200 
TIMES FOR MAXIMA -- TD= 2.8700 TV = 2.4900 TA= 2.8300 
TIMES FOR MAXIMA-- TD= 2.9000 TV= 2.4900 TA= 2.8600 
TIMES FOR MAXIMA -- TD= 2.9200 TV= 2.4900 TA= 2.8900 
TIMES FOR MAXIMA -- TD= 2.9200 TV= 2.4900 TA= 2.9100 
TIMES FOR MAXIMA -- TD= 2.9200 TV= 2.4900 TA= 2.9100 
TIMES FOR MAXIMA -- TD= 2.9300 TV= 2.4900 TA= 2.9100 
TIMES FOR MAXIMA -- TD= 2.9900 TV= 2.4900 TA= 2.3700 
T!MES FOR MAXIMA -- TD= 2.3900 TV = 2.4900 TA= 2.3700 
TIMES FOR MAXIMA -- TD= 5.9300 TV= 2.4900 TA= 5.9200 
TIMES FOR MAXIMA -- TD= 6.0000 TV= 2.4900 TA= 5.9900 
TIMES FOR MAXIMA -- TD= 6.0500 TV = 5. 7600 TA = 6.0400 
TIMES FOR MAXIMA -- TD= 5.3500 TV= 5.7600 TA= 5.3400 
TIMES FOR MAXIMA -- TD= 5.3600 TV= 5.7600 TA= 5.3400 
TIMES FOR MAXIMA -- TD= 5.3600 TV= 5.7600 TA= 5.3400 
TIMES FOR MAXIMA -- TD= 5.3600 TV= 5.7600 TA= 5.3400 
TIMES FOR MAXIMA -- TD= 8. 7 I 00 TV = 5. 7600 TA = 5.3400 
TIMES FOR MAXIMA -- TD= 8.8 I 00 TV = 5. 7600 TA = 7.6700 
TIMES FOR MAXIMA -- TD= 8.8900 TV = 5. 7600 TA = 8.8800 
TIMES FOR MAXIMA -- TD= 7 .8200 TV = 5. 7600 TA= 8.8800 
TIMES FOR MAX!MA -- TD= 7.8800 TV= 5.7600 TA= 7.7900 
T!MES FOR MAXIMA -- TD= 7.9100 TV= 5.7600 TA= 7.8800 
TIMES FOR MAXIMA-- TD= 8.0300 TV= 7.3100 TA= 8.0100 
TIMES FOR MAXIMA -- TD= 8.0600 TV= 7.6400 TA= 8.0200 
T!MES FOR MAXIMA -- TD= 6.9400 TV= 7.6400 TA= 6.8800 
TIMES FOR MAXIMA-- TD= 6.9400 TV= 7.6500 TA= 6.8800 
TIMES FOR MAXIMA -- TD= 7.0600 TV= 7.6500 TA= 6.9300 
TIMES FOR MAXIMA -- TD= 7. 1500 TV= 7.6500 TA= 7.0400 
TIMES FOR MAXIMA-- TD= 7.1900 TV= 5.3000 TA= 7.1400 
TIMES FOR MAXIMA -- TD= 7.2000 TV= 5.3000 TA= 7.1400 
TIMESFORMAXIMA-- TD=7.2100 TV=5.3000 TA=7.1800 
TIMESFORMAXIMA-- TD= 7.2100 TV= 5.3000 TA= 7.1800 
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PER=3.50 TIMES FOR MAXIMA-- TD= 7.2200 TV= 5.3000 TA= 7.1900 
PER= 3.60 TIMES FOR MAXIMA -- TD= 7.4500 TV= 5.3000 TA= 7.3800 
PER= 3.70 TIMES FOR MAXIMA -- TD= 7.4600 TV= 5.3000 TA= 7.3900 
PER= 3.80 TIMES FOR MAXIMA -- TD= 7.5000 TV= 5.3000 TA= 7.4400 
PER= 3.90 TIMES FOR MAXIMA-- TD= 7.5100 TV= 5.3000 TA= 7.4500 
PER= 4.00 TIMES FOR MAXIMA -- TD= 7.6200 TV= 5.3000 TA= 7.4500 
PER=4.10 TIMESFORMAXIMA-- TD= 6.1600 TV= 5.3000 TA= 6.0900 
PER=4.20 TIMESFORMAXIMA-- TD= 6.1600 TV= 5.3000 TA= 6.1400 
PER=4.30 TIMES FOR MAXIMA-- TD= 6.1700 TV= 5.3000 TA= 6.1500 
PER=4.40 TIMES FOR MAXIMA-- TD= 6.1900 TV= 5.3000 TA= 6.1500 
PER=4.50 TIMES FOR MAXIMA-- TD= 6.2000 TV= 5.3000 TA= 6.1500 
PER = 4.60 TIMES FOR MAXIMA -- TD = 6.2000 TV = 5.3000 TA= 6.1500 
PER= 4.70 TIMES FOR MAXIMA -- TD= 6.2000 TV= 5.3000 TA= 6.1500 
PER= 4.80 TIMES FOR MAXIMA-- TD= 6.3400 TV= 5.3000 TA= 6.1500 
PER=4.90 TIMESFORMAXIMA-- TD= 6.3400 TV= 5.3000 TA= 6.1500 
PER= 5.00 TIMES FOR MAXIMA -- TD= 6.3500 TV= 5.3000 TA= 6.3200 
PER= 5.10 TIMES FOR MAXIMA -- TD= 6.3500 TV= 5.3000 TA= 6.3200 
PER= 5.20 TIMES FOR MAXIMA -- TD= 6.3500 TV= 5.3000 TA= 6.3200 
PER= 5.40 TIMES FOR MAXIMA -- TD= 6.3500 TV= 5.3000 TA= 6.3200 
PER= 5.60 TIMES FOR MAXIMA -- TD= 6.5400 TV= 5.3000 TA= 6.3200 
PER= 5.80 TIMES FOR MAXIMA -- TD= 6.5500 TV= 5.3000 TA= 6.5000 
PER= 6.00 TIMES FOR MAXIMA -- TD= 6.5500 TV= 5.3000 TA= 6.5000 
PER= 6.20 TIMES FOR MAXIMA -- TD= 4.7700 TV= 5.3000 TA= 4.5200 
PER= 6.40 TIMES FOR MAXIMA-- TD= 4.7700 TV= 5.3000 TA= 4.7300 
PER= 6.60 TIMES FOR MAXIMA-- TD= 4.7700 TV= 5.3000 TA= 4.7300 
PER= 6.80 TIMES FOR MAXIMA-- TD= 4.7800 TV= 5.3000 TA= 4.7300 
PER= 7.00 TIMES FOR MAXIMA -- TD= 4.7800 TV= 5.3000 TA= 4.7300 
PER= 7.30 TIMES FOR MAXIMA -- TD= 4.7800 TV= 5.3000 TA= 4.7300 
PER= 7.60 TIMES FOR MAXIMA -- TD= 4.7800 TV= 2.4900 TA= 4.7300 
PER= 8.00 TIMES FOR MAXIMA -- TD= 4.7800 TV= 2.4900 TA= 4.7300 
PER= 8.50 TIMES FOR MAXIMA -- TD= 4.7800 TV= 2.4900 TA= 4.7300 
PER= 9.00 TIMES FOR MAXIMA-- TD= 4.7800 TV= 2.4900 TA= 4.7300 
PER= 9.50 TIMES FOR MAXIMA-- TD= 4.7800 TV= 2.4900 TA= 4.7300 
PER =10.00 TIMES FOR MAXIMA -- TD= 4.7800 TV= 2.4900 TA= 4.7300 
SPECTRAL VALUES--
(Acceleration of gravity used = 32.20) 

PSCS300E Crest Column DAMPING RATIO= 0.050 
NO. PERIOD REL. DISP. REL. VEL. PSU.REL.VEL. ABS. ACC. PSU.ABS.ACC. FREQ. 

I 0.01 0.00005 0.00136 0.02849 0.55850 0.55584 100.00 
2 0.02 0.00018 0.04499 0.05569 0.55907 0.54337 50.00 
3 0.03 0.00 I 00 0.17299 0.21036 1.35502 1.36825 33.33 
4 0.04 0.00178 0.23944 0.27972 1.41661 1.36454 25.00 
5 0.05 0.00238 0.31660 0.29913 1.19625 1.16738 20.00 
6 0.06 0.00324 0.37402 0.33931 1.11290 1.10350 16.67 
7 0.07 0.00410 0.42586 0.36768 1.00192 1.02494 14.29 
8 0.08 0.00662 0.49285 0.5 I 989 1.30592 1.26808 12.50 
9 0.09 O.QI058 0.74261 0.73891 1.61391 1.60203 11.11 
IO 0.10 0.00992 0.62974 0.62356 1.19459 1.21675 10.00 
11 0.1 I 0.00945 0.61752 0.53978 0.94469 0.95753 9.09 
12 0.12 0.00955 0.45760 0.49991 0.83422 0.81289 8.33 
13 0.13 0.00942 0.48076 0.45526 0.67574 0.68335 7.69 
14 0.14 0.01238 0.51781 0.55546 0.77129 0.77420 7.14 
15 0.15 0.01197 0.53788 0.50127 0.65502 0.65209 6.67 
16 0.16 0.01428 0.62039 0.56072 0.68796 0.68383 6.25 
17 0.17 0.0 I 6 I 9 0.69957 0.59823 0.69353 0.68666 5.88 
18 0.18 0.01573 0.57102 0.54919 0.60640 0.59536 5.56 
19 0.19 0.01745 0.63990 0.57695 0.59795 0.59253 5.26 
20 0.20 0.01613 0.56661 0.50682 0.50024 0.49448 5.00 
21 0.21 0.01674 0.60435 0.50091 0.46688 0.46544 4.76 
22 0.22 0.01774 0.54424 0.50670 0.46072 0.44942 4.55 
23 0.23 0.01530 0.47636 0.41797 0.35437 0.35460 4.35 
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24 0.24 0.01639 0.46797 0.42917 0.35591 0.34893 4.17 

25 0.25 0.01736 0.48 I 67 0.43619 0.34254 0.34046 4.00 

26 0.26 0.01916 0.51490 0.46302 0.35118 0.34750 3.85 
27 0.27 0.02110 0.53368 0.49104 0.35711 0.35488 3.70 
28 0.28 0.02280 0.53679 0.51153 0.35936 0.35648 3.57 

29 0.29 0.02363 0.56432 0.51192 0.34832 0.34445 3.45 

30 0.30 0.02424 0.55960 0.50764 0.33261 0.33018 3.33 

31 0.31 0.02969 0.62717 0.60171 0.38143 0.37875 3.23 

32 0.32 0.03087 0.64924 0.60610 0.37197 0.36959 3.13 

33 0.33 0.02956 0.62054 0.56290 0.33676 0.33284 3.03 
34 0.34 0.02988 0.59171 0.55227 0.32331 0.31695 2.94 

35 0.35 0.03145 0.58062 0.56451 0.32000 0.31472 2.86 

36 0.36 0.03369 0.56893 0.58806 0.32211 0.31875 2.78 

37 0.37 0.03527 0.58074 0.59894 0.31687 0.31587 2.70 

38 0.38 0.03518 0.57848 0.58166 0.30335 0.29868 2.63 

39 0.39 0.03387 0.62913 0.54565 0.27671 0.27301 2.56 

40 0.40 0.03589 0.68918 0.56383 0.27621 0.27505 2.50 

41 0.41 0.03816 0.69282 0.58485 0.27999 0.27835 2.44 

42 0.42 0.03860 0.65645 0.57750 0.26954 0.26830 2.38 

43 0.43 0.03804 0.60516 0.55578 0.25364 0.25221 2.33 

44 0.44 0.03681 0.59581 0.52568 0.23464 0.23313 2.27 

45 0.45 0.03653 0.60067 0.51004 0.22154 0.22117 2.22 

46 0.46 0.03729 0.59047 0.50937 0.21665 0.21607 2.17 

47 0.47 0.03606 0.57052 0.48207 0.20332 0.20014 2.13 

48 0.48 0.03349 0.54379 0.43835 0.18014 0.17820 2.08 
49 0.49 0.03413 0.51793 0.43769 0.17566 0.17430 2.04 

50 0.50 0.03500 0.52157 0.43985 0.17218 0.17165 2.00 

51 0.51 0.03473 0.49075 0.42793 0.16499 0.16373 1.96 
52 0.52 0.03363 0.45429 0.40638 0.15517 0.15249 1.92 

53 0.53 0.03853 0.46746 0.45674 0.17096 0.16816 1.89 
54 0.54 0.04389 0.51448 0.51070 0.18737 0.18454 1.85 

55 0.55 0.04926 0.55886 0.56278 0.20245 0.19966 1.82 

56 0.56 0.05415 0.59863 0.60760 0.21441 0.21172 1.79 

57 0.57 0.05848 0.62378 0.64468 0.22381 0.22070 1.75 

58 0.58 0.06184 0.63106 0.66986 0.22829 0.22536 1.72 

59 0.60 0.06544 0.70068 0.68529 0.22393 0.22287 1.67 

60 0.62 0.06573 0.79556 0.66617 0.21124 0.20966 1.61 

61 0.64 0.06527 0.83826 0.64083 0.19701 0.19538 1.56 

62 0.66 0.06037 0.83336 0.57472 0.17238 0.16992 1.52 

63 0.68 0.05937 0.78867 0.54857 0.15814 0.15742 1.47 

64 0.70 0.06308 0.71314 0.56623 0.15969 0.15784 1.43 

65 0.72 0.06124 0.63612 0.53441 0.14674 0.14483 1.39 

66 0.74 0.05637 0.58189 0.47867 0.12760 0.12622 1.35 
67 0.76 0.05182 0.52189 0.42839 0.11039 0.10999 1.32 

68 0.78 0.05224 0.48141 0.42084 0.10620 0.10528 1.28 

69 0.80 0.05347 0.46947 0.41997 0.10299 0.10244 1.25 

70 0.82 0.05454 0.48106 0.41789 0.09999 0.09944 1.22 

71 0.84 0.05857 0.50396 0.43810 0.10258 0.10177 I.I 9 
72 0.86 0.06521 0.56033 0.47640 0. 10880 0.10809 1.16 

73 0.88 0.07540 0.63272 0.53836 0.11994 0.11938 1.14 

74 0.90 0.08642 0.69483 0.60330 0.13206 0.13080 I.I I 
75 0.92 0.09546 0.73421 0.65194 0.14025 0.13828 1.09 

76 0.94 0.10261 0.79469 0.68589 0.14302 0.14238 1.06 

77 0.96 0.11124 0.85758 0.72810 0.14917 0.14799 1.04 

78 0.98 0.11832 0.92962 0.75859 0.15264 0. 15105 1.02 

79 1.00 0.12378 0.97242 0.77774 0.15296 0.15176 1.00 

80 1.05 0.13543 0.94462 0.81038 0.15223 0.15060 0.95 
81 1. 10 0.13936 0.91425 0.79602 0.14229 0.14121 0.91 
82 1.15 0. I 3942 0.92776 0.76173 0.12990 0.12925 0.87 

83 1.20 0.13742 0.91717 0.71955 0.11796 0.11700 0.83 

(_ 84 1.25 0.13052 0.89112 0.65605 0.10342 0.10241 0.80 
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·( 85 1.30 0.12014 0.85653 0.58064 0.08786 0.08715 0.77 

86 1.35 0.11483 0.81840 0.53443 0.07843 0.07725 0.74 

87 1.40 0.11078 0.78000 0.49719 0.06994 0.06930 0.71 

88 1.45 0.10667 0.74332 0.46222 0.06255 0.06220 0.69 

89 1.50 0.10247 0.70939 0.42921 0.05627 0.05583 0.67 

90 1.55 0.09800 0.67864 0.39727 0.05054 0.05001 0.65 

91 1.60 0.09315 0.65110 0.36578 0.04533 0.04461 0.63 

92 1.65 0.08827 0.62659 0.33614 0.04056 0.03975 0.61 

93 1.70 0.08406 0.60485 0.31070 0.03642 0.03566 0.59 

94 1.75 0.08232 0.58554 0.29557 0.03416 0.03296 0.57 

95 1.80 0.08511 0.56835 0.29710 0.03252 0.03221 0.56 

96 1.85 0.09046 0.55299 0.30724 0.03299 0.03241 0.54 

97 1.90 0.09369 0.55264 0.30982 0.03228 0.03182 0.53 

98 1.95 0.09719 0.57669 0.31317 0.03199 0.03134 0.51 

99 2.00 0.10618 0.59049 0.33357 0.03334 0.03254 0.50 

100 2.05 0.11329 0.59503 0.34724 0.03395 0.03305 0.49 

101 2.10 0.11848 0.59178 0.35449 0.03395 0.03294 0.48 

102 2.15 0.12507 0.58239 0.36551 0.03345 0.03317 0.47 

103 2.20 0.13231 0.56849 0.37788 0.03396 0.03352 0.45 

104 2.25 0.14127 0.55156 0.39451 0.03461 0.03421 0.44 

105 2.30 0.14555 0.53286 0.39762 0.03432 0.03373 0.43 

106 2.35 0.15032 0.51341 0.40191 0.03358 0.03337 0.43 

107 2.40 0.15378 0.49399 0.40260 0.03307 0.03273 0.42 

108 2.50 0.16045 0.47493 0.40326 0.03175 0.03148 0.40 

109 2.60 0.16086 0.46775 0.38874 0.02958 0.02918 0.38 

110 2.70 0.16244 0.48295 0.37802 0.02799 0.02732 0.37 

II I 2.80 0. 16553 0.48384 0.37144 0.02643 0.02589 0.36 

112 2.90 0. 16738 0.47446 0.36265 0.02483 0.02440 0.34 

I 13 3.00 0.17264 0.45662 0.36159 0.02380 0.02352 0.33 
114 3.10 0.1781 I 0.44595 0.36099 0.02309 0.02272 0.32 

(- I 15 3.20 0.18202 0.45345 0.35740 0.02213 0.02179 0.31 

116 3.30 0.18346 0.46135 0.3493 I 0.02109 0.02065 0.30 

117 3.40 0.18236 0.46940 0.33701 0.01986 0.01934 0.29 

118 3.50 0.17866 0.47735 0.32073 0.01848 0.01788 0.29 

I 19 3.60 0.17795 0.48496 0.31058 0.01717 0.01683 0.28 

120 3.70 0.17716 0.49200 0.30084 0.01615 0.01587 0.27 

121 3.80 0.17389 0.49830 0.28752 0.01510 0.01476 0.26 

122 3.90 0.16892 0.50375 0.27215 0.01394 0.01362 0.26 

123 4.00 0.16257 0.50827 0.25536 0.01270 0.01246 0.25 

124 4.10 0. 16720 0.51183 0.25624 0.01240 0.01220 0.24 

125 4.20 0.17130 0.51442 0.25627 0.01215 0.01191 0.24 

126 4.30 0.17439 0.51608 0.25482 0.01 I 86 0.01156 0.23 

127 4.40 0.17660 0.51685 0.25219 0.01151 0.01 I 18 0.23 

128 4.50 0.17784 0.51679 0.24832 0.011 I I 0.01077 0.22 

129 4.60 0.17820 0.51597 0.24340 0.01069 0.01033 0.22 

130 4.70 0.17762 0.51446 0.23745 0.01023 0.00986 0.21 

131 4.80 0.17619 0.51234 0.23064 0.00976 0.00938 0.21 

132 4.90 0. I 7586 0.50969 0.22550 0.00929 0.00898 0.20 

133 5.00 0.17475 0.50658 0.21959 0.00889 0.00857 0.20 

134 5.10 0.17300 0.50308 0.21314 0.00850 0.00815 0.20 

135 5.20 0.17062 0.49924 0.20616 0.00810 0.00774 0.19 

136 5.40 0.16427 0.49084 0.19114 0.0073 I 0.00691 0.19 

137 5.60 0.15767 0.48179 0.17690 0.00653 0.00616 0.18 

138 5.80 0.15136 0.47242 0. I 6397 0.00581 0.00552 0.17 

139 6.00 0.14395 0.46299 0.15074 0.0052 I 0.00490 0.17 

140 6.20 0.14150 0.45370 0.14340 0.00485 0.0045 I 0.16 

141 6.40 0.14276 0.44470 0.14015 0.00459 0.00427 0.16 

142 6.60 0.14344 0.43607 0.13655 0.00436 0.00404 0.15 

143 6.80 0.14364 0.42789 0. 13273 0.00413 0.00381 0.15 

144 7.00 0.14346 0.42018 0.12877 0.00392 0.00359 0.14 

145 7.30 0.14249 0.40956 0. 12264 0.00361 0.00328 0.14 
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146 7.60 0.14087 0.40837 0.11646 0.00332 0.00299 
147 8.00 0.13798 0.41060 0.10837 0.00297 0.00264 
148 8.50 0.13357 0.41312 0.09873 0.00259 0.00227 
149 9.00 0.12865 0.41537 0.08981 0.00226 0.00195 
150 9.50 0.12352 0.41738 0.08169 0.00198 0.00168 
151 10.00 0.11835 0.41917 0.07436 0.00175 0.00145 
152 I 0.50 0.00000 0.00000 0.00000 0.00000 0.00000 

VALUES IN PERIOD RANGE .1 TO 2.5 SEC. 
AREA OF ACC. RESPONSE SPECTRUM = 0.331 
AREA OF VEL. RESPONSE SPECTRUM = 1.567 
MAX. ACCELERATION RESPONSE VALUE= 1.195 
MAX. VELOCITY RESPONSE VALUE= 0.972 

*** End of Output File No. 1 *** 
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Layer 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
17 

Notes: 

Depth to i Total Unit 
1 Middle of i Weight 

Layer 
(ft) 

2l 
- I 

5.5 j 
8.5 I 

1f5 I 
14.5 I 

fis:
1 20.5, 

23,5 l 
26.5_[ 

30 I 
_3~.s1 
36.5 
39.5 
42.5 
45.5 
48.5 

Base 
6uicrop 

(kc!) ... 
.13 
.13 
.13 I 

: 1 :i 
.H_ 
,14 
.14 
.14-
.14 
.14 

. 135 

.135 

.135 

.135 
·:135 
.135 

Damping 
Used 

(o/o) 
2.9 

5 
ii:4 
6.2 
?-2 

10.1 
10.7 

13 
12.9 
13.7 
17.2 
17.1 
14.9 
11,9 
6.9 
6.9 

Period for Soil Column: .31 sec 

PCSC300M Crest Column 
Williamson - Pond Creek South Cell• Surf. El. 502, GWT 1411., Fines El. 496 

M6.9 Loma Prieta, CA PEER Record @11km Scaled to 0.54g 

Shear. ·1 ·· Maximum Maximum Shear W8.l/e ., ... 
Modulus Shear Strain Shear Stress Velocity 

(ks!) 
2930.6 
2573.9 
2332.2 
3325.9 
2281.9 
1593.9 
1600.6 
923.9 

1038: 1 
892 
406 
412 

I 

699.1 
1327.4 
3820.1 , 
3776.5 [ 

(%) 
.00792 

.025 
.04267 
.04006 
:07402 
.12834 

- -.14858 
.29079 
.28336 
.35757 I 

· · :8204s t 
.80875 I 
.46907 I 
.24441 : 
.08596 ( 
.08675 i 

! 

I 

(psi) 
232.15 
643.55 
995.07 

1332.~1 
1688.99 
~045.62 
2378.17 
2686.52 

-2941.63 
3189.67 

3330.7 
3332.28 
3279.36 
3244.31 
3283.76 
3275.96 

(!ps) 
851.9901 
1~Hss1 
7?9,Q-14? 
907.6342 

. 724.4564 

~g~:;i~~+ 
0

460.974 
488.63:iil" 
452.9459 
311.1889. 

. 3fa:4799" 
408.3482 
562.6806 
954.5494 
949.0865 

Deptli°to
Top of 
Layer 

(ft) 
0 
4 
7 

. . Peak° - ·1 · G/.Gmax c. urve [ Damp.·ing curve 
Acceleration 

. jg) ___ . . . - - . ···- ---- . - . --
.87811 Coarse Coarse 

ii!!_-~ -~- :---§~:ii:-=-j --8~!~H- -10 
13 

. ;~ ! 

22 -• -25 1• 

28 
32 
35 
38 
<ii 
44 
47 
50 ··5ct· · 

.84551 Coarse Coarse 

.82977 - coarse· - --. - coarse - -

.80559 Coarse Coarse 
.7816 Coarse Coiirs9 

.74268- - coarse c-c.iarse 

.69783 · coarse- - · ···· coarse· 

.61347 -· .. Resfdual .. Residual 

.5021 !f .. - . Resiifuiii" . Residual 

.43122 Residual· -, Residual 

.56765 Residual · AeSidua.1 

.51826 Reslduai . -- ·Residual 

.so55g· . -ReSidUar··· ------ --- A8Sidual 

::~f~; ----- . . ___ J ___ . -- - .. -

Average Shear Wave Velocity for Soil Column: 636 ft/sec 
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Source File: C:\SHAKE2000\Quakes\USGS 2% in 50 years\LomaP.G01000 AT2.txt 
o.5,~-----------~-----------~-------------1-------------1 
0.4 ' 

0.3 I 
0.2- i 1 

1 • ,,, I : ·, 

0.1 11'•·1• 1 li'l•.1 · ' 
0 0 ·-·•il~·~l,1~_:'N11~\~. '.1;,I\J;Jr~_·1·.!fl!i\, :1 1~1 ,,l,;1,l~,;-1,,~.1~'<'i ,1 'li~-11;\\i'I'•·" '· , .. · - r111.11l~; 1 r't 11, ,1::i/1.' · ·' ''1:1.1'1i1 ' 1 • 1·, ·•,, · ' ' • 

-0.1 1 I; i 1 • ,( ·i • 
-0.2· ., 1 I I 

•"··\r,\. ~ --•• 

-0.3 
-0.4~-----------~-----------~-----------~-------------1-
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1.5 

1.0 

0.5 

o.o 1 • i 

-0.5 
0 10 20 30 40 

0.20.-----------~-----------~-----------t------------j 
0.15-
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-0.05· 
-0.10·• 
-0.15· 
-0.20 

~ 

-0.25-'-----------~----------~-----------------------+ 
0 10 20 30 40 

Time (sec) 
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C: 
0 

:;:::; 
ro .... 
(l) 
-a; 
0 
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ro ,_ -0 
(I) 
0. 

Cl) 

ro -C: 
0 
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0 
:c 

3.0 
I 

2.5 

2.0-

1.5-

1.0-

0.5-1 

0.0 
0.001 
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PCSC300M Crest Column - MG.9 Loma Prieta, CA PEER Record @11 km 

.. 
,r 4 Toro et. al. (1997) for 
:■ Mid-Continent of NA- Rock -• •• Mw: 6.9- R: 11 km 

•• 
I 
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■ ■ 

1-
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■ • 
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■ 
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PCSC300M Crest Colu1nn - M6.9 Loma Prieta, CA PEER Record @11km 
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PCSC300M-Ib.out 
*********************************************************** 
* SHAKE: PROGRAM FOR EARTHQUAKE RESPONSE ANAL. HORIZONTAL* 
* LAYERED SITES by Per Schnable & John Lysmer - 1970 * 
•----------------* 
* SHAKE85: IBM PC SHAKE VERSION S.S.(Willie) Lai.Jan 1985 * 
·----------------· 
* SHAKE88 :New modulus reduction curves for clays added * 
• using results from Sun et al (1988) by J. I. Sun * 
* & Ramin Golesorkhi February 26, 1988 * 
* ---------------· 
* SHAKE90/91: Adjust last iteration; Input now is either * 
* Gmax or max Vs; up to 13 materials can be specified* 
* by user; up to 50 Layers can be specified; object * 
* motion can be read in from a separate file and can * 
* user specified format; Different periods for res- * 
* ponse spectral calculations;options are renumbered;* 
* and general cleanup by: J. I. Sun, I. M. Idriss & * 
* P.DirrimJunel990-Februaryl991 * 
•---------------* 
* SHAKE91: General cleanup and finalization of input out-* 
* output format ... etc by: I. M. Idriss Dec. 1991 * 
·---------------* 
* SHAKE2000: Fix the incorrect output of Tot. Stress in * 
* Option 2. Changed path of ground motion file in * 
* SHAKE91. Control file to input file names. Modified * 
* by Jerald M. La Vassar & Gustavo A. Ordonez (March 2003) * 
* RUNDATE 1/17/2008 * 
* RUN TIME 11:27 * 
*********************************************************** 
MAX. NUMBER OF TERMS IN FOURIER TRANSFORM; 32768 
NECESSARY LENGTH OF BLANK COMMON X ; 204819 

I****** OPTION I *** READ RELATION BETWEEN SOIL PROPERTIES AND STRAIN 

********************** 
MATERIAL TYPE NO. I 

********************** 
CURVE NO. 1: Coarse 
CURVE NO. 2: Coarse 

G/Gmax - Gravel (Mean) - RoBins et al. JGGE 
Damping for Gravel (Mean) - Rollins et al. J 

CURVE NO. I CURVE NO. 2 

STRAIN G/GMAX STRAIN DAMPING 
-------- -------
0.0001 1.000 0.0001 0.90 
0.0002 0.995 0.0003 I.II 
0.0005 0.980 0.0006 1.30 
0.0008 0.970 0.0010 1.50 
0.0010 0.960 0.0020 1.91 
0.0020 0.930 0.0030 2.24 
0.0030 0.905 0.0040 2.54 
0.0040 0.880 0.0060 3.05 
0.0070 0.8IO 0.0080 3.50 
0.0!00 0.755 0.0100 3.89 
0.0200 0.630 0.0200 5.45 
0.0700 0.390 0.0300 6.61 
0.!000 0.325 0.0500 8.28 
0.2000 0.205 0.1000 10.79 
0.3000 0.150 0.2000 13.23 
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0.4000 0.115 0.3000 14.47 
0.5000 0.095 0.4000 15.24 
0.6000 0.080 0.6000 16.14 
0.8000 0.070 0.8000 16.66 
1.0000 0.050 1.0000 17.01 

********************** 
MATERIAL TYPE NO. 2 

********************** 

CURVE NO. 3: Fine Refuse Moduli for Fine Refuse (Ellison & Cho, 1976) 
CURVE NO. 4: Fine Refuse Damping Values for Fine Refuse (Ellison & Ch 

CURVENO.3 CURVENO.4 

STRAIN G/GMAX STRAIN DAMPING 

-------- ------- -------- --------
0.0001 1.000 0.0001 0.75 
0.0004 1.000 0.0004 0.65 
0.0010 0.995 0.0010 0.70 
0.0020 0.992 0.0020 0.80 
0.0040 0.989 0.0040 0.90 
0.0060 0.981 0.0060 1.10 
0.0080 0.965 0.0080 1.30 
0.0100 0.955 0.0100 1.40 
0.0200 0.905 0.0200 2.00 
0.0400 0.828 0.0400 3.10 
0.0600 0.750 0.0600 4.00 
0.0800 0.670 0.0800 5.20 
0.1000 0.610 0.1000 6.00 
0.2000 0.610 0.2000 6.00 

********************** 
MATERIAL TYPE NO. 3 

********************** 

CURVE NO. 5: Residual G/Gmax Pl=l5% - Effective Confining Pressure 
CURVE NO. 6: Residual Damping PI=I5%- Effective Confining Pressur 

CURVENO.5 CURVE NO. 6 
===--====--== 
STRAIN G/GMAX STRAIN DAMPING 

-------- ------- -------- --------
0.0000 1.000 0.0000 0.67 
0.0000 1.000 0.0000 0.67 
0.0000 0.999 0.0000 0.68 
0.0001 0.998 0.0001 0.68 
0.0002 0.996 0.0002 0.70 
0.0005 0.991 0.0005 0.75 
0.0010 0.983 0.0010 0.83 
0.0022 0.965 0.0022 1.02 
0.0048 0.931 0.0048 1.43 
0.0100 0.873 0.0100 2.17 
0.0220 0.770 0.0220 3.68 
0.0484 0.618 0.0484 6.24 
0.1000 0.454 0.1000 9.48 
0.2200 0.287 0.2200 13.40 
0.4840 0.163 0.4840 16.87 
1.0000 0.091 1.0000 19.16 
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********************** 
MATERIAL TYPE NO. 4 

********************** 

CURVE NO. 7: Rock 
CURVE NO. 8: Rock 

G/Gmax - ROCK (Schnabel 1973) 
Damping for ROCK (Schnabel 1973) 

CURVE NO. 7 CURVE NO. 8 

STRAIN G/GMAX STRAIN DAMPING 
-------- ------- -------- --------
0.0001 1.000 0.0001 0.40 
0.0003 1.000 0.0010 0.80 
0.0010 0.990 0.0100 1.50 
0.0030 0.950 0.1000 3.00 
0.0100 0.900 1.0000 4.60 
0.0300 0.810 0.0000 0.00 
0.1000 0.725 0.0000 0.00 
1.0000 0.550 0.0000 0.00 

1 ****** OPTION 2 *** READ SOIL PROFILE 
NEW SOIL PROFILE NO. 1 IDENTIF!CA TION PCSC300M Crest Column 
NUMBER OF LAYERS 17 DEPTH TO BEDROCK 50.00 

NO. TYPE THICKNESS DEPTH TOTAL PRESS. MODULUS DAMPING UNIT WT. SHEAR VEL 
(Ff) (Ff) (KSF) (KSF) (KCF) (FPS) 

I 1 4.0000 2.0000 0.26 3454. 0.050 0.130 924.9 
2 I 3.0000 5.5000 0.71 3856. 0.050 0.130 977.3 
3 I 3.0000 8.5000. I.I I 4110. 0.050 0.130 1009.0 
4 1 3.0000 11.5000 1.50 5739. 0.050 0.130 1192.3 
5 I 3.0000 14.5000 1.90 4941. 0.050 0.140 1066.0 
6 I 3.0000 17.5000 2.32 4453. 0.050 0.140 1012.0 
7 I 3.0000 20.5000 2.74 4832. 0.050 0.140 1054.2 
8 I 3.0000 23.5000 3.16 4269. 0.050 0.140 990.9 
9 I 3.0000 26.5000 3.58 4713. 0.050 0.140 1041.l 
10 I 4.0000 30.0000 4.07 4808. 0.050 0.140 1051.6 
11 3 3.0000 33.5000 4.55 2635. 0.050 0. 135 792.8 
12 3 3.0000 36.5000 4.96 2661. 0.050 0.135 796.7 
13 3 3.0000 39.5000 5.36 2998. 0.050 0.135 845.6 
14 3 3.0000 42.5000 5.77 3763. 0.050 0.135 947.4 
15 3 3.0000 45.5000 6.17 6529. 0.050 0.135 1247.9 
16 3 3.0000 48.5000 6.58 6476. 0.050 0.135 1242.8 
17 BASE 74534. 0.050 0. I 50 4000.0 

PERIOD= 0.20 FROM AVERAGE SHEAR VEL. = I 011. 

FREQUENCY AMPLITUDE 
MAXIMUM AMPLIFICATION= 12.34 
FOR FREQUENCY = 4.85 C/SEC. 

PERIOD = 0.21 SEC. 

I****** OPTION 3 *** READ INPUT MOTION 

FILE NAME FOR INPUT MOTION= C:\SHAKE2000\Quakes\USGS 2% in 50 years\LomaP.eq 
NO. OF INPUT ACC. POINTS = 7986 

NO. OF POINTS USED IN FFT = I 6384 
NO. OF HEADING LINES = 8 

NO. OF POINTS PER LINE= 6 
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TIME STEP FOR INPUT MOTION = 0.0050 

FORMAT FOR TIME HISTORY= (6Fl5.8) 

*****HEADER***** 
Source File: C:\SHAKE2000\Quakes\USGS 2% in 50 years\LornaP.G01000_AT2.txt 
SHAKE2000 Conversion: 7986 .005 8 6 15 (6Fl5. 
Acceleration Units: (g's) - No. Values: 7986 - Time Step: .005 (secs) 
Data Format: (6Fl5.8)- No. Header Lines: 8 
PEER STRONG MOTION DATABASE RECORD. PROCESSING BY PACIFIC ENGINEERING. 
LOMA PRIETA 10/18/89 00:05, GILROY ARRAY #I, 000 (CDMG STATION 47379) 
ACCELERATION TIME HISTORY IN UNITS OF G. FILTER POINTS: HP=0.2 Hz LP=50.0 Hz 
NPTS= 7989, DT= .00500 SEC 
** FIRST AND LAST 5 LINES OF INPUT MOTION ***** 

1 0.005126 0.005640 0.002756-0.001308-0.000650-0.000681 
2 -0.0007 54-0.000848-0.000917-0.000943-0.000964-0.00 I 005 
3 -0.00!043-0.001062-0.001089-0.00I 142-0.001196-0.001236 
4 -0.001261-0.00l 274-0.001273-0.001242-0.001152-0.001012 
5 -0.000888-0.00080 l -0.000713-0.000637-0.000622-0.000652 

............ INPUT MOTION READ NOT ECHOED ......... .. 
1327 -0.000097-0.000099-0.000100-0.000101-0.000102-0.000103 
1328 -0.000105-0.000106-0.000107-0.000108-0.000109-0.0001 IO 
1329 -0.00011l-0.000112-0.000113-0.000114-0.000115-0.000116 
1330 -0.000117-0.000118-0.000119-0.000120-0.000121-0.000122 
1331 -0.000123-0.000124-0.000125-0.000126-0.000127-0.000128 

MAXIMUM ACCELERATION= 0.41088 
AT TIME = 3.42 SEC 
THE VALUES WILL BE MULTIPLIED BY A FACTOR= 1.314 
TO GIVE NEW MAXIMUM ACCELERATION = 0.54000 
MEAN SQUARE FREQUENCY= 5.52 C/SEC. 
MAX ACCELERATION= 0.53173 FOR FREQUENCIES REMOVED ABOVE 40.00 C/SEC. 
I****** OPTION 4 *** READ WHERE OBJECT MOTION IS GIVEN 
OBJECT MOTION IN LA YER NUMBER 17 OUTCROPPING 

!****** OPTION 5 *** OBTAIN STRAIN COMPATIBLE SOIL PROPERTIES 
MAXIMUM NUMBER OF ITERATIONS = I 0 
FACTOR FOR UNIFORM STRAIN IN TIME DOMAIN = 0.65 

EARTHQUAKE - C:ISHAKE2000\Quakes\USGS 2% in 50 years\LomaP.eq 
SOIL PROFILE - PCSC300M Crest Column 

ITERATION NUMBER 1 

VALUES IN TIME DOMAIN 

NO TYPE DEPTH UNIFRM. <---- DAMPING----> <---- SHEAR MODULUS-----> G/Go 

I I 
2 1 
3 I 
4 I 
5 I 
6 I 
7 1 
8 I 
9 I 
10 I 
11 3 

(FT) STRAIN NEW USED ERROR NEW USED ERROR RATIO 

2.0 0.00564 0.030 0.050 
5.5 0.01387 0.046 0.050 
8.5 0.02004 0.055 0.050 
I 1.5 0.0 I 929 0.054 0.050 
14.5 0.02822 0.064 0.050 
17.5 0.03765 0.074 0.050 
20.5 0.04005 0.076 0.050 
23.5 0.05070 0.083 0.050 
26.5 0.05013 0.083 0.050 
30.0 0.05330 0.085 0.050 
33.5 0.10337 0.096 0.050 

-68.2 2890.9 3454.0 -19.5 1.000 
-8.1 2683.6 3856.0 -43.7 1.000 
8.4 2587.7 4110.0 -58.8 1.000 
6.9 3653.0 5739.0 -57.1 1.000 

22.3 2786.9 4941.0 -77.3 1.000 
32.0 2265.6 4453.0 -96.5 1.000 
33.8 2401.4 4832.0 -101.2 1.000 
40.0 1928.8 4269.0 -121.3 1.000 
39.7 2139.5 4713.0 -120.3 1.000 
41.3 2126.2 4808.0 -126.1 1.000 
48.2 1177.8 2635.0 -123.7 1.000 
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12 3 36.5 0.10650 0.098 0.050 
13 3 39.5 0.09785 0.094 0.050 
14 3 42.5 0.08030 0.085 0.050 
15 3 45.5 0.04738 0.062 0.050 
I 6 3 48.5 0.04902 0.063 0.050 

I 

PCSC300M-1 b.out 
49.0 1172.6 2661.0 -126.9 1.000 
46.7 1375.8 2998.0 -117.9 1.000 
41.2 1895.0 3763.0 -98.6 1.000 
18.9 4061.6 6529.0 -60.7 1.000 
20.5 3983.6 6476.0 -62.6 1.000 

EARTHQUAKE - C:\SHAKE2000\Quakes\USGS 2% in 50 years\LomaP.eq 
SOIL PROFILE - PCSC300M Crest Column 

ITERATION NUMBER 2 

VALUES IN TIME DOMAIN 

NO TYPE DEPTH UNIFRM. <---- DAMPING ----> <---- SHEAR MODULUS -----> G/Go 
(FT) STRAIN NEW USED ERROR NEW USED ERROR RATIO 

I I 2.0 0.00590 0.030 0.030 
2 1 5.5 0.01732 0.051 0.046 
3 I 8.5 0.02777 0.064 0.055 
4 I 11.5 0.02651 0.063 0.054 
5 1 14.5 0.04412 0.079 0.064 
6 I 17.5 0.06609 0.093 0.074 
7 I 20.5 0.073 I 8 0.097 0.076 
8 I 23.5 0.10458 0. !09 0.083 
9 I 26.5 0.10599 0.1 IO 0.083 
IO I 30.00.120030.114 0.085 
I I 3 33.5 0.23995 0.138 0.096 
12 3 36.5 0.25725 0.141 0.098 
13 3 39.5 0.23094 0.136 0.094 
14 3 42.50.174370.122 0.085 
15 3 45.5 0.08367 0.087 0.062 
I 6 3 48.5 0.08815 0.089 0.063 

I 

1.9 2871.5 2890.9 -0.7 0.837 
9.7 2529.5 2683.6 -6.1 0.696 
14.6 2331.0 2587.7 -I 1.0 0.630 
14.2 3305.8 3653.0 -10.5 0.637 
18.2 2363.9 2786.9 -17.9 0.564 
20.9 1785.7 2265.6 -26.9 0.509 
21.8 1845.3 2401.4 -30.1 0.497 
23.9 I 354.3 1928.8 -42.4 0.452 
24.6 1484.3 2139.5 -44.1 0.454 
25.6 14!0.6 2126.2 -50.7 0.442 
30.0 720.3 1177.8 -63.5 0.447 
30.5 698.3 1172.6 -67.9 0.441 
31.1 837.6 1375.8 -64.3 0.459 
30.6 1265.2 1895.0 -49.8 0.504 
29.0 3227 .2 4061.6 -25.9 0.622 
29.4 3124.6 3983.6 -27.5 0.615 

EARTHQUAKE - C:ISHAKE2000\Quakes\USGS 2% in 50 years\LomaP.eq 
SOIL PROFILE - PCSC300M Crest Column 

!TERA TION NUMBER 3 

VALUES IN TIME DOMAIN 

NO TYPE DEPTH UNIFRM. <----DAMPING----> <---- SHEAR MODULUS-----> G/Go 
(FT) STRAIN NEW USED ERROR NEW USED ERROR RATIO 

I I 2.0 0.00587 0.030 0.030 
2 I 5.5 0.01856 0.053 0.051 
3 I 8.5 0.03133 0.068 0.064 
4 I I 1.5 0.02978 0.066 0.063 
5 I 14.5 0.053 I 9 0.085 0.079 
6 I 17 .5 0.08607 0. I 02 0.093 
7 I 20.5 0.09759 0. !07 0.097 
8 I 23.50.152020.123 0.109 
9 I 26.50.154400.123 0.110 
IO I 30.00.180070.129 0.114 
I I 3 33.5 0.38412 0.159 0.138 
12 3 36.5 0.41343 0.162 0.141 
13 3 39.5 0.35298 0.155 0.136 
14 3 42.5 0.23683 0.137 0.122 
15 3 45.5 0.09394 0.092 0.087 
I 6 3 48.5 0.09792 0.094 0.089 

I 

-0.2 2873.9 2871.5 0.1 0.831 
3.0 2481.3 2529.5 -1.9 0.656 
5.4 2235.8 2331.0 -4.3 0.567 
5.0 3178.0 3305.8 -4.0 0.576 
7.4 2186.9 2363.9 -8.1 0.478 
9.3 1569.0 1785.7 -13.8 0.401 
9.7 1591.9 1845.3 -15.9 0.382 
10.7 1077.9 1354.3 -25.6 0.317 
10.7 I 177.3 1484.3 -26.1 0.315 
1 I.I 1073.0 1410.6 -31.5 0.293 
13.0 525.3 720.3 -37.1 0.273 
12.9 499.7 698.3 -39.7 0.262 
12.0 637.5 837.6 -31.4 0.279 
I 0.8 1036.3 I 265.2 -22.1 0.336 
5.6 3056.4 3227.2 -5.6 0.494 
5.0 2970.9 3124.6 -5.2 0.482 

EARTHQUAKE - C:\SHAKE2000\Quakes\USGS 2% in 50 years\LomaP.eq 
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SOIL PROFILE - PCSC300M Crest Column 

ITERATION NUMBER 4 

VALUES IN TIME DOMAIN 

PCSC300M-1 b.out 

NO TYPE DEPTH UNIFRM. <---- DAMPING----> <---- SHEAR MODULUS-----> 
(FT) STRAIN NEW USED ERROR NEW USED ERROR RATIO 

--- ---- ---- -------- ----- ------ ------ ------- ------ ------ -----

I 

I I 2.0 0.00543 0.029 0.030 -3.3 2907.1 2873.9 1.1 0.832 
2 I 5.5 0.01747 0.051 0.053 -2.6 2523.3 2481.3 1.7 0.643 
3 I 8.5 0.03004 0.066 0.068 -2.1 2269.0 2235.8 1.5 0.544 
4 I I 1.5 0.02839 0.065 0.066 -2.1 3230.3 3 I 78.0 1.6 0.554 
5 I 14.5 0.05244 0.085 0.085 -0.6 2200.4 2186.9 0.6 0.443 
6 I 17.5 0.08875 0.104 0.102 I. I 1544.0 1569.0 -1.6 0.352 
7 I 20.5 0.101540.108 0.107 1.3 1557.6 1591.9 -2.2 0.329 
8 I 23.5 0. 17016 0.127 0.123 3.1 994.6 1077.9 -8.4 0.252 
9 I 26.50.171340.127 0.123 2.9 1092.4 I 177.3 -7.8 0.250 
JO I 30.0 0.20582 0.133 0.129 3.4 966.9 1073.0 -11.0 0.223 
11 3 33.5 0.44716 0.165 0.159 4.0 462.3 525.3 -13.6 0.199 
12 3 36.5 0.47875 0.168 0.162 3.8 438.3 499.7 -14.0 0.188 
13 3 39.5 0.37345 0.157 0.155 1.6 610.9 637.5 -4.3 0.213 
14 3 42.5 0.22666 0.135 0.137 -1.4 1062.3 1036.3 2.4 0.275 
15 3 45.5 0.077 IO 0.083 0.092 -10.6 3347.9 3056.4 8.7 0.468 
16 3 48.5 0.07874 0.084 0.094 -1 1.6 3290.0 2970.9 9.7 0.459 

EARTHQUAKE - C:\SHAKE2000\Quakes\USGS 2% in 50 years\LomaP.eq 
SOIL PROFILE - PCSC300M Crest Column 

ITERATION NUMBER 5 

VALUES IN TIME DOMAIN 

NO TYPE DEPTH UNIFRM. <---- DAMPING----> <---- SHEAR MODULUS-----> 
(FT) STRAIN NEW USED ERROR NEW USED ERROR RATIO 

--- ---- ---- -------- ----- ------ ------ ------- ------ ------ -----

I 

I I 2.0 0.00519 0.029 0.029 -2.0 2926.9 2907.1 0.7 0.842 
2 I 5.5 0.01659 0.050 0.051 -2.3 2559.J 2523.3 1.4 0.654 
3 I 8.5 0.02855 0.065 0.066 -2.3 2309.0 2269.0 1.7 0.552 
4 I I 1.5 0.02686 0.063 0.065 -2.5 3291.2 3230.3 1.9 0.563 
5 I 14.5 0.05002 0.083 0.085 -2.1 2245.1 2200.4 2.0 0.445 
6 I 17.5 0.08633 0.103 0.104 -1.0 1566.6 1544.0 1.4 0.347 
7 I 20.5 0.09947 0.108 0.108 -0.7 1575.1 1557.6 1.1 0.322 
8 I 23.5 0.17592 0.128 0.127 0.9 970.0 994.6 -2.5 0.233 
9 I 26.5 0.17582 0.128 0.127 0.7 1071.3 1092.4 -2.0 0.232 
10 I 30.00.21609 0.135 0.133 I. I 935.2 966.9 -3.4 0.201 
II 3 33.5 0.47499 0.168 0.165 1.6 437.3 462.3 -5.7 0.175 
12 3 36.5 0.50503 0. I 70 0. I 68 I. I 422.5 438.3 -3.7 0.165 
13 3 39.5 0.35695 0.155 0.157 -1.3 632.2 610.9 3.4 0.204 
14 3 42.5 0.20113 0.130 0.135 -4.5 I 151.5 1062.3 7.7 0.282 
15 3 45.5 0.06423 0.075 0.083 -10.9 3617.4 3347.9 7.5 0.513 
16 3 48.5 0.06484 0.075 0.084 -11.5 3574.2 3290.0 8.0 0.508 

EARTHQUAKE - C:\SHAKE2000\Quakes\USGS 2% in 50 years\LomaP.eq 
SOIL PROFILE - PCSC300M Crest Column 

ITERATION NUMBER 6 

VALUES IN TIME DOMAIN 

G/Go 

G!Go 

NO TYPE DEPTH UNIFRM. <----DAMPING----> <---- SHEAR MODULUS-----> G/Go 
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13 I 

PCSC300M-l b.out 

-( (FT) STRAIN NEW USED ERROR NEW USED ERROR RATIO 
--- ---- ---- -------- ----- ------ ------ ------- ------ ------ -----

1 1 2.0 0.00514 0.029 0.029 -0.4 2930.9 2926.9 0.1 0.847 
2 1 5.5 0.01631 0.050 0.050 -0.8 2571.0 2559.1 0.5 0.664 
3 I 8.5 0.02796 0.064 0.065 -0.9 2325.5 2309.0 0.7 0.562 
4 1 1 1.5 0.02627 0.062 0.063 -1.0 3315.7 3291.2 0.7 0.573 
5 I 14.5 0.04883 0.082 0.083 -1.0 2267.8 2245.1 1.0 0.454 
6 I I 7.5 0.08477 0.102 0.103 -0.6 1581.3 1566.6 0.9 0.352 
7 I 20.5 0.09798 0.107 0. 108 -0.5 1588.3 1575.1 0.8 0.326 
8 I 23.5 0.17968 0.129 0.128 0.6 954.3 970.0 -1.6 0.227 
9 I 26.5 0.17836 0.128 0.128 0.4 1059.6 1071.3 -I.I 0.227 
IO I 30.0 0.22194 0.135 0. I 35 0.6 917.7 935.2 -1.9 0.195 
II 3 33.5 0.49749 0.170 0.168 1.0 422.3 437.3 -3.5 0.166 
12 3 36.5 0.51712 0.171 0.170 0.4 416.3 422.5 -1.5 0.159 
13 3 39.5 0.34000 0.153 0.155 -1.4 655.2 632.2 3.5 0.211 
14 3 42.5 0.18350 0.125 0.130 -3.6 1224.6 1151.5 6.0 0.306 
15 3 45.5 0.05899 0.071 0.075 -5.3 3743.0 3617.4 3.4 0.554 
16 3 48.5 0.05939 0.072 0.075 -5.5 3702.7 3574.2 3.5 0.552 
I 

EARTHQUAKE - C:ISHAKE2000\Quakes\USGS 2% in 50 years\LornaP.eq 
SOIL PROFILE - PCSC300M Crest Column 

ITERATION NUMBER 7 

VALUES IN TIME DOMAIN 

NO TYPE DEPTH UNIFRM. <---- DAMPING----> <---- SHEAR MODULUS -----> G!Go 
(FT) STRAIN NEW USED ERROR NEW USED ERROR RATIO 

--- ---- ---- -------- ----- ------ ------ ------- ------ ------ -----

( 
I I 2.0 0.00514 0.029 0.029 0.0 2931.3 2930.9 0.0 0.849 
2 I 5.5 0.0 I 624 0.050 0.050 -0.2 2574.1 2571.0 0.1 0.667 
3 I 8.5 0.02777 0.064 0.064 -0.3 2331.0 2325.5 0.2 0.566 
4 I I 1.5 0.02608 0.062 0.062 -0.3 3323.9 3315.7 0.2 0.578 
5 I 14.5 0.04834 0.082 0.082 -0.4 2277.5 2267.8 0.4 0.459 
6 I 17.5 0.08396 0.102 0.102 -0.3 1589.1 1581.3 0.5 0.355 
7 I 20.5 0.09716 0.107 0.107 -0.3 1595.8 1588.3 0.5 0.329 
8 I 23.5 0. I 8264 0.129 0.129 0.4 942.3 954.3 -1.3 0.224 
9 I 26.5 0.18025 0.129 0.128 0.3 1051.0 1059.6 -0.8 0.225 
IO I 30.0 0.22587 0.136 0.135 0.4 906.3 917.7 -1.3 0.191 
11 3 33.5 0.51365 0.171 0.170 0.6 414.0 422.3 -2.0 0.160 
12 3 36.5 0.52230 0.171 0.171 0.2 413.6 416.3 -0.6 0.156 
13 3 39.5 0.32649 0.151 0.153 -1.2 674.3 655.2 2.8 0.219 
14 3 42.5 0.17218 0.122 0.125 -2.6 1275.3 1224.6 4.0 0.325 
15 3 45.5 0.05699 0.070 0.071 -2.2 3793.9 3743.0 1.3 0.573 
16 3 48.5 0.05739 0.070 0.072 -2.2 3752.9 3702.7 1.3 0.572 
I 

EARTHQUAKE - C:\SHAKE2000\Quakes\USGS 2% in 50 years\LornaP.eq 
SOIL PROFILE - PCSC300M Crest Column 

ITERATION NUMBER 8 

VALUES IN TIME DOMAIN 

NO TYPE DEPTH UNIFRM. <---- DAMPING----> <---- SHEAR MODULUS-----> G/Go 
(FT) STRAIN NEW USED ERROR NEW USED ERROR RATIO 

--- ---- ---- -------- ----- ------ ------ ------- ------ ------ -----
I I 2.0 0.00514 0.029 0.029 0.0 2930.9 2931.3 0.0 0.849 
2 I 5.5 0.01624 0.050 0.050 0.0 2574.3 2574.1 0.0 0.668 
3 I 8.5 0.02772 0.064 0.064 -0.1 2332.2 233 I .0 0.1 0.567 

(_ 
4 I I 1.5 0.02603 0.062 0.062 -0.1 3325.8 3323.9 0.1 0.579 
5 I 14.5 0.04816 0.082 0.082 -0.1 2280.9 2277.5 0.1 0.461 
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PCSC300M-l b.out 
6 I 7.5 0.08360 0. IOI 0. 102 -0.2 1592.6 1589.1 0.2 0.357 
7 20.5 0.09678 0. I 07 0. I 07 -0.1 1599.2 1595.8 0.2 0.330 
8 23.5 0.18513 0.130 0.129 0.4 932.2 942.3 -I.I 0.221 
9 I 26.5 0.18182 0.129 0.129 0.2 1043.9 I 051.0 -0.7 0.223 
10 I 30.0 0.22875 0.136 0.136 0.3 898.0 906.3 -0.9 0.188 
11 3 33.5 0.52355 0.171 0.171 0.4 409.0 414.0 -1.2 0.157 
12 3 36.5 0.52457 0.171 0.171 0.1 412.5 413.6 -0.3 0.155 
13 3 39.5 0.31668 0.150 0.151 -0.9 688.7 674.3 2.1 0.225 
14 3 42.5 0.16536 0.120 0.122 -1.7 1307.5 1275.3 2.5 0.339 
15 3 45.5 0.05626 0.069 0.070 -0.8 3812.9 3793.9 0.5 0.581 
16 3 48.5 0.05670 0.069 0.070 -0.8 3770.5 3752.9 0.5 0.580 

I 
EARTHQUAKE - C:\SHAKE2000\Quakes\USGS 2% in 50 years\LomaP.eq 

SOIL PROFILE - PCSC300M Crest Column 

ITERATIONNUMBER 9 

VALUES IN TIME DOMAIN 

NO TYPE DEPTH UNIFRM. <---- DAMPING----> <---- SHEAR MODULUS-----> G/Go 
(FT) STRAIN NEW USED ERROR NEW USED ERROR RATIO 

--- ---- ---- -------- ----- ------ ------ ------- ------ ------ -----
I I 2.00.00515 0.029 0.029 0.0 2930.6 2930.9 0.0 0.849 
2 I 5.5 0.01624 0.050 0.050 0.0 2573.9 2574.3 0.0 0.668 
3 I 8.5 0.02772 0.064 0.064 0.0 2332.2 2332.2 0.0 0.567 
4 I I 1.5 0.02603 0.062 0.062 0.0 3325.9 3325.8 0.0 0.580 
5 I I 4.5 0.04811 0.082 0.082 0.0 2281.9 2280.9 0.0 0.462 
6 I 17.5 0.08346 0.101 0.101 -0.1 1593.9 1592.6 0.1 0.358 
7 I 20.5 0.09663 0.107 0.107 -0.1 1600.6 1599.2 0.1 0.331 

( 
8 I 23.50.187240.!30 0.130 0.3 923.9 932.2 -0.9 0.218 
9 I 26.5 0.18312 0.129 0.129 0.2 1038.1 1043.9 -0.6 0.222 
IO I 30.0 0.23087 0.137 0.136 0.2 892.0 898.0 -0.7 0.187 
11 3 33.5 0.52961 0. I 72 0.171 0.2 406.0 409.0 -0.7 0.155 
12 3 36.5 0.52549 0.171 0.171 0.0 412.0 412.5 -0.1 0.155 
13 3 39.5 0.30975 0.149 0.150 -0.7 699.1 688.7 1.5 0.230 
14 3 42.5 0.16129 0.119 0.120 -1.0 1327.4 1307.5 1.5 0.347 
15 3 45.5 0.05599 0.069 0.069 -0.3 3820.1 3812.9 0.2 0.584 
16 3 48.5 0.05647 0.069 0.069 -0.3 3776.5 3770.5 0.2 0.582 
I 

EARTHQUAKE - C:\SHAKE2000\Quakes\USGS 2% in 50 years\LomaP.eq 
SOIL PROFILE - PCSC300M Crest Column 

ITERATION NUMBER IO 

VALUES IN TIME DOMAIN 

NO TYPE DEPTH UNIFRM. <---- DAMPING ----> <---- SHEAR MODULUS-----> G/Go 
(FT) STRAIN NEW USED ERROR NEW USED ERROR RATIO 

--- ---- ---- -------- ----- ------ ------ ------- ------ ------ -----
I I 2.0 0.005 I 5 0.029 0.029 0.0 2930.4 2930.6 0.0 0.848 
2 I 5.5 0.01625 0.050 0.050 0.0 2573.6 2573.9 0.0 0.668 
3 I 8.5 0.02773 0.064 0.064 0.0 2331.9 2332.2 0.0 0.567 
4 I I 1.5 0.02604 0.062 0.062 0.0 3325.5 3325.9 0.0 0.580 
5 I 14.5 0.04811 0.082 0.082 0.0 2281.9 2281.9 0.0 0.462 
6 I 17.50.083420.!0l 0.101 0.0 1594.3 1593.9 0.0 0.358 
7 I 20.5 0.09658 0.107 0.107 0.0 1601.1 1600.6 0.0 0.331 
8 I 23.5 0.18901 0.130 0.130 0.3 916.9 923.9 -0.8 0.216 
9 I 26.5 0.18419 0.129 0.129 0.2 I 033.4 1038.1 -0.5 0.220 
10 I 30.0 0.23242 0.137 0.137 0.1 887.7 892.0 -0.5 0. 186 
11 3 33.5 0.53330 0.172 0.172 0.1 404.1 406.0 -0.4 0.154 

l_ 12 3 36.5 0.52569 0.171 0.17 I 0.0 411.9 412.0 0.0 0.155 
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C 

PCSC300M-l b.out 

13 3 39.5 0.30490 0.148 0.149 -0.5 706.6 699.1 I.I 0.233 
14 3 42.5 0.15887 0.118 0.119 -0.6 1339.5 1327.4 0.9 0.353 
15 3 45.5 0.05587 0.069 0.069 -0.1 3823.0 3820.1 0.1 0.585 
16 3 48.5 0.05638 0.069 0.069 -0.1 3778.7 3776.5 0.1 0.583 

VALVES IN TIME DOMAIN 

LAYER TYPE THICKNESS DEPTH MAX STRAIN MAX STRESS TIME 
FT FT PRCNT PSF SEC 

I I 4.0000 2.0000 0.00792 232.15 3.44 
2 I 3.0000 5.5000 0.02500 643.55 3.44 
3 I 3.0000 8.5000 0.04267 995.07 3.44 
4 I 3.0000 11.5000 0.04006 1332.31 3.44 
5 I 3.0000 14.5000 0.07402 1688.99 3.44 
6 I 3.0000 17.5000 0.12834 2045.62 3.44 
7 I 3.0000 20.5000 0.14858 2378.17 3.44 
8 I 3.0000 23.5000 0.29079 2686.52 3.44 
9 I 3.0000 26.5000 0.28336 2941.63 3.43 
IO I 4.0000 30.0000 0.35757 3189.67 3.43 
II 3 3.0000 33.5000 0.82045 3330.70 3.43 
12 3 3.0000 36.5000 0.80875 3332.28 3.42 
13 3 3.0000 39.5000 0.46907 3279.36 3.41 
14 3 3.0000 42.5000 0.24441 3244.31 3.40 
15 3 3.0000 45.5000 0.08596 3283.76 3.39 
16 3 3.0000 48.5000 0.08675 3275.96 3.39 

PERIOD= 0.31 FROM AVERAGE SHEAR VEL. = 636. 

FREQUENCY AMPLITUDE 
MAXIMUM AMPLIFICATION= 3.98 
FOR FREQUENCY = 2.32 C/SEC. 

PERIOD = 0.43 SEC. 

I****** OPTION 6 *** COMPUTE MOTION IN NEW SUBLA YERS 

EARTHQUAKE -C:\SHAKE2000\Quakes\USGS 2% in 50 years\LomaP.eq 
SOIL DEPOSIT - PCSC300M Crest Column 

LAYER DEPTH MAX.ACC. TIME MEAN SQ. FR. 
FT G SEC C/SEC QUIET ZONE 

OUTCR. 0.0000 0.8781 I 3.44 3.10 0.000 
WITHIN 4.0000 0.87436 3.44 3.04 0.000 
WITHIN 7.0000 0.86558 3.44 2.93 0.000 
WITHIN 10.0000 0.85627 3.43 2.79 0.000 
WITHIN 13.0000 0.84551 3.43 2.70 0.000 
WITHIN 16.0000 0.82977 3.43 2.64 0.000 
WITHIN I 9.0000 0.80559 3.42 2.70 0.000 
WITHIN 22.0000 0.78160 3.42 2.90 0.000 
WITHIN 25.0000 0.74268 3.41 3.39 0.000 
WITHIN 28.0000 0.69783 3.41 3.78 0.000 
WITHIN 32.0000 0.61347 3.40 4.28 0.000 
WITHIN 35.0000 0.50219 3.39 6.13 0.000 
WITHIN 38.0000 0.43122 3.42 7.25 0.000 
WITHIN 41.0000 0.50765 3.42 6.76 0.000 
WITHIN 44.0000 0.51826 3.41 6.19 0.000 

I**''*** OPTION 6 *** COMPUTE MOTION IN NEW SUBLAYERS 

EARTHQUAKE -C:\SHAKE2000\Quakes\USGS 2% in 50 years\LomaP.eq 
SOIL DEPOSIT- PCSC300M Crest Column 
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LAYER 

WITHIN 
WITHIN 
OUTCR. 

DEPTH 
Ff G 

47.0000 
50.0000 
50.0000 

MAX.ACC. 
SEC 

0.50559 
0.49907 
0.53173 

TIME 
C/SEC 

3.41 
3.42 
3.42 

PCSC300M-l b.out 
MEAN SQ. FR. 

QUIET ZONE 
5.86 0.000 
5.46 0.000 
5.52 0.000 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer I Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LA YER 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 1 Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LA YER 2 
SCALE FOR PLOTTING 0.0000 

IDENTIFICATION - PCSC300M Layer 2 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 2 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 2 Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LA YER 3 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 3 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 3 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 3 Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRA[N HlSTORY 

COMPUTE STRESS OR STRAlN HISTORY AT THE TOP OF LAYER 4 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 4 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 4 
SCALE FOR PLOTTING 0.0000 
IDENTIFlCA TION - PCSC300M Layer 4 Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LA YER 5 
SCALE FOR PLOTTING 0.0000 
IDENTlFICA TION - PCSC300M Layer 5 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LA YER 5 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 5 Strain 

I***''** OPTION 7 *''* COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 6 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC330M Layer 6 Stress 
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PCSC300M-l b.out 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 6 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PSCS300M Layer 6 Strain 

1 ****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LA YER 7 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 7 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LA YER 7 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 7 Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 8 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 8 Stress 

COMPUTESTRESSORSTRAINHISTORY ATTHETOPOF LAYER 8 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 8 Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LA YER 9 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 9 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LA YER 9 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PSCS300E Layer 9 Strain 

1 ****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LA YER 10 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer IO Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LA YER 10 
SCALE FOR PLOTTING 0.0000 

IDENTIFICATION - PCSC300E Layer 10 Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LA YER 11 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer I 1 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER I 1 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 1 I Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 12 
SCALE FOR PLOTTING 0.0000 

IDENTIFICATION - PCSC300M Layer 12 Stress 
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PCSC300M-l b.out 
COMPU1E STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 12 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 12 Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPU1ESTRESS OR STRAIN HISTORY AT THE TOP OF LAYER 13 
SCALE FOR PLOTTING 0.0000 

IDENTIFICATION - PCSC300M Layer 13 Stress 

COMPU1E STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 13 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 13 Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPU1E STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 14 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 14 Stress 

COMPU1ESTRESS OR STRAIN HISTORY AT THE TOP OF LAYER 14 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 14 Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 15 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 15 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 15 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer I 5 Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 16 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 16 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 16 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 16 Strain 

I****** OPTION 9 *** COMPUTE RESPONSE SPECTRUM 
RESPONSE SPECTRUM ANALYSIS FOR LA YER NUMBER 

CALCULATED FOR DAMPING 0.050 

TIMES AT WHICH MAX. SPECTRAL VALUES OCCUR 
TD = TIME FOR MAX. RELATIVE DISP. 
TV = TIME FOR MAX. RELATIVE VEL. 
TA= TIME FOR MAX. ABSOLUTE ACC. 

DAMPING RA TIO= 0.050 
PER= 0.01 TIMES FOR MAXIMA -
PER = 0.02 TIMES FOR MAXIMA -
PER= 0.03 TIMES FOR MAXIMA -
PER = 0.04 TIMES FOR MAXIMA -
PER = 0.05 TIMES FOR MAXIMA -
PER= 0.06 TIMES FOR MAXIMA -
PER = 0.07 TIMES FOR MAXIMA -
PER = 0.08 TIMES FOR MAXIMA --

TD= 3.4350 
TD= 3.4400 
TD= 3.4400 
TD= 3.4250 
TD= 3.4400 
TD= 3.4200 
TD= 3.4400 
TD= 3.5900 

TV= 3.4700 
TV= 3.4700 
TV= 3.4750 
TV= 3.4750 
TV= 3.4800 
TV= 2.0150 
TV= 2.0600 
TV= 3.5700 
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TA= 3.4350 
TA= 3.4400 
TA= 3.4400 
TA= 3.4250 
TA= 3.4400 
TA= 3.4200 
TA= 3.4400 
TA= 3.5900 
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.( 

PER =0.09 
PER =0.10 
PER =0.11 
PER=0.12 
PER=0.13 
PER= 0.14 
PER=0.15 
PER=0.16 
PER=0.17 
PER=0.18 
PER=0.19 
PER =0.20 
PER =0.21 
PER =0.22 
PER =0.23 
PER =0.24 
PER =0.25 
PER =0.26 
PER =0.27 
PER=0.28 
PER=0.29 
PER =0.30 
PER=0.31 
PER =0.32 
PER=0.33 
PER=0.34 
PER =0.35 
PER =0.36 
PER =0.37 
PER =0.38 
PER =0.39 
PER =0.40 
PER= 0.41 
PER=0.42 
PER=0.43 
PER= 0.44 
PER= 0.45 
PER= 0.46 
PER= 0.47 
PER= 0.48 
PER =0.49 
PER= 0.50 
PER= 0.51 
PER=0.52 
PER= 0.53 
PER=0.54 
PER= 0.55 
PER =0.56 
PER =0.57 
PER =0.58 
PER=0.60 
PER =0.62 
PER =0.64 
PER= 0.66 
PER =0.68 
PER= 0.70 
PER= 0.72 
PER= 0.74 
PER= 0.76 
PER= 0.78 
PER=0.80 

PCSC300M-lb.out 
TIMES FOR MAXIMA -- TD= 3.6000 TV= 3.5800 TA= 3.6000 
TIMES FOR MAXIMA -- TD= 3.6150 TV= 3.4950 TA= 3.6150 
TIMES FOR MAXIMA -- TD= 3.8000 TV= 3.7650 TA= 3.7950 
TIMES FOR MAXIMA -- TD= 3.8150 TV= 3.5000 TA= 3.8150 
TIMES FOR MAXIMA -- TD= 3.4050 TV= 3.5050 TA= 3.4000 
TIMES FOR MAXIMA -- TD= 3.4050 TV= 3.5050 TA= 3.4050 
TIMES FOR MAXIMA -- TD= 3.4150 TV= 3.5050 TA= 3.4150 
TIMES FOR MAXIMA -- TD= 3.4150 TV= 3.5050 TA= 3.4150 
TIMES FOR MAXIMA -- TD= 3.4200 TV= 3.5050 TA= 3.4200 
TIMES FOR MAXIMA -- TD= 3.4250 TV= 3.5050 TA= 3.4200 
TIMES FOR MAXIMA -- TD = 3.4300 TV = 3.8950 TA= 3.4250 
TIMES FOR MAXIMA -- TD= 3.4400 TV= 3.5100 TA= 3.4350 
TIMES FOR MAXIMA-- TD= 3.4450 TV= 3.5150 TA= 3.4400 
TIMES FOR MAXIMA -- TD= 3.4450 TV= 3.5150 TA= 3.4400 
TIMES FOR MAXIMA -- TD= 3.5850 TV= 3.5200 TA= 3.5850 
TIMES FOR MAXIMA -- TD= 3.5950 TV= 3.5200 TA= 3.5900 
TIMES FOR MAXIMA -- TD= 3.6000 TV= 3.5250 TA= 3.5950 
TIMES FOR MAXIMA -- TD= 3.6050 TV= 3.5250 TA= 3.6000 
TIMES FOR MAXIMA -- TD= 3.6150 TV= 3.5300 TA= 3.6100 
TIMES FOR MAXIMA -- TD= 3.6200 TV= 3.5350 TA= 3.6150 
TIMES FOR MAXIMA -- TD= 3.6250 TV= 3.5400 TA= 3.6200 
TIMES FOR MAXIMA -- TD= 3.6300 TV= 3.5450 TA= 3.6250 
TIMES FOR MAXIMA -- TD= 3.6400 TV= 3.5550 TA= 3.6350 
TIMES FOR MAXIMA -- TD= 3.6450 TV= 3.5650 TA= 3.6400 
TIMES FOR MAXIMA -- TD= 3.6550 TV= 3.5700 TA= 3.6500 
TIMES FOR MAXIMA -- TD= 4.2100 TV= 4.1250 TA= 4.2050 
TIMES FOR MAXIMA-- TD= 4.2250 TV= 4.1350 TA= 4.2200 
TIMES FOR MAXIMA -- TD= 4.2400 TV= 4.1500 TA= 4.2350 
TIMES FOR MAXIMA -- TD= 4.2600 TV= 4.1650 TA= 4.2500 
TIMES FOR MAXIMA -- TD= 4.2750 TV= 4.1800 TA= 4.2700 
TIMES FOR MAXIMA -- TD= 4.2900 TV= 4.0050 TA= 4.2850 
TIMES FOR MAXIMA -- TD= 3.9200 TV= 4.0150 TA= 3.9150 
TIMES FOR MAXIMA -- TD= 3.9300 TV= 4.0300 TA= 3.9250 
TIMES FOR MAXIMA -- TD= 3.9400 TV= 4.0400 TA= 3.9350 
TIMES FOR MAXIMA -- TD= 3.9500 TV= 4.0450 TA= 3.9400 
TIMES FOR MAXIMA -- TD= 3.9600 TV= 3.8550 TA= 3.9500 
TIMES FOR MAXIMA -- TD= 3.9650 TV= 3.8600 TA= 3.9600 
TIMES FOR MAXIMA -- TD= 3.9750 TV= 3.8700 TA= 3.9700 
TIMES FOR MAXIMA -- TD= 3.9850 TV= 3.8750 TA= 3.9750 
TIMES FOR MAXIMA -- TD= 3.7750 TV= 3.8800 TA= 3.7700 
TIMES FOR MAXIMA -- TD= 3.7850 TV= 3.8900 TA= 3.7750 
TIMES FOR MAXIMA -- TD= 3.7900 TV= 3.8950 TA= 3.7800 
TIMES FOR MAXIMA -- TD= 3.7950 TV= 3.9000 TA= 3.7850 
TlMESFORMAXIMA-- TD= 3.8000 TV= 3.9100 TA= 3.7900 
TIMES FOR MAXIMA-- TD= 3.8000 TV= 3.9150 TA= 3.7950 
TIMES FOR MAXIMA -- TD= 3.8050 TV= 3.7000 TA= 3.8000 
TIMES FOR MAXIMA -- TD= 3.8100 TV= 3.7050 TA= 3.8000 
TIMES FOR MAXIMA -- TD= 3.8150 TV= 3.7050 TA= 3.8050 
TIMES FOR MAXIMA-- TD= 3.8200 TV= 3.7100 TA= 3.8100 
TIMES FOR MAXIMA -- TD= 3.8200 TV= 3.7150 TA= 3.8100 
TIMES FOR MAXIMA -- TD= 3.8300 TV= 3.7200 TA= 3.8200 
TIMES FOR MAXIMA -- TD= 3.8350 TV= 3.7200 TA= 3.8250 
TIMES FOR MAXIMA -- TD= 5.1850 TV= 3.7250 TA= 5.1750 
TIMES FOR MAXIMA -- TD= 5.2100 TV= 3.7300 TA= 5.2000 
TIMES FOR MAXIMA -- TD= 4.9250 TV= 3.7300 TA= 4.9150 
TIMES FOR MAXIMA -- TD= 4.9500 TV= 3.7300 TA= 4.9350 
TIMES FOR MAXIMA -- TD= 4.9700 TV= 3.7350 TA= 4.9600 
TIMES FOR MAXIMA -- TD= 4.6500 TV= 3.4800 TA= 4.6350 
TIMES FOR MAXIMA -- TD= 4.6650 TV= 3.4800 TA= 4.6500 
TIMES FOR MAXIMA -- TD= 4.6750 TV= 3.4800 TA= 4.6650 
TIMES FOR MAXIMA -- TD= 4.3500 TV= 3.4800 TA= 4.3400 
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PER=0.82 
PER=0.84 
PER=0.86 
PER=0.88 
PER=0.90 
PER =0.92 
PER =0.94 
PER =0.96 
PER=0.98 
PER= 1.00 
PER= 1.05 
PER= 1.10 
PER= 1.15 
PER= 1.20 
PER= 1.25 
PER= 1.30 
PER= 1.35 
PER= 1.40 
PER= 1.45 
PER= 1.50 
PER= 1.55 
PER= 1.60 
PER= 1.65 
PER= 1.70 
PER= 1.75 
PER= 1.80 
PER= 1.85 
PER= 1.90 
PER= 1.95 
PER=2.00 
PER =2.05 
PER=2.10 
PER =2.15 
PER =2.20 
PER =2.25 
PER =2.30 
PER=2.35 
PER= 2.40 
PER =2.50 
PER=2.60 
PER= 2.70 
PER= 2.80 
PER= 2.90 
PER=3.00 
PER= 3.10 
PER =3.20 
PER= 3.30 
PER= 3.40 
PER=3.50 
PER =3.60 
PER =3.70 
PER= 3.80 
PER= 3.90 
PER =4.00 
PER=4.10 
PER=4.20 
PER=4.30 
PER =4.40 
PER =4.50 
PER =4.60 
PER =4.70 

PCSC300M-1 b.out 
TIMES FOR MAXIMA -- TD= 4.3600 TV= 3.4800 TA= 4.3500 
TIMES FOR MAXIMA -- TD= 4.3700 TV = 3.4850 TA = 4.3600 
TIMES POR MAXIMA -- TD= 4.3800 TV= 3.4850 TA= 4.3650 
TIMES FOR MAXIMA -- TD= 4.3900 TV= 3.4850 TA= 4.3750 
TIMES FOR MAXIMA-- TD= 3.6200 TV= 3.4850 TA= 3.6100 
TIMES FOR MAXIMA-- TD= 3.6250 TV= 3.4850 TA= 3.6100 
TIMES FOR MAXIMA -- TD= 3.6250 TV= 3.4850 TA= 3.6100 
TIMES FOR MAXIMA -- TD= 3.6300 TV= 3.4850 TA= 3.6150 
TIMES FOR MAXIMA -- TD= 3.6300 TV= 3.4850 TA= 3.6150 
TIMES FOR MAXIMA -- TD= 3.6350 TV= 3.4850 TA= 3.6150 
TIMES FOR MAXIMA -- TD= 3.6400 TV= 3.4850 TA= 3.6200 
TIMES FOR MAXIMA -- TD= 3.6400 TV= 3.4850 TA= 3.6250 
TIMES FOR MAXIMA -- TD= 3.6450 TV= 3.4850 TA= 3.6250 
TIMES FOR MAXIMA -- TD= 3.3950 TV= 3.4850 TA= 3.3750 
TIMES FOR MAXIMA -- TD = 3.3950 TV = 3.4850 TA= 3.3750 
TIMES FOR MAXIMA-- TD= 3.3950 TV= 3.4900 TA= 3.3750 
TIMES FOR MAXIMA -- TD= 3.3950 TV= 3.4900 TA= 3.3750 
TIMES FOR MAXIMA -- TD= 3.3950 TV= 3.4900 TA= 3.3750 
TIMES FOR MAXIMA -- TD= 3.4000 TV= 3.4900 TA= 3.3750 
TIMES FOR MAXIMA -- TD= 3.4000 TV= 3.4900 TA= 3.3750 
TIMES FOR MAXIMA-- TD= 3.4000 TV= 3.4900. TA= 3.3750 
TIMES FOR MAXIMA -- TD= 3.4000 TV= 3.4900 TA= 3.3750 
TIMES FOR MAXIMA-- TD= 3.4000 TV= 3.4900 TA= 3.3750 
TIMES FOR MAXIMA -- TD= 3.4000 TV= 3.4900 TA= 3.3750 
TIMES FOR MAXIMA -- TD= 3.4050 TV= 3.4900 TA= 3.3800 
TIMES FOR MAXIMA -- TD= 3.4050 TV= 3.4900 TA= 3.3800 
TIMES FOR MAXIMA -- TD= 3.4050 TV= 3.4900 TA= 3.3800 
TIMES FOR MAXIMA -- TD= 4.4100 TV= 3.4900 TA= 3.3800 
TIMES FOR MAXIMA -- TD= 4.4150 TV= 3.4900 TA= 4.3850 
TIMES FOR MAXIMA -- TD = 4.4200 TV = 3.4900 TA = 4.3900 
TIMES FOR MAXIMA -- TD= 4.4250 TV= 3.4900 TA= 4.3950 
TIMES FOR MAXIMA -- TD= 4.4300 TV= 3.4900 TA= 4.4000 
TIMES FOR MAXIMA-- TD= 4.4350 TV= 3.4900 TA= 4.4050 
TIMES FOR MAXIMA -- TD= 4.4400 TV= 3.4900 TA= 4.4100 
TIMES FOR MAXIMA-- TD= 4.4500 TV= 3.4900 TA= 4.4150 
TIMES FOR MAXIMA -- TD= 4.4550 TV= 3.4900 TA= 3.3800 
TIMES FOR MAXIMA -- TD= 4.4650 TV = 3.3200 TA= 3.3800 
TIMES FOR MAXIMA-- TD= 3.4150 TV= 3.3200 TA= 3.3800 
TIMES FOR MAXIMA -- TD= 3.4150 TV= 3.3200 TA= 3.3800 
TIMES FOR MAXIMA-- TD= 4.9200 TV= 3.3200 TA= 3.3800 
TIMES FOR MAXIMA -- TD= 4.9600 TV= 3.3200 TA= 4.9150 
TIMES FOR MAXIMA -- TD= 4.9950 TV= 3.3200 TA= 4.9500 
TIMES FOR MAXIMA -- TD= 5.0200 TV= 3.3200 TA= 4.9850 
TIMES FOR MAXIMA -- TD= 5.0300 TV= 3.3200 TA= 5.0000 
TIMES FOR MAXIMA -- TD= 5.0450 TV= 3.3200 TA= 5.0100 
TIMES FOR MAXIMA-- TD= 5.0550 TY= 3.3200 TA= 5.0150 
TIMES FOR MAXIMA -- TD = 5.3700 TV = 3.3200 TA = 5.0200 
TIMES FOR MAXIMA -- TD= 5.3850 TV= 3.3200 TA= 5.3450 
TIMES FOR MAXIMA -- TD= 5.3950 TV= 3.3200 TA= 5.3550 
TIMES FOR MAXIMA -- TD= 5.4100 TV= 3.3200 TA= 5.3600 
TIMES FOR MAXIMA -- TD= 5.4200 TV= 3.3200 TA= 5.3700 
TIMES FOR MAXIMA -- TD= 5.4250 TV= 3.3200 TA= 5.3800 
TIMES FOR MAXIMA -- TD= 5.4350 TV= 3.3200 TA= 5.3850 
TIMES FOR MAXIMA -- TD= 5.4450 TV= 3.3200 TA= 5.3900 
TIMES FOR MAXIMA -- TD= 5.8750 TV= 3.3200 TA= 5.8350 
TIMES FOR MAXIMA -- TD= 5.8850 TV= 3.3200 TA= 5.8400 
TIMES FOR MAXIMA -- TD= 5.8900 TV= 3.3200 TA= 5.8400 
TIMES FOR MAXIMA -- TD= 5.8950 TV= 3.3200 TA= 5.8450 
TIMES FOR MAXIMA -- TD= 5.9000 TV= 3.3200 TA= 5.8450 
TIMES FOR MAXIMA -- TD= 5.9050 TV= 3.3200 TA= 5.8500 
TIMES FOR MAXIMA -- TD= 5.9100 TV= 3.3200 TA= 5.8500 
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PCSC300M-l b.out --
'( PER =4.80 TIMES FOR MAXIMA -- TD= 5.9150 TV= 3.3200 TA= 5.8500 

PER =4.90 TIMES FOR MAXIMA -- TD= 5.9200 TV= 3.3200 TA= 5.8550 
PER= 5.00 TIMES FOR MAXIMA -- TD= 6.2650 TV= 3.3200 TA= 5.8550 
PER=5.I0 TIMES FOR MAXIMA -- TD= 6.2750 TV= 3.3200 TA= 6.2150 
PER =5.20 TIMES FOR MAXIMA -- TD= 6.2900 TV= 3.3200 TA= 6.2200 
PER=5.40 TIMES FOR MAXIMA -- TD= 6.3050 TV= 3.3200 TA= 6.2250 
PER =5.60 TIMES FOR MAXIMA -- TD= 9.4150 TV= 3.3200 TA= 9.3550 
PER =5.80 TIMES FOR MAXIMA -- TD= 9.4450 TV= 3.3200 TA= 9.3800 
PER =6.00 TIMES FOR MAXIMA -- TD= 9.8250 TV= 3.3200 TA= 9.3950 
PER =6.20 TIMES FOR MAXIMA -- TD= 9.8450 TV= 3.3200 TA= 9.7900 
PER =6.40 TIMES FOR MAXIMA -- TD= 9.8600 TV= 3.3200 TA= 9.8050 
PER =6.60 TIMES FOR MAXIMA -- TD= 9.8750 TV= 3.3200 TA= 9.8!00 
PER =6.80 TIMES FOR MAXIMA -- TD= 9.8900 TV= 3.3200 TA= 4.0850 
PER =7.00 TIMES FOR MAXIMA -- TD= 4.1650 TV= 3.3200 TA= 4.0850 
PER =7.30 TIMES FOR MAXIMA -- TD= 4.1700 TV= 3.3200 TA= 4.0850 
PER=7.60 TIMES FOR MAXIMA -- TD= 4.1700 TV = 3.3200 TA= 4.0850 
PER= 8.00 TIMES FOR MAXIMA -- TD= 4.1700 TV= 3.3200 TA= 4.0850 
PER= 8.50 TIMES FOR MAXIMA -- TD= 4.1750 TV = 3.3200 TA= 4.0800 
PER=9.00 TIMES FOR MAXIMA -- TD= 4.1750 TV= 3.3200 TA= 4.0800 
PER =9.50 TIMES FOR MAXIMA -- TD= 4.1750 TV = 3.3200 TA= 4.0800 
PER =I0.00 TIMES FOR MAXIMA -- TD= 4.1750 TV= 3.3200 TA= 4.0800 
SPECTRAL VALUES--
(Acceleration of gravity used :::: 32.20) 

PCSC300M Crest Column DAMPING RATIO= 0.050 
NO. PERIOD REL. DISP. REL. VEL. PSU.REL.VEL. ABS. ACC. PSU.ABS.ACC. FREQ. 

I 0.01 0.00007 0.00243 0.04499 0.87812 0.87795 !00.00 
2 0.02 0.00029 0.0!005 0.09040 0.88173 0.88201 50.00 
3 0.03 0.00065 0.02393 0.13620 0.88577 0.88592 33.33 
4 0.04 0.00115 0.05153 0.18085 0.88219 0.88225 25.00 
5 0.05 0.00190 0.07594 0.23891 0.93242 0.93237 20.00 

C 6 0.06 0.00262 0.13350 0.27438 0.89308 0.89233 16.67 
7 0.07 0.00432 0.16955 0.38766 1.08359 1.08064 14.29 

8 0.08 0.00594 0.27142 0.46618 1.14800 1.13708 12.50 

9 0.09 0.00810 0.34570 0.56517 1.23523 1.22535 11.11 
IO 0.IO 0.01081 0.45652 0.67920 1.32316 1.32532 I0.00 
11 0.11 0.0!040 0.41880 0.59377 1.05933 1.05329 9.09 
12 0.12 0.01246 0.41769 0.65253 1.06229 1.06!06 8.33 
13 0. 13 0.01336 0.44921 0.64585 0.97111 0.96942 7.69 
14 0.14 0.01678 0.45214 0.75311 1.05235 1.04967 7.14 

15 0.15 0.02002 0.52306 0.83874 1.09125 1.09109 6.67 
16 0.16 0.02332 0.59111 0.91564 1.11793 1.11668 6.25 
17 0.17 0.02817 0.69869 1.04127 1.19624 1.19519 5.88 
18 0.18 0.03290 0.82484 1.14853 1.24650 1.24507 5.56 
19 0.19 0.03929 1.01323 1.29920 1.33534 1.33427 5.26 
20 0.20 0.04443 1.18464 1.39568 1.36488 1.36170 5.00 
21 0.21 0.04883 1.29725 1.46109 1.36109 1.35763 4.76 
22 0.22 0.05468 1.41508 1.56153 1.38742 1.38501 4.55 
23 0.23 0.06297 1.56972 1.72017 1.46297 1.45937 4.35 
24 0.24 0.07347 1.72462 1.92347 1.56973 1.56386 4.17 
25 0.25 0.08429 1.86265 2.11835 1.65858 1.65342 4.00 
26 0.26 0.09651 2.01865 2.33227 1.75548 1.75037 3.85 
27 0.27 0. !0992 2.18626 2.55791 1.85639 1.84861 3.70 
28 0.28 0.12402 2.34934 2.78310 1.94708 1.93952 3.57 
29 0.29 0.13987 2.54595 3.03050 2.04689 2.0391 I 3.45 
30 0.30 0.15888 2.80154 3.32759 2.17268 2.16437 3.33 
31 0.31 0.18053 3.10612 3.65906 2.31266 2.30320 3.23 
32 0.32 0.20256 3.41352 3.97727 2.43554 2.42527 3.13 
33 0.33 0.22331 3.68939 4.25178 2.52502 2.51409 3.03 
34 0.34 0.24551 4.35903 4.53707 2.61538 2.60388 2.94 
35 0.35 0.28073 4.90942 5.03964 2.82297 2.80967 2.86 
36 0.36 0.30976 5.30060 5.40637 2.94543 2.93040 2.78 
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51,q f 131 

PCSC300M-l b.out 

'( 37 0.37 0.33192 5.53497 5.63658 2.98673 2.97261 2.70 
38 0.38 0.34673 5.66923 5.73313 2.9571 l 2.94396 2.63 
39 0.39 0.35413 5.74610 5.70522 2.86789 2.85451 2.56 
40 0.40 0.35665 5.83915 5.60225 2.74508 2.73292 2.50 
41 0.41 0.36587 5.85423 5.60690 2.68064 2.66847 2.44 
42 0.42 0.37218 5.79615 5.56780 2.59871 2.58677 2.38 
43 0.43 0.37547 5.67023 5.48638 2.50225 2.48967 2.33 
44 0.44 0.37552 5.55088 5.36239 2.39208 2.37810 2.27 
45 0.45 0.37235 5.47675 5.19900 2.26852 2.25440 2.22 
46 0.46 0.36612 5.36397 5.00085 2.13348 2.12134 2.17 
47 0.47 0.35679 5.21569 4.76976 l.99183 l.98026 2.13 
48 0.48 0.35027 5.03775 4.58507 l.87540 l.86393 2.08 
49 0.49 0.34654 4.84383 4.44368 1.78143 l.76958 2.04 
50 0.50 0.34182 4.64679 4.29538 1.68753 1.67631 2.00 
51 0.51 0.3361 l 4.44590 4.14086 1.59516 1.58433 1.96 
52 0.52 0.32964 4.24761 3.98307 1.50522 1.49465 1.92 
53 0.53 0.32258 4.04926 3.82416 1.41825 1.40794 1.89 
54 0.54 0.31520 3.87757 3.66757 1.33451 1.32528 1.85 
55 0.55 0.30747 3.79424 3.51252 1.25467 1.24618 1.82 
56 0.56 0.29943 3.71004 3.35964 1.17918 l.17065 l.79 
57 0.57 0.29115 3.62987 3.20944 1.10715 l.09870 1.75 
58 0.58 0.28289 3.54806 3.06454 l.03859 l.03101 l.72 
59 0.60 0.26632 3.38849 2.78894 0.91428 0.90701 1.67 
60 0.62 0.25023 3.23379 2.53585 0.80461 0.79810 1.61 
61 0.64 0.24833 3.09058 2.43796 0.74726 0.74331 1.56 
62 0.66 0.24925 2.95681 2.37287 0.70611 0.70154 1.52 
63 0.68 0.24904 2.83915 2.30113 0.66374 0.66032 1.47 
64 0.70 0.24895 2.73437 2.23457 0.62626 0.62290 l.43 
65 0.72 0.24507 2.64613 2.13864 0.58275 0.57960 1.39 
66 0.74 0.24349 2.56927 2.06739 0.54828 0.54515 1.35 

( 67 0.76 0.23957 2.53474 l.98059 0.51182 0.50852 1.32 
68 0.78 0.23272 2.50849 l.87466 0.47229 0.46898 l.28 
69 0.80 0.22889 2.48866 l.79770 0.44166 0.43848 1.25 
70 0.82 0.22905 2.47371 l.75505 0.42067 0.41764 l.22 
71 0.84 0.22728 2.46278 l.70002 0.39776 0.39491 l.19 
72 0.86 0.22364 2.45497 l.63393 0.37341 0.37073 1.16 
73 0.88 0.21818 2.44903 l.55780 0.34815 0.34543 l.14 
74 0.90 0.21437 2.44421 l.49662 0.32858 0.32448 l.11 
75 0.92 0.21414 2.43985 1.46250 0.31418 0.31019 l.09 
76 0.94 0.21346 2.43534 l.42685 0.30011 0.29619 l.06 
77 0.96 0.21244 2.43019 1.39040 0.28640 0.28261 l.04 
78 0.98 0.21101 2.42402 1.35285 0.27311 0.26937 1.02 
79 l.00 0.20912 2.41660 1.31394 0.26007 0.25639 l.00 
80 1.05 0.20298 2.39236 l.21460 0.22923 0.22572 0.95 
81 l.10 0.19527 2.36176 1.11538 0.20115 0.19786 0.91 
82 l.15 0.18682 2.32853 l.02072 0.17626 0.17319 0.87 
83 l.20 0.18307 2.29597 0.95853 0.15994 0.15586 0.83 
84 l.25 0.18991 2.26583 0.95461 0.15305 0.14902 0.80 
85 l.30 0.19702 2.23837 0.95224 0.14693 0.14293 0.77 
86 1.35 0.20454 2.21332 0.95195 0.14159 0. 13760 0.74 
87 1.40 0.21247 2.18898 0.95355 0.13690 0.13290 0.71 
88 l.45 0.22075 2.16445 0.95654 0.13272 0.12872 0.69 
89 l.50 0.22930 2.13915 0.96049 0.12891 0.12495 0.67 
90 1.55 0.23791 2.11287 0.96439 0.12534 0.12141 0.65 
91 l.60 0.24644 2.08564 0.96777 0.12195 0.11803 0.63 
92 1.65 0.25482 2.05767 0.97036 0.11868 0.11476 0.61 
93 l.70 0.26300 2.02921 0.97206 0.11551 0.11158 0.59 
94 1.75 0.27104 2.00055 0.97314 0.11244 0.10851 0.57 
95 l.80 0.27891 l.97192 0.97358 0.10947 0.10554 0.56 
96 l.85 0.28657 l.94349 0.97328 0.10658 0.10266 0.54 
97 1.90 0.29765 l.91537 0.98430 0.10379 0.10109 0.53 

Page 16 



R13994

57 1 13 I 

PCSC300M-lb.out 
98 1.95 0.31087 1.88762 1.00166 0.10182 0.10023 0.51 
99 2.00 0.32234 1.86027 1.01267 0.10042 0.09880 0.50 
100 2.05 0.33208 1.83331 1.01780 0.09853 0.09688 0.49 
IOI 2.10 0.34007 1.80672 1.01747 0.09624 0.09454 0.48 
102 2.15 0.34634 1.78047 1.01214 0.09361 0.09186 0.47 
103 2.20 0.35092 1.75453 1.00222 0.09069 0.08889 0.45 
104 2.25 0.35387 1.72887 0.98819 0.08752 0.08570 0.44 
105 2.30 0.35529 1.70347 0.97059 0.08472 0.08234 0.43 
106 2.35 0.35524 1.70482 0.94980 0.08267 0.07887 0.43 
107 2.40 0.36057 1.72110 0.94396 0.08067 0.07675 0.42 
108 2.50 0.37164 1.75318 0.93404 0.07682 0.07290 0.40 
109 2.60 0.38908 1.78445 0.94025 0.07313 0.07057 0.38 
110 2.70 0.42250 1.81464 0.98321 0.07159 0.07106 0.37 
111 2.80 0.45139 1.84353 1.01292 0.07117 0.07059 0.36 
112 2.90 0.47536 1.87093 1.02992 0.06991 0.06930 0.34 
113 3.00 0.49292 1.89670 1.03237 0.06801 0.06715 0.33 
114 3.10 0.50371 1.92071 1.02093 0.06537 0.06426 0.32 
115 3.20 0.50807 1.94293 0.99760 0.06211 0.06083 0.31 
116 3.30 0.50776 1.96335 0.96677 0.05842 0.05717 0.30 
117 3.40 0.53200 1.98197 0.98314 0.05726 0.05642 0.29 
118 3.50 0.55000 1.99886 0.98735 0.05601 0.05505 0.29 
119 3.60 0.56202 2.01408 0.98091 0.05422 0.05317 0.28 
120 3.70 0.56836 2.02771 0.96516 0.05203 0.05090 0.27 
121 3.80 0.56955 2.03985 0.94173 0.04956 0.04836 0.26 
122 3.90 0.56610 2.05058 0.91203 0.04690 0.04563 0.26 
123 4.00 0.55862 2.06001 0.87748 0.04412 0.04281 0.25 
124 4.10 0.57600 2.06825 0.88271 0.04322 0.04201 0.24 
125 4.20 0.59158 2.07537 0.88500 0.04245 0.04112 0.24 
126 4.30 0.60227 2.08149 0.88004 0.04135 0.03994 0.23 

( 127 4.40 0.60843 2.08669 0.86884 0.04002 0.03853 0.23 
128 4.50 0.61057 2.09105 0.85252 0.0385 I 0.03697 0.22 
129 4.60 0.60914 2.09465 0.83203 0.03688 0.03529 0.22 
130 4.70 0.60459 2.09756 0.80824 0.03517 0.03356 0.21 
13 I 4.80 0.59730 2.09985 0.78187 0.03341 0.03178 0.21 
132 4.90 0.58769 2.10159 0.75359 0.03164 0.03001 0.20 
133 5.00 0.58727 2.10283 0.73799 0.02988 0.02880 0.20 
134 5.10 0.58886 2.10362 0.72547 0.02852 0.02776 0.20 
135 5.20 0.58804 2.10402 0.71054 0.02745 0.02666 0.19 
136 5.40 0.58028 2.10379 0.67519 0.02520 0.02440 0.19 
137 5.60 0.57713 2.10243 0.64754 0.02295 0.02256 0.18 
138 5.80 0.58561 2.10021 0.63440 0.02185 0.02134 0.17 
139 6.00 0.57892 2.0973 I 0.60624 0.02015 0.01972 0.17 
140 6.20 0.58678 2.09392 0.59465 0.0191 I 0.01872 0.16 
141 6.40 0.57837 2.09015 0.56782 0.01782 0.01731 0.16 
142 6.60 0.55721 2.08612 0.53046 0.01627 0.01568 0.15 
143 6.80 0.52675 2.08 I 93 0.48671 0.01525 0.01397 0.15 
144 7.00 0.51511 2.07761 0.46237 0.01435 0.01289 0.14 
145 7.30 0.50802 2.07106 0.43726 0.01313 0.01169 0.14 
146 7.60 0.50047 2.06450 0.41376 0.01205 0.01062 0.13 
147 8.00 0.49001 2.05598 0.38485 0.01078 0.00939 0.13 
148 8.50 0.47683 2.04578 0.35247 0.00945 0.00809 0.12 
149 9.00 0.46398 2.03630 0.32392 0.00835 0.00702 0.11 
150 9.50 0.45166 2.02751 0.29872 0.00743 0.00614 0.11 
151 I0.00 0.44008 2.01943 0.27651 0.00665 0.00540 0.10 
152 10.50 0.00000 0.00000 0.00000 0.00000 0.00000 0.10 

VALUES IN PERIOD RANGE . I TO 2.5 SEC. 
.AREA OF ACC. RESPONSE SPECTRUM = 1.283 
AREA OF VEL. RESPONSE SPECTRUM = 5.706 
MAX. ACCELERATION RESPONSE VALUE= 2.987 

( MAX. VELOCITY RESPONSE VALUE= 5.854 
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PCSC300M-I b.out 
I****** OPTION 9 *** COMPUTE RESPONSE SPECTRUM 
RESPONSE SPECTRUM ANALYSIS FOR LAYER NUMBER 17 

CALCULATED FOR DAMPING 0.050 

TIMES AT WHICH MAX. SPECTRAL VALUES OCCUR 
TD= TIME FOR MAX. RELATIVE DISP. 
TV = TIME FOR MAX. RELATIVE VEL. 
TA= TIME FOR MAX. ABSOLUTE ACC. 

DAMPING RA TIO= 0.050 
PER= 0.01 TIMES FOR MAXIMA -- TD= 3.4150 TV= 3.3850 TA= 3.4150 
PER= 0.02 TIMES FOR MAXIMA-- TD= 3.4200 TV= 3.3850 TA= 3.4200 
PER= 0.03 TIMES FOR MAXIMA -- TD= 3.4000 TV= 2.2250 TA= 3.4000 
PER= 0.04 TIMES FOR MAXIMA -- TD= 3.4050 TV= 3.3900 TA= 3.4050 
PER= 0.05 TIMES FOR MAXIMA -- TD= 3.4100 TV= 3.3950 TA= 3.4100 
PER= 0.06 TIMES FOR MAXIMA -- TD= 3.4150 TV= 1.9300 TA= 3.4150 
PER=0.07 TIMES FOR MAXIMA-- TD= 3.4150 TV= 1.9750 TA= 3.4150 
PER= 0.08 TIMES FOR MAXIMA-- TD= 3.4250 TV= 3.5250 TA= 3.4250 
PER= 0.09 TIMES FOR MAXIMA-- TD= 3.4300 TV= 3.4550 TA= 3.4250 
PER=0.10 TIMESFORMAXIMA-- TD= 3.4350 TV= 3.4600 TA= 3.4300 
PER= 0.11 TIMES FOR MAXIMA -- TD= 3.4400 TV= 3.4650 TA= 3.4400 
PER= 0.12 TIMES FOR MAXIMA -- TD= 3.4400 TV= 3.4700 TA= 3.4400 
PER=0.13 TIMES FOR MAXIMA-- TD= 4.0200 TV= 5.1100 TA= 4.0150 
PER = 0.14 TIMES FOR MAXIMA -- TD= 4.0350 TV = 4.0750 TA= 4.0300 
PER= 0.15 TIMES FOR MAXIMA -- TD= 3.4450 TV = 4.0850 TA = 3.4400 
PER=0.16 TIMES FOR MAXIMA-- TD= 4.0500 TV= 4.0900 TA= 4.0500 
PER=0.17 TIMES FOR MAXIMA-- TD= 3.8300 TV= 4.1050 TA= 3.8300 
PER= 0.18 TIMES FOR MAXIMA -- TD= 3.8400 TV= 3.7950 TA= 3.8350 
PER=0.19 TIMES FOR MAXIMA-- TD= 3.8500 TY= 3.8050 TA= 3.8450 
PER=0.20 TIMES FOR MAXIMA-- TD= 3.8650 TV= 3.8150 TA= 3.8600 
PER= 0.21 TIMES FOR MAXIMA -- TD= 3.8800 TV= 3.8300 TA= 3.8800 
PER= 0.22 TIMES FOR MAXIMA -- TD= 4.0200 TV= 3.8400 TA= 4.0150 
PER= 0.23 TIMES FOR MAXIMA -- TD= 4.0400 TV= 4.1000 TA= 4.0350 
PER= 0.24 TIMES FOR MAXIMA -- TD= 4.0600 TV= 4.1150 TA= 4.0550 
PER= 0.25 TIMES FOR MAXIMA -- TD= 3.4850 TV= 3.4300 TA= 3.4850 
PER= 0.26 TIMES FOR MAXIMA -- TD= 3.4900 TV= 3.4300 TA= 3.4900 
PER= 0.27 TIMES FOR MAXIMA -- TD= 3.5000 TV= 3.4350 TA= 3.4950 
PER= 0.28 TIMES FOR MAXIMA -- TD= 3.5050 TV= 3.4350 TA= 3.5000 
PER=0.29 TIMES FOR MAXIMA-- TD= 3.5100 TY= 3.4350 TA= 3.5050 
PER=0.30 TIMES FOR MAXIMA-- TD= 3.5150 TV= 3.4400 TA= 3.5100 
PER=0.31 TIMES FOR MAXIMA-- TD= 3.5200 TY= 3.4400 TA= 3.5150 
PER= 0.32 TIMES FOR MAXIMA -- TD= 3.5300 TV= 3.4450 TA= 3.5250 
PER=0.33 TIMESFORMAXIMA-- TD= 3.5350 TV= 3.4500 TA= 3.5300 
PER= 0.34 TIMES FOR MAXIMA -- TD = 4.0850 TV = 3.4600 TA= 4.0800 
PER = 0.35 TIMES FOR MAXIMA -- TD = 4.1000 TV = 4.0200 TA = 4.0950 
PER = 0.36 TIMES FOR MAXIMA -- TD = 4.1150 TV = 4.0350 TA = 4.1100 
PER=0.37 TIMES FOR MAXIMA-- TD= 4.1300 TY= 4.0450 TA= 4.1250 
PER = 0.38 TIMES FOR MAXIMA -- TD= 4.1500 TV = 4.0550 TA= 4.1400 
PER= 0.39 TIMES FOR MAXIMA -- TD= 4.1650 TV= 4.0600 TA= 4.1600 
PER= 0.40 TIMES FOR MAXIMA -- TD= 3.8050 TV= 3.9050 TA= 3.8000 
PER= 0.41 TIMES FOR MAXIMA -- TD= 3.4150 TV= 3.9150 TA= 3.4100 
PER= 0.42 TIMES FOR MAXIMA -- TD= 3.4200 TV= 3.7400 TA= 3.4150 
PER= 0.43 TIMES FOR MAXIMA -- TD= 3.4250 TV= 3.7500 TA= 3.4150 
PER= 0.44 TIMES FOR MAXIMA -- TD= 3.4250 TV= 3.7550 TA= 3.4200 
PER= 0.45 TIMES FOR MAXIMA -- TD= 3.4300 TV= 3.7600 TA= 3.4250 
PER= 0.46 TIMES FOR MAXIMA -- TD= 3.4350 TV= 3.7650 TA= 3.4250 
PER= 0.47 TIMES FOR MAXIMA -- TD = 3.4400 TV = 3. 7700 TA = 3.4300 
PER= 0.48 TIMES FOR MAXIMA -- TD= 3.6850 TV= 3.3700 TA= 3.6800 
PER= 0.49 TIMES FOR MAXIMA -- TD= 3.6950 TV= 3.3700 TA= 3.6850 
PER= 0.50 TIMES FOR MAXIMA -- TD= 3.7000 TV= 3.3750 TA= 3.6900 
PER= 0.51 TIMES FOR MAXIMA -- TD= 3.7050 TV= 3.3750 TA= 3.6950 
PER=0.52 TIMES FOR MAXIMA-- TD= 3.7100 TY= 3.3750 TA= 3.7000 
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PER=0.53 
PER= 0.54 
PER= 0.55 
PER= 0.56 
PER= 0.57 
PER= 0.58 
PER=0.60 
PER=0.62 
PER =0.64 
PER= 0.66 
PER= 0.68 
PER =0.70 
PER=0.72 
PER=0.74 
PER=0.76 
PER=0.78 
PER= 0.80 
PER =0.82 
PER =0.84 
PER =0.86 
PER =0.88 
PER=0.90 
PER=0.92 
PER= 0.94 
PER= 0.96 
PER=0.98 
PER= 1.00 
PER= I.OS 
PER= 1.10 
PER= I.IS 
PER= 1.20 
PER= 1.25 
PER= 1.30 
PER= 1.35 
PER= 1.40 
PER= 1.45 
PER= 1.50 
PER= 1.55 
PER= 1.60 
PER= 1.65 
PER= 1.70 
PER= I.75 
PER= 1.80 
PER= 1.85 
PER= 1.90 
PER= 1.95 
PER= 2.00 
PER= 2.05 
PER= 2.10 
PER= 2.15 
PER= 2.20 
PER= 2.25 
PER= 2.30 
PER= 2.35 
PER= 2.40 
PER= 2.50 
PER=2.60 
PER= 2.70 
PER =2.80 
PER= 2.90 
PER= 3.00 

PCSC300M-l b.out 
TIMES FOR MAXIMA -- TD= 3.7150 TV= 3.3750 TA= 3.7050 
TIMES FOR MAXIMA -- TD= 3.7200 TV= 3.3750 TA= 3.7100 
TIMES FOR MAXIMA -- TD= 3.7250 TV= 3.3750 TA= 3.7150 
TIMES FOR MAXIMA -- TD= 3.4750 TV= 3.3800 TA= 3.4650 
TIMES FOR MAXIMA-- TD= 3.4750 TV= 3.3800 TA= 3.4700 
TIMES FOR MAXIMA -- TD= 3.4800 TV= 3.3800 TA= 3.4700 
TIMES FOR MAXIMA -- TD= 5.0650 TV= 3.3800 TA= 5.0550 
TIMES FOR MAXIMA -- TD= 5.0950 TV= 3."3800 TA= 5.0850 
TIMES FOR MAXIMA -- TD= 4.8400 TV= 3.3800 TA= 4.8300 
TIMES FOR MAXIMA -- TD= 4.8650 TY.= 3.3800 TA= 4.8550 
TIMES FOR MAXIMA -- TD= 4.8850 TV= 3.3800 TA= 4.8750 
TIMES FOR MAXIMA -- TD= 4:9100 TV= 3.3800 TA= 4.9000 
TIMES FOR MAXIMA -- TD= 4.9350 TV= 3.3800 TA= 4.9200 
TIMES FOR MAXIMA-- TD= 4.9500 TV= 3.3800 TA= 4.9400 
TIMES FOR MAXIMA -- TD= 4.2600 TV= 3.3800 TA= 4.2500 
TIMES FOR MAXIMA -- TD= 4.2750 TV= 3.3800 TA= 4.2600 
TIMES FOR MAXIMA -- TD= 4.2950 TV= 3.3800 TA= 4.2800 
TIMES FOR MAXIMA -- TD= 4.3100 TV= 3.3800 TA= 4.2950 
TIMESFORMAXIMA-- TD= 4.3250 TV= 3.3800 TA= 4.3100 
TIMES FOR MAXIMA -- TD= 4.3350 TV = 3.3800 TA = 4.3200 
TIMES FOR MAXIMA -- TD= 4.3450 TV= 3.3800 TA= 4.3300 
TIMES FOR MAXIMA -- TD= 4.3500 TV= 3.3800 TA": 4.3350 
TIMES FOR MAXIMA -- TD= 4.3550 TV= 3.3800 TA= 4.3450 
TIMES FOR MAXIMA -- TD= 4.3650 TV = 3.3850 TA= 4.3500 
TIMES FOR MAXIMA-- TD= 4.3700 TV= 3.3850 TA= 4.3500 
TIMES FOR MAXIMA -- TD= 3.2900 TV= 3.3850 TA= 3.2750 
TIMES FOR MAXIMA -- TD= 3.2900 TV= 3.3850 TA= 3.2750 
TIMES FOR MAXIMA -- TD= 3.2900 TV= 3.3850 TA= 3.2750 
TIMES FOR MAXIMA -- TD= 3.2900 TV= 3.3850 TA= 3.2750 
TIMES FOR MAXIMA -- TD = 3.2900 TV = 3.3850 TA= 3.2750 
TIMES FOR MAXIMA-- TD= 3.2950 TV= 3.3850 TA= 3.2750 
TIMES FOR MAXIMA -- TD= 3.2950 TV= 3.3850 TA= 3.2750 
TIMES FOR MAXIMA -- TD = 3.2950 TV = 3.3850 TA= 3.2750 
TIMES FOR MAXIMA -- TD= 3.2950 TV= 3.3850 TA= 3.2750 
TIMES FOR MAXIMA -- TD= 3.3000 TV= 3.3850 TA= 3.2750 
TIMES FOR MAXIMA -- TD= 3.3000 TV= 3.3850 TA= 3.2750 
TIMES FOR MAXIMA -- TD= 3.3000 TV = 3.3850 TA = 3.2750 
TIMES FOR MAXIMA -- TD= 3.3000 TV= 3.3850 TA= 3.2750 
TIMES FOR MAXIMA-- TD= 3.3000 TV= 3.3850 TA= 3.2800 
TIMES FOR MAXIMA -- TD= 3.3050 TV= 3.3850 TA= 3.2800 
TIMES FOR MAXIMA-- TD= 3.3050 TV= 3.3850 TA= 3.2800 
TIMES FOR MAXIMA -- TD = 3.3050 TV = 3.3850 TA = 3.2800 
TIMES FOR MAXIMA -- TD= 4.3450 TV= 3.3850 TA= 3.2800 
TIMES FOR MAXIMA -- TD= 4.3500 TV = 3.3850 TA = 4.3300 
TIMES FOR MAXIMA -- TD= 4.3600 TV= 3.3850 TA= 4.3350 
TIMES FOR MAXIMA -- TD= 4.3650 TV= 3.2250 TA= 4.3400 
TIMES FOR MAXIMA -- TD= 4.4400 TV= 3.2250 TA= 4.3450 
TIMES FOR MAXIMA -- TD= 4.4500 TV= 3.2250 TA= 4.4350 
TIMES FOR MAXIMA-- TD= 4.4600 TV= 3.2250 TA= 4.4400 
TIMES FOR MAXIMA -- TD= 4.4750 TV= 3.2250 TA= 4.4450 
TIMES FOR MAXIMA-- TD= 4.4950 TV= 3.2250 TA= 4.4500 
TIMES FOR MAXIMA-- TD= 4.5100 TY= 3.2250 TA= 4.4550 
TIMES FOR MAXIMA-- TD= 4.5200 TV= 3.2250 TA= 4.5000 
TIMES FOR MAXIMA -- TD= 4.5300 TV= 3.2250 TA= 4.5050 
TIMES FOR MAXIMA-- TD= 4.5400 TV= 3.2250 TA= 4.5100 
TIMES FOR MAXIMA -- TD = 4. 7200 TV = 3.2250 TA = 4. 7000 
TIMES FOR MAXIMA-- TD= 4.8750 TV= 3.2250 TA= 4.8550 
TIMES FOR MAXIMA -- TD= 4.9050 TV= 3.2250 TA= 4.8600 
TIMES FOR MAXIMA -- TD= 4.9350 TV= 3.2300 TA= 4.8850 
TIMES FOR MAXIMA -- TD= 4.9550 TV= 3.2300 TA= 4.9250 
TIMES FOR MAXIMA -- TD= 4.9650 TV= 3.2300 TA= 4.9350 
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PER=3.JO TIMES FOR MAXIMA-- TD= 4.9800 TV= 3.2300 TA= 4.9400 
PER= 3.20 TIMES FOR MAXIMA -- TD = 5. I 950 TV = 3.2300 TA= 5. I 650 
PER= 3.30 TIMES FOR MAXIMA -- TD = 5.2650 TV = 3.2300 TA = 5.1700 
PER= 3.40 TIMES FOR MAXIMA -- TD = 5.2900 TV = 3.2300 TA= 5.2500 
PER= 3.50 TIMES FOR MAXIMA -- TD= 5.3200 TV= 3.2300 TA= 5.2600 
PER= 3.60 TIMES FOR MAXIMA -- TD= 5.3350 TV= 3.2300 TA= 5.3050 
PER= 3.70 TIMES FOR MAXIMA -- TD= 5.3450 TV= 3.2300 TA= 5.3100 
PER=3.80 TIMES FOR MAXIMA-- TD= 7.3550 TV= 3.2300 TA= 7.3100 
PER= 3.90 TIMES FOR MAXIMA -- TD= 7.4500 TV= 3.2300 TA= 7.4250 
PER =4.00 TIMES FOR MAXIMA -- TD= 5.7750 TV= 3.2300 TA= 5.7450 
PER= 4.10 TIMES FOR MAXIMA -- TD= 5.7850 TV= 3.2300 TA= 5.7500 
PER= 4.20 TIMES FOR MAXIMA -- TD= 5.7900 TV= 3.2300 TA= 5.7550 
PER= 4.30 TIMES FOR MAXIMA -- TD= 5.8000 TV= 3.2300 TA= 5.7600 
PER= 4.40 TIMES FOR MAXIMA -- TD= 5.8100 TV= 3.2300 TA= 5.7600 
PER=4.50 TIMES FOR MAXIMA-- TD= 5.8150 TV= 3.2300 TA= 5.7650 
PER=4.60 TIMES FOR MAXIMA-- TD= 5.8250 TV= 3.2300 TA= 5.7650 
PER =4.70 TIMES FOR MAXIMA-- TD= 6.0800 TV= 3.2300 TA= 5.7650 
PER=4.80 TIMES FOR MAXIMA-- TD= 6.1150 TV= 3.2300 TA= 6.0300 
PER=4.90 TIMESFORMAXIMA-- TD= 6.1350 TV= 3.2300 TA= 6.0350 
PER= 5.00 TIMES FOR MAXIMA -- TD= 6. 1500 TV= 3.2300 TA= 6. 1000 
PER=5.JO TIMES FOR MAXIMA-- TD= 6.1650 TV= 3.2300 TA= 6.1100 
PER=5.20 TIMES FOR MAXIMA-- TD= 6.1800 TV= 3.2300 TA= 6.1200 
PER= 5.40 TIMES FOR MAXIMA -- TD= 6.2900 TV= 3.2300 TA= 6.1350 
PER= 5.60 TIMES FOR MAXIMA -- TD= 9.3450 TV= 3.2300 TA= 9.2800 
PER= 5.80 TIMES FOR MAXIMA -- TD= 9.4000 TV= 3.2300 TA= 9.3050 
PER= 6.00 TIMES FOR MAXIMA-- TD= 9.7200 TV= 3.2300 TA= 9.6600 
PER= 6.20 TIMES FOR MAXIMA -- TD= 9.7600 TV= 3.2300 TA= 9.6750 
PER= 6.40 TIMES FOR MAXIMA -- TD= 9.7800 TV= 3.2300 TA= 9.7250 
PER=6.60 TIMES FOR MAXIMA-- TD= 9.9900 TV= 3.2300 TA= 9.7350 
PER=6.80 TIMES FOR MAXIMA-- TD=I0.0350 TV= 3.2300 TA= 3.9750 
PER= 7.00 TIMES FOR MAXIMA -- TD= 10.0550 TV= 3.2300 TA= 3.9750 
PER= 7.30 TIMES FOR MAXIMA -- TD= 4.0400 TV= 3.2300 TA= 3.9700 
PER= 7.60 TIMES FOR MAXIMA -- TD= 4.0450 TV= 3.2300 TA= 3.9700 
PER= 8.00 TIMES FOR MAXIMA -- TD= 4.0450 TV= 3.2300 TA= 3.9700 
PER= 8.50 TIMES FOR MAXIMA -- TD= 4.0450 TV= 3.2300 TA= 3.9700 
PER= 9.00 TIMES FOR MAXIMA -- TD= 4.0450 TV= 3.2300 TA= 3.9700 
PER= 9.50 TIMES FOR MAXIMA -- TD= 4.0500 TV= 3.2300 TA= 3.9700 
PER =10.00 TIMES FOR MAXIMA -- TD= 4.0500 TV= 3.2300 TA= 3.9700 
SPECTRAL VALUES--
(Acceleration of gravity used = 32.20) 

PCSC300M Crest Column DAMPING RATIO= 0.050 
NO. PERIOD REL. DISP. REL. VEL. PSU.REL. VEL. ABS. ACC. PSU.ABS.ACC. FREQ. 

I 0.01 0.00004 0.00344 0.02723 0.53173 0.53137 100.00 
2 0.02 0.00018 0.01498 0.05597 0.54644 0.54604 50.00 
3 O.Q3 0.00046 0.04299 0.09541 0.62698 0.62058 33.33 
4 0.04 0.00098 0.07450 0.15339 0.74265 0.74829 25.00 
5 0.05 0.00185 0.11438 0.23 I 88 0.90186 0.90494 20.00 
6 0.06 0.00323 0.21636 0.33796 1.09325 1.09910 16.67 
7 0.07 0.00417 0.26957 0.37428 1.04604 1.04334 14.29 
8 0.08 0.00574 0.36004 0.45084 1.09593 1.09966 I 2.50 
9 0.09 0.00793 0.46547 0.55381 1.20729 1.20072 I I.I I 
IO 0.10 0.01184 0.65897 0.74391· 1.45586 1.45159 JO.OD 
11 0.1 I 0.01171 0.58300 0.66872 1.18724 1.18625 9.09 
12 0.12 0.01240 0.55739 0.64908 1.06784 1.05547 8.33 
13 0.13 0.01544 0.57856 0.74634 1.12466 1.12025 7.69 
14 0.14 0.01706 0.68136 0.76544 1.06872 1.06686 7.14 
15 0.15 0.01801 0.70930 0.75423 0.98064 0.98116 6.67 
I 6 0. I 6 0.02089 0.80674 0.82053 1.0065 I 1.00069 6.25 
17 0.17 0.02562 0.81415 0.94686 1.08817 1.08683 5.88 
18 0.18 0.03629 1.14590 1.26681 1.37972 1.37329 5.56 
19 0.19 0.04746 1.50605 1.56961 1.61717 1.61199 5.26 
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'\ 20 0.20 0.05622 1.76231 1.76627 1.72911 1.72326 5.00 
21 0.21 0.05900 1.77538 1.76536 1.64688 1.64036 4.76 
22 0.22 0.0601 I 1.66750 1.71685 1.52662 1.52277 4.55 
23 0.23 0.06855 1.77125 1.87279 1.59324 1.58885 4.35 
24 0.24 0.07171 1.75936 1.87725 1.53512 1.52628 4.17 
25 0.25 0.06812 1.64597 1.712!0 1.34162 1.33632 4.00 
26 0.26 0.07414 1.74473 1.79156 1.35117 1.34456 3.85 
27 0.27 0.08077 1.85374 1.87951 1.36525 1.35833 3.70 
28 0.28 0.08697 1.94060 1.95166 1.36680 1.36010 3.57 
29 0.29 0.09386 2.02854 2.03354 1.37519 1.36829 3.45 
30 0.30 0.!0278 2.16374 2.15263 1.40737 1.40014 3.33 
31 0.31 0.11314 2.31754 2.29317 1.45097 1.44344 3.23 
32 0.32 0.12301 2.45521 2.41523 1.48044 1.47276 3.13 
33 0.33 0.13119 2.54419 2.49779 1.48493 1.47695 3.03 
34 0.34 0. 14271 2.59575 2.63735 1.52138 1.51360 2.94 
35 0.35 0.15651 2.68723 2.80967 1.57393 1.56643 2.86 
36 0.36 0.16429 2.90887 2.86740 1.56142 1.55421 2.78 
37 0.37 0.16698 3.00594 2.83558 1.50270 1.49542 2.70 
38 0.38 0.16550 2.97128 2.73644 1.41208 1.40516 2.63 
39 0.39 0.16053 2.81259 2.58633 1.29996 1.29402 2.56 
40 0.40 0.15743 2.60673 2.47295 1.21458 1.20637 2.50 
41 0.41 0.15845 2.55928 2.42821 1.16465 1.15565 2.44 
42 0.42 0. 15930 2.55244 2.38318 1.11507 I. !0721 2.38 
43 0.43 0.15941 2.57190 2.32929 1.06456 1.05701 2.33 
44 0.44 0.15879 2.55400 2.26755 1.01406 1.00561 2.27 
45 0.45 0.15773 2.50222 2.20231 0.96199 0.95497 2.22 
46 0.46 0. 15595 2.42166 2.13016 0.90953 0.90361 2.17 
47 0.47 0.15361 2.31736 2.05350 0.85825 0.85255 2.13 
48 0.48 0.15256 2.28031 1.99700 0.81642 0.81182 2.08 

( 49 0.49 0.15098 2.26787 1.93595 0.77628 0.77094 2.04 
50 0.50 0.14885 2.24825 1.87049 0.73500 0.72998 2.00 
51 0.51 0.14607 2.22793 1.79955 0.69341 0.68852 1.96 
52 0.52 0.14275 2.20266 1.72490 0.65210 0.64727 1.92 
53 0.53 0.13899 2.17393 1.64778 0.61147 0.60666 1.89 
54 0.54 0.13486 2.14284 1.56913 0.57181 0.56701 1.85 
55 0.55 0.13040 2.11020 1.48967 0.53328 0.52851 1.82 
56 0.56 0.12738 2.07877 1.42920 0.50120 0.49800 1.79 
57 0.57 0.12463 2.04816 1.37386 0.47333 0.47032 1.75 
58 0.58 0.12200 2.01723 1.32169 0.44768 0.44466 1.72 
59 0.60 0.12140 1.95582 1.27134 0.41666 0.41346 1.67 
60 0.62 0.13002 1.89681 1.31761 0.41668 0.41469 1.61 
61 0.64 0.13822 1.84194 1.35697 0.41587 0.41373 1.56 
62 0.66 0.14955 1.79284 1.42367 0.42321 0.42091 1.52 
63 0.68 0.15620 1.75093 1.44329 0.41665 0.41416 1.47 
64 0.70 0.15867 1.71699 1.42420 0.39922 0.39701 1.43 
65 0.72 0. 15780 1.69088 1.37709 0.37538 0.37321 1.39 
66 0.74 0. 15343 1.67168 1.30274 0.34603 0.34352 1.35 
67 0.76 0. 15320 1.65801 1.26652 0.32713 0.32518 1.32 
68 0.78 0.15301 1.64842 1.23255 0.30987 0.30834 1.28 
69 0.80 0.15226 1.64164 1.19583 0.29295 0.29168 1.25 
70 0.82 0.15089 1.63668 1.15619 0.27649 0.27513 1.22 
71 0.84 0.14873 1.63281 I.I 1252 0.25978 0.25844 1.19 
72 0.86 0.14558 1.62945 1.06365 0.24283 0.24134 I. 16 
73 0.88 0.14112 1.62616 1.00756 0.22519 0.22341 I. 14 
74 0.90 0. 13537 1.62256 0.94504 0.20669 0.20490 I.II 
75 0.92 0.12834 1.61831 0.87653 0. I 8783 0.18591 1.09 
76 0.94 0.12036 1.61322 0.80451 0.16882 0.16700 1.06 
77 0.96 0.11165 1.60771 0.73076 0.15011 0.14853 1.04 
78 0.98 0.11349 1.60!00 0.72764 0.14794 0.14488 1.02 
79 1.00 0.11644 1.59306 0.73164 0.14580 0.14277 1.00 
80 1.05 0.12348 1.56865 0.73890 0.14033 0. 13732 0.95 

Page 21 



R13999

PCSC300M-l b.out 
81 1.10 0.12986 1.54016 0.74176 0.13461 0.13158 0.91 
82 l.15 0.13570 1.51097 0.74142 0.12886 0.12580 0.87 
83 1.20 0.14142 1.48339 0.74049 0.12341 0.12041 0.83 
84 1.25 0.14724 1.45826 0.74011 0.11850 0.11553 0.80 
85 1.30 0.15335 1.43523 0.74118 0.11420 0.11125 0.77 
86 1.35 0.15983 1.41340 0.74390 0.11047 0.10752 0.74 
87 1.40 0.16665 1.39181 0.74794 0.10720 0.10425 0.71 
88 l.45 0.17378 1.36977 0.75301 0.10425 0.10133 0.69 
89 l.50 0.18098 1.34690 0.75810 0.10151 0.09862 0.67 
90 l.55 0.18816 1.32314 0.76273 0.09890 0.09602 0.65 
91 1.60 0.19520 1.29861 0.76656 0.09637 0.09349 0.63 
92 1.65 0.20214 1.27355 0.76975 0.09391 0.09103 0.61 
93 1.70 0.20890 1.24823 0.77208 0.09149 0.08862 0.59 
94 1.75 0.21543 1.22290 0.77348 0.08911 0.08624 0.57 
95 1.80 0.22339 1.19773 0.77979 0.08679 0.08453 0.56 
96 1.85 0.23776 1.17287 0.80752 0.08626 0.08517 0.54 
97 1.90 0.25054 1.14839 0.82851 0.08632 0.08509 0.53 
98 1.95 0.26172 1.13281 0.84331 0.08571 0.08439 0.51 
99 2.00 0.27257 1.14823 0.8563 I 0.08452 0.08355 0.50 
100 2.05 0.28498 1.16341 0.87345 0.08373 0.08314 0.49 
IOI 2.10 0.29601 1.17839 0.88566 0.08310 0.08229 0.48 
102 2.15 0.30571 I.I 9320 0.89342 0.08200 0.08108 0.47 
103 2.20 0.31441 1.20787 0.89794 0.08049 0.07964 0.45 
104 2.25 0.32242 1.22239 0.90038 0.07866 0.07808 0.44 
105 2.30 0.32923 1.23679 0.89939 0.07693 0.07630 0.43 
106 2.35 0.33460 1.25103 0.89462 0.07510 0.07428 0.43 
107 2.40 0.33846 1.26513 0.88609 0.07300 0.07204 0.42 
108 2.50 0.35730 1.29276 0.89799 0.07057 0.07009 0.40 
109 2.60 0.38457 1.31949 0.92934 0.07027 0.06975 0.38 

( 110 2.70 0.41352 1.34513 0.96229 0.07028 0.06955 0.37 
11 I 2.80 0.43768 1.36969 0.98216 0.06906 0.06845 0.36 

'-,,, 

I 12 2.90 0.45613 1.39299 0.98826 0.06726 0.06650 0.34 
I 13 3.00 0.46805 1.41472 0.98027 0.06477 0.06376 0.33 
114 3.10 0.47360 1.43479 0.95991 0.06160 0.06042 0.32 
115 3.20 0.48779 1.45321 0.95778 0.05918 0.05840 0.31 
116 3.30 0.50549 1.46998 0.96244 0.05761 0.05691 0.30 
117 3.40 0.52070 1.485 IO 0.96226 0.05576 0.05523 0.29 
l 18 3.50 0.53182 1.49866 0.95472 0.05380 0.05323 0.29 
l 19 3.60 0.53822 1.51072 0.93938 0.05148 0.05092 0.28 
120 3.70 0.53955 1.52137 0.91625 0.04909 0.04832 0.27 
121 3.80 0.54419 1.53070 0.89980 0.04663 0.04620 0.26 
122 3.90 0.54414 1.53879 0.87665 0.04412 0.04386 0.26 
123 4.00 0.54512 1.54575 0.85627 0.04232 0.04177 0.25 
124 4.10 0.55984 1.55166 0.85795 0.04157 0.04083 0.24 
125 4.20 0.56968 1.55662 0.85224 0.04048 0.03959 0.24 
126 4.30 0.5751 I 1.56072 0.84036 0.03913 0.038 I 3 0.23 
127 4.40 0.57652 1.56402 0.82327 0.03759 0.03651 0.23 
128 4.50 0.57443 1.56661 0.80206 0.03592 0.03478 0.22 
129 4.60 0.56932 1.56857 0.77764 0.03416 0.03299 0.22 
130 4.70 0.57317 1.56996 0.76624 0.03235 0.03181 0.21 
131 4.80 0.57662 1.57082 0.75479 0.03103 0.03068 0.21 
132 4.90 0.57803 1.57124 0.74120 0.02981 0.02952 0.20 
133 5.00 0.57721 1.57124 0.72535 0.02862 0.02831 0.20 
134 5.10 0.57417 1.57088 0.70738 0.02743 0.02706 0.20 
135 5.20 0.56916 1.57020 0.68772 0.02621 0.02581 0.19 
136 5.40 0.55830 1.56804 0.64961 0.02377 0.02347 0.19 
137 5.60 0.56648 1.56501 0.63559 0.02245 0.02215 0.18 
138 5.80 0.56912 1.56134 0.61654 0.0211 I 0.02074 0.17 
139 6.00 0.57671 1.557 I 7 0.60393 0.01986 0.01964 0.17 
140 6.20 0.57675 1.55267 0.58449 0.01867 0.01840 0.16 
141 6.40 0.56236 1.54794 0.55210 0.01720 0.01683 0.16 
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142 6.60 0.54027 1.54307 0.51434 0.01554 0.01521 0.15 
143 6.80 0.51948 1.53813 0.48000 0.01439 0.01377 0.15 
144 7.00 0.49104 1.53316 0.44075 0.01351 0.01229 0.14 
145 7.30 0.46985 1.52577 0.40441 0.01231 0.01081 0.14 
146 7.60 0.46077 1.51853 0.38094 0.01126 0.00978 0.13 
147 8.00 0.44872 1.50926 0.35242 0.01004 0.00860 0.13 
148 8.50 0.43399 1.49836 0.32080 0.00877 0.00736 0.12 
149 9.00 0.41998 1.48832 0.29320 0.00772 0.00636 0.11 
150 9.50 0.40682 1.47913 0.26907 0.00684 0.00553 0.11 
151 10.00 0.39463 1.47073 0.24796 0.00611 0.00484 0.10 
152 IO.SO 0.00000 0.00000 0.00000 0.00000 0.00000 0.10 

VALUES IN PERIOD RANGE . I TO 2.5 SEC. 
AREA OF ACC. RESPONSE SPECTRUM = 0.827 
AREA OF VEL. RESPONSE SPECTRUM = 3.619 
MAX. ACCELERATION RESPONSE VALUE= 1.729 
MAX. VELOCITY RESPONSE VALUE= 3.006 

*** End of Output File No. 1 *** 

C 
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Source File: C:\SHAKE2000\Williamson Energy\Background.M6.8@13.5km.txt 
SHAKE2000 Conversion: 8192 .01 4 8 9 (819.6) 
Acceleration Units: (g's) - No. Values: 8192 - Time Step: .01 (secs) 
Data Format: (819.6) - No. Header Lines: 4 
0.000068-0.000484 0.004440-0.000089 0.002476-0.002297-0.001876 0.007725 
0.009680 0.020998-0.014349-0.012924 0.018874-0.Q19831-0.000946 0.024811 

-0.016894-0.002461 0.007682-0.006573-0.008604-0.018410 0.024194-0.064656 
-0.017516 0.023926-0.001566 0.003326 0.022873 0.052730 0.049159 0.008778 
-0.041034 0.029324-0.005991 0.066674-0.051336 0.029966-0.067257 0.001274 
-0.023573-0.003857 0.025335-0.064802 0.035720 0.035247-0.060426-0.045700 
-0.031840 0.173671-0.115954-0.177847-0.062465 0.029846 0.032386 0.206897 
0.211986 0.170397 0.047887 0.210433 0.035054-0.102432 0.109534-0.000009 

-0 .028794-0 .046718 0.025702 0.124573 0.093290-0.097214-0.403235 0.061484 
-0.044552-0.143867-0.014249-0.097686-0.096547 0.091073-0.001185-0.157862 
-0.037865 0.214765 0.166245 0.146452 0.036295-0.245892-0.258110-0.054909 
0.003324 0.056747 0.189689-0.150132 0.046005 0.010882-0.099308-0.031186 

-0.247487 0.063264 0.129154-0.020554-0.053686-0.035271 0.043872-0.276713 
-0.170164 0.011672-0.023787-0.257310-0.266482 0.073339 0.127175-0.114346 
0.405984 0.640370 0.132005 0.061997 0.275799-0.104608-0.161925 0.138763 
0.018308 0.242389-0.155903-0.268668-0.227346 0.028351 0.074741-0.200678 
0.244093 0.070530 0.132280 0.441767-0.083260 0.154131-0.002624 0.044684 
0.141755-0.069739-0.244723 0.247716-0.122376 0.169429 0.076418-0.099059 
0.110489-0.178569 0.196096-0.039291-0.022326 0.089201-0.214248-0.076867 

-0.106401-0.037701-0.337731-0.143806 0.156840 0.227801-0.064086 0.057921 
-0.116751-0.065712 0.152189 0.076345-0.210370-0.008124 0.164980-0.208565 
0.319630 0.036533-0.534386-0.055838-0.071579-0.039580 0.035941 0.322050 
0.241665 0.317657 0.041827-0.373256-0.138117-0.275448 0.243620 0.112088 

-0.086278 0.162263 0.124494-0.043534-0.081518-0.016313-0.128263-0.435084 
-0.227109-0.029507 0.606858 0.335554-0.57214 7-0.220885-0.282923-0.150822 
-0.182991 0.210498-0.025457 0.248134 0.270411-0.047431-0.000596-0.296104 
0.259254-0.031848-0.098630 0.221225-0.138866 0.100383-0.299037 0.144975 

-0.014837-0.365732 0.292578-0.242619-0.115074-0.232651-0.062400-0.264966 
0.263454 0.286627-0.130869-0.256768 0.430172 0.063992 0.061339 0.038817 

-0.057809-0.386660-0.160415 0.301478-0.459285 0.168607 0.381887 0.171242 
0.460192 0.219135-0.135966-0.305338 0.196363 0.371560 0.311075 0.432634 
0.671793 0.230897 0.003888-0.501883-0.685153-0.177320-0.136678 0.257362 

-0.251866-0.015841 0.734878 0.084940-0.631726-0.118065 0.070188-0.010728 
-0.043165 0.016503 0.337090 0.011677 0.035028-0.021320-0.173948 0.063953 
-0.057864 0.356524-0.041910-0.370414 0.074264 0.069478 0.356224 0.046085 
0.301112 0.083577-0.535636-0.102784-0.296247-0.338909 0.306846-0.000028 

-0.108369-0.026180 0.170159-0.276066 0.237365-0.413168-0.511633 0.538050 
0.196498 0.029560-0.139725 0.099111-0.216492 0.040789-0.252245-0.456994 

-0.190024-0.021700-0.017586 0.253989-0.388061 0.203280 0.168471-0.186309 
0.086598 0.0433810.496577-0.2858180.0231410.099463-0.5430630.081770 
0.374241 0.026021-0.099550 0.206674 0.092590 0.066501-0.036392-0.323960 
0.012089-0.244480 0.061242 0.102714 0.019520 0.176102 0.058016 0.148852 
0.263120-0.202246 0.458053-0.106327 0.193507-0.026508-0.112944-0.483105 

-0.125958-0.309480 0.320093-0.058466 0.100379-0.353369 0.396738 0.020817 
0.178458-0.429464-0.010438 0.343936-0.304491-0.104132 0.002041-0.070734 
0.323440-0.580260-0.268409 0.376745 0.754728 0.200709 0.338796-0.039039 

-0.300664 0.044029 0.172046-0.153975-0.205305-0.201357 0.357027 0.035144 
-0.065483 0.114270-0.266152-0.148422 0.068961 0.101378-0.583383-0.149276 
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0.685469-0.211030 0.117615 0.243242-0.192865-0.145994-0.677240-0.538437 
-0.073425 0.331084-0.093843-0.015614 0.287046 0.012987 0.254351-0.105377 
-0.160281 0.032922 0.565473 0.198606-0.039127 0.150609-0.250015-0.222591 
-0.496892-0.1081810.157433-0.1456330.096799-0.357467 0.221551 0.740900 
-0.108194-0.242781 0.003366 0.163993-0.109375 0.176393 0.441561 0.004938 
-0.010499-0.605221 0.003992-0.025248 0.106673 0.549024 0.158879-0.441325 
-0.243483 0.256016 0.105278-0.384336 0.068685-0.218079-0.123757-0.530668 
0.300394 0.226792-0.171338 0.238330 0.063567 0.090491-0.274998 0.062332 

-0.250095 0.164072 0.008010 0.132072-0.401427 0.032593 0.387659 0.351926 
-0.184043 0.253114-0.091036 0.302967 0.114881-0.383489-0.203501-0.166793 
0.130538 0.287226 0.010331 0.234787-0.1053010.1630130.214596-0.611855 

-0.200879-0.074848-0.291657 0.503612-0.063933 0.084817 0.170805 0.414674 
0.151423-0.039119-0.416117 0.174386 0.440019-0.017100-0.311488 0.109962 
0.075955-0.123384-0.082001 0.070698 0.181671-0.248569 0.292899 0.034235 

-0.425899 0.051977-0.138244-0.071240-0.004448 0.175111 0.162217-0.309199 
-0.060538-0.232143-0.139128 0.566229 0.333770-0.066465 0.573636-0.388410 
-0.155087-0.145104-0.237174 0.093287 0.369065 0.159069 0.276833 0.046172 
-0.376488-0.192785 0.116839-0.047054-0.119157-0.257001 0.267238 0.379138 
0.381733 0.307377 0.114694 0.021237-0.111496-0.230213 0.219026-0.047544 

-0.376256-0.246394-0.323063 0.108445 0.269744-0.344079-0.261517 0.299351 
-0.155470 0.046544 0.164432 0.029353 0.091897 0.033988-0.172864-0.077830 
0.064721 0.136510-0.268276-0.319360 0.350929-0.304453 0.546803-0.268302 
0.323840-0.043768-0.184971-0.090802 0.105892-0.273739-0.021810 0.090217 
0.048056-0.048288-0.370834 0.263242-0.229004-0.121328-0.116256-0.083571 

-0.237193-0.193124 0.573273 0.054109-0.137152 0.304887-0.048938 0.013698 
0.066952 0.252689 0.029827-0.109273 0.410933-0.140301 0.022772 0.032292 
0.006388-0.012804 0.2227 41 0.209555-0 .37 4145-0 .239717 0 .002656-0.117605 
0.141498 0.259617-0.097186 0.185629-0.319640-0.106818 0.530937-0.029569 
0.178472-0.076456 0.052661-0.140197-0.016371 0.023729-0.122808 0.137891 

-0.204316-0.075565-0.253149 0.238515-0.177632-0.320022-0.017743-0.004802 
-0.135466 0.119518 0.335358-0.098098-0.144135-0.043896 0.326562 0.100749 
0 .239620-0. 1 664 75-0. 077362-0 .228088-0 .31 0545-0 .072725 0 .027 412 0 .283997 

-0.203505-0.001278-0.106805 0.122055 0.083174-0.168648-0.097350 0.141751 
0.276415-0.017750 0.269013 0.158739-0.483611 0.126758 0.061719-0.218836 

-0.286476-0.313158-0.046777 0.154092-0.020396-0.013660-0.081261-0.046376 
-0.003614 0.085225 0.112335-0.115323 0.261716 0.023440-0.245092-0.094334 
0.100158 0.183612-0.170767 0.392794 0.193642-0.390324-0.076836-0.229621 

-0.161078 0.097635 0.322610-0.204892-0.073094 0.107309-0.221321-0.122351 
-0.005452 0.130920 0.275685 0.119984 0.132629-0.241377 0.120620 0.264966 
0.063626 0.120024-0.072617 0.105274-0.188529-0.178280 0.015936-0.199552 

-0.149867-0.008304 0.261453 0.059241-0.112231-0.036482 0.130975 0.076674 
-0.121789-0.237599-0.009680-0.091172 0.331924-0.032261-0.127926 0.096327 
0.035639 0.268755 0.206221 0.153804-0.118157 0.152860-0.114153-0.084611 

-0.055015 0.046761 0.043069 0.199636-0.070599-0.122346-0.145525-0.085574 
-0.064257-0.194972-0.088626-0.057927 0.133392 0.114741 0.124358 0.123907 
-0.288172-0.054795 0.183758 0.058183 0.240288-0.122846-0.139001 0.133351 
0.153357 0.146434-0.167993-0.131588 0.053193-0.025204 0.133888-0.028378 

-0.091828-0.014068-0.077495 0.065360 0.305584 0.237422-0.222630-0.034447 
0.045478-0.250384-0.365509-0.001341 0.019045 0.250005 0.219116-0.166278 
0.143865 0.055411-0.021176 0.031043-0.046761-0.153498-0.022679-0.031297 

-0.049408 0.0867610.0484830.017765 0.022347-0.023703-0.129981 0.052750 
-0.176301 0.035575 0.203632 0.002184 0.069024-0.004336 0.087152-0.029468 
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-0.064001-0.000024 0.081938-0.165662-0.019199-0.057563-0.091429-0.069292 
-0.244168-0.109512 0.090695 0.019048 0.085624 0.048108 0.140520 0.054041 
0.086612 0.046383-0.080017-0.205732 0.058671-0.026540-0.078907-0.029946 
0.239534 0.107762-0.114942-0.135160 0.090514-0.162252-0.054304 0.034827 
0.122016-0.041037 0.167309 0.063688-0.157195 0.061908-0.028471-0.309150 

-0.137481-0.007140 0.037827 0.035380 0.074337-0.066859-0.057270 0.269697 
0.111772 0.121599 0.122932 0.114241-0.050156-0.015888-0.116224-0.092143 

-0.208739-0.120273 0.075346-0.086129 0.096502 0.004371-0.115730 0.196682 
-0.027725-0.007483 0.004347-0.002961 0.087304-0.086503 0.008822 0.042294 
0.162696-0.016558-0.106458-0.178606-0.082164 0.162452-0.029224 0.023172 

-0.022315-0.048391 0.086678-0.008733-0.178828-0.07 4081-0.002230-0.043287 
-0.037754 0.037997 0.253756 0.061783 0.051132 0.066094-0.242644 0.052460 
0.039929-0.066230 0.130801 0.113949 0.059822-0.161445 0.076966-0.043616 
0.015014 0.129015-0.049686 0.047778-0.118212-0.060856-0.007676-0.089177 

-0.057775-0.083041-0.010576-0.068119 0.113782 0.010426 0.090651 0.019071 
-0.045975 0.032262 0.005906-0.07 4652-0.041493-0.002789-0.076417 0.058581 
0.098550 0.044660 0.045942-0.030164-0.035999-0.011212 0.021782-0.011505 

-0.033479 0.070828 0.097073-0.037969-0.077446-0.014046 0.001058-0.104363 
0.026697-0.014761-0.177569 0.061078 0.191249 0.062852-0.027733 0.106321 
0.100434-0.097239 0.030414-0.051868-0.008917-0.067481 0.011198-0.040649 

-0.044974 0.002908-0.118919-0.117096 0.111551 0.095773-0.018677 0.113412 
0.010874-0.075618-0.165523-0.063411 0.058986 0.150283-0.044177-0.018550 
0.083792 0.080537-0.093548 0.141567 0.052406-0.051514 0.011969 0.020622 
0.078921-0.086390-0.219537 0.060282 0.101826 0.079112 0.026044 0.044760 
0.014026-0.143881-0.059137 0.027871 0.071247-0.048214-0.062922 0.103715 
0.016729-0.011600 0.004517 0.087560-0.073649 0.055858 0.037193-0.165392 
0.044607-0.063430-0.052631 0.022846-0.089969 0.111036 0.118120-0.071393 

-0.076398 0.008119 0.079931-0.020912-0.136523-0.002274-0.031601 0.123477 
0.169534-0.076475 0.096925-0.089791-0.074190 0.055220-0.020739 0.045179 

-0.041356-0.004006 0.006494 0.083549-0.071501-0.073973 0.056442 0.161473 
0.046457-0.138618 0.041612 0.043675 0.081059 0.113264-0.120474-0.127893 

-0.005636-0.075069-0.144545 0.003639-0.025130-0.080362-0.061522-0.10927 4 
0.051397 0.040767-0.005957 0.048485 0.046853-0.004934-0.046405 0.043569 

-0.003636 0.032068-0.024211-0.049436 0.027366 0.061880 0.031216 0.038850 
-0.046982 0.035059-0.007211-0.032603 0.123593-0.008158 0.014220 0.078333 
0.017798-0.106699-0.132351-0.054114 0.031968 0.051028 0.061401 0.047492 
0.081194 0.064251-0.047219 0.085906-0.017583-0.052944-0.061432 0.047945 
0.043783-0.089994 0.033448 0.012962-0.103010-0.000720 0.002859 0.044689 
0.094368 0.001698 0.052421-0.056295-0.045246-0.014811-0.029559-0.045795 
0.001942 0.045592 0.034324-0.001346 0.057729-0.067094-0.045944 0.021228 
0.089559 0.100616 0.070413 0.024268-0.026269-0.038273-0.094390 0.079608 

-0.068236-0.089592 0.043225-0.015859 0.071341 0.011529-0.135114-0.066970 
-0.042329 0.044125 0.024502 0.003817-0.023075 0.053468-0.016184-0.035450 
-0.021471-0.035293 0.026293 0.003684-0.124714 0.079408 0.076010-0.014564 
-0.007674 0.029585-0.047881 0.018300-0.022314 0.030943-0.054654-0.116507 
0.024177 0.000235 0.010117 0.006591-0.017839-0.020823 0.010921-0.040599 
0.070903 0.005977-0.043527 0.018460 0.054316-0.017907 0.005602-0.014664 

-0.041603-0.033810-0.023065 0.034744 0.083212 0.046348-0.052468 0.032106 
-0.011815 0.012993-0.010474 0.009580 0.033060-0.018206 0.035816-0.027245 
-0.033500 0.022692 0.020952 0.002295 0.044698 0.041542 0.026526-0.055481 
-0.042234 0.017543 0.030483 0.024208-0.008162-0.008455 0.043880-0.049104 
-0.032779 0.070481 0.015287 0.029919 0.027658-0.019573 0.081485 0.050808 
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0.007672 0.006209-0.038298-0.021678-0.012219-0.01117 4-0.051150 0.034874 
0.015188 0.006953 0.000085-0.042438 0.002288-0.018288-0.047803 0.001609 

-0.052439-0.038716 0.052018-0.0666310.0153590.0408510.0229260.062497 
0.024197 0.037582-0.030877 0.006645-0.017166-0.014794 0.033623 0.065456 
0.016174 0.011779 0.024545-0.065563-0.076223-0.022604 0.009095 0.015540 
0.013116-0.025617 0.012857 0.037172 0.023632-0.037021-0.052897 0.026979 

-0.033945-0.009811-0.021530-0.027149-0.004719 0.024001 0.049955-0.070790 
0.017673 0.015621 0.016223-0.023783 0.028373-0.052223'0.009646 0.027781 
-0.026973 0.023148-0.024897 0.023462 0.014909 0.000485-0.002731-0.015066 
-0.039890-0.034337-0.041208-0.000228-0.004404 0.003908 0.019733-0.020047 
0.012527 0.022874 0.017315 0.000035-0.064973 0.063606 0.023964 0.013837 
0.010606 0.011292 0.007718-0.008540 0.002866 0.013129-0.011593-0.013567 

-0.004866 0.017564 0.001776-0.025652 0.016850 0.056096-0.040064-0.006821 
0.031833-0.013132-0.028513-0.012856-0.003854-0.005569-0.012635 0.014215 

-0.049148-0.008695-0.017996 0.047469-0.040458 0.047150-0.024034 0.038344 
0.074377-0.000774 0.040977 0.054223 0.017359 0.035276-0.053868-0.033076 
0.005858-0.006767 0.031820-0.038699-0.038719-0.010552 0.030464-0.018911 

-0.050174-0.038506 0.019019 0.044021 0.020530 0.011395 0.069530-0.001479 
-0.031426-0.043823-0.028721-0.019559-0.022400 0.038888-0.015240 0.019523 
0.001946-0.010813-0.011389 0.067978 0.021133-0.008938-0.024556 0.015684 
0.000282 0.000221-0.033867-0.000488-0.004942-0.004253-0.023565-0.026645 
0.001139 0.017176 0.023245 0.022733 0.000753-0.026377-0.005384 0.012133 
0.024883-0.016452 0.015793-0.023063 0.012618 0.006236 0.043449 0.016783 
0.007019 0.022355 0.007615 0.015399-0.016707-0.030212 0.000572-0.000320 

-0.047722-0.007701 0.006171-0.007198 0.006345-0.004411 0.011764 0.014439 
-0.003066 0.016473-0.011383-0.013875 0.000318-0.006902 0.029794 0.000086 
-0.000469 0.012116 0.002150 0.003142 0.025219-0.017635 0.008311-0.029692 
-0.027886-0.013337 0.031901 0.017528-0.010784-0.002187-0.034130 0.019444 
-0.007139 0.019247-0.022390-0.013764 0.026973-0.012387 0.006182 0.007768 
0.000825 0.007082 0.005148 0.014365 0.014794 0.007815-0.002904 0.025939 

-0.007026 0.003012-0.003204 0.015789 0.000781-0.013622-0.020423-0.042738 
0.007556 0.037054-0.011896 0.001675 0.008218-0.015422-0.016884 0.026030 

-0.010977-0.001607 0.019179 0.028100-0.010715-0.001379-0.013703 0.001311 
0.008498 0.015650-0.024573-0.023623-0.021508-0.036828-0 .007837-0.0067 48 
0.006342-0.003384 0.023389 0.002965 0.017922 0.008084-0.001579-0.029610 
0.011519 0.016799-0.010621-0.009714-0.011721 0.002965-0.003864 0.013500 
0.024686-0.020447 0.016140-0.032257 0.020043-0.009546-0.022193-0.005545 
0.010665 0.008010 0.017728 0.023383 0.0163710.0129190.008920-0.008850 

-0.002418 0.007111-0.011742-0.018497 0.006522-0.014147-0.016756 0.006565 
0.035915-0.005583-0.024655 0.015403 0.000119-0.022172 0.010693-0.009684 
0.003227 0.005789 0.002165-0.015937 0.000798-0.017994 0.005653 0.014819 

-0.006802-0.004632 0.017254 0.006003-0.008701-0.016051-0.023369 0.008426 
0.015930-0.008184-0.015554 0.006559 0.000774-0.015916-0.015953 0.001811 
0.013290 0.006695 0.000159-0.011588-0.004224 0.006419-0.010597 0.009196 
0.013392-0.011252-0.014619 0.013189 0.015944-0.011564 0.034468-0.001018 

-0.000267 0.002511-0.004109-0.023863 0.010442-0.015514-0.026146 0.005529 
-0.001557 0.022553 0.018893-0.011038 0.014840-0.012303 0.001599-0.002149 
0.004270-0.004886-0.004225-0.010070 0.001615-0.008957-0.004379 0.029827 
0.007814 0.016024-0.008860-0.007587-0.000662-0.022433 0.020485 0.008234 
0.016557 0.024281-0.010661-0.000473 0.011665-0.005294 0.014923-0.030469 
0.013656 0.018065 0.018367-0.002184-0.010631 0.017241-0.015050-0.012223 

-0.017066 0.007799 0.008887 0.001608 0.003058-0.016897-0.001181-0.003025 
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-0.024502-0.000071-0.004435-0.000695-0.003783 0.010909-0.028134 0.001297 
-0.007284-0.009546-0.002489 0.009432 0.007534 0.006539 0.018940 0.001411 
0.009569 0.007978-0.006235-0.007970 0.008700 0.017323-0.009067 0.004550 
0.003073-0.001114 0.009463 0.004282 0.017702 0.018163-0.002381-0.020561 

-0.003141-0.005822-0.021513-0.013418 0.001359 0.006278 0.007604-0.002853 
-0.005227 0.006532 0.011205-0.018540 0.002483-0.015565-0.004317 0.004739 
0.006876-0.001752-0.014933-0.004546-0.000944 0.006442 0.006347-0.000682 
0.000712-0.003329 0.012429 0.012911 0.004553-0.007662-0.008411-0.007380 
0.002576 0.003822 0.007607 0.004744 0.005038-0.009644-0.000543 0.000389 
0.000340-0.003648-0 .008713-0.006638 0.005338-0.000539-0.01324 7 -0 .000035 
0.006384 0.015215 0.006904-0.009851-0.012114-0.002119-0.000091 -0.004773 

-0.005048-0.002296 0.015675 0.008109-0.002981 0.003532-0.007697-0.011429 
-0.008785-0.001848-0.002758-0.014231-0.001461 0.016003-0.000246 0.007290 
0.006860-0.002281-0.002925-0.005209 0.007809 0.001161 0.004065 0.007560 

-0.009431 0.003571 0.001009 0.004367-0.000830-0.007791-0.009076 0.009401 
-0.001227-0.015554-0.000727 0.008862 0.003801 0.001436 0.001914 0.006674 
0.001926 0.003234-0.006627-0.006904-0.004508 0.008521-0.004496 0.001199 
-0.008529-0.000075 0.001773 0.002481-0.001504 0.007016-0.001445 0.000281 
0.011347-0.002228 0.013382-0.002378-0.008262-0.000907-0.014342 0.006497 
0.009052 0.011545-0.005575-0.01581 9 0.003355 0.008120 0.000606 0.001386 

-0.000865 0.001737-0.000352-0.002112-0.006799-0.003829-0.000841-0.005972 
0.001842-0.004578 0.004437 0.010186-0.008102-0.004001 0.009114 0.000237 

-0.000431 0.008020-0.001849-0.003259-0.002031 0.004416 0.001934-0.012849 
-0.006934-0.005377 0.001577 0.009679 0.012382 0.004608-0.010606-0.002825 
-0.006744-0.008960 0.008864 0.003881 0.004871 0.001398 0.006376-0.001009 
0.002516 0.010162-0.000265-0.013442 0.004435-0.002113-0.001401 0.000078 

-0.003708 0.003368 0.002268 0.000318 0.005672 0.007153 0.002170-0.006407 
-0.001289-0.006926-0.002137 0.001290-0.004048-0.007971-0.005934 0.004775 
-0.001841 0.003904-0.009695-0.009510 0.002285 0.014842 0.003658-0.003342 
0.005474 0.008246-0.001085-0.003992-0.002503 0.005598 0.009946-0.003206 
0.001575-0.004971-0.001531 0.002232-0.003704 0.002782-0.003472 0.006423 
0.004010 0.000957-0.007464-0.003828-0.001641 0.005381 0.002479-0.005959 

-0.002557-0.002220 0.008845-0.000734 0.005575 0.004788 0.003791-0.005554 
-0.001543-0.003935 0.000911-0.003476-0.004685-0.000395 0.002369-0.002062 
-0.003098-0.003722-0.005223-0.002157 0.000627-0.003114 0.004296 0.002534 
0.004401 0.001473 0.002363 0.002692 0.008418-0.003203-0.002071 0.006372 

-0.004415-0.003026-0.005191-0.006119-0.006792 0.000219 0.002946 0.003212 
-0.000661-0.004754-0.003755 0.007060-0.002629 0.000366 0.003606-0.003701 
0.000401-0.001850 0.012459 0.001324-0.003686-0.003636 0.000506-0.000920 

-0.001828-0.003855 0.005279-0.002361-0.001973 0.003619 0.004687 0.002420 
-0.008069-0.001418 0.003390 0.001343-0.004059-0.000312-0.002206-0.000703 
-0.002991 0.000574 0.006201 0.004814 0.003050 0.001838-0.000754 0.006361 
-0.005270-0.000865-0.003833-0.000461 0.003656-0.001196 0.001707-0.004323 
-0. 000767 0. 004930-0. 006027 0. 006176 0. 001 7 46-0. 001904-0. 000290-0. 001 64 7 
-0.008249-0.002464 0.000892 0.002360 0.006142 0.000579 0.001654-0.002668 
-0.003926-0.002313 0.003210-0.007720-0.000305 0.005161-0.000996 0.006482 
0.006325-0.001066-0,006072-0.003934-0.001327 0.000685-0.001469 0.002320 
0.003818-0.001052 0.004132 0.002566 0.001849 0.000146-0.000556-0.000126 

-0.001706 0.003271-0.003091-0.006357-0.002016-0.000979-0.001317 0.000427 
0.000682 0.000373-0.002509-0.004394-0.000573 0.001576-0.000529 0.000165 
0.001390 0.001787-0.003898-0.000384-0.000482-0.004073 0.005360 0.002296 

-0.001333-0.000022-0.003902 0.005722 0.005351 0.0021690.001104 0.000909 
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0.004080 0.002790-0.001372-0.005788-0.004791-0.003050 0.000585 0.000298 
-0.000520 0.001125 0.000883-0.000501-0.000307-0.000456-0.003304-0.003130 
0.001456 0.001419 0.0031410.0032100.003246 0.004668-0.001826 0.000380 
0.001973 0.002101-0.003335-0.004422-0.002062-0.000377 0.003210-0.000733 
-0.003978-0.001213 0.001573-0.000806-0.003831 0.000734 0.000670-0.003738 
-0.001423-0.000144 0.002397 0.000922 0.002835 0.000579-0.000137 0.002771 
0.000121-0.001589-0.001496 0.001847 0.004735 0.000602 0.000337-0.000718 

-0.000307-0.000040-0.000575 0.004603-0.002259-0.004092-0.000964-0.003834 
-0.000048-0.001465 0.004289 0.004411 0.000895-0.002845-0.000651 0.002686 
-0.001665-0.000592-0.001998-0.002260-0.000925-0.000506-0.001156 0.003479 
0.001762-0.000864-0.002445-0.000539-0.000829-0.004551-0.000985-0.000911 

-0.001419 0.002474 0.000858 0.000763 0.001487-0.000066 0.003487 0.002357 
0.000144 0.000268 0.002246-0.000968 0.001116-0.000171-0.001614 0.003669 
0.001642-0.000079-0.000217-0.003892 0.000247-0.002181-0.000950-0.001995 

-0.002352-0.000304-0.000143 0.000025-0.000176 0.002261 0.000797 0.000810 
0.004131 0.000782-0.001213 0.002392-0.001720-0.001972 0.003101-0.000907 

-0.000305-0.000794-0.001944 0.000216-0.001370-0.001230 0.000809-0.001181 
-0.001430-0.000398 0.003877-0.001132 0.002587 0.001117-0.001234-0.001282 
-0.000391 0.000132-0.000203 0.000853-0.001883 0.000185-0.000774-0.001083 
-0.000701-0.000590 0.000571-0.000643-0.000127-0.001190 0.003372 0.002297 
-0.000638 0.001529 0.000184 0.000547 0.000234-0.001220-0.000357-0.002945 
-0.000378-0.000219-0.001225-0.000736-0.001270 0.000231 0.001973 0.002433 
0.000605 0.001441 0.000579 0.000890-0.000688-0.000527-0.000766-0.001449 

-0.001520 0.001044 0.000625-0.000278-0.001018-0.000725-0.000642-0.000352 
0.001472 0.002099 0.000037 0.000582 0.000688-0.000397-0.000052 0.000260 

-0.002006-0.000960 0.000209-0.001711-0.000244 0.000271-0.001945 0.001120 
-0.000135-0.002170-0.001575 0.000492 0.002442 0.001222-0.000458-0.000639 
0.001330-0.001042 0.000705-0.000021 0.000179 0.000465-0.000736-0.001551 
-0.002181 -0.000080 0.001297 0.000641 0.000857 0.000520 0.002208-0.000206 
0.002596-0.000251 0.000561-0.000580 0.000330-0.001261-0.000160 0.000889 
0.000804 0.001821-0.001295 0.000052-0.000088 0.000734 0.001668-0.000857 

-0.000126-0.003714-0.000005 0.000187-0.001205-0.000944 0.002698 0.000235 
-0.000055 0.000167 0.001362-0.002262-0.001081-0.000916 0.001675 0.001061 
0.000138 0.001358 0.000224-0.000821-0.001269-0.001115 0.000165 0.000542 
0.000703-0.001892 0.002088-0.000511-0.000578-0.001322 0.000112-0.000588 
0.000203 0.001885-0.000221-0.000406-0.000238-0.002520 0.000390 0.000385 

-0.001087-0.001656 0.002710 0.001554-0.000907 0.001191 0.001088 0.001119 
-0.000113-0.001264 0.000226-0.000069-0.000148-0.001468-0.000209-0.000255 
-0.000187 0.000499 0.0001610.000157-0.001274-0.0002840.000720 0.000659 
0.001409 0.001307-0.000520-0.000165 0.001803-0.000170-0.000225 0.000012 

-0.000739-0.000284 0.001106 0.000525-0.000355-0.000363-0.000255-0.001894 
-0.000095 0.000088-0.000525-0.000117 0.000026 0.000763-0.000101 0.000495 
0.000469-0.000403 0.000354 0.000069-0.001722-0.000759 0.001593 0.001422 
-0.001592-0.000677 0.000511-0.001400-0.001757 0.001033 0.000129 0.000878 
0.000275-0.000786-0.000789-0.000007 0.000966 0.001634 0.001170 0.000789 

-0.000477 0.000848 0.000913-0.001643-0.000585-0.000771-0.000217-0.000673 
-0.000959 0.000819-0.000078-0.000873 0.000109-0.001224 0.000274 0.001318 
-0.000223-0.001620 0.000358 0.000957 0.001082-0.000787 0.002198 0.001092 
-0.001245-0.000540 0.000923-0.000150-0.001298-0.000570 0.001233-0.000260 
0.001186-0.000784-0.001607-0.001012-0.000017 0.000159 0.000351 0.000928 

-0.000260-0.000293-0.000290 0.000877 0.000583 0.000277-0.000584 0.000454 
-0.001568-0.001583-0.001009 0.001211 0.000293 0.000471 0.001272 0.000403 
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-0.000301-0.001368 0.000026 0.001740 0.000280-0.000374 0.000306-0.000127 
-0.000693 0.000809 0.000101-0.000015 0.000221-0.001340-0.000179 0.00031 O 
-0.000383 0.000191 0.000083-0.000399-0.000399 0.000235 0.000261-0.000085 
0.000551-0.000481 0.001231-0.000362 0.000121-0.000280-0.000386-0.000238 
0.001073 0.000998 0.000107-0.000236 0.000294 0.000163-0.001439-0.000581 

-0.000471 0.000445 0.000345-0.000220 0.001005-0.000297 0.000138 0.000399 
0.000239-0.000272 0.000305 0.000478 0.000204 0.000387-0.000653-0.000829 

-0.000102 0.000363-0.001248 0.000095-0.000036 0.000556-0.000387 0.000242 
0.000074-0.000199 0.000546 0.000136 0.000391-0.000048-0.001355-0.001016 

-0.000857 0.000086-0.000137-0.000071 0.001116 0.000231-0.000057-0.000023 
-0.000652-0.000790-0.000651-0.000493 0.001164-0.000166 0.000387 0.001166 
0.000151 0.000414 0.000006 0.000634 0.000112-0.000053-0.000515 0.000100 

-0.000176 0.000473 0.000064-0.000223-0.000256 0.000171 0.000923 0.000111 
-0.000271-0.000110 0.000144-0.000699-0.000140 0.000060 0.000331 0.000290 
0.000111 0.000155-0.001261-0.000245-0.000235 0.000032 0.000437 0.000045 
0.000630 0.000227-0.000375-0.000711 0.000164-0.000194 0.000289-0.000246 
0.000165-0.000626 0.000483 0.000501-0.000209-0.000127-0.000027 0.0001 80 
-0.000427-0.000089 0.000015 0.000207 0.000153-0.000166-0.000156 0.000514 
0.000445-0.000358-0.000063 0.000115 0.000145-0.000164-0.000352 0.000439 

-0.000013-0.000147-0.000019-0.000139 0.000765-0.000090-0.000807 0.000058 
0.000009 0.000391 0.000523-0.000262 0.000414-0.000358-0.000005-0.000288 

-0.000110-0.000378-0.000188-0.000148-0.000014-0.000408 0.000258-0.000132 
-0.000034 0.000326 0.000227 0.000152 0.000087 0.000190 0.000249 0.000261 
-0.000260-0.000011 0.000063 0.000353-0.000510 0.000132-0.000205 0.000190 
-0.000073 0.000401 0.000445-0.000095-0.000127 0.000133-0.000531 0.000137 
-0.000599 0.000187 0.000296-0.000841-0.000706-0.000183-0.000219-0.000803 
-0.000068 0.000431-0.000259-0.000011 0.000616 0.000439-0.000397 0.000101 
0.000298 0.000091 0.000369-0.000128 0.000021 0.000503 0.000002-0.000328 

-0.000443 0.000375 0.000163-0.000420 0.000132 0.000865 0.000285-0.000003 
-0.000080-0.000366-0.000202 0.000268 0.000116-0.000153 0.000240 0.000359 
-0.000098-0.000291 -0.000182-0.000427-0.000124-0.000249 0.000220-0.000411 
-0.000117 0.000110-0.000429-0.000136-0.000036-0.000305-0.000113 0.000248 
0.000186 0.000428 0.000058-0.000009-0.000046 0.000205-0.000083 0.000288 
0.000263-0.000348-0.000004 0.000440-0.000177-0.000367 0.000047-0.000404 
-0.000141-0.000224 0.000358 0.000015 0.000094 0.000117 0.000150 0.000001 
0.000274-0.000285 0.000385 0.000021-0.000077-0.000042 0.000033 0.000277 

-0.000097-0.000185 0.000039 0.000367 0.000209-0.000284 0.000052-0.000022 
-0.000201 0.000118-0.000057-0.000107 0.000083 0.000208-0.000099-0.000191 
0.000104-0.000037-0.000275-0.000200 0.000263-0.000064-0.000033 0.000318 

-0.000125 0.000116-0.000271-0,000163 0.000096 0.000060 0.000052 0.0000.14 
-0.000097-0.000242-0.000162 0.000239 0.000238-0.000247-0.000034 0.000259 
0.000090-0.000048-0.000398-0.000020 0.000133 0.000082-0.000129-0.000331 
0.000118 0.000099 0.000255 0.000397 0.000087 0.000268 0.000065 0.000033 
0.000027 0.000140-0.000080 0.000155 0.000165-0.000336-0.000054-0.000211 
0.000108-0.000085 0.000065-0.000378 0.000033 0.000072 0.000005-0.000358 

-0.000006-0.000119-0.000050-0.000235-0.000046 0.000023 0.000282 0.000310 
0.000121 0.000151-0.000099-0.000156-0.000348-0.000148-0.000176 0.0001 BB 
-0.000021-0.000097-0.000225 0.000101 0.000232-0.000131-0.000025 0.000053 
0.000136-0.000078 0.000212 0.000309 0.000105 0.000075-0.000055 0.000028 

-0.000261 0.000236-0.000292-0.000009-0.000072-0.000096 0.000067-0.000055 
-0.000089 0.000333 0.000234 0.0001 86 0.000033-0.000053 0.000153 0.000211 
-0.000170-0.000122-0.000237-0.000222-0.000057 0.000359 0.000243 0.000027 
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( 

0.000007-0.000232-0.000098-0.000009-0.000056-0.000049-0.000042 0.000019 
-0.000060-0.000055 0.000060-0.000113-0.000036-0.000080 0.000100 0.000003 
-0.000009-0.000159 0.000149 0.000095 0.000003 0.000152 0.000129-0.000060 
-0.000165-0.000065 0.000218 0.000373-0.000157 0.000001-0.000066-0.000008 
0.000130 0.000114-0.000261-0.000090-0.000029-0.000159 0.000183 0.000250 

-0.000144 0.000023-0.000161 0.000016-0.000013-0.000066 0.000202-0.000215 
-0.000080-0.000064 0.000184 0.000262 0.000034-0.000350 0.000089-0.000017 
-0.000097-0.000103-0.000050-0.000090-0.000067-0.000118 0.000072-0.000018 
-0.000229 0.000146 0.000245-0.000054 0.000061 0.000154 0.000071-0.000248 
-0.000047 0.000130 0.000028 0.000106-0.000251-0.000196-0.000222 0.000005 
0.000208 0.000115-0.000148 0.000032 0.000169-0.000112-0.000035 0.000082 

-0.000299 0.000008-0.000006 0.000042 0.000073 0.000187-0.000017 0.000034 
0.000054 0.000006 0.000181-0.000080 0.000021-0.000055 0.000230 0.000083 

-0.000095 0.000237 0.000007-0.000127-0.000100 0.000092-0.000111-0.000043 
0.000020-0.000111-0.000051 0.000007 0.000099 0.000006 0.000157-0.000059 

-0.000141 0.000041 0.000084-0.000015-0.000165-0.000104 0.000010 0.000163 
0.000015 0.000014-0.000148-0.000062-0.000173 0.000003 0.000242-0.000020 

-0.000074 0.000007-0.000126-0.000103 0.000006-0.000104-0.000002 0.000009 
0.000044 0.000002 0.000017-0.000049 0.000129 0.000149-0.000026-0.000041 

-0.000046-0.000094 0.000032 0.000058 0.000010 0.000119 0.000117 0.000042 
0.000081 0.000184 0.000072 0.000039-0.000103-0.000128-0.000017-0.000131 

-0.000008-0.000008 0.000064 0.000105-0.000050-0.000001-0.000040-0.000058 
0.000142-0.000121 0.000026 0.000003-0.000009-0.000084-0.000080 0.000023 
0.000025-0.000025-0.000045-0.000017 0.000027 0.000015 0.000061 0.000024 

-0.000055-0.000121 0.000006 0.0001 OB 0.000000-0.000012 0.000123 0.000068 
0.000059-0.000078-0.000101-0.000175-0.000102 0.000102-0.000051 0.000013 

-0.000093 0.000095 0.000016 0.000005 0.000013-0.000035-0.000088 0.000048 
0.000043-0.000060 0.000103-0.000009 0.000033-0.000002 0.000060-0.000030 
0.000063 0.000017 0.000128-0.000033-0.000087-0.000158-0.000013-0.000005 

-0.000007-0.000046-0.000109-0.000110 0.000012 0.000032 0.000013 0.000010 
-0.000031 0.000022-0.000025 0.000156 0.000037-0.000087 0.000018 0.000064 
-0.000016 0.000124-0.000051 0.000064 0.000025-0.000092-0.000006-0.000026 
0.000053 0.000003-0.000070 0.000033-0.000046-0.000029 0.000023 0.000064 
0.000078 0.000038 0.000077 0.000066-0.000147 0.000039 0.000046-0.000028 

-0.000116 0.000025 0.000054-0.000047-0.000032 0.000064-0.000087 0.000051 
0.000075-0.000075-0.000026-0.000009 0.000038-0.000005 0.000018-0.000011 
0.000002 0.000073-0.000043-0.000084 0.000019-0.000064 0.000039 0.000087 

-0.000051-0.000111-0.000003 0.000007 0.000010-0.000046-0.000011-0.000028 
-0.000057 0.000019 0.000000-0.000068-0.000075 0.000071 0.000014-0.000012 
0.000021 0.000002 0.000019 0.000135-0.000013-0.000046 0.000072 0.000066 

-0.000055-0.000031-0.000028 0.000047 0.000049-0.000034 0.000078 0.000018 
0.000042 0.000039-0.000029-0.000106-0.000062 0.000132 0.000027 0.000057 

-0.000061-0.000031-0.000023-0.000058 0.000005 0.000072 0.000028-0.000006 
-0.000042-0.000012-0.000002-0.00000B 0.000079 0.000011-0.000060 0.000008 
-0.000033 0.000057 0.000014 0.000018-0.000008-0.000066-0.000021 0.000041 
0.000006-0.000011 0.000088-0.000002-0.000052-0.000023-0.000002-0.000020 

-0.000004-0.000009-0.000015-0.000025 0.000041-0.000012-0 .000104-0 .000008 
0. 000004-0 .000020 0 .DODO 1 9 0. 000008 0.00001 0-0 .000007 -0. 000055-0 .000008 
0.000005-0.000010 0.000018 0.000016 0.000043 0.000022-0.000023 0.000060 
o.000019-o.000015-o.000017-0.000016 o.000021-0.000012 o.000012-0.000038 

-0.000025-0.000024-0.000010-0.000006-0.000003-0.000032-0.000003 0.000009 
0.000026 0.000076-0.000017 0.000037-0.000052 0.000026 0.000042-0.000038 
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( 

0.000023-0.000036 0.000005 0.000011-0.000038 0.000002 0.000001 0.000033 
0.000039-0.000011-0.000024 0.000011 0.000026-0.000040-0.000014 0.000037 

-0.000036 0.000000 0.000031 0.000069 0.000020-0.000026 0.000042-0.000039 
-0.000001 0.000000 0.000010 0.000001-0.000007-0.000033 0.000002-0.000023 
-0.000013-0.000003-0.000029 0.000035-0.000003 0.000010 0.000028 0.000010 
-0.000042-0.000007-0.000021-0.000051-0.000015 0.000038 0.000014-0.000002 
0.000043-0.000026-0.000042-0.000026-0.000009 0.000007 0.000012-0.000023 
0.000029-0.000005-0.000013-0.000020 0.000003 0.000028 0.000014-0.000005 
0.000002 0.000010 0.000020 0.000018-0.000019 0.000002-0.000047-0.000002 

-0.000025 0.000006 0.000034-0.000021-0.000014-0.000011 0.000015-0.000032 
-0.000014 0.000020 0.000056-0.000014-0.000001 0.000014-0.000015 0.000002 
0.000011 0.000009-0.000002-0.000016-0.000043-0.000024 0.000004-0.000003 
0.000024 0.000020-0.000020 0.000033 0.000007 0.000038 0.000017-0.000021 

-0.000007-0.000011 0.000016-0.000034-0.000028 0.000000-0.000025 0.000064 
0.000010-0.000030 0.000015-0.000012 0.0000120.000011 0.000003 0.000015 
0.000027 0.000009-0.000039-0.000043 0.000000 0.000001 -0.000004-0.000045 
0.000005-0.000007-0.000001 0.000029-0.000021-0.000006-0.000006 0.00001 2 
0.000011 0.000020 0.000020-0.000006-0.000028 0.000018 0.000014-0.000014 
0.000009 0.000013 0.000010 0.000029-0.000021-0.000013 0.000004 0.000031 
0.000021-0.000027-0.000036-0.000008-0.000011-0.000005 0.000021-0.000002 

-0.000004-0.000021-0.000033-0.000019 0.000002-0.000027-0.000024 0.000029 
0.000002 0.000021 0.000022 0.000006-0.000001-0.000009-0.000001-0.000024 

-0.000010 0.000014 0.000012 0.000000 0.000016 0.000017 0.000015 0.000008 
0.000002 0.000009 0.000025 0.000008-0.000021-0.000008-0.000003-0.000001 
0.000000 0.000002 0.000004-0.000004 0.000010-0.000009-0.000012-0.000039 

-0.000026-0.000019-0.000008-0.000010-0.000022 0.000046 0.000021 0.000027 
0.000009-0.000014-0.000021 0.000021 0.000017 0.000016 0.000013 0.000014 
-0.000082 
0.000005 0.000023 0.000020 0.000004-0.000021-0.000001-0.000006-0.000010 

-0.000009 0.000025 0.000000-0.000008 0.000019 0.000014 0.000007 0.000018 
-0.000012-0.000009 0.000011-0.000025-0.000002-0.000025-0.000005 0.000010 
-0.000014 0.000006 0.000004 0.000003-0.000008-0.000011 0.000004 0.000005 
0.000011-0.000004-0.000005-0.000012 0.000006 0.000002 0.000001 0.000001 
0.000032-0.000017 -0 .000020-0. 000003-0 .000008-0 .000008-0 .000007 0 .000002 

-0.000018-0.000012 0.000009 0.000002-0.000013 0.000006 0.000007-0.000003 
-0.000002 0.000015 0.000007 0.000008 0.000022 0.000015-0.000004-0.000015 
-0.000009-0.000001 -0.000001-0.000007 0.000008 0.000011 0.000006-0.000002 
-0.000014-0.000007-0.000003-0.000011-0.000014 0.000006 0.000018 0.000007 
0.000008 0.000002-0.000002-0.000014-0.000008-0.000009-0.000012 0.000005 
0.000000 0.000005-0.000006-0.000005 0.000016 0.000007-0.000011 0.000000 
0.000008 0.000019-0.000002 0.000002 0.000001 0.000000-0.000016 0.000015 

-0.000013-0.000001-0.000012 0.000000 0.000000 0.000004-0.000005 0.000003 
-0.000005-0.000017 0.000008 0.000003-0.000006-0.000005 0.000000 0.000003 
-0.000003 0.000002-0.000009-0.000014 0.000000-0.000003 0.000003 0.000002 
0.000003-0.000007-0.000010 0.000001 0.000015-0.000012-0.000003 0.000006 
0.000010 0.000007 0.000001 0.000024 0.000010-0.000013-0.000007 0.000000 

-0.000008 0.000010-0.000006-0.000007 0.000006-0.000010-0.000001 0.000004 
0.000004 0.000004-0.000002-0.000008 0.000019-0.000008-0.00001 O 0.000001 

-0.000004 0.000006-0.000022 0.000000 0.000003-0.000003-0.000012 0.000003 
0.000021 0.000006-0.000015 0.000000-0.000004 0.000008 0.000003 0.000002 
0.000005-0.000008 0.000003 0.000005-0.000010 0.000005-0.000004 0.00001 O 

-0.000013-0.000001-0. 000007 -0.000009 0. 000006 0. 000009-0. 000003-0.000002 
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0.000009 0.000007 0.000002 0.000005-0.000014-0.000003-0.000014 0.000002 
0.000004-0.000009-0.000008 0.000006 0.000010-0.000003 0.000002 0.000005 
0.000002-0.000004-0.000020 0.000003 0.000003 0.000001-0.000005 0.000003 

-0.000001 0.000004 0.000001 0.000004-0.000005 0.000004-0.000009-0.000010 
-0.000001 0.000004 0.000001 0.000009 0.000002 0.000011-0.000009-0.000016 
-0.000003 0.000003 0.000012 0.000004-0.000008-0.000003-0.000014-0.000016 
-0.000004 0.000002 0.000004-0.000001-0.000009-0.000002 0.000007-0.000006 
0.000001 0.000003-0.000009 0.000008 0.000007 0.000004-0.000002 0.000002 

-0.000004-0.000006 0.000012-0.000004-0.000001 0.000004-0.000009-0.000003 
0.0000070.000003-0.000003-0.000011 0.000000-0.000003-0.000004-0.000001 

-0.000005 0.000000 0.000002 0.000003 0.000007 0.000002 0.000003 0.000005 
-0.000003-0.000001-0.000002-0.000002-0.000005 0.000008-0.000006-0.000003 
-0.000006-0.000002-0.000004 0.000010-0.000011 0.000013-0.000002 0.000010 
0.000004 0.000002-0.000008 0.000001 0.000007-0.000013-0.000003-0.000004 

-0.000002 0.000001 -0.000002-0.000004 0.000000-0.000002-0.000004-0.000005 
-0.000004 0.000000-0.000007-0.000002 0.000004-0.000003 0.000004 0.000007 
0.000001 0.000007 0.000004 0.000000-0.000004-0.000003-0.000006-0.000005 

-0.000004 0.000002-0.000001 0.000006 0.000001 0.000001-0.000003-0.000002 
0.000007 0.000006-0.000002 0.000000 0.000000 0.000008-0.000002-0.000007 

-0.000003 0.000000-0.000003 0.000003-0.000007-0.000002-0.000010-0.00001 0 
-0.000006 0.000005-0.000007 0.000001 0.000008 0.000005 0.000004 0.000002 
-0.000004 0.000003-0.000004-0.000003 0.000001 0.000004-0.000002 0.000002 
-0.000001 0.000000 0.000001 0.000001-0.000004-0.000007-0.000001-0.000003 
-0.000004 0.000004 0.000000-0.000003-0.000002 0.000002-0.000004 0.000000 
-0.000001 0.000002 0.000000-0.000008-0.000003 0.000004 0.000004 0.000001 
0. 000003 0.000002-0.000005-0. 000004-0. 000003-0. 000002 0 .000002 0 .000003 
0.000000 0.000004-0.000002-0.000002-0.000004 0.000002-0.000002 0.000000 
0.000000-0.000002-0.000003 0.000004 0.000001-0.000002 0.000006-0.000002 

-0.000004 0.000007 0.000000-0.000004-0.000003 0.000000-0.000001 0.000002 
-0.000002-0.000003 0.000000 0.000006 0.000002-0.000002-0.000007 0.000000 
-0.000001 0.000001-0.000001 0.000003-0.000002-0.000005-0.000002 0.000001 
0.000002-0.000003-0.000006-0.000005 0.000000-0.000001-0.000002 0.000003 

-0.000003 0.000003 0.000001 0.000004 0.000000-0.000002 0.000005 0.000003 
-0.000002 0.000001 -0.000004-0.000001-0.000003 0.000001 0.000001 0.000003 
-0.000002 0.000006 0.000001 -0.000003-0.000004 0.000001-0.000004 0.000000 
-0.000001-0.000002-0.000006 0.000000 0.000000-0.000001 0.000000-0.000004 
-0.000001 0.000000-0.000001 0.000001 0.000001 -0.000001-0.000001 0.000000 
-0.000001 0.000004-0.000005-0.000002-0.000001-0.000002 0.000000 0.000002 
0.000005 0.000002-0.000006-0.000005-0.000001-0.000001-0.000005-0.000001 
0.000001 0.000005-0.000001 -0.000003-0.000001 0.000001 -0.000003 0.000001 
0.000002-0.000001-0.000001 0.000000-0.000004 0.000000-0.000004-0.000001 
0.000000 0.000002-0.000001 0.000002 0.000001-0.000001-0.000001 -0.000003 
0.000000 0.000002-0.000002 0.000000 0.000000-0.000001 0.000003 0.000001 

-0.000001-0.000003-0.000001 0.000000-0.000002 0.000003 0.000001 0.000000 
-0.000001-0.000003 0.000001 0.000000-0.000003 0.000000-0.000001 0.000003 
-0.000004 0.000002-0.000002 0.000001 0.000001 0.000003-0.000003-0.000002 
-0.000002 0.000001 0.000001 0.000001-0.000001 0.000001-0.000002 0.000000 
-0.000002 0.000000-0.000003-0.000001 0.000002 0.000001-0.000001 0.000002 
-0.000002-0.000001-0.000002-0.000003 0.000001 -0.000001-0.000003 0.000001 
0. 000003 0. 000002-0 .000002 0. 000000 0 .000002-0 .000003-0 .000003-0.000001 

-0.000002-0.000001-0.000003-0.000002 0.000001-0.000003-0.000001 0.000000 
-0.000002 0.000000-0.000001 0.000001 0.000000-0.000001-0.000001 0.000000 

7'i 1 J 3l 



R14013

( 

-0.000001 0.000001-0.000001-0.000001-0.000001 0.000002-0.000001-0.000001 
-o.000001-0.000002-o.000002 0.000001 -0.000002 o.000002-0.000001 0.000002 
-0.000001 0.000001 -0.000001 0.000001-0.000001 0.000001-0.000001-0.000002 
-0.000001 0.000000-0.000002-0.000002-0.000003 0.000003-0.000001-0.000004 
-0.000001 0.000000-0.000001 0.000002-0.000003 0.000001 0.000001 0.000002 
0.000002-0.000001-0.000003 0.000000-0.000001 0.000000-0.000001 0.000001 

-0.000001-0.000002-0.000002-0.000002-0.000004-0.000001 0.000000 0.000001 
0.000000 0.000002-0.000002-0.000003-0.000004 0.000000 0.000000 0.000000 
0.000001-0.000001 -0.000001 0.000000 0.000000 0.000003 0.000001 0.000000 

-0.000001-0.000001 -0.000001 0.000000-0.000002-0.000001 0.000000 0.000000 
-0.000002 0.000001 -0.000002 0.000001-0.000001-0.000001-0.000001 0.000000 
-0.000001 0.000001 0.000000 0.000000-0.000002 0.000000 0.000001 0.000001 
-0.000001 o.000001-0.000002-o.000001-o.000003-0_000001-o.000003 0.000001 
-0.000002-0.000001 -0.000001 0.000000 0.000000 0.000000 0.000000 0.000000 
-0.000001-0.000001-0.000001 0.000000-0.000001 0.000001 -0.000001 0.000001 
-0.000001 0.000000-0.000002-0.000001-0.000002 0.000001-0.000001 0.000000 
-0.000002 0.000000-0.000001 0.000001 0.000000 0.000001-0.000002 0.000000 
-0.000002-0.000001 -0.000002 0.000000-0.000001 0.000001-0.000002-0.000002 
-0.000002 0.000000-0.000002 0.000003-0.000001 0.000000-0.000001 0.000000 
-0.000002 0.000001-0.000001 0.000000-0.000001 0.000001-0.000001 0.000000 
-0.000001 0.000002 0.000000-0.000001-0.000001 0.000001-0.000002 0.000001 
0.000000 0.000000-0.000001 0.000000 0.000000 0.000001-0.000001 0.000001 

-0.000002-0.000001 -0.000001 -0.000001-0.000001 0.000001-0.000003-0.000001 
0.000000 0.000000-0.000002 0.000001-0.000001 0.000001 0.000000 0.000001 
o.oooooo-o.000001-0.000002 o.000000-0.000003 0.000001 o.000000-0.000001 

-0.000001 0.000002-0.000001 -0.000001 0.000000 0.000001-0.000002 0.000000 
0.000001 0.000001-0.000001 0.000000 0.000000 0.000000-0.000002 0.000000 

-0.000001-0.000001 -0.000001 -0.000001-0.000002-0.000001 0.000000 0.000000 
-0.000003 0.000000-0.000001 0.000001-0.000001 0.000000-0.000002 0.000001 
-o.000002-0.000001-o.000002 o.000000-0.000001 o.000000-0.000001 -0.000001 
-0.000002 0.000000-0.000002 0.000000-0.000001 0.000000-0.000001 0.000000 
0.000000 0.000000-0.000003 0.000000-0.000002 0.000000-0.000002-0.000001 

-0.000001 0.000001-0.000001 -0.000001-0.000001 0.000000 0.000000 0.000001 
-0.000001 -o.000001-0.000002 o.000000-0.000002 o.000001-0.000001 0.000000 
-0.000001 o.000000-0.000001 o.000001-0.009002 o.000002-0.000002 0.000001 
0.000000 0.000000-0.000001 0.000000-0.000001-0.000001-0.000001 0.000001 
0. 000000-0. 000001 -0. 000002-0.000001-0. 000001 0 .000000-0.000001 0.000000 

-0.000001 0.000000 0.000000 0.000001-0.000001 0.000000-0.000001 -0.000001 
-0.000001 0.000000-0.000002-0.000001-0.000001 0.000000-0.000001 0.000000 
-0.000001 o.000001-0.000001 0.000000 0.000000 o.000000-0.000001 -0.000001 
-0.000001 0.000000 0.000000. 0.000000-0.000001 0.000000 0.000000 0.000000 
-0.000001 0.000000 0.000000 0.000000 0.000000 0.000000-0.000001 0.000000 
-o.ooocio1 o.000000-0.000001 -0.000001 o.000000-0.000001 o.000000-0.000001 
-0.000001 0.000000-0.000001 0.000000 0.000000-0.000001 -0.000001 0.000000 
0.000000 0.000000 0.000000-0.000001 0.000000-0.000001 -0.000001-0.000001 

-0.000001 -0.000001-0.000001 0.000000 0.000000 0.000000 0.000000 0.000000 
0.000000 0.000000 0.000000-0.000001 0.000000-0.000001 0.000000 0.000000 

-0.000001 0.000000 0.000000-0.000001-0.000001-0.000001 0.000000-0.000001 
-0.000001 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000-0.000001 
-0.000001 0.000000-0.000001 -0.000001 0.000000 0.000000-0.000001 0.000000 
0.000000-0.000001 0.000000-0.000001-0.000001 0.000000 0.000000 0.000000 
0.000000 0.000000 0.000000-0.000001 0.000000-0.000001 0.000000 0.000000 
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0.000000 0.000000-0.000001 0.000000 0.000000-0.000001 0.000000 0.000000 
0.000000 0.000000-0.000001 0.000000-0.000001-0.000001 0.000000-0.000001 
0.000000 0.000000 0.000000-0.000001 0.000000 0.000000 0.000000-0.000001 

-0.000001 0.000000-0.000001 0.000000 0.000000 0.000000 0.000000-0.000001 
-0.000001 0.000000 0.000000 0.000000-0.000001 0.000000-0.000001 0.000000 
0.000000 0.000000-0.000001 0.000000-0.000001-0.000001-0.000001-0.000001 
0.000000-0.000001 -0.000001 0.000000-0.000001 0.000000-0.000001 0.000000 

-0.000001-0.000001-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000 
-0.000001 0.000000-0.000001-0.000001-0.000001 0.000000-0.000001-0.000001 
-0.000001 0.000000 0.000000-0.000001 -0.000001-0.000001 -0.000001 0.000000 
-0.000001-0.000001-0.000001 0.000000-0.000001 -0.000001-0.000001-0.000001 
-0.000001 0.000000-0.000001 0.000000-0.000001 -0.000001-0.000001 0.000000 
0.000000 0.000000-0.000001 0.000000-0.000001-0.000001-0.000001-0.000001 

-0.000001 0.000000-0.000001 0.000000 0.000000-0.000001 0.000000 0.000000 
-0.000001-0.000001-0.000001-0.000001 0.000000-0.000001 0.000000 0.000000 
0.000000-0.000001 0.000000 0.000000 0.000000-0.000001-0.000001 0.000000 

-0.000001 0.000000 0.000000-0.000001 0.000000-0.000001 0.000000 0.000000 
-0.000001-0.000001-0.000001 0.000000 0.000000-0.000001-0.000001 0.000000 
-0.000001 -0.000001-0.000001-0.000001-0.000001 -0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 -0.000001 -0.000001-0.000001 -0.000001 

-0.000001-0.000001-0.000001-0.000001 0.000000-0.000001 -0.000001-0.000001 
-0.000001-0.000001 0.000000-0.000001-0.000001 0.000000 0.000000 0.000000 
0.000000-0.000001-0.000001 0.000000 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000 0.000000 0.000000-0.000001 
0.000000 0.000000 0.000000-0.000001 0.000000-0.000001-0.000001 -0.000001 

-0.000001 0.000000 0.000000-0.000001-0.000001-0.000001 0.000000-0.000001 
0.000000 0.000000 0.000000-0.000001 0.000000-0.000001 0.000000 0.000000 
0.000000 0.000000 0.000000-0.000001 0.000000 0.000000 0.000000-0.000001 
0.000000-0.000001 0.000000 0.000000-0.000001 0.000000 0.000000 0.000000 
0.000000 0.000000 0.000000-0.000001 0.000000 0.000000-0.000001 0.000000 
0.000000 0.000000 0.000000 0.000000 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001-0.000001-0.000001 0.000000-0.000001-0.000001 -0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000 0.000000 0.000000-0.000001 
0.000000 0.000000 0.000000 0.000000 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 -0.000001 -0.000001 

-0.000001 0.000000 0.000000-0.000001 -0.000001-0.000001-0.000001 0.000000 
-0.000001-0.000001 0.000000 0.000000 0.000000-0.000001 0.000000-0.000001 
-0.000001-0.000001 0.000000 0.000000 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 -0.000001-0.000001-0.000001 -0.000001 0.000000-0.000001 
0.000000 0.000000-0.000001-0.000001 0.000000-0.000001 -0.000001-0.000001 

-0.000001-0.000001 0.000000 0.000000 0.000000-0.000001 0.000000-0.000001 
-0.000001-0.000001-0.000001-0.000001-0.000001 -0.000001 0.000000-0.000001 
0.000000-0.000001 -0.000001-0.000001 0.000000-0.000001 0.000000-0.000001 

-0. 000001-0.000001-0. 000001-0. 000001-0. 000001-0.000001 0 .000000-0.000001 
-0.000001-0.000001-0.000001-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000 0.000000 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001-0.000001-0.000001 0.000000-0.000001 0.000000-0.000001 
0. 000000-0. 000001 0 .000000-0.000001 0. 000000-0.000001 0 .000000-0. 000001 
0. 000000-0.000001 0 .000000-0. 000001 0. 000000-0 .000001 0 .000000-0.000001 
0.000000 0.000000 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001-0.000001 -0.000001 0.000000-0.000001 
0. 000000-0 .000001 0. 000000-0.000001 0 .000000-0. 000001 0. 000000-0. 000001 
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0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000 0.000000 
o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 
o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 . 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0. 000000-0 .000001 0 .000000-0 .000001 0. 000000-0 .000001 0. 000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0. 000001 o. 000000-0. 000001 0 .000000-0 .000001 0. 000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 O.OOOOOQ-0.000001 0.000000-0.000001 0.000000-0.000001 
o. 000000-0. 000001 o. 000000-0.000001 0 .000000-0. 000001 0. 000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0. 000000-0.000001 0 .000000-0.000001 0. 000000-0.000001 
0 .000000-0.000001 0. 000000-0.000001 0. 000000-0 .000001 0. 000000-0.000001 
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( 

l 

0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0 .000000-0 .000001 0. 000000-0 .000001 0. 000000-0. 000001 0 .000000-0.000001 
o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 
o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 
o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 
0 .000000-0.000001 0. 000000-0.000001 0 .000000-0.000001 0 .000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 
0. 000000-0 .000001 0.000000-0.000001 0. 000000-0 .000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0 .000000-0 .000001 0 .000000-0 .000001 0 .000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0. 000001 0. 000000-0 .000001 o. 000000-0.000001 0. 000000-0.000001 
0. 000000-0 .000001 0 .000000-0.000001 0. 000000-0. 000001 0.000000-0.000001 
0.000000-0. 000001 0. 000000-0 .000001 0 .000000-0 .000001 0. 000000-0.000001 
0. 000000-0 .000001 0. 000000-0.000001 o. 000000-0.000001 0.000000-0.000001 
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,( 

( 

0,000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0,000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0,000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0,000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 0.000000-0.000001 0 .000000-0.000001 0 .000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0,000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 0 .000000-0.000001 0 .000000-0.000001 0. 000000-0. 000001 0.000000-0.000001 0 .000000-0.000001 0.000000-0.000001 0. 000000-0.000001 0. 000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0. 000000-0.000001 0. 000000-0.000001 0 .000000-0 .000001 0 .000000-0 .000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 0 .000000-0.000001 0 .000000-0. 000001 0. 000000-0. 000001 0. 000000-0. 000001 0,000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0 .000001 0. 000000-0. 000001 0. 000000-0. 000001 0. 000000-0. 000001 0 .000000-0 .000001 0 .000000-0.000001 0 .000000-0.000001 0. 000000-0.000001 0.000000-0.000001 0.000000-0,000001 0.000000-0.000001 0.000000-0.000001 o.000000-0.000001 o.000000-0.000001 o.oooocio-0.000001 o.000000-0.000001 0.000000-0. 000001 o. 000000-0 .000001 0. 000000-0.000001 0. 000000-0 .000001 

f 



R14018
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o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 
0 .000000-0 .000001 0 .000000-0. 000001 o. 000000-0.000001 0 .000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 
o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 
o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 
o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 
o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 0. 000000-0. 000001 0.000000-0.000001 0 .000000-0. 000001 0.000000-0.000001 
o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 
o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 0.000000-0,000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0. 000000-0 .000001 0 .000000-0. 000001 0 .000000-0.000001 0 .000000-0.000001 
o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 
o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 0 .000000-0. 000001 0. 000000-0.000001 0.000000-0.000001 0. 000000-0 .000001 
o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0 .000000-0. 000001 0. 000000-0 .000001 0.000000-0.000001 0. 000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 0. 000000-0. 000001 0. 000000-0. 000001 0. 000000-0.000001 0. 000000-0.000001 
o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0. 000000-0. 000001 0. 000000-0 .000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 
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0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 
o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
O .000000-0 .000001 0 .000000-0 .000001 0 .000000-0.000001 0 .000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 
o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0. 000000-0.000001 0 .000000-0.000001 0.000000-0.000001 0. 000000-0.000001 
o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0,000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0 .000000-0.000001 0. 000000-0.000001 0 .000000-0 .000001 0 .000000-0 .000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0 .000000-0.000001 0.000000-0.000001 0. 000000-0.000001 0. 000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0. 000000-0.000001 0 .000000-0.000001 0.000000-0.000001 0. 000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0. 000000-0.000001 0 .000000-0. 000001 0 .000000-0.000001 0. 000000-0.000001 
0. 000000-0 .000001 0. 000000-0.000001 0. 000000-0.000001 0. 000000-0. 000001 
0.000000-0. 000001 0 .000000-0.000001 0.000000-0.000001 0 .000000-0.000001 
0. 000000-0 .000001 0. 000000-0.000001 0.000000-0.000001 0 .000000-0. 000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0. 000000-0. 000001 0. 000000-0.000001 0. 000000-0.000001 0 .000000-0.000001 
o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 
O. 000000-0. 000001 0. 000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0. 000000-0 .000001 0 .000000-0.000001 0 .000000-0.000001 0 .000000-0.000001 
0 .000000-0 .000001 0 .000000-0.000001 0. 000000-0.000001 0. 000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0. 000000-0. 000001 0 .000000-0.000001 0.000000-0.000001 0 .000000-0.000001 
0. 000000-0.000001 0. 000000-0.000001 0. 000000-0. 000001 0. 000000-0. 000001 
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0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.00DD00-0.000001 D.OOOQ00-0.000001 
0.000000-0.000001 D.OODDD0-0.000001 O.OODD00-0.000001 O.OOOOOO-D.DOOD01 
o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 
o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 
o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 
0.000000-0 .000001 0 .000000-0.000001 0 .000000-0.000001 0 .000000-0. 000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 D.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0 .000000-0.000001 0 .000000-0. 000001 0.000000-0.000001 0. 000000-0. 000001 
o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0 .000001 0 .000000-0.000001 0. 000000-0.000001 0.000000-0.000001 
o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0. 000001 0. 000000-0 .000001 0. 000000-0.000001 0. 000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0. 000000-0.000001 0 .000000-0.000001 0. 000000-0.000001 0. 000000-0.000001 
0.000000-0.000001 0 .000000-0.000001 0 .000000-0.000001 0.000000-0 .000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0 .000000-0 .000001 0. 000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0. 000000-0 .000001 0. 000000-0.000001 0.000000-0.000001 
0 .000000-0.000001 0 .00 0000-0.000001 0 .000000-0. 000001 0 .000000-0.000001 
0.000000-0. 000001 0 .000000-0.000001 0 .000000-0.000001 0. 000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0 .000000-0. 000001 0. 000000-0. 000001 0. 000000-0.000001 

82 i l3l 



R14021

O .000000-0 .000001 0.000000-0. 000001 0 .000000-0.000001 0 .000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0 .000000-0. 000001 0.000000-0.000001 0 .000000-0 .000001 0. 000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0. 000001 0.000000-0.000001 0. 000000-0.000001 0.000000-0.000001 
0 .000000-0 .000001 0 .000000-0.000001 0. 000000-0 .000001 0 .000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 
0 .000000-0. 000001 0. 000000-0.000001 0 .000000-0.000001 0 .000000-0.000001 
0.000000-0.000001 0.000000-0. 000001 0 .000000-0.000001 0 .000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0. 000001 0. 000000-0.000001 0 .000000-0.000001 0 .000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0. 000001 0. 000000-0. 000001 o. 000000-0.000001 0 .000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0 .000000-0. 000001 0.000000-0.000001 0 .000000-0 .000001 0. 000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0. 000001 0 .000000-0 .000001 o. 000000-0.000001 0. 000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0 .000000-0 .000001 0 .000000-0.000001 0. 000000-0.000001 0. 000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0. 000000-0.000001 0.000000-0.000001 0 .000000-0.000001 0 .000000-0.000001 
0 .000000-0. 000001 0.000000-0.000001 0 .000000-0.000001 0.000000-0.000001 
0. 000000-0.000001 0 .000000-0 .000001 0. 000000-0.000001 0 .000000-0.000001 
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0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 6.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 
o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 
o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 
o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 
o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000 0.000000 0.000000 0.000000 
0.000000 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000 

-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000 
-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000 
-0.000001 o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 0.000000 
-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000 
-0.000001 0.000000-0.000002 0.000001-0.000002 0.000001-0.000002 0.000001 
-0.000002 0.000001-0.000002 0.000001-0.000002 0.000001-0.000002 0.000001 
-0.000002 o.000001-0.000002 o.000001-0.000002 o.000001-0.000002 0.000001 
-0.000002 0.000001-0.000003 0.000002-0.000003 0.000002-0.000003 0.000002 
-0.000003 0.000002-0.000003 0.000002-0.000003 0.000002-0.000003 0.000002 
-0.000003 0.000002-0.000003 0.000003-0.000004 0.000003-0.000004 0.000003 
-0.000004 0.000003-0.000004 0.000003-0.000004 0.000003-0.000004 0.000004 
-0.000005 0.000004-0.000005 0.000004-0.000005 0.000004-0.000005 0.000004 
-0.000006 0.000005-0.000006 0.000005-0.000006 0.000005-0.000006 0.000005 
-0.000007 0.000006-0.000007 0.000006-0.000007 0.000006-0.000008 0.000007 
-0.000008 0.000007-0.000008 0.000007-0.000009 0.000008-0.000009 0.000008 
-0.000009 0.000009-0.000010 0.000009-0.000010 0.000010-0.000011 0.000010 
-0.000011 0.000011-0.000012 0.000011-0.000013 0.000012-0.000013 0.000013 
-0.000014 0.000013-0.000015 0.000014-0.000015 0.000015-0.000016 0.000016 
-0.000017 0.000017-0.000018 0.000017-0.000019 0.000019-0.000020 0.000020 
-0.000021 0.000021-0.000022 0.000022-0.000024 0.000023-0.000025 0.000025 
-0.000027 0.000027-0.000028 0.000028-0.000030 0.000030-0.000032 0.000032 
-0.000034 0.000034-0.000035 0.000035-0.000037 0.000037-0.000038 0.000038 
-0.000038 0.000037-0.000036 0.000032-0.000026 0.000014 0.000006-0.000045 
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Source File: C:\SHAKE2000\Williamson Energy\NewMadrid.M8@83km.txt 
SHAKE2000 Conversion: 8184 .01 4 8 9 (819.6) 
Acceleration Units: (g's) - No. Values: 8184 - Time Step: .01 (secs) 
Data Format: (819.6) - No. Header Lines: 4 
-0.000279 0.000491 0.000916 0.001028 0.001072 0.001012 0.000914 0.001178 
0.001267 0.001643 0.000738 0.000404 0.001162 0.000325 0.000442 0.001287 
0.000332 0.000352 0.000667 0.000333 0.000100-0.000289 0.000774-0.001450 
-0.001068 0.000422-0.001711-0.000650 0.000432 0.001691 0.002168 0.001175 
-0.000695 0.000756 0.000277 0.002243-0.000523 0.000775-0.001563-0.000602 
-0.000847-0.000552 0.000593-0.001907 0.000275 0.001250-0.001574-0.002205 
-0.001990 0.004691-0.001961-0.006975-0.004911-0.001354 0.000007 0.006322 
0.009403 0.009427 0.005850 0.010155 0.006439 0.000099 0.005047 0.003310 
0.001295 0.000023 0.001822 0.005949 0.006489 0.000139-0.013136-0.002493 

-0.001910-0.006185-0.003062-0.004953-0.005963 0.000315-0.000460-0.006617 
-0.004645 0.005333 0.007608 0.007896 0.004604-0.006901-0.012036-0.006795 
-0.003007 0.000082 0.006401-0.003538-0.000293 0.000320-0.004107-0.003130 
-0.011049-0.002821 0.003274-0.000469-0.002973-0.003089-0.000087-0.011387 
-0.012206-0.005261-0.004412-0.013460-0.017679-0.005996 0.000625-0.006620 
0.011542 0.029358 0.016346 0.009225 0.016360 0.004029-0.003600 0.006067 
0.004703 0.012969 0.000434-0.009887-0.011970-0.002986 0.002270-0.007726 
0.006974 0.006179 0.007847 0.022751 0.006704 0.010387 0.006399 0.006064 
0.010726 0.003177-0.007597 0.009473 0.000308 0.008324 0.008662 0.000192 
0.006636-0.003660 0.008380 0.003323 0.001132 0.006008-0.006126-0.005123 

-0.005907-0.003890-0.016918-0.014092 0.001074 0.009849 0.000003 0.001950 
-0.004620-0. 0054 77 0. 004828 0.005185-0 .00827 4-0 .004056 0 .006293-0. 007900 
0.011544 0.006884-0.023645-0.012350-0.008490-0.006950-0.002347 0.013438 
0.016505 0.021776 0.011655-0.012943-0.010838-0.017084 0.005006 0.007756 
-0.002131 0.007437 0.009750 0.001974-0.002776-0.001193-0.006538-0.025083 
-0.022430-0.011459 0.025165 0.026580-0.020644-0.020208-0.022637-0.018902 
-0.019285 0.000535-0.003560 0.008793 0.016716 0.002584 0.000362-0.016077 
0.006999 0.001129-0.006332 0.009548-0.004068 0.003244-0.015030 0.001112 

-0.000092-0.021963 0.006932-0.011333-0.013217-0.019266-0.013513-0.022559 
0.002946 0.015743-0.004046-0.018327 0.016420 0.009697 0.005646 0.004786 

-0.001679-0.023439-0.019664 0.009570-0.025099-0.002580 0.021510 0.017060 
0.034264 0.028312 0.004664-0.014264 0.008760 0.028852 0.032518 0.042768 
0.063407 0.045892 0.025433-0.013001-0.041488-0.022142-0.013998 0.011903 

-0.009894-0.004989 0.047004 0.026090-0.029117-0.016705 0.000566-0.000131 
-0.002570 0.000383 0.022905 0.010909 0.007366 0.003613-0.008698 0.002197 
-0.001653 0.023902 0.008467-0.021212-0.001867 0.005353 0.026713 0.015236 
0.027997 0.020307-0.026629-0.015280-0.024209-0.033905 0.007443 0.002072 

-0.009144-0.006295 0.008617-0.017107 0.008513-0.026185-0.050314 0.017420 
0.019292 0.006340-0.008560 0.002962-0.014969-0.004605-0.020984-0.044926 

-0.034603-0.019121-0.013794 0.008583-0.029975-0.001746 0.009813-0.014770 
-0.002251 0.000159 0.035707-0.008740-0.003901 0.007145-0.040774-0.011639 
0.024264 0.009516-0.005590 0.013993 0.013412 0.010576 0.002446-0.024227 

-0.008242-0.022570-0.005738 0.005526 0.001999 0.014352 0.010356 0.016376 
0.029580-0.003355 0.038380 0.010556 0.021946 0.011555-0.002217-0.037912 

-0.024315-0,034417 0.011808-0.000344 0.005781-0.027851 0.021263 0.011519 
0.018082-0.028618-0.013509 0.026515-0.017274-0.017261-0.006376-0.010126 
0.023437-0.043188-0.044649 0.015646 0.071894 0.045829 0.049371 0.021133 

-0.015382 0.002961 0.021331-0.002659-0.017797-0.023124 0.025437 0.015348 
-0.000044 0.013211-0.017986-0.020436-0.000230 0.009765-0.052518-0.037299 
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0.051052-0.001823 0.007353 0.028493-0.007735-0.017047-0.072849-0.084954 
-0.044779 0.008493-0.013234-0.014631 0.018272 0.003946 0.023009-0.003196 
-0.020372-0.005897 0.053905 0.041663 0.011965 0.023100-0.013545-0.026910 
-0.060736-0.037001 0.000267-0.019298-0.001718-0.041340 0.002207 0.078424 
0.017329-0.020977-0.006081 0.016057-0.005406 0.016521 0.056573 0.024716 
0.010962-0.058215-0.021488-0.008712 0.006277 0.064033 0.044380-0.030523 
-0.036985 0.017386 0.020115-0.036027-0.006409-0.026190-0.027235-0.073468 
0.000506 0.024394-0.016574 0.018143 0.013289 0.013602-0.027511-0.005144 

-0.031871 0.0034310.0014680.012888-0.044150-0.017243 0.039676 0.055986 
-0.000725 0.030899 0.005193 0.040082 0.035190-0.031419-0.034432-0.031844 
0.003528 0.037252 0.015704 0.036288 0.004301 0.024059 0.041789-0.058923 

-0.047857-0.025759-0.050429 0.042052 0.007350 0.009419 0.027304 0.065216 
0.048933 0.017140-0.042979 0.009583 0.067992 0.027276-0.027469 0.008581 
0.018974-0.007055-0.011045 0.007875 0.030419-0.020183 0.033658 0.022640 
-0.049449-0.010381-0.021089-0.020325-0.009240 0.019059 0.029758-0.033149 
-0.022887-0.042015-0.040391 0.062634 0.071428 0.016457 0.092263-0.013556 
-0.026596-0.024665-0.043939-0.003138 0.053210 0.044912 0.060073 0.036005 
-0.037751-0.039266 0.006266-0.002910-0.019517-0.046539 0.021271 0.067342 
0.085120 0.085358 0.058492 0.035943 0.007317-0.023555 0.033241 0.014080 
-0.049553-0.053875-0.070048-0.011816 0.037376-0.043564-0.063384 0.021904 
-0.019411-0.006087 0.023138 0.011001 0.017896 0.012676-0.023600-0.022663 
0.001850 0.022401-0.037055-0.071116 0.029524-0.041860 0.069676-0.016099 
0.043113 0.014701-0.028605-0.024291 0.008294-0.044161-0.024976 0.005622 
0.006953-0.0077 48-0.071269 0.01 5219-0.035992-0.043239-0.040854-0.038088 
-0.064370-0.069661 0.067831 0.030296-0.022280 0.044552 0.007485 0.002170 
0.013947 0.052101 0.028145-0.008095 0.077577 0.010219 0.010395 0.017945 
0.012462 0.007855 0.050250 0.066713-0.039672-0.056953-0.015827-0.027186 
0.016292 0.058738 0.005302 0.040493-0.041285-0.036970 0.095521 0.035236 
0.050976 0.013610 0.021088-0.011398-0.003343 0.009983-0.017658 0.024603 

-0.028015-0.025994-0.059818 0.023877-0.026327-0.082418-0.038205-0.020546 
-0.043341 0.000989 0.066932 0.001367-0.034159-0.023565 0.058785 0.044566 
0.068145-0.004459-0.016676-0.050872-0.088420-0.052237-0.018764 0.049532 
-0.029650-0.018010-0.031778 0.009449 0.020499-0.034152-0.038498 0.014449 
0.066220 0.020393 0.069236 0.069327-0.080652 0.000491 0.021818-0.043048 

-0.083122-0.107800-0.058717 0.005969-0.011137-0.016492-0.031786-0.030643 
-0.019116 0.006044 0.023894-0.023533 0.049841 0.025466-0.053288-0.045055 
0.005428 0.044687-0.027277 0.084112 0.086162-0.063449-0.041380-0.069647 

-0.071626-0.006754 0.074572-0.026312-0.034381 0.014688-0.054080-0.057913 
-0.027678 0.017050 0.073664 0.057832 0.057249-0.037107 0.018912 0.084336 
0.053369 0.058927 0.012852 0.041254-0.024166-0.052569-0.009784-0.055197 

-0.063767-0.028377 0.057559 0.037391-0.018751-0.016669 0.030962 0.034713 
-0.019976-0.073897-0.032170-0.039761 0.073204 0.019528-0.033752 0.015766 
0.016715 0.083708 0.096537 0.087505 0.0093810.0575220.002268-0.017150 

-0.013107 0.014265 0.024409 0.073668 0.015621-0.025518-0.046099-0.040461 
-0.033260-0.073745-0.059798-0.045860 0.015595 0.035876 0.047011 0.055586 
-0.067382-0.045382 0.041427 0.032540 0.087114-0.000655-0.043511 0.030203 
0.064219 0.075011-0.018736-0.045333 0.005646-0.002700 0.043613 0.011863 

-0.023963-0.010492-0.027567 0.010770 0.107270 0.124992-0.019511-0.012670 
0.021245-0.070948-0.150025-0.060592-0.020751 0.068195 0.098743-0.021026 
0.041354 0.041591 0.010301 0.019619-0.004030-0.052265-0.026869-0.020295 
-0.027740 0.017939 0.023168 0.013761 0.013825-0.001995-0.047037 0.000153 
-0.063561-0.017298 0.067177 0.024334 0.033437 0.014557 0.039881 0.009452 
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-0.017681-0.002995 0.032498-0.046921-0.026213-0.029503-0.049329-0.048356 
-0.117545-0.097358-0.012610-0.009290 0.017201 0.017564 0.054572 0.040072 
0.047553 0.039378-0.013956-0.084717-0.009771-0.013491-0.041935-0.031360 
0.080505 0.074938-0.018919-0.060512 0.014943-0.059251-0.050862-0.006557 
0.042944-0.002602 0.065072 0.055776-0.043893 0.011522-0.002863-0.132784 

-0.114024-0.051766-0.014312-0.000578 0.022524-0.026323-0.042480 0.096120 
0.085092 0.084150 0.093202 0.094837 0.026580 0.014229-0.033224-0.046544 

-0.104989-0.095705-0.005104-0.045799 0.017730 0.006442-0.056614 0.064133 
0.012539-0.003631 0.002361-0.001466 0.040352-0.023549-0.006228 0.019759 
0.084550 0.029219-0.037055-0.094879-0.076535 0.046272 0.001411 0.006008 

-0.008046-0.029204 0.029603 0.007005-0.087500-0.073983-0.033504-0.042177 
-0.044151-0.006951 0.116690 0.073703 0.051599 0.058940-0.094801-0.009377 
0.022859-0.027236 0.056715 0.084294 0.066687-0.051044 0.024635-0.003834 
0.007303 0.076923 0.009030 0.033056-0.041108-0.045908-0.017219-0.054419 

-0.054538-0.069049-0.039120-0.058818 0.029186 0.011895 0.045846 0.027395 
-0.017763 0.010789 0.007751-0.039645-0.040653-0.019284-0.054604 0.005549 
0.054631 0.042619 0.041678 0.000953-0.018815-0.011626 0.008743-0.002803 

-0.021162 0.032755 0.070956 0.007136-0.040854-0.021149-0.006043-0.065129 
-0.012931-0.014869-0.118293-0.016936 0.104862 0.073389 0.009215 0.070438 
0.095270-0.017105 0.017 467-0.015747-0.008943-0.040183-0.008584-0.026532 

-0.041209-0.015450-0.084298-0.114135 0.018694 0.061716 0.003203 0.069433 
0.035268-0.036520-0.120819-0.092287-0.002826 0.088928 0.000126-0.018710 
0.048108 0.071536-0.0337610.0810000.074744-0.003836 0.013365 0.025956 
0.069298-0.024508-0.156198-0.018372 0.065064 0.076023 0.049415 0.054109 
0.038681-0.078895-0.068569-0.003404 0.048317-0.015361-0.052396 0.054001 
0.034795 0.003800 0.007586 0.068643-0.021844 0.032595 0.047604-0.10027 4 

-0.005743-0.044405-0.061981-0.009240-0.075400 0.045109 0.104495-0.016912 
-0.066003-0.019204 0.051434 0.002324-0.106646-0.047110-0.045773 0.067633 
0.154940-0.000526 0.075262-0.030385-0.070362 0.021113-0.007111 0.031182 

-0.018351-0.011842 0.002435 0.067152-0.028529-0.072801 0.018849 0.138384 
0.094597-0.072915 0.010852 0.049379 0.088736 0.136851-0.035933-0.113012 
-0.750912 
-0.035941 0.003245-0.025260 0.015543 0.034006-0.002296-0.050919 0.009821 
-0.005670 0.016784-0.019518-0.058987-0.004515 0.047872 0.041269 0.047643 
-0.023434 0.021278 0.004911-0.029679 0.102188 0.036581 0.027250 0.090852 
0.059512-0.068383-0.144565-0.104680-0.014088 0.036125 0.065727 0.068525 
0.105090 0.109017 0.005942 0.094148 0.035364-0.029279-0.059318 0.029820 
0.062104-0.060285 0.012348 0.025046-0.091134-0.036534-0.009716 0.036640 
0.108680 0.046136 0.074120-0.018265-0.048865-0.027211-0.039049-0.062837 
-0.025633 0.034069 0.045387 0.014387 0.065746-0.040447-0.065432-0.000895 
0.092715 0.144106 0.135702 0.089790 0.021111-0.017842-0.095752 0.055597 

-0.042207-0.116004 0.004768-0.015671 0.067070 0.041138-0.134718-0.129308 
-0.100716-0.001833 0.016566-0.001405-0.034373 0.039059-0.006797-0.050910 
-0.048590-0.066431-0.004727-0.005397-0.156587 0.017645 0.090101 0.005792 
-0.012754 0.026691-0.048336-0.003344-0.028922 0.018254-0.059864-0.171967 
-0.269455 
0.048417 0.020149-0.057518-0.005811 0.060206-0.004104-0.000420-0.019558 

-0.064933-0.073126-0.065250 0.009490 0.102075 0.094179-0.033278 0.028168 
0.000646 0.015430-0.004449 0.010121 0.050036-0.002842 0.047707-0.012099 

-0.048950 0.014083 0.035168 0.017046 0.068815 0.088607 0.076654-0.036444 
-0.065382 0.005913 0.048113 0.055001 0.014654-0.000981 0.066998-0.035303 
-0.058179 0.081989 0.058290 0.067108 0.074704 0.009922 0.129857 0.139398 
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0.078263 0.058000-0.013889-0.021358-0.011765-0.011154-0.07211 O 0.026501 
0.039144 0.026576 0.016021-0.052800-0.014552-0.029881-0.085870-0.034395 

-0.096770-0.107751 0.027989-0.101216-0.033291 0.042603 0.039321 0.104950 
0.076847 0.088727-0.007396 0.010932-0.014862-0.027800 0.045614 0.125071 
0.080228 0.056902 0.07 4118-0.064686-0.141673-0.086675-0.01 9709 0.012785 
0.021625-0.036995 0.002926 0.062290 0.062417-0.036267-0.102625 0.005012 

-0.056130-0.047229-0.058790-0.078968-0.048329 0.011080 0.080390-0.097956 
-0.018787 0.018106 0.025360-0.035882 0.028890-0.081429-0.024738 0.038000 
-0.040938 0.018897-0.039471 0.019145 0.033076 0.009058-0.002637-0.029651 
-0.086389-0.101740-0.122891-0.061529-0.045394-0.027407 0.012078-0.045405 
-0.007570 0.031400 0.035329 0.007710-0:125352 0.063779 0.070474 0.045274 
0.039702 0.038382 0.034168 0.000538 0.009934 0.033970-0.005237-0.026155 
-0.016587 0.029509 0.016959-0.044036 0.016927 0.121745-0.029390-0.025368 
0.061954 0.000765-0.056163-0.045757-0.025481-0.023939-0.039150 0.009512 

-0.101552-0.067388-0.069114 0.059433-0.067878 0.058050-0.028061 0.057683 
0.183800 0.070064 0.120022 0.177945 0.122519 0.142833-0.036016-0.069294 
0.006036-0.000927 0.078301-0.043532-0.098162-0.054871 0.047593-0.022548 
-0.124951-0.138143-0.018528 0.084041 0.070639 0.048797 0.178987 0.075375 
-0.037726-0.104729-0.103225-0.085460-0.092331 0.045482-0.024604 0.024374 
0.011970-0.028007-0.041432 0.140930 0.107867 0.018867-0.044812 0.024411 
0.016509 0.007487-0.075654-0.032311-0.023231-0.024856-0.071061-0.101327 

-0.044563 0.015529 0.054381 0.071030 0.026680-0.057847-0.037590 0.014942 
0.066166-0.017710 0.030952-0.043972 0.011537 0.023522 0.119697 0.096714 
0.060057 0.093758 0.069281 0.080945 0.003085-0.066884-0.013340 0.002971 

-0.123326-0.069805-0.009619-0.029046 0.000403-0.015538 0.021014 0.046203 
0.007652 0.048065-0.009694-0.042999-0.014207-0.025659 0.071159 0.029538 
0.008380 0.041611 0.025748 0.022342 0.086125-0.009752 0.023711-0.067098 

-0.107376-0.079238 0.057306 0.071681-0.008508-0.009613-0.103810 0.012901 
-0.016002 0.043200-0.049747-0.068111 0.053599-0.019997 0.004262 0.025209 
0.009446 0.024560 0.025995 0.055535 0.071215 0.057120 0.020299 0.097104 
0.027766 0.027660 0.013743 0.063888 0.039644-0.019669-0.063236-0.156430 

-0.037497 0.105255-0.000499 0.001545 0.031672-0.037165-0.070233 0.058094 
-0.012184-0.015107 0.060303 0.118433 0.015125 0.004917-0.034849-0.006260 
0.031841 0.068065-0.051959-0.100598-0.110388-0.175839-0.107229-0.078817 

-0.027671-0.039085 0.049449 0.019357 0.058598 0.048393 0.008863-0.102711 
-0.003763 0.058809-0.020995-0.046902-0.063100-0.019176-0.026845 0.031004 
0.099473-0.038520 0.041414-0.097999 0.029310-0.019054-0.099178-0.061876 
0.009239 0.027637 0.071034 0.116187 0.110235 0.100101 0.085049 0.013410 
0.008903 0.045444-0.01 6132-0.069961 0.005709-0.046739-0.08487 4-0.006409 
0.139540 0.034833-0.085094 0.033620 0.019607-0.082414 0.011585-0.031822 

-0.004005 0.023337 0.016021-0.058948-0.022009-0.082696-0.016292 0.053341 
-0.013294-0.028884 0.059644 0.048986-0.019061-0.074266-0.129637-0.019878 
0.055737-0.021090-0.082252-0.008726-0.004612-0.079478-0.109157-0.044328 
0.030519 0.030530 0.003693-0.055969-0.047270 0.004553-0.052864 0.011298 
0.060920-0.032996-0.084729 0.023024 0.079143-0.026801 0.145240 0.060135 
0.021952 0.031285-0.000210-0.105008 0.009586-0.063846-0.155423-0.038555 

-0.029156 0.084597 0.120079-0.009259 0.068294-0.024892-0.002690-0.004837 
0.018690-0.013026-0.026351-0.058213-0.017505-0.052355-0.049142 0.126105 
0.087942 0.113119 0.009037-0.029826-0.005256-0.111824 0.060245 0.071541 
0.111164 0.178510 0.026426 0.019908 0.086860 0.021005 0.099138-0.103443 
0.037749 0.129114 0.155711 0.067114-0.014864 0.106690-0.019230-0.062333 

-0.101938 0.007772 0.058544 0.033528 0.035620-0.072142-0.031676-0.023577 
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-0.147312-0.063481-0.053500-0.037064-0.044810 0.032802-0.153755-0.069247 
-0.075186-0.104174-0.070452 0.008044 0.031156 0.034614 0.114712 0.049284 
0.072329 0.080401-0.000965-0.042475 0.040228 0.124636 0.000453 0.031963 
0.043106 0.016650 0.072794 0.064981 0.143328 0.183892 0.076005-0.076290 

-0.030009-0.029849-0.137317-0.134141-0.044018 0.017349 0.048623-0.002152 
-0.036427 0.026782 0.082640-0.085434-0.020264-0.103850-0.077549-0.003001 
0.034260-0.004031-0.105977-0.077986-0.043831 0.014186 0.038515 0.002508 
0.000045-0.025460 0.069092 0.114655 0.076292-0.016520-0.057911-0.067586 

-0.008222 0.023105 0.059561 0.0580610.060749-0.036502-0.0142570.004437 
0.006081-0.019953-0.068298-0.073925 0.006553-0.003805-0.102377-0.046401 
0.023349 0.112093 0.092392-0.035320-0.099843-0.052917-0.022896-0.049777 

-0.063471-0.048987 0.089611 0.091992 0.009341 0.031684-0.041195-0.103042 
-0.107916-0.062181-0.053941-0.142346-0.082125 0.078477 0.015897 0.049211 
0.069952 0.005826-0.021475-0.049258 0.040419 0.025394 0.039313 0.078845 

-0.041005 0.014293 0.021050 0.0448010.016758-0.053407-0.0914200.041554 
0.008420-0.129427-0.059760 0.047568 0.044597 0.025004 0.025757 0.067722 
0.046987 0.049880-0.028791-0.065799-0.059553 0.049737-0.01 7507-0.000399 

-0.070856-0.033045 0.002581 0.017401-0.008339 0.055264 0.011108 0.004955 
0.106710 0.026886 0.133548 0.044884-0.050161-0.015738-0.127932 0.008573 
0.090900 0.140109 0.011443-0.135962-0.015453 0.074970 0.035725 0.029452 
0.009993 0.025331 0.013466-0.009888-0.063143-0.059518-0.030482-0.072038 

-0.016272-0.054356 0.012602 0.100530-0.042925-0.060743 0.066159 0.027528 
0.003234 0.082778 0.018265-0.023703-0.024367 0.036978 0.037443-0.113517 

-0.115921-0.101115-0.033116 0.076869 0.149426 0.104204-0.065809-0.051373 
-0.084238-0.130509 0.035665 0.050238 0.062386 0.039180 0.083110 0.028167 
0.041381 0.134392 0.060293-0.111494 0.012845-0.005956-0.017261-0.000226 

-0.038678 0.022993 0.036877 0.019016 0.073689 0.115157 0.077752-0.030362 
-0.015937-0.072913-0.049872-0.000906-0.047034-0.111853-0.116560 0.001627 
-0.028850 0.021376-0.109286-0.166715-0.048926 0.140413 0.087567-0.015102 
0.057704 0.122811 0.038360-0.028666-0.034198 0.058008 0.148166 0.025972 
0.036057-0.032433-0.025252 0.026468-0.030358 0.025201-0.027035 0.069583 
0 .085138 0 .049285-0. 064 727 -0. 068066-0 .040843 0 .051 844 0. 054332-0 .054457 

-0.052296-0.046920 0.093071 0.029001 0.081108 0.102754 0.096105-0.022457 
-0.019902-0.047052-0.002253-0.040590-0.078734-0.035607 0.015472-0.024357 
-0.055854-0.075163-0.106687-0.080484-0.034158-0.068880 0.017212 0.032315 
0.062149 0.040854 0.045290 0.057153 0.142758 0.019854-0.016619 0.095535 

-0.015045-0.043928-0.082229-0.118583-0.146019-0.062588 0.008731 0.037974 
-0.003008-0.077744-0.092005 0.059836-0.020765-0.014485 0.045619-0.042120 
-0.015953-0.035727 0.167334 0.089755-0.022541-0.055913-0.010333-0.014636 
-0.035088-0.073377 0.048979-0.016757-0.043962 0.039279 0.087347 0.073209 
-0.094855-0.058208 0.035374 0.034243-0.051834-0.026193-0.044285-0.032929 
-0.063819-0.022695 0.087612 0.109583 0.092809 0.072487 0.025311 0.125034 
-0.023152-0.016649-0.055629-0.026008 0.057949 0.005930 0.034180-0.052788 
-0.032238 0.076580-0.070093 0.076400 0.069742-0.005486 0.000357-0.022523 
-0.148969-0.104244-0.027193 0.021660 0.110429 0.051188 0.048650-0.022634 
-0.076985-0.069458 0.029095-0.129815-0.067073 0.065374-0.000917 0.111157 
0.162942 0.047578-0.086207-0.099270-0.059252-0.012203-0.035872 0.023834 
0.080038 0.010065 0.082536 0.088529 0.075318 0.043178 0.01 6888 0.015967 

-0.016438 0.065302-0.023889-0.129782-0.085899-0.0527 45-0.052207-0.018943 
-0.000054 0.000861-0.054827-0.116133-0.064970-0.002679-0.023067-0.016980 
0.013515 0.034447-0.071996-0.043968-0.030816-0.106091 0.059327 0.066483 

-0.011376-0.007755-0.086976 0.080814 0.146760 0.101831 0.070466 0.057551 
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0.123059 0.124074 0.035330-0.094389-0.127299-0.107508-0.028419-0.006303 
-0.018569 0.014609 0.023996-0.003038-0.008342-0.012929-0.079922-0.105636 
-0.013600 0.020676 0.071489 0.098988 0.113771 0.158688 0.032298 0.032647 
0.076090 0.092570-0.025943-0.102075-0.077069-0.034059 0.063865 0.009861 
-0.091159-0.063710 0.012689-0.017240-0.104210-0.028606 0.001252-0.099304 
-0.083311-0.044433 0.029438 0.024795 0.070672 0.039881 0.009384 0.074747 
0.036259-0.023434-0.042557 0.032709 0.136655 0.074012 0.043808 0.011030 
0.006268 0.011774-0.002337 0.126116 0.002271-0.101447-0.055685-0.119031 

-0.052160-0.062058 0.080028 0.147763 0.079809-0.040222-0.027809 0.069169 
-0.013179-0.019771-0.056628-0.084525-0.059941-0.042184-0.055496 0.066457 
0.071867-0.001094-0.069040-0.043671-0.041972-0.151889-0.098056-0.074367 

-0.086764 0.020386 0.019352 0.014910 0.040738 0.007760 0.099806 0.109819 
0.048955 0.033710 0.088462 0.016689 0.047404 0.026723-0.029637 0.107749 
0.104486 0.047837 0.027097-0.093286-0.020054-0.063965-0.054469-0.080076 

-0.108862-0.057703-0.035353-0.023421-0.024229 0.052599 0.040801 0.036185 
0.145633 0.087521 0.000537 0.087007-0.008174-0.060973 0.085875 0.013437 
-0.001672-0.017088-0.066037-0.015812-0.049117-0.062996 0.000039-0.042466 
-0.070928-0.046410 0.105362 0.000392 0.080410 0.075823-0.011843-0.042935 
-0.026624-0.003624-0.008753 0.025728-0.054447-0.017551-0.032718-0.055592 
-0.049880-0.046398-0.004909-0.031463-0.025041-0.058355 0.089414 0.116217 
0.018777 0.065278 0.039931 0.040294 0.033178-0.024584-0.016364-0.109135 

-0.057914-0.030070-0.063752-0.058696-0.077840-0.031746 0.053244 0.105463 
0.060757 0.078763 0.059616 0.063675 0.008619-0.009354-0.024108-0.060727 

-0.080367 0.008715 0.027893-0.003191-0.041775-0.046478-0.045480-0.036554 
0.039653 0.096615 0.038309 0.039429 0.049760 0.008791 0.007153 0.020049 

-0.069083-0.065306-0.014549-0.078873-0.046880-0.010746-0.092906 0.001193 
-0.009679-0.106454-0.117715-0.036392 0.077816 0.072055 0.000610-0.031131 
0.043451-0.028895 0.014443 0.006150 0.006832 0.023712-0.023518-0.078791 

-0.130267-0.061409 0.026121 0.029050 0.041939 0.036489 0.112892 0.039141 
0.136231 0.055421 0.054427 0.010932 0.029261-0.033310-0.014135 0.045683 
0,061426 0.117599-0.003352 0.009962 0.014115 0.048638 0.110006 0.013636 
0.009726-0.161292-0.061071-0.007745-0.066600-0.075750 0.097694 0.049534 
0.011373 0.016755 0.076325-0.076995-0.085693-0.075837 0.048469 0.071389 
0.030325 0.082846 0.049325-0.017710-0.065883-0.079521-0.022648 0.017375 
0.039983-0.084153 0.071798 0.006174-0.034006-0.080300-0.030154-0.044939 

-0.015515 0.090621 0.020317-0.017499-0.018448-0.144724-0.042505 0.001125 
-0.070198-0.128082 0.087563 0.115069-0.015178 0.058161 0.087318 0.098809 
0.039918-0.048065 0.001663 0.004547-0.003793-0.081313-0.044405-0.031103 

-0.027836 0.014391 0.011607 0.010527-0.071513-0.048873 0.021004 0.042330 
0.096795 0.117499 0.020337 0.004546 0.120086 0.048108 0.013157 0.019274 

-0.026938-0.020025 0.067166 0.066139 0.010606-0.009529-0.010833-0.115470 
-0.050778-0.012202-0.042569-0.028196-0.013351 0.038430 0.006179 0.030561 
0.043440-0.008278 0.020976 0.016478-0.103679-0.091716 0.066678 0.116809 

-0.060697-0.070305 0.009417-0.091358-0.160050-0.001727 0.000261 0.045093 
0.031415-0.047337-0.075903-0.035602 0.045799 0.123828 0.127630 0.107641 
0.018987 0.075997 0.108743-0.059972-0.054557-0.063499-0.037548-0.059922 

-0.094588 0.017127-0.001736-0.070763-0.024619-0.102418-0.031236 0.077426 
0.006244-0.123261-0.028500 0.055049 0.093405-0.024171 0.150527 0.150298 

-0.030476-0.042755 0.063193 0.021946-0.085655-0.072401 0.068348 0.009172 
0.092384-0.015561-0.13007 4-0.125785-0.054205-0.015458 0.011476 0.070565 
0.003449-0.025572-0.033184 0.054152 0.068108 0.048153-0.024015 0.029908 

-0.108501-0.174835-0.153254 0.026389 0.024245 0.032757 0.112773 0.075218 
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0.005346-0.108132-0.039778 0.131337 0.075689-0.001983 0.031727 0.008871 
-0.051142 0.052488 0.035741 0.013978 0.031136-0.098342-0.053362 0.009339 
-0.032455 0.000514 0.006978-0.035257-0.051491-0.002432 0.019452-0.004113 
0.045197-0.025174 0.098601 0.012081 0.013975-0.012220-0.038993-0.034223 
0.084822 0.128940 0.063731 0.011412 0.042118 0.043304-0.109158-0.093040 

-0.075934 0.008066 0.033945-0.012285 0.089667 0.010287 0.016439 0.051641 
0.047347-0.001935 0.034238 0.068458 0.053603 0.067943-0.026706-0.084919 

-0.036101 0.025850-0.113469-0.039608-0.017757 0.041716-0.023905 0.009433 
0.012846-0.018712 0.048511 0.034199 0.054209 0.021000-0.129309-0.157123 

-0.153860-0.063640-0.052482-0.046327 0.086031 0.048316 0.002621-0.004800 
-0.075304-0.120953-0.125947-0.116156 0.064523-0.005580 0.022451'. 0.131541 
0.063852 0.068998 0.033780 0.088215 0.057132 0.023481-0.037784 0.003296 

-0.010033 0.052502 0.035466-0.008019-0.025564 0.014030 0.117459 0.065707 
0.001048-0.002080 0.025625-0.063935-0.038192-0.002559 0.038699 0.052255 
0.036691 0.038424-0.129514-0.080075-0.056238-0.025430 0.038718 0.015676 
0.079734 0.061333-0.020416-0.092413-0.014643-0.028917 0.019625-0.023544 
0.006786-0.075971 0.024821 0.074353-0.001393-0.016906-0.008685 0.019971 

-0.046876-0.032395-0.010878 0.019038 0.025843-0.013346-0.026535 0.056814 
0.082880-0.013725-0.011257 0.016333 0.028449-0.007710-0.048190 0.042315 
0.018614-0.013322-0.004470-0.019091 0.098675 0.031374-0.098596-0.027357 

-0.006080 0.049374 0.094528 0.002670 0.063055-0.016412-0.004340-0.034603 
-0.31384 

-0.024608 0.033133 0.041188 0.035080 0.025843 0.039491 0.055642 0.065209 
-0.007482 0.000506 0.017393 0.065096-0.045303 0.004567-0.021398 0.020798 
0.002274 0.063305 0.101120 0.030338 0.000345 0.030752-0.062278 0.000730 
-0.086857-0.007516 0.048684-0.118510-0.164136-0.098939-0.084976-0.180243 
-0.101965 0.011871-0.058922-0.046808 0.068118 0.085952-0.042826-0.008748 
0.043932 0.026676 0.069572 0.006662 0.005612 0.091428 0.040991-0.036906 

-0.084977 0.033070 0.044762-0.056839 0.001157 0.154471 0.115390 0.050168 
0.018630-0.045335-0.044302 0.037411 0.041611-0.007296 0.046069 0.090708 
0.025950-0.034537-0.037 431-0.086403-0.055616-0.067606 0.008512-0.075529 
-0.060770-0.007756-0.091714-0.072581-0.044036-0.087666-0.070120 0.005928 
0.024521 0.078997 0.036333 0.006920-0.006608 0.035298-0.001368 0.053367 
0.076369-0.036103-0.012321 0.087383 0.003836-0.069928-0.013577-0.083817 

-0.065476-0.073477 0.034770 0.012242 0.015520 0.028508 0.039538 0.016523 
0.063556-0.029077 0.068629 0.040035 0.001152-0.000939 0.011142 0.067900 
0.012013-0.030263 0.002398 0.084211 0.083857-0.021653 0.010055 0.009186 
-0.034993 0.016687-0.000438-0.021986 0.012760 0.053574 0.002465-0.039144 
0.011526-0.000734-0.061592-0.069744 0.030251-0.004516-0.014696 0.065666 

-0.002483 0.023431-0.048972-0.059478-0.000655 0.010414 0.013051 0.006447 
-0.021009-0.066821-0.067534 0.025171 0.062388-0.039044-0.027421 0.050898 
0.040261 0.002676-0.094055-0.044329 0.014490 0.020268-0.026900-0.096054 

-0.013400 0.015235 0.061828 0.121228 0.070932 0.099080 0.066703 0.044127 
0.037707 0.062258 0.017657 0.057123 0.079497-0.043366-0.020375-0.050738 
0.012508-0.010812 0.013934-0.088851-0.028139 0.010748 0.001877-0.095451 

-0.044233-0.051126-0.042819-0.086798-0.058092-0.025974 0.053846 0.097908 
0.066029 0.067055 0.003246-0.038704-0.107891-0.085658-0.086292 0.008649 

-0.009498-0.042437-0.086982-0.015913 0.052655-0.026232-0.025532 0.000782 
0.033750-0.013650 0.051471 0.111146 0.075736 0.056616 0.015161 0.022211 

-0.059155 0.050655-0.057809-0.027569-0.025986-0.042107 0.003517-0.017506 
-0.036817 0.084019 0.106442 0.099168 0.057750 0.015357 0.065060 0.103229 
-0.000007-0.027632-0.072191-0.093077-0.051323 0.092054 0.115176 0.054969 
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0.031837-0.052783-0.045866-0.015177-0.022189-0.024962-0.023540-0.004682 
-0.022685-0.030141 0.005899-0.037782-0.031438-0.042186 0.010975 0.001696 
-0.008122-0.060017 0.021401 0.039028 0.011354 0.055494 0.068061 0.008562 
-0.049821-0.038878 0.062684 0.157129 0.012069 0.009352-0.006947-0.000276 
0.053555 0.067834-0.058980-0.051442-0.023379-0.066587 0.038666 0.107307 

-0.009364 0.005834-0.049135-0.013775-0.006360-0.029051 0.063876-0.053423 
-0.054390-0.044020 0.047195 0.116464 0.058784-0.107042-0.005793-0.002677 
-0.361003 
-0.109256 0.003431 0.091329 0.005006 0.020019 0.069209 0.055636-0.076573 
-0.049039 0.035890 0.024068 0.051134-0.079653-0.114211-0.136543-0.061511 
0.052773 0.057726-0.046701-0.011518 0.065100-0.025419-0.028800 0.023371 

-0.119899-0.051734-0.024722-0.002808 0.024451 0.084028 0.024983 0.022215 
0.037021 0.018987 0.091484 0.007623 0.016441-0.008864 0.103623 0.088272 

-0.001069 0.117197 0.065491-0.021735-0.039472 0.037168-0.025464-0.025769 
0.007326-0.044939-0.039047-0.010467 0.042198 0.020126 0.082269 0.010670 

-0.059654 0.001275 0.044854 0.012430-0.071591-0.076863-0.024866 0.065722 
0.031755 0.016689-0.062377-0.056558-0.106708-0.048589 0.095714 0.021693 
-0.372413 
0.002803-0.007441-0.002993-0.033159 0.046362 0.092686 0.020041-0.013737 

-0.026938-0.059799-0.008645 0.025475 0.012457 0.066089 0.091414 0.061741 
0.074867 0.138956 0.107714 0.077933-0.005951-0.056637-0.016257-0.068310 

-0.026929-0.009828 0.032496 0.074648 0.005932 0.005910-0.012611-0.034433 
0.070879-0.036018-0.00007 4 0.008325-0.001461-0.046066-0.064488-0.012839 
0.007572-0.015325-0.034967-0.026830 0.002385 0.005875 0.035550 0.026924 

-0.022469-0.081963-0.030456 0.050515 0.016904-0.004082 0.073577 0.073079 
0.068130-0.013967-0.062026-0.127121-0.114282 0.014353-0.032332-0.015399 
-0.068773 0.023215 0.016632 0.000686 0.006236-0.023559-0.068547-0.001239 
0.024785-0.035309 0.049061 0.013216 0.023354 0.009406 0.043400 0.000791 
0.043189 0.034122 0.102314 0.027521-0.041982-0.114176-0.051004-0.021823 
-0.346021 
-0.033162-0.006448-0.026589 0.090413 0.060518-0.042822-0.003129 0.045330 
0.006389 0.090922 0.005607 0.048913 0.047267-0.044914-0.015931-0.020377 
0.032802 0.018192-0.043100 0.009311-0.026673-0.033971 0.005051 0.049008 
0.079261 0.062086 0.089009 0.094539-0.063608 0.012372 0.054065 0.004991 

-0.079779-0.007978 0.045646-0.017518-0.029894 0.041188-0.048369 0.019348 
0.072530-0.030803-0.030513-0.015468 0.025209 0.006569 0.017461 0.000000 
0.003108 0.062864-0.006110-0.070844-0.008942-0.055242 0.007144 0.075513 
-0.289798 
-0.072501-0.020382-0.015245-0.074976-0.104723 0.008854 0.006688-0.021736 
0.001903-0.005303 0.007707 0.117913 0.035148-0.030125 0.057288 0.085399 
-0.011836-0.028978-0.030516 0.031602 0.061562-0.005668 0.073419 0.053082 
0.065473 0.072614 0.011902-0.084476-0.083437 0.096530 0.069403 0.082082 

-0.014231-0.029758-0.022581-0.060934-0.016619 0.064301 0.054244 0.016892 
-0 .029040-0.019438-0 .004844-0. 009140 0. 076592 0. 044460-0 .0394 73-0. 003539 
-0.029329 0.044915 0.036907 0.033263 0.011083-0.059944-0.041615 0.027628 
0.018149-0.005143 0.091210 0.037968-0.036486-0.033257-0.010632-0.024297 
-0.013013-0.015309-0.022987-0.037345 0.027429-0.003665-0.116912-0.059645 
-0.022583-0.040594-0.003038 0.000417 0.003925-0.011763-0.069629-0.043531 
-0.016906-0.026803 0.002186 0.012249 0.047709 0.040516-0.011276 0.063150 
0.050755 0.003973-0.011897-0.019310 0.020688-0.004071 0.014425-0.036291 
-0.244754 
0.023766 0.096290 0.017716 0.050629-0.036763 0.016568 0.065063-0.01 9800 
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0.024733-0.028685-0.003268 0.016602-0.039458-0.013205-0.001204 0.039690 
0.067072 0.013884-0.020545 0.010412 0.042550-0.031894-0.028663 0.040476 
-0.027955-0.011977 0.039929 0.107409 0.075260 0.001186 0.066443-0.014580 
-0.000820 0.009221 0.022584 0.016724 0.003779-0.037396-0.007042-0.030798 
-0.028620-0.014804-0.046591 0.027591 0.007525 0.012619 0.046109 0.033148 
-0.043016-0.025906-0.036069-0.089628-0.059799 0.025211 0.025662 0.000145 
0.061277-0.013319-0.066883-0.063999-0.039953-0.011528 0.007685-0.037251 
0.022735-0.001283-0.024174-0.042154-0.015729 0.032060 0.031049 0.001149 
0.003576 0.017379 0.039189 0.044031-0.007855 0.002863-0.066181 -0.029960 

-0.047526-0.015242 0.047215-0.017370-0.030805-0.030340 0.010126-0.049427 
-0.046029 0.010112 0.090999 0.011002 0.001650 0.026307-0.011853-0.001386 
0.021174 0.023854 0.009158-0.021248-0.076136-0.070457-0.022027-0.019663 
0.027609 0.041832-0.019729 0.046965 0.035028 0.078072 0.068235-0.005033 

-0.006075-0.013798 0.028432-0.043859-0.064833-0.023532-0.052883 0.088500 
0.055506-0.034001 0.018087-0.010250 0.019607 0.030337 0.019927 0.038519 
0.070716 0.050270-0.043370-0.091153-0.029820-0.008971-0.012659-0.090870 

-0.029933-0.027740-0.018715 0.041857-0.026328-0.028244-0.023193 0.007799 
0.022256 0.042718 0.056977 0.011045-0.046232 0.017949 0.039104-0.013045 
0.015266 0.034563 0.038197 0.075746-0.003065-0.023826 0.008243 0.069823 
0.078672-0.017589-0.071963-0.039819-0.034037-0.025800 0.033009 0.008520 

-0.005756-0.046162-0.087197-0.077653-0.030054-0.077847-0.091285 0.015789 
0.003095 0.032553 0.055892 0.030580 0.009701-0.016225-0.007705-0.055063 
-0.044073 0.010565 0.028636 0.007153 0.038064 0.052535 0.058324 0.044674 
0.028658 0.039166 0.081503 0.059544-0.012957-0.012767-0.000023 0.004500 
0.010147 0.012920 0.022019 0.004872 0.032444-0.002757-0.022515-0.096972 
-0.098484-0.086688-0.058820-0.055973-0.083223 0.065703 0.070519 0.084064 
0.056987-0.010315-0.050954 0.031573 0.059879 0.062345 0.063099 0.065739 
0.025873-0.014082-0.049919-0.027730-0.030877-0.058182-0.033714-0.022787 
0.001511 0.056756 0.076338 0.040630-0.032468-0.012122-0.014234-0.032098 

-0.033250 0.050588 0.023640-0.013826 0.048664 0.058746 0.046714 0.073257 
0.006561-0.014064 0.035026-0.047323-0.017698-0.070083-0.040512 0.012907 

-0.034508-0.002053 0.013131 0.008921-0.016390-0.039636-0.003780 0.011049 
0.035796 0.001676-0.012520-0.038096 0.002247 0.007616 0.007406 0.006609 
0.096866-0.007588-0.057891-0.027724-0.031984-0.037040-0.036607-0.012828 

-0.061425-0.066108-0.000896-0.002399-0.045154-0.006176 0.017899-0.008521 
-0.011707 0.038259 0.036194 0.036909 0.087842 0.084164 0.029948-0.026527 
-0.027081-0.006456 0.002343-0.018069 0.023060 0.046969 0.042932 0.015317 
-0.030825-0.031921-0.016658-0.041225-0.059701-0.005005 0.057110 0.044003 
0.045168 0.027614 0.009349-0.037540-0.035488-0.040368-0.052977-0.005967 

-0.000775 0.012107-0.014268-0.027314 0.044473 0.040200-0.019332-0.008177 
0.0308410.0803480.032290 0.022673 0.023315 0.016168-0.040448 0.039614 
-0.021943-0.013260-0.040851-0.016247-0.000605 0.012839-0.009395 0.006705 
-0.009299-0.068230 0.005197 0.012298-0.017715-0.026943-0.008595 0.007013 
-0.006453 0.003801-0.028589-0.066166-0.027145-0.024942-0.000531 0.003926 
0.013568-0.022963-0.049971-0.021441 0.050148-0.029873-0.026458 0.013781 
0.045381 0.043721 0.025643 0.107532 0.091976-0.010895-0.019556 0.002467 

-0.020294 0.036465 0.000276-0.026343 0.024101-0.026204-0.008168 0.016482 
0.028105 0.031261 0.013117-0.023217 0.079718 0.004916-0.033679-0.000956 

-0.008334 0.025738-0.078756-0.032549 0.007471-0.012888-0.055722-0.013586 
0.090573 0.062395-0.037437-0.011720-0.014483 0.031165 0.033354 0.021988 
0.040419-0.016753 0.015070 0.034747-0.026694 0.013115-0.005198 0.046083 

-0.033361-0.019196-0.032835-0.056262 0.008942 0.0447 43 0.005664-0.008047 
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0.047469 0.053084 0.040124 0.046160-0.035537-0.026042-0.065821-0.016037 
0.019183-0.039295-0.052539 0.006737 0.056208 0.003979 0.014775 0.035783 
0.033228-0.004727-0.094935-0.023114 0.012890 0.007592-0.019761 0.007091 
0.004487 0.021771 0.018355 0.027763-0.006385 0.021132-0.028410-0.062912 

-0.025546 0.007331 0.012863 0.049006 0.036379 0.074239-0.006328-0.084723 
-0.042106-0.000959 0.068511 0.051910-0.013913-0.016241-0.072161-0.116800 
-0.067252-0.023077 0.009837-0.007412-0.057828-0.038587 0.026653-0.031689 
-0.010538 0.009256-0.049150 0.021948 0.054935 0.038911 0.009570 0.015044 
-0.006487-0.035819 0.061490 0.006462-0.000120 0.029762-0.032870-0.032740 
0.038783 0.036201 0.004954-0.058773-0.016605-0.025623-0.028983-0.020813 

-0.033925-0.014103 0.007563 0.017466 0.057617 0.035932 0.042373 0.053392 
0.012840 0.005869 0.003859-0.006713-0.024598 0.045996-0.007330-0.022672 

-0.036070-0.024742-0.026981 0.050068-0.046139 0.061163 0.023200 0.070603 
0.066055 0.044641-0.016171 0.004389 0.066406-0.054347-0.033202-0.034198 

-0.019979 0.001298-0.008850-0.029230-0.007144-0.018095-0.031649-0.052089 
-0.046735-0.021006-0.055452-0.041287 0.009949-0.024400 0.018513 0.051295 
0.030734 0.061970 0.062842 0.030557-0.000950-0.017330-0.040717-0.047609 

-0.040504-0.003041-0.003399 0.039513 0.030457 0.015761-0.003843-0.017848 
0.058039 0.074214 0.022752 0.013719 0.023107 0.075729 0.033578-0.036150 
-0.024769-0.006321-0.014344 0.022374-0.034153-0.027575-0.078560-0.113767 
-0.087994-0.006610-0.061898-0.033253 0.052321 0.051538 0.058136 0.037178 
-0.005400 0.028874-0.007313-0.028191 0.003681 0.039478 0.007707 0.018984 
0.012804 0.008158 0.025649 0.026991-0.008119-0.062551-0.023480-0.037129 

-0.047687 0.014566 0.013422-0.026919-0.020983 0.009555-0.023220-0.010679 
-0.007277 0.015573 0.015855-0.064302-0.043035 0.014870 0.047325 0.022318 
0.045017 0.041740-0.017719-0.042066-0.028402-0.033393 0.016151 0.035078 
0.019358 0.045198 0.009292-0.008077-0.026323 0.012087 0.002005 0.000909 
0.009661-0.010677-0.020554 0.036268 0.032569-0.004234 0.074489 0.014665 
-0.020503 0.068080 0.042128-0.017469-0.018064-0.004835-0.003498 0.024355 
0.006911-0.022881 0.006142 0.068871 0.063709 0.009820-0.055852-0.015032 
0.001985 0.017057 0.006868 0.032904 0.003413-0.049037-0.023013 0.003282 
0.026445-0.022426-0.060646-0.076716-0.024820-0.028527-0.033058 0.012936 

-0.021980 0.013006 0.026360 0.051277 0.035976-0.011319 0.061202 0.058131 
0.010984 0.018278-0.021795-0.011271-0.022412 0.000300 0.029605 0.047402 
0.010806 0.075697 0.062985-0.005813-0.025235 0.006207-0.023009-0.010902 
-0.211839 
-0.027546-0.010208-0.004766 0.005748 0.027535 0.000541-0.002188-0.001985 
-0.004160 0.048257-0.028588-0.038179-0.009456-0.030352-0.006698 0.027082 
0.089664 0.061154-0.043955-0.075558-0.030789-0.022288-0.063626-0.045929 

-0.000465 0.062057 0.014580-0.032787-0.010598 0.011225-0.019057 0.001162 
0.044767 0.001718-0.002575-0.004243-0.039817-0.022932-0.046024-0.028419 
0.003450 0.024607 0.001239 0.025630 0.035777 0.005044-0.003352-0.038605 
0.003262 0.036467-0.004824 0.001314 0.015118-0.006483 0.051325 0.036684 
0.011108-0.029171-0.003176 0.005342-0.015100 0.037733 0.051777 0.027596 
0.009291-0.035498 0.017440 0.007643-0.024915-0.007410-0.009588 0.045112 

-0.022197 0.017518 0.002225 0.012071 0.036459 0.065821-0.000409-0.030780 
-0.030778 0.001426 0.032184 0.024373 0.005465 0.024654 0.004270 0.011643 
-0.000505 0.002644-0.028416-0.019960 0.045646 0.034461 0.011503 0.047224 
0.001347-0.015457-0.022430-0.057454 0.010219-0.005512-0.034802 0.009423 
0.073205 0.071087 0.008913 0.012822 0.058404-0.021649-0.035307-0.024965 

·0.032355-0.026124-0.036668-0.051101 0.007880-0.047087-0.017922-0.016382 
-0.034525-0.017316-0.012248 0.006920 0.015250-0.024197-0.018284-0.017333 

;5 i 13/ 
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-0.016413 0.013009-0.005860-0.030731-0.024224 0.019559-0.003604-0.022215 
-0.011691-0.041620-0.048621-0.006069-0.019162 0.017887 0.003877 0.032147 
0.019372 0.032511 0.019060 0.022605 0.018994 0.019152 0.004979-0.038372 

· -0.003649 0.004764-0.013010-0.048796-0.054290 0.033499 0.009502-0.074089 
-0.037606-0.016189-0.012820 0.040543-0.016796 0.011021 0.041192 0.065191 
0.095497 0.022283-0.023201-0.008630 0.007969 0.011063 0.020471 0.030748 
0.010150-0.037352-0.021898-0.039786-0.084499-0.060965-0.006214 0.006137 
0.018312 0.048680-0.001251-0.073100-0.086576-0.048374 0.000762 0.003676 
0.039484-0.008640-0.003201-0.002919 0.016076 0.070571 0.082288 0.042708 
0.021455-0.016166 0.001133-0.004291-0.019185-0.041143-0.006248-0.004939 

-0.035072-0.004001-0.034392 0.010261-0.004590-0.032399-0.003284 0.000111 
0.005238 0.038067 0.033618 0.019131-0.002826-0.001365 0.042058 0.052590 
0.020573 0.030918 0.002429-0.025597-0.044012-0.045437-0.068635-0.006476 

-0.024703-0.028982-0.004792-0.005967 0.033394 0.016726 0.031888 0.009103 
0.009116-0.012085 0.003895-0.003208-0.000574 0.019502 0.006823 0.041026 
0.033564 0.021749-0.001997-0.024791-0.027540 0.008195 0.005638-0.004515 

-0.031992-0.004318 0.009783 0.018720 0.034149 0.028408-0.011823 0.003503 
-0.023154-0.020796-0.038018-0.014386 0.004804 0.034680-0.026073-0.085635 
-0.053344-0.015329-0.033536 0.053274 0.037074-0.007597-0.002730 0.003822 
-0.009090 0.011486 0.004639 0.007143 0.006689 0.018147 0.019280 0.001310 
-0.012598 0.037003 0.036628-0.016494 0.010266 0.040540-0.005639 0.028294 
0.047483 0.026274 0.015966-0.0100410.0311470.040112 0.024957 0.041481 

-0.001989-0.020921 0.000923-0.025223-0.005135 0.022229-0.052057-0.051072 
0.013411-0.017039-0.026680 0.009999 0.013937 0.023837 0.030635 0.038660 
0.041993-0.026350-0.029648-0.011983-0.065891 0.000625 0.024543-0.018068 

-0.024813 0.045614 0.000086-0.032990 0.009893 0.005828-0.019368-0.016456 
0.054449 0.065386 0.044623 0.010500 0.033875 0.036354-0.024300-0.019290 
0.010224 0.001200 0.018379-0.019970-0.035490-0.039224 0.016238 0.007567 

-0.062222-0.046768 0.006441 0.034725 0.007185-0.019374-0.030599 0.040802 
-0.007124-0.046612-0.037325-0.001172-0.003125 0.015891 0.028059-0.042387 
-0.032567-0.020735-0.024892 0.005437 0.002422 0.008501 0.029128 0.039928 
0.052929 0.044413-0.028543 0.008377-0.008836-0.023571-0.019270-0.045006 

-0.005039 0.023508 0.011761-0.025894-0.009020 0.018143 0.037384 0.041427 
0.030948-0.005258-0.040197-0.022986-0.025217 0.030221 0.008803 0.002407 
0.000562-0.003256 0.017227 0.027281-0.030461 0.036738-0.030669 0.019131 
0.070060 0.030032 0.014993 0.027230 0.026863-0.015423 0.001716 0.028808 
0.039014-0.024906-0.048269-0.058127-0.023999-0.009206-0.017162 0.005002 
0.009619 0.003528 0.019179 0.048346 0.015994-0.010462-0.003128-0.034131 
-0.015553-0.023312-0.049113-0.060917-0.004638-0.012667-0.013501 0.006394 
0.011938 0.031422-0.017214 0.013885 0.057328 0.018091-0.032587-0.023296 
0.004437 0.005561 0.01087 4 0.002210-0.022174 0.003814 0.010549 0.013009 

-0.023340-0.014758-0.010049-0.021012 0.008259 0.030540-0.024544 0.013414 
-0.017704-0.009407-0.012836-0.017852 0.015566-0.001132 0.010488 0.004351 
-0.004373 0.007065 0.012144 0.017899 0.035048 0.005880-0.041433 0.022329 
0.038774 0.030121 0.041469 0.020269 0.032017-0.005960-0.034095-0.053731 

-0.043330-0.046736-0.070305-0.028155-0.010259 0.021213 0.017203 0.016096 
0.001860 0.021682 0.021764-0.004983 0.043108-0.026814 0.001181 0.017256 

-0.015850 0.005003 0.003547-0.019805-0.062924-0.063006-0.028413-0.039559 
-0.052009 0.000918 0.026236 0.020091 0.036972 0.023115 0.033158 0.015490 
-0.025577-0.003541-0.031492-0.027429-0.019226 0.006943-0.004205 0.026527 
0.020199-0.017909 0.006982-0.048556-0.059923 0.025857 0.012502-0.001615 
0.033017 0.028703 0.006121-0.009325-0.012552-0.006603 0.005505 0.035293 
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0.066211 0.026089-0.024733-0.003217 0.003965-0.036773 0.024733 0.022210 
0.008287 0.031624 0.009580 0.000556-0.002288-0.039345-0.019604-0.026464 

-0.005594 0.034449 0.030314-0.017207 0.023702 0.009189 0.038239 0.005947 
-0.025948 0.005713-0.025738 0.015929 0.062265 0.023022 0.025720-0.006028 
-0.027526-0.004956 0.030144-0.011790-0.039316-0.012634-0.022871 0.011098 
0.028915-0.003491-0.002437 0.028832 0.030087-0.032895-0.027705-0.030522 
0.029523-0.037889-0.025024-0.006871-0.049228-0.021650 0.000212 0.003437 
0.006040-0.035998-0.034515-0.002893-0.024360 0.003725-0.043160-0.008342 

-0.033847 0.002757 0.006403-0.015634-0.032329 0.005824 0.018370 0.004955 
0.012295 0.039132 0.047577 0.018737 0.020583-0.018369-0.018349 0.011652 
0.031218-0.009761 0.021165 0.056431-0.000350 0.021304 0.020911 0.011449 
0.022472 0.033374-0.002641 0.016102-0.014870-0.031178-0.014320 0.008345 
0.040313 0.011760-0.012511 0.007193 0.007152-0.017223-0.028508-0.031824 
0.003165 0.015812 0.017881 0.009611 0.0224010.0040340.029344 0.034950 
0.001028-0.053516-0.031072-0.018247-0.007569-0.031487-0.029366 0.009424 
0.025456 0.024592 0.005109 0.027657 0.054336 0.007319-0.019842 0.036957 

-0.013709-0.023668 0.019983 0.012285 0.033768 0.004280 0.004671 0.023321 
0.003230-0.066504-0.044692 0.014011 0.020453-0.015018-0.021931 0.019859 
0.004278-0.017399-0.016906-0.055311-0.026454-0.009518 0.013604 0.015070 
0.009222 0.005152 0.007877-0.016014-0.010369-0.016083-0.013203 0.012569 

-0.018091-0.020219-0.043563-0.012577 0.002156-0.024642-0.004812-0.039359 
-0.022891-0.009862-0.002018-0.007558-0.014611 0.016901 0.013804 0.017155 
0.020111 0.001099-0.008488 0.026920 0.042103-0.007885 0.013475-0.018279 
0.014819 0.024667 0.014342 0.008234 0.017369 0.036511 0.029433-0.000276 
0.022100 0.041975 0.036944-0.017424 0.005830 0.009432-0.023875-0.019546 

-0.059489 0.002155 0.007396-0.026113-0.019221-0.Q17455 0.033457 0.010336 
-0.002322 0.005852-0.005984-0.016148-0.008387-0.020825 0.019481 0.009826 
0.008052 0.037308 0.030661-0.058115-0.011918 0.020360 0.007062-0.023109 

-0.025581-0.010519-0.011077-0.016587-0.002650 0.011937 0.003727 0.006292 
-0.006365 0.020031 0.000843 0.001785 0.010432 0.029322-0.029459-0.023296 
0.004266-0.016757 0.038550 0.025319 0.021274 0.001339 0.009875-0.033196 

-0.013786-0.024796-0.040212-0.000994 0.036812 0.016785-0.015447 0.002989 
-0.004609-0.025575 0.006023-0.007195 0.003185 0.010960 0.019636 0.014536 
-0.012995 0.010274 0.039288 0.029306 0.026575 0.004266 0.010873-0.010143 
-0.027914-0.035328-0.029707 0.017121 0.027203 0.018516-0.008025-0.022853 
-0.016403 0.016513 0.049873 0.022304 0.004211-0.030102-0.016508 0.035662 
0.011711-0.003074-0.006051 0.019984 0.007579-0.000818-0.003644-0.010137 

-0.010314-0.034718-0.032943 0.012018-0.008295-0.012862-0.004602 0.000062 
0.014028-0.007929-0.014474 0.005724-0.041050-0.027851-0.008978 0.016256 
0.010462 0.037578-0.001844-0.009786 0.009420 0.005570-0.037305-0.015466 
0.005740 0.040890 0.038079 0.048767 0.040601 0.009096 0.013775-0.002164 

-0.030387-0.024144-0.030391 0.008103-0.038758 0.000678 0.013311 0.006972 
0.013017-0.037258-0.029488-0.001240 0.022652 0.034641 0.047204 0.002366 

-0.014921-0.013804-0.017159-0.024928-0.013486 0.010486 0.014616-0.012949 
-0.023022-0.032546-0.042691 0.000893-0.007436-0.003746-0.023185-0.022906 
-0.016515 0.002473 0.017609 0.005964-0.013874-0.016863-0.032590-0.030050 
0.009888 0.016509-0.005780 0.030544 0.002305-0.005619 0.014192 0.003391 
0.028124 0.001550 0.016429-0.013766-0.012552-0.000918-0.001445-0.009335 
0.036848 0.023421-0.003030-0.006256 0.004211 0.005665 0.011050 0.006506 
0.045128 0.077050 0.006063-0.015133-0.000219 0.012303-0.000115-0.011524 
0.010605 0.038371 0.009394 0.002274-0.043901-0.006158 0.009215-0.020803 
0.010738-0.011794-0.014042 0.003810-0.022006 0.003381 0.006615 0.016672 
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0.004603 0.008250-0.000895 0.010551-0.008982-0.050337-0.038235-0.048258 
-0.028720 0.009633 0.008635 0.000795 0.003380-0.007686 0.013271 0.030102 
0.026463 0.004291-0.018356-0.020639-0.024974-0.016591 0.011530-0.017198 

-0.035872-0.008451-0.015165-0.021382-0.015732-0.012695 0.002003 0.026567 
0.021417 0.016938 0.006763 0.003511 0.006723-0.006496-0.003711 0.039895 
0.018843-0.001623 0.025053 0.024659 0.008111-0.022025-0.020258-0.012989 

-0.002182-0.004889-0.002253-0.032142 0.007663 0.005851-0.025341-0.045036 
-0.000832 0.036803 0.015757 0.031203 0.022936 0.024169 0.040118 0.039778 
0.022075 0.000891-0.001681-0.005754 0.003930-0.020716-0.005876-0.022259 
-0.159031 
0.036404 0.033309 0.026485-0.008907 0.014849 0.019796-0.002457 0.000352 
0.026134-0.017672 0.010219-0.013236-0.011373-0.040544 0.011706 0.011867 

-0.014539 0.007472 0.012810 0.027293 0.023136 0.000150 0.008291 0.022816 
0.029268-0 .000245-0.000466-0.000009-0.01 3927 -0.01 0248-0.002696 0.006502 
0.010983-0.004634-0.019659 0.000796-0.004529-0.030972-0.028756-0.026867 
0.003744-0.002157-0.015878-0.010189 0.001459 0.009812 0.001359-0.024941 

-0.017263 0.005650 0.000760-0.007956-0.034062-0.008295 0.009813 0.008629 
-0.007785 0.002785-0.009020 0.027548 0.006478 0.031498 0.031771 0.047118 
0.056608 0.027582 0.014997-0.000250-0.001999 0.009151-0.008591-0.034400 

-o.001076-o.oo5762-o.020298 o.011680-0.001332 o.021658 o.001130,0.049415 
0.011133 0.015573-0.032447-0.004967-0.025956 0.012826-0.008484-0.001407 
0.027815-0.015894-0.024024 0.004069 0.017542 0.007539 0.014457 0.008455 

-0.030179-0.015962-0.024136 0.006191 0.011972-0.009223 0.006736 0.006935 
0.007313 0.024411 0.014853-0.001071-0.011940 0.012420 0.041958 0.018841 

-0.004620-0.033366-0.015534-0.017496 0.003603-0.010699 0.024233 0.002067 
-0.002638 0.021575 0.002377-0.003854 0.007839-0.025476-0.029952-0.017553 
-0.018978-0.025660-0.026126 0.017852 0.011027 0.009492 0.034172 0.005927 
0.044174 0.029296-0.032836-0.010967-0.013437-0.021969 0.001035-0.009167 
-0.021895 0.012934 0.001502 0.004248 0.000730-0.000863 0.016339-0.007397 
0.018833-0.022802 0.011720 0.002747 0.011899 0.036863-0.001425-0.011485 

-0.026821 0.005715-0.021509-0.024116 0.028521 0.027033-0.005356-0.028295 
-0.014109-0.021842-0.019759-0.009133-0.028611-0.005116 0.028989 0.019823 
0.000553 0.005297-0.001009-0.005386 0.001049-0.005984-0.020059 0.005534 

-0.009422-0.013011-0.010523-0.018789-0.037072-0.017797 0.012807 0.021779 
0.005258 0.009750 0.034600 0.032228 0.009607-0.000511 0.025977 0.024061 

-0.007149 0.013999 0.037206 0.002193-0.020549-0.021495-0.000622-0.003645 
-0.072147 
0.000591 0.000447-0.003329 0.013437 0.014322-0.000695 0.001011-0.003002 

-0.027594 0.006000 0.004320-0.025001-0.008157 0.039099 0.018666 0.004776 
0.006092-0.003983-0.004808 0.013737 0.003281 0.018058 0.027186-0.005600 
-0.007589 0.012741-0.038936-0.045158-0.003809 0.011391 0.031082-0.008590 
0.002862 0.001751 0.008282 0.010825-0.000747-0.008057 0.016981 0.017977 
0.009611 0.000732-0.021276 0.002723-0.015219-0.004632 0.004210 0.016084 
0.035347-0.010084-0.005252 0.021334 0.022866 0.004274 0.008836 0.013909 

-0.021082-0.030121-0.021340-0.020732-0.005009 0.004776-0.009282-0.012812 
0.010458-0.004379 0.015420 0.029034 0.014928-0.000441-0.025441-0.030427 
0.002649-0.002969 0.027592 0.015634-0.004865-0.009022-0.010148-0.033007 

-0.031256 0.016531 0.028403 0.031481 0.013609-0.002760-0.022486-0.012048 
0.000062 0.005837 0.006431 0.000947 0.006356 0.002889-0.007325-0.009892 

-0.003211 0.007289 0.008370 0.010257-0.010112-0.015315-0.002993 0.012086 
0.033742 0.030509 0.016232 0.021469 0.017833 0.002945-0.010730-0.001918 
-0.026411-0.013281-0.010050-0.006127-0.011558-0.031874 0.001529-0.003640 
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-0.001295 0.012648 0.033451 0.003643 0.000503-0.012339-0.011724-0.005321 
0.004567 0.002580-0.018990-0.010773-0.003424-0.005864-0.000546 0.001642 

-0.003041 0.003737-0.005551-0.018328-0.010062-0.013322-0.038013-0.017455 
0.001193-0.008160-0.009391 0.007483 0.007387-0.003622-0.005718 0.014748 
0.006813-0.018289-0.012211-0.006272-0.002998 0.007497 0.034274 0.023697 
-0.013611 0.029105 0.027127-0.006937-0.002548-0.021936-0.025321-0.025911 
-0.001735 0.015994 0.001840-0.005534-0.000545-0.004701-0.011432-0.001852 
0.007617 0.026646 0.007000 0.002850-0.011068-0.034099 0.012827 0.009136 

-0.005154 0.004156 0.032582 0.026455 0.021373 0.015323-0.015397-0.012700 
-0.001379 0.009591 0.006781 0.010111 0.001088-0.003785-0.000841 0.012886 
0.019861 0.020560-0.016867-0.022892-0.003204 0.010142-0.017629-0.008831 

-0.032410-0.013916-0.007644-0.002962 0.009071 0.002516-0.017752-0.022813 
-0.016380-0.021419-0.000398 0.004701 0.012820 0.035441 0.034437 0.012373 
0.006020 0.021083 0.014446 0.006162-0.004922-0.013240-0.015986-0.024140 
-0.146758 
-0.014563-0.003945-0.005716-0.010064 0.028762 0.018332 0.006438-0.003594 
-0.022412-0.010188-0.009365 0.005791 0.013848 0.006880 0.009777 0.031317 
0.013330 0.015607-0.003381-0.010394-0.001385-0.002167-0.010036-0.013345 
0.000171 0.013856-0.004406 0.009681 0.019792 0.014288-0.008545 0.013865 
0.017950-0.001 804 0.002554 0.001544-0.020631-0.014420 0.004087-0.006830 
0.003905 0.006085-0.044707-0.021168-0.008528 0.033228-0.005140-0.028031 
-0.073152 
0.002253 0.009234-0.009996-0.005619 0.007107 0.025764 0.011727 0.019819 
0.006172 0.021315 0.032786 0.009637-0.006503 0.005613 0.025534 0.016134 
0.005948 0.014106 0.022990-0.006497-0.001857 0.009118-0.001369-0.008422 
-0.019393-0.006975-0.016029-0.002936-0.004115-0.000607 0.011440 0.012219 
0.002260-0.001196-0.012838-0.005515 0.002617 0.008186-0.011954-0.021405 
-0.012865-0.026346-0.018293-0.032273-0.004105 0.008832 0.010840 0.009220 
0.016924-0.003070-0.008850-0.001480 0.026741 0.029186 0.017576 0.036938 
0.020185 0.012288 0.010103-0.003489-0.001828 0.005608-0.002712-0.025231 
-0.004200 0.000507 0.020892 0.007200 0.009114-0.008651-0.016594-0.006382 
0.010577 0.001141-0.007189 0.004842 0.004523-0.013086 0.014120 0.019386 
0.004576 0.006434-0.011423-0.008368-0.000802 0.013010 0.003930 0.016485 
0.010271-0.007265 0.001957 0.002286-0.002164-0.016531-0.005076 0.021528 
0.011277 0.008685-0.023383-0.019639-0.026254-0.020011 0.002410-0.015659 
-0.030843-0.014895-0.002446 0.007978-0.001405-0.002969 0.006620 0.011510 
-0.011677-0.012784-0.017274 0.001392-0.008313-0.011565 0.000952 0.003103 
-0.005928-0.015695-0.007320 0.007931 0.015406-0.008508 0.006995 0.003439 
0.003321 0.011930 0.019867 0.010004-0.004198 0.004930 0.016570-0.004482 
0.005082-0.000121-0.001883 0.006925-0.006595-0.012519-0.001080 0.009310 
0.004100-0.000978-0.008600-0.002706 0.009184 0.005183 0.004305 0.003353 
0.004036-0.010249-0.005372-0.013793 0.006961 0.012488 0.006540 0.013003 
0.028804 0.031543-0.000135-0.012587 0.012315 0.010595-0.001801 0.003292 
0.002050-0.010302-0.005656-0.013136-0.026692-0.005299 0.000085 0.000078 
-0.10586 

0.002384-0.021728-0.023324-0.013976-0.009198-0.004067 0.007876 0.000160 
-0.011445-0.005074-0.009962 0.022002 0.016818-0.018283-0.003138 0.016480 
0.015822 0.027863 0.009523 0.006817-0.017016 0.001895 0.015359 0.010510 
0.007503 0.002018-0.005899 0.007197 0.024102 0.021708 0.002763 0.004377 
-0.003784 0.021079 0.015969 0.011525 0.011116-0.008800-0.016224 0.003139 
0.005154-0.011514 0.003582 0.017211 0.008038-0.008077-0.005022-0.000027 
0.015657 0.024321 0.010969 0.006154-0.0077 45 0.005905 0.006663-0.019628 

11 i 13} 



R14039

-0.006942-0.012421-0.017841 0.005816-0.010468-0.003280 0.017012 0.001551 
0.010106 0.003385-0.015596 0.000722 0.005851-0.011288-0.003604-0.017379 

-0.006367 0.002298 0.002908 0.011839 0.017276 0.011745 0.001006-0.005749 
-0.076271 
-0.011187 0.005652-0.019328-0.003710 0.001197-0.007328-0.009879-0.010292 
-0.010018-0.000709 0.004160 0.002884-0.002747 0.009191 0.006096-0.010496 
-0.017072-0.034066-0.008013 0.004880-0.007450 0.008895-0.007508-0.020940 
0.002081 0.003012 0.015784 0.018537-0.010400-0.000952-0.003607 0.017776 
0.017338-0.012637-0.000298 0.003802 0.000346 0.016603 0.021914 0.020028 
0.002016 0.019772 0.010148 0.018090 0.008580 0.003161 0.006364 0.000735 

-0.000049-0.002903 0.000108-0.006392 0.010823-0.004904 0.003669-0.002728 
-0.009068-0.000984 0.002540-0.026308-0.009249-0.016301-0.014573-0.012940 
-0.011713 0.019445 0.005943 0.018140 0.024064 0.013585 0.008239 0.003809 
0.001698 0.001901-0.002839-0.005318 0.011986 0.014673-0.009132-0.016962 

-0.019297-0.004600 0.005175 0.008227 0.000416-0.006590-0.000862 0.011328 
-0.008081-0.009413-0.004147 0.000113 0.007310-0.007920-0.004600-0.004019 
-0.010404 0.011323 0.005043 0.019445-0.000354-0.001128 0.006473 0.020912 
0.008883 0.018229-0.004865-0.000995 0.007531 0.017655-0.013957-0.018476 

-0.010730 0.004902 0.003340-0_007028 0.000991 0.000790 0.008051-0.007262 
-0.008490-0.026827 0.003277-0.006673-0.001325-0.001053 0.002910 0.011250 
-0.007608 0.011181 0.014712 0.007106 0.003473 0.009724 0.010941-0.005576 
-0.001646-0.002463 0.011479 0.007684-0.018382-0.024706 0.003612-0.009510 
-0.014370-0.019264-0.005342 0.004747-0.003920-0.010385-0.001792 0.005510 
-0.008193-0.005838 0.014444-0.000276-0.003336 0.020162-0.015147-0.017145 
-0.016681-0.026252-0.010798 0.003017 0.000541 0.009207 0.011997 0.007121 
0.030957 0.019921-0.002231 0.005402 0.007022-0.005490 0.008148 0.009592 
0.007124 0.002404-0.002898-0.015005-0.006719-0.020454 0.001115 0.011882 
0.015714 0.010857-0.006446-0.002895-0.006490-0.009472-0.017068 0.002590 
-0.010500-0.011537-0.008402-0.015561-0.013953-0.018225 0.011707-0.000911 
0.001208-0.005428-0.019642-0.001981 0.002796-0.009864-0.001243 0.015637 
0.009057 0.019240 0.030399 0.008438 0.004830-0.005830-0.008098 0.019006 
0.013941 0.006671-0.008293-0.001314 0.003240 0.003967 0.001139 0.018245 
0.015656-0.004083-0.004009 0.006073 0.005085-0.023917 0.001358-0.008003 

-0.005417 0.012483 0.004459-0.006244 0.003241-0.003625-0.003786 0.001809 
-0.070204 
0.0109910.0246240.010359 0.0137910.0081220.017489 0.002557 0.009461 

-0.004272-0.004533 0.005665-0.013137-0.005399 0.002284 0.001170-0.002607 
0.014830 0.034400-0.003595-0.006236-0.010408-0.008454 0.003364 0.000895 

-0.010290 0.003396 0.018517 0.005056 0.004269-0.001761-0.005558 0.002076 
0.007151 0.004391 0.000396-0.006486 0.020837 0.028222 0.008063-0.005683 
-0.104941 
0.001583-0.010146-0.015717-0.004427-0.014996-0.020407 0.002692 0.004772 

-0.013654 0.000481 0.002019-0.014744-0.005025-0.010364-0.009447 0.021607 
0.026470 0.014438 0.020674 0.012757 0.009920 0.010747 0.013539 0.011625 
0.007621 0.009934-0.006167-0.007714-0.010971-0.003390-0.012080-0.006221 

-0.025187 0.000894-0.001266-0.010746-0.009452 0.001335-0.009770 0.003054 
-0.064246 
0.002079-0.010511-0.000335 0.010141 0.019397 0.024717 0.010830 0.013295 
0.008974-0.004279-0.001481-0.015634 0.011976 0.020212-0.004923-0.000728 
0.002474 0.003775 0.009076 0.007602 0.004638 0.011511-0.000440 0.001651 
0.010954 0.008605 0.004050 0.011342 0.002900 0.011515 0.017063 0.011793 

-0. 003425-0.001 909 0. 006296 0. 00387 5-0 .008025-0 .009067 -0. 01 04 72-0. 003212 
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0.007771-0.001882 0.001557-0.008751-0.010014-0.010039-0.003301-0.015109 
-0.003195 0.008516 0.000560-0.000459 0.006331 0.006778-0.003536-0.010366 
0.002417-0.01327 4-0.023286 0.008381 0.002829-0.006752-0.003324-0.006271 

-0.010833-0.011404-0.015269-0.003673 0.019972 0.002523 0.002926-0.005120 
0.005060 0.006240 0.010446 0.017439 0.000465 0.003259 0.024738 0.003409 
-0.001277-0.002298-0.003413 0.004117-0.007764-0.009439-0.005957 0.004868 
0.001965 0.000256 0.001307-0.001943-0.000208-0.000181 0.002603 0.019064 
0.004592-0.009839-0.002375-0.017724-0.005621 0.002988-0.000035-0.004226 
-0.002722 0.006513 0.023794 0.004530-0.008229-0.011762-0.026046-0.001168 
0.011031 0.005599-0.012462 0.004416 0.007245 0.012667-0.003180-0.007687 
-0.06429 

0.006648 0.008797-0.014837-0.011137-0.002432 0.001507 0.012958 0.014636 
0.009622 0.016857 0.013254 0.011554 0.014930 0.021621 0.003151 0.005189 
0.019528 0.013736 0.000726 0.000160-0.014090-0.019577-0.018652 0.000417 
0.004989-0.0081 01-0 .007507 -0.005553-0.007331-0.025938-0.008440-0.0004 71 
-0.008749-0.015447-0.002623-0.011574-0.013263 0.000857-0.014706-0.012700 
-0.003914 0.009655 0.019776 0.009300-0.006001 0.017847 0.009534 0.002998 
0.004594 0.005105-0.006096 0.004470-0.003122-0.004663 0.005675-0.007344 
-0.008963 0.000828 0.005327 0.008795 0.017971 0.000311 0.011639 0.016717 
0.011193 0.008032 0.003894-0.008986-0.001413-0.008850-0.008588 0.003006 

-0.011546 0.004745 0.015957 0.002884-0.013976-0.010317-0.017727-0.013033 
0.000062 0.000126-0.009708-0.006799-0.005407-0.009247 0.003872 0.015065 
0.009302-0.000431-0.018635-0.013066-0.013798 0.000311 0.002464 0.030482 
0.022487-0.004038 0.011313 0.001836-0.004221 0.016244 0.016741 0.019014 
0.018917 0.004661-0.003874 0.006754 0.014758 0.006048 0.006790 0.006399 
0.002093 0.001487 0.007352-0.002776-0.004603 0.000507-0.014808-0.020468 
0.002621 0.003687 0.004503 0.005152-0.003400-0.012859-0.015456-0.005570 
0.001446-0.010608-0.013694-0.016722-0.012514-0.007753 0.000411 0.007376 
0.003280-0.009134-0.006532 0.003768 0.011416-0.001466-0.016298-0.000041 
-0.007176-0.008926 0.010370-0.009810-0.008627 0.001484 0.009142 0.021117 
0.005198 0.011248 0.011587 0.012979 0.001024 0.006423-0.000703 0.006162 
-0.002764-0. 007865-0.002577 -0 .005557 -0 .009737 -0 .01 5020-0.002658 0 .0007 46 
-0.009002-0.009197 0.005121-0.005729-0.013744-0.003101 0.000428 0.001299 
-0.000686 0.002944 0.002658-0.004181 0.000979 0.008832-0.002386-0.018050 
-0.004306-0.001166 0.008284 0.004542-0.008970-0.007243-0.001352 0.002539 
-0.008749 0.010746 0.012229 0.002454 0.008709 0.000737-0.000125-0.007529 
0.010038 0.018700 0.011138 0.006093 0.013564-0.006892 0.001973-0.006676 

-0.001766 0.007456 0.002274 0.005237 0.000028-0.003309 0.001197-0.000061 
0.010261-0.002466-0.005424-0.008245-0.013801-0.004582 0.001138 0.006150 
0.001583 0.009352 0.000842-0.002612 0.006562 0.003915-0.000748-0.010021 
-0.017630-0.013359-0.009315-0.000175-0.002251 0.005655 0.007229 0.008107 
0.008921-0.007614-0.001295 0.002196 0.002561 0.004202 0.001079-0.000058 
0.005064 0.004997 0.006336-0.002220 0.001331 0.008433-0.005986-0.016768 
0.001277 0.006125 0.000997-0.002240 0.001548 0.009035 0.003740-0.004153 
0.011809 0.001016-0.000814 0.000931 0.003749-0.005815-0.007125-0.003604 

-0.009638-0.009310-0.005272-0.005581-0.012115-0.010918 0.007378 0.013021 
0.010395 0.011004 0.013799 0.014631 0.006093 0.007165-0.003121-0.005736 
0.015701 0.006644-0.011297-0.014335-0.002421 0.002281-0.006208-0.006647 
0.000897-0.008373-0.00337 4-0.005454-0.004852-0.000992 0.007828 0.012405 
0.008599 0.010091 0.004173-0.007 491-0.007985-0.000451-0.007775 0.015269 
0.007858 0.004045 0.012616 0.001330 0.001957-0.010317-0.008209-0.012283 
-0.016044-0.006962 0.002177 0.001996-0.011168-0.007293-0.007571-0.009029 
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-0.005381 0.009458 0.000143-0.004329 0.008549 0.011089-0.007783-0.006525 
-0.001829 0.003389-0.001503-0.003804 0.013602 0.016945 0.015213-0.009630 
-0.015730-0.005586-0.005482-0.010198-0.00687 4-0.012667-0.004213 0.003134 
-0.001135 0.008094-0.002385 0.007461 0.013537 0.010049 0.007640-0.001153 
-0.003733 0.001339 0.005074 0.004968 0.007007 0.004813-0.000174-0.006392 
0.000610 0.010885 0.011552 0.002740 0.014906 0.011443-0.004287-0.002372 
-0.067449 
-0.009124-0.001174-0.007246-0.004978-0.004351-0.000669 0.003619 0.000402 
-0.001524 0.009160 0.013783 0.010797 0.009625 0.002722 0.009525-0.001245 
-0.009818-0.009306 0.010893 0.007877-0.001270-0.011487-0.004617 0.005083 
0.004764 0.010673 0.005547-0.004565-0.008258-0.001883 0.001692 0.013565 
0.009683 0.001673 0.008219-0.001996 0.006863 0.003442-0.012617-0.021105 

-0.011969-0.010912 0.001145-0.006941-0.005431-0.000098 0.005615 0.009454 
-0.002369 0.005876 0.013235 0.007199-0.001488-0.004097 0.003202-0.018261 
-0.018098-0.009013 0.002815-0.004401-0.000067-0.001326 0.007921 0.000804 
0.000850 0.008148 0.007488-0.000606-0.000499 0.006283 0.000983-0.000424 

-0.002480-0.009473-0.004688-0.010403-0.008063-0.000925 0.016299 0.009863 
-0.013981-0.003221-0.002781-0.007155 0.000547-0.007356-0.000026 0.004236 
-0.003764 0.004441 0.002086 0.001007 0.000081 0.000266-0.001752-0.000385 
-0.003735-0.018951-0.007607 0.009228 0.003816 0.006989 0.008755-0.004598 
-0.005915-0.002583-0.005498 0.009785 0.015704 0.008566 0.004748 0.011711 
0.005109 0.005003-0.000951 0.003447 0.001268-0.005763-0.004268-0.007531 

-0.007894-0.011774-0.015450-0.009577-0.003302 0.001661-0.001987 0.005002 
-0.000337 0.002541 0.012420 0.022664 0.015538 0.002514 0.002599 0.002405 
-0.002817 0.004999 0.001932 0.003232 0.010783-0.006142-0.001298 0.003217 
-0.000764-0.001076 0.001687 0.007409 0.009511-0.000654-0.003880-0.015239 
-0.013652-0.011530 0.003001-0.001127-0.008196-0.002505-0.008660-0.018591 
-0.002597 -0. 003327 -0.006576 0 .003835-0 .003988-0.007684-0 .007166-0 .006700 
0.001795 0.003569-0.004291-0.002642-0.002306 0.009379 0.012720 0.009300 
0.002293 0.001140 0.003288 0.003338 0.000995-0.001386 0.007559 0.011529 
-0.003078 0.005890 0.010648 0.001612-0.000090 0.002342-0.005080-0.003892 
-0.005254 0.002849-0.003858 0.001658 0.001808-0.004397 0.002541 0.008093 
-0.001158 0.003534-0.009760-0.011549-0.000237-0.002678 0.002421 0.005578 
0.003040 0.000033-0.008372-0.007587 0.005190-0.003974 0.010354 0.012904 
0.013600 0.005909-0.003515-0.003162-0.010574-0.004095 0.002844 0.001520 
0.008115 0.001402-0.000673-0.003970-0.007460-0.008435-0.008010 0.008584 

-0.002786-0.009513-0.001066-0.002721 0.002171-0.001948-0.004950-0.005751 
0.001492 0.007002 0.008354 0.011503 0.003998 0.002189 0.007137 0.004906 

-0.005143-0.008724 0.001701-0.001583 0.004879 0.002180-0.004576-0.007 417 
0.005844 0.011843 0.003921 0.001576-0.005896-0.001935-0.008968 0.001260 
0.004807-0.003681 -0.003181-0.008275-0.000955 0.003069-0.007519-0.004706 
-0.000756-0.000383 0.003259 0.007678 0.002452-0.001113-0.001643-0.000759 
0.003124-0.002225-0.003254 0.002855 0.005500 0.008861 0.007656 0.004901 
0.018830 0.006942 0.002868 0.005897-0.003518-0.005177-0.006091-0.005457 
-0.034496 
-0.003556 0.009502-0.003156-0.002985 0.005743-0.000702-0.006858 0.004611 
0.004548 0.001686 0.001699 0.008522 0.004052-0.003365 0.002185-0.005738 
0.001841 0.003677 0.003540 0.003472 0.000286-0.006710-0.001525 0.008561 
-0.040181 
0.005773-0.000905 0.002487 0.005702 0.002460 0.001516 0.010255 0.008423 
0.000818-0.005350 0.008238 0.006241 0.005408 0.013553 0.002017-0.001673 
0.004822 0.000601 0.001411 0.001650 0.010423 0.002604-0.000723-0.003495 
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-0.005622-0.003810 0.000833-0.004077 0.004149-0.002009-0.002997-0.009207 
0.000213 0.001778-0.001096-0.006515 0.006209 0.003131-0.008630-0.008191 

-0.001983 0.002323 0.002194-0.002395 0.002024 0.007726 0.003014 0.004785 
0.000549-0.018263-0.005868-0.000896-0.012718-0.005696-0.009229-0.014532 
-0.007680-0.006389 0.003537 0.012059 0.014265 0.004354 0.010043 0.015080 
0.015804 0.007115 0.004333 0.004863 0.002682-0.005868-0.005393-0.010014 

-0.005466-0.003011 0.000312-0.010489-0.005879-0.008139 0.002167-0.004586 
0.003065 0.004708 0.007547-0;004574-0.007836-0.007990-0.004512 0.002315 
0.009223-0.002732-0.004576 0.002742-0.002273-0.001541-0.004453 0.000347 
0.002579-0.002201 0.008026 0.008267-0.000782 0.002437-0.003550 0.009114 
0.000466-0.005523 0.001149 0.000403 0.007859-0.003048-0.007660 0.006126 
0.006460 0.001129-0.001789 0.000666 0.004945-0.002701-0.007986 0.003132 

-0.004481-0.010599-0.004475-0.004609-0.000561 0.006455-0.000866-0.00317 4 
0.003073-0.002240 0.005547 0.005932 0.001014-0.001075-0.000924 0.000086 

-0.004540 0.004914 0.006530-0.005096-0.011878 0.000679 0.007970 0.006069 
-0.034545 
0.002785 0.005035 0.001195-0.003895-0.001724-0.003789 0.007370 0.010290 
0.007581 0.011760 0.001418 0.005299 0.013781 0.005283 0.002905 0.004821 
0.001376 0.004226 0.014813 0.005772-0.001871 0.005088 0.003159 0.004018 
0.000999-0.004830-0.001672-0.003284-0.006719-0.003441-0.003091 0.007589 
0.003533-0.006192-0.006599-0.010704-0.008113-0.010192-0.009011 0.000428 
-0.002241 0.005336 0.002590-0.001562-0.003701-0.003216 0.001123-0.005935 
-O.OQ6781-0.007532-0.005976-0.007167 0.007114-0.002730-0.008504-0.004812 
0.002571-0.003841-0.002183 0.000446-0.005639-0.000355-0.001327-0.008442 
0.000474-0.002024-0.005396 0.000531-0.000729 0.006901 0.002291 0.004395 
0.003988 0.003622 0.011058-0.000670-0.000031 0.005594 0.001889 0.007260 
0.001543 0.005569 0.007455 0.004877 0.002782-0.002616-0.005978-0.015922 
0.001249 0.001101-0.008546 0.007784 0.005280-0.007132-0.004446 0.002619 
-0.007975-0.007 489 0.002341 0.000878-0.004799-0.010235-0.002670-0.003590 
-0.003463 0.003896 0.001347 0.002795-0.002412 0.008924 0.010988 0.013032 
0.008913 0.006478 0.002755 0.014261-0.003795-0.009366 0.000717-0.002476 
0.005858 0.000628-0.005758 0.000233 0.004277-0.003059-0.008466-0.007264 
-0.002741 0.001411 0.010405 0.006790-0.000877-0.002566 0.002303 0.003847 
0.000035 0.001068-0.005689-0.002888-0.001695-0.0027 46 0.004650-0.00164 7 
-0.006040-0.001877-0.006021-0.003934-0.001149 0.005648 0.002095 0.004354 
-0.000199-0.001916-0.001632 0.001222 0.001367-0.005192 0.006315-0.001128 
-0.006170 0.001218 0.005436 0.013845 0.014275-0.001131 0.003493 0.006523 
0.004053-0.008071-0.000404-0.005129-0.005963-0.004097-0.006401-0.003314 
0.000244-0.000956-0.001556-0.003895-0.006342-0.001352-0.004532-0.006360 
-0.001602-0.007166 0.000408 0.006483 0.002583 0.001237 0.002965 0.001968 
0.009788 0.010663 0.000511-0.000554 0.002930-0.002697-0.003918-0.004954 

-0.002293-0.003870 0.003231 0.000737-0.000687 0.006557 0.009034-0.001791 
-0.014086 0.002346 0.006060-0.003430-0.002929-0.005585 0.000299 0.005982 
0.001077 0.000178 0.002854 0.000740 0.002381-0.001865 0.003457 0.002213 
0.004752-0.004960-0.000715 0.001354 0.000939 0.002252-0.003092-0.000074 
0.001656-0.007 497-0.004473 0.002742 0.003213 0.005020-0.004033-0.011762 

-0.005744 0.000658 0.002948 0.006884 0.004211-0.009900 0.001594 0.007667 
0.005811-0.004057 0.000106-0.006278-0.009258-0.002834-0.004570-0.011316 

-0.004829-0.002584 0.002731 0.003121-0.000933 0.006215-0.000343-0.000016 
0.003720 0.000896-0.001459-0.006907-0.003743 0.001681 0.005097 0.006492 
0.008384 0.007299 0.005243 0.006391-0.004378-0.004399-0.007131 0.000104 
0.000055 0.001339-0.008496 0.001435 0.004242 0.002537-0.005487-0.006078 
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0.005834 0.005450 0.000182-0.003538-0.004847-0.000796-0.001697-0.002494 
-0.002725-0.004298-0.005729-0.009212-0.005674 0.001101-0.012313-0.009286 
-0.005014-0.004159 0.006914 0.003537 0.006288 0.012708 0.005296-0.005834 
-0.006251-0.000262 0.011521 0.002204-0.000197 0.003176 0.005203-0.003166 
-0.007030-0.006120-0.002797-0.004589 0.002011 0.004110 0.003481 0.004088 
-0.002238 0.001355 0.004654 0.003657-0.001173 0.010058 0.004098 0.002687 
0.001794-0.003513-0.010900 0.000694 0.002467 0.002900 0.001749 0.002399 
0.010869 0.003546-0.005441-0.008357-0.002980-0.001508 0.009499 0.001085 

-0.002954 0.001298 0.004215-0.001370 0.002952-0.002787-0.001990-0.002112 
0.003120-0.003785 0.000119 0.005587-0.002956 0.002620 0.004554 0.013624 
0.004623 0.003245 0.000017-0.001946-0.004064-0.002434 0.002983 0.005745 

-0.001278-0 .005233-0. 000299 0 .006087 -0 .006289-0.0001 82-0.005240-0.005942 
-0.006479 0.003695 0.002116 0.0012010.0049150.005355 0.000533-0.003659 
0.002765 0.006632 0.007097 0.001593-0.003668-0.008463-0.001993-0.000983 

-0.003886-0.003554-0.003122-0.001486-0.003483-0.002406-0.007252 0.001504 
0.004378 0.001643-0.002688-0.002361 0.001136-0.003227 0.002381 0.002794 
0.001332-0.000490 0.003849 0.000428-0.004631 0.004354 0.005563-0.002818 

-0.0037 41 0.003577-0.002758-0.001 547-0.002265-0.005815-0.002595-0.004846 
-0.003885 0.000419-0.003317 0.002716 0.004382 0.010498 0.004137 0.009099 
0.000783 0.001867 0.001755-0.012569-0.006649-0.001222 0.004272 0.003286 
-0.007121-0.003120-0.002314-0.004816 0.003507 0.001109 0.000301-0.004697 
-0.005716-0.007949-0.002857-0.008293-0.009803 0.000199 0.004370-0.001572 
-0.000839 0.004591-0.005611-0.004988-0.002791-0.006120-0.003897-0.000777 
0.007413 0.013948 0.006768 0.003884 0.005293-0.001302 0.002817 0.008567 
0.004513-0.005232-0.005603-0.004339-0.006156-0.004257-0.002055 0.005194 
0.000638 0.002420 0.000161-0.007112-0.002477-0.004181 0.001997 0.001756 
0.003363 0.003226 0.001375-0.001017 0.005470 0.004312 0.000334 0.000879 
0.006704 0.005237 0.002611 0.000873-0.001622-0.001261-0.003173 0.002508 
0.005563 0.002824 0.005528 0.001156-0.002522-0.002309-0.008296-0.000817 
-0.033295 
-0.001906-0.002257-0.000173-0.003090-0.001574 0.002286 0.001060 0.002442 
0.007759 0.004722 0.000536 0.000204 0.004313 0.002377 0.003376 0.002484 
0.008906 0.006376 0.000269 0.003137-0.003012-0.009494-0.011142-0.002516 
0.004737 0.005988-0.004156 0.004521 0.000344 0.003223-0.001403-0.001915 

-0.003887-0.002987-0.006138-0.007207-0.001261 0.006581 0.002073-0.001270 
-0.002780-0.003284-0.005581 0.003978 0.001567-0.004809-0.003978-0.001842 
0.002819 0.001021-0.001217-0.007265 0.002427-0.000653 0.000470 0.001031 
0.002433 0.006712 0.003773 0.002901-0.000655-0.001374-0.004151-0.006869 

-0.003580-0.002614-0.006372 0.002344 0.000275-0.001642 0.000961 0.001871 
0.004204 0.001565 0.001112 0.005474-0.000058-0.000130-0.006568-0.002444 
0.003813-0.000367-0.001991-0.000418-0.005856 0.001496 0.001289 0.004356 
0.005296 0.003597-0.000160-0.001909 0.001117-0.000155 0.002980-0.002180 

-0.000388-0.001974 0.001478 0.001212-0.004115 0.004327 0.001834-0.003130 
0.002940 0.003787 0.005416 0.000124 0.002512 0.004199 0.002955 0.002964 
0.003109-0.006215-0.000693-0.000852-0.001124-0.003397-0.007211-0.001110 

-0.003094-0.004072-0.004049-0.006488-0.003678 0.004053-0.000641 0.001696 
-0.000314-0.001206 0.004889 0.008475 0.001005 0.002497 0.004053 0.001353 
-0.005736 0.002912 0.006084 0.000142-0.000550-0.005133-0.002391-0.002330 
0.000365-0.000974-0.001080 0.005726 0.005473 0.006392 0.008258 0.007311 
0.005790-0.001235 0.000186-0.002726 0.001580 0.001734-0.004486 0.003714 
0.005863-0 .004403-0. 003244-0 .002498-0 .004637 -0 .006572-0.001 815-0. 000205 

-0.002963-0.005383-0.004530-0.004957 0.001363 0.006005-0.005628-0.002176 
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0.003483 0.000318-0.000346-0.002561 0.004032 0.006213 0.000789 0.002089 
-0.001784 0.000654-0.004320-0.001563-0.002433-0.002192-0.000993-0.007882 
-0.004240-0.001997 0.004245 0.005550 0.001530 0.005054 0.003038 0.006970 
0.001429-0.003600-0.002771 0.005655-0.000716 0.001017 0.000359-0.006471 

-0.001543-0.000062 0.000431 0.002438 0.003960-0.000890-0.000453 0.006737 
0.002337 0.002902 0.000094 0.001381-0.000609-0.005666-0.008482 0.003652 
0.008758 0.001588 0.001804-0.001622-0.001977 0.000201 0.000882-0.003685 

-0.002117-0.005273-0.002986-0.002296-0.004048 0.004685 0.000623 0.001475 
-0.002136-0.006379 0.000604 0.004910 0.003057-0.000899-0.000691-0.009744 
-0.001695 0.010523 0.010594 0.002463 0.002768 0.002745 0.001410-0.001567 
-0.003465 0.002661 0.004767-0.001484-0.001800-0.006353 0.003061 0.003910 
-0.003042 0.001741 0.002646-0.000762 0.008634-0.000572-0.003301-0.003915 
-0.003581-0.004107-0.001559 0.000490-0.008534-0.006532 0.000978-0.002486 
-0.003370-0.001575-0.0017 49-0.000257 0.002590 0.000294-0.003782-0.00327 4 
-0.000750 0.004273 0.007367 0.002879 0.001759 0.002011 0.000222 0.003953 
0.002612 0.002794-0.001676-0.000249-0.001162-0.005669 0.000793 0.004124 

-0.000466 0.000958 0.001283 0.000008 0.002390-0.000668-0.004243 0.003090 
0.009828 0.003819 0.003312 0.002329-0.001467-0.006976-0.001809 0.001466 

-0.000636 0.000861-0.002677 0.001816 0.000964-0.000190-0.000352 0.001201 
0.000200-0.005258-0.004142 0.000804-0.002354 0.002577 0.004516 0.000321 

-0.000216-0.000247-0.001209 0.000952-0.001994 0.001529 0.003498 0.004635 
0.003819 0.003238 0.001817-0.005481-0.000823-0.004051-0.006638-0.002611 
0.002209-0.000890-0.001728 0.002777 0.002526 0.002676-0.004101-0.000117 

-0.003523 0.001345-0.000583 0.001897-0.002781-0.000687 0.003148-0.001521 
0.000809-0.002488 0.003093 0.003565 0.003089 0.003260 0.003501-0.000658 
-0.000466 0.001204 0.002548 0.000296-0.003388-0.002941-0.004458-0.001471 
0.001711 0.001789-0.001292 0.001325-0.002938-0.000143-0.002307 0.004070 

-0.000406 0.001064-0.001688 0.001233-0.001319-0.005565-0.003976 0.002774 
0.002791 0.006212 0.002300 0.000312 0.001073-0.005327-0.002283 0.001247 
0.000839 0.002299 0.005077-0.000795 0.001585-0.004465-0.006643-0.000976 
0.000425-0.001457-0.005026 0.000789 0.005136 0.002166 0.002662-0.002681 
-0.003873-0.000868-0.003533-0.003583-0.003533-0.001402 0.001654 0.002562 
0.003609 0.006038 0.000252 0.001903 0.002036-0.001358 0.001032-0.005124 
0.000157 0.006231 0.008349 0.003569-0.003333 0.003197 0.003628-0.003430 
0.002157 0.001240-0.001104 0.000476-0.001755-0.000138 0.000159-0.003048 

-0.003913 0.000251 0.002962-0.003793-0.003142-0.004436-0.001657-0.000252 
0.001471 0.001823-0.000479-0.000738-0.002774-0.005429-0.002747 0.002040 

-0.000940-0.002779-0.004528-0.001675 0.001024-0.002927-0.001433 0.002515 
0.000569-0.002711-0.002134-0.001855 0.001529 0.003698 0.004083-0.003032 
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Simulation of Acceleration-Time Histories and 
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P0733 : Earthquake and Station Details 

Loma Prieta 1989/10/18 00:05 
Station: 47379 Gilroy Array #1 

Magnitude: M ( 6.9) Ml () Ms ( 7.1) 
Data Source: CDMG 

Distance (km): Site conditions: 
Closest to fault rupture ( 11.2 ) Geomatrix or CWB ( A ) 
Hypocentral ( ) 

USGS ( A) 
Closest to surface projection of rupture ( 10.5 ) 

<\ newer version of this record is available in the PEER NGA database: NGA0765 

Download Files 

Record/Component G:J~ II PGA II PGV II PGD I Acceleration lveiocityl Displacement I (Hz) (g) (emfs) (cm) 

GGBGGGBB ( \P/G0l-UP 
'-

GGBGGGEJ~ LOMAP/G0IO00 

GGBGGGEJB LOMAP/G01090 

IP = High Pass and LP = Low Pass Filters 
:pectra are available for 0.5 - 20% damping. 
:ource record processed by Pacific Engineering. 

© Copyright 2000, Regents of the University of California 
Disclaimer 

Questions_or comments.about this .5ite 

Spectra 
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PEER STRONG MOTION DATABASE RECORD. PROCESSING BY PACIFIC ENGINEERING. 
LOMA PRIETA 10/18/89 00:05, GILROY ARRAY #1, 000 (CDMG STATION 47379) 
ACCELERATION TIME HISTORY IN UNITS OF G. FILTER POINTS: HP=0.2 Hz LP=50.0 Hz 
NPTS= 7989, DT= .00500 SEC 

.5125658E-02 .5639719E-02 .2755924E-02 -.1308377E-02 -.6497958E-03 
- .6811371E-03 

• 0 -g635164E-03 
\ 141796E-02 

. ~272698E-02 
- . 8013140E-03 
-.6744452E-03 
- . 7833623E-03 
- . 6735743E-03 
-.7287261E-03 
- . 24 8 53 lSE-03 
-.1345029E-02 
-.1360931E-02 

. 3 623343E-03 
- . 2418264E-02 
-.1980250E-03 
- . 8163438E-03 
-.2378156E-02 
- . 8006441E-03 
-.1368800E-02 

. 2511738E-03 

.1774600E-02 
-.3528983E-02 
-.2917729E-02 
-.2169823E-02 

. 8368755E-03 
- .1699340E-02 
- .1922089E-02 
- . 4590599E-02 

(

~035301E-02 
23738E-02 

~.982881E-02 
- . 5026245E-02 
- . 2239940E-02 
- . 8632735E-03 

.6854554E-02 
- . 6250647E-03 
- .1334065E-01 

. 4362354E-02 
- . 9967761E-02 

. 7407392E-02 
- . 8009654E-02 
- .1571059E-01 

.1974344E-01 
- . 2306971E-01 

. 2134887E-01 
- .1175162E-01 
- . 2490916E-01 

. 205591 ?E-01 

. 6087777E-02 
- .1142873E-01 
- . 8247962E-02 

.4038436E-01 
- . 2357293E-01 

.1198931E-01 
- . 4147919E-01 

. ?1. 78978E-01 
( )4549E-Ol 

--~ 76499E-01 
. 3164720E-01 

- .1493594E-01 
. 6157112E-01 
. 3 40 9031E-02 

- . 4500285E-01 

-.7538926E-03 
- .1004710E-02 
- .1196213E-02 
-.1241747E-02 
-.7128263E-03 
-.6714483E-03 
-.8349094E-03 
-.6272384E-03 
-.7572802E-03 
-.2725700E-03 
-.1548192E-02 
-.9552759E-03 

.1441276E-03 
-.2781967E-02 
- .1440375E-05 
-.1491490E-02 
-.3074140E-02 
-.5999215E-03 
-.2188474E-02 

.8185070E-03 

.7432509E-03 
-.4058257E-02 
-.2080907E-02 
-.1255318E-02 

.8820577E-03 
-.2811499E-02 
-.1687603E-02 
-.3410452E-02 

.7264725E-02 
-.2958739E-02 
- .1392657E-02 
-.7543124E-02 

. 6974296E-03 
-.6855988E-03 

.7845768E-02 
- . 4147868E-02 
-.8154208E-02 

.6531307E-02 
-.1182740E-01 

.1153188E-01 
-.1523047E-01 
-.3077338E-02 

.1191444E-01 
-.2060402E-01 

.2670266E-01 
-.2086357E-01 
-.1533524E-01 

. 2058104E-01 

.4066025E-05 
-.l181730E-01 

.5869280E-03 

. 3639467E-01 
-.2127010E-01 

.7515619E-02 
-.4970335E-01 

.4678145E-01 
- .1026451E-01 
-.6543902E-01 

.2799117E-01 
- .1281991E-01 

.6402520E-01 
-.3638216E-02 
- .4710574E-01 

-.8475488E-03 
-.1043088E-02 
-.1235792E-02 
- .1151629E-02 
-.6367177E-03 
-.6665677E-03 
-.8274965E-03 
-.5851568E-03 
-.6633190E-03 
-.5362648E-03 
-.1633081E-02 
-.3975566E-03 
- . 2276718E-03 
-.2412678E-02 
-.1020799E-03 
-.1959093E-02 
-.3533091E-02 
-.5917658E-03 
-.2374888E-02 

.1096188E-02 
-.6648917E-03 
-.4687263E-02 
-.1631922E-02 
-.4421582E-03 
-.1586407E-03 
-.4604466E-02 
-.3093448E-02 
- .1865622E-02 

.7970343E-02 
-.6772649E-02 
-.1602103E-02 
-.9869120E-02 

. 1183379E-02 

.7895015E-03 

.7026399E-02 
-.8845942E-02 
-.2611079E-02 

. 7119703E-02 
-.9724923E-02 

.1015557E-01 
- . 2223572E-01 

.1091336E-01 

.1992727E-02 
-.1334942E-01 

.2084258E-01 
-.2864376E-01 
-.5834230E-02 

.1580416E-01 
-.7805318E-02 
-.1647496E-01 

.8387722E-02 

.1949170E-01 
-.1278945E-01 
-.2273565E-02 
-.4735488E-01 

.6065952E-01 
-.4428341E-01 
-.3984424E-01 

.1301762E-Ol 
-.4389901E-02 

.5389987E-01 
-.7795400E-02 
-.3695246E-01 

-.9173378E-03 
- .1061912E-02 
-.1261259E-02 
-.1012129E-02 
-.6215747E-03 
-.6838576E-03 
-.7657347E-03 
-.5727393E-03 
-.5231322E-03 
-.8637757E-03 
-.1617579E-02 

.1272311E-03 
-.8038015E-03 
-.1595949E-02 
-.2278426E-03 
-.2003623E-02 
-.3109064E-02 
-.3574144E-03 
-.1814372E-02 

.1463359E-02 
-.1942745E-02 
-.4786290E-02 
-.1801217E-02 
-.9180594E-04 
-.1415350E-02 
- . 5189655E-02 
-.4510621E-02 
-.9869928E-04 

.7035095E-02 
-.8030651E-02 
- . 2172011E-02 
-.1021539E-01 

.5525251E-03 

.2879021E-02 

.4621499E-02 
-.1319724E-01 

.1016914E-02 

.2974634E-02 
-.4857154E-02 

.4165014E-02 
-.2586513E-01 

.2159266E-01 
-.9534817E-02 
-.3787695E-02 

.9530165E-02 
-.3321546E-01 

.3879780E-02 

.1136313E-01 
-.1303716E-01 
-.1980215E-01 

.1832358E-01 
-.7524456E-03 
-.2117584E-02 
-.1358142E-01 
-.3228677E-01 

.5867988E-01 
-.7177387E-01 
- . 9631271E-02 
-.2909330E-02 

.1494136E-01 

.3777703E-01 
-.1714506E-01 
- .2575499E-01 

- . 9434138E-03 
- .1089371E-02 
-.1273984E-02 
-.8881325E-03 
-.6518230E-03 
-.7250981E-03 
-.7127825E-03 
-.6276804E-03 
-.3785896E-03 
- .1114311E-02 
-.1554284E-02 

. 3948125E-03 
-.1599270E-02 
- . 7727762E-03 
- . 3753702E-03 
-.1992603E-02 
-.1845726E-02 
-.5275683E-03 
-.7505837E-03 

.1907826E-02 
-.2922394E-02 
-.3998003E-02 
-.2302014E-02 

.2793393E-03 
-.1700737E-02 
- .3774773E-02 
-.5001234E-02 

.2252749E-02 

.4845384E-02 
-.6118226E-02 
- . 3105521E-02 
-.7006410E-02 
-.2363542E-03 

.4943918E-02 

.1926546E-02 
-.1520589E-01 

.2855542E-02 
-.4245701E-02 

.1174191E-02 
-.2097721E-02 
-.2387724E-01 

.2433431E-01 
-.1903953E-01 

.8474556E-02 
-.1633075E-02 
-.3193953E-01 

.1382384E-01 

.8987288E-02 
-.1358425E-01 
-.1663775E-01 

.3126759E-01 
-.1643482E-01 

. 7682110E-02 
-.2737444E-01 
-.6988422E-02 

.4340249E-01 
-.8466389E-Ol 

.1769249E-Ol 
-.1246066E-01 

.4184680E-Ol 

.1875162E-01 
-.3205433E-01 
- .2588813E-01 

I OS i /3 I 



R14049

-.3503004E-Ol - .4113824E-01 -.3799995E-Ol -.2758160E-01 - .1147221E-01 10'! 1 I'!,/ .1107723E-01 .3443361E-Ol .4527485E-01 .3664327E-01 .1718283E-01 
. 3416817E-02 .4866374E-02 .1585682E-01 .1990909E-01 .4410211E-02 

-.2607778E-01 -.5312333E-Ol -.6203763E-01 -.5280853E-01 - . 3551196E-01 
-.2197128E-01 -.1782226E-01 -.1633164E-01 -.7222827E-02 .5985070E-02 

.9628084E-02 -.2272187E-04 -.1401016E-01 -.2400017E-Ol -.2600482E-01 
~20651E-01 -.1619851E-03 .1812167E-01 .3436954E-01 .4892407E-01 
.57836E-01 . 7185874E-01 .6719612E-01 .4332032E-01 .3687635E-02 

- . ,205532E-01 -.7595828E-Ol -.8391897E-01 -.7131610E-01 -.5081690E-01 
-.2607265E-01 .4794165E-02 .4173632E-01 .7701724E-01 .9392400E-01 

.7948653E-01 .3618234E-01 -.2098816E-01 -.6961925E-01 - . 8860621E-01 
-.7732077E-01 -.5254559E-01 -.2166231E-01 .1705729E-01 .5785907E-01 

.9255739E-Ol .1144478E+OO .1137465E+OO .8528413E-01 .3386947E-01 
-.2612903E-01 -.7537390E-01 -.1048997E+OO -.1188033E+OO -.1221478E+OO 
-.1156009E+OO - . 9640803E-01 -.6253752E-Ol -.2218374E-01 .1229767E-01 

.3742891E-01 .4525786E-01 .2803095E-Ol . 2878859E-02 -.8358122E-02 
- . 6396497E-02 - .1983018E-02 -.5992373E-03 -.1224378E-02 .2852739E-02 

.1690905E-01 . 3621772E-01 .4847387E-01 .4564861E-Ol .3313862E-Ol 

.2143216E-01 . 9613697E-02 -.7770024E-02 -.2150211E-01 -.1690799E-01 

.4339163E-02 .2601860E-01 .3205580E-Ol .2040983E-01 .1028042E-01 

. 2078047E-Ol .3944945E-01 .3281532E-Ol -.1014694E-01 -.5968678E-Ol 
-.7511426E-01 -.5166947E-01 -.2358670E-01 -.1839634E-01 -.3162369E-01 
-.4450320E-01 -.4515351E-01 - . 2950721E-01 .2319312E-02 .3934058E-01 

.6252475E-01 .6423025E-01 .5592225E-Ol . 5367169E-01 .5798386E-01 

. 4810072E-01 .3695715E-02 -.5803016E-01 - . 8661109E-01 -.5971426E-01 
-.7446642E-02 .3053094E-01 .4227499E-01 .4312180E-01 .4877743E-01 

.5624182E-01 .5500660E-01 .3916605E-01 .8632082E-02 -.2798630E-01 
- . 6067625E-01 -.8435490E-01 -.9266820E-01 -.8185204E-01 -.5812940E-01 
-.3374675E-01 -.1868642E-01 -.9778843E-02 .5254853E-02 .2490308E-01 

.3089813E-01 .1244118E-01 -.2250883E-01 -.5608071E-01 -.7023061E-01 
-.6065565E-01 -.4140402E-01 -.2509881E-01 -.9359383E-02 .1266537E-01 

.3998106E-01 .6340751E-01 .7648174E-01 .7838243E-01 .6564323E-01 

.3732377E-01 .9544122E-03 -.3018104E-01 -.4105437E-01 -.2995762E-01 
("37386E-01 -.1670080E-02 .1381587E-01 . 3938460E-01 . 6572457E-01 

J0079E-01 .6701184E-01 .3746861E-Ol .4350126E-02 -.2188676E-01 
- .-: d98654E-01 -.4820985E-01 -.5232231E-01 -.4867576E-01 -.3083319E-01 
- . 7249775E-04 .3359637E-01 .5586047E-01 .5999055E-01 .5192764E-01 

. 3 516172E-01 .6105879E-02 -.3197619E-01 -.6334495E-01 -.7464692E-01 
- . 6530901E-01 - . 4135250E-01 - .1407149E-01 . 3585182E-02 .9210412E-02 

.7519446E-02 .1173072E-02 -.7012098E-02 -.1560304E-01 -.2517153E-01 
- . 3408632E-01 -.3945326E-01 -.3650949E-Ol -.2181446E-01 .3491662E-02 

.3561631E-01 . 6449327E-01 .7751025E-01 .7472482E-01 .6599943E-01 

.5337513E-Ol .3398717E-01 .1063361E-01 -.1002812E-01 -.2050520E-01 
- .1546481E-01 .4336795E-02 .3156021E-01 .5581452E-01 .6858681E-01 

. 7076939E-01 .7130272E-01 . 7213963E-Ol .6745251E-Ol .5615061E-01 

. 4371806E-Ol .3602875E-01 .3396750E-01 .3614668E-01 .4416091E-01 

. 5867040E-01 .7359940E-01 .7929953E-01 .7081037E-01 .4922386E-01 

.2062450E-Ol -.1160624E-02 -.3408077E-02 .1371420E-01 .4486223E-01 

.8199749E-01 .1147312E+OO .1410844E+OO .1600842E+OO .1648001E+OO 

.1530482E+OO .1268229E+OO .7903970E-01 .7325626E-02 -.6300868E-01 
- .1060111E+OO -.1235446E+OO -.1270688E+OO -.1178266E+OO -.8939264E-01 
- .4362795E-01 .3032529E-02 .3673582E-01 .5499202E-01 . 5348391E-01 

.2898651E-01 -.9179883E-02 -.5150568E-01 -.9256645E-01 -.1232825E+OO 
- .1389070E+OO -.1412176E+OO - .1300519E+OO -.1068725E+OO -.7844377E-01 
- .5111112E-01 - . 3137067E-01 -.2541619E-01 -.3113390E-01 -.3907946E-01 
- .4424133E-01 -.4888173E-Ol -.5475634E-01 -.5942794E-01 -.5689106E-01 
- . 4184190E-Ol -.1616177E-01 .1302904E-01 .4083060E-01 .6554587E-01 

.8547562E-01 .9678312E-01 .9745688E-Ol .9181002E-01 .8462018E-01 

. 7527133E-01 .6288253E-01 .5168245E-01 .5014454E-01 .6432728E-01 

. 8980871E-Ol .llSOOlOE+OO .1355448E+OO .1586534E+OO .1892860E+OO 
1.0128E+OO .2410335E+OO .2447635E+OO .2403852E+OO .2334284E+OO 
J7670E+OO .2021997E+OO .1870124E+OO .1836716E+OO .1898067E+OO 

J89015E+OO .2095890E+OO .2245179E+OO .2396337E+OO .2449710E+OO 
• ':ILJ 1 Qc:;Q.:;'j:;\..1.nn .2378745:E+QQ .2297327E+OO . ?1 ??-1.~q~ ..... no .1933033E+OO 
.1827946E+OO .1777906E+OO .1698315E+OO .1548354E+OO .1317887E+OO 
.1003514E+OO . 6114395E-01 .1189380E-01 -.4854695E-01 -.1115099E+OO 

- .1629876E+OO -.1958231E+OO -.2203029E+OO -.2505217E+OO -.2847479E+OO 
- . 3 l52785E+OO -.3405943E+OO -.3609469E+OO -.3733924E+OO -.3762266E+OO 



R14050

- . 3735915E+OO - . 3715657E+OO - . 3 719672E+OO - .3728036E+OO - . 3720089E+OO II o j 131 -.3685211E+OO - . 3624413E+OO -.3539077E+OO -.3446139E+OO -.3403036E+OO 
-.3451498E+OO -.3550808E+OO -.3623037E+OO -.3585851E+OO - . 3350472E+OO 
- . 2836262E+OO -.1966876E+OO -.7631155E-01 .6516815E-Ol . 2142496E+OO 

.3376959E+OO .3922531E+OO .3903307E+OO . 3 901161E+OO .4085181E+OO 

.4108756E+OO .3689534E+OO .2867989E+OO .1893281E+OO .1038614E+OO 
·( 633249E-01 .2159356E-01 .2839419E-01 .5627371E-01 . 8860796E-01 
·\ 115440E+OO .1208181E+OO .1223982E+OO .1212060E+OO .1142751E+OO 

9706649E-01 .6802372E-01 .2845511E-01 -.1210836E-01 -.4007021E-01 
-.5385511E-01 -.6190498E-01 -.6568776E-01 - .5851398E-01 -.4017646E-01 
-.1988928E-01 - . 5441263E-02 .1340079E-D2 -.2207173E-03 -.7941803E-02 
-.7723233E-02 .1509580E-01 .5402198E-01 .8974393E-01 .1115044E+OO 

.1208059E+OO .1254634E+OO .1323428E+OO .1428455E+OO .1543474E+OO 

.1632082E+OO .1665947E+OO .1612345E+OO .1455056E+OO .1236066E+OO 

.1010738E+OO .8104994E-01 .6261324E-01 .4033604E-01 .1151218E-01 
-.2116775E-01 -.5449790E-01 -.8907994E-01 -.1277150E+OO -.1695753E+OO 
-.2079882E+OO -.2355067E+OO -.2531874E+OO -.2671965E+OO -.2782577E+OO 
-.2838719E+OO -.2827316E+OO -.2717632E+OO -.2486081E+OO -.2153821E+OO 
-.1761237E+OO -.1359254E+OO - . 9693761E-Ol -.5917950E-01 -.2356201E-01 

.1383020E-01 .6032339E-01 . ll 79149E+OO .1774086E+OO .2220029E+OO 

.2374799E+OO .2230500E+OO .1930742E+OO .1658513E+OO .1523309E+OO 

.1472396E+OO .1344381E+OO .1086081E+OO .8133839E-01 .6354121E-Ol 

.5812326E-Ol .6629055E-01 . 8376524E-01 .1017766E+OO .1177421E+OO 

.1327006E+OO .1446439E+OO .1520546E+OO .1559078E+OO .1567145E+OO 

.1548921E+OO .1498166E+OO .1362006E+OO .1107982E+OO . 8213038E-01 

.6180578E-01 .5060945E-Ol .4109808E-Ol .2696020E-01 . 6951661E-02 
-.1476798E-01 -.3333975E-01 -.5068027E-01 -.7363002E-01 -.1032283E+OO 
-.1363847E+OO -.1742666E+OO -.2141033E+OO -.2485836E+OO -.2744646E+OO 
-.2914816E+OO -.3014937E+OO -.3059514E+OO -.3053388E+OO -.3021701E+OO 
-.2982009E+OO -.2912392E+OO -.2773441E+OO -.2555571E+OO -.2260397E+OO 
-.1872356E+OO -.1401572E+OO -.8450057E-01 -.2025258E-01 .3729813E-01 

.6708103E-01 .6886938E-Ol .5915089E-Ol .4876461E-01 . 3711562E-01 

.2012306E-Ol -.5097756E-03 -.1965806E-01 -.3485714E-01 -.4706687E-01 
cl90098E-01 -.6890016E-01 - . 7116566E-Ol -.6330046E-01 -.5078570E-01 

J78085E-01 -.3524517E-Ol -.3267304E-Ol -.3209702E-01 -.3302325E-01 
,396123E-01 -.3178211E-01 -.2739235E-Ol -.2756221E-01 -.3306049E-01 

-.3771546E-01 -.3965226E-01 -.4081125E-01 -.3782656E-Ol -.2220099E-Ol 
.1204305E-01 .5996324E-01 .9726937E-01 .9970879E-01 .7684695E-Ol 
.5811584E-01 .5242707E-01 .4671534E-01 .3116045E-01 .8878903E-02 

-.1205691E-01 -.2867600E-01 -.3841675E-01 -.3582854E-01 -.2386494E-01 
-.1176157E-01 -.4332887E-02 - . 2671479E-02 -.5079799E-02 -.2744225E-02 

.1399909E-01 .4323151E-01 .7317844E-01 . 9639142E-01 .1175171E+OO 

.1410694E+OO .1595321E+OO .1577872E+OO .1283804E+OO .8604733E-01 

.5338797E-01 .3206300E-01 .8179300E-02 -.2557127E-01 -.6449406E-01 
-.9502696E-01 - .1096468E+OO -.1136658E+OO -.1110299E+OO -.1009372E+OO 
-.8223131E-01 -.5419801E-01 -.2049765E-01 .1456036E-01 .4886615E-01 

.7528595E-01 .8826939E-01 .9095065E-01 .8441607E-01 .6870932E-01 

.5040492E-01 .3423613E-01 .1982707E-01 .6912268E-02 -.2557232E-02 
-.3493166E-02 .8022316E-D2 .3D45160E-01 . 5772163E-Ol .8305942E-01 

.1023658E+OO .1163961E+OO .1255661E+OO .1248033E+OO .1109933E+OO 

. 8443331E-01 .4831596E-01 .1134763E-Ol -.2226236E-01 -.5322170E-Ol 
- . 7975127E-01 - .1033012E+OO · -.1234763E+OO -.1344971E+OO - .1363165E+OO 
-.1342891E+OO -.1297283E+OO - .1185059E+OO -.9986155E-01 -.7852308E-01 
- . 5688731E-Ol -.3621759E-01 - . 2132525E-01 -.1452778E-01 -.1309953E-Ol 
-.1604497E-01 -.2324841E-01 -.3155619E-01 -.3750664E-01 -.3978023E-01 
- . 4098554E-01 -.4542132E-01 -.5290628E-01 -.5832492E-01 -.5598862E-01 
- . 4140870E-01 - .1519145E-01 .1474079E-01 .4260019E-Ol .6940821E-01 

. 9697072E-01 .1214067E+OO .1308885E+OO .1168274E+OO . 8474715E-01 

.4251352E-01 -.5013410E-02 -.4579961E-01 -.7601049E-01 -.1064544E+OO 
- . l417689E+OO -.1757562E+OO -.1981204E+OO -.2047447E+OO -.1993314E+OO 
~ '37065E+OO -.1573919E+OO -.1228473E+OO -.8460554E-Ol - . 4911722E-01 

97254E-Ol -.4463066E-02 . 9666643E-02 .1347566E-01 .2530500E-02 
481795E-01 -.1995881E-Ol .1927937E-02 .4146232E-01 .7026333E-01 

. 7227234E-01 .5779339E-01 .4713979E-Ql .4953720E-01 .5852717E-01 

. 6120568E-01 .5054284E-01 .3245619E-Ol .1942394E-01 .1728835E-01 

. 2481169E-01 .3875190E-01 .5655658E-01 .7716705E-01 .9744902E-01 

. ll67785E+OO .1381994E+OO .1598013E+OO .1734530E+OO .1710893E+OO 

. l542172E+OO .1346020E+OO .1201930E+OO .1102173E+OO .1010843E+OO 



R14051

. 8889968E-01 .6997448E-01 .4209122E-01 .1075250E-01 - .1811760E-01 ,,, 1 131 
- .4613425E-01 -.7455248E-Ol -.1021268E+OO -.1285270E+OO -.1548629E+OO 
- . l 761871E+OO -.1842308E+OO -.1815638E+OO -.1758511E+OO -.1658350E+OO 
-.1439241E+OO -.1077145E+OO -.6322283E-01 -.1601777E-01 .2959094E-01 

.6192588E-01 . 6861311E-01 .4789670E-01 .4850562E-02 -.4493540E-01 
822443E-01 -.9459144E-01 - .1124649E+OO - .1359633E+OO -.1537640E+OO 
;31645E+OO -.1282482E+OO -.8413259E-Ol -.3147997E-01 .2375766E-01 

819481E-01 .1205658E+OO .1394328E+OO .1354569E+OO .1146395E+OO 
.8131627E-01 .4543947E-01 .1655703E-01 -.1097243E-01 -.3875447E-01 

-.5650902E-01 -.6370176E-01 -.6410550E-01 -.5581182E-01 - . 3821198E-01 
- .13 70111E-01 .1289610E-01 .3647776E-01 .5342008E-01 .6181599E-01 

.6332456E-01 .5880640E-01 .4703052E-01 .3236575E-01 .2240268E-01 

.1828258E-01 .1912158E-01 .2743191E-01 .4258669E-01 .6098021E-01 

. 8276384E-01 .1099397E+OO .1390418E+OO .1594632E+OO .1641540E+OO 

.1538603E+OO .1287383E+OO .9618770E-01 .7164896E-01 .5658959E-01 

.3998958E-01 .1766263E-01 -.7765841E-02 -.3466262E-01 -.5976910E-01 
-.7573459E-01 -.7931996E-01 - . 7593713E-Ol -.7251890E-01 -.7319782E-01 
-.7506700E-01 -.6814476E-01 -.5005931E-01 -.2909333E-01 -.1017549E-01 

.1025957E-01 .3368359E-01 .5168451E-01 .5802205E-01 .5416033E-01 

.4041537E-01 .1862883E-01 -.4923710E-02 -.2406568E-01 -.3752270E-Ol 
-.4935664E-01 -.5983936E-01 -.6223903E-01 -.4958221E-01 -.2260418E-01 

. 8110376E-02 .3651696E-01 .6248435E-01 .8122147E-01 . 9164771E-01 

. 9417608E-01 .8301973E-01 .5720316E-01 .2430048E-01 -.8618394E-02 
-.3934104E-01 -.6913186E-01 -.9604654E-01 - .1154301E+OO -.1291972E+OO 
- .1411651E+OO -.1500341E+OO -.1532614E+OO -.1507949E+OO -.1461787E+OO 
-.1417569E+OO - .1333913E+OO - . ll 72465E+OO -.9871362E-01 -.8600907E-01 
- . 7825331E-Ol -.6966738E-01 -.6146456E-01 -.5911000E-01 -.6067237E-01 
- . 5815649E-01 -.4905537E-01 -.4054484E-01 -.4061793E-01 -.4687991E-01 
- . 5024263E-01 -.4684782E-Ol -.3865335E-01 -.2847060E-01 -.2031677E-01 
- .1673057E-01 -.1423218E-01 -.7529723E-02 . 4971649E-02 .1965941E-01 

.3254999E-01 .4705470E-Ol .6853634E-01 .9539459E-01 .1218987E+OO 

.1450180E+OO .1627351E+OO .1722210E+OO . l 751156E+OO .1758691E+OO 
. __ 1 752573E+OO .1705600E+OO .1603514E+OO .1473236E+OO .1361884E+OO 

( 71705E+OO .1149462E+OO . 9612012E-01 .7366034E-01 .5196865E-01 
·· u59848E-01 .8894109E-02 - . 8772192E-02 -.2002428E-01 -.2986436E-01 

-.4295256E-01 -.5787471E-01 - . 7182568E-01 -.8336281E-01 -.8970127E-01 
- . 8539464E-01 -.6911164E-01 -.4952355E-01 -.3617029E-01 -.3020179E-01 
-.2846815E-01 -.2808022E-01 -.2611700E-01 -.2373021E-01 -.2784218E-01 
- . 3968260E-01 -.5209930E-01 -.6323391E-01 -.7497745E-01 -.8422165E-01 
- . 8729811E-01 -.8384755E-Ol -.7683935E-01 -.6918725E-01 -.6010215E-01 
- . 4841246E-01 -.3593898E-01 -.2378046E-01 - .1137278E-01 .1002687E-02 

.1240744E-01 .2233782E-01 .3251067E-01 .4220962E-01 .4713146E-01 

.4508139E-01 .3784002E-01 .2946368E-01 .2268721E-01 .1679187E-01 

.1032170E-01 .5995623E-02 . 6864971E-02 .1047849E-01 .1250673E-01 

.1310529E-01 .1530690E-01 .1965933E-Ol .2502233E-01 .2997687E-01 

.3173864E-Ol .2995498E-01 .3077268E-01 .3889405E-01 .5038789E-01 

. 5942675E-01 .6519994E-01 .6869219E-01 .6822578E-01 .6181326E-Ol 

.4982589E-01 .3437798E-01 .1871436E-01 .4974908E-02 -.8315939E-02 
- . 2 040187E-01 -.2608102E-01 - .2387013E-01 -.1652780E-01 - . 6100010E-02 

. 5 003755E-02 .1274910E-Ol .1467472E-01 .1130464E-01 .4765464E-02 
- . 2346337E-02 -.8135305E-02 -.1019844E-01 -.6090158E-02 . 5156119E-03 

.2990368E-02 .2400724E-02 . 4276353E-02 . 9156121E-02 .1499480E-01 

.1983937E-01 .1855987E-01 .8089818E-02 -.5145110E-02 -.1292476E-01 
- .1490916E-01 - .1394138E-01 -.9524814E-02 -.9290045E-03 .8842226E-02 

.1605043E-01 .2069367E-Ol .2546146E-01 .3051269E-01 .3431541E-01 

. 3 742608E-01 .4223167E-01 . 5066722E-01 . 6199624E-Ol . 7329365E-01 

. 8108575E-01 .8300827E-01 .7979830E-01 .7503887E-01 .7114474E-01 

.6676522E-01 .5859880E-01 .4537485E-01 . 2867206E-Ol .1089183E-01 
- . 5203818E-02 - .1842008E-Ol - .2788346E-01 -.3227513E-01 - . 3371696E-01 
- .<493091E-01 -.3616031E-01 -.3741450E-01 -.3814741E-01 -.3709091E-01 • -.3612765E-01 \__ 19432E-01 - .4113488E-01 -.4772479E-01 -.5132951E-01 
. -,24491E-01 - .4716624E-01 -.4484980E-Ol -.4280073E-01 -.3942760E-01 
- .3504736E-01 - .3112918E-01 -.2803010E-01 -.2487497E-01 -.2111292E-01 
- .1811691E-01 -.1897075E-Ol -.2469594E-Ol - . 3142273E-Ol -.3552245E-Ol 
- . 3 88 8696E-01 -.4402295E-01 -.4900201E-01 - . 5108967E-01 -.4857538E-01 
- . 4 048660E-01 -.3007032E-01 -.2300381E-01 -.2092534E-Ol -.2040095E-01 
- .l 779080E-Dl -.1339424E-01 -.1017908E-Dl -.9297311E-02 -.8694569E-02 
- . 64] 01 ggF,-0?. - ?.R1A1 ?.?.R-n? 1 qh?"::?hR-n? q4c:;_,1~71 l.'-f\') 1 oant::t::/1t:'_n, 



R14052

.2680941E-01 . 3171572E-01 .3435360E-01 .3402142E-01 .2975325E-01 /I z. f /31 .2132865E-01 .9771023E-02 -.1734663E-02 -.1036153E-01 -.1432470E-01 
-.1113628E-01 -.6697374E-03 .1110248E-01 .1812777E-01 .2106563E-01 

.2298579E-01 .2360746E-01 .2086150E-01 .1404770E-01 .4085430E-02 
-.6491852E-02 - .1581104E-01 -.2319324E-01 -.2489585E-01 -.1808601E-01 
-.8779522E-02 -.5231547E-02 -.7854980E-02 -.1250039E-01 -.1558033E-Ol 

S90806E-01 -.1605498E-01 -.1746336E-01 -.1747615E-01 -.1284161E-01 
,04423E-02 .8977057E-02 .2208078E-01 .3550351E-01 .4790315E-01 

J796790E-01 .6350474E-01 . 6211946E-01 .5625524E-01 .4956306E-Ol 
.4057951E-01 .2821462E-01 .1506747E-01 .3621027E-02 -.4761452E-02 

-.7042198E-02 -.1086272E-02 . 83 663 67E-02 .1521806E-01 .1847036E-01 
.1946798E-01 .2006932E-01 .2044967E-Ol .1764912E-01 .1161610E-01 
.6729579E-02 .5139045E-02 . 6729085E-02 .1216813E-01 .2162954E-01 
.3499030E-01 .4889339E-01 .5675765E-01 .5957931E-01 .6387712E-01 
.6858877E-01 . 6849972E-01 . 6350072E-01 .5696833E-01 .5089837E-01 
.4503651E-01 .3932581E-01 .3409582E-01 .2820829E-01 .2051745E-01 
.1258421E-01 . 6811207E-02 . 3211397E-02 -.3582795E-03 -.5147857E-02 

-.9663962E-02 -.1241240E-01 -.1208695E-01 -.8221326E-02 -.5l95819E-02 
-.6272243E-02 -.6677606E-02 -.2166789E-02 .3358411E-02 .5066244E-02 

. 3306334E-02 .ll40500E-02 .8374803E-03 .1437084E-02 -.5681907E-03 
-.5935216E-02 -.ll40660E-Ol -.1503870E-Ol -.1821040E-01 -.2315383E-Ol 
-.2993417E-Ol -.3860112E-01 -.4979660E-01 -.6043201E-01 -.6752799E-01 
- . 7080094E-01 -.6996273E-01 -.6566658E-01 -.5868336E-01 -.4912427E-01 
- .3821658E-01 -.2693532E-01 -.1454888E-01 - . l 712689E-02 .7255092E-02 

.8433219E-02 .2449520E-02 -.7418162E-02 -.1914775E-01 -.3054330E-01 
- . 3813836E-01 -.4229845E-01 - .4417237E-01 -.4166013E-01 -.3564004E-01 
-.3057181E-01 -.2922635E-01 -.3129597E-01 -.3329325E-01 -.3l22758E-01 
- . 2457961E-01 -.1506447E-01 -.3416952E-02 .1127329E-01 . 2784118E-01 

.4262494E-01 .5349331E-01 .5784017E-01 .5235594E-Ol .3790436E-01 

.1811534E-Ol - .2127064E-02 -.1730803E-01 -.2906030E-01 - .4378471E-01 
-.6l42786E-01 -.7603312E-Ol -.8237656E-01 -.79l7467E-Ol -.6773042E-01 

. -.5012821E-01 -.3024275E:-Ol -.1494393E-01 -.7026748E-02 -.9062746E-03 
. 6133282E-02 .1098264E-01 .1208142E-01 .9243225E-02 .1372534E-02 

-c-··o45539E-Ol -.3102l84E-01 -.5035283E-01 -.6763823E-01 -.8326018E-01 
J2149E-01 -.1038556E+OO -.1071087E+OO -.1058361E+OO -.9810546E-01 

.•. 052354E-01 -.5228968E-01 -.1764206E-01 .1992895E-01 .5549729E-01 
. 8167728E-01 .1000719E+OO .1153432E+OO .1241700E+OO .1237564E+OO 
.ll70957E+OO .1077225E+OO . 953 7702E-01 .7962750E-01 . 6651363E-01 
. 6208966E-01 .6541427E-01 . 7429291E-01 .8677751E-Ol .9813735E-01 
.1051801E+OO .1082241E+OO .1064917E+OO .9793820E-01 .8l72624E-01 
. 5786303E-01 .2822920E-Ol -.2835653E-02 -.3043665E-01 -.4985099E-01 

- .5881307E-01 -.5779534E-01 -.4755744E-01 -.3193779E-01 -.1734854E-01 
- . 5862051E-02 .4053781E-02 .1013942E-01 .7443562E-02 -.3916508E-02 
- . l958129E-01 -.3655850E-01 -.5194059E-01 -.6047924E-Ol -.5735612E-01 
- . 43 06182E-01 -.2430303E-01 -.8101107E-02 .3815317E-02 .llll497E-Ol 

. l.l65662E-01 .6614650E-02 -.7868955E-03 -.9799984E-02 - .2025724E-01 
- . 3 l61469E-01 -.4211055E-01 -.4779031E-01 -.4666443E-Ol -.4088325E-01 
- . 3 385752E-01 -.2803908E-Ol -.2387542E-Ol -.2031024E-01 -.1724022E-01 
- . l.468737E-01 - . 9694055E-02 . ll 76641E-02 .1580522E-Ol .2932379E-01 

.4195871E-01 .5518093E-01 .6652711E-Ol .7463630E-Ol .7986295E-01 

.8007395E-01 .7175558E-01 .5335842E-01 .2977670E-Ol .7058912E-02 
-.l.434305E-01 -.3011264E-01 -.3421209E-01 -.2867747E-01. -.1726594E-01 
- . 3241647E-02 . 7223519E-02 .1185621E-01 .1588727E-01 .2231769E-Ol 

. 2 729469E-Ol .2902764E-Ol . 3209396E-01 .3885445E-Ol .4569715E-01 

.5040831E-Ol . 5471109E-01 .5908905E-01 .61.53280E-Ol . 5927613E-01 

. 4 989549E-01 .3418961E-01 .1558797E-01 -.3831028E-02 -.2300372E-01 
- .3846487E-01 -.4752019E-01 -.5138573E-01 -.5081232E-01 -.4572659E-01 
- . 3 799463E-01 -.2857771E-01 -.1655471E-Ol -.31.55638E-02 .7235869E-02 

. 8502782E-02 -.6912824E-03 -.1382983E-01 - . 2549110E-Ol -.3429561E-01 
- .4082792E-01 -.4748949E-01 -.5374l23E-01 -.5640653E-01 -.5463937E-01 
- / "99721E-01 -.4477414E-01 -.3880481E-01 -.2924247E-Ol -.l573924E-01 
~ 7613E-02 .1045078E-01 .1802666E-01 .1938850E-01 .ll.95837E-01 

;26273E-02 -.2172701E-01 -.3506581E-01 -.4416554E-01 - . 5152ll6E-01 
- .5557869E-Ol -.5379077E-Ol -.4476463E-01 -.2900680E-01 - . 9516113E-02 

. l.166919E-01 .3254082E-01 .5054817E-01 .6440021E-01 .7035687E-01 

.6633838E-01 .5452786E-01 .3774205E-01 .21.69783E-01 .1103856E-01 

. 4 51.4069E-02 .1836108E-02 . 5304611E-02 .1383756E-Ol .2522222E-01 

. 3 811574E-01 . 4993 915E-01 .5804052E-01 .6026690E-Ol . 5569534E-01 



R14053

.4520105E-01 .2893055E-01 .7684094E-02 -.1230838E-01 -.2647529E-01 I 13 1 13 / 
-.3818116E-01 -.5010936E-Ol -.5938177E-01 -.6252953E-01 - .6013936E-01 
-.5443582E-01 -.4532571E-01 -.3347530E-01 -.2154387E-01 - .1126718E-01 
-.4232082E-02 -.2124644E-02 - .4731381E-02 -.1001922E-01 -.1652653E-01 
-.2271807E-01 -.2762467E-01 -.3254733E-Ol -.3726681E-01 -.3755037E-01 
-.2986688E-01 -.1802839E-01 -.8329764E-02 -.1511397E-02 .2733511E-02 
~ 

- . 3 716269E-02 -.8940834E-02 -.9282224E-02 -.4962399E-02 { 57038E-02 
' \ J32822E-02 -.7921831E-03 - . 1142190E-02 .1729855E-02 .5606856E-02 

.6588688E-02 .6302412E-02 . 9246061E-02 .1600631E-01 .2222378E-01 

.2465678E-01 .2463060E-01 .2457414E-01 .2587617E-01 .2922510E-01 

.3379768E-01 .3861394E-01 .4421703E-01 .4912229E-01 .5019883E-01 

.4726718E-01 .4254177E-Ol .3725894E-01 .3062712E-01 .2238073E-Ol 

.1473721E-01 .1029650E-Ol .7985188E-02 .5519019E-02 .4758402E-02 

.9689443E-02 .2079705E-01 .3337259E-Ol .4387888E-Ol .5280018E-01 

.5899264E-01 .6058671E-01 . 5862172E-01 .5289805E-01 .4224597E-01 

.2930228E-01 .1671642E-01 .4177877E-02 -.8089838E-02 -.1841076E-01 
-.2565209E-01 -.2978368E-Ol -.3015704E-01 -.2623709E-01 -.1966415E-01 
-.1073936E-01 .5298653E-03 .1149124E-01 .2358175E-01 .3798579E-01 

.4857011E-Ol .5221632E-01 .5137483E-01 .4670694E-01 .3862793E-Ol 

.2920228E-01 .1847441E-01 .4497444E-02 -.1202036E-01 -.2618788E-01 
-.3540518E-01 -.4274025E-01 -.4943741E-01 -.5417956E-01 -.5840003E-Ol 
-.6292791E-01 -.6425179E-01 -.5785138E-01 -.4444425E-01 -.3043612E-01 
-.1985170E-01 - .1118296E-01 -.3246366E-02 .3840424E-02 .1076706E-01 

. l 711372E-01 .2207546E-Ol .2670491E-01 .3190154E-01 .3659387E-01 

. 3 985042E-01 .4183256E-Ol .4299575E-01 .4324914E-01 .4091815E-01 

.3560075E-01 .3025548E-Ol .26364J.4E-01 .2298492E-01 .1963164E-01 

.J.607188E-01 .1297224E-01 .1102899E-01 .1048529E-01 .1235316E-01 

.J.614250E-01 .1848004E-01 .1616893E-Ol .9508624E-02 .2469338E-02 
- . J.971489E-02 -.4540281E-02 -.6112697E-02 -.5245020E-02 -.1088674E-02 

.4236629E-02 .9398983E-02 .1554728E-01 .2264163.E-Ol .2899787E-01 

.3334727E-01 .3400231E-01 .2948993.E-01 .2122236E-01 .1329644E-Ol 

.9907878E-02 .9736251E-02 .6910417E-02 . 2293196E-02 .3352369E-02 

. ll26962E-01 .1918304E-01 .2361837E-01 .2670819E-01 .2705801E-01 
( 93810E-01 .1453806E-01 .8565402E-02 .3341538E-02 -.2401952E-02 
,. ,00995E-02 -.1390333E-01 -.1956064E-01 -.2375423E-01 -.2494824E-01 

-.2264228E-01 -.1931690E-01 - .1949722E-Ol -.2369853E-01 -.2835773E-01 
-.3l.73133E-01 -.3464294E-01 -.3648508E-01 - . 3649725E-01 -.3629284E-01 
- .3757381E-01 -.4038884E-01 -.4336798E-01 -.4485878E-01 -.4462174E-Ol 
- .44l.6472E-01 -.4419502E-01 -.4300891E-01 -.4082538E-01 -.3989540E-01 
- . 3 813979E-Ol -.3287047E-01 -.2712582E-Ol -.2295229E-01 -.1817215E-01 
- . J.342312E-Ol - .1165543E-Ol -.1241519E-01 -.ll66245E-01 -.5927274E-02 

. 3 440929E-02 .1185632E-01 .1762746E-01 .2302342E-01 .2892334E-01 

.3213110E-01 .3041321E-01 .2575243E-01 .1975500E-01 .1205096E-01 

. 3961158E-02 -.2402821E-02 -.6675037E-02 -.8271224E-02 -.6365068E-02 
-.2517049E-02 .4126543E-03 .1413046E-02 .1961274E-02 .3557081E-02 

. 5728040E-02 .7232239E-02 .6923286E-02 .4322546E-02 .2183266E-02 

.4387742E-02 . 9789496E-02 .1449338E-01 .1883346E-01 .2450909E-01 

. 2 962619E-01 .3269337E-01 .3415022E-01 .3355298E-01 . 3118082E-01 

.2847837E-01 .2646138E-01 .2531350E-01 .2488434E-01 .2468018E-01 

.2455312E-01 .2713328E-01 .3303078E-01 .3724129E-01 .3478319E-01 

. 2 511450E-01 .1234335E-Ol .1428767E-02 -.7101753E-02 -.1566903E-01 
- .2383917E-01 -.2939019E-01 -.3243231E-01 -.3427626E-01 -.3384990E-01 
- .2938237E-01 -.2246127E-01 -.1599733E-01 - .1152176E-01 -.1047601E-01 
-.l.443285E-01 -.2265326E-01 -.3205257E-01 -.4043302E-01 -.4798359E-01 
- . 5535689E-01 -.6184443E-01 -.6702126E-01 -.7219754E-01 -.7761640E-01 
- . 8013981E-01 -.7597419E-01 -.6507414E-Ol -.5169548E-01 -.3976832E-01 
- . 2 957619E-01 -.2054477E-01 -.1302700E-01 -.6508010E-02 -.4592956E-03 

. 3 801691E-02 .4904164E-02 .4358538E-02 .4678761E-02 .5584338E-02 

. 5 575150E-02 .5497993E-02 .7876928E-02 .1298598E-01 .1851654E-01 

.2268986E-01 .2352920E-01 .1962006E-01 .1360231E-01 .9763881E-02 
,9490E-01 .1442050E-01 .1955791E-01 .2413239E-01 .2819152E-01 
22446E-01 .3667879E-01 . 3972504E-01 .3674738E-01 .2662781E-01 

. 1380354E-01 .1394686E-02 -.1093614E-01 -.2151097E-01 -.2663983E-01 
- . 25l1414E-01 -.1815315E-Ol - . 9uo~ 1:,o.l!.-u.:::: - • .::::.::::.1..::::::,::, /1!.-UL .':!:u t'± 10::,c-u~ 

- . 2271420E-03 -.2938129E-02 - . 7795112E-02 -.1486150E-01 -.2366416E-01 
- . 3 306999E-01 -.4228245E-Ol -.5125271E-01 - . 5948961E-01 - . 6621960E-01 
- . 7 024071E-Ol -.7084340E-01 -.6721774E-Ol -.5819997E-01 -.4575619E-01 
- . 3 242926E-01 -.1858880E-01 - . 6512159E-02 .1061322E-07. .4818147.E-02 



R14054

.6910548E-02 .8770682E-02 .1034182E-01 .1045292E-01 .8804491E-02 I I "/ 1 /3} 

.7193980E-02 .6448881E-02 .4034470E-02 -.1560797E-02 -.7904354E-02 
-.1192108E-01 -.1347164E-01 -.1344912E-01 -.1154520E-01 -.7779410E-02 
-.2382010E-02 .4364814E-02 .1200379E-01 .1944099E-01 .2416594E-01 

. 23 86543E-01 .1766102E-01 .7785477E-02 - .1276903E-02 -.7890868E-02 
-.1343059E-01 -.1800962E-01 -.1932083E-01 -.1507873E-01 -.6037995E-02 

188884E-02 .1153916E-01 .1452199E-01 .1408923E-01 .1209214E-01 
S11864E-02 - .1382973E-03 -.7610628E-02 - .1113707E-01 -.1103557E-01 

.J025015E-02 -.5907995E-02 -.2135436E-02 .7389091E-03 .5510989E-03 
- .2936576E-02 -.8169432E-02 -.1333654E-01 -.1720148E-01 -.2056605E-01 
-.2442911E-01 - . 2729651E-01 -.2813924E-01 -.2773541E-01 -.2556721E-01 
-.2015380E-01 - .1178178E-01 -.2387210E-02 .6436757E-02 .1415201E-01 

.2066450E-01 .2628009E-01 .3117481E-01 .3399421E-01 .3415380E-01 

.3334282E-01 .3129645E-01 .2647082E-01 .2044761E-01 .1541656E-01 

.1074947E-01 .5281427E-02 -.5195006E-03 -.5422203E-02 -.9598339E-02 
-.1430073E-01 - .1925923E-01 -.2476087E-01 -.3173986E-01 - .3772061E-01 
-.3883065E-01 -.3394865E-01 -.2434786E-01 -.1123283E-01 .4572993E-02 

.2056444E-01 .3394076E-01 .4480029E-01 .5349467E-01 .5763889E-01 

.5590864E-01 .5110709E-01 .4640592E-01 .4269685E-01 .4019539E-01 

. 3 96493 lE-01 .4147947E-01 .4357520E-01 .4370555E-01 .4240928E-01 

.4017383E-01 . 3597266E-01 .2851537E-01 .1799945E-01 .6605743E-02 
-.4453245E-02 -.1614076E-01 -.2858475E-01 -.3984751E-Ol -.4902318E-01 
-.5727767E-01 -.6280406E-01 -.6107206E-01 -.5335150E-01 -.4469141E-01 
-.3616519E-01 -.2774471E-01 -.2033984E-01 - .1348745E-01 -.7871855E-02 
-.6221494E-02 -.8000118E-02 -.8819336E-02 -.7326990E-02 - . 6313371E-02 
- . 6699139E-02 -.6350026E-02 -.4299782E-02 -.9032966E-03 .4908731E-02 

.1355511E-01 .2324863E-01 . 3266577E-01 . 4115640E-01 .4841390E-01 

. 5489180E-01 .5999650E-01 .6234185E-01 .6087521E-01 .5518189E-01 

.4717741E-01 .4002456E-01 .3428729E-01 .2836880E-01 .2175625E-01 

.1442824E-01 .6259395E-02 -.2112162E-02 -.1035407E-01 -.1786238E-01 
-.2315422E-01 -.2560877E-01 -.2572355E-01 -.2282053E-01 -.1536121E-01 
- . 5008871E-02 .4471537E-02 .1161832E-01 .1704624E-01 .2029849E-01 

.1854555E-01 .1071361E-01 .2321836E-03 -.8820343E-02 -.1456584E-01 C -76346E-01 -.15521SOE-01 - .1103171E-01 -.4633273E-02 .1574043E-02 
.32877E-02 .8645564E-02 .7453606E-02 .1515112E-02 -.7414636E-02 

632791E-01 -.2469882E-01 -.3266324E-01 - . 3886911E-01 -.4283582E-01 
-.4586938E-01 -.4914899E-01 -.5235384E-01 -.5448915E-01 -.5460497E-01 
-.SOSlOlOE-01 -.4073884E-01 - .2813046E-01 - .1651373E-01 - . 5861861E-02 

.5258294E-02 . 1648800E-01 . 2712165E-01 .3520831E-01 .3706296E-01 

.3249530E-01 .2571091E-01 .2021096E-01 .1640362E-01 .1313259E-01 

.1028669E-01 .9399521E-02 .1204366E-01 .1830845E-01 .2618197E-01 

. 3322746E-01 .3942388E-01 .4471217E-01 .4653756E-01 .4504173E-01 

.4285492E-01 .3956478E-01 .3431505E-01 .2872350E-01 . 23 87132E-01 

.1831003E-01 .1066796E-01 .2660823E-02 -.3443182E-02 -.8186754E-02 
- .1297125E-01 -.1732025E-01 -.1956069E-01 -.1884928E-01 - .1573963E-01 
-.1093578E-01 -.5253623E-02 -.4604340E-03 .2683918E-02 .4557837E-02 

.4338234E-02 .2202014E-02 -.3749565E-03 -.3556698E-02 -.8279831E-02 
- .1400623E-01 -.1776821E-01 -.1765454E-01 -.1571738E-01 -.1489174E-01 
- .1580715E-01 -.1685636E-01 -.1673262E-01 -.1584588E-01 - .1367284E-01 
-.8621749E-02 -.1842570E-02 .4095081E-02 .8682743E-02 .1311723E-01 

.1689167E-01 .1608646E-01 .9440153E-02 .1175740E-02 -.6299832E-02 
- .1308026E-01 -.1753944E-01 -.1914479E-Ol -.1895101E-01 - .1729421E-01 
-.1495265E-01 -.1319788E-01 -.1194921E-01 -.1028764E-01 - . 9619359E-02 
- .1300920E-01 -.2016736E-01 -.2727057E-01 -.3127790E-01 -.3117747E-01 
- .2590700E-01 -.1491471E-01 -.1736581E-02 .9134776E-02 .1825627E-01 

. 2 760075E-01 . 3551163E-01 .3893108E-01 .3645539E-01 .2877890E-01 

.1822021E-01 . 7275437E-02 -.2532654E-02 -.9299024E-02 -.1002525E-01 
- .4390530E-02 .4188414E-02 .1308697E-01 .2120629E-01 . 2755253E-01 

. 3219618E-01 .3480146E-01 .3327036E-01 . 2783871E-01 .2213295E-01 

.1727481E-01 .1077682E-01 .2461697E-02 -.4390548E-02 - . 7879621E-02 -c 03914E-02 - .1112000E-01 -.1409596E-01 -.1686399E-01 -.1857893E-01 
.54537E-01 -.2067631E-01 -.2206264E-01 -.2407602E-01 -.2677498E-01 

,88073E-01 - .2849309E-01 -.2610046E-01 -.2417905E-01 - .2297236E-01 
- . 2O52435E-0l -.1600984E-01 - .1011476E-01 -.4485098E-02 -.1231097E-02 
- . 7930399E-04 .2452772E-02 .7558229E-02 .1251576E-01 .1637736E-01 

.1979262E-01 .2084312E-01 .1902271E-01 .1765633E-01 .1845217E-01 

.1970402E-01 .1949724E-01 .1830577E-Ol . l 735371E-01 .1642243E-01 

.1516099E-01 .1348499E-01 .1133046E-01 .7960736E-02 .1314147E-02 



R14055
-.7733708E-02 -.1462536E-01 -.1816645E-Ol -.2103475E-Ol -.2329364E-01 
-.2197161E-01 -.1649521E-01 -.1039296E-01 -.6303762E-02 -.3632735E-02 
-.1304578E-02 .7645595E-03 .7103060E-03 -.4229843E-02 -.1288901E-01 
-.1895254E-01 
-.3534582E-02 
/6562512E-02 

. (. J72494E-01 
317662E-01 

. .L528925E-01 

.1166554E-01 

.4784397E-02 

.1537373E-01 

.2657349E-01 

.2998023E-01 

.1402573E-01 
-.5735938E-02 

.4175949E-02 

.1072999E-02 
-.1860285E-01 

.9705280E-02 

. 2097119E-02 
-.4130040E-01 
-.2448896E-01 

.1079794E-02 

.1833772E-01 

.1153490E-01 

.1911648E-01 

.2408091E-01 
- . 2375487E-02 
-.4763966E-02 
-.2599804E-01 
-.3965770E-Ol 

( ___ 19:~~!~:=~~ 

.27785E-01 
-.~937670E-02 

.9645004E-02 
-.1023041E-02 
- .1163535E-01 
- .4319878E-02 
- . 5314606E-03 
- . 9634532E-02 
- . 2118516E-01 
". 2784351E-01 
- . 6054106E-02 

. 2215053E-02 
- . 7755383E-02 

. 4891672E-02 

.7698158E-02 
-.1498951E-02 
-.1498521E-01 
- . 9219727E-02 

.1044052E-Ol 

. 8889031E-02 
- .1217904E-Ol 
- .1640893E-Ol 
- . 2338924E-01 
- . 4 73 5906E-01 
-.1362727E-01 

.4238442E-02 

l '7483E-01 
. -l8870E-02 
- . -959693E-Ol 

.1303862E-02 
- . 9832962E-02 
- .2913633E-01 

.1062798E-Ol 

.2734614F.-Ol 

-.1813957E-01 
.6204412E-03 
. 3729143E-02 
.1572046E-01 
.2201778E-Ol 
.1389551E-01 
.1009583E-Ol 
.2628373E-02 
.1863127E-01 
.2814777E-01 
.2865565E-01 
.7337623E-02 

-.6606569E-02 
.8751475E-02 

-.1004485E-02 
-.1690056E-01 

.1288016E-01 
-.6404619E-02 
-.4263335E-01 
-.1994784E-01 

.7370481E-02 

.1945333E-Ol 

.1146346E-Ol 

.2434187E-01 

.1922801E-01 
-.6835433E-02 
-.5536675E-02 
-.3100833E-Ol 
-.3628301E-Ol 
-.1783616E-01 
-.1025125E-02 

.9665209E-02 
- .4113628E-02 

.1042783E-01 
-.4738336E-02 
-.1144280E-01 
-.3261575E-02 

.2091969E-03 
-.1298265E-01 
-.2454181E-01 
-.2165688E-01 
-.1367956E-02 
-.4174190E-02 
-.6762642E-02 

. 6068591E-02 

.6104490E-02 
-.4075798E-02 
-.1666603E-Ol 
-.4880760E-02 

.1277679E-01 

. 6134843E-02 
-.1588409E-01 
-.1318440E-01 
-.2682950E-01 
-.4706487E-01 
-.5748470E-02 

. 965 0691E-03 
-.1489082E-01 
-.9515755E-02 
- .1877437E-01 

• J=1.<:: /J30J!;-UL: 

-.1892793E-Ol 
-.2456770E-01 

.1734899E-01 

. ?.4?.An~i:;R-07 

-.1315488E-01 
.4714876E-02 
.2836485E-02 
.2069417E-01 
.1979754E-01 
.1366594E-01 
.8074901E-02 
.2982196E-02 
.2097922E-01 
.3008691E-01 
.2661337E-01 
.2492244E-02 

-.5655696E-02 
.1019322E-01 

-.4375756E-02 
-.1119063E-01 

.1406589E-01 
-.1552530E-01 
-.3957523E-01 
-.1469541E-Ol 

.1251198E-01 

.1849455E-01 

.1136273E-01 

.2703512E-Ol 

.1185002E-01 
-.1079522E-01 
-.8848882E-02 
-.3459987E-01 
-.3150698E-01 
-.1600244E-01 

.5858345E-02 

.7476242E-02 
-.4352729E-02 

.7582331E-02 
-.8587340E-02 
-.1076000E-01 
-.2345691E-02 
-.4502857E-03 
-.1645556E-01 
-.2966150E-01 
-.1699466E-01 
-.4193646E-03 
- .1097163E-01 
-.5997532E-02 

.7396658E-02 

.3543477E-02 
-.8408725E-02 
-.1754661E-01 
-.9895687E-03 

.1412440E-01 

.1588455E-02 
-.1775244E-01 
-.1374033E-01 
- . 3313254E-01 
-.4165185E-01 

.1596862E-02 
-.2856687E-02 
- .1325867E-01 
-.1235404E-01 
-.1615197E-01 

• /.U::lJJ;1J.1:!;-U2 

-.2544964E-Ol 
-.1802141E-01 

.2307309E-01 
?nL1.71RRR-01 

-.8801943E-02 
.7349359E-02 
.4630447E-02 
.2339863E-01 
.1769886E-01 
.1327952E-01 
.7603209E-02 
.6142134E-02 
.2281814E-01 
.3130526E-01 
.2415762E-01 

-.8980984E-03 
-.3257659E-02 

.7597084E-02 
-.9824641E-02 
-.3496355E-02 

.1307463E-01 
-.2519713E-01 
-.3395835E-01 
-.9356296E-02 

.1504543E-01 

.1569491E-01 

.1172559E-01 

.2711390E-01 

.5180538E-02 
-.1098915E-01 
-.1363962E-01 
-.3782896E-01 
-.2668985E-01 
-.1361647E-01 

.1045626E-01 

.4674010E-02 
-.1003195E-02 

.3821878E-02 
-.1098221E-Ol 
-.83848SOE-02 
-.1993508E-02 
-.3066370E-02 
-.1907393E-01 
-.3326092E-01 
-.1482146E-Ol 

.3069990E-03 
-.1228584E-01 
- . 3130137E-02 

.8630414E-02 

.8642541E-03 
-.1184389E-01 
-.1677538E-01 

.2968010E-02 

.1376206E-01 
-.3520195E-02 
-.1878510E-01 
-.1803081E-01 
-.3958580E-01 
-.3201673E-01 

.5881033E-02 
-.6649826E-02 
-.1221063E-01 
-.1561760E-Ol 
-.1163408E-01 

.5197758E-02 
-.2945006E-01 
-.9096611E-02 

.2774119E-01 
1,1 Q'70aot.'_n1 

-.6279872E-02 
.8154762E-02 
.7287384E-02 
. 23 76112E-01 
.1665707E-01 
.1237532E-01 
.7156321E-02 
.1096428E-01 
.2478448E-01 
.3091971E-01 
.2027608E-01 

-.3702241E-02 
-.1887005E-03 

.3749288E-02 
-.1563806E-01 

.4025684E-02 

.8958209E-02 
-.3485213E-01 
-.2867052E-01 
-.4337790E-02 

.1652640E-01 

.1281117E-Ol 

.1418657E-01 

.2618552E-01 

.1079997E-02 
- . 7481120E-02 
-.1966540E-01 
-.4008756E-01 
-.2237522E-01 
-.1106326E-01 

.1183166E-01 

.1210853E-02 

.4921549E-02 

.1324971E-02 
-.1178935E-01 
-.5712351E-02 
-.1462869E-02 
-.6415737E-02 
- .2011159E-01 
-.3255185E-01 
- .1187855E-01 

.2677690E-02 
-.9943534E-02 

.1665146E-02 

.8635457E-02 
-.5708015E-03 
-.1347353E-01 
-.1369779E-01 

.7040253E-02 

.1144961E-01 
-.7847673E-02 
-.1892413E-01 
-.2161992E-01 
-.4439150E-01 
-.2195377E-01 

.6277656E-02 
-.1089178E-01 
-.1117039E-01 
- .1826914E-01 
-.5318979E-02 
-.6344013E-03 
-.3088108E-01 

.1468045E-02 

.2923586E-01 

/15 j 13 



R14056
.3209353E-03 -.5250226E-02 -.7560709E-02 -.7521802E-02 - .4893211E-02 I Iii f t3/ 

-.9628385E-03 .2177951E-02 .5274239E-02 .8169917E-02 .8621390E-02 
.5862099E-02 .1873346E-02 - . 7318176E-03 -.7827997E-03 .1093618E-02 
.3529415E-02 .6568339E-02 .1113550E-01 .1677192E-01 .2216043E-01 
.2618631E-01 . 2724112E-Ol .2422893E-Ol .1883451E-01 .1277247E-Ol 
.6409639E-02 .2922757E-02 . 5319134E-02 . l071360E-01 .147l466E-01 

( ,98702E-01 .l948586E-01 .2283047E-01 .2450616E-Ol .2141117E-01 
J42058E-Ol .3665719E-02 -.3082844E-02 -.47414l8E-02 -.3384878E-02 

-.6105795E-03 .3555110E-02 .7497413E-02 .9488780E-02 . 9892932E-02 
.9009678E-02 .6595410E-02 .3869864E-02 .2144339E-02 . 5740727E-03 

-.7535699E-03 .1330267E-02 .6817867E-02 .1152748E-Ol .1496787E-01 
.1912581E-01 .2367541E-01 .2778777E-01 .3075357E-Ol .3102677E-01 
.2773402E-01 .2249779E-01 .1756296E-01 .1314635E-01 .7951279E-02 
.4650855E-03 -.8769966E-02 -.1651341E-01 -.2036673E-01 -.2070268E-01 

-.1873573E-01 -.1496084E-01 -.1058084E-01 -.7780952E-02 -.6682956E-02 
- . 58727llE-02 - . 4922745E-02 -.4172315E-02 -.4616816E-02 -.6760126E-02 
-.9661080E-02 -.1169446E-Ol -.1201908E-01 -.1167342E-01 -.1145325E-01 
-.109l303E-01 -.1045411E-01 - .1100576E-01 -.1221553E-01 - .1272392E-01 
- . ll57265E-01 -.9562638E-02 -.7643269E-02 -.4648257E-02 -.4817269E-03 

.2614450E-02 .4423297E-02 .6853252E-02 .9592195E-02 .1089030E-01 

.ll23006E-01 .1161627E-01 .1258168E-01 .1484951E-01 .1742543E-01 

.1887272E-Ol .1965511E-01 .2093460E-01 .2274286E-01 .2472892E-01 

.2690620E-01 .2780636E-01 .2609913E-01 .23406l8E-01 .2124346E-01 

.1947414E-01 .1771964E-01 .1557014E-01 .1371153E-01 .1382213E-01 

.1647253E-01 .1912391E-01 .1948432E-01 .1914578E-01 .1821753E-01 

.148l069E-01 .1211290E-01 .1517281E-01 . 2130319E-01 .2470227E-01 

.2613882E-01 .2903577E-01 .3280586E-01 .3462693E-01 .3346743E-Ol 

.2971043E-01 .2399714E-01 .1734675E-Ol .1073562E-Ol .4457788E-02 
-.l642984E-02 -.7148126E-02 -.1096354E-01 -.l348634E-Ol -.1643798E-Ol 
-.2020553E-Ol -.2457499E-Ol -.28ll493E-Ol -.28l1069E-01 -.2456315E-01 
-.l955134E-01 -.1345758E-01 -.6654736E-02 - . 3 872195E-03 .4878954E-02 

.8369585E-02 .1045006E-Ol .1168078E-01 .l004692E-Ol .5677694E-02 

.1173001E-02 -.3199877E-02 - . 71l 7846E-02 -.8632446E-02 -.7288810E-02 c· "33758E-02 -.2220485E-02 -.2459984E-03 .2238793E-02 .5464275E-02 
97294E-02 .4786912E-02 -.3859602E-03 -.5003693E-02 -.7069415E-02 

-.o445797E-02 -.1096364E-Ol -.1270733E-01 -.1216264E-01 -.1064310E-01 
-.9596075E-02 -.9463433E-02 - .1021655E-01 - .1188676E-Ol -.1420326E-01 
-.1655151E-Ol -.193l019E-Ol -.2177l96E-01 -.2089789E-01 - .1638725E-01 
- . l033917E-01 -.3374983E-02 .3942996E-02 .l036387E-01 .1556182E-Ol 

.2050189E-01 .251l686E-01 .2810714E-01 .29l8260E-01 .2921215E-Ol 

.2933329E-01 .3044864E-01 .3255511E-01 .3314622E-01 . 2977691E-Ol 

.2454968E-01 .2046055E-01 .1652854E-Ol .l188960E-01 .7713260E-02 

. 3104996E-02 -.1664739E-02 -.2023296E-02 .2874085E-02 .7825080E-02 

.l044371E-01 .l198257E-01 .1305680E-01 .1438055E-Ol .1670214E-Ol 

.l897470E-01 . l 773791E-01 .1104242E-01 . 2171240E-02 -.5662654E-02 
-.l290044E-Ol -.2022777E-01 -.2764801E-Ol -.3499529E-01 -.4212838E-01 
- .4878102E-01 -.5369113E-01 -.5356047E-01 -.4663402E-01 -.3638306E-01 
- .2609034E-01 -.1697359E-01 -.1039055E-01 -.5958436E-02 -.2156434E-02 
-.6259048E-04 -.2380175E-02 -.7523073E-02 - .1146910E-Ol -.1381036E-Ol 
-.l520638E-01 - .1465072E-01 - .1233532E-01 - . 9642977E-02 - . 7287883E-02 
- . 5933617E-02 -.517138lE-02 -.3766719E-02 -.2352992E-02 - .1698lllE-02 
- . 312 0803E-03 .3425922E-02 . 8651796E-02 .l4l0240E-Ol .2077002E-Ol 

. 2 82032lE-Ol .3378477E-Ol .3761716E-Ol .4ll0455E-Ol .4305l4lE-Ol 

.4l28969E-Ol . 359738lE-Ol .2949648E-Ol .2271304E-Ol .l449496E-Ol 

.5772943E-02 -.6l2325lE-03 -.3327627E-02 -.2534701E-02 .9l94886E-03 

. 5459870E-02 .l012647E-Ol . l453653E-Ol .l782247E-Ol .l850226E-Ol 

.l500698E-Ol .78643l4E-02 .l359909E-02 -.l058800E-02 -.2208092E-02 
- .492l679E-02 -.6467004E-02 -.4754454E-02 - .1137336E-02 .1885682E-02 

. 3 l95000E-02 .4797708E-02 .7099637E-02 .8l06074E-02 .7790118E-02 

.77105l9E-02 .9088l79E-02 .l074944E-Ol .l047275E-Ol .8309000E-02 l ,866lE-02 .3957055E-02 .1962237E-02 .2808232E-03 .29l6451E-03 
,6808E-02 .l357564E-02 .16653l4E-02 .l825520E-02 .l5865l5E-02 

. ~u29033E-02 . 3678033E-03 .8384197E-03 .2814777E-02 .4591358E-02 

. 5409132E-02 .6492329E-02 .8509405E-02 .982868BE-02 .837l217E-02 

.472398lE-02 .l093828E-03 -.513507lE-02 -.l038325E-Ol -.154267lE-Ol 
- .20l8822E-Ol -.2384038E-Ol -.25l6481E-Ol -.2297853E-Ol -.1677082E-Ol 
-.928l443E-02 -.4871596E-02 -.2830442E-02 .2466774E-03 .3684990E-02 

c;?,Rq7h1P.-O? i:;1 nq.crns=rR-n? Ll1'71 o.aat."_f\') ?or:er.rinr., AO -:i ,.,,... n "-, ,., ... AO 



R14057
.3005724E-02 .4576363E-02 .7224287E-02 .8717947E-02 .8025297E-02 //7 1 13I 
.5400789E-02 .1290146E-02 - . 3130109E-02 - . 7250069E-02 -.1167327E-01 

-.1562863E-01 -.1808808E-01 -.1878252E-01 -.1708126E-01 -.1426949E-01 
-.1208041E-01 -.1009869E-01 - . 8412959E-02 -.7308272E-02 -.6407232E-02 
-.5698357E-02 - . 5472705E-02 -.5568173E-02 -.4519599E-02 -.1857467E-02 

.1125925E-02 . 3621327E-02 .5391694E-02 .6482043E-02 .7042345E-02 
'44555E-02 .7033384E-02 . 7692408E-02 . 8113682E-02 . 7185136E-02 
,77384E-02 .8011097E-02 .1033952E-01 .1068707E-01 .1008733E-01 

.1036429E-01 .9271744E-02 .5404720E-02 .1365970E-02 -.1325128E-02 
-.4490595E-02 -.9059295E-02 - .1307122E-01 -.1455347E-01 - .1393337E-01 
-.1205194E-01 -.8512069E-02 -.4141081E-02 .1334820E-03 . 5013166E-02 

. 9 62 7982E- 02 .1175396E-01 .11 71588E-01 .1116911E-01 .1029591E-01 

.8244976E-02 .4784988E-02 .1314094E-02 -.4822806E-03 -.6359160E-03 
-.8775166E-03 -.2187567E-02 -.4165186E-02 -.7072983E-02 - .1144714E-01 
-.1560086E-01 -.1748253E-01 -.1697091E-01 -.1378558E-01 -.8258351E-02 
-.2765246E-02 .1624063E-02 .5728636E-02 .8932761E-02 .1023249E-01 

.9549953E-02 . 6110539E-02 .4994235E-03 -.4284289E-02 -.7032193E-02 
-.9066790E-02 - .1110217E-01 -.1197684E-01 -.1089435E-01 -.1050567E-01 
-.1290679E-01 - .1527230E-01 -.1463422E-01 -.1224333E-01 -.9924610E-02 
- . 7461332E-02 -.4397384E-02 -.3925891E-03 . 3135397E-02 .3227163E-02 

.5801844E-03 -.5088304E-03 .9838603E-03 .1824831E-02 - .2572334E-03 
-.4692853E-02 -.9227133E-02 - .1173354E-01 -.1210460E-01 -.1173808E-01 
-.1045532E-01 -.6655479E-02 -.1415102E-02 .2460981E-02 .5084396E-02 

.7979283E-02 .1063683E-01 .1142567E-01 .9898598E-02 .6838830E-02 

.2213712E-02 -.3790765E-02 - . 8911087E-02 - .1153779E-01 -.1127826E-01 
- . 7918385E-02 - . 3775503E-02 -.1205021E-02 .4176813E-04 -.6719844E-04 
- .1799503E-02 -.4325336E-02 -.7366272E-02 - .1138595E-01 -.1517629E-01 
-.1663199E-01 - .1547140E-01 -.1332593E-01 - .1104467E-01 - . 8396146E-02 
-.6532803E-02 -.5924658E-02 -.4851405E-02 -.3480571E-02 - .3513893E-02 
- . 3 04 03 7 BE- 02 .2083554E-04 . 2966710E-02 .3438400E-02 .2798347E-02 

.2724524E-02 .2780862E-02 .1283151E-02 -.1904979E-02 -.4278636E-02 
- . 4422543E-02 -.4263338E-02 -.4545010E-02 -.3705767E-02 - . 1963540E-02 
- .1066376E-02 - . 1491044E-02 -.2462900E-02 -.3554486E-02 -.3604996E-02 

( 52087E-03 . 3334911E-02 . 713 0313E-02 .1058397E-01 .1413625E-01 

'~ B9921E-01 .1826347E-01 .1800359E-01 .1552199E-01 .1159058E-01 
. 6697584E-02 - .4331364E-03 -.8554396E-02 -.1375042E-01 -.1574280E-01 

- .1 741123E-01 -.1870749E-01 -.1762690E-01 - .1364510E-01 -.8274265E-02 
- .3134331E-02 .1691426E-02 . 5996974E-02 . 9189930E-02 .1065700E-Ol 

.9492205E-02 .5793625E-02 .1077861E-02 -.2790908E-02 - . 5461 ?BOE-02 
- . 8615763E-02 - .1222503E-01 -.1382666E-01 - .1326525E-Ol -.1304639E-Ol 
- .1372137E-01 -.1270642E-01 -.8472629E-02 -.3254751E-02 .4235933E-03 

.2072302E-02 .1273555E-02 -.2096483E-02 -.6355010E-02 -.9139531E-02 
- . 9795570E-02 - . 9047969E-02 -.7875412E-02 -.7885007E-02 -.9540815E-02 
- . l 009407E-01 -.6506849E-02 -.5544836E-06 .5777174E-02 .9186844E-02 

. 9871117E-02 .7866297E-02 .5640405E-02 .6152746E-02 .8530200E-02 

.9262379E-02 .7125617E-02 . 4918303E-02 . 5695115E-02 .8634026E-02 

. ll20002E-01 .1320039E-01 .l589135E-01 .1933745E-01 .2234555E-Ol 

. 2513083E-01 .2848364E-01 .3008601E-01 .2699496E-Ol .2036672E-Ol 

.1412630E-01 .l031920E-01 .7970156E-02 . 5921122E-02 .4102312E-02 

.2550425E-02 .1920744E-02 . 2544011E-02 .2456038E-02 -.1816917E-03 
- .4402228E-02 - . 8113015E-02 -.1054978E-01 - .1196788E-01 -.1298467E-Ol 
- .1387298E-01 - .1379652E-01 -.1284405E-01 - .1193120E-01 -.1056440E-01 
- . 8 060364E-02 -.5069646E-02 -.2723360E-02 -.1413261E-02 -.3516365E-03 

. 9636440E-03 .1319601E-02 -.4547993E-03 - . 3541185E-02 -.6006173E-02 
- . 7068465E-02 - . 7531419E-02 - . 7189116E-02 -.5185808E-02 -.3147870E-02 
- .2857281E-02 - .3842931E-02 -.5267079E-02 -.6158834E-02 -.5836307E-02 
- .Sl96336E-02 - . 4514591E-02 -.2775095E-02 -.3782349E-03 .1925569E-02 

.5270677E-02 .1028686E-01 .1470946E-01 .1612206E-01 .1494436E-Ol 

. l288463E-01 .1043247E-Ol .7832260E-02 .6319363E-02 .5747952E-02 

. 4495584E-02 .2871744E-02 .2480363E-02 . 2979619E-02 .3383565E-02 
ll705E-02 .5261641E-02 .5743236E-02 .5600399E-02 .4632288E-02 
-4301E-02 .1214657E-02 -.6303864E-04 -.6433151E-03 - . 9051492E-03 

- . 7 846315E-03 . 5229604E-03 .2307006E-02 .2648098E-02 . 6063541E-03 
- .2330176E-02 - .4591799E-02 - . 7517969E-02 -.12042D5E-01 -.1661719E-Ol 
- .2037670E-01 -.2383951E-01 -.2737947E-01 -.3019928E-01 -.3084741E-Ol 
- .3002131E-01 - . 2 840915E-01 -.2400051E-01 -.1693746E-01 - .1017296E-01 
- .553l539E-02 - . 2920390E-02 - .1395994E-02 -.1070320E-02 - .1818100E-02 
- . ?~OhhhRR-n? - ??Ll.77 Rt:;R-n? - 1 i:;?i:::Ltni:;i:;,_n') c::c, C::')C::f'l'C'_(\") ?C'7"'.lr.:'n<;r.> M 



R14058
. 7362899E-02 .1137290E-01 .1472148E-01 .1680977E-01 .1692958E-01 /Is i I 3/ 
.1456691E-Ol .1084236E-01 .7194240E-02 .4646659E-02 .2632194E-02 

-.5203907E-03 - .3066271E-02 -.1779522E-02 .1661064E-02 .3582284E-02 
.4108207E-02 .4566810E-02 .4690850E-02 .4109583E-02 .2974909E-02 
.2142781E-02 .1896983E-02 .1005842E-02 -.2475528E-03 .2570341E-03 
.2303041E-02 .2674570E-02 -.7072662E-03 -.6120559E-02 -.1079619E-01 

:.(- \02989E-01 -.1615591E-01 -.1678452E-01 -.1553645E-01 -.1319257E-01 
, 742379E-02 - . 4527255E-02 . 7600713E-03 .4278136E-02 .6385596E-02 
.7098034E-02 .5652421E-02 .3331085E-02 .2941223E-02 .5137461E-02 
.8620796E-02 .1213258E-01 .1487634E-01 .1617718E-01 .1573224E-01 
.1423978E-01 .1104903E-01 .5396492E-02 -.6848373E-03 - . 6278441E-02 

-.1241632E-01 - . l 741724E-01 -.1849869E-01 -.1586250E-01 -.1189932E-01 
-.8217077E-02 - . 4604691E-02 - .1196347E-02 .1857847E-02 .4364623E-02 

.4461907E-02 .2356622E-02 . 1451206E-02 .2873120E-02 .5318243E-02 

. 8599189E-02 .1222675E-Ol .1534557E-01 .1802432E-Ol .1929503E-01 

.1785638E-01 .1359873E-01 .7158327E-02 .2402842E-03 -.6115167E-02 
-:1280352E-01 -.1961626E-01 -.2459508E-01 -.2649719E-01 -.2514390E-Ol 
-.2156336E-01 -.1697133E-01 -.1133329E-01 -.5817756E-02 - .2634794E-02 
-.1589484E-02 -.1479791E-02 -.2182220E-02 -.2916881E-02 -.2429248E-02 
- .2107136E-02 -.3468328E-02 -.3978154E-02 -.1751958E-02 .1701802E-02 

.6062862E-02 .1103472E-01 .1389014E-01 .1442146E-01 .1473917E-01 

.1469370E-Ol .1431883E-01 .1447633E-01 .1425385E-Ol .1346055E-01 

.1295610E-01 .1169259E-01 .9336409E-02 .7679388E-02 .6893366E-02 

.5890629E-02 . 5119299E-02 .5280115E-02 .5356048E-02 . 4132872E-02 

.2276132E-02 .1008124E-03 -.4433588E-02 -.1057394E-01 -.1434469E-01 
-.1620502E-01 -.1857668E-01 -.1939659E-01 -.1648672E-01 -.1123086E-01 
-.4774953E-02 .2461001E-02 .7946098E-02 .9282142E-02 .6676122E-02 

.1343261E-02 - . 5157872E-02 - .1103336E-01 -.1554806E-01 -.1879604E-01 
-.1980517E-Ol -.1765386E-01 -.1370743E-01 -.9530901E-02 -.5809926E-02 
-.3801033E-02 -.3624397E-02 -.2883903E-02 -.4382451E-03 .2151776E-02 

.3811705E-02 .4167670E-02 .3522845E-02 .3580422E-02 .5484775E-02 

. 8651626E-02 .1134939E-01 .1249024E-01 .1282558E-01 .1317355E-01 

.1347237E-Ol .1372816E-01 .1392798E-01 .1396425E-01 .1337909E-01 C 16191E-01 .7723305E-02 .5510619E-02 .5505160E-02 .5231683E-02 
.. J91275E-02 .5260979E-02 .1013259E-01 .1394237E-01 .1494971E-Ol 

. .L532384E-01 .1491777E-01 .1184382E-01 . 7206851E-02 .2295485E-02 
- . 4114642E-02 -.1028151E-01 -.1327273E-01 -.1512406E-01 -.1714936E-01 
-.1693501E-01 -.1455556E-01 - .1181949E-01 -.9056765E-02 -.7158241E-02 
-.6516854E-02 -.4999674E-02 -.1330190E-02 . 2743912E-02 .6304096E-02 

.1047962E-01 .1470874E-Ol .1794411E-01 .2022087E-01 .2032725E-01 

.1.780024E-01 .1449028E-01 .1194053E-01 .9591226E-02 . 5513686E-02 

. 4986404E-03 - .1521336E-02 .5901664E-03 .4106568E-02 . 6813259E-02 

. 8 5 7 63 3 7E-02 .1067835E-01 .1270679E-01 .1128758E-01 .6433923E-02 

. 2803757E-02 .1743632E-02 -.8985066E-04 -.4255987E-02 -.8180835E-02 
- . 9374343E-02 -.8510154E-02 -.7483939E-02 -.7694548E-02 - . 9458871E-02 
-.1.145157E-Ol -.1236685E-01 -.1252956E-01 -.1288504E-Ol - .1286571E-01 
-.1.124844E-Ol -.8742961E-02 -.7028637E-02 -.6471570E-02 -.6208816E-02 
- . 5179112E-02 - .3746136E-02 -.3582063E-02 -.4043202E-02 - . 3525274E-02 
- . 2779837E-02 - .1815332E-02 . 4471397E-03 .2868428E-02 .3564126E-02 

. 2399399E-02 . 1686015E-03 -.2795675E-02 - . 5755122E-02 - . 7329654E-02 
- . 7783483E-02 - . 8260442E-02 -.8224891E-02 -.7051789E-02 -.6327064E-02 
- . 6546871E-02 - . 5334143E-02 -.2081303E-02 .1211574E-02 .3845960E-02 

. 6455113E-02 .8142771E-02 .851.7662E-02 .9561507E-02 . ll 75337E-01 

.1.331577E-01 .1333829E-01 .1322191E-01 .1503024E-01 .1814860E-01 

.2043029E-Ol .2160152E-01 .2273658E-01 .2366194E-01 .2262462E-01 

.1.986091E-01 .1700593E-01 .1349248E-01 .9631991E-02 .6642384E-02 

. 323751 ?E-02 .1955241E-03 . 1203157E-02 .5961997E-02 .1060685E-01 

.1.304676E-01 .1308799E-01 .1075280E-01 .6889822E-02 .3032364E-02 
- . 4 899155E-03 -.4449464E-02 -.7914041E-02 -.8544539E-02 -.6549949E-02 
- . 4313792E-02 -.2547009E-02 -.1896225E-03 .3212383E-02 .5934881.E-02 
' .3006897E-02 .7470209E-03 -.1704197E-02 - .4771408E-02 \__ i2840E-02 

. o6370E-02 - . 5023643E-02 -.3758920E-02 -.2125975E-02 .2022634E-02 
.d026285E-02 .l232513E-01 .13593l 7E-Ol .1290512E-Ol .1017553E-01 
. 6 546811E-02 .5028582E-02 .6029164E-02 .7883827E-02 .9611419E-02 
. ll09051E-01 .1248712E-01 .1287290E-Ol .1116019E-01 .8662793E-02 
.6609409E-02 .3290877E-02 - . ll32279E-02 -.3325243E-02 -.3157408E-02 

- . 2 966916E-02 -.3547875E-02 -.4732988E-02 -.5687816E-02 -.5233618E-02 
- .3437622E-02 - . 2212919E-02 -.1936043E-02 -.1692221E-03 . :1414?.Rl R-0?. 



R14059

.5874562E-02 .5627510E-02 .3950348E-02 .1971083E-02 -.2255673E-03 I I 1 1 13/ 
-.2150458E-02 -.3807431E-02 -.5717064E-02 -.7474215E-02 -.8741800E-02 
-.9270504E-02 -.8107340E-02 -.5297764E-02 -.2779152E-02 - .2309632E-02 
-.3400494E-02 -.4816862E-02 -.6581658E-02 -.7924890E-02 - . 7105034E-02 
-.4645602E-02 -.2095175E-02 .9468157E-03 .4969994E-02 .9376832E-02 

.1368542E-01 .1608612E-01 .1466110E-01 .1117325E-01 . 8637722E-02 
'95762E-02 .6244270E-02 .5816208E-02 .5848082E-02 .4606124E-02 
.29351E-02 - . 6135936E-03 - .1288967E-02 -.1847855E-02 -.3431513E-02 

J455601E-02 -.7938940E-02 - .1145501E-01 -.1507407E-01 -.1784949E-01 
-.2005619E-01 -.2145509E-01 - .2138765E-01 -.1987929E-01 -.1682368E-01 
-.1179100E-01 -.6471727E-02 - . 3888964E-02 -.3944003E-02 - . 4111545E-02 
-.3355252E-02 -.2806404E-02 -.3466114E-02 -.4252311E-02 -.3687250E-02 
- .2716899E-02 -.3568417E-02 -.5982715E-02 - . 7671685E-02 -.8594708E-02 
-.1042815E-01 -.1262940E-01 -.1414015E-01 -.1559045E-01 -.1650331E-01 
-.1550903E-01 -.1280869E-01 -.9779826E-02 -.7266634E-02 -.5186149E-02 
- . 3 705859E-02 -.2625919E-02 -.1485769E-02 - . 5202964E-03 .5894654E-03 

.1866518E-02 .2457261E-02 .2249690E-02 .1604856E-02 .1659266E-02 

.3768368E-02 .6700269E-02 .7648548E-02 .5858303E-02 .3188429E-02 

.1398657E-02 - .1887107E-03 -.2451123E-02 -.5051972E-02 -.7858964E-02 
-.9888438E-02 - . 9588891E-02 -.7610663E-02 -.6130222E-02 -.5606981E-02 
- . 5573314E-02 -.5857290E-02 -.6644714E-02 -.9220032E-02 -.1331204E-01 
- . l 759904E-01 -.2273315E-01 -.2825682E-01 -.3167400E-01 -.3254668E-Ol 
- . 3163571E-01 -.2750281E-01 -.1957182E-01 -.1088464E-01 -.3631280E-02 

. 2946372E-02 .9216254E-02 .1415835E-01 .1643913E-01 .1557289E-01 

.1260254E-01 .8255748E-02 .2601453E-02 -.2338406E-02 -.4037767E-02 
- .3376802E-02 -.1713550E-02 .1190480E-02 .4101204E-02 .6087319E-02 

. 8320386E-02 .1130939E-01 .1380724E-01 .1455258E-01 .1406459E-01 

.1342060E-01 .1256407E-01 .1167997E-01 .1080144E-01 .9384550E-02 

. 7677221E-02 .5811664E-02 . 3555135E-02 .9129695E-03 - .1437531E-02 
- .2519931E-02 -.2212252E-02 -.1259292E-02 -.6938295E-03 -.1169797E-02 
- . 2 689515E-02 - .3976216E-02 - .4172448E-02 -.4258691E-02 -.4301708E-02 
- . 2 626774E-02 .1096341E-02 .4406959E-02 .6375440E-02 . 8294139E-02 

. 9351409E-02 .8881570E-02 . 7896686E-02 .6232026E-02 .4187505E-02 c- 50273E-02 .3557162E-02 .2906268E-02 .2305770E-02 .3025837E-02 
d4146E-02 .3879350E-02 .2650611E-02 .1782125E-02 .1543109E-02 

.346051E-02 .1312181E-02 .1305763E-02 . 4897230E-03 -.6386535E-03 
- . 5891560E-03 .6095071E-03 .1557327E-02 .1731118E-02 .1216072E-02 
- . 2428931E-03 -.1956625E-02 -.2937003E-02 -.3054819E-02 -.2745156E-02 
- . 2498892E-02 -.1891018E-02 -.2344273E-03 . 2063003E-02 .4003838E-02 

. 5537764E-02 .6584419E-02 .6762775E-02 .6969613E-02 .7190653E-02 

. 6737260E-02 .6553511E-02 . 6760011E-02 . 5919607E-02 . 4177496E-02 

.3505521E-02 .4422183E-02 . 5763966E-02 .6761003E-02 .6686337E-02 

. 5384701E-02 .4277883E-02 .4291498E-02 .4782044E-02 .4873250E-02 

. 4561716E-02 .3977822E-02 . 2363691E-02 -.2900058E-03 -.3509789E-02 
- . 7597852E-02 -.1151078E-01 - .1386653E-01 -.1573387E-01 -.1754738E-01 
- . l 721631E-01 -.1380555E-01 -.9094802E-02 - . 5447322E-02 -.2795640E-02 

. 5180368E-03 .3314459E-02 .3376773E-02 .1484655E-02 -.5004743E-03 
- . l 722034E-02 - . 2681348E-02 -.4683000E-02 -.6975725E-02 -.7444925E-02 
- . 6410583E-02 -.5579269E-02 -.5853904E-02 -.7173309E-02 -.8314390E-02 
- . 8676333E-02 -.8123370E-02 -.5369698E-02 - . 6702012E-03 . 3919511E-02 

. 8357430E-02 .1311970E-01 .1661016E-01 .1842012E-01 .1873422E-01 

. l616017E-01 .1188908E-01 . 8496740E-02 .5707025E-02 .2840677E-02 

.4102780E-03 -.1263455E-02 -.2282369E-02 -.2710139E-02 -.2383970E-02 
- .1545546E-02 -.1246976E-02 - . 2078722E-02 -.3523182E-02 -.5243506E-02 
- . 7269294E-02 -.8631780E-02 - .8431696E-02 -.7827545E-02 -.8135734E-02 
- . 8468260E-02 -.7359800E-02 -.5326630E-02 -.4116839E-02 - . 4596656E-02 
- . 6583405E-02 -.9030072E-02 - .1046796E-01 -.1106191E-01 -.1165540E-01 
- . l115920E-01 -.9281079E-02 -.7551557E-02 -.5764285E-02 - .3002513E-02 

. l119058E-04 .2894470E-02 .6302155E-02 .9460871E-02 .1036533E-01 

. 8298885E-02 .4406873E-02 .1210236E-02 .4057901E-03 .7474102E-03 
• '2861E-03 .1639808E-02 .3519000E-02 .6627387E-02 .1075903E-01 l .. 5216E-01 .1589803E-01 .1637978E-01 .1492155E-01 .1062435E-01 

J83146E-02 .3185388E-02 .1273901E-02 -.5512902E-03 -.1238354E-02 
- . 9894390E-04 .2031028E-02 .4015684E-02 .6028917E-02 .8282628E-02 

.9591306E-02 .9843634E-02 .9916301E-02 .9169926E-02 .7462955E-02 

.6100382E-02 . 5609241E-02 .5298997E-02 .4964822E-02 .5350073E-02 

. 6296405E-02 .6919998E-02 .6765261E-02 .5924070E-02 .5229263E-02 

.5422642E-02 .5402288E-02 .3385285E-02 -.4471912E-04 - .3037200E-02 



R14060

-.56594l0E-02 -.87307l7E-02 - . ll95558E-Ol -.l454488E-Ol -.l573607E-Ol /'l.O 1131 -.l5l9033E-Ol -.l280688E-Ol -.9l76760E-02 -.597584lE-02 -.3762622E-02 
-.ll64l49E-02 .l009644E-02 .3200092E-03 - . l35643lE-02 -.872l790E-03 

.4047248E-03 .2808556E-03 -.3855633E-03 -.3840649E-03 .3924882E-04 

.8549209E-03 .2202750E-02 .3036449E-02 .233l946E-02 .ll66295E-04 
-.3228238E-02 -.5983824E-02 -.78l0649E-02 -.9258563E-02 - . l0559l8E-Ol 

197777E-Ol -.l343451E-Ol -.l380160E-Ol -.l262426E-Ol - . ll64161E-Ol 
!l2960E-Ol - . l262141E-Ol - . ll50441E-Ol -.9456237E-02 -.7928797E-02 

.696l527E-02 -.5743049E-02 -.4191405E-02 -.2451419E-02 -.l801533E-03 

.l821793E-02 .2057778E-02 .9862314E-03 -.l478188E-03 - . l2ll681E-02 
-.2070535E-02 -.2180752E-02 -.l885389E-02 -.l689168E-02 - . ll96587E-02 
-.7317076E-03 - . 9896946E-03 - . l324232E-02 -.ll46314E-02 -.9381865E-03 
-.l014082E-02 -.l083686E-02 -.l049139E-02 - . l055765E-02 - . l337153E-02 
-.2412164E-02 -.4410676E-02 -.6656857E-02 -.8546691E-02 -.l030826E-Ol 
-.l207172E-Ol -.l355044E-Ol -.l403679E-Ol -.l247949E-Ol -.9007146E-02 
-.4644l35E-02 -.4249347E-03 .2794444E-02 .5251984E-02 .7815978E-02 

.9268247E-02 .7541509E-02 .3970126E-02 .9355444E-03 - . 208lll3E-02 
-.5744234E-02 -.8858025E-02 -.l077543E-Ol -.ll76544E-Ol -.ll97899E-Ol 
-.lll4830E-Ol -.8796775E-02 -.5690060E-02 -.2806190E-02 .2648500E-03 

.4166318E-02 .8549418E-02 . ll5ll45E-Ol .l226204E-Ol .l260702E-Ol 

. l37509lE-Ol .l505696E-Ol .l506596E-Ol .l328645E-Ol . ll35872E-Ol 

. ll237l0E-Ol .l264361E-Ol .l331028E-Ol . l24l 720E-Ol . ll 76036E-Ol 

. l315264E-Ol .l599349E-Ol .l829650E-Ol . l963853E-Ol .2073372E-Ol 

.2196798E-Ol .2305152E-Ol .2365760E-Ol .2370917E-Ol .2257005E-Ol 

.20l3835E-Ol .l678783E-Ol .l276624E-Ol .9149518E-02 .6272638E-02 

. 3098864E-02 -.l569602E-03 -.2358647E-02 -.4127939E-02 -.6912785E-02 
-.9682688E-02 - . 996l 712E-02 -.8816159E-02 -.9336997E-02 -.l07l544E-Ol 
-.ll36433E-Ol -.l292203E-Ol -.l555234E-Ol -.l701016E-Ol -.l746979E-Ol 
-.l814372E-Ol -.l862058E-Ol -.l898217E-Ol -.l907296E-Ol -.l766903E-Ol 
-.l489771E-Ol -.l214359E-Ol -.l060183E-Ol -.l059624E-Ol - . ll09793E-Ol 
-.l077425E-Ol -.9497344E-02 -.8430795E-02 -.773l761E-02 -.5382763E-02 
- . ll 74342E-02 .2878934E-02 .6868247E-02 .l099797E-Ol .l36ll97E-Ol 

.l384267E-Ol . ll5l 708E-Ol .7519213E-02 .3539184E-02 -.2722036E-03 
( .. 170489E-02 -.8807445E-02 -.l231809E-Ol -.l337374E-Ol -.l309703E-Ol 

70809E-Ol - . ll55551E-Ol -.9182416E-02 -.6337227E-02 -.3842160E-02 
- ~-ll 73l 72E-02 .2270329E-02 .5848044E-02 .8020130E-02 .7743651E-02 

. 6093462E-02 .4594882E-02 .2906073E-02 .2505127E-03 -.2800540E-02 
-.5524190E-02 -.7928222E-02 -.9400050E-02 -.8526924E-02 -.5978991E-02 
- .4483537E-02 -.4212207E-02 -.3719819E-02 - . 2972796E-02 -.l615890E-02 

.2847915E-03 .l791656E-02 .2430878E-02 .2ll6475E-02 .l816387E-02 

. 2250897E-02 .2471593E-02 .l432253E-02 -.6715746E-03 -.2709844E-02 
- .3848847E-02 -.4733236E-02 -.5768912E-02 -.6033545E-02 -.5480229E-02 
- . 4844762E-02 -.4377738E-02 -.3710721E-02 -.l646876E-02 .l976897E-02 

. 4632338E-02 .5161615E-02 . 558123 7E-02 .6374847E-02 .6515360E-02 

. 6061831E-02 .5279207E-02 .5062960E-02 .5835028E-02 .6103124E-02 

.5491851E-02 .51689l9E-02 .6035645E-02 .7652386E-02 .8444906E-02 

.8544442E-02 .8572187E-02 . 7628l31E-02 . 59l9248E-02 .4378304E-02 

. 2335544E-02 -.6849103E-03 -.3437978E-02 -.4881209E-02 -.5125888E-02 
- . 4892ll 7E-02 -.5102941E-02 -.5037859E-02 -.3785044E-02 -.2665775E-02 
- . 2628163E-02 -.3933505E-02 -.6516848E-02 -.8808156E-02 -.l031766E-Ol 
- . ll53759E-Ol - . ll54232E-01 -.l033067E-01 -.9974721E-02 -.l064934E-Ol 
-.l022452E-Ol -.8319902E-02 -.6103855E-02 -.4078767E-02 -.2209124E-02 
- . 2885938E-03 .2150016E-02 .4719726E-02 . 5905723E-02 .5832316E-02 

. 5498722E-02 . 45ll377E-02 .2977806E-02 .l421426E-02 .3265358E-03 

.4282917E-03 . l367270E-02 .244ll26E-02 .3598559E-02 . 522277lE-02 

.7473595E-02 .9216544E-02 .8591453E-02 .5843632E-02 .3930136E-02 

.4286746E-02 .5630220E-02 .6966317E-02 . 860l328E-02 . ll04845E-Ol 

.1335581E-Ol .l388489E-Ol .l255296E-Ol .l029168E-Ol .7892882E-02 

. 6446740E-02 .5834740E-02 .4653505E-02 .3328486E-02 .3261427E-02 

.4325270E-02 .5376732E-02 .5430449E-02 .3756580E-02 .ll45376E-02 
- ,~ s2 7l89E-03 -.2879334E-02 -.5700085E-02 -.8605461E-02 -.l056477E-Ol l 70ll5E-Ol -.l280222E-Ol -.l290200E-Ol -.l075724E-Ol -.8828706E-02 

. ci451361E-02 -.l020015E-Ol -.9746013E-02 -.l035937E-Ol -.ll50473E-Ol 
- . l 068705E-01 - . 9171014E-02 -.9166898E-02 -.9176676E-02 -.7761504E-02 
- . 6299640E-02 -.5252025E-02 - .4375l35E-02 -.4366841E-02 -.5196983E-02 
- . 67927l 7E-02 -.8842851E-02 -.9959582E-02 -.9815993E-02 - . 9545963E-02 
- . 9420426E-02 -.7952106E-02 -.4629132E-02 - . l339485E-02 .ll07568E-02 

. 4562623E-02 .9199215E-02 .l256442E-Ol .1387947E-Ol .l436269E-Ol 
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.1512181E-01 .1573188E-01 .1443212E-Ol .1184312E-01 .1078514E-01 I Z./ t 131 

.1121431E-01 .1088316E-01 . 9244264E-02 . 7319293E-02 .6251973E-02 

.6420922E-02 . 6616691E-02 . 5251011E-02 .3590182E-02 .4497295E-02 

.7262938E-02 .8504639E-02 .7579947E-02 .6409038E-02 .5191586E-02 

.2782390E-02 -.3107068E-03 -.2929499E-02 -.4884155E-02 -.6274392E-02 
-.6740439E-02 -.5668720E-02 -.3416480E-02 -.9518772E-03 .1099757E-02 
r-'406629E-02 .3412248E-02 .4470070E-02 .4940277E-02 .4816812E-02 ·c ,34269E-02 .6557306E-02 .6622987E-02 .5219793E-02 .4263406E-02 

.4133974E-02 .3204552E-02 .1310517E-02 .7543799E-04 -.5911349E-03 
- .1317920E-02 - . 5287671E-03 .2020215E-02 .3845286E-02 .4865964E-02 

.7199444E-02 . 9579130E-02 .9439791E-02 .7199945E-02 .4033690E-02 

.1201138E-02 -.3342818E-03 - .2032926E-02 -.4167997E-02 -.4660614E-02 
- .3958439E-02 -.4018377E-02 -.4089210E-02 - . 2857216E-02 -.2029260E-02 
- . 3213030E-02 -.4614106E-02 -.4191094E-02 -.2690664E-02 -.1606238E-02 
- .1058319E-03 .2825856E-02 .5960451E-02 .8106365E-02 .9060073E-02 

.9505396E-02 .1074939E-01 .1214887E-01 .1203349E-01 .1070442E-01 

. 9135337E-02 . 7213820E-02 .5490603E-02 . 5366896E-02 .5432855E-02 

.4109846E-02 .3633605E-02 .4626700E-02 .5054788E-02 .5750605E-02 

.7895807E-02 .9049789E-02 .8095685E-02 .7051940E-02 .6019526E-02 

. 4009929E-02 .2060781E-02 .9263088E-03 -.2184313E-03 -.1762287E-02 
-.2944941E-02 -.3409031E-02 - . 4272698E-02 -.6070286E-02 ··. 6974964E-02 
- . 5902392E-02 -.4570803E-02 -.3502674E-02 -.1274605E-02 .1069889E-02 

.1988210E-02 .3120206E-02 .4906525E-02 .5295826E-02 .4193090E-02 

.2882108E-02 .1376388E-02 - . 5877916E-03 -.2203506E-02 -.3153017E-02 
- . 3877497E-02 -.3762328E-02 -.2674006E-02 -.1852513E-02 - . ll 76514E-02 

.1733202E-03 .1421344E-02 .2293691E-02 .3498619E-02 .4145230E-02 

.3643381E-02 .3350257E-02 .3762643E-02 .4084875E-02 .3885450E-02 

. 2623963E-02 .2803260E-03 -.1400226E-02 -.1541976E-02 -.1593604E-02 
-.1963027E-02 - . ll 77918E-02 .2294415E-03 .6604181E-03 .7000442E-03 

. 9413798E-03 .1037929E-02 .9436930E-03 - .1577290E-03 -.3123054E-02 
- . 6488566E-02 -.8228274E-02 -.8345252E-02 -.7965954E-02 -.7115472E-02 
- . 5362456E-02 -.3727940E-02 -.2914921E-02 -.2385115E-02 -.1619053E-02 
- . 2361169E-03 .1011434E-02 .1058184E-02 .1085896E-02 .2184062E-02 
(-' 432816E-02 .4403805E-02 .4530736E-02 .2392895E-02 -.1206145E-02 

03974E-02 -.5234989E-02 -.6097885E-02 -.6367252E-02 -.5664463E-02 
~,b696253E-02 -.3288562E-02 -.5705382E-03 .2553508E-02 .4471723E-02 

.4791109E-02 .4280780E-02 .3771174E-02 .3299075E-02 .1943150E-02 
- . 8483659E-03 - . 3343696E-02 -.4177784E-02 -.4779795E-02 -.5616223E-02 
- . 5358988E-02 -.4844044E-02 -.4982301E-02 -.4249978E-02 -.2693386E-02 
- .1417257E-02 -.3009461E-03 .3660555E-03 -.8335253E-04 - .1662715E-02 
- . 3300191E-02 -.4259293E-02 -.5114878E-02 -.5734345E-02 -.5001726E-02 
- . 3216641E-02 -.1736707E-02 -.1869994E-03 .2512208E-02 .5680334E-02 

. 8207000E-02 .9783470E-02 .1027499E-01 .9854214E-02 .8440504E-02 

.5746969E-02 .2936254E-02 .1424137E-02 .8107068E-03 .2397088E-03 

.1373880E-04 .5882376E-03 .1314605E-02 .1845293E-02 .2689252E-02 

.2875692E-02 .1851118E-02 .1487759E-02 .1945887E-02 .1613847E-02 

.1506206E-02 . 3217072E-02 .5081643E-02 .5355251E-02 .5051228E-02 

. 4 703152E-02 .3401933E-02 .1868461E-02 .1469941E-02 .1649727E-02 

.1823704E-02 .2153234E-02 .2368080E-02 .3004790E-02 .4440144E-02 

. 4989573E-02 .3489805E-02 .1413701E-02 .3089955E-03 -.7569303E-03 
- .2777613E-02 -.4016597E-02 - . 3119182E-02 -.1483681E-02 -.3485555E-03 

. 6230456E-03 .1894980E-02 .3089350E-02 .3090341E-02 .1577415E-02 
- . 5031417E-03 -.2482218E-02 -.3651954E-02 -.3450878E-02 -.2669331E-02 
- .1831775E-02 -.6328103E-03 .7505050E-03 .1697147E-02 .2089633E-02 

.2958715E-02 .4527687E-02 .4808719E-02 .3618110E-02 .3415035E-02 

. 3 656971E-02 .2803195E-02 .2748501E-02 .3533918E-02 .2805646E-02 

.1684127E-02 .2386942E-02 .3467009E-02 . 2725484E-02 . . 1096215E-02 
- . 3319658E-04 -.1101990E-02 -.2071404E-02 -.2187043E-02 -.2262599E-02 
- . 3269055E-02 -.3601375E-02 -.1990909E-02 -.7452165E-03 -.1464802E-02 
- . 2256547E-02 -.2272141E-02 -.2331685E-02 -.2332945E-02 -.1802890E-02 
- . ~1.51867E-03 - .1897318E-03 .6834223E-03 .1768997E-02 .2533249E-02 
( 10572E-02 .4604097E-02 . 4591124E-02 . 3449608E-02 .2040486E-02 
:-:CJ52922E-02 .1703841E-02 .1538505E-02 -.2075605E-03 -.1764415E-02 

- • 1 o~i::Rn-.i:i:;,_f'l? -.2567642E-02 -.4436584E-02 - _t;h.Qd?d7'j:;:-n? -.5278512E-02 
- .4776225E-02 - . 5631696E-02 -.6459030E-02 -.5122041E-02 -.2719863E-02 
- .1451614E-02 -.8752403E-03 .3106949E-03 .2015909E-02 .3506925E-02 

. 4114121E-02 .3387020E-02 .2200757E-02 .1744971E-02 .1656760E-02 

.1509913E-02 .1483193E-02 .1514185E-02 .1474949E-02 . 8249279E-03 
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-.5810371E-03 -.9745406E-03 .2962259E-03 .8940413E-03 -.8036958E-04 12:z. 1 131 
-.1351734E-02 - . 2609637E-02 -.3839478E-02 -.4424310E-02 -.4831193E-02 
-.6395630E-02 -.8924004E-02 -.1036776E-01 -.9758590E-02 -.8969641E-02 
-.9283120E-02 -.9254063E-02 - . 8384673E-02 -.8037956E-02 -.7908928E-02 
-.7369047E-02 -.7578542E-02 -.8076746E-02 -.7438255E-02 -.6523270E-02 
- _5538219E-02 -.4170443E-02 - . 4121174E-02 -.5615405E-02 -.6455555E-02 
.( 126829E-02 -.5855542E-02 -.5643548E-02 -.4291587E-02 -.3029786E-02 

. "· 291433E-02 -.1041236E-02 .4880659E-03 . 1132766E-02 . 7696756E-03 
.5132843E-03 .8553023E-03 . ll 70341E-02 .1097096E-02 . 9582912E-03 
. 9549451E-03 .7663010E-03 .2155810E-04 -.8663986E-03 -.1677545E-02 

-.2790032E-02 -.3253502E-02 -.2190105E-02 -.7908946E-03 .4431426E-03 
.2348160E-02 .4656004E-02 .6420603E-02 .7523240E-02 .8293721E-02 
.7807693E-02 .5153469E-02 .1832644E-02 -.3183426E-03 -.1427572£-02 

- .2130711E-02 -.2017030E-02 - .1366406E-02 -.1502833E-02 -.1891747E-02 
-.1078905E-02 - .1881661E-03 -.1044022E-02 -.2536330E-02 - .3073875E-02 
-.2830575E-02 -.1792688E-02 -.1617012E-03 .1154900E-02 .1868983E-02 

.2298551E-02 .2967714E-02 .3489232E-02 .2613453E-02 .6933252E-03 
-.2853826E-03 . 5811035E-03 .1966118E-02 .2710866E-02 .3342865E-02 

.3858989E-02 .3704834E-02 .3664803E-02 .4851353E-02 .6625063E-02 

.7135983E-02 .6410516E-02 .5751416E-02 .4312028E-02 .1509722E-02 
- . 9918551E-03 -.3061065E-02 -.5308952E-02 -.7026741E-02 -.8557289E-02 
-.9868609E-02 -.9410316E-02 - . 7242960E-02 -.5000492E-02 -.3145457E-02 
- . 9962882E-03 .9906452E-03 .2160917E-02 .3102448E-02 .3824809E-02 

.3855731E-02 . 3723826E-02 . 3728005E-02 .2953245E-02 .1434042E-02 

. 8788242E-03 .1365902E-02 .7388534E-03 -.1198971E-02 - . 233 0489E-02 
- . 2141375E-02 -.1788658E-02 -.2394221E-02 -.4067145E-02 -.5029524E-02 
-.4391401E-02 -.4013588E-02 - . 5132085E-02 -.6228776E-02 -.5951190E-02 
-.5148181E-02 -.4323012E-02 -.2974912E-02 -.1673644E-02 -.1193410E-02 
-.1070904E-02 -.1389062E-02 -.2845049E-02 -.4335610E-02 - .4636216E-02 
-.4503600E-02 -.4369858E-02 -.3998833E-02 -.3802336E-02 -.3033713E-02 
-.6799994E-03 .1715838E-02 .2675236E-02 .3369505E-02 .4668488E-02 

. 5681194E-02 .6002947E-02 .5472917E-02 .4091378E-02 . 34603 77E-02 

._4208954E-02 .4456026E-02 .3022543E-02 . 9554610E-03 - .1978221E-03 
( 69425E-03 -.4731427E-03 -.7372077£-03 - . 8316115E-03 -.6917901E-03 

. "30444E-04 .8229019E-03 .1224612E-02 .1037619E-02 .4357753E-03 
-.1348972E-02 -.4323575E-02 -.6424253E-02 -.6833809E-02 - . 6595896E-02 
- . 5849884E-02 - .4747425E-02 -.4289176E-02 -.3917181E-02 -.2619577E-02 
- .1628002E-02 -.1939521E-02 - . 2554454E-02 -.3247797E-02 -.4431848E-02 
-.5065777E-02 -.4606692E-02 -.4282468E-02 -.4478802E-02 -.3888697E-02 
- . 2603018E-02 -.2687447E-02 -.3950794E-02 - . 4112845E-02 -.3290239E-02 
-.3074040E-02 -.3739386E-02 -.4322438E-02 -.3355011E-02 - .1613457E-02 
- . l 776414E-02 -.3770452E-02 -.5258155E-02 -.5619239E-02 -.6463408E-02 
- . 7626061E-02 -.6724507E-02 -.4566036E-02 -.3954304E-02 - . 4096713E-02 
- . 3210257E-02 -.2599527E-02 - . 27613 62E-02 - .2371644E-02 - .1903695E-02 
- . 2116296E-02 -.2380933E-02 -.2318858E-02 - .1971337E-02 -.1406614E-02 
- . l538566E-02 -.2448652E-02 -.2624276E-02 -.2055064E-02 -.1720935E-02 
- . l288689E-02 - .4960581E-03 .1967159E-03 .4750218E-03 . 52S6433E-03 

.l122922E-02 .2227011E-02 .2761531E-02 .2471702E-02 .2263461E-02 

. 233 9752E-02 .2077780E-02 .1837797E-02 .2061589E-02 . 2276148E-02 

. l934223E-02 .9485568E-03 .4418114E-03 .1724928E-02 .3435022E-02 

.3009266E-02 .1399641E-02 .1081561E-02 .1233160E-02 .6535840E-03 

. 3885474E-03 .7079056E-03 .7515512E-03 .5022997E-03 .4511177E-03 

. 5504530E-03 .7808062E-03 .1512820E-02 .2410781E-02 .3426194E-02 

. 5421178E-02 .7683863E-02 .8840273E-02 . 9610305E-02 .1087862E-01 

. l166600E-01 .1140700E-01 .1116134E-01 .1145951E-01 .1148973E-01 

.l042230E-01 . 8838318E-02 .8327439E-02 .8944369E-02 .9182306E-02 

. 8675840E-02 .8648524E-02 .9441084E-02 .9463922E-02 .8215070E-02 

. 6938949E-02 .5810884E-02 .4801015E-02 .4388635E-02 .3663912E-02 

. l833275E-02 - .1261400E-04 - .1096900E-02 -.2497906£-02 -.4695893E-02 
- . 5821183E-02 -.4846748E-02 -.3212399E-02 - .2033754E-02 -.1426585E-02 
( ;6367E-02 -.2205681E-03 .1036507E-02 . 9966753E-03 .4089572E-03 
~A2291E-04 -.1680746E-02 -.4312060E-02 -.5753232E-02 - .5270210E-02 

- . "622620E-02 -.4442489E-02 -.2702095E-02 .5051218E-03 .2362669E-02 
.2708514E-02 .3738463E-02 .5472560E-02 .5757929E-02 .401840/E-02 
. l 77 5042E-02 .2463161E-03 - .2926290E-03 - . 8333125E-03 - .2131521E-02 

- . 3188663E-02 - .3648969E-02 - .4281614E-02 - . 5134419E-02 -.5515352E-02 
- . 5280661E-02 -.5175836E-02 -.5133069E-02 -.4083985E-02 - .2561421E-02 
- ?':1.?h':I.Q7R-n? - -:nn.1q<1R-n? - ?QC:LJ.Rl.lhR-n') - , i:::'1')11 n"7i:;i_n0 - 'if'lt:'"lnn-,i:;, no 
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-.l299286E-02 -.148163lE-02 -.2542337E-03 .6491985E-03 .4624795E-03 /23 1 /3/ 
.1147175E-02 .2947232E-02 .3587474E-02 .2855845E-02 . 2257289E-02 
.1891480E-02 .1354816E-02 .7542645E-03 .1541165E-03 -.8347052E-03 

-.2424035E-02 -.3996796E-02 - . 4882396E-02 -.4842144E-02 -.4113703E-02 
-.3403795E-02 -.3070097E-02 -.2376382E-02 - . 8201152E-03 .5215912E-03 

.5214660E-03 - . 1180337E-03 -.5005875E-03 -.1268149E-02 -.2741943E-02 
-✓~- '<l5691E-02 -.5721254E-02 -.7003626E-02 -.7065937E-02 -.6530395E-02 
'( J08948E-02 -.4632623E-02 -.3212201E-02 -.2518748E-02 -.2193828E-02 

.i092856E-02 .3600936E-03 .1951947E-03 -.1005839E-02 -.1021586E-02 
-.5939697E-03 -.5514939E-03 .4l4l865E-03 .1427817E-02 .9237053E-03 

.2216332E-03 .1372309E-03 .8985699E-04 .1119004E-03 -.2153643E-03 
-.1177680E-02 - .1245166E-02 .4821901E-03 . 2049631E-02 .2525691E-02 

.3458012E-02 .4805569E-02 .5427939E-02 . 5389965E-02 .4833737E-02 

. 3196651E-02 .7907158E-03 -.4179627E-03 .1907740E-03 .3546225E-03 
-.1075207E-02 -.2444397E-02 -.2809225E-02 -.2667727E-02 -.2516461E-02 
-.2940676E-02 -.3600206E-02 -.3578871E-02 -.3285575E-02 -.3407388E-02 
- . 3636359E-02 -.3243682E-02 -.2204247E-02 -.1022658E-02 - . 5292719E-03 
-.9990600E-03 -.9740260E-03 -.5332997E-03 -.8588630E-03 -.1210356E-02 
- .1390688E-02 - .1314285E-02 -.4767054E-04 .1006515E-02 .4894061E-03 

.1078368E-02 .4177488E-02 .6631477E-02 .7096737E-02 .7341949E-02 

.7359105E-02 .6129050E-02 .4447975E-02 .2921207E-02 .1029186E-02 
- . 3 552505E-03 -.1454746E-03 .8638872E-03 .1874185E-02 .2631882E-02 

.3006673E-02 .3501638E-02 .4000552E-02 .3526789E-02 .1619731.E-02 
- . 8808805E-03 -.2402603E-02 -.2603697E-02 -.2409384E-02 -.2506209E-02 
-.2859354E-02 -.3073517E-02 -.3023693E-02 -.2964594E-02 -.3434026E-02 
- . 4830098E-02 -.6129575E-02 -.5630849E-02 -.3635007E-02 -.1976520E-02 
- .1225399E-02 -.7844777E-03 -.2087577E-03 .1044100E-02 .2878478E-02 

. 3951146E-02 .3284796E-02 .1905816E-02 .1319012E-02 .8400063E-03 
- . 6001899E-03 -.1525462E-02 -.5948235E-03 .3670668E-03 .2535401E-03 

. 8728981E-03 .2360530E-02 .2709350E-02 .1984437E-02 .1439936E-02 

. 9984391E-03 .3512520E-03 -.3237524E-03 -.5894863E-03 -.3777263E-03 
- . 2843933E-03 -.5465268E-03 - .1113299E-02 -.1522464E-02 -.9624106E-03 
- .1481896E-03 .4290501E-03 .1588938E-02 .2401433E-02 .2299521E-02 
c··,71326E-02 .2249524E-02 .1800789E-02 .1919543E-02 .1861179E-02 

61328E-03 -.9777864E-03 -.9183534E-03 - .1155074E-03 -.1310988E-03 
--a509023E-03 -.7529579E-03 -.5537877E-03 -.5380549E-03 -.6283689E-03 

- . 9907254E-04 .1371465E-02 .2571334E-02 .2933685E-02 .3733422E-02 
.4490223E-02 .3715519E-02 .2397088E-02 .1473510E-02 . 3295147E-03 

- .1147572E-02 -.2480564E-02 -.3164317E-02 -.3037255E-02 - . 2815559E-02 
- . 306881 ?E-02 -.3291227E-02 -.2747924E-02 - . l 720237E-02 - .1071942E-02 
- .1153658E-02 -.1374711E-02 -.8312979E-03 -.2661730E-03 -.5276977E-03 
- . 2802572E-03 .l341192E-02 .2707400E-02 .2972993E-02 .3727274E-02 

. 5042202E-02 .5229872E-02 .4620360E-02 .4617846E-02 .5050781E-02 

. 5155276E-02 .4995961E-02 .4942518E-02 .5028364E-02 .5080734E-02 

. 5146082E-02 .5665689E-02 .6004252E-02 .4681230E-02 .2496848E-02 

.1229379E-02 .4933409E-03 -.8027019E-03 -.2405240E-02 -.3239252E-02 
- . 3 043491E-02 -.2697005E-02 -.2519194E-02 -.2545852E-02 -.3154643E-02 
- . 3 861728E-02 - .4832651E-02 -.6147107E-02 -.6411655E-02 -.6299058E-02 
- . 7143113E-02 -.7582823E-02 -.6586048E-02 -.5300075E-02 -.4254477E-02 
- . 3429281E-02 -.3922578E-02 -.4421480E-02 - . 2096555E-02 .1301931E-02 

.2516410E-02 .2634303E-02 .3775475E-02 .5257094E-02 .6622415E-02 

. 8617664E-02 .1031770E-Ol .1052915E-01 .9760876E-02 .8530893E-02 

. 7195690E-02 .6081950E-02 .5187837E-02 .5077353E-02 .5336607E-02 

. 4671226E-02 .4022487E-02 .4866351E-02 .6379023E-02 .7381594E-02 

. 7017130E-02 .5206722E-02 .4146894E-02 .4971433E-02 .5622179E-02 

.4717202E-02 . 3 931166E-02 .4206546E-02 .4118077E-02 .3497778E-02 

. 2 923247E-02 .22l8715E-02 .1343894E-02 -.5810313E-05 - .1422026E-02 
- .1306760E-02 - .1617591E-03 -.5375513E-03 - .1622967E-02 -.1044774E-02 

.1064899E-03 .5810497E-03 .8322237E-03 .6031872E-03 -.3341061E-03 
- . 9438867E-03 -.5695977E-03 -.1410227E-03 -.1239865E-03 .3524829E-03 

• - ~93061E-02 .1058635E-02 .6410685E-03 .7048217E-03 .1049615E-02 
I 28896E-02 .9364480E-03 .1038603E-02 .1624504E-02 .1593482E-02 
~-d24779E-03 .4084332E-03 . 9654660E-03 .1200987E-02 .6935456E-03 

- . 3 02948?E-03 -.9297810E-03 - . :ii:;c;4.:in1P-n-::i . ~4.nC:.hLl.c;P-n:t . 1 C:.7 '7ddCii<:-fl? 

.1926426E-02 .3441602E-02 .5399899E-02 .5004933E-02 . 3091961E-02 

. 3 649850E-02 .5806984E-02 .5945381E-02 . 4951167E-02 .5745162E-02 

. 7851776E-02 .8366458E-02 .6499474E-02 .4580241E-02 .4631292E-02 

.5510195E-02 .4757063E-02 .2475648E-02 .7004877E-03 .7849484E-04 



R14064

. 5065283E-04 .1842273E-03 .1001315E-03 - .1898789E-03 -.3540886E-03 /2~ 1 13 I 
- .2992681E-03 -.5340496E-03 - .1215596E-02 -.1344417E-02 -.1425284E-02 
-.2760675E-02 -.4057129E-02 -.4641414E-02 - . 5610966E-02 -.6303141E-02 
- . 5412009E-02 -.3462795E-02 -.2523300E-02 -.3027359E-02 -.2543068E-02 
-.6733441E-03 .3644823E-05 -.5183452E-03 .4190229E-04 .8285695E-03 

.1533004E-03 -.1024222E-03 .9597073E-03 .1314703E-02 . 33 71690E-03 

:( 9l5045E-03 -.1660203E-03 .6936244E-04 -.3049043E-03 -.5966755E-04 

' 
J52974E-04 - . 7196237E-03 -.9481862E-03 -.2038624E-03 .4909012E-03 

-.1503765E-04 -.1016040E-02 -.1234799E-02 -.1457394E-02 -.2299955E-02 
- .3127163E-02 -.3423925E-02 -.3240495E-02 -.3125350E-02 -.3284792E-02 
-.3804297E-02 -.4444599E-02 -.4079518E-02 -.3101282E-02 -.3149378E-02 
-.3455188E-02 -.2885464E-02 -.2556432E-02 - .2521398E-02 -.2018586E-02 
-.1803942E-02 -.2063545E-02 -.2401030E-02 -.3099550E-02 -.3634272E-02 
-.3343483E-02 -.3017072E-02 -.2936721E-02 -.2330984E-02 - .1371094E-02 
-.1027424E-02 - . l 734311E-02 - . 2137770E-02 -.1550981E-02 -.2180973E-02 
-.4121870E-02 -.4977831E-02 -.4594929E-02 -.3952178E-02 -.3343177E-02 
- . 2527624E-02 - .1115143E-02 -.1569519E-03 -.6134421E-03 - .1144138E-02 
-.7517045E-03 -.3073227E-03 -.3999849E-03 -.9400765E-03 -.1523722E-02 
-.1146902E-02 . 7712018E-04 .8692042E-03 .8024961E-03 .4682535E-03 

.1916071E-03 -.3533026E-03 -.7932881E-03 -.5729899E-03 -.3241282E-03 
- . 2548982E-03 .6770908E-03 .2213344E-02 .2242295E-02 .9250419E-03 

. 7324519E-03 .1635063E-02 .1916406E-02 .8680677E-03 -.8246979E-03 
-.2041583E-02 - . 2960775E-02 - . 3456965E-02 -.3093989E-02 -.2457613E-02 
-.1912055E-02 -.1392034E-02 -.8306907E-03 -.5269291E-03 -.6851922E-03 
- . 4779031E-03 .1806581E-03 .2885350E-03 -.7862504E-04 -.5368184E-03 
- . 8422114E-03 -.6806819E-03 -.8443017E-03 -.1416443E-02 -.1086194E-02 
- . 6223935E-03 - . 1136931E-02 - .1140467E-02 -.3869740E-03 -.2641295E-03 
- . 2240775E-03 .1620704E-03 . 3189246E-03 .1097086E-02 .1908222E-02 

.1081479E-02 .6945635E-04 .4498149E-06 -.3443636E-03 -.1258708E-02 
- .2064539E-02 -.2671446E-02 -.3267090E-02 -.3459124E-02 -.3214424E-02 
- . 3116876E-02 -.2696629E-02 -.1376316E-02 -.7020413E-03 -.1289663E-02 
-.1215968E-02 -.9421606E-03 -.2361235E-02 -.3749146E-02 -.2368683E-02 
- . 2974910E-03 -.1002428E-02 -.1960363E-02 -.1617287E-03 .1162395E-02 c·· ~49209E-03 -.2193748E-02 -.2886556E-02 -.3069785E-02 - .2938293E-02 

29304E-02 - . 3067358E-02 -.3297459E-02 -.3262107E-02 -.3194197E-02 
-.3238157E-02 -.3241597E-02 -.3192066E-02 -.3255761E-02 -.3191047E-02 
- . 2612892E-02 -.2424526E-02 -.3345355E-02 -.3771047E-02 -.2493925E-02 
-.5424210E-03 .4851060E-03 .2100318E-04 -.4632589E-03 .5920493E-03 

.1933986E-02 .1784011E-02 .1310581E-02 .1923083E-02 .2424014E-02 

. 2048554E-02 .1752129E-02 .2127935E-02 .3224165E-02 .4538281E-02 

.4938337E-02 .4419582E-02 .4183305E-02 . 4536596E-02 .4821422E-02 

. 4764761E-02 .4651822E-02 .4645475E-02 .4923202E-02 .5429157E-02 

.5220947E-02 .3911286E-02 . 2271648E-02 . 1150530E-02 .4843234E-03 
-.7478744E-03 -.2579066E-02 -.3796892E-02 -.3823194E-02 -.3121620E-02 
- . 2039578E-02 - . 9772086E-03 -.8701356E-03 - . 1467671E-02 -.1529838E-02 
- .1039046E-02 - .1127389E-02 - .2479719E-02 -.4039163E-02 - . 4509121E-02 
- .4287606E-02 -.4155885E-02 -.4646199E-02 -.5153157E-02 -.3999589E-02 
- . 2045219E-02 -.1360800E-02 - . 9962285E-03 .5141518E-03 .1565756E-02 

.1021982E-02 .9181250E-03 .1851137E-02 .1678254E-02 -.6149539E-04 
- .1433653E-02 -.1994902E-02 -.3057010E-02 -.3955167E-02 -.3608168E-02 
- . 2 795163E-02 -.1828081E-02 -.4759828E-03 .8927285E-03 .2456665E-02 

.4199890E-02 .4752686E-02 .4100050E-02 .3982519E-02 .4549227E-02 

. 4272676E-02 .3228546E-02 .3394186E-02 .4381002E-02 .4415358E-02 

.4251219E-02 .4047737E-02 . 2621251E-02 .7657437E-03 -.2902067E-03 
- . 6299684E-03 -.5496485E-03 -.5562942E-03 -.1317035E-02 -.1838397E-02 
- . 6324607E-03 .5982837E-03 .4964337E-03 .5183772E-03 .5586601E-03 

.1388111E-03 - . 4493128E-03 -.1786717E-02 -.3427919E-02 - .3971970E-02 
- . 3199018E-02 -.1652444E-02 - .3111259E-03 .2070760E-03 .7647703E-03 

.1105733E-02 . 2804929E-03 -.8001964E-03 -.1062778E-02 -.7687109E-03 
- .1311142E-02 -.3101947E-02 -.4230472E-02 -.3709755E-02 -.2974623E-02 C -43459E-02 -.2413897E-02 - .2927769E-02 -.3245749E-02 -.1697914E-02 

Jl973E-03 -.6521555E-03 - .1342591E-02 .2564312E-03 .2331612E-02 
. 1'552531E-02 - . 4644968E-03 -.3861880E-03 .1032063E-02 .1892414E-02 
. l944638E-02 . .L::i 1u::i7o~-v.:: . .Loo.:,::,..:::o~-u..::: • .::::~.L:::i 1::,u~-u..::: . 2b4u..:S:::, 1:c,-u.:: 
. l 652670E-02 .1080275E-02 .9111205E-03 .2210407E-03 -.7240240E-03 

- .123 8789E-02 -.1094409E-02 -.8953442E-03 -.1139504E-02 - .1416964E-02 
- .1388893E-02 -.1263659E-02 -.1502750E-02 - .2141305E-02 - .2363611E-02 
- _?. fHl49??.F.-O? - 17471?C.R-n? - 11 Ahl A4R-n? - 1 ?:O.-:;-A1 'Hi'-n:t , n-::i:t:.11t=rn::1 _n.., 



R14065

. 1667597E-02 . 1974489E-02 . 2444132E-02 .2861953E-02 .3277806E-02 I z..5 1 13/ 

.2994164E-02 .1510495E-02 .3469331E-03 . 3956335E-03 .8665670E-03 

.9643162E-03 .9439490E-03 .1224359E-02 .1594808E-02 .2280475E-02 

.2623774E-02 .1624192E-02 .7605492E-03 .1288215E-02 .1898953E-02 

.1656097E-02 .1311361E-02 .1071628E-02 .6832953E-03 .7345279E-03 

.5118692E-03 - . 1191332E-02 -.3144902E-02 -.4512031E-02 -.6312660E-02 
• -

0 302514E-02 -.9259034E-02 -.8857303E-02 -.7463392E-02 -.6001603E-02 

·( 110402E-02 -.4308882E-02 -.3769000E-02 -.2756475E-02 -.1569956E-02 
. .L923104E-02 -.3402713E-02 -.4153284E-02 -.3959763E-02 -.3326603E-02 

- .2197309E-02 -.1024086E-02 - . 9240686E-03 -.1608397E-02 -.1382794E-02 
.2499876E-04 .1127923E-02 . 9952964E-03 .3468100E-04 -.4094174E-03 
. 5495110E-03 .1948414E-02 .2926478E-02 .4065226E-02 .5581869E-02 
.6943797E-02 .7746130E-02 . 7844791E-02 .7256193E-02 .6008738E-02 
. 4144915E-02 .2452617E-02 .1893048E-02 .1707227E-02 .4153801E-03 

-.1236017E-02 -.1458347E-02 - . 7270250E-03 - .1167712E-03 .8173730E-03 
.1691013E-02 .1165671E-02 . 2871997E-03 .6056041E-03 .1293721E-02 
.1752010E-02 .2463470E-02 .3652967E-02 .4582618E-02 .4478415E-02 
.4534184E-02 .5477555E-02 .5539564E-02 .4693340E-02 .4596900E-02 
.4632600E-02 .4261229E-02 .4224701E-02 .4358763E-02 .4372622E-02 
.4886650E-02 .5906768E-02 .6664568E-02 .7019522E-02 .6897737E-02 
.5954014E-02 .4510806E-02 .3714969E-02 .3448633E-02 .2361628E-02 
.1177046E-02 .1153836E-02 .1002722E-02 -.2838088E-04 -.4361785E-03 
.7415524E-04 .1313042E-03 -.8436919E-03 - . 2071143E-02 -.2497420E-02 

-.1813355E-02 -.9647504E-03 - . ll48756E-02 -.1587736E-02 -.8308118E-03 
. 2492921E-03 .1443803E-03 - . 4496124E-03 -.3539457E-03 -.1486648E-03 

-.1075040E-02 -.2507020E-02 -.2294163E-02 -.8585848E-03 -.6553203E-03 
-.1294104E-02 -.5068375E-03 .1380186E-02 .2349635E-02 .2789664E-02 

.3597710E-02 .3762720E-02 .3686580E-02 .4596793E-02 .6097298E-02 

.7299560E-02 .7473764E-02 .6946430E-02 .6833855E-02 .7497275E-02 

.8898023E-02 .1031002E-01 .1045197E-01 .9778401E-02 .9065811E-02 

. 7738075E-02 .6813619E-02 .7066861E-02 .6344688E-02 .4859152E-02 

. 5252145E-02 .6424474E-02 .5790233E-02 . 4559143E-02 .4720361E-02 

.5065832E-02 .4530559E-02 .3778757E-02 .2687668E-02 .1516958E-02 

(' ,87449E-02 .1521495E-02 .9838862E-03 .1030309E-02 .1340932E-02 
03169E-03 -.4941616E-03 .4064440E-03 .1821553E-02 .1536529E-02 

'.eo391804E-03 .7043629E-03 .1841506E-02 .1773523E-02 .1146335E-02 
. ll 75228E-02 .2065369E-02 .3577109E-02 .4571851E-02 .4197718E-02 
. 3591615E-02 .3791443E-02 .3669581E-02 .2227306E-02 .8914415E-03 
.5735823E-03 -.1795832E-03 - .1413255E-02 -.1557445E-02 -.1014490E-02 

- .1057627E-02 -.1465130E-02 -.1466337E-02 -.5332931E-03 .9701475E-03 
.1287731E-02 .4256828E-03 .1029283E-03 -.5859012E-05 -.6361091E-03 

- . 7083297E-03 .1886338E-03 .3987302E-03 -.8446094E-03 -.1763941E-02 
- . 9487169E-03 -.7196589E-04 -.2525119E-03 .4045645E-03 .1751573E-02 

.1758122E-02 .9078081E-03 .3145437E-03 .3056337E-04 -.1057923E-04 
- . 4061558E-03 -.1630016E-02 -.3324691E-02 -.4335925E-02 -.4183967E-02 
-.4221936E-02 -.4259577E-02 -.3300332E-02 -.2929287E-02 - . 3433724E-02 
- .2850450E-02 -.1661758E-02 -.1665507E-02 - .2283653E-02 -.2242843E-02 
- .1819964E-02 - .1923182E-02 -.2818498E-02 -.3574070E-02 - . 2887703E-02 
- .1097262E-02 -.3538961E-03 - . 1183248E-02 -.1684554E-02 -.1197404E-02 
- .1743311E-03 .1437641E-02 .2369786E-02 .1977298E-02 .2545645E-02 

. 4499601E-02 .5256232E-02 .4464972E-02 .3812651E-02 . 3148991E-02 

.1999059E-02 .1612454E-02 .1927236E-02 .1296599E-02 -.5215178E-04 
- . 9137514E-03 -.1022864E-02 - . 7312095E-03 -.6816700E-03 -.9326510E-03 
- .1372147E-02 - . 2215072E-02 -.2787140E-02 -.2481344E-02 -.2100085E-02 
- .2609120E-02 -.3816520E-02 -.4682588E-02 - . 4982967E-02 -.5499902E-02 
-.6419522E-02 -.6924219E-02 -.6673209E-02 - . 6182134E-02 -.5322920E-02 
- . 3 841822E-02 -.2363406E-02 -.1539805E-02 -.1537280E-02 -.1845321E-02 
- .1 774378E-02 -.1447855E-02 -.1343576E-02 -.1480467E-02 - .1573780E-02 
- .1507016E-02 -.1434553E-02 - .1451900E-02 - .1453611E-02 -.1722780E-02 
- . 2 905043E-02 -.4398435E-02 -.4948169E-02 -.5369256E-02 - . 6684572E-02 
- ..,, 59769E-02 - . 5530029E-02 -.3548042E-02 - . 2569341E-02 -.2065407E-02 
( ,2111E-02 -.1983265E-02 - .1914941E-02 -.1917463E-02 - . 2988031E-02 

'=~63291E-02 -.4876915E-02 -.4166802E-02 - . 3712539E-02 -.2983842E-02 
- . 2 022883E-02 -.2194521E-02 -.2878979E-02 -.2778839E-02 -.1956202E-02 
- .1644841E-02 -.2453169E-02 -.2888697E-02 -.2441708E-02 -.1877640E-02 
- . ll 75914E-02 -.1421768E-03 .9106335E-03 .1222200E-02 .8444025E-03 

. 3436352E-03 -.6586295E-03 -.1529045E-02 - .1089195E-02 -.4772936E-03 
- .1370171E-03 .8563834E-03 .1437010E-02 .8347750E-03 .4785302E-03 



R14066

.1303950E-02 .2053893E-02 . 9639645E-03 -.4887446E-03 . 2659596E-03 /2£# i 1.31 

.165687BE-02 .1396512E-02 .9606554E-03 .1528355E-02 .1439285E-02 

.5836997E-03 .5857808E-03 . 1131306E-02 . 1140119E-02 .8171940E-03 

.3649656E-03 -.3960072E-04 .1046959E-03 .4037703E-03 .7023559E-03 

.1397443E-02 .2122189E-02 .2292880E-02 .2004042E-02 .1499260E-02 

.8599257E-03 . 6691327E-03 .1394132E-02 .1995115E-02 .1280066E-02 
S72017E-03 .5695199E-03 . 7328831E-03 .1587191E-03 -.4747770E-03 
,l 7310E-02 -.2742191E-02 -.3269253E-02 -.3626239E-02 -.3952493E-02 

- . ~119663E-02 -.1639941E-02 -.1020042E-02 -.5097745E-03 .1562516E-03 
- .4607183E-03 -.1779978E-02 -.2235431E-02 -.1923440E-02 -.2182169E-02 
-.3303741E-02 -.3799579E-02 -.3222009E-02 -.2517721E-02 -.2453074E-02 
-.2802332E-02 -.250065BE-02 -.1915271E-02 -.2043620E-02 -.2358988E-02 
-.2190610E-02 -.1503455E-02 -.1137072E-02 -.1920216E-02 -.2601337E-02 
-.2159242E-02 -.1722126E-02 -.1890321E-02 -.1652105E-02 - .1254096E-02 
-.1866828E-02 -.1993370E-02 -.3271824E-03 .6948917E-03 -.4153676E-04 
-.1826777E-03 .6381660E-03 .8158077E-03 . 4929117E-03 .3689007E-03 
-.8163913E-04 -.9978302E-03 - .1696048E-02 -.2002943E-02 -.1976828E-02 
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. 3 983404E-02 .4605104E-02 .4504530E-02 .4252653E-02 .4194314E-02 

.3683071E-02 .2813745E-02 .1894666E-02 . 7542633E-03 .1519865E-03 _:r 555610E-03 .1917191E-03 .5244071E-03 .1102125E-02 .6357464E-04 
, . 771964E-02 -.1245997E-02 .1015279E-02 .1090220E-02 -.8280413E-03 
- .1035135E-02 . 5714404E-03 .8295275E-03 -.8002391E-03 -.1793809E-02 
-.1202252E-02 -.5824653E-03 -.1028552E-02 - .2191874E-02 -.2881727E-02 
-.2512447E-02 -.2107377E-02 -.2186744E-02 - .1464302E-02 .2234511E-03 

.7677740E-03 .1871051E-03 . 7366913E-03 .2245266E-02 .2819780E-02 

.2259588E-02 .2271557E-02 . 3205369E-02 .3511228E-02 .3076141E-02 

.2949581E-02 .2893994E-02 .2437141E-02 . 2685237E-02 .3297952E-02 

.2753573E-02 .2100769E-02 .2077576E-02 .1831696E-02 .1757006E-02 

.1653981E-02 .1068384E-02 .9202584E-03 .9495749E-03 .9464322E-04 
-.6637331E-03 -.2689076E-03 -.4429608E-03 -.2150244E-02 - .3038131E-02 
-.1958208E-02 -.2933187E-03 .7012197E-03 .5573061E-03 -.1154516E-04 

.5764010E-04 .2051870E-03 -.2048724E-03 -.3798053E-03 -.4338949E-03 
-.8859555E-03 -.1045877E-02 -.8046573E-03 -.7378466E-03 -.8404374E-03 
-.1215233E-02 - . l 7419llE-02 - . 170191 ?E-02 -.1671903E-02 -.2246987E-02 
-.2442053E-02 -.2351044E-02 -.2607375E-02 - .2165556E-02 -.1392829E-02 
-.1951961E-02 -.2733584E-02 -.2402620E-02 -.1733363E-02 - . ll37140E-02 
- . 4631899E-03 - . 9ll6912E-04 - . 2919103E-03 -.2770468E-03 .4234734E-03 

.7933457E-03 .2431895E-03 -.4361423E-03 -.3796959E-03 .4814767E-06 

.1707346E-03 .4758024E-03 .6321071E-03 .4061178E-03 . l 722326E-03 
-.1950257E-03 -.3975638E-03 -.2874943E-03 -.6812143E-03 -.1188708E-02 
- . 8949636E-03 -.16-74942E-03 -.1618986E-03 -.9938245E-03 -.7607625E-03 

.6327013E-03 .9139293E-03 .1429355E-03 -.4041114E-04 .3659399E-03 

.5335970E-03 .3606673E-03 .2647641E-03 .2762768E-03 -.2312860E-03 
-.1140547E-02 - .1338295E-02 -.8024918E-03 -.1663822E-03 .4450590E-03 

.9866854E-03 .1457548E-02 .1717413E-02 .2038861E-02 .2353082E-02 

.1778039E-02 .7544025E-03 . 6857313E-03 .1222772E-02 .8324380E-03 
"82452E-04 .1633670E-03 .1454689E-03 -.8387441E-03 -.1802897E-02 
.J04922E-02 - .1004949E-02 -.5158954E-03 -.8995856E-03 - . 1280535E-02 

-.1111622E-02 -.8561244E-03 -.8597617E-03 -.9270860E-03 -.5379827E-03 
. 3503871E-03 .7227507E-Q3 .2847349E-03 .8540795E-04 .3748461E-03 
. 8356048E-03 .1606256E-02 .2119960E-02 .1811143E-02 .1473839E-02 
.1688754E-02 .1956849E-02 .1959493E-02 .1880451E-02 .1852405E-02 
.1887989E-02 .1965472E-02 .1970270E-02 .1884387E-02 .1567204E-02 
. 5124251E-03 -.7673651E-03 - . ll67512E-02 -.1523690E-02 -.2820498E-02 

- . 3464458E-02 -.2063398E-02 -.2399253E-03 -.9743205E-04 -.9925864E-03 
- .1385579E-02 -.1324488E-02 - . 1383968E-02 -.1961936E-02 -.2615837E-02 
- . 2515047E-02 -.2197384E-02 -.2339094E-02 -.2329470E-02 -.1853487E-02 
-.1615282E-02 -.1327348E-02 -.6094231E-03 -.4129834E-03 -.8033867E-03 
- . 8755380E-03 -.5995358E-03 -.4805500E-03 -.7537039E-03 - .13 76558E-02 
- .1486494E-02 -.6476239E-03 -.2559690E-03 -.6607024E-03 -.3482800E-03 

.6658268E-03 .1271661E-02 .1542382E-02 . 1616687E-02 .1447532E-02 

.1425085E-02 .1566700E-02 .1572678E-02 .1479433E-02 .1486432E-02 

.1458039E-02 .9150104E-03 .3739588E-04 - . 1415266E-03 .3417637E-03 

. 4338697E-03 .8575963E-04 .3092847E-03 .1598797E-02 .2779275E-02 

. 2653360E-02 .2005674E-02 . l 707323E-02 .1353ll6E-02 .7340733E-03 

.1587374E-03 -.3648304E-04 .1372738E-03 .2025401E-03 .2271689E-04 
- . 6360396E-04 .3596732E-03 .1480625E-02 .2180748E-02 .1400980E-02 

. 2706257E-03 -.8978826E-04 .3629786E-04 -.5049869E-04 -.8043422E-03 
-.1431537E-02 -.1185426E-02 -.5859806E-03 -.2774375E-04 .2205594E-03 
- . 5235863E-06 -.3939178E-03 - . ll92799E-02 -.2070427E-02 -.1655266E-02 
-.5396266E-03 -.5841455E-03 -.1146233E-02 -.5876179E-03 .5762013E-03 

.1028761E-02 .4882341E-03 -.2108033E-03 - . 2610628E-03 - . 5131833E-03 
- .1835221E-02 -.3154970E-02 - .3471944E-02 - . 3369680E-02 -.3244532E-02 

( 58165E-02 -.1907846E-02 -.8122632E-03 .1508436E-03 .5247467E-03 
, ____ 

45901E-03 .1295197E-02 .1489416E-02 .1196663E-02 .5063546E-03 
- . 4875993E-03 - .1084596E-02 -.1308417E-02 -.1579316E-02 -.1233027E-02 
- . 4472U28E-03 -.4605568E-03 - . 9946919E-03 -.1038616E-02 -.6100844E-03 
- . ll36359E-03 -.2794781E-04 -.2406052E-03 .3092258E-04 .4038440E-03 

. 2566263E-03 .8710776E-04 .1221730E-03 -.3487463E-03 - .1531377E-02 
- . 2228648E-02 -.1828051E-02 -.14l2485E-02 - .1671372E-02 -.2013443E-02 
- 1 qR7l?t:;R-n? - 1 R?4.7RRR-n? - 1 kk.Q7?kH'-n? - 1 ':l.??1 o~:21:;,_n-, - 1 no'?A '? a,:.,_ n') 



R14070

-.l245725E-02 -.l455982E-02 -.1810004E-02 - . 2413575E-02 -.2831557E-02 /30 1 /3/ 
-.2770721E-02 - .2479621E-02 -.2048578E-02 -.1607825E-02 -.l569949E-02 
-.1276153E-02 -.1479754E-03 . 7374191E-03 .8836055E-03 .1065091E-02 

.l328007E-02 .1242093E-02 . 7295859E-03 .2036462E-03 .3l70712E-03 

.6273685E-03 . l355636E-03 - . 7167725E-03 -.8038437E-03 -.3624998E-03 
-.2822446E-03 -.52l8007E-03 -.6922770E-03 -.9773022E-03 - .1131060E-02 

--✓-6843542E-03 -.5885772E-03 - . ll19909E-02 -.1189770E-02 -.8507842E-03 

( 562720E-03 -.1327039E-02 -.13004l2E-02 -.8384493E-03 -.1403950E-02 
.«253098E-02 -.2022257E-02 -.1879974E-02 -.2651599E-02 -.33382l5E-02 

-.3161673E-02 -.2441567E-02 -.1915232E-02 -.1738023E-02 -.1749486E-02 
-.l778166E-02 -.l4l4829E-02 -.9888304E-03 - . ll42306E-02 - .169271lE-02 
-.1834499E-02 -.1214094E-02 -.8059590E-03 -.1079742E-02 -.1031573E-02 
-.6059811E-03 -.5498897E-03 -.4513498E-03 -.1638785E-03 -.1402615E-03 
- . 6094720E-05 . 31l5806E-03 . 6317666E-03 .1303221E-02 .1674685E-02 

.9558840E-03 -.1528649E-03 -.5954521E-03 -.5899748E-03 -.1181399E-02 
-.2050547E-02 -.2101996E-02 -.1677208E-02 -.1693406E-02 -.1937061E-02 
-.1632300E-02 -.9551957E-03 -.8174847E-03 -.1103984E-02 -.8619097E-03 
-.4427473E-03 - . 7396794E-03 -.8984601E-03 -.5047764E-03 -.6355590E-03 
- .1126068E-02 - .1379618E-02 -.1578176E-02 - . 1421628E-02 -.1045825E-02 
-.1065522E-02 -.1038545E-02 -.7850095E-03 -.7336765E-03 -.5807742E-03 
-.3200446E-03 -.3187052E-03 -.1805927E-03 .9735340E-04 .6252568E-04 
-.8223116E-04 -.3845454E-04 .5782793E-04 .5135776E-04 .2192990E-04 

.1667930E-04 .5899139E-04 .3357547E-03 .8111312E-03 .1161133E-02 

.1130645E-02 .9810430E-03 .1233014E-02 .1300710E-02 .7243327E-03 

.4399942E-03 .7474553E-03 . 9103529E-03 . 7263168E-03 .6063190E-03 

.6475700E-03 .4469870E-03 -.2931570E-04 - .4079607E-03 -.6377736E-03 
-.6866462E-03 - . 5793_677E-03 -.5701672E-03 -.6700565E-03 -.6996955E-03 
- . 6587163E-03 -.5980240E-03 -.3514921E-03 .4857149E-04 . ll 76997E-03 
-.3302556E-03 -.7917667E-03 -.1026092E-02 -.1423232E-02 - . 1631410E-02 
-.9362957E-03 -.1293109E-03 -.6531411E-04 -.1473461E-03 . 1156289E-04 

.1041710E-03 .6534801E-04 .8010620E-04 .3700105E-03 . 7967061E-03 

.8710878E-03 .6764800E-03 . 8224427E-03 . ll03006E-02 .8629422E-03 

.4989771E-03 .3901886E-03 .20l7027E-03 .6239873E-04 .1600934E-03 
(2423126E-03 .4143387E-03 .9736180E-03 .1461700E-02 .1320446E-02 

46499E-03 .5007083E-03 .6011517E-03 .7823386E-03 .5264517E-03 
•._2l 7870E-04 -.6435113E-04 .4160810E-03 .8344501E-03 . 7287580E-03 
.444465BE-03 .4736750E-03 .6617673E-03 .6279814E-03 .3347062E-03 
.1802879E-03 .3296460E-03 .4614515E-03 .6012745E-03 .9087575E-03 
. l139561E-02 .1071393E-02 .9276293E-03 .9683844E-03 .1066592E-02 
.1057477E-02 .9933562E-03 . 9786441E-03 .9885488E-03 . 9792590E-03 
. 9734015E-03 .9212582E-03 .6892604E-03 .4113484E-03 .4207570E-03 
. 5372919E-03 .3584676E-03 .1986773E-03 .4331759E-03 .6154974E-03 
. 5099842E-03 .6077303E-03 .9351416E-03 .9718334E-03 .7747393E-03 
.7058109E-03 .6070767E-03 . 42 77123E-03 . 5441113E-03 . 7135690E-03 
.4720705E-03 .2377398E-03 .3605862E-03 .4957021E-03 .4038701E-03 
. l567850E-03 -.3934286E-04 -.1790665E-05 .1625406E-03 .2905678E-03 
. 2 840869E-03 .2312163E-03 .3603386E-03 .4767416E-03 .4313562E-03 
.5055231E-03 .6325497E-03 .5890669E-03 .4913606E-03 . 352831lE-03 
. l882233E-03 .1997664E-03 .2252409E-03 -.8436511E-04 -.3289030E-03 

- . 2 961683E-04 .3030006E-03 .2423924E-03 .2266709E-03 .3840760E-03 
.2761864E-03 . 2778967E-04 .66l1067E-04 .1777133E-03 .4364671E-04 

- . 3468954E-04 .1439433E-03 .2403472E-03 .1386187E-03 .1364936E-03 
. 3 049276E-03 .3727768E-03 .2930548E-03 .2156977E-03 .1611081E-03 
. l599799E-03 .2525762E-03 .4165393E-03 .5314015E-03 . 4436911E-03 
.2306716E-03 .1414831E-03 .2334630E-03 . 3088913E-03 .2624457E-03 
. 2 01503 9E-03 .2011530E-03 .2652967E-03 .4028273E-03 .5057353E-03 
. 4 690711E-03 .3995533E-03 .4650253E-03 .6505142E-03 .7320682E-03 
. 643 9445E-03 .5820646E-03 .6186898E-03 . 6539238E-03 .6346734E-03 
. 6041120E-03 .6016375E-03 .6107973E-03 .5709785E-03 .4446033E-03 
.3577735E-03 .4015794E-03 .4040488E-03 .2973484E-03 .3068203E-03 
. 3 921655E-03 .3293263E-03 .2904401E-03 .3952630E-03 .4332180E-03 l \1113E-03 .3722171E-03 .5009385E-03 .6108250E-03 .6472245E-03 
-.40867E-03 .6197439E-03 .6092327E-03 .6188149E-03 .5774870E-03 

,4-721050E-03 .4256192E-03 .5046665E-03 .6018279E-03 .5636438E-03 
. 4 513742E-03 .4362643E-03 .4190085E-03 .3001140E-03 .2482439E-03 
. 3 042163E-03 .2908359E-03 .1785270E-03 .1298553E-03 .2148439E-03 
. 3126569E-03 . 2785727E-03 .1843271E-03 .1859267E-03 .2182845E-03 
. 2 l91367E-03 .2309565E-03 .2351604E-03 .2434246E-03 .2713162E-03 



R14071

.3009439E-03 .3356087E-03 .3253422E-03 .2509090E-03 .2176607E-03 13 J f /31 

.2617687E-03 .3076635E-03 .3039400E-03 . 2746395E-03 .2895607E-03 

.3260078E-03 .3219435E-03 .3254392E-03 .3675817E-03 .3800812E-03 

.3444917E-03 .3009526E-03 . 2621325E-03 .2292799E-03 .2017737E-03 

.1905605E-03 .1998915E-03 .2195265E-03 .2460163E-03 .2718555E-03 

.2879912E-03 .2840725E-03 .2682946E-03 .2630453E-03 .2623737E-03 
'358445E-03 .1756620E-03 .1357638E-03 .1655318E-03 .2118451E-03 

037830E-03 .1693212E-03 .1603189E-03 .155496DE-03 .1299732E-03 
. 1151302E-03 .1109345E-03 .9049395E-04 . 7714371E-04 .8810088E-04 
.1088169E-03 .1341598E-03 .1414797E-03 .1254671E-03 .1276906E-03 
.1440006E-03 .1412726E-03 .1289863E-03 .1268103E-03 .1383383E-03 
.1516533E-03 .1479204E-03 .1311690E-03 . 1157113E-03 .1023857E-03 
.9704833E-04 . 9896327E-04 .8970842E-04 .7695929E-04 .8246661E-04 
.9073235E-04 .8342004E-04 . 716727DE-04 .6201869E-04 .5407196E-04 
.6040423E-04 . 7129714E-04 .6079571E-04 .4505936E-04 .4504752E-04 
.4496838E-04 .3833397E-04 .3582892E-04 . 3743281E-04 .4117971E-04 
.4461992E-04 . 41123 73E-04 . 3474445E-04 .3285954E-04 .3250776E-04 
.2980741E-04 .2649393E-04 .2343279E-04 .1713109E-04 .9667681E-05 
.7627507E-05 .8975292E-05 . 7227012E-05 . 3154811E-05 .1616089E-05 
. 4105343E-05 .6913436E-05 .4411590E-05 -.6474796E-07 .9739749E-06 
.3430582E-05 -.1890629E-05 -.1075370E-04 -.1261679E-04 -.8840835E-05 

-.8287555E-05 - .1282144E-04 -.1580680E-04 -.1675057E-04 - . 2045216E-04 
-.2421562E-04 -.2572351E-04 -.2883767E-04 -.3328060E-04 - . 3587711E-04 
- . 3 8153 82E-04 - . 4116004E-04 -.4227766E-04 -.4273443E-04 - . 4570324E-04 
-.4860330E-04 -.4960323E-04 -.5129780E-04 -.5339391E-04 -.5453642E-04 
-.5606525E-04 -.5709907E-04 -.5664363E-04 -.5760764E-04 - . 6028728E-04 
- . 6173734E-04 -.6275546E-04 -.6444782E-04 -.6560606E-04 - . 6673972E-04 
-.6853524E-04 -.7022042E-04 - . 7176411E-04 -.7360489E-04 -.7541839E-04 
-.7681074E-04 -.7798783E-04 -.7943102E-04 - . 8092974E-04 -.8205383E-04 
- . 8297635E-04 -.8424060E-04 -.8579765E-04 - . 8720172E-04 -.8854859E-04 
-.8994515E-04 - . 9126441E-04 - . 9256936E-04 -.9392450E-04 - . 9518164E-04 
- . 9631622E-04 -.9748876E-04 - . 9871316E-04 -.9992773E-04 - .1011540E-03 
-.1023351E-03 -.1034848E-03 - .1047100E-03 -.1059258E-03 -.1070485E-03 

( ~81053E-03 - .1091734E-03 - .1102880E-03 - . 1113566E-03 -.1123732E-03 
.34095E-03 - .1144486E-03 - . 1154686E-03 -.1164802E-03 -.1174830E-03 

- . .L184790E-03 -.1194673E-03 -.1204493E-03 - .1214214E-03 - .1223872E-03 
- .1233473E-03 -.1242975E-03 -.1252421E-03 -.1261778E-03 -.1271036E-03 
- .1280205E-03 -.1289285E-03 -.1298269E-03 -.1307154E-03 

l 



R14072

-.1101677E-02 -.8995802E-03 .1800253E-03 .9123971E-03 .4525363E-03 12, 1 131 
.1581136E-03 . ll67251E-02 .2440837E-02 .3015732E-02 .2919958E-02 
.2081534E-02 .1337822E-02 .1444870E-02 .1227108E-02 .3561486E-03 
.3791816E-03 .155ll87E-02 .2471494E-02 .2752207E-02 .3166409E-02 
.3983404E-02 .4605104E-02 .4504530E-02 .4252653E-02 .4194314E-02 
. 3683071E-02 . 2813745E-02 .1894666E-02 .7542633E-03 .1519865E-03 c·0 S55610E-03 .1917191E-03 .5244071E-03 .1102125E-02 .6357464E-04 

L 771964E-02 -.1245997E-02 .1015279E-02 .1090220E-02 -.8280413E-03 
-.1035135E-02 .5714404E-03 .8295275E-03 -.8002391E-03 -.1793809E-02 
-.1202252E-02 -.5824653E-03 -.1028552E-02 -.2191874E-02 - .2881727E-02 
-.2512447E-02 - .2107377E-02 -.2186744E-02 -.1464302E-02 .2234511E-03 

.7677740E-03 .1871051E-03 . 7366913E-03 .2245266E-02 .2819780E-02 

.2259588E-02 .2271557E-02 .3205369E-02 .3511228E-02 .3076141E-02 

.2949581E-02 .2893994E-02 .2437141E-02 .2685237E-02 .3297952E-02 

.2753573E-02 .2100769E-02 .2077576E-02 .1831696E-02 .1757006E-02 

.1653981E-02 .1068384E-02 .9202584E-03 .9495749E-03 .9464322E-04 
-.6637331E-03 -.2689076E-03 -.4429608E-03 -.2150244E-02 -.3038131E-02 
-.1958208E-02 -.2933187E-03 .7012197E-03 .5573061E-03 -.1154516E-04 

.5764010E-04 .2051870E-03 - .2048724E-03 - . 3798053E-03 -.4338949E-03 
-.8859555E-03 -.1045877E-02 -.8046573E-03 -.7378466E-03 -.8404374E-03 
-.1215233E-02 - . l 741911E-02 -.1701917E-02 -.1671903E-02 -.2246987E-02 
-.2442053E-02 -.2351044E-02 -.2607375E-02 - . 2165556E-02 -.1392829E-02 
-.1951961E-02 -.2733584E-02 -.2402620E-02 -.1733363E-02 -.1137140E-02 
- .4631899E-03 - . 9116912E-04 -.2919103E-03 -.2770468E-03 .4234734E-03 

.7933457E-03 .2431895E-03 -.4361423E-03 -.3796959E-03 .4814767E-06 

.1707346E-03 .4758024E-03 .6321071E-03 .4061178E-03 . l 722326E-03 
- .1950257E-03 -.3975638E-03 - . 2874943E-03 -.6812143E-03 -.1188708E-02 
-.8949636E-03 -.1674942E-03 -.1618986E-03 -.9938245E-03 -.7607625E-03 

.6327013E-03 .9139293E-03 .1429355E-03 - . 4041114E-04 .3659399E-03 

.5335970E-03 .3606673E-03 . 2647641E-03 .2762768E-03 -.2312860E-03 
-.1140547E-02 -.1338295E-02 -.8024918E-03 -.1663822E-03 .4450590E-03 

.9866854E-03 .1457548E-02 . l 717413E-02 .2038861E-02 .2353082E-02 

.1778039E-02 .7544025E-03 .6857313E-03 .1222772E-02 .8324380E-03 
c·~482452E-04 .1633670E-03 .1454689E-03 -.8387441E-03 -.1802897E-02 

304922E-02 -.1004949E-02 -.5158954E-03 -.8995856E-03 -.1280535E-02 
0 :1111622E-02 -.8561244E-03 -.8597617E-03 -.9270860E-03 -.5379827E-03 

. 3503871E-03 . 7227507E-03 . 2847349E-03 .8540795E-04 .3748461E-03 

.8356048E-03 .1606256E-02 .2119960E-02 .1811143E-02 .1473839E-02 

.1688754E-02 .1956849E-02 .1959493E-02 .1880451E-02 .1852405E-02 

.1887989E-02 .1965472E-02 .1970270E-02 .1884387E-02 .1567204E-02 

.5124251E-03 -.7673651E-03 -.1167512E-02 -.1523690E-02 -.2820498E-02 
-.3464458E-02 -.2063398E-02 -.2399253E-03 -.9743205E-04 - . 9925864E-03 
-.1385579E-02 - .1324488E-02 - .1383968E-02 -.1961936E-02 -.2615837E-02 
-.2515047E-02 -.2197384E-02 -.2339094E-02 -.2329470E-02 -.1853487E-02 
- .1615282E-02 -.1327348E-02 -.6094231E-03 -.4129834E-03 -.8033867E-03 
- . 8755380E-03 -.5995358E-03 -.4805500E-03 -.7537039E-03 -.1376558E-02 
- .1486494E-02 -.6476239E-03 - . 2559690E-03 -.6607024E-03 -.3482800E-03 

. 6658268E-03 .1271661E-02 .1542382E-02 . 1616687E-02 .1447532E-02 

.1425085E-02 .1566700E-02 .1572678E-02 .1479433E-02 .1486432E-02 

.1458039E-02 .9150104E-03 .3739588E-04 -.1415266E-03 .3417637E-03 

.4338697E-03 . 8575963E-04 .3092847E-03 .1598797E-02 .2779275E-02 

.2653360E-02 .2005674E-02 .1707323E-02 . 1353116E-02 .7340733E-03 

.1587374E-03 -.3648304E-04 .1372738E-03 . 2025401E-03 .2271689E-04 
- . 6360396E-04 .3596732E-03 .1480625E-02 .2180748E-02 .1400980E-02 

. 2706257E-03 -.8978826E-04 .3629786E-04 -.5049869E-04 -.8043422E-03 
- .1431537E-02 - . ll85426E-02 -.5859806E-03 -.2774375E-04 .2205594E-03 
- . 5235863E-06 -.3939178E-03 - . ll92799E-02 -.2070427E-02 -.1655266E-02 
- . 5396266E-03 -.5841455E-03 -.ll46233E-02 -.5876179E-03 .5762013E-03 

. 1028761E-02 .4882341E-03 -.2108033E-03 -.2610628E-03 - . 5131833E-03 
- . 1835221E-02 -.3154970E-02 - . 3471944E-02 - . 3369680E-02 -.3244532E-02 
"<758165E-02 -.1907846E-02 -.8122632E-03 .1508436E-03 .5247467E-03 

( 345901E-03 .1295197E-02 .1489416E-02 .1196663E-02 .5063546E-03 
---:4875993E-03 - .1084596E-02 -.1308417E-02 -.1579316E-02 -.1233027E-02 
-.4472028E-03 -.4605568E-03 -.9946919E-03 -.1038616E-02 -.6100844E-03 
- . 1136359E-03 -.2794781E-04 -.2406052E-03 .3092258E-04 .4038440E-03 

. 2566263E-03 .8710776E-04 .1221730E-03 -.3487463E-03 -.1531377E-02 
- . 2228648E-02 -.1828051E-02 -.1412485E-02 -.1671372E-02 -.2013443E-02 
- . 1987125E-02 -.1824788E-02 -.1668726E-02 -.1322198E-02 -.1092429E-02 
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.1328007E-02 .1242093E-02 .7295859E-03 .2036462E-03 . 3170712E-03 

.6273685E-03 .1355636E-03 - . 7167725E-03 -.8038437E-03 -.3624998E-03 
-.2822446E-03 -.5218007E-03 -.6922770E-03 -.9773022E-03 - .1131060E-02 

(<S843542E-03 -.5885772E-03 - .1119909E-02 - .1189770E-02 -.8507842E-03 
562720E-03 - .1327039E-02 -.1300412E-02 -.8384493E-03 -.1403950E-02 

-,~253098E-02 -.2022257E-02 -.1879974E-02 -.2651599E-02 -.3338215E-02 
-.3161673E-02 -.2441567E-02 -.1915232E-02 -.1738023E-02 -.1749486E-02 
-.1778166E-02 -.1414829E-02 -.9888304E-03 -.1142306E-02 - .1692711E-02 
-.1834499E-02 - .1214094E-02 -.8059590E-03 -.1079742E-02 -.1031573E-02 
-.6059811E-03 -.5498897E-03 -.4513498E-03 -.1638785E-03 -.1402615E-03 
- . 6094720E-05 .3115806E-03 .6317666E-03 .1303221E-02 .1674685E-02 

.9558840E-03 -.1528649E-03 -.5954521E-03 -.5899748E-03 - . 1181399E-02 
-.2050547E-02 -.2101996E-02 - .1677208E-02 -.1693406E-02 -.1937061E-02 
-.1632300E-02 -.9551957E-03 -.8174847E-03 -.1103984E-02 -.8619097E-03 
- .4427473E-03 -.7396794E-03 -.8984601E-03 -.5047764E-03 -.6355590E-03 
-.1126068E-02 - .1379618E-02 -.1578176E-02 -.1421628E-02 -.1045825E-02 
-.1065522E-02 -.1038545E-02 -.7850095E-03 -.7336765E-03 -.5807742E-03 
-.3200446E-03 -.3187052E-03 -.1805927E-03 .9735340E-04 .6252568E-04 
- . 8223116E-04 -.3845454E-04 .5782793E-04 .5135776E-04 .2192990E-04 

.1667930E-04 .5899139E-04 . 3357547E-03 .8111312E-03 .1161133E-02 

.ll30645E-02 .9810430E-03 .1233014E-02 .1300710E-02 .7243327E-03 

.4399942E-03 .7474553E-03 . 9103529E-03 .7263168E-03 .6063190E-03 

.6475700E-03 .4469870E-03 -.2931570E-04 -.4079607E-03 -.6377736E-03 
-.6866462E-03 -.5793677E-03 -.5701672E-03 -.6700565E-03 - . 6996955E-03 
- . 6587163E-03 -.5980240E-03 -.3514921E-03 .4857l49E-04 . ll 76997E-03 
-.3302556E-03 -.7917667E-03 -.1026092E-02 -.l423232E-02 - .1631410E-02 
- . 9362957E-03 - .1293109E-03 - . 6531411E-04 -.1473461E-03 .1156289E-04 

.l041710E-03 .6534801E-04 .8010620E-04 .3700105E-03 .7967061E-03 

.8710878E-03 .6764800E-03 .8224427E-03 .ll03006E-02 .8629422E-03 

. 4989771E-03 .3901886E-03 .2017027E-03 .6239873E-04 .1600934E-03 
(.?.423126E-03 .4143387E-03 .9736180E-03 .1461700E-02 .1320446E-02 

.46499E-03 .5007083E-03 . 6011517E-03 .7823386E-03 .5264517E-03 
• .-~217870E-04 - . 6435113E-04 .4160810E-03 .8344501E-03 .7287580E-03 

.4444658E-03 .4736750E-03 .6617673E-03 .6279814E-03 .3347062E-03 

.1802879E-03 .3296460E-03 .4614515E-03 .6012745E-03 .9087575E-03 

. ll39561E-02 .1071393E-02 . 9276293E-03 .9683844E-03 .1066592E-02 

.1057477E-02 .9933562E-03 .9786441E-03 .9885488E-03 .9792590E-03 

. 9734015E-03 .9212582E-03 .6892604E-03 . 4113484E-03 .4207570E-03 

. 5372919E-03 .3584676E-03 .1986773E-03 .4331759E-03 .6154974E-03 

.5099842E-03 .6077303E-03 . 93 51416E-03 .9718334E-03 .7747393E-03 

.7058109E-03 .6070767E-03 .4277123E-03 .5441113E-03 .7135690E-03 

. 4720705E-03 .2377398E-03 .3605862E-03 .4957021E-03 .4038701E-03 

.1567850E-03 -.3934286E-04 -.1790665E-05 .1625406E-03 .2905678E-03 

.2840869E-03 .2312163E-03 .3603386E-03 .4767416E-03 .4313562E-03 

. 505523 lE-03 .6325497E-03 .5890669E-03 .4913606E-03 . 3528311E-03 

.1882233E-03 .1997664E-03 .2252409E-03 -.8436511E-04 -.3289030E-03 
- . 2961683E-04 .3030006E-03 .2423924E-03 .2266709E-03 .3840760E-03 

. 2761864E-03 .2778967E-04 . 6611067E-04 .1777133E-03 .436467lE-04 
-.3468954E-04 .1439433E-03 . 24034 72E-03 .1386187E-03 .1364936E-03 

. 3049276E-03 . 3 727768E-03 .2930548E-03 .2156977E-03 .1611081E-03 

. l599799E-03 .2525762E-03 .4165393E-03 .5314015E-03 .4436911E-03 

. 23 06716E-03 .1414831E-03 .2334630E-03 .3088913E-03 .2624457E-03 

. 2015039E-03 .2011530E-03 .2652967E-03 .4028273E-03 .5057353E-03 

. 4690711E-03 .3995533E-03 .4650253E-03 .6505142E-03 .7320682E-03 

. 6439445E-03 .5820646E-03 .6186898E-03 .6539238E-03 .6346734E-03 

. 6041120E-03 .6016375E-03 .6107973E-03 .5709785E-03 .4446033E-03 

. 3577735E-03 .4015794E-03 .4040488E-03 .2973484E-03 .3068203E-03 

. 3921655E-03 .3293263E-03 .2904401E-03 .3952630E-03 .4332180E-03 l ~41113E-03 .3722171E-03 .5009385E-03 .6108250E-03 .6472245E-03 

.•-- -40867E-03 . 6197439E-03 .6092327E-03 .6188149E-03 .5774870E-03 

. 4721050E-03 .4256192E-03 .5046665E-03 .6018279E-03 .5636438E-03 

. 4513742E-03 . 4362643E-03 .4190085E-03 .3001140E-03 .2482439E-03 

. 3 042163E-03 .2908359E-03 .1785270E-03 . 1298553E-03 .2148439E-03 

. 3126569E-03 .2785727E-03 .1843271E-03 .1859267E-03 . 2182845E-03 

. 2191367E-03 .2309565E-03 .2351604E-03 .2434246E-03 .2713162E-03 
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·~· l .2617687E-03 .3076635E-03 .3039400E-03 . 2746395E-03 .2895607E-03 
.3260078E-03 .3219435E-03 .3254392E-03 .3675817E-03 .3800812E-03 
.3444917E-03 .3009526E-03 . 2621325E-03 .2292799E-03 .2017737E-03 
.1905605E-03 .1998915E-03 . 2195265E-03 .2460163E-03 .2718555E-03 
.2879912E-03 .2840725E-03 .2682946E-03 .2630453E-03 .2623737E-03 
.2358445E-03 .1756620E-03 .1357638E-03 .1655318E-03 . 2118451E-03 
'037830E-03 .1693212E-03 .1603189E-03 .1554960E-03 .1299732E-03 

l51302E-03 . 1109345E-03 .9049395E-04 . 77143 71E-04 .8810088E-04 
.1088169E-03 .1341598E-03 .1414797E-03 .1254671E-03 .1276906E-03 
.1440006E-03 . 1412726E-03 .1289863E-03 .1268103E-03 .1383383E-03 
.1516533E-03 .1479204E-03 .1311690E-03 .1157113E-03 .1023857E-03 
.9704833E-04 .9896327E-04 .8970842E-04 .7695929E-04 .8246661E-04 
.9073235E-04 .8342004E-04 . 7167270E-04 .6201869E-04 .5407196E-04 
.6040423E-04 . 7129714E-04 .6079571E-04 .4505936E-04 .4504752E-04 
.4496838E-04 .3833397E-04 .3582892E-04 .3743281E-04 .4117971E-04 
.4461992E-04 .4112373E-04 .3474445E-04 .3285954E-04 .3250776E-04 
.2980741E-04 .2649393E-04 .2343279E-04 .1713109E-04 .9667681E-05 
.7627507E-05 .8975292E-05 . 7227012E-05 . 3154811E-05 .1616089E-05 
.4105343E-05 .6913436E-05 .4411590E-05 - . 6474796E-07 .9739749E-06 
.3430582E-05 -.1890629E-05 -.1075370E-04 - .1261679E-04 -.8840835E-05 

-.8287555E-05 -.1282144E-04 -.1580680E-04 -.1675057E-04 -.2045216E-04 
-.2421562E-04 -.2572351E-04 -.2883767E-04 -.3328060E-04 -.3587711E-04 
-.3815382E-04 -.4116004E-04 -.4227766E-04 -.4273443E-04 -.4570324E-04 
- .4860330E-04 -.4960323E-04 -.5129780E-04 -.5339391E-04 -.5453642E-04 
-.5606525E-04 -.5709907E-04 -.5664363E-04 -.5760764E-04 -.6028728E-04 
-.6173734E-04 -.6275546E-04 -.6444782E-04 -.6560606E-04 -.6673972E-04 
-.6853524E-04 -.7022042E-04 -.7176411E-04 -.7360489E-04 -.7541839E-04 
-.7681074E-04 -.7798783E-04 -.7943102E-04 -.8092974E-04 -.8205383E-04 
-.8297635E-04 -.8424060E-04 -.8579765E-04 -.8720172E-04 -.8854859E-04 
-.8994515E-04 -.9126441E-04 -.9256936E-04 -.9392450E-04 -.9518164E-04 
-.9631622E-04 -.9748876E-04 -.9871316E-04 -.9992773E-04 -.1011540E-03 
-.1023351E-03 -.1034848E-03 - .1047100E-03 -.1059258E-03 -.1070485E-03 

1081053E-03 -.1091734E-03 - .1102880E-03 - .1113566E-03 - .1123732E-03 c-· 134095E-03 -.1144486E-03 -.1154686E-03 -.1164802E-03 -.1174830E-03 
.84790E-03 - . 1194673E-03 -.1204493E-03 - .1214214E-03 -.1223872E-03 

- ~l233473E-03 -.1242975E-03 -.1252421E-03 - .1261778E-03 -.1271036E-03 
- .1280205E-03 -.1289285E-03 -.1298269E-03 - .1307154E-03 
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PERMANENT DEFORMATION ANALYSES 
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APPENDIX D-1 

ESTIMATION OF THE SEISMIC PSEUDO-STATIC FACTORS OF SAFETY AND 
YIELD ACCELERATIONS FOR THE DOWNSTREAM AND 

UPSTREAM SLOPE GEOMETRIES 
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CALCULATION BRIEF 
FOR 

ESTIMATION OF THE SEISMIC PSEUDO-STATIC FACTORS OF SAFETY 
AND YIELD ACCELERATIONS FOR THE DOWNSTREAM 

AND UPSTREAM SLOPE GEOMETRIES 

POND CREEK COAL REFUSE DISPOSAL SITE - SOUTH CELL 

OBJECTIVE: Estimate downstream and upstream seismic factors of safety and yield 
accelerations for the Pond Creek - South Cell embankment and impoundment. 

METHODOLOGY: In accordance with Reference 1, use GSTABL slope stability computer software 
(Reference 2) to revise the Alliance Consulting, Inc. pseudo-static (seismic) 
stability analyses and, based on the results, approximate yield accelerations of the 
Pond Creek - South Cell embankment for both downstream and upstream critical 
failure surfaces. 

REFERENCES: 
1. Illinois Department of Natural Resources Letter "Application No. 

20061019, Pond Creek Mine No. 1, Phase 2 Refuse Disposal Dam," dated 
September 19, 2007. 

2. Gregory, P.E., Garry H., "GSTABL7 with STEDwin Slope Stability 
Analysis System, Version 2.0," dated September 2001. 

3. Ordonez, Gustavo A.(2006) "SHAKE2000: A Computer Program for the 
1-D Analysis of Geotechnical Earthquake Engineering Problems," 
February 2006. 

4. Newmark, N. M. (1965) "Effects of Earthquake on Dams and 
Embankments," Geotechnique, London, Vol. 5, No. 2, June, 1965. 

5. Civil & Environmental Consultants, Inc. Calculation, "Calculation Brief 
for Estimation and Summary of Engineering Properties Including Peak 



R14078

C 

/:l:L7 
Civil & Environmental Consultants, Inc. 

Williamson Energy - Pond Creek South Cell 
PROJECT Deformation Evaluation PROJECT NO. 

Estimation of the Seismic Pseudo-Static Factors of 
Safety and Yield Accelerations for the South Cell 

Downstream and Upstream Slope Geometries 

MADE BY --=Bc.=E=-cGcc__ DATE _.c..c1/-=2-=2/cc0..c.8_ CHECKED BY :zt;ld 

PAGE z 

DATE 

072046 

OF viS 

I /-z3 j.3 r, 

Undrained Shear Strengths For Refuse and Subgrade Materials, Pond 
Creek Coal Refuse Disposal Site", BEG, 12/28/07. 

ANALYSIS: 

The Illinois Department of Natural Resources (IDNR) has required that a revised (seismic) slope 
stability analysis be performed for the Pond Creek facility using equivalent static load (pseudo-static) 
methods and the appropriate peak acceleration based on the Peak Ground Acceleration (PGA) for 2% 
Probability of Exceedance in 50 Years map from the USGS. If the required factor of safety is not met, 
i.e., a minimum factor of safety of 1.0 with seismic forces for the steady seepage condition, a permanent 
deformation evaluation should be completed and submitted for review before an IDNR/OWR permit can 
be issued. Accordingly, CEC revised the seismic slope stability analyses and as shown below, the 
minimum factor of safety does not meet the required 1.0 safety factor criteria. Therefore, CEC will 
perform a detailed deformation evaluation of the proposed Pond Creek South Cell impoundment 
addressing relevant issues such as material characterizations, seismic hazard, induced cyclic shear 
stresses and permanent deformations. 

Permanent deformations or crest settlement can occur depending upon the acceleration levels above a 
defined yield acceleration, below which embankment response is assumed to behave elastic-plastic 
(Newmark, 1965). If crest settlements are large enough resulting in the loss of freeboard below the 
maximum tailings impoundment level, overtopping of the dam could result posing a threat to the 
embankment and ultimately downstream safety. Appendix D, Attachments D-2 and D-3 present 
analyses to estimate induced cyclic shear stresses, settlements along for the proposed South Cell 
embankment geometry and determine the potential for overtopping as a result of permanent 
deformations. 

Revised Pseudo-Static (Seismic) Stability Analyses and Estimation of Yield Accelerations: 

Pseudo-static stability analyses were performed for the proposed South Cell downstream and upstream 
geometries including the maximum fines (El. 496) and minimum fines (El. 474) conditions respectively 
using a PGA of 0.54g (as required by IDNR) to assess the revised seismic factor of safety (Fs), and to 
determine the yield acceleration (Ky) of the critical soil mass. 

The yield acceleration is the acceleration level: 

• Below which yielding of the embankment (soil mass) does not occur and the soil mass 
deforms elastic-plastic; and/or, 
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• Above which yielding occurs causing permanent deformation. 
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The yield acceleration is used as input to subsequent Newmark-type permanent deformation analyses. 
The following graphically illustrates the concept of the Newmark analysis and the relative significance 
of the yield acceleration (Note, Ky= Nd in the attached figure). 

Yield strengths for. the various materials included drained strengths for coarse and fine refuse and 
undrained strength (both total strength and 80% peak undrained) for residual soil in the GST ABL 
analysis to obtain Ky. 

Refuse/Soil Properties Used in Revised Pseudo-Static 
an d y· Id A I f SI St bTt A I 1e cce era 10n ope a I HV na yses 

Unit Weight Friction Angle Cohesion Yield Strength 
Description (pcf) (degrees) (osf) (psf) 

Coarse Refuse 130 33.7 0 Frictional 
Fine Refuse 90 30 0 Frictional 

Residual Soil 125 
19.5 400 Total (Undrained) Strength 

0 3000 80% Peak Undrained 

Note: Refuse properties provided by Alliance Consulting, Inc. based on laboratory testing and/or 
literature values noted in the Alliance static/seismic slope stability analyses. 

A horizontal acceleration corresponding to the PGA value of 0.54g was input into GST ABL to assess the 
revised seismic stability analyses safety factors. Revised Fs values less than 1.0 were determined for 
both the downstream and upstream slope conditions, thus permanent deformation analyses are required, 
which are presented in Appendices D-2 and D-3. 

Additionally, a horizontal acceleration was subsequently varied in GST ABL until a Factor of Safety 
equal to 1.0 was achieved. Consequently, yield accelerations of 0.184g and 0.24g were iteratively 
determined for the soil mass corresponding to the downstream (maximum fines) critical failure surface 
using total strength and 80% peak strength, respectively, and 0. 19g for the upstream (minimum fines) 
failure surface for both strength parameters. 
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Based on the information presented in this calculation brief, the minimum factors of safety for the 
revised pseudo-static (seismic) analyses (with PGA=0.54g) are less than 1.0. Therefore, per the IDNR 
September 19, 2007 comment, a permanent deformation analysis is required. Additionally, the 
minimum yield acceleration for the Pond Creek - South Cell embankment in the downstream and 
upstream directions was estimated at 0.18g. The revised seismic stability and yield acceleration 
GSTABL analyses runs and outputs files are attached. Finally, a yield acceleration of0.018g is 
conservatively assumed for all downstream and upstream slope conditions, which will be used as input 
for estimating the corresponding permanent deformations. 



R14081

Civil & Environmental Consultants, Inc. 
_ 1 Williamson Energy - Pond Creek South Cell 

\ PROJECT Deformation Eva I uation PROJECT NO. 072046 

( 

Estimation of the Seismic Pseudo-Static Factors of 
Safety and Yield Accelerations for the South Cell 

Downstream and Upstream Slope Geometries 

PAGE 

MADE BY BEG DATE 1/22/08 CHECKEDBY~;;t:r,,.,..,_ __ 

POND CREEK- SOUTH CELL IMPOUNDMENT 
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UPSTREAM (MINIMUM FINES CONDITION) 
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Pond Creek, South Cell, DS (PGA = 0.54g)CEC Project No. 072-046 (Total Strength) 
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2 80.0 90.0 0.0 30.0 W1 
3 125.0 135.0 400.0 19.5 W1 

Value 
0.540(g) 
0.540(g)< 

a 
gi1 
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"Term Limits: 240. to 300. 
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*** GSTABL7 *** 
** GSTABL7 by Garry H. Gregory, P.E. ** 

** Original Version 1.0, January 1996; Current Version 2.003, June 2002 ** 
{All Rights Reserved-Unauthorized Use Prohibited) 

********************************************************************************~ 
SLOPE STABILITY ANALYSIS SYSTEM 

Modified Bishop, Simplified Janbu, or GLE Method of Slices. 
(Includes Spencer & Morgenstern-Price Type Analysis) 
Including Pier/Pile, Reinforcement, Soil Nail, Tieback, 
Nonlinear Undrained Shear Strength, Curved Phi Envelope, 
Anisotropic Soil, Fiber-Reinforced Soil, Boundary Loads, Water 
Surfaces, Pseudo-Static & Newmark Earthquake, and Applied Forces. 

********************************************************************************* 
Analysis Run Date: 1/22/2008 
Time of Run: 01:21PM 
Run By: Rocky Saporito 
Input Data Filename: P:\_2007_Projects\072-046 Williamson Energy\GStabl\Pond Creek 

South Cell\0.54 PGA Runs\south cell downstream.in 
output Filename: P:\_2007_Projects\072-046 Williamson Energy\GStabl\Pond Creek 

South Cell\0.54 PGA Runs\south cell downstream.OUT 
Unit System: English 
Plotted output Filename: P:\_2007_Projects\072-046 Willia Energy\GStabl\Pond Creek South 

Cell\0.54 PGA Runs\south cell downstream.PLT 
PROBLEM DESCRIPTION, Pond Creek, South Cell, DS (PGA = 0.54g} 

CEC Project No. 072-046 (Total Strength) 
BOUNDARY COORDINATES 

5 Top Boundaries 
11 Total Boundaries 

Boundary X-Left Y-Left X-Right Y-Right Soil Type 
No. (ft} (ft} (ft} (ft} Below Bnd 

1 50.00 66.00 159.40 66.00 3 
2 159.40 66.00 253.00 102.00 1 
3 253.00 102.00 273.00 102.00 l 

4 273.00 102.00 288.60 96.00 1 
5 288.60 96.00 450.00 96.00 1 
6 159.40 66.00 208.00 66.00 3 
7 208.00 66.00 279.00 68.00 3 
8 288.60 96.00 356.20 70.00 l 

9 279.00 68.00 356.20 70.00 3 
10 356.20 70.00 3 82. 20 60.00 3 
11 382.20 60.00 450.00 60.00 3 

Default Y-Origin = O.OO(ft} 
Default X-Plus Value = O.OO(ft} 
Default Y-Plus 'value = O.OO(ft} 

ISOTROPIC SOIL PARAMETERS 
3 Type (s} of Soil 

Soil Total Saturated Cohesion Friction Pore Pressure Piez. 
Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface 

No. (pcf} (pcf} (psf} (deg} Param. (psf} No. 
1 130. 0 140.0 0.0 33.7 0.00 0.0 1 
2 80.0 90.0 0.0 30. 0 0.00 0.0 1 
3 125.0 135.0 400.0 19.5 0.00 0.0 l 

1 PIEZOMETRIC SURFACE(S} SPECIFIED 
Unit Weight of Water = 62.40 (pcf} 
Piezometric Surface No. 1 Specified by 4 Coordinate Points 
Pore Pressure Inclination Factor 0.50 

Point X-Water Y-Water 
No. (ft} (ft} 

1 50.00 64,00 
2 182.00 64.00 
3 280.80 99.00 
4 450.00 99.00 

Searching Routine Will Be Limited To An Area Defined By 1 Boundaries 
Of Which The First l Boundaries Will Deflect Surfaces Upward 
Boundary X-Left Y-Left X-Right Y-Right 

No. (ft} (ft} (ft} (ft} 
l so.uu :JO. OU 450.0U =i8.UU 
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Specified Peak Ground Acceleration Coefficient {A) 
Specified Horizontal Earthquake Coefficient (kh) 
Specified Vertical Earthquake Coefficient (kv) = 
Specified Seismic Pore-Pressure Factor= 0.000 

0.540(g) 
0.540(g) 

0.000 (g) 

A Critical Failure Surface Searching Method, Using A Random 
Technique For Generating Circular Surfaces, Has Been Specified. 

400 Trial Surfaces Have Been Generated. 
20 Surface(s) Initiate{s) From Each Of 20 Points Equally Spaced 

Along The Ground Surface Between X 125.00(ft) 
and X 170.00(ft) 

Each Surface Terminates Between X 240.00(ft) 
and X 300.00(ft) 

Unless Further Limitations Were Imposed, The Minimum Elevation 
At Which A Surface Extends Is Y = O.OO(ft) 
10.00(ft) Line Segments Define Each Trial Failure Surface. 
Following Are Displayed The Ten Most Critical Of The Trial 

Failure Surfaces Evaluated. They Are 
Ordered - Most Critical First. 

* * Safety Factors Are Calculated By The Modified Bishop Method* 
Total Number of Trial Surfaces Evaluated 400 
Statistical Data On All Valid FS Values: 

FS Max = 0.876 FS Min= 0.531 FS Ave = 0.650 

* 

Standard Deviation= 0.076 Coefficient of Variation 11. 64 % 

Failure Surface Specified By 19 Coordinate Points 
Point X-Surf Y-Surf 

No. (ft) (ft) 
1 13 9. 21 66.00 
2 148 .57 62.48 
3 158.14 59.59 
4 167.89 57.36 
5 177.77 55.78 
6 187.73 54.87 
7 197.72 54.63 
8 207.71 55.06 
9 217.65 56.17 

10 227.49 57.93 
11 237.20 60.36 
12 246. 71 63.43 
13 256.00 67.13 
14 265.02 71.45 
15 273.73 76.36 
16 282.09 81.85 
17 290. 07 87.88 
18 297.62 94.44 
19 299.19 96. 00 

Circle Center At X = 196.28 y 203.49 and Radius 148.86 
Factor of Safety 

*** 0.531 *** 
Individual data on the 29 slices 

Water Water Tie Tie Earthquake 
Force Force Force Force Force Surcharge 

Slice Width Weight Top Bot Norm Tan Hor Ver Load 
No. (ft) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) 

1 5.3 664.5 0.0 0.0 0. 0. 358. 8 · 0.0 0.0 
2 4.0 1426.2 0.0 205.1 0. 0. 770.2 0.0 0.0 
3 9.6 6224.9 0.0 1849.5 0. 0. 3361.5 0.0 0.0 
4 1.3 1084.9 0.0 365.7 0. 0. 585.9 0.0 0.0 
5 8.5 10423.7 0.0 3081.6 0. 0. 5628.8 0.0 0.0 
6 9.9 19005.1 0.0 4636.6 0. 0. 10262. 8 0.0 0.0 
7 4.2 10201.7 0.0 2231.4 0. 0. 5508.9 0.0 0.0 
8 5.6 15368.7 0.0 3294.7 0. 0. 8299.1 0.0 0.0 
9 0.1 231.1 0.0 52.3 0. 0. 124.8 0.0 0.0 

10 10.0 31944.8 0.0 7687.4 0, 0. 17250.2 0.0 0.0 
11 10.0 37120.4 0.0 9716. 5 0. 0. 20045.0 0.0 0.0 
12 0.3 1136. 4 0.0 307.7 0. 0. 613.7 0.0 0.0 
13 9.7 40043.5 0.0 11036.5 0. 0. 21623.5 0.0 0.0 
14 9.8 44061.4 0.0 12563.3 0. 0. 23793.1 0.0 0.0 
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9.7 45741.7 0.0 13368. 3 
9.5 46222.2 0.0 13755.6 
6.3 30818.9 0.0 9313. 5 
3.0 14491. 5 0.0 4409.9 
0.5 2333.6 0.0 742.2 
8.5 37941.9 0.0 12529.5 
8.0 30941. 2 0.0 11400. 5 
0.7 2589.3 0.0 1002.2 
7.1 21189. 7 0.0 9497.4 
1.3 313 7. 6 21.5 1696.8 
6.5 11788.6 760.7 7480.6 
1.5 1780.4 274.5 1339.6 
6.0 4640.6 1128.3 4234.1 
1.5 473.4 285.0 657.1 
1.6 171.3 293.8 521. 8 
Failure Surface Specified By 19 

Point x-surf Y-Surf 
No. (ft) (ft) 

1 132 .11 66.00 
2 141. 36 62.21 
3 150.85 59. 07 
4 160.54 56.59 
5 170.38 54.78 
6 180.31 53.65 
7 190.30 53.21 
8 200.30 53.46 
9 210.26 54.39 

10 220.12 56.01 
11 229. 86 58.30 
12 239.41 61.26 
13 248.74 64.87 
14 257.80 69.11 
15 266.54 73. 96 
16 274.93 79.40 
17 282.92 85.41 
18 290.48 91.95 
19 294.56 96 .00 

Circle Center At X = 191. 71 
Factor of Safety 

*** 0.533 *** 
Failure 

Point 
No. 

1 
2 
3 
4 

5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

Surface Specified By 19 
x-surf Y-Surf 

(ft) (ft) 
136. 84 
146. 23 
155.82 
165.57 
175.45 
185.41 
195.41 
205.40 
215.34 
225.20 
234.91 
244.45 
253.78 
262.85 
271. 62 
280.06 
288.13 
295.79 
298.18 

66.00 
62.55 
59. 72 
57.52 
55.97 
55.07 
54.83 
55.24 
56.31 
58.03 
60.39 
63.38 
66.99 
71.20 
76.01 
81. 37 
87.28 
93. 71 
96 .00 

Circle Center At X = 
Factor of Safety 

194.12 

*** 0.533 *** 

0. 0. 24700.5 
0. 0. 24960.0 
0. 0. 16642.2 
0. 0. 7825.4 
0. 0. 1260.2 
0. 0. 20488.6 
0. 0. 16708.2 
0. 0. 1398.2 
0. 0. 11442. 5 
0. 0. 1694.3 
0. 0. 6365. 8 
0. 0. 961.4 
0. 0. 2505.9 
0. 0. 255.7 
0. 0. 92.5 

Coordinate Points 

y 198.47 and Radius 

Coordinate Points 

y 207.18 and Radius 

Failure Surface Specified By 18 Coordinate Points 
Point x-surt Y-Surt 

0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 

145.26 

152.35 
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No. (ft) (ft) 
1 141. 58 66.00 
2 150. 76 62.05 
3 160.23 58.81 
4 169.91 56.32 
5 179.76 54.59 
6 189.71 53.61 
7 199.71 53.42 
8 209. 69 53.99 
9 219.60 55.33 

10 229. 38 57 .43 
11 238.96 60.29 
12 248. 30 63.87 
13 257. 33 68.16 
14 266.00 73.14 
15 274. 27 78.78 
16 282. 07 85.03 
17 289.37 91. 87 
18 293.14 96.00 

Circle Center At X = 197.26 y 182.55 and Radius 129.17 
Factor of Safety 

*** 0.534 *** 
Failure Surface Specified By 18 Coordinate Points 

Point x-surf Y-Surf 
No. (ft) (ft) 

1 151. 05 66.00 
2 160.25 62.06 
3 169.72 58.87 
4 179. 42 56.45 
5 189.29 54.80 
6 199.25 53.94 
7 209.25 53.88 
8 219.22 54.61 
9 229.11 56 .14 

10 238.84 58.44 
11 248.35 61. 52 
12 257.59 65.34 
13 266.50 69.88 
14 275.02 75.12 
15 283.09 81. 02 
16 290.67 87.54 
17 297. 71 94.65 
18 298.85 96.00 

Circle Center At X = 205.01 y 179.24 and Radius 125.44 
Factor of Safety 

*** 0.535 *** 
Failure Surface Specified By 19 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 134.47 66.00 
2 143.92 62. 71 
3 153.55 60.01 
4 163.32 57.92 
5 173.21 56.43 
6 183.17 55.55 
7 193.17 55.29 
8 203.16 55.64 
9 213.12 56.62 

10 222.99 58.20 
11 232.75 60.39 
12 242.35 63.18 
13 251.76 66.56 
14 260.95 70.51 

( 15 269.87 75.03 
16 278.50 80.08 
17 286.80 85.66 
18 .<:::~'!. 14. ~ l. . 14. 
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19 299. 65 
Circle Center At X = 

96.00 
192.39 

Factor of Safety 

*** 0.535 *** 

y 217.19 and Radius 

Failure Surface Specified By 18 Coordinate Points 
Point X-Surf Y-Surf 
No. (ft) (ft) 

1 136.84 
2 
3 
4 

5 
6 
7 
8 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 

146. 04 
155.50 
165.19 
175.03 
184.97 
194.97 
204. 96 
214.88 
224.69 
234.33 
243.74 
252.86 
261.66 
270.08 
278.07 
285.58 
291.68 

Circle Center At X = 

66.00 
62.07 
SB.BS 
56.34 
54.56 
53.53 
53.24 
53.70 
54. 91 
56.86 
59.53 
62. 92 
67.01 
71. 76 
77.16 
83.18 
89.78 
96.00 

193.80 
Factor of Safety 

*** 0.535 *** 
Failure Surface Specified By 18 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 143.95 66.00 
2 153.25 62.33 
3 162.80 59.37 
4 172. 54 57.11 
5 182.43 55.59 
6 192.40 54.81 
7 202.40 54.76 
8 212. 3 7 55.46 
9 222.27 56.90 

10 232.03 59.06 
11 241.61 61. 95 
12 250. 94 65.53 
13 259.98 69.80 
14 268.69 74.73 
15 277.00 80.29 
16 284.87 86.45 
17 292.27 93.18 
18 294. 95 96.00 

Circle Center At X = 197.95 
Factor of Safety 

*** 0.535 *** 
Failure Surface Specified By 18 

Point X-Surf Y-Surf 
No. (ft) (ft) 

l 141.58 66.00 
2 150.93 62.46 
3 160.51 59.60 
4 170.28 57.44 
5 180.17 55.99 
6 190.15 55.25 
7 200.15 55.24 
8 210.12 55. 94 
9 220.02 57.36 

10 229.79 59.48 
11 239.38 62.31 
l:l 248.75 6!:i. 81 

y 186.64 and Radius 

Coordinate Points 

y 189.19 and Radius 

Coordinate Points 

161.91 

133.41 

134.51 
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13 257.84 69.98 
14 266.60 74.80 
15 275.00 80.23 

( 16 282.98 86.25 
17 290.51 92.83 
18 293.65 96.00 

Circle Center At X = 195.36 y 193.80 and Radius 138. 66 
Factor of Safety 

*** 0.538 *** 
Failure Surface Specified By 17 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 153.42 66.00 
2 162.89 62.79 
3 172.57 60.28 
4 182.41 58.47 
5 192. 35 57. 38 
6 202. 34 57.00 
7 212.33 57.35 
8 222.28 58.41 
9 232.12 60.19 

10 241.80 62.68 
11 251.29 65.85 
12 260.51 69.70 
13 269.44 74 .21 
14 278. 02 79.35 
15 286.20 85.10 
16 293. 95 91.42 
17 298.81 96.00 

Circle Center At X = 202.55 y 195.58 and Radius 138.58 
Factor of Safety 

*** 0.539 *** 
**** END OF GSTABL7 OUTPUT**** 

C 
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Pond Creek, South Cell, DS (PGA = 0.54g)CEC Project No. 072-046 (80% Peak Str.) 
p:1_2007 __projects\072-046 williamson energylgstabllpond creek south cell\0.54 pga runslsouth cell downstream.peak.pl2 250 . . , · 

200 

150 

# FS Soil Soil Total Saturated Cohesion Friction Piez. \ Load 
a 0.595• Desc. Type Unit Wt. Unit Wt. Intercept Angle Surtace1 Peak(A) 

, b 0.597, No. (pcf) (pcf) (psi) (deg) No. \ kh Coef. 
c 0.62:i ,, CCR 1 130.0 140.0 0.0 33.7 W1 
d 0.631 FCR 2 80.0 90.0 0.0 30.0 W1 
e 0.635 .: ORIG 3 125.0 135.0 3000.0 o.o W1 
f n ri3l4 
g 0.638 
h rl.6'.J(l 

0.640 

a 

Value 
0.540(g) 

0.540(g)< 

gh 

Run By: Rocky Saporito 1/22/2008 01 :22PM 

i lnit Points: 125. to 170. 1 

:Term Limits: 240. to 300. · 
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GSTABL7 v.2 FSmin=0.595 
Safety Factors Are Calculated By The Modified Bishop Method 
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*** GSTABL7 *** 
** GSTABL7 by Garry H. Gregory, P.E. ** 

** Original Version 1.0, January 1996; Current Version 2.003, June 2002 ** 
(All Rights Reserved-Unauthorized Use Prohibited) 

********************************************************************************t 
SLOPE STABILITY ANALYSIS SYSTEM 

Modified Bishop, Simplified Janbu, or GLE Method of Slices. 
{Includes Spencer & Morgenstern-Price Type Analysis) 
Including Pier/Pile, Reinforcement, Soil Nail, Tieback, 
Nonlinear Undrained Shear Strength, Curved Phi Envelope, 
Anisotropic Soil, Fiber-Reinforced Soil, Boundary Loads, Water 
Surfaces, Pseudo-Static & Newmark Earthquake, and Applied Forces. 

********************************************************************************* 
Analysis Run Date, 1/22/2008 
Time of Run: Ol:22PM 
Run By: Rocky Saporito 
Input Data Filename: P:\_2007_Projects\072-046 Williamson Energy\GStabl\Pond Creek 

South Cell\0.54 PGA Runs\south cell downstream.peak.in 
output Filename: P:\_2007_Projects\072-046 Williamson Energy\GStabl\Pond Creek 

South Cell\0.54 PGA Runs\south cell downstream.peak.OUT 
Unit System: English 
Plotted Output Filename: P:\ 2007 Projects\072-046 Willia Energy\GStabl\Pond Creek South 

Cell\0.54 PGA Runs\south cell dowilstream.peak.PLT 
PROBLEM DESCRIPTION, Pond Creek, South Cell, DS (PGA = 0.54g) 

CEC Project No. 072-046 (80% Peak Str.) 
BOUNDARY COORDINATES 

Note: User origin value specified. 
Add 50.00 to X-values and 0.00 to Y-values listed. 

5 Top Boundaries 
11 Total Boundaries 

Boundary X-Left Y-Left X-Right Y-Right Soil Type 
No. (ft) (ft) 

1 50.00 66.00 
2 159.40 66.00 
3 253.00 102.00 
4 273.00 102.00 
5 288.60 96.00 
6 159.40 66.00 
7 208.00 66.00 
8 288.60 96. 00 
9 279.00 68.00 

10 356.20 70.00 
11 382.20 60.00 

Default Y-Origin = O.OO(ft) 
Default X-Plus Value= O.OO(ft) 
Default Y-Plus Value= O.OO(ft) 

ISOTROPIC SOIL PARAMETERS 
3 Type(s) of Soil 

(ft) 
159.40 
253.00 
273.00 
288.60 
450.00 
208.00 
279.00 
356.20 
356.20 
382.20 
450.00 

Soil Total Saturated Cohesion Friction 
Type Unit Wt. Unit Wt. 

No. (pcf) (pcf) 
1 130.0 140.0 
2 80.D 90.0 
3 125.0 135.0 

Intercept 
(psf) 

0.0 
0.0 

3000.0 
l PIEZOMETRIC SURFACE(S) SPECIFIED 
Unit Weight of Water= 62.40 (pcf) 

Angle 
(deg) 
33.7 
30.0 

0.0 

(ft) Below Bnd 
66.00 3 

102.00 l 
102.00 l 

96.00 l 
96.00 l 
66.00 3 
68.00 3 
70.00 l 
70.00 3 
60.00 3 
60.00 3 

Pore Pressure Piez. 
Pressure Constant Surface 

Param. (psf) No. 
0.00 0.0 l 
0.00 0.0 l 
0.00 0.0 l 

Piezometric Surface No. 1 Specified by 4 Coordinate Points 
Pore Pressure Inclination Factor 0.50 

Point X-Water Y-Water 
No. (ft) (ft) 

1 50.00 64.00 
2 182.00 64.00 
3 280.80 99.00 
4 

Searching 
Of Which 

450.00 99.00 
Routine Will Be Limited To An Area Defined By 1 Boundaries 
The First 1 Boundaries Will Deflect Surfaces Upward 
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Boundary X-Left Y-Left X-Right Y-Right 
No. (ft) (ft) (ft) (ft) 

l 50.00 50.00 450.00 58.00 
Specified Peak Ground Acceleration Coefficient (A) 
Specified Horizontal Earthquake Coefficient (kh) 
Specified Vertical Earthquake Coefficient (kv) = 
Specified Seismic Pore-Pressure Factor= 0.000 

0.540(g) 
0.540(g) 

0.000(g) 

A Critical Failure Surface Searching Method, Using A Random 
Technique For Generating Circular Surfaces, Has Been Specified. 

400 Trial Surfaces Have Been Generated. 
20 Surface(s) Initiate(s} From Each Of 20 Points Equally Spaced 

Along The Ground Surface Between X 125.00{ft) 
and X 170.00(ft) 

Each Surface Terminates Between X 240.00(ft) 
and X 300.00(ft) 

Unless Further Limitations Were Imposed, The Minimum Elevation 
At Which A Surface Extends Is Y = O.OO(ft) 
10.00(ft) Line Segments Define Each Trial Failure Surface. 
Following Are Displayed The Ten Most Critical Of The Trial 

Failure Surfaces Evaluated. They Are 
Ordered - Most Critical First. 
**Safety Factors Are Calculated By The Modified Bishop Method** 
Total Number of Trial Surfaces Evaluated 400 
Statistical Data On All Valid FS Values: 

FS Max= 2·.529 FS Min= 0.595 FS Ave= 1.539 
Standard Deviation= 0.367 Coefficient of Variation 23.82 % 

Slice 
No. 

1 
2 

3 
4 

5 
6 
7 
8 

9 
10 

Failure Surface Specified By 11 Coordinate Points 
Point X-Surf Y-Surf 

No. (ft) (ft) 
1 
2 

3 
4 
5 
6 
7 

8 
9 

10 
11 

Circle 

162.89 67.34 
172.77 68.90 
182.56 70.97 
192.22 73.52 
201.75 76.57 
211.11 80.10 
220.27 84.10 
229.22 88.56 
237.93 93.47 
246.38 98.82 
248.35 100.21 

Center At X = 137.21 
Factor of Safety 

*** 0.595 *** 
Individual data on the 

Water Water 
Force Force 

y 261. 94 

10 slices 
Tie Tie 

Force Force 
Width Weight Top Bot Norm Tan 

and Radius 

Earthquake 
Force 

Hor Ver 

196.28 

Surcharge 
Load 

(ft) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) 
9.9 1437.0 0. 0 0.0 0. 0. 776.0 0.0 
9.8 3929.4 0.0 0.0 0. o. 2121. 9 0.0 
9.7 5680.8 0.0 o .·o 0. 0. 3067.6 0.0 
9.5 6697.2 0. 0 0.0 0. 0. 3616.5 0.0 
9.4 6997.8 0. 0 0.0 0. 0. 3778.8 0.0 
9.2 6614.0 0.0 0.0 0. 0. 3571. 5 0.0 
8.9 5589.4 0.0 0.0 0. 0. 3018.3 0.0 
8.7 3979.3 0.0 0.0 0. 0. 2148. 8 0.0 
8.4 1849.8 0.0 0.0 0. 0. 998.9 0.0 
2.0 81. 2 0.0 0.0 0. 0. 43.9 0.0 
Failure surface Specified By 11 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 170.00 70.08 
2 179.69 72.54 
3 189.33 75.20 
4 198. 91 78.06 
5 208.43 81.12 
6 217.89 84.38 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
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7 227.27 87.84 
8 236.58 91.49 
9 245.81 95.33 

10 254. 96 99.36 
11 260.62 102.00 

Circle Center At X = 56.68 
Factor of Safety 

••• 0.597 *** 
Failure Surface Specified By 13 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 162. 8 9 67.34 
2 172. 55 69.94 
3 182.18 72.63 
4 191. 78 75.43 
5 201.36 78.32 
6 210.90 81.32 
7 220.40 84.42 
8 229. 88 87.62 
9 239.32 90. 92 

10 24·8. 72 94.32 
11 258.09 97.81 
12 267.42 101. 41 
13 268.91 102.00 

Circle Center At X = -77.81 
Factor of Safety 

*** 0.625 *** 
Failure Surface Specified By 14 

Point x-surf Y-Surf 
No. (ft) (ft) 

1 165.26 68.26 
2 175.19 67.08 
3 185.18 66.57 
4 195.18 66.74 
5 205.14 67.59 
6 215.03 69.11 
7 224.79 71.29 
8 234.38 74.13 
9 243.75 77.61 

10 252.87 81. 71 
11 261. 69 86.42 
12 270.17 91.72 
13 278.28 97.57 
14 280.25 99.21 

Circle Center At X = 187.67 
Factor of Safety 

*** 0.631 ••• 
Failure Surface Specified By 14 

Point X-Surf Y-Surf 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

Circle 

(ft) (ft) 
167.63 69.17 
177.57 68.06 
187.56 67.59 
197.56 67.76 
207.52 68.58 
217.42 70.05 
227.19 72.14 
236.82 74. 87 
246.24 78.20 
255.44 82.14 
264.35 86.66 
2 72. 96 91. 75 
281.23 97.38 
282.48 98.36 

Center At X = 189.83 
Factor of Safety 

*** 0.635 *** 

y 536. 71 and Radius 480.20 

Coordinate Points 

y 983.35 and Radius 947.10 

Coordinate Points 

y 214.08 and Radius 147.53 

Coordinate Points 

y 222.34 and Radius 154.77 
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Failure Surface Specified By 14 Coordinate Points 
Point X-Surf Y-Surf 
No. (ft) (ft) 

1 167.63 
2 177.51 
3 
4 
5 

6 
7 
8 

9 
10 
11 
12 
13 
14 

187.46 
197.46 
207.45 
217.41 
227.29 
237.06 
246.67 
256.10 
265.29 
274.23 
282.86 
290.68 

69.17 
67.59 
66.64 
66.31 
66.60 
67.52 
69.05 
71.20 
73.95 
77. 30 
81.22 
85. 72 
90.76 
96.00 

197.76 Circle Center At X = 
Factor of Safety 

*** 0.638 *** 

y 226.55 and Radius 

Failure Surface Specified By 13 Coordinate Points 
Point X-Surf Y-Surf 
No. (ft) (ft) 

1 165.26 
2 
3 
4 

5 
6 
7 
8 

9 
10 
11 
12 
13 

175.23 
185.23 
195.21 
205 .13 
214. 94 
224.59 
234.03 
243.22 
252 .11 
260.66 
268.83 
274.75 

68.26 
67.43 
67.31 
67.88 
69.15 
71.10 
73.73 
77.03 
80.97 
85.55 
90.73 
96.50 

101. 33 
182.02 Circle Center At X = 

Factor of Safety 
*** 0.638 *** 

y 210.81 and Radius 

Failure Surface Specified By 13 Coordinate Points 
Point X-Surf Y-Surf 
No. (ft) (ft) 

1 165.26 
2 175.25 
3 

4 
5 
6 

7 
8 

9 
10 
11 
i2 
13 

185.25 
195.23 
205.14 
214.96 
224.65 
234.18 
243.50 
252.60 
261. 43 
269.96 
277.57 

68.26 
67.77 
67.87 
68.58 
69.88 
71.77 
74. 24 
77.28 
80.89 
85.04 
89. 74 
94. 95 

100. 24 
178.44 Circle Center At X = 

Factor of Safety 
*** 0.639 *** 

Failure Surface Specified By 12 
Point X-Surf Y-Surf 
No. (ft) (ft) 

1 160.53 66.43 
2 170.53 66.51 
3 180.49 67.35 
4 190.36 68.95 
5 200.08 71. 29 
6 209.60 74.37 

y 235.26 and Radius 

Coordinate Points 

160.24 

143.54 

167.52 
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7 218.85 78.17 
8 227.78 82.66 
9 236.35 87.82 

10 244.50 93.61 
11 252.19 100.01 
12 254.23 102. 00 

Circle Center At X = 164. 58 
Factor of Safety 

*** 0.640 *** 
Failure 

Point 
No. 

1 
2 
3 
4 

5 
6 
7 
8 

9 
10 
11 
12 

Surface Specified By 12 
x-surf Y-Surf 

{ft) (ft) 

170.00 
179.90 
18 9. 75 
199.53 
209.24 
218.85 
228.36 
237.75 
24 7. 02 
256.15 
265 .13 
270.36 

70.08 
71.46 
73.20 
75.28 
77.70 
80.46 
83.55 
86.98 
90.73 
94.81 
99.21 

102.00 
Circle Center At X = 

Factor of Safety 
135. 72 

*** 0.642 *** 

y 196.97 and Radius 

Coordinate Points 

y 351.56 and Radius 

**** END OF GSTABL7 OUTPUT**** 

130.60 

283.56 
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Pond Creek, South Cell, US (PGA = 0.54g)CEC Project No. 072-046 (Total Strength) 
p:\_2007 _projects\072-046 williamson energy\gstabl\pond creek south cell\0.54 pga runs\south cell upstream.pl2 Run By: Rocky Saporito 1/22/2008 01 :23PM 
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Soil Total Saturated Cohesion Friction Piez. ) 
Type Unit Wt. Unit Wt. Intercept Angle Surface•' 
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*** GSTABL? *** 
** GSTABL? by Garry H. Gregory, P.E. ** 

** Original Version 1.0, January 1996; Current Version 2.003, June 2002 ** 
(All Rights Reserved-Unauthorized Use Prohibited) 

********************************************************************************~ 
SLOPE STABILITY ANALYSIS SYSTEM 

Modified Bishop, Simplified Janbu, or GLE Method of Slices. 
(Includes Spencer & Morgenstern-Price Type Analysis) 
Including Pier/Pile, Reinforcement, Soil Nail, Tieback, 
Nonlinear Undrained Shear Strength, Curved Phi Envelope, 
Anisotropic Soil, Fiber-Reinforced Soil, Boundary Loads, Water 
Surfaces, Pseudo-Static & Newmark Earthquake, and Applied Forces. 

********************************************************************************* 
Analysis Run Date: 1/22/2008 
Time of Run: Ol:23PM 
Run By: Rocky Saporito 
Input Data Filename: P:\ 2007 Projects\072-046 Williamson Energy\GStabl\Pond Creek 

South Cell\0.54 PGA Runs\south cell upStream.in 
Output Filename: P:\ 2007 Projects\072-046 Williamson Energy\GStabl\Pond Creek 

South Cell\0.54 PGA Runs\south cell upStream.OUT 
Unit System: English 
Plotted Output Filename: P:\ 2007 Projects\072-046 Willia Energy\GStabl\Pond Creek South 

Cell\0.54 PGA Runs\south cell upstream~PLT 
PROBLEM DESCRIPTION, Pond Creek, South Cell, US (PGA = 0.54g) 

CEC Project No. 072-046 {Total Strength) 
BOUNDARY COORDINATES 

Note: User origin value specified. 
Add 50.00 to X-values and 0.00 to Y-values listed. 

6 Top Boundaries 
12 Total Boundaries 

Boundary X-Left Y-Left X-Right Y-Right Soil Type 
No. (ft) (ft) (ft) (ft) Below Bnd 

1 0.00 73. 00 
2 100.00 73. 00 
3 200.84 73. 00 
4 276.24 102.00 
5 296.24 102.00 
6 389.84 66.00 
7 0.00 60.00 
8 167.04 60.00 
9 193.46 70.16 

10 193.46 70.16 
11 270.39 68.00 
12 341. 70 66.00 

Default Y-Origin = O.OO(ft) 
Default X-Plus Value= O.OO(ft} 
Default Y-Plus Value= O.OO(ft) 

ISOTROPIC SOIL PARAMETERS 
3 Type(s) of Soil 

Soil Total Saturated Cohesion 
Type Unit Wt. Unit Wt. Intercept 

No. (pcf) (pcf) (psf) 
1 130.0 140.0 0.0 
2 80.0 90.0 0.0 
3 125.0 135.0 400.0 

100.00 
200.84 
276.24 
296. 24 
389.84 
400.00 
167.04 
193.46 
200.84 
270.39 
341.70 
3 89. 84 

Friction 
Angle 
(deg) 
33.7 
30.0 
19.5 

73.00 
73.00 

102.00 
102.00 

66.00 
66.00 
60.00 
70.16 
73. 00 
68.00 
66.00 
66.00 

Pore Pressure 
Pressure Constant 

Param. (psf) 
0.00 0.0 
0.00 0.0 
0.00 0.0 

1 PIEZOMETRIC SURFACE(S) SPECIFIED 
Unit Weight of Water= 62.40 (pcf) 
Piezometric Surface No. 1 Specified by 4 Coordinate Points 
Pore Pressure Inclination Factor o.so 

Point X-Water Y-Water 
No. (ft) (ft) 

1 0.00 76.00 
2 216.44 76.00 
3 
4 

371. 84 
400.00 

66.00 
66.00 

2 
2 
1 
1 
1 
3 
3 
3 
1 
3 
3 
3 

Piez. 
Surface 

No. 
1 
1 
1 

searching Routine Will Be Limited To An Area Detined By 1 Boundaries 
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Of Which The First 1 Boundaries Will Deflect Surfaces Upward 
Boundary X-Left Y-Left X-Right Y-Right 

No. (ft) (ft) (ft) (ft) 
1 0.00 58.00 400.00 58.00 

Specified Peak Ground Acceleration Coefficient (A) 
Specified Horizontal Earthquake Coefficient (kh) 
Specified Vertical Earthquake Coefficient (kv) = 
Specified Seismic Pore-Pressure Factor= 0.000 

0.540(g) 
0.540(g) 

O.OOO(g) 

A Critical Failure Surface Searching Method, Using A Random 
Technique For Generating Circular Surfaces, Has Been Specified. 

400 Trial Surfaces Have Been Generated. 
20 Surface(s) Initiate(s) From Each Of 20 Points Equally Spaced 

Along The Ground Surface Between X 50.00(ft) 
· and X 100. 00 (ft) 

Each Surface Terminates Between X 270.00(ft) 
and X 300.00(ft) 

Unless Further Limitations Were Imposed, The Minimum Elevation 
At Which A Surface Extends Is Y = O.OO(ft) 
10.00(ft) Line Segments Define Each Trial Failure Surface. 
Following Are Displayed The Ten Most Critical Of The Trial 

Failure Surfaces Evaluated. They Are 
Ordered - Most Critical First. 
**Safety Factors Are Calculated By The Modified Bishop Method** 
Total Number of Trial Surfaces Evaluated 400 
Statistical Data On All Valid FS Values: 

FS Max= 0.677 FS Min= 0.401 FS Ave= 0.581 
Standard Deviation= 0.056 Coefficient of Variation 9.62 % 

Failure Surface Specified By 23 Coordinate Points 
Point X-Surf Y-Surf 
No. (ft) (ft) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

71.05 
80.83 
90.67 

100.56 
110.51 
120.48 
130.47 
140.47 
150.47 
160.44 
170.39 
180.30 
190.15 
199.94 
209. 65 
219.27 
228.79 
23 8. 20 
247.48 
256. 63 
265. 63 
274.47 
276.39 

Circle Center At X = 

73.00 
70.88 
69.11 
67.68 
66.59 
65.86 
65.47 
65.44 
65.75 
66.41 
67.42 
68. 78 
70.49 
72.54 
74.92 
77.65 
80. 71 
84 .11 
87.83 
91.87 
96.23 

100.90 
102.00 

136.50 
Factor of Safety 

*** 0.401 *** 
Individual data on the 

Water Water 
Force Force 

y 351.34 

27 slices 
Tie Tie 

Force Force 

and Radius 

Earthquake 
Force 

285.93 

Surcharge 
Slice Width Weight Top Bot Norm Tan Hor Ver Load 

No. (ft) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) 
1 9.8 931.6 1829.5 2532.9 0. 0. 503.1 0.0 0.0 
2 9.8 2662.5 1842.3 3747.8 0. 0. 1437.7 0.0 0.0 
3 9.3 3837.1 1747.2 4453.3 0. 0. 2072. 0 0.0 0.0 
4 0.6 268.2 105.6 294.6 0. 0. 144. 8 0.0 0.0 
5 9.9 5247.9 1861. 0 5532.1 0. 0. 2833.8 0.0 0.0 
6 10.U 6080.6 1866.9 6099.3 0. 0. J283.S 0.0 0.0 
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7 10.0 6596.4 1870.6 6448.9 0. 0. 3562.1 0.0 0.0 
8 10.0 6791. 0 1872.0 6580.5 0. 0. 3667.2 0.0 0.0 
9 10.0 6662.9 1871.1 6493.9 0. 0. 3598.0 0.0 0.0 

10 10.0 6213.0 1867.9 6189.2 0. 0. 3355.0 0.0 0.0 
11 9.9 5445.1 1862.4 5666.7 0. 0. 2940.3 0.0 0.0 
12 9.9 4365.7 1854. 6 4 92 7. 2 0. 0. 2357.5 0.0 0.0 
13 9.9 2983.8 1844. 6 3971. 5 0. 0. 1611. 2 0.0 0.0 
14 9.1 1278.6 1705.8 2648.5 0. 0. 690.5 0.0 0.0 
15 0.7 34.6 126.5 152.3 0. 0. 18.7 0.0 0.0 
16 0.9 36.8 168.2 193.7 0. 0. 19.8 0.0 0.0 
17 8.8 1053.6 769.1 1222. 8 0. 0. 569.0 0.0 0.0 
18 3.8 837.6 0.0 132 .3 0. 0. 452.3 0.0 0.0 
19 5.8 1623.5 0.0 0.0 0. 0. 876.7 0.0 0.0 
20 9.5 3388.3 0.0 0.0 0. o. 1829.7 0.0 0.0 
21 9.4 3852.5 0.0 0.0 0. 0. 2080.3 0.0 0.0 
22 9.3 3847.2 0.0 0.0 0. 0. 2077.5 0.0 0.0 
23 9.1 3390.5 0.0 0.0 0. 0. 1830.9 0.0 0.0 
24 9.0 2504.2 0.0 0.0 0. 0. 1352. 3 0.0 0.0 
25 8.8 1213.9 0.0 0.0 0. 0. 655.5 0.0 0.0 
26 1.8 58.3 0.0 0.0 0. 0. 31. 5 0.0 0.0 
27 0.1 0.8 0.0 0.0 0. 0. 0.4 0.0 0.0 

Failure Surface Specified By 25 Coordinate Points 
Point X-Surf Y-Surf 
No. (ft) (ft) 

1 55.26 73.00 
2 65.03 70.84 
3 74.85 68.98 
4 84.73 67.42 
5 94.65 66.17 
6 104.61 65.23 
7 114.59 64.60 
8 124. 58 64.27 
9 134. 58 64.26 

( 10 144.58 64.55 
11 154.56 65.15 , ___ 
12 164.52 66.06 
13 174.44 67.28 
14 184.33 68. ·81 
15 194.16 70.64 
16 203.93 72. 77 
17 213.63 75.20 
18 223.25 77.93 
19 232.78 80.96 
20 242. 21 84.28 
21 251.54 87.89 
22 260.75 91. 78 
23 269.83 95. 96 
24 278.78 100.42 
25 281.72 102.00 

Circle Center At X = 130. 09 y 387.75 and Radius 323.52 
Factor of Safety 

*** 0.414 *** 
Failure Surface Specified By 22 Coordinate Points 

Point x-surf Y-Surf 
No. (ft) (ft) 

1 76.32 73.00 
2 86.09 70.88 
3 95.93 69.12 
4 105.83 67.70 
5 115.78 66.65 
6 125.75 65.94 
7 135.74 65.60 
8 145. 74 65.61 

( 
9 155.74 65.98 

10 165. 71 66. 71 
11 175.65 67.79 
l:L 11:l.5. 55 69. 23 
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13 195. 3 9 71.03 
14 205.15 73.17 
15 214. 84 75.66 
16 224.43 78.49 
17 233. 91 81. 67 
18 243.27 85.18 
19 252.51 89.03 
20 261.59 93.20 
21 270.53 97.70 
22 278.37 102.00 

Circle Center At X = 140.38 y 345.04 and Radius 279.48 
Factor of Safety 

*** 0.417 *** 
Failure Surface specified By 25 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 55.26 73.00 
2 65.02 70.83 
3 74.85 68.95 
4 84.72 67. 38 
5 94.64 66.11 
6 104.60 65.15 
7 114. 57 64. 50 
8 124.57 64.15 
9 134. 57 64.10 

10 144.56 64.37 
11 154.55 64.94 
12 164. 51 65.82 
13 174.44 67.00 
14 184.33 68.49 
15 194.17 70.28 
16 203. 94 72 .37 
17 213.65 74.76 

C 
18 223.29 77.45 
19 232.83 80.44 
20 242.28 83. 71 
21 251. 62 87.27 
22 260.85 91.12 
23 269.96 95.25 
24 2 78. 94 99.66 
25 283.36 102.00 

Circle Center At X = 130.94 y 389.72 and Radius 325.64 
Factor of Safety 

*** 0.422 *** 
Failure Surface Specified By 26 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 50.00 73.00 
2 59.77 70.87 
3 69.60 69.02 
4 79.48 67.46 
5 89.39 66.19 
6 99.35 65.21 
7 109.32 64.52 
8 119. 31 64.13 
9 129. 31 64.02 

10 13 9. 31 64.21 
11 149.30 64.70 
12 159.27 65.47 
13 169.21 66.54 
14 179.12 67.89 
15 188.99 69.54 
16 198.80 71. 47 

( 17 208.55 73.69 

\ 
18 218.23 76.19 

'--· 19 227.83 78.98 
so L.J'7.J5 82.04 
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21 246.78 85.38 
22 256.10 89.00 
23 265. 31 92.89 
24 274. 41 97.04 
25 283.38 101.46 
26 284.40 102.00 

Circle Center At X = 127. 83 
Factor of Safety 

*** 0.424 *** 
Failure Surface Specified By 23 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 73.68 73.00 
2 83.45 70.87 
3 93. 29 69.08 
4 103.19 67.62 
5 113 .12 66 .51 
6 123. 09 65.74 
7 133.09 65.32 
B 143.09 65.24 
9 153.08 65.50 

10 163. 06 66.11 
11 173.02 67.06 
12 182.93 68.36 
13 192. BO 69.99 
14 202. 60 71.96 
15 212. 33 74.28 
16 221.98 76.92 
17 231. 52 79.89 
18 240.96 83.20 
19 250.28 86.82 
20 259.47 90.77 
21 268.52 95.02 
22 277. 42 99.59 
23 281. 73 102.00 

Circle Center At X = 140.42 
Factor of Safety 

*** 0.435 *** 
Failure 

Point 
Surface Specified By 24 

X-Surf Y-Surf 
No. 

1 
2 
3 

4 
5 
6 
7 
B 
9 

(ft) (ft) 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

60. 53 
70.27 
80.08 
89. 94 
99.86 

109.81 
119. 79 
129.79 
139. 79 
149.78 
159.76 
169. 71 
179.62 
189.48 
199.29 
209.02 
218.67 
228.23 
237.69 
247.04 
256.26 
265.36 
274.31 
281.61 

Circle Center At X = 
_Factor of Safety 

73.00 
70.74 
68.79 
67.17 
65.88 
64.91 
64.27 
63. 96 
63.97 
64.32 
64.99 
65.99 
67.32 
68.97 
70.95 
73.25 
75.86 
78.79 
82.04 
85.59 
89.45 
93.61 
98.06 

102.00 
134.27 

y 405.74 and Radius 341. 72 

Coordinate Points 

y 355.48 and Radius 290. 25 

Coordinate Points 

y 368.02 and Radius 304.10 
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*** 0.440 *** 
Failure 

Point 
No. 

1 
2 
3 
4 
5 
6 
7 

8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

Surface Specified By 25 
X-Surf Y-Surf 

(ft) (ft) 
60.53 
70.32 
80.16 
90.06 
99.99 

109.95 
119. 94 
129.93 
139.93 
14 9. 93 
159. 91 
169.86 
179.78 
189.66 
199.49 
209.25 
218.95 
228.57 
238 .11 
247.54 
256.88 
266.10 
275.20 
284.17 
2 85. 52 

73.00 
70.96 
69.21 
67.76 
66.61 
65.75 
65.20 
64.95 
65.01 
65. 36 
66.01 
66.97 
68.22 
69.78 
71. 63 
73.77 
76.21 
78.94 
81.96 
85.27 
88.86 
92. 72 
96.87 

101. 28 
102.00 

133. 21 Circle Center At X = 
Factor of Safety 

*** 0.441 *** 
Failure Surface Specified By 23 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 73.68 73.00 
2 83.47 70.95 
3 93.32 69. 22 
4 103.22 67.82 
5 113. 17 66.76 
6 123 .14 66.02 
7 133 .13 65.61 
8 143. 13 65.54 
9 153.13 65.80 

10 163. 11 66.39 
11 173.07 67.31 
12 182.99 68.56 
13 192.86 70 .14 
14 202.68 72 .OS 
15 212. 43 74.28 
16 222.09 76.84 
17 231.67 79. 71 
18 241.15 82.91 
19 25 0. 52 86.41 
20 259.76 90.22 
21 268.87 94.34 
22 277. 84 98.76 
23 283.90 102.00 

Circle Center At X = 140. 34 
Factor of Safety 

*** 0.445 *** 
Failure 

Point 
No. 

1 
2 

3 

Surface Specified By 24 
X-Surf Y-Surf 

(ft) (ft) 
63 .16 
72.92 
82.75 

73.00 
70.83 
68.97 

Coordinate Points 

y 396.63 and Radius 331. 69 

Coordinate Points 

y 366.57 and Radius 301. 05 

Coordinate Points 
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4 92.63 67.43 
5 102.55 66.20 
6 112. 51 65.30 
7 122.49 64.71 
8 132. 49 64.44 
9 142.49 64.49 

10 152.48 64.87 
11 162.46 65.56 
12 172. 41 66.57 
13 182. 32 67.91 
14 192.18 69.55 
15 201.99 71.52 
16 211. 72 73.79 
17 221. 3 8 76. 38 
18 23 0. 95 79.27 
19 24 0. 43 82.47 
20 249. 80 85.98 
21 259.04 89.78 
22 268.17 93.87 
23 277.16 98.25 
24 284.25 102.00 

Circle Center At X = 135.81 y 376.36 and Radius 311. 94 
Factor of Safety 

*** 0.452 *** 
**** END OF GSTABL7 OUTPUT**** 
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Pond Creek, South Cell, US (PGA = 0.54g)CEC Project No. 072-046 (80% Peak Str.) 

p:\_2007 _projects\072-046 williamson energy\gstabllpond creek sout11 cell\0.54 pga runslsouth cell upstream.peak.pl2 Run By: Rocky Saporito 1/22/2008 01 :24PM 250 
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# FS ! Soil Soil Total Saturated Cohesion Friction Piez. j Load Value lnit Points: 50. to 100. a 0.401: Desc. Type Unit Wt. Unit Wt. Intercept Angle Surface, Peak(A) 0.540(g) Term Limits: 270. to 300. b 0.414 No. (pcf) (pcf) (psf) (deg) No. kh Coef. 0.540(9)< 
c 0.•117 CCR 1 130.0 140.0 0.0 33.7 W1 
d 0.424 FCR 2 80.0 90.0 0.0 30.0 W1 
e 0.425 ORIG 3 125.0 135.0 3000.0 0.0 W1 
I 0.d"l 1 
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*** GSTABL7 *** 
** GSTABL7 by Garry H. Gregory, P.E. ** 

** Original Version 1.0, January 1996; Current Version 2.003, June 2002 ** 
(All Rights Reserved-Un.authorized Use Prohibited) 

********************************************************************************~ 
SLOPE STABILITY ANALYSIS SYSTEM 

Modified Bishop, Simplified Janbu, or GLE Method of Slices. 
(Includes Spencer & Morgenstern-Price Type Analysis) 
Including Pier/Pile, Reinforcement, Soil Nail, Tieback, 
Nonlinear Undrained Shear Strength, Curved Phi Envelope, 
Anisotropic Soil, Fiber-Reinforced Soil, Boundary Loads, Water 
Surfaces, Pseudo-Static & Newmark Earthquake, and Applied Forces. 

*********************************************************************************. 
Analysis Run Date: 1/22/2008 
Time of Run: Ol:24PM 
Run By: Rocky Saporito 
Input Data Filename: P:\ 2007 Projects\072-046 Williamson Energy\GStabl\Pond Creek 

South Cell\0.54 PGA Runs\south cell upStream.peak.in 
Output Filename: P:\_2007_Projects\072-046 Williamson Energy\GStabl\Pond Creek 

South Cell\0.54 PGA Runs\south cell upstream.peak.OUT 
Unit System: English 
Plotted Output Filename: P:\_2007_Projects\072-046 Willia Energy\GStabl\Pond Creek South 

Cell\0.54 PGA Runs\south cell upstream.peak.PLT 
PROBLEM DESCRIPTION: Pond Creek, South Cell, US (PGA = 0.54g) 

CEC Project No. 072-046 {80% Peak Str.) 
BOUNDARY COORDINATES 

Note: User origin value specified. 
Add 50.00 to X-values and 0.00 to Y-values listed. 

6 Top Boundaries 
12 Total Boundaries 

Boundary X-Left Y-Left X-Right Y-Right Soil Type 
No. (ft) (ft) (ft) 

1 0.00 73.00 100.00 
2 100.00 73.00 200.84 
3 200.84 73.00 276.24 
4 276.24 102.00 296. 24 
5 296.24 102.00 389.84 
6 389.84 66.00 400.00 
7 0.00 60.00 167.04 
8 167.04 60.00 193.46 
9 193.46 70.16 200.84 

10 193.46 70.16 270.39 
11 270.39 68.00 341.70 
12 341.70 66.00 389.84 

Default Y-Origin = O.OO(ft) 
Default X-Plus Value= O.OO{ft) 
Default Y-Plus Value= O.OO{ft) 

ISOTROPIC SOIL PARAMETERS 
3 Type (s) of Soil 

Soil Total Saturated Cohesion Friction 
Type Unit Wt. Unit Wt. Intercept 

No. (pcf) (pcf) (psf) 
1 130.0 140. 0 0.0 
2 80.0 90.0 0.0 
3 125.0 135.0 3000.0 

1 PIEZOMETRIC SURFACE(S) SPECIFIED 
Unit Weight of Water= 62.40 {pcf) 

Angle 
(deg) 
33.7 
30.0 

0.0 

(ft) Below Bnd 
73.00 2 
73.00 2 

102.00 1 
102.00 1 

66.00 1 
66.00 3 
60.00 3 
70.16 3 
73.00 1 
68.00 3 
66.00 3 
66.00 3 

Pore Pressure Piez. 
Pressure Constant Surface 

Param. (psf) No. 
0.00 0.0 1 
0.00 0.0 1 
0.00 0.0 1 

Piezometric Surface No. 1 Specified by 4 Coordinate Points 
Pore Pressure Inclination Factor 0.50 

Point X-Water Y-Water 
No. (ft) (ft) 

1 0.00 76.00 
2 
3 
4 

216.44 
371. 84 
400.00 

76.00 
66.00 
66.00 

Searching Routine Will Be Limited To An Area Defined By 1 Boundaries 
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Of Which The First l Boundaries Will Deflect Surfaces Upward 
Boundary X-Left Y-Left X-Right Y-Right 

No. (ft) (ft) (ft) (ft) 
1 0.00 58.00 400.00 58.00 

Specified Peak Ground Acceleration Coefficient (A) 
Specified Horizontal Earthquake Coefficient {kh) 
Specified Vertical Earthquake Coefficient (kv) = 
Specified Seismic Pore-Pressure Factor= 0.000 

0.540(g) 
0.540(g) 

O.OOO(g) 

A Critical Failure Surface Searching Method, Using A Random 
Technique For Generating Circular Surfaces, Has Been Specified. 

400 Trial Surfaces Have Been Generated. 
20 Surface(s) Initiate(s) From Each Of 20 Points Equally Spaced 

Along The Ground Surface Between X 50.00(ft) 
and X 100.00(ft) 

Each Surface Terminates Between X 270.00(ft) 
and X 300.00(ft) 

Unless Further Limitations Were Imposed, The Minimum Elevation 
At Which A Surface Extends Is Y = O.OO(ft) 
10.00{ft) Line Segments Define Each Trial Failure Surface. 
Following Are Displayed The Ten Most Critical Of The Trial 

Failure Surfaces Evaluated. They Are 
Ordered - Most Critical First. 
**Safety Factors Are Calculated By The Modified Bishop Method** 
Total Number of Trial Surfaces Evaluated 400 
Statistical Data On All Valid FS Values: 

FS Max= 2.730 FS Min= 0.401 FS Ave= 1.535 
Standard Deviation= 0.636 Coefficient of Variation 41.41 % 

Slice 
No. 

1 
2 
3 
4 
5 
6 

Failure Surface Specified By 23 Coordinate Points 
Point 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

X-Surf Y-Surf 
(ft) (ft) 
71.05 
80. 83 
90.67 

100.56 
110.51 
120.48 
130.47 
14 0. 4 7 
150.47 
160.44 
170.39 
180.30 
190.15 
199.94 
209.65 
219.27 
228.79 
238.20 
247.48 
256. 63 
265. 63 
274.47 
276.39 

73.00 
70.88 
69.11 
67.68 
66.59 
65.86 
65.47 
65.44 
65.75 
66.41 
67.42 
68.78 
70.49 
72 .54 
74.92 
77,65 
80. 71 
84 .11 
87.83 
91. 87 
96. 23 

100.90 
102.00 

Circle Center At X = 
Factor of Safety 

136.50 

*** 0.401 *** 

y 351. 34 

Individual data on the 27 slices 
Water Water Tie Tie 
Force Force Force Force 

Width Weight Top Bot Norm Tan 
(ft) (lbs) (lbs) (lbs) (lbs) (lbs) 
9.8 931. 6 1829.5 2532.9 0. 
9.8 2662.5 1842.3 3747.8 0. 
9.3 3837.1 1747.2 4453.3 0. 
0.6 268.2 105.6 294.6 0. 
9.9 5247.9 1861. 0 5532.1 0. 

10.0 6080.6 1866.9 6099.3 0. 

and Radius 2 85. 93 

Earthquake 
Force Surcharge 

Hor Ver Load 
(lbs) (lbs) (lbs) 

0. 503.1 0.0 
0. 1437.7 0.0 
0. 2072. 0 a.a 
o. 144. 8 0.0 
0. 2833.8 0.0 
o. 3283.5 a.a 

0.0 
a.a 
0.0 
0.0 
a.a 
0.0 

f 1,,5 

Page 2 
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7 10.0 6596.4 1870.6 6448.9 0. 0. 3562.1 0.0 0.0 
8 10.0 6791.0 1872.0 6580.5 0. 0. 3667.2 0.0 0.0 
9 10.0 6662.9 1871.1 6493. 9 0. 0. 3598.0 0.0 0.0 

10 10.0 6213. 0 1867.9 6189.2 0. 0. 3355.0 0.0 0.0 
11 9.9 5445.1 1862.4 5666.7 0. 0. 2940.3 0.0 0.0 
12 9.9 4365.7 1854.6 4927.2 0. 0. 2357.5 0.0 0.0 
13 9.9 2983. 8 1844. 6 3971. 5 0. 0. 1611. 2 0.0 0.0 
14 9.1 1278.6 1705. 8 2648.5 0. 0. 690.5 0.0 0.0 
15 0.7 34.6 126.5 152.3 0. 0. 18.7 0.0 0.0 
16 0.9 36.8 168.2 193.7 0. 0. 19.8 0.0 0.0 
17 8.8 1053.6 769.1 1222. 8 0. 0. 569.0 0.0 0.0 
18 3.8 837.6 0.0 132.3 0. 0. 452.3 0.0 0.0 
19 5.8 1623.5 0.0 0.0 0. 0. 876.7 0.0 0.0 
20 9.5 3388.3 0.0 0.0 0. 0. 1829.7 0.0 0.0 
21 9.4 3852.5 0.0 0.0 0. 0. 2080.3 0.0 0.0 
22 9.3 3847.2 0.0 0.0 0. 0. 2077.5 0.0 0.0 
23 9.1 3390.5 0.0 0.0 0. 0. 1830.9 0.0 0.0 
24 9.0 2504.2 0.0 0.0 0. 0. 1352. 3 0.0 0.0 
25 8.8 1213 . 9 0.0 0.0 0. 0. 655.5 0.0 0.0 
26 1.8 58.3 0.0 0.0 0. 0. 31.5 0.0 0.0 
27 0.1 0.8 0.0 0.0 0. 0. 0.4 0.0 0.0 

Failure Surface Specified By 25 Coordinate Points 
Point x-surf Y-Surf 
No. (ft) (ft) 

1 55.26 73.00 
2 65.03 70.84 
3 74.85 68.98 
4 84.73 67.42 
5 94.65 66.17 
6 104.61 65.23 
7 114. 59 64.60 
8 124.58 64.27 
9 134.58 64.26 

10 144.58 64.55 
11 154.56 65.15 
12 164.52 66.06 
13 174.44 67.28 
14 184.33 68.81 
15 194.16 70.64 
16 203. 93 72. 77 
17 213. 63 75.20 
18 223.25 77.93 
19 232.78 80.96 
20 242.21 84.28 
21 251. 54 87.89 
22 260.75 91. 78 
23 269.83 95. 96 
24 278.78 100.42 
25 281. 72 102.00 

Circle Center At X = 130.09 y 387.75 and Radius 323.52 
Factor of Safety 

*** 0.414 *** 
Failure Surface Specified By 22 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 76.32 73.00 
2 86.09 70.88 
3 95.93 69.12 
4 105.83 67.70 
5 115. 78 66.65 
6 125. 75 65.94 
7 135.74 65.60 
8 145.74 65.61 
9 155.74 65.98 

10 165. 71 66. 71 
11 175.65 67.79 
12 185.55 69.23 
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13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

Circle 

195.39 71.03 
205.15 73.17 
214.84 75.66 
224.43 78.49 
233.91 81.67 
243. 27 85.18 
252.51 89. 03 
261. 59 93.20 
270.53 97.70 
278.37 102.00 

Center At X = 140.38 
Factor of Safety 

*** 0.417 *** 

y 345. 04 and Radius 

Failure Surface Specified By 26 Coordinate Points 
Point 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 

x-surf Y-Surf 
(ft) (ft) 
50.00 73.00 
59.77 
69.60 
79.48 
89. 39 
99.35 

109.32 
119. 31 
129.31 
139.31 
149.30 
159.27 
169. 21 
179.12 
188.99 
198.80 
208.55 
218.23 
227.83 
237.35 
246.78 
256.10 
265. 31 
274.41 
283.38 
284.40 

70.87 
69. 02 
67.46 
66.19 
65.21 
64.52 
64 .13 
64.02 
64.21 
64.70 
65.47 
66.54 
67.89 
69.54 
71.47 
73.69 
76.19 
78.98 
82.04 
85.38 
89.00 
92.89 
97.04 

101. 46 
102.00 

127.83 Circle Center At X = 
Factor of Safety 

*** 0.424 *** 
Failure Surface Specified By 25 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 55.26 73.00 
2 65. 02 70.83 
3 74.85 68.95 
4 84. 72 67.38 
5 94.64 66 .11 
6 104.60 65.15 
7 114. 57 64.50 
8 124.57 64.15 
9 134.57 64.10 

10 144. 56 64. 37 
11 154.55 64.94 
12 164.51 65.82 
13 174.44 67.00 
14 184.33 68.49 
15 194.17 70.28 
16 203.94 72. 37 
17 213.65 74.76 
18 223.29 77.45 
19 232.83 80.44 

y 405.74 and Radius 

Coordinate Points 

279.48 

341.72 
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20 242. 2 8 83. 71 
21 251. 62 87.27 
22 260.85 91.12 
23 269. 96 95.25 
24 278.94 99.66 
25 283.36 102.00 

Circle Center At X = 130.94 
Factor of Safety 

*** 0.425 *** 
Failure Surface Specified By 25 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 60.53 73.00 
2 70.32 70.96 
3 80.16 69.21 
4 90.06 67.76 
5 99.99 66.61 
6 109.95 65.75 
7 119.94 65.20 
8 129.93 64.95 
9 139.93 65.01 

10 149. 93 65.36 
11 159.91 66.01 
12 169.86 66.97 
13 179.78 68.22 
14 189.66 69.78 
15 199.49 71.63 
16 209. 25 73. 77 
17 218. 95 76.21 
18 228.57 78.94 
19 238 .11 81.96 
20 247.54 85.27 
21 256.88 88.86 
22 266.10 92. 72 
23 275.20 96.87 
24 284 .17 101. 28 
25 285.52 102.00 

Circle Center At X = 133.21 
Factor of· Safety 

••• 0.441 • •• 
Failure Surface Specified By 23 

Point x-surf Y-Surf 
No. (ft) (ft) 

1 73.68 73.00 
2 83.47 70.95 
3 93.32 69.22 
4 103. 22 67.82 
5 113 .17 66.76 
6 123 .14 66.02 
7 133 .13 65.61 
8 143 .13 65.54 
9 153 .13 65.80 

10 163 .11 66. 3 9 
11 173.07 67.31 
12 182.99 68.56 
13 192.86 70 .14 
14 202.68 72.05 
15 212.43 74.28 
16 222.09 76.84 
17 231. 67 79.71 
18 241.15 82.91 
19 250.52 86.41 
20 259.76 90.22 
21 268.87 94.34 
22 277. 84 98.76 
23 283.90 102.00 

circle Center At X = 140. 34 ; 

y 389.72 and Radius 325.64 

Coordinate Points 

y 396. 63 and Radius 331. 69 

Coordinate Points 

y 366.57 and Radius 301. 05 
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Factor of Safety 
*** 0.445 *** 

Failure Surface Specified By 23 Coordinate Points 

( Point x-surf Y-Surf 
No. (ft) (ft) 

1 73.68 73.00 
2 83.45 70.87 
3 93.29 69.08 
4 103.19 67.62 
5 113.12 66.51 
6 123.09 65.74 
7 133. 09 65.32 
8 143.09 65.24 
9 153.08 65.50 

10 163.06 66 .11 
11 173.02 67.06 
12 182.93 68.36 
13 192. 80 69.99 
14 202.60 71.96 
15 212.33 74.28 
16 221. 98 76.92 
17 231.52 79.89 
18 240.96 83.20 
19 250.28 86.82 
20 259.47 90.77 
21 268.52 95.02 
22 277. 42 99.59 
23 281. 73 102.00 

Circle Center At X = 140.42 y 355.48 and Radius 2 90. 2 5 
Factor of Safety 

*** 0.453 *** 
Failure Surface Specified By 26 Coordinate Points 

Point X-Surf Y-Surf 

( No. (ft) (ft) 
1 52.63 73.00 
2 62.43 71. 01 
3 72 .28 69.29 
4 82 .18 67.84 
5 92 .11 66.66 
6 102.07 65.76 
7 112.05 65.14 
8 122.04 64.79 
9 132. 04 64. 71 

10 142. 04 64.91 
11 152.03 65.39 
12 162.00 66.15 
13 171. 95 67.17 
14 181.86 68.48 
15 191. 74 70.05 
16 201. 56 71. 90 
17 211. 34 74.02 
18 221. 05 76.40 
19 230.69 79.06 
20 240.25 81.98 
21 249.73 85.16 
22 259.12 88.60 
23 268.41 92.30 
24 277.60 96.26 
25 286.67 100.46 
26 289.75 102.00 

Circle Center At X = 129.70 y 426. 73 and Radius 362.03 
Factor of Safety 

*** 0. 454 *** 

l Failure Surface Specified By 23 Coordinate Points 
Point X-Surf Y-Surf 
No. (ft) (ft) 

l 78.95 73.00 
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2 88.78 71.19 
3 98.67 69.70 
4 108.60 68.52 
5 118. 56 67.67 
6 128.55 67.14 
7 13 8. 55 66. 93 
8 148.55 67. 04 
9 158.54 67.48 

10 168.51 68.23 
11 178.45 69.31 
12 188.35 70. 71 
13 198.20 72.43 
14 208.00 74.46 
15 217.72 76.81 
16 227. 36 79.47 
17 236.90 82.44 
18 246.35 85. 71 
19 255.69 89.29 
20 264. 91 93.17 
21 274. 00 97.34 
22 282.95 101. 80 
23 283. 31 102.00 

Circle Center At X = 140.04 y 377.13 and Radius 310.21 
Factor of Safety 

*** 0.454 *** 
**** END OF GSTABL7 OUTPUT**** 
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Pond Creek, South Cell, Downstream CEC Project No. 072-046 (Total Strength) 
p:\_2007 _projects\072-046 Williamson energy\gstabl\pond creek south cell\south cell downstream.pl2 Run By: Rocky Saporito 1/7/2008 04:36PM 

# FS 
a 1.000, 
b 1.001 :. 

, c 1.00G I 
d 1.006,/ 
e 1.0091 
l U)mJ" 

200 g 1.009 · 
h 1.010 

1.011 I 

150 

100 : 

. -~-----·-
Wl 

50 i , 

0 
50 

GSTABL79 

Soil 
Desc. 

CCR 
FCR 

ORIG 

Soil Total Saturated Cohesion Friction Piez ·1 
Type Unit Wt. Unit Wt. Intercept Angle Surfacer 
No. (pct) (pcf) (psi) (deg) No. 
1 130.0 140.0 0.0 33.7 W1 
2 80.0 90.0 0.0 30.0 W1 
3 125.0 135.0 400.0 19.5 W1 

Load 
Peak(A) 
kh Goel. 

Value 
0.184(g) 
0.184(g)< 

a 
h. 

e •---.. ,. 
/. - ; 1 1wl----~,- ... 

--

3 ,._ ... J'-4_;'''~· 
.. - -1 

/,, 

• • 
:---- w8 • .,t? 3 

3 
~'-= ... ,· ~_.-~~· 

·1 

100 150 200 250 300 350 

GSTABL7 v.2 FSmin=1.000 
Safety Factors Are Calculated By The Modified Bishop Method 

• 

·, 
lnit Points: 125. to 170. 
Term Limits: 240. to 300. ,, 

·----~ 

3 
f 

400 450 w 
I,' 

~ 

€:' 
\11 



R14113P:\_2007_?roje~ts\072-046 Williamson Energy\GStabl\Pond Creek South Cell\south cell dow:~i.out ~: I 

*** GSTABL7 *** 
** GSTABL7 by Garry H. Gregory, P.E. ** 

** Original Version 1.0, January 1996; Current Version 2.003, June 2002 ** 
(All Rights Reserved-Unauthorized Use Prohibited} 

********************************************************************************* 
SLOPE STABILITY ANALYSIS SYSTEM 

Modified Bishop, Simplified Janbu, or GLE Method of Slices. 
(Includes Spencer & Morgenstern-Price Type Analysis) 
Including Pier/Pile, Reinforcement, Soil Nail, Tieback, 
Nonlinear Undrained Shear Strength, Curved Phi Envelope, 
Anisotropic Soil, Fiber-Reinforced Soil, Bdundary Loads, Water 
Surfaces, Pseudo-Static & Newmark Earthquake, and Applied Forces. 

********************************************************************************* 
Analysis Run Date: 1/7/2008 
Time of Run: 04:36PM 
Run By: Rocky Saporito 
Input Data Filename: P:\_2007_Projects\072-046 Williamson Energy\GStabl\Pond Creek 

South Cell\south cell downstream.in 
Output Filename: P:\_2007_Projects\072-046 Williamson Energy\GStabl\Pond Creek 

South Cell\south cell downstream.OUT 
Unit System: English 
Plotted Output Filename: P:\_2007_Projects\072-046 Willia Energy\GStabl\Pond Creek South 

Cell\south cell downstream.PLT 
PROBLEM DESCRIPTION: Pond Creek, South Cell, Downstream 

CEC Project No. 072-046 (Total Strength) 
BOUNDARY COORDINATES 

Note: User origin value specified. 
Add 50.00 to X-values and 0.00 to Y-values listed. 

5 Top Boundaries 
11 Total Boundaries 

Boundary X-Left Y-Left X-Right Y-Right Soil Type 
No. (ft) (ft) 

l 50.00 66.00 
2 159.40 66.00 
3 253.00 102.00 
4 273.00 102.00 
5 288.60 96. 00 
6 159.40 66.00 
7 208.00 66.00 
8 288.60 96.00 
9 279.00 68.00 

10 356.20 70.00 
11 382.20 60.00 

Default Y-Origin = O.OO(ft) 
Default X-Plus Value= O.OO(ft) 
Default Y-Plus Value= O.OO(ft) 

ISOTROPIC SOIL PARAMETERS 
3 Type(s) of Soil 

Soil Total Saturated Cohesion 
Type Unit Wt. Unit Wt. Intercept 

No. (pcf) (pcf) (psf) 
l 130.0 140.0 0.0 
2 80.0 90.0 0.0 
3 125.0 135.0 400.0 

(ft) 
159.40 
253.00 
273.00 
288.60 
450.00 
208.00 
279.00 
356.20 
356.20 
382.20 
450.00 

Friction 
Angle 
(deg) 
33.7 
30. 0 
19.5 

1 PIEZOMETRIC SURFACE(S) SPECIFIED 
Unit Weight of Water= 62.40 {pcf) 
Piezometric Surface No. 1 Specified by 
Pore Pressure Inclination Factor 0.50 

Point X-Water Y-Water 
No. (ft) (ft) 

1 50.00 64.00 
2 182.00 64.00 
3 280.80 99.00 
4 450.00 99.00 

(ft) Below Bnd 
66.00 3 

102.00 l 
102.00 l 

96.00 l 
96.00 l 
66.00 3 
68.00 3 
70.00 l 
70.00 3 
60.00 3 
60.00 3 

Pore Pressure Piez. 
Pressure Constant Surface 

Param. (psf) No. 
0.00 0.0 1 
0.00 0.0 1 
0.00 0.0 1 

4 Coordinate Points 

Searching Routine Will Be Limited To An Area Defined By 1 Boundaries 
Upward of which The First. l Boundaries will Deflect surraces 
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Boundary X-Left Y-Left X-Right Y-Right 
No. {ft) {ft) (ft) (ft) 

1 SO.OD SO.DO 450.00 SB.OD 
Specified Peak Ground Acceleration Coefficient (A) 
Specified Horizontal Earthquake Coefficient {kh) 
Specified Vertical Earthquake Coefficient (kv) = 
Specified Seismic Pore-Pressure Factor= 0.000 

0.184(g) 
0.184 (g) 

0.000 (g) 

A Critical Failure Surface Searching Method, Using A Random 
Technique For Generating Circular Surfaces, Has Been Specified. 

400 Trial Surfaces Have Been Generated. 
20 Surface(s) Initiate{s) From Each Of 20 Points Equally Spaced 

Along The Ground Surface Between X 125.00(ft) 
and X 170.00{ft) 

Each Surface Terminates Between X 240.00(ft) 
and X 300.00{ft) 

Unless Further Limitations Were Imposed, The Minimum Elevation 
At Which A Surface Extends Is Y = O.OO{ft) 
10.00(ft) Line Segments Define Each Trial Failure Surface. 
Following Are Displayed The Ten Most Critical Of The Trial 

Failure Surfaces Evaluated. They Are 
Ordered - Most Critical First. 
**Safety Factors Are Calculated By The Modified Bishop Method** 
Total Number of Trial Surfaces Evaluated 400 
Statistical Data On All Valid FS Values: 

FS Max= 1.559 FS Min= 1.000 FS Ave= 1.175 
Standard Deviation= 0.114 Coefficient of Variation 9.73 % 

Failure Surface Specified By 18 Coordinate Points 
Point X-Surf Y-Surf 

No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 

(ft) (ft) 
141.58 66.00 
150. 76 
160.23 
169.91 
179.76 
189. 71 
199.71 
209.69 
219. 60 
22 9. 3 8 
238. 96 
248.30 
257.33 
266.00 
274.27 
282.07 
289.37 
293 .14 

62.05 
58.81 
56.32 
54.59 
53.61 
53.42 
53.99 
55.33 
57.43 
60.29 
63.87 
68.16 
73.14 
78.78 
85.03 
91. 87 
96.00 

Circle Center At X = 
Factor of Safety 

197. 26 

*** 1.000 *** 
Individual data on the 

Water Water 
Force Force 

y 182.55 

28 slices 
Tie Tie 

Force Force 

and Radius 

Earthquake 
Force 

129.17 

Surcharge 
Slice Width Weight Top Bot Norm Tan Hor Ver Load 

No. (ft) (lbs) (lbs) {lbs) (lbs) (lbs) (lbs) (lbs) (lbs) 
1 4.6 580.9 0.0 0.0 0. 0. 106.6 0.0 0.0 
2 4.5 1733.1 0.0 301.1 0. 0. 318.0 0.0 0.0 
3 8.6 6155.6 0.0 1952.1 o. 0. 1129.5 0.0 0.0 
4 0.8 787.5 0.0 275.3 0. 0. 144. 5 0.0 0.0 
5 9.7 13575.4 0.0 4013.3 0. 0. 2491.1 0.0 0.0 
6 9.8 21424.4 0.0 5332.6 0. 0. 3931.4 0.0 0.0 
7 2.2 5845.3 0.0 1337.4 0. 0. 1072. 6 0.0 0.0 
8 5.6 16161. 7 0.0 3645.8 0. 0. 2965. 7 0.0 0.0 
9 2.1 6447.4 0.0 1548.1 0. 0. 1183 .1 0.0 0.0 

10 10.0 34670.5 0.0 8831.2 0. 0. 6362.0 0.0 0.0 
11 8.3 32633.6 0.0 8849.3 0. 0. 5988.3 0.0 0.0 
12 1. 7 7056,7 0.0 1957.2 0. 0. 12 94. 9 0.0 0.0 
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15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
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9.9 43368.7 0.0 12318. 3 
9.8 45640.6 0.0 13357. 6 
9.6 46489.6 0.0 13918. 2 
9.3 45942.3 0.0 13996.7 
4.7 23043.0 0.0 7153.6 
2.6 12476.9 0.0 3882.4 
1. 7 8081.1 0.0 2556.8 
8.7 37107. 4 0.0 12708.6 
7.0 25360.9 0.0 9713. 3 
1.3 4071. 6 0.0 1636. 4 
6.5 17034.6 0.0 8114. 9 
1.3 252 9. 2 20.7 1469.5 
6.5 8379.3 761.5 6092. 8 
0.8 481.1 143 .3 490.3 
2.6 984.8 485.7 1370. 5 
1.2 106.8 221.1 398.3 
Failure Surface Specified By 18 

Point X-Surf Y-Surf 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 

Circle 

(ft) (ft) 
136.84 66.00 
146.04 62.07 
155.50 58.85 
165.19 56.34 
1 75. 03 54.56 
184.97 53.53 
194.97 53.24 
204. 96 53.70 
214.88 54.91 
224.69 56.86 
234.33 59.53 
243.74 62.92 
252.86 67.01 
261.66 71. 76 
270.08 77.16 
278.07 83.18 
285.58 89.78 
291. 68 96.00 

Center At X = 193.80 
Factor of Safety 

*** 1.001 *** 
Failure Surface Specified By 19 

Point X-Surf Y-Surf 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

Circle 

(ft) (ft) 
132 .11 66.00 
141.36 62.21 
150.85 59.07 
160.54 56.59 
170.38 54.78 
180.31 53.65 
190.30 53.21 
200.30 53.46 
210.26 54.39 
220 .12 56.01 
229.86 58.30 
239.41 61.26 
248.74 64.87 
257.80 69 .11 
266.54 73.96 
274. 93 79.40 
282. 92 85.41 
290.48 91. 95 
294. 56 96.00 

Center At X = 191. 71 
Factor of Safety 

*** 1.006 *** 

0. 0. 7958.2 
o. 0. 8375.1 
0. 0. 853 0. 8 
0. 0. 8430.4 
0. o. 4228.4 
0. 0. 2289.5 
0. 0. 1482.9 
0. 0. 6809.2 
0. o. 4653.7 
0. 0. 747 .1 
0. 0. 3125.8 
0. 0. 464.1 
0. 0. 1537.6 
0. o. 88.3 
0. 0. 180. 7 
0. 0. 19.6 

Coordinate Points 

y 186.64 and Radius 

Coordinate Points 

y 198.47 and Radius 

Failure Surface Specified By 17 Coordinate Points 
1:-'oinc. X.-Surf ·r-Surf 

0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 a.a 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 

133.41 

145.26 
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No. 
1 
2 
3 
4 

5 
6 
7 

8 
9 

10 
11 
12 
13 
14 
15 
16 
17 

(ft) 
143. 95 
153.18 
162.68 
172.41 
182.29 
192. 26 
202. 26 
212.22 
222.08 
231.78 
241. 25 
250.43 
259.27 
267.70 
275.67 
283. 13 
289. 42 

(ft) 
66.00 
62.15 
59.05 
56.72 
55.18 
54.44 
54.49 
55.36 
57.01 
59 .46 
62.67 
66.63 
71.32 
76.70 
82.74 
89.40 
96.00 

Circle Center At X = 196. 52 
Factor of Safety 

*** 1.006 *** 

y 178.92 and Radius 

Failure Surface Specified By 18 Coordinate Points 
Point x-surf Y-Surf 
No. (ft) {ft) 

1 151.05 66.00 
2 160.25 62.06 
3 
4 

5 
6 
7 

8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 

169.72 
179.42 
189.29 
199.25 
209.25 
219. 22 
229 .11 
238.84 
248.35 
257.59 
266.50 
275.02 
283.09 
290.67 
297. 71 
298.85 

58.87 
56.45 
54.80 
53.94 
53.88 
54.61 
56.14 
58.44 
61. 52 
65.34 
69.88 
75.12 
81. 02 
87.54 
94.65 
96.00 

Circle Center At X = 205.01 Y 179.24 and Radius 
Factor of Safety 

*** 1.009 *** 
Failure 

Point 
No. 

1 
2 

3 
4 
5 
6 

7 

8 
9 

10 
11 
12 
13 
14 
15 
16 
17 

Surface Specified By 17 
X-Surf Y-Surf 

(ft) (ft) 
139. 21 
148. 30 
157. 72 
167.40 
177.27 
187.24 
197.24 
207.19 
217.01 
226.63 
235.98 
244.97 
253. 54 
261.63 
269.17 
276.09 
281.50 

66.00 
61. 83 
SB·. 48 
55.97 
54.33 
53.56 
53.67 
54.67 
56.53 
59.26 
62.82 
67.19 
72.34 
78.22 
84.80 
92.01 
98.73 

Circle Center At X = 190. 96 
!.'et.CL<.n of Saiecy 

Coordinate Points 

y 166.86 and Radius 

124.56 

125.44 

113. 36 
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Failure Surface Specified By 17 Coordinate Points 
Point X-Surf Y-Surf 
No. (ft) (ft) 

1 153 .42 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 

162.43 
1 71. 81 
181.47 
191.33 
2 01. 30 
211. 30 
221.23 
231. 03 
240.59 
249.83 
258.69 
267.07 
274. 90 
282 .12 
288.67 
290.09 

Circle Center At X = 
Factor of Safety 

66.00 
61. 67 
58.19 
55.60 
53. 92 
53.17 
53.35 
54.45 
56.48 
59.41 
63.22 
67.88 
73.33 
79.55 
86.46 
94.02 
96.00 

204.39 

*** 1.009 *** 

y 160.43 and Radius 

Failure Surface Specified By 18 Coordinate Points 
Point 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 

x-surf Y-Surf 
(ft) (ft) 

143.95 
153.25 
162.80 
172.54 
182.43 
192.40 
202.40 
212. 37 
222.27 
232. 03 
241. 61 
250. 94 
259.98 
268.69 
277. 00 
284. 87 
2 92. 27 
294. 95 

66.00 
62.33 
59.37 
57 .11 
55. 59 
54.81 
54.76 
55.46 
56.90 
59.06 
61.95 
65.53 
69.80 
74.73 
80.29 
86.45 
93.18 
96.00 

Circle Center At X = 197.95 
Factor of Safety 

*** 1.010 *** 
Failure Surface Specified By 17 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 148. 68 66.00 
2 157.95 62.25 
3 167.50 59.26 
4 177.25 57.05 
5 187.15 55.65 
6 197 .13 55.05 
7 207 .13 55.26 
8 21 7. 08 56.28 
9 226.91 58.10 

10 236.56 60.72 
11 245.97 64.11 
12 255.07 68.25 
13 263.81 73.12 
14 272 .12 78.68 
15 279. 96 84.89 
l6 2: b ·;, . L.b Sil.IL. 

y 189.19 and Radius 

Coordinate Points 

107. 3 0 

134. 51 
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17 291.16 96.00 
Circle Center At X = 199.53 

Factor of Safety 
*** 1.011 *** 

y 178.26 and Radius 

Failure Surface Specified By 19 Coordinate Points 
Point X-Surf Y-Surf 
No. (ft) (ft) 

1 139.21 
2 
3 
4 
5 
6 
7 
8 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

148. 57 
158.14 
167.89 
177.77 
187. 73 
197. 72 
207. 71 
217.65 
227.49 
237. 20 
246. 71 
256.00 
265. 02 
273. 73 
282.09 
290.07 
297. 62 
299.19 

66.00 
62.48 
59.59 
57.36 
55.78 
54.87 
54.63 
55.06 
56.17 
57.93 
60.36 
63.43 
67.13 
71.45 
76.36 
81.85 
87.88 
94.44 
96.00 

Circle Center At X = 
Factor of Safety 

196. 28 

*** 1.012 *** 

y 203.49 

**** END OF GSTABL7 OUTPUT**** 

and Radius 

123.23 

148.86 
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Pond Creek, South Cell, Downstream CEC Project No. 072-046 (80% Peak Str.) 
250 , 

p:\_2007 _projects\072-046 williamson ener9y\9stabl\pond creek south cell\south cell downstream.peak.pl2 Run By: Rocky Saporito 1/8/2008 02:33PM 

# FS !. 

a 1.000,: 
b 1.012 
C 1.056 

1 

d 1.064! 
el.065 1 
I 1.0GG1 

200 : 9 1.068 
. 11 1.072: 

1.072 

150 

100 

Soil 
Desc. 

CCR 
FCR 

ORIG 

,. 
Soil Total Saturated Cohesion Friction Piez. ! 

Type Unit WI. Unit Wt. Intercept Angle Surtacetl 
No. (pcf) (pct) (psi) (deg) No. I 
1 130.0 140.0 0.0 33.7 W1 
2 80.0 90.0 0.0 30.0 W1 
3 125.0 135.0 3000.0 0.0 W1 

/ 

Load 
Peak(A) 
kh Coef. 

a 

Value 
0.240(9) 
0.240(9)< 

1 ~ 6' 
c b d 

1J,'.'...-----... 
_./ 1 l~r---. 

,· _..,..,_.../ ,/ l -~-__, 
·• • ',\'-~-=----. ----------c---).'J,1.•,:'.''·''-''~ 

3 wB 3 3 w, 

50 

0 
50 

GSTABL7~ 

100 

·1 

150 200 250 300 350 

GSTABL7 v.2 FSmin=1.000 
Safety Factors Are Calculated By The Modified Bishop Method 

3 • 

; I nit Points: 125. to 170. , 
· Term Limits: 240. to 300. ·: 

3 ' 

400 450 

-
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*** GSTABL7 *** 
** GSTABL7 by Garry H. Gregory, P.E. ** 

** Original Version 1.0, January 1996; Current Version 2.003, June 2002 ** 
(All Rights Reserved-Unauthorized Use Prohibited) 

********************************************************************************* 
SLOPE STABILITY ANALYSIS SYSTEM 

Modified Bishop, Simplified Janbu, or GLE Method of Slices. 
(Includes Spencer & Morgenstern-Price Type Analysis) 
Including Pier/Pile, Reinforcement, Soil Nail, Tieback, 
Nonlinear Undrained Shear Strength, Curved Phi Envelope, 
Anisotropic Soil, Fiber-Reinforced Soil, Boundary Loads, Water 
Surfaces, Pseudo-Static & Newmark Earthquake, and Applied Forces. 

********************************************************************************* 
Analysis Run Date: 1/8/2008 
Time of Run: 02:33PM 
Run By: Rocky Saporito 
Input Data Filename: P:\_2007_Projects\072-046 Williamson Energy\GStabl\Pond Creek 

South Cell\south cell downstream.peak.in 
Output Filename: P:\ 2007 Projects\072-046 Williamson Energy\GStabl\Pond Creek 

South Cell\south cell downstream.Peak.OUT 
Unit System: English 
Plotted Output Filename: P:\_2007_Projects\072-046 Willia Energy\GStabl\Pond Creek South 

Cell\south cell downstream.peak.PLT 
PROBLEM DESCRIPTION: Pond Creek, South Cell, Downstream 

CEC Project No. 072-046 (BO% Peak Str.) 
BOUNDARY COORDINATES 

5 Top Boundaries 
11 Total Boundaries 

Boundary X-Left Y-Left 
No. (ft) (ft) 

1 SO.DO 66.00 
2 159.40 66.00 
3 253.00 102.00 
4 273.00 102.00 
5 288.60 96.00 
6 159.40 66.00 
7 208.00 66.00 
8 288.60 96.00 
9 279.00 68.00 

10 356.20 70.00 
11 382.20 60.00 

Default Y-Origin = O.OO(ft) 
Default X-Plus Value= O.OO(ft) 
Default Y-Plus Value= O.OO(ft) 

ISOTROPIC SOIL PARAMETERS 
3 Type(s) of Soil 

Soil Total Saturated Cohesion 
Type Unit Wt. Unit Wt. Intercept 

No. (pcf) (pcf) (psf) 
1 130.0 140.0 0.0 
2 80.0 90.0 0.0 
3 125.0 135.0 3000.0 

X-Right 
(ft) 

159.40 
253.00 
273.00 
288.60 
450.00 
208.00 
279.00 
356.20 
356.20 
382.20 
450.00 

Friction 
Angle 
(deg) 
33.7 
30.0 

0.0 

Y-Right Soil Type 
(ft) Below Bnd 
66.00 3 

102.00 1 
102.00 1 

96.00 1 
96.00 1 
66.00 3 
68.00 3 
70.00 1 
70.00 3 
60.00 3 
60.00 3 

Pore Pressure Piez. 
Pressure Constant Surface 

Param. (psf) No. 
0.00 0.0 1 
0.00 0.0 1 
0.00 0.0 1 

1 PIEZOMETRIC SURFACE(S) SPECIFIED 
Unit Weight of Water= 62.40 (pcf) 
Piezometric Surface No. 1 Specified by 4 Coordinate Points 
Pore Pressure Inclination Factor 0.50 

Point X-Water 
No. (ft) 

1 SO.DO 
2 182.00 
3 280.80 
4 450.00 

Searching Routine Will 
Of Which The First 1 
Boundary X-Left 

No. (ft) 
1 SO.DO 

Y-Water 
(ft) 

64.00 
64.00 
99.00 
99.00 

Be Limited 
Boundaries 

Y-Left 
(ft) 

SO.DO 

To An Area Defined By 
Will Deflect Surfaces 
X-Right Y-Right 

(ft) (ft) 
450.00 SB.OD 

1 Boundaries 
Upward 
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Specified Peak Ground Acceleration Coefficient (A) 
Specified Horizontal Earthquake Coefficient {kh) 
Specified Vertical Earthquake Coefficient {kv) = 
Specified Seismic Pore-Pressure Factor= 0.000 

0.240(9) 
o .240 lg) 

0.000(g) 

A Critical Failure Surface Searching Method, Using A Random 
Technique For Generating Circular Surfaces, Has Been Specified. 

400 Trial Surfaces Have Been Generated. 
20 Surface(s) Initiate(s) From Each Of 20 Points Equally Spaced 

Along The Ground Surface Between X 125.00(ft) 
and X 170.00(ft) 

Each Surface Terminates Between X 240.00(ft) 
and X 300.00(ft) 

Unless Further Limitations Were Imposed, The Minimum Elevation 
At Which A Surface Extends Is Y = O.OO(ft) 
10.00(ft) Line Segments Define Each Trial Failure Surface. 
Following Are Displayed The Ten Most Critical Of The Trial 

Failure Surfaces Evaluated. They Are 
Ordered - Most Critical First. 
**Safety Factors Are Calculated By The Modified Bishop Method** 
Total Number of Trial Surfaces Evaluated 400 
Statistical Data On All Valid FS Values: 

FS Max= 3.868 FS Min= 1.000 FS Ave= 2.379 
Standard Deviation= 0.521 Coefficient of Variation 21.88 % 

Slice 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

Failure Surface Specified By 11 Coordinate Points 
Point X-Surf Y-Surf 

No. (ft) (ft) 
1 162.89 67.34 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

172.77 
182.56 
192 .22 
201. 75 
211.11 
220.27 
229.22 
237.93 
246.38 
248.35 

68.90 
70.97 
73.52 
76.57 
80 .10 
84.10 
88.56 
93.47 
98.82 

Circle Center At X = 
100.21 

137.21 
Factor of Safety 

*** 1.000 *** 
Individual data on the 

Water Water 
Force Force 

Width Weight Top Bot 

y 261.94 

10 slices 
Tie Tie 

Force Force 
Norm Tan 

and Radius 

Earthquake 
Force 

Hor Ver 

196.28 

Surcharge 
Load 

(ft) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) 
9.9 1437.0 0.0 0.0 o. 0. 344.6 0.0 
9.8 3929.4 0.0 0.0 0. 0. 942.3 0.0 
9.7 5680.8 0.0 0.0 0. 0. 1362.2 0.0 
9.5 6697.2 0.0 0.0 0. 0. 1606.0 0.0 
9.4 6997.8 0.0 0.0 0. 0. 1678.1 0.0 
9.2 6614.0 0.0 0.0 0. 0. 1586.0 0.0 
8.9 5589.4 0.0 0.0 0. 0. 1340.3 0.0 
8.7 3979.3 0.0 0.0 0. 0. 954.2 0.0 
8.4 1849.8 0.0 0.0 0. 0. 443.6 0.0 
2.0 81.2 0.0 0.0 0. 0. 19. 5 0.0 
Failure Surface Specified By 11 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 170.00 70.08 
2 179.69 72. 54 
3 189.33 75.20 
4 198.91 78.06 
5 208.43 81.12 
6 217.89 84.38 
7 227.27 87.84 
8 236.58 91.49 
9 245.81 95.33 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
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10 
11 

254. 96 
260.62 

Circle Center At X = 
Factor of Safety 

*** 1.012 *** 

99.36 
102.00 

56. 68 Y 536.71 and Radius 

Failure 
Point 
No. 

l 
2 
3 
4 

5 
6 
7 
8 

9 
10 
11 
12 

Surface Specified By 12 
X-Surf Y-Surf 

(ft) (ft) 
160.53 
170.53 
180.49 
190.36 
200.08 
209.60 
218.85 
227.78 
236.35 
244.50 
252.19 
254.23 

66.43 
66.51 
67.35 
68. 95 
71.29 
74 .37 
78.17 
82.66 
87.82 
93.61 

100.01 
102.00 

Circle Center At X = 164.58 
Factor of Safety 

*** 1.056 *** 
Failure 

Point 
No. 

1 
2 
3 
4 
5 
6 
7 
8 

9 
10 
11 
12 
13 
14 

Surface Specified By 14 
X-Surf Y-Surf 

(ft) (ft) 
165.26 
175.19 
185.18 
195.18 
205 .14 
215. 03 
224.79 
234.38 
243.75 
252.87 
261.69 
270.17 
278.28 
2 80. 25 

68.26 
67. OB 
66.57 
66. 74 
67.59 
69 .11 
71.29 
74 .13 
77.61 
Bl. 71 
86.42 
91. 72 
97.57 
99.21 

Circle Center At X = 187.67 
Factor of Safety 

*** 1.064 *** 
Failure 

Point 
No. 

l 
2 
3 
4 

5 
6 
7 
8 
9 

10 
11 
12 
13 

Surface Specified By 13 
x-surf Y-Surf 

(ft) (ft) 
162.89 
172 .55 
182.18 
191. 78 
201.36 
210.90 
220.40 
229.88 
239.32 
248. 72 
258.09 
267.42 
268.91 

67.34 
69. 94 
72.63 
75.43 
78.32 
Bl. 32 
84.42 
87.62 
90.92 
94.32 
97.81 

Circle Center At X = 

101.41 
102. 00 

-77.81 
Factor of Safety 

*** 1.065 *** 
Failure 

Point 
No. 

l 
2 

Surface Specified By 11 
X-Surf Y-Surf 

(ft) (ft) 
170 .DO 70.08 

·, 0. '± (J 

Coordinate Points 

y 196. 97 and Radius 

Coordinate Points 

y 214.08 and Radius 

Coordinate Points 

y 983.35 and Radius 

Coordinate Points 

480.20 

130. 60 

14 7. 53 

94 7. 10 
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3 189.94 71.41 
4 199.80 73.09 
5 209.52 75.45 
6 219.06 78.46 
7 228.36 82.12 
8 237 .40 86.40 
9 246.12 91.30 

10 254. 4 9 96. 77 
11 261.39 102.00 

Circle Center At X = 170.24 y 216.35 and Radius 146.28 
Factor of Safety 

*** 1. 066 *** 
Failure Surface Specified By 13 Coordinate Points 

Point x-surf Y-Surf 
No. (ft) (ft) 

1 165.26 68.26 
2 175.23 67.43 
3 185.23 67.31 
4 195.21 67.88 
5 205 .13 69.15 
6 214. 94 71.10 
7 224.59 73.73 
8 234. 03 77.03 
9 243.22 80.97 

10 252 .11 85.55 
11 260.66 90.73 
12 268.83 96.50 
13 274.75 101.33 

Circle Center At X = 182.02 y 210.81 and Radius 143.54 
Factor of Safety 

*** 1.068 *** 
Failure Surface Specified By 13 Coordinate Points 

Point x-surf Y-Surf 

( No. (ft) (ft) 
1 167.63 69.17 . 
2 177.47 67.37 
3 187.43 66.53 
4 197.43 66.66 
5 207.37 67.75 
6 217.16 69.81 
7 226.70 72.80 
8 235.91 76.71 
9 244.69 81.48 

10 252.97 87.09 
11 260.67 93.47 
12 267. 72 100.57 
13 268.89 102.00 

Circle Center At X = 191.10 y 169.57 and Radius 103 .11 
Factor of Safety 

*** 1.072 *** 
Failure Surface Specified By 13 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 167.63 69.17 
2 177. 56 67.95 
3 187.55 67.52 
4 197.54 67.89 
5 207.47 69.05 
6 217.28 70.99 
7 226.91 73.70 
8 236.29 77.17 
9 245.36 81.37 

10 254.08 86.27 

( 11 262.38 91. 85 
12 270.21 98.07 

'---· 13 274. 00 101.61 
circle center At X = 187.93 ; y 193.60 and Radius 126.08 
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Factor of Safety 
*** 1.072 *** 

Failure Surface Specified By 13 Coordinate Points 
Point 

No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

X-Surf Y-Surf 
(ft) (ft) 

165.26 
175.25 
185.25 
195.23 
205.14 
214. 96 
224.65 
234.18 
243.50 
252.60 
261. 43 
269.96 
277.57 

68.26 
67.77 
67.87 
68.58 
69.88 
71. 77 
74.24 
77.28 
80.89 
85.04 
89.74 
94.95 

100.24 
Circle Center At X = 

Factor of Safety 
178.44 

*** 1.079 *** 

y 235.26 

**** END OF GSTABL7 OUTPUT**** 

and Radius 167.52 
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Pond Creek, South Cell, Upstream CEC Project No. 072-046 (Total Strength) 
p:\_2007 _projects\072•046 williamson energy\gstabl\pond creek south cell\south cell upstream.pl2 Run By: Rocky Saporito 1/7/2008 04:36PM 

# FS I 
a 1.0001 
b 1.007' 
G 1.011 
d 1.021 , 
e 1.026i' 
I 1.mo· 
g 1.036, 
11 1.045 

1.050 

Soil 
Desc. 

CCR 
FCR 

ORIG 

2 

50 

I 

Soil Total Saturated Cohesion Friction Piez. 1 
Type Unit Wt. Unit Wt. Intercept Angle Surface,1 
No. (pcf) (pcf) (psi) (deg) No. 
1 130.0 140.0 0.0 33.7 W1 
2 80.0 90.0 0.0 30.0 W1 
3 125.0 135.0 400.0 19.5 W1 

J ..... _ .... ,: '1=,;' .. 
,.._, ------ -

• 3 

100 150 

Load 
Peak(A) 
kh Coef. 

Value 
0.192(9) 

0.192(9)< 

a 

~1 
b" 
f -•. 

lnit Points: 50. to 100. 
'Term Limits: 270. to 300. 

/ c,;.,"" 1 ---..._______...___ ~ ~/ ..........__ 

✓- ~✓~ 1---...___ _______ _ /;:;;:;-,- . :>~-j. _c:s:::.,lr • s 
3 

·1 

200 250 300 350 400 

GSTABL7 v.2 FSmin=1.000 
Safety Factors Are Calculated By The Modified Bishop Method 

-----
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*** GSTABL7 *** 
** GSTABL7 by Garry H. Gregory, P.E. ** 

** Original Version 1.0, January 1996; Current Version 2.003, June 2002 ** 
{All Rights Reserved-Unauthorized Use Prohibited) 

********************************************************************************! 
SLOPE STABILITY ANALYSIS SYSTEM 

Modified Bishop, Simplified Janbu, or GLE Method of Slices. 
(Includes Spencer & Morgenstern-Price Type Analysis) 
Including Pier/Pile, Reinforcement, Soil Nail, Tieback, 
Nonlinear Undrained Shear Strength, Curved Phi Envelope, 
Anisotropic Soil, Fiber-Reinforced Soil, Boundary Loads, Water 
Surfaces, Pseudo-Static & Newmark Earthquake, and Applied Forces. 

********************************************************************************* 
Analysis Run Date, 1/7/2008 
Time of Run: 04:36PM 
Run By: Rocky Saporito 

Page I 

Input Data Filename: P:\_2007 Projects\072-046 Williamson Energy\GStabl\Pond Creek 
South Cell\south cell upstream.in 

Output Filename: P:\_2007_Projects\072-046 Williamson Energy\GStabl\Pond Creek 
South Cell\south cell upstream.OUT 

Unit System: English 
Plotted Output Filename: P:\_2007_Projects\072-046 Willia Energy\GStabl\Pond Creek South 

Cell\south cell upstream.PLT 
PROBLEM DESCRIPTION: Pond Creek, South Cell, Upstream 

CEC Project No. 072-046 (Total Strength) 
BOUNDARY COORDINATES 

6 Top Boundaries 
12 Total Boundaries 

Boundary X-Left Y-Left 
No. (ft) (ft) 

1 0.00 73.00 
2 100.00 73.00 
3 200.84 73.00 
4 276.24 102.00 
5 296. 24 102.00 
6 389.84 66.00 
7 0.00 60.00 
8 167.04 60.00 
9 193.46 70.16 

10 193.46 70.16 
11 270.39 68.00 
12 341.70 66.00 

Default Y-Origin = 0. 00 {ft) 
Default X-Plus Value= O.OO{ft) 
Default Y-Plus Value= O.OO{ft) 

ISOTROPIC SOIL PARAMETERS 
3 Type(s) of Soil 

Soil Total Saturated 
Type Unit Wt. Unit Wt. 

No. (pcf) (pcf) 
1 130.0 140:0 

Cohesion 
Intercept 

(psf) 
0.0 

X-Right 
(ft) 

100.00 
200.84 
276.24 
296.24 
389.84 
400.00 
167.04 
193.46 
200.84 
270.39 
341. 70 
389.84 

Friction 
Angle 
(deg) 
33.7 

2 80.0 90.0 0.0 30.0 
3 125.0 135.0 400.0 19.5 

l PIEZOMETRIC SURFACE(S) SPECIFIED 
Unit Weight of Water= 62.40 (pcf) 

Y-Right Soil Type 
{ft) Below Bnd 
73.00 2 
73.00 2 

102.00 1 
102.00 1 

66.00 1 
66.00 3 
60.00 3 
70.16 3 
73. 00 1 
68.00 3 
66.00 3 
66.00 3 

Pore Pressure Piez. 
Pressure Constant Surface 

Parara. (psf) No. 
0.00 0.0 1 
0.00 0.0 1 
0.00 0.0 1 

Piezometric Surface No. 1 Specified by 4 Coordinate Points 
Pore Pressure Inclination Factor 0.50 

Point X-Water Y-Water 
No. {ft) {ft) 

1 0.00 76.00 
2 
3 
4 

216.44 
371. 84 
400.00 

Searching Routine Will 
Of Which The First 1 
Boundary X-Left 

No. (.rtJ 

76.00 
66.00 
66.00 

Be Limited 
Boundaries 

Y-Left 
lttl 

To An Area Defined By 
Will Deflect Surfaces 
X-Right Y-Right 

lit) ltt) 

1 Boundaries 
Upward 
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1 0.00 58.00 400.00 58.00 
Specified Peak Ground Acceleration Coefficient (A) 
Specified Horizontal Earthquake Coefficient {kh) 
Specified Vertical Earthquake Coefficient {kv) = 
Specified Seismic Pore-Pressure Factor= 0.000 

0 .192 (g} 
0.192(g} 

0.000 (g} 

A Critical Failure Surface Searching Method, Using A Random 
Technique For Generating Circular Surfaces, Has Been Specified. 

400 Trial Surfaces Have Been Generated. 
20 Surface(s) Initiate{s) From Each Of 20 Points Equally Spaced 

Along The Ground Surface Between X 50.00(ft) 
and X 100.00(ft} 

Each Surface Terminates Between X 270.00(ft) 
and X 300.00(ft} 

Unless Further Limitations Were Imposed, The Minimum Elevation 
At Which A Surface Extends Is Y = 0.00(ft) 
10.00{ft) Line Segments Define Each Trial Failure Surface. 
Following Are Displayed The Ten Most Critical Of The Trial 

Failure Surfaces Evaluated. They Are 
Ordered - Most Critical First. 

* * Safety Factors Are Calculated By The Modified Bishop Method * * 
Total Number of Trial Surfaces Evaluated 400 
Statistical Data On All Valid FS Values: 

FS Max = 1. 575 FS Min = 1. 000 FS Ave = 1.269 
Standard Deviation= 0 .114 Coefficient of Variation 8.99 

Failure Surface Specified By 23 Coordinate Points 
Point X-Surf Y-Surf 

No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

Circle 

(ft} (ft} 
71.05 73.00 
80.83 70.88 
90.67 69 .11 

100. 56 67.68 
110.51 66.59 
120.48 65.86 
130.47 65.47 
140.47 65.44 
150.47 65.75 
160.44 66.41 
170.39 67.42 
180.30 68.78 
190.15 70. 49 
199.94 72. 54 
209. 65 74.92 
219.27 77. 65 
228.79 80. 71 
238.20 84 .11 
247.48 87.83 
256.63 91. 87 
265.63 96.23 
274.47 100.90 
276.39 102.00 

Center At X = 136.50 
Factor of Safety 

*** 1.000 *** 

y 

Individual data on the 27 
Water Water Tie 

351. 34 

slices 
Tie 

Force Force Force Force 

and Radius 

Earthquake 
Force 

285.93 

Surcharge 

% 

Slice Width Weight Top Bot Norm Tan Hor Ver Load 
No. (ft} (lbs} (lbs} (lbs} (lbs} (lbs} (lbs} (lbs} (lbs} 

1 9.8 931.6 1829.5 2532.9 0. 0. 178.5 0.0 0.0 
2 9.8 2662.5 1842.3 3747.8 0. 0. 510.1 0.0 0.0 
3 9.3 3837.l 1747.2 4453.3 0. 0. 735. 2 0.0 0.0 
4 0.6 268.2 105.6 294.6 0. 0. 51. 4 0.0 0.0 
5 9.9 5247.9 1861.0 5532.1 0. o. 1005.5 0.0 0.0 
6 10.0 6080.6 1866.9 6099. 3 0. 0. 1165. 0 0.0 0.0 
7 10.0 6596. 4 1870.6 6448.9 0. 0. 1263.9 0.0 0.0 
8 10.0 6791.0 1872.0 6580.5 0. 0. 1301.2 0.0 0.0 
9 10.0 6662.9 1871.1 6493.9 0. 0. 1276.6 0.0 0.0 
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10 10.0 6213.0 1867.9 6189.2 0. 0. 1190. 4 0.0 0.0 
11 9.9 5445.1 1862.4 5666.7 0. 0. 1043.3 0.0 0.0 
12 9.9 4365.7 1854.6 4927.2 0. 0. 836.5 0.0 0.0 
13 9.9 2983.8 1844.6 3 971. 5 0. 0. 571. 7 0.0 0.0 
14 9.1 1278.6 1705.8 2648.5 o. 0. 245.0 0.0 0.0 
15 0.7 34.6 126. 5 152.3 0. 0. 6.6 0.0 0.0 
16 0.9 36.8 168.2 193.7 0. o. 7.0 0.0 0.0 
17 8.8 1053.6 769.1 1222.8 0. 0. 201. 9 0.0 0.0 
18 3.8 837.6 0.0 132 .3 o. 0. 160.5 0.0 0.0 
19 5.8 1623.5 0.0 0.0 0. 0. 311.1 0.0 0.0 
20 9.5 3388.3 0.0 0.0 0. 0. 649 .2 0.0 0.0 
21 9.4 3 852. 5 0.0 0.0 o. 0. 738.1 0.0 0.0 
22 9.3 3847.2 0.0 0.0 0. 0. 737 .1 0.0 0.0 
23 9.1 3390.5 0.0 0.0 0. 0. 649.6 0.0 0.0 
24 9.0 2504.2 0.0 0.0 0. 0. 479 .8 0.0 0.0 
25 8.8 1213. 9 0.0 0.0 0. 0. 232.6 0.0 0.0 
26 1.8 58.3 0.0 0.0 o. 0. 11.2 0.0 0.0 
27 0.1 0.8 0.0 0.0 0. 0. 0.2 0.0 0.0 

Failure Surface Specified By 22 Coordinate Points 
Point x-surf Y-Surf 
No. (ft) (ft) 

1 76.32 73.00 
2 86.09 70.88 
3 95. 93 69.12 
4 105.83 67.70 
5 115.78 66.65 
6 125.75 65.94 
7 135. 74 65.60 
8 145.74 65.61 
9 155. 74 65.98 

10 165.71 66. 71 
11 175.65 67.79 
12 185.55 69.23 c- 13 195.39 71.03 
14 205.15 73.17 
15 214. 84 75.66 
16 224.43 78.49 
17 233.91 81. 67 
18 243.27 85.18 
19 252.51 89. 03 
20 261.59 93.20 
21 270.53 97.70 
22 278.37 102.00 

Circle Center At X = 140. 38 y 345.04 and Radius 279.48 
Factor of Safety 

••• 1. 007 *** 
Failure Surface Specified By 25 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 55.26 73.00 
2 65.03 70.84 
3 74.85 68.98 
4 84.73 67.42 
5 94.65 66.17 
6 104.61 65.23 
7 114. 59 64.60 
8 124.58 64.27 
9 134. 58 64.26 

10 144 . 5 8 64.55 
11 154.56 65.15 
12 164.52 66.06 
13 174.44 67.28 
14 184.33 68.81 

( 
15 194.16 70.64 
16 203.93 72.77 

"-·· 17 213. 63 75.20 
ltl 223 . .25 -, , . ~.:I 
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19 232.78 80.96 
20 242, 21 84.28 
21 251. 54 87,89 

( 22 260,75 91.78 
23 269.83 95.96 •, 
24 278.78 100.42 
25 281. 72 102.00 

Circle Center At X = 130.09 y 387.75 and Radius 323.52 
Factor of Safety 

*** 1.011 *** 
Failure Surface Specified By 25 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 55.26 73,00 
2 65.02 70.83 
3 74.85 68.95 
4 84.72 67.38 
5 94.64 66 .11 
6 104.60 65.15 
7 114. 57 64.50 
8 124,57 64.15 
9 134.57 64.10 

10 144.56 64. 37 
11 154.55 64.94 
12 164.51 65.82 
13 174. 44 67.00 
14 184.33 68.49 
15 194.17 70,28 
16 203.94 72,37 
17 213.65 74, 76 
18 223.29 77.45 
19 232.83 80.44 
20 242.28 83, 71 

( 21 251.62 87.27 
22 260. BS 91.12 

·~---- 23 269. 96 95.25 
24 278.94 99.66 
25 283.36 102.00 

Circle Center At X = 130. 94 y 389.72 and Radius 325.64 
Factor of Safety 

*** 1.021 *** 
Failure Surface Specified By 23 Coordinate Points 

Point x-surf Y-Surf 
No, (ft) (ft) 

1 73.68 73.00 
2 83.45 70.87 
3 93. 29 69.08 
4 103.19 67.62 
5 113.12 66.51 
6 123.09 65.74 
7 133.09 65.32 
8 143.09 65.24 
9 153.08 65.50 

10 163.06 66 .11 
11 173,02 67.06 
12 182, 93 68.36 
13 192.80 69.99 
14 202.60 71.96 
15 212.33 74.28 
16 221. 98 76. 92 
17 231. 52 79,89 
18 240, 96 83.20 
19 250.28 86.82 

(_ 
20 259.47 90.77 
21 268,52 95,02 
22 277.42 99.59 
23 281.73 102.00 
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Circle Center At X = 140.42 
Factor of Safety 

*** 1.026 *** 
Failure Surface Specified By 26 

Point x-surf Y-Surf 
No, (ft) (ft) 

1 50,00 73,00 
2 59,77 70,87 
3 69,60 69,02 
4 79,48 67,46 
5 89,39 66,19 
6 99,35 65,21 
7 109,32 64,52 
8 119. 31 64,13 
9 129.31 64.02 

10 139. 31 64.21 
11 149. 30 64.70 
12 159.27 65.47 
13 169.21 66,54 
14 179.12 67, 89 
15 188.99 69.54 
16 198,80 71.47 
17 208.55 73.69 
18 218.23 76.19 
19 227,83 78.98 
20 237.35 82.04 
21 246,78 85.38 
22 256,10 89.00 
23 265,31 92.89 
24 274.41 97,04 
25 283.38 101.46 
26 284,40 102.00 

Circle Center At X = 127.83 
Factor of Safety 

*** 1. 030 *** 
Failure Surface Specified By 23 

Point x-surf Y-Surf 
No, 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

Circle 

(ft) (ft) 
73,68 73.00 
83.47 70,95 
93.32 69,22 

103. 22 67,82 
113, 17 66,76 
123, 14 66,02 
133, 13 65,61 
143 .13 65,54 
153.13 65.80 
163, 11 66.39 
173,07 67,31 
182,99 68.56 
192, 86 70,14 
202. 68 72 ,05 
212,43 74,28 
222. 09 76,84 
231.67 79, 71 
241.15 82.91 
250,52 86.41 
259,76 90,22 
268,87 94. 34 
277.84 98,76 
283, 90 102,00 

Center At X = 140.34 
Factor of Safety 

*** 1.036 *** 

y 355,48 and Radius 

Coordinate Points 

y 405,74 and Radius 

Coordinate Points 

y 366,57 and Radius 

Failure Surface Specified By 25 Coordinate Points 
Point X-Surf Y-Surf 
No, (ft) (ttl 

290,25 

341. 72 

301.05 
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l 60.53 73.00 
2 70.32 70.96 
3 80.16 69.21 

( 4 90.06 67.76 
5 99.99 66.61 
6 109.95 65.75 
7 119. 94 65.20 
8 129.93 64.95 
9 13 9. 93 65.01 

10 149.93 65.36 
11 159.91 66.01 
12 169.86 66.97 
13 179.78 68.22 
14 189.66 69.78 
15 199.49 71.63 
16 209.25 73. 77 
17 218.95 76.21 
18 228.57 78.94 
19 238 .11 81.96 
20 247.54 85.27 
21 256.88 88.86 
22 266.10 92. 72 
23 275.20 96.87 
24 284.17 101.28 
25 285. 52 102.00 

circle Center At X = 133.21 y 3 96. 63 and Radius 331. 69 
Factor of safety 

*** 1.045 *** 
Failure Surface Specified By 23 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 78.95 73. 00 
2 88.78 71.19 

( 3 98.67 69.70 
4 108.60 68.52 

' 5 118.56 67.67 
6 128.55 67.14 
7 138. 55 66.93 
8 148. 55 67.04 
9 158.54 67.48 

10 168.51 68.23 
11 178.45 69.31 
12 188.35 70. 71 
13 198.20 72.43 
14 208.00 74.46 
15 217. 72 76.81 
16 227.36 79.47 
17 236.90 82.44 
18 246.35 85. 71 
19 255.69 89.29 
20 264. 91 93.17 
21 274.00 97.34 
22 2 82. 95 101.80 
23 283.31 102.00 

Circle Center At X = 140.04 y 377.13 and Radius 310.21 
Factor of Safety 

*** 1.050 *** 
Failure Surface Specified By 24 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 60.53 73. 00 
2 70.27 70.74 
3 BO.OB 68.79 
4 89.94 67.17 
5 99.86 65.88 
6 109.81 64.91 
7 119. 79 64.27 
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8 129. 7 9 63.96 
9 139.79 63.97 

10 149.78 64.32 
11 159.76 64.99 
12 169.71 65.99 
13 179.62 67.32 
14 189 .48 68.97 
15 199 .29 70.95 
16 209.02 73.25 
17 218.67 75.86 
18 228.23 78.79 
19 237.69 82. 04 
20 247.04 85.59 
21 256.26 89.45 
22 265.36 93.61 
23 274 .31 98.06 
24 281. 61 102.00 

Circle Center At X = 134. 27 y 368.02 and Radius 304 .10 
Factor of Safety 

*** 1.058 *** 
**** END OF GSTABL7 OUTPUT**** 

C 
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Pond Creek, South Cell, Upstream CEC Project No. 072-046 (80% Peak Str.) 
250 

# FS ;/ Soil 
, a 1.0001, Desc. 

b 1.007 
C 1.011 :1 CCR 

p:\_2007 _projects\072-046 williamson energy\gstabl\pond creek south cell\south cell upstream.peak.pI2 Run By: Rocky Saporito 1/8/2008 02:35PM 

Soil Total Saturated Cohesion Friction Piez. Load Value 
Type Unit Wt. Unit Wt. Intercept Angle Surface Peak(A) 0.192(9) 
No. (pcf) (pcf) (psi) (deg) No. kh Coef. 0.192(g)< 

1 130.0 140.0 • 0.0 33.7 W1 

' 1 lnit Points: 50. to 100. 
jTerm Limits: 270. to 300. • 

d 1.027'! FCR 
S 1.030 ,I ORIG 
l 1.03ll j 

2 80.0 90.0 0.0 30.0 W1 
3 125.0 135.0 3000.0 0.0 W1 

200 g 1.045 
Ii 1.050 

1.059 

150 

a 

100 

,.,. ,11 
,.,:_,..,,•·.• 

- --II .•. ,_ 
:_,;,.1 --... 

,~••" ''-~----- ___ _ 
--~ "· 1 -------~-

2 2 • -~ ··--· _,._, == ·-• • • 3 
3 3 3 W1 ···•3t1 

3 ·1 
50 

0 
0 50 100 150 200 250 300 350 400 

GSTABL7 v.2 FSmin=1.000 
Safety Factors Are Calculated By The Modified Bishop Method 

GSTABL70 -.., 
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*** GSTABL7 *** 
** GSTABL7 by Garry H. Gregory, P.E. ** 

** Original Version 1.0, January 1996; Current Version 2.003, June 2002 ** 
{All Rights Reserved-Unauthorized Use Prohibited) 

********************************************************************************* 
SLOPE STABILITY ANALYSIS SYSTEM 

Modified Bishop, Simplified Janbu, or GLE Method of Slices. 
(Includes Spencer & Morgenstern-Price Type Analysis) 
Including Pier/Pile, Reinforcement, Soil Nail, Tieback, 
Nonlinear Undrained Shear Strength, Curved Phi Envelope, 
Anisotropic Soil, Fiber-Reinforced Soil, Boundary Loads, Water 
Surfaces, Pseudo-Static & Newmark Earthquake, and Applied Forces. 

********************************************************************************* 
Analysis Run Date: 1/8/2008 
Time of Run: 02:35PM 
Run By: Rocky Saporito 
Input Data Filename: P:\_2007_Projects\072-046 Williamson Energy\GStabl\Pond Creek 

South Cell\south cell upstream.peak.in 
Output Filename: P:\_2007_Projects\072-046 Williamson Energy\GStabl\Pond Creek 

South Cell\south cell upstream.peak.OUT 
Unit System: English 
Plotted output Filename: P:\_2007_Projects\072-046 Willia Energy\GStabl\Pond Creek South 

Cell\south cell upstream.peak.PLT 
PROBLEM DESCRIPTION: Pond Creek, South Cell, Upstream 

CEC Project No. 072-046 (80% Peak Str.) 
BOUNDARY COORDINATES 

6 Top Boundaries 
12 Total Boundaries 

Boundary X-Left Y-Left X-Right Y-Right Soil Type 
No. (ft) (ft) (ft) (ft) Below Bnd 

1 0.00 73.00 100.00 
2 100.00 73.00 200.84 
3 200.84 73.00 276.24 
4 276.24 102.00 296.24 
5 296.24 102.00 389.84 
6 389.84 66.00 400.00 
7 0.00 60.00 167.04 
8 167.04 60.00 193.46 
9 193.46 70.16 200.84 

10 193.46 70.16 270.39 
11 270.39 68.00 341.70 
12 341.70 66.00 389.84 

Default Y-Origin = O.OO(ft) 
Default X-Plus Value= O.OO(ft) 
Default Y-Plus Value= O.OO(ft) 

ISOTROPIC SOIL PARAMETERS 
3 Type (s) of Soil 

Soil Total Saturated Cohesion Friction 
Type Unit Wt. Unit Wt. Intercept 

No. (pcf) (pcf) (psf) 
1 130. 0 140.0 0.0 
2 80.0 90.0 0.0 
3 125. 0 135 .0 3000.0 

1 PIEZOMETRIC SURFACE(S) SPECIFIED 
Unit Weight of Water= 62.40 (pcf) 

Angle 
(deg) 
33.7 
30.0 

0.0 

73.00 
73.00 

102.00 
102.00 

66.00 
66.00 
60.00 
70.16 
73.00 
68.00 
66.00 
66.00 

Pore Pressure 
Pressure Constant 

Param. (psf) 
0.00 0.0 
0.00 0.0 
0.00 0.0 

Piezometric Surface No. 1 Specified by 4 Coordinate Points 
Pore Pressure Inclination Factor 0.50 

Point 
No. 

1 
2 
3 
4 

X-Water 
(ft) 
0.00 

216.44 
3 71. 84 
400.00 

Y-Water 
(ft) 

76.00 
76.00 
66.00 
66.00 

2 
2 
1 
1 
1 
3 
3 
3 
1 
3 
3 
3 

Piez. 
Surface 

No. 
1 
1 
1 

Searching Routine Will 
Of Which The First 1 

Be Limited 
Boundaries 

Y-Left 

To An Area Defined By 
Will Deflect Surfaces 

1 Boundaries 
Upward 

Boundary X-Left 
J.;u. 

,,.., \ 

\.!.I.-/ 

X-Right Y-Right 
\.1.1.-J 

,,,,., 
\.!.I../ 
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1 0.00 58.00 400.00 58.00 
Specified Peak Ground Acceleration Coefficient (A) 
Specified Horizontal Earthquake Coefficient (kh) 
Specified Vertical Earthquake Coefficient {kv) = 
Specified Seismic Pore-Pressure Factor= 0.000 

0.192(g) 
0.192(g) 

0.000(g) 

A Critical Failure Surface Searching Method, Using A Random 
Technique For Generating Circular Surfaces, Has Been Specified. 

400 Trial Surfaces Have Been Generated. 
20 Surface(s) Initiate{s) From Each Of 20 Points Equally Spaced 

Along The Ground Surface Between X 50.00(ft) 
and X 100.00(ft) 

Each Surface Terminates Between X 270.00(ft) 
and X 300.00(ft) 

Unless Further Limitations Were Imposed, The Minimum Elevation 
At Which A Surface Extends Is Y = O.OO(ft) 
10.00(ft) Line Segments Define Each Trial Failure Surface. 
Following Are Displayed The Ten Most Critical Of The Trial 

Failure Surfaces Evaluated. They Are 
Ordered - Most Critical First. 
**Safety Factors Are Calculated By The Modified Bishop Method** 
Total Number of Trial Surfaces Evaluated 400 
Statistical Data On All Valid FS Values: 

FS Max= 6.036 FS Min= 1.000 FS Ave= 3.117 
Standard Deviation= 1.310 Coefficient of Variation 42.04 % 

Failure Surface Specified By 23 Coordinate Points 
Point X-Surf Y-Surf 
No. (ft) (ft) 

1 71.05 73.00 
2 
3 
4 

5 
6 
7 
8 

9 

70.88 
69 .11 
67.68 
66.59 
65.86 
65.47 
65.44 
65.75 
66. 41 
67.42 
68.78 
70.49 
72.54 
74.92 
77.65 
80.71 
84 .11 
87.83 
91. 87 
96.23 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

80.83 
90.67 

100.56 
110. 51 
120.48 
130.47 
140.47 
150.47 
160.44 
170.39 
180.30 
190.15 
199.94 
209.65 
219.27 
228.79 
238.20 
24 7. 48 
256.63 
265.63 
274.47 
276.39 

Circle Center At X = 

100.90 
102. 00 

136.50 Y 
Factor of Safety 

*** 1.000 *** 
Individual data on the 27 

Water Water Tie 

351.34 

slices 
Tie 

Force Force Force Force 

and Radius 

Earthquake 
Force 

285.93 

Surcharge 
Slice Width Weight Top Bot Norm Tan Hor Ver Load 

No. (ft) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) 
1 9.8 931. 6 1829.5 2532.9 0. 0. 178.5 0.0 0.0 
2 9.8 2662.5 1842.3 3747.8 0. o. 510.1 0.0 0.0 
3 9. 3 3837.1 1747.2 4453.3 0. 0. 735.2 0.0 0.0 
4 0.6 268.2 105.6 294.6 0. 0. 51. 4 0.0 0.0 
5 9.9 5247.9 1861.0 5532.1 0. 0. 1005.5 0.0 0.0 
6 10.0 6080.6 1866.9 6099.3 0. 0. 1165. 0 0.0 0.0 
7 10.0 6596. 4 1870.6 6448.9 0. 0. 1263.9 0.0 0.0 
8 10.0 6791. 0 1872.0 6580.5 0. 0. 1301. :d u.u u.u 
s J..0.0 0062.9 1011.l 6493.9 0. 0. 1.270. ti 0.U 0.0 
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10 10.0 6213. 0 1867.9 6189.2 0. D. 1190.4 0.0 0.0 
11 9.9 5445.1 1862.4 5666.7 D. D. 1043.3 0.0 0.0 
12 9.9 4365.7 1854.6 4927.2 D. D. 836.5 0.0 0.0 

( 13 9.9 2983.8 1844.6 3971.5 D. D. 571. 7 0.0 0.0 
14 9.1 1278.6 1705.8 2648.5 D. D. 245.D 0.0 0.0 
15 0.7 34.6 126.5 152.3 0. D. 6.6 0.0 0.0 
16 0.9 36.8 168.2 193.7 D. D. 7.0 0.0 0.0 
17 8.8 1053 . 6 769.1 1222.8 D. D. 201.9 D.D 0.0 
18 3.8 837.6 0.0 132.3 D. 0. 160.5 0.0 0.0 
19 5.8 1623.5 0.0 0.0 0. D. 311.1 0.0 0.0 
20 9.5 3388.3 0.0 D.D D. D. 649.2 D.D 0.0 
21 9.4 3852.5 0.0 0.0 D. D. 738.1 0.0 0.0 
22 9.3 3847.2 0.0 0.0 D. D. 737.1 0.0 0.0 
23 9.1 3390.5 0.0 0.0 D. D. 649.6 0.0 0.0 
24 9.0 2504.2 0.0 0.0 D. D. 479.8 0.0 0.0 
25 8.8 1213. 9 0.0 0.0 D. D. 232.6 0.0 0.0 
26 1.8 58.3 0.0 0.0 D. D. 11.2 0.0 0.0 
27 0.1 0.8 0.0 0.0 0. 0. 0.2 0.0 0.0 

Failure Surface Specified By 22 Coordinate Points 
Point x-surf Y-Surf 
No. (ft) (ft) 

1 76.32 73.00 
2 86.09 70.88 
3 95.93 69.12 
4 105.83 67.70 
5 115.78 66.65 
6 125.75 65.94 
7 135.74 65.60 
8 145.74 65.61 
9 155.74 65.98 

10 165. 71 66. 71 
11 175.65 67.79 
12 185.55 69.23 

( 13 195.39 71. 03 
I 14 205.15 73.17 

15 214. 84 75.66 
16 224.43 78.49 
17 233. 91 81. 67 
18 243.27 85.18 
19 252.51 89.03 
20 261. 59 93.20 
21 270.53 97.70 
22 278.37 102.DD 

Circle Center At X = 140.38 y 345.04 and Radius 279.48 
Factor of Safety 

*** 1. 007 *** 
Failure Surface Specified By 25 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 55.26 73. DO 
2 65.03 70.84 
3 74.85 68.98 
4 84.73 67.42 
5 94.65 66.17 
6 104.61 65.23 
7 114. 59 64. 60 
8 124.58 64.27 
9 134. 58 64.26 

10 144 .58 64.55 
11 154.56 65.15 
12 164.52 66.06 
13 174.44 67.28 
14 184.33 68.81 

( 
15 194.16 70.64 
16 203.93 72. 77 

~ 17 213.63 75.20 
10 2.23.2.S 1/.93 
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24 
25 
26 

274.41 
283.38 
284.40 

Circle Center At X = 

97.04 
101. 46 
102.00 

127.83 
Factor of Safety 

*** 1.030 *** 
Failure 

Point 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

Surface Specified By 23 
X-Surf Y-Surf 

(ft) (ft) 
73.68 
83.47 
93.32 

103.22 
113 .17 
123.14 
133.13 
143 .13 
153.13 
163. 11 
173.07 
182.99 
192.86 
202.68 
212.43 
222.09 
231.67 
241.15 
250.52 
259.76 
268.87 
277.84 
283.90 

73.00 
70.95 
69.22 
67.82 
66.76 
66.02 
65.61 
65.54 
65.80 
66.39 
67.31 
68.56 
70.14 
72.05 
74.28 
76.84 
79.71 
82.91 
86.41 
90.22 
94.34 
98.76 

Circle Center At X = 
102.00 

140. 34 
Factor of Safety 

*** 1.036 *** 
Failure 

Point 
Surface Specified By 25 

X-Surf Y-Surf 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

(ft) (ft) 
60.53 
70.32 
80.16 
90.06 
99.99 

109.95 
119. 94 
129.93 
139.93 
149. 93 
159. 91 
169.86 
179.78 
189.66 
199.49 
209.25 
218.95 
228.57 
238 .11 
247.54 
256.88 
266.10 
275.20 
284.17 
285.52 

73.00 
70.96 
69.21 
67.76 
66.61 
65.75 
65.20 
64.95 
65.01 
65.36 
66.01 
66.97 
68.22 
69.78 
71.63 
73.77 
76.21 
78.94 
81.96 
85.27 
88.86 
92. 72 
96 .87 

101.28 
102.00 

Circle Center At X = 133.21 
Factor of Safety 

*** 1.045 *** 

y 405. 74 and Radius 

coordinate Points 

y 366.57 and Radius 

coordinate Points 

y 396.63 and Radius 

Failure Surface Specif.i.e<l By 2.j Cuur.U.i.ndLe ?u.i.uLs 

341.72 

3 01. 05 

331.69 
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Point 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

x-surf 
(ft) 
78.95 
88.78 
98.67 

10B.60 
118.56 
128. 55 
138. 55 
148.55 
158.54 
168.51 
178.45 
1B8.35 
198.20 
20B.00 
217. 72 
227.36 
236.90 
246.35 
255.69 
264. 91 
274.00 
282.95 
2B3.31 

Y-Surf 
(ft) 
73 .00 
71.19 
69.70 
6B.52 
67.67 
67.14 
66.93 
67.04 
67.48 
6B.23 
69.3:J. 
70. 71 
72 .• 43 
74.46 
76.Bl 
79.47 
82.44 
85. 71 
89.29 
93.17 
97.34 

101.80 
102.00 

140. 04 Circle Center At X = 
Factor of Safety 

*** 1.050 *** 
Failure Surface Specified By 23 

Point x-surf Y-Surf 
No. (ft) (ft) 

1 73. 6B 73.00 
2 83.45 70.B7 
3 93 .29 69.0B 
4 103.19 67.62 
5 113 .12 66.51 
6 123.09 65.74 
7 133. 09 65.32 
B 143. 09 65.24 
9 153.0B 65.50 

10 163.06 66 .11 
11 173.02 67.06 
12 182.93 68.36 
13 192. 80 69.99 
14 202.60 71. 96 
15 212.33 74.28 
16 221.98 76.92 
17 231. 52 79.B9 
18 240.96 83.20 
19 250.2B B6.B2 
20 259.47 90. 77 
21 26B.52 95.02 
22 277. 42 99.59 
23 2B1.73 102.00 

circle Center At X = 140. 42 
Factor of safety 

*** 1.059 *** 
Failure Surface Specified By 22 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 84.21 73.00 
2 94. 05 71.22 
3 103.94 69.76 
4 113. 8B 6B. 62 
5 123.B5 67.80 
6 133.83 67.31 
7 143.03 0 7. 1.5 

y 377 .13 and Radius 310.21 

Coordinate Points 

y 355.48 and Radius 290.25 

Coordinate Points 
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13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
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153.83 67.30 
163.82 67.78 
173.79 68.59 
183.72 69.72 
193.62 71.17 
203.46 72.94 
213. 24 75.03 
222.94 77.43 
232.57 80.15 
242.10 83.18 
251. 52 86.52 
260.84 90.16 
270.03 94.10 
279.08 98.34 
286.28 102.00 

Center At X = 143.98 y 375.04 and Radius 307.90 
Factor of Safety 

*** 1.067 *** 
**** END OF GSTABL7 OUTPUT**** 
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ESTIMATING THE INDUCED CYCLIC SHEAR STRESSES AND STRAINS, 
AND TIME-HISTORY OF CYCLIC SHEAR STRESS, 

SHAKE COLUMNS PCSC300E AND PCSC300M 
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Civil & Environmental Consultants, Inc. 
Williamson Energy - Pond Creek South Cell 

PROJECT Deformation Evaluation PROJECT NO. 

Induced Cyclic Shear Stresses and Strains, and Time Histories 

of Cyclic Shear Stress - SHAKE PCSC300E and PCSC300M 

MADE BY __ B_E_G __ DATE __ 1_n_/_08 __ CHECKED BY djld 

CALCULATION BRIEF 
FOR 

PAGE 

DATE 

INDUCED CYCLIC SHEAR STRESSES AND STRAINS, AND 
TIME-HISTORIES OF CYCLIC SHEAR STRESS 
SHAKE COLUMNS PCSC300E AND PCSC300M 

I 

POND CREEK COAL REFUSE DISPOSAL SITE - SOUTH CELL 

072046 

OF /87 

,/z.3)08 r, 

OBJECTIVE: Estimate the induced cyclic shear stresses and shear strains for the proposed Pond 
Creek South Cell crest SHAKE2000 (Ordonez G., 2006) column location 
(PCSC300). Also, generate time histories of cyclic shear stress for the various 
layers which will be used as input for estimating permanent deformations. 

METHODOLOGY: Induced cyclic shear stresses with depth are estimated using program SHAKE 
(Schnabel et al., 1972) and SHAKE2000. Input to each SHAKE2000 column 
includes layer stratigraphy and unit weights, initial shear modulus (G) with depth, 
which were obtained/correlated from site specific, in-situ field testing (Reference 
2), correlated modulus and damping degradation curves (Reference 3) for coarse, 
refuse and residual soil, and synthetic acceleration-time earthquake records 
(Reference 5) representing maximum design earthquake (MDE) scenarios. 

As shown in Figure 3 of the permanent deformation evaluation report, maximum 
induced cyclic shear stresses are estimated at a crest column location, designated 
PCSC300, for the critical South Cell embankment/impoundment cross-section 
geometry and for two (2) MDE scenarios. The crest column location PCSC300 
includes phreatic levels associated with the end of construction (E) condition, i.e., 
minimum fines elevation (EL) at 474, and the maximum fines (M) condition at EL 
496. 

Attached to this calculation brief are hard copies of the SHAKE2000 output files 
and plots of cyclic shear stress time histories (for all layers within the SHAKE 
column) for each of the (synthetic) MDE earthquakes scenarios including an M6.8 
Background (at 13.5 km) and M8.0 New Madrid (at 83 km). Synthetic time 
histories were scaled to the Pond Creek peak ground accelerations (PGA) of 0.54g 
(References 5 and 6). The SHAKE2000 time histories of shear stress for each 
column become the input for (Newmark, 1965) permanent deformation analyses 
subsequently described in Appendix D, Attachment D-3. 
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INDUCED CYCLIC SHEAR STRESSES AND STRAINS 

SHAKE 2000 INPUT SUMMARY: 

Analyses were performed using the computer program SHAKE2000 (Ordonez, 2006), a computer program for the I-dimensional analysis of geotechnical earthquake engineering problems, which integrates SHAKE (Schnabel et al., 1972) and SHAKE9 l (Idriss, I.M. and Sun, J .I., I 992) with ShakEdit (Ordonez, G., 2006) a pre- and post-processor for SHAKE and SHAKE9 I. SHAKE2000 utilizes a onedimensional analysis for the vertical propagation of shear waves from the bedrock layer up through the soil profile, which is modeled as a series of horizontal layers, to estimate the maximum cyclic shear stress and strain with depth for the Pond Creek South Cell impoundment at a user-defined (PCSC300) column location along a maximum cross section of the embankment. 

Synthetic acceleration-time histories of the MDE scenarios, an M6.8 Background (at 13.5 km) and M8.0 . New Madrid, Missouri (at 83 km) generated in Reference 6 were scaled to the Pond Creek MDE PGA of 0.54 g determined in Reference 5. Initial shear modulus (G) values determined as a function of the measured shear wave velocities with depth (Reference 3) were used to simulate the ground shaking and embankment response. 

The modulus and damping reduction curves used in the analyses were from published 
references/relationships presented in Reference 7 for the coarse refuse, residual soil and rock materials. The shear modulus and damping ratios versus cyclic shear strain curves from SHAKE2000 were utilized for the coarse (gravel) and residual soil (clay) materials. 

Regarding pore pressures, it should be noted that at strains above approximately 0.0 I percent, there are pore pressure increases in the resonant column tests (see Castro, 1987, Figure 3), and the measured values of shear modulus do reflect the pore pressure increase. Since the pore pressure increases are a function of the number of cycles, the modulus reduction curves are also a function of the number of cycles that are applied before the modulus is measured. Al though pore pressures are not explicit! y modeled in SHAKE, they are implicitly accounted for in the shear modulus degradation relationships used as input. 

RESULTS SUMMARY: 

Figure 3 presents the relative location of the South Cell crest (PCSC300) SHAKE column. Reference 3 presents the corresponding layer geometry and input information, including material type, unit weight, ground water depth, sub-layer thicknesses, and average initial G-value for each sub-layer. The 
maximum induced horizontal cyclic shear stresses estimated at the midpoint of each layer are presented with depth for the Pond Creek SHAKE2000 columns PCSC300E and PCSC300M and MDE scenarios, 
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and are attached to this calculation brief. SHAKE2000 output files for each of these columns and each 
of the MD Es are also attached. Again note that the E and M designation for the crest Pond Creek 
SHAKE2000 column location correspond to "End of construction," i.e., minimum fines level, and 
"Maximum" fines level for the proposed South Cell impoundment. 

In general, the maximum induced cyclic shear stresses for all materials estimated at the midpoint of each 
layer varying from about 204 to 1562 psf for the M6.8 Background MDE, and are similar for the M8.0 
New Madrid MDE, varying from about 198 to 2503 psf. The estimated induced cyclic strains are 
generally low from less than 0.1 to 0.22 percent. The cyclic strain threshold, conservatively assumed to 
be about 0.25 percent, is the lowest threshold strain anticipated for a "clean sand." (Reference 9). 
Therefore, the estimated maximum induced strains do not exceed the most conservative threshold strain 
for both MDE earthquake scenarios. 

The mean square frequency of the M6.8 Background earthquake is 20.4 and 14.6 Hz for the M8.0 MDE 
scenario. The average fundamental frequencies of the SHAKE2000 columns are similar, ranging from 
about 3.70 to 4.35 Hertz for each columns and MDE scenario. Values for each of the 10 trials are 
tabulated in the attached SHAKE2000 results summary. Due to the large difference in frequency content 
between the low frequency SHAKE columns to the high frequency Eastern North American earthquake 
scenarios, low cyclic shear stresses and strains are induced to the soil columns and corresponding low 
accelerations within the critical layers. The percentage of acceleration within the critical layer to that of 
the base acceleration is lower for the M6.8 earthquake due to its higher mean square frequency. In other 
words, while the input acceleration is high for the "Background" MDE (Amax = 0.54 g), most of its 
energy is in the high frequency range and only a fraction of the induced base acceleration affects the 
critical layer. 

Maximum cyclic shear stresses induced at any time during the time history by the input acceleration 
range following iterations to achieve strain compatible properties are shown in the attached plots for 
each of the soil columns. A comparison of the average cyclic shear stress (taken as 0.65 times the 
maximum cyclic shear stress) using the initial shear modulus values was evaluated, and there is good 
agreement in the stress magnitudes between the maximum and average shear stress values for the initial 
and final iterations, respectively. 

SHAKE2000 analyses results also allow for estimating the deformations accumulated in the coarse 
refuse and residual soil layers. All layers were evaluated to envelope representing downstream, crest and 
upstream conditions during MDE earthquake loadings. A Newmark-type analysis (Newmark, 1965) will 
subsequently be performed to estimate permanent deformations of the potential sliding mass in all 
layers: The basic assumption in this type of analysis is that displacements are initiated only when the 

(_ ~arthquake-induced accelerations of the potential sliding mass exceed the yield acceleration of the mass. 
Consequently, time histories of horizontal shear stresses (Option 7) at all layers are saved for subsequent 
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permanent deformation analyses. Plots of time histories of (horizontal) shear stress for each column and 
critical layer are attached for information. 

CONCLUSION 

Based on the information presented in this calculation brief, maximum induced cyclic shear stresses and 
strains for SHAKE2000 columns PCSC300E and PCSC300M, with depth were estimated from 1-D 
wave propagation analyses, which utilized shear modulus and damping degradation curves for coarse 
coal refuse, residual soils and rock, and acceleration-time histories for the two (2) synthetic MDE 
scenarios including the M6.8 Background and MS.0 New Madrid earthquakes. Copies of the 
SHAKE2000 output and plots of shear stress time histories are presented herein. 

Based on the results of these analyses, a separate analysis will be performed using the time histories of 
shear stresses at the various layers to estimate the earthquake-induced deformation of the South Cell 
embankment (Appendix D, Attachments D-1 and D-3). 
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FOR 

ESTIMATING SHEAR MODULUS AND DAMPING VERSUS SHEAR STRAIN 
(MODULUS AND DAMPING DEGREDATION) FOR REFUSE, SOIL AND ROCK 

OBJECTIVE: 

REFERENCES: 

POND CREEK COAL REFUSE DISPOSAL SITE 

Present shear modulus (G) and damping (D) versus shear strain (y) degradation 
relationships normalized to small strain shear modulus (Gmax) at y = 0.001 
percent and damping for use in SHAKE2000 for the following materials: 

• Fine coal refuse, as defined by Ellison and Cho (1976); 
• Coarse coal refuse and coarse/fine coal refuse mix: Gravel (Mean), as 

defined by Rollins et al. JGGE, Vol. 124, No. 5, May 1998; 
• Embankment soil with assumed PI= 15% and Effective Confining Pressure 

= 4 atm., as defined by Darendeli, M. (2001 ); and 
• Rock, as defined by Schnabel, 1973. 

Coarse coal refuse, coarse/fine refuse mix, embankment soils and rock 
degradation relationships from cited references and contained as input within 
SHAKE2000. 

I. Ellison, R. D. and Cho, Y. Y. (1976) "Dynamic Design Considerations of Loose 
Fine Coal Refuse," E. D'Appolonia Consulting Engineers, Inc., Proceedings of the 
Ohio River Soils Seminar, Lexington, Kentucky, October, 1976. 

2. Rollins, K.M.; Evens, M.D.; Diehl, N.B. and Daily, W.D. III. (1998) "Shear 
Modulus and Damping Relationships for Gravels," Journal of Geotechnical and 
Geoenvironmental Engineering, Vol. 124, No. 5, pp. 396 - 405, May 1998. 
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3. Darendeli, M. (2001) "Development of a New Family of Normalized Modulus 
Reduction and Material Damping Curves," Ph.D. Dissertation, The University of 
Texas at Austin, August 2001. 

4. Schnabel, P.B. (1973) "Effects of Local Geology and Distance From Source on 
Earthquake Ground Motions," Ph.D. Thesis, University of California, Berkeley, 
California. 

5. Schnabel, P. B., Lysmer, J. and Seed, H.B. (1972) "SHAKE: A Computer 
Program for-Earthquake Response Analysis of Horizontally Layered Sites," 
Report No. EERC 72-12, University of California, Berkeley. 

6. Ordonez, Gustavo A.(2006) "SHAKE2000: A Computer Program for the 1-D 
Analysis of Geotechnical Earthquake Engineering Problems," February 2006. 

SHAKE2000 allows for the use of existing shear modulus and damping degradation relationships for 
various materials from corresponding published references. Also, SHAKE2000 allows for the input of 
material specific shear modulus and damping degradation relationships. Therefore, as previously noted, 
coarse coal refuse, coarse/fine coal refuse mix, embankment soils and rock material types encountered at 
the site utilize ex_isting published degradation relationships contained within SHAKE2000. 

Shear modulus and damping degradation relationships for fine coal refuse were input into SHAKE2000 
based on resonant column laboratory testing defined by Ellison & Cho ( 1976) and shown on the 
following pages. Finally, all shear modulus and damping degradation curves were plotted in 
SHAKE2000 and attached to this calculation brief. 
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SUMMARY OF EARTHQUAKE INDUCED CYCLIC SHEAR STRESS AND STRAIN 
SHAKE2000 ANALYSES OUTPUT FILES FOR .M6.8 BACKGROUND MDE AT 13.5 KM 

SHAKE2000 COLUMN PCSC300E 
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M6.8 Background Synthetic @13.5km, PGA=0.54g, Atkinson & Boore (1995) 
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* SHAKE: PROGRAM FOR EARTHQUAKE RESPONSE ANAL. HORIZONTAL* * LAYERED SITES by Per Schnable & John Lysmer - 1970 * 
*---------------* 
* SHAKE85: IBM PC SHAKE VERSION S.S.(Willie) Lai.Jan 1985 * 
*---------------* * SHAKE88 :New modulus reduction curves for clays added * * using results from Sun et al (1988) by J. I. Sun * 
* & Ramin Golesorkhi February 26, 1988 * 
* ---------------* * SHAKE90/9 l: Adjust last iteration: Input now is either * 
* Gmax or max Vs; up to 13 materials can be specified* 
* by user; up to 50 Layers can be specified; object * 
* motion can be read in from a separate file and can * 
* user specified format, Different periods for res- * 
* ponse spectral calculations;options are renumbered;* 
* and general cleanup by: J. I. Sun, I. M. Idriss & * 
* P. DirrimJune 1990-February 1991 * 
*---------------* * SHAKE91: General cleanup and finalization of input out-* 
* output format ... etc by: I. M. Idriss Dec. 1991 * 
*---------------* * SHAKE2000: Fix the incorrect output of Tot. Stress in * 
* Option 2. Changed path of ground motion file in * 
* SHAKE9 I. Control file to input file names. Modified * 
* by Jerald M. La Vassar & Gustavo A. Ordonez (March 2003) * 
* RUN DATE 1/02/2008 * 
* RUN TIME 11:10 * 

MAX. NUMBER OF TERMS IN FOURIER TRANSFORM = 32768 
NECESSARY LENGTH OF BLANK COMMON X = 204819 

l ****** OPTION I *** READ RELATlON BETWEEN SOlL PROPERTIES AND STRAlN 

MATERlAL TYPE NO. I 

CURVE NO. I: Coarse 
CURVE NO. 2: Coarse 

G/Gmax - Gravel (Mean) - Rollins et al. JGGE 
Damping for Gravel (Mean) - Rollins et al. J 

CURVE NO. I CURVE NO. 2 
=======--=--= 

STRAIN G/GMAX STRAIN DAMPING 
-------- -------
0.0001 l.000 0.0001 0.90 
0.0002 0.995 0.0003 I.I I 
0.0005 0.980 0.0006 1.30 
0.0008 0.970 0.0010 1.50 
0.0010 0.960 0.0020 l.91 
0.0020 0.930 0.0030 2.24 
0.0030 0.905 0.0040 2.54 
0.0040 0.880 0.0060 3.05 
0.0070 0.810 0.0080 3.50 
0.0100 0.755 0.0100 3.89 
0.0200 0.630 0.0200 5.45 
0.0700 0.390 0.0300 6.61 
0.1000 0.325 0.0500 8.28 
0.2000 0.205 0.!000 I0.79 
0.3000 0.150 0.2000 13.23 
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0.4000 0.115 0.3000 14.47 
0.5000 0.095 0.4000 15.24 
0.6000 0.080 0.6000 16.14 
0.8000 0.070 0.8000 16.66 
1.0000 0.050 1.0000 17.01 

********************** 
MATERIAL TYPE NO. 2 

CURVE NO. 3: Fine Refuse Moduli for Fine Refuse (Ellison & Cho, 1976) 
CURVE NO. 4: Fine Refuse Damping Values for Fine Refuse (Ellison & Ch 

CURVENO.3 CURVENO.4 

STRAIN G/GMAX STRAIN DAMPING 
-------- ------- -------- --------
0.0001 I.ODO 0.0001 0.75 
0.0004 J.000 0.0004 0.65 
0.0010 0.995 0.0010 0.70 
0.0020 0.992 0.0020 0.80 
0.0040 0.989 0.0040 0.90 
0.0060 0.981 0.0060 1.10 
0.0080 0.965 0.0080 1.30 
0.0100 0.955 0.0100 I.40 
0.0200 0.905 0.0200 2.00 
0.0400 0.828 0.0400 3.10 
0.0600 0.750 0.0600 4.00 
0.0800 0.670 0.0800 5.20 
0.1000 0.610 0.1000 6.00 
0.2000 0.610 0.2000 6.00 

********************** 
MATERIAL TYPE NO. 3 

********************** 

CURVE NO. 5: Residual G/Gmax Pl=l5% - Effective Confining Pressure 
CURVE NO. 6: Residual Damping PI=l5% - Effective Confining Pressur 

CURVE NO. 5 CURVE NO. 6 

STRAIN G/GMAX STRAIN DAMPING 
-------- ------- -------- --------
0.0000 1.000 0.0000 0.67 
0.0000 1.000 0.0000 0.67 
0.0000 0.999 0.0000 0.68 
0.0001 0.998 0.0001 0.68 
0.0002 0.996 0.0002 0.70 
0.0005 0.991 0.0005 0.75 
0.0010 0.983 0.0010 0.83 
0.0022 0.965 0.0022 1.02 
0.0048 0.931 0.0048 1.43 
0.0100 0.873 0.0100 2.17 
0.0220 0.770 0.0220 3.68 
0.0484 0.618 0.0484 6.24 
0.1000 0.454 0.1000 9.48 
0.2200 0.287 0.2200 13.40 
0.4840 0.163 0.4840 16.87 
1.0000 0.091 1.0000 19.16 
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********************** 
MATERIAL TYPE NO. 4 

********************** 

CURVE NO. 7: Rock 
CURVE NO. 8: Rock 

G/Gmax - ROCK (Schnabel 1973) 
Damping for ROCK (Schnabel 1973) 

CURVE NO. 7 CURVE NO. 8 

STRAIN G/GMAX STRAIN DAMPING 
-------- ------- -------- --------

0.0001 1.000 0.0001 0.40 
0.0003 1.000 0.00!0 0.80 
0.0010 0.990 0.0!00 1.50 
0.0030 0.950 0.!000 3.00 
0.0!00 0.900 1.0000 4.60 
0.0300 0.810 0.0000 0.00 
0.!000 0.725 0.0000 0.00 
1.0000 0.550 0.0000 0.00 

I****** OPTION 2 *** READ SOIL PROFILE 
NEW SOIL PROFILE NO. I IDENTIFICATION PSCS300E Crest Column 
NUMBER OF LAYERS 17 DEPTH TO BEDROCK 50.00 

NO. TYPE THICKNESS DEPTH TOTAL PRESS. MODULUS DAMPING UNIT WT. SHEAR VEL 
(FT) (FT) (KSF) (KSF) (KCF) (FPS) 

I I 4.0000 2.0000 0.26 3454. 0.050 0.130 924.9 
2 1 3.dooo 5.sooo 0.11 3856. o.o5o 0.130 977.3 
3 I 3.0000 8.5000 I.I I 41 IO. 0.050 0.130 1009.0 
4 I 3.0000 11.5000 1.50 5739. 0.050 0.130 1192.3 
5 I 3.0000 14.5000 1.88 4991. 0.050 0.130 1111.9 
6 I 3.0000 17.5000 2.28 4552. 0.050 0.130 1061.8 
7 I 3.0000 20.5000 2.66 4985. 0.050 0.130 1111.2 
8 I 3.0000 23.5000 3.05 4436. 0.050 0.130 I 048.2 
9 I 3.0000 26.5000 3.44 4926. 0.050 0.130 I 104.6 
IO I 4.0000 30.0000 3.90 5058. 0.050 0.130 1119.3 
11 3 3.0000 33.5000 4.36 2940. 0.050 0.135 837.4 
12 3 3.0000 36.5000 4.77 2951. 0.050 0.135 839.0 
13 3 3.0000 39.5000 5.17 3307. 0.050 0.135 888.1 
14 3 3.0000 42.5000 5.58 4130. 0.050 0.135 992.5 
15 3 3.0000 45.5000 5. 98 7 I 36. 0.050 0.135 1304.6 
16 3 3.0000 48.5000 6.39 7051. 0.050 0.135 I 296.8 
17 BASE 74534. 0.050 0.150 4000.0 

PERIOD= 0. 19 FROM AVERAGE SHEAR VEL. = 1050. 

FREQUENCY AMPLITUDE 
MAXIMUM AMPLIFICATION= 12.49 
FOR FREQUENCY = 5.15 C/SEC. 

PERIOD = 0. I 9 SEC. 

I****** OPTION 3 *** READ INPUT MOTION 

FILE NAME FOR INPUT MOTION= C:\SHAKE2000\Williamson Energy\Background6.8.eq 
NO. OF INPUT ACC. POINTS = 8192 
NO. OF POINTS USED IN FFT = I 6384 

NO. OF HEADING LINES= 4 
NO. OF POINTS PER LINE = 8 
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PCSC300E-1 a.out 
TIME STEP FOR INPUT MOTION; 0.0100 

FORMAT FOR TIME HISTORY; (8f9.6) 

*****HEADER***** 
Source File: C:\SHAKE2000\Williamson Energy\Background.M6.8@!3.5km.txt 
SHAKE2000 Conversion: 8192 .01 4 8 9 (8f9.6 
Acceleration Units: (g's) - No. Values: 8192 - Time Step: .01 (secs) 
Data Format: (8f9.6) - No. Header Lines: 4 
** FIRST AND LAST 5 LINES OF INPUT MOTION***** 

I 0.000068-0.000484 0.004440-0.000089 0.002476-0.002297-0.00I 876 0.007725 
2 0.009680 0.020998-0.014349-0.0! 2924 0.018874-0.0 I 9831-0.000946 0.024811 
3 -0.016894-0.00246 I 0.007682-0.006573-0.008604-0.0l 8410 0.024194-0.064656 
4 -0.017516 0.023926-0.061566 0.003326 0.022873 0.052730 0.049159 0.008778 
5 -0.041034 0.029324-0.005991 0.066674-0.05 I 336 0.029966-0.067257 0.00 I 274 

............ INPUT MOTION READ NOT ECHOED .......... . 
1020 -0.000017 0.000017-0.000018 0.000017-0.000019 0.000019-0.000020 0.000020 
I 021 -0.000021 0.000021-0.000022 0.000022-0.000024 0.000023-0.000025 0.000025 
1022 -0.000027 0.000027-0.000028 0.000028-0.000030 0.000030-0.000032 0.000032 
1023 -0.000034 0.000034-0.000035 0.000035-0.000037 0.000037-0.000038 0.000038 
1024 -0.000038 0.000037-0.000036 0.000032-0.000026 0.000014 0.000006-0.000045 

MAXIMUM ACCELERATION; 0.75473 
AT TIME ; 3.64 SEC 
THE VALUES WILL BE MULTIPLIED BY A FACTOR; 0.715 
TO GIVE NEW MAXIMUM ACCELERATION ; 0.54000 
MEAN SQUARE FREQUENCY; 20.41 C/SEC. 
MAX ACCELERATION; 0.55791 FOR FREQUENCIES REMOVED ABOVE 40.00 C/SEC. 
I****** OPTION 4 *** READ WHERE OBJECT MOTION IS GIVEN 
OBJECT MOTION IN LA YER NUMBER 17 OUTCROPPING 

I****** OPTION 5 *** OBTAIN STRAIN COMPATIBLE SOIL PROPERTIES 
MAXIMUMNUMBEROFITERATIONS ; 10 
FACTOR FOR UNIFORM STRAIN IN TIME DOMAIN ; 0.65 

EARTHQUAKE - C:ISHAKE2000\Williamson Energy\Background6.8.eq 
SOIL PROFILE - PSCS300E Crest Column 

ITERATION NUMBER I 

VALUES IN TIME DOMAIN 

NO TYPE DEPTH UNIFRM. <----DAMPING----> <---- SHEAR MODULUS-----> G/Go 
(FT) STRAIN NEW USED ERROR NEW USED ERROR RATIO 

I I 2.0 0.00356 0.024 0.050 -!06.7 3074.5 3454.0 -12.3 1.000 
2 I 5.5 0.00786 0.035 0.050 -44.0 3054.2 3856.0 -26.3 1.000 
3 I 8.5 0.00966 0.038 0.050 -30.5 3124.7 4110.0 -31.5 1.000 
4 I I 1.5 0.008 I 4 0.035 0.050 -41.7 4515.4 5739.0 -27.1 1.000 
5 I 14.50.01168 0.042 0.050 -18.0 3628.7 4991.0 -37.5 1.000 
6 I 17.5 0.01477 0.048 0.050 -4.9 3116.7 4552.0 -46.1 1.000 
7 I 20.5 0.01539 0.049 0.050 -2.9 3376.1 4985.0 -47.7 1.000 
8 I 23.5 0.01948 0.054 0.050 7.2 2815.8 4436.0 -57.5 1.000 
9 I 26.5 0.01902 0.053 0.050 6.3 3148.1 4926.0 -56.5 1.000 
10 I 30.0 0.01960 0.054 0.050 7.5 3204.8 5058.0 -57.8 1.000 
II 3 33.5 0.03457 0.051 0.050 2.9 2007.6 2940.0 -46.4 1.000 
12 3 36.5 0.03572 0.053 0.050 4.8 1996.5 2951.0 -47.8 1.000 
13 3 39.5 0.03387 0.05 I 0.050 1.6 2271.4 3307.0 -45.6 1.000 
14 3 42.5 0.02722 0.044 0.050 -14.3 3010.5 4130.0 -37.2 1.000 
15 3 45.5 0.01592 0.031 0.050 -63.2 5796.4 7136.0 -23.1 1.000 

Page4 

.., I 7 ,.., • 



R14176
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PCSC300E-1 a.out 
16 3 48.5 0.01718 0.032 0.050 -55.7 5656.9 7051.0 -24.6 1.000 

EARTHQUAKE - C:\SHAKE2000\ Williamson Energy\Background6.8.eq 
SOIL PROFILE - PSCS300E Crest Column 

ITERATION NUMBER 2 

VALUES IN TIME DOMAIN 

NO TYPE DEPTH UNIFRM. <----DAMPING----> <---- SHEAR MODULUS-----> G/Go 
(FT) STRAIN NEW USED ERROR NEW USED ERROR RATIO 

I I 2.0 0.00418 0.026 0.024 
2 I 5.5 0.01024 0.039 0.Q35 
3 I 8.5 0.01293 0.045 0.038 
4 I I 1.5 0.01090 0.041 0.Q35 
5 I 14.5 0.01643 0.050 0.042 
6 I 17.5 0.02367 0.059 0.048 
7 I 20.5 0.02492 0.06 I 0.049 
8 I 23.5 0.03 I 98 0.068 0.054 
9 I 26.5 0.02894 0.065 0.053 
10 I 30.0 0.02759 0.064 0.054 
11 3 33.5 0.04145 0.057 0.051 
12 3 36.5 0.03989 0.056 0.053 
13 3 39.5 0.03636 0.053 0.051 
14 3 42.5 0.02969 0.047 0.044 
15 3 45.5 0.01743 0.032 0.031 
16 3 48.5 0.0 I 905 0.034 0.032 

I 

6.8 3020.9 3074.5 
11.9 2895.1 3054.2 
14.3 2912.8 3124.7 
13.6 4244.1 4515.4 
15.3 3321.5 3628.7 
19.6 2721.0 3116.7 
20.1 2930.4 3376.1 
21.0 2395.7 2815.8 
18.0 2754.8 3148.1 
15.1 2875.0 3204.8 
10.2 1904.8 2007.6 
6.4 1933.8 1996.5 
4.3 2226.2 2271.4 
6.0 2941.4 3010.5 
5.4 5711.9 5796.4 
5.8 5562.0 5656.9 

-1.8 0.890 
-5.5 0.792 
-7.3 0.760 
-6.4 0.787 
-9.2 0.727 

-14.5 0.685 
-15.2 0.677 
-17.5 0.635 
-14.3 0.639 
-11.5 0.634 
-5.4 0.683 
-3.2 0.677 
-2.0 0.687 
-2.4 0.729 
-1.5 0.812 
-1.7 0.802 

EARTHQUAKE - C:\SHAKE2000\Williamson Energy\Background6.8.eq 
SOIL PROFILE - PSCS300E Crest Column 

ITERATION NUMBER 3 

VALUES IN TIME DOMAIN 

NO TYPE DEPTH UNIFRM. <---- DAMPING ----> <---- SHEAR MODULUS-----> 
(FT) STRAIN NEW USED ERROR NEW USED ERROR RATIO 

G!Go 

--- ---- ---- -------- ----- ------ ------ ------- ------ ------ -----

I 

I I 2.0 0.00420 0.026 0.026 0.2 3018.9 3020.9 -0.1 0.875 
2 I 5.5 0.QI085 0.041 0.039 3.2 2854.6 2895.1 -1.4 0.751 
3 I 8.5 0.01386 0.046 0.045 3.4 2861.3 2912.8 -1.8 0.709 
4 I I 1.5 0.01148 0.042 0.041 2.8 4189.7 4244.1 -1.3 0.740 
5 I I 4.5 0.0 I 8 I 6 0.052 0.050 4.3 3231. I 3321.5 -2.8 0.665 
6 I 17.5 0.02586 0.062 0.059 4.1 2643.5 2721.0 -2.9 0.598 
7 I 20.5 0.02639 0.062 0.06 I 2.6 2875.6 2930.4 -1. 9 0.588 
8 I 23.5 0.03446 0.071 0.068 3.5 2332.4 2395.7 -2.7 0.540 
9 I 26.5 0.03034 0.066 0.065 2.1 2710.2 2754.8 - 1.6 0.559 
JO I 30.0 0.028 I 5 0.064 0.064 0.9 2855.2 2875.0 -0.7 0.568 
11 3 33.5 0.03977 0.056 0.057 -2.4 1928.3 1904.8 1.2 0.648 
12 3 36.5 0.0399 I 0.056 0.056 0.0 I 933.4 1933.8 0.0 0.655 
13 3 39.5 0.03668 0.053 0.053 0.5 2220.5 2226.2 -0.3 0.673 
14 3 42.5 0.03012 0.047 0.047 1.0 2930.1 2941.4 -0.4 0.712 
15 3 45.5 0.0 I 771 0.033 0.032 0.9 5697.1 5711.9 -0.3 0.800 
16 3 48.5 0.01938 0.034 0.034 1.0 5545.9 5562.0 -0.3 0.789 

EARTHQUAKE - C:\SHAKE2000\Williamson Energy\Background6.8.eq 
SOIL PROFILE - PSCS300E Crest Column 

ITERATION NUMBER 4 
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PCSC300E-l a.out 
VALVES IN TIME DOMAIN 

NO TYPE DEPTH UN!FRM. <----DAMPING----> <---- SHEAR MODULUS-----> G/Go 
(FT) STRAIN NEW USED ERROR NEW USED ERROR RATIO 

I I 2.0 0.0043 I 0.026 0.026 
2 I 5.50.01129 0.042 0.041 
3 I 8.5 0.01437 0.047 0.046 
4 I I 1.5 0.0! I 68 0.042 0.042 
5 I 14.5 0.01877 0.053 0.052 
6 I 17.5 0.02683 0.063 0.062 
7 I 20.5 0.02706 0.063 0.062 
8 I 23.5 0.035 l 9 0.071 0.071 
9 I 26.5 0.03040 0.067 0.066 
IO I 30.0 0.02802 0.064 0.064 
I I 3 33.5 0.03893 0.055 0.056 
12 3 36.5 0.04001 0.056 0.056 
13 3 39.5 0.03696 0.054 0.053 
14 3 42.5 0.03018 0.047 0.047 
15 3 45.5 0.01774 0.033 0.033 
16 3 48.5 0.01941 0.034 0.034 
I 

1.3 3006. 9 30 I 8. 9 
2.1 2827.1 2854.6 
1.8 2834.1 2861.3 
0.9 4172.6 4189.7 
I .4 3201.4 323 I. I 
1.7 2611.6 2643.5 
I.I 2851.8 2875.6 
1.0 2314.6 2332.4 
0.1 2708.4 2710.2 
-0.2 2859.8 2855.2 
-1.2 I 940.4 1928.3 
0.1 1932.0 1933.4 
0.5 2215.6 2220.5 
0.1 2928.5 2930.1 
0.1 5695.6 5697.1 
0. I 5544.8 5545.9 

-0.4 0.874 
-1.0 0.740 
-1.0 0.696 
-0.4 0.730 
-0.9 0.647 
-1.2 0.581 
-0.8 0.577 
-0.8 0.526 
-0.1 0.550 

0.2 0.565 
0.6 0.656 

-0.1 0.655 
-0.2 0.671 
-0.1 0.709 
0.0 0.798 
0.0 0.787 

EARTHQUAKE - C:\SHAKE2000\Williamson Energy\Background6.8.eq 
SOIL PROFILE - PSCS300E Crest Column 

ITERATION NUMBER 5 

VALVES IN TIME DOMAIN 

NO TYPE DEPTH UNIFRM. <----DAMPING----> <---- SHEAR MODULUS-----> G/Go 
(FT) STRAIN NEW USED ERROR NEW USED ERROR RATIO 

I I 2.0 0.00438 0.027 0.026 
2 I 5.5 0.0 I 150 0.042 0.042 
3 I 8.5 0.01462 0.047 0.047 
4 I 11.5 0.0 I I 73 0.042 0.042 
5 I 14.5 0.01899 0.053 0.053 
6 I 17 .5 0.02725 0.063 0.063 
7 I 20.5 0.02736 0.063 0.063 
8 I 23.5 0.03549 0.072 0.071 
9 I 26.5 0.03027 0.066 0.067 
IO I 30.0 0.02787 0.064 0.064 
11 3 33.5 0.03868 0.055 0.055 
12 3 36.5 0.04013 0.056 0.056 
13 3 39.5 0.03713 0.054 0.054 
14 3 42.5 0.03019 0.047 0.047 
15 3 45.5 0.017740.033 0.033 
16 3 48.5 0.01941 0.034 0.034 

I 

0.7 3000.8 3006.9 
1.0 2814.1 2827.1 
0.8 2821.6 2834.1 
0.2 4167.9 4172.6 
0.5 3I91.0 3201.4 
0. 7 2598.1 2611.6 
0.5 2841.4 2851.8 
0.4 2307.2 2314.6 

-0.2 2712.4 2708.4 
-0.2 2864.8 2859.8 
-0.4 I 944.0 1940.4 
0.2 1930.3 I 932.0 
0.3 2212.7 2215.6 
0.0 2928.2 2928.5 
0.0 5695.3 5695.6 
0.0 5544.8 5544.8 

-0.2 0.871 
-0.5 0.733 
-0.4 0.690 
-0.1 0.727 
-0.3 0.641 
-0.5 0.574 
-0.4 0.572 
-0.3 0.522 
0.1 0.550 
0.2 0.565 
0.2 0.660 

-0.1 0.655 
-0.1 0.670 
0.0 0.709 
0.0 0.798 
0.0 0.786 

EARTHQUAKE - C:\SHAKE2000\Williamson Energy\Background6.8.eq 
SOIL PROFILE - PSCS300E Crest Column 

ITERATION NUMBER 6 

VALVES IN TIME DOMAIN 

NO TYPE DEPTH UNIFRM. <----DAMPING----> <---- SHEAR MODULUS-----> G/Go 
(FT) STRAIN NEW USED ERROR NEW USED ERROR RATIO 

I I 2.0 0.00440 0.027 0.027 0.3 2998.1 3000.8 -0.1 0.869 
2 I 5.50.011600.042 0.042 0.4 2808.3 2814.1 -0.2 0.730 
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PCSC300E-la.out 
3 1 8.5 0.01472 0.048 0.047 0.3 2816.3 2821.6 -0.2 0.687 
4 1 I 1.5 0.01174 0.043 0.042 0.1 4166.8 4167.9 0.0 0.726 
5 I 14.5 0.01907 0.053 0.053 0.2 3187.2 3 I 91.0 -0.1 0.639 
6 1 17.5 0.02742 0.064 0.063 0.3 2592.5 2598.1 -0.2 0.571 
7 I 20.5 0.02748 0.064 0.063 0.2 2837.0 2841.4 -0.2 0.570 
8 I 23.5 0.03562 0.072 0.072 0.2 2304.2 2307.2 -0.1 0.520 
9 1 26.5 0.030 I 6 0.066 0.066 -0.2 2715.8 2712.4 0.1 0.551 
10 I 30.0 0.02779 0.064 0.064 -0.1 2867.9 2864.8 0.1 0.566 
11 3 33.5 0.0386 I 0.055 0.055 -0.1 1945.0 1944.0 0.1 0.661 
12 3 36.5 0.04020 0.056 0.056 0.1 1929.3 1930.3 -0.1 0.654 
13 3 39.5 0.03721 0.054 0.054 0.1 2211.4 2212.7 -0.1 0.669 
14 3 42.5 0.03019 0.047 0.047 0.0 2928.1 2928.2 0.0 0.709 
15 3 45.5 0.01774 0.033 0.033 0.0 5695.2 5695.3 0.0 0.798 
16 3 48.5 0.01941 0.034 0.034 0.0 5544.8 5544.8 0.0 0.786 
I 

EARTHQUAKE - C:\SHAKE2000\Williamson Energy\Background6.8.eq 
SOIL PROFILE - PSCS300E Crest Column 

ITERATION NUMBER 7 

VALUES IN TIME DOMAIN 

NO TYPE DEPTH UN!FRM. <---- DAMPING ----> <---- SHEAR MODULUS -----> 
(Ff) STRAIN NEW USED ERROR NEW USED ERROR 

--- ---- ---- -------- ----- ------ ------ ------- ------ ------ -----
I I 2.0 0.00441 0.027 0.027 0.1 2996.9 2998.1 0.0 0.868 
2 I 5.5 0.0 I I 64 0.042 0.042 0.2 2805.8 2808.3 -0.I 0.728 
3 I 8.5 0.01477 0.048 0.048 0.1 2814.0 2816.3 -0.1 0.685 
4 I 11 .5 0.0 I I 74 0.043 0.043 0.0 4166.6 4166.8 0.0 0.726 
5 I 14.5 0.01910 0.053 0.053 0.1 3185.8 3187.2 0.0 0.639 
6 I 17.5 0.02750 0.064 0.064 0.1 2590.1 2592.5 -0.1 0.570 
7 I 20.5 0.02754 0.064 0.064 0.1 2835.1 2837.0 -0.1 0.569 
8 I 23.5 0.03567 0.072 0.072 0.1 2303.0 2304.2 -0.1 0.519 
9 I 26.5 0.03009 0.066 0.066 -0.1 2717.8 2715.8 0.1 0.551 
JO I 30.0 0.02774 0.064 0.064 -0.1 2869.5 2867.9 0.1 0.567 
11 3 33.5 0.03859 0.055 0.055 0.0 1945.3 1945.0 0.0 0.662 
12 3 36.5 0.04023 0.056 0.056 0.1 1928.8 1929.3 0.0 0.654 
13 3 39.5 0.03724 0.054 0.054 0.1 2210.8 2211.4 0.0 0.669 
14 3 42.5 0.03019 0.047 0.047 0.0 2928.0 2928.1 0.0 0.709 
15 3 45.5 0.01774 0.033 0.033 0.0 5695.1 5695.2 0.0 0.798 
16 3 48.5 0.01941 0.034 0.034 0.0 5544.8 5544.8 0.0 0.786 

I 
EARTHQUAKE - C:\SHAKE2000\Williamson Energy\Background6.8.eq 

SOIL PROFILE - PSCS300E Crest Column 

ITERATION NUMBER 8 

VALUES IN TIME DOMAIN 

RATIO 

NO TYPE DEPTH UNIFRM. <---- DAMPING----> <---- SHEAR MODULUS -----> 
(FT) STRAIN NEW USED ERROR NEW USED ERROR RATIO 

--- ---- ---- -------- ----- ------ ------ ------- ------ ------ -----
I I 2.0 0.00442 0.027 0.027 0.1 2996.5 2996.9 0.0 0.868 
2 I 5.50.01166 0.042 0.042 0.1 2804.7 2805.8 0.0 0.728 
3 I 8.5 0.01479 0.048 0.048 0.1 2813.1 2814.0 0.0 0.685 
4 I 11.5 0.01174 0.043 0.043 0.0 4166.5 4166.6 0.0 0.726 
5 I 14.5 0.0 I 911 0.053 0.053 0.0 3185.3 3185.8 0.0 0.638 
6 I 17.5 0.02753 0.064 0.064 0.1 2589.1 2590.1 0.0 0.569 
7 I 20.5 0.02756 0.064 0.064 0.0 2834.3 2835.1 0.0 0.569 
8 I 23.5 0.03569 0.072 0.072 0.0 2302.5 2303.0 0.0 0.519 
9 I 26.5 0.03006 0.066 0.066 -0.1 2718.8 2717.8 0.0 0.552 
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( IO I 30.0 0.02772 0.064 0.064 0.0 2870.3 2869.5 0.0 0.567 
11 3 33.5 0.03859 0.055 0.055 0.0 1945.3 1945.3 0.0 0.662 
12 3 36.5 0.04025 0.056 0.056 0.0 1928.6 1928.8 0.0 0.654 
13 3 39.5 0.03726 0.054 0.054 0.0 2210.6 2210.8 0.0 0.669 
14 3 42.5 0.03019 0.047 0.047 0.0 2928.0 2928.0 0.0 0.709 
15 3 45.5 0.01774 0.033 0.033 0.0 5695.1 5695.1 0.0 0.798 
16 3 48.5 0.01941 0.034 0.034 0.0 5544.8 5544.8 0.0 0.786 

1 
EARTHQUAKE - C:\SHAKE2000\Williamson Energy\Background6.8.eq 

SOIL PROFILE - PSCS300E Crest Column 

ITERATION NUMBER 9 

VALVES IN TIME DOMAIN 

NO TYPE DEPTH UNIFRM. <---- DAMPING ----> <---- SHEAR MODULUS-----> G!Go 
(FT) STRAIN NEW USED ERROR NEW USED ERROR RATIO 

--- ---- ---- -------- ----- ------ ------ ------- ------ ------ -----
I I 2.0 0.00442 0.027 0.027 0.0 2996.3 2996.5 0.0 0.868 
2 I 5.5 0.01166 0.042 0.042 0.0 2804.3 2804.7 0.0 0.727 
3 I 8.5 0.01480 0.048 0.048 0.0 2812.7 2813.1 0.0 0.684 
4 1 ll.5 0.01174 0.043 0.043 0.0 4166.6 4166.5 0.0 0.726 
5 1 14.5 0.01912 0.053 0.053 0.0 3185.0 3185.3 0.0 0.638 
6 I 17.5 0.02754 0.064 0.064 0.0 2588.7 2589.l 0.0 0.569 
7 I 20.5 0.02757 0.064 0.064 0.0 2834.0 2834.3 0.0 0.569 
8 I 23.5 0.03570 0.072 0.072 0.0 2302.3 2302.5 0.0 0.519 
9 I 26.5 0.03005 0.066 0.066 0.0 2719.3 2718.8 0.0 0.552 
10 I 30.0 0.02771 0.064 0.064 0.0 2870.6 2870.3 0.0 0.567 
II 3 33.5 0.03859 0.055 0.055 0.0 I 945.3 1945.3 0.0 0.662 
12 3 36.5 0.04026 0.056 0.056 0.0 1928.5 1928.6 0.0 0.654 

( 13 3 39.5 0.03726 0.054 0.054 0.0 2210.5 2210.6 0.0 0.668 
14 3 42.5 0.03020 0.047 0.047 0.0 2928.0 2928.0 0.0 0.709 
15 3 45.5 0.01775 0.033 0.033 0.0 5695.1 5695.1 0.0 0.798 
16 3 48.5 0.01941 0.034 0.034 0.0 5544.8 5544.8 0.0 0.786 

I 
EARTHQUAKE - C:\SHAKE2000\ Williamson Energy\Background6.8.eq 

SOIL PROFILE - PSCS300E Crest Column 

ITERATION NUMBER IO 

VALVES IN TIME DOMAIN 

NO TYPE DEPTH UNIFRM. <---- DAMPING ----> <---- SHEAR MODULUS-----> G/Go 
(FT) STRAIN NEW USED ERROR NEW USED ERROR RATIO 

--- ---- ---- -------- ----- ------ ------ ------- ------ ------ -----
I I 2.0 0.00442 0.027 0.027 0.0 2996.2 2996.3 0.0 0.867 
2 I 5.5 0.0 I I 67 0.042 0.042 0.0 2804.1 2804.3 0.0 0.727 
3 I 8.5 0.0 I 480 0.048 0.048 0.0 2812.5 2812.7 0.0 0.684 
4 I I 1.50.01174 0.043 0.043 0.0 4166.6 4166.6 0.0 0.726 
5 I I 4.5 0.0 I 912 0.053 0.053 0.0 3185.0 3185.0 0.0 0.638 
6 I 17.5 0.02755 0.064 0.064 0.0 2588.5 2588.7 0.0 0.569 
7 I 20.5 0.02757 0.064 0.064 0.0 2833.9 2834.0 0.0 0.569 
8 I 23.5 0.03570 0.072 0.072 0.0 2302.2 2302.3 0.0 0.519 
9 I 26.5 0.03004 0.066 0.066 0.0 2719.5 27 I 9.3 0.0 0.552 
10 I 30.0 0.02771 0.064 0.064 0.0 2870.7 2870.6 0.0 0.568 
11 3 33.5 0.03859 0.055 0.055 0.0 1945.3 1945.3 0.0 0.662 
12 3 36.5 0.04026 0.056 0.056 0.0 1928.4 1928.5 0.0 0.653 
13 3 39.5 0.03726 0.054 0.054 0.0 2210.4 2210.5 0.0 0.668 
14 3 42.5 0.03020 0.04 7 0.047 0.0 2928.0 2928.0 0.0 0.709 
15 3 45.5 0.01775 0.033 0.033 0.0 5695.1 5695.1 0.0 0.798 

l_ 16 3 48.5 0.0 I 941 0.034 0.034 0.0 5544.8 5544.8 0.0 0.786 
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VALVES IN TIME DOMAIN 

LAYER TYPE THICKNESS DEPTH MAX STRAIN MAX STRESS TIME 
PT PT PRCNT PSF SEC 

I 1 4.0000 2.0000 0.00680 203.83 2.66 
2 I 3.0000 5.5000 0.01795 503.32 2.66 
3 I 3.0000 8.5000 0.02277 640.40 2.66 
4 I 3.0000 11.5000 0.01807 752.80 3.70 
5 I 3.0000 14.5000 0.02941 936.76 2.53 
6 I 3.0000 I 7.5000 0.04238 1097.16 2.53 
7 I 3.0000 20.5000 0.04242 1202.23 2.53 
8 I 3.0000 23.5000 0.05493 1264.58 2.53 
9 I 3.0000 26.5000 0.04621 1256.70 2.52 
10 I 4.0000 30.0000 0.04262 I 223.56 2.52 
II 3 3.0000 33.5000 0.05937 1154.87 2.51 
12 3 3.0000 36.5000 0.06194 1194.58 2.51 
13 3 3.0000 39.5000 0.05733 1267.25 2.50 
14 3 3.0000 42.5000 0.04645 1360.19 2.61 
15 3 3.0000 45.5000 0.02730 1554.78 2.61 
16 3 3.0000 48.5000 0.02986 1655.45 2.61 

PERIOD = 0.23 FROM AVERAGE SHEAR VEL. = 858. 

FREQUENCY AMPLITUDE 
MAXIMUM AMPLIFICATION = 11.36 
FOR FREQUENCY = 4.!6C/SEC. 

PERIOD = 0.24 SEC. 

I****** OPTION 6 *** COMPUTE MOTION IN NEW SUBLA YERS 

EARTHQUAKE -C:\SHAKE2000\Williamson Energy\Background6.8.eq 
SOIL DEPOSIT - PSCS300E Crest Column 

LAYER DEPTH MAX. ACC. TIME MEAN SQ.FR. 
PT G SEC C/SEC QUIET ZONE 

OUTCR. 0.0000 0.78263 2.66 16.34 0.000 
WITHIN 4.0000 0.62639 2.66 13.00 0.000 
WITHIN 7.0000 0.49396 2.53 9.03 0.000 
WITHIN 10.0000 0.51802 2.52 13.18 0.001 
WITHIN 13.0000 0.56972 2.64 15.80 0.001 
WITHIN 16.0000 0.59373 2.64 15.62 0.000 
WITHIN 19.0000 0.52701 2.60 15.73 0.001 
WITHIN 22.0000 0.56754 2.60 17.30 0.001 
WITHIN 25.0000 0.50592 5.10 17.66 0.000 
WITHIN 28.0000 0.54159 5.10 17.27 0.001 
WITHIN 32.0000 0.72089 2.62 17.70 0.001 
WITHIN 35.0000 0.66940 2.62 19.11 0.000 
WITHIN 38.0000 0.81377 2.61 20.61 0.001 
WITHIN 41.0000 0.68058 2.61 21.13 0.001 
WITHIN 44.0000 0.53553 2.59 20.65 0.001 

I''*''*** OPTION 6 *** COMPUTE MOTION IN NEW SUBLA YERS 

EARTHQUAKE -C:\SHAKE2000\Williamson Energy\Background6.8.eq 
SOIL DEPOSIT - PSCS300E Crest Column 

LA YER DEPTH MAX. ACC. 

WITHIN 
WITHIN 

PT G SEC 
47.0000 0.48479 
50.0000 0.48665 

TIME 
C/SEC 

3.91 
2.58 

MEAN SQ. FR. 
QUIET ZONE 

19.81 0.001 
19.10 0.001 
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OUTCR. 50.0000 0.55791 2.58 20.41 0.001 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LA YER 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300E Layer I Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LA YER 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300E Layer I Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 2 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300E Layer 2 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LA YER 2 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300E Layer 2 Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 3 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300E Layer 3 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 3 
SCALE FOR PLOTTING 0.0000 

IDENTIFICATION - PCSC300E Layer 3 Strain 

I****** OPTION 7 *''* COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 4 
SCALE FOR PLOTTING 0.0000 

IDENTIFICATION - PCSC300E Layer 4 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 4 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300E Layer 4 Strain 

I****** OPTION 7 ''** COMPUTE STRESS/STRAIN HISTORY 

COMPUTESTRESSORSTRAINHISTORY ATTHETOPOF LAYER 5 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300E Layer 5 Stress 

COMPUTESTRESSORSTRAINHISTORY ATTHETOPOF LAYER 5 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300E Layer 5 Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 6 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300E Layer6 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LA YER 6 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC3005 Layer 6 Strain 
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PCSC300E-l a.out 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 7 
SCALE FOR PLOTTING 0.0000 
£DENTIFICA TION - PCSC300E Layer 7 Stress 

COMPUTE STRESS OR STRAIN HISTORY ATTHETOPOI' LAYER 7 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300E Layer 7 Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 8 
SCALE FOR PLOTTING 0.0000 
£DENTIFICA TION - PCSC300E Layer 8 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 8 
SCALE FOR PLOTTING 0.0000 
£DENTIFICA TION - PCSC300E Layer 8 Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 9 
SCALE FOR PLOTTING 0.0000 
£DENTIFICA TION - PCSC300E Layer 9 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 9 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300E Layer 9 Strain 

( I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER IO 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300E Layer IO Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 10 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION -PCSC300E Layer 10 Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 11 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300E Layer 11 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 11 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300E Layer 11 Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LA YER 12 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300E Layer 12 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 12 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300E Layer 12 Strain 

Page 11 

II l 



R14183

( 

C 

PCSC300E-l a.out 
I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LA YER 13 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300E Layer 13 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 13 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300E Layer 13 Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 14 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300E Layer 14 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 14 
SCALE FOR PLOTTING 0.0000 

IDENTIFICATION - PCSC300E Layer 14 Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTESTRESSORSTRAINHISTORY ATTHETOPOF LAYER 15 
SCALE FOR PLOTTING 0.0000 

IDENTIFICATION - PCSC300E Layer 15 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 15 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300E Layer 15 Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTESTRESSORSTRAINHISTORY ATTHETOPOF LAYER 16 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300E Layer 16 Stress 

COMPUTESTRESSORSTRAINHISTORY ATTHETOPOF LAYER 16 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300E Layer I 6 Strain 

I****** OPTION 9 *** COMPUTE RESPONSE SPECTRUM 
RESPONSE SPECTRUM ANALYSIS FOR LAYER NUMBER 

CALCULATED FOR DAMPING 0.050 

TIMES AT WHICH MAX. SPECTRAL VALUES OCCUR 
TD =TIME FOR MAX. RELATIVE DISP. 
TV = TIME FOR MAX. RELATIVE VEL. 
TA= TIME FOR MAX. ABSOLUTE ACC. 

DAMPING RATIO= 0.050 
PER= 0.01 TIMES FOR MAXIMA -
PER= 0.02 TIMES FOR MAXIMA -
PER = 0.03 TIMES FOR MAXIMA -
PER = 0.04 TIMES FOR MAXIMA -
PER= 0.05 TIMES FOR MAXIMA -
PER= 0.06 TIMES FOR MAXIMA -
PER= 0.07 TIMES FOR MAXIMA -
PER = 0.08 TIMES FOR MAXIMA -
PER = 0.09 TIMES FOR MAXIMA -
PER = 0. IO TIMES FOR MAXIMA -
PER = 0.11 TIMES FOR MAXIMA -
PER = 0.12 TIMES FOR MAXIMA --

TD= 2.6500 
TD= 2.6500 
TD= 3.0100 
TD= 3.6900 
TD= 4.9000 
TD= 4.3800 
TD= 2.5200 
TD= 5.2700 
TD= 2.5900 
TD= 2.5900 
TD= 2.6000 
TD= 2.6100 

TV= 2.5600 
TV= 2.6400 
TV= 2.6600 
TV= 2.6700 
TV= 4.9100 
TV= 4.3900 
TV= 4.3700 
TV= 2.9200 
TV= 2.6100 
TV= 2.5700 
TV= 2.5800 
TV= 2.5800 
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TA= 2.6500 
TA= 2.6500 
TA= 3.6900 
TA= 3.6900 
TA= 4.9000 
TA= 4.3700 
TA= 2.5200 
TA= 5.2700 
TA= 2.5800 
TA= 2.5900 
TA= 2.6000 
TA= 2.6000 
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PER=0.13 
PER=0.14 
PER=0.15 
PER= 0.16 
PER=0.17 
PER= 0.18 
PER=0.19 
PER =0.20 
PER=0.21 
PER =0.22 
PER =0.23 
PER =0.24 
PER=0.25 
PER=0.26 
PER =0.27 
PER =0.28 
PER= 0.29 
PER=0.30 
PER= 0.31 
PER =0.32 
PER= 0.33 
PER=0.34 
PER= 0.35 
PER =0.36 
PER= 0.37 
PER =0.38 
PER= 0.39 
PER =0.40 
PER= 0.41 
PER =0.42 
PER= 0.43 
PER =0.44 
PER= 0.45 
PER= 0.46 
PER=0.47 
PER=0.48 
PER =0.49 
PER= 0.50 
PER= 0.51 
PER =0.52 
PER= 0.53 
PER=0.54 
PER =0.55 
PER= 0.56 
PER= 0.57 
PER=0.58 
PER =0.60 
PER=0.62 
PER =0.64 
PER= 0.66 
PER= 0.68 
PER= 0.70 
PER= 0.72 
PER =0.74 
PER= 0.76 
PER= 0.78 
PER= 0.80 
PER= 0.82 
PER=0.84 
PER =0.86 
PER =0.88 

PCSC300E-l a.out 
TIMES FOR MAXIMA -- TD= 5.4500 TV= 3.7500 TA= 5.4500 
TIMES FOR MAXIMA -- TD= 2.6000 TV= 3.7700 TA= 2.6000 
TIMES FOR MAXIMA -- TD= 4.1500 TV= 4.2000 TA= 4.1500 
TIMES FOR MAXIMA -- TD= 2.6!00 TV= 4.2100 TA= 2.6100 
TIMES FOR MAXIMA -- TD= 4.2800 TV= 4.3200 TA= 4.2700 
TIMES FOR MAXIMA -- TD= 1.4300 TV= 2.5800 TA= 1.4200 
TIMES FOR MAXIMA-- TD= 2.7500 TV= 2.7000 TA= 2.7400 
TIMES FOR MAXIMA -- TD= 6.6800 TV= 6.7400 TA= 6.6800 
TIMES FOR MAXIMA -- TD= 7.1300 TV= 7.0800 TA= 7.1300 
TIMES FOR MAXIMA-- TD= 7.1500 TV= 7.0900 TA= 7.1400 
TIMES FOR MAXIMA -- TD= 7.2800 TV= 3.4400 TA= 7.2800 
TIMES FOR MAXIMA -- TD = 2.4 !00 TV = 2.3500 TA = 2.2900 
TIMES FOR MAXIMA -- TD= 6.4!00 TV= 6.4800 TA= 6.4100 
TIMESFORMAXIMA-- TD= 6.3100 TV= 6.3700 TA= 6.3100 
TIMES FOR MAXIMA -- TD= 1.6200 TV= 6.2700 TA= 1.6200 
TIMES FOR MAXIMA -- TD= 1.6400 TV= 1.3200 TA= 1.6400 
TIMES FOR MAXIMA -- TD= 5.2000 TV= 1.3200 TA= 5.2000 
TIMES FOR MAXIMA -- TD = 5.2300 TV = 5.1500 TA = 5.2200 
TIMES FOR MAXIMA -- TD= 2.9700 TV= 2.9000 TA= 2.9600 
TIMES FOR MAXIMA -- TD= 2.9900 TV= 2.9000 TA= 2.9800 
TIMES FOR MAXIMA -- TD= 3.0000 TV= 2.9100 TA= 3.0000 
TIMES FOR MAXIMA -- TD= 3.0!00 TV= 2.7800 TA= 3.0000 
TIMES FOR MAXIMA-- TD= 3.0!00 TV= 2.7800 TA= 3.0100 
TIMES FOR MAXIMA-- TD= 2.7100 TV= 2.7800 TA= 2.7000 
TIMES FOR MAXIMA -- TD= 2.7100 TV= 2.7900 TA= 2.7100 
TIMES FOR MAXIMA-- TD= 2.7200 TV= 2.6600 TA= 2.7100 
TIMES FOR MAXIMA-- TD= 4.1300 TV= 2.6600 TA= 2.7200 
TIMES FOR MAXIMA -- TD= 4.1400 TV= 2.6600 TA= 4.1300 
TIMESFORMAXIMA-- TD= 4.1600 TV= 4.0800 TA= 4.1500 
TIMES FOR MAXIMA-- TD= 4.1700 TV= 4.0900 TA= 3.9800 
TIMES FOR MAXIMA -- TD= 4.0000 TV= 4.0900 TA= 3.9900 
TIMES FOR MAXIMA -- TD= 4.6700 TV= 4.0900 TA= 4.6600 
TIMES FOR MAXIMA-- TD= 4.6900 TV= 4.1000 TA= 4.6800 
TIMESFORMAXIMA-- TD= 4.7100 TV= 4.1000 TA= 4.7000 
TIMES FOR MAXIMA -- TD= 4.5100 TV = 2.6600 TA = 4.5000 
TIMES FOR MAXIMA -- TD= 4.5200 TV= 2.6600 TA= 5.5300 
TIMES FOR MAXIMA -- TD= 5.5500 TV= 2.6600 TA= 5.5400 
TIMES FOR MAXIMA -- TD= 5.5600 TV= 2.6600 TA= 5.5500 
TIMES FOR MAXIMA -- TD= 5.5700 TV= 2.6600 TA= 5.5600 
TIMES FOR MAXIMA -- TD= 5.5700 TV= 2.6600 TA= 5.5700 
TIMES FOR MAXIMA -- TD= 2.7500 TV= 2.6600 TA= 2.7500 
TIMES FOR MAXIMA -- TD= 2.7600 TV= 2.6600 TA= 2.7500 
TIMES FOR MAXIMA -- TD= 2.5600 TV = 2.6600 TA = 2.5600 
TIMES FOR MAXIMA -- TD= 2.5600 TV= 2.6600 TA= 2.5600 
TIMES FOR MAXIMA -- TD= 2.5700 TV= 2.6600 TA= 2.5600 
TIMES FOR MAXIMA -- TD= 2.5700 TV= 2.6600 TA= 2.5600 
TIMES FOR MAXIMA -- TD = 2.5800 TV = 2.6600 TA = 2.5700 
TIMES FOR MAXIMA -- TD= 2.5900 TV = 2.6600 TA = 2.5700 
TIMES FOR MAXIMA -- TD= 2.6100 TV = 2.5400 TA = 2.6000 
TIMES FOR MAXIMA -- TD= 2.6200 TV = 2.5400 TA = 2.6100 
TIMES FOR MAXIMA -- TD= 2.6300 TV = 2.5400 TA = 2.6100 
TIMES FOR MAXIMA -- TD= 3.4700 TV= 2.5400 TA= 3.4600 
TIMES FOR MAXIMA -- TD= 3.4800 TV= 2.5400 TA= 3.4700 
TIMES FOR MAXIMA -- TD= 3.4900 TV= 2.5400 TA= 3.4800 
TIMES FOR MAXIMA -- TD= 3.4900 TV= 1.6000 TA= 3.4800 
TIMES FOR MAXIMA -- TD= 1.5000 TV= 1.6000 TA= 1.4900 
TIMES FOR MAXIMA -- TD= 1.5100 TV= 1.6000 TA= 1.5000 
TIMES FOR MAXIMA -- TD= 1.5100 TV= 6.2900 TA= 1.5000 
TIMES FOR MAXIMA -- TD= 3.5000 TV= 6.2900 TA= 3.4800 
TIMES FOR MAXIMA -- TD= 3.5000 TV= 6.3000 TA= 3.4800 
TIMES FOR MAXIMA -- TD= 3.5100 TV= 5.9400 TA= 3.4900 
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PCSC300E- I a.out 
PER= 0.90 TIMES FOR MAXIMA -- TD= 4.0400 TV= 4.2900 TA= 4.0200 PER= 0.92 TIMES FOR MAXIMA -- TD= 4.0600 TV= 4.2900 TA= 4.0500 PER= 0.94 TIMES FOR MAXIMA -- TD= 4.0600 TV= 4.2900 TA= 4.0600 
PER= 0.96 TIMES FOR MAXIMA -- TD= 4.0700 TV= 4.3500 TA= 4.0600 PER=0.98 TIMES FOR MAXIMA-- TD= 3.1800 TV= 4.3500 TA= 3.1700 PER= 1.00 TIMES FOR MAXIMA-- TD= 3.1800 TV= 3.4600 TA= 3.1700 PER=l.05 TIMESFORMAXIMA-- TD=3.2100 TV=3.4600 TA=3.1800 
PER= I. IO TIMES FOR MAXIMA -- TD= 3.2500 TV= 2.5400 TA= 3.2400 PER=I.15 TIMESFORMAXIMA-- TD= 3.2700 TV= 2.5400 TA= 3.2400 PER= 1.20 TIMES FOR MAXIMA -- TD= 3.3700 TV= 2.5400 TA= 3.3500 
PER = 1.25 TIMES FOR MAXIMA -- TD= 3 .4000 TV = 2.5400 TA= 3.3800 PER= 1.30 TIMES FOR MAXIMA-- TD= 3.4100 TV= 2.5400 TA= 2.8600 PER = 1.35 TIMES FOR MAXIMA -- TD= 2.8800 TV = 2.5400 TA= 2.8600 
PER= 1.40 TIMES FOR MAXIMA -- TD= 2.8800 TV= 2.5400 TA= 2.8700 PER= 1.45 TIMES FOR MAXIMA-- TD= 2.8900 TV= 2.5400 TA= 2.8700 PER= 1.50 TIMES FOR MAXIMA -- TD= 2.8900 TV= 2.5400 TA= 2.8700 PER= 1.55 TIMES FOR MAXIMA -- TD= 2.9000 TV= 2.5400 TA= 2.8700 PER= I.60 TIMES FOR MAXIMA -- TD= 2.9000 TV= 2.5400 TA= 2.8700 
PER= 1.65 TIMES FOR MAXIMA -- TD= 2.9300 TV= 2.5400 TA= 2.8700 PER= I.70 TIMES FOR MAXIMA -- TD= 2.9300 TV= 2.5400 TA= 2.8700 PER= 1.75 TIMES FOR MAXIMA-- TD= 5.9000 TV= 2.5400 TA= 5.8600 
PER= I.80 TIMES FOR MAXIMA -- TD= 5.9000 TV= 2.5400 TA= 5.8900 PER= 1.85 TIMES FOR MAXIMA-- TD= 5.9200 TV= 2.5400 TA= 5.8900 PER=!.90 TIMES FOR MAXIMA-- TD= 6.1100 TY= 2.5400 TA= 6.1000 PER= 1.95 TIMES FOR MAXIMA-- TD= 6.1200 TV= 2.5400 TA= 6.1000 
PER= 2.00 TIMES FOR MAXIMA -- TD = 5.4200 TV = 2.5400 TA= 5.4000 PER=2.05 TIMES FOR MAXIMA-- TD= 5.4200 TY= 2.5400 TA= 5.4000 PER= 2.10 TIMES FOR MAXIMA -- TD= 5.4300 TV= 2.5400 TA= 5.4000 PER=2.15 TIMES FOR MAXIMA-- TD= 5.4300 TV= 2.5400 TA= 5.4100 PER=2.20 TIMES FOR MAXIMA-- TD= 8.7600 TY= 2.5400 TA= 5.4100 
PER= 2.25 TIMES FOR MAXIMA -- TD= 8.9500 TV= 2.5400 TA= 8.9400 PER= 2.30 TIMES FOR MAXIMA -- TD= 8.9600 TV= 2.5400 TA= 8.9400 PER= 2.35 TIMES FOR MAXIMA -- TD= 7.8900 TV= 2.5400 TA= 8.9400 PER= 2.40 TIMES FOR MAXIMA-- TD= 7.9300 TV= 2.5400 TA= 7.8800 
PER= 2.50 TIMES FOR MAXIMA -- TD= 8.0900 TV= 2.5400 TA= 8.0700 PER= 2.60 TIMES FOR MAXIMA -- TD= 8.1100 TV= 2.5400 TA= 6.9300 PER= 2.70 TIMES FOR MAXIMA -- TD= 6.9600 TV= 2.5400 TA= 6.9300 
PER= 2.80 TIMES FOR MAXIMA -- TD= 6.9900 TV= 2.5400 TA= 6.9300 PER= 2.90 TIMES FOR MAXIMA -- TD= 7.0000 TV= 2.5400 TA= 6.9400 PER=3.00 TIMESFORMAXIMA-- TD= 7.2100 TV= 2.5400 TA= 6.9400 
PER=3.I0 TIMESFORMAXIMA-- TD= 7.2100 TY= 2.5400 TA= 7.1900 PER=J.20 TIMES FOR MAXIMA-- TD= 7.2400 TV= 2.5400 TA= 7.1900 
PER= 3.30 TIMES FOR MAXIMA -- TD= 7.2400 TV= 2.5400 TA= 7.2000 PER= 3.40 TIMES FOR MAXIMA -- TD= 7.2500 TV= 2.5400 TA= 7.2000 PER=3.50 TIMES FOR MAXIMA-- TD= 7.2500 TY= 2.5400 TA= 7.2000 
PER=3.60 TIMES FOR MAXIMA-- TD= 7.5100 TY= 2.5400 TA= 7.2000 PER=3.70 TIMES FOR MAXIMA-- TD= 7.5100 TV= 2.5400 TA= 7.4500 
PER= 3.80 TIMES FOR MAXIMA-- TD= 7.5100 TV= 2.5400 TA= 7.4500 PER= 3.90 TIMES FOR MAXIMA-- TD= 7.5200 TV= 2.5400 TA= 7.5000 PER= 4.00 TIMES FOR MAXIMA -- TD= 7.5200 TV= 2.5400 TA= 7.5000 
PER=4.I0 TIMES FOR MAXIMA-- TD= 6.2200 TY= 2.5400 TA= 6.2100 PER= 4.20 TIMES FOR MAXIMA -- TD= 6.2300 TV= 2.5400 TA= 6.2100 
PER = 4.30 TIMES FOR MAXIMA -- TD = 6.2300 TV = 2.5400 TA = 6.2 I 00 PER= 4.40 TIMES FOR MAXIMA -- TD= 6.2300 TV= 2.5400 TA= 6.2100 
PER = 4.50 TIMES FOR MAXIMA -- TD = 6.2300 TV = 2.5400 TA = 6.2 I 00 PER= 4.60 TIMES FOR MAXIMA-- TD= 6.2400 TV= 2.5400 TA= 6.2100 PER=4.70 TIMES FOR MAXIMA-- TD= 6.2400 TY= 2.5400 TA= 6.2100 
PER =4.80 TIMES FOR MAXIMA-- TD= 6.2400 TV= 2.5400 TA= 6.2100 PER=4.90 TIMES FOR MAXIMA-- TD= 6.2500 TV= 2.5400 TA= 6.2100 
PER= 5.00 TIMES FOR MAXIMA-- TD= 6.2500 TV= 2.5400 TA= 6.2100 PER= 5. IO TIMES FOR MAXIMA -- TD = 6.2500 TV = 2.5400 TA = 6.2 I 00 
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PCSC300E-l a.out 
PER= 5.20 TIMES FOR MAXIMA -- TD= 6.2500 TV= 2.5400 TA= 6.2100 
PER= 5.40 TIMES FOR MAXIMA -- TD= 6.4600 TV= 2.5400 TA= 6.2100 
PER= 5.60 TIMES FOR MAXIMA -- TD= 6.4600 TV= 2.5400 TA= 6.3900 
PER= 5.80 TIMES FOR MAXIMA -- TD= 6.4600 TV= 2.5400 TA= 6.3900 
PER= 6.00 TIMES FOR MAXIMA -- TD= 6.4600 TV= 2.5400 TA= 6.3900 
PER= 6.20 TIMES FOR MAXIMA -- TD= 4.8300 TV= 2.5400 TA= 6.3900 
PER= 6.40 TIMES FOR MAXIMA -- TD= 4.8300 TV= 2.5400 TA= 4.7900 
PER= 6.60 TIMES FOR MAXIMA -- TD= 4.8300 TV = 2.5400 TA = 4. 7900 
PER= 6.80 TIMES FOR MAXIMA -- TD= 4.8300 TV= 2.5400 TA= 4.7900 
PER= 7.00 TIMES FOR MAXIMA -- TD= 4.8300 TV= 2.5400 TA= 4.7900 
PER= 7.30 TIMES FOR MAXIMA -- TD= 4.8400 TV= 2.5400 TA= 4.7900 
PER= 7.60 TIMES FOR MAXIMA -- TD= 4.8400 TV = 2.5400 TA = 4. 7900 
PER= 8.00 TIMES FOR MAXIMA -- TD= 4.8400 TV= 2.5400 TA= 4.7900 
PER= 8.50 TIMES FOR MAXIMA -- TD= 4.8400 TV = 2.5400 TA = 4. 7900 
PER= 9.00 TIMES FOR MAXIMA -- TD= 4.8400 TV = 2.5400 TA = 4. 7900 
PER= 9.50 TIMES FOR MAXIMA -- TD= 4.8400 TV = 2.5400 TA= 4.7900 
PER =10.00 TIMES FOR MAXIMA -- TD = 4.8400 TV·= 2.5400 TA= 4.7900 
SPECTRAL VALVES--
(Acceleration of gravity used = 32.20) 

PSCS300E Crest Column DAMPING RATIO = 0.050 
NO. PERIOD REL. DISP. REL. VEL. PSU.REL.VEL. ABS. ACC. PSU.ABS.ACC. FREQ. 

I 0.01 0.00006 0.00167 0.03999 0.78322 0.78033 100.00 
2 0.02 0.00026 0.05122 0.08202 0.78382 0.80027 50.00 
3 0.03 0.00108 0.18078 0.22704 1.46295 1.47675 33.33 
4 0.04 0.00261 0.33750 0.41034 2.03526 2.00174 25.00 
5 0.05 0.00346 0.43096 0.43462 1.70397 1.69616 20.00 
6 0.06 0.00431 0.46003 0.45174 1.47295 1.46914 16.67 
7 0.07 0.00615 0.54324 0.55221 1.55899 1.53933 14.29 
8 0.08 0.0!065 0.80833 0.83680 2.02947 2.04!07 12.50 
9 0.09 0.01356 0.85832 0.94684 2.01865 2.05284 11.11 

C 10 0.10 0.01276 0.74314 0.80165 1.59232 1.56426 10.00 
11 0.11 0.01277 0.71906 0.72965 1.30370 1.29433 9.09 
12 0.12 0.01000 0.54267 0.52376 0.86058 0.85167 8.33 
13 0.13 0.01151 0.49621 0.55634 0.82406 0.83507 7.69 
14 0.14 0.01363 0.58469 0.61172 0.86870 0.85261 7.14 
15 0.15 0.01657 0.60758 0.694!0 0.92263 0.90293 6.67 
16 0.16 0.02129 0.85233 0.83605 1.02896 1.01962 6.25 
17 0.17 0.02672 I.OJ 990 0.98753 1.14421 1.13351 5.88 
18 0.18 0.02858 0.97764 0.99756 1.09703 1.08141 5.56 
19 0.19 0.03328 1.01787 1.10039 1.13696 1.13010 5.26 
20 0.20 0.03758 1.20226 1.18046 1.16338 1.15172 5.00 
21 0.21 0.04688 1.39571 1.40259 1.29816 1.30327 4.76 
22 0.22 0.04632 1.35634 1.32282 1.17897 1.17328 4.55 
23 0.23 0.04824 1.31203 1.31791 1.12619 I.I I 811 4.35 
24 0.24 0.05152 1.41194 1.34885 1.10178 1.09667 4.17 
25 0.25 0.05566 1.43482 1.39900 1.10188 1.09195 4.00 
26 0.26 0.06195 1.64751 1.49710 1.12229 1.12357 3.85 
27 0.27 0.06099 1.45329 1.41927 1.03721 1.02571 3.70 
28 0.28 0.05723 1.37387 1.28419 0.89448 0.89494 3.57 
29 0.29 0.0561 I 1.36!06 1.21572 0.81849 0.81801 3.45 
30 0.30 0.05850 1.40043 1.22528 0.79896 0.79696 3.33 
31 0.31 0.06736 1.44272 1.36525 0.85946 0.85936 3.23 
32 0.32 0.06993 1.46762 1.37298 0.83833 0.83722 3.13 
33 0.33 0.06795 1.34520 1.29370 0.76518 0.76497 3.03 
34 0.34 0.06392 1.24361 1.18127 0.68514 0.67794 2.94 
35 0.35 0.05989 1.23583 1.07521 0.60655 0.59945 2.86 
36 0.36 0.06142 1.21751 1.07195 0.58678 0.58103 2.78 
37 0.37 0.06228 1.17271 1.05757 0.56!03 0.55774 2.70 
38 0.38 0.06054 1.19764 1.00098 0.51705 0.51400 2.63 
39 0.39 0.05648 1.19037 0.90989 0.45839 0.45525 2.56 

(_ 
40 0.40 0.05927 1.13687 0.93 !00 0.45649 0.45417 2.50 
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41 0.41 0.05807 1.11252 0.88994 0.42508 0.42354 2.44 
42 0.42 0.05475 1.11034 0.81908 0.38329 0.38054 2.38 
43 0.43 0.0541 I 1.07704 0.79066 0.36065 0.35879 2.33 
44 0.44 0.05536 I.OJ 131 0.79050 0.35287 0.35057 2.27 
45 0.45 0.05402 0.93265 0.75428 0.32910 0.32707 2.22 
46 0.46 0.05219 0.84886 0.71285 0.30333 0.30239 2.17 
47 0.47 0.05029 0.81371 0.67236 0.28053 0.27914 2.13 
48 0.48 0.04866 0.79753 0.63693 0.26020 0.25893 2.08 
49 0.49 0.05246 0.79265 0.67269 0.26992 0.26788 2.04 
50 0.50 0.05342 0.80355 0.67134 0.26334 0.26200 2.00 
51 0.51 0.05180 0.83231 0.63818 0.24561 0.24417 1.96 
52 0.52 0.04865 0.87758 0.58785 0.22337 0.22059 1.92 
53 0.53 0.04809 0.93468 0.57015 0.21116 0.20991 1.89 
54 0.54 0.05221 0.99654 0.60750 0.22103 0.21952 1.85 
55 0.55 0.05734 1.05505 0.65507 0.23612 0.23241 1.82 
56 0.56 0.06460 1.10247 0.72476 0.25724 0.25254 1.79 
57 0.57 0.07177 1.13256 0.79118 0.27543 0.27085 1.75 
58 0.58 0.07805 1.14124 0.84547 0.28887 0.28444 1.72 
59 0.60 0.08629 1.09042 0.90361 0.29756 0.29387 1.67 
60 0.62 0.0891 I 0.96299 0.90302 0.28616 0.28421 1.61 
61 0.64 0.08740 1.03335 0.85802 0.26334 0.26160 1.56 
62 0.66 0.08103 1.08367 0.77141 0.23066 0.22807 1.52 
63 0.68 0.07125 1.07394 0.65838 0.19145 0.18893 1.47 
64 0.70 0.06624 1.01706 0.59460 0.16660 0.16575 1.43 
65 0.72 0.06915 0.93131 0.60346 0.16570 0.16354 1.39 
66 0.74 0.06691 0.83529 0.56812 0.15191 0.14981 1.35 
67 0.76 0.06248 0.74695 0.51658 0.13491 0.13263 1.32 
68 0.78 0.06052 0.72138 0.48750 0.12300 0.12196 1.28 
69 0.80 0.06240 0.69158 0.4901 I 0.12056 0.11954 1.25 
70 0.82 0.06393 0.68875 0.48986 0.11777 0.11657 1.22 

( 71 0.84 0.06860 0.72531 0.51310 0.12115 0.11919 1.19 
72 0.86 0.07725 0.73539 0.56441 0.12974 0.12806 1.16 
73 0.88 0.08634 0.75330 0.61647 0.13813 0.13669 1.14 
74 0.90 0.0956 I 0.82006 0.66746 0.14571 0.14471 I.I I 
75 0.92 0.10819 0.90389 0.73890 0.15775 0.15672 1.09 
76 0.94 0.11793 0.95555 0.78826 0.16560 0.16363 1.06 
77 0.96 0.12368 1.00369 0.80949 0.16762 0.16454 1.04 
78 0.98 0.12910 1.02913 0.82769 0.16611 0.16480 1.02 
79 1.00 0. 13715 1.02909 0.86174 0.1701 I 0.16815 1.00 
80 1.05 0.14851 1.09174 0.88866 0.16757 0.16515 0.95 
81 1.10 0.15169 1.14814 0.86643 0.15494 0.15370 0.91 
82 1.15 0.14667 1.18178 0.80136 0.13795 0.13597 0.87 
83 1.20 0.13956 I.I 8699 0.73072 0.11941 0.11882 0.83 
84 1.25 0.13697 1.17242 0.68849 0.10845 0.10748 0.80 
85 J.30 0.12986 1.14560 0.62762 0.09566 0.09421 0.77 
86 1.35 0.12730 I.I 1229 0.59250 0.08769 0.08564 0.74 
87 1.40 0.12316 1.07650 0.55275 0.07933 0.07704 0.71 
88 1.45 0.11805 1.04084 0.51153 0.07117 0.06884 0.69 
89 1.50 0.11217 1.00684 0.46984 0.06347 0.06112 0.67 
90 1.55 0.10598 0.97530 0.42959 0.05643 0.05408 0.65 
91 1.60 0.09997 0.94654 0.39258 0.05013 0.04788 0.63 
92 1.65 0.09422 0.92055 0.35879 0.04455 0.04243 0.61 
93 1.70 0.08902 0.89719 0.32901 0.03966 0.03776 0.59 
94 1.75 0.08824 0.87622 0.31683 0.03614 0.03533 0.57 
95 1.80 0.09274 0.85738 0.32372 0.03612 0.01509 0.56 
96 1.85 0.09291 0.84041 0.31557 0.03449 0.03328 0.54 
97 1.90 0.09713 0.82507 0.32121 0.03378 0.03299 0.53 
98 1.95 0.09974 0.81115 0.32139 0.03327 0.03216 0.51 
99 2.00 0.11000 0.79846 0.34557 0.03500 0.03372 0.50 
100 2.05 0.11860 0.78684 0.36350 0.03599 0.03460 0.49 
101 2.IO 0.12550 0.77617 0.37549 0.03631 0.03489 0.48 
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102 2.15 0.13066 0.76632 0.38184 0.03615 0.03466 0.47 
103 2.20 0.13623 0.75722 0.38908 0.03558 0.03451 0.45 
104 2.25 0.14321 0.74877 0.39992 0.03514 0.03468 0.44 
105 2.30 0.15035 0.74093 0.41073 0.03568 0.03485 0.43 
106 2.35 0.15338 0.73362 0.41008 0.03466 0.03405 0.43 
107 2.40 0.15665 0.72682 0.41012 0.03379 0.03334 0.42 
108 2.50 0.16142 0.71456 0.40569 0.03190 0.03167 0.40 
109 2.60 0.16553 0.70389 0.40001 0.03065 0.03002 0.38 
I IO 2.70 0.16897 0.69461 0.39320 0.02977 0.02842 0.37 
I II 2.80 0.17331 0.68654 0.38890 0.02840 0.02710 0.36 
I 12 2.90 0.17569 0.67956 0.38066 0.02681 0.02561 0.34 
I 13 3.00 0.17608 0.67353 0.36878 0.02508 0.02399 0.33 
114 3.10 0.18292 0.66836 0,37074 0.02395 0.02334 0.32 
I 15 3.20 0.18759 0.66394 0.36832 0.02314 0.02246 0.31 
I 16 3.30 0.19006 0.66019 0.36188 0.02208 0.02140 0.30 
117 3.40 0.18998 0.65703 0.35108 0.02084 0.02015 0.29 
118 3.50 0.18704 0.65439 0.33578 0.01942 0.01872 0.29 
119 3.60 0.18307 0.65219 0.31952 0.01787 0.01732 0.28 
120 3.70 0.18376 0.65042 0.31206 0.01699 0.01646 0.27 
121 3.80 0.18131 0.64898 0.29979 0.01592 0.01539 0.26 
122 3.90 0.17627 0.64785 0.28398 0.01480 0.01421 0.26 
123 4.00 0.16871 0.64700 0.26501 0.01360 0.01293 0.25 
124 4.10 0.17178 0.64637 0.26325 0.01297 0.01253 0.24 
125 4.20 0.17688 0.64596 0.26462 0.01280 0.01229 0.24 
126 4.30 0.18085 0.64571 0.26426 0.01254 0.01199 0.23 
127 4.40 0.18364 0.64563 0.26224 0.01223 0.01163 0.23 
128 4.50 0.18531 0.64568 0.25874 0.01186 0.01122 0.22 
129 4.60 0.18596 0.64581 0.25400 0.01145 0.01077 0.22 
130 4.70 0.18577 0.64607 0.24835 0.01 IOI 0.01031 0.21 
131 4.80 0.18472 0.64641 0.24179 0.01055 0.00983 0.21 

C 
132 4.90 0. I 8295 0.64680 0.23459 0.01008 0.00934 0.20 
133 5.00 0.18053 0.64728 0.22687 0.00960 0.00885 0.20 
134 5.10 0.17752 0.64776 0.21870 0.00912 0.00837 0.20 
135 5.20 0.17397 0.64834 0.21021 0.00865 0.00789 0.19 
136 5.40 0.16800 0.64955 0. 19547 0.00773 0.00706 0.19 
137 5.60 0.16164 0.65082 0.18135 0.00692 0.00632 0.18 
138 5.80 0.15390 0.65217 0.16672 0.00620 0.00561 0.17 
139 6.00 0.14528 0.65349 0.15214 0.00554 0.00495 0.17 
140 6.20 0.14320 0.65491 0.14512 0.00493 0.00457 0.16 
141 6.40 0.14484 0.65625 0.14219 0.00467 0.00434 0.16 
142 6.60 0.14586 0.65757 0.13886 0.00445 0.0041 I 0.15 
143 6.80 0.14635 0.65892 0.13523 0.00423 0.00388 0.15 
144 7.00 0.14639 0.66019 0.13140 0.00401 0.00366 0.14 
145 7.30 0.14572 0.66202 0.12542 0.00371 0.00335 0.14 
146 7.60 0.14443 0.66371 0.11940 0.00342 0.00307 0.13 
147 8.00 0.14189 0.66588 0.11144 0.00307 0.00272 0.13 
148 8.50 0.13782 0.66835 0.10188 0.00268 0.00234 0.12 
149 9.00 0.13316 0.67056 0.09296 0.00235 0.00202 0.11 
150 9.50 0.12821 0.67256 0.08480 0.00207 0.00174 0.11 
151 10.00 0.12318 0.67429 0.07740 0.00183 0.00151 0.10 
152 10.50 0.00000 0.00000 0.00000 0.00000 0.00000 0.10 

VALVES IN PERIOD RANGE . I TO 2.5 SEC. 
AREA OF ACC. RESPONSE SPECTRUM = 0.499 
AREA OF VEL. RESPONSE SPECTRUM = 2.275 
MAX. ACCELERATION RESPONSE VALUE= 1.592 
MAX. VELOCITY RESPONSE VALUE= 1.648 

I**'~*** OPTION 9 *** COMPUTE RESPONSE SPECTRUM 
RESPONSE SPECTRUM ANALYSIS FOR LA YER NUMBER 17 

CALCULATED FOR DAMPING 0.050 
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C 
TIMES AT WHICH MAX. SPECTRAL VALUES OCCUR 

TD= TIME FOR MAX. RELATIVE DISP. 
TV = TIME FOR MAX. RELATIVE VEL. 
TA = TIME FOR MAX. ABSOLUTE ACC. 

DAMPING RATIO= 0.050 
PER= 0.01 TIMES FOR MAXIMA •• TD= 2.5700 TV= 2.5700 TA= 2.5700 
PER =0.02 TIMES FOR MAXIMA .. TD= 2.5700 TV= 2.5800 TA= 2.5700 
PER =0.03 TIMES FOR MAXIMA •. TD= 2.9500 TV= 2.9400 TA= 2.9500 
PER=0.04 TIMES FOR MAXIMA •• TD= 3.6300 TV= 2.6100 TA= 3.6300 
PER =0.05 TIMES FOR MAXIMA -· TD= 4.8700 TV= 4.8300 TA= 4.8400 
PER=0.06 TIMES FOR MAXIMA .• TD= 4.3200 TV= 4.3300 TA= 1.9700 
PER= 0.07 TIMES FOR MAXIMA •• TD= 4.3300 TV= 4.3100 TA= 4.3300 
PER =0.08 TIMES FOR MAXIMA •• TD= 2.5200 TV= 2.5400 TA= 2.5200 
PER =0.09 TIMES FOR MAXIMA -- TD= 2.5300 TV= 2.6000 TA= 2.5300 
PER= 0.10 TIMES FOR MAXIMA-· TD= 2.5900 TV= 2.6!00 TA= 2.5900 
PER=0.II TIMES FOR MAXIMA·· TD= 2.5500 TV= 2.5800 TA= 2.5500 
PER =0.12 TIMES FOR MAXIMA ·• TD= 4.8000 TV= 2.5800 TA= 4.8000 
PER= 0.13 TIMES FOR MAXIMA·· TD= 3.6600 TV= 4.7900 TA= 3.6600 
PER=0.14 TIMES FOR MAXIMA -- TD= 3.6700 TV= 3.7!00 TA= 3.6700 
PER =0.15 TIMES FOR MAXIMA-· TD= 3.6800 TV= 3.7200 TA= 3.6800 
PER=0.16 TIMES FOR MAXIMA •• TD= 4.1800 TV= 4.1500 TA= 4.1800 
PER=0.17 TIMES FOR MAXIMA -- TD= 4.1 IO0 TV= 4.1500 TA= 4.IIO0 
PER=0.18 TIMES FOR MAXIMA-· TD= 2.5600 TV= 2.5200 TA= 2.5600 
PER=0.19 TIMES FOR MAXIMA -- TD= 2.5700 TV= 2.5300 TA= 2.5700 
PER =0.20 TIMES FOR MAXIMA -- TD= 6.6!00 TV= 2.5300 TA= 6.6000 
PER= 0.21 TIMES FOR MAXIMA .• TD= 2.5800 TV= 2.5300 TA= 7.0500 
PER =0.22 TIMES FOR MAXIMA·· TD= 2.5000 TV= 2.5500 TA= 2.5000 
PER =0.23 TIMES FOR MAXIMA -- TD= 3.4200 TV= 7.0400 TA= 6.9800 
PER =0.24 TIMES FOR MAXIMA .. TD= 2.2400 TV= 2.2900 TA= 2.2300 
PER =0.25 TIMES FOR MAXIMA •• TD= 6.2400 TV= 6.3100 TA= 6.2400 

( 
PER =0.26 TIMES FOR MAXIMA ·• TD= 1.5600 TV= 6.3200 TA= 6.2500 
PER=0.27 TIMES FOR MAXIMA -- TD= 1.1900 TV= 1.2600 TA= 1.1900 
PER =0.28 TIMES FOR MAXIMA -- TD= 1.2100 TV= 1.2600 TA= 1.2000 
PER= 0.29 TIMES FOR MAXIMA -- TD= I.2100 TV= 5.!000 TA= 1.2100 
PER =0.30 TIMES FOR MAXIMA •• TD= 2.9200 TV= 2.8400 TA= 2.9100 
PER=0.31 TIMES FOR MAXIMA -- TD= 2.9400 TV= 2.8500 TA= 2.9400 
PER=0.32 TIMES FOR MAXIMA .. TD= 2.9500 TV= 2.5600 TA= 2.9500 
PER= 0.33 TIMES FOR MAXIMA •• TD= 2.5000 TV= 2.5600 TA= 2.5000 
PER=0.34 TIMES FOR MAXIMA -- TD= 2.5000 TV= 2.5600 TA= 2.5000 
PER =0.35 TIMES FOR MAXIMA -- TD= 2.5!00 TV= 2.5600 TA= 2.5000 
PER= 0.36 TIMES FOR MAXIMA ·· TD= 2.5100 TV= 2.9300 TA= 2.5000 
PER=0.37 TIMES FOR MAXIMA -- TD= 2.5100 TV= 2.6000 TA= 2.5000 
PER= 0.38 TIMES FOR MAXIMA .• TD= 2.5!00 TV= 2.8000 TA= 2.5!00 
PER=0.39 TIMES FOR MAXIMA -- TD= 2.5200 TV= 4.0300 TA= 2.5!00 
PER= 0.40 TIMES FOR MAXIMA .. TD= 3.9400 TV= 4.0300 TA= 3.9400 
PER =0.41 TIMES FOR MAXIMA •• TD= 3.9500 TV= 4.0400 TA= 3.9500 
PER =0.42 TIMES FOR MAXIMA -- TD= 3.9600 TV= 4.0400 TA= 3.9500 
PER= 0.43 TIMES FOR MAXIMA •• TD= 3.9700 TV= 4.0500 TA= 3.9600 
PER= 0.44 TIMES FOR MAXIMA -· TD= 3.9800 TV= 3.9!00 TA= 3.9700 
PER= 0.45 TIMES FOR MAXIMA -· TD= 4.6900 TV= 3.9!00 TA= 4.6900 
PER= 0.46 TIMES FOR MAXIMA •• TD= 4.7000 TV= 3.9!00 TA= 4.6900 
PER=0.47 TIMES FOR MAXIMA .• TD= 4.7100 TV= 3.9100 TA= 4.7000 
PER= 0.48 TIMES FOR MAXIMA .. TD= 4.7100 TV= 3.9100 TA= 4.7000 
PER= 0.49 TIMES FOR MAXIMA -· TD= 5.5200 TV= 5.4!00 TA= 5.5100 
PER =0.50 TIMES FOR MAXIMA ·• TD= 5.5500 TV= 5.4100 TA= 5.5400 
PER= 0.5I TIMES FOR MAXIMA .. TD= 5.5600 TV= 5.4100 TA= 5.5600 
PER =0.52 TIMES FOR MAXIMA •• TD= 2.5!00 TV= 5.4400 TA= 2.5000 
PER= 0.53 TIMES FOR MAXIMA -- TD= 2.5100 TV= 2.6100 TA= 2.5000 
PER= 0.54 TIMES FOR MAXIMA •. TD= 2.5100 TV= 2.6300 TA= 2.5000 
PER= 0.55 TIMES FOR MAXIMA -· TD= 2.5100 TV= 2.6400 TA= 2.5000 

l 
PER =0.56 TIMES FOR MAXIMA .. TD= 2.5!00 TV= 2.6400 TA= 2.5000 
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PER =0.57 TIMES FOR MAXIMA -- TD= 2.5200 TV= 2.6400 TA= 2.5100 
PER =0.58 TIMES FOR MAXIMA -- TD= 2.5200 TV= 2.6400 TA= 2.5100 
PER=0.60 TIMES FOR MAXIMA -- TD= 2.5400 TV= 2.4800 TA= 2.5300 
PER= 0.62 TIMES FOR MAXIMA -- TD= 2.5600 TV= 2.4800 TA= 2.5500 
PER= 0.64 TIMES FOR MAXIMA -- TD= 2.5900 TV= 2.4800 TA= 2.5800 
PER =0.66 TIMES FOR MAXIMA -- TD= 2.6000 TV= 2.4900 TA= 2.5900 
PER =0.68 TIMES FOR MAXIMA -- TD= 3.4100 TV= 2.4900 TA= 3.4000 
PER= 0.70 TIMES FOR MAXIMA -- TD= 3.4200 TV= 2.4900 TA= 3.4100 
PER =0.72 TIMES FOR MAXIMA -- TD= 3.4300 TV= 3.6100 TA= 3.4200 
PER=0.74 TIMES FOR MAXIMA -- TD= 3.4400 TV= 3.6100 TA= 3.4300 
PER= 0.76 TIMES FOR MAXIMA -- TD= 1.8100 TV= 3.6100 TA= 1.7500 
PER= 0.78 TIMES FOR MAXIMA -- TD= 1.4700 TV= 3.6100 TA= 1.8100 
PER=0.80 TIMES FOR MAXIMA -- TD= 1.4700 TV= 3.6100 TA= 1.4600 
PER= 0.82 TIMES FOR MAXIMA -- TD= 1.4900 TV= 3.6100 TA= 1.4700 
PER=0.84 TIMES FOR MAXIMA -- TD= 6.4900 TV= 3.6200 TA= 6.4800 
PER =0.86 TIMES FOR MAXIMA -- TD= 3.4700 TV= 4.2200 TA= 3.4700 
PER =0.88 TIMES FOR MAXIMA -- TD= 4.0000 TV= 4.2200 TA= 3.9700 
PER= 0.90 TIMES FOR MAXIMA -- TD= 4.0100 TV= 4.2200 TA= 4.0000 
PER =0.92 TIMES FOR MAXIMA -- TD= 4.0100 TV= 4.2900 TA= 4.0000 
PER =0.94 TIMES FOR MAXIMA -- TD= 3.1200 TV= 4.2900 TA=3.1100 
PER= 0.96 TIMES FOR MAXIMA -- TD= 3.1200 TV= 3.9100 TA= 3.1100 
PER=0.98 TIMES FOR MAXIMA -- TD= 3.1300 TV= 3.9100 TA= 3.1200 
PER= 1.00 TIMES FOR MAXIMA -- TD= 3.1500 TV= 3.9100 TA= 3.1200 
PER= 1.05 TIMES FOR MAXIMA -- TD= 3.2000 TV= 3.9100 TA= 3.1800 
PER= I.IO TIMES FOR MAXIMA -- TD= 3.2300 TV= 2.4900 TA= 3.2200 
PER= 1.15 TIMES FOR MAXIMA -- TD= 3.3000 TV= 2.4900 TA= 3.2900 
PER= 1.20 TIMES FOR MAXIMA -- TD= 3.3300 TV= 2.4900 TA= 3.3100 
PER= 1.25 TIMES FOR MAXIMA -- TD= 3.3500 TV= 2.4900 TA= 3.3300 
PER= 1.30 TIMES FOR MAXIMA -- TD= 3.3700 TV= 2.4900 TA= 3.3600 
PER= 1.35 TIMES FOR MAXIMA -- TD= 2.8400 TV= 2.4900 TA= 2.8200 

( PER= 1.40 TIMES FOR MAXIMA -- TD= 2.8700 TV= 2.4900 TA= 2.8300 
PER= 1.45 TIMES FOR MAXIMA -- TD= 2.9000 TV= 2.4900 TA= 2.8600 
PER= 1.50 TIMES FOR MAXIMA -- TD= 2.9200 TV= 2.4900 TA= 2.8900 
PER= 1.55 TIMES FOR MAXIMA -- TD= 2.9200 TV= 2.4900 TA= 2.9100 
PER= 1.60 TIMES FOR MAXIMA -- TD= 2.9200 TV= 2.4900 TA= 2.9100 
PER= 1.65 TIMES FOR MAXIMA -- TD= 2.9300 TV= 2.4900 TA= 2.9100 
PER= 1.70 TIMES FOR MAXIMA -- TD= 2.9900 TV= 2.4900 TA= 2.3700 
PER= 1.75 TIMES FOR MAXIMA -- TD= 2.3900 TV= 2.4900 TA= 2.3700 
PER= 1.80 TIMES FOR MAXIMA -- TD= 5.9300 TV= 2.4900 TA= 5.9200 
PER= 1.85 TIMES FOR MAXIMA -- TD= 6.0000 TV= 2.4900 TA= 5.9900 
PER= 1.90 TIMES FOR MAXIMA -- TD= 6.0500 TV= 5.7600 TA= 6.0400 
PER= 1.95 TIMES FOR MAXIMA -- TD= 5.3500 TV= 5.7600 TA= 5.3400 
PER =2.00 TIMES FOR MAXIMA -- TD= 5.3600 TV= 5.7600 TA= 5.3400 
PER= 2.05 TIMES FOR MAXIMA -- TD= 5.3600 TV= 5.7600 TA= 5.3400 
PER= 2.10 TIMES FOR MAXIMA -- TD= 5.3600 TV= 5.7600 TA= 5.3400 
PER= 2.15 TIMES FOR MAXIMA -- TD= 8.7100 TV= 5.7600 TA= 5.3400 
PER =2.20 TIMES FOR MAXIMA -- TD= 8.8100 TV= 5.7600 TA= 7.6700 
PER= 2.25 TIMES FOR MAXIMA -- TD= 8.8900 TV= 5.7600 TA= 8.8800 
PER= 2.30 TIMES FOR MAXIMA -- TD= 7.8200 TV= 5.7600 TA= 8.8800 
PER= 2.35 TIMES FOR MAXIMA -- TD= 7.8800 TV= 5.7600 TA= 7.7900 
PER= 2.40 TIMES FOR MAXIMA -- TD= 7.9100 TV= 5.7600 TA= 7.8800 
PER= 2.50 TIMES FOR MAXIMA -- TD= 8.0300 TV= 7.3100 TA= 8.0100 
PER= 2.60 TIMES FOR MAXIMA -- TD= 8.0600 TV= 7.6400 TA= 8.0200 
PER= 2.70 TIMES FOR MAXIMA -- TD= 6.9400 TV= 7.6400 TA= 6.8800 
PER= 2.80 TIMES FOR MAXIMA -- TD= 6.9400 TV= 7.6500 TA= 6.8800 
PER= 2.90 TIMES FOR MAXIMA -- TD= 7.0600 TV= 7.6500 TA= 6.9300 
PER= 3.00 TIMES FOR MAXIMA -- TD= 7. 1500 TV= 7.6500 TA= 7.0400 
PER= 3.10 TIMES FOR MAXIMA -- TD=7.l900 TV= 5.3000 TA= 7.1400 
PER= 3.20 TIMES FOR MAXIMA -- TD= 7.2000 TV= 5.3000 TA= 7.1400 
PER= 3.30 TIMES FOR MAXIMA -- TD= 7.2100 TV= 5.3000 TA= 7.1800 
PER= 3.40 TIMES FOR MAXIMA -- TD= 7.2100 TV= 5.3000 TA= 7.1800 

Page 19 



R14191

C 

PCSC300E-1 a.out 
PER=3.50 TIMES FOR MAXIMA-- TD= 7.2200 TV= 5.3000 TA= 7.1900 
PER =3.60 TIMES FOR MAXIMA -- TD= 7.4500 TV= 5.3000 TA= 7.3800 
PER= 3.70 TIMES FOR MAXIMA-- TD= 7.4600 TV= 5.3000 TA= 7.3900 
PER= 3.80 TIMES FOR MAXIMA -- TD= 7.5000 TV= 5.3000 TA= 7.4400 
PER=3.90 TIMES FOR MAXIMA-- TD= 7.5100 TV= 5.3000 TA= 7.4500 
PER= 4.00 TIMES FOR MAXIMA -- TD= 7.6200 TV= 5.3000 TA= 7.4500 
PER=4.I0 TIMESFORMAXIMA-- TD= 6.1600 TV= 5.3000 TA= 6.0900 
PER=4.20 TIMESFORMAXIMA-- TD= 6.1600 TV= 5.3000 TA= 6.1400 
PER= 4.30 TIMES FOR MAXIMA -- TD= 6.1700 TV= 5.3000 TA= 6.1500 
PER= 4.40 TIMES FOR MAXIMA -- TD= 6.1900 TV= 5.3000 TA= 6.1500 
PER= 4.50 TIMES FOR MAXIMA -- TD= 6.2000 TV= 5.3000 TA= 6.1500 
PER = 4.60 TIMES FOR MAXIMA -- TD = 6.2000 TV = 5.3000 TA = 6. I 500 
PER= 4.70 TIMES FOR MAXIMA -- TD= 6.2000 TV= 5.3000 TA= 6.1500 
PER =4.80 TIMES FOR MAXIMA -- TD= 6.3400 TV= 5.3000 TA= 6.1500 
PER= 4.90 TIMES FOR MAXIMA -- TD= 6.3400 TV= 5.3000 TA= 6.1500 
PER = 5.00 TIMES FOR MAXIMA -- TD= 6.3500 TV = 5.3000 TA= 6.3200 
PER =5.10 TIMES FOR MAXIMA-- TD= 6.3500 TV= 5.3000 TA= 6.3200 
PER= 5.20 TIMES FOR MAXIMA -- TD= 6.3500 TV= 5.3000 TA= 6.3200 
PER= 5.40 TIMES FOR MAXIMA -- TD= 6.3500 TV= 5.3000 TA= 6.3200 
PER= 5.60 TIMES FOR MAXIMA -- TD= 6.5400 TV= 5.3000 TA= 6.3200 
PER= 5.80 · TIMES FOR MAXIMA -- TD= 6.5500 TV= 5.3000 TA= 6.5000 
PER= 6.00 TIMES FOR MAXIMA -- TD= 6.5500 TV= 5.3000 TA= 6.5000 
PER= 6.20 TIMES FOR MAXIMA -- TD= 4.7700 TV= 5.3000 TA= 4.5200 
PER= 6.40 TIMES FOR MAXIMA -- TD= 4.7700 TV= 5.3000 TA= 4.7300 
PER= 6.60 TIMES FOR MAXIMA -- TD= 4.7700 TV= 5.3000 TA= 4.7300 
PER= 6.80 TIMES FOR MAXIMA -- TD= 4.7800 TV= 5.3000 TA= 4.7300 
PER= 7.00 TIMES FOR MAXIMA -- TD= 4.7800 TV= 5.3000 TA= 4.7300 
PER= 7.30 TIMES FOR MAXIMA -- TD= 4.7800 TV= 5.3000 TA= 4.7300 
PER= 7.60 TIMES FOR MAXIMA -- TD= 4.7800 TV= 2.4900 TA= 4.7300 
PER= 8.00 TIMES FOR MAXIMA -- TD= 4.7800 TV= 2.4900 TA= 4.7300 
PER= 8.50 TIMES FOR MAXIMA -- TD= 4.7800 TV= 2.4900 TA= 4.7300 
PER= 9.00 TIMES FOR MAXIMA -- TD= 4.7800 TV= 2.4900 TA= 4.7300 
PER= 9.50 TIMES FOR MAXIMA-- TD= 4.7800 TV= 2.4900 TA= 4.7300 
PER =10.00 TIMES FOR MAXIMA -- TD= 4.7800 TV= 2.4900 TA= 4.7300 
SPECTRAL VALUES--
(Acceleration of gravity used = 32.20) 

PSCS300E Crest Column DAMPING RATIO = 0.050 
NO. PERIOD REL. DISP. REL. VEL. PSU.REL.VEL. ABS. ACC. PSU.ABS.ACC. FREQ. 

I 0.01 0.00005 0.00136 0.02849 0.55850 0.55584 100.00 
2 0.02 0.00018 0.04499 0.05569 0.55907 0.54337 50.00 
3 0.03 0.00100 0.17299 0.21036 1.35502 1.36825 33.33 
4 0.04 0.00178 0.23944 0.27972 1.41661 1.36454 25.00 
5 0.05 0.00238 0.3 I 660 0.29913 I. I 9625 1.16738 20.00 
6- 0.06 0.00324 0.37402 0.33931 I.I 1290 1.10350 16.67 
7 0.07 0.00410 0.42586 0.36768 1.00192 1.02494 14.29 
8 0.08 0.00662 0.49285 0.51989 1.30592 1.26808 12.50 
9 0.09 0.01058 0.74261 0.73891 1.61391 1.60203 11.11 
10 0.10 0.00992 0.62974 0.62356 1.19459 1.21675 10.00 
11 0.11 0.00945 0.6I752 0.53978 0.94469 0.95753 9.09 
12 0.12 0.00955 0.45760 0.49991 0.83422 0.81289 8.33 
13 0.13 0.00942 0.48076 0.45527 0.67574 0.68335 7.69 
14 0.14 0.01238 0.51781 0.55546 0.77129 0.77420 7.14 
15 0.15 0.01197 0.53788 0.50127 0.65502 0.65209 6.67 
16 0.16 0.01428 0.62039 0.56072 0.68796 0.68383 6.25 
17 0.17 0.01619 0.69957 0.59823 0.69353 0.68666 5.88 
18 0.18 0.01573 0.57102 0.54919 0.60640 0.59536 5.56 
19 0.19 0.01745 0.63990 0.57695 0.59795 0.59253 5.26 
20 0.20 0.01613 0.56661 0.50682 0.50024 0.49448 5.00 
21 0.21 0.01674 0.60435 0.50091 0.46688 0.46544 4.76 
22 0.22 0.01774 0.54424 0.50670 0.46072 0.44942 4.55 
23 0.23 0.01530 0.47636 0.41797 0.35437 0.35460 4.35 

Page 20 



R14192

"' r 

PCSC300E-l a.out 
24 0.24 0.01639 0.46797 0.42917 0.35591 0.34893 4.17 
25 0.25 0.01736 0.48167 0.43619 0.34254 0.34046 4.00 
26 0.26 0.01916 0.51490 0.46302 0.35118 0.34750 3.85 
27 0.27 0.02110 0.53368 0.49104 0.35711 0.35488 3.70 
28 0.28 0.02280 0.53679 0.5 I 153 0.35936 0.35648 3.57 
29 0.29 0.02363 0.56432 0.51192 0.34832 0.34445 3.45 
30 0.30 0.02424 0.55960 0.50764 0.33261 0.33018 3.33 
31 0.31 0.02969 0.62717 0.60171 0.38143 0.37875 3.23 
32 0.32 0.03087 0.64924 0.60610 0.37197 0.36959 3.13 
33 0.33 0.02956 0.62054 0.56290 0.33676 0.33284 3.03 
34 0.34 0.02988 0.59171 0.55227 0.32331 0.31695 2.94 
35 0.35 0.03145 0.58062 0.56451 0.32000 0.31472 2.86 
36 0.36 0.03369 0.56893 0.58806 0.32211 0.31875 2.78 
37 0.37 0.03527 0.58074 0.59894 0.31687 0.31587 2.70 
38 0.38 0.03518 0.57848 0.58166 0.30335 0.29868 2.63 
39 0.39 0.03387 0.62913 0.54565 0.27671 0.27301 2.56 
40 0.40 0.03589 0.68918 0.56383 0.27621 0.27505 2.50 
41 0.41 0.03816 0.69282 0.58485 0.27999 0.27835 2.44 
42 0.42 0.03860 0.65645 0.57750 0.26954 0.26830 2.38 
43 0.43 0.03804 0.60516 0.55578 0.25364 0.25221 2.33 
44 0.44 0.03681 0.5958 I 0.52568 0.23464 0.233 I 3 2.27 
45 0.45 0.03653 0.60067 0.51004 0.22154 0.22117 2.22 
46 0.46 0.03729 0.59047 0.50937 0.21665 0.21607 2.17 
47 0.47 0.03606 0.57052 0.48207 0.20332 0.20014 2.13 
48 0.48 0.03349 0.54379 0.43835 0.18014 0.17820 2.08 
49 0.49 0.03413 0.51793 0.43769 0.17566 0.17430 2.04 
50 0.50 0.03500 0.52157 0.43985 0.17218 0.17165 2.00 
51 0.51 0.03473 0.49075 0.42793 0.16499 0.16373 1.96 
52 0.52 0.03363 0.45429 0.40638 0.15517 0.15249 1.92 
53 0.53 0.03853 0.46746 0.45674 0.17096 0.16816 1.89 

(- 54 0.54 0.04389 0.51448 0.51070 0. I 8737 0.18454 1.85 
55 0.55 0.04926 0.55886 0.56278 0.20245 0.19966 1.82 ·- 56 0.56 0.05415 0.59863 0.60760 0.21441 0.21172 1.79 
57 0.57 0.05848 0.62378 0.64468 0.22381 0.22070 1.75 
58 0.58 0.06184 0.63106 0.66986 0.22829 0.22536 1.72 
59 0.60 0.06544 0.70068 0.68529 0.22393 0.22287 1.67 
60 0.62 0.06573 0.79556 0.66617 0.21124 0.20966 1.61 
61 0.64 0.06527 0.83826 0.64083 0.19701 0.19538 1.56 
62 0.66 0.06037 0.83336 0.57472 0.17238 0.16992 1.52 
63 0.68 0.05937 0.78867 0.54857 0.15814 0.15742 1.47 
64 0.70 0.06308 0.71314 0.56623 0.15969 0.15784 1.43 
65 0.72 0.06124 0.63612 0.53441 0.14674 0.14483 1.39 
66 0.74 0.05637 0.58189 0.47867 0.12760 0.12622 1.35 
67 0.76 0.05182 0.52189 0.42839 0.11039 0.10999 1.32 
68 0.78 0.05224 0.48141 0.42084 0.10620 0.10528 1.28 
69 0.80 0.05347 0.46947 0.41997 0.10299 0.10244 1.25 
70 0.82 0.05454 0.48106 0.41789 0.09999 0.09944 1.22 
71 0.84 0.05857 0.50396 0.43810 0.10258 0.10177 I. I 9 
72 0.86 0.06521 0.56033 0.47640 0.10880 0.10809 1.16 
73 0.88 0.07540 0.63272 0.53836 0.11994 0.11938 1.14 
74 0.90 0.08642 0.69483 0.60330 0.13206 0.13080 I.II 
75 0.92 0.09546 0.73421 0.65 I 94 0.14025 0.13828 1.09 
76 0.94 0.10261 0.79469 0.68589 0.14302 0.14238 1.06 
77 0.96 0.11124 0.85758 0.72810 0.14917 0.14799 1.04 
78 0.98 0.11832 0.92962 0.75859 0.15264 0.15105 1.02 
79 1.00 0.12378 0.97242 0.77774 0.15296 0.15176 1.00 
80 1.05 0.13543 0.94462 0.81038 0.15223 0.15060 0.95 
81 I.IO 0.13936 0.91425 0.79602 0.14229 0.14121 0.91 
82 1.15 0.13942 0.92776 0.76173 0.12990 0.12925 0.87 
83 1.20 0.13742 0.91717 0.71955 0.11796 0.11700 0.83 

( 84 1.25 0.13052 0.89112 0.65605 0.10342 0.10241 0.80 
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85 1.30 0.12014 0.85653 0.58064 0.08786 0.08715 0.77 
86 1.35 O. ll483 0.81840 0.53443 0.07843 0.07725 0.74 
87 1.40 0.11078 0.78000 0.49719 0.06994 0.06930 0.71 
88 1.45 0.10667 0.74332 0.46222 0.06255 0.06220 0.69 
89 1.50 0.10247 0.70939 0.42921 0.05627 0.05583 0.67 
90 1.55 0.09800 0.67864 0.39727 0.05054 0.05001 0.65 
91 1.60 0.09315 0.65110 0.36578 0.04533 0.04461 0.63 
92 1.65 0.08827 0.62659 0.33614 0.04056 0.03975 0.61 
93 1.70 0.08406 0.60485 0.31070 0.03642 0.03566 0.59 
94 1.75 0.08232 0.58554 0.29557 0.03416 0.03296 0.57 
95 1.80 0.08511 0.56835 Q.29710 0.03252 0.03221 0.56 
96 1.85 0.09046 0.55299 0.30724 0.03299 0.03241 0.54 
97 1.90 0.09369 0.55264 0.30982 0.03228 0.03182 0.53 
98 1.95 0.09719 0.57669 0.31317 0.03199 0.03134 0.51 
99 2.00 0.10618 0.59049 0.33357 0.03334 0.03254 0.50 
100 2.05 0.11329 0.59503 0.34724 0.03395 0.03305 0.49 
IOI 2.10 0.11848 0.59178 0.35449 0.03395 0.03294 0.48 
102 2.15 0.12507 0.58239 0.36551 0.03345 0.03317 0.47 
103 2.20 0.13231 0.56849 0.37788 0.03396 0.03352 0.45 
104 2.25 0.14127 0.55156 0.39451 0.03461 0.03421 0.44 
105 2.30 0.14555 0.53286 0.39762 0.03432 0.03373 0.43 
106 2.35 0.15032 0.51341 0.40191 0.03358 0.03337 0.43 
107 2.40 0.15378 0.49399 0.40261 0.03307 0.03273 0.42 
108 2.50 0.16045 0.47493 0.40326 0.03175 0.03148 0.40 
I09 2.60 0.16086 0.46775 0.38874 0.02958 0.02918 0.38 
110 2.70 0.16244 0.48295 0.37802 0.02799 0.02732 0.37 
111 2.80 0.16553 0.48384 0.37144 0.02643 0.02589 0.36 
112 2.90 0.16738 0.47446 0.36265 0.02483 0.02440 0.34 
113 3.00 0.17264 0.45662 0.36159 0.02380 0.02352 0.33 
114 3.10 0.17811 0.44595 0.36099 0.02309 0.02272 0.32 c- 115 3.20 0.18202 0.45345 0.35740 0.02213 0.02179 0.31 
116 3.30 0.18346 0.46135 0.34931 0.02109 0.02065 0.30 
117 3.40 0.18236 0.46940 0.33701 0.01986 0.01934 0.29 
I 18 3.50 0.17866 0.47735 0.32073 0.01848 0.01788 0.29 
119 3.60 0.17795 0.48496 0.31058 0.01717 0.01683 0.28 
120 3.70 0.17716 0.49200 0.30084 0.01615 0.01587 0.27 
121 3.80 0.17389 0.49830 0.28752 0.01510 0.01476 0.26 
122 3.90 0.16892 0.50375 0.27215 0.01394 0.01362 0.26 
123 4.00 0.16257 0.50827 0.25536 0.01270 0.01246 0.25 
124 4.10 0.16720 0.51183 0.25624 0.01240 0.01220 0.24 
125 4.20 0.17130 0.51442 0.25627 0.01215 0.01191 0.24 
126 4.30 0.17439 0.5 I 608 0.25482 0.01186 0.01156 0.23 
127 4.40 0.17660 0.5 I 685 0.25219 0.01151 0.01118 0.23 
128 4.50 0.17784 0.51679 0.24832 0.01111 0.01077 0.22 
129 4.60 0.17820 0.51597 0.24340 0.01069 0.01033 0.22 
130 4.70 0.17762 0.51446 0.23745 0.01023 0.00986 0.21 
131 4.80 0.17619 0.51234 0.23064 0.00976 0.00938 0.21 
132 4.90 0.17586 0.50969 0.22550 0.00929 0.00898 0.20 
133 5.00 0.17475 0.50658 0.21959 0.00889 0.00857 0.20 
134 5.10 0.17300 0.50308 Q.21314 0.00850 0.00815 0.20 
135 5.20 0.17062 0.49924 0.20616 0.00810 0.00774 0.19 
136 5.40 0.16427 0.49084 0.19114 0.00731 0.00691 0.19 
137 5.60 0.15767 0.48179 0.17690 0.00653 0.00616 0.18 
138 5.80 0.15136 0.47242 0.16397 0.00581 0.00552 0.17 
139 6.00 0.14395 0.46299 0.15074 0.00521 0.00490 0.17 
140 6.20 0.14150 0.45370 0.14340 0.00485 0.00451 0.16 
141 6.40 0.14276 0.44470 0.14015 0.00459 0.00427 0.16 
142 6.60 0.14344 0.43607 0.13655 0.00436 0.00404 0.15 
143 6.80 0.14364 0.42789 o. 13273 0.00413 0.00381 0.15 
144 7.00 0.14346 0.42018 0.12877 0.00392 0.00359 0.14 

(-
145 7.30 0.14249 0.40956 0.12264 0.00361 0.00328 0.14 
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146 7.60 0.14087 0.40837 0.11646 0.00332 0.00299 
147 8.00 0.13798 0.41060 0.10837 0.00297 0.00264 
148 8.50 0.13357 0.41312 0.09873 0.00259 0.00227 
149 9.00 0.12865 0.41537 0.08981 0.00226 0.00195 
150 9.50 0.12352 0.41738 0.08169 0.00198 0.00168 
151 10.00 0.11835 0.41917 0.07436 0.00175 0.00145 
I 52 10.50 0.00000 0.00000 0.00000 0.00000 0.00000 

VALVES IN PERIOD RANGE .1 TO 2.5 SEC. 
AREA OF ACC. RESPONSE SPECTRUM = 0.331 
AREA OF VEL. RESPONSE SPECTRUM = 1.567 
MAX. ACCELERATION RESPONSE VALUE= 1.195 
MAX. VELOCITY RESPONSE VALUE= 0.972 

*** End of Output File No. I *** 
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Layer 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
17 

Notes: 

PCSC300M Crest Column 
Williamson• Pond Creek South Cell - Suri. El. 502, GWT 32ft., Fines El. 474 
M6.8 Background Synthetic @13.5km, PGA=0.54g - Atkinson & Boore (1995) 

Deplh io I Total Unit 
Middle of 

I 
Weight 

Layer 1 

(fl) I (kcf) 
2 l .13 

5.5 i .1~ 
8.5 1 .13 

11.5, .13 
14.5: .14 
11.s·; -.-14 
20.5 ! 14_ 
23.5 I .14 
26.5! :1<i" 

30 I .14 I 
3:i.5! .i35i 
36,~I--- .13~, 
39.5 I .1351 
42.51 .1351 
45.5! .1351 
48.5: .1351 

. Base 
1 

Outcrqp; 

Damping 
Used 

(%) 
2.7 
4.~ 
4.9 
4.2 
5._1 
6.3 
6.4 
7.3 
6.7 
6.4 
5.9 
6.i 
5.8 
5.2 
3.3 
3.5 

Shear 
Modulus 

] M8ximum - I Maxfmum I Shear Wave i 
I Shear Strain I Shear Stress I Velocity 

(ksf) 
2984.4 
2190:8 
2786.4 
4180.1 
3242.1 
2562.8 
2737.4 
2187.7 
2567.1 
2734.6 
1680.1 
1669.8 
1929.1 
2549.6 
5182.9 
5064.7. 

(%) 
.00699 
.01829 
._023591-
.01783. 
.02661 I 

·.016§9 \ 
.04286: 
.056831 
.04803 I 
.04236 I 

-.06'r2ii I 
Q?O_f!8 j _ 
.06525 I 
.05468 i 

.02s2·1 
.03086 i 

(psi) 
208.65 
510.56 
657.19 
745.46 
862.84, 
-··- .. I 

104?,93, 
1173.22 
1243.29 
1232.98 
1158.3 

1130.04 ! 
1!§~52;_ 
1258.79 , - I _ 1394.02 I 
1461.76 i 
1562.9 ! 

(fp_s) _ i 
859.775 

831.4203 
830.'7646 
1017.536 
863.5294 
767.7526 
793.4746 
709.3455-
768.3964 
793.0687 
633.0363 
631.0929' ------ - -- .. 
678.3259 
779.8249 
1111.853 
1099.102 

Period for Soil Column: .24 sec 
Average Shear Wave Velocity for Soil Column: 823 ft/sec 

Page No. 1 

Depth to 
Top of 
Layer 

__ @_ 
0 
4 
7 

10 
13 
1~ 
19 
22 
25 
28 
32 

-- .. 35 

38 . - ,ff 
44 
47 
50 
50 

- i'>eac G/Gmax Curve 1 ··oamping Curve 
Acceleration 

(g) - -- - ------- -- -
.82118 Coarse Coarse 
.66221 · Coarse Coarse 
.45724 Coarse Coarse 

.4914- ·c-oarse---e------ ··-coarse·· 
·.476gs· coarse··---·- coar-Se 

·· ··· .4Ba14 · · ·-·coarse coarse 

.46491 Coarse Coarse 
--:5176:f COarSS Coarse 

:s291 ii - - coarse -- -coarse -
.52041 Coarse· -- - -- -- Coarse --
J6846-- -Residual -- -- -- - Residual 

---- --.80342 - - Residuar - Residual· 
-:'7363fj-- _ Residuai . •-. Reslduaj 
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PCSC300M-la.out 
*********************************************************** 
* SHAKE: PROGRAM FOR EARTHQUAKE RESPONSE ANAL. HORIZONTAL* 
* LAYERED SITES by Per Schnable & John Lysmer - 1970 * 
*---------------* 
* SHAKE85: IBM PC SHAKE VERSION S.S.(Willie) Lai.Jan 1985 * 
*---------------* 
* SHAKE88 :New modulus reduction curves for clays added * 
* using results from Sun et al (1988) by J. I. Sun * 
* & Ramin Golesorkhi February 26, 1988 * 
* ---------------* 
* SHAKE90/9 I: Adjust last iteration; Input now is either * 
* Gmax or max Vs; up to 13 materials can be specified* 
* by user; up to 50 Layers can be specified; object * 
* motion can be read in from a separate file and can * 
* user specified format; Different periods for res- * 
* ponse spectral calculations;options are renumbered;* 
* and general cleanup by: J. I. Sun, I. M. Idriss & * 
* P. Dirrim June 1990 - February 199 I * 
*---------------* 
* SHAKE91: General cleanup and finalization of input out-* 
* output format ... etc by: I. M. Idriss Dec, 1991 * 
*---------------* 
* SHAKE2000: Fix the incorrect output of Tot, Stress in * 
* Option 2. Changed path of ground motion file in * 
* SHAKE91. Control file to input file names. Modified * 
* by Jerald M. La Vassar & Gustavo A. Ordonez (March 2003) * 
* RUN DA TE 1/02/2008 * 
* RUN TIME 11:01 * 
*********************************************************** 
MAX. NUMBER OF TERMS IN FOURIER TRANSFORM = 32768 
NECESSARY LENGTH OF BLANK COMMON X = 204819 

I****** OPTION I *** READ RELATION BETWEEN SOIL PROPERTIES AND STRAIN 

********************** 
MATERIAL TYPE NO. 1 

CURVENO. I: 
CURVENO. 2: 

Coarse 
Coarse 

G/Gmax - Gravel (Mean) - Rollins et al. JGGE 
Damping for Gravel (Mean) - Rollins et al. J 

CURVE NO. I CURVEN0.2 

STRAIN G/GMAX STRAIN DAMPING 
-------- -------

0.0001 1.000 0.0001 0.90 
0.0002 0.995 0.0003 1.11 
0.0005 0.980 0.0006 1.30 
0.0008 0.970 0.0010 1.50 
0.0010 0.960 0.0020 1.91 
0.0020 0.930 0.0030 2.24 
0.0030 0.905 0.0040 2.54 
0.0040 0.880 0.0060 3.05 
0.0070 0.810 0.0080 3.50 
0.0100 0.755 0.0100 3.89 
0.0200 0.630 0.0200 5.45 
0.0700 0.390 0.0300 6.61 
0.1000 0.325 0.0500 8.28 
0.2000 0.205 0.1000 10.79 
0.3000 0.150 0.2000 13.23 

Page I 
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0.4000 0.115 0.3000 14.47 
0.5000 0.095 0.4000 15.24 
0.6000 0.080 0.6000 16.14 
0.8000 0.070 0.8000 16.66 
1.0000 0.050 1.0000 17.01 

********************** 
MATERIAL TYPE NO. 2 

********************** 

CURVE NO. 3: Fine Refuse Moduli for Fine Refuse (Ellison & Cho, 1976) 
CURVE NO. 4: Fine Refuse Damping Values for Fine Refuse (Ellison & Ch 

CURVENO.3 CURVENO.4 

STRAIN G/GMAX STRAIN DAMPING 
-------- ------- -------- --------
0.0001 I.ODO 0.0001 0.75 
0.0004 I.ODO 0.0004 0.65 
0.0010 0.995 0.0010 0.70 
0.0020 0.992 0.0020 0.80 
0.0040 0.989 0.0040 0.90 
0.0060 0.981 0.0060 I.ID 
0.0080 0.965 0.0080 1.30 
0.0100 0.955 0.0100 1.40 
0.0200 0.905 0.0200 2.00 
0.0400 0.828 0.0400 3.10 
0.0600 0.750 0.0600 4.00 
0.0800 0.670 0.0800 5.20 
0.IO00 0.610 0.1000 6.00 
0.2000 0.610 0.2000 6.00 

********************** 
MATERIAL TYPE NO. 3 

********************** 

CURVE NO. 5: Residual G/Gmax Pl=l5% - Effective Confining Pressure 
CURVE NO. 6: Residual Damping Pl=l5% - Effective Confining Pressur 

CURVE NO. 5 CURVE NO. 6 

STRAIN G/GMAX STRAIN DAMPING 

0.0000 
0.0000 
0.0000 
0.0001 
0.0002 
0.0005 
0.0010 
0.0022 
0.0048 
0.0100 
0.0220 
0.0484 
0.1000 
0.2200 
0.4840 
1.0000 

1.000 
1.000 
0.999 
0.998 
0.996 
0.991 
0.983 
0.965 
0.931 
0.873 
0.770 
0.618 
0.454 
0.287 
0.163 
0.091 

0.0000 
0.0000 
0.0000 
0.0001 
0.0002 
0.0005 
0.0010 
0.0022 
0.0048 
0.0100 
0.0220 
0.0484 
0.IO00 
0.2200 
0.4840 
1.0000 

0.67 
0.67 
0.68 
0.68 
0.70 
0.75 
0.83 
1.02 
1.43 
2.17 
3.68 
6.24 
9.48 
13.40 
16.87 
19.16 

Page 2 
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********************** 
MATERIAL TYPE NO. 4 

********************** 

CURVE NO. 7: Rock 
CURVE NO. 8: Rock 

G/Gmax - ROCK (Schnabel 1973) 
Damping for ROCK (Schnabel 1973) 

CURVE NO. 7 CURVE NO. 8 

STRAIN G/GMAX STRAIN DAMPING 
-------- ------- -------- --------

0.0001 1.000 0.0001 0.40 
0.0003 1.000 0.0010 0.80 
0.0010 0.990 0.0100 1.50 
0.0030 0.950 0.1000 3.00 
0.0100 0.900 1.0000 4.60 
0.0300 0.810 0.0000 0.00 
0.1000 0.725 0.0000 0.00 
1.0000 0.550 0.0000 0.00 

I****** OPTION 2 *** READ SOIL PROFILE 
NEW SOIL PROFILE NO. I IDENTIFICATION PSCS300E Crest Column 
NUMBER OF LAYERS 17 DEPTH TO BEDROCK 50.00 

NO. TYPE THICKNESS DEPTH TOTAL PRESS. MODULUS DAMPING UNIT WT. SHEAR VEL 
(FT) (FT) (KSF) (KSF) (KCF) (FPS) 

I I 4.0000 2.0000 0.26 3454. 0.050 0.130 924.9 
2 I 3.0000 5.5000 0.7 I 3856. 0.050 0. 130 977.3 
3 1 3.0000 8.5000 I.I I 4110. 0.050 0.130 1009.0 
4 I 3.0000 11.5000 1.50 5739. 0.050 0.130 I I 92.3 
5 I 3.0000 14.5000 1.90 4941. 0.050 0.140 1066.0 
6 I 3.0000 17.5000 2.32 4453. 0.050 0.140 1012.0 
7 I 3.0000 20.5000 2.74 4832. 0.050 0.140 1054.2 
8 I 3.0000 23.5000 3.16 4269. 0.050 0.140 990.9 
9 I 3.0000 26.5000 3.58 4713. 0.050 0.140 1041.1 
IO I 4.0000 30.0000 4.07 4808. 0.050 0.140 1051.6 
11 3 3.0000 33.5000 4.55 2635. 0.050 0.135 792.8 
12 3 3.0000 36.5000 4.96 2661. 0.050 0.135 796.7 
13 3 3.0000 39.5000 5.36 2998. 0.050 0.135 845.6 
14 3 3.0000 42.5000 5.77 3763. 0.050 0.135 947.4 
15 3 3.0000 45.5000 6.17 6529. 0.050 0.135 1247.9 
16 3 3.0000 48.5000 6.58 6476. 0.050 0.135 1242.8 
17 BASE 74534. 0.050 0.150 4000.0 

PERIOD= 0.20 FROM AVERAGE SHEAR VEL. = 1011. 

FREQUENCY AMPLITUDE 
MAXIMUM AMPLIFICATION = 12.34 
FOR FREQUENCY = 4.85 C/SEC. 

PERIOD = 0.21 SEC. 

I****** OPTION 3 *** READ INPUT MOTION 

FILE NAME FOR INPUT MOTION= C:\SHAKE2000\Williamson Energy\Background6.8.eq 
NO. OF INPUT ACC. POINTS = 8192 

NO. OF POINTS USED IN FFT= 16384 
NO. OF HEADING LINES = 4 

NO. OF POINTS PER LINE= 8 
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TIME STEP FOR INPUT MOTION = 0.0100 

FORMAT FOR TIME HISTORY= (819.6) 

*****HEADER***** 
Source File: C:ISHAKE2000\Williamson Energy\Background.M6.8@13.5km.txt 
SHAKE2000 Conversion: 8192 .01 4 8 9 (819.6 
Acceleration Units: (g's)- No. Values: 8192-Time Step: .01 (secs) 
Data Format: (819.6) - No. Header Lines: 4 
** FIRST AND LAST 5 LINES OF INPUT MOTION ***** 

1 0.000068-0.000484 0.004440-0.000089 0.002476-0.002297-0.00l 876 0.007725 
2 0.009680 0.020998-0.014349-0.0l 2924 0.018874-0.019831-0.000946 0.024811 
3 -0.016894-0.002461 0.007682-0.006573-0.008604-0.018410 0.024194-0.064656 
4-0.017516 0.023926-0.061566 0.003326 0.022873 0.052730 0.049159 0.008778 
5 -0.041034 0.029324-0.0059910.066674-0.0513360.029966-0.067257 0.001274 

........... .INPUT MOTION READ NOT ECHOED .......... . 
I 020-0.000017 0.000017-0.000018 0.000017-0.0000 I 9 0.000019-0.000020 0.000020 
I 021 -0.000021 0.000021-0.000022 0.000022-0.000024 0.000023-0.000025 0.000025 
1022 -0.000027 0.000027-0.000028 0.000028-0.000030 0.000030-0.000032 0.000032 
1023 -0.000034 0.000034-0.000035 0.000035-0.000037 0.000037-0.000038 0.000038 
1024 -0.000038 0.000037-0.000036 0.000032-0.000026 0.000014 0.000006-0.000045 

MAXIMUM ACCELERATION= 0.75473 
AT TIME = 3.64 SEC 
THE VALUES WILL BE MULTIPLIED BY A FACTOR= 0.715 
TO GIVE NEW MAXIMUM ACCELERATION = 0.54000 
MEAN SQUARE FREQUENCY= 20.41 C/SEC. 
MAX ACCELERATION= 0.55791 FOR FREQUENCIES REMOVED ABOVE 40.00 C/SEC. 
1 ****** OPTION 4 *** READ WHERE OBJECT MOTION IS GIVEN 
OBJECT MOTION IN LA YER NUMBER 17 OUTCROPPING 

1 ****** OPTION 5 *** OBTAIN STRAIN COMPATIBLE SOIL PROPERTIES 
MAXIMUM NUMBER OF ITERATIONS = 10 
FACTOR FOR UNIFORM STRAIN IN TIME DOMAIN = 0.65 

EARTHQUAKE - C:ISHAKE2000\Williamson Energy\Background6.8.eq 
SOIL PROFILE - PSCS300E Crest Column 

ITERATION NUMBER 1 

VALUES IN TIME DOMAIN 

NO TYPE DEPTH UNIFRM. <----DAMPING----> <---- SHEAR MODULUS-----> G/Go 
(FT) STRAIN NEW USED ERROR NEW USED ERROR RATIO 

I I 2.0 0.00351 0.024 0.050 -108.1 3078.9 3454.0 -12.2 I.ODO 
2 1 5.5 0.00785 0.035 0.050 -44.1 3055.2 3856.0 -26.2 1.000 
3 I 8.5 0.00986 0.039 0.050 -29.4 3112.0 4110.0 -32.1 1.000 
4 1 11.5 0:00805 0.D35 0.050 -42.5 4525.4 5739.0 -26.8 I.ODO 
5 I 14.5 0.01151 0.042 0.050 -18.9 3605.0 4941.0 -37.1 1.000 
6 I 17.5 0.01524 0.048 0.050 -3.3 3023.5 4453.0 -47.3 1.000 
7 I 20.5 0.01605 0.050 0.050 -0.9 3235.9 4832.0 -49.3 1.000 
8 I 23.5 0.02052 0.055 0.050 9.5 2668.7 4269.0 -60.0 1.000 
9 I 26.5 0.02025 0.055 0.050 8.8 2958.1 4713.0 -59.3 1.000 
10 1 30.0 0.02107 0.056 0.050 10.7 2980.8 4808.0 -61.3 1.000 
11 3 33.5 0.03946 0.056 0.050 10.3 1732.1 2635.0 -52.1 1.000 
12 3 36.5 0.03887 0.055 0.050 9.5 1756.9 2661.0 -51.5 1.000 
13 3 39.5 0.03374 0.051 0.050 1.3 2061.4 2998.0 -45.4 1.000 
14 3 42.5 0.02773 0.044 0.050 -12.8 2729.6 3763.0 -37.9 I.ODO 
15 3 45.5 0.01672 0.032 0.050 -58.3 5261.4 6529.0 -24.1 I.ODO 
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16 3 48.5 0.017900.033 0.050 -52.0 5160.9 6476.0 -25.5 1.000 

EARTHQUAKE - C:\SHAKE2000\Williamson Energy\Background6.8.eq 
SOIL PROFILE - PSCS300E Crest Column 

ITERATION NUMBER 2 

VALUES IN TIME DOMAIN 

NO TYPE DEPTH UNrPRM. <---- DAMPING----> <---- SHEAR MODULUS -----> G/Go 
(FD STRAIN NEW USED ERROR NEW USED ERROR RATIO 

I I 2.0 0.00433 0.026 0.024 
2 I 5.5 0.01076 0.041 0.035 
3 I 8.5 0.0 I 356 0.046 0.039 
4 I I 1.5 0.01I160.041 0.035 
5 I I 4.5 0.0 I 6 I I 0.050 0.042 
6 I 17 .5 0.02293 0.058 0.048 
7 I 20.5 0.02391 0.060 0.050 
8 I 23.50.03112 0.067 0.055 
9 I 26.5 0.0286 I 0.065 0.055 
IO I 30.0 0.02760 0.064 0.056 
11 3 33.5 0.04460 0.060 0.056 
I 2 3 36.5 0.04332 0.059 0.055 
13 3 39.5 0.03826 0.055 0.051 
14 3 42.5 0.03202 0.049 0.044 
15 3 45.5 0.01907 0.034 0.032 
16 3 48.5 0.02074 0.036 0.033 
I 

8.9 3005.7 3078.9 
14.4 2860.4 3055.2 
15.5 2877.3 3112.0 
15.2 4219.2 4525.4 
15.2 3305.5 3605.0 
17.2 2688.9 3023.5 
16.9 2878.8 3235.9 
17.9 2328.0 2668.7 
15.3 2646.0 2958.1 
12.1 2732.5 2980.8 
6.6 1669.9 1732.1 
6.0 1701.4 1756.9 
7.4 1988.7 2061.4 
9.5 2625.2 2729.6 
7.4 5149.3 5261.4 
7.9 5036.3 5160.9 

-2.4 0.891 
-6.8 0.792 
-8.2 0.757 
-7.3 0.789 
-9.1 0.730 
-12.4 0.679 
-12.4 0.670 
-14.6 0.625 
-11.8 0.628 

-9.1 0.620 
-3.7 0.657 
-3.3 0.660 
-3.7 0.688 
-4.0 0.725 
-2.2 0.806 
-2.5 0.797 

EARTHQUAKE - C:\SHAKE2000\Williamson Energy\Background6.8.eq 
SOIL PROFILE - PSCS300E Crest Column 

ITERATION NUMBER 3 

VALUES IN TIME DOMAIN 

NO TYPE DEPTH UNIPRM. <---- DAMPING----> <---- SHEAR MODULUS-----> 
(FD STRAIN NEW USED ERROR NEW USED ERROR 

--- ---- ---- -------- ----- ------ ------ ------- ------ ------ -----

I 

I I 2.0 0.00460 0.027 0.026 2.9 2979.0 3005.7 -0.9 0.870 
2 I 5.50.01185 0.043 0.041 5.1 2793.0 2860.4 -2.4 0.742 
3 I 8.5 0.01514 0.048 0.046 5.1 2795.6 2877.3 -2.9 0.700 
4 I I 1.5 0.01171 0.042 0.041 2.5 4169.5 4219.2 -1.2 0.735 
5 I I 4.5 0.0 I 732 0.05 I 0.050 3.2 3241. l 3305.5 -2.0 0.669 
6 I 17.5 0.02575 0.062 0,058 5.4 2589.8 2688.9 -3.8 0.604 
7 I 20.5 0.02687 0.063 0.060 5.3 2770.8 2878.8 -3.9 0.596 
8 I 23.5 0.03516 0.071 0.067 5.6 2228.1 2328.0 -4.5 0.545 
9 I 26.5 0.03072 0.067 0.065 3.2 2581.7 2646.0 -2.5 0.561 
IO I 30.0 0.028 I 8 0.064 0.064 0.9 2713.3 2732.5 -0.7 0.568 
II 3 33.5 0.04444 0.060 0.060 -0.2 1671.8 1669.9 0.1 0.634 
12 3 36.5 0.04493 0.060 0.059 2.0 1682.6 1701.4 -I.I 0.639 
13 3 39.5 0.04084 0.057 0.055 3.7 1950.9 I 988.7 -1.9 0.663 
14 3 42.5 0.03430 0.05 I 0.049 4.3 2575.4 2625.2 -1.9 0.698 
15 3 45.5 0.01855 0.034 0.034 -1.6 5173.0 5149.3 0.5 0.789 
16 3 48.5 0.02042 0.035 0.036 -0.8 5049.4 5036.3 0.3 0.778 

EARTHQUAKE - C:\SHAKE2000\Williamson Energy\Background6.8.eq 
SOIL PROFILE - PSCS300E Crest Column 

ITERATION NUMBER 4 
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VALUES IN TIME DOMAIN 

NO TYPE DEPTH UNIFRM. <---- DAMPING ----> <---- SHEAR MODULUS -----> G/Go 
wn STRAIN NEW USED ERROR NEW USED ERROR RATIO 

I I 2.0 0.00456 0.027 0.027 
2 1 5.5 0.01191 0.043 0.043 
3 1 8.5 0.01531 0.048 0.048 
4 I I 1.50.01166 0.042 0.042 
5 1 14.5 0.01740 0.051 0.051 
6 1 17.5 0.02642 0.062 0.062 
7 1 20.5 0.02762 0.064 0.063 
8 I 23.5 0.03637 0.072 0.071 
9 I 26.5 0.03115 0.067 0.067 
IO I 30.0 0.02787 0.064 0.064 
11 3 33.5 0.04402 0.059 0.060 
12 3 36.5 0.04564 0.060 0.060 
13 3 39.5 0.04189 0.058 0.057 
14 3 42.5 0.035I9 0.052 0.051 
15 3 45.5 0.01837 0.033 0.034 
16 3 48.5 0.02016 0.035 0.035 
I 

-0.4 2982.5 2979.0 
0.3 2789.6 2793.0 
0.5 2787.6 2795.6 
-0.2 4174.2 4169.5 
0.2 3236.7 3241. I 
1.2 2567.9 2589.8 
1.2 2745.2 2770.8 
1.5 2200.3 2228.1 
0.7 2569.2 2581.7 
-0.5 2723.4 2713.3 
-0.5 1676.6 1671.8 
0.8 1674.6 1682.6 
1.4 1936.2 1950.9 
1.6 2556.7 2575.4 

-0.5 5181.0 5173.0 
-0.7 5060.6 5049.4 

0.1 0.862 
-0.1 0.724 
-0.3 0.680 

0.1 0.727 
-0. 1 0.656 
-0.9 0.582 
-0.9 0.573 
-1.3 0.522 
-0.5 0.548 

0.4 0.564 
0.3 0.634 

-0.5 0.632 
-0.8 0.651 
-0.7 0.684 
0.2 0.792 
0.2 0.780 

EARTHQUAKE - C:\SHAKE2000\Williamson Energy\Background6.8.eq 
SOIL PROFILE - PSCS300E Crest Column 

ITERATION NUMBER 5 

VALUES IN TIME DOMAIN 

NO TYPE DEPTH UNIFRM. <---- DAMPING ----> <---- SHEAR MODULUS-----> 
(FT) STRAIN NEW USED ERROR NEW USED ERROR RATIO 

--- ---- ---- -------- ----- ----- ------ ------- ------ ------ -----

I 

1 1 2.0 0.00455 0.027 0.027 -0.2 2984.2 2982.5 0.1 0.863 
2 I 5.5 0.01189 0.043 0.043 -0.1 2790.6 2789.6 0.0 0.723 
3 I 8.5 0.01532 0.048 0.048 0.0 2787.0 2787.6 0.0 0.678 
4 I I 1.5 0.01 I 61 0.042 0.042 -0.2 4178.3 4174.2 0.1 0.727 
5 1 14.5 0.01735 0.051 0.051 -0.1 3239.3 3236.7 0.1 0.655 
6 I 17.5 0.02655 0.063 0.062 0.2 2563.6 2567.9 -0.2 0.577 
7 I 20.5 0.02780 0.064 0.064 0.3 2739.2 2745.2 -0.2 0.568 
8 I 23.5 0.03675 0.073 0.072 0.5 2191.9 2200.3 -0.4 0.515 
9 I 26.5 0.03122 0.067 0.067 0.1 2567.1 2569.2 -0.1 0.545 
10 I 30.0 0.02767 0.064 0.064 -0.3 2730.0 2723.4 0.2 0.566 
II 3 33.5 0.04382 0.059 0.059 -0.2 1678.9 1676.6 0.1 0.636 
12 3 36.5 0.04592 0.061 0.060 0.3 1671.5 1674.6 -0.2 0.629 
13 3 39.5 0.04225 0.058 0.058 0.5 I 931.3 1936.2 -0.3 0.646 
14 3 42.5 0.03545 0.052 0.052 0.5 2551.4 2556.7 -0.2 0.679 
15 3 45.5 0.0 I 834 0.033 0.033 -0.1 5182.3 5181.0 0.0 0.794 
16 3 48.5 0.02008 0.035 0.035 -0.2 5063.8 5060.6 0.1 0.781 

EARTHQUAKE - C:\SHAKE2000\Williamson Energy\Background6.8.eq 
SOIL PROFILE - PSCS300E Crest Column 

ITERATION NUMBER 6 

VALUES IN TIME DOMAIN 

G/Go 

NO TYPE DEPTH UNIFRM. <---- DAMPING----> <---- SHEAR MODULUS-----> G/Go 
(FT) STRAIN NEW USED ERROR NEW USED ERROR RATIO 

I I 2.0 0.00454 0.027 0.027 0.0 2984.4 2984.2 0.0 0.864 
2 I 5.50.01189 0.043 0.043 0.0 2790.9 2790.6 0.0 0.724 
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3 I 8.5 0.01532 0.049 0.048 0.0 2786.7 2787.0 0.0 0.678 
4 I 11.5 0.01160 0.042 0.042 -0.1 4179.6 4178.3 0.0 0.728 
5 I 14.5 0.01732 0.051 0.051 -0.1 3241.0 3239.3 0.1 0.656 
6 I 17.5 0.02658 0.063 0.063 0.0 2562.8 2563.6 0.0 0.576 
7 I 20.5 0.02785 0.064 0.064 0.1 2737.8 2739.2 -0.1 0.567 
8 I 23.5 0.03687 0.073 0.073 0.2 2189.2 2191.9 -0.1 0.513 
9 I 26.5 0.03123 0.067 0.067 0.0 2566.9 2567.1 0.0 0.545 
10 I 30.0 0.02758 0.064 0.064 -0.1 2732.9 2730.0 0.1 0.568 
11 3 33.5 0.04375 0.059 0.059 -0.1 1679.7 1678.9 0.0 0.637 
12 3 36.5 0.04602 0.061 0.061 0.1 1670.4 1671.5 -0.1 0.628 
13 3 39.5 0.04237 0.058 0.058 0.2 1929.7 1931.3 -0.1 0.644 
14 3 42.5 0.03552 0.052 0.052 0.1 2550.0 2551.4 -0.1 0.678 
15 3 45.5 0.01834 0.033 0.033 0.0 5182.7 5182.3 0.0 0.794 
16 3 48.5 0.02006 O.Q35 O.Q35 0.0 5064.5 5063.8 0.0 0.782 

I 
EARTHQUAKE - C:\SHAKE2000\Williamson Energy\Background6.8.eq 

SOIL PROFILE - PSCS300E Crest Column 

ITERATION NUMBER 7 

VALVES IN TIME DOMAIN 

NO TYPE DEPTH UNIFRM. <---- DAMPING ----> <---- SHEAR MODULUS -----> 
(FT) STRAIN NEW USED ERROR NEW USED ERROR RATIO 

--- ---- ---- -------- ----- ------ ------ ------- ------ ------ -----

I 

I I 2.0 0.00454 0.027 0.027 0.0 2984.4 2984.4 0.0 0.864 
2 I 5.5 0.0 I I 89 0.043 0.043 0.0 2790.9 2790.9 0.0 0.724 
3 I 8.5 0.01533 0.049 0.049 0.0 2786.5 2786.7 0.0 0.678 
4 I I 1.50.01159 0.042 0.042 0.0 4180.0 4179.6 0.0 0.728 
5 I 14.5 0.01731 0.051 0.051 0.0 3241.7 3241.0 0.0 0.656 
6 I 17.5 0.02658 0.063 0.063 0.0 2562.7 2562.8 0.0 0.576 
7 I 20.5 0.02786 0.064 0.064 0.0 2737.5 2737.8 0.0 0.567 
8 I 23.5 0.03692 0.073 0.073 0.1 2188.2 2189.2 0.0 0.513 
9 I 26.5 0.03122 0.067 0.067 0.0 2567.0 2566.9 0.0 0.545 
10 I 30.0 0.02755 0.064 0.064 -0.1 2734.0 2732.9 0.0 0.568 
11 3 33.5 0.04373 0.059 0.059 0.0 1680.0 1679.7 0.0 0.637 
12 3 36.5 0.04605 0.061 0.061 0.0 1670.0 I 670.4 0.0 0.628 
13 3 39.5 0.04240 0.058 0.058 0.0 1929.3 1929.7 0.0 0.644 
14 3 42.5 0.03554 0.052 0.052 0.0 2549.7 2550.0 0.0 0.678 
15 3 45.5 0.01833 0.033 0.033 0.0 5182.8 5182.7 0.0 0.794 
16 3 48.5 0.02006 0,035 0,035 0.0 5064.7 5064.5 0.0 0.782 

EARTHQUAKE - C:\SHAKE2000\Williamson Energy\Background6.8.eq 
SOIL PROFILE - PSCS300E Crest Column 

ITERATION NUMBER 8 

VALVES IN TIME DOMAIN 

NO TYPE DEPTH UNIFRM. <----DAMPING----> <---- SHEAR MODULUS-----> 
(FT) STRAIN NEW USED ERROR NEW USED ERROR RATIO 

--- ---- ---- -------- ----- ------ ------ ------- ------ ------ -----
I I 2.0 0.00454 0.027 0.027 0.0 2984.4 2984.4 0.0 0.864 
2 I 5.5 0.0 I I 89 0.043 0.043 0.0 2790.8 2790.9 0.0 0.724 
3 I 8.5 0.01533 0.049 0.049 0.0 2786.4 2786.5 0.0 0.678 
4 I I 1.5 0.0 I 159 0.042 0.042 0.0 4180.I 4180.0 0.0 0.728 
5 I 14.5 0.01730 0.05 I 0.051 0.0 3242.0 3241.7 0.0 0.656 
6 I 17.5 0.02658 0.063 0.063 0.0 2562.8 2562.7 0.0 0.576 
7 I 20.5 0.02786 0.064 0.064 0.0 2737.4 2737.5 0.0 0.567 
8 I 23.5 0.03693 0.073 0.073 0.0 2187.9 2188.2 0.0 0.513 
9 I 26.5 0.03 I 22 0.067 0.067 0.0 2567.1 2567.0 0.0 0.545 
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10 I 30.0 0.02754 0.064 0.064 
11 3 33.5 0.04372 0.059 0.059 
12 3 36.5 0.04606 0.061 0.061 
13 3 39.5 0.04241 0.058 0.058 
14 3 42.5 0.03554 0.052 0.052 
15 3 45.5 0.01833 0.033 0.033 
16 3 48.5 0.02006 0.035 0.035 
I 

0.0 2734.4 2734.0 0.0 0.569 
0.0 I 680. I 1680.0 0.0 0.638 
0.0 1669.9 1670.0 0.0 0.628 
0.0 1929.1 1929.3 0.0 0.644 
0.0 2549.6 2549. 7 0.0 0.678 
0.0 5182.9 5182.8 0.0 0.794 
0.0 5064.7 5064.7 0.0 0.782 

EARTHQUAKE - C:\SHAKE2000\Williamson Energy\Background6.8.eq 
SOIL PROF!LE - PSCS300E Crest Column 

[TERATION NUMBER 9 

VALUES [N TIME DOMAIN 

NO TYPE DEPTH UNIFRM. <---- DAMPING ----> <---- SHEAR MODULUS -----> 
(Fl) STRAIN NEW USED ERROR NEW USED ERROR 

--- ---- ---- -------- ----- ------ ------ ------- ------ ------ -----

I 

I I 2.0 0.00454 0.027 0.027 0.0 2984.4 2984.4 0.0 0.864 
2 I 5.50.01189 0.043 0.043 0.0 2790.8 2790.8 0.0 0.724 
3 I 8.5 0.01533 0.049 0.049 0.0 2786.4 2786.4 0.0 0.678 
4 I ll.50.01159 0.042 0.042 0.0 4180.1 4180.1 0.0 0.728 
5 I 14.5 0.01730 0.051 0.051 0.0 3242.1 3242.0 0.0 0.656 
6 I 17.5 0.02658 0.063 0.063 0.0 2562.8 2562.8 0.0 0.576 
7 I 20.5 0.02786 0.064 0.064 0.0 2737.4 2737.4 0.0 0.567 
8 I 23.5 0.03694 0.073 0.073 0.0 2187.7 2187.9 0.0 0.513 
9 I 26.5 0.03122 0.067 0.067 0.0 2567.1 2567.l 0.0 0.545 
10 I 30.0 0.02753 0.064 0.064 0.0 2734.6 2734.4 0.0 0.569 
11 3 33.5 0.04372 0.059 0.059 0.0 1680.1 1680.1 0.0 0.638 
12 3 36.5 0.04607 0.061 0.061 0.0 1669.8 1669.9 0.0 0.628 
13 3 39.5 0.04241 0.058 0.058 0.0 1929.1 1929.1 0.0 0.643 
14 3 42.5 0.03554 0.052 0.052 0.0 2549.6 2549.6 0.0 0.678 
15 3 45.5 0.01833 0.033 0.033 0.0 5182.9 5182.9 0.0 0.794 
16 3 48.5 0.02006 0.035 0.035 0.0 5064.7 5064.7 0.0 0.782 

EARTHQUAKE - C:\SHAKE2000\Williamson Energy\Background6.8.eq 
SO!L PROFILE - PSCS300E Crest Column 

ITERAT[ON NUMBER 10 

VALUES IN TIME DOMAIN 

RAT!O 

NO TYPE DEPTH UNIFRM. <---- DAMPING ----> <---- SHEAR MODULUS -----> 
(Ff) STRAIN NEW USED ERROR NEW USED ERROR RAT!O 

--- ---- ---- -------- ----- ------ ------ ------- ------ ------ -----
I I 2.0 0.00454 0.027 0.027 0.0 2984.4 2984.4 0.0 0.864 
2 I 5.5 0.01189 0.043 0.043 0.0 2790.8 2790.8 0.0 0.724 
3 I 8.5 0.01533 0.049 0.049 0.0 2786.4 2786.4 0.0 0.678 
4 I ll .5 0.01159 0.042 0.042 0.0 4180.1 4180.1 0.0 0.728 
5 I 14.5 0.01730 0.051 0.051 0.0 3242.1 3242.1 0.0 0.656 
6 I 17.5 0.02658 0.063 0.063 0.0 2562.8 2562.8 0.0 0.576 
7 I 20.5 0.02786 0.064 0.064 0.0 2737.4 2737.4 0.0 0.567 
8 I 23.5 0.03694 0.073 0.073 0.0 2187.7 2187.7 0.0 0.512 
9 I 26.5 0.03 I 22 0.067 0.067 0.0 2567.1 2567.1 0.0 0.545 
10 I 30.0 0.02753 0.064 0.064 0.0 2734.6 2734.6 0.0 0.569 
11 3 33.5 0.04372 0.059 0.059 0.0 1680.1 1680.1 0.0 0.638 
12 3 36.5 0.04607 0.061 0.061 0.0 1669.8 1669.8 0.0 0.628 
·13 3 39.5 0.04241 0.058 0.058 0.0 1929.1 1929.1 0.0 0.643 
14 3 42.5 0.03554 0.052 0.052 0.0 2549.6 2549.6 0.0 0.678 
15 3 45.5 0.01833 0.033 0.033 0.0 5182.9 5182.9 0.0 0.794 
16 3 48.5 0.02006 0.Q35 0.035 0.0 5064.7 5064.7 0.0 0.782 
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PCSC300M-l a.out 

VALVES IN TIME DOMAIN 

LAYER TYPE THICKNESS DEPTH MAX STRAIN MAX STRESS TIME 
FT FT PRCNT PSF SEC 

I I 4.0000 2.0000 0.00699 208.65 2.66 
2 I 3.0000 5.5000 0.01829 510.56 2.66 
3 I 3.0000 8.5000 0.02359 657.19 2.66 
4 I 3.0000 11.5000 0.01783 745.46 3.70 
5 I 3.0000 14.5000 0.02661 862.84 2.53 
6 I 3.0000 I 7.5000 0.04089 1047.93 2.53 
7 I 3.0000 20.5000 0.04286 I I 73.22 2.53 
8 I 3.0000 23.5000 0.05683 1243.29 2.53 
9 I 3.0000 26.5000 0.04803 1232.98 2.53 
IO I 4.0000 30.0000 0.04236 1158.30 2.52 
II 3 3.0000 33.5000 0.06726 I 130.04 2.52 
12 3 3.0000 36.5000 0.07088 I 183.52 2.51 
13 3 3.0000 39.5000 0.06525 1258.79 2.50 
14 3 3.0000 42.5000 0.05468 1394.02 2.62 
15 3 3.0000 45.5000 0.02820 1461.76 2.62 
16 3 3.0000 48.5000 0.03086 1562.90 2.49 

PERIOD= 0.24 FROM AVERAGE SHEAR VEL. = 823. 

FREQUENCY AMPLITUDE 
MAXIMUM AMPLIFICATION= 10.74 
FOR FREQUENCY = 3.87 C/SEC. 

PERIOD = 0.26 SEC. 

I****** OPTION 6 *** COMPUTE MOTION IN NEW SUBLAYERS 

EARTHQUAKE -C:ISHAKE2000\Williamson Energy\Background6.8.eq 
SOIL DEPOSIT - PSCS300E Crest Column 

LAYER DEPTH MAX.ACC. TIME MEAN SQ. FR. 
FT G SEC C/SEC QUIET ZONE 

OUTCR. 0.0000 0.82118 2.66 15.92 0.000 
WITHIN 4.0000 0.66221 2.66 12.85 0.000 
WITHIN 7.0000 0.45724 2.53 9.08 0.000 
WITHIN I 0.0000 0.49140 2.53 12.60 0.001 
WITHIN 13.0000 0.47695 2.53 15.09 0.001 
WITHIN 16.0000 0.48874 2.64 14.93 0.000 
WITHIN I 9.0000 0.46491 2.64 15.27 0.001 
WITHIN 22.0000 0.51703 2.60 16.98 0.001 
WITHIN 25.0000 0.52919 2.63 16.94 0.000 
WITHIN 28.0000 0.52041 2.63 16.49 0.001 
WITHIN 32.0000 0.76846 2.62 17.02 0.000 
WITHIN 35.0000 0.80342 2.62 18.94 0.000 
WITHIN 38.0000 0.73631 2.61 20.52 0.001 
WITHIN 41.0000 0.65050 2.59 20.50 0.001 
WITHIN 44.0000 0.53855 3.91 20.21 0.001 

I****** OPTION 6 *** COMPUTE MOTION IN NEW SUBLA YERS 

EARTHQUAKE -C:ISHAKE2000\Williamson Energy\Background6.8.eq 
SOIL DEPOSIT- PSCS300E Crest Column 

LA YER DEPTH MAX. ACC. 

WITHIN 
WITHIN 

FT G SEC 
47.0000 0.52173 
50.0000 0.49204 

TIME 
C/SEC 

3.91 
2.58 

MEAN SQ. FR. 
QUIET ZONE 

19.79 0.001 
19.33 0.001 
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PCSC300M-1 a.out 
OUTCR. 50.0000 0.55791 2.58 20.41 0.001 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer I Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LA YER 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer I Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 2 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 2 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 2 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 2 Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LA YER 3 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 3 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LA YER 3 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 3 Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 4 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer4 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 4 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer4 Strain 

!****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LA YER 5 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 5 Stress 

COMPUTESTRESSORSTRAINHISTORY ATTHETOPOF LAYER 5 
SCALE FOR PLOTTING 0.0000 

IDENTIFICATION - PCSC300M Layer 5 Strain 

1 ****** OPTION 7 ''** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 6 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC330M Layer 6 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 6 
SCALE FOR PLOTTING 0.0000 

IDENTIFICATION - PSCS300M Layer 6 Strain 
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PCSC300M- I a.out 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 7 
SCALE FOR PLOTTING 0.0000 
IDENTrFICA TION - PCSC300M Layer 7 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LA YER 7 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 7 Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 8 
SCALE FOR PLOTTING 0.0000 
IDENTrFICA TION - PCSC300M Layer 8 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 8 
SCALE FOR PLOTTING 0.0000 
IDENTrFJCA TION - PCSC300M Layer 8 Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 9 
SCALE FOR PLOTTING 0.0000 
IDENTrFICA TION - PCSC300M Layer 9 Stress 

COMPUTESTRESSORSTRAINHISTORY ATTHETOPOF LAYER 9 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PSCS300E Layer 9 Strain 

(. I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTESTRESSORSTRAINHISTORY ATTHETOPOF LAYER 10 
SCALE FOR PLOTTING 0.0000 
IDENTIFICA TrON - PCSC300M Layer IO Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 10 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300E Layer 10 Strain 

!****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LA YER 11 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 11 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 11 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 11 Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 12 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 12 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 12 
SCALE FOR PLOTTING 0.0000 

IDENTIFICATION - PCSC300M Layer 12 Strain 
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PCSC300M-la.out 
1 ****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 13 
SCALE FOR PLOTIING 0.0000 

!DENTIFICA TION - PCSC300M Layer 13 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 13 
SCALE FOR PLOTIING 0.0000 
IDENTIFICATION - PCSC300M Layer 13 Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 14 
SCALE FOR PLOTIING 0.0000 
IDENTIFICATION - PCSC300M Layer 14 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 14 
SCALE FOR PLOTIING 0.0000 
IDENTIFICATION - PCSC300M Layer 14 Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 15 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 15 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 15 
SCALE FOR PLOTIING 0.0000 
IDENTIFICATION - PCSC300M Layer 15 Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY ATTHETOPOF LAYER 16 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 16 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 16 
SCALE FOR PLOTIING 0.0000 
IDENTIFICATION - PCSC300M Layer 16 Strain 

I****** OPTION 9 *** COMPUTE RESPONSE SPECTRUM 
RESPONSE SPECTRUM ANALYSIS FOR LAYER NUMBER 

CALCULATED FOR DAMPING 0.050 

TIMES AT WHICH MAX. SPECTRAL VALUES OCCUR 
TD =TIME FOR MAX. RELATIVE DISP. 
TV= TIME FOR MAX. RELATIVE VEL. 
TA= TIME FOR MAX. ABSOLUTE ACC. 

DAMPING RATIO= 0.050 
PER = 0.0 I TIMES FOR MAXIMA -
PER= 0.02 TIMES FOR MAXIMA -
PER = 0.03 TIMES FOR MAXIMA -
PER = 0.04 TIMES FOR MAXIMA -
PER = 0.05 TIMES FOR MAXIMA -
PER = 0.06 TIMES FOR MAXIMA -
PER = 0.07 TIMES FOR MAXIMA -
PER = 0.08 TIMES FOR MAXIMA -
PER = 0.09 TIMES FOR MAXIMA -
PER = 0.10 TIMES FOR MAXIMA -
PER= 0.11 TIMES FOR MAXIMA -
PER = 0.12 TIMES FOR MAXIMA --

TD= 2.6500 
TD= 2.6500 
TD= 3.0100 
TD= 2.6600 
TD= 4.9300 
TD= 4.3800 
TD= 5.2600 
TD= 5.2700 
TD= 2.5900 
TD= 2.6000 
TD= 2.6000 
TD= 2.6100 

TV= 2.6500 
TV= 2.6400 
TV= 3.0200 
TV= 2.6700 
TV= 4.9400 
TV= 4.3900 
TV= 5.2800 
TV= 5.2900 
TV= 2.7000 
TV= 2.6600 
TV= 2.5800 
TV= 2.5800 
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TA= 2.6500 
TA= 2.6500 
TA= 3.0100 
TA= 3.6900 
TA= 4.9000 
TA= 4.3800 
TA= 5.2600 
TA= 5.2700 
TA= 2.7200 
TA= 2.5900 
TA= 2.6000 
TA= 2.6100 
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PER=0.13 
PER= 0.14 
PER= 0.15 
PER= 0.16 
PER=0.17 
PER= 0.18 
PER=0.19 
PER=0.20 
PER= 0.21 
PER=0.22 
PER =0.23 
PER= 0.24 
PER=0.25 
PER=0.26 
PER=0.27 
PER=0.28 
PER =0.29 
PER=0.30 
PER= 0.31 
PER =0.32 
PER= 0.33 
PER=0.34 
PER=0.35 
PER =0.36 
PER= 0.37 
PER =0-.38 
PER=0.39 
PER=0.40 
PER= 0.41 
PER =0.42 
PER =0.43 
PER=0.44 
PER= 0.45 
PER= 0.46 
PER=0.47 
PER= 0.48 
PER=0.49 
PER =0.50 
PER=0.51 
PER =0.52 
PER= 0.53 
PER =0.54 
PER =0.55 
PER=0.56 
PER=0.57 
PER =0.58 
PER =0.60 
PER =0.62 
PER= 0.64 
PER= 0.66 
PER =0.68 
PER= 0.70 
PER =0.72 
PER =0.74 
PER= 0.76 
PER= 0.78 
PER =0.80 
PER= 0.82 
PER= 0.84 
PER= 0.86 
PER =0.88 

PCSC300M-I a.out 
TIMES FOR MAXIMA-- TD= 3.7200 TV= 5.1900 TA= 3.7200 
TIMES FOR MAXIMA -- TD= 3.7300 TV= 2.5800 TA= 3.7300 
TIMES FOR MAXIMA-- TD= 4.1600 TV= 2.5800 TA= 4.1600 
TIMES FOR MAXIMA-- TD= 2.6200 TV= 2.5800 TA= 2.6100 
TIMES FOR MAXIMA -- TD= 4.2800 TV= 4.3200 TA= 4.2800 
TIMES FOR MAXIMA -- TD= 1.4300 TV= 2.5900 TA= 1.4300 
TIMES FOR MAXIMA-- TD= 2.7500 TV= 2.7100 TA= 2.7500 
TIMES FOR MAXIMA-- TD= 7.1100 TV= 6.7400 TA= 7.1100 
TIMES FOR MAXIMA-- TD= 7.1400 TV= 7.0900 TA= 7.1300 
TIMES FOR MAXIMA-- TD= 7.2700 TV= 7.1000 TA= 7.1500 
TIMES FOR MAXIMA -- TD= 7.4200 TV= 2.3500 TA= 7.4I00 
TIMES FOR MAXIMA -- TD= 7.5600 TV= 2.3700 TA= 7.5600 
TIMES FOR MAXIMA -- TD= 1.6I00 TV= 6.3700 TA= 1.6100 
TIMES FOR MAXIMA -- TD= 6.3200 TV= 6.3800 TA= 6.3200 
TIMES FOR MAXIMA -- TD = 1.6400 TV = 1.7100 TA= 1.6300 
TIMES FOR MAXIMA -- TD= 1.6500 TV= 1.3200 TA= 1.6500 
TIMES FOR MAXIMA -- TD= 5.2I00 TV= 5.1500 TA= 5.2I00 
TIMES FOR MAXIMA -- TD= 5.2400 TV= 5.1600 TA= 5.2300 
TIMES FOR MAXIMA -- TD= 2.9800 TV= 2.9000 TA= 2.9700 
TIMES FOR MAXIMA -- TD= 3.0000 TV= 2.9100 TA= 2.9900 
TIMES FOR MAXIMA -- TD= 3.0I00 TV= 2.9100 TA= 3.0000 
TIMES FOR MAXIMA -- TD= 3.0I00 TV= 2.7900 TA= 3.0100 
TIMES FOR MAXIMA -- TD= 3.0200 TV= 2.7900 TA= 3.0200 
TIMES FOR MAXIMA-- TD= 2.8800 TV= 2.7900 TA= 2.8700 
TIMES FOR MAXIMA-- TD= 2.7200 TV= 2.7900 TA= 2.7100 
TIMES FOR MAXIMA -- TD= 2. 7300 TV= 2.6600 TA= 2. 7200 
TIMES FOR MAXIMA-- TD= 2.7300 TV= 2.6600 TA= 4.1300 
TIMES FOR MAXIMA-- TD= 4.1500 TV= 2.6600 TA= 4.1400 
TIMES FOR MAXIMA-- TD= 4.1600 TV= 4.0900 TA= 4.1600 
TIMES FOR MAXIMA-- TD= 3.9900 TV= 4.0900 TA= 3.9800 
TIMES FOR MAXIMA-- TD= 4.0000 TV= 4.0900 TA= 3.9900 
TIMES FOR MAXIMA -- TD = 4.6800 TV= 4.1000 TA= 4.6700 
TIMES FOR MAXIMA -- TD = 4.6900 TV = 4.1000 TA= 4.6800 
TIMES FOR MAXIMA -- TD = 4. 7 !00 TV = 4.1000 TA= 4. 7100 
TIMES FOR MAXIMA -- TD = 4. 7300 TV = 4.6400 TA = 4. 7200 
TIMES FOR MAXIMA -- TD= 4.7400 TV= 4.6500 TA= 4.7300 
TIMES FOR MAXIMA -- TD= 5.5500 TV= 4.6500 TA= 5.5400 
TIMES FOR MAXIMA -- TD= 5.5700 TV= 2.6700 TA= 5.5600 
TIMES FOR MAXIMA -- TD= 5.5800 TV= 2.6700 TA= 5.5700 
TIMES FOR MAXIMA -- TD= 5.5800 TV= 2.6700 TA= 5.5700 
TIMES FOR MAXIMA -- TD= 2.7600 TV= 2.6700 TA= 2.7500 
TIMES FOR MAXIMA -- TD = 2. 7700 TV= 2.6700 TA = 2. 7600 
TIMES FOR MAXIMA -- TD= 2.7700 TV= 2.6700 TA= 2.7600 
TIMES FOR MAXIMA -- TD= 2.5700 TV = 2.6700 TA = 2.5600 
TIMES FOR MAXIMA -- TD= 2.5700 TV = 2.6700 TA = 2.5600 
TIMES FOR MAXIMA -- TD= 2.5700 TV = 2.6700 TA= 2.5600 
TIMES FOR MAXIMA -- TD = 2.5800 TV = 2.6700 TA= 2.5700 
TIMES FOR MAXIMA -- TD = 2.5900 TV= 2.6700 TA = 2.5800 
TIMES FOR MAXIMA -- TD = 2.6 I 00 TV = 2.5400 TA = 2.6000 
TIMES FOR MAXIMA -· TD = 2.6200 TV = 2.5400 TA = 2.6100 
TIMES FOR MAXIMA -- TD= 2.6400 TV = 2.5400 TA = 2.6200 
TIMES FOR MAXIMA -- TD= 3.4700 TV= 2.5500 TA= 3.4600 
TIMES FOR MAXIMA -- TD= 3.4800 TV= 2.5500 TA= 3.4700 
TIMES FOR MAXIMA -- TD= 3.4900 TV = 2.5500 TA = 3.4800 
TIMES FOR MAXIMA -- TD= 3.4900 TV= 1.6100 TA= 3.4800 
TIMES FOR MAXIMA -- TD = 1.8200 TV = 1.6 I 00 TA = 1.8000 
TIMES FOR MAXIMA -- TD = 1.5200 TV = 1.2700 TA = 1.5 I 00 
TIMES FOR MAXIMA -- TD = 1.5300 TV = 1.2700 TA = 1.5100 
TIMES FOR MAXIMA -- TD= 3.5000 TV= 6.3000 TA= 3.4800 
TIMES FOR MAXIMA -- TD= 3.5000 TV= 5.9400 TA= 3.4800 
TIMES FOR MAXIMA-- TD= 3.5100 TV= 5.9400 TA= 3.4900 
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PCSC300M- la.out 
PER = 0. 90 TIMES FOR MAXIMA -- TD = 4.0300 TV = 3.3000 TA= 4.0200 
PER= 0.92 TIMES FOR MAXIMA -- TD= 4.0600 TV= 4.2900 TA= 4.0500 
PER= 0.94 TIMES FOR MAXIMA -- TD= 4.0700 TV= 4.3500 TA= 4.0600 
PER= 0.96 TIMES FOR MAXIMA -- m = 4.0700 TV= 4.3500 TA= 4.0600 
PER= 0.98 TIMES FOR MAXIMA -- TD= 3.1800 TV= 4.3500 TA= 3.1700 
PER=l.00 TIMESFORMAXIMA-- TD= 3.1900 TV= 3.9700 TA= 3.1800 
PER= 1.05 TIMES FOR MAXIMA-- ffi= 3.2100 TV= 3.9700 TA= 3.1900 
PER= l.10 TIMES FOR MAXIMA -- TD= 3.2500 TV= 2.5500 TA= 3.2400 
PER= I.15 TIMES FOR MAXIMA -- TD= 3.2700 TV= 2.5500 TA= 3.2500 
PER= 1.20 TIMES FOR MAXIMA -- m = 3.3500 TV= 2.5500 TA= 3.2800 
PER= 1.25 TIMES FOR MAXIMA -- TD= 3.3900 TV= 2.5500 TA= 3.3800 
PER = 1.30 TIMES FOR MAXIMA -- TD= 2.8800 TV = 2.5500 TA= 2.8700 
PER= 1.35 TIMES FOR MAXIMA -- TD= 2.8900 TV= 2.5500 TA= 2.8700 
PER= 1.40 TIMES FOR MAXIMA -- TD= 2.8900 TV= 2.5500 TA= 2.8700 
PER= 1.45 TIMES FOR MAXIMA -- TD= 2.9000 TV= 2.5500 TA= 2.8700 
PER= 1.50 TIMES FOR MAXIMA -- TD= 2.9000 TV= 2.5500 TA= 2.8700 
PER= 1.55 TIMES FOR MAXIMA -- TD= 2.9000 TV= 2.5500 TA= 2.8700 
PER= 1.60 TIMES FOR MAXIMA-- TD= 2.9000 TV= 2.5500 TA= 2.8700 
PER = 1.65 TIMES FOR MAXIMA -- TD= 2. 9300 TV = 2.5500 TA= 2.8700 
PER= 1.70 TIMES FOR MAXIMA -- TD= 2.9300 TV= 2.5500 TA= 2.8700 
PER= 1.75 TIMES FOR MAXIMA -- TD= 5.9000 TV= 2.5500 TA= 5.8900 
PER= 1.80 TIMES FOR MAXIMA -- TD= 5.9100 TV= 2.5500 TA= 5.8900 
PER= 1.85 TIMES FOR MAXIMA -- TD= 5.9200 TV= 2.5500 TA= 5.8900 
PER=l.90 TIMES FOR MAXIMA-- TD= 6.1200 TV= 2.5500 TA= 6.1000 
PER= 1.95 TIMES FOR MAXIMA-- TD= 6.1200 TV= 2.5500 TA= 6.1100 
PER= 2.00 TIMES FOR MAXIMA -- TD= 5.4200 TV= 2.5500 TA= 5.4100 
PER= 2.05 TIMES FOR MAXIMA -- TD= 5.4300 TV= 2.5500 TA= 5.4100 
PER= 2.10 TIMES FOR MAXIMA -- TD= 5.4300 TV= 2.5500 TA= 5.4100 
PER= 2.15 TIMES FOR MAXIMA -- TD= 8.7600 TV= 2.5500 TA= 5.4100 
PER= 2.20 TIMES FOR MAXIMA -- TD= 8.7700 TV= 2.5500 TA= 5.4100 
PER= 2.25 TIMES FOR MAXIMA -- TD= 8.9500 TV= 2.5500 TA= 8.9400 
PER= 2.30 TIMES FOR MAXIMA -- TD= 8.9700 TV= 2.5500 TA= 8.9400 
PER= 2.35 TIMES FOR MAXIMA -- TD= 7.9000 TV= 2.5500 TA= 7.8800 
PER= 2.40 TIMES FOR MAXIMA -- TD= 7.9400 TV= 2.5500 TA= 7.8800 
PER= 2.50 TIMES FOR MAXIMA -- TD= 8.0900 TV= 2.5500 TA= 7.9400 
PER= 2.60 TIMES FOR MAXIMA -- TD= 8.1100 TV= 2.5500 TA= 8.0800 
PER= 2.70 TIMES FOR MAXIMA -- TD= 6.9700 TV= 2.5500 TA= 6.9400 
PER= 2.80 TIMES FOR MAXIMA -- TD= 7.0000 TV= 2.5500 TA= 6.9400 
PER= 2.90 TIMES FOR MAXIMA -- TD= 7.0000 TV= 2.5500 TA= 6.9400 
PER=3.00 TIMES FOR MAXIMA-- TD= 7.0100 TV= 2.5500 TA= 6.9400 
PER=3.10 TIMES FOR MAXIMA-- TD= 7.2400 TV= 2.5500 TA= 7.1900 
PER= 3.20 TIMES FOR MAXIMA -- TD= 7.2500 TV= 2.5500 TA= 7.2000 
PER= 3.30 TIMES FOR MAXIMA -- TD= 7.2500 TV= 2.5500 TA= 7.2000 
PER= 3.40 TIMES FOR MAXIMA -- TD= 7.2600 TV= 2.5500 TA= 7.2000 
PER= 3.50 TIMES FOR MAXIMA -- TD= 7.2600 TV= 2.5500 TA= 7.2400 
PER= 3.60 TIMES FOR MAXIMA -- TD= 7.5200 TV= 2.5500 TA= 7.2400 
PER = 3. 70 TIMES FOR MAXIMA -- TD= 7 .5200 TV = 2.5500 TA = 7 .5000 
PER= 3.80 TIMES FOR MAXIMA -- TD= 7.5200 TV= 2.5500 TA= 7.5000 
PER= 3.90 TIMES FOR MAXIMA -- TD= 7.5300 TV= 2.5500 TA= 7.5000 
PER= 4.00 TIMES FOR MAXIMA -- TD= 7.5300 TV= 2.5500 TA= 7.5000 
PER=4.10 TIMES FOR MAXIMA-- TD= 6.2300 TV= 2.5500 TA= 6.0000 
PER =4.20 TIMES FOR MAXIMA-- TD= 6.2400 TV= 2.5500 TA= 6.2100 
PER = 4.30 TIMES FOR MAXIMA -- TD = 6.2400 TV = 2.5500 TA = 6.2 I 00 
PER = 4.40 TIMES FOR MAXIMA -- TD= 6.2500 TV = 2.5500 TA = 6.2 I 00 
PER=4.50 TIMESFORMAXIMA-- TD= 6.2500 TV= 2.5500 TA= 6.2100 
PER= 4.60 TIMES FOR MAXIMA -- TD= 6.2500 TV= 2.5500 TA= 6.2100 
PER= 4.70 TIMES FOR MAXIMA -- TD= 6.2500 TV= 2.5500 TA= 6.2100 
PER =4.80 TIMES FOR MAXIMA -- TD= 6.2600 TV= 2.5500 TA= 6.2100 
PER=4.90 TIMESFORMAXIMA-- TD= 6.2600 TV= 2.5500 TA= 6.2100 
PER = 5.00 TIMES FOR MAXIMA -- TD = 6.2600 TV = 2.5500 TA = 6.2 I 00 
PER=5.10 TIMESFORMAXIMA-- TD= 6.2600 TV= 2.5500 TA= 6.2200 
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PER =5.20 TIMES FOR MAXIMA -- TD= 6.2600 TV= 2.5500 TA= 6.2200 
PER=5.40 TIMES FOR MAXIMA -- TD= 6.2600 TV= 2.5500 TA= 6.2200 
PER=5.60 TIMES FOR MAXIMA -- TD= 6.4700 TV= 2.5500 TA= 6.2200 
PER=5.80 TIMES FOR MAXIMA -- TD= 6.4700 TV= 2.5500 TA= 6.2200 
PER=6.00 TIMES FOR MAXIMA -- TD= 6.4800 TV= 2.5500 TA= 6.2200 
PER =6.20 TIMES FOR MAXIMA -- TD= 4.8400 TV = 2.5500 TA= 4.5300 
PER= 6.40 TIMES FOR MAXIMA -- TD = 4.8400 TV= 2.5500 TA= 4. 7900 
PER =6.60 TIMES FOR MAXIMA -- TD= 4.8400 TV= 2.5500 TA= 4.7900 
PER= 6.80 TIMES FOR MAXIMA-- TD= 4.8400 TV= 2.5500 TA= 4.7900 
PER =7.00 TIMES FOR MAXIMA-- TD= 4.8400 TV= 2.5500 TA= 4.7900 
PER= 7.30 TIMES FOR MAXIMA -- TD= 4.8400 TV= 2.5500 TA = 4. 7900 
PER =7.60 TIMES FOR MAXIMA -- TD= 4.8400 TV= 2.5500 TA= 4.7900 
PER =8.00 TIMES FOR MAXIMA -- TD= 4.8400 TV= 2.5500 TA= 4.7900 
PER= 8.50 TIMES FOR MAXIMA -- TD= 4.8400 TV= 2.5500 TA= 4.7900 
PER =9.00 TIMES FOR MAXIMA-- TD= 4.8400 TV= 2.5500 TA= 4.7900 
PER= 9.50 TIMES FOR MAXIMA-- TD= 4.8400 TV= 2.5500 TA= 4.7900 
PER =l0.00 TIMES FOR MAXIMA-- TD= 4.8400 TV= 2.5500 TA= 4.7900 
SPECTRAL VALUES--
(Acceleration of gravity used= 32.20) 

PSCS300E Crest Column DAMPING RA TIO= 0.050 
NO. PERIOD REL. DISP. REL. VEL. PSU.REL.VEL. ABS. ACC. PSU.ABS.ACC. FREQ. 

I 0.01 0.00007 0.00171 0.04195 0.82192 0.81858 l00.00 
2 0.02 0.00027 0.04335 0.08336 0.82243 0.81328 50.00 
3 0.03 0.001 IO 0.18379 0.22974 1.51822 1.49432 33.33 
4 0.04 0.00217 0.31642 0.34155 1.74493 1.66617 25.00 
5 0.05 0.00366 0.44677 0.45974 1.82459 1.79417 20.00 
6 0.06 0.00428 0.41585 0.44797 1.42638 1.45686 16.67 
7 0.07 0.00581 0.47802 0.52194 1.47018 1.45494 14.29 
8 0.08 0.0!091 0.79906 0.85696 2.13704 2.09023 12.50 
9 0.09 0.01380 0.91960 0.96375 2.07701 2.08952 11.11 

( 10 0.10 0.01203 0.70258 0.75557 1.50682 1.47435 10.00 
II 0.11 0.01243 0.73464 0.7!011 1.28682 1.25967 9.09 
12 0.12 0.01009 0.54647 0.52809 0.85116 0.85872 8.33 
13 0.13 0.01069 0.46673 0.51688 0.78573 0.77583 7.69 
14 0.14 0.01281 0.55624 0.57507 0.81192 0.80152 7.14 
15 0.15 0.01487 0.56239 0.62302 0.80252 0.81046 6.67 
16 0.16 0.01884 0.75229 0.73986 0.91472 0.90230 6.25 
17 0.17 0.02303 0.86039 0.85120 0.97551 0.97703 5.88 
18 0.18 0.02485 0.86020 0.86750 0.93942 0.94042 5.56 
19 0.19 0.02857 0.87770 0.94490 0.97165 0.97042 5.26 
20 0.20 0.02938 0.95448 0.92312 0.90821 0.90064 5.00 
21 0.21 0.03784 1.14946 1.13222 1.05638 1.05204 4.76 
22 0.22 0.03804 1.12843 1.08630 0.97513 0.96349 4.55 
23 0.23 0.04244 1.13944 1.15933 0.98812 0.98357 4.35 
24 0.24 0.04588 1.22517 1.20103 0.98291 0.97648 4.17 
25 0.25 0.05505 1.45180 1.38356 1.07767 1.07990 4.00 
26 0.26 0.06352 1.64419 1.53498 1.15887 1.15200 3.85 
27 0.27 0.06397 1.49739 1.48854 1.07894 1.07578 3.70 
28 0.28 0.06108 1.44705 1.37074 0.96463 0.95526 3.57 
29 0.29 0.06330 1.50041 1.37148 0.92871 0.92282 3.45 
30 0.30 0.06799 1.58132 1.42398 0.9283 I 0.92621 3.33 
31 0.31 0.07450 1.56110 1.50998 0.95436 0.95046 3.23 
32 0.32 0.07866 1.60487 1.54449 0.94665 0.94180 3.13 
33 0.33 0.07637 1.45088 1.45416 0.86887 0.85985 3.03 
34 0.34 0.07200 1.33968 1.33047 0.77205 0.76357 2.94 
35 0.35 0.06812 1.34283 1.22295 0.68539 0.68181 2.86 
36 0.36 0.06715 1.33822 1.17200 0.64080 0.63526 2.78 
37 0.37 0.06656 1.28137 1.13028 0.60109 0.59609 2.70 
38 0.38 0.06468 1.25981 1.06944 0.55415 0.54916 2.63 
39 0.39 0.06068 1.239 I 0 0.97764 0.49358 0.48915 2.56 

l 
40 0.40 0.06370 1.17128 1.00062 0.49250 0.48813 2.50 
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41 0.41 0.06256 1.18616 0.95865 0.45808 0.45625 2.44 
42 0.42 0.06037 1.19616 0.90309 0.42280 0.41957 2.38 
43 0.43 0.05966 1.15192 0.87180 0.39751 0.39561 2.33 
44 0.44 0.05930 1.07742 0.84685 0.37888 0.37556 2.27 
45 0.45 0.05866 0.99663 0.81904 0.35661 0.35515 2.22 
46 0.46 0.05718 0.90387 0.78104 0.33309 0.33131 2.17 
47 0.47 0.05473 0.84874 0.73170 0.30536 0.30378 2.13 
48 0.48 0.05130 0.84985 0.67155 0.27399 0.27300 2.08 
49 0.49 0.05240 0.81367 0.67192 0.26905 0.26757 2.04 
50 0.50 0.05402 0.80880 0.67886 0.26657 0.26493 2.00 
51 0.51 0.05288 0.83519 0.65150 0.25161 0.24927 1.96 
52 0.52 0.05027 0.87985 0.60736 0.22945 0.22791 1.92 
53 0.53 0.05172 0.93855 0.61319 0.22691 0.22576 1.89 
54 0.54 0.05617 1.00433 0.65351 0.23851 0.23615 1.85 
55 0.55 0.06000 1.06884 0.68548 0.24516 0.24320 1.82 
56 0.56 0.06644 1.12386 0.74544 0.26427 0.25974 1.79 
57 0.57 0.07374 l.16245 0.81287 0.28269 0.27827 1.75 
58 0.58 0.08007 1.17982 0.86741 0.29612 0.29182 1.72 
59 0.60 0.08866 l.14420 0.92849 0.30613 0.30196 1.67 
60 0.62 0.09140 1.02596 0.92630 0.29378 0.29153 1.61 
61 0.64 0.08974 1.03125 0.88106 0.26991 0.26863 1.56 
62 0.66 0.08366 1.08019 0.79642 0.23773 0.23546 1.52 
63 0.68 0.07428 1.06790 0.68631 0.19773 0.19694 1.47 
64 0.70 0.06678 1.00885 0.59944 0.16771 0.16710 1.43 
65 0.72 0.06933 0.92792 0.60506 0.16570 0.16398 1.39 
66 0.74 0.06680 0.83311 0.56721 0.15157 0.14957 1.35 
67 0.76 0.06220 0.75200 0.51422 0.13421 0.13203 1.32 
68 0.78 0.05906 0.72919 0.47575 0.12066 0.11902 1.28 
69 0.80 0.06091 0.71267 0.47839 0.11739 0.11669 1.25 
70 0.82 0.06283 0.70235 0.48142 0.11542 0.11456 1.22 

( 71 0.84 0.06816 0.71704 0.50982 0.12036 0.11843 l.19 
72 0.86 0.07687 0.74262 0.56162 0.12907 0.12743 I. I 6 
73 0.88 0.08600 0.77734 0.61406 0.13751 0.13616 1.14 
74 0.90 0.09759 0.79993 0.68129 0.14881 0.14771 l.11 
75 0.92 0.10954 0.86595 0.74812 0.15920 0.15868 1.09 
76 0.94 0.11962 0.95982 0.79954 0. 16788 0.16597 1.06 
77 0.96 0.12541 1.02877 0.82083 0.16974 0.16684 1.04 
78 0.98 0.12810 1.05347 0.82127 0.16447 0.16353 1.02 
79 1.00 0.13647 1.06090 0.85746 0.16889 0.16732 1.00 
80 1.05 0.14854 1.12673 0.88885 0.16702 0.16518 0.95 
81 I.IO 0.15387 1.13175 0.87890 0.15746 0.15591 0.91 
82 1.15 0.14959 1.17120 0.81732 0.14084 0.13868 0.87 
83 1.20 0.14036 l.18130 0.73495 0.12010 0.11951 0.83 
84 1.25 0.13601 1.17059 0.68368 0.10739 0.10672 0.80 
85 1.30 0.13061 1.14666 0.63128 0.09671 0.09475 0.77 
86 1.35 0.12893 1.11542 0.60008 0.08915 0.08674 0.74 
87 1.40 0.12537 1.08104 0.56265 0.08085 0.07842 0.71 
88 1.45 0.12030 1.04630 0.52129 0.07258 0.07015 0.69 
89 1.50 0.11476 I.OJ 286 0.48069 0.06478 0.06253 0.67 
90 1.55 0. 10878 0.98162 0.44095 0.05766 0.05551 0.65 
91 1.60 0.10271 0.95297 0.40335 0.05129 0.04919 0.63 
92 1.65 0.09704 0.92697 0.36955 0.04565 0.04370 0.61 
93 1.70 0.09180 0.90352 0.33927 0.04070 0.03894 0.59 
94 1.75 0.09076 0.88242 0.32585 0.03720 0.03633 0.57 
95 1.80 0.09549 0.86342 0.33334 0.03725 0.03614 0.56 
96 1.85 0.09582 0.84627 0.32543 0.03556 0.03432 0.54 
97 1.90 0.09635 0.83074 0.31862 0.03353 0.03272 0.53 
98 1.95 0.09936 0.81662 0.32016 0.03318 0.03204 0.51 
99 2.00 0.10823 0.80374 0.34003 0.03435 0.03317 0.50 
100 2.05 0.11706 0.79193 0.35877 0.03544 0.03415 0.49 

/ 101 2.10 0.12401 0.78107 0.37104 0.03586 0.03448 0.48 
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102 2.15 0.12967 0.77105 0.37894 0.03573 0.03439 0.47 
103 2.20 0.13671 0.76177 0.39044 0.03518 0.03463 0.45 
104 2.25 0.14201 0.75315 0.39657 0.03481 0.03439 0.44 
105 2.30 0.14953 0.74515 0.40849 0.03535 0.03466 0.43 
106 2.35 0.15353 0.73769 0.41049 0.03452 0.03408 0.43 
107 2.40 0.15782 0.73074 0.413 I 7 0.03399 0.03359 0.42 
108 2.50 0.16052 0.71820 0.40344 0.03180 0.03149 0.40 
109 2.60 0.16493 0.70726 0.39857 0.03037 0.02991 0.38 
110 2.70 0.16824 0.69772 0.39151 0.02956 0.02829 0.37 
111 2.80 0.17313 0.68944 0.38851 0.02827 0.02707 0.36 
112 2.90 0.17573 0.68225 0.38075 0.02670 0.02562 0.34 
113 3.00 0.17624 0.67604 0.36911 0.02498 0.02401 0.33 
I 14 3.10 0.18240 0.67068 0.36968 0.02391 0.02327 0.32 
115 3.20 0.18800 0.66610 0.36914 0.02315 0.02251 0.31 
I 16 3.30 0.19088 0.66221 0.36343 0.02213 0.02149 0.30 
117 3.40 0.19114 0.65890 0.35323 0.02089 0.02027 0.29 
I 18 3.50 0.18855 0.65614 0.33849 0.01960 0.01887 0.29 
I 19 3.60 0.18358 0.65386 0.32040 0.01815 0.01737 0.28 
120 3.70 0.18463 0.65196 0.31354 0.01716 0.01654 0.27 
121 3.80 0.18252 0.65044 0.30178 0.01623 0.01550 0.26 
122 3.90 0.17770 0.64924 0.28629 0.01514 0.01432 0.26 
123 4.00 0.17042 0.64831 0.26769 0.01393 0.01306 0.25 
124 4.10 0.17053 0.64762 0.26134 0.01297 0.01244 0.24 
125 4.20 0.17579 0.64713 0.26299 0.01273 0.01222 0.24 
126 4.30 0.17994 0.64684 0.26293 0.01248 0.01193 0.23 
127 4.40 0.18295 0.64670 0.26125 0.01217 0.01159 0.23 
128 4.50 0.18495 0.64668 0.25824 0.01180 0.01120 0.22 
129 4.60 0.18589 0.64682 0.25391 0.01140 0.0!077 0.22 
130 4.70 0.18585 0.64703 0.24845 0.01096 0.01032 0.21 
131 4.80 0.18495 0.64733 0.24209 0.01050 0.00984 0.21 

( 132 4.90 0.18336 0.64771 0.23511 0.01004 0.00936 0.20 
133 5.00 0.18105 0.64813 0.22752 0.00956 0.00888 0.20 
134 5.10 0.17813 0.64865 0.21946 0.00909 0.00840 0.20 
135 5.20 0.17468 0.64916 0.21107 0.00862 0.00792 0.19 
136 5.40 0.16651 0.65031 0.19375 0.00771 0.00700 0.19 
137 5.60 0.16025 0.65159 0.17980 0.00686 0.00627 0.18 
138 5.80 0.15264 0.65291 0.16536 0.00607 0.00556 0.17 
139 6.00 0.14415 0.65430 0.15096 0.00536 0.00491 0.17 
140 6.20 0.14369 0.65562 0.14562 0.00501 0.00458 0.16 
141 6.40 0.14541 0.65698 0.14276 0.00478 0.00435 0.16 
142 6.60 0.14651 0.65833 0.13947 0.00455 0.00412 0.15 
143 6.80 0.14706 0.65959 0.13588 0.00433 0.00390 0.15 
144 7.00 0.14716 0.66086 0.13209 0.00411 0.00368 0.14 
145 7.30 0.14656 0.66269 0.12615 0.00380 0.00337 0.14 
146 7.60 0.14526 0.66446 0.12009 0.00351 0.00308 0.13 
147 8.00 0.14272 0.66661 0.11209 0.00316 0.00273 0.13 
148 8.50 0.13864 0.66906 0.10248 0.00277 0.00235 0.12 
149 9.00 0.13396 0.67127 0.09352 0.00243 0.00203 0.11 
150 9.50 0.12900 0.67322 0.08532 0.00214 0.00175 0.11 
151 10.00 0.12397 0.67505 0.07789 0.00190 0.00152 0.10 
152 I0.50 0.00000 0.00000 0.00000 0.00000 0.00000 O.IO 

VALUES IN PERIOD RANGE . I TO 2.5 SEC. 
AREA OF ACC. RESPONSE SPECTRUM = 0.495 
AREA OF VEL. RESPONSE SPECTRUM = 2.289 
MAX. ACCELERATION RESPONSE VALUE= 1.507 
MAX. VELOCITY RESPONSE VALUE = 1.644 

1 ****** OPTION 9 *** COMPUTE RESPONSE SPECTRUM 
RESPONSE SPECTRUM ANALYSIS FOR LA YER NUMBER 17 

CALCULATED FOR DAMPING 0.050 

( 
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TIMES AT WHICH MAX. SPECTRAL VALUES OCCUR 
TD = TIME FOR MAX. RELATIVE DISP. 
TV= TIME FOR MAX. RELATIVE VEL. 
TA= TIME FOR MAX. ABSOLUTE ACC. 

DAMPING RATIO= 0.050 
PER= 0.01 TIMES FOR MAXIMA -- TD= 2.5700 TV= 2.5700 TA= 2.5700 
PER=0.02 TIMES FOR MAXIMA -- TD= 2.5700 TV= 2.5800 TA= 2.5700 
PER =0.03 TIMES FOR MAXIMA -- TD= 2.9500 TV= 2.9400 TA= 2.9500 
PER =0.04 TIMES FOR MAXIMA -- TD= 3.6300 TV= 2.6100 TA= 3.6300 
PER =0.05 TIMES FOR MAXIMA -- TD= 4.8700 TV= 4.8300 TA= 4.8400 
PER= 0.06 TIMES FOR MAXIMA -- TD= 4.3200 TV= 4.3300 TA= 1.9700 
PER=0.07 TIMES FOR MAXIMA -- TD= 4.3300 TV= 4.3100 TA= 4.3300 
PER=0.08 TIMES FOR MAXIMA -- TD= 2.5200 TV= 2.5400 TA= 2.5200 
PER=0.09 TIMES FOR MAXIMA -- TD= 2.5300 TV= 2.6000 TA= 2.5300 
PER =0.10 TIMES FOR MAXIMA -- TD= 2.5900 TV= 2.6100 TA= 2.5900 
PER= 0.11 TIMES FOR MAXIMA -- TD= 2.5500 TV= 2.5800 TA= 2.5500 
PER=0.12 TIMES FOR MAXIMA -- TD= 4.8000 TV= 2.5800 TA= 4.8000 
PER=0.13 TIMES FOR MAXIMA -- TD= 3.6600 TV= 4.7900 TA= 3.6600 
PER=0.14 TIMES FOR MAXIMA -- TD= 3.6700 TV= 3.7100 TA= 3.6700 
PER= 0.15 TIMES FOR MAXIMA -- TD= 3.6800 TV= 3.7200 TA= 3.6800 
PER= 0.16 TIMES FOR MAXIMA -- TD= 4.1800 TV= 4.1500 TA= 4.1800 
PER=0.17 TIMES FOR MAXIMA -- TD= 4.1100 TV= 4.1500 TA=4.II00 
PER=0.18 TIMES FOR MAXIMA -- TD= 2.5600 TV= 2.5200 TA= 2.5600 
PER=0.19 TIMES FOR MAXIMA -- TD= 2.5700 TV= 2.5300 TA= 2.5700 
PER =0.20 TIMES FOR MAXIMA -- TD= 6.6!00 TV= 2.5300 TA= 6.6000 
PER =0.21 TIMES FOR MAXIMA -- TD= 2.5800 TV= 2.5300 TA= 7.0500 
PER =0.22 TIMES FOR MAXIMA -- TD= 2.5000 TV= 2.5500 TA= 2.5000 
PER =0.23 TIMES FOR MAXIMA -- TD= 3.4200 TV= 7.0400 TA= 6.9800 
PER= 0.24 TIMES FOR MAXIMA -- TD= 2.2400 TV= 2.2900 TA= 2.2300 
PER =0.25 TIMES FOR MAXIMA -- TD= 6.2400 TV= 6.3100 TA= 6.2400 

C PER =0.26 TIMES FOR MAXIMA -- TD= 1.5600 TV= 6.3200 TA= 6.2500 
PER =0.27 TIMES FOR MAXIMA -- TD= 1.1900 TV= 1.2600 TA= 1.1900 
PER =0.28 TIMES FOR MAXIMA -- TD= 1.2100 TV= 1.2600 TA= 1.2000 
PER =0.29 TIMES FOR MAXIMA -- TD= 1.2100 TV= 5.1000 TA= 1.2I00 
PER =0.30 TIMES FOR MAXIMA -- TD= 2.9200 TV= 2.8400 TA= 2.9I00 
PER= 0.31 TIMES FOR MAXIMA -- TD= 2.9400 TV= 2.8500 TA= 2.9400 
PER=0.32 TIMES FOR MAXIMA -- TD= 2.9500 TV= 2.5600 TA= 2.9500 
PER= 0.33 TIMES FOR MAXIMA -- TD= 2.5000 TV= 2.5600 TA= 2.5000 
PER =0.34 TIMES FOR MAXIMA -- TD= 2.5000 TV= 2.5600 TA= 2.5000 
PER =0.35 TIMES FOR MAXIMA -- TD= 2.5100 TV= 2.5600 TA= 2.5000 
PER= 0.36 TIMES FOR MAXIMA -- TD= 2.5100 TV= 2.9300 TA= 2.5000 
PER =0.37 TIMES FOR MAXIMA -- TD= 2.5!00 TV= 2.6000 TA= 2.5000 
PER= 0.38 TIMES FOR MAXIMA -- TD= 2.5100 TV= 2.8000 TA= 2.5100 
PER=0.39 TIMES FOR MAXIMA -- TD= 2.5200 TV= 4.0300 TA= 2.5I00 
PER= 0.40 TIMES FOR MAXIMA -- TD= 3.9400 TV= 4.0300 TA= 3.9400 
PER= 0.41 TIMES FOR MAXIMA -- TD= 3.9500 TV= 4.0400 TA= 3.9500 
PER= 0.42 TIMES FOR MAXIMA -- TD= 3.9600 TV= 4.0400 TA= 3.9500 
PER= 0.43 TIMES FOR MAXIMA -- TD= 3.9700 TV= 4.0500 TA= 3.9600 
PER =0.44 TIMES FOR MAXIMA -- TD= 3.9800 TV= 3.9I00 TA= 3.9700 
PER= 0.45 TIMES FOR MAXIMA -- TD= 4.6900 TV= 3.9100 TA= 4.6900 
PER= 0.46 TIMES FOR MAXIMA -- TD= 4.7000 TV= 3.9100 TA= 4.6900 
PER= 0.47 TIMES FOR MAXIMA -- TD= 4.7I00 TV= 3.9100 TA= 4.7000 
PER= 0.48 TIMES FOR MAXIMA -- TD= 4.7100 TV= 3.9100 TA= 4.7000 
PER= 0.49 TfMES FOR MAXIMA -- TD= 5.5200 TV= 5.4I00 TA= 5.5 IO0 
PER= 0.50 TfMES FOR MAXfMA -- TD= 5.5500 TV= 5.4100 TA= 5.5400 
PER= 0.51 TIMES FOR MAXfMA -- TD= 5.5600 TV= 5.4I00 TA= 5.5600 
PER =0.52 TfMES FOR MAXfMA -- TD= 2.5100 TV= 5.4400 TA= 2.5000 
PER =0.53 TfMES FOR MAXfMA -- TD= 2.5100 TV= 2.6100 TA= 2.5000 
PER =0.54 TIMES FOR MAXfMA -- TD= 2.5100 TV= 2.6300 TA= 2.5000 
PER= 0.55 TfMES FOR MAXIMA -- TD= 2.5100 TV= 2.6400 TA= 2.5000 

/ PER= 0.56 TfMES FOR MAXfMA -- TD= 2.5100 TV= 2.6400 TA= 2.5000 

C_ Page 18 



R14234

( PER =0.57 
PER =0.58 
PER= 0.60 
PER= 0.62 
PER=0.64 
PER =0.66 
PER= 0.68 
PER= 0.70 
PER =0.72 
PER= 0.74 
PER =0.76 
PER= 0.78 
PER =0.80 
PER =0.82 
PER=0.84 
PER =0.86 
PER =0.88 
PER= 0.90 
PER= 0.92 
PER =0.94 
PER= 0.96 
PER =0.98 
PER= 1.00 
PER= 1.05 
PER= 1.10 
PER= 1.15 
PER= 1.20 
PER= 1.25 
PER= 1.30 
PER= 1.35 
PER= 1.40 
PER= 1.45 
PER= 1.50 
PER= 1.55 
PER= 1.60 
PER= 1.65 
PER= 1.70 
PER= 1.75 
PER= 1.80 
PER= 1.85 
PER= 1.90 
PER= 1.95 
PER= 2.00 
PER =2.05 
PER= 2.10 
PER= 2.15 
PER= 2.20 
PER =2.25 
PER =2.30 
PER= 2.35 
PER= 2.40 
PER= 2.50 
PER= 2.60. 
PER= 2.70 
PER =2.80 
PER= 2.90 
PER= 3.00 
PER= 3.10 
PER= 3.20 
PER =3.30 
PER= 3.40 

PCSC300M- I a.out 
TIMES FOR MAXIMA -- TD= 2.5200 TV= 2.6400 TA= 2.5100 
TIMES FOR MAXIMA -- TD= 2.5200 TV= 2.6400 TA= 2.5100 
TIMES FOR MAXIMA -- TD = 2.5400 TV = 2.4800 TA= 2.5300 
TIMES FOR MAXIMA -- TD= 2.5600 TV= 2.4800 TA= 2.5500 
TIMES FOR MAXIMA -- TD = 2.5900 TV = 2.4800 TA = 2.5800 
TIMES FOR MAXIMA -- TD= 2.6000 TV = 2.4900 TA= 2.5900 
TIMES FOR MAXIMA -- TD= 3.4100 TV= 2.4900 TA= 3.4000 
TIMES FOR MAXIMA -- TD= 3.4200 TV= 2.4900 TA= 3.4100 
TIMES FOR MAXIMA -- TD= 3.4300 TV= 3.6100 TA= 3.4200 
TIMES FOR MAXIMA-- TD= 3.4400 TV= 3.6100 TA= 3.4300 
TIMES FOR MAXIMA -- TD= 1.8100 TV= 3.6100 TA= 1.7500 
TIMES FOR MAXIMA-- TD= 1.4700 TV= 3.6100 TA= 1.8100 
TIMES FOR MAXIMA -- TD= 1.4700 TV= 3.6100 TA= 1.4600 
TIMES FOR MAXIMA -- TD= 1.4900 TV= 3.6100 TA= 1.4700 
TIMES FOR MAXIMA -- TD= 6.4900 TV= 3.6200 TA= 6.4800 
TIMES FOR MAXIMA -- TD= 3.4700 TV= 4.2200 TA= 3.4700 
TIMES FOR MAXIMA -- TD= 4.0000 TV = 4.2200 TA = 3.9700 
TIMES FOR MAXIMA -- TD= 4.0100 TV= 4.2200 TA= 4.0000 
TIMES FOR MAXIMA -- TD= 4.0100 TV= 4.2900 TA= 4.0000 
TIMES FOR MAXIMA-- TD= 3.1200 TV= 4.2900 TA= 3.1100 
TIMES FOR MAXIMA -- TD= 3.1200 TV= 3.9100 TA= 3.1100 
TIMES FOR MAXIMA-- TD= 3.1300 TV= 3.9100 TA= 3.1200 
TIMESFORMAXIMA-- TD= 3.1500 TV= 3.9100 TA= 3.1200 
TIMES FOR MAXIMA -- TD= 3.2000 TV= 3.9100 TA= 3.1800 
TIMES FOR MAXIMA -- TD= 3.2300 TV= 2.4900 TA= 3.2200 
TIMES FOR MAXIMA -- TD= 3.3000 TV= 2.4900 TA= 3.2900 
TIMES FOR MAXIMA -- TD= 3.3300 TV= 2.4900 TA= 3.3100 
TIMES FOR MAXIMA -- TD= 3.3500 TV= 2.4900 TA= 3.3300 
TIMES FOR MAXIMA -- TD= 3.3700 TV= 2.4900 TA= 3.3600 
TIMES FOR MAXIMA -- TD= 2.8400 TV = 2.4900 TA = 2.8200 
TIMES FOR MAXIMA -- TD= 2.8700 TV= 2.4900 TA= 2.8300 
TIMES FOR MAXIMA -- TD= 2.9000 TV= 2.4900 TA= 2.8600 
TIMES FOR MAXIMA -- TD= 2.9200 TV= 2.4900 TA= 2.8900 
TIMES FOR MAXIMA -- TD = 2.9200 TV = 2.4900 TA = 2. 9100 
TIMES FOR MAXIMA -- TD= 2.9200 TV= 2.4900 TA= 2.9100 
TIMES FOR MAXIMA -- TD= 2.9300 TV= 2.4900 TA= 2.9100 
TIMES FOR MAXIMA -- TD= 2.9900 TV= 2.4900 TA= 2.3700 
TIMES FOR MAXIMA -- TD= 2.3900 TV= 2.4900 TA= 2.3700 
TIMES FOR MAXIMA -- TD= 5.9300 TV= 2.4900 TA= 5.9200 
TIMES FOR MAXIMA -- TD= 6.0000 TV= 2.4900 TA= 5.9900 
TIMES FOR MAXIMA -- TD= 6.0500 TV= 5.7600 TA= 6.0400 
TIMES FOR MAXIMA -- TD= 5.3500 TV= 5.7600 TA= 5.3400 
TIMES FOR MAXIMA -- TD= 5.3600 TV= 5.7600 TA= 5.3400 
TIMES FOR MAXIMA -- TD= 5.3600 TV= 5.7600 TA= 5.3400 
TIMES FOR MAXIMA -- TD= 5.3600 TV= 5.7600 TA= 5.3400 
TIMES FOR MAXIMA-- TD= 8.7100 TV= 5.7600 TA= 5.3400 
TIMES FOR MAXIMA -- TD= 8.8100 TV= 5.7600 TA= 7.6700 
TIMES FOR MAXIMA -- TD= 8.8900 TV= 5.7600 TA= 8.8800 
TIMES FOR MAXIMA -- TD= 7.8200 TV = 5. 7600 TA = 8.8800 
TIMES FOR MAXIMA -- TD= 7.8800 TV= 5.7600 TA= 7.7900 
TIMES FOR MAXIMA-- TD= 7.9100 TV= 5.7600 TA= 7.8800 
TIMES FOR MAXIMA -- TD= 8.0300 TV = 7 .3100 TA = 8.0100 
TIMES FOR MAXIMA -- TD= 8.0600 TV= 7.6400 TA= 8.0200 
TIMES FOR MAXIMA -- TD= 6.9400 TV= 7.6400 TA= 6.8800 
TIMES FOR MAXIMA -- TD= 6.9400 TV= 7.6500 TA= 6.8800 
TIMES FOR MAXIMA-- TO= 7.0600 TV= 7.6500 TA= 6.9300 
TIMES FOR MAXIMA -- TD= 7.1500 TV= 7.6500 TA= 7.0400 
TIMES FOR MAXIMA-- TD= 7.1900 TV= 5.3000 TA= 7.1400 
TIMES FOR MAXIMA -- TD= 7.2000 TV= 5.3000 TA= 7.1400 
TIMES FOR MAXIMA -- TD= 7.2100 TV= 5.3000 TA= 7.1800 
TIMES FOR MAXIMA -- TD= 7.2100 TV= 5.3000 TA= 7.1800 
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PER=3.50 TIMES FOR MAXIMA-- TD= 7.2200 TV= 5.3000 TA= 7.1900 
PER= 3.60 TIMES FOR MAXIMA -- TD= 7.4500 TV= 5.3000 TA= 7.3800 
PER= 3.70 TIMES FOR MAXIMA -- TD= 7.4600 TV= 5.3000 TA= 7.3900 
PER= 3.80 TIMES FOR MAXIMA -- TD= 7.5000 TV= 5.3000 TA= 7.4400 
PER= 3.90 TIMES FOR MAXIMA -- TD= 7.5100 TV= 5.3000 TA= 7.4500 
PER= 4.00 TIMES FOR MAXIMA -- TD= 7.6200 TV= 5.3000 TA= 7.4500 
PER=4.IO TIMES FOR MAXIMA-- TD= 6.1600 TV= 5.3000 TA= 6.0900 
PER =4.20 TIMES FOR MAXIMA-- TD= 6.1600 TV= 5.3000 TA= 6.1400 
PER= 4.30 TIMES FOR MAXIMA -- TD= 6.1700 TV= 5.3000 TA= 6. 1500 
PER=4.40 TIMES FOR MAXIMA-- TD= 6.1900 TV= 5.3000 TA= 6.1500 
PER= 4.50 TIMES FOR MAXIMA-- TD= 6.2000 TV= 5.3000 TA= 6.1500 
PER=4.60 TIMESFORMAXIMA-- TD= 6.2000 TV= 5.3000 TA= 6.1500 
PER= 4.70 TIMES FOR MAXIMA -- TD= 6.2000 TV= 5.3000 TA= 6.1500 
PER= 4.80 TIMES FOR MAXIMA -- TD= 6.3400 TV= 5.3000 TA= 6.1500 
PER= 4.90 TIMES FOR MAXIMA -- TD= 6.3400 TV= 5.3000 TA= 6.1500 
PER= 5.00 TIMES FOR MAXIMA -- TD= 6.3500 TV= 5.3000 TA= 6.3200 
PER= 5.10 TIMES FOR MAXIMA -- TD= 6.3500 TV= 5.3000 TA= 6.3200 
PER= 5.20 TIMES FOR MAXIMA -- TD= 6.3500 TV= 5.3000 TA= 6.3200 
PER= 5.40 TIMES FOR MAXIMA -- TD= 6.3500 TV= 5.3000 TA= 6.3200 
PER= 5.60 TIMES FOR MAXIMA -- TD= 6.5400 TV= 5.3000 TA= 6.3200 
PER= 5.80 TIMES FOR MAXIMA -- TD= 6.5500 TV= 5.3000 TA= 6.5000 
PER =6.00 TIMES FOR MAXIMA -- TD= 6.5500 TV= 5.3000 TA= 6.5000 
PER= 6.20 TIMES FOR MAXIMA-- TD= 4.7700 TV= 5.3000 TA= 4.5200 
PER= 6.40 TIMES FOR MAXIMA-- TD= 4.7700 TV= 5.3000 TA= 4.7300 
PER= 6.60 TIMES FOR MAXIMA-- TD= 4.7700 TV= 5.3000 TA= 4.7300 
PER= 6.80 TIMES FOR MAXIMA-- TD= 4.7800 TV= 5.3000 TA= 4.7300 
PER=7.00 TIMES FOR MAXIMA-- TD= 4.7800 TV= 5.3000 TA= 4.7300 
PER= 7.30 TIMES FOR MAXIMA-- TD= 4.7800 TV= 5.3000 TA= 4.7300 
PER= 7.60 TIMES FOR MAXIMA-- TD= 4.7800 TV= 2.4900 TA= 4.7300 
PER= 8.00 TIMES FOR MAXIMA -- TD= 4.7800 TV= 2.4900 TA= 4.7300 
PER= 8.50 TIMES FOR MAXIMA -- TD= 4.7800 TV= 2.4900 TA= 4.7300 
PER= 9.00 TIMES FOR MAXIMA -- TD= 4.7800 TV= 2.4900 TA= 4.7300 
PER =9.50 TIMES FOR MAXIMA-- TD= 4.7800 TV= 2.4900 TA= 4.7300 
PER =10.00 TIMES FOR MAXIMA -- TD= 4.7800 TV= 2.4900 TA= 4.7300 
S PE CTR AL VALUES--
(Acceleration of gravity used == 32.20) 

PSCS300E Crest Column DAMPING RATIO= 0.050 
NO. PERIOD REL. DISP. REL. VEL. PSU.REL.VEL. ABS. ACC. PSU.ABS.ACC. FREQ. 

I 0.01 0.00005 0.00136 0.02849 0.55850 0.55584 100.00 
2 0.02 0.00018 0.04499 0.05569 0.55907 0.54337 50.00 
3 0.03 0.00100 0.17299 0.21036 1.35502 1.36825 33.33 
4 0.04 0.00178 0.23944 0.27972 1.41661 1.36454 25.00 
5 0.05 0.00238 0.31660 0.29913 1.19625 l.16738 20.00 
6 0.06 0.00324 0.37402 0.33931 1.11290 1.10350 16.67 
7 0.07 0.00410 0.42586 0.36768 1.00192 1.02494 14.29 
8 0.08 0.00662 0.49285 0.51989 1.30592 1.26808 12.50 
9 0.09 0.01058 0.74261 0.73891 1.61391 1.60203 I I.I I 
10 0.10 0.00992 0.62974 0.62356 1.19459 1.21675 10.00 
11 0.11 0.00945 0.61752 0.53978 0.94469 0.95753 9.09 
12 0.12 0.00955 0.45760 0.49991 0.83422 0.81289 8.33 
13 0.13 0.00942 0.48076 0.45526 0.67574 0.68335 7.69 
14 0.14 0.01238 0.51781 0.55546 0.77129 0.77420 7.14 
15 0.15 0.01197 0.53788 0.50127 0.65502 0.65209 6.67 
16 0.16 0.01428 0.62039 0.56072 0.68796 0.68383 6.25 
17 0.17 0.01619 0.69957 0.59823 0.69353 0.68666 5.88 
18 0.18 0.01573 0.57102 0.54919 0.60640 0.59536 5.56 
19 0.19 0.01745 0.63990 0.57695 0.59795 0.59253 5.26 
20 0.20 0.01613 0.56661 0.50682 0.50024 0.49448 5.00 
21 0.21 0.01674 0.60435 0.50091 0.46688 0.46544 4.76 
22 0.22 0.01774 0.54424 0.50670 0.46072 0.44942 4.55 
23 0.23 0.01530 0.47636 0.41797 0.35437 0.35460 4.35 
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24 0.24 0.01639 0.46797 0.42917 0.35591 0.34893 4.17 
( 25 0.25 0.01736 0.48167 0.43619 0.34254 0.34046 4.00 

26 0.26 0.01916 0.51490 0.46302 0.35118 0.34750 3.85 
27 0.27 0.02110 0.53368 0.49104 0.35711 0.35488 3.70 
28 0.28 0.02280 0.53679 0.51153 0.35936 0.35648 3.57 
29 0.29 0.02363 0.56432 0.51192 0.34832 0.34445 3.45 
30 0.30 0.02424 0.55960 0.50764 0.33261 0.33018 3.33 
31 0.31 0.02969 0.62717 0.60171 0.38143 0.37875 3.23 
32 0.32 0.03087 0.64924 0.60610 0.37197 0.36959 3.13 
33 0.33 0.02956 0.62054 0.56290 0.33676 0.33284 3.03 
34 0.34 0.02988 0.59171 0.55227 0.32331 0.31695 2.94 
35 0.35 0.03145 0.58062 0.56451 0.32000 0.31472 2.86 
36 0.36 0.03369 0.56893 0.58806 0.32211 0.31875 2.78 
37 0.37 0.03527 0.58074 0.59894 0.31687 0.31587 2.70 
38 0.38 0.03518 0.57848 0.58166 0.30335 0.29868 2.63 
39 0.39 0.03387 0.62913 0.54565 0.27671 0.27301 2.56 
40 0.40 0.03589 0.68918 0.56383 0.27621 0.27505 2.50 
41 0.41 0.03816 0.69282 0.58485 0.27999 0.27835 2.44 
42 0.42 0.03860 0.65645 0.57750 0.26954 0.26830 2.38 
43 0.43 0.03804 0.60516 0.55578 0.25364 0.25221 2.33 
44 0.44 0.03681 0.59581 0.52568 0.23464 0.23313 2.27 
45 0.45 0.03653 0.60067 0.51004 0.22154 0.22117 2.22 
46 0.46 0.03729 0.59047 0.50937 0.21665 0.21607 2.17 
47 0.47 0.03606 0.57052 0.48207 0.20332 0.20014 2.13 
48 0.48 0.03349 0.54379 0.43835 0.18014 0.17820 2.08 
49 0.49 0.03413 0.51793 0.43769 0.17566 0.17430 2.04 
50 0.50 0.03500 0.52157 0.43985 0.17218 0.17165 2.00 
51 0.51 0.03473 0.49075 0.42793 0.16499 0.16373 1.96 
52 0.52 0.03363 0.45429 0.40638 0.15517 0.15249 1.92 
53 0.53 0.03853 0.46746 0.45674 0.17096 0.16816 1.89 
54 0.54 0.04389 0.51448 0.51070 0. I 8737 0.18454 1.85 
55 0.55 0.04926 0.55886 0.56278 0.20245 0.19966 1.82 
56 0.56 0.05415 0.59863 0.60760 0.21441 0.21172 1.79 
57 0.57 0.05848 0.62378 0.64468 0.22381 0.22070 1.75 
58 0.58 0.06184 0.63106 0.66986 0.22829 0.22536 1.72 
59 0.60 0.06544 0.70068 0.68529 0.22393 0.22287 1.67 
60 0.62 0.06573 0.79556 0.66617 0.21124 0.20966 1.61 
61 0.64 0.06527 0.83826 0.64083 0. I 9701 0.19538 1.56 
62 0.66 0.06037 0.83336 0.57472 0.17238 0.16992 1.52 
63 0.68 0.05937 0.78867 0._54857 0.15814 0.15742 1.47 
64 0.70 0.06308 0.71314 0.56623 0.15969 0.15784 1.43 
65 0.72 0.06124 0.63612 0.53441 0.14674 0.14483 1.39 
66 0.74 0.05637 0.58189 0.47867 0.12760 0.12622 1.35 
67 0.76 0.05182 0.52189 0.42839 0.1 !039 0.10999 1.32 
68 0.78 0.05224 0.48141 0.42084 0.10620 0. !0528 1.28 
69 0.80 0.05347 0.46947 0.41997 0.10299 0.10244 1.25 
70 0.82 0.05454 0.48106 0.41789 0.09999 0.09944 1.22 
71 0.84 0.05857 0.50396 0.43810 0.10258 0.!0177 I. 19 
72 0.86 0.06521 0.56033 0.47640 0.10880 0.10809 1.16 
73 0.88 0.07540 0.63272 0.53836 0.11994 0.11938 1.14 
74 0.90 0.08642 0.69483 0.60330 0.13206 0.13080 I.II 
75 0.92 0.09546 0.73421 0.65194 0.14025 0. 13828 1.09 
76 0.94 O.l0261 0.79469 0.68589 0.14302 0.14238 1.06 
77 0.96 0.11124 0.85758 0.72810 0.14917 0.14799 1.04 
78 0.98 0.11832 0.92962 0.75859 0. 15264 0.15105 1.02 
79 1.00 0.12378 0.97242 0.77774 0.15296 0.15176 1.00 
80 1.05 0.13543 0.94462 0.81038 0.15223 0.15060 0.95 
81 I.ID 0. 13936 0.91425 0.79602 0.14229 0.14121 0.91 
82 1.15 0.13942 0.92776 0.76173 0.12990 0.12925 0.87 
83 1.20 0.13742 0.91717 0.71955 0.11796 0.11700 0.83 

l_ 84 1.25 0.13052 0.89112 0.65605 0.10342 0.10241 0.80 
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85 1.30 0.12014 0.85653 0.58064 0.08786 0.08715 0.77 -( 86 1.35 0.11483 0.81840 0.53443 0.07843 0.07725 0.74 
87 1.40 0.11078 0.78000 0.49719 0.06994 0.06930 0.71 
88 1.45 0.10667 0.74332 0.46222 0.06255 0.06220 0.69 
89 1.50 0.10247 0.70939 0.42921 0.05627 0.05583 0.67 
90 1.55 0.09800 0.67864 0.39727 0.05054 0.05001 0.65 
91 1.60 0.09315 0.65110 0.36578 0.04533 0.04461 0.63 
92 1.65 0.08827 0.62659 0.33614 0.04056 0.03975 0.61 
93 1.70 0.08406 0.60485 0.31070 0.03642 0.03566 0.59 
94 1.75 0.08232 0.58554 0.29557 0.03416 0.03296 0.57 
95 1.80 0.08511 0.56835 0.29710 0.03252 0.03221 0.56 
96 J.85 0.09046 0.55299 0.30724 0.03299 0.03241 0.54 
97 1.90 0.09369 0.55264 0.30982 0.03228 0.03182 0.53 
98 1.95 0.09719 0.57669 0.31317 0.03199 0.03134 0.51 
99 2.00 0.10618 0.59049 0.33357 0.03334 0.03254 0.50 
100 2.05 0.11329 0.59503 0.34724 0.03395 0.03305 0.49 
101 2.10 0.11848 0.59178 0.35449 0.03395 0.03294 0.48 
102 2.15 0.12507 0.58239 0.36551 0.03345 0.03317 0.47 
103 2.20 0.13231 0.56849 0.37788 0.03396 0.03352 0.45 
104 2.25 0.14127 0.55156 0.39451 0.03461 0.03421 0.44 
105 2.30 0.14555 0.53286 0.39762 0.03432 0.03373 0.43 
106 2.35 0.15032 0.51341 0.40191 0.03358 0.03337 0.43 
107 2.40 0.15378 0.49399 0.40260 0.03307 0.03273 0.42 
108 2.50 0.16045 0.47493 0.40326 0.03175 0.03148 0.40 
109 2.60 0.16086 0.46775 0.38874 0.02958 0.02918 0.38 
110 2.70 0.16244 0.48295 0.37802 0.02799 0.02732 0.37 
111 2.80 0.16553 0.48384 0.37144 0.02643 0.02589 0.36 
112 2.90 0.16738 0.47446 0.36265 0.02483 0.02440 0.34 
113 3.00 0.17264 0.45662 0.36159 0.02380 0.02352 0.33 
l 14 3.10 0.17811 0.44595 0.36099 0.02309 0.02272 0.32 
115 3.20 0.18202 0.45345 0.35740 0.02213 0.02179 0.31 
116 3.30 0.18346 0.46135 0.34931 0.02109 0.02065 0.30 
117 3.40 0.18236 0.46940 0.33701 0.01986 0.01934 0.29 
118 3.50 0.17866 0.47735 0.32073 0.01848 0.01788 0.29 
119 3.60 0.17795 0.48496 0.31058 0.01717 0.01683 0.28 
120 3.70 0.17716 0.49200 0.30084 0.01615 0.01587 0.27 
121 3.80 0.17389 0.49830 0.28752 0.01510 0.01476 0.26 
122 3.90 0.16892 0.50375 0.27215 0.01394 0.01362 0.26 
123 4.00 0.16257 0.50827 0.25536 0.01270 0.01246 0.25 
124 4.10 0.16720 0.51183 0.25624 0.01240 0.01220 0.24 
125 4.20 0.17130 0.51442 0.25627 0.01215 0.01191 0.24 
126 4.30 0.17439 0.51608 0.25482 0.01186 0.01156 0.23 
127 4.40 0.17660 0.51685 0.25219 0.01151 0.01 l 18 0.23 
128 4.50 0.17784 0.51679 0.24832 0.01111 0.01077 0.22 
129 4.60 0.17820 0.51597 0.24340 0.01069 0.01033 0.22 
130 4.70 0.17762 0.51446 0.23745 0.01023 0.00986 0.21 
131 4.80 0.17619 0.51234 0.23064 0.00976 0.00938 0.21 
132 4.90 0.17586 0.50969 0.22550 0.00929 0.00898 0.20 
133 5.00 0.17475 0.50658 0.21959 0.00889 0.00857 0.20 
134 5.10 0.17300 0.50308 0.21314 0.00850 0.00815 0.20 
135 5.20 0.17062 0.49924 0.20616 0.00810 0.00774 0.19 
136 5.40 0.16427 0.49084 0.19114 0.00731 0.0069 I 0.19 
137 5.60 0.15767 0.48179 0.17690 0.00653 0.00616 0.18 
138 5.80 0.15136 0.47242 0. 16397 0.00581 0.00552 0.17 
139 6.00 0.14395 0.46299 0.15074 0.00521 0.00490 0.17 
140 6.20 0.14150 0.45370 0.14340 0.00485 0.00451 0.16 
141 6.40 0.14276 0.44470 0.14015 0.00459 0.00427 0.16 
142 6.60 0.14344 0.43607 0. 13655 0.00436 0.00404 0.15 
143 6.80 0.14364 0.42789 0.13273 0.00413 0.00381 0.15 
144 7.00 0.14346 0.42018 0.12877 0.00392 0.00359 0.14 
145 7.30 0.14249 0.40956 0.12264 0.00361 0.00328 0.14 
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146 7.60 0.14087 0.40837 0.11646 0.00332 0.00299 
147 8.00 0.13798 0.41060 0.10837 0.00297 0.00264 
148 8.50 0.13357 0.41312 0.09873 0.00259 0.00227 
149 9.00 0.12865 0.41537 0.08981 0.00226 0.00195 
150 9.50 0.12352 0.41738 0.08169 0.00198 0.00168 
151 IO.OD 0.11835 0.41917 0.07436 0.00175 0.00145 
152 10.50 0.00000 0.00000 0.00000 0.00000 0.00000 

VALVES IN PERIOD RANGE .1 TO 2.5 SEC. 
AREA OF ACC. RESPONSE SPECTRUM = 0.331 
AREA OF VEL. RESPONSE SPECTRUM = 1.567 
MAX. ACCELERATION RESPONSE VALUE= 1.195 
MAX. VELOCITY RESPONSE VALUE= 0.972 

*** End of Output File No. I *** 
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Layer 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
17 

Notes: 

PSCS300E Crest Column 
Williamson • Pond Creek South Cell - Surf. El. 502, GWT 3211., Fines El. 474 

MB.0 New Madrid Synthetic @83km, PGA 0.54g, Atkinson & Boore (1995) 

Deptii to 
Middle of 

total Unit 1' Damping 
Weight Used 

Layer 
(ft) 

2 
5.5 
8.5 

11.5 
14.5 

i.~.;f-1 · 26.5 . 
30 

33.5 
j[§1 
39,5_j 
42.5 I 

4tsl 
4_8.5 I. 

Base\ 
6utqrop . 

(kcf) 
. . 1~ I 

, 13 I 

·:i:i I 
.13 I 

.13 
:1s 
~3 
. 13 
.13 
.13 

.135 
:f3s 
.i~s 
.135 
.135 1 

,135[ 

. (%) 
2.8 

-4,? i 
5.9 I 
5.4. 
6.6 i 

. 7.Eq· 
8.1 , 
9.61 
9.5 I 

9.6 j 

10 i 
10; 

. - . - I 

. ~-9_01l_0_01 .i 
7.5 j 
4.6 I 
4.sl 

I 
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Average Shear Wave Velocity for Soil Column: 775 ft/sec 
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PCSC300E-l .out 
*********************************************************** 
* SHAKE: PROGRAM FOR EARTHQUAKE RESPONSE ANAL. HORIZONTAL* 
* LAYERED SITES by Per Schnable & John Lysmer - 1970 * 
*---------------* 
* SHAKE85: IBM PC SHAKE VERSION S.S.(Willie) Lai.Jan 1985 * 
*---------------* 
* SHAKE88 :New modulus reduction curves for clays added * 
* using results from Sun et al (1988) by J. I. Sun * 
* & Ramin Golesorkhi February 26, 1988 * 
* ---------------* 
* SHAKE90/91: Adjust last iteration; Input now is either * 
* Gmax or max Vs; up to 13 materials can be specified* 
* by user; up to 50 Layers can be specified; object * 
* motion can be read in from a separate file and can * 
* user specified fonnat; Different periods for res- * 
* ponse spectral calculations;options are renumbered;* 
* and general cleanup by: J. I. Sun, I. M. Idriss & * 
* P. Dirrim June I 990 - February 1991 * 

*---------------* 
* SHAKE9 l: General cleanup and finalization of input out- * 
* output format ... etc by: I. M. Idriss Dec. 1991 * 
*---------------* 
* SHAKE2000: Fix the incorrect output of Tot. Stress in * 
* Option 2. Changed path of ground motion file in * 
* SHAKE9 l. Control file to input file names. Modified * 
* by Jerald M. La Vassar & Gustavo A. Ordonez (March 2003) * 
* RUN DATE 1/02/2008 * 
* RUNTIME 11:11 * 
*********************************************************** 
MAX. NUMBER OF TERMS IN FOURIER TRANSFORM = 32768 
NECESSARY LENGTH OF BLANK COMMON X = 204819 

I****** OPTION I *** READ RELATION BETWEEN SOIL PROPERTIES AND STRAIN 

MATERIAL TYPE NO. I 

CURVE NO. 1: Coarse 
CURVE NO. 2: Coarse 

G/Gmax - Gravel (Mean) - Rollins et al. JGGE 
Damping for Gravel (Mean) - Rollins et al. J 

CURVE NO. I CURVE NO. 2 
=:::::=--==== ---------

STRAIN G/GMAX STRAIN DAMPING 
-------- ------- -------- --------
0.0001 1.000 0.0001 0.90 
0.0002 0.995 0.0003 1.11 
0.0005 0.980 0.0006 1.30 
0.0008 0.970 0.0010 I.SO 
0.0010 0.960 0.0020 1.91 
0.0020 0.930 0.0030 2.24 
0.0030 0.905 0.0040 2.54 
0.0040 0.880 0.0060 3.05 
0.0070 0.810 0.0080 3.50 
0.0100 0.755 0.0100 3.89 
0.0200 0.630 0.0200 5.45 
0.0700 0.390 0.0300 6.61 
0.1000 0.325 0.0500 8.28 
0.2000 0.205 0.1000 10.79 
0.3000 0.150 0.2000 13.23 
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PCSC300E-l.out 
0.4000 0.115 0.3000 14.47 
0.5000 0.095 0.4000 15.24 
0.6000 0.080 0.6000 16.14 
0.8000 0.070 0.8000 16.66 
l.0000 0.050 l.0000 17.01 

********************** 
MATERIAL TYPE NO. 2 

********************** 

CURVE NO. 3: Fine Refuse Moduli for Fine Refuse (Ellison & Cho, 1976) 
CURVE NO. 4: Fine Refuse Damping Values for Fine Refuse (Ellison & Ch 

CURVENO.3 CURVENO.4 

STRAIN G/GMAX STRAIN DAMPING 
-------- ------- -------- --------
0.0001 l.000 0.0001 0.75 
0.0004 l.000 0.0004 0.65 
0.0010 0.995 0.0010 0.70 
0.0020 0.992 0.0020 0.80 
0.0040 0.989 0.0040 0.90 
0.0060 0.981 0.0060 1.10 
0.0080 0.965 0.0080 1.30 
0.0100 0.955 0.0100 1.40 
0.0200 0.905 0.0200 2.00 
0.0400 0.828 0.0400 3.10 
0.0600 0.750 0.0600 4.00 
0.0800 0.670 0.0800 5.20 
0.1000 0.610 0.1000 6.00 
0.2000 0.610 0.2000 6.00 

********************** 
MATERIAL TYPE NO. 3 

********************** 

CURVE NO. 5: Residual G/Gmax PI=l 5% - Effective Confining Pressure 
CURVE NO. 6: Residual Damping PI=15%- Effective Confining Pressur 

CURVENO.5 CURVENO.6 

STRAIN G/GMAX STRAIN DAMPING 
-------- ------- -------- --------
0.0000 I.ODO 0.0000 0.67 
0.0000 I.ODO 0.0000 0.67 
0.0000 0.999 0.0000 0.68 
0.0001 0.998 0.0001 0.68 
0.0002 0.996 0.0002 0.70 
0.0005 0.991 0.0005 0.75 
0.0010 0.983 0.0010 0.83 
0.0022 0.965 0.0022 1.02 
0.0048 0.931 0.0048 1.43 
0.0100 0.873 0.0100 2.17 
0.0220 0.770 0.0220 3.68 
0.0484 0.618 0.0484 6.24 
0.1000 0.454 0.1000 9.48 
0.2200 0.287 0.2200 13.40 
0.4840 0.163 0.4840 16.87 
l.0000 0.091 l.0000 19.16 

Page 2 

I 



R14262

PCSC300E-l.out 

MATERIAL TYPE NO. 4 

CURVE NO. 7: Rock 
CURVE NO. 8: Rock 

G/Gmax - ROCK (Schnabel 1973) 
Damping for ROCK (Schnabel 1973) 

CURVE NO. 7 CURVENO.8 

STRAIN G/GMAX STRAIN DAMPING 
-------- ------- -------- --------
0.0001 1.000 0.0001 0.40 
0.0003 1.000 0.0010 0.80 
0.0010 0.990 0.0100 I.SO 
0.0030 0.950 0.1000 3.00 
0.0100 0.900 1.0000 4.60 
0.0300 0.810 0.0000 0.00 
0.1000 0.725 0.0000 0.00 
1.0000 0.550 0.0000 0.00 

I****** OPTION 2 *** READ SOIL PROFILE 
NEW SOIL PROFILE NO. I IDENTIFJCA TION PSCS300E Crest Column 
NUMBER OF LAYERS 17 DEPTH TO BEDROCK 50.00 

NO. TYPE THICKNESS DEPTH TOT AL PRESS. MODULUS DAMPING UNIT WT. SHEAR VEL 
(FT) (FT) (KSF) (KSF) (KCF) (FPS) 

I I 4.0000 2.0000 0.26 3454. 0.050 0.130 924.9 
2 I 3.0000 5.5000 0.71 3856. 0.050 0.130 977.3 
3 I 3.0000 8.5000 I.II 4110. 0.050 0.130 1009.0 
4 I 3.0000 11.5000 1.50 5739. 0.050 0.130 I 192.3 
5 I 3.0000 14.5000 1.88 4991. 0.050 0.130 1111.9 
6 I 3.0000 17 .5000 2.28 4552. 0.050 0. I 30 I 061.8 
7 I 3.0000 20.5000 2.66 4985. 0.050 0. I 30 II 11.2 
8 I 3.0000 23.5000 3.05 4436. 0.050 0.130 1048.2 
9 I 3.0000 26.5000 3.44 4926. 0.050 0.130 1104.6 
IO 1 4.0000 30.0000 3.90 5058. 0.050 0.130 1119.3 
11 3 3.0000 33.5000 4.36 2940. 0.050 0. I 35 837.4 
12 3 3.0000 36.5000 4.77 2951. 0.050 0.135 839.0 
13 3 3.0000 39.5000 5.17 3307. 0.050 0.135 888.1 
14 3 3.0000 42.5000 5.58 4130. 0.050 0.135 992.5 
15 3 3.0000 45.5000 5.98 7136. 0.050 0.135 1304.6 
16 3 3.0000 48.5000 6.39 7051. 0.050 0.135 1296.8 
17 BASE 74534. 0.050 0.150 4000.0 

PERIOD =0.19 FROM AVERAGE SHEAR VEL.= 1050. 

FREQUENCY AMPLITUDE 
MAXIMUM AMPLIFICATION= 12.49 
FOR FREQUENCY = 5.15 C/SEC. 

PERIOD = 0.19SEC. 

I****** OPTION 3 *** READ INPUT MOTION 

FILE NAME FOR INPUT MOTION= C:\SHAKE2000\Williamson Energy\NewMadrid.eq 
NO. OF INPUT ACC. POINTS = 8184 

NO. OF POINTS USED IN FFT= 16384 
NO. OF HEADING LINES = 4 

NO. OF POINTS PER LINE= 8 
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TIME STEP FOR INPUT MOTION= 0.0 I 00 

FORMAT FOR TIME HISTORY= (8f9.6) 

*****HEADER***** 
Source File: C:\SHAKE2000\Williamson Energy\NewMadrid.M8@83km.txt 
SHAKE2000 Conversion: 8I84 .0I 4 8 9 (8f9.6 
Acceleration Units: (g's) - No. Values: 8184-Time Step: .01 (secs) 
Data Format: (8f9.6) - No. Header Lines: 4 
** FIRST AND LAST 5 LINES OF INPUT MOTION ***** 

I -0.000279 0.00049I 0.000916 0.001028 0.001072 0.001012 0.000914 0.001 I 78 
2 0.001267 0.001643 0.000738 0.000404 0.00I 162 0.000325 0.000442 0.001287 
3 0.000332 0.000352 0.000667 0.000333 0.000100-0.000289 0.000774-0.001450 
4 -0.001068 0.000422-0.00 I 71 1-0.000650 0.000432 0.00169 I 0.002168 0.001175 
5 -0.000695 0.000756 0.000277 0.002243-0.000523 0.000775-0.00!563-0.000602 

........... .INPUT MOTION READ NOT ECHOED .......... . 
IO 19 0.002157 0.001240-0.001104 0.000476-0.001755-0.000138 0.000159-0.003048 
I 020 -0.003913 0.00025 I 0.002962-0.003793-0.003142-0.004436-0.001657-0.000252 
!021 0.001471 0.001823-0.000479-0.000738-0.002774-0.005429-0.002747 0.002040 
!022-0.000940-0.002779-0.004528-0.001675 0.00I 024-0.002927-0.001433 0.002515 
!023 0.000569-0.002711-0.002134-0.00I855 0.001529 0.003698 0.004083-0.003032 

MAXIMUM ACCELERATION= 0.18389 
AT TIME = 16.61 SEC 
THE VALUES WILL BE MULTIPLIED BY A FACTOR= 2.937 
TO GIVE NEW MAXIMUM ACCELERATION = 0.54000 
MEAN SQUARE FREQUENCY= 14.61 C/SEC. 
MAX ACCELERATION= 0.57825 FOR FREQUENCIES REMOVED ABOVE 40.00 C/SEC. 
I****** OPTION 4 *** READ WHERE OBJECT MOTION IS GIVEN 
OBJECT MOTION IN LAYER NUMBER 17 OUTCROPPING 

I****** OPTION 5 *** OBTAIN STRAIN COMPATIBLE SOIL PROPERTIES 
MAXIMUM NUMBER OF ITERATIONS = IO 
FACTOR FOR UNIFORM STRAIN IN TIME DOMAIN = 0.65 

EARTHQUAKE - C:\SHAKE2000\Williamson Energy\NewMadrid.eq 
SOIL PROFILE - PSCS300E Crest Column 

ITERATION NUMBER I 

VALUES IN TIME DOMAIN 

NO TYPE DEPTH UNIFRM. <----DAMPING----> <---- SHEAR MODULUS-----> 
(FT) STRAJN NEW USED ERROR NEW USED ERROR RATIO 

--- ---- ---- -------- ----- ------ ------ ------- ------ ------ -----

I I 2.0 0.00468 0.027 0.050 -82.7 2971.7 3454.0 -16.2 1.000 
2 I 5.5 0.01102 0.041 0.050 -21.7 2843.7 3856.0 -35.6 1.000 
3 I 8.5 0.01499 0.048 0.050 -4.1 2802.8 4110.0 -46.6 1.000 
4 I I 1.5 0.0 I 387 0.046 0.050 -8.1 3994.5 5739.0 -43.7 1.000 
5 I 14.5 0.01927 0.054 0.050 6.8 3177.8 4991.0 -57.1 1.000 
6 I 17.5 0.02455 0.060 0.050 17.2 2689.0 4552.0 -69.3 1.000 
7 I 20.5 0.02579 0.062 0.050 19.1 2897.9 4985.0 -72.0 1.000 
8 I 23.5 0.03295 0.069 0.050 27.7 2370.3 4436.0 -87.1 1.000 
9 I 26.5 0.03309 0.069 0.050 27.9 2628.2 4926.0 -87.4 1.000 
IO I 30.0 0.03577 0.072 0.050 30.4 2623.1 5058.0 -92.8 1.000 
11 3 33.5 0.06665 0.077 0.050 34.8 1604.3 2940.0 -83.3 1.000 
12 3 36.5 0.06911 0.078 0.050 36.1 1586.2 2951.0 -86.0 1.000 
13 3 39.5 0.06240 0.074 0.050 32.2 1853.9 3307.0 -78.4 1.000 
14 3 42.5 0.04960 0.063 0.050 21.2 2529.5 4130.0 -63.3 1.000 
15 3 45.5 0.02941 0.046 0.050 -8.1 5095.2 7136.0 -40.1 1.000 
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16 3 48.5 0.03031 0.047 0.050 -5.9 4993.8 7051.0 -41.2 1.000 
1 

EARTHQUAKE - C:\SHAKE2000\Williamson Energy\NewMadrid.eq 
SOIL PROFILE - PSCS300E Crest Column 

lTERATION NUMBER 2 

VALUES IN TIME DOMAIN 

NO TYPE DEPTH UNIFRM. <---- DAMPING----> <---- SHEAR MODULUS -----> G/Go 
(Ff) STRAIN NEW USED ERROR NEW USED ERROR RATIO 

1 1 2.0 0.00493 0.028 0.027 
2 1 5.5 0.01365 0.046 0.041 
3 I 8.5 0.02058 0.055 0.048 
4 1 11.5 0.01847 0.053 0.046 
5 I 14.5 0.02740 0.064 0.054 
6 I 17.5 0.03652 0.073 0.060 
7 I 20.5 0.03830 0.074 0.062 
8 I 23.5 0.05277 0.085 0.069 
9 I 26.5 0.05152 0.084 0.069 
10 I 30.0 0.05542 0.087 0.072 
11 3 33.5 0.095 I 8 0.093 0.077 
12 3 36.5 0.09600 0.093 0.078 
13 3 39.5 0.08485 0.087 0.074 
14 3 42.5 0.06425 0.075 0.063 
I 5 3 45.5 0.03230 0.049 0.046 
16 3 48.5 0.03317 0.050 0.047 
I 

2.3 2949.2 2971.7 -0.8 0.860 
10.5 2694.9 2843.7 -5.5 0.737 
13.2 2566.7 2802.8 -9.2 0.682 
12.2 3697.7 3994.5 -8.0 0.696 
15.5 2843.4 3177.8 -11.8 0.637 
16.8 2342.7 2689.0 -14.8 0.591 
16.6 2520.0 2897.9 -15.0 0.581 
I 8.4 I 970.2 2370.3 -20.3 0.534 
17.4 2210.3 2628.2 -18.9 0.534 
17.0 2198.9 2623.1 -19.3 0.519 
17.2 1367.6 1604.3 -17.3 0.546 
15.8 1367.0 I 586.2 -16.0 0.538 
15.7 1624.2 1853.9 -14.1 0.561 
15.4 2288.0 2529.5 -10.6 0.612 
6.1 4966.6 5095.2 -2.6 0.714 
5.8 4871.3 4993.8 -2.5 0.708 

EARTHQUAKE - C:\SHAKE2000\Williamson Energy\NewMadrid.eq 
SOIL PROFILE - PSCS300E Crest Column 

ITERATION NUMBER 3 

VALUES IN TIME DOMAIN 

NO TYPE DEPTH UNIFRM. <----DAMPING----> <---- SHEAR MODULUS-----> 
(Ff) STRAIN NEW USED ERROR NEW USED ERROR 

--- ---- ---- -------- ----- ------ ------ ------- ------ ------ -----
I I 2.0 0.005 I 8 0.029 0.028 2.1 2928.2 2949.2 -0.7 0.854 
2 I 5.5 0.01508 0.048 0.046 4.7 2625.6 2694.9 -2.6 0.699 
3 I 8.5 0.02302 0.059 0.055 5.5 2478.4 2566.7 -3.6 0.624 
4 I 11.5 0.0 I 973 0.054 0.053 2.7 3629.4 3697.7 -1.9 0.644 
5 I 14.5 0.02937 0.065 0.064 3.0 2777.0 2843.4 -2.4 0.570 
6 I 17.5 0.04080 0.076 0.073 4.8 2246.0 2342.7 -4.3 0.515 
7 I 20.5 0.04313 0.078 0.074 5.0 2406.7 2520.0 -4.7 0.506 
8 I 23.5 0.06290 0.091 0.085 7.0 1820.9 1970.2 -8.2 0.444 
9 I 26.5 0.06112 0.090 0.084 6.9 2049.1 2210.3 -7.9 0.449 
10 I 30.0 0.06434 0.092 0.087 5.9 2054.3 2198.9 -7.0 0.435 
11 3 33.5 0.10581 0.098 0.093 5.1 1299.6 1367.6 -5.2 0.465 
12 3 36.5 0.10664 0.098 0.093 5.1 1299.6 1367.0 -5.2 0.463 
13 3 39.5 0.08772 0,089 0.087 1.7 1599,3 1624.2 -1.6 0.491 
14 3 42.5 0.06349 0.074 0.075 -0.7 2299.1 2288,0 0.5 0.554 
15 3 45.5 0,02982 0,047 0.049 -5,5 5076.4 4966.6 2.2 0,696 
16 3 48.5 0.03122 0.048 0,050 -4.1 4953.5 4871.3 1.7 0.691 

EARTHQUAKE - C:\SHAKE2000\Williamson Energy\NewMadrid.eq 
SOIL PROFILE - PSCS300E Crest Column 

ITERATION NUMBER 4 
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PCSC300E-l.out 
VALUES [N TIME DOMA[N 

NO TYPE DEPTH UN[FRM. <---- DAMP[NG ----> <---- SHEAR MODULUS-----> G/Go 
(FT) STRAlN NEW USED ERROR NEW USED ERROR RATIO 

--- ---- ---- -------- ----- ------ ------ ------- ------ ------ -----
I I 2.0 0.00516 0.029 0.029 -0.1 2929.5 2928.2 0.0 0.848 
2 1 5.5 0.01530 0.048 0.048 0.7 2615.4 2625.6 -0.4 0.681 
3 I 8.5 0.02361 0.059 0.059 1.2 2458.7 2478.4 -0.8 0.603 
4 I 11.5 0.01999 0.054 0.054 0.5 3615.8 3629.4 -0.4 0.632 
5 1 14.5 0.02998 0.066 0.065 0.9 2757.1 2777.0 -0.7 0.556 
6 1 I 7 .5 0.04246 0.077 0.076 1.7 2211.3 2246.0 -1.6 0.493 
7 I 20.5 0.04528 0.080 0.078 2.0 2360.3 2406.7 -2.0 0.483 
8 I 23.5 0.06799 0.094 0.091 3.0 1754.8 1820.9 -3.8 0.410 
9 I 26.5 0.06569 0.093 0.090 2.8 1981.1 2049.J -3.4 0.416 
JO I 30.0 0.06842 0.094 0.092 2.4 1994.8 2054.3 -3.0 0.406 
II 3 33.5 0. 10946 0.099 0.098 1.7 1278.5 1299.6 -1.6 0.442 
12 3 36.5 0. I I 027 0. I 00 0.098 1.7 1278.6 1299.6 -1.6 0.440 
13 3 39.5 0.08781 0.089 0.089 0.1 1598.6 1599.3 0.0 0.484 
14 3 42.5 0.06348 0.074 0.074 0.0 2299.3 2299.1 0.0 0.557 
15 3 45.5 0.02924 0.046 0.047 -1.4 5103.1 5076.4 0.5 0.71 I 
16 3 48.5 0.03074 0.048 0.048 -1.0 4974.4 4953.5 0.4 0.703 
I 

EARTHQUAKE - C:\SHAKE2000\Williamson Energy\NewMadrid.eq 
SOfL PROFILE - PSCS300E Crest Column 

ITERATION NUMBER 5 

VALUES IN TIME DOMAIN 

NO TYPE DEPTH UNlFRM. <---- DAMPING ----> <---- SHEAR MODULUS-----> G/Go 

( (FT) STRAIN NEW USED ERROR NEW USED ERROR RATIO 
--- ---- ---- -------- ----- ------ ------ ------- ------ ------ -----

I I 2.0 0.00512 0.028 0.029 -0.4 2933.2 2929.5 0.1 0.848 
2 I 5.5 0.01523 0.048 0.048 -0.2 2618.6 2615.4 0.1 0.678 
3 I 8.5 0.02362 0.059 0.059 0.0 2458.3 2458.7 0.0 0.598 
4 I I 1.5 0.01998 0.054 0.054 0.0 3616.7 3615.8 0.0 0.630 
5 I 14.5 0.03012 0.066 0.066 0.2 2752.9 2757.1 -0.2 0.552 
6 I 17.5 0.04313 O.D78 0.077 0.7 2197.6 2211.3 -0.6 0.486 
7 I 20.5 0.046 I 8 0.080 0.080 0.8 2341.3 2360.3 -0.8 0.473 
8 I 23.5 0.07044 0.095 0.094 1.4 1724.9 1754.8 -1.7 0.396 
9 I 26.5 0.06778 0.094 0.093 1.2 I 951.6 I 981.1 -1.5 0.402 
JO I 30.0 0.07022 0.095 0.094 1.0 1969.7 1994.8 -1.3 0.394 
II 3 33.50.11048 0.100 0.099 0.5 1272.7 1278.5 -0.5 0.435 
12 3 36.5 0.11127 0.100 0. JOO 0.4 1273.0 1278.6 -0.4 0.433 
13 3 39.5 0.08787 0.089 0.089 0.0 1598.0 1598.6 0.0 0.483 
14 3 42.5 0.06355 0.075 0.074 0.1 2298.2 2299.3 0.0 0.557 
15 3 45.5 0.029 I 2 0.046 0.046 -0.3 5109.0 5103.1 0.1 0.715 
16 3 48.5 0.03063 0.048 0.048 -0.3 4979.4 4974.4 0.1 0.705 

I 
EARTHQUAKE - C:\SHAKE2000\Williamson Energy\NewMadrid.eq 
SOIL PROFILE - PSCS300E Crest Column 

!TERA TION NUMBER 6 

VALUES IN TIME DOMAIN 

NO TYPE DEPTH UNIFRM. <---- DAMPING ----> <---- SHEAR MODULUS-----> O/Go 
(FT) STRAIN NEW USED ERROR NEW USED ERROR RATIO 

--- ---- ---- -------- ----- ------ ------ ------- ------ ------ -----
I I 2.0 0.00509 0.028 0.028 -0.2 2935.3 2933.2 0.1 0.849 

l 2 I 5.5 0.01516 0.048 0.048 -0.2 2622.0 2618.6 0.1 0.679 
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{ 0 ,... 

PCSC300E-l .out 

( 3 l 8.5 0.02355 0.059 0.059 -0. l 2460.5 2458.3 O.l 0.598 
4 l I l.5 O.Ol 994 0.054 0.054 -0.1 3618.9 3616.7 0.1 0.630 
5 l 14.5 0.030]3 0.066 0.066 0.0 2752.4 2752.9 0.0 0.552 
6 l l 7.5 0.04342 0.078 O.Q78 0.3 2]91.8 2197.6 -0.3 0.483 
7 l 20.5 0.04655 0.080 0.080 0.3 2333.7 2341.3 -0.3 0.470 
8 l 23.5 0.07161 0.096 0.095 0.6 1711.7 ]724.9 -0.8 0.389 
9 l 26.5 0.06873 0.094 0.094 0.5 1938.4 I 951.6 -0.7 0.396 
10 l 30.0 0.07l02 0.096 0.095 0.4 ]959.3 ]969.7 -0.5 0.389 
l l 3 33.5 O. l l 068 0. JOO O. l 00 O.l 1271.6 1272.7 -0.l 0.433 
12 3 36.50.]11440.100 0.100 O.l 1272.0 1273.0 -0.l 0.431 
13 3 39.5 0.08796 0.089 0.089 0.1 1597.3 1598.0 0.0 0.483 
14 3 42.5 0.06360 0.075 O.Q75 0.0 2297.4 2298.2 0.0 0.556 
]5 3 45.5 0.02909 0.046 0.046 -0.1 5110.2 5109.0 0.0 0.716 
]6 3 48.5 0.03060 0.048 0.048 -0.1 4980.6 4979.4 0.0 0.706 
l 

EARTHQUAKE - C:\SHAKE2000\Williamson Energy\NewMadrid.eq 
SOJL PROFILE - PSCS300E Crest Column 

JTERATION NUMBER 7 

VALUES IN TIME DOMAIN 

NO TYPE DEPTH UNIFRM. <···· DAMPING····> <···· SHEAR MODULUS·····> G!Go 

(FD STRAIN NEW USED ERROR NEW USED ERROR RATIO 
--- ---- ---- -------- ----- ------ ------ ------- ------ ------ -----

I I 2.0 0.00508 0.028 0.028 -0.l 2936.2 2935.3 0.0 0.850 
2 I 5.5 0.01512 0.048 0.048 -0.l 2623.9 2622.0 0.1 0.680 
3 I 8.5 0.02350 0.059 0.059 -0.l 2462.2 2460.5 0.1 0.599 
4 I 11.5 0.0199 l 0.054 0.054 0.0 3620.l 3618.9 0.0 0.631 
5 I I 4.5 0.030 I 3 0.066 0.066 0.0 2752.4 2752.4 0.0 0.551 

( 6 I I 7.5 0.04354 0.078 0.078 0.1 2189.3 2191.8 -0.1 0.482 
7 I 20.5 0.04670 0.08 l 0.080 0.1 2330.7 2333.7 -0.l 0.468 

\ 8 I 23.5 0.07214 0.096 0.096 0.3 1705.7 1711.7 -0.3 0.386 
9 I 26.5 0.069 l 6 0.095 0.094 0.2 ]932.5 I 938.4 -0.3 0.394 
JO l 30.0 0.07135 0.096 0.096 0.2 1955.0 1959.3 -0.2 0.387 
l l 3 33.5 0.11066 0.100 0.100 0.0 ]271.7 1271.6 0.0 0.433 
12 3 36.50.1114] 0.100 0.100 0.0 ]272.2 ]272.0 0.0 0.43 l 
13 3 39.5 0.08802 0.089 0.089 0.0 1596.8 1597.3 0.0 0.483 
14 3 42.5 0.06363 0.075 O.Q75 0.0 2297.0 2297.4 0.0 0.556 
15 3 45.5 0.02909 0.046 0.046 0.0 5110.4 51 ]0.2 0.0 0.716 
16 3 48.5 0.03060 0.048 0.048 0.0 498].0 4980.6 0.0 0.706 
I 

EARTHQUAKE - C:\SHAKE2000\Williamson Energy\NewMadrid.eq 
SOJL PROFILE - PSCS300E Crest Column 

ITERATION NUMBER 8 

VALUES JN TIME DOMAIN 

NO TYPE DEPTH UN!FRM. <---- DAMPING ----> <---- SHEAR MODULUS---··> G!Go 

(FD STRAIN NEW USED ERROR NEW USED ERROR RATIO 
--- ---- ---- -------- ----- ------ ------ ------- ------ ------ -----

I I 2.0 0.00508 0.028 0.028 0.0 2936.5 2936.2 0.0 0.850 
2 I 5.5 0.01510 0.048 0.048 -0.1 2624.7 2623.9 0.0 0.680 
3 I 8.5 0.02348 0.059 0.059 -0.1 2463.0 2462.2 0.0 0.599 
4 l l l.5 0.0 l 990 0.054 0.054 0.0 3620.7 3620.1 0.0 0.631 
5 l 14.5 0.03013 0.066 0.066 0.0 2752.4 2752.4 0.0 0.551 
6 l l 7.5 0.04360 0.078 O.Q78 O.l 2188.2 2189.3 -0.1 0.481 
7 1 20.5 0.04676 0.081 0.081 0.1 2329.4 2330.7 -0.1 0.468 
8 I 23.5 0.07238 0.096 0.096 0.1 1703.0 1705.7 -0.2 0.385 

( 
9 1 26.5 0.06937 0.095 0.095 0.l 1929.7 I 932.5 -0.1 0.392 
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10 I 30.0 0.07149 0.096 0.096 
II 3 33.50.110600.100 0.100 
12 3 36.5 0.11134 0.100 0. 100 
13 3 39.5 0.08805 0.089 0.089 
14 3 42.5 0.06364 0.075 0.075 
15 3 45.5 0.02909 0.046 0.046 
16 3 48.5 0.03059 0.048 0.048 
I 

PCSC300E-1.out 
0.1 1953.2 I 955.0 -0.1 0.387 
0.0 1272.0 l 27 I. 7 0.0 0.433 
0.0 1272.6 1272.2 0.0 0.43 l 
0.0 1596.5 1596.8 0.0 0.483 
0.0 2296.9 2297.0 0.0 0.556 
0.0 5110.5 5110.4 0.0 0.716 
0.0 4981.1 4981.0 0.0 0.706 

EARTHQUAKE - C:ISHAKE2000\Williamson Energy\NewMadrid.eq 
SOIL PROFILE - PSCS300E Crest Column 

ITERATION NUMBER 9 

VALUES IN TIME DOMAIN 

NO TYPE DEPTH UNIFRM. <----DAMPING----> <---- SHEAR MODULUS-----> G/Go 
(FI) STRAIN NEW USED ERROR NEW USED ERROR RATIO 

I I 2.0 0.00508 0.028 0.028 
2 I 5.5 0.01509 0.048 0.048 
3 I 8.5 0.02347 0.059 0.059 
4 I l 1.5 0.0 I 990 0.054 0.054 
5 I 14.5 0.03013 0.066 0.066 
6 I 17.5 0.04362 0.078 0.078 
7 l 20.5 0.04679 0.081 0.08 I 
8 I 23.5 0.07249 0.096 0.096 
9 l 26.5 0.06946 0.095 0.095 
10 1 30.0 0.07155 0.096 0.096 
II 3 33.50.110560.100 0.100 
12 3 36.50.111290.100 0.100 
13 3 39.5 0.08806 0.089 0.089 
14 3 42.5 0.06364 0.075 0.075 
15 3 45.5 0.02909 0.046 0.046 
16 3 48.5 0.03059 0.048 0.048 
I 

0.0 2936.6 2936.5 
0.0 2625.1 2624.7 
0.0 2463.4 2463.0 
0.0 3620.9 3620. 7 
0.0 2752.4 2752.4 
0.0 2187.7 2188.2 
0.0 2328.9 2329.4 
0.1 1701.8 1703.0 
0.1 I 928.4 1929.7 
0.0 I 952.4 1953.2 
0.0 1272.2 I 272.0 
0.0 1272.9 1272.6 
0.0 1596.4 1596.5 
0.0 2296.9 2296.9 
0.0 5110.6 5110.5 
0.0 4981.3 498 I. I 

0.0 0.850 
0.0 0.681 
0.0 0.599 
0.0 0.631 
0.0 0.551 
0.0 0.481 
0.0 0.467 

-0.1 0.384 
-0.1 0.392 
0.0 0.386 
0.0 0.433 
0.0 0.431 
0.0 0.483 
0.0 0.556 
0.0 0.716 
0.0 0.706 

EARTHQUAKE - C:\SHAKE2000\Williamson Energy\NewMadrid.eq 
SOIL PROFILE - PSCS300E Crest Column 

ITERATION NUMBER IO 

VALUES IN TIME DOMAIN 

NO TYPE DEPTH UNIFRM. <----DAMPING----> <---- SHEAR MODULUS-----> G/Go 
(FT) STRAIN NEW USED ERROR NEW USED ERROR RATIO 

I I 2.0 0.00507 0.028 0.028 
2 I 5.5 0.01509 0.048 0.048 
3 I 8.5 0.02346 0.059 0.059 
4 I I 1.5 0.01990 0.054 0.054 
5 I 14.5 0.03014 0.066 0.066 
6 I 17.5 0.04363 0.078 0.078 
7 I 20.5 0.04680 0.081 0.08 I 
8 I 23.5 0.07254 0.096 0.096 
9 I 26.5 0.0695 I 0.095 0.095 
IO I 30.0 0.07 I 58 0.096 0.096 
II 3 33.50.110540.100 0.100 
.12 3 36.50.111260.100 0.100 
13 3 39.5 0.08807 0.089 0.089 
14 3 42.5 0.06364 0.075 0.075 
I 5 3 45.5 0.02908 0.046 0.046 
I 6 3 48.5 0.03059 0.048 0.048 

0.0 2936.7 
0.0 2625.2 
0.0 2463.6 
0.0 3620.9 
0.0 2752.3 
0.0 2187.5 
0.0 2328.7 
0.0 1701.2 
0.0 1927.8 
0.0 1952.1 
0.0 1272.4 
0.0 1273.0 
0.0 1596.3 
0.0 2296.9 
0.0 5110.7 
0.0 4981.3 

2936.6 
2625.1 
2463.4 
3620.9 
2752.4 
2187.7 
2328.9 
1701.8 
I 928.4 
1952.4 
1272.2 
1272.9 
I 596.4 
2296.9 
5110.6 
4981.3 

0.0 0.850 
0.0 0.681 
0.0 0.599 
0.0 0.631 
0.0 0.551 
0.0 0.481 
0.0 0.467 
0.0 0.384 
0.0 0.391 
0.0 0.386 
0.0 0.433 
0.0 0.431 
0.0 0.483 
0.0 0.556 
0.0 0.716 
0.0 0.706 
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( 

C 

l 

PCSC300E-l.out 

Y ALUES IN TIME DOMAIN 

LAYER TYPE THICKNESS DEPTH MAX STRAIN MAX STRESS TIME 

Ff Ff PRCNT PSF SEC 

I I 4.0000 2.0000 0.00781 229.28 13.59 

2 I 3.0000 5.5000 0.02321 609.39 13.59 

3 I 3.0000 8.5000 0.03610 889.22 13.59 

4 I 3.0000 11.5000 0.03061 1108.37 13.59 

5 I 3.0000 14.5000 0.04636 1276.05 13.59 

6 I 3.0000 17.5000 0.06713 1468.56 13.46 

7 I 3.0000 20.5000 0.07200 1676.72 13.45 

8 I 3.0000 23.5000 0.11160 1899.25 13.45 

9 I 3.0000 26.5000 0.10693 2062.1 I 13.45 

10 I 4.0000 30.0000 0.11012 2149.98 13.45 

I I 3 3.0000 33.5000 0.17006 2163.55 13.44 

12 3 3.0000 36.5000 0.17118 2178.85 13.44 

13 3 3.0000 39.5000 0.13549 2162.95 13.47 

14 3 3.0000 42.5000 0.09790 2248.68 13.47 

15 3 3.0000 45.5000 0.04475 2286.77 13.47 

16 3 3.0000 48.5000 0.04706 2344.02 13.47 

PERIOD= 0.26 FROM A YERAGE SHEAR YEL. = 775. 

FREQUENCY AMPLITUDE 
MAXIMUM AMPLIFICATION= 7.03 
FOR FREQUENCY = 3.56 C/SEC. 

PERIOD = 0.28 SEC. 

I****** OPTION 6 ••• COMPUTE MOTION IN NEW SUBLAYERS 

EARTHQUAKE -C:\SHAKE2000\Williamson Energy\NewMadrid.eq 

SOIL DEPOSIT - PSCS300E Crest Column 
LAYER DEPTH MAX.ACC. TIME MEAN SQ.FR. 

Ff G SEC C/SEC QUIET ZONE 

OUTCR. 0.0000 0.88444 13.59 8.87 0.001 

WITHIN 4.0000 0.82933 13.59 7.47 0.000 
WITHIN 7.0000 0.71118 13.59 5.76 0.000 

WITHIN 10.0000 0.68971 13.44 6.00 0.001 

WITHIN 13.0000 0.70046 13.44 6.71 0.001 

WITHIN 16.0000 0.70832 13.57 7.10 0.000 

WITHIN I 9.0000 0.72553 13.57 7.99 0.001 

WITHIN 22.0000 0.64994 13.57 8.95 0.001 

WITHIN 25.0000 0.59498 11.38 9.77 0.001 

WITHIN 28.0000 0.60985 12.50 10.67 0.001 

WITHIN 32.0000 0.67343 16.20 11.73 0.001 

WITHIN 35.0000 0.70548 16.19 13.87 0.002 

WITHIN 38.0000 0.71515 16.19 15.38 0.002 

WITHIN 41.0000 0.5667 I 18.60 15.37 0.002 

WITHIN 44.0000 0.53756 20.00 15.23 0.002 

I****** OPTION 6 *** COMPUTE MOTION IN NEW SUBLAYERS 

EARTHQUAKE -C:\SHAKE2000\Williamson Energy\NewMadrid.eq 

SOIL DEPOSIT - PSCS300E Crest Column 
LA YER DEPTH MAX. ACC. 

WITHIN 
WITHIN 

Ff G SEC 
47.0000 0.52869 
50.0000 0.52663 

TIME 
C/SEC 

20.00 
24.57 

MEAN SQ. FR. 
QUIET ZONE 

14.54 0.002 
13.47 0.002 
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ACC. RECORD 

2048 
2048 
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( 
PCSC300E-l .out 

OUTCR. 50.0000 0.57825 24.57 14.61 0.002 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 
SCALE FOR PLOTTING 0.0000 

IDENTIFICATION - PCSC300E Layer I Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LA YER 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300E Layer I Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 2 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300E Layer 2 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 2 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300E Layer 2 Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 3 
SCALE FOR PLOTTING 0.0000 

IDENTIFICATION - PCSC300E Layer 3 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 3 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300E Layer 3 Strain 

!****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 4 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300E Layer 4 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LA YER 4 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300E Layer 4 Strain 

1 ****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LA YER 5 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300E Layer 5 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LA YER 5 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300E Layer 5 Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LA YER 6 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300E Layer 6 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 6 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC3005 Layer 6 Strain 
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PCSC300E- l.out 

·( I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 7 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300E Layer 7 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LA YER 7 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300E Layer 7 Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LA YER 8 
SCALE FOR PLOTTING 0.0000 

IDENTIFICATION - PCSC300E Layer 8 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LA YER 8 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300E Layer 8 Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 9 
SCALE FOR PLOTTING 0.0000 

IDENTIFICATION - PCSC300E Layer 9 Stress 

COMPUTESTRESSORSTRAINHISTORY ATTHETOPOF LAYER 9 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300E Layer 9 Strain 

( I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 10 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300E Layer IO Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LA YER I 0 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300E Layer IO Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 11 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300E Layer 11 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 11 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300E Layer 11 Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 12 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300E Layer 12 Stress 

COMPUTESTRESSORSTRAINHISTORY ATTHETOPOF LAYER 12 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300E Layer 12 Strain 
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I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 13 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300E Layer 13 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 13 
SCALE FOR PLOTTING 0.0000 
IDENTIF!CA TION - PCSC300E Layer l 3 Strain 

l ****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 14 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300E Layer 14 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 14 
SCALE FOR PLOTTING 0.0000 
JDENTIFICAT!ON - PCSC300E Layer 14 Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 15 
SCALE FOR PLOTTING 0.0000 
JDENTIF!CA TION - PCSC300E Layer 15 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 15 
SCALE FOR PLOTTING 0.0000 
IDENT!FlCATlON - PCSC300E Layer 15 Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HlSTOR Y 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 16 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300E Layer 16 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LA YER 16 
SCALE FOR PLOTTING 0.0000 
IDENTJF!CAT!ON - PCSC300E Layer 16 Strain 

I****** OPTION 9 *** COMPUTE RESPONSE SPECTRUM 
RESPONSE SPECTRUM ANAL YS!S FOR LA YER NUMBER 
CALCULATED FOR DAMPING 0.050 

TIMES AT WHICH MAX. SPECTRAL VALUES OCCUR 
TD = TIME FOR MAX. RELATIVE D!SP. 
TV = TIME FOR MAX. RELATIVE VEL. 
TA = TIME FOR MAX. ABSOLUTE ACC. 

DAMPING RATIO = 0.050 
PER= 0.0 l TIMES FOR MAXIMA -
PER= 0.02 TIMES FOR MAXIMA -
PER= 0.03 TIMES FOR MAXIMA -
PER = 0.04 TIMES FOR MAXIMA -
PER = 0.05 TIMES FOR MAXIMA -
PER = 0.06 TIMES FOR MAXIMA -
PER = 0.07 TIMES FOR MAXIMA -
PER = 0.08 TIMES FOR MAXIMA -
PER = 0.09 TIMES FOR MAXIMA -
PER = 0.10 TIMES FOR MAXIMA -
PER = 0.1 I TIMES FOR MAXIMA -
PER= 0.12 TIMES FOR MAXIMA --

TD= 13.5800 
TD= 13.5800 
TD= 13.5800 
TD= 18.7600 
TD= 20.5800 
TD= 18.3000 
TD= 24.7500 
TD= 16.1600 
TD= 11.4300 
TD= 20.7500 
TD= 20.7600 
TD= 21.6700 

TV= 18.6700 
TV= 18.6600 
TV= 20.0700 
TV= 27.0100 
TV= 13.6100 
TV= 18.2800 
TV= 24.7700 
TV= 16.2600 
TV= 11.4100 
TV= 20.0900 
TV= 25.5700 
TV= 21.2200 
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TA= 13.5800 
TA= 13.5800 
TA= 13.5800 
TA= 18.7600 
TA=20.5800 
TA= 18.3000 
TA= 24.7500 
TA= 16.1600 
TA= 11.4300 
TA= 20.7500 
TA= 25.5900 
TA= 21.6700 
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PER=0.13 
PER= 0.14 
PER=0.15 
PER= 0.16 
PER= 0.17 
PER=0.18 
PER=0.19 
PER=0.20 
PER=0.21 
PER= 0.22 
PER= 0.23 
PER= 0.24 
PER=0.25 
PER=0.26 
PER =0.27 
PER=0.28 
PER=0.29 
PER=0.30 
PER=0.31 
PER= 0.32 
PER= 0.33 
PER= 0.34 
PER =0.35 
PER=0.36 
PER=0.37 
PER= 0.38 
PER =0.39 
PER =0.40 
PER=0.41 
PER =0.42 
PER= 0.43 
PER =0.44 
PER= 0.45 
PER= 0.46 
PER= 0.47 
PER= 0.48 
PER =0.49 
PER =0.50 
PER=0.51 
PER= 0.52 
PER =0.53 
PER= 0.54 
PER =0.55 
PER= 0.56 
PER =0.57 
PER= 0.58 
PER =0.60 
PER =0.62 
PER =0.64 
PER =0.66 
PER= 0.68 
PER =0.70 
PER =0.72 
PER= 0.74 
PER= 0.76 
PER= 0.78 
PER =0.80 
PER =0.82 
PER =0.84 
PER =0.86 
PER =0.88 

PCSC300E-l .out 
TIMES FOR MAXIMA-- TD= 16.7500 TV= 15.2200 TA= 16.7500 
TIMESFORMAXIMA-- TD=l6.7500 TV=l6.7900 TA=l6.7500 
TIMES FOR MAXIMA -- TD= 14.1800 TV = 11.3400 TA= I 4.1800 
TIMES FOR MAXIMA -- TD= 20.6300 TV = 20.5900 TA = 20.6300 
TIMES FOR MAXIMA -- TD= 19.3300 TV= 19.3000 TA= 19.3300 
TIMES FOR MAXIMA-- TD= 13.5800 TV= 13.6400 TA= 13.5800 
TIMESFORMAXIMA-- TD=l3.6000 TV=l3.6500 TA=l3.5900 
TIMES FOR MAXIMA-- TD= 13.6100 TV= 13.6500 TA= 13.6000 
TIMES FOR MAXIMA -- TD= 24.5200 TV = 24.5700 TA= 24.5200 
TIMES FOR MAXIMA-- TD,; 24.5300 TV= 19.4400 TA= 24.5300 
TIMESFORMAXIMA-- TD=21.9300 TV=21.8700 TA=21.9200 
TIMES FOR MAXIMA-- TD= 21.9400 TV= 21.8800 TA= 21.9400 
TIMES FOR MAXIMA-- TD= 21.8400 TV= 21.9000 TA= 21.8300 
TIMES FOR MAXIMA-- TD= 21.8600 TV= 21.9200 TA= 21.8500 
TIMES FOR MAXIMA-- TD= 21.2400 TV= 21.1800 TA= 21.2300 
TIMES FOR MAXIMA-- TD= 21.2500 TV= 21.1800 TA= 21.2400 
TIMESFORMAXIMA-- TD=l4.8000 TV=21.1900 TA=l4.8000 
TIMES FOR MAXIMA -- TD= 14.2400 TV= 14.3200 TA= 14.2400 
TIMES FOR MAXIMA -- TD= 14.1200 TV = 13.5900 TA= 13.6500 
TIMES FOR MAXIMA -- TD= 13.6700 TV= 13.6000 TA= 13.6700 
TIMES FOR MAXIMA -- TD= 13.6900 TV = 13.6 I 00 TA = 13.5300 
TIMES FOR MAXIMA-- TD= 13.5500 TV= 20.9500 TA= 13.5400 
TIMES FOR MAXIMA -- TD= 16.8100 TV = 20.8000 TA= 16.8 I 00 
TIMES FOR MAXIMA -- TD= I 6.8200 TV = 20.8 I 00 TA= I 6.8200 
TIMES FOR MAXIMA-- TD= 16.8300 TV= 16.7400 TA= 16.8300 
TIMESFORMAXIMA-- TD=l6.8400 TV=l6.7400 TA=l6.8300 
TIMESFORMAXIMA-- TD=l6.8500 TV=l6.7500 TA=l6.8400 
TIMES FOR MAXIMA -- TD= 16.8600 TV = I 6.9700 TA= 16.8500 
TIMES FOR MAXIMA-- TD= 16.8700 TV= 16.9700 TA= 16.8600 
TIMES FOR MAXIMA-- TD= 16.8800 TV= 16.9800 TA= 16.8700 
TIMES FOR MAXIMA -- TD= 16.8800 TV = 16.9800 TA= 16.8800 
TIMES FOR MAXIMA-- TD= 16.8900 TY= 16.7900 TA= 16.8900 
TIMESFORMAXIMA-- TD=l6.9100 TV=l6.7900 TA=l6.9000 
TIMES FOR MAXIMA-- TD= 16.9200 TV=l6.8100 TA=l6.9!00 
TIMESFORMAXIMA-- TD=l6.7100 TV=l6.8200 TA=l6.7000 
TIMESFORMAXIMA-- TD=l6.7100 TV=l6.8200 TA=l6.7100 
TIMES FOR MAXIMA-- TD= 16.7200 TV= 16.8300 TA= 16.7100 
TIMES FOR MAXIMA -- TD= 16.7200 TV= 16.8300 TA= 16.7200 
TIMES FOR MAXIMA-- TD= 16.7300 TV= 16.6200 TA= 16.7200 
TIMES FOR MAXIMA-- TD= 16.7400 TV= 16.6400 TA= 16.7300 
TIMES FOR MAXIMA -- TD= 16.5400 TV = I 6.6700 TA = 16.5300 
TIMES FOR MAXIMA -- TD= I 6.5500 TV = 16.6700 TA = 16.5400 
TIMES FOR MAXIMA -- TD= 29.5500 TY= 21.5900 TA= 29.5400 
TIMES FOR MAXIMA -- TD = 32.1900 TV = 28.3400 TA= 32.1800 
TIMES FOR MAXIMA -- TD= 30.5300 TV= 28.3400 TA= 30.5200 
TIMES FOR MAXIMA -- TD= 30.5400 TV = 30.6800 TA= 30.5300 
TIMES FOR MAXIMA -- TD= 30.5800 TV= 30.4700 TA= 30.5700 
TIMES FOR MAXIMA -- TD= 30.6000 TV = 30.4900 TA= 30.5900 
TIMES FOR MAXIMA-- TD= 16.7400 TV=28.1800 TA= 16.7300 
TIMES FOR MAXIMA-- TD= 16.7600 TV= 16.6700 TA= 16.7500 
TIMES FOR MAXIMA -- TD= I 6.5200 TV = 16.6700 TA = 16.5100 
TIMES FOR MAXIMA -- TD= 16.5400 TV = 16.6800 TA = 16.5200 
TIMES FOR MAXIMA -- TD= 16.5500 TV = 16.6800 TA = 16.5400 
TIMES FOR MAXIMA -- TD= 16.5600 TV = I 6.6800 TA= I 6.5500 
TIMES FOR MAXIMA -- TD= 16.5700 TV = 16.4700 TA = 16.5500 
TIMES FOR MAXIMA -- TD= 32.7400 TV= 16.4700 TA= 32.7200 
TIMES FOR MAXIMA -- TD= 32.7600 TV= 16.4700 TA= 32.7400 
TIMES FOR MAXIMA -- TD= 33.6400 TV= 16.4700 TA= 33.6300 
TIMES FOR MAXIMA -- TD= 33.6700 TV= 16.4700 TA= 33.6600 
TIMES FOR MAXIMA -- TD= 16.3100 TV= 16.4800 TA= 16.2900 
TIMES FOR MAXIMA-- TD= 12.2300 TV= 12.4200 TA= 12.2200 
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PER= 0.90 
PER =0.92 
PER =0.94 
PER =0.96 
PER= 0.98 
PER= 1.00 
PER= 1.05 
PER= 1.10 
PER=l.15 
PER= 1.20 
PER= 1.25 
PER= 1.30 
PER= 1.35 
PER= 1.40 
PER= 1.45 
PER= 1.50 
PER= 1.55 
PER= 1.60 
PER= 1.65 
PER= 1.70 
PER= 1.75 
PER= I.SO 
PER= 1.85 
PER= 1.90 
PER= 1.95 
PER =2.00 
PER =2.05 
PER=2.I0 
PER=2.15 
PER =2.20 
PER =2.25 
PER =2.30 
PER =2.35 
PER =2.40 
PER =2.50 
PER =2.60 
PER= 2.70 
PER =2.80 
PER= 2.90 
PER =3.00 
PER=3.I0 
PER =3.20 
PER= 3.30 
PER= 3.40 
PER=3.50 
PER= 3.60 
PER= 3.70 
PER =3.80 
PER= 3.90 
PER=4.00 
PER=4.10 
PER =4.20 
PER =4.30 
PER =4.40 
PER =4.50 
PER =4.60 
PER =4.70 
PER =4.80 
PER= 4.90 
PER= 5.00 
PER= 5.10 

PCSC300E-1.out 
TIMES FOR MAXIMA -- TD = 12.2400 TV = 12.4200 TA= 12.2300 
TIMES FOR MAXIMA -- TD= 12.2400 TV= 12.4200 TA= 12.2300 
TIMES FOR MAXIMA -- TD = 12.2500 TV = 12.4200 TA= 12.2400 
TIMES FOR MAXIMA-- TD= 12.2600 TV= 12.4200 TA= 12.2500 
TIMES FOR MAXIMA -- TD = 12.2800 TV= 12.4300 TA = 12.2600 
TIMES FOR MAXIMA -- 'J'll = 12.2900 TV= 12.4300 TA= 12.2700 
TIMESFORMAXIMA-- TD=l2.3200 TV=l3.1600 TA=l2.3100 
TIMESFORMAXIMA-- TD=l3.5500 TV=l3.l900 TA=l3.5300 
TIMES FOR MAXIMA -- TD= 13.5700 TV= 13.2000 TA= 13.5600 
TIMES FOR MAXIMA-- TD= 13.6100 TV= 13.9600 TA= 13.5800 
TIMESFORMAXlMA-- TD=l3.II00 TV=l3.4800 TA=l3.0800 
TIMES FOR MAXIMA-- TD= 13.1300 TV= 13.5200 TA= 13.1100 
TIMES FOR MAXIMA -- TD= 13.8500 TV= 13.5200 TA= 13.8300 
TIMES FOR MAXIMA -- TD= 13.8600 TV= 13.5200 TA= 13.8400 
TIMES FOR MAXIMA -- TD= 13.8800 TV= 13.5200 TA= 13.8600 
TIMES FOR MAXIMA -- TD= 13.1900 TV= 13.5200 TA= 13.8700 
TIMES FOR MAXIMA -- TD= 13.3800 TV= 13.5200 TA= 13.3600 
TIMES FOR MAXIMA-- TD= 13.4100 TV= 13.5200 TA= 13.3900 
TIMES FOR MAXIMA -- TD= 13.4200 TV= I3.0200 TA= 13.4000 
TIMES FOR MAXIMA-- TD= 13.4300 TV= 13.0200 TA= 13.4100 
TIMES FOR MAXIMA -- TD= 16.3700 TV = 18.6600 TA = 16.3500 
TIMESFORMAXIMA-- TD=l7.4700 TV=lS.6600 TA=l7.4500 
TIMES FOR MAXIMA-- TD= 17.4900 TV= 17.9200 TA= 17.4600 
TIMES FOR MAXIMA-- TD= 18.5500 TV= 17.9200 TA= 18.5200 
TIMES FOR MAXIMA -- TD = 18.5700 TV = 20.9600 TA= 18.5400 
TIMES FOR MAXIMA-- TD= 18.5800 TV= 19.1600 TA= 18.5500 
TIMESFORMAXIMA-- TD=l9.7!00 TV=l9.I600 TA=19.6800 
TIMESFORMAXIMA-- TD=l7.7!00 TV=l6.2500 TA=l9.7000 
TIMES FOR MAXIMA-- TD= 17.7700 TV= 16.2500 TA=l7.7500 
TIMESFORMAXIMA-- TD=l7.8200 TV=l6.2500 TA=17.7900 
TIMES FOR MAXIMA-- TD= 19.0800 TV= 16.2500 TA= 19.0500 
TIMES FOR MAXIMA -- TD= 19.1100 TV= 16.2500 TA= 19.0900 
TIMES FOR MAXIMA-- TD= 17.0700 TV= 16.6800 TA= 17.0600 
TIMES FOR MAXIMA -- TD = I 6.0600 TV = 16.6800 TA = I 6.0400 
TIMES FOR MAXIMA -- TD = 12. 9 I 00 TV = 12.5600 TA= 12.8700 
TIMES FOR MAXIMA -- TD= 12.0200 TV= 12.5600 TA= 12.0000 
TIMES FOR MAXIMA -- TD= 12.0900 TV = 12.5600 TA = 12.0700 
TIMES FOR MAXIMA-- TD= 17.1000 TV= 16.6800 TA= 17.0700 
TIMESFORMAXIMA-- TD=l7.!300 TV=l6.6800 TA=17.0900 
TIMES FOR MAXIMA -- TD = 16.0700 TV = 16.6800 TA = 16.0400 
TIMES FOR MAXIMA -- TD = 16.1200 TV = I 6.6800 TA = 16.0400 
TIMES FOR MAXIMA -- TD = 16. I 300 TV = I 6.6800 TA = 16.1100 
TIMESFORMAXIMA-- TD=l6.1400 TV=l6.6800 TA=16.1200 
TIMES FOR MAXIMA-- TD= 16.1400 TV= 16.6800 TA= 16.1200 
TIMES FOR MAXIMA -- TD= 45.5600 TV= 16.6800 TA= 45.4800 
TIMES FOR MAXIMA-- TD=45.7200 TV= 16.6800 TA=45.6600 
TIMES FOR MAXIMA -- TD = 44.2500 TV = 16.6800 TA = 44.2300 
TIMES FOR MAXIMA -- TD= 44.2900 TV = 16.6800 TA = 44.2300 
TIMES FOR MAXIMA -- TD = 44.4000 TV = 16.6800 TA = 46.2200 
TIMES FOR MAXIMA -- TD = 44.6 I 00 TV = 16.6800 TA = 44.3900 
TIMES FOR MAXIMA -- TD = 16.1500 TV = 16.6800 TA= 16.1200 
TIMES FOR MAXIMA -- TD= 14.9200 TV= 16.6800 TA= 14.8800 
TIMES FOR MAXIMA -- TD= 14.9200 TV= 12.5600 TA= 14.8800 
TIMES FOR MAXIMA -- TD= 14.9200 TV= 15.7200 TA= 14.8900 
TIMES FOR MAXIMA -- TD= 14.9300 TV= 15.7200 TA= 14.8900 
TIMES FOR MAXIMA -- TD= 14.9300 TV= 14.6600 TA= 14.8900 
TIMES FOR MAXIMA -- TD= 32.0400 TV = 14.6600 TA= 14.8900 
TIMES FOR MAXIMA -- TD= 32.0500 TV= 26.8100 TA= 32.0000 
TIMES FOR MAXIMA -- TD= 32.0800 TV= 26.8100 TA= 32.0000 
TIMES FOR MAXIMA -- TD= 32.0900 TV= 26.8100 TA= 32.0000 
TIMES FOR MAXIMA -- TD = 28.0900 TV = 26.8100 TA= 32.0000 
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PER= 5.20 TIMES FOR MAXIMA -- TD = 28.0900 TV = 26.8100 TA= 28.0600 

PER= 5.40 TIMES FOR MAXIMA -- TD= 9.8500 TV= 26.8100 TA= 9.7800 

PER=5.60 TIMES FOR MAXIMA -- TD= 9.8500 TV = 26.8 I 00 TA= 9.7800 

PER=5.80 TIMES FOR MAXIMA -- TD= 9.8600 TV= 12.5600 TA= 9.7800 

PER= 6.00 TIMES FOR MAXIMA -- TD= 14.9200 TV= 12.5600 TA= 14.8800 

PER= 6.20 TIMES FOR MAXIMA -- TD= 14.9200 TV= 12.5600 TA= 14.8800 

PER= 6.40 TIMES FOR MAXIMA -- TD= 14.9200 TV= 12.5600 TA= 14.8800 

PER= 6.60 TIMES FOR MAXIMA -- TD= 14.9200 TV= 12.5600 TA= 14.8800 

PER= 6.80 TIMES FOR MAXIMA -- TD= 14.9300 TV= 12.5600 TA= 14.8800 

PER= 7.00 TIMES FOR MAXIMA -- TD= 14.9300 TV= 12.5600 TA= 14.8800 

PER= 7.30 TIMES FOR MAXIMA -- TD= 15.3900 TV= 12.5600 TA= 14.8800 

PER= 7.60 TIMES FOR MAXIMA -- TD= 15.4000 TV= 12.5600 TA= 15.3500 

PER= 8.00 TIMES FOR MAXIMA -- TD= 15.4500 TV= 12.5600 TA= 15.3500 

PER= 8.50 TIMES FOR MAXIMA -- TD= 15.5600 TV= 14.6600 TA= 15.3500 

PER= 9.00 TIMES FOR MAXIMA -- TD= 16.7700 TV= 14.6600 TA= 16.6800 

PER= 9.50 TIMES FOR MAXIMA-- TD= 17.1200 TV= 14.6600 TA= 16.6800 

PER =10.00 TIMES FOR MAXIMA -- TD= 17.1300 TV= 14.6600 TA= 16.6800 

SPECTRAL VALUES--
(Acceleration of gravity used = 32.20) 

PSCS300E Crest Column DAMPING RATIO= 0.050 

NO. PERIOD REL. DISP. REL. VEL. PSU.REL.VEL. ABS.Ace. PSU.ABS.ACC. FREQ. 

I 0.01 0.00007 0.00162 0.04521 0.88469 0.88226 100.00 

2 0.02 0.00029 0.02448 0.09022 0.88457 0.88018 50.00 

3 0.03 0.00084 0.11368 0.17674 1.15665 1.14954 33.33 

4 0.04 0.00224 0.26450 0.35226 1.69734 1.71839 25.00 

5 0.05 0.00339 0.43475 0.42596 1.69653 1.66236 20.00 

6 0.06 0.00493 0.43930 0.51672 1.65029 1.68045 16.67 

7 0.07 0.00680 0.53118 0.61010 1.72996 1.70069 14.29 

8 0.08 0.00967 0.66552 0.75965 1.85850 1.85289 12.50 

9 0.09 0.01588 1.01170 1.10894 2.43771 2.40430 11.11 

10 0.10 0.01392 0.75444 0.87471 1.72961 1.70681 10.00 

I I 0.11 0.01583 0.77282 0.90409 1.61125 1.60378 9.09 

12 0.12 0.01718 0.70809 0.89976 1.44876 1.46308 8.33 

13 0.13 0.01669 0.64237 0.80683 1.20634 1.21105 7.69 

14 0.14 0.02029 0.70091 0.91060 1.28686 1.26918 7.14 

15 0.15 0.02194 0.80547 0.91884 1.19663 1.19528 6.67 

16 0.16 0.02709 0.98643 1.06368 1.31004 1.29722 6.25 

17 0.17 0.03196 1.08053 1.18126 1.37371 1.35588 5.88 

18 0.18 0.04061 1.35903 1.41752 1.54569 1.53667 5.56 

19 0.19 0.05237 1.72532 1.73194 1.78480 1.77870 5.26 

20 0.20 0.05801 1.82442 1.82245 1.77765 1.77807 5.00 

21 0.21 0.06878 1.78704 2.05791 1.90841 1.91219 4.76 

22 0.22 0.08194 2.20406 2.34007 2.09973 2.07554 4.55 

23 0.23 0.09997 2.59270 2.73103 2.31275 2.31698 4.35 

24 0.24 0.12316 3.15870 3.22420 2.63270 2.62141 4.17 

25 0.25 0.15686 4.02617 3.94226 3.11519 3.07701 4.00 

26 0.26 0.16642 4.06351 4.02165 3.03217 3.01825 3.85 

27 0.27 0.15099 3.50836 3.51375 2.54003 2.53940 3.70 

28 0.28 0.14992 3.44354 3.36413 2.36295 2.34444 3.57 

29 0.29 0.17192 3.86748 3.72481 2.5 I 630 2.50628 3.45 

30 0.30 0.19488 4.17024 4.08147 2.67455 2.65472 3.33 

31 0.31 0.20840 4.37387 4.22392 2.67581 2.65875 3.23 

32 0.32 0.20073 4.35173 3.94124 2.42234 2.40330 3.13 

33 0.33 0. I 8382 3.89455 3.49997 2.08016 2.06954 3.03 

34 0.34 0.16282 3.28428 3.00890 1.73723 1.72684 2.94 

35 0.35 0.15163 3.07962 2.72214 1.52233 1.51763 2.86 

36 0.36 0.16310 2.73950 2.84668 1.54817 1.54298 2.78 

37 0.37 0.17492 2.90359 2.97047 1.57026 1.56656 2.70 

38 0.38 0.18727 3.03641 3.09646 1.59281 1.59003 2.63 

( 
39 0.39 0. I 9573 3.09348 3.15332 1.58249 1.57771 2.56 

40 0.40 0.19817 3.12881 3.11283 1.52666 1.51851 2.50 
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41 0.41 0.19781 3.12847 3.03143 1.45166 1.44274 2.44 
( 42 0.42 0. 19553 3.07504 2.92508 1.36688 1.35898 2.38 

43 0.43 0.19970 3.05538 2.91797 1.33031 1.32415 2.33 
44 0.44 0.21410 3.18111 3.05735 1.36313 1.35586 2.27 
45 0.45 0.21944 3.21896 3.06393 1.33751 1.32859 2.22 
46 0.46 0.21073 3.07841 2.87837 1.229 I I 1.22099 2.17 
47 0.47 0.20515 2.96726 2.74248 1.14497 1.13860 2.13 
48 0.48 0.20805 2.94250 2.72333 1.11632 1.10709 2.08 
49 0.49 0.21171 2.90325 2.71478 1.08902 1.08109 2.04 
50 0.50 0.21303 2.83354 2.67699 1.05423 1.04472 2.00 
51 0.51 0.21291 2.76686 2.62301 1.01089 1.00358 1.96 
52 0.52 0.20289 2.71755 2.45151 0.92604 0.91993 1.92 
53 0.53 0.18103 2.62710 2.14606 0.79665 0.79012 1.89 
54 0.54 0.16196 2.39962 1.88454 0.68697 0.68098 1.85 
55 0.55 0.16061 2.12608 1.83486 0.65455 0.65097 1.82 
56 0.56 0.17830 2.15307 2.00048 0.70039 0.69706 1.79 
57 0.57 0.19490 2.31606 2.14841 0.74001 0.73547 1.75 
58 0.58 0.21968 2.46230 2.37977 0.80523 0.80063 1.72 
59 0.60 0.22951 2.36487 2.40340 0.78617 0.78163 1.67 
60 0.62 0.20419 2.38136 2.06925 0.65586 0.65125 1.61 
61 0.64 0.17857 2.02978 1.75312 0.53919 0.53451 1.56 
62 0.66 0. 19855 2.29758 1.89015 0.56188 0.55883 1.52 
63 0.68 0.20384 2.58326 1.88344 0.54544 0.54046 1.47 
64 0.70 0.22247 2.60616 1.99687 0.56092 0.55664 1.43 
65 0.72 0.21968 2.41282 1.91704 0.52393 0.51954 1.39 
66 0.74 0.20576 2.15920 1.74710 0.46443 0.46069 1.35 
67 0.76 0. 19776 2.01496 1.63495 0.42305 0.41977 1.32 
68 0.78 0.21543 2.04485 1.73537 0.43747 0.43413 1.28 
69 0.80 0.22642 2.16380 1.77833 0.43709 0.43376 1.25 
70 0.82 0.22615 2.36168 1.73282 0.41471 0.41235 1.22 
71 0.84 0.22816 2.46266 1.70665 0.39872 0.39645 I. I 9 
72 0.86 0.21523 2.36504 1.57250 0.36010 0.35679 1.16 
73 0.88 0.20813 2.25229 1.48606 0.33040 0.32952 1.14 
74 0.90 0.21667 2.25370 1.51263 0.32931 0.32795 I.II 
75 0.92 0.23529 2.32383 1.60695 0.34247 0.34083 1.09 
76 0.94 0.26701 2.44503 1.78476 0.37224 0.37049 1.06 
77 0.96 0.30007 2.5 I 276 1.96398 0.40130 0.39920 1.04 
78 0.98 0.32552 2.49169 2.08705 0.41788 0.41556 1.02 
79 1.00 0.34288 2.39869 2.15440 0.42284 0.42039 1.00 
80 1.05 0.37072 2.32275 2.21837 0.41565 0.41226 0.95 
81 I.IO 0.37626 2.36139 2.14918 0.38524 0.38125 0.91 
82 1.15 0.43986 2.36340 2.40322 0.41253 0.40777 0.87 
83 1.20 0.47417 2.61047 2.48275 0.40899 0.40372 0.83 
84 1.25 0.45663 2.92361 2.29525 0.36178 0.35830 0.80 
85 1.30 0.38072 2.69034 1.84009 0.27888 0.27620 0.77 
86 1.35 0.33504 2.47567 1.55936 0.22790 0.22539 0.74 
87 1.40 0.32858 2.39300 1.47466 0.20790 0.20554 0.71 
88 1.45 0.33092 2.36311 1.43393 0.19495 0.19297 0.69 
89 1.50 0.32725 2.3 I 073 1.37079 0.17982 0.17832 0.67 
90 1.55 0.33777 2.16537 1.36922 0.17327 0.17237 0.65 
91 1.60 0.35224 1.91605 1.38324 0.17027 0.16869 0.63 
92 1.65 0.34112 1.83969 1.29899 0. 15622 0. 15362 0.61 
93 1.70 0.31002 1.69562 1.14584 0.13464 0.13152 0.59 
94 1.75 0.32133 1.77498 I. 15370 0.13133 0.12864 0.57 
95 1.80 0.37514 1.80200 1.30949 0.14377 0.14196 0.56 
96 1.85 0.40807 1.71844 1.38594 0.14840 0.14618 0.54 
97 1.90 0.42454 1.68995 1.40392 0.14568 0.14418 0.53 
98 1.95 0.44700 1.72463 1.44030 0.14603 0.14413 0.51 
99 2.00 0.47167 1.83758 1.48180 0.14637 0.14457 0.50 
100 2.05 0.51428 1.94446 1.57626 0.15243 0.15004 0.49 
101 2.10 0.55060 2.03638 1.64740 0.15426 0. I 5308 0.48 
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102 2.15 0.59783 2.23409 1.74710 0.15939 0.15856 0.47 

103 2.20 0.61910 2.35829 1.76815 0.15826 0. 15683 0.45 

104 2.25 0.59931 2.35412 1.67359 0. 14627 0.14514 0.44 

105 2.30 0.57243 2.21310 1.56377 0.13475 0.13267 0.43 

106 2.35 0.51023 2.06246 1.36419 0.11383 0.11327 0.43 

107 2.40 0.47344 2.03374 1.23947 0.10246 0.10077 0.42 

108 2.50 0.40221 1.85006 1.01085 0.07932 0.07890 0.40 

109 2.60 0.43136 1.89756 1.04244 0.07895 0.07824 0.38 

110 2.70 0.42310 1.76273 0.98460 0.07188 0.07116 0.37 

111 2.80 0.38647 1.61794 0.86725 0.06139 0.06044 0.36 

112 2.90 0.43621 1.81473 0.94511 0.06469 0.06359 0.34 

113 3.00 0.45622 1.89744 0.95550 0.06373 0.06215 0.33 

114 3.10 0.47128 1.84423 0.95521 0.06172 0.06013 0.32 

115 3.20 0.44498 1.70647 0.87371 0.05433 0.05328 0.31 

116 3.30 0.39333 1.55338 0.74890 0.04564 0.04428 0.30 

117 3.40 0.33998 1.43465 0.62829 0.03748 0.03606 0.29 

118 3.50 0.34496 1.36838 0.61927 0.03531 0.03453 0.29 

119 3.60 0.38815 1.34667 0.67745 0.03708 0.03672 0.28 

120 3.70 0.40047 1.34846 0.68006 0.03652 0.03586 0.27 

121 3.80 0.41400 1.35166 0.68454 0.03617 0.03515 0.26 

122 3.90 0.38699 1.34063 0.62347 0.03 I 99 0.03119 0.26 

123 4.00 0.34307 1.30893 0.53889 0.02645 0.02629 0.25 

124 4.10 0.31681 1.25834 0.48551 0.02453 0.02311 0.24 

125 4.20 0.33732 1.19591 0.50463 0.02490 0.02344 0.24 

126 4.30 0.35545 1.15211 0.51938 0.02508 0.02357 0.23 

127 4.40 0.36425 1.11772 0.52015 0.02464 0.02307 0.23 

128 4.50 0.36362 1.08790 0.50770 0.02366 0.02202 0.22 

129 4.60 0.35463 1.08060 0.48440 0.02223 0.02055 0.22 

130 4.70 0.34728 1.09383 0.46426 0.02053 0.01927 0.21 

131 4.80 0.35988 1.12501 0.47108 0.02046 0.01915 0.21 

132 4.90 0.34542 1.16697 0.44293 0.01900 0.01764 0.20 

133 5.00 0.31399 1.18672 0.39458 0.01673 0.01540 0.20 

134 5.10 0.28415 I. I 8983 0.35008 0.01427 0.01339 0.20 

135 5.20 0.28355 1.18399 0.34262 0.01363 0.01286 0.19 

136 5.40 0.28420 1.16958 0.33068 0.01290 0.01195 0.19 

137 5.60 0.30689 1.16205 0.34433 0.01297 0.01200 0.18 

138 5.80 0.32224 1.19908 0.34909 0.01272 0.01174 0.17 

139 6.00 0.33764 1.2429 I 0.35357 0.01271 0.01150 0.17 

140 6.20 0.39242 1.27869 0.39769 0.01371 0.01252 0.16 

141 6.40 0.44751 1.30537 0.43934 0.01459 0.01340 0.16 

142 6.60 0.49824 1.32312 0.47432 0.01525 0.01402 0.15 

143 6.80 0.54183 1.33279 0.50065 0.01563 0.01437 0.15 

144 7.00 0.57653 1.33559 0.51749 0.01573 0.01443 0.14 

145 7.30 0.62892 1.32979 0.54132 0.01543 0.01447 0.14 

146 7.60 0.67527 1.31560 0.55827 0.01501 0.01433 0.13 

147 8.00 0.71082 1.28918 0.55827 0.01436 0.01362 0.13 

148 8.50 0.72495 1.30925 0.53588 0.01296 0.01230 0.12 

149 9.00 0.74183 1.34853 0.51789 0.01281 0.01123 0.11 

150 9.50 0.82449 1.37083 0.54531 0.01261 0.01120 0.11 

151 10.00 0.89170 1.38046 0.56027 0.01199 0.01093 0.10 

152 10.50 0.00000 0.00000 0.00000 0.00000 0.00000 0.10 
VALVES IN PERIOD RANGE. I TO 2.5 SEC. 

AREA OF ACC. RESPONSE SPECTRUM = 1.273 
AREA OF VEL. RESPONSE SPECTRUM = 5.457 
MAX. ACCELERATION RESPONSE VALUE= 3.115 
MAX. VELOCITY RESPONSE VALUE = 4.374 

I*'~**** OPTION 9 **'' COMPUTE RESPONSE SPECTRUM 
RESPONSE SPECTRUM ANALYSIS FOR LAYER NUMBER 17 

CALCULATED FOR DAMPING 0.050 
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TIMES AT WHICH MAX. SPECTRAL VALUES OCCUR 

TD = TIME FOR MAX. RELATIVE DISP. 
TV = TIME FOR MAX. RELATIVE VEL. 
TA= TIME FOR MAX. ABSOLUTE ACC. 

DAMPING RATIO= 0.050 
PER= 0.01 TIMES FOR MAXIMA -
PER= 0.02 TIMES FOR MAXIMA -
PER = 0.03 TIMES FOR MAXIMA -
PER = 0.04 TIMES FOR MAXIMA -
PER = 0.05 TIMES FOR MAXIMA -
PER = 0.06 TIMES FOR MAXIMA -
PER = 0.07 TIMES FOR MAXIMA -
PER= 0.08 TIMES FOR MAXIMA -
PER= 0.09 TIMES FOR MAXIMA -
PER= 0.10 TIMES FOR MAXIMA -
PER= 0.1 I TIMES FOR MAXIMA -
PER= 0.12 TIMES FOR MAXIMA -
PER = 0.13 TIMES FOR MAXIMA -
PER= 0.14 TIMES FOR MAXIMA -
PER= 0.15 TIMES FOR MAXIMA -
PER= 0.16 TIMES FOR MAXIMA -
PER= 0.17 TIMES FOR MAXIMA -
PER = 0.18 TIMES FOR MAXIMA -
PER = 0.19 TIMES FOR MAXIMA -
PER = 0.20 TIMES FOR MAXIMA -
PER= 0.21 TIMES FOR MAXIMA -
PER= 0.22 TIMES FOR MAXIMA -
PER= 0.23 TIMES FOR MAXIMA -
PER= 0.24 TIMES FOR MAXIMA -
PER = 0.25 TIMES FOR MAXIMA -
PER = 0.26 TIMES FOR MAXIMA -
PER = 0.27 TIMES FOR MAXIMA -
PER= 0.28 TIMES FOR MAXIMA -
PER = 0.29 TIMES FOR MAXIMA -
PER = 0.30 TIMES FOR MAXIMA -
PER = 0.31 TIMES FOR MAXIMA -
PER = 0.32 TIMES FOR MAXIMA -
PER = 0.33 TIMES FOR MAXIMA -
PER = 0.34 TIMES FOR MAXIMA -
PER = 0.35 TIMES FOR MAXIMA -
PER = 0.36 TIMES FOR MAXIMA -
PER = 0.37 TIMES FOR MAXIMA -
PER= 0.38 TIMES FOR MAXIMA -
PER= 0.39 TIMES FOR MAXIMA -
PER = 0.40 TIMES FOR MAXIMA -
PER= 0.41 TIMES FOR MAXIMA -
PER = 0.42 TIMES FOR MAXIMA -
PER = 0.43 TIMES FOR MAXIMA -
PER= 0.44 TIMES FOR MAXIMA -
PER = 0.45 TIMES FOR MAXIMA -
PER = 0.46 TIMES FOR MAXIMA -
PER = 0.47 TIMES FOR MAXIMA -
PER = 0.48 TIMES FOR MAXIMA -
PER = 0.49 TIMES FOR MAXIMA -
PER= 0.50 TIMES FOR MAXIMA -
PER = 0.51 TIMES FOR MAXIMA -
PER = 0.52 TIMES FOR MAXIMA -
PER = 0.53 TIMES FOR MAXIMA -
PER= 0.54 TIMES FOR MAXIMA -
PER = 0.55 TIMES FOR MAXIMA -
PER= 0.56 TIMES FOR MAXIMA --

TD= 24.5600 
TD= 24.5600 
TD=23.3800 
TD= 24.6700 
TD= 10.4700 
TD= I8.2300 
TD= 18.2800 
TD= 16.0900 
TD= 11.3700 
TD= 13.6400 
TD= 25.5300 
TD= 21.3600 
TD= 15.1900 
TD= 16.6900 
TD= 14.1 JOO 
TD =20.5600 
TD= 13.8400 
TD=22.8300 
TD=22.8500 
TD=22.2200 
TD= 24.3200 
TD=24.3400 
TD=24.4600 
TD= 21.8600 
TD= 21.7500 
TD= 21.6500 
TD =21.0300 
TD=2l.0400 
TD= 21.0500 
TD= 13.4300 
TD= 13.4500 
TD= 13.4700 
TD= 13.4800 
TD= 21.6700 
TD= 16.7700 
TD= 16.7800 
TD= 16.7900 
TD= 16.8000 
TD= 16.8200 
TD= 16.8300 
TD= 16.8400 
TD= 27.2100 
TD= 16.8600 
TD= 16.8700 
TD= 16.8800 
TD= 16.8900 
TD= 16.9000 
TD= 16.9100 
TD= 16.6900 
TD= 16.7000 
TD= 16.7100 
TD= 16.7300 
TD= 29.4900 
TD= 29.5100 
TD= 29.5300 
TD= 32.1700 

TV= 18.6000 
TV= I 1.4800 
TV= 23.3700 
TV= 24.6800 
TV= 10.4600 
TV= 18.2200 
TV= 24.6700 
TV =24.6500 
TV= 11.3500 
TV= 20.0800 
TV= 25.5100 
TV= 21.3900 
TV= 15.2900 
TV= 16.0000 
TV= 14.1500 
TV= 20.5200 
TV= 13.8800 
TV= 22.7900 
TV= 22.8100 
TV= 13.5800 
TV= 24.5800 
TV= 19.2400 
TV= 21.8900 
TV= 21.8000 
TV= 21.6900 
TV= 21.7100 
TV= 21.6100 
TV= 21.1 IO0 
TV= 21.1200 
TV= 13.5200 
TV= 13.5300 
TV= 13.5300 
TV= 13.4100 
TV= 13.4100 
TV= 16.6800 
TV= 16.6800 
TV= 16.6800 
TV= 16.9100 
TV= I 6.9200 
TV= 16.9200 
TV= 16.9300 
TV= 27.3100 
TV= 27.3100 
TV= 16.9900 
TV= 16.9900 
TV= 16.7800 
TV= 16.7800 
TV= 16.8200 
TV= 16.6100 
TV= 16.6100 
TV= 16.61GO 
TV= 16.6100 
TV= 16.6100 
TV= 16.6200 
TV= 29.1200 
TV= 29.4300 
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TA =24.5600 
TA =24.5600 
TA= 23.3800 
TA =24.6700 
TA= 10.4700 
TA= 18.2300 
TA= 18.2800 
TA= 16.0900 
TA= 11.3700 
TA= 13.6400 
TA= 25.5300 
TA= 21.3600 
TA= 15.1900 
TA= 16.6900 
TA= 14.1100 
TA= 20.5600 
TA= 13.8400 
TA =22.8300 
TA =22.8500 
TA =22.2200 
TA =24.3200 
TA =24.3300 
TA= 24.4600 
TA= 21.8500 
TA= 21.7500 
TA= 21.6500 
TA=21.6600 
TA= 21.0300 
TA= 21.0400 
TA= 13.4300 
TA= 13.4500 
TA= 13.4600 
TA= 13.4700 
TA= 21.6700 
TA= 16.7700 
TA= 16.7800 
TA= 16.7900 
TA= 16.8000 
TA= 16.8100 
TA= 16.8300 
TA= 16.8400 
TA= 27.2000 
TA= 16.8500 
TA= 16.8600 
TA= 16.8800 
TA= 16.8900 
TA= 16.8900 
TA= 16.9000 
TA= 16.9100 
TA= 16.6900 
TA= 16.7000 
TA= 16.7200 
TA= 29.4800 
TA= 29.5000 
TA= 29.5200 
TA= 32.1600 
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PER= 0.57 TIMES FOR MAXIMA -- TD= 30.4900 TV= 30.6500 TA= 30.4800 
PER= 0.58 TIMES FOR MAXIMA -- TD= 30.5200 TV= 30.6600 TA= 30.5100 
PER= 0.60 TIMES FOR MAXIMA -- TD= 30.5600 TV= 30.4200 TA= 30.5500 
PER = 0.62 TIMES FOR MAXIMA -- TD= 30.5900 TV = 30.4300 TA= 30.5800 
PER= 0.64 TIMES FOR MAXIMA -- TD= 15.6700 TV= 16.6100 TA= 15.6600 
PER= 0.66 TIMES FOR MAXIMA -- TD= 16.7500 TV= 16.6100 TA= 16.7400 
PER=0.68 TIMESFORMAXIMA-- TD=l6.4800 TV=16.6200 TA=l6.4700 
PER= 0.70 TIMES FOR MAXIMA -- TD= 16.5100 TV= 16.6200 TA= 16.5000 
PER=0.72 TIMESFORMAXIMA-- TD=l6.5300 TV=l6.4100 TA=l6.5200 
.PER=0.74 TIMES FOR MAXIMA-- TD= 16.5400 TV= 16.4100 TA= 16.5300 
PER= 0.76 TIMES FOR MAXIMA -- TD= 32.6800 TV= 16.4100 TA= 32.6700 
PER=0.78 TIMES FOR MAXIMA-- TD=32.7100 TV= 16.4100 TA=32.7000 
PER= 0.80 TIMES FOR MAXIMA-- TD= 32.7400 TV= 16.4200 TA= 32.7200 
PER= 0.82 TIMES FOR MAXIMA -- TD= 33.6100 TV= 16.4200 TA= 33.6000 
PER= 0.84 TIMES FOR MAXIMA-- TD= 33.6600 TV= 16.4200 TA= 33.6400 
PER = 0.86 TIMES FOR MAXIMA -- TD= 12.1700 TV = I 6.4300 TA= I 2.1600 
PER=0.88 TIMESFORMAXIMA-- TD=l2.1900 TV=l2.3600 TA=l2.1800 
PER=0.90 TIMESFORMAXIMA-- TD=l2.2000 TV=l2.3600 TA=l2.1800 
PER =0.92 TIMES FOR MAXIMA-- TD= 12.2000 TV= 12.3600 TA= 12.1900 
PER= 0.94 TIMES FOR MAXIMA -- TD= 12.2100 TV= 12.3600 TA= 12.2000 
PER= 0.96 TIMES FOR MAXIMA -- TD= 12.2200 TV= 12.3700 TA= 12.2000 
PER = 0.98 TIMES FOR MAXIMA -- TD= 12.2500 TV = 12.4500 TA = 12.2300 
PER= 1.00 TIMES FOR MAXIMA -- TD= 12.2600 TV = 16.1800 TA= 12.2500 
PER = 1.05 TIMES FOR MAXIMA -- TD= I 2.3000 TV = 13.1700 TA= 12.2800 
PER= 1.10 TIMES FOR MAXIMA -- TD= 13.5000 TV= 13.2000 TA= 13.4900 
PER= 1.15 TIMES FOR MAXIMA -- TD= 13.5400 TV= 13.8400 TA= 13.5100 
PER= 1.20 TIMES FOR MAXIMA -- TD= 13.6200 TV= 13.4000 TA= 13.6000 
PER= 1.25 TIMES FOR MAXIMA -- TD= 13.0900 TV= 13.4100 TA= 13.0700 
PER=l.30 TIMESFORMAXIMA-- TD=l3.7800 TV=l3.4100 TA=l3.7600 
PER= 1.35 TIMES FOR MAXIMA -- TD= 13.8100 TV= 13.4600 TA= 13.7800 
PER=l.40 TIMESFORMAXIMA-- TD=l3.8200 TV=13.4600 TA=l3.8000 
PER=l.45 TIMESFORMAXIMA-- TD=l3.1900 TV=l3.4600 TA=l3.1500 
PER= 1.50 TIMES FOR MAXIMA-- TD= 13.2300 TV= 13.5900 TA= 13.1900 
PER= 1.55 TIMES FOR MAXIMA -- TD= 13.3200 TV= 12.9500 TA= 13.3000 
PER= 1.60 TIMES FOR MAXIMA -- TD= 13.3500 TV= 12.9500 TA= 13.3400 
PER= 1.65 TIMES FOR MAXIMA -- TD= 13.3700 TV= 13.0000 TA= 13.3400 
PER= 1.70 TIMES FOR MAXIMA -- TD= 13.3800 TV= 13.0000 TA= 13.3500 
PER= 1.75 TIMES FOR MAXIMA -- TD= 18.2300 TV= 18.5900 TA= 18.2100 
PER= I.SO TIMES FOR MAXIMA-- TD= 17.4300 TV= 17.8500 TA= 17.4000 
PER= 1.85 TIMES FOR MAXIMA -- TD= 17.4700 TV= 17.9300 TA= 17.4400 
PER = 1.90 TIMES FOR MAXIMA -- TD= I 8.5 I 00 TV = 17. 9400 TA= I 8.4800 
PER= 1.95 TIMES FOR MAXIMA-- TD= 18.5300 TV= 17.9400 TA= 18.5100 
PER = 2.00 TIMES FOR MAXIMA -- TD= I 9.6300 TV = 20.1700 TA= I 9.6 I 00 
PER= 2.05 TIMES FOR MAXIMA -- TD= 19.6600 TV= 20.1700 TA= 19.6200 
PER=2.I0 TIMESFORMAXIMA-- TD=l7.7000 TV=l9.3000 TA=l7.6800 
PER=2.15 TlMESFORMAXIMA-- TD= 17.7500 TV= 17.3100 TA=17.7100 
PER= 2.20 TIMES FOR MAXIMA-- TD= 17.7800 TV= 17.3100 TA= 17.7500 
PER= 2.25 TIMES FOR MAXIMA -- TD= I 9.0300 TV= 17.3200 TA= 18.9800 
PER = 2.30 TIMES FOR MAXIMA -- TD = 19.0600 TV = I 6.2700 TA= 19.0300 
PER=2.35 TIMES FOR MAXIMA-- TD=17.0200 TV= 16.6100 TA=17.0000 
PER= 2.40 TIMES FOR MAXIMA-- TD= 16.0500 TV= 16.6100 TA= 15.9800 
PER = 2.50 TIMES FOR MAXIMA -- TD = 12.8600 TV = 12.4900 TA= 12.8400 
PER = 2.60 TIMES FOR MAXIMA -- TD = I 2.0000 TV = 12.4900 TA = 1 I. 9500 
PER = 2. 70 TIMES FOR MAXIMA -- TD = I 2.0800 TV = I 2.5000 TA= 12.0100 
PER= 2.80 TIMES FOR MAXIMA -- TD= 17.0500 TV= I 1.7800 TA= 17.0400 
PER= 2.90 TIMES FOR MAXIMA -- TD= 17.1000 TV= 16.6100 TA= 17.0500 
PER= 3.00 TIMES FOR MAXIMA -- TD= 16.0600 TV= 16.6100 TA= 15.9800 
PER = 3. IO TIMES FOR MAXIMA -- TD = 16.0800 TV = I 6.6100 TA = 16.0500 
PER = 3.20 TIMES FOR MAXIMA -- TD = 16.1000 TV = 16.6200 TA= 16.0600 
PER= 3.30 TIMES FOR MAXIMA -- TD= 16.1 I 00 TV= I 6.6200 TA= 16.0600 
PER= 3.40 TIMES FOR MAXIMA -- TD= 16.1200 TV= 15.7000 TA= 16.0600 
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PER=3.50 TIMESFORMAX[MA-- TD=45.5300 TV= 16.6200 TA=45.4900 
PER= 3.60 TIMES FOR MAXfMA-- TD= 45.6800 TV= 16.6200 TA= 45.6000 
PER = 3. 70 TIMES FOR MAXfMA -- TD = 44. 1900 TV = 16.6200 TA= 44. I 600 
PER= 3.80 TIMES FOR MAX[MA-- TD= 44.3200 TV= 16.6200 TA= 44.2900 
PER= 3.90 T[MES FOR MAXIMA-- TD= 44.3600 TV= 16.6200 TA= 44.3200 
PER= 4.00 TIMES FOR MAXIMA -- TD= 44.5500 TV = I 5.8300 TA= 44.4500 
PER= 4.10 TIMES FOR MAXfMA -- TD= 44.5800 TV= 15.8300 TA= 14.8100 
PER= 4.20 TIMES FOR MAX[MA -- TD= 14.8500 TV= 15.8300 TA= 14.8100 
PER=4.30 TIMESFORMAXIMA-- TD=l4.8500 TV=l5.8300 TA=l4.8100 
PER =4.40 TIMES FOR MAXIMA-- TD= 14.8600 TV= 15.8300 TA= 14.8100 
PER= 4.50 TIMES FOR MAXIMA -- TD= 14.8600 TV= 15.8300 TA= 14.8200 
PER= 4.60 TIMES FOR MAXIMA -- TD= 14.9400 TV= 15.8300 TA= 14.8200 
PER= 4.70 TIMES FOR MAXIMA -- TD= 32.0400 TV= 15.8300 TA= 14.8200 
PER =4.80 TIMES FOR MAXIMA-- TD= 32.0600 TV= 15.8300 TA= 32.0200 
PER =4.90 TIMES FOR MAXIMA -- TD= 32.0700 TV= 15.8300 TA= 32.0200 
PER= 5.00 TIMES FOR MAXIMA -- TD= 32.1300 TV= 15.8300 TA= 32.0200 
PER= 5.10 TIMES FOR MAXIMA -- TD= 28.0300 TV= 15.8300 TA= 28.0000 
PER = 5.20 TIMES FOR MAXIMA -- TD= 28.0300 TV = 15.8300 TA= 28.0000 
PER= 5.40 TIMES FOR MAX[MA -- TD= 9.7900 TV= 11.2400 TA= 28.0000 
PER =5.60 TIMES FOR MAX[MA-- TD= 9.7900 TV= 11.2400 TA= 9.7500 
PER= 5.80 T[MES FOR MAXIMA-- TD= 9.8200 TV= 15.8300 TA= 9.7500 
PER=6.00 TIMESFORMAXIMA-- TD=l4.8500 TV=l5.8300 TA=l4.8100 
PER= 6.20 TIMES FOR MAXfMA -- TD= 14.8500 TV= 15.8300 TA= 14.8100 
PER= 6.40 TIMES FOR MAX[MA -- TD= 14.8500 TV= 15.8300 TA= 14.8100 
PER= 6.60 TIMES FOR MAX[MA -- TD= 14.8600 TV= 15.8300 TA= 14.8100 
PER= 6.80 TIMES FOR MAX[MA-- TD= 14.8600 TV= 15.8300 TA= 14.8100 
PER= 7.00 TfMES FOR MAXIMA -- TD= 14.9800 TV= 12.5000 TA= 14.8100 
PER= 7.30 TIMES FOR MAXIMA -- TD= 15.3900 TV= I 7.3200 TA= 14.8100 
PER= 7.60 · TIMES FOR MAXIMA -- TD= 15.4000 TV= 17.3200 TA= 15.3 JOO 
PER = 8.00 TIMES FOR MAXIMA -- TD= 15.4900 TV = 17 .3200 TA = I 5.3700 
PER= 8.50 TIMES FOR MAXIMA -- TD= 15.5300 TV= 14.6000 TA= 15.4700 
PER=9.00 TIMES FOR MAXIMA-- TD= 16.8100 TV= 14.6000 TA= 16.6200 
PER = 9.50 TIMES FOR MAXIMA -- ID = 17 .0600 TV = I 4.6000 TA = 16.7400 
PER =10.00 TIMES FOR MAXIMA -- TD= 17. 1500 TV= 14.6000 TA= 17.0400 
SPECTRAL VALUES--
(Acceleration of gravity used = 32.20) 

PSCS300E Crest Column DAMPING RATIO= 0.050 
NO. PERIOD REL. DISP. REL. VEL. PSU.REL.VEL. ABS. ACC. PSU.ABS.ACC. FREQ. 

I 0.01 0.00005 0.00137 0.02954 0.57869 0.57636 100.00 
2 0.02 0.00019 0.03246 0.05874 0.57851 0.57313 50.00 
3 0.03 0.00084 0. I 6225 0.17610 1.10556 1.14542 33.33 
4 0.04 0.00190 0.26915 0.29880 1.48423 1.45761 25.00 
5 0.05 0.00342 0.38292 0.43034 1.68897 1.67944 20.00 
6 0.06 0.00440 0.46805 0.46042 1.55729 1.49736 16.67 
7 0.07 0.00583 0.52 I 96 0.52342 1.45432 1.45906 14.29 
8 0.08 0.00756 0.58863 0.59363 1.49438 1.44794 12.50 
9 0.09 0.0098 I 0.68527 0.68468 1.49214 1.48446 I I.I I 
10 0.10 0.01153 0.67832 0.72473 1.39533 1.41416 10.00 
11 0.11 0.01476 0.77760 0.84282 1.51649 1.49509 9.09 
12 0.12 0.01629 0.83139 0.85295 1.40540 1.38697 8.33 
13 0.13 0.01684 0.79261 0.81412 1.22022 1.22200 7.69 
14 0.14 0.01815 0.79492 0.81472 1.12382 1.13554 7.14 
15 0.15 0.01917 0.78885 0.80311 1.04837 1.04474 6.67 
16 0.16 0.02264 0.87808 0.88913 1.08719 1.08435 6.25 
17 0.17 0.02615 0.95564 0.96640 1.11464 1.10926 5.88 
18 0.18 0.03507 1.12475 1.22425 1.32698 1.32716 5.56 
19 0.19 0.03470 1.15550 1.14761 1.17936 1.17860 5.26 
20 0.20 0.03549 1.24968 1.11510 1.08628 1.08794 5.00 
21 0.21 0.03665 1.13296 1.09655 1.02129 1.01890 4.76 
22 0.22 0.04047 1.20959 1.15594 1.03249 1.02527 4.55 
23 0.23 0.04161 1.16229 1.13658 0.97652 0.96427 4.35 
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24 0.24 0.04975 I.29290 1.30247 l.06242 l.05896 4.17 
25 0.25 0.06040 l.56475 I.51813 I.I 9290 I.I 8493 4.00 
26 0.26 0.06309 l.61978 1.52473 l.14568 l.14431 3.85 
27 0.27 0.05277 I.29989 1.22801 0.89238 0.88749 3.70 
28 0.28 0.05245 l.28803 1.17691 0.82117 0.82018 3.57 
29 0.29 0.05858 l.42125 I.26924 0.85688 0.85402 3.45 

30 0.30 0.06833 l.51338 1.43100 0.93704 0.93077 3.33 
31 0.31 0.07664 l.71775 1.55334 0.97975 0.97775 3.23 
32 0.32 0.07644 l.62581 1.50080 0.92328 0.91516 3. 13 

33 0.33 0.07036 l.46608 1.33963 0.79885 0.79213 3.03 
34 0.34 0.06555 l.29567 1.21135 0.69574 0.69521 2.94 

35 0.35 0.06914 1.36883 l.24114 0.69509 0.69195 2.86 

36 0.36 0.07611 l.43229 1.32829 0.72534 0.71997 2.78 

37 0.37 0.08321 1.46923 1.41300 0.74916 0.74518 2.70 
38 0.38 0.09015 l.54982 1.49059 0.76953 0.76542 2.63 
39 0.39 0.09619 1.64563 l.54976 0.77692 0.77539 2.56 
40 0.40 0.10071 1.66299 l.58202 0.77619 0.77175 2.50 
41 0.41 0.10438 l.61478 l.59959 0.76625 0.76129 2.44 
42 0.42 0.10761 1.63710 l.60983 0.75221 0.74792 2.38 
43 0.43 0.11229 l.61004 1.64084 0.74872 0.74460 2.33 
44 0.44 0.12294 l.71041 1.75551 0.78269 0.77853 2.27 
45 0.45 0.12786 1.77832 1.78529 0.77785 0.77414 2.22 
46 0.46 0.12471 l.71825 1.70342 0.72783 0.72258 2.17 
47 0.47 0.12287 l.65704 1.64265 0.68560 0.68198 2.13 
48 0.48 0.12350 l.63243 1.61656 0.66244 0.65717 2.08 
49 0.49 0.12258 l.70238 l.57185 0.63005 0.62595 2.04 
50 0.50 0.12409 l.78871 1.55941 0.61130 0.60858 2.00 
51 0.51 0.12464 l.86376 1.53559 0.59053 0.58753 l.96 
52 0.52 0.11959 1.85372 1.44501 0.54442 0.54224 1.92 

53 0.53 0.11048 1.70483 1.30978 0.48598 0.48222 l.89 
54 0.54 0.11235 l.47125 1.30726 0.47394 0.47238 1.85 
55 0.55 0.11423 1.38020 1.30494 0.46612 0.46297 1.82 
56 0.56 0.12991 1.43053 1.45756 0.51070 0.50788 l.79 
57 0.57 0.14552 1.58598 1.60414 0.55167 0.54915 1.75 
58 0.58 0.16090 1.75597 1.74305 0.58929 0.58642 l.72 
59 0.60 0. 16552 l.90732 1.73336 0.56612 0.56372 1.67 
60 0.62 0.14914 1.71916 1.51142 0.47783 0.47568 1.61 
61 0.64 0. 13615 1.46806 1.33669 0.40996 0.40754 1.56 
62 0.66 0.14161 1.75359 1.34813 0.40145 0.39858 1.52 
63 0.68 0.15367 1.85258 1.41993 0.41058 0.40746 1.47 
64 0.70 0.16446 1.75202 1.47616 0.41334 0.41149 1.43 
65 0.72 0.16040 1.64248 1.39978 0.38212 0.37936 1.39 
66 0.74 0.14915 1.61251 1.26642 0.33597 0.33394 1.35 
67 0.76 0.16057 1.57224 1.32750 0.34338 0.34084 1.32 
68 0.78 0.17913 1.59266 1.44299 0.36327 0.36099 1.28 
69 0.80 0.18584 1.69089 1.45956 0.35775 0.35600 1.25 
70 0.82 0.19547 1.83473 1.49779 0.35886 0.35642 1.22 
71 0.84 0.19510 1.85877 1.45935 0.34022 0.33900 I. 19 
72 0.86 0.19321 1.71122 1.41159 0.32171 0.32028 1.16 
73 0.88 0.20256 1.67547 1.44626 0.32247 0.32069 1.14 
74 0.90 0.20867 1.64417 1.45683 0.31757 0.31586 I.II 

75 0.92 0.22540 1.68543 1.53941 0.32824 0.32651 1.09 
76 0.94 0.25264 1.75116 1.68869 0.35247 0.35055 1.06 
77 0.96 0.27876 1.75505 1.82446 0.37302 0.37084 1.04 

78 0.98 0.29797 1.72103 1.91040 0.38186 0.38038 1.02 
79 1.00 0.31142 1.70665 1.95673 0.38400 0.38182 I.OD 
80 1.05 0.33056 1.86700 1.97809 0.37049 0.36760 0.95 
81 I.JO 0.34010 1.98275 1.94264 0.34638 0.34461 0.91 
82 1.15 0.38232 2. 18670 2.08887 0.35752 0.35444 0.87 
83 1.20 0.437!0 2.43040 2.28867 0.37540 0.37216 0.83 

( 84 1.25 0.41217 2.48596 2.07178 0.32532 0.32341 0.80 
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85 1.30 0.35374 2.07796 1.70971 0.25849 0.25663 0.77 
86 1.35 0.31529 1.82241 1.46742 0.21360 0.21210 0.74 
87 l.40 0.30429 l.71927 1.36566 0.19212 0.19034 0.71 
88 1.45 0.30631 1.66137 1.32732 0.18009 0.17862 0.69 
89 1.50 0.31859 1.66658 l.33450 0.17445 0.17360 0.67 
90 1.55 0.33532 1.63453 1.35927 0.17193 0.17112 0.65 
91 l.60 0.33890 l.61066 1.33085 0.16392 0.16231 0.63 
92 1.65 0.31778 1.50173 l.21009 0.14561 0.1431 l 0.61 
93 1.70 0.28140 1.35995 l.04004 0.12177 0.11938 0.59 
94 1.75 0.30802 l.33546 l.10590 0.12463 0.12331 0.57 
95 1.80 0.35605 1.46700 1.24285 0.13603 0.13473 0.56 
96 1.85 0.38459 1.54226 1.30617 0.13881 0.13777 0.54 
97 1.90 0.41120 I .54079 l.35982 0.14101 0.13965 0.53 
98 1.95 0.42776 1.50608 l.37831 0.13955 0.13792 0.51 
99 2.00 0.45877 1.58228 1.44128 0.14253 0.14062 0.50 
lOO 2.05 0.49417 1.68678 l.51462 0.14614 0.14417 0.49 
101 2.lO 0.54015 1.79415 1.61614 0.15074 0.15017 0.48 
102 2.15 0.58631 1.97185 1.71343 0.15668 0.15551 0.47 
103 2.20 0.59876 2.08291 1.71005 0.15348 0.15167 0.45 
104 2.25 0.59010 2.04481 l.64786 0.14423 0.14291 0.44 
105 2.30 0.54691 1.88205 1.49406 0.12852 0.12675 0.43 
106 2.35 0.50389 1.76316 l.34725 0.11256 O.lll87 0.43 
107 2.40 0.45720 1.68962 I.l9696 0.09891 0.09732 0.42 
108 2.50 0.39717 1.45197 0.99821 0.07839 0.07791 0.40 
109 2.60 0.42222 1.44539 1.02035 0.07780 0.07658 0.38 
I IO 2.70 0.41356 1.27860 0.96239 0.07028 0.06955 0.37 
lll 2.80 0.37799 1.27516 0.84821 0.05970 0.0591 I 0.36 
l 12 2.90 0.42097 1.45197 0.91208 0.06234 0.06137 0.34 
I 13 3.00 0.44342 1.50548 0.92870 0.06150 0.06041 0.33 
I 14 3.10 0.45766 1.42670 0.92760 0.05970 0.05839 0.32 

( l 15 3.20 0.42651 1.27704 0.83745 0.05273 0.05107 0.31 
116 3.30 0.37342 l.12135 0.71100 0.04371 0.04204 0.30 
l 17 3.40 0.32021 1.01441 0.59175 0.03557 0.03396 0.29 
118 3.50 0.33969 0.94441 0.60981 0.03443 0.03400 0.29 
119 3.60 0.38484 0.92642 0.67168 0.03683 0.03641 0.28 
120 3.70 0.39485 0.92955 0.67051 0.03594 0.03536 0.27 
121 3.80 0.40968 0.93190 0.67740 0.03518 0.03478 0.26 
122 3.90 0.38228 0.91874 0.61588 0.03143 0.0308 I 0.26 
123 4.00 0.34203 0.92697 0.53726 0.02642 0.02621 0.25 
124 4.10 0.30825 0.96203 0.47239 0.02341 0.02248 0.24 
125 4.20 0.32556 0.98725 0.48703 0.02406 0.02263 0.24 
126 4.30 0.34146 0.99738 0.49894 0.02413 0.02264 0.23 
127 4.40 0.34807 0.99104 0.49705 0.02358 0.02204 0.23 
128 4.50 0.34534 0.97000 0.48218 0.02249 0.02091 0.22 
129 4.60 0.33556 0.93804 0.45834 0.02099 0.01944 0.22 
130 4.70 0.33 I 70 0.89990 0.44343 0.01925 0.01841 0.21 
131 4.80 0.34522 0.86035 0.45189 0.01886 0.01837 0.21 
132 4.90 0.33190 0.82347 0.42559 0.01758 0.01695 0.20 
133 5.00 0.30064 0.79241 0.37780 0.01543 0.01474 0.20 
134 5.10 0.28033 0.76907 0.34537 0.01383 0.01321 0.20 
135 5.20 0.27769 0.75443 0.33554 0.01330 0.01259 0.19 
136 5.40 0.27310 0.77836 0.31776 0.01207 0.01148 0.19 
137 5.60 0.29401 0.79628 0.32988 0.01202 0.01149 0.18 
138 5.80 0.30778 0.80794 0.33342 0.01178 0.01122 0.17 
139 6.00 0.32463 0.84580 0.33995 0.01222 0.01106 0.17 
140 6.20 0.37930 0.87676 0.38439 0.01325 0.01210 0.16 
141 6.40 0.43335 0.89546 0.42544 0.01413 0.01297 0.16 
142 6.60 0.48253 0.89989 0.45937 0.01477 0.01358 0.15 
143 6.80 0.52393 0.89041 0.4841 I 0.01512 0.01389 0.15 
144 7.00 0.55920 0.87529 0.50194 0.01518 0.01399 0.14 
145 7.30 0.62005 0.88042 0.53368 0.01482 0.01427 0.14 
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146 7.60 0.66716 0.90825 0.55156 0.01449 0.01416 
147 8.00 0.70847 0.90727 0.55643 0.01389 0.01357 
148 8.50 0.72253 0.93252 0.53409 0.01272 0.01226 
149 9.00 0.72748 0.96895 0.50788 0.01163 0.01101 
150 9.50 0.81580 0.98875 0.53956 0.01146 0.01108 
151 IO.DO 0.88090 0.99633 0.55349 0.01116 0.01080 
152 I 0.50 0.00000 0.00000 0.00000 0.00000 0.00000 

VALUES IN PERIOD RANGE . I TO 2.5 SEC. 
AREA OF ACC. RESPONSE SPECTRUM = 0.859 
AREA OF VEL. RESPONSE SPECTRUM = 4.045 
MAX. ACCELERATION RESPONSE VALUE= 1.516 
MAX. VELOCITY RESPONSE VALUE= 2.486 

*** End of Output File No. l *** 
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PCSC300M Crest Column 
Williamson - Pond Creek South Cell - Surf. El. 502, GWT 14ft., Fines El. 496 
MB.O New Madrid Synthetic @83km, PGA=0.54g - Atkinson & Boore (1995) 

Layer! i:ieplh io 
Middle of 

Layer 
(ft) 

1

1 

Total-Unit I Damping Shear- T. Maximum - r·Maxlmum ! Shear Wav1-i:ieptii' to I Peak--T--G/Gmax Curve . Damping Curve -11 

1 
2 
3 
4 
5 
6 
7 
8 
9 
16 
11 
12 
13 
14 
15 
16 
17 
17 

Notes: 

I 

-- 2' 

iil 
11_.5 ; 
14,5 I 

17.5. 
20.5 ·2:r-s, 
26.5. 

30 
33.5 
36.5. 
39.5. 
42.5. 
45.!'i' 
48.5. 

Base 
Oujcrop 

Weight ! Used fv'odulus l Shear Strain •1 Shear Stress I Velocity Top of i Acceleration i , 
. ' I ' I . : , : Layer , · 1 

(kcf) .. : ... (%). , . _(~~f) . L .. _ (%L __ J
1 
__ (p,af.) ... 1 ___ Jfp~....... (ft) __ .L .. ___ (9L ... _

1
• .. ··--------- ................. ] 

._13__ . _ .. 2.6 l 3011,9.'.... .00.§5§_. __ ... 19:1:A? ;. 863.7271 L ... 0 i .75475 .. Coarse L _. gogrsi,. 1 

.1,:l_. _ 1.4 ' 2764.1 1 .... .-019 L. .... .§~5.07 I 827.4336 l- .... 4 I .70138 I Coarse l. Coarse ·-_I 
__ ,1~. .5,~: .l2~34.9 · ,Q2891 I .. 7£1~ ... ~Q?-~§11.1 ..... __ ..Tl .65623 I _ (;c,_arse .. i Coarse ! 

.13 ?·1 ..... 3Z§8.3 .02654 1 tO.OQ ! ... _~6§,!1_54 f·· .. --· 1Q 1 _. ,63_~~1l .... CoaEs-". ' g9arsi, 

.14 ~.5 ! ~?§4.2 .04~15 i 12~8.7 L __ ~7.31~'.!

1
,. . . ·-1~-l--- .. _,65ji36 I .. _ ... CoaE~ .. +. l::oers., .. I 

.14 7.8' 2154.6 .06592: 1420.3' 703.9588 16, .64637 Coarse · Coarse 

.'14 -· - 8.2 I 222s.9 .ot,ffs : 16s:l.os i ··115:9937 - 19T - ·· -.5933:i • caarse .. T· coarse· 

Ill ~'~fl!. Ifill, 111 Jii[ fflJ (11[ ·• J!t:= it 1 .. =Ell.: 
. )3_~ J 1.3; 9.913,~ i .. .. .:E~?'.!? ! .. J'230.8~ : . . 4~!!,Q.1?2 , ...... ___ 3_~ I .64739 i ResJ~~el .. : _ Residual 
.135 10.7: 1207 ! .19636 2370.16 536.555sT 38 ! .71677, Residual I Residual 
.135 ·---8.7, 1853'6'1 .12973. . 2404.61 664.9195-! .. - . ·41 1 .. ·.598391°···· -Residual- f" ...... Residual 
.135 5.3 f ·446f,. .05567 ··-2449.9 "'fii24.558r 441.. .5221Tr- Residuai J . Residual 
.135 5.4: 43i:lX; .05803 2503.04 101•i:3fl 47T ........ 5159£1-·· Reslciu,r: · - ·· Residual 

... !. - ---· ---~T-_ -__ ·_~§l -~~~~f~jf~--·------~-----~~1.---~~-~---~---~----
Period for Soil Column: .27 sec 
Average Shear Wave Velocity for Soil Column: 740 fVsec 
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MB.O New Madrid Synthetic @83km - Atkinson & Boore (1995) 
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Source File: C:\SHAKE2000\Williamson Energy\NewMadrid.M8@83km.txt 
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Source File: C:\SHAKE2000\Williamson Energy\NewMadrid.M8@83km.txt 
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PCSC300M-l .out 
*********************************************************** 
* SHAKE: PROGRAM FOR EARTHQUAKE RESPONSE ANAL. HORIZONTAL* 
* LAYERED SITES by Per Schnable & John Lysmer - 1970 * 
*---------------* 
* SHAKE85: IBM PC SHAKE VERSION S.S.(Willie) Lai.Jan 1985 * 

*---------------* 
* SHAKE88 :New modulus reduction curves for clays added * 
• using results from Sun el al (1988) by J. I. Sun * 
* & Ramin Golesorkhi February 26, I 988 * 
*---------------* 
* SHAKE90/91: Adjust last iteration; Input now is either * 
* Gmax or max Vs; up to 13 materials can be specified* 
* by user; up to 50 Layers can be specified; object * 
* motion can be read in from a separate file and can * 
* user specified format; Different periods for res- * 
* ponse spectral calculations;options are renumbered;* 
* and general cleanup by: J. I. Sun, I. M. Idriss & * 
* P. Dirrim June I 990 - February I 991 * 
*--~------------* 
* SHAK.£91: General cleanup and finalization of input out-* 
* output format ... etc by: I. M. Idriss Dec. 1991 * 
*---------------· 
* SHAKE2000: Fix the incorrect output of Tot. Stress in * 
* Option 2. Changed path of ground motion file in * 
* SHAKE9 l. Control file to input file names. Modified * 
* by Jerald M. La Vassar & Gustavo A. Ordonez (March 2003) * 
* RUN DATE 1/02/2008 * 
* RUN TIME 11:03 * 

MAX. NUMBER OF TERMS IN FOURIER TRANSFORM= 32768 
NECESSARY LENGTH OF BLANK COMMON X = 204819 

!****** OPTION I *** READ RELATION BE1WEEN SOIL PROPERTIES AND STRAIN 

MATERIAL TYPE NO. I 

CURVE NO. I: Coarse 
CURVE NO. 2: Coarse 

G/Gmax - Gravel (Mean) - Rollins el al. JGGE 
Damping for Gravel (Mean) - Rollins el al. J 

CURVE NO. I CURVE NO. 2 

STRAIN G/GMAX STRAIN DAMPING 
-------- -------
0.0001 1.000 0.0001 0.90 
0.0002 0.995 0.0003 1.1 I 
0.0005 0.980 0.0006 1.30 
0.0008 0.970 0.00!0 1.50 
0.0010 0.960 0.0020 1.91 
0.0020 0.930 0.0030 2.24 
0.0030 0.905 0.0040 2.54 
0.0040 0.880 0.0060 3.05 
0.0070 0.810 0.0080 3.50 
0.0100 0.755 0.0100 3.89 
0.0200 0.630 0.0200 5.45 
0.0700 0.390 0.0300 6.61 
0.1000 0.325 0.0500 8.28 
0.2000 0.205 0.1000 10.79 
0.3000 0.150 0.2000 13.23 
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0.4000 0.115 0.3000 14.47 
0.5000 0.095 0.4000 15.24 . 
0.6000 0.080 0.6000 16.14 
0.8000 0.070 0.8000 16.66 
1.0000 0.050 1.0000 17.01 

********************** 
MATERIAL TYPE NO. 2 

********************** 

CURVE NO. 3: Fine Refuse Moduli for Fine Refuse (Ellison & Cho, 1976) 
CURVE NO. 4: Fine Refuse Damping Values for Fine Refuse (Ellison & Ch 

CURVEN0.3 CURVEN0.4 

STRAIN G/GMAX STRAIN DAMPING 

-------- ------- -------- --------
0.0001 LOOO 0.0001 0.75 
0.0004 1.000 0.0004 0.65 
0.0010 0.995 0.0010 0.70 
0.0020 0.992 0.0020 0.80 
0.0040 0.989 0.0040 0.90 
0.0060 0.981 0.0060 LIO 
0.0080 0.965 0.0080 1.30 
0.0100 0.955 0.0100 1.40 
0.0200 0.905 0.0200 2.00 
0.0400 0.828 0.0400 3.10 
0.0600 0.750 0.0600 4.00 
0.0800 0.670 0.0800 5.20 
0.1000 0.610 0.1000 6.00 
0.2000 0.610 0.2000 6.00 

********************** 
MATERIAL TYPE NO. 3 

********************** 

CURVE NO. 5: Residual G/Gmax PI=15%- Effective Confining Pressure 
CURVE NO. 6: Residual Damping PI=l5% - Effective Confining Pressur 

CURVEN0.5 CURVE NO. 6 
--------- ======= 

STRAIN G/GMAX STRAIN DAMPING 

-------- ------- -------- --------
0.0000 1.000 0.0000 0.67 
0.0000 LOOO 0.0000 0.67 
0.0000 0.999 0.0000 0.68 
0.0001 0.998 0.0001 0.68 
0.0002 0.996 0.0002 0.70 
0.0005 0.991 0.0005 0.75 
0.0010 0.983 0.0010 0.83 
0.0022 0.965 0.0022 1.02 
0.0048 0.931 0.0048 1.43 
0.0100 0.873 0.0100 2.17 
0.0220 0.770 0.0220 3.68 
0.0484 0.618 0.0484 6.24 
0.1000 0.454 0.1000 9.48 
0.2200 0.287 0.2200 13.40 
0.4840 0.163 0.4840 16.87 
1.0000 0.091 1.0000 19.16 
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********************** 
MA_TERIAL TYPE NO. 4 

********************** 

CURVENO. 7: Rock 
CURVE NO. 8: Rock 

G/Gmax - ROCK (Schnabel 1973) 
Damping for ROCK (Schnabel 1973) 

CURVE NO. 7 CURVE NO. 8 

STRAIN G/GMAX STRAJN DAMPING 
-------- ------- -------- --------
0.0001 1.000 0.0001 0.40 
0.0003 1.000 0.0010 0.80 
0.0010 0.990 0.0100 1.50 
0.0030 0.950 0.1000 3.00 
0.0100 0.900 1.0000 4.60 
0.0300 0.810 0.0000 0.00 
0.1000 0.725 0.0000 0.00 
1.0000 0.550 0.0000 0.00 

I****** OPTION 2 *** READ SOIL PROFILE 
NEW SOIL PROFILE NO. I IDENTIFICATION PSCS300E Crest Column 
NUMBER OF LAYERS 17 DEPTH TO BEDROCK 50.00 

NO. TYPE THICKNESS DEPTH TOTAL PRESS. MODULUS DAMPING UNIT WT. SHEAR VEL 
(Ff) (Ff) (KSF) (KSF) (KCF) (FPS) 

I I 4.0000 2.0000 0.26 3454. 0.050 0.130 924.9 
2 I 3.0000 5.5000 0.71 3856. 0.050 0. 130 977.3 
3 I 3.0000 8.5000 I.I I 4110. 0.050 0.130 1009.0 
4 I 3.0000 11.5000 1.50 5739. 0.050 0.130 1192.3 
5 I 3.0000 14.5000 1.90 4941. 0.050 0. 140 1066.0 
6 I 3.0000 17.5000 2.32 4453. 0.050 0.140 1012.0 
7 1 3.0000 20.5000 2.74 4832. 0.050 0.140 1054.2 
8 I 3.0000 23.5000 3.16 4269. 0.050 0.140 990.9 
9 I 3.0000 26.5000 3.58 4713. 0.050 0.140 1041.1 
IO I 4.0000 30.0000 4.07 4808. 0.050 0.140 I 051.6 
11 3 3.0000 33.5000 4.55 2635. 0.050 0.135 792.8 
12 3 3.0000 36.5000 4.96 2661. 0.050 0.135 796.7 
13 3 3.0000 39.5000 5.36 2998. 0.050 0.135 845.6 
14 3 3.0000 42.5000 5.77 3763. 0.050 0.135 947.4 
15 3 3.0000 45.5000 6.17 6529. 0.050 0.135 1247.9 
16 3 3.0000 48.5000 6.58 6476. 0.050 0.135 1242.8 
17 BASE 74534. 0.050 0.150 4000.0 

PERIOD= 0.20 FROM AVERAGE SHEAR VEL. = 101 I. 

FREQUENCY AMPLITUDE 
MAXIMUM AMPL!FICATION = 12.34 
FOR FREQUENCY = 4.85 C/SEC. 

PERIOD = 0.21 SEC. 

I****''* OPTION 3 *** READ INPUT MOTION 

FILE NAME FOR INPUT MOTION= C:\SHAKE20001Williamson Energy\NewMadrid.eq 
NO. OF INPUT ACC. POINTS = 8184 
NO. OF POINTS USED IN FFT = 16384 

NO. OF HEADING LlNES = 4 
NO. OF POINTS PER LINE= 8 
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TIME STEP FOR INPUT MOTION= 0.0100 

FORMAT FOR TIME HISTORY= (8f9.6) 

*****HEADER***** 
Source l'ile: C:\SHAKE2000\Williamson Encrgy\NcwMadrid.M8@83km.txt 
SHAKE2000 Conversion: 8184 .01 4 8 9 (8f9.6 
Acceleration Units: (g's) - No. Values: 8184-Time Step: .01 (secs) 
Data Format: (8f9.6) - No. Header Lines: 4 
** FIRST AND LAST 5 LINES OF INPUT MOTION***** 

I -0.000279 0.000491 0.000916 0.001028 0.001072 0.001012 0.000914 0.001178 
2 0.001267 0.001643 0.000738 0.0004040.001162 0.000325 0.000442 0.001287 
3 0.000332 0.000352 0.000667 0.000333 0.000100-0.000289 0.000774-0.001450 
4 -0.001068 0.000422-0.00! 711-0.000650 0.000432 0.001691 0.002168 0.001175 
5 -0.000695 0.000756 0.000277 0.002243-0.000523 0.000775-0.001563-0.000602 

........... .INPUT MOTION READ NOT ECHOED .......... . 
1019 0.002157 0.001240-0.001104 0.000476-0.001755-0.000!38 0.000159-0.003048 
I 020 -0.003913 0.00025 I 0.002962-0.003793-0.003142-0.004436-0.00 I 657-0.000252 
1021 0.0014710.00!823-0.000479-0.000738-0.002774-0.005429-0.0027470.002040 
I 022 -0.000940-0.002779-0.004528-0.00 I 675 0.001024-0.002927-0.001433 0.002515 
1023 0.000569-0.00271 l-0.002134-0.001855 0.001529 0.003698 0.004083-0.003032 

MAXIMUM ACCELERATION = 0.18389 
ATT!ME = 16.61 SEC 
THE VALUES WILL BE MULTIPLIED BY A FACTOR= 2.937 
TO GIVE NEW MAXIMUM ACCELERATION = 0.54000 
MEAN SQUARE FREQUENCY= 14.61 C/SEC. 
MAX ACCELERATION = 0.57825 FOR FREQUENCIES REMOVED ABOVE 40.00 C/SEC. 
I****** OPTION 4 *** READ WHERE OBJECT MOTION IS GIVEN 
OBJECT MOTION IN LA YER NUMBER 17 OUTCROPPING 

I****** OPTION 5 *** OBTAIN STRAIN COMPATIBLE SOIL PROPERTIES 
MAXIMUM NUMBER OF ITERATIONS = I 0 
FACTOR FOR UNIFORM STRAIN IN TIME DOMAIN = 0.65 

EARTHQUAKE -C:\SHAKE2000\Williamson Energy\NewMadrid.eq 
SOIL PROFILE - PSCS300E Crest Column 

ITERATION NUMBER I 

VALVES IN TIME DOMAIN 

NO TYPE DEPTH UNIFRM. <---- DAMPING----> <---- SHEAR MODULUS-----> 
(FT) STRAIN NEW USED ERROR NEW USED ERROR RATIO 

--- ---- ---- -------- ----- ------ ------ ------- ------ ------ -----
I I 2.0 0.0046 I 0.027 0.050 -83.9 2978.1 3454.0 -16.0 1.000 
2 I 5.5 0.0 I 094 0.041 0.050 -22.2 2848.9 3856.0 -35.4 1.000 
3 I 8.5 0.0 I 510 0.048 0.050 -3.8 2797.7 4110.0 -46.9 1.000 
4 I I 1.5 0.01386 0.046 0.050 -8.1 3995.3 5739.0 -43.6 1.000 
5 I I 4.5 0.0 I 946 0.054 0.050 7.2 3137.2 4941.0 -57.5 1.000 
6 I 17 .5 0.02527 0.061 0.050 18.3 2605.8 4453.0 -70.9 1.000 
7 I 20.5 0.02663 0.063 0.050 20.2 2779.1 4832.0 -73.9 1.000 
8 I 23.5 0.03437 0.071 0.050 29.1 2246.6 4269.0 -90.0 1.000 
9 I 26.5 0.03469 0.071 0.050 29.4 2471.9 4713.0 -90.7 1.000 
10 I 30.0 0.03753 0.073 0.050 31.9 2449.2 4808.0 -96.3 1.000 
I I 3 33.5 0.07359 0.081 0.050 38.3 1378.9 2635.0 -91. l 1.000 
12 3 36.5 0.07541 0.082 0.050 39.2 1377.8 2661.0 -93.1 1.000 
13 3 39.5 0.06759 0.077 0.050 35.3 1626.5 2998.0 -84.3 1.000 
14 3 42.5 0.05330 0.067 0.050 25.0 2243.6 3763.0 -67.7 1.000 
15 3 45.5 0.03 I 14 0.048 0.050 -4.0 4589.9 6529.0 -42.2 1.000 
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16 3 48.5 0.03254 0.050 0.050 -1.0 4497.8 6476.0 -44.0 1.000 
I 

EARTHQUAKE - C:\SHAKE2000\Williamson Energy\NewMadrid.eq 
SOIL PROFILE - PSCS300E Crest Column 

ITERATION NUMBER 2 

VALUES IN TIME DOMAIN 

NO TYPE DEPTH UNIFRM. <---- DAMPING----> <---- SHEAR MODULUS -----> G/Go 
(FT) STRAIN NEW USED ERROR NEW USED ERROR RATIO 

l I 
2 I 
3 l 
4 I 
5 l 
6 I 
7 l 
8 l 
9 I 
10 I 
11 3 
12 3 
13 3 
14 3 
15 3 
16 3 
I 

2.0 0.00529 0.029 0.027 
5.5 0.01469 0.048 0.041 
8.5 0.02173 0.057 0.048 
I 1.5 0.01880 0.053 0.046 
I 4.5 0.02751 0.064 0.054 
17.5 0.03794 0.074 0.061 
20.5 0.04016 0.076 0.063 
23.5 0.05732 0.088 0.071 
26.5 0.05743 0.088 0.071 
30.0 0.06134 0.090 0.073 
33.5 0.11183 0.100 0.081 
36.5 0.11292 0. IOI 0.082 
39.5 0.09290 0.092 0.077 
42.5 0.06870 O.Q78 0.067 
45.5 0.03450 0.051 0.048 
48.5 0.03620 0.053 0.050 

6.0 2918.7 2978.1 
14.0 2643.7 2848.9 
15.3 2523.9 2797.7 
12.9 3679.7 3995.3 
15.3 281 l.l 3137.2 
17.1 2259.2 2605.8 
I 7.1 2398.9 2779.1 
19.6 1828.3 2246.6 
19.3 2016.7 2471.9 
18.6 1996.8 2449.2 
19.2 1133.9 1378.9 
18.5 1139.6 1377.8 
15.5 1411.0 1626.5 
14.6 2027.7 2243.6 
6.5 4460.9 4589.9 
6.5 4364.8 4497.8 

-2.0 0.862 
-7.8 0.739 

-10.8 0.681 
-8.6 0.696 
-11.6 0.635 
-15.3 0.585 
-15.8 0.575 
-22.9 0.526 
-22.6 0.524 
-22.7 0.509 
-21.6 0.523 
-20.9 0.518 
-15.3 0.543 
-10.6 0.596 
-2.9 0.703 
-3.0 0.695 

EARTHQUAKE - C:\SHAKE2000\Williamson Energy\NewMadrid.eq 
SOIL PROFILE - PSCS300E Crest Column 

ITERATION NUMBER 3 

VALUES IN TIME DOMAIN 

NO TYPE DEPTH UNIFRM. <---- DAMPING ----> <---- SHEAR MODULUS-----> 
(FD STRAIN NEW USED ERROR NEW USED ERROR 

--- ---- ---- -------- ----- ------ ------ ------- ------ ------ -----

1 

l I 2.0 0.00475 O.Q28 0.029 -4.9 2965.5 2918.7 1.6 0.845 
2 I 5.5 0.01390 0.046 0.048 -2.7 2682.1 2643.7 1.4 0.686 
3 I 8.5 0.02141 0.056 0.057 -0.8 2535.7 2523.9 0.5 0.614 
4 l l 1.5 0.0 I 863 0.053 0.053 -0.4 3689.2 3679.7 0.3 0.641 
5 I 14.5 0.02895 0.065 0.064 2.2 2762.9 2811.1 -1.7 0.569 
6 I 17.5 0.04291 0.078 0.074 5.2 2154.2 2259.2 -4.9 0.507 
7 l 20.5 0.04652 0.080 0.076 6.0 2262.8 2398.9 -6.0 0.496 
8 l 23.5 0.06862 0.094 0.088 6.9 1681.3 1828.3 -8.7 0.428 
9 I 26.5 0.06795 0.094 0.088 6.5 1864.9 2016.7 -8.1 0.428 
10 I 30.0 0.07245 0.096 0.090 6.3 1845.0 1996.8 -8.2 0.415 
11 3 33.5 0.12841 0.107 0.100 6.4 1056.7 1133.9 -7.3 0.430 
12 3 36.50.12873 0.107 0.101 6.1 1065.8 1139.6 -6.9 0.428 
13 3 39.5 0.10845 0.099 0.092 7.4 1309.6 1411.0 -7.7 0.471 
14 3 42.5 0.07848 0.084 O.Q78 7.1 1914.4 2027.7 -5.9 0.539 
15 3 45.5 0.03657 0.053 0.051 3.5 4387.7 4460.9 -1.7 0.683 
16 3 48.5 0.03825 0.055 0.053 3.3 4296.1 4364.8 -1.6 0.674 

EARTHQUAKE - C:\SHAKE2000\Wil\iamson Energy\NewMadrid.eq 
SOIL PROFILE - PSCS300E Crest Column 

!TERA TION NUMBER 4 
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VALVES IN TIME DOMAIN 

NO TYPE DEPTH UNIFRM. <---- DAMPING ----> <---- SHEAR MODULUS-----> 
(FT) STRAIN NEW USED ERROR NEW USED ERROR RATIO 

--- ---- ---- -------- ----- ------ ------ ------- ------ ------ -----
1 I 2.0 0.00444 0.027 0.028 -3.2 2994.8 2965.5 1.0 0.859 
2 1 5.5 0.01306 0.045 0.046 -3.1 2725.5 2682.1 1.6 0.696 
3 1 8.5 0.02003 0.055 0.056 -3.5 2588.1 2535.7 2.0 0.617 
4 1 11.5 0.01781 0.052 0.053 -2.0 3735.7 3689.2 1.2 0.643 
5 I 14.5 0.02917 0.065 0.065 0.3 2755.5 2762.9 -0.3 0.559 
6 I 17.5 0.04389 0.079 0.078 0.9 2134.9 2154.2 -0.9 0.484 
7 I 20.5 0.04854 0.082 0.080 1.7 2223.4 2262.8 -1.8 0.468 
8 1 23.5 0.07304 0.097 0.094 2.3 1631.9 1681.3 -3.0 0.394 
9 I 26.5 0.07019 0.095 0.094 1.2 1835.8 1864.9 -1.6 0.396 
10 1 30.0 0.07452 0.097 0.096 I.I 1820.2 1845.0 -1.4 0.384 
II 3 33.5 0. 13094 0.108 0. 107 0.9 1045.9 1056.7 -1.0 0.401 
12 3 36.5 0. 13677 0.110 0.107 2.7 1031.6 1065.8 -3.3 0.401 
13 3 39.50.118110.103 0.099 4.1 1255.4 1309.6 -4.3 0.437 
14 3 42.5 0.08203 0.086 0.084 2.3 1876.8 1914.4 -2.0 0.509 
15 3 45.5 0.03673 0.053 0.053 0.3 4382.2 4387.7 -0.1 0.672 
16 3 48.5 0.03835 0.055 0.055 0.2 4292.8 4296.1 -0.1 0.663 
I 

EARTHQUAKE - C:\SHAKE2000\Williamson Energy\NewMadrid.eq 
SOIL PROFILE - PSCS300E Crest Column 

!TERA T!ON NUMBER 5 

VALVES IN TIME DOMAIN 

NO TYPE DEPTH UNIFRM. <---- DAMPING ----> <---- SHEAR MODULUS-----> 
(FT) STRAIN NEW USED ERROR NEW USED ERROR 

--- ---- ---- -------- ----- ------ ------ ------- ------ ------ -----
I 2.0 0,00433 0.026 0.027 -I.I 3004.9 2994.8 0.3 0.867 

2 I 5.5 0.01267 0.044 0.045 -1.6 2746.9 2725.5 0.8 0.707 
3 I 8.5 0.01935 0.054 0.055 -1.5 2614.0 2588.1 1.0 0,630 
4 I 11.5 0.01748 0.051 0.052 -0.8 3754.7 3735.7 0.5 0.651 
5 I 14.5 0.029 I I 0.065 0.065 -0.1 2757.5 2755.5 0.1 0.558 
6 I 17.5 0.04365 0.078 0.079 -0.2 2139.7 2134.9 0.2 0.479 
7 I 20.5 0.04877 0.082 0.082 0.2 2219.0 2223.4 -0.2 0.460 
8 1 23.5 0.07433 0.097 0.097 0.7 1618.2 I 631.9 -0.8 0.382 
9 I 26.5 0.07045 0.095 0.095 0.1 1832.5 1835.8 -0.2 0.390 
10 1 30.0 0.07390 0.097 0.097 -0.3 1827.6 1820.2 0.4 0.379 
11 3 33.5 0.13009 0.108 0.108 -0.3 1049.5 1045.9 0.3 0.397 
12 3 36.5 0.140900.112 0.110 1.3 1014.8 1031.6 -1. 7 0.388 
13 3 39.5 0.12289 0.105 0.103 1.9 1230.2 1255.4 -2.0 0.419 
14 3 42.5 0.08343 0.087 0.086 0.9 I 862.4 1876.8 -0.8 0.499 
15 3 45.5 0.03646 0.053 0.053 -0.5 4391.5 4382.2 0.2 0.671 
16 3 48.5 0.03803 0.055 0.055 -0.5 4303.2 4292.8 0.2 0.663 

I 
EARTHQUAKE - C:\SHAKE2000\ Williamson Energy\NewMadrid.eq 

SOIL PROFILE - PSCS300E Crest Column 

ITERATION NUMBER 6 

VALUES IN TIME DOMAIN 

RATIO 

G/Go 

G!Go 

NO TYPE DEPTH UNlFRM. <----DAMPING----> <---- SHEAR MODULUS-----> G/Go 
(FT) STRAIN NEW USED ERROR NEW USED ERROR RATIO 

I 2.0 0.00429 0.026 0.026 -0.4 3009.0 3004.9 0.1 0.870 
2 I 5.5 0.01249 0.044 0.044 -0.7 2756.7 2746.9 0.4 0.712 
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I (I / I 1$ I 

PCSC300M-l.out 
~ 3 I 8.5 0.01904 0.053 0.054 -0.7 2625.8 2614.0 0.5 0.636 

, ( 4 I 1 1.5 0.01735 0.05 I 0.051 -0.3 3762.7 3754.7 0.2 0.654 
' 5 1 14.5 0.02902 0.065 0.065 -0.1 2760.3 2757.5 0.1 0.558 

6 I 17.5 0.04331 0.078 0.078 -0.3 2146.2 2139.7 0.3 0.481 
7 I 20.5 0.04861 0.082 0.082 -0.1 2222.0 2219.0 0.1 0.459 
8 I 23.5 0.07458 0.097 0.097 0.1 1615.6 1618.2 -0.2 0.379 
9 I 26.5 0.07025 0.095 0.095 -0.1 1835.0 1832.5 0.1 0.389 
IO 1 30.0 0.07312 0.097 0.097 -0.4 1836.9 1827.6 0.5 0.380 
11 3 33.5 0.12922 0.108 0. 108 -0.3 1053.2 1049.5 0.4 0.398 
12 3 36.50.143010.113 0.112 0.7 1006.4 1014.8 -0.8 0.381 
13 3 39.5 0.12526 0.106 0.105 0.9 1218.1 1230.2 -1.0 0.410 
14 3 42.5 0.08396 0.087 0.087 0.3 1857.0 1862.4 -0.3 0.495 
15 3 45.5 0.03629 0.053 0.053 -0.3 4397.5 4391.5 0.1 0.673 
16 3 48.5 0.03784 0.054 0.055 -0.3 4309.6 4303.2 0.1 0.664 

I 
EARTHQUAKE - C:\SHAKE2000\Williamson Energy\NewMadrid.eq 
SOIL PROFILE - PSCS300E Crest Column 

ITERATION NUMBER 7 

VALVES IN TIME DOMAIN 

NO TYPE DEPTH UNIFRM. <---- DAMPING----> <---- SHEAR MODULUS -----> G!Go 
(FT) STRAIN NEW USED ERROR NEW USED ERROR RATIO 

--- ---- ---- -------- ----- ------ ------ ------- ------ ------ -----
I I 2.0 0.00428 0.026 0.026 -0.2 3010.7 3009.0 0.1 0.871 
2 I 5.5 0.01241 0.044 0.044 -0.3 2761.0 2756.7 0.2 0.715 
3 I 8.5 0.0 I 890 0.053 0.053 -0.3 2631.1 2625.8 0.2 0.639 
4 I I 1.5 0.01729 0.051 0.051 -0.1 3766.0 3762.7 0.1 0.656 
5 I 14.5 0.02896 0.065 0.065 -0.1 2762.3 2760.3 0.1 0.559 
6 I 17.5 0.04309 O.D78 0.078 -0.2 2150.6 2146.2 0.2 0.482 
7 I 20.5 0.04844 0.082 0.082 -0.1 2225.2 2222.0 0.1 0.460 
8 I 23.5 0.07455 0.097 0.097 0.0 1615.9 1615.6 0.0 0.378 
9 I 26.5 0.07003 0.095 0.095 -0.1 1837.7 1835.0 0.1 0.389 
JO I 30.0 0.07262 0.096 0.097 -0.3 1842.9 1836.9 0.3 0.382 
11 3 33.5 0.12880 0.107 0.108 -0.2 1055.0 1053.2 0.2 0.400 
12 3 36.5 0.14413 0.113 0.113 0.3 1002.1 1006.4 -0.4 0.378 
13 3 39.5 0.12648 0.106 0.106 0.5 1211.9 1218.1 -0.5 0.406 
14 3 42.5 0.08418 0.087 0.087 0.1 1854.9 1857.0 -0.1 0.494 
15 3 45.5 0.03622 0.053 0.053 -0.1 4399.9 4397.5 0.1 0.674 
16 3 48.5 0.03776 0.054 0.054 -0.1 4312.2 4309.6 0.1 0.665 

I 
EARTHQUAKE - C:\SHAKE2000\Williamson Energy\NewMadrid.eq 

SOIL PROFILE - PSCS300E Crest Column 

ITERATION NUMBER 8 

VALUES IN TIME DOMAIN 

NO TYPE DEPTH UNIFRM. <---- DAMPING----> <---- SHEAR MODULUS-----> G/Go 
(FT) STRAIN NEW USED ERROR NEW USED ERROR RATIO 

--- ---- ---- -------- ----- ------ ------ ------- ------ ------ -----
I I 2.0 0.00427 0.026 0.026 -0.1 3011.5 3010.7 0.0 0.872 
2 I 5.5 0.01238 0.044 0.044 -0.2 2763.1 2761.0 0.1 0.716 
3 I 8.5 0.01884 0.053 0.053 -0.1 2633.6 2631.1 0.1 0.640 
4 I I 1.5 0.01727 0.05 I 0.05 I -0.1 3767.6 3766.0 0.0 0.656 
5 I 14.5 0.02893 0.065 0.065 -0.1 2763.5 2762.3 0.0 0.559 
6 I 17 .5 0.04296 0.078 0.078 -0.1 2153.2 2150.6 0.1 0.483 
7 I 20.5 0.04833 0.082 0.082 -0.1 2227.5 2225.2 0.1 0.461 
8 I 23.5 0.07446 0.097 0.097 0.0 1616.9 1615.9 0.1 0.379 
9 I 26.5 0.06987 O.Q95 0.095 -0.1 1839.8 1837.7 0.1 0.390 
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10 I 30.0 0.07233 0.096 0.096 
II 3 33.50.128600.107 0.107 
12 3 36.50.144730.113 0.113 
13 3 39.5 0.12712 0.107 0.106 
14 3 42.5 0.08427 0.087 0.087 
15 3 45.5 0.03619 0.053 0.053 
16 3 48.5 0.03773 0.054 0.054 
I 

PCSC300M-l .out 
-0.1 1846.4 1842.9 0.2 0.383 
-0.1 1055.9 1055.0 0.1 0.400 
0.2 999.7 1002.1 -0.2 0.377 
0.2 1208.7 1211.9 -0.3 0.404 
0.1 1854.0 1854.9 0.0 0.493 
0.0 4400.8 4399.9 0.0 0.674 
0.0 4313.1 4312.2 0.0 0.666 

EARTHQUAKE - C:\SHAKE2000\Williamson Energy\NewMadrid.eq 
SOIL PROFILE - PSCS300E Crest Columr 

ITERATION NUMBER 9 

VALUES IN TIME DOMAIN 

NO TYPE DEPTH UNIFRM. <---- DAMPING ----> <---- SHEAR MODULUS -----> 
(Ff) STRAIN NEW USED ERROR NEW USED ERROR 

--- ---- ---- -------- ----- ------ ------ ------- ------ ------ -----

I 

I I 2.0 0.00426 0.026 0.026 0.0 3011.9 3011.5 0.0 0.872 
2 I 5.5 0.01236 0.044 0.044 -0.1 2764.1 2763.1 0.0 0.717 
3 I 8.5 0.01881 0.053 0.053 -0.1 2634.9 2633.6 0.0 0.641 
4 I 11.5 0.0 I 726 0.05 I 0.051 0.0 3768.3 3767.6 0.0 0.656 
5 I I 4.5 0.0289 I 0.065 0.065 0.0 2764.2 2763.5 0.0 0.559 
6 I 17.5 0.04289 O.D78 O.D78 -0.1 2154.6 2153.2 0.1 0.484 
7 I 20.5 0.04825 0.082 0.082 -0.1 2228.9 2227.5 0.1 0.461 
8 I 23.5 0.07438 0.097 0.097 0.0 1617.7 1616.9 0.1 0.379 
9 I 26.5 0.06976 0.095 0.095 -0.1 I 841.1 1839.8 0.1 0.390 
IO I 30.0 0.07218 0.096 0.096 -0.1 1848.3 1846.4 0.1 0.384 
11 3 33.5 0.12851 0.107 0.107 0.0 1056.3 1055.9 0.0 0.401 
12 3 36.50.145050.1!3 0.113 0.1 998.5 999.7 -0.1 0.376 
13 3 39.5 0.12746 0.107 0.107 0.1 1207.0 1208.7 -0.1 0.403 
14 3 42.5 0.08430 0.087 0.087 0.0 1853.6 1854.0 0.0 0.493 
15 3 45.5 0.03618 0.053 0.053 0.0 4401.0 4400.8 0.0 0.674 
16 3 48.5 0.03772 0.054 0.054 0.0 4313.4 4313.1 0.0 0.666 

EARTHQUAKE - C:\SHAKE2000\Williamson Energy\NewMadrid.eq 
SOIL PROFILE - PSCS300E Crest Column 

ITERATION NUMBER 10 

VALUES IN TIME DOMAIN 

RATIO 

NO TYPE DEPTH UNIFRM. <----DAMPING----> <---- SHEAR MODULUS -----> 
(Ff) STRAIN NEW USED ERROR NEW USED ERROR RATIO 

--- ---- ---- -------- ----- ------ ------ ------- ------ ------ -----
2.0 0.00426 0.026 0.026 0.0 3012.1 3011.9 0.0 0.872 

2 I 5.5 0.01235 0.044 0.044 0.0 2764.6 2764.1 0.0 0.717 
3 I 8.5 0.01879 0.053 0.053 0.0 2635.6 2634.9 0.0 0.641 
4 I I 1.5 0.01725 0.051 0.051 0.0 3768.7 3768.3 0.0 0.657 
5 I 14.5 0.02889 0.065 0.065 0.0 2764.6 2764.2 0.0 0.559 
6 I I 7.5 0.04285 O.D78 0.078 0.0 2155.4 2154.6 0.0 0.484 
7 I 20.5 0.0482 I 0.082 0.082 0.0 2229.8 2228.9 0.0 0.461 
8 I 23.5 0.07432 0.097 0.097 0.0 1618.3 1617.7 0.0 0.379 
9 I 26.5 0.06970 0.095 0.095 0.0 1842.0 1841.l 0.0 0.391 
10 I 30.0 0.07209 0.096 0.096 0.0 1849.3 1848.3 0.1 0.384 
II 3 33.5 0.12847 0.107 0. 107 0.0 1056.5 1056.3 0.0 0.401 
12 3 36.50.145230.113 0.113 0.1 997.8 998.5 -0.1 0.375 
13 3 39.5 0.12763 0.107 0.107 0.1 1206.2 1207.0 -0.1 0.403 
14 3 42.5 0.08432 0.087 0.087 0.0 1853.4 1853.6 0.0 0.493 
15 3 45.5 0.03618 0.053 0.053 0.0 4401. I 4401.0 0.0 0.674 
16 3 48.5 0.03772 0.054 0.054 0.0 4313.4 4313.4 0.0 0.666 
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PCSC300M- l .out 

VALVES IN TIME DOMAJN 

LAYER TYPE THICKNESS DEPTH MAX STRAIN MAX STRESS TIME 
Ff Ff PRCNT PSF SEC 

I 1 4.0000 2.0000 0.00656 197.47 13.60 
2 l 3.0000 5.5000 0.0I 900 525.07 13.60 
3 1 3.0000 8.5000 0.02891 761.69 13.60 
4 I 3.0000 11.5000 0.02654 1000.00 13.47 
5 I 3.0000 14.5000 0.04445 1228.70 13.47 
6 I 3.0000 I 7.5000 0.06592 1420.30 13.46 
7 I 3.0000 20.5000 0.07416 1653.05 13.46 
8 I 3.0000 23.5000 0.11434 1849.71 13.46 
9 I 3.0000 26.5000 0.10723 1974.16 13.46 
10 I 4.0000 30.0000 0.11091 2050.01 13.45 
II 3 3.0000 33.5000 0.19765 2087.75 26.78 
12 3 3.0000 36.5000 0.22343 2230.89 13.48 
13 3 3.0000 39.5000 0.19636 2370. 16 13.48 
14 3 3.0000 42.5000 0.12973 2404.61 13.48 
15 3 3.0000 45.5000 0.05567 2449.90 13.47 
16 3 3.0000 48.5000 0.05803 2503.04 13.47 

PERIOD= 0.27 FROM AVERAGE SHEAR VEL. = 740. 

FREQUENCY AMPLITUDE 
MAXIMUM AMPLIFICATION= 6.29 
FOR FREQUENCY = 3.22 C/SEC. 

PERIOD = 0.31 SEC. 

I****** OPTION 6 *"* COMPUTE MOTION IN NEW SUBLAYERS 

EARTHQUAKE -C:\SHAKE2000\ Williamson Energy\NewMadrid.eq 
SOIL DEPOSIT- PSCS300E Crest Column 

LAYER DEPTH MAX. ACC. TIME MEAN SQ. FR. 
Ff G SEC C/SEC QUIET ZONE 

OUTCR. 0.0000 0.75475 13.60 8.54 0.001 
WITHIN 4.0000 0.70138 13.60 7.22 0.000 
WITHIN 7.0000 0.65623 13.47 5.56 0.000 
WITHIN 10.0000 0.63991 13.45 5.53 0.001 
WITHIN 13.0000 0.65636 13.45 6.13 0.001 
WITHIN 16.0000 0.64637 13.45 6.55 0.000 
WITHIN 19.0000 0.59333 13.45 7.41 0.001 
WITHIN 22.0000 0.57039 18.63 8.36 0.001 
WITHIN 25.0000 0.55506 16.57 9.15 0.001 
WITHIN 28.0000 0.59901 16.56 9.97 0.001 
WITHIN 32.0000 0.67650 16.20 10.98 0.001 
WITHIN 35.0000 0.64739 16.20 13.92 0.002 
WITHIN 38.0000 0.71677 16.19 15.30 0.001 
WITHIN 41.0000 0.59839 20.01 15.65 0.002 
WITHIN 44.0000 0.52211 24.58 15.50 0.002 

I****** OPTION 6 *** COMPUTE MOTION IN NEW SUBLA YERS 

EARTHQUAKE -C:\SHAKE2000\Williamson Energy\NewMadrid.eq 
SOIL DEPOSIT - PSCS300E Crest Column 

LAYER DEPTH MAX. ACC. 

WITHIN 
WITHIN 

Fr G SEC 
47.0000 0.51594 
50.0000 0.52906 

TIME 
C/SEC 

16.61 
24.57 

MEAN SQ. FR. 
QUIET ZONE 

14.54 0.002 
13.40 0.002 
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PCSC300M-l .out 
OUTCR. 50.0000 0.57825 24.57 14.61 0.002 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer I Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LA YER 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer I Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 2 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 2 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 2 
SCALE FOR PLOTTING 0.0000 
IDENTIFJCA TION - PCSC300M Layer 2 Strain 

1 ****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 3 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 3 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 3 
SCALE FOR PLOTTJNG 0.0000 
IDENTIFICATION - PCSC300M Layer 3 Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 4 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 4 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 4 
SCALE FOR PLOTTING 0.0000 
IDENTIF_ICATION - PCSC300M Layer 4 Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 5 
SCALE FOR PLOTTING 0.0000 

IDENTIFICATION - PCSC300M Layer 5 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 5 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION· PCSC300M Layer 5 Strain 

I****** OPTJON 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LA YER 6 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC330M Layer 6 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 6 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PSCS300M Layer 6 Strain 
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PCSC300M-l.out 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LA YER 7 
SCALE FOR PLOTTING 0.0000 

IDENTIFICATION - PCSC300M Layer 7 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 7 
SCALE FOR PLOTTING 0.0000 

IDENTIFICATION - PCSC300M Layer 7 Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 8 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 8 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 8 
SCALE FOR PLOTTING 0.0000 

IDENTIFICATION - PCSC300M Layer 8 Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 9 
SCALE FOR PLOTTING 0.0000 

IDENTIFICATION - PCSC300M Layer 9 Stress 

COMPUTESTRESSORSTRA!NH!STORY ATTHETOPOF LAYER 9 
SCALE FOR PLOTTING 0.0000 

IDENTIFICATION - PSCS300E Layer 9 Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 10 
SCALE FOR PLOTTING 0.0000 

IDENTIFICATION - PCSC300M Layer IO Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 10 
SCALE FOR PLOTTING 0.0000 

IDENTIFICATION - PCSC300E Layer IO Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 11 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 11 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 11 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 11 Strain 

! ''***** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 12 
SCALE FOR PLOTTING 0.0000 

IDENTIFICATION - PCSC300M Layer 12 Stress 

COMPUTESTRESSORSTRAINHISTORY ATTHETOPOF LAYER 12 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 12 Strain 
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PCSC300M- I .out 
I ****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LA YER 13 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 13 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LA YER 13 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 13 Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LA YER 14 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 14 Stress 

COMPUTESTRESSORSTRAINHJSTORY ATTHETOPOF LAYER 14 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer I 4 Strain 

1 ****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LA YER 15 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 15 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LA YER 15 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 15 Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LA YER 16 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 16 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LA YER 16 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 16 Strain 

I***"** OPTION 9 *** COMPUTE RESPONSE SPECTRUM 
RESPONSE SPECTRUM ANALYSIS FOR LAYER NUMBER 

CALCULATED FOR DAMPING 0.050 

TIMES AT WHICH MAX. SPECTRAL VALUES OCCUR 
TD= TIME FOR MAX. RELATIVE DISP. 
TV= TIME FOR MAX. RELATIVE VEL. 
TA= TIME FOR MAX. ABSOLUTE ACC. 

DAMPING RATIO= 0.050 
PER= 0.01 TIMES FOR MAXIMA -
PER = 0.02 TIMES FOR MAXIMA -
PER = 0.03 TIMES FOR MAXIMA -
PER = 0.04 TIMES FOR MAXIMA -
PER = 0.05 TIMES FOR MAXIMA -
PER = 0.06 TIMES FOR MAXIMA -
PER = 0.07 TIMES FOR MAXIMA -
PER= 0.08 TIMES FOR MAXIMA -
PER= 0.09 TIMES FOR MAXIMA -
PER = 0.10 TIMES FOR MAXIMA -
PER = 0.1 1 TIMES FOR MAXIMA -
PER = 0.12 TIMES FOR MAXIMA --

TD= 13.5900 
TD= 13.5900 
TD= 16.7300 
TD= 18.7600 
TD= 10.5400 
TD= 18.3000 
TD= 18.3500 
TD= 11.4200 
TD= 11.4400 
TD= 20.7600 
TD= 25.6000 
TD= 20.7800 

TV= 18.6700 
TV= 18.6600 
TV =23.4400 
TV =24.7500 
TV= 10.5300 
TV= 18.6800 
TV= 18.3300 
TV= 16.2700 
TV= 11.4200 
TV= 13.7300 
TV= 25.5700 
TV= 20.1100 

Page 12 

TA= 13.5900 
TA= 13.5900 
TA= 16.7300 
TA= 18.7600 
TA= 10.5400 
TA= 18.3000 
TA= 24.1300 
TA= 11.4200 
TA= 11.4400 
TA= 20.7600 
TA= 25.5900 
TA= 20.7800 
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PER= 0.13 
PER=0.14 
PER= 0.15 
PER=0.16 
PER=0.17 
PER=0.18 
PER= 0.19 
PER=0.20 
PER= 0.21 
PER= 0.22 
PER =0.23 
PER =0.24 
PER=0.25 
PER=0.26 
PER= 0.27 
PER =0.28 
PER =0.29 
PER=0.30 
PER= 0.31 
PER= 0.32 
PER= 0.33 
PER =0.34 
PER=0.35 
PER= 0.36 
PER= 0.37 
PER=0.38 
PER=0.39 
PER= 0.40 
PER= 0.41 
PER =0.42 
PER=0.43 
PER=0.44 
PER=0.45 
PER=0.46 
PER =0.47 
PER=0.48 
PER=0.49 
PER= 0.50 
PER=0.51 
PER= 0.52 
PER =0.53 
PER= 0.54 
PER= 0.55 
PER =0.56 
PER=0.57 
PER=0.58 
PER=0.60 
PER= 0.62 
PER= 0.64 
PER =0.66 
PER=0.68 
PER =0.70 
PER=0.72 
PER=0.74 
PER= 0.76 
PER= 0.78 
PER= 0.80 
PER= 0.82 
PER= 0.84 
PER =0.86 
PER =0.88 

PCSC300M-l.out 
TIMES FOR MAXIMA -- TD= 16.7500 TV= 25.5800 TA= 16.7500 
TIMES FOR MAXIMA -- TD = 16. 7600 TV= I 6. 7900 TA = 16. 7500 
TIMESFORMAXIMA-- TD=l4.!800 TV=l4.!500 TA=l4.!800 
TIMES FOR MAXIMA -- TD= 13.4700 TV= 20.6000 TA= 13.4700 
TIMES FOR MAXIMA-- TD= 13.4800 TV= 8.6400 TA= 13.4700 
TIMES FOR MAXIMA-- TD= 13.4800 TV= 13.6400 TA= 13.4800 
TIMES FOR MAXIMA-- TD= 13.6000 TV= 13.6500 TA= 13.6000 
TIMES FOR MAXIMA -- TD= 13.6100 TV= 13.6600 TA= 13.6100 
TIMES FOR MAXIMA-- TD= 24.4100 TV= 24.3600 TA= 24.4100 
TIMES FOR MAXIMA-- TD= 24.5400 TV= 24.4900 TA =·24.5400 
TIMES FOR MAXIMA-- TD= 21.8200 TV= 21.8800 TA= 21.8200 
TIMES FOR MAXIMA -- TD= 21.8300 TV= 21.8900 TA= 21.8300 
TIMES FOR MAXIMA-- TD= 21.8500 TV= 21.9100 TA= 21.8400 
TIMES FOR MAXIMA-- TD= 21.I000 TV= 2!.l800 TA= 21.1000 
TIMES FOR MAXIMA -- TD= 21.2600 TV= 2 l.l 900 TA = 21.2500 
TIMES FOR MAXIMA-- TD= 21.2600 TV= 2l.!900 TA= 21.2600 
TIMES FOR MAXIMA -- TD= 21.2800 TV= 21.2000 TA= 21.2700 
TIMES FOR MAXIMA -- TD= 13.6600 TV= 14.1900 TA= 13.6500 
TIMES FOR MAXIMA-- TD= 14.1400 TV= 13.6000 TA= 14.1400 
TIMESFORMAXIMA-- TD=l3.7000 TV=I3.6!00 TA=I3.6900 
TIMES FOR MAXIMA -- TD= 13.7100 TV= 13.6300 TA= 13.7100 
TIMES FOR MAXIMA -- TD= 21.8900 TV= 20.9600 TA= 13.7200 
TIMES FOR MAXIMA-- TD= 17.0100 TV=21.8300 TA=l7.0000 
TIMES FOR MAXIMA -- TD= 17.2000 TV= 17.3000 TA= 17.2000 
TIMES FOR MAXIMA-- TD= 17.2200 TV= 17.1300 TA= 17.2100 
TIMES FOR MAXIMA -- TD= 17.2300 TV= 17.1400 TA= 17.2300 
TIMESFORMAXIMA-- TD=l7.0600 TV=l7.!600 TA=l7.0500 
TIMES FOR MAXIMA -- TD= 17.0700 TV= 17.1700 TA= 17.0700 
TIMES FOR MAXIMA-- TD= 17.0800 TV= 16.9800 TA= 17.0800 
TIMES FOR MAXIMA -- TD= 17.0900 TV= 16.9900 TA= 17.0900 
TIMES FOR MAXIMA -- TD= 16.9000 TV= 16.9900 TA= 16.8900 
TIMES FOR MAXIMA -- TD= 16.9000 TV= 17.0000 TA= 16.9000 
TIMESFORMAXIMA-- TD=I6.9200 TV=l6.8200 TA=l6.9100 
TIMES FOR MAXIMA-- TD= 16.9300 TV= 16.8200 TA= 16.9200 
TIMES FOR MAXIMA -- TD= 16.9300 TV= 16.8300 TA= 16.9300 
TIMES FOR MAXIMA -- TD= 16.9400 TV= 16.8300 TA= 16.9300 
TIMES FOR MAXIMA-- TD= 16.7300 TV= 16.8400 TA= 16.7200 
TIMES FOR MAXIMA -- TD= 16.7300 TV= 16.8400 TA= 16.7300 
TIMES FOR MAXIMA-- TD= 16.7400 TV=l6.8500 TA=l6.7300 
TIMES FOR MAXIMA -- TD= 16.7500 TV= 16.6500 TA= 16.7400 
TIMES FOR MAXIMA -- TD= 16.7600 TV= 16.6700 TA= 16.7600 
TIMES FOR MAXIMA -- TD = 16.5500 TV = 16.6800 TA= 16.5400 
TIMES FOR MAXIMA-- TD= 29.2800 TV= 16.6800 TA= 29.2700 
TIMES FOR MAXIMA-- TD= 32.2000 TV =29.1800 TA =32.1900 
TIMES FOR MAXIMA -- TD = 32.2200 TV = 30.6800 TA = 32.2200 
TIMES FOR MAXIMA -- TD= 30.5500 TV= 30.6900 TA= 30.5400 
TIMES FOR MAXIMA -- TD= 30.5900 TV = 30. 7200 TA = 30.5800 
TIMES FOR MAXIMA -- TD= 30.6100 TV = 30.4900 TA = 30.6000 
TIMES FOR MAXIMA -- TD= I 6. 7500 TV = 16.8900 TA = 16.7400 
TIMES FOR MAXIMA -- TD= 16.7700 TV= 16.6700 TA= 16.7600 
TIMES FOR MAXIMA -- TD= 16. 7900 TV = 16.6800 TA = 16.7800 
TIMES FOR MAXIMA -- TD= I 6.5400 TV = I 6.6800 TA = 16.5300 
TIMES FOR MAXIMA -- TD= 16.5600 TV = 16.6800 TA = 16.5500 
TIMES FOR MAXIMA -- TD= 16.5700 TV = I 6.6800 TA = I 6.5600 
TIMES FOR MAXIMA -- TD= 16.5800 TV = 16.6800 TA = 16.5600 
TIMES FOR MAXIMA -- TD= 32.7400 TV= 16.4800 TA= 32.7300 
TIMES FOR MAXIMA-- TD= 32.7600 TV= 16.4800 TA= 32.7500 
TIMES FOR MAXIMA-- TD= 32.7800 TV= 16.4800 TA= 16.5800 
TIMES FOR MAXIMA-- TD= 33.6700 TV= 16.4800 TA= 33.6600 
TIMES FOR MAXIMA -- TD= 16.3200 TV= 16.4800 TA= 16.3000 
TIMES FOR MAXIMA -- TD = I 2.1700 TV = I 6.4800 TA = I 6.3 I 00 
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PER =0.90 
PER= 0.92 
PER =0.94 
PER=0.96 
PER =0.98 
PER= 1.00 
PER= 1.05 
PER= I.JO 
PER= 1.15 
PER= 1.20 
PER= 1.25 
PER= 1.30 
PER= 1.35 
PER= 1.40 
PER= 1.45 
PER= 1.50 
PER= 1.55 
PER= 1.60 
PER= 1.65 
PER= 1.70 
PER= 1.75 
PER= I.SO 
PER= 1.85 
PER= 1.90 
PER= 1.95 
PER =2.00 
PER =2.05 
PER=2.10 
PER=2.15 
PER =2.20 
PER =2.25 
PER =2.30 
PER =2.35 
PER =2.40 
PER =2.50 
PER =2.60 
PER= 2.70 
PER =2.80 
PER= 2.90 
PER =3.00 
PER=3.10 
PER =3.20 
PER =3.30 
PER= 3.40 
PER =3.50 
PER =3.60 
PER =3.70 
PER =3.80 
PER= 3.90 
PER =4.00 
PER =4.10 
PER =4.20 
PER= 4.30 
PER =4.40 
PER =4.50 
PER =4.60 
PER =4.70 
PER =4.80 
PER= 4.90 
PER =5.00 
PER=5.10 

PCSC300M-I.out 
TIMES FOR MAXIMA -- TD= 12.2400 TV= 12.4300 TA= 12.2300 
TIMES FOR MAXIMA -- TD= 12.2400 TV = 12.4300 TA= 12.2300 
TIMES FOR MAXIMA -- TD= 12.2500 TV = 12.4300 TA= 12.2400 
TIMES FOR MAXIMA-- TD= 12.2600 TV= 12.4300 TA= 12.2500 
TIMES FOR MAXIMA -- TD= 12.2800 TV = 12.4400 TA= 12.2700 
TIMES FOR MAXIMA -- TD = 12.3000 TV = 12.4400 TA= 12.2800 
TIMES FOR MAXIMA -- TD= 12.3300 TV= 13.7000 TA= 12.3200 
TIMES FOR MAXIMA-- TD= 12.3500 TV= 13.2000 TA= 12.3300 
TIMES FOR MAXIMA -- TD= 13.5900 TV= 13.2400 TA= 13.5700 
TIMES FOR MAXIMA -- TD= 13.6300 TV= 13.9700 TA= 13.5900 
TIMES FOR MAXIMA -- TD= 13.1200 TV= 13.5200 TA= 13.1000 
TIMESFORMAXIMA-- TD=l3.!500 TV=13.5300 TA=13.1200 
TIMESFORMAXIMA-- TD=13.1500 TV=13.5300 TA=13.1300 
TIMES FOR MAXIMA-- TD= 13.1600 TV= 13.5300 TA= 13.1400 
TIMESFORMAXIMA-- TD=13.!700 TV=13.5300 TA=13.1500 
TIMES FOR MAXIMA-- TD= 13.1900 TV=l3.5300 TA=l3.1700 
TIMES FOR MAXIMA -- TD= 13.2300 TV= 13.5300 TA= 13.1900 
TIMES FOR MAXIMA-- TD= 13.4200 TV= 13.5300 TA= 13.4000 
TIMESFORMAXIMA-- TD=13.4300 TV=l3.0600 TA=13.4!00 
TIMESFORMAXIMA-- TD=l3.4400 TV=l3.0600 TA=13.4100 
TIMES FOR MAXIMA -- TD= 16.3800 TV= 18.6600 TA= 16.3600 
TIMES FOR MAXIMA -- TD= 17.4800 TV= 18.6600 TA= 17.4600 
TIMES FOR MAXIMA-- TD= 17.5000 TV= 17.9200 TA=l7.4700 
TIMES FOR MAXIMA -- TD= 18.5500 TV= 17.9200 TA= 18.5300 
TIMES FOR MAXIMA -- TD= 18.5800 TV = 16.2500 TA= 18.5500 
TIMES FOR MAXIMA -- TD= I 8.5900 TV= 16.2500 TA= 18.5600 
TIMES FOR MAXIMA-- TD= 19.7100 TV= 16.2500 TA= 19.6800. 
TIMES FOR MAXIMA-- TD= 17.7100 TV= 16.2500 TA= 19.7100 
TIMESFORMAXIMA-- TD=l7.7800 TV=16.2500 TA=17.7600 
TIMES FOR MAXIMA-- TD= 17.8200 TV= 16.2600 TA= 17.8000 
TIMES FOR MAXIMA-- TD= 16.8100 TV= 16.2600 TA= 16.7700 
TIMES FOR MAXIMA-- TD= 19.1100 TV= 16.2600 TA= 19.0900 
TIMES FOR MAXIMA -- TD= 17 .0900 TV = 16.6800 TA = I 7.0600 
TIMES FOR MAXIMA -- TD = I 6.0700 TV = I 6.6800 TA= 16.0500 
TIMES FOR MAXIMA-- TD= 11.9300 TV= 16.6800 TA= 11.8600 
TIMESFORMAXIMA-- TD=12.0I00 TV=12.5700 TA=ll.9400 
TIMES FOR MAXIMA -- TD= 12.0900 TV= 12.5700 TA= 12.0200 
TIMES FOR MAXIMA-- TD= 17.1100 TV= 16.6800 TA= 17.0700 
TIMES FOR MAXIMA-- TD= 17.1400 TV= 16.6800 TA= 17.1000 
TIMES FOR MAXIMA -- TD= 16.0800 TV = 16.6800 TA= 16.0500 
TIMES FOR MAXIMA -- TD= 16.1300 TV = 16.6800 TA = 16.0500 
TIMES FOR MAXIMA -- TD= 16.1400 TV = 16.6800 TA = 16.1200 
TIMESFORMAXIMA-- TD=l6.1500 TV=l6.6800 TA=l6.1200 
TIMES FOR MAXIMA-- TD= 16.1500 TV= 16.6800 TA= 16.1200 
TIMES FOR MAXIMA -- TD= 45.5600 TV = 16.6800 TA = 45.4800 
TIMES FOR MAXIMA -- TD = 45. 7200 TV = 16.6800 TA= 45.6600 
TIMES FOR MAXIMA -- TD = 44.2600 TV = 16.6800 TA= 44.2300 
TIMES FOR MAXIMA -- TD= 44.3000 TV= 16.6800 TA= 44.2400 
TIMES FOR MAXIMA -- TD= 46.2900 TV = 16.6800 TA = 46.2200 
TIMES FOR MAXIMA -- TD= 44.6200 TV = 16.6800 TA = 16.1200 
TIMESFORMAXIMA-- TD=l6.1500 TV=l6.6800 TA=l6.1200 
TIMES FOR MAXIMA-- TD= 14.9100 TV= 16.6800 TA= 14.8800 
TIMES FOR MAXIMA -- TD= 14.9200 TV= 16.6800 TA= 14.8800 
TIMES FOR MAXIMA -- TD= 14.9200 TV= 16.6800 TA= 14.8800 
TIMES FOR MAXIMA -- TD= 14.9200 TV= 16.6800 TA= 14.8900 
TIMES FOR MAXIMA -- TD= 14.9300 TV= 16.6800 TA= 14.8900 
TIMES FOR MAXIMA -- TD= 32.0500 TV= 16.6800 TA= 32.0000 
TIMES FOR MAXIMA -- TD= 32.0700 TV= 26.8200 TA= 32.0000 
TIMES FOR MAXIMA -- TD= 32.0900 TV= 26.8200 TA= 32.0000 
TIMES FOR MAXIMA -- TD= 32. 1000 TV= 26.8200 TA= 32.0000 
TIMES FOR MAXIMA -- TD= 28.0900 TV = 26.8200 TA = 32.0000 
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PCSC300M-l.out 

( PER= 5.20 TIMES FOR MAXIMA -- TD= 28. I 000 TV = 26.8200 TA =28.0700 
PER= 5.40 TIMES FOR MAXIMA -- TD= 9.8600 TV= 26.8200 TA= 9.7900 
PER= 5.60 TIMES FOR MAXIMA -- TD= 9.8600 TV =26.8200 TA= 9.7900 
PER= 5.80 TIMES FOR MAXIMA -- TD= 9.8700 TV =26.8200 TA= 9.8!00 
PER =6.00 TIMES FOR MAXIMA -- TD= 14.9200 TV= 12.5700 TA= 14.8800 
PER =6.20 TIMES roR MAXIMA -- TD= 14.9200 TV= 12.5700 TA= 14.8800 
PER =6.40 TIMES FOR MAXIMA -- TD= 14.9200 TV = 12.5700 TA= 14.8800 
PER =6.60 TIMES FOR MAXIMA -- TD= 14.9200 TV= 12.5700 TA= 14.8800 
PER= 6.80 TIMES FOR MAXIMA -- TD= 14.9300 TV= 12.5700 TA= 14.8800 
PER =7.00 TIMES FOR MAXIMA -- TD= 14.9300 TV= 12.5700 TA= 14.8800 
PER =7.30 TIMES FOR MAXIMA -- TD= 15.4000 TV= 12.5700 TA= 15.3500 
PER =7.60 TIMES FOR MAXIMA -- TD= 15.4200 TV= 12.5700 TA= 15.3500 
PER= 8.00 TIMES FOR MAXIMA -- TD= 15.4500 TV= 12.5700 TA= 15.3500 
PER= 8.50 TIMES FOR MAXIMA -- TD= 15.5600 TV= 14.6700 TA= 15.3500 
PER =9.00 TIMES FOR MAXIMA -- TD= 16.7900 TV= 14.6700 TA= 16.6900 
PER =9.50 TIMES FOR MAXIMA -- TD= 17.1300 TV= 14.6700 TA= 16.6900 
PER =10.00 TIMES FOR MAXIMA-- TD= 17.1400 TV= 16.6800 TA= 16.6900 
SPECTRAL VALUES--
(Acceleration of gravity used = 32.20) 

PSCS300E Crest Column DAMPING RATIO = 0.050 
NO. PERIOD REL. DISP. REL. VEL. PSU.REL.VEL. ABS. ACC. PSU.ABS.ACC. FREQ. 

I 0.01 0.00006 0.00148 0.03859 0.75485 0.75291 100.00 
2 0.02 0.00025 0.02224 0.07796 0.75500 0.76065 50.00 

3 0.03 0.00078 0.11720 0.16261 1.03737 1.05770 33.33 
4 0.04 0.00189 0.22142 0.29725 1.49386 1.45006 25.00 

5 0.05 0.00353 0.36329 0.44334 1.72141 1.73017 20.00 
6 0.06 0.00483 0.44388 0.50543 1.65995 1.64373 16.67 
7 0.07 0.00564 0.47782 0.50625 1.41515 1.41122 14.29 
8 0.08 0.00871 0.58053 0.68370 1.68512 1.66764 12.50 
9 0.09 0.01508 0.96101 1.05299 2.26021 2.28299 11.11 
10 0.10 0.01299 0.72198 0.81629 1.56974 1.59283 10.00 
11 0.11 0.01511 0.75961 0.86325 1.51221 1.53132 9.09 
12 0.12 0.01593 0.71575 0.83428 1.34972 1.35661 8.33 
13 0.13 0.01582 0.62295 0.76445 1.16305 1.14744 7.69 
14 0.14 0.01950 0.63144 0.875 I 9 1.21278 1.21982 7.14 
15 0.15 0.01864 0.67126 0.78082 1.02964 1.01574 6.67 
16 0.16 0.02349 0.86132 0.92251 1.13603 1.12506 6.25 
17 0.17 0.02777 0.90208 1.02633 1.17499 1.17804 5.88 
18 0.18 0.03486 1.06543 1.21697 1.32473 1.31927 5.56 
19 0.19 0.04476 1.40113 1.48005 1.53362 1.52001 5.26 
20 0.20 0.05135 1.48010 1.61313 1.59068 1.57385 5.00 
21 0.21 0.05378 1.40334 1.609 I I 1.50057 1.49517 4.76 
22 0.22 0.06247 1.68568 1.78428 1.58991 1.58257 4.55 
23 0.23 0.07357 1.91656 2.00969 1.70152 1.70500 4.35 
24 0.24 0.09137 2.33734 2.39194 1.95066 1.94475 4.17 
25 0.25 0.11652 2.9488 I 2.92858 2.30515 2.28582 4.00 
26 0.26 0.12800 3.02688 3.09326 2.34448 2.32149 3.85 
27 0.27 0.12504 2.99262 2.90987 2.12452 2. 10298 3.70 
28 0.28 0.13141 3.03524 2.94874 2.07401 2.05496 3.57 
29 0.29 0. 15347 3.42825 3.32509 2.24634 2.23732 3.45 
30 0.30 0.19268 4.03283 4.03556 2.64720 2.62486 3.33 
31 0.31 0.20983 4.47487 4.25300 2.68072 2.67706 3.23 
32 0.32 0.20696 4.25418 4.06370 2.48767 2.47797 3.13 
33 0.33 0.19217 3.75961 3.65883 2.18322 2.16348 3.03 
34 0.34 0.16818 3.26236 3.10792 1.79320 1.78367 2.94 
35 0.35 0. 16793 3.20433 3.01476 1.69344 1.68077 2.86 
36 0.36 0.18371 3.12146 3.20641 1.74523 1.73796 2.78 
37 0.37 0.19763 3.36541 3.356 IO 1.77853 1.76994 2.70 
38 0.38 0.2!096 3.55027 3.488 I 7 1.80305 1.79118 2.63 
39 0.39 0.22040 3.6333 I 3.55073 1.78392 1.77655 2.56 

l 
40 0.40 0.22485 3.69214 3.53 I 90 1.72705 1.72295 2.50 
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41 0.41 0.22536 3.65259 3.45358 1.65110 1.64365 2.44 
42 0.42 0.22255 3.54459 3.32938 1.55420 1.54681 2.38 
43 0.43 0.22619 3.51520 3.30516 1.50884 1.49985 2.33 
44 0.44 0.24333 3.58677 3.47469 1.55138 1.54094 2.27 
45 0.45 0.25076 3.58192 3.50127 1.52911 1.51823 2.22 
46 0.46 0.24164 3.47798 3.30053 1.40986 1.40007 2.17 
47 0.47 0.23406 3.37542 3.12904 1.30713 1.29908 2.13 
48 0.48 0.23328 3.35192 3.05362 1.24660 1.24136 2.08 
49 0.49 0.23208 3.32575 2.97592 !.'!9463 1.18509 2.04 
so 0.50 0.23446 3.26179 2.94635 1.15763 1.14984 2.00 
51 0.51 0.23536 3.14001 2.89964 1.11697 1.10942 1.96 
52 0.52 0.22644 3.03081 2.73608 1.03255 1.02671 1.92 
53 0.53 0.20464 2.94390 2.42606 0.89792 0.89320 1.89 
54 0.54 0.17782 2.68504 2.06905 0.75226 0.74765 1.85 
55 0.55 0.17279 2.35637 I. 9739 I 0.70502 0.70031 1.82 
56 0.56 0.18963 2.26618 2.12761 0.74412 0.74136 1.79 
57 0.57 0.20836 2.39709 2.29681 0.78980 0.78627 1.75 
58 0.58 0.22669 2.66539 2.45580 0.83077 0.82621 1.72 
59 0.60 0.24149 2.62894 2.52889 0.82756 0.82244 1.67 
60 0.62 0.21879 2.42628 2.21730 0.70270 0.69784 1.61 
61 0.64 0.19260 2.06369 1.89080 0.58082 0.57649 1.56 
62 0.66 0.21707 2.48272 2.06651 0.61478 0.61097 1.52 
63 0.68 0.21999 2.78608 2.03270 0.58776 0.58329 1.47 
64 0.70 0.23315 2.82933 2.09279 0.58841 0.58338 1.43 
65 0.72 0.23178 2.61336 2.02264 0.55220 0.54816 1.39 
66 0.74 0.21850 2.34059 1.85522 0.49252 0.48920 1.35 
67 0.76 0.21042 2.16903 1.73960 0.45021 0.44664 1.32 
68 0.78 0.22309 2.13432 1.79706 0.45295 0.44956 1.28 
69 0.80 0.23577 2.25645 1.85170 0.45490 0.45 I 65 1.25 
70 0.82 0.23552 2.46660 1.80462 0.43393 0.42943 1.22 
71 0.84 0.23594 2.58781 1.76482 0.41263 0.40996 1.19 
72 0.86 0.22187 2.48884 1.62096 0.37085 0.36779 1.16 
73 0.88 0.21006 2.33420 1.49985 0.33389 0.33257 1.14 
74 0.90 0.21609 2.27460 1.50858 0.32804 0.32708 1.11 
75 0.92 0.23488 2.35067 1.60410 0.34148 0.34023 1.09 
76 0.94 0.2669 I 2.48294 1.78408 0.37188 0.37035 1.06 
77 0.96 0.30028 2.56589 1.96533 0.40160 0.39947 1.04 
78 0.98 0.32639 2.54769 2.09262 0.41885 0.41667 1.02 
79 1.00 0.34474 2.46579 2.16605 0.42491 0.42266 1.00 
80 1.05 0.37607 2.36155 2.25040 0.42136 0.41821 0.95 
81 I.IO 0.37369 2.42711 2. 13453 0.38205 0.37865 0.91 
82 1.15 0.44233 2.50484 2.41675 0.41528 0.41007 0.87 
83 1.20 0.48888 2.59708 2.55975 0.41871 0.41624 0.83 
84 1.25 0.46177 2.85322 2.32110 0.36556 0.36233 0.80 
85 1.30 0.38996 2.70824 1.88476 0.28546 0.28290 0.77 
86 1.35 0.34167 2.50267 1.59021 0.23213 0.22985 0.74 
87 1.40 0.3308 I 2.42499 1.48467 0.20902 0.20693 0.71 
88 1.45 0.33516 2.40128 1.45233 0.19733 0.19544 0.69 
89 1.50 0.34051 2.35661 1.42631 0.18699 0. I 8554 0.67 
90 1.55 0.33300 2.2 I 880 1.34989 0.17078 0.16994 0.65 
91 1.60 0.34984 1.97367 1.37380 0, 16938 0.16754 0.63 
92 1.65 0.34094 1.83003 1.29831 0.15644 0.15354 0.61 
93 1.70 0.31162 1.71375 1.15175 0.13541 0. 13220 0.59 
94 1.75 0.32900 1.75582 1.18124 0.13427 0.13171 0.57 
95 1.80 0.37390 1.78172 1.30517 0.14309 0.14149 0.56 
96 1.85 0.40832 1.76324 1.38679 0.14828 0.14627 0.54 
97 1.90 0.42440 1.73356 1.40346 0.14562 0.14414 0.53 
98 1.95 0.44906 1.71742 1.44692 0.14647 0.14479 0.51 
99 2.00 0.47550 1.77268 1.49383 0.14750 0.14575 0.50 
100 2.05 0.51275 1.90190 1.57155 0.15154 0.14959 0.49 
101 2.10 0.54946 2.09561 1.64398 0.15386 0.15276 0.48 
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102 2.15 0.59857 2.29334 l.74927 0.15955 0.15876 0.47 
103 2.20 0.62244 2.42372 1.77767 0.15911 0.15767 0.45 
104 2.25 0.60487 2.42782 1.68911 0.14863 0.14649 0.44 
105 2.30 0.56825 2.29373 1.55237 0.13338 0.13170 0.43 
106 2.35 0.51158 2.16262 l.36781 0.11455 0.11357 0.43 
107 2.40 0.47300 2. 13297 l.23832 0.10226 0.10068 0.42 
108 2.50 0.40057 1.82526 1.00674 0.07968 0.07858 0.40 
109 2.60 0.43355 1.81593 l.04772 0.07951 0.07863 0.38 
l IO 2.70 0.42170 1.68762 0.98134 0.07168 0.07092 0.37 
111 2.80 0.39019 1.71376 0.87559 0.06217 0.06102 0.36 
l 12 2.90 0.44155 1.91046 0.95667 0.06579 0.06437 0.34 
113 3.00 0.45601 1.99271 0.95507 0.06361 0.06212 0.33 
114 3.10 0.47532 1.93884 0.96340 0.06185 0.06064 0.32 
115 3.20 0.45002 1.80040 0.88360 0.05513 0.05388 0.31 
l 16 3.30 0.39849 1.64675 0.75873 0.04644 0.04486 0.30 
117 3.40 0.34537 1.52765 0.63824 0.03824 0.03663 0.29 
118 3.50 0.34585 1.46112 0.62087 0.03541 0.03461 0.29 
119 3.60 0.38778 1.43922 0.67680 0.03705 0.03668 0.28 
120 3.70 0.40027 1.44089 0.67971 0.03652 0.03585 0.27 
121 3.80 0.41610 1.44393 0.68801 0.03621 0.03533 0.26 
122 3.90 0.38890 1.43272 0.62655 0.03211 0.03135 0.26 
123 4.00 0.34298 1.40085 0.53876 0.02659 0.02628 0.25 
124 4.10 0.32261 1.35007 0.49440 0.02509 0.02353 0.24 
125 4.20 0.33552 1.28748 0.50193 0.02433 0.02332 0.24 
126 4.30 0.35346 l.22218 0.51648 0.02452 0.02344 0.23 
127 4.40 0.36225 1.16271 0.51729 0.02409 0.02294 0.23 
128 4.50 0.36139 1.11530 0.50460 0.02310 0.02188 0.22 
129 4.60 0.35233 1.08319 0.48125 0.02169 0.02041 0.22 
130 4.70 0.34994 l.06690 0.46782 0.02067 0.01942 0.21 
131 4.80 0.36366 l.12886 0.47603 0.02067 0.01935 0.21 

( 
132 4.90 0.35074 1.17140 0.44974 0.01920 0.01791 0.20 
133 5.00 0.31965 l.19172 0.40168 0.01692 0.01568 0.20 
134 5.10 0.28175 1.19536 0.34712 0.01445 0.01328 0.20 
135 5.20 0.28122 l.18986 0.33981 0.01336 0.01275 0.19 
136 5.40 0.28226 l.17590 0.32843 0.01256 0.01187 0.19 
137 5.60 0.30531 l.16881 0.34256 0.01265 0.01 l 94 0.18 
138 5.80 0.32103 l.15075 0.34777 0.01244 0.01170 0.17 
139 6.00 0.33548 1.16305 0.35132 0.01228 0.01143 0.17 
140 6.20 0.39029 1.19910 0.39552 0.01329 0.01245 0.16 
141 6.40 0.44539 1.22615 0.43726 0.01419 0.01333 0.16 
142 6.60 0.49611 1.24427 0.47230 0.01486 0.01396 0.15 
143 6.80 0.53946 1.25423 0.49846 0.01525 0.01430 0.15 
144 7.00 0.57413 1.25733 0.51534 0.01536 0.01437 0.14 
145 7.30 0.63071 1.25193 0.54286 0.01516 0.01451 0.14 
146 7.60 0.67786 1.23807 0.56041 0.01512 0.01439 0.13 
147 8.00 0.71450 l.21192 0.56116 0.01446 0.01369 0.13 
148 8.50 0.72441 1.21511 0.53549 0.01306 0.01229 0.12 
149 9.00 0.75099 1.25493 0.52429 0.01297 0.01137 . 0.11 
150 9.50 0.82840 I.27770 0.54789 0.01277 0.01125 0.11 
151 ID.OD 0.89637 1.29458 0.56321 0.01215 0.01099 0.10 
152 10.50 0.00000 0.00000 0.00000 0.00000 0.00000 0.10 

VALUES lN PERlOD RANGE .1 TO 2.5 SEC. 
AREA OF ACC. RESPONSE SPECTRUM = 1.256 
AREA OF VEL. RESPONSE SPECTRUM = 5.565 
MAX. ACCELERATION RESPONSE VALUE= 2.681 
MAX. VELOCITY RESPONSE VALUE= 4.475 

l ****** OPTION 9 *** COMPUTE RESPONSE SPECTRUM 
RESPONSE SPECTRUM ANALYSIS FOR LA YER NUMBER 17 

CALCULATED FOR DAMPING 0.050 
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TIMES AT WHICH MAX. SPECTRAL VALUES OCCUR 

TD = TIME FOR MAX. RELATIVE DISP. 
TV = TIME FOR MAX. RELATIVE VEL. 
TA= TIME FOR MAX. ABSOLUTE ACC. 

DAMPING RAT!O = 0.050 
PER= 0.01 TIMES FOR MAXIMA -
PER= 0.02 TIMES FOR MAXIMA -
PER = 0.03 TIMES FOR MAXIMA -
PER= 0.04 TIMES FOR MAXIMA -
PER= 0.05 TIMES FOR MAXIMA -
PER= 0.06 TIMES FOR MAXIMA -
PER= O.D7 TIMES FOR MAXIMA -
PER = 0.08 TIMES FOR MAXIMA -
PER= 0.09 TIMES FOR MAXIMA -
PER= 0. 10 TIMES FOR MAXIMA -
PER= 0. I I TIMES FOR MAXIMA -
PER= 0. I 2 TIMES FOR MAXIMA -
PER= 0.13 TIMES FOR MAXIMA -
PER= 0. I 4 TIMES FOR MAXIMA -
PER= 0. I 5 TIMES FOR MAXIMA -
PER= 0.16 TIMES FOR MAXIMA -
PER= 0. I 7 TIMES FOR MAXIMA -
PER= 0. I 8 TIMES FOR MAXIMA -
PER= 0. I 9 TIMES FOR MAXIMA -
PER= 0.20 TIMES FOR MAXIMA -
PER= 0.21 TIMES FOR MAXIMA -
PER= 0.22 TIMES FOR MAXIMA -
PER= 0.23 TIMES FOR MAXIMA -
PER= 0.24 TIMES FOR MAXIMA -
PER= 0.25 TIMES FOR MAXIMA -
PER = 0.26 TIMES FOR MAXIMA -
PER = 0.27 TIMES FOR MAXIMA -
PER= 0.28 TIMES FOR MAXIMA -
PER= 0.29 TIMES FOR MAXIMA -
PER= 0.30 TIMES FOR MAXIMA -
PER = 0.31 TIMES FOR MAXIMA -
PER= 0.32 TIMES FOR MAXIMA -
PER = 0.33 TIMES FOR MAXIMA -
PER = 0.34 TIMES FOR MAXIMA -
PER = 0.35 TIMES FOR MAXIMA -
PER= 0.36 TIMES FOR MAXIMA -
PER= 0.37 TIMES FOR MAXIMA -
PER= 0.38 TIMES FOR MAXIMA -
PER= 0.39 TIMES FOR MAXIMA -
PER= 0.40 TIMES FOR MAXIMA -
PER= 0.41 TIMES FOR MAXIMA -
PER= 0.42 TIMES FOR MAXIMA -
PER = 0.43 TIMES FOR MAXIMA -
PER = 0.44 TIMES FOR MAXIMA -
PER= 0.45 TIMES FOR MAXIMA -
PER= 0.46 TIMES FOR MAXIMA -
PER= 0.47 TIMES FOR MAXIMA -
PER = 0.48 TIMES FOR MAXIMA -
PER= 0.49 TIMES FOR MAXIMA -
PER = 0.50 TIMES FOR MAXIMA -
PER= 0.51 TIMES FOR MAXIMA -
PER= 0.52 TIMES FOR MAXIMA -
PER= 0.53 TIMES FOR MAXIMA -
PER = 0.54 TIMES FOR MAXIMA -
PER= 0.55 TIMES FOR MAXIMA -
PER= 0.56 TIMES FOR MAXIMA --

TD=24.5600 
TD=24.5600 
TD= 23.3800 
TD=24.6700 
TD= 10.4700 
TD= 18.2300 
TD= 18.2800 
TD= 16.0900 
TD= 11.3700 
TD= 13.6400 
TD= 25.5300 
TD= 21.3600 
TD= 15.1900 
TD= 16.6900 
TD= 14.1100 
TD= 20.5600 
TD= 13.8400 
TD= 22.8300 
TD= 22.8500 
TD= 22.2200 
TD= 24.3200 
TD= 24.3400 
TD= 24.4600 
TD= 21.8600 
TD= 21.7500 
TD= 21.6500 
TD= 21.0300 
TD= 21.0400 
TD= 21.0500 
TD= 13.4300 
TD= 13.4500 
TD= 13.4700 
TD= 13.4800 
TD= 21.6700 
TD= 16.7700 
TD= 16.7800 
TD= 16.7900 
TD= 16.8000 
TD= 16.8200 
TD= 16.8300 
TD= 16.8400 
TD= 27.2I00 
TD= 16.8600 
TD= 16.8700 
TD= 16.8800 
TD= 16.8900 
TD= 16.9000 
TD= 16.9100 
TD= 16.6900 
TD= 16.7000 
TD= 16.7100 
TD= 16.7300 
TD= 29.4900 
TD=29.5100 
TD= 29.5300 
TD= 32.1700 

TV= 18.6000 
TV= I 1.4800 
TV =23.3700 
TV =24.6800 
TV= 10.4600 
TV= 18.2200 
TV= 24.6700 
TV= 24.6500 
TV= I 1.3500 
TV =20.0800 
TV= 25.5100 
TV= 21.3900 
TV= 15.2900 
TV= 16.0000 
TV= 14.1500 
TV= 20.5200 
TV= 13.8800 
TV =22.7900 
TV =22.8100 
TV= 13.5800 
TV= 24.5800 
TV= 19.2400 
TV= 21.8900 
TV= 21.8000 
TV= 21.6900 
TV= 21.7100 
TV= 21.6100 
TV= 21.1 JOO 
TV= 21.1200 
TV= 13.5200 
TV= 13.5300 
TV= 13.5300 
TV= 13.4100 
TV= 13.4100 
TV= 16.6800 
TV= 16.6800 
TV= 16.6800 
TV= 16.9100 
TV= 16.9200 
TV= 16.9200 
TV= 16.9300 
TV=27.3100 
TV =27.3I00 
TV= 16.9900 
TV= 16.9900 
TV= 16.7800 
TV= 16.7800 
TV= 16.8200 
TV= 16.6100 
TV= 16.6100 
TV= 16.6100 
TV= 16.6100 
TV= 16.6100 
TV= 16.6200 
TV= 29.1200 
TV= 29.4300 
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TA= 24.5600 
TA=24.5600 
TA=23.3800 
TA =24.6700 
TA= 10.4700 
TA= 18.2300 
TA= 18.2800 
TA= 16.0900 
TA= 11.3700 
TA= 13.6400 
TA= 25.5300 
TA= 21.3600 
TA= 15.1900 
TA= 16.6900 
TA= 14.1100 
TA=20.5600 
TA= 13.8400 
TA=22.8300 
TA= 22.8500 
TA=22.2200 
TA=24.3200 
TA= 24.3300 
TA= 24.4600 
TA= 21.8500 
TA= 21.7500 
TA= 21.6500 
TA= 21.6600 
TA= 21.0300 
TA= 21.0400 
TA= 13.4300 
TA= 13.4500 
TA= 13.4600 
TA= 13.4700 
TA= 21.6700 
TA= 16.7700 
TA= 16.7800 
TA= 16.7900 
TA= 16.8000 
TA= 16.8100 
TA= 16.8300 
TA= 16.8400 
TA= 27.2000 
TA= 16.8500 
TA= 16.8600 
TA= 16.8800 
TA= 16.8900 
TA= 16.8900 
TA= 16.9000 
TA= 16.9100 
TA= 16.6900 
TA= 16.7000 
TA= 16.7200 
TA= 29.4800 
TA= 29.5000 
TA= 29.5200 
TA= 32.1600 
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PER =0.57 
PER= 0.58 
PER =0.60 
PER= 0.62 
PER =0.64 
PER =0.66 
PER =0.68 
PER= 0.70 
PER =0.72 
PER =0.74 
PER= 0.76 
PER= 0.78 
PER =0.80 
PER =0.82 
PER =0.84 
PER=0.86 
PER =0.88 
PER =0.90 
PER =0.92 
PER =0.94 
PER =0.96 
PER= 0.98 
PER= 1.00 
PER= 1.05 
PER= 1.10 
PER= 1.15 
PER= 1.20 
PER= 1.25 
PER= 1.30 
PER= 1.35 
PER= 1.40 
PER= 1.45 
PER= 1.50 
PER= 1.55 
PER= 1.60 
PER= 1.65 
PER= 1.70 
PER= 1.75 
PER= 1.80 
PER= 1.85 
PER= 1.90 
PER= 1.95 
PER =2.00 
PER =2.05 
PER= 2.10 
PER= 2.15 
PER= 2.20 
PER =2.25 
PER =2.30 
PER= 2.35 
PER =2.40 
PER =2.50 
PER= 2.60 
PER =2.70 
PER =2.80 
PER= 2.90 
PER= 3.00 
PER= 3.10 
PER= 3.20 
PER= 3.30 
PER= 3.40 

PCSC300M-1.out 
TIMES FOR MAXIMA -- TD = 30.4900 TV = 30.6500 TA = 30.4800 
TIMES FOR MAXIMA -- TD= 30.5200 TV= 30.6600 TA= 30.5100 
TIMES FOR MAXIMA -- TD = 30.5600 TV = 30.4200 TA = 30.5500 
TIMES FOR MAXIMA -- TD= 30.5900 TV = 30.4300 TA= 30.5800 
TIMES FOR MAXIMA -- TD= 15.6700 TV= 16.6100 TA= 15.6600 
TIMESFORMAXIMA-- TD=l6.7500 TV=l6.6100 TA=l6.7400 
TIMES FOR MAXIMA -- TD= 16.4800 TV= 16.6200 TA= 16.4700 
TIMES FOR MAXIMA -- TD= 16.5100 TV= 16.6200 TA= 16.5000 
TIMES FOR MAXIMA -- TD= 16.5300 TV= 16.4100 TA= 16.5200 
TIMES FOR MAXIMA-- TD= 16.5400 TV= 16.4100 TA= 16.5300 
TIMES FOR MAXIMA -- TD= 32.6800 TV= 16.4100 TA= 32.6700 
TIMES FOR MAXIMA -- TD= 32.7100 TV= 16.4100 TA= 32.7000 
TIMES FOR MAXIMA -- TD= 32. 7400 TV = 16.4200 TA = 32. 7200 
TIMES FOR MAXIMA -- TD= 33.6100 TV= 16.4200 TA= 33.6000 
TIMES FOR MAXIMA -- TD= 33.6600 TV = 16.4200 TA= 33.6400 
TIMES FOR MAXIMA -- TD= 12.1700 TV= 16.4300 TA= 12.1600 
TIMES FOR MAXIMA -- TD= 12.1900 TV= 12.3600 TA= 12.1800 
TIMES FOR MAXIMA -- TD = 12.2000 TV = 12.3600 TA= 12.1800 
TIMES FOR MAXIMA -- TD = 12.2000 TV = 12.3600 TA= 12.1900 
TIMES FOR MAXIMA-- TD= 12.2100 TV= 12.3600 TA= 12.2000 
TIMES FOR MAXIMA -- TD = 12.2200 TV = 12.3700 TA= 12.2000 
TIMES FOR MAXIMA-- TD= 12.2500 TV= 12.4500 TA= 12.2300 
TIMES FOR MAXIMA -- TD = 12.2600 TV = 16.1800 TA= 12.2500 
TIMES FOR MAXIMA -- TD= l 2.3000 TV = 13.1700 TA= 12.2800 
TIMES FOR MAXIMA -- TD= 13.5000 TV= 13.2000 TA= 13.4900 
TIMES FOR MAXIMA -- TD= 13.5400 TV= 13.8400 TA= 13.5100 
TIMES FOR MAXIMA -- TD= 13.6200 TV = 13.4000 TA = 13.6000 
TIMES FOR MAXIMA -- TD= 13.0900 TV = 13.4100 TA = 13.0700 
TIMESFORMAXIMA-- TD=l3.7800 TV=l3.4100 TA=l3.7600 
TIMES FOR MAXIMA-- TD= 13.8100 TV= 13.4600 TA= 13.7800 
Tl MES FOR MAXIMA -- TD= 13.8200 TV = 13.4600 TA= 13.8000 
TIMESFORMAXIMA-- TD=l3.1900 TV=l3.4600 TA=l3.1500 
TIMES FOR MAXIMA -- TD= 13.2300 TV= 13.5900 TA= 13.1900 
TIMES FOR MAXIMA -- TD= 13.3200 TV= 12.9500 TA= 13.3000 
TIMES FOR MAXIMA -- TD= 13.3500 TV= 12.9500 TA= 13.3400 
TIMES FOR MAXIMA -- TD= 13.3700 TV= 13.0000 TA= 13.3400 
TIMESFORMAXIMA-- TD=l3.3800 TV=l3.0000 TA=l3.3500 
TIMES FOR MAXIMA -- TD= 18.2300 TV = 18.5900 TA= 18.2100 
TIMES FOR MAXIMA-- TD= 17.4300 TV= 17.8500 TA= 17.4000 
TIMESFORMAXIMA-- TD=l7.4700 TV=l7.9300 TA=l7.4400 
TIMES FOR MAXIMA-- TD= 18.5100 TV= 17.9400 TA= 18.4800 
TIMES FOR MAXIMA-- TD= 18.5300 TV= 17.9400 TA= 18.5100 
TIMES FOR MAXIMA-- TD= 19.6300 TV =20.1700 TA= 19.6100 
TIMES FOR MAXIMA -- TD= 19.6600 TV= 20.1700 TA= 19.6200 
Tl MES FOR MAXIMA -- TD= 17. 7000 TV = 19.3000 TA = 17.6800 
TIMESFORMAXlMA-- TD=l7.7500 TV=l7.3100 TA=l7.7100 
TIMESFORMAXIMA-- TD=l7.7800 TV=l7.3100 TA=l7.7500 
TIMES FOR MAXIMA-- TD= 19.0300 TV= 17.3200 TA= 18.9800 
TIMES FOR MAXIMA -- TD= 19.0600 TV= 16.2700 TA= 19.0300 
TIMESFORMAXIMA-- TD=l7.0200 TV=l6.6100 TA=l7.0000 
TlMESFORMAXIMA-- TD=l6.0500 TV=l6.6100 TA=l5.9800 
TIMES FOR MAXIMA -- TD= 12.8600 TV = 12.4900 TA = 12.8400 
TIMES FOR MAXIMA -- TD= 12.0000 TV = 12.4900 TA = 11.9500 
TIMES FOR MAXIMA -- TD= 12.0800 TV = 12.5000 TA = 12.0100 
TIMES FOR MAXIMA -- TD= 17.0500 TV = 11.7800 TA = 17.0400 
TIMESFORMAXIMA-- TD=l7.1000 TV=16.6100 TA=17.0500 
TIMES FOR MAXIMA-- TD= 16.0600 TV= 16.6100 TA= 15.9800 
TIMES FOR MAXIMA -- TD = 16.0800 TV = 16.6100 TA= 16.0500 
TIMES FOR MAXIMA -- TD = 16. 1000 TV = 16.6200 TA = 16.0600 
TIMES FOR MAXIMA-- TD= 16.1100 TV= 16.6200 TA= 16.0600 
TIMES FOR MAXIMA -- TD= 16.1200 TV = 15. 7000 TA = 16.0600 
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PER = 3.50 TIMES FOR MAXIMA -- TD= 45.5300 TV = 16.6200 TA= 45.4900 
PER= 3.60 TIMES FOR MAXIMA-- TD= 45.6800 TV= 16.6200 TA=45.6000 
PER = 3. 70 TIMES FOR MAXIMA -- TD= 44.1900 TV = 16.6200 TA= 44.1600 
PER = 3.80 TIMES FOR MAXIMA -- TD= 44.3200 TV = 16.6200 TA= 44.2900 
PER=3.90 TIMES FOR MAXIMA-- TD=44.3600 TV= 16.6200 TA=44.3200 
PER = 4.00 TIMES FOR MAXIMA -- TD= 44.5500 TV = 15.8300 TA= 44.4500 
PER= 4.10 TIMES FOR MAXIMA-- TD= 44.5800 TV= 15.8300 TA= 14.8100 
PER=4.20 TIMESFORMAXIMA-- TD=l4.8500 TV=l5.8300 TA=l4.8100 
PER= 4.30 TIMES FOR MAXIMA-- TD= 14.8500 TV= 15.8300 TA= 14.8100 
PER= 4.40 TIMES FOR MAXIMA-- TD= 14.8600 TV= 15.8300 TA= 14.8100 
PER =4.50 TIMES FOR MAXIMA -- TD= 14.8600 TV= 15.8300 TA= 14.8200 
PER=4.60 TIMESFORMAXIMA-- TD=l4.9400 TV=l5.8300 TA=l4.8200 
PER =4.70 TIMES FOR MAXIMA -- TD= 32.0400 TV= 15.8300 TA= 14.8200 
PER= 4.80 TIMES FOR MAXIMA -- TD= 32.0600 TV= 15.8300 TA= 32.0200 
PER= 4.90 TIMES FOR MAXIMA -- TD= 32.0700 TV= 15.8300 TA= 32.0200 
PER =5.00 TIMES FOR MAXIMA-- TD= 32.1300 TV= 15.8300 TA= 32.0200 
PER= 5.10 TIMES FOR MAXIMA -- TD= 28.0300 TV= 15.8300 TA =28.0000 
PER= 5.20 TIMES FOR MAXIMA-- TD= 28.0300 TV= 15.8300 TA= 28.0000 
PER= 5.40 TIMES FOR MAXIMA -- TD= 9.7900 TV= 11.2400 TA= 28.0000 
PER= 5.60 TIMES FOR MAXIMA-- TD= 9.7900 TV= 11.2400 TA= 9.7500 
PER= 5.80 TIMES FOR MAXIMA -- TD= 9.8200 TV= 15.8300 TA= 9.7500 
PER= 6.00 TIMES FOR MAXIMA-- TD= 14.8500 TV= 15.8300 TA= 14.8100 
PER=6.20 TIMESFORMAXIMA-- TD=l4.8500 TV=l5.8300 TA=l4.8100 
PER=6.40 TIMESFORMAXIMA-- TD=l4.8500 TV=I5.8300 TA=l4.8100 
PER= 6.60 TIMES FOR MAXIMA -- TD= 14.8600 TV= 15.8300 TA= 14.8100 
PER=6.80 TIMES FOR MAXIMA-- TD= 14.8600 TV= 15.8300 TA= 14.8100 
PER=7.00 TIMESFORMAXIMA-- TD=l4.9800 TV=l2.5000 TA=l4.8100 
PER= 7.30 TIMES FOR MAXIMA-- TD= 15.3900 TV= 17.3200 TA= 14.8100 
PER= 7.60 TIMES FOR MAXIMA -- TD= 15.4000 TV= 17.3200 TA= 15.3100 
PER= 8.00 TIMES FOR MAXIMA -- TD= 15.4900 TV= 17.3200 TA= 15.3700 
PER= 8.50 TIMES FOR MAXIMA-- TD= 15.5300 TV= 14.6000 TA= 15.4700 
PER= 9.00 TIMES FOR MAXIMA-- TD= 16.8100 TV= 14.6000 TA= 16.6200 
PER= 9.50 TIMES FOR MAXIMA -- TD= 17.0600 TV= 14.6000 TA= 16.7400 
PER=I0.00 TIMESFORMAXIMA-- TD=l7.1500 TV=l4.6000 TA=l7.0400 
SPECTRAL VALUES--
(Acceleration of gravity used = 32.20) 

PSCS300E Crest Column DAMPING RATIO= 0.050 
NO. PERIOD REL. DISP. REL. VEL. PSU.REL.VEL. ABS. ACC. PSU.ABS.ACC. FREQ. 

I 0.01 0.00005 0.00137 0.02954 0.57869 0.57636 100.00 
2 0.02 0.00019 0.03246 0.05874 0.5785 I 0.57313 50.00 
3 0.03 0.00084 0.16225 0.17610 1.10556 1.14542 33.33 
4 0.04 0.00190 0.26915 0.29880 1.48423 1.45761 25.00 
5 0.05 0.00342 0.38292 0.43034 1.68897 1.67944 20.00 
6 0.06 0.00440 0.46805 0.46042 1.55729 1.49736 I 6.67 
7 0.07 0.00583 0.52196 0.52342 1.45432 1.45906 14.29 
8 0.08 0.00756 0.58863 0.59363 1.49438 1.44794 12.50 
9 0.09 0.00981 0.68527 0.68468 1.49214 1.48446 II.II 
10 0.10 0.01153 0.67832 0.72473 1.39533 1.41416 10.00 
11 0.11 0.01476 0.77760 0.84282 1.51649 1.49509 9.09 
12 0.12 0.01629 0.83139 0.85295 1.40540 1.38697 8.33 
13 0.13 0.01684 0.79261 0.81412 1.22022 1.22200 7:69 
14 0.14 0.01815 0.79492 0.81472 1.12382 1.13554 7.14 
15 0.15 0.01917 0.78885 0.80311 1.04837 1.04474 6.67 
16 0.16 0.02264 0.87808 0.88913 1.08719 1.08435 6.25 
17 0.17 0.02615 0.95564 0.96640 1.11464 1.10926 5.88 
18 0.18 0.03507 1.12475 1.22425 1.32698 1.32716 5.56 
19 0.19 0.03470 1.15550 1.14761 1.17936 1.17860 5.26 
20 0.20 0.03549 1.24968 1.11510 1.08628 1.08794 5.00 
21 0.21 0.03665 1.13296 1.09655 1.02129 1.01890 4.76 
22 0.22 0.04047 1.20959 1.15594 1.03249 1.02527 4.55 
23 0.23 0.04161 1.16229 1.13658 0.97652 0.96427 4.35 
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24 0.24 0.04975 1.29290 1.30247 1.06242 1.05896 4.17 
25 0.25 0.06040 1.56475 1.51813 1.19290 I. I 8493 4.00 
26 0.26 0.06309 1.61978 1.52473 1.14568 1.14431 3.85 
27 0.27 0.05277 1.29989 1.22801 0.89238 0.88749 3.70 
28 0.28 0.05245 1.28803 1.17691 0.82117 0.82018 3.57 
29 0.29 0.05858 1.42125 1.26924 0.85688 0.85402 3.45 
30 0.30 0.06833 1.51338 1.43100 0.93704 0.93077 3.33 
31 0.31 0.07664 1.71775 1.55334 0.97975 0.97775 3.23 
32 0.32 0.07644 1.62581 1.50080 0.92328 0.91516 3.13 
33 0.33 0.07036 1.46608 1.33963 0.79885 0.79213 3.03 
34 0.34 0.06555 1.29567 1.21135 0.69574 0.69521 2.94 
35 0.35 0.06914 1.36883 1.24114 0.69509 0.69195 2.86 
36 0.36 0.07611 1.43229 1.32829 0.72534 0.71997 2.78 
37 0.37 0.08321 1.46923 1.41300 0.74916 0.74518 2.70 
38 0.38 0.09015 1.54982 1.49059 0.76953 0.76542 2.63 
39 0.39 0.09619 1.64563 1.54976 0.77692 0.77539 2.56 
40 0.40 0.10071 1.66299 1.58202 0.77619 0.77175 2.50 
41 0.41 0.10438 1.61478 1.59959 0.76625 0.76129 2.44 
42 0.42 0.10761 1.63710 1.60983 0.75221 0.74792 2.38 
43 0.43 0.11229 1.61004 1.64084 0.74872 0.74460 2.33 
44 0.44 0.12294 1.71041 1.7555 I 0.78269 0.77853 2.27 
45 0.45 0.12786 1.77832 1.78529 0.77785 0.77414 2.22 
46 0.46 0.12471 1.71825 1.70342 0.72783 0.72258 2.17 
47 0.47 0.12287 1.65704 1.64265 0.68560 0.68198 2.13 
48 0.48 0.12350 1.63243 1.61656 0.66244 0.65717 2.08 
49 0.49 0.12258 1.70238 1.57185 0.63005 0.62595 2.04 
50 0.50 0.12409 1.78871 1.55941 0.61130 0.60858 2.00 
51 0.51 0.12464 1.86376 1.53559 0.59053 0.58753 1.96 
52 0.52 0.11959 1.85372 1.44501 0.54442 0.54224 1.92 
53 0.53 0.11048 1.70483 1.30978 0.48598 0.48222 1.89 
54 0.54 0.11235 1.47125 1.30725 0.47394 0.47238 1.85 
55 0.55 0.11423 1.38020 1.30494 0.46612 0.46297 1.82 
56 0.56 0.12991 1.43053 1.45756 0.51070 0.50788 1.79 
57 0.57 0.14553 1.58598 1.60414 0.55167 0.54915 1.75 
58 0.58 0.16090 1.75597 1.74305 0.58929 0.58642 1.72 
59 0.60 0.16552 1.90732 1.73336 0.56612 0.56372 1.67 
60 0.62 0.14914 1.71916 1.51142 0.47783 0.47568 1.61 
61 0.64 0.13615 1.46806 1.33669 0.40996 0.40754 1.56 
62 0.66 0.14161 1.75359 1.34813 0.40145 0.39858 1.52 
63 0.68 0.15367 1.85258 1.41993 0.41058 0.40746 1.47 
64 0.70 0.16446 1.75202 1.47616 0.41334 0.41149 1.43 
65 0.72 0.16040 1.64248 1.39978 0.38212 0.37936 1.39 
66 0.74 0.14915 1.61251 1.26642 0.33597 0.33394 1.35 
67 0.76 0.16057 1.57224 1.32750 0.34338 0.34084 1.32 
68 0.78 0.17913 1.59266 1.44299 0.36327 0.36099 1.28 
69 0.80 0. I 8584 1.69089 1.45955 0.35775 0.35600 1.25 
70 0.82 0.19547 1.83473 1.49779 0.35886 0.35642 1.22 
71 0.84 0.19510 1.85877 1.45935 0.34022 0.33900 L19 
72 0.86 0. I 9321 1.71122 1.41159 0.32171 0.32028 1.16 
73 0.88 0.20256 1.67547 1.44626 0.32247 0.32069 1.14 
74 0.90 0.20867 1.64417 1.45683 0.3 I 757 0.31586 I.II 
75 0.92 0.22540 1.68543 1.53941 0.32824 0.32651 1.09 
76 0.94 0.25264 1.75116 1.68869 0.35247 0.35055 1.06 
77 0.96 0.27876 1.75505 1.82446 0.37302 0.37084 1.04 
78 0.98 0.29797 1.72103 1.91040 0.38186 0.38038 1.02 
79 1.00 0.31142 1.70665 1.95673 0.38400 0.38 I 82 1.00 
80 1.05 0.33056 1.86700 1.97809 0.37049 0.36760 0.95 
81 I.JO 0.34010 1.98275 1.94264 0.34638 0.34461 0.91 
82 1.15 0.38232 2.18670 2.08887 0.35752 0.35444 0.87 
83 1.20 0.43710 2.43040 2.28867 0.37540 0.37216 0.83 

( 
84 l.25 0.41217 2.48596 2.07178 0.32532 0.32341 0.80 
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~ 85 l.30 0.35374 2.07796 1.70971 0.25849 0.25663 0.77 ( 86 1.35 0.31529 l.82241 1.46742 0.21360 0.21210 0.74 

87 l.40 0.30429 l.71927 1.36566 0.19212 0.19034 0.71 
88 1.45 0.30631 1.66137 1.32732 0.18009 0.17862 0.69 
89 l.50 0.31859 l.66658 1.33450 0.17445 0.17360 0.67 
90 1.55 0.33532 l.63453 1.35927 0.17193 0.17112 0.65 
91 1.60 0.33890 1.61066 1.33085 0.16392 0.16231 0.63 
92 1.65 0.31778 1.50173 1.21009 0.14561 0.14311 0.61 
93 l.70 0.28140 1.35995 1.04004 0.12177 0.11938 0.59 
94 1.75 0.30802 1.33546 1.10590 0.12463 0.12331 0.57 
95 1.80 0.35605 1.46700 1.24286 0.13603 0.13473 0.56 
96 l.85 0.38459 1.54226 1.30617 0.13881 0.13777 0.54 
97 1.90 0.41120 1.54079 1.35982 0.14101 0.13965 0.53 
98 1.95 0.42776 1.50608 1.37831 0.13955 0.13792 0.51 
99 2.00 0.45877 1.58228 1.44128 0.14253 0.14062 0.50 
100 2.05 0.49417 1.68678 1.51462 0.14614 0.14417 0.49 
101 2.10 0.54015 1.79416 1.61614 0.15074 0.15017 0.48 
102 2.15 0.58631 1.97185 1.71343 0.15668 0.15551 0.47 
103 2.20 0.59876 2.08291 1.71005 0.15348 0.15167 0.45 
104 2.25 0.59010 2.04481 1.64786 0.14423 0.14291 0.44 
105 2.30 0.54691 1.88205 1.49406 0.12852 0.12675 0.43 
106 2.35 0.50389 J.76316 1.34725 0.11256 0.11187 0.43 
107 2.40 0.45720 1.68962 1.19696 0.09891 0.09732 0.42 
108 2.50 0.39717 1.45197 0.99821 0.07839 0.07791 0.40 
109 2.60 0.42222 1.44539 1.02035 0.07780 0.07658 0.38 
I IO 2.70 0.41356 1.27860 0.96239 0.07028 0.06955 0.37 
Ill 2.80 0.37799 1.27516 0.84821 0.05970 0.05911 0.36 
112 2.90 0.42097 1.45197 0.91208 0.06234 0.06137 0.34 
113 3.00 0.44342 1.50548 0.92870 0.06150 0.06041 0.33 
114 3.10 0.45766 l.42670 0.92760 0.05970 0.05839 0.32 

C 115 3.20 0.42651 1.27704 0.83745 0.05273 0.05107 0.31 
I 16 3.30 0.37342 1.12135 0.71100 0.04371 0.04204 0.30 
117 3.40 0.32021 1.01441 0.59175 0.03557 0.03396 0.29 
118 3.50 0.33969 0.94441 0.6098 I 0.03443 0.03400 0.29 
119 3.60 0.38484 0.92642 0.67168 0.03683 0.03641 0.28 
120 3.70 0.39485 0.92955 0.67051 0.03594 0.03536 0.27 
121 3.80 0.40968 0.93190 0.67740 0.03518 0.03478 0.26 
122 3.90 0.38228 0.91874 0.61588 0.03143 0.03081 0.26 
123 4.00 0.34203 0.92697 0.53726 0.02642 0.02621 0.25 
124 4.10 0.30825 0.96203 0.47239 0.02341 0.02248 0.24 
125 4.20 0.32556 0.98725 0.48703 0.02406 0.02263 0.24 
126 4.30 0.34146 0.99738 0.49894 0.02413 0.02264 0.23 
127 4.40 0.34807 0.99104 0.49705 0.02358 0.02204 0.23 
128 4.50 0.34534 0.97000 0.48218 0.02249 0.02091 0.22 
129 4.60 0.33556 0.93804 0.45834 0.02099 0.01944 0.22 
130 4.70 0.33 I 70 0.89990 0.44343 0.01925 0.01841 0.21 
131 4.80 0.34522 0.86035 0.45 I 89 0.01886 0.01837 0.21 
132 4.90 0.33 I 90 0.82347 0.42559 0.01758 0.01695 0.20 
133 5.00 0.30064 0.79241 0.37780 0.01543 0.01474 0.20 
134 5.10 0.28033 0.76907 0.34537 0.01383 0.01321 0.20 
135 5.20 0.27769 0.75443 0.33554 0.01330 0.01259 0.19 
136 5.40 0.27310 0.77836 0.31776 0.01207 0.01148 0.19 
137 5.60 0.29401 0.79628 0.32988 0.01202 0.01149 0.18 
138 5.80 0.30778 0.80794 0.33342 0.01178 0.01122 0.17 
139 6.00 0.32463 0.84580 0.33995 0.01222 0.01106 0.17 
140 6.20 0.37930 0.87676 0.38439 0.01325 0.01210 0.16 
141 6.40 0.43335 0.89546 0.42544 0.01413 0.01297 0.16 
142 6.60 0.48253 0.89989 0.45937 0.01477 0.01358 0.15 
143 6.80 0.52393 0.89041 0.4841 I 0.01512 0.01389 0.15 
144 7.00 0.55920 0.87529 0.50194 0.01518 0.01399 0.14 

( 145 7.30 0.62005 0.88042 0.53368 0.01482 0.01427 0.14 
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PCSC300M-l .out 
146 7.60 0.66716 0.90825 0.55156 0.01449 0.01416 
147 8.00 0.70847 0.90727 0.55643 0.01389 0.01357 
148 8.50 0.72253 0.93252 0.53409 0.01272 0.01226 
149 9.00 0.72748 0.96895 0.50788 0.01163 0.01101 
150 9.50 0.81580 0.98875 0.53956 0.01146 0.01108 
151 10.00 0.88090 0.99633 0.55348 0.01116 0.01080 
152 10.50 0.00000 0.00000 0.00000 0.00000 0.00000 

VALUES IN PERIOD RANGE .1 TO 2.5 SEC. 
AREA OF ACC. RESPONSE SPECTRUM = 0.859 
AREA OF VEL. RESPONSE SPECTRUM = 4.045 
MAX. ACCELERATION RESPONSE VALUE= 1.516 
MAX. VELOCITY RESPONSE VALUE= 2.486 

*** End of Output File No. 1 *** 

( 
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OBJECTIVE: 

CALCULATION BRIEF 
FOR 

ESTIMATE OF POTENTIAL EMBANKMENT SETTLE!\IBNTS 
(PERMANENT DEFORMATIONS) 

POND CREEK COAL REFUSE DISPOSAL SITE - SOUTH CELL 

Estimate maximum anticipated settlements for the Pond Creek - South Cell 
embankment and impoundment geometry. 

METHODOLOGY: Use SHAKE2000 (Ordonez, G., 2006) (Reference 1) to determine time history of 
accelerations from time history of horizontal shear stresses (Reference 7) at the 
critical layer-to-failure surface interface, and estimate permanent deformations 
based on (Houston, et al., 1987), for the critical soil mass. Cumulative 
deformations are estimated from stress-to-acceleration time histories, above the 
yield accelerations (determined in Reference 8), using the techniques presented by 
Newmark (1965). 

REFERENCES: 

1. Ordonez, Gustavo A.(2006) "SHAKE2000: A Computer Program for the 
1-D Analysis of Geotechnical Earthquake Engineering Problems," 
February 2006. 

2. Schnabel, P. B., Lysmer, J. and Seed, H.B. (1972) "SHAKE: A Computer 
Program for Earthquake Response Analysis of Horizontally Layered 
Sites," Report No. EERC 72-12, University of California, Berkeley. 

3. Houston, S. L., Houston, W. N., and Padilla, J.M. (1987) 
"Microcomputer-Aided Evaluation of Earthquake-Induced Permanent 
Slope Displacements," Arizona State University, Microcomputers in Civil 
Engineering 2, Elsevier. 

4. Newmark, N. M. (1965) "Effects of Earthquake on Dams and 
Embankments," Geotechnique, London, Vol. 5, No. 2, June, 1965. 
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5. Poulos, S. J., Robinsky, E. I., Keller, T. 0. (1986) "Liquefaction 
Resistance of Thickened Tailings," Journal of Geotechnical Engineering, 
ASCE, Vol. 111, No. 12, Paper No. 20213, pp. 1380-1394. 

6. Civil & Environmental Consultants, Inc. Calculation Brief Entitled "Shear 
Modulus Calculations for SHAKE Columns PCSC300E and PCSC300M," 
Pond Creek Coal Refuse Disposal Site - South Cell" BEG, 12/28/07. 

7. Civil & Environmental Consultants, Inc. Calculation Brief Entitled 
"Induced Cyclic Shear Stresses and Strains and Time History of Cyclic 
Shear Stress, SHAKE Columns PCSC300E and PCSC300M," Pond Creek 
Coal Refuse Disposal Site - South Cell," BEG, 1/7/07. 

8. Civil & Environmental Consultants, Inc. Calculation Brief Entitled 
"Estimation of the Seismic Pseudo-Static Factors of Safety and Yield 
Accelerations for the Downstream and Upstream Slope Geometries, Pond 
Creek Coal Refuse Disposal Site, South Cell," BEG, 1/22/08. 

Pseudo-Static (Seismic) Factor of Safety and Estimation of Yield Accelerations: 

Based on the information presented in Reference 8 and shown in Figure 3 of the permanent deformation 
report, the minimum pseudo-static (seismic) factors of safety were less than 1.0, thus permanent 
deformation analyses are required. Also shown in Reference 8, the minimum yield acceleration for the 
Pond Creek - South Cell embankment in the downstream and upstream directions was estimated at 
0.18g. A yield acceleration of 0.18g is assumed for all downstream and upstream slope conditions, 
which will be used as input for estimating the corresponding permanent deformations. 

SHAKE2000 Input Summary 

A SHAKE2000 crest column was chosen to analyze the induced acceleration of the coal refuse/sub grade 
soil materials. SHAKE2000 column PCSC300E and PCSC300M were created based on shear wave 
velocities from eight (8) piezo-seismic cone penetration test (PSCPT) holes performed throughout the 
Pond Creek facility, particularly in the vicinity of the South Cell (Reference 6) including CPT-1, CPT-2, 
CPT-2A, CPT-3, CPT-4, CPT-5, CPT-5A and CPT-5B. Columns PCSC300E and PCSC300M are 
utilized for the permanent deformation analyses in the upstream (min. fines) and downstream (max. 
fines) directions, respectively, and all (16) layers were evaluated to assess maximum permanent 
deformations in the both the upstream and downstream directions. 
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Maximum Design Earthquake (MDE) 

As discussed in Reference 7, two synthetic acceleration-time histories were created utilizing Eastern 

North American (ENA) earthquake source and propagation parameters for the site maximum design 

earthquakes (MDE). The New Madrid earthquake source has a maximum magnitude (M) of 8.0 and an 

epicenter distance of 83 km from the site. The Background earthquake, which could occur practically 

anywhere in this region has a magnitude of M6.8 and was placed 13.5 km from the site. Since the two 

MDE scenarios are markedly different in terms of maximum acceleration, duration, and frequency 

content, both records were used in SHAKE2000 to investigate the response of the embankment to these 

earthquakes. The resulting ground motion parameters and the response of the embankment to these 

MD E's are discussed in the Critical Mass Displacement subsection of this calculation brief. 

Analysis to Define Time History of Accelerations: 

Analyses were performed to estimate the time history of horizontal shear stress at various layer 

interfaces (Option 7 of SHAKE2000, See Reference 7). The (stress) time history data is subsequently 

converted to acceleration time histories in SHAKE2000 and subsequently used in SHAKE2000 to 

estimate the maximum displacement associated with the center of gravity of the failure mass based on 

Houston, et al., 1989. 

The analysis technique for determining time histories of accelerations corresponds to the techniques used 

by Castro et al., ( 1989) and Houston et al., (1989). The time histories of earthquake accelerations on the 

potential sliding mass were converted in SHAKE2000 by dividing each time step by the effective 

vertical stress on each layer, based on the equation F = ma and solving for acceleration, a, at each time 

step. 

Critical Mass Displacements: 

Horizontal displacements of the proposed South Cell geometry were computed using SHAKE2000 

which double integrates the difference between the estimated accelerations and yield accelerations for 

the duration of the time history. The integration is performed assuming that movements of the sliding 

block can only occur in the downhill direction for estimated values of acceleration which exceeds the 

yield acceleration. Movements in the uphill direction are not likely since the value of yield acceleration 

is notably higher due to the additive static weight resistance against pushing the sliding block uphill. 

( The anticipated maximum displacements of the soil mass were estimated as a function of earthquake 
~. 

acceleration for the corresponding critical failure surface. A summary of ground motion response 
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parameters and ground displacements estimated for the critical South Cell geometry is presented in the 
following tables. 

Upstream (E) Downstream (M) Permanent Deformation Analvsis, Yield Acceleration (Av - 0.18 g) 

M6.8 @ 13.5 km Epicenter (Amax - 0.54 g, fM - 20.4 Hz) (SHAKE Option 3) 

(Option 5) 
SHAKE2000 Average fN of 

Column Column, Hz 

PCSC300E 4.35 
PCSC300M 4.17 

fM = Mean Square Frequency= 

(Option 6) 
Amax in Any 

Critical Layer, g 
(Laver No.) 
0.81 (14) 
0.80(12) 

'<" c- 21'. L.J I J /. 

:EC; 2 

where C; = Fourier amplitudes of the entire accelograrn, and 
f; = discrete Fourier frequencies. 

Amax Critical Layer 

Amax Earthquake, % 

144 
148 

fN = Average Fundamental frequency of the SHAKE column =Vs/ ( 4 * H) 

Where H = Height of the SHAKE column, and 
Vs = Average Shear Velocity of the SHAKE column. 

M8.0@ 83 km Epicenter (Amax - 0.54 g. fM - 14.6 Hz) (SHAKE Option 3) 

(Option 5) (Option 6) 
SHAKE2000 Average fN of Amax in Any Amax Critical Layer 

Column Column, Hz Critical Layer, g 
(Laver No.) 

Amax Earthquake, % 

PCSC300E 3.85 0.88 (2) 163 
PCSC300M 3.70 0.75 (2) 139 

Maximum 
Permanent 

Deformation, in 

I. 19 
1.09 

Maximum 
Permanent 

Deformation, in. 

16.7 
13.7 
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As shown in the tables above, the mean square frequency of the M6.8 Background earthquake (20.4 Hz) 

is greater than the M8.0 earthquake (14.6 Hz). The average fundamental frequencies of the 

SHAKE2000 columns are similar, ranging from about 3.70 to 4.35Hertz. Due to the large variation in 

frequency content between the low frequency Pond Creek - South Cell SHAKE2000 columns to the 

high frequency ENA earthquake scenarios, moderate shear stresses and strains are induced into the soil 

columns. The percentage of acceleration within the critical layer to that of the base acceleration is lower 

for the M6.8 and higher for the M8.0 earthquake due to their higher mean square frequency. In other 

words, while the input acceleration is high, particularly for both MDE scenarios (Amax = 0.54 g), most 

of its energy is in the high frequency range and only a portion of the induced base acceleration affects the 

critical layer. 

Based on the Newmark method, the amount of permanent deformation for the downstream and upstream 

directions varies from about 1 inches to 17 inches for both columns and both MDE scenarios. The 

deformation is a maximum value associated with all 16 layers and should envelope any condition within 

the embankment at any one particular critical failure surface location. Since the maximum accelerations 

are higher than the 0.18g yield acceleration, there is some displacement accumulated [following 

performing the double integration of (Ay-A)] of the Newmark method. The Pond Creek- South Pond 

SHAKE2000 time histories of shear stress are presented in Appendix D, Attachment D-2, and 

displacement plots and output files for each layer of the permanent deformation analyses are attached. 

The crest elevation (El.) for South Cell is about 502 feet, while the maximum fines level is El. 496 ft. 

Consequently, 6 feet of freeboard exists relative to the 17 inches (or 1.4 feet) of maximum deformation, 

which is more than enough to prevent overtopping in the event of either MDE scenario. 

CONCLUSION 
Based on the information presented in this calculation brief, the anticipated maximum permanent 

deformation of the Pond Creek - South Cell soil mass was estimated to be about 1.4 feet for both the 

downstream and upstream slope conditions and both M6.8 Background (at 13.5 km) and M8.0 New 

Madrid (at 83 km) MDE scenarios with maximum accelerations of 0.54g. Limited displacements in the 

downstream and upstream directions are anticipated since the ground motion response of the 

embankment only slightly exceeds the 0. 18g yield acceleration in both directions. Given the amount of 

freeboard (about 6 feet), 1.4 feet of permanent deformations would not pose a threat to the integrity of 

the impoundment or adversely affect the Pond Creek - South Cell impoundment. 
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Displacement Analysis - Newmark Method 
Project: SHAKE2000 - Newmark Analysis - PCSC300E M5.8 Background - Layer 2 

Newmark Method by Houston et.al. (1987) 
Constant Yield Acceleration: . lB {g) 
Acceleration Time History: PCSC300E Layer 2 Stress - HEA - Layer: 2 -

Analysis, 1 - Soil Deposit, 1 
Acceleration Time History File: C:\SHAKE2000\Williarnson Energy\12aldl-21.hea 
Peak Acceleration Value: . 751025 (g) 
Upslope Movement not Included in Analysis 
Acceleration due to gravity: 385.4 (in/sec~2) 

Displacement computed: 1.188357 in 
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Notes: 

SHAKE2000 • Newmark Analysis· PCSC300E MS.8 Background - Layer 3 
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Displacement Analysis - Newmark Method 
Project, SHAKE2000 - Newmark Analysis - PCSC300E M6,8 Background - Layer 3 

Newmnrk Method by Houston et.al. (1987) 
Constant Yield Acceleration, .18 \g) 
Acceleration Time History: PCSC300E Layer 3 Stress - HEA - Layer: 3 -

Analysis: 1 - Soil Deposit: 1 
Acceleration Time History File: C: \SHAKE2000\WilliMlson Energy\13aldl-23 .hea 
Peak Acceleration Value: .6469341 (g) 
Upslope Movement not Included in Analysis 
Acceleration due to gravity: 386.4 {in/secA2) 

Displacement computed: .9947649 in 

--..j 

~ 

6' 
0, 



R
14338

C 
0 

W.-. 
"a 
~ -0, •-u 
u 
<( 

,.__ 
·15 ~ 
.2-oc 
>=-

c 
~ ·u C 
<ll =-
~ 
Cl 

Notes, 

SHAKE2000 Newmarl< Analysis - PCSC300E M6.8 Background - Layer 4 
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Displacement llnalysis - Newmark Method 
Project, SHAKE2000 Newmark Analysis - PCSC300E M6.8 Background - Layer 4 

Newmark Method by Houston et.al. {1987) 
Constant Yield Acceleration, .18 (g) 
Acceleration Time History: PCSC300E Layer 4 Stress - HEA - Layer: 4 -

Analysis, l - soil Deposit: l 
Acceleration Time History File: C:\SHAKE2000\Williamson Energy\14aldl-25.hea 
Peak Accaleration Value: .5376392 (g) 
Upslope Movement not Included in Analysis 
Acceleration due to gravity: 386.4 {in/sec~2) 

Displacement computed: . 7707678 in 
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SHAKE2000 Newmark Analysis - PCSC300E M6.8 Background - Layer 5 
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Notes, 
Displacement Analysis - Newmark Method 
Project: SllAKE2000 Newmark Analysis - PCSC300E M6.8 Background - Layer 5 

Newmark Method by Houston et.al. {1987) 
Constant Yield Acceleration: .18 (g) 
Acceleration Time History: PCSC300E Layer 5 Stress - HEA - Layer: 5 -

Analysis, l - Soil Deposit: 1 
Acceleration Time History File: C: \SHAKE2000\Williar.ison Energy\15aldl-27. hea 
Peak hcceleration Value, .5017272 (g) 
Upslope Movement not Included in Analysis 
Acceleration due to gravity: 386.4 (in/sec"2) 

Displacement computed: . 6051853 in 
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Notes: 

SHAKE2000 Newmark Analysis~ PCSC300E M6.8 Background - Layer 6 
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Displacement Analysis - Newmark Method 
Project: SHAKE2000 Newmark Analysis - PCSCJOOE M6 8 Background - Layer 6 

Newmark Method by Houston et.al. (1987) 
Constant Yield Acceleration: .18 (g) 
Acceleration Time History: PCSCJOOE Layer 6 Stress - HEA - Layer: 6 -

Analysis: 1 - Soil Deposit: 1 
Acceleration Time History File: C:\SHhKE2000\Williamson Energy\16ald1-29.hea 
Peak Acceleration Value: .4929173 (g) 
Upslope Movement not Included in Analysis 
Acceleration due to gravity: 386.4 (in/sec~2) 

Displacement computed: .4800507 in 
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Notes, 

SHAKE2000 Newmark Analysis· PCSC300E M6.8 Background - Layer 7 
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Displacement Analysis - Newmark Method 
Project: SHAKE2000 Newmark Analysis - PCSC300E M6.8 Background - Layer 7 

Ne,..mark Method by Houston et.al. (1987) 
Constant Yield Acceleration: .18 (g) 
Acceleration Time History: PCSCJOOE Layer 7 Stress - IIEA - Layer: 7 -

Analysis, l - Soil Deposit: 1 
Acceleration Time History File: C:\SHAKE2000\Williamson Energy\17aldl-31 
Peak Acceleration Value: .4681036 (g) 
Upslope Movement not Included in Analysis 
Acceleration due to gravity: 386. 4 (in/secA2) 

Displacement computed: .3661694 in 
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SHAKE2000 Newmark Analysis - PCSC300E MB,B Background - Layer 8 
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Displacement Analysis - Newmark Method 
Project: SHAKE2000 Newmark Analysis - PCSCJOOE M6.8 Background - Layer 8 

Newmark Method by Houston et.al. (1987) 
Constant Yield Accelereition: .18 (g) 
Acceleration Time History: PCSCJOOE Layer 8 Stress - HEA - Layer: 8 -

Analysis: l - Soil Deposit: 1 
Acceleration Time History File: c,\SHAKE2000\Williamson Energy\lBaldl-33.hea 
Peak Acceleration Value: .4352388 (gl 
Upslope Movement not Included in Analysis 
Acceleration due to gravity: 386.d (in/sec~2) 

Displacement computed: .2687874 in 
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SHAKE2000 Newmark Analysis - PCSC300E M6.8 Background - Layer 9 
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Notes, 
Displacement ~nalysis - Newmark Method 
Project: SHAKE2000 Newmark Analysis - PCSC300E M6.8 Background - Layer 9 

Newmark Method by Houston et.al. (1987) 
Constant Yield Acceleration: .18 (g) 
Acceleration Time History: PCSCJOOE Layer 9 Stress - HEA - Layer: 9 -

Analysis: l - Soil Deposit: 1 
Acceleration Time History File, C,\SHAKE2000\Williamson Energy\19aldl-35.hea 
Peak Acceleration Value: .3880689 {g) 
Upslope Movement not Included in Analysis 
Acceleration due to gravity, 386.4 {in/sec~;!) 

Displacement computed: .1818185 in 
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Notes: 

SHAKE2000 Newmark Analysis - PCSC300E M6.8 Background - Layer 10 
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Displacement Analysis - Newmark Method 
Project: SIL'\KE2000 Newmark Analysis - PCSCJOOE M6.B Background - Layer 10 

Newmark flethod by Houston et.al. (1987) 
Const.ant Yield Acceleration, .18 {g) 
Acceleration Time History, PCSC300E Layer 10 Stress - HEA - Layer: 10 -

Analysis, l - Soil Deposit: l 
Acceleration Time History File, C:\SHAKE2000\Williamson Energy\llOaldl-37.hea 
Peak Acceleration Value, .3427745 {g) 
Upslope Movement not Included in Analysis 
Acceleration due to gravity: 386.4 {in/sec~2) 

Displacement computed, .1125055 in 
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SHAKE2000 Newmark Analysis - PCSC300E M6.8 Background - Layer 11 
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Displacement Anulysis - Newmurk Method 
Project, SHAKE2000 Newmark Analysis - PCSC300E M6.8 Background - Layer 11 

Newmark Method by Houston et.al. (1987) 
Constant Yield Acceleration: .18 (gJ 
Acceleration Time History: PCSC300E Layer 11 Stress - HEA - Layer: 11 -

Analysis: l - soil Deposit, 1 
Acceleration Time History File: C: \SHAKE2000\Williarnson Energy\lllaldl-39 .hea 
Peak Acceleration Value: .2842841 (g) 
Upslope Movement not Included in Analysis 
Acceleration due to gravity, 386.4 (in/sec~2) 

Displacement computed: 6.657416E-02 in 
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SHAKE2000 Newmark Analysis - PCSC300E M6.8 Background - Layer 12 
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Notes: 
Displacement Analysis - Ne~111ark Method 
Project: SHJ\KE2000 Newmark Analysis - PCSCJOOE M6.8 Background - Layer 12 

Newmark Method by Houston et.al. (1987) 
Constant Yield Acceleration: .18 (g) 
Acceleration Time History: PCSC300E Layer 12 Stress - HEA - Layer: 12 -

Analysis: l - Soil Deposit: 1 
Acceleration Time History File: C:\SHAKE2000\Williamson Energy\112aldl-4l.hea 
Peak Acceleration Value, .2584438 {g) 
Upslope Movement not Included in Analysis 
Acceleration due to gravity: 386.4 (in/sec~2l 

Displacement computed: 4.273162£-02 in 
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SHAKE2000 Newmark Analysis- PCSC300E M6.8 Background - Layer 13 
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Displacement Analysis - Newmark Method 
Project, SHAKE2000 Newmark Analysis - PCSCJ00E M6.B Background - Layer 13 

Newmark Method by Houston et.al. (1987) 
Constant Yield Acceleration, .18 (g) 
Acceleration Time History, PCSC300E Layer 13 Stress - HEA - Layer, 13 -

Analysis: 1 - Soil Deposit, 1 
Acceleration Time History File: C:\SHAKE2000\Williamson Energy\llJaldl-43.hea 
Peak Acceleration Value, .2430648 {g) 
Upslope Movement not Included in Analysis 
Acceleration due to gravity: 386.4 (in/secA2) 

Displacement computed: 2.399014E-02 in 
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Notes, 

SHAKE2000 Newmark Analysis - PCSC300E M6.B Background - Layer 14 
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Displacement Analysis - Newmark Method 
Project: SHAKE2000 Newmark Analysis - PCSC300E M6.8 Background - Layer 14 

Newmark Method by Houston et.al. (1987) 
Constant Yield Acceleration: .18 (g) 
Acceleration Time History: PCSC300E Layer 14 Stress - HEA ~ Layer: 14 -

Analysis, 1 - Soil Deposit: 1 
Acceleration Time History File: C,\SHAKE2000\Williamson Energy\114aldl-45.hea 
Peak Acceleration Value, .2440292 (g) 
Upslope Movement not Included in Analysis 
Acceleration due to gravity: 386.4 (in/sec~2J 

Displacement computed: l.901044E-02 in 
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Notes: 

SHAKE2000 Newmark Analysis - PCSC300E M6.8 Background - Layer 15 
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Displacement Analysis - Newmark Method 
Project: SHAKE2000 Newmark Analysis - PCSCJOOE M6.8 Background - Layer 15 

Newmark Method by Houston et.al. (1987) 
Constant Yield Acceleration: .19 (g) 
Acceleration Time History: PCSCJOOE Layer 15 Stress - HEA - Layer: 15 -

Analysis: l - Soil Deposit: l 
Acceleration Time History File: C:\SHAKE2000\Williamson Energy\115aldl-47.hea 
Peak Acceleration Value, .2555991 (g) 
Upslope Movement not Included in Analysis 
Acceleration due to gravity: 386.4 (in/sec~2) 

Displacement computed, 1.554617E-02 in 
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SHAKE2000 Newmark Analysis - PCSC300E M6.8 Background - Layer 16 
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Displacement Analysis - Newmark Method 
Project: SHAKE2000 Newmark Analysis - PCSC300E N6.8 Background - Layer 16 

Newmark Method by Houston et.al. (1981) 
Constant Yield Acceleration: .18 (g) 
Acceleration Time History: PCSC300E Layer 16 Stress - HEA - Layer: 16 -

Analysis: 1 - Soil Deposit: 1 
Acceleration Time History File: C: \SHAKE2000\Williamson Energy\116aldl-49 .hea 
Peak: Acceleration Value: .2608154 (g) 
Upslope Hovement not Included in Analysis 
Acceleration due to gravity, 386.4 (in/sec~2) 

Displacement computed: 1.346898E-02 in 
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Civil & Environmental Consultants, Inc. 
Williamson Energy Pond Creek South Cell 

PROJECT Deformation Evaluation PROJECT NO. 
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Notes, 

SHAKE2000 Newmark Analysis - PCSC300M M6.8 Background - Layer 2 
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Displacement Analysis - Newmark Method 
Project: SIIAKE2000 Newmark Analysis - PCSC300M M6.8 Background - Layer 2 

Ne~111ark Method by Houston et.al. (1987) 
Constant Yield Acceleration: .18 (g) 
Acceleration Time History: PCSC300M Layer 2 Stress - HEA - Layer: 2 -

_ Analysis: 1 - Soil Deposit: l 
Acceleration Time History File: C:\SHAKE2000\Williarnson Energy\12aldl-21 hea 
Peak Acceleration Value: . 7591308 (g) 
Upslope Movement not Included in Analysis 
Acceleration due to gravity: 386.4 (in/secA2) 

Displacement computed: 1.096441 in 
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Notes: 

SHAKE2000 Newmark Analysis - PCSC300M M6.8 Background • Layer 3 
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Displacement Analysis - Newmark Method 
Project, SHAKE2000 Newmark Analysis - PCSC300H H6.8 Background - Layer 3 

Newmark Method by Houston et.al. {1987) 
Constant Yield Acceleration: -18 (g) 
Acceleration Time History: PCSC300M Layer J Stress - HEA - Layer: 3 -

Analysis: 1 - Soil Deposit: 1 
Acceleration Time History File: C:\SHAKE2000\Williamson Energy\lJaldl-23.hea 
Peak Acceleration Value: .6572132 (g) 
Upslope Movement not Included in Analysis 
Acceleration due to gravity: 386.4 (in/scc~2) 

Displacement computed, . 928295 in 
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SHAKE2000 Newmark Analysis - PCSC300M M6.8 Background - Layer 4 
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Notes: 
Displacement Analysis - Newmark Method 
Project, SW\.KE2000 Newmark Analysis - PCSC300M M6 8 Background - Layer 4 

Newrna:r:k Method by Houston et.al. (1987) 
Constant Yield Acceleration: .18 (g) 
Accele:r:ation Time Histo:r:y: FCSCJOOM Layer 4 St:r:ess - HEA - Layer: 4 -

Analysis, 1 - Soil Deposit, l 
Accele:r:ation Time History File, C:\SHAKE2000\Williamson Energy\14aldl-25.hea 
Peak Acceleration Value, .5447469 (g) 
Upslope Movement not Included in Analysis 
Accele:r:ation due to gravity, 386.4 {in/sec~2) 

Displacement computed: . 7276583 in 
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Notes: 

SHAl<E2000 Newmark Analysis - PCSC300M M6.8 Background - Layer 5 
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Displacement Analysis - Newmark Method 
Project: SHAKE2000 Newmark Analysis - PCSC300M M6 8 Background - Layer 5 

Newmark Method by Houston et.al. {1987) 
Constant Yield Acceleration: .18 (g) 
Acceleration Time History, PCSC300M Layer 5 Stress - HEA - Layer: 5 -

Analysis: l - Soil Deposit: l 
Acceleration Time History File: C: \SHAKE2000\Williamson Energy\lSaldl-27. hea 
Peak Acceleration Value: .4537432 (g) 
Upslope ~lovement not Included in Analysis 
Acceleration due to gravity: 386.4 (in/sec~2) 

Displacement computed, . 5699688 in 
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SHAKE2000 Newmark Analysis - PCSC300M M6.8 Background - Layer 6 
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Displacement Analysis - Newmark Method 
Project: SHAKE2000 Newmark Analysis - PCSC300M 116.8 Background - Layer 6 

Newmark Method by Houston et.al. (1987) 
Constant Yield Acceleration, .18 {g) 
Acceleration Time History, PCSC33011 Layer 6 Stress - HEA - Layer: 6 -

Analysis: 1 - Soil Deposit, 1 
Acceleration Time History File: C:\SHAKE2000\Williamson Energy\16aldl-29 hea 
Peak Acceleration Value: .4564626 {g) 
Upslope Movement not Included in Analysis 
Acceleration due to gravity: 386.4 (in/sec~2) 

Displacement computed: .4413362 in 

" .... 

"""'-\ 

6 
C: 



R
14357

i"\ . . 

SHAKE2000 Newmark Analysis - PCSC300M M6.8 Background - Layer 7 
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Notes: 
Displacement Analysis - Newmark Method 
Project, SHJ\.KE2000 Newmark Analysis - PCSCJ00M M6.8 Background - Layer 7 

Newmark Method by Houston et.al. (19871 
Constant Yield Acceleration: .18 (g) 
Acceleration Time History: PCSCJ00M Layer 7 Stress - !IEA - Layer: 7 -

Analysis: 1 - Soil Deposit: 1 
Acceleration Time History File, C:\SHJ\.KE2000\Williamson Energy\17aldl-Jl.hea 
Peak Acceleration Value: .4421774 (g) 
Upslope Movement not Included in Analysis 
Acceleration due to gravity, 386,4 {in/sec~21 

Displacement computed: .3306053 in 
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SHAKE2000 Newmark Analysis· PCSC300M M6.8 Background - Layer 8 
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Notes: 
Displacement Analysis - Newmark Method 
Project: S!IAKEZOOO Newmark Analysis - PCSC300M M6.8 Background - Layer 8 

Newmark Method by Houston et.al. (1987) 
Constant Yield Acceleration: .18 (g) 
Acceleration Time History, PCSC300M Layer 8 Stress - HEA - Layer, 8 -

Analysis, l - Soil Deposit, 1 
Acceleration Time History File: C:\SHAKE2000\Williamson Energy\18aldl-JJ.hea 
Peak Acceleration Value: .4134678 (g) 
Upslope Movement not Included in Analysis 
Acceleration due to gravity, 386.4 (in/secA2) 

Displacement computed: ,2417877 in 
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SHAKE2000 Newmark Analysis - PCSC3D0M M6.8 Background - Layer 9 
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Displacement Analysis - Newmark Method 
Project: SHAKE2000 Newmark Analysis - PCSC300M M6.8 Background - Layer 9 

Newmark Method by Houston et.al. (1987) 
Constant Yield Acceleration, .18 {g) 
Acceleration Time History: PCSC300M Layer 9 Stress - !!EA - Layer: 9 -

Analysis: l - Soil Deposit: l 
Acceleration Time History File: C:\SHAKE2000\Williamson Energy\19aldl-35.hea 
Peak Acceleration Value, .3690042 (g) 
Upslope Movement not Included in Analysis 
Acceleration due to gravity: 386.4 (in/sec"2l 

Displacement computed: .1643203 in 
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SHAKE2000 Newmark Analysis - PCSC300M M6.8 Background - Layer 10 
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Notes: 
Displacement Analysis - Newmark Method 
Project, SHAKE2000 Newmark Analysis - PCSCJ00M M6.8 Background - Layer 10 

Newmark Method by Houston et.al. {1987) 
Constant Yield Acceleration: . lB (g) 
Acceleration Time History: PCSC300M Layer 10 Stress - HEA - Layer: 10 -

Analysis: 1 - Soil Deposit: 1 
Acceleration Time History File: C:\SHAKE2000\William.son Energy\ll0aldl-37.hea 
Peak Acceleration Value: .3174475 {g) 
Upslope Movement not Included in Analysis 
Acceleration due to gravity: 386.4 {in/sec~2) 

Displacement computed: .1034276 in 
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SHAKE2000 Newmark Analysis - PCSC300M M6.8 Background - Layer 11 
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Displacement Analysis - Newmark Method 
Project: SHAKE2000 Newmark Analysis - PCSCJOOH MG 8 Background - Layer 11 

Newmark Method by Houston et.al. (1987) 
Constant Yield Acceleration, .18 {g) 
Acceleration Time History: PCSC300M Layer 11 Stress - HEA - Layer: 11 -

Analysis: 1 - Soil Deposit, 1 
Acceleration Time History File: C:\SHAKE2000\Williamson Energy\lllaldl-39.hea 
Peak Acceleration Value: .2632202 (g) 
Upslope Movement not Included in Analysis 
Accelerution due to gravity: 386.4 (in/sec~:!) 

Displacement computed: 6.246461E-02 in 
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SHAKE2000 Newmark Analysis- PCSC300M M6.8 Background - Layer 12 
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Displacement Analysis - Newmark Method 
Project: SliAKE2000 Newmark Analysis - PCSC300M M6.8 Background - Layer 12 

Newmark Method by Houston et.al. (1987) 
Constant Yield Acceleration: .18 (g) 
Acceleration Time History: PCSC300M Layer 12 Stress - HE/I - Layer: 12 -

Analysis: 1 - Soil Deposit: 1 
Acceleration Time History File: C: \SHAKE2000\Williarnson Energy\112aldl-41.hea 
Peak Acceleration Value: .2418566 (gl 
Upslope Movement not Included in Analysis 
Acceleration due to gravity, 386. 4 (in/sec~2) 

Displacement computed: 4.078336E-02 in 
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SHAKE2000 Newmark Analysis - PCSC300M M6.8 Background - Layer 13 
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Displac:ement Analysis - Newmark Method 
Project, SHAKE2000 Newmark Analysis - PCSC300M M6 8 Background - Layer 13 

Newmark Method by Houston et.al. (1987) 
Constant Yield Acceleration, .18 (g) 
Acceleration Time History: Within - PSCS300E Crest Column - AHL -

Layer: 13 - Analysis: 1 - Soil Deposit, 1 
Acceleration Time History File, C, \SHAKE2000\Williamson Energy\113aldl-13 .ahl 
Peak Acceleration Value: . 736312 (g) 
Upslope Movement not Included in Analysis 
Acceleration due to gravity, 386.4 (in/sec:~21 

Displac:ement computed, . 5018111 in 
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SHAKE2000 Newmark Analysis - PCSC300M MB.8 Background - Layer 14 
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Displacement Analysis - Newmark Method 
Project: SHAKE2000 Newmark Analysis - FCSC300M M6.8 Background - Layer 14 

Newmark Method by Houston et.al. (1987) 
Constant Yield Acceleration, .18 (g) 
Acceleration Time History, PCSC300M Layer 14 Stress - HEA - Layer: 14 -

Analysis: 1 - Soil Deposit, 1 
Acceleration Time llistory File: C: \SHAKE:2000\Williamson Energy\114aldl-45. hea 
Peak Acceleration Value: .2398237 {g) 
Upslope Movement not Included in Analysis 
Acceleration due to gravity, 386.4 (in/sec"2) 

Displacement computed: l.851576E-02 in 
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SHAKE2000 Newmark Analysis - PCSC300M M6.8 Background - Layer 15 
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Displacement Analysis - Newmark Method 
Project, SHAKE2000 Newmark Analysis - PCSC300M M6.B Background - Layer 15 

Newmi.n;k Method by Houston et.al. (1987) 
Constant Yield Acceleration: . UI (g) 
Acceleration Time History: PCSC300M Layer 15 Stress - HEA - Layer: 15 -

Analysis: 1 - Soil Deposit: 1 
Acceleration Time History File: C:\SHAKE2000\Williamson Energy\115aldl-47.hea 
Peak Acceleration Value: .2405543 (g) 
Upslope Movement not Included in Analysis 
Acceleration due to gravity: 386.4 {in/sec:A2) 

Displacement computed: l.JS5834E-02 in 
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SHAKE2000 Newmark Analysis - PCSC300M M6.8 Background - Layer 16 
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Displacement Analysis - Newmark Method 
Project: SliAKE2000 Newmark Analysis - PCSC300M M6.8 Background - Layer 16 

Newmark Method by Houston et.al. (1987) 
Constant Yield Acceleration, .18 (gJ 
Acceleration Time History: PCSC300N Layer 16 Stress - HEA - Layer: 16 -

Analysis: 1 - Soil Deposit: 1 
Acceleration Time History File: C:\SHAKE2000\Williamson Energy\116aldl-49.bea 
Peak Acceleration Value: .2372678 {g) 
Upslope Movement not Included in Analysis 
Acceleration due to gravity, 386.4 {in/sec~2) 

Displacement computed: 1.073878E-02 in 
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Civil & Environmental Consultants, Inc. 
Williamson Energy Pond Creek South Cell 

PROJECT Deformation Evaluation PROJECT NO. 

Estimate of Potential Embankment PAGE 37 
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SHAKE 2000 Newmark Analysis - PCSC300E MB.0 New Madrid - Layer 2 
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Notes: 
Displacement Analysis • Newmark Method 
Project, SHAKE 2000 Newmark Analysis - PCSCJ00E M8.0 New Madrid - Layer 2 

Newmark Method by Houston et.al. (1987) 
Constant Yield Acceleration: .18 (g) 
Acceleration Time History: PCSC300E Layer 2 Stress - HEA - Layer: 2 -

Analtsis, 1 - Soil Deposit: 1 
Acceleration Time History File: C:\SHAKE2000\Williarnson Energy\12aldl-21.hea 
Peak Acceleration Value: .86835 {g) 
Upslope Movement not Included i:l Analysis 
Acceleration due to gravity: 386.4 {in/sec~2) 

Displacement computed: 16. 7~ 138 in 
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SHAKE2000 Newmark Analysis - PCSC300E MB.0 New Madrid - Layer 3 
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Displacement Analysis - Newmark Method . 
Project, SHAKE2000 Newmark Analysis - PCSCJ00E MB.0 New Madrid - Layer 3 

Newmark Method by Houston et.al. (1987) 
Constant Yield Accelei:-ation: .18 (g) 
Acceleration Time History: PCSCJ00E Layer 3 Stress - HEA - Layer: J -

Analysis: 1 - Soil Deposit: 1 
Acceleration Time History File: C: \SH/IKE2000\William.son Energy\13aldl-23. hea 
Peak Acceleration Value: .8308055 (g) 
Upslope Movement not Included in Analysis 
Acceleration due to gravity: 386.4 (in/sec"2J 

Displacement computed, 15. 9844.8 in 
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SHAKE2000 Newmark Analysis· PCSC300E MB.0 New Madrid - Layer 4 
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Displacement Analysis - Newmark Method 
Project: SHJ\KE:2000 Newmark Analvsis - PCSCJOOE: M8.0 New Madrid - Layer 4 

Newmark Method by Houston et.al. (1987) 
Constant Yield Acceleration: .18 (g) 
Acceleration Time History: PCSC300E: Layer 4 Stress - HEA - Layer: 4 -

Analysis: 1 - Soil Deposit: 1 
Acceleration Time History File: C:\SHJI.KE2000\Williarnson Energy\14aldl-25.hea 
Peak Acceleration Value: .7739-146 (g) 
Upslope Movement not Included in Analysis 
Acceleration due to gravity: 386,4 (in/sec"2) 

Displacement computed: 15.02532 in 
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SHAKE2000 Newmark Analysis - PCSC300E MB.0 New Madrid - Layer 5 
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Displacement Analysis - Newmark Method 
Project: SHAKEZ000 Newmark Analysis - PCSC300E MS.0 New Madrid - Layer S 

Newmark Method by Houston et.al. (1987) 
Constant Yield Acceleration: .18 (g) 
Acceleration Time History: PCSC)00E Layer 5 Stress - HEA - Layer: 5 -

Analysis, 1 - Soil Deposit: 1 
Acceleration Time History File: C:\SHAKE:2000\Williamson Energy\15aldl~27.hea 
Peak Acceleration Value: . 7099189 (g) 
Upslope Movement not Included in Analysis 
Acceleration due to gravity: 386.4 (in/sec~2) 

Displacement computed: 14.04136 in 
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SHAKE2000 Newmark Analysis - PCSC300E MS.0 New Madrid - Layer 6 
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Notes: 
Displacement Analysis - Newmark Method 
Project, SHAKE2000 Newmark Analysis - PCSC300E MB.O New Madrid - Layer 6 

Newmark Method by Houston et.al. (1987) 
Constant Yield Acceleration: .18 (g) 
Acceleration Time History: PCSC300E Laye,: 6 Stress - HEA - Laye,:: 6 -

Analysis: 1 - Soil Deposit: 1 
Acceleration Time History file: C:\SHAKE2000\Williamson Energy\16aldl-29 hea 
Peak Acceleration Value: . 6580572 (g) 
Upslope Movement not Included in Analysis 
Acceleration due to gravity: 386.4 (in/sec~2) 

Displacement computed: 13.13006 in 
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Notes, 

SHAKE2000 Newmark Analysis - PCSC300E M8.0 New Madrid - Layer 7 
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Displacement Analysis - Newmark Method 
Project: SHAKE2000 Newmark Analysis - PCSClOOE M8.0 New Madrid - Layer 7 

Newmark Method by Houston et.al. (1987) 
Constant Yield Acceleration: .18 {g) 
Acceleration Time History, PCSC300E Layer 7 Stress - IIEA - Layer: 7 -

Analysis: 1 - Soil Deposit: l 
Acceleration Time History File: C:\SHAKE2000\Williamson Energy\17aldl-31.hea 
Peak Acceleration Value: .6326251 {g) 
Upslope Movement not Included in Analysis 
Acceleration due to gravity: 386.4 (in/sec~2) 

Displacement computed, 12 .19506 in 
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SHAKE2000 Newmark Analysis - PCSC300E MB.0 New Madrid - Layer 8 
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Displacement Analysis - Newmark Method 
Project: SHAKE2000 Newmark Analysis - PCSCJ00E MS 0 New Madrid - Layer 8 

Newmark Hethocl by Houston et.al. (1987) 
Constant Yield Acceleration: .18 (g) 
Acceleration Time History: PCSCJ00E Layer 8 Stress - HEA - Layer: 8 -

Analysis: 1 - Soil Deposit: 1 
Acceleration Time History File: C:\SHAKE2000\Williamson Energy\lSaldl-33.hea 
Peak Acceleration Value: . 6261951 (g) 
Upslope Movement not Included in Analysis 
Acceleration due to gravity: 386.4 (in/lH'!Ch2) 

Displacement computed: 11.22001 in 
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Notes, 

SHAKE2000 Newmark Analysis - PCSC300E M8.0 New Madrid - Layer 9 
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Displacement Analysis - Newmark Method 
Project: SHAKE2000 Newmark Analysis - PCSCJOOE M8.0 New Madrid - Layer 9 

Newmark Method by Houston et.al. (1987) 
Constant Yield Ac:c:eleration: .18 (g) 
Acceleration Time History: PCSC300E Layer 9 Stress - HEA - Layer: 9 -

Analysis: l - Soil Deposit: l 
Acceleration Time History File: C:\SHAKE2000\Williamson Energy\19aldl-J5.hea 
Peak Ac:c:eleration Value: .6125532 (g) 
Upslope Movement not Included in Analysis 
Ac:c:eleration due to gravity: 386.4 (in/sec:~2) 

Displacement computed, 10 .18864 in 
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SHAKE2000 Newmark Analysis - PCSC300E MB.0 New Madrid - Layer 1 0 
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Displacement Analysis - Newmark Method 
Project, SHAKE2000 Newmark Analysis - PCSCJOOE MS O New Madrid - Layer 10 

Newmark Method by Houston et.al. (1987) 
Constant Yield Acceleration: .18 (g) 
Acceleration Time History: PCSCJOOE Layer 10 Stress - HEA - Layer: 10 -

Anal,tsis, l - Soil Deposit: 1 
Acceleration Time History File: C: \SHAKE2000\Williamson Energy\llOaldl-37 
Peak Acceleration Value: .5804698 {g) 
Upslope Movement not Included in Analysis 
Acceleration due to gravity, 386.4 (in/sec~2) 

Displacement computed: 9.100734 in 
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SHAKE2000 Newmark Analysis - PCSC300E M8.0 New Madrid - Layer 11 
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Displacement l\na1ysis - Newmark Nethod 
Project: Sltl\KE2000 Newmark l\na1ysis - PCSCJOOE NB O New Madrid - Layer 11 

Newmark Method by Houston et.a1. (1987) 
Constant Yield Acceleration: .18 (g) 
Acceleration Time History: PCSCJOOE Layer 11 Stress - REA - Layer: 11 -

Analysis: 1 - soil Deposit: 1 
Acceleration Time History File: C: \SHAKE:!000\Williarnson Energy\lllaldl-39 .hea 
Peak Acceleration Value: .5182784 (g) 
Upslope Movement not Included in Analysis 
l\cce1eration due to gravity: 386.4 {in/sec~2) 

Displacement computed: 7. 725144 in -r:: 
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SHAKE2000 Newmark Analysis - PCSC300E M8.0 New Madrid - Layer 12 
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Displacement Analysis - Newmark Method 
Project: SHAKE2000 Ne~'lnark Analysis - PCSC)OOE MB.O New Madrid - Layer 12 

Ne~"I!lark Method by Houston et.al. (1987) 
Constant Yield Acceleration: .18 (g) 
Acceleration Time History: PCSC300E Layer 12 Stress - HEA - Layer: 12 -

Analysis: 1 - Soil Deposit: l 
Acceleration Time History File: C:\SHAKE2000\Williamson Energy\112aldl-41.hea 
Peak Acceleration Value, .4786401 (g) 
Upslope Movement not Included in Analysis 
Acceleration due to gravity, 386.4 (in/sec"2) 

Displacement computed, 6.693882 in 
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SHAKE2000 Newmark Analysis - PCSC300E MB.0 New Madrid - Layer 13 
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Displacement Analysis - Newmark Method 
Project: SHJ\KE2000 Newmark Analysis - PCSCJOOE MS O New Madrid - Layer 13 

Newmark Method by Houston et.al. (1987) 
Constant Yield Acceleration: .18 (g) 
Acceleration Time History: PCSC300E Layer 13 Stress - HEA - Layer, 13 -

Analysis, 1 - Soil Deposit: 1 
Acceleration Time History File: C:\SHJ\KE2000\Williamson Energy\113aldl-43.hea 
Peak Acceleration Value: .434305 (g) 
Upslope Movement not Included in Analysis 
Acceleration due to gravity: 386. 4 {in/secA2) 

Displacement computed: 5. 65029 in --...., 
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SHAKE2000 Newmark Analysis • PCSC300E M8.0 New Madrid - Layer 14 
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Displacement Analysis - Newmark Method 
Project: SHAKE2000 Newmark Analysis - PCSC300E M8.0 New Madrid - Layer 14 

Newmark Method by Houston et.al. (1987) 
Constant Yield Acceleration, .18 (g) 
Acceleration Time History, PCSC300B Layer 1d Stress - HEA - Layer: 14 -

Analysis: 1 - Soil Deposit, 1 
Acceleration Time History File: C:\SHAKE2000\Williamson Energy\114aldl-45.hea 
Peak Acceleration Value: .4086577 (g) 
Upslope Movement not Included in Analysis 
Acceleration due to gravity: 386.4 (in/sec,.2) 

Displacement computed: 4.652216 in 
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SHAKE2000 Newmark Analysis - PCSC300E MB.0 New Madrid - Layer 15 
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Displacement Analysis - Newmark Method 
Project: SHAKE2000 Newmark Analysis - PCSC300E M8.0 New Madrid - Layer 15 

Newmark Method by Houston et.al. (1987) 
Constant Yield Acceleration, .18 (g) 
Acceleration Time History, PCSCJOOE Layer 15 Stress - HEA - Layer, 15 -

Analysis: 1 - Soil Deposit, 1 
Acceleration Time History File: C:\SHAKE2000\Williamson Energy\115aldl-47 hen 
Peak Acceleration Value, .3889318 (g) 
Upslope Movement not Included in Analysis 
Acceleration due to gravity: 386.4 (in/secA2) 

Displacement computed: 3.752027 in 
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SHAKE2000 Newmark Analysis - PCSC300E MB.O New Madrid - Layer 16 

20 

--------------J----------------1----------------L---------------
I 

1 

~---- _Yield Acc.--

. . . ~,111~~~~~~/"VII/'¥~- : -------
~-· -------,----------------1 --------------

- - - i - L - - - - - - - - - - - - - _I_ - - - - - - - - - - - - - - _ I - - - - - - - - - - - - - - -

' ' ' ________ J ________________ I ________________ L ______________ _ 

' ' ' 
40 60 80 100 

6,---------1,---------;---------j---------t--------+ 
5----------- ----~----------------r---------------~----------------r---------------· 

' ' ' 4----------- -----J ---------------L---------------J----------------~---------------
1 I I t 

3 ----------- ---- :- ---------------: --------------- :----------------: ----------------1 

2-----------· ·----------~---------------~----------------~---------------~ 
1 ---------- --------~---------------~----------------~---------------~ 

' ' ' 0'---~~JLllL-IL+-µWL-.J.J+-hJ-_lLL__t__-+---------l----------+----------1 
0 20 40 60 80 100 

41,-------j------j--------,------------, 

3T---------------~------- --,----------~-------------· 
' 

2~-- ------- - - - -- -- : ------- -- - -- - - -: - -------------- :--- - - -- ---- -- ---:-- ---- - -------- ·I 

' ' ' --1----------------r---------------,----------------r---------------
t I I I 

' ' 0'------'----+--------+,--------+--------+--------
0 20 40 60 80 100 
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Displacement Analysis - Newmark Method 
Project: SHAKE2000 Newmark Analysis - PCSCJ00E M8.0 New Madrid - Layer 16 

Newmark Method by Houston et.al. (1987) 
Constant Yield Acceleration: .18 (g) 
Acceleration Time History: PCSC300E Layer 16 Stress - HEA - Layer: 16 -

Analysis: l - Soil Deposit: 1 
Acceleration Time History File: C:\SIIAKE2000\Williamson Energy\116aldl-49.hea 
Peak Acceleration Value: .3753596 (g) 
Upslope Movement not Included in Analysis 
Acceleration due to gravity: 386.4 (in/sec"2) 

Displacement computed, 3.017025 in 
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SHAKE2000 Newmarl< Analysis - PCSC300M MB.0 New Madrid· Layer 2 
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Displacement Analysis - Newmark Method 
Project: SHAKE2000 Newmark Analysis - FCSC300M M8.0 New Madrid - Layer 2 

Newmark Method by Houston et.al. (1987) 
Constant Yield Acceleration: .18 {g) 
Acceleration Time History: FCSC300M Layer 2 Stress - HEA - Layer: 2 -

Analysis: l - Soil Deposit: 1 
Acceleration Time History File: C:\SHAKE2000\Williar.ison Energy\12aldl-21.hea 
Peak Acceleration Value: .7507865 (g) 
Upslope Movement not Included in Analysis 
Acceleration due to gravity: 386.4 (in/sec~2) 

Displacement computed: 13.72214 in 
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SHAKE2000 Newmark Analysis • PCSC300M MB.0 New Madrid - Layer 3 
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Notes, 
Displacement Analysis - Newmark Method 
Project: SHAKE2000 Newmark Analysis - PCSC300M M8.0 New Madrid - Layer 3 

Newmark Method by Houston et.al. {1987) 
Constant Yield Acceleration, .18 (g) 
Acceleration Time History, PCSCJOOM Layer 3 Stress - HEA - Layer: J -

Analysis: 1 - Soil Deposit: l 
Acceleration Time History File, C:\SIIAKE2000\Willia.'11Son Energy\lJaldl-23.hea 
Peak Acceleration Value: . 715133 (g) 
Upslope Movement not Included in Analysis 
Acceleration due to gravity, 386.4 (in/sec"2) 

Displacement computed: 13.18699 in 
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SHAKE2000 Newmark Analysis - PCSC300M MS.0 New Madrid - Layer 4 
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Notes, 
Displacement Analysis - Newmark Method 
Project: SHAKE2000 Newmark Analysis - PCSC300M M8.0 New Madrid - Layer 4 

Newmark Method by Houston et.al. (1987) 
Constant Yield Acceleration: .18 (gl 
Acceleration Time History: PCSCJOOM Layer 4 Stress - HEA - Layer: 4 -

Analysis: 1 - Soil Deposit: 1 
Acceleration Time History File: C:\SHAKE2000\Williarnson Energy\Ualdl-25.hea 
Peak Acceleration Value: .6784577 (gJ 
Upslope Movement not Included in Analysis 
Acceleration due to gravity: 386.4 (in/sec-2) 

Displacement computed, 12.47359 in 
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SHAKE2000 Newmark Analysis - PCSC300M M8.0 New Madrid - Layer 5 
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Displacement Analysis - Newmark Method 
Project: SHAKE2000 Newmark Analysis - PCSCJOOM MS.O New Madrid - Layer 5 

Newmark Method by Houston et.al. (1987) 
Constant Yield Acceleration, .18 {g) 
Acceleration Time History: PCSCJOOM Layer 5 Stress - HEA - Layer: 5 -

Analysis: l - Soil Deposit: 1 
Acceleration Time History File: C:\SHAKE2000\Williamson Energy\lSaldl-27.hea 
Peak Acceleration Value: .6613527 {g) 
Upslope Hovement not Included in Analysis 
Acceleration due to gravity, 386.4 {in/sec~2) 

Displacement computed: 11. 74253 in 
........__ 
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Notes, 

SHAKE2000 Newmark Analysis - PCSC300M MB.0 New Madrid - Layer 6 
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Displacement Analysis - Newmark Method 
Project: SI-IAKE2000 Newmark Analysis - PCSCJOOM M8.Q New Madrid - Layer 6 

Newmark Method by Houston et.al. (1987) 
Constant Yield Acceleration: .18 {g) 
Acceleration Time History: FCSC330M Layer 6 Stress - HEA - Layer: 6 -

Analysis, 1 - Soil Deposit: l 
Acceleration Time History File: C:\SHAKE2000\Williamson Energy\16aldl-29.hea 
Peak Acceleration Value: . 6320943 (g) 
Upslope Movement not Included in Analysis 
Acceleration due to gravity: 386.4 (in/sec~2) 

Displacement computed: 10. 96653 in ----
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SHAKE2000 Newmark Analysis - PCSC300M MB.0 New Madrid - Layer 7 
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Displacement Analysis - Newmark Method 
Project, SHAKE2000 Newmark Analysis - PCSC300M M8.0 New Madrid - Layer 7 

Newmark Method by Houston et.al. (1987) 
Constant Yield Acceleration: .18 (g) 
Acceleration Time History: PCSCJOOM Layer 7 Stress - HEA - Layer: 7 -

Analysis: 1 - Soil Deposit: 1 
Acceleration Time History File, C, \SHAKE2000\Williamson Energy\17aldl-31.hea 
Peak Acceleration Value: .6079099 Cg) 
Upslope Movement not Included in Analysis 
Acceleration due to gravity: 386.4 {in/secA2) 

Displacement computed: 10.20521 in 
..........._ 
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SHAKE2000 Newmark Analysis - PCSC300M MB.0 New Madrid - Layer 8 
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Displacement Analysis - Newmark Method 
Project, SHAKE2000 Newmark Analysis - FCSC300M M8.0 Ne~ Madrid - Layer 8 

Newmark Method by Houston·et.al. {1987) 
Constant Yield Acceleration: .18 (gJ 
Acceleration Time History: PCSC300M Layer 8 Stress - HEA - Layer: 8 -

Analysis: 1 - Soil Deposit: 1 
Acceleration Time History File: C: \SHAKE2000\Williamson Energy\18aldl-33 .hea 
Peak Acceleration Value: .5953542 (g) 
Upslope Movement not Include4 in Analysis 
Acceleration due to gravity: 386.4 (in/sec~2) 

Displacement computed: 9.3784 in 
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SHAKE2000 Newmark Analysis • PCSC300M MB.O New Madrid - Layer 9 
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Displacement Analysis - Newmark Method 
Project: SHAKE2000 Newmark Analysis - PCSCJOOM MS.O New Madrid - Layer 9 

Newmark Method by Houston et.al. (1987) 
Constant Yield Acceleration: .18 (g) 
Acceleration Time History: PCSCJOOM Layer 9 Stress - HEA - Layer: 9 -

Analysis: 1 - Soil Deposit: 1 
Acceleration Time History File: C:\SHAKE2000\Williamson Energy\19aldl-35 hea 
Peak Acceleration Value: . 5705632 (g) 
Upslope Movement not Included in Analysis 
Acceleration due to gravity: 386.4 (in/sec~2) 

Displacement computed: 8.528267 in -----.. 
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SHAKE2000 Newmark Analysis - PCSC300M MB.0 New Madrid - Layer 10 
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Notes, 
Displacement Analysis - Newmark Method 
Project: SHAKE2000 Newmark Analysis - PCSCJ00M M8.0 New Mad:dd - Layer 10 

Newmark Method by Houston et.al. (1987) 
Constant Yield Acceleration, .18 (gJ 
Acceleration Time History, PCSC)OOM Layer 10 Stress - HEA - Layer, 10 -

Analysis, 1 - Soil Deposit, 1 
Acceleration Time History File, C,\SH1lKE2000\Williaroson Energy\llOaldl-37.hea 
Peak Acceleration Value, .529552 (g) 
Upslope Movement not Included in Analysis 
Acceleration due to gravity, 386.4 (in/secA2) 

Displacement computed, 7. 681901 in 
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SHAKE2000 Newmark Analysis - PCSC300M MB.a New Madrid • Layer 11 
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Displacement Analysis - Newmark Method 
Project: SHAKE2000 Newmark Analysis - PCSC300M M8.0 New Madrid - Layer 11 

Newmark Method by Houston et.al. (1987) 
Constant Yield Acceleration, .18 (g) 
Acceleration Time History: PCSC300M Layer 11 Stress - HEA - Layer: 11 -
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Acceleration Time History File: C:\SHAKE2000\Williamson Energy\lllaldl-39.hea 
Peak Acceleration Value: .4746651 (g) 
Upslope Movement not Included in Analysis 
Acceleration due to gravity: 386.4 (in/sec"2) 

Displacement computed: 6.6054 in , 
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Upslope Movement not Included in Analysis 
Acceleration due to gravity: 386.4 (in/sec~2l 

Displacement computed: 5.79074 in 
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Displacement Analysis - Newmark Method 
Project; SHAKE2000 Newmark Analysis - PCSCJOOM M8.0 New Madrid - Layer 15 

Newmark Method by Houston et.al. (1987) 
Constant Yield Acceleration: .18 (g) 
Acceleration Time History: PCSCJOOM Layer 1S Stress - HEA - Layer: 15 -

Analysis: 1 - Soil Deposit: 1 
Acceleration Time History File: C: \SHAKE2000\Williamson Energy\115aldl-41.hea 
Peak Acceleration Value: .4038821 (g) 
Upslope Movement not Included in Analysis 
Acceleration due to gravity, 386.4 (in/sec~2) 

Displacement computed: J.174503 in ........._ 
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Constant Yield Acceleration: .18 (g) 
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1.0 INTRODUCTION 

Plans have been developed for the construction of a coarse and fine coal refuse disposal facility 
to be located near Johnston City in Williamson County, Illinois. The proposed Pond Creek 
facility will provide disposal capacity for both coarse and fine coal refuse produced by the Pond 
Creek Mine No. 1 coal preparation plant located approximately 0.25-mile to the west. The 
location of the site is just southwest of the intersection of Dwina Road and Dean Road. 

The design plans for the Phase 2 expansion of the Pond Creek facility, submitted under separate 
cover by Alliance Consulting, Inc. (Alliance) of Beckley, West Virginia, includes raising the 
embankment crest to Elevation (EL) 502 by constructing a coarse coal refuse embankment cell 
(South Pond). The corresponding minimum and maximum fine coal refuse slurry impoundment 
levels for the proposed South Pond are El. 474 and El. 496, respectively. The abandonment 
geometry includes an additional 4-foot layer of coarse coal refuse up to EI. 500 and a 2-foot 
truck, one (1) percent sloping soil cover. 

The lllinois Department of Natural Resources (IDNR) Part 3702 Chapter IX requires that the 
evaluation of the abandonment condition for the South Pond address the following issues: 

1. The classification of the existing condition of the impounded material with respect to its 
fluid nature; 

2. The liquefaction potential of the impounded material and the related stability of the 
containing dam; 

3. The final surface configuration for the impoundment including the potential for 
resaturation of the impounded material especially from any surface water impounding 
characteristics; and 

R-080-85 l -1- July :.003 
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4. The establishment of a follow-up inspection schedule to ensure the proposed plans have 
been effective and the submittal of record drawings. 

The following sections of this report include generalized descriptions of the analytical techniques 
and results of the material characterizations, summaries of previous deformation analyses and 
laboratory testing, various abandonment analyses associated with IDNR guideline Nos. 1 and 2 
noted above, our conclusions and a reference list. Alliance will present under separate cover the 
final surface configuration and follow-up inspection schedule associated with Nos. 3 and 4 of the 
IDNR guidelines noted above. Figure 1 presents the Cross-Section A-A, Pond Creek Phase 2 
South Pond aban_donment geometry and results of the liquefaction susceptibility analysis. 
Appendices A through C present supporting information, including detailed calculation briefs for 
the various analytical procedures discussed herein. 

R-080-551 
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2.0 ANALYTICAL APPROACH 

In general, the procedure utilized by Civil & Environmental Consultants, Inc. (CEC) for 
evaluating the Phase 2 South Pond abandonment geometry is presented by Poulos, Castro and 
France (1985), which includes characterizing the impounded fine coal refuse material and 
assessing the susceptibility of the impoundment and embankment to a liquefaction (flow slide) 
failure. Liquefaction susceptibility was determined by performing a stability analysis, which 
requires the undrained steady-state strength (Sus) and the in-situ static driving shear stress be 
determined. 

Poulos, et al (1985) states a soil mass susceptible to liquefaction will only experience a 
liquefaction failure when a sufficiently large triggering event causes the strength of the soil to 
decrease to the undrained steady-state strength. Conversely, a soil mass which is not susceptible 
to liquefaction physically cannot fail by liquefaction since the minimum undrained strength 
exceeds the in-situ driving shear stress along the critical failure surface. These principles form 

l, the basis of the liquefaction-based abandonment analyses described below. 

Liquefaction susceptibility of the proposed Phase 2 South Pond abandonment geometry and, in 
general, the fine coal refuse hydraulically placed behind the coarse refuse embankment involved 
the determination of: 

1. The physical properties and relationship between peak and steady-state undrained shear 
strength of fine coal refuse with variations in effective stress, based on index and strength 
tests on remolded, site-specific slurry samples of the fine coal refuse to characterize the 
material relative to its potential for strength loss and flow failure; 

2. Driving shear stresses through the fine coal refuse and coarse refuse embankmenUresidual 
soil in the downstream and upstream directions to assess the potential for liquefaction; 
and 

R-Ob0-851 Juiy 2008 
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3. The factor of safety against liquefaction (FL) by comparing the steady-state undrained 
strength of the fine coal refuse to the in-situ driving shear stress generated by the 
downstream and upstream abandonment soil mass geometries. 

Liquefaction susceptibility depends on the strength of all the soils along the potential failure 
surface. Zones of loose (contractive) soils are critical to analyzing liquefaction potential since 
only loose soils can have an undrained strength that is significantly lower than their drained 
strength. Therefore, the behavior of the fine coal refuse and its potential to lose strength were 
evaluated when an earthquake, or similar rapid loading, changes the condition from drained to 
undrained. 

K-U80-o:i l -4- July 2008 
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3.0 PREVIOUS DEFORMATION ANALYSES 

IDNR previously required a revised (seismic) slope stability analysis be performed for the 
Phase 2 South Pond geometry using equivalent static load methods and the appropriate peak 
acceleration based on the Peak Ground Acceleration (PGA) for the 2% Probability of 
Exceedance in 50 Years maps from the United States Geologic Survey (USGS). Since the 
required factor of safety (i.e., a minimum factor of safety of 1.0 with seismic forces for the steady 
seepage condition) was not met, a permanent deformation evaluation was required by IDNR. 
CEC/ Alliance submitted a detailed deformation evaluationOl of the proposed Pond Creek Phase 2 
impoundment addressing relevant issues such as material characterizations, seismic hazard, 
induced cyclic shear stresses and permanent deformations. 

Permanent deformation analyses indicated the South Pond was not susceptible to adverse post
earthquake permanent deformations. These conclusions were based on the results of high quality 
field testing and detailed, seismically-related engineering and deformation analyses in both the 
upstream and downstream directions. 

CEC utilized the results of field testing performed for the permanent deformation analyses, 
particularly the seismic cone penetration testing (SCPT), and engineering properties developed 
for the coarse coal refuse and residual soils. Where applicable, the previous results are 
incorporated, summarized and referenced herein. 

( 1 l Civil & Environmental Consultants. Inc. "Report, Permanent Defonnation Evaluation, Pond Creek No. I Coal Refuse Disposal Site. South Cell Slurry lmpoundmem, Johnston City, Williamson County, Iilinois,'' dated January :23, '.2008. 
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4.0 LABO RA TORY TESTING Al\1D SUMMARY OF RESULTS 

In addition to the SCPT results of the existing coarse refuse and sandy clay residual soils 
underlying the site, Alliance obtained bulk fine coal refuse slurry samples from the South Pond 
impoundment for subsequent laboratory testing. Surface samples of fine coal refuse slurry were 
obtained from the existing tailings pond adjacent to the upstream slope of the coarse 
embankment. The samples were generally fine-grained, very soft and wet. The slurry material 
was shipped to CEC's Export, Pennsylvania office and subsequently hand-delivered to the 
laboratory. 

CEC retained Geotechnics, Inc. (Geotechnics) of East Pittsburgh, Pennsylvania to perform 
laboratory tests and characterize the fine coal refuse. Laboratory testing included performing 
moisture content, Atterberg limit, grain size analysis and specific gravity testing on slurry 
samples to aid in soil classification and evaluation of the material properties. The fine coal 
refuse material was composited in the laboratory to form two (2) remolded slurry samples. The 
sample preparation was designed to simulate the in-situ hydraulic deposition process, and 

' estimate the in-situ steady-state and peak shear strength after consolidation to various effective 
stresses. Consolidated-undrained (CU) triaxial strength tests on the remolded slurry samples 
were performed to estimate peak and steady-state strength data of the fine coal refuse and assess 
liquefaction susceptibility of the Phase 2 abandonment geometry. Effective and total strength 
parameters were also determined for the slurry samples. Laboratory testing procedures and 
results are summarized in Appendix A. 

In general, the as-received moisture contents of the sampled fine coal refuse ranged from about 
86 to 94 percent. Liquid and plastic limits were 36 and 19, respectively, yielding a plasticity 
index of 17. CU t1iaxial shear strength testing was performed at confining pressures of about 5, 
10 and 20 pounds per square inch (psi). The CU testing produced peak undrained shear strengths 
(Sup) ranging from about 2.6 to 9.3 psi [375 to 1,340 pounds per square foot (psf)]. Peak (axial) 
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strains ranged from about 8.4 to 18.4 percent. Steady-state (or residual) undrained shear 
strengths (Sus) ranged from about 2.5 to 8.7 psi (360 to 1250 psf) at maximum strains of about 
17.3 to 21.7 percent. 

The results of the laboratory testing indicated the fine coal refuse is clay-like based on an average 
93 percent passing the No. 200 sieve and plasticity index of 17. Peak and steady-state undrained 
strengths presented in Appendix A were reached at generally high strains (between 8 and 18 
percent), and there was very little drop-off from peak to steady-state with increasing strain. The 
results generally indicated a higher resistance to strength loss (and flow) due to the large strains 
required to exceed the peak strength and correspondingly small decrease to the steady-state 
strength at higher strains. Further, previous deformation analyses results indicated induced shear 
strains from the PGA at less than one-tenth (0.1) percent, which is well below a threshold (peak) 
triggering strain of the material. 

4.1 Estimates of In-Situ Steady-State Undrained Shear Strength 

To assess the liquefaction susceptibility of the fine coal refuse, the estimation of Sus values for 
fine refuse layers at in-situ conditions different than the laboratory samples tested is based on 
laboratory test results correlated with effective vertical stress (cr'v) of the layers in question. By 
assuming fine coal refuse Sus values vary linearly with cr'v, the in-situ Sus value for the fine coal 
refuse layer can be estimated based on the Sus characteristics of the fine coal refuse samples 
tested in the laboratory and the in-situ cr'v of a particular fine coal refuse. 

The effective consolidation stresses at which the laboratory tests were performed were converted 
into equivalent in-situ vertical effective stresses, assuming that the lateral stresses are equal to 
one-half of the vertical stresses. Therefore, the triaxial test consolidation stresses were 
multiplied by a factor of 1.5 to develop a relationship between cr'v and Sus- An Suslcr'v ratio of 
0.24 extends from the zero intercept to the point where two-thirds of the data fall above the 
straight line, which is the lowest datum plus one-third of the distance from the lowest datum to 
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the second lowest datum, i.e., 2/3 - 1/3 relationship. This relationship of Sus = 0.24 cr'v was 
based on the results of consolidated-undrained triaxial tests of slurry fine coal refuse samples, 
and is presented in further detail in Appendix B. 

4.2 Summary of Engineering Properties 

The following soil properties were estimated based on previous field and laboratory testing as 
well as current fine coal refuse testing for use in the various post-earthquake liquefaction slope 
stability analyses: 

Summary of Engineering Properties 

Total Unit Saturated Unit Effective Effective Weight Weight Friction Cohesion Material yt ys $' c' Type (pc0 (pcO (deg) (psO 
Coarse Refuse 130 140 33.7 0 
Fine Refuse 80 90 0 200 to 276 

Residual Soil 125 130 19 4000 
Soil Cap 130 1135 30 0 

R-GSV-83 i -8- July 2008 
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5.0 LIQUEFACTION SUSCEPTIBILITY EVALUATION 

Factors of safety against a liquefaction flow failure (FL) were calculated using steady-state 
principles and the Phase 2 South Pond upstream and downstream embankment/impoundment 
abandonment conditions. Following the estimation of in-situ driving shear stresses for Phase 2, 
the average vertical effective stress along the critical failure surface and various fine coal refuse 
layers was calculated. The cr'v values were determined at various depths within the layer 
boundaries shown in Figure I. Sus values were then estimated by multiplying the in-situ average 
cr'v for each layer by the 0.24 ratio. Figure 1 also presents the Sus values estimated for each fine 
coal refuse layer used in the downstream and upstream liquefaction stability analyses. 

5.1 In-Situ Driving Shear Stress 

Estimating the in-situ static driving shear stress in the critical soil layer (i.e., fine coal refuse) is 
one of the steps for evaluating liquefaction susceptibility. The driving shear stress in the critical 
fine coal refuse layer is equal to the minimum shear resistance the layer must have to simply 
maintain stability of the slope (i.e., factor of safety of 1.0). The driving stress assumes fully 
mobilized shear strengths in the other, less critical coarse refuse and residual soil layers 
comprising the model. The fully mobilized strengths are those that would act while defonnation 
of the slope is occurring and, thus, would be available to resist a massive flow slide. These shear 
strengths are quantified by performing a stability analysis for the slope in question. 

When evaluating slope stability by means of circular failure surface analysis (using the limit 
equilibrium approach), the driving shear stress (Td) acting along the failure surface analyzed is 
determined by assuming the shearing resistance (i.e., shear strength) of the material through 
which the failure surface passes is provided solely by cohesion [i.e., angle of internal friction (tj)) - . = OJ. The driving stress is determined by varying the cohesion value used in the analysis until a 
factor of safety of 1.0 is obtained. For this condition, the driving stress acting along the failure 
surface analyzed is equal to the cohesion value used for the material. 

R-080-851 -9- July 2008 
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Using the impoundment geometry shown in Figure 1, a series of GSTABL7 analyses were 
performed to identify the most critical circular failure surface passing through the Phase 2 
impoundment for both the downstream and upstream (abandonment) conditions. The range of 
starting and ending points for failure circle generation were iteratively analyzed to evaluate the 
critical failure surface and included the entire impoundment surface. The drained strengths of the 
coarse refuse and total strength of the residual soil described above were used while the cohesion 
values for the fine coal refuse layers were modeled equal to one another and varied until a factor 
of safety of 1.0 was obtained. 

The results of the driving shear stress slope stability analyses indicated the embankment and 
impoundment geometry is very favorable, and there is zero (0) driving stress in the fine coal 
refuse impoundment for both the upstream and downstream abandonment geometry. Hard 
copies of the input and output files for the driving stress analyses are presented in Appendix C. 

5.2 Factor of Safety Against Liquefaction 

The minimum FL in the downstream direction for the abandonment condition is 1.6 and, in the 
upstream direction, the minimum FL is about 9. These results are based on a site-specific, 

steady-state shear strength to effective stress relationship (Sus = 0.24 cr'v ), which relates the shear 

strength of slurry fine coal refuse samples with the estimated vertical effective overburden 
pressure. The following table presents the results of the downstream and upstream post
earthquake stability analyses. GSTABL output files are presented in Appendix C for the South 
Pond Stage 2 impoundment. 

Factor of 
Top of Driving Shear Stress Safety Against 

Stage 2 Fines Top of in Fine Coal Refuse Liquefaction 
Abandonment Elevation Cap Elevation (I) ('td) (FL) 
(Crest El. 502) (ft) (ft) (psf) (dim) 
Downstream 496 502 0 1.6 

Upstream 496 502 0 8.4 
"' Cap mcludes 4-foot coarse refuse and 2-foot soil cover layer above top of fines elevation. The s01] cover 1s sloped at one percent to maintain positive drainage. 

R-080-85 I -10- July 2008 
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6.0 CONCLUSIONS 

CEC has completed an evaluation of the liquefaction susceptibility of the proposed Pond Creek 
Phase 2 South Pond abandonment geometry. Based on this evaluation, the facility is not 
susceptible to a liquefaction (flow) failure. This conclusion is based on the following: 

• Characterization of the fine coal refuse as clay-like, which typically is more resistant to 
strength loss (or flow) than sand-like materials; 

• Elevated peak and steady-state undrained shear strengths and corresponding elevated 
shear strains. Previous deformation analyses results indicating induced maximum shear 
strains from the PGA less than 0.1 percent, further indicating a resistance to strength loss 
(and flow); 

• In-situ driving shear stresses through the fine coal refuse of O psf; and 

• Factors of safety against liquefaction susceptibility in both the downstream and upstream 
directions ranging from 1.6 to greater than 9, respectively. 

To prevent resaturation, the Phase 2 abandonment geometry will promote long-term positive 
drainage and permanent drainage controls to minimize surface water infiltration. Plans to 
prevent future surface water impounding capability, erosion and sedimentation controls and 
drainage are provided under separate cover by Alliance. 

Finally, CEC and Alliance understand a final inspection and report- by a professional engineer 
must be completed and submitted to the IDNR, Office of Water Resources one (1) year after the 
completion of the abandonment modifications to the dam. This inspection is intended to evaluate 
and report the effectiveness of the abandonment plans, and record drawings will be submitted 
with the final inspection report. 

R-080-851 -11- July 2008 
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In preparing this report, CEC' s professional services have been performed, findings obtained and 

conclusions prepared in accordance with generally accepted engineering principles and practices. 

No warranty, expressed or implied, is made or intended by rendering of these services or by 

furnishing oral or written reports of our findings. This report was prepared for the exclusive use 

of Alliance and/or its affiliates. 

R-080-851 -12- July 2008 
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DATA AND WERE PROVIDED BY ALLIANCE CONSULTING, INC, 

2- STEADY-STATE UNDRAINED STRENGTHS WERE DEVELOPED BASED ON 
LABORATORY TEST DATA AND PRESENTED 1N APPENDIXES A Af.10 8. 

3_ CROSS-SECTION A-A REPRESENTS THE GENERALIZED CONDmONS OF 
THE PHASE 2 SOUTH POND ABANDONMENT CONDITION. 

4. 'td DITERMINED FROI.I GSTAl.7 STATIC STABll..JlY ANALYSIS USING 
DRAINED PROPERTIES FOR COARSE REFUSE AND TOTAL STRENGTI-! 
FOR RESIDUAL SOIL AND VARYING UNDRAINED PROPERTIES 
(COHESION} FOR FINE COAL REFUSE TO OBTAIN A FACTOR OF 
SAFETY OF 1.00. 
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AVERAGE VERTICAL EFFECTNE STRESS (av') OF EACH FINE COAL 
REFUSE LAYER, AND USING THE RELATIONSHIP Sus .. 0.24"'ov' 
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333 Baldwin Floall • Pl1t11b11rgh, PA 15205-9072 
Ph: 412.429.2:124 • 800.365.2324 • Fu: 412,429.2114 

www.ceclnc.com 
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ALLIANCE CONSULTING, INC. 
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. APPENDIX A 

SUMMARY OF LABO RA TORY TESTING RESULTS AND 
CHARACTERIZATION OF THE SUBSURFACE MATERIALS 
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Civil & Environmental Consultants, Inc. 
PROJECT Williamson Energy Pond Creek - South Pond - PROJECT NO. 080-851 

Phase 2 Abandonment Evaluation PAGE 1 OF _3.c.__ 
Laboratory Testing Summary - Fine Coal Refuse 

MADEBY BEG DATE --'-7'--'/1'-"0'--'/0c::8_ CHECKED BY ~ DATE I R-3/08 

CALCULATION BRIEF 
FOR 

SUMMARY OF LABORATORY TESTING 

POND CREEK COAL REFUSE DISPOSAL SITE - SOUTH POND 

OBJECTIVE: 

Summarize the laboratory testing program and results obtained for fine coal refuse materials at 
the Pond Creek facility, South Pond impoundment. A laboratory testing summary table is 
attached, as well as laboratory testing results. 

l\1ETHODOLOGY: 

CEC retained Geotechnics, Inc. (Geotechnics) of East Pittsburgh, Pennsylvania to perform 
laboratory testing on bulk samples of fine coal refuse materials collected from the South Pond 
impoundment. The laboratory testing was performed between May 2008 and June 2008 at 
Geotechnics. The purpose of the testing program was to determine index and strength 
parameters, and summarize the results for the fine coal refuse materials relative to the eventual 
abandonment of the South Pond. 

The laboratory testing program performed by Geotechnics included: 

a. Index tests on bulk/slurried samples: 
• (2) Moisture content; 
• (2) Grain-size distributions; 
• (2) Hydrometers; 
• (2) Atterberg limits; and 
• (2) Specific gravity. 

b. Shear strength tests on remolded slurried samples: 
• (6) Consolidated Undrained Triaxial, including (6) additional moisture 

contents and (6) total and dry density. 
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Civil & Environmental Consultants, Inc. 
PROJECT Williamson Energy Pond Creek - South Pond -

Phase 2 Abandonment Evaluation 

Laboratory Testing Summary - Fine Coal Refuse 

MADE BY -~BC-'E~G~_ DATE _.c.7c.c/lc.c0'-C/0c..::8_ CHECKED BY l-W; 

RESULTS: 

080-851 PROJECT NO. 

PAGE 2 OF _3 

DATE l f 21, ioB 

The attached table presents a summary of the individual laboratory test data, and a formal copy 
of the laboratory testing results performed by Geotechnics, Inc. is attached. 



R
14

42
1

I I 82.60 I 
Test No. 

,--

Bucket I l Remold I FCR 7 82.10 l 
Test No. 2 

Bucket I l Remoldl FCR I 79.50 I 
Test No. 3 ' 
Bucket I Bulk FCR 85.80 

Bucket 2 Remold FCR 82.90 

Test No. 
Bucket 2 Remold FCR 85.70 

Test No. 2 

(' Bucket 2 Remold FCR 83.00 

\, Test No. 3 -
Bucket 2 I Bulk I FCR I 94.40 I 

080-851 

76.60 I 42.00 I 2.24 I 

84.20 7 · 46.10 2.24 

8o.5o l 44.80 7 2.24 l 

2.24 

82.60 45.20 2.24 

85.70 44.30 I 2.24 I 

Summary of Laboratory Test Results 

Fine Coal Refuse Bulk Samples 

Pond Creek Coal Refuse Disposal Facility - South Pond Abandoument 

Franklin County, Illinois 

I I I I I 2.333 I 0.944 I 40.40 I 

J J J J J 2.035 J 0.955 I 39.60 I 
-

I I I 1- -

I 2.1!9 1 o.956 I 37.80 I 
-

92.83 99.41 36 19 I 17 

I l 2.095 J 1.129 I 38.30 I 

I I I I I 2.159 I 0.931 I 39.20 I 

83.00 46.20 I_ 2.24 1- I I I I I 2.029 I 0.910 I 37.50 I 

I I 2.24 I 92.62 I 99.29 I 36 I 19 I 17 

·, ·u 

18.40 I 0.664 I 40.40 

13.40 J 1.086 J 39.oo I 21.67 J o.817 _ \ 36.14 J 0.006 I !7.30 I 0.216 

13.50 I 1.558 I 36.70 I 21.74 I 1.149 

10.30 \ o.485 \ 36.:lo-\ !7.29-\ o.354 

14.20 I 0.825 I 38.60 I 2u2 I 0.616 I 37.11 J 0.000 I 20.307 0:013 

8.40 I 1.681 I 35.70 I 21.497 C245 
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LABO RA TORY TESTING RESULTS - FINE COAL REFUSE 
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June 5, 2008 

Project No. 2008-210-01 

Mr. Blaise Genes 
Civil & Environmental Consultants 
4 Triangle Dr, Suite 200 
Export, PA 15632-9255 

echnics 
..... GEOTECHNICAL AND 

GEOSYNTHETIC SERVICES 

Transmittal 
Laboratory Test Results 

Pond Creek 

Please find attached the laboratory test results for the above referenced project. The tests were outlined 
on the Project Verification Form that was faxed to your firm prior to the testing. The testing was performed 
in general accordance with the methods listed on the enclosed data sheets. The test results are believed 
to be representative of the samples that were submitted for testing and are indicative only of the 
specimens which were evaluated. We have no direct knowledge of the origin of the samples and imply no 
position with regard to the nature of the test results, i.e. pass/fail and no claims as to the suitability of the 
material for its intended use. 

The test data and all associated project information provided shall be held in strict confidence and 
disclosed to other parties only with authorization by our Client. The test data submitted herein is 
considered integral with this report and is not to be reproduced except in whole and only with the 
authorization of the Client and Geotechnics. The remaining sample materials for this project will be 
retained for a minimum of 90 days as directed by the Geotechnics' Quality Program. 

We are pleased to provide these testing services. Should you have any questions or if we may be of 
further assistance, please contact our office. 

Re pectively submitte::d=-',----... 
G tee · 

David R. Backstrom 
Laboratory Director 

We understand that you have a choice in your laboratory services 
and we thank you for choosing Geotechnics. 

544 Braddock Avenue • East Pittsburgh, PA 15112 • 412·823-7600 • FAX 412-823-8999 • www.geotechnics.net 
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Client 
Client Reference 
Project No. 

Lab ID 
Boring No. 
Depth (ft) 
Sample No. 

Tare Number 
Wt. ofTare & WS (gm) 
Wt. of Tare & DS (gm) 
Wt. of Tare (gm) 
Wt. of Water (gm) 
Wt. of DS (gm) 

Water Content(%) 

Noles: NA 

Tested By 

MOISTURE CONTENT 
ASTM D 2216 (SOP-S1) 

CEC 
POND CREEK 080851 
2008-210-01 

01 
SOUTH POND 

NA 
BUCKET 1 

877 
621.7 

385.56 
110.33 
236.14 
275.23 

85.8 

PC Date 

02 
SOUTH POND 

NA 
BUCKET 2 

729 
578.3 

339.54 
86.52 

238.76 
253.02 

94.4 

5/13108 Checked By 
page 1 of 1 DCN: CT-S1 DATE 6-30-98 REVISION: 2 

Date 

C:WSOFFICE\Exce/1P,'intOVJ946.XLSJSheet1 

544 Braddock Avenue .. East Pittsburoh. PA 1 fi11? • 41 ?-A?q_7,=:;nn • ~t.. v ,11 •:L.R0•:Laoao • ,.,,,,.., ...,,..,..J,.. ..... ~-=-- __ .. 
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( 
I 

Client 
Client Reference 

.. Project No. 
Lab ID 

uses 
USDA 

SIEVE AND HYDROMETER ANALYSIS 
ASTM D 422-63/AASHTO T88-00 (SOP-S3) 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-01 

Boring No. 
Depth (ft) 
Sample No. 
Soil Color 

SIEVE ANALYSIS 
cobbles I aravel I sand 

cobbles I gravel I sand 
I 

100 
12" 6" 3" 3/4" 3/8" #4 #10 #20 #40 #140 #200 

90 
I 

i: i 
60 " 

' ' 
70 

·~60 
;a: 
>-

"' 

i i 
I ' ! 
' ' i: j 

i! ! / 
i! / ! 
!I i 

~ 50 
C 

u: 
I· : . /i 

I 

~ 40 
~ 
a. 

30 

20 

1, 
' ' i: ; i 

1! i i ;, i 
I 

''' I 
j! I 

! 
i I i 

Ji i i 
! i ,. 
' 

10 

. ,, 
i i !i 

I• 
I ' I 

' i 

0 

1000 

I 
' 
[ 

i 
' i 
i 

Sieve Sizes (mm) 

Greater Than #4 
#4 To #200 
Finer Than #200 

uses Symbol 

uses Classification 

page 1 of 4 

k,.h 

100 10 1 0.1 
Particle Diameter {mm) 

uses summary 
Percentage 

Gravel 0.00 
Sand 7.17 

Silt & Clay 92.83 

CL, TESTED 

LEAN CLAY 

DCN; CT-S3A DATE:2/20108 REVISION: 8 

SOUTH POND 
NA 
BUCKET 1 
BLACK 

HYDROMETER 
silt and clav fraction 

I silt I cla· 

~ 

I\ 
~ "" ..., 

~ 

"\ 

\ 
\ 
\ 

0.01 0.001 

C:\MSOFFIC8Excel\Prmt0\fK13.XLS]Shee/1 

544 Braddock Avenue • East Pittsburqh, PA 15112 • 412-823-7600 , F'AX 4.1?-A?.'i-RQQQ • \hf\M\Mni::>nt,=,,..hni ... ..,, n=f 
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C 

USDA CLASSIFICATION CHART 

Client 
··Client Reference 

Project No. 
Lab ID 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-01 

90 

80 

PERCENTCLAY / 
70 

20 

10 

100 

Particle 
Size (mm) 

2 
0.05 

0.002 

/ 60 

40 

30 

90 

Percent 
Finer 

100.00 
85.12 
35.10 

50 

\ 
\ 

SANDY CLAY LOAM 

' I \ \/ 
;, I\ 

/ \_ SANDY LOAM 

\/ \. 

80 70 60 

USDA SUMMARY 

Gravel 
Sand 
Silt 

Clay 

50 

Boring No. 
Depth (ft) 
Sample No. 
Soil Color 

40 

PERCENT SAND 

Actual 
Percentage 

0.00 
14.88 
50.02 
35.10 

USDA Classification: SILTY CLAY LOAM 

page 2 of 4 OCN: CT-S3A OATE:2/2010B REVISION: B 

SOUTH POND 
NA 
BUCKET 1 
BLACK 

PERCENT SILT 

\ \. 
SILT LOAM 

30 

\/ 

20 10 0 

Corrected% of Minus 2,0 mm 
material for USDA Classificat. 

0,00 
14.88 
50.02 
35.10 

C:\MSOFFICE\Excef\PrinlOVK13.XLS}Shee/1 
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WASH SIEVE ANALYSIS 
ASTM D 422-63/AASHTO TBB-00 (SOP-S3) 

Client CEC 
Client Reference 
Project No. 
Lab ID 

POND CREEK 080851 
2008-210-01 
2008-210-01-01 

Moisture Content of Passino 3/4" Material 

Tare No. 
Wgt. Tare + Wet Specimen (gm) 
Wgt.Tare + Dry Specimen (gm) 
Weight of Tare (gm) 
Weight of Water (gm) 
Weig ht of Dry Soil (gm) 

Moisture Content (%) 

Wet Weight -3/4" Sample (gm) 
Dry Weight - 3/4" Sample (gm) 
Wet Weight +3/4" Sample (gm) 
Dry Weight + 3/4" Sample (gm) 
Total Dry Weight Sample (gm) 

Sieve Sieve 
Size Opening 

(mm) 

12" 300 
6" 150 
3" 75 
2" 50 

1 1/2" 37.5 
1" 25.0 

3/4" 19.0 
1/2" 12.5 
3/8" 9.50 
#4 4.75 

#10 2.00 
#20 0.85 
#40 0.425 
#60 0.250 

#140 0.106 
#200 0.075 
Pan -

703 
1020.20 
609.00 
100.40 
411.20 
508.60 

80.8 

NA 
36.47 

NA 
0.00 
NA 

Wgt.of Soil 
Retained 

(gm) 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.12 
2.90 
7.89 

17.74 
7.82 

472.13 

Boring No. 
Depth (ft) 
Sample No. 
Soil Color 

SOUTH POND 
NA 
BUCKET 1 
BLACK 

Water Content of Retained 3/4" Material 

Tare No. 
Wgt.Tare + Wet Specimen (gm) 
Wgt.Tare + Dry Specimen (gm) 
Weight of Tare (gm) 
Weight of Water (gm) 
Weight of Dry Soil (gm) 

Moisture Content (%) 

Weight of the Dry Specimen (gm) 
Weight of minus #200 material (gm) 
Weight of plus #200 material (gm) 

Percent Accumulated Percent 
Retained Percent Finer 

Retained 
(%) (%) (%) 
0.00 0.00 100.00 
0.00 0,00 100.00 
0,00 0.00 100.00 
0,00 0.00 100.00 
0.00 0.00 100.00 
0.00 0.00 100.00 
0.00 0.00 100.00 
0.00 0.00 100.00 
0.00 0.00 100.00 
0.00 0.00 100.00 
0.00 0.00 100.00 
0.02 0.02 99.98 
0.57 0.59 99.41 
1.55 2.15 97.85 
3.49 5.63 94.37 
1.54 7.17 92.83 

92.83 100.00 -

Tested By JP Date 5/21/08 Checked By 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

508.60 
472.13 

36.47 

Accumulated 

Percent 
Finer 

(%) 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
99.98 
99.41 
97.85 
94.37 
92.83 

-

oage 3 ol 4 OCN: CT-S3A DATE:2120108 REVISION: 8 C:\MSOFFICE\Exc~/\PrmtQ\(K13 XLS]Sheet1 

i::AA Rre:iri,.-,1,..,..,.L, /\,,,..,.,...,,,..., ~ c--• n:.•-t.. .. ~-L.. n~ .,,...,.,,... 
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HYDROMETER ANALYSIS 
ASTM D 422-63/AASHTO TBB-00 (SOP-S3) 

·· Client 
Client Reference 
Project No. 
Lab ID 

Elapsed 
Time 

(min) 

0 

2 
5 

15 

31 

60 
250 

1440 

Soil Specimen Data 

Tare No. 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-01 

R Temp. 
Measured ( o C) 

NA NA 

47.0 21.9 

46.0 21.9 

4~.5 21.9 

40.0 21.9 

36.0 21.8 
29.0 21.7 
21.0 21.9 

Tare + Dry Material (gm) 
Weight of Tare (gm) 

2487 
151.2 
95.01 

Composite 
Correction 

NA 

6.02 

6.02 

6.02 

6.02 

6.07 
6.11 
6.02 

Boring No. 
Depth (ft) 
Sample No. 
Soil Color 

R 
Corrected 

NA 

41.0 

40.0 

37.5 

34.0 

29.9 
22.9 
15.0 

N 

( % ) 

NA 

79.2 

77.3 

72.5 

65.7 

57.9 
44.3 
29.0 

Other Corrections 

a - Factor 

SOUTH POND 
NA 
BUCKET 1 
BLACK 

K 
Factor 

NA 

0.01314 

0.01314 

0.01314 

0.01314 

0.01316 
0.01317 
0.01314 

Diameter 

(mm) 

NA 
0.0272 

0.0174 

0.0103 

0.0074 

0.0055 
0.0028 
0.0012 

N' 
{%) 

NA 

73.6 
71.8 
67.3 
61.0 
53.7 
41.1 
26.9 

Weight of Deflocculant (gm) 
Weight of Dry Material (gm) 

5.0 
51.19 

Percent Finer than # 200 

0.99 

92.83 

Note: 

page 4 of 4 

Specific Gravity 

Hydrometer test is performed on - # 200 sieve material. 

Tested By TO r, ,.,J,., 
uaLc:: 

DCN: CT-S3A DA TE:2/20/0S REVISION: 8 

r:: ,,.., .... ,r.o 
,JI..,_ I J \JV 

!JR 
f ',' l 

2.7 Assumed 

C:\MSOFFICE\Excef\PrinlQ\[K13.XLS]Shee/1 
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ATTERBERG LIMITS 
ASTM D 4318-05 / AASHTO T89 (SOP - S4A) 

Client CEC Boring No. SOUTH POND 
Client Reference POND CREEK 080851 Depth (ft) NA 
Project No. 2008-210-01 Sample No. BUCK!iT 1 
Lab ID 2008-210-01-01 Soil Description BLACK LEAN CLAY 
Note: The USCS symbol used with this test refers only to the minus No. 40 ( Minus No. 40 sieve material, Airdried) 
sieve material. See the "Sieve and Hydrometer Analysis" graph page for the complete material description. 
Liquid Limit Test 1 2 3 

Tare Number 110 37 40 
Wt. of Tare & WS (gm) 36.10 35.31 37.89 
Wt. of Tare & DS (gm) 30.53 29.82 31.72 
Wt. of Tare (gm) 14.96 14.83 15.54 
Wt. of Water (gm) 5.6 5.5 6.2 
Wt. of OS (gm) 15.6 15.0 16.2 

Moisture Content (%) 35.8 36.6 38.1 
Number of Blows 28 23 15 

Plastic Limit Test 1 2 Range 

Tare Number 134 267 
Wt. of Tare & WS (gm) 21.41 20.16 
Wt. of Tare & DS (gm) 20.44 19.10 
Wt. of Tare (gm) 15.29 13.36 
Wt. of Water (gm) 1.0 1 .1 
Wt. of OS (gm) 5.2 5.7 

Moisture Content(%) 18.8 18.5 0.4 
Note: The acceptable range of/he two Moisture contents is± 2.6 

38 

38 

34 

_§ 32 

0 
U30 

24 

20 

I 
I 

' I 

I 
I 
I 
I i 

Flow Curve 

-

10 

Number of Blows 

.n/ 
-

100 

60 

50 

10 

, 
0 

/ I 

CL-ML 

M 
u 
L 
T 
I 
p 
0 
I 
N 
T 

Test Results 

Liquid Limit(%) 36 

Plastic Limit {%) 19 

Plasticity Index(%) 17 

uses Symbol CL 

Plasticity Chart 

, 
, 

/ . . 
, . . 

V CL . CH . . , 
~ . 

. / , . . . . V MH . . . . . ® / . . . 
/ . . ,, 

I ,, 
: I ML 

20 40 60 BO 100 
Liquid Limit(%) 

Tested By TO Date 5/21/08 Checked By Date 
DCN: CT~S4B DATE: 121:?0/06 REVISION· 3 

C:\MSOFF/CE\Excel\PrinfQ\{K12.xls/Sheet1 
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SPECIFIC GRAVITY 
ASTM D 854-02, AASHTO T100-03 (SOP - S5) 

Client 
Client Reference 
Project No. 
Lab ID 

Replicate Number 

Pycnometer ID 

CEC 
POND CREEK 080851 
2008-210-01 
2008-21 0-01-01 

Weight of Pycnometer + Soil + Water (gm) 
Temperature, T ( 'Celsius) 
Weight of Pycnometer + Water (gm) 

Tare Number 
Weight of Tare+ Dry Soil (gm) 
Weight of Tare (gm) 

Weight of Dry Soil (gm) 
Specific Gravity of Soil @ T 
Specific Gravity of Water@ T 
Conversion Factor for Temperature T 

Specific Gravity @ 20° Celsius 

Boring No. 
Depth (fl) 
Sample No. 
Visual Description 

1 

G 1155 
737.55 
26.4 

682.36 

674 
199.03 
99.26 

99,77 
2.238 
0,9967 
0,9985 

2.241 

Average Specific Gravity @ 20' Celsius 

Tested By TO Date 05120/08 Checked By 
DCN: CT-S5 Date 09/25106 Revision: 12 

SOUTH POND 
NA 
BUCKET 1 
BLACK SLUDGE 
( Minus No.4 sieve material. airdried) 

2 

G 1156 
736.34 

25.5 
681.04 

2487 
195.46 
95.76 

99.70 
2.246 

0.9969 
0.9987 

2.248 

2.24 

C \MSOFFICE\EXCE!L \PnntO\[F 157 Als)Shee/1 

J::;,iJ_ Ar::irlrirv-.V AHon,,o • l="c,'"'t Oittc-h,,,.,-.h b/1 ir:::-1-1.-, ~ A11"'1 on,-,,,....",.., . r-Av ~.,,... ,.,,..,,.., ,...,...,...,... 
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Client 
Client Reference 
Project No. 
Lab ID 

CONSOLIDATED UNDRAINED TRIAXIAL TEST 
WITH PORE PRESSURE READINGS 

ASTM D4767-95 / AASHTO T297-94 (SOP-S28) 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-01 

Boring No. 
Depth(ft.) 
Sample No. 

SOUTH POND 
NA 
BUCKET 1 

Consolidated Undrained Triaxial Test with Pore Pressure 

30 r-----------------------~-------~----------., 

'.25 ----

SIN cl>= TAN ex. 
a 

C = ----
COS cp 

20 f------'--------,-------,,----_.:..----i--~,.c_-----,------;-----

0'-----------------~~-----------------------J 
0 5 10 

-e- Max. Effec. Stress Ratio Points 

a = 
a. 

15 20 

--Failure Envelope 

0.00 
30.5 

25 30 

P. (psi) 

= Test No. 1 

C = 
C{) 

35 40 

-Test No.2 

0.001 
36.14 

~,-., 

45 

·--- Test No 3 

Tested By JCM Date 05/21 /08 Approved By U!) Date (p ( I q bs 
,K,ge 1 of a DCN CT-::528 DATE 6-25-98 REVISION 1 

544 Braddock Avenue • East Pittsburah. PA 1511? • 41?-R?.1-7nnn • l="AY J.1?-A?".:!-AOOO • 1uwu,ncntcr,h,...,;,-.c, nof 

50 
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Client 
Client Reference 
Project No. 
Lab ID 
Visual Descnpt1on: 

CONSOLIDATED UNDRAINED TRIAXIAL TEST 
WITH PORE PRESSURE READINGS 

ASTM D4767-95 / AASHTO T297-94 {SOP-S28) 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-01 

Boring No. 

Depth{ft.) 
Sample No. 

BLACK COAL REFUSE SLURRY {REMOLDED) 

SOUTH POND 
NA 
BUCKET 1 

25 ~----------------------------------

20 

15 
·;;; 

"" • • e 
in 
C 
0 
:, ·, 
• CJ 

10 

5 

01>-------------------------------------' 
0 5 10 15 20 25 

Strain(%) 

~Tes!No.1 -&-Test No. 2 ---a-Test No. 3 

Tested By JCM Date 05121108 Approved By '.JYB Date 
µage 2 or 8 

544 Braddock Avenue • East Pittsbur□ h. PA 1 :111? • 41 ?-R?".:!. 7;:.;nn • f:.6 v A1'J_i:>.0·:u:a:aoo • "'""" ,..,...,...+ ......... h~:-- --~ 
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·.::nent 
Client Reference 
Project No. 
Lab ID 

Visual Description: 

/ Si age No. 
I Tes/ No 

PRESSURES (psi) 

Cell Pressure(psi) 
Back Pressure(psi) 
Eff. Cons. Pressure(psi) 
Pore Pressure 
Response(%) 

CONSOLIDATED UNDRAINED TRIAXIAL TEST 
WITH PORE PRESSURE READINGS 

ASTM D4767-95 I AASHTO T297-94 (SOP-S28) §~:~~~~ 
CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-01 

Boring No. 
Depth(ft.) 
Sample No. 

SOUTH POND 
NA 
BUCKET 1 

BLACK COAL REFUSE SLURRY (REMOLDED) 

36.6 
31.4 

5.2 

98 

INITIAL SAMPLE DIMENSIONS (in) 

Length 1 3.140 Diameter 1 
Length 2 3.148 Diameter 2 
Length 3 3.151 Diameter 3 
Avg Leng.= 3.146 Avg. Diam.= 

VOLUME CHANGE 
Initial Surette Reading (ml) 
Final Surette Reading (ml) 
Final Change (ml) 

1.375 
1.389 
1.399 
1.388 

24.0 
21.7 

2.3 
MAXIMUM OBLIQUITY POINTS 

p 
Q 

= 
= 

LOAD 
(LBS) 

6.8 
8.2 
8.8 

10.3 
12.1 
15.1 
15.8 
16.2 
17.1 
17.2 
17.8 
18.4 
18.5 
18.8 
19.0 
18.9 
19.4 
19.6 
20.2 
20.7 
20.8 
21.4 
21.4 
21.6 
22.0 
21.8 
22.8 
23.1 
23.5 
23.1 
24.0 

Tes!ed By JCM 

6.41 
3.95 

Date 

Initial Dial Reading (D.R.), mils 
D.R. After Saturation, mils 
D.R. After Consolidation, mils 

DEFORMATION 
(INCHES) 

PORE PRESSURE 
(PSI) 

0.000 
0.001 
0.002 
0.005 
0.008 
0.016 
0.020 
0.026 
0.038 
0.051 
0.069 
0.085 
0.101 
0.116 
0.132 
0.158 
0.182 
0.205 
0.236 
0.260 
0.292 
0.316 
0.340 
0.371 
0.411 
0.443 
0.490 
0.530 
0.569 
0.610 
0.664 

05121108 

31.4 
32.1 
32.1 
32.5 
32.8 
33.2 
33.4 
33.6 
33.7 
33.8 
33.9 
34.0 
34.0 
34.1 
34.1 
34.1 
34.2 
34.2 
34.2 
34.2 
34.1 
34.3 
34.1 
34.1 
34.1 
34.1 
34.1 
34.2 
34.1 
34.1 

235 
250 
294 

->_,uqe j of 8 QCN CT-s::a DATE 6-25-98 REVJSION 1 

Input Checked By n6 Dale 

544 Braddock Av1.:m11P. • F:=i~t Pittsh1 irnh PA 1 .i:; 11? • 41 ?.R.?q. 7R.nn • i=ti. Y .119.P'?'Laaaa • ,.,,.,,., ,.,,..,_,...+,... .... h ... : ...... --'" 
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CONSOLIDATED UNDRAINED TR/AXIAL TEST 

WITH PORE PRESSURE READINGS 
ASTM D4767-95 / AASHTO T297-94 (SOP-S28) §~!~?~~ 

Client 
Client Reference 
Project No. 

... Lab ID 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-01 

Boring No. 
Depth(fl.) 
Sample No. 

SOUTH POND 
NA 
BUCKET 1 

Visual Description: BLACK COAL REFUSE SLURRY (REMOLDED) 

· 1::tfective Confinmg Pressure (psi) 

INITIAL DIMENSIONS 

Initial Sample Length (in.) 
!nitial Sample Diameter (in.) 
,11itial Sample Area (inA2) 
Initial Sample Volume (inA3) 

Strain Deviation 6 U 
(%) Stress 

0.02 0.93 0.73 
0.07 1.39 0.75 
0.15 2.40 1.15 
0.25 3.62 1.36 
0.52 5.63 1.79 
0.66 6.03 2.01 
0.84 6.35 2.21 
1.22 6.92 2.33 
1.64 6.91 2.40 
2.25 7.31 2.55 
2.75 7.66 2.61 
3.27 7.71 2.64 
3.77 7.81 2.68 
4.28 7.90 2.74 
5.11 7.78 2.71 
5.89 8.02 2.84 
6.65 8.13 2.78 
7.66 8.39 2.83 
8.42 8.64 2.76 
9.45 8.59 2.72 

10.23 8.90 2.86 
11.00 8.80 2.67 
12.03 8.83 2.74 
13.30 8.93 2.72 
14.34 8.73 2.69 
15.88 9.12 2.66 
17.15 9.15 2.77 
13.44 9.22 2.70 
19. 74 8.86 2.70 
21 51 9.19 2.82 

5.2 

3.15 
1.39 
1.51 
4.76 

5.45 
5.84 
6.46 
7.46 
9.04 
9.22 
9.34 
9.79 
9.71 
9.96 

10.25 
10.26 
10.34 
10.37 
10.27 
10.38 
10.56 
10.76 
11.09 
11..07 
11.25 
11.33 
11.29 
11.41 
11.25 
11.66 
11.59 
11.72 
11.36 
11.56 

4.5 
4.5 
4.1 
3.8 
3.4 
3.2 
3.0 
2.9 
2.8 
2.7 
2.6 
2.6 
2.5 
2.5 
2.5 
2.4 
2.4 
2.4 
2.4 
2.5 
2.3 
2.5 
2.5 
2.5 
2.5 
2.5 
2.4 
2.5 
2.5 
2.4 

Stage No. 
Test No 

VOLUME CHANGE 

Volume After Consolidation (inA3) 
Length After Consolidation (in) 
Area After Consolidation (inA2) 

Effective Principle 

Stress Ratio 

1.219 
1.311 
1.593 
1.941 
2.649 
2.893 
3.125 
3.417 
3.469 
3.753 
3.961 
4.017 
4.098 
4.208 
4.124 
4.400 
4.359 
4.538 
4.536 
4.464 
4.797 
4.474 
4.594 
4.601 
4.477 
4.587 
4.762 
4.691 
4.536 
4.864 

A 

0.76 
0.55 
0.49 
0.38 
0.32 
0.34 
0.36 
0.34 
0.35 
0.36 
0.35 
0.35 
0.35 
0.35 
0.36 
0.36 
0.35 
0.34 
0.33 
0.32 
0.33 
0.31 
0.32 
0.31 
0.31 
0.30 
0.31 
0.30 
0.31 
0.3·1 

p 

4.96 
5.14 
5.25 
5.65 
6.23 
6.20 
6.16 
6.33 
6.26 
6.31 
6.42 
6.41 
6.43 
6.41 
6.38 
6.37 
6.49 
6.56 
6.77 
6.77 
6.79 
6.93 
6.87 
6.94 
6.88 
7.10 
7.01 
7 .11 
6.93 
6.87 

4.55 
3.09 

1.474 

Q 

0.49 
0.69 
1.20 
1.81 
2.81 
3.02 
3.18 
3.46 
3.46 
3.65 
3.83 
3.85 
3.91 
3.95 
3.89 
4.01 
4.07 
4.19 
4.32 
4.29 
4.45 
4.40 
4.42 
4.46 
4.37 
4.56 
4.58 
4.61 
4.43 
4.58 

Tested By JCM Date 05/21 /08 Input Checked By bf) Date ( o-\9:91:, 
page 4 of 8 
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CONSOLIDATED UNDRAINED TRIAXIAL TEST 
WITH PORE PRESSURE READINGS 

ASTM D4767-95 / AASHTO T297-94 (SOP-S28) 

'lient 
.. lient Reference 

Project No. 
Lab ID 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-01 

Boring No. 
Depth(ft.) 
Sample No. 

SOUTH POND 
NA 
BUCKET 1 

Visual Description: BLACK COAL REFUSE SLURRY (REMOLDED) 

/

Stage No. 
1 Test No 

r'RESSURES (psi) 

Cell Pressure(psi) 
Back Pressure(psi) 
Eff. Cons. Pressure(p, 
Pore Pressure 
Response (%) 

46.5 
36.1 
10.4 

100 

MAXIMUM OBLIQUITY POINTS 

p 
Q 

= 
= 

11.84 
7.45 

INITIAL SAMPLE DIMENSIONS (in) 

Length 1 
Length 2 
Length 3 
Avg Leng., 

3.120 
3.137 
3.135 
3.131 

VOLUME CHANGE 

Diameter 1 
Diameter 2 
Diameter 3 
Avg. Diam.= 

Initial Surette Reading (ml) 
Final Surette Reading (ml) 
Final Change (ml) 

Initial Dial Reading (D.R.), mils 
D.R. After Saturation, mils 
D.R. After Consolidation, mils 

LOAD DEFORMATION PORE PRESSURE 
(PSI) (LBS) (INCHES) 

7.9 0.000 
13.4 0.001 
14.9 0.002 
18.3 0.005 
20.0 0.008 
22.4 0.017 
23.0 0.020 
23.7 0.026 
24.8 0.038 
25.7 0.051 
26.7 0.069 
27.1 0.085 
27.5 0.100 
27.5 0.110 
27.7 0.131 
27.9 0.157 
28.2 0.181 
28.6 0.204 
29.5 0.235 
30.0 0.259 
30.5 0.290 
30.4 0.313 
31.0 0.337 
31.2 0.368 
31.8 0.408 
31.8 0.439 
32.3 0.486 
33.0 0.526 
32.6 0.565 
33.1 0.604 
33.6 0.659 

36.1 
36.8 
37.0 
37.4 
37.8 
38.7 
38.9 
39.3 
39.9 
40.3 
40.9 
41.1 
41.3 
41.5 
41.6 
41.8 
41.9 
41.9 
42.0 
42.1 
42.1 
42.0 
42.1 
42.0 
42.2 
42.1 
42.1 
42.2 
42.1 
42.2 
42.2 

\,_ Tested By JCM Date 05/21 /08 Input Checked By 
. -:..ige 5 or 8 DCN CT-S28 DATE 6-25-96 REVISION 1 

\L.,f\ Date 

1.396 
1.398 
1.344 
1.379 

24,0 
18.4 
5.6 

77 
112 
166 

S44 Brarlrlnr.k AvP.n11P. • F::i<::t Pitti:::::h11rnh PA 1C:.11'J • A1'J.R'J".t.7t:.nf'l • i::-11v A1':l.O".>'l_oaoo • ,,,.,,.,,..,,..,,..,,+,..,,.,_h..,;,.,_,. ,.,_,._, 
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CONSOLIDATED UNDRAINED TRIAXIAL TEST 
WITH PORE PRESSURE READINGS 

ASTM D4767-95 / AASHTO T297-94 (SOP-S28) 

li~nt 
,lient Reference 

f--'roIect No. 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-01 

Boring No. 
Depth(ft.) 
Sample No. 

SOUTH POND 
NA 
BUCKET 1 

Lab ID 

Visual Description: BLACK COAL REFUSE SLURRY (REMOLDED) 

'Effective Confining Pressure (psi) 

INITIAL DIMENSIONS 

Initial Sample Length (in.) 
lnnial Sample Diameter (in.) 
l111tial Sample Area (in'2) 
Initial Sample Volume (in'3) 

Strain 
(%) 

0.03 
0.06 
0.15 
0.25 
0.54 
0.67 
0.86 
1.25 
1.67 
2.28 
2.79 
3.30 
3.60 
4.32 
5.16 
5.95 
6.72 
7.73 
8.52 
9.54 

10.30 
11.07 
12.10 
13.40 
14.44 
15.98 
17.28 
18.58 
19.86 
"21.67 

Deviation fl U 
Stress 

3.98 0.65 
5.09 0.89 
7.59 1.34 
8.76 1.72 

10.51 2.62 
10.94 2.79 
11.42 3.19 
12.16 3.85 
12.77 4.19 
13.37 4.77 
13.56 5.04 
13.79 5.25 
13.76 5.40 
13.77 5.50 
13.82 5.69 
13.93 5.80 
14.04 5.83 
14.51 5.87 
14.69 6.01 
14.91 6.01 
14.68 5.94 
14.93 6.00 
14.89 5.95 
15.08 6.10 
14.89 6.03 
14.92 5.99 
15.10 6.12 
14.65 5.96 
14.71 6.07 
14.66 6.08 

10.4 

3.13 
1.38 
1.49 
4.68 

13.73 
14.59 
16.65 
17.44 
18.29 
18.56 
18.64 
18.71 
18.98 
19.00 
18.92 
18.94 
18.76 
18.67 
18.52 
18.52 
18.61 
19.04 
19.08 
19.30 
19.15 
19.33 
19.34 
19.38 
19.25 
19.34 
19.38 
19.09 
19.04 
18.99 

9.7 
9.5 
9.1 
8.7 
7.8 
7.6 
7.2 
6.6 
6.2 
5.6 
5.4 
5.2 
5.0 
4.9 
4.7 
4.6 
4.6 
4.5 
4.4 
4.4 
4.5 
4.4 
4.5 
4.3 
4.4 
4.4 
4.3 
4.4 
4.3 
4.3 

Stage No. 
Test No 

VOLUME CHANGE 

Volume After Consolidation (in'3) 
Length After Consolidation (in) 
Area After Consolidation (in'2) 

Effective Principle 
Stress Ratio 

1.408 
1.535 
1.838 
2.010 
2.351 
2.438 
2.584 
2.856 
3.055 
3.373 
3.530 
3.675 
3.751 
3.812 
3.934 
4.029 
4.072 
4.205 
4.349 
4.397 
4.289 
4.390 
4.346 
4.506 
4.410 
4.381 
4.528 
4.303 
4.398 
4.393 

A 

0.16 
0.18 
0.18 
0.20 
0.25 
0.25 
0.28 
0.32 
0.33 
0.36 
0.37 
0.38 
0.39 
0.40 
0.41 
0.42 
0.42 
0.40 
0.41 
0.40 
0.40 
0.40 
0.40 
0.40 
0.41 
0.40 
0.41 
0.41 
0.41 
0.41 

p 

11.74 
12.05 
12.85 
13.06 
13.04 
13.08 
12.92 
12.63 
12.60 
12.32 
12.14 
12.05 
11.88 
11.79 
11.62 
11.56 
11.59 
11.78 
11.73 
11.84 
11.80 
11.87 
11.90 
11.84 
11.81 
11.88 
11.83 
11.76 
11.68 
11.65 

1 
2 

4.18 
3.04 

1.374 

Q 

1.99 
2.54 
3.79 
4.38 
5.26 
5.47 
5.71 
6.08 
6.38 
6.68 
6.78 
6.89 
6.88 
6.89 
6.91 
6.96 
7.02 
7.26 
7.35 
7.45 
7.34 
7.46 
7.45 
7.54 
7.44 
7.46 
7.55 
7.33 
7.35 
7 33 

Tested By JCM Date 05/21/08 Input Checked By M6 Date 1,-ig-c:~ 
.Jqe 6 or 8 
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Client 
Client Reference 
Project No. 
Lab ID 

Visual Description: 

/

Stage No. 
. Test No 

PRESSURES (psi) 

Cell Pressure(psi) 
Back Pressure(psi) 
Eff. Cons. Pressure(pi 
Pore Pressure 
Response(%) 

CONSOLIDATED UNDRAINED TRIAXIAL TEST 
WITH PORE PRESSURE READINGS 

ASTM D4767-95 / AASHTO T297-94 (SOP-S28) 

CEC 
POND CREEK 080851 
2008,210-01 
2008-210-01-01 

Boring No. 
Depth(ft.) 
Sample No. 

SOUTH POND 
NA 
BUCKET 1 

BLACK COAL REFUSE SLURRY (REMOLDED) 

51.4 
31.0 
20.4 

99 

INITIAL SAMPLE DIMENSIONS (in) 

Length 1 
Length 2 
Length 3 
Avg Leng.= 

3.130 
3.121 
3.136 
3.129 

VOLUME CHANGE 

Diameter 1 
Diameter 2 
Diameter 3 
Avg. Diam.= 

Initial Surette Reading (ml) 
Final Surette Reading (ml) 
Final Change (ml) 

MAXIMUM OBLIQUITY POINTS 

p = 
Q = 

LOAD 
(LBS) 

6.8 
13.5 
15.7 
18.9 
21.3 
25.0 
27.3 
28.7 
30.6 
31.7 
33.1 
33.8 
34.5 
34.7 
35.2 
35.9 
36.6 
37.1 
37.5 
37.8 
38.3 
38.7 
38.8 
40.1 
41.4 
41.7 
40.5 
42.1 
42.5 
41.7 
42.3 

Jcsltci Dy 
page 7 o 8 

17.19 
10.31 

Initial Dial Reading (D.R.), mils 
D.R. After Saturation, mils 
D.R. After Consolidation, mils 

DEFORMATION 
(INCHES) 

PORE PRESSURE 
(PSI) 

0.000 
0.001 
0.002 
0.003 
0.005 
0.011 
0.017 
0.024 
0.036 
0.049 
0.067 
0.083 
0.099 
0.108 
0.131 
0.157 
0.180 
0.204 
0.236 
0.260 
0.290 
0.314 
0.337 
0.369 
0.408 
0.440 
0.488 
0.527 
0.566 
0.605 
0.660 

JCivi Dc:ile G:i/21 /GO 
DCN CT-S28 DATE 6-25-98 REVISION 1 

1/.a 
• I 

31.0 
34.0 
34.5 
35.2 
35.9 
37.4 
38.5 
39.4 
40.5 
41.4 
42.3 
42.8 
43.2 
43.4 
43.7 
44.0 
44.2 
44.3 
44.4 
44.4 
44.5 
44.5 
44.5 
44.6 
44.6 
44.6 
44.6 
44.6 
44.6 
44.6 
44.7 

544 Bradrlnr.kAvPn11i::i • ~~c:1 Pittc:h11rnh P.6. 1i::;11') • Ai'J o-,oj ,a.nr. ~ c11.v A.fn ,_,.,,., ,.,,.,,..,,.., 

1.404 
1.373 
1.371 
1.383 

48.0 
40.5 
7.5 

60 
68 

154 
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CONSOLIDATED UNDRAINED TRIAXIAL TEST 
WITH PORE PRESSURE READINGS 

ASTM D4767-95 / AASHTO T297-94 (SOP-S28) 

Client 
Client Reference 
Project No. 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-01 

Boring No. 
Depth(ft.) 
Sample No. 

SOUTH POND 
NA 
BUCKET 1 Lab ID 

Visual Description: BLACK COAL REFUSE SLURRY (REMOLDED) 

ressure (psi) 

INITIAL DIMENSIONS 

Initial Sample Length (in.) 
Initial Sample Diameter (in.) 
Initial Sample Area (inA2) 
Initial Sample Volume (inA3) 

Strain Deviation I:, U 
(%) Stress 

0.02 4.82 3.04 
0.05 6.44 3.45 
0.10 8.70 4.15 
0.17 10.46 4.86 
0.37 13.09 6.38 
0.58 14.68 7.49 
0.80 15.66 8.40 
1.18 17.01 9.52 
1.61 17.71 10.40 
2.22 18.54 11.31 
2.74 18.96 11.76 
3.26 19.34 12.21 
3.57 19.40 12.35 
4.31 19.60 12.73 
5:17 19.89 12.96 
5.94 20.25 13.15 
6.73 20.42 13.27 
7.78 20.44 13.38 
8.55 20.50 13.40 
9.57 20.57 13.48 

10.34 20.62 13.52 
11 .11 20.56 13.51 
12. 15 21.14 13.55 
13.45 21.64 13.57 
14.49 21.53 13.56 
16.07 20.44 13.58 
17.35 21.06 13.58 
18.64 20.95 13.63 
19.92 20.20 13.64 
21.74 20 03 13.67 

2 .4 

3.13 
1.38 
1.50 
4.70 

22.17 
23.39 
24.95 
26.01 
27.10 
27.59 
27.66 
27.89 
27.71 
27.63 
27.60 
27.53 
27.45 
27.27 
27.33 
2i'.50 
27.54 
27.46 
27.50 
27.49 
27.50 
27.45 
27.99 
28.47 
28.36 
27.26 
27.88 
27.72 
26.96 
26.77 

17.4 
16.9 
16.2 
15.5 
14.0 
12.9 
12.0 
10.9 
10.0 
9.1 
8.6 
8.2 
8.0 
7.7 
7.4 
7.2 
7.1 
7.0 
7.0 
6.9 
6.9 
6.9 
6.8 
6.8 
6.8 
6.8 
6.8 
6.8 
6.8 
6.7 

VOLUME CHANGE 

Volume After Consolidation (inA3) 
Length After Consolidation (in) 
Area After Consolidation (inA2) 

Effective Principle 
Stress Ratio 

1.278 
1.380 
1.536 
1.673 
1.934 
2.137 
2.305 
2.563 
2.772 
3.039 
3.196 
3.361 
3.411 
3.556 
3.676 
3.795 
3.864 
3.912 
3.928 
3.973 
3.995 
3.982 
4.088 
4.170 
4.149 
3.997 
4.086 
4.094 
3.988 
3.975 

A 

0.64 
0.54 
0.48 
0.47 
0.49 
0.52 
0.54 

,0.57 
0.59 
0.62 
0.63 
0.64 
0.64 
0.66 
0.66 
0.66 
0.66 
0.66 
0.66 
0.66 
0.66 
0.66 
0.65 
0.63 
0.64 
0.67 
0.65 
0.66 
0.68 
0.69 

p 

19.76 
20.17 
20.60 
20.77 
20.56 
20.25 
19.83 
19.38 
18.85 
18.36 
18.12 
17.86 
17.75 
17.47 
17.38 
17.37 
17.34 
17.24 
17.25 
17.20 
17.19 
17.17 
17.42 
17.65 
17.60 
17.04 
17.35 
17.25 
16.86 
16.75 

1 
3 

4.20 
3.04 

1.385 

Q 

2.41 
3.22 
4.35 
5.23 
6.54 
7.34 
7.83 
8.50 
8.86 
9.27 
9.48 
9.67 
9.70 
9.80 
9.95 

10.13 
10.21 
10.22 
10.25 
10.28 
10.31 
10.28 
10.57 
10.82 
10.76 
10.22 
10.53 
10.48 
10.10 
10.02 Tested By JCM Date 05121108 !riput Ched:e,j g~, Kr.l n'Jf-O I --\G _,-,,<i_ • ' -~·- ~ ' ' µage a 01 B 

544 Braddock Avenue • East Pittsburqh, PA 15112 • 412-8?1-?Rnn • !=6\:' ,11".)_Ql')'J_QQr'.ln & .. n•"••---•--L __ •_ 
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Client 
Client Ref. No. 
Project no. 
Lab ID 

MOHh l ul AL STRENG,., ll~Vl::LOPE 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-01 

Boring No. 
Depth(ft.) 
Sample No. 
Visual Description 

SOUTH POND 
NA 
BUCKET 1 

§technics 

BLACK COAL REFUSE SLURRY (REMOLDED) 

ao ,----T----,-----~-----,-------,----~ 

50 

,10 

en 
D.. 30 -... 

20 

10 

0 

Tested By: 

Q ~ An •• 2_ 40 60 BO 

CJ (psi) 

JCM Date: 05/21/08 Approved By: 
NOTE: GRAPH NOT TP.R~LE 

1) B Date: {p I l1 I 01I 

544 Braddock Avenue East Pittsburgh, PA 15112 Phone (412) 823-7600 Fax (412) 823-8999 

c= 

<I>= 

100 

1.5 

17.3 

120 

C:IMSOFFICE\Excel\Pri111q1jF 197 xlsJSheel 1 
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REMOLDED UNIT WEIGHT BEFORE INITIAL CONSOLIDATION 
CONSOLIDATED UNDRAINED TRIAXIAL TEST 

Client 
Client Reference 
Project No. 
Lab ID 

WITH PORE PRESSURE READINGS 
ASTM 04767-95 / AASHTO T297-94 (SOP-S28) 

CEC 
PONO CREEK 080851 
2008-210-01 
2008-210-01-01 Specific Gravity (measured) 

Visual Description: BLACK COAL REFUSE SLURRY (REMOLOED) 

SAMPLE CONDITION SUMMARY 

2.24 

Boring No. South Pond South Pond South Pond 
Depth (fl) NA NA NA 
Sample No. Bucket 1 Bucket 1 Bucket 1 

Test No. T1 T2 T3 
Deformation Rate (in/min) 0.0007 0.0007 0.0011 
Back Pressure (psi) 31.4 36.1 31 
Consolidation Time (days) 1 1 1 

Initial State (w%) 82.6 82.7 79.5 
Total Unit Weight (pcf) 76.6 84.2 80.5 
Dry Unit Weight (pcf) 42.0 46.1 44.8 
Final State (w%) 36.8 34.5 32.7 
Initial State Void Ratio,e 2.333 2.035 2.119 

TestAd By JCM D~tp 0S/?1 /08 
page 1 of 1 DCN CT-S28 DATE 6-25-98 REVISION· 1 C \MSOFFICE\Excel\Printo\{F184 :,:is)Sheet1 
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UNIT WEIGHT AFTER INITIAL CONSOLIDATION 
CONSOLIDATED UNDRAINED TRIAXIAL TEST 

WITH PORE PRESSURE READINGS 
ASTM 04767-95 I MSHTO T297-94 (SOP-828) 

Client 
Client Reference 
Project No. 
Lab ID 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-01 Specific Gravity (measured) 

Visual Description: BLACK COAL REFUSE SLURRY (REMOLDED) 

SAMPLE CONDITION SUMMARY 

Boring No. South Pond South Pond 
Depth (ft) NA NA 
Sample No. Bucket 1 Bucket 1 

Test No. T1 T2 
Deformation Rate (in/min) 0.0007 0.0007 
Back Pressure (psi) 31.4 36.1 
Consolidation Time (days) 1 1 

Initial State (w¾) 41.7 43.3 
Tota I Unit Weig ht (pcf) 102.0 102.5 
Dry Unit Weight (pcf) 71.9 71.5 
Final State (w%) 36.8 34.5 
Initial State Void Ratio,e 0.944 0.955 

Tested By JCM Date 

2.24 

South Pond 
NA 

Bucket 1 

T3 
0.0011 

31 
1 

42.4 
101.8 
71.5 
32.7 

0.956 

page 1 of 1 DCN CT-s:.ia DATE0-25-90 REVISIOM 1 C \MSOFF!CE\E1<ceJ\Primql[F185 Jo%)Sheet1 
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Client 
Client Reference 
Project No. 
Lab ID 

SIEVE AND HYDROMETER ANALYSIS 
ASTM D 422-63/AASHTO T88-00 (SOP-S3) 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-02 

Boring No. 
Depth (ft) 
Sample No. 
Soil Color 

SIEVE ANAL YS/S 

SOUTH POND 
NA 
BUCKET 2 
BLACK 

HYDROMETER 
uses cobbles I aravel I sand I silt and clav fraction 
USDA cobbles I gravel I sand I silt I elm 

12" 611 311 3/4" 3/8" #4 #10 #20 #40 #140 #200 
100 TIT:/ -r,:n>-..,.-<,...,,-,:,r,-9""?"-;<>-p-<:'"Ftim>'ii"-?--i"fi":,""Ri:::r,'<)..,-:-;-1-._.-ml TTTT7""T-TTTTm-r,---, 

go +!+II -++-+-+-+-00+++-+-+-++-H-++-+-+-+--l+f-f+++-+-+-*"'-,++-+-+--+l+H-1-++-+----J 

80 _i_, i-1 i-i--+---+---f+Hc++-+-+-+------,1+++-++--+--t--t-----+i++++-+-+---+----i-l+H-l\_,._+--+---l+H4-+-+-+--+-----I 
)1 i \ 
I' I 
,!1 ' 70 -H+'t-' H--H-+---l+tH--1-t-t--t---ttlH-ttt++-+tttt-f-+++-ttt-H--t++-~-----jftH-/-t+t-+------j !II , 
ll ! 't 

- I I: ·iso ++-,-, -, H--+---+---f+He++-+-+-+------,1+++++-+-t--+-----+i++++-+-+---+----i-l+H-+->-+--+---+>r+-++-1-+--+----1 
;: ;: I 

f 50 -H1c-j .,.-: 'ri~ -+-+-+--f+H++-t-+-+----t+t-t+++--,1--f---J-t++-t+-t-+---t--+t+H+-t-+-+--+++++'H-+-+-rl 
u: I i ! : 

iii/ 
~40 .,_,,_.i-: 1~-t----+t-t+++-+-+--+---+H++--1-t--+---!----t++++<H--+---+---f+H++-+-.,__.,__-----,+1-t-++--+\~-+--l 

~ ii I I 
I', 

30 ;+;-i-, i-i l-+--i--+--t+H+++-+-+----t+t-t+++-f--t---t-t-H-+-+-t-+---t---+t+H-1-1-+-+----t+++++-t-+--t'"-\---1 

" I 
j j I 

20 ! i;: I 

I i 11· 
!; i I, 

10 +;J-.;-;-;-++--t--t!+++-+-+-+------aH+t+++-t--t-----t++++-+-t-+---t---+t+H+-f-+-t---+t++t-t-t-+-t-----1 
i;' / I I 
l:'; I 

Q i:,: I 

1000 

Sieve Sizes (mm) 

Greater Than #4 
#4 To #200 
Finer Than #200 

( /SGS Symbol 

-j uses Classification 

page 1 of 4 

100 10 

uses Summary 

Gravel 
Sand 

Silt & Clay 

CL, TESTED 

LEAN CLAY 

DCN: CT -S3A DATE:2120100 REVISION: S 

1 0.1 0.01 0.001 
Particle Diameter (mm) 

Percentage 

0.00 
7.38 

92.62 

C:\MSOFFICE\ExceflPrmtOVK15.XLS}Shee/1 
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WASH SIEVE ANALYSIS 
ASTM D 422-63/AASHTO TBB-00 (SOP-S3) 

Client CEC 
Client Reference 
Project No. 
Lab ID 

POND CREEK 080851 
2008-210-01 
2008-210-01-02 

Moisture Content of Passing 3/4" Material 

Tare No. 
Wgt.Tare + Wet Specimen (gm) 
Wgt.Tare + Dry Specimen (gm) 
Weight of Tare (gm) 
Weight of Water (gm) 
Weight of Dry Soil (gm) 

Moisture Content (%) 

Wet Weight -3/4" Sample (gm) 
Dry Weight - 3/4" Sample (gm) 
Wet Weight +3/4" Sample (gm) 
Dry Weight + 3/4" Sample (gm) 
Total Dry Weight Sample (gm) 

Sieve Sieve 
Size Opening 

(mm) 

12" 300 
6" 150 
3" 75 
2" 50 

1 1 /2" 37.5 
1" 25.0 

3/4" 19.0 
1/2" 12.5 
3/8" 9.50 
#4 4.75 

#10 2.00 
#20 0.85 
#40 0.425 
#60 0.250 

#140 0,106 
#200 0.075 

Pan -

517 
1095.30 
630.20 

97.36 
465.10 
532.84 

87.3 

NA 
39.31 

NA 
0.00 

NA 

Wgt.of Soil 
Retained 

(gm) 
0.00 . 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.13 
3.63 
8.79 

19.00 
7.76 

493.53 

Boring No. 
Depth (ft) 
Sample No. 
Soil Color 

SOUTH POND 
NA 
BUCKET 2 
BLACK 

Water Content of Retained 3/4" Material 

Tare No. 
Wgt.Tare + Wet Specimen (gm) 
Wgt.Tare + Dry Specimen (gm) 
Weight of Tare (gm) 
Weight of Water (gm) 
Weight of Dry Soil (gm) 

Moisture Content (%) 

Weight of the Dry Specimen (gm) 
Weight of minus #200 material (gm) 
Weight of plus #200 material (gm) 

Percent Accumulated Percent 
Retained Percent Finer 

Retained 
(%) (%) (%} 

0.00 0.00 100.00 
0.00 0.00 100.00 
0.00 0.00 100.00 
0.00 0.00 100.00 
0.00 0.00 100.00 
0.00 0.00 100.00 
0.00 0.00 100.00 
0.00 0.00 100.00 
0.00 0.00 100.00 
0.00 0.00 100.00 
0.00 0.00 100.00 
0.02 0.02 99.98 
0.68 0.71 99.29 
1.65 2.36 97.64 
3.57 5.92 94,08 
1.46 7.38 92,62 

92.62 100,00 -

JP !;/21 /08 Checked By 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

532.84 
493.53 
39.31 

Accumulated 

Percent 
Finer 

(%) 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
99.98 
99.29 
97.64 
94.08 
92.62 

-

page 3 of 4 DCN: CT.S3A DATE:2120/0B REVISION: S C·\MSOFF/CE\Excef\PrintoVK15.XLS)Shee/1 

544 BradrJnr.k Awrn11F! • F;:ie:f Pitt<:::h11rnh Pll. 1C:.11'J • A-10_Q0'j 7c:nn & c,o,v A.fn nnn ,.,,.,_,._,.., 
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HYDROMETER ANALYSIS 
ASTM D 422-63/AASHTO T88-00 (SOP-S3) 

· ·client 
Client Reference 
Project No. 
Lab ID 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-02 

Boring No. 
Depth (ft) 
Sample No. 
Soil Color 

Elapsed R Temp. Composite R N 
Time Measured (' C) Correction Corrected ( % ) 
(min) 

0 NA NA NA NA NA 
2 44.5 21.9 6.02 38.5 79.3 
5 42.5 21.9 6.02 36.5 75.2 
15 39.5 21.9 6.02 33.5 69.0 
34 36.0 21.9 6.02 30.0 61.8 
62 33.0 21.8 6.07 26.9 55.5 

250 26.0 21.7 6.11 19.9 41.0 
1440 19.0 21.9 6.02 13.0 26.8 

Soil Specimen Data Other Corrections 

Tare No. 2343 
Tare+ Dry Material (gm) 151.6 a - Factor 
Weight of Tare (gm) 98.58 
Weight of Deflocculant (gm) 5.0 Percent Finer than # 200 
Weight of Dry Material (gm) 48.02 

Specific Gravity 

Note: Hydrometer test is performed on - # 200 sieve material. 

Tested By TO Da1e 5/2i /08 Checi<eci By 
page 4 of 4 DCN: CT ..SJA DATE:2/20108 REVISION: 8 

SOUTH POND 
NA 
BUCKET2 
BLACK 

K Diameter 
Factor (mm) 

NA NA 

0.01314 0.0279 

0.01314 0.0180 

0.01314 0.0106 

0.01314 0.0073 

0.01316 0.0055 
0.01317 0.0029 
0.01314 0.0013 

0.99 

92.62 

N' 

( % ) 

NA 

73,5 

69.7 
63.9 
57.2 
51.4 
38.0 
24.8 

2.7 Assumed 

C:\MSOFFICE\£xcel\Prin/O\[K15.XLS)Sh&et1 
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ATTERBERG LIMITS 
ASTM D 4318-05 / AASHTO T89 (SOP - S4A) 

Client CEC Boring No. SOUTH POND 
Client Reference POND CREEK 080851 Depth (ft) NA 
Project No. 2008-210-01 Sample No. BUCKET 2 
Lab ID 2008-210-01-02 Soil Description BLACK LEAN CLAY 
Note: The USCS symbol used with this test refers only to the minus No. 40 ( Minus No. 40 sieve material, Airdried) 

sieve material. See the "Sieve and Hydrometer Analysis" graph page for the complete material description. 

Liquid Limit Test 1 2 3 

Tare Number 250 20 284 
Wt. ofTare & WS (gm) 37.67 39.66 39.57 
Wt. of Tare & DS (gm) 32.45 34.22 33.70 
Wt. ofTare (gm) 17.54 19.33 18.37 
Wt. of Water (gm) 5.2 5.4 5.9 
Wt. of OS (gm) 14.9 14.9 15.3 

Moisture Content(%) 35.0 36.5 38.3 
Number of Blows 31 22 15 

Plastic Limit Test 1 2 Range 

Tare Number 43 274 
Wt. of Tare & WS (gm) 25.49 26.20 
Wt. of Tare & OS (gm) 24.45 25.21 
Wt. ofTare (gm) 19.03 19.96 
Wt. of Water (gm) 1.0 1.0 
Wt. of OS (gm) 5.4 5.3 

Moisture Content(%) 19.2 18.9 0.3 
Note: The acceptable range of the two Moisture contents is+ 2.6 

36 

36 

] 32 

g 
U 30 
;; 
~ 28 

,a 

22 

I 
' I . 
i 
• 

I 
I 

i 

I 

i 
I 

Flow Curve 

,, 

10 

Number of Blows 

I 
60 

[i;;:-,, 50 

'<>6 
I 

10 

/ 

0 
/ / 

100 0 
i 

CL-ML 

M 
u 
L 
T 
I 
p 
0 
I 
N 
T 

Test Results 

Liquid Limit (%) 36 

Plastic Limit(%) 19 

Plasticity Index (%) 17 

USCSSymbol CL 

Plasticity Chart 

, 
, 

/ , 
, 

, 
, 

, 
CH V CL , . , . / . 

. / , 
, . 

, / MH . , 
, 

, 

.-· 0 V , , / , 
, / 

I 
,, 

; I ML 

20 ao 60 80 100 

Liquid Limit (%) 

Tested By TO Date 5121/08 Checked By 
page 1 or 1 DCN: i2/2G/06 r\EViS/ON; 3 

C"\MSOFFICE\Exc~f\Prfn/QVK14,1<ls}Sheet1 
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. SPECIFIC GRAVITY 
ASTM D 854-02, AASHTO T100-03 (SOP - S5) 

Client 
Client Reference 
Project No. 
Lab ID 

Replicate Number 

Pycnometer ID 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-02 

Weight of Pycnometer + Soil+ Water (gm) 
Temperature, T ( °Celsius ) 
Weight of Pycnometer + Water (gm) 

Tare Number 
Weight of Tare+ Dry Soil (gm) 
Weight of Tare (gm) 

Weight of Dry Soil (gm) 
Specific Gravity of Soil @ T 
Specific Gravity of Water @ T 
Conversion Factor for Temperature T 

Specific Gravity@ 20° Celsius 

Boring No. 
Depth (fl) 
Sample No. 
Visual Description 

1 

G 1155 
738.67 
23.6 

682.72 

932 
203.65 
102.67 

100.98 
2.242 

0.9974 
0.9992 

2.244 

Average Specific Gravity@ 20' Celsius 

Tested By TO Date 05120/08 Checked By 
DCN: CT-S5 Date D9n5/06 Revision: 12 

SOUTH POND 
NA 
BUCKET2 
BLACK SLUDGE 
( Minus No.4 sieve material, airdned) 

2 

G 1156 
736.62 

22.8 
681.37 

966 
202.41 
102.57 

99.84 
2.239 

0.9976 
0.9994 

2.240 

2.24 

Date 

C·lf.1SOFFICE'EXCEL\Pnnt0\[F158 Ms}Shee/1 
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( 

<;:lient 
Client Reference 
Project No. 
Lab ID 

CONSOLIDATED UNDRAINED TRIAXIAL TEST 
WITH PORE PRESSURE READINGS 

ASTM 04767-95 / AASHTO T297-94 (SOP-S28) 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-02 

Boring No. 
Depth(fl.) 
Sample No. 

SOUTH POND 
NA 
BUCKET 2 

Consolidated Undrained Tri axial Test with Pore Pressure 

35 ~------------------------------,------~ 

·~ 
d 

SJN <!>=TAN ct. 

a 

C= --
COS<!) 

25 f--------'------4--------,--------i-/-'------+--------j 

20 

15 a 

51-'----,--*"f---------;-------,--------,-----,--------j ,l 

fr 
r 
! 

QL------~------'-:--------------'---------------J 
D 10 20 30 

P, (psi) 

-%- Max. Effec. Stress Ratio Points --Failure Envelope --=--Test No. 4 

a = 0.00 C = 
a = 31.5 (/) = 

Tested By JCM Date 

40 50 60 

--Tes!No.5 ---Test No. 6 

0.001 
37.71 

, / -
Date Cel fB[Oo 05/27 /08 Approved By J:2'f2 

page 1 of 8 DCN· CT-S26 DATE 6-25-98 REVISION 1 
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C 

l_ 

Client 
Client Reference 

Pro1ect No. 

Lab ID 

Visual Description: 

CONSOLIDATED UNDRAINED TRIAXIAL TEST 

WITH PORE PRESSURE READINGS 

ASTM 04767-95 / AASHTO T297-94 (SOP-S28) 

CEC 

POND CREEK 080851 

2008-210-01 

2008-210-01-02 

Boring No. 

Oepth(ft.) 

Sample No. 

BLACK COAL REFUSE SLURRY (REMOLDED) 

SOUTH POND 

NA 

BUCKET 2 

25 ,--------------------------------------, 

20 

15 
·,; 

= • • 
~ 
in 
' B • ·;; 
• 0 

10 

5 

0 

0 5 10 15 20 25 

Strain{%) 

-e--Test No. 4 -a-Test No. 5 --a-Test No. 6 

Tested By JCM Date 05127/08 Approved By 'DB Date co(tB(OB 
p.Jge 2 of a 

c:,1,1 Q,..,,~,-1,.,,..1,, t,.,,,,,..,,,,,, " i::.,,,,.+ Di+t.,h, ,,-nh PA 1 i:::. 11 IJ a ,11 ')_Q')'l_7C:.nf'l • ~AV ,11 ')_Q')':LQOOO • '"""'"' no,-.,to,..,hni,-.~ no+ 



R14449

CONSOLIDATED UNDRAINED TRIAXIAL TEST 
WITH PORE PRESSURE READINGS 

ASTM D4767-95 / AASHTO T297-94 (SOP-S28) §~:.~.~~.'.:~ 

( 
·•. 

;Iient 
Client Reference 
Project No. 
Lab ID 

Visual Description: 

/Stage No. 
Test No 

i"RESSURES (psi) 

Cell Pressure(psi) 
Back Pressure(psi) 
Eff. Cons. Pressure(psi) 
Pore Pressure 
Response (%) 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-02 

Boring No. 
Depth(ft.) 
Sample No. 

SOUTH POND 
NA 
BUCKET 2 

BLACK COAL REFUSE SLURRY (REMOLDED) 

36.3 
31.2 

5.1 

98 

INITIAL SAMPLE DIMENSIONS (in) 

Length 1 3.150 Diameter 1 
Length 2 3.142 Diameter 2 
Length 3 3.147 Diameter 3 
Avg Leng.= 3.146 Avg. Diam.= 

VOLUME CHANGE 
Initial Burette Reading (ml) 
Final Surette Reading (ml) 
Final Change (ml) 

MAXIMUM OBLIQUITY POINTS 

p = 
1.) = 

LOAD 
(LBS) 

7.6 
9.3 

10.4 
11.6 
12.8 
14.0 
14.8 
15.0 
15.2 
15.7 
16.5 
16.7 
17.0 
17.2 
17.8 
18.1 
18.1 
18.6 
18.8 
19.0 
19.3 
19.5 
19.3 
19.7 
19.8 
19.9 
20.1 
20.1 

Tested By 

4.92 
2.94 

JCM Date 

Initial Dial Reading (D.R.), mils 
D.R. After Saturation, mils 
D.R. After Consolidation, mils 

DEFORMATION 
(INCHES) 

PORE PRESSURE 
(PSI) 

0.000 
0.001 
0.002 
0.005 
0.008 
0.016 
0.020 
0.025 
0.037 
0.050 
0.068 
0.084 
0.100 
0.110 
0.133 
0.159 
0.182 
0.205 
0.237 
0.261 
0.293 
0.316 
0.340 
0.372 
0.412 
0.445 
0.491 
0.531 

31.2 
32.1 
32.3 
32.6 
32.9 
33.3 
33.3 
33.6 
33.8 
33.9 
34.2 
34.2 
34.2 
34.3 
34.2 
34.3 
34.3 
34.2 
34.2 
34.3 
34.3 
34.2 
34.3 
34.2 
34.3 
34.3 
34.2 
34.2 

05127 /08 Input Checked By 
page 3 of 8 DCN CT-:328 DATE6-25-9B REVISION 1 

i:;,1,1 Rr:::irl,-!.-,_,...1,- 6.110.n,,,..... • c:,.,,..,1. □ :0,.1-.,,,...,1-,. n1. -f~-f~n _ A~n nr,n ..,,...,...,.., 

1.453 
1.463 
1.461 
1.459 

24.0 
21.9 

2.1 

54 
110 
130 
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C 

CONSOLIDATED UNDRAINED TRIAXIAL TEST 
WITH PORE PRESSURE READINGS 

ASTM 04767-95 / AASHTO T297-94 (SOP-S28) §~;,'.:~~!:.! 
Client 
Client Reierence 
Project No. 

.Lab ID 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-02 

Boring No. 
Depth(ft.) 
Sample No. 

SOUTH POND 
NA 
BUCKET2 

Visual Description: BLACK COAL REFUSE SLURRY (REMOLDED) 

!Effective Confining Pressure (psi) 
I 
I 

INITIAL DIMENSIONS 

Initial Sample Length (in.) 
Initial Sample Diameter (in.) 
Initial Sample Area (in'2) 
Initial Sample Volume (in'3) 

Strain 

(%) 

0.02 
0.07 
0.15 
0.25 
0.53 
0.65 
0.82 
1.21 
1.62 
2.22 
2.74 
3.27 
3.59 
4.33 
5.17 
5.93 
6.69 
7.73 
3.50 
9.53 
10.30 
11.09 
12.10 
13.42 
14.49 
16.00 
17.29 

Deviation 

Stress 

1.06 
1.77 
2.55 
3.26 
4.05 
4.54 
4.65 
4.72 
5.03 
5.48 
5.62 
5.75 
5.88 
6.18 
6.27 
6.25 
6.51 
6.56 
6.63 
6.72 
6.74 
6.56 
6.71 
6.69 
6.68 
6.66 
6.55 

fl U 

0.90 
1.15 
1.44 
1. 71 
2.11 
2.14 
2.39 
2.58 
2.72 
2.95 
3.02 
3.04 
3.12 
3.02 
3.08 
3.13 
3.03 
3.04 
3.14 
3.14 
3.03 
3.07 
3.03 
3.06 
3.10 
3.02 
3.03 

5.1 

3.15 
1.46 
1.67 
5.26 

Ci1 

5.26 
5.72 
6.21 
6.65 
7.04 
7.50 
7.36 
7.25 
7.42 
7.63 
7.70 
7.81 
7.86 
8.27 
8.30 
8.22 
8.58 
8.62 
8.59 
8.68 
8.81 
8.59 
8.78 
8.74 
8.68 
8.74 
8.62 

4.2 
4.0 
3.7 
3.4 
3.0 
3.0 
2.7 
2.5 
2.4 
2.1 
2.1 
2.1 
2.0 
2.1 
2.0 
2.0 
2.1 
2.1 
2.0 
2.0 
2.1 
2.0 
2.1 
2.0 
2.0 
2.1 
2.1 

Stage No. 
Test No 

VOLUME CHANGE 

Volume After Consolidation (in'3) 
Length After Consolidation (in) 
Area After Consolidation (in'2) 

Effective Principle 

Stress Ratio 

1.253 
1.449 
1.698 
1.959 
2.358 
2.531 
2.712 
2.873 
3.112 
3.550 
3.705 
3.790 
3.968 
3.967 
4.101 
4.176 
4.152 
4.176 
4.380 
4.436 
4.256 
4.235 
4.233 
4.281 
4.342 
4.204 
4.171 

A 

0.86 
0.66 
0.58 
0.53 
0.53 
0.48 
0.52 
0.56 
0.55 
0.55 
0.55 
0.54 
0.54 
0.50 
a.so 
0.51 
0.48 
0.47 
0.48 
0.48 
0.46 
0.48 
0.46 
0.47 
0.47 
0.46 
0.47 

p 

4.73 
4.84 
4.94 
5.02 
5.01 
5.23 
5.04 
4.89 
4.90 
4.89 
4.89 
4.93 
4.92 
5.17 
5.16 
5.10 
5.32 
5.34 
5.27 
5.32 
5.44 
5.31 
5.43 
5.39 
5.34 
5.41 
5.34 

Tested By JCM Date 05/27/08 Input Checked By Date 
p;:;ge 4 of 8 

4 

4.85 
3.07 

1.580 

Q 

0.53 
0.89 
1.28 
1.63 
2.03 
2.27 
2.32 
2.36 
2.52 
2.74 
2.81 
2.87 
2.94 
3.09 
3.14 
3.13 
3.26 
3.28 
3.31 
3.36 
3.37 
3.28 
3.35 
3.35 
3.34 
3.33 
3.28 



R14451

ient 
,1ent Reference 

Proiect No. 
Lab ID 

CONSOLIDATED UNDRAINED TRIAXIAL TEST 
WITH PORE PRESSURE READINGS 

ASTM D4767-95 / AASHTO T297-94 (SOP-S28) 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-02 

Boring No. 
Depth(ft.) 
Sample No. 

SOUTH POND 
NA 
BUCKET2 

Visual Description: BLACK COAL REFUSE SLURRY (REMOLDED) 

l
::;wge No. 
T,es/ No 

PRESSURES (psi) 

Cell Pressure(psi) 
Back Pressure(psi) 
Eff. Cons. Pressure(pi 
Pore Pressure 
Response (%) 

41.1 
31.0 
10.1 

99 

MAXIMUM OBLIQUITY POINTS 

p 

Cl 

LOAD 
(LBS) 

8.5 
13.5 
14.3 
16.3 
17.2 
18.9 
19.4 
20.0 
21.0 
21.5 
22.4 
22.9 
23.4 
23.7 
23.8 
24.5 
25.1 
26.0 
26.2 
26.4 
26.2 
26.4 
26.7 
26.9 
26.5 
27.9 
28.0 
28.2 
28.1 
28.5 
28.4 

Tested By 

9.00 
5.66 

JCM Date 

INITIAL SAMPLE DIMENSIONS (in) 

Length 1 
Length 2 
Length 3 
Avg Leng.= 

3.138 
3.138 
3.137 
3.138 

VOLUME CHANGE 

Diameter 1 
Diameter 2 
Diameter 3 
Avg. Diam.= 

Initial Surette Reading (ml) 
Final Surette Reading (ml) 
Final Change (ml) 

Initial Dial Reading (D.R.), mils 
D.R. After Saturation, mils 
D.R. After Consolidation, mils 

DEFORMATION 
(INCHES) 

PORE PRESSURE 
(PSI) 

0.000 
0.001 
0.002 
0.004 
0.007 
0.016 
0.020 
0.025 
0.038 
0.051 
0.070 
0.085 
0.101 
0.110 
0.132 
0.158 
0.181 
0.205 
0.236 
0.259 
0.290 
0.314 
0.338 
0.370 
0.410 
0.441 
0.488 
0.527 
0.566 
0.605 
0.661 

05/27/08 

31.0 
32.8 
33.0 
33.4 
33.9 
34.9 
35.2 
35.6 
36.1 
36.6 
37.0 
37.2 
37.4 
37.4 
37.5 
37.6 
37.7 
37.7 
37.7 
37.8 
37.7 
37.8 
37.8 
37.8 
37.8 
37.8 
37.8 
37.8 
37.8 
37.8 
37.8 

Date 
L;GN· CT·S28 DATE 6-25-98 P.E'1JSION 1 

Input Checked By \A& 

1.407 
1.383 
1.378 
1.389 

24.0 
20.2 

3.8 

88 
94 

124 
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CONSOLIDATED UNDRAINED TRIAXIAL TEST 
WITH PORE PRESSURE READINGS 

ASTM D4767-95 / AASHTO T297-94 (SOP-S28) 

:lient 
-lient Reference 

Project No. 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-02 

Boring No. 
Depth(ft.) 
Sample No. 

SOUTH POND 
NA 
BUCKET 2 

Lab ID 

Visual Description: BLACK COAL REFUSE SLURRY (REMOLDED) 

;Eifective Confining Pressure (psi) 
! 

INITIAL DIMENSIONS 

lnitral Sample Length (in.) 
1r11tral Sample Diameter (in.) 
Initial Sample Area (in"2) 
lnrtial Sample Volume (in'3) 

Strain 
(%) 

0.04 
0.06 
0.13 
0.23 
0.51 
0.64 
0.82 
1.21 
1.63 
2.24 
2.75 
3.25 
3.56 
4.26 
5.08 
5.85 
6.60 
7.60 
8.34 
9.36 
10.13 
i 0.91 
11 94 
13.21 
14.21 
15.72 
16.98 
18.25 
19.51 

Deviation b. U 
Stress 

3.42 1.75 
4.03 2.01 
5.39 2.43 
5.96 2.92 
7.15 3.87 
7.46 4.19 
7.88 4.57 
8.51 5.13 
8.84 5.57 
9.37 5.97 
9.67 6.18 
9.92 6.35 
10.14 6.40 
10.10 6.55 
10.44 6.59 
10.80 6.68 
11.25 6.70 
11.27 6.75 
11.32 6.76 
11.06 6.74 
11. 11 6.76 
11.20 6.81 
11.17 6.80 
10. 75 6.76 
11.47 6.77 
11.35 6.78 
11.28 6.79 
11.04 6.80 
11. 13 6.82 

10.1 

3.14 
1.39 
1.52 
4.76 

11.77 
12.12 
13.05 
13.13 
13.37 
13.37 
13.41 
13.48 
13.38 
13.50 
13.59 
13.66 
13.83 
13.65 
13.95 
14.21 
14.65 
14.63 
14.66 
14.42 
14.46 
14.49 
14.47 
14.09 
14.80 
14.67 
14.59 
14.33 
14.40 

8.3 
8.1 
7.7 
7.2 
6.2 
5.9 
5.5 
5.0 
4.5 
4.1 
3.9 
3.7 
3.7 
3.6 
3.5 
3.4 
3.4 
3.4 
3.3 
3.4 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 

Stage No. 
Test No 

VOLUME CHANGE 

Volume After Consolidation (in"3) 
Length After Consolidation (in) 
Area After Consolidation (in"2) 

Effective Principle 
Stress Ratio 

1.410 
1.497 
1.703 
1.830 
2.148 
2.262 
2.427 
2.714 
2.950 
3.271 
3.468 
3.648 
3.741 
3.843 
3.978 
4.161 
4.304 
4.363 
4.395 
4.292 
4.323 
4.401 
4.383 
4.214 
4.445 
4.418 
4.411 
4.350 
4.397 

A 

0.52 
0.50 
0.46 
0.50 
0.55 
0.57 
0.59 
0.61 
0.64 
0.64 
0.65 
0.65 
0.64 
0.66 
0.64 
0.63 
0.60 
0.60 
0.60 
0.62 
0.61 
0.61 
0.62 
0.64 
0.60 
0.60 
0.61 
0.62 
0.62 

p 

10.06 
10.11 
10.36 
10.16 
9.80 
9.64 
9.47 
9.22 
8.96 
8.81 
8.75 
8.70 
8.76 
8.60 
8.73 
8.81 
9.03 
8.99 
9.00 
8.89 
8.90 
8.89 
8.88 
8.72 
9.06 
9.00 
8.95 
8.81 
8.84 

, 21.32 10.80 6.85 14.05 3.3 4.318 0.64 8.65 

1 
5 

4.50 
3.10 

1.450 

Q 

1.71 
2.01 
2.69 
2.98 
3.57 
3.73 
3.94 
4.26 
4.42 
4.69 
4.84 
4.96 
5.07 
5.05 
5.22 
5.40 
5.62 
5.64 
5.66 
5.53 
5.56 
5.60 
5.58 
5.37 
5.73 
5.68 
5.64 
5.52 
5.56 
5.40 

('pcJqe 6 of 8 
Tested By JCM Date 05/27/08 Input Checked By V£ Date l,-1 C\-\l'.6 
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C 

Client 
Client Reference 
Project No. 
Lab ID 

CONSOLIDATED UNDRAINED TRIAXIAL TEST 
WITH PORE PRESSURE READINGS 

ASTM 04767-95 / AASHTO T297-94 {SOP-S28) 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-02 · 

Boring No. 
Depth(ft.) 
Sample No. 

SOUTH POND 
NA 
BUCKET2 

Visual Description: BLACK COAL REFUSE SLURRY (REMOLDED) 

/Stage No. 
-Test No 

PRESSURES (psi) 

Cell Pressure(psi) 
Back Pressure(psi) 
Elf. Cons. Pressure(p! 
Pore Pressure 
Response (%) 

51.4 
31.3 
20.1 

97 

MAXIMUM OBLIQUITY POINTS 

p = 19.19 
Q = 11.67 

LOAD 
(LBS) 

4.3 
6.5 

11. 7 
14.0 
16.6 
21.7 
25.0 
27.5 
29.6 
31.7 
32.8 
33.2 
33.9 
34.3 
35.2 
36.1 
37.0 
37.3 
38.7 
39.3 
38.9 
39.0 
39.2 
39.4 
39 9 
40.1 
41.5 
41.9 
41.2 
41.3 
41.4 

INITIAL SAMPLE DIMENSIONS (in) 

Length 1 
Length 2 
Length 3 
Avg Leng.= 

3.142 
3.130 
3.141 
3.138 

VOLUME CHANGE 

Diameter 1 
Diameter 2 
Diameter 3 
Avg. Diam.= 

Initial Surette Reading (ml) 
Final Surette Reading (ml) 
Final Change (ml) 

Initial Dial Reading (D.R.), mils 
D.R. After Saturation, mils 
D.R. After Consolidation, mils 

DEFORMATION 
(INCHES) 

PORE PRESSURE 
(PSI) 

0.000 
0.001 
0.002 
0.004 
0.006 
0.012 
0.019 
0.026 
0.038 
0.051 
0.070 
0.085 
0.101 
0.110 
0.132 
0.157 
0.181 
0.205 
0.236 
0.259 
0.291 
0.316 
0.340 
0.371 
0.410 
0.441 
0.489 
0.528 
0.568 
0.608 
0.663 

31.3 
32.8 
33.9 
34.7 
35.6 
37.4 
38.7 
39.8 
40.9 
41.7 
42.4 
42.8 
43.1 
43.2 
43.4 
43.7 
43.7 
43.8 
43.8 
43.9 
43.8 
43.9 
43.9 
43.8 
43.8 
43.9 
43.8 
43.7 
43.8 
43.8 
43.8 

Tested By JCM Cate 05/27i08 lnput Checked By Date 
page 7 ot DCN CT-S28 DATE 6-25-98 REVISION 1 

1.379 
1.377 
1.386 
1.381 

24.0 
17.7 
6.3 

40 
56 
91 

544 Braddock Avenue • East Pittsburoh. PA 15112 • 412-823-7rmn • !=AX .d. 1 ?-R?~-.l=!QQQ • IM\AIIA/ r,o..-.tc.,,.hni,-,,oc- ... ,.,+ 
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CONSOLIDATED UNDRAINED TRIAXIAL TEST 
WITH PORE PRESSURE READINGS 

ASTM D4767-95 / AASHTO T297-94 (SOP-S28) 

Client 
Client Reference 
Project No. 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-02 

Boring No. 
Depth(ft.) 
Sample No. 

SOUTH POND 
NA 
BUCKET2 

Lab ID 

Visual Description: BLACK COAL REFUSE SLURRY (REMOLDED) 

ressure /psi) 

INITIAL DIMENSIONS 

Initial Sample Length (in.) 
Initial Sample Diameter (in.) 
Initial Sample Area (in'2) 
Initial Sample Volume (in'3) 

Strain 
(%) 

0.04 
0.07 
0.12 
0.19 
0.40 
0.61 
0.85 
1.24 
1.64 
2.26 
2.77 
3.26 
3.58 
4.27 
5.09 
5.86 
6.64 
7.63 
8.39 
9.43 
10.22 
11.00 
12.01 
13.28 
14.28 
15.84 
17.12 
18.40 
19.69 
21.49 

Deviation 
Stress 

1.58 
5.38 
7 06 
8.92 

12.65 
14.97 
16.72 
18.18 
19.63 
20.24 
20.44 
20.87 
21.09 
21.54 
21.97 
22.37 
22.41 
23.10 
23.33 
22.79 
22.67 
22.61 
22.49 
22.46 
22.30 
22.80 
22.66 
21.92 
21.62 
21.21 

6U 

1.52 
2.62 
3.36 
4.30 
6.12 
7.35 
8.47 
9.56 
10.41 
11.15 
11.54 
11.82 
11.94 
12.14 
12.38 
12.43 
12.54 
12.49 
12.58 
12.55 
12.59 

. 12.56 
12.53 
12.52 
12.63 
12.50 
12.41 
12.46 
12.51 
12.54 

.1 

3.14 
1.38 
1.50 
4.70 

20.16 
22.86 
23.80 
24.73 
26.62 
27.72 
28.36 
28.72 
29.32 
29.19 
29.00 
29.15 
29.25 
29.50 
29.69 
30.04 
29.98 
30.71 
30.85 
30.34 
30.18 
30.14 
30.05 
30.04 
29.77 
30.40 
30.35 
29.57 
29.21 
28.77 

18.6 
17.5 
16.7 
15.8 
14.0 
12.7 
11.6 
10.5 
9.7 
9.0 
8.6 
8.3 
8.2 
8.0 
7.7 
7.7 
7.6 
7.6 
7.5 
7.6 
7.5 
7.5 
7.6 
7.6 
7.5 
7.6 
7.7 
7.6 
7.6 
7.6 

VOLUME CHANGE · 

Volume After Consolidation (in'3) 
Length After Consolidation (in) 
Area After Consolidation (in'2) 

Effective Principle 
Stress Ratio 

1.085 
1.308 
1.422 
1.565 
1.905 
2.174 
2.438 
2.724 
3.025 
3.262 
3.388 
3.521 
3.584 
3.705 
3.846 
3.918 
3.962 
4.034 
4.102 
4.018 
4.021 
4.001 
3.973 
3.961 
3.986 
4.001 
3.948 
3.868 
3.846 
3.805 

A 

0.99 
0.50 
0.49 
0.50 
0.50 
0.51 
0.52 
0.54 
0.55 
0.57 
0.58 
0.58 
0.58 
0.58 
0.58 
0.57 
0.58 
0.56 
0.56 
0.57 
0.57 
0.57 
0.57 
0.57 
0.58 
0.57 
0.56 
0.59 
0.60 
0.61 

p 

19.37 
20.17 
20.27 
20.26 
20.30 
20.23 
19.99 
19.63 
19.51 
19.07 
18.78 
18.71 
18.70 
18.73 
18.71 
18.85 
18.77 
19.16 
19.19 
18.95 
18.84 
18.84 
18.81 
18.81 
18.62 
19.00 
19.02 
18.61 
18.40 
18.17 

6 

4.24 
3.09 

1.374 

Q 

0.79 
2.69 
3.53 
4.46 
6.32 
7.48 
8.36 
9.09 
9.81 

10.12 
10.22 
10.43 
10.54 
10.77 
10.99 
11.19 
11.21 
11.55 
11.67 
11.39 
11.34 
11.30 
11.24 
11.23 
11.15 
11.40 
11.33 
10.96 
10.81 
10.61 

Tested By JCM Date 05127 /03 Input Chec~ed ay ,10. ""'~·~ r, - 1 n "'' 1" ) \!I i1 .-\l{) Ll,;JLC 

page 8 of 8 
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Client 

Client Ref. No. 
Project no. 
Lab ID 

-~ 
l\/1ul lk l l)-1 AL STRENGl 1, ..:N\!H OPE 

CEC 

POND CREEi< 080851 
2008-210-01 
2008-210-01-02 

Bo1ing Mo. 
Depl11([1.) 
Sample No. 
Visual Description 

SOUTH POND 
NA 
BUCl<ET 2 

m (1 
~tb..,llnics 

BLACI< COAL REFUSE SLURRY (REMOLDED) 

60 ! 

C = 0.3 

50 <t> = 20.3 

40 

en 
C. 30 

t-' 

20 

10 

0 

0 20 40 60 80 100 120 

a (psi) 

NOTE: GRAPH NOT TO SCALE 
Tes/eel By: JCM Date: os12·1108 Approved By: :Dl, Date: (.Q( [tt' lo& 

#NiA 

544 Braddock Avenue East Pittsburgh, PA 15112 • Phone (412) 823-7600 · Fax (412) 823-8999 
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c-

REMOLDED UNIT WEIGHT BEFORE INITIAL CONSOLIDATION 
CONSOLIDATED UNDRAINED TRIAXIAL TEST 

Client 
Client Reference 
Project No. 
Lab ID 

WITH PORE PRESSURE READINGS 
ASTM D4767-95 / AASHTO T297-94 (SOP-S28) 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-02 Specific Gravity (measured) 

Visual Description: BLACK COAL REFUSE SLURRY (REMOLDED) 

SAMPLE CONDITION SUMMARY 

Boring No. South Pond South Pond 
Depth (ft) NA NA 
Sample No. Bucket 2 Bucket 2 

Test No. T4 TS 
Deformation Rate (in/min) 0.0003 0.0002 
Back Pressure (psi) 31.2 31 
Consolidation Time (days) 

Initial State (w%) 82.9 85.7 
Total Unit Weight (pcf) 82.6 82.2 
Dry Unit Weight (pcf) 45.2 44.3 
Final State (w%) 37.6 35.9 
Initial State Void Ratio,e 2.095 2.159 

Toe-tori p,, 
'--, .... ~ ~1 05/27.'08 

2.24 

South Pond 
NA 

Bucket 2 

T6 
0.0003 

31.3 

1 

83.0 

84.5 
46.2 
32.5 

2.029 

page 1 of 1 DCf-.J CT ·3Zi:l DP.TE 0-:!5-C,8 PEVISION 1 C 1M-'30FFICE1Excel\Prmtq\[F1B6 xl~,)Sher,t1 
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( 

Client 
Client Reference 
Project No. 
Lab ID 

UNIT WEIGHT AFTER INITIAL CONSOLIDATION 
CONSOLIDATED UNDRAINED TRIAXIAL TEST 

WITH PORE PRESSURE READINGS 
ASTM 04767-95 / MSHTO T297-94 (SOP-S28) 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-02 Specific Gravity (measured) 

Visual Description: BLACK COAL REFUSE SLURRY (REMOLDED) 

SAMPLE CONDITION SUMMARY 

Boring No. South Pond South Pond 
Depth (ft) NA NA 
Sample No. Bucket 2 Bucket 2 

Test No. T4 TS 
Deformation Rate (in/min) 0.0003 0.0002 
Back Pressure (psi) 31.2 31 
Consolidation Time (days) 1 1 

Initial State (w%) 41.5 41.5 
Total Unit Weight (pct) 92.9 102.5 
Dry Unit Weight (pct) 65.7 72.4 
Final State (w%) 37.6 35.9 
Initial State Void Raiio,e 1.129 0.931 

Tested By JCM [)ate 051?7/nR 

2.24 

South Pond 
NA 

Bucket 2 

T6 
0.0003 

31.3 
1 

40.9 
103.2 
73.2 
32.5 

0.910 

page 1 of 1 
C \MSOFFICE\Exce11Pnmq1(F1t17 xls)'.:>111:'~!1 
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C 
ATTACHMENT A-2 

LABORATORY TESTING RESULTS - COARSE REFUSE AND 
RESIDUAL SOILS 

PROVIDED BY ALLIANCE CONSULTING, INC. 
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APPENDIX C 

LABORATORY TESTING 

PROPOSED COAL REFUSE DISPOSAL FACILITY NO. 2 

POND CREEK MINE NO. 1 
WILLIAMSON COUNTY, ILLINOIS 

WILLIAMSON ENERGY, LLC 

SOIL TESTING 
Summary 
Strength Test 
Grain Size 

BECKLEY, WEST VIRGINIA 

TABLE OF CONTENTS 

Atterberg Limits Test Results 

COARSE COAL REFUSE TESTING 
Summary 
Grain Size 
Proctor Test 
Permeability Test 
Strength Test 

PAGE 

1 
3 

10 
12 

13 
15 
17 
18 
20 
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HOLCOMB FOUNDATION ENGINEERING CO., INC. 
SOILS - BITUMINOUS - CONCRETE - INVESTIGATIONS AND TESTING 

February 10, 2006 

SHIPPING ADDRESS 
Bax 393 Wood Road 
Carbondale, IL 62901 

Williamson Energy LLC 
PO Box 99 
Johnston City, Illinois 62951 

Attention: Mr. J arnes Plumley 

Re: Soil Boring and Laboratory Tests 

Boring #8874 
Mach Mine #1 
Johnston City, Illinois 
HFE File H-05278 

www.holcombengineering.com 

MAIUNG ADDRESS 
P.O. Box BB 

Carbondale, IL 62903 

c ·· Mach Mining Purchase Order No. ___ _ 

Dear Sir: 

618*529-5262 
800-333-1740 

FAX 61 B-457-8991 

In accordance with your instructions, on February 1, 2006, we drilled one soil boring and sampled 

the subsoils with Shelby tubes. The soil sample taken from 10 to 12 feet in depth was subjected to 

laboratory tests. Results of the tests are as follows: 

Boring No.: 
Depth: 

· Visual Classification: 
Atterberg Limits: 
Unit Weight: 
Moisture Content: 
Effective Cohesion: 
Effective Phi Angle: 

8874 
8.0-10.0' 
Silty CLAY (CL) 
LL=41.8% PL= 17.7% PI=24.I 

105.3 PCF 
21.5% 
OPSF 
26.8 Degrees 

CD 
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r(- Mach Mine #1 Soil Tests 
•· , February 10, 2006 

Page2 

The Boring Log and test results are enclosed. If you should have any questions, or if we can be of 

further assistance, please feel free to contact us at your convenience. 

Sincerely, 

TON ENGINEERING CO. 

1 copy: Fred Vass - Alliance Consulting 
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~ Saturation, 
.s Void Ratio 

· Diameter, in. 
Height, in. 

Water Content, 
;;; Dry Density, pcf 
~ Saturation, 
:;;; Void Ratio 

Diameter, in. 
Height, in. 

Strain rate, inJmin. 
Back Pressure, /sf 
Cell Pressure, tsf 
Fail. Stress, tsf 

Total Pore Pr., tsf 
Ult. Stress, tsf 

Total Pore Pr., tsf 
f-T_y_p_e_o_f_T_e_s_t_:-------------1.acr, Failure, tsf 

cr, Failure, tsf 

0 5 10 15 20 

Axial Strain, % 

CU with Pore Pressures 
Sam pie Type: Shelby Tube - Undisturbed Client: Alliance Consulting 

Description: Gray Mottled Brown Silty CLAY 

LL= 41.8 PL= l 7.7 Pl= 24.l 

Ass urned Specific Gravity= 2.65 
Remarks: 

Project: Triaxial Test 

Mach Mine#! 
Location: Boring #8874 

Sample Number: 3 

100.0 99.7 98.9 
0.5706 0.5536 0.4707 

2.80 2.80 2.80 
5.51 5.49 5.54 

21.5 20.9 17.& 
l 05.3 106.5 J 12.5 
100.0 100.0 J 00.0 

0.5706 0.5536 0.4707 
2.80 2.80 2.80 
5.51 5.49 5.54 

0.00 0.00 0.00 
3.6 3.6 2.2 
5.0 6.5 7.9 
2.0 3.4 6.3 
3.7 3.9 4.1 
2.0 3.2 6.3 
3.6 3.8 4.1 
3.3 6.0 I 0.2 
1.3 2.6 3.9 

Depth: l 0.0-12.0' 

Proj. !No.: H-05278 Date: 2-1-05 

Tested 3y: LC ""-'"-------------

TR/AXIAL SHEAR TEST REPORT 

HOLCOMB FOUNDA T!ON ENGINEERING CO. 
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p, ts/ 

8 

Stress Paths: Total-- Effective - - -

10 12 

Client: Alliance Consulting 
( >reject: Triaxial Test r Location: Boring #8874 

! Projecl No .. i-l-051,3 

Tested 3y: LC 

Depth: I 0.0-12.0' 
Plate __ _ 

She::ked 3y: Ti-I 

Sample Number: 3 
f HOLCOMB FOUNDATION !::NGINE::RING CO. 
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C 

er_ 

TRIAXIAL COMPRESSION TEST 
CU with Pore Pressures 

Date: 

Client: 
Project: 

Location: 
Depth: 

2-1-05 
Alliance Consulting 
Triaxial Test 
Mach Mine #I 
Johnston City, Illinois 

Boring #8874 
10.0-12.0" 

Description: Gray Mottled Brown Silty CLAY 
Remarks: 

Type of Sample: Shelby Tube - Undisturbed 
Assumed Specific Gravity=2.65 LL=41.8 
Test Method: COE uniform strain 

Sample Number: 

PL=l 7.7 

3 

Specimen Parameter Initial Saturated Consolidated 

Moisture content: Moist soil+tare, gms. 

Moisture content: Dry soil+tare, gms. 

Moisture content Tare, gms. 

Moisture,% 

Moist specimen weight, gms. 

Diameter, ina 
Area, in.1-
Height, in. 
Net decrease in heigh~ in. 

Wet Density, pcf 
Dry density, pcf 

Void ratio 

Saturation, % 

Membrane modulus= 0.124105 kN/cm 2 

Membrane thickness = 0.02 cm 

Filter paper coefficient= 0.001926 kN/crn 

Filter paper coverage= 30% 

189.100 
176.100 
115.700 

21.5 
1140.2 

2.80 
6.16 
5.51 

128.0 
105.3 

0.5706 
100.0 

Consolidation cell pressure= 70.00 psi (5.040 ts/) 

Consolidation back pressure= 50.00 psi (3.600 ts/) 
Consolidation effective confining stress = 1.440 tsf 
Strain rate, in./min. = 0.00 

Fail. Stress = 1.98 l tsf at reading nd. 24 

Ult Stress= l.955 tsfat reading no. 30 

21.5 21.5 

2.80 2.80 

6.16 6.16 

5.51 5.51 
0.00 0.00 

128.0 128.0 

105.3 105.3 
0.5706 0.5706 

100.0 100.0 

2/9/20a:> 
B:50 PM 

Final 

1279.000 
l 072.200 

I 03.200 
2 !.3 

:;., ____________ H'.)c_::;:-,rir:s ~'.)'JNDATION ::t,Gl~-'==R!r,•::; ::c. -------------
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Def. Deviator Minor Eff. Major Eff. Pore 

Dial Load Load Strain Stress Stress Stress 1:3 Press. p Q 

( No. in. Dial lbs. 'k !sf !sf !sf Rafio psi tsf tsf 

0 0.0000 18.30 0.0 0.0 0.000 5.112 5. 112 1.00 -1.00 5.112 0.000 

l 0.0190 20.00 1.7 0.3 0.014 2.830 2.844 1.00 30.70 2.837 0.007 

2 0.0400 21.60 3.3 0.7 0.026 2.426 2.452 1.01 36.30 2.439 0.013 

3 0.0810 113.20 94.9 1.5 l.093 1.505 2.598 1.73 49.10 2.051 0.547 

4 0.!010 129.80 ll!.5 1.8 1.280 1.318 2.597 1.97 51.70 l.958 0.640 

5 0.1420 143.10 124.8 2.6 l.422 l.l8l 2.602 2.20 53.60 l.892 0.711 

6 0.1620 I 61.50 143.2 2.9 1.625 1.159 2.784 2.40 53.90 l.972 0.813 

7 0.1830 168.90 150.6 3.3 1.702 l.]45 2.847 .2.49 54.10 1.996 0.851 

8 02030 174.80 156.5 3.7 1.763 l.138 2.900 2.55 54.20 2.019 0.881 

9 0.2240 178.90 160.6 4.1 1.802 1.145 2,946 2.57 54.10 2.046 0.901 

10 0.2440 182.30 164.0 4.4 1.833 1.145 2.978 2.60 54.10 2.061 0.916 

I 
I l 02650 186.40 I 68. l 4.8 1.871 1.152 3.023 2.62 54.00 2.088 0.936 

12 0.2850 188. l 0 169.8 5.2 1.883 l.l 66 3.049 2.61 53.80 2.108 0.941 

13 0.3060 l 91.40 173.1 5.6 i.912 l.i66 3.078 2.64 53.80 2.122 0.956 

14 0.3260 193.l 0 174.8 5.9 1.923 l.181 3.104 2.63 53.60 2.142 0.962 

15 0.3460 l 94. 70 176.4 6.3 1.933' l. 188 3.121 2.63 53.50 2.155 0.967 

16 0.3670 196.40 l 78.1 6.7 1.944 l.202 3.146 2.62 53.30 2.174 0.972 

17 0.3870 l 98.10 l 79.8 7.0 l.955 l.210 3.164 2.62 5320 2.187 0.977 

18 0.4080 198.10 J 79.8 7.4 1.947 1.224 3.171 2.59 53.00 2.197 0.973 

19 0.4280 200.60 182.3 7.8 1.966 J.23] 3.197 2.60 52.90 2214 0.983 

/ ( . 
20 0.4490 200.60 182.3 8.1 1.958 l.238 3. 196 2.58 52.80 2.217 0.979 

21 0.4890 203.10 184.8 8.9 1.969 1.267 3236 2.55 52.40 2.252 0.985 

I 22 0.5300 204.70 J 86.4 9.6 l.970 l.289 3.259 2.53 52.10 2.274 0.985 

23 0.5710 207.20 188.9 10.4 1.980 1.310 3.290 2.51 51.80 2.300 0.990 

24 0.6120 208.90 190.6 Jl.l 1.981 1.332 3.313 2.49 SJ.SO 2.323 0.991 

ZS o.653a 209. l 0 190.8 JJ.8 1.967 1.346 3.313 2.46 51.30 2.330 0.91,3 

26 0.6940 211.40 '193.J 12.6 l.974 1.361 3.334 2.45 Sl.JO 2.348 0.987 

27 0.7350 212.20 193.9 13.3 1.965 1.390 3.354 2.41 50.70 2.372 0.982 

28 0.7790 213.90 195.6 14. l l.964 1.404 3.368 2.40 50.50 2.386 0.982 

29 0.8] 70 215.50 197.2 14.8 1.964 1.426 3.390 2.38 50.20 2.408 0.982 

30 0.8380 215.50 197.2 15.2 l.955 l.433 3.388 2.36 50.JO 2.410 0.978 
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Specimen Parameter Initial 

Moisture content: Moist soil+tare, gms. 154.800 

Moisture.content Dry soil+tare, gms. 
Moisture content Tare, gms. 

]45.800 

I 02.600 
Moisture,% 

Moist specimen weight, gms. 

Diameter, in. 

Area, in.2 

Height, in. 

Net decrease in height, in. 
Wet Density, pcf 

Dry density, pcf 

20.8 

1142.2 

2.80 

6.16 

5.49 

l 28.7 

I 06.5 
Void ratio 0.5536 
Saturation, % 99.7 

Membrane modulus= 0.124105 kN/cm• 

Membrane thickness = 0.02 cm 

Filter paper coefficient= 0.001926 kN/cm 

Filter paper coverage = 30% 

Consolidation cell pressure-= 90.00 psi (6.480 tsf) 
Consolidation back pressure= 50.00 psi (3.600 tsf) 

Consolidation effective confining stress = 2.880 tsf 
Strain rate, in.lmin. = 0.00 

Fall. Stress = 3 .4 J.8 tsf at reading no. 24 

Ult. Stress = 3 .250 tsf at reading no. 29 

Def. Deviator MinorEff. 
Dial Load Load Strain Stress Stress 

No. in. Dial lbs. % tsf tsf 

0 0.0000 27.50 0.0 0.0 C.000 4.385 
I 0.0190 134.00 106.5 0.3 1.241 3.254 
2 0.0400 183.10 155.6 0.7 l.806 2.750 
3 0.0600 218.90 l 91.4 ].] 2.214 2.484 
4 0.0810 243.80 216.3 1.5 2.492 2.340 
5 0.1010 264.60. 237.1 1.8 2.72] 2.254 
6 - 0.1220 282.IO 254.6 2.2 2.91 l 2.210 
7 0.1420 295.40 267.9 2.6 3.052 2.182 
8 0.1620 305.40 277.9 2.9 3.154 2.182 
9 0.1830 314.60 287.l 3.3 3.245 2.189 

JO 0.2030 322.10 294.6 J.7 3.3 I 7 2.J.96 
11 0.2240 327.10 299.6 4.1 3.360 2.218 
12 0.2440 332.90 305.4 4.4 3.412 2.232 
13 0.2650 336.20 308.7 4.8 3.435 2.254 
14 0.2850 339.50 312.0 5.2 3.459 2.275 
15 0.3060 343. 70 316.2 5.6 3.491 2.297 
16 0.3260 345.40 317.9 5.9 3.497 2.318 
17 0.3670 348.70 321.2 6.7 3.505 2.369 
18 0.4080 352.00 324.5 7.4 3.512 2.412 
!9 04l190 353.70 326.2 8,2 3 502 2 44) 

20 0.4890 354.50 327.0 8.9 3A83 2.470 

21 0.5300 355.40 327.9 9.7 3.464 2.498 

Saturated 

20.9 

2.80 

6.16 

5.49 
0.00 

128.7 

106.5 

0.5536 

100.0 

Major El!. 
Stress 1:3 

!sf Ratio 

4.385 LOO 
4.495 1.38 

4.557 1.66 

4.698 1.89 

4.832 2.06 

4.975 2.21 

5.121 2.32 

5.233 2.40 

5.335 2.45 

5.434 2.48 

5.5] 3 2.51 

5.578 2.52· 

5.644 2.53 

5.689 2.52 

5.734 2.52 

5.788 2.52 

5.815 2.51 

5.874 2.48 

5.924 2.46 

5 043 2.43 

5.953 2.41 

5.963 " '0 __ .) ~ 

Consohdated 

Pore 
Press. 

psi 

29.10 

44.80 

51.80 

55.50 

57.50 

58.70 

59.30 

59.70 

59.70 

59.60 

59.50 

59.20 

59.00 

58.70 

58.40 

58.10 

57.80 

57.10 

56.50 

56.10 

55.70 

5.5.30 

20.9 

2.80 

6.16 

5.49 

0.00 

128.7 

l 06.5 

0.5536 

100.0 

p 
lsf 

4.3~5 

3.875 

3.653 

3.59] 

3.586 

3.614 

3.666 

3.707 

3.758 

3.8 I 1 

3_g55 

3.898 

3.938 

3.97] 

4.005 

4.042 

4.067 

4.121 

4.168 

4.192 

4.211 

4.230 

Q 
!sf 

o.coo 
0.620 

0.903 

1.107 

l.246 

l.36] 

1.455 

1.526 

J.577 

1.623 

1.r,,9 

1.680 

1.706 

J.718 

1.729 

1.746 

1.748 

1.752 

1.756 

1.751 

1.742 

1.732 

/3 57 

Fmal 

1347.900 

l 154.100 

]35.100 

19.0 

0) 
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Dof, Oeviator Minor Eff. Major Elf. Pore 

Dial Load Load Strain Stress Stress 

No, in. Dial lbs, ¾ tsf !sf 

22 0.5510 357.00 329.5 J0.0 3.466 2.513 

23 0.592D 356.20 328.7 1D.8 3.429 2.534 

24 0.6330 357.90 33D.4 11.5 3.418 2.556 

'25 0.6730. 357.00 329.5 J2.3 3.381 2.585 

26 0. 7140 357.90 330.4 13.0 3.361 2.599 

27 0.7550 357.90 330.4 13.7 3.332 1.614 

28 0.7960 356.20 328.7 14.5 3.286 2.628 

29. 0.8370 355.40 327.9 15.2 3.250 2.635 

Specimen Parameter Initial 

Moisture content: Moist soll-!·bre, gms. 248.400 

Moisturij content: Dry soil+tare, gms. 226.700 

Moisture content: Tare, gms. 103.200 

Moisture,% 17.6 

Moist specimen weight, gms. l l 84.7 

Diameter, in. 2.80 

Area, in.2: 6.16 

Height, In, 5.54 

Net decrease in height, in. 

Wet Density, pcf 132.3 

Dry density, pcf 112.5 

Void ratio 0.4707 

Saturation, % 98.9 

Membrane thickness= 0.02 cm 

Filter paper coefficient= 0.001926 kN/cm 

Filter paper coverage= 30% 

Consolidation cell pressure= I 10.00 psi (7.920 tsf) 

Consolidation back pressure = 30.00 psi (2. l 60 tsf) 

Consolidation effective confining stress= 5.760 tsf 

Strain rate, in./min. = (l.00 
Fail. Stress= 6.334 tsf at reading no. 33 

Ult. Stress = 6.334 tsf at reading no. 33 

Stre5s 1:3 
!sf Ratio 

5.979 2.38 

5.964 :?..35 

5.974 2.34 

5.966 2.31 

5,960 2.29 

5.946 2.27 

5.914 2.25 

5.885 2.23 

Saturated 

17.8 

2.80 
6.16 

5.54 

0.00 

132.5 

112.5 

0.4707 

100.0 

Press. p 
psi tsf 

55.1D 4.246 

54.80 4.249 
54.50 4.265 

54.10 4.275 

53.90 4.280 

53.70 4.280 

53.50 4.271 

53.40 4.260 

Consolidated 

17.8 

2.80 

6. 16 

5.54 
0.00 

132.5 

l 12.5 

0.4707 

100.0 

Q 
!sf 

1.733 

1. 715 
1.709 

l.690 
1.681 
1.666 

t.643 
1.625 

Final 
1374.500 

1195.400 

127.700 

16.8 

Def. De-viator Minor Eff. Major Elf. Pore 

Dial Load Load Strain Stress Stress Stress 1 :3 Press. p Q 

No. in. Dial lbs. % tsf tsf tsl Ratio psi tsf tsf 

0 0.0000 31.60 0.0 O.D 0.000 7.812 7.812 I.OD 1.50 7.812 0.000 

l 0.0190 39.90 8.3 0.3 0.091 7.690 7.781 J.01 3.20 7.735 0.045 

2 0.040() 44.10 12.5 0.7 0.133 7.574 7.707 1.02 4.80 7.641 0.066 

3 0.0600 175.60 144.0 1.1 1.666 7.308 8.974 1.23 8.50 8.14 I 0.833 

4 0.0810 240.50 208.9 1.S 2.407 6.926 9.333 1.35 13.80 8.130 l.203 

5 0c!0l 0 291.30 259.7 1.8 2.981 6.466 9.447 1.46 20.20 7.956 l.491 

6 0.1220 329.60 298.0 2.2 3.408 5.983 9.391 1.57 26.90 7.687 1.704 

7 0.1420 362.00 330.4 2.6 3.764 5.479 9.244 1.69 53.90 7.361 l.882 

8 0.1620 392.00 360.4 2.9 4.091 5.040 9.13 l l.81 40.00 7.085 2.045 

9 0. I 830 412.80 381.2 3.3 4.310 4.666 8.976 1.92 45.20 6.821 2.155 

HOLCOMa FOLfr~DAliC+.; ;:;NGiN:=;;;:zj;.;G CO. 

© 
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Oaf. Oevia.tor Mlnor E.ff. Major Eff. Pore © Dial Load Load Strain Stress Stress Stress 1:3 Pross. p Q 

No. in. Dial lbs. % tsf !sf !sf R.a:fio psi !sf tsf 

( 10 0.2030 432.80 401.2 3.7 4.519 4.363 8.883 2.04 49.40 6.623 2.260 

11 0.2140 446.90 415.3 4.0 4.660 4.l40 8.800 2.13 52.50 6.470 2.330 

]2 0.2440 465.20 433.6 4.4 4.847 3.9&2 8.828 2.22 54.70 6.405 2.423 

l3 0.2650 471.00 439.4 4.8 4.892 3.852 &.744 2.17 56.50 6.298 2.446 

14 0.2850 483.50 451.9 5.1 5.012 3.766 8.778 2.33 57.70 6.272 2.506 

15 0.3060 490.20 458.6 5.5 5.066 3.694 8.760 2.37 58.70 6.227 2 • .533 

l6 0.3260 503.50 471.9 5.9 5.193 3.643 8.837 2.43 59.40 6.240 2.597 

17 0.3460 5)6.80 485.2 6.2 5.319 3.607 8.926 2.47 59.90 6.267 2.660 

18 0.3670 521.80 490.2 6.6 5.352 3.586 8.938 2.49 60.20 6.262 2.676 

19 0.3870 530.10 498.5 7.0 5.422 3.571 8.993 2.52 60.40 6.282 2.711 

20 0.4080 538.40 506.8 7.4 5.490 3.564 9.054 2.54 60.50 6.309 2.745 

2l 0.4280 543.40 S ! l.8 7.7 5.522 3.564 9.086 2.55 60.50 6.325 2.761 

22 0.4490 554.30 522.7 8.1 5.617 3.571 9.188 2.57 60.40 6.380 2.808 

23 0.4690 565.90 534.3 8.5 5.719 3.578 9.297 2.60 60.30 6.438 2.859 

24 0.4890 567.60 536.0 8.8 5. 7l4 3.578 9.293 2.60 60.30 6.436 2.857 

25 0.5300 581.70 550.1 9.6 5.817 3.600 9.417 2.62 60.00 6.509 2.909 

26 0.5710 591. 70 560.I 10.3 5.874 3.636 9.510 2.62 59.50 6.573 2.937 

27 0.6120 605.00 573.4 I 1.0 5.964 3.665 9.629 2.63 59.10 6.647 2.9&2 

28 0.6530 615.00 583.4 11.8 6.018 3.701 9.719 2.63 58.60 6.710 3.009 

29 0.6940 626.70 595.1 12.5 6.087 3.737 9.824 2.63 58,10 6.780 3.044 

30 0.7350 638.30 606.7 13.3 6.153 3.773 9 . .926 2.63 57.60 6.849 3.077 

31 0.7760 649.10 617.5 14.0 6.209 3.816 10.025 2.63 57.00 6.921 3.] 0:5 

32 O.ol 70 657.50 625.9 l4.7 6.240 3.852 10.092 2.62 56.50 6.972 3.120 

c- 33 0.8390 669.90 638.3 15.1 6.334 3.866 J0.200 2.64 56.30 7.033 3.167 



R
14469

-~ . . --~ 

Holcomb Foundation Engineering 

2l-11213141/23iB 4 10 --~ 1"1 I -- - 1 

I 00 7TT[TTH I 111 q I IT IN I +=111 I II ~ i I 11 ,I] I I d -

-111 • Silly CLA y (CL) Wit l san 
9Q-, 

Grain Size Analysis 
"□ rno 200 

?11 An 

I I -i-

i-1-1 ITTH-Jl11--r-r--1 

m 80 -1--i--11r-1 1 1 1 1 1 cu 

,r=i'-~1' 
-i--i-•-• ' _, 

E 
~ 

~ 70-1-t-JtH I I I I I 1-H--i--11 I I I I I,--,-
-,~ 

I ! ~0 -=11r1~~ 11 11rr1111-1 I 1111111 I I llltll 11 I I 111111 I I I I 
! .o !:Jo - f i--r---ii,I---J-ll-r-t-r--1-1-1--t-i I I I I 1-0, 

C 

"' U] 

<1.1 
Q. -C 
lU 
0 
~ 

lU 
(]._ 

40-, 

30-•~-
-

20-

·1- I I ,-1-i--i- -H-

Project: Mach #1 Mine Williamson County, Illinois 
Project Number: H-05278 
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Holcomb Foundation Engineering Company 
Laboratory Testing Results 2/B/2006 

Project: Mach #1 Mine 

Project No: H-05278 

Sieve Analysis• ASTM Ci35-96a 

Sample: Silty CLAY (CL) 

Sieve Openings us 
Standard Weight Percent Percent 

Inches Millimeters Sieve Size Retained Retained Finer 

1.5000 38.1000 1 -1 /2" 0.0 0.0 100.0 
1.0000 25.4000 1' 0.0 0.0 100.0 
0.7500 19.1000 3/4" 0.0 0.0 100.0 
0.5000 12.7000 1 /2' 0.0 0.0 100.0 
3.7500 9.5200 3/8" 0.0 0.0 100.0 
0.1 870 4.7600 No.4 2.1 0.9 99.1 
0.0790 2.0000 No. 10 4.6 2.0 98.0 
0.0469 1.1 800 No. 16 4.6 2.0 98.0 
0.0331 0.8500 No. 20 8.6 3.8 96.2 
0.0165 0.4200 No. 40 12.6 5.5 94.5 
0.0117 0.2980 No. 50 12.6 5.5 94.5 
0.0083 0.2500 No. 60 22.2 9.8 90.2 
0.0059 0.1490 No. 100 34.6 15.2 84.8 
0.0029 0.0740 No.200 47.7 21.0 79.0 

Total Weight in Grams 227.20 
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c Holcomb Foundation Engineering Company 
Laboratory Testing Results 

Project: 
Project No: 

Mach #1 Mine 
H-05278 

Sample 

Dish Number 

Mass of can, W, (g) 

Mass of can+ moist soil, W2 (g) 

Mass of can + dry soil, W 3 (g) 

Moisture content, w (%) 

Number of blows, N 

Liquid Limit, LL 

Dish Number 

Mass of can, W 1 (g) 

Mass of can+ moist soil, W2 (g) 

Mass of can + dry soil, W3 (g) 

Plastic Limit, PL 

Pl= 

LL, 

34.70 

62.84 

54.52 

41.98 

24 

41.8 

PL, 

39.76 

54.79 

52.53 

17.7 

24.1 

Plasticity Chart 

60 

50 

CH or OH 

CL or OL 

2 

LL2 

MH or OH 

10 

C'..-ML ML or OL 

3 

LL, 

0 .,...1 _________ ~---/·--------------~ 

D ID 20 30 4D SD 6D 70 BO 90 100 

Liquid Limit (LL) 

18 ( 57 (ii 
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HOLCOMB FOUNDATION ENGINEERING CO., INC. 
SOILS • BITUMINOUS - CONCRETE • INVESTIGATIONS AND TESTING 

November 30, 2006 

SHIPPING ADDRESS 
Box 393 Wood Road 
Carbondale, IL 62901 

Williamson Energy LLC 
POBox99 
Johnston City, Illinois 62951 

Attention: 11:r. James Plumley 

Re: Coarse Refuse Laboratory Tests 
Pond Creek Mine 
Johnston City, Illinois 
HFE File H-05278 

Dear Sir: 

www.holcombengineering.com 

MAILING ADDRESS 
P.D. Box BB 

Carbondale, IL 62903 

618-529-5262 
800-333-17 40 

FAX 618-457-8991 

In accordance with your instructions, on November 17, 2006, we sampled coarse refuse at Mach 
Mine and performed laboratory tests on remolded samples. Results of the tests are as follows: 

Visual Classification: Coarse Coal Refuse (Shale, Coal, Sandstone Mixture) 

Proctor Test Results: 
Maximum Dry Unit Weight: 124.6 PCF 
Optimum Moisture Content: 9 .3 % 

Specific Gravity: 2.3 7 

Triaxial Test Results: 
Effective Cohesion: OPSF 
Effective Phi Angle: 33.7 Degrees 

Permeability: 2 x 10-4 cm./sec. 

Results of the grain size analysis and the laboratory tests are attached. 

® 
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Pond Creek Mine #1 Coarse Refuse Tests 
November 30, 2006 
Page2 

zo f S7 @_ 

If you should have any questions, or if we can be of further assistance, please feel free to contact us 
at your convenience. 

Sincerely, 

1 copy: Justin Harry - Alliance Consulting 
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Holcomb Foundation Engineering 
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Holcomb Foundation Engineering Company 
Laboratory Testing Results 11/30/2006 

Project: Coarse Refuse Disposal Area 
Pond Creek Mine Johns1on Ci1y, Illinois 

Project No: H-05317 

Sieve Analysis • ASTM C136-96a 

Sample: Coarse Refuse 

Sieve Openings us 
Standard Weight Percent Percent 

Inches Millimeters Sieve Size Retained Retained Finer 

3 76.2 3' 0.0 0.0 100.0 
2.0000 50.8100 2' 619.6 9.5 90.5 
1.5000 38.1000 1 -1 /2" 1124.0 17.2 82.8 
1.0000 25.4000 1 ' 1696.2 25.9 74.1 
0.7500 19.1000 3/4" 2110.9 32.3 67.7 
0.5000 12.7000 1/2" 2513.0 38.4 61.6 
3.7500 9.5200 3/8" 3263.7 49.9 50.1 
0.1870 4.7600 No. 4 4310.7 65.9 34.1 
0.0790 2.0000 No. 10 5470.5 83.6 16.4 
0.0469 1.1800 No. 16 
0.0331 0.8500 No. 20 6004.4 91.8 8.2 
0.0165 0.4200 No. 40 6178.9 94.4 5.6 
0.0117 0.2980 No. 50 
0.0083 0.2500 No. 60 6267.8 95.8 4.2 
0.0059 0.1490 No. 100 
0:0029 0.0740 No. 200 6372.4 97.4 2.6 

Total Weigh1 in Grams 6542.80 
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Project: 

Holcomb Foundation Engineering 

Pond Creek Mine 
Johnston City, Illinois 

Moisture Density Relationship 

Location: Coarae Refuse Disposal Area 

Project No.: H-05278 Proctor Test Results 
Soll ClasslflcaUon: 

Date: 

Test Data 

11/30/2006 

ASTM D-698 (standard) 

Moisture 
Content(%) 

7.6 

11 .2 

12.0 

9.3 

Maximum Dry Density (PCF) 

Optimum Moisture Content(%) 

Dry Unit Wt. 

(PCF) 

122.8 

122.5 

120.4 

124.B 

Gray Coarse Refuse 

124.8 

9.3 

126.0 ~---------------------------------~ 

Proctor Curve 

125.0 

124.0 

i: 123.0 

122.0 

121.0 

120.0 .J-------.;-------.;-------~-----~-------l 
7.0 8.0 9.0 10.0 11.0 12.0 

'% Moisture 

<Ji 
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Date: 

Project No.: 

Sample 

Coarse Refuse 

2'-1 j 57 

HOLCOMB FOUNDATION ENGINEERING CO., INC. 
SOILS • BITUMINOUS - CONCRETE - INVESTIGATIONS AND TESTING 

SHIPPING ADDRESS 
Bax 393 Wood Road 
Carbondale, IL 62901 

www.holcombengineering.com 
MAILING ADDRESS 

P.O. Box BB 
Carbondale, IL 62903 

Permeability Tests Results 
Laboratory Tests 
Coarse Refuse 

Pond Creek Mine - Johnston City, Illinois 

11/30/2006 Client Pond Creek Mine 
Johnston City, Illinois 

H-05278 

Moisture Content(%) Dry Unit 
Deoth (Ft.) Before Test After Test Weiaht (PCF) 

7.7 11.8 119.3 

618-529-5262 
B00-333-1740 

FAX 618-457-8991 

Permeability 
<Cm./Sec.\ 

2x10-4 

Permeability Tests performed in accordance with ASTM 0-5084 

(ii 
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PERMEABILITY TEST RESULTS 

Project 

(( ·c,ct# 

uate 

Pond Creek Mine Boring/Sample Coarse Refuse 

In Place Mc 
Wet Wt. 
Pan 
Dry Wt. 
Mc(%) 

195.3 
94.2 

188.1 
7.7 

H-05278 

11/30/2006 

After Test Mc 
Wet Wt. 
Pan 
Dry Wt. 
Mc(%) 

1300.4 
103.1 
1173.6 

11.8 

Depth 
Classification 

Diameter 2.8 Inch 
Length 5.6 Inch 

Unit Weight (PCF) 
Sample Wt. 1161. 8 

Wet UW= 128.5 
Dry UW= 119.3 

======== ======== ------------- --------- -------== =--===== =====,======--==-=-==-c= 
Time(hrs) Time(min) Quantity (cc) Head (psi) Permeability (cm/sec) 
======== ======== ============= =-=-==== --======= ======== •=====---------

7 26 24.7 
7 M 82 1 1.75E-04 

7 
7 
7 

9 
9 
9 

/" 

( ---
\ 

======== 

C 

33 24.5 
45 2.7 
47 0.8 

16 24.4 
23 9.6 
30 0.9 

--
======== ==--========= 

1 
1 

1 
1 

1.54E-04 
1.44E-04 

1.79E-04 
1.43E-04 

===-----======== === ======= 
Average Permeability 1.63E-04 
--------= ------=== ==--==== ====================::======-= 

-, 
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9 Total Effective T 

' / I l I ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' '.' ' ' ' ' ' ' ' ' C,tsf 0.507 0 ' T I I I I I ' I ' ' I ' ' ' I I ' ' ' I I ' I ' I I ' ' ' o, den 18.5 33.7 ' ' ' ' ' I I I I ' ' ' ' ' I ' I 
Tani•\ 0.33 0.67 ' ' ' I ' ' I I ' ' I ' ' ' ' ' I I ' ' I I I ' ' r I ' ' I I ' ' ' ' ' ' ·, 

I ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' T T T I ' ' I ' ' I ' ' ' ' I ' ' ' 6 
> I J I ' ' ' ' ' ' ' ' I ' ' A' ' ' ' ' I ' ' ' ' ' I :m ' ' ' • ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' .. ' ' I ' ' ' ' ' ' 

,, ' ., 
' ' ' ' I I ' I ' ' ' ui ' ' ' ' ' ' ' ' ' I ' ' I I I ' ' ' I ' "' I I I ' ' ' ' ' ' ' I ' ' I ' ' ' ' ' ' ~ I ' I ' I ' I ' I I ' ' ' ' ' 

,, 
' ' ' I I ' I I 

~ ' I ' I ' ' I I ' "' I I I I ' I ' ' ' I ' I a, ,, 
I ' I ' ' I I I I ' .i::: 

I ' I I ' I 'I I ' ' I I I 
Cl) 3 I ' ' = I I ' r ' I I I I I I ~ I I I I ' ' ' ' 71 I I ' I I ' ' I ~ I I I ' I I I ' ' ' ' I I ' I I 

I ' I ' ' I I I I I I I ~ ' " • ' ' I I I - I • ~ 
I I ' ' ' ' ,, 

' • I ' ' ' ' ' ' 0 ' ' ' ~ ' I I ' ' ' ' ' ' ' 0 3 6 9 12 15 16 

Total Normal Stress, tsf ---
Effective Normal Stress, tsf - - -

9 I I I I I ' I ' Sample No. 1 2 I 7 I I I 3 ' ' I ' 7 'T 1 '"l I I Water Content, JO.I 10.8 10.3 I I I 
Dry Density, pcf I 18.7 117.8 

7.5 I 7 I I I I I I ' ' I 18.7 
' I ' ' I ~ Saturation, 97.0 99.8 99.3 ' ' I' ' ' 3 

I ' I I I I I £ Void Ratio 0.2470 0.2558 0.2468 - 6 ' I I I ' I ' ' I Diameter, In. 2.80 2.80 2.80 .':'.l I I I I I I I I 
ui ' I ' ' ' ' Height, in. 5.65 5.57 5.60 "' ' ' I ' Jg I I I ' I I I I I Water Content, 10.4 10.8 10.4 ,-, 

' I I ' ' I rt) 4.5 ., ' I I I I I ,, 
<n Dry Density, pcf 118.7 117.8 118.7 .9 I I I ' ' Q) Saturation, 100.0 100.0 100.0 Ill 7 I ' I 2 I-·;;: I ' I ::c Void Ratio 0.2470 0.2558 0.2468 " I ' 7 I I I ' I Diameter, in. 2.80 2.80 2.80 0 3 I I I I I I ' I I 1 I ' I I I Height, in. 5.65 5.57 5.60 I' 

., 
' I 

C 

I I I I I I 7 ,7 Strain rate, in./min. O.Dl 0.01 0.01 ' ' ' ' I I I 1.5 I I' I ' ,7 Back Pressure, tsf 3.60 3.60 2.16 I I I I ' I 
I I I '7, I I ,, I I Cell Pressure, tsf 5.04 6.48 7.92 ' I I I I I I ' ' ' Fail. Stress, tsf 0 ' ' ' ' ' ' ' ' ' ' ' 2.78 3.83 6.76 0 5 10 15 20 Total Pore Pr., tsf 3.86 4.96 5.23 

Axial Strain, % Ull. Stress, tsf 2.77 3.83 6.76 
Total Pore Pr., tsf 3.85 4.95 5.23 

Type of Test: a, Failure, !sf 3.96 5.35 9.44 
CU with Pore Pressures a, Failure, tsf 1.18 1.52 2.69 

Sample Type: Rernolded Client: Pond Creek Mine 
Description: Coarse Coal Refuse 

Project: Coarse Refuse Laboratory Tests 

Assumed Specific Gravity= 2.3 7 Location: Coarse Refuse Stockpile 
Remarks: Sample Number: Coarse Refuse 

Proj. No.: H-05278 Date: 11/17/06 

TRIAXIAL SHEAR TEST REPORT 

Plate HOLCOMB FOUNDATION ENGINEERING CO. 

Tested By: "'L"'C'------------ Checked By: .,_T'"H _________ _ 
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2.7 j 5"7 

7.5 __:J 7.5 2-l 
I 

6 I 
6 I 

I I 

I I I ,,- - . ---- --- ---Pl 4.5 i!! 4.5 
I 

:, "' :, "' I "' "' ,,------ "'"' "' Q) - 1----- --· "' " - I " ~ "' a)=$ a: u.i .... ~Cl) i----0.. ~ -~ 3 3 Q) 0 
~..9 ~ -
~ 

0 !U 

~-~ a. ·s; 

/ - Q) - a, .So 
1.5 .!!! 0 

1.5 0 0 ~ ~ 

0 0 0% 8% 16% 0% 8% 16% 

7.5 2.l 7.5 w I --I - I . 
I I 

6 

~ I I 
6 

~ - -..,_ 
I /[ --- I 

a, Q) 
~ 4.5 ~ 4.5 :, "' I :, "' "' "' "' "' "' " - I "' " -em.!!l Q) .:, "' I a:"' -0.. ~ 

3 ~ 3 ~ ..9 a, 0 
~ -&~ 0 "' a. ·s: 

- Q) - " .so 
1.5 £! 0 

1.5 0 

I 
{=. ~ 

0 0 0% 8% 16% 0% 8% 16% 

6 Peak Strength , _______ .--
--Total Effective 

a= 0.52 tsf 0.00 !sf 

--a= 17.4 deg 29.4 deg ---tan a= 0.31 0.56 -- -------4 /,}----1 ,....-----1 - ---= .!l 
r:i- -- . ~ I ,.-- / .___ ---------- ~ -..... 

--
..... / 2 

~'1/ V .--
~ ,. ~---, / y _V>1 0 ..Y I 

0 2 4 6 8 10 12 

p, ts/ 
Stress Paths: Total --- Effective - - -

Client: Pond Creek Mine 
Project: Coarse Refuse Laboratory Tests 
Location: Coarse Refuse Stockpile Sample Number: Coarse Refuse 
Project No.: H-05278 Plate I HOLCOMB FOUNDATION ENGINEERING co. 

Tested By: =L~C _________ _ Checked By: ~'~H _________ _ 



R14481

( 
,, 

Date: 

Client: 

Project: 

Location: 
Sample Number: 

Description: 
Remarks: 

11/17/06 

TRIAXIAL COMPRESSION TEST 

CU with Pore Pressures 

Pond Creek Mine 

Coarse Refuse Laboratory Tests 

Coarse Refuse Stockpile 

Coarse Refuse 

Coarse Coal Refuse 

Type of Sample: Remolded 

Assumed Specific Gravlty=2.3 7 

Test Method: COE uniform strain 

Specimen Parameter Initial Saturated Consolidated 
Moisture content: Moist soll+tare, gms. 

Moisture content: Dry soll+tare, 11ms. 

Moisture content: Tare, gms. 

Moisture,% 

Moist specimen weight, gms. 

Dfameter, in. 

Area, ln.2 

Height, in. 

Net decrease In height, in. 

Wet Density, pcf 

Dry density, pcf 

Vold ratio 

Saturation,% 

Membran1> modulus= 0.124105 kN/cm' 

Membrane thickness = 0.02 cm 

FIiter paper coefficient= 0.001926 kN/cm 

Filter paper coverage = 50% 

226.800 

218.600 

137.500 

10.1 

1193. I 

2.80 

6.16 

5.65 

130.6 

118.7 
0.2470 

97.0 

Consolidation cell pressure= 70.00 psi (5.040 tsf) 

Consolidation back pressure= 50.00 psi (3.600 !sf) 
Consolidation effective confining stress = 1.440 tsf 
Strain rate, in./mln. = 0.01 

Fall. Stress = 2. 778 tsf at reading no. 41 

UIL Stress = 2. 767 tsf at reading no. 42 

10.4 10.4 

2.80 2.80 
6.16 6.16 
5.65 5.65 

0.00 0.00 

131.0 131.0 
118,7 118. 7 

0.2470 0.2470 
100.0 100.0 

11 /3012006 

10:19 AM 

Final 

1320. 700 

1195.800 

107.600 

11.5 

L---------- HOLCOMB FOUNDATION ENGINEERING CO. ------------! 
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Def. Devtatcr Minor Eff. Major Eff, Pore 
Dial Load Load Strain Strass Stress Strass 1:3 Press. p Q 

,,,--· No. In. Dial lbs. ¼ tsf tsf tsf Rafio psi tsf tsf 

( 0 0.0010 46.60 0.0 0.0 0.000 1.498 1.498 1.00 49.20 1.498 0.000 

0.0180 160.60 114.0 0.3 1.329 1.152 2.481 2.15 54,00 1.816 0.664 

2 0.0390 189.70 143.1 0.7 1.662 1.001 2.663 2.66 56,10 1.832 0.831 

3 0.0590 205.60 159.0 1.0 1.840 0.929 2.769 2.98 57.10 1.849 0.920 

4 0.0800 212.20 165.6 1.4 1.909 0,907 2.816 . 3.10 57.40 1.862 0.955 

5 0.1000 218.90 172.3 1.8 1.979 0,900 2.879 3.20 57.50 1.890 0.990 

6 0.1200 232.20 185.6 2.1 2.125 0;900 3.025 3.36 57.50 1.962 1.062 

7 0.1410 240.50 193.9 2.5 2.21 l 0.907 3.118 3.44 57.40 2,013 I.106 

8 0.1610 245.50 198,9 2.8 2.260 0.914 3,174 3.47 57.30 2.044 1.130 

9 0.1820 252.20 205.6 3.2 2.327 0.922 3.249 3.53 57.20 2.085 I.164 

10 0.2020 253.80 207.2 3.6 2.337 0.936 3.273 3.50 57.00 2.104 I.168 

11 0.2230 250.50 203.9 3.9 2.291 0.958 3.248 3.39 56.70 2,103 I.145 

12 0.2430 261.30 214.7 4.3 2.403 0.972 3.375 3.47 56.50 2.173 1.201 

13 0.2630 266.30 219,7 4.6 2.450 0.979 3.429 3.50 56.40 2.204 1.225 

14 0.2840 266.30 219.7 5,0 2,440 0.994 3.434 3.46 56.20 2.214 1.220 

15 0.3040 272.10 225.5 5.4 2.495 1.008 3.503 3.48 56.00 2.256 1.248 

16 0.3250 274.60 228.0 5,7 2.513 1.022 3.536 3.46 55.80 2.279 1.257 

17 0.3450 268.00 221.4 6.1 2.431 1.037 3.468 3.34 55.60 2,252 1.216 

18 0.3660 273.00 226.4 6.5 2.476 1.051 3.527 3.36 55.40 2.289 l.238 

19 0.3860 278.00 231.4 6,8 2.521 1.058 3.580 3.38 55.30 2.319 1.261 

20 0.4070 278.00 231.4 7.2 2.511 1.066 3.577 3.36 55.20 2.321 1.256 

21 0.4270 283,00 236.4 7.5 2.556 1.073 3.629 3.38 55.I0 2.351 1.278 

( 22 0.4470 284.60 238,0 7.9 2.563 1.080 3.643 3.37 55.00 2.362 1.282 

• .. 23 0.4680 278.80 232.2 8.3 2.491 1.087 3.578 3.29 54.90 2.333 1.245 

24 0.4880 286.30 239,7 8.6 2,561 1.087 3.648 3.36 54,90 2.368 1.281 

25 0.5090 290.40 243.8 9.0 2.594 1.094 3.689 3.37 54.80 2.392 1.297 

26 0.5290 292,10 245.5 9.3 2.602 I.102 3.704 3.36 54.70 2.403 1.301 

27 0.5500 298.80 252.2 9.7 2,662 1.109 3.771 3.40 54.60 2.440 1.331 

28 0.5700 299.60 253.0 IO.I 2.660 1.116 3.776 3.38 54.50 2.446 1.330 

29 0.5910 294.60 248.0 10.4 2.597 I.116 3.713 3.33 54.50 2.415 1.299 

30 0.6110 302.10 255.5 [0.8 2.665 I.123 3,788 3.37 54.40 2.456 1.333 

31 0.63 l 0 306.30 259,7 11.2 2.698 I.130 3,828 3.39 54.30 2.479 1.349 

32 0.6520 306.30 259.7 11.S 2.687 I.130 3.817 3,38 54.30 2.474 1.343 

33 0.6720 312.10 265.5 11.9 2.736 I.145 3,881 3,39 54.10 2.513 1.368 

34 0.6930 309.60 263.0 12,2 2.699 I.145 3,843 3,36 54.10 2.494 1.349 

35 0.7130 308.80 262.2 12.6 2.680 I.152 3.832 3.33 54,00 2.492 1.340 

36 0.7340 309.60 263.0 13.0 2.676 I.159 3,835 3.31 53,90 2.497 1.338 

37 0.7540 315.40 268.8 13,3 2.724 1.166 3.891 3.34 53.80 2.528 1.362 

38 0.7750 316.20 269,6 13,7 2.721 1.166 3.887 3,33 53.80 2.527 1.360 

39 0,7950 323.70 277.l 14.1 2.785 I.181 3.966 3.36 53.60 2.573 1.392 

40 0.8150 325.40 278,8 14.4 2.790 1.181 3,971 3.36 53,60 2.576 1.395 

41 0.8360 325.40 278,8 14,8 2,778 1.181 3,959 3.35 53.60 2,570 1.389 

42 0.8560 325.40 278,8 15.1 2.767 1.188 3,955 3.33 53.50 2.571 1.383 

------------- HULt.;Urvtts, t""UUNUAI IUN t:.Nl.:IINC:t:t'dNG co. ___________ _, 
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Specimen Parameter initial Saturated Consolidated Final 

.~--- Moisture content: Moist soll+tare, gms, 211.600 1335.900 
Moisture content: Dry soil+tare, gms. 203.200 1222.200 
Moisture content: Tare, gms. 125.200 134.800 
Molsture1 % 10.8 10.8 10.8 10.5 
Moist specimen weight gms. 1175.1 

Diameter, In. 2.80 2.80 2.80 
Area, ln.2 6.16 6.16 6.16 
Height In. 5.57 5.57 5.57 
Net decrease in height, In. 0.00 0.00 
Wet Density, pcf 130.5 130.5 130.5 
Dry density, pcf l 17.8 117.8 l 17.8 
Void ratio 0.2558 0.2558 0.2558 
Saturation, 'lo 99.8 100.0 100.0 

Membrane modulus= 0.124105 kN/cm2 

Membrane thickness = 0.02 cm 

Filter paper coefficient= 0.001926 kN/cm 

Filter paper coverage = 50% 

Consolidation cell pressure= 90.00 psi (6.480 tsf) 

Consolidation back pressure = 50.00 psi (3.600 tsf) 

Consolidation effective confining stress= 2.880 tsf 
Strain rate, lnJmin. = 0.01 

Fall. Stress = 3.829 tsf at reading no. 40 

Ult. Stress= 3.828 tsfat reading no. 41 

C Def. Oeviator MinorEff. Major Eff. Pora 
Dial Load Load Strain Stress Stress Stress 1:3 Press. p Q 

No. In, Dial lbs. 'lo tsf tsf !sf Ratio psi tsf tsf 

0 0.0000 51.60 0.0 0.0 0.000 3.377 3.377 1.00 43.10 3.377 0.000 
0.0190 185.60 134.0 0.3 1.562 2.340 3.902 l.67 57.50 3.121 0.781 

2 0.0400 233,00 181.4 0.7 2.!06 l.814 3.920 2.16 64.80 2.867 1.053 
3 0.0600 253.00 201.4 I.I 2.330 I.562 3.892 2.49 68.30 2.727 1.165 
4 0.0810 263.80 212.2 1.5 2.445 l .433 3.878 2.71 70.10 2.655 l.223 
5 0.1010 270.50 218.9 1.8 2.513 1.346 3.860 2.87 71.30 2.603 1.257 
6 0.1220 274.60 223.0 2.2 2.550 1.289 3.839 2.98 72.10 2.564 1.275 
7 0.1420 281.30 229.7 2.5 2.617 1.260 · 3.877 3.08 72.50 2.569 1.309 

-8 0.1620 287.10 235.5 2.9 2.674 1.238 3.912 3.16 72.80 2.575 1.337 
9 0.1830 291.30 239.7 3.3 2.711 1.231 3.942 3.20 72.90 2.587 1.355 

IO 0.2030 297.10 245.5 3.6 2.766 1.224 3.990 3.26 73.00 2.607 1.383 
l I 0.2240 301.30 249.7 4.0 2.802 1.224 4.026 3.29 73.00 2.625 1.401 
12 0.2440 305.40 253.8 4.4 2.838 1.224 4.062 3.32 73.00 2.643 1.419 
13 0.2650 309.60 258.0 4.8 2.873 l.224 4.097 3.35 73.00 2.661 1.437 
14 0.2850 315.40 263.8 5.1 2.927 l.231 4.158 3.38 72.90 2.695 1.463 
15 0.3060 320.40 268.8 5.5 2.970 l.238 4.209 3.40 72.80 2.724 1.485 
16 0.3260 326.20 274.6 5.9 3.023 1.246 4.269 3.43 72.70 2.757 1.512 
17 0.3460 330.40 278.8 6.2 3.058 l.253 4.310 3.44 72.60 2.782 1.529 
18 0.3670 334.60 283.0 6.6 3.091 1.267 4.358 3.44 72.40 2.813 1.546 
19 0.3870 341.20 289.6 6.9 3.151 l.282 4.433 3.46 72.20 2.857 1.576 
20 0.4080 346.20 294.6 7.3 3.192 1.296 4.488 3.46 72.00 2.892 1.596 
21 0.4280 351.20 299.6 7.7 3.234 1.310 4.544 3.47 71.80 2.927 1.617 

HOLCOMB FOUNDATION ENGINEERING CO. 
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Dof. Deviator Minor Eff. Major Eff. Poro 
(- Dial Load Load Strain Stress Stress Stress 1:3 Press, p Q 

No. In. Dial lbs. % !sf !sf tsf Ratio psi tsf tsf 

22 0.4490 357.00 305.4 8.1 3.283 1.318 4.601 3.49 71.70 2.959 1.642 

23 0.4690 359.50 307.9 8.4 3.297 1.332 4.629 3.48 71.50 2.981 1.i,49 

24 0.4890 362.80 311.2 8.8 3.319 l.339 4.659 3.48 71.40 2.999 1.660 

25 0.5100 368.70 317.1 9.2 3.368 l.346 4.715 3.50 71.30 3.031 1.684 

26 0.5300 374.50 322.9 9.5 3.416 l.361 4.777 3.51 71.10 3.069 1.708 

27 0.5510 377.00 325.4 9.9 3.429 1.368 4.797 3.51 71.00 3.082 1.714 

28 0.5710 381.20 329.6 10.2 3.459 l.368 4.827 3.53 71.00 3.098 1.730 

29 0.5920 384.50 332.9 10.6 3.479 l.382 4.86] 3.52 70.80 3.122 1.739 

30 0.6120 386.20 334.6 11.0 3.483 l.390 4.872 3.51 70.70 3.131 1.741 

31 0.6330 392.00 340.4 11.4 3.528 1.397 4.925 3.53 70.60 3.161 1.764 

32 0.6530 397.00 345.4 11.7 3.565 1.411 4.977 3.53 70.40 3.194 1.783 

33 0.6730 400.30 348.7 12.1 3.585 1.426 5.010 3.51 70.20 3.218 1.792 

34 0.6940 406.10 354.5 12.5 3.629 1.440 5.069 3.52 70.00 3.254 1.814 

35 0.7140 410.30 358.7 12.8 3.657 l.454 5.111 3.51 69.80 3.283 1.828 

36 0.7350 413.60 362.0 13.2 3.674 1.469 5.143 3.50 69.60 3.306 1.837 

37 0.7550 420.30 368.7 13.6 3.727 1.483 5.210 3.51 69.40 3.347 1.863 

38 0.7760 423.60 372.0 13.9 3.744 1.498 5.242 3.50 69.20 3.370 1.872 

39 0.7960 427.80 376.2 14.3 3.770 1.505 5.275 3.51 69.10 3.390 1.885 

40 0.8170 435.30 383.7 14.7 3.829 1.519 5.348 3.52 68.90 3.434 1.914 

41 0.8370 436,90 385.3 15.0 3.828 1.526 5.355 3.51 68.80 3.441 1.914 

C 

.._ _________ HOLCOMB FOUNDATION ENGINEERING CO. -----------' 
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Specimen Parameter Initial Saturated Consolidated Final 

;' / Moisture content: Moist soll+tare, gms. I 84.300 1333.800 

\ Moisture content: Dry soll+tare, gms. I 77.100 1230.400 

Moisture content: Tare, gms. 107.500 135.300 

Moisture,% 10.3 10.4 10.4 9.4 

Moist specimen weight, gms. 1185.2 

Diameter, In, 2.80 2.80 2.80 

Area, in.z 6.16 6.16 6.16 

Height, In. 5.60 5.60 5.60 

Net decrease in height, in. 0.00 0.00 

Wet Density, pcf 130.9 131.0 131.0 

Dry density, pcf 118.7 118.7 1 J 8.7 

Void ratio 0.2468 0.2468 0.2468 

Saturation, 0/o 99.3 100.0 100.0 

Membrane modulus= 0.124105 kN/cm• 

Membrane thickness = 0.02 cm 

Filter paper coefficient = 0.001926 kN/cm 

Filter paper coverage = 50% 

Consolidation cell pressure = 110.00 psi (7.920 tsf) 

Consolidation back pressure= 30.00 psi (2.160 tsf) 

Consolidation effective confining stress= 5.760 tsf 

Strain rate, ln./min. = 0.01 

Fail. Stress = 6. 758 tsf at reading no. 42 

( 
Ult. Stress= 6.758 tsf at reading no. 42 

Def. Devlator Minor Eff. Major Eff. Pore \ 
Dial Load Load Strain Stress Stress Stress 1:3 Press. p Q 

No. in. Dial lbs. % tsf ts! ts! Ratio psi tsf ts! 

0 0.0000 25.00 0.0 0.0 0.000 6.588 6.588 1.00 18.50 6.588 0.000 

1 0.0190 88.20 63.2 0.3 0.736 6.458 7.195 I.I I 20.30 6.827 0.368 

2 0.0400 309.60 284.6 0.7 3.304 5.623 8.927 1.59 31.90 7.275 1.652 

3 0.0600 397.00 372.0 I.I 4.303 4.795 9.098 1.90 43.40 6.947 2.152 

4 0.0810 428.60 403.6 1.4 4.651 4.234 8.885 2.10 51.20 6.559 2.326 

5 0.1010 441.90 416.9 1.8 4.787 3.830 8.617 2.25 56.80 6.224 2.393 

6 0.1220 449.40 424.4 2.2 4.854 3.521 8.375 2.38 61.10 5.948 2.427 

7 0.1420 460.20 435.2 2.5 4.960 3.283 8.243 2.51 64.40 5.763 2.480 

8 0. 1620 467.70 442.7 2.9 5.027 3.017 8.044 2.67 68.10 5.530 2.513 

9 0.1830 476.00 451.0 3.3 5.101 2.837 7.938 2.80 70.60 5.387 2.551 

JO 0.2030 483.50 458.5 3.6 5.167 2.693 7.860 2.92 72.60 5.276 2.583 

11 0.2240 489.30 464.3 4.0 5.212 2.585 7.797 3.02 74.10 5.191 2.606 

12 0.2440 495.20 470.2 4.4 5.258 2.49] 7.750 3.11 75.40 5.120 2.629 

13 0.2650 505.20 480.2 4.7 5.349 2.419 7.768 3.21 76.40 5.094 2.675 

14 0.2850 511.00 486.0 5.1 5.394 2.369 7.762 3.28 77.10 5.066 2.697 

15 0.3060 518.50 493.5 5.5 5.455 2.333 7.788 3.34 77.60 5.060 2.728 

16 0.3260 526.80 501.8 5.8 5.526 2.304 7.830 3.40 78.00 5.067 2.763 

17 0.3460 533.50 508.5 6.2 5.579 2.297 7.875 3.43 78.10 5.086 2.789 

18 0.3670 539.30 514.3 6.6 5.620 2.326 7.945 3.42 77.70 5.135 2.810 

19 0.3870 548.40 523.4 6.9 5.697 2.275 7.972 3.50 78.40 5.124 2.849 

20 0.4080 555.90 530.9 7.3 5.756 2.261 8.016 3.55 78.60 5.139 2.878 

21 0.4280 565.90 540.9 7.6 5.841 2.261 8.102 3.58 78.60 5.181 2.921 

HOLCOMB FOUNDATION ENGINEERING CO. 
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,·. Def. Devlator MlnorEff. Major El!. f>ore 

Dial Load Load Strain Stress Stress Stress 1:3 Press. f> Q 

No. in. Dial lbs. ¼ !sf !sf !sf Ratio psi !sf !sf 

22 0.4490 569.20 544.2 8.0 5.853 2.268 8.121 3.58 78.50 5.195 2.927 

23 0.4690 575.JO 550.J 8.4 5.894 2.282 8.176 3.58 78.30 5.229 2.947 

24 0.4890 584.20 559.2 8.7 5.968 2.297 8.265 3.60 78.10 5.281 2.984 

25 0.5100 592.50 567.5 9.1 6.031 2.311 8.343 3.61 77.90 5.327 3.016 

26 0.5300 599.20 574.2 9.5 6.079 2.333 8.41 l 3.61 77.60 5.372 3.039 

27 0.5510 605.90 580.9 9.8 6.124 2.354 8.479 3.60 77.30 5.416 3.062 

28 0.5710 613.30 588.3 10.2 6.178 2.362 8.539 3.62 77.20 5.450 3.089 

29 0.5920 617.50 592.5 10.6 6.196 2.405 8.601 3.58 76.60 5.503 3.098 

30 0.6120 626.70 601.7 10.9 6.267 2.527 8.794 3.48 74.90 5.661 3.133 

31 0.6330 638.30 613.3 I l.3 6.361 2.426 8.787 3.62 76.30 5.607 3.180 

32 0.6530 644.10 619.l l 1.7 6.395 2.448 8.843 3.61 76.00 5.646 3.198 

33 0.6730 650.80 625.8 12.0 6.438 2.477 8.915 3.60 75.60 5.696 3.219. 

34 0.6940 656.60 631.6 12.4 6.470 2.498 8.968 3.59 75.30 5.733 3.235 

35 0.7140 662.50 637.5 12.8 6.504 2.506 9.009 3.60 75.20 5.758 3.252 

36 0.7350 669.10 644.I 13.1 6.543 2.542 9.085 3.57 74.70 5.813 3.271 

37 0.7550 678.30 653.3 13.5 6.609 2.563 9.172 3.58 74.40 5.868 3.305 

38 0.7760 684.lO 659.1 13.9 6.639 2.585 9.224 3.57 74.10 5.904 3.319 

39 0.7960 690.70 665.7 14.2 6.678 2.614 9.291 3.55 73.70 5.952 3.339 

40 0.8170 699.lO 674.l 14.6 6.732 2.635 9.367 3.55 73.40 6.001 3.366 

41 0.8370 701.60 676.6 14.9 6.729 2.700 9.429 3.49 72.50 6.065 3.365 

42 0.8570 707.40 682.4 15.3 6.758 2.686 9.444 3.52 72.70 6.065 3.379 

(~ 
'-., 

._ __________ HOLCOMB FOUNDATION ENGINEERING CO. _________ __. 
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HOLCOMB FOUNDATION ENGi NEERING CO., INC. 
SOILS - BITUMINOUS · CONCRETE - INVESTIGATIONS AND TESTING 

SHIPPING ADDRESS 
Box 393 Wood Road 
Carbondale, IL 62901 

April 9, 2007 

Williamson Energy LLC 
PO Box 99 
Johnston City, Illinois 6295 I 

Attention: Mr. James Plumley 

Re: Coarse Refuse Laboratory Tests 
Mach Mine 
Johnston City, Illinois 
HFE File H-05278 

Dear Sir: 

www.holcombengineering.com 
MAILING ADDRESS 

P.O. Box 88 
Carbondale, IL 62903 

618-529-5262 
800-333-1740 

FAX 618-457-8991 

In accordance with your instructions, on March 29, 2007, we sampled coarse refuse at Mach Mine 
and performed laboratory tests on remolded samples. Results of the tests are as follows: 

Visual Classification: Coarse Coal Refuse (Shale, Coal, Sandstone Mixture) 

Proctor Test Results: 
Maximum Dry Unit Weight: 120.3 PCF 
Optimum Moisture Content: I 0. 7 % 

Specific Gravity: 2.50 

Triaxial Test Results: 
Effective Cohesion: 
Effective Phi Angle: 

Permeability (2 tests): 

152 PSF 
29.3 Degrees 

3 x 10-4 cm./sec. 
2 x I 0-4 cm./sec. 

Resul!s of the grain size analysis and the laboratory tests are attached. 
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C 

C 

Mach Mine Coarse Refuse Tests 
April 9, 2007 
Page 2 

If you should have any questions, or ifwe can be offurtber assistance, please feel free to contact us 
at your convenience. 

Sincerely, 

1 copy: Justin Harry - Alliance Consulting 

35 1 
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Date: 

Project No.: 

Barino No. 

Coarse Refuse 
Sample #1 

Coarse Refuse 
Sample#2 

HOLCOMB FOUNDATION ENGINEERING CO., INC. 
SOILS • BITUMINOUS • CONCRETE - INVESTIGATIONS AND TESTING 

SHIPPING ADDRESS 
Bo>:: 393 Woad Road 
Carbondale. IL 62901 

www.holcombengineering.com 

MAILING ADDRESS 
P.O. Box 88 

C~·~f'.ldale, IL_ 62903 

Permeability Tests Results 
Mach Mine 

4/9/2007 

H-05278 

Depth (Ft.} 

Johnston City, Illinois 

Client: 

Moisture Content(%) 
Before Test After Test 

10.9 14.6 

10.1 14.3 

Williamson Energy 

Dry Unit 
Weicht (PCFl 

115.7 

114.7 

618-529-S262 
800-333-17 40 

FAX 618-457-8991 

Permeability 
(Cm./Sec.) 

3 X 10--4 

2x10--4 

Permeability Tests performed in accordance with ASTM D-5084 

;;J I 
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Holcomb Foundation Engineering 

Moisture Density Relationship 

Project Pond Creek Mine 
Johnston City, Illinois 

Location: Coarse Refuse Disposal Area 

Project No.: H-05278 

Date: 

Test Data 

4/9/2007 

ASTM D-698 (standard) 

Moisture 

Content(%) 

12.8 

13.2 

10.2 

7.8 

10.7 

Proctor Test Results 
Soll Classification: 

Maximum Ory Density (PCF) 

Weathered Coarse Refuse 

120.3 

Optimum Moisture Content(%) 10.7 

Dry Unit Wt. 

(PCF) 

118.7 

116.7 

120.1 

119. 1 

120.3 

122.0 ·r----------------------------------, 

G: 
r.:, 
I:, 

121.0 

120.0 

iE 119.0 

118.0 

117.0 · 

1i6.0 

7.0 

+ 

8.0 9.0 

Proctor Curve 

♦ 

+ 

+ 

10.0 11.0 12.0 13.0 14.0 

% Moisture 
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Holcomb Foundation Engineering 
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_ Project: Mach Mine Coarse Refuse .n. 20-
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Grain Size Analysis 
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" _J_J J I H " I 

• Weathered Coarse Refuse 

0.01 0.001 

Si.II or Cf,91 

. ' ', 

" "" ......____, 
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Project: 

Project No.: 

Sample No. 

Sieve 

2" 
1.5" 
1" 

( 3/4" 
1/2" 
3/8" 
#4 
#10 
#20 
#40 
#60 
#100 
#200 

HOLCOMB FOUNDATION ENGINEERING CO., INC. 
SOILS • BfTUMJNOUS • CONCRETE • INVESTIGATIONS AND TESTING 

SHIPPING AODRESS 
Box 393 Wood Road 
Carbondale, lL 62901 

www.holcombengineering.com 
MA/UNG ADDRESS 

P.O. Box 88 
Carbondale, IL 62903 

Grain Size Analysis 

Mach Mine Client: Mach Mine 

H-05278 Date: 4/9/2007 

Coarse Refuse Total Weight: 2290.30 

Wt. Retained % Re!. % Passing 

0.0 0,0 100,0 
314.4 13,7 86.3 
536.7 23.4 76,6 
674.8 29.5 70.5 
901.6 39.4 60.6 

1061.2 46.3 53.7 
1522.1 66,5 33.5 
1911.6 83,5 16.5 
2091.9 91.3 8.7 
2166.2 94.6 5.4 
2202.2 96.2 3.8 
2223.7 97.1 2.9 
2245.2 98.0 2.0 

618-529-5262 
800-333-1740 

FAX 618-457-8991 
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o5 
.9 
.!'l 
i1; 
0 2 

3.8 

I -+➔ 

' 
0 5 10 

Axial Strain, % 

' I 
15 

Total Nonna! Stress, !sf --
Effective Normal Stress, tsf - - -

20 

Strain rate, in./min, 
Back Pressure, tsf 
Cell Pressure, tsf 
Fail. Stress, tsf 

Total Pore Pr., tsf 

Ult Stress, tsf 
Total Pore Pr., ts/ 

1--------------------, cr
1 

Failure, tsf 
Type of Test: 

0 3 Failure, tsf CU \i,.ith Pore Pressures 
Sample Type: Coarse Refuse Client: Pond Creek Mine 

Description: 

14.4 
113,2 
95.1 

0.3793 
2.80 
5.59 

15.2 
113.2 
100.0 

0.3793 
2.80 
5.59 
0.00 
3.60 
5.04 
1.85 
4.18 
1.85 
4.18 
2.71 
0.86 

Project: Coarse Refu.se Laboratory Tests 

Assumed Specific Gravity= 2.50 
Remarks: 

Location: Weathered Coarse Refuse 

2 

12.7 
115.1 
89.0 

0.3560 
2.80 
5.58 

14.2 
l 15.l 
100.0 

0.3560 
2.80 
5.58 
0.00 
3.60 
6.48 
2.67 
5.27 
2.66 
5.22 
3.88 
1.21 

Proj. No.: H-05278 Date: 4/2/07 

3 

13.1 
114.6 
90.4 

0.3615 
2.80 
5.58 

14.5 
114.6 
100.0 

0.3615 
2.80 
5.58 
0.00 
1.80 
7.56 
5.55 
4.77 
5.55 
4.77 
8.34 
2.79 

Plate 

r· ...... . .. TRl!'XIAL SREARTEST REPORT 

I HOLCOMB FOUNDATION ENGINEERING CO. 

Tested By: ""L""C _________ _ Checked By: _,_T~H _________ _ 
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Stress Paths: Total --- Effective- - -

Client: Pond Creek Mine 
. Project: Coarse &:fuse Laboratory.Tests 

Location: \Vear.hered Coarse Refuse 
Project No.: H-05278 

Tested By: =L=C _________ _ 

Plate __ _ HOLCOMB FOUNDATION ENGINEER/NG CO. 

Checked By: ~T~H~---------

;;:, I 
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TRIAXIAL COMPRESSION TEST 
CU with Pore Pressures 

Date: 4/2/07 
Client: Pond Creek Mine 
Project: 

Location: 
Coarse Refuse Laboratory Tests 
Weathered Coarse Refuse 

Description: 
Remarks: 
Type of Sample: Coarse Refuse 
Assumed Specific Gravity:2.50 LL= 
Test Method: COE uniform strain 

Specimen Parameter 
Moisture content: Moist soil+tare, gms. 
Moisture content: Dry soil+tare, gms. 
Moisture content: Tare1 gms. 
Moisture, ¾. 
Moist specimen weight, gms. 
Diameter, in. 
Area, in.2 
Height, in. 
Net decrease in height, in_ 
Wet Density, pcf 
Dry density, pcf 
Void ratio 
Saturation,% 

Membrane modulus = 0.124105 kN/cm2 

Membrane thickness = 0.02 cm 
Filter paper coefficient= 0.001926 kN/cm 
FiJter paper coverage= 50% 

Initial 
179.300 
165.700 
71.400 

14.4 
I 170.0 

2.80 
6.]6 
5.59 

129.5 
I 13.2 

0.3793 
95.1 

Consolidation cell pressure= 70.00 psi (5.040 ts!) 
Consolidation back pressure= 50.00 psi (3.600 tsf) 
Consolidation effective confining stress= 1.440 tsf 
Strain rate, in./min. = 0.00 
Fail. Stress= 1.845 tsf at reading no. 31 
Ult. Stress = 1.845 tsf at reading no. 3 l 

PL= 

Saturated 

15.2 

2.80 
6.16 
5.59 
0.00 

130.3 
113.2 

0.3 793 
100.0 

Pl= 

Consolidated 

15.2 

2.80 
6.16 
5.59 
0.00 

130.3 
113.2 

0.3793 
100.0 

._ __________ HOLCOMB FOUNDATION ENGINEERING CO. 

4/9/2007 
11:10AM 

Final 
1255.500 
1117.500 

79.600 
13.3 
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C Def. Deviator Minor Eff. Major Eff. Pore 
Dial Load Load Strain Stress Stress Stress 1:3 Press. p Q 

No. In. Dial lbs. % tsf tsf tsf Ratio psi tsf tsf 

0 0.0000 19.IO 0.0 0.0 0.000 1.627 1.627 1.00 47.40 l.627 0.000 

I 0.0190 20.00 0.9 0.3 0.001 l.642 1.642 1.00 47.20 1.642 0.000 

2 0.0400 20.00 0.9 0.7 0.000 l.656 1.656 l.00 47.00 1.656 0.000 

3 0.0600 20.00 0.9 1.1 0.000 1.663 1.663 1.00 46.90 l.663 0.000 

4 0.0810 20.00 0.9 1.4 0.000 l.678 1.678 1.00 46.70 1.678 0.000 

5 0. 1010 25.00 5.9 1.8 0.017 1.678 1.694 l.01 46.70 l.686 0.008 

6 0.1220 99.00 79.9 2.2 0.857 1.318 2.175 1.65 51.70 1.746 0.429 

7 0.1420 124.00 104.9 2.5 1.195 1.152 2.347 2.04 54.00 1.750 0.598 

8 0.1620 134.80 115.7 2.9 1.314 1.058 2.372 2.24 55.30 1.715 0.657 

9 0.1830 140.60 121.5 3.3 1.374 1.001 2.375 2.37 56.10 J.688 0.687 

10 0.2030 144.80 125.7 3.6 1.416 0.965 2.381 2.47 56.60 1.673 0.708 

11 0.2240 148.IO 129.0 4.0 1.448 0.936 2.384 2.55 57.00 1.660 0.724 

12 0.2440 150.60 131.5 4.4 l.471 0.914 2.385 2.61 57.30 1.650 0.735 

13 0.2650 153.10 134.0 4.7 1.493 0.900 2.393 2.66 57.50 1.646 0.746 

14 0.2850 155.60 136.5 5.1 1.515 0.878 2.393 2.72 57.80 1.636 0.757 

15 0.3060 157.30 138.2 5.5 1.528 0.864 2.392 2.77 58.00 1.628 0.764 

16 0.3260 159.80 140.7 5.8 1.549 0.857 2.406 2.81 58,10 1.631 0.775 

17 0.3460 162.30 143.2 6.2 1.571 0.850 2.420 2.85 58.20 1.635 0,785 

18 0.3670 163.10 144.0 6.6 1.573 0.835 2.408 2.88 58.40 l.622 0.787 

19 0.3870 166.40 147.3 6.9 1.603 0.828 2.431 2.94 58.50 1.630 0.802 

20 0.4080 168.90 149.8 7.3 1.624 0.821 2.445 2.98 58.60 l.633 0.812 

21 0.4490 172.30 153.2 8.0 1.648 0.814 2.461 3.02 58.70 l.637 0.824 

22 0.4890 173.90 154.8 8.7 l.652 0.806 2.458 3.05 58.80 l.632 0.826 

23 0.5300 178.90 159.8 9.5 l.691 0.806 2.498 3.10 58.80 1.652 0.846 

24 0.57 I 0 184.80 165.7 J0.2 1.740 0.814 2.553 3.14 58.70 l.683 0.870 

25 0.6120 I 86.40 167.3 10.9 1.742 0.806 2.549 3.16 58.80 1.677 0.871 

26 0.6530 190.60 171.5 11.7 l.771 0.621 2.592 3.16 58.60 1.706 0.886 

27 0.6940 195.60 176.5 I2.4 1.808 0.821 2.628 3.20 58.60 l.725 0.904 

28 0.7350 197.20 178.1 13.l l.809 0.835 2.644 3.17 58.40 1.740 0.904 

29 0.7760 201.40 182.3 13.9 1.836 0.842 2.678 3.18 58.30 l.760 0.918 

30 0.8170 204.70 185.6 14.6 1.853 0.857 2.710 3.16 58.IO 1.783 0.927 

31 0.8370 204.70 185.6 15.0 l.845 0.864 2.709 3.14 58.00 1.787 0.923 

.__ __________ HOLCOMB FOUNDATION ENGINEERING CO. __________ __, 
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Specimen Parameter Initial 
Moisture content: Moist soil+tare, gms. 169.900 
Moisture content: Dry soil+tare1 gms. 
Moisture content: Tare, gms. 
Moisture,% 

158.800 

71.200 

12.7 
Moist specimen weight, gms. 
Diameter, in. 
Afea, in.1 

Height, in. 
Net decrease in height, in. 
Wet Density, pct 
Dry density, pcf 
Void ratio 

Saturation, % 

I 169.8 

2.80 

6.16 
5.58 

129.7 

115. l 

0.3560 

89.0 

Membrane modulus= 0.124105 kN/cm2 

Membrane thickness= 0.02 cm 
Filter paper coefficient= 0.001926 kN/cm 
Filier paper coverage = 50% 
Consolidation cell pressure= 90.00 psi (6.480 tsf) 
Consolidation back pressure= SO.OD psi (3.600 tsf) 
Consolidation effective confining stress= 2.880 tsf 
Strain rate, in.!min. = 0.00 
Fail. Stress= 2.666 tsf at reading no. 27 
Ult. Stress= 2.663 tsf at reading no. 31 

Def. Deviator Minor Eff. 
Dial Load Load Strain Stress Stress 

No. in. Dial lbs. % !sf tsf 

0 0.0000 62.40 0.0 0.0 0.000 3.967 
0.0220 173.JO I 10.7 0.4 1.289 2.484 

2 0.0420 206.40 144.0 0.8 J.671 2.016 
3 0.0620 223.00 160.6 I.I 1.857 1.764 
4 0.0830 230.50 168.1 1.5 1.936 1.613 
5 0.1030 235.50 I 73.1 1.8 1.987 J.512 
6 0.1240 238.00 175.6 2.2 2.008 1.447 
7 0.1440 242.20 179.8 2.6 2.048 1.390 
8 0.1650 245.50 183.1 3.0 2.078 1.346 
9 0.1850 248.80 186.4 3.3 2.107 1.310 

10 0.2060 252.20 189.8 3.7 2.137 1.289 
II 0.2260 254.70 192.3 4.0 2.158 I.267 
12 0.2460 253.80 191.4 4.4 2.139 1.253 
13 0.26 70 258.80 196.4 4.8 2.187 1.238 
14 0.2870 260.50 198.1 5.1 2.197 1.231 
I 5 0.3080 263.00 200.6 5.5 2.216 1.217 
16 0.3280 2.65.50 203.1 5.9 2.235 1.210 
17 0.3490 268.80 206.4 6.3 2.263 1,210 
JS. o::sa90' 268:so· W6.4··· .. 5.6· · z:254·· l.202" 
19 0.3900 273.00 210.6 7.0 2.290 1.195 
20 0.4100 275.50 213.1 7.3 2.309 I. I 95 
2\ 0.4510 281.30 21 S 9 R.I 2353 l. i 88 

Saturated Consolidated 

14.2 14.2 

2.80 2.80 
6.16 6.16 
5.58 5.58 
0.00 0.00 

131.5 131.5 
115.1 115.1 

0.3560 0.3560 

100.0 100.0 

Major Eff. Pore 
Stress 1:3 Press. p Q 

!sf Ratio psi tsf !sf 

3.967 1.00 34.90 3.967 0.000 
3.773 1.52 55.50 3.129 0,645 
3.687 1.83 62.00 2.852 0.836 
3.621 2.05 65.50 2.693 0.929 
3.549 2.20 67.60 2.581 0.968 
3.499 2.31 69.00 2.505 0.993 
3.455 2.39 69.90 2.451 1.004 
3.438 2.47 70.70 2.414 1.024 
3.424 2.54 71.30 2.385 1.039 
3.418 2.61 71.80 2.364 l.054 
3.426 2.66 72.10 2.358 1.069 
3.425 2.70 72.40 2.346 1.079 
3.392 2.71 72.60 2.322 1.070 
3.425 2.77 72.80 2.332 1.093 
3.428 2.78 72.90 2.330 1.099 
3.433 2.82 73.10 2.325 I. I 08 
3.445 2.85 73.20 2.327 I. I I 8 
3.472 2.87 73.20 2.341 1.131 
3A56. 2~&7 73·_30 1.329 ·· · r:r21 
3.486 2.92 73.40 2.340 1.145 
3.504 2.93 73.40 2.350 !.154 
3.54] 2.98 73 . .50 2.364 L! 76 

HOLCOMB FOUNDATION ENGINEERING CO. 

'I 1 

Final 
1238.700 

ll 17.200 

73.100 

11.6 
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Def. Deviator Minor Eff. Major Eff. 
Dial Load Load Strain Stress Stress 

No. in. Dial lbs. % tsf tsf 
22 0.4920 284.60 222.2 8.8 2.369 l.l95 
23 0.5330 292.10 229.7 9.6 2.429 I.J95 
24 0.5740 296.30 233.9 10.3 2.454 1202 
25 0.6140 300.40 238.0 ll.O 2.477 1.202 
26 0.6440 305.40 243.0 11.5 2.514 1.217 
27 0.6960 322.90 260.5 12.5 2.666 1.210 
28 0.7370 316.20 253.8 13.2 2.576 1.238 
29 0.7780 322.10 259.7 13.9 2.613 1.238 
30 0.8190 328.70 266.3 14.7 2.657 1.253 
31 0.8390 330.40 268.0 15.0 2.663 1.260 

Specimen Parameter Initial 
Moisture content: Moist soil+-tare, gms. 171.400 
Moisture content: Dry soll+tare, gms. 160.000 
Moisture· content: Tare, gms. 72.800 
Moisture,% 13.1 
Moist specimen weight, gms. 1168.8 
Diameter, in. 2.80 
Area, in.2 

6.16 
Height, in. 5.58 
Net decrease in height1 in. 
Wet Density, pcf 129.6 
Dry density, pcf I 14.6 
Void ratio 0.3615 
Saturation, % 

Membrane modulus= 0. 124105 k:N/cm2 

Membrane thickness = 0 .02 cm 
Filter paper coefficient= 0.001926 kN/cm 
Filter paper coverage = 50% 

90.4 

Consolidation cell pressure= IDS.OD psi (7.560 tsi) 
Consolidation back pressure= 25.00 psi ( 1.800 tsi) 
Consolidation effective confining stress= 5. 760 tsf 
Strain rate, inJmin. = 0.00 
Fall. Stress= 5.549 tsfat reading no. 35 
Ult. Stress= 5.549 tsf at reading no. 35 

Def. Deviator 
Dial Load Load Strain Stress 

No. In. Dial lbs. % !sf 

0 0.0020 102.40 0.0 0.0 0.000 
0.0170 286.30 183.9 0.3 2.145 

2 0.0370 364.50 262.I 0.6 3.046 
3 0.0580 407.00 304.6 1.0 3.526 
4 0:B'i8fr 426cl0·· 32J.7 · .. r.4· 3:7}3" 
5 0.0990 437.70 335.3 1.7 3.853 
6 0.1190 449.40 347.0 2.1 J.972 
7 0.1400 457. 70 355.3 2.5 4.052 

Minor Eff. 
Stress 

tsf 

i.207 

6.674 

6.1 !3 
5.537 

·4:997 

4.536 

4.133 

3.838 

Stress 1:3 
tsf Ratio 

3.564 2.98 
3.625 3.03 
3.656 3.04 
3.679 3.06 
3.730 3.07 
3.876 3.20 
3.814 3.08 
3.852 3.11 
3.910 3.12 
3.923 3.11 

Saturated 

14.5 

2.80 

6.16 

5.58 

0.00 

131.2 
114.6 

0.3615 

100.0 

Major Eff, 
Stress 1:3 

tsf Ratio 

7.207 I.OD 
8.819 1.32 
9.158 1.50 
9.063 /.64 
·s:730· ·· T.75-

8.389 1.85 
8. 105 1.96 
7.889 2.06 

Pore 
Press. p Q 

psi tsf tsf 

73.40 2.380 1.185 
73.40 2.410 1.215 
73.30 2.429 1.227 
73.30 2.441 1.238 
73.10 2.474 l.257 
73.20 2.543 1.333 
72.80 2.526 1.288 
72.80 2.545 1.307 
72.60 2.581 1.328 
72.50 2.591 1.331 

Consolidated Final 

1284.500 
1180.500 
134.900 

14.5 9.9 

2.80 

6.16 

5.58 

0.00 
131.2 

114.6 
0.3615 

100.0 

Pore 
Press. p Q 

psi tsf tsf 

4.90 7.207 0.000 
12.30 7.747 /.072 
20.10 7.636 1.523 
28.10 7.300 /. i63 
Js:50··· 6:864 ... 1.867 

42.00 6.462 /.926 
47.60 6./ I 9 1.986 
51.70 5.863 2.026 

HOLCOMB FOUNDATION ENGINEERING CO. 
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( 
Def, Oeviator Minor Eff. Major Eff. Pore 
Dial Load Load Strain Stress Stress Stress 1:3 Press. p Q 

No. In. Dial lbs. % tsf tsf tsf Ratio psi tsf tsf 

8 0.1600 464.40 362.0 2.8 4.l 13 3.593 7.706 2.14 55.10 5.649 2.056 
9 O.l 8 l 0 474.40 372.0 3.2 4.210 3.384 7.594 2.24 58.00 5.489 2.105 

JO 0.2010 481.90 379.5 3.6 4.279 3.21 l 7.490 2.33 60.40 5.351 2.140 
11 0.2210 487.70 385.3 3.9 4.328 3.074 7.403 2.41 62.30 5.239 2.164 
12 0.2420 495.20 392.8 4.3 4.395 2.959 7.355 2.49 63.90 5.157 2.198 
13 0.2620 503.50 40].J 4.7 4.471 2.851 7.323 2.57 65.40 5.087 2.236 
14 0.2830 509.30 406.9 5.0 4.518 2.772 7.290 2.63 66.50 5.031 2.259 
15 0.3030 5]9.30 416.9 5.4 4.612 2.693 7,305 2.71 67.60 4.999 2.306 
16 0.3240 522.60 420.2 5.8 4.630 2.650 7.279 2.75 68.20 4.965 2.315 
17 0.3440 526.00 423.6 6.1 4.650 2.621 7.270 2.77 68.60 4.946 2.325 
18 0.3650 534.30 431.9 6.5 4.722 2.578 7.299 2.83 69.20 4.938 2.361 
19 0.3850 541.80 439.4 6.9 4.785 2.549 7.334 2.88 69.60 4.941 2.393 
20 0.4050 546.80 444.4 7.2 4.821 2.534 7.355 2.90 69.80 4.945 2.41 I 
21 0.4260 553.40 451.0 7.6 4.873 2.520 7.393 2.93 70.00 4.956 2.436 
22 0.4460 558.40 456.0 8.0 4.908 2.506 7.413 2.96 70.20 4.959 2.454 
23 0.4670 560.90 458.5 8.3 4.914 2.506 7.420 2.96 70.20 4.963 2.457 
24 0.4870 569.20 466.8 8.7 4.984 2.506 7.489 2.99 70.20 4.997 2.492 
25 0.5080 574.20 471.8 9.1 5.016 2.513 7,529 3.00 70.10 5.021 2.508 
26 0.5280 580.10 477.7 9.4 5.059 2.520 7.579 3.01 70.00 5.050 2.530 
27 0.5690 592.50 490.1 10.2 5.148 2.534 7.683 3.03 69.80 5.109 2.574 
28 0.6100 600.00 497.6 10.9 5.184 2.570 7.755 3.02 69.30 5.163 2.592 

( 29 0.6510 610.90 508.5 l l.6 5.254 2.599 7.853 3.02 68.90 5.226 2.627 
30 0.6920 625.80 523.4 11.4 5.363 2.628 7.991 3.04 68.50 5.310 2.682 
31 0.7330 631.70 529.3 13.l 5.378 1.671 8.049 3.01 67.90 5.360 2.689 
32 0.7730 641.60 539.2 13.8 5.434 2.707 8.14] 3.01 67.40 5.424 2.717 
33 0.8140 651.60 549.2 14.6 5.487 2.750 8.238 3.00 66.80 5.494 2.744 
34 0.8350 656.60 554.2 14.9 5.513 2.772 8.285 2.99 66.50 5.528 2.756 
35 0.8540 662.50 560.1 15.3 5.549 2.786 8.335 2.99 66.30 5.561 2.775 

'------------ HOLCOMB FOUNDATION ENGINEERING CO.-----------' 
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Holcomb Foundation 
Engineering Co. 
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Engineering Co. 
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Description of Material 

Surface Elevation 
7" Topsoil 
Grey Mottled Brown Sllty CLAY (CL) 
with trccl!t of send 

Brown Mottled Gray Silty CLAY (CL) 
with sand and pebbles 

Grav ~MA"I lo 

End of Boring 0 _, 9.0' 

During Drilling. 

Client: 
. 

Williamson County Energy 
Marion, Illinois 

j Date of Boring 

1 
December 5. 2005 

I ProJ•ci No, 

H-05278 

.,J 
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CALCULATION BRIEF 
FOR 

CHARACTERIZATION OF SAND-LIKE AND CLAY-LIKE 
SUBSURFACE MATERIALS 

POND CREEK COAL REFUSE DISPOSAL SITE - SOUTH CELL 

OBJECTIVE: 

REFERENCES: 

To characterize subsurface materials including coarse coal refuse, fine coal 

refuse and residual soils encountered at the Pond Creek South Cell refuse 

disposal facility. Materials are characterized as either sand-like or clay-like 

in accordance with various pertinent references shown below and included 

within the "Draft" Mine Health and Safety Administration (MSHA) 

Engineering and Design Manual, specifically Chapter 7: Seismic Design: 

Stability and Deformation Analyses, March 2007. 

1. Illinois Department of Natural Resources, Office of Water Resources, Construction and 

Maintenance of Dams, Part 3702, Chapter IX .. 

2. Mine Safety and Health Administration, "Draft - Engineering and Design Manual, Coal 

Refuse Disposal Facilities, Chapter 7 - Seismic Design: Stability and Deformation 

Analyses," dated, March 13, 2007. 

3. Civil & Environmental Consultants, Inc. Calculation Brief Entitled "Summary of Piezo

Cone Penetration Testing," Pond Creed Coal Refuse Disposal Site, BEG, dated 12/21/07. 

4. Civil & Environmental Consultants, Inc. Calculation Brief Entitled "Normalized PS-CPT 

Data and Parameter Correlations," Pond Creek Coal Refuse Disposal Site, BEG, dated 

12/28/07. 

5. Civil & Environmental Consultants, Inc. Calculation Brief Entitled "Summary of 

Laboratory Testing," Pond Coal Refuse Disposal Site - South Pond, BEG, dated 7/8/08. 

6. Boulanger, R.W. and Idriss, I.M. (2004). "Evaluating the Potential for Liquefaction or 

Cyclic Failure of Silts and Clays," Report No. UCD/CGM-04/01, Center for Geotechnical 

Modeling, Department of Civil and Environmental Engineering, University of California, 

Davis, California. 
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7. Robertson, P.K., (Fear) Wride, C.E., List, B.R., Atukorala, U., Biggar, K.W., Byrne, 

P.M., Campanella, R.G., Cathro, D.C., Chan, D.H., Czajewski, K., Finn, W.D.L., Gu, 

W.H., Hammarnji, Y., Hofmann, B.A., Howie, J.A., Hughes, J., Imrie, A.S., Konrad, 

J.-M., Kiipper, A., Law, T., Lord, E.R.F., Monahan, P.A., Morgenstern, N.R., Phillips, R., 

Piche, Plewes, H.D., Scott, D., Sego, D.C., Sobkowicz, J., Stewart, R.A., Tan, S., Vaid, 

Y.P., Watts, B.D., Woeller, D.J., Youd, T.L., and Zavodni, Z., The CANLEX Project: 

Summary and Conclusions. Canadian Geotechnical Journal, 2000, Vol. 37, No. 3, June, 

pp. 499-504 

8. Youd, T. L. et al. (2001). "Liquefaction Resistance of Soils: Summary Report from the 

1996 NCEER and 1998 NCEER/NSF Workshops on Evaluation of Liquefaction 

Resistance of Soils," Journal of Geotechnical and Geoenvironrnental Engineering, ASCE, 

Vol. 127, No. 10, pp. 817-833. 

9. Blight, G. E. and Bente], G. M., (1983) "The Behaviour of Mine Tailings During 

Hydraulic Deposition," Journal of the South African Institute of Mining and Metallurgy, 

April 1983. 

GENERAL: 

Reference (Ref.) Number (No.) 1 presents the following guidelines regarding the methods of 

testing, analyses and computations which must be completed and submitted with an application 

to support an owner's request for abandonment of a disposal impoundment darn: 

1. The classification of the existing condition of the impounded material with respect to its 

fluid nature; 
2. The liquefaction potential of the impounded material and the related stability of the 

containing dam; 
3. The final surface configuration for the impounded materials, especially from any surface 

water impounding characteristics and the erosion potential of the surface material; and 

4. The establishment of a follow-up inspection schedule to ensure the proposed plans have 

been effective and the submittal of record drawings. 

This, and subsequent calculation briefs prepared by Civil & Environmental Consultants, Inc. 

(CEC), address the characterization of the impounded fine coal refuse and the liquefaction 

potential of the fine coal refuse and related stability (i.e., Requirements 1 and 2 above). Alliance 

Consulting, Inc. (Alliance) will provide the final surface configuration and the follow-up 

inspection schedule. 
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From Ref. No. 2, the basic elements for seismic design and analysis are: 

1. Characterize the subsurface materials; 

2. Evaluate if design earthquake will trigger strength Joss; 

3. Evaluate seismic stability using post-earthquake strength parameters; and 

4. Evaluate deformations. 

Therefore, the first step for both abandonment and seismic design and analysis is to characterize 

the subsurface conditions to evaluate the fluid nature and whether any zones have the potential 

for strength loss due to earthquake shaking (i.e., liquefaction potential). Previously, the materials. 

making up the coarse refuse dike and underlying residual soils were evaluated using piezo

seismic cone penetration testing (PSCPT) (Ref. Nos. 3 and 4) as part of the deformation analyses 

of the South Pond. Subsequently, and as part of the abandonment evaluation, laboratory testing 

(Ref. No. 5) and characterization of the fine coal refuse retained behind the embankment was 

performed as described below. 

For many aspects of seismic stability analyses described in Ref. No. 2, coal refuse and natural 

soils are referred to as sand-like or clay-like depending on whether they exhibit monotonic and 

cyclic undrained shear loading behavior that is fundamentally more similar to that of either sand 

or clay. This differentiation is significant primarily if the material is loose enough (sands) or soft 

enough (clays) that it is potentially susceptible to strength loss. 

SUMMARY OF POND CREEK FIELD AND LABORATORY TESTING/RESULTS: 

CBC developed, implemented and oversaw a detailed and thorough field testing program 

consisting of performing PS-CPT at several sounding locations throughout the Pond Creek site, 

including the ongoing South Pond impoundment. PS-CPT was executed at Pond Creek by 

ConeTec, Inc. (ConeTec) of West Berlin, New Jersey. Also, Alliance provided bulk (bucket) 

samples of fine coal refuse, which were obtained for subsequent laboratory testing. Geotechnics, 

Inc. (Geotechnics) of Pittsburgh, Pennsylvania performed consolidated undrained triaxial shear 

strength laboratory testing of the fine coal refuse materials. Ref. Nos. 3 -5 present summaries of 

the field and laboratory testing programs and Appendixes A - C of the Pond Creek abandonment 

report present the results of the field and laboratory testing. 
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PIEZO-SEISMIC CONE PENETRATION TEST RESULTS SUMMARY: 

Generalized South Cell CPT Profiles from the October 2007 field testing presented in Ref. Nos. 
3 and 4 indicated the following: 

CPT-1 CPT-2 

EL 482.19 - Surface Elevation EL 494.21 - Surface Elevation 

15 .3 feet - Depth to Static Ground Water 38.8 feet-Depth to Static Ground Water 

0 - 18.4 feet - Residual Soil 0 - 32 feet - Coarse Refuse 

Refusal at 18.4 feet - Bedrock 32 - 45.3 feet - Residual Soil 

Refusal at 45.3 feet - Bedrock 

CPT-2A CPT-3 

EL 492.40 - Surface Elevation EL 466.98 - Surface Elevation 

37.0 feet- Depth to Static Ground Water 11.1 feet - Depth to Static Ground Water 

0 - 29 feet - Coarse Refuse 0 - 22.2 feet - Residual Soil 

29 - 41.7 feet - Residual Soil Refusal at 22.2 feet - Bedrock 

Refusal at 41. 7 feet - Bedrock 

CPT-4 CPT-5 

EL 482.55 - Surface Elevation El. 482.55 - Surface Elevation 

21. 7 feet - Denth to Static Ground Water 34.4 feet - Depth to Static Ground Water 

0 - 18.9 feet - Residual Soil 0 - 29 feet - Coarse Refuse 

Refusal at 18.9 feet - Bedrock 29 - 49.2feet -Residual Soil 

Refusal at 49.2 feet - Bedrock 
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CPT-SA CPT-SB 

El. 483.00 - Surface Elevation EL 479.90 - Surface Elevation 

35.9 feet- Depth to Static Ground Water 28.0 feet-Depth to Static Ground Water 

0 - 29 feet - Coarse Refuse 0 - 19 feet - Coarse Refuse 

29 - 53.2 feet - Residual Soil 19 - 39.7 feet- Residual Soil 

Refusal at 53.2 feet - Bedrock Refusal at 39.7 feet - Bedrock 

Cone penetration testing results for CPT-1, CPT-2, CPT-2A, CPT-3, CPT-4, CPT-5, CPT-5A 

AND CPT-5B presented in Ref. Nos. 3 and 4 indicated the following: 

CPT-1 CPT-3 

Residual Soil Residual Soil 

(Layer Thickness = 18.4) (Layer Thickness = 22.2) 

Avg. Tip Stress, Qc avg. = 79 tsf Avg. Tip Stress, Qc avg.= 43 tsf 

Avg. Fines Content, FC av_g. = 27% Avg. Fines Content, FC avg.= 32% 

Avg. SBT Index, Ic = 2.38 Avg. SBT Index, le = 2.49 

CPT-4 

Residual Soil 

(Layer Thickness = 18.9) 

Avg. Tip Stress, Qc avg.= 64 tsf 

Av_g. Fines Content, FC avg.= 28% 

Avg. SET Index, Ic = 2.41 
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CPT-2 CPT-2A 

Coarse Coal Refuse Coarse Coal Refuse 

(Laver Thickness= 32') (Layer Thickness = 29') 

Avg. Tip Stress, Qc avg.= 54 tsf Avg. Tip Stress, Qc avg. = 45 tsf 

Avg. Fines Content, FC avg.= 24% Avg. Fines Content, FC avg.= 22% 

Avg. SBT Index, Ic = 2.30 Avg. SBT Index, le= 2.23 

Residual Soil Residual Soil 

(Layer Thickness= 13.3') (Laver Thickness= 12.7') 

Avg. Tip Stress, Qc avg.= 47 tsf Avg. Tip Stress, Qc avg.= 86 tsf 

Avg. Fines Content, FC avg. = 60% Avg. Fines Content, FC avg.= 48% 

Avg. SBT Index, Ic = 2.99 Av_g. SBT Index, le= 2.80 

CPT-5 CPT-5A 

Coarse Coal Refuse Coarse Coal Refuse 

(Layer Thickness = 29') (Laver Thickness = 29') 

Avg. Tip Stress, Qc avg. = 50 tsf Avg. Tip Stress, Qc avg.= 37 tsf 

Avg. Fines Content, FC avg.= 23% Avg. Fines Content, FC avg. = 24% 

Av_g. SBT Index, le = 2.24 Avg. SBT Index, le = 2.29 

Residual Soil Residual Soil 

(Layer Thickness = 20.2') (Layer Thickness = 24.2') 

Avg. Tip Stress, Qc avg. = 66 tsf Av_g. Tip Stress, Qc avg.= 49 tsf 

Avg. Fines Content, FC avg. = 64% Avg. Fines Content, FC avg.= 56% 

Avg. SBT Index, Ic = 3.04 Avg. SBT Index, Ic = 2.94 
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CPT-SB 

Coarse Coal Refuse 

(Layer Thickness = 19') 

Avg. Tip Stress, Qc avg.= 41 tsf 

Avg. Fines Content, FC avg.= 19% 

Avg. SET Index, le= 2.15 

Residual Soil 

(Layer Thickness= 20.7') 

Avg. Tip Stress, Qc avg.= 63 tsf 

Avg. Fines Content, FC avg. = 51 % 

Avg. SET Index, le = 2. 84 

Cone Penetration Testing Results-Shear Wave Velocities 

Shear Wave Velocity Shear Wave Velocity 

Coarse Coal Refuse Residual Soil 

CPTNo. (ft/sec) (ft/sec) 

Max. Min. Avg. Max. Min. 

CPT-1 NA 1402 645 

CPT-2 1284 1029 1120 1173 795 

CPT-2A 1169 895 1042 1256 780 

CPT-3 NA 1058 569 

CPT-4 NA 1242 476 

CPT-5 1190 936 1063 1599 780 

CPT-5A 1396 779 1064 1580 728 

CPT-5E 1517 818 1080 1649 686 

080-851 

OF /t.-

Avg. 
905 
957 
918 
765 
817 
947 
1005 
978 
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LABORATORY TESTING RESULTS SUMMARY: 

Ref. No. 4 and Appendix A present the details and results of the June 2008 laboratory testing 

program performed by Geotechnics. The following summarizes laboratory testing results of each 

of 2 buckets of fine coal refuse sampled from the South Pond impoundment. 

Bucket 1 Bucket2 

Fine Coal Refuse Fine Coal Refuse 

Moisture= 85.8 % Moisture= 94.4 % 

Passing No. 200 = 92.8 % Passing No. 200 = 92.6 % 

Passing No. 40 = 99.4 % Passing No. 40 = 99.3% 

Plasticitv Index = 17 % Plasticity Index = 17 % 

Avg. Strain to Peak= 15.1 % Avg. Strain to Peak= 11.0 % 

Normalized tip stress and fines content with depth for CPT-1, CPT-2, CPT-2A, CPT-3, CPT-4, 

CPT-5, CPT-5A and CPT-5B including a summary of pertinent average field and laboratory test 

results for each material layer are attached. 

CRITERIA AND METHODOLOGY: 

From Ref. No. 2, the firsl slep common to all approaches is to review the subsurface conditions 

at the embankment to evaluate whether any zones have the potential for strength Joss. For this 

initial screening step, saturated to nearly saturated sand-like materials with N1,6o values less than 

15 blows per foot (bpf), or qc1 (or Qc) values less than 75 tons per square foot (tsf), should be 

considered potentially susceptible to strength loss. Ref. No. 2 noted these values are likely too 

conservative and apply only to clean sands. Their application to silty sands and sands with high 

fines content, which are more representative of fine coal refuse, will likely be overly 

conservative. 
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Generalized field-related CPT-derived criteria noted in various references within Reference 2 

include: 

Sand-like: Fines content < 50% or PI< 12% 

Loose: SPT N1,60< 15 or CPT q01 > 75 tsf, & SBT Ic < 2.6 orF, < 2%). 

Clay-like: Fines content > 50% and PI> 12% 

Soft: OCR< 5, Sufcr' v < 1.0, CPT Q, < '.?0 tsf & SBT Ic > 2.6, SPT N1,60 < 8 

CPT data may be used in conjunction with Atterberg limit data (criteria shown below) to 

differentiate sand-like from clay-like material. CPT Soil Behavior Type Index (le), as described 

in Robertson and Wride 1998 and reproduced in Youd et al. 2001, values below 2.6 should be 

considered sand-like. Ic values above 2.6 may be considered clay-like. 

Generalized laboratory results criteria noted in various references within and in Ref. No. 1 

include the following Atterberg Limit and sieve criteria: 

Atterberg Limits. 

• Material should be considered sand-like if any of the following three (3) criteria apply: 

1. The material has less than 35% particles by dry weight passing the No. 40 sieve and less 

than 20% by dry weight passing the No. 200 sieve; or 

2. The material has 35% or more particles by dry weight passing the No. 40 sieve and 20% 

or more particles by dry weight passing the No. 200 sieve, but the fraction finer than the 

No. 40 sieve has a PI of less than 12%; or 

3. The material has 20% or more particles by dry weight passing the No. 200 sieve, but the 

fraction finer than the No. 40 sieve has a PI of less than 20%. 

The material may be considered clav-like if any of the following two (2) criteria apply: 

1. The material has 35% or more particles by dry weight passing the No. 40 sieve and 20% 

or more particles by dry weight passing the No. 200 sieve, and the fraction finer than the 

No. 40 sieve has a PI of 12% or higher; or 
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2. The material has 20% or more particles by dry weight passing the No. 200 sieve, and the 

fraction finer than the No. 40 sieve has a PI of 20% or higher. 

Atterberg limit criteria include as sand-like some materials that are considered clay-like by some 

investigators (e.g. Boulanger and Idriss, 2004, who suggested a break between sand-like and 

clay-like behavior at a PI of 7% ). The intent is to classify borderline materials as sand-like to be 

conservative. 

Another key factor in differentiating loose sand-like material from soft or medium clay-like 

material, for the purposes of seismic stability and deformation analyses, are the strain at peak 

undrained strength and the abruptness of the drop-off in shearing resistance as strains increase 

beyond the strain at peak. Loose sands and highly sensitive clays can reach Sup at small strains, 

and experience abrupt drop-off in resistance at higher strains. Most clays tend to reach Sup at 

higher strains, and tend to experience more gradual and limited drop-off in shearing resistance at 

higher strains. Fine coal refuse deposits often include materials falling within both 

classifications, and near the boundary of these two types of behavior. 

Loose materials with shear strain at peak strength of less than 2% in an undrained monotonic 

(non-cyclic) test, and a rapid drop-off in resistance after reaching peak strength, are considered 

sand-like. Loose or soft materials with shear strain at peak strength of more than about 5%, and 

a gradual drop-off in resistance after reaching peak strength are considered clay-like. Materials 

with strain behavior between these descriptions are considered borderline and, to be 

conservative, should generally be analyzed as sand-like. (Note that shear strain in an undrained 

triaxial test is 1.5 times axial strain.) 

Soil, rock, and mixtures of soil and rock that are not coal refuse such as the underlying starter 

embankment will be referred to as natural soils. Natural soils may be described as sand-like, or 

clay-like, using the same general criteria as refuse. 
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CPT-1. CPT-2. CPT-2A, CPT-3. CPT-4. CPT-5. CPT-SA AND CPT-SB AVG. 

WEIGHTED AVERAGE FIELD AND LAB RESULTS SUMMARY 

Coarse Coal Refuse (138') 

Avg. Tip Stress, Qc avg.= 46 tsf 

Avg. Fines Content, FC av!!. = 23% 

Avg. SBT Index, Ic = 2.25 

Fine Coal Refuse 
Avg.% Passing No. 200 = 92.7% 

Avg.% Passing No. 40 = 99.4 % 

Avg_ Plasticitv Index= 17% 

Avg. Strain to Peak= 13.1 % 

Residual Soil (150.6') 

Av!!. Tio Stress, Qc av!.!:. = 61 tsf 

A v_g. Fines Content, FC av!!. = 46% 

Avg. SBT Index, Ic = 2.73 

Plots of individual and average normalized tip stress with depth are included with an attached 
complete copy of Ref. No. 4. 
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CONCLUSION 

Based on the information presented in this calculation brief, the following material characteristic 

designations were determined for the coarse coal refuse, fine coal refuse and residual soil: 

Coarse Coal Refuse: Medium Dense Sand-Like; 

Fine Coal Refuse: Medium Stiff Clay-Like; 

Residual Soil: Medium Dense Sand-Like and Medium Stiff Clay-Like. 

Further, the results of the laboratory testing indicate that the fine coal refuse is clay-like based on 

an average 93% passing the No. 200 sieve and plasticity index of 17%. Peak and steady-state 

undrained strengths presented in Appendix A were reached at generally high strains (between 8 

and 18%), and there was very little drop off from peak to steady-state with increasing strain. The 

results generally indicated a higher resistance to strength loss (and flow) due to the large strains 

required to exceed the peak strength and correspondingly small decrease to the steady-state 

strength at higher strains. Further, previous deformation analyses results indicated induced shear 

strains from the PGA at less than 0.1 %, which is well below a threshold (peak) triggering strain 

of the material. 

The susceptibility of the embankment and impoundment to a liquefaction flow failure is a 

function of both the undrained strength (worst case steady-state strength) and the in-situ driving 

shear stress on a critical failure plane passing through the critical layer fine coal refuse material, 

which is further addressed in subsequent calculation briefs. 
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CALCULATION BRIEF 
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NORMALIZED PS-CPT DATA AND PARAMETER CORRELATIONS 

POND CREEK COAL REFUSE DISPOSAL SITE 

072046 

OF 

OBJECTIVE: 

Use data recorded during the piezo-seismic cone penetration testing (PS-CPT) at the 

Williamson Energy, Pond Creek Coal Refuse Disposal facility located in Williamson 

County, Illinois to correlate various index and strength properties. Also, nearly 

continuous profiles with depth of various applicable engineering properties of the refuse 

and sub grade soil materials in the fifteen ( 15) soundings tested at the Pond Creek facility 

are tabulated and attached. 

REFERENCES: 

1172046 

~ 

I. Bowles, Joseph E. (1984) "Physical and Geotechnical Properties of Soils," Mc-Graw 

Hill. New York: 367-369 and 393-396. 

2. Civil & Environmental Consultants, Inc. Calculation Brief Entitled "Summary of 

Piezo-Cone Penetration Testing," Pond Creek Coal Refuse Disposal Site, BEG, dated 

12/21/07. 

3. ConeTec, Inc. (2007), Field Report Entitled "Presentation of CPTU Test Results for: 

Pond Creek Mine - Williamson County, Illinois, December 10, 2007. 

4. Robertson, P.K ( 1998), "Applications Guide - CPT" **Fax** 

5. Robertson, P.K., et.al. (1992) "SPT-CPT Correlations," Journal of Geotechnical 

Engineering, ASCE 109 (11): 1449-1459. 
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Vancouver, B.C., Canada 

7. Robertson, P.K and Campanella, R.G, (1983), "SPT-CPT Correlations," Journal of 
Geotechnical Engineering, ASCE Vol. 109 No. 11, pp. 1449-1459. 

8. Civil and Environmental Consultants, Inc. Calculation, "Calculation Brief for 
Estimation and Summary of Engineering Properties Including Peale Undrained Shear 
Strength for Refuse and Subgrade Materials," Pond Creek Coal Refusal Site, BEG 
12/28/07. 

METHODOLOGY: 

07204-6 

Using laboratory-derived unit weights for the coarse coal refuse and residual soil layers, 
provided by Alliance Consulting, Inc. (Alliance), the following parameters are correlated 
based on established CPT correlations (References 2, 3, 4, 5, 6 and 7) and the data 
collected during the Pond Creek Piezo-Seismic Cone Penetration Testing subsurface 
investigation (Ref. 2): 

• Total stress (crv) 
• Effective stress (crv0') 

• Pore pressure (U eq) 

• SPT N6o correction factor (Cn) 
• SPT blow counts at 60% energy (N 60) 

• N6o corrected for overburden ((N 1)60) 

• Corrected tip resistance ( qc) 
• Fines content (F ,) 
• Effective friction angle ( q>) 
• Soil Behavior Index (10) 

Undrained shear strength (Su) was also correlated, and is discussed separately in the 
calculation brief entitled Estimation and Summary of Engineering Properties Including 
Peale Undrained Shear Strength for Refuse and Subgrade Materials," (Reference 8). 
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ConeTec, Inc. (ConeTec) performed the PS-CPT and correlated the above noted 
parameters based on various unit weights that were correlated directly from the Soil 
Behavior Type (SBT) (Robertson and Campanella, 1989). The unit weights used by 
ConeTec were based on data interpolation and thus require modification to reflect the 
laboratory derived unit weights of the coarse refuse and residual soil, which were 
provided by Alliance. Therefore, laboratory-derived unit weight for each of the layers 
was used to correlate the applicable parameters, particularly total and effective stresses, 
which are used throughout the calculations. 

PSCPT correlations were based on much of the work described by Robertson and 
Campanella (1998, 1992, 1989, 1988, 1983). During field testing, ConeTec measured 
four parameters insitu, which were not correlated. They include the recorded tip 
resistance (AvgQt), the recorded side friction (AvgFs), the recorded friction ratio 
(AvgRt) and the pore pressure generated by the CPT probe (AvgUd), all of which were 
used in subsequent correlations. The soil behavior type (SBT) was also determined by 
the ConeTec, and was based on observations and readings of the four parameters just 
listed. 

The following paragraphs briefly describe the parameters as well as providing a 
definition of the parameter and any additional calculations needed: Total stress and 
effective stress are both used in many of the correlations, and are related to each other by 
the presence of water in the form of pore water pressure. Total stress was defined as: 

crv = (y * H) / 2000 (lb/ton) 

where: crv = total stress (tst) 
y = unit weight (pct) 
H = depth of the sample (ft) 
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Pore pressure is defined as: 

Ueq = (yw * H) / 2000 (lb/ton) 

where: Ueq = pore pressure (tsf) 

PROJECT NO. 

PAGE 

DATE 

Yw = unit weight of water (pcf) 
= 62.5 pcf 

H = depth of the sample (ft) 

The difference between the two determines the effective stress: 

Gvo' = CTv - U eq 

where: Ueq = pore pressure (tsf) 
CJv = total stress (tsf) 
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The PS-CPT sampler correlated the number of blows per foot, without the overburden 
correction, to the tip resistance measured as the probe was advanced. This gave measurements 
of N6o every 0.2 meters. Corrected for overburden, the measured tip resistance was then 
calculated: 

qc = AvgQt- (1 - 0.85) * U 

where: AvgQt = measured tip resistance (tsf) 
0.85 = area ratio of the PS-CPT probe 
U = measured pore pressure (tsf) 

This corrected tip resistance (q0 ) was used along with the soil behavior type index (le) and 
atmospheric pressure to give the recorded N60 value by the equation: 

0720-16 

N50 = (qc /Pa)/ 8.5 * (1 - (Ic / 4.6)) 

where: qc 
Pa 

le 

= corrected tip resistance (tsf) 
= atmospheric pressure ( tsf) 
= 1.058 tsf 
= soil behavior type index ( dim) 
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and: le = ((3.47 - Log10(Q))2 + (Log10(F) + 1.22)2) 0-5 

where: Q 

F 

= normalized cone penetration 
resistance ( dim) 

= normalized friction ratio (pct) 

and: Q = (qc - <Jv) / CTvo' 

where: qc = corrected tip resistance (tsf) 

crv = total stress = ( y * H) I 2OOO(lb/ton) 
(tsf) 

CTvo' = vertical effective overburden (tsf) 

and: F = 100% * AvgFs I (qc - CTvo'l 

where: AvgFs= recorded side friction (tsf) 

qc = corrected tip resistance (tsf) 

CTvo' = vertical effective overburden (tsf) 
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Once Nso and Civo' had been calculated, a correction factor (Cn) was applied to 

Nso to give (N 1)so: 

where N so = Number of blows/foot to advance 1.5 
feet 

Cn = (<Jv0 ')-0-5 (dim) 

Using tip resistance, corrected for overburden, and effective overburden the effective 

friction of the material in the Pond Creek facility could be calculated (Robertson, 1989). 

This was done using the following calculation: 

f = tan-1[(1/2.68) * (Log10 (qc / Civo') + 0.29)] 
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where: qc = corrected tip resistance (tsf) 
CTvo' = effective vertical stress (tsf) 
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Similarly, the fines content was correlated from PS-CPT data but was not used in any 
further analysis. The fines content was correlated using the soil behavior type index, L,, 
as defined above. To determine the fines content of the material, the following 
relationship was used: 

Fe = (1.75 * I0
3-25 - 3.7) 

where: = fines content (%) 
= soil behavior type index (dim) 

RESULTS: 

The results of the correlations between PS-CPT data recorded during field testing yield a 
profile of geotechnical parameters at the 15 sounding locations tested at the Pond Creek 
facility. Effective and total stresses provide an indication of the stresses being 
experienced insitu, and generally will increase as material is placed on top of the existing 
materials to the lines and grades of the proposed final geometry. 

In-situ effective friction values were correlated using in-situ corrected tip resistance and 
effective overburden pressures for the 15 soundings tested at the Pond Creek facility. 

CONCLUSIONS: 

07204G 

Summarizing, data recorded during PS-CPT field testing was used to correlate index and 
strength parameters for comparison to limited laboratory testing at discrete sample 
locations and to develop nearly continuous profile(s) of engineering properties with depth 
to model the variability of the insitu conditions at the Pond Creek facility. 

Based on modified results, the correlated parameters from PS-CPT are generally 
consistent with each other and similar parameters determined from similar materials at 
other refuse facilities, and from laboratory testing of discrete samples. Therefore, in 
general, a reasonably high confidence level exists applying/using the results of the PS
CPT correlations to the 15 profiles shown in the attached tables. 
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Civil & Environn'len.tal Consultants, Inc. 
Williamson Energy Pond Creek 

PROJECT Deformation Evaluation PROJECT NO. 072046 
Normalized PS-CPT Data and Parameter 
Correlations PAGE ftl OF 'i'B 

MADE BY __ B_E_G_ DATE 12/28/07 
CHECKEDBY * 

NORl'.1ALIZED AND IVIODIFIED BY CEC 
CONETEC, INC. - CPT DATA AND CORRELATED PARAMETERS 

POND CREEK-WILLIAivlISON COUNTY, H,LINOIS 
CPT-2A 
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ConeTec hie. 
lnlerprela!ron r 
Aun No: 
Job No: 
Client· 
ProIecl: 
Site: 
location: 
Cone: 
CPTDale: 
CPT Time: 
CPT FIie: 
Northing (P): 

Easting (f ): 
Elevation (rt): 

User !npul~: 

Assumed: 

•1pretalfon 
{~")ease 1.22 Rev. Format: NU 

; 07-1210·1008·4556 
' 07-804 

Imperial 

Civil & En11ironmen1al Consultanls 
Pond Creek Mine. WIiiiamson County, tlllno!s 
CPT-2A 
Pond Creek Mine 
20TON AD211 
07/30/10 
14:50 
804CP02A.COR 

0.000000 
0.000000 
492.4 

Water Tar Dep!h r: ~ 
N!c 32.3 

/----\ 

Material Tvpes and Unit Weight (pc1} Phi Avg ~ ~ 
deq Isl Isl 

[ _qr!_ jCoarse Refuse E~? 3'1 .1,filL _1._~~ · 
_ •<!t, ResldualSoll JC!{~ ;-,:in ~.:i1 

Ground Surface Elev. ~ 
Sla!e Parameter: ~ CPT area raUo: ~ 
UnI1 Weight of Soil (pc!): ~See Below See Below Copied tram ConeTec CPT Data r-11e 

··----·-----·-----------------··----·------··----------· -----·-· ····-------------- ------·-----------------------------------

Fe Ava Jc Avo 
% % 

£f.fil..._2.23 
~.§ trt I ?ao 

Deplh Sample El. /\vgOt AvqFs Avgnf AvgUd 01n Flin le O F SBT U.Wt. TS1ress EStress Ueq Cn N60 (N1)60 Su qr. Fe Phi 
(H) (H) (tsf) (!sf) (%) {II) (Isl) (%) (pcl) (lsf) (tsf) (Isl) (blows/II) (blows/11) (Isl) (Isl) {%) (Deg.) 

11ilililillf ~l!~it'! ti~:lilt!1!flllffl~t ltl~iiitl~ii:Ji 
:1t§2a ;;=:':'J7?,:11§}i_i[a2:~i':i:,;:::--1;9a -':_,-;'!f.1.12 '"•'\.;o.55-' ·:a~rc1Ba9: .'.1:;53 2.22 · 63.48 · ,:_ 1.75_.- 7.~ ·." ··., 130.00 · ;o.970. '<·Q.970:;: o.060;.:i1.ofl;, , 13.A4:· . 1a.a4•:.·,;.-1,9bi '/r62,s7 • :19.'s2a7,/3a.o1 

. lS,25!3' '·,r17:1.Aa.:·~:-t,t17"•" '.' o:'nf . · J.46 .-0,62 ;53,0261· 1.dBf;l '>.23 53.6d 1.49 i 130.f.'O 0.892 0992 , 0.000· )1.00,r 11.68 , 11.7:ci /'ti3,13' . :M.i8:t 19.9666.';·37.11'" 

l 

" 



R
14536

!Jeplh 
(ft) 

Srtmpl 
(II) 

I'--·-·--·---··------····-·-···-·····--·-········-·--··-·-···-······-· -------·-·· 
1 'JI l\v!_lFS l\vgAI l\v~Ud Qin Aln le Q F SBT U. Wt 

-i) {Isl) (%) (It) (lsf) (%) (pd) 

/~!Es1ress Ueq en N60 • (N1)60 Su ·-- fir. 

(Isl) (tsf) (blows/It) (blows/It) (tsf) {!sf} 
Fe 
(%) 

Phi 
{Deg.) 

·~,~;-~e~-':;_~116.iH~tt?:_:,ifOt;·:··u,1fr".<.,,"-i . .38~ \ -.,g.s£> .. 2.so62 •_1.417. 2.30 <12._s2 1.<12 7. .. ·130.00 .1-01s 1.ri13 o.ooO o.99.i 9.1s ·. g_.72· :.1:333· .i4.6s·•·:22,369··":3s.7.i 
15:9-~2. \ 41a.4aa'.:,:\.;413_16?.>'. :'q.7" ·:· :-: :' -us:-·· •~:.:o.5.s -. 45.94mt:··· i.,i1a:,. 2.2d · 15.94. .. 1.47. ·· .. t· : .. '.· 130.00. ::: ,-i,034. . 1.034 o.oooi_ 6.983 · 10.70 . ; 10:52,. -; 1.471. ., i1a.ss._ '. ~l.7Ga_s-··s~.2o 

[iiR1~ii!~i;lli!E~tl!~j;i~iAili~iilli~tlilit 
;1a.2oa( q :. -'.414, 11:i:~;.-JOO.att-,_,.·. :, 2.as;:,,::·1:1'-< 2,82:.1 ~;~_i:;:f .21-1:1;~&t-24s1: :~.esBJS ,·2,~79 ~~ , '84:2542 .';12.,e_s,a+>,r: 1\ s-" _·< ;}-;1 ao,00_·:.:. 1 (1a~s21\q, rags:?· ·.:J--:'?~·~:6-;.0:919~~ ~~~A",F20:~334S ·:JtbsGag/:;;1 M.9' : ~1W16s~· ~•gg -s,is 

1, .. 20~1_-7,!.// < ! :11~.22~ ::;;~?1.?_Gc:;::1:h ~·?:5\: :;).· 1'.'.;fl~~:,;.1fit _.O.f~ :tc'i.:/, 1s: ~1~ //,?65B?.: -2.g~s72, .-)15_, l ~61 _1:12s?Br{; ;}J; ·l'-~t·0,:_1 :)3~.oo: ·•:· q t15~-') .3\~5q9;i ,: •: -~}~; • ~-~732;1134S~~;;1.ti1esb~ · ·1;.B~:3_?:<: 6p_,sa ··t, :·?.q,?~'.3( .;~~· 102: 
;·~ ~o.so~~-;-:t k~?~;~9?};; ~,-5:·:~:.;t:•q_,84,:'.f ;."\~i_3s:, --;: ~'•·p.a1/T,i ;4s;~soa~,1.ap11 ~/?-264!35 -'- .i1s:ea7a :~t~!l.?~si :~ '::·· ;--.\,;: :\• ~iaO.op ;:•:~ 1,g::i~~a~.:;1.-?a2a2~ )t'.k' 0t0;B~G~r1 ,.!JOG§~ 011.,,~a_sa.1:~ '.~a?.~'~" ';11?"d ~ "<-'-:" ~·-~·, :??1}. ~a_. 1e2· 
ln-~;8~~ ._l d ,: -i1-71 ;~ar~r.' 5S'.:1 s:·,', :'? (),_81_":1,/, \ff~ .4_;,\ :r.!,co:.\4: ;:;~_'!-1-~•19,~ : 1 :12?~11 2•3~229. ,' }j t949G:-t.4?591t ~ ; -ti . \!, '; ''·: 1 ao.oot .''! .354 15? .1.3§41 '15 t:i ·; ·::o:"•o:a?93 :.1,2!~4~~t-i1 ~r122q~~ /1J~,8{: :ts~_-:1 ~ ! • ;_:g2.~9s2;;;~--aS,66i 
_/tW~f1_·,,1:r L,1 ft··?~fi'i ~h~ ~ t t:~; :,O.l?JiP !',ij, /~,t ,~·i .-c:-':,.-~~;231\::.~i3•~9~~ ..... t.639if:2_.~269B'. · ~~:4$04:_,,,1,a~97j \·C ;~: ·:7.'. ·_;: z . :·, 1 ~o.oo · ' ~ :srs4 7. ~ ;a1s1s5:, \" :,:10 ·•o,a??( 1J:1~M.?/ :-:~}:1~1 ;-\·t~!lo3 ·_-1.,a1~_ 1-1 ',':.r_~a.S!lr13/ ~~:a1. 
1 ·.'21A89_;',:/ .1(4~!!iltH"7f8.39/?'-!1:'.2-1/ ~};'-'itClB);:·.;~:-:':'.o,o? "i),:i!Oi,8931 /2iH!~95 .. ,-;2,<11 Bi':':;_l1Q.~031:·2,12~00-•, , ·:. '1'. :: :,130,00 :: 1,3!1~79.'; :r.39~18~'/'. ,,'.-~'0' -t:t8'16i. '13,60713' ·11,se_t04·~~1°:~645·~;,isa.?f':~'. g7;w12}·.'.~?;'1Q4, 
::'' 21.,817 · :.•'·1~7!).683;_::.,168:58':,n\•'. \-1.4,.' .. 'i'?· ,;.2.05•·:: · _.:o.21- -,,, !17 ,3/303;2,0B~52 2..36<\.12. ·<11,3603 :2.0B.tS:f _;., ·:· ,7" :- ;.130.00· _.1.A.181 C 1 .418105; ;--_,;.o.' .. 0;8397 .. 15.68334· 13,,1699S-2_.07g$2 ~,~;68,S$,'/.·f24.9725, ~';36,SBli 
;-;~-t4s~:,;::=;47ti;?.s$;1~e~:3~f.'/,•;l,2:;i:,:ir;:~ :1;1:03,_,,:/'~-~o.,1~-\:·:,i2.~36j .:·' 2.084· ;~~123~:4?.336! · '2,0~4•/:· .. ,: :-, ._·1so.oo. _.:J,43943\43~•\?s · /t,o .o.as35 11:sos22':-i2.pgo~a.:!ttiil6;7J?,s.2_:aB~t2s.4Blf)s,J1!:i' 
1 22.4 t-a'.; t: :, 46~4?7!1)1.~s.~j :,.,,- _:.,,__1_.9.i:, t,·•t - · ·1--B?·;_.._,. · .. -0.23 · :, > -~1 .sn:kl ,a_92?6~ :_ 2.,1 :1-11;·.~7.a11s ,..;1 .89268 _; .':; . ._7..,: ,,,'.; :i1ao.oo: :. 1,,iso15 11w,01 .15 .:_:. ::~ o"C!, o.a2, 4 ;· l 3.:lt.i~7!?.l'lJJ.9~oo .1:,-Ji ;:p 12~,~i.:se.;i 1 i,~~~af ,o.1115''. i.35 •. ooa, 

:
1
: ~21~\'{~~~ ';~:~:_;;~~i~'.~;11:·if ,\~~:,4rti);1\ii;:((.t £~:~! }1:'i~_~3-~~-!}J~16~~;;-~_;:;:~g:;;\~~~~~{ ,f q~~~i-_: ~~Jii,if ~ ii~~~;i:g~;· /-1:§~~:J,:°jl ;:~~!~. :{'-/~;t·~::;!f ,::1-i9':7f ~[,:;:~n~t~I~:l~~l-J_.;~~J: /f ;i~~:f )·.;~:;::~i-

i- i-2s.-1ss ''."l-: s:16.e.a42,;;,;i1J:!i6•t-,-1·:,o.s1l t..-:)_:r.' 1;SSl,, ·.,. ::-0.04:_ -:-· 2,s,.2se1::1i:1+e4oss.- 2.so411,,... 2s.25es.,.._1.s<1855\~~••'. r.,:··'-: .. -'.l:m.oo• __ '.1;_s2411: ,.•1.s2ffi , . .._\\" .. ,;o1:o.8"o9&· ~0,.1393a . 1·a.2112_1-• •U394e-~, . .;:_iitsa~:;_.,· _-ao.fla99,:· s2<71s 

\i~~!lii! ~ii;i!!iJiiji\i~ltali!f ~:f n:~(1~i:i~i!Jl~!ii;i:1i~il!iii}ii!f mi:~l!!il~\!ilJe'~Illi;cJt:miiit{itm;:~.If~;~mr:~I!l!Im!!Il:mf ~i}lh!~f ]ii['lllil 
,: I ?.foqga ·:::.; 1 ~·4~7;~0~{:;,~_.09·~~:jJ~4f\i .:.::::.ts~ -1;);-: !O!Q:l,)fh~·11~132;'J.~~?~~:?·43~8,\,_. •. ~1 :~432': :1 .6323~; .. ::; ·, '7 _;~.> ':· ;·1ao.oo '. \'Jll~~.;i1,t1 .~31 ~!,-,:/::",~~ r, 0]6;!9l~2.~912: .~.8250~?~1:59~1~ '\ .53:69? 1;:-?r,9392 :: 03.~23' 
~ •i!5,4~F}i ;4a~~!f,t~·m:;~r,-~; .-y;tt~3:-;:t\'.':2.~1;1.'~_;·I:::t. o,9t .,'.:l?·~.§f1(l·: iso37~i-?-~~~~s\21_.61-r~J._~.soj~~'1:,:}.f;-6. ::: ;~; 1~0_.00 ,._ 1,s526f.'.. ).~52~9:·•'- r:o,:_o.~rr:1O:00201 '._1:7898<\~-"; r '1.105~-- ,'. ~7.31_:·. \3~,.~11s· .. ~~1.sa1 1 

' ·2s.16ilt ;; ;<166;~6J.:1l~9,67:\:_.i);~,.~lt·:::r.~;-~t>.~,: o.05.,::=~·.1.s;123g~~-.e641,1_.;,?,B1252 ~ -~5-i7~~g f~,~~7:·h\/,!f;:::/::;,':1soioo =:, 1.s14b~ -- -:1-:a_?401 .. :·_,,,., :_. ~:;,~~_.11~!);},~B7:242i:s_,Ss~1§;i:;:o.~§.675, ;_ :129.6T",i-"<1a.1,e_s. ,. ; 29,as 
1 : ;w;o~_2:\ .:; '.46f;/~1,~f~~~)8~fi°'"i,~.· ~;-1g; ~:"f: i\/2/1 ,;.'_ ,:.~:.:_ 9.p4?i }.1 &:~308 ,·2.~~36(t?-7~5~_8 ::J.6.fi39f_?:~~7.\ /~\~<;:~~,._'?}~~ 30.0.~ { i'~~ :69533,.; . .'~ ¥9533· :.; 1'.,;: :i •~ '.. '°' 0;7~~, 8.378~S5-_S.4.3.51_!U~f'. 0.~7~!.l_c;~:~9~8~i.: -;;,,u:.6g_10 '; ·29.823 
,: ·.2a.11:EJ;1 '.1~P\9.~9,;f1~,\7.6,}}f-t-O.§? iS}i(• :);a,?·f )f,;;~o,~ 1:,; \ ·:2~7:4_~~;/, 7-jWf~2.5~_5?4 ·;: 2~ 7~3?-·'. 1q_1 ao~/l~;. i'.,-t,\...!:.;::;, ·) ao.oo.:} 1. tl sa~ ~- · .!j16~?, ·:.;:\J:; _o :; D-????: ~ o,24~1 ~<{)l1 !92?-:: 1:,2~~t~-\40, ?:S~~fr _?a MO~· •t · 11_.a~ 
'.\.2p~~-1i:/) :46¥;~6 l','i~\3:):il f1) ;\\-_Q:,~~;.;;i;t',; -~;?g: ':· .. ;:l-:"··o:G:~'.: .. ;:-1 j:t9-l~~--?-~9qea ·. ~.80l li7 ·c-16.9i 68 ~ ~.89~96 ~11'I ~->· :'. ::_~ ~1 ~0,00 : '. ::i • nao~ . 1.'j3B035 ' l .f J· :,p !-0".~8~/&,85~5~' ;_,,, -6; 71_t~· :pi~i. 0~8 ,; :~3l:._1,4 i /.~9:·tO-I~'"' :2~.~35\ 
, :21.101;1~-ih\i t.il~s,2~1-:::;.-:~r;s:;};. 1f o,us:)x,: r3.4!:h~+-:: .;-o,_ t tfr ~ 1.H·-~a1{j_;_;:i;s-i~3a ,' ?-9) <100 't1 ~.~87~:1~.67638·;-:, :t ::?~ -::'-c .':' .1~~,09 ·.:; 1,_1?.~as : ~~759~5 ;'.:-'::'. ;r o _ .. o:'ts39,. 9.:Fo~as: ~-t1~1~a:,?.:efM?O~· : %{ ?H?-;:'-S_i.a1~a~t·:> '·.29_ 

_, :?1;9~s~~!it t4~~\l;!G!ii;K~\~~:~·-JJ:·/ .Q. 7,s.-;·;.:e<-Jo,s~_-,1. -'/.:. :: ~,Q~:: ·.-_.,;,,.cto.sBt .: a.~33~-'~;0~2?6 .. 1 o.s~1_: .~.9<133fi :;;;;:::·.s ,, : _;;./' · ·13~,.oo.-: ;1.1apss ·, 1. 1aoa1s r:·: ?: o, -o. ~'19-'l;.,~~0291 ?-,, s, 1 J.rr6i,;_.o; _sae~:t:\'.•,2o;Bi:iJ; ~, .,m~3' r gB.B!i3i 
:· 21:723f/;'_'.J :-,164~67.7/l,·3~(97/\,~i 0.92,:'.-''.,_ir:,&.1,e_·-:. ;,_:·.·,0141f:;'t17:2964;~L95174:,2.7999t :17.2908 ·2.95269 ·~:c,',6'.:_: ,:··.~ -130.00i · ,~1.002. 1.801995 ·i·::.·•r·,o;,o)d.il9 9;362~ii (tl'!'l4365'.;o,9649s,.;::·a2,96 •:-;•\'4S.988i1 ,.;.s_o.019:"! 
.. ,2a.Q5j;; /• r<l64-.3-'i!li('.:3'4;p~ t1·,:_{o'.1S'.l-:: j;,_{/2,"2/•';J.1-._._ o.56 :::Y:'11'.sSBa-·2:329ilg._;.-2_'i$1 ?j: 17.s52a '.2.330161->~+s:; ._' ·::•J:1ao.00J_.,,1.82a3;?•; 1._82a3l5.; •.:..: ·.·:-:-_{), ·o,7.!00_ .. 9_.301.ga· s .. 093266: 'tb:99s8·.P3'to,. 1.;;''4"-2:1)i2e·I:30;21S: 
. 2m319·'.·.~; A64,m?1i.:.130:2f:_:':1':b;5.ff'. :;;l.1:sa::i;)}:;0:39':,···; .1s:_3989~:i19!146·2.73!'.1&2 : 15.3989· 1_.97146'':i,-',~ 5,·, ;':":- 130,oo': 1.a-i.tGil 1,M4635.:;'· ";:,O• o:,aa:r a.a1s169.•6:i2biJ4S'.bJi794_2. ~f-:J0.25,!-/.',t2.~B39_f;:~g' 3:'1.t, 
'26.707: _: .. : .ti63,693}fa.S-":-1sl' Y- ·o.54'.',;;t· ·.:2.oa··:.'?/0:4"4·; ,:; ··1'3.'.175:,2.:19655 2.0220, •,·fa.16a-t.:2,1!:1744: . ::a .. 130.oo l,86598 t.865955 '·:.o o.7s2(.'t.so3sa~c-· 6.6G1364 li:i:mi1i~)!26:411':-:~,1rt.21cH·f. :2e:121:t 
29 03S <163.365 3S.6S O,Od i 79 {) ,12 1i./J!;l97 j 89!i!il3 2 ,::;~,u:1 li !1!!!:17 1 !;19!i5P. f: 12!-\ 0(' 1 !l~;-;,i. 1 tien;s O /! 727tl '::' ,173.i.02 88~1!,85!! l_{M52!l 35 1:15 :l!:1182['. 30.~·lm 
29.36.'.'I 463:0:~7 31,91 0.0 2./11 (J/1~ 1r• 77.!:i:'i £Jl\l976 2 8315~6 lS.7?:63 2.'!>lfll'f! f l;:"_f- OU U!077a l.!~Oi7if, 0 0.7?4 9,:Zt,~513 fi.70\.1?.~iS 0.9261;16 31 I;>\ <lij, Hi74 29.<l(l:, 
29.6Q1 ,162.709 78.ltl 1.79 2.27 ,1J.:~7 3!?8107 2.J~tt~S ;.!dfi1.i:; Ji'1?17,1 :?J:,!';!,;> !?f:0(' 1 ~P.~\;(1 1 9,!~2/!, {l O."O';)')t 1S,'i7~76 13~:.!18f. 2.:moae1 71:l? 28.!\59!} 3539;, 

<162.:!81 7! .d:? 2.,16 :J.,'6 19.1)6 ::1.1012 :u,m2s 2.573K\ 31 'jf;:Jl\ 3 :!•(;:,>:,;:; fl 1?.h l'{1 ' :••lf171: 1 tM~77[\ 0 CT 71{\;,\ 1!? !)tl:Jf>I 1:1 tl~jf<l 2.27'1(.,,"i 7f, 5J. 3d,CtlEl!i :w.02; 

,\62.053 -;;- .5?. "?.36 J23 -21.2d ,\G.3335 J.J2>33I ?.~n.;: :1"-:\!:1!:!l:i 3:!>.!o;iu 6 1'.-'5(JH l 'Jl')!,l:,P, 1 ;ltl!;l:.;n- 0 0;1.;-R HH,!;'"l:;'- •:-1:;i-,937 2i<'1!:19 ,:;_('if, :J<t:\f,7\\ 3<U!();:I 
,161.725 61 :ts 2.os 1:iti ·<'1.62 2;Ja~1:m 3_.1534H 2ti!lt!fl2 7.::1?:J~ 3.c1,153; r: 1?~•<!1:' 1~1:_1.071'- 1:l':'!77!i n r-;·ul:!!-l 10.1:;on.i 11.1n.w 1.:s:nrn r;1.1!cl 3f..?tlt,t ::i:i0~1 

.:!61.JS6 ,!f .32 1.36 .!5 -15\i:1 13Ht',72 fi_1fi9c'JfJ,l,-l?.d 131:'!t11J5.l-lflt'l'l l'.i!!'Uf'20\0.'.0 1?011l,1:1!'. fl07:Jt,;-l!l;l:<4,::l:~!lf,titJ:1t,;J:50Rtt.fi4 ?':',.\,! tl144h?> £1.l?.bl:: 

<lfil,068 ' )JI 1 :.!d 30!i ·12.77 1'1l1!i02 3 l!tfl4:;, ?.,W!_,!l5 141291':131~\ll.~ fi 125.f.lfl 2.!l:;10'!•1 :: 1r"'()tl:itt O O f()17 11 (i~'l;:l~i f!(Jfl5Hil:'i 1 .. WIM.1 -10/l~ J5.H!-?. 31}./<11 

:i.60.NO ,,, 64 1.:lti 10!'; -1F,f. a)7!ild ~!%3,1 2.7~6~1:, ;-:l)P,15 31/3!'11 o 1)/i!hl .,:<.lf,1~~ '.i,!,•f-1'.\\6 0 {.lf;!J!:I~· 1?..112;;,i f..liH!-13:: 1.:\l{H,J H75 43!i:-1l7 31,!!;I\;! 

.tfi0.412 " .t'.9 0.9:.:0 2Bti -HFi ln'.32213 2.i?.ll<l'.-1 2.7\ltj/d 1•.'i.:JY!:-9 ';'711tl1 ,; 1?.".(lf' ;>fftlf-1,1 ;.'<Ji'liJ;-1tl 1' O,rulilt 1t;i'07~<l i0~17~ri 1.0<17 ~!I> -lf;fltJli1 ~'9 721 

•160.084 41 A9 0.76 1,8•1 1!i~2 H"I.U2'lf, 19"1.!h:)!:> ;'600:? \t,/l;r.:, \9,0-1!6 ri 11.~()fl;(lH;,,~ '.-",\11-1?.'.~ 0 [_llj~1l l!l.\l':l;.'71 .'!',i''l!"'l;i\? 1:.>l!;)lll -11:J:' ,lU.J7J~ :ml'b<l 

,159.75\) ,, .62 0.f:17 I 9J 1i;_30, :?O !!i15 2.o,i,.;71 2.Q!,1-t W.llit>G ;?l;,tH•l tl lt,t,f,11 ;• 11:!1<<1 "11;,w•~ n 0rl!!H 11 i"'1•tf,7 Hn7zi-ttl<I 1.31l"i01 •\~ ;-7 379?.t!i :JU)!!~ 

<159.<128 "' .l:ll 0.07 207 12.813 :m.!l<l::!\ ?lllH) 2tl~<'.•l,;' ~t)~i(,tj :;!F.i21:'< I> ,,,~,l~.' ;;11:t,1tl ,it.t,i:$;'1~ (' ;,i;,,_i;· 1;.:,,:11rn.w !14..!Hlj;l;'l !'.1!!-315 -1fi..•1~ :1;·9m J1.~.t.l 

'1:J!-1100 ,, 78 Oii,1 lil:.? .11:,1 1$1~;g19:m~•·:,-:H<l<· 1(,iEl('J ti1;.•i-;1-1:1 I'• ,;•!,[)\l;•,;.11-1J~'1r,:'l1;f➔1: n•1i'i~1-1!ibl!'i/!5:~r-Oi.'.-Ji'Bf:5 I.OHJ1 ;l<:Hh <ld!,'573 i!!:!'.:"19 

JS8.772 ,, .97 0~,3 1d$ \111 \!.!_llj:~.: 2U~lt>\ ~ti<lC:<!i/ 1!/-1\t:-i!'l ?M)l(l!'\ I) 1'''•00 ,'\,'ol."l ;1N.1:1t\ !) IJ:i7tt? e'!'i//!i?. ~-!:,--~:Cl\7 o.,mm3 :!1'0,1 .t1-1~,r; ?.'if•~ 

J@.-1..14 ' ~-2 0.51 ~.Od li)9,'.l 1~-11:l15'2,2HJllf->2YIJ{,J1 1'1:'11'.:)-l.;".?lfl•• Ii '':!f.•~,;1:.4:1.t-:1<.Mf!.11'! ,1 0.f;f~ i'H~<\fl!-=.1.1mm!;ll).,·122~1 i!~•'i'!i ::i2<:15,: ;,:r-;·;~{1 

.!(,1:3 116 :!~ .l? o . .i.1 1?1 .\1181 9--1Ji;;;::1 2.1Qd7~ 1.;,:~1:;ii-. ~-16;?~1 ;;:!'-li•1 t- !<'!•'" 1;"1!).~•! .:;,1:<.•JI', n P,:-,:·1,1 ;,w1•.1<1n ~ l"lhtl9.~ o.6472 z:~1? i;,I.JJ101 2t1.o,r; 

r:!57 7B8 ,, .8H u.r.n 7,'d !0•19 !01"r.78 2.4730<'i 2.P<1:;15E \f).1:JB1 ~.l>if,.;~· r. 1•!5,(~' ?i!:lh,1-l ;:1:~~H'.·!I" (I O_ijtlf\8 771!i:'.2r:l f,15HI~:, 070106 2<1!J5 f,d,,701 2.ti.:i;:~ 
.15;.4t,g ' f.6 O.i'tl 2r:ii 1(\-!~ ll?.:\\92!:11%;;,;9<1:~,i !ll~!;l!•::,:1 1 /.\l,' ri •~·:->t•r ~.,r,,;<1 ):J!,tyl (1n:'lf!~;7f\!,!-/Zf);~!,;'j}ll,i'!l1~07H<1n;• Kl~b .. ~_00!11 ?.i,;(1;i 

-IS7. !3! ,o; .i'l 0.:i6 ,'~ti -10.21 H.471l()ll /.H:.1t153 ;il);r(l.19 ~!)l),\ij;_i ;!!l,Ct1>3,J ;', 1~'!-irm ?tll-\~ ~:-~~\./ /1 l!Gi:i>'; ,•:,;:J;H)l .!Hl!l)ri,1:1 O.;j;l;:'fi ;,:;.;1< :i!!.~i-iln ;!!"iJtF 
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,tS5.819 " 
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Depth 
(It) 

.l1 H93 

,18 2~'! 
.3R.5&9 
:uu.11; 
19 206 
,19 5:N 
'.19.862 
!.0, 1Q 
<10518 
40.6<16 
~ 1 1 lJ 

,,-.. ---- -------------------------------------- ---------- ----- --------- ----------- ------
'3arn. ( ';Qt AvaFs rwgR! AvqUd Qin Aln le Q F SST U.Wl. 

!~\ --------------····------·------------·----- ----

(h, ! .;!) (l~f) (%) (fl) (Isl) (%) (pc1J 
; ESlress UeQ Cn N60 (N1)60 Su nr, 

Ctsf) (1sf) (blows/II) (blows/It) (\sf) (tsl) 

45,! 5U7 1 is: 1_)')6 

4.54 179 23 26 0 72 
d53.~51 35.17 1 71 
d.5:i.523 7,17,1 '1.27 
·153.1!,ld \(M.68 15.22 
J52.866 152 53 fl,!~ 

J52.538 232.67 10.rn 
,!52.210 3Q1 .82 \J CIJ:\ 

JS\.ll82 50,t.SJ 1d,(]5 

d5I fi5J 352-8:1 lJ d7 

-15U!'ll; ,l,!€.29 lt, I 

3 i, 

:iua 
J.86 
!: 7 
S.9,t 
s :;s 
J. f;J 

::1 51 
2 Yt=. 

'' 
·~ •,1µ 

,1,t;-i 

~•.6 
.,J:ii~ 

12.7~ 
·l,l ill 
· 19.17 

·191;' 
18.27 

.19 !,J 

i IJ8 
!sfi\.i,:, 

>, 25\cl~i> •I JG;\.J ., ;•5~~;:. ri; <~::!I:' 1 :Jf,,ni'I 
S.!i,';K13 J-16259 J.mo;;;., Ii '.'ii"hfjF!. 1,1r,7f; 
13 39:M 5.23?.'.l\ :l.O•Lf!l-\1 !141)56 5 2~751 
29_,177:1 5.9{)7!>3, 2.8;;,!()5 ,:'\1 ~\l~ 5,9011 

d I 45'32 6.089~~5 2 i<!:i!)!:I :I 1 :00.\9 6 08~! ! 
tltl.57<13 5.0.t\)Q•I 2..59-lt':'. t;u ');;;:;!/ !i 6:Jti,13 
\l~ .. 1flHl_l. .; 68!l•H 2.,!IS92 !/:.? SJ.1 d fi6i1i 
1!i5!>01 3.!i812f 21B7'.N 1S;>S.'il 3:180;;;:<; 

1!19.8<1 2 97867 2 OhH;,!i l<J<J ijl-\!:; ;1 !-177!11-> 
I.ill 76A d, 1:uov ::'..lti5!J7 LU! 7!,J d 1:iJ!;,ti 
1,-:j' ;!,'! ,( :U;>{I' :• !~(l:'I \l'.j i' l'1 ., \15,..,1 

" " " " " 1~ ,,. 

•:15,1,1 ;,,1-1.-111;1:,, ,,;;:;1:;, l1\),>7Y 0!',<1.1.~ ');c;!-l:Mfl$ :J.~iO~!l<j t1•108i!9 
1 '15 ()<l ;-: -!hf;~:,? :? ,\,?.8~i.~ I) O:~t' 1 0.'34 1 7 ; Ht!P?,11 5 ll:',(l~tl6 0 6•1~77 
11!'-on 2,1m>11r; 2t-.1(1l's1 1J.o~s3 013<1r,:, 115-J1.<>.; 7.Jt\5724 1(nrn1 
! ·~:; 00 :.! 5Elt/ 2 •1'>2(}.,m O (Jf,~6 0 6-.ltll;-; ~)1.!j;!\'3 1 J >SD:J;;" t!.2J77f., 
1:.l!iO!l <:.5J~'ll\ 2A6,l'-18 01/fi!:le. 06:!71 <,8ti:!!Jf.!- 1!;;,'dC'lj! 3.162◄15 
1:1non Z55.t~S ?~75>:.ll-17 ()07A1 O.ri3!if, :11-\\121,18 ;>,J,7:l\l68 -1 fid.31? 

1:1!i(ll) ~57i'Ofl :C•lffl'i,J? r\Q(l9.~ 1)5:~<1 a;,J:j!,Qlfi ;)d.55(187 7.12:Jl'i2 
1:t'i :r,1 / 5\Jfl:'a ;! -"1-1\l·; u fJ99~ u c:~2:- ti;;:.%759 !i:.? H01,1 1;:i_o::i,r; 
i i'>.110 :, i:i:":r,· ~, 51 ittui:, o 1Hfltl 'J r.1-11 ;01 s;mr. t;-i 1J~.mry 1:i.5:m~; 
1:<5 •~) ;-, n,t,1'>1 2 ~;,:-,n1~- o 1;, n,~;,"~ 77 :ms·,r:, .1e.0~15(i 10.64!7 

!,<!· ,-) , ,itl!-<ri!, ;, ,.~~,•II<; 'I l\)~' ')l'l:!H H!;<.;;i!,f,l';I '>h H!;tll'.l 1J 171",' 

17 r, 
23.2!? 
:is.? 
7d 137 
1(),1,f' 

152.tl~ 

2::1~ '/fl 
3\-!1 ,13 
Sfl,l 61-
:J5<1 1H 
,J,:'i ?J 

Fe 
{%) 

Phi 
(Deg.) 

7i <\Oti~ '.,:3 ~IH 

5-1 !,i.'41 ",!5. :'lti6 
')I 26Hl :;'.t, <101 
tlil7ti6 3..151-1 
d 1 997d )5.~ 

:,snm,::: :u.1:-15-
27Qi:i<I!? <1015!:, 

1!,.:lld 4;.>.8.% 
i>l Sin\/ 4Hl!i5 
2\.c!t:1-1 <1:,1,.?64 
1 / \!S01 d..:~ 207 
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ConeTec In~. 

lnterprelalfon 0 
Aun No: 
Job No: 
Clfent: 
Project 
Site: 
Location: 
Cone: 
CPT Dale: 
CPTTime: 

CPT File: 
Northing {fl): 

EasUng (1!1 
Eleva!lon (fn: 

User Inputs 

Assumed: 

•pretalion 
/,·-~·!ease 1.22 Rev. Fonnat NU Imperial 
I 07-1210-1008-4528 

07-804 

Civil & Environmental Consultanls 
Pond Creek Mine - Williamson County, Illinois 
CPT-3 

Pond Creek Mine 
20TON AD211 
07/31/10 
07:09 
804CP03.COA 

0.000000 
0.000000 

466.98 

Waler Table De Ill 11): 
Nie: 32 3 
Stale Parameter: 
Unit Weight of Soil {pcf): 

OII:J 
~ 
~See Below 

Material Types and Unit Weigh! (pcfl Phi Avg. Su Avg. Qc Avg. Fe Avo. le Avg. 

dea Isl Isl % % 
C •=·~---]Residual Soil I J6.3" I 1 :1:: I ,1;• ;;:. ! 32.J!? I i .19 

Ground Surface Elev. Dill:] 
CPT area ratio: ~ 

See Below CcplerJ from GoneTec CPT Oala Fi!A 

Depth 
(H) 

------- ----------------- ----------------------------------------------- -----
Sample El. fwQOt 

(HJ (Isl) 

0 lti4 
U-1ij2 

0.82 
1 \<18 
\,,n'"f; 

1 60~ 
2.13:J 
1.,1/H 
:; 188 
J 1 li 
3 . .'14:", 
3 773 
.t.101 
~.<129 
,1.757 
5085 
5.113 
5.741 
0.0G9 
6.398 
6.726 
705'1 
7.382 
7.71 

8.038 
H.:l6b 
':) 694 
~1022 
9 J;i 
9.678 
1(1006 

10.335 
\Oii6:i 
10 !:191 
11,319 
11,6•17 
11.97!) 

1<'.30:~ 
12 631 
12.959 
1;i.28i 
13.615 
1J.9,t3 
1<1.?.71 

14.R 
14 9~H 

d1i6.81ti 
46i5Al:l6 
<\66.160 
~fiS.832 
-165,SU4 
1%.176 
1ti•Ul47 
lti4.519 
1,5,1.191 
IU3.863 
t63.535 
Hi'.J.207 
!62,879 
t62.561 
162.223 
(61.895 
!6U167 
161.239 
160.911 
160.682 
-l60J!5<1 
•159.926 
.!59.598 
,\59.270 
•l5R.9<12 
,lf;8.61<1 
•'-56 21;16 
'.!;7 958 
, s1.aao 
•-57.302 
, 56.974 

•56.645 
-ns 31"1 
~55.9Bg 
· 55.6131 
rtSS.33:3 
,tSS.005 

~54.677 
~ 5<1 -~l49 
~54.021 
~5;{,693 
d53.:J66-
'53.03/ 
tl52.709 
~52.380 
,;fi2.052 

1~ 21;s ~s1 :-2.: 

1::2.8 
<i2.<Lfi 
28.9,l 
23.<l:1 
32.5<1 
:10.02 
36.81 
3!2.<1~ 
33.21 
dl,98 

51.02 
61.<13 
66.35 
7n.01 
47,:.N 

35.26 
29.<15 
2:273 
20.62 
C3.'1•1 
16.'1.-I 
1d,l!'i 
17.36 
1!\.SJ 
Hl,J 

11.21 
17.95 
19,3.1 
18.0i 
207 
20.B 

22 06 
22.26 
??..23 
rn.n 

" 2125 
21.1 
I i.fltl. 

16.67 
17.01:i 
15.98 
I, 

20.:JS 
2,1 gp 

2!:i.8•1 
,!t, 3~ 

AvgFs 
(Isl) 

0:.16 
0.67 
0.08 
{l<U} 

o.sa 
U.9,1 

1.27 
1.:18 
1,9;1 

2.28 
2,;:; 

2.63 
2,1; 

2.J6 
198 
1 25 
1 07 
o.n. 
0.5 

0.52 
0.-17 

0.'!1 
0.•13 
O.•i7 

o.~ 
0.55 
0,!,6 

0.51 
0.6d 
O.f.1 

0.7-! 
0.78 
0.B<I oa, 
OSI 
0.(i2 
0.62 
o.e. 
O.i 

0.5::1 
0.117 
0..1!-
0A2 
fl.!i3 
07 
ll.\l2 
')II!-; 

l\vgRf 
(%) 

1 '16 
1 SB 

'.U9 
1.i:li' 
1 •;7 
.,, .J.7 

3 ,\(i 

"' ;:; ii? 
5.38 
,qu:i 

~.2!:I 
j.i,' 

,I St 
,: 19 
3.5d 
,J 53 
~ 1!: 
2 ,13 

2.2"L 
2,l),\ 

2.71.} 
2 <15 
2 51 
2.~s 
3.?. 
:;1 
;.,,i;; 

" 2 95 
3 ,..., 

:1 52 
.. ;r, 

3.l;ll:l 
~ r 

:\ ~;~ 

;? >!? 
.,.~. 
] 11H 
,i 19 
;i ffi 

2.71? 
i;'.,lf 

:,' $1 

:no 
J '1'i 
;11,1 

AvgUd 
{!t) 

·0.i'<l 
517 

-!-, • .t!, 

1.27 
!t:i.! 

J Ui3 
-2:l:) 
1 76 

093 

"' 
1 36 
0.21i 
f, 77 
·1:;, 
,t 9;-

1,1 76 

1~.25 
18.2 

2:1 77. 
51.6<1 
:l4J>2 
,15 G1 
.\7,02 
:r,-1n 
:Ji,!,,hl 

:M7;1 
:l1 ~I 
:17 ijq 

23.9i 
26.2~• 
1\Ufi 
f.1:_1 
9.06 
1007 
10.S'.I 
i..;:w 
1o-i2 

1?7 
1~1:n 
25.01 
:W.87 
J2.33 
'.~".\ flt\ 
,11.32 

53. H.l 
51 01 

Olo 
{tsl) 

Alo 
{%) 

~~o!c'.3~ \ .f.1.10 
n;s.tg 1.~1g 

Mn.603 :u~sr, 
.1~5.5!:,1 1 gryg 
:151 7;'17 1 787 
3:m.200 2 "-t10 
27,; 110 :J JO;, 
2(~ ',/{)f. 5 02:1 
189 fi:! 5.f:;i~' 

21J.,t3fl 5.<100 
235.958 ,l,!;l?.1 

259.50<1 •l.291:1 

257.t!6<1 J 7:1< 
251915 3S?l-l 
15A <126 <1.201'1 
1099'!6 3.577 
t\6.0•197 3.6<5 
!.i2.J•l7(l 3.218 
::i3 3tl15- 2.,17L1 

5i'.6Wsi P-.257 
38.1079 2.93d 
32.ll[if;,.' 2 865 

16.67 
37_,1;,,17 

;:17.6H:!t:\ 
31,9142 
:12(1~•1:-; 
33 :.>!105 
:!1.29()(:! 
:l;J 221!1 

32.W 
j.11519 
32.JCl15 
31 .11:\1 
26.37'.19 
t.•Uf!!l9 
w.2:,01 
275.:11:-i 
:?;!}!~0d 

(!().*)6~ 

;JO\l!ll' 
19.?•115 
20.2!J.S!i 
24 01,l!l 
?.g,292~ 
2\l.!IGr' 

2.5<12 
:a.EOJ 
2.6J6 
3.296 
:l <'17 
'3 OJ7 
3,50'() 

30::ll'l 
3.1361:, 
3.6<12 
3f.l!:l0 
3.99;:' 
4.'.373 

3.;1:1',) 
;;.u;15 
:1936 
.i.rmJ 
3.:l,td 

21191 
2,977 
Z.fin;; 
2.i26 
2,109 
:1 fi!:17 

:,;. ,1;; :,(ll:'l'I' :l!,r."f. 

le 

\It,< 

1 ~,;. 

1 /3 
1 70 

u~ 
ltH 
2 (}1 

i?.2.',1 
i! 3; 
2.2b 
2 21) 

,' 1;1 

2.!ll\ 
i/.01 
:!,2d 
~ ~f; 

2 ~m 
;;,_~ 1 

?.'.IB 
z.:1:. 
2.f,d 

2.00 
2.52 
2 ~1 
2 !j2 
.~ liJ 
~ 6:? 
:;: 59 
J. 1;~ 
;.:.su 
265 
2.6--1 
213/ 
2.Q? 
'J. 77 

' " 2.6·1 

2 73 
2drJ 
2 ;g 

2.73 
?. 71 
,!i,! 

:l.07 
'.HJ'.'

~.tifl 
;•,ii? 

a 

:'lC:'1 3' 
1::Jt!0.'16 
.51:l<I ::1 
Ja;_.!!i 
.1M-:PO 
.!'.,I': '._!;j 

2i!i Z< 
-.'O~.;n 
11:19 5!1 
21.! <Vi 

2;11; \-11 
2$~ .t,S 

<!57 71 

~'.51.?.1 
151-i OE' 

lfl~.ri6 
!l..'j ;~ 

ti2.01 
5~!!;17 
/l6l!;~ 
:1; .-jd 
.~u1;, 
::rn !H 
'16 l;ltl 

37.16 
31 d!:' 
31 111:'

:i;;:,;il;l 

3; 0:1 
:'12.!;l•l 
J;!.1S 
:1,1 07 
12,31 

:11 ?.7 

26 27 
?,t.07 
i'BU!-l 

i!/.,l'.' 
?..:_;,1 
;!Q,:i(J 

,'(I i"l:i 
H3.99 
1!.L!:' 
2:1.10 
?1Ut9 

?fl "'· 
.,~,ti, 

F 

151:! 
1,f,P 

< 2!:' 
l ,:Ii 
I 7f' 

2.<16 
:1 ·16 
~ e;, 
51.M 

"'" !!-I~ 
it 31) 
~ 7,t 

J f,$ 
,I 21 

:; irn 
:l 119 
3.2<1 
,I .tfl 

i?W 
29() 

2tl;;' 

:.!.:i~ 
~, 0-1 

~tie 
.\ Jd 
,J.?!· 
;;u;· 
;; S3 
J.Ot
.1 tl6 

3 '55 
J ;Ji) 

.t.\X' 

.t -,~ 

:1 ~;J 
10,1 

:1."lh 

4'1 
j :lri 

2.!13 
:i o;::, 
2 (Id 

., 71': 

,!fl'' 
'I 
·;;,,-

SBT 

' 
to 
fi 
0 

., 
3 

5 

' ; 
' 
' " 5 
5 

" 5 

' 5 

' ,, 
' ' 
5 

' 5 

' 

' 

U.WI. 
(pcf) 

1~S (lil 

,~son 
1::'50\' 
,;;:=.on 
1::1!, l~.l 

lC~.0<.) 
!?5 (Kl 

1;:'f•\J0 

12b Or.l 
125.1~:1 

! ~•!', '"' 
1?.:;_(),:) 

\251)(1 

125 00 
li!t'> (!(I 

12:'i.il\1 
tl:'.nnp 
1:?f,00 
ti'~\1\1 

1;!5~ 
12!-\ {.MJ 

126.00 
1:-!'> !~l 

1?!'i,!~l 
1.!!i l](' 
I<::'• f)li 

1l.!!;uu 
i<:!,,UO 

\;?f,1)1.' 

1;!5,(}(1 
1;?5 l!O 

12:100 
1~5(10 
1:!5.0() 
''!!S('O 
1:1~ !)'} 

1.lf,.Oil 

1.Jfi (Ir) 

•:i!j,I() 

1.:1,,; (i;; 

1:1hnu 
1;1!, 0(1 
1'\f; t).J 

1.:l!i ::~·· 
Li!';n 
1,~!:> r•:1 

TStress EStress 
(tsl) (Isl) 

lltl1!} 
n.0:11 

(>Qf,! 

0,072 
u rJ.%' 
(": 11 ;~ 

O. lJ.'< 
(} ,,q 
n :.,,: 

0 1:i::; 
(J .,,,, 

fl.,;:;~I~ 
0 l.f,f:I 

0277 
0.C!-17 
(' .!IR 
(}.:1'.~l-1 

n .Jti\J 
() :;-;? 
t),100 

\l J<O 
U,:141 

I) •!RI 

(),!?.<" 

(lt,O<' 

o.:i;,;3 
O!.i·t"l 
O St,-i 
'J st,..: 
0.riO!• 
'.Jti!!~ 
Q ')-1.f; 

(I f;t:,F, 

on~; 
n n1!? 
n t:P 
'.).15.! 
f) /J(j 

'. t<iH 

() ti%{' 
rip,i;:: 

(} ijP•J 

l}fl,:t\'. 
Q,4\,11' 

')'1:1\ 

,!;l!>-"-

0(l!0 
0.0~1 
ou:,1 
o_o;·~ 
(l(l!J;,! 

0.11;1 
n 1:,., 
il 1.~<l 
('\ ';-,J 

0.1:1!> 
ti :.15 
fl.::>:•'-
0.25t\ 
ll21/ 
C'.~•:n 
~l.J1tl 
f.U,Jl:I 

1' .!fl1 
0;'17tl 

0.-11.io 

0.4?.0 
0.·!<11 

() J?-1 

Odil;:: 
O.tiOii 
11 {,2,l 
1' ;_;,:.:,, 

() 56·1 
(l f,!;\,I 

0130!'\ 
(l IJ?.~ 
01141'\ 
fl t!'Jf.: 
() :-»=.; 
0 /llf 
(1 7\~ 

C.i'?f. 
(! ;::-ii; 
{I/½{) 

(1 7'.i:1 
{l ;7,1 
0 :-11,-; 
0 :µ: 
11;){1!,' 

{) 11;:• 

') ~.i:., 

Ueq 
(tsr) 

o ont, 
0.0\Hi 
0000 
0 IXlQ 
0 ()0() 

0(11..>tl 
000{) 
ll 00!) 
(l.t.10\) 

'.l.OOC 
{l_{\QQ 

()11():l 

0 000 
Q,(l{l:J 

(JO{)() 

(){li)l) 

()O!}t] 

(){l(JO 

u (11)\~ 

O U\l'l 
0,()(J{J 

O.O{lll 
0 {}J(\ 

0 /!(1(' 

0 llffi) 
(lJli)Q 

{l_()UIJ 

\1./HJ'.; 
0.fl\J') 
00()'} 
(' {!(l{I 

[) (it:l(} 

0 {Y,K) 

(){)'.)\) 

,, r,01 
11n,-; 

(' 0?.7 
G.o:m 
!)0,lf. 

oo:-!l
nr;oe 
(\_rm~ 

'l (lfl\> 

n (1%' 

/l 101:1 
I} 110 

c, 

20i.X' 
2.G(!'.l 
;: O\JU 

2.!Kl-,"l 
~ ('00 

2 fJOU 
2 {l'JO 
e: o;Jo 
? fll;I!) 

2.{)"}(_\ 

,"!.()(Kl 
;,J)(JO 

1 S7::> 
191')1 

1 t!~tl 
1:;;-.1 
1_;'\Q 

1 otj!-l 

1 tl?tl 

1.!il_ll 
1_;;,i:1 

1.$00 
1 ,17:, 

l ~,l1 

' ,., , 
i:m:~ 
1 357 
1 ;1:;;, 
I :roe 
UCB6 
1,lt)::; 

1.:;<1<! 
1.'?',!E, 
1 ~'{17 

I 1ci:t 

: 1$.'l 
li'<l 
160::. 

l.?!:i 
,.,t; 
1:n 

11,:'f. 

1 1:10 

111,? 

! 1(]7 

1 11!-l~. 
• ,.!:· ;y, •. (l/'· fl/o!•lt (l l},' \ 1Jf:_lP. 

N60 (N1)60 
(blows/fl) (blows/fl) 

3,67 

iU:11 
f, 11 

:l ?7 
~ll2 
·.,.1~ 
~ ,l~ 

7 1P 
7 ~J 

o 17 
10.ElP 
l?..i.J 
\:l 47 

1<1 12 
10 ;!5 

7 ·~ 
P,,tiU 

/\ i!i;I 

" " :;.21 
.:1.02 
:tfit', 
"1':' 
.1 ,,e. 
a ;-n 
1,11 
.!.Se 
,!l'_lij 

4,92 
!',,,'~ 

5_,15 
5.75 
:; ne 
5,,;13 
r.:1s 
-! ;;-i 

5 b:'1 
r. ,.~ 
:J.06 
ai 6'.f 
.t;;:.; 

<I 4; 
,1. Si 
f,.,,:, 
f.i ;-IH 

Q.l_lP 

'1-67 

7 .• 14 

1:,11~ 
\Q,;<4 

H :if. 
11 n:
i...c:s 
1,t;n 

\J .!!;'. 

1.:1/11:1 

If\ :_:I!:\ 

~· ! {!:I 

25.lt' 
i.'6.60 
26/llt 
1/180 
13 ;n 
11 ti{\ 

t:P-lt 
'.Of> 
!:1.2<1 
fi 2n 
5.51S 
/'. 17 
o . .ie. 
i:U:i;l 
il \\ 
G.-<'J 
':'-:i{) 
6 43 
,j 7;, 
ri 1!9 
7, 1!, 
7.20 
7 1~, 
fl ;w 
:;_,t:.j 

"" 6" 
fi.!!!l 
n.:1() 
'i ,!7 

,1 91:l 
;, 11 
5 9:1 
i<J,'; 

"Iii 

So 
(Isl) 

0.7013 
1 31:l 
«)J_li;ltl 

0.7,'~I 

1 005 
1 17;1. 

1 1;IB 
1 000 
1.o;::c1 
l i';/'?4 
1.513 
\.6!;15 
2.0<16 
::'.tf,9 
1.'l!:16 
l("r!;I;,? 

{l!JQ1 

(){i\:l;j 

fHj!,!T 

0. 7;3 
{J_.t!ffl 

ll.<1'1:1 
[l 5?.<I 
05f,H 

0 !i~!:i 
0 51; 
0.!>-'39' 
r:.:m1 
05151!
o or.;, 
0 tl2~ 
0.563 
O 669 
O.Of,7 
() :'i73 
t).!;,15 
06:ib 
0.63:! 
n.531 
0 dl!I 
0 50''. 

0 :158 

U.<HIH 
0.15(1? 
() i<l5 
0.771 
n T~!• 

qc 
(!sf) 

i:?..31 
cl~ .;.ij 

~8.97 
;?:_l ,U:i 

3'2 i:\I 
~lll u,i 
35 A:s 
:1;,,.-15 
:~;;.;, 
~1 QT 

51 Qt 

51.-1:! 
66.31 
7() ()1 

,17_3 

i'!:iF 
?.~.Jlj 
;7. t'i1 
20 d.7 
r.::t1?. 
Hi If; 

1111'17 

FOH 
1B ~ 
rn 1, 

l6 l!P 
17 1fi 

H-'.1\1 
1e n, 
W.53 
20;3 
2:: (11 
:r.::2 

22.17 
1? 1~ 

17.~ 

~:1 15 
21 {1;: 

1785 
16,51 
!6<; 

15 78 
16.'77 

20 09 
24,66 
25 52 
,.;,t flt' 

Fe 
(%) 

Phi 
(Deg.) 

1.61fill2 53.ti:~ 
~).2:·l<liP !'i2 00 
fi 77'12;.;' ~flt'i<' 
7.::"1559 Jij :.10 
f,,8:-:,15µ •16.64 
9,0710<1 d6 -:Id 
<d 01/h '1f\.5ol 

22 '2li2:' i1-1.,1~ 
:~3 ldfi!'j -:l3 80 
21_og9.i .1<1 ::iµ 
l9, 1Ji!' <14 83 

16.a;?,1<1 •1iH? 
\5.2/!ifl ~5 ?~ 
1.t.7t!69 !!S.1-1 
20:'lt55!l ,l?..!:11 
21,rn,1;; ,11 0fi 
?.'I fi7d/ .19 N 
iti ~10,1 :.,,_a<1 
:C:5 !\f:i!i~l :!7 \}<j 
?.:.i 72<11) 37 llJ 
:?,i:'.ti765' J4 97 
:l'1 \107:I '.l:l.:lf. 
31 Jl}P.7 :;,1_ ill 
31 2:,11.7 3,1 90 
;i1.:15lid ;:i~_:J:; 
3\$9521 ::!J.9l 
:11">_.t7:~~ J!":l.ll~ 
;J,t,;ign ::14 ?.O 

;;i-; 0977 ;\3.l\R 
:-,,u1g,s7 3~ t(l 

:Jl;.0d2:'I :i•I _(14 
37 .isn J-t.-.:;2 

38.8J6l ~\<l.07 
39.77/i,, <13 87 
-1<1,21-\7:-i :l27l?. 

d2 NU 3~,;.!3 
17 4981' ;i:~ ?.1 
,f I .8261. 3'.Ulij 
il.5.%6,l .'1;1.tlP 
,U 1>307 3 I ::.'4 
4;,•,32;;; .i1 :JtJ 
.[,\ ,17,.i :J(I 7:,. 

,11 s:1s1 31 ,,d 

:J!J.01-\83 ;!s1 l{l 

,:11.i ourm a:, -10 
.',~ 7d!;l;? J3 ~:l 

1~ .'Id ;l;a: J!l 

~ 

~~ 

~ 

~ 

(J 
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Civil & Environmental Consultants, Inc. 
Wiliiamson Energy Pom! Creek 

PROJECT Deformation Evaluation PROJECT NO. 

v1..:.V':rU 

Normalized PS-CPT Data and Parameter 
Correlations 
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I 
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DATE 
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CPT-'1-

072046 

OF 



R
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ConeTec Inc. 

lnlerprelallcn 01 

Run No: 
Job No: 
Client 
Project: 
Site: 
Location: 
Con9; 
CPT Dale: 
CPT Time: 
CPT File: 
Nor1hing (ft, 
Easting (fl): 
Elevation (rtl 

User Inputs: 

Assumed: 

-1;re1a1ion 

';isa 1.22 Rev. Fonna\: 

07-1210-1008-'1501 
07-804 

NU Imperial 

Civil & Envlronmenla! Consul1an!s 
Pond CreeJ1 Mine• Williamson Coun!y, tlllno!s 
CPT-4 
Pond Creek Mine 
20 TON AD211 
07/31/10 
12:51 

804CP04.COR 
0.000000 
0.000000 

482.55 

Waler Table De th It): 
Nk: 32,3 
Slate Parameter: 
Unit Weight of Sol! (pc!): 

DID 
r,:,-i 
~See Below 

Material Types and Uni! Weight /pcfl Phi Avg Su Avg. Qc Avg Fe Avg. tc Ava. 

deg Isl Isl % % 
112~. ]Residual Soil C•Jn_\li< I ! !l~ I \13.49 ( 26W I ;; ,i, I 

Ground Surface Elev. ~ 
CPT area ratio: ~ 

See Below Copied horn ConeT<;!c GPT Data FIie 

-----------·- ·-----··--·----------------- ·-·--- --·-·- -·--·-·- ··-·-·-··---- --·-···----·-··-····-------·------------· 
Depth 

(fl) 

0 16<1 
0 1192 

0Jl2 
1.1.ia 
1<170 
1./:104 
2.133 
,: <161 
2.789 
3.11 i 
3,.1'15 
3.773 
-l,101 
4,42!:1 
<I 757 
s.om:; 
5.dl;j 
5.741 
6.069 
B.398 

rs 126 
7.054 
r .. 'J82 
7.71 

8.0J8 
8.356 
lHl9<1 
t).O22 
9.35 

<) f,/f; 

10006 
10 335 
106~ 
10,981 
1j 319 
I 1.G<O' 
11.!i'75 

12.303 
1'1.631 
12%9 
13.287 
13.615 
13.94:, 
lll,271 

14.fi 
M.92S 
1'>2!i6 

$1mp!e El. Av90t 
(fl) (tsf) 

J82.3El6 
,1u2.oss 
,18173(1 
181 <!02 
181.074 
.!80.7d6 
!tl0,417 
,:so.mm 
l79 761 

·179.43:i 

-173.105 

<!78.77; 
•178.4<19 
178.121 
l77.i93 
J77.ol65 
,!77.137 
176.809 
.!7GA81 
,!76.152 

175.!.!24 
\75.496 
175 168 
,17<1.MO 
'17~.512 
,I7<l.1!;1~ 
•173.!!56 
•!73.52c! 
.17:3_200 
, 1n.s12 
'72.5•14 

•l72,215 
• 71 687 
•·71.559 
1'71.231 
<i70.903 
,:{0.575 
ti/0.2<17 
.159,919 

"69.591 
,1aQJ!G3 
,'168.935 
•'-SS.607 
"68.27\l 
<167.950 
,·e1.s22 
,•<:,r:w,1 

18.72 
32.37 
59.2.'i 
69.32 
S5.93 
47.Jd 
31.!)2 
:JJ.91 
22.26 
1.'l.96 
26.2$ 
29.78 
30.d5 
:11.27 
29.3 
29.53 
29.07 
26.51 
27.:?9 
:12.7 
3;!:lJ 
27.7!) 
:n.R 
2EL97 
23.35 
23.34 
23.05 
21.04 
lN.SG 
2972 
27 78 
:1s.02 
J9.8d 
51.tlll 
49.73 
59.41] 
59.8<1 
,1,5.27 

60.74 
85.il.:l 
!)3.8:l 
10!?.0i 
1:n.::i1 
l:J0.5\ 
121.15 
11 i.';'7 
1 IJ, !<I 

Av9Fs 
(Isl) 

0.55 
! 0~ 
1.!i'.l 
1 8~ 

\.Bf! 
1 3,1 
1.13 

0 98 
0 !\cl 
0, 
1.23 
1.!i\J 
! rn 
ue 
I 55 
1.5R 

1.51 
1.:15 
t.:15 
U5 
I 57 

"' U!6 
1.13 
0.i7 
OJI$ 
1,11 

" 1.1:, 
1,6 

16S 
2.4d 
2..72 
~i ()1 

J.~~5 
:1.21 
3.39 
3.:!ti 
:l.Sfl 
!i.35 ., 
7 1,1 

8.27 
P,.56 
q,1,1 

i.68 
'4 ,\!') 

AvqRI 
(%) 

? 9;;: 
.l.? 
<).C\9 
? i';; 

3,0t 

('.ti~ 

3 53 
<'.111 
3 71 
•l 7h 
~ 69 
~:;.i 
5.86 
'i 12 
5.:l 

5.~lf) 

5 ?1 

" .\,!JJ 
,1,i;; 
J.85 
5 1 

,j,f,,i 

,\.2 

'.! r.~ 
3.8 
0 1:! 

b ::!~ 
,((;\ 

f-,t 

6.(tt:i 

/J'-l!:i 
6:1,,! 

!l.l\5 
6 7,: 

s !1 
::-, i;ii' 

I Oh 
5tlJ 

0.21 
68-" 
!i (j,\ 

n.:; 
5 5'1 
f, 7~' 

!> 5~ 
·i,, 

Av9\Jd 
(ll) 

0.12 
7,:\!--
5 OJ 
,i:;l 
.,s 

9.2$ 
ti 6);1 

-9.9l~ 

IO 
r, 7!' 
61:li 

•fl.15•> 
·8.64 
10.tl!:"' 
;) cl7 

-0.IJO 
.;; 13 
.. ( :J? 

·2.56 
<l.H:l 

6 :13 
5 39 
63 
'Hi 
q91:; 
13.6!5 
7 ?.I 

\UJ.I 
;, 

18.!l,5 
20.2'.J 
1.71 
·ll.71 
1:1,1<1 

Ota 
(1sf) 

1fl2!• JG 
105!.f:iB 
I 165 1 

?1315 1:1;: 
60~.267 
'119.i'5d 
2J6.".U 
22!itl65 
1215 102 
fl'.i.:J?<td 
121.0!'i!i 
125.:!07 
117.8 

!11.fr(Jfi 
!175,HlS 
1H 9Hld 
s,1 £1.:tis 
7~ l.ltl2G 
70.946 

ll{.)77(;6 

75.9075 
!;?..0331 
59 2547 
\';4~@f! 

,15.4;~12 

<l'.'1.6378 
.tl ➔Wl 

:m 31:1:2 
,t \.(!27e 
48.1,HI 
<1,1 •• 121:~ 

f,;-j,7.1:i8 
r,1;1 '805 
1:1.im:~1 

I:'> 60 fi9.Wfl 
-19.93 1;1()(1()::. 

.19_2, ,a.9s:r2 
;,1_.15 !1!j 17;19 

·21 71 l~.',ldll!J 

·?1.Q,I 1(1':! ~fl 
21 :li: Ill ~9 
21 2 12, 17!:l 

?.IHI,/ ldf!.l,!J2 
;?(} 11 1.:15 :1:!2 

.19 ge 1:.11 101 
·18 ;, 11<1 $ii\ 
,- P,G 1 It' ','(11', 

Ria 
(%) 

2 '::'<I() 

:J?lti 
?.'>I;\!-, 
;.• 120 

3 !)Ofc' 

2 e:11 
3.555 
2fl2(} 
3 758 
~ ;gt, 

d 71?. 
5,;JH2 

5.tl!:J5 
5 775 
5,.:Jd,t 
5..109 
5.256 
5 162 
5 O!i 
,I <l/Jl! 

~.!cl.10 
s. ,s~; 
,!.600 
~.266 
:l.370 
3.901 
1:\.:!155-
5.372 
<I 713 
5 . .SBf> 
'i. H.17 
7fMI 
6 9d:l 
6,!:l:_ll 
0 8,)d 

!Hi6':I 
~).737 

1 ms 
h.ltd'2 

f,.JC:2 
6.fltl2 
f>.5~11, 

6.340 
G.619 
15 I'll) 
6.Grn 
i xi: 

,, 
1 ;n 
I 19 

'1>\ 
\ 71 
l_t1:i 

I H? 

2.0fl 
2.()1 

;: ~!, 

2.,11 

?. ~~!, 

,:.:IP. 
:2 ll.l 
2,,14 

,!,45 
.:.~, 
2<lfl 

2.51 
2 s: 
~-'~ 
2,dH 
2.51: 
,! 54 

2 53 
~'%' 
2.SH 
2 7,1 

?. 73 
265 
2.5fi 
2 71 
2 71 
2 61' 
2 :ii) 
2.il:? 
2 5! 
E ~i.t 

z.{)i:1 
:e.o~ 
2 •1~ 
2.5ll 
2 45 
?40 
2,1(;) 

2 d5 
;; .J[, 

< !',,' 

a 

1!_l;!S :,~ 

105\,l.~F 

11:,-1.f,\ 

'1155!'1:! 
fi0(;!;1 

,1;10 2" 
231:1~1 
2~t\ 25 
127.0!i 
96.$~ 
121 ;M 
1.,'~ f,[\ 

11H0{1 
11;: ~<:' 
97 75 
!}2.07 
!JG()<; 

72 ?7 
71.00 
BO 70 
;5 81 

61\!7 
!j!,l 17 

SIB'? 
,15:l':'\ 
,1~1_,1; 
rlJ:;.! 
:m.21 
d()87 

,H,95 
.1;1 ;:J 
;;J ,!O 
~{lfi 

,.,,.on 
ij!,l,l.J. 

tlll.f\!'I 
·!, 11 

59,:31: 
!E 1:,, 

1()-1 65 
112. \f, 
127 3;;, 
r.1~.e:3 
M,-;.i, 

1:J1 ~1 
1;.:<1 ~; 

'jf, :'.' 

F 

;'.~·1 
J.2~ 
;,1,.-,\.) 
: ,,, 
3(11 

d !i3 
;1,:Jti 
:C:J>.1 
3.7~ . " 
•I 71 
f, ::11 
511µ 
5 7f, 
5 J."I 
~,IQ 

f. ,!5 
5 11~ 

~ 01 
~ .s!< 
1 ~,;, 

h.,W 
,1 tl2 

d 2i 
;l:Jtl 
j%' 
5.21', 
!U!? 
~ ;-;_,. 

;i !:i2 
6 :Cl 
7 10 
(,~J 
!di::.• 

fi.H;> 

~ '•'.:
i,,;3 
; 1.:. 

5 !:II 
t::J! 
(; ~'; 

li.!>£, 

(i J;j 

5 fl 
!j;'I; 

l:i ~!.\ 

SBT 

" 
' 
" 
0 

1 

3 

·' 

' ' 
' 
' 1 

_; 

.< 

" 
" 
" " " 
" " 11 ,, 
,, 

LI.WI. 
(pcf) 

1:~•; !l(l 

\("/)!\{) 

1,!','.)Q 

1;1!i(j,;' 
1;::i ~~! 

1;15 (I{) 

11~•.{l(I 

12~-. ()ti 

12~ o,:, 
i:;fi_(!\) 

1?.!-i or 
l?!>.00 
1:15 (ll' 
t2t-OC 
,%S.ft() 

1,'.~i.ll\.1 

1~!i O'J 
11'.i \J~I 
1:es.on 
l,!51)0 

12~.0tl 
1<'5.on 
125.00 
l?.(if!\) 

1?500 

'i?ii.(JQ 
!.!fell(' 

!i'r,.O!'l 
l,'.f, QD 

1?.'.:i'V.) 
,~·t, Oil 
12!', /Ill 

1Jh\lfl 

\,'~(~ 

1,1;,_r~~ 

1:;;J, (~_l 

ii-'!•(f,l 

1,'!' (1(1 

1:'h./JD 

1~•5 00 
l_.lf,('1:1 
•,!!', nn 

l.~!'i 11'1 
J,'~ f/l' 
:~•!;!_!'.•~ 

r:•!,n,· 
('! 

TStress ES\ress 
(!sf) (lsl) 

"1)1(! 

t/1);); 

om,, 
\1.U/2 
o.n~:' 
r.:.11:, 
ll 1:1·1 
\l If-I 
0 17.I 
D 1::1!', 

0 ?15 

P.:i'.J\'i 
n.:.::ht:: 
n;:F 
O?.~i' 
!,l.;11h 

o.:J:Je 
:> :-1of! 
0 '.i1!) 

0.-'l!!\I 

O.,IW 

0:1<11 

0.461 
(}J':J;? 

0.51,1:: 

() [,,'.;\ 
0 r~q 

o.oi-d 
[).f,f:!<l. 
tlijf)::, 

(IO:;,:, 

"f'-lt\ 

fl('h>;', 

0.1lP,J 

n lf:i' 
,1;;.,i,_ 
,, ,,w 
:J,IK!l 

q l!J!:' 

() !',10 

•'•nn 
•J/151 

fl !;li1 

o➔B<1 

r,1•.n:1 

''..'i-~J 
,,r_; 

ll illO 

11 o.~1 
\\(,.',· 

!J 01:· 
0 (/!:)~' 

1). 11.;. 
/_\ Ll'l 

P,1:,-1 

U 1,'<l 

0, 11;1~\ 

U ;,1:; 

O~;lf' 

0 25ti 
u,;,,-, 
(l_:,'l?i 

(l:Jltt 

ti :l.~I;\ 
o:,t,!'! 
U:H::! 
() •JOO 

04:i:O 
!.\:l,!1 

o.~1,1 

0.,1,,;., 
() 5'1~'. 
o:;;;z:i 
n !i-l'.l 
(! 51y1 

() !H_!~ 

!; ,:105 
O 0:.15 
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ConeTer.: lrr. 
ln!erpre\alion Ot 

Run No: 
Job No; 
CHent; 
Project: 
Site: 
Location: 
Cone: 
CPTDale; 
CPTTime: 
CPT File: 
Northing (10 
Eas!lng (11,• 
Elevallon (It): 

User Inputs. 

Assumed: 

/,,..----.._o;:~~lo~.22 Rev. F01mat: NU Imperial 
( 07-1210,1008•4462 

07·804 
Civil & Env!ronmen!al Consultants 
Pond Creelc Mine • WIiliamson County, Illinois 
CPT•S 
Pond Creel1 Mine 
20TON AD211 
07/30/10 
12:34 
804CP05.COR 

0.000000 
0.000000 

482.55 

DI:CI 

Material Tyhes and Uni) Weight foci) Phi Avg. ~ ~ Fe Avg. le Avg. 
de□ tsf tsl % % 

[:.. !l(L_lco_arse Refuse /--1!I.A~:+±fU+d9.5.?.,._R~-E.i..] L !.!~ Sml Embankmen! ,:-; :,1 1.9:'I 6~•.50 l>J.oa 3 O<I 

Ground Surface Elev. CillLI 
S1a!e Parameter; ~ CPT area ra11o: ~ 
Unit Weight of Soll (pcl): ~See Below See Below Copied from ConeTer. CPT Dala FIie 

-------------------------------------------·---····--····--······-····--·-··--·-----------··----·----
Deoth Sample El. AvpOI AvpFs AvgRI AvplJd Qin Rln le Q F SBT LI.Wt TStress ESlress Ueq Cn N60 (N1)60 Su qr.: Fe Phl 

(fl) ill) (tsf) (Isl) (%) {1!) (Isl) (%) {pcl) (!sf) (Isl) (Isl) {blowsffl) {blows/II) (Isl) (!sf) (%) {Deg.) 

!>t':1~BQ41I.)t 

lfifl~tl 

i;;f, 
( '~' 
!t: 
,r,, 1r 
,.,, 

f 
'· f, 
"'' \'.· 

i~} ,,j3,28,,a 
\.<13$1°5·' 

,i\~1.::~t~ 
(?~l]fil\f, u,.vcc.yc:,'.'"'V•~,-"';-<,' ,,...,v , '""' •!-V'':'' .<'"-"•""'''-' "'."""" ,._,, • ..,,., .·u···. ,· ...• -.. ;··: - -•-~_~, ,,_.,_ v,wv ..,, .• ., _..,, v,•wu•• .•• -<--:,·•~i ·, ,.,.,,"'"f·· .. 

-1!i.2ua·~·:•\[a1~2Ms\:•l39;54_ · ·0_3,.· :.0.81:~. -0.'7a :ls.B733 o.a30,"·2.20 388-'l o.63 ~ .. i ··, :-1:.:io.oo o.992- 0.992 o.ono 1.00.-1 Bk? a.Ml -... 1:193'· ··29.5!.i ~.-:t,J.~383\-'.is.:20:· . . ' " . ' . 

' I 
..,___ 

( 
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Oep[!l 
(fl) 

··--- -·····-··-····--··-----·--------·----· --·-·-·-· ... ____ ·-----· --------------· /~---- -------------·-----------------------·-· -·-- ·-·------
Sar ( \AvorJt AvgFs Avqnf AvgUd QJn Aln le Q F SBT U.WI.' ',ss ESlress Ueq Cn N60 (N1)60 Su qr, Fe 

i! (Isl) {1sf) (%) (II) (Isl) (%) (pcl) ,,.,;I) (Isl) (Isl) {blows/It) (blows/II) (tsl) (Isl) (%) 
Phi 

(Deg.) 

lli■fillllilllt\i~ilililfJ 
; i· •1a,~~f1: ';'.:-:"46:1,.0.\3-r:&g~ .. ~sJ-f;if.~•?~- ;.:~;t{:1~i}~r:!':'.\i~~ .skt~,::~lW~1.0:w;~s~~;I.g,_~~~os ;i ~1.'"400.1,\i;;?•}~?~ ft1-~~&:<:~U\~~~.~q}:!1,~cr:!P.1;, !'.5~f!O~:X(~R';\ o;/f~.~-~=1\):Tt-o~~41,;~;~e1<1g23}'.0;¥.D.7R~·?{~e199i<;;_,:aa£1.beo,;:•a,1;4a~

1 

r.i1m~1:1i1ff:!fi.ift~m~:fii~lI1ti1Jil;ii~!:tl!ii:lr12~tlil!~;~~~!iilmi~I;t~l\i~i,~;!~::!!¾'.J1i!l!i!il:iil~l~if~UgiiiiR(~fiil;i:~ii1!i~iiii{(ii:mitlii!r:l>ii!l!li 
r1~!?-~Riill- :/t1~?!?Cli\J~,A!:3,;~.!M\);J,~,{'1lJ]~;::11:,1il:i%'li.N'.!-~:46'JJ,~~·~M'1:%'!".B~~-1?;~?9~ {.36:~o.,:r:ii-tis~~-~Z:,\i~{·,:~r\ i?!i1?0;Q_O: ~·; t,.?~O,f9,.j:1;29~~~~J~,}~i ... ~O I-(rnBO~-.~J:1\J3~?1 '.9.s0i !l§f,;',!,:MOi~Sj::~a!1st~ ;2s,,~/3.~ ';34,?'~71 

1~;;_~:~il~~-lt~.:.t~,t~~:;~;t~i1t~1~r~~,~~~i~t~!~%1Zi1;::~,~~lt]i!rt~i:~t);tt;:;t:~_~:ti1itf;-~t'.t1~1;¢;}1::i_;t1~~;ii;~:~~t~~~{I.~'.:;:.~:!~~;~t~}J;:1:~~•~;~r~~i~~~ai;:~:~:irt:i~:1J~:~~::; 
{~2~.~ ,ilf: t1?J~Jq:J;l~:~-~\,{:;;;t~e~HJ;:-r~i?B.f.t~J•-1W,3f ,r;:;s.?i.~1.8.r2;321.BV!?-.~~~21

~~~ •• B.9,~?.'.)?.~2149:r+~-?J"(~~;~;. '~ 100.od. t ,.,~5415}1,¥1 r~~J;'i1\'.'..'~{~J.~~~~:!P•-~~~~,~~;2s~~-t i~~?·13~~?·'.??,~!r,:1:M;Jl!53ji'-3~Q.1fl/ 

1(Ii:1i~tli~mi!i:ti11i11:!l~·~:r :!i~i;~1J;i!~1l;!i~!r ti\iiit:ii!mHt~r ~;r;miiiit;;i~:t~~;~i::ii:rtimf iJl!fEi[:111l;~i'.:::~~i!i}~1!:m~11:1i;i~/litmt,1r 11 m~Hi:: 

\,~2uWs-;Jf;~_lfSs.tsS,K61?.<tt:J.t_Pri-Itao':f;lfifi:2:,1_a('J}:i.·;loioz::.,~~-3{:01-1--r~,g4taa,: .. 2.4!'.M2~:~•s4_m.11:2_.241eo.J~,,;f;r,_,y,;1;~,::1sp-;oo·.\;J:7eoGs,t,wmns:•r~.~lFo,;.o.r<10~'.AS.:t6~_6g.;1u~535f!:1,a,10st,:-1•~52,<1i:;:~/.ao1.s2,5s•,:::~M,s99: 

ll,:i\~i~~ilff!ij\f:ll~tll\lii)lt!!i1;~}!J~i\fE!"?i;:uu~:;$i:!!I!:~,n~:ftf~sm!:~rni::;i~lil'!1liiU1~Jttfl!i~}l!~l!J:!!l!:ilil}1i\I~:;tti~!l;ij);i!11:i 
; ?.9:701:-~~ ... !;4s!uMa<t124:821:f ·.;1.s9:•>;-f{J·-s:s9 y,.•··~20:1.ir; ;.12;ao1s·.e.ossso··3.Jor,13, 12.s1-12 a,021<1_8 .·--:'. ;• 3-•! ·, •· ,"120,00-, .1,86596 ~ ,BG59s5 •::w•- .,.1·-0,: o.1ar.1,.ms<131!.l7 e.2s<1.155r(l:t,106S··'.'".2a:951 •. --::-,:as:i1662: ·21:0~3J 

29.035 453,515 ":J0,38 1.32 J.:JS -20.28 15.09i3 •1.63::C71-> 2f.ll'i4.''!<I 1S hi09 <!./5l3:J3 J 125(10 1.6$7:/!:I 1 !l-!:1721~ 0 0.72"7!'> 9.5:t7:!!:' t,,94:;a37 O.fl8213 :!Q,5 <>'5.1472 W?.11 
;;9.363 <15J.1$7 26.39 11? tl.5 ·Hl.63 12.8:J2P.4.H60ti73.0;-12:11 12.!:1958,!tl:Jl;f96 4 1W001!10ii'fll,fl0777f. () fl72<18.64fld•IR-S.2~9tt1-IB07579(; 2651 ${Jl'i87d 2ll1:J2 
~9.891 452.B!i9 32.99 l.13 3.•13 Hi.73 1ti 101.!6 3.63792 2.Bi7tIB 11> 11:l{N Jij262ll 5 12500 1.9~U:C.8 1 ,1~11275 0 Oi201 !1.fll:155::1 7Q7J38\ 0.96!66 33.0R !i0.616 2!:lti:i<l 
30.019 J52.531 :ilto<I l.:!.9 339 -ltl.99 \S,52 3.57dl6 2.fl2S78 Hl.571;\ :l.56.J.<i 5 125():l '1><1e1e 1,9<1R77!- q (}71[:i:3 10.:!~lfi<I 7_f,/J7d8 1.11131:1 :!8 \,! J7d9tl2 ~J.Sd7 

30.:!<17 452.203 3S.4!l 1.02 

30.675 '151.875 36.01 0.81 
:H.004 ~51.5'16 30.49 o.Bi" 
31.332 '151,218 2n.aa 0.57 
ll,li\i 450,690 16.5 

,, 
31 988 450.562 15.?. 0.37 
32.316 450.234 13,,!2 <l.31 
,%~.6d4 ,\49,906 1:l.<11 0.39 
32.972 J'19.578 1a,2J 0.23 
:u3 <>49.250 15.2:Q 0.27 

:i3.62B .t<l8.Q22 12,7d (l,2<1 

33,956 d48.594 16.-16 ox~ 
;M.2Bd -148.266 HUJ7 u,rr 
'.\'1.612 ,!'17.938 20.91! (),5 

34_gJj .:147.609 25,6!3 U,82 

35.?.f:l'el d472tl1 2<l.21 I <>' 
35.597 ,1'16.953 22.27 [),91 

35.925 ,1,16.625 \!c!.<lli 0.9!1 

36.253 .\<16.297 24.68 1.3 

:J6581 445.969 26.57 1.26 
31::i.90\"I dd6.6J j . 22.11 0,92 

:H.2il7 ~.15.31~~ 21 \l1 0.i I 
Jl,!.,65 ,qa!.9~~ ;i:-i O.tW 

2 ua .1<1.16 
2.2d ·13.-1-2 
2.11"1 ·12fil;J 
2.71 ·12Ai 

''3 ·12.00 
?..d 1 .\\ 71 
2 32 •lQ.81 

2 80 .ll),()~ 

212 l 7~~ 
1 , .. , ;,:"1,1 
\.ti!.> ·E.J 
2.1,1 •'>_i'>7 
2 <IJ !, 31 
2,Jr; ·17:J 
:J 1!l ,,! 4'.1 

d ;J7 ·\Jf.11 

·" , I~ 1B 
~.()f; ·13 ?.I 
f,.lG . \ 1,;,1 

,i 75 ·10 f!ij 
,l 1;· ·10.16 
.1 t.·.: B 5~ 
j fl! ;ne 

1/0;;'Hl 3.fi-1261,1 2.811/l 1/()6/f, :Hl347S ti 125.00 I ?1)92!:l !.:'169275 (l 041~'/J l() 17?.51> ;~~!l!:H!f, l.0377<! 35$8 •lfl.ii66 2899.cl 
i7.Q;J75 2.380~<1 2.7d70/4 li,1:!77 :?,3753fi n :25 ori l 9H978 \,(1!:19775 0 OJ!lt19 :l.!:16!l8tl!l 7.060059 1.0~;~~26 :-16,00 J.3.0037 :m U?1 
1d 1F;l::i6 2.3525'3 2.81Qtif! !4.2(Jti<I ::C.J•J6\li 6 H'~l)(l ~.OH''.!•I :::a.0103:!8 0 0.7053 8J;J!;i7o!fi 5,161?.l/3 {Ul81T2 :J0.57 df,;,6132 2!;3.77r! 
9.:!!;114;' 3.02tl01 3.022$1? 9.:1>!087 3011<:3 Hf!_;no ~.0::!{18<1 20:1(/tt:,ll;l O om,·, i:l79!i!:!6? •UtlP.781 U.583f,7 2U.!!G 60.0<16,! P.5.9•11 
7,0d:.'153 2.768<12 J.1013G i,ntte:5:i 275:Hn f. !;'50C ~0:-1.'.H 2,N;1.1~•R O OliUl!;; 5,1;15tl~6R J.fi<lflfi5d 0.1.47,3.i lO?le <'lf..!.m>a 2<1.077 
5.336<1/l 2.fl16J7 ',J \<l<l!i n.,170?7 2../Jlf,H2 5 ',2:')0',) ;.:m1&-1 2ffim-ll', 0 f){,9,,7 !-.:,r~M6 :l720H2d (l_d[)f,,\d. 15..?7 687573 2:,-:t:w 
s.,I \:Jilf.l. 2 73.=i!;i\j 3 l!Jfj():', s,,1,\2:f,t) 2 7;!22<1 f- 126.(;0 ~'.Ol-'?:14 ;.> "~..::1,11' (' 0 ti?IJ d !:ltl!•:12:i :1 3~;j~f,,! O :!SOI 1:HH 7;J 6fl78 22 :w~ 
5.3,1691 :3A.!i219 3.253d2 5.JIJOOS 1 .tJrnM r, :"25 (•() 7. 11~·1)'1 ;· 11,'l;l;o!P. [) 0 DHll :; l H\51);! :l :121:m1 o.:!Ml76 1:i.~fl 77.2:1~6 22.221 
!\.Wli'JJ 25?.101 3 \(j~f:1;) S.2<•9~~ <:'."i0~11 !!FOP;, 1·1:1:!<1? 13:1.~:ll:' 'l 0.61i4i ,1./lic'!lO!:i~ :,i,;l()tj;J~\2 (J,;;.tJ~6 132~ ;;i1tJ1l.'.l 22031 
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ConeTec lr>r.. • 
lnlerprelaliun 01.i 

Run No: 
Job No: 
Client: 
Project: 
Sile: 
locallon: 
Cone: 
CPTDale: 
CPTTJme: 
CPT File: 
Northing (I!): 
Eas1ing (l!1. 
Elevation (fl). 

User Inputs 

Assumed: 

/---..::~relation 
( iase 1.22 Rev. Format 

07-1210-1006•4429 
07-B04 

NU Imperial 

Civil & Environmental Consultants 
Pond Creek Mine • WIiiiamson County, lllinols 
CPT-5A 
Pond Creek Mine 
20 TON A0211 
07/30/10 
10;44 
804CPOSA.COR 

0.000000 
0.000000 

483 

Slate Parameter: 
Uni! Weight of Soil (pcf): 

~ 

Dn 
~See Below 

CPT area ratio: ~ 
See Be!ow 

Material Types and Un!t Welnh! (oef) Ph! Avg 

~Coarse Refuse 
~]Soil Embankmenl 

Ground Surfilce Elev. ~ 

Copied from ConeTer. GPT Data FIie 

de 

---~~. ••:Q-f....oJ.,~. 
2".?:? l t 43 

---------------------·-· -·--·· -------·-·-···--·---· ·---·-·-·-·-·-----------------------
Oep!h 

{ft) 
!lamp1e EL Av9Ql 

(fl) {Isl) 
AvoFs 

u.S1) 
AvoAI 

(~~) 
AvgUd 

(It) 
O!o 
(Isl) 

Alo 
(%) 

le a F SST U.Wt. 
(pcl) 

TStress ES!ress 
(lsf) {tsF) 

Ueq 
(Isl) 

Co N60 (Nt)60 
(blows/ft) (blows/ft) 

s" 
(tsf) 

QC 

(Isl) 

Fe Avg. le Avo. 
% % 

Fe 
(%) 

,_.._Rj_t_ 
Z 9<1 

Phi 
(Deg.) 
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766096 '1.2!971'1 :l.18?.:lP 111:53:;i1 d :ws~ 
i.92871 i1 87\!iP :\ 20/Rf> :'.t\01 lP ,I am~ii 
7.:196\,1 <t.6f.ti.?I 8.2111~]1} / :!ti~;·~ <I tn:1~ 
7.501?.3 3,6•\;,:i<t ;\ 16201 7,4/:l\Jli .~.tl5flW 
6Ji'17ti<I 4,,19114 J.2<1<13~ l).liW15 ,t 5(M27 
S..1099\ 5.2?.12~ :U51HI !i,lti•U.7 5 ;'Jo\lT 
6,:,!,16llg !i.O!M56 J2}J171 ,;;nl!>~ 5.0~i!;J 
7 0!161:15 5. ?i,Ot!3 3.E6;! 1P 7 OU:58$ :i 72Vt.13 
6.375?.I.\ <I dl!k\8 2.252fl!:l 6 37309 d <lHl2'1 
·1.fiH956 7 192:m 3.413<177 J.6\13:15 7 IE\651;! 
s.11311 5.e"S:.-11 3,.1a<12r, 

7 5681 ,t.46652 :\ 1959~-
7.70Hli 5.04902 3.2,!~'T-l 
i.5!,l!')f!J ,1.6!:IB:J :1 m,33!:' 
6.172utl d,86~8-', 3.291J2 
6. 713d 11 3.~<l09 :1 2~~f; 
r..1JBfl7<l J.49-162 :;.2;::as1 
6 b"Wt12 J. 7669g 3 HJ!l5:: 
Hi 7~07 :!.8:1007 2.BA 1 ~:? 
atU;J!i~ 4.0980~ '2.fi~l;,:!)d 
61.9931 3.69tl3 2 ~5-237 

5 76834 5.El-!6!F 

i .S505i? 4 1l7U96 
7 67iii 5 Utm:ll 

7.f>,·;;s; 1 '5•l9~! 
f,, \,11)!3 4 tiijd;;1:1 

5 73-<!S!J .5.t!60'ii 
5/JS~ :' :;1~t,6 

R lltl3?-l ?. 10 lfii 
16 7'1J.1 ;J./!•19\;l.~ 

:}IJ.0i6g ~ 1'J'12E 
G1.9:!tl;J' 3 7015:l 

,1<13376 5.16507 26575J ,\,! J10 5 1~/!i!l 
58.SS93 :3.873(1.1 2.41rnn 56.5-li:12 JJas.:i.i 
1.,.t.0~.:1 ~.39'13 2 ,tg,1 l6 ,3<l i\~•57 4.JIJ809 
50.81 lS 5.<19067 2.63/51;, 50 7373 5 J!')f!i::I 
5:15151 <l.07P•l8 2.S2f!ll!:l 53.4117?- <i 09001 
47.~150~ 3.9il971 2.55~153 47.2~MI :1_g,I41I 
28.0635 d,7511\i 2 77386 28.0l·t.l .t.7669,') 
19.25!3 <1.36Y63 ~.!!7161 19 2059 .t.:!i995 
1;\ !lri59 3.:!0391 2.92987 12.',1068 3.:•189G 
lf;6UM 2.6tl923 279?.0i: 11i5<1J1 2.5H93rJ 
26.1066 3 r,i;rn:: ?. ms:w ~!i.OJ8 J.~<!052 
2<l 5<13~ 7.5680<1 2 !i5.Ll;JH ;J,t 550:'I 7,:;i(i5!:12 
~ '3551 ~.g1;::•5 2 d::Jtt<H' !:'O.:J~,'l-~ '. !!11,:',' 

58T 

,, 
5 

' 
5 
5 

' 5 

., 

' ·' 
" 

' 

5 

Ii! 

" ,, 
" " " 12 
:, 

' " s ,, 
,. 

~- ··-----·-·-·--··----·-··-···-----·--· 
! \ ESlress Ueq Cn NGO (N1)60 Su ric U.WI. 

(pcf) {tsf) jtsl) (blowsfll) (blowsJII) (Isl) {Isl) 

1::ir,on :::.ffJ)7,1 :':!P.!1!-':.\P. 11/ll:ll!~ nr;,11 R~-tntn!i '-.3077<1R f''5!i31~ 
IJ5 !)(l ;:: 47211t' ~ .l()<\<l!;i!:• tJ Oi'i'<I O ~5-1 ':-,Hl\5;1G 5 0005\13 0.15~273 
1J!:--(10 ~•1'150? :~,11::03!1 OOfl'?f', ('fi•l~lE P. \IIS735 fi,;;'.!d5S 0.7(1~153 
13G.O(J 2 5171fi 2 ~.1;,,;e D (]~?.I! 0 6423 l.b"221 I .\ 8!15::153 0.601.i[:l 
1:1fiOO 2~3<'.!-,{7 2"-'.~622 OHM1 06<107 i.Oi-!.<N62 ,J,l!-ID1!'i7 O:i:~315 
;:1S,l)(J ;n;i;1:::1 :;:.i-1P.1:;7 O.ll:JJ u.;;;1;!1 $1~•.i:lt:l!:l 5.?.116<!6 067611 

:J5 oo ;:; !i~3ii~ .:. -1fi(l1X!3 o 1-.::1~ o r-:g;s e .'.lti!-12:.ln s.J'.l59fM o ;1:;i:;;:1 
1:l&.C,:1 :Z.o<i~rn ?,.-!t\.l.l Q 1;J;:JE 
1,lf. G',) 2.6Z1!13 Z c!fl~&-lt- O 1'!,ll 
1.ir, oo ,) f.S(~:1; :,; .i.%7"i<' n 1s,1:::: 
1:l",011 ;,'f,7,.l~'I ?.i1'Ht\!iA 01ii.!f> 
1,1t,.oo ~ 1;)'!<1:.1n ,; 519!:!tff, o 17,:e 
1:1~,flll ~l!'."l9 ?!;;11.1;,~ (\1f'!li 

1,jS.00 ? i.lmK, 2.f,,.1.-1,m>. O 1%:2: 

013:ii;; fl.?<l<l!J1315 !'i.~.J.t(l;.!<l 0.69<\Bi 

I\J;l3115 7 90!5JA1 5.07'.31 <IQ O 63!J07 
111:~ e11:io.:16 s.;;;,$2ll5 on1a1 

fl~~lf; 1:1.7,271l6 f>.5:l':1~0<; O.b'P40$ 
fl,fi;.; ll.277t;7 'i.21~89l:1: 0,63826 

(1 ri?f;l5 n1dg59P •!.fl:')!J.:j7 Q_{i(ltM2 

l!fP7 l:l.?.~:~=!91 5.?00::'.17 O.f.HNS 
1:-15 (ti ::.7ie071 2 Mif>,>F,,1 U.?./J~S ll.l'i<!:iri 7,9,71;1i;,1 J,!;l!l077ti 0,Sl\1312 
1.15\lll ici8;'!:'1 '}-,f!,l!~l f121Si ll.62<11 7.(tlfi!? .t.R7137\R 0.59619 
1;Jti tto :?.ttOl!l'.i' 1.:-ti'91:!:, O l2Fi 0.62?7 7.f,O!j5N <l.t'ii'.l!:ltil ll530f! 
!.J?i.{10 '--~~7?~ i!.lillHK () ,!;\tli? 0 ti2H'. 6.9'\,\0013 <I ;11:mr,-, OAJB78 

;>,"ll;l~ 

J,.1'~.~ 

';!!';,:? 

2r.1~, 
lp 1.1 
z,: 31 

25.55 
.!501 
23.22 
25.!l 

:.>~.o,; 
23.2'.} 
22.(H 
2~!:i!) 
21 !ill 
21.97 
19.9 

16.~~ 
135 11'1 r..tl<l!-IJ: 2 tiiJ<:~<18 0 ~•!f:\J CT 61'11:l 7.~5•16~tl •1.662573 O.!'il Mi 1!l~!3 
lJ!iOG :Viil!I'l 2.614H53 0.?.~67 0611:!<1 !l.30::123'5 5,1:i,mo~ 0.57:.t;J. P.1 ,1 
1;J5.il0 ?..H~~nQ 2.f.le!i;i7~1:1 O.?.titl!:' Ol'il 7 7 '15l\~9-5 4.60225 O.!'il!N6 19 6!> 
1'.l.",tl(; 291!/ll<! ?.53tl';;I;~ 0.2771 ()('!!-Ii 7.0MP.,,11 •i.3H!<l2? O.:tt131 1!\.3 
1.1s.oo 2.;1:i1f'"i ~N;osn o.r.e,tl o.<:l1,12 ,.a6<1l!.<'!) .i,5;,::.~1J2 0.47375 1823 
1:ir,nn E!lf:iOI 21;1n;,d7!:1 tl.?..::i76 Ot\129 84U!'6;J,1 5.15.l25M o.~23!1&. no~ 
l~lS ao 2.9~22.-1 2 l;.7d'.-IJ;h"j o.;{079 0.1'115 8.i2t1~23 f..33i2()F> 0.6:177 ?;1 $1 
1:1,; r,, '.3,il{l<l!}l,1 :! M•'5[!:H 0.31fll O t;t()1 fl !)f./00 .:\.2P.70Sl O 63".!Uci 23 3[> 

1;1~,r.1 :1.02.f.~.2 '.(.tH1f11s;, o.na:; Ofi{Rl!c. 7!,i,2,1,::;, .10F;.aro.;; o.~1559 191:11 
t:!5 111.1 .:\O<!tJKl;s? 11Qt[Jsl Q,:t.Jl;,lf, 0.GC71l 7.0f.<!.)<IJ 4,303:ld~ O.•ti131i3 1?.,58 
,:,~•GO :rnll)l> ::1,:;!01 034;,11 IJ.tiQf'.1 7.mK,5fi:? ~ 2133,ua 0:19021:, ,~ 
1.i~; O(l ., {!9~1 ~- 7;139!',) 0.35~ (.I t,Qdfl 7 7!.!C4P!> ll 705!-,1 0.t!67fl9 .'1.3 I 
t:i:jQ(l 311~\J 2i:ISl157 D.369.1060351,1.6()875 6.815{)/-,l 1.112739 49.m! 
1:it> OfJ 3- i:!72!:i 2 7577\-16 Q 37\15 0.60~:2 28 \0668 HS !l2~;og 3,~5612 101:l. lS 
1:16.(ltl .3 1594;! 2.715!;16?:} (l.:!89~ 0.l'i()09 d1.5gt,/:j8 2,1,9;1:18<1 S.31!jl3,\ 17<1,/1 
1.'.l!;.00 J.1tl15? ~ 7!l1~·;;:i Q,J 0.&$96 J:U1U!i6 I!? 95i71 3 8182-Z 126 <I.,<; 

136.0l1 320:l7 279:t..t85 0.-'101:' 05f'IH3 ·102':'l.16:J 241Q5,l<I f>.OOB 166.7!3 
1'.!5(/.l 3.2:!SB~ 2.t!Of>a91 Q.1~05 0_5;:,7 <lJ.\Mf>6Fl 26.83435 !:i.03€35 186.09 
1,l500 32<1798 28172\:IC 04307 fJ5958 !'18Gafllll3 22ti9306 4.i:;195 1.t6.19 
t3f,,(ll) ;!:17012 2.!l?.92o-J Q,J,!{)9 0.59J5 :.tll.@591 ?.2.tid8f!i; 1\,69009 154.37 
1~fi{lil 3.2922fi 2.t<d\111 O.il512 059~1:3 3<1-.39<166 :20.405<19 <I Hl<l95 137.66 
1'.J5.00 3.31•1-1 2.t'-5;~117 0 J6!•1 0 !,,!? 23.:l0703 13.79t\59 2.J7ti81 !13 2<1 
1:15 f}(l 3.:la6f,,1 2.8649'?'~ 0 J.7lf; O.SflOe 17 26,l}l'.\ 10.'<0013 1.701134 5(1.36 
i35.ll0 '.U5!-\if, '2R76tltlf. 0.<!fJB 05891j 12'1665!l i.:l5l)Ot1 1 Hl191S ,1072 
1;;:i.(;{) .",:rnmm 21:;ttjf::lil:.> (),1~21 0[,/1fl<I 1d'1714d 8,51d•l1$ 1.,18511 51.17 
1,1~ no 3 <10~1oa 2 ,oon;~ o.t1024 o ;;an ?1.35463 12 s:J1;1J. 2.J<1,1.ts 7R 96 
1.3!'d~J J .1~51; 2.?1'.'f;H5 U.5126 0.5!:15 ?.3.2B!l97 13 i:i4"18 2.2131!'> N.!Kl 
1,a:,.N', :.-1<1,?;' ·_,r,;-.:,,:_1~; tl~,?.,.>" ,Jf;Mt' n:~;\l~H '.lJ!_l~'fi•I~ l:l.1006~ .!67! 

Fe 
j%) 

Phi 
(Deg.) 

lifi270:.! i!S iilf. 
'5':I. 1';11) 2b .. ~61 
5B 717 ?.6.0J2 
tl6.60d 25.012 

70 \~\ 2•1 08:; 
5J,45eld 2!,,l;)fj~ 

fi 1 Hi?.6 25 !l!m 
~1.84<17 l:'S.7fl?. 
ij(,.57413 ?.S. lfl.1 
&1 {),\,¼ :l!Ull:l2 
61:l -lfi23 
70.215:;? 
71 5336 
73,60813 
7'1 ;;7Qd 

?.5.093 
:15 085 

2.,1 6:> 
::i<l.fl. 

2<1.42 
701,1,17 ;,tl.5HJ 

76.5026 ~3.711 
8!; .• i 101'1 l? ~;M 
t!0,~173<1 ?.3.418 

79.!iijS :;:,J.17.t 
iT.20\.l 23 d7[:i 
!?7,Jijj!fl ;ll <l!j~ 

;q!,f;[>!-1 2?..tl\6 
72 6HO\ ?•!.62 

N 7!1:i ,!cl f.:'.'1 
7:1 ,t.<_us ?.ii l13R 

30.3,,l~J 2J.25 
i7 62132 2?. i'95 
15 2<1pg 22)1:12 
7?.W;il!> 23.796 
5{),R'/0?. 2~_9?. 

-~13.91lfl..'i ~5.09Y 
28.5992 .17.fi47 
:JB.2371 36.007 
C.tl.96W ;1; .ii2l'
SO ,l:>.1S ~16.206 
,17.2.!<17 36.603 
:11 9S!:l8 37.! 
~!U337 aG.:192 
d.l 5•)17 3;) 219 
50 2dJ2 :!0.622 
53.88~1 21s 26<1 
45 53!'i1 i9.86\1 
,10 Pfi.15 3C.7fitJ 
ss,191;,e, n.J!:'<1 
'..<7.!:199tl <IO.C35 

\I\ 

"'\ 

..... t 
Qt; 
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14553

ConeTec Ire. 
lnlerpretaUun a 
Aun Mo: 

~-r~reta!ion 
{ 'ase 1.22 Rev. Format NU 

Job No: 
Client 
Project: 
Site; 
location; 
Cone: 
CPT Date: 
CPTTJme: 
CPT File: 
Northing (It). 
Easling (1\1: 
Elevation {ft) 

User lnpu!s; 

Assumed; 

07-1210-1008-4397 
07-804 

Imperial 

CivU & Environmenlal Consullan\s 
Pond Creek Mine• WIiiiamson County. Illinois 
CPT-58 
Pond Creek M!ne 
20TON AD211 
07/30110 
15:44 
B04CP058.COA 

0.000000 
0.000000 
479.9 

Water Tare Depth rt): 
Nk: 32.J 
Slate Parameter. 
Unit Weight of Soll (pcf); 

DO 
LJ27 
~SaeSe!ow 

CPT area ral!o: ~ 
See Below 

Material Tynes and Uni! Weight /pc[\ 

~Coarse Refuse 
L -~Soll Embankmenl 

Ground Surface Elev, ~ 

Cop!ml from ConeTec CPT Data FUe 

PJ1I Ava Su Avg 
deg Isl 

38. IO ! 1.25,. 
312_6 _ _:I~ 

~fr.~ 
2~4 

Depth Sample El. Av9Ql AvgFs fwgnf AvqUd □lo 
(!sf) 

Rio 
(%) 

le 
- ----------------------------------------------------- -

a F SBT U.Wt TStress ES1ress Ueq Gn N60 (N1)60 Su q,: 
(tSf) 

Fe Phi 
{fl) (Ill (tsf) (Isl) (%) (It) (pclJ (tsf) {!sf) (tsf) (blows/It} (blows/ft) (tsf) {%) {Deg.) 

:l,~~iJ~Jirnli 
w,.111J~~tjitft~il?.1 
:'1:;!>47,S}-a£14?,~•1,?:: 
t;-',~;~4;ti~,4~!hQg' 
f.;'c~<i~J~~ /11,l.~i~_; 
j;_;.2:.ie1{~ZE41,7:~.!. 
;:- 2:769.1,h,1 1lti,J1i.1 
i .:'·t(fii.'}:1:>1i 47Sl18!' 
0\ ii.MS:ll.~1 ~7ti~~i 
:, ;; 3:ti3fJ_-i:J ll76_)!~i 
!'.;;~:!o_l,t:~i4?5/ .-
:li-:4,4291.i:-:;t:41.ib 

jil):.:i~tt~tt·i 
;_f~l;:tlii;l~ :?( 
1:.1lo69 , .. ,, ·-
l·~,6.3M 

!1fJ~~~ 

~18':<I~"' :-o:i4·\ .... "'f;tJ'.-c6:; ·:\,- o.340i,-r72B.83;-o.7.6G:':;·•1,:13 .1121.ab: -0.7s ·-..;:.t,-. s 
1 

' 130,00 _ b 011 • o 011 o.Ooo. 2.006 ·2.71 ·' 5'42_ -f;';""o,s11". -1a.43 · :1.1328 52.78 
'3.'22.<, .;.:p.2sJ' ~ ~-£11i ·~,:-,o 2L.1•;72s.01:9:,~.tJ21; :,, ;1:,\1,.~ 1-2s:oa,:,· ,j;~2--:1~ '.<G\\ :.,,..1aooo : ,o,os:.1. : o.os2 ',o.ooo 1, :2 oooJ ·n2 . _ 7,-14i;,- : 0,110,'~ ~3 2.2-'!:' u~sM, '49,se. "• 
3,32;;.:-:::o,2'~<1:\·f. 1,M,~ :~.r:,•0.32::f,:~48,906, r1:SQ~\-J: 1_1·5;,)'.•?4B,~1t"\ 1,5:h\:.~ {;_!3•,.. _." i l30.00 ~ ,0.053 '«,'01053:;;0.000 \~.ckiot · t2;,10 "' 4.M·-•, D.4~~ r __ ~ 13 32, ,t.~m!09 .:-t5.08 

- • 
9 

o.-1~ -~~-..:'1,,17:: ,· p,,1s,,1,:.,17,1.io12~~?'1.11-q:: "1.w .: :111:011: ,1~18:.~,i-::,. 8•;-··~i.:13Q.Oo :- ob?S ; o o,s , •o.ooo~, 2.poo_ ~33,,', .a1at ",, ··p.3951 ~ 12.114 .. ;.-!04997: 4a.ao 
o.24 •,-J: •o,e21 '.-X:· o.39 ~-. -10s, 1-911,~ o,s11,,'· , 1,,33·, ~ ;.-405.09, o,e2 , .. \,:r,.,, '.1<-1do oo 0.096 i . .,,.,0,095, 1 '0,00o: '2:.00Ci, •-;.-s,o9 r 12.1s;' ;, 1.204·s-'~ 38.98~ :•o.7066- ">l-'7,:l:4 • 
0.si,:~ ~t'oaa;,'"' ·:{),b9 :· 63t:27.; 0,7841 _- t:30,"I, ~tta:.: ·,o.18,.~ -~ · a!: .-..; 120.00 • •o. 111,1. o.11t ·:, •'() 000',,~ 2.000( qug..,.f - 22.97 "'/2.2e2•~·•-'1<1:1a·, _ o.40J;i2.th · -49 07. 
a.fat)' '112~.:~1 ,.0.14 :; •4~,j2sf':.1\201; '1.~4' .~ ~3~.3~; '.1,;m , 17 • f: ;, :;-130.00· ,o.1a(; Q.139_;; ~.ooo: ?000 '"'.10:1a., _ '- 20 j~ :_, ,1.88)<::~;:~9.9\!-~-~'.4~6$4,,, lit.co-~ 
D.69/;-, r~,421~'?:.' 0,23· • 'S~.316-,.,.,_:t,427 t 'J,1$9 302,32 • ,.1~~i: .-~ 1·-· -, '130.00 , 0,160· 1, o. 160 ,,,o Qoo -2,000; ,, :a &1 , ,vc 11.0-,:.+ •: 1.497', :- 48 52 "'5,99658: IIS:97, 

1 ~r,';:J~k1,:c/-:,~o.09 - ::2i1-1:105•,:1,11e- ''-i.!fa .,' 24i,io,· '1.12''.~~~ 7 '( t,,1~0.00. 0.181-,·,0 ,:oJe.1 :· o.tfoO; ,,2,000~~: 8,0B/'°'. ,16,12 ',';;1~aS3~~'.."''-i•:tJ a1!.,~ 8.i\72:4~~ 91,1.~4:") 
"1-':1,2s1<J-;-0.ost: 21'9'.23~~~·1.~air "'1,14:::, 219.21,', ::1.2a, ", ,/, 1;-;- \· 1ao.oo:~ o:203,~· ~ o.'2.03 1'.c .o.ooo~-2:000 l;;,1.99;·::'; ~·ts.9'l !;- 1Vt.a75~,,,:_...,4.S-21':~s~96479':.:--•f.i,4Q" .l 
ll •• r'-' · ,, .,,,·::i,. _. (,. 7 ¼' ~~ '" ~' ';,.,,,1;,., ,1,. •t·•, -.• 'u • ':"/' •;e~ . 
< ,,1.13 •';,' 1:0.0?, , ,\17J1"2!L, ::1.111,; J: 1:18, ~ J71.2!;!;';-,\1.1,;; ,; (·~: 1. ! •:;;fl30-0U , ,0 221,:_.:10 ~za-~y 0.000",1:x.,uuD"t~;:'i~:~s-,,, ~ ,_ 1_3.9,?~ , , 1.181:·, '._ ~B 58};_;.7,~84Qt!~":ll3:SI 

1 
• • 1157, \;,- ,KJ,SP •:,_ga,ao32-''i:1~sos 2.01, , ,.93.ao. "' i.sk;,.:-:c1·6.:: _ .;,~130,00 _,o 245 . o.24&._ , o.oooc,2.0:00-; '4,7Q ,?,. 9,39 ~,1 <b.1121,~~12a.2s:, ,¾14.8691 .. .110.23 1 
; 4.of - -1:r-032 ,t"SB1301~; .. h631.t,: 2.0s<- 'J,e,7,4 r;.tt:01 ~ :i~, B.fr1.,,_ ~:,30,Qo·' .:n.261,.. ,6.2s,~:. o,'oO~Uti.!:i:a7;_~.:·a.12r / 17.21•:- ~.,o,sfl7; '.;?1a.&9., ·h1-214s ,'ae:s2~ 

-,~~ ,~o.i?p:1;! ,~0~21 \f s9:2~2'1};16.pjaj ;2:01::;;,~~g.23:.~k, 0.9"-'_,~;,->s! ,tr.~so.po: .(Q 2a8, i<' o.2sa·~ h-0.00D ,:J.ae.t·f~.:3,~1~-,t,~;:a~s,rf-~ ;o.5?a"i•''.!J1!,34_'. ;~ts.01a2"-a?'.6B ' 
''·d:-;) ... o.9'" ·r;:1.~0.09 .... ,tt12,;t12r :i1.waf!.12,oo::- - 02~1 • •,: 1,Hh,:-,,\'! }_ -.~1ao.oo ,' Moe;'; ~0.309· ,, o.ooo~~,~798>-<;.5.os;."/ .$.13,: ••;0.100;1 -12s.01~'f,12.009ai,(a9,s3 : 
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Deon, Sarr ~,AvaQI Av!lr-s AvoRf 
{fl) ( ··. (lsf) {!sf) {%) 

:;;.093 442.(Jui ;!SO 56 11 76 ,! 19 
38 221 ,t.11.679 230.0S 12.SB 6<17 
:.16.!.\.t',I ~,11,361 ;,1,1.se 12 79 b<:!fl 
:18.877 d<l1.IJ23 25£.97 15.89 6 28 
'3!:l.20€' ,!.$()_i59,1 36f:l.1 1<1 5 J.9::l 

Avql/d 

1111 
Olo 
{ISi) 

Alo 
{%) 

le Q F 

·0.7.! 128.9-36 <l.22R?8 2.;>9:!tjl 1'~6.f;,U "l ;,:?.!;11):~ 
8.-!~l \(}<\ 928 S,52816 2.•IJ~J,16 104.351 :' S~6P.d 
3.d2 97.25on 6.0310'.? 2.~a~s:.i 97.'~nd..1 ;;,0,1011 
5 2P 1 \<1.:,22 6.3<1<168 2 d667R 1 U,l01i B.J,156,J 

d9.56 16\:1.271 3.95fi8~;, 20fi6!'1 16".' 131 3%1'12 

SBT 

" " " 1:2 

U.Wl 

{pcf) 

~ -· ········-·-···---··-·--------·-·--··---
i ?S ES!ress Ueq Cn N60 {N1)60 Su (JG 

· (!sf) (!sf) (blows/II) (blows/I!) (ts!) (lsf) 
Fe 
(%) 

Phi 
{Deg.) 
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ConeTec 'Ile. 'erpre1a!lon 
!n\erpretaHanc /-.}elease 1.22Aev. Format NLI 
Run NO'. / \ 07·1210-1008-4364 

Imperial 

Job No: · 07-804 
Client: 
Project: 
Site: 
Location: 
Cone: 
CPT Date: 
CPT Time; 
CPT File: 
Norlhlng (!I); 
Eas!lng {11): 
Elev<1tion (ll): 

User Input:;: 

Assumed: 

Civil & Env!ronmenlal Consul!ants 
Pond Creek Mine • WIiliamson County, lllinofs 
CPT-6 
Pond Creek Mine 
20TON AD211 
07/31/10 
12:00 
804CP06.GOA 

0.000000 
0.000000 
457.8 

Waler Tarle Depth !'I): 
NI(: 32.3 
State Parameter: 
Un11 Weight of Sol! {pc!): 

o;o 
c::Iu 
~See Below 

Malerjal Typ?.!J and LJnjt Wgighl (PCII ~ ~ ~ Fe Avg le Avg 
deo Isl Isl % % C 12QRes!dualSoll LJ716 I 1_38 f ,15.31 j 35.<!5 I 2.55 I 

Ground Surlace Elev. ~ 
CPT area raUo: ~ 

See Below copied from ConeTec CPT Data FIie ------------------·---------------------------------------------···-·-·-·-----------------------· Deoth 
(II) 

0.1134 
O.,L92 
0,82 
!.148 
l,476 
1.804 
2.133. 
2,1161 
2.71)9 
;'! 117 
3.4<15 
3.773 
4 101 
4.429 
4 757 
5.085 
S.<113 
5,7111 
fl.Om! 
6.390 
6.7'26 
7.05•1 
7.382 
7:71 

8.038 
8.366 
8.69d 
9.022 
9.35 

9.6iR 
10.006 
10.335 
10.ti63 
10.981 
11,319 
11.6<17 
11.975 
12.303 
12.631 
12.959 
13.287 
13.615 
13.943 
td,271 
14.6 

1d,926 
15.256 

3amp!e El. AvoOI 
{It) (tsl) 

457,636 
•157.308 
456,960' 
456,652 
456:32<1 

,dSS.996 
<155.667 
d55:339 
465.011 
'154,683 
454.355 
454.027 
453.699, 
d53.371 
453.043 
,is2.,1s 
452,387 
452.059 
d51.731 
451..102 
461.074; 
450,746. 
-150.418 
450.090 
449.762 
"49,434 
449.106 
448.778 
448.450 
448.122 
447,794 
d4'7A65 
dd7;137 
<148.SOJ;i 
446.481 
448.153 
445.625 
445.407 
445,169 
,1d4.841 

d44.513 
~44.186 
443.857 
443,529 
,t,tJ,200 

4.\2.8i2. 
J42:544 

8.56 
9.31 
10.89 
15.32 

. 38.89 
,134,95 
91.43 
106.27 
97.06 
83.61 
75.27 
65.07 
64,!N-
63.37 
55.6 

46.31 
,19.15 
,11.4<1 
<10.26 
36.3•1 
29.<13 
22,96 
22.39 
211.72 
25.96 

23.65 
24.3S 
26.28 
28.51 
28.8 
:lo.a 
27.19 
24,41 
22.72 
22.<11 
22.09 
19.57 
'18.59 
16,32 
19.07 
21.2 
?.0,7 
23,12 
29,5a 
26.N 
20.25 
17 79 

AvgFs 
{lsf) 

o., 
0.29 
0,47 
0.83 
1,4..Q 

2.12 
'3.22 
•1.78 
5.09 

'-' 
3.59 
3.24 
3.2 

3.12 
2.62 
2.63 
2.45 
2.45 
2,3<1 
l,94 
1.47 

1.12 
1.27 
1.47 
1.6 

1,49 
1.37 
1.49 
1.65 
1.69 
1.75 
1.42 
1.15 
O.ll<l 
0.62 
O.J:IB 
O.ll2 
0.7~ 
061 
0.83 

' 0.95 
1.2 

1 ~i•I 

0.91 

0.7 
0.62 

AvgRf 
{%) 

1.11 

3_1;, 
•l.3J 
5A 

3.8d 
:l.:.>6 
3.53 
4.6 

5.25 
5.26 
~.Tl 
4.98 
,1_93 
<U!3 
5.07 
5.68 
~.98 
5.91 
5J!1 
SA~ 
4.92 
d.89 
5.66 
!U?r! 
6.13 
fi 3 
5('i<I 

5.2A 
6 78 
fi.86 
5.68 
5.23 
,1.n 
a 13 
J,65 
3.9 
:l ;t 

4.26 
4.9S 

4.:!6 
•1 73 
•Lfifl 
5.2 

d.53 
3.~19 
·.,.t,1 
:,; ,rn 

AvgUd 
(UJ 

·0,53 
-293 
·10.58 
·7.37 
3.12 
8.:·19 
-3.1~ 
0.53 
3.16 
13.6 

Hl.34 
1 l Si 
6.1:? 
5.:'13 
3 75 
·1 8!:) 
•2.28 
-:tos 
-3.23 
-2.68 
-1.85 
•1.15 
·•l.08 
•6.27 
·"1.42 
-H.1;1 

·8.3fi 
-783 
·7.81 
-6.77 
-4. 18 
·3.86 
·3.58 
-3.23 
-2.!K~ 
·2.l)1 
-1,<l\ 
·O 78 
.Q,13 

Q.id 

fl,Jl,:; 
10.95 
13.55 
13.72 
Hi.fil 

:i.1 il 
2d !-1 

Qla 
(tsf) 

Ala 
(¾) 

tl3<1.122 \.110 
301.764 3.125 
211.4138 d,J;-16 
212.519 5 d,t:l 
420.572 3.6<10 
575.053 3.?.70 
'58<1,832 3.!i27 
6$9.?06 -tSO.t 
555.816 5.25J 
~28. IB~ 5.275 
3~8.585 d,i03 
274.!H 4,997 

252.363 4.9,17 
227.926 4.~46 
186.0@ 5.Q99 
144,715 5.718 
1d4 28 6.019 

11'l,492 596<1 
10f; 139 5 8t,l8 
87.3776 5.552 
09.0089 5,067 
51.071n d.974 
,17 5289 5.792 
50.2P;Jti 6.t'l"!fi 
;i0,6i•l5 
,14 'l:lOi 
<13.lll,!6 
<19.1!i:1 
48.173 

47 6562 
49.9933 
43.1215 
37.6366 
J,t,.1635 
33.3135 
:12.1\193 
27,!l/J51 
?.592:!1 

l.!.2l\6 
6,,1,1.~ 

5.7!:\5 
5.3i6 
5.90? 
5,99<1 
5.800 
5351 
<l.845 
•U~68 
3,780 
4.0W 
.1.3130 
,UJ7 

~:2 2013 5$?1 
25.B67t, ,l.5:50 
28 1017 ,1,p1.1 
26.!;!9<13 4.791 
29. 7ili2 S.:J%1 

:l7.73?.:I ,Ui/33 
:I~ d964 3.527 

2,l .6Gfl8 J.ti2~ 
;• 1 1653 16!;19 

le 

1 . .to 
, .!R\ 

::!:.18 
?..26 
1.%1 
I !1.7 

"" 1,111:l 

<' 07 
2 12 
2.11 
2.Hl 
:ti!? 
2.21 
2.27 
2,37 
2.::i.s 
2.4,1 
2,.1;; 

2 •Ill 

2.52 
',UK' 
2.67 
2 !57 
2 l!f\ 
:n:. 
2 ii\.! 
2.6<1 

2.67 
2.fiS 
2.06 
2.61:1 
2.68 

2"' 
2.P.5 
'i? 13A 
2.7$ 
va 
2 Ri 

2 79 
2 78 
2.7H 
2 79 
2 fj~ 

E.li:~ 
~'..icl 
;,'fl() 

Q 

83•1 12 
:1m:.11 
212135 
213 08 
JW'.!15 
57,l ~1 

61!11 98 
(113~./jd 

555.70 
•l27.72 
J<IS.l}7 
27<1.6.J 
252.21 
227.82 
105.?1 
1,t.1.75 
144 31 
11<1 55 
105 HI 
87.'13 
69.0fi 
51 10 
,17_59 
r,o.:m 
50 75 
~,j :!3 
43,90 
.11-.2..i 
48.?.-l 
,17,72 
50.0~ 
,p, 17 
3-7 8/ 
3d .• \JI 

33 33 
;;2 ::11 
;_,;- 88 

25.92 
22 2-0 
l!i.fli 
28.00 
?.6 qj 

:?,P..6f.i 
:rr 5? 
·i:, :~;
.,',! 4\l 
,!l) ~I:: 

F 

•.11 

3.12 
<1.:11 
54,,1 
j,8<1 
3.27 
3.5~ 
4 50 
.<..25 
5.28 
4,79 

5.0U 
,1_95 
.t 95 
5. l(l 

5.72 
50? 

'96 
!Hit: 
,<; 55 
!iOG 
-t?7 
5 78 
15.05 
fi.it> 
ti 4~ 
:-, 7,1 

fi 37 
~,.91) 
!UJ8 
~,.80 
$.J,i 

45.1 
,t ?.>S 
1?fl 
,J()::1, 

4.:.>'
d ,\d 

~,22 
4 55 
4,9:J 
,lfH 

1:.42" 
,r 1n 

:i ',,I 

.!Ji';: 

SST 

' 
,, 
' ' ' II 
" " " " II 
11 

' 3 

' ' 3 

' ' ' ' 
3 
,1 
3 

3 

3 

3 

' 3 

' 

U.Wt. 
(pc!) 

l::>5()0 
1?.5 00 
12s no 
l?!'i.OI) 
1?.f,(1() 
!:_ISJ)ll 

J:!.5 00 
ll!:S.00 
\25 ()(I 

125{!{} 

125.00 
125.(JQ 
12~.QO 
125.00 
125.(JO 

125 no 
11.!:;00 
126 00 
11'5.00 
1:lS.00 
12.!;i 00 
1(.5(}0 

1?.5.(){1 
1:!5()!_1 

125 00 
1~t: {Jll 
1:?b (r.) 

1.W.00 
13f, 00 
135.00 
l:J5 00 
1:is11a 

1.}f, t>O 
1:15.llfl 

1:15 00 
1:15 (ll) 
1.:,5 or 
lJS ()n 

1~5.tin 
1J$.1Jfl 
1;:15,00 
1:'.l~.00 

13!:dJO 
1:15 00 
LJ£, ()(J 

13_!;.fl\l 
•:1~ 4'!'' 

TSlress EStress 
(Isl) {Isl) 

OJ~H! 

0 0:11 
0051 
(!_oi,? 

()0%' 
0 11~ 
0_13:1 
0 154 
0 1/J 
0.195 
0 215 
0.2,16 
0.256 
0.277 
0,21;47 
0.3111 
o.:t~1;1 
0.359 
o.:n!:I 
0..100 
Q,1:ZO 
0 Jd1 
{ldf)1 
0 di!;? 

050:? 
(1 :j.23 
(1 ,':-,13 

051>-1 
o.m:,,1 
0.607 
O.Q28 
\l.65! 
o.;sn 
l).l_l85 
n -;17 
f) ;:iri 
0 71j;;' 

{' 7rM 
clrl;J!i 

('8~P. 
01:1sn 
0.672 
O!lfM 
0 917 

fl 9~19 
0!-Jf:I 
('.91:'i:< 

o 0ro 
0(131 

0.0S1 
00i7 
0.09?. 
0 1 IJ 

0.1:!'3 
0 1f,,l 
n 174 
0.195 
0.215 
0.P.36 
OJ:!51> 

.0.27i 
0.21:17 
o.:!,e 
o:.i:10 
0,;J!ji:' 

o.:n? 
0.100 
(l,4~0 
(),1<11 

l)M-;1 
Q.MI:; 

0,Sil? 
U.~::,;;1 
o 5•!3 
U.!ifi,! 

0.5!:ID 
0.58?. 
o.oo-• 
O,fJ\5 

o.~e• 
n.!W" 
fl 65! 
n !'IK~ 
Q ~~!:> 
() i:;i:.: 

now 
() 711 

0 72;=. 
0 1:J,,; 

07J6 
0 l~IJ 
(]_77/! 

!l.7H<' 
(' /Od 

u,, 
(Isl) 

0.00() 

0.000 
0 {10() 

£1.000 
0.000 
n.uoo 
0,)00 

0.flOCl 
0,000 

0.000 
0.000 
U.1)00 
0.001) 
0.000 
o.DOO 
0.000 
0000 
0.('lO() 

a ooo 
0 Of,l!J 

0.000 
o.ono 
0000 
()_()O(l 

n.rnm 
O.{XlO 
0.000 
o_r(.lt1 
0.005 
0015 
0.0~'5 
Otl3f, 
0 041) 
0 O!if, 
(lf"315-
l'}/'r;B 

() 01;!7 
(1{t;j7 

0 107 
0 !1'1" 
0 1?.8 
0 1:•~ 
0 l,lij 

0 15H 

i.1.H.>8 
ll 17? 
('![l!I 

Ca 

;u.mo 
2 [){IQ 

2.000 
20110 
2',000 
?..OilO 
!,!000 
2.000 
2 000 
2.000 
2.000 
'i:.000 
1 !l75 
1 901 
1.83•1 
! 7/.l 

I 71P 
1 66!:I 
I ii~•! 
1.~81 
UH2 
1.50~ 
1 •172 

1,d41 
ld!1 

l,:_\8~l 

1.357 
1 ::!32 
1,31_;\ 
1.300 
1,267 
1 275 
1.l63 
1 ~f,1 

1 2'llf 
1.2.W 
t 217 
1 ?07 
l.196 
1.l(ll:; 

1.176 
1.11'<7 
1 1.'ii 
t i-1/1 
I l:J!l 
11:11 
1 :2; 

N60 (N1)60 
(blows/fl) (blows/II) 

1 37 

1.tl2 
~.31 
3.36 
i.£:i! 

1~.11' 
17.1B 
'<(1.7? 

19.62 
17.19 
15.46 
13.7~ 
1J.7fl 
13.57 
1~.20 
10,63 
11 (15 

• 9.6.J 
H !'ia 
1:1.51:: 
7 2.5 
fi8fl 
!'i.95 
650 
!H,clJ 
t',.,!/ 
f:.fifi 
7 31;1 

7 61.< 
;.os 
S.12 
7.2;J 
6.52 
i:l,O,, 

5 !!!l 
5.1:111 
[)•11 

:i :.:2 
4 "~ 
5 38 
5.!15 
5.&1 
6.5?. 
783 

6.9"2 
~.!.i:~ 
5.0:) 

r.'..74 
3 t>,t 

4 63 
fU~ 
15 25 
;,d_;t..~ 
Jd35 
4H3 
39.?.5 
3<1.:'16 
30,93 
27.d5 
27.2.:!. 
25.80 
2.: 36 
HI.Bf> 
19 00 
Hi Jl 
lf, 02 
13.54 
11 1e. 
8.tl6 
6 7!:I 
!l4fi 
Q 77 

R!'.15 

"" ll.U;-i. 
9.flB 
10.00 
\n .• t{, 
!'! 2i? 
13 2:i 
755 
; ,IP: 

7 <!3 

6 f1tl 
5.2A 
5,7? 
e.::ir. 
roo 
1:UJO 
155 
899 
nm 
fl ~.s 
f•.61 

So 
{lsf) 

0 ~fjf, 
0,287 

0.336 
0.•172 
I ?.01 
?..007 
a.827 
3.?.6!'i 
3.00l.l 
2.5tl3 
2.32d 
2,007 
2.rxm 
1.953 
l 712 
1.4?.d 
Lr.11 
1.272 
1 23~ 
1.0~i: 
0.ll96 
0.ol?i 
0.679 
0.i50 
tl.'i~ 
0.716 
01:n 
O.tl58 
0,81j5 

U.87~ 
0.!134 
082?. 
{) 7:15 
0.682 
0.672 
IJ.@1 
Q.!iU~ 
0551 
0 <l60 
0.565 
0 6~0 
0.61.1 

0.688 
l'J.886 
0.799 
O.b9i 
05~1 

"' (Isl) 

8 56 
9.&1 

HU-16 
15.:ltl 
JfUl7 
6<l.9 

g1 ,16 
106 26 
1_17.04 
8~.52 
7!i 16 

05 
64.8 

63.3d 
55.Si 
-Ii, 32 
49.16 
<11.4'3 
<I0,2EI 
:J5.36 
29 46 
22.97 
2,,?,.r1;? 

?.,\ 711 

?.6 
:t:t.7 
',?11,d 

?.6.3-3 
2R55 
2ll B<t 
30.62 
.:7.22 
2~.d;l 

2'2 74 

22 -~ 
?2.• 
19 5H 
1/J5;l 
15.3l 
19.07 
i?1.l!'r 
20 64 
23.03 
2!1'15 
26.6<1 
20.12 
170? 

Fe 
(%) 

Phi 
{Deg.) 

1.5t:<133 50. 10 
1 :?.:me <15,91 

18.2556 •M.3!) 
21.1963 ,M.36 
1? 715t'i<l 47,<IO 
9.i9P.83 <IB.10 
9.66115(~ 4.!) . .tO 
12,:l:i9 4j:l;.l::r 

14,!!656 .:1.8)3/l, 
16.2B63 •17.dB 
16,26513 ,16 59 
1 8.2882 <15.53 
1fl 7426 <15.1•1 
18,11706 ,14 87 
:21 ,1553 .t3.71 
25.?fi::? .1,2.47 
::,3 465f.l <12.4!'1 
28.?.::146 '11 ,28 
2l'l.9115 •I0.63 
:ro. 1s,12 39.05 
31.6?.;;,17 3l1.55 
3-5.507!:> 36.6,.1 
39 OOtlS 31.).,11 
36.9210 ~l6.7r! 
39 .\189 :1i,;.19 
41 f:>Hl5 35.99 
,!Q.1266 35.~3 
37.26~9 3l>.61 
39.1:ltie ~a"'~ 
Jg,5,t,'36 36.dJ 
Ja.2901 a1:,.1, 
3g 1905 3!'1 !';l<I 
:19./34:;!~ 3f,.08 
39.l•tHI R<tJ.g 
J7 8-148 :M.2P. 
39 ~712 3,1 ()$, 

4:l, 103t1 33 18 
4-1,7(1:}li 32.73 
!ill ddtd 31,7~ 
~S.3058 ::12.67 
-1s.om;,1 33_2,1 
d5.3618 :l2.El7 
,,s.6855. 33.sa 
3!U!502 35.0<I 
36.8635 ~.31 
.:!:'.!.ti:?.:J3 :12.W 
,15 f.121:17 3l,.j< 

!• 

"""' 
< 
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--------------------------------------------------------------Denlll Sam ~'ygO\ AvgFs AvgFlf AvgUd Ola Ala " a F SST U.WI. Ill) I• ( sl) (ISi) {%) 1111 (Isl) (%) (pcf) 

15.58<1 ,1~2.216 15.28 0.55 3 01 26 19 17_;iog :J.8!:i~I <:.!17 17F,O :,l<!f' ' 1.lS.\l" 15.912 "11.8\l8 12.73 0.4-i 3.46 28.1< I~ '.1!Jt',3 3.760 ,!,1<1 !<1W :, (ll? ' \ .l~i {)\l 16,2<1 441,560 10.89 ().43 3.91 .!O.i9 l !.BSBP ,\ J70 3.0~ 11 6:1 .1.1,:; 3 1:~';'. u:J 16,568 <141.232 10.9 0.3 2,76 ,t6.79 11.G7tl7 J.0!;2. 2.96 ! 1 J,.~ :115 ' 1;'1!,(1{) 16.890 440.904 10.fl 0.2:l 2.13 5e'.75 11.3708 2.:iro ?..P! l 1 ()Q ;?.:I~ 5 1:t.'i 00 17224 440.576 I 1.97 0.28 :3..:m 59!:16 12.!i<l!l6 ?..WO ?..90 1~ IO P. 07 ' l;IG(!\1 
17.552 440.:;Ms 10.08 Q,31 2.86 tM.05 11.1022 3.18~ 3.00 !Of;S ·1.;12 ' 1:~5 O!l 
17.88 439.920 13.13 0.21 2.5Q 6•1.13 I 8ffi16 3.013 J. l,! 7 ,J!:l 3.2(.l ' \J!}.00 

11:1.201:1 438.592 9.83 Q.21 2,\4 "10 88 9.5953-l 2.42!:! 2 \IH 9.11 2.56 5 1:m.uo 
18.537 439.263 1<1,59 o.as 2,37 85.33 \d.Bti81 2.615 2.l}ti 14 07 ?..7? 5 13~.{W) 
18.865 438.9:35 17.<17 0.43 2Ai 9!.82 li.li587 2.6.<17 2.7P Iii.SM ::..,,1 5 1ai; no 
19.193 ,138.607 23.a o.sa 2,71J. IOS.66 G<!.0676 2.927 2 70 i?3~l 3.02 ' 1,1-S.!JO 
19,521 438.279' 26.5 1.31 "-.9<l 95.15 1.6.51;177 5.Hl2 2 tt..1 25.97 s J;,' ' 1;l~dl{) 
19.8<19 437,951 23.66 0.83 ';'l.52 20 old_ 23.'2793 3.711 ~.76 2?.l!> :n:i 5 1:1!:J!'J 
20.177 1\37.623 18.99 O.<IP ;?,56 '28.01 Hl.1706 2.772 2 ;:,- 11:°'.00 ;Hll1 ,:in !I(' 
20505 437.295 18.95 07f! '·' 37.55 17 8877 d,rl?.9 ?.91 1 i.ti5 ,1,49 ' P!ll)ll :m.aaa ,136.967 49.fl7 2 1G ,1:J?. ?.7..1 48.679!'> '1.453 2.se. ~e 51 ~ di 5 135 l<ll 
21,161 431:i,639 03.66 5.2P 0.33 .14 <13 Sl.5002 tiA2~ ?. 515 81.tie ;;_.-tr. ,, 13\: {II_\ 
21.489 431:i.311 243.98 10.,1<1 ,!,28 •17.83 237.7d -l.3Ud 2 1.$ 237 8~ J.,30 " 1:moo 
21,817 ~35.983 336.JJ 16.d-1 11 ij!-' .19 :ia ;12,1 4fj1 ,1_909 '?. l<t :12,1 f,7 4 81 ,, 1.1~ 0•1 
~21•15 435.tl56 J.23.23 17.P<I ~,?,I -1~-.til' •li1-1.9<1-6 4.25~ 20<! ,l{ld ()f, ,1 2r, ?? 1:!~,.1:t' 

,~Y --------------·-----------------··--
\ EStress Ueq Cn NGO (Nl )60 Su QC 

(lsf) (Isl) !blows/fl) (blows/II) (!sf) (lsf) 

1_(1()5 <) /IQ\'. 0 •!'!!cl 111,; "' "oe o.<1,1e 1~ 11 
1 o-.n tHl\<S n :!11\:l 1 106 :.tan 

J "' 
0.36'"<:; 1's.b5 

, ""' nr,:m 0 ?:!1'.I I 09~- ~.[1~ ;tJll'i o.::ios 10.7 
1.[)7;:, () 847 0 2:i0 1 {lf;j() 3.3~ 3.61 0.:l0J. 10 Fl 
1 U!:l<! oa:i-1 ll.2•1Q l_t)ij;' ;i H\ :i•M o.aot i(l_d8 
\_1 lo 0 ll'i!;, o ~~o 1.07':',, :!All ~ 75 0.33& 11 t,'.;! 
!.1:ll5 ll.877 O.,!{H l Ori!\ :~ 35 3.fiT O.M2 1048 
1.100 0.88i:I !U7\ 1.ntm 2,6'; 2.~3 0,216 7 7~ 
1.!~ 0!.101 0.,!H\ 1.01)3 2,!<9 J 15 O.~B 9 39 
\.;.!0.1 0 ;;13 0 ?.91 1JM.I;_\ "' d_;IQ O o!\,1 1'1.0~ 
l.227 l)9l!fi 0.30:? 1,(),10 d,77 d.86 0.503 16_µ 
1 2:•t~ 09:17 o:11i 1JJ:f3 6 23 6 :Id' 0.698 2~1.12 
1 271 f!.U,!!,l () ;i;::2 1,()27 7.49 7 6!? 0.71'1 25.91 
l ~g?, 0.961 O 33~ 1.020 G.511 l:\.ii!l O.69i. ;!'3 5,1 
1.31::0 0!?7;l 0.: ... 1:;: I (!1,1 5 215 5_:,.<1 0.5d7 11;1.B2 
! :,:li 091'1~ 0:15.i I_Q(IR 561' 5 70 0.5,15 1!172 
1359 !i.J:l!F 0 Jtl-3 , 0()<; 1201 1l.6::l l.!iOi? u...:i:; 
l_J!:J~ 1.0(1!:I 0.:1;3 0 996 2fl9'il 20.Hi 2.5-11 B!l 75 
1.'1(1,1 1 o;;·o 03B;.l 09!;!(' 50.9B !i-J.46 T.fi10 2<1<1.09 
1 ,Id) 1 OJ? (1.39-t 0.91'4 69.87 1.1e.n 10.:lij!l 3~B.-lfi 
l,,l<lf t{WI {)_.10,: 0 97~ &Uil fl<Ufi 1:l.ll5tl d?.~.34 

Fe 
(%) 

!'i0.lfi9 
5d <1336 
61,5812 
56.097!1 
52.!ld,t0 
52.0107 
Stl-."-61.t 
67.f):Hi 
5T.91:M2 
4!=1.024?. 
.!5,29613 
•W.618i 
J7,76i2 
43.9821 
d,t •1019 
52,3!1,:!6 
3.t 61f;7 
::13.2996 
17 d322 
11; 9751 

1'I (1663 

Phi 
(Deg.) 

30.25 
1!8.84 
27.59 
27,4~ 
21.2;~ 
27.86 
P.7.03 
M6,1 
i?'il,{ll 
2!1 Bil 
~-10.0i 
32, 12 
:'1'2.79 
J?..07 
30.47 

30.36 
~\6,57 
39.5('\ 

"•URt 
-t6.i.'!~ 
<17.,!4 

v, 
C: 

~ 

~! 
c;: 
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ConeTec !n,:. 
lnterprelatlo:, C 

Run No: 
Job No: 

~ irpretat!on 
( '11ease 1.22 Rev. Fonnat: NLI lmperla! 
' 07-1210-1008-'1331 

07-804 
Clienl: Civil & Envlronmenlal Consultanls 
Projocl: 
Sile: 

Location: 
Cone; 
CPT Dale; 
CPTTlme: 
CPT File: 
Northing (fl): 
Easllng (fll 

Elevation (ftJ: 

User lnpuls 

Assumed; 

Deplh 
(ft) 

0.11>4 
Q.'!92 

0.82 
1.148 
1 476 
1.804 
2.133 
2.461 
2.789 
3.117 
3 445 
3.773 
<1101 
4 429 
d. 757 
5 085 
5 . .113 
5,7,ll 
6.069 
6.3!-.ll3 
6.126 
7.05d 
7,3U?. 
7.71 

a.o:rs 
8.366 
B.6Yd 
9.022 
9.35 
9.678 
10,006 
10.335 
I0.66J 
10,991 
11.319 
11.6'1i 
11.975 
12.303 
12.631 
12.959 
13.2B7 
l,1.G1!i 
13.9'13 
14.?.71 

111.6 
14 920 
1.'i.256 

Sample El. 
{fl) 

4sr,a:m 
457 . .108 
<156.980 
•i56.652 
456,324 
456.996 
455.667 
455.339 
!155.011 
Js4.o1:l3 
,1S-t355 
454,027 
453.699 
453,371 
J53 043 
d52.715 
452.367 
-152.059' 
d51.731 
·$51,d02 
~!H.Oi~ 
J50.7d\3 
4S0.J1B 
450.0.90 
H9.762 
t.19.43-1 
~•19.106 
1•18,778 
4,16.450 
ua.122 
M7.79<1 
!47.•165 
1-17.137 
.1,\6.809 
$<16.481 
·i.<16,153 
US,825 
MS.497 
146.169 
~dJ,641 
idd.513 
J,t,), 185 
1•13.857 
MJ,529 
t<l3.2U0 
1'12:872' 
U::J,SJJ 

Pond Creek Mine - Williamson County. Illinois 
CPT-7 
Pond Creek Mine 
20 TON A0211 
07/31/10 
07:58 
804CP07.COR 

0.000000 
0.000000 
457.8 

Waler Tarra Depth r): 
Nk: 32.3 
Slate Parameler: 
Unit Weigl1t of Soil (pcf): 

AvpO! 
(ts!} 

,., 
30 91 

" 38.42 
35-1:1 
33.61 
:JS.29 
39.1:113 
,11.1~ 

:J6.-17 
3,1_59 
<15.16 

52.95 
39..15 
25.66 
16.?.1 
12.!16 
11.85 
10.61 
9,9S 
9.7 

14.29 
113.66 
21.63 
21..1 
20.62 
21.71 
22.26 
20,7 

'21).96 
23.37 
23.21 
22.31 
21.9<1 
23.94 
31.!'i•l 

·52,03 
68.d 

53.25 
50.&4 
31.23 
36.66 
66,S!l 
129,t,1 
2,11.M 
2.'.11.67 
2~a 1-a 

AvpFs 
{lsf) 

0.17 
0"' 
0.69 
0.68 
U.57 

0.1$ 
0.79 

1.05 
0.l\2 
IJ.81 
1.'<'-1 
1.71 
1.59 
0.97 
C!.6 
0.42 
0.37 
0,33 
0.31 
0,29 
0.3•1 
0,5 

0.7A 
0.89 
0.75 
O.hl 
0.6\:::' 
0.61 
0.7 
0.86 
0.9J 
0JJ2 
0.83 
0.69 
1.-17 
1.9d 

?..67 
3.H! 
2.84 
2.43 
2.18 
3.08 
5.3:? 
[-\.12-
fl.8:!
ij 9!', 

AvgAI 
(%) 

1.1:m 
1.4 \ 

1 65 
1.76 
1.61 
1.77 

2.2<1 
2,5 

2.55 
2.2'1 
2.35 
;: 71:-
3,23 

'°' 3.77 
,1 De. 
3 21 
;!.1:l 

" 3.07 
2.95 
?.:lfi 

' "lfJ1 
-i.19 
3.6:::! 
3.35 
2.7"! 
2.9~• 
3.:15 
:=l 67 
~.02 

~- ijfl. 
3 7!< 

3,73 
,166 
:l 73 
3.!:l1 

' 5.63 
7.ii 
!i.\Jt;; 
5.~d 
,t 1:1 
:i :;i 
'.l!-l1 
'•If, 

DD 
c::ILI 
~See Below 

AvgtJd 
(It) 

•ll.53 
·5.9tl 
14.97 

-15.08 
•!5.89 
·1:l,Sfi 
•0.3 

·0.•12 
•O,t16 
-0.'1 
0 'l6 
0 i"t~ 

·O 23 
d.97 
17 39 
178:1 
19 31 
19.93 
21.39 
23 76 
.'.\B.ff 
,17.~8 
56.?, 

62.19 
65.liS 
7.1,-11 
81.34 
96.35 
~1.id 

82.7 
Yfi.:rn 
l\6 <17 
<IB 55 
50 . .'.1•1 
09,05 
3:J.07 
!\,:!7 

·2Vl6 
·25 (l,t 

-252 
27.:w 

-~t>.55 
·25.9:J 
25.6(\ 

.;,b.73 
·?5.1:!ij 
/.l-i.N 

Ola 
(tsf) 

Ria 
(%) 

9h5.(.lH8 1 7Ji 
HlO•l.2 1,1;:,,!;, 

B\fl.512 1.6d5 
53'1.<17 1.773 

J79.81:J t 1;27 
297.093 l 791 
26:!. 716 2.2<1 i 
?.58. 1<17 2 518 
235 013 
186 206 
15fl ;_;;, 
10050!:l 
205.Sll•! 
\<ll 515 

IJS.:!Ot,5 
50.oo,ig 
37_;J()i8 
:J<"C.0256 
21129'3 
23.9078 
2?..07rl6 
31.:1128 
35.1528 
J3 887? 
<l\.3B8tl 
~11;,.rl360 
:m.~5<1 
:m . .t1Q6 

.'N.IO•J"
:!•l 110<11 
37 6819 
:,ltl- 65d7 
Jd <1891 
.13_2:1:n 
35.6631 
,t\) rlf,\ 
;i:;5n,5;i 
96 il.'.165 
iS.0<19•l 
!i9.fl071 
4i-;.042 
,rn.723 
7,1 !i.'.:16:J 
11}9.007 
'.112.55,l 
~19,l !)!',!:! 
:J;.:t! ;;~7 

2.!i63 
2 260 
2.356 
2 7fi0 
3.2d5 
,1 059 
3.82:i 
:l.775 
3.326 
3.'.20 
3.207 
3·:>.43 
:i,125 
2 . ..155 
:l.083 
:l.6!:!!:1 
.t.21g 
3.732 
J.,u~ 
2.0158 
3.032 
cl ,;:18 
3.782 
,u:n 
3 790 
3 907 
3.1'!.'I?. 
d..77~ 
:UM 
:1,9,19 

6.oa:i 
572,I 
-,_gg.;i 
6.0!.!1 
5.53\-l 
4 1,H~ 
3 :177 
:l.tt";!7 
:;,J:::-

CPT area ratio: ~ 

1, 

l 5,1 

\,,15 

I 5,1 
I _(id 

1.69 

1.78 
! 89 
l!M 

1 96 
198 
2 01 
20<I 
<' 08 
:-! ?.F.: 
2 :17 
2 5,1 
?.!if> 
2 (i~ 

2.!'l!:-1 
2.12 

2 m 
2 !'i6 
2.!i9 
2 57 
'<.ti3 
262 
2.59 
?.5~ 
2 :,~ 
C-'l~~ 

2 ti::! 
2.\\6 
2 65 
2.67 
2.Gd 
?.62 
24/J 
2.:\4 
256 
i!..!itl 
2.fll 
?.fl~ 
2 ~,:! 

r2:1 
2 OU 
2.{l'> 
;)ii.-, 

a 

A!-5 11) 
1()05.511 
H;!Jl JS 

535.86 
380.90 
?.9763 
21:i!l.7? 
7.SIJ 15 
23fi 01 
llll).26 
15!Ul5 
19051 
.!!15 !.>8 
1,11 -11 

!J4 94 
,19_1_;~ 

Jl59!i 
:11 P.6 
21'i.7? 
2~ 5J 
21 5') 
30.7~ 
3,1.3; 

<t3-.0~ 
,IQ.!il;I 

37 5,1 
:~!3.o:~ 
37 •11 
!J3 :n 
33.~3 
Ji;, 71] 

36.iP 
3<1 o, 
3?. 1:1 
:urno 
46 13 
7fi Pl 

9866 
75 2f. 
10 o:; 
~?. ;.:5 
,!R9d 
N.11, 
jfj;i;l{) 

:rn: ;r 
'..!!-16 1r, 
j~'4 tl~ 

F 

1,7'1 
1 -1~ 
•.&I 

1.17 
1.62 
t 79 
:-.. 25 

2 ~?. 
:urn 
::'..:!fi 
2.:Ji3 
£ 7fi 
:{ 25 
,1 Ofj 

:H!J 
3.00 
3 Y:, 
3.26 
3 2!, 
J 29 
3 21 
;,_51 
3 15 
:l.76 
J :~; 

:a,;__i::; 
3 ,~ 
2.9'1 
::; 1? 

3c,:1 
-:I t16 
I,'? 

:n:1,1 
;t 07 

:~.90 
J 81 
379 
;,. ,:l<! 

6,07 

', Tl 
i.9fi 
6 Of, 
,.,:w 
,I !,I 
:;:;; 
:l (! .. 

~ J;, 

See Below 

SBT 

' ' ' ' " 6 

' 6 

' ' ' 
s 

' 5 

' 5 

' 

' 

5 

" 

a 

:i 
11 

1:: 
I~' 

1;: 

(\ 

U.Wt. 
(pc!) 

1;!5,00 
125 {Y-J 

12!:' l)(l 

1~5 00 
1'.i5.00 
1?,!';fj\) 

1~!', ()11 

125 OU 
12s on 
1?.5.00 
125,!)(J 

12s no 
125.0IJ 
1;)500 
1:0-5(11) 

12f..(I() 
1;/fiO() 
1.,:5,00 
1;>~ DO 
!i,:f, 00 

125 00 
125 ()';) 
ll5.tl() 
1:!5,0!.l 
1~6.QO 
i:C5.00 
IE50(l 
17,fi!){) 

l;J~,,f.){' 

1:350{1 

i;15()-""I 
1:1fif)(J 

1:1n uo 
135.l'•IJ 
\:l!.',.{i() 

1;16 (1.1 

1:i~_m: 
1~1!;, l!I) 
1:-15,0P 

1:15 00 
!'1S.1.,'(' 

1:1!> (J() 

!'-l~if)(l 
1:~~ fj,'\ 

1'l6 (11) 

1.lfi !11' 
: lh ·~\ 

Material Types and Uni! Weiahl (pr:I} Pill Avg. Su Avg ~ Fe Avg. le Avg. 
~Isl tsf % % 

[ •;z7Residua!Sol! ~~ I 1 00 I ~e:51 I :?5,19 \ '.! .• 11 

Ground Surface Elev. Dill:] 

Copied from ConeTer. CPT Data F!IF! 

TS1ress EStress 
(lsf) (tsf) 

(!010 
0.0.11 
fl.Of>! 

0.0,2 
0.fJHr.! 
0. I 1:i. 
O 1J3 
ll.1M 
0 i i'd 

0 11.'15 
n 21;; 
0 2.'U'l 
0 i'!-6 
0 2'7 
U2Wi 
o.:~rn 
n:>-:J!:l 
0,,1:i~ 
(13/9 
()_,l(){l 

{)_4:-}0 
(J•l•l1 

0 d(:1 
(),\1-J<' 
{) 50:l 
{\:i?:i 
(15-,l,3 

o.~11•1 

o.51'1~ 
()i;;.'li 

n0<:9 
110$1 
Q;;\T;: 

(I fl9!i 
O.T17 
O."ia!;l 
{! 7l-l2 

r. -~ti 
IJJIOd 
P ll~B 
o~~n 
11 B7'2 
f)$t;I•! 
n :,;; 
(l'l"l'c' 
11'.lt'.I 

':.!I'~ 

0.010 
n.0:11 
(\ 0~1 

0 077 
00,2 
1111:i 
fl !3;" 
□ \;id 

0 1 /d 
O.\Elli 
0.215 
o.z:115 
CT 2!:i!:: 
(l?,i 

0.2117 
o;n~ 
0 3:.18 
o.~ri;i 
O 37\l 
{).<101) 

UJ.!O 
(l,4'11 

0 dfiJ 
().lJc:2 
0 501,; 
Q 52:> 
l')~:_l 

0 5~•.I 
n.51-JIJ 
q .:'-9;? 

!l,fil.\<I 

/),/:;\~ 

0 Ii:?"( 
[J-5,~9 
U.651 
0.663 
0.t',7!!-
0!:!Hi' 
n.O!:.l!:t 
O.i! 1 
O.i';'.:l, 
!1,7::f, 

c·;.io 
n ;·f>R 

Gi70 
Jl "?W,.' 

/ ''-<I 

u,, 
(tsf) 

(1 000 

0.000 
O.IIOO 

00..10 
onoo 
OGOO 
0.000 
0 0(,0 

0.000 
OfKJO 
cl (}IJll 

0000 
0 000 
0.01.10 
0()()0 

O(l(m 
O~JIJ 
11000 
0.0,:10 
lUlJ!) 
nmm 
0 ouo 
0.000 
0 ll(lO 

0 l'OO 
o.om 
O.O!Xl 
() O<lO 
0 00~ 
fJ 015 
00'<'!'
n ftJ~ 
0 Q4P, 

0086 
0 01)1) 

Q,0715 
O 087 
O.t\97 
0.107 
f) 117 

fl 1:l.R 
0.1~<>! 
O.;,!ti 

/J.1ftB 
(l 1iSI.' 
p 1-:"Q 

C'tlW 

Ca 

2 000 
~000 
2,0()0 

2.000 
2,000 
2 (l(J() 

?..O<JO 
2 000 
2 0,J,.1 
2 00(1 
'.c 0{10 
::?.OlJO 
1.97?'< 
I 901 
1 11:'!d 
1.7M 
1 -;-1u 

1 ljfi~ 
1 R?.<l 
1.t'IJ\1 

1M,' 
l.!S06 
1,•17";_ 

-:,1-11 
1.411 
1.;\e;; 
1 :15; 
1,3"3;;'. 
131:_l 
1.:ioo 
1.21:r, 
1 i:i'5 
1 ~63 
U:'51 
1 2:!9 
1 228 
1,?.17 
1 ?.07 
11% 
1. !!lt-

1 !7'<1 
I 11;7 

1 1:\7 
jUf; 

l l:!S 
1 1Jl 
l ','.:' 

NGO (N1)60 
(blows/II) (blows/fl) 

1" 
5 02 
7.0;'! 

6.M ,,, 
"O 
[,_Of) 

76.'i 
7,98 
7 12 

fil:ll-l 
R r1::i 
10 7f, 

8.ti0 
r..e, 
3!l7 
:1.21; 

3.0~
?..l;IIJ 
267 
2,1)1 

3.5! 
-us 
5 :;i,1 

5,.!3 
5. rn 
5.39 
5_3; 

5.H' 
fi.'10 
:, 9!'! 
f>.9e 
5.n 
5.7:~ 
6.15 
8.10 
12.~ 
15.Sl 
t:t3!1 
12.1"7 
~.\l; 
!l 60 
1'I {Ill 

~·;- 75 

.!/ r,!=J 
,1,;_1)!1 

~: .01 

3.i!7 
10{1:', 

1,1.()7 

13!1] 
1;;,;-1n 
12 ;m 
1.J ;!,? 

!5 :io 
1597 
1,12:-:: 
1:, 19 
18 {)6 

21 2.i 
16.3•1 
10,76 
7 (I~ 

5 59 
!if"lti 
d.t,5 
t.?~ 
"o:i 
5;,,e 
I.U0 
7.711 

-;- 015 
7, le-
7 31 
716 
;:;r~ 
f: H~ 
760 
1 fi?. 
7 ;;>Fl 

716 
7,62 

? fl6 
1,1_;1 

Ill 71 

Hi.01 
l::i(J~ 
~u.5!: 
11,,;.1 

Hi 20 
:11 !16 

!J<l.l0 
;;,:-:.110 
,;-:-2.i 

Su 
(\sf) 

0.]0;J 

0.9!ifi 
1.:!99 
l.1R7 
t.085 
1 ()37 

1.0l\8 
l.t'\!9 
1.26B 
1 123 

1()6<1 

1.391 
1.631 
1 213 
(J.785 
0 d$12 
0 :-1!:?1 
0 356 
0.31!:' 
0.G.'Jt'i 
0.:.087 
[J 429 
0 502 
0 65:) 
CJ.6•14 
0 fJ?.? 
()_6~6 

Ofi72 
0.~3 
0.630 
0,7(1<1 
0.69!;', 
0.670 
0.658 
0.719 
0.9&l 
1.5!l7 

2 0!--1:1 
1 62d 
1 s.:;,:; 
09<!! 
I H)f\ 

1./2,' 
:;.97() 

7.'15•1 
1 1,1:1 
; f!!;ll 

,, 
{1sf) 

-gp 
;:!0.95 
.12.1 

38,52 
35 2:..1 
J:.\.67 
3-'.i.:! 

39 86 
~ 1. !A 
JA<l8 

]J.5~) 

J,3 ,r;. 
52.96 
3P <12 

25.::iS 
1/i.09 
1:C:,li.•I 
11 72 
10.M 
9 i?-1 
ii ,IF. 

!::\_?}/ 
1~ :i2 
'.,>1\!11 

i!'l'./J:W 
20.1$ 
~t.?.1 
21.6\'i 
20 12 
20.4<1 
22.76 
22 llB 
22.01 
21 62 
2~\.51 
31,;:13 

52 
lit1.afi 
s:, . .i 
!")()1' 

:> 1 4 

~16,0,' 

5f. (,9 

17.?.~ 
2-i 1.8:: 
2s1.1~:1 
7!-,6',l<l 

Fe 
{%) 

Phi 
(Deg.) 

3<lleiti"l 50.67 
?.16:lOtl 50.flf:l 
3 d0523 50.0\:1 
5.10Sfl9 ,18 . .:l I 
5.8?026 <16.9fi 
7.fi£-!9!:l <lfi 90 
ID.1362 ~5 ,Hi 
11 271i7 ,15_25 
12.0156 dd,8?. 
12.3!:Jd3 ,t3 7,? 
13.f.1116!'? 4?..9'3 
1'I 1489 4:J.82 
15 2795 •14.19 
20 8937 J?..36 
2n i1as as 69 
31.9~\<t~ 36.(i!) 
::1,1_5011 ,,u;o 
:m 501a 33.9!-i 
3"9 :!642 3?. !¥.) 

<11 7t!87 :1<.! OI,', 
J:lO?Jll :-11 !l<l 
J:s ~:,11 :q 71) 
~ 1:1<1t1 3,1_.;5 
3:1 71J!'! :15.t!R 

36.92:Z6 3t>.<16 
36.1207 3<1.9~ 
J~. 7719 -3$ 07 
:1.! •17;',1 3--l R7 
:•4.9100 3,1_:~ 
~!;i 7ol05 ::\-l.30 
36.70B1 J,t.8(' 
38 '.iBe!B 3<1.71 
:;17 7717 3<1.4Ci 
38 R777 3d. Ii' 
37.5487 34.t\~ 
;~t> 47~3 36./;•I 
2s,i157 3!:lm., 
2<1.tX!1~ •l{l.Ml 

:J3 dl1!J3 J!-),(),1 

:J3 3631-1 .11, lj",l 
4,:i '.•!1(1!-j ;1/i.7;' 

:J9.:\11:-tr, ;m.nn 
]~:.P.f:l J.'J.O(l 
19.51!3\} 43.2t: 
lt.!n:11 ,JU.12 
14.fif:,71 rl!UJf, 

IJ_(.153;- ,ll_:,;:!t! 

\, 
l' 

"""1 

C 
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R
14563

ConeTec Inc. 
lnterpretatl,)n 01 

Run No: 
Job No: 
Client 
Project: 
Sile: 
loca11on: 
Cone: 
CPTDale: 
CPTTime: 
CPT FIie: 
Northing {I'): 
Easting {II) 

Elevation {II): 

User lnpu!s: 

Assumed: 

,_...}!Jlrelatlon 
( '1ase 1.22 Rev. Formal: NU Imperial 
t 07-1210-1008-4303 

07-804 
Civil & Environmental Consultants 
Pond Creek Mine• Williamson County, Illinois 
CPT-8 
Pond Creek Mine 
20TON A0211 
07/31/10 
09:53 
804CP08.COA 

0.000000 
0.000000 

445 

Waler Table De th fl): 
Nk: 32.3 
Stale Parameter: 
Unlt Weight of Soil (pcf): 

r:::E:J 
CID 
~See Below 

Material TypP.s and I Jgit Weight /pcl) Phl Avg. fu!...8.1&. Qc Avg Fe Avg le Avg 

deq Isl Isl % % 
~Residual Soll Q€ir, I 1.70 I !>S.~~,1 j ~'6.7d j ~.35 I 

Ground Surface Elev. CiliTI 
CPT area ratio: [:Qru 

See Below Cop!ed lrom ConeTec GPT Da!a FIie 

--·--- -----------··------------------------------------------
Deplh 

(fl) 

O.lti•I 
0.'192 
0,81:! 
1.148 
1.476 
1,804 
2133 
2.461 
2,789 
3.117 
3.445 
!3.773 
4.101 
<1.429 
4.757 
5.085 
5.413 
5.i4I 

6.069 
fl.398 
6.i26 
7.054 
1.:m2 
7.71 

8.036 
8.366 
8.69<1 
9,022 
9.35 
e.6rn 
!0.006 
10.335 
10.663 

rn.991 
11.319 
11.647 
11 97S 
12.303 

12.631 

12.959 
13.287 
1:l.615 
13.943 
!d.271 

1<1.15 
1<1.928 
15.2~6 

13amp!e El. 
(It) 

<i/14.8:16 
4<14.608 
444. mo 
443.862 
d43,524 
443.196 
J42,867 
<1<12.539, 
•142.211 
d<ll,883 
4<11.555 
~,$1,227 

440.899 
440571 
4'10.243 
4:J9.915 
439.587 
439,259 
-138.9:H 
138.602 
·t38 274 
-137.946 
~37.61$ 
137.290 
136.962 
,138.634 
436.306 
-t:!5.978· 
135,650 
'135.322 
134.99<1 
134.665 
,13<1.337 
-134.009 
,-l!J3Jl81 
..\33.353 
·133.025 
4.32.697 
-1::!l:!,36Y 
~a2.0it1 
,l31.i'13 
131.-185 
431.057 
130.729 
~30.d00 
t:~0.07'2 
129.7<1~ 

AvqQI 
(Isl) 

17.37 
21 H 
31,35 
•13.HS 
<14.d 

,t7.24 
63.62 
81.0l 
87.6•1 
72.36 
!i<l.96 
,15,6 

<17.91 
55.66 
51.39 
<15.68 
37.97 
32.73 
32,51 
30.81 
30.Hi 
30.78 
28.58 
25.37 
23.1i 
21.72 
22.5 
20.87 
20.28 
22 23 
27.Bd. 
30.dR 
20.58 
21,Bd 
18.91 

" 20.2 
23.7i 
23.53 

20.06 
28.i-1 
:-!3.7 
21.82 
\7,52 
15.36 
13.118 
13 ,;-; 

AvpFs 
{Isl) 

0.!3 
n.:m 
0,66 
0.9!> 
IM:i 
Ui6 1_, .. 
2.67 
J.13 
2.!M 
2,d.! 
1.9d 

1.89 
1.91 
1.71 
1.S3 
1.4 
1.25 
1.3 
1.37 
1.35 
1.3 

1.25 
1.1 
1.04 
0.9,1 
0 76 
0.66 
0.77 
1.07 
11S 
1,:; 

1-04 

0.79 
0.92 
0.91 
1.09 
1.16 
1,\tl 

1.oa 
l.22 
tl.9!, 

0.56 
0 ~5 
o.:.i2 
021 
o 25 

AvgAf 
(%) 

075 
1.66 
2 u~ 
2 17 
3.29 
3.51 
2 7<1 
3,.!£1 
3.57 
d.06 
,1_43 

•l.26 

3.9d 
3.,;3 
3.33 
3.36 
3.7 

3.83 
3.99 
d,.:!'1 

4 47 
,J.22 
-1.:.lf:I 
,u,o 
<l.'lfl 

'1.55 
:13p 
317 
3 (8 
•U.13 
J. \t. 

J,::?6 
5.11.1 

:.1.66 
d HS 
5.:l-1 
b d1 
,U17 
d t\5 
:uJg 
d,2!, 

•L02 
2.Sb 
2.5•1 
2.09 
1.52 

' g; 

AvoUd 
(II) 

!DS 
•1.57 

-3m:i 
-1.25 
.(1,Ji 

0.21 
-0.23 

1.6 
•0.02 
0.81 
7.57 
13.•' 
IU.16 
Ht.ts 
2<1.18 
21.3'1 
20.18 
\8.96 
14.67 
B 27 
11.29 
12 ?.2 
1-rl,3 

16 
1fj.fl1 
15,7 
17 

n.::m 
1Q,.dd 
1,1.6~ 
1<1,2'2 
2.51 

•H ,r;~ 
-8;, 

•<l !6 
.:J.97 

3.d 
-'.\ f,! 
·,7.6G 
- ! fi~ 

' "' 4Jl9 
11},!.':l 

19.05 
2<1.25 
:ll.31 
,!Q.'.;l"i 

Ola 
(tsl) 

Ria 
(%) 

1693.ti3 0.74!-I 
6H7.,1S5 1 f:156 
61() 707 2.1Q9 
.-;10.15 2.170 

.t80.30\ ~,29;; 
,1.17_91) 3.S:22 

Jif; 225 2.idl 
525.61:1 3.30?. 
501. 775 3.57;!-
370.11::H d 07,J 
254.257 d.<157 
19?..37,!, 4 2i7 
185.92 3.966 

200075 34-19 
171.8<18 3,Jd7 
1<12.733 3.:n:. 
111.23d 
90.2176 
13,: 7()77 
71)_0.t-91 
71.d\3<\ 
rn.a2,1 

63.861:l 
.'i!l.0315 
•18.8312 
d,1.5Hlfl 
,1,1 !.l83B 
.{0 i:iotl5 
3B.dfi53 
<11 :;>726 
50789Q 
5,1 ,1e11 
3$.56515 
36!.M11 
31 1 r:18 
'27:li'l:P 
:i2.oo:11 

;l7 t? 

:10.oo:1e
J8.92·,., 
<12.!ilJ5,I 
,,d ;!2!cl7 

:!O.B~5!2 
2•l,l<M 

20.5023 
!i SI 11 
1 i", 1797 

:u20 
3.861 
-a.Od6 
11.505 
,1.53!:.l 
,1_;rn5 
J Jilli 

-a.-121 
~.56P 
d./)72 
3_-aas 
3.252 
3.912 
J.£151 
·1.228 
<l.35!1 
S.Wl 
377<! 

5.0li1 
s.m11 
;; Gil 

5.0<19 
5 0:C'{l 
J.11 / 
4.37!> 
,11ii•l 

2.678 
2.701 
<'.223 
1.67Q 
2,00d 

1, 

1 12 
1 ,?; 
1.69 
1.70 
Ull 

lW 
Ul<l 

1 !.IS! 
193 
2.CM 
215 
2.20 
2.16 
2.11 

2.1" 
2 19 
2.29 
2.36 
'UP 
2."6 
f'.~l:l 
2 4ti 

2 -~O 
2 55 
2.S!: 
2.61 
2 ~., 

~.til'\ 
2.1)?. 
2.67 
2.56 
2.;i,t 

2 13 
2 '72 

2 '" ?H:i 
2 71', 

;.i JO 
2.71 

2 ti:l 
2.0,'1. 
2.ti7 

2.5EI 
2.67 
2.67 
2.6fi 

2 ·~ 

a 

1nq:_i.n;; 
ti!::li re. 
'5111() 

i:110,,!!? 
t!!O ,1t1 

<l 17.9f! 

•176 22 
52!- ii?. 
~{)! 79 
;:nq3.11, 
254.t12 
192.t!-3 
185.6!? 
19£1.6J 
171 :~, 

U.2.32 
1Hl/.l13 
muu:i 
SJ . .t7 

7S9l:' 
71.2!) 
70.6,1 

lj:~.6fi 
!:,<l 81 

:1e.st1 
,I<\ :'11 
,1-416 
,lfl,11 

38.2:'I 
.11 QB 

5U.62 
54.~0 
:,~.07 
:lf-l 7;; 
]1 2'.1 
n:15 
:120-a 
.r/ 1:'> 
J,:-; o~: 
:,e y,1 
,12 !;,1 
J,1 !/:l 

30 -~ 
23 !If!: 
2,_;i 29 

1 i.25 
1>i fl,! 

F 

0 7~, 
1,1)5 

?l\ 
2.17 
3.:•o 
3.5?. 
2 7,1 

:l JO 
.'.i 58 
-t 07 
4 ,16 

~ 211 
3 97 
3 ,11) 

:'i.36 
:i :rn 
::. 7;! 

:nm 
J.Ol;t 

•1.51 
4.55 
<1,:-m 
~ ~'3 
d,,U 

,1 n1 
,1Q!'l 
'"!<ll_O. 

3 27 
3,9<l 
1 g; 
~.2.: 
.t 36 
5.21 
:in 
5 O!.
'.i 5? 
iiti1 
5.{),J 

:llJ;i 

.t 1'.~ 

·1,\i:1 

' II 
?..UA 
;: 7? 

2.2':, 
1.71 

:io~ 

SBT 

' 

" 
' ' ' ' 
' 5 
s 
s 
6 

' 
5 

' 

3 

5 

' ' 
.1 

:I 

" 

" 5 

' ' 

U.W!. 
(pcl) 

H5tiO 
17.5.()Q 

1?5 rm 
1nlfl(l 
12fi{}{) 

1?.t' 00 
125.00 
12::. 00 
12$0:} 

12:, a-:-
125.00 
1?500 
120.0'J 
125.00 
12E Oil 
ll!\.0{1 
1?.5.00 
12~ 00 
12ti.OO 
1;,soo 
!J!,,()iJ 

1:.15,()(l 
1:.lf, \YI 
1:is.00 
1:m.OlJ 
13\Ult.l 
13!'i 00 

1:•s.on 
1:1/\0'l 
1:l5 OG 
;;-l'l{.10 

1:15 Otl 
1Jf,. ()(1 

1;!5110 
t:,i; (kl 

1.!!;,{l') 

1;l(i.OO 

1,1!-i~I'.) 

1:1.<;{1(1 

1:11i.OP 
1,~!\ ()I) 

!:l!;i(l0 

l:-S!-i.00 
!::!5.()1.' 

135 00 
13..~ '1'' 
1:1!', Oi' 

TStress EStress 
{Isl) {!sf) 

{) !_110 

OO<ll 
O.!l!i-1 
o.on 
(J()!-1~ 

U. 1i3 
l) 1.1/~ 
0.154 
0 1;-<1 
!) !9~ 
0.?15 
0.2:l6 
0.2515 
0 277 
0.2~7 
0.:Jlf; 
U 3:1!1 
0 ;!--,'11;' 

o.:m.1 
0,100 
0•1;!0 
ll ,J,!:l 

O..S~!'i 

0 ,l!:!7 

0!\08 
O.li31 
0 5f.J 
0,575 
('.~!:if 
(107-0 

oc,12 
()/5'3,I 

0.6ll6 
o 71_1e 
o;·:,11 
tl 15:i 
/1,,75 

(; 7ur 

U.t119 
0 H<I 1 
O <16:l 
O.!lW, 
0'-'()8 
r1.,~:~u 
Q !I~,~; 
0!?7ri 
t' ~gt; 

0010 
0.0:J\ 
iH)fi1 

O_(li',:' 

()011~ 

0111.\ 
1)1:L::! 
0 1$,1 

{l !/d 

p l!;lf: 

0.215 
0 2,96 
O.:i;5f. 
0.277 
Q.297 

0.31!:l 
o.3.1e 
0,35~ 
0.37!> 
0 .-100 

O.~ lG 
fJ.tl?ij 
/1,h!O 

{1 ,I!,~• 

C J6d 

l)d?fl 

(l,.ll_!!l 

0 ~UI) 
!Uil;.' 

(),~;>" 

(; s~~6 
') -5,17 

0 5!i\/ 
0.57"1 
0.51:1-:1 
IJ.!i95 
() lj07 

(],';!\J 

0 n31 
"1f:•l:I 

fl H?)!, 
\l.t>fil 
o ,r.a 
l).ti!;'.10 

IJ."'0<: 
[! 7'.d 

I' 7?1> 

Uaq 
(Isl) 

0.0lV.l 
0.000 
() {10{1 

o.ouo 
0 OllU 
00\1-1 
c.noo 
O.!l(l{J 
0 000 
O.Ov,'J 
(l_(}(l'J 

0 000 
0000 
0,(\(1{) 

0 000 
OJJOO 
0 000 
0.000 
0.0(Jl> 
0 O(~ 

u QQ,1 

0.01,1 

0 0?<1 
o o:_15 
(l (J,L.<; 

0 055 
o.m,s 
()(176 

0 Q!_tG 
(l(l!l\', 

O Hl6 
0.117 
0 1?7 
n. 1:1, 
0 1J 7 
0 !'if 
0, !iill 
f1 1;µ 

CT Hm 
0. i\JJ! 
0.2ml 
O.c'!~ 
0.1.29 
0 ~.lfl 
O 2SO 
fJ~('l 
,, ?.70 

Ca 

2 000 
2.0IJU 
F.000 
200() 
~.OCIO 
2 Otl(l 
2.0ffi) 
2.(IO() 

2.000 
? {),Y,, 

2.0HO 
P. 00!.' 
1.975 
1,901 

l.l_l:.\J 
1 77d 

1.719 
lti\)!J 

1 tRtJ 
1 51'1 

1.-5SO 
1.5W 
\.hlll 
, .~f\7 
1.Atll::l 
1,i.t,t 

1 J'I?, 

1,11.:, 

:,Jl:11'. 
1.3fl2 
13ti7 
1 3!-i~ 
1~'.H 
1 ~r,,:i 
• ::)l.nl 

1:-'% 
I :,'t-14 

1 ;;11 

1 2h::I 
! <"d7 
t.i:16 
12:?5 
1 ?1<1 

1 20•' 
1 1!);'1 

1 rn:; 
' 1 i'<l 

N60 {N1)60 
(blows/fl) (blows/ft} 

2 S!i 
:'l,:_ll:\ 
5 51 
7.73 
e . .i.:1 
9 !!5 

11.78 
15.J0 
16.60 
l•i.'15 
1147 
<J70 
10.11 
11,11 

10.65 
!!.66 
e.:i1:1 
7 <l<I 
7 51 
7:H 
i.25 
7.3<1 
1):llj 

f,_W 

5.Se 
!Uifl 
:> r~1 
5,17 
!- ?.O 
5.clf, 
6 ~d 

7 5~ 
$ ti3 
5.60 
•; :2.6 
,1,42 

5.68 
r:iAI 
1;_3; 
(UO 
:,ti 
W2i 
r, 50 
H;::: 
al.0:-1 

3_r,1 
1}-Q 

l-i,\\ 

7. I!> 
11.02 

15 •17 
1€-\ !'7 
IIDO 

23.55 
~0.(;0 
:1~u;1 
2:IHIO 
2:_-,_g:3 
19.3,, 

1:1.97 
21 70 
19.52 
!/1,\ 

1<1.JO 
12_d:{ 
12,1!) 

1161 
1\.2.i 
11.22 
IOA6 
? :-10 
a.e:3 
8 12 
7.~:!, 
t:ll 
7 27 
H 10 
;!.41:1 
lO . .-!•l 
7 t,;, 

"" IUIP. 
6;)i 
7.:_!0 

B.15 
t!(}'). 

J;l, J(:j 

u. rn 
7.69 
,;;_o!J 
5 50 

•U~1 
d 1!-
ll<'< 

Su 
{Isl) 

05:::; 
ll.65d 
(l,969 

1,356 
1.372 
1.45'<'1 
1.966 
2.503 
2.706 
2.23.i 
1,685 
1.41),1 

\<175 

17!5 

1.5tl2 
\,dr)J 

\.16!.i 
l.1Xi2 
0.996 
0 9'1 I 
0,921 
0.939 
0.870 
0.770 
r..702 
0.65f, 
0.57? 
0,6213 
0609 
0 5151:> 
013<12 
0.!":12~ 
0.6Hi 
O.C<l6 
O 56:\ 

0&o:i 
0 601 
0.711 

0.703 
0 775 
0.86'.l 
0,706 
0 f5.J7 
0.516 
01,,1<_; 

0.387 
a.:mi, 

"' (Isl) 

17:H 
=!!.1R 
31.37 
d3.IJ6 
,t,:.J, 

.17 P.d 

03 62 
81 

87.64 
7;!.3!:i 
fi,I 9\ 

•15.52 
,17 us 
55.M 
51 23 
,15i;5 
37.l:15 
32 r,1 
:12'12 
30 78 
30.('9 
:m.7 
:lll, d9 

?.5,27 
23.06 
21.t;;:> 
22.39 
20.77 
20. 1fi 
22 13 
'27.'15 
30,;=; 

20.6•1 
:;:1 69 
l;t f}d 

17 03 
20.\:'~ 

?3,79 
;:'.l,5d 

2fi 87 
2H.71 
23.61 
21 75 
1l <17 
1[;2 
13 :?P 
1:1 22 

F, 
(%) 

Phi 
(Deg.) 

.\ !fi~? 52.71 

:!.f!Oil~ 4R.J1 
5,R021J. 48.!:M 
S.1211':d .i1rn4 
10.5956 .17 !lS 
1 Ul961 4f.38 
6.93891 ,17,9<' 
10.?.34P .iB.:13 
IU'.1<1<1 .tf,1<l 
IJ.055fl .16.86 
17.'1107 •15 18 

11.l.97'15 43 f!Jj 
18.3226 43.70 
Hi.1775 ,1<1_{1~ 

170225 '1331 
lll.6<117 42.:l!c' 
22 137?. 41 11 
24,6{)88 d0,(lf) 

26 1077 39.66 
w.a;,m:j :19,oe 
29.7266 Jtl.72 
2901<1!? :-18.611 
30.8671 !Jij.09 
32.19;,i;7 :lf.?.<I 
:tG.07'15 Jr;I.M 
J6.7l19 36.00 
32,tJ/8 31J.("ril 
32,761;15 ~5 46 
315_21a3 :is 1:, 
:11::\.T,J,!3 35 56 

~:; 2:_l18 36.n 
32.5983 37.22" 
.11 8'.-l<t& ~4. 72 
:if;,2<122 ,1<1 '::)(I 

d3.S6'J5 33!;11 
,17.69:i .'.13.09 
,ld.908 3,1.()7 

4\l.6258 :H.!:!7 
J1.IH1t :;:14.79 
:i6.fl!59 35.2l~ 
;•U.25ll:.! ;{5. •;v 
JB,9:i52 :.!<I d!t 
34.33,1:~ ::i~UI~ 
:ia.t.ml;~ 32.28 
:l9.0527 ~ 12<1 
~.55<1,i :m;,<i 
<l 1 _;120:: )fl 0~ 

I,; 
\. 

""-1 

~ 

0 
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-------------- ------------------------------- ------- ---------- ---------------- r"""\ -- -----------------------------------Oeoth San 
1
~ ,Av9Qt Av9Fs /WgRf AvgUd Qin Rfn le O F SBT U.Wl. f ,ss EStress Ueq Cn NGO (N1)60 Su QG (/1) \\ · (Isl) (!sf) (%) (fl) (!sf) (%) (pcf) / (Isl) (!sf) (blows/fl) (blows/II) (tsf) (Isl) -------- -·---

15.SSd d2~.416 11'.:!8 o.s 2N " 23.JfYJ2 2,8!-),' ?.JO 2~E'Ei ;2.9!i ' 1J5,(K! 1 01U ll.T:I~ O.WO U<J4. .i.!id S.6<1 o.~3'1 17 !If. 15.912 4?.9.088 •14.7 2.0:, 4 5J 28.Q<t 5.'i 2411!? "'-.0<:7 2 5.1 5; 9\:1 ~.€!:i ' 1J5 ()(1 I G•\(l 0 1!,(\ o.~:91 1 1~5 11.QI l?,'ffi 1 ;1!)2 ~d.52 16.2d. 428.760 126.44 5,3•1 J.22 •Hl.~ 1;,,1 /i8 4J?59 2.23 16-l i'2 ~_2F; " 135.IJ(l 1Jlb~ n.,02 0 301 1 lifl 2f.3d :11 3;~ 3.em! 126.!i!i 16.568 428.432 213,9 I0.81 505 15.; '275.05~ 5.08'()• 2 IS 2;~ ;2 508 " 1:m.00 , ()!;lf, CJM 0.311 1 ,.:ff J,~_;l!! ~l.,18 6 511!;!" PM 16,896 d28.104 378,5'5 14 03 :;,71 .;5 73 ~110.355 3.717 1,\lt; ~60 "8 ;t,7?. " 1:•7Jl'J \.HF (1 i"~f {)J,?1 1.1::f!. i3.23 ll:'61 11.~f, J7B !i\5 17,224 427,776 3,11.1f! 15.02 " -15,!-ll 426.13~ ,t_.117 2 flt- 4:,f.: :Cti ,l J;, 1? 1~1F. \){I 1 ,;,~ 0 71:!\' 0,~l::11 1 I IP t1t',.~2 ","(; Ji 10.SW ;•~ 1 ,rn 17,552 427.<t•ta 312 Pl 15.-i3 4 !?~ -12,l :lc<l.fi,:Jj ,t,!l4P :' , 1 ,!tM 7? d,H!°' " •:!l' a',' 1.1[•~- (' t',tO l' .~4~ 1111 r,.i;m ·q.!,H 965:.' '!121.~ 

Fe 
(%) 

dQ 55iS 
J:?.70tif~ 
201.117 
18AOOO 
1i.7ei 
1,1 ?1:-Jd 
l('-0!:l\o!-l 

Phi 
(Deg.) 

:'l?.03 
37,S{) 
<i3.1::I 

<l:!i 55 
..t;,\,l; 
t.lf 46 
47,Q;'.; 

\J 
0 

""-1 
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Civil & Environmental Consultants, Inc. 
Williamson Energy Pond Creek 

PROJECT Deformation E11aluation PROJECT NO. 072046 
Normalized PS-CPT Data and Parameter 
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NORMALIZED AND l\.fODIF!ED BY CEC 
CONETEC, IlNC. - CPT DATA AND CORRELATED PAR.A.METERS 

POND CR.EEK - WILLIAM:SON COUNTY, ILLINOIS 
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ConeTec hie. 
!nterprelali'Jn ( 

Aun No: 
Job No: 
Cl1ent: 
Project: 
Site: 
Locallon: 
Cone: 
CPTDa!e: 
CPTTime: 
CPT File: 
Northing (I'): 
Easling (I): 
ElevaUon (I!): 

User Input~: 

Assumed: 

/.---.,'~rp1etalion 
f 1lease 1.22 Aev. Format: 
' 07·1210-1008•4276 

NU Imperial 

07·804 
Civil & Env!ronmental Consultants 
Pond Creek Mine. Williamson County. l\linols 
CPT-9 
Pond Creel! Mine 
20TON AD211 
07/31/10 
09:17 

804CP09.COA 
0.000000 
0.000000 
445.7 

Water Tar!e Depth r'): 
Nk: 32.3 
Stale Parameter: 
Unll Weight of Soil (pcf): 

DD 
DLI 
~See Below 

Malerlal Tyoes and Uni[ Weight {pcfl Phi Avg. ~ ~ Fe Avo ~ 
deo Isl Isl %_ % r- i2~ ]Residual Soi! I :Jr:t 2!-. ! 1.3P. j "~ 19 i 21:\.0. ( 2A9 

Ground Sur1ace Elev. [illD 
CPT area ra!io: ~ 

See Below Copied from ConeTeo CPT Data FIie 
--------------------·--------------------------·-- ····---- -------------------··-·--·-----·-·---· 

Depth 
(fl) 

0.164 
0.'l.92 
0.82 

11<18 
1A76 
1,BO<i 
2.133 
2461 

2 789 
3.117 
:i.446 
3.773 
·t101 
4.429 
4.157 
5.085 
5.413 
5.741 
6.069 
6.398 
6.726 
7.054 
7.382 
7,71 

8.038 
8.366 
8.69.t 
9.022 
9.35 
9,678 
10.006 
10 335 
10.663 
10.991 
11.319 
11 8•17 

Sample El. 
(ft) 

'146.536 
445.208 
~44.aao 
.td4,552 
dd,t22<1 

443.B96 
d43.567 
443.239 

442.911 
,142.583 

442.255 
d41.927 
441.599 
dd1,271 
,140.94:l 
440,615 
<140.287 
439.959 
439.631 
439.J02 
438,97d 
<138.646 
438.318 
<137.990 
437.662 
-'137.334 
437.006 
436.678 
<!36.350 
d36.022 
436,694 
-i35.365 
435.037 
434.709 
d3d.361 
434.0!!3 

11.IH!i · <133, 725 
12.303 d33.39i 
12.631 433.069 
12.959 
13.291 
13615 
13.943 
1<1.271 

j,\J} 

1,1_9,!ti 

15 256 

432.741 
432.413 
4:J2.085 
.t31.767 
:131.429 
.:131,100 
•l3U,772 
4J(},U4 

AvgQI 
jlsl) 

15.:18 
Hl.82 
30.1 
43.87 
47.66 
46.87 
41.72 
."3,.44 

44A7 
59.57 
70,47 
7<1.67 
84.53 
104.:tJ 
96.<ld 
102.25 
98.2 

94.73 
84.93 
H7,66 
69.12 
63.77 
53.39 
-18.17 
38.46 
ao.22 
2lit.! 

'" 28.31 
26.35 
25.0'7 
25.89 
22.8 
27.92 
29 . .t:? 

26.23 
2;J 16 
20,d2 

18.58 
22.2 
18.14 
15.131 
12.95 
11.9<1. 
1225 
11.1a 

15.59 

AvpFs 
(!sf) 

0.2 
0.3B 
0.63 
091 
1.rn 
1.66 
1,66 
\ 52 
1.87 
2.65 
'2.79 
2..18 
2.85 
:l.86 
3.96 
,1.11,1-
,1.51 
4.11 
3.46 
3.58 
3.37 
3.03 
2.77 
2.•l1 
1.96 
1.55 
1.3!? 
1.:12 
1.17 
1.19 
1.15 
1.2<1 

1.2 
1.18 
1.4.$ 
1,41 
0.99 
0.52 
1).49 
0.51 
0.35 
0.'2R 

0.21 
111:? 
l),10 
0.10 
0] 

Avgnf 
(%) 

1.27 
1.Y?. 

<'.1 
207 
?AO 
3.6:;' 
3.98 
d Otl 

'·' 4.-1'1 

am:, 
3.2-9 
3.:li 
:1.12 
,1.11 

'·' 4.59 
-UM 
4.08 
< 07 
,1.87 
4.76 
5 19 
ol?!! 

:us 
!'i 12 

"' J ~ 

' " .:! 53 
,lfi 

:178 
5.28 
J 2~' 
<l.92 
5.39 
4.28 
2.55 
2.R4 
2.28 
I QI 

1,05 
1 59 
1 55 
1.S1 

17 

" 

AvpUd 
(ft) 

•V19 
-12.m 
-9.01 
·321 
o.m· 
0.01 
0 25 
03~ 
0 06 
0.2a ,.,,,, 
·0.62 
1Jl5 
1.8 

2.45 
O.fi2 
1.13 
4.32 
5.01 
·2 24 
.t.69 

3.08 
7.5:.'l ,, 
10.26 
11.57 
12.0:-:1 
11 ;16 

1U;l7 
15 1 

1J_Sb 

!:l.4 
>.l.!?1 
1()86 
10.!l!J 
11 3f} 
10.95 
11.a:1 
14 ,t;j 

d!; di 
5/J.:o!G 
56.56 
5~~-01 
f,3.86 
F.5.:!P 
·,•3_,14 
P.7 ·ir1 

Ola 
(tsf) 

Ala 
(%) 

H99 49 l.'.l01 
(i-13.553 1.97.0 
581:l317 2.og; 
R1{).:t29 2.07R 
515.tM 2.5n2 

405 fJ?.9 :'I 6P.8 

311.!WI 3.9!1:? 
'2<1.!.'I 13 4.077 
:t5<! 11 i 4.222 
30rl.781 4.'163 
:J26.292 3.!:171 
315.65 3.305 

328.793 3.362 
J75.898 3.729 
323.:H3 <f, 119 
3:?0.731 .(.111 

289.2S<l •Ul09 
?..ll3 01 '1.~5!1 

:?22.905 •!.092 
2rn.2rn 4.080 
1G3 425 
143.64,1 
1 l<l 719 
!.18.9637 
7{i.0!l9$1 

58.5876 
r,:l.i.H/19 
!i,1.:n 

!.il.066 
Jti :1162 

~3 141<1 
,13.63 

:17.4772 
•IS.202<1 
d0J26 

<1.905 
4,785 
5.233 
5.05d 
5.216 
5.22.0 
,l '11:10 
,1.578 

<l 2.21 
•l.6211 
4.i'OR 

,t.914 
5A25 
"-335 
5.053 

,J0.71?1 5.533 
35.1046 4.421 
30.2103 2.6.tY 

26.8fi24 2. 75A 
31J192 2.387 
25.2132 2.02!.i 
21 40flE 1.7'11 
11:i"!J~72 1_7.s.;1 

15 :a!ii; 1 725 
15_,1:13 u::;g 

1:1.nos ug,!l 
19,2!:ltll '? (J!;-h 

le 

1 J7 
\.!>d 

Iii!' 

Ui$ 
1 79 
1 9fl 

2.0i' 
?..13 
2.13 
2. Ii 
2{)ii 

1.9~ 
l.!:IS' 
2.00 
'2.07 
2.07 

'" 7.14 
:.us 
215 
2.:w 
2.31 
VIO 

?. 4?. 
2.50 
256 
Vl\1 
2 :ii:, 
2 55 
?_R1 

?.)5rl 
2 65 
2n 
2 60 
:::'.64 
2 71 
2.68 
2.5B 

?.'33 
2 !)4 

2 $!i 
;, no 
;:,,r.lf/ 
2.i:I 
'di'?. 
,'Ill\ 

~!.ftU 

a 

lh{J1,a..:I 
ti•16,15 
5!:!1,?.S' 

61071 
515.0<1 
4Qfi.H3 

:m.:1~ 
2-1~· d 1 
;;:5,1 06 
:JOd.i'l'• 
)26.25 
:11s.6~ 
J2!.>.75 
:n5.86 
323.::Jd 
J?.0.70 
:189.23 
2ti2.9:?-
22<:.83 
218.2<i 
11>3 :;s 
1-13.60 
11~ 61 

98.90 
76.55 
~a 45 
ri:J f:(i 
:,,1,20 
h0.11'1 
d!,.74 
42.98 
<l:'j_d!l 

Ji' J8 
,15 09 
t.6)12 
-l060 
:ld.9!;1 
:I0.1() 

213.72 
31,29 
24 7f: 
20.9 I 
16.52 
j,! ,~ 

!.t.81 
1.110 
1? '-t, 

F 

l.~O 
1.~I 
209 
2i)R 
2 ::in 
3 f,3, 

3.\1~ 

'°' 
,1 --~ 
-1<\ti 

3.(17 
3.31) 
3.Je 
'.J.73 
4.12 
d., 11 
'1,6! 
.s..:16 
4 08 
~.QA 

4 91 
,t 79 
5.?.11 
!'i06 

5.2~ 
5.?.3 
5.01) 
,J !',!, 

,l.?.3 
,l_fi'I 
.1,n 
.1 K~ 
.'1<1•1 
4.:15 
5 07 
5 5!j 
,t.4'1 

2,;115 
2.77 

2 ·12 
;,• Gf'i 
! 7ij 

I 1\1 
1 ;q 

l /•l 

\ .. ~ .. 
r, 

SBT 

fi 

' ' 
' 
5 

; 

' 
6 

' s 
11 

" 
5 
11 

3 

3 
3 

3 

' ., 
' 
3 

' 3 

' 

' 
' ' ; 

LI.Wt. 
(pcl) 

125.0(' 
1?5.[){' 
I~$ 00 

12~-.Ufl 
12n.no 
1,!!;=J){) 

1,!5 {){) 

12!1,0() 

12500 
li!::i./J() 
125PO 
12~; (Y.) 

125 00 
1~5.00 
125.00 
1i!6-00 
126.!ltl 
12500 
1,'51J(1 

125.00 
12~.oo 
1?f;Q(/ 

1:?5 00 
12:'>UU 
1;1sou 
13r, on 
111r, 00 
1J!; ()() 

1:1r:i.oo 
1:1s.oo 
13i; no 
l,l!_>(JU 

IJ5.fJt) 

t3!i PO 
1:is.00 
1:;S.Gl'l 
1'!5 00 
1:J!i.()'J 

t;l!-00 
('.~', {)II 

1:-1!->.(IO 

f;j~{'!il 

1:•5("J 
1:Js 110 
1:i::- (_J!J 

1:JJ,/J!\ 

1,: .. •~: 

TSlress ES\ress 
(!sf) {Isl) 

0010 
0.0~~1 
0.'J51 

0.07l:' 
00~.! 
0.11:t 
f' 13,'>: 

0 15-1 
0 1;•,:. 

0.1% 
O.i:'1!5 
02:lti 
0.2fi6 

0.277 
0.2fl7 
O 318 
o:-1.·-1a 
D :359 
0.310 
()•1{10 

0.ol2(1 
O,,ld1 

n,1;,;1 

0•!8!;1 
0 50?. 
n.5?.6 
0.5~ ;· 
O hl'i'cl 
0.591 
(1tll:l 
11.!:i:JB 

() 657 
0.6fl0 
r) 7/l,! 

l'J.7:ld 
(l 7df; 

0.7bl! 
fJ,,'!;/(J 

0 l;i!2 

O.H:ci5 
I) 1:3~7 
0 i:',79 
tl.901 
0 9:?:! 
n u,1~ 

'J!ll:'7 
P«-1,, 

0,()1(} 

0(),31 
{10!51 
OOTI.' 
0.092 
0 ! !.\ 

I) i,lJ 
IJ.1/)d 

0 17.t 

0 l!l,~ 
0'.::115 
fl ;:.J~ 
l! 256 
0.27i 
0.297 
!).316 

o:.iJa 
{}.~5<;! 

0.07~ 
O<lflO 

04?0 
n.<1.i1 

0.<161 
f),ll;t;> 

0 ,195 
n.507 
0.51S 
0 t>:11 

tl,!-,,1:J 
0 ~:',J 

ll ~'56 

0 578 
c.:wo 
O 6vt; 
(U'.1.1 

0.6i!t; 
00-:.iP. 
0 65() 

fJ 602 
()_,S;,t 

t1 /\ti(', 
OfN7 
0 711:? 
(\ ;;;1 

(I /J;I 
n .•,1:
,, ,,_. 

Ueq 
(tsf) 

!}(.10(1 

0.00(1 
(ll)I_I';,' 

l}Q{l!) 

0.000 
(){){)'J 

0.0\)il 
{).(100 
0.IJ{)O 

0.UOO 
O 000 
0.000 
0.000 
0.0U(l 
0,000 
Cl.000 
0,000 
0.01)() 
0 000 
noon 
o.oon 
!J.0,')0 
000{) 

0,Vll() 

0007 
0.01f. 
O(J'2ij 

flO:;!!:l 

OO~H 
005!! 
O.otiY' 
{) [}7!-1 

0.0tl!;l 

0 Hlll 
l} 110 
0 120 
L' 130 

0.1<10 
Olfl1 

rl 161 

"171 
0, Ht! 

()1:1:.i 
{) 2l/2 
c.~1~: 

0,(;2~= 

I) 2."l'I 

Ca 

,.' tKl'l 
2 IXIQ 

2 0()1) 

2 000 
2.(1(1\) 

211M 

2 llOO 
2..fl(l{.) 

.'.O<r.l 

?000 ,coo 
?..{JCJ(l 

1.975 
l 901 
1.834 
1.77<1 
1 7Hl 

'i.66tl 
11l,?.t 

1.!!81 
1,542 
1.500 
1 .172 

1 -1~ \ 

l.J21 
1-10!"-, 

1.3!!tt 
1 :l71 
: :l:i8 
I 3•1::! 
I 3<:11 
1.!l1f, 

1 '.Jll2 
\ :?!:!9 
!,276 
1.20,1 
1 ?52 
1.!!,J1 

1.;]29 

! :-'!8 
1 201;1 
1 197 
11117 
1 In,. 

1tfl>' 

! \!,!} 

i IJH 

N60 (N1)60 
{blows/ft) (blows/fl) 

''3 
3d<I 

5.30 
7 5H 

!I tit:\ 
9 ,,,, 

B 42 
j' 7,l 

9.20 

12.2:5 
14.11'-
1~.6<1 

16.57 
20.5.t 
19.50 
lfHltl 
20.38 
19 66 
17.71 
16.31 
15.27 
l.t.23 
12 :,\!! 

1 '.~11 
al.37 
7.6.:1 
7.21 
7 :I~ 
7 05 
6 7!; 

tS.51 
F,.76. 
6.20 
7.11 
7.64 
7 OG 

6.!6 
5 16 

"' 5.4~ 
,s 5:! 
3.':16 
J '.lH 
:i.1t, 
:! 2:1 
;Vld 
·l c~~ 

'., 
!;l.!J8 
10.61 
1.!'i.31? 
\i.:lcl 
17 pg 

'"'' !!i.4~ 
H\41 
;,,1 5Q 

28.31 
29 is 
J273 
39.03 
35.76 
:m.r,..l\ 
350/f 

32 80 
:!8.75 
211!16 
?.;l.56 
21.<1.;1 
18 2<1 
16 .'lO 
13.31 
10.12 
10{)1 

10.0!:l 
g ;,, 
!l()ij 

f) ti!i 
8.fl9 
P.07 
!l 17 

9 75 
893 
771 
fi 40 

!;UH 
:j6,1 

~ 4!i 
,l 7d 

,01 
:1 73 
:n; 
3.~2 
,iit:! 

s, 
(Isl) 

0476 
0.613 
0.!.130 
1.:156 
1 d73 
1,:117 

1.21l!.I 

1.15t! 
1.:.'111 

l.tt30 
2 175 
2.3(ld 
2.600 
3.221 
l.977 
~ 156 
3.o:m 
2.922 
2.1:118 
2.702 
2.1"7 
1 951 
1.639 
1,476 

1.17h 
0.9lfl 
O.ll62 
O B!l,1 
0.868 
0.797 
0 7!56 
0.7!!1 

0.685 
0.843 
0.888 
0.789 

0.69:i 
o.co~ 
o.5b0 
O.ti!H 
o.s;,15 
O.d62 
0.373 
o.::M1 
r) :15(! 

n.~rn 
ll.4~-~'. 

qc 
(Isl) 

15.4 

\!19 
:10,1;:, 

;JJ.ll8 
-!7.66 

<!..".Bf 
.n.n 
37 ,14 
J,l di, 

f.9.57 
71),lf; 

,um 
8d.52 
104.J2 
W.43 
11P..2'> 
98.19 
9'>.7 
8-4.9 

!17,fi< 
1;9.0!! 

63.75 
!rn:'M 
,JP, 14 

:nl.39 
:m.1s 
20.3";.'; 
2!1.33 
28.23 
26.iW 
Erl.ml 
25 Bl 
2;;:_;,1 
27.85 
29.35 
26 16 
23 og 
20.:~5 
1B.d!2 
21.~I 
~; P.~ 

15<1'1 

12 6~ 
1U,K 

11.65 

10.i:I 
!hM 

Fe 
(%) 

Phi 
(Deg.) 

1 I 18!)3 52.29 
s.o:nie 49.17 
5.9&.\.."ll ,16. 71.! 
5.797:l .\6Jl<t 
7.M25 ,11;J.:?fi 

12.M rn •'7.l!!i 
1411063 dfil1 
16,6'363 d.-l,A6 
HS.75~7 llS.18 
16.2268 <16.QO 
14,,187 dl>.30 

!2.725 46.1G-
12.i3<1..! 46,3~ 
13.02.25 46.92 
1.f..!!46ti 4$.21;: 

U.9718 46.23 
1n 9,103 "-5.17 
16.89.t <15.:!3 

17 ~•Ofl2 4d.t'7 
17 . .tl!\2 44.47 
22.048B 4.3.0!1 
2£.872<1 42.43 
2\i.3.127 ~ 1 28 
27.d055 40.51 
30.8807 :~g_ 12 
:NA1!.19 37.Qt 
::i,1.e:m! 31,11 
33,1,ig 37.1ij 
33.1117 ::!6.82 

35,9001 :m.25 
37.:/.6!19 35.92 
37.7fi69 35.89 
d 1.78<16 $4.99 
as.2il7 :m.11 

:l7 1499 36.31 
.t0.77R7 

39.5208 
;l<l.5204 
:~1.Q\;;1 
32 f\81!1> 
:M ~J:M8 
;16.5971 

39 HB1S 
-l::'.Hl27 
,It f!7;l 

,\~, 7108 

Jn n;,; 

35.dS' 
::1-1.6U 
33.t.iS 
:J2 9,1 

:1~.u,2 
!12.46 
:<1,'10 

29,!.tf> 

28 !!i 
:w.?.1 
26 3~ 
:.\0 6!i 

I, 

• 
~ 

~, 
I(; 
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Denlh 
(It) 

1&.ss..i 
15.912 
16.24 

16.566 
16.896 
17,22J. 
17.552 
li.8fl 

18.208 
113_53; 
18.865 
19.193 
19.521 
19.8-19 
20.177 
20.505 
20.833 
21.161 
21.>16!;1 

Sar(_,.-, 

'130.11.$ 
429.788 
429.460 
429. \32 
428.80-l 
<128.476 
<128.148 
427.820 
42i.492 
427. 163 
426.835 
426,507 
42$179 
425.851 
<125.523 
426.1BS 
424.867 
d24.539 
<124.211 

AvaOI 
(ISi) 

23.74 
29.!l3 
:)8.72 
56.19 
60.78 
50,94 
43.07 
39.51 
<11.11 
.11.12 
45,7 

,!3,06 

36.52 
49,:H 
ao.,m 
75.15 
74.9A 
5L59 
(!8.Clfl 

AvaFs 
(ISi) 

Q.di! 

0.85 
1.&8 
2.18 
3.03 
2.7~ 
2.B3 

1.86 
1.74 
1'8 
1.83 
2.11 
1.92 
2.52 
3.3i 
3 5<1 
3.l3 

' •Ui 

AvgRI 
(%) 

1tl•I 
~.69 
:Ul,'3 
3.88 
4.M 
5.46 

'' J.71 
4.2.1 

" 
,I 81 

5.2t3 

" 5.511 
.17',) 

.-l .11 
a a« 
~ 06 

-------·-----·----------- ------ --------· /,.,.~---------------·---·-·--··---------·----------- ---· Av9Ud 
(It) 

Ola 
(Isl) 

Arn re a F SST u.wi' \!ss EStress Ueq Cn N60 (N1)60 Su qc (%) (pcl) .,sf) (lsf) (!sf) (blows/fl) (blows/U) (Isl) (Isl) 

fl7 72 29.St,OO 1.936 
1ll661 36.?.dll 3.(Xld 
103,.37 47.5\dfi 3.!:,l~ 
102.93 l:i8 4i'.Jfl9 3_gr,~ 
65.61 
50 44 
23.93 

73.0777 
60.1007 
d9,83:,l,.1 

5.0i7 
5 580 
5.558 

·0.56 .!.Ul0-12 4.851 
0.62 46.0tiMI 4.369 
?. n ,15,372<1 J.210 
,t.37 .l.DB1J ,l.11B 
,1,87 

11.!15 
12 88 
·1 Jd 

-5.82 
.7.5 
,! 6(? 

,, ~;j 

,17 02!-l!J 

38 • .'.l:i~-18 
51.52!:16 
5~ 50fi4 
76 B<t-13 
75.5377 
!'.0.76(i5 
t',7,;,~~5 

d 95:i 
!jA,lS 
5.2•13 
5.697 
,I. ,!l7 

.'.,:Jij!;) 

3,&115 
5 MO 

2.s:: 
2 57 
2.5f; 
2,.:15 
2 51 
2 6(1 
2.6G 
2.6:1 
2.Fi9 
2 5!' 
2.55 
2 s::i 
2 72 
2 6~' 
?..!"19 
2 d7 
2 ,If, 

~.5:3 
;'41". 

2':I !l5 
~lj :_l;7 

'113,71 

67 5B 
7;":.58 
5!-) 6d 
-i\i!.66 
,UJlO 
,16\)ti 

45 35 
,I0.7P 
,17,fll) 

:.l!;!:.!6 
51--13 
li~5:? 
lf)f:1J1 

.,5_59 
50.00 
~7 :i,1 

1!lf:< 

:, Ot. 
<1.00 
a 00 
!ilt 

5 !l2 
5,58 
~Jl!'i 

,I ~"~ 
4 ?I 

,112 
•Ul!> 
f,,11} 

5.2!:i 
6 7P 
•I 7!'! 
,I :I" 

J.fl" 
:; 1-1 

' ' " s 

" 3 
3 

5 

" 3 

" " s 

' 

1;•r, no 
,.,., Q(' 

!:i~.\JO 
tJl;I (/{} 
1370'.J 
l'ltt.00 
13'cl.(){) 
1,11) 1),J 

1.dt.nn 
1'il Oil 
,,13.00 
1,1-1 (~1 

\,lf;r~.l 

14f;,[J(l 
1d 7/1{I 

l•W,0\1 

l·t!l!~ 

!!'0.00 
1."'1 fil"l 

i 1)1;:' 
1/J:;!'1 

1-056 
1 0711. 
1.100 
1 12J 
!.1-£6 
, o:;e 
1 1?1 
1 ?15 
1 ;,:1i:: 
1 ~Hl 

l.Wf> 
1.30~ 
1:-1:i1. 
1 ,1:;r 
1:m1 
1-i()t> 

l .-:!P 

P 75!? 

{) ,r.1 
o;•;,i;, 

OJI{)$ 

0.~17 
0 8:!!l 
00'1 
Ii BS<l 
1).8~; 
038" 
O.!l9a 
0.el(lfi 
(l 91!:! 

0 ~:/3 
(I p.11~ 

0.900 
n f!7<L 
O.',!ll\i 
, no:• 

0 ;,,13 

e i'5J 
0 '!l'i:C 
1) ;::;,i 
0.21:1<1 
0.2\:1'1 
0,"30<l 
()_;11,1 

0 :125 
0 :-t:~i; 
O.J,:5 

0.35!> 
{),:!"ti 
o.:m, 
o.~'IB~ 
() :J~fi 
o-m; 
0.:17 
ri •ir:, 

1 1J1\ 
1 1:1~ 
·,.12:! 

1.115 
\ 107 
1.0!ll!. 

1.0!-IO 
1.0H2 
1 07d 
1 mu; 
! Q.',t', 

;_ns, 
1,n<13 
U.l:~5 

' "'" 1 oio 
1.01:~ 
( ,)'.)~ 

(1 :19~ 

!',70 

1.22 
fl.55 
1:1~ 
1-1.78 
l:i'.fl2 
l 1,25 
10.?7 
1Q,,t7 

10.:1.t 
11..10 
11,36 
!:U11 

12.72 
15,39 
113.0P 
17 ~d 
1".::' '7!'1 

z1 :,11 

6.!ilJ 

~.17 
10.7:': 

1-173 
1fi.36 
1"- 19 

12.26 
1112 
~ 12.5 
111:1 
l,!,r:,7 

11 ~:; 
10.:-13 
1J.17 
1~.82 
18 <li5 
18,{)7 

1;':tlf. 
f.1 ~~ 

0,71}-: 

ONf:'i 
t.11:'if; 
17{}6 

Ul-18 
1.!'><IP. 
1,298 
,.rn1 
1.236 
1,236 
1.377 
1.319 
1.mn 
Has 
1 ~q 

2.286 
2.279 
1.5M 
i' 7!1 

g:_;i !al 

?.8.fi5 
38.08 
!iS.SJ 
fflJ 37 
!iO 56 
,1:,, g,;. 
3g.51 
41.11 
,t\ 1 

•lS.61:l 
4:l.113 
:-1011.i 
4!1 ?.ti. 
l:i0,5 
75. 1g 
7S {1.3 
51 &~ 
;.l!-;1.l);' 

Fo 
{%) 

;'11 l>!!i~l 
;13.9566 
33.507 
28.553!-l 
31.2128 
JS.2823 
'Ji .770!-! 
37 U'l.6 

3•Ul!l3$ 
.1-i:,ua,1 
:t'.i.07.75 
31$.6El51 
41 ,175!! 

31'i.2~fi 
:i<l.JM?.l:l. 
~9.54!;15 
:!R,d7i'7 
J'I. ?.(-l,tl'i 
;z,;n4:,1 

Phi 
(Deg.) 

~:;43 
3,1 aa 
311.3'1 
38.4ti 
36.85 
~7.?!i 
36."IO 
3511 
36.27 
3fP7 
3G.72 
36.38 
;m.n 
36.91 
~i!l.OP. 
:m.11 
.1.!-1.08 
361.1~ 
~-IS.tl7 

I; 

~ 

' 
~ 
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ConeTec Tnc. rerpretalion 
lnterpretathm t \alease 1.22 Rev. Format: NU 
Aun No: 07-1210·1008-4243 

Imperial 

Job No: 07-804 
Client 
Projecl: 
S!le: 
location: 
Cone: 
CPTDale 
CPT Time 
GPT FIie: 
Northing (!1): 
Easting (it): 
Elevollon (fl): 

User !npu1.s: 

Assumed; 

Civil & Envlronmenlal Consultants 
Pond Cree1c Mine - Wllllamson County, Illinois 
CPT-10 
Pond Creek M!ne 
20 TON A0211 
07/31/10 
08:35 
804CP10.COR 

0.000000 
0.000000 
442.1 

Waler Table De th fl): 
Nk: 32.3 
Slate Parameter. 
Unit Weight or Soll {pcf): 

CIT:] 

i::::ILI 
~See Below 

Mate!fal Types anc1 Uni! Welahl fpcfl Phi Avg ~ ~ Fe Avg. le Ava. 
deg Isl Isl % % 

C12f- ]Residual Soi! c'l!.'Af> ! ;.77 ! f.7_98 j 2t-e.t I 7_;1t1 ( 

Ground SU/lace Elev. 01ill 
CPT area raUo: @:u 

See Below Coplrid from ConeTec CPT Data FIie ---------------------------------·-----------------·--·--------··--------·-·------·-----DepU1 
(ft) 

0 "16d 
0 <1~2 
0,82 
1.14B 
1.476 
1.804 
2.133 
2<161 
2.789 
3.117 
3445 
3.773 
4.101 
•1.42!! 
<1757 
5.085 
5.413 
5.Nl 
6.069 
6.398 
6.726 
7,054 
7.382 
7.71 

8.038 
B.366 
8.694 
9.022 
935 
fl.A7R 
10.006 
10.3.35 
10.663 
Hl.991 
11.319 
11.6<11 
l 1.975 
12.303 
12.ii31 
12.959 
13.287 
13.615 
13.943 
14.271 
14.6 

l<l.828 
1$.2Sii 

Sample El. AV[lOI 
(It) (tsf) 

4,11 936 
'1d1,608 
,!41.280 
440.952 
440.62:l 
440.296 
439.967 
439.639 
.139.311 
438.9B3 
438.655 
<138.327 
437.999 
J37.671 
437.3<1:3 
437.015 
<136.687 
436,359 
436.031 
435,702 
436.374 
d:16.0<16 
434.718 
•134.390 
434.062 
d33.73<1 
433.JD6 
<133.078 
L-32,760 
4::'l2.J.?2 
432.094 
431,765 
J31.J37 
<131. \09 
430,781 
<1:,o.,i53 
•130,,125 
·<129,797 
429.469 
429.141 
428.813 
<128.485 
<128.157 
<127.829· 
427,500 
,127.112 
:1268•\II 

22.1.M 
2tl.D8 
30,14 
41.06 
62.23 
70.49 
63.39 
64.76 
67.64 
62.08 
61.6 
1\9.8 
35.16 
23.8 

2M9 
23.58 
26.07 

28 
27.78 
23,67 
22.65 
23.86 
19.8 

17.31 
\8.65 
15.11 
14.94 
15.71 
20,24 
21.26 
21.52 
!:!2.36 
1R99 
\d..81 
15.17 
13.83 
11.53 
12.a2 
13.0S 
13.03 
14.48 
14.5d 
13.2!? 
16.42 
19.35 
23.i 

26.27 

/WpFs 
(!sf) 

0.17 
o., 

0.5:? 
0.62 
o.~ 

1.W 
1.4d 

1.42 
1.51'1 
1.55 
1.76 
1.6<1 
1.26 
0.9<'1 
0.83 
0.9 
1.08 
1.26 
1.26 
0.97 
0.8'3 
0.78 
0.64 
0.59 
0.73 
0.63 
0.58 
0.66 
0.82 
u 

1.1J 
1.16 
UJti 

0.82 
0.79 
0.74 
O.!itl 
(),<15 
tl.<13 
0.41 
OA3 
0.43 
0.d7 
0.51 
0.75 
1.(\1 
().11? 

Avgnf 
{%} 

ll 75 
1.1 

1.73 

1.5 
1.Jd 

I 83 
2.28 
2.1P 
2,:µ 
2.dµ 
2.80 
3.29 
3 59 
3.96 
3.9d 
:JR 
,1.15 
<1.46 
4.55 
4.09 
3.65 
3.26 
3.2<1 
311.2 
;J,g 

"' 3.89 
4, 1!i 
4,01\ 
5.19 
5.W 
!i.2 

S!i7 
5.55 
5. rn 
5.37 
4.!:12 
:152 
3.:l 
31i3 
2.;ll! 
?97 
3.56 
3.08 
3Jlt
•t.25 
.111 

AvaUd 
tfi) 

0.53 
-1 <15 

-0.33 
-73!? 
-31? 
-0.76 
-1.3d 
-1.66 
-1.64 
-2 26 
-2.81 
.:,45 
-0,53 
'1.47 

15 36 
17.32 
16.3-5 
13.72 
1:!.97 
20.YH 
2000 
2{). 76 
24.G5 
:10.su 
:m.e.1 
::m.61:1 
35.S 

:JB.57 
a9.19 
18.66 
Id 2 

().19 
-8.H<t 

-7 21 
-6.65 
.fi,98 
-•I.H1 
·,l.23 
·2.06 
-0.78 
12.21 
15•16 
20.0!'1 
25.66 

19.7!:l 
-!'i,33 
!Hl1 

a,, 
(Isl) 

Rln 
(%) 

2227 2~ O 7Jb 
si:11 t:!83 1.396 
587.098 1.728 
571.265 1.51::'l 
873.58 1 .<ld8 
62•1.188 1,833 
47<1 :19!-l 2.271', 
420.032 2.198 
38/.03:l 
317,665 
2!j6.967 
221.096 
148.l.18 

96.1277 
81.lSB 

87.7022 
93,3976 
96.72<12 
92.5575 
75.9tl?.il 
70.2128 
71.li466 
57.361<! 
48.4398 
50 1:ms 
:lfl.•1!%5 
371:-ll.11 
38.JB92 
4!1-1609 
d9.'\891 
M:1.6703 
<19,20tifi 
,UJ,<1242 
30_:,J.U.13 
:10.aoo1 
26.7N,t 
21 <1987 
2~-1 diJ2 

23 336'6 
22.7JH9 
24 asoo 

2<1.:Jg 
21 65!:\.1 
2ti.!i3!l1 
30.887\ 
3i.,\O:-!f:i 
<IQ79!.i7 

2.a,12 

2.505 
2 867 
3.309 
3.610 
3.9!-16 
d.()11 

!"l.869 
11.197 
4.522 
4.596 
4,\68 
:u3<1 
3.:n1 
3.309 
3 5{1ti 
d.0-1.3 
J J1~ 
.-! O;JO 
4,2!:13 
.l.1"'3 
5.32P, 
5.,159 
5.3•\ii 
5.7t!~ 
5.812 
5.469 
5.B!'iti 
5.20<! 
J.iJl 
3.5\J 
3.362 
:-1 156 
:J.1,tB 
3_79,1 
3.291 

4.015 
d_,1,1~ 

:l.~<1·1 

le 

,,. 
1,<15 
1.tl~ 

1.57 
1.?.2 
1.03 
1.77 
'7? 
1 H2 

Ul~ 
U!6 
207 
2.W 
2.35 
2 -I{) 

2 :'17 
l.:16 
2.39 
'2.41 
2.d3 
.vr~ 
?..:is 
2d5 
2.%' 
2 !:,,I 

2'5!i 
2 fi,l 
205 
2.57 
2.64 
2.65 
2.64 
2 72 
2.81 
2 79 
2M 
2.11H 
2 7f'i 
2 J,t 

2 Id 
2.70 
2 7{) 

21JO 
2.09 
:.:m 
2 llt: 
::' 5~ 

Q 

21127 29 
!.131.!!6 
587.!!8 
57!.96 
673.81 
02:l.28 
J7d !,,7 

,12.0.10 
387 10 
:Iii 77 
287.01 
221 23 
\<t3 !Ji? 
95.96 
8076 
A7.W 
9'303 
% . .14 

92.2f' 
75 /,\J 

ti~.80 
71.25 
56.tl!? 
J7,tl?. 

fi09.1 
Jtl.'.l5 
37, 15 
'17.1;15 
-17,tlt'i 
-1923 
d8.46 
4!:1.21 
J0.5;1 
:l{l.,ld 
:JQ,3ij 

26.fH 
?I 56 
;!3.51 
2:u;· 
'.?2 '/d 
2d 70 
2,1;:•1 
?.1 ,t3 
20 :11 

JO Ii~ 
:17 ,If, 
d{) llf 

F 

OJ.t 
l_•l(l 

1 TJ 
1.51 
\ &S 

1.-'!3 
'l 28 
?.;Kl 

2.04 
2 50 
2.87 
3_;;1 
'.'l.01 
4.00 

4,0:,t 

389 
~.21 
,I !i•I 
J.{)1 

d, 1!:1 
3.76 
3.35 
J ;_1d 

:us 
,1.01 
,1.;v.1 

d.O-'~ 
-1.:10 
,1.23 
5.J6 
5.,16 
5 3d 
5;; 
5.80 
5 .-1.5 
5.6d 
f,, 19 
~-·,:., 
3 'il 

:t:16 
J 17 

:J !, 

3Kl 
J.:!:J 
·l IP 
•L4d 
,;:i.: 

SBT 

7 

' ' 
' 
' 
' 6 

' 6 
5 

' ' ' 5 

5 

3 ,, ,, 
' 
' 
' ' " 
' 
3 

' 
5 
5 

5 

U.Wt. 
(pcf) 

1/500 
126.l'ifl 
125 OQ 

1i'.!i.OO 
i?.500 
126 01) 
121'.GO 
;;tt;,()O 

126(10 

1?.5.00 
1<'!>00 
125.00 
125.00 
1-!5 00 
12!-.00 

12500 
126.00 
1<15.0{) 

12500 
125.00 
12';i.OO 
125 {Jt) 

1:i500 
1:-:!i.O<J 
1~5 {If) 
!:_15.00 
1~15 O!) 
1:1iu•o 
1:15 no 
1:Jf, 00 

l'.15()0 
1 ~l!i Gil 

1::i~m: 
1:rn on 
I:is.no 
\:)!Hit:I 

135.00 
13~.0n 
i;t$ (~.l 

13$,[)i) 
l'.!5.{lfl 
1as oo 
1:is.nn 
!:!~,.(>::) 
1,1!)0{] 

1'15 fll,> 
•'..l'j ll/1 

TStress ESlress 
(Isl) (Isl) 

O.(lHl 
[)_();!! 

\l,\lt-1 

O.Oi2 
0.092 
(' 113 
0.1:13 
0.1E,t 
O l"/4 

0. Hlf 
0.21S 
0.2:16 
!l.'.1.b6 
0,277 
0.297 
o.:lH~ 
0.:1:is 
(),Jflil 
0.379 
OdUO 
D.'120 
0•141 
0.-ll'i! 

o.J~2 
l1 f•02 
0.!}25 
0.511;· 
0,5!:l~ 
0.5>'1 
or.,:: 
0 li~•5 
Q.65,' 
{JijUO 

{Ii():? 

()",':!,! 

0.7<16 
0.7KP 
{J.'lalil 
0.-'H? 
(}1335 
(J.8!>7 
fl /;';79 

0.9ill 
ll,ll2J 
ti g,i5 

n ;:i,;1 

"!'l"•l 

0010 
0_():}1 
O.Hb1 
0072 
0,()9:;'_ 

r.11:i. 
0.1:;.:.~ 
0 1!H 
0.174 
0 1?5 
o.:n<1 
() ;!';:d 

I! 2:,,1 
0.245 
0.2tih 
0.?.fi5 
0 ,!71'; 

0.26[1 
o.:we 
o.:m6 
0 317 
{1.327 
f} 337 
O.J.J7 
0.3~!:! 
U.310 
G.:lt'.1 
0 :1»:i 
o.,1Gf, 
o . ., 1 r 
(l,ll!!,! 

0,4,1 t 
o..i.:-:~ 
OM% 
fld77 
IJ 4H!,l 

0 501 
[j :i1? 
0 ;;:,1 

;i;;:!f:\ 
1)<;.it, 

r.t,Fi() 

0 :\72 
D.blM 

tl S!,lfj 

0 ()I»' 

p fi;>1' 

Ueq 
(Isl) 

(10-.,(1 

0.000 
O.OQO 
0 000 
Q.000 
0000 
0.000 
Q,00!) 

0.000 
O.IX!O 
0.001 

0012 
00,?c' 
0.0;:12 
0.042 
00!:iJ 
0.063 
0.073 
0.083 
OOS<l 
0.10<1 
0 114 
0.1?.<I 
0 1:;<1 
0,1<\5 
0.151' 
0 lii5 
0 175 
(l_ 11:m 
0 191'1 
0206 
0,211'i 
0 ::'27 
0 ~'3'i 
0 2<1i 
0.257 
(U!HF 
rp;-~ 
') ,!HIJ 
0.281;'. 
o:-ms 
0.31? 
0.3l9 
():~i!,l 

ll.'.,4fl 
'),i!:>'1 
(\: fi' 

c, 

2 0:")0 

2,000 
?.000 
2.()()0 

:f!.OOU 
?(h')O 

2.(1(10 

2.000 
2.0W 
2 O\IO 
?..O'.l:l 
2 000 
'2.0'JO 
2,tlQO 

UlE.IO 
1.9•\;/ 
I l'Oli 
1.871 
1.B38 
1.807 
1,777 

1 it19 
I Tl2 
1 lj!';)7 

1 07?. 
11W~ 

1.r.H! 
1 !i9'1 
157! 
q;,u~ 
1 527 
1.5ne 
1 -ltl!\ 

1 46,' 
,_,1,1~ 
1..1:!1 
1,113 
; 387 
t :181 
1 JtiE 
I.JS! 
1 .~1;1f: 
1:1:,,?. 
L;ur-i 

t i•i:, 
1:2.t.< 
I ?ti, 

N60 (N1)60 
(blows/fl) (blows/II) 

(l.~4 

d_iji) 

5,l"f 
i:HM 

10.~.: 
12.13 
11.M 

11.7:l 
l'a'..43 
11.70 
11,93 

10.118 
7 4B 
;:,<I\ 

·i.t!6 
5 :-nt 
:1.:rn 
0.-17 
6.H 
!U'i6 
5.29 
5 <16 
J 65 
4.20 
4.59 
190 

"" d,Orl 
5 OJ 
5 51 
s.o.:;, 
5 B:l 
~.18 
,1.23 

4 2~ 
•\02 
3.4.:1 
3 f)7 

:i 60 
J.58 
:I Ri 
:Hm 
;{,,';j 

J 35 
5.Hl 
rl.2~ 
,;1,;-3 

tl f,7 

!U? 
10.3S 
13.1:lfl 
woa 
2J.27 
:!< ~, 
23,!f, 
2<1,87 

2:l-10 
?3 tjt, 
2t1.15 
1d 9~ 
10 81 

9.l'i3 
!O•!!;, 

11 39 
12.10 
11.8!? 
10.0d 
'?.:!0 
cl!i6 
S03 
713 
j' IJ6 
f..t.2 
6.22 
tl ,17 
·1111 

8 5:J 

'5" 
e.n 
!.fifl 
6.21 
15.2?. 
f,,7f, 

4.1!11 
" g;i. 
<1.97 
4.?0 
!'J.23 
5.20 
,!;l,j 

5 7() 

f, 71 

3.0.1 
fl;") 

s, 
(!sf) 

0.707 
OR!:17 
0.932 
1.?6~ 
1.92-<I 
~ 17? 
1.958 
2.000 
2.089 
1.916 
1.900 
1.534 
1.081 
(),728 
O.i'i<II 
0.120 
0.797 
0,856 
0,1MB 
o.nm 
o.am1 
0.72!i 
0.599 
0.521 
0.562 
0.45?. 
04-16 
Q_,ttjg 

O.f_l(18 

O.fi30 
ll.~17 
0.672 
0.567 
n.437 
O,•!d7 

0 . .1:)5 
0.3J3 
O.:Ji:,t 
0.379 
0.378 
l)_,122 
a .. 123 
o :rn.i 
0•U3tl 
0.570 
0.111<1 

0.783 

,, 
(!sf) 

.-:;:,S<l 
21l.6R 
3tl 18 
,11_ 11 

6'2.26 
70.5 
53,1 

~.t.17 
tH.65 
62. I 

61 F,1 

49.83 
J5.17 
2J.76 
W.tlO 
:?.3.47 
26 97 
2i.92 
27.ti&l 
23.54 
2?.5ic 
2J 73 
Hl./:Ul 
17.H' 
18.4f, 
\,t.B2 
l,t 7~ 

15'111 
19,99 
21.\5 
21.<13 

?.2.:lij 
l?_0,l 
1.1ll':i 
!521 
l~.i!l5 
11.56 
1? Rtr 
13,/J/ 
13.0S 
1t.,11 

td,J,1 

1:1.115 
16.:?.rl 
ltJZl 
2~ 1:; 
,'15 ~\;) 

Fe 
(%) 

Phi 
(Deg.) 

1.32:.::l 5<!.r>,: 
2.,10filifl fitl.57 
.t.639<12 48,79 
3.IJB<l.'.l2 46.1'8 
;~.158'il3 <19.33 
4.85H!5 '19.03 
7Ao:,m;i 47.t)l 
7,630<,3 117.-40 
8.S0S{N •17.0!'> 
10.055') 45.19 
!l,86tiB 46.73 
14.9662 M.!i4 
19.0045 42.62 
24.5219 40.35 
26 5321 39.<13 
.!5. l 707 3~ 6[\ 
E-"..539', JO. rn 
'21). 1"86 •lD.:19 
26.8768 40.15 
27.8545 3!:1.07 
27.3G99 :lB.63 
25.56tl 3B.i5 

28.306-i 37 Ae 
31,,U7J <llt<l9 
32 12:,2 :;rn·, 
37 ,598!! '.15,28 
37.31()3 36.00 
3!l.008~l 35 1' 
a:'1.9763 31um 
37.2394 :iB.66 
:l7.6.-l99 36.57 
37.211:? :115.Gti 
41 JnJ5 35.53 
<16 ,IQ()l 3,'.l.80 

dfi.:lhfl3 ;i:'l ao 
dJj 21:?!.l :J:J.Od 
50.9108 31.67 
.t;I 714 32.2"~ 

J2 8•1i'5 32 1B 
<12,7021 32.0J 
<I0.;!4f.1;? 32,-53 
d0.687<l :.:12.d 1 
~fi.872» :'l\,fl~ 
39.ftfjj,I 32 91 
,I0.477 ;Kl.87 

:18.<13,')S JS Oi 
,7::, •JfijH 3fi.5!> 

__, 
~ ~, 
... 
C 



R
14570

---·----------·--·----------------- ---- ------------------···-----· .~ \ - ·-------------·------------------Drmth Sai ~~v9QI fwpFs i\vgRf l\vgUd □lo Arn le Q F SBT U.Wt 1 ;s EStress Ueq Cn NSO (N1)60 Su QC 
1111 , ( (Isl) (!sf) (%) (II) {Isl) (%) (pell ./ (lsf) f!s!) (blows/fl) (blowsflt) {Isl) (Isl) 15.56J ,t;:!6.516 28 d3 (l.71 " 1.(]15 4~1d116 2.5!:'0 ,!,;t5 ,1;;1.1n ?. ~!:.' ' tJ!'. on 1,Cl:C: fl /' .. 1.? 0.3~) 1 2!'Jt' 177 8.!'i2 O.&J~ 2€.42 

15511:? <t?.6. 168 34.1 I o.e-3 ::.42 M,23 51 4(1{)7 2.50? ~ ;l!,1 'i1 <it\ ',2 :i.' ' 1:J\:', {l() 1.034 (.l_ .. .:.;:i (1 :!!!'O t .?.~• 7.f!8 9.tll? 1.0211 3J.IJ?. 
16.2,1 425,860 313.87 115 ;J.11 26 79 54,6<143 3.7.11 245 54_;_1(~ ~.23 ' 1:ll"i-.(10 1.0;,;_s (l,tlt:15 0,401 1.c:,r, ij.72 10 78 1.109 36.7 
\B.568 425.532 38,02 1.21 3.18 114.11 5S.35!!'S 3.27:i ;;__,16 5-.J.:'!O 3.~:.J ' l'.'16.l~ 1 07B 0./:i!F 0,d1 I 1.2;,,,<1 8,91 1091 1,14d 37.31 
16.896 425,204 42.1 7 \.4!, 3 •i!i 1:rn.77 f,0.'\51(; 3.531 2,,16 ~9. 17 ,'j ~, 5 1.)7.()() 1. HJO 06TI1 0.1,:1 1 21:1 !;l.f'.6 11.BB 1.272 ,(1.3 
17.224 <12,1.876 <19.75 1.96 ;1.95 flOJ<I 70.:!(J!,!6 ,1.031 2.45 GS.39 ~ {17 5 1;1f;11-=i 1.123 O.fi!:I? 0•D1 1.2tJ2 11,71 14,08 1.505 J!, 2r, 
17,552 42<1.548 47,56 '·" 3.31 107.38 65.9285 3_,1<17 2.42 fitl}l8 3 50 5 1,19,00 1.ld6 0 70<> 0 <ld2 1.19.? 11.00 13,11 1.437 46.69 
17.88 d;N,220 51.6 1.85 3_5g !<10.27 70.3788 3.ti68 2.-1;; 61:1.15 ::7j ' !,l(l!Y.1 UtlP. 0 717 0.clf-2: 1 18~ 1 I 91 l<i.07 1,561 50.7'2 

18.208 423.$92 65.03 2.32 :l.57 168.7 87.5:141 3.63"- 2.36 Uli 09 3.ri~ 5 1•·11 (YI 11f!1 0.1¢9 0.•ltj2 ! 171 1-l.fil.l 17.07 1,976 fi3.Y8 
18.537 423.563 70.02 2.53 3.61 1ss.oa 92.701 3.617 2,;;,1 91.:J9 :173 5 1~7. 00 1.215 0 7,12 0 412 1 161 15.(M 18.15 2.1:m 119 05 
18.865 423.235 65.5!-'l 2.53 3.1:16 '•3.83 85.:?0'26 3.931 2.:!S fM.HS ;1,9$ ' 1,1:• O{l l 2:l\1 0 7~i; 0 JR3 ,_1r,1 15.QG 17.3d 1.992 65.32 
19.193 ~22.907 55,6 2.73 ,t,9 ,t 7! 70.7073 502d 2.!i1 70.6T 5,0:1. ' !d,1 0(1 1.?.ti1 Oit>!l 0 49~ 1.1'11 1:3ti!1 15.54 1.682 55 57 
19.521 422.579 110.1 2.81 2.5!3 -O,S7 139. 17 2.582 2.10 1JY.17 2.:iR ' 1J50~ 1.;ms fl(\!~ 0 503 l.\31 2~.55 25.50 3.369 110.1 
19.649 422.2S1 160,51 ,1.84 3 0::? ·18.,11 200.1~5 3.040 2Ui5 200.30 .JJ}I MPHC ,:mi:, [l ;9-5 051;:I 1.1?1 3~.<l0 31:i.33 .t.:t>2'!cl H'il.'1.6:l 
20,177 421.923 111.07 6.1 ,l .59 -t!3.t'8 !35 fi22 d.6,li :! ~1 1:lR ;p J ijd " J;l; O{l 1.:<J.:.i 0 8ll9 0.52:~ 1,1 I~ 2•!.85 ?.7.63 3.:t'i!i 111.21 20.505 421.595 56.81 3.39 576 ·23J!3 69.8082 5.!.100 :i' f;/ 6?:l)i:! 51:19 " 11e(){) I ;,tJ:i7 0.6,23 O.S."34 1.102 H.S<I lt,_;]6 1.779 :,13_!;6 :W.833 42.\.267 53.52 2.16 4 03 -22.7 62.W!:l7 d 1.i:1 ?.JI?, Of <(6 ~ 1.1 5 !4fl.t.l{' 1:-!t'll 0.837 0.5<1<1 1 093 12.87 1"-.IB 1.flld 53fif) 21.161 420.939 55.22 2.52 4.5-:l -21.,13 G3.2176 4til:13 2.52 li3 ~7 .i.di ' 1~0.110 1.'105 0.fl~1 0.5fi<l 1.00'1 l:S.61 14 75 1.666 SS.35 
21A89 420:611 99.3:t 2.92 2.9<1 ·20.71 113.0t.llJ 2.9p;3 2 21 11.1,25 2 f!f, " 1:'.!1.[1(1 1.<1:!0 01:1ne (15f,1 1,(1;~ 21.::16 ~2.!l~ 3.031 !l~.46 
21,817 <1::!0.<!83 112.37 3" ?.flri •IS ,17 126.0lfl 2.903 217 1211 13 29◊ < 15~00 1..IS;'\ Otll)O o.Ms 1.0tili ::?:UW :.m.22 ~ ,tJ,l 112.-17 22.145 419Jl55 57.05 2.115 ;l,!,?fl . .1 rn r,2.1002 5.12!:! 2.ti1' 62.13 !),!; ' 1~:J.(1(1 1 •I/JO (I !!\.15" (l !-St- 1 {!!'-i IJ.2/J 15.10 1,720 ~•.on 2?.:473· 419.6.D 4'9.?.2 ?.,02 ,!_I ·0./Jti 5,?,<{512 ,1_23J r.r.,t 'i::.o1s tl,";:3 C, 1t,,1 OD 1 :\Or- 0.£110 O.\,~\\ ! 0,11:1 12 24 1:?8<1 1.417 49.22 
22.ao2· <119.l!.98 45.2 1.76 J,89 21:l.33 ,17.22<!2 d.0;:!0 2.56 ,ll,{rl .t.Qf'; 1 5!:.t.'0 1.!i.1(1 0.9~5 {l.61)5 1.0,10 1 !.JO 11 75 1.3.5~ 40.03 
23.13 418,970 l.!G.QS 1.09 2.18 -1.4 16 130.42:1:i 2.22..: ,'..HI \.liJ.1:1 2.23 155.llO 15M 0,8d,(l !l.~H:l 1.031 ll'-,:?"3 18.81 2 6J1 86.2.7 23.468 <118.6<12 135,75 2.31 1.7 0.11 1,10 ,145 1.722 L!'l7 !dlJ.'13 1.72 ,. 15;0;; 1.!Wl 0.95!i 015\l!J 1 0<'3 2€.3!> ;;rr,,?7 J 154 1~5.74 23.786 '118.31,1 $0.31 2.82 351 -7.76 81.0r.!12 3.583 ;/.JP 81.1';; 3.S8 6 jt,(j_O(_l 1,607 0,,171 o.e;JI} 1{)15 11!.37 18.64 2437 so.:16 24.114 <117.966 60.5 2,1}1 U6 -3.63 59.6i25 ,tt!tl5 2.52 5!l 7U J 4.?. ' 15900 1.l>-:!j o.ua7 o.641:i ~.007 P.!ll lf,_(ll 1 823 fiO.!'i~ 

2,J.442 417.668 127,06 d.56 :J 59 -4.92 125.108 3.63(-i 2.i'!i 1?ti.1d 3 f;\d ' h:jQ.Qil 1.fi!.>E' l.OU2 0.657 09tl~ 27.63 :7; fi(' .H6:l 127.0Q 24.77 <117.330 149.98 9,93 G.62 ·11.87 145.6:.:'f' fi.OHti i!.d2 ldfi 70 fifi~ " !lit 00 l.rif:15 1 (lie 0013; 0.!-1P! :.15,;\1 3<1 !l!'l <t.6B1 1 Rn.lIB 25.098 ,\17.002 028.34 1:i.26 H!i 23.26 315.728 d,67;? < 1? ~<\!S.S.:! -1.f.7 " iii~()() 1,7\;? 1.035 0.6"/7 ()9!J:• ;;-;_;·9 66 fi5 10.11?. :l?.8.f!l 
25,126 d16.67d 419.75 19.<l. d '12 18.11 J~i.7H1 "4.fr!1 ~.Ofl 3Pi' ii~ '"' " 1a:; no 1.1:11-i 1 (161 0.687 (JQjfi ar,.m $,?.':11:l ;?..iM:? ~HUH 25.75~ ,116.346 :wen 15 ;, '·' •l~UH!1 :R·k<.,1t1;! 1 ff~3 ·: \1 ,1\10 9? ~ Hf: " lfiJ flll 1 ~fi~ , {~7 {l(>!,F n "'"~ ;~ 51: 77.03 •2.011 :1111'\.W 

---
Fe Phi 

{%) {Deg.) 

26 70•1$ :.._\S,9d 
GS 1157 ;.\6.91 
28 41501 37 '25 
~f...ti<rn='.i 37 2<1 
.!8 63d~ a7 1;, 
28 ,1507 38.6d 
27.2<1;!5 ::!8.l?6 
27.3,1.d•I 38.61 
24.66:;'7 J9.8U 
2,: 1296 40 1?. 
'd$ 6929 39.7< 
3U!95,I 3!:l.73 
15.003 <12.30 

14 7692 d,l 08 
22.IJR<19 ·1~.18 
33.8626 38.67 
~O.Ol!"i6 ;JIW4 
JUi051 3&.12 
Hl.2t,B!l ~u:15 
17.9771 41.l10 
:-13.259 :IB.01 
32.7l144 3'1.06 
33,5817 36.4:? 
18.3567 -10.05 
12.0719 42.:'15 
24.92<17" 3!H8 
31.782 37,7!! 

20.t'.1606 ,11.rn 
:Z7.!i;J5R 4C.53 
H;,:i5l'll! <!t;;.17 
15 1486 •1717 
16 <21~ •11:\.75 

...J 
I' 

~~ 

-! 
0 
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R
14572

ConeTec Inc. 
lnlerprela!1on 0 
Run No: 
Jo!> No: 
Client: 
Project: 
Sile: 
location: 
Cone: 
CPTDate: 
CPTTime: 

CPTFile: 
Northing (ll): 
Easting (Pl: 
Elevation (ft): 

User Input~ 

Assumed: 

•rprnlalion 
/~ase l.22 Rev. Format: NU Imperial 
t 07-1210-1008-4215 

07-804 
Civil & Environmental Consultants 
Pond Creel< Mine • W!lliamson County, Illinois 
CPT-11 
Pond Creel< Mine 
20TON AD211 
07/31/10 
10:31 
804CP11.COR 

0.000000 
0.000000 
440.6 

Waler Table De lh It): 
Nk: 32.3 
Slate Parameter: 
Uni! Weight of Soil (pcl): 

DID 
DD 
~See Below 

Matedal Tvpe!: and Unit Weioht (pcf) Phi Ava. ~ Oe Ava. Fe Avg le Avg. 
deq tsf Is! % % 

~Residual Soll Qfis ) 2.75 I f!B.li: ! 26.71:' I 2.J5 I 

Ground Surface Elev. ~ 
CPT area ratio: ~ 

See Below Copied lrom ConeTec CPT Dala Fl!e ------------------·----------·---------------------------·--·-------------------------------OePHl 
(fl) 

0.16<1 
0.-492 

0.82 
1 1<l8 
1 tl7'i3 
1.BtM 
2.133 
2.-liJ.1 
2.789 
:un 
3.<145 
3.ns 
4.101 
4.42g 
4.757 
5.065 
5.413 
5.Nl 
6.068 
6.:i!-lcl 
6.726 
7.054 
7.3B2 
7.71 

8.039 
8.366 
8,6!},l 
8,0;.!2 
9.35 

9.678 
10.00ti 
10.335 
10.663 
10.!l91 
11-319 
11 G47 
11.975 
12.30'J 
12.631 
12.959 
13.287 
13.615 
13.9<13 
14 271 
1,1,6 

1<1.!i:?H 

15.2!iG 

Sample El. Avg01 
(It) (tsf) 

~40.4:.l.6 
"dO. 108 
439.780 
,;39 452 
438,124 
4:J6.7!:l6 
438.467' 
4,18.139 
437.811 
437.483 
437'155 
436,827 
436..199 
d36.171 
436.843 
'135,615 
d3S. 187 
'134.859 
.:134.531 
434.202 
433.874 
433.546 
,133.218 
432.890 
422.562 
432.234 
431.906 
d:il,578 
431.250 
d30,922 
430.584 
430.265 
429.937 
429.609 
129.281 
428.953 
428.625 
118.297 
427.969 
427.G41 
427:313 
426.995 
426.657 
~26.:-!2Q 
426.000 
~9.5.672 
12.S.3,M 

28.f, 
EB.29 

20.17 
19.6 

213.99 
36.06 
36.17 

:17.91 
~1;1..\7 
?.7.44 
20.5<1 
22,61 
26.22 
31.36 
38.92 
~!8.04 
30.78 
25./:19 
234 

'25.75 
29.09 

" 21.53 
22.03 
22.77 
32,S<l 
28.72 
25.38 
21,81 
19.77 
16,91 
12.18 
13.1,1 
rn.rn 
20.3!:i 
15.•11 
15.03 
13.'18 
14.27 
16.62 
15,/15 
j<l.3\ 

16.27 
75.29 

9~.3:! 
6<1.0~l 
J:/:.!l! 

AvgFs 
(Isl) 

0 . .!2 
OA•I 

(U5<\ 

0.52 
0.4:?. 
0 48 
0,U4 
0,56 
0.68 
0.59 
0.613 
o., 

0.98 
1.08 
1.07 
1.11 
1.0\'i 
0.85 
0.7~ 
1.15 
1.;::7 

0.9<1 

1 05 
0.9A 
1.27 
1A7 
12$ 
1.12 
1.16 
1.1:1 
0.P,,t 
0.51:! 
0 58 
095 
0.0~1 
0 5' 
o.:m 
0.45 
0.59 
0.53 
0.,1 

0.!i.6 
0.83 
Ul2 
2. rn 
t.ti(! 

AvgAI 
(%) 

O"lti 
1.~u 
2.6€= 
2.tl:1 
1.43 
1.25 

1.!i2 
1,\tl 
1.117 

2.16 
3.22 
3.52 
3.73 
:l.,!5 
2.74 
2,93 
3.-15 

3.78 
3.36 
'1.:16 

,! 36 
11,!6 
·1.:15 
,!.75 
.1..:!d 

39 
5.13 
5.011 
51"2 
5.i3A 
r,:, 

r:;:,11 
4.27 
:rn 

"" 5.3"1 
3.t 

'2 i:16 
1.1:1 
3.5:;1 
3,'11 
'i!..77 
3.<15 
1 I 

2.08 
:0-,<l 

'.\ '.-!? 

AVOUd 
(It) 

0.1"6 
o,ei; 

-2.66 
•1:! ;'15 
.1,13 

o.oi 
•0,16 
.Q,06 
-0.3<1 
.o:n 
-0.d<l 
.1,01 
.1_35 
-1.09 
1 76 
,!,;:17 

13.:17 
1S.5 

23.9 
20:.01 
1<1.11 
11.96 
14,92 
!<1.57 
10.23 
B.77 
1.57 
3 513 

'·' 0.:.2 

"" 7.27 
11.11 
10 15 
10.2;1 
i'.3; 
12J1 
16.05 
?.4.(lij 

:i2.75 
!J5.75 
9'2.79 
i8.Q.1 
;H,2.!i 
.13_Q 
0.li•l 

: 1!!.1.;:i 

Qta 
(Isl) 

Ria 
(%) 

.!77',I '1.9; 0.772. 
919 1.557 

,W2.5'31 2.G6•1 
~7'2.171 2.663 
"J1:!,25ti 1463 
318.!.!23 1,252 
262.816 1.5<11 
2d5 4tiir 1.'iSi 
'2.08.222 1.874 
139.853 2.166 
9d.3962 3.247 
51d !J81:l 3_57r, 
I01.29i 3.775 
I 12,29 3.d75 

129.906 :tT/0 
11 a.<>9:3 2.!:l,1~1 
t\9.!181 3 rlij~ 
71,1~47 3.32& 
6() ti!l06 :J.J;ll:? 
153 :!!-.)51 4.536 
6B.2001 ,!.430 
53 4372 d.245 
,15,66<19 4.-162 
,lll,7173 4.f.17:l 
,14.32<17 ,l_:jdl) 
s 1.2:12a 3.96i 
51.8548 !i.217 

,l.<l.01 5.1511 
36.3219 5-277 
:'l1.68d,1 tl 05:) 
26 0398 6 a:N 
1111:,113 r,cs;➔ 

19.<\2,' •1 d6( 
22 ~•l.d'l 3 74S 
27.76!,8 J 83G 
w.~ms2 5.65J 
19.SO.t.t 3.571 
! 'i 0793 3,0f,Y 
17.82'51 3.33!,I 
20.Wl:l 3.i33 
11:1 7:!IJ2 3.627 
16.\J/J8d 2.97,1 
t9. 1•183 3.63!:l 
91.2159 I 1 ff> 
110 45,1 2.101 
15. !558 :l.<151:l 
tt',' \!•01 ,1 Ol(i 

,, 
I 1' 
1 !iQ 

1 87 
1.94 
1.!i'i! 
1.63 
1 ;15 
1 7t! 
1.8\l 
2.0~ 
2.29 
2:12 
~~2 

2 lfi 
2 \~ 
211:! 
2~t:I 
2 39 
,! J,l 

:.! 51 
2-il\ 

2.5<1 
2 61 
2 6,\ 

2.iH 
2.,IS 
<UH 
:; 6,'; 
2.7'2 
2.tll 
'.2 01 
!HJS 
:! tlH 
;ne 
Uf!o 
2 9:1 
2.81 
2.B2 
28:.l 
;!,81 

2 85 
2fl3 
:;,,s,1 
1.97 
~ 10 
2:ii 
,: 5,; 

Q 

?..778 51 
!;I Vil:,;~ 
J\'.12 ;r, 
u;~.29 
J13.36 
311.!.112 
26:.1.tl?. 
;:,,us ,11 
!!013 2.::1 
l:l!:l.H5 
9,1 ·IO 
1!d.8!l 
101.J(} 
112 :13 
12!,1.8,I 
! l~.lill 
!19. 71 
70.tlti 
~w.:m 
fi3.01 
€l! 01 
53.28 
,15 •!5 
,t,t !:i3 
,Jd,21 

61 12 
51.1-14 
43.97 
36 27 
31~ 
25 Pl:I 
17 IB 
\9,cl2 
2?. :1~ 
27iF 
20.33 
l!:'.-10 
16:}d 
17,ijl 
20 :!1 

Hl.Oti 
lfVi.6 
1P..S,! 
l)l)_O:~ 

11(1 :if-
7f:.2,' 
1i-.:•, 

F 

fl 77 
1.Sl'' 
2 f.i8 
2 65 
!•I!) 

1.25 
l.f..t 
! <ll'i 
1.e.1 

2 1i 
125 
3.5.'l 
'71 
3 d7 

2.77 
~!ltl 
3,<19 

:J.J•l 
3 •15 
,J.56 
.{ ,!J 

d,26 
J,=1(1 

d,l:!\l 
,1 dfi 

3 97 
s.;:2 
.'U6 
!1 28 
Gflf, 

6f!t;l 
7 :~1 
,151 

3 77 
,1_t1r> 
5 67 
:i.59 
:.HJ>l 
3.:m 
3.7R 
.3 7t: 
311 
:t,!i 
11:,, 
::w 
.'I J:", 
~ {iP 

SBT 

6 
5 

' ' 
; 

' ' 5 
5 

' ' ' 6 

5 

' 

' 4 
5 

' ' ' 

5 

5 

' ' ; 
,. 

U.Wt. 
(pcf) 

•,:cs.o•J 
126.00 
1i!~OO 
125.00 
l<!!-:.00 
12500 
12500 
125 0(\ 
125 O':J 
1::is oo 
,2s,oo 
1?.5.00 
1?5.()'J 

12500 
1?./.-00 
1?fi Of.l 
125 (II,) 
1.;:"!.i,OO 
125.UO 
1!'!5.0() 
1?!5.00 
12f,,()0 
\~5.(l(l 
125()() 

12ti(J{} 

1:WIY.'l 
12St1'l 
1::1!i t_!f) 

1:?n no 
1?5fll'I 

1:.-son 
115,f)O 
1?.5 00 
12s <~1 
125 00 
!:JS.rm 
1:"15 (l(l 

1,f.i.l.JC 
13500 
1:15 L'l' 
1;tf.(J(1 

1'J!',OO 
1 ;!', 00 

1:-1S !i\l 
1;15.f\1 
H!1i~\ 
1·1:·:;; 

TStress EStress 
(ISi) (Isl) 

f/_(11() 

O!Ml 
0 t!!-1 
o o1::i 
Q tl92. 
0.11:i 
0 1:-13 
1) If,<\ 
0 i-;.i 

0.1Pf: 
O.i15 
0.236 
O.lri!l 
[_l.[,'.77 

0.297 
fl.:.l1R 
0:<:!8 
o:-m~ 
o.:JTl'l 
,1,100 
0,1:m 
0 ,\41 
OAf.1 
O,lfl:? 

0.ll02 
0,5?.:! 
o.r,.1;; 
n 56~ 
rJ51;!1l 

()fl05 
n o~:s 
<.l ;jdf. 

O.tl66 
(l>lffi 

(1 7 07 
0 7211 
O.i!:>(l 
o·;n 
0 79,1 
0,?16 
f),f',18 
0 fil}I 

0.1,m:i 
{) 9/J!, 
n_;i;;,; 
0 ;i.J.:1 

._,o;;.'j,' 

{) 010 
r O:ll 
(l ()f,1 

non 
0 ll'.l?. 
0.11:'l 
0 JJ;; 
{)1!'-.! 

0.1 i.J. 

0. H!5 
0.215 
O.:t:iG 
0.256 
0.;>77 
0.~7 
(l.:';Hl 

O . .'.l:W 
O.J!'i~ 
0.3/Q 
U ,100 
o_.i;;ro 
Q .• ,~ 1 

0 ,JH1 
O.,ll!?. 
\l~{!l! 
1J.me:! 
0543 
n !:-'34 
O!,(i·J 

r1.6Nl 
(113?.!:> 
(}11.16 

I) 61:if. 
().fifl7 
n ;o• 
n.no 
u r~;.1 
(l/<i•l 

n 7!il3 

0 7RH 
o nm 
,•,,q•,:: 
() t!Od 

(1.1-!1~ 

0!l?,' 
11/tN 
,· i-1!-' 

Ueq 
(tsf) 

().{JOO 

0.000 
0 000 
o.m10 
0000 
0 00() 

0 (JO() 

0000 
0 000 
0 001.1 
0.000 
0.000 
0.00(! 
0.000 
{l_()(!Q 

0.000 
0 ouo 
0.0{)0 
0.{J</0 
0.000 
0.0tF..l 
o.ouo 
\l.000 
0,(){JO 
0.000 
0()',}0 

0000 
OJ)OO 
0 {Y.)'{) 

() 000 
0 {)/.)0 

0(100 
fl 000 
o.uuo 
0 00'.l 
0 006 
ll 01ft 
Cl.(126 
0.{).:\!' 
(1(1<l.)/ 

OU!:\? 
o.one 
0 01~ 
0iJHIJ 

01h/J 

q 11(1 
I'\)!' 

Ca 

2 000 
:? 000 
2.0(1(1 
2000 
2.000 
2.000 
2.0UO 
20()() 
'2GOO 
r.,noo 
2.mm 
2.00() 
l .97!> 
1 !-101 
1.8:ltl 
1,77.! 
1 71:! 
l.1RlH 
1m:o1 
1 r,t11 
! !jd:;< 

1 506 
1 ,172 

1.441 
1,11\ 

1 :rn:=i 
1 :i67 
1.:i:1;; 
1 :we 
1 2t:!6 
1.265 
1 ?~<I 
1 225 
1 21)7 

11tie 
1.173 
1 1QfJ 

I 1'5A 
l.150 
1 Hl 

1.132" 
1 1'l4 
, 11c 

1 Hi/ 
1 f).'-li:l 
I 0!-1.( 
\/!l·l<i 

N60 (Nl)60 
(blows/ft) (blows/It) 

~.17 
-1.1'.17 
,378. 

3/!l 
s.to 
f. ~2" 
6 32 
6.!l1 
G 87 
$49 
Uid 
r,07 
;u1e 
G ~G . " 
l"J(l7 
13,w 
ri.!=1,1 
!',.!iO 
(i,2!:l 
7.01 
5 :}d 

5.J9 
5.72 
S.l-M 
nu 
7.~£1 
6.f;iij 
!UM 
5.fi.J 

5, 11 
3 9!1 
.J 02 
d.51 
5 71 
,T.7(l 

4 ,rn 
3.8<1 
4.07 
,1.69 
•1.36 
~.!:!P, 
.1_5;1 

1,1 ;;1 

rn.~o 
1r1·;1 
1/l!i.'! 

f' :\<l 
R.<H 
7.5!'. 
T.57 
Hl 19 
1~,t:,i 

12 65 
1:i oa 
13.td 
1().97 
9 OH 
10. 13 
11.6'J 
1:l,C•t 
1.1 86 
111 31 
11.tlG 
fl 91 
11.0:1 
Q !la 
10/ll 

6.95 
fl OP 
f:I ;/d 

82d 
Hl.<hi 
HlU:! 
6 ,:;n 
;-;, 
f 25 
tHn 
JJl(l. 

4.9? 
5 ,1,! 

6,;:,-1 
5 ;la! 

5 OU 
-t JS 
4 69 
5.~iG 
.:lf:l,J 

"' ,; 1;> 

10 1H 
:X1 7fl 

1~ fl~ 
11.i;· 

s, 
(tsl) 

01m:? 
0 f:17:i 
Q.6W 
O.liO!> 
O,f!!cl\i 
1. 11:1 
1.0tl5 
1.H!!l 
1 l'ld 
0.8•M 
0.6:?9 
rJ.6~3 
0.8f)d 
0.962 
1, Hlfl 
1 rn~ 
O.!J.42 
0.790 
0 71~ 
1).iP.-S 
OllM 
0,/29 
0.652 
0.6137 
0 6U9 

0,9YI 
(1 fl7?. 

0 768 
0 657 
0593 
O.:Kld 
Q.:)57 
Q.l(}j 

0,i7!:I 
!l60fl 
{l.'155 
0 ,1<12 

Cr.:i83 
() 417 

0 d!l!t 
0 452 
fl dlB 
u,f,-5 
2 ~-1,'):; 
? B2!i 
I !,If,'! 
1,;!tl!• 

"" (Isl) 

?.fl 49 

W.3 
~O HI 
1!t60 

2! 
.:fl.06 
3b, 17 
37 ~, 
:11; -ii 
27.,\4 
20.5-1 
2?..131 
26.2?. 
31.37 
:JR.!> 

:•u.01 
:10,69 
2;, /It 
?.:l ::!!i 
?.6.02 
!.lt-1 ()1 

2'.!..!J:;l 
?.1 ,1:~ 
21.M 
?2.71 
32.JH 
2fl.71 
,'f,.36 
~U!:I 
19 TT 
H';,67 
1?.P, 
13.5-1 
16.06 
i/028 
1r;_:;1 
1,1.95 

1:i.:16 
1d.11 
16.!1 
1,1,!:I?. 
1:5.73 
l!Ufl 
i5.0r, 
92,1 

i;,t,01-' 

•l:'.!M• 

Fe 
(%) 

Phi 
(Deg.) 

I (!!:if<3 t,C.J:l. 

2.ll:;!9ii8 50.52 
~.60794 ~-? I 1 
1 l.d 11;1 df; 51 
P.9<17i2 dH 1 ·.~ 
J.Oc\Hcl2 46.;.:1,1 
i.?.Hjl6 ltf,.3:~ 
i. Hlfl:!l< ,lf;i.\rt 
11).(1:ll;ld d>l?5 

14.13~ •12.30 
22.061">3 ,I0.21'! 
23.1951 40211 
.!3.l9.t6 .tO.ITT! 
:?1 .1'i'8i" ,11 1B 
17.2319 -11_9;,, 
18.rn10 <11_<16 
23.4971 39~ 
25.6131j 313.69 
2B.ll15 37.78 

31.3104 :4~_0,i 
:?1-'1.9tW!:> :113.dtl 
32.569g :'17 Oi 
~!5.f.ltH:1 :lfi.1d 
a1.21;191 :11s.02 
:J5.9<11:J2 3:i S'l 
29.Nll<I :17.1m 
::IG.0689 <!6.91 
:JB.3383 ;455J,t 
,I 1. 7891;! ,1d 7B 
,16 ..151e 33.95 
fl2.732<1 32 71 
61 !;7,15 30 26 
50.6152 30,80 
dJ,79.!i1 31 16 
d5 U:Wfl 33 1(' 
5:l 710<1 31 14 
&6.7592 ao ~.1 

dT 1(JG:~ ::!9.9f. 
ti; IOtW 30 ~~2 
•16.ti978 3 I 1 !i 
tlfUM21 ;~0.3l! 
dfi.0254 ;?971 
d!3 :m~•Q :m s; 
1;1_;,\m9 ,m nr 
1s.mm1 ,11 rn 
:.i!i.3::"•l,I ;-m.o:. 
'l'.I '.!t',5;) .'!I} $1 

' 

" 
< 
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~ ·----·-------------------------------------- --------······ \ ---------------------·-···-·- --------
Oeoth Sam~( \v9Qt twpFs AvgAI Av9Ud Qin Flin le Q F SST U.Wt. r s ES!ress Ueq en NGO (N1J60 Su qc 

(ft) (fl (!sf) {lsl) (¾) (ft) (Isl) (¾) (pcf) (Isl) (lsf) (blows/fl) (blows/It) (Isl) (Isl) ---------
15 584 Jli:S 016 .311B 1 .18 4 <14 ,If.! 96 3-1.~725 4.572 2 70 :N .• !•I .1,m !.l5Hi; Q . .'19d 0.H'>,'; 0. 1:'ll 1 ('7FJ P,,;:t1 R.m, 0 9:1$ :m.B:• 15.912 ·12,1.61;18 7'1 no 1 85 ;!.s 11~.6 03 "-9-71 2.532 2.25 8'-..6'l 2.f:<5 ij ·-.1~rie 1 :J1f lj,i'.l~i 0, 1J \ 'OH!l 1!i.9t, Ii(!!, 2.:-!6~ 71.33 16.2d 424,!HlO 168,1 3.:J9 2 02 ,0,7~ 168.3-!iJ 2.029 Ulrl 18i:t~, 2./13 1'.l!-,(\{) U)3B tl,:1~7 0 151 1 o,;;, 32 30 Jd ~0 5. 172 Hie.1 16,568 424.032 179.26 4_.i3 2•H -10,55 l98.2J9 :HOG, 200 i\i8.3<: Z-1!? 7 1:.03 (10 ! ()\'JO 0 /:.1\-1!;! 0.1eil 1Jl5S :;:, 71 ~•7. 1,1 5.517 179,:!:i 16.BYS <123,704 13d.23 J.06 ?.28 ·18.82 1'18.166 2.:WB- 2.05 !<16.30 2.:10 1.17 00 I Ofl-2 0 911 0 171 1 O,lfl 26.9·1 W.22 -l.122 \~J :,s 
17.224 423.376 78,48 1.39 t.78 -2{'1.l\6 a:rn1~a 1.796 2.1,1 1:13.Pt'i U9 7 1:1R.!!0 ! 1(1~ U.923 Q H:12 "'"' 16.31 1tU!I! ?..396 78.61 17.552 <l23.04B' 61.76 2.91 -t.71 ·?.1.8 64.1101:'1:l .t.7!'!9 ,. !i2 6d fir. ,\ 7'-1 ' 1:1;, (}J Ll;.'tl O.\?:Jn n 19?. 1,0;1,1 1:'-.2.'.l 1!_;,7d I.RH 61.9 17.88 •122.720 131.97 4AB :!.3!, ·:!:2.0l 137.977 3 409 2.20 131:1.12 3.'11 ' 1,10 ()() I \~,() {l !!<If! 0.201' !Jl27 ?.EUJ 2e..9o <I.OG(l 1:i:u1 
18.208 422.392 229.79 6.98 3.0<I um ?.:!7.9:1 3.053 :rn:; 23? U2 3,{!$ 1? 1~1.tl(_l 1. l i:l 0.!1')! 0.:?1.! UJ;,<J dci,O;i ,11)55 i.OiR ?.29.7ft 
18.537 422.063 17tl.23 4.87 2.7:i 5.5 IIH.7!19 2,751 •~ or. lHI 77 ;l 75 7 1,12.(l(I l,\\115 pq;·,1 0223 1.013 ~lS.J!:1- 31.1.27 5.'181 17$ 2 
18.865 <121.735 158.32 3.05 1.!l:! ·5.9! l5r,1. Hl5 1.9;11 1.!l-7 159.24 \fl,! ' 1-1;;.w 1 l?:?O 11.901 0.?.:l3 1n07 :J0,7!J 31 (1{) 4.86<1 158.36 
19.HI~ 421.,107 129.65 '.-!.89 ' · 15 118 1?.R:.99 3.02A 2. 16 1;.)!J."IP. so:1 6 1.J4 {1{) 1 2'1:l 1 uoo 0 i!d:J I O{H1 ?/AO ~i.olO 3.975 129.74 
19,521 <121.079 173.4?. 5.09 ~Ui.t. •l2.H$ ltiB.fH 2.9Si. 2.10 109.HS 2.?0 1,1!;,Go 1.::w 1.013 n.;.:r,:1 0!:lfJ:i ;~f:,A,~ 3'".20 5.330 1;-3 !i 
19.IH!! <1:!0751 263.86 i:i.2 2 J5 ·l.66 2!l!'i,6fi 2.361 15)1 :;l!i5.fli ?.Jr; ; 1J6.!1!1 1.291 urr.:; D 2\rl 0,9!t7 so.;m ,l~.58 8.12:!:I :?fl3.8B 
2D.17i .W.0.423 128.37 S.69 ~ ,1.3 <1.11 122.087 d ~78 2.:13 122.(~.; ,1_,lfl " 1~1 no l.:Jl!i I fJJI () :1_7ll 0 !:l!:;1/) iW.1'17 ZH.~ll :,,93•1 121:\.34 
20.506 <120.096 79.4 4.72 5.il5 5.06 7<1.():219 6.047 2.!,(i 7:, !18 6.05 II 1tit\ tl{\ !:l;-tft t 05!, 0.?.6<l 0 !ff1t 1~%? 1!1,ttl ?.,,117 7!:137 
20.833 .t 19.761 78.6<1 ,1_4,1 5.ti5 ,1.76 72.3155 5.7d(': 2.55 72.29 5 7F " 1,lfl.t.~J 1 :!6:'I 1.()Q~ 0 :>:34 0.:11')7 1'::1.6~~ 18.9!;1 2.3.92 7R.61 
::!1,1G1 419 <139 89.37 5.02 5,61 58 81.W36 5 706 2.52 .91.23 5 71 " !;i(l 00 1 :~-~ l Otl:~ O.J•Jt, O.f1G1 21 &1 ?.1 09 2.1/•l H!l.3J. 
21.489 1119.111 108.25 5.71 S ?.7 5.22 97.:1752 5.3<lfi 2.-115 er.:m S.J5 " 1~1 l/0 l.·112 1,t)j,l/ 0.:-11!\ U P:-5 25.71 ~4 5,1 :1.:1ne 1Utt2?. 
?.l.817 ,!18.783 132 7. 15 5 d I 2A8 \ 17 4,1,1 5.476 2.-11 117,13 5.tlf. " 15:.?:.DO 1 ,!:Ji 1.112 o.:.cie>n o.:M6 3().78 ?.$ I? 4.0~ 1!11.118 
22.145 <118.<155 152.55 ij,5<1 5f. ·0.62 13fl.133 5.652 '.i.3~ 1:;rt, 13 5.ri~ 11 \!B.H() 1.,162 1.1:!f: 0!135 0 !l<l;l '.l!: ?~ '.l3 1~ -1.f\711 HiQ.55 
22.d.73 418,127 HiB.92 10.03 (i,01 -0.81 \4.i.!<OG G.06~\ 2.3$ 1,!<l.~6 '3.01) II i!,1 ()(! Ul'\7 1 1.!1 o.:NS 0.'\131 Jtl.01:- :ili 1!:l 5.12~ 16tUI,' 
22.!Y-)2 '117.798 175.61 10.tl,5 6. 111 ·0.1/i 150561 6.:?:i2 2.38 1~0.5{i 15.23 II Hii>OO 1.S12 I 1!".I' 0.3!'i6 O.H~l .'10,69 37fl<l 5.!1!;10 17561 
2<!.13 417..170 186.a:3 11 72 6.27 03 156.Hj(, s.:~2s 2 •• 3!:I 158. Hl d =•~ " 1[..-5 00 1,e,,,;7 11-;"? 0,;lflti 0 92d •t:J.17 :.!9 fl9 5.737 1f\6 B~ 

23.458 417.142 212.47 12.86 6.05 ·0.81 17i.701 6.097 2.3S l ?i. 70 15.Hl II 1S7 flO 1.fil:l;I 1,11<7 o.:m, 0 91!1 .\fi 23 J,l.2/ !>.5.JO 21:?.,17 
23.788 416.81<1 206.47 13.26 6.<12 ·3.~2 170.396 6.<172 i.:18 1704:? 1).,17 " 1~{)\) I !.~S 1 2trC 0.3!:\\1 (lg\? ,I( 5J ,13 :15 o.:MJ 200 5 
24. 11<1 -416.486 22<1.17 13.65 6.0,1 -3.65 \!;12,71~ 6.0ttt'! 2.:1-1 182.7:1 l:'illil II 15!1(){) 1l:t1!'i 1,21!< 0:!97 O fl.JO 50,7:: ,15_97 6.6HO 2!N.l!l 
2<1.4<12 <IHUSB 237.64 15-41 6.•18 ·ii.5'1 181.262 6.5:!0 2.:-!6 19,1.?.9 1t;i3 II 1€0 llO 11'•!1 1:1:1.: 0 .107 0~1(1 f.-1 i7 ,ip 76 7::l(l6 2371P 
2<1.i7 <115.830 2-i<l.9,I 15 19 8.2 .f HI 19<1.6:J3 !:l.2<1-1 iU<I l(jd 6"J 15 :'d II 1,,;1 00 1 O:Stii 1.2ti0 0 '11/ 0 1194 5:5.32 <l~.46 7 532 2<111.9€1 
25.098 ,IJ5.6U2 239 96 14,94 6 23 11,fi7 186.192 6.270 2.3.:. Hltl 25 r, 27 II 11i2.00 1.!:;!/3 1.215':i 0.-127 o.et.1~ 5•1 4<:! .,e 36 7.377 2.\0.Q:.'! 
25.426 4-15.17~ 217.85 14.<12 8.62 ·17 67 168.53d 6.672 2 3\.1 168.6'). 6 f;7 " 1613,00 !.,720 f.262 0.-1:w. 0.1!83 5(1 • .l.l: J.J 51:! 6691 217,913 
25.75•1 J14.846 219.37 13 74 6.26 ·20.97 l67.S<i3 6,31,I 2.37 16i.6•1 ;:;_31 II t(W. fl'j 1.747 1.299 o.,1.1s 0.877 5(l ,10 ,1-1.22 6.7:iS 219 5 
26.082 ,11,1.srn 21<1.66 13.21 6.15 ·22.49 161,62 6.205 2.:Ji 161.93 G.20 II 165.{JQ ! ,;-,t 1.316 o ,t5a O.f.72 J.9,36 <13.03 6.591 214.~ 
26.tll 4\d.190 225.4,l 13.56 6.Q1 .2,t 85 167.6-17 6.0ti-3 2.:JF. lf.l7.97 G.06 " 166(10 111(11 1 :l32 ll,dfie 0flt;6 51 ,t!, .t,; 57 6.92<1 225 6 

25.7:19 413.861 268.<l•I 15.513 5.!i •24/12 197.572 5.836 2.31 1:;i7,6(l SJl3 " Hi7llil 1 !l;;tf:' I ;1,1p (),47<1 OJ:lf.> 59.A9 51 51- R?.s.1 266.S9 
27.067 413.533 :i4•t.8:l 1f S5 '" "25.~ 250.87 d.l:125 ?. H', 251 (l!;' ,I.ti? " lfi~UO ~ ti:-i: ' :it:7 '1,1~1! OtJ.'3!'- 7?,00 ii~' d~ 106HI .1-M ?!-l 

Fe 
(%) 

,IQ 15127 

20 7m,2 
11.:-1615 

12.8<13!:l 
1<1.:t363 
16.!II?. 

,'.ll.liii~6 
l8.9BH 
rn.r,,1s1 
1,1 d!i78 
12.157 
18,2tH3-
15.7015 
10 7536 
2;~ 538'1 
33.5824 
J3.0!'.l!!~ 
:i1,<199J 
2!1.3!:!0ij 
21U2~<1 
:rn.e:1,1~ 
;i; 10!?;1 

?.t\.1<1-61 
25.9()33 
2d.~\,M 

'-S.!,5!i1 
2d..{l<l9 

2<\ 6ti95 
23.8705 
2,1.2139 
261001 
25.3..116 

26.J92B 
2.<!.,72?.t.', 
22,7802 
1f.d,17, 

Phi 
(Deg.) 

J<l,47 

39.Sh 
d;i.77 

<I.:! Q:> 

42.53 
39.6<1 
aa.22 
-12.25 
,t,t AS 

43.60 
,i.:.9G 
A1 86 
4;:l,?.f..l 
45.:Sl 
,\1,fl2 

38,9S 
:~n.a2 
39.J'f 

dQ;I~ 
·11,.i? 
-12,!0 
,l::!.MI 
J.;,?.(i$ 

-12.~;I 
-1:1.r.o 
-13.W 
<13.63 
.t3.ll5 
<1:1.!ld 
43.78 
d3.24 
,(3.21 

"3.04 
•l:J.2'l 
4-4,01 
,1513 

.,I 

~ 

~ 

~ 

C 
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ConeTec Inc. 'e,preta\ion 
ln!erpretalion ( ~--~elease 1.22 Rev. Formal: NU 

Run No: / ' 07-1210-1008-4182 
Imperial 

Job No: 
Client 
Pro/ect: 
Sile: 
Location: 
Cone: 
CPTDala 
CPTTlme 

CPT File: 
Northing (ft): 
Eas!ing ('1): 
Elevation (II): 

User Inputs: 

Assumed: 

07-804 

Civil & Environmental Consultants 
Pond Creelc Mlne - Williamson County, llllnois 
CPT-12 
Pond Creek Mine 
20TON AD211 
07/31/10 
11:15 

804CP12.COA 
0.000000 
0.000000 
442.1 

Water Tare Depth rt): 
Nie 32.3 
Slate Parameter: 
Unit Welglll of Soil (pcf): 

CITO 
0::0 
~See Below 

/~ 

Malerlal Types AQd Unit Weight (pcl} Phi Avg. ~ ~ Fe Avg. !£Em,. 
deg !sf tsf % % 

~Res!duar son I Jij 01 I 2.80 j 91 11 I i!7.69 ! 2.37 j 

Ground Sur1ace Elev. ~ 
CPT area raUo: ~ 

See Below Copied lrom ConaTec CPT Data File 

Dep1h 
(II) 

--------- -------- ------------------------------------------Sample El. AvgQI AvpFs 
(ts() 

Avgm 
(%) 

AvgUd 
(ft) 

om 
(Isl) 

Ria 
(%) 

1, 

0,164 
0.492 
0,82 
1.148 
1.476 
1.604 
2.133 
2.461 
2.789 
3117 
3.<146 
3.773 
4.IOf 
4.429 
4.757 
5 085 
5413 
5.741 
6.069 
6.398 
6.726 
7,054 
7.382 
7.71 

8038 
8.366 
8.694 
9.022 
9.35 
9,678 
10.00(l 
10.33fi 
10.663 
10.991 
11.319 
11.647 
11,976 
12:303 
12,631 
12,95g 

13.287 
13.015 
13.943 
14.271 

111.6 
1,ui2a 
15 256 

(It) {Isl) 

441.936 
441.608 
441.21:10 
440.962 
440,624 
440.~6 
439.967 
439,639 
439.311 
438.983 
438.655 
438.327 
437.909 
<137.671 
437.3<13 
437.016 
436.687 
436.359 
436.031 
435.702 
435.374 
435·,046 
434.718 
434.390 
43<1.062 
4J3.i'3d 
433,<106. 
433.078 
432.750 
432,422 
432.094 
431.765 
431.437 
431.t09-
d30,781 
430.453 · 
d30.126 
4i!8)91 
429t4!J9, 
429,141 
428.813 · 
428:485 
<1-28.157 
427,829, 
427.500 
d.27,171:" 
126.B,U 

11.62 
7.9<1 
9.78 
14,93 
13,35 
10.42 
11.15 
11.<I 

19.33 
28./i!S 
3L92 
29.03 
2l'i.16 
24.2'1 
19.02 
2L3 

23.02 
19.94 
19.3 

19.•M 
·19.51 
19.B7 
19.53 
17.5 

15.42 
15.44 
19.79 
1~.8<1 
17.62 
16.33 
13.67 
12.63 
1~.67 
12,7 

10.22 
8.57 
9.06 
10.6~ 
13.05 
13.23 
13;91 
17.32 
20.85 
35.iS 
93,11 
Hl8.C• 

1RG, 1P 

0.14 
016 
0.15 
0.28 
0.35 
0,21 
03 

0.39 
0.513 
0.tl..t 
1.09 
1.2 
1.06 
0.91 
0.82 
0.75 
0.78-
0.81 
0.6 

0.61 
0,69 
0.87 
0.85 
0.83 
0.6.l 
0.6 

0.74 
O.ll6 
0.88 
0.72 
0.59 
0.44 
0.5 
0.Q3 
0.46 
{),2 

0.17 
0.15 
0.29 
0.43 

0.30 
0.89 
1.37 
1.81 
1.97 
dJJ8 
5 1'.? 

1.10 
2.U~ 
1,M 
1.U5 
2.59 
2.02 
2.0ti 
3.J9 
3.01 
2.89 
341 
d, 13 

'·"' 3.76 
4.2'.? 
3.5.1 
3,d 
1,05 
:l.12 
: . .1.15 
J,55 

4.39 
<l.3<1 
<1.,73 
•I, lti 
3.t16 
:l75 
4 34 
4-98 
4.42 
'1.33 
3.49 
3.92 
'1.97 
d,51 
:u1,1 
1,0:J 
1.:18 

2.23 
3.26 
2.513 
3.f16 
d.'ld 

5.00 
2.12 

2.o-G 
~ 11; 

-0.32 

·" 
-4.83 
-7.8<1 

-11.!i!? 
.g_.:1.g 

-4.09 
·0.6 
0.23 
2.91 
12.38 
2'1.36 
36.19 
45.54 
43.08 
49.65 
49.79 
•12,61 
42.66 

"'·"' 26.89 
16.93 
!6.tl 

14.09 
15.08 
17.32 
18013 
16.51 
139!1 
21.5 
11.13 
13.IS 
1<1,21 
13.9 
14.5 
16.35 
hl.91 

22.7 
28.:m 
16.7 
7.57 
6.49 
1 25 
8.08 
5.d7 

·1.!i9 
·991 

11 J<'!.66 I 200 
257.211 :?.023 
Hl9.H29 1 5<12 
207.0l:l<I 1 BE\d 
143 71!i 2.640 
91.<115,1 ?.OJ; 
1:12 6361 2.723 
73 1162 3.4,;18 
1()9.tl93 3.028 
1-17.604 2.921 
147.25 3.<138 

122.106 4.168 
tbl.0'63 4.09:;! 

B6.5fi!:l3 3.797 
62.9731 4.360 
66.0200 3,574 
67.043!'i 3.439 
54 5722 4.137 
•19.!.1815 3.171 
~7.6152 3.20d 
45 410;! 3.615 
,J,1 0695 "-.478 

41.:lJ. 
35.:!!65 
29.t\9<12 
28.~9 

35-"1205 
J<l,1851 
29.1519 
25.9973 
l.O.BSS2 
18.!i53 

18.0115 
17.<1879 
13.<l.:!.fiS 
10.773 
11.'2;:ld 

12.!;lti87 
16.m;o~ 
16.()076 
16.601 

20.S!;Jlij 
3•l,.t7J1 
,\2.3,127 
110.3/H 

233.3•l1 
215.622 

,1.,ise 
d,.:177 
d,£SO 
4.022 
3.8-15 
4)161 
5.166 
4,579 
4,523 
3.672 
4,166 
5.2<\d 
d,836 
2.550 
2.0,16 
1 5:l!l 
2.:llif5 
3 4(l,.t 
2.75" 
4,192 
4.890 
5.193 
2.137 

2.084 
2.76•1 

1 37 
1.6'> 
1 8<1 
U,lfl 

2.10 
?..1,! 
2.:?7 
2.:1t1 
2 2< 
2.1:1 
2. rn 
2.31 
2.35 
2.37 
2.51 
2 f.1 
2.41 
2.u:; 
2 <ii) 

2,50 
2.5'1 
2.6? 
;,J.6<1 

2.71 
2.7:1 
2,;2 
2.B.t 
2.69 
'2.79 
2.79 
2.13~> 
2.l;ld 
:VIS 
2.!:16 
3 02 
?..fld 
2 a, 
2.75 
;-:.,1• 
2 87 
211n 
2.M 
:; 72 
2.67 
2 11 
1 tjf,l 

2'11 

Q 

1132@ 
:.!57.5.t 

1:JOAI 
W7iU 
ld.!_d.7 

91.95 
82.86 
73.1:? 

109,tl~ 
1.!7.55 
1.t6.9'2 
121 <17 
100.20 
tl556 
li2 06 
H5.0!:i 
66 13 
53.8;,> 
<19.20 
<17.02 
,\,1.98 
<!;j fid 
41 og 
JS.13 
2!? G2 
26.32 
J5.S:2 
!N.01 
'29.01 
25.77 
20 7f. 
19.d:! 
17.89 
17.37 
13,31 
10.f,<I 
11.07 
12 fl;', 

15!.11 
15.8H 
!6.5J 
2().!,,-1 

J,l .u; 
•l;./.28 
I IO.:J~ 

;::::..1 :1~ 
:C157(l 

F 

1.21 
2 02 
1 5~ 
Ul8 
;l.6~ 

~.0:-1 
~.;2 
JAi 
;I oz 
;; ~2 
3.4E
,l.19 

.t.13 
'.j 8<! 
,t,ld 

:!.~a 
J . .t9 
,1.19 
3 22 
:l.2<1 

3.65 
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CALCULATION BRIEF 
FOR 

ESTIMATION AND SUMMARY OF ENGINEERING PROPERTIES 
INCLUDING PEAK AND STEADY-STATE UNDRAINED SHEAR STRENGTH 

FOR REFUSE AND SUBGRADE MATERIALS 

POND CREEK COAL REFUSE DISPOSAL SITE - SOUTH POND STAGE 2 

OBJECTIVE: 

REFERENCES: 

To estimate and summarize engineering properties for fine coal refuse 

materials samples obtained at the Pond Creek Coal Refuse Disposal site 

including unit weight (y), specific gravity (G,), effective strength, i.e., 

angle of internal friction (qi') and cohesion (c'), total strength, peak 

undrained shear strength (Sup), and steady-state undrained shear strength 

(Sus)- The various strengths will be used in the South Pond abandonment 

analyses model(s). 

l. Civil & Environmental Consultants (CEC), Inc. Calculation Brief Entitled "Summary of 

Piezo-Sei~mic Cone Penetration Testing," Pond Creek Coal Refuse Disposal Site," BEG, 

12/21/07. 

2. Civil & Environmental Consultants (CEC), Inc. Calculation Brief Entitled "Summary of 

Laboratory Testing - Fine Coal Refuse," Pond Creek Coal Refuse Disposal Site - South 

Pond," BEG, 7/10/08. 

3. Alliance Consulting, Inc., "Appendix C Laboratory Testing, Proposed Coal Refuse 

Disposal Facility No. 2, Pond Creek Mine No. 1, Williamson County, Illinois." 

4. Poulos, S.J., Castro, G., France, J.W. (1985), "Liquefaction Evaluation Procedure," 

Journal of Geotechnical Engineering, ASCE, 111(6), pp. 772-791. 
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5. Genes, B.E., Keller, T.O., and Laird, J.P. (2000) "Steady State Liquefaction Susceptibility 

of High Hazard Upstream-Constructed Coal Refuse Disposal Facilities," Proceedings of 

Tailings Dams 2000, ASDSO/USCOLD, Las Vegas, NV, March 28-30, pp. 47-58. 

6. Almes, R. A. and Butail, A. (1976) "Coal Refuse: Its Behavior Related to the Design and 

Operation of Coal Refuse Disposal Facilities," Proceedings of the Ohio River Valley 

Soils Seminar, Lexington, Kentucky, October, 1976. 

7. Bowles, Joseph E. (1984) "Physical and Geotechnical Properties of Soils," Mc-Graw Hill. 

New York: 367-369 and 393-396. 

SOIL PROPERTIES: 

The following soil properties were estimated based on laboratory testing [Reference Numbers 

(Ref. Nos.) 2 and 3] performed for abandonment analyses and/or provided by Alliance 

Consulting, Inc. for previous deformation analyses, which are used in the various slope stability 

analyses and attached for information: 

e us 01 R f e/S ·1 P ropert1es 
Friction 

Unit Weight Angle Cohesion <1> 

(y) (<!>) (c) 
Descriotion (pcf) (degrees) (psf) Comment 

Coarse Refuse 130 36 0 Frictional 

6 

36.9 0 Effective Strength (Drained) 

Fine Coal Refuse 85 18.8 0 Total Strength (Undrained) 

0 Varies (See Below) Steadv-State (Undrained) 

19.5 400 Total Strength (Undrained) 
Residual Soil 125 

0 3000 80% Peak Undrained 
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LABORATORY-DERIVED S!!!! and S!le: 

Two (2) consolidated - undrained (CU) triaxial series tests (3 points each) were performed on 
reconstituted bulk fine coal refuse slurry to detennine effective and total strength parameters as 
well as peak (Sup) and steady-state (Su,) undrained shear strengths. Samples were prepared in the 
laboratory to simulate in-situ placement and consolidation. Samples were consolidated to a 
range of vertical effective stresses of about 5, 10 and 20 pounds per square inch (psi) [or 720 to 
2880 pounds per square foot (psf)]. All specimens exhibited contractive behavior when sheared 
under undrained conditions. In general, all specimens reached, or nearly reached, a steady-state 
of deformation within the strain limits of the test equipment. 

A total of 6 CU points comprise the (2) series from which peak and steady-state shear strength 
state. Su, represents the liquefied shear strength [i.e., the minimum (residual) strength available 

( following a rapid loading event, such as an earthquake]. 

The following equations (Ref. No. 4) were used to calculate peak (Sup) and steady-state (Su,) 
shear strengths from laboratory test specimens: 

Peak: 

Sup = qup COS q>p 

Or 

S~p = cr'3p [cos $p sin q>p] / (1 - sin q>p) 

Steadv-State: 

Sus = qus COS $us 

Or 

Sus= cr' 3s [cos <!>us sin <!>us]/ (1 - sin <!>us) 
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Where, 

qup = shear stress on 45-degree plane at peak strain 

q>p = friction angle at peak = arcsin ( q/p) at peak strain 

cr' 3p = lateral effective stress at peak strain 

qus = shear stress on 45-degree plane at steady-state (max) strain 

<l>us = friction angle at steady-state = arcsin ( q/p) at max strain 

cr' 3us = lateral effective stress at steady-state (max) strain 

The following peak and steady-state data is presented from CU testing on bulk fine coal refuse 

samples Bucket 1 and Bucket 2 and applying the equations above. CU laboratory test results are 

attached. 
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Sample No. Bucket 1-Fine Coal Refuse Bucket 2 - Fine Coal Refuse 

CU Test No. 1 2 3 1 2 3 

(Confining (5.2 psi) (10.2 psi) (20.4 psi) (5.2 psi) (10.4 psi) (20.4 psi) 
Pressure) 

Parameter 

qup (psi) @ 4.61 7.54 10.82 3.37 5.73 11.67 

Peak Strain(%) 18.4 13.4 13.5 10.3 14.2 8.4 

<l>i,(deg) 40.4 39.6 37.8 38.3 39.2 37.5 

cr' 3p (psi) 2.5 4.3 6.8 2.1 3.3 7.5 

Sup (psi) 3.51 5.81 8.55 2.64 4.44 9.26 

qu, (psi) @ 4.59 7.33 10.02 3.28 5.4 10.61 

Max. Strain(%) 21.5 21.67 21.74 17.29 21.32 21.42 

<!>us (deg) 40.4 39.0 36.7 36.3 38.6 35.7 

cr' 3us (psi) 2.4 4.3 6.7 2.1 3.3 7.6 

Su, (psi) 3.37 5.67 7.98 2.46 4.28 8.65 

A plot of the Su, of the reconstituted coal refuse slurry samples versus vertical effective stress 
(cr'v) is presented in the attached Figure 1. The equivalent effective vertical stress was assumed 
to be 1.5 times the isotropic effective consolidation stress (i.e., 1.5*cr'3). A 2/3 - 1/3 
relationship of the data was employed to yield an Su, to cr'v relationship of Su,= 0.28 cr'v. Ref. 
No. 5 and recent undisturbed/remolded fine coal refuse testing on other projects yielded a range 
of Su,= 0.06 to 0.28 cr'v, with an average of about Su,= 0.22 cr'v. Since site specific testing was 
performed, a reasonable Sus to cr'v relationship of Su,= 0.24 cr'v is considered realistic with some 
conservatism. The impounded/abandoned fine coal refuse in the South Pond will be modeled 
utilizing this relationship. 
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Subsequent slope stability analyses determine the magnitude of driving shear stress on a failure 
plane through the fine coal refuse impoundment to assess the required Sus to maintain 
equilibrium and assess the likelihood of a (liquefaction) flow failure. Post-earthquake slope 
stability of the embankment/impoundment is evaluated as well to assess the failure potential of 
the South Pond embankment using the abandonment geometry. 

CONCLUSIONS 

Laboratory undrained shear strength data from consolidated undrained triaxial tests of fine coal 
refuse were determined. Procedures were performed to estimate Sup, Sus, and a reasonable Sus to 
cr'v relationship of Sus= 0.24 cr'v for the material. The results of the laboratory testing indicated 
Sup and Sus reach their peak and steady-state strength at high strains, and there is very little drop 
off with increasing strain. Further, Sup and Sus values generally indicated resistance to flow. 
Thus, the results suggest undrained strengths of the fine coal refuse will be maintained at or near 
peak levels during an undrained event such as an earthquake, and the susceptibility of the 
impounded fine coal refuse to a liquefaction flow failure is a function of both the undrained 
strength (worst case steady-state strength) and the in-situ driving shear stress on a critical failure 
plane through the fine refuse material. 

Based on this information, the properties evaluated/developed in Ref. No. 2 for fine coal refuse, 
as well as coarse refuse and residual soil, indicated the South Pond fine coal refuse has sufficient 
steady-state shear strength to limit the flowability of the material. The likelihood of a flow 
failure associated with the abandonment scenario will be assessed in a subsequent calculation 
brief by evaluating the driving shear stress and factor of safety against liquefaction in the fine 
coal refuse. 
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Project No. 
Lab ID 

Visual Description: 

CONSOLIDATED UNDRAINED TRIAXIAL TEST 

WITH PORE PRESSURE READINGS 

ASTM D4767-95 / AASHTO T297-94 (SOP-S28) 

CEC 
POND CREEK 080851 

2008-210-01 
2008-210-01-01 

Boring No. 

Depth(ft.) 
Sample No. 

BLACK COAL REFUSE SLURRY (REMOLDED) 

SOUTH POND 

NA 

BUCKET 1 
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CONSOLIDATED UNDRAINED TRIAXIAL TEST 
WITH PORE PRESSURE READINGS 

ASTM D4767-95 / AASHTO T297-94 (SOP-S28) §~!':'.~~,:~ 
Client 
Client Reference 
Project No. 
Lab ID 

Visual Description: 

/Stage No. 
Test No 

PRESSURES (psi) 

Cell Pressure(psi) 
Back Pressure(psi) 
Eff. Cons. Pressure(psi) 
Pore Pressure 
Response (%) 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-01 

Boring No. 
Depth(fl.) 
Sample No. 

SOUTH POND 
NA 
BUCKET 1 

BLACK COAL REFUSE SLURRY (REMOLDED) 

36.6 
31.4 

5.2 

98 

INITIAL SAMPLE DIMENSIONS (in) 

Length 1 
Length 2 
Length 3 
Avg Leng.= 

3.140 
3.148 
3,151 
3.146 

VOLUME CHANGE 

Diameter 1 
Diameter 2 
Diameter 3 
Avg. Diam.= 

Initial Surette Reading (ml) 
Final Surette Reading (ml) 
Final Change (ml) 

MAXIMUM OBLIQUITY POINTS 

p = 
Q = 

LOAD 
(LBS) 

6.8 
8.2 
8.8 

10.3 
12.1 
15.1 
15.8 
16.2 
17 1 
17.2 
17.8 
18.4 
18.5 
18.8 
19.0 
18.9 
19.4 
19.6 
20.2 
20.7 
20.8 
21.4 
21.4 
21.6 
22.0 
21.8 
22.8 
23.1 
23.5 
23.1 
,., A "'l 
,:;.-r,u 

6.41 
3.95 

Initial Dial Reading (D.R.), mils 
D.R. After Saturation, mils 
D.R. After Consolidation, mils 

DEFORMATION 
(INCHES) 

PORE PRESSURE 
(PSI) 

0.000 
0.001 
0.002 
0.005 
0.008 
0.016 
0.020 
0.026 
0.038 
0.051 
0.069 
0.085 
0.101 
0.116 
0.132 
0.158 
0.182 
0.205 
0.236 
0.260 
0.292 
0.316 
0.340 
0.371 
0.411 
0.443 
0.490 
0.530 
0.569 
0.610 
l"l er- A 
V.UV"T 

31.4 
32.1 
32.1 
32.5 
32.8 
33.2 
33.4 
33.6 
33.7 
33.8 
33.9 
34.0 
34.0 
34.1 
34.1 
34.1 
34.2 
34.2 
34.2 
34.2 
34.1 
34.3 
34.1 
34.1 
34.1 
34.1 
34.1 
34.2 
34.1 
34.1 
24.2 

Tested By JCM Date 05/21 /08 Input Checked By Date 

1.375 
1.389 
1.399 
1.388 

24.0 
21.7 

2.3 

235 
250 
294 

·,;..;,Jge 3 o( 8 OCN cr.s::a DATE 5.25.ga REVISION 1 

544 Braddock Avenue • East Pittsburgh, PA 15112 • 412-823-7600 • FAX 412-823-8999 • www.geotechnics.net 



R14590
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CONSOLIDATED UNDRAINED TRIAXIAL TEST 

WITH PORE PRESSURE READINGS 

ASTM D4767-95 / AASHTO T297-94 (SOP-S28) §~!::.~.?.!!:! 
Client 
Client Reference 
Project No. 
Lab ID 

CEC 
POND CREEK 080851 

2008-210-01 
2008-210-01-01 

Boring No. 
Depth(ft.) 
Sample No. 

SOUTH POND 
NA 
BUCKET 1 

Visual Description: BLACK COAL REFUSE SLURRY (REMOLDED) 

'Effective Confining Pressure (psi) 5.2 

INITIAL DIMENSIONS 

Initial Sample Length (in.) 

initial Sample Diameter (in.) 

I,111ial Sample Area (in'2) 

l1litial Sample Volume (in'3) 

Strain 

(%) 

0.02 
0.07 
0.15 
0.25 
0.52 
0.66 
0.84 
1.22 
1.64 
2.25 
2.75 
3.27 
3.77 
4.28 
5.11 
5.89 
6.65 
7.66 
8.42 
9.45 
10.23 
11.00 
12.03 
13.30 
14.34 
15.88 
17.15 
13.44 
19.74 
.... 1 r.: ~ 
4- I•--' l 

µage 4 of 8 

Deviation 

Stress 

0.98 
1.39 
2.40 
3.62 
5.63 
6.03 
6.35 
6.92 
6.91 
7.31 
7.66 
7.71 
7.81 
7.90 
7.78 
8.02 
8.13 
8.39 
8.64 
8.59 
8.90 
8.80 
8.83 
8.93 
8.73 
9 12 
9.15 
9.22 
8.86 
n ~ n 
.:,, I;::, 

Tested By 

6 U 

0.73 
0.75 
1.15 
1.36 
1.79 
2.01 
2.21 
2.33 
2.40 
2.55 
2.61 
2.64 
2.68 
2.74 
2.71 
2.84 
2.78 
2.83 
2.76 
2.72 
2.86 
2.67 
2.74 
2.72 
2.69 
2.66 
2.77 
2.70 
2.70 
~ M 
,:;.. .w.:.. 

JCM 

3.15 
1.39 
1.51 
4.76 

5.45 
5.84 
6.46 
7.46 
9.04 
9.22 
9.34 
9.79 
9. 71 
9.96 
10.25 
10.26 
10.34 
10.37 
10.27 
10.38 
10.56 
10.76 
11.09 
11 .. 07 
11.25 
11.33 
11.29 
11 .41 
11.25 
11.66 
11.59 
11. 72 
11.36 
~ ~ .55 

Date 

4.5 
4.5 
4.1 
3.8 
3.4 
3.2 
3.0 
2.9 
2.8 
2.7 
2.6 
2.6 
2.5 
2.5 
2.5 
2.4 
2.4 
2.4 
2.4 
2.5 
2.3 
2.5 
2.5 
2.5 
2.5 
2.5 
2.4 
2.5 
2.5 
2.4 

05/21108 

Stage No. 
Test No 

VOLUME CHANGE 

Volume After Consolidation (in'3) 

Length After Consolidation (in) 

Area After Consolidation (in'2) 

Effective Principle 

Stress Ratio 

1.219 
1.311 
1.593 
1.941 
2.649 
2.893 
3.125 
3.417 
3.469 
3.753 
3.961 
4.017 
4.098 
4.208 
4.124 
4.400 
4.359 
4.538 
4.536 
4.464 
4.797 
4.474 
4.594 
4.601 
4.477 
4.587 
4.762 
4.691 
4.536 
~ .85~ 

A 

0.76 
0.55 
0.49 
0.38 
0.32 
0.34 
0.36 
0.34 
0.35 
0.36 
0.35 
0.35 
0.35 
0.35 
0.36 
0.36 
0.35 
0.34 
0.33 
0.32 
0.33 
0.31 
0.32 
0.31 
0.31 
0.30 
0.31 
0.30 
0.31 
0.31 

p 

4.96 
5.14 
5.25 
5.65 
6.23 
6.20 
6.16 
6.33 
6.26 
6.31 
6.42 
6.41 
6.43 
6.41 
6.38 
6.37 
6.49 
6.56 
6.77 
6.77 
6.79 
6.93 
6.87 
6.94 
6.88 
7.10 
7.01 
7 .11 
6.93 
6.97 

4.55 
3.09 

1.474 

Q 

0.49 
0.69 
1.20 
1 .81 
2.81 
3.02 
3.18 
3.46 
3.46 
3.65 
3.83 
3.85 
3.91 
3.95 
3.89 
4.01 
4.07 
4.19 
4.32 
4.29 
4.45 
4.40 
4.42 
4.46 
4.37 
4.56 
4.58 
4.61 
4.43 
.1 59 

Input Checked By li\f) Date (cl9Y'.'6 
544 Braddock Avenue • East Pittsburgh, PA 15112 • 412-823-7600 • FAX 412-823-8999 • www.geotechnics.net 
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·e;nt 
.mt Reference 

. mject No. 
Lab ID 

Visual Description: 

I Stage No. 

1
Test No 

,0 RESSURES (psi) 

Cell Pressure(psi) 
Back Pressure(psi) 
Eff. Cons. Pressure(pe 
Pore Pressure 
Response (%) 

CONSOLIDATED UNDRAINED TRIAXIAL TEST 
WITH PORE PRESSURE READINGS 

ASTM D4767-95 / AASHTO T297-94 (SOP-S28) 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-01 

Boring No. 
Depth(ft.) 
Sample No . 

SOUTH POND 
NA 
BUCKET 1 

BLACK COAL REFUSE SLURRY (REMOLDED) 

46.5 
36.1 
10.4 

100 

INITIAL SAMPLE DIMENSIONS (in) 

Length 1 
Length 2 
Length 3 
Avg Leng.= 

3.120 
3.137 
3.135 
3.131 

VOLUME CHANGE 

Diameter 1 
Diameter 2 
Diameter 3 
Avg. Diam.= 

Initial Surette Reading (ml) 
Final Surette Reading (ml) 
Final Change (ml) 

MAXIMUM OBLIQUITY POINTS 

p 

Q 

( 

= 
= 

LOAD 
(LBS) 

7.9 
13.4 
14.9 
18.3 
20.0 
22.4 
23.0 
23.7 
24.8 
25.7 
26.7 
27.1 
27.5 
27.5 
27.7 
27.9 
28.2 
28.6 
29.5 
30.0 
30.5 
30.4 
31.0 
31.2 
31.8 
31.8 
32.3 
33.0 
32.6 
33.1 
33.6 

Tested B 

11.84 
7.45 

JCM Date 

Initial Dial Reading (D.R.), mils 
D.R. After Saturation, mils 
D.R. After Consolidation, mils 

DEFORMATION PORE PRESSURE 
(PSI) (INCHES) 

0.000 
0.001 
0.002 
0.005 
0.008 
0.017 
0.020 
0.026 
0.038 
0.051 
0.069 
0,085 
0.100 
0.110 
0.131 
0.157 
0.181 
0.204 
0.235 
0.259 
0.290 
0.313 
0.337 
0.368 
0.408 
0.439 
0.486 
0.526 
0.565 
0.604 
0.659 

05/21/08 Input Checked By 

36.1 
36.8 
37.0 
37.4 
37.8 
38.7 
38.9 
39.3 
39.9 
40,3 
40.9 
41.1 
41.3 
41.5 
41.6 
41.8 
41.9 
41.9 
42.0 
42.1 
42.1 
42.0 
42.1 
42.0 
42.2 
42.1 
42.1 
42.2 
42.1 
42.2 
42.2 

Date 
DCN. CT-S28 DA TE 6-25-98 REVISION 1 

1.396 
1.398 
1.344 
1.379 

24.0 
18.4 
5.6 

77 
112 
166 
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R14592CONSOLIOA TED UNDRAINED TRIAXIAL TEST 
WITH PORE PRESSURE READINGS 

ASTM D4767-95 / AASHTO T297-94 (SOP-S28) 

,:iicnt 
:lient Reference 

r-'roIect No. 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-01 

Boring No. 
Depth(ft.) 
Sample No. 

SOUTH POND 
NA 
BUCKET 1 

Lab ID 

Visual Description: BLACK COAL REFUSE SLURRY (REMOLDED) 

'Effective Confining Pressure {psi) 

INITIAL DIMENSIONS 

Initial Sample Length (in.) 
ln1t1al Sample Diameter (in.) 
I111tial Sample Area (in"2) 
Initial Sample Volume (inA3) 

Strain 
(%) 

0.03 
0.06 
0.15 
0.25 
0.54 
0.67 
0.86 
1.25 
1.67 
2.28 
2.79 
3.30 
3.60 
4.32 
5.16 
5.95 
6.72 
7.73 
8.52 
9.54 
10.30 
11.07 
12.10 
13.40 
14.44 
15 98 
17 28 
18.58 
19.86 

Deviation ii U 
Stress 

3.98 0.65 
5.09 0.89 
7.59 1.34 
8.76 1.72 

10.51 2.62 
10.94 2.79 
11.42 3.19 
12.16 3.85 
12.77 4.19 
13.37 4.77 
13.56 5.04 
13.79 5.25 
13.76 5.40 
13.77 5.50 
13.82 5.69 
13.93 5.80 
14.04 5.83 
14.51 5.87 
14.69 6.01 
14.91 6.01 
14.68 5.94 
14.93 6.00 
14.89 5.95 
15.08 6.10 
14.89 6.03 
14.92 5.99 
15.10 6.12 
14.65 5.96 
14. 71 6.07 

10.4 

3.13 
1.38 
1.49 
4.68 

13.73 
14.59 
16.65 
17.44 
18.29 
18.56 
18.64 
18.71 
18.98 
19.00 
18.92 
18.94 
18.76 
18.67 
18.52 
18.52 
18.61 
19.04 
19.08 
19.30 
19.15 
19.33 
19.34 
19.38 
19.25 
19.34 
19.38 
19.09 
19.04 

9.7 
9.5 
9.1 
8.7 
7.8 
7.6 
7.2 
6.6 
6.2 
5.6 
5.4 
5.2 
5.0 
4.9 
4.7 
4.6 
4.6 
4.5 
4.4 
4.4 
4.5 
4.4 
4.5 
4.3 
4.4 
4.4 
4.3 
4.4 
4.3 

Stage No. 
Test No 

VOLUME CHANGE 

Volume After Consolidation (inA3) 
Length After Consolidation (in) 
Area After Consolidation (inA2) 

Effective Principle 
Stress Ratio 

1.408 
1.535 
1.838 
2.010 
2.351 
2.438 
2.584 
2.856 
3.055 
3.373 
3.530 
3.675 
3.751 
3.812 
3.934 
4.029 
4.072 
4.205 
4.349 
4.397 
4.289 
4.390 
4.346 
4.506 
4.410 
4.381 
4.528 
4.303 
4.398 

A 

0.16 
0.18 
0.18 
0.20 
0.25 
0.25 
0.28 
0.32 
0.33 
0.36 
0.37 
0.38 
0.39 
0.40 
0.41 
0.42 
0.42 
0.40 
0.41 
0.40 
0.40 
0.40 
0.40 
0.40 
0.41 
0.40 
0.41 
0.41 
0.41 
0.41 

p 

11.74 
12.05 
12.85 
13.06 
13.04 
13.08 
12.92 
12.63 
12.60 
12.32 
12.14 
12.05 
11.88 
11.79 
11.62 
11.56 
11.59 
11.78 
11.73 
11.84 
11.80 
11.87 
11.90 
11.84 
11.81 
11.88 
11.83 
11.76 
11.68 
11.65 

1 
2 

4.18 
3.04 

1.374 

Q 

1.99 
2.54 
3.79 
4.38 
5.26 
5.47 
5.71 
6.08 
6.38 
6.68 
6.78 
6.89 
6.88 
6.89 
6.91 
6.96 
7.02 
7.26 
7.35 
7.45 
7.34 
7.46 
7.45 
7.54 
7.44 
7.46 
7.55 
7.33 
7.35 
7.33 21.67 14.66 6.08 18.99 4.3 4.393 

Tested By JCM Date 05/21/08 Input Checked By t½ Date 1 Q -\ g {'\'1'-, 
e 6 of 8 
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Client 
Client Reference 

. . Project No. 
Lab ID 

CONSOLIDATED UNDRAINED TRIAXIAL TEST 
WITH PORE PRESSURE READINGS 

ASTM D4767-95 / AASHTO T297-94 (SOP-S28) 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-01 

Boring No. 
Depth(ft.) 
Sample No. 

SOUTH POND 
NA 
BUCKET 1 

Visual Description: BLACK COAL REFUSE SLURRY (REMOLDED) 

IS/age No. 
Test No 

PRESSURES (psi) 

Cell Pressure(psi) 
Back Pressure(psi) 
Eff. Cons. Pressure(p! 
Pore Pressure 
Response (%) 

51.4 
31.0 
20.4 

99 

MAXIMUM OBLIQUITY POINTS 

p 
Q 

= 
= 

LOAD 
(LBS) 

17.19 
10.31 

INITIAL SAMPLE DIMENSIONS (in) 

Length 1 
Length 2 
Length 3 
Avg Leng.= 

3.130 
3.121 
3.136 
3.129 

Diameter 1 
Diameter 2 
Diameter 3 
Avg. Diam.= 

VOLUME CHANGE 
Initial Surette Reading (ml) 
Final Surette Reading (ml) 
Final Change. (ml) 

Initial Dial Reading (D.R.), mils 
D.R. After Saturation, mils 
D.R. After Consolidation, mils 

DEFORMATION 
(INCHES) 

PORE PRESSURE 
(PSI) 
31.0 
34.0 
34.5 
35.2 
35.9 
37.4 
38.5 
39.4 
40.5 
41.4 
42.3 
42.8 
43.2 
43.4 
43.7 
44.0 
44.2 
44.3 
44.4 
44.4 
44.5 
44.5 
44.5 
44.6 
44.6 
44.6 
44.6 
44.6 
44.6 
44.6 

1.404 
1.373 
1.371 
1.383 

48.0 
40.5 

7.5 

60 
68 

154 

6.8 
13.5 
15.7 
18.9 
21.3 
25.0 
27.3 
28.7 
30.6 
31.7 
33.1 
33.8 
34.5 
34.7 
35.2 
35.9 
36.6 
37.1 
37.5 
37.8 
38.3 
38.7 
38.8 
40.1 
41.4 
41.7 
40.5 
42.1 
42.5 
41.7 
42.3 

JCM 

0.000 
0.001 
0.002 
0.003 
0.005 
0.011 
0.017 
0.024 
0.036 
0.049 
0.067 
0.083 
0.099 
0.108 
0.131 
0.157 
0.180 
0.204 
0.236 
0.260 
0.290 
0.314 
0.337 
0.369 
0.408 
0.440 
0.488 
0.527 
0.566 
0.605 
0.660 

051?1108 lnp1~1t Cher:-ke-rl 8y IAfZ. 
44 

~atA /_, -[ q - ~c-6 
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R14594

( 
•. 

CONSOLIDATED UNDRAINED TRIAXIAL TEST 
WITH PORE PRESSURE READINGS 

ASTM D4767-95 / AASHTO T297-94 (SOP-S28) 

Client 
Client Reference 
Project No. 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-01 

Boring No. 
Depth(ft.) 
Sample No. 

SOUTH POND 
NA 
BUCKET 1 

Lab ID 

Visual Description: BLACK COAL REFUSE SLURRY (REMOLDED) 

ressure (psi) 

INITIAL DIMENSIONS 

Initial Sample Length (in.) 
Initial Sample Diameter (in.) 
Initial Sample Area (inA2) 
Initial Sample Volume (inA3) 

Strain 
(%) 

0.02 
0.05 
0.10 
0.17 
0.37 
0.58 
0.80 
1 .18 
1.61 
2.22 
2.74 
3.26 
3.57 
4.31 
5.17 
5.94 
6.73 
7.78 
8.55 
9.57 
10.34 
11. 11 
12.15 
13.45 
14.49 
16.07 
17.35 
18.64 
19.92 

Deviation 
Stress 

4.82 
6.44 
8.70 
10.46 
13.09 
14.68 
15.66 
17.01 
17.71 
18.54 
18.96 
19.34 
19.40 
19.60 
19.89 
20.25 
20.42 
20.44 
20.50 
20.57 
20.62 
20.56 
21.14 
21.64 
21.53 
20.44 
21.06 
20.95 
20.20 

L'IU 

3.04 
3.45 
4.15 
4.86 
6.38 
7.49 
8.40 
9.52 
10.40 
11.31 
11.76 
12.21 
12.35 
12.73 
12.96 
13.15 
13.27 
13.38 
13.40 
13.48 
13.52 
13.51 
13.55 
13.57 
13.56 
13.58 
13.58 
13.63 
13.64 

2 .4 

3.13 
1.38 
1.50 
4.70 

22.17 
23.39 
24.95 
26.01 
27.10 
27.59 
27.66 
27.89 
27.71 
27.63 
27.60 
27.53 
27.45 
27.27 
27.33 
21.50 
27.54 
27.46 
27.50 
27.49 
27.50 
27.45 
27.99 
28.47 
28.36 
27.26 
27.88 
27.72 
26.96 

17.4 
16.9 
16.2 
15.5 
14.0 
12.9 
12.0 
10.9 
10.0 
9.1 
8.6 
8.2 
8.0 
7.7 
7.4 
7.2 
7.1 
7.0 
7.0 
6.9 
6.9 
6.9 
6.8 
6.8 
6.8 
6.8 
6.8 
6.8 
6.8 

VOLUME CHANGE 

Volume After Consolidation (inA3) 
Length After Consolidation (in) 
Area After Consolidation (inA2) 

Effective Principle 
Stress Ratio 

1.278 
1.380 
1.536 
1.673 
1.934 
2.137 
2.305 
2.563 
2.772 
3.039 
3.196 
3.361 
3.411 
3.556 
3.676 
3.795 
3.864 
3.912 
3.928 
3.973 
3.995 
3.982 
4.088 
4.170 
4.149 
3.997 
4.086 
4.094 
3.988 

A 

0.64 
0.54 
0.48 
0.47 
0.49 
0.52 
0.54 
0.57 
0.59 
0.62 
0.63 
0.64 
0.64 
0.66 
0.66 
0.66 
0.66 
0.66 
0.66 
0.66 
0.66 
0.66 
0.65 
0.63 
0.64 
0.67 
0.65 
0.66 
0.68 
0.69 

p 

19.76 
20.17 
20.60 
20.77 
20.56 
20.25 
19.83 
19.38 
18.85 
18.36 
18.12 
17.86 
17.75 
17.47 
17.38 
17.37 
17.34 
17.24 
17.25 
17.20 
17.19 
17.17 
17.42 
17.65 
17.60 
17.04 
17.35 
17.25 
16.86 
16.75 

1 
3 

4.20 
3.04 

1.385 

Q 

2.41 
3.22 
4.35 
5.23 
6.54 
7.34 
7.83 
8.50 
8.86 
9.27 
9.48 
9.67 
9.70 
9.80 
9.95 

10.13 
10.21 
10.22 
10.25 
10.28 
10.31 
10.28 
10.57 
10.82 
10.76 
10.22 
10.53 
10.48 
10.10 
10.02 21.74 20.03 13.67 26.77 6.7 3.975 

Tested Bv JCM Date 05/21/08 lnout Checked Bv I\R Date L,-\ q -(\ 1, 
page Bo 8 

544 Braddock Avenue • East Pittsburgh, PA 15112 • 412-823-7600 • FAX 412-823-8999 • www.geotechnics.net 



R
14595

60 

50 

40 

(/) 
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20 

10 

0 

Tested By: 

Client 
Client Ref. No. 
Project no. 
Lab ID 

0 

JCM 

/~ 
! 

MOHh 1()-IAL STRENG"l,. cHVl:LOPE 

CEC Boring No. 
Deplh(ft.) 

SOUTH POND 
NA 
BUCKET 1 

§t.,.:hnics 

POND CREEK 080851 

2008-210-01 
2008-210-01-01 

Sample No. 
Visual Description BLACK COAL REFUSE SLURRY (REMOLDED) 

C = 1.5 

<I>= 17.3 

20 40 60 80 100 120 

a (psi) 

Date: 05121108 Approved By: 
NOTE: GRAPH NOT (I ~JlLE 

1)J$ Date: {p V 01J 
C:\lvlSOFFICE\ExceliPri11lqi[F 197 xls]S heel 1 

544 Braddock Avenue East Pittsburgh, PA 15112 Phone (412) 823-7600 Fax (412) 823-8999 



R14596

( 
' 

REMOLDED UNIT WEIGHT BEFORE INITIAL CONSOLIDATION 
CONSOLIDATED UNDRAINED TRIAXIAL TEST 

Client 
Client Reference 
Project No. 
Lab ID 

WITH PORE PRESSURE READINGS 
ASTM D4767-95 / MSHTO T297-94 (SOP-S28) 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-01 Specific Gravity (measured) 

Visual Description: BLACK COAL REFUSE SLURRY (REMOLDED) 

SAMPLE CONDITION SUMMARY 

2.24 

Boring No. South Pond South Pond South Pond 

Depth (ft) NA NA NA 

Sample No. Bucket 1 Bucket 1 Bucket 1 

Test No. T1 T2 T3 

Deformation Rate (in/min) 0.0007 0.0007 0.0011 

Back Pressure (psi) 31.4 36.1 31 

Consolidation Time (days) 1 1 1 

Initial State (w%) 82.6 82.7 79.5 

Total Unit Weight (pct) 76.6 84.2 80.5 

Dry Unit Weight (pct) 42.0 46.1 44.8 

Final State (w%) 36.8 34.S 32.7 

Initial State Void Ratio,e 2.333 2.035 2.119 

page 1 of1 DCN CT.$28 DATES-25-98 REVISION 1 C IMSOFFICE\Excel\Pr1ntq\[F 184 xls)Sheel1 
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R14597

c-

Client 
Client Reference 
Project No. 
Lab ID 

UNIT WEIGHT AFTER INITIAL CONSOLIDATION 
CONSOLIDATED UNDRAINED TRIAXIAL TEST 

WITH PORE PRESSURE READINGS 
ASTM D4767-95 / AASHTO T297-94 (SOP-S28) 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-01 Specific Gravity (measured) 

Visual Description: BLACK COAL REFUSE SLURRY (REMOLDED) 

SAMPLE CONDITION SUMMARY 

Boring No. South Pond South Pond 

Depth (ft) NA NA 

Sample No. Bucket 1 Bucket 1 

Test No. T1 T2 

Deformation Rate (in/min) 0.0007 0.0007 

Back Pressure (psi) 31.4 36.1 

Consolidation Time (days) 1 1 

Initial State (wo/o) 41.7 43.3 

Total Unit Weight (pct) 102.0 102.5 

Dry Unit Weight (pct) 71.9 71.5 

Final State (wo/o) 36.8 34.5 

Initial State Void Ratio,e 0.944 0.955 

2.24 

South Pond 
NA 

Bucket 1 

T3 
0.0011 

31 

1 

42.4 
101.8 

71.5 
32.7 

0.956 

page 1 of 1 DCbJ CT-S28 DATE6.::!5-98 REV!SIO!·l· 1 C \MSOFF!CE\Excel\Pnntql(F185 xls.)Sheet1 
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R14598

c· 

Client 
·client Reference 

Project No. 
Lab ID 

CONSOLIDATED UNDRAINED TRIAXIAL TEST 
WITH PORE PRESSURE READINGS 

ASTM D4767-95 / AASHTO T297-94 (SOP-S28) 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-02 

Boring No. 
Depth(fl.) 
Sample No. 

SOUTH POND 
NA 
BUCKET 2 

Consolidated Undrained Triaxial Test with Pore Pressure 

35 ,.-------------------~-------------------~ 

·;;; 

= 
d 

30 --

25 

20 

15 

0 
0 

SIN <I>= TAN <X. 

a 

C = -----
COS <D 

T 
! 

10 

., 
--'-"l 

20 30 40 50 

P, (psi) 

··•?..-· Max. Effec. Stress Ratio Points -Failure Envelope -&-Test No. 4 --·-- Test No. 5 -=-Test No. 6 

Tested By 

a = 
Cl = 

JCM Date 

0.00 
31.5 

0.001 
37.71 

05/27 /08 Approved By :00 
/ - ,_,..., 

Date le{ CBtDo 
page 1 of 8 DCN CT-528 DATE 6-25-98 REVISION 1 
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R14599

( ... 

Client 
Client Reference 
Proiect No. 
Lab ID 
Visual Description: 

25 

20 

15 
·;;; 

= • • 
~ 
;;; 
0 
;, ·, 
• 0 

10 

5 

CEC 

CONSOLIDATED UNDRAINED TRIAXIAL TEST 
WITH PORE PRESSURE READINGS 

ASTM D4767-95 I AASHTO T297-94 (SOP-S28) 

POND CREEK 080851 
Boring No. 

Depth(ft.J 
2008-210-01 Sample No. 
2008-210-01-02 
BLACK COAL REFUSE SLURRY (REMOLDED) 

SOUTH PONO 

NA 
BUCKET 2 

Oo-----------------------------------1 
0 5 10 15 20 25 

Strain{%) 

---+-Tes\ No. 4 -&-Test No. 5 ~ Test No. 6 

Tested By JCM Date 05/27/08 Approved By 1) B Date (f) ( l B(oe 
page 2 of a 
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R14600

/ 

\. 

Client 
Client Reference 
Project No. 
L.ab ID 

Visual Description: 

/Stage No. 
Test No 

PRESSURES (psi) 

Cell Pressure(psi) 
Back Pressure(psi) 
Eff. Cons. Pressure(psi) 
Pore Pressure 
Response (%) 

CONSOLIDATED UNDRAINED TRIAXIAL TEST 
WITH PORE PRESSURE READINGS 

ASTM 04767-95 / AASHTO T297-94 (SOP-S28) §~!!:'.~~'.:-~ 
CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-02 

Boring No. 
Depth (ft.) 
Sample No. 

SOUTH POND 
NA 
BUCKET2 

BLACK COAL REFUSE SLURRY (REMOLDED) 

11 

36.3 
31.2 
5.1 

98 

INITIAL SAMPLE DIMENSIONS (in) 

Length 1 3.150 
Length2 3.142 
Length 3 3.14 7 
Avg Leng.= 3.146 

VOLUME CHANGE 

Diameter 1 
Diameter 2 
Diameter 3 
Avg. Diam.= 

Initial Surette Reading (ml) 
Final Surette Reading (ml) 
Final Change (ml) 

1.453 
1.463 
1.461 
1.459 

24.0 
21.9 

2.1 
MAXIMUM OBLIQUITY POINTS 

p = 
Q = 

LOAD 
(LBS) 

7.6 
9.3 

10.4 
11.6 
12.8 
14.0 
14.8 
15.0 
15.2 
15. 7 
16.5 
16.7 
17.0 
17.2 
17.8 
18.1 
18.1 
18.6 
18.8 
19.0 
19.3 
19.5 
19.3 
19.7 
19.8 
19.9 
20.1 
20.1 

Tested By 

4.92 
2.94 

JCM Date 

Initial Dial Reading (D.R.), mils 
D.R. After Saturation, mils 
D.R. After Consolidation, mils 

DEFORMATION 
(INCHES) 

0.000 
0.001 
0.002 
0.005 
0.008 
0.016 
0.020 
0.025 
0.037 
0.050 
0.068 
0.084 
0.100 
0.110 
0.133 
0.159 
0.182 
0.205 
0.237 
0.261 
0.293 
0.316 
0.340 
0.372 
0.412 
0.445 
0.491 
0.531 

05/27/08 Input Checked By 

PORE PRESSURE 
(PSI) 
31.2 
32.1 
32.3 
32.6 
32.9 
33.3 
33.3 
33.6 
33.8 
33.9 
34.2 
34.2 
34.2 
34.3 
34.2 
34.3 
34.3 
34.2 
34.2 
34.3 
34.3 
34.2 
34.3 
34.2 
34.3 
34.3 
34.2 
34.2 

54 
110 
130 

page J of 8 DCtt CT-528 DATE 6-25-98 REVISION 1 
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R14601

( 

CONSOLIDATED UNDRAINED TRIAXIAL TEST 
WITH PORE PRESSURE READINGS 

ASTM 04767-95 / AASHTO T297-94 (SOP-S28) g;~:~<:!1,~~: 
Client 
Client Reference 
Project No. 

. .Lab ID 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-02 

Boring No. 
Depth(ft.) 
Sample No. 

SOUTH POND 
NA 
BUCKET2 

Visua I Description: BLACK COAL REFUSE SLURRY (REMOLDED) 

i Effective Confining Pressure {psi) 
[ 

INITIAL DIMENSIONS 

Initial Sample Length (in.) 
Initial Sample Diameter (in.) 
Initial Sample Area (in'2) 
Initial Sample Volume (in'3) 

Strain 

(%) 

0.02 
0.07 
0.15 
0.25 
0.53 
0.65 
0.82 
1.21 
1.62 
2.22 
2.74 
3.27 
3.59 
4.33 
5.17 
5.93 
6.69 
7.73 
8.50 
9.53 
10.30 
11.09 
12.10 
13.42 
14.49 
16.00 
17.29 

Deviation 

Stress 

1.06 
1.77 
2.55 
3.26 
4.05 
4.54 
4.65 
4.72 
5.03 
5.48 
5.62 
5.75 
5.88 
6.18 
6.27 
6.25 
6.51 
6.56 
6.63 
6.72 
6.74 
6.56 
6.71 
6.69 
6.68 
6.66 
6.55 

t,. u 

0.90 
1.15 
1.44 
1.71 
2.11 
2.14 
2.39 
2.58 
2.72 
2.95 
3.02 
3.04 
3.12 
3.02 
3.08 
3.13 
3.03 
3.04 
3.14 
3.14 
3.03 
3.07 
3.03 
3.06 
3.10 
3.02 
3.03 

5.1 

3.15 
1.46 
1.67 
5.26 

5.26 
5.72 
6.21 
6.65 
7.04 
7.50 
7.36 
7.25 
7.42 
7.63 
7.70 
7.81 
7.86 
8.27 
8.30 
8.22 
8.58 
8.62 
8.59 
8.68 
8.81 
8.59 
8.78 
8.74 
8.68 
8.74 
8.62 

Tested By JCM Date 

4.2 
4.0 
3.7 
3.4 
3.0 
3.0 
2.7 
2.5 
2.4 
2.1 
2.1 
2.1 
2.0 
2.1 
2.0 
2.0 
2.1 
2.1 
2.0 
2.0 
2.1 
2.0 
2.1 
2.0 
2.0 
2.1 
2.1 

Stage No. 
Test No 

VOLUME CHANGE 

Volume After Consolidation (in'3) 
Length After Consolidation (in) 
Area After Consolidation (in'2) 

Effective Principle 

Stress Ratio 

1.253 
1.449 
1.698 
1.959 
2.358 
2.531 
2.712 
2.873 
3.112 
3.550 
3.705 
3.790 
3.968 
3.967 
4.101 
4.176 
4.152 
4.176 
4.380 
4.436 
4.256 
4.235 
4.233 
4.281 
4.342 
4.204 
4.171 

A 

0.86 
0.66 
0.58 
0.53 
0.53 
0.48 
0.52 
0.56 
0.55 
0.55 
0.55 
0.54 
0.54 
0.50 
0.50 
0.51 
0.48 
0.47 
0.48 
0.48 
0.46 
0.48 
0.46 
0.47 
0.47 
0.46 
0.47 

p 

4.73 
4.84 
4.94 
5.02 
5.01 
5.23 
5.04 
4.89 
4.90 
4.89 
4.89 
4.93 
4.92 
5.17 
5.16 
5.10 
5.32 
5.34 
5.27 
5.32 
5.44 
5.31 
5.43 
5.39 
5.34 
5.41 
5.34 

05/27/08 Input Checked By Date 

1 
4 

4.85 
3.07 

1.580 

Q 

0.53 
0.89 
1.28 
1.63 
2.03 
2.27 
2.32 
2.36 
2.52 
2.74 
2.81 
2.87 
2.94 
3.09 
3.14 
3.13 
3.26 
3.28 
3.31 
3.36 
3.37 
3.28 
3.35 
3.35 
3.34 
3.33 
3.28 

page 4 of 8 
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R14602

ent 
11ent Reference 

Project No. 
Lab ID 

CONSOLIDATED UNDRAINED TRIAXIAL TEST 

WITH PORE PRESSURE READINGS 

ASTM D4767-95 / AASHTO T297-94 (SOP-S28) 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-02 

Boring No. 
Depth(ft.) 
Sample No. 

SOUTH POND 
NA 
BUCKET 2 

Visual Description: BLACK COAL REFUSE SLURRY (REMOLDED) 

f Stage No. 
Test No 

PRESSURES (psi) 

Cell Pressure(psi) 
Back Pressure(psi) 
Eff. Cons. Pressure(p, 
Pore Pressure 
Response (%) 

41.1 
31.0 
10.1 

99 

MAXIMUM OBLIQUITY POINTS 

p 
Q 

LOAD 
(LBS) 

8.5 
13.5 
14.3 
16.3 
17.2 
18.9 
19.4 
20.0 
21.0 
21.5 
22.4 
22.9 
23.4 
23.7 
23.8 
24.5 
25.1 
26.0 
26.2 
26.4 
26.2 
26.4 
26.7 
26.9 
26.5 
27.9 
28.0 
28.2 
28.1 
28.5 
28.4 

Tested By 

9.00 
5.66 

JCM Date 

INITIAL SAMPLE DIMENSIONS (in) 

Length 1 
Length 2 
Length 3 
Avg Leng.= 

3.138 
3.138 
3.137 
3.138 

VOLUME CHANGE 

Diameter 1 
Diameter 2 
Diameter 3 
Avg. Diam.= 

Initial Surette Reading (ml) 
Final Surette Reading (ml) 

Final Change (ml) 

Initial Dial Reading (D.R.), mils 
D.R. After Saturation, mils 

D.R. After Consolidation, mils 

DEFORMATION 
(INCHES) 

PORE PRESSURE 
(PSI) 

0.000 
0.001 
0.002 
0.004 
0.007 
0.016 
0.020 
0.025 
0.038 
0.051 
0.070 
0.085 
0.101 
0.110 
0.132 
0.158 
0.181 
0.205 
0.236 
0.259 
0.290 
0.314 
0.338 
0.370 
0.410 
0.441 
0.488 
0.527 
0.566 
0.605 
0.661 

05/27/08 Input Checked By {t 

31.0 
32.8 
33.0 
33.4 
33.9 
34.9 
35.2 
35.6 
36.1 
36.6 
37.0 
37.2 
37.4 
37.4 
37.5 
37.6 
37.7 
37.7 
37.7 
37.8 
37.7 
37.8 
37.8 
37.8 
37.8 
37.8 
37.8 
37.8 
37.8 
37.8 
37.8 

Date 

.1ge 5 of 8 OCN CT-S28 DATE 6-25-98 REVISION 1 

1.407 
1.383 
1.378 
1.389 

24.0 
20.2 

3.8 

88 
94 

124 
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:mt 
11ent Reference 

ProIect No. 
Lab ID 

CONSOLIDATED UNDRAINED TRIAXIAL TEST 

WITH PORE PRESSURE READINGS 

ASTM D4767-95 i AASHTO T297-94 (SOP-S28) 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-02 

Boring No. 
Depth(ft.) 
Sample No. 

Visual Description: BLACK COAL REFUSE SLURRY (REMOLDED) 

;Effective Confining Pressure (psi) 
i 

INITIAL DIMENSIONS 

10.1 Stage No. 
Test No 

VOLUME CHANGE 

SOUTH POND 
NA 
BUCKET2 

Initial Sample Length (in.) 
initral Sample Diameter (in.) 
lnitral Sample Area (in'2) 
lnrtial Sample Volume (in'3) 

3.14 
1.39 
1.52 
4.76 

Volume After Consolidation (inA3) 
Length After Consolidation (in) 
Area After Consolidation (inA2) 

Strain Deviation 6. U 
(%) Stress 

0.04 3.42 1.75 11.77 

( 0.06 4.03 2.01 12.12 
).13 5.39 2.43 13.05 
0.23 5.96 2.92 13.13 
0.51 7.15 3.87 13.37 
0.64 7.46 4.19 13.37 
0.82 7.88 4.57 13.41 
1.21 8.51 5.13 "13.48 
1 63 8.84 5.57 13.38 
2.24 9.37 5.97 13.50 
2.75 9.67 6.18 13.59 
3.25 9.92 6.35 13.66 
3.56 10.14 6.40 13.83 
4.26 10.10 6.55 13.65 
5.08 10.44 6.59 13.95 
5.85 10.80 6.68 14.21 
6.60 11.25 6.70 14.65 
7.60 11.27 6.75 14.63 
8.34 11.32 6.76 14.66 
9.36 11.06 6.74 14.42 

10.13 11 .11 6.76 14.46 
I 0.91 11.20 6.81 14.49 
11.94 11.17 6.80 14.47 
13.21 10.75 6.76 14.09 
14.21 11.47 6.77 14.80 
15.72 11.35 6.78 14.67 
16 98 11.28 6.79 14.59 
18.25 11.04 6.80 14.33 
19 51 11.13 6.82 14.40 
'1.32 10.80 6.85 14.05 

Tested By JCM Date 
. .sqe 6 o a 

8.3 
8.1 
7.7 
7.2 
6.2 
5.9 
5.5 
5.0 
4.5 
4.1 
3.9 
3.7 
3.7 
3.6 
3.5 
3.4 
3.4 
3.4 
3.3 
3.4 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 

05/27/08 

Effective Principle 

Stress Ratio 

1.410 
1.497 
1.703 
1.830 
2.148 
2.262 
2.427 
2.714 
2.950 
3.271 
3.468 
3.648 
3.741 
3.843 
3.978 
4.161 
4.304 
4.363 
4.395 
4.292 
4.323 
4.401 
4.383 
4.214 
4.445 
4.418 
4.411 
4.350 
4.397 
4.318 

Input Checked By 

A p 

0.52 10.06 
0.50 10.11 
0.46 10.36 
0.50 10.16 
0.55 9.80 
0.57 9.64 
0.59 9.47 
0.61 9.22 
0.64 8.96 
0.64 8.81 
0.65 8.75 
0.65 8.70 
0.64 8.76 
0.66 8.60 
0.64 8.73 
0.63 8.81 
0.60 9.03 
0.60 8.99 
0.60 9.00 
0.62 8.89 
0.61 8.90 
0.61 8.89 
0.62 8.88 
0.64 8.72 
0.60 9.06 
0.60 9.00 
0.61 8.95 
0.62 8.81 
0.62 8.84 
0.64 8.65 

Date 

1 
5 

4.50 
3.10 

1.450 

Q 

1. 71 
2.01 
2.69 
2.98 
3.57 
3.73 
3.94 
4.26 
4.42 
4.69 
4.84 
4.96 
5.07 
5.05 
5.22 
5.40 
5.62 
5.64 
5.66 
5.53 
5.56 
5.60 
5.58 
5.37 
5.73 
5.68 
5.64 
5.52 
5.56 
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Client 
Client Reference 
Project No. 
Lab ID 

CONSOLIDATED UNDRAINED TRIAXIAL TEST 

WITH PORE PRESSURE READINGS 

ASTM D4767-95 / AASHTO T297-94 (SOP-S28) 

CEC 
POND CREEK 080851 

2008-210-01 
2008-210-01-02 · 

Boring No. 
Depth(ft.) 
Sample No. 

SOUTH POND 
NA 
BUCKET2 

Visual Description: BLACK COAL REFUSE SLURRY (REMOLDED) 

I Stage No. 
-Test No 

PRESSURES (psi) 

Cell Pressure(psi) 
Back Pressure(psi) 
Elf. Cons. Pressure(p! 

Pore Pressure 
Response (%) 

51.4 
31.3 
20.1 

97 

MAXIMUM OBLIQUITY POINTS 

p 
Q 

= 
= 

LOAD 
(LBS) 

4.3 
6.5 
11. 7 
14.0 
16.6 
21.7 
25.0 
27.5 
29.6 
31.7 
32.8 
33.2 
33.9 
34.3 
35.2 
36.1 
37.0 
37.3 
38.7 
39.3 
38.9 
39.0 
39.2 
39.4 
39.9 
40.1 
41.5 
41.9 
41.2 
41.3 
41.4 

Tesieo' 6 

19,19 
11.67 

jCivi 

INITIAL SAMPLE DIMENSIONS (in) 

Length 1 
Length 2 
Length 3 
Avg Leng.= 

3.142 
3.130 
3.141 
3.138 

VOLUME CHANGE 

Diameter 1 
Diameter 2 
Diameter 3 
Avg. Diam.= 

Initial Surette Reading (ml) 
Final Surette Reading (ml) 
Final Change (ml) 

Initial Dial Reading (D.R.), mils 

D.R. After Saturation, mils 
D.R. After Consolidation, mils 

DEFORMATION 
(INCHES) 

PORE PRESSURE 
(PSI) 

0.000 
0.001 
0.002 
0.004 
0.006 
0.012 
0.019 
0.026 
0,038 
0.051 
0.070 
0.085 
0.101 
0.110 
0.132 
0.157 
0.181 
0.205 
0.236 
0.259 
0.291 
0.316 
0.340 
0.371 
0.410 
0.441 
0.489 
0.528 
0.568 
0.608 
0.663 

05/27/03 ·--··· r-1-.--1,_,..1 0,, II Lr-JUL I.JI 11:;;1..,r,c\,,.! uy 

31.3 
32.8 
33.9 
34.7 
35.6 
37.4 
38.7 
39.8 
40,9 
41.7 
42.4 
42.8 
43.1 
43.2 
43.4 
43.7 
43.7 
43.8 
43.8 
43.9 
43.8 
43.9 
43.9 
43.8 
43.8 
43.9 
43.8 
43.7 
43.8 
43.8 
43.8 

Date 

page 7a 8 DCN· CT-S28 DATE 6-25-98 REVISION 'I 

1.379 
1.377 
1.386 
1.381 

24.0 
17,7 
6,3 

40 
56 
91 
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CONSOLIDATED UNDRAINED TRIAXIAL TEST 

WITH PORE PRESSURE READINGS 

ASTM D4767-95 / AASHTO T297-94 (SOP-S28) 

Client 
Client Reference 

· · Project No. 

CEC 
POND CREEK 080851 

2008-210-01 
2008-210-01-02 

Boring No. 
Depth(ft.) 
Sample No. 

SOUTH POND 
NA 
BUCKET 2 

Lab ID 

Visual Description: BLACK COAL REFUSE SLURRY (REMOLDED) 

ressure (psi) 

INITIAL DIMENSIONS 

Initial Sample Length (in.) 

Initial Sample Diameter (in.) 

Initial Sample Area (in"2) 

Initial Sample Volume (inA3) 

Strain 
(%) 

0.04 
0.07 
0.12 
0.19 
0.40 
0.61 
0.85 
1.24 
1.64 
2.26 
2.77 
3.26 
3.58 
4:27 
5.09 
5.86 
6.64 
7.63 
8.39 
9.43 

10.22 
11.00 
12.01 
13.28 
14.28 
15.84 
17 .12 
18.40 
19.69 
21.49 

Deviation 

Stress 

1.58 
5.38 
7.06 
8.92 

12.65 
14.97 
16.72 
18.18 
19.63 
20.24 
20.44 
20.87 
21.09 
21.54 
21.97 
22.37 
22.41 
23.10 
23.33 
22.79 
22.67 
22.61 
22.49 
22.46 
22.30 
22.80 
22.66 
21.92 
21.62 
21.21 

1.52 
2.62 
3.36 
4.30 
6.12 
7.35 
8.47 
9.56 

10.41 
11.15 
11.54 
11.82 
11.94 
12.14 
12.38 
12.43 
12.54 
12.49 
12.58 
12.55 
12.59 
12.56 
12.53 
12.52 
12.63 
12.50 
12.41 
12.46 
12.51 
12.54 

3.14 
1.38 
1.50 
4.70 

20.16 
22.86 
23.80 
24.73 
26.62 
27.72 
28.36 
28.72 
29.32 
29.19 
29.00 
29.15 
29.25 
29.50 
29.69 
30.04 
29.98 
30.71 
30.85 
30.34 
30.18 
30.14 
30.05 
30.04 
29.77 
30.40 
30.35 
29.57 
29.21 
28.77 

18.6 
17.5 
16.7 
15.8 
14.0 
12.7 
11.6 
10.5 
9.7 
9.0 
8.6 
8.3 
8.2 
8.0 
7.7 
7.7 
7.6 
7.6 
7.5 
7.6 
7.5 
7.5 
7.6 
7.6 
7.5 
7.6 
7.7 
7.6 
7.6 
7.6 

VOLUME CHANGE 

Volume After Consolidation (in"3) 

Length After Consolidation (in) 

Area After Consolidation (in'2) 

Effective Principle 

Stress Ratio 

1.085 
1.308 
1.422 
1.565 
1.905 
2.174 
2.438 
2.724 
3.025 
3.262 
3.388 
3.521 
3.584 
3.705 
3.846 
3.918 
3.962 
4.034 
4.102 
4.018 
4.021 
4.001 
3.973 
3.961 
3.986 
4 001 
3.948 
3.868 
3.846 
3.805 

A 

0.99 
0.50 
0.49 
0.50 
0.50 
0.51 
0.52 
0.54 
0.55 
0.57 
0.58 
0.58 
0.58 
0.58 
0.58 
0.57 
0.58 
0.56 
0.56 
0.57 
0.57 
0.57 
0.57 
0.57 
0.58 
0.57 
0.56 
0.59 
0.60 
0.61 

p 

19.37 
20.17 
20.27 
20.26 
20.30 
20.23 
19.99 
19.63 
19.51 
19.07 
18.78 
18.71 
18.70 
18.73 
18.71 
18.85 
18.77 
19.16 
19.19 
18.95 
18.84 
18.84 
18.81 
18.81 
18.62 
19.00 
19.02 
18.61 
18.40 
18.17 

6 

4.24 
3.09 

1.374 

Q 

0.79 
2.69 
3.53 
4.46 
6.32 
7.48 
8.36 
9.09 
9.81 
10.12 
10.22 
10.43 
10.54 
10.77 
10.99 
11.19 
11.21 
11.55 
11.67 
11.39 
11.34 
11.30 
11.24 
11.23 
11.15 
11.40 
11.33 
10.96 
10.81 
10.61 

Tested By JCivi Date 
",. ,,.,..,. ,,,,,, l11put Checked 8y ,l,P.. Dete t~- \0 --IR 
U':J/L/IVO I Y: .J 

page 8 or B 

~ ' I ) I 5) 
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60 

50 

40 

ti) 

Client 
Client Ref. No. 
Project no. 
Lab ID 

0. 30 -,., 

20 

10 

0 

Tested By: JCM 

11/tGI lh l 01 AL STRENG1 h •. ,~Vl:I OPE 

CEC Boring No. 
Depl11(ft.) 

SOUTH POND 
NA 
BUCKET2 

§te~,inics 

POND CREEi, 080851 
2008-210-01 
2008-210-01-02 

Sample No. 
Visual Description BLACK COAL REFUSE SLURRY (REMOLDED) 

C = 0.3 

<I>= 20.3 

20 40 60 80 100 120 

0 (psi) 

NOTE: GRAPH NOT TO SCALE 

Date: 05/21/08 Approved By: Ill, Date: u( [If jo&J 
#NtA 

544 Braddock Avenue East Pittsburgh, PA 15112 Phone (412) 823-7600 Fax (412) 823-8999 
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( 
'," 

REMOLDED UNIT WEIGHT BEFORE INITIAL CONSOLIDATION 
CONSOLIDATED UNDRAINED TRIAXIAL TEST 

Client 
Client Reference 
Project No. 
Lab ID 

WITH PORE PRESSURE READINGS 
ASTM 04767-95 / AASHTO T297-94 (SOP-S28) 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01 -02 Specific Gravity (measured} 

Visual Description: BLACK COAL REFUSE SLURRY (REMOLDED} 

SAMPLE CONDITION SUMMARY 

2.24 

Boring No. South Pond South Pond South Pond 

Depth (ft) NA NA NA 

Sample No. Bucket 2 Bucket 2 Bucket 2 

Test No. T4 TS T6 

Deformation Rate (in/min} 0.0003 0.0002 0.0003 

Back Pressure (psi} 31.2 31 31.3 

Consolidation Time (days} 1 1 

Initial State (w%} 82.9 85.7 83.0 

Total Unit Weight (pcf} 82.6 82.2 84.5 

Dry Unit Weight (pcf} 45.2 44.3 46.2 

Final State (w%} 37.6 35.9 32.5 

Initial State Void Ratio,e 2.095 2.159 2.029 

Toc:fo.rl P,1 
' ~--•'-''-' ...., J JCM D2te 05!27 !08 

page 1 of 1 OCN CT-526 OA"fE 0-::!5-98 P.EVISIOl>J· 1 C \MSOFFICE1Excel\Printql\F11:!l.3 %1~J5t,e~t1 

t 
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UNIT WEIGHT AFTER INITIAL CONSOLIDATION 

CONSOLIDATED UNDRAINED TRIAXIAL TEST 

WITH PORE PRESSURE READINGS 

Client 
Client Reference 

Project No. 

ASTM 04767-95 / AASHTO T297-94 (SOP-528) 

CEC 

Lab ID 

POND CREEK 080851 

2008-210-01 

2008-210-01-02 Specific Gravity (measured) 

Visual Description: BLACK COAL REFUSE SLURRY (REMOLDED) 

SAMPLE CONDITION SUMMARY 

Boring No. South Pond South Pond 

Depth (ft) NA NA 

Sample No. Bucket 2 Bucket 2 

Test No. T4 TS 

Deformation Rate (in/min) 0.0003 0,0002 

Back Pressure (psi) 31.2 31 

Consolidation Time (days) 1 1 

Initial State (w%) 41.5 41.5 

Total Unit Weight (pcf) 92.9 102.5 

Dry Unit Weight (pcf) 65.7 72.4 

Final State (w%) 37.6 35.9 

Initial State Void Ratio,e 1.129 0.931 

Tested By JCM Date 05/27/08 !nput Cher.ked By Date 

2.24 

South Pond 

NA 

Bucket 2 

T6 
0.0003 

31.3' 
1 

40.9 

103.2 

73.2 
32.5 

0.910 

page 1 of 1 OCN CT-516 DATE 6-25-98 REVISION 1 C \MSOFFICE\Excet1Prmtql[f187 ~ls}St1ee11 
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REFERENCE 5 AND OTHER PERTINENT FINE COAL REFUSE DATA 

EFFECTIVE STRESS -TO - STEADY STATE STRENGTH RELATIONSHIPS 
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STEADY STATE LIQUEFACTION SUSCEPTIBILITY OF HIGH HAZARD 

UPSTREAM-CONSTRUCTED COAL REFUSE DISPOSAL FACILITIES 

Blaise E. Genest, Thomas 0. Keller, P.E.2 and Joseph P. Laird, P.E. 3 

1. 0 Introduction 

Coal refuse disposal facilities are manifestations of deep mining and surface mining 

activities and the resulting need for the disposal of waste materials. Due to the massive 

volumes of materials produced annually by mining operations, these "tailings dams" are 

among the largest earth structures in the world and consequently, receive intense 

regulatory and public scrutiny. Coal refuse disposal facilities, their design, construction 

and operation are regulated by the U.S. Department of Labor, Mine Safety and Health 

Administration (MSHA). The concern for refuse disposal safety and environmental control 

by MSHA, the coal industry, engineering consultants and the public has led to the 

development of design procedures that address these concerns, particularly siting, 

material handling and placement techniques. · 

For the most part, tailings dams evaluations are similar ta those of water retention 

dams and address geotechnical . issues such as foundation materials, hydrology, 

hydraulics, seepage control, slope stability (static and seismic), construction practices and 

long-term monitoring. In the past, pseudo-static analyses were performed to address 

seismic stability using regional, historic seismic acceleration values and a slightly lowered 

( factor of safety limit to assess adequacy. Empirical evaluations are sometimes performed 

- to address seismic stability with adequacy based on comparison of limited field and 

laboratory test data with historical performance data of liquefaction and non-liquefaction 

sites from around the world. During the initial to intermediate stages of a refuse facility 

design, simplified analytical methods may be appropriate, such as those based on 

pseudo-static and cone penetration testing (CPT) or standard penetration testing (SPT). 

However, given the uniqueness and complexity of moderate to high hazard tailings darns, 

which are significantly influenced by factors such as the number and geometry of 

upstream stages, deposition history and cross-valley topography, simplified analyses are 

often inadequate to effectively address safety and cost issues. They often do not account 

for critical site-specific conditions and may either over-predict strengths leading to a 

potentially unconservative analysis or under-predict strengths leading to costly 

remediation efforts. 
The focus of this paper is on the application of established steady-state liquefaction 

evaluation procedures ta high hazard tailings dams, assessing liquefaction susceptibility 

using site-specific data to estimate the factor of safety against a liquefaction flow slide 

failure. A significant emphasis is placed on obtaining in-situ samples and developing 

1 Geotechnical Engineering Program Manager, Almes & Associates, Inc., Consulting Engineers, Four 

Triangle Lane, Suite 200, Export, PA 15632-9255. 

2 Vice President and Branch Manager, GEi Consultants, Inc., 2141 Palomar Airport Road, Suite 160, 

Carlsbad, CA 92009-1424. 

3 Project Engineer, Alrnes & Associates, Inc., Consulting Engineers, Faur Triangle Lane, Suite 200, Export, 

PA 15632-9255. 
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properties of the hydraulically placed, fine coal refuse consolidated beneath multiple, 

upstream-constructed stages of coarse coal refuse. Detailed evaluations have been 

perfonned at five Appalachian coal refuse disposal facilities in southern West Virginia as 

part of the pemiitting process for the various facilities. 

2.0 Analytical Approach 

Coal refuse disposal facilities are generally constructed by three methods, either 

separately or in combination, and include upstream, downstream, and centerline 

construction. Downstream and centerline constructed facilities typically pose only minor 

liquefaction concerns since critical failure surfaces pass mainly through the compacted 

coarse refuse embankments. A typical high hazard, upstream constructed coal refuse 

facility, such as the one shown in Figure 1, is constructed over long periods of time (up to 

25 to 30 years) to heights of 400-plus feet and includes multiple upstream stages "pushed 

out" into the previous stage's tailings pond. Fine coal refuse consolidated under upstream 

stages typically is loose to very loose, silty sand to sandy silt- and clay-sized particles, 

saturated and usually highly contractive. Thus, the potential exists for excess pore 

pressure generation and significant loss of strength during and following a rapid 

(undrained) loading event, such as an earthquake. 

All five facilities evaluated and discussed in the context of this paper were all 

moderate to high hazard structures with downstream toe to crest heights varying from 300 

to 440 feet. Detailed studies of liquefaction susceptibility were performed using the 

methodology presented by Poulos, Castro, and France (1985) to estimate in-situ void ratio 

and undrained steady-state strength of the critical layer, fine coal refuse. Presented below 

are the generalized results of field and_ laboratcry testing at the various sites. Field testing 

included performing fixed-piston undisturbed sampling to measure in-situ void ratio and 

piezo-seismic cone penetration testing (PS-CPT) to evaluate stratigraphy and estimate 

shear wave velocity with depth. Laboratory strength testing of undisturbed, remolded and 

slurry fine coal refuse samples was performed to estimate in-situ, undrained steady-state 

shear strength (Sus) and develop a site-specific Sus-to-effective stress relationship. 

Liquefaction susceptibility was assessed based on the results of limit-equilibrium 

slope stability analyses. Post-earthquake defonnations were estimated using one

dimensional wave propagation and sliding block analysis techniques and the results 

compared to the available freeboard to assess the likelihood of overtopping. Based on the 

regional database of information related to Sus, various trends regarding the general 

behavior of fine coal refuse during undrained loading and the practical implications 

affecting liquefaction susceptibility of upstream-constructed coal refuse impoundments are 

discussed. Detailed discussions regarding post-earthquake deformation analyses and the 

seismic response of coal refuse facilities to acceleration time-histories from stochastic 

simulations of eastern North America earthquakes are reserved for another paper. 

3.0 Field Investigations 

Pixed Piston Sampling 

The main purpose of the subsurface exploration program at the various sites was to 

obtain high quality "undisturbed" fine coal refuse samples of a character suitable for 

48 
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laboratory steady-state strength testing. Multiple undisturbed samples were obtained at 

each site at various depths using a hydraulically actuated Gregory Undisturbed Sampler 

(GUS) fixed piston sampler. The GUS fixed piston sampler was used to advance a thin- · 

. wall galvanized steel sampling tube by delivering drilling fluid pressure to the top of the 

sampler, which subsequently advanced the tube around a fixed piston. Penetration of the 

tube into the soil was accurately measured to within ½ to 1 millimeter when "full 

penetration" of the sampler was achieved. Full penetration of the sampling tube was 

confirmed by observation of the fluid lever in the borehole casing which would dramatically 

rise when fluid pressure applied to the top of the sampler vented through ports in the 

sampler. The technique used for undisturbed fixed piston sampling allowed samples to be 

obtained to depths as great as 344 feet below the ground surface. 

Detailed measurements of the tube inside, outside and cutting edge diameters and 

length were made and volume changes that occurred during sampling calculated in the 

field from tube penetration and sample recovery measurements. Samples were selected 

for subsequent laboratory testing based on the quality of the "undisturbed" sample using a 

criteria for the change in soil volume (bVN). · For the fine coal refuse, minimizing the tube 

clearance ratio [(ID-CE)/CEJ minimized sample volume changes, which typically ranged 

from zero to 2.5 percent. All undisturbed samples were stored in specially designed 

padded wooden boxes and changes in volume routinely monitored during storage and 

prior to and following shipment. Prior to laboratory testing, the tube samples were x-rayed 

and reviewed to select portions of the sample that had a minimum amount of stratification. 

( Piezo-Seismlc/Cone Penetrometer Testing 

PS-CPT soundings were performed prior to or concurrently with undisturbed 

sampling to help delineate the depth to the top and bottom of fine coal refuse. As shown 

in Figure 2, fine coal refuse layers are characterized by significantly lower tip stresses and 

elevated pore pressure generation, while the coarse and coarse-fine mix typically yield 

much higher tip stresses and lower pore pressure generation. Using seismic downhole 

techniques, estimates of shear wave velocity were obtained at each site to correlate small 

strain shear modulus (G) with depth. These tests were generally conducted at 5-foot 

intervals throughout the soil profile to depths of 365 feet at one site. Shear wave 

velocities for coarse, coarse-fines mix and fine coal refuse ranged from about 1,000 to 

2,300 feet per second (fps), 800 to 2,000 fps and BOO to 1,200 fps, respectively. These 

velocities were based on data from 14 PS-CPT soundings. Velocities varied dramatically 

with depth, consistent with variations in placement techniques and the micro-[ayering 

associated with the deposition history of the facility. 

Stratification 
Much of the coarse refuse embankment drilled and sampled was dense to very 

dense as expected due to the structural placement of the material. Loose deposits of fine 

coal refuse were typically encountered below a dense mixed zone of coarse and fine coal 

refuse. The tines were characterized by corrected cone tip resistance values between 300 

to 1,000 pounds per square inch (psi). The CPT soundings (and visually verified in SPT 

samples) have shown that there are significantly thick zones of mixed coarse and fine coal 

refuse. Mixing apparently occurred during the various push-out phases of upstream 

embankment construction into the tailings pond and possibly from the "pumping" of fines 
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up into the coarse refuse during subsequent stage construction. Due to the infusion of 

coarse refuse into the fines, the mix zones typically exhibited significantly higher average 

cone tip resistance, as well as lower pore pressure generation during cone advancement. 

In-Situ Void Ratio 
A total of 34 undisturbed fine coal refuse samples were obtained from the various 

sites. In-situ void ratio was calculated for each based on the field measurements 

described previously combined with laboratory measurements of the volume of solids in 

the tube. Table 1 presents a summary of sample depth and calculated in-situ void ratio at 

each site. Samples were obtained from beneath about 65 to 344 feet of overlying refuse 

and in-situ void ratios varied from about 0.39 to 0.79, with most (82 percent) of the values 

between 0.43 and 0.59. While in-situ void ratio is influenced by mean effective stress and 

time rate of consolidation, the range of values is relatively narrow. Direct correlation 

between estimated mean effective stress and in-situ void ratio can not be inferred due to 

the unique and complex nature of each site's geometric constraints and deposition history. 

4.0 Laboratory Testing 

Steady-state liquefaction-related laboratory test programs of the coal refuse 

materials sampled from the five sites included performing index tests such as grain size 

distributions, Atterberg limits, and specific gravity, as well as triaxial shear strength tests 

on undisturbed, remolded and slurry samples of fine coal refuse. Table 1 presents a 

(- summary of laboratory test results from Sites 1 through 5. 

Index Tests 
Fine coal refuse particles vary in size from about 2 mm (No. 10 sieve) to 0.0005 

mm (finer than clay fraction). It is analogous to silty sand to silty clay-sized material. 

Fines content (passing a No. 200 sieve) for fine coal refuse from the five sites varied from 

35 to 76 percent. Fine refuse generally has a low plasticity, ranging from nonplastic to 

Plasticity Indices of 12 percent or less. Values are affected by the parent rock formation 

from which the coal was extracted and from clay layers near the coal seam that get mixed 

within the coal. The specific gravity of fine coal refuse is low and generally varied from 

about 1.4 to 2.4 for the sites tested. As a result, densities are also relatively low, with in

place total unit weight ranging from about 75 to 90 pounds per cubic foot (pct). 

Steady-State Strength Of Undisturbed Samples 

Isotropically consolidated, undrained triaxial compression (cu) tests were 

performed on undisturbed, remolded and slurry samples of fine coal refuse. The main 

purpose of the triaxial tests was to measure the undrained steady-state shear strength of 

the samples in the laboratory to allow in-situ steady-state shear strengths to be estimated 

based on void ratio corrections (from laboratory to field). A total of 34 cu tests were 

performed on undisturbed samples of fine coal refuse from the five sites. Specimens were 

typically consolidated to an isotropic, effective consolidation stress ( cr 3c) ranging from 8 

to 16 kilograms per square centimeter (kg/cm2
) [16.3 to 32.7 kips per square foot (ksf)J. 

These relatively high confining pressures were used to ensure contractive behavior, 
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particularly since most samples were obtained from 200 to 344 feet below the ground 

surface. The samples exhibited contractive behavior and reached or approximately 

reached a steady-state of deformation within the strain limits of the test Laboratory 

·values of Sus were corrected to represent steady-state strengths at in-situ void ratios. 

Steady-State Line and In-Situ Steady-State Strength 

Triaxial tests were performed on compacted specimens to determine the steady

state line (SSL) of the fine coal refuse representative for each site. Samples of each batch 

mix were formed using two methods: 1) by placing layers of fine coal refuse in a split mold 

and compacting each layer to a target void ratio; and 2) by placing the material in a mold 

as a slurry subject to one-dimensional consolidation to simulate in-situ placement 

conditions. The various SSL's for each batch mix are shown in Figure 3 where the slope 

(b.e/L\log Sus) varies from 0.11 to 0.13 for moist tamped batch samples with additional 

slurry prepared samples of the batch mix shown for comparison. As discussed by Poulos 

et. al (1985), the slope of the steady state line is dependent on the shape of the grains 

and the vertical position is affected by slight differences in grain-size distribution. In 

general, the variation of the fine refuse coal particle shape from site to site would not be 

expected to vary significantly since the coal was mined from the same region using 

generally similar cleaning techniques. However, the fines content of the coal refuse 

sampled from the region varies widely. Thus, the SSL's in Figure 3 are consistent with the 

above observations. 
In-situ Sus for each site was estimated by "correcting" the steady-state strengths at 

laboratory void ratios to their respective in-situ void ratio along the slope of the SSL as 

defined by Poulos et. al (1985). In-situ Sus values ranged from 0.06 to 4.62 kg/cm2 

(0.122 ksf to 9.42 ksf) with 74 percent of the data falling between 0.25 and 2.1 kg/cm2 

(0.51 ksf to 4.28 ksf). Figure 4 presents correlated Sus versus in-situ void ratio for 34 

tested samples at the 5 sites. Note that Sus values can vary by more than a factor of 10 

for a given void ratio. 

Sus Versus Effective Stress Relationship 

The estimation of Sus values for fine coal refuse layers that are at in-situ conditions 

different from the samples obtained and tested were estimated using a correlation 

between Sus and effective vertical stress (cr•v) determined for each site. This includes 

proposed upstream stages where sampling is not yet feasible or existing portions of the 

embankment not sampled due to budgetary constraints. By generally assuming that Sus 

values vary linearly with cr·v, and estimating the in-situ effective stress conditions for 

proposed layers of fine coal refuse, the in-situ Sus values for the proposed additional 

zones of fine coal refuse can be approximated. Site-specific Sus /cr'v relationships are 

presented in Figure 5 and varied from 0.06 to 0.27. The various relationships were 

approximated by conservatively drawing a [ine from zero through the location at which 

two-thirds of the data points at a particular site lie above the line. 

The lowest strength relationship was achieved at a narrow valley fill with over 200 

feet of coarse and mixed refuse placed above the fine coal refuse. ft is deduced that 

significant arching may be occurring within the coarse refuse preventing the full height of 
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_( 
· overburden from consolidating the critical fine coal refuse layer. Therefore, factors such 

as cross-valley topography and deposition history are significantly relevant to the Susfcr•v 

relationship. Similarly, the database of Su5/cr'v relationships obtained from bulk fine coal 

refuse samples prepared as slurried samples may be used to investigate what kind of 

relationship with depth (or effective stress) may be expected in the slurry pond prior to any 

encroachment of coarse embankments. The effective consolidation stresses at which the 

laboratory tests were performed were converted into equivalent vertical effective stresses 

in the field, assuming that the lateral stresses are equal to one-half of the vertical stresses. 

As shown in Figure 6, an Su5/cr'v ratio of 0.18 extends from the zero intercept to the point 

where two-thirds of the data falls above the straight line. 

5.0 Liquefaction Susceptibility Evaluations 

Liquefaction susceptibility depends on the Sus of all the soils along the potential 

failure surface compared to the driving stress along that failure surface. Zones of loose 

(contractive) cohesionless soils are critical to analyzing liquefaction potential because they 

can have an undrained strength that is significantly lower than their drained strength. 

Therefore, the embankment geometry was evaluated to assess the liquefaction potential 

of each stage of construction estimating the average driving shear stresses along the 

critical failure surface at each of the high hazard sites. Generally, as the construction of 

( future upstream staging progresses, there is a corresponding increase in driving stress. 

For layers in which fixed-piston samples were obtained and tested, or layers where similar 

effective stresses are present, a weighted average of steady-state strength, such as the 

Two-Thirds Strength Method, was utilized. This method, utilized by Castro et. al. (1989) 

and recommended by the U.S. Army· Corps of Engineers (1970) in their manual for 

analyzing the stability of earth dams, involves using a design shear strength value that is 

lower than two-thirds of the total test values selected. Sus values for fine coal refuse 

layers at in-situ cr·v values that significantly differ from the crv values at sample locations 

were estimated using the site specific Su5icrv relationship as previously discussed. Limit 

equilibrium slope stability analyses were performed at each site with Sus values applied to 

fine coal refuse layers and frictional {drained) strengths applied to coarse and mixed 

refuse layers. Factors of safety against liquefaction (FL) along the critical failure surfaces 

for the various sites ranged from 1.02 to 1.32. 

6.0 Notable Trends From Completed Studies 

Liquefaction evaluations have been performed at five different sites using steady

state techniques as well as other complementary analyses. Since most of the sites are in 

the same geographical region, it is useful to compare the results of the fine coal refuse 

tested to identify trends in its engineering properties. A discussion of notable trends for 

the presented data is discussed below. 

1. Consistent with the sensitivity of Sus to void ratio, Sus values can vary over 10 times at 

the same void ratio illustrating the need for site specific testing. In-situ void ratios 

varied between 0.39 and 0.79, however, most ranged from 0.43 to 0.59. 
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2. In-situ Sus values for unsampled fine coal refuse layers can be estimated based on Sus 

versus cr'v correlations developed for a particular site. Suslcr'v relationships used for the 

coal refuse impoundment sites have ranged from 0.06 to 0.27 also illustrating the need 

.. for site specific testing, particularly at facilities with proposed multiple upstream stages. 

3. Sus and Suslcr'v are significantly intluenced by factors such as cross-valley topography, 

deposition history, upstream embankment geometry and construction sequencing. 

7.0 Conclusions 

Steady-state methodology can be effectively applied for the detailed evaluation of 

the liquefaction susceptibility of high hazard coal refuse disposal facilities. The evaluation 

needs to be based on site specific geometry and subsurface conditions, and properties 

developed accounting for the uniqueness and complexity of each site. While it is often 

useful to express the steady-state strength with respect to an estimated vertical stress, 

proper caution should be exercised during its development. The database of slurried 

samples has shown that the behavior of newly deposited fine coal refuse can be 

reasonably predicted. The Susfcr'v ratio of fine coal refuse consolidated beneath multiple 

upstream embankment stages can vary significantly with age, loading history, arching, and 

geometric constraints. For initial or preliminary liquefaction assessments, it is 

recommended that a range of Su5/cr'v ratios be used to investigate the sensitivity of the 

r critical layer to liquefaction susceptibility. For detailed evaluations where significant driving 

C stresses are present for multiple upstream stages, site-specific shear strength testing of 

high quality undisturbed samples is recommended to develop the site's Susfcr'v 

relationship and each individual stage evaluated to estimate the factor of safety against 

liquefaction susceptibility. In genera!, factors of safety against liquefaction susceptibility 

were above 1.0 for the existing and proposed staging at the various high hazard sites. 

Factors of safety below 1.0 indicated the need for remedial design of existing embank

ments or redesign of the staging for proposed expansions to lower driving stresses. 
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Civil & Environmental Consultants, Inc. 
Williamson Energy - Pond Creek South Pond 

PROJECT Phase 2 Abandonment Evaluation PROJECT NO. 080-851 

Determination of Downstream and Upstream In-Situ PAGE 1 OF ~3 __ 
Driving Shear Stress by Elastic (GStab!) Solution 

MADE BY --=B:..=E:..:G:c__ DATE _cc7/cc:l-'-'7/c.::0.:::.8_ CHECKEDBY r:g$, DATE ]{21, {Cfo 

CALCULATION BRIEF 
FOR 

DETERMINATION OF DOWNSTREAM AND UPSTREAM IN-SITU 
DRIVING SHEAR STRESS BY ELASTIC (GSTABL) SOLUTION 

POND CREEK COAL REFUSE DISPOSAL SITE - SOUTH POND 

OBJECTIVE: To determine the initial state of static stress (a.k.a., "driving stress") for the 
fine coal refuse layers in the downstream and upstream directions of the 
Pond Creek South Pond Phase 2 abandonment geometry. This driving 
stress will be used to evaluate liquefaction susceptibility of the 
impoundment by steady-state analysis 

METHODOLOGY: Use limit equilibrium analyses to estimate the driving shear stress acting 
on the most critical circular failure surface passing through the Phase 2 
impoundment and embankment geometry shown in Figure 1. Failure 
planes in both the upstream and downstream directions will be evaluated. 

REFERENCES: 

ANALYSIS: 

1. Gregory, P.E., Garry H., "GSTABL7 with STEDwin Slope Stability 
Analysis System, Version 2.0," dated September 2001. 

2. Civil & Environmental Consultants, Inc. Calculation, "Calculation 
Brief for Estimation and Summary of Engineering Properties Including 
Peak and Steady-State Undrained Shear Strengths For Refuse and 
Subgrade Materials, Pond Creek Coal Refuse Disposal Site - South 
Pond", BEG, 7/12/08. 

3. Poulos, SJ., Castro, G., and France, J.W. (1985a) "Liquefaction 
Evaluation Procedure," Journal of the Geotechnical Engineering 
Division, ASCE, Vol. 111, No. GT6, pp. 772-792. 

The Illinois Department of Natural Resources (IDNR) has required that the evaluation of the 
abandonment condition for the South Pond address the following issues: 
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Civil & Environmental Consultants, Inc. 
WiIIiamson Energy - Pond Creek South Pond 

PROJECT Phase 2 Abandonment Evaluation PROJECT NO. 080-851 

Determination of Downstream and Upstream In-Situ PAGE 2 OF .J 

Driving Shear Stress by Elastic (GStabl) Solution 

MADE BY __ B....CECCG~- DATE __ 7/c..=1~7/~0~8- CHECKEDBY t-US, DATE 7 (;,3 r~ 
1. The classification of the existing condition of the impounded material with respect to its 

fluid nature; and 

2. The liquefaction potential of the impounded material and the related stability of the 

containing dam. 

Determining the in-situ static driving shear stress in a critical (relative to slope stability) soil 

layer (i.e., fine coal refuse) is one of the steps for evaluating liquefaction susceptibility (No. 2 

above). The driving shear stress in a critical soil layer is equal to the minimum shear resistance 

the layer must have to just maintain stability of the slope. This assumes fully mobilized shear 

strengths in the other soil layers comprising the slope. The fully mobilized strengths are those 

that would act while deformation of the slope is occurring and, thus, would be available to resist 

a massive flow slide. These shear strengths can be quantified by performing a stability analysis 

for the slope in question. 

When evaluating slope stability by means of circular failure surface analysis (using the limit 

equilibrium approach), the driving shear stress (Tct) acting along the failure surface analyzed can 

be determined by assuming that the shearing resistance (i.e., shear strength) of the material 

through which the failure surface passes is provided solely by cohesion [i.e., angle of internal 

friction (<!>) = 0). The driving stress is determined by varying the cohesion value used in the 

analysis until a factor of safety (F.S.) of 1.0 is obtained. For this condition (F.S. = 1.0), the 

driving stress acting along the failure surface analyzed is equal to the cohesion value used for the 

material. 

The following soil properties were estimated based on previous field and laboratory testing as 

well as current fine coal refuse testing for use in the various post-earthquake liquefaction slope 

stability analyses: 

Total Unit Saturated Unit Effective Effective 

Weight Weight Friction Cohesion 

Material (yt) (ys) (cp') (c') 

Type (ocf) (ocf) (deg) (osf) 

Coarse Refuse 130 140 33.7 0 

Fine Refuse 80 90 0 Varies 

Residual Soil 125 130 19 4000 

Soil Cao 130 1135 30 0 
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Civil & Environmental Consultants, Inc. 

Williamson Energy - Pond Creek South Pond 

PROJECT Phase 2 Abandonment Evaluation PROJECT NO. 080-851 

Determination of Downstream and Upstream In-Situ PAGE 3 OF ..J 
--"----

Driving Shear Stress by Elastic (GStabl) Solution 

MADE BY __ B_E_G~- DATE -~7/~1~7/'-"0~8_ CHECKED BY-~--'-- DATE ] [7.3 (03 

Note: Refuse properties provided by Alliance Consulting, Inc. based on laboratory testing and/or 

literature values noted in the Alliance static/seismic slope stability analyses. 

Results of Driving Shear Stress Slope Stability Analyses: 

Top of Driving Shear Stress 

Phase 2 Fines Top of in Fine Coal Refuse 

Abandonment Elevation Cap Elevation <1> ('td) 

(Crest El. 502 ft) (ft) (ft) (osf) 

Downstream 496 502 0 

Upstream 496 502 
0 

(I) Cap includes 4-foot coarse refuse and 2-foot soil cover layer above top of fines elevation. Soil cover 

sloped at one percent to maintain positive drainage. 

CONCLUSION: 

Based on the information presented in this calculation brief, CEC determined that the Pond 

Creek - Phase 2 abandonment geometry has 0 psf driving shear stress through the fine coal 

refuse for both the upstream and downstream conditions. 
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POND CREEK- SOUTH POND ABANDONMENT 
GSTABL OUTPUT - DRIVING SHEAR STRESS 

STABILITY ANALYSIS OUTPUT FILES 
DOWNSTREAM AND UPSTREAM CONDITIONS 
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Pond Creek, South Cell, Abandonment Post-Eq Downstream Driving Analysis 
p:\_2007z&ojects~072-0_46_ williams,~~-~ne~~y\g_stabl\~o~d cre~k s~uth cell\ky, d~t~rminalion\~~utt1 ce~l_do~~~tre~~ revi;~d-~~ri~i~9£!2 

• I • •• • • --· - ••. ~-- •• • ···- •• -- •• , • 

# FS Soil Soil Total Saturated Cohesion Friction Piez. ' 
a 1.631' Desc. Type Unit Wt. Unit Wt. Intercept Angle Surface, 
b 1.635 i No. (pcf) (pcf) (psf) (deg) No. 
c I.Ei37 CCR 1 130.0 140.0 0.0 33.7 W1 
d 1.639' FCR-1 2 80.0 90.0 0.0 0.0 W1 
e 1.640 I FCR-2 3 80.0 90.0 0.0 0.0 W1 
f lfi4(, FCR-3 4 80.0 90.0 0.0 0.0 W1 
g 1.649' FCR-4 5 80.0 90.0 0.0 0.0 W1 

200 11 I ,ss()
1
, SOIL CAP 6 130.0 135.0 0.0 30.0 W1 
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*** GSTABL7 *** 
** GSTABL7 by Garry H. Gregory, P.E. ** 

** Original Version 1.0, January 1996; Current Version 2.003, June 2002 ** 

LZUl Rights Reserved-Unauthorized Use Prohibit:ed} 

*******~***~********r+++~++************~*******************~**********~********** 

SLOPE STABILITY ANALYSIS SYSTEM 

Modified Bishop, Simplified Janbu, or GLE Method of Slices. 

(Includes Spencer & Morgenstern-Price Type Analysis) 

Including Pier/Pile, Reinforcement, Soil Nail, Tieback, 

Nonlinear Undrained Shear Strength, Cur7ed Phi Envelope, 

Anisotropic Soil, Fiber-Reinforced Soil, Boundary Loads, Water 

Surfaces, Pseudo-Static & Newmark Earthquake, and Applied Forces. 

*****************~+++++w*************************~***************************~+++ 

Analysis Run Date: 
Time of Run: 

7/16/2008 
11: 3 6.>J,j 

Run By: Michael J. Sheleheda, P.E. 

Input Data Filename: P:\ 2007 Projec:ts\072-046 Williamson Energy\GStabl\Pond Cree 

k South Cell\Ky Determination\sou~h cell downstream revised - driving.in 

Ou~put Filename: P:\ 2007 Projects\072-046 Williamson Energy\GStabl\Pond Cree 

k South Cell\Ky Oe,:ermina-;:ion\sou~h cell downstream revised - driving.OUT 

Unit System: English 

Plotted Ou-i:.put Filename: P:\_2007_Pr0jects\072-046 Willia Energy\G3tabl\Ponci Creek .3o 

uth Cell\Ky Dete~mination\south cell downstream revised - driving.PLT 

PROBLEM DESCRIPTION: Pond Creek, South Cell, Abando:unent 

Post-Sq Downstream Driving Analysis 

BOUNDARY COURDIN.ii.TE.3 
4 Top Boundaries 
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17 Total Boundaries 
Boundary X-Left Y-Left 

No. (ft} ( ft) 
1 50.00 66.00 
2 159.40 66.00 
3 253.00 102.00 
4 273.00 102.00 
5 273.00 102.00 
6 278.20 100.00 
7 278.20 100.00 
8 288.60 96. 00 
9 288.60 96. 00 

10 304.20 90.00 
11 304.20 90.00 
12 330.20 80.00 
13 330.20 80.00 
14 356.20 70. 00 
15 159.40 66.00 
16 356.20 70. 00 
17 382.20 60.00 

Default Y-Origin = O.OO{ft) 
Default X-Plus Value= 0.00(ftl 
Default Y-Plus Value= 0.00{ft) 

ISOTROPIC SOIL PARAMETERS 
8 Type(s) of Soil 

P:south cell downstream revised -

X-Right Y-Right Soil Type 
(ft) (ft) Below Bnd 

159.40 66.00 8 
253.00 102.00 1 
273.00 102.00 1 
450.00 103.75 6 
278.20 100.00 1 
450.00 101.75 7 
288.60 96.00 1 
450.00 96.00 2 
304.20 90.00 l 
450.00 90.00 3 
330.20 80.00 1 
450.00 80.00 4 
356.20 70.00 1 
450.00 70.00 5 
356.20 70.00 8 
382.20 60.00 8 
450.00 60.00 8 

Soil To~al Saturated Cohesion 
Type Unit Wt. Unit Wt. Intercept 

Friction 
Angle 
(deg) 
33.7 

Pore Pressure Piez. 
Pressure Constant Sur:-face 

No. (pcf) (pcf I (psf) 

1 130.0 140.0 0.0 
2 80.0 90.0 0.0 
3 80.0 90.0 0.0 
4 80.0 90.0 0.0 
5 80.0 90.0 0.0 
6 130.0 135.0 0.0 
7 130.0 140.0 0.0 
8 125.0 135.0 400.0 

l PIEZOMETRIC SURFACE($) SPECIFIED 
Unit Weight of Water = 62.40 (pcf) 

0.0 
0.0 
0.0 
0.0 

30.0 
33.7 
19.5 

Piezornetric Surface No. 1 Specified by 
Pore Pressure Inclination Factor 0.50 

Point X-Water Y-Water 
No. (ft) (ft) 

1 50.00 64.00 
2 182.00 64.00 
3 280.80 99.00 
4 450.00 99.00 

Param. (psf) No. 
0.00 o.o 1 
0.00 0.0 1 
o.oo 0.0 l 
o.oo 0.0 1 
0.00 0.0 1 
0.00 o.o 1 
0.00 0.0 1 
o.oo 0.0 l 

4 Coordinate Points 

Searching Routine Will Be Limited To An Area Defined By l Boundaries 

Of Which The First l Boundaries Will Deflect Surfaces Upward 

Boundary X-Left Y-Left A-Right Y-Right 
No. (ft) (ft) (ft) (ft) 

1 50.00 50.00 450.00 58.00 
EARTH.QOP..KE DATA HAS BEEN SUPPRESSED 
A Critical Failure Surface Searching Method, Using A Random 

Technique For Generating Circular Surfaces, Has Been Specified. 

400 Trial Surfaces Have Been Generated. 
20 Surfaceis) Initiate(sl From Each Of 20 Points Equally Spaced 

Along The Ground Surface Between X 125. 00 I ft) 
and X 170.00(ft.) 

Each Surfac:e Terminates Between X 240.00(£:c) 
and X 450.00(ft) 

Unless F1.1r1:.her Limitat:ions Were Imposed, ':'he Minimw"'Ti Ele7ati◊n 
z:...-: Whic:h .'A. Sur::"a::9 Ezt:9nds Is ·t = 0.00:::':.) 
10. 00 ( f~) Li~e Ssgment.s De::ine Sach Trial :'ail1Jre Surface. 
Following _;re Displayed The Ten Most Criti:::al Of The Trial 

Failure Surfaces E7aluated. They Are 
Ordered - Most Critical First. 

driving.OUT 

.. . ' 
I'"'-' r i ,<l(l 

Tocal Number of Trial Surfaces Evalua:ed 400 

Page 2 
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Slice 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
l' ,o 
17 
18 
19 
20 
21 
22 
23 
24 
25 

P:south cell downstream revised - driving.OUT Page 3 

Statistical Data On All Valid FS Values: 
FS Max= 3.085 FS Min= 1.031 FS Ave= 1.951 
Standard Deviation= 0.269 Coefficient of Variation 

Failure Surface Specified By 17 Coordinate Points 
Point x-surf Y-Surf 

No. (ft) (ft) 
1 146.32 66.00 
2 155.23 61.48 
3 164.58 57.91 
4 174.24 55.34 
5 184.12 53.79 
6 194.11 53.29 
7 204.09 53.83 
8 213.97 55.41 
9 223.62 58.01 

10 232.95 61.61 
11 241.86 66.16 
12 250.23 71.62 
13 258.00 77.93 
14 265.06 85.01 

92.79 15 
16 
17 

271. 34 
276.78 
277.21 

Circle Center At X = 

101.18 
102.04 

193.95 Y 
Factor of Safety 

~** 1.631 *** 
Individual data on the 

Water Water 
25 
Tie 

148.86 

slices 
Tie 

Force Force Force Force 
Width Weight Top Bot Norm Tan 

and Radius 

Earthquake 
Force 

Hor Ver 

13. 7 8 % 

95.57 

Surcharge 
Load 

( ft) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) 

3.9 492.9 0.0 0.0 0. 0. 0.0 0.0 0.0 
5.0 2091.l 0.0 439.l 0. o. 0.0 0.0 0.0 
4. 2 2907.5 0.0 923.3 0. 0. 0.0 o.o 0.0 
5.2 5528.l 0.0 1764. 0 0. 0. 0.0 0.0 o.o 
9. 7 16864.1 0.0 4602.l 0. 0. 0.0 0.0 0.0 
7.8 18896.4 0.0 4542.1 0. 0. 0.0 0.0 0.0 
2.1 5903.l o.o 1317.2 0. o. 0.0 0.0 0.0 
5.2 15841. 2 0.0 3719.4 0. o. 0.0 0.0 0.0 
4. 7 15746.5 0.0 3929.0 0. o. 0.0 0.0 0.0 

10.0 36868.6 0.0 9722.8 0. o. o.o 0.0 0.0 
9.9 40271.4 0.0 11170.8 0. o. 0.0 0.0 0.0 
9. 7 41681.5 0.0 11976.2 0. o. 0.0 0.0 0.0 
9.3 41104.8 o.o 12130.5 0. o. 0.0 0.0 0.0 
8.9 38666.4 0.0 11631.9 0. o. 0.0 0.0 0.0 
2. 4 10150.9 0.0 3151.2 0. 0. 0.0 0.0 0.0 
6.0 24396.6 0.0 7334.6 0. 0. 0.0 0.0 0.0 
2.8 10743.4 0.0 3341.8 0. 0. 0.0 0.0 0.0 
5.0 17622.9 o.o 5363.1 0. o. 0.0 0.0 0.0 
7.1 19563.0 0.0 6308.5 0. o. 0.0 0.0 0.0 
6.3 11036.7 0.0 3322.9 0. o. 0.0 0.0 0.0 
1. 7 1740.8 0.0 337.3 0. 0. 0.0 0.0 0.0 
0.7 592.2 0.0 35.9 0. o. 0.0 0.0 0.0 
2. 7 1206.0 0.0 0.0 0. 0. 0.0 0.0 0.0 
0.3 47.3 0.0 0.0 0. 0. 0.0 0.0 o.o 
0. 4 24.4 0.0 o.o 0. 0. 0.0 0.0 0.0 
Failur':! Surface Specified By l r ,0 Coordinate Points 

Point Y.-Surf Y-Surf 
No. (:Et) fft) 

l 148.68 06.00 
2 1$7.67 61. 62 
3 167.07 58.~l 
4 176.78 55.79 
5 186.68 5 4. 41 
6 196. 68 54.08 
7 206.65 54.79 
s 21n,so :s.; . :::,11 

9 226.10 59.31 
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10 235.37 63.08 

11 244.19 67.80 

12 252. 4 6 73.41 

13 260.ll 79.86 

14 267.03 87.07 

15 273.16 94.97 

16 277.55 102.04 

Circle Center At X = 194.87 y 14 9. 27 and 

Factor of Safety 
*** 1.635 *** 

Failure 
Point 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

Surface Specified 
X-Surf 

(ft) 
14 6. 32 
155.28 
164.66 
174.36 
184.26 
194.26 
204.23 
214.07 
223.65 
232.88 
241.65 
249.86 
257.41 
264.21 
270.20 
274.00 

By 16 Coordinate Points 
Y-Surf 

(ft) 
66.00 
61. 56 
58.10 
55. 67 
54.28 
53.95 
54.70 
56.50 
59.34 
63.19 
67.99 
73. 71 
80.27 
87.59 
95.60 

Radius 

Circle Center At X = 
102.01 

192.27 y 147.41 and Radius 

Factor of Safety 

*** 1.637 *** 
Failure Surface Specified By 17 Coordinate Points 

Point X-Surf Y-Surf 

No. (ft) (ft) 
1 141.58 66.00 

2 150.50 61.49 

3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 

Circle 

159.84 
169.50 
17 9. 37 
189.35 
199.34 
209.24 
218.93 
228.32 
237.31 
245.81 
253.72 
260.97 
267.47 
27 3. 17 
27 4. 62 

Center At X = 
Factor of Safety 

57.91 
55.31 
53. 71 
53.12 
53.56 
55.02 
57.48 
60.91 
65.29 
70.56 
7 6. 68 
83. 57 
91.16 
99.38 

102.02 
190.08 

~~* 1.639 *** 

Failure Surface Specified 3y 16 

Point X-Surf Y-Surf 
Flo. (ft) (ft) 

1 151.05 66.00 

2 159.86 61.27 
3 169. l8 5/. 62 

4 178.85 55.11 

5 1-S8. 76 53.77 
6 198.76 S3.61 
7 208. 71 54.65 

s 218. 4 6 56. 86 

~ ~::.:s sc.:: 
10 236. 83 64. 67 

y 150.88 and 

Coordinate Points 

Radius 

95.22 

93.48 

97. 7 6 
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11 
12 
13 
14 
15 
16 

Circle 

245.19 
252.84 
259. 67 
265.58 
270.49 
271.03 

Center At X = 
Factor of Safety 

70 .16 
76.60 
83.91 
91. 97 

100.69 
102.00 

195.05 

*** 1.640 *** 

y 137.31 and Radius 

Failure 
Point 

No. 
1 

Surface Specified By 16 Coordinate Points 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

X-Surf Y-Surf 
(ft) (ft) 

148.68 66.00 
157.44 61.17 
166.72 57.45 
176.39 54.89 
186.30 53.54 
196.30 53.41 
206.24 54.51 
215.96 56.82 
225.34 
234.21 
242.46 
249.94 
256.56 
262. 21 
266.80 
266.86 

60.31 
64.91 
70.58 
77.20 
84.70 
92.95 

Circle Center At X = 

101. 84 
102.00 

192.33 Y 
Factor of Safety 

*** 1.646 *** 

134. 71 and Radius 

Failure 
Point: 

Surface Specified By 16 CocrdinaLe Points 

No. 
l 
2 
3 
4 
5 
6 
7 

8 
9 

10 
11 
12 
13 
14 
15 
16 

Circle 

X-Surf Y-Surf 
(ft) (ft) 

148.68 66.00 
157.85 61.99 
167.36 58.90 
177.13 56.77 
187.06 55.60 
197. 06 55. 41 
207.02 56.21 
216.87 57. 98 
226.49 60. 71 
235.79 64.37 
244.69 68.93 
253.10 74.34 
260.94 80.55 
2 68. 13 87.50 
274.60 95.13 
279.40 102.06 

Cer.ter 
,_ 

X = 193.94 y r.c 156.89 and ?.adius 

Factor of Safety 
*** 1.649 *~* 

Fe.ilure 
Point 

No. 
l 
2 
3 
4 
5 
6 
7 
B 
9 

10 

12 

Surface Specified By 18 Coordinat:e ?oints 

x-surf Y-Surf 
(ft) (ft} 

139.21 66.00 
148.34 61.92 
157.78 58.61 
167.46 56.10 

1S7.28 
207.24 
217.11 
226.30 

245.40 

54. 41 
53.55 
53.53 
54.34 
55.98 
S8.44 
':2.. I() 

65. 7 3 

83.79 

81. 40 

101.54 
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13 254.18 70.52 
14 262.53 76.03 

15 270.39 82.21 
16 277.71 89.03 
17 284.43 96. 43 
18 288.81 102.16 

Circle Center At X = 192.55 
Factor of Safety 

*** 1.650 *** 

t•ailure 
Point 

SuLface Specified By 15 
X-Surf Y-Surf 

No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

(ft) (ft) 
151.05 66.00 
159.94 61.41 
169.32 57.95 
179.05 55.66 
189.00 54.59 
198.99 54.75 
208.90 56.14 
218.56 58.73 
227.82 62.50 
236.55 67.37 
244.62 73.28 
251.90 80.13 
258.28 87.83 
263.67 96.26 
266.41 

Circle Center At X = 
102.00 

192.70 
Factor of Safety 

*** 1.650 *** 

Failure 
Point 

No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 

Surface Specified By 17 
X-Surf Y-Surf 

(ft) {ft) 
141.58 66.00 
150.68 61.85 
160.14 58.60 
169.86 56.27 
179.76 54.89 
189.76 54.47 
199.74 55.01 
209.63 56.50 
219.33 58.94 
228.75 62.30 
237.80 66.55 
246.40 71.65 
254.47 
261.94 
268.73 
274.78 
276.34 

77.56 
84. 21 
91. 55 
99.51 

Circle Center At X = 
102.03 

189.16 
Factor of Safety 

r+* 1.653 ~~• 

y 172.86 and Radius 

Coordinat~ Po1nr.s 

y 135.70 and Radius 

Coordinate Points 

y 158.37 and Radius 

**** END OF GSTA3L7 OUTPUT**·"* 

119.43 

81. 20 

103. 91 
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Pond Creel<, South Cell, Abandonment Post-Eq Upstream Analysis - Driving 
p:\__20°z'&brojects\072-046 willia.~~o.n en_e~gy\g~tabl\p~~~--~reek south ~ell\~y dete~~~n-~_Hon~~o~t~ cell upstream revi_s~~ ~ ~rivin~.pl2 R.u.~:Y: Michael J. She!:~_:da, P.E. 7/16/2008 11:44AM 

# FS Soil Soil Total Saturated Cohesion Friction Piez. 
a 8.426 Desc. Type Unit Wt. Unit Wt. Intercept Angle Surface 
b 8.571 No. (pcf) (pcf) (psf) (deg) No. 
c 8.652 CCR 1 130.0 140.0 0.0 33.7 W1 
d 8.787 FCR-1 2 80.0 90.0 0.0 0.0 W1 
e 8.859 FCR-2 3 80.0 90.0 0.0 0.0 W1 
f ,'3.DG'\ FCR-3 4 80.0 90.0 0.0 0.0 W1 
g 8.965 FCR-4 5 80.0 90.0 0.0 0.0 W1 
Ii I) c]C),j SOIL CAP 6 130.0 135.0 0.0 30.0 W1 
i 9.'108, CCR CAP 7 130.0 140.0 0.0 33.7 W1 

ORIG 8 125.0 135.0 400.0 19.5 W1 

200 

150 

a 

i, Ira 
%A: I 

--==-- -..... ·---··:···.,~-7-•1 1 ~--•-........__ .. ---··------:----::.. . .,~ 1 .. •· - ------..___.......______ 

- ',- " • ' . i~ 
:1------c- ' ' ' . - ; 

100,. ~-··• · ··-•----·-· - -----7"1, 
) . -·;:;, . .. .. . ...... - -

8 
Wl 8 . I 

• .8--"" ! 8 -- ---~-~--

' 3 

' 4 . - . 
5 

' 8 ·1 

50 

0 
() 50 100 150 200 250 300 350 400 

GSTABL7 v.2 FSmin=B.426 
Safety Factors Are Calculated By The Modified Bishop Method 
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*** GSTABL7 *** 
** GST~.317 by G~rry H. Gregory, P.E. ** 

** Original Version 1.0, January 1996; Current Ve=sion 2.003, June 2002 ** 

(All Rights Rese=ved-Unauthorized Use Prohibited) 

~*******~*************~***********~***************~~************~~*************** 

SLOPE STPBILITY ANALYSIS SYSTEM 

Modified Bishop, Simplified Janbu, or GLE Method of Slices. 

(Includes Spencer & Morgenstern-Price Type Analysis} 

Including Pier/Pile, Reinforcement, Soil Nail, Tieback, 

Nonlinear Undrained Shear Strength, Curved Phi Envelope, 

.i:1...,isotropic Soil, Fiber-Reinforced Soil, Boundary Loads, Water 

Surfaces, Pseudo-Static & Ne\tJ!tlark Earthquake, and Applied Forces. 

************************************~************y********~~**************~****** 

Analysis Run Date: 7/16/2008 
Time of Run: 11:44AM 
Run By: Michael J. Sheleheda, P.E. 

Input Data Filename: P:\ 2007 Projects\072-046 Williamson Energy\GStabl\Pond Cree 

k South Cell\Ky Determination\south cell upstream revised - driving.in 

Output Filename: P:\ 2007 Projects\072-046 Williamson Energy\GStabl\Pond Cree 

k South Cell\Ky Determination\south cell upstream revised - driving.OUT 

Unit System: English 
Plotted Oucput Filename: P:\ 2007 Projects\072-046 Willia Energy\GStabl\Pond Creek So 

uth Cell\Y.y Deterrnination\south ce11 uPstrearn revised - driving.PLT 

PROBLEM DESCRIPTION: Pond Creek, South Cell, Abandonment 
Post-Eq Upstream Analysis - Driving 

BOONOJIBY COOROIN:O.TES 

4 Top Boundaries 
19 Total Boundaries 

Boundary X-Left Y-Left X-Right Y-Right Soil Type 

No. (ft) (ft) (ft) (ft) Below Bnd 

l 0.00 103.75 
2 276.24 102.00 
3 296.24 102.00 
4 389.84 66.00 
5 0.00 101. 75 
6 271. 04 100.00 
7 o.oo 96.00 
8 260.64 96. 00 
9 0.00 90.00 

10 245.04 90.00 
11 0.00 80.00 
12 219.04 80.00 
13 0.00 70. 00 
14 193.04 70.00 
15 0.00 60.00 
J. 6 167.04 60.00 
17 193.46 70.16 
18 270.39 68.00 
19 341.70 66.00 

Default Y-0 igin - 0.001ft) 
Default X-P us Value - 0.00(:t) 
Default Y-P us Value - 0.001ft) 

ISOTROPIC SO L PP•.RAMETERS 
8 Type(s) of Soil 

276.24 
296.24 
389.84 
400.00 
271.04 
276.24 
2 60. 64 
271.04 
245.04 
2 60. 64 
219.04 
245.04 
193.04 
219.04 
167. 04 
193.04 
270.39 
341.70 
389.84 

Soil Total Saturated Cohesion F:::iction 

Type unit Wt. 
No. (pcfl 

l 130.0 
2 80.0 
3 80.0 
4 80.D 
s 80.0 
6 130.0 
7 130.0 
8 125.0 
PIEZOMET?.IC 

Unit: Wt. 
(pcf) 

140.0 
90. 0 
90.0 
90.0 
90.0 

135.0 
140.0 
135.0 

Ini:ercept 
(psfl 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

400.0 
SURFACE{S) SPECIFI~D 

~i~ Weigh~ =f Wa~e:: = 62.~0 (pcf1 

P..ngle 
(deg) 
33. 7 
0.0 
0.0 
0.0 
0.0 

30.0 
33.7 
19.S 

1.ez::::)mer:r1.c Surr:ace No. l ~peci.fieci. Dy 

ore Pressure Inclination Factor= 0.50 

102.00 6 
102.00 1 

66.00 l 
66.00 8 

100.00 7 
102.00 1 

96.00 2 
100.00 l 

90.00 3 
96.00 1 
80.00 4 
90.00 1 
70.00 5 
80.00 l 
60.00 8 
70.00 8 
68.00 8 
66.00 8 
66.00 8 

Pore P::essure Pie::. 
Pressuz.:-e Constant Surface 

Param. (psf) No. 
0.00 0.0 l 

0.00 0.0 1 
0.00 0.0 1 
0.00 0.0 l 
0.00 0.0 l 
0.00 0.0 1 
0.00 0.0 l 
0.00 0.0 l 

.J. Coordinate ?oin:.s-3 e 
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Point 
No. 

l 
2 
3 
4 

Searching 
Of Which 
Boundary 

No. 
1 

X-Water 
(ft) 
o.oo 

2 60. 64 
359.44 
400.00 

Routine Will 
The First 1 

X-Left 
(ft) 
0.00 

Y-Water 
(ft) 

99.00 
99.00 
64.00 
64.00 

Be Limited 
Boundaries 

Y-Left 
(tt) 

58.00 

To An Area Defined By 
Will Deflect Su1:faces 

X-Right Y-Right 
(tt) (ft) 

400.00 58.00 

EARTHQUAKE DATA HAS BEEN SUPPRESSED 

l Boundaries 
Upward 

A Critical Failure Surface Searching Method, Using A Random 

Technique For Generating Circular Surfaces, Has Been Specified. 

400 Trial Surfaces Have Been Generated. 
20 Surface(s) Initiate(s) From Each Of 20 Points Equally Spaced 

.?I.long The Ground Surface Between X 50. 00 (ft) 
and X 200.00(ft) 

Each Surface Terminates Between X 270.00(ft) 
and X 300.00(ft) 

Unless Further Limitations Were Imposed, The Minimum Elevation 

At Which A Surface Extends Is Y = O.OO(ft) 

10.00{ft) Line Segments Define Each Trial Failure Surface. 

The Factor Of Safety For The Trial Failure Surface Defined 

By The Coordinates Listed Below Is Misleading. 

Failure Surface Defined By 25 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 50.00 103.43 
2 59.85 101.73 
3 69.73 100.17 
4 79.63 98.75 
5 89.55 97.48 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

99.49 
109.44 
119.40 
129.38 
139.37 
149.36 
159.36 
169.36 
179.36 
189.35 
199.35 
209.34 
219.31 
229.28 
239.24 
249.18 
259.10 
269.01 
278.89 
283.09 

36.36 
95.39 
94.56 
93.87 
93.34 
92. 95 
92. 71 
92.62 
92.67 
92.87 
93.22 
93. 71 
94.36 
95.15 
96.08 
97.17 
98.39 
99.77 

101.29 
102.00 

Factor Of Safety For The Preceding Specified Surface =-22.205 

The Factor Of Sa£et ?or The Trial Failure Surface Defi~ed 

By '::'he Coordinates ist.ed B<2:low Is Misleading. 

Failure Sur~ace Def ned By 26 Coordinace Poincs 

Point Z-3urf "!-Surf 
No. {ft) I ft I 

l 50.00 103.43 
2 59.SS 100.56 
J 69.23 9:.93 

4 78.93 95.53 
5 88.70 93.36 
6 98.51 91.44 
7 108.37 89.76 
2 ::. 2. S. 2-S '38.32 
9 128.19 87.12 
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10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 

138.15 
148.12 
158.11 
168. 11 
178. 11 
188.10 
198.09 
208.06 
218.01 
227.93 
237.82 
2 4 7. 67 
257.48 
2 67. 23 
27 6. 93 
286.57 
289. 71 

86.17 
85.45 
84.99 
84.76 
84.78 
85.05 
85.56 
86.31 
87.31 
88.55 
90.03 
91. 7 6 
93.72 
95.93 
98.37 

101.04 
102.00 

P:south cell upstream =evised - driving.OUT Page 3 

Preceding Spe ified Surface =-10.349 

The Factor Of Safety For The Trial Fai ure Surface Defined 
Factor Of Safety For The 

By The Coordinates Listed Below Is Mis eading. 

Failure Surface Defined By 24 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 50.00 103.43 
2 59.81 101.50 
3 69.66 99.75 
4 79.53 98.16 
5 89.43 96.74 
6 99.35 95.49 
7 109.29 94.42 
8 119.25 93.52 
9 129.23 92.79 

10 139.21 92.23 
11 149.20 91.85 
12 159.20 91.63 
13 169.20 91.60 
14 179.20 91.73 
15 189.19 92.04 
16 199.18 92.52 
17 209.16 93.17 
18 219.13 94.00 
19 229.08 94.99 
20 239.01 96.16 
21 248.92 97.51 
22 258.80 99.02 
23 268.66 100.70 
24 275.56 102.00 

Factor Of Safety For 
The Factor Of Safet 
By The Coordinates 
Failure Surface Def 

The Preceding Specified Surface =-17.555 

For The Trial Failure Surface Defined 

isted Below Is Misleading. 
ned 3y 27 Coordinate Poin~s 

Point X-Surf 
No. (ft) 

l 50.00 
2 59.78 
3 69.60 
4 79.44 
5 
6 
7 
8 

0 
l 
2 
3 

5 

89.31 
99. 21 

109.13 
119. 07 
129.D:2 
138.99 
148.97 
158.96 
168. 96 

188.96 

Y-Surf 
(ft) 

103.43 
101. 36 

99.44 
97.69 
96.09 
94.66 
93.39 
92.28 
91.34 
90.56 
89.94 
89.49 
8 9. 20 
? ~. (\7 

8 9 .10 
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16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 

198.96 
208.95 
218.94 
228.91 
238.88 
248.82 
258.75 
268.66 
278.55 
288.41 
298.24 
299.87 

P:south cell upstream revised - driving.OUT ?age 4 

89.30 
89.67 
90.20 
90.89 
91.74 
92. 7 6 
93.94 
95.28 
96. 78 
98.45 

100.27 
100.60 

Fac~or Of Sa ety For The Preceding Specified Sur:ace =-16.036 

The Factor O Safety For The Trial Failure Surface Defined 

By The Coord nates Listed Below Is Misleading. 

Failure Surface Defined By 26 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 50.00 103.43 
2 58.92 98.92 
3 68.02 94.77 
4 77.28 90.99 
5 86.68 87.58 
6 96.21 84.55 
7 105.85 81.90 
8 115.59 79.64 
9 125.42 77.77 

10 135.31 76.29 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 

145.25 75.21 
155.23 74.53 
165.22 74.25 
175.22 74.37 
185.21 74.89 
195.17 75.80 
205.08 77.12 
214.93 78.83 
224.71 80.93 
234.39 83.42 
243.97 86.30 
253.42 89.55 
262.74 
271. 91 
280.90 
281.74 

93.19 
97 .19 

101.55 
102.00 

Factor Of Safety For The Preceding Specified Surface ~-31.135 

The Factor Of Safety For The Trial Failure Surface Defined 

By The Coordinates Listed Below Is Misleading. 

Failure Surface Defined By 25 Coordinate Poin~s 

Point 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 
0 
l 
2 
3 
4 
5 
6 

8 

}:-surf 
( ft:) 
50.00 
58.94 
68.05 
77.32 
86.73 
96. 26 

105.91 
115.66 
125.49 
135.39 
145.23 
lSS.31 
165.31 
175.31 
125.29 
195.25 
:ss.:s 
215.00 

Y-Surf 
(ft) 

103.43 
98.95 
94.82 
91.07 
87.68 
84.68 
82. 0 6 
79.83 
77.99 
7 6. 55 
""75.50 
-:- 4. 8:. 
74.60 
74. 75 
"7 5. 30 
; 6. 25 
"" • :: C: 
7 9. 34 
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19 
20 
21 
22 
23 
24 
25 

224.77 
234.45 
244.02 
253.46 
2 62. 7 6 
271.91 
280.31 

Bl. 4 7 
84.00 
86.90 
90 .19 
93. 36 
97. 89 

102.00 

?:south cell upstream revised - dri~ing.OUT Page 5 

Factor Of Safety For 
The Factor Of Safet 
By The Coordinaces 
Failure Surface Def 

The Preceding Specified Surface =-22.593 

For The Trial Failure Surface Defined 

isted Below Is Misleading. 

Point X-Surf 
No. (ft) 

1 50.00 
2 59.65 
3 69.35 
4 79.10 
5 88.90 
6 98.74 
7 108.61 
8 118.51 
9 128.44 

10 138.40 
11 148.37 
12 158.35 
13 168.35 
14 178.35 
15 188.35 
16 198.34 
17 208.33 
18 218.30 
19 228.26 
20 238.20 
21 248.10 
22 257.98 
23 267.82 
24 277.63 
25 287.38 
26 297.10 
27 299.00 

ned By 27 Coordinate Points 
Y-Surf 

(ft) 

103.43 
100.81 

98.39 
96 .18 
94.17 
92.37 
90.78 
89.39 
88.22 
87.25 
86.50 
85.95 
85.62 
85.50 
85.59 
85.89 
8 6. 40 
87.12 
88.06 
89.20 
90.55 
92.11 
93.88 
95.86 
98.04 

100.43 
100.94 

:ac~or Of Safety For The Preceding Specified Surface =-17.636 

The Factor Of Safety For The Trial Failure Surface Defined 

By The Coordinates Listed Below Is Misleading. 

Failure Surface Defined By 24 Coordinace Points 

Point x-surf Y-Surf 
No. (fc) lftl 

1 57.89 103.38 
2 67.21 99.76 
3 76.65 96.45 

4 86.19 93.45 
5 95.83 90.77 

6 105.54 88.42 

7 115.34 86.39 
8 125.19 84.68 
9 135.09 83.31 

10 145.04 82.26 

11 155.01 81.55 

12 165.01 81.17 

13 
14 
15 
16 
17 
1B 
19 
20 

22 

175.01 
18 5. 00 
194. ~8 
~D4.94 
214.86 
224.73 
234.54 
244.28 
:• c:., "i. Y4 

2 63. 51 

81.12 
81.40 
82.02 
22. 91 

84.25 
85.86 
87.19 
90.05 

95.54 
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23 
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Factor Of Safety For The Preceding Specified Surface= -8.537 

The Factor Of Safety For The Trial Failure Surface Defined 

By The Coordinates Listed Below Is Misleading. 

Failure Surface Defined By 26 Coordinate Points 

Point X-Surf Y-Surf 

No. (ft) (ft) 

1 57.89 103.38 

2 67.52 100.68 

3 77.21 98.21 

4 86.95 95.95 

5 96.75 93.92 

6 106.58 92.11 

7 116.45 90.52 

8 126.36 89.16 

9 136.30 88.03 

10 146.26 87.13 

11 156.23 86.45 

12 166.22 86.00 

13 176.22 85.78 

14 186.22 85.78 

15 196.22 86.02 

16 206.21 86.48 

17 216.18 87.17 

18 226.14 88.09 

19 236.07 89.23 

20 245.98 90.60 

21 255.85 92.20 

22 265.68 94.02 

23 275.47 96.07 

24 285.21 98.34 

25 294.90 100.83 

26 297.43 101.54 

Factor Of Sa ety For The Preceding Specified Surface =-l6.S82 

Safety For The Trial Failure Surface Defined 

By The Coard nates Listed Below Is Misleading. The Factor 0 

Failu~e Surface Defined By 25 Coordinate Points 

Point X-Surf Y-Surf 

No. (ft) (ft) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
o-

"" E"actor Of Sa 
':':'.c ::.::'::::: C: 

i3y The Coor::!. 

57.89 
66.76 
75.81 
85.04 
94.41 

103.92 
113. 56 
123.29 
133.11 
143.01 
152.95 
162.93 
172.93 
182.93 
192.9!. 
202.85 
212.75 
222.58 
232.32 
241.95 
251.47 
2 60. 36 
270.09 
279.15 
285.86 
ety For The 

C.::o-"':::,""·, ~:,:: ~----., 
nate.s :s:..stsd 

103.38 
98. 7 6 
94.51 
90.64 
87.16 
84.08 
81. 39 
79 .11 
77.23 
75.77 
,4. 71 
74.08 
73.86 
74.06 
74.67 
75.70 
77.14 
79.00 
81.26 
83.92 
86.99 
90 • .:15 
S4.29 
98.52 
02.00 

Below Is Mis eading. 
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Failure Surface Defined By 26 Coordinat:.e Points 

Point X-Surf Y-Surf 

No. (ft) (ft) 

1 57.89 103.38 

2 67.17 99.64 
, 76.55 96.19 a 

4 86.04 93.04 

5 95.63 90.18 

6 105.29 87. 62 

7 115. 04 85.37 

8 124.85 83.43 

9 134.71 Bl. 7 9 

10 144.62 BO. 4 6 

11 154.57 79.44 

12 164.55 78.73 

13 174.54 78.34 

14 184.54 78.26 

15 194.54 78. 4 9 

16 204.52 7 9. 03 

17 214.48 79.88 

18 224.42 81.05 

19 234.31 82.53 

20 244.15 84.31 

21 253.92 86.40 

22 263.63 88.80 

23 273.26 91.50 

24 282.80 94.50 

25 292.24 97.79 

26 299.71 100.66 

Factor Of Safety For The Preceding Specified Surface=***~*** 

The Factor Of Safety For The Trial Failure Surface Defined 

By The Coordinates Listed Below Is Misleading. 

Failure Surface Defined By 26 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 57.89 103.38 

2 67.14 99.58 

3 76.51 96.08 

4 85.98 92.87 

5 95.55 89.97 

6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

24 
25 
2'i 

105. 21 
114.95 
124.75 
134.61 
14 4. 52 
154.47 
164.44 
174.44 
184.44 
194.43 
204.42 
214.38 
224.30 
234.19 
244.02 
253.78 
263.48 
273.')8 
2 82. 60 
292.01 
299.15 

':'l:e 
re:::-

87.38 
85.10 
83.13 
81. 47 
80.13 
7 9 .10 
78.40 
78.01 
77.94 
78.20 
78.77 
7 9. 66 
80.86 
82.39 
84.22 
8 6. 37 
88.84 
91.61 
94.68 
98.06 

100.88 
Pre:::edi,:g 
T:le T:::-ial 

.Sp-::: 
Fai 

ifie1 Su:::-~ace =--+~•-• 

u:::- Surface Def:..ned c3=:or Jf 3af~t:.}' F~r 
T~e Fac:or Of sa:~t:. 
By ThA Coord~naces 
Fa~lure Surface Def 

Paine >:-Su f 

is~ed 3elow ls Mis ea ing. 

ned 3y 26 Coo~dinate oints 

Y-3urf 
'::--1 

l 57. 9 103.38 
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2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 

67.77 
77.66 
87.57 
97.50 

107.44 
117.40 
127.36 
137. 34 
147.32 
157.31 
167. 31 
177. 30 
187.30 
197.30 
207.30 
217.30 
227.29 
237.27 
247.25 
257.21 
267.17 
277 .11 
287.04 
296. 95 
299.62 

101.80 
100.34 

99.01 
97.80 
96. 72 
95.77 
94.94 
94.24 
93.67 
93. 23 
92.91 
92.71 
92.65 
92. 71 
92.90 
93.22 
93.66 
94.23 
94.93 
95. 7 5 
96. 70 
97. 78 
98.98 

100.31 
100.70 

Factor Of Safety For The Preceding Specified Surface =-20.548 

The Factor Of Safety For The Trial Failure Surface Defined 

By The Coordinates Listed Below ls Misleading. 

failure Surface Defined By 25 Coordinate Points 

Point X-Surf Y-Surf 

No. (ft) (ft) 

1 51.89 103.38 

2 66.88 99.00 

3 76.04 94.97 

4 85.34 91.32 

#?.##########?.####### SOME LINES SKIPPED ###################W 

Following Are Displayed The Ten Most Critical Of The Trial 

Failure Surfaces Evaluated. They Are 

Ordered - Most Critical First. 

* * Safety Fac~ors Are Calculated By The Modified 3ishop Method** 

Total Number of Trial Surfaces Evaluated= 400 

Number of Trial Surfaces v-:ith Misleading FS 144 

Percentage of Trial Surfaces With Non-Valid FS Solutions 

of che Total Evaluated= 36.0 % 

Statistical Data On All Valid FS Values: 

FS Max= 390.825 FS Min= 8.426 FS ~~e = 29.886 

Standard Deviation= 46.769 Coefficient of Variation 

Failure 
Point 

No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
:2 
13 
14 
15 
16 

18 

Surface Specified By 25 Coordinate Points 

X-Surf Y-Surf 
(ft) 
89.47 
96. 57 

104.14 
112 .15 
120. 57 
129.34 
138.43 
147. 7 9 
157.37 
167.13 
177.02 
186. 99 
196.99 
206.97 
216.68 
.226.68 
226.31 
245.12 

I ft I 
103.18 

96.14 
89.61 
83. 62 
78.22 
73.42 
69.25 
65.72 
62.87 
60.69 
59.21 
58. 42 
58.34 
58. 96 
60.28 
62.29 
'54.98 
68.35 

156.49 % 
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19 254.88 72. 37 
20 263.73 77.02 
21 272.24 82. 29 
22 280.35 88.13 
23 288.03 94.54 
24 295.24 101. 4 6 
25 295.73 102.00 

Circle Center At X = 193.18 y 200.50 and Radius 142.22 

Factor of Safety 
**' 8.426 *** 

Individual data on the 41 slices 
Water Water Tie Tie Earthquake 
Force Force Force Force Force Surcharge 

Slice Width Weight Top Bot Norm Tan Hor Ver Load 

No. (ft) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) 

1 2.0 266. 4 0.0 o.o 0. 0. 0.0 o.o o.o 
2 2.2 871.5 0.0 0.0 0. o. 0.0 o.o o.o 
3 2.9 2132.6 0.0 363.l 0. 0. o.o o.o 0.0 

4 0.2 149.9 0.0 38.2 0. 0. 0.0 o.o 0.0 

5 7.0 8522.5 0.0 3439.7 0. 0. 0.0 0.0 0.0 

6 o.s 690.7 0.0 34 6. 7 0. 0. 0.0 0.0 0.0 

7 8.0 14368.7 0.0 7728.8 0. 0. 0.0 0.0 0.0 

8 5.6 12519.1 0.0 7189.6 0. 0. 0.0 0.0 0.0 

9 2.8 6822.4 0.0 4092.0 0. 0. o.o 0.0 0.0 

10 8.8 24133. 2 o.o 14465.5 0. 0. 0.0 0.0 0.0 

11 7. 4 23188.6 0.0 13952.9 0. 0. 0.0 0.0 0.0 

12 1. 6 5415.3 0.0 3311. 8 0. o. 0.0 0.0 0.0 

13 9.4 32625.3 0.0 19665.4 o. 0. 0.0 0.0 0.0 

14 9.6 36083.9 0.0 21655.7 0. 0. o.o 0.0 0.0 

15 9.8 38883.1 0.0 23225.8 0. 0. 0.0 0.0 0.0 

16 1. 2 5010.3 0.0 2 971. 6 0. 0. 0.0 0.0 0.0 

17 8.7 36837.6 0.0 21396. 3 0. o. 0.0 0.0 0.0 

18 10.0 45327.4 0.0 25076.4 0. 0. o.o o.o o.o 
19 6.0 28647.7 0.0 15329.2 o. 0. o.o 0.0 0.0 

20 0. 4 2037.3 0.0 1064.9 0. 0. 0.0 0.0 0.0 

21 3.5 17051.7 0.0 8953.6 0. o. 0.0 0.0 0.0 

22 10.0 49067.6 0.0 25180.6 0. o. 0.0 0.0 0.0 

23 9.9 49264.0 0.0 24575.7 0. o. 0.0 0.0 0.0 

24 2.2 10703.S 0.0 5290.0 0. 0. o.o o.o 0.0 

25 7.6 37565.5 0.0 18246.3 0. 0. o.o 0.0 0.0 

26 9.6 46127.0 0.0 22067.3 0. 0. 0.0 0.0 0.0 

27 8.7 39883.1 0.0 18779.2 0. 0. 0.0 0.0 0.0 

28 0.7 3032.8 0.0 1396. 8 0. 0. 0.0 0.0 o.o 
29 0.7 3232.8 0.0 1525.7 0. o. o.o o.o o.o 
30 8. 4 35428.8 0.0 16346.2 0. o. 0.0 0.0 0.0 

31 5. 8 22263.7 0.0 10196.2 0. o. o.o 0.0 0.0 

32 3.1 11056. 8 0.0 4580.0 0. 0. 0.0 0.0 0.0 

33 1.0 3298.4 0.0 1367.8 0. 0. 0.0 0.0 0.0 

34 6.3 19528.5 0.0 7405.3 0. 0. 0.0 0.0 0.0 

35 1. 2 3276.4 0.0 1093.1 0. 0. 0.0 0.0 0.0 

36 4. 0 9912.6 0.0 3040.5 o. 0. 0.0 0.0 o.o 
37 4 .1 8432.6 0.0 1818.3 o. 0. o.o 0.0 0.0 

38 3.3 5376.9 0.0 487.5 0. 0. o.o 0.0 0.0 

39 4. 4 5332.8 0.0 0.0 0. o. o.o 0.0 0.0 

40 7.2 3750.3 0.0 0.0 0. o. 0.0 0.0 0.0 

41 0.5 16.9 0.0 0.0 0. o. 0.0 0.0 0.0 

:ailure Surfac".:! Specified By 24 Coordinate Points 

P0int X-Surf Y-Surf 

No. (ft) (ft) 

1 89.47 103.18 
2 96.55 96.11 
3 104.11 69. 57 
4 112.12 83.59 
5 120.55 78.20 
6 129.34 73.43 , 138.44 69.30 
3 1~:.23 65.25 
9 157. ,;3 63.07 
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10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

Circle 

167. 22 60. 99 
177.12 59.62 
187.10 58.97 
197. l 0 59.04 
2 07 . 07 59.83 
216.96 61. 33 
226.71 63.54 
236.28 66.44 
245.61 70.03 
2 54 . 67 74.27 
2 63. 3 9 79 .16 
271.74 84.67 
279.67 90.75 
287.15 97.40 
2 91. 63 102.00 

Center At X ~ 191.11 
Factor of Safety 

*** 8.571 *** 
Failure Surface Specified By 24 

Point X-Surf Y-Surf 
No. (ft) I ft I 

1 97.37 103.13 
2 104.44 96.06 
3 112.02 89.54 
4 120.06 83.59 
5 128.51 78.25 
6 137.34 73.55 
7 146.49 69.51 
8 155.91 66.16 
9 165. 55 63.51 

10 175.36 61. 59 
11 185.29 60.39 
12 195. 2 8 59.93 
13 205.28 60.20 
14 215.23 61. 22 
15 225.07 62. 96 

16 234.76 65. 4 3 

17 244.24 68.61 
18 253.47 72. 48 
19 262.38 77.01 
20 270.93 82. 20 
21 279.07 88.00 
22 286.77 94.38 
23 293.97 101.32 

24 2 94 . 58 102.00 
Circle Ceni::er J\t X - 196.51 

Factor of Safei::y 
r~* 8.652 ~*~ 

y 197.72 and Radius 

Coordinate Points 

y 195.25 and Radius 

Failure Surface Specified By 25 Coordinate Points 
P0int x-surf Y-Surf 
No. (ft) (ft) 

1 81.58 103.23 
2 88.68 96.19 
3 96.25 89.66 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 

104.27 
i 12. 63 
121. 4 5 
130.53 
139.88 
149.46 
:._59. 2:.. 
16j.l0 
179.06 
139.06 
199.04 
208.96 
.:: 1-?. . -. 
22S. 41 

83.68 
78.27 
73.46 
69.28 
65. 74 
62. 86 
60.66 
59.14 
58.32 
58.20 
53.77 
60.04 
:::: . 00 
64. 64 

138.80 

135. 33 
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18 237.85 67.95 
19 247.03 71. 91 
20 255.92 76.50 
21 2 64. 4 6 81. 70 
22 272.62 87.48 
23 280.35 93.82 
24 287.62 100.69 
25 288.83 102.00 

Circle Center P..t X = 185.83 y 201. 25 and Radius 
Factor of Safety 

*** 8.787 *** 
Failure 

Point 
Surface Specified By 23 Coordinate Points 

No. 
l 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

Circle 

X-Surf Y-Surf 
(ft) (ft) 

105.26 103.08 
112.34 96.02 
119.93 89.51 
127.99 83.59 
136.46 78.28 
145.31 73.62 
154.48 69.63 
163.93 66.35 
173.59 63.77 
183.42 61.93 
193.36 60.83 

60.47 
60.86 
61. 99 
63.87 
66.47 
69. 79 
73.81 
78.49 
83.83 
89.78 
96. 32 

203.35 
213.35 
223.28 
233.10 
242. 76 
252.19 
261.35 
270.18 
278.64 
2 8 6. 68 
294.25 
298.89 100.98 

203 .14 Center .!l..t X = 
Factor of Safety 

•** 8.859 *** 

y 194 .17 and Radius 

Failure Surface Specified By 23 Coordinate Points 
Point 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
l SI 
20 
21 
22 
23 ~, ___ , -

V.'-..l..•-.1..-:: 

Y.-Surf 
(ft) 

105.26 
112.35 
119. 95 
128.02 
136.52 
145.40 
154.60 
164.07 
173.76 
183.61 
193.56 
203.56 
213. 54 
223.46 
233.24 
242.84 
252.20 
261.27 
269.~3 
278.30 
286.16 
293.54 
2 96. 25 

,-,.--~--- V 
'-':H c.-::<.l.. m = 
Factor of Safety 

Y-Surf 
(ft) 

103.08 
96.02 
89.53 
83.63 
78.36 
7 3. 75 
69.83 
66.63 
64.16 
62.43 
61. 4 6 
61. 25 
61. 80 
63.11 
65.17 
67.97 
71.49 
75. 72 
80.62 
86.18 
92.1:i 
99.10 

102.00 
:'.Jl.23 Y. 1~2.41 

143.09 

133.70 

; ,, , a .,__,.,_. ~•.) 
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8.885 
Failure Surface Specified By 25 

Point X-SU!:"f Y-Surf 
No. 1ft) (ft) 

1 81. 58 103.23 
2 88.99 96.52 
3 96.80 90.28 
4 105.00 84.55 
5 113. 54 79.35 
6 122.39 74. 69 
7 131. 52 70.61 
8 140.89 67 .11 

9 150.46 64.21 
10 160.19 61.92 
11 170.05 60.24 
12 179.99 59.20 
13 189.99 58.78 
14 199.98 59.00 
15 209.95 59.84 
16 219. 84 61. 31 
17 22 9. 62 63.41 
18 239.24 66.12 
19 248.68 69.43 
20 257.89 73.33 
21 266.83 77.80 
22 275.47 82.83 
23 283.78 88.39 
24 291. 72 94.47 
25 299.11 100.90 

Circle Center At X - 191. 58 
Factor of Safety 

~** 8.965 *** 
Failure 

Point 
Surface Specified By 24 

No. 
l 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

Circ:le Center 
Fac:.-:ir 

"' 

X-Surf Y-Surf 
(ft) (ft) 
89.47 103.18 
"5.59 96.15 

104.19 89.66 
112.25 83.75 
120.73 78.43 
129.56 73.75 
138.72 69.73 
148.14 66.39 
157.79 63.74 
167.60 61. 81 
177.53 60. 60 
187.51 60.12 
197.51 60.37 
207.46 61. 34 
217.32 63.05 
227.02 65. 4 6 
236.52 68.58 
24 5. 77 72.39 
254. 71 76.86 
2 62. 31 81.98 
2 71. 50 87.70 
279.26 94.01 
286.54 100.87 
287.57 102.00 

At X a 189.08 
of Sate:y 

3.990 .. , 

Coordinate Points 

y 217.09 and Radius 

Coordinate Points 

y 196. 82 and Radius 

Failure Surface Spec:ified By 24 Coordinate Points 

?0int X-Surf Y-Surf 
no. (ft) (f!.) 

1 97.37 103.13 
2 
3 112.40 89.95 

158.31 

136.71 
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4 120.57 84.19 
5 12 9 .12 79.01 
6 138.02 74. 45 
7 14 7. 21 70.52 
8 156.66 67.24 
9 166.32 64. 64 

10 176.13 62.72 
11 186.06 61. 50 
12 196. 04 60.97 
13 206.04 61.15 
14 216.00 62.03 
15 225.88 63.61 
16 235.62 65.87 
17 245.18 68.81 
18 254.50 72. 42 
19 263.55 7 6. 67 
20 272. 28 81. 55 
21 280.65 87.03 
22 288. 61 93.08 
23 296.12 99.68 
24 297.82 101. 39 

Circle Center At X - 198.47 y 203.21 and Radius 
Factor of Safety 

*** 9.108 *** 
Failure Surface Specified By 24 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 81.58 103.23 
2 88.66 96.17 
3 96.23 89.64 
4 104.25 83.66 
5 112.67 78.28 
6 121.47 73.52 
7 130.58 69.40 
8 139.97 65.95 
9 149.58 63.18 

10 159.36 61.11 
11 169.27 59.75 
12 179.25 59.11 
13 189.25 59.18 
14 199.21 59.98 
15 209.10 61.48 
16 218.85 63.70 
17 228.42 66.61 
18 237.75 70.20 
19 246.80 74.45 
20 255.52 79.35 
21 263.87 84.85 
22 271.80 90.95 
23 279.27 97.60 
24 283.55 102.00 

Circle Center At X = 183.15 
Factor of Saf~tJ 

*** 9.115 *** 

y 197.89 

**** END OF GSTABL7 OUTPUT**~* 

and Radius 

142. 2 6 

138.84 
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CALCULATION BRIEF 
FOR 

AND FACTOR OF SAFETY AGAINST LIQUEFACTION 
FOR THE DOWNSTREAM AND UPSTREAM SLOPE GEOMETRIES 

POND CREEK COAL REFUSE DISPOSAL SITE - SOUTH POND 

OBJECTIVE: To determine the factor of safety against liquefaction CFL) for the Pond 

Creek - South Pond Phase 2 abandonment embankment and impoundment 

using the undrained steady-state shear strengths (Sus) determined for the 

impounded fine coal refuse. 

METHODOLOGY: Use GSTABL limit equilibrium analyses and fine coal refuse Sus values to 

determine FL for the Pond Creek - South Pond Phase 2 abandonment 

embankment for both downstream and upstream critical failure surfaces. 

REFERENCES: 

I. Gregory, P.E., Garry H., "GSTABL7 with STEDwin Slope Stability 

Analysis System, Version 2.0," dated September 2001. 

2. Civil & Environmental Consultants, Inc. Calculation, "Calculation 

Brief for Determination of Downstream and Upstream In-Situ Driving 

Shear Stress by Elastic (GStabl) Solution," Pond Creek Coal Refuse 

Disposal Site - South Pond," BEG, 7/12/08. 

3. Civil & Environmental Consultants, Inc. Calculation, "Calculation 

Brief for Estimation and Summary of Engineering Properties Including 

Peak and Steady-State Undrained Shear Strengths For Refuse and 

Subgrade Materials, Pond Creek Coal Refuse Disposal Site - South 

Pond," BEG, 7/12/08. 

4. Poulos, S.J., Castro, G., and France, J.W. (1985a) "Liquefaction 

Evaluation Procedure," Journal of the Geotechnical Engineering 

Division, ASCE, Vol. 111, No. GT6, pp. 772-792. 
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ANALYSIS: 

The Illinois Department of Natural Resources (IDNR) has required that the evaluation of the 
abandonment condition for the South Pond address the following issues: 

1. The classification of the existing condition of the impounded material with respect to its 
fluid nature; and 

2. The liquefaction potential of the impounded material and the related stability of the 
containing dam. 

Post-earthquake factors of safety against a liquefaction flow failure CFL) were calculated using 
steady-state principles and the Phase 2 upstream and downstream embankment/impoundment 
conditions. Following the estimation of in-situ driving shear stresses for Phase 2, the average 
vertical effective stress along the critical failure surface and various fine coal refuse "micro" 
layers was calculated. The cr'v values were determined at various stations at layer boundary 
locations shown in Figure I. Sus values were then estimated by multiplying the in-situ average 

cr'v for each layer by the 0.24 ratio. Figure 1 presents the Sus values estimated for each fine coal 
refuse layer used in the downstream post-earthquake stability analyses. 

The following soil properties were estimated based on previous field and laboratory testing as 
well as current fine coal refuse testing for use in the various post-earthquake liquefaction slope 
stability analyses: 

s ummarv o fE ngmeerin!' Properties 
Total Unit Saturated Unit Effective Effective 

Weight Weight Friction, Cohesion 
Material (yt) (ys) (cjl') (c') 

Type (ocf) (pcf) (de!!) (osf) 

Coarse Refuse 130 140 33.7 0 

Fine Refuse 80 90 0 200 to 276 

Residual Soil 125 130 19 4000 

Soil Cap 130 1135 30 0 

Note: Refuse properties provided by Alliance Consulting, Inc. based on laboratory testing and/or 
literature values noted in the Alliance static/seismic slope stability analyses. 
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Using the impoundment geometry shown in Figure 1, a series of GSTABL7 analyses were 
performed to identify the most critical circular failure surface passing through the Stage 2 
impoundment for both the downstream and upstream (abandonment) conditions. The range of 
starting and ending points for failure circle generation were iteratively analyzed to evaluate the 
critical failure surface and included the entire impoundment surface. The drained strengths of the 
coarse and total strength of the residual soil described above were used while the cohesion values 
for the fine coal refuse layers were modeled using the steady-state to effective stress relationship 
determined in Ref. 2 to estimate a factor of safety of against liquefaction. 

The minimum safety factor against liquefaction in the downstream direction for this critical stage 
is 1.6, and in the upstream direction, the minimum FL is 8. These results are based on a site

specific steady-state shear strength to effective stress relationship (Sus= 0.24 cr'v), which relates 
the shear strength of slurry fine coal refuse samples with the estimated vertical effective 
overburden pressure above the fine coal refuse layers. The following table presents the results of 
the downstream and upstream post-earthquake stability analyses. GSTABL output files are 
presented in Appendix C for the South Pond Phase 2 impoundment. 

Top of Top of Driving Shear Stress Factor of 
Phase 2 Fines Cap in Fine Coal Refuse Safety Against 

Abandonment Elevation Elevation Cl) ('td) Liquefaction 
(Crest El. 502 ft) (ft) (ft) (psf) (dim) 

Downstream 496 502 0 1.6 

Upstream 
496 502 

0 8.4 

(I) Cap mcludes 4-foot coarse refuse and 2-foot soil cover layer above top of fines elevation. Soil cover 
sloped at one percent to maintain positive drainage. 

Poulos, et al (1985) states a soil mass susceptible to liquefaction will only experience a 
liquefaction failure when a sufficiently large triggering event, such as an earthquake, causes the 
strength of the soil to decrease to the undrained steady-state strength. Conversely, a soil mass 
unsusceptible to liquefaction physically cannot fail by liquefaction since the minimum undrained 
strength exceeds the in-situ driving shear stress along the critical failure surface. 
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CONCLUSION: 

CEC has completed an evaluation of the liquefaction susceptibility of the proposed Pond Creek 
South Pond (Phase 2) abandonment geometry. Based on the information presented in this 
calculation brief, CEC determined that the Pond Creek - Phase 2 abandonment geometry is not 
susceptible to a liquefaction (flow) failure. This conclusion is based on the characterization of 
the fine coal refuse, peak and steady-state undrained shear strength, shear strains, in-situ driving 
shear stresses through the fine coal refuse and adequate factor of safety against post-earthquake 
liquefaction susceptibility in both the upstream and downstream directions. 
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Pond Creek, South Cell, Abandonment Post-Eq Downstream Analysis 

p:\_2007 _projects\072-046 williamson energy\gstabl\pond creek south cell\ky delermination\south cell downstream revised.pl2 Run By: Michael J. Sheleheda, P.E. 
250 : -:_ I : .. ···- ""'.: .• • .'. ••.• :: •• ,•-~·-·. :··· ----;-- - -~ .:·.. •• ::'. --- ···1- ···- - ... --~1 ".. , ...... , ] " ---- -··-·· -- ,-·-· -·----- --·--

7/16/2008 11:38AM 

' # FS Soil Soil Total Saturated Cohesion Friction Piez. 
a 1.63·1! Desc. Type UnitWI. Unit Wt. Intercept Angle Surface! 
b 1.635! No. (pcf) (pcf) (psf) (deg) No. 

: c ·1,537 !: CCR 1 130.0 140.0 0.0 33.7 W1 
1 d 1.6391' FCR-1 2 80.0 90.0 200.0 0.0 W1 

e 1.640! FCR-2 3 80.0 90.0 234.0 0.0 W1 
r 1.5•16: FCR-3 4 80.0 90.0 255.0 0.0 W1 

. I g 1.649 1 FCR-4 5 80.0 90.0 276.0 0.0 W1 200 . Ii I 6:iOI SOIL CAP 6 130.0 135.0 0.0 30.0 W1 
1.6501. CCR CAP 7 130.0 140.0 0.0 33.7 W1 

!· ORIG 8 125.0 135.0 400.0 19.5 W1 
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P:south cell downstream revised.OUT ?age 1 

*** GSTABL7 *** 
** GST~..BL7 by Garry H. Gregory, P.E. ~* 

T* Original Version 1.0, January 1996; Current Version 2.003, June 2002 ** 
(All Rights Reserved-Unauthorized Use Prohibited) 

********************************************************************************* 
SLOPE STP.BILITY ANALYSIS SYSTEM 

Modified Bishop, Simplified Janbu, or GLE Method of Slices. 
{Includes Spencer & Morgenstern-Price Type Analysis) 
Including Pier/Pile, Reinforcement, Soil Nail, Tieback, 
Nonlinear Undrained Shear Strength, Curved Phi Envelope, 
Anisotropic Soil, Fiber-Reinforced Soil, Boundary Loads, Water 
Surfaces, Pseudo-Static & Newmark Earthquake, and Applied Forces. 

**************~****************************************************************** 
Analysis Run Date: 7/16/2008 
Time of Run: 11:38AM 
Run By: Michael J. Sheleheda, P.E. 
Input Data Filename: P:\ 2007 Projects\072-046 Williamson Energy\GStabl\Pond Cree 

k South Cell\Ky Determination\south cell downstream revised.in 
Output Filename: P:\_2007_Projects\072-046 Williamson Energy\GStabl\Pond Cree 

k South Cell\Ky Determination\south cell downstream revised.OUT 
Unit System: English 
Plotted nu+-pu+- i:;'~1°.,..,,,m.c,• P:\ 2007 Projec'ts\072-046 Willia Ene:rgy\G.Stabl\Pond Creek So 

uth Cell\Ky Det~rmination\south ce11 d0wnstream revised.PLT 
PROBLEM DESCRIPTION: Pond Creek, South Cell, Abandonment 

Post-Eq Downstream F.nalysis 
BOUNDARY COORDINATES 

4 Top Boundaries 
17 Total Boundaries 

Boundary X-Left Y-Left 
No. (ft) (ft) 

1 SO.OD 66. 00 
2 159.40 66.00 
3 253.00 102.00 
4 273.00 102. 00 
5 273.00 102.00 
6 278.20 100. 00 
7 278.20 100.00 
8 288.60 96.00 
9 288.60 96.00 

10 304.20 90.00 
11 304.20 90.00 
12 330.20 80.00 
13 330.20 80.00 
14 356.20 70.00 
15 159.40 66. 00 
16 356.20 70. 00 
17 382.20 60.00 

Default Y-Origin = O.OO(ft) 
Default X-Plus Value= O.OO(ft) 
Default Y-Plus Value= O.OO(ft) 

ISOTROPIC SOIL PAR..t\METERS 
8 Type(s) of Soil 

X-Right 
(ft) 

159.40 
253.00 
273.00 
450.00 
278.20 
450.00 
288.60 
450.00 
304.20 
450.00 
330.20 
450.00 
356.20 
450.00 
356.20 
382.20 
450.00 

Soil Total Sa~urated Cohesion Friction 
Type Unit Wt. Unit Wt. Intercept _r,_ngle 

No. (pcf) (pcf) (psf) (deg) 
l 130.0 140.0 0.0 33.7 
2 80.0 90.0 200.0 0.0 
3 80.0 90.0 234.0 0.0 
4 80.0 90.0 255.0 0.0 
5 80.0 90.0 276.0 0.0 
6 130.0 135.0 0.0 30.0 
7 130.0 140.0 0.0 33.7 
a 12s.o 135.0 400.o 19.5 

l PI:SZOMETRIC SURF_.::1.CE (S) SPSCI5'IED 
Unit Weight. of Wa.:er = 62. 40 (pcf) 
Piezomet~ic Surface No. 1 Specified by 
Pore Pressure Inclination Factor O.SO 

Point X-Water Y-Wat.er 
No. ( ft j (ftJ 

Y-Right Soil Type 
(ft) Below Bnd 
66.00 8 

102.00 l 
102.00 1 
103.75 6 
100.00 1 
101.75 7 

96.00 1 
96. 00 2 
90.00 1 
90.00 3 
80.00 1 
80.00 4 
70.00 l 
70.00 5 
70.00 8 
60.00 8 
60.00 8 

Pore Pressure Piez. 
Pressure Constant Surface 

Param. {psf) No. 
0.00 0.0 l 
0.00 0.0 l 
0.00 o.o 1 
0.00 0.0 l 
0.00 0.0 l 
0.00 o.o l 
0.00 0.0 l 
0.00 0.0 l 

4 Coordinate Points 
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l 
2 
3 
4 

50.00 
182.00 
280.80 
450.00 

64.00 
64.00 
99.00 
99.00 

Searching Routine Will Be Limited 
Of Which The First 1 Boundaries 
Boundary X-Left Y-Left 

No. (ft) (ft) 

1 50.00 50.00 

To ?.n Area Defined By 
Will Deflect Surfaces 

X-Right Y-Right 
(ft) (ft) 

450.00 58.00 
EARTHQUAKE DATA a~s BEEN SUPPRESSED 

1 Boundaries 
Upward 

A Critical Failure Surface Searching Method, Using A Random 

Technique For Generating Circular Surfaces, Has Been Specified. 

400 Trial Surfaces Have Been Generated. 
20 Surface{s) Initiate(s) From Each Of 20 Points Equally Spaced 

Along The Ground Surface Between X 125.00(ft) 
and X 170.00(fc) 

Each Surface Terminates Between X 240.00(ft) 
and X 450.00(ft) 

Unless Further Limitations Were Imposed, The Minimum Elevation 

At Which A Surface Extends Is Y = 0.00(ft) 

10.00(ft} Line Segments Define Each Trial Failure Surface. 

Following Are Displayed The Ten Most Critical Of The Trial 

Failure Surfaces Evaluated. They Are 
Ordered - Most Critical First. 
**Safety Factors Are Calculated By The Modified Bishop Method* * 

Slice 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

Total Number of Trial Surfaces Evaluated 400 

Statistical Data On All Valid FS Values: 
FS Max= 3.307 FS Min= 1.631 FS Ave= 1.968 

Standard Deviation= 0.303 Coefficient of Variation 15.41 % 

Failure Surface Specified By 17 
Point X-Surf Y-Surf 

No. (ft) (ft) 

1 146.32 66.00 
2 155.23 61.48 
3 164.58 57.91 
4 174.24 55.34 
5 184.12 53.79 
6 194.11 53.29 
7 204.09 53.83 
8 213.97 55.41 
9 223.62 58.01 

10 232.95 61.61 
11 241.86 66.16 
12 250.23 71.62 
13 258.00 77.93 
14 265.06 85.01 
15 271.34 92.79 
16 276.78 101.18 
17 277.21 102.04 

Circle Center At X = 193.95 
Factor of Safety 

Width 
(ft) 
3. 9 
5.0 
4.2 
5.2 
9. 7 
7. 3 
2.1 
5.2 
4.7 

10.0 
9.9 

*** 1.631 *~* 
Individual data on the 

Weight 
(lbs) 
4 92. 9 

2091. l 
2907.5 
5528.1 

16864.1 
18896.4 
5903.l 

15841.2 
15746.5 
36868.6 

Water 
Fo::-ce 

Top 
(lbs) 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

Water 
Force 
Bot 

(lbs) 
0.0 

439.1 
923. 3 

17 64. 0 
4602.1 
4542.l 
1317.2 
3719.4 
3929.0 
9722. 8 

Coordinate Points 

y 148.86 

25 slices 
Tie Tie 

Force Force 
Norm Tan 
(lbs) (lbs) 

0. 0. 
0. 0. 
0. 0. 
0. 0. 
0. 0. 
0. 0. 
0. 0. 
0. 0. 
0. 0. 
0. 0. 
Q. 0. 

and Radius 95.57 

Earthquake 
Force 

Ver 
Surcharge 

Hor 
(lbs) 

0.0 
o.o 
0.0 
0.0 
0.0 
0.0 
0.0 
o.o 
0.0 
0.0 
0.0 

(lbs) 
0,0 
0.0 
0.0 
0,0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

Load 
(lbs) 

O.D 
0.0 
0.0 
0.0 
0.0 
0.0 
o.o 
0.0 
0.0 
o.o 
n.o 
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12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

( 

9. 7 41681.5 0.0 11976.2 

9. 3 41104.8 o.o 12130.5 

8. 9 38666.4 o.o 11631. 9 

2. 4 10150.9 o.o 3151. 2 

6.0 24396.6 0.0 7334.6 

2. 8 10743.4 0.0 3341.8 

5.0 17622.9 0.0 5363.1 

7 .1 19563.0 o.o 6308.5 

6.3 11036.7 0.0 3322.9 

1. 7 1740.8 0.0 337.3 

0. 7 592.2 o.o 35.9 

2.7 1206.0 o.o 0.0 

0. 3 47. 3 o.o 0.0 

0. 4 24.4 o.o 0.0 

Failure Surface Specified By 16 

Point X-Surf Y-Surf 

No. (ft) (ft) 

1 148.68 66.00 

2 157 . 67 61. 62 

3 167. 07 58.21 

4 176.78 55. 79 

5 186.68 .54. 41 

6 196. 68 54.08 

7 206.65 54.79 

8 216.50 56.54 

9 226.10 59.31 

10 235.37 63.08 

11 244.19 67.80 

12 252. 4 6 73.41 

13 260.11 79.86 

14 267. 0 3 87.07 

15 273.16 94.97 

16 277.55 102.04 

Circle Center At X = 194.87 ; 

Fac;:or of Safety 

*** 1.635 *** 

P:south cell 

0. 0. 
0. 0. 
0. o. 
0. 0. 
o. 0. 
0. o. 
0. 0. 
0. 0. 
0. 0. 
0. 0. 
0. 0. 
0. 0. 
0. 0. 
0. 0. 

Coordinate Points 

y = 149.27 ; and 

Failure 
Point 

Surface Specified By 16 Coordinate Points 

No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

X-Surf Y-Surf 

(ft) 
146.32 
155.28 
164.66 
174.36 
184.26 
194.26 
204.23 
214.07 
223.65 
232.88 
241.65 
249.86 
257. 41 
264.21 
270.20 
27 4. 00 

(ft) 
66.00 
61.56 
58.10 
55.67 
54.28 
53. 95 
54.70 
56.50 
59.34 
63.19 
67. 99 
73. 71 
80.27 
87.59 
95.60 

downstream revised.OUT 

0.0 0.0 0.0 

0.0 0.0 0.0 

0.0 0.0 0.0 

o.o 0.0 0.0 

0.0 0.0 0.0 

0.0 0.0 0.0 

0.0 0.0 0.0 

0.0 0.0 0.0 

0.0 0.0 0.0 

0.0 0.0 0.0 

0.0 0.0 0.0 

o.o 0.0 0.0 

0.0 0.0 0.0 

o.o 0.0 0.0 

Radius 95.22 

Circle Center _i,,_t X = 
Factor of Safety 

102.01 
192.27 ; Y 147.41 and Radius 93. 48 

*** 1.637 **~ 

FB-ilure 
?oint 

No. 
1 
2 
3 
4 
5 
6 
7 

Sur:ace Specified By 17 Coordinate 

x-su~f Y-Surf 
( ft) (ft) 

141.58 66.00 

150.50 61.49 
159.84 57.91 
169.50 55.31 

179.37 53.71 

189.35 53.12 
199.34 :,3 .S6 

Points 

Page 3 
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8 209.24 55.02 
9 218.93 57.48 

10 228.32 60.91 
11 237.31 65. 29 
12 245.81 70.56 
13 253. 72 7 6. 68 
14 260.97 83. 57 
15 2 67. 4 7 91. l 6 
16 273.17 99.38 
17 27 4. 62 102.02 

Circle Center At X = 190.08 y 150.88 and Radius 97. 7 6 

Factor of Safety 
*** 1.639 *** 

Failure 
Point 
No. 

1 

Surface Specified By 16 Coordinate Points 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

X-Surf Y-Surf 
(ft) (ft) 

151.05 66.00 
159.86 61.27 
169.18 57.62 
178.85 
188.76 
198.76 
208. 71 
218.46 
227.88 
236.83 
245.19 
252.84 
2 59. 67 
265.58 
270.49 
271.03 

55.11 
53.77 
53.61 
54.65 
56.86 
60.22 
64. 67 
70 .16 
7 6. 60 
83.91 
91. 97 

Circle Center At X = 

100.69 
102.00 

195.05 
Factor of Safety 

*** 1.640 *** 
Failure 

Point 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

Surface Specified By 16 
X-Surf Y-Surf 

(ft) (ft) 
148.68 66.00 
157.44 61.17 
166.72 57.45 
176.39 54.89 
186.30 53.54 
196.30 53.41 
206.24 
215. 96 
225.34 
234.21 
242.46 
249.94 
256.56 
2 62. 21 
266.80 
266.86 

54.51 
56.82 
60.31 
64.91 
70.58 
77.20 
84.70 
92.95 

Circle Center At X = 

101.84 
102.00 

192.33 
Factor of Safety 

*** 1.646 *** 
Failure 

Point 
No. 

1 
2 
3 
4 
5 
6 
7 
3 

Sur:ace Specified By 16 
X-Surf Y-Surf 

(ft) (ft) 
148.68 66.00 
157.85 61.99 
167.36 58.90 
177.13 56.77 
187.06 55.60 
197.06 
207.02 
216.87 

55.41 
56.21 
57. 98 

y 137.31 and Radius 83.79 

Coordinate Points 

y 134. 71 and Radius 81. 40 

Coordinate Points 
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9 226.49 60. 71 
10 235.79 64.37 
11 244.69 68.93 
12 253.10 74. 34 
13 260.94 80.55 
14 268.13 87.50 
15 274.60 95.13 
16 279.40 102.06 

Circle Center -~t X ~ 193.94 
Factor of Safety 

*** 1.649 *** 
Failure Surface Specified By 18 

Po inc X-Surf Y-Surf 
No. {ft) (ft) 

1 139.21 66.00 
2 148.34 61.92 
3 157.78 58.61 
4 167.46 56.10 
5 177.31 54.41 
6 187.28 53.55 
7 197.28 53.53 
8 207.24 54.34 
9 217.11 55.98 

10 226.80 58.44 
11 236.25 61.70 
12 245.40 65.73 
13 254.18 70.52 
14 262.53 76.03 
15 270.39 82.21 
16 277.71 89.03 
17 284.43 96.43 
18 288.81 102.16 

Circle Center At X = 192.55 
Factor of Safety 

*** 1.650 *** 
Failure 

Point 
No. 

l 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

Circle 

Surface Specified By 15 
X-Surf Y-Su~f 

(ft) {ft) 
151.05 66.00 
159.94 61.41 
169.32 57.95 
179.05 55.66 
189.00 54.59 
198.99 54.75 
208.90 56.14 
218.56 58.73 
227.82 62.50 
236.55 67.37 
244.62 73.28 
251.90 80.13 
258.28 87.83 
263.67 96.26 
266.41 102.00 

Center At X = 192.70 
Factor of Safe~y 

*** 1,650 *Y* 

P:south cell downs.:ream 

y 156.89 and Radius 

Coordinate Points 

y 172.86 and Radius 

Coordinate Points 

y 135.70 and Radius 

Failure 
Point 

Surface Specified By 17 Coordinate Points 

No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 

X-Surf Y-Surf 
(ft) (ft) 

141.58 66.00 
150. 68 61.85 
160 .14 58. 60 
169.86 56. 27 
179.76 54.89 
189.76 54.47 
199.74 55.01 
209.63 56.50 
219.33 SR.44 

revised.OUT Page 5 

101.54 

119.43 

81.20 
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10 228.75 62.30 
11 237.80 66.55 
12 246.40 71. 65 
13 254.47 77,56 
14 261. 94 84.21 
15 268.73 91.55 
16 274.78 99.51 
17 276.34 102.03 

Circle Center At X = 189.16 y 158.37 and Radius 103.91 
Factor of Safety 

*** 1.653 *** 
**** END OF GSTABL7 OUTPUT**** 
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Pond Creek, South Cell, Abandonment Post-Eq Upstream Analysis 
p:\ 2007 _projects\072-046 Williamson energy\gstabl\pond creek south cell\ky determination\south cell upstream revised.pl2 
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*** GSTABL7 *** 
~* GSTP.BL7 by Garry H. Gregory, P.E. ** 

** Original Version 1.0, January 1996; Current Version 2.003, June 2002 ** 

(All Rights Reserved-Unauthorized Use Prohibited) 

***************************************************************~***************** 

SLOPE STP.BILITY ANALYSIS SYSTEM 

Modified Bishop, Simplified Janbu, or GLE Method of Slices. 

(Includes Spencer & Morgenstern-Price Type .Analysis) 

Including Pier/Pile, Reinforcement, Soil Nail, Tieback, 

Nonlinear Undrained Shear Strength, Curved Phi Envelope, 

Anisotropic Soil, Fiber-Reinforced Soil, Boundary Loads, Water 

Surfaces, !?.:Jcudo-Static & Newmark F,nrthquake, and P.pplied Forces. 

*********~*************************************~**************~****************** 

Analysis Run Date: 7/16/2008 

Time of Run: 11:43F.M 

Run By: Michael J. Sheleheda, P.E. 

Input Data Filename: P:\ 2007 Projects\072-046 Williamson Energy\GStabl\Pond Cree 

k South Cell\Ky Determination\south cell upstream revised.in 

Output Filename: P:\ 2007 Projects\072-046 Williamson Energy\GStabl\Pond Cree 

k South Cell\Ky Deterrnination\south cell upstream revised.OUT 

Unit System: English 
Plotted Out.put Filename: P:\ 2007 Projects\072-04.6 Willia Sne:rgy\GStabl\Pond Creek So 

uth Cell\Ky Determination\south ce11 uPstream revised.PLT 

PROBLEM DESCRIPTION: Pond Creek, South Cell, ~.bandonment 
Post-Eq Upstream Analysis 

BOUNDARY COORDINATES 
4 Top Boundaries 

19 Total Boundaries 
Boundary X-Left Y-Left X-Right Y-Right Soil Type 

No. (ft) (ft) 
1 o.oo 103.75 
2 276.24 102.00 
3 296.24 102.00 
4 389.84 66.00 
5 o.oo 101.75 
6 271.04 100.00 
7 0.00 96.00 
8 260.64 96. 00 
9 0.00 90.00 

10 245.04 90.00 
11 0.00 80.00 
12 219.04 80.00 
13 o.oo 70.00 
14 193.04 70.00 
15 o.oo 60.00 
16 167.04 60.00 
17 193.46 70.16 
18 270.39 68.00 
19 341.70 66.00 

Default Y-Origin = O.DO(ft) 

Default X-Plus Value= O.OO(ft) 
Default Y-Plus Value= O.OO(ft) 

ISOTROPIC SOIL PARAMETERS 
8 Type(s) of Soil 

Soil Total Saturated Cohesion 
Type Unit Wt. Unit Wt. Intercept 

No. (pcf) (pcf) (psfJ 
1 130.0 140.0 0.0 
2 80.0 90.0 200.0 
3 80.0 90.0 234.0 
4 80.0 90.0 255.0 
5 80.0 90.0 276.0 
6 130.0 135.0 0.0 
7 130.0 140.0 0.0 
8 125.0 135.0 400.0 

(ft) 
276.24 
296. 24 
389.84 
400.00 
271.04 
276.24 
2 60. 64 
271.04 
245.04 
260.64 
219.04 
245.04 
193. 04 
219.04 
167.04 
193.04 
270.39 
341. 70 
389.84 

Friction 
.l'.l..ngle 
(deg) 
33. 7 
0.0 
0.0 
0.0 
0.0 

30.0 
33.7 
19.5 

1 PIEZOMETRIC SURFACE(S) SPECIFIED 
Unit Weight of Water= 62.40 (pcf) 
Piezornetric Surface No. l Specified by 

(ft) Below Bnd 
102.00 6 
102.00 1 

66.00 1 
66.00 8 

100.00 7 
102.00 l 

96.00 2 
100.00 1 

90.00 3 
96.00 1 
80.00 4 
90.00 l 
70.00 5 
80.00 l 
60. 00 8 
70.00 8 
68.00 8 
66.00 8 
66.00 8 

Pore Pressure Piez. 
Pressure Cons-cant Surface 

Param. (psf) No. 
0.00 0.0 1 
0.00 0.0 l 

0.00 0.0 1 
0.00 0.0 1 
0.00 0.0 l 

0.00 0.0 l 

0.00 0.0 l 
0.00 0.0 1 

4 Coordinate ?oints 
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Point 
No. 

1 
2 
3 
4 

Searching 
Of Which 
Boundary 

No. 

X-Water 
(ft) 

0.00 
2 60. 64 
359.44 
400.00 

Routine Will 
The First 1 

X-Left 
(ft) 
0.00 

Y-Water 
(ft) 

99.00 
99.00 
64.00 
64.00 

Be Limited 
Boundaries 

Y-Left 
(ft) 
58.00 

To ~.n Area Defined By 
Will Deflect Surfaces 
X-Right Y-Right 

(ft) (ft) 
400.00 58.00 1 

EARTHQUAKE DATA H..~S BEEN SUP?RESSED 

1 Boundaries 
Upward 

A Critical Failure Surface Searching Method, □ sing A Random 

Technique For Generating Circular Surfaces, Has Been Specified. 

400 Trial Surfaces Have Been Generated. 
20 Surface(s) Initiate(s) From Each Of 20 Points Equally Spaced 

Along The Ground Surface Between X 50.0D{ft) 
and X 200.001ft) 

Each Surface Terminates Between X 270.00(ft) 
and X 300.00(ft) 

Unless Further Limitations Were Imposed, The Minimum Elevation 

At Which A Surface Extends Is Y = O.OO(ft) 
10.00(ft) Line Segments Define Each Trial Failure Surface. 

The Factor Of Safety For The Trial Failure Surface Defined 

By The Coordinates Listed Below Is Misleading. 

Failure Surface Defined By 25 Coordinate Points 
Point X-Surf Y-Surf 

No. (ft) (ft) 
1 50.00 103.43 
2 59.85 101.73 
3 69.73 100.17 
4 79.63 98.75 
5 89.55 97.48 
6 99.49 96.36 
7 109.44 95.39 
8 119.40 94.56 
9 129.38 93.87 

10 139.37 93.34 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

149.36 
15 9. 3 6 
169.36 
179.36 
18 9. 35 
199.35 
209.34 
219. 31 
229.28 
239.24 
24 9 .18 
259.10 
269.01 
278.89 
283.09 

92.95 
92. 71 
92. 62 
92. 67 
92.87 
93.22 
93.71 
94.36 
95.15 
96.08 
97.17 
98.39 
99.77 

101. 29 
102.00 

Factor Of Sa ety For The Preceding Specified Surface =-43.485 

The Factor O Safety For The Trial Failure Surface Defined 

By The Coord nates Listed Below Is Misleading. 

Failure Surface Defined By 26 Coordinate Points 
Point X-Surf Y-Surf 

No. {f~l (ft) 
l 50.00 103.43 
2 59.58 100.56 
3 69.23 97.93 
4 78.93 95.~3 
5 88.70 93.36 
6 98.51 91.44 
7 108.37 89.76 
8 118.26 88.32 
9 128.19 87. 2..'.2 
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10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 

138.15 
:!.48.12 
158.11 
168 .11 
178 .11 
188.10 
198.09 
208.06 
218.01 
227.93 
237.82 
247.67 
257. 4 8 
267. 2 3 
276.93 
286.57 
289. 71 

86 .17 
85.45 
84.99 
84. 7 6 
84.78 
85.05 
85.56 
86.31 
87.31 
88.55 
90.03 
91. 76 
93. 72 
95.93 
98.37 

101.04 
102.00 

P:south cell upstream revised.OUT Page 3 

Factor Of Safety For The Preceding Specified Surface =-28.283 

The Factor Of Safety For The Trial Failure Surface Defined 

By The Coordinates Listed Below Is Misleading. 

Failure Surface Defined By 24 Coordinate Points 

Point X-Surf Y-Surf 

No. (ft) (ft} 

1 50.00 103.43 

2 59.81 101.50 

3 69.66 99.75 

4 79.53 98.16 

5 89.43 96.74 

6 99.35 95. 4 9 

7 109.29 94.42 

8 119.25 93.52 

9 129.23 92.79 

10 139.21 92.23 

11 149.20 91.85 

12 159.20 91.63 

13 169.20 91.60 

14 179.20 91. 73 

15 189.19 92.04 

16 199.18 92.52 

17 209.16 93 .17 

18 219. 13 94.00 

19 229.08 94.99 

20 239.01 96.16 

21 248.92 97.51 

22 258.80 99.02 

23 268.66 100.70 

24 275.56 102.00 

factor Of Safety For The Preceding Specified Surface =-38.522 

The Factor Of Safety For The Trial Failure Surface Defined 

By The Coordinates Listed Below Is Misleading. 

Failure Surface Defined By 27 Coordinate Points 

Point X-Surf Y-Surf 

No. (ft) (ft) 

1 50.00 103.43 

2 59.78 101.36 

3 69.60 99.44 

4 79.44 97.69 

5 89.31 96.09 

6 99.21 94.66 

7 109.13 93.39 

8 119.07 92.28 

9 129.02 91.34 

10 138.99 90.56 

11 148.97 89.94 

12 158.96 89.49 

13 168.96 89.20 

14 178.96 89.07 
188.96 89.10 
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16 198. 96 89.30 
17 208.95 89.67 
18 218.94 90.20 
19 228.91 90.89 
20 238.88 91. 7 4 
21 248.82 92. 7 6 
22 258.75 93.94 
23 268.66 95.28 
24 278.55 96. 78 
25 288.41 98. 45 
26 298.24 100.27 
27 299.87 100.60 

Factor Of Safety For The Preceding Specified Surface =-33.944 
The Factor Of Safety For The Trial Failure Surface Defined 
By The Coordinates Listed Below Is Misleading. 
Failure Surface Defined By 26 Coordinate Points 

Point 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 

X-Surf 
(ft) 
50.00 
58.92 
68.02 
77.28 
86.68 
96.21 

105.85 
115.59 
125.42 
135. 31 
145.25 
155.23 
165.22 
175.22 
185.21 
195.17 
205.08 
214.93 
224.71 
234.39 
243.97 
253.42 
2 62. 7 4 
271.91 
280.90 
281.74 

Y-Surf 
(ft) 

103.43 
98.92 
94.77 
90.99 
87.58 
84.55 
81. 90 
79.64 
77.77 
76.29 
75.21 
74.53 
74.25 
74.37 
7 4. 8 9 
75.80 
77.12 
78. 83 
80.93 
83.42 
86.30 
89.55 
93.19 
97.19 

101. 55 
102.00 

Factor Of Sa ety For The Preceding Specified Surface =-56.250 
The Factor O Safety For The Trial Failure Surface Defined 
By The Coord nates Listed Below Is Misleading. 
Failure Surface Defined By 25 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 50.00 103.43 
2 58.94 98.95 
3 68.05 94.82 
4 77.32 91.07 
5 86.73 87.68 
6 96.26 84.68 
7 105.91 82.06 
8 115.66 79.83 
9 125.49 77.99 

10 135.39 76.55 
11 
12 
13 
14 
15 
16 
17 
18 

145.33 
155.31 
165.31 
175.31 
185.29 
195.25 
205.16 
215.UU 

75.50 
74.85 
74.60 
74.75 
75.30 
76.25 
77.60 
79.34 
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19 224.77 81. 4 7 
20 234.45 84.00 
21 244.02 86.90 
22 253. 4 6 90.19 
23 262.76 93.86 
24 271. 91 97.89 
25 280.31 102.00 

Factor Of Safety For The Preceding Specified Surface =-43.156 
The Factor Of Safety For The Trial Failure Surface Defined 
By The Coordinates Listed Below Is Misleading. 
r·ailure Surfa.t.:E::! Defl!lE::!tl. By 27 Cucndfr1ate Point.3 

Point X-Surf Y-Surf 
No. (ft) (ft) 

l 50.00 103.43 
2 59.65 100.81 
3 69.35 98.39 
4 79.10 96.18 
5 88.90 94.17 
6 98.74 92.37 
7 108.61 90.78 
8 118.51 89.39 
9 128.44 88.22 

10 138.40 87.25 
11 148.37 86.50 
12 158.35 85.95 
13 168.35 85.62 
14 178.35 85.50 
15 188.35 85.59 
16 198.34 85.89 
17 208.33 86.40 
18 218.30 87.12 
19 228.26 88.06 
20 238.20 89.20 
21 248.10 90.55 
22 257.98 92.11 
23 267.82 93.88 
24 277.63 95.86 
25 287.38 98.04 
26 297.10 100.43 
27 299.00 100.94 

Factor Of Safety For The Preceding Specified Surface =-36.351 
The Factor Of Safety For The Trial Failure Surface Defined 
By The Coordinates Listed Below Is Misleading. 
Failure Su=face Defined By 24 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

l 57.89 103.38 
2 67.21 99.76 
3 76.65 96.45 
4 86.19 93.45 
5 95.83 90.77 
6 105.54 88.42 
7 115.34 86.39 
8 125.19 84.68 
9 135.09 83.31 

10 145.04 82.26 
11 155.01 81.55 
12 165.01 81.17 
13 175.01 81.12 
14 185.00 81.40 
15 194.98 82.02 
16 204.94 82.97 
17 
18 
19 
20 
21 
22 

214.86 
224.73 
234.54 
244.28 
253.94 
263. 52. 

84.25 
85.06 
87.79 
90.05 
92.64 
95.5<1 
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272. 98 
281.55 

98. 76 
102.00 
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Fac~or Of Safety For The Preceding Specified Surface =-24.764 

The Fac~or Of Safety For The Trial Failure Surface Defined 

By The Coordinates Listed Below Is Misleading. 
Failure Surface Defined By 26 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 57.89 103.38 
2 67.52 100.68 
3 77.21 98.21 
4 86.95 95.95 
5 96.75 93.92 
6 106.58 92.11 
7 116.45 90.52 
8 126.36 89.16 
9 136.30 88.03 

10 146.26 87.13 
11 156.23 86.45 
12 166.22 86.00 
13 176.22 85.78 
14 186.22 85.78 
15 196.22 86.02 
16 206.21 86.48 
17 21&.18 87.17 
18 226.14 88.09 
19 236.07 89.23 
20 245.98 90.60 
21 255.85 92.20 
22 265.68 94.02 
23 275.47 96.07 
24 285.21 98.34 
25 294.90 100.83 
26 297.43 101.54 

Factor Of Safety For The Preceding Specified Surface =-36.183 
The Factor Of Safety For The Trial Failure Surface Defined 

By The Coordinates Listed Below Is Misleading. 
Failure Surface Defined By 25 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 57.89 103.38 
2 66.76 98.76 
3 75.81 94.51 
4 85.04 90.64 
5 94.41 87.16 
6 103.92 84.08 
7 113.56 81.39 
8 123.29 79.11 
9 133.11 77.23 

10 143.01 75. 77 
11 152.95 74.71 
12 162.93 74.08 
13 172.93 73.86 
14 182.93 74.06 
15 192.91 74.67 
16 202.85 75.70 
17 212.75 77.14 
18 222.58 79.00 
19 232.32 81.26 
20 241.95 83.92 
21 251.47 86.99 
22 260.86 90.45 
23 270.09 94.29 
24 279.15 98.52 
25 285.86 102.00 

Factor Of Sa ety For The Preceding Spe ified Surface=******* 

The Fac~or o Safety For The Trial Fai ure Surface Defined 
3y 'I'h-3 C00rd ,-,~+-oc, T.; c,--orl 'A.ol ,..,.,, Is MlS '2.:!.Ql!""!.g. 
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Failure Surface Defined By 26 Coordinate Points 

Point X-Surf 
No. (ft) 

1 57.89 
2 67.17 
3 7 6. 55 
4 86.04 
5 95.63 
6 105.29 
7 115.04 
8 124.85 
9 134. 71 

10 144.62 
11 154.57 
12 164.55 
13 174.54 
14 184.54 
15 194.54 
16 204.52 
17 214.48 
18 224.42 
19 234.31 
20 244.15 
21 253. 92 
22 2 63. 63 
23 273.26 
24 282.80 
25 292.24 
26 299.71 

Factor Of Sa ety For 
The Factor 0 Safet 
By The Coord nates 
Failure Surface Def 

Point X-Surf 
No. (ft) 

1 57.89 
2 67.14 
3 76. 51 
4 85.98 
5 95.55 
6 105.21 
7 114. 95 
8 124.75 
9 134.61 

10 144.52 
11 l 54. 4 7 
12 164. 4 4 
i3 174.44 
14 184.44 
15 194.43 
16 204.42 
17 214.38 
18 224.30 
19 234.19 
20 244.02 
21 253.78 
22 2 63. 4 8 
23 273.08 
24 282.60 
25 292.01 
26 299.15 

Y-Surf 
(ft) 

103.38 
99.64 
96.19 
93.04 
90.18 
87.62 
85.37 
83. 43 
81. 79 
80.46 
79. 44 
78.73 
78.34 
78.26 
78. 49 
79.03 
7 9. 88 
81.05 
82.53 
84.31 
86. 40 
88.80 
91. 50 
94.50 
97.79 

100.66 
The Preceding Specified Surface=******* 

For The Trial Failure·surface Defined 

isted Below Is Misleading. 
ned By 26 Coordinate Points 

Y-Surf 
(ft) 

103.38 
99.58 
96.08 
92.87 
89.97 
87.38 
85.10 
83.13 
81. 47 
80.13 
7 9 .10 
78.40 
78.01 
77.94 
78.20 
78.77 
79.66 
80.86 
82.39 
84.22 
86. 37 
88.84 
91. 61 
94. 68 
98.06 

100.88 
Factor Of Sa ety For The Preceding Specified Surface=***~*~* 

The Fact':)r O Safety For The Trial Failure Surface Defined 

By The Coord nates Listed Below Is Misleading. 

Failure Surface Defined By 26 Coordinate Points 

Point X-Surf Y-Surf 
No. (fc) (ft) 

l 51.89 103.38 
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2 67.77 101. 80 
3 77.66 100.34 
4 87.57 99.01 
5 97.50 97.80 
6 107.44 96. 72 
7 117.40 95.77 
8 127.36 94.94 
9 137.34 94.24 

10 147.32 93.67 
11 157.31 93.23 
12 167.31 92.91 
13 177.30 92.71 
14 187.30 92.65 
15 197.30 92. 71 
16 207.30 92.90 
17 217.30 93.22 
18 227.29 93.66 
19 237.27 94.23 
20 247.25 94.93 
21 257.21 95. 7 5 
22 267.17 96. 70 
23 277. 11 97.78 
24 287.04 98.98 
25 296.95 100.31 
26 299.62 100.70 

Factor Of Safety For The Preceding Specified Surface =-40.221 

The Factor Of Safety For The Trial Failure Surface Defined 

By The Coordinates Listed Below Is Misleading. 

Failure Surface Defined By 25 Coordinate Points 
Point X-Surf Y-Surf 

No . (ft) (ft) 
1 57.89 103.38 
2 66.88 99.00 
3 76.04 94.97 
4 85.34 91.32 

ilililUuuuuuuuuuuuuuuuu 
r.r.r.r.r.r.rrr.r.rrrrrrr.r.r.r.r.r.r.r. SOME LINES 

Following Are Displayed The Ten Most Critical Of The Trial 

Failure Surfaces Evaluated. They Are 
Ordered - Most Critical First. 

revised.OUT 

* * Safety Factors Are Calculated By The Modified Bishop Method* * 

Total Nu.rnber of Trial Surfaces Evaluated= 400 
Number of Trial Surfaces with Misleading FS 144 

Percentage of Trial Surfaces With Non-Valid FS Solutions 

of the Total Evaluated= 36.0 % 
Statistical Data On All Valid FS Values: 

FS Max= 477.564 FS Min= 9.486 FS Ave= 34.448 

Standard Deviation= 51.756 Coefficient of Variation 150.24 % 

Failure Su=face Specified By 25 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 89.47 103.18 
2 96.57 96.14 
3 104.14 89.61 
4 112.15 83.62 
5 120.57 78.22 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
19 

129.34 
138.43 
147.79 
157.37 
167. 13 
117.02 
186.99 
196.99 
206.97 
216.88 
226.68 
236.31 
'.:45. 72 

73.42 
69.25 
65.72 
62.87 
60.69 
59.21 
58. 42 
58.34 
58.96 
60.28 
62. 29 
64.98 
63.35 

Page 8 
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19 254.88 72.37 
20 263.73 77.02 
21 272.24 82.29 
22 280.35 88.13 
23 288.03 94.54 
24 295.24 101. 46 
25 295.73 102.00 

Circle Center ]:l..t X - 193.18 y 200.50 and Radius 142.22 

Factor of Safety 
*** 9.486 *** 

Individual data on the 41 slices 
Water Water Tie Tie Earthquake 
Force Force Force Force Force Surcharge 

Slice Width Weight Top Bot Norm Tan Hor Ver Load 

No. (ft) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) 

1 2.0 266.4 o.o 0.0 0. o. o.o o.o 0.0 

2 2.2 871.5 0.0 o.o 0. 0. o.o o.o 0.0 

3 2.9 2132.6 0.0 363.l o. 0. o.o 0.0 0.0 

4 0.2 149.9 0.0 38.2 0. 0. 0.0 0.0 0.0 

5 7.0 8522.5 0.0 3439.7 0. 0. 0.0 0.0 0.0 

6 0.5 690.7 0.0 346.7 0. 0. 0.0 0.0 0.0 

7 8.0 14368,7 0.0 7728. 8 0. 0. 0.0 0.0 o.o 
8 5.6 12519.1 0.0 7189.6 0. 0. 0.0 0.0 o.o 
9 2. a 6822. 4 0.0 4092.0 0. 0. 0.0 0.0 0.0 

10 8. 8 24133.2 0.0 14465.5 0. 0. 0.0 0.0 o.o 
11 7. 4 23188.6 0.0 13952. 9 0. 0. 0.0 0.0 0.0 

12 1. 6 5415.3 0.0 3311. 8 0. 0. 0.0 0.0 0.0 

13 9.4 32625.3 0.0 19665.4 0. 0. 0.0 0.0 0.0 

14 9.6 36083.9 o.o 21655.7 o. 0. o.o o.o 0.0 

15 9. 8 38883.1 0.0 23225.8 0. 0. 0.0 0.0 0.0 

16 1. 2 5010.3 0.0 2971. 6 0. 0. 0.0 0.0 0.0 

17 8.7 36837.6 0.0 21396.3 0. 0. 0.0 0.0 0.0 

18 10.0 45327. 4 0.0 25076.4 0. 0. o.o o.o 0.0 

19 6.0 28647. 7 0.0 15329.2 0. 0. 0.0 0.0 0.0 

20 0. 4 2037.3 0.0 1064.9 0. 0. 0.0 0.0 0.0 

21 3.5 17051. 7 0.0 8953.6 0. 0. 0.0 0.0 0.0 

22 10.0 49067.6 0.0 25180.6 0. 0. 0.0 o.o 0.0 

23 9.9 49264.0 0.0 24575.7 o. 0. o.o 0.0 0.0 

24 2.2 10703.5 0.0 5290.0 0. 0. o.o 0.0 0.0 

25 7.6 37565.5 o.o 18246.3 0. 0. 0.0 0.0 0.0 

26 9.6 46127.0 0.0 22067. 3 0. 0. 0.0 0.0 o.o 
27 8.7 39883.1 0.0 18779.2 0. 0. 0.0 0.0 o.o 
28 0.7 3032.8 0.0 1396.8 0. 0. 0.0 0.0 o.o 
29 0.7 3232.8 0.0 1525.7 0. 0. 0.0 0.0 o.o 
30 8.4 35428.8 0.0 16346.2 0. 0. 0.0 0.0 0.0 

31 5.8 22263.7 0.0 10196.2 0. 0. o.o 0.0 0.0 

32 3 .1 11056.8 0.0 4580.0 0. 0. 0.0 0.0 0.0 

33 1.0 3298.4 0.0 1367.8 0. 0. 0.0 0.0 0.0 

34 6.3 19528.5 0.0 7405.3 0. 0. 0.0 0.0 o.o 
35 1. 2 3276.4 0.0 1093.1 0. 0. 0.0 0.0 o.o 
36 4.0 9912.6 0.0 3040.5 0. 0. 0.0 0.0 0.0 

37 4.1 8432.6 0.0 1818.3 0. 0. 0.0 0.0 0.0 

38 3.3 5376.9 0.0 487.5 0. 0. 0.0 0.0 0.0 

39 4.4 5332.8 0.0 0.0 o. 0. 0.0 0.0 0.0 

40 7.2 3750.3 0.0 0.0 0. o. o.o 0.0 0.0 

41 0.5 16.9 0.0 0.0 0. o. 0.0 0.0 0.0 

Failure Surface Specified By 24 Coordinate Poirn:s 
Point X-Surf Y-Surf 
No. (ft) (ft) 

1 89.47 103.18 
2 96. 55 96.11 
3 104.11 89.57 
4 112.12 83.59 

( 5 120.55 78.20 
6 129.34 73.43 
7 138.44 69.30 
8 147.83 65.85 
9 15 7 .43 63.07 
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10 167.22 60.99 
11 177.12 59.62 
12 187.10 58. 97 
13 197.10 59. 04 
14 207.07 59.83 
15 216.96 61. 33 
16 22 6. 71 63.54 
17 236.28 66. 44 
18 245.61 70.03 
19 254. 67 74.27 
20 263.39 79. 16 
21 271.74 84. 67 
22 279.67 90.75 
23 287.15 97.40 
24 2 91. 63 102.00 

Circle Center At X - 191.11 ; 

Factor of Safety 

'** 9.724 "** 
Failure Surface Specified By 24 

Point X-Surf Y-Surf 
No. 1ft) 1ft) 

1 97.37 103 .13 
2 104.44 96.06 
3 112. 02 89. 54 
4 120.06 83.59 
5 128.51 78.25 
6 137.34 73.55 
7 146.49 69.51 
8 155.91 66.16 
9 165.55 63. 51 

10 175.36 61. 59 
11 18 5. 2 9 60.39 
12 195.28 59.93 
13 205.28 60.20 
14 215.23 61.22 
15 225.07 62. 96 
16 234.76 65.43 
17 244.24 68.61 
18 253.47 72.48 
19 262.38 77.01 
20 270.93 82.20 
21 27 9. 07 88.00 
22 286.77 94.38 
23 293.97 101. 32 
24 294.58 102.00 

Circle Center At X - 196.51 ; 

Factor of Safety 
*** 9.742 **" 

Failure Surface Specified By 23 
Point X-Surf Y-Surf 
No. (ft) I ft I 

1 105.26 103.08 
2 112. 34 96.02 
3 119.93 89.51 
4 127.99 83.59 
5 136.46 78.28 
6 145.31 7 3. 62 
7 154.48 69.63 
8 163.93 66.35 
9 173.59 63. 77 

10 183.42 61.93 
11 193.36 60.83 
12 203.35 60. 47 
13 213.35 60.86 
14 223.28 61.99 
15 233.10 63.87 
16 242.76 66.47 
::. 7 252.19 oj~. ') :l 

P:south cell upstream revised.OUT Page 10 

y 197.72 ; and Radius 138.80 

Coordinate Points 

y 195.25 and Radius 135.33 

Coordinate Points 
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18 
19 
20 
21 
22 
23 

Circle 

73.81 
78.49 
83.83 
89. 78 
96.32 

261.35 
270.18 
278. 64 
286.68 
294.25 
298.89 100.98 

203.14 ; Center At X = 
Factor of Safety 

*** 9.855 *** 
Failure Surface Specified By 23 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 105.26 103.08 
2 112. 35 96. 02 
3 119.95 89.53 
4 12 B. 02 83.63 
5 136. 52 78.36 
6 145.40 73.75 
7 154.60 69.83 
8 164.07 66.63 
9 173.76 64.16 

10 183.61 62.43 
11 193.56 61. 4 6 
12 203. 5 6 61.25 
13 213.54 61. 80 
14 223. 4 6 63 .11 
15 233.24 65.17 
16 242.84 67.97 
17 252.20 71. 4 9 
18 261. 27 75. 72 
19 269.98 80.62 
20 278.30 86.18 
21 286.16 92.35 
22 293.54 99.10 
23 296.25 102.00 

y = 194.17 and Radius 

Coordinate Points 

Circle Center At X = 201.33 ; y = 192.41 and Radius 
Factor of Safety 

~** 9.954 *~* 
Failure Surface Specified By 25 Coordinate Points 

Point X-Surf 
No. (ft) 

1 81.58 
2 88.68 
3 96.25 
4 104.27 
5 112.68 
6 121.45 
7 130.53 
8 139.88 
9 14 9. 4 6 

10 159.21 
11 169.10 
12 179.06 
13 189.06 
14 199.04 
15 208. 96 
16 218.77 
17 228. 41 
18 237.85 
19 247.03 
20 255.92 
21 264.46 
.Z2 272.62 
23 280.35 
24 287.62 
25 288.83 

Circle Cen~er At X = 
Fac:.nr oi Sa.ier:y 

Y-Surf 
(ft) 

103.23 
96.19 
8 9. 66 
83.68 
7 8. 27 
73.46 
69.28 
65.74 
62. 8 6 
60.66 
59.14 
58.32 
58.20 
58.77 
60.04 
62.00 
64. 64 
67.95 
71.91 
7 6. 50 
81.70 
87.48 
93.82 

100.69 
102.00 

185.83 Y 201.25 and Radius 

133.70 

131.18 

143.09 
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10.000 *** 
Failure 

Point 
Surface Specified By 25 Coordinate Points 

No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

X-Surf Y-Surf 
(ft) (ft) 
81.58 103.23 
88.99 96.52 
96.80 90.28 

105.00 84.55 
113.54 79.35 
122.39 74.69 
131.52 70.61 
140.89 67.11 
150.46 64.21 
160.19 61.92 
170.05 60.24 
179.99 59.20 
189.99 58.78 
199.98 59.00 
209.95 59.84 
219.84 61.31 
229.62 63.41 
239.24 66.12 
248.68 69.43 
257.89 73.33 
266.83 77.80 
275.47 82.83 
283.78 88.39 
291.72 94.47 
299.11 100.90 

Circle Center At X = 191.58 
Factor of Safety 

*** 10.148 *** 
Failure 

Point 
Surface Specified By 24 

X-Surf Y-Surf 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

Circle 

(fcJ (ft) 
97.37 103.13 

104.65 96.28 
112.40 89.95 
120.57 84.19 
129.12 79.01 
138.02 74.45 
147.21 70.52 
156.66 67.24 

64.64 
62. 72 
61. 50 
60.97 
61.15 
62. 03 
63. 61 
65.87 
68.81 
72. 42 
76. 67 
81. 55 
87.03 
93.08 
99.68 

166.32 
176.13 
186.06 
196. 04 
206.04 
216.00 
225.88 
235.62 
245.18 
254.50 
2 63. 55 
272.28 
280.65 
288.61 
296.12 
297.82 

Center At X = 
101. 39 

198. 47 
Factor of Safety 

**r 10,255 *** 

y 217.09 and Radius 

Coordinate Points 

y 203.21 and Radius 

="ailure 
Point 

Surface Specified 3y 22 Coordinate Poin~s 

No. 
1 
2 
3 

X-Surf Y-Surf 
(ft) (ft) 

113.16 103.03 
120.26 96.00 
J..,:_ I. 0::J 89.53 

158.31 

142.26 
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4 
5 
6 
7 
B 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

Circle 

136.01 83.69 
144.55 78. 4 9 
153.47 73.97 
162. 72 70 .16 
172. 23 67. 09 
181. 96 64.76 
191. 84 63.20 
201. Bl 62.42 
211. Bl 62. 41 
221. 78 63.19 
2 31. 65 64.73 
241. 38 67.05 
250.90 70.11 
2 60. 15 73.91 
269.08 78.41 
277.63 83. 60 
285.75 89.44 
293.39 95.89 
298.64 101.08 

Center At X = 206.83 
Factor of Safety 

*~* 10.283 *** 

P:south cell upstream 

y 190.43 and Radius 

Failure Surface Specified By 24 Coordinate Points 
Point X-Surf Y-Surf 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

Circle 

(ft) (ft} 
89.47 103.18 
96.59 96.15 

104.19 89.66 
112.25 83.75 
120.73 78.43 
129.56 73.75 
138.72 69.73 
148.14 66.39 
157.79 63.74 
167.60 61.81 
177. 53 60.60 
187.51 60.12 
197.51 60.37 
207. 4 6 61. 34 
217. 32 63.05 
227.02 65.46 
236 .. 52 68.58 
245.77 72.39 
254.71 7 6. 86 
263.31 81.98 
271.SO 87.70 
279.26 94.01 
2 8 6. 54 100.87 
2 87. 5 7 102. OD 

Center At X = 189.08 
Factor of Safety 

*** 10.327 *** 

y 196.82 

**** END OF GSTABL7 OUTPUT**~* 

and Radius 

revised.OUT Page 13 

128 .11 

136.71 
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AllianceO 
Consulting, Inc. 

Engineers · Constructors · Scientists 
January 12, 2010 

Mr. Jerry Bishoff 
ILLINOIS DEPARTMENT OF NATURAL RESOURCES 

One Natural Resources Way 
Springfield, IL 62702-1271 

Response to Comments 
Additional Infom1ation 

Williamson Energv. LLC 

Project No. B09-095-1413 

Pond Creek No. 1 Mine. Coal Refuse Disposal Facility No. 2 

Application No. 20093068 

Dear Mr. Bishoff: 

On behalf of our client, Williamson Energy, LLC, this letter and document is being submitted as 

additional infotmation to Mr. Michael Diedrichsen's_comments regarding the Engineering 

Design Plan dated October 8, 2009 (copy attached). 

2. The seismic acceleration used in the slope stability analysis does not meet the required values. 

The Peak Ground Acceleration should be obtained ji-om the USGS National Seismic Hazard 

Mapping Project map for 2% probability of exceedance in 50 years. If this analysis does not 

produce satisfactory results, a deformation analysis may be necessmy. 

A letter report prepared by GAI Consultants dated January 7, 2010 and entitled "Letter 

Report, Response to IDNR Comment No. 2, Pond Creek Mine No. 1 Coal Refuse 

Disposal Facility No. 2, Phases 3 - 7 Dam, Application No. 20093068, Williamson 

Energy LLC, Mach Mining Company, Williamson County, Illinois" is enclosed herein. 

Should you need any additional infonnation, please do not hesitate to contact us. 

Sincerely, 

ALaIANC. CONSULTING, [NC. :t~ ;,'" c~ 

/ 
Claudio E. Yon, P. E. 
Senior Project Manag. r 

CEY:wmb 
Enclosures 

FILE: 09095-06 

cc: Jim S lapak w/attachments 

''"'Am_,,___., T n .. ~. D,,1,..;.-.h r/'\11Mh/ Airnnrt Tnrh1,1ria! Park. Beaver, v..,rv 25813-9502 • TELE: (304) 255-0491 • FAX: (304) 255-4232 
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Illinois Depart1nent of 
Natural Resources 
One Natural Resoun:es Way Springfield, Illinois 62702-1271 

http://dnr.state.il:us 

October 8, 2009 

SUBJECT: Application No. 20093068 
Pond Creek Mine No. 1, 
Coal Refuse Disposal Facility No. 2, Phases 3 - 7 Dam 

Williamson Energy, LLC, Williamson County 

Mr. Claudio E. Yon 
Alliance Consulting 1 Inc. 
124 Philpott Lane 
Beaver, West Virginia 25813 

Dear Mr. Yon: 

Pat Quinn, Governor 
Marc Miller, Director 

We have completed our review of your June 11, 2009 application and supporting 

materials and are in the process of issuing a public notice (copy enclosed) for the 

referenced dam. Per the guidelines set forth in our Part 3702 Dam Safety Rules, 

this office is provisionally classifying this impoundment as an intermediate-size, 

Class 1 (high hazard potential) dam. In order to continue our review of this 

application, the following comments should be addressed: 

1) For construction phases after stage 4, there is no indication of the 

subsidence monitoring method or minimum subsidence required prior to 

initiation of construction. · 

2) The seismic acceleration used in the slope stability analyses does not 

meet the required values. The Peak Ground Acceleration should be 

obtained from the USGS National Seismic Hazard Mapping Project map 

for 2% probability of exceedance in 50 years. If this analysis does not 

produce satisfactory results, a deformation analysis may be necessary. 

3) The dewatering calculations were performed for a 30 day time interval. 

Due to the Class I hazard classification, the required drawdown time for 

50% of the impounded water is 7 days. 

4) The plans indicate that the decant system will outlet to grouted rip rap 

ditches which run down the embankment. Due to problems with erosion 

of embankment materials beneath grouted riprap, this office does not 

allow its use in spillway construction. Revised plans and calculations 

should be submitted to this office demonstrating that there will be no 

erosion of embankment materials from spillway discharge. 
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Mr. Claudio Yon 
Page 2 
October 8, 2009 

5) The following items should be addressed specific to the Emergency 

Action Plan (EAP): 

a. The term "evacuation" should be revised to use the term "notify to 

evacuate" where it appears in the document. Mandatory evacuation 

is only available in Illinois after the declaration of martial law. 

b. The EAP should contain a detailed description of the method by 

which individuals will be notified to evacuate and specify the agency 

responsible for these notifications. · 

c. The Notification Flow Chart should appear at the front of the EAP. 

d. The Inundation Maps should be placed in Section 5 of the EAP. 

The engineering data from the dam breach analysis should be 

included in an appendix. 

e. The materials labeled Appendix 1 and Appendix 2 are the forms 

from our General Permit 02-01. The engineer's certification 

(Appendix 1) should not be part of the EAP. The Appendix 2 

information should be incorporated into Section 1. 

Upon receipt of materials addressing these items, as well as an Operation & 

Maintenance (O&M) Plan, we will continue to process your application. 

Additionally, after revising the EAP to address the comments in Item 5, an EAP 

orientation meeting should be arranged with local emergency services personnel 

and a representative of our office to determine if any other revisions will be 

necessary to ensure the plan's effectiveness. If you have any questions or 

comments, please feel free to contact Jerry Bishoff of my staff at 217/558-6617. 

Sincerely, 

11111J, ~- D~ 
Michael L. Diedrichsen, P.E. 
Acting Manager, Downstate Regulatory Programs 

MLD:JMB:crw 
Enclosure 
cc: Williamson Energy, LLC 
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(j gai consultants 

January 7, 2010 

Project C090403.01 .001 

Mr. Claudio Yon, P.E. 
Alliance Consulting, Inc. 
124 Philpott Lane 
Raleigh County Airport Industrial Park 

Beaver, West Virginia 25813-9502 

Letter Report 
Response to IDNR Comment No. 2 

Pond Creek Mine No. 1 Coal Refuse Disposal Facility No.2 - Phases 3 - 7 Dam 

Application No. 20093068 
Williamson Energy, LLC 
Williamson County, Illinois 
GAi Project C090403.01 .001 

Dear Mr. Yon: 

transforming tdeas into reality0 

In accordance with our Work Order Memorandum No. 001, dated March 25, 2009, and your 

October 29, 2009 email request and authorization, GAi Consultants, Inc. (GAi) has prepared a 

response to the October 8, 2009 Illinois Department of Natural Resources (IDNR) review 

comments, specifically Comment No. 2. In general, this comment response addresses a 

pseudo-static slope stability analysis using a Peak Ground Acceleration (PGA) obtained from 

the USGS National Seismic Hazard Mapping Project Map for a 2% Probability of Exceedance in 

50 years, and the resulting permanent deformation analysis for the Phase 7C Dam maximum 

condition at the Williamson Energy, LLC (Williamson), Pond Creek Coal Refuse Disposal 

Facility No. 2 (Pond Creek). 

GAi performed engineering analyses and prepared a comment response for IDNR Comment 

No. 2 based on our discussions, understanding of the site conditions, and our experience 

performing similar analyses. GAi notes only Comment No. 2 is addressed herein. 

INTRODUCTION 

Plans have been developed by Alliance Consulting, Inc. (Alliance), Beaver, West Virginia for the 

construction of a coal refuse disposal facility located near Johnston City in Williamson County, 

Illinois. The proposed Pond Creek facility will provide disposal capacity for both coarse and fine 

coal refuse, and will be constructed in five (5) phases designated Phases 3 through 7. 

The proposed Phases 3 through 6 impoundments will be constructed by downstream or 

centerline methods, and Phase 7 is partially constructed by upstream methods. The upstream 

and downstream slopes will be about three horizontal to one vertical (3H:1V) except for Phase 

3, which will have 2.6H:1V upstream slopes. Maximum slope heights will range from 49 feet for 

Phase 3 to 100 feet for Phase 7. All of the embankments, with the exception of a portion of 

Phase 7 will be founded on 15 to 22 feet of medium stiff to stiff, sandy clay overlying shale 

Pittsburgh Office 385 East Waterfront Drive Homestead, PA 15120~5005 T 412,476.2000 F 412.476.2020 www.gaiconsultants.com 
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Mr. Claudio Yon, P.E. 
Project C090403.01 .001 
January 7, 2010 

Page 2 

bedrock. The south facing slope of Phase 7 (designated 7 A and 7C) will be founded on 

impounded fine coal refuse (FCR) of Phase 3. 

A previous permanent deformation analysis was submitted by Civil & Environmental 

Consultants, Inc, (CEC) to IDNR in January 2008 for Phase 2, which is similar to the incised 

and/or dike geometry of Phases 3 - 6 founded on residual soil. Therefore, the combined 

upstream-constructed Phases 7 A and 7C is considered the most critical geometry. GAi further 

notes that Phase 7 A will be constructed in approximately 200 days, and thus is considered a 

temporary condition relative to the occurrence of a maximum design earthquake (MDE). 

IDNR COMMENT NO. 2 

IDNR noted in their October 2008 review that "The seismic acceleration used in the slope 

stability analyses does not meet the required values. The Peak Ground Acceleration should be 

obtained from the USGS National Seismic Hazard Mapping Project map for 2% probability of 

exceedance in 50 years. If this analysis does not produce satisfactory results, a deformation 

analysis may be necessary." 

GAi RESPONSE TO COMMENT NO. 2 

Determination of Seismic Factor of Safety (Fs) and Yield Acceleration (Ky) 

In accordance with the IDNR guidelines Part 3702 Dam and Safety Rules, GAi periormed 

pseudo-static slope stability analyses of the Phase 7 Dam to determine the seismic factor of 

safety (Fs) and yield acceleration (Ky). A site PGA = 0.54 g obtained from the USGS National 

Seismic Hazard Mapping Project map for 2% Probability of Exceedance in 50 years was used 

in the Fs slope stability analyses. Appendix A presents the seismic hazard assessment 

performed for the Pond Creek facility located in Williamson County, Illinois 

Drained and undrained strengths were developed for the various coal refuse materials including 

coarse and fine coal refuse, and residual soil, and input in PCSTABL slope stability analyses to 

obtain Fs and Ky. In accordance with the guidelines presented in the Mine Safety and Health 

Administration (MSHA) Engineering Design Manual, Coal Refuse Disposal Facilities, 2nd Edition 

(Reference 10), 80 percent of the peak undrained shear strength (Sup) was used for the FCR 

based on an average effective stress (cr'v) of approximately 6,450 pounds per square foot (psf) 

and Sup/cr'v relationship of 0.27. Engineering properties presented in Table 1 were provided by 

Alliance and/or derived from field and laboratory testing results of site-specific materials 

presented in Appendix B. 

gai consultants 
••:_,r~i-;e~.•,~Q •:!"'2c '""'.',, ~'" 
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Table 1 - Refuse/Soil Properties Used in Pseudo-Static and 

Yield Acceleration Slope Stability Analyses 

Unit Friction 
Weights Angle Cohesion 

(Yt,Ys) (~) (c) 

Description (pcf) (deqrees) (psf) Shear Strenqth 

Coarse Coal Refuse 130, 140 33.7 0 Effective (Drained) 
(CCR) 

Fine Coal Refuse 80, 90 0 1,393 80% of Peak (Undrained) 
(FCR) 

Residual Soil 125,135 19.5 416 Total (Undrained} 

The slope stability analyses resulted in a minimum factor of safety of 0.51 using a horizontal 

acceleration corresponding to the PGA value of 0.54g. Consequently, the results of the Phase 7 

pseudo-static (seismic) slope stability analyses are not satisfactory, and thus a permanent 

deformation analysis is required per the IDNR guidelines. 

GAi subsequently performed yield acceleration slope stability analyses, which varied the input 

horizontal acceleration in PCSTABL until a Factor of Safety equal to 1.0 was achieved. Based 

on these analyses, a yield acceleration of 0.18g was iteratively determined for the Phase 7 Dam 

soil mass and the downstream critical failure surface. 

The yield acceleration is the acceleration level: 

Below which yielding of the embankment (soil mass) does not occur and the soil mass 

deforms elastic-plastic; and/or 

Above which yielding occurs causing permanent deformation. 

The yield acceleration is used as input to subsequent permanent deformation analyses. 

Hard copies of the PCSTABL output and plot files for the Fs and Ky pseudo-static slope stability 

analyses are presented in Appendix C. 

Permanent Deformation Analyses 

As previously noted, IDNR has required that a seismic slope stability analysis be performed for 

the Phase 7 Dam using equivalent static load methods and the appropriate PGA based on the 

USGS 2% Probability of Exceedance in 50 Years hazard maps. Since the required factor of 

safety was not met, i.e., Factor of Safety= 0.51, a permanent deformation evaluation must be 

completed. 

Therefore, GAi performed permanent deformation analyses of the Phase 7 Dam constructed 

over the Phase 3 fine coal refuse to estimate the magnitude of Phase 7 crest settlements. 

Permanent deformations and the resulting crest settlements accumulate depending upon the 

acceleration levels above the defined yield acceleration during an earth~--~_e1ke
9

e.l/ent
0 

it '-
1 tw a1 c nsu an1..s ii,: ""°'wm,oo ,ow ,Mo '""'"" 

~ if_ 
-:;' 
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(Newmark, 1965). If the estimated crest settlements do not exceed the available Phase 7 

freeboard, overtopping of the dam will not occur. 

GAi utilized two (2) empirically-based methods including the Makdisi-Seed (Makdisi, ,F.I. and 

Seed, H.B., 1978) and the Hynes-Griffin Franklin (Hynes-Griffin, M.E., Franklin, A.G., 1984) 

procedures to estimate the magnitude of earthquake-induced permanent deformations. The 

results of these empirically-based analyses are compared to the results of the Phase 2 

permanent deformation analyses previously submitted to IDNR in January 2008, which used the 

Newmark double-integration, sliding block method of calculating soil mass displacements from 

one-dimensional, dynamic site response analyses. Finally, GAi notes that the failure surface 

impacts only a portion of the approximate 400-foot wide Phase 7 crest width, as shown in the 

Appendix C slope stability results, which adds significantly to the downstream safety of the 

dam. 

Makdisi-Seed Method 

In order to use the Makdisi-Seed method, the minimum and maximum design spectral 

acceleration was estimated at 0.36g and 0.73g, respectively, using the procedures outlined in 

the International Building Code (IBC) 2006, specifically Section 1613 Earthquake Loads. 

Additionally, an IBC 2006 Site Class D was chosen based on shear wave velocity testing 

performed at the Pond Creek facility. Site Class D is a 'Stiff Soil Profile' with a shear wave 

velocity (Vs) between 600 and 1,200 feet per second (fps). The site class was based on the 

average properties within the upper 100 feet of the site that supports the Phase 7 embankment. 

The fundamental period (To) of the Phase 7 dam was approximated from the permanent 

deformation site response analysis of Phase 2, which was 0.23 seconds. This value is 

compared to IBC 2000, Ts= So1/Sos, which was estimated at 0.49 seconds, and it is 

conservatively assumed that To= Ts= 0.49 seconds. 

Based on the various data described above, the design charts in IBC 2006 and Makdisi-Seed 

(1984), permanent deformations due to a PGA with 2% probability of exceedance in 50 years 

were estimated to be 1.7 feet or about 20 inches. 

Hynes-Griffin and Franklin Method 

Alternatively, the Hynes-Griffin and Franklin (1984) method was also used to estimate 

permanent deformations of the Phase 7 dam. Hynes-Griffin and Franklin developed upper 

bound, mean plus one standard deviation and mean curves estimated for earthquake-induced 

slope displacements based on the results of Newmark analyses of 348 earthquake motions and 

six (6) synthetic acceleration time histories. 

Slope displacements are estimated using the most conservative upper bound curve and the 

ratio of horizontal acceleration that reduces the factor of safety to 1.0, i.e., the yield acceleration 

(Ky) and the peak horizontal acceleration (PGA). Based on the various data for the Phase 7 

Dam and Pond Creek facility, slope displacements were estimated at 16 inches. 

Appendix D presents the calculations and results of the Makdisi-Seed and Hynes-Griffin 

Franklin permanent deformation analyses methods. 

ga1 consultants 
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Permanent deformations of the Phase 7 Dam from the empirically-based Makdisi-Seed and 

Hynes-Griffin Franklin methods yielded crest settlements of 20 and 16 inches, respectively. 

Further, Phase 2 deformations were previously estimated at 11 inches based on uy11c11nic; sile 

response analyses and Newmark sliding block methods, which is consistent with the 

empirically-based analyses and estimates of Phase 7 Dam crest settlement. Therefore, the 

maximum Phase 7 Dam crest settlement of 20 inches compares favorably to an available 

freeboard of the Phase 7 Dam of 96 inches above the maximum fines level. 

Although permanent deformations are acceptable relative to the available freeboard, GAi 

recommends that the dam be thoroughly inspected following a seismic event to make 

observations and note any ground movement, scarps, sloughing, toe bulges, etc. on the 

exposed downstream and upstream slopes, increased piezometric groundwater levels, and any 

other issues that may suggest slope instability. 

In preparing this letter report, GAi's professional services have been performed, findings 

obtained and conclusions prepared in accordance with generally accepted engineering 

principles and practices. No warranty, expressed or implied is made or intended by rendering 

of these services or by furnishing oral or written reports of our findings. This report was 

prepared for the exclusive use of Alliance. 

GAi appreciates this opportunity to provide to Alliance geotechnical earthquake engineering 

services. Please do not hesitate to contact us if you have any questions concerning any of the 

information presented. 

Respectfully submitted, 
GAi CONSULTANTS, IN 

aise E. Genes 
Manager of Geotechnical and Structural 

BEG/tlg 
09040301001-ltr rpt-ac-rtc-beg/tlg D1 

Attachments 

gai consultants 
t,;,.-,;,(u,r,-,,.,.:, ,J:.;~ ,o,\i, ,,:,_,...l,:,., 



R14689

REFERENCES 

1. Civil & Environmental Consultants, Inc. Report, "Permanent Deformation Evaluation, 

Pond Creek No. 1 Coal Refuse Disposal Site, South Cell Slurry lmpoundment, Johnston 

City, Williamson County, Illinois," January 23, 2008. 

2. Civil & Environmental Consultants, Inc. Report, "Abandonment Evaluation, Pond Creek 

No. 1 Coal Refuse Disposal Site, South Cell Slurry lmpoundment, Johnston City, 

Williamson County, Illinois," July 23, 2008. 

3. Hynes-Griffin, M.E., Franklin, A.G. 1984, "Rationalizing the Seismic Coefficient Method," 

Miscellaneous Paper GL-84-3, US Army Corp of Engineers Waterways Experiment 

Station, Vicksburg, Mississippi. 

4. 1 llinois Department of Natural Resources, Office of Water Resources, Construction and 

Maintenance of Dams, Part 3702, Chapter IX. 

5. International Building Code 2006 and 2000. 

6. Kramer, S.L., 1996, "Geotechnical Earthquake Engineering," Prentice Hall Publishers. 

7. Hynes-Griffin, M.E., Franklin, A.G. 1984, "Rationalizing the Seismic Coefficient Method," 

Miscellaneous Paper GL-84-3, US Army Corp of Engineers Waterways Experiment 

Station, Vicksburg, Mississippi. 

8. Makdisi, F.1. and Seed, H.B., 1978, "Simplified Procedure for Estimating Dam and 

Embankment Earthquake Induced Deformations," Journal of the Geotechnical 

Engineering Division, ASCE, Vol. 104, No. GT?, pp 849-867. 

9. Newmark, N.M., 1965, "Effects of Earthquakes on Dams and Embankments," 

Geotechnique 15, pp. 139-160. 

10. U.S. Department of Labor, Mine Safety and Health Administration, "Engineering and 

Design Manual, Coal Refuse Disposal Facilities, Chapter 7 Seismic Design: Stability 

and Deformation Analyses," May 2009. 

gai consultants 
t,:;,,:;f:.•:T .. r,;; :de.:.:,,.:~~ ·::;;:.t, __ 



R14690

,( 

APPENDIX A 

SEISMIC HAZARD ASSESSMENT 
POND CREEK MINE NO. 1 

WILLIAMSON COUNTY, ILLINOIS 



R14691

Civil & Environmental Consultants, Inc. 
Williamson Energy Pond Creek Deformation 

PROJECT Evaluation PROJECT NO. 072046 

Probabilistic Seismic Hazard Assessment - Source, PAGE OF If 

Maximum Magnitude and Peak Ground Acceleration 

MADF. !W -~B_E~. G~_ DATF. 1/3/08 CHECKED BY ;?J-d__ DATE 1/2-3
1
/4J 

OBJECTIVE: 

CALCULATION BRIEF 
FOR 

PROBABILISTIC SEISMIC HAZARD ASSESSMENT -

SOURCE, MAXIMUM MAGNITUDE, DISTANCE 
AND PEAK GROUND ACCELERATION 

POND CREEK COAL REFUSE DISPOSAL SITE 

Utilizing the 2002 USGS Eaithquake Hazard Program, Interactive Deaggregation 

Maps (Frankel, 2002), particularly the 2% Probability of Exceedance in 50 years 

recun-ence interval, define the local and regional seismic events, maximum 

earthquake magnitudes, focal depths, epicentral distances and peak ground 

accelerations potentially impacting the Williamson Energy, Pond Creek coal 

refuse disposal site, Williamson County, Illinois. 

METHODOLOGY: A probabilistic seismic hazard assessment (PSHA) is performed for the Pond 

Creek site located near Johnston City, Williamson County, Illinois. PSHA 

involves utilizing the 2002 USGS Earthquake Hazard Program, Interactive 

Deaggregation Maps (Frankel, 2002), paiticularly the 2% Probability of 

Exceedance in 50 years maps for the site coordinates and the development of a 

paiticular seismic scenario upon which a ground motion hazard evaluation is 

based. The scenario consists of the postulated occurrence of an earthquake (i.e., 

'2.% Probability of Excee<lanc.:e iu 50 years) of a specified size bused on the latest 

USGS hazard mapping for the Pond Creek site. In general, PSHA involves four 

basic elements: 

1. Evaluate earthquake sources; 
2. Determine conuulling eaithquake(s): the maximum magnitude, maximum 

credible, or maximum considered earthquake; 

3. Determination of ground motion attenuation relationships or distance from the 

site; and 
4. Determination the peak ground acceleration (PGA). 

PSHA determines the earthquakes that have the most significant impacts, and for 

engineering design and analyses of tailing dams, a design earthquake is desired. 

Stochastic modeling, based on the published predictive relations of Atkinson and 

Boore (i 995) is subsequently used to create synthetic accclcration-tin1e histories 
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REFERENCES: 

for the critical earthquake scenarios. The required input parameters for the critical 

earthquake source spectra, including moment magnitude, epicentral distance, and 

focal depth are developed from the published information discussed above, and 

summarized below. 

Subsequently discussed in a separate calculation brief, a comparison of input 

parameters and site response will be made using both eastern US synthetic 

earthquake time histories and actual western US earthquake time histories. 

Available records ar·e scaled in SHAKE (Schnabel, 1971) to the Pond Creek site 

PGA and the site response compared to published eastern US ground motion 

attenuation (GMA) response spectra to assess the reasonableness of the varions 

time histories. 
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SEISMIC HAZARD ASSESSMENT 

General 

Nuttli and Herrmann (1978) outline the input necessary for performing either a deterministic or 

probabilistic method of assessing seismic hazard, which requires that the seismic source zones be 

identified, that the maximum-magnitude earthquake for each source zone be estimated, that the 

magnitude-frequency recurrence rate for each source zone be determined, and that the attenuation of 

seismic wave energy with distance be known. 

Based on the current ability to generate synthetic eaithquake acceleration-time histories for eastern North 

American (ENA) earthquakes using the stochastic modeling techniques developed by Boore (1983) and 

Atkinson and Boore (1995), a PSHA approach was chosen to generate a design earthquake(s). Using 

this approach, the Maximum Design Earthquake (MDE) for the 2% Probability of Exceedance in 50 

years was chosen, which for the Pond Creek site has a PGA of 0.54g. As discussed in Atkinson and 

Boore (1995 and 1998), the utilized ground motion relationships compared well to the limited database 

of recorded Eastern North America (ENA) earthquakes and large earthquakes from analogous intra-
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ground motion attenuation relationships and the synthetic time-histories, as well as a comparison of the 
site response and response spectra of both the synthetic earthquake acceleration time histories and a 
scaled western U.S. acceleration-time history record to evaluate the consistency and results of the eastern 
and western time histories relative to the embankment response, i.e., frequency content, spectral 
acceleration, etc. 

The PSHA methodology chosen for this evaluation represents a more refined approach to previous 
methods which used empirical, pseudostatic embankment analyses. Similarly, the PSHA developed 
specifically for the Pond Creek site also attempts to eliminate the potential for over-conservative, 
umealistic strong ground motion associated with the "floating eaJ.thquake" concept. This approach is 
generally applied in regions where active eaJ.thquake-generating smface faults exist and the intensity
based peak acceleration relationships are from only long-period western U.S. and Japanese seismic 
activity and more impmtantly, the peak acceleration does not account for distance. 

Selection of Maximum Credible Earthquake Scenarios and Peak Ground Acceleration 

Based on the most critical regional and local seismic sources to the Pond Creek site as identified in the 
USGS Interactive Deaggregation Maps, two MDE scenarios have been selected for analysis including a 
magnitude (M) 8.0, which has boundaJ.·y limits of about 83 km from the site and the potential to generate 
a high intensity eaJ.thquake. The Pond Creek site also has the potential to be impacted by a smaller 
magnitude earthquake or a comparable local "background" eaJ.thquake at a closer epicentra.1 distance to 
the site, which based on the USGS seismic hazaJ.·d prograJ.11 is an M6.8 at 13.5 km. The PGA associated 
with this hazaJ.·d was defined at 0.54g. The 2002 USGS EaJ.thquake HazaJ.·d Program, Interactive 
Deaggregation Maps (Frankel, 2002), paiticularly the 2 % Probability of Exceedance in 50 yeaJ.·s maps 
aJ.·e attached. 

The rate at which the strength of eaJ.ihquake ground motion attenuates and the amount of geometric 
spreading with distance from the epicenter are required for seismic hazard analyses. The focal depth of 
the earthquake and the near surface geological conditions have a significant influence on the intensity 
attenuation relationship. Information on earthquakes occurring in the eastern United States suggests that 
surface faulting does not occur aJ.1d the center of energy release is deeper than the average of California 
earthquakes. The eaJ.·thquake energy is therefore radiated over a larger area than is experienced in 
California, and California data cannot be extrapolated directly to this region. Severa.I ENA and CEUS 
ground motion attenuation relationships including Toro, et.al. (1997), Atkinson & Boore (1997), 
CaJ.11pbell (2003), Atkinson (2001) and Tavakoli & Pezeshk (2005) are used to compare the USGS PGA 
for the Pond Creek site to that of other ENA and CEUS ground motion relationships. 

Therefore, these two MDE scenarios will be evaluated for their impact on the Pond Creek impoundment 
since the maximum ground accelerations, frequency contents, and durations of effective cycles will be 
nmably different. 
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As previously discussed, utilizing the Atkinson and Boore (1995) empirically-derived eaithquake source 

spectra model for eastern North American hard rock sites, quality synthetic acceleration-time histories 

have been created for the bedrock motions. Subsequently, the various input paraineters from these 

synthetic earthquake records are compared to the Pond Creek site input and the time histories scaled 

accordingly to the PGA anticipated at the Pond Creek site. Also, selection of an earthquake time history 

record from the PEER Strong Motion Database for western U.S. and Japanese earthquake records, scaled 

to the PGA is performed. Finally (in another calculation brief), the corresponding response spectra 

curves of the site response due to the ENA/CEUS synthetic and PEER earthquake time histories are 

compared to the ENA and CEUS ground motion attenuation response spectra to assess the 

reasonableness of the time history. 

CONCLUSION 

A Probabilistic Seismic Hazard Assessment (PSHA) which utilized the 2002 USGS Earthquake Hazard 

Program, Interactive Deaggregation Maps indicated local and regional seismic scenar·ios of potential 

impact to the Pond Creek coal refuse disposal site located in Williainson County, Illinois. Two MDE 

scenarios were chosen for analysis including M8.0 earthquake located at a epicentral distance of 83 km 

from the site was chosen for potential for a lar·ge intensity earthquake with a corresponding PGA of 

0.54g. Additionally, an M6.8 earthquake at an epicentral distance of 13.5 km from the site was 

identified and will be used to model an earthquake that could "occur anywhere" with a PGA of 0.54g. 

These scenarios will be used to scale existing eastern U.S. synthetic acceleration-time histories, based on 

the source spectra models defined by Atkinson and Boore (1995) and a western U.S., PEER earthquake 

record. A comparison of the var-ious input time histories, site response (spectra) and published eastern 

U.S. ground motion attenuation relationships spectra performed in a separate calculation brief. 
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APPENDIX B 

CHARACTERIZATION OF THE SAND-LIKE AND CLAY-LIKE SUBSURFACE MATERIALS 

PREPARED BY CIVIL & ENVIRONMENTAL CONSULTANTS, INC. 

ESTIMATION AND SUMMARY OF ENGINEERING PROPERTIES INCLUDING PEAK AND 

STEADY-STATE UNDRAINED SHEAR STRENGTH FOR REFUSE AND SUBGRADE 

MATERIALS PREPARED BY CIVIL & ENVIRONMENTAL CONSULTANTS, INC. 

LABORATORY TESTING RESULTS PROVIDED BY ALLIANCE CONSULTING, INC. 



R14703

PROJECT 

Civil & Environmental Consultants, Inc. 

Williamson Energy Pond Creek - South Pond PROJECT NO. 080-851 

Phase 2 Abandonment Evaluation PAGE 1 OF /2-

Characterization of Subsurface Materials 

MADE BY --=B'-'E=-G~_ DATE --'-7/c.cl:;:clc..c/0c.c8_ CHECKED BY 1-l!'::, DATE --r{zs[o"o 

CALCULATION BRIEF 
FOR 

CHARACTERIZATION OF SAND-LIKE AND CLAY-LIKE 
SUBSURFACE MATERIALS 

POND CREEK COAL REFUSE DISPOSAL SITE - SOUTH CELL 

OBJECTIVE: To characterize subsurface materials including coarse coal refuse, fine coal 

refuse and residual soils encountered at the Pond Creek South Cell refuse 

disposal facility. Materials are characterized as·either sand-like or clay-like 

in accordance with various pertinent references shown below and included 

within the "Draft" Mine Health and Safety Administration (MSHA) 

Engineering and Design Manual, specifically Chapter 7: Seismic Design: 

Stability and Deformation Analyses, March 2007. 

REFERENCES: 

1. Illinois Department of Natural Resources, Office of Water Resources, Construction and 

Maintenance of Dams, Part 3702, Chapter IX. 

2. Mine Safety and Health Administration, "Draft - Engineering and Design Manual, Coal 

Refuse Disposal Facilities, Chapter 7 - Seismic Design: Stability and Deformation 

Analyses," dated, March 13, 2007. 

3. Civil & Environmental Consultants, Inc. Calculation Brief Entitled "Summary of Piezo

Cone Penetration Testing," Pond Creed Coal Refuse Disposal Site, BEG, dated 12/21/07. 

4. Civil & Environmental Consultants, Inc. Calculation Brief Entitled "Normalized PS-CPT 

Data and Parameter Correlations," Pond Creek Coal Refuse Disposal Site, BEG, dated 

12/28/07. 

5. Civil & Environmental Consultants, Inc. Calculation Brief Entitled "Summary of 

Laboratory Testing," Pond Coal Refuse Disposal Site- South Pond, BEG, dated 7/8/08. 

6. Boulanger, R.W. and Idriss, I.M. (2004). "Evaluating the Potential for Liquefaction or 

Cyclic Failure of Silts and Clays," Repo1t No. UCD/CGM-04/01, Center for Geotechnical 

Modeling, Depa1tment of Civil and Environmental Engineering, University of California, 

Davis, California. 
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7. Robertson, P.K., (Fear) Wride, C.E., List, B.R., Atukorala, U., Biggar, K.W., Byrne, 
P.M., Campanella, R.G., Cathro, D.C., Chan, D.H., Czajewski, K., Finn, W.D.L., Gu, 
W.H., Hamrnamji, Y., Hofmann, B.A., Howie, J.A., Hughes, J., Imrie, A.S., Konrad, 
J.-M., Kiipper, A., Law, T., Lord, E.R.F., Monahan, P.A., Morgenstern, N.R., Phillips, R., 
Piche, Plewes, H.D., Scott, D., Sego, D.C., Sobkowicz, J., Stewart, R.A., Tan, S., Vaid, 
Y.P., Watts, B.D., Woeller, D.J., Youd, T.L., and Zavodni, Z., The CANLEX Project: 
Summary and Conclusions. Canadian Geotechnical Journal, 2000, Vol. 37, No. 3, June, 
pp. 499-504 

8. Youd, T. L. et al. (2001). "Liquefaction Resistance of Soils: Summary Report from the 
1996 NCEER and 1998 NCEER/NSF Workshops on Evaluation of Liquefaction 
Resistance of Soils," Journal of Geotechnical and Geoenvironmental Engineering, ASCE, 
Vol. 127, No. 10, pp. 817-833. 

9. Blight, G. E. and Bente!, G. M., (1983) "The Behaviour of Mine Tailings During 
Hydraulic Deposition," Journal of the South African Institute of Mining and Metallurgy, 
April 1983. 

GENERAL: 

Reference (Ref.) Number (No.) 1 presents the following guidelines regarding the methods of 
testing, analyses and computations which must be completed and submitted with an application 
to support an owner's request for abandonment of a disposal impoundment dam: 

1. The classification of the existing condition of the impounded material with respect to its 
fluid nature; 

2. The liquefaction potential of the impounded material and the related stability of the 
containing dam; 

3. The final surface configuration for the impounded materials, especially from any surface 
water impounding characteristics and the erosion potential of the surface material; and 

4. The establishment of a follow-up inspection schedule to ensure the proposed plans have 
been effective and the submittal of record drawings. 

This, and subsequent calculation briefs prepared by Civil & Environmental Consultants, Inc. 
(CEC), address the characterization of the impounded fine coal refuse and the liquefaction 
potential of the fine coal refuse and related stability (i.e., Requirements 1 and 2 above). Alliance 
Consulting, Inc. (Alliance) will provide the final surface configuration and the follow-up 
inspection schedule. 
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From Ref. No. 2, the basic elements for seismic design and analysis are: 

1. Characterize the subsurface materials; 
2. Evaluate if design earthquake will trigger strength loss; 

3. Evaluate seismic stability using post-earthquake strength parameters; and 

4. Evaluate deformations. 

Therefore, the first step for both abandonment and seismic design and analysis is to characterize 

the subsurface conditions to evaluate the fluid nature and whether any zones have the potential 

for strength loss due to earthquake shaking (i.e., liquefaction potential). Previously, the materials 

making up the coarse refuse dike and underlying residual soils were evaluated using piezo

seismic cone penetration testing (PSCPT) (Ref. Nos. 3 and 4) as part of the deformation analyses 

of the South Pond. Subsequently, and as part of the abandonment evaluation, laboratory testing 

(Ref. No. 5) and characterization of the fine coal refuse retained behind the embankment was 

\ performed as described below. 

For many aspects of seismic stability analyses described in Ref. No. 2, coal refuse and natural 

soils are referred to as sand-like or clay-like depending on whether they exhibit monotonic and 

cyclic undrained shear loading behavior that is fundamentally more similar to that of either sand 

or clay. This differentiation is significant primarily if the material is loose enough (sands) or soft 

enough (clays) that it is potentially susceptible to strength loss. 

SUMMARY OF POND CREEK FIELD AND LAB ORA TORY TESTING/RESULTS: 

CBC developed, implemented and oversaw a detailed and thorough field testing program 

consisting of performing PS-CPT at several sounding locations throughout the Pond Creek site, 

including the ongoing South Pond impoundment. PS-CPT was executed at Pond Creek by 

ConeTec, Inc. (ConeTec) of West Berlin, New Jersey. Also, Alliance provided bulk (bucket) 

samples of fine coal refuse, which were obtained for subsequent laboratory testing. Geotechnics, 

Inc. (Geotechnics) of Pittsburgh, Pennsylvania performed consolidated undrained triaxial shear 

strength laboratory testing of the fine coal refuse materials. Ref. Nos. 3 -5 present summaries of 

the field and laboratory testing programs and Appendixes A - C of the Pond Creek abandonment 

report present the results of the field and laboratory testing. 
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PIEZO-SEISWC CONE PENETRATION TEST RESULTS S1.JM1v1ARY: 

Generalized South Cell CPT Profiles from the October 2007 field testing presented in Ref. Nos. 

3 and 4 indicated the following: 

CPT-1 CPT-2 

El. 482.19 - Surface Elevation El. 494.21 - Surface Elevation 

15 .3 feet - Depth to Static Ground Water 38.8 feet-Depth to Static Ground Water 

0 - 18.4 feet - Residual Soil 0 - 32 feet - Coarse Refuse 

Refusal at 18 .4 feet - Bedrock 32 - 45.3 feet - Residual Soil 

Refusal at 45 .3 feet - Bedrock 

CPT-2A CPT-3 

El. 492.40 - Surface Elevation El. 466.98 - Surface Elevation 

37 .0 feet - Depth to Static Ground Water 11.1 feet-Depth to Static Ground Water 

0 - 29 feet - Coarse Refuse 0 - 22.2 feet - Residual Soil 

29 - 41.7 feet - Residual Soil Refusal at 22.2 feet - Bedrock 

Refusal at 41.7 feet - Bedrock 

CPT-4 CPT-5 

El. 482.55 - Surface Elevation El. 482.55 - Surface Elevation 

21.7 feet- Depth to Static Ground Water 34.4 feet - Depth to Static Ground Water 

0 -18.9 feet - Residual Soil 0 - 29 feet - Coarse Refuse 

Refusal at 18. 9 feet - Bedrock 29 - 49.2feet - Residual Soil 

Refusal at 49 .2 feet - Bedrock 
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CPT-5A CPT-5B 

El. 483.00 - Surface Elevation EL 4 79 .90 - Surface Elevation 

35.9 feet-Depth to Static Ground Water 28.0 feet - Depth to Static Ground Water 

0 - 29 feet - Coarse Refuse 0 - 19 feet - Coarse Refuse 

29 - 53.2 feet - Residual Soil 19 - 39.7 feet- Residual Soil 

Refusal at 53.2 feet - Bedrock Refusal at 39.7 feet - Bedrock 

Cone penetration testing results for CPT-1, CPT-2, CPT-2A, CPT-3, CPT-4, CPT-5, CPT-SA 

AND CPT-5B presented in Ref. Nos. 3 and 4 indicated the following: 

CPT-1 CPT-3 

Residual Soil Residual Soil 

(Laver Thickness = 18.4) (Layer Thickness = 22.2) 

Avg. Tip Stress, Qc avg.= 79 tsf Avg. Tip Stress, Qc avg.= 43 tsf 

Avg. Fines Content, FC avg.= 27% Avg. Fines Content, FC avg.= 32% 

Avg. SBT Index, Ic = 2.38 Avg. SBT Index, Ic = 2.49 

CPT-4 

Residual Soil 

(Layer Thickness = 18.9) 

Avg. Tip Stress, Qc av_g. = 64 tsf 

Avg. Fines Content, FC av_g. = 28% 

Avg. SBT Index, Ic = 2.41 
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CPT-2 CPT-2A 

Coarse Coal Refuse Coarse Coal Refuse 

(Laver Thickness= 32') (Layer Thickness = 29') 

Avg. Tip Stress, Qc avg.= 54 tsf Avg. Tio Stress, Qc avg. = 45 tsf 

Avg. Fines Content, FC avg.= 24% Avg. Fines Content, FC avg. = 22% 

Avg. SBT Index, Ic = 2.30 Avg_ SBT Index, Ic = 2.23 

Residual Soil Residual Soil 

(Layer Thickness = 13.3') (Layer Thickness = 12. 7') 

Avg. Tip Stress, Qc avg.= 47 tsf Avg. Tip Stress, Qc avg. = 86 tsf 

Avg. Fines Content, FC avg. = 60% Av_g. Fines Content, FC avg.= 48% 

Avg. SBT Index, le = 2.99 Avg. SBT Index, Ic = 2. 80 

CPT-5 CPT-5A 

Coarse Coal Refuse Coarse Coal Refuse 

(Laver Thickness = 29') (Layer Thickness = 29') 

Avg. Tip Stress, Qc avg.= 50 tsf Avg. Tip Stress, Qc av_g. = 37 tsf 

Av_g. Fines Content, FC avg.= 23% Avg. Fines Content, FC av_g. = 24% 

A v_g. SBT Index, le = 2.24 Avg. SBT Index, le = 2.29 

Residual Soil Residual Soil 

(Laver Thickness = 20.2') (Laver Thickness = 24.2') 

Avg. Tip Stress, Qc av_g. = 66 tsf Avg. Tip Stress, Qc avg.= 49 tsf 

Avg. Fines Content, FC avg.= 64% Avg. Fines Content, FC avg.= 56% 

Avg. SBT Index, le= 3.04 Avg. SBT Index, Ic = 2.94 
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CPT-5B 

Coarse Coal Refuse 

(Laver Thickness = 19') 

Avg. Tip Stress, Qc avg.= 41 tsf 

Avg. Fines Content, FC avg.= 19% 

Avg, SBT Index, Ic = 2.15 

Residual Soil 

(Layer Thickness= 20.7') 

Av_g. Tip Stress, Qc av_g. = 63 tsf 

A v_g. Fines Content, FC av_g. = 51 % 

Avg. SBT Index, Ic = 2.84 

Cone Penetration Testing Results - Shear Wave Velocities 

Shear Wave Velocity Shear Wave Velocity 

Coarse Coal Refuse Residual Soil 

CPTNo. (ft/sec) (ft/sec) 

Max. Min. Avg. Max. Min. 

CPT-1 NA 1402 645 

CPT-2 1284 1029 1120 1173 795 

CPT-2A 1169 895 1042 1256 780 

CPT-3 NA 1058 569 

CPT-4 NA 1242 476 

CPT-5 1190 936 1063 1599 780 

CPT-5A 1396 779 1064 1580 728 

CPT-5B 1517 818 1080 1649 686 

080-851 

OF /t..-

Avg. 
905 
957 
918 
765 
817 
947 
1005 
978 
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LABORATORY TESTING RESULTS SUMMARY: 

Ref. No. 4 and Appendix A present the details and results of the June 2008 laboratory testing 

program performed by Geotechnics. The following summarizes laboratory testing results of each 

of 2 buckets of fine coal refuse sampled from the South Pond impoundment. 

Bucket 1 Bucket2 

Fine Coal Refuse Fine Coal Refuse 

Moisture= 85.8 % Moisture = 94.4 % 

Passing No. 200 = 92.8 % Passing No. 200 = 92.6 % 

Passing No. 40 = 99 .4 % Passing No. 40 = 99.3% 

Plasticity Index= 17 % Plasticitv Index = 17 % 

Avg,. Strain to Peak= 15.1 % Avg. Strain to Peak= 11.0 % 

Normalized tip stress and fines content with depth for CPT-1, CPT-2, CPT-2A, CPT-3, CPT-4, 

CPT-5, CPT-5A and CPT-5B including a summary of pertinent average field and laboratory test 

results for each material layer are attached. 

CRITERIA AND METHODOLOGY: 

From Ref. No. 2, the first step common to all approaches is to review the subsurface conditions 

at the embankment to evaluate whether any zones have the potential for strength loss. For this 

initial screening step, saturated to nearly saturated sand-like materials with N1,6o values Jess than 

15 blows per foot (bpf), or qc1 (or Qc) values less than 75 tons per square foot (tsf), should be 

considered potentially susceptible to strength loss. Ref. No. 2 noted these values are likely too 

conservative and apply only to clean sands. Their application to silty sands and sands with high 

fines content, which are more representative of fine coal refuse, will likely be overly 

conservative. 
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Generalized field-related CPT-derived criteria noted in various references within Reference 2 

include: 

Sand-like: Fines content< 50% or PI< 12% 

Loose: SPT N 1,60 < 15 or CPT qc1 > 75 tsf, & SBT Ic < 2.6 or F, < 2% ). 

Clay-like: Fines content> 50% and PI> 12% 

Soft: OCR< 5, SJcr' v < 1.0, CPT Q, < 20 tsf & SBT Ic > 2.6, SPT N1,60 < 8 

CPT data may be used in conjunction with Atterberg limit data (criteria shown below) to 

differentiate sand-like from clay-like material. CPT Soil Behavior Type Index (le), as described 

in Robertson and Wride 1998 and reproduced in Youd et al. 2001, values below 2.6 should be 

(_ considered sand-like. Ic values above 2.6. may be considered clay-like. 

Generalized laboratory results criteria noted in various references within and in Ref. No. 1 

include the following Atterberg Limit and sieve criteria: 

Atterberg Limits. 

• Material should be considered sand-like if any of the following three (3) criteria apply: 

1. The material has less than 35% particles by dry weight passing the No. 40 sieve and Jess 

than 20% by dry weight passing the No. 200 sieve; or 

2. The material has 35% or more particles by dry weight passing the No. 40 sieve and 20% 

or more particles by dry weight passing the.No. 200 sieve, but the fraction finer than the 

No. 40 sieve has a PI of less than 12%; or 

3. The material has 20% or more particles by dry weight passing the No. 200 sieve, but the 

fraction finer than the No. 40 sieve has a PI of less than 20%. 

The material may be considered clav-like if any of the following two (2) criteria apply: 

1. The material has 35% or more pa1ticles by dry weight passing the No. 40 sieve and 20% 

or more paiticles by dry weight passing the No. 200 sieve, and the fraction finer than the 

No. 40 sieve has a PI of 12% or higher; or 
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2. The material has 20% or more particles by dry weight passing the No. 200 sieve, and the 

fraction finer than the No. 40 sieve has a PI of 20% or higher. 

Atterberg limit criteria include as sand-like some materials that are considered clay-like by some 

investigators (e.g. Boulanger and Idriss, 2004, who suggested a break between sand-like and 

clay-like behavior at a PI of 7%). The intent is to classify borderline materials as sand-like to be 

conservative. 

Another key factor in differentiating loose sand-like material from soft or medium clay-like 

material, for the purposes of seismic stability and deformation analyses, are the strain at peak 

undrained strength and the abruptness of the drop-off in shearing resistance as strains increase 

beyond the strain at peak. Loose sands and highly sensitive clays can reach Sup at small strains, 

and experience abrupt drop-off in resistance at higher strains. Most clays tend to reach Sup at 

higher strains, and tend to experience more gradual and limited drop-off in shearing resistance at 

1 
(. higher strains. Fine coal refuse deposits often include materials falling within both 

• "· classifications, and near the boundary of these two types of behavior. 

Loose materials with shear strain at peak strength of less than 2% in an undrained monotonic 

(non-cyclic) test, and a rapid drop-off in resistance after reaching peak strength, are considered 

sand-like. Loose or soft materials with shear strain at peak strength of more than about 5%, and 

a gradual drop-off in resistance after reaching peak strength are considered clay-like. Materials 

with strain behavior between these descriptions are considered borderline and, to be 

conservative, should generally be analyzed as sand-like. · (Note that shear strain in an undrained 

triaxial test is 1.5 times axial strain.) 

Soil, rock, and mixtures of soil and rock that are not coal refuse such as the underlying starter 

embankment will be referred to as natural soils. Natural soils may be described as sand-like, or 

clay-like, using the same general criteria as refuse. 
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CPT-L CPT-2. CPT-2A. CPT-3. CPT-4, CPT-5. CPT-SA AND CPT-SB AVG. 

WEIGHTED A VERA GE FIBLD AND LAB RESULTS SUMMARY 

Coarse Coal Refuse (138') 

Av,;,. Tip Stress, Qc avg. = 46 tsf 

Avg_ Fines Content, FC avg. = 23% 

Avg. SET Index, le = 2.25 

Fine Coal Refuse 

Avg.% Passing No. 200 = 92.7% 

Avg. % Passing No. 40 = 99.4 % 

Avg. Plasticity Index = 17% 

Avg. Strain to Peak= 13.1 % 

Residual Soil (150.6') 

Avg. Tip Stress, Qc av 0 • = 61 tsf 

Avg. Fines Content, FC avg. = 46% 

A v_g. SET Index, le = 2. 73 

Plots of individual and average normalized tip stress with depth are included with an attached 
complete copy of Ref. No. 4. 
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CONCLUSION 

Based on the information presented in this calculation brief, the following material characteristic 

designations were determined for the coarse coal refuse, fine coal refuse and residual soil: 

Coarse Coal Refuse: Medium Dense Sand-Like; 

Fine Coal Refuse: Medium Stiff Clay-Like; 

Residual Soil: Medium Dense Sand-Like and Medium Stiff Clay-Like. 

Further, the results of the laboratory testing indicate that the fine coal refuse is clay-like based on 

an average 93% passing the No. 200 sieve and plasticity index of 17%. Peak and steady-state 

undrained strengths presented in Appendix A were reached at generally high strains (between 8 

and 18 % ), and there was very little drop off from peak to steady-state with increasing strain. The 

results generally indicated a higher resistance to strength loss (and flow) due to the large strains 

required to exceed the peak strength and correspondingly small decrease to the steady-state 

strength at higher strains. Further, previous deformation analyses results indicated induced shear 

strains from the PGA at Jess than 0.1 %, which is well below a threshold (peak) triggering strain 

of the material. 

The susceptibility of the embankment and impoundment to a liquefaction flow failure is a 

function of both the undrained strength (worst case steady-state strength) and the in-situ driving 

shear stress on a critical failure plane passing through the critical layer fine coal refuse material, 

which is further addressed in subsequent calculation briefs. 
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CALCULATION BRIEF 
FOR 

ESTIMATION AND SUMMARY OF ENGINEERING PROPERTIES 
INCLUDING PEAK AND STEADY-STATE UNDRAINED SHEAR STRENGTH 

FOR REFUSE AND SUBGRADE MATERIALS 

POND CREEK COAL REFUSE DISPOSAL SITE - SOUTH POND STAGE 2 

OBJECTIVE: 

REFERENCES: 

To estimate and summarize engineering properties for fine coal refuse 

- materials samples obtained at the Pond Creek Coal Refuse Disposal site 

including unit weight (y), specific gravity (G,), effective strength, i.e., 

angle of internal friction (~') and cohesion (c'), total strength, peak 

undrained shear strength (Sup), and steady-state undrained shear strength 

(Sus), The various strengths will be used in the South Pond abandonment 

analyses model(s). 

1. Civil & Environmental Consultants (CEC), Inc. Calculation Brief Entitled "Summary of 

Piezo-Sei~mic Cone Penetration Testing," Pond Creek Coal Refuse Disposal Site," BEG, 

12/21/07. 

2. Civil & Environmental Consultants (CEC), Inc. Calculation Brief Entitled "Summary of 

Laboratory Testing - Fine Coal Refuse," Pond Creek Coal Refuse Disposal Site - South 

Pond," BEG, 7/10/08. 

3. Alliance Consulting, Inc., "Appendix C Laboratory Testing, Proposed Coal Refuse 

Disposal Facility No. 2, Pond Creek Mine No. 1, Williamson County, Illinois." 

4. Poulos, S.J., Castro, G., France, J.W. (1985), "Liquefaction Evaluation Procedure," 

Journal of Geotechnical Engineering, ASCE, 111(6), pp. 772-791. 
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5. Genes, B.E., Keller, T.O., and Laird, J.P. (2000) "Steady State Liquefaction Susceptibility 
of High Hazard Upstream-Constructed Coal Refuse Disposal Facilities," Proceedings of 
Tailings Dams 2000, ASDSO/USCOLD, Las Vegas, NV, March 28-30, pp. 47-58. 

6. Almes, R. A. and Butail, A. (1976) "Coal Refuse: Its Behavior Related to the Design and 
Operation of Coal Refuse Disposal Facilities," Proceedings of the Ohio River Valley 
Soils Seminar, Lexington, Kentucky, October, 1976. 

7. Bowles, Joseph E. (1984) "Physical and Geotechnical Properties of Soils," Mc-Graw Hill. 
New York: 367-369 and 393-396. 

SOIL PROPERTIES: 

\( The following soil properties were estimated based on laboratory testing [Reference Numbers 
(Ref. Nos.) 2 and 3] performed for abandonment analyses and/or provided by Alliance 
Consulting, Inc. for previous deformation analyses, which are used in the various slope stability 
analyses and attached for information: 

e us 01 R f e/S ·1 P roperties 
Friction 

Unit Weight Angle Cohesion <1> 

(y) (<I>) (c) 
Description (ocf) (degrees) (psf) Comment 

Coarse Refuse 130 36 0 Frictional 

6 

36.9 0 Effective Strength (Drained) 

Fine Coal Refuse 85 18.8 0 Total Strength (Undrained) 

0 Varies (See Below) Steady-State (Undrained) 

19.5 400 Total Strength (Undrained) 
Residual Soil 125 

0 3000 80% Peak Undrained 
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LABORATORY-DERIVED S!fil and S~: 

Two (2) consolidated - undrained (CU) triaxial series tests (3 points each) were performed on 

reconstituted bulk fine coal refuse slurry to determine effective and total strength parameters as 

well as peak (Sup) and steady-state (Su,) undrained shear strengths. Samples were prepared in the 

laboratory to simulate in-situ placement and consolidation. Samples were consolidated to a 

range of vertical effective stresses of about 5, 10 and 20 pounds per square inch (psi) [ or 720 to 

2880 pounds per square foot (psf)]. All specimens exhibited contractive behavior when sheared 

under undrained conditions. In general, all specimens reached, or nearly reached, a steady-state 

of deformation within the strain limits of the test equipment. 

A total of 6 CU points comprise the (2) series from which peak and steady-state shear strength 

state. Sus represents the liquefied shear strength [i.e., the minimum (residual) strength available 

following a rapid loading event, such as an eaithquake]. 

The following equations (Ref. No. 4) were used to calculate peak (Sup) and steady-state (Su,) 

shear strengths from laboratory test specimens: 

Peak: 

Sup= qup COS qJp 

Or 

Sup= cr' Jp [cos $p sin <jlp] / (1 - sin <jlp) 

Steady-State: 

Or 

080851 

6 
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Where, 

qup = shear stress on 45-degree plane at peak strain 

<pp= friction angle at peak = arcsin ( q/p) at peak strain 

cr' 3P = lateral effective stress at peak strain 

CHECKEDBY t:sx:s 

qllS = shear stress on 45-degree plane at steady-state (max) strain 

<!>us= friction angle at steady-state = arcsin (q/p) at max strain 

cr' 3u, ~ lateral effective stress at steady-state (max) strain 

DATE 1(2-s({fl 

The following peak and steady-state data is presented from CU testing on bulk fine coal refuse 

samples Bucket 1 and Bucket 2 and applying the equations above. CU laboratory test results are 

attached. 
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Sample No. Bucket 1 - Fine Coal Refuse Bucket 2 - Fine Coal Refuse 

CU Test No. 1 2 3 1 2 3 

(Confining (5.2 psi) (10.2 psi) (20.4 psi) (5.2 psi) (10.4 psi) (20.4 psi) 
Pressure) 

Parameter 

qup (psi) @ 4.61 7.54 10.82 3.37 5.73 11.67 

Peak Strain (%) 18.4 13.4 13.5 10.3 14.2 8.4 

$p (deg) 40.4 39.6 37.8 38.3 39.2 37.5 

cr' 3p (psi) 2.5 4.3 6.8 2.1 3.3 7.5 

Sup (psi) 3.51 5.81 8.55 2.64 4.44 9.26 

qus (psi) @ 4.59 7.33 10.02 3.28 5.4 10.61 

Max. Strain (%) 21.5 21.67 21.74 17.29 21.32 21.42 

$us (deg) 40.4 39.0 36.7 36.3 38.6 35.7 

cr' 3us (psi) 2.4 4.3 6.7 2.1 3.3 7.6 

Sus (psi) 3.37 5.67 7.98 2.46 4.28 8.65 

A plot of the Su, of the reconstituted coal refuse slurry samples versus vertical effective stress 

(cr'v) is presented in the attached Figure 1. The equivalent effective vertical stress was assumed 

to be 1.5 times the isotropic effective consolidation stress (i.e., l.5*cr'3). A 2/3 - 1/3 

relationship of the data was employed to yield an Su, to cr'v relationship of Su, = 0.28 cr'v. Ref. 

No. 5 and recent undisturbed/remolded fine coal refuse testing on other projects yielded a range 

of Su,= 0.06 to 0.28 cr'v, with an average of about Su,= 0.22 cr'v. Since site specific testing was 

performed, a reasonable Su, to cr'v relationship of Su,= 0.24 cr'v is considered realistic with some 

conservatism. The impounded/abandoned fine coal refuse in the South Pond will be modeled 

utilizing this relationship. 
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Subsequent slope stability analyses determine the magnitude of driving shear stress on a failure 
plane through the fine coal refuse impoundment to assess the required Sus to maintain 
equilibrium and assess the likelihood of a (liquefaction) flow failure. Post-earthquake slope 
stability of the embankment/impoundment is evaluated as well to assess the failure potential of 
the South Pond embankment using the abandonment geometry. 

CONCLUSIONS 

Laboratory undrained shear strength data from consolidated undrained triaxial tests of fine coal 
refuse were determined. Procedures were performed to estimate Sup, Sus, and a reasonable Sus to 
cr'v relationship of Sus = 0.24 cr'v for the material. The results of the laboratory testing indicated 
Sup and Sus reach their peak and steady-state strength at high strains, and there is very little drop 
off with increasing strain. Further, Sup and Sus values generally indicated resistance to flow. 
Thus, the results suggest undrained strengths of the fine coal refuse will be maintained at or near 
peak levels during an undrained event such as an earthquake, and the susceptibility of the 
impounded fine coal refuse to a liquefaction flow failure is a function of both the undrained 
strength (worst case steady-state strength) and the in-situ driving shear stress on a critical failure 
plane through the fine refuse material. 

Based on this information, the properties evaluated/developed in Ref. No. 2 for fine coal refuse, 
as well as coarse refuse and residual soil, indicated the South Pond fine coal refuse has sufficient 
steady-state shear strength to limit the flowability of the material. The likelihood of a flow 
failure associated with the abandonment scenario will be assessed in a subsequent calculation 
brief by evaluating the driving shear stress and factor of safety against liquefaction in the fine 
coal refuse. 
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Pond Creek Phase 2 South Pond 

Steady-State Undrained Strength vs. Vertical Effective Stress 

0 -----··-··-----·· -·-·-·-----

1000 ·--·------,~--------- ---·-------·--·- ·---------····----·--· - --

• • 
1500 ,. Su=0.2_7cr'v, USE Su=0.24cr'v · · 

2/3 • 1/3 Line 

2000 -· · 

• 
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2' 2500 
> ·o 
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Figure I 
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Client 
C lien! Reference 
Project No. 
Lab ID 

30 

25 ---

CONSOLIDATED UNDRAINED TRIAXIAL TEST 
WITH PORE PRESSURE READINGS 

ASTM D4767-95 I AASHTO T297-94 (SOP-S28) 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-01 

Boring No. 
Depth(ft.) 
Sample No. 

SOUTH POND 
NA 
BUCKET 1 

Consolidated Undrained Triaxial Test with Pore Pressure 

SIN cp = TAN Cl 
a 

C = ----
COS <.b 

20 f------'----+----;-------j----+---+-'----,,.£....j-------+----'-----j 

a, 

_; 
3' 15 i--------------'---._! ___ -;L---+---_;_---_:_ ___ .....:._ ___ -J 
ci 

0'-----~---~-------;,,------'----------------------' 
0 5 10 

·•St--- Max. Effec. Stress Ratio Points 

a = 

a 

15 20 

--Failure Envelope 

0.00 
30.5 

25 30 

P, (psi) 

·--=--------Test No. 1 

C = 
(() = 

35 40 

--Tes!No.2 

0.001 
36.14 

45 

----:::::--Test No. 3 

, , 
Tested By JCM Date 05/21/08 Approved By U!:) Date CR ( I q IO~ 

page 1 of 8 OCN CT-S28 DATE 6-25,98 REV!S!ON 1 

544 Braddock Avenue • East Pittsburgh, PA 15112 • 412-823-7600 • FAX 412-823-8999 • www.geotechnics.net 
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Client 

Client Reference 

Project No. 

Lab ID 

Visual Description: 

CONSOLIDATED UNDRAINED TRIAXIAL TEST 

WITH PORE PRESSURE READINGS 

ASTM D4767-95 / AASHTO T297-94 (SOP-S28) 

CEC 

POND CREEK 080851 

2008-210-01 

2008-210-01-01 

Boring No. 
Deplh(ft.) 

Sample No. 

BLACK COAL REFUSE SLURRY (REMOLDED) 

SOUTH POND 

NA 

BUCKET 1 

25 ~----------------------------------~ 

20 

15 
·;;; 
.'= 
• • ~ 
;;; 
.9 • ·, 
• Q 

10 

5 

0 
0 5 10 15 20 25 

Strain(%) 

----e--Test No. 1 --e-Test No. 2 -ts-Test No. 3 

Tested By JCM Date 05/21 /08 Approved By Date ((' r 1q o8 
xige 2 of 8 

544 Braddock Avenue • East Pittsburgh, PA 15112 • 412-823-7600 • FAX 412-823-8999 • www.geotechnics.net 
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CONSOLIDATED UNDRAINED TRIAXIAL TEST 

WITH PORE PRESSURE READINGS 
ASTM D4767-95 I AASHTO T297-94 (SOP-S28) §t;~~.~~"~ 

':lient 
~lien! Reference 
Project No. 
Lab ID 

Visual Description: 

/Stage No. 
Test No 

PRESSURES (psi) 

Cell Pressure(psi) 
Back Pressure(psi) 
Eff. Cons. Pressure(psi) 
Pore Pressure 
Response (%) 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-01 

Boring No. 
Depth (fl.) 
Sample No. 

SOUTH POND 
NA 
BUCKET 1 

BLACK COAL REFUSE SLURRY (REMOLDED) 

36,6 
31.4 
5.2 

98 

INITIAL SAMPLE DIMENSIONS (in) 

Length 1 3.140 
Length 2 3.148 
Length 3 3.151 
Avg Leng.= 3.146 

VOLUME CHANGE 

Diameter 1 
Diameter 2 
Diameter 3 
Avg. Diam.= 

Initial Surette Reading (ml) 
Final Surette Reading (ml) 
Final Change (ml) 

MAXIMUM OBLIQUITY POINTS 

p 
Q 

= 
= 

LOAD 
(LBS) 

6.8 
8.2 
8.8 
10.3 
12.1 
15.1 
15.8 
16.2 
17.1 
17.2 
17.8 
18.4 
18.5 
18.8 
19.0 
18.9 
19.4 
19.6 
20.2 
20.7 
20.8 
21.4 
21.4 
21.6 
22.0 
21.8 
22.8 
23.1 
23.5 
23.1 
24.0 

Tested By 

6.41 
3.95 

JCM Date 

Initial Dial Reading (D.R.), mils 
D.R. After Saturation, mils 
D.R. After Consolidation, mils 

DEFORMATION 
(INCHES) 

0.000 
0.001 
0.002 
0.005 
0,008 
0.016 
0.020 
0.026 
0.038 
0.051 
0.069 
0.085 
0.101 
0.116 
0.132 
0.158 
0.182 
0.205 
0.236 
0.260 
0.292 
0.316 
0.340 

. 0.371 
0.411 
0.443 
0.490 
0.530 
0.569 
0.610 
0.664 

05/21/08 Input Checked By 

PORE PRESSURE 
(PSI) 
31.4 
32.1 
32.1 
32.5 
32.8 
33.2 
33.4 
33.6 
33.7 
33.8 
33.9 
34.0 
34.0 
34.1 
34.1 
34.1 
34.2 
34.2 
34.2 
34.2 
34.1 
34.3 
34.1 
34.1 
34.1 
34.1 
34.1 
34.2 
34.1 
34.1 
34.2 

Date 

1.375 
1.389 
1.399 
1.388 

24.0 
21.7 

2.3 

235 
250 
294 

,J.Jge 3 of 8 DCIJ. CT-S28 DATE 6-25,98 REVISIOM 1 

544 Braddock Avenue • East Pittsburgh, PA 15112 • 412-823-7600 • FAX 412-823-8999 • www.geotechnics.net 
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CONSOLIDATED UNDRAINED TRIAXIAL TEST 

WITH PORE PRESSURE READINGS 
ASTM 04767-95 / AASHTO T297-94 (SOP-S28) §~.=~~~!'~"~ 

Client 
Client Reference 
Project No. 
Lab ID 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-01 

Boring No. 
Depth(ft.) 
Sample No. 

SOUTH POND 
NA 
BUCKET 1 

Visual Description: BLACK COAL REFUSE SLURRY (REMOLDED) 

: Effective Confining Pressure (psi) 5.2 

INITIAL DIMENSIONS 

Initial Sample Length (in.) 
initial Sample Diameter (in.) 
initial Sample Area (in"2) 
Initial Sample Volume (in'3) 

Strain Deviation 6 U 
(%) Stress 

0.02 0.98 0.73 
0.07 1.39 0.75 
0.15 2.40 1. 15 
0.25 3.62 1.36 
0.52 5.63 1.79 
0.66 6.03 2.01 
0.84 6.35 2.21 
1.22 6.92 2.33 
1.64 6.91 2.40 
2.25 7.31 2.55 
2.75 7.66 2.61 
3.27 7.71 2.64 
3.77 7.81 2.68 
4.28 7.90 2.74 
5.11 7.78 2.71 
5.89 8.02 2.84 
6.65 8.13 2.78 
7.66 8.39 2.83 
8.42 8.64 2.76 
9.45 8.59 2.72 
10.23 8.90 2.86 
11.00 8.80 2.67 
12.03 8.83 2.74 
13.30 8.93 2.72 
14.34 8.73 2.69 
15.88 9.12 2.66 
17 15 9.15 2.77 
18.44 9.22 2.70 
19.74 8.36 2.70 
21.51 9.19 2.82 

Tested By JCM 

3.15 
1.39 
1.51 
4.76 

5.45 
5.84 
6.46 
7.46 
9.04 
9.22 
9.34 
9.79 
9.71 
9.96 

10.25 
10.26 
10.34 
10.37 
10.27 
10.38 
10.56 
10.76 
11.09 
11 .. 07 
11.25 
11.33 
11.29 
11 .41 
11.25 
11.66 
11.59 
11.72 
11.36 
11.56 

4.5 
4.5 
4. 1 
3.8 
3.4 
3.2 
3.0 
2.9 
2.8 
2.7 
2.6 
2.6 
2.5 
2.5 
2.5 
2.4 
2.4 
2.4 
2.4 
2.5 
2.3 
2.5 
2.5 
2.5 
2.5 
2.5 
2.4 
2.5 
2.5 
2.4 

Date 05/21/08 

Stage No. 
Test No 

VOLUME CHANGE 

Volume After Consolidation (in'3) 
Length After Consolidation (in) 
Area After Consolidation (in"2) 

Effective Principle 

Stress Ratio 

1 .219 
1 .311 
1.593 
1 .941 
2.649 
2.893 
3.125 
3.417 
3.469 
3.753 
3.961 
4.017 
4.098 
4.208 
4.124 
4.400 
4.359 
4.538 
4.536 
4.464 
4.797 
4.474 
4.594 
4.601 
4.477 
4.587 
4.762 
4.691 
4.536 
4.864 

A 

0.76 
0.55 
0.49 
0.38 
0.32 
0.34 
0.36 
0.34 
0.35 
0.36 
0.35 
0.35 
0.35 
0.35 
0.36 
0.36 
0.35 
0.34 
0.33 
0.32 
0.33 
0.31 
0.32 
0.31 
0.31 
0.30 
0.31 
0.30 
0.31 
0.3 i 

p 

4.96 
5.14 
5.25 
5.65 
6.23 
6.20 
6.16 
6.33 
6.26 
6.31 
6.42 
6.41 
6.43 
6.41 
6.38 
6.37 
6.49 
6.56 
6.77 
6.77 
6.79 
6.93 
6.87 
6.94 
6.88 
7.10 
7.01 
7.11 
6.93 
b.\:l / 

1 
1 

4.55 
3.09 

1.474 

Q 

0.49 
0.69 
1.20 
1.81 
2.81 
3.02 
3.18 
3.46 
3.46 
3.65 
3.83 
3.85 
3.91 
3.95 
3.89 
4.01 
4.07 
4.19 
4.32 
4.29 
4.45 
4.40 
4.42 
4.46 
4.37 
4.56 
4.58 
4.61 
4.43 
4.59 

Input Checked By bf) Date {o- LQ-02-, 
page 4 of 8 
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CONSOLIDATED UNDRAINED TRIAXIAL TEST 
WITH PORE PRESSURE READINGS 

ASTM 04767-95 I AASHTO T297-94 (SOP-S28) 

CEC 
: \ ,t Reierence POND CREEK 080851 

2008-210-01 
2008-210-01-01 

Boring No. 
Depth(ft.) 
Sample No. 

SOUTH POND 
NA 
BUCKET 1 ;:,roject No. 

Lab ID 

Visual Description: BLACK COAL REFUSE SLURRY (REMOLDED) 

!
Stage No. 

, Test No 

INITIAL SAMPLE DIMENSIONS (in) 

i'RESSURES (psi) 

Length 1 
Length 2 
Length 3 
Avg Leng.= 

3.120 
3.137 
3.135 
3.131 

Diameter 1 
Diameter 2 
Diameter 3 
Avg. Diam.= Cell Pressure(psi) 

Back Pressure(psi) 
Eff. Cons. Pressure(p, 
Pore Pressure 
Response (%) 

46.5 
36.1 
10.4 

100 

VOLUME CHANGE 
Initial Surette Reading (ml) 
Final Burette Reading (ml)· 
Final Change (ml) 

MAXIMUM OBLIQUITY POINTS 

p 

Q 
= 
= 

11.84 
7.45 

Initial Dial Reading (D.R.), mils 
D.R. After Saturation, mils 
D.R. After Consolidation, mils 

LOAD DEFORMATION PORE PRESSURE 
(LBS) (INCHES) (PSI) 

7.9 0.000 36.1 
13.4 0.001 36.8 
14.9 0.002 37.0 
18.3 0.005 37.4 
20.0 0.008 37.8 
22.4 0.017 38.7 
23.0 0.020 38.9 
23.7 0.026 39.3 
24.8 0.038 39.9 
25.7 0.051 40.3 
26.7 0.069 40.9 
27.1 0.085 41.1 
27.5 0.100 41.3 
27.5 0.110 41.5 
27.7 0.131 41.6 
27.9 0.157 41.8 
28.2 0.181 41.9 
28.6 0.204 41.9 
29.5 0.235 42.0 
30.0 0.259 42.1 
30.5 0.290 42.1 
30.4 0.313 42.0 
31.0 0.337 42.1 
31.2 0.368 42.0 
31.8 0.408 42.2 
31.8 0.439 42.1 
32.3 0.486 42.1 
33.0 0.526 42.2 
32.6 0,565 42.1 
33.1 0.604 42.2 
33.6 0.659 42.2 

1.396 
1.398 
1.344 
1.379 

24.0 
18.4 
5.6 

77 
112 
166 

l_~.-•--o=-'T'-"e::".s'.::tec:d-=B:rY-::-:~J~C~M~~D,::,at~e==.:::Oc::5!..:/2:..:1'..:/0c::8_!!:ln'.!:'.p:::utc.:C:'.'.h.:::ec:cc~ke::.::dccB:::Yt..__r.:,)...l._..=D::.:a'.'.:te::___L11__1-1..._c,,.!_~--
..., DCN: CT-S28 DATE 6-25-96 REVISION 1 
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- 0:Ii~nt 
· ( "nt Reference 

. oject No. 
Lab ID 

CONSOLIDATED UNDRAINED TRIAXIAL TEST 

WITH PORE PRESSURE READINGS 

ASTM 04767-95 / AASHTO T297-94 (SOP-S28) 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-01 

Boring No. 
Depth(ft.) 
Sample No . 

Visual Description: BLACK COAL REFUSE SLURRY (REMOLDED) 

'Effective Confining Pressure (psi) 10.4 

INITIAL DIMENSIONS 

Stage No. 
Test No 

VOLUME CHANGE 

SOUTH POND 
NA 
BUCKET 1 

Initial Sample Length (in.) 
Initial Sample Diameter (in.) 
Initial Sample Area (inA2) 
Initial Sample Volume (in"3) 

3.13 
1.38 
1.49 
4.68 

Volume After Consolidation (inA3) 
Length After Consolidation (in) 
Area After Consolidation (inA2) 

,( 
""·-. 

Strain 
(%) 

0.03 
0.06 
0.15 
.25 

0.54 
0.67 
0.86 
1.25 
1.67 
2.28 
2.79 
3.30 
3.60 
4.32 
5.16 
5.95 
6.72 
7.73 
8.52 
9.54 

10.30 
11.07 
12.10 
13.40 
14.44 
I 5.98 
17.28 
18.58 
19.86 
21.67 

s of 

Deviation t!. U 
Stress 

3.98 0.65 
5.09 0.89 
7.59 1.34 
8.76 1.72 
10.51 2.62 
10.94 2.79 
11.42 3.19 
12.16 3.85 
12.77 4.19 
13.37 4.77 
13.56 5.04 
13.79 5.25 
13.76 5.40 
13.77 5.50 
13.82 5.69 
13.93 5.80 
14.04 5.83 
14.51 5.87 
14.69 6.01 
14.91 6.01 
14.68 5.94 
14.93 6.00 
14.89 5.95 
15.08 6.10 
14.89 6.03 
14.92 5.99 
15.10 6.12 
14.65 5.96 
14. 71 6.07 
14.66 6.08 

Tested By JCM 

13.73 
14.59 
16.65 
17.44 
18.29 
18.56 
18.64 
18.71 
18.98 
19.00 
18.92 
18.94 
18.76 
18.67 
18.52 
18.52 
18.61 
19.04 
19.08 
19.30 
19.15 
19.33 
19.34 
19.38 
19.25 
19.34 
19.38 
19.09 
19.04 
18.99 

Date 

9.7 
9.5 
9.1 
8.7 
7.8 
7.6 
7.2 
6.6 
6.2 
5.6 
5.4 
5.2 
5.0 
4.9 
4.7 
4.6 
4.6 
4.5 
4.4 
4.4 
4.5 
4.4 
4.5 
4.3 
4.4 
4.4 
4.3 
4.4 
4.3 
4.3 

05/21108 

Effective Principle 
Stress Ratio 

1.408 
1.535 
1.838 
2.010 
2.351 
2.438 
2.584 
2.856 
3.055 
3.373 
3.530 
3.675 
3.751 
3.812 
3.934 
4.029 
4.072 
4.205 
4.349 
4.397 
4.289 
4.390 
4.346 
4.506 
4.410 
4.381 
4.528 
4.303 
4.398 
4.393 

Input Checked By 

A p 

0.16 11.74 
0.18 12.05 
0.18 12.85 
0.20 13.06 
0.25 13.04 
0.25 13.08 
0.28 12.92 
0.32 12.63 
0.33 12.60 
0.36 12.32 
0.37 12.14 
0.38 12.05 
0.39 11.88 
0.40 11.79 
0.41 11.62 
0.42 11.56 
0.42 11.59 
0.40 11.78 
0.41 11.73 
0.40 11.84 
0.40 11.80 
0.40 11.87 
0.40 11.90 
0.40 11.84 
0.41 11.81 
0.40 11.88 
0.41 11.83 
0.41 11.76 
0.41 11.68 
0.41 11.65 

Date 

1 
2 

4.18 
3.04 

1.374 

Q 

1.99 
2.54 
3.79 
4.38 
5.26 
5.47 
5.71 
6.08 
6.38 
6.68 
6.78 
6.89 
6.88 
6.89 
6.91 
6.96 
7.02 
7.26 
7.35 
7.45 
7.34 
7.46 
7.45 
7.54 
7.44 
7.46 
7.55 
7.33 
7.35 
7.33 
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Client 
Client Reference 
Project No. 
Lab ID 

CONSOLIDATED UNDRAINED TRIAXIAL TEST 
WITH PORE PRESSURE READINGS 

ASTM D4767-95 / AASHTO T297-94 (SOP-S28) 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-01 

Boring No. 
Depth(ft.) 
Sample No. 

SOUTH POND 
NA 
BUCKET 1 

Visual Description: BLACK COAL REFUSE SLURRY (REMOLDED) 

/Stage No. 
Test No 

PRESSURES (psi) 

Cell Pressure(psi) 
Back Pressure(psi) 
Eff. Cons. Pressure(p, 
Pore Pressure 
Response (%) 

51.4 
31.0 
20.4 

99 

MAXIMUM OBLIQUITY POINTS 

p 
Q 

= 
= 

LOAD 
(LBS) 

6.8 
13.5 
15.7 
18.9 
21.3 
25.0 
27.3 
28.7 
30.6 
31.7 
33.1 
33.8 
34.5 
34.7 
35.2 
35.9 
36.6 
37.1 
37.5 
37.8 
38.3 
38.7 
38.8 
40.1 
41.4 
41.7 
40.5 
42.1 
42.5 
41.7 
42.3 

, __ ,.._.-/ n,, 
1 c:.ncu oy 

17.19 
10.31 

1r,n ~ ...... ~ ... -
J,._,IVI UCllt:! 

INITIAL SAMPLE DIMENSIONS (in) 

Length 1 
Length 2 
Length 3 
Avg Leng.= 

3.130 
3.121 
3.136 
3.129 

VOLUME CHANGE 

Diameter 1 
Diameter 2 
Diameter 3 
Avg. Diam.= 

Initial Surette Reading (ml) 
Final Surette Reading (ml) 
Final Change (ml) 

Initial Dial Reading (D.R.), mils 
D.R. After Saturation, mils 
D.R. After Consolidation, mils 

1.404 
1.373 
1.371 
1.383 

48.0 
40.5 

7.5 

60 
68 

154 

DEFORMATION PORE PRESSURE 
(INCHES) (PSI) 

0.000 31.0 
0.001 34.0 
0.002 34.5 
0.003 35.2 
0.005 35.9 
0.011 37.4 
0.017 38.5 
0.024 39.4 
0.036 40.5 
0.049 41.4 
0.067 42.3 
0.083 42.8 
0.099 43.2 
0.108 43.4 
0.131 43.7 
0.157 44.0 
0.180 44.2 
0.204 44.3 
0.236 44.4 
0.260 44.4 
0.290 44.5 
0.314 44.5 
0.337 44.5 
0.369 44.6 
0.408 44.6 
0.440 44.6 
0.488 44.6 
0.527 44.6 
0.566 44.6 
0.605 44.6 
0.660 44.7 

' 'r,. •<"6 nr,,.., ... '"'" lnput c1-1ecked By 1t:12. Date 
f. -IV- I\ -

UUIL.. 1/UO I' II ) V' t, I \J 
page 7 or 8 DCN· CT-S28 DATE 6-25-96 REVJSION 1 
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CONSOLIDATED UNDRAINED TR/AXIAL TEST 
WITH PORE PRESSURE READINGS 

ASTM D4767-95 / AASHTO T297-94 (SOP-S28) 

Client 
Client Reference 
Project No. 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-01 

Boring No. 
Depth(ft.) 
Sample No. 

SOUTH POND 
NA 
BUCKET 1 

Lab ID 

Visual Description: BLACK COAL REFUSE SLURRY (REMOLDED) 

ressure /psi) 

INITIAL DIMENSIONS 

Initial Sample Length (in.) 
Initial Sample Diameter (in.) 
Initial Sample Area (in"2) 
Initial Sample Volume (in'3) 

Strain 

(%) 

0.02 
0.05 
0.10 
0.17 
0.37 
0.58 
0.80 
1.18 
1.61 
2.22 
2.74 
3.26 
3.57 
4.31 
5.17 
5.94 
6.73 
7.78 
8.55 
9.57 

10.34 
11 . 11 
12.15 
13.45 
14.49 
16.07 
17.35 
18.64 
19.92 

Deviation 

Stress 

4.82 
6.44 
8.70 

10.46 
13.09 
14.68 
15.66 
17.01 
17.71 
18.54 
18.96 
19.34 
19.40 
19.60 
19.89 
20.25 
20.42 
20.44 
20.50 
20.57 
20.62 
20.56 
21.14 
21.64 
21.53 
20.44 
21.06 
20.95 
20.20 

6U 

3.04 
3.45 
4.15 
4.86 
6.38 
7.49 
8.40 
9.52 

10.40 
11.31 
11.76 
12.21 
12.35 
12.73 
12.96 
13.15 
13.27 
13.38 
13.40 
13.48 
13.52 
13.51 
13.55 
13.57 
13.56 
13.58 
13.58 
13.63 
13.64 

2 .4 

3.13 
1.38 
1.50 
4.70 

22.17 
23.39 
24.95 
26.01 
27.10 
27.59 
27.66 
27.89 
27.71 
27.63 
27.60 
27.53 
27.45 
27.27 
27.33 
2Y.50 
27.54 
27.46 
27.50 
27.49 
27.50 
27.45 
27.99 
28.47 
28.36 
27.26 
27.88 
27.72 
26.96 

17.4 
16.9 
16.2 
15.5 
14.0 
12.9 
12.0 
10.9 
10.0 
9.1 
8.6 
8.2 
8.0 
7.7 
7.4 
7.2 
7.1 
7.0 
7.0 
6.9 
6.9 
6.9 
6.8 
6.8 
6.8 
6.8 
6.8 
6.8 
6.8 

VOLUME CHANGE 

Volume After Consolidation (in'3) 
Length After Consolidation (in) 
Area After Consolidation (in"2) 

Effective Principle 

Stress Ratio 

1.278 
1.380 
1.536 
1.673 
1.934 
2.137 
2.305 
2.563 
2.772 
3.039 
3.196 
3.361 
3.411 
3.556 
3.676 
3.795 
3.864 
3.912 
3.928 
3.973 
3.995 
3.982 
4.088 
4.170 
4.149 
3.997 
4.086 
4.094 
3.988 
3.975 

A 

0.64 
0.54 
0.48 
0.47 
0.49 
0.52 
0.54 
0.57 
0.59 
0.62 
0.63 
0.64 
0.64 
0.66 
0.66 
0.66 
0.66 
0.66 
0.66 
0.66 
0.66 
0.66 
0.65 
0.63 
0.64 
0.67 
0.65 
0.66 
0.68 
0.69 

p 

19.76 
20.17 
20.60 
20.77 
20.56 
20.25 
19.83 
19.38 
18.85 
18.36 
18.12 
17.86 
17.75 
17.47 
17.38 
17.37 
17.34 
17.24 
17.25 
17.20 
17.19 
17.17 
17.42 
17.65 
17.60 
17.04 
17.35 
17.25 
16.86 
16.75 

1 
3 

4.20 
3.04 

1.385 

Q 

2.41 
3.22 
4.35 
5.23 
6.54 
7.34 
7.83 
8.50 
8.86 
9.27 
9.48 
9.67 
9.70 
9.80 
9.95 

10.13 
10.21 
10.22 
10.25 
10.28 
10.31 
10.28 
10.57 
10.82 
10.76 
10.22 
10.53 
10.48 
10.10 
10.02 21.74 20.03 13.67 26.77 6.7 

Toe-tori Ch, JCM D8te 05/21 /08 1,......,, ,f rh ..... ,...L,,-,rl o., t;<.n Date ; ~--in _t\ci. 
'~...,,.___, '-'J "'r''"" ._., ,.._,,._,"'-'u uy I )I'"\ u, 

' ' ~ 1 1 l 
page 8 of 8 -
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Client 
Client Ref. No. 
Project no. 
Lab ID 

,~•·-.. 
: ,-~ 
. I ' 

MOHk l 01 AL STRENGl'. .~Vl:LOPE 

CEC 
POND CREEi< 080851 
2008-210-01 
2008-210-01-01 

Boring No. 
Depth(ft.) 
Sample No. 
Visual Description 

SOUTH POND 
NA 
BUCKET 1 

- '\ §t:_hnics 
BLACK COAL REFUSE SLURRY (REMOLDED) 

60 I I 

C = 1.5 

50 <I>= 17.3 
" • - I••••----·---•-·. . -•-- ... -·· !. T ·-- !. -

40 
... - -- -

"' 0.. 30 

.... 

20 

10 

□ ::--'---'--'--~~_.J_---+L-----+-----l-.:.....----L----J 
0 20 40 

Tested By: JCM 

60 

a (psi) 

NOTE: 
Date: 05/21/08 Approved By: "D:B 

80 

GRAPH NOT TP. R9'LE 
Date: (pl or /0'2> 

544 Braddock Avenue East Pittsburgh, PA 15112 • Phone (412) 823-7600 Fax (412) 823·8999 

100 120 

C:\MS OFFICE\ExceliPrinlq\[F 197 .xls]S heel 1 
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REMOLDED UNIT WEIGHT BEFORE INITIAL CONSOLIDATION 
CONSOLIDATED UNDRAINED TRIAXIAL TEST 

Client 
Client Reference 
Project No. 
Lab ID 

WITH PORE PRESSURE READINGS 
ASTM 04767-95 / AASHTO T297-94 (SOP-S28) 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-01 Specific Gravity (measured) 

Visual Description: BLACK COAL REFUSE SLURRY (REMOLDED) 

SAMPLE CONDITION SUMMARY 

2.24 

Boring No. South Pond South Pond South Pond 

Depth (ft) NA NA NA 

Sample No. Bucket 1 Bucket 1 Bucket 1 

Test No. T1 T2 T3 

Deformation Rate (in/min) 0,0007 0.0007 0.0011 

Back Pressure (psi) 31.4 36.1 31 

Consolidation Time (days) 1 1 

Initial State (w%) 82.6 82.7 79.5 

Total Unit Weight (pct) 76.6 84.2 80.5 

Dry Unit Weight (pcl) 42.D 46.1 44.8 

Final State (w%) 36.8 34.5 32.7 

Initial State Void Ratio,e 2.333 2.035 2.119 

Testerl Ry 05/?1 /08 

page 1 of 1 OCN CT-S28 DATE 6-25-98 PEVISIOM 1 C:\MSOFFICE\ExceI1Prmtql{f184 x!s)Sheet1 
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'.c 
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Client 
Client Reference 
Project No. 
Lab ID 

UNIT WEIGHT AFTER INITIAL CONSOLIDATION 

CONSOLIDATED UNDRAINED TRIAXIAL TEST 

WITH PORE PRESSURE READINGS 
ASTM 04767-95 / AASHTO T297-94 (SOP-S28) 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-01 Specific Gravity (measured) 

Visual Description: BLACK COAL REFUSE SLURRY (REMOLDED) 

SAMPLE CONDITION SUMMARY 

Boring No. South Pond South Pond 

Depth (ft) NA NA 

Sample No. Bucket 1 Bucket 1 

Test No. T1 T2 

Deformation Rate (in/min) 0.0007 0.0007 

Back Pressure (psi) 31.4 36.1 

Consolidation Time (days) 1 1 

Initial State (w%) 41.7 43.3 

Total Unit Weight (pcf) 102.0 102.5 

Dry Unit Weight (pcf) 71.9 71.5 

Final State (w%) 36,8 34.5 

Initial State Void Ratio,e 0.944 0.955 

Date 05.1?1108 

2.24 

South Pond 

NA 
Bucket 1 

T3 
0.0011 

31 

1 

42.4 

101.8 

71.5 
32.7 

0.956 

page1of1 DCI~ CT-S:28 OP.TE 0<:!5-9-0 REVISIOM 1 C \MSOFFICE\Excel\Prrntql[F18$ ~1&]5heet1 
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Client 
Client Reference 
Project No. 
Lab ID 

35 

30 

CONSOLIDATED UNDRAINED TRIAXIAL TEST 
WITH PORE PRESSURE READINGS 

ASTM 04767-95 I AASHTO T297-94 (SOP-S28) 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-02 

Boring No. 
Depth(ft.) 
Sample No. 

SOUTH POND 
NA 
BUCKET 2 

Consolidated Undrained Triaxial Test with Pore Pressure 

.SIN(!> = TAN u. 
a 

C = -----
COS¢ 

25 f-------+-----4-------+--------l-/-'------+--------j 

20 

15 

5f------~"!-------.+:--------;--------i------.,---------I 
.11 
" .(1.:. 
;( 
r 

,; ·1·.· i ~i 
0 L._ _ _c::;._ __ _i_ _____ ..:,•,!,.; --------------!-------------4 

0 10 20 30 

P, (psi) 

•~?:--- Max. Effec. Stress Ratio Points --Failure Envelope ....__g.._ Test No. 4 

a = 
Cl.. =: 

0.00 
31.5 

C = 
cl) = 

40 

-·-··Test No. 5 

0.001 
37.71 

50 

--.:::=-- Test No. 6 

- , 

Tested By JCM Date 05/27 /08 Approved By :00 Date [e { CBiEi8 
page 1 of 8 DCN· CT-S26 DATE 6-25-98 REVISION 1 

544 Braddock Avenue • East Pittsburgh, PA 15112 • 412-823-7600 • FAX 412-823-8999 • www.geotechnics.net 
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C_ 

Client 

Client Reference 

Project No. 

lab ID 

Visual qescription: 

CEC 

CONSOLIDATED UNDRAINED TRIAXIAL TEST 

WITH PORE PRESSURE READINGS 

ASTM D4767-95 / AASHTO T297-94 (SOP-S28) 

POND CREEK 080851 

2008-210-01 

Boring No. 
Depth(ft.) 

Sample No. 

2008-210-01-02 

BLACK COAL REFUSE SLURRY (REMOLDED) 

SOUTH POND 

NA 
BUCKET 2 

25 ~---------------------------------~ 

20 

15 
·;;; 

= w 
w 
~ 
in 
0 

"' ·, 
0 

CJ 
-io 

5 

0 

0 5 10 15 20 25 

Strain(%) 

-e-Test No. 4 -e---rest No. 5 -a-TestNo.6 

Tested By JCM Date 05/27/08 Approved By :DB Date whB(oB 
page 2 of 8 
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( 

·: lient 
Client Reference 
Project No. 
L~b ID 

Visual Description: 

/Stage No. 
Test No 

PRESSURES (psi) 

Cell Pressure(psi) 
Back Pressure(psi) 
Eff, Cons. Pressure(psi) 
Pore Pressure 
Response (%) 

CONSOLIDATED UNDRAINED TRIAXIAL TEST 
WITH PORE PRESSURE READINGS 

ASTM D4767-95 / AASHTO T297-94 (SOP-S28) §~~~~~"~ 
CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-02 

Boring No. 
Depth (ft) 
Sample No. 

SOUTH POND 
NA 
BUCKET2 

BLACK COAL REFUSE SLURRY (REMOLDED) 

11 

36.3 
31.2 

5. 1 

98 

INITIAL SAMPLE DIMENSIONS (in) 

Length 1 3.150 
Length2 3.142 
Length 3 3.147 
Avg Leng.= 3.146 

VOLUME CHANGE 

Diameter 1 
Diameter 2 
Diameter 3 
Avg. Diam.= 

Initial Surette Reading (ml) 
Final Bu rette Reading (ml) 
Final Change (ml) 

1,453 
1,463 
1.461 
1,459 

24.0 
21.9 

2.1 
MAXIMUM OBLIQUITY POINTS 

p = 
Q = 

LOAD 
(LBS) 

7.6 
9.3 

10.4 
11.6 
12.8 
14.0 
14.8 
15.0 
15.2 
15.7 
16.5 
16.7 
17.0 
17.2 
17.8 
18.1 
18. 1 
18.6 
18.8 
19.0 
19.3 
19.5 
19.3 
19.7 
19.8 
19.9 
20.1 
20.1 

Tested By 

4.92 
2.94 

JCM Date 

· Initial Dial Reading (D.R.), mils 
D.R. After Saturation, mils 
D.R. After Consolidation, mils 

DEFORMATION 
(INCHES) 

0.000 
0.001 
0.002 
0.005 
0.008 
0.016 
0.020 
0.025 
0.037 
0.050 
0.068 
0.084 
0.100 
0.110 
0.133 
0.159 
0.182 
0.205 
0.237 
0.261 
0.293 
0.316 
0.340 
0.372 
0.412 
0.445 
0.491 
0.531 

05/27/08 Input Checked By 

PORE PRESSURE 
(PSI) 
31.2 
32.1 
32.3 
32.6 
32.9 
33.3 
33.3 
33.6 
33.8 
33.9 
34.2 
34.2 
34.2 
34.3 
34.2 
34.3 
34.3 
34.2 
34.2 
34.3 
34.3 
34.2 
34.3 
34.2 
34.3 
34.3 
34.2 
34.2 

54 
110 
130 

page 3 of 8 DCN: CT.S28 DATE 6-25-06 REVISION 1 
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CONSOLIDATED UNDRAINED TRIAXJAL TEST 

WITH PORE PRESSURE READINGS 

ASTM D4767-95 / AASHTO T297-94 (SOP-S28) !t=w~~~~!:"~ 
Client 
Client Reference 
Project No. 
Lab ID 

Visual Description: 

CEC 
POND CREEK 080851 

2008-210-01 
2008-210-01-02 

Boring No. 
Depth(ft.) 
Sample No. 

BLACK COAL REFUSE SLURRY (REMOLDED) 

SOUTH POND 

NA 
BUCKET2 

I Effective Confining Pressare (psi) 5.1 Stage No. 
Test No l 

INITIAL DIMENSIONS 

lni1ial Sample Length (in.) 

lni1ial Sample Diameter (in.) 

Initial Sample Area (in'2) 

lni1ial Sample Volume (in'3) 

Strain 

(%) 

0.02 
0.07 
0.15 
0.25 
0.53 
0.65 
0.82 
1.21 
1.62 
2.22 
2.74 
3.27 
3.59 
4.33 
5.17 
5.93 
6.69 
7.73 
8.50 
9.53 
10.30 
11.09 
12.10 
13..42 
14.49 
16.00 
17.29 

Deviation 

Stress 

1.06 
1.77 
2.55 
3.26 
4.05 
4.54 
4.65 
4.72 
5.03 
5.48 
5.62 
5.75 
5.88 
6.18 
6.27 
6.25 
6.51 
6.56 
6.63 
6.72 
6.74 
6.56 
6.71 
6.69 
6.68 
6.66 
6.55 

0.90 
1.15 
1.44 
1.71 
2.11 
2.14 
2.39 
2.58 
2.72 
2.95 
3.02 
3.04 
3.12 
3.02 
3.08 
3.13 
3.03 
3.04 
3.14 
3.14 
3.03 
3.07 
3.03 
3.06 
3.10 
3.02 
3.03 

3.15 
1.46 
1.67 
5.26 

5.26 
5.72 
6.21 
6.65 
7.04 
7.50 
7.36 
7.25 
7.42 
7.63 
7.70 
7.81 
7.86 
8.27 
8.30 
8.22 
8.58 
8.62 
8.59 
8.68 
8.81 
8.59 
8.78 
8.74 
8.68 
8.74 
8.62 

4.2 
4.0 
3.7 
3.4 
3.0 
3.0 
2.7 
2.5 
2.4 
2.1 
2.1 
2.1 
2.0 
2.1 
2.0 
2.0 
2.1 
2.1 
2.0 
2.0 
2.1 
2.0 
2.1 
2.0 
2.0 
2.1 
2.1 

VOLUME CHANGE 

Volume After Consolida1ion (in'3) 

Length After Consolidation (in) 

Area After Consolidation (in'2) 

Effective Principle 

Stress Ratio 

1.253 
1.449 
1.698 
1.959 
2.358 
2.531 
2.712 
2.873 
3.112 
3.550 
3.705 
3.790 
3.968 
3.967 
4.101 
4.176 
4.152 
4.176 
4.380 
4.436 
4.256 
4.235 
4.233 
4.281 
4.342 
4.204 
4.171 

A 

0.86 
0.66 
0.58 
0.53 
0.53 
0.48 
0.52 
0.56 
0.55 
0.55 
0.55 
0.54 
0.54 
0.50 
0.50 
0.51 
0.48 
0.47 
0.48 
0.48 
0.46 
0.48 
0.46 
0.47 
0.47 
0.46 
0.47 

p 

4.73 
4.84 
4.94 
5.02 
5.01 
5.23 
5.04 
4.89 
4.90 
4.89 
4.89 
4.93 
4.92 
5.17 
5.16 
5.10 
5.32 
5.34 
5.27 
5.32 
5.44 
5.31 
5.43 
5.39 
5.34 
5.41 
5.34 

Tested By JCM Date 05/27/08 lnpu1 Checked By Date 

1 
4 

4.85 
3.07 

1.580 

Q 

0.53 
0.89 
1.28 
1.63 
2.03 
2.27 
2.32 
2.36 
2.52 
2.74 
2.81 
2.87 
2.94 
3.09 
3.14 
3.13 
3.26 
3.28 
3.31 
3.36 
3.37 
3.28 
3.35 
3.35 
3.34 
3.33 
3.28 

page 4 of 8 
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r~•;ent 
\ .=nt Reference 

'•, noject No. 

Lab ID 

CONSOLIDATED UNDRAINED TRIAXIAL TEST 
WITH PORE PRESSURE READINGS 

ASTM D4767-95 I AASHTO T297-94 (SOP-S28) 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-02 

Boring No. 
Depth(ft) 
Sample No. 

SOUTH POND 
NA 
BUCKET 2 

Visual Description: BLACK COAL REFUSE SLURRY (REMOLDED) 

j8/iJge No. 
Test No 

PRESSURES (psi) 

Cell Pressure(psi) 
Back Pressure(psi) 
EfL Cons. Pressure(ps 
Pore Pressure 
Response (%) 

4U 
31.0 
10. 1 

99 

MAXIMUM OBLIQUITY POINTS 

p = 
Q = 

( 

( 

LOAD 
(LBS) 

8.5 
13.5 
14.3 
16.3 
17.2 
18-9 
19.4 
20.0 
21.0 
21.5 
22A 
22.9 
23.4 
23.7 
23.8 
24.5 
25. 1 
26.0 
26.2 
26.4 
26.2 
26.4 
26.7 
26.9 
26.5 
27.9 
28.0 
28.2 
28. 1 
28.5 
28A 

Tested By 

9.00 
5.66 

JCM Date 

INITIAL SAMPLE DIMENSIONS (in) 

Length 1 
Length 2 
Length 3 
Avg Leng.= 

3. 138 
3. 138 
3. 137 
3. 138 

VOLUME CHANGE 

Diameter 1 
Diameter 2 
Diameter 3 
Avg. Diam.= 

Initial Surette Reading (ml) 
Final Surette Reading (ml) 
Final Change (ml) 

Initial Dial Reading (D.R.), mils 
D.R. After Saturation, mils 
D.R. After Consolidation, mils 

DEFORMATION 
(INCHES) 

PORE PRESSURE 
(PSI) 

0.000 
0.001 
0.002 
0.004 
0.007 
0.016 
0.020 
0.025 
0.038 
0.051 
0.070 
0.085 
0.101 
0.110 
0.132 
0.158 
0.181 
0.205 
0.236 
0.259 
0.290 
0.314 
0.338 
0.370 
0.410 
0.441 
0.488 
0.527 
0.566 
0.605 
0.661 

05/27/08 Input Checked By ffi 

31.0 
32.8 
33.0 
33.4 
33.9 
34.9 
35.2 
35.6 
36.1 
36.6 
37.0 
37.2 
37.4 
37.4 
37.5 
37.6 
37.7 
37.7 
37.7 
37.8 
37.7 
37.8 
37.8 
37.8 
37.8 
37.8 
37.8 
37.8 
37.8 
37.8 
37.8 

Date 

~-:s of 8 DCN CT-S28 DATE 6-25-98 REVISION 1 

1.407 
1.383 
1.378 
1.389 

24.0 
20.2 

3.8 

88 
94 

124 
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· ·Client 
ent Reference 

t-'roject No. 
Lab ID 

Visual Description: 

CONSOLIDATED UNDRAINED TRIAXIAL TEST 

WITH PORE PRESSURE READINGS 

ASTM D4767-95 / AASHTO T~97-94 (SOP-S28) 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-02 

Boring No. 
Depth(ft.) 
Sample No. 

BLACK COAL REFUSE SLURRY (REMOLDED) 

; Hfective Confining Pressure {psi) 

! 

10.1 Stage No. 
Test No 

INITIAL DIMENSIONS VOLUME CHANGE 

SOUTH POND 
NA 
BUCKET2 

Initial Sample Length (in.) 
initial Sample Diameter (in.) 
Initial Sample Area (in,2) 
Initial Sample Volume (inA3) 

3.14 
1.39 
1.52 
4.76 

Volume After Consolidation (inA3) 
Length After Consolidation (in) 
Area After Consolidation (inA2) 

Strain 

(%) 

0.04 
0.06 

( 1.13 
J.23 ~--
0.51 
0.64 
0.82 
1.21 
1.63 
2.24 
2.75 
3.25 
3.56 
4.26 
5.08 
5.85 
6.60 
7.60 
8.34 
9 36 

10.13 
I 0.91 
11.94 
13.21 
14.21 
15.72 
16.98 
18.25 
19.51 
?t 32 ( . 

' 

Deviation fl U 
Stress 

3.42 1.75 
4.03 2.01 
5.39 2.43 
5.96 2.92 
7.15 3.87 
7.46 4.19 
7.88 4.57 
8.51 5.13 
8.84 5.57 
9.37 5.97 
9.67 6.18 
9.92 6.35 

10.14 6.40 
10.10 6.55 
10.44 6.59 
10.80 6.68 
11.25 6.70 
11.27 6.75 
11.32 6.76 
11.06 6.74 
11 .11 6.76 
11.20 6.81 
11.17 6.80 
10.75 6.76 
11.47 6.77 
11.35 6.78 
11.28 6.79 
11.04 6.80 
11.13 6.82 
10.80 6.85 

Tested By JCM 
• ;-- :-.,9<::f 6 o ·8 - - - - - - - - - - - - - - - -

11.77 
12.12 
13.05 
13.13 
13.37 
13.37 
13.41 
13.48 
13.38 
13.50 
13.59 
13.66 
13.83 
13.65 
13.95 
14.21 
14.65 
14.63 
14.66 
14.42 
14.46 
14.49 
14.47 
14.09 
14.80 
14.67 
14.59 
14.33 
14.40 
14.05 

Date 

8.3 
8.1 
7.7 
7.2 
6.2 
5.9 
5.5 
5.0 
4.5 
4.1 
3.9 
3.7 
3.7 
3.6 
3.5 
3.4 
3.4 
3.4 
3.3 
3.4 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 

05/27/08 

Effective Principle 

Stress Ratio 

1.410 
1.497 
1.703 
1.830 
2.148 
2.262 
2.427 
2.714 
2.950 
3.271 
3.468 
3.648 
3.741 
3.843 
3.978 
4.161 
4.304 
4.363 
4.395 
4.292 
4.323 
4.401 
4.383 
4.214 
4.445 
4.418 
4.411 
4.350 
4.397 
4.318 

Input Checked By 

A p 

0.52 10.06 
0.50 10.11 
0.46 10.36 
0.50 10.16 
0.55 9.80 
0.57 9.64 
0.59 9.47 
0.61 9.22 
0.64 8.96 
0.64 8.81 
0.65 8.75 
0.65 8.70 
0.64 8.76 
0.66 8.60 
0.64 8.73 
0.63 8.81 
0.60 9.03 
0.60 8.99 
0.60 9.00 
0.62 8.89 
0.61 8.90 
0.61 8.89 
0.62 8.88 
0.64 8.72 
0.60 9.06 
0.60 9.00 
0.61 8.95 
0.62 8.81 
0.62 8.84 
0.64 8.65 

Date 

1 
5 

4.50 
3.10 

1.450 

Q 

1.71 
2.01 
2.69 
2.98 
3.57 
3.73 
3.94 
4.26 
4.42 
4.69 
4.84 
4.96 
5.07 
5.05 
5.22 
5.40 
5.62 
5.64 
5.66 
5.53 
5.56 
5.60 
5.58 
5.37 
5.73 
5.68 
5.64 
5.52 
5.56 
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C 

l 

Client 
Client Reference 
Project No. 
Lab ID 

CONSOLIDATED UNDRAINED TRIAXIAL TEST 

WITH PORE PRESSURE READINGS 

ASTM D4767-95 / AASHTO T297-94 (SOP-S28) 

CEC 
POND CREEK 080851 

2008-210-01 
2008-210-01-02 · 

Boring No. 
Depth(ft.) 
Sample No. 

SOUTH POND 
NA 
BUCKET 2 

Visual Description: BLACK COAL REFUSE SLURRY (REMOLDED) 

[Stage No. 
-Test No 

PRESSURES (psi) 

Cell Pressure(psi) 
Back Pressure(psi) 
Elf. Cons. Pressure(pi 

Pore Pressure 
Response(%) 

51.4 
31.3 
20.1 

97 

MAXIMUM OBLIQUITY POINTS 

p 

Q 
= 
= 

LOAD 
(LBS) 

4.3 
6.5 
11. 7 
14.0 
16.6 
21.7 
25.0 
27.5 
29.6 
31.7 
32.8 
33.2 
33.9 
34.3 
35.2 
36.1 
37.0 
37.3 
38.7 
39.3 
38.9 
39.0 
39.2 
39.4 
39.9 
40.1 
41.5 
41.9 
41.2 
41.3 
41.4 

Tested By 

19.19 
11.67 

JCM 

INITIAL SAMPLE DIMENSIONS (in) 

Length 1 
Length 2 
Length 3 
Avg Leng.= 

3.142 
3.130 
3.141 
3.138 

VOLUME CHANGE 

Diameter 1 
Diameter 2 
Diameter 3 
Avg. Diam.= 

Initial Surette Reading (ml) 
Final Surette Reading (ml) 
Final Change (ml) 

Initial Dial Reading (D.R.), mils 

D.R. After Saturation, mils 

D.R. After Consolidation, mils 

DEFORMATION 
(INCHES) 

PORE PRESSURE 
(PSI) 

0.000 
0.001 
0.002 
0.004 
0.006 
0.012 
0.019 
0.026 
0.038 
0.051 
0.070 
0.085 
0.101 
0.110 
0.132 
0.157 
0.181 
0.205 
0.236 
0.259 
0.291 
0.316 
0.340 
0.371 
0.410 
0.441 
0.489 
0.528 
0.568 
0.608 
0.663 

05/27/08 !nput Ched-:ed By 

31.3 
32.8 
33.9 
34.7 
35.6 
37.4 
38.7 
39.8 
40.9 
41.7 
42.4 
42.8 
43.1 
43.2 
43.4 
43.7 
43.7 
43.8 
43.8 
43.9 
43.8 
43.9 
43.9 
43.8 
43.8 
43.9 
43.8 
43.7 
43.8 
43.8 
43.8 

nate 

page lo 8 DCN: CT-S28 DATE 6-25-98 REVISION 1 

1.379 
1.377 
1.386 
1.381 

24.0 
17.7 
6.3 

40 
56 
91 

544 Braddock Avenue • East Pittsburgh, PA 15112 • 412-823-7600 • FAX 412-823-8999 • www.geotechnics.net 



R14742

1( 

CONSOLIDATED UNDRAINED TRIAXIAL TEST 

WITH PORE PRESSURE READINGS 

ASTM D4767-95 I AASHTO T297-94 (SOP-S28) 

Client 
Client Reference 
Project No. 

CEC 
POND CREEK 080851 

2008-210-01 
2008-210-01-02 

Boring No. 
Depth(ft.) 
Sample No. 

SOUTH POND 

NA 
BUCKET 2 

Lab ID 

Visual Description: BLACK COAL REFUSE SLURRY (REMOLDED) 

ressure /psi} 

INITIAL DIMENSIONS 

Initial Sample Length (in.) 

Initial Sample Diameter (in.) 

Initial Sample Area (in'2) 

Initial Sample Volume (in'3) 

Strain 
(%) 

0.04 
0.07 
0.12 
0.19 
0.40 
0.61 
0.85 
1.24 
1.64 
2.26 
2.77 
3.26 
3.58 
4.27 
5.09 
5.86 
6.64 
7.63 
8.39 
9.43 
10.22 
11.00 
12.01 
13.28 
14.28 
15.84 
17 .12 
18.40 
19.69 
21.49 

Deviation 
Stress 

1.58 
5.38 
7.06 
8.92 
12.65 
14.97 
16.72 
18.18 
19.63 
20.24 
20.44 
20.87 
21.09 
21.54 
21.97 
22.37 
22.41 
23.10 
23.33 
22.79 
22.67 
22.61 
22.49 
22.46 
22.30 
22.80 
22.66 
21.92 
21.62 
21.21 

1.52 
2.62 
3.36 
4.30 
6.12 
7.35 
8.47 
9.56 

10.41 
11.15 
11.54 
11.82 
11.94 
12.14 
12.38 
12.43 
12.54 
12.49 
12.58 
12.55 
12.59 
12.56 
12.53 
12.52 
12.63 
12.50 
12.41 
12.46 
12.51 
12.54 

3.14 
1.38 
1.50 
4.70 

20.16 
. 22.86 

23.80 
24.73 
26.62 
27.72 
28.36 
28.72 
29.32 
29.19 
29.00 
29. 15 
29.25 
29.50 
29.69 
30.04 
29.98 
30.71 
30.85 
30.34 
30.18 
30.14 
30.05 
30.04 
29.77 
30.40 
30.35 
29.57 
29.21 
28.77 

18.6 
17.5 
16.7 
15.8 
14.0 
12.7 
11.6 
10.5 
9.7 
9.0 
8.6 
8.3 
8.2 
8.0 
7.7 
7.7 
7.6 
7.6 
7.5 
7.6 
7.5 
7.5 
7.6 
7.6 
7.5 
7.6 
7.7 
7.6 
7.6 
7.6 

VOLUME CHANGE 

Volume After Consolidation (in'3) 

Length After Consolidation (in) 

Area After Consolidation (in'2) 

Effective Principle 

Stress Ratio 

1.085 
1.308 
1.422 
1.565 
1.905 
2.174 
2.438 
2.724 
3.025 
3.262 
3.388 
3.521 
3.584 
3.705 
3.846 
3.918 
3.962 
4.034 
4.102 
4.018 
4.021 
4.001 
3.973 
3.961 
3.986 
4.001 
3.948 
3.868 
3.846 
3.805 

A 

0.99 
0.50 
0.49 
0.50 
0.50 
0.51 
0.52 
0.54 
0.55 
0.57 
0.58 
0.58 
0.58 
0.58 
0.58 
0.57 
0.58 
0.56 
0.56 
0.57 
0.57 
0.57 
0.57 
0.57 
0.58 
0.57 
0.56 
0.59 
0.60 
0.61 

p 

19.37 
20.17 
20.27 
20.26 
20.30 
20.23 
19.99 
19.63 
19.51 
19.07 
18.78 
18.71 
18.70 
18.73 
18.71 
18.85 
18.77 
19.16 
19.19 
18.95 
18.84 
18.84 
18.81 
18.81 
18.62 
19.00 
19.02 
18.61 
18.40 
18.17 

1 
6 

4.24 
3.09 

1.374 

Q 

0.79 
2.69 
3.53 
4.46 
6.32 
7.48 
8.36 
9.09 
9.81 
10.12 
10.22 
10.43 
10.54 
10.77 
10.99 
11.19 
11.21 
11.55 
11.67 
11.39 
11.34 
11.30 
11.24 
11.23 
11.15 
11.40 
11.33 
10.96 
10.81 
10.61 

Tested By ,,--. ~,, Date nc.J"l71r\Q 1,..,...,, •• r'har-Vo/"1 A11 /..{2, Date (11-IO-R 
.JVIVI us.JU ... lfl,JU '''t-''·"' ,_,,n.,,._,,,..,- ~1 ~ 

page Bot 8 
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Client 
Client Ref. No. 
Project no. 
Lail ID 

( 

IV10lih l Ol AL STRENGl
1~---\~vt- LOPE 

CEC 

POND CREEK 080851 
2008-210-01 

2008-210-01-02 

Boring No. 
Deplh(ft.) 
Sample No. 

Visual Description 

SOUTH POND 
NA 

BUCKET2 

9itC)hnics 

BLACK COAL REFUSE SLURRY (RElvlOLDED) 

60 
I 

C = 0.3 

50 Cl>= 20.3 
·-··------------------1· ... 

40 

(J) 

Q. 30 ·---·-
l-' 

20 

10 

0 20 40 60 80 100 120 

cr (psi) 

NOTE: GRAPH NOT TO SCALE 
Tested By. JCM Date: 05/21/08 Approved By: !Jl, Date: CR( (l'f los 

#NiA 
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REMOLDED UNIT WEIGHT BEFORE INITIAL CONSOLIDATION 
CONSOLIDATED UNDRAINED TRIAXIAL TEST 

Client 
Client Reference 
Project No. 
Lab ID 

WITH PORE PRESSURE READINGS 
ASTM 04767-95 / MSHTO T297-94 (SOP-S28) 

CEC 
POND CREEK 080851 
2008-210-0'1 
2008-210-01-02 Specific Gravity (measured) 

Visual Description: BLACK COAL REFUSE SLURRY (REMOLDED) 

SAMPLE CONDITION SUMMARY 

2.24 

Boring No. South Pond South Pond South Pond 

Depth (ft) NA NA NA 
Sample No. Bucket 2 Bucket 2 Bucket 2 

Test No. T4 TS T6 

Deformation Rate (in/min) 0.0003 0.0002 0.0003 

Back Pressure (psi) 31.2 31 31.3 

Consolidation Time (days) 1 1 1 

Initial State (w%) 82.9 85.7 83,0 

Total Unit Weight (pcf) 82.6 82.2 84.5 

Dry Unit Weight (pcf) 45,2 44.3 46.2 
Final State (w%) 37.6 35.9 32.5 
Initial State Void Ratio,e 2.095 2.159 2.029 

Tested Ry .JCM O:=!te 05/27/08 
page 1 of 1 DCM· CT-S26 DA{E ,3-25-98 REVISIIJM 1 .; \MSOFFICE\Excttl\Prmtql!F16!i x,~J:3r,ettt1 
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(_ 

UNIT WEIGHT AFTER INITIAL CONSOLIDATION 

CONSOLIDATED UNDRAINED TRIAXIAL TEST 

WITH PORE PRESSURE READINGS 

Client 
Client Reference 
Project No. 

ASTM D4767-95 / AASHTO T297-94 (SOP-S28) 

CEC 
POND CREEK 080851 

2008-21 0-01 

Lab ID 2008-21 0-01-02 Specific Gravity (measured) 

Visual Description: BLACK COAL REFUSE SLURRY (REMOLDED) 

SAMPLE CONDITION SUMMARY 

Boring No. South Pond South Pond 

Depth (ft) NA NA 

Sample No. Bucket 2 Bucket 2 

Test No. T4 TS 

Deformation Rate (in/min) 0.0003 0.0002 

Back Pressure (psi) 31.2 31 

Consolidation Time (days) 1 1 

Initial State (w%) 41.5 41.5 

Total Unit Weight (pct) 92,9 102.5 

Dry Unit Weight (pct) 65.7 72.4 

Final State {w%) 37.6 35.9 

Initial State Void Ratio,e 1.129 0.931 

Tested By JCM Date 05/27/08 !nput Checked Bv Date 

2.24 

South Pond 

NA 

Bucket 2 

T6 
0.0003 

31.3 

1 

40.9 

103.2 

73.2 
32.5 

0.910 

page 1 of 1 DCN: CT-.S~8 DATE 6-25-98 REV!SIOM· 1 C IMSOFF!CE\Excel\P1111tql[F187 :ds)Sheet1 
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( ( REFERENCE 5 AND OTHER PERTINENT FINE COAL REFUSE DATA 

, ~ EFFECTIVE STRESS - TO - STEADY STATE STRENGTH RELATIONSHIPS 
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STEADY STATE LIQUEFACTION SUSCEPTIBILITY OF HIGH HAZARD 

UPSTREAM-CONSTRUCTED COAL REFUSE DISPOSAL FACILITIES 

Blaise E. Genest, Thomas 0. Keller, P.E. 2 and Joseph P. Laird, P.E. 3 

1.0 Introduction 

Coal refuse disposal facilities are manifestations of deep mining and surface mining 

activities and the resulting need for the disposal of waste materials. Due to the massive 

volumes of materials produced annually by mining operations, these "tailings dams" are 

among the largest earth structures in the world and consequently, receive intense 

regulatory and public scrutiny. Coal refuse disposal facilities, their design, construction 

and operation are regulated by the U.S. Department of Labor, Mine Safety and Health 

Administration (MSHA). The concern for refuse disposal safety and environmental control 

by MSHA, the coal industry, engineering consultants and the public has led to the 

development of design procedures that address these concerns, particularly siting, 

material handling and placement techniques. · 

For the most part, tailings dams evaluations are similar to those of water retention 

dams and address geotechnical issues such as foundation materials, hydrology, 

hydraulics, seepage control, slope stability (static and seismic), construction practices and 

long-term monitoring. In the past, pseudo-static analyses were performed to address 

seismic stability using regional, historic seismic acceleration values and a slightly lowered 

factor of safety limit to assess adequacy. Empirical evaluations are sometimes performed 

J address seismic stability with adequacy based on comparison of limited field and 

laboratory test data with historical performance data of liquefaction and non-liquefaction 

----- sites from amund the-world.-- During the.initial iQ jntermediate _ s!ag_es of a refuse fac[lity 

design, simplified analytical methods may be appropriate, such as-tfioie-liased--oti ___ --~-

pseudo-static and cone penetration testing (CPT) or standard penetration testing (SPT). 

However, given the uniqueness and complexity of moderate to high hazard tailings dams, 

which are significantly influenced by factors such as the number and geometry of 

upstream stages, deposition history and cross-valley topography, simplified analyses are 

often inadequate to effectively address safety and cost issues. They often do not account 

for critical site-specific conditions and may either over-predict strengths leading to a 

potentially unconservative analysis or under-predict strengths leading to costly 

remediation efforts. 
The focus of this paper is on the application of established steady-state liquefaction 

evaluation procedures to high hazard tailings dams, assessing liquefaction susceptibility 

using site-specific data to estimate the factor of safety against a liquefaction flow slide 

failure. A significant emphasis is placed on obtaining in-situ samples and developing 

1 Geotechnical Engineering Program Manager, Almes & Associates, Inc., Consulting Engineers, Faur 

Triangle Lane, Suite 200, Export, PA 15632-9255. 

2 Vice President and Branch Manager, GEi Consultants, Inc., 2141 Palomar Airport Raad, Suite 160, 

Cartsbad, CA 92009-1424. 

( ' Project Engineer, Almes & Associates, Inc., Consulting Engineers, Faur Triangle Lane, Suite 200, Export, 

·~ .~ A 15632-9255. 
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. (~ '1roperties of the hydraulically placed, fine coal refuse consolidated beneath multiple, 

, . .1pstream-constructed stages of coarse coal refuse. Detailed evaluations have been 

performed at five Appalachian coal refuse disposal facilities in southern West Virginia as 

part of the permitting process for the various facilities. 

2.0 Analytical Approach 

Coal refuse disposal facilities are generally constructed by three methods, either 

separately or in combination, and include upstream, downstream, and centerline 

construction. Downstream and centerline constructed facilities typically pose only minor 

liquefaction concerns since critical failure surfaces pass mainly through the compacted 

coarse refuse embankments. A typical high hazard, upstream constructed coal refuse 

facility, such as the one shown in Figure 1, is constructed over long periods of time (up to 

25 to 30 years) to heights of 400-plus feet and includes multiple upstream stages "pushed 

out" into the previous stage's tailings pond. Fine coal refuse consolidated under upstream 

stages typically is loose to very loose, silty sand to sandy silt- and clay-sized particles, 

saturated and usually highly contractive. Thus, the potential exists for excess pore 

pressure generation and significant loss of strength during and following a rapid 

(undrained) loading event, such as an earthquake. 

All five facilities evaluated and discussed in the context of this paper were all 

moderate to high hazard structures with downstream toe to crest heights varying from 300 

to 440 feet. Detailed studies of liquefaction susceptibility were performed using the 

methodology presented by Poulos, Castro, and France (1985) to estimate in-situ void ratio 

and undrained steady-state strength of the critical layer, fine coal refuse. Presented below 

are the generalized results of field and laboratory testing at the various sites. Field testing 

included performing fixed-piston undisturbed sampling to measure in-situ void ratio and 

piezo-seismic cone penetration testing (PS-CPT) to evaluate stratigraphy and estimate 

shear wave velocity with depth. Laboratory strength testing of undisturbed, remolded and 

slurry fine coal refuse samples was performed to estimate in-situ, undrained steady-state 

shear strength (Sus) and develop a site-specific Sus-to-effective stress relationship. 

Liquefaction susceptibility was assessed based on the results of limit-equilibrium 

slope stability analyses. Post-earthquake deformations were estimated using one

dimensional wave propagation and sliding block analysis techniques and the results 

compared to the available freeboard to assess the likelihood of overtopping. Based on the 

regional database of information related to Sus, various trends regarding the general 

behavior of fine coal refuse during undrained loading and the practical implications 

affecting liquefaction susceptibility of upstream-constructed coal refuse impoundments are 

discussed. Detailed discussions regarding post-earthquake deformation analyses and the 

seismic response of coal refuse facilities to acceleration time-histories from stochastic 

simulations of eastern North America earthquakes are reserved for another paper. 

3.0 Field Investigations 

Fixed Piston Sampling 
The main purpose of the subsurface exploration program at the various sites was to 

obtain high quality "undisturbed" fine coal refuse samples of a character suitable for 
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laboratory steady-state strength testing. Multiple undisturbed samples were obtained at 

each site at various depths using a hydraulically actuated Gregory Undisturbed Sampler 

(GUS) fixed piston sampler. The GUS fixed piston sampler was used to advance a thin

wall galvanized steel sampling tube by delivering drilling fluid pressure to the top of the 

sampler, which subsequently advanced the tube around a fixed piston. Penetration of the 

tube into the soil was accurately measured to within ½ to 1 millimeter when "full 

penetration" of the sampler was achieved. Full penetration of the sampling tube was 

confirmed by observation of the fluid level in the borehole casing which would dramatically 

rise when fluid pressure applied to the top of the sampler vented through ports in the 

sampler. The technique used for undisturbed fixed piston sampling allowed samples to be 

obtained to depths as great as 344 feet below the ground surface. 

Detailed measurements of the tube inside, outside and cutting edge diameters and 

length were made and volume changes that occurred during sampling calculated in the 

field from tube penetration and sample recovery measurements. Samples were selected 

for subsequent laboratory testing based on the quality of the "undisturbed" sample using a 

criteria for the change in soil volume (i:;VN). · For the fine coal refuse, minimizing the tube 

clearance ratio [(ID-CE)/CEJ minimized sample volume changes, which typically ranged 

from zero to 2.5 percent. All undisturbed samples were stored in specially designed 

padded wooden boxes and changes in volume routinely monitored during storage and 

prior to and following shipment. Prior to laboratory testing, the tube samples were x-rayed 

and reviewed to select portions of the sample that had a minimum amount of stratification. 

Piezo-Seismic!Cone Penetromeier Testing 

PS-CPT soundings were performed prior to or concurrently with undisturbed 

sampling to help delineate the depth to the top and bottom of fine coal refuse. As shown 

in Figure 2, fine coal refuse layers are characterized by significantly lower tip stresses and 

elevated pore pressure generation, while the coarse and coarse-fine mix typically yield 

much higher tip stresses and lower pore pressure generation. Using seismic downhole 

techniques, estimates of shear wave velocity were obtained at each site to correlate small 

strain shear modulus (G) with depth. These tests were generally conducted at 5-foot 

intervals throughout the soil profile to depths of 365 feet at one site. Shear wave 

velocities for coarse, coarse-fines mix and fine coal refuse ranged from about 1,000 to 

2,300 feet per second (fps), 800 to 2,000 fps and 800 to 1,200 fps, respectively. These 

velocities were based on data from 14 PS-CPT soundings. Velocities varied dramatically 

with depth, consistent with variations in placement techniques and the micro-layering 

associated with the deposition history of the facility. 

Stratification 
Much of the coarse refuse embankment drilled and sampled was dense to very 

dense as expected due to the structural placement of the material. Loose deposits of fine 

coal refuse were typically encountered below a dense mixed zone of coarse and fine coal 

refuse. The fines were characterized by corrected cone tip resistance values between 300 

to 1,000 pounds per square inch (psi). The CPT soundings (and visually verified in SPT 

samples) have shown that there are significantly thick zones of mixed coarse and fine coal 

refuse. Mixing apparently occurred during the various push-out phases of upstream 

embankment construction into the tailings pond and possibly from the "pumping" of fines 
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up into the coarse refuse during subsequent stage construction. Due to the infusion of 

- ~oarse refuse into the fines, the mix zones typically exhibited significantly higher average 

~one tip resistance, as well as lower pore pressure generation during cone advancement. 

In-Situ Void Ratio 
A total of 34 undisturbed fine coal refuse samples were obtained from the various 

sites. In-situ void ratio was calculated for each based on the field measurements 

described previously combined with laboratory measurements of the volume of solids in 

the tube. Table 1 presents a summary of sample depth and calculated in-situ void ratio at 

each site. Samples were obtained from beneath about 65 to 344 feet of overlying refuse 

and in-situ void ratios varied from about 0.39 to 0.79, with most (82 percent) of the values 

between 0.43 and 0.59. While in-situ void ratio is influenced by mean effective stress and 

time rate of consolidation, the range of values is relatively narrow. Direct correlation 

between estimated mean effective stress and in-situ void ratio can not be inferred due to 

the unique and complex nature of each site's geometric constraints and deposition history. 

4.0 Laboratory Testing 

Steady-state liquefaction-related laboratory test programs of the coal refuse 

materials sampled from the five sites included performing index tests such as grain size 

distributions, Atterberg limits, and specific gravity, as well as triaxial shear strength tests 

on undisturbed, remolded and slurry samples of fine coal refuse. Table 1 presents a 

summary of laboratory test results from Sites 1 through 5. 

( 
0

-'"- .ndex Tests 
Fine coal refuse particles vary in size from about 2 mm (No. 10 sieve) to 0.0005 

mm (finer than clay fraction). It is analogous to silty sand to silty clay-sized material. 

Fines content (passing a No. 200 sieve) for fine coal refuse from the five sites varied from 

35 to 76 percent. Fine refuse generally has a low plasticity, ranging from nonplastic to 

Plasticity Indices of 12 percent or less. Values are affected by the parent rock formation 

from which the coal was extracted and from clay layers near the coal seam that get mixed 

within the coal. The specific gravity of fine coal refuse is low and generally varied from 

about 1.4 to 2.4 for the sites tested. As a result, densities are also relatively low, with in

place total unit weight ranging from about 75 to 90 pounds per cubic foot (pct). 

Steady-State Strength Of Undisturbed Samples 

Isotropically consolidated, undrained triaxial compression (cu) tests were 

performed on undisturbed, remolded and slurry samples of fine coal refuse. The main 

purpose of the triaxial tests was to measure the undrained steady-state shear strength of 

the samples in the laboratory to allow in-situ steady-state shear strengths to be estimated 

based on void ratio corrections (from laboratory to field). A total of 34 cu tests were 

performed on undisturbed samples of fine coal refuse from the five sites. Specimens were 

typically consolidated to an isotropic, effective consolidation stress ( a 
3
c) ranging from 8 

to 16 kilograms per square centimeter (kg/cm2
) [16.3 to 32. 7 kips per square foot (ksf)]. 

(_"17ese relatively high confining pressures were used to ensure contractive behavior, 
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particularly since most samples were obtained from 200 to 344 feet below the ground 

surface. The samples exhibited contractive behavior and reached or approximately 

reached a steady-state of deformation within the strain limits of the test. Laboratory 

values of Sus were corrected to represent steady-state strengths at in-situ void ratios. 

Steady-State Line and In-Situ Steady-State Strength 

Triaxial tests were performed on compacted specimens to determine the steady

state line (SSL) of the fine coal refuse representative for each site. Samples of each batch 

mix were formed using two methods: 1) by placing layers of fine coal refuse in a split mold 

and compacting each layer to a target void ratio; and 2) by placing the material in a mold 

as a slurry subject to one-dimensional consolidation to simulate in-situ placement 

conditions. The various SSL's for each batch mix are shown in Figure 3 where the slope 

(t.e/~log Sus) varies from 0.11 to 0.13 for moist tamped batch samples with additional 

slurry prepared samples of the batch mix shown for comparison. As discussed by Poulos 

et. al (1985), the slope of the steady state line is dependent on the shape of the grains 

and the vertical position is affected by slight differences in grain-size distribution. In 

general, the variation of the fine refuse coal particle shape from site to site would not be 

expected to vary significantly since the coal was mined from the same region using 

generaJJy similar cleaning techniques. However, the fines content of the coal refuse 

sampled-from the region varies widely. Thus, the SSL's in Figure 3 are consistent with the 

above observations. 
In-situ Sus for each site was estimated by "correcting" the steady-state strengths at 

laboratory void ratios to their respective in-situ void ratio along the slope of the SSL as 

defined by Poulos et. al (1985). In-situ Sus values ranged from 0.06 to 4.62 kg/cm2 

(0.122 ksf to 9.42 ksf) with 7 4 percent of the data falling between 0 .25 and 2.1 kg/cm2 

(0.51 ksf to 4.28 ksf). Figure 4 presents correlated Sus versus in-situ void ratio for 34 

tested samples at the 5 sites. Note that Sus values can vary by more than a factor of 10 

for a given void ratio. 

Sus Versus !Effective Stress Relationship 

The estimation of Sus values for fine coal refuse layers that are at in-situ conditions 

different from the samples obtained and tested were estimated using a correlation 

between Sus and effective vertical stress (cr'v) determined for each site. This includes 

proposed upstream stages where sampling is not yet feasible or existing portions of the 

embankment not sampled due to budgetary constraints. By generally assuming that Sus 

values vary linearly with cr•v, and estimating the in-situ effective stress conditions for 

proposed layers of fine coal refuse, the in-situ Sus values for the proposed additional 

zones of fine coal refuse can be approximated. Sile-specific Sus /cr'v relationships are 

presented in Figure 5 and varied from 0.06 to 0.27. The various relationships were 

approximated by conservatively drawing a line from zero through the location at which 

two-thirds of the data points at a particular site lie above the line. 

The lowest strength relationship was achieved at a narrow valley fill with over 200 

feet of coarse and mixed refuse placed above the fine coal refuse. It is deduced that 

significant arching may be occurring within the coarse refuse preventing the full height of 
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verburden from consolidating the critical fine coal refuse layer. Therefore, factors such 

as cross-valley topography and deposition history are significantly relevant to the Suskr•v 

relationship. Similarly, the database of Su5/cr'v relationships obtained from bulk fine coal 

refuse samples prepared as slurried samples may be used to investigate what kind of 

relationship with depth (or effective stress) may be. expected in the slurry pond prior to any 

enr.roachment of coarse embankments. The effective consolidation stresses at which the 

laboratory tests were performed were converted Into equivalent vertical effective stressP.s 

in the field, assuming that the lateral stresses are equal to one-half of the vertical stresses. 

As shown in Figure 6, an Su5/cr'v ratio of 0.18 extends from the zero intercept to the point 

where two-thirds of the data falls above the straight line. 

5.0 Liquefaction Susceptibility Evaluations 

Liquefaction susceptibility depends on the Sus of all the soils along the potential 

failure surface compared to the driving stress along that failure surface. Zones of loose 

(contractive) cohesionless soils are critical to analyzing liquefaction potential because they 

can have an undrained strength that is significantly lower than their drained strength. 

Therefore, the embankment geometry was evaluated to assess the liquefaction potential 

of each stage of construction estimating the average driving shear stresses along the 

critical failure surface at each of the high hazard sites. Generally, as the construction of 

(
-· future upstream staging progresses, there is a corresponding increase in driving stress. 

·or layers in which fixed-piston samples were obtained and tested, or layers where similar 

-- effective stresses are present, a weighted average of steady-state strength, such as the 

Two-Thirds Strength Method, was utilized. This method, utilized by Castro et. al. (1989) 

and recommended by the U.S. Army· Corps of Engineers (1970) in their manual for 

analyzing the stability of earth dams, involves using a design shear strength value that is 

lower than two-thirds of the total test values selected. Sus values for fine coal refuse 

layers at in-situ cr•v values that significantly differ from the CS•v values at sample locations 

were estimated using the site specific Suslcrv relationship as previously discussed. Limit 

equilibrium slope stability analyses were performed at each site with Sus values applied to 

fine coal refuse layers and frictional (drained) strengths applied to coarse and mixed 

refuse layers. Factors of safety against liquefaction (FL) along the critical failure surfaces 

for the various sites ranged from 1.02 to i .32. 

6.0 Notable Trends From Completed Studies 

Liquefaction evaluations have been performed at five different sites using steady

state techniques as well as other complementary analyses. Since most of the sites are in 

the same geographical region, it is useful to compare the results of the fine coal refuse 

tested to identify trends in its engineering properties. A discussion of notable trends for 

the presented data is discussed below. 

1 . Consistent with the sensitivity of Sus to void ratio, Sus values can vary over 10 times at 

the same void ratio illustrating the need for site specific testing. In-situ void ratios 

varied between 0.39 and 0.79, however, most ranged from 0.43 to 0.59. 
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· z. In-situ Sus values for unsampled fine coal refuse layers can be estimated based on Sus 

versus cr'v correlations developed for a particular site. Su5/cr'v relationships used for the 

coal refuse impoundment sites have ranged from 0.06 to 0.27 also illustrating the need 

for site specific testing, particularly at facilities with proposed multiple upstream stages. 

3. Sus and Su5/cr'v are significantly influenced by factors such as cross-valley topography, 

deposition history, upstream embankment geometry and construction sequencing. 

7.0 Conclusions 

Steady-state methodology can be effectively applied for the detailed evaluation of 

the liquefaction susceptibility of high hazard coal refuse disposal facilities. The evaluation 

needs to be based on site specific geometry and subsurface conditions, and properties 

developed accounting for the uniqueness and complexity of each site. While it is often 

useful to express the steady-state strength with respect to an estimated vertical stress, 

proper caution should be exercised during its development. The database of slurried 

samples has shown that the behavior of newly deposited fine coal refuse can be 

reasonably predicted. The Susfcr'v ratio of fine coal refuse consolidated beneath multiple 

upstream embankment stages can vary significantly with age, loading history, arching, and 

geometric constraints. For initial or preliminary liquefaction assessments, it is 

recommended that a range of Su5/cr'v ratios be used to investigate the sensitivity of the 

critical layer to liquefaction susceptibility. For detailed evaluations where significant driving 

( stresses are present for multiple upstream stages, site-specific shear strength testing of 

- high quality undisturbed samples is recommended to develop the site's Su5/cr'v 

relationship and each individual stage evaluated to estimate the factor of safety against 

liquefaction susceptibility. In general, factors of safety against liquefaction susceptibility 

were above 1. O for the existing and proposed staging at the various high hazard sites. 

Factors of safety below 1.0 indicated the need for remedial design of existing embank

ments or redesign of the staging for proposed expansions to lower driving stresses. 
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LABORATORY TESTING RESULTS- COARSE REFUSE AND 
RESIDUAL SOILS 

PROVIDED BY ALLIANCE CONSULTING, INC. 
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57 

HOLCOMB FOUNDATION ENGINEERING CO., lNC. 
SOILS - BITUMINOUS • CONCRETE • INVESTIGATIONS AND TESTING 

FebJ1J.ary 10, 2006 

SHIPPING ADDRESS 

Box 393 Wood Road 

Carbondale, IL 62901 

Williamson Energy LLC 

PO Box 99 
Johnston City, Illinois 62951 

Attention: Mr .. fames Plumley 

Re: Soil Boring and Laboratory Tests 

Boring #8874 
Mach Mine#! 
Johnston City, Illinois 
HFE File H-05278 

WWN.holcombengineering.com 

MAILING ADDRESS 
P.O. Box 88 

Carbondale, IL 62903 

(_( Mach Mining Purchase Order No. ___ _ 

Dear Sir: 

618-529-5262 

800-333-1740 
FAX 618-457-8991 

In accordance with your instructions, on February !, 2006, we drilled one soil boring and sampled 

the subsoils with Shelby tubes. The soil sample taken from 10 to 12 feet in depth was subjected to 

laboratory tests. Results of the tests are as follows: 

Boring No.: 
Depth: 
Visual Classification: 

Atterberg Limits: 
Unit Weight: 
Moisture Content: 
Effective Cohesion: 

Effective Phi Angle: 

8874 
8.0-10.0' 
Silty CLAY (CL) 
LL=41.8% PL= 17.7% PI=24.l 

105.3 PCF 
21.5% 
0PSF 
26.8 Degrees 

CD 
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Mach Mine #1 Soil Tests 

Febroazy 10, 2006 

Page 2 

The Boring Log and test results are enclosed. If you should have any questions, or ifwe can be of 

further assistance, please feel free to contact us at your convenience. 

Sincerely, 

1 copy: Fred Vass - Alliance Consulting 
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Client: Alliance Consulting 

Project: Triaxial Test 

Mach Mine#! 

Location: Boring #8874 

Sample Number: 3 Depth: 10.0-12.0' 

Proj. No.: H-05278 Date: 2-1-05 

TR/AXIAL SHEAR TEST REPORT 

HOLCOMB FOUNOA T/ON ENGINEERING CO. 
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TRIAXIAL COMPRESSION TEST 

CU with Pore Pressures 

Date: 

Client: 

Project 

Location: 

Depth: 

Dascriplion: 

Remarks: 

2-1-05 

Alliance Consulting 

Triaxial Test 

Mach Mine #1 

Johnston City, Illinois 

Boring #8874 

10.0-12.0' 

Gray Mottled Brown Silty CLAY 

Type of Sample: Shelby Tube - Undisturbed 

l>.ssumad Specific Gravity;,2.65 LL=4 l .8 

Test Method: COE uniform strain 

Sample Number: 

PL=l7.7 

3 

Pl=24. l 

Specimen Parameter Initial Saturated Consoildaled 

Moisture content Moist soil+tare, gms. 

Moisture content: Dry soil+tare, gms. 

Mois.ture content Tare, gms. 

Moisture,% 

Moist specimen weight, gms. 

Diameter, in. 

Area, in/ 

Height, in. 

Net decrease in height, in. 

Wet Density, pcf 

Dry density, pcf 

Void ratio 

Saturation, % 

Membrane modulus= 0.124105 kN/cm 2 

Membrane thickness = O .02 cm 

Filter paper coefficient= 0.001926 kN/cm 

Filter paper coverage = 30% 

189.100 

176.100 

I 15.700 

21.5 
1 I 40.2 

2.80 
6. 16 
5.51 

12&.0 
105.3 

0.5706 
100.0 

Consolidation cell pressure= 70.00 psi (5.040 tsf) 

Consolidation back pressure= 50.00 psi (3.600 tsf) 

Consolidation effective confining stress = 1.440 tsf 

Strain rate, in./min. = 0.00 

Fail. Stress= 1.981 tsf at reading no. 24 

Ult Stress = 1.955 tsf at reading no. 30 

21.5 21.5 

2.80 2.80 

6.16 6.16 

5.51 5.51 

0.00 0.00 

128.0 128.0 

105.3 105.3 

0.5706 0.5706 

100.0 100.0 

I 

219/200 

B:50 PM 

Final 

1279.000 

1 072.200 

l 03.200 
21.3 

_l ____________ H-::1_::::snr:3 ;::'.J'.JNDATION ::t✓ Gl}.'=="!r,,:; ::o. ____________ _ 
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Def. Deviator Minor Elf. Major Elf. Pore 

Dial Load Load Strain Stress Stress Str,,ss 1:3 Press. p Q 

,-C No. in. Dial lbs. % tsf tsf !sf Ratio psi ts! tsf 

0 0.0000 18.30 0.0 0.0 0.000 5.112 5.112 1.00 -1.00 5.112 0.000 

0.0190 20.00 1.7 0.3 0.014 2.830 2.844 1.00 30.70 2.837 0.007 

2 0.0400 21.60 3.3 0.7 0.026 2.426 2.452 1.01 36.30 2.439 0.013 

3 0.0810 113.20 94.9 1.5 1.093 1.505 2.598 1.73 49.10 2.051 0.547 

4 0.1 OJ 0 129.80 111.5 1.8 1.280 1.318 2.597 1.97 51.70 J.958 0.640 .. 

5 0.1420 143. IO 124.8 2.6 1.422 l. 181 2.602 2.20 53.60 J.892 0.711 

6 0.1620 I 61.50 143.2 2.9 J.625 1.159 2.784 2.40 53.90 1.972 0.813 

7 0.1830 168.90 150.6 3.3 1.702 1.145 2.847 .2.49 54.10 1.996 0.851 

8 0.2030 174.80 156.5 3.7 J.763 1.138 2.900 2.55 54.20 2.019 0.881 

9 0.2240 178.90 160.6 4.1 1.802 1.145 2.946 2.57 54.10 2.046 0.901 

,. 10 0.2440 l 82.30 164.0 4.4 J.833. 1.145 2.978 2.60 54.10 2.061 0.916 

11 0.2650 l 86.40 168.1 4.8 1.871 1.152 3.023 2.62 54.00 2.088 0.936 

12 0.2850 188.10 I 69.8 5.2 1.883 1.166 3.049 2.61 53.80 2.108 0.941 

13 0.3060 191.40 173.l 5.6 1.912 1.166 3.078 2.64 53.80 2.122 0.956 

14 0.3260 193.] 0 174.8 5.9 1.923 1.181 3.104 2.63 53.60 2.142 0.962 

15 0.3460 194. 70 176.4 6.3 1.933 1.188 3.121 2.63 53.50 2.155 0.967 

16 0.3670 196.40 178.l 6.7 1.944 1.202 3.146 2.62 53.30 2.174 0.972 

17 0.3870 198. I 0 179.8 7.0 1.955 1.210 3.164 2.62 53.20 2.187 0.977 

18 0.4080 198. l 0 179.8 7.4 1.947 1.224 3.171 2.59 53.00 2.197 0.973 

19 0.4280 200.60 182.3. 7.8 1.966 1.231 3.197 2.60 52.90 2.214 0.983 

20 0.4490 200.60 182.3 8.1 1.958 1.238 3.196 2.58 52.80 2.217 0.979 

(( 21 0.4890 203. I 0 184.8 8.9 1.969 1.267 3.236 2.55 52.40 2.252 0.985 

22 0.5300 204.70 I &6.4 9.6 1.970 1.289 3.259 2.53 52.10 2.274 0.985 

I 
23 0.5710 207.20 188.9 10.4 · 1.980 1.310 3.290 2.51 51.80 2.300 0.990 

24 0.6120 208.90 190.6 1 I. I 1.981 1.332 3.313 2.49 51.50 2.323 0.991 

25 0.6530 209.10 190.8 11.8 1.967 1.346 3.313 2.46 51.30 2.330 0.9K'! 

26 0.6940 211.40 ·193.1 12.6 1.974 1.361 3.334 2.45 51.10 2.348 0.987 

27 0.7350 212.20 193.9 13.3 1.965 1.390 3.354 2.41 50.70 2.372 0.982 

28 0.7790 213.90 195.6 14. l 1.964 1.404 3.368 2.40 50.50 2.386 0.982 

29 0.8170 215.50 197.2 14.8 1.964 1.426 3.390 2.38 50.20 2.408 0.982 

30 0.8380 215.50 197.2 15.2 1 .955 1.433 3.388 2.36 50.10 2.410 0.978 

( 

_r_·_· __________ H'.)LCOM3 ,=OUNDATION ::NGIN::::::RII-JG CCl. __________ __, 
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Specimen Parameter initial 

Moisture content: Moist soil+tare, gms. 154.800 

Moisture. content: Dry soil+tare, gms. 

Moisture content: Tare, gms, 

Moisture,% 

145.800 

102.600 

20.8 

Moist specimen weight, gms. 

Diameter, in. 

Area, in.2 

Height, in. 

Net decrease in height, in. 

Wet Density, pcf 

Dry density, pcf 

Void ratio 

Saturation, % 

1142.2 

2.80 

6.16 

5.49 

128.7 

106.5 

0.5536 

99.7 

Membrane modulus= 0.124105 k.N/cm• 

Membrane thickness = 0.02 cm 

Filter paper coefficient= 0.001926 k.N/cm 

Filter paper coverage = 30% 

Consolidation cell pressure-= 90.00 psi (6.480 tsf) 

Consolidation back pressure = 50.00 psi (3 .600 tsf) 

Consolidation effective confining stress = 2.880 tsf 

Strain rate, in./min. = 0.00 

Fail. Stress = 3.4 l_ 8 tsf at reading no. 24 

Ult Stress= 3.250 tsfat reading no. 29 

Def. Deviator Minor Eff. 

Dial Load Load Strain Stress Stress 

No. in. Dial lbs. % !sf tsf 

0 0.0000 27.50 0.0 0.0 0.000 4.385 

0.0190 134.00 106.5 0.3 1.241 3.254 

2 0.0400 183.10 155.6 0.7 1.806 2.750 

3 0.0600 218.90 191.4 1.1 2.214 2.484 

4 0.0810 243.80 216.3 1.5 2.492 2.340 

5 0.1010 264.60. 237.1 1.8 2.721 2.254 

6 0.1220 282.10 254.6 2.2 2.91 I 2.210 

7 0.1420 295.40 267.9 2.6 3.052 2.182 

8 0. 1620 305.40 277.9 2.9 3.154 2.182 

9 0.1830 314.60 287.1 3.3 3.245 2.189 

10 0.2030 322. lO 294.6 'J, 7 3.317 2.J.96 

11 0.2240 327.10 299.6 4.1 3.360 2.218 

12 02440 332.90 305.4 4.4 3.412 2.232 

13 0.2650 336.20 308.7 4.8 3.435 2.254 

14 0.2850 339.50 312.0 5.2 3.459 2.275 

15 0.3060 343. 70 316.2 5.6 3.49 I 2.'297 

16 0.3260 345.40 3 I 7.9 5.9 3.497 2.3 I 8 

17 0.3670 348.70 321.2 6.7 3.505 2.369 

18 0.4080 1:\2.00 324.5 7.4 3.512 2.412 

'A 0.~90 'J ~? "7/'\ C')C '1 8.2 3.50:2 2.4Ll ! ,, -1-'-'• /V -'-U,.., 

20 0.4890 3.54.50 327.0 8.9 3.483 2.470 

21 0.5300 355.40 327.9 9.7 3.464 2.498 

Saturated Consolidated 

20.9 20.9 

2.80 2.80 

6.16 6.16 

5.49 5.49 

0.00 0.00 

128.7 128. 7 

106.5 106.5 

0.5536 0.5536 

100,0 100.0 

Major Eff. Pore 
Stress 1:3 Press. p 

tsf Ratio psi tsf 

4.3&5 1.00 29.10 4.3&5 

4.495 l.38 44.80 3.875 

4.557 l.66 51.80 3.653 

4.698 l.89 55.50 3.591 

4.832 2.06 57.50 3.586 

4.975 2.21 58.70 3.614 

5.121 2.32 59.30 3.666 

5.233 2.40 59.70 3.707 

5.335 2.45 59.70 3.758 

5.434 2.48 59.60 3.811 

5.513 2.5 I 59.50 3.8':5 

5.578 2.52· 59.20 3.898 

5.644 2.53 59.00 3.938 

5.689 2.52 58.70 3.971 

5.734 2.52 58.40 4.005 

5.788 2.52 58.] 0 4.042 

5.815 2.5 I 57.80 4.067 

5.874 2.48 57.] 0 4.121 

5.924 2.46 56.50 4. 168 

5.943 2.43 56,i 0 4.192 

5.953 2.4 I 55.70 4.21 I 

5.963 O 0 0 __ .),, 55.30 4.230 

i-V)1 C::-1!\/!=1 ~OUI\JD4"7"!0N ::N-3lt1l::::Rlh!·3 C·:). 

13 57 

Final 

1347.900 

I 154.100 

135.100 

19.0 

Q 
tsf 

0.DQO 

0.620 

0.903 

1.107 

1246 

1.361 

l.455 

1.526 

1.577 

1.623 

1.r,,9 

1.680 

1.706 

I.718 

1.729 

1.746 

1.748 

1.752 

1.756 
' ..,.r, 
I /JI 

!.742 

1.732 
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Oaf, Deviator Minor Eff. Major Eff. Poro © Dial Load Load Str.,in Stress Stre!::S Stress 1:3 Press. p a 
No. in. Dial lbs. % !sf !sf tsf Ratio psi tsf tsf 

-, 22 0.5510 3 57.00 329.5 ]0.0 3.466 2.5]3 5.979 2.38 55.10 4.246 1.733 

'( 23 0.5920 3 56.20 328.7 10.8 3.429 2.534 5.964 2.35 54.B0 4.249 1.715 

24 0.6330 357.90 330.4 l 1.5 3.418 2.556 5.974 2.34 54.50 4.265 1.709 

25 0.6730. 357.00 329.5 12.3 3.381 2.585 5.966 2.31 54.10 4.275 1.690 

26 0.7140 357.90 330.4 13.0 3.361 2.599 5.960 2.29 53.90 4.280 1.681 

27 0.7550 357.90 330.4 13.7 3.332 2.614 5.946 2.27 53.70 4.280 1.666 

28 0.7960 356.20 328.7 14.5 3.286 2.628 5.914 2.25 53.50 4.271 1.643 

29. 0.8370 355.40 327.9 15.2 3.250 2.635 5.885 2.23 53.40 4.260 l.625 

Specimen Parameter Initial Saturated Consolidated Final 

Moisture content: Moist soll+tare, gms. 248.400 1374.500 

Moistur., content: Dry soil .. tare, gms. 226.700 1195.400 

Moisture content: Tare, gms, 103.200 127.700 

Moisture,% 17.6 17.8 17.8 16.8 

Moist specimen weight, gms. l l 84. 7 

Diameter, in. 2.80 2.80 2.80 

Area, in.2 6.!6 6.16 6.16 

Height, In, 5.54 5.54 5.54 

Not decrease in height, in. 0.00 0.00 

Wet Density, pcf 132.3 132.5 132.5 

Dry density, pcf 112.5 J 12.5 l 12.5 

Void ratio 0.4707 0.4707 0.4707 

Saturation, ti/a 98.9 100.0 100.0 

\_( 
·-

Membrane thickness = 0.02 cm 

Filter paper coe-fficient-' 0.001926 kN/cm 

Filter pap&r coverage= 30% 

Consolidation cell pressure = 11 0.00 psi (7 .920 tsi) 

Consolidation back pressure = 30.00 psi (2.160 tsf) 

Consolidation effective confining stress = 5. 760 tsf 

Strain rate, in./min. = 0.00 

Fail. Stress = 6.334 tsf at reading no. 33 

Utt, Stress = 6.334 tsf at reading no. 33 

Def. Ds-viator Minor Eff. Major Eff. Pore 

Dial Load Load Strain Stress Stress Stress 1 :3 Press. p Q 

No. in. Dial lbs. '¼ tsf tsf tsf Ratio psi tsf tsf 

0 0.0000 3 l.60 0.0 0.0 0.000 7.812 7.BJ2 I.DD 1.50 7.812 0.000 

I 0.0190 39.90 3.3 0.3 0.091 7.690 7.78! l.01 3.20 7.735 0,045 

1 0.0400 44.10 12.5 0.7 0.133 7.574 7.707 l.02 4.80 7.641 0.066 

3 0,0600 175.6(1 144.0 1.1 1.666 7.308 8.974 !.23 8.50 8.14] 0.833 

4 0.0810 240.50 208,9 1.5 2.407 6.926 9.333 1.35 13.SO 8.130 l.203 

5 0.1010 291.30 2:59, 7 1.8 2.981 6.466 9.447 1.46 20.20 7.956 J.491 

6 0.1220 329.60 298.0 2.2 3.408 5.983 9.391 1.57 26.90 7.637 1.704 

7 0.1420 362.00 330.4 2.6 3.764 5.479 9.244 1.69 33.90 7.361 l.882 

( 8 0.1620 392.00 360.4 2.9 4.091 5.040 9.13 I I.81 40.00 7.085 2.045 

'-· 9 0.1830 4 !:?..SO 381.2 3.3 4.310 4.666 8.976 I.92 4S.20 6.821 2.155 

HOLCOMB FOUNDATiON E=NGir~E=E=Rii~G co. 
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Def. Dsviator Minor Eff. Major Eff. ?ore CD 
Dial Load Load Strain Stress Stress Stress 1:3 Press. p a 

No. in. Dial lbs. % tsf tsf !sf R.a:tio psi tsf tsf 

10 0.2030 432.&0 401.2 3.7 4.519 4.363 8.883 2.04 49.40 6.623 2.260 

11 0.2240 446.90 415.3 4.0 4.660 4.l40 8.S00 2.13 52.50 6.470 2.330 

12 0.2440 · 465.20 433.6 4.4 4.847 3.982 8.828 2.22 54.70 6.405 2.423 

13 0.2650 47l.OO 439.4 4.8 4.892 3.852 8.744 1."2.7 56.50 6.298 2.446 

14 0.2850 4-83.50 451.9 5.1 5.012 3.766 8.778 2.33 57.70 6.ZT.l 2.506 

15 0.3060 490.:ZO 458.6 5.5 S.066 3.694 8.760 2.37 58.70 6.227 2.533 

16 0.3260 503.50 471.9 5.9 5.193 3.643 8.837 2.43 59.40 6.240 2.597 

17 O.J460 516.80 485.2 6.2 5.319 3.607 8.926 2.47 59.90 6.267 2.660 

18 0.3670 52 l.80 490.2 6.6 5.352 3.586 S.938 2.49 60.20 6,262 2.6'/6 

19 0.3870 a.JU.JO 498.5 7.0 5.422 3.571 8.993 ?52 60.40 6.282 2.7l l 

20 0.4080 538.40 506.8 7.4 5.490 3.564 9.054 2.54 60.50 6.309 2.745 

21 0.4280 543.40 51 l.8 7,7 5.522 3.564 9.086 2.55 60.50 6.325 2.761 

22 0.4490 554.30 522.7 8.1 5.617 3.571 9.188 2.57 60.40 6.380 2.808 

23 0,4690 565,90 534.3 8.5 5.719 3.578 9.291 260 60.30 6.438 2.859 

24 0.4890 567.60 536.0 8.8 5.714 3.578 9.293 2.60 60.30 6.436 2.857 

25 0.5300 581.70 550.! 9.6 S,&I 7 3.600 9.417 
~ ,,, 
..!,O_ 60.00 6.509 2.909 

26 0.5710 591.70 560.l 10.3 5,874 3.636 9.510 2,(,2 59.50 6.573 2.937 

27 0.6120 605.00 573.4 I LO 5.964 3.665 9.629 2.63 59.10 6.647 2.982 

28 0,6530 615.00 583.4 I 1.8 6,018 3.70l 9.719 2.63 58.60 6.710 3.009 

29 0.6940 626,70 595.! l2.5 6,087 3.737 9.824 2,63 58.10 6,780 3.044 

30 0.7350 638.30 606.7 13.3 6.153 3.773 9.926 2.63 57.60 6,849 3.077 

31 0.7760 649,10 617.5 14.0 6.209 3.816 10.025 2.63 57.00 6,921 3.105 

32 0.8170 657.50 625.9 14.7 6.240 3.852 10.092 2.62 56,50 6.972 3.120 

33 0.8390 669.90 63&,3 IS.I 6.334 3,866 10.200 2.64 56.30 7.033 3.167 

.._ ___________ HOLCOiviB POUNDATION ENG:N:::ER.i~JG CG. ---------==--' 
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30- Project: Mach #1 Mine Williamson County, lll111ms 

Project Number: 1-1-05278 

Sample: B-887 4 Depl11 10-12' 
20-

Dale: February 8, 2006 
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Holcomb Foundation Engineering Company 
Laboratory Testing Results 2/Q/200G 

Project: Mach #1 Mine 

Project No: H-05278 

Sieve Analysis - ASTM Ci 36-96a 

Sample: Silty CLAY (CL) 

Sieve Openings us 
Standard Weight Percent Percent 

Inches Millimeters Sieve Size Retained Retained Finer 

1.5000 38.1000 1 -1 /2" 0.0 0.0 100.0 

1.0000 25.4000 1. 0.0 0.0 100.0 

0.7500 19.1000 3/4" 0.0 0.0 100.0 

0.5000 12.7000 1 /2" 0.0 0.0 100.0 

3.7500 9.5200 3/8" 0.0 0.0 100.0 

0.1870 4.7600 No. 4 2.1 0.9 99.1 

0.0790 2.0000 No. 10 4.6 2.0 98.0 

0.0469 1.1 BOO No. 16 4.6 2.0 98.0 

0.0331 0.8500 No. 20 8.6 3.8 96.2 

0.0165 0.4200 No. 40 12.6 5.5 94.5 

0.0117 0.2980 No. 50 12.6 5.5 94.5 

0.0083 0.2500 No. 60 22.2 9.8 90.2 

0.0059 0.1490 No. 100 34.6 15.2 84.8 

0.0029 0.0740 No. 200 47.7 21.0 79.0 

Total Weight in Grams 227.20 
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-Yolcomb Foundation Engineering Company 
._aboratory Testing Results 

Project: 
Project No: 

Mach #1 Mine 
H-05278 

Sample 

Dish Number 

Mass of can, W 1 (g) 

Mass of can+ moist soil, w, (g) 

Mass of can + dry soil, W 3 (g) 

Moisture content, w (%) 

Number of blows, N 

Liquid Limit, LL 

Dish Number 

Mass of can, W 1 (g) 

Mass of can+ moist so/I, W2 (g) 

Mass of can+ dry soil, W3 (g) 

Plasiic Limn, PL 

Pl= 

LL, 

34.70 

62.84 

54.52 

41.98 

24 

41.B 

PL, 

39.76 

54.79 

52.53 

17.7 

24.1 

Plasticity Chart 

50 

50 

CH or OH 

+ 

CL orOL. 

2 

LL, 

!vlH or OH 

10 

C'...·ML ML or OL 

0 +-. ---------
___ _, 

0 10 20 30 40 50 60 70 BO 

Liquid Limit (LL) 

90 

3 

LL3 

100 
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HOLCOMB FOUNDATION ENGINEERING CO., INC. 
SOILS - BITUMINOUS - CONCRETE - INVESTIGATIONS AND TESTING 

November 30, 2006 

SHIPPING ADDRESS 
Box 393 Wood Road 
Carbondale, IL 62901 

Williamson Energy LLC 
PO Box 99 
Johnston City, Illinois 62951 

Attention: Mr. James Plumley 

Re: Coarse Refuse Laboratory Tests 
Pond Creek Mine 
Johnston City, Illinois 
HFE File H-05278 

Dear Sir: 

www.holcombengineering.com 

MAILING ADDRESS 
P.O. Box 88 

Carbondale, ll 62903 

618-529-5262 
80D-333-17 40 

FAX 618-457-8991 

( 
\._ ,_ In accordance with your instructions, on November 17, 2006, we sampled coarse refuse at Mach 

Mine and performed laboratory tests on remolded samples. Results of the tests are as follows: 

Visual Classification: Coarse Coal Refuse (Shale, Coal, Sandstone :Mixture) 

Proctor Test Results: 
Maximum Dry Unit Weight: 124.6 PCF 

Optimum Moisture Content: 9.3 % 

Specific Gravity: 2.3 7 

Triaxial Test Results: 
Effective Cohesion: 0 PSF 

Effective Phi Angle: 33.7 Degrees 

Permeability: 2 x 10-4 cm./sec. 

Results of the grain size analysis and the laboratory tests are attached, 

® 
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Pond Creek Mine #1 Coarse Refuse Tests 

November 30, 2006 

Page2 

zo f 57 

If you should have any questions, or if we can be of further assistance, please feel free to contact us 

at your convenience. · 

Sincerely, 

1 copy: Justin Harry - Alliance Consulting 

Ci£ 
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Holcomb Foundation Engineering 
Grain Size Analysis 
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Holcomb Foundation Engineering Company 
Laboratory Testing Results 11/30/2006 

Project: Coarse Refuse Disposal Area 

· Pond Creek Mine Johnston City, Illinois 

Project No: H-05317 

Sieve Analysis• ASTM C136-96a 

Sample: Coarse Refuse 

Sieve Openings us 
Standard Weight Percent Percent 

Inches Millimeters Sieve Size Retained Retained Finer 

3 76.2 3' 0.0 0.0 100.0 

2.0000 50.8100 2" 619.6 9.5 90.5 

1.5000 38.1000 1 -1/2" 1124.0 17.2 82.8 

1.0000 25.4000 1 " 1696.2 25.9 74.1 

0.7500 19.1000 3/4" 2110.9 32.3 67.7 

0.5000 12.7000 1/2" 2513.0 38.4 61.6 

3.7500 9.5200 3/8" 3263.7 49.9 50.1 

0.1870 4.7600 No.4 4310.7 65.9 34.1 

0.0790 2.0000 No. 10 5470.5 83.6 16.4 

0.0469 1.1800 No. 16 

0.0331 0.8500 No. 20 6004.4 91.8 8.2 

0.0165 0.4200 No. 40 617B.9 94.4 5.6 

0.0117 0.29B0 No. 50 

0.0083 0.2500 No. 60 6267.B 95.8 4.2 

0.0059 0.1490 No. 100 

0.0029 0.0740 No. 200 6372.4 97.4 2.6 

Total Weight in Grams 6542.B0 
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Project: 

Z3 f S7 

Holcomb Foundation Engineering 

Pond Creek Mine 

Johnston City, Illinois 

Moisture Density Relationship 

Location: Coarse Refuse Disposal Area 

Project No.: H-05278 Proctor Test Results 

Soll Classlflcatlon: 

Date: 

Test Data 

11/30/2006 

ASTM D-698 (standard) 

Moisture 

Content(%} 

7.6 

11.2 

12.0 

9.3 

Maximum Dry Density (PCF) 

Optimum Moisture Content{%) 

Dry Unit Wt. 

(PCF) 

122.B 

1225 

120.4 

124.8 

Grdy Cua1se Refusa 

124.8 

9.3 

126.0 .------------------------------------, 

c;:: 
u 
e, 

125.0 

124.0 

jE 123.0 
~ 

'1: 
::, 

1:' 
CJ 

122.0 

121.0 

Proctor Curve 

120.0 +--------;--------;-------~------~-------{ 

7.0 8.0 9.0 10.0 11. 0 12.0 

% Moisture 
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Date: 

Project No.: 

Samole 

Coarse Refuse 

Z'-1 j 57 

HOLCOMB FOUNDATION ENGINEERING CO., INC. 
SOILS - BITUMINOUS - CONCRETE - INVESTIGATIONS ANO TESTING 

SHIPPING ADDRESS 
Box 393 Wood Road 
Carbondale, IL 62901 

www.holcombanginearing.com 

MAILING ADDRESS 
P.O. Box BB 

Carbondale, IL 62903 

Permeability Tests Results 
Laboratory Ti,,sts 
Co.irsa Rafuse 

Pond Creek Mine - Johnston City, Illinois 

11/30/2006 Client: Pond Creek Mine 
Johnston City, Illinois 

H-05278 

Moisture Content(%) Dry Unit 
Deoth (Ft.) Before Test After Test Weioht (PCF) 

7.7 11.8 119.3 

618-529-5262 
800-333-17 40 

FAX 618-457-8991 

Permeability 
/Cm./Sec.) 

2 X 10-4 

Permeability Tests performed in accordance with ASTM D-5084 

(Ji 
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Project 

.Jate 

n Place Mc 
Net Wt. 
'an 
)ry Wt. 
Ac(%) 

195.3 
94.2 

188.1 
7.7 

'ime(hrs) Time(min) 
:======= 

7 
7 

7 
7 
7 

g 
g 
g 

== 
26 
34 

33 
45 
47 

16 
23 
30 

Pond Creek Mine 

H-05278 

11/30/2006 

After Test Mc 
Wet Wt. 
Pan 
Dry Wt. 
Mc(%) 

Quantity (cc) 

1300.4 
103.1 

1173.6 
11.8 

-- I 
PERMEABILITY TEST RES UL TS 

Boring/Sample Coarse Refuse 

Depth 
Classification 

Diameter 2.8 Inch 

Length 5.6 Inch 

Unit Weight (PCF) 
Sample Wt 1161.8 

Wet UW= 128.5 
Dry UW= 119.3 

Head (psi) Permeability (cm/sec) 

- ====- --------- ==== ==================- -- - -

24.7 
8.2 

24.5 
2.7 1 

0.8 1 

24.4 
9.6 1 
0.9 1 

1.75E-04 

1.54E-04 
1.44E-04 

1.79E-04 
1.43E-04 

·. C 
\ = ===- ==== --- -- ---- === 

C • Average Permeability 1.63E-04 

======= =====-== - ========= ========= ======== ==== --- -=== - -- -

C 

- l 
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9 Total Effective I I I I I I I I I I ' I I I I ' ' 
I ' ' 

,_ 
I ' I ' I 

C,tsf 0.507 0 I ' ' I ' ' ' ' 
I I I I I 

~,dea 18.5 33,7 I I I I I ' I I ' 

Tanu, 0.33 0.67 
I I ' ' I I , I I I 

I I I i ' I I I 

! I I I ' I I I I ' I I I I 

I I ' ' ' ' I ' ' I I ' I 

6 
I I ' I I I ' I I A I I I I I ' I I 

]i I , I I I I I I ' 

' I I I I I ' I ' I I I I I 

.,; I I I I I ' I I I I I 

u, I I ' I I I I ' 
~ I I I I I I I I I 

rn I I I I ' I ' 
~ ' I ' ' I I 

"' ' 
,, I I 

a, ' ' I I ' 
,,= 

I I I I I I ' rn 3 I I I I ' ' I 

I I I I 

I I I I I . · I I 
' I ' 

I I I I 

I I I I I 

I I , I I I I I I 

' 
I I ' I I ' 

' I " ' I " I ' ' I 

0 ' I I ' ' " I ' I 

0 3 6 9 12 15 18 

Total Nonna! Stress, !sf ---

Effective Nonna! Stress, tsf - - -

9 I Sample No, 1 2 3 
' I 
I Water Content IO.I 10.8 10.3 

7.5 
I Dry Density, pcf I 18.7 117.8 118.7 
I I 

I ' 3 
jg Saturation, 97.0 99.8 99.3 

I I I I E Vold Ratio 0.2470 0.2558 0.2468 

- 6 
I I I I I I Diameter, In. 2.80 2.80 2.80 

.!:2 I I I 

vi I I Height, in. 5.65 5.57 5.60 
u, I ' I 

~ I I Water Content, 10.4 10,8 10.4 
I I I ' rn 4.5 I ' I I Dry Density, pcf 118.7 117.8 118.7 

~ 
1n 

.9 I I I I ' 
I Q) Saturation, 100.0 100.0 100.0 

.!!l ' I 2 I-
> I ' I :;;; Void Ratio 0.2470 0.2558 0.2468 
Q) 

3 ' I ' I Diameter, in. 2.80 2.80 2.80 
0 I I I I ' I I I 1 

~ I Height, in. 5.65 5.57 5.60 
,, ' I I I Strain rate, in./min. 0.01 0.01 0.01 

I I I ' I I 
1.5 I I ' I I Back Pressure, tsf 3.60 3,60 2.16 

I I I 

' I ' I I ' Cell Pressure; !sf 5.04 6.48 7.92 
I ' ' I I I I 

0 I I I I I I ' I I I I Fail. Stress, tsf 2.78 3.83 6.76 

0 5 10 15 20 Total Pore Pr., tsf 3.86 4.96 5.23 

Axial Strain, % Ult. Stress, !sf 2,77 3.83 6.76 

Total Pore Pr., tsf 3.85 4.95 5.23 

Type of Test: 
cr1 Failure, tsf 3.96 5.35 9.44 

CU with Pore Pressures 
a, Failure, tsf 1.18 1.52 2.69 

Sample Type: Remolded Client: Pond Creek Mine 

Description: Coarse Coal Refuse 
Project: Coarse Refuse Laboratory Tests 

Assumed Specific Gravity= 2.37 Location: Coarse Refuse Stockpile 

Remarks: Sample Number: Coarse Refuse 

Pro). No.: H-05278 Date: 11/17/06 

TRIAXIAL SHEAR TEST REPORT 

I Plate 
HOLCOMB FOUNDATION ENGINEERING CO. 

-

Tested By: =LC~--------- Checked By: ~TH~---------
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Q) 0 a, 0 r ~ - ~-
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0.. "> a.. ·s: 
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.!!!Cl .'!!Cl 
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I- I-

0 0 
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7.5 l.2J 
7.5 
~ L--

I 
_,,.- I -

I 

I 
6 

~- I 

I 
6 -~-

I d 
- -~ I 

a, ~ 
~ 4.5 4,5 
::, "' { I ::, "' 
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Q) ~ "' 

., ~ "' 
ct uS .... I tt ci5 _, 

~ 3 
~ 3 

e! .9 
., 0 
~ -

0 "' 
0 <O 

a. > a.."> 
- a, - Q) 

.!!!O 1,5 
.!!!O 

1.5 
0 0 

I- I-

0 0 
0% 8% 16% 0% 8% 16% 

6 Peak Strength I,...,...,... -
,... ,... 

Total Effective 
a= 0.52 tsf 0.00 tsf 

I 
,...-

a= 17.4 deg 29.4 deg l.,,... 

tan a= 0.31 0.56 
,... ---- ,... 

4 ! ,...--1 L---
L-----" 

'.@ --1 I ---
cf ,...,... ,... '( -- L--L..---- V _, 1___:;::., - -. - / 

2 I/ _... v V ~ 
~ 

,1, 

L---: •::-,... YI/ IY l7 ,... I . I 
0 ---

I I 

0 2 4 6 B 10 12 

p, tsf 

Stress Paths: Total --- Effective - - -

Client: Pond Creek Mine 

Project: Coarse Refuse Laboratory Tests 

Location: Coarse Refuse Stoclq,ile Sample Number: Coarse Refuse 

Project No,: H-05278 Plate I HOLCOMB FOUNDATION ENGINEERING co. 

Tested By: -=L,,Cc__ _________ Checked By: -'-T-'--'H'-------------
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TRIAXIAL COMPRESSION TEST 

CU with Pore Pressures 

Date: 

Client: 
Project: 
Location: 
Sample Number: 

Description: 
Remarks: 

I 1/17/06 

Pond Creek Mine 

Coarse Refuse Laboratory Tests 

Coarse Refuse Stockpile 

. Coarse Refuse 

Coarse Coal Refuse 

Type of Sample: Remolded 

Assumed Specific Gravity::2.3 7 LL= 

Test Method: COE uniform strain 
PL= Pi= 

Specimen Parameter Initial Saturated Consolidated 

Moisture content: Moist soll+tare, gms. 

Moisture content: Dry soll+tare, gms. 

Moisture content: Tare, gms. 

Moisture,% 

Moist specimen weight, gms. 

Di3meter, in. 

Area, ln,% 

Height, in. 

Net decrease in height, in. 

Wet Density, pcf 

Dry density, pcf 

Void ratio 

Saturation, % 

Membrane modulus= 0.124105 kN/cm2 

Membrane thickness = 0.02 cm 

Filter paper ·coefficient= 0.001926 kN/cm 

Filter paper coverage = 50% 

226.800 

218.600 

137.500 

10.l 

1193.1 

2.80 

6.16 

5.65 

130.6 

118.7 

0.2470 

97.0 

Consolidation cell pressure= 70.00 psi (5.040 tsf) 

Consolidation back pressure= 50.00 psi (3.600 tsf) 

Consolidation effective confining stress= 1.440 tsf 

Strain rate, in./min. = 0.01 

Fall. Stress= 2.778 tsfat reading no. 41 

Ult. Stress= 2.767 tsfat reading no. 42 

10.4 10.4 

2.80 2.80 

6.16 6.16 

5.65 5.65 

0.00 0.00 

131.0 131.0 

l 18.7 118.7 

0.2470 0.2470 

100.0 100.0 

11/30/2006 

10:19AM 

Final 

1320. 700 

1195.800 

107.600 

11.5 

.._ __________ HOLCOMB FOUNDATION ENGINEERING CO. __________ _, 
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Def. Devlator Minor Elf. Major Elf. Pore 

- ./r-• Dial Load Load Strain Stress Stress Stress 1:3 Press. p Q 

( No. In. Dial lbs. ¾ tsf !sf !sf Ratio psi tsf tsf 

0 0.0010 46.60 0.0 0.0 0.000 !.498 1.498 1.00 49.20 1.498 0.000 

0.0180 160.60 114.0 0.3 l.329 1.152 2.481 2.15 54.00 l.816 0.664 

2 0.0390 189.70 143.1 0.7 !.662 l.001 2.663 2.66 56.10 1.832 0.831 

3 0.0590 205.60 159.0 l.O l.840 0.929 2.769 2.98 57.10 l.849 0.920 

4 0.0800 212.20 165.6 1.4 l.909 0.907 2.816 . 3.10 57.40 1.862 0.955 

5 0.1000 218.90 172.3 1.8 l.979 0.900 2.879 3.20 57.50 l.890 0.990 

6 0.1200 232.20 185.6 2.1 2.125 0.900 3.025 3.36 57.50 l.962 1.062 

7 0.1410 240.50 193.9 2.5 '?11 0.907 3.118 3.44 57.40 2.013 1.106 

8 0.1610 245.50 198.9 2.8 2.260 0.914 3.174 3.47 57.30 2.044 1.130 

9 0.1820 252.20 205.6 3.2 2.327 0.922 3.249 3.53 57.20 2.085 1.164 

10 0.2020 253.80 207.2 3.6 2.337 0.936 3.273 3.50 57.00 2.104 1.168 

11 0.2230 250.50 203.9 3.9 2.291 0.958 3.248 3.39 56.70 2.103 1.145 

12 0.2430 261.30 214.7 4.3 2.403 0.972 3.375 3.47 56.50 2.173 1.201 

13 0.2630 266.30 219.7 4.6 2.450 0.979 3.429 3.50 56.40 2.204 1.225 

14 0.2840 266.30 219.7 5.0 2.440 0.994 3.434 3.46 56.20 2.214 l.220 

15 0.3040 272.10 225.5 5.4 2.495 1.008 3.503 3.48 56.00 2.256 l.248 

16 0.3250 274.60 228.0 5.7 2.513 1.022 3.536 3.46 55.80 2.279 1.257 

17 0.3450 268.00 221.4 6.1 2.431 l.037 3.468 3.34 55.60 2.252 l.216 

18 0.3660 273.00 226.4 6.5 2.476 l.051 3.527 3.36 55.40 2.289 l.238 

19 0.3860 278.00 231.4 6.8 2.521 1.058 3.580 3.38 55.30 2.319 !.261 

20 0.4070 278.00 231.4 7.2 2.5Il 1.066 3.577 3.36 55.20 2.321 l.256 

1( 
21 0.4270 283.00 236.4 7.5 2.556 l.073 3.629 3.38 55.10 2.351 1.278 

22 0.4470 284.60 238.0 7.9 2.563 1.080 3.643 3.37 55.00 2.362 l.282 

\ ·- "~ 
23 0.4680 278.80 232.2 8.3 2.491 l.087 3.578 3.29 54.90 2.333 l.245 

24 0.4880 286.30 239.7 8.6 2.561 1.087 3.648 3.36 54.90 2.368 l.281 

25 0.5090 290.40 243.8 9.0 2.594 1.094 3.689 3.37 54.80 2.392 l.297 

26 0.5290 292.10 245.5 9.3 2.602 1.102 3.704 3.36 54.70 2.403 l.301 

27 0.5500 298.80 252.2 9.7 2.662 1.109 3.771 3.40 54.60 2.440 l.331 

28 0.5700 299.60 253.0 10. l 2.660 I.I 16 3.776 3.38 54.50 2.446 l.330 

29 0.5910 294.60 248.0 10.4 2.597 I.I 16 3.713 3.33 54.50 2.415 !.299 

30 0.6110 302.10 255.5 10.8 2.665 1.123 3.788 3.37 54.40 2.456 l.333 

31 0.6310 306.30 259.7 11.2 2.698 l.130 3.828 3.39 54.30 2.479 1.349 

32 0.6520 306.30 259.7 11.5 2.687 l.130 3.817 3.38 54.30 2.474 l.343 

33 0.6720 312.10 265.5 11.9 2.736 1.145 3.881 3.39 54.10 2.513 1.368 

34 0.6930 309.60 263.0 12.2 2.699 1.l45 3.843 3.36 54.10 2.494 !.349 

35 0.7130 308.80 262.2 12.6 2.680 1.152 3.832 3.33 54.00 2.492 l.340 

36 0.7340 309.60 263.0 13.0 2.676 1.159 3.835 3.3 l 53.90 2.497 1.338 

37 0.7540 315.40 268.8 13.3 2.724 1. l 66 3.891 3.34 53.80 2.528 1.362 

38 0.7750 316.20 269.6 13.7 2.721 J.166 3.887 3.33 53.80 2.527 1.360 

39 0.7950 323.70 277.1 14.! 2.785 1.181 3.966 3.36 53.60 2.573 l.392 

40 0.8150 325.40 278.8 14.4 2.790 1.181 3.971 3.36 53.60 2.576 1.395 

41 0.8360 325.40 278.8 14.8 2.778 1.181 3.959 3.35 53.60 2.570 1.389 

42 0.8560 325.40 278.8 15.1 2.767 l.188 3.955 3.33 53.50 2.571 l.383 

( 
'-I 

I 

HOLCOMB FOUNDATION ENGINEERING CO. 
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Specimen Parameter Initial 

Moisture content: Moist soil+tare, gms. 211.600 

Moisture content: Dry soil+tare1 gms, 

Moisture content: Tare, gms. 

Moisture, 111. 

203.200 

125.200 

10.8 

Moist specimen weight, gms. 

Diameter, In. 

Area, In.• 

Height, In. 

Net decrease In height, In. 

Wet Density, pcf 

Dry density, pct 

Void ratio 

Saturation, % 

1175.1 

2.80 

6.16 

5.57 

130.5 

117.8 

0.2558 

99.8 

Membrane modulus= 0.124105 kN/cm2 

Membrane thickness= 0.02 cm 

Filter paper coefficient= 0.001926 kN/cm 

FIiter paper coverage = 50% 

Consolidation cell pressure= 90.00 psi (6.480 tsf) 

Consolidation back pressure = 50.00 psi (3 .600 tsf) 

Consolidation effective confining stress= 2.880 tsf 

Strain rate, lnJmin. = 0.01 

Fall. Stress= 3.829 tsf at reading no. 40 

Ult. Stress= 3.828 tsfat reading no. 41 

Def. Deviator Minor Elf. 
Dial Load Load Strain Stress Stress 

No. In. Dial lbs, o/, !sf !sf 

0 0.0000 51.60 0.0 0,0 0.000 3.377 

0.0190 185.60 134,0 0.3 1.562 2.340 

2 0.0400 233.00 l 81.4 0.7 2.106 1.814 

3 0.0600 253.00 201.4 l.l 2.330 1.562 

4 0.0810 263.80 212.2 1.5 2.445 1.433 

5 0.1010 270.50 218.9 1.8 2.513 1.346 

6 0.1220 274.60 223.0 2.2 2.550 1.289 

7 0.1420 281.30 229.7 2.5 2.617 1.260 · 

8 0.1620 287.10 235.5 2.9 2.674 1.238 

9 0.1830 291 .30 239.7 3.3 2.711 1.231 

IO 0.2030 297.10 245.5 3.6 2.766 1.224 

11 0.2240 301.30 249.7 4.0 2.802 1.224 

12 0.2440 305.40 253.8 4.4 2.838 1.224 

13 0.2650 309.60 258.0 4.8 2.873 1.224 

14 0.2850 315.40 263.8 5.1 2.927 1.231 

15 0.3060 320.40 268.8 5.5 2.970 1.238 

16 0.3260 326.20 274.6 5.9 3.023 1.246 

17 0.3460 330.40 278.8 6.2 3.058 1.253 

18 0.3670 334.60 283.0 6.6 3.091 1.267 

[9 0.3870 341.20 289.6 6.9 3.151 1.282 

20 0.4080 346,20 294.6 7.3 3.192 1.296 

°' 0.4280 351.20 299.6 7.7 3.234 !.310 ~, 

Saturated Consolidated 

10.8 10.8 

2.80 2.80 

6.16 6.16 

5.57 5.57 

0.00 0.00 

130.5 130.5 

117.8 117.8 

0.2558 0.2558 

100.0 100.0 

Major Elf. Pore 
Stress 1:3 Press. p 

!sf Ratio psi !sf 

3.377 1.00 43.10 3.377 

3.902 1.67 57.50 3.121 

3.920 2.16 64.80 2.867 

3.892 2.49 68.30 2.727 

3.878 2.71 70.10 2.655 

3.860 2.87 71.30 2.603 

3.839 2.98 72.10 2.564 

3.877 3.08 72.50 2.569 

3.912 3.16 72.80 2.575 

3.942 3.20 72.90 2.587 

3.990 3.26 73.00 2.607 

4.026 3.29 73.00 2.625 

4.062 3.32 73.00 2.643 

4.097 3.35 73.00 2.661 

4.158 3.38 72.90 2.695 

4,209 3.40 72.80 2.724 

4.269 3.43 72.70 2.757 

4.310 3.44 72.60 2,782 

4.358 3.44 72.40 2.813 

4.433 3.46 72.20 2.857 

4.488 3.46 72.00 2.892 

4.544 3.47 ?!.80 2.927 

HOLCOMB FOUNDATION ENGINEERING CO. 

30 ( 57 <E 
Final 

1335.900 

1222.200 

134.800 

10.5 

Q 
·!sf 

0.000 

0.781 

1.053 

1.165 

1.223 

1.257 

1.275 

1.309 

1.337 

1.355 

1.383 

1.401 

1.419 

1.437 

1.463 

1.485 

1.512 

1.529 

1.546 

1.576 

1.596 

!.617 
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.- Def. Deviator Minor Elf. Major Elf. Pora 

Dial Load Load Strain Stress Stress Stress 1:3 Press. p Q 

No. In. Dial lbs. % !sf !sf !sf Ratio psi !sf tsf 

22 0.4490 357.00 305.4 8.1 3.283 1.318 4.601 3.49 71.70 2.959 1.642 

23 0.4690 359.50 307.9 8.4 3.297 1.332 4.629 3.48 71.50 2.981 l./i49 

24 0.4890 362.80 311.2 8.8 3.319 1.339 4.659 3.48 71.40 2.999 1.660 

25 0.5100 368.70 3 l 7.1 9.2 3.368 1.346 4.715 3.50 71.30 3.031 1.684 

26 0.5300 374.50 322.9 9.5 3.416 1.361 4.777 3.51 71.10 3.069 1.708 

27 0.5510 377.00 325.4 9.9 3.429 1.368 4.797 3.51 71.00 3.082 1.714 

28 0.5710 381.20 329.6 10.2 3.459 1.368 4.827 3.53 71.00 3.098 1.730 

29 0.5920 384.50 332.9 10.6 3.479 l.382 4.861 3.52 70.80 3.122 1.739 

30 0.6120 386.20 334.6 l 1.0 3.483 1.390 4.872 3.51 70.70 3.131 1.741 

31 0.6330 392.00 340.4 Jl.4 3.528 1.397 4.925 3.53 70.60 3.161 1.764 

32 0.6530 397.00 345.4 l 1.7 3.565 1.41 l 4.977 3.53 70.40 3.194 1.783 

33 0.6730 400.30 348.7 12.1 3.585 1.426 5.010 3.51 70.20 3.218 1.792 

34 0.6940 406.10 354.5 12.5 3.629 1.440 5.069 3.52 70.00 3.254 1.814 

35 0.7140 410.30 358.7 12.8 3.657 1.454 5.1 II 3.51 69.80 3.283 1.828 

36 0.7350 413.60 362.0 13.2 3.674 1.469 5.143 3.50 69.60 3.306 1.837 

37 0.7550 420.30 368.7 13.6 3.727 1.483 5.210 3.51 69.40 3.347 1.863 

38 0.7760 423.60 372 .. 0 13.9 3.744 I.498 5.242 3.50 69.20 3.370 1.872 

39 0.7960 427.80 376.2 14.3 3.770 1.505 5.275 3.51 69.10 3.390 1.885 

40 0.8170 435.30 383.7 14.7 3.829 1.519 5.348 3.52 68.90 3.434 1.914 

41 0.8370 436.90 385.3 15.0 3.828 I.526 5.355 3.51 68.80 3.441 1.914 

( (~ 

----------- HOLCOMB FOUNDATION ENGINEERING CO. _________ __, 



R14790@ 

Specimen Parameter initial Saturated Consolidated 

~ Moisture content: Moist soll+tare, gms. 184.300 

Moisture content: Dry soil+tare, gms. 177.100 
1230.400 

Moisture content: Tare, gms. 107.500 
135.300 

Moisture, 0/a 10.3 10.4 10.4 9.4 

Moist specimen weight, gms. 1185.2 

Diameter, In. 2.80 2.80 2.80 

Area, in,z 6.16 6.16 6.16 

Height, in. 5.60 5.60 5.60 

Net decrease In height, in. 0.00 0.00 

Wet Density, pcf 130.9 131.0 131.0 

Dry density, pcf 118.7 118.7 118. 7 

Void ratio 0.2468 0.2468 0.2468 

Saturation, 'lo 99.3 100.0 100.0 

Membrane modulus= 0.124105 k:N/cm• 

Membrane thickness= 0.02 cm 

Filter paper coefficient= 0.001926 kN/cm 

Filter paper coverage = 50% 

Consolidation cell pressure= 110.00 psi (7.920 tsf) 

Consolidation back pressure= 30.00 psi (2.160 tsf) 

Consolidation effective confining stress = 5. 760 tsf 

Strain rate, ln./mln. = 0.01 

Fall. Stress= 6.758 tsf at reading no. 42 

I (_ Ult. Stress= 6.758 tsfat reading no. 42 

\ Def .. Devlator Minor Eff. Major Elf. Pore 

Dial Load Load Strain Stress Stress Stress 1:3 Press. p Q 

No. In. Dial lbs. % tsf tsf tsf Ratio psi tsf tsf 

0 0.0000 25.00 0.0 0.0 0.000 6.588 6.588 1.00 18.50 6.588 0.000 

I 0.0190 88.20 63.2 0.3 0.736 6.458 7.195 1.11 20.30 6.827 0.368 

2 0.0400 309.60 284.6 0.7 3.304 5.623 8.927 1.59 31.90 7.275 1.652 

3 0.0600 397.00 372.0 I.I 4.303 4.795 9.098 1.90 43.40 6.947 2.152 

4 0.0810 428.60 403.6 1.4 4.651 4.234 8.885 2.10 51.20 6.559 2.326 

5 0.1010 441.90 416.9 1.8 4.787 3.830 8.617 2.25 56.80 6.224 2.393 

6 0.1220 449.40 424.4 2.2 4.854 3.521 8.375 2.38 61.10 5.948 2.427 

7 0.1420 460.20 435.2 2.5 4.960 3.283 8.243 2.51 64.40 5.763 2.480 

8 0.1620 467.70 442.7 2.9 5.027 3.017 8.044 2.67 68.10 5.530 2.513 

9 0.1830 476.00 451.0 3.3 5.101 2.837 7.938 2.80 70.60 5.387 2.551 

10 0.2030 483.50 458.5 3.6 5.167 2.693 7.860 2.92 72.60 5.276 2.583 

11 0.2240 489.30 464.3 4.0 5.212 2.585 7.797 3.02 74.10 5.191 2.606 

12 0.2440 495.20 470.2 4.4 5.258 2.491 7.750 3. I I 75.40 5.120 2.629 

13 0.2650 505.20 480.2 4.7 5.349 2.419 7.768 3.21 76.40 5.094 2.675 

14 0.2850 511.00 486.0 5.1 5.394 2.369 7.762 3.28 77.10 5.066 2.697 

15 0.3060 518.50 493.5 5.5 5.455 2.333 7.788 3.34 77.60 5.060 2.728 

I 6 0.3260 526.80 501.8 5.8 5.526 2.304 7.830 3.40 78.00 5.067 2.763 

I 7 0.3460 533.50 508.5 6.2 5.579 2.297 7.875 3.43 78. 10 5.086 2.789 

(_, 
I 8 0.3670 539.30 514.3 6.6 5.620 2.326 7.945 3.42 77.70 5.135 2.810 

19 0.3870 548.40 523,4 6,9 5.697 2,275 7,972 3.50 78.40 5.124 2.849 

20 0.4080 555.90 530,9 7.3 5.756 2.261 8,016 3.55 78.60 5.139 2,878 

I "' 0.4280 565.90 540.9 7.6 5.841 2.261 8.102 3.58 78,60 5,! 81 2,921 

I "' 
HOLCOMB FOUNDATION ENGINEERING CO. 
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Dof. Devlator Minor Elf. Major Elf. Poro 

Dial Load Load Strain Stress Stress Stress 1:3 Press. p Q 

No. In. Dial lbs. o/, tsf tsf tsf Ratio psi lsf tsf 

22 0.4490 569.20 544.2 8.0 5.853 2.268 8.121 3.58 78.50 5.195 2.927 

23 0.4690 575.10 550.1 8.4 5.894 2.282 8.176 3.58 78.30 5.229 2.947 

24 0.4890 584.20 559.2 8.7 5.968 2.297 8.265 3.60 78. IO 5.281 2.984 

25 0.5100 592.50 567.5 9.1 6.031 2.311 8.343 3.61 77.90 5.327 3.016 

26 0.5300 599.20 574.2 9.5 6.079 2.333 8.411 3.61 77.60 5.372 3.039 

27 0.5510 605.90 580.9 9.8 6.124 2.354 8.479 3.60 77.30 5.416 3.062 

28 0.5710 613.30 588.3 10.2 6.178 2.362 8.539 3.62 77.20 5.450 3.089 

29 0.5920 617.50 592.5 10.6 6.196 2.405 8,601 3.58 76.60 5.503 3.098 

30 0.6120 626.70 601.7 10.9 6,267 2.527 8.794 3.48 74.90 5.661 3.133 

31 0.6330 638.30 613.3 11.3 6.361 2.426 8.787 3.62 76.30 5.607 3.180 

32 0.6530 644. IO 619.l I 1.7 6.395 2.448 8.843 3.61 76.00 5.646 3.198 

33 0.6730 650.80 625.8 12.0 6.438 2.477 8.915 3.60 75.60 5.696 3.219. 

34 0.6940 656.60 631.6 12.4 6.470 2.498 8.968 3.59 75.30 5.733 3.235 

35 0.7140 662.50 637.5 12.8 6.504 2.506 9.009 3.50 75.20 5.758 3.252 

36 0.7350 669.10 644.1 13.1 6.543 2.542 9.085 3.57 74.70 5.813 3.271 

37 0.7550 678.30 653.3 13.5 6.609 2,563 9.172 3.58 74.40 5.868 3.305 

38 0.7760 684.10 659.1 13.9 6.639 2,585 9.224 3.57 74.10 5.904 3.319 

39 0.7960 690.70 665.7 14.2 6.678 2.614 9.291 3.55 73.70 5.952 3.339 

40 0.8170 699.10 674.1 14.6 6.732 2.635 9.367 3.55 73.40 6.001 3.366 

41 0.8370 701.60 676.6 14.9 6,729 2.700 9.429 3.49 72.50 6,065 3.365 

42 0.8570 707.40 682.4 15.3 6.758 2.686 9.444 3.52 72.70 6.065 3.379 

(( 

I 
I 

.._ __________ HOLCOMB FOUNDATION ENGINEERING CO.----------..! 
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HOLCOMB FOUNDATION ENGINEERING CO., INC. 
SOILS · BITUMINOUS - CONCRETE - INVESTIGATIONS AND TESTING 

SHIPPING ADDRESS 
Box 393 Wood Road 
Carbondale, IL 62901 

April 9, 2007 

Williamson Energy LLC 
PO Box 99 
Jolmston City, Illinois 62951 

Attention: Mr. James Plumley 

Re: Coarse Refuse Laboratory Tests 
MaehMine 
Johnston City, Illinois 
HFE File H-05278 

Dear Sir: 

www.holcombengineering.com 

MAILING ADDRESS 
P.O. Box 88 

Carbondale, IL 62903 

618-529-5262 
800-333-1740 

FAX 618-457-8991 

In accordance with your instructions, on March 29, 2007, we sampled coarse refuse at Maeh Mine 
and performed laboratory tests on remolded samples. Results of the tests are as follows: 

Visual Classification: Coarse Coal Refuse (Shale, Coal, Sandstone Mixture) 

Proctor Test Results: 
Maximum Dry Unit Weight: 120.3 P.CF 
Optimum Moisture Content: 10. 7 % 

Specific Gravity: 

Triaxial Test Results: 
Effective Cohesion: 
Effective Phi Angle: 

Permeability (2 tests): 

2.50 

152 PSF 
29 .3 Degrees 

3 x 10-4 cm./sec. 
2 x 10-4 cm./sec. 

Results of the grain size analysis and the laborat01y tests are attached. 
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Mach Mine Coarse Refuse Tests 

April 9, 2007 
Page2 

If you should have any questions, or ifwe can be of further assistance, please feel free to contact us 

at your convenience. 

Sincerely, 

1 copy: Justin Harry • Alliance Consulting 

35 1 
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Date: 

Project No.: 

Borinq No. 

Coarse Refuse 
Sample #1 

Coarse Refuse 
Sample #2 

3r, f 

HOLCOMB FOUNDATION ENGINEERING CO., INC. 
SOILS • BITUMINOUS · CONCRETE • INVESTIGATIONS AND TESTING 

SHIPPING ADDRESS 
Box 393 Wood Road 
Carbondale. IL 62901 

www.holcombengineering.com 

MAIUNG ADDRESS 
P.O. Box 88 

Carbondale, IL 62903 

Permeability Tests Results 
Mach Mine 

4/9/2007 

H-05278 

Death (Ft.) 

Johnston City, Illinois 

Client: 

Moisture Content(%) 
Before Test After Test 

10.9 14.6 

10.1 14.3 

Williamson Energy 

Dry Unit 
Weioht (PCFl 

115.7 

114.7 

618-529-5262 
800-333-17 40 

FAX 61 B-457-8991 

Penmeability 
/Cm./Sec.) 

3 X 10-4 

2x10-4 

Permeability Tests performed in accordance with ASTM D-5084 

::; f 



R14795

Project: 

Holcomb Foundation Engineering 

Pond Creek Mine 

Johnston City, Illinois 

Moisture Density Relationship 

Location: Coarse Refuse Disposal Area 

Project No.: H-05278 Proctor Test Results 

Soll Classification: 

Date: 

Test Data 

419/2007 

ASTM D-698 (standard) 

Moisture 

Content(%) 

12.8 

13.2 

10.2 

7.8 

10.7 

Maximum Dry Density [PCF) 

Weathered Coarse Refuse 

120.3 

Optimum Moisture Content(%) 10.7 

Dry Unit Wt. 

{PCF) 

118.7 

116.7 

120.1 

119.1 

120.3 

122.0 -~----------------------------------~ 

Proctor Curve 

121.0 · -

120.0 - • 

♦ 
♦ 

118.0 

117.0 -
♦ 

115.0 ~-------------------~--------------~ 

7.0 B.O 9.0 10.0 11.0 12.0 13.0 14.0 

% Moisture 

;:i I 
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.. -··-. 

n 

Holcomb Foundation Engineering Grain Size Analysis 

21-1/2 1 3/4 1/2 3/8 4 10 20 40 60 100 200 Hydrometer 
100

-n r~ ~ 1 1 1 , 1 I 
1 

,, , , ,, , 

I • Weathered Coarse Refuse 
90 · · 

• m 80--++ttH-i-t--k----t---i··l+H--Jt--J-J--t---iTt-H-"t-J-J--J---i--Htt-t-r,i--,1--i---,-1-rH-"t-J-J--t---i 
' (J) : E . \ 
·~ 70 \ 
'.c: 
' °' 60--i-H1t+H-J--i--......lo1;-+H-l+-IHl-l--i----f-t/-:H-H-/--f---t-ttH+-H-/--f---f-ttiH-H-1--t------1 

l . ' 
. E 50--+-IBH-+-f--f--+--t-N-++-H--t-+--+---tltttt-i--t-1---r---tii1tt-i--r-1---r-,tttt-i--1-1-,---i 

0, I\ 
'C 

.El 40 " 
. m ,, 
\ 0.. . 

- " 
' c 30-l-1-fH-H-i-+--+--H-t++-H~H-+--+Hrti+t-!----t--itttt-H-t-i-+--fl'tttt-t--t--t------j 
. Q) 

1, ' 
; ~ ~ 

.~ 20 __ Project: Mach Mine Coarse Refuse 

- Sample: Coarse Refuse 

10-:: ~ I 

11'-!"1 r-- - . 
o ti/ 1 1 1 i 1 , 1 , 1 1 II 1 1 1 1 I ! 

I ' I I ' I I'' I I I ' I • \ l • I I 

100 10 1 0.1 0.01 0.001 

_ I <irrm,::.l Sand 

('.obb•~----.-----t---,-----.--------J Silr orC"ay 

· l Cuarse / Fine Cnarse _ j Met/i11111 I Fll/e 

l , I 

v 
<;) 

~ 

u 

" 
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Project: 

Project No.: 

Sample No. 

Sieve 

2" 
1.5" 

\c 1" 
3/4" 
1/2" 
3/8" 
#4 
#10 
#20 
#40 
#60 
#100 
#200 

:)1 l ::>,. 
.......... ~ ..... ,. ... . . .. . . ... . 

HOLCOMB FOUNDATION ENGINEERING CO., INC. 
SOILS • BITUMINOUS - CONCRETE - INVESTIGATIONS AND TESTING 

SHIPPING ADDRESS 
Box 393 Wood Road 
Carbondale, IL 62901 

www.holcombengineering.com 

MAILING ADDRESS 
P.O. Box 88 

Carbondale, IL 62903 

Grain Size Analysis 

Mach Mine Client: Mach Mine 

H-05278 Date: 4/9/2007 

Coarse Refuse Total Weight: 2290.30 

Wt. Retained %Ret % Passing 

0.0 0.0 100.0 
314.4 13.7 86.3 
536.7 23.4 76.6 
674.8 29.5 70.5 
901.6 39.4 60.6 

1061.2 46.3 53.7 
1522.1 66.5 33.5 
1911.6 83.5 16.5 
2091.9 91.3 8.7 
2166.2 94.6 5.4 
2202.2 96.2 3.8 
2223,7 97.1 2.9 
2245.2 98.0 2.0 

618-529-5262 
800~333-17 40 

FAX 618-457-8991 
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\ C l 

-..'!J 
u," 

"' ~ 
"' lii 
CD .c 

co 

..L' 
', 

3.8 .. 

. ' ---r-· 
--i 

---!••·· ... 

-~--=-;:j 
1.9 :L··, 

-H -,--;-
T"· 

_L 

Total Normal Stress, tsf --
Effective Normal Stress, tsf - - -

6 -~·=t-f++·H·-+-- -~-r--- 1 
, 1 

3 
1-s_arm-'p_le_N_o_. ________________ _ 2 3 

12.7 13.1 

$ .,-
"' "' i,j 
6 
rn ·;;: 

5 --=~~ I 
- ._ •l•. 
__ ,_ 1 

4.' 

Water Content, 
Dry Density, pcf 

~ Saturation, 
:S Void Ratio 

Diameter, in. 
Height, In. . ·t:::::t=t='.:::i=~ --· .. 

_.:--.~- Water Content, 

J!-1-~----t---'-~--i-~ . ....:., _'. __ .,_~-_-;_-.,.~_-!--'--i---''--'-' ..:,_:._, --l ~ ~itu~t?i~:• pcf 

14.4 
113.2 ll5.1 
95.1 89.0 

0.3793 0.3560 
2.80 2.80 
5.59 5.58 

15.2 14.2 
113.2 115.l 
100.0 100.0 

0.3793 0.3560 
Q) 

0 

. _,L:r· r(: -t-i-+-,-; f'::T: ~ Void Ratio 
2 

+-,-' r-, T~;~= ~r--tb~f.tt¥= 1

1-S-tr.La;..~:.::::s;fa:;c:l:c:e.:::~:.:·:,-i:-·i_n _________ __:='----"' 

~ +-: i¾~-'.--ffl~~~- . : . : - ~:t~~:~.~~:;:;f 
2.80 2.80 
5.59 5.58 
0.00 0.00 
3.60 3.60 

D 5 10 15 20 Total Pore Pr., tsf 

Axial Strain, % Ult. Stress, tsf 
Total Pore Pr., tsf 

1---------------------1 ir1 Failure, tsf 
Type of Test: 

CU with Pore Pressures 
'a3 Failure, tsf 

Sample Type: Coarse Refuse Client: Pond Creek Mine 

Description: 

5.04 
1.85 
4.18 
1.85 
4.18 
2.71 
0.86 

Project: Coarse Refuse Laboratory Tesis 

Assumed Specific Gravity= 2.50 

Remarks: 

Location: 11/eathered Coarse Refuse 

6.48 
2.67 
5.27 
2.66 
5.22 
3.88 
1.21 

Proj. No.: H-05278 Date: 4i2/07 

r . . TRlAXTACSflEARTESTREPORT 

114.6 
90.4 

0.3615 
2.80 
5.58 
14:5 

114.6 
100.0 

0.3615 
2.80 
5.58 
0.00 
1.80 
7.56 
5.55 
4.77 
5.55 
4.77 
8.34 
2.79 

Plate 
I HOLCOMB FOUNDATION ENGINEERING CO. 

Tested By: s,L,eCc__ ________ _ Checked By: .cT2..Ht..__ _______ _ 

., ' 
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7.5L2J 

4.51----'···-· ···---'--+---+---! 
-.---1------

/ i ! 
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3 ··)--+----'-----_,_--~ 
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I 
1.5 f---··---:---····-· ~---i----'----l 
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16% 

6 Peak Strength 
Total Effective 

a= 0.23 tsf 0.07 tsf 

o.= 16.6 deg 26.2 deg 

tan a= 0.30 0.49 
4 

-~---··----:-
' 

~ 
~ "' "' "' "' a, -a, ~ ,,, 

a: u5 -
~ 

~ .9 
0 <O 

0.. ·s: 
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' 

p, tsf 

71 1 
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i 

4.5 ___ ,_,..._-_,f ___ -.. i ____ : ---'-
/ 
I 

31'----.i---'-----'--......:.---1 

1.51-1----'----+----'----+---....J 

Ot__ __ .:._ __ -'... __ ..:._ __ _;_ __ _J 

0% 8% 16% 

7.5 ..±J i 

i i 
6 

I 
4.5 

f 
3 I 

1.5 

0 
0% 8% 16% 

I 
··-··-·-I··-.~------···---·•······ 

I 
I 

Stress Paths: Total --- Effective- - -

Client: Pond Creek Mino 

. Project:. Coarse Refus.e Laboratory.Tests 
·_ocation: \.Veathcred Coarse Refuse 

Project No.: H-05278 

Tested By: =L=C _________ _ 

Plate ___ _ HOLCOMB FOUNDATION ENGINEERING CO. 

Checked By: .cT!..!H _________ _ 
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!c \. . 

TRIAXIAL COMPRESSION TEST 

CU with Pore Pressures 

Date: 
Client: 
Project: 

Location: 

Description: 

Remarks: 

4/2/07 

Pond Creek Mine · 

Coarse Refuse Laboratory Tests 

Weathered Coarse Refuse 

Type of Sample: Coarse Refuse 

Assumed Specific Gravity:2.50 LL= 

Test Method: COE uniform strain 

PL= Pl= 

Specimen Parameter Initial Saturated Consolidated 

Moisture content: Moist soll+tare, gms. 

Moisture content: Dry soil+tare, gms. 

Moisture content: Tare, gms. 

Moisture, % _ 

Moist specimen weight, gms. 

Diameter, in. 

Area, in.2 

Height, in. 

Net decrease in height, in. 

Wet Density, pcf 

Dry density, pcf 

Void ratio 

Saturation, % 

Membrane modulus= 0.124105 kN/cm2 

Membrane thickness = 0.02 crn 

Filter paper coefficient= 0.001926 kN/cm 

Filter paper coverage = 50% 

179.300 
165.700 

71.400 
14.4 

1170.0 
2.80 
6.16 
5.59 

129.5 
113·.2 

0.3793 
95.1 

Consolidation cell pressure= 70.00 psi (5.040 tsf) 

Consolidation back pressure= 50.00 psi (3.600 tsf) 

Consolidation effective confining stress = 1.440 tsf 

Strain rate, in./min. = 0.00 

Fail. Stress = 1.845 tsf at reading no. 31 

Ult. Stress = l.845 tsf at reading no. 3 I 

15.2 15.2 

2.80 2.80 

6. 16 6.16 

5.59 5.59 

0.00 0.00 

130.3 130.3 

113.2 l 13.2 

0.3 793 0.3793 

100.0 100.0 

4/9/2007 

11 :10 AM 

Final 

1255.500 
1117.500 

79.600 
13.3 

HOLCOMB FOUNDATION ENGINEERING CO. -----------' 
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,J 1 

Def. Deviator Minor Eff. Major Elf. Pore 

Dial Load Load Strain Stress Stress Stress 1:3 Press. p Q 

No. in. Dial lbs. ¾ tsf tsf tsf Ratio psi tsf tsf 

0 0.0000 19.IO 0.0 0.0 0.000 l.627 1.627 1.00 47.40 l.627 0.000 

0.0190 20.00 0.9 0.3 0.001 l.642 1.642 1.00 47.20 l.642 0.000 

2 0.0400 20.00 0.9 0.7 0.000 1.656 l.656 1.00 47.00 l.656 0.000 

3 0.0600 20.00 0.9 I.! 0.000 1.663 1.663 1.00 46.90 1.663 0.000 

4 0.0810 20.00 0.9 1.4 0.000 l.678 1.678 1.00 46.70 1.678 0.000 

5 0.1010 25.00 5.9 I. 8 0.017 l.678 1.694 I.OJ 46.70 1.686 0.008 

6 0.1220 99.00 79.9 2.2 0.857 l.318 2.1 )5 1.65 51.70 1.746 0.429 

7 0.1420 124.00 104.9 2.5 l.l95 I. l 52 2.347 2.04 54.00 1.750 0.598 

8 0. 1620 134.80 115.7 2.9 l.314 1.058 2.372 2.24 55.30 1.715 0.657 

9 0.1830 140.60 121.5 3.3 l.374 l.001 2.375 2.37 56.10 l.688 0.687 

IO 0.2030 144.80 125.7 3.6 1.416 0.965 2.381 2.47 56.60 I.673 0.708 

ll 0.2240 148.10 129.0 4.0 l.448 0.936 2.384 2.55 57.00 1.660 0.724 

12 0.2440 150.60 131.5 4.4 l.471 0.914 2.385 2.6! 57.30 I.650 0.735 

13 0.2650 153.10 134.0 4.7 l.493 0.900 2.393 2.66 57.50 I.646 0.746 

14 0.2850 155.60 136.5 5.l 1.5!5 0.878 2.393 2.72 57.80 1.636 0.757 

15 0.3060 157.30 138.2 5.5 l.528 0.864 2.392 2.77 58.00 1.628 0.764 

16 0.3260 159.80 140.7 5.8 I .549 0.857 2.406 2.81 58.10 1.631 0.775 

17 0.3460 I 62.30 143.2 6.2 1.571 0.850 2.420 2.85 58.20 1.635 0.785 

18 0.3670 163.10 144.0 6.6 1.573 0.835 2.408 2.88 58.40 1.622 0.787 

19 0.3870 I 66.40 147.3 6.9 l.603 0.828 2.431 2.94 58.50 l ,630 0.802 

C 20 0.4080 168.90 149.8 7.3 1.624 0.82! 2.445 2.98 58.60 1.633 0.812 

21 0.4490 172.30 !53.2 8.0 1.648 0.814 2.461 3.02 58.70 1.637 0.824 

22 0.4890 173.90 154.8 8.7 1.652 0.806 2.458 3.05 58.80 I.632 0.826 

23 0.5300 178.90 159.8 9.5 1.69! 0.806 2.498 3.10 58.80 1.652 0.846 

24 0.5710 184.B0 !65.7 10.2 l.i40 0.814 2.553 3. 14 58.70 1.683 0.870 

25 0.6120 I 86.40 167.3 10.9 1.742 0.806 2.549 3. 16 58,80 1.677 0.871 

26 0.6530 190.60 171.5 11.7 l.771 0.82! 2.592 3. 16 58.60 l.706 0.886 

r _, 0.6940 195.60 176.5 12.4 1.808 0.821 2.628 3.20 58.60 1.725 0.904 

28 0.7350 !97.20 178.1 I 3.1 l.809 0.835 2.644 3.17 58.40 1.740 0.904 

29 0,7760 201.40 182.3 l 3.9 l.836 0.842 2.678 3. 18 58.30 1.760 0.918 

30 0,8170 204.70 I 85.6 !4.6 l.853 0.857 2.710 3.16 58.10 l.783 0.927 

31 0.8370 204.70 185.6 15.0 1.845 0.864 2.709 3.14 58.00 l.787 0.923 

.__ __________ HOLCOMB FOUNDATION ENGINEERING CO. ------------
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Specimen Parameter Initial 

Moisture content: Moist soil+tare, gms. 169.900 

Moisture content: Dry soil+tare, gms. 

Moisture content: Tare, gms. 

Moisture,% 

158.800 

71.200 

12.7 

Moist specimen welght1 gms. 

Diameter, in. 

Area, in.2 

Height, in. 
Net decrease in height, in. 

Wet Density, pcf 

Dry density, pcf 

Void ratio 

Saturation, % 

I 169.8 

2.80 

6.16 

5.58 

129.7 

115. l 

0.3560 

89.0 

Membrane modulus= 0.124105 kN/cm2 

Membrane thickness = 0.02 cm 
Filler paper coefficient= 0.001926 kN/cm 

Filler paper coverage = 50% 

Consolidation cell pressure= 90.00 psi (6.480 tsf) 

Consolidation back pressure= 50.00 psi (3.600 tst) 

Consolidation effective confining stress= 2.880 tsf 

Strain rate, lnJmln. = 0.00 

Fail. Stress= 2.666 tsf at reading no. 27 

Ult. Stress= 2.663 tsf al reading no. 31 

Def. Deviator Minor Eff. 
Dial Load Load Strain Stress Stress 

No. In. Dial lbs. ¾ !sf ts! 

0 0.0000 62.40 0.0 0.0 0.000 3.967 

0.0220 173.10 110.7 0.4 1.289 2.484 

2 0.0420 206.40 144.0 0.8 J.671 2.016 

3 0.0620 223.00 160.6 I.I 1.857 1.764 

4 0.0830 230.50 l 68.1 1.5 1.936 1.613 

5 0. 1030 235.50 I 73.1 1.8 1.987 1.512 

6 0.1240 238.00 175.6 2.2 2.008 1.447 

7 0.1440 242.20 179.8 2.6 2.048 1.390 

8 0.1650 245.50 183.1 3.0 2.078 1.346 

9 0. 1850 248.80 186.4 3.3 2.107 1.310 

10 0.2060 252.20 189.8 3.7 2.137 1.289 

11 0.2260 254.70 192.3 4.0 2.158 1.267 

12 0.2460 253.80 191.4 4.4 2.139 1.253 

13 0.2670 258.80 196.4 4.8 2.187 1.238 

14 0.2870 260.50 198.1 5.1 2.197 1.231 

15 0.3080 263.00 200.G 5.5 2.216 1.217 

16 0.3280 265.50 203.1 5.9 2.235 1.210 

17 0,3490 268.80 206.4 6.3 2.263 1.210 
.. lS. o:3o9Ct 26s:sa·· W6:a··· o.6· ··Tz5~ .. -· 1.202· 

19 0.3900 273.00 2! 0.6 7.0 2.290 1.195 

20 0.4100 275.50 213.1 7.3 2.309 1.195 

'.::i 0.45 l 0 
.,,,,, ,,,.. 

2] 0.9 "_,.,..,, i.:ss .:.O I -~•V u., .:...~lJJ 

Saturated Consolidated 

14.2 14.2 

2.80 2.80 

6.16 6.16 

5.58 5.58 

0.00 0.00 

131.5 131.5 

I I 5.1 115.1 

0.3560 0.3560 

100.0 100.0 

Major Eff. Pore 
Stress 1:3 Press. p 

tsf Ratio psi tsf 

3.967 1.00 34.90 3.967 

3.773 1.52 55.50 3. 129 

3.687 1.83 62.00 2.852 

3.621 2.05 65.50 2.693 

3.549 2.20 67.60 2.581 

3.499 2.31 69.00 2,505 

3.455 2.39 69.90 2.451 

3.438 2.47 70.70 2.414 

3.424 2.54 71.30 2.385 

3.418 2.61 71.80 2.364 

3.426 2.66 72.10 2.358 

3.425 2. 70 72.40 2.346 

3.392 2.71 72.60 2.322 

3.425 2.77 72.80 2.332 

3.428 2.78 72.90 2.330 

3.433 2.82 73.10 2.325 

3.445 2.85 73.20 2.327 

3.472 2.87 73.20 2.341 

T456 .. ·z.37. '13.30 2"329"'" 

3.486 2.92 73.40 2.340 

3.504 2.93 73.40 2.350 

3_.;.;.; :.;:a /3.~U 2.30-t 

HOLCOMB FOUNDATION ENGINEERING CO. 

Q 
tsf 

0.000 

0.645 

0,836 

0.929 

0.968 

0.993 

1.004 

1.024 

J.039 

J.054 

1.069 

1.079 

1.070 

1.093 

1.099 

I. I 08 

I. 1 18 

I. 131 

r.121 
1.145 

1.154 

i. i/6 

Final 

1238.700 

1117.200 

73.100 

11.6 

'/ 
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Def. Deviator Minor Eff. Major Eff. Pore 
Dial Load Load Strain Stress Stress 

No. in. Dial lbs. % tsf tsf 

22 0.4920 284.60 222.2 8.8 2.369 1.195 

23 0.5330 292.10 229.7 9.6 2.429 1.195 

24 0.5740 296.30 233.9 10.3 2.454 1.202 

25 0.6140 300.40 238.0 I 1.0 2.477 1.202 

26 0.6440 305.40 243.0 11.5 2.514 1.217 

27 0.6960 322,90 260.5 12.5 2,666 1.210 

28 0.7370 316.20 253.8 13.2 2.576 1.238 

29 0.7780 322.10 259.7 13.9 2.613 1.238 

30 0.8190 328.70 266.3 14.7 2.657 1.253 

31 0.8390 330.40 268.0 15.0 2.663 1.260 

Specimen Parameter Initial 

Moisture content: Moist soil+tare, gms. I 71.400 

Moisture Content: Dry soil+tare, gms, . 160.000 

Moistunr content: Tare, gms. 72.800 

Moisture,¾ 13.1 

Moist specimen weight, gms. 1168.8 

Diameter, in. 2.80 

Area, in.2 6.16 

Height, in. 5.58 

Net decrease in height, in. 

Wet Density, pcf 129.6 

Dry density, pct 114.6· 

Void ratio 0.3615 

Saturation, % 

Membrane modulus= 0.124105 kN/cm2 

Membrane thickness = 0.02 cm 

Filter paper coefficient= 0.001926 k,"f/cm 

Filter paper coverage = 50% 

90.4 

Consolidation cell pressure= 105.00 psi (7.560 tsf) 

Consolidation back pressure= 25.00 psi (1.800 tsf) 

Consolidation effective confining stress= 5.760 tsf 

Strafn rate, inJmin. = 0.00 

Fail. Stress= 5.549 tsfat reading no. 35 

Ult. Stress= 5.549 tsfat reading no. 35 

Def. Deviator 
Dial Load Load Strain Stress 

No. In. Dial lbs. % tsf 

0 0.0020 I 02.40 0.0 0.0 0.000 

0.0170 286.30 183.9 ·o.J 2.145 

2 0.0370 364.50 262.l 0.6 3.046 

3 0.0580 407.00 304.6 1.0 3.526 

4 0,0780· 426·:lO· 3'.Z.J.-7"·· , •• .J-,. 3~713 I, -t 

5 0.0990 43i.70 33:5.3 1.7 3.853 

6 0.1190 449.40 347.0 2.1 J.972 

7 Q. !400 ""' ~n ~55.3 ~-5 4.052 .,_, ,. • V 

Minor Eff. 
Stress 

ts( 

7.207 

6.674 

6.I 13 

5.537 
· ··4·,997 

4.536 

4.i33 
; Q') 0 ..,,..,..,,., 

Stress 1:3 Prass. p 
tsf Ratio psi tsf 

3.564 2.98 73.40 2.380 

3.625 3.03 73.40 2.410 

3.656 3.04 73.30 2.429 

3.679 3.06 73.30 2.441 

3.730 3.07 73.10 2.474 

3.876 3.20 73.20 2.543 

3.814 3.08 72.80 2.526 

3.852 3. I l 72.80 2.545 

3.910 3.12 72.60 2.581 

3.923 3.11 72.50 2.591 

Saturated Consolidated 

14.5 14.5 

2.80 2.80 

6.16 6.16 

5.58 5.58 

0.00 0.00 

131.2 131.2 

114.6 114.6 

0.3615 0.3615 

100.0 100.0 

Major Eff, Pore 
Stress 1:3 Press. p 

tsf Ratio psi tsf 

7.207 1.00 4.90 7.207 

8.819 1.32 12.30 i,747 

9. 158 1.50 20.10 7.636 

9.063 1.64 28.10 7.300 

8:730' 'T.1, .. ·35:60. 6Xoe· 
8.389 1.85 42.00 6.462 

8.105 1.96 47.60 6.119 
., oon 
, .uo::> 2.0G 5l..70 J.863 

HOLCOMB FOUNDATION ENGINEERING CO. 

., r 

Q 

tsf 

1.185 

1.215 

1.227 

1.238 

1.257 

1.333 

1.288 

1.307 

1.328 

1.331 

Final 

1284.500 

1180.500 

134.900 

9.9 

Q 
tsf 

0.000 

1.072 

1.523 
I. 763 

1.867 
.. 

1.926 

1.986 

2.026 
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Def. Deviator Minor Eff. Major Eff. Pora 

Dial Load Load Strain Stress Stress Stress 1:3 Press. p Q 

No. In. Dial lbs. % tsf tsf tsf Ratio psi tsf tsf 

8 0.1600 464.40 362.0 2.8 4.113 3.593 7.706 2.14 55.10 5.649 2.056 

9 0.18 I 0 474.40 372.0 3.2 4,210 3.384 7.594 2.24 58.00 5.489 2.105 

JO 0.2010 481.90 379.5 3.6 4.279 3.211 i.490 2.33 60.40 5.351 2.140 

11 0.2210 487.70 385.3 3.9 4.328 3.074 7.403 2.41 62.30 5.239 2.164 

12 0.2420 495.20 392.8 4.3 4.395 2,959 7.355 2.49 63.90 5.157 2.198 

13 0.2620 503.50 401.1 47 4 471 2.851 7.323 2.57 65.40 5.087 2.236 

14 0.2830 509.30 406.9 5.0 4.518 2.772 7.290 2.63 66.50 5.031 2.259 

15 0.3030 519.30 416.9 5.4 4.612 2.693 7.305 2.71 67.60 4.999 2.306 

16 0.3240 522.60 420.2 5.8 4.630 2.650 7.279 2.75 68.20 4.965 2.315 

17 0.,3440 526.00 423.6 6. I 4.650 2.621 7.270 2.77 68.60 4.946 2.325 

18 0.3650 534.30 431.9 6.5 4.722 2.578 7.299 2.83 69.20 4.938 2.361 

19 0.3850 541.80 439.4 6.9 4.785 2.549 7.334 2.88 69.60 4.941 2.393 

20 0.4050 546.80 444.4 7.2 4.821 2.534 7.355 2.90 69.80 4.945 2.41! 

21 0.4260 553.40 451.0 7.6 4.873 2.520 7.393 2.93 70.00 4.956 2.436 

22 0.4460 558.40 456.0 8.0 4.908 2.506 7.413 2.96 70.20 4.959 2.454 

23 0.4670 560.90 458.5 8.3 4.914 2.506 7.420 2.96 70.20 4.963 2.457 

24 0.4870 569.20 466.8 8.7 4.984 2.506 7.489 2.99 70.20 4.997 2.492 

25 0.5080 574.20 47L8 9.1 5.016 2.513 7.529 3.00 70.10 5.021 2.508 

26 0.5280 580.10 477.7 9.4 5.059 2.520 7.579 3.01 70.00 5.050 2.530 

27 0.5690 592.50 490.J 10.2 5.148 2.534 7.683 3.03 69.80 5,109 2.574 

( 28 0.6100 600.00 497.6 10.9 5.184 2.570 7.755 3.02 69.30 5.163 2.592 

29 0.6510 610.90 508.5 I 1.6 5.254 2.599 7.853 3.02 68.90 5.226 2.627 
~-

30 0.6920 625.80 523.4 12.4 5.363 2.628 7.991 3.04 68.50 5.310 2.682 

31 0.7330 631.70 529.3 13.1 5.378 2.671 8.049 3.01 67.90 5.360 2.689 

32 0.7730 641.60 539.2 13.8 5.434 2.707 8.141 3.01 67.40 5.424 2.717 

33 0.8140 651.60 549.2 14.6 5.487 2.750 8.238 3.00 66.80 5.494 2.744 

34 0.8350 656.60 554.2 14.9 5.513 2.772 8.285 2.99 66.50 5.528 2.756 

35 0.8540 662.50 560.1 15.3 5.549 2.786 8.335 2.99 66.30 5.561 2.775 

....._ __________ HOLCOMB FOUNDATION ENGINEERING GO. __________ _, 
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Holcomb Foundation 
Engineering Co. 
PO BOY Fl:8 c~..:..on"'"le. rrr1 ..... 1 .. 

LOG of BORING B.8.74 

Unconfined Compressive Strength (Tons/Sq. Ft.) 
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Description of Material 

Surface Elevation 
Brown Silty CLAY (CL) with sand 

and pebbles 

Gray Mottled Brown Silty CLAY . ( CL) 
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Holcomb Foundati on 

LOG of BORING .B.293 Engineering Co. 
.. 

UnccnflnQd Comprauive Stn,~¢h (Tone/Sq. Ft.) 
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December 5, 2005 

Client: Williamson C?unty Energy 
F-ro_iect No_ --



R14810

LOG of BORING B297 
Holcomb Foundation 
Engineering Co. 

Unconflnod Ccmprns!-,,o Strangth (Tens/Sq. Fl.) 

------•------- • 
, Z 3 4 5 6 

Weier Conl•nf (") 

!1 
;; • o 
• 0 a. ;; 

L,.. 

Description of Material 

' ' , ' I I ' 
I I 

' ' ' I 
I 

I 

' I 

' ' 
' ' 

-----------0------------
Standard N Pen■tn:rtlon, 

50 X .w ,o 

' 

I I 

' '' I I 

' 

I 

'' 
' I' 

I I I I 
I 

' ' ' , , 
I I 
I 

' ' ' 
' ' ' ' , I 

, 

' I 

20 
I I I I I 

I I 

' ' I 
I' I I 

I I I 

' 
I I I 

' 

' 
I I 

' ' ' 
' 
' 
' ' 
' ' ' ' 
' ' ' I, 
I I 

I 

'' 
', 
I 
I I 

' 
' 
' I 

' I 
I ' ' 
' 
' I 

I ' 

I ' ' 

' I ' 

' I 

' 

' I 

' I 
' 

' 

I 

I 

' 

I 

·I ' 

' 
' I 

' I 
I I 

Blow,/F"t. 

50 60 

'' ' ' I 

' 
I I I 

I I 

' ' I I 
I 

I 

' 
I I , 

I 

' 

' I 

' I 
I l I 

' I 
I I I 

I 

' , 

' ' ' 
T 
I 

I 
I 
I 
I 

' ' 
I 

' 
I I 
' I I 
' I 

'' ' I I 
I ·1 

' 
I 

' I 
I , 

' I 
' ,~ 

-
;;:_ 
• C 

5 

10 

I I I ' ' 
I I I I ' 

I I 
I I I I 

' I ' 
u 

1: 
' 

I I ' I 
,. I 

I I ' I I I I ' I I ' 
I I I I I I I I I 

I I I I' I I I ' ' I ' I , I I 

I ' I' I ' I I I l I 1 

I, I ' I I I I I I I ' 

I I 

, I 

' 

I I' 

'' '' I' 

' 
' I 
I 

I 

' 
' I 
I 

' I 

' I ' I 
I ·• 

I I I I I 

' 
' I 

I ' 

' ' I I I 
I ' I ' I 

' I ·I 
, , ., ' 

I ' 
,, I I I 

I I I I I I 

' I ' I ' ' 
I I I I I 

I I / I 1 l I 

I I I I / I 

' I I I I I I 

I I I I I 
J I I· I I JI I I I ! I I 

' I 
I I 

'' I I 

I , I 
I I I 

I I 

/ I I I 
'I I 

I ' I I 

' ' I 

I I I 
I I 
I ' I 

' ' ' I I I 

I 
I I 
I ., 

I I ' 
I I I I I I 

! ! I I I\ ' I I I I I I I 
I, I I I I I I 

I I I I 
I I l I J I I ! I I I! 

I I ' I I I I I ! J I I I I 

I 

I 
I 

20 

, I I 
I I +-' -+-:H:-+-: +:+-H:-+-' -i:-+-+--H-+-++, -,:,-1+-i:H-++-,1 -+:+, -H'-+1-i1+-I 3C 

I I 
I I 
I I 

, I I I I I I I ! I J I! ! I i I 

I I I l I I I l I t I l ·t j I ' I I 

I I I ! I ! l I ! ! I I I I 

l I I I I I l I I I I I I I f 

1 I I I I I ) I I l I I t I J l ! ' I I 

1 t I I I I! I ! I I I I f I I I / I I I 

1 I I I I I I I I I I l I I I J I I l I I I I I I 

/ 1 1 I I/ I ) I 1 ! 1 I 1 I I t I I j / I I ! l I 

>-1'-+-i ''w.' .;'+' -+'-+' ..;'+-+'-'-' +' _,..,. .. , ... , +.;.-;...;'..;..;_;..' +-'-,' -''-,w...:_w.'-':..;.; 3 ::,-
J I I I I I I I I l I I I I I l I 1 1· I I If I 

I J I / I I I I t I I l ! l ! I J I I I I I 

I I I I 1 ) I I I I) l 1 I I l I I I I I ! 1 ! -i ! I ! 1 

_) 1 I I I I j I I I f / I I f I I 1 ! I I I ! I I I ! I J I l 

( I I I I I I I I I I ! I / I I I I I ! I I I I I I / l I 

~- Jnd Water Date 

:,: E Q 

• 0 • c:. "' ;;_ 
E • E 0. 
0 - 0 

"' ,.. "' 

ss / 

2 ss 7 
.3 ss / 

I 
4 ssl/ 

5 ss / 

No Ground Water Encountered During Drilling. 

Surf ace Elevation 

9" Topsoil 

Grey Mottled Brown Silty 

with sand and pebbles 

Brown Mottled Grey Silty 
with lreoe of send 

Gray Mottled Brown Silty 
with trooe of send 

Brown SHALE 

End of Boring 0 -15.5' 

Rock Probes for Mach Mine 1
1 
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No Ground Water Encountered 
i-p-,.-o-,.-c-r.-. _R_o_c_k_P_r_o_b_e_s--t o_r_M_□_c_h __ M_i_n_e __ 

Johnston City, Illinois 
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During Drilling. 
I D:::fa cf B-::id:.9 

I December 5, 2005 

I ?rojed No. 

H-C'527E:, 
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Projerct Ne . 

.., 1e-n1: 
Willi □ mson County Energy 
Unrinn lllinni-:: 

H-C5278 
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APPENDIXC 

PSEUDO-STATIC SLOPE STABILITY ANALYSES RESULTS 
SEISMIC FACTOR OF SAFETY AND YIELD ACCELERATION 

gai consultants 
tc::,nsfc,rm,na •d0:i~ ,rot" r,:,:,!,t'.' 
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700 
# FS 
a 0.51 
b 0.51 
C 0.51 
d 0.51 

soo H e o.52 
f 0.52 
g 0.52 
h 0.52 
i 0.53 

500 r 
~ 

I 
400 

300 

200 

100 

Pond Creek, Phase 7C South - 80% Sup FCR- PGA=.54g Pseudo-Static 
c:\program files\stedwin\wiliamson pond creek subsidence\ph7cpga.pl2 Run By: Blaise E. Genes, GAi Consultants 12/22/2009 03:27PM 

Soil 
Desc. 

CCR P7AC 
Fine CR 
CCR P3 
Residual 
Bedrock 

Soil Total Saturated Cohesion Friction Piez. 
Type Unit Wt. Unit Wt. Intercept Angle Surface 
No. (pct) (pct) (psf) (deg) No. 
1 130.0 140.0 0.0 33.7 0 
2 80.0 90.0 1393.0 0.0 W1 
3 130.0 140.0 0.0 331 W1 
4 125.0 135.0 416.0 19. Ii W1 
5 145.0 145.0 2000.0 20 Y W1 

Load Value 
Horiz Eqk 0.540 g< 

1 

·v - 2-----------------~ 

"J.-::B~ 
5 

./ 
3 

'" 5 

o[_ __ __j ___ _i_ ___ _,_ ___ ~---.L---~---~------'-----'-----L----
o 100 200 300 400 500 600 · 700 800 900 1000 1100 

PCSTABL5M/si FSmin=0.51 
STED Safety Factors Are Calculated By The Modified Bishop Method 

--~ 
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Pond Creek, Phase 7C South - 80% Sup FCR- PGA=.54g Pseudo-Static 
c:\program files\stedwin\wiliamson pond creek subsidence\ph?cpga.plt Run By: Blaise E. Genes, GAi Consultants 12/22/2009 03:27PM 

700 ,--------,'-----------,--------,-----,-----,-----,------,--------,----,----,----------, 

600 

, 
500 -------2-----------------~ 
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5 Wl 
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400 

300 

200 

100 

0c__-----'------'--------'----~---~--~-----L----'-------'-------c__--_J 
0 100 200 300 400 500 600 700 800 900 1000 1100 

STED 

i~ 
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C:\Program Files\STEDwin\Wiliamson Pond Creek Subsidence\ph7cPGA.OUT Page 1 

** PCSTABLSM ** 
by 

Purdue University 
--Slope Stability Analysis-

Simplified Janbu, Simplified Bishop 
or Spencer~s Method of Slices 

Run Date: 12/22/2009 
Time of Run: 03:27PM 
Run By: Blaise E. Genes, GAI Consultants 
Input Data Filename: C:ph?cPGA.in 
Output Filename: C:ph7cPGA.OUT 
Unit: ENGLISH 
1-'lotted output 1-'ilename: C:ph'/c!.JGA.J:.IL'!' 
PROBLEM DESCRIPTION Pond Creek, Phase 7C South - BO% Sup FCR 

- PGA=.54g Pseudo-Static 
BOUNDARY COORDINATES 

Note: User origin value specified. 
Add 0.00 to X-values and 0.00 to Y-values listed. 

11 Top 
48 Total 

Boundary 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
3·9 
40 
41 
42 
43 
44 

Boundaries 
Boundaries 
X-Left 

(ft) 
.00 

45.00 
110.00 
120.00 
140.00 
238.00 
250.00 
270.00 
375.00 
795.00 

1045.00 
. 00 

45.00 
110.00 
120.00 
140.00 
233.00 
268.00 
283.00 
812.00 
825.00 
855.00 
990.00 

1010.00 
.DO 

45.00 
110.00 
120.00 
140.00 
233.00 
268.00 
283.00 
370.00 
716.00 
812. 00 
825.00 
855.00 
990.00 

1010.00 
.00 

45.00 
110.00 
370.00 
716.00 

Y-Left 
(ft) 

466.00 
466.00 
465.00 
468.00 
468.00 
500.00 
505.00 
505.00 
538.00 
538.00 
454.00 
466.00 
466.00 
465.00 
468.00 
468.00 
500.00 
500.00 
495.00 
495.00 
498.00 
498.00 
454.00 
454.00 
466.00 
466.00 
465.00 
468.00 
468.00 
500.00 
500.00 
495.00 
460.00 
457.00 
495.00 
498.00 
498.00 
454.00 
454.00 
466.00 
466.00 
465.00 
460.00 
457.0U 

X-Right 
(ft) 
45.00 

110.00 
120.00 
140.00 
238.00 
250.00 
270.00 
375.00 
795.00 

1045.00 
1100.00 

45.00 
110.00 
120.00 
140.00 
233.00 
268.00 
283.00 
812.00 
825.00 
855.00 
990.00 

1010.00 
1100.00 

45.00 
110. 00 
120.00 
140.00 
233.00 
268.00 
283.00 
370.00 
716.00 
812.00 
825.00 
0s~.oo 
990.00 

1010.00 
1100.00 

45.00 
110.00 
370.00 
716. 00 
990.UU 

Y-Right 
(ft) 

466.00 
465.00 
468.00 
468.00 
500.00 
SOS.OD 
SOS.DO 
53 8. 00 
53 8. 00 
454.00 
454.00 
466.00 
465.00 
468.00 
468.00 
500.00 
500.00 
495.00 
495.00 
498.00 
498.00 
454.00 
454.00 
454.00 
466.00 
465.00 
468.00 
468.00 
500.00 
500.00 
495.00 
460.00 
457.00 
495.00 
498.00 
498.00 
454.00 
454.00 
454.00 
466.00 
465.00 
460.00 
457.00 
454.00 

Soil Type 
Below Bnd 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
4 
4 
4 
4 
4 
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45 990.00 454.00 
46 1010.00 454.00 
47 .00 456.00 
48 1010.00 439.00 

ISOTROPIC SOIL PARAMETERS 
5 Type(s) of Soil 

1010.00 
1100. 00 
1010.00 
1100. 00 

454.00 
454.00 
43 9. 00 
43 9. 00 

Pore Pressure 

4 
4 
5 
5 

Piez. Soil Total Saturated Cohesion 
Type Unit Wt. Unit Wt. Intercept 

Friction 
Angle 
(deg) 
33.7 

Pressure Constant Surface 
No. (pcf) (pcf) (psf) Param. (psf) No. 

1 130.0 140.0 .0 .00 . 0 
2 80.0 90.0 1393.0 .0 .00 .0 
3 130.0 140.0 .0 33.7 .00 .0 
4 125.0 135.0 416.0 19.5 .00 .0 
5 145.0 145.0 2000.0 20.0 .00 . 0 

1 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED 
Unit Weight of Water= 62.40 
Piezometric Surface No. 1 Specified by 8 Coordinate Points 

Point X-Water Y-Water 
No. (ft) (ft) 

1 .00 463.00 
2 185.00 461.00 
3 
4 
5 
6 
7 
8 

283.00 
812.00 
930.00 
990.00 

1010.00 
1040.00 

495.00 
495.00 
451. 00 
451.00 
451.00 
451. 00 

A Horizontal Earthquake Loading Coefficient 
Of .540 Has Been Assigned 
A Vertical Earthquake Loading Coefficient 
Of .ooo Has Been Assigned 
Cavitation Pressure= .0 (psf) 
A Critical Failure Surface Searching Method, Using A Random 
Technique For Generating Circular Surfaces, Has Been Specified. 

1600 Trial Surfaces Have Been Generated. 
40 Surfaces Initiate From Each Of 40 Points Equally Spaced 

Along The Ground Surface Between X 25.00 ft. 
and X 180.00 ft. 

Each Surface Terminates Between X 250.00 ft. 
and X 460.00 ft. 

Unless Further Limitations Were Imposed, The Minimum Elevation 
At Which A Surface Extends Is Y = .oo ft. 
10.00 ft. Line Segments Define Each Trial Failure Surface. 
Following Are Displayed The Ten Most Critical Of The Trial 

0 
1 
1 
1 
1 

Failure Surfaces Examined. They Are Ordered - Most Critical 
First. 
**Safety Factors Are Calculated By The Modified Bishop Method** 
Failure Surface Specified By 35 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 136.28 468.00 
2 145.82 465.01 
3 155.46 462.32 
4 165.17 459.95 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 

174. 96 
184.81 
194.71 
204.65 
214. 62 
224.61 
234.61 
244.61 
254.59 
264.56 
274.49 
284.37 
294.20 

457.90 
456.17 
454.76 
453.67 
452.90 
452.46 
452.34 
452.55 
453.09 
453.94 
455.12 
456.63 
458.45 
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18 303.97 460.59 
19 313. 67 463.05 
20 323.27 465.82 
21 332. 79 468.91 
22 342.19 472.30 
23 351.49 475.99 
24 360.65 479.98 
25 369.69 484.27 
26 378.58 488.86 
27 387.31 493. 72 
28 395.88 498.87 
29 4 04. 29 504.30 
30 412.51 509.99 
31 420.54 515.95 
32 428.37 522.17 
33 436.00 52 8. 64 
34 443.41 535.35 
35 446.15 538.00 

Circle Center At X = 233.2 y 760.0 and Radius, 307.7 

*** .506 *** 
Individual data on the 49 slices 

Water Water Tie Tie Earthquake 
Force Force Force Force Force Surcharge 

Slice Width Weight Top Bot Norm Tan Hor Ver Load 
No. (ft) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) 

l 3.7 282. 0 . 0 . 0 . 0 .0 152.3 .0 . 0 

2 5.8 2295.l . 0 .0 .o .0 1239. 4 . 0 . 0 
3 2.7 1985.6 .0 .0 .0 . 0 1072.2 . 0 . 0 
4 7.0 7764.7 .0 . 0 .o . 0 4193.0 . 0 . 0 
5 4.3 6636.2 .0 . 0 . 0 . 0 3583.5 . 0 . 0 
6 5.4 10302.5 .0 219.2 .0 . 0 5563.4 . 0 . 0 

( 
7 9. 8 24012.8 .0 1394.l .0 .0 12966.9 .0 . 0 
8 9. 8 30782.9 .0 2508.5 .0 .0 16622.8 .0 . 0 

9 .2 663.1 .0 58.6 .o .0 358.l .0 .0 
10 7.0 25759.1 .0 2736.6 .0 .0 13909.9 . 0 .0 

11 2.7 10901.0 .0 1452.8 .0 .0 5886.6 . 0 . 0 
12 9.9 43666.5 .0 7015.0 . 0 .0 23579.9 . 0 . 0 
13 10.0 49591. 5 .0 9602. 2 .0 .0 26779.4 .0 . 0 
14 10.0 55069.2 .0 12003.2 . 0 .0 29737.3 .0 . 0 
15 8.4 50089.1 .0 11785.3 . 0 .0 27048.1 .0 . 0 
16 1.6 9985.1 .0 2430.0 . 0 . 0 5392. 0 . 0 . 0 

17 3.4 21424.8 .0 5291.6 . 0 . 0 11569.4 .0 . 0 

18 6.6 43415.3 .0 10944.8 . 0 . 0 23444.2 . 0 . 0 

19 5.4 37150.5 .0 9541.7 . 0 . 0 20061. 3 . 0 . 0 
20 4.6 32216.4 .0 8522.6 . 0 . 0 17396.9 .0 . 0 
21 10.0 69400.0 .0 19697.0 . 0 . 0 37476.0 . 0 . 0 
22 3.4 23777.8 .0 7179.0 . 0 .o 12840.0 .0 . 0 
23 2.0 13737.6 .0 4242.2 . 0 .0 7418.3 .o .o 
24 4.5 31037.8 .0 9711.6 . 0 .o 16760.4 . 0 .0 
25 8. 5 60318.3 .o 19198. 0 .0 .0 32571.9 . 0 . 0 

26 1. 4 9886.6 .o 3331.7 .0 .0 5338.8 . 0 . 0 

27 9. 8 70655.5 .0 23375.5 .0 . 0 38154.0 .o . 0 

28 9. 8 69572. 7 .0 22138.4 .0 . 0 37569.3 .0 . 0 

29 2.5 17523.6 .0 5445.l . 0 . 0 9462.7 . 0 .0 

30 7.2 50436.8 .o 15258.0 . 0 . 0 27235.9 . 0 . 0 
31 9. 6 65774.3 .0 19071. 3 . 0 . 0 35518.1 . 0 . 0 
32 9.5 63110.8 .0 17244.7 . 0 . 0 34079.8 . 0 . 0 

33 8.0 50889.5 .0 13008.8 . 0 . 0 27480.4 . 0 . 0 

34 1.5 9147.2 .0 2216. 3 .0 . 0 4 93 9. 5 . 0 . 0 

35 9.3 58698.3 .o 13014.8 . 0 . 0 31697.1 .0 . 0 

36 9.2 58194.7 .0 10616.l .0 . 0 31425 .1 . 0 .0 
37 9. 0 57331.3 .0 8031.5 .0 . 0 30958.9 .0 .0 

38 5. 3 33592.3 .0 3489.4 . 0 . 0 18139.9 .0 .0 

C 39 3. 6 22268.6 . 0 1774.3 .0 .0 12025.l .0 .0 

40 8. 7 51748.2 . 0 2315.7 .0 . 0 27944.0 .o .0 

41 2.1 12010.0 . 0 98.9 .0 . 0 6485.4 .0 . 0 

"" o., 34410.7 .0 .0 .0 .0 18561.8 .0 . u 



R14819

C:\Program Files\STEDwin\Wiliamson Pond Creek Subsidence\ph7cPGA.OUT Page 4 

43 8.4 39769.7 . 0 .0 .0 . 0 21475.6 . 0 . 0 
44 8.2 32972. 9 . 0 . 0 . 0 . 0 17805.4 . 0 .0 
45 8.0 26130 .1 .0 .0 . 0 . 0 14110. 2 . 0 .0 
46 7.8 19287.2 .0 .0 .0 . 0 10415.1 . 0 .0 
47 7.6 12491.4 . 0 .0 .0 . 0 6745.3 . 0 .O 
48 7.4 5790.1 . 0 .0 .0 . 0 3126.7 .0 . 0 
49 2.7 473.2 . 0 . 0 . 0 . 0 255.5 .0 . 0 

Failure Surface Specified By 35 Coordinate Points 
Point X-Surf Y-Surf 
No. (ft) (ft) 

1 144.23 469.38 
2 153.75 466.32 
3 163.36 463.56 
4 173.06 461.12 
5 182. 83 458.99 
6 192.66 457.17 
7 202.55 455. 6 8 
8 212. 4 8 454.50 
9 222.45 453.65 

10 232.43 453.12 
11 242.43 452.91 
12 252.43 453.02 
13 262.42 453.45 
14 272.39 454.21 
15 282.33 455.29 
16 292. 23 456.69 
17 302.09 458.40 
18 311. 88 460.44 
19 321. 60 462.78 
20 331.24 465.45 
21 340.79 468.42 

C 
22 350.23 471.69 
23 359.57 475.27 
24 368.79 479.15 
25 377.87 483.33 
26 3 8 6. 82 487.79 
27 395.62 492.54 
28 404.26 497.58 
29 412. 74 5 02. 8 9 
30 421. 03 508.47 
31 429.15 514.31 
32 437.07 520.41 
33 444.79 526. 77 
34 452.30 533.37 
35 457.24 538.00 

Circle Center At X = 244.0 ; y 762.9 and Radius, 310.0 

*** . 507 *** 
Failure S~rface Specified By 37 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 120.39 468.00 
2 129.98 465.19 
3 139.66 462.66 
4 149.40 460.42 
5 159.21 458.46 
6 169.07 456.78 
7 178. 97 455.40 
8 188.91 454.30 
9 198.88 453.49 

10 208.86 452. 97 
11 218.86 452.75 
12 228.86 452.81 
13 238.85 453.17 

C 
14 24 8. 83 453.81 
15 258.79 454.75 
16 268.71 455.98 

"' 
,.. -, " ,.. " 457.49 ,::. IO, OU 
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18 288.44 459.30 
19 298.21 461.38 
20 3 07. 93 463.76 
21 317.57 466.41 
22 327 .13 469.34 
23 336.60 472 .55 
24 345.97 476.04 
25 355.24 479.79 
26 364.40 483.82 
27 373.43 488 .11 
28 382.34 492.66 
29 391.10 497.47 
JO .399. 73 502.53 
31 408.20 507.84 
32 416.52 513.39 
33 424.67 519.19 
34 432.65 525.22 
35 440.44 531.47 
36 44 8. 06 537. 96 
37 448.11 538.00 

Circle Center At X = 221. 6 ; y 

*** .507 *** 
Failure Surface Specified By 34 

Point x-surf Y-Surf 
No. (ft) (ft) 

1 140. 26 468.08 
2 149.82 465.16 
3 159.47 462.54 
4 169.20 460.24 
5 179.01 458.26 
6 188.87 456.60 
7 198.78 455.27 
8 208. 73 454.25 
9 218.70 453.56 

10 228.69 453.20 
11 238.69 453.16 
12 24 8. 69 453.45 
13 258.67 454.06 
14 268.63 455.00 
15 278.55 456.26 
16 288.42 457.85 
17 298.24 459.76 
18 307.99 461.98 
19 317.66 464.52 
20 327.24 467.38 
21 336.73 470.54 
22 346 .11 474.01 
23 355.37 477.79 
24 364.50 481.87 
25 373.49 486.24 
26 382.34 490.90 
27 3 91. 03 495.85 
28 399.55 501.08 
29 407.90 506.58 
30 416.06 512.36 
31 424.04 518.39 
32 431. 81 524.69 
33 439.37 531. 23 
34 446.70 538.00 

Circle Center At X = 234.9 ; y 

*** . 509 *** 
Failure 

Point 
No. 

1 

Surface Specified By 34 

2 
3 

x-surf Y-Surf 
(ft) (ft) 

144.23 
153.74 

469.38 
466.28 
qtij. 51 

796 .1 and Radius, 343.4 

Coordinate Points 

760.0 and Radius, 306.9 

Coordinate Points 

Page 5 
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4 173.05 461. 08 
5 182:83 458.99 
6 192. 67 457.24 
7 202. 57 455.84 
8 212. 52 454.78 
9 222.49 454.08 

10 232.49 453.72 
11 242.49 453.71 
12 252.48 454.05 
13 262.46 454.74 
14 272.40 455.78 
15 282.31 457.17 
lb 292 .16 458.90 
17 301. 94 460.97 
18 311. 64 463.39 
19 321. 26 466.14 
20 33 0. 77 469.22 
21 340.17 472. 64 
22 349.44 476.39 
23 358.57 480.45 
24 367.56 484.83 
25 376.39 48 9. 53 
26 385.05 4 94. 53 
27 393.53 499.83 
28 401. 82 505.42 
29 409.91 511.30 
30 417.79 517.45 
31 425.45 523.88 
32 432.88 530.58 
33 440.07 537.53 
34 440.53 538.00 

Circle Center At X = 237.7 ; y 739.7 and Radius, 286.0 

*** .519 *** 
Failure Surface Specified By 36 Coordinate Points 

Point x-surf Y-Surf 
No. (ft} (ft} 

1 13 6. 28 468.00 
2 146.00 465.65 
3 155.78 463.57 
4 165.62 

0

461. 76 
5 175.50 460.21 
6 185.42 458.94 
7 195.37 457. 93 
8 205.34 457.20 
9 215.33 456.74 

10 225.33 456.55 
11 235.33 456.63 
12 245.32 456.98 
13 255.30 457.61 
14 265.26 458.51 
15 275.19 459.68 
16 285.09 461.12 
17 294. 94 462.83 
18 304.74 464.80 
19 314.49 467.04 
20 324.17 469.55 
21 333.78 472.32 
22 343.31 475.35 
23 352.75 478.64 
24 362.10 482.18 
25 371.35 485.98 
26 380.50 490.03 
27 389.53 494.32 
28 398.44 498.86 
29 407.22 503.64 
30 415.87 508.66 
ol '±.C:'i • _j 0 S.L_j. Si 
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32 
33 
34 
35 
36 

432.74 
440.96 
449.01 
456.90 
457.89 

519.40 
525.10 
531. 03 
537.18 
538.00 

Circle Center At X = 227.3 ; Y 
*** .519 *** 

823.7 and Radius, 367.1 

Failure Surface Specified By 35 Coordinate Points 
Point 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 

X-Surf Y-Surf 
(ft) (ft) 

148.21 470.68 
157.78 
167.44 
177 .18 
186.98 
196.84 
206.74 
216.69 
226.66 
236.65 
246.65 
256.65 
266.64 
276.60 
286.54 
296. 43 
306.28 
316.06 
325.77 
335.41 
344.96 
354.40 
363.75 
372.97 
382.07 
3 91. 04 
399.86 
408.53 
417.04 
425. 3 8 
433.55 
441.53 
449.31 
456.90 
459.18 

467.79 
465.20 
462.92 
460.95 
459.28 
457. 92 
456.87 
456 .13 
455. 71 
455.60 
455.80 
456.32 
457.15 
458.29 
459.74 
461.50 
463.57 
465.94 
468. 62 
471.59 
474.87 
478.44 
482.30 
486.44 
490.87 
495.58 
500.56 
505.81 
511. 33 
517.10 
523 .13 
529.40 
535.92 
538.00 

Circle Center At X = 245.2 ; Y 
*** .521 *** 

Failure Surface Specified By 35 
Point X-Surf Y-Surf 
No. (ft) (ft) 

1 144. 23 469.38 
2 153.88 466.77 
3 163.61 464. 44 
4 173.40 462.41 
5 183. 25 460.66 
6 193 .14 459.21 
7 203.07 458.05 
8 213. 04 457.18 
9 223. 02 456.61 

10 233.01 456.33 
11 243.01 456.35 
12 253.01 456.66 
13 262.99 457.27 
14 272.95 458.18 
15 282.88 459.38 
16 292.77 460.87 
17 302.61 462.66 

774.8 and Radius, 319.2 

Coordinate Points 
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C 18 312. 3 9 464.73 
19 322.10 467.09 
20 331.75 469.74 
21 341.31 472.68 
22 350.78 475.89 
23 JGO .Ei 479.39 
24 369 .41 483.15 
25 378.56 487.20 
26 387.58 491.51 
27 396.47 496. 08 
28 405.22 500. 92 
29 413. 83 506.01 
30 422. 28 511. 35 
31 430.57 516.95 
32 438.69 522.78 
33 446.64 528.86 
34 454.40 535.16 
35 457.69 538.00 

Circle Center At X = 237.4 ; y 794.4 and Radius, 338.l 
*** .521 *** 

Failure Surface Specified By 40 Coordinate Points 
Point x-surf Y-Surf 

No. (ft} (ft} 
l 88.59 465.33 
2 98.37 463.22 
3 108.18 461.33 
4 118.04 459.64 
5 127. 93 458.16 
6 13 7. 85 456.90 
7 147.80 455.85 
8 157.76 455.01 
9 167.74 454.38 (- 10 177.73 453.97 

11 187.73 453.77 ·- 12 453.79 197. 73 
13 207.73 454.02 
14 217.72 454.46 
15 227.70 455.12 
16 237.66 455.99 
17 247.60 457.07 
18 257.52 458.37 
19 267.40 459.88 
20 277.25 461.59 
21 287.06 463.52 
22 2 96. 83 465.66 
23 306.55 468.01 
24 316.22 470.56 
25 325.83 473.32 
26 335.38 476.29 
27 344.87 479.46 
28 354.28 482.83 
29 363.62 486.40 
30 372.89 490.17 
31 382.07 4 94 .14 
32 391.16 498.30 
33 400.16 502.65 
34 409.07 507.20 
35 417.87 511. 94 
36 426.58 516.86 
37 435.17 521. 97 
38 443.66 527.27 
39 452.03 532.74 
40 459.71 538.00 

(-
Circle Center At X = 192. 0 ; y 921. 3 and Radius, 467.5 

*** .526 *** 
Failure Surface Specified By 33 Coordinate Points 

Point x-sui:l Y-bu.t.C 
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No. {ft) {ft) 
1 128. 33 468.00 
2 137.98 465.35 
3 14 7. 70 463.01 
4 157.49 460.99 
5 167.35 459.28 
6 177.25 457.89 
7 187.19 456.83 
8 197.16 456.09 
9 207.16 455.67 

10 217.15 455.57 
11 227.15 455.80 
12 23 7. 14 456.35 
13 247.10 457.22 
14 257.03 458.42 
15 266.91 459.93 
16 276.74 461.77 
17 286.51 463.92 
18 296. 20 466.38 
19 305.81 469.16 
20 315.32 4 72. 25 
21 324. 72 475.64 
22 334.02 479.34 
23 343.18 483.33 
24 352.22 487.62 
25 361.11 492.20 
26 369.85 497.06 
27 378.42 502.21 
28 386.83 507.62 
29 3 95. 05 513. 31 
30 403.09 519.26 
31 410. 93 525.47 
32 418.56 531.93 
33 425.29 538.00 

Circle Center At X = 215.1 ; y 764.7 and Radius, 309.2 

*** .532 *** 

L 
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Pond Creek, Phase 7C South - 80% Sup FCR- Ky Yield Acceleration 
c:\program files\stedwin\wiliamson pond creek subsidence\ph7cky.pl2 Run By: Blaise E. Genes, GAi Consultants 12/22/2009 03:24PM 

Soil 
Desc. 

CCR P7AC 
Fine CR 
CCR P3 
Residual 
Bedrock 

Soil Total Saturated Cohesion Friction Piez. I Load Value 
Type Unit Wt. Unit Wt. Intercept Angle Surtace Horiz Eqk 0.180g< 
No. (pct) (pct) (psi) (deg) No. 
1 130.0 140.0 a.a 33.7 0 
2 80.0 90.0 1393.0 0.0 W1 
3 130.0 140.0 0.0 33.& W1 
4 125.0 135.0 416.0 i 19. § W1 
5 145.0 145.0 2000.0 20/4, W1 

----/ y/ 1 

~ ~---------2------------~~ 

~·· ~ -· 0 l!ll • '~ 
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PCSTABL5M/si FSmin=1.00 
STED Safety Factors Are Calculated By The Modified Bishop Method 

~ 
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Pond Creek, Phase 7C South - 80% Sup FCR- Ky Yield Acceleration 
c:\program files\stedwin\wiliamson pond creek subsidence\ph7cky.plt Run By: Blaise E. Genes, GAi Consultants 12/22/2009 03:25PM 
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** PCSTABLSM ** 
by 

Purdue University 
--Slope Stability Analysis-

Simplified Janbu, Simplified Bishop 
or Spencer~s Method of Slices 

Run Date: 12/22/2009 
Time of Run: 
Run By: 
Input Data Filename: 
Output Filename: 
Unit: 

03,25PM 
Blaise E. Genes, GAI Consultants 
C ,ph7cky. in 
C,ph7cky.OUT 
ENGLISH 

Plotted 
PROBLEM 

Output Filename: C:ph7cky.PLT 
DESCRIPTION Pond Creek, Phase 7C South - 80% Sup FCR 

- Ky Yield Acceleration 
BOUNDARY COORDINATES 

Note: User origin value specified. 
Add 0.00 to X-values and 0.00 ·to Y-values listed. 

11 Top Boundaries 
48 Total Boundaries 

Boundary X-Left Y-Left X-Right Y-Right Soil Type 
No. (ft) (ft) (ft) (ft) Below End 

1 .OD 466.00 45.00 466.00 1 
2 45.00 466.00 110.00 465.00 1 
3 11 n. nn 465.00 1:20. 'JO ~62.00 1 

4 120.00 468.00 140.00 468.00 1 
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5 140.00 468.00 238.00 500.00 1 
6 238.00 500.00 250.00 505.00 1 
7 250.00 505.00 270.00 505.00 1 
8 270.00 505.00 375.00 538.00 1 
9 375.00 538.00 795.00 538.00 1 

10 795.00 538.00 1045.00 454.00 1 
11 1045.00 454.00 1100.00 454.00 1 
12 .00 466.00 45.00 466. 00 2 
13 45.00 466.00 110. 00 465.00 2 
14 110.00 465.00 120.00 468.00 2 
15 120.00 468.00 140.00 468.00 2 
16 140.00 468.00 233.00 500.00 2 
17 233.00 500.00 268.00 SOD.DO 2 
18 268.00 500.00 283.00 495.00 2 
19 283.00 495.00 812.00 495.00 2 
20 812.00 495.00 825.00 498.00 2 
21 825.00 498.00 855.00 498.00 2 
22 855.00 498.00 990.00 454.00 2 
23 990.00 454.00 1010.00 454.00 2 
24 1010.00 454.00 1100. 00 454.00 2 
25 .00 466.00 45.00 466.00 3 
26 45.00 466.00 110.00 465.00 3 
27 110.00 465.00 120.00 468.00 3 
28 120.00 468.00 140.00 468.00 3 
29 140. 00 468.00 233.00 500.00 3 
30 233.00 500.00 268.00 500.00 3 
31 268.00 500.00 283.00 495.00 3 
32 283.00 495.00 370.00 460.00 3 
33 370.00 460.00 716. 00 457.00 3 
34 716. 00 457.00 812. 00 495.00 3 
35 812.00 495.00 825.00 498.00 3 

C 
36 825.00 498.00 855.00 498.00 3 
37 855.00 498.00 990.00 454.00 3 
38 990.00 454.00 1010.00 454.00 3 
39 1010.00 454.00 1100. 00 454.00 3 
40 .00 466.00 45.00 466.00 4 
41 45.00 466.00 110. 00 465.00 4 
42 110. 00 465.00 370.00 460.00 4 
43 370.00 460.00 716. 00 457.00 4 
44 716. 00 457.00 990.00 454.00 4 
45 990.00 454.00 1010.00 454.00 4 
46 1010.00 454.00 1100. 00 454.00 4 
47 .00 456.00 1010.00 43 9. 00 5 
48 1010.00 439.00 1100.00 439.00 5 

ISOTROPIC SOIL PARAMETERS 
5 Type (s) of Soil 

Soil Total Saturated Cohesion Friction Pore Pressure Piez. 
Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface 

No. (pcf) (pcf) (psf) (deg) Param. (psf) No. 
1 130. 0 140. 0 .0 33.7 .00 .0 0 
2 80.0 90.0 13 93. 0 . 0 .00 . 0 1 
3 130. 0 140. 0 .o 33.7 .00 . 0 1 
4 125. 0 135. 0 416.0 19.5 .00 . 0 1 
5 145.0 145.0 2000.0 20.0 .00 .o 1 

1 PIEZOMETRIC SURFACE (S) HAVE BEEN SPECIFIED 
Unit Weight of Water= 62.40 
Piezometric Surface No. 1 Specified by 8 Coordinate Points 

Point X-Water Y-Water 
No. (ft) (ft) 

1 .00 463.00 
2 185.00 461.00 
3 283.00 495.00 
4 812.00 495.00 

( 
5 930.00 451.00 
6 990.00 451.00 

'-· 7 1010.00 451.00 
0 i.0<±0.UU 4.51.00 
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A Horizontal Earthquake Loading Coefficient 
Of .180 Has Been Assigned 
A Vertical Earthquake Loading Coefficient 
Of .ODO Has Been Assigned 
Cavitation Pressure= .0 (psf) 
A Critical Failure Surface Searching Method, Using A Random 
Technique For Generating Circular Surfaces, Has Been Specified. 

1600 Trial Surfaces Have Been Generated. 
40 Surfaces Initiate From Each Of 40 Points Equally Spaced 

Along The Ground Surface Between X 25.00 ft. 
and X 180.00 ft. 

Each Surface Terminates Between X 250.00 ft. 
and X 460.00 ft. 

Unless Further Limitations Were Imposed, The Minimum Elevation 
At Which A Surface Extends Is Y = .OD ft. 
10.00 ft. Line Segments Define Each Trial Failure Surface. 
Following Are Displayed The Ten Most Critical Of The Trial 

Failure Surfaces Examined. They Are Ordered - Most Critical 
First. 

* * Safety Factors Are Calculated By The Modified Bishop Method 
Failure Surface Specified By 35 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 136. 28 468.00 
2 145. 82 465.01 
3 155.46 462.32 
4 165.17 459.95 
5 174.96 457.90 
6 184.81 456.17 
7 194.71 454.76 
8 204.65 453.67 
9 214. 62 452. 90 

10 224.61 452.46 
11 234.61 452.34 
12 244.61 452.55 
13 254.59 453.09 
14 264.56 453.94 
15 274.49 455. 12 
16 284.37 456.63 
17 294.20 458.45 
18 303.97 460.59 
19 313. 67 463.05 
20 323.27 465.82 
21 332.79 468.91 
22 342.19 472.30 
23 351.49 475.99 
24 360.65 479.98 
25 369.69 484.27 
26 378.58 488.86 
27 387.31 493.72 
28 395.88 498.87 
29 404.29 504. 3 0 
30 412. 51 509.99 
31 420. 54 515.95 
32 428.37 522.17 
33 436.00 528.64 
34 443.41 53 5. 3 5 
35 446.15 538.00 

Circle Center At X = 233.2 y 760.0 and Radius, 307.7 

*** .998 *** 
Individual data on the 49 slices 

Water Water Tie Tie Earthquake 

* * 

Force Force Force Force Force Surcharge 
Slice Width Weight Top Bot Norm Tan Hor Ver Load 
No. (ft) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) 

1 3.7 282.0 .0 .0 . 0 .o 50.8 .0 .0 
2 5.8 2295.l • (j .u .u .u 4 .L:l . .l .u . u 
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3 2.7 1985.6 . 0 .0 .0 .0 357.4 .0 . 0 
4 7.0 7764.7 .0 .0 . 0 .0 1397.7 .0 . 0 
5 4.3 6636.2 . 0 . 0 . 0 .0 1194. 5 .0 . 0 
6 5.4 10302.5 . 0 219.2 . 0 .o 1854.5 .0 . 0 
7 9.8 24012.8 . 0 13 94 .1 .0 .0 4322.3 . 0 . 0 
8 9.8 30782.9 . 0 2508.5 . 0 .0 5540.9 . 0 . 0 
9 .2 663.1 .0 58.6 .0 . 0 119. 4 . 0 . 0 

10 7.0 25759.1 . 0 2736.6 .0 .0 4636.6 . 0 . 0 
11 2.7 10901.0 . 0 1452.8 . 0 .0 1962. 2 ,0 . 0 
12 9.9 43666.5 ,0 7015.0 .0 .0 7860.0 .0 . 0 
13 10.0 49591.5 . 0 9602. 2 .o . 0 8926.5 .0 . 0 
14 10.0 55069.2 . 0 12003. 2 . 0 . 0 9912.4 . 0 . 0 
15 8.4 50089.1 . 0 11785.3 . 0 .0 9016.0 . o· . 0 
16 1. 6 9985.1 . 0 2430.0 . 0 .0 1797. 3 . 0 . 0 
17 3.4 21424. 8 .0 5291.6 .0 .0 3856.5 . 0 .0 
18 6.6 43415.3 . 0 10944.8 .0 ,0 7814.7 . 0 . 0 
19 5.4 37150.5 . 0 9541. 7 .0 .0 6687.1 . 0 . 0 
20 4.6 32216.4 . 0 8522.6 .0 . 0 5799.0 . 0 . 0 
21 10.0 69400.0 .0 19697. 0 .0 . 0 12492.0 . 0 . 0 
22 3.4 23777. 8 .0 7179. 0 . 0 . 0 4280.0 . 0 . 0 
23 2.0 13737.6 . 0 4242.2 .0 . 0 2472. 8 . 0 . 0 
24 4.5 31037.8 . 0 9711.6 .0 .0 5586.8 ,0 .0 
25 8.5 60318.3 . 0 19198.0 .0 .0 10857.3 .0 . 0 
26 1.4 9886.6 .0 3331. 7 .0 .0 1779.6 . 0 . 0 
27 9.8 70655.5 .0 23375.5 . 0 . 0 12718.0 . 0 . 0 
28 9.8 69572.7 . 0 22138.4 . 0 . 0 12523.1 . 0 . 0 
29 2.5 17523.6 . 0 5445.1 .0 .0 3154.2 . 0 .0 
30 7.2 50436.8 .0 15258.0 .0 ,0 9078.6 . 0 .0 
31 9.6 65774.3 . 0 19071.3 . 0 . 0 11839.4 . 0 . 0 
32 9.5 63110.8 . 0 17244. 7 . 0 . 0 11359.9 .0 . 0 
33 8.0 50889.5 . 0 13008.8 . 0 . 0 9160. 1 . 0 .0 

( 
34 1.5 9147.2 . 0 2216.3 .0 .0 1646.5 . 0 ,0 
35 9.3 58698.3 . 0 13014. 8 .0 .0 10565.7 . 0 . 0 

~- 36 9.2 58194.7 . 0 10616.1 .0 .0 10475.0 . 0 . 0 
37 9.0 57331.3 . 0 8031. 5 .0 .0 10319.6 . 0 . 0 
38 5.3 33592.3 . 0 3489.4 .0 .0 6046. 6 . 0 . 0 
39 3.6 22268.6 . 0 1774.3 .0 . 0 4008.4 .0 ,0 

40 8. 7 51748.2 . 0 2315.7 .0 .0 9314.7 ,0 .0 
41 2.1 12010. 0 . 0 98.9 .0 . 0 2161.8 . 0 .0 
42 6.4 34410.7 . 0 ,0 .0 . 0 6193.9 . 0 . 0 
43 8.4 39769.7 . 0 . 0 .0 . 0 7158. 5 . 0 . 0 
44 8.2 32972.9 . 0 . 0 .0 . 0 5935.1 . 0 . 0 
45 8.0 26130.1 . 0 . 0 .0 . 0 4703.4 . 0 . 0 
46 7.8 19287.2 . 0 . 0 .0 .0 3471.7 . 0 . 0 
47 7.6 12491.4 . 0 . 0 .0 . 0 224 8. 4 . 0 . 0 
48 7.4 5790.1 . 0 . 0 .0 .0 1042.2 .0 . 0 
49 2.7 473,2 . 0 . 0 .0 .0 85.2 .0 .0 

Failure Surface Specified By 35 Coordinate Points 
Point X-Surf Y-Surf 
No. (ft) (ft) 

1 144.23 469.38 
2 153.75 466.32 
3 163.36 463.56 
4 173.06 461.12 
5 182. 83 458.99 
6 192. 66 457.17 
7 202.55 455.68 
8 212.48 454.50 
9 222.45 453.65 

10 232.43 453 .12 
11 242.43 452.91 
12 252.43 453.02 
13 262.42 453.45 
14 272.39 454.21 
15 2 82. 33 455.29 
16 2 92. 23 456.69 
17 302.09 458.40 
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18 311. BB 460.44 
19 321. 60 462.78 
20 331.24 465.45 
21 340.79 468.42 
22 350.23 471.69 
23 359.57 475.27 
24 368.79 479.15 
25 377.87 483.33 
26 386.82 487.79 
27 3 95. 62 492.54 
28 404. 26 497.58 
29 412. 74 502.89 
30 421. 03 508.47 
31 429.15 514.31 
32 437.07 520.41 
33 .444. 79 526. 77 
34 452.30 533.37 
35 457.24 538.00 

Circle Center At X = 244.0 ; y 762.9 and Radius, 310.0 

*** 1.005 *** 
Failure Surface Specified By 34 Coordinate Points 

Point 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 

X-Surf Y-Surf 
{ft) {ft) 

140.26 468.08 
149.82 465.16 
159.47 
169.20 
179.01 
188.87 
198.78 
208.73 
218.70 
228.69 
238.69 
248.69 
258.67 
268.63 
278.55 
288.42 
298.24 
307.99 
317.66 
327.24 
336.73 
346 .11 
355.37 
364.50 
373.49 
3 82. 34 
3 91. 03 
399.55 
407.90 
416.06 
424. 04 
431. 81 
439.37 
446.70 

462.54 
460.24 
458.26 
456.60 
455.27 
454.25 
453.56 
453.20 
453.16 
453.45 
454.06 
455.00 
456.26 
457.85 
459.76 
461.98 
464.52 
467.38 
470.54 
474.01 
477.79 
481.87 
486.24 
490.90 
495.85 
501.08 
506.58 
512.36 
518.39 
524.69 
531. 23 
538.00 

Circle Center At X = 234.9 ; Y 
*** 1.006 *** 

Failure Surface Specified By 37 
Point X-Surf Y-Surf 

No. (ft) {ft) 

1 120.39 468.00 
2 129. 98 465.19 
3 139.66 462.66 
4 149. 40 460.42 
5 159.21 458.46 

760.0 and Radius, 306.9 

Coordinate Points 



R14832

C:\Program Files\STEDwin\Wiliamson Pond Creek Subsidence\ph7cky.OUT Page 6 

6 169.07 456.78 
7 178.97 455.40 
8 188.91 454.30 
9 198.88 453. 4 9 

10 208.86 452.97 
11 218.86 452.75 
12 228.86 452.81 
13 238.85 453.17 
14 248.83 453.81 
15 258.79 454.75 
16 268.71 455.98 
17 278.60 457.49 
18 288.44 459.30 
19 298.21 461.38 
20 3 07. 93 463.76 
21 317.57 466.41 
22 327.13 469.34 
23 336.60 472.55 
24 345.97 476.04 
25 355.24 479.79 
26 364.40 483.82 
27 373.43 488 .11 
28 382.34 492.66 
29 391.10 497.47 
30 399.73 502.53 
31 408.20 507.84 
32 416.52 513.39 
33 424.67 519.19 
34 432.65 525.22 
35 440.44 531.47 
36 448.06 537. 96 

C 
37 448.11 538.00 

Circle Center At X = 221.6 ; y 796 .1 and Radius, 343.4 

*** 1. 007 *** 
Failure Surface Specified By 34 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 144.23 469.38 
2 153.74 466.28 
3 163.35 463.51 
4 173.05 461. 08 
5 182.83 458.99 
6 192.67 457.24 
7 202. 57 455.84 
8 212.52 454.78 
9 222.49 454.08 

10 232.49 453. 72 
11 242.49 453. 71 
12 252.48 454.05 
13 262.46 454.74 
14 272. 40 455.78 
15 282 .31 457.17 
16 292.16 458.90 
17 3 01. 94 460.97 
18 311.64 463.39 
19 321.26 466.14 
20 330.77 469.22 
21 340.17 4 72. 64 
22 349.44 476.39 
23 358.57 480.45 
24 367.56 484.83 
25 376.39 489.53 
26 385.05 494.53 
27 3 93. 53 499.83 
28 401.82 505.42 
29 409.91 511. 30 
30 417.79 517.45 
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31 
32 
33 

425.45 
432.88 
440.07 

523.88 
530.58 
537.53 

34 440.53 538.00 
Circle Center At X = 237.7 ; Y 

*** 1.018 *** 
739.7 and Radius, 286.0 

Failure Surface Specified By 35 Coordinate Points 
Point 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 

x-surf Y-Surf 
(ft) (ft) 

148.21 470.68 
157.78 
167.44 
177. 18 
186.98 
196. 84 
206.74 
216.69 
226.66 
236.65 
246.65 
256.65 
266.64 
276.60 
286.54 
296. 43 
306.28 
316.06 
325.77 
335.41 
344.96 
354.40 
363.75 
372. 97 
382.07 
391.04 
399.86 
408.53 
417.04 
425.38 
433.55 
441.53 
449.31 
456.90 
459.18 

467.79 
465.20 
462.92 
460.95 
459.28 
457.92 
456.87 
456.13 
455. 71 
455.60 
455.80 
456.32 
457.15 
458.29 
459.74 
461. 50 
463.57 
465. 94 
468.62 
471.59 
474.87 
478.44 
482.30 
486.44 
490.87 
495.58 
500.56 
505.81 
511.33 
517.10 
523 .13 
529.40 
535. 92 
538.00 

Circle Center At X = 245.2 ; Y 
*** 1.036 *** 

Failure Surface Specified By 35 
Point x-surf Y-Surf 
No. (ft) (ft) 

1 144.23 469.38 
2 153.88 466.77 
3 163.61 4 64. 44 
4 173.40 462.41 
5 183.25 460.66 
6 193. 14 459.21 
7 203.07 458.05 
8 213. 04 457.18 
9 223.02 456.61 

10 233.01 456.33 
11 243.01 456.35 
12 253.01 456.66 
13 262.99 457.27 
14 2 72. 95 458.18 
15 282. 88 459.38 
16 292. 77 460.87 
17 302.61 462.66 
18 312.39 464.73 

774.8 and Radius, 319.2 

Coordinate Points 
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19 322.10 467.09 
20 331. 75 469.74 
21 341. 31 4 72. 68 
22 350.78 475.89 
23 360.15 479.39 
24 369.41 483.15 
25 378.56 487.20 
26 387.58 491. 51 
27 396.47 496. 08 
28 405.22 500. 92 
29 413. 83 506.01 
30 422.28 511. 35 
31 430.57 516.95 
32 438.69 522.78 
33 446.64 528.86 
34 454.40 535.16 
35 457.69 538.00 

Circle Center At X = 237.4 ; y 794.4 and Radius, 338.1 
*** 1.040 *** 

Failure Surface Specified By 36 Coordinate Points 
Point x-surf Y-Surf 
No. (ft) (ft) 

1 136.28 468.00 
2 146.00 465.65 
3 155.78 463. 57 
4 165. 62 461. 76 
5 175.50 460.21 
6 185.42 458.94 
7 195.37 457. 93 
8 205.34 457.20 
9 215. 33 456. 74 

10 225.33 456.55 

( 11 235.33 456. 63 

~ 12 245.32 456.98 
13 255.30 457.61 
14 265.26 458.51 
15 275.19 459.68 
16 285.09 461.12 
17 294. 94 462. 83 
18 304.74 464.80 
19 314. 49 467. 04 
20 324.17 469.55 
21 333.78 472.32 
22 343. 31 475.35 
23 352.75 478.64 
24 362.10 482.18 
25 371.35 485.98 
26 380.50 490. 03 
27 389.53 494. 32 
28 398.44 498.86 
29 407. 22 503.64 
30 415.87 508.66 
31 424.38 513. 91 
32 432.74 519.40 
33 440.96 525.10 
34 449.01 531.03 
35 456.90 537.18 
36 457.89 538.00 

Circle Center At X = 227.3 ; y 823.7 and Radius, 367.1 
*** 1.042 *** 

Failure Surface Specified By 32 Coordinate Points 
Point X-Surf Y-Surf 
No. (ft) (ft) 

1 120.39 468.00 
2 129.85 464.76 
3 139.43 461.90 
4 14 9. 12 •c-f', ,,., 

-,:...);,,-:::...:. 
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5 158.89 457.32 
6 168.75 455.62 
7 178.66 454. 3 0 
8 188.62 453.38 
9 198.60 452. 85 

10 208.60 452.72 
11 218.60 452.98 
12 228.58 453.64 
13 238.52 454.69 
14 24 8. 42 456.14 
15 258.25 457.97 
16 268.00 460.20 
1'/ ~'J'/.b!, 46~.8U 
18 287.19 465.79 
19 296. 61 469.15 
20 305.89 472.89 
21 315.01 476.98 
22 323.96 481. 44 
23 332.73 486.24 
24 341. 31 491.39 
25 349.67 496.87 
26 357.81 502. 68 
27 365. 71 508.81 
28 373.36 515.25 
29 380.76 521. 98 
30 387.88 529.00 
31 394. 72 536.30 
32 396 .19 538.00 

Circle Center At X = 206.9 ; y 705. 3 and Radius, 252.6 

*** 1.042 *** 
Failure Surface Specified By 32 Coordinate Poi.nts 

(~ 
Point X-Surf Y-Surf 
No. (ft) (ft) 

1 152.18 4 71. 98 
2 161.52 468.41 
3 171. 01 465.24 
4 180.61 462.45 
5 190.32 460.06 
6 200.12 458.06 
7 209.99 456.47 
8 219. 92 455.29 
9 229.89 454.51 

10 239.88 454. 14 
11 249.88 454.18 
12 259.87 454.63 
13 269.84 455.49 
14 279.76 456.76 
15 289.62 458.43 
16 299.40 460.50 
17 309.09 462.97 
18 318.67 465.84 
19 328.12 469.09 
20 337.44 472.73 
21 346.60 476.75 
22 355.58 481.14 
23 364.38 485.89 
24 372.98 491.00 
25 381.36 496.46 
26 389.51 502.25 
27 397. 41 508.38 
28 405.06 514.82 
29 412.44 521. 57 
30 419.53 528.61 

/ 31 426.34 535.94 

l 32 428.09 538.00 
Circle Center At X = 243.9 ; y 698.3 and Radius, 244.2 

-!- ... ..., 1.046 1:** 
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APPENDIX D 

PERMANENT DEFORMATION ANALYSIS 

MAKDISI-SEED PROCEDURE 

AND 

HYNES-GRIFFEN AND FRANKLIN PROCEDURE 
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Engineers • Geologists • Planners 
Environmental Specialists 

ESTIMATING PERMANENT DEFORMATIONS
MAKDISI-SEED AND HYNES-GRIFFIN AND FRANKLIN METHODS 

POND CREEK COAL REFUSE DISPOSAL SITE - PHASE 7 DAM 

To estimate the permanent deformations of the Phase 7 Dam using the empirically
based Makdisi-Seed and Hynes-Griffin Franklin methods. 

METHODOLOGY: In accordance with the IDNR guidelines Part 3702 Dam and Safety Rules, GAi 
performed permanent deformation analyses of the Phase 7 Dam to estimate crest 
settlement using the empirically-based Makdisi-Seed and Hynes-Griffin Franklin 
methods. The analyses were required since the Phase 7 seismic factor of safety 
(Fs), pseudo-static slope stability analyses using a peak ground acceleration (PGA) 
= 0.54 g yielded a Fs of 0.51. The site PGA was obtained from the USGS National 
Seismic Hazard Mapping Project map for 2% Probability of Exceedance in 50 years. 

REFERENCES: 

The Makdisi-Seed method (Reference 8) uses the yield acceleration (Ky) of 0.18 
determined from pseudo-static slope stability analyses for a factor of safety of 1.0, 
the maximum spectral acceleration, and the fundamental period of the dam (To). 
The procedures outlined in the International Building Code (IBC) 2006, specifically 
Section 1613 Earthquake Loads are used to determine the maximum spectral 
acceleration. Based on the various data, design charts in Reference 8 provide 
estimates of permanent deformation. 

Alternatively, the Hynes-Griffin and Franklin (1984) method was also used to 
estimate permanent deformations of the Phase 7 dam. Hynes-Griffin and Franklin 
developed upper bound, mean plus one standard deviation and mean curves 
estimated for earthquake-induced slope displacements based on the results of 
Newmark analyses of 348 earthquake motions and six (6) synthetic acceleration 
time histories. · 

Slope displacements are estimated using the conservative upper bound curve and 
the ratio of horizontal acceleration that reduces the factor of safety to 1.0, i.e., the 
yield acceleration (Ky) and the peak horizontal acceleration (PGA). 

1. Civil & Environmental Consultants, Inc. Report, "Permanent Deformation Evaluation, Pond Creek 
No. 1 Coal Refuse Disposal Site, South Cell Slurry lmpoundment, Johnston City, Williamson 
County, Illinois," January 23, 2008. 

2. Civil & Environmenta! Consultants, !nc. Report ".A.bandonrnent Evaluation, Pond Creek ~,lo. 1 Goa! 
Refuse Disposal Site, South Cell Slurry lmpoundment, Johnston City, Williamson County, Illinois," 
July 23, 2008. 
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3. Hynes-Griffin, M.E., Franklin, A.G. 1984, "Rationalizing the Seismic Coefficient Method," 
Miscellaneous Paper GL-84-3, US Army Corp of Engineers Waterways Experiment Station, 
Vicksburg, Mississippi. 

4. Illinois Department of Natural Resources, Office of Water Resources, Construction and 
Maintenance of Dams, Part 3702, Chapter IX. 

5. International Building Code 2006 and 2000. 

6. Kramer, S.L., 1996, "Geotechnical Earthquake Engineering," Prentice Hall Publishers. 

7. Hynes-Griffin, M.E., Franklin, A.G. 1984, "Rationalizing the Seismic Coefficient Method," 
Miscellaneous Paper GL-84-3, US Army Corp of Engineers Waterways Experiment Station, 
Vicksburg, Mississippi. 

8. Makdisi, F.I. and Seed, H.B., 1978, "Simplified Procedure for Estimating Dam and Embankment 
Earthquake Induced Deformations," Journal of the Geotechnical Engineering Division, ASCE, Vol. 
104, No. GT7, pp 849-867. 

9. Newmark, N.M., 1965, "Effects of Earthquakes on Dams and Embankments," Geotechnique 15, 
pp. 139-160. 

10. U.S. Department of Labor, Mine Safety and Health Administration, "Engineering and Design Manual, 
Coal Refuse Disposal Facilities, Chapter 7 Seismic Design: Stability and Deformation Analyses," May 
2009. 

ANALYSIS: 

In accordance with the IDNR guidelines Part 3702 Dam and Safety Rules, GAi performed pseudo-static 
slope stability analyses of the Phase 7 Dam to determine the seismic factor of safety (Fs) and yield 
acceleration (Ky). A site PGA = 0.54 g obtained from the USGS National Seismic Hazard Mapping Project 
map for 2% Probability of Exceedance in 50 years was used in the Fs slope stability analyses. 

Table 1 - Refuse/Soil Properties Used in Pseudo-Static and 
Yield Acceleration Slope Stability Analyses 

Unit Friction 
Weights Angle Cohesion 

(Y,,Ys) (qi) (c) 
Description lncf\ /dearees) /nsf) Shear Stren□th 

Coarse Coal Refuse 
130,140 33.7 0 Effective (Drained) 

(CCR) 

Fine Coal Refuse 80,90 0 1,393 80% of Peak (Undrained) 
(FCR) 

Residual Soil 125,135 19.S 416 TntP.1 (I lnrlr~inorl\ 
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The slope stability analyses resulted in a minimum factor of safety of 0.51 using a horizontal acceleration 
corresponding to the PGA value of 0.54g. Consequently, the results of the Phase 7 pseudo-static 
(seismic) slope stability analyses are not satisfactory, and thus a permanent deformation analysis is 
required per the IDNR guidelines. 

GAi subsequently performed yield acceleration slope stability analyses, which varied the input horizontal 
acceleration in PCSTABL until a Factor of Safety equal to 1.0 was achieved. Based on these analyses, a 
yield acceleration of 0.18g was iteratively determined for the Phase 7 Dam soil mass and the downstream 
critical failure surface. 

Hard copies of the input and output files for the Phase 7 pseudo-static slope stability analyses are 
attached. 

MAKDISI-SEED DEFORMATION ANALYSES 

Spectral Accelerations: (for use in calculating fundamental period) 

Using the IBC 2006 the maximum spectral acceleration for Williamson County, IL is as follows: 

0.2 second spectral response acceleration: Ss = 1.0 

1.0 second spectral response acceleration: S1 = 0.28 

Site Class: 

See !BC 2006 page 318 (attached) 

See !BC 2006 page 319 (attached) 

Site Class D from IBC 2006 Table 1613.5.2 was assumed based on a stiff residual soil profile and shear 
wave velocity between 600 and 1,200 feet per second (fps) determined from field testing at the Pond 
Creek site within the top 100 feet beneath the proposed Phase 7 Dam. 

Site Coefficients Fa and Fv: (for use in calculating fundamental period) 

From !BC 2006 Table 1613.5.3(1): Fa= 1.1 (Site Class D) 

From IBC 2006 Table 1613.5.3(2): Fv = 1.9 (Site Class D) 

Design Spectral Response Acceleration Parameters: (for use in calculating fundamental period) 

IBC 2006 Equation 16-37: Sms = Fa* Ss = 1.1 *1.0 = 1.1 g 

IBC 2006 Equation 16-38: Sm1 = Fv * S1 = 1.9*0.28 = 0.53g 

IBC 2006 Equation 16-39: Sos= 2/3 * Sms = 2/3*1.1 = 0.73g 

IBC 2006 Equation 16-40: So1 = 2/3 * Sm 1 = 2/3*0.53 = 0.36g 

Note: Although Sos is larger than PGA (0.73g > 0.54g), 

USE PGA = 0.54g - amax (as required by iDNR) 
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From IBC 2000, and for the Phase 7 dam, it is assumed that the fundamental (predominant) period 

To= Ts= So1/Sos = 0.36/0.73 = 0.49 seconds 

Note: From the Phase 2 dynamic site response deformation analyses, the fundamental frequency of the 
Phase 2 soil column was about 4.4 hertz (Hz) or 1 / 4.4 = 0.23 seconds. 

USE To= Ts= 0.49 seconds (conservative) 

Deformation Estimate: From Makdisi-Seed (1978) Figure 16 and: 

Maximum Design Earthquake= M 8.0 (Reference 1); Assumed between M 7-1/2 and M 8-1/4 in Fig. 16 

Yield/Maximum Acceleration = ay/amax = 0.18g/0.54g = 0.33; 

ay=Ky = 0.18g and amax=PGA = 0.54g 

To= 0.49 seconds: 

( From Figure 16 (attached), U/amax* To= 0.2 (approx.) 

Therefore, U = amax* To*0.2*32.2 = 0.54g*0.49sec.*0.2*32.2ft/sec2 = 1.7 feet 

U = 1.7feet-20 inches 

HYNES-GRIFFEN FRANKLIN DEFORMATION ANALYSES 

Based on the various data for the Phase 7 Dam and Pond Creek facility including: 

N = Ky = 0.18g; 

A = PGA = 0.54g; and, 

Figure 7 of Reference 3: 

Therefore, 

U = slope displacements = about 40 centimeters = 16 inches. 
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GAi has completed permanent deformation analyses of the Phase 7 Dam using empirically-based 
Makdisi-Seed and Hynes.-Griffin rranklin methods, which yiolded crest settlemonts of 20 and 16 inches, 
respectively. Further, Phase 2 deformations were previously estimated at 17 inches based on dynamic 
site response analyses and Newmark sliding block methods, which is consistent with the empirically
based analyses and estimates of Phase 7 Dam crest settlement. Therefore, the maximum Phase 7 Dam 
crest settlement of 20 inches compares favorably to an available freeboard of the Phase 7 Dam of 96 
inches above the Phase 7 maximum fines level. GAi notes that the failure suriace impacts only a portion 
of the approximate 400-foot wide Phase 7 crest width, as shown in the slope stability results, which adds 
significantly to the downstream safety of the dam. 

Although permanent deformations are acceptable relative to the available freeboard, GAi recommends 
that the dam be thoroughly inspected following a seismic event to make observations and note any ground 
movement, scarps, sloughing, toe bulges, etc. on the exposed downstream and upstream slopes, 
increased piezometric groundwater levels, and any other issues that may suggest slope instability. 
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PSEUDO-STATIC SLOPE STABILITY ANALYSES RESULTS 
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Pond Creek, Phase 7C South - 80% Sup FCR- PGA=.54g Pseudo-Static 
c:lprogram fileslstedwinlwiliamson pond creek subsidencelph7cpga.pl2 Run By: Blaise E. Genes, GAi Consultants 12/22/2009 03:27PM 

700 I I I I I I I II I 11 I I 1 , 
# FS Soil Soil Total Saturated Cohesion Friction Piez. I Load Value 
a 0.51 Desc. Type Unit Wt. Unit Wt. Intercept Angle Surface Horiz Eqk 0.540 g< 
b 0.51 No. (pcf) (pcf) (psf) (deg) No. 
c 0.51 CCR P7AC 1 130.0 140.0 0.0 33.7 O 
d 0.51 Fine CR 2 80.0 90.0 1393.0 0.0 W1 

600 e 0.52 CCR P3 3 130.0 140.0 0.0 33. W1 
f 0.52 Residual 4 125.0 135.0 416.0 19. ~ W1 
g 0.52 Bedrock 5 145.0 145.0 2000.0 20 ~ W1 
h n.S? \/ 
i 0.53 ~---,:;,-------,:------------<>. _____ 

500 ,! 3 
____ 1u:1n~ 2 ---------------~ 

=---=,-;:;-a 3 

5 Wl 
5 

400 

300 

200 

100 

OL_ ___ c__ __ ~---~---~---~------~---~---~---~--~ 

0 . 100 200 300 400 500 600 700 800 900 1000 '1100 

STED 

,Ell 
~ 

PCSTABL5M/si FSmin=0.51 
Safety Factors Are Calculated By The Modified Bishop Method 
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700 
# FS 
a 1.00 
b 1.01 
C 1.01 
d 1.01 

600 H e 1.02 
f 1.04 
g 1.04 
h LCM 
i 1.04 

500 
L 
- --

400 

300 

200 

100 

Pond Creek, Phase 7C South - 80% Sup FCR- Ky Yield Acceleration 
c:\program files\stedwin\wiliamson pond creek subsidence\ph7cky.pl2 Run By: Blaise E. Genes, GAi Consultants 12/22/2009 03:24PM 

Soil 
Desc. 

CCR P7AC 
Fine CR 
CCR P3 
Residual 
Bedrock 

Soil Total Saturated Cohesion Friction Piez. I Load Value 
Type UnitWt. Unit Wt. Intercept Angle Surface HorizEqk 0.180g< 
No. (pcf) (pcf) (psf) (deg) No. 

1 130.0 140.0 0.0 33.7 0 
2 80.0 90.0 1393.0 0.0 W1 
3 130.0 140.0 0.0 33.1, W1 
4 125.0 135.0 416.0 i 19.5 6 W1 
5 145.0 145.0 2000.0 20.d,• W1 

1 

2 ---------------~ 

3 

5 W1.._ 

5 

o'----__J ___ _j_ ___ _j__ ___ --'-------"----'-----L----'-----~---~--~ 
0 100 200 300 400 500 600 700 800 900 1000 1100 

PCSTABL5M/si FSmin=1.00 
STED Safety Factors Are Calculated By The Modified Bishop Method 

. ·X::' ...X'I';\t 
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IBC 2006 AND MAKDISI-SEED DESIGN CHART/CURVES 
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:STRUCTURAL DESIGN 

identified by the building official and that are the minimum necessary to assure safe living conditions. 
2. Any alteration of a historic structure provided that the alteration will not preclude the structure's continued designation as a lristoric structure. 

1612.3 Establishment of flood hazard areas. To establish flood h~zard areas, th~ goverping l:iodyshall adopt a flood h_azard map and supporting fl~fa. The fl~od h~ziu'd initp shall include, at a minimum, areas of special flopd hazard as'identified by the Federal Emergency Management Agency in an engineering report entitled "The Flood Insurance Stndy for [INSERT NAME OF JURISDICTION]:' dated [INSERT DATE OF.ISSUANCE], /JS runended 01 1evised with the ac"companying Flood InsuranceRatefy[ap (FIRM) andFloodBoundary andFloodway Map (FE.PM) and relateq suppor(ing _data along with. ?DY- revision~ the'.e,tci'. Theadoptedfl9odh~w,:imap and ~µppqrtjng data are hereby adopted by reference and declareq to be parf of this se.ctiO.ti. · · · ' - · · ·' 
1612.4Design and construction, The design and construction of buildings and structures located in flood hazard areas, in.~~upng _flood h"?'ai,1 ar;~as sµbje~t. }O lrigj,, yelocity wave acti~n, shall bein ~cc6rdance with.A,SCB +1- . · . · .- ; 

1612.5 Flood hazard docUillentation, The following documentation shall be prepared and sealed by a-registered design professional and submitted to th_e _buildjng official, . 
1. For construction in flood hazard areas not subject t6 high-velocity wave action: · 

1.1. The el~vatiO!l bf t)ie iowest f106r,"mc1uding the basement, as required by the lowesi flooi· eleva-tion mspectiori iii'section 109.3.3, ·.· ' ' ' 
1.2. For fully enclosed areas below the design flood elevation where provisions to allow for the aµto, matic entry and exit of floodwaters do not meet the mmiinum requirements in Secti6112.6.2,l of ASCE 24, consl:!uctiori documents ~hail include 

a statffillent that the design will piovide for eq~;,Jization of hydros_tatic flood forces in accordance with Section 2.6.2.2 of ASCE 24. · 
1.3. For dry floodproofed nonresidential buildings, construction documents shall include a statement that the d1y floodpro_ofing is designed in accordance with ASCE 24. 

2. For construction in flood hazard areas· subject to high-velocity wave action: 
2.1. The elevation of the bottom of the lowest horizontal stmctnral member as required by the low

est floor elevation inspection in Section 109.3.3. 
2.2. Constrnction documents shall incl ode a statement that the building is designed in accordance with ASCB 24, including that t11e pile or column 

foundation and building or structuie to be attached thereto is designed to be anchored to 
resist flotation, collapse and lateral movement ( due to the effects of wind and flood loads acting ~-- simultaneously on all building components, and •Jther load requiremenli; of Chapter 16. 

:02 

2.3. For breakaway walls designed to resist a nominal load ofless than lO psf (0.48 kN/m2) ormo1-e than 20 psf (0.96 kN/m2), construction documents shall include a stalemegt that the breakaway wall is designed in accordance with ASCE 24. 

sEcrioN 1513 
EARTHQUAKE LOADS . ., ... '·.· ",- . 1613.1 Scope. Every structure, and portiop thereof, including nonstructnral components. that are· perni.anently attached to structures and their supports . artd attachments, slinll be designed and constructed to resist the effects -of earthquakci inotions in accordance i;,ith ASCB 7, "xcluding Chapter 14 and A.ppendjJ<}lA,,. Th,;,seisi:!J,\c,d~sign c~tegpry for a s~cllJr\l,lffe pemiitted to be determined iri accordance wfth Section 1613 or ASCE7. . . . - ' . ·,. . ·,,. . . . - ... ,,. 

2. T~" ~~~smic;~orc~,Fe~isting. sysJ~II: pt \V~Ofl:fr"Rlr b~\diiigs tp~! conf?l'J11}9 tlje prov1s1ons 9.f Sfi,ij,9._!J 2308 :ar~ not r~quife1 tci _be analyzed ~s sjiecifjecl jµ, 
thi,s·s~stioll,: _.':, _.'.. · .- _ ·: ,: ., .• .. • :~·:_'.1,;-,-;;· 

3. AgricµItural storage structnres intended only forinci,. · dental human occupancy. · 
4. Structnres that.require special consideration of thili respons~,-cli8.factetjstics and environment that are not' addressed by this code or ASCB 7 and for wlrich other . regulations provide seismic criteria, such as vehicular bridges, electricai 'transmission towers, hydraulic structures, 1,uried µtility lines and their appurtenances and Ilucleai rea.CtorS. . . 

1613.2 Definitions. The follciv;,ing words-~d terms shall, fo~ the purposes of this s'e~ticin, have the meanings shown herein. ' 
DESIGN EARTHQUAKE GROUND MOTION. The earthquake ground motion that buildings and suuctures are specifically proportioned to resist in Section 1613. 
MAXIMUM CONSIDERED EARTHQUAKE GROUND MOTION. The most severe earthquake effects considered by this code. 

MECHANICAL SYSTEMS. For the purposes of determining seismic loads in AS CE 7, ·mechanical systems shall include plumbing systems as specified therein. 
ORTHOGONAL. To be in two horizontal directions, at 90 degrees (1.57 rad) to each other. 
SEISMIC DESIGN CATEGORY. A classification assigned to a structure based on its occupancy category and tl1e severity of the design earthquake ground motion at the site. 
SEISMIC-FORCE-RESISTING SYSTEM. That part of the structural Ry,,;;tem tlrnt has been. ccr .. ~idc.rc.d hi the U1::~ig11 tu pro- I vide the required resistance to the prescribed seismic forces. I 

2006 INTERNATIONAL BUILDING CODE® 
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SITE CLASS. A classification assigned to a site based on the 
types of soils present and their engineering properties as 
defined in Section 1613.5.2. 

SITE COEFFICIENTS. The values of F. and F, indicated in 
Tables 1613.5.3(1) and 1613.5.3(2), respectively. 

1613.3 Existing buildings. Additions, alterations, modifica
tion, or change of occupancy of existing buildings shall be in 
accordance with Sections 3403.2.3 and 3406.4. 

1613.4 Special inspections. Where required by Section 
1705.3, the statement of special inspections shall include the 
special inspections required by Section 1705.3.1. 

1613.5 Seismic ground motion values. Seismic ground 
motion values shall be determined in accordance with this sec
tion. 

1613.5.1 Mapped acceleration parameters. The parame
ters S, and S1 shall be determined from the 0.2 and !-second 
spectral response accelerations shown on Figures 1613 .5(1) 
through 1613.5(14). Where S1 is less than or equal to 0.04 
and S,is less than or equal to 0.15, the structure is permitted 
to be assigned to Seismic Design Categ9ry A. 

1613.5.2 Site class definitions. Based on the site soil prop
erties, the site shall be classified as either Site Class A, B, C, 

STRUCTURAL DESIGN 

D, E or Fin accordance with Table 1613.5.2. When the soil I 
properties are not known in sufficient detail to determine the 
site class, Site Class D shall be used unless the building offi
cial or geotechnical data determines that Site Class E or F 
soil is likely to be present at the site. 

1613.5.3 Site coefficients and adjusted maximum con
sidered earthquake spectral response acceleration 
parameters. The maximum considered earthquake spectral 
response acceleration for short periods, S Ms, and at ! -second 
period, S,11 , adjusted for site class effects shall be deter
mined by Equations 16-37 and 16-38, respectively: 

where: 

(Equation 16-37) 

(Equation 16-38) 

F
0 

= Site coefficient defined in Table 1613.5.3(1). 

F, = Site coefficient defined in Table 1613.5.3(2). 

S5 = The mapped spectral accelerations for short periods 
as determined in Section 1613.5.1. 

S1 = The mapped spectral accelerations for a I-second 
period as determined in Section 1613.5.1. 

TABLE 1613.5.2 
SITE CLASS DEFINITIONS 

SOIL PROFILE 
AVERAGE PROPERTIES IN TOP 100te'et, SEE SECTION 1613.5.5 

SITE 
Standard penetration resl·stance, Fi CLASS NAME Soll shear wave velocity, i7 s, (ft/s) Soll undrained shear strength, Su, (psf) 

-A -Hru,d.rock v, > 5,000 NIA NIA. 

B Rock 2,500 < v, ,; 5,000 NIA NIA 

C 
Ve1y dense soil and soft 1,200 <v, ,; 2,soo N>50 s, ;ce 2,000 

rock 

D Stiff soil profile 600 ,; v, ,; 1,200 15,;ff,;50 1,000,; :;,,,; 2,000 

E Soft soil profile vs< 600 'ii< 15 S11 < 1,000 

Any profile with more than 10 feet of soil having the f0llowing characteristics: 

I. Plasticity index Pl> 20, 
E - 2. Moisture content w ~ 40%, and 

3. Undrained shear strength S
11 
< 500 psf 

Any profile containing soils having one or more of the following characteristics: 
1. Soils vulnerable to potential failure or collapse under seismic loading such as liquefiable 

soils, quick and highly sensitive clays, collapsible weakly cemented soils. 

F - 2. Peats and/or highly organic clays (H > IO feet of peat and/or highly organic clay where 
H = thickness of soil) 

3. Very high plasticity clays (H >25 feet witl1 plasticity index PI >75) 

4. Very thick soft/medium stiff clays (H > 120 feet) 

For SI: 1 foot= 304.8 mm, I square foot= 0.0929m2, l pound per square foot= 0.0479 kPa. NIA= Not applicable 
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TABLE 1613.5.3(1) 
VALUES OF SITE COEFFICIENT F,' 

SITE 
MAPPED SPECTRAL RESPONSE ACCELERATION AT SHORT PERIOD 

CLASS ss :S 0.25 S8 = 0.50 S5 = 0.75 S8 = 1.00 

A 0.8 0.8 0.8 0.8 0.8 

B 1.0 1.0 1.0 1.0 1.0 

C 1.2 1.2 I.I 1.0 1.0 

D 1.6 1.4 1.2 I.I 1.0 

E 2.5 1.7 1.2 0.9 0.9 

F Note b Noteb Noteb Noteb Note 

a. Use straight-line interpolation for intermediate values of mapped spectral response acc«?leration at short period, S~. 
I b. Values shall be determined in accordance with Section 11.4.7 of ASCE 7. 

TABLE 1613.5.3(2) 
VALUES OF SITE COEFFICIENT Fv' 

SITE MAPPED SPECTRAL RESPONSE ACCELERATION AT 1-SECOND PERIOD 

CLASS s1:-;;0.1 S1 =0.2 S1 =0.3 S1 ='0.4 

A 0.8 0.8 0.8 0.8 0.8 

B 1.0 1.0 1.0 1.0 1.0 

C 1.7 1.6 1.5 1.4 1.3 

D 2.4 2.0 1.8 1.6 1.5 

E 3.5 3.2 2.8 2.4 2.4 

F Noteb Noteb Noteb Note b 

a. Use straight-line interpolation for intermediate values of mapped spectral response acceleration at I-second period, S
1

• 

I b. Values shall be determined in accordance with Section 11.4.7 of ASCE 7. J 

304 

1613.5.4 Design spectral response acceleration parame
ters. Five-percent damped design spectral response acceler
ation at short periods, Svs, and at 1-second period, Sm, shall 
be determined from Equations 16-39 and 16-40, respec
tively: 

2 
Sns=-SMs 

3 

where: 

(Eqnation 16-39) 

(Equation 16-40) 

Su~ = The maximum considered earthquake spectral 
response accelerations for short period as deter
mined in Section 1613.5.3. 

S,n The maximum considered earthquake spectral 
response accelerations for ! -second period as deter
mined in Section 1613.5.3. 

1613.5.5 Site classification for seismic design. Site cl 
fication for Site Class C, D or E shall be determined 
Table 1613.5.5. 

The notations presented below apply to the upper 10,Ci' 
(30 480 mm) of the site profile. Profiles containing;, 
tinctly different soil and/or rock layers shall be subdiyi 
into those layers designated by a number that ranges frd, 
to n at the bottom where there is a total of n distinct !aye' 
theupper100feet(30480mm). The symbol i thenrefe,, 
any one of the layers between 1 and n. 
where: 

v,; = The shear wave velocity in feet per second (m/s)., 

d; = The thickness of any layer between 0 and 100 feef • 
3-': 480mm). ,, 

where: 
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I 

n 

L d, = 100 feet (30 480 mm) 
i=I 

N, is the Standard Penetration Resistance (ASTM D 
1586) not to exceed 100 blows/foot (305 mm) as directly 
measured in the field without corrections. When refusal is 
met for a rock layer,.N; shall be taken as 100 blows/foot (305 
mm). 

n 

l;d, 
N
..,... _ i=1 ---f _s_ 

i=l Ni 

(Equation 16-42) 

where N, and d1 in Equation 16-42 are for cohesionless 
soil, cohesive soil and rock layers. 

- d 
Nch =--'-i .'!i_ 

1=:1Ni 

where: 

(Equation 16-43) 

STRUCTURAL DESIGN 

k = The number of cohesive soil layers in tl1e top I 00 feet I 
(30480 mm). 

PI= The plasticity index, ASTM D 4318. 

w = The moisture content in percent, ASTM D 2216. 

Where a site does not qualify nnder the criteria for Site I 
Class F and there is a total thickness of soft clay greater than 
10 feet (3048 mm) where a soft clay layeris defined by: s,, < 
500 psf (24 kPa), w :2: 40 percent, and PI> 20, it shall be clas
sified as Site Class E. 

The shear wave velocity for rock, Site Class B, shall be 
either measured on site or estimated by a geotechnical engi 
neer or engineering geologist/seismologist for competent 
rock with moderate fracturing and weathering. Softer and 
more highly fractured and weathered rock shall either be 
measnred on site for shear wave velocity or classified as Site 
Class C. 

I Used, and,V; for cohesionless soil layers only in Equation 
16-43. . 

, 'I., r 

The hard rock category, Site Class A, shall be supported 
by shear wave velocity measurements either on 'site cit on 
profiles of the same rock type in the same formation'with an 
equal or greater degree of weathering and fracturing, Where 
hard rock conditions are known to be continuous to a depth 
of 100 feet (30 480 mm), surficial shear wave velocity_mea
surements are permitted to be extrapolated to assess V,. 

The rock categories, Site Classes A and B, shall not be 
used if there is more than 10 feet (3048 mm) of soil between 
the rock surface and the bottom of the spread footing or mat 
foundation. 

d, = The total thickness of cohesionless soil layers in the 
top 100 feet (30 480 mm). ., 

I m = The number of cdhesionless soil layers in the top 100 
feet (30 480 mm). . 

1613.5.5.1' Steps for clas~ifying a site .. 

I 

s,,, = The nndrained shear strength in psf (kPa), not to 
exceed 5,000 psf (240 kPa), ASTM D 2166 or D 
2850. 

- d 
Su =--c -± .'!i_ 

i=l Sid 

where: 
k 

l;d,=dc 

(Equation 16-44) 

d, = The total tltickness of cohesive soil layers in the top 
100 feet (30 480 mm). 

TABLE 1613.5.5 

1. Check for the four categories of Site Class F requir
ing site-specific evaluation. If the site corresponds 
to any of these categories, classify the sifo as Site 
,Class F and conduct a site-specific evaluation. 

2. Check for the existence of a total thickness of soft 
clay> 10 feet (3048 nun) where a soft clay layer is 
defined by: ~" < 500 psf (24 kPa), w e: 40 percent 
and PI> 20. If these criteria are satisfied, classify 
the site as Site Class E. 

3. Categorize tl1e site using one of the following three 
methods with v, , N, ands" and computed in all 
cases as specified. 

SITE CLASSIFICATION" · 

SITE CLASS v. ii orNch '" B < 600 ftfs < 15 < 1,000 psf 

D 600 to 1,200 ft/s 15 to 50 1,000 to 2,000 psf 

C 1,200 to 2,500 ft/s >50 > 2,000 
For SI: 1 foot per second= 304.8 mm per second, 1 pound per square fool== 0.0479kN/m2. 

a. If the S,.method is used and theNc1,and Suciiteria differ, select the catego1y with the softer soils (for example, use Site Class E instead of D). 
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3.1. v, for the top 100 feet (30 480 mm) c;;:;
method). 

3.2. Nc1, for the top 100 feet (30 480 mm) (N 
method). 

3.3. N for cohesionless soillayers (Pl< 20) in 
the !QI> 100 feet (30 480 mm) and aver
age, s, for cohesive soil layers (PI> 20) 
in the top 100 feet (30 480 mm) ( s,, 
method). 

1613.5.6 Determination of seismic design category. 
Occupancy Category I, II or ill stmctnres located where the 
mapped spectral response acceleration parameter at I -sec
ond period, S1, is greater than or equal to 0.75 shall be 
assigned to Seismic Design Category E. Occupancy Cate
gory IV structures located where the mapped spectral 
response acceleration parameter at I -second period, Si, is 
greater than or equal to 0.75 shall be assigned to Seismic 
Design Category F. All other structu,res shall be assigned to 
a seismic design category based cin their occupancy cate
gory and the design spectral response acceleration coeffi
cients, Sns and SDI, dete!mined in accordance with Section 
1613.5.4 or the site-.specilic procedures of ASCE 7. Each 
building and structure shall be assigned to the more severe 
seismic design category in accordance with Tobie 
1613.5.6(1) or 1613.5.6(2), irrespective of the fundamental 
period of vibration of the structure, T. · 

TABLE 1613,5.6(1) 
SEISMIC DESIGN CATEGORY BASED ON 

SHORT-PERIOD RESPONSE ACCELERATIONS 

OCCUPANCY CATEGORY 
VALUE OF S 0s .1 orll Ill JV 

SDs<0.167g A A A 

0.167g < Svs< 0.33g B B C 

0.33g < Sns < 0.50g C C D 

0.50g:5:Sns D D D 

TABLE 1613.5.6(2) 
SEISMIC DESIGN CATEGORY BASED ON 

1 -SECOND PERIOD RESPONSE ACCELERATION 

OCCUPANCY CATEGORY 
VALUE OF S01 I or II Ill IV 

SDJ <0.067g A A A 

0.067g <SDI< 0.133g B B C 

0.133g <SDJ < 0.20g C C D 

0.20g<SDJ D D D 

1613.5.6.1 Alternative seismic design category deter
mination, ·where S1 is less than 0.75, the seismic design 
category is permitted to be determined from Table 
1613.5.6(1) alone when all of the following apply: 

1. In each of the two orthogonal directions, the 
approximate fundamental period of the structure, 
Ta, in each of the two orthogonal directions deter
mined in accordance with Section 12.8.2.1 of 
ASCE 7, is less than 0.8 T, determined in accor
dance with Section 11.4.5 of A,5CE 7. 

2. In each of the two orthogonal directions, the fun
Jameulal period of the structure used to calculate 
the story drift is less than T,. 

3. Equation 12.8-2 of ASCE 7 is used to determine 
the seismic response coefficient, Cs. 

4. The diaphragms are rigid as defined in Section 
12.3.l in ASCE 7 orfor diaphragms that are flexi
ble, the distance between vertical elements of the 
seismic-force-resisting system does not exceed 40 
feet (12 192 mm). 

1613.5.6.2 Simplified design procedure. Where the 
alternate simplified design procedure of ASCE 7 is used, 
the seismic design category shall be determined in accor
dance with ASCE 7. .. 

16J3.6 Alternatives to ASCE 7. The provisions of Section 
1613.6 shall be permitted as alternatives to the relevant provi
sions of ASCE 7. 

1613 .. 6.1 Assnmption of flexible diaphragm. Add the fol
lowing text at the end of Section 12.3.1.l of ASCE 7: 

Diaphragms constructed of wood structural panels or 
untapped steel decking shall also be permitted to be ideal
ized as flexible, provided all of the following conditions are 
met: 

1. Toppings of concrete or similar materials are not 
placed over wood structural panel diaphragms except 
for nonstructural toppings no greater than 11/ 2 inches 
(38 nnn) thick. 

2. Each line of vertical elements of the lat
eral-force-resisting system complies with the allow
able story drift of Table 12.12-1. 

3. Vertical elements of the lateral-force-resisting-system 
are light-framed walls sheathed with wood structural 
panels rated for shear resistance or steel sheets. 

4. Portions of wood structural panel diaphragms that 
· cantilever beyond the vertical elements of the lat

eral-force-resisting system are designed in accor
dance with Section 2305.2.5 of tl1e International 
Building Code. 
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1613.6.2 Additional seismic-force-resisting systems for 
seismically isolated strnctures. Add the following excep
tion to the end of Section 17.5.4.2 of ASCE 7: 

Exception: For isolated structures designed in accor
dance with this standard, the Structural System Limita
tions and the Building Height Limitations in Table 
12.2-1 for ordinary steel concentrically braced frames 
(OCBFs) as defined in Chapter 11 and ordinary moment 
frames (OMFs) as defined in Chapter 11 are permitted to 
be taken as 160 feet (48 768 mm) for structures assigned 
to Seismic Design Category D, E or F, provided that the 
following conditions are satisfied; 

1. The value of R1 as defined in Chapter 17 is taken as 
I. 

2. For OMFs and OCBFs, design is in accordance 
with AlSC 341. 

2006 INTERNATIONAL BUILDING CODE® 

STRUCTURAL DESIGN 

307 



R
14852

"" ~ 
"' 

!'l 
0 
a, 

z 
-I 
m 
:,:J 
z 
'.:j 
0 
z 
)> 
r 
OJ 
C: r 
0 
z 
C) 

(") 
0 
0 
m 

© 

,,. 

(~ 

,_ 

100 0 100 MILES 

100 o 100 Kll.0/v'ETERS 

FIGURE 1613.5(7) 

fo..J., 
Cri'{;k.. 

~,re 

MAXIMUM CONSIDERED EARTHQUAKE GROUND MOTION FOR REGION 3 OF 

E:q,lanalion 

Coolour llllecva!s, Iii g 

-,oo-

-175-

-150-

-125-

-100-_,,_ 
-oo-

-ro--
-oo-
-50--:--_.,_ 
-•--
-30-

-•--
-m-

--•--__ ,,_ __ , __ __ , __ 
Nor.= COll!olam,ifn:gmruly,paced 

l~ili.ft'.l~SW~I 

+ 
" 

-10-

.......... 10 ............ 

Al= with a =tant>,eetr.11 
~~ofl.50% g 

Inintval<>0o[sp:ctia1,,,.ponse. 
a=l•ation~Mapc~l 
oign,.vity 

Con!OUISof,pcc!l>ln:,pome =~:~di=~~ 
di;,:cti011ofda:t=iogval=. 

DISCUSSION 

r.~r:B1or~~~~~k~~!f~= 
Res,onse.A=lcmticn(Eg,m,1613.5(1)) f<nrlisc=ionand 
•"'= 

~mopd,cn,r.ng[ocatiOQofsludyzn,a 

0.2 SEC SPECTRAL RESPONSE ACCELERATION (5% PERCENT OF qRITICAL DAMPING), SITE CLASS B 

~ 
C: 

~ 
:,:J 
)> 
r 
0 

rn 
Gi 
z 



R
14853

i:l 
0 
0, 

z 
--< m 
:,, 
z 
~ 
0 z 
)> 
r 
OJ 
C 
;= 
0 
z 
G) 
() 

0 
0 
m 

© 

~ 
m 

.. _-_ 

,,,-.. -· -

~ .. 
... I I ·7r[1i~·· ~-2"1J~1:s==c~· ~r-l11LS1~?j "T /I I c; lr"~z=~M \ I 

/--1---'r\.__J L1i 
1,e 

_ I I u1-/ 
__JI ,,.,, ~ •. 

fb1 / p I I JI J==iPI"' / I • 

u 

"T~-· 7¢ ,,. , . r 
I f 7 ~~\___ /~.l 

H,;rV ~~1-g_J_/-~ -,e. 
I 

,,Jr""-- ''"1 ('-1;7 t=-1 11 IZS:-1 1 , ' L, I I I,. 
~ !ltl" 89' gs• Ill" 

100 0 100 Mll.£5 

100 0 100 Kll.ONEIER5 

Po,JP 
C1i'C1v 

~IT/!; 

Exp!an.,lioo 

Coolour inlen-:lls, % g 

-1so-
-12:s-

-100-

-w-_,. __ 
-Go-
-so.:..._ 

-~-
-30-

-z--
-20-__ ,, __ 
--'"__ , __ 
--•--
--,--
--,--__ , __ 

Nole: rontows:iieiui:glllatly$pl<Cd 

1;1;1-rr£:tb1I 

+ 
" 

-10-

............ 10 ............ 

~wilha.comtantopectm! 
=IX=•cce!enticoof601. g 

fl>int,.ilmofopeclral~ 
•cce!em6onoxp,t=:<lm a pon:ent 
ofgr,.vity 

Cont=of&p:dml~ 

~~:~p,i~~ 
di=tionof~gwlues. 

DISCUSSION 
Refeclo u.,,,,.p~fM.nimum Ccmhlo~ ~ Grnund 

Motion forlho Cco1erminom UIU!rd Sttlo.'lofl.OsecS?=Clml 
~A=lel>lioa(Rgun,16!3.5(2))fordi<c\,zionand 

"'= 

FIGURE 1613.5(8) Inc1exm.1psbowingb::ati011ots!001= 

MAXIMUM CONSIDERED EARTHQUAKE GROUND MOTION FOR REGION 3 OF 
1.0 SEC SPECTRAL RESPONSE ACCELERATION (5% OF CRITICAL DAMPING), SITE CLASS B 

(1) 
--< :,, 
C 

~ 
:,, 
)> 
r 
0 
m 
(1) 

;;; 
z 



R14854

czooe>J 
i=ii&¼i¾AAiiMiitri-Fiiititii/fihiW 

STRUCTURAL DESIG°N TABLE I s·Is:l.2(1) - FIGURE 1615.1.4 

TABLE 1615.1.2(1) 
VALUES OF SITE COEFFICIENT F, AS A FUNCTION OF SITE CLASS 

AND MAPPED SPECTRAL RESPONSE ACCELERATION AT SHORT PERIODS (S.J" 

SITE MAPPED SPECTRA!.;. RESPONSE ACCELERATION AT SHORT PERIODS 

CLASS s_::;o.2s s, 0.50 Ss= 0.75 s. = 1.00 

A 0.8 0.8 0.8 0.8 

B 1.0 1.0 1.0 1.0 

C 1.2 1.2 1.1 1.0 

D 1.6 1.4 1.2 I.I 

E 2.5 1.7 1.2 0.9 

F Note b Noteb Noteb Noteb 

a. Use straight line interpolation for intermediate values of mapped spectral acceleration at short period, S1• 

b. Site-specific geotechnical investigation and dynamic site response analyses shall be performed to detemrine appropriate va!ues. 

TABLE 1615.1.2(2) 
VALUES OF SITE COEFF.ICIENJ F,AS A FUNCTION OF SITE CLASS 

ANO MAPPED SPECTRAL RESPONSE ACCELERATION AT 1-SECOND PERIOD (S )' 
' 

SITE MAPPED SPECTRAL RESPONSE ACCELERATION AT SHORT PERIODS 

CLASS S.s; 0."1 s. =0.2 s. =0.3 s. =0.4 

A 0.8 0.8 0.8 0.8. 

B l.O 1.0 1.0 1.0 

C 1.7 1.6 1.5 1.4 

D 2.4 2.0 1.8 1.6 

E 3.5 3.2 2.8 2.4 

F Noteb Note b Noteb Note 0 

a. Use straight line inierpolation for intennediate vulues of mapped spectral acceleration at I-second period, S 1. 

b. Site-specific geotechnital investigation and dynamic site response analyses shall be performed to detennine appropriate values. 

3. For periods greater than Ts, the design spectral re
sponse acceleration, S 0 , shall be given by Equation 16-
21. 

-S 
S

0 
= 0.6__£!"..T+0.4S0 , 

TD 
(Equation 16-20) 

v:here: 

Sos = 

So, = 

T = 

(Equation 16-21) 

The design spectral response acceleration at s!1ort 
periods as determined in Section 1615.1.3. 

The design spectral response accelerr.tion at 1 ,,;ec
ond period as determined jn Section l 6 l5. i.3. 

Fundmnenta1 periotl (in )ec:ond:-.) of the ·:;uu,:wn: 
(Section 1617.-L:'.l. 

,tl ~~lSi:_____ 

' ' ,. 

•• l ......... . ' ., . 
' ' ' ' ' 

P2riodT 
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Embankment Response Analysis 

21. Amplification of ground motions in the embankments may be examined 

by analysis of a shear-beam model of the embankment-foundation system. A 

closed-form solution has been obtained by Sarma (1979) for the problem illus

trated by Figure 8. The model considered is an untruncated triangular wedge 

of height h1 with a shear-wave velocity s
1 

and density p
1 

, underlain by 

/a foundation layer with thickness h
2 

, shear-wave velocity s
2 

, and density 

/Pz Both the wedge and foundation are linearly visco-elastic and have the 

1same damping ratio D . The earthquake motions are considered to be rigid-body 

13 
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Williamson Energy, LLC 
PO Box 99 
Johnston City, IL 62951 
Office: 618-983-3020 Fax: 618-983-3017 

April 15, 2011 

Mr. Scott Fowler 
ILLINOIS DEPARTMENT OF NATURAL RESOURCES 
Land Reclamation Division 
503 E. Main, FL 001 
Benton, IL 62812 

Re: Permit No. 375, Coal Refuse Disposal Facility No. 2, Phases 4 Through 7 

Dear Mr. Fowler: 

Please accept this letter as authorization for Alliance Consulting, Inc. (Alliance) to 
perform work on the above-referenced Plan Modification and make corrections as 
necessary. Please send copies of any comments to Alliance as well as Williamson 
Energy, LLC. 

Should you have any questions or require additional information, please do not hesitate 
to contact me. 

Respectfully submitted, 

WILLIAMSON ENERGY, LLC 

~lm(a~~w 
APR 2 12011 

IL Envlronmtm.i1 rt11, .... 11111-1\lency 
MAFIJOH FfECJIOl,W. f:WJC!l 
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AllianceO 
Consulting, Inc. 

Engineers · Constructors · Scientists 

Mr. Larry Crislip 
ILLINOIS ENVIRONMENT AL 
PROTECTION AGENCY 
2309 West Main Street, Suite 116 
Marion, IL 62959 

April 18, 2011 

Transmittal 
Permit No. 375 

Coal Refuse Disposal Facility No. 2 
Phases 4 Through 7 

Mach # 1 Mine 

Dear Mr. Crisp: 

Project No. B11-179-1413 

On behalf of our client, Williamson Energy, LLC, please find attached two copies of a Incidental 
Permit Revision report for your review. The impoundment plan has been modified to provide for 
pumping into Phase 4 of the impoundment and elimination of Phase 7B from the plan. 

The current approved plan requires that slurry pumping into the Phase 4/6/7 impoundment area will 
not begin until the Phase 7 embankment crest reaches elevation 500. This modification will provide 
Mach Mining, LLC with more slurry storage capacity and additional flexibility in the timing of 
disposal of coarse and fine coal refuse at the impoundment complex. 

After the totally incised into natural ground portion of the Phase 4 impounding area is filled with fine 
coal refuse, it is proposed to keep the Phase 6 embankment at least a design storm volume (one 72-
hour duration probable maximum rainfall) in elevation above the fine coal refuse/water level in 
Phase 4. Storm water drawdown of the runoff from the design rainfall storm in 10 days or less will 
be accomplished by the use of diesel pumps. After the principal spillway/decant pipe is installed in 
Phase 7, Stage 6, the runoff from one 72-hour duration probable maximum rainfall can be drawn 
down in less than 10 days by the pipe. 

The revised staging provides for 2.3 years of coarse coal refuse disposal and 2.8 years of fine coal 
refuse disposal beyond February 1, 2011. The staging computations were revised to account 
for Phase 4 and Phase 6 impoundment and embankment volume changes due to ground subsidence 
caused by longwall mining in Panel No. 2 and the incised portion of Phase 4. 

Design Considerations and Analysis 

1. Pumping Into Phases 4 and 6 

The bottom portion of the Phase 4 impoundment area has been incised into natural ground to 
provide an additional slurry storage volume of 251 ,000 cubic yards. It is proposed to pump into 
the totally incised area, in combination with finishing pumping into Phase 5, while the Phase 6 

124 Ph ilpott Lane • Raleigh County Airport Industrial Park • Beaver, WV 258 13-9502 • TELE: (304) 255-0491 • FAX: (304) 255-4232 
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Mr. Larry Crislip 
ILLINOIS ENVIRONMENTAL 
PROTECTION AGENCY 
April 19, 2011 
Page 2 

embankment is built. The Phase 6 embankment will be kept one design rainfall runoff volume 
above the fine coal refuse level in Phase 4 to provide for a buttressing embankment around the 
east and west sides of the Phase 4 embankment. 

Stability analysis performed for the most critical times during pumping into Phase 4 are enclosed. 
Slope stability safety factors of greater that 1.5 and 1.2 for the static and seismic conditions, 
respectively, were obtained 

The design rainfall for Phases 4, 6, and 7 has been changed from two times the 72-hour duration 
probable maximum precipitation (PMP), with drawdown by pumps of one storm in 30 days or 
less, to one 72-hour duration PMP, 90 percent of which is to be pumped out in IO days or less. A 
maximum pumping capacity of 6,039 gallons per minute is required. Sufficient diesel pumps and 
piping are present and will be kept at the mine site to meet the I 0-day drawdown criteria. 

2. Elimination of Phase 7B 

Phase 7B was previously proposed to be placed in the Phase 4 impoundment area on the north 
side of the Phase 3 embankment. Elimination of Phase 7B provides additional fine coal refuse 
slurry storage capacity and additional coarse coal refuse for impoundment capping and 
embankment construction. One of its initial purposes was to provide a lining/buttress between 
the Phase 7 pool and the potentially cracked Phase 3 embankment after the Phase 3 embankment 
is undermined. Subsequent analyses and undermining experience at the refuse disposal area have 
determined that cracking of the north side of the Phase 3 embankment should not present a 
problem regarding the Phase 4/6/7 impoundment pool. Any cracking of the Phase 3 north 
embankment w ill be sealed in accordance with the specifications prior to pumping slurry in the 
Phase 4/6/7 pool above the incise volume. We performed slope stability analyses and determined 
that adequate factors of safety exist with Phase 7B removed. 

Stability analyses were performed for the most critical times during the construction of Phase 7 to 
evaluate the effect of eliminating Phase 7B. Slope stability safety factors of greater that 1.5 and 
1.2 for the static and seismic conditions, respectively, were obtained with Phase 7B removed. 

Flood storage requirements and flood routings were performed to determine various maximum 
allowable slurry levels versus embankment crest elevations for Phases 4, 6, and 7. Previously 
submitted Phases 4, 6, and 7 impoundment storage values have been revised to account for the 
incised portion of the pool and the removal of Phase 7B. Revised flood storage computations 
were done to account for additional flood storage capability due to the removal of Phase 7B. 

A flood routing was done to take into account the discharge capacity of the Phase 7, Step 6 
spillway/decant pipe. As a result, we were able to raise the Phase 7, Step 6 principal spi llway 
pipe riser inlet elevation and maximum allowable slurry elevation from 530.0 to 53 1.1 and sti ll 
maintain the required amount of embankment freeboard. 

Computations for the above mentioned analysis are enclosed. 
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Mr. Larry Crislip 
ILLINOIS ENVIRONMENTAL 
PROTECTION AGENCY 
April 19, 2011 
Page 3 

Revised Documents 

The following enclosed plan documents have been revised and should be used in conjunction with 
our July 2009 and March 2010 plan submittal reports: 

I. Report narrative and table of contents. 

2. Revised computations concerning impoundment and embankment volumes, drainage areas, 
available and required storm water removal pumping capacity, embankment construction 
times, storm storage requirements, fine coal refuse pumping time provided, storm 
drawdown pumping requirements and capacity, flood routing for the Phase 7 principal 
spillway/decant pipe, and slope stability analysis for the removal of Phase 7B and pumping 
into Phases 4 and 6. 

3. Revisions to Drawing Nos. B05-330-M31 , B05-330-M34, B05-330-M33, B05-330-E13, and 
B05-330-£22. These drawings have been revised to show: (1) the elimination of Phase 7B, 
(2) the topographic data for the incised portion of Phase 4, (3) maximum allowable slurry 
levels, ( 4) revised embankment volumes, (5) a revised allowable fine coal refuse elevation 
graph, and (6) a revised stage-storage volume graph for Phase 7. 

( If you have any questions, or require additional information, please contact us. 

l 

Respectively submitted, 

ALLIANCE CONSULTING, INC. 

~ p,r/__ 
Principal Engineer 

CEY:knb 
Enclosures 

File: 11179-02 

Lll 
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Williamson Energy, LLC 
PO Box 99 
Johnston City, IL 62951 
Office: 618-983-3020 Fax: 618-983-3017 

April 15, 2011 

Mr. Scott Fowler 
ILLINOIS DEPARTMENT OF NATURAL RESOURCES 
Land Reclamation Division 
503 E. Main, FL 001 
Benton, IL 62812 

Re: Permit No. 375, Coal Refuse Disposal Facility No. 2, Phases 4 Through 7 

Dear Mr. Fowler: 

Please accept this letter as authorization for Alliance Consulting, Inc. (Alliance) to 
perform work on the above-referenced Plan Modification and make corrections as 
necessary. Please send copies of any comments to Alliance as well as Williamson 
Energy, LLC. 

Should you have any questions or require additional information, please do not hesitate 
to contact me. 

Respectfully submitted, 

WILLIAMSON ENERGY, LLC 
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Alliance LI 
Consulting, Inc. 

Engineers · Constructors · Scientists 
April 18, 2011 

Mr. Scott Fowler 
ILLINOIS DEPARTMENT OF NATURAL RESOURCES 
Land Reclamation Division 
One Natural Resources Way 
Springfield, IL 62702-1271 

Dear Mr. Fowler: 

Transmittal 
Permit No. 375 

Pond Creek No. I Mine 
Coal Refuse Disposal Facility No. 2 

Phases 4 Through 7 

Project No. Bl 1-179-1413 

On behalf of our client, Williamson Energy, LLC, please find attached three copies of 
Incidental Permit Revision for your approval. Two copies of the application have been submitted to 
Larry Crislip. The impoundment plan has been modified to provide for pumping into Phase 4 of the 
impoundment and elimination of Phase 7B from the plan. 

The current approved plan requires that slurry pumping into the Phase 4/6/7 impoundment area will 
not begin until the Phase 7 embankment crest reaches elevation 500. This modification will provide 
Mach Mining, LLC with more slurry storage capacity and additional flexibility in the timing of 
disposal of coarse and fine coal refuse at the impoundment complex. 

After the totally incised into natural ground portion of the Phase 4 impounding area is filled with fine 
coal refuse, it is proposed to keep the Phase 6 embankment at least a design storm volume (one 72-
hour duration probable maximum rainfall) in elevation above the fine coal refuse/water level in 
Phase 4. Storm water drawdown of the runoff from the design rainfall storm in IO days or less will 
be accomplished by the use of diesel pumps. After the principal spillway/decant pipe is installed in 
Phase 7, Stage 6, the runoff from one 72-hour duration probable maximum rainfall can be drawn 
down in less than IO days by the pipe. 

The revised staging provides for 2.3 years of coarse coal refuse disposal and 2.8 years of fine coal 
refuse disposal beyond February I, 2011. The staging computations were revised to account 
for Phase 4 and Phase 6 impoundment and embankment volume changes due to ground subsidence 
caused by longwall mining in Panel No. 2 and the incised portion of Phase 4. 

Design Considerations and Analysis 

I. Pumping Into Phases 4 and 6 

The bottom portion of the Phase 4 impoundment area has been incised into natural ground to 

124 Philpott Lane • Raleigh County Airport Industrial Park • Beaver, WV 25813-9502 • TELE: (304) 255-0491 • FAX: (304) 255-4232 
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Mr. Scott Fowler 
ILLINOIS DEPARTMENT OF NATURAL RESOURCES 
April 18, 2011 
Page2 

provide an additional slurry storage volume of251,000 cubic yards. It is proposed to pump into 
the totally incised area, in combination with finishing pumping into Phase 5, while the Phase 6 
embankment is built. The Phase 6 embankment will be kept one design rainfall runoff volume 
above the fine coal refuse level in Phase 4 to provide for a buttressing embankment around the 
east and west sides of the Phase 4 embankment. 

Stability analysis performed for the most critical times during pumping into Phase 4 are enclosed. 
Slope stability safety factors of greater that 1.5 and 1.2 for the static and seismic conditions, 
respectively, were obtained 

The design rainfall for Phases 4, 6, and 7 has been changed from two times the 72-hour duration 
probable maximum precipitation (PMP), with drawdown by pumps of one storm in 30 days or 
less, to one 72-hour duration PMP, 90 percent of which is to be pumped out in 10 days or less. A 
maximum pumping capacity of 6,039 gallons per minute is required. Sufficient diesel pumps and 
piping are present and will be kept at the mine site to meet the IO-day drawdown criteria. 

2. Elimination of Phase 7B 

Phase 7B was previously proposed to be placed in the Phase 4 impoundment area on the north 
side of the Phase 3 embankment. Elimination of Phase 7B provides additional fine coal refuse 
slurry storage capacity and additional coarse coal refuse for impoundment capping and 
embankment construction. One of its initial purposes was to provide a lining/buttress between 
the Phase 7 pool and the potentially cracked Phase 3 embankment after the Phase 3 embankment 
is undermined. Subsequent analyses and undermining experience at the refuse disposal area have 
determined that cracking of the north side of the Phase 3 embankment should not present a 
problem regarding the Phase 4/6/7 impoundment pool. Any cracking of the Phase 3 north 
embankment will be sealed in accordance with the specifications prior to pumping slurry in the 
Phase 4/6/7 pool above the incise volume. We performed slope stability analyses and determined 
that adequate factors of safety exist with Phase 7B removed. 

Stability analyses were performed for the most critical times during the construction of Phase 7 to 
evaluate the effect of eliminating Phase 7B. Slope stability safety factors of greater that 1.5 and 
1.2 for the static and seismic conditions, respectively, were obtained with Phase 7B removed. 

Flood storage requirements and flood routings were performed to determine various maximum 
allowable slurry levels versus embankment crest elevations for Phases 4, 6, and 7. Previously 
submitted Phases 4, 6, and 7 impoundment storage values have been revised to account for the 
incised portion of the pool and the removal of Phase 7B. Revised flood storage computations 
were done to account for additional flood storage capability due to the removal of Phase 7B. 

A flood routing was done to take into account the discharge capacity of the Phase 7, Step 6 
spillway/decant pipe. As a result, we were able to raise the Phase 7, Step 6 principal spillway 
pipe riser inlet elevation and maximum allowable slurry elevation from 530.0 to 531.1 and still 
maintain the required amount of embankment freeboard. 

Computations for the above mentioned analysis are enclosed. 
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Revised Documents 

The following enclosed plan documents have been revised and should be used in conjunction with 
our July 2009 and March 2010 plan submittal reports: 

I. Report narrative and table of contents. 

2. Revised computations concerning impoundment and embankment volumes, drainage areas, 
available and required storm water removal pumping capacity, embankment construction 
times, storm storage requirements, fine coal refuse pumping time provided, storm 
drawdown pumping requirements and capacity, flood routing for the Phase 7 principal 
spillway/decant pipe, and slope stability analysis for the removal of Phase 7B and pumping 
into Phases 4 and 6. 

3. Revisions to Drawing Nos. B05-330-M31, B05-330-M34, B05-330-M33, B05-330-E13, and 
B05-330-E22. These drawings have been revised to show: (I) the elimination of Phase 7B, 
(2) the topographic data for the incised portion of Phase 4, (3) maximum allowable slurry 
levels, (4) revised embankment volumes, (5) a revised allowable fine coal refuse elevation 
graph, and (6) a revised stage-storage volume graph for Phase 7. 

If you have any questions, or require additional information, please contact us. 

Respectively submitted, 

ALLIANCE CONSULTING, /NC. 

~p)Y-
Principal Engin7° 

CEY:knb 
Enclosures 

File: 11179-01 
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AllianceO 
Consulting, Inc. 

Engineers · Constructors · Scientists 

Mr. Michael L. Diedrichsen, P. E. 

April 19,201 I 

ILLINOIS DEPARTMENT OF NATURAL RESOURCES 
One Natural Resources Way 
Springfield, IL 62702-1271 

Dear Mr. Diedrichsen: 

Transmittal 
Plan Modification 

Coal Refuse Disposal Facility No. 2 
Phases 4 Through 7 

ID No. 20061019 

Project No. BJ J-180-1413 

On behalf of our client, Williamson Energy, LLC, please find attached a copy of a plan modification 
report for your approval. We have sent copies of applications to the Office of Mines & Minerals and 
Illinois Environmental Protection Agency. The impoundment plan has been modified to provide for 
pumping into Phase 4 of the impoundment prior to completion of Phase 6 and elimination of Phase 
7B from the plan. 

The current approved plan requires that slurry pumping into the Phase 4/6/7 impoundment area will 
not begin until the Phase 7 embankment crest reaches elevation 500. This modification will provide 
Mach Mining, LLC with more slurry storage capacity and additional flexibility in the timing of 
disposal of coarse and fine coal refuse at the impoundment complex. 

After the totally incised into natural ground portion of the Phase 4 impounding area is filled with fine 
coal refuse, it is proposed to keep the Phase 6 embankment at least a design storm volume (one 72-
hour duration probable maximum rainfall) in elevation above the fine coal refuse/water level in 
Phase 4. Storm water drawdown of the runoff from the design rainfall storm in 10 days or less will 
be accomplished by the use of diesel pumps. After the principal spillway/decant pipe is installed in 
Phase 7, Stage 6, the runoff from one 72-hour duration probable maximum rainfall can be drawn 
down in less than 10 days by the pipe. 

The revised staging provides for 2.3 years of coarse coal refuse disposal and 2.8 years of fine coal 
refuse disposal beyond February I, 20 I 1. The staging computations were revised to account 
for Phase 4 and Phase 6 impoundment and embankment volume changes due to ground subsidence 
caused by longwall mining in Panel No. 2 and the incised portion of Phase 4. 

Design Considerations and Analvsis 

I. Pumping Into Phases 4 and 6 

The bottom portion of the Phase 4 impoundment area has been incised into natural ground to 
provide an additional slurry storage volume of 25 I ,000 cubic yards. It is proposed to pump into 

12'1 Philpott Lane • Raleigh County Airport lndustnal hrk · Beaver, WV 25813-9502 • TELE: (30Li) 255-0491 • FAX: (304) 255-4232 
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the totally incised area, in combination with finishing pumping into Phase 5, while the Phase 6 
embankment is built. The Phase 6 embankment will be kept one design rainfall runoff volume 
above the fine coal refuse level in Phase 4 to provide for a buttressing embankment around the 
east and west sides of the Phase 4 embankment. 

Stability analysis performed for the most critical times during pumping into Phase 4 are enclosed. 
Slope stability safety factors of greater that l .5 and 1.2 for the static and seismic conditions, 
respectively, were obtained 

The design rainfall for Phases 4, 6, and 7 has been changed from two times the 72-hour duration 
probable maximum precipitation (PMP), with drawdown by pumps of one storm in 30 days or 
less, to one 72-hour duration PMP, 90 percent of which is to be pumped out in 10 days or less. A 
maximum pumping capacity of 6,039 gallons per minute is required. Sufficient diesel pumps and 
piping are present and will be kept at the mine site to meet the 10-day drawdown criteria. 

2. Elimination of Phase 7B 

Phase 7B was previously proposed to be placed in the Phase 4 impoundment area on the north 
side of the Phase 3 embankment. Elimination of Phase 7B provides additional fine coal refuse 
slurry storage capacity and additional coarse coal refuse for impoundment capping and 
embankment construction. One of its initial purposes was to provide a lining/buttress between 
the Phase 7 pool and the potentially cracked Phase 3 embankment after the Phase 3 embankment 
is undermined. Subsequent analyses and undermining experience at the refuse disposal area have 
determined that cracking of the north side of the Phase 3 embankment should not present a 
problem regarding the Phase 4/6/7 impoundment pool. Any cracking of the Phase 3 north 
embankment will be sealed in accordance with the specifications prior to pumping slurry in the 
Phase 4/6/7 pool above the incise volume. We performed slope stability analyses and determined 
that adequate factors of safety exist with Phase 7B removed. 

Stability analyses were performed for the most critical times during the construction of Phase 7 to 
evaluate the effect of eliminating Phase 7B. Slope stability safety factors of greater that I .5 and 
1.2 for the static and seismic conditions, respectively, were obtained with Phase 7B removed. 

Flood storage requirements and flood routings were performed to determine various maximum 
allowable slurry levels versus embankment crest elevations for Phases 4, 6, and 7. Previously 
submitted Phases 4, 6, and 7 impoundment storage values have been revised to account for the 
incised portion of the pool and the removal of Phase 7B. Revised flood storage computations 
were done to account for additional flood storage capability due to the removal of Phase 7B. 

A flood routing was done to take into account the discharge capacity of the Phase 7, Step 6 
spillway/decant pipe. As a result, we were able to raise the Phase 7, Step 6 principal spillway 
pipe riser inlet elevation and maximum allowable slurry elevation from 530.0 to 531.1 and still 
maintain the required amount of embankment freeboard. 

Computations for the above mentioned analysis are enclosed. 
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Revised Documents 

The following enclosed plan documents have been revised and should be used in conjunction with 
our July 2009 and March 20 IO plan submittal reports: 

l. Report narrative and table of contents. 

2. Revised computations concerning impoundment and embankment volumes, drainage areas, 
available and required storm water removal pumping capacity, embankment construction 
times, storm storage requirements, fine coal refuse pumping time provided, storm 
drawdown pumping requirements and capacity, flood routing for the Phase 7 principal 
spillway/decant pipe, and slope stability analysis for the removal of Phase 7B and pumping 
into Phases 4 and 6. 

3. Revisions to Drawing Nos. B05-330-M3 l, B05-330-M34, B05-330-M33, B05-330-El3, and 
B05-330-E22. These drawings have been revised to show: (I) the elimination of Phase 7B, 
(2) the topographic data for the incised portion of Phase 4, (3) maximum allowable slurry 
levels, (4) revised embankment volumes, (5) a revised allowable fine coal refuse elevation 
graph, and (6) a revised stage-storage volume graph for Phase 7. 

If you have any questions, or require additional information, please contact us. 

Respectively submitted, 

ALL/AN, CONSULTING, INC. 

Cl~P-~ 
rincipal Engineer 

CEY:knb 
Enclosures 

File: 11180-01 

.--JI! 
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REPORT 
ENGINEERING DESIGN PLAN 

PROPOSED COAL REFUSE DISPOSAL FACILITY NO. 2 
MACH#lMINE 

WILLIAMSON ENERGY, LLC 
WILLIAMSON COUNTY, ILLINOIS 

JOHNSON CITY, ILLINOIS 

1.0 INTRODUCTION 

Plans have been developed for the construction of a coarse and fine coal refuse disposal facility 
to be located near Johnston City in Williamson County, Illinois. The proposed coal refuse 
disposal facility will provide disposal capacity for both coarse and fine coal refuse produced by 
the Mach #1 mine coal preparation plant located approximately 0.25 mile west of the proposed 
facility. The location of the site is just southwest of the intersection ofDwina Road and Dean 
Road and is shown on Figure No. 1. 

The plan, as presented herein, provides for the disposal of approximately 4 years of coarse coal 
refuse and 7 years of fine coal refuse based on production rates provided by Williamson Energy 
operations for Williamson Energy LLC (Williamson Energy). The facility shall be constructed in 
five phases of coarse coal refuse embankment construction (Phases 3 through 7). During the 
initial construction of the Disposal Facility No. 2, fine coal refuse shall be disposed in the 
Disposal Facility No. 1 impoundmentl1l MSHA ID No. 1211-IL08-03141-02 (Phases 1 and 2). 

The proposed facility has been designed as a high hazard impoundment using the Probable 
Maximum Flood (PMF) storm event. Based on the design production rates, at the 1-year 
anniversruy of initial impounding capability and thereafter, the facility will be capable of storing 
the runoff associated with the design storm event. The stored runoff volume, as well as 
operational water, shall be evacuated using a pump for Phases 4 and 6 and decant pipes for 
Phases 3, 5 and 7. 

Combination sedimentation and perimeter ditches, access road gutters and bench gutters have 
been specified to convey storm runoff away from the embankment in a controlled manner. The 
ditches have been designed for routing the runoff associated with the 100-year, 6-hour recurrence 
interval storm event. 

This report presents the design drawings, guideline teclmical specifications (Appendix A), and 
calculations (Appendix B) necessruy for the design and construction of the embankment. The 
laboratory data and boring logs are contained in Appendices C and D, respectively. 

Cl) Alliance Consulting, Inc. report entitled "Report, Engineering Design Plan, Proposed Coal Refuse Disposal 
Facility, Pond Creek Mine No. I, Williamson County, Illinois" prepared for Williamson Energy, LLC, Beckley, 
West Virginia, dated April 2006. 
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2.0 EXISTING SITE CONDITIONS 

2.1 Site Characteristics 

The general area of the proposed impoundment has previously been used for agricultural 
purposes and has relatively flat to mild slopes to the ridgeline at approximate Elevation 572. 
The surrounding landscape is characterized by extensive agricultural and rural residential 
land use. Regionally, the proposed permit area is located on the southern shelf of the Illinois 
Basin in the Mt. Vernon Hill Country physiographic division. Surrounding landforms are 
the results of both Wisconsinian glaciations and normal degradation processes such as 
weathering, mass wasting, and stream erosion. Surrounding topography is characterized by 
generally flat ridge tops, moderately steep hill slopes and broad flat valley floors associated 
with major streams. The local drainage pattern is dendritic reflecting the regional generally 
horizontal bedrock stratigraphy. The total relief of the Facility No. 2 footprint is 
approximately 32 feet ranging from approximately 436' to 468' above mean seal level 
(based on aerial photography). 

Glacial deposits of the Carmi Member of the Equality Formation, consisting of quiet water 
lake silt and clay, constituted the original surface materials within the proposed permit area. 

2.2 Geology 

The proposed permit area is underlain by lower Pennsylvanian age rocks consisting of shale, 
sandstone, and siltstone with minor underclay, coal and limestone. These sequences reflect 
fluctuating shorelines, deltas, and shallow seas indicating deltaic, fluvial, and coal swamp 
depositional environments. These bedrock units can be highly variable in thickness and 
continuity. Mississippian rocks unconformably underlie the Pennsylvanian, however, they do 
not outcrop in the subject area and were not penetrated during exploration drilling. 

The major stratigraphic marker is the Herrin No. 6 coal which is generally uniform and 
continuous in the subject area and occurs at approximate Elevation IO beneath the proposed 
refuse disposal facility. Shale and sandstone units in the subject area exhibit a high degree of 
lateral facies changes and interbedding. The Herrin No. 6 seam is described as a normal 
bright-banded coal with a lower portion that contains a prominent claystone parting. The 
base of the Herrin No. 6 exhibits an undulating surface with a general structural trend toward 
the north-northeast dipping approximately 60 feet per mile. No major faults or other 
slruclural anomalies are known to be present within the proposed permit. 

3.0 MINING OPERATIONS AND COAL REFUSE PRODUCTION 

3 .1 Mining Operations 

The Herrin No. 6 coal seam (average Elevation IO feet above mean sea level) is proposed to 
be mined by both longwall and conventional mining techniques beneath the footprint area of 
the proposed facility. The disposal plan has been staged to minimize the impacts of the 
mining on the integrity of the embankments. Due to the timing of the proposed mining, it 
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Based on a report prepared by Syd S. Peng, etai<2l, it is anticipated that substantially all of the 
significant surface subsidence resulting from the longwall mining activities should occur 
within approximately 14 to 21 days following longwall mining. Phase 3 shall be filled to 
capacity with fine coal refuse and the impounding capability eliminated before being mined 
under. Prior to the deposition of the fines, but following the subsidence period, a 
downstream stage (Phase 6) will be constructed around the Phase 4 impoundment area. This 
phase essentially "rings" the initial embankment and should serve to mitigate any cracks that 
may have developed in the initial embankment as a result of the subsidence. Internal drains 
have been specified for the Phase 3, 5, and 6 embankments to collect and convey potential 
seepage. Based on the predicted subsidence, the drains have been designed so that positive 
drainage will occur post subsidence. Also, as discussed in Section 6 of this report, observed 
cracks in the pool area of Phase 4, on the upstream and downstream slopes of Phase 4, the 
pool area and foundation area of Phase 5, and the foundation area of Phase 6 shall be over 
excavated to a depth of at least 4 feet and backfilled with compacted coarse coal refuse. 

Subsidence monitoring baselines will be used to calibrate the subsidence prediction model 
and compare predicted to actual subsidence due to mining. The location of the baselines are 
shown on Figure No. 17 and the monitoring plan is discussed in Appendix F. 

Concerning breakthrough potential, the Bureau of Mines Information Circular 8741 
recommends an overburden thickness equal to 60 times the extraction height for total 
extraction mining. The lowest level of the proposed pool area is Elevation 426, and the 
bottom of coal seam is at average Elevation 10 feet with an extraction height of 6.5 feet. 
Therefore, the existing overburden thickness is greater than the recommended thickness and 
there is no significant potential for a catastrophic breakthrough of fine coal refuse slurry into 
the mine to occur. 

Chapter 8, Section 25 of the MSHA Coal Mine Inspection and Plan Review Handbook, 
October, 2007, recommends a pillar factor of safety should be greater than 2.0 for the long
term support of critical areas. The maximum crest elevation of the proposed embankment is 
538 which create an overburden height of 528 feet. Based on these dimensions, the ALPS 
factor of safety is 2.30, which is greater than the recommended minimum of 2.0. 

Based on these conditions and recommended guidelines, it is expected that no adverse 
effects shall impact the stability or breakthrough potential of the impoundments. 

No significant depth of impoundment water will be allowed prior to any of the required 
remediation of subsidence disturbance prior to the raising of the post-subsidence stages to a 
suitable elevation. 

(')Report entitled "Prediction of Ground Movement Parameters due to Longwall Mining During different Phases of 
Impoundments", prepared by Syd S. Peng and Thomas Du, Department of Mining Engineering, West Virginia 
University, May 2009. 

-3-
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3 .2 Coal Refuse Production 

Based on information provided by Williamson Energy, the following annual production 
quantities, beginning with the first year of plant operation, were used in the design ( see 
Calculations in Appendix B). 

• Coarse Coal Refuse 

• Fine Coal Refuse 

Prior to longwall startup 
After longwall startup 
Fur Phases 6 arnl 7 

Prior to longwall startup 
After longwall startup 
For Phases 4, 5, 6 and 7 

34,330 cubic yards/year 
2.53 million cubic yards/year 
2.20 million cubic yards/year 

17,945 cubic yards/year 
1.32 million cubic yards/year 
1. 77 million cubic yards/year 

4.0 SUBSURFACE EXPLORATION 

4.1 Subsurface Exploration 

During the month of February 2006, a subsurface exploration program consisting of drilling 
one soil boring (No. 8874) was conducted within the footprint of the proposed embankment. 
The intent of the program was to obtain soil samples to define the conditions and 
engineering characteristics relative to the construction and operation of the fine coal refuse 
slurry disposal impoundment. In addition to this soil boring, the results of a previous 
subsurface exploration program performed by Holcomb Foundation Engineering Co. 
(Holcomb) are presented in Appendix C and indicate the following: 

• Sample number, type, standard penetration test blow counts, and depth; 
• An overall description of the consistency, color and character of the soil; and, 
• Indication of the observed groundwater level in the boreholes at the time of 

drilling. 

The locations of the borings are depicted on Figure No. 2. 

Generally, the soils encountered beneath the dam footprint consist of brown and gray silty 
clay with sand and pebbles. The thickness of the soil varied from 12.5' to 22.5' while the 
surface elevation for the borings varied from Elevation 438.5± to Elevation 473.0±. Each 
of the borings was terminated at the top of the bedrock. 

Groundwater was encountered in two (2) of the seven (7) borings (i.e. Nos. 8293 and 
8295). Following drilling, the depth from the ground surface to groundwater level varied 
from 10 to 13.5 feet or from Elevation 432.4± to Elevation 438.5± in the borings. 

-4-
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5.0 FIELD AND LABORATORY TESTING 

5.1 Soil 

Samples of the soils obtained during the subsurface exploration program from Boring No. 
8874 were used for laboratory testing. The scope of the testing is discussed below and the 
results are presented in Appendix D. 

Visual classification tests were performed by Holcomb on the split spoon samples obtained 
during drilling. Samples from the borings represent the foundation conditions for the 
proposed embankment. Additional testing performed on the borings included the following: 

, Grain Size Analysis - Grain size analysis were performed on a sample from 
Boring No. 8874; 

, Atterberg Limits Test - Atterberg Limits tests were performed on a sample from 
Boring No. 8874; 

• Unit Weight Determination - Performed on a Shelby tube sample from Boring 
No. 8874; and, 

, Shear Strength Test - A consolidated, undrained triaxial shear strength test with 
pore pressure measurements was performed on a Shelby tube sample from Boring 
No. 8874. 

5 .2 Coarse Coal Refuse 

The proposed embankment shall be constructed with coarse coal refuse. The coarse coal 
refuse used to construct the embankment has been sampled from the Mach #1 Mine coal 
processing plant and has undergone laboratory testing. The scope of the testing is discussed 
below and results are presented in Appendix C. 

, Grain Size Analysis - A grain size analysis was performed on the coarse coal 
refuse sample. 

, Shear Strength Test - A consolidated, undrained triaxial shear strength test with 
pore pressure measurements was performed on re-molded samples of the coarse 
coal refuse. Material from the sample was re-molded to a density equivalent to 
approximately 95 percent of Standard Proctor maximum dry density. 

, Permeability - A constant head permeability test was performed on a re-molded 
sample to determine the permeability characteristics of the coarse coal refuse for 
the embankment construction. The sample was compacted to approximately 95 
percent of the Standard Proctor maximum dry density. 

, Compaction Test - A Standard Proctor compaction test was performed on the 
coarse coal refuse sample. 

-5-
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5.3 Fine Coal Refuse 

Two fine coal refuse bulk samples were obtained from the South Pond (Phase 2) for 
laboratory testing. The scope of the testing is discussed below and the results are presented 
in Appendix I 1

C
3J (under separate cover). . 

• Moisture Content - Moisture contents were performed on the two fine coal 
refuse samples. 

• Grain-size Analysis - Grain size distribution analysis was performed on the two 
fine coal refuse samples (sieve and hydrometer). 

• Atterburg Limits - Atterberg Limit tests were performed on the two fine coal 
refuse samples. 

• Specific Gravity - Specific gravity tests were performed on the two fine coal 
refuse samples. 

• Shear Strength- Six consolidated - undrained triaxial tests were run on 
remolded fine coal refuse samples. These six tests included moisture content 
and total and dry density determinations. 

5.4 Piezo-Seismic Cone Penetration Testing 

• Fifteen piezo-seismic cone penetration soundings were performed at the Pond Creek site 
to measure tip stress, sleeve stress, pore water pressure, and shear wave velocities. The 
testing g was used to correlate index and strength parameters for the coarse coal refuse 
and foundation soil and for use in a deformation analysis. 

• The testing data and results are presented in Appendix I (under separate cover). 

6.0 COAL REFUSE DISPOSAL PLAN 

The proposed plan provides disposal capacity for approximately 4 years of coarse and 7 years of 
fine coal refuse production. The plan has been developed in accordance with prudent 
engineering principles and practices and current Mine Safety and Health Administration (MSHA) 
design criteria for coal refuse disposal facilities. It is intended that the construction of the facility 
be monitored by experienced persons knowledgeable of the design, specifications and regulatory 
requirements. 

A brief description of the disposal plan is as follows: 

I. Sedimentation control for the construction of the embankment shall be provided by 
sedimentation ditches. Bench gutters and conveyance ditches shall be constructed to 
route the runoff from the embankment area to the sedimentation ditches. 

l3) GAi Consulting, Inc. report entitled "Response to MSHA CommentJ\bs. I, 3, 7, and 8, Pond Creek mine No. I, 
Coal Refuse Disposal Facility No. 2, Phases 3 and 7, Impoundment ID No. 1211-IL0S-03141-02, Williamson 
Energy, LLC, Williamson Energy Company, Williamson County, Illinois," prepared for Alliance Consulting, Inc. 
Project C090403.0l, May 2009. 

-6-
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2. Following topsoil removal, the Phase 3 embankment footprint shall be proofrolled and 
the Phase 3 embankment shall be constructed. Subsequently, the Phase 4 embankment 
footprint shall be proofrolled and Phase 4 embankment constructed followed by Phases 
5, 6 and 7. Phase 6 shall be constructed using downstream construction techniques and 
Phase 7 shall raise the Phase 6 crest. 

3. Fine coal refuse slurry may be pumped into the Phase 3 impoundment upon 
commencement of the construction of the Phase 4 embankment. The discharge line(s) 
shall be moved to result in a relatively uniform surface of fines throughout the 
impoundment and to minimize the depth of any water impounded directly against the 
embankment slope. Generally, a delta of fine coal refuse shall be maintained along the 
embankment slope. 

4. Operational pump(s) and discharge line(s) shall be maintained to remove clarified water 
and normal rainfall from the impoundment. The facility has been designed to store the 
runoff associated with a PMF design storm event. Decant pipes have been specified to 
evacuate the design storm runoff for Phases 5 and for Phase 7 after its dam crest 
elevation reaches 538. Additional pumps with independent power supplies (diesel 
motors or generators) will be kept on site and used to evacuate storm water for Phases 
3, 4, and 6; and for Phase 7 until its dam crest elevation reaches 538. 

5. An internal drainage system located within the Phases 3, 5 and 6 embankments shall be 
installed to aid in controlling the phreatic level within the embankments. 

6. Bench and road gutters shall be installed to control surface runoff and minimize 
erosion. All final surfaces shall be revegetated upon completion. 

6.1 Phase 3 

Prior to Phase 3 embankment construction, it will be necessary to initiate general site preparation 
activities to include topsoil removal and proofrolling. Soft areas encountered during the proof 
rolling shall be compacted or the material shall be removed and replaced with the same material 
as used in the Phase 3 embankment. Following proof rolling, the Phase 3 embankment shall be 
constructed using coarse coal refuse from the Mach #1 Mine coal preparation plant. The 
approximate location of the Phase 3 embankment is shown in plan and cross section on Figure 
Nos. 3 and 8, respectively, requires approximately 0.5 years of coarse coal refuse production to 
construct. Pertinent construction items include: 

I. Coarse Coal Refuse Disposal - Phase 3 involves constructing an embankment 50 feet 
high to Elevation 500 using coarse coal refuse. As shown on Figure No. 8, the 
upstream slope of the embankment shall be constructed on a grade of2.6H: 1 V and the 
downstream slope shall be on a grade of 3H:1 V. 

2. Fine Coal Refuse Disposal - Fine coal refuse slurry may be pumped into the 
impoundment upon the end of Phase 3 construction. Periodic relocation of the slurry 
discharge line shall be performed to promote a more uniform distribution of the fine 

-7-



R14884

coal refuse and to minimize the depth of clarified water impounded directly against the 
embankment slope. 

3. Pump Installation -An operational pump, of sufficient capacity to remove clarified 
water and normal precipitation, and associated discharge lines shall be installed during 
construction of Phase 4. The pump shall discharge into Sediment Pond No. 6 and/or 
the Freshwater Pond. Additional pumps will be kept available on site to evacuate 90 
percent of the design storm in 10 days or less. 

4. Internal Drain - An internal drainage system consisting of a perforated pipe and gravel, 
both wrapped with filter fabric, shall be installed during the construction of Phase 3 to 
aid in controlling the phreatic level within the embankment. The location and invert 
elevations for the internal drain are presented on Figure No. 3. Details pertaining to 
the drain construction are provided in the guideline technical specifications and on 
Figure No. I 0. 

5. Surface Drainage - Sedimentation/perimeter ditches shall be constructed as shown on 
Figure No. 3, to collect surface water and clarify the runoff before it is discharged into 
an existing channel. Ditch details are included on Figure Nos. I 0, 11 and 12. 

6. Instrumentation - Piezometer Nos. P-6, P-7, and P-8 shall be installed during Phase 3 
construction at the locations shown on Figure No. 3. The proposed piezometer tip 
elevations are presented on Figure No. 15 and the piezometer installation detail is 
presented on Figure No. 13. Pressure transducers PN-1 and PN-2 (pneumatic 
piezometers or vibrating wire piezometers) and inclinometers I-1 and I-2 shall be 
installed in the Phase 3 embankment prior to undermining the phase. Their locations 
are shown on Figure No. 3. The proposed pressure transducer elevations are shown on 
Figure No. 16 and the installations details for the transducers and inclinometers are 
shown on Figure No. 13. 

7. The impounding embankment of Phase 3 will be completed and slurry pumping into 
the impoundment will be completed before mining beneath the phase occurs. The 
Phase 3 impoundment will be capped before undermining occurs. Based on 
subsidence predictions, the internal drainage system for the embankment has been 
redesigned to continue to function post-subsidence. Any disruption of surface drainage 
features due to subsidence will be repaired. In the unlikely event embankment cracking 
and potential loss of slurry occurs during unde1mining of Phase 3, a contingency 
buttress and blanket drain have been designed as shown on Figure No. 13. 

6.2 Phase 4 

Phase 4, which is shown in plan and cross section on Figure Nos. 4 and 8, respectively, requires 
approximately 0.5 years of coarse coal refuse production to construct. Pertinent construction 
items include: 

I. Embankment Construction - The Phase 4 embankment shall be situated approximately 
as shown on Figure No. 4 with an upstream toe at Elevation 446± and a final crest at 

II 
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2. 

3. 

Elevation 492. The embankment will require the placement of approximately 1.33 
million cubic yards of coarse coal refuse. The material used for the embankment 
construction shall be compacted to 95 percent of Standard Proctor maximum dry 
density. The moisture content of the material shall be within-2 to +3 percent of the 
optimum moisture content. As indicted on Figure No. 8 the upstream and downstream 
slopes of the Phase 4 embankment shall be constructed on a grade of 3 (horizontal) to 1 
(vertical). 

Fine Coal Refuse Disposal - During construction of the Phase 4 embankment, the fine 
coal refuse slurry shall continue to be pumped into the Phase 2 and 3 impoundments. 
Near the end of Phase S's fine coal refuse storage capacity, slurry will be pumped into 
the incised into natural ground part of the Phase 4 pool. It is anticipated that when 
slurry pumping begins in Phase 4 any undetected subsidence cracks in the Phase 4 
embankment and foundation will be sealed by the slurry. Phase 4 will be buttressed to 
the south by Phase 3, which will be already completed and full of slurry; by Phase 6 to 
the east and west, which will be built post-subsidence; and by Phase 5 to the north, 
which will be also built post-subsidence. After the slurry level in Phase 4 exceeds the 
incised portion of the pool, Phase 6 will be kept constructed to one 72-hour PMF flood 
storage volume above the Phase 4 slurry level. 

Pump Installation - An operational pump, of sufficient capacity to remove clarified 
water and normal precipitation, and associated discharge lines shall be installed during 
construction of Phase 4. The pump shall discharge into Sediment Pond No. 6 and/or 
the Freshwater Pond. Additional pun1ps will be kept available on site to excavate 90 
percent of the design storm in IO days or less. 

Phase 4 is an intermediate phase in preparation for the construction of Phases 5, 6, and 7. No 
slurry will be pumped into Phase 4 until after it has been undermined and no internal drainage 
features are included in this phase. Undermining of the Phase 4 embankment will occur shortly 
after its construction. The embankment and pool area of this phase will be examined for 
subsidence cracks and repairs will be made as. needed. 

6.3 Phase 5 

Phase 5 will be built post-undermining. Prior to Phase 5 embankment construction, the Phase 5 
cell shall be excavated and general site preparation activities including topsoil removal, 
subsidence crack sealing, and proof rolling. Soft areas encountered during the proof rolling shall 
be compacted or the material shall be removed and replaced with the same material as used in the 
Phase 5 embankment. Following subsidence crack sealing and proof rolling, the Phase 5 
embankment shall be constructed using coarse coal refuse from the Mach # I Mine preparation 
plant. The approximate location of the Phase 5 embankment is shown in plan and cross section 
on Figure Nos. 5 and 8, respectively, requires approximately 0.6 years of coarse coal refuse 
production to construct. Pertinent construction items include: 

I. Coarse Coal Refuse Disposal - Phase 5 involves constructing an embankment 50 feet 
high to Elevation 48 8 using coarse coal refuse. The upstream slope of the embankment 
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shall be constructed on a grade of 3H: 1 V and the downstream slope shall be on a grade 
of3H:IV. 

2. Fine Coal Refuse Disposal - Fine coal refuse slurry may be pumped into the 
impoundment throughout Phase 5 construction. The average settled fine coal refuse 
level is expected to rise to Elevation 432± by the completion of the phase. Periodic 
relocation of the slurry discharge line shall be performed to promote a more uniform 
distribution of the fine coal refuse and to minimize the depth of clarified water 
impounded directly against the embankment slope. 

3. Internal drain -An internal drainage system consisting of either a geocomposite and 
perforated pipe or non-calcareous gravel wrapped with a geotextile and perforated 
pipe, shall be installed during the construction of Phase 5 to aid in controlling the 
phreatic level within the embankment. The location and invert elevations for the 
internal drain are presented on Figure No. 5. Details pertaining to the drain 
construction are provided in the guideline technical specifications and on Figure No. 
10. 

4. Surface Drainage - Bench gutters shall be constructed as shown on Figure No. 5, to 
collect and convey surface water runoff to the sediment ditches. Ditch details are 
presented on Figure No. 10, 11 and 12. 

5. Instrumentation- Piezometer Nos. P-9, P-10 and P-11 shall be installed during Phase 5 
construction at the locations shown on Figure No. 5. The proposed piezometer tip 
elevations are presented on Figure No. 14 and the piezometer installation detail is 
presented on Figure No. 13. 

6. Decant Pipe - Construction of the decant pipe shall be performed concurrent with the 
construction of the Phase 5 embankment. The installation includes excavating a trench 
into the embankment and placing approximately 94 feet ofHDPE pipe and appurtenant 
structures ( drop inlet, ditch, filter and drainage diaphragm and outlet drain). The drop 
inlet shall be extended vertically to Elevation 480 by adding the appropriate length of 
18-inch diameter SDR 26 HPDE pipe to the HDPE elbow attached to the transport 
section of the decant pipe. The decant pipe shall be installed in accordance with the 
details presented on Figure No. 11. 

7. Subsidence Crack Repair- The Phase 5 pool area will be examined for cracking and 
any areas containing cracks will be excavated to a depth of at least four feet, proof 
rolled, and backfilled and sealed with compacted coarse coal refuse placed to the 
compaction standard in the Guideline Technical Specifications. In the event that 
extensive, deep cracking is discovered, a slurry trench or cutoff trench will be 
extended to bedrock through the affected areas. The trench will be located beneath the 
underdrain alignment for Stage 5. If it is discovered that a slurry or cutoff trench is 
needed, a specific design will be submitted for approval prior to its construction. Any 
additional cracks discovered after slurry pumping begins during Phase 5 will be sealed 
by directing the slurry into the pool over to the cracks. 
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Phase 5 will be buttressed to the south by Phase 4. 

6.4 Phase 6 

Phase 6 will be built post-mining and no slurry will be pumped into this phase. Phase 6, which is 
shown in plan and cross section on Figure Nos. 6 and 8, respectively, requires approximately 0.9 
years of coarse coal refuse production to construct. Phase 6 buttresses Phase 4 to the east and 
west to a final crest elevation of 492.0. Pertinent construction items include: 

I. Coarse Coal Refuse Disposal - Phase 6 involves widening the Phase 4 embankment 
crest using downstream construction techniques. The upstream and downstream 
slopes of the embankment shall be constructed on a grade of3H:IV. 

2. Fine Coal Refuse Disposal - Fine coal refuse slurry will continue to be pumped into 
the Phase 5 impoundment during the first part of the Phase 6 construction. Fine coal 
refuse pumping into Phase 5 is expected to be fininshed before the completition of 
Phase 6. The Phase 6 embankment crest will be kept to at least one 72-hour flood 
storage volume above the fine coal refuse level in the Phase 4/6 pool until the pool 
elevation reaches 481.3, after which the crest elevation must be 492.0. Periodic 
relocation of the slurry discharge line shall be performed to promote a more uniform 
distribution of the fine coal refuse and to minimize the depth of clarified water 
impounded directly against the Phase 4/6 embankment slope. 

3. Pump Installation-An operational pump, of sufficient capacity to remove clarified 
water and normal precipitation, and associated discharge lines shall be kept installed 
during construction of Phase 6. The pump shall discharge into Sediment Pond No. 6 
and/or the Fresh Water Pond. Additional pumps will be kept available on site to 
excavate 90 percent of the design storm in 10 days or less. 

4. Internal drain - An internal drainage system consisting of either a geocomposite and 
perforated pipe or non-calcareous gravel wrapped with a geotextile and perforated 
pipe, shall be installed during the construction of Phase 6 to aid in controlling the 
phreatic level within the embankment. The location and invert elevations for the 
internal drain are presented on Figure No. 6. Details pertaining to the drain 
construction are provided in the guideline technical specifications and on 
Figure No. 10. 

5. Surface Drainage - Sedimentation/perimeter ditches shall be constructed as shown 
on Figure No. 6, to collect surface water and clarify the runoff before it is discharged 
into an existing channel. Ditch details are included on Figure Nos. I 0, 11 and 12. 

6. Instrumentation-PiezometerNos. P-12, P-13, P-15 and P-16 shall be installed 
during Phase 6 construction at the locations shown on Figure No. 6. The proposed 
piezometer tip elevations are presented on Figure Nos. 14 and 15 and the piezometer 
installation detail is presented on Figure No. 13. 
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7. Subsidence Crack Repair - Prior to construction of the Phase 6 embankment, the 
Phase 4 pool area, Phase 4 embankment, and Phase 6 foundation area will be 
examined for cracking and any areas containing cracks will be excavated to a depth 
of at least four feet, proof rolled, and backfilled and sealed with a compacted coarse 
coal refuse placed to the compaction standard in the Guideline Technical 
Specifications. In the event that extensive, deep cracking is discovered, a slurry 
trench or cutoff trench will be extended to bedrock through the affected areas. The 
trench will be located beneath the underdrain alignment for Stage 6. If it is 
discovered that a slurry or cutoff trench is needed, a specific design will be submitted 
for approval prior to its construction. The Phase 4 embankment is the only 
embankment subject to subsidence cracking prior to slurry pumping. Any additional 
cracks discovered after slurry pumping begins during Phase 6 will be sealed by 
directing the slurry into the pool over to the cracks. 

6.5 Phase 7 

Phase 7, which is shown in plan and cross section on Figures No. 7 and on Figure 8, respectively, 
requires approximately 1.4 years of coarse coal refuse production to construct. Pertinent 
construction items include: 

1. Coarse Coal Refuse Disposal - Phase 7 involves raising the Phase 6 embankment crest 
46 feet to Elevation 538 using coarse coal refuse. Phase 7 will be constructed in six 
stages to maintain the required storm runoff storage capacity. The upstream and 
downstream embankment slopes shall be constructed to 3H:1V. The final 
embankment slopes shall be soil covered and vegetated in accordance with the Illinois 
reclamation permit. 

2. Fine Coal Refuse Disposal - Fine coal refuse will continue to be pumped into the 
Phases 4/6/7 impoundment area as the Phase 7 embankment is being built. The Phase 
7 embankment crest will be kept to at least one 72-hour flood storage volume, plus 3 
feet of freeboard, above the fine coal refuse level in the Phase 4/6/7 pool until the 
principal swill way/decant pipe is installed and the crest elevation reaches 538.0, its 
final elevation. Periodic relocation of the slurry discharge line shall be performed to 
promote a more uniform distribution of the fine coal refuse and to minimize the depth 
of clarified water impounded directly against the embankment slope. 

3. Surface Drainage - Bench and access road gutters shall be constructed as shown on 
Figure No. 7, to control and convey surface water runoff. Ditch details are presented 
on Figure Nos. 10, 11 and 12. 

4. Instrumentation - Piezometer Nos. P-14 and P-17 shall be installed, during Phase 7 
construction at the locations shown on Figure No. 7. Piezometer extension and 
installation details are presented on Figure No. 13. The piezometer tip elevations are 
specified on Figure Nos. 14 and 15. Pressure transducers PN-3 and PN-4 will be 
installed after Phase 3 is capped but before Phase 7 is started at the locations shown on 
Figure No. 3. The proposed pressure transducer elevations are shown on Figure 16 and 
the installation details are shown on Figure No. 13. 
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5. Decant Pipe - Construction of the decant pipe shall be performed concurrent with the 
construction of the Phase 7 embankment. The installation includes excavating a trench 
into the embankment and placing approximately 190 feet ofHDPE pipe and 
appurtenant structures ( drop inlet, ditch, filter and drainage diaphragm and outlet 
drain). The drop inlet shall be extended vertically to Elevation 531.1 by adding the 
appropriate length of 18-inch diameter SDR 26 HPDE pipe to the HDPE elbow 
attached to the transport section of the decant pipe. The decant pipe shall be installed 
in accordance with the details presented on Figure No. 11. The principal 
spillway/decant pipe is capable of routing the runoff from a 72-hour duration PMP 
rainfall with 3 feet of freeboard and evacuating it in less than 10 days. 

Phase 7 will be built post-mining. Previously proposed Phase 7B has been eliminated and 
previously proposed Phases 7 A and 7C have been replaced by Stages 1 through 6 as shown on 
Figure Nos. 7 and 9. As previously stated, it is anticipated that the slurry will seal any undetected 
cracks not detected and repaired during Phases 4 and 6. 

6.6 Abandonment Plan 

An abandonment grading plan has been provided on Figure No. 22. Briefly, the 
impounding capability shall be eliminated by filling the impoundment with coarse coal 
refuse. The final embankment configuration shall be constructed to drain as per the lines 
and grades shown on Figure No. 22 and the entire site shall be soil covered and seeded in 
accordance with the Illinois reclamation permit. The plan shall be reevaluated prior to 
abandonment based on actual coal refuse production rates, existing site conditions and 
embankment configuration, and revised if necessary. 

7.0 ENGINEERING ANALYSES 

In support of the plan, engineering analyses included slope stability analyses and the hydrologic 
and hydraulic studies for the impoundment and surface drainage facilities. The calculations 
describing the design assumptions, methodology and results are included in Appendix B. 

7.1 Hydrologic and Hydraulic Analvses 

The proposed facility has been evaluated using stonn criteria for high hazard dams. Upon the 
one-year anniversary and thereafter, the impow1dment shall be capable of storing the runoff 
associated with a PMF design storm event plus three feet of freeboard. 

Evacuation of the stored water shall be accomplished by pwnping for Phases 4 and 6. The 
required pumping capacity (6,039 gallons per minute for Phases 4, 6, and Phase 7 through the 
end of Stage 6) is based on storing the runoff associated with one design storm event and 
evacuating the runoff associated with one design storm event within 10 days. Pumps with an 
independent power source ( diesel motor or generator) and associated discharge lines and 
connections will be kept on site to evacuate the stored storm runoff. 

-13-



R14890

Evacuation of the stored runoff shall be accomplished by means of a decant pipe for the 
Phases 5 and 7 impoundments after they reach their final embankment crest elevation. The 
required pipe size, 18-inch HDPE SDR 26, is based on evacuating 90% of the runoff 
associated with one design storm event within IO days. The surface drainage facilities, 
including road and bench gutters, and Ditches C through M have been sized to convey runoff 
associated with the I 00-year, 6-hour recurrence interval storm event. The computed peak 
discharges were estimated using the computer program SedCad developed by the University 
of Kentucky. All permanent facilities have been designed with appropriate protection to 
minimize the potential for channel erosion. Details for the surface drainage facilities are 
presented on Figure Nos. 10, 11 and 12. 

7 .2 Slope Stability Analyses 

Slope stability analyses have been performed for the upstream and downstream slopes of 
the Phases 3, 5 and 7 embankments using PCSTABL5, a computerized version of the 
modified Bishop Method of Slices, developed by Purdue University and the Indiana State 
Highway Commission. The critical potential failure surfaces, minimum factors of safety, 
and material properties used in the slope stability analyses are presented on Figure Nos. 14, 
15 and 16 and in the calculation brief. 

Slope stability was analyzed for both static and seismic (pseudo static) loading conditions 
for the downstream and upstream embankment slopes. For the static analysis, effective 
properties for the coal refuse and existing soil were used. For the pseudo-static analysis, 
total stress properties were used for the existing soils. The use of effective stress properties 
for the coal refuse and total stress properties for the existing cohesive soils is appropriate, 
giving the effects of the sudden loading in an earthquake event and the relatively slow 
drainage characteristics of the soils. Also, for the pseudo-static analysis, a horizontal 
acceleration of 0. l 5gC4

) was used. The phreatic level used in the stability analyses was 
conservatively based on top flow line calculations performed on a transformed section. The 
transformed section was based on the horizontal permeability of the embankment material 
being nine times greater than the vertical permeability. The engineering properties of the 
embankment material were based on laboratory test results and our experience with similar 
materials. 

The most critical potential long-tenn failure surfaces, as shown on Figure Nos. 14, 15 and 
I 6, are summarized below: 

<4) National Earthquake Hazards Reduction Program, Part I, Provisions for the Development of Seismic Regulations 
for New Buildings, Map I, 1991 Edition. 

-14-
D 



R14891

Minimum Minimum 
Stage Case Static F.S. Seismic F.S. 

Phase 3 Downstream 1.51 1.23 

Upstream 1.89 1.20 

Phase 5 Downstream 1.58 1.21 

Upstream 1.76 1.32 
Phase 7 Downstream 1.52 1.20 

Upstream 1.82 1.26 
Phase 7C Downstream l.'.>O * 

South Slope 

As indicated in the above table, the computed factors of safety meet the minimum requirements 
(1.5 and 1.2 for the static and seismic cases, respectively). 

* A liquefaction susceptibility analysis for Phase 7C was performed using zero-strength to very 
low strength for the fine coal refuse to evaluate the post-earthquake factors of safety. Factors of 
safety range from 1.2 to 1.6 for shallow and deep failure circles, respectively. The possibility of 
liquefaction of the fine coal refuse in Phase 3 during mining subsidence related disturbance was 
evaluated using a driving shear stress slope stability analysis with zero strength for the fine coal 
refuse. Factors of safety for the Phase 3 embankment, in the upstream and downstream directions, 
were 2.2 and 1.3 respectively. The factor of safety against embankment cracking during mine 
subsidence was evaluated and estimated to be 1.1. These analyses are contained in Appendix I 
( under separate cover). 

Additional slope stability analyses were run to evaluate the effects of eliminating Stage 7B. The 
most critical static case failure surface had a safety factor of 1.90 and the most critical seismic 
failure surface had a safety factor of 1.25. 

8.0 SUMMARY 

The design plans for the proposed Mach #1 Mine Coal Refuse Disposal Facility No. 2 (Phases 3 
through 7) are based on the subsurface exploration program, field and laboratory testing, and the 
engineering analyses described herein. 

The plan should provide for disposal for approximately 3.3 years of coarse coal refuse and 5.8 
years of fine coal refuse. The coarse coal refuse disposal life under this plan remaining after 
January 2011, plus the coarse coal refuse that will be used to cover the Phases 5 and 7 pool areas, 
is about 2.3 years. About 2.8 years of fine coal refuse storage will remain. 

We trust that the plans, design calculations and guideline technical specifications described herein 
are acceptable to Williamson Energy and the appropriate regulatory authorities. In preparing this 
document, our professional services have been performed with care and skill ordinarily exercised 
by reputable members of the profession practicing under similar conditions at the same time and 
the same or similar locality. No warranty, expressed or implied, is made by rendition of these 
consulting services or by furnishing oral or written reports of the findings made. 
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If there are any questions, or if further clarification is required, please contact us. 

Respectfully submitted, 

A;f.IANCE CONSULTING, INC. 

{.:f/nu&~~~ 
Claudio E. Yon, P. E. 
Principal Engineer 

CEY:knb 

File: State/Report 
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AllianceL7 

BY: HLO DATE: 12/31/10 CHKD BY: 11: e-. DATE: <//II i ,:;Joi I 

Refuse Disposal Area No. 2, Mach Mining, LLC 
. 

PROJECT NAME: 

Consulting, Inc. PROJECT NO. B0S-330-1413 SHEET 1 OF 1 
Engineers · Constructors· Scientists DESCRIPTION Worksheet - Eliminate Phase 713, Pump Into Phase 4 

Beckley, WV FCR & CCR Production Rates and Volumes 

Production Rates (based on June 2010 mine data) 

6,000,000 tons clean coal per year 

Recovery ratio (clean coal/raw coal)= 55% 

CCR weighs 117 PCF, FCR weighs 58 PCF 

CCR to FCR ratio by weight= 3.11 :1 

CCR to FCR ratio by volume= 1.54:1, conservatively use 1.24:1 

Conservatively assume CCR weighs 125 PCF, FCR weighs 50 PCF 

Total Refuse Production= 6,000,000 TPY(0.45)/(0.55) = 4,909,091 TPY (say 4,909,000 TPY) 
FCR Production= 4,909,091 TPY/(3.11 + 1) = 1,194,426 TPY (say 1,194,000 TPY) 
CCR Production = 4,909,091 - 1,194,424 TPY = 3,714,665 TPY (say 3,715,000 TPY) 

FCR Production= 1,194,426 TPY(2,000 LB/Ton)/50 PCF = 47,777,040 CF/Year 
CCR Production= 3,714,665 TPY(2,000 LB/Ton)/125 PCF = 59,434,638 CF/Year 

Check CCR/FCR Ratio: 59,434,638/47,777,040 = 1.24 OK 

For Timing and Staging Volume Computations Use: (rounded to nearest 1,000 CF & 100 CY) 
CCR= 59,435,000 CF/Year= 2,201,300 CY/Year 

FCR = 47,777,000 CF/Year= 1,769,500 CY/Year 
3,970,800 CY/Year 

File: Mach 7B-4Timingl .xls, hlo. rev. 04/07/11 
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AllianceL7 
BY: HLO DATE: 12/13/1 O CHKD BY: DATE: -- . . 

PROJECT NAME: Refuse Disposal Area No. 2, Mach Mining, LLC 

Consulting, Inc. PROJECT NO. B09-341-1413 SHEET OF 

Engineers · Constructors· Scientists DESCRIPTION Eliminate Phase 7B, Pump Into Phase 4 

Beckley, WV lmpoundment Volumes - Stages 4, 6, and 7 

Phase 4/6/7 lm12oundment Volumes - Staae 7B Eliminated 

. 

Elev. Area 2 Vol. 2 Vol. 2 Vol. 

[Acres! (Ac-Ft) CF CY 

426 0 0.000 0 0 Bottom of incised portion of pool 

428 0.485 0.394 17,163 636 

430 1.514 ' 
2.278 99,242 3,676 

432 3.308 7.669 334,072 12,373 

434 4.760 ' 15.958 695,116 25,745 
, 

436 6.110 26.888 1,171,232 43,379 ! 

438 7.601 40. 721 1,773,806 65,697 

440 8.800 57.180 2,490,744 92,250 

442 10.193 76.184 3,318,588 122,911 ; 

444 11.983 98.366 4,284,820 158,697 
; 

446 14.140 124.474 5,422,084 200,818 

448 16.678 155.304 6,765,037 250,557 Top of incised portion of pool (low point) 

450 18.946 190.994 8,319,717 308,138 
452 20.442 230.401 10,036,265 371,714 ' 
454 . 21.903 272.836 11,884,754 440,176 
456 23.174 318.064 13,854,870 513,143 

458 24.423 366.326 15,957,161 591,006 

460 25.007 415.757 18,440,371 670,754 

470 28.057 680.903 29,660,115 1,098,523 

480 31.323 977.629 42,585,509 1,577,241 

490 34.806 1308.099 56,980,798 2,110,400 

492 35.528 1378.432 60,044,513 2,223,871 Phase 4 and Phase 6 Dam Crest Elevation 

500 38.505 1674.475 72,940,133 2,701,486 

510 42.419 2078.920 90,557,755 3,353,991 

520 46.550 2523.599 109,927,957 4,071,406 

528 50.013 2909.767 126,749,431 4,694,423 Phase 7 Principal Spillway Pipe Invert Elevation 

530 50.901 3010.690 131,145,676 4,857,247 

538 52.487 3424.469 149,169,885 5,524,811 Phase 7 Dam Crest Elevation 

Notes: Incised portion of Phase 4 pool is from Elev. 426 to Elev 448. 

Refer to accompanying Volume Report, Dec. 23 09:24:18 2010 for areas and volumes. 

File: Machi8-4Stage-Storagel.xls, hlo, rev. 03/03/201 l 
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Phases 4, 6, & 7 - Stage Area Curve - Phase 7b Eliminated 
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B05-330-1413 
Volume Report 

Lower left grid corner 

Upper right grid corner: 

X grid resolution: 1660, 

X grid cell size : 1.00, 

Thu Dec 23 09:24:18 2010 

358138.74,427500.81 

359798.74,428950.81 
Y grid resolution: 1450 

Y grid cell size: 1.00 

0 

Pond/Pit volume : 149,169,884.9 C.F., 5,524,810.55 C.Y., 3,424.47 Acre-Ft 

Area: 2,286,344.2 S.F., 52.487 Acres 

Elevation Range: 426.10 to 538.00 

Storage Volumes 
Elevation Storage(AcreFt) 

426.00 0.00001 

428.00 
430.00 
432.00 
434. 00 
436.00 
438.00 
440.00 
44 2. 00 
444. 00 
446.00 
448.00 
450.00 
452.00 
454.00 
456.00 
458.00 
460.00 
462.00 
464.00 
466.00 
468.00 
470.00 
472.00 
4 74. 00 
476.00 
4 7 8. 00 
480.00 
482.00 
484.00 
486.00 
488.00 
490.00 
492.00 
494.00 
496.00 
498.00 
500.00 
502.00 
- '"' ~ r, ,..., 

::>V':!-. VV 

306.00 
508.00 

0.39402 
2.27828 
7.66925 
15.95768 
26.88778 
40.72098 
57.17962 
76.18430 
98.36594 
124.47392 
155.30389 
190.99443 
230.40094 
272.83641 
318.06404 
366.32601 
415.75692 
466.36344 
518.16372 
571.17562 
625.41604 
680.90255 
737.65225 
795.68235 
855.01034 
915.65317 
977.62877 
1,040.95401 
1,105.64664 
1,171.72360 
1,239.20185 
1,308.09912 
1,378.43234 
1,450.21937 
1,523.47720 
1,598.22333 
1,674.47505 
1,752.24927 
1,831.56367 
1,912. 43Sl5 
1,994.,38159 

(C. y.) 

0.0 
635.7 
3,675.6 
12,373.1 
25,745.0 
43,379.0 
65,696.5 
92,249.8 
122,910.7 
158,697.1 
200,817.9 
250,556.9 
308,137.7 
371,713.5 
440,176.1 
513,143.3 
591,006.0 
670,754.5 
752,399.7 
835,970.8 
921,496.7 
1,009,004.6 
1,098,522.8 
1,190,079.0 
1,283,700.9 
1,379,416.7 
1,477,253.8 
1,577,241.1 
1,679,405.8 
1,783,776.6 
1,890,380.7 
1,999,245.7 
2,110,399.9 
2,223,870.8 
2,339,687.2 
2,457,876.5 
2,578,467.0 
2,701,486.4 
2,826,962.1 
2,954,922.7 

3,218,409.0 

(C. F.) Jlxea (Acre) 
0.000 0.4 

17,163.3 
99,241.7 
334,072.4 
695,116.3 
1,171,231.9 
1,773,805.9 
2,490,744.2 
3,318,588.3 
4,284,820.5 
5,422,084.0 
6,765,037.3 
8,319,717.4 
10,036,265.0 
11,884,753.9 
13,854,869.7 
15,957,161.1 
18,110,371.4 
20,314,791.7 
22,571,211.8 
24,880,410.1 
27,243,122.9 
29,660,115.2 
32,132,131.9 
34,659,923.3 
37,244,250.6 
39,885,852.2 
42,585,509.2 
45,343,956.7 
48,161,967.8 
51,040,280.2 
53,979,632.6 
56,980,797.7 
60,044,512.7 
63,171,555.7 
66,362,666.8 
69,618,608.1 
72,940,133.3 
76,327,978.0 
79,782,913.4 

86,897,042.1 

0.485 
1.514 
3.308 
4.760 
6.110 
7.601 
8. 800 
10.193 
11.983 
14.140 
16.678 
18. 94 6 
20.442 
21.903 
23.174 
24.423 
25.007 
25.600 
26.201 
26.811 
27.430 
28.057 
28.693 
29.337 
29.991 
30.653 
31.323 
32.002 
32.690 
33.387 
34.091 
34.806 
35.528 
36. 259 
36.999 
37.748 
38.505 
39.270 
40.044 

41.619 
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510.00 2,078.91999 3,353,990.9 90,557,754.6 42.419 

512.00 2,164.56762 3,492,169.1 94,288,565.4 43.228 

514.00 2,251. 84202 3,632,971.8 98,090,238.4 44.047 

516.00 2,340.76034 3,776,426.7 101,963,520.4 44.873 

518.00 2,431.34029 3,922,562.3 105,909,182.9 45.707 

520.00 2,523.59864 4,071,405.8 109,927,956.8 46.550 

522.00 2,617.55316 4,222,985.8 114,020,615.6 47.404 

524.00 2,713.22095 4,377,329.8 118,187,904.8 48.265 

526.00 2,810.61935 4,534,465.9 122,430,578.9 49.134 

528.00 2,909.76654 4,694,423.4 126,749,430.6 50.013 

530.00 3,010.69044 4,857,247.2 131,145,675.7 50.901 

532.00 3,112.92439 5,022,184.7 135,598,986.5 51. 329 

534.00 3,215.99339 5,188,469.3 140,088,671.9 51.736 

536.00 3,319.85521 5,356,033.1 144,612,893.0 52.122 

538.00 3,424.46935 5,524,810.6 149,169,884.9 52.487 
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AllianceL7 

BY: HLO DATE: 01/01/11 CHKD BY: /L(f- DATE: ,.;/11 /;JOI/ 
PROJECT NAME: Refuse Disposal Area No. 2, Mach Mining, LLC 

Consulting, Inc. PROJECT NO. 1305-330-1413 SHEET I OF I -Engineers · Constructors· Scientists DESCRIPTION Worksheet - Eliminate Phase 713, Pump Into Phase 4 

Beckley, WV Phase 6 and Revised Phase 7 Embankment Volumes 

Adjust embankment volumes for elimination of Phase 7B & Phases 4 & 6 for subsidence 

Original t, Phase 4 Revised 

Elev. Phase 6 & Phase 6 Phase 6 Phase 7 Phase 7C 
(MSL) Volume Volume Volume Volume Volume 

(CY) (CY) (CY) (CY) (CY) 
440 0 0 
450 146,000 219,600 365,600 
453 --- ---
460 470,000 219,600 689,600 

470 840,000 219,600 1,059,600 

480 1,220,000 219,600 1,439,600 

488 1,520,000 219,600 1,739,600 

490 1,620,000 219,600 1,839,600 

492 1,720,000 219,600 1,939,600 0 

500 566,000 0 

510 1,280,000 253,744 

520 1,850,000 486,810 

530 2,280,000 705,293 

538 2,520,000 874,854 

Revised Phase 7 Volume = Phase 7 + Phase 7C - Phase 7B Volumes 

Original Phase 4, 6, & 7 embankment volumes from 10/22/2007 computations by JLH. 

Phase 7B & 7C embankment volumes from 02/21/2008 Volume Reports. 

Phase 7C is now incorporated into Phase 7, Stages 1 through 6 

Revised Embankment 

Phase 7B Phase 7 Crest 

Volume Volume Elevation 

(CY) (CY) Remarks 

0 

12,890 

40,321 

68,319 

---
95,691 
101,013 0 Phases 4 & 6 

122,300 443,700 Phase 7, Stage 1 

149,100 1,384,644 

177,073 2,159,737 

206,220 2,779,073 

230,355 3,164,499 Phase 7, Stage 6 

l'i Phase 4 & 6 Volume from attached worksheets 

/'i Phase 4 volume included in Revised Phase 6 Volume 

(Pl1ase 4 subsidence corrections will be fixed during 

Phase 6) 

File: Mach7BAComputalions3.xls, hlo, rev. 04/07/l 1 
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AllianceL7 
BY: IILO DATE: 02/04/ll CHKD BY: 7L r;. DATE: '-I /1/ /;:z "I l 

PROJECT NAME: Refuse Disposal Area No. 2, Mach Mining, LLC 

Consulting, Inc. PROJECT NO. B0S-330-1413 SHEET 3 OF 

Engineers · Constructors· Scientists DESCRIPTION ·worksheet - Phase 4 and Phase 6 West Side Embankment 

Beckley, WV Volumes Adjusted for Longwall Panel No. 2 Subsidence 

Adjust Phases 4 and 6 West Side Embankment Volumes for Panel No. 2 Subsidence 
(Volumes by the Average End Area Method) S = Phase 6 West Side Subsidence at Northing Coordinate 

Northing Top Width s Phase 4 Area Ave. 11 11 r 
(Feet) WI (Feet} (Feet} Height (Hw) (SF} Area Length Volume Volume 

(Feet) (SF) (Feet} (CY) (CY) 

427,800 330 0.35 42.0 195 - 0 - 0 

427,950 330 4.40 42.0 2,534 1364 150 7,580 7,580 

428,350 330 5.10 42.0 2,953 2743 400 40,638 48,218 

428,360 330 5.10 42.0 2,953 2953 10 1,094 49,311 

428,475 306 5.10 42.5 2,838 2895 115 12,332 61,643 

428,505 300 5.00 43.2 2,761 2799 30 3,110 64,753 

428,650 300 4.40 44.5 2,435 2598 145 13,950 78,703 

428,875 300 4.40 45.8 2,452 2443 225 20,359 99,062 

428,910 300 3.80 46.0 2,109 2281 35 2,956 102,018 

429,035 300 0.25 47.0 136 1122 125 5,197 107,215 

429,275 300 0.25 49.2 137 136 240 1,212 108,427 

429,375 300 3.40 52.0 1,942 1040 100 3,851 112,278 

1575 112,278 
Area = S(Wr+ 3Hw + 100) + 4.5(S)2 

Wr = Phase 6 Width; S = Subsidence at Northing Station (Feet); Hw = Original West Side Phase 4 Embankment Height 

Volumes are CCR needed to bring west side subsided Phase 4 crest up to elev. 492 & west side Phase 6 base up to original 

ground elevation 

Note: ,: Volume numbers rounded to include tenths of CY File: Mach7B-4Computations8.xls, hlo, rev. 04/07/201 t 



R14905

f 
! 

A 0., ·" . ~ ~ 

l11an ce _tit,·· · · 
DATE: 2/ze/11 CHKD BY: ----

DATE: 0 ----
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. Consulting, Inc. 
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7 BY: IILO DATE: 02/26/11 CHKD BY: 1,t,_.C, DATE: Y/11/za;' 
Alliance I PROJECT NAME: Refuse Disposal Arca No. 2, Mach Mining, LLC 

Consulting, Inc. PROJECT NO. B05-330-1413 SHEET 5 OF 
Engineers · Constructors· Scientists DESCRIPTION \Vorksheet - Phase 4 and Phase 6 East Side Embankment 

Volumes Adjusted for Longwall Panel No. 2 Subsidence 

Adjust Phases 4 and 6 East Side Embankment Volumes for Panel No. 2 Subsidence 

(Volumes by the Average End Area Method) S = Phase 6 Eest Side Subsidence at Northing Coordinate 

Northing s Phase 4 Area Ave. A A r 
(Feet) (Feet) Height (HE) (SF) Area Length Volume Volume 

(Feet) (SF) (Feet) (CY) (CY) 

427,800 0.35 37.2 180 - 0 - 0 

427,890 2.90 38.0 1,528 854 90 2,847 2,847 

427,950 4.40 38.6 2,357 1943 60 4,317 7,164 

428,080 5.10 40.0 2,769 2563 130 12,340 19,503 

428,360 5.10 42.0 2,800 2784 280 28,875 48,378 

428,475 5.10 42.9 2,813 2807 115 11,954 60,332 

428,610 5.10 44.0 2,830 2822 135 14,109 74,441 

428,650 4.40 44.7 2,437 2634 40 3,902 78,342 

428,740 4.40 46.0 2,454 2446 90 8,152 86,495 

428,875 4.40 47.6 2,475 2465 135 12,324 98,819 

428,900 3.80 48.0 2,132 2304 25 2,133 100,953 

429.050 0.25 49.0 137 1135 150 6,303 107,256 

1,250 107,256 

Note: ~ Volume numbers rounded to include tenths of CY 
Area = S(3HE + 400) + 4.5(S)2 

Wr = Phase 6 Width; S = Subsidence at Northing Station (Feet); Hw = Original East Side Phase 4 Embankment Height 

Volumes are CCR needed to bring east side subsided Phase 4 crest up to elev. 492 & east side Phase 6 base up to 

original ground elevation 

File: Mach7B-4Comoutations9.xls, hlo, rev. 03/02/2011 
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BY: IILO DATE: 12/21/IO CHKD BY: fl (!, DATE: 5 /1,,0/1,011 
-

PROJECT NAME: Refuse Disposal Area No. 2, Mach Mining, LLC 
Consulting, Inc. PROJECT NO. B0S-330-1413 SHEET I OF 3 Engineers · Constructors · Scientists DESCRIPTION Worksheet - Eliminate Phase 7B, Pump Into Phase 4 

Beckley, WV Drainage Areas 

. 
Phase Elevation Planimeter Readings (sg.-in.) Drainage Area 

- . -No. 1st 2nd 3rd Ave. lfill:f1l (Ac.) 
' -

4 492 48.59 48.60 48.59 48.59 1,943,600 44.62 ... 

- . 6 492 81.79 81.75 81.82 81.79 3,271,467 75.10 
- - - -- . 

7 500 86.8 • 
. -

504 84.7 • 
509 81.9 • 
517 77.8 * 
528 72.4 (interpolated) .. 
531 70.7 * 
538 67 ** 

'From TLG's timing computations, ACl's March 22, 2010.report "Response to MSHA Comments Phase 7". 
•• From JLH's staging calculations, 1-31/08, Al)pendix B, ACl's July 2009 report. 

Drainage Areas based on pool + crest area for each stage, assuming Phase 3 cap and Phase 7, Steps 1 . •·. . - . through 6, fill over Phase 3 drains away from the pool. - . . .. 

.. .. 
File: J\·lach 7B-4ComputationsG.xls, hlo, rev. 12/22/10 .. -



R14908

r 
"\ 

f''I 
~ 

('{ 

(; 
1 
\'1 

r--
o6 
co 
-q~ 

en 

( 
Cl) 
en 
ta 

"-, ... .c: 
0.. 

en 
ta 
Cl) ... 

<C 
Cl) 
Cl 
ta 
t:: 
ta ... 
Cl 

( 
'~ 

-S '-

~ 
~ 
~ 

~ 
~ 
~ 

t'-' ['\.' 

"" ~ 
" ~ ~ 
~ ~ 

0 
0 
ci 
(J) 

0 
0 
u-i 
co 

0 
0 
ci 
co 

0 
0 
u-i 
I'-

-0 1/) 
0 Q) 
ci ,._ 
I'- (.) 

0 
0 

<( -Cll 
Q) ,._ 

u-i <( 
CD 

0 

Q) 

Cl 
ca 
C: 

o ca 
0 ,._ 

CD Cl 

0 
0 

"' .:t.,1-·_;,; .. t;.lt''Pt:'-·, t.n 

Hf-'±''-FHM::.++-~A::.++:f""Acd'cP':R8::+If':'8'-"fc;p'b:i-;;Ai';tf,'. ':}'
1
:'. i 

0 
-:~! .•:!, ·)! .:,:-, ·,:,: 0 

0 0 0 0 0 0 
L') " 0) N ~ 0 

"' "' "' "' "' "' 
uorp~Aa13 isa.1::i weo 

,f 
j 
I 

.::::i-
l,n 
l':?., 

$ 

~ 

0 0 
(J) co 

" " 

ci 
"' 
0 
0 
u-i 

" 
0 
0 
0 

" 



R
14909

r 

540-~~~,-

535 

530 

525 

~ 

(/) 

_§._ 520 
C 
0 

:;:; 1:,_.• 
ro 515 ' > 
Cl) 

w 

510 

505 

500 -

495 

60.0 65.0 

Drainage Area - Phase 7 

70.0 75.0 

Drainage Area (Acres) 

80.0 

5h'EiG7 3 CJP- 3 

85.0 90.0 

(s) 



R14910

BY: HLO DATE: 12/21110 CHKD BY: -Ji(:,- DATE: 

AllianceL7 
Consulting, Inc. 

PROJECT NAME: Refuse Disposal Area No. 2, Mach Mining, LLC 

PROJECT NO. B0S-330-1413 SHEET OF 

Engineers · Constructors· Scientists DESCRIPTION 

Beckley, WV 

Worksheet - Eliminate Phase 7B, Pump Into Phase 4 

Hydrologic Design Parameters 

Runoff Curve Number 
. , Conservatively assume the Runoff Curve Number= 100 

- ,_, 

Design Rainfall : 
72-hour PMP = 41" 

' :Hazard Classification= High (Class C) 

The design rainfall is one PM F's, to be stored and 90% pumped out within 10 days or less 
until the decant/principal spillway pipe is installed at elev. 531.1, after which the design 
storm is routed and drawn down by the pipe. Diesel motor powered pumps ar_e kept on site. 

The pumping capacity and decant pipe provided will be more than adequate to evacuate 
the antecedent 100-year rainfall before the PMP rainfall occurs 5 days later. 

Drainaae Areas 
Phase Crest DA 1 PMF Runoff 1 PMF Runoff 

Elev. (ac.) Volume (AF) Volume /CY) 

Phase 4 492 , 44.62 152.45 

Phase 6 492 75.10 256.59 

Phase 7 500 86.80 296,57 

504 84.70 289.39 

509 81.90 279.83 

517 77.80 265.82 

531 70.70 241 .56 
538 67.00 228.92 

Data for HEC-1 Flood Routing 

The pipe is installed at the beginning of Phase 7, Stage 6 
Flow path is overland flow, bare ground, slope= 1 % 
Velocity= 1 fps, longest length = 700' 

245,955 
. ' i 

' 

413,~68 

478,461 
466,885 
451,451 
428,851 
389,714 
369,319 

Phase 7 

Stage . 

1 
2 

.3 
4 
5 
6 

Tc= 700 ft/(1 fps x 3600 sec/hr)= 0.19 hr. Watershed Lag= L = 0.6 Tc= 0.11 hr. 

Drainage Area= 67.0 Acres= 0.1047 sq-mi 

File: Mach 78-4Computations5.x!s. hlo. rev. 02/04/l l 
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Consulting, Inc. 

BY: HLO DATE: 01/J 1/11 CHKD BY: IL Q.- DATE: !>/?,o / ;J.o ii 

PROJECT NAME: Refuse Disposal Area No. 2, Mach Mining, LLC 

PROJECT NO. BOS-330-1413 SHEET 2 OF ---
Engineers ·Constructors· Scientists DESCRIPTION 

Beckley, WV 

Worksheet - Eliminate Phase 7B, Pump Into Phase 4 

Hydrologic Design Parameters & Flood Routing Results 

Notes: The Phase 4 & Phase 6 drainage areas include the pool and north, west, & east entire 

crest areas plus the north side of the Phase 3 embankment below elev. 500. 

The Phase 7 drainage areas include the north, west, and east crest areas. The portion 

of Phase 7, except for a 100' crest width, which lies over Phase 3 is assumed to be kept 

graded to drain away from the Phase 7 pool area. 

Phase 4 will be completed to its final crest elevation of 492 shortly after slurry pumping begins. 

into Phase 4 begins 

The Phase 6 embankment will not be able to drain into the pool area until it reaches its 

final crest elev. 492. 

Floodrouting Results /see HEC-1 printouts) 

Rainfall: 72-hour PMF (41") 

Maximum Stage = Elev 534.93 

90 % Drawdown in 9.75 days 

Pumping Capacity 

Worst head drawdown case: 

PSW: 18" OD DR-26 HDPE pipe with inlet elev. 531.1 

Freeboard = 3.07' (more than 3' required, OK) 

(less than 1 O days, OK) 

Pumping into Phase 4, slurry elev. = 448 

Dam crest elev. = 492, total static head = 44' 

Use delivery head = 40', suction head= 1 O' 

Pumps Available on Property. See the attached pump specifications, all of the pumps are 

Godwin Diesel Ori-Prime Pumps as follows: 

Model No. Size Pumping Capacity Total Pumping 

No. Present /Inches) Each !gpm) Capacity /qpm) 

DPC300 12 4,490 4,490 (at above heads) 

CD150M 2 6 1,700 3,400 

CD100M £ 4 695 1.390 

Sum 5 9,280 

Since the maximum drawdown pumping requirement is 6,039 gpm, the pumps maintained 

on site are more than adequate to meet the drawdown requirement. 

File: Mach 7B-4Computations5a.xls, hlo, rev. 03/03/11 
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DPC300 Ori-Prime® Pu111ps 

The Godwin DPC300 automatic Dri-Prime 12" (300mm) centrifugal pump has gained recognition 

as the industry leader in high volume bypass pumping over the last fifteen years. With flows to 

5,000 gallons per minute (315.5 I/sec.) and solids handling to 3-1/2" (89mm) in diameter, the 

DPC300 moves large volumes of water while providing the ease of automatic priming to 28 feet 

(8.5M). The convenience of a low profile discharge flange makes pipe connections easy and 

efficient. When the job calls for higl1 volume, the Godwin DPC300 is the benchmark by which 

all others are judged. 

Direct drive automatic priming 12" 

(300mm) high volume cent,·ifugal 

pump with vacuum priming 

compressor mounted to a diesel 

engine. Avaiiable in electric drive or 

as bare shaft pumpend. 

P,11 cast iron construction with 4 

vane cast iron impeller. 

Extensive application flexibility -

will handle raw sewage, sludges 

and liquids with solids up to 3-1/2" 

(89mm) in diameter. 

Continuously opel"ated "Godwin'· air 

ejector priming device requiring no 

form of periodic adjustment or 

control. 

Dry running, oil lubncaied, 

mechanical seal with abrasion 

resistant solid siiico1-: car Uid-= 

1n1erfac2s. 

, Solids handling swing check I\Jon 

Return valve at pump discl1arge. 

·· Skid base incorporating integral 

overnigl1t running fuel tank. 

Simple maintenance - normally 

limited to checking engine oil, 

compressor oil, and seal 
lubrication. 

' Standard engine - Jolin Deere 

6068T. Available with a variety of 

engines including Cummins, 

Caterpillar and Deutz. 

Low profile side discl1arge for easy 

pipe connection. 

Balanced unit with centralized 

lifiing bracket for easy l1andling. 

A variety of silenced units are 
ry,,,-,il-:.hlc-

g@dvvin 
pun1ps 
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Performance Table 

Diesel Set: John Deere 6068T, 151 hp (113kw)@ 2400 rpm, Skid Base 

Impeller Diameter: 17 inches (430 mm) 

Total Delivery Head - Feet 

Total Suction 10 20 30 40 50 

Head- Feet Output-GPM 

10 5810 5620 5000 s 3115 

15 5500 5140 4710 4250 2900 

20 4600 4500 4230 3130 14, 5 

25 3875 3730 3250 2105 960 

Performance data listed in table and curves are based on water tests at 

sea level and 68° F (20° C). Larger diameter pipes may be required for 

maximum flows. 

DPC300 - John Deere 6068T, Skid Base 

Weight: 7,265 lbs. (3,295 kg.) 

Maximum Operating Speed: 
Engine: 2450 rpm/Pump: 1200 rpm 

Maximum Operating Temperature: 

+212° F (100° C) 
Maximum Working Pressure: 

52.0 psi (3.6 BAR) 
Maximum Suction Pressure: 

30 psi (2.1 BAR) 
Maximum Casing Pressure: 

75 psi (5.2 BAR) 
Fuel Tank Capacity: 

105 and 150 gal. sizes available 
(397 and 548 liters) 

Fuel Consumption: 
7.8 gph (29.52 lph)@ 2400 rpm 

(full load & max. speed) 
Pipe Connections: 

12 inch (300mm) ASA 150# 

Solids Handling: 
3-1/2" (89mm) diameter 

Pump Casing, Suction Cover, Separation 

Tank and Wearplates: 
Close Grained Cast Iron 

Pump Shaft: 
1-1/2% Nickel/Chromium Steel 

Non Return Valve Body Ejector Housing: 

Close Grained Cast Iron 
Non Return Valve Flapper: 

High Nitrile Rubber 
Mechanical Seal Faces: 

Solid Silicon Carbide 

gedwin 
pumps 

One Floodgate Road, Bridgeport, NJ 08014, USA 

(856) 467-3636 • Fax: (856) 467-4841 

Quenington, Cirencester, Glos., GL7 5BX, UK 

+44 (0)1285 750271 • Fax: +44 (0)1285 750352 

E-mail: sales@godwinpumps.com 

www.godwinpumps.com 

BRANCH LOCATIONS: 
Connecticut • Pennsylvania • New York • Ohio 

Illinois • Maryland • Virginia • West Virginia 

Georgia • South Carolina • North Carolina 

Florida • Texas • Montana • California • Washington 

On-Prime~- and tlie color orange 1or pumps are registered trademarks 

of Godwin Pumps of America. !nc. 

Specif1cat1ons and illustral1ons are sub1ect to rev1s1011 without notice. 

All ngI1ts reserved. 

GPASL. 020.1005 
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CD1 SOM Dri-Prime® Pumps 
[:"{i:"-he Godwin Dri-Prime six-inch ( 150mm) 

)' CDI SOM automatic priming 

t:' centrifugal pump is clearly the 

backbone of the temporary portable 

pumping industry. With solids-handling to 

3" (75 mm) in diameter, maximum flows 

of 1700 GPM (385.9 m'/h) and 160' (48.8 

m) of total dynamic head, and indefinite 

dry-running capabilities, the CD I SOM 

can be found in a wide variety of 

applications from dewatering to sewage 

bypassing. Mounted on a highway irailer, 

the CD I SOM is the most maneuverable 

and versatile portable pumping system j 
available, making it a favorite of 

contractors, municipalities, industry and 

environmental companies across the 

country. 

Fully automatic priming from dry to 28' 

(8.5 m) of suction lift. 

Close coupled centrifugal pump with 

vacuum priming compressor mounted 

to a diesel engine. Also available in 

61ectric drive. 

Extensive application flexibility - will 

hand!e raw sewage, slurries and liquids 

with solids up to 3" (75 mm) in diameter. 

Dry running, oil bath mechanical seal 

with abrasion-resistant solid silicon 
carbide faces. 

Continuously operated Godwin venluri 

air ejector priming device ieoturing 

belt-driven air compressor requiring no 

form of periodic adjustment or control. 

All cast iron construction with cast 

chromium steel impelier. 

Standard John Deere 4045D-T2, John 

Deere 4045T-T3, or Caterpillar 
3054C-NA engine. Also available with 

a variety of other engines including 

Hotz, Perkins and Deutz. 

Pipe Connections 

Max. Capacity 

Mox. Head 

Solids Handling 

lmpelle,· Diameter 

Max. Op. Temp. 

Max. Working Press. 

Max. Suction Press. 

/v\ax. Test Press. 

Max. Op. Speed 

Fuel Tonk Capaciiy 

Fuel Consumption 
@ 2200 RPM 
(Full Load) 

6" (150 mm) ASAl50# 

1700 GPM (385. 9 m''/h) 

160' (48.8 m) 

3" (75 mm) 

11" (279 mm) 

+212°F ( I 00°C) 

58.5 psi (4 BAR) 

40 psi (2.8 BAR) 

38 psi ( 6. I BAR) 

2200 RPM 

30' - 100 gal 
I 113.5 - 378.5 I) 

J D4045D-T2 -
3.74 GPH (0.014 m'/h) 
JD4045T-T3 -
4.07 GPH (0.015 m'/h) 
CA.T3054C-l,IA · 
4.3 GPH (0.016 m'/h) 

g@d1Min 
j..J :...,; : ; ; i__; ~-). 
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Pump Casing, Suction 
Cover, Separation Tank. 
Weaplates, Non-Return 
Valve Body, Ejector 
Housing 

Close-groined cast iron 

0 

!mpe!ler Cast chromium steel, 
hardened to minimum Brine!I 
341 HB 

Non-Return Valve - Bait 
& Seat 

Mechanical Seal Faces 

Pump Shaft 

High nitrile rubber 

Solid silicon carbide 

l 1/2 Nickel/chromium steel 

Diesel Set: JD40450-T2, 68 HP (51 kW)@ 2200 RPM 
JD4045T-T3. 71 HP (53 kW)@' 2200 RPM 
CAT3054C-NA, 7-4 HP (55 kW)@ 2200 RPM 

Impeller Diameter: l 1" {279 mm) 
iolal Delivery Head - Feet 

,. 
"·'--+--+--~>---+---+----+---~---+---+-------; 

0' 0 L..,_ . ...., __ ..,_ __ .... _,....; __ ,_;. __ ~-------~---.i 
u 2~.0 50() 150 1000 t:i50 !~00 li!>O 200() 

Total 10 
Suction 

Head- Feel 

20 30 40 50 

Output- GPM 

§ 10 1800 ·]780 1750 1680, 

10 20 30 AO 50 6() 70 El() 90 100 llO 120 130 l~O lt-0 !Ml 15 1700 1650 1600 1520 1400 

20 1670 1590 1500 1380 1240 

25 1500 1400 1340 1240 1100 

P;,rformonce doio ll!led In table and curves t::,osed on water tests o! ~ea 

teve1 and 68°F (20~c). Maximum now:; may require larger diameter pipes. 

CD 150M - John Deere 4045D, GP60 Highway Trailer 

Dry weight - 3250 lbs. ( 147 4 kg) 

0 

59" 
1.499mm 

r 
7 4-3/ 4·· 

1,899mm 

-~ 
40t l /2" 

II j 'T mm~ 

~----~-~1------=~="" 
65-7 /8" 

1.673mm 
117-7/16" 
2,983mm 

Home Office: 

Godwin Pumps of America, inc. 
One Floodgoie Rood 

Bridgeport, NJ 08014 USA 

(556) 467-3636 • fa;... (C.J6J ..:.67-..:e..:i 
Er1-10i: • .>u!c:, ;:.: gvd ,.,;,,;::,u;-,;p~ .c:v;--,1 

www.godwinpumps.com 
~, Copynght 2007 G<><!wm Pump5 o/ Amenca inc 

Goo,·1m Pumos w,,.;>r,me and \hs, ct,><,r '°"'"ge !or ou,,.:>s a,._. reg,s1a1ed tr;,~emmr.s or $Mwtn PumpS ol Amenca. Inc 

Soed,ca11ons and illus:ral,ons arc subJeC: lo ,,.,.,s,or. •.,•nh:!ut no11ce God•,M Pumps ,s no: l,ab!e to, any ,r.comole1eness or tnaccuracies 

GOdv@ Pump1 ,s r,o! 1,~~le 101 ar,y conaquent:a· m~,~,mal '" ,r.o:rect dimaget relaung lo !nese ~;,ec,~cat,ons or t~e:, us~ 

gedwin 
rumrs® 
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CD1 00M Dri-Prin1e® Pumps 

The Godwin Ori-Prime 4 inch (100mm) CD1001v1 automatic priming centrifugal pump is a highly 

maneuverable portable trash pump with flow capabilities to 750 gallons per minute (47 liters 

per second), total dynamic heads to 115 feet (35 meters) and solids handling to 2 inch (50mm) 

in diametei-. The unique Godwin venturi air evacuation system allows the CD1001v1 to prime from 

dry conditions witl1 suction lifts up to 28 feet (8.5 meters). Perteet in intermittent flow situations, 

the CD1001v1 can run dry indefinitely without damage due to the oil bath mechanical seal design. 

For sewer bypass, general dewatering, and many other applications, the Godwin CD1001v1 with 

4 inch (100mm) hoses is a powe1iul, yet versatile and po1iable pumping system. 

Close coupled centrifugal pump with 
vacuum priming compressor mounted to 

a diesel engine. Also available in electric 

drive or as bare shaft pumpend. 

All cast iron construction with cast 

chromium steel impeller. 

Extensive application flexibility - will 
handle raw sewage. slurries and liquids 

with solids up to 2 inch (50mm) in diameter. 

Recessed impeller version avaUable 

handling solids in excess ot 2-3/16 inch 

(56mm) in diameter. 

Ccmtinuously operated ''Godwin'" air 

ejector priming device requiring no form 

of pPriodic adJustmem m control. 

Dry running. high pressure 0il bath 
mechar11ca1 seai \Vitt\ ,1Lr::i~i~111 1 :::·::.istc(1t 

::;u:10 Sii1co11 Ca1l.iiUc 11n•.::1ld'~t::::.. 

Solids handling ball type l~on Return 
Valve with renewable flexible rubber 
seat and quick release access 

feature. 

Compact unit mounted on skid base 
or two wheeled highway trailer both 
incorporating integral overnight 
running fuel tank. 

Simple maintenance - normally 

limited to checking engine and seal 
cavity oil levels. 

Standard engine - Yanrnar 3TI\JV88 

or Caterpillar 301.3C. Available with a 
variety of engines including Ha~z. 

Perkins and Oeutz. 

A variety of silenced ssts are 

available. 
g@dwin 
pumps 
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CDiOOflfl Perfon11ance Table 
Diesel Set - Yan mar 3TNV88, 24 hp @ 2200 rpm 

Caterpillar 3013C, 28 hp@ 2200 rpm 

Impeller Diameter - 8-5/8 in. (220 mm) 

Total Delivery Head - Feet 

Total Suction 10 20 30 40 

"-

Head - Feet Output-GPM 

@)' 10 720 710 700 

15 615 580 530 500 

20 510 490 475 430 

25 450 440 400 390 

900 US gpm 

I/sec. 

50 

690. 

450 

375 

350 

Petiormance data listed in table and curves are based on water tests 

at sea level and 68° F (20' C). Larger diameter pipes may be required 

for maximum flows. 

CD1 00M - Yanmar 3TNV88, GP30 Highway Trailer 

Weight: 1734 lbs. (788 kg.) 

Maximum Operating Speed: 
2200 rpm 

Maximum Operating Temperature: 

+212' F (100° C) 
Maximum Working Pressure: 

50.0 psi (3.4 BAR) 
Maximum Suction Pressure: 

40 psi (2.8 BAR) 
Maximum Casing Pressure: 

75.0 psi (5.2 BAR) 
Fuel Tank Capacity: 

30 to 100 gallons (30 gallon standard) 

(113.5 to 378.5 liters) 
Fuel Consumption (full load, max. speed): 

Yanmar: 1.21 gph (4.58 lph)@ 2200 rpm 

CAT: 1.67 gph (6.32 lph) @ 2200 rpm 

Pipe Connections: 
4" (100rnrn)ASA 150# 

Solids Handling: 
2" (50mm) dia. standard impeller 
2-3/16" (56mm) dia. recessed impeller 

Materia!s 
Pump Casing, Suction Cover, Separation Tank 

and Wearplates: 
Close grained cast iron 

Impeller: 
Cast chromium steel hardened to minimum Brinell 

341 HB 
Shaft Sleeve and Shaft: 

1-1/2% nickel/chromium steel 
Non Return Valve Body: 

Close grained cast iron 
Non Return Valve Ball and Seat: 

High nitrile rubber 
Mechanical Seal Faces: 

Solid Silicon Carbide 

gedwin 
pumps 

One Floodgate Road, Bridgeport, NJ 08014, USA 

(856) 467-3636 • Fax: (856) 467 -4841 

Quenington, Cirencester, Glos., GL7 58X, UK 

+44 (0)1285 750271 • Fax: +44 (0)1285 750352 

E-mail: sales@godwinpumps.com 

www.godwinpumps.com 

BRANCH LOCATIONS: 
Connecticut• Pennsylvania• New York• Ohio 

ll!inois • Maryland • Virginia • West Virginia 

Georgia • South Carolina • North Carolina 

Florida • Texas • Montana• California • Washington 

or;-?rirne"· ar.d ths co\:ir cr.::r.gc b~ p:..:mps a~e r!"gi,;te~ trndemarY." 

v~ 80...""!·;;;r. r:.:m;:::; c! .11~ef:c2.. !~c 

Specff1cat1ons and illus1rat1ons are subject to rev1s1on wi1.hout notice. 
© C.Opyrght 2003-2005 Goav;1n Pumps of P-Jnenca, Inc. 

GPASL.015.1005 
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Consulting, I11c. 

BY: HLO 

PROJECT NAME: 

DATE: 2/2/2011 CHKD BY: LL<J-

Refuse Disposal Area No. 2, Mach Mining LLC 

B0S-330-1413 1 

DATE: 4/;;/zor/ 

1 Engineers · Constructors · Scientists PROJECT NO.: SHEET OF 

DESCRIPTION: Embankment Construction and Slurry Pumping Time 
Schedule - Pumping Into Phase 4, Phase 7B Eliminated 

Summary - Pumping and Embankment Construction Time Schedule - Phases 4, 5, 6 &] 

Pumping 
End 
Date 

02/01/11 
02/13/11 
02/14/11 
04/17/11 
07/01/11 
09/27/11 
01/17/12 
04/08/12 
06/01/12 
08/08/12 
12/04/12 
03/26/13 
07/19/13 
11/29/13 

Notes: 

L Pump Phase 4/6/7 Const. L Const. Min. Req'd I Remarks 
Time FCR End Time Embank. 

~ Elev. Date ~ Elev. 

0 Start schedule, still pumping into Phase 5 
11 Finish Pumping Into Phase 5 

- Start pumping into Phase 4 
63 448.0 04/13/11 71 455.7 Slurry at top of Phase 4 incised pool, build Phase 6 W. embank. to 455.7 
150 460.0 06/05/11 124 466.0 Build Phase 6 W embankment to 466.0 
238 470.0 08/02/11 182 475.3 Phase 6 embank. construction should now be ahead of required min. elev. 
350 481.3 11/23/11 295 492.0 Phase 6 is finished to final crest elev. 492 
432 488.7 02/05/12 369 500.0 Phase 7, Stage 1, is completed 
486 493.3 04/07/12 431 504.0 Phase 7, Stage 2, is completed 
554 498.9 06/24/12 509 509.0 Phase 7, Stage 3, is completed 
672 507.8 10/08/12 615 517.0 Phase 7, Stage 4, is completed 
784 515.6 12/27/12 695 524.0 Intermediate stage to check timing 
899 523.1 03/07/13 765 531.0 Phase 7, Stage 5, is completed 
1032 531.1 05/02/13 821 538.0 Phase 7, Stage 6, is completed to final crest elev. 528.0 

The Phase 6 embankment is to be kept above the slurry level in the Phase 4/6/7 pool level to the elevations shown above until 
Phase 6 is completed at crest 492.0. This is to buttress and seal the west and east sides of the Phase 4 embankment, which were 
cracked during the longwall undermining by Panel No. 3 in March 2009. 

Due to slope stability requirements (surcharge load on capped Phase 3) the 6 stages of Phase 7 will be built in continuous horizontal lifts 
Should problems be encountered in meeting the required Phase 7 embankment crest elevation, priority should be given to maintaining a 

minimum crest width of 100' around the pool area. 

File: Mach 4-5-6-7 Times.xis, hlo, rev. 04/07/2011 
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PROJECT NAME: Refuse Disposal Arca No. 2, Mach Mining LLC 

PROJECT NO.: B0S-330-1413 SHEET 1 OF 
Engineers · Constructors· Scientists 

DESCRIPTION: Impoundmcnt Pumping & Storm Storage Requirements 
Phase 4 - With Phase 6 Buttress East & West Sides 

Drawdown Pumping Requirements File: Mack7B-4Pumping1 rev.xis, hlo, rev 04/07/2011 
Phase 7, Stage 1, drainage area (largest) = 86.8 acres 
PMF Runoff= (86.8 Ac.)(41 lnches/12 Inches/Ft.)= 296.57 AF = 12,918,444 CF = 478,461 CY 

Pumping Requirements for 10-day Drawdown - 90% of full PMF 
(Store one 72 -hour duration PMF rainfall and pump 90% of it out of the impoundment in 1 O days) 
0.9(12,918444 CF)(7.48 Gal/CF)/(10 Days x 24 Hours/Day x 60 Min./Hour) = 6,039 gpm (Worst Case) 

Diesel motor powered mobile pumps, piping, fittings, fuel, etc. are kept available on the mine site to meet this pumping 
requirement. 

Storm Storage & Freeboard Requirements 
Required wave action freeboard = 3 Ft. Design High Water Elev. = Dam Crest Elev. - 3.0 Feet 

8 

Determine: Required elevation of Phase 6 to buttress Phase 4 to a height equal to the one PMF storage above the FCR elevation in the Phase 4 
pool area. The Phase 5 embankment to the north is completed. The Phase 3 embankment and pool (constructed and capped) 
buttresses Phase 4 to the south. Since the Phase 4 embankment cracked due to longwall undermining during the winter of 
2009-2010, the Phase 6 embankment will be kept a height equal to one design storm storage above the Phase 4 FCR (slurry) level. 
The Phase 4 embankment has been completed except for some needed increase in embankment height to account for subsidence 
which occurred during mining by LW Panel No. 2. Determine the time to fill Phase 41617 pool to various elevations with FCR. 
The existing Phase 4 embankment has sufficient base width to safely permit the start of FCR pumping into the Phase 4 incised pool. 

1 FCR Pumping Time to Fill the Incised Portion of the Phase 4 Pool (to Elev. 426 to Elev 448) 

Storage volume elevations 426 to 448 = 
FCR pumping rate= 
Time= 0.1416 Year= 52 

6,765,037 CF = 

Days 

250,557 CY 
1,769,500 CY/Year 
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G-0 
DATE: 3710 1c:,4 

Refuse Disposal Area No. 2, Mach Mining LLC 

B0S-330-1413 SHEET 2 OF 8 

DESCRIPTION: lmpouudment Pumping & Storm Storage Rc,piircments 

2 

3 

Phase 4 - With Phase 6 Buttress East & West Sides 

Storm Storage Requirements for the Incised Portion of the Phase 4 Pool File: Mach7B-4Pumping2rev.xls, hlo, rev. 01/31/2011 

See Stage 4/6/7 lmpoundment Volumes Table & Volume Report for storage volume -vs- elevation 
One PMF Runoff Volume= 152.45 AF = 245,955 CY 

Storage at Elev. 448 = 
1 PMF Runoff Volume = 
Total Required Storage= 
Req'd Phase 6 Crest Elev. = 

250,557 
245.955 
496,512 

455.7 

CY 
CY 
CY 

FCC Pum.1!.!!!9. Time to_FillJl1e Phase_4L_617 Pool From Elev. 448 to Ele_y. 460 

Storage at Elev 460 = 
Storage at Elev 448 = 
ti Storage = 

ti Time= 

670,754 
250.557 
420,197 

0.2375 

CY 
CY 
CY 

Year= 

Storm Storage Reguiremeo~§for FCR at Elev. 460.0 in Phas_e_ 4/6/7 

Storage at Elev. 460 = 670,754 CY 

1 PMF Runoff Volume = 245.955 CY 

Total Required Storage= 916,709 CY 

Req'd Phase 6 Crest Elev. = 466.0 

FCC PJJJlll!.!!!9. Time to Fill the Phase 4/6/7 PooJ from Elev. 460 IQ l;l_e_v. 470 

Storage at Elev 470 = 1,098,523 CY 

Storage at Elev 460 = 670 754 CY 

6 Storage= 427.769 CY 

/',Time= 0.2417 Year= 

87 

88 

Elev. 
460 

455.73 
462 

Days 

Elev. 

470 

466.03 

472 

Days 

Storage (CY) 
670,754 
496,512 
752.400 

Storage /CY) 

1,098,523 

916,709 

1.190,079 
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PROJECT NAME: Refuse Disposal Area No. 2, Mach Mining LLC 

PROJECT NO.: B0S-330-1413 SHEET 3 OF 8 
Engineers · Constructors· Scientists 

4 

DESCRIPTION: lmpoundment Pumping & Storm_ Storage Requirements 
Phase 4 - With Phase 6 Buttress East & West Sides 

Storm S_torage Requirements for FCR_ii!t E:lev. 470 in Phase 41617 File: Mach78-4Pumping3rev.xls, hlo, rev. 03/03/2011 

See Stage 416/7 lmpoundment Volumes Table & Volume Report for storage volume -vs- elevation 
One PMF Runoff Volume = 152.45 AF = 245,955 CY 

Storage at Elev. 470 = 
1 PMF Runoff Volume= 
Total Required Storage= 
Req'd Phase 6 Crest Elev. = 

1,098,523 
245.955 

1,344.478 
475.3 

CY 
CY 
CY 

FCC Pu1nping Time to Fill the Phase 41617 Pool From Elev. 470 to Elev. 481.3 

Storage at Elev 481.3 = 
Storage at Elev 470.0 = 
I', Storage = 
I', Time = 0.3066 Year= 

1,641,125 
1.098.523 

542.602 
112 

CY 
CY 
CY 

Days 

Ma"-· Allowable FCR Elev. For Phases 4 & 6 Final Dam Crest Elev. 492 

Elev. 
474 

475.27 
476 

Elev. 
480 

481.25 
482 

Storage (CY) 
1,283,701 
1.344.478 
1.379.412 

Storage (CY) 
1.577.241 
1,641,125 
1,679.406 

(For FCR Elevations Below 481.3, the 3' Freeboard has Been Provided by Phase 4 Being Already Constructed to Elev. 492) 
Elev. 492 - 3' Freeboard = Elev. 489 

Storage at Elev. 489 = 2,054,823 CY Elev. Storage (CY) 
1 PMF Runoff Volume = 413 698 CY 488 1,999,246 
Max FCR Storage Crest Elev 492 = 1,641,125 CY 489.00 2,054,823 
Max FCR Elev Phase 4/6 = 481.3 490 2.110,400 

Summary - Pumping Into Phases 4 and 6 With Maximum Dam Crest Elev. 492 

FCR Elev. Reg'd Phase 6 Elev. I', FCR Pumping Time L FCR Pumping Time Remarks 
448 455.7 52 days 52 days Top of incised portion of Phase 4 
460 466.0 87 days 139 days Phase 4 with Phase 6 Buttress 
470 475.3 88 days 227 days Phase 4 with Phase 6 Buttress 

481.3 492.0 112 days 339 days Max Allowable FCR Elev. For Phase 4/6 
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Phases 4 and 6 FCR Elevation 
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Refuse Disposal Arca No. 2, Mach Mining LLC 

Engineers · Constructors · Scientists PROJECT NO.: B0S-330-1413 SHEET 4 

5 

6 

DESCRIPTION: lmpoundment Pumping & Storm Storage Requirements 
Phase 7 

Storm Storage Requirements for Phase 7 Dam Crest Elevatior:L500 (Phase 7 Stage 1) 

Elev. 500 - 3' Freeboard = Elev. 497 
See Stage 4/6/7 lmpoundment Volumes Table & Volume Report for storage volume -vs- elevation 
See Drainage Areas Worksheet for Stage 7 at Various Dam Crest Elevations. 
One PMF Runoff Volume= (86.8 Acres)41 lnches/(12 Inches/Ft.)= 296.567 AF = 

Storage at Elev. 497 = 
1 PMF Runoff Volume= 
Max. Allow. FCR Storage= 
Max Allow. FCR Elev. = 

2,518,172 
478 461 

2,039,711 
488.7 

CY 
CY 
CY 

Elev. 
488 

488.73 
490 

Storage (CY) 
1,999,246 

2,039,711 
2,110,400 

FCC Pumping Time to Fill the Phase 4/6/7 P_9_9l Frnml;lev. 481.3 to Elev. 488.7 

Storage at Elev 488.7 = 
Storage at Elev 481.3 = 
/', Storage = 
/',Time= 

2,039,711 
1 641 125 

398,586 
0.2253 

CY 
.CY 
CY 

Year= 

Storm Storage Requium1ents for Phase 7 Dam Crest Eleva!io11 504 

One PMF Runoff Volume= (84.7 Acres)41 lnches/(12 Inches/Ft.)= 

Elev. 504 - 3' Freeboard = Elev. 501 

Storage at Elev. 501 = 

One PMF Runoff Volume= 

Max Allow. FCR Storage = 

Max. Allow. FCR Elev. = 

File: Mach78-4Purnping4rev.xls, hlo, rev. 03/03/2011 

2,764,224 

466,885 

2,297,339 

493.3 

CY 

CY 

CY 

82 Days 

(Phase 7 Stage 2) 

289.392 AF = 

Elev. 

492 

493.27 

494 

Storage (CY) 

2,223,871 

2,297,339 

2,339,687 

DATE: 

@ 
5/ !;;-o / 2,.0 1 I 

OF 8 

478,461 CY 

466,885 CY 
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PROJECT NAME: Refuse Disposal Area No. 2, Mach Mining_ LLC 

PROJECT NO.: 1305-330-1413 SHEET 5 

Engineers · Constructors· Scientists 
DESCRIPTION: lmpoundment Pumping & Storm Storage Requirements 

6 

7 

Phase 7 

FCC Pumping Time to Fill the Phase 4/6/7 Pool From Elev. 488.7 to Elev. 493.3 

Storage at Elev 493.3 = 
Storage at Elev 488.7 = 
fl Storage= 
fl Time= 

2,297,339 
2,039,711 

257,628 
0.1456 

CY 
CY 
CY 

Year= 

(continued) 

53 Days 

Storm Storage Requirements for Phase 7 D_a1n~rn,;t!;levation &09 (Phase 7 Stage 3) 

Elev. 509 - 3' Freeboard = Elev. 506 
One PMF Runoff Volume= (81.9 Acres)41Inches/(12 lnches/Ft.) = 

Storage at Elev. 506 = 
One PMF Runoff Volume= 
Max. Allow. FCR Storage = 
Max Allow. FCR Elev. = 

3,085,395 
451 451 

2,633,944 
498.9 

CY 
CY 
CY 

FCC PumJllil.9. Time to Fill the_ Phase 4/6/7 Pool From Elev. 493.3 to Elev. 498.9 

Storage at Elev 498. 9 = 2,633,944 CY 
Storage at Elev 493.3 = 2,297,339 CY 
fl Storage= 336,605 CY 

fl Time= 0.1902 Year= 

File: Mach7B-4Pumping5rev.xls, hlo. rev. 02/04/2011 

69 

279.825 AF = 

Elev. 
498 

498.90 
500 

Days 

Storage (CY) 
2,578,467 
2,633,944 
2,701,486 

OF 8 

451,451 CY 
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Engineers · Constructors· Scientists PROJECT NO.: B0S-330-1413 SHEET 6 

8 

DESCRIPTION: Impouudment Pumping & Storm Storage Requirements 
Phase 7 

~!Qun Storage Requirements for Phase 7 Dam Crest Elevation 517 

Elev. 517 - 3' Freeboard = Elev. 514 
One PMF Runoff Volume = (77.8 Acres)41 lnches/(12 Inches/Ft.) = 

Storage at Elev. 514 = 
One PMF Runoff Volume= 
Max. Allow. FCR Storage = 
Max Allow. FCR Elev. = 

3,632,972 
428,851 

3,204,121 
507.8 

CY 
CY 
CY 

(Phase 7 Stage 4) 

265.817 AF = 

Elev. 
506 

507.79 
508 

Storage (CY) 
3,085,395 
3,204,121 
3,218,409 

FC::C Pumping Time to Fill the Phase 4/6/7 Pool From Elev. 498.9 to Elev. 507.ll 

Storage at Elev 507.8 = 
Storage at Elev 498.9 = 
/', Storage = 
/',Time= 

3,204,121 
2 633 944 

570,177 

0.3222 

CY 
CY 
CY 

Year= 118 Days 

OF 8 

428,851 CY 

9 Storm Storage Requirements for_!"l1<1se 7 Dam Crest Elevation 524 (Intermediate Stage for Timing Computations) 

One PMF Runoff Volume= (72.4 Acres)41 lnches/(12 Inches/Ft.)= 

Elev. 524 - 3' Freeboard = Elev. 521 

Storage at Elev. 521 = 

One PMF Runoff Volume = 

Max Allow. FCR Storage = 

Max Allow FCR Elev. = 

File: Macl17B-4Purnping6rev.xls, hlo, rev. 02/01/2011 

4,147,196 

399,085 

3,748,111 

515.6 

CY 

CY 

CY 

247.367 AF = 

Elev. 

514 

515.61 

516 

Storage (CY) 

3,632,972 

3,748,111 

3,776,427 

399,085 CY 
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AllianceO 
Consulting, Inc. 

BY: IILO DATE: 2/1/2011 CHKD BY: ,L?- DATE: 

@ 
SL'?D /-z.PJI I 

PROJECT NAME: Refuse Disposal Area No. 2, Mach Mining_ LLC 

PROJECT NO.: B0S-330-1413 SHEET 7 

Engineers · Constructors· Scientists 
lmpoundment Pumping & Storm Storage Rec111iremeuts 

9 

DESCRIPTION: 

Phase 7 

g;c Pumping Time to Fill the Phase 4/6/7 Pool From Elev. 507.8 to Elev. 515.6 

Storage at Elev 515.6 = 
Storage at Elev 507.8 = 
!J. Storage = 
!J. Time= 

3,748,111 
3,204,121 

543,990 
0.3074 

CY 
CY 
CY 

Year= 

(continued) 

112 Days 

10 _StQJm Storage Requirements for Phase 7 Dam Crest ElevJ!tionJ13J (Phase 7 Stage 5) 

One PMF Runoff Volume= (70.7 Acres)41 lnches/(12 Inches/Ft.) = 
Elev. 531 - 3' Freeboard = Elev. 528 

Storage at Elev. 528 = 

One PMF Runoff Volume = 
Max Allow. FCR Storage = 

Max Allow FCR Elev. = 

4,694,423 

389 714 

4,304,709 

523.1 

CY 

CY 

CY 

F5::C Pumping Time to Fill the Phase 4/6/7 Pool From Elev. 515.6 to Elev. 523.1 

Storage at Elev 523.1 = 4,304,709 CY 

Storage at Elev 515.6 = 3748111 CY 
!J. Storage = 556,598 CY 
!J. Time= 0.3146 Year= 

File: Mach7B-4Pumping7rev.xls, hlo, rev. G2/91/2911 

115 

241.558 AF = 

Elev. 

522 

523.06 

524 

Days 

Storage (CY) 

4,222,986 

4,304,709 

4,377,330 

OF 8 

389,714 CY 
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Consulting, Inc. 

Engineers ·Constructors· Scientists 

BY: IILO 

PROJECT NAME: 

PROJECT NO.: 

,0 

DATE: 2/1/2011 CHKD BY: -r1..-Cr DATE: 

Refuse Disposal Area No. 2,_Mach Mining_ LLC 

B0S-330-1413 SHEET 8 OF -----
DESCRIPTION: Impoundment Pumping & Sto1111 Storage Requirements 

11 

Phase 7 

Storm Siorage Requirements for Phase 7 Dam Crest Elevat_iq_n 5;3& (Phase 7 Stage 6) 

(The principal spillway pipe will be operational, the design storm goes is one PMF, the max allow. FCR elev.; 531.1) 
Elev. 538 - 3' Freeboard; Elev. 535 

Storage at Elev. 531.1; 4,947,963 CY (decant riser inlet elev.) 
Design Storm Elev.; 534.9 (see HEC1) 

Freeboard ;Elev. 538- Elev. 534.9; 3.1' > 3.0', OK 

fCC Pumping Time to Fill the Phase 4/6/7 Pool From Elev. 523.1 to Elev. 531.1 

Storage at Elev 531.1 ; 4,947,963 CY Elev. Storage (CY) 
Storage at Elev 523.1; 4,304.709 CY 530 4,857,247 
/1 Storage; 643,254 CY 531.10 4,947.963 
/1 Time; 0.3635 Year; 133 Days 532 5,022,185 

Summary - Pumping Times & Allowable Elevations - Phases 4. 6. & 7 - With Maximum Embankment Dam Crest Elevation 538 

ECB Elev. Req'd Embank. Elev. /1 FCR Pumping Time ,: FCR Pumping Time Remarks 

°'2-~\ 
':::> jpJ/~011 

8 

11 days 11 days Finish pumping into Phase 5 (Conservative) 
448.0 455.7 52 days 

460.0 466.0 1 87 days 

470.0 475.3 1 
88 days 

481.3 492.0 1 112 days 
488.7 500.0 82 days 
493.3 504.0 53 days 
498.9 509.0 69 days 
507.8 517.0 118 days 

515.6 524.0 112 days 
523.1 531.0 115 days 
531.1 538.0 133 days 

File: Mach7B-4Pumping8rev.xls, hlo, rev. 03/03/2011 

63 days Top of incised portion of Phase 4 

150 

238 

350 

432 

485 

554 

672 

784 

899 

1,032 

(2.83 years) 

days 

days 

days 

days 

days 

days 

days 

days 

days 

days 

1 
Top of Phase 6 Embankment (E & W sides) 

Max Allowable FCR Elev. For Phases 6 

Phase 7 Stage 1 

Phase 7 Stage 2 

Phase 7 Stage 3 

Phase 7 Stage 4 

Intermediate Phase 

Pl1ase 7 Stage 5 

Phase 7 Stage 6 
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Required Dam Crest Elevations for Phases 4, 6, and 7 - One PMF Storm Storage Criteria With 

10-day Drawdown 

550.0 T, 

540.0 

C 
O 530.0 
:;:, 

"' > 
Q) 

UJ ..., 
If) 

520.0 

5 510.0 -C 
Q) 
E 500.0 
.s: 
C 

"' .c 490.0 
E 

UJ 
-0 
a, 480.0 .... 
::l 
o-

n':! 470.0 

460.0 

450.0 

440.0 450.0 460.0 470.0 480.0 490.0 500.0 510.0 520.0 530.0 

FCR Elevation 

® 

540.0 
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Alliance IJ 
Consulting, Inc. 

BY: HLO 

PROJECT NAME: 

Engineers · Constructors · Scientists PROJECT NO.: 

DESCRIPTION: 

DATE: 2/1/2011 CHKD BY: -n. 4 DATE: 
® 
rd11/,.;}o// 

Refuse Disposal Area No. 2, Mach Mining LLC 

1305-330-1413 SHEET 1 OF 4 

Embankment Construction Times - Phases 4, 6, & 7 
Pumping Into Phase 4, Phase 713 Eliminated 

See accompanying embankment & pool volume tables 
Start embankment timing computations on February 1, 2011 

File: Mach7B-4EmbankTimes1 rev.xis, hlo, rev. 04/07/2011 
The Phase 5 embankment is completed 

CCR Production Rate= 2,201,300 CY/Year FCR Production Rate= 1,769,500 CY/Year 

Determine: The time to finish pumping FCR into Phase 5; the times to complete the Phase 4, Phase 6, and Phase 7 embankments; and 
if the Phase 6 and Phase 7 embankments can kept the required elevation above the FCR level in the Phase 4/6/7 pool. See 
the accompanying lmpoundment Pumping & Storm Storage Computations for the required Phase 6 and Phase 7 crest elev.'s. 

(Below Phase 6 volumes include bringing Phase 4 to design configuration post subsidence) 

A Time to Finish Stage 5 FCR Pumping 

Max. Allowable FCR Elev. = 480.0 
FCR elevation on 02/01/2011 = 479.0 
(2,428,698 - 2,480,754) CY= 
52,047 CY/(1,769,500 CY/Year)= 

= 

B Phase 6 Embankment_in Place 02/01/2011 

58,336 
0.0330 

12 

CY 
Year 
Days 

Elev. 
475 

479.00 
482 

Volume (CY) 
2,247,400 
2,480,745 
2,655,754 

Elev. 
475 

480.00 
482 

Volume (CY} 
2,247,400 
2,539,081 
2,655,754 

275,000 Tons CCR= 275,000 Tons(2000 Lb/T)/(125 PCF x 27 CF/CY)= 162,963 CY (already placed in east side) 

1 Time to Build the Phase 6 Embankment from 02/01/2011 to Elev. 455.7 

/'i Embank. Vol. to Elev. 455.7 = 

/'iTime= 0.1955 Year= 

430,360 CY 

71 Days 

(593,323 -162,963) CY 

2 Time to Build the Phase 6 Embankment from Elev. 45_5.7_ to_Elev. 466.0 

Volume at Elev 455.7 = 
Volume at Elev 466.0 = 
/'i Volume= 
/'iTime= 0.1446 Year= 

430,360 CY 
748 637 CY (911,600 -162,963) CY 
318,277 CY 

53 Days 

Elev. 

450 

455.7 

460 

Elev. 
460 

466.0 
470 

Volume (CY) 

465,700 

593,323 

689,600 

Volume (CY) 
689,600 
911,600 
1,059,600 
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BY: HLO 

PROJECT NAME: 

PROJECT NO.: 

DATE: 2/1/2011 CHKD BY: -zz~ DATE: 

Refuse Disposal Area No. 2, Mach Mining LLC 

B0S-330-1413 SHEET 2 OF 

DESCRIPTION: Embankment Construction Times - Phases 4, 6, & 7 

3 

4 

5 

Pumping Into Phase 4, Phase 7B Eliminated 

CCR Production Rate= 2,201,300 CY/Year FCR Production Rate: 1,769,500 CY/Year 

Time to Build the Phase 6 Embankm~ntfrom Elev. 466.0 to J=lev. 475.3 

Volume at Elev 466.0 = 
Volume at Elev 475.3 = 
6 Volume= 

748,637 CY 
1 098 037 CY (1,361,700 - 162,963) CY 
349,400 CY 

6 Time= 0.1587 Year= 58 Days 

Time to Build the Phase 6 Embankment from Elev. 4I5.3 to Ele_v._4.92.0 (End of Phase 6) 

Volume at Elev 475.3 = 
Volume at Elev 492.0 = 
6 Volume= 

1,098,037 CY 
1 776 637 CY (1,939,600 - 162,963) CY 
678,600 CY 

6 Time= 0.3083 Year= 113 Days 

Time to Build the Phase 7 Embankm_1m1Jrom Elev. 492J)_lo Elev. 50Q.0 Phase 7 (Stage 1) 

Volume at Elev 492.0 = 0 CY 

Elev. 
470 

475.3 
480 

Elev. 
492 

© 
~;,~ l.20LL 

4 

Volume (CY) 
1,059,600 
1,261,000 
1,439,600 

Volume (CY) 
1,939,600 

Volume at Elev 500.0 = 443 700 CY (See Phase 6 & Revised Phase 7 Embankment Volumes Table) 
6 Volume= 443,700 CY 
6 Time= 0.2016 Year= 74 Days 

6 Time to Build the Phase IJ:mbankment fromJ;lev. 500.0 to Eley.Ji,04.0 

Volume at Elev. 500 = 443,700 CY 
Volume at Elev. 504 = 820,078 CY 
6 Volume= 376,378 CY 
6 Time= 0.1710 Year= 62 Days 

Phase 7 (Stage 2) 

Elev. 
500 
504 
510 

Volume (CY) 
443,700 
820,078 
1,384,644 

File: Mach7B-4EmbankTimes2rev.xls, hlo, rev. 04/07/2011 



R
14931

AllianceO 
Consulting, Inc. 

Engineers ·Constructors· Scientists 
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PROJECT NAME: 

PROJECT NO.: 

DATE: 2/1/2011 CHKD BY: --rz.t DATE: 

Refuse Disposal Area No. 2, Mach Mining_ LLC 

1305-330-1413 SHEET 3 OF 

DESCRIPTION: Embankment Construction Times - Phases 4, G & 7 

7 

8 

Pumping Into Phase 4, Phase 7B Eliminated 

CCR Production Rate= 2,201,300 CY/Year FCR Production Rate: 1,769,500 CY/Year 

Time to l:luild theJ'hase 7 Embantment f(om Elev. 504.Qto Elev. 509.0 

Volume at Elev 504 = 
Volume at Elev 509 = 
ti Volume= 
ti Time= 0.2137 Year= 

820,078 CY 
1,290,550 CY 
470,472 CY 

78 Days 

Time to Build tl,ePhase 7 Emb;rnkment from Elev. 5_0_9.0 to Elev. 517.0 

Volume at Elev 509 = 
Volume at Elev 517 = 
ti Volume= 
ti Time= 0.2892 Year= 

1,290,550 CY 
1,927.209 CY 
636,660 CY 

106 Days 

Phase 7 (Stage 3) 

Phase 7 (Stage 4) 

Elev. 
500 

509.0 
510 

Elev. 
510 

517.0 
520 

® I 

!;>!:?;,//,?◊/( 

4 

Volume (CY) 
443,700 

1,290,550 
1,384,644 

Volume (CY) 
1,384,644 
1,927,209 
2,159,737 

9 Dm'Lt_Q___f:l_l![ld the Pha_,;JLI Embankment from Elev. 517,Qto Elev. 524.0 (Intermediate Stage for Timing Computations) 

Volume at Elev 517 = 
Volume at Elev 524 = 
ti Volume= 
ti Time= 0.2182 Year= 

1,927,209 CY 
2 407 471 CY 
480,262 CY 

80 Days 

10 Time_to Bu_i]d the Phase_7 Embankme11t from Elev. 52<\_cO_!_o Elev~ 531.0 

Volume at Elev. 504 = 2,407,471 CY 
Volume at Elev. 531 = 2,827.251 CY 
ti Volume= 419,780 CY 

ti Time= 0.1907 Year= 70 Days 

Phase 7 (Stage 5) 

Elev. 
520 

524.0 
530 

Elev. 
530 
531 
538 

Volume (CY) 
2,159,737 
2,407,471 
2,779,073 

Volume (CY) 
2,779,073 
2,827,251 
3,164,499 

File: Mach7B-4EmbankTirnes3rev.xls, hlo, rev. 02/01/2011 
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PROJECT NAME: Refuse Disposal Area No. 2, Ma~h ~ining LLC 

PROJECT NO.: B0S-330-1413 SHEET 4 OF 

Engineers · Constructors· Scientists 
DESCRIPTION: Embankment Construction Times - Phases 4, 6 & 7 

Pnmping Into Phase 4, Phase 7B Eliminated 

CCR Production Rate= 2,201,300 CY/Year FCR Production Rate: 

11 Jime to Build the Phase 7 Embankment from Elev. 531.0 to Elev. 538.0 (Stage 6) 

Volume at Elev. 531 = 
Volume at Elev. 538 = 
A Volume= 
A Time= 0.1532 Year= 

2,827,251 CY 
3,164,499 CY 
337,248 CY 

56 Days 

Summary - Pumping and Embankment Construction Times - Phases 4, .6 & 7 

1,769,500 CY/Year 

4 

FCR. A Pump r Pump r Pump Req'd A Const. r Const. r Const. Remarks (Start date is 02/01/2011) 
Elev. Time Time Time Embank. Time Time Time 

~ (Days) (Years) Elev. (Days) (Days) (Years) 
11 11 0.030 Finish Pumping Into Phase 5 

448.0 52 63 0.173 455.7 71 71 0.195 Slurry at top of Phase 4 incised pool 
460.0 87 150 0.411 466.0 53 124 0.340 
470.0 88 238 0.652 475.3 58 182 0.499 
481.3 112 350 0.959 492.0 113 295 0.808 Phase 4 & Phase 6 Crest Elev. 492 
488.7 82 432 1.184 500.0 74 369 1.011 Phase 7, Stage 1, complete 
493.3 53 485 1.329 504.0 62 431 1.181 Phase 7, Stage 2, complete 
498.9 69 554 1.518 509.0 78 -509 1.395 Phase 7, Stage 3, complete 
507.8 118 672 1.841 517.0 106 615 1.685 Phase 7, Stage 4, complete 
515.6 112 784 2.148 524.0 80 695 1.904 Intermediate Stage to check timing 
523.1 115 899 2.463 531.0 70 765 2.096 Phase 7, Stage 5, complete 
531.1 133 1032 2.827 538.0 56 821 2.249 Phase 7, Stage 6, Crest Elev. 528 finished 

Checks: Total Phase 4/5/6/7 FCR pumping time= 4,947,963 CY/(1,769,500 CY/Year)+ 0.030 Year= 2.826 Year= 1,031 Days, OK 
Total Phases (4+ 6+ 7) CCR construction time= (1,939,600 - 162,963 + 3,164,499) CY/(2,201,300 CY/Year) = 2.245 Year= 819 days, OK 

File: Mach7B-4EmbankTimes4rev.xls, hlo, rev. 04/07/2011 
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PROJECT NAME: Refuse Disposal Area No. 2, Mach Mining, LLC 

PROJECT NO.: B05-330-1413 SHEET __ _ OF 
Engineers · Constructors· Scientists 

Beckley, VW DESCRIPTION: Phase 7 Principal Spillway Pipe Stage-Discharge Table 

Riser Invert Elev. 531.1 

USE: Riser and outlet pipe of consistant diameter and Manning's "n". 

Pipe ID. (in.) Lw (ft.) Cw 

16.62 4.35 3.1 

Pipe I. D. (in.) Ao (sf/ Co 

16.62 1.51 0.6 

{;; Weir Elev. 

13.49 531.1 

{;; Orfice Elev. 

7.2541 531.1 

Pipe Pressure Flow: Qp =( A, (2gH,) 112
) / (1 + K,, + IKm + K,L,) 112 = C(H,) 

112 

Pipe 1.0. (in.) Ao (sf/ Ke 

16.62 1.51 0.9 

Pipe Rating Table 

IKmisc. fSI2 !d2JJll {;; 
1.1 0.0173 175 4.927 

WS. Elev. Hw (ft) Ow (cts; Ho (cfs) Qo (cfs) tfQJJJl Qp (cfs) 

531.10 0 0.00 0 0.00 6.60 12.66 

531.30 0.2 1.21 0.2 3.24 6.80 12.85 

531.50 0.4 3.41 0.4 4.59 7.00 13.03 

531.64 0.54 5.35 0.54 5.33 7.14 13.16 

532.00 0.90 11.52 0.90 6.88 7.50 13.49 

533.00 1.90 10.00 8.50 14.36 

534.00 2.90 12.35 9.50 15.18 

535.00 3.90 14.33 10.50 15.96 

536.00 4.9 16.06 11.50 16.71 

536.75 5.65 17.24 12.25 17.24 

537.00 12.50 17.42 

538.00 13.5 18.10 

Ke (Projecting entrance)= 0.8 (use 0.9) 

Kb (90° miter bend) = 1.1 

See Dwg. No. B05-330-E13 for pipe grade & elevations. 

~{c Pipe Outlet Elev. 

524.5 

remarks 
invert inlet riser 

orfice flow controls 

full pipe flow starts 

top of dam 

File: Phase7DccantRev.x\s, hlo, rev. 01/14/201 
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Mach Mining, LLC 
Refuse Disposal Area No. 2 

MSHA ID No. IL0S-03141-02 

Modification to Eliminate Phase 7B, Pump into Phases 4 and 6 

HEC-1 Flood Routing Files and Results 

File No. Description 

MACH7B2 72-hour PMF rainfall, 18" OD DR-26 HDPE PSW with 

Riser invert elev.531.1. Top of dam elev. 538.0. 

MACH7BD2 10-day drawdown for PSW pipe riser inlet elevation 

531.1 (drawdown for DHW routing above). 

PMF - Probable maximum flood 
PSW - Principal spillway pipe 

DHW - Design high water for 72-Hr. PMF 

OD - Outside diameter 
DR- Dimensionless ratio 
HDPE - High density polyethylene pipe 

File: Mach 7Bhec- l.doc, hlo, 01/14/2011 

Results 

DHW Elev. 534.93 
FB = 3.07' 

90% drawdown in 
9.75 days 
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***************************************** ********************************** 

* * 

FLOOD HYDROGRAPH PACKAGE (HEC-1) * * U.S. ARMY CORPS OF ENGINEERS 

JUN 1998 * * HYDROLOGIC ENGINEERING CENTER 

VERSION 4.1 * * 6 0 9 SECOND STREET 

* * DAVIS, CALIFORNIA 95616 

RUN C•ATE 14JAN11 TIME 14,43,14 * * (916) 756-1104 

' BY, HLO CHECKED BY, * * 
' 
*******~********************************* *********************************** 

REFUSE DISPOSAL AREA NO. 2 
PHASE 7 - STAGE 6, PHASE 7B ELIMINATED 

72-HOUR PMF FLOODROUTING 
18" OD DR-26 HDPE PSW PIPE AT INLET ELEVATION 531.1 

X X xxxxxxx xxxxx X 

X X X X X xx 
X X X X X 

xxxxxxx xxxx X xxxxx X 

X X X X X 

X X X X X X 

X X xxxxxxx xxxxx XXX 

THIS PROGRAM REPLACES ALL PREVIOUS VERSIONS OF HEC-1 KNOWN AS HECl (JAN 73), HEClGS, HEClDB, AND HEClKW. 

THE DEFINITIONS OF VARIABLES -RTIMP- AND -RTIOR- HAVE CHANGED FROM THOSE USED WITH THE 1973-STYLE INPUT STRUCTURE. 
THE DEFINITION OF -AMSKK- ON RM-CARD WAS CHANGED WITH REVISIONS DATED 28 SEP 81. THIS IS THE FORTRAN77 VERSION 
NEW OPTIONS, DAMBREAK OUTFLOW SUBMERGENCE, SINGLE EVENT DAMAGE CALCULATION, DSS,WRITE STAGE FREQUENCY, 
DSS,READ TIME SERIES AT DESIRED CALCULATION INTERVAL LOSS RATE,GREEN AND AMPT INFILTRATION 
KINEMATIC WAVE, NEW FINITE DIFFERENCE ALGORITHM 

@ 
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HEC-1 INPUT PAGE 1 

LINE ID ....... 1 ....... 2 ....... 3 ....... 4 ....... 5 ....... 6 ....... 7 ....... 8 ....... 9 ...... 10 

1 ID FILE: MACH7B2DAT 
2 ID REFUSE DISPOSAL AREA NO. 2, MACH MINING, LLC 
3 ID PHASE 7, STAGE 6 FLOODROUTING - PHASE 7B ELIMINATED 
4 ID 72-HOUR PMP RAINFALL, 18" DR 26 PSW PIPE AT INLET ELEV. 531.1 
5 IT 5 10JAN14 0000 865 
6 IO 5 0 

7 KK PHASE? 
8 BA 0.1047 
9 IN 30 

10 PB 41. 0 

11 PC .0008 .0015 .0023 .0031 .0038 .0046 .0054 .0061 .0069 .0077 
12 PC .0084 .0092 .0101 .0111 .0120 .0129 .0139 .0148 .0157 .0167 
13 PC .0176 .0185 .0194 .0204 .0216 .0228 .0240 .0252 .0264 .0276 
14 PC .0288 .0300 .0311 .0323 .0335 .0347 .0364 .0381 .0398 .0414 
15 PC .0431 .0448 .0465 .0481 .0498 .0515 .0532 .0548 .0573 .0598 
16 PC .0623 . 0649 .0676 .0703 .0732 .0761 .0791 .0822 .0855 .0888 
17 PC .0951 .1020 .1094 .1175 .1261 .1354 .1454 .1559 .1672 .1791 
18 PC .1917 .2050 .2207 .2433 .2703 .3047 .3451 .4833 .7146 .7693 
19 PC' .8106 .8388 .8639 .8834 .8892 .8946 .8997 .9045 .9090 . 9133 
20 PC .9173 .9212 .9249 . 9285 .9320 .9354 .9375 . 9396 . 9417 .9438 
21 PC .9459 .9480 .9501 .9522 .9544 .9565 .9586 . 9607 . 9621 . 9634 
22· PC . 9648 .9662 . 9676 . 9690 .9704 .9718 .9732 .9745 .9759 .9773 
23 PC .9784 .9794 .9805 .9815 .9826 .9836 .9847 .9857 .9868 .9878 
24 PC .9889 .9900 .9908 .9916 . 9925 .9933 . 9941 .9950 .9958 . 9967 
25 PC .9975 .9983 .9992 1 
26 LS 100 100 
27 UD 0 .11 

28 KK PSW 
29 RS 1 ELEV 531.1 
30 sv 3010.7 3112.92 3215.99 3319.85 3424.47 
31 SE 530 532 534 536 538 
32 SQ 0 l. 21 3.41 5.33 6.88 10.0 12.35 14.33 16.06 17.24 
33 SQ 17.42 18.1 
34 SE 531.1 531.3 531. 5 53l.64 532 533 534 535 536 536.75 
35 SE 537 538 
36 zz 

@ 
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L******k********************************** 
* 

FLOOD HYDROGRAPH PACKAGE (HEC-1) * 

' 
' 
' 
* 
* RUN 0/\TE 

* 

JUN 1998 

VERSION 4.1 

14JAN11 TIME 14,43,14 

* 

* 

* 

* 

*******k********************************* 

6 I'.J 

IT 

FILE, MACH7Bl.DAT 
REFUSE DISPOSAL AREA NO. 2, MACH MINING, LLC 

PHASE 7, STAGE 6 FLOODROUTING - PHASE 7B ELIMINATED 
72-HOUR PMP RAINFALL, 18" DR 26 PSW PIPE AT INLET ELEV. 531.1 

OUTPUT CONTROL VARIABLES 
IPRNT 5 PRINT CONTROL 
IPLOT 
QSCAL 

0 PLOT CONTROL 
0. HYDROGRAPH PLOT SCALE 

HYDROGRAPH TIME DATA 
NMIN 5 

IDATE 10JAN14 
ITIME 0000 

NQ 865 
NDDATE 13JAN14 
NDTIME 0000 
ICENT 19 

COMPUTATION INTERVAL 
TOTAL TIME BASE 

MINUTES IN COMPUTATION INTERVAL 
STARTING DATE 
STARTING TIME 
NUMBER OF HYDROGRAPH ORDINATES 
ENDING DATE 
ENDING TIME 
CENTURY MARK 

. 08 HOURS 
72. 00 HOURS 

* 

* 

* 

* 

* 

* 

********************************** 

U.S. ARMY CORPS OF ENGINEERS 

HYDROLOGIC ENGINEERING CENTER 

609 SECOND STREET 

DAVIS, CALIFORNIA 95616 

(916) 756-1104 

*********************************** 

® 
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ENGLISH UNITS 

t 

+ 
+ 

DRAINAGE AREA 
PRECIPITATION DEPTH 
LENGTH, ELEVATION 
FLOW 
STORAGE VOLUME 
SURFACE AREA 
TEMPERATURE 

SQUARE MILES 
INCHES 
FEET 
CUBIC FEET PER SECOND 
ACRE-FEET 
ACRES 
DEGREES FAHRENHEIT 

RUNOFF SUMMARY 
FLOW IN CUBIC FEET PER SECOND 

TIME IN HOURS, AREA IN SQUARE MILES 

PEAK TIME OF AVERAGE FLOW FOR MAXIMUM PERIOD BASIN MAXIMUM TIME OF 
OPERATION STATION FLOW PEAK AREA STAGE MAX STAGE 

6-HOUR 

HYDROGRAPH AT 
PHASE7 1278. 39.00 313. 

ROUTED TO 
PSW 14. 47 ."58 14. 

*** NORMAL END OF HEC-1 *** 

;:-c:v-?.. /('.)-l-0) I /)€,.(J L<-'lZ>t,uA) >' 
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(i, 1/4, 0 ) /o;r.23 if 

/ _;-.,721'(•::"tc;. C /f/r· £/...Gt/_. 

r"c:, ., • ,;; _,,,,_o -""' 311,.;:?, q,;z~- ,, 
/0 ;;;, :Z3"r /1 

- JC:,, 2z. CJ,- /,' 
-1-3 0/0 , C:.cj6 

53/, I -::- 30,::;;,:;;, Cf IC, ;(j F 

24-HOUR 72-HOUR 
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14. 8. .10 
534.93 47.67 
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.*******k********************************* 

* * 
********************************* 

FLOOD HYDROGRAPH PACKAGE (HEC-1) * * U.S. ARMY CORPS OF ENGINEERS 

HYDROLOGIC ENGINEERING CENTER 

RUN DATE 

by: hlo 

JUN 1998 

VERSION 4.1 

14JAN11 TIME 15:26:04 

checked by: 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

609 SECOND STREET 

DAVIS, CALIFORNIA 95616 

(916) 756-1104 

'**************************************** *********************************** 

REFUSE DISPOSAL AREA NO. 2 
PHASE 7 - STAGE 6, PHASE 7B ELIMINATED 

72-HOUR PMF FLOODROUTING - 10 DAY DRAWDOWN 
18" OD DR-26 HDPE PSW PIPE AT INLET ELEVATION 531.1 

X X xxxxxxx xxxxx X 
X X X X X xx 
X X X X X 
xxxxxxx xxxx X xxxxx X 
X X X X X 
X X X X X X 
X X xxxxxxx xxxxx XXX 

THIS PROGRAM REPLACES ALL PREVIOUS VERSIONS OF HEC-1 KNOWN AS HECl (JAN 73), HEClGS, HEClDB, AND HEClKW. 

THE DEFINITIONS OF VARIABLES -RTIMP- AND -RTIOR- HAVE CHANGED FROM THOSE USED WITH THE 1973-STYLE INPUT STRUCTURE. 
THE DEFINITION OF -AMSKK- ON RM-CARD WAS CHANGED WITH REVISIONS DATED 28 SEP 81. THIS IS THE FORTRAN?? VERSION 
NEW OPTIONS: DAMBREAK OUTFLOW SUBMERGENCE, SINGLE EVENT DAMAGE CALCULATION, DSS:WRITE STAGE FREQUENCY, 
DSS:READ TIME SERIES AT DESIRED CALCULATION INTERVAL LOSS RATE:GREEN AND AMPT INFILTRATION 
KINEMATIC WAVE: NEW FINITE DIFFERENCE ALGORITHM 

(9 
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HEC-1 INPUT PAGE 1 

LINE ID ....... 1 ....... 2 ....... 3 ....... 4 ....... 5 ....... 6 ....... 7 ....... 8 ....... 9 ...... 1 O 

1 
2 

3 
4 

5 

6 
7 

8 

9 

10 
ll 

12 
13 

14 
15 

ID 
ID 
ID 
ID 
ID 
IT 
IO 
RS 
SV 
SE 
SQ 
SQ 
SE 
SE 
zz 

FILE: MACH7BD2 
REFUSE DISPOSAL AREA NO. 2, MACH MINING, LLC 

PHASE 7, STAGE 6 FLOODROUTING - PHASE 7B ELIMINATED 
72-HOUR PMP RAINFALL, 18" DR 26 PSW PIPE AT INLET ELEV. 531.1 
10-DAY DRAWDOWN 

60 llJANll 2340 22JAN11 2340 
0 0 
1 ELEV 534.93 

3010.7 3112.92 3215.99 3319.85 3424.47 
530 532 534 536 538 

0 1.21 3.41 5.33 6.88 10.0 12.35 14.33 
17.42 18.1 
531.1 531.3 531.5 531.64 532 533 534 535 

537 538 

L***************************************** 

* 

FLCOD HYDROGRAPH PACKAGE (HEC-1) * 

JUN 1998 * 
• 
• VERSION 4.1 * 
• 
* * 
* 
* RUN Dl\TE 14JAN11 TIME 15:26:04 * 
* 
* * 
******+*~******************************** 

FILE: MACH7BD2 
REFUSE DISPOSAL AREA NO. 2, MACH MINING, LLC 
PHASE 7, STAGE 6 FLOODROUTING - PHASE 7B ELIMINATED 
72-IIOUR PMP RAINFALL, 18" DR 26 PSW PIPE AT INLET ELEV. 531.1 
10-DAY DRAWDOWN 

* 

* 

* 

* 

* 

* 

16.06 17.24 

536 537.65 

********************************* 

U.S. ARMY CORPS OF ENGINEERS 

HYDROLOGIC ENGINEERING CENTER 

609 SECOND STREET 

DAVIS, CALIFORNIA 95616 

(916) 756-1104 

* 
*********************************** 

@ 
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7 IO 

IT 

8 FS 

9 S\.' 

10 Sil 

11 SQ 

13 SE: 

OUTPUT CONTROL VARIABLES 
IPRNT 
IPLOT 
QSCAL 

HYDROGRAPH TIME DATA 

0 PRINT CONTROL 
0 PLOT CONTROL 

0. HYDROGRAPH PLOT SCALE 

NMIN 60 MINUTES IN COMPUTATION INTERVAL 
IDATE llJANll STARTING DATE 
ITIME 2340 STARTING TIME 

NQ 265 NUMBER OF HYDROGRAPH ORDINATES 
NDDATE 22JANll ENDING DATE 
NDTIME 2340 ENDING TIME 
ICENT l9 CENTURY MARK 

COMPUTATION INTERVAL l.00 HOURS 
TOTAL TIME BASE 264.00 HOURS 

ENGLISH UNITS 
DRAINAGE AREA 
PRECIPITATION DEPTH 
LENGTH, ELEVATION 
FLOW 
STORAGE VOLUME 
SURFACE AREA 
TEMPERATURE 

SQUARE MILES 
INCHES 
FEET 
CUBIC FEET PER SECOND 
ACRE-FEET 
ACRES 
DEGREES FAHRENHEIT 

HYDROGRAPH ROUTING DATA 

l NUMBER OF SUBREACHES 
STORAGE ROUTING 

NSTPS 
ITYP 

RSVRIC 
ELEV TYPE OF INITIAL CONDITION 

534.93 INITIAL CONDITION 
X .00 WORKING RAND D COEFFICIENT 

STORAGE 3010.7 3112. 9 3216.0 3319.9 3424.5 

ELEVATION 530.00 532.00 534.00 536.00 53 8. 00 

DISCHARGE 0. 1. 3. 5. 7. 
17. 18. 

ELEVATION 531.10 531.30 531.50 531.64 532.00 
537.00 538.00 

10. 12. 14. 16. l7. 

533.00 534.00 535.00 536.00 537.65 

@ 
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STORAGE 
OUTFLOW 

ELEVATION 

STORAGE 
OUTFLOW 

ELEVATION 

3010.70 

.00 

530.00 

3406.16 

17.24 

537.65 

3066.92 
.00 

531.10 

3424.47 

18.10 

538.00 

*** 

COMPUTED STORAGE-OUTFLOW-ELEVATION DATA 

3077.14 3087.36 3094.52 3112.92 3164.46 3215.99 3267.92 3319.85 
1.21 3.41 5.33 6.88 10.00 12 .35 14.33 16.06 

531.30 531.50 531.64 532.00 533.00 534.00 535.00 536.00 

******************************************************************************************************************************* 

HYDROGRAPH AT STATION 00000000 

****************************************************************************************************~************************** 

* * 
DA MON HRMN ORD OUTFLOW STORAGE STAGE·* DA MON HRMN ORD OUTFLOW STORAGE STAGE* DA MON HRMN ORD OUTFLOW STORAGE STAGE 

* * 
11 JAN 2340 1 14. 3264.3 534.9 * 15 JAN 1640 90 10. 3173.8 533.2 * 19 JAN 0940 179 7. 3111. 2 532.0 
12 JAN 0040 2 14. 3263.1 534.9 * 15 JAN 1740 91 10. 3173.0 533.2 * 19 JAN 1040 180 7. 3110.6 532.0 
12 JAN 0140 3 14. 32.61. 9 534.9 * 15 JAN 1840 92 10. 3172.1 533.1 * 19 JAN 1140 181 7. 3110.0 531.9. 
12 JAll 0240 4 14. 3260.8 534.9 * 15 JAN 1940 93 10. 3171.3 533.1 * 19 JAN 1240 182 7. 3109.5 531. 9 
12 JAH 0340 5 14. 3259.6 534.8 * 15 JAN 2040 94 10. 3170.4 533.1 * 19 JAN 1340 183 7. 3109.0 531. 9 
12 JAfl 0440 6 14. 3258.5 534.8 * 15 JAN 2140 95 10. 3169.6 533.1 * 19 JAN 1440 184 7. 3108.4 531. 9 
12 JAlJ 0540 7 14. 3257.3 534.8 * 15 JAN 2240 96 10. 3168.7 533.1 * 19 JAN 1540 185 6. 3107.9 531.9 
12 JAIi 0640 8 14. 3256.2 534.8 * 15 JAN 2340 97 10. 3167.9 533.1 * 19 JAN 1640 186 6. 3107.3 531.9 
12 JNJ 0740 9 14. 3255.0 534.8 * 16 JAN 0040 98 10. 3167.0 533.1 * 19 JAN 1740 187 6. 3106.8 531. 9 
12 JAIi 0840 10 14. 3253.9 534.7 * 16 JAN 0140 99 10. 3166.2 533.0 * 19 JAN 1840 188 6. 3106.3 531.9 
12 JAJO 0940 11 14. 3252.7 534.7 * 16 JAN 0240 100 10. 3165.4 533.0 * 19 JAN 1940 189 6. 3105.8 531. 9 
12 JAIJ 1040 12 14. 3251. 6 534.7 * 16 JAN 0340 101 10. 3164.5 533.0 * 19 JAN 2040 190 6. 3105.3 531. 9 
12 JAU 1140 13 14. 3250.5 534.7 * 16 JAN 0440 102 10. 3163.7 533.0 * 19 JAN 2140 191 6. 3104.7 531. 8 
12 JAJI 1240 14 14. 3249.3 534.6 * 16 JAN 0540 103 10. 3162.9 533.0 * 19 JAN 2240 192 6. 3104.2 531. 8 
12 JA11 1340 15 14. 3248.2 534.6 * 16 JAN 0640 104 10. 3162.1 533.0 * 19 JAN 2340 193 6. 3103.7 531. 8 
12 JAH 1440 16 14. 3247.1 534.6 * 16 JAN 0740 105 10. 3161.3 532.9 * 20 JAN 0040 194 6. 3103.2 531. 8 
12 JA'\l 1540 17 13. 3246.0 534.6 * 16 JAN 0840 106 10. 3160.5 532.9 * 20 JAN 0140 195 6. 3102.7 531. 8 
12 JAH 1640 18 13. 3244.9 534.6 * 16 JAN 0940 107 10. 3159.7 532.9 * 20 JAN 0240 196 6. 3102.2 531. 8 
12 JAH 1740 19 13. 3243.8 534.5 * 16 JAN 1040 108 10. 3158.9 532.9 * 20 JAN 0340 197 6. 3101. 7 531.8 
12 JAN 1840 20 13. 3242.7 534.5 * 16 JAN 1140 109 10. 3158.1 532.9 * 20 JAN 0440 198 6. 3101. 3 531.8 
12 JAJI 1940 21 13. 3241. 6 534.S * 16 JAN 1240 110 10. 3157.3 532.9 * 20 JAN 0540 199 6. 3100.8 531. 8 
12 JA~ 2040 22 13. 3240.5 534.5 * 16 JAN 1340 111 10. 3156.5 532.8 * 20 JAN 0640 200 6. 3100.3 531. 8 
12 JAN 2140 23 13. 3239.4 534.4 * 16 JAN 1440 112 9. 3155.7 532.8 * 20 JAN 0740 201 6. 3099.8 531.7 

® 
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12 JAN ~240 24 

12 JAN 2340 25 
13 JAN 0040 26 
13 JAN 0140 27 
13 JAN 0240 28 
13 JAN 0340 29 
13 JAN 0440 30 
13 JAN 0540 31 
13 JAN 0640 32 
13 JAN 0740 33 
13 JAN 0840 34 
13 JAN 0940 35 
13 JAN 1040 36 
13 JAN 1140 37 
13 JAN 1240 38 
13 JAJ:-' 1340 39 
13 JAN 1440 40 
13 JAN 1540 41 
13 JAN 1640 42 
13 JAI\[ 1740 43 
13 Jl\11 1840 44 
13 JAN 1940 45 
13 JAN 2040 46 
13 JAl'! 2140 4 7 
13 JAN 2240 48 
13 JAN 2340 49 
14 JAN 0040 SO 
14 JAl'J 0140 51 
14 JAN 0240 52 
14 JAH 0340 53 
14 JAtl 0440 54 
14 JAtl 0540 55 
14 JAN 0640 56 
14 ;JAIi 0740 57 
14 JAII 0840 58 
14 JAJI 0940 59 
14 JAI1 1040 60 
14 JAIJ 1140 61 
14 JAIJ 1240 62 
14 JAIJ 1340 63 
14 JAIJ 1440 64 
14 JAH 1540 65 
14 JAJI 1640 66 
14 JAJ< 1740 67 
14 JAN 1840 68 
14 JAN 1940 69 
14 JAH 2040 70 

13. 
13. 
13. 
13. 
13. 
13. 
13. 
13. 
13. 
13. 

13. 
13. 
13. 
13. 
13. 
13. 
13. 
13. 
12. 
12. 
12. 
12. 
12. 
12. 
12. 
12. 
12. 
12. 
12. 
12. 
12. 
12. 
12. 
12. 
12. 
12. 
12. 
12. 
12. 
12. 
12. 
11. 
11. 
11. 
11. 
11. 
11. 

3238.3 
3237.2 
3236.1 
3235.0 
3233.9 
3232.9 
3231.8 
3230.7 
3229.6 
3228.6 
3227.5 
3226.S 
3225.4 
3224.4 
3223.3 
3222.3 
3221.2 
3220.2 
3219.2 
3218.1 
3217.1 
3216.l 
3215.1 
3214.l 
3213. 1 
3212.0 
3211. 0 
3210.0 
3209.0 
3208.1 
3207.1 
3206.1 
3205.1 
3204.1 
3203.1 
3202.2 
3201.2 
3200.2 
3199.3 
3198.3 
3197.4 
3196. 4 
3195.5 
3194.5 
3193.6 
3192.7 
3191.7 

534.4 * 16 JAN 1540 113 
534.4 * 16 JAN 1640 114 
534.4 * 16 JAJ, 1740 115 
534.4 * 16 JAN 1840 116 
534.3 * 16 JAN 1940 117 
534.3 * 16 JAN 2040 118 
534.3 * 16 JAN 2140 119 
534.3 * 16 JAN 2240 120 
534.3 * 16 JAN 2340 121 
534.2 * 17 JAN 0040 122 
534.2 * 17 JAN 0140 123 
534.2 * 17 JAN 0240 124 
534.2 * 17 JAN 0340 125 
534.2 * 17 JAN 0440 126 
534.1 * 17 JAN 0540 127 
534.1 * 17 JAN 0640 128 
534.1 * 17 JAN 0740 129 
534.1 * 17 JAN 0840 130 
534.1 * 17 JAN 0940 131 
534.0 * 17 JAN 1040 132 
534.0 * 17 JAN 1140 133 
534.0 * 17 JAN 1240 134 
534.0 * 17 JAN 1340 135 
534.0 * 17 JAN 1440 136 
533.9 * 17 JAN 1540 137 
533.9 * 17 JAN 1?40 138 
533.9 * 17 JAN 1740 139 
533.9 * 17 JAN 1840 140 
533.9 * 17 JAN 1940 141 
533.8 * 17 JAN 2040 142 
533.8 * 17 JAN 2140 143 
533.8 * 17 JAN 2240 144 
533.8 * 17 JAN 2340 145 
533.8 * 18 JAN 0040 146 
533.8 * 18 JAN 0140 147 
533.7 * 18 JAN 0240 148 
533.7 * 18 JAN 0340 149 
533.7 * 18 JAN 0440 150 
533.7 * 18 JAN 0540 151 
533.7 * 18 JAN 0640 152 
533.6 * 18 JAN 0740 153 
533.6 * 18 JAN 0840 154 
533.6 * 18 JAN 0940 155 
533.6 * 18 JAN 1040 156 
533.6 * 18 JAN 1140 157 
533.5 * 18 JAN 1240 158 
533.5 * 18 JAN 1340 159 

9. 

9. 
9. 
9. 
9. 
9. 

9. 
9. 
9. 
9. 

9. 
9. 
9. 
9. 
9. 
9. 
9. 
9. 
9. 
9. 
9. 
8. 
8. 
8. 
8. 
8. 
8. 
8. 

8. 

8. 
8. 

8. 
8. 
8. 
8. 

8. 
8. 
8. 
8. 
8. 
8. 
8. 

8. 
8. 
8. 
8. 
7. 

3154.9 
3154 .1 
3153.4 
3152.6 
3151. 8 
3151.1 
3150.3 
3149.6 
3148.8 
3148.1 
3147.3 
3146.6 
3145.8 
3145.1 
3144.4 
3143.7 
3142. 9 
3142. 2 
3141. 5 
3140.8 
3140.1 
3139.4 
3138. 7 
3138. 0 
3137.3 
3136. 6 
3135.9 
3135. 3 
3134.6 
3133.9 
3133.2 
3132.6 
3131. 9 
3131. 2 
3130. 6 
3129.9 
3129.3 
3128.6 
3128.0 
3127.3 
3126.7 
3126.1 
3125. 4 
3124. 8 
3124.2 
3123.5 
3122.9 

532.8 * 20 JAN 0840 202 
532.8 * 20 JAN 0940 203 
532.8 * 20 JAN 1040 204 
532.8 * 20 JAN 1140 205 
532.8 * 20 JAN 1240 206 
532.7 * 20 JAN 1340 207 
532.7 * 20 JAN 1440 208 
532.7 * 20 JAN 1540 209 
532.7 * 20 JAN 1640 210 
532.7 * 20 JAN 1740 211 
532.7 * 20 JAN 1840 212 
532.7 * 20 JAN 1940 213 
532.6 * 20 JAN 2040 214 
532.6 * 20 JAN 2140 215 
532.6 * 20 JAN 2240 216 
532.6 * 20 JAN 2340 217 
532.6 * 21 JAN 0040 218 
532.6 * 21 JAN 0140 219 
532.6 * 21 JAN 0240 220 
532.5 * 21 JAN 0340 221 
532.S * 21 JAN 0440 222 
532.5 * 21 JAN 0540 223 
532.5 * 21 JAN 0640 224 
532.5 * 21 JAN 0740 225 
532.5 * 21 JAN 0840 226 
532.5 * 21 JAN 0940 227 
532.4 * 21 JAN 1040 228 
532.4 * 21 JAN" 1140 229 
532.4 * 21 JAN 1240 230 
532.4 * 21 JAN 1340 231 
532.4 * 21 JAN 1440 232 
532.4 * 21 JAN 1540 233 
532.4 * 21 JAN 1640 234 
532.4 * 21 JAN 1740 235 
532.3 * 21 JAN 1840 236 
532.3 * 21 JAN 1940 237 
532.3 * 21 JAN 2040 238 
532.3 * 21 JAN 2140 239 
532.3 * 21 JAN" 2240 240 
532.3 * 21 JAN 2340 241 
532.3 * 22 JAN 0040 242 
532.3 * 22 JAN 0140 243 
532.2 * 22 JAN 0240 244 
532.2 * 22 JAN 0340 245 
532.2 * 22 JAN 0440 246 
532.2 * 22 JAN 0540 247 
532.2 * 22 JAN 0640 248 

6. 
6. 

6. 
6. 
6. 
6. 
6. 
5. 
5. 
5. 
5. 

5. 
5. 

5. 
5. 
5. 
5. 
5. 
5. 
4. 
4. 
4. 

4. 
4. 
4. 
4. 

4. 
4. 

4. 
4. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 

3099.3 
3098.9 
3098.4 
3097.9 
3097.5 
3097.0 
3096. 5 
3096.1 
3095.6 
3095.2 
3094.7 
3094.3 
3093.9 
3093.5 
3093.0 
3092.6 
3092. 2 
3091. 9 
3091. 5 
3091.1 
3090.B 
3090.4 
3090.1 
3089.7 
3089.4 
3089.l 
3088.7 
3088.4 
3088.1 
3087.8 
3087.6 
3087.3 
3087.0 
3086.7 
3086.5 
3086.2 
3085.9 
3085.7 
3085.4 
3085.2 
3084.9 
3084.7 
3084.5 
3084.2 
3084.0 
3083.8 
3083.6 

531.7 
531.7 
531. 7 
531.7 
531. 7 
531. 7 
531. 7 
531.7 
531.7 
531.7 
531. 6 
531. 6 
531. 6 
531. 6 
531. 6 
531. 6 
531. 6 
531. 6 
531. 6 
531. 6 
531.6 
531. 6 
531. 6 
531.5 
531.5 
531. 5 
531. 5 
531. 5 
531. 5 
531. 5 
531.5 
531. 5 
531. 5 
531. 5 
531. 5 
531. 5 
531.5 
531.5 
531. 5 
531. 5 
531. 5 
531. 4 

531. 4 
531.4 
531. 4 
531.4 
531.4 

7'0% 
DD 

@ 
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14 JAN 2140 71 ll. 3190.8 533.5 * 18 JAN 1440 160 7. 3122.3 532.2 * 22 JAN 0740 249 3. 3083.4 531.4 
14 JAN 2240 72 11. 3189.9 533.5 * 18 JAN 1540 161 7. 3121. 7 532.2 * 22 JAN 0840 250 3. 3083.2 531.4 
14 JAN 2340 73 11. 3189.0 533.5 * 18 JAN 1640 162 7. 3121.1 532.2 * 22 JAN 0940 251 2. 3083.0 531. 4 
15 JAN 0040 74 11. 3188.0 533.5 * 18 JAN 1740 163 7. 3120.5 532.1 * 22 JAN 1040 252 2. 3082.8 531.4 
15 JAl\ 0140 75 11. 3187.1 533.4 • 18 JAN 1840 164 7. 3119. 9 532.1 * 22 JAN 1140 253 2. 3082.6 531. 4 
15 JAK 0240 76 11. 3186.2 533.4 * 18 JAN 1940 165 7. 3119.3 532.1 * 22 JAN 1240 254 2. 3082.4 531. 4 
15 JA]\.T 0340 77 11. 3185.3 533.4 * 18 JAN 2040 166 7. 3118.7 532.1 * 22 JAN 1340 255 2. 3082.2 531. 4 
15 JAK 0440 78 ll. 3184.4 533.4 * 18 JAN 2140 167 7. 3118.1 532.1 * 22 JAN 1440 256 . 2. 3082.0 531.4 
15 JAi" 0540 79 11. 3183.5 533.4 * 18 JAN 2240 168 7. 3117. 5 532.1 * 22 JAN 1540 257 2. 3081.B 531.4 
15 JAN 0640 BO 11. 3182.6 533.4 * 18 JAN 2340 169 7. 3116.9 532.1 * 22 JAN 1640 258 2. 3081. 6 531. 4 
15 JAN 0740 Bl 11. 3181.7 533.3 * 19 JAN 0040 170 7. 3116.3 532.1 * 22 JAN 1740 259 2. 3081. 4 531.4 
15 JAN 0840 82 11. 3180.8 533.3 * 19 JAN 0140 171 7. 3115. 7 532.1 * 22 JAN 1840 260 2. 3081. 3 531.4 
15 JAN 0940 83 11. 3179.9 533.3 • 19 JAN 0240 1 72 7. 3115 .1 532.0 * 22 JAN 1940 261 2. 3081.1 531. 4 
15 JAN J.040 84 11. 3179.1 533.3 * 19 JAN 0340 173 7. 3114. 6 532.0 * 22 JAN 2040 262 2. 3080.9 531. 4 
15 JAN J140 85 11. 3178.2 533.3 * 19 JAN 0440 174 7. 3114. 0 532.0 * 22 JAN 2140 263 2. 3080.B 531. 4 
15 JAN J.240 86 11. 3177.3 533.2 * 19 JAN 0540 175 7. 3113.4 532.0 * 22 JAN 2240 264 2. 3080.6 531. 4 
15 JAH J.340 87 11. 3176.4 533.2 * 19 JAN 0640 176 7. 3112. 8 532.0 * 22 JAN 2340 265 2. 3080.4 531.4 
15 JAN 1440 88 11. 3175.6 533.2 * 19 JAN' 0740 177 7. 3112. 3 532.0 * 
15 JAI'! J.540 89 10. 3174.7 533.2 * 19 JAN 0840 178 7. 3111.7 532.0 * 

* * 
******;·k*************************************************************************************************************************** 

PEAK FlaOW TIME MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72-HR 264.00-HR 

+ (CF:3) (HR) 
(CFS) 

+ .l4. . 00 14 . 14. 13. 8. 
(INCHES) .000 .000 .000 .000 

(AC-FT) 7. 27. 75. 184. 

PEAK ,<'fORAGE TIME MAXIMUM AVERAGE STORAGE 
6-HR 24-HR 72-HR 264.00-HR 

+ (AC· FT) (HR) 
32•5·±. .00 3261. 3251. 3225. 3151. 

PEAK .STAGE TIME MAXIMUM AVERAGE STAGE 
6-HR 24-HR 72-HR 264.00-HR 

+ (FEET) (HR) 
534.93 .00 534.86 534.67 534.17 532.73 

CUMULATIVE AREA= .00 SQ MI 

1 

® 
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RUNOFF SUMMARY 
FLOW IN CUBIC FEET PER SECOND 

TIME IN HOURS, AREA IN SQUARE MILES 

PEAK TIME OF AVERAGE FLOW FOR MAXIMUM PERIOD BASIN MAXIMUM TIME OF 
OPERATION STATION FLOW PEAK AREA STAGE MAX STAGE 

6-HOUR 24-HOUR 72-HOUR 

ROUTED TO 
'. .::: i;~l[J[.1 14. . 00 14. 14. 13 . . 00 

534. 93 .00 

*** NOF.MAL END OF HEC-1 *** 

,-,,.,:v ,_\~ -';;'()/,:, ?1<?,"fwDOu-'/1..,,' //1,,ec..;,.;; T .JmAZ✓,JC;e =- ..:J.,, C> ,ff c;;. , 4,$,:,:;, A').,& &-E8 72-;</,'2 ,.q?JF /:Z.V /7AJ4) 

(..)CC-v,,:~ 5 ,,yr :21 .,../,A;--/ 17"-,'-C> 
..5 T/1 "< T .5 /ff // .JAN 2.3.VO <Per/ k m .d4 t:;£ J 

9 l);?/5 /oOO - 9✓ 75 c) /?)(5 ~ / O O ,,-<?J;::,, c:::> k: 

~ 0 
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Mach Mining, LLC 
Refuse Disposal Area No. 2 

MSHA ID No. IL0S-03141-02 

Modification to Eliminate Phase 7B; Pump into Phases 4 and 6 

Stability Analysis Files and Results 

File No. Description SF 

7BEMPTY1 Static stability analysis. Phase 4 incised portion full of water, 1.90 

analysis is on n01ih side of Phase 3 on Cross Section E-E. 

Phase 3 capped to elev. 500. Effective strengths for FCR & CCR, 

total strength for foundation soil. Theoretical phreatic line from 

top of capped FCR for Phase 3 underdrain then straight line to 

standing water in incised Phase 4 pool. 

7B STEP 1 Static stability analysis. Same section and strength parameters 2.11 

as above. FCR in Phases 4/6/7 pool is at max. allowable level for 

Phase 7, Step 1, Elev. 479.7. Phreatic line at Elev. 479.7 in Phase 

4/6/7 pool and level into Phase 3 embankment and Phase 3 

capped FCR. 

7BSTEP6 Static stability analysis. Same section and strength parameters 2. 15 

as above. Phase 7 completed to Step 6 elevation, FCR is at 

max. level for end of Step 5. Plu·eatic line assumed level from 

FCR elevation 517.9 in Phase 7 pool into Phase 3 cap. 

7BEMPTY2 Seismic stability analysis on cross-section used in 7BEMPTY1, 1.25 

above. Horizontal acceleration= 0.15g, effective strength 

prope1ties for FCR & CCR, total strength parameters for the 

foundation soil. Same phreatic line. 

7B STEP 1 S Seismic stability analysis. Same section, strength parameters, 1.29 

and phreatic level as for 7BSTEP1 above. Horizontal 

acceleration= 0.15g, effective strength prope1iies for FCR & 

CCR, total strength parameters for the foundation soil. The 

plu·eatic level is conservative, as the capped Phase 3 FCR is 

draining and consolidating. The piezometer readings as of 

01/05/2011 indicate that the phreatic level in the Phase 3 

embankment is at Elev. 477.5. 

7BSTEP6S Seismic stability analysis. Sarne section, strength parameters, 1.29 

and phreatic line as for 7BSTEP6 above. Horizontal 

acceleration= 0.15g, effective strength properties for FCR & 

CCR, total strength parameters for the foundation soil. 

File: Mach7B-4stability.doc, hlo, rev. 03/048/2011 



R
14947

(~ 

800 

700 

600 

500 

;·11 

1'1! 

400 
0 

STED 

# FS · 
a 1.90: 
b 1.90: 
C 1 91 
d 1.91; 
e 1.91 
f 1.91 : 
g 1.92: 
h 1.92 
i 1.92: 

~
Ii ~i:;~:: 
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I 
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Soil 
Desc. 

CCR 
FCR 
Soil 

Mach Mining, LLC, Static Analysis Phase 7B Elimination, End of Phase 3 
C:\DOCUME~1\HOWENS\MYDOCU~1 IMACH7B~1 \STAB IL ~1 \7BEMPTY1 .PL2 Run By: HLO 1/12/2011 3:24PM 

,. .. .'. · c.. C ·cc-. -.'.:·:--. - J ,::c-.::.::::.:cc_ :C ...... ·-r--- -............ _,. __ --- l - .. . .. ----- . ------7 cc-:-- - -C ---: . - "· .. : . 

Soil Total Saturated Cohesion Friction Piez. I r

1

Init Poi~ts_: 120. to 200. ] 
Type Unit Wt. Unit Wt. Intercept AnAle Surface Term Linuts: 290. lo 350. 1 
No. (pcf) (pcf) (psf) (deg) No. ........... . .. - I 

1 . 130.0 140.0 0.0 33.7 W1 
2 80.0 90.0 0.0 28.0 W1 . 
3 125.0 135.0 400.0 _19,5 ___ W2 _ _j 

a 
~ i~• d'e G,jl 
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,:!It---• .~ 
j ~

. 
1
'---<,z 

4 / 1 • 

; «-' - « ' .,,.. ., ' 
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PCSTABL5M/si FSmin=1.90 
Safety Factors Are Calculated By The Modified Bishop Method 
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800 I • -, 

# FS 
a 1.90 
b 1.90 
C 1.91 
d 1.91 

Mach Mining, LLC, Static Analysis Phase 7B Elimination, End of Phase 3 
C:\DOCUME-1\HOWENS\MYDOCU-1IMACH7B-1\STABIL ~1\7BEMPTY1 .PL2 Run By: HLO 1/12/2011 3:24PM 

Soil Soil Total Saturated Cohesion Friction Piez. 
Desc. Type Unit Wt. Unit Wt. Intercept Angle Surface 

No. (pcf) (pcf) (psf) (deg) No. 
CCR 1 130.0 140.0 0.0 33.7 W1 
FCR 2 80.0 90.0 0.0 28.0 W1 

lnit Points: 120. to 200. 
Term Limits: 290. to 350. 

e 1.91 I __:-:,"-"_'··_...:::...___:.=:____:.c. ___________ _ 
f 1.91 ~ 
g 1.92 

!Sn;J 3 1 ?5 o 135 0 400.0 19.5 W2 

h 1.92 
i 1.92 

700 \-1 i 1.92 

600 

500~ 6 

' ,J•~ ,, ~ 
1 .,.--·- 1 

........... ..... L2'"""J..,.;;; • ~ " 
Wl j /Wl J ~~~~~i 3 3 ------------------ "' W2 

400 L__ ______ _j_ ______ _j_ ______ ___,~------~------~------~ 

0 100 

STED 

200 300 

PCSTABL5M/si FSmin=1.90 

400 

Safety Factors Are Calculated By The Modified Bishop Method 

500 600 

® 
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Run Date: 

** PCSTABLSM ** 
by 

Purdue University 
--Slope Stability Analysis-

Simplified Janbu, Simplified Bishop 
or Spencer's Method of Slices 

1/12/2011 
Time of Run: 3:24PM 
Run By: 
Input Data Filename: 
Output Filename: 
Unit: 

HLO 
C,7bemptyl. 
C,7bemptyl.OUT 
ENGLISH 

Output Filename: C:7bempty1.PLT Plotted 
PROBLEM DESCRIPTION Mach Mining, LLC, Static Analysis 

Phase 7B Elimination, End of Phase 3 
BOUNDARY COORDINATES 

Note: user origin value specified. 
Add 0.00 to X-values and 400.00 to Y-values listed. 

6 Top Boundaries 
11 Total Boundaries 

Boundary X-Left Y-Left Y-Right Soil Type 
No. (ft) . (ft) 

X-Right 
(ft) 
90.00 

120.00 
170.00 
311.00 
341.00 
600.00 
354.00 
600.00 
450.20 
450.20 
600.00 

(ft) Below Bnd 
1 .OD 38.00 
2 90.00 38.00 
3 120.00 53.00 
4 170.00 53.00 
5 311.00 100.00 
6 341. 00 100.00 
7 341.00 100.00 
8 354.00 95.00 
9 354.00 95.00 

10 170.00 53.00 
11 450.20 53.00 

ISOTROPIC SOIL PARAMETERS 
3 Type(s) of Soil 

Soil Total Saturated 
Type Unit Wt. Unit Wt. 

No. (pcf} (pcf) 
1 130.0 140.0 
2 80.0 90.0 

Cohesion 
Intercept 

(psf) 
.0 
.0 

3 125.0 135.0 400.0 

Friction 
Angle 
(deg) 
33.7 
28.0 
19.5 

38.00 
53.00 
53.00 

100.00 
100.00 
100.00 

95.00 
95.00 
53.00 
53.00 
53.00 

Pore 
Pressure 

Param. 
.OD 

Pressure 
Constant 

(psf) 

.00 

.OD 

. 0 

.0 

.0 
2 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED 
Unit Weight of Water= 62.40 
Piezometric Surface No. 1 Specified by 11 Coordinate Points 

Point X-Water Y-Water 
No. (ft) (ft) 

1 .OD 48.00 
2 110.00 48.00 
3 235.80 54.00 
4 239.00 60.00 
5 
6 
7 

8 
9 

10 
11 

24.3.00 
261.00 
271.50 
305.00 
321.70 
354.00 
450.00 

Piezometric Surface No. 
Point x:..water 

No. (ft) 
1 .00 
2 600.00 

63.00 
70.80 
74.00 
82.00 
85.00 
95.00 
95.00 

2 Specified by 2 Coordinate Poincs 
Y-Water 

(ft) 
38.00 
40.00 

3 
3 
3 
1 
1 
1 
1 
2 
1 
3 
3 

Piez. 
Surface 

No. 
1 
1 
2 

searching Routine Will Be Limited 
Of Which The First l Boundaries 

To A.n Area Defined By 
Will Deflect Surfaces 

1 Boundaries 
Upward 

:Bm.:nde.:!:-y 
i'.-Jo. 

X-Left Y-Left X-Right Y-Right 
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1 .00 38.00 600.00 40.00 
A Critical Failure Surface Searching Method, Using A Random 
Technique For Generating Circular Surfaces, Has Been Specified. 
400 Trial Surfaces Have Been Generated. 

20 Surfaces Initiate From Each Of 20 
Along The Ground Surface Between X 

and X 
Each Surface Terminates Between X 

and X 

Points 
120.00 
200.00 
290.00 
350.00 

Equally Spaced 
ft. 
ft. 
ft. 
ft. 

Unless Further Limitations Were Imposed, The Minimum Elevation 
At Which A Surface Extends Is Y = 38.00 ft. 
10.00 ft. Line Segments Define Each Trial Failure Surface. 
Following Are Displayed The Ten Most CritiCal Of The Trial 

Failure surfaces Examined. They Are Ordered - Most critical 
First. 
**Safety Factors Are Calculated By The Modified Bishop Method** 
Failure Surface Specified By 20 Coordinate Points 

Point x-surf Y-surf 
No. (ft) (ft) 

1 157.90 53.00 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

Circle Center 

*** 

16 7. 24 
176,82 
186.58 
196.47 
206.44 
216.44 
226.41 
236.32 
246.10 
255.72 
265.11 
274.23 
283.03 
291.47 
299.51 
307.10 
314.21 
320.80 
325.68 
At X = 
L 901 

Individual data 
water 
Force 

49. 45 
46.57 
44.38 
42.89 
42.12 
42.06 
42.71 
44.07 
46.14 
48.90 
52.34 
56.45 
61.19 
66.55 
72.49 
79.00 
86.03 
93.56 

100.00 
212.3 y 

*** 
on the 
water 
Force 

181.8 and Radius, 139.8 

31 slices 
Tie Tie Earthquake 

Force Force Force surcharge 

Slice Width Weight Top Bot Norm Tan Hor Ver Load 

No. (ft) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) 

1 6.3 956.B . 0 .0 • D . 0 .0 .0 . 0 

2 3.0 1119. 9 . 0 .o . 0 . 0 .0 .0 .0 

3 2.8 1368.5 .0 .0 . 0 . 0 .0 .0 .0 

4 6.0 5617.5 . 0 .0 . 0 .o .o .0 .0 

5 9.8 14127.3 .0 .0 . 0 . 0 .0 .0 .0 

6 9.9 20796.8 . 0 .0 .0 .0 .0 .0 .0 

7 10.0 26664.8 .0 .0 .0 .0 .0 .0 .o 
8 8.4 26235.7 . 0 .0 .0 .0 .0 .0 .0 

9 1.6 5359.0 .0 .0 . 0 .0 .0 .0 .0 

10 10.0 35508.0 .0 .0 . 0 .0 .0 .0 .0 

11 9.4 36239.1 .0 .0 .0 . 0 .0 .0 . 0 

12 . 5 2073.8 .0 .0 .0 .0 .0 .0 . 0 

13 2.7 10750.0 . 0 . 0 .0 .0 .0 .0 .0 

14 4.0 16496.6 . 0 .0 .0 .0 .0 .0 . 0 

15 3.1 13105.9 .0 . 0 .0 .0 .0 .0 . 0 

16 9.6 41425.9 . 0 . 0 .0 .0 .0 .0 . 0 

17 5.3 23096.2 .0 .0 .0 .0 . 0 .0 . 0 

18 4.1 17999.5 .0 . 0 .0 .0 . 0 .0 .0 

19 1.5 6393.4 . 0 .0 .0 .0 . 0 .o . 0 
00 
av 4.9 22.367.3 .0 6186.7 .0 .0 . 0 .o . 0 

21 2./ l:i.635.3 .u 33SS.7 .v 
0 .0 .0 .0 
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22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
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8.8 36231.1 . 0 10252.4 
8. 4 32110. 5 . 0 8436.1 
8.0 27247.4 .0 6198.2 
5.5 16216.3 .0 2852.0 
2.1 5623.7 . 0 695.9 
3.9 9399.1 . 0 605.6 

. 3 606.5 .0 2.6 
2.9 5891.7 . 0 .0 
6.6 -8740.7 . 0 . 0 
4.9 2042.4 .0 .0 
Failure 

Point 
Surface Specified By 19 

No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

x-surf Y-Surf 
(ft) (ft) 

166.32 
175.84 
185.57 
195.45 
205.41 
215.41 
225.39 
235.28 
245.03 
254.58 
263.88 
272.88 
281.51 
289.74 
297.51 
304.78 
311.50 
317.65 
317.79 

53.00 
49.95 
47.64 
46.07 
45.26 
45.21 
45. 92 
47.39 
49.61 
52.56 
56.23 
60.60 
65.65 
71. 33 
77.63 
84. 49 
91. 90 
99.79 

100.00 
Circle Center At X = 211.1 ; Y 

*** 1.902 *** 
Failure 

Point 
No. 

1 
2 
3 
4 
5 
6 
7 

8 
9 

10 
11 
12 
13 
14 
15 
16· 
17 
18 
19 
20 
21 

Surface Specified By 21 
x-surf Y-Surf 

(ft) (ft) 
157.90 53.00 
167.08 
176.53 
186.20 
196. 03 
205.97 
215.97 
225. 96 
235.89 
245.71 
255.35 
264.77 
273.92 
282.74 
291.17 
299.19 
306. 73 
313. 76 
320.24 
326.13 
326.77 

49.04 
45. 77 
43.22 
41.40 
40.32 
39.99 
40.41 
41. 58 
43.48 
46.12 
49.47 
53.51 
58.23 
63.60 
69.58 

. 76. 15 
83.26 
90.88 
98. 96 

100.00 
Circle Center At x = 215.4 ; Y 

*** 1.906 *** 

.o .o .0 

. 0 .o .0 

.0 . 0 . 0 

.o . 0 . 0 

.0 . 0 . 0 

.0 .0 . 0 

. 0 .0 .0 

.0 . 0 .0 

.0 . 0 . 0 
. 0 .o .o 

Coordinate Points 

176.4 and Radius, 131.3 

Coordinate Points 

173.5 and Radius, 133.5 

Failure 
Point 

surface Specified By 20 Coordinate Points 

No. 
1 
2 
3 

x-surf Y-surf 
(ft) (ft) 

162.11 53.00 
171.20 48.85 
180.62 45.48 

. 0 . 0 

. 0 . 0 

. 0 .0 

. 0 . 0 

. 0 . 0 

.0 . 0 

. 0 .0 

.o . 0 

. 0 . 0 

.o .o 
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5 200.13 41.18 
6 210.09 40.27 
7 220.09 40.21 
8 230.06 40.98 
9 23 9. 93 42.60 

10 249.63 45.03 
11 259.09 48.28 
12 268.24 52. 31 
13 277.02 57.10 
14 285.36 62.61 
15 293.22 68.80 
16 300.52 75.63 
17 307.22 83.05 
18 313. 28 91. 01 
19 318.64 99.45 
20 318.93 100.00 

Circle center At X = 215.9 ; y 

*** 1. 910 *** 
Failure 

Point 
Surface specified By 21 

ND. 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

x-surf Y-Surf 
(ft) (ft) 

157.90 
167.03 
176.44 
186.08 
195.89 
205.82 
215.81 
225.81 
235.75 
245.59 
255.26 
264.72 
273. 91 
282.78 
291.28 
299.36 
306.97 
314.08 
320.64 
326.62 
328.50 

53.00 
48.93 
45.55 
42.89 
40.95 
39.76 
3 9. 32 
39.62 
40.67 
42.47 
44.99 
48.23 
52.18 
56.80 
62.07 
67.96 
74.44 
81.48 
89.02 
97.04 

100.00 
Circle Center At X = 216.8 i Y 

*** 1.911 *'* 
Failure 

Point 
Surface Specified By 18 

No. 
l 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 

Circle Center 
*** 

x-surf Y-Surf 
(ft) (ft) 

174.74 54.58 
184.35 51.84 
194.15 49.81 
204.06 
214.05 
22~.04 
234.00 
243.87 
253.58 
263.10 
272.36 
281.32 
289.93 
298.14 
305.90 
313.18 
319. 94 
323.36 
At X 

1.913 
= 

48.51 
47.95 
48.12 
49.04 
50.68 
53.04 
56.12 
59.89 
64.33 
69.42 
75.13 
81.43 
88.29 
95.66 

100.00 
216.7 ; Y 

'** 

158.8 and Radius, 118. 7 

Coordinate Points 

172.7 and Radius, 133.4 

coordinate Points 

183.2 and Radius, 135;3 
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Failure 
Point 

No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 

Surface Specified By 18 
x-surf Y-Surf 

I ft) (ft) 
170.53 
179.84 
189.44 
199.25 
209.20 
219.19 
229.17 
239.04 
248.73 
258.16 
267.26 
275.95 
284.17 
291.85 
298.93 
305.35 
311. 07 
313.46 

53.18 
49.53 
46.74 
44.80 
43.75 
43.58 
44.30 
45.91 
48.38 
51.71 
55.86 
60.80 
66.50 
72. 90 
79.97 
87.63 
95.83 

100.00 
Circle Center At X = 216.l ; Y 

*** 1.917 *** 
Failure 

Point 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 

Surface Specified By 18 
x-surf Y-Surf 

(ft) (ft) 
170.53 
180.00 
189.71 
199.59 
209.56 
219.56 
229.51 
239.34 
248.99 
258.37 
267.43 
276.09 
284.30 
291. 99 
299.12 
305.62 
311. 46 
312.41 

53.18 
49.97 
47.58 
46.02 
45.31 
45.44 
46.42 
48.24 
50.89 
54.35 
58.59 
63.58 
69.30 
75.68 
82.70 
90.29 
98.41 

100.00 
Circle Center At X = 213.0 ; Y 

*** 1.917 *** 
Failure surface Specified By 21 

Point x-surf Y-Surf 
No. (ft) (ft) 

1 149.47 53.00 
2 158.68 49.09 
3 1,68. 14 45.84 
4 177.80 43.28 
5 187.63 41.42 
6 197.56 40.27 
7 207.55 39.84 
8 217.55 40.12 
9 227.50 41.11 

10 23 7. 35 42.82 
11 24 7. 06 45.22 
12 256.57 48.32 
13 265.83 52.08 

14 274.80 56.51 
15 283.43 61.56 
16 291.67 67.22 
J 7 299.49 73.45 
::.8 306.85 80.23 

Coordinate Points 

155.7 and Radius, 112.2 

Coordinate Points 

162.9 and Radius, 117.6 

Coordinate Points 
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19 
20 
21 

313.69 
320.00 
323. 31 

87.52 
95.28 

100.00 
Circle Center At X = 208.6 ; Y 

*** 1.918 *** 
Failure 

Point 
Surface Specified By 21 

No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

x-surf Y-surf 
(ft) (ft) 

162.11 53.00 
171.17 48.77 
180.53 45.27 
190.15 
199.95 
209.87 
219.86 
229.85 
239.79 
249.61 
259.24 
268.64 
277. 74 
286.49 
294.83 
302.71 
310.09 
316.9l 
323.14 
328.74 
329.21 

42.51 
40.51 
39.29 
38.86 
39.20 
40.33 
42.24 
44.91 
48.32 
52.47 
57.31 
62.83 
68.98 
75.74 
83.05 
90.87 
99.16 

circle Center At X = 

100.00 
220.4 ; Y 

*** 1.918 *** 

179.4 and Radius, 139.5 

Coordinate Points 

166.2 and Radius, 127.4 
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BY: HLO DATE: 1/12/2011 CHKD BY: !Lt- DATE: 

PROJECT NAME: Refuse Disposal Area No. 2, Mach Mining, LLC 

PROJECT NO.: B0S-330-1413 SHEET OF ----
DESCRIPTION: Phreatic Line - Pool to Underdrain 1 Capped Phase 3 

Section E-E, North Side of Phase 3, Phase 7B Removed 

SCS SM Note No. 7, Case V Transformation Factor= fr= (k/ k,) 112 = 0.3333 

0. 0018 cm/sec 

0.0002 cm/sec 

2.60 

h (ft) 

41.0 

d (ftl 

41.66 

m (ft.) 

35.53 

0 .3 m (ft.) 'lo.filJ. ~ 
10.66 16.79 8.40 

kx = 
ky = 

Zu = 

zd::: 3.00 Phreatic Line Coordinates Stability X-Sect 

WU wru w!U Elev. (ft) "x" Distance 

0.00 -8.40 -25.19 454.00 235.8 

k/k, = 0.1111 3.00 -8.13 -24.38 457.00 236.6 

6.00 -7.32 -21.97 460.00 239.0 

Yo= (h2 + d2
)

112 -d 9.00 -5.98 -17.95 463.00 243.0 

a= a0 =y,12 12.00 -4.11 -12.32 466.00 248.7 

16.80 0.01 0.03 470.80 261.0 

2 2 
Xr = (y - Yo )/(2Yo) 20.00 3.52 10.55 474.00 271.5 

24.00 8.76 26.27 478.00 287.3 

Xr = (fr)(x,J 28.00 14.95 44.85 482.00 305.8 

xA = x distance on actual section 31.00 20.22 60.66 485.00 321.7 

xr = x distance on transformed section 36.00 30.20 90.59 490.00 351.6 

y = y distance on both sections 41.00 41.66 124.98 495.00 354.0 · 
U.S. face dam 

k' = (kvk,) 11
2 = 0.00060 cm/sec = 1.7008 ft/day 

q = k'y, = 28.5584 113/day/ft = 0.1483 gpmlft 

Note: q = k'y0 when d > hand a > 60°, othersize, see SM Note No. 7 

k'(TW) 

I 
0.3m 

wl 
r-1 

B, .,,._ 

h 
Yo 

a=180° -'-

m ,I ,~1~-I· 
d 

x, ' 
TW= 30 

Elev. 500 

Elev. 495.0 

z, 

117 TRUE 

/ 
SECTION 

/ N T.5. 

File. Mach7B-4Phreatic1 .x\s, hlo, rev. 01/12/2011 

y 

TRANSFORMED 
SECTON 

N.T.S. 

Phase 3 Capped, Incised Part of Phase 4 

Full of Water, UD Sta. 33+00 

Elev. 454 
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BY: @-0- DATE: CJ 1 /; 2/1 / CHKD BY: 'fL-d- DATE: 'f/11 b,11® 

PROJECT NAME: Rc/""VS6: O(,,ae>:,At/ ,-,?,e5q /\-6. z:. 
PROJECT NO. /Je>S-:?.30 -/,:.,,/ 3 SHEET ____ OF __ _ 

DESCRIPTION • 5;-46'/£-/7:V _,f},v,,_,,,: Y'.:./5" C)?..<::5,::,- ~c??,:yJ 

E-F. Pd,f<::E 7.3 k£/,110v.E'Ll 

I 
I 
I 
' 

• - - I •. 
1. 
' 
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Mach Mining, LLC, Static Analysis - Phase 78 Elimination, Phase 7 Step 1 
C:\DOCUME-1\HOWENS\MYDOCU-1\MACH7B-1\STABIL-1\7BSTEP1 .PL2 Run By: HLO 1/12/2011 5:47PM 

750 r,====;;======i========ci==,--~-----,------'---------,-=====~ 
# FS Soil Soil Total Saturated Cohesion Friction Piez. 
a 2.11 Desc. Type Unit Wt. Unit Wt. Intercept Angle Surface 
b 2.11 No. (pcf) (pcf) (psi) (deg) No. 
c 2.11 CCR 1 130.0 140.0 0.0 33.7 W1 
d 2.12 FCR 2 80.0 90.0 0.0 28.0 W1 
e 2 12 SOIL 3 125.0 135.0 400.0 19.5 W2 
f 2.15 
g 2.16 
h 2 16 
i 2.16 

650 I~-~ 

550 ,_ 

a 

I nit Points: 200. to 250. 
Term Limits: 311. to 341. 

"" r~ ~ ~·· . . .. ··+ ~ . ···~o ~ . ,-.!~~- \ "k ' t___ 8 9 10 II - - '-=-"~;,A'' ·-· - - ;_----------~~~===~1 T=======-
w, - · ::=~=::====1==~;;~;-__ ~-;·-~;~~2~==:1-~-

3 ____ 3_ 3 -- ·-· -· -·· ·-· ··-· ·-· ----··-· -··-··------- ·-

1t -··- ---- ·-· 13 ·- --- -··- 3 

"' 

--- ----- - --·· 
'" 

350 ~-------~---------'--------__L _______ _j_ _______ ____J 

0 100 200 300 400 500 

PCSTABLSM/si FSmin=2.11 
STED Safety Factors Are Calculated By The Modified Bishop Method 

,,~Jl ® 
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* * PCSTABLSM * * 
by 

Purdue University 
--Slope Stability Analysis-

Simplified Janbu, Simplified Bishop 
or Spencer~s Method of Slices 

Run Date: 1/12/2011 
Time of Run: 
Run By: 
Input Data Filename: 
Output Filename: 
Unit: 

5:47PM 
HLO 
C:7bstepl. 
C: 7bs tepl . OUT 
ENGLISH 

Plotted 
PROBLEM 

Output Filename: C:7bst~pl.PLT 
DESCRIPTION Mach Mining, LLC, Static Analysis -

Phase 7B Elimination, Phase 7 Step 1 
BOUNDARY COORDINATES 

Note: User origin value specified. 
Add o.oo to X-values and 350.00 to Y-values listed. 

4 Top Boundaries 
13 Total Boundaries 

Boundary X-Left Y-Left X-Right Y-Right Soil Type 
No. I ft) (ft) (ft) (ft) Below Bnd 

1 .00 129.70 250.10 129.70 2 
2 250.10 129.70 311. 00 150.00 1 
3 311.00 150.00 341. 00 150.00 1 
4 341.00 150.00 500.00 150.00 1 
5 341.00 150.00 354.00 145.00 1 
6 354.00 145.00 500.00 145.00 2 
7 354.00 145.00 450.20 103.00 1 
8 .00 88.00 90.00 88.00 3 
9 90.00 88.00 120.00 103.00 3 

10 120.00 103.00 170.00 103.00 3 
11 170.00 103.00 246.50 128.50 1 
12 170.00 103.00 450.20 103.00 3 
13 450.20 103.00 500.00 103.00 3 

ISOTROPIC SOIL PARAMETERS 
3 Type(s) of Soil 

Soil Total Saturated Cohesion Friction Pore Pressure Piez. 
Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface 

No. (pcf) (pcf) (psf) (deg) Param. (psf) No. 

1 130.0 140. 0 .0 33.7 .00 .0 
2 80.0 90.0 .0 28.0 .00 .0 
3 125.0 135.0 400.0 19.5 .00 .0 

2 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED 
Unit Weight of Water= 62.40 
Piezometric Surface No. 1 Specified by 3 Coordinate Points 

Point X-Water Y-Water 
No. (ft) (ft) 

1 .00 129.70 
2 250.10 129.70 
3 500.00 129.70 

Piezometric Surface No. 2 Specified by 2 Coordinate Points 
Point X-Water Y-Water 
No. (ft) (ft) 

1 .00 88.00 
2 500.00 90.00 

A Critical Failure Surface Searching Method, Using A Random 
Technique For Generating Circular Surfaces, Has Been Specified. 
200 Trial surfaces Have Been Generated. 

20 Surfaces Initiate From Each Of 10 Points Equally Spaced 
Along The Ground Surface Between X 200.00 ft. 

and X 250.00 ft. 
Each Surface Terminates Between X 311.00 ft. 

and X 341.00 ft. 
Unless Further Limitations Were Imposed, The Minimum Elevation 
At Which A Surface Extends Is Y = BB.OD f.t. 

1 
1 
2 
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20.00 ft. Line Segments Define Each Trial Failure Surface. 
Following Are Displayed The Ten Most Critical Of The Trial 

Failure surfaces Examined. They Are Ordered - Most Critical 
First. 
**Safety Factors Are Calculated By The Modified Bishop Method** 
Failure Surface Specified By 6 Coordinate Points 

Point x-surf Y-surf 
No. (ft) (ft) 

1 216.67 129.70 
2 
3 
4 
5 
6 

Circle 

236.53 
256.51 
276.06 
294.67 
311.55 

Center At X = 
*** 2.111 

Individual data 
water 
Force 

127.38 
128.34 
132. 55 
139.89 
150.00 

240.7 Y 
*** 

249.3 and Radius, 122.0 

10 slices 

Surcharge 
Slice Width Weight Top 

on the 
Water 
Force 

Bot 
(lbs) 

1444.8 

Tie 
Force 
Norm 
(lbs) 

Tie 
Force 
Tan 

(lbs) 
.0 

Earthquake 
Force 

Hor Ver Load 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

(ft) (lbs) 
19.9 2069.8 

7.7 1482.5 
2.2 415.8 
3.6 567.4 
6. 4 2246.5 
6.3 321 7. 8 

13.2 8647.2 
18.6 12670.6 
16.3 5310.2 

. 6 12.0 

(lbs) 
.0 
. 0 
. 0 
.o 
.0 
. 0 
.0 
. 0 
. 0 
. 0 

1029.0 
263.9 
393.9 
605.2 
273.6 

.0 

. 0 

.0 

.0 
Failure 

Point 
Surface Specified By 7 

No. 
1 
2 
3 
4 
5 
6 
7 

x-surf Y-Surf 
(ft) ( ft) 

216.67 
236.18 
256.17 
275.88 
294. 53 
311. 4 o 
315.35 

129.70 
125.32 
124.83 
128.27 
135.49 
146.22 
150.00 

(lbs) 
.0 
. 0 
.0 
.0 
. 0 
• 0 
.0 
. 0 
.0 
.0 

• 0 
• 0 
.o 
• 0 
.0 
• 0 
.0 
.0 
.0 

Coordinate Points 

.o 

. 0 

. 0 

.o 

.0 

. 0 

.0 

.0 

. 0 

.0 

(lbs) (lbs) 
. 0 . 0 
. 0 .0 
. 0 .0 
.0 . 0 
.0 .0 
. 0 . 0 
.0 .0 
.0 .0 
.0 . 0 
.o . 0 

Circle Center At X = 248.6 ; Y 226.3 and Radius, 101.s 
*** 2.113 *** 

Failure 
Point 

Surface Specified By 7 Coordinate Points 

No. 
1 
2 
3 
4 
5 
6 
7 

x-surf Y-Surf 
(ft) (ft) 

222.22 
241. 3 5 
261.33 
280.88 
298.73 
313.74 
314.12 

129.70 
123.84 
122.99 
127.21 
136.22 
14 9. 44 
150.00 

Circle Center At X = 254.6 ; Y 
*** 2.114 *** 

201.4 and Radius, 

Failure 
Point 

Surface Specified By 7 Coordinate Points 
X-Surf Y-Surf 

No. 
1 
2 
3 
4 
5 
6 

(ft) ( ft) 
216.67 
236.27 
256.27 
275. 96 
294.66 
311.70 

7 315.49 
Circle Center At X = 

*** 2 .117 

129.70 
125.73 
125.48 
128.97 
136.08 
146.54 
150.00 

247.6 ; Y 
*'* 

231.8 and Radius, 

78.7 

106.7 
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Failure Surface Specified By 7 Coordinate Points 
Point X-Surf Y-Surf 

No. 
1 
2 
3 
4 
5 
6 
7 

(ft) (ft) 
216.67 
235.65 
255.58 
275.34 
293.80 
309.93 
314.65 

129.70 
123.40 
121.76 
124.87 
132.56 
144.39 
150.00 

Circle Center At X = 252.5 ; Y 
*** 2.122 *** 

205.8 and Radius, 

Failure 
Point 

Surface Specified By 7 Coordinate Points 

No. 
1 
2 
3 
4 
5 
6 
7 

x-surf Y-Surf 
(ft) (ft) 

211.11 
229.69 
249.52 
269.39 
288.07 
304.42 
312.42 

129.70 
122.30 
119.69 
122.03 
129.18 
140.69 
150.00 

Circle Center At X = 250.1 ; Y 
*** 2.151 *** 

200.5 and Radius, 

Failure 
Point 

Surface Specified By 7 Coordinate Points 

No. 
1 
2 
3 
4 
5 
6 
7 

x-surf Y-Surf 
(ft) (ft) 

216.67 
235.25 
255.10 
274.92 
293.41 
309.36 
315.47 

129.70 
122.30 
119. 86 
122.53 
130.16 
142.22 
150.00 

Circle Center At X = 254.6 ; Y 
*** 2.157 *** 

198.0 and Radius, 

Failure 
Point 

Surface Specified By 7 Coordinate Points 

No. 
1 
2 
3 
4 
5 
6 
7 

X-Surf Y-Surf 
(ft) (ft) 

216.67 
235.69 
255.61 
275.44 
294.19 
310.93 
318.42 

129.70 
123.54 
121.74 
124.38 
131.34 
142.27 
150.00 

Circle Center At X = 253.7 ; Y 
*** 2.157 *** 

211. 6 and Radius, 

Failure 
Point 

Surface Specified By 6 Coordinate Points 

No. 
1 
2 
3 
4 
5 
6 

X-Surf Y-Surf 
(ft) (ft) 

222.22 
242.13 
262.10 
281.66 
3 00. 3 6 
317.61 

129.70 
127.83 
128.99 
133. 17 
140.25 
150.00 

84.1 

80.8 

78.1 

89.9 

Circle Center At X = 244.5 ; Y 259.4 and Radius, 131.6 
*** 2.161 *** 

Failure surface Specified By 6 Coordinate Points 
Point x-surf Y-Surf 

No. I ft) (ft) 
1 233.33 129.70 
2 253.15 127.01 
3 273.10 128.44 
4 292.33 133.93 
5 310.03 143.25 
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6 318.19 150.00 
circle center At x = 256.2 ; Y 221.8 and Radius, 94.9 

*** 2.178 *** 
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BY: 1/W DATE: D1fz../;; CHKD BY: --- DATE: __ @ 
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£-&; f?#4FC z8 ~?6 Veb 

I 
I 
I 
I 
I 
I 

i. 



R
14963

Mach Mining, LLC, Static Analysis - Phase 7B Elimination, Phase 7 Step 6 
C:\DOCUME~1\HOWENS\MYDOCU-1\MACH78~1\STABIL ~117BSTEP6.PL2 Run By: HLO 1/14/2011 1:13PM 

750 rr===================--,-------,-------,;c=======;i 
# FS Soil Soil Total Saturated Cohesion Friction Piez. I nit Points: 275. to 350. 

650 

550 

450 

a 2.15 Desc. Type Unil Wt. Unit Wt. Intercept Angle Surface Term Limits: 425. to 500. 
b 2.18 No. (pcf) (pcf) (psf) (deg) No. 
c 2 24 CCR 1 130.0 140.0 0.0 33.7 W1 
d 2.26 FCR 2 80.0 90.0 0.0 28.0 W1 
e 2.27 SOIL 3 125.0 135.0 400.0 19.5 W2 
f 2 31 
g 2.32 
h 2 33 
i 2.35 

-

a 
: 1,J 

r-,. -- - --- -----. --------. -- --- - - - - --- - -- -- --- __ ! _ -- -- ------- ----- --- ----0-0-0-0,:;p.-
Wl 2 -

I _3;'ljr---------• _3 
~~~- --- - - - - ~~~--~ -- _--~-~--~-

"' 

' } 
1 

{() WL 

2 

r; - 15 I.J 
5 3 3 3 

" .. 3 ___ -----·--·---
3 

350 ~------~------~------~--------'--------...L ______ __J 

0 100 

STED 

" 

200 300 

PCSTABL5M/si FSmin=2.15 

400 

Safety Factors Are Calculated By The Modified Bishop Method 

500 600 

® 
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** PCSTABLSM ** 
by 

Purdue University 
--Slope Stability Analysis-

Simplified Janbu, Simplified Bishop 

Run Date: 
or Spencer~s Method of Slices 

1/14/2011 
Time of Run: 
Run By: 
Input Data Filename: 
Output Filename: 
Unit: 

l,13PM 
HLO 
C, 7bstep6. 
C: 7bstep6 .OUT 
ENGLISH 

Plotted 
PROBLEM 

Output Filename: C:7bstep6.PLT 
DESCRIPTION Mach Mining, LLC, Static Analysis -

Phase 7B Elimination, Phase 7 Step 6 

BOUNDARY COORDINATES 
Note: User origin value specified. 
Add 0.00 to x-values and 350.00 to Y-values listed. 

3 Top 
15 Total 

Boundary 

Boundaries 
Boundaries 
X-Left 

(ft) 
Y-Left X-Right Y-Right Soil Type 

No. 
1 
2 
3 
4 
5 
6 
7 
8 

(ft) 
167.90 
167.90 
188.00 

(ft) 
364.70 
425.00 
600.00 

I ft) Below Bnd 

9 
10 
11 
12 
13 
14 

.00 
364.70 
425.00 

.00 
90.00 

120.00 
170.00 
311. 00 
311.00 
341.00 
341.00 
354.00 
354.00 
450.20 

15 170.00 
ISOTROPIC SOIL PARAMETERS 

3 Type(s) of Soil 

88.00 
88.00 

103.00 
103.00 
150.00 
150.00 
150.00 
150.00 
145.00 
145.00 
103.00 
103.00 

90.00 
120.00 
170.00 
311.00 
364.70 
341.00 
600.00 
354.00 
600.00 
450.20 
600.00 
450.20 

167.90 2 
188.00 1 
188.00 1 

88.00 3 
103.00 3 
103.00 3 
150.00 1 
167.90 1 
150.00 1 
150.00 1 
145.00 1 
145. 00 2 
103.00 1 
103.00 3 
103.00 3 

soil Tocal Saturated Cohesion 
Type Unit Wt. Unit Wt. Intercept 

Friction 
Angle 
(deg) 
33.7 
28.0 
19.5 

Pore Pressure Piez. 
Pressure Constant Surface 

No. (pcf) (pcf) (psf) Param. (psf) No. 

1 130.0 140.0 .0 
2 80.0 90.0 .0 
3 125.0 135.0 400.0 

2 PIEZOMETRIC SURFACE(S) HAVE BEEN 
Unit Weight of Water= 62.40 

SPECIFIED 

.00 . 0 

.00 . 0 

.OD . 0 

Piezometric Surface No. 1 Specified by 2 Coordinate Points 

Point 
No. 

1 
2 

Piezometric 
Point 
No. 

1 
2 

X-Water 
(ft) 

.OD 
600.00 

Surface No. 
X-Water 

(ft) 
.00 

600.00 

Y-Water 
(ft) 

167.90 
167.90 
2 Specified by 2, Coordinate Points 
Y-Water 

(ft) 
BB.DO 
90.00 

A Critical Failure surface Searching Method, using A Random 

Technique For Generating Circular Surfaces, Has Been Specified. 

200 Trial Surfaces Have Been Generated. 
20 Surfaces Initiate From Each Of 10 Points Equally Spaced 

Along The Ground surface Between X 275.00 ft. 
and X 350.00 ft. 

Each surface Terminates Between X 425.00 ft. 
and x 500.00 ft. 

TJ:;.less Further Limitations Were Imposed, The Minimum Elevation 

1 
1 
2 
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At Which A Surface Extends Is Y = 88.00 ft. 
20.00 ft. Line Segments Define Each Trial Failure Surface. 
Following Are Displayed The Ten Most Critical Of The Trial 

Failure Surfaces Examined. They Are Ordered - Most Critical 
First. 
**Safety Factors Are Calculated By The Modified Bishop Method** 
Failure Surface Specified By 7 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

l 325.00 167.90 
2 344.65 
3 364.65 
4 384.40 
5 403.32 
6 420.84 
7 426.85 

Circle Center At X = 
*** 2.155 

164.19 
163.90 
167.05 
173.54 
183.18 
188.00 

356.3 Y 

'** 
Individual data on the 

279.7 and Radius, 116. l 

10 slices 
Tie Tie Earthquake 

Force Force Force Surcharge 
Slice Width weight 

Water 
Force 
Top 

(lbs) 
.0 

Water 
Force 
Bot 
(lbs) 

2317.9 

Norm Tan Hor Ver Load 
No. 

l 
2 
3 
4 
5 
6 
7 
8 
9 

10 

(ft) 
19.7 

8.5 
11. 5 

.0 
19. 7 

2.5 
16.4 
17.5 

4.2 
1. 9 

(lbs) 
3284.9 
2900.9 
5184.5 

27.7 
15091.4 

2400.3 
15625.0 
12143.6 

1328.6 
178.4 

.0 
• 0 
.0 

2011. 5 
2803.3 

12.5 
.0 3015.9 
.0 69.7 
. 0 . 0 
. 0 . 0 
. 0 . 0 
. 0 . 0 

Failure 
Point 
No. 

Surface Specified By 7 

1 
2 
3 
4 
5 
6 
7 

x-surf Y-surf 
(ft) (ft) 

333.33 167.90 
352.12 161.04 
372.05 
391.73 
409.79 
424.98 
427.36 

159.34 
162.90 
171.49 
184.50 
188.00 

(lbs) (lbs) (lbs) (lbs) 
. 0 . 0 .0 . 0 
.0 . 0 . 0 .0 
.0 .0 .0 . 0 
.o . 0 . 0 . 0 
. 0 . 0 .0 .0 
.o . 0 .o .0 
.o .0 .0 .0 
.0 .o .0 .0 
.0 . 0 .0 .0 
.0 . 0 .0 .0 

Coordinate Points 

Circle Center At X = 368.5 ; Y 235.1 and Radius, 75.8 
*** 2.184 *** 

Failure Surface Specified By 8 Coordinate Points 
Point X-Surf Y-Surf 
No. (ft) (ft) 

l 316.67 167.90 
2 335.33 160.70 
3 
4 
5 
6 
7 
8 

355.10 
375.06 
394.28 
411.88 
427.04 
427.79 

157.67 
158.94 
164.45 
173.95 
187.00 
188.00 

Circle Center At X = 359.2 ; Y 250.1 and Radius, 92.6 
*** 2.243 *** 

Failure Surface Specified By 8 Coordinate Points 
Point X-Surf Y-Surf 

No. (ft) (ft) 
1 308.33 167.90 
2 
3 
4 
5 
6 

327.46 
347.28 
367.27 
386.87 
405.56 

162. 04 
159.41 
160.09 
164.06 
l 71. 20 

(lbs) 
. 0 
. 0 
.0 
. 0 
. 0 
.0 
.o 
.0 
. 0 
. 0 
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7 
8 

422.80 
430. 78 

181.33 
188.00 

Circle Center At X = 353.0 ; Y 278.8 and Radius, 119.5 
*** 2.264 *** 

Failure 
Point 

Surface Specified By B Coordinate Points 

No. 
l 
2 
3 
4 
5 
6 
7 
8 

X-Surf Y-Surf 
(ft) (ft) 

316.67 167.90 
335.14 
354.81 
374.81 
394.22 
412.19 
427.92 
431.91 

160.24 
156.64 
157.25 
162.05 
170.83 
183.18 
188.00 

Circle Center At X = 361.7 ; Y 
*** 2.272 *** 

249.9 and Radius, 

Failure 
Point 

Surface Specified By 8 Coordinate Points 

No. 
1 
2 
3 
4 
5 
6 
7 
8 

x-surf Y-Surf 
{ft) (ft) 

316.67 167.90 
335.35 160.76 
355.05 157.29 
375.04 
394.62 
413.06 
429.71 
437.29 

157.61 
161. 71 
169.45 
180.53 
188.00 

Circle Center At X = 363.2 ; Y 

'** *** 2.307 
2"60. 9 and Radius, 

Failure 
Point 

surface Specified By 7 Coordinate Points 

No. 
1 
2 
3 
4 
5 
6 
7 

X-Surf Y-Surf 
(ft) (ft) 

341.67 167.90 
360.81 162.11 
380.77 160.84 
400.49 
418.93 
435.11 
438.85 

164.17 
1 71. 91 
183.67 
188.00 

Circle center At X = 376.3 ; Y 
*** 2.318 *** 

247.7 and Radius, 

Failure 
Point 

Surface Specified By 9 coordinate Points 

No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 

x-surf Y-surf 
I ft) (ft) 

300.00 167.90 
318. 98 
338.70 
358.70 
378.51 
397.65 
415. 6 8 
432.18 
433.73 

161.60 
158.28 
158.01 
160.80 
166.59 
175. 24 
186.55 
188.00 

93.6 

104.0 

86.9 

Circle Center At X = 350.4 ; Y 288. 1 and Radius, 130, 4 
*** 2.332 *** 

Failure 
Point 

surface Specified By 6 coordinate Points 

No. 
1 
2 
3 
4 
5 
6 

X-Surf Y-Surf 
I ft) If t) 

350.00 
369.55 
389.55 
408.95 
426.76 
438.72 

167.90 
163.67 
163.98 
168.81 
177.91 
188.00 

Circle Center At X = 378.1 ; Y 

*** 2.346 '** 
249.8 and Radius, 86.6 
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Failure 
Point 
No. 

Surface Specified By 9 Coordinate Points 
x-surf Y-Surf 

(ft) (ft) 
1 300.00 167.90 
2 319.51 163.52 
3 339.42 161.54 
4 359.41 162.01 
5 379.20 164. 91 
6 398.49 170.19 
7 416.99 177.79 
8 434.42 187.59 
9 434.98 188.00 

Circle center At X = 345.6 ; y 325.2 and Radius, 163.8 

*** 2.350 ••• 
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Mach Mining, LLC, Seismic Analysis Phase 7B Elimination, End of Phase 3 
C:IDOCUME~1\HOWENSIMYDOCU~11MACH78~1\STABIL ~117BEMPTY2.PL2 Run By: HLO 1/12/2011 3:31 PM 

800 , -, 
# FS Soil Soil Total Saturated Cohesion Friction Piez. I Load Value 
a 1.25 Desc. Type Unit Wt. Unit Wt. Intercept Angle Surface Horiz Eqk 0.150 g< 
b 1.25 No. (pcf) (pcf) (psf) (deg) No. 
c 1.25 CCR 1 130.0 140.0 0.0 33.7 W1 
d 1.25 FCR 2 80.0 90.0 0.0 28.0 W1 
e 1.25 Soil 3 125.0 135.0 400.0 19.5 wz 
f 1.26 
g 1.26 
11 1.26 

lnit Points: 120. to 200. 
Term Limits: 290. to 350. 

i 1.26 
700 H ; 1.26 

600 ,_ 

500 ,_ 

w, -w, 

6 
·w1~-~- · ·- ·- ··w1 1 2 

4 _,..,--- . - #31# ~ 

3 I •••- w"!.). -~ JO 
1 
~ J/ 

-- ________ 2._..c;'!!!~..!~.j~-~!. -::~ - 3 3 
1.~----✓-~ ________ :::::::-=._ _____ -;1------------------------- W2 

3 

400 --------------------~--------'---------1... ______ __J 

0 

STED 
1r•·1 

,_if.*t~ 

100 200 300 400 500 600 

PCSTABL5M/si FSmin=1.25 
Safety Factors Are Calculated By The Modified Bishop Method 

@ 
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800 1 • 

. # FS ii 
i I a 1.25: 
• b 1251I 

c 1.25li 
d 1.25 , 

' 
700 [ 

I' 

600 

500 : 

:•/1 

' 

400 
0 

STED 

e 1.25 
r 1 26 
9 1.26 
1., 1 26 
1 1.26 [ 

I 

~ . . 

I 
3 

Mach Mining, LLC, Seismic Analysis Phase 7B Elimination, End of Phase 3 
C:\DOCUME~1\HOWENS\MYDOCU~1\MACH78~1\STABIL~1\7BEMPTY2.PL2 Run By: HLO 111212011 3:31 PM 

Soil Soil Total Satura-t~d cohes;~~-F~i~lian- -Pie~. 
1
III. 

Desc. Type Unit Wt. Unit Wt. Intercept Angle Surface 
No. (pcf) (pcf) (psi) (deg) No. [ 

" :1..-::--...:. _..:...:......::....:::---:::: 

Load Value 
Ho_~~~_Eq~ g.:.150 ~< ____ 1 

CCR 
FCR 
Soil 

1 130.0 140.0 0.0 33.7 W1 , 
2 80.0 90.0 0.0 28.0 W1 I 
3 125.0 135.0 400.0 19.5 W2 

a 
g : 11 i 
C cf e1 

______.,.- ---•--'\ ~;..z.c--__ _ 
•.• !- ----·- /y 1 ,.,j - : 

J ...... ~ ... .3 - ; .. '----~ 1 w '" /,<I 
_.-,, •••• ,,,• WI I 

-- ·--,r >I 3 "•-·· -- WWI ~ 
' /() 

3 

·1 

.1. 

100 

_L__,_ 

200 

_ ____ _[_ -

300 

PCSTABL5M/si FSmin=1.25 

·. 9 
1 

400 

IH 

-- -• 

Safety Factors Are Calculated By The Modified Bishop Method 

-
1! lni-t Pointsi 120. lo 200. 1

1

1

1 

. 

; ~erm ~imits; 29~. to 350. 

6 ~---- --- -·-- -- --· --- -
i'2 ·-··--• 

- I 

500 

II 
3 

• ' 

I • ! 
11: 

600 

@ 
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** PCSTABLSM ** 
by 

Purdue University 
--Slope Stability Analysis-

Simplified Janbu, Simplified Bishop 

Run Date: 
or Spencer's Method of Slices 

1/12/2011 
Time of Run: 
Run By: 
Input Data Filename: 
Output Filename: 
Unit: 

3, 31PM 
HLO 
C,7bernpty2. 
C,7bernpty2.0UT 
ENGLISH 

Plotted 
PROBLEM 

Output Filename: C:7bempty2.PLT 
DESCRIPTION Mach Mining, LLC, Seismic 

Phase 7B Elimination, End 
BOUNDARY COORDINATES 

Note: User origin value specified. 

Analysis 
of Phase 3 

Add o.oo to X-values and 400.00 to Y-values listed. 

6 Top 
11 Total 

Boundary 

Boundaries 
Boundaries 

X-Left Y-Left X-Right Y-Right Soil Type 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

(ft) (ft) (ft) (ft) Below Bnd 
.00 38.00 

90.00 38.00 
120.00 53.00 
170.00 53.00 
311.00 100.00 
341.00 100.00 
341.00 100.00 
354.00 95.00 
354.00 95.00 

10 170.00 53.00 
11 450.20 53.00 

ISOTROPIC SOIL PARAMETERS 
3 Type(s} of Soil 

Soil Total Saturated 
Type Unit Wt. Unit Wt. 

No. (pcf) (pcf) 
1 130.0 140.0 
2 80.0 90.0 

cohesion 
Intercept 

(psfl 
.0 
.o 

90.00 
120.00 
170.00 
311. 00 
341.00 
600.00 
354.00 
600.00 
450.20 
450.20 
600.00 

Friction 
Angle 
(deg) 
33.7 
28.0 

38.00 
53.00 
53.00 

100.00 
100.00 
100.00 

95.00 
95.00 
53.00 
53.00 
53,00 

Pore 
Pressure 

Param. 
.00 
.00 

Pressure 
Constant 

(psf) 
.0 
.0 

3 125.0 135.0 400.0 19.5 .00 . 0 
2 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED 
Unit Weight of Water= 62.40 
Piezometric Surface No. 1 Specified by 11 Coordinate Points 

Point X-Water Y-Water 
No. (ft) (ft) 

1 .00 48.00 
2 110.00 48.00 
3 235.80 54.00 
4 239.00 60.00 
5 243.00 63.00 
6 261.00 70.80 
7 

8 
9 

10 
11 

271. 50 
305.00 
321.70 
354.00 
450.00 

Piezometric Surface No. 
Point X-Water 

No. 
1 

74.00 
82.00 
85.00 
95.00 
94.00 

2 Specified by 2 Coordinate Points 
Y-Water 

(ft) 
38.00 

3 
3 
3 
1 
1 
1 
1 
2 
1 
3 
3 

Piez. 
Surface 

No. 
1 
1 
2 

2 
Searching 

Of Which 
Boundary 

No. 

(ft) 
.00 

600.00 
Routine Will 
The First 1 

X-Left 

40.00 
Be Limited 
Boundaries 

Y-Left 

To An Area Defined By 
Will Deflect Surfaces 

l Boundaries 
Upward 

X-Right Y-Right 
I ft I (ft} (ft) {ft) 
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( 
C:\docume-l\howens\mydocu-1\mach7b-l\stabil-1\7bempty2.0UT 

1 .00 38.00 600.00 
A Horizontal Earthquake Loading Coefficient 
Of .150 Has Been Assigned 
A Vertical Earthquake Loading Coefficient 
Of .000 Has Been Assigned 
cavitation Pressure= .o (psf) 

40.00 

A critical Failure surface Searching Method, Using A 
Technique For Generating circular Surfaces, Has Been 
400 Trial Surfaces Have Been Generated. 

20 surfaces Initiate From Each Of 20 Points 
Along The Ground Surface Between X 120.00 

and X 200.00 
Each Surface Terminates Between 

and 
X 
X 

290.00 
350.00 

Equally 
ft. 
ft. 
ft. 
ft. 

Random 
Specified. 

Spaced 

Unless Further Limitations were Imposed, The Minimum Elevation 
At Which A Surface Extends Is Y = 38.00 ft. 
10.00 ft. Line Segments Define Each Trial Failure surface. 
Following Are Displayed The Ten Most Critical Of The Trial 

Failure Surfaces Examined. They Are Ordered - Most Critical 
First. 
* * Safety Factors Are Calculated By The Modified Bishop Method** 
Failure Surface Specified By 20 Coordinate Points 

Point x-surf Y-Surf 
No. (ft) (ft) 

1 166.32 53.00 
2 175.81 49.84 
3 185.48 47,33 
4 195.31 45.46 
5 205.23 44.24 
6 215.22 43.69 
7 225.22 43.80 
8 235.19 44.58 
9 245.08 46.02 

10 254.86 48 .11 
11 264.48 50.84 
12 273.90 54.21 
13 283.07 58.20 
14 291.95 62.78 
15 3 00. 52 67.95 
16 308.72 73.67 
17 316.52 79.93 
18 323.89 86.69 
19 330.79 93.92 
20 335.87 100.00 

Circle Center At X = 218.5 y 194.0 and Radius, 150.4 
••• 1.250 • •• 

Individual data on the 32 slices 
Water water Tie Tie Earthquake 
Force Force Force Force Force Surcharge 

Slice Width Weight Top Bot Norm Tan Hor Ver Load 
No. (ft) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) 

1 3. 7 282,0 .0 ,0 .0 . 0 42.3 . 0 .0 

2 2.4 612.9 .0 .0 .0 . 0 91.9 .0 .0 

3 3.4 1706.6 .0 .0 .0 .0 256.0 . 0 . 0 
4 9. 7 9803.9 .0 .0 .0 . 0 1470.6 .0 . 0 

5 9.8 16796. 5 .o .0 .0 .0 2519.5 . 0 ,0 

6 9.9 23132.1 .0 .0 . 0 ,0 3469.8 . 0 .0 
7 9.6 27480.9 ,0 . 0 .0 .0 4122.1 .0 .0 

8 . 4 1196.8 . 0 .0 .o ,0 179.5 .0 .0 

9 10.0 33348.2 . 0 .o .o .0 5002.2 .0 .0 

10 10.0 37056.9 .0 .0 .0 .0 5558.5 .0 .0 

11 .6 2387.7 . 0 .0 .0 .0 358.2 .0 .0 
12 3.2 12585.3 . 0 .0 .0 .0 1887.8 .0 .0 
13 4.0 16318.6 . 0 .0 .o . 0 2447.8 .0 .0 
14 2.1 8730.2 . 0 .o ,0 .0 1309.5 .0 .0 

15 9.8 42273.4 .0 .0 .0 .0 6341.0 .0 . 0 

16 6. l 27362.3 .0 .u .0 .0 4107.3 .0 .0 

Page 2 
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17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 

C:\docume-1\howens\mydocu-1\mach7b-1\stabil-1\7bempty2.OUT Page 3 

3.5 15749.2 .0 .0 
6.0 27422.2 .0 . 0 
1. 0 4507.9 .0 1299.1 
2.4 10899.5 .0 3168.6 
9.2 41029.6 .0 11817.2 
8.9 38096.3 .o 10524.1 
8.6 34283.6 . 0 8828.5 
4.5 16689.0 .0 3 967. 2 
3.7 13044.9 .0 2772.4 
2.3 7616.0 .0 14 8 9. 2 
5.5 16306.6 .0 2545.3 
5.2 12032.8 .0 963. 3 

. 5 1033.5 .0 6.8 
1. 7 3040.4 .0 .0 
6. 9 8702.9 .0 .0 
5.1 2005.4 .0 .o 
Failure Surface Specified By 21 

Point x-surf Y-Surf 
No. {ft) {ft) 

1 162.11 53.00 
2 171.66 50.05 
3 181.38 47.70 
4 191.23 45.96 
5 201.16 44.83 
6 211.15 44.32 
7 221.15 44.42 
8 231.12 45.14 
9 241. 03 46.48 

10 250.84 48.43 
11 260.51 50.99 
12 270.00 54.14 
13 279.28 57.86 
14 288.31 62.16 
15 297.06 67.01 
16 305.49 72.38 
17 313.57 78.27 
18 321.27 84.65 
19 328.57 91.49 
20 335.42 98.78 
21 336.44 100.00 

Circle Center At X = 214. 5 ; y 

*** 1. 251 *** 
Failure 

Point 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

Surface Specified By 20 
x-surf Y-Surf 

{ft) {ft) 
157.90 
167.24 
176.82 
186.58 
196. 4 7 
206.44 
216.44 
226.41 
236.32 
246.10 
255.72 
265 .11 
274.23 
283.03 
291.47 
299.51 
307.10 
314.21 
320.80 
325.68 

53.00 
49.45 
46.57 
44.38 
42.89 
42.12 
42.06 
42.71 
44.07 
46. 14 
48.90 
52.34 
56.45 
61.19 
66.55 
72.49 
79.00 
86.03 
93.56 

100.00 
Circle Center At x = 212.3 ; Y 

1.:254 

.0 .0 2362.4 .0 .0 

. 0 .0 4113. 3 . 0 .0 

.0 .0 676.2 . 0 . 0 

.0 .0 1634.9 .o . 0 

.0 .0 6154.4 .0 .0 

.o .0 5714. 4 .0 .0 

. 0 . 0 5142.5 .o .0 

. 0 .0 2503.4 . 0 . 0 

.0 .0 1956.7 .0 . 0 

.0 . 0 1142.4 .0 .0 

.0 . 0 2446.0 . 0 .0 

.0 .0 1804.9 . 0 .o 

.0 .0 155.0 .0 .0 

.o .0 456.1 .0 . 0 

.'o . 0 13 05. 4 .o . 0 

.0 .0 300.8 .0 .0 
coordinate Points 

205.8 and Radius, 161.5 

Coordinate Points 

181.B and Radius, 139.B 
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{ Failure Surface Specified By 20 Coordinate Points 
Point x-surf Y-Surf 

No, (ft) (ft) 

1 170.53 53.18 
2 179.98 49.91 
3 189.63 47.30 
4 199.44 45.37 
5 209.37 44.12 
6 219.35 43.56 
7 229. 35 43.69 
8 239.31 44.51 
9 249.20 46.02 

10 258.96 48.21 
11 268.54 51.06 
12 277.90 54.58 
13 287.00 58.73 
14 295.79 63.50 
15 304.23 68.87 
16 312.27 74.80 
17 319.89 81. 28 
18 327.04 88.27 
19 333.69 95. 74 
20 336.98 100.00 

Circle Center At X = 222.5 ; y 187.9 and Radius, 144.4 

*** 1. 255 *** 
Failure Surface Specified By 22 Coordinate Points 

Point x-surf Y-Surf 
No. (ft) (ft) 

1 157.90 53.00 
2 167.33 49.69 
3 176.95 46.95 
4 186.71 44.77 
5 196.58 43.18 
6 206.53 42.16 
7 216.52 41.74 
8 226.52 41. 90 
9 236.49 42.65 

10 246.40 43.98 
11 256.22 45.90 
12 265.90 48.38 
13 275.42 51.44 
14 284.75 55.05 
15 293.85 59.20 
16 302.69 63.87 
17 311.23 69.06 
18 319.46 74.75 
19 327.34 80.91 
20 334.85 87.52 
21 341.95 94.56 
22 346.83 100.00 

Circle Center AL X = 218.8 ; y 211.5 and Radius, 1G9.0 

**' 1.255 *** 
Failure Surface Specified By 22 Coordinate Points 

Point x-surf Y-Surf 
No. (ft) I ft I 

1 157.90 53.00 
2 167.36 49.78 
3 177.00 47.10 
4 186.77 44.98 
5 196.65 43.41 
6 206.59 42. 40 
7 216.58 41. 96 
8 226.58 42.09 
9 236.56 42.79 

10 246.48 44.05 
11 256.31 45.88 
12 266.03 .;.8. 25 
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13 275.59 51 .18 
14 284.97 54.64 
15 294.14 58.64 
16 303.07 63 .14 
17 311.72 68.15 
18 320.08 73.63 
19 328.12 79.59 
20 335.80 85.99 
21 343 .11 92. 81 
22 349.98 100.00 

Circle Center At X = 219.3 ; y 

*** 1. 256 *** 
Failure Surface specified By 18 

Point x-surf Y-Surf 
No. (ft) (ft) 

l 174.74 54.58 
2 184.35 51. 84 
3 194.15 49.81 
4 204.06 48.51 
5 214. OS 47.95 
6 224.04 48.12 
7 234.00 49. 04 
8 243.87 50.68 
9 253.58 53.04 

10 263.10 56.12 
11 272.36 59.89 
12 281. 32 64.33 
13 289.93 69. 42 
14 298.14 75.13 
15 305.90 81.43 
16 313.18 88.29 
17 319.94 95.66 
18 323.36 100.00 

Circle Center At X = 216.7 ; y 

*** 1.257 *** 
Failure surface Specified By 22 

Point x-surf Y-Surf 
No. (ft) (ft) 

l 162 .11 53.00 
2 171.39 49.28 
3 180.90 46.19 
4 190.59 43.74 
5 200 .43 41.94 
6 210.36 40.80 
7 220.35 40.32 
8 230.35 40.51 
9 24 0. 3 2 41.36 

10 250.20 42.88 
11 259.96 45.05 
12 269.56 47.87 
13 278.94 51. 32 
14 288.08 55.39 
15 296.92 60.05 
16 305.44 65.30 
17 313.58 71.10 
18 321.32 77.43 
19 328.62 84.26 
20 335.46 91. 57 
21 341.79 99.31 
22 342.28 100.00 

Circle Center At X = 222. s ; y 

*** 1.258 *** 
Failure 

Point 
No. 

l 
2 

Surface Specified By 22 
x-surf Y-Surf 

(ft) (ft) 
166.32 53.00 
175.89 50.13 

218. 0 and Radius, 176.l 

Coordinate Points 

183.2 and Radius, 135. 3 

Coordinate Points 

190.3 and Radius, 150.0 

Coordinate Points 
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3 185.62 47.80 
4 195.46 46.04 
5 205.39 44.84 
6 215.37 44.20 
7 225.37 44.14 
8 235.36 44.65 
9 245.30 45.72 

10 255.17 47.36 
11 264.92 49.56 
12 274.53 52. 31 
13 283.98 55.61 
14 293.21 59.43 
15 302.22 63.78 
16 310.96 68.63 
17 319.42 73.98 
18 327.55 79.80 
19 335.34 86.07 
20 342.76 92.77 
21 349.78 99.89 
22 349.88 100.00 

Circle Center At X = 221.5 ; y 219.5 and Radius, 175.4 

*** 1.258 *** 
Failure Surface Specified By 21 coordinate Points 

Point x-surf Y-Surf 
No. (ft) (ft) 

1 157.90 53.00 
2 167.08 49. 04 
3 176.53 45.77 
4 186.20 43.22 
5 196.03 41. 40 
6 205.97 40.32 
7 215.97 39.99 
8 225.96 40.41 
9 235.89 41.58 

10 245.71 43.48 
11 255.35 46.12 
12 264.77 49.47 
13 273.92 53.51 
14 282.74 58.23 
15 291.17 63.60 
16 299.19 69. 58 
17 306.73 76.15 
18 313. 7 6 83.26 
19 320.24 90.88 
20 326.13 98. 96 
21 326.77 100.00 

Circle center At X = 215.4 ; y 173.5 and Radius, 133.5 

*** 1. 259 *** 
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Mach Mining, LLC, Seismic Analysis - Phase 78 Elimination, Phase 7 Step 1 
C:\DOCUME~11HOWENSIMYDOCU~1\MACH78~1\STABIL ~117BSTEP1S.PL2 Run By: HLO 312312011 6:09PM 

# FS Soil Soil Total Saturated Cohesion Friction Piez. I Load Value 
a 1.29 Oesc. Type Unit Wt. Unit Wt. Intercept Angle Surface Horiz Eqk 0.150 g< 
b 1.29 No. (pcf) (pcf) (psf) (deg) No. 
c 1.30 CCR 1 130.0 140.0 0.0 33.7 W1 
d 1.30 FCR 2 80.0 90.0 a.a 28.0 W1 
e 1.31 SOIL 3 125.0 135.0 400.0 19.5 W2 
f 1.32 
g 1.32 
h 1.32 

lnit Points: 200. to 250. 
Term Limits: 311. to 341. 

1.32 
650 ~ I 1.32\ 

550 

a. 

~f 4 
11 3 -~ 

Wl 

1 ,~-~ 12 j 
1/ __________________________ ---:7--------------------- · ··-w1 

"' ~ ; _j_ 
w,··-- 83 x~=~lti==•~~~===/11 ~ =~~;;;;;;-~---------~==~;~ 12 

3 ~ 3 

350 ~-------~-------~-------~-------~---------' 
0 100 200 300 400 500 

PCSTABLSM/si FSmin=1.29 
STED Safety Factors Are Calculated By The Modified Bishop Method 

'"'"~ r&~ ® 
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** PCSTABLSM ** 
by 

Purdue University 
--Slope Stability Analysis-

Simplified Janbu, Simplified Bishop 
or Spencer~s Method of Slices 

Run Date: 3/23/2011 
Time of Run: 
Run By: 
Input Data Filename: 
output Filename: 
Unit: 

6,09PM 
HLO 
C:7bstepls. 
C:7bstepls.OUT 
ENGLISH 

Plotted 
PROBLEM 

Output Filename: C:7bstepls.PLT 
DESCRIPTION Mach Mining, LLC, Seismic Analysis -

Phase 7B Elimination, Phase 7 Step 1 
BOUNDARY COORDINATES 

Note: user origin value specified. 
Add 0.00 to X-values and 350.00 to Y-values listed. 

Boundaries 
Boundaries 

4 Top 
13 Total 

Boundary X-Left Y-Left X-Right Y-Right Soil Type 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

(ft) (ft) (ft) 
250.10 
311. 00 
341.00 
500.00 
354.00 
500.00 
450.20 

(ft) Below Bnd 

10 
11 
12 

.00 
250.10 
311. 00 
341.00 
341.00 
354.00 
354.00 

.00 
90.00 

120.00 
170.00 
170.00 

129.70 
129.70 
150.00 
150.00 
150.00 
145.00 
145.00 

88.00 
88.00 

103.00 
103.00 
103.00 

13 450.20 103.00 
ISOTROPIC SOIL PARAMETERS 

3 Type(s) of Soil 
Soil Total Saturated 
Type Unit Wt. Unit Wt. 

No. (pcf) (pcf) 
1 130.0 140.0 
2 80.0 90.0 

Cohesion 
Intercept 

(psf) 
. 0 
.o 

90.00 
120.00 
170.00 
246.50 
450.20 
500.00 

Friction 
Angle 
(deg) 
33.7 
28.0 

3 125.0 135.0 400.0 19.5 

129.70 
150. o'o 
150.00 
150.00 
145.00 
145.00 
103.00 

88.00 
103.00 
103.00 
128.50 
103.00 
103.00 

Pore 
Pressure 

Pressure 
Constant 

Param. 
.00 
.00 
.00 

(psf) 
. 0 
.o 
.o 

2 PIEZOMETRIC SURFACE(S) 
Unit Weight of Water= 
Piezometric Surface No. 

HAVE BEEN SPECIFIED 

Point X-Water 
No. (ft) 

1 .00 
2 
3 

200.10 
500.00 

62.40 
1 Specified 
Y-Water 

(ft) 
129.70 
129.70 
129.70 

by 3 Coordinate Points 

Piezometric Surface No. 
Point 
No. 

1 

X-Water 
(ft) 
.00 

500.00 

2 Specified by 2 Coordinate Points 
Y-Water 

2 

(ft) 
88.00 
90.00 

A Horizontal Earthquake Loading Coefficient 
Of .150 Has Been Assigned 
A vertical Earthquake Loading Coefficient 
Of .000 Has Been Assigned 
Cavitation Pressure= .o (psf) 

2 
1 
1 
1 
1 
2 
1 
3 
3 
3 
1 
3 
3 

Piez. 
Surface 

No . 
1 
1 
2 

A Critical Failure surface Searching Method, Using A Random 
Technique For Generating Circular Surfaces, Has Been Specified. 
200 Trial Surfaces Have Been Generated. 

20 Surfaces Initiate From Each Of 10 Points Equally Spaced 
Along The Ground Surface Between X = 200.00 ft. 
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and X 
Each Surface Terminates Between X 

and X 

250.00 ft. 
311.00 ft. 
341.00 ft. 

Unless Further Limitations Were Imposed, The Minimum Elevation 
At Which A Surface Extends Is Y = 88.00 ft. 
20.00 ft. Line Segments Define Each Trial Failure Surface. 
Following Are Displayed The Ten Most Critical Of The Trial 

Failure Surfaces Examined. They Are Ordered - Most Critical 
First. 
**Safety Factors Are Calculated By The Modified Bishop Method* * 
Failure surface Specified By a coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 
2 
3 
4 
5 
6 
7 
8 

Circle 

200.00 
219.62 
239.60 
25 9. 50 
278.90 
297.37 
314.52 
314.95 

Center At X = 
*** 1.286 

Individual data 
Water 

12 9. 70 
125.81 
124.85 
126.82 
131.69 
139.35 
149.65 
150.00 

236.2 y 

*** 
on the 

Water 

260.6 and Radius, 135.8 

12 slices 
Tie Tie Earthquake 

Force Force Force Force Force Surcharge 
Slice 

No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

Width Weight Top Bot 
(ft) (lbs) (lbs) (lbs) 
19.6 3432.0 .0 2425.8 
16.4 6337.2 .0 4398.9 

3. 5 1641.7 .0 1056.3 
6.9 3550.5 .0 1953.7 
3. 6 1293.4 .0 901.l 
9.4 6318.0 .0 1972.7 

11.5 9839.2 .o 1063.6 
7.9 7502.2 .0 .0 

18.5 16462.6 .o .0 
13.6 75 90. 5 .0 .0 
3.5 644.6 .0 .0 

.4 9.9 .0 .0 
Failure Surface specified By 7 

Point x-surf Y-Surf 
No. ( ft) (ft) 

1 211.11 129.70 
2 229.69 122.30 
3 249.52 119.69 
4 269.39 122. 03 
5 288.07 129.18 
6 3 04. 42 140.69 
7 312.42 150.00 

Circle Center At X = 250.1 ; y 

*** 1.290 *** 
Failure 

Point 
No. 

1 
2 
3 
4 

5 
6 
7 

Surface specified By 7 
x-surf Y-Surf 

(ft) (ft) 
216.67 
235.65 
255.58 
275.34 
293.80 
309.93 
314.65 

129.70 
123.40 
121. 76 
124.87 
132.56 
144.39 
150.00 

Circle Center At X = 252.5 ; Y 
*** 1.302 *** 

Norm Tan Hor 
(lbs) (lbs) (lbs) 

.o . 0 514.8 

.0 . 0 950.6 

.0 .0 246.3 

.0 .0 532.6 

.o . 0 194. 0 

.0 . 0 947.7 

.0 . 0 1475.9 

.0 . 0 1125.3 

.0 . 0 2469.4 

.0 .0 1138.6 

.0 . 0 96. 7 

. 0 .0 1.5 
Coordinate Points 

200.5 und Radius, 

Coordinate Points 

205.8 and Radius, 

Failure Surface Specified By 7 Coordinate Points 
Point X-Surf Y-Surf 

Ne. (ft) (ft) 

Ver Load 
(lbs) (lbs) 

.0 .0 

.0 .0 

. 0 . 0 

. 0 .0 

.0 .0 

.0 .0 

.0 .0 

. 0 .0 

.0 . 0 

. 0 .0 

.0 . 0 

.o . 0 

80.8 

84 .1 
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1 216.67 
2 236.18 
3 256.17 
4 275.88 
5 294.53 
6 311.40 
7 315.35 

Circle Center At X = 
*** 1. 305 

129.70 
125.32 
124.83 
128.27 
135.49 
146.22 
150.00 

248.6 ; Y 
*** 

226.3 and Radius, 

Failure 
Point 

surface Specified By 7 Coordinate Points 

No. 
1 
2 
3 
4 
5 
6 
7 

x-surf Y-Surf 
( ft} (ft} 

216.67 
236.27 
256.27 
275.96 
294.66 
311. 70 
315. 4 9 

129.70 
125.73 
125.48 
128.97 
136.08 
146.54 
150.00 

101.8 

Circle Center At X = 247.6 ; Y 231.8 and Radius, 106.7 
*** 1.311 *** 

Failure Surface Specified By 8 Coordinate Points 
Point x-surf Y-Surf 
No. (ft} (ft} 

1 205.56 129.70 
2 224.19 122.42 
3 243.92 119.17 
4 263.90 120.06 
5 
6 
7 
8 

283.26 
301.16 
316.83 
319.78 

125.08 
134.00 
146.43 
150.00 

Circle Center At X = 249.5 ; Y 
*** 1.316 *** 

Failure 
Point 
No. 

1 
2 
3 
4 
5 
6 
7 

surface Specified By 7 
x-surf Y-Surf 

(ft} (ft} 
222. 22 
241. 3 5 
261.33 
280.88 
298.73 
313.74 
314.12 

129.70 
123.84 
122.99 
127.21 
136.22 
149.44 
150.00 

Circle center At X = 254.6 ; Y 
*** 1.317 *** 

214.l and Radius, 

Coordinate Points 

201.4 and Radius, 

Failure Surface Specified By 6 Coordinate Points 
Point x-surf Y-Surf 
No. (ft} (ft} 

1 216.67 129.70 
2 236.53 127.38 
3 256.51 128.34 
4 

5 
6 

276.06 
294.67 
311.55 

132.55 
139.89 
150.00 

95.2 

78.7 

Circle Center At X = 240.7 ; Y 249.3 and Radius, 122.0 
*** 1.318 *** 

Failure Surface Specified By 7 C6ordinate Points 
Point X-Surf Y-Surf 

No. ( ft} (ft) 
1 216.67 129.70 
2 235.25 122.30 
3 255.10 119. 86 
4 274.92 122.53 
5 293.41 130.16 
6 309.36 142.22 
7 315.47 150.00 
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Circle Center At X = 254.6 ; Y 198.0 and Radius, 
*** 1.322 *** 

Failure 
Point 

Surface Specified By 7 Coordinate Points 
x-surf Y-Surf 

No. 
1 
2 
3 
4 

{ft) {ft) 
216.67 
235.69 
255.61 
275.44 

5 294.19 
6 310.93 
7 318.42 

Circle Center At X = 
*** 1.324 

129.70 
123.54 
121.74 
124.38 
131.34 
142.27 
150.00 

253. 7 ; Y 

''* 
211.6 and Radius, 

78.1 

89.9 
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Mach Mining, LLC, Seismic Analysis - Phase 78 Elimination, Phase 7 Step 6 
C:\DOCUME-11HOWENSIMYDOCU-1\MACH7B-1\STABIL-117BSTEP6S.PL2 Run By: HLO 1/1412011 1 :17PM 

750 r;=======F=======i=======.c=====r======,--i----------,,=======;i 
--

1 
I nit Points: 275. to 350. Soil Soil Total Saturated Cohesion Friction Piez. I Load Value # t-~ 

a 1.29 
b 1.29 
C 1.29 
d 1.29 
e 1.30 
f 1.30 
g 1.31 
h 1.32 

650 

550 

450 

w, 

w, 

1.32 
1.33 

Desc. Type Unit Wt. Unit Wt. Intercept Angle Surface Horiz Eqk 0.150 g< 
No. (pcf) (pcf) (psf) (deg) No. 

CCR 1 130.0 140.0 0.0 33.7 W1 
FCR 2 80.0 90.0 0.0 28.0 W1 
SOIL 3 125.0 135.0 400.0 19.5 W2 

2 --·----

a. 

Ii/, r, er 
I 

. ..--9~~ ~~:-,--== '" 1 

\ ~-3 

6 ~ 
4 x· 3 • 15 ~ 
3 - .. .3.. .. .. ··-··-··-··-··-··-··-··-··- ·-··-·3 ··-··-··-··-··-··-··-··-··-· -· -··-··-· 

Term Limits: 425. to 500. 

3 
1 

w, 

2 

/4 

3 w, 

350 ~--------------------~-------~------~--------' 
0 

STED 
,-,"':~(•~ 

':!:fc~~~ 
~~rf"~ 

100 200 300 400 500 600 

PCSTABL5M/si FSmin=1.29 
Safety Factors Are Calculated By The Modified Bishop Method 

® 
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** PCSTABLSM ** 
by 

Purdue University 
--Slope Stability Analysis-

Simplified Janbu, Simplified Bishop 
or Spencer·s Method of Slices 

Run Date: 1/14/2011 
Time of Run: 
Run By: 
Input Data Filename: 
Output Filename: 
Unit: 

1: l 7PM 
HLO 
C,7BSTEP6S. 
C,7BSTEP6S.OUT 
ENGLISH 

Plotted 
PROBLEM 

Output Filename: C:7BSTEP6S.PLT 
DESCRIPTION Mach Mining, LLC, Seismic Analysis -

Phase 7B Elimination, Phase 7 Step 6 
BOUNDARY COORDINATES 

Note: User origin value specified. 
Add o.oo to x-values and 350.00 to Y-values listed.' 

3 Top 
15 Total 

Boundary 

Boundaries 
Boundaries 

X-Left 
(ft) 

Y-Left X-Right Y-Right Soil Type 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

(ft) (ft) (ft) Below Bnd 

10 
11 
12 
13 

.00 
364.70 
425.00 

.OD 
90.00 

120.00 
170.00 
311.00 
311.00 
341.00 
341.00 
354.00 
354.00 

14 450.20 
15 170.00 

ISOTROPIC SOIL PARAMETERS 
3 Type(s) of Soil 

167. 90 
167.90 
188.00 

88.00 
88.00 

103.00 
103.00 
150.00 
150.00 
150.00 
150.00 
145.00 
145. 00 
103.00 
103.00 

Soil Total Saturated Cohesion 
T)'pe Unit Wt. Unit Wt. Intercept 

No. (pcf) (pcf) (psf) 
1 130.0 140.0 .0 
2 80.0 90.0 .0 
3 125.0 135.0 400.0 

364.70 
425.00 
600.00 

90.00 
120.00 
170.00 
311.00 
364.70 
341.00 
600.00 
354.00 
600.00 
450.20 
600.00 
450.20 

Friction 
Angle 
(deg) 
33.7 
28.0 
19. 5 

167.90 
188.00 
188.00 

88.00 
103.00 
103.00 
150.00 
167.90 
150.00 
150.00 
145.00 
145.00 
103.00 
103.00 
103.00 

Pore Pressure 
Pressure Constant 

Param. (psf) 
.00 .0 
.00 .o 
.00 .0 

2 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED 
Unit Weight of Water= 62.40 
Piezometric Surface No. 1 Specified by 2 Coordinate Points 

Point X-Water Y-Water 
No. (ft) (ft) 

1 .00 167.90 
2 

Piezometric 
Point 
No. 

1 
2 

6 00. 00 
Surface No. 

X-Water 
(ft) 
.00 

600.00 

167.90 
2 Specified by 
Y-Water 

(ft) 
88.00 
90.00 

2 Coordinate Points 

A Horizontal Earthquake Loading Coefficient 
Of .150 Has Been Assigned 
A Vertical Earthquake Loading Coefficient 
Of .000 Has Been Assigned 
Cavitation Pressure= .o (psf} 

2 
1 
1 
3 
3 
3 
1 
1 
1 
1 
1 
2 
1 
3 
3 

Piez. 
Surface 

No. 
1 
1 
2 

A critical Failure Surface Searching Method, Using A Random 
Technique For Generating circular Surfaces, Has Been Specified. 
200 Trial Surfaces Have Been Generated. 

20 Surfaces Initiate From Each Of 10 Points Equally Spaced 
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Along The Ground Surface Between X 
and X 

Each Surface Terminates Between X 
and X 

275.00 ft. 
350.00 ft. 
425.00 ft. 
500.00 ft. 

Unless Further Limitations Were Imposed, The Minimum Elevation 
At Which A Surface Extends Is Y = 88.00 ft. 
20.00 ft. Line Segments Define Each Trial Failure Surface. 
Following Are Displayed The Ten Most Critical Of The Trial 

Failure Surfaces Examined. They Are Ordered - Most Critical 
First. 
* * Safety Factors Are Calculated By, The Modified Bishop Method * * 
Failure Surface Specified By 8 Coordinate Points 

Point x-surf Y-Surf 
No. (ft) (ft) 

1 308.33 167.90 
2 327.46 162.04 
3 347.28 159.41 
4 367.27 160.09 
5 386.87 164.06 
6 
7 
8 

405. 56 
422.80 
430.78 

Circle Center At X = 
*** 1.287 

Individual data 
Water 
Force 

171.20 
181. 33 
188.00 

353.0 Y 

*** 
on the 

Water 
Force 

278.8 and Radius, 119. 5 

11 slices 
Tie Tie 

Force Force 
Earthquake 

Force Surcharge 
Slice Width weight Top 

(lbs) 
• 0 

Bot Norm Tan Hor 
(lbs) 
756.3 

Ver Load 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

(ft) (lbs) 
19. 1 5042.2 
14.1 8602.0 

5.8 4582.4 
17.4 17442.1 

2.6 2969.5 
19. 6 26493.6 
10. 0 14538.9 

8.6 11819.3 
17.2 18222.8 

2.2 1538.8 
5.8 1815.5 

. 0 
• 0 
• 0 
• 0 
. 0 
• 0 
. 0 
. 0 

(lbs) 
3656.3 
6016.1 
2935.3 
8906.0 
1260.4 
7268.3 
1288.8 

.0 

. 0 

(lbs) 
. 0 
. 0 
.0 
.0 
.0 
.o 
.0 
.0 
.0 

(lbs) 
.0 
. 0 
. 0 
.0 
.0 
.0 
. 0 
.0 
.0 

1290.3 
687.4 

2616.3 
445.4 

3974.0 
2180.8 
1772. 9 
2733.4 

.0 .0 .p .0 230.8 

.0 .0 .o .0 272.3 
Failure 

Point 
surface Specified By 8 Coordinate Points 

No. 
1 
2 
3 
4 
5 
6 
7 
8 

X-Surf Y-Surf 
(ft) (ft) 

300.00 167.90 
319.87 165.58 
339.86 165.26 
359.79 166.92 
379.46 
398.67 
417.22 
425.63 

170.56 
176.14 
183.60 
188.00 

(lbs) (lbs) 
. 0 . 0 
. 0 .0 
. 0 .0 
. 0 .0 
. 0 . 0 
.0 .0 
.0 .0 
. 0 . 0 
. 0 .0 
. 0 .0 
. 0 .0 

Circle Center At X = 333.1 ; Y 363.6 and Radius, 198.5 
*** 1.287 *** 

Failure 
Point 

Surface Specified By 9 Coordinate Points 
x-surf Y-Surf 

No. 
1 
2 
3 
4 
5 
6 

(ft) (ft) 
300.00 167.90 
318.98 
338.70 
358.70 
378.51 
397.65 

7 415.68 
8 432.18 
9 433.73 

Circle Center At X = 

*** 1.292 

161.60 
158.28 
158.01 
160.80 
166.59 
175.24 
186.55 
188.00 

350.4 ; Y 
* .. 

288.l and Radius, 130.4 
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Failure Surface Specified By 10 Coordinate Points 
Point X-Surf Y-Surf 
No. (ft) (ft) 

1 275.00 167.90 
2 
3 
4 
5 
6 
7 
B 
9 

10 

294.62 
314. 51 
334. so 
354.45 
374.18 
3 93. 54 
412.37 
430.52 
433. 14 

Circle Center At X = 

*** 1.295 

164.01 
161.90 
161.58 
163.06 
166.33 
171.35 
178.09 
186.49 
188.00 

328.0 ; Y 

*** 
383.2 and Radius, 

Failure 
Point 

Surface Specified By a Coordinate Points 

No. 
1 
2 
3 
4 
5 
6 
7 
B 

x-surf Y-Surf 
(ft) (ft) 

316.67 
335.33 
355.10 
3 7 5. 06 
394.28 
411. BB 
427.04 
427.79 

167.90 
160.70 
157.67 
158.94 
164.45 
173.95 
187.00 
188.00 

Circle Center At X = 359.2 ; Y 
*** 1.298 *** 

250.1 and Radius, 

Failure 
Point 

Surface Specified By 7 Coordinate Points 

No. 
1 
2 
3 
4 
5 
6 
7 

X-Surf Y-Surf 
(ft) (ft) 

325.00 
344.65 
364.65 
384.40 
403.32 
420.84 
426.85 

167.90 
164.19 
163.90 
167.05 
173.54 
183.18 
188.00 

Circle Center At X = 356.3 ; Y 
*** 1.303 *** 

279.7 and Radius, 

Failure 
Point 

Surface Specified By 9 Coordinate Points 

No. 
1 
2 
3 
4 
5 
6 
7 
B 
9 

x-surf Y-Surf 
(ft) (ft) 

300.00 
318.58 
33 B. 13 
358.11 
377.96 
397.14 
415.10 
431.35 
435.37 

167.90 
160.50 
156.29 
155.38 
157.81 
163.49 
172.29 
183.95 
188.00 

221.7 

92.6 

116.1 

Circle Center At X = 353.5 ; Y 275.3 and Radius, 120.0 
*** 1.310 *** 

Failure 
Point 

Surface Specified By 9 Coor'dinate Points 

No. 
1 
2 
3 
4 
5 
6 
7 

B 
9 

x-surf Y-surf 
(ft) (ft) 

300.00 
319.51 
33 9. 42 
359,41 
379.20 
398.49 
416.99 
434.42 
434. 98 

167.90 
163.52 
161.54 
162.01 
164.91 
170.19 
177.79 
187.59 
188.00 

circle Center At X = 345.6 ; Y 325.2 and Radius, 163.8 
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*** 1.315 *** 
Failure 

Point 
Surface Specified By a Coordinate Points 

No. 
1 
2 
3 
4 
5 
6 
7 
8 

X-Surf Y-Surf 
(ft) (ft) 

316.67 
335.14 
354.81 
374.81 
394.22 
412. 19 
427.92 
431. 91 

167.90 
160.24 
156.64 
157.25 
162.05 
170.83 
183.18 
188.00 

Circle Center At X = 361.7 ; Y 
*** 1,324 *** 

249.9 and Radius, 

Failure 
Point 

Surface Specified By 9 Coordinate Points 

No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 

X-Surf Y-Surf 
(ft) (ft) 

300.00 167.90 
319.60 
339.53 
359.52 
379.31 
398.63 
417.22 
434.85 
435.21 

163.93 
162.24 
162.85 
165.76 
1 70. 94 
178.30 
187.75 
188.00 

93.6 

Circle Center At X = 344.2 ; Y 335.6 and Radius, 173.4 
*'* 1.325 *** 
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STATE OF ILLINOIS 

ENVIRONMENTAL PROTECTION AGENCY 

Subject: Williamson Energy, LLC - Pond Creek Mine 

Data: Log No. 8554-10 

Reviewed by: D. Maschhoff Date: 2/20/15 

Page I of I 

Log No. 8554-10 ⇒ IPR No. 37 to OMM Permit No. 375 

Log No. 8554-10 

• IPR is for the removal of Sedimentation Basin Nos. 007 and 008 and the re
designation of Sediment ditches 1, 2, 3 and 4. 

• This is necessary for the construction of Coal Refuse Disposal Facility No. 2. 
• Sediment Ditches 1 and 2 were re-designated as Sediment Pond Nos. 008 and 

008A and discharges using the existing Outfall 008. 
• Sediment Ditch 3 was re-designated as Pond 006A and discharges under the 

railroad loop to Sediment Pond 006. 
• Sediment Ditch 4 was re-designated as Pond 007 A and discharges into Sediment 

Ditch 2 before discharging out Outfall 007. 
• The Operations Map has been updated with this submittal. 
• Ponds 007 and 008 have been removed and the new linear ponds have been 

constructed around the Coal Refuse Disposal Facility No. 2 as depicted on Map 6 
S.F of this submittal. 

* Action: Reference IEPA Log No. 8554-10 in renewed and modified 
NPDES permit for the incorporation of the removal of Sedimentation Basin Nos. 007 
and 008 and the re-designation of Sediment ditches I, 2, 3 and 4. Outfall Nos. 007 
and 008 will still remain. 
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Illinois Depart1nent of 
_,.....__,,Natural Resources 

One Natural Resources Way Springfield, lllinois 62702-1271 
http://dnr.statc.iI.us 

Steve Sutphin 
Alliance Consulting, Inc. 
c/o Williamson Energy, LLC 
124 Philpott Lane 
Raleigh County Airport Industrial Park 
Beaver, WV 25813 

Re: Pern1it J\Jo. 375 
Insignificant Revision No. 37 

Dear Mr. Sutphin: 

December 6, 2010 

I 
o0u~ cfvcr±c · i - I 9- ( I 

Pat Quinn, Governor 
Marc Miller, Director 

The appropriate Department technical staff has reviewed the proposed change dated September 
17, 2010, submitted by Williamson Energy for the Pond Creek Mine. The pennittee has 
requested approval to remove basin's 007 and 008 and the re-designation of sediment ditches 1, 
2, 3, and 4. Since this operation is not currently approved, it will constitute a change to the 
approved plan. Insignificant pe1mit revisions are allowed under 62 Ill. Adm. Code 
1774.13(b)(2). 

The Department has detennined the proposed alteration will have no significant potential adverse 
impact on the achievement of final reclamation plans or upon the surrounding area, is in 
compliance with 62 Ill. Adm. Code 1700 - 1850 and is insignificant, and hereby exempts the 
permittee from submitting a significant pennit revision application in accordance with Section 
l 774.13(b)(2). The Department grants permission to remove basin's 007 and 008 and re
designate sediment ditches 1, 2, 3, and 4. 

No additional bond is required because of this change. 

All conditions and provisions contained in the approved pem1it also apply to this rev1s10n. 
Approval from this agency does not relieve the permittee from obtaining approval from other 
agencies requiring such. 
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Steve Sutphm 
PennitNo. 375 
Insignificant Revision No. 37 
Page2 

Please submit two additional copies of your request letter and maps to Ronald Morse, Illinois 
Environmental Protection Agency, 2309 West Main Street, Marion, Illinois 62959. 

Should you have any questions, vlease <.:Ol!lacl Biatl Mwphy al our Bel!lon Office. 

SKF:CBM:gr 

cc: B. Murphy 
J. Slapak 
R. Morse 

12020919.doc 

~4....._...,......e,c--..__ 
Scott K. Fowler, Supervisor 
Land Reclamation Division 



R14991

r 

C 

Alliance LI 
Consulting, Inc. 

Engineers · Constructors · Scientists 

Mr. Scott K. Fowler, Supervisor 

Land Reclamation Division 

ILLINOIS DEPARTMENT 

OF NATURAL RESOURCES 

One Natural Resources Way 

Springfield, IL 62702-1 271 

Dear Mr. Fowler: 

September 17, 2010 

Transmittal 

IPR For Permit No. 375 

Williamson Energy, LLC 

Pond Creek No. I Mine 

Williamson County. Illinois 

4 

Project No. B10-192-1413 

Williamson Energy, LLC and it operator, Mach Mining, LLC,, Inc. are submitting an original and one 

copy of an insignificant pennit revision . This IPR is address ing the removal of Sediment Ponds 007 and 

008, the re-design and re-designation of Sediment Ditches I, 2, 3 and 4, and to address the current 

drainage patterns for the permitted refuse disposal area. 

The existing Sediment Ponds 007 and 008 were designed for the refused disposal plan submitted in the 

original Permit 375 application. With the approval of Sign ificant Revision No. 2 on April 1, 2009, a 

series of sediment ditches (Pond 011 ) were constructed to provide additional sediment control. A 

condition of the approval for Revision No. 2 was that Sed iment Ponds 007 and 008 could not be removed 

until IEPA approved the proposed Outlet O 11. To this date, !EPA has not responded to the request to add 

a new NPDES outlet. Therefore, this IPR is requesting to remove of the existing Pond 7 and 8 and to re

design and re-designate of the sediment ditches as Ponds 006A, 007, 007A, 008 and 008A. No new 

NPDES outlets are being proposed. Pond 006A will discharge into Pond 006, Ponds 007 and 007 A wi ll 

discharge through Outlet 007 and Ponds 008 and 008A will discharge through Outlet 008. This request is 

necessary to continue the construction of the Coal Refuse Disposal Facility No. 2 (North Refuse Area). 

In Revision No. 2, Sediment Ditches I and 2 were designed with a series of barriers to be constructed 

through-out the entire length of the ditches. However, due to the flatness of the te1Tain at the site, only 

four barriers have been constructed. Sediment Ditches I and 2 are being re-designated as Sediment Ponds 

(_ 008 and 008A and will discharge using the exist ing Outlet 008. Pond 008A will be paititioned into four 

! 

124 Philpott Lane • Raleigh County Airport lndusrrial Park • Beaver, WV 258 13-9502 • TELE: (304) 255-0491 • FAX (304) 255-4232 
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Mr. Scott K. Fowler, Supervisor 

Land Reclamation Division 

ILLINOIS DEPARTMENT 

OF NATURAL RESOURCES 

September 17, 2010 

Page 2 

cells. In order to complete the construction of proposed Pond 008, the existing pond must be removed 

and replaced by the linear configuration presented within this IPR. 

In Revision No. 2, Sediment Ditch 3 was designed with a series of barriers. Ditch 3 will be re-designated 

as Pond 006A and will have only one barrier. As per the previously approved drainage plan, the ditch 

discharges into twin 48 inch culverts and the culverts discharge into a drainage ditch. However, instead 

of the drainage ditch discharging into proposed Pond 007 and 007A(Sediment Ditch 4), the ditch is 

discharging into a 36 inch culvert under the railroad loop and into Sediment Pond 006. 

In Revision No. 2, Sediment Ditch 4 was designed as a two cell ditch and would discharge into Sediment 

Ditch 2 before discharging through an outlet. In order to construct this structure, the existing Pond 007 

must be removed and new linear Pond 007 and 007 A will be constructed in its place. Pond 007 and 007 A 

will discharge through existing Outlet 007. 

Attached to this IPR, are new sediment volume calculations sheets, sediment structure design calculations 

sheets, and Map 6 S.F. (Supplemental). It is the intention of this IPR to clarify the drainage patterns and 

drainage structures associated with the cm,-ent refuse disposal area. The location ofNPDES Outlets 007 

and 008 will be re-constructed in the location of the existing outlets. 

Refer to the following drawing, Map 6 S.F. (Drawing No. B 10-192-MI) for additional information. 

One copy of this IPR has been sent to Mr. Charles (Brad) Murphy in the Benton Office. 

If you have any questions, or require additional information regarding this application, please contact us. 

Respectfully submitted for, 

WILLIAMSON ENERGY LLC 

S'~»;lrL 
j,tephen M. Sutphin / / 

/ Alliance Consulting; Inc. 
· Project Manager · 

SMS:sms 
Enclosures 

FILE: 10192-01 
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AllianceO 
Consulting, Inc. 

Engineers · Constructors · Scientists 

September 1 7, 201 0 

Mr. Brad Murphy 
ILLINOIS DEPARTMENT OF NATURAL RESOURCES 

Office of Mines and Minerals 
Land Reclamation Division 
503 E. Main; FLOO 1 

Benton, IL 62812 

Dear Mr. Murphy: 

Transmittal 

IPR For Permit No. 375 

Williamson Energy. LLC 

Pond Creek No. 1 Mine 

Williamson Countv. Illinois 

Project No. B 10-192-1413 

Williamson Energy, LLC and it operator, Mach Mining, LLC,, Inc. are submitting an original and one 

copy of an insignificant permit revision. This IPR is addressing the removal of Sediment Ponds 007 and 

008, the re-design and re-designation of Sediment Ditches 1, 2, 3 and 4, and to address the current 

drainage patterns for the pennitted refuse disposal area. 

The existing Sediment Ponds 007 and 008 were designed for the refused disposal plan submitted in the 

original Permit 375 application. With the approval of Significant Revision No. 2 on April 1, 2009, a 

series of sediment ditches (Pond 011) were constructed to provide additional sediment control. A 

condition of the approval for Revision No. 2 was that Sediment Ponds 007 and 008 could not be removed 

until !EPA approved the proposed Outlet 011. To this date, IEPA has not responded to the request to add 

a new NPDES outlet. Therefore, this IPR is requesting to remove of the existing Pond 7 and 8 and to re

design and re-designate of the sediment ditches as Ponds 006A, 007, 007A, 008 and 008A. No new 

NPDES outlets are being proposed. Pond 006A will discharge into Pond 006, Ponds 007 and 007 A will 

discharge through Outlet 007 and Ponds 008 and 008A will discharge through Outlet 008. This request is 

necessary to continue the construction of the Coal Refuse Disposal Facility No. 2 (North Refuse Area). 

In Revision No. 2, Sediment Ditches 1 and 2 were designed with a series of barriers to be constructed 

through-out the entire length of the ditches. However, due to the flatness of the terrain at the site, only 

four barriers have been constructed. Sediment Ditches 1 and 2 are being re-designated as Sediment Ponds 

008 and 008A and will discharge using the existing Outlet 008. Pond 008A will be partitioned into four 

124 Philpott Lane • Raleigh County Airport Industrial Park • Beaver, WV 25813-9502 • TELE: (304) 255-0491 • FAX (304) 255-4232 
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Mr. Brad Murphy 
Land Reclamation Division 

ILLINOIS DEPARTMENT 

OF NATURAL RESOURCES 
September 17, 2010 

Page 2 

cells. In order to complete the construction of proposed Pond 008, the existing pond must be removed 

and replaced by the linear configuration presented within this IPR. 

In Revision No. 2, Sediment Ditch 3 was designed with a series ofban-iers. Ditch 3 will be re-designated 

as Pond 006A and will have only one ban-ier. As per the previously approved drainage plan, the ditch 
discharges into twin 48 inch culverts and the culverts discharge into a drainage ditch. However, instead 

of the drainage ditch discharging into proposed Pond 007 and 007A(Sediment Ditch 4), the ditch is 

discharging into a 36 inch culvert under the railroad loop and into Sediment Pond 006. 

In Revision No. 2, Sediment Ditch 4 was designed as a two cell ditch and would discharge into Sediment 

Ditch 2 before discharging through an outlet. In order to construct this structure, the existing Pond 007 

must be removed and new linear Pond 007 and 007 A will be constructed in its place. Pond 007 and 007 A 

will discharge through existing Outlet 007. 

Attached to this IPR, are new sediment volume calculations sheets, sediment structure design calculations 

sheets, and Map 6 S.F. (Supplemental). It is the intention of this IPR to clarify the drainage patterns and 

drainage structures associated with the current refuse disposal area. The location ofNPDES Outlets 007 

and 008 will be re-constrncted in the location of the existing outlets. 

Refer to the following drawing, Map 6 S.F. (Drawing No. BI 0-192-M 1) for additional infonnation. 

An original and one copy have been sent to Mr. Scott Fowler in the Springfield Office. 

If you have any questions, or require additional information regarding this application, please contact us. 

Respectfully submitted for, 

WILLIAMSON ENERGY LLC 

(!_ /} 

/2
Ll!J7~ )J/4✓-f-=::;z:_,'----'-·. 
ephen M. Sutphii/ ' 

Alliance Consultin~, Inc. 
Project Manager 

SMS:sms 
Enclosures 

FILE: IO 192-02 
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I --,-
BOTTOM 
OF DITCH 

--,-

INSTALL EXIT CHANNELS AT 
NATURAL DRAINS OR AT CULVERTS 

EARTHEN BARRIER 

-:-1 

I··-' - · ·I 

DESIGN DEPTH WATER LEVEL 
\_TOP OF 

DITCH 

REFER TO MAP 6 S.F. (SUPPLEMENTAL) -----0 

PLAN VIEW 
NOT TO SCALE 

I --,-

EARTHEN BARRIER 

EXIT CHANNEL 

I 

EARTHEN BARRIER CREST 
AND DESIGN DEPTH 

DESIGN 

CELL BOTTOM- 0% GRADE 
( + /- 1 % TOLERANCE) 

DEPTH WATER LEVEL 

REFER TO MAP 6 S.F. (SUPPLEMENTAL) 

PROFILE 
NOT TO SCALE 

1lQlES; 

=JI Ir 

1. SEE DESIGN SHEETS FOR SIDE SLOPES ANO 
DIMENSIONS OF PROPOSED STRUCTURES. 

OF WA1ER 1.8/EL l J 

~ I 
LBOTTOMJ 

OF DITCH 

EXIT CHANNEL 
DESIGN DEPTH + FREEBOARD 
(SEE PROFILE AT BOTTOM) 

2. TH1S DIMENSION MUST BE EQUAL TO OR GREATER THAN THE 
MINIMUM HEAD DIMENSIONS {BARRIER/SPILLWAY) ON THE 
SEDIMENT DITCH DESIGN SHEETS. A CHART WHICH SHOWS 
THIS MINIMUM DIMENSION FOR EACH DITCH IS CONTAINED 

TYPICAL SECTION- SEDIMENT DITCH 
NOT TO SCALE 

IN THIS APPLICATION. 

5' MIN. 

DESIGN 
FLOW DEPTH 

--;o,.___ l. . ~ J EXIT CHANNEL 
'Y~ Y __ DESIGN DEPTH + FREEBOARD 

DESIGN 
FLOW DEPTH-

EXIT CHANNEL 
DESIGN DEPTH 
+ FREEBOARD 

DESIGN DEPTH AND 
BARRIER HEIGHT7 ./ \ ......._ I 

'I00000J~\_ I 
18~ THICK LAYER-

BOTTOM ROCK RIPRAP 
OF SPILLWAY 

---,.// t00°';:'ICJC'lOC1\'()0C'lC''ClG,. 

BOTTOM J \_,a~ THICK LAYER-
OF CHANNEL ROCK RIPRAP 

I 

TYPICAL SECTION EXIT CHANNEL 
NOT TO SCALE 

TYPICAL PROFILE- EXIT CHANNEL 
NOT TO SCALE 

A 
__, 

lliance /i!i_.a 
Consulting, Inc. 
E:;ngineers 
Constructors 
Scientists 

BECKLEY, Wt/ 
(304) 255-0491 

CANONSBURG, PA 
(724) 745-36:!.0 

SUf.lMERSVlLLE, Wv 
(304) 883-2360 

TYPICAL DETAILS 
PONDS 006A, 007, 007A, 008 & 008A 

POND CREEK MINE NO. 1 
COAL l\t:.ru:::ii:. ubr--u:::iAL rf\viLITY i~O. 2 

PREPARED FOR 

WILLIAMSON ENERGY, LLC. 
P.O. BOX 99, JOHNSTON CITY, IL 

DRAWN BY 

CHECKED BY 

l'.PPROV!:D !:!Y 

DRAWING 
NUMBER 

B10-192-A.1 

SMS 09/15/10 

SMS 09/15/10 

FIGURE 
NUMBER 
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Pond 006 & 006A 

Required Capacity= 20.42 ac. ft. 

Designed/Provided Capacity = 44.06 ac. ft. 
(Pond 006A design capacity is 9.51 ac. ft. and 

Pond 006 as-built capacity is 34.55 ac. ft.) 
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GENERAL INFORMATION 

Permit No. 
Structure ID: 

Type: 

375 
Pond 006 

Combination (Dam, Incised, or Combination) 

DESIGN DETAILS 

A. Design Storm: 100yr/6hr 6.21 in 

B. Estimated Runoff Area: 21.02 acres 

C. Estimated Distrubed Area: 21.02 acres 

D. Runoff Coefficient: 100.00 percent 

E. Quanitity ofRunoff(l0 hrs ofa 10yr/24hr ston 2.75 aclft 

F. Sediment Volume (Dist. Area X 0.1): 2.10 aclft 

G. Pit Pumpage: 2000.00 gpm 

H. Pit Pumpage Treatment: None 

I. Basin Volume (Required at Normal Pool*): 9.27 aclft 

Basin Volume (Provided at Normal Pool): ac/ft 

J. 

K. 

L. 

M. 

Basin Freeboard (Designed Stonn 100yr/6hr): 

Surface Area at Design Storm (25yr/6hr): 

Diversion Ditching: 

Inlet Elevation**: 

2.00 feet 

acres ----

None 

NIA feet 

NIA feet 
NIA feet 

N. 

Notes: 

Outlet Elevation 

Outfall Elevation 

Emergency Spillway System**: 

(Design Storm 25yrl6hr) 

None 

(Reference SCS-IL, June, 1992) 

* Basin Volume Required= (0.33 X Runoff Volume)+ Sediment Volume+ (pit Pumpage X 0.00442 X 0.5) 

** Detailed drawings are submitted with the basin plan view and sections. 

C:\Work\Hydrology Design\Pond Creek Refuse\POND 6 Vol Calc_0S-23-J0.xls 8/26/2010 
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,,-·· 
( --. 

GENERAL INFORMATION 

Permit No. 
Structure ID: 

Type: 

375 
Pond 006A 

Combination (Dam, Incised, or Combination) 

DESIGN DETAILS 

A. 

B. 

C. 

D. 

E. 

F. 

G. 

H. 

I. 

J. 

K. 

L. 

M. 

N. 

Notes: 

Design Storm: I 00yrl6hr 6.21 in 

Estimated Runoff Area: 32.92 acres 

Estimated Distrubed Area: 32.92 acres 

Runoff Coefficient: 100.00 percent 

Quanitity of Runoff (IO hrs of a I 0yrl24hr ston 3.44 aclft 

Sediment Volume (Dist. Area X 0. I): 3.29 aclft 

Pit Pumpage: 2000.00 gpm 

Pit Pumpage Treatment: None 

Basin Volume (Required at Normal Pool*): 11.15 aclft 

Basin Volume (Provided at Normal Pool): aclft 

Basin Freeboard (Designed Storm I 00yrl6hr): 

Surface Area at Design Storm (25yrl6hr): 

Diversion Ditching: 

Inlet Elevation**: 
Outlet Elevation 

Outfall Elevation 

Emergency Spillway System**: 

(Design Storm 25yrl6hr) 

\.,i_"'V 

2.00 feet 

acres 
----

None 

NIA feet 
NIA feet 
NIA feet 

None 

(Reference SCS-IL, June, 1992) 

* Basin Volume Required= (0.33 X Runoff Volume)+ Sediment Volume+ (pit Pumpage X 0.00442 X 0.5) 

** Detailed drawings are submitted with the basin plan view and sections. 

C:\Work\Hydrology Design\Pond Creek Refuse\POND 6A Vol Calc_08-23-10.xls 8/2512010 
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EXCAVATED SEDIMENT DITCH 
STRUCTURE PROPORTIONING SHEET 

PROJECT NAME: POND CREEK MINE NO.1 
PROJECT NUMBER: B10-192-1413 
DESCRIPTION: POND6A 

SEDIMENT STORAGE REQUIREMENTS: 
DRAINAGE AREA NO. : 6A 
TOTAL AREA = 32.92 ACRES 

SED STORAGE FACTOR= 0.1 AC.FT./AC 

10YR. 24HR. RUNOFF VOL 8.25 AC.FT 
PUMPAGE 2000 GPM 

LINEAR FEET OF DITCH LINE AVAILABLE = 

PROPOSED DITCH DIMENSIONS: 
SIDE SLOPE (L} = 2.00:1 
BOTTOM WIDTH = 20.0 FEET 

DISTURBED AREA = 
REQUIRED SED VOL = 

REQUIRED RUNOFF VO (10HR} L= 
PUMPAGE VOLUME= 

2199 FEET 

SIDE SLOPE (R} = 

32.92 ACRES 
3.29 AC. FT. 
3.44 AC.FT. 
4.42 AC. FT. 
11.15 TOTALREQ. 

2.00:1 
6.00 FEET 

NUMBER OF CELLS = 2 
BARRIER DAM HEIGHT (MIN} = 
BARRIER SPACING= 1099.50 FEET 

NUMBER OF BARRIERS = 1 TOP WIDTH (TOTAL} = 55.87 FEET 

POOL AREA= 1.10 AC. 
SEDIMENT DITCH CAPACITY: 
TOTAL VOLUME OF DITCH (NO BARRIERS} = 
TOTAL VOLUME OF BARRIERS= 
TOTAL AVAILABLE STORAGE VOLUME= 
60% CLEANOUT DEPTH = 4.22 FEET 

BARRIER/SPILLWAY DIMENSIONS: 
SPILLWAY LENGTH= 12.0 FEET 

SPILLWAY CHECK BASED ON WEIR EQUA T/ON 
Q = CLH'1.5 OR WHERE: 

9.55 ACRE FEET 
---o.o-4--ACREFEET 

9.51 ACRE FEET 
--'-""--

REQD SPILLWAY FLOW= 

Q = CH'1.5(L +0.4(Z1 +Z2}H) COEFFICIENT C = 2.8 

121.20 -----

REF. (MESA MANUAL, Pg. 6.136) BOTTOM WIDTH L = 
SIDE SLOPE Z1 = 

44.0 FEET 

REF. (OPEN CHANNEL HYDRAULICS, SIDE SLOPE Z2 = 

CHOW, Pg. 53) 

SPILLWAY FLOW DEPTH = 0.97 FEET 
AREA OF FLOW= 44.41 SQ.FT. 

VELOCITY= 2.73 FPS 
FREEBOARD = 2.00 FEET 
TOP WIDTH= 55.87 FEET 

QACTUAL= 121.23 CFS 

TOTAL SPILLWAY DEPTH (DEPTH ABOVE BARRIER DAM)= 
TOTAL (MINIMUM) DITCH DEPTH = 

___ 2 __ _ 

2 

2.97 
8.97 

NOTES: 1. BARRIERS SHALL BE SPACED TO MAINTAIN A BOTTOM GRADE ON THE SEDIMENT 

DITCH OF 0%, BUT IN NO CASE MORE THAN 500 FT APART. 

2. ALL BARRIER DAM UPSTREAM AND DOWNSTREAM SIDE SLOPES WILL BE 3:1. 

FEET 
FEET 

CFS 
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SEDCAD 4 for Windows 

Pond 006 and 006A 

Filename: Pond 006-006A-10yr.sc4 

10yr 24hr Storm Event 

BLA 

Alliance Consulting, inc. 
124 Philpott Lane 

Beaver, WV 25813 

Phone: (304)-255-0491 

1 

Printed 08-25-2010 
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SEDCAD 4 for Windows 
f"nnurinht 1 aaA _ ?flfl? De.mo!,:, I <::rh,u<:ih 2 

General Information 

Storm Information: 
Storm Type: NRCS Type II 

Design Storm: 10 yr - 24 hr 
---~---~---·-- ---

Rainfall Depth: 5.210 inches 

Filename: Pond 006-006A-10yr.sc4 Printed 08-25-2010 
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SEDCAD 4 for Windows 
rnr.,mnht 100A _?(l()? Dom,:,.[:,, I ~rh,.,:ih 

Structure Networking: 

Type 

Null 

Null 

Null 

Stru 
# 

(fiows 
into) 

I
' :21 -· _ _:~> 

" ==> 
J. .. ........... .. 

I #3 ==> 

Stru I Musk. K 
# (hrs) 

I 
Musk. X i Description 

End 0.000 0.000 i Pond 006 
-- - I . . .. 

#1 .. L .... ~.088_ 0319 1 Pond 006A 

#1 [ 0.088 0.319 : P/O Pond 006 

-15' 

#1 

Null 

#3 

Null 

#2 

Null 

Structure Routing Details: 

Stru Land Flow Condition Slope(%) 
Vert. Dist. Horiz. Dist. 

# (ft) (ft) 

#2 
8. Large gullies, diversions, and low 1.00 9.59 960.00 
flowing streams 

#2 Muskingum K: 

#3 
8. Large gullies, diversions, and low 1.00 9.59 960.00 
flowing streams 

#3 Muskingum K: 

Filename: Pond 006-006A-1 0yr.sc4 

3 

Velocity Time (hrs) 
(fps) 

3.00 0.088 

0.088 

3.00 0.088 

0.088 

Printed 08-25-201 0 
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SEDCAD 4 for Windows 
f"'nnurinhl 100R.?lln? P::,mok1 I C::rh"1::.h 4 

Structure Summary: 
Immediate Total Peak 

Total 

Contributing Contributing Discharge Runoff 

Area Area Volume 

(ac) (ac) 
(cfs) (ac-ft) 

#3 32.700 32.700 70.21 8.18 
·--------- ·-··----- - ·-- ---------- ------- ··-------· ----- -·--

#2 32.920 32.920 76.00 8.25 
----------- ·--~- ·-· ----- ..• - ···---

#1 21.020 86.640 184.99 23.03 

Filename: Pond 006-006A-10yr.sc4 Printed 08-25-2010 
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SEDCAD 4 for Windows 

Structure #3 (Null) 

P/OPond006 

Structure #2 {Null) 

Pond006A 

Structure # 1 (Null) 

Pond006 

Filename: Pond 006-006A-10yr.sc4 

5 

Structure Detail: 

Printed 08-25-201 o 
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SEDCAD 4 for Windows 

Subwatershed Hydrology Detail: 

SWS Area 
Time of Musk K Curve 

Peak Runoff 

Stru sws Cone MuskX UHS Discharge Volume 

# # (ac) (hrs) Number 
(hrs) {cfs) (ac-ft) 

#3 1 32.700 0.388 0.000 0.000 87.000 M 70.21 8.180 

... ---- - --- "• - . -------· ---- -- - -·----·- - - . ·-- -·- -·--- -·-·- ·--. 

I: 32.700 70.21 8.180 

-- -··-· - --- . --------- -. - - -----·-· ---- ·------·--·-··-

#2 1 32.920 0.288 0.000 0.000 87.000 M 76.00 8.255 
- - ------ - -- - -·--·---- ·-. 

I 

I: 32.920 ····- j . 
76.00 8.255 

--·----- ----·--- -------·--- --- --- ------ ·--~·----·--·-··--- ----- -----··---

#1 1 21.020 0.000 0.000 0.000 87.000 M I 74.84 6.591 

. ·-~--------- -. - ------·------ -- -------- ___ ,. __ -------- -----·------ ---- ------ -+- --· -- ------ -

I: 86.640 ! 184.99 23.025 

Subwatershed Time of Concentration Details: 

Stru 
# 

#2 

#2 

#3 

#3 

sws 
# 

1 

Land Flow Condition 

8. Large gullies, diversions, and low 
flowing streams 

1 Time of Concentration: 

1 
8. Large gullies, diversionS1 and low 
flowing streams 

1 Time of Concentration: 

Filename: Pond 006-006A-10yr.sc4 

Slope(%) 
Vert. Dist. 

(ft) 

0.50 11.00 

1.00 42.00 

Horiz. Dist. 
(ft) 

2,200.00 

4,200.00 

Velocity 
(fps) 

2.120 

3.000 

Time (hrs) 

0.288 

0.288 

0.388 

0.388 

Printed 08-25-2010 
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Pond 006 and 006A 

Filename: Pond 006-006A-25yr.sc4 

25yr 6hr Storm Event 

BLA 

Alliance Consulting, inc. 
124 Philpott Lane 
Beaver, VN 25813 

Phone: (304)-255-0491 

1 

Printed 08-25-201 0 
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rnm,rinht 100A: -?flfl? D0>m0I:> l c;:,..h,.,oh 

2 

General Information 

Storm Information: 
Storm Type: NRCS Type II 
-- -· ··-· -----· -- ---·-·· ---""" ·----

Design Storm: 25 yr - 6 hr 
-·- - - ----- -----. ---------

Rainfall Depth: 4.680 inches 

Filename: Pond 006-006A-25yr.sc4 Printed 08-25-2010 



R15008
SEDCAD 4 for Windows 

Structure Networking: 

I 
Stru (fiows 

Type # into) 

Null ~=> -N~ii ___ ---- -112 ==> 

~--·-··--------
Null #3 ==> 

Stru 

I 
Musk. K I 

# (hrs) Musk. X I Description 

End 0.000 0.000 I Pond 006 
---- - . .. - --- ------. -- - - --- .. 

#1 0.088 
·-- --

0.319 I Pond 006A 
- ------- - -- -------· - -· .. -----~- - -

#1 

#1 

Null 

0.088 

#3 

Null 

#2 

Null 

0.319 : P/O Pond 006 

Structure Routing Details: 
Stru 

# 

#2 

Land Flow Condition 

8. Large gullies, diversions, and low 
flowing streams 

#2 Muskingum K: 

#3 
8. Large gullies, diversions, and low 
flowing streams 

#3 Muskingum K: 

Filename: Pond 006-006A-25yr.sc4 

Slope(%) 

1.00 

1.00 

Vert. Dist. 
(ft) 

9.59 

9.59 

Horiz. Dist. 
(ft) 

960.00 

960.00 

- . -

.. ----

Velocity 
(fps) 

3.00 

3.00 

-· ----

llme (hrs) 

0.088 

0.088 

0.088 

0.088 

Printed 08-25-201 0 
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rnnurinht 100S\ .?n(l? D<>mol:i I C::r-h,.,::,h 4 

Structure Summary: 
Immediate Total Peak 

Total 

Contributing Contributing Discharge Runoff 

Area Area Volume 

(ac) (ac) 
(cfs) 

(ac-ft) 

#3 32.700 32.700 84.42 7.10 
·------· - - - ----- ·----· 

#2 32.920 32.920 92.49 7.16 
-·-----·--,.---· --~·-- ----·--- -

#1 21.020 86.640 219.10 19.96 

Filename: Pond OD6-006A-25yr.sc4 Printed 08-25-2010 
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Structure #3 (Null) 

P/OPond006 

Structure #2 {Null) 

Pond006A 

Structure # 1 {Null) 

Pond006 

Filename: Pond 006-006A-25yr.sc4 

5 

Structure Detail: 

Printed 08-25-201 0 
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rnn11,inht 1 aaR _ ?nn? D::irnob I C::rhw::,h 6 

Subwatershed Hydrology Detail: 

SWSArea 
Time of Musk K Curve 

Peak Runoff 

Stru sws Cone Musk X UHS Discharge Volume 

# # (ac) (hrs) Number 
(hrs) 

(cfs) (ac-ft) 

#3 1 32.700 0.388 0.000 0.000 87.000 M i 84.42 7.097 
- -·---- - .,. __ 

z 32.700 
84.42 7,097 

·--------·-- -· - ·----------- ---- --- -- - - -·· ---· --

#2 1 32.920 0.288 0.000 0.000 87.000 M 92.49 7.162 

- - --- - --------------- -- -- -----·---------- --- - -·- ·-----

z 32.920 
92.49 7.162 

-------------- - - ---· ·- -- -------·--·· ---- -·------- ---- --- - . 

#1 1 21.020 0.000 0.000 0.000 87.000 M 94.77 5.705 

---------··--- --- ------- --- -------. --------------- ---

z 86.640 
219.10 19.964 

Subwatershed Time of Concentration Details: 

Stru sws Land Flow Condition Slope(%) 
Vert. Dist. Horiz. Dist. Velocity Time (hrs) 

# # 
(ft) (ft) (fps) 

#2 1 
8. Large gullies, diversions, and low 0.50 11.00 2,200.00 2.120 0.288 

flowing streams 
-- -- - ·--- - -, - ---- --- -

#2 1 Time of Concentration: 
0.288 

- - ------ ---- .. ------- ---·-- -·--- ·-

#3 1 
8. Large gullies, diversions, and low 1.00 42.00 4,200.00 3.000 0.388 

flowing streams 
- . -- --------·- -

#3 1 Time of Concentration: 
0.388 

Filename: Pond 006-006A-25yr.sc4 
Printed 08-25-2010 
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Pond 006 Spillway 

Spillway Design Flow= 385.80 cfs (based on 10 yr./ 24 hr. storm) 

Spillway Capacity= 151.9lcfs (based on 25 yr./ 6 hr. storm 

for Ponds 006, 006A, and Fresh Water Pond) 
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Pond 006, 006A and Fresh Water 
Pond 

25yr 6hr Storm Event 

BLA 

Alliance Consulting, inc. 
124 Philpott Lane 

Beaver, WV 25813 

Phone: (304)-255-0491 

1 

Filename: Pond 006-006A-25yr-2.sc4 Printed 06-30-201 O 
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2 

General Information 

Storm Information: 

Design Storm: 25 yr - 6 hr 
~----·~-- ----------

Rainfall Depth: 4.680 inches 

Filename: Pond 006-006A-25yr-2.sc4 Printed 08-30-201 0 
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3 

Structure Networking: 

Type 
Stru (flows 

# into) 
Stru I Musk. K M k X I O . t· 

# (hrs) us . 
1 

escnp ,on 

Pond #1 ==> 
. ·-------- . ---------·-

Pond #2 ==> __________ _! __ 
-----·· . --------

Pond I #3 ==> 

Pond 
I - - . 

==> ' #4 

Encl__~ 5J:OOO ____ ~-~~ll_~Pond_(l~6- . 

#3 0.088 0.319 i Pond 006A 
·-- - -- ~------ ----------~+- .. -- - -·-·--- --
#1 0.088 0.319 , P/0 Pond 006 .. . I .. .. . . . . 
#1 i 0.000 0.000 : Fresh Water Pond 

~ 
#4 

Pond 

~ 
#2 

Pond 

~ 
#3 

Pond 
-------- --
#1 

Pond 

Structure Routing Details: 

Stru Land Flow Condition Slope(%) 
Vert. Dist. Horiz. Dist. Velocity 

Time (hrs) 
# (ft) (ft) (fps) 

#2 
8. Large gullies, diversions, and low 1.00 9.59 960.00 3.00 0.088 
flowing streams 

-- --. -- ------- - -------. 
#2 Muskingum K: 0.088 

·-- -- -· - - . -·· - --------- --

#3 
8. Large gullies, diversions, and low 1.00 9.59 960.00 3.00 0.088 
flowing streanis 

#3 Muskingum K: 0.088 

Filename: Pond 006-006A-25yr-2.sc4 Printed 08-30-2010 
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4 

Structure Summary: 
Immediate Total Peak 

Total 

Contributing Contributing Discharge 
Runoff 

Area Area Volume 

(ac) (ac) 
(cfs) (ac-ft) 

In 104.54 7.46 
#4 31.030 31.030 

Out 1.43 4.03 
·------------- - . ----·------- ------ ·------ -- . - ----· 

In 92.49 7.16 
#2 32.920 32.920 

Out 13.01 7.16 
.. -----·---------- -- ------ --· 

In 90.59 14.26 
#3 32.700 65.620 

Out 90.56 14.26 
··------ -·-- -- ----- ---·---·- ----·---------------- -

In 151.91 24.53 
#1 21.020 117.670 

Out 2.93 9.63 

Filename: Pond 006-006A-25yr-2.sc4 Printed 08-30-201 o 
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Structure #4 (Pond) 

Fresh Water Pond 

Pond Inputs: 

Barrel 

Diameter 

(in) 

36.00 

Pond Results: 

Barrel 

Length 

(ft) 

60.00 

Structure Detail: 

Initial Pool Elev: 

Initial Pool: 

Straight Pipe 

Barrel Manning's 

Slope(%) n 

2.50 I 0.0240 

Peak Elevation: 

449.21 ft 

0.22 ac-ft 

Spillway 
Entrance 

Loss 
Elev (ft) 

Coefficient 

449.21 I 0.90 

449.54 ft 

DewaterTime: 4.31 days 

Dewatering time is calculated from peak stage to lowest spillway 

Elevation-Ca12acitv-Discharge Table 

Area Capacity Discharge 
Dewater 

Elevation 
Time 

(ac) (ac-ft) (cfs) (hrs) 

449.20 21.600 0.000 0.000 

449.21 21.606 0.216 0.000 Spillway #1 

449.54 21.809 7.304 1.434 43.65 Peak Stage 

449.70 21.912 10.878 2.156 

450.00 22.100 17.479 4.413 

450.20 22.?87 21.918 6.194 

450.70 22.757 33.179 11.427 

451.20 23.231 44.676 17.643 

451.70 23.711 56.411 24.682 
--~------ - -- - -· --··------

452.00 24.000 63.567 29.278 

452.20 24.160 68.384 32.478 

452.50 24.400 75.667 37.489 

Tailwater 

Depth 

(ft) 

0.00 

*Designates time(s) to dewater have been extrapolated beyond the 50 hour hydrograph limit. 

Detailed Discharge Table 

Filename: Pond 006-006A-25yr-.Z.sc4 Printed 08-30-2010 
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Structure #2 (Pond) 

Pond006A 

Pond Inputs: 

Barrel 

Diameter 

(in) 

Barrel 

Length 

(ft) 

Elevation 
(ft) 

449.20 

Straight Pipe 
(cfs) 

0.000 

Combined 

Total 

Discharge 

(cfs) 

0.000 

449.21 0.000 0.000 
·-- - --- ------- --- ·------- -·. -- .. 

449.70 (3)>2.156 2.156 

450.00 

450.20 

450.70 

(3)>4.413 

(3)>6.194 

(3)>11.427 

4.413 

6.194 

11.427 
f-,--- -----· ------------------- ---------

451.20 (3)>17.643 17.643 

451.70 (3)>24.682 24.682 
1----- -----------···---·---

452.00 (3)>29.278 29.278 

452.20 

452.50 

Barrel 

(3)>32.478 

(3)>37.489 

Initial Pool Elev: 

Initial Pool: 

Straight Pipe 

Manning's 

n 

32.478 

37.489 

462.61 ft 

0.21 ac-ft 

I 
Spillway 

Entrance 

Loss 
Slope(%) Elev (ft) 

I Coefficient 

48.00 241.00 0.50 i 0.0240 462.61 ! 0.90 

Straight Pipe 

Barrel Barrel Entrance 
Barrel Manning's Spillway 

Diameter Length Loss 
Slope(%) n Elev (ft) 

(in) (ft) Coefficient 

48.00 241.00 o.5o I 0.0240 462.61 0.90 

Pond Results: 

Peak Elevation: 462.82 ft 

Dewater Time: 1.48 days 

Dewatering time is calculated from peak stage to lowest spillway 

Elevation-Caoacity-D!scharge Table 

Filename: Pond 006-006A-25yr-2.sc4 
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Tailwater 

Depth 

(ft) 

0.00 

Tailwater 

Depth 

(ft) 

0.00 

Printed 08-30-2010 
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Area Capacity Discharge 
Dewater 

Elevation lime 
(ac) (ac-ft) (cfs) (hrs) 

462.60 21.400 0.000 0.000 
-- --~------- ----· ·--------- -·---· 

462.61 21.444 0.214 0.000 
Spillway #1 

Spillway #2 
------·-· - -- --~----- ----- -·- - _,,_. ___ . - - -- - -------

462.82 22.373 4.903 13.012 35.55 Peak Stage 
---------- ... -------- - - -- - - -- . 

463.10 

463.60 

464.00 

464.10 

464.60 

465.10 

465.60 

466.00 

Structure #3 {Pond) 

P/OPond006 

Pond Inputs: 

-

Filename: Pond 006-006A-25yr-2.sc4 

23.630 
--- --- -----

25.959 

27.900 

29.201 

35.841 

43.162 

51.163 _ .. - . -- -
58.000 

Elevation 
(ft) 

462.60 

462.61 

463.10 

463.60 

464.00 

464.10 

464.60 

465.10 

465.60 

466.00 

11.253 30.633 
. ------ ---·· 

23.646 39.126 

34.415 45.235 

37.270 46.648 

53.502 53.452 
---- ---------- --- ------ ------· 
73.224 59.651 

----- - . ---- --··· 

96.777 72.212 
- ----·----- ·-. 

118.595 88.528 

Detailed Discharge Table 

Straight Pipe 
(cfs) 

Straight Pipe 
(cfs) 

Combined 

Total 

Discharge 

(cfs) 

0.000 0.000 0.000 
-- --------- -- -·· - -~-- ---

0.000 0.000 

(1)>15.316 (1)>15.316 
- -·- - -- -

(1)>19.563 (1)>19.563 

(1)>22.618 (1)>22.618 
---- - --

(1)>23.324 (1)>23.324 

(1)>26.726 (1)>26.726 

(1)>29.826 (1)>29.826 

(1)>36.106 (1)>36.106 

(1)>44.264 (1)>44.264 

Initial Pool Elev: 452.10 ft 

o.oo ac-ft Initial Pool: 

Straight Pipe 

0.000 

30.633 

39.126 

45.235 

46.648 

53.452 

59.651 

72.212 

88.528 

7 

Printed 08-30-2010 
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Barrel 

Diameter 

(in) 

72.00 

Pond Results: 

Elevation 

452.00 

452.10 

452.50 

453.00 

453.50 

454.00 

454.50 

455.00 

455.50 
-- -···. --·- -

455.83 
---- ---·-

456.00 

456.50 

457.00 

457.50 

458.00 

458.50 

459.00 

459.50 

460.00 

-- -- -- --- - . -- -- -----. . ·--- .. ----- -----

Barrel ' Entrance 
Barrel Manning's Spillway 

Length Loss 
Slope(%) n Elev (ft) 

(ft) Coefficient 

200.00 2.50 i 0.0240 452.10 ; 0.90 

Peak Elevation: 455.83 ft 

Dewater Time: 1.53 days 

Dewatering time is calculated from peak stage to lowest spillway 

--

Elevation-Capacity-Discharge Table 

Area 

(ac) 

capacity 

(ac-ft) 

0.001 0.000 
-- ---·- - ----

0.001 0.000 

0.001 

0.001 

0.002 

0.002 

0.002 

0.002 

0.002 
-- -··-·-- - -- --

0.003 

0.003 

0.003 

0.003 

0.001 

0.001 

0.002 

0.003 

0.004 

0.005 

0.006 

0.007 

0.007 

0.008 

0.010 

Discharge 

(cfs) 

0.000 

0.000 

3.180 

10.728 

20.813 

32.904 

46.710 

62.044 

78.768 

90.563 

96.768 

115.956 

136.271 
------- --- -- - - ---------- -- --------

0.003 0.012 157.651 
- ---· - ---·· 

0.004 0.013 180.041 
- . - --- -

0.004 0.015 203.407 
·- ·- -- --

0.004 0.017 227.704 

0.005 0.020 246.877 

0.005 0.022 266.165 

Dewater 
Time 

(hrs) 

28.15 

5.00 

1.80 

0.85 

0.50 

0.15 

0.10 

Spillway #1 

0.10 Peak Stage 

Detailed Discharge Table 

Filename: Pond 006-006A-25yr-2.sc4 
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Tailwater 

Depth 

(ft) 

0.00 

Printed 08-30-201 O 
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Structure # 1 (Pond) 

Pond006 

Pond Inputs: 

Barrel 

Diameter 

(in) 

36.00 

Pond Results: 

Barrel 

Length 

(ft) 

80.00 

Elevation 
(ft) 

Straight Pipe 
(cfs) 

Combined 

Total 

Discharge 

(cfs) 

452.00 0.000 0.000 

452.10 0.000 0.000 

452.50 (3)>3.180 3.180 
- ---·- '"·--·---.,- ----~----· . 

453.00 (3)>10.728 10.728 

453.50 

454.00 

(3)>20.813 

(3)>32.904 

454.50 (3)>46.710 
- -- ------ -· -- ----~--

455.00 (3)>62.044 

20.813 

32.904 

46.710 

62.044 

455.50 (3)>78.768 78.768 
---~-- ·------

456.00 (3)>96.768 96.768 

456.50 

457.00 

457.50 

458.00 

458.50 

(3)>115.956 

(3)>136.271 

(3)>157.651 

(3)>180.041 

(3)>203.407 

115.956 

136.271 

157.651 

180.041 

203.407 

459.50 (5)>246.877 246.877 
-··--------- --· ·-- ------- ·-----·-- -- -

460.00 (5)>266.165 266.165 

Initial Pool Elev: 

Initial Pool: 

Straight Pipe 

Barrel Manning's 

n 

444.61 ft 

0.32 ac-ft 

Spillway 
Entrance 

Loss 
Slope(%) Elev (ft) 

Coefficient 

3.25 i 0.0240 444.61 I 0.90 

Peak Elevation: 445.20 ft 

Dewater Time: 4.84 days 

Dewatering time is calculated from peak stage to lowest spillway 

Elevation-Caoacitv-Discharoe Table 

Filename: Pond 006-006A-25yr-2.sc4 
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Tailwater 

Depth 

(ft) 

0.00 

Printed 08-30-2010 
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--·~ ·_-_-_-_-_-_-_--_-_-_____ -_--_-__ - _--_---------------------------~ 

Elevation ~ 

444.60 

444.61 

445.10 

Area 

(ac) 

31.800 

31.808 

32.191 

capacity 

(ac-ft) 

0.000 

0.317 

15.998 

Discharge 

(cfs) 

0.000 

0.000 

2.156 

Dewater 
Time 

(hrs) 

87.98* 

Spillway #1 

445.20 32.267 19.084 2.926 28.25 Peak Stage 
.. ---- ·--- ---------•-·----------------- --------------- --

445.60 

446.00 

446.10 

32.584 

32.900 

33.057 

32.191 

45.288 

48.586 

6.194 

10.298 

11.427 

446.60 33.845 65.311 17.643 
------------------------ ----------

447.10 34.642 82.433 24.682 
------------------------------------ --

447.60 35.449 99.955 32.478 ---------- ______ ,. _________________________ ---

448.00 

448.10 

448.60 

36.100 

37.475 

44.472 

114.264 

117.943 

138.405 

39.210 

40.856 

47.566 

449.10 52.067 162.515 53.675 

449.60 60.261 190.572 59.158 

450.00 67.200 216.051 63.201 

*Designates time(s) to dewater have been extrapolated beyond the 50 hour hydrograph limit. 

Detailed Discharge Table 

Combined 

Elevation Straight Pipe Total 

(ft) (cfs) Discharge 

(cfs) 

444.60 0.000 0.000 

444.61 0.000 0.000 
----- - ------ -- --------·------- . ·-- ------

445.10 (3)>2.156 2.156 
·-· -·- ------- . -- ---- ----

445.60 (3)>6.194 6.194 
- - --- -- --- -----

446.00 (3)>10.298 10.298 

446.10 (3)>11.427 11.427 
---- --------- - - - - ,.-

446.60 (3)>17.643 17.643 

447.10 (3)>24.682 24.682 

447.60 (3)>32.478 32.478 

448.00 (3)>39.210 39.210 

448.10 (3)>40.856 40.856 

448.60 (5)>47.566 47.566 

449.10 (5)>53.675 53.675 
--- - ------ -

449.60 (5)>59.158 59.158 

450.00 (5)>63.201 63.201 

10 

Filename: Pond 006-006A-25yr-2.sc4 .Printed 08-30-2010 



R15023

SEDCAD 4 for Windows 
""""r,nht 1aoA _?nn? P:,mcb I C:::rh,.,:::,h 11 

Subwatershed Hydrology Detail: 

SWS Area 
Time of Musk K Curve 

Peak Runoff 

Stru sws Cone MuskX UHS Discharge Volume 

# # (ac) (hrs) Number 
(hrs) (cfs) (ac-ft) 

#4 1 31.030 0.181 0.000 0.000 90.000 M 104.54 7.463 
- - - ----- - --- - ·- ----- - ,. - -- - ----- ·---- --- --· ---- --·-- ------------ .. 

2: 31.030 104.54 7.463 

·- --- - ... -·- -· - ··- --- -- -- ... ----- - -- ----- ------ -----------·- -----
#2 1 32.920 0.288 0.000 0.000 87.000 M : 92.49 7.162 

.. ------ ----- -- -- - --~-------- -- ---- -- -----

2: 32.920· 92.49 7.162 

.. ----- - -- -- --- --- - ----· - ---- ·- ----- - - - - -

#3 1 32.700 0.388 0.000 0.000 87.000 M 84.42 7.097 
- - - -•-·-- ---~ ---- --- ---- --- - ·------------ ------ -· - -

2: 65.620 90.59 14.258 

--- - -- - -- -- - ---· - --· ----- -
#1 1 21.020 0.000 0.000 0.000 90.000 M 99,07 6.233 

.. - --- -- --

2: 117,670 151.91 24.526 

Subwatershed Time of Concentration Details: 

Stru sws Land Flow Condition Slope(%) 
Vert. Dist. Horiz. Dist. Velocity llme (hrs) 

# # (ft) (ft) (fps) 

(~ #2 1 
8. Large gullies, diversions, and low 0.50 11.00 2,200.00 2.120 0.288 
flowing streams 

-· ... --------· ------
#2 1 Time of Concentration: 0.288 

. ------- ... 

#3 1 
8. Large gullies, diversions, and low 1.00 42.00 4,200.00 3.000 0.388 
flowing streams 

·-··· • "•·~ -

#3 1 Time of Concentration: 0.388 

#4 1 
8. Large gullies, diversions, and low 0.55 8.00 1,450.00 2.220 0.181 
flo~_i_~_g s~,:~~~~ 

#4 1 Time of Concentration: 0.181 

Filename: Pond 006-006A-25yr-2.sc4 Printed 08-30-2010 
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Pond 007 & 007 A 

Required Capacity= 5.50 ac. ft. 

Designed Capacity= 5.52 ac. ft. 

(Pond 007 A design capacity is 2.76 ac. ft. and 

Pond 007 design capacity is 2.76 ac. ft.) 
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GENERAL INFORMATION 

Permit No. 375 

Structure ID: Pond 007 

Type: Combination (Dam, Incised, or Combination) 

DESIGN DETAILS 

A. Design Storm: 100yrl6hr 6.21 in 

B. Estimated Runoff Area:· 4.68 acres 

C. Estimated Distrubed Area: 4.68 acres 

D. Runoff Coefficient: 100.00 percent 

E. Quanitity ofRunoff(I0 hrs ofa 10yrl24hr ston 0.61 aclft 

F. Sediment Volume (Dist. Area X 0.1): 0.47 aclft 

G. Pit Pumpage: 2000.00 gpm 

H. Pit Pumpage Treatment: None 

I. Basin Volume (Required at Normal Pool*): 5.50 aclft 

Basin Volume (Provided at Normal Pool): aclft 

J. 

K. 

L. 

M. 

Basin Freeboard (Designed Storm 100yrl6hr): 

Surface Area at Design Storm (25yr/6hr): 

Diversion Ditching: 

Inlet Elevation**: 

2.00 feet 

acres ----

None 

NIA feet 

NIA feet 

NIA feet 

N. 

Notes: 

Outlet Elevation 

Outfall Elevation 

Emergency Spillway System**: 

(Design Storm 25yrl6hr) 

None 

(Reference SCS-IL, June, 1992) 

• Basin Volume Required= (0.33 X Runoff Volume)+ Sediment Volume+ (pit Pumpage X 0.00442 X 0.5) 

** Detailed drawings are submitted with the basin plan view and sections. 

C:\Work\Hydrology Design\Pond Creek Refuse\POND 7 Vol Calc_0S-23-10.xls 8/25/2010 
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EXCAVATED SEDIMENT DITCH 
STRUCTURE PROPORTIONING SHEET 

PROJECT NAME: POND CREEK MINE NO.1 
PROJECT NUMBER: 810-192-1413 
DESCRIPTION: POND 7 

SEDIMENT STORAGE REQUIREMENTS: 
DRAINAGE AREA NO. : 7 
TOTAL AREA= 4.68 ACRES DISTURBED AREA = 

SED STORAGE FACTOR= 0.1 AC.FT./AC REQUIRED SEO VOL = 

10YR. 24HR. RUNOFF VOL 1.47 AC.FT REQUIRED RUNOFF VO (10HR) L= 

PUMPAGE 2000 GPM PUMPAGE VOLUME = 

LINEAR FEET OF DITCHLINE AVAILABLE = 835 FEET 

PROPOSED DITCH DIMENSIONS: 
SIDE SLOPE (L) = 2.00:1 SIDE SLOPE (R) = 

BOTTOM WIDTH = 20.0 FEET BARRIER DAM HEIGHT (MIN) = 

NUMBER OF CELLS = 2 BARRIER SPACING = 

NUMBER OF BARRIERS = 1 TOP WIDTH (TOTAL)= 

POOL AREA= 1.24 AC. 
SEDIMENT DITCH CAPACITY: 
TOTAL VOLUME OF DITCH (NO BARRIERS) = 5.57 ACRE FEET 

TOTAL VOLUME OF BARRIERS= 0.05 ACRE FEET 

TOTAL AVAILABLE STORAGE VOLUME= 5.52 ACRE FEET 

60% CLEANOUT DEPTH = 4.89 FEET 

BARRIER/SPILLWAY DIMENSIONS: 
SPILLWAY LENGTH= 5.0 FEET RE.OD SPILLWAY FLOW= 

SPILLWAY CHECK BASED ON WEIR EQUATION 
Q = CLHA1.5 OR WHERE: 
Q = CHA1.5(L+0.4(Z1+Z2)H) COEFFICIENT C = 2.8 

4.68 
0.47 
0.61 
4.42 
5.50 

2.00:1 
8.18 

417.50 
62.07 

29.22 

REF. (MESA MANUAL, Pg. 6.136) BOTTOM WIDTH L = 
SIDE SLOPE Z1 = 

52.7 FEET 

REF. (OPEN CHANNEL HYDRAULICS, SIDE SLOPE Z2 = 

CHOW, Pg. 53) 

SPILLWAY FLOW DEPTH = 0.34 FEET 
AREA OF FLOW= 18.04 SQ.FT. 
VELOCITY= 1.62 FPS 
FREEBOARD = 2.00 FEET 
TOP WIDTH= 62.07 FEET 

QACTUAL= 29.29 CFS 

TOTAL SPILLWAY DEPTH (DEPTH ABOVE BARRIER DAM)= 
TOTAL (MINIMUM) DITCH DEPTH= 

--___,,2 __ _ 

2 

2.34 
10.52 

NOTES: 1. BARRIERS SHALL BE SPACED TO MAINTAIN A BOTTOM GRADE ON THE SEDIMENT 

DITCH OF 0%, BUT IN NO CASE MORE THAN 500 FT APART. 
2. ALL BARRIER DAM UPSTREAM AND DOWNSTREAM SIDE SLOPES WILL BE 3:1. 

FEET 
FEET 

ACRES 
AC. FT. 
AC. FT. 
AC.FT. 
TOTAL REQ. 

FEET 
FEET 
FEET 

CFS 
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Pond 007 and 007A 

Filename: Pond 7 .sc4 

10yr 24hr Storm Event 

BLA 

Alliance Consulting, inc. 
124 Philpott Lane 
Beaver, WV 25813 

Phone: (304)-255-0491 

1 
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2 

General Information 

Storm Information: 
Storm Type: NRCS Type II 

Design Storm: 10yr-24hr 

Rainfall Depth: 5.210 inches 

Filename: Pond 7 .sc4 ?nmed 08-15-2010 
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3 

Structure Networking: 
Type 

Stru (fiows Stru Musk. K 
Musk. X ! Description 

# into) # (hrs) 

Null #1 ==> End 0.000 0.000 / Pond 007 

Filename: Pond 7.sc4 
Pri11ted 09- ~ 5-201 C 
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4 

Structure Summary: 
Immediate Total Peak Total 

Contributing Contributing 
Discharge 

Runoff 
Area Area Volume 

(ac) (ac) (cfs) (ac-ft) 

#1 4.680 4.680 16.66 1.47 

Filename: !-'and ? .sc4 
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Structure #1 (Null) 

Pond007 

Filename: Pond 7 .sc4 

5 

Structure Detail: 
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r.nn\lcinht 100A .?f'ln? D,:imol:, I C::,-h,.1<oh 6 

Subwatershed Hydrology Detail: 

SWS Area 
Time of Musk K Curve 

Peak Runoff 

Stru sws Cone MuskX UHS Discharge Volume 

# # (ac) (hrs) Number 
(hrs) (cfs) (ac-ft) 

#1 1 4.6B0 0.000 0.000 0.000 87.000 M 16.66 1.467 

L 4,680 16,66 1.467 

Filename: Pond 7 .sc4 
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Pond 007 Spillway 

Spillway Design Flow= 385.80 cfs (based on 10 yr./ 24 hr. storm) 

Spillway Capacity= 29.22 cfs (based on 100 yr./ 6 hr. storm 

for Ponds 007 and 007 A 
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Pond 007 and 007A 

Filename: Pond 7-i00yr.sc4 

100yr 6hr Storm Event 

BLA 

Alliance Consulting, inc. 
124 Philpott Lane 
Beaver, WV 25813 

Phone: (304)-255-0491 
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General Information 

Storm Information: 
Storm Type: NRCS Type II 

Design Storm: 100 yr - 6 hr 

Rainfall Depth: 6.210 inches 

Filename: Pond 7-100yr.sc4 Primeci 09- i 5-20 i O 
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Structure Networking: 
Type 

Stru (fiows Stru Musk. K 
Musk. X I Description 

# into) # (hrs) 

Null #1 ==> End 0.000 0.000 I Pond 007 

Fiienarne: Pond 7-i00yi.::.c4 Pr!r:tcd 09 15 2.C10 
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Structure Summary: 
Immediate Total Peak Total 

Contributing Contributing Discharge 
Runoff 

Area Area Volume 

(ac) (ac) 
(ds) (ac-ft) 

#1 4.680 4.680 29.22 1.83 

Fi:ena;-rie: Pond 7-1COyo.sc4 PrintEd CD-"!5-2010 
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Structure # 1 (Null) 

Pond007 

5 

Structure Detail: 
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Subwatershed Hydrology Detail: 

SWS Area 
11me of Musk K Curve 

Peak Runoff 
Stru sws Cone MuskX UHS Discharge Volume 

# # (ac) (hrs) Number 
(hrs) (cfs) (ac-ft) 

#1 1 4.680 0.000 0.000 0.000 87.000 M 29.22 1.835 

I: 4.680 29.22 1.835 

Filename: Pond 7-100yr.sc4 
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Pond 008 & 008A 

Reqnired Capacity= 29.58 ac. ft. 

Designed Capacity= 31.40 ac. ft. 
(Pond 008A design capacity is 7.56 ac. ft. and 

Pond 008 design capacity is 24.47 ac. ft.) 
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GENERAL INFORMATION 

Permit No. 375 

Structure ID: Pond 008 

Type: Combination (Dam, Incised, or Combination) 

DESIGN DETAILS 

A. 

B. 

C. 

D. 

E. 

F. 

G. 

H. 

I. 

J. 

K. 

L. 

M. 

N. 

Notes: 

Design Storm: I 00yrl6hr 6.21 in 

Estimated Runoff Area: 59.45 acres 

Estimated Distrubed Area: 59.45 acres 

Runoff Coefficient: 100.00 percent 

Quanitity of Runoff(! 0 hrs of a I 0yrl24hr ston 0.37 aclft 

Sediment Volume (Dist. Area X 0.1): 5.95 aclft 

Pit Pumpage: 2000.00 gpm 

Pit Pumpage Treatment: None 

Basin Volume (Required at Normal Pool*): 10.73 aclft 

Basin Volume (Provided at Nonna! Pool): aclft 

Basin Freeboard (Designed Storm I 00yrl6hr): 

Surface Area at Design Storm (25yrl6hr): 

Diversion Ditching: 

Inlet Elevation**: 
Outlet Elevation 

Outfall Elevation 

Emergency Spillway System**: 

(Design Storm 25yrl6hr) 

2.00 feet 

____ acres 

None 

NIA feet 

NIA feet 

NIA feet 

None 

(Reference SCS-IL, June, 1992) 

* Basin Volume Required= (0.33 X Runoff Volume)+ Sediment Volume+ (pit Pumpage X 0.00442 X 0.5) 

** Detailed drawings are submitted with the basin plan view and sections. 

C:\Work\Hydrology Design\Pond Creek Refuse\POND 8 Vol Calc_08-20-I0.xls 8/25/2010 
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GENERAL INFORMATION 

Permit No. 375 

Structure ID: Pond 008A 

Type: Combination (Dam, Incised, or Combination) 

DESIGN DETAILS 

A. Design Storm: I 00yr/6hr 6.21 in 

B. Estimated Runoff Area: 135.84 acres 

C. Estimated Distrubed Area: 135.84 acres 

D. Runoff Coefficient: 100.00 percent 

E. Quanitity of Runoff (IO hrs of a I 0yr/24hr ston 0.84 ac/ft 

F. Sediment Volume (Dist. Area X 0.1): 13.58 ac/ft 

G. Pit Pumpage: 2000.00 gpm 

H. Pit Pumpage Treatment: None 

I. Basin Volume (Required at Normal Pool*): 18.85 ac/ft 

Basin Volume (Provided at Normal Pool): aclft 

J. 

K. 

L. 

M. 

Basin Freeboard (Designed Storm I 00yr/6hr): 

Surface Area at Design Storm (25yr/6hr): 

Diversion Ditching: 

Inlet Elevation**: 

2.00 feet 

acres ----

None 

NIA feet 
NIA feet 
NIA feet 

N. 

Notes: 

Outlet Elevation 

Outfall Elevation 

Emergency Spillway System**: 

(Design Storm 25yrl6hr) 
None 

(Reference SCS-JL, June, 1992) 

• Basin Volume Required= (0.33 X Runoff Volume)+ Sediment Volume+ (pit Pumpage X 0.00442 X 0.5) 

** Detailed drawings are submitted with the basin plan view and sections. 

C:\Work\Hydrology Design\Pond Creek Refuse\POND 8A Vol Calc_0S-20-10.xls 8125/2010 
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EXCAVATED SEDIMENT DITCH 
STRUCTURE PROPORTIONING SHEET 

PROJECT NAME: POND CREEK MINE N0.1 
PROJECT NUMBER: B10-192-1413 
DESCRIPTION: PONDB 

SEDIMENT STORAGE REQUIREMENTS: 
DRAINAGE AREA NO. : DA 8 
TOTAL AREA = 59.45 ACRES DISTURBED AREA = 59.45 ACRES 

SEO STORAGE FACTOR= 0.1 AC.FT./AC REQUIRED SEO VOL =--5-.9~5--AC. FT. 

10YR. 24HR. RUNOFF VOL 0.883 AC.FT REQUIRED RUNOFF VO (10HR) L= 0.37 AC. FT. 

PUMPAGE 2000 GPM PUMPAGE VOLUME= 4.42 AC. FT. 

LINEAR FEET OF DITCHLINE AVAILABLE = 
PROPOSED DITCH DIMENSIONS: 

6108 FEET 10.73 TOTAL REQ. 

SIDE SLOPE (L) = 2.00:1 
BOTTOM WIDTH = 20.0 FEET 
NUMBER OF CELLS = 1 
NUMBER OF BARRIERS = 0 
POOL AREA= 0.60 AC. 
SEDIMENT DITCH CAPACITY: 
TOTAL VOLUME OF DITCH (NO BARRIERS) = 
TOTAL VOLUME OF BARRIERS= 
TOTAL AVAILABLE STORAGE VOLUME = 
60% CLEANOUT DEPTH= 1.47 FEET 

BARRIER/SPILLWAY DIMENSIONS: 

SIDE SLOPE (R) = 
BARRIER DAM HEIGHT (MIN) = 
BARRIER SPACING= 
TOP WIDTH (TOTAL) = 

24.47 ACRE FEET 
----'occ.o"'o--ACREFEET 

24.47 ACRE FEET -----

2.00:1 

_....,,.,,5"".6"'0~_FEET 
6108.00 FEET 

---..,59"".8'"'6,----FEET 

SPILLWAY LENGTH= 0.0 FEET REQD SPILLWAY FLOW= 470.32 CFS 
(100 yr. 6 hr. peak flow for Drainage Areas 8 and BA) 

SPILLWAY CHECK BASED ON WEIR EQUATION 
Q = CLHh1.5 OR WHERE: 
Q = CHh1.5(L +0.4(Z1+Z2)H) COEFFICIENT C = 2.8 

REF. (MESA MANUAL, Pg. 6.136) BOTTOM WIDTH L= 
SIDE SLOPE Z1 = 

42.4 FEET 

REF. (OPEN CHANNEL HYDRAULICS, SIDE SLOPE Z2 = 
CHOW, Pg. 53) 

SPILLWAY FLOW DEPTH= 
AREA OF FLOW= 
VELOCITY= 
FREEBOARD = 
TOP WIDTH= 

2.37 FEET 
-~-,....,.,,----

111.47 SO.FT. 
--.4".2""2--FPS 

2.00 FEET 
--59~.8=6--FEET 

Q ACTUAL = __ 4_7_0._40 __ CFS 

TOTAL SPILLWAY DEPTH /DEPTH ABOVE BARRIER DAM)= 
TOTAL /MINIMUM) DITCH DEPTH= 

___ 2 __ _ 

2 

NOTES: 1. BARRIERS SHALL BE SPACED TO MAINTAIN A BOTTOM GRADE ON THE SEDIMENT 

DITCH OF 0%, BUT IN NO CASE MORE THAN 500 FT APART. 
2. ALL BARRIER DAM UPSTREAM AND DOWNSTREAM SIDE SLOPES WILL BE 3:1. 

FEET 
FEET 
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Pond 8A 

Volume= At+ Ab+ (✓ At* Ab)* D/3 

At= Area of the top (at pool elevation) 

Ab= Area of the bottom 

D = Depth (at pool elevation) 

Assume side slopes are 2:1. 

Cell# Pool Length Pool width Pool Depth 

1 764.8 43.7 6 

2 531.4 34.4 6 

3 243.3 32.9 6 

4 441.3 49.2 6 

Cell# Area top Area bottom Depth/3 

1 33421.76 14593.76 2 

2 18280.16 5276.96 2 

3 8004.57 1951.77 2 

4 21711.96 10515.96 2 

TOTAL VOLUME FOR POND 8A= 

Bottom Length Bottom width 

740.8 19.7 

507.4 10.4 

219.3 8.9 

417.3 25.2 

Volume of cell 

140201.1269 cu. Ft. 

66757.42438 cu. Ft. 

27817.88831 cu. Ft. 

94676.502 cu. Ft. 

329452.9416 cu. Ft. 

7.563198843 ac. Ft. 

\ \Aci-zeus\COMPANY_SHARED\Employee Folders\S_M_S_ DOCS\ WILLIAMSON ENERGY-MACH MINING\B10-

192-1413 Refuse Ditch\POND 8A CELL VOLUMES.xlsPOND 8A CELL VOLUMES.xis 
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Filename: pond 8-8a-1 0.sc4 

Pond 008 and 00SA 

10yr 24hr Storm Event 

Alliance Consulting, inc. 
124 Philpott Lane 
Beaver, WV 25813 

Phone: (304)-255-0491 

1 

Printed 08-24-2010 
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General Information 

Storm Information: 
Storm Type: NRCS Type II 

Design Storm: 10 yr - 24 hr 
-~-----~--·-~ 

Rainfall Depth: 1.000 inches 

Filename: pond 8-8a-1 O.sc4 Printed 08-24-201 a 
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Structure Networking: 

Stru 
# 

#2 

#2 

I Stru (flows Stru I Musk. K 
Type I # into) # (hrs) 

#1 

Null 

#2 

Null 

I 
Musk. X I Description 

' 0.000 t Pond 008 

0.277 I PondODBA 

Structure Routing Details: 

Land Flow Condition Slope(%) 
Vert. Dist. Horiz. Dist. 

(ft) (ft) 

8. Large gullies, diversions, and low 0.50 30.25 6,050.00 
flowing streams 
---·-·-··- --------- --·~--. ---- - - ---------- ----·--··- ., - ·-

Muskingum K: 

Filename: pond 8-Sa-1 O.sc4 

3 

Velocity 
Time (hrs) 

(fps) 

2.12 0.792 

0.792 

Printed 08-24-2010 
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Structure Summary: 
Immediate Total Peak 

Total 
Contributing Contributing Discharge Runoff 

Area Area Volume 

(ac) (ac) 
(cfs) (ac-ft) 

#2 135.840 135.840 12.60 2.02 
--~-~-- --~----. --- ---·· ---··-·-· -----~·- - ---- -

#1 59.450 195.290 13.62 2.90 

C 

Filename: pond 8-8a-1 0.sc4 Printed 08-24-2010 
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Structure #2 (Null) 

Pond00BA 

Structure #1 (Null) 

Pond00B 

Filename: pond 8-Ba-1 0.sc4 

5 

Structure Detail: 

Printed 08-24-201 o 
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Subwatershed Hydrology Detail: 

SWS Area 
lime of Musk K Curve 

Peak Runoff 

Stru sws Cone MuskX UHS Discharge Volume 

# # (ac) (hrs) Number 
(hrs) (cfs) (ac-ft) 

#2 1 135.840 0.539 0.000 0.000 87.000 M 12.60 2.020 
- ----- -- ---- ··-·- . - . - -· --·. -- --- -- - - -- . 

z: 135.840 12.60 2.020 

. -------- . - - - ------- - - - - - ------ --- ---· -

#1 1 59.450 0.792 0.000 0.000 87.000 M 4.38 0.883 
-· ---- -- -- --- ____ ,. __ -- . " --- - --------- ----- ---- --- -

z: 195.290 13.62 2.903 

Subwatershed Time of Concentration Details: 

5tru sws Land Flow Condition Slope(%) 
Vert. Dist. Horiz. Dist. Velocity 

Time (hrs) 
# # (ft) (ft) (fps) 

#1 1 
8. Large gullies, diversions, and low 0.50 30.25 6,050.00 2.120 0.792 
flowing streams 

. . . --------- ------- ------------- -------
#1 1 Time of Concentration: 0,792 

. ------·--·-------·- -------- -·---~------------------- --- --

#2 1 
8. Large gullies, diversions, and low 1.00 30.09 3,010.00 3.000 0.278 
flowing streams 

....... -·-·----- -~---~--· -~-- ----- ------·-

( 
8. Large gullies, diversions, and low 50.00 125.00 250.00 21.210 0.003 
flowing streams 

. -- ----- -··--------·--·~--·---------··- .. ·---------- -· ··------·-·- . -· -- --- -

'~- 8. Large gullies, diversions, and low 
flowing streams 

0.50 9.87 1,975.00 2.120 0.258 

. - - ---- ··--------· 
#2 1 Time of Concentration: 0.539 

Filename: pond 8-8a-10.sc4 Printed 08-24-201 0 
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Pond 008 Spillway 

Spillway Design Flow= 385.80 cfs (based on 10 yr./ 24 hr. sto1m) 

Spillway Capacity= 470.32 cfs (based on 100 yr./ 6 hr. storm 

for Ponds 008 and 008A 
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Pond 008 and 008A 

Filename: pond 8-Ba-1 00.sc4 

t00yr 6hr Storm Event 

Alliance Consulting, inc. 
124 Philpott Lane 
Beaver, WV 25813 

Phone: (304)-255-0491 

1 

Printed 08-24-2010 
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General Information 

Storm Information: 
Storm Type: NRCS Type II 

Design Storm: 100 yr - 6 hr 

Rainfall Depth: 6.210 inches 

Filename: pond 8-Ba-1 OO.sc4 Printed 08-24-201 O 
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SEDCAD 4 for Windows 

Stru 
# 

#2 

Structure Networking: 
Type 

Stru (flows Stru I Musk. K i 
# into) # (hrs) Musk. X i Description 

Null 

Null 

! #1 ==> End I 0.000 0.000 ; Pond 008 
------- -- 1-#2----;;;~·>·---#-l-·r·-· o.192 . --- o.21t;,~;;; OOSA 

#1 

Null 

#2 

Null 

Structure Routing Details: 

Land Flow Condition Slope(%) 
Vert. Dist. Horiz. Dist. 

(ft) (ft) 

8. Large gullies, diversions, and low a.so 
flowing streams 

30.25 6,050.00 

3 

Velocity Time (hrs) 
(fps) 

2.12 0.792 
------·· --- --------- . -- ----- - -- -- -

#2 Muskingum K: 0.792 

Filename: pond 8-Ba-1 00.sc4 Printed 08-24-201 a 
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Structure Summary: 
Immediate Total Peak 

Total 
Contributing Contributing Discharge 

Runoff 
Area Area Volume 

(ac) (ac) 
(cfs) (ac-ft) 

#2 135.840 135.840 437.38 42.56 
-~------ -- ··-----~- ·-- ..... ---

#1 59.450 195.290 470.32 61.16 

Filename: pond 8-8a-100.sc4 Printed 08-24-2010 
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Structure #2 (Null) 

Pond00BA 

Structure #1 (Null) 

Pond008 

Filename: pond 8-Ba-1 00.sc4 

5 

Structure Detail: 

Printed 08-24-201 0 
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Subwatershed Hydrology Detail: 

SWSArea 
lime of Musk K Curve 

Peak Runoff 
Stru SWS Cone MuskX UHS Discharge Volume 

# # (ac) (hrs) Number 
(hrs) (cfs) (ac-ft) 

#2 1 135.840 0.539 0.000 0.000 87.000 M 437.38 42.558 
- . -- - - -·. - ----- ---- -----···--·-·- ---·-·------ . --- -----· ---- -

~ 135.840 437.38 42.558 

- -· - .. ----------------. --- ----- - - . - ····------ ·----~---- - . .. -

#1 1 59.450 0.792 0.000 0.000 87.000 M 154.50 18.607 
- - . ------- ---------- -------- ·--- - - . --- --"- ------- - - ,_ _________ --------- --- . --- -- -

~ 195.290 470.32 61.164 

Subwatershed Time of Concentration Details: 

Stru 
# 

#1 

#1 

#2 

#2 

sws 
# 

1 

Land Flow Condition 

8. Large gullies, diversions, and low 
flowing streams 

Slope(%) 

0.50 

Vert Dist 
(ft) 

30.25 

Horiz. Dist. 
(ft) 

6,050.00 

----------·------·-·- -·-· -· - -------· -- ·----------·------. 
1 Time of Concentration: 

1 
8. Large gullies, diversions, and low 
flowing streams 

8. Large gullies, diversions, and low 
flowing streams 

8. Large gullies, diversions, and low 
flowing streams 

1.00 

SO.OD 

0.50 

30.09 3,010.00 

125.00 250.00 

9.87 1,975.00 

--·---~---· ---------- -·--·--------·------- ------ ·- ·--···--

1 Time of Concentration: 

Filename: pond 8-Ba-1 00.sc4 

Velocity 
(fps) 

2.120 

3.000 

21.210 

2.120 

Time (hrs) 

0.792 

0,792 

0.278 

0.003 

0.258 

0,539 

Printed 08-24-201 O 

6 
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ENGINEERING CERTIFICATION 

I hereby certify the engineering design used in preparation of this application, attachments, and supplements was 

done by me or under my direct supervision. 

I further certify to the best of my knowledge all such design is in accordance with all applicable local, state and 

federal laws, rules and regulations. I have placed an "X" in the box below if that 

item is relevant. 

D Whereas the Reclamation Plan calls for an alternative land use, I also certify the plans to conform to 

applicable accepted standards for adequate land stability, drainage, vegetative cover, and aesthetic design 

appropriate for the post-mining use of the site. 

D Whereas the operation proposes disposal of spoil or waste materials in areas other than mining workings or 

excavations, I also certify such fills are designed in accordance with recognized professional standards and 

all applicable laws. 

~ Certification of Illinois Environmental Protection Agency-35 Ill. Adm. Code 405.104(a) Permit. In my 

professional judgment, the plans and specifications submitted as part of this application describe an 

operation which will meet all applicable effluent and water quality standards. I certify that I am familiar 

with all of the plans, specifications, reports, and maps submitted as part of this application and that said 

plans, etc. are accurate insofar as they represent existing conditions. 

Claudio E. Yon 
Name 

Alliance Consulting. Inc. 
Firm 

124 Philpott Lane. Beaver. West Vinzinia 25801 
Address 

Signature ( 

062-050632 
Illinois Registration Number (Seal) 

(304) 255-0491 
Phone Number 

Date ( 
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Consulting, inc. 

Page 1 of2 

Steve Sutphin <ssutphin@aci-wv.com> 

( 

\. 1roject No. 810-192-1413 

( 

2 messages 

Devardo, Tim <Tim.Devardo@illinois.gov> 
To: Steve Sutphin <ssutphin@aci-wv.com> 

Cc: "Murphy, Brad" <Brad.Murphy@illinois.gov> 

Steve: 

Tue, Nov 23, 2010 at 3:12 PM 

This IPR is requesting to remove existing Sediment Ponds 007 and 008 and revise/redesign the existing sediment 

ditches to become Ponds 006A, 007, 007 A, 008 and 008A. 

I have the following questions: 

1. The single sheet titled, "Pond 006 Spillway" lists a Spillway Design Flow of 386 cfs for the 10 yr/24 hr event. It 

then lists the Spillway Capacity at 152 cfs for the 25 yr/6 hr event. I don't understand the disparity in the numbers 

since there is only ½ inch difference in rainfall amounts? For a given rainfall amount we would expect to see the peak 

to increase as the duration gets shorter. The 006 and 006A numbers seem to support this, with a 10 yr/24 hr of 185 

cfs and a 25 yr/6 hr of 219 cfs. 

2. I read the narrative to say the discharge structures be reconstructed in the currently approved location and to the 

currently approved dimensions. ls this correct. 

3. In the future, please revise the general design sheet under the note section [item *] to read 0.42 x Runoff 

Volume. 

Thanks, 

Tim DeVardo 

618-439-9111 [X259] 

Steve Sutphin <ssutphin@aci-wv.com> Tue, Nov 30, 2010 at 9:46 AM 

To: "Devardo, Tim" <Tim.Devardo@iiiinois.gov> 

http://mail.google.com/a/aci-wv.com/?ui=2&ik=2174457058&view=pt&search=inbox&th=l2c7... 11/30/2010 
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Alliance Consulting Inc. Mail-Project No. Bl0-192-1413 

Tim: 

In reference to your email, please review my responses below. 

Question 1 

Page 2 of2 

I may have incorrectly stated the storm event for the Pond 006 spillway, but not the peak discharge listed for the 

spillway. 

In the original permit application for P375, Pond 006 had an open channel spillway proposed. Two Reservoir Routing 

calculations were submitted, one for a 10 year/ 24 hour storm event and a second one for a 25 year/ 6 hour storm 

event. The 1 Oyr./ 24 hr. calculations showed a "outflow rate at peak elevation" of 35.35cfs and the 25 yr. / 6 hr. 

calculation showed 25.18 cfs. However, both printouts showed under the heading Reservoir Parameters a "storage 

volume & discharge rate at embankment crest elevation = 385.8cfs", which is the cfs used to size the open channel 

spillway. 

For the purpose of the submitted IPR, we calculated the runoff by routing the flow from Pond 006A and the Fresh 

Water Pond into Pond 006 and used a 25 yr./ 6 hour storm event. So if you compare the cfs from the 25 yr./6 hr. 

storm event submitted in the original permit application to the 25 yr./6 hr. storm event in the IPR application, the peak 

discharge has increased from 25.18 cfs to 152 cfs. 

Question 2 
The proposed spillway for Pond 007 is within 38 feet of the existing spillway and the proposed spillway for Pond 008 is 

within 27 feet of the existing spillway. Both spillways will discharge into the same drainage channel as before and the 

placement of these spillways will not affect the NPDES latitude and longitude location. 

Question 3 
Your comment is noted. As you have probably concluded, the calculation is correct and only the note at the bottom of 

the page is incorrect. 

If you have any more questions, please feel free to email me or call me at the number listed below. 

·Thanks 

Steve Sutphin 
Alliance Consulting, Inc. 
124 Philpott Lane 
Beaver, WV 25813 
Phone: (304) 255-0491 ext. 313 
Fax: (304) 255-4232 

*****LEGAL DISCLAIMER***** 

The information in this message is confidential and may be privileged. It is intended solely for the addressee. Access 

to this message by anyone else is unauthorized. If the reader of this is not the intended recipient, any dissemination, 

distribution, or copying of this communication, or any action or omission taken by the reader in reliance on it is 

prohibited and may be unlawful. If you have received this message in error, please immediately contact the sender by 

telephone call to (304) 255-0491 ext. 313 and delete the message. 

Thank you 

[Quoted text hidden] 

http://mail.google.com/a/aci-wv .com/?ui=2&ik=2 l 7 445705 8&view=pt&search=inbox&th= l 2c7 ... 11/30/2010 
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Alliance O 
Consulting, Inc. 

Engineers · Constructors · Scientists 

Mr. Larry Crislip 
ILLINOIS ENVIRONMENTAL 
PROTECTION AGENCY 
2309 West Main Street, Suite 116 
Marion, IL 62959 

April 5, 2010 

Transmittal 
Modification to Abandon 

Permit No. IL0078565 
Williamson Energy, LLC 

Williamson County, Illinois 

Dear Mr. Crislip: 

Project No. Bl0-148-1413 

Please find enclosed two copies of a joint application form for the referenced facility. The 
purpose of this application is to request permission to abandon and mine beneath capped slurry 
cells (Phase No. 2 and Phase No. 3). This application was also submitted to the Illinois 
Department of Natural Resources, Office of Water Resources and Land Reclamation division. 

The following documents are part of this application: 

1. Report, Abandonment Evaluation, Volume 1 Of 6, Pond Creek No. 1 Coal Refuse 
Disposal Site, Phase 2 South Pond Slurry lmpoundment 

2. Pseudo-Static Slope Stability Analysis, Volume 2 Of 6, Pond Creek Mine No. 1, Coal 
Refuse Disposal Facility No. 2, Phases 3 - 7 Dam 

3. Report,. Permanent Deformation Evaluation, Volume 3 Of 6, Pond Creek No. 1 Coal 
Refuse Disposal Site, South Cell Slurry Impoundment 

4. Additional MSHA Information, Comments 1, 3, 7, And 8, Volume 4 Of 6, Coal Refuse 
Disposal Facility No. 2, Phase 3 Through 7, Impoundment I.D. No. 1211-IL08-0341-02, 
MSHA I.D. No. 11-03141 

5. Additional MSHA Information, Comments 2, 4, 5, 6, 9, 10 And 11, Volume 5 Of 6, Coal 
Refuse Disposal Facility No. 2, Phase 3 Through 7, Impoundment I.D. No. 1211 -IL08-
0341-02, MSHA I.D. No. 11-03141 

6. Additional MSHA Information, Maps, Volume 6 Of 6, Coal Refuse Disposal Facility No. 
2, Phase 3 Through 7, Impoundment 1.0. No. 1211-IL08-0341-02, MSHA I.D. No. 11-. ~ 

03141 ~w 
If you have any questions, or require additional information, please contact us<'.f" (f' ~ . 'L~~ ~ 

~~ ~~i4\ _ ..;~ 
~ , ~~~~~~o 

I,::;,..?,\\/,, . 
,;,~'\):;I• ,•~l;\ 

124 Philpott Lane • Raleigh County Airport Industrial Park • Beaver, WV 25813-9502 • TELE: (304) 255-0491 ~;'~ , 04) 255-4232 
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Mr. Larry Crislip 
ILLINOIS ENVIRONMENTAL 
PROTECTION AGENCY 
Page 2 
April 5, 2010 

Respectfully submitted, 

ALLIANCE CONSULTING, ]NC. 

~( 
Senior Project Ma 

CEY:wmb 
Enclosures 

FILE: IO I 48-0 I 
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JOINT APPLICATION FORM 
!. Applicminn Numhcr (to he assigned hy Ag.:ncy) 2. Dille 3. hir agency use only fD11L.: Received) 

2009 3068 12 .January 2010 --
D:1v Month Year 

.:I. Nam:: and address ufapplicant 5 Name. addri..·ss. and lit le of authorizc:d agent 

Williamson Energy, LLC Claudio E. Yon, Senior Project Manager 
P.O. Box 99 Alliance Consulting, Inc. 
Johnston City, Illinois 62951 124 Philpott Lane 

Beaver, WV 25813 
Telephone no. during ( 618 ) 983-3020 Tckphnnc no. during ( 304 ) 255-0491 ext. 314 
husincss hours btrsincss hours 
include area code ( ) indudc area c11dc ( 304 ) 255-4232 (fax) 
6. Pro_icct Descrirtion and Remarks: Dcscrihc in detail thL" proposed activiry. Lb purpose. and inlcm.kd use. Also mdicalc the drainage area at Lhc w11tcrshcd lo lhc 

downstream limit. Use attachment;, if needed. 

See Attachment 6 for project description and remarks. Abandonment plan for Coal Refuse Disposal 
Facility No. 1 (Phase 2) and Facility No. 2 (Phase 3 through 7). 

7. Names. addn::sscs. and telephone mmlht!rs or al! ;uJjnining um.I p01...-nti:i.lly affcc:led propeny <l\\'ners. including the ownt:r or lhc: subject property ir Jiffcrc:nt from 
llpplir.:am. 

Owner of the property is Williamson Development Company, LLC, P.O. Box 99, Johnston City, IL 62951. 
Adjoining proper!}' owners: Paul Hillman, 16632 Dwina Road, Marion, IL 62959, (618) 983-6300; Phillip 
Anderson, 16661 Liberty School Road, Marion, IL 62959 (618) 983-5209; Peggy Trout, 302 Indian Drive, 
Johnston Cit}', IL 62951 (618) 983-8360; Carl and Merilee Anderson TR, 302 Circle Drive, Salem, IL 
62881 (618) 548-4054; Scottie Harris, 18924 Dean Road, Thompsonville, IL 62890 (618) 983-6656; \Vard 
and Eva McKown, 800 W. Perrine St., Johnston City, IL 62951, (618) 983-8680. 
8. Lor.:auon of activity l.c:gal Dc:scrip1ion: SW 12 8S 3E 3rd 

Unnamed Tributary of Pond Creek of 
the Big Muddy River and Unnamed 

1/4 Sec Twp. Rgc P.M. 

Tributaries of the Middle Fork of the 
Saline River 
N:nnc or wmcrway at !ocmion of the activi1y l/TM (U1mersnl Transn!r5.c Mercator): -- -- --
Liberty School Road 

If :waih1hh: 

Address: Zone North faL'\I 

Strc!!l. mud. or olht:r descriptive lm:mion 

.Johnston City N/A 
In or ncnr city or town N:une of Lncal Cioveming Community 

\Villiamson 1Ilinois 62951 
County Stale Zil Code 

9. !);nc ac1ivi1y is rroposed 10 commence March 20)() Eslunatcd Timt· or Construction 6 months 

IO. ls Hll) poninn of the aeti\'it~ for \duch :mthorizaLion is sou gill now r,;umpkli::'? Yes. Nn X Jr,mswcr is "Yes'" give re<L'>rnlS in iiem 6. 

Mrnuh and Yt'ar the :n:tivity was complclcd lndicntc the existing work on dr:.m·ings. 

] I. List a!l rrpprov:ils or ccr1ificu1ions required h;- other ICdcraL 1mcrstalc. state. or lncal agcndes for any :;tni-:tun!s. construction. discharges. dcpn:;its. or other ncti\·i1ies 
dcscrihcd in this applicminn. lf this form 1s heing used for concurn.:nt applicali~m lo the Ciirps or Engmecrs. Illinois Dcpanment 111' Natural Resources. and Illinois 
Envinmmcnwl Prmcction Agency. these agencies need nnl ht' listed. 

lssuin!! A!!t'nn· ]inc or Ap,nrtwal ldt:ntilie.ni(H! Nn. D:11e nr/\pplicatitm Dalt' or Arm:rovat 

Jllinois Dept. of Natural Resources SCMRO Application No. 375 12/17/04 7/i/(}3 

Illinois Enrironmental Protection Agency NPDES !EPA Log No. 007666 12/17/04 6/28/05 
12. Has an;- agency denied approval for 1he .ictrvity described hertin or for :Hl~ :ic11v1t;- I Yes I r Nn Jx I (lf .. Yes ... c:,;pluin in ikm 6.) 
direct!\' rda!t'd ln the acti\·irv described herein'! ' 
13. Aprlica1ion is hereby made for authoriznuons l1li j() or1hc m:ti\ iLics described hcrcin. I <.:eni(\ that I am 
familiar \\ ith mfommtion comaincd 111 the 

! \ { )~ '!~/X';/ 
applicatit1!l. and th:n !O lhe hcst of Ill~ kllO\\ ledge: Signature 1)1' Appli~\ni nr Ai:jlwnzcd Agcn1 

m1J bclid. such infomunion is true. complete. and Michael .I. Bder 
accur:nc. l funher cc-nify 1hat J possess the 
mitlmnt\" to undcna.J.:t' the proposed activitks. Typed or Printed Name of /\pplical\l ur /\uthnrizcd /\gem 

NCR FORM426 
08AUG 01 0 CORPS OF ENGINEERS COPY 0 IDNR 1OWR COPY 0 IEPA COPY 0 APPLICANT'S COPY 

I 
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1.0 INTRODUCTION 

Plans have been developed for the construction of a coarse and fine coal refuse disposal facility 

to be located near Johnston City in Williamson County, Illinois. The proposed Pond Creek 

facility will provide disposal capacity for both coarse and fine coal refuse produced by the Pond 

Creek Mine No. 1 coal preparation plant located approximately 0.25-mile to the west. The 

location of the site is just southwest of the intersection of Dwina Road and Dean Road. 

The design plans for the Phase 2 expansion of the Pond Creek facility, submitted under separate 

cover by Alliance Consulting, Inc. (Alliance) of Beckley, West Virginia, includes raising the 

embankment crest to Elevation (EL) 502 by constructing a coarse coal refuse embankment cell 

(South Pond). The corresponding minimum and maximum fine coal refuse slurry impoundment 

levels for the proposed South Pond are EL 474 and EL 496, respectively. The abandonment 

geometry includes an additional 4-foot layer of coarse coal refuse up to El. 500 and a 2-foot 

thick, one (1) percent sloping soil cover. 

The Illinois Department of Natural Resources (IDNR) Part 3702 Chapter IX requires that the 

evaluation of the abandonment condition for the South Pond address the following issues: 

1. The classification of the existing condition of the impounded material with respect to its 

fluid nature; 

2. The liquefaction potential of the impounded material and the related stability of the 

containing dam; 

3. The final surface configuration for the impoundment including the potential for 

resaturation of the impounded material especially from any surface water impounding 

characteristics; and 

R-080-851 -1- July 2008 
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4. The establishment of a follow-up inspection schedule to ensure the proposed plans have 

been effective and the submittal of record drawings. 

The following sections of this report include generalized descriptions of the analytical techniques 

and results of the material characterizations, summaries of previous deformation analyses and 

laboratory testing, various abandonment analyses associated with IDNR guideline Nos. 1 and 2 

noted above, our conclusions and a reference list. Alliance will present under separate cover the 

final surface configuration and follow-up inspection schedule associated with Nos. 3 and 4 of the 

IDNR guidelines noted above. Figure 1 presents the Cross-Section A-A, Pond Creek Phase 2 

South Pond abandonment geometry and results of the liquefaction susceptibility analysis. 

Appendices A through C present supporting information, including detailed calculation briefs for 

the various analytical procedures discussed herein. 

R-080-851 -2- July 2008 
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2.0 ANALYTICAL APPROACH 

In general, the procedure utilized by Civil & Environmental Consultants, Inc. (CEC) for 

evaluating the Phase 2 South Pond abandonment geometry is presented by Poulos, Castro and 

France ( 1985), which includes characterizing the impounded fine coal refuse material and 

assessing the susceptibility of the impoundment and embankment to a liquefaction (flow slide) 

failure. Liquefaction susceptibility was determined by performing a stability analysis, which 

requires the undrained steady-state strength (Sus) and the in-situ static driving shear stress be 

determined. 

Poulos, et al (1985) states a soil mass susceptible to liquefaction will only experience a 

liquefaction failure when a sufficiently large triggering event causes the strength of the soil to 

decrease to the undrained steady-state strength. Conversely, a soil mass which is not susceptible 

to liquefaction physically cannot fail by liquefaction since the minimum undrained strength 

exceeds the in-situ driving shear stress along the critical failure surface. These principles form 

the basis of the liquefaction-based abandonment analyses described below. 

Liquefaction susceptibility of the proposed Phase 2 South Pond abandonment geometry and, in 

general, the fine coal refuse hydraulically placed behind the coarse refuse embankment involved 

the determination of: 

1. The physical properties and relationship between peak and steady-state undrained shear 

strength of fine coal refuse with variations in effective stress, based on index and strength 

tests on remolded, site-specific slurry samples of the fine coal refuse to characterize the 

material relative to its potential for strength loss and flow failure; 

2. Driving shear stresses through the fine coal refuse and coarse refuse embankment/residual 

soil in the downstream and upstream directions to assess the potential for liquefaction; 

and 
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3. The factor of safety against liquefaction (FL) by comparing the steady-state undrained 

strength of the fine coal refuse to the in-situ driving shear stress generated by the 

downstream and upstream abandonment soil mass geometries. 

Liquefaction susceptibility depends on the strength of all the soils along the potential failure 

surface. Zones of loose (contractive) soils are critical to analyzing liquefaction potential since 

only loose soils can have an undrained strength that is significantly lower than their drained 

strength. Therefore, the behavior of the fine coal refuse and its potential to lose strength were 

evaluated when an earthquake, or similar rapid loading, changes the condition from drained to 

undrained. 
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3.0 PREVIOUS DEFORMATION ANALYSES 

IDNR previously required a revised (seismic) slope stability analysis be performed for the 

Phase 2 South Pond geometry using equivalent static load methods and the appropriate peak 

acceleration based on the Peak Ground Acceleration (PGA) for the 2% Probability of 

Exceedance in 50 Years maps from the United States Geologic Survey (USGS). Since the 

required factor of safety (i.e., a minimum factor of safety of 1.0 with seismic forces for the steady 

seepage condition) was not met, a permanent deformation evaluation was required by IDNR. 

CEC/ Alliance submitted a detailed deformation evaluationC1l of the proposed Pond Creek Phase 2 

impoundment addressing relevant issues such as material characterizations, seismic hazard, 

induced cyclic shear stresses and permanent deformations. 

Permanent deformation analyses indicated the South Pond was not susceptible to adverse post

earthquake permanent deformations. These conclusions were based on the results of high quality 

field testing and detailed, seismically-related engineering and deformation analyses in both the 

upstream and downstream directions. 

CEC utilized the results of field testing performed for the permanent deformation analyses, 

particularly the seismic cone penetration testing (SCPT), and engineering properties developed 

for the coarse coal refuse and residual soils. Where applicable, the previous results are 

incorporated, summarized and referenced herein. 

(l) Civil & Environmental Consultants. Inc. "Report, Permanent Deformation Evaluation, Pond Creek No. I Coal Refuse 
Disposal Site, South Cell Slurry lmpoundment, Johnston City, Williamson County, Illinois," dated January 23, 2008. 
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4.0 LABO RA TORY TESTING AND SUMMARY OF RESULTS 

In addition to the SCPT results of the existing coarse refuse and sandy clay residual soils 

underlying the site, Alliance obtained bulk fine coal refuse slurry samples from the South Pond 

impoundment for subsequent laboratory testing. Surface samples of fine coal refuse slurry were 

obtained from the existing tailings pond adjacent to the upstream slope of the coarse 

embankment. The samples were generally fine-grained, very soft and wet. The slurry material 

was shipped to CEC's Export, Pennsylvania office and subsequently hand-delivered to the 

laboratory. 

CEC retained Geotechnics, Inc. (Geotechnics) of East Pittsburgh, Pennsylvania to perform 

laboratory tests and characterize the fine coal refuse. Laboratory testing included performing 

moisture content, Atterberg limit, grain size analysis and specific gravity testing on slurry 

samples to aid in soil classification and evaluation of the material properties. The fine coal 

refuse material was composited in the laboratory to form two (2) remolded slurry samples. The 

sample preparation was designed to simulate the in-situ hydraulic deposition process, and 

estimate the in-situ steady-state and peak shear strength after consolidation to various effective 

stresses. Consolidated-undrained (CU) triaxial strength tests on the remolded slurry samples 

were performed to estimate peak and steady-state strength data of the fine coal refuse and assess 

liquefaction susceptibility of the Phase 2 abandonment geometry. Effective and total strength 

parameters were also determined for the slurry samples. Laboratory testing procedures and 

results are summarized in Appendix A. 

In general, the as-received moisture contents of the sampled fine coal refuse ranged from about 

86 to 94 percent. Liquid and plastic limits were 36 and 19, respectively, yielding a plasticity 

index of 17. CU triaxial shear strength testing was performed at confining pressures of about 5, 

10 and 20 pounds per square inch (psi). The CU testing produced peak undrained shear strengths 

(Sup) ranging from about 2.6 to 9.3 psi [375 to 1,340 pounds per square foot (psf)]. Peak (axial) 
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strains ranged from about 8.4 to 18.4 percent. Steady-state (or residual) undrained shear 

strengths (Sus) ranged from about 2.5 to 8.7 psi (360 to 1250 psf) at maximum strains of about 

17 .3 to 21. 7 percent. 

The results of the laboratory testing indicated the fine coal refuse is clay-like based on an average 

93 percent passing the No. 200 sieve and plasticity index of 17. Peak and steady-state undrained 

strengths presented in Appendix A were reached at generally high strains (between 8 and 18 

percent), and there was very little drop-off from peak to steady-state with increasing strain. The 

results generally indicated a higher resistance to strength loss (and flow) due to the large strains 

required to exceed the peak strength and correspondingly small decrease to the steady-state 

strength at higher strains. Further, previous deformation analyses results indicated induced shear 

strains from the PGA at less than one-tenth (0.1) percent, which is well below a threshold (peak) 

triggering strain of the material. 

4.1 Estimates of In-Situ Steady-State Undrained Shear Strength 

To assess the liquefaction susceptibility of the fine coal refuse, the estimation of Sus values for 

fine refuse layers at in-situ conditions different than the laboratory samples tested is based on 

laboratory test results correlated with effective vertical stress ( cr'v) of the layers in question. By 

assuming fine coal refuse Sus values vary linearly with cr'v, the in-situ Sus value for the fine coal 

refuse layer can be estimated based on the Sus characteristics of the fine coal refuse samples 

tested in the laboratory and the in-situ cr'v of a particular fine coal refuse. 

The effective consolidation stresses at which the laboratory tests were performed were converted 

into equivalent in-situ vertical effective stresses, assuming that the lateral stresses are equal to 

one-half of the vertical stresses. Therefore, the triaxial test consolidation stresses were 

multiplied by a factor of 1.5 to develop a relationship between cr'v and Sus• An Susfcr'v ratio of 

0.24 extends from the zero intercept to the point where two-thirds of the data fall above the 

straight line, which is the lowest datum plus one-third of the distance from the lowest datum to 
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the second lowest datum, i.e., 2/3 - 1/3 relationship. This relationship of Sus = 0.24 cr'v was 

based on the results of consolidated-undrained triaxial tests of slurry fine coal refuse samples, 

and is presented in further detail in Appendix B. 

4.2 Summary of Engineering Properties 

The following soil properties were estimated based on previous field and laboratory testing as 

well as current fine coal refuse testing for use in the various post-earthquake liquefaction slope 

stability analyses: 

Summary of Engineering Properties 

Total Unit Saturated Unit Effective Effective 
Weight Weight Friction Cohesion 

Material yt ys (j>' c' 
Type (pcf) (pcf) (de!!) (nsf) 

Coarse Refuse 130 140 33.7 0 

Fine Refuse 80 90 0 200 to 276 

Residual Soil 125 130 19 4000 

Soil Can 130 1135 30 0 
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5.0 LIQUEFACTION SUSCEPTIBILITY EVALUATION 

Factors of safety against a liquefaction flow failure (FL) were calculated using steady-state 

principles and the Phase 2 South Pond upstream and downstream embankment/impoundment 

abandonment conditions. Following the estimation of in-situ driving shear stresses for Phase 2, 

the average vertical effective stress along the critical failure surface and various fine coal refuse 

layers was calculated. The cr'v values were determined at various depths within the layer 

boundaries shown in Figure 1. Sus values were then estimated by multiplying the in-situ average 

cr'v for each layer by the 0.24 ratio. Figure 1 also presents the Sus values estimated for each fine 

coal refuse layer used in the downstream and upstream liquefaction stability analyses. 

5.1 In-Situ Driving Shear Stress 

Estimating the in-situ static driving shear stress in the critical soil layer (i.e., fine coal refuse) is 

one of the steps for evaluating liquefaction susceptibility. The driving shear stress in the critical 

fine coal refuse layer is equal to the minimum shear resistance the layer must have to simply 

maintain stability of the slope (i.e., factor of safety of 1.0). The driving stress assumes fully 

mobilized shear strengths in the other, less critical coarse refuse and residual soil layers 

comprising the model. The fully mobilized strengths are those that would act while deformation 

of the slope is occurring and, thus, would be available to resist a massive flow slide. These shear 

strengths are quantified by performing a stability analysis for the slope in question. 

When evaluating slope stability by means of circular failure surface analysis (using the limit 

equilibrium approach), the driving shear stress ("rd) acting along the failure surface analyzed is 

determined by assuming the shearing resistance (i.e., shear strength) of the material through 

which the failure surface passes is provided solely by cohesion [i.e., angle of internal friction («!>) 

= OJ. The driving stress is determined by varying the cohesion value used in the analysis until a 

factor of safety of 1.0 is obtained. For this condition, the driving stress acting along the failure 

surface analyzed is equal to the cohesion value used for the material. 
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Using the impoundment geometry shown in Figure 1, a series of GSTABL7 analyses were 

performed to identify the most critical circular failure surface passing through the Phase 2 

impoundment for both the downstream and upstream (abandonment) conditions. The range of 

starting and ending points for failure circle generation were iteratively analyzed to evaluate the 

critical failure surface and included the entire impoundment surface. The drained strengths of the 

coarse refuse and total strength of the residual soil described above were used while the cohesion 

values for the fine coal refuse layers were modeled equal to one another and varied until a factor 

of safety of 1.0 was obtained. 

The results of the driving shear stress slope stability analyses indicated the embankment and 

impoundment geometry is very favorable, and there is zero (0) driving stress in the fine coal 

refuse impoundment for both the upstream and downstream abandonment geometry. Hard 

copies of the input and output files for the driving stress analyses are presented in Appendix C. 

5.2 Factor of Safety Against Liquefaction 

The minimum FL in the downstream direction for the abandonment condition is 1.6 and, in the 

upstream direction, the minimum FL is about 9. These results are based on a site-specific, 

steady-state shear strength to effective stress relationship (Sus = 0.24 cr'v ), which relates the shear 

strength of slurry fine coal refuse samples with the estimated vertical effective overburden 

pressure. The following table presents the results of the downstream and upstream post

earthquake stability analyses. GSTABL output files are presented in Appendix C for the South 

Pond Stage 2 impoundment. 

Factor of 
Top of Driving Shear Stress Safety Against 

Stage 2 Fines Top of in Fine Coal Refuse Liquefaction 
Abandonment Elevation Cap Elevation<ll (-rd) (FL) 
( Crest EI. 502) (ft) (ft) (psO (dim) 

Downstream 496 502 0 1.6 

Upstream 496 502 0 8.4 
,., - "-Cap mcludes 4 foot coarse refuse and _ foot s01l cover layer above top of fines elevation. The sod cover 1s sloped 
at one percent to maintain positive drainage. 
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l 

6.0 CONCLUSIONS 

CEC has completed an evaluation of the liquefaction susceptibility of the proposed Pond Creek 

Phase 2 South Pond abandonment geometry. Based on this evaluation, the facility is not 

susceptible to a liquefaction (flow) failure. This conclusion is based on the following: 

• Characterization of the fine coal refuse as clay-like, which typically is more resistant to 

strength loss (or flow) than sand-like materials; 

• Elevated peak and steady-state undrained shear strengths and corresponding elevated 

shear strains. Previous deformation analyses results indicating induced maximum shear 

strains from the PGA less than 0.1 percent, further indicating a resistance to strength loss 

(and flow); 

• In-situ driving shear stresses through the fine coal refuse of O psf; and 

• Factors of safety against liquefaction susceptibility in both the downstream and upstream 

directions ranging from 1.6 to greater than 9, respectively. 

To prevent resaturation, the Phase 2 abandonment geometry will promote long-term positive 

drainage and permanent drainage controls to minimize surface water infiltration. Plans to 

prevent future surface water impounding capability, erosion and sedimentation controls and 

drainage are provided under separate cover by Alliance. 

Finally, CEC and Alliance understand a final inspection and report by a professional engineer 

must be completed and submitted to the IDNR, Office of Water Resources one (1) year after the 

completion of the abandonment modifications to the dam. This inspection is intended to evaluate 

and report the effectiveness of the abandonment plans, and record drawings will be submitted 

with the final inspection report. 
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In preparing this report, CEC's professional services have been performed, findings obtained and 

conclusions prepared in accordance with generally accepted engineering principles and practices. 

No warranty, expressed or implied, is made or intended by rendering of these services or by 

furnishing oral or written reports of our findings. This report was prepared for the exclusive use 

of Alliance and/or its affiliates. 
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APPENDIX A 

SUMMARY OF LABORATORY TESTING RESULTS AND 
CHARACTERIZATION OF THE SUBSURFACE MATERIALS 
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Civil & Environmental Consultants, Inc. 
PROJECT Williamson Energy Pond Creek - South Pond - PROJECT NO. 080-851 

Phase 2 Abandonment Evaluation PAGE 1 OF 3 
Laboratory Testing Summary - Fine Coal Refuse 

MADE BY --"B:;;E:..::Gc:.__ DATE _ _c7/'-"1'-"0/:..::0.:::.8_ CHECKED BY µ:r;;. DATE r/'23/08 

CALCULATION BRIEF 
FOR 

SUMMARY OF LABORATORY TESTING 

POND CREEK COAL REFUSE DISPOSAL SITE - SOUTH POND 

OBJECTIVE: 

Summarize the laboratory testing program and results obtained for fine coal refuse materials at 
the Pond Creek facility, South Pond impoundment. A laboratory testing summary table is 
attached, as well as laboratory testing results. 

METHODOLOGY: 

CEC retained Geotechnics, Inc. (Geotechnics) of East Pittsburgh, Pennsylvania to perform 
laboratory testing on bulk samples of fine coal refuse materials collected from the South Pond 
impoundment. The laboratory testing was performed between May 2008 and June 2008 at 
Geotechnics. The purpose of the testing program was to determine index and strength 
parameters, and summarize the results for the fine coal refuse materials relative to the eventual 
abandonment of the South Pond. 

The laboratory testing program performed by Geotechnics included: 

a. Index tests on bulk/slurried samples: 
• (2) Moisture content; 
• (2) Grain-size distributions; 
• (2) Hydrometers; 
• (2) Atterberg limits; and 
• (2) Specific gravity. 

b. Shear strength tests on remolded slurried samples: 
• (6) Consolidated Undrained Triaxial, including (6) additional moisture 

contents and (6) total and dry density. 
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Civil & Environmental Consultants, Inc. 

PROJECT Williamson Energy Pond Creek - South Pond - PROJECT NO. 080-851 

Phase 2 Abandonment Evaluation PAGE 2 OF J 

Laboratory Testing Summary - Fine Coal Refuse 

MADE BY __ B_E_G __ DATE _.:..7:..:/1:.::0:.o/0'-"8- CHECKEDBY ~ DATE 7 [is IDB 

RESULTS: 

The attached table presents a summary of the individual laboratory test data, and a formal copy 
of the laboratory testing results performed by Geotechnics, Inc. is attached. 
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Bucket 
Test No. 

I I I Remold I FCR I 82.60 I 76.60 I 42.00 I 2.24 I 
Bucket I I Remold I FCR l 82.10 I 84.20 I 46.10 I 2.24 I 

Test No. 2 

Bucket 1 l Remolctl FCR I 79.50 I 80.so I 44.80 l 2.24 I 
Test No. 3 
Bucket I Bulk FCR 85.80 2.24 

Bucket 2 Remold FCR 82.90 82.60 45.20 2.24 
Test No. I 
Bucket 2 7 RemoTctl FCR 7 85.10 7 85.10 7 44.30 7 2.24 I 

Test No. 2 
Bucket 2 1 Remold1 FCR 1 83.oo T 83.oo T 46.20 1 2.24 I 

Test No. 3 
Bucket 2 I Bulk I FCR I 94.40 I I I 2.24 I 

080-851 

Summary of Laboratory Test Results 
Fine Coal Refuse Bulle Samples 

Pond Creek Coal Refuse Disposal Facility - South Pond Abandonment 

Franklin County, Illinois 

I I I I L 2.333 I 0.944 I 40.40 

I I I I I 2.035 I 0.955 I 39.60 

I 

I 

I I I I I 2.119 I 0.956 I 37.80 I 

92.83 99.41 36 19 17 

I 2.095 I i.129 I 38.30 I 

I I I I I 2.159 I 0.931 I 39.20 I 

I I I I I 2.029 I 0.910 I 37.50 I 

92.62 I 99.29 I 36 I 19 I 17 

~- 3or3 

18.40 I 0.664 I 40.40 I 21.51 I 0.485 

13.40 I 1.086 I 39.oo I 21.61 I o.817 I 36.14 I 0.000 I 17.30 I 0.216 

13.50 I 1.558 I 36.70 I 21.74 I 1.149 

10.30 I 0.485 I 36.30 I 11.29 I o.354 

14.20 I 0.825 I 38.60 I 21.32 I o.616 I -- 37.7T T b.bob -I 20.:io I 0.013 

8.40 I 1.681 I 35.70 I 21.49 I 1.245 

July2008 



R15089

ATTACHMENT A-1 

LABO RA TORY TESTING RESULTS - FINE COAL REFUSE 
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June 5. 2008 

Project No. 2008-210-01 

Mr. Blaise Genes 
Civil & Environmental Consultants 
4 Triangle Dr, Suite 200 
Export, PA 15632-9255 

echnics 
..... GEOTECHNICAL AND 

GEOSYNTHETIC SERVICES 

Transmittal 
Laboratory Test Results 

Pond Creek 

Please find attached the laboratory test results for the above referenced project. The tests were outlined 
on the Project Verification Form that was faxed to your firm prior to the testing. The testing was performed 
in general accordance with the methods listed on the enclosed data sheets. The test results are believed 
to be representative of the samples that were submitted for testing and are indicative only of the 
specimens which were evaluated. We have no direct knowledge of the origin of the samples and imply no 
position with regard to the nature of the test results, i.e. pass/fail and no claims as to the suitability of the 
material for its intended use. 

The test data and all associated project information provided shall be held in strict confidence and 
disclosed to other parties only with authorization by our Client The test data submitted herein is 
considered integral with this report and is not to be reproduced except in whole and only with the 
authorization of the Client and Geotechnics. The remaining sample materials for this project will be 
retained for a minimum of 90 days as directed by the Geotechnics' Quality Program. 

We are pleased to provide these testing services. Should you have any questions or if we may be of 
further assistance, please contact our office. 

R pectively submitte~,d:.:·---
G tee 

David R. Backstrom 
Laboratory Director 

We understand that you have a choice in your laboratory services 
and we thank you for choosing Geotechnics. 

544 Braddock Avenue • East Pittsburgh, PA 15112 • 412-823-7600 • FAX 412-823-8999 • www.geotechnics.net 
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Client 
Client Reference 
Project No. 

Lab ID 
Boring No. 
Depth (ft) 
Sample No. 

Tare Number 

MOISTURE CONTENT 
ASTM D 2216 (SOP-S1) 

CEC 
POND CREEK 080851 
2008-210-01 

01 
SOUTH POND 

NA 
BUCKET 1 

877 

02 
SOUTH POND 

NA 
BUCKET2 

729 
Wt. o/Tare & WS (gm) 621.7 578.3 
Wt. of Tare & DS (gm) 385.56 339.54 
Wt. o/Tare (gm) 110.33 86.52 
Wt. of Water (gm) 236.14 238.76 
Wt. of DS (gm) 275.23 253.02 

Water Content(%) 85.8 94.4 

Notes: NA 

Tested By PC Date 5113108 Checked By 
page 1 of 1 DCN: CT-S1 DATE 6-30-SB REVISION; 2 

Date 
C;\MSOFFICE\ExceN'rintO'l{J946.XLS]Sheet1 

544 Braddock Avenue • East Pittsburgh, PA 15112 • 412-823-7600 • FAX 412-823-8999 • www.geotechnics.net 
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Client 
Client Reference 
Project No. 
Lab ID 

uses 
USDA 

SIEVE AND HYDROMETER ANALYSIS 
ASTM D 422-63/AASHTO T88-00 (SOP-S3) 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-01 

Boring No. 
Depth (ft) 
Sample No. 
Soil Color 

SIEVE ANALYSIS 
cobbles oravel I sand 

cobbles gravel I sand 
I 

12" 6 11 311 3/4" 3/8" #4 #10 #20 #40 #140 #200 
100 

i I I 
90 

I I 
! If 

Ii I 
so 

70 
i I I 

~60 
;:: 

;. I 
I 

i ' : : i 
>, 
co 
~ 50 
C 

u: 

: i 

' 
I I . ' ' 

~ 40 

Ii: 

i' I 
' ! i ' 

30 
' .. ! 

I I 
:'O i'' .. 

' 10 i 

0 

1000 

'' i 
' I 

'' 
I 

' 
' ! 

I 

I 

I 
I 

! 
I 
I 
I 
I 

I 
I I 

' I ' ' 

Sieve Sizes (mm) 

Greater Than #4 
#4 To #200 
Finer Than #200 

uses Symbol 

I 
I 
I 

i 

I 
I 

I 
I 

I 

uses Classification 

page 1 of 4 

-0.. 
~ 

~ 

I 
100 10 0.1 

Particle Diameter (mm) 

uses Summary 
Percentage 

Gravel 0.00 
Sand 7.17 

Silt & Clay 92.83 

CL, TESTED 

LEAN CLAY 

DCN: CT-S3A OATE:2120108 REVISION: 8 

SOUTH POND 
NA 
BUCKET 1 
BLACK 

HYDROMETER 
silt and clav fraction 

I silt I cla 

I\ 
'\ 

I)..., 
" .... 

\ 

\ 
\ 
~ 

0.01 0.001 

C:\MSOFFfC8Excef\Prm/Q\[K13.XLS}Shee/1 

544 Braddock Avenue • East Pittsburgh, PA 15112 • 412-823-7600 • FAX 412-823-8999 • www.geotechnics.net 
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USDA CLASSIFICATION CHART 

Client 
Client Reference 
Project No. 
Lab ID 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-01 

90 

80 

PERCENT CLAY / 
70 

/ 60 

50 

40 

30 

20 II \ 
\ /\ 

\.SANDY LOAM 
\ / \ 10 \ , 

I 
100 90 80 70 60 50 

Boring No. 
Depth (ft) 
Sample No. 
Soil Color 

40 

PERCENT SAND 

Particle Percent USDA SUMMARY Actual 
Size (mm) Finer Percentage 

Gravel 0.00 
2 100.00 Sand 14.88 

0.05 85.12 Silt 50.02 
0.002 35.10 Clay 35.10 

USDA Classification: SILTY CLAY LOAM 

oage 2 of 4 DCN: CT..S3A OATE:2110108 REVISION: 8 

30 

SOUTH POND 
NA 
BUCKET 1 
BLACK 

PERCENT SILT 

20 10 0 

Corrected % of Minus 2.0 mm 
material for USDA Classificat. 

0.00 
14.88 
50.02 
35.10 

C. \MSOFFICE\Excef\Prm/OVK13.XLS]Sheet1 
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WASH SIEVE ANALYSIS 
ASTM D 422-63/AASHTO T88-00 (SOP-S3) 

Client CEC 
Client Reference 
Project No. 
Lab ID 

POND CREEK 080851 
2008-210-01 
2008-210-01-01 

Moisture Content of Passinq 3/4" Material 

Tare No. 
Wgt. Tare + Wet Specimen (gm) 
Wgt.Tare + Dry Specimen (gm) 
Weight of Tare (gm) 
Weight of Water (gm) 
Weight of Dry Soil (gm) 

Moisture Content (%) 

Wet Weight -3/4" Sample (gm) 
Dry Weight - 3/4" Sample (gm) 
Wet Weight +3/4" Sample (gm) 
Dry Weight + 3/4" Sample (gm) 
Total Dry Weight Sample (gm) 

Sieve Sieve 
Size Opening 

(mm) 

12" 300 
6" 150 
?" 
0 75 
2" 50 

1 1 /2" 37.5 
1" 25.0 

3/4" 19.0 
1/2" 12.5 
3/8" 9.50 
#4 4.75 

#10 2.00 
#20 0.85 
#40 0.425 
#60 0.250 

#140 0.106 
#200 0.075 
Pan -

703 
1020.20 
609.00 
100.40 
411.20 
508.60 

80.8 

NA 
36.47 

NA 
0.00 
NA 

Wgt.of Soil 
Retained 

(gm) 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.12 
2.90 
7.89 

17.74 
7.82 

472.13 

Boring No. 
Depth (ft) 
Sample No. 
Soil Co/or 

SOUTH POND 
NA 
BUCKET 1 
BLACK 

Water Content of Retained 3/4" Material 

Tare No. 
Wgt.Tare + Wet Specimen (gm) 
Wgt.Tare + Dry Specimen (gm) 
Weight of Tare (gm) 
Weight of Water (gm) 
Weight of Dry Soil (gm) 

Moisture Content (%) 

Weight of the Dry Specimen (gm) 
Weight of minus #200 material (gm) 
Weight of plus #200 material (gm) 

Percent Accumulated Percent 
Retained Percent Finer 

Retained 
(%) (%) (%) 
0.00 0.00 100.00 
0.00 0.00 100.00 
0.00 0.00 100.00 
0.00 0.00 100.00 
0.00 0.00 100.00 
0.00 0.00 100.00 
0.00 0.00 100.00 
0.00 0.00 100.00 
0.00 0.00 100.00 
0.00 0.00 100.00 
0.00 0.00 100.00 
0.02 0.02 99.98 
0.57 0.59 99.41 
1.55 2.15 97.85 
3.49 5.63 94.37 
1.54 7.17 92.83 

92.83 100.00 -

Tested By JP Date 5/21/08 Checked By 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

508.60 
472.13 

36.47 

Accumulated 

Percent 
Finer 

(%) 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
99.98 
99.41 
97.85 
94.37 
92.83 

-

oage 3 of 4 OCN: CT-S3A OATE:2120108 REVISION: 8 C:\MSOFFICE\Exc;e/\PrintQ\[K1J XLS]Shee/1 

544 Braddock Avenue • East Pittsburgh, PA 15112 • 412-823-7600 • FAX 412-823-8999 • www.geotechnics.net 



R15095

Client 
Client Reference 
Project No. 
Lab ID 

Elapsed 
Time 

(min) 

o 
2 

5 

15 

31 

60 
250 

1440 

HYDROMETER ANALYSIS 
ASTM D 422-63/MSHTO T88-00 (SOP-S3) 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-01 

R Temp. 
Measured ( o C) 

NA NA 

47.0 21.9 

46.0 21.9 

43_.5 21.9 

40.0 21.9 

36.0 21.8 
29.0 21.7 
21.0 21.9 

Composite 
Correction 

NA 

6.02 

6.02 

6.02 

6.02 

6.07 
6.11 
6.02 

Boring No. 
Depth (ft) 
Sample No. 
Soil Color 

R 
Corrected 

NA 

41.0 

40.0 

37.5 

34.0 

29.9 
22.9 
15.0 

N 
( % ) 

NA 

79.2 

77.3 

72.5 

65.7 

57.9 
44.3 
29.0 

Soil Specimen Data Other Corrections 

Tare No. 
Tare+ Dry Material (gm) 
Weight of Tare (gm) 

2487 
151.2 
95.01 

a - Factor 

SOUTH POND 
NA 
BUCKET 1 
BLACK 

K 
Factor 

NA 

0.01314 

0.01314 

0.01314 

0.01314 

0.01316 
0.01317 
0.01314 

Diameter 

(mm) 

NA 
0.0272 

0.0174 

0.0103 

0.0074 

0.0055 
0.0028 
0.0012 

N' 
(%) 

NA 
73.6 
71.8 
67.3 
61.0 
53.7 
41.1 
26.9 

Weight of Deflocculant (gm) 
Weight of Dry Material (gm) 

5.0 
51.19 

Percent Finer than # 200 

0.99 

92.83 

Specific Gravity 2.7 Assumed 

Note: Hydrometer test is performed on - # 200 sieve material. 

Tested By TO Date 5/21/08 Checked By ~ 
page 4 of 4 OCN: CT.S3A DATE:2120/08 REVISION: 8 C:\MSOFFICE\Excel\Pn'ntQ\[K13.XLS]Sheet1 
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R15096

(_ 

ATTERBERG LIMITS 
ASTM D 4318-05 / AASHTO T89 (SOP -S4A) 

Client CEC Boring No. SOUTH POND 
Client Reference POND CREEK 080851 Depth (fl) NA 
Project No. 2008-210-01 Sample No. BUCKET 1 
Lab ID 2008-210-01-01 Soil Description BLACK LEAN CLAY 
Note: The USCS symbol used with this test refers only to the minus No. 40 ( Minus No. 40 sieve material, Airdried) 

sieve material. See the "Sieve and Hydrometer Analysis" graph page for the complete material description. 

Liquid Limit Test 1 2 3 

Tare Number 110 37 40 
Wt. of Tare & WS (gm) 36.10 35.31 37.89 
Wt. of Tare & OS (gm) 30.53 29.82 31.72 
Wt. of Tare (gm) 14.96 14.83 15.54 
Wt. of Water (gm) 5.6 5.5 6.2 
Wt. of DS (gm) 15.6 15.0 16.2 

Moisture Content(%) 35.8 36.6 38.1 
Number of Blows 28 23 15 

Plastic Limit Test 1 2 Range 

Tare Number 134 267 
Wt. of Tare & WS (gm) 21.41 20.16 
Wt. of Tare & OS (gm) 20.44 19.10 
Wt. of Tare (gm) 15.29 13.36 
Wt. of Water (gm) 1.0 1.1 
Wt. of DS (gm) 5.2 5.7 

Moisture Content(%) 18.8 18.5 0.4 
Note: The acceptable ranqe of the two Moisture contents is ± 2. 6 

38 

36 

34 

~32 

3 
Ll 30 

24 

20 

I 
I 

I 
! 

' ! 
I 
I 
i 

' 

Flow Curve 

11 ~ 

' I 
10 

Number of Blows 

....,, 
-

100 

60 

50 

~ 40 

\j 
'C 
C 
- 30 
~ 
~ • 
,£_ 20 

10 

0 

, 
/ I 

0 

CL-ML 

. , 
, 

, 
, 

. 
I ,, 

20 

Tested By TO Date 5121/08 Checked By ~~ 
µage 1 of 1 DCN: CT-S4B DATE: 12/20/06 REVISION: 

M 
u 
L 
T 
I 
p 
0 
I 
N 
T 

Test Results 

Liquid Limit(%) 36 

Plastic Limit(%) 19 

Plasticity Index(%) 17 

uses Symbol CL 

Plasticity Chart 

, 
, 

/ . , . . . . CH / CL . . / . 
. / . . . . 

, 

/ MH . . . . 
® / 
/ 

:J 
40 60 80 100 

Liquid Limit(%} 

Date 5-~3::£fl 
3 

C:IM'SOFF/CE\Excef\PrfntQl(K12.xls]Shee/1 
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SPECIFIC GRAVITY 
ASTM D 854-02, AASHTO T100-03 (SOP - S5) 

Client 
Client Reference 
Project No. 
Lab ID 

CEC 
POND CREEK 080851 
2008-21 0-01 
2008-210-01-01 

Replicate Number 

Pycnometer ID 
Weight of Pycnometer + Soil + Water (gm) 
Temperature, T ( °Celsius) 
Weight of Pycnometer + Water (gm) 

Tare Number 
Weight of Tare + Dry Soil (gm) 
Weight ofTare (gm) 

Weight of Dry Soil (gm) 
Specific Gravity of Soil @ T 
Specific Gravity of Water@ T 
Conversion Factor for Temperature T 

Specific Gravity@ 20° Celsius 

Boring No. 
Depth (ft) 
Sample No. 
Visual Description 

1 

G 1155 
737.55 

26.4 
682.36 

674 
199.03 
99.26 

99.77 
2.238 

0.9967 
0.9985 

2.241 

Average Specific Gravity @ 2d' Celsius 

Tested By TO Date 05/20/08 Checked By 
DCN: CT-S5 Dare 09125106 Revision: 12 

SOUTH POND 
NA 
BUCKET 1 
BLACK SLUDGE 
( Minus No.4 sieve material, airdried) 

2 

G 1156 
736.34 

25.5 
681.04 

2487 
195.46 
95.76 

99.70 
2.246 

0.9969 
0.9987 

2.248 

2.24 

C \J'ASOFFICE\EXCEL\PrmtOVFr 57 ~1s/Shee11 
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R15098

,..:lient 
,_; lient Reference 
Project No. 
Lab ID 

CONSOLIDATED UNDRAINED TRIAXIAL TEST 
WITH PORE PRESSURE READINGS 

ASTM 04767-95 / AASHTO T297-94 (SOP-S28) 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-01 

Boring No. 
Depth(ft.) 
Sample No. 

SOUTH POND 
NA 
BUCKET 1 

Consolidated Undrained Triaxial Test with Pore Pressure 

SJN <l> = TAN O'.. 

a 

., ,_ 
-:. 

·-------~--------------j 
..'. 

r 

,. 
c 

0 5 10 15 20 25 30 35 40 45 so 
P, (psi) 

-e--- Max. Effec. Stress Ratio Points -Failure Envelope -= Test No. 1 -TestNo.2 --.-Test No. 3 

a = 0.00 C = 0.001 
a = 30.5 CJ:) = 36.14 

Tested By JCM Date 05/21/08 Approved By l),B Date (Qr t(f K)f, 
:Ksge 1 of 8 DCN CT-S::'B DATE 6-25-93 REVISION 1 
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( ,, 

Client 

Client Reference 

Project No 

Lab ID 

Visual Oescnprion 

CONSOLIDATED UNDRAINED TRIAXIAL TEST 

WITH PORE PRESSURE READINGS 
ASTM D4767-95 / AASHTO T297-94 (SOP-S28) 

CEC 
POND CREEK 080851 

2008-210-01 
2008-210-01-01 

Boring No. 

Depth(ft.) 

Sample No. 

BLACK COAL REFUSE SLURRY (REMOLDED) 

SOUTH POND 
NA 

BUCKET 1 

25 ~---------------------------------~ 

20 

15 
·;; 
E', 
• • e 
in 
" 0 
:;; 
·; 
0 
C 

10 

5 

□ &-----------------------------------~ 
0 5 10 15 20 25 

Strain{%) 

~TestNo.1 -e-Test No. 2 --6-Test No. 3 

Tested By JCM Date 05/21/08 Approved By '.DY> Date 

µage 2 or 8 
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R15100

~lient 
Client Reference 
Project No. 
Lab ID 

Visual Description: 

I
I Slage No. 
Test No 

PRESSURES (psi) 

C:211 Pressure(psi) 
Back Pressure(psi) 
Eff. Cons. Pressure(psi) 
Pore Pressure 
Response (%) 

CONSOLIDATED UNDRAINED TRIAXIAL TEST 
WITH PORE PRESSURE READINGS 

ASTM D4767-95 / AASHTO T297-94 (SOP-S28) ~,.:~~.~ 
CEC 
POND CREEK 080851 
2D08-210-01 
2008-210-01-01 

Boring No. 
Depth(ft.) 
Sample No. 

SOUTH POND 
NA 
BUCKET 1 

BLACK COAL REFUSE SLURRY (REMOLDED) 

36.6 
31.4 

5.2 

98 

INITIAL SAMPLE DIMENSIONS (in) 

Length 1 3.140 Diameter 1 
Length 2 3.148 Diameter 2 
Length 3 3.151 Diameter 3 
Avg Leng.= 3.146 Avg. Diam.= 

VOLUME CHANGE 
Initial Surette Reading (ml) 
Final Surette Reading (ml) 
Final Change (ml) 

1.375 
1.389 
1.399 
1.388 

24.0 
21.7 

2.3 

MAXIMUM OBLIQUITY POINTS 

p 

Q 
= 
= 

LOAD 
(LBS) 

6.8 
8.2 
8.8 

10.3 
12.1 
15.1 
15.8 
16.2 
17.1 
17.2 
17.8 
18.4 
18.5 
18.8 
19.0 
18.9 
19.4 
19.6 
20.2 
20.7 
20.8 
21.4 
21.4 
21.6 
22.0 
21.8 
22.8 
23.1 
23.5 
23.1 
24.0 

Tested By 

6.41 
3.95 

JCM Date 

Initial Dial Reading (D.R.), mils 
D.R. After Saturation, mils 
D.R. After Consolidation, mils 

235 
250 
294 

DEFORMATION PORE PRESSURE 
(INCHES) (PSI) 

0.000 31.4 
0.001 32.1 
0.002 32.1 
0.005 32.5 
0.008 32.8 
0.016 33.2 
0.020 33.4 
0.026 33.6 
0.038 33.7 
0.051 33.8 
0.069 33.9 
0.085 34.0 
0.101 34.0 
0.116 34.1 
0.132 34.1 
0.158 34.1 
0.182 34.2 
0.205 34.2 
0.236 34.2 
0.260 34.2 
0.292 34.1 
0.316 34.3 
0.340 34.1 
0.371 34.1 
0.411 34.1 
0.443 34.1 
0.490 34.1 
0.530 34.2 
0.569 34.1 
0.610 34.1 
0.664 

M 
34.2 

la-l9-()'§ 05/21 /08 Input Checked By Date 
,.,._,;ge 3 o; 8 CCl-l cr.3:;:,3 DATE 6-25-96 REVISION 1 
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R15101

' ( 
" 

\ 

Client 
Client Reference 
Project No. 
c.ab ID 

Visual Description: 

CONSOLIDATED UNDRAINED TRIAXIAL TEST 
WITH PORE PRESSURE READINGS 

ASTM 04767-95 / AASHTO T297-94 (SOP-S28) 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-01 

Boring No. 
Depth(ft.) 
Sample No. 

BLACK COAL REFUSE SLURRY (REMOLDED) 

§!~.~~="~ 
SOUTH POND 
NA 
BUCKET 1 

, Effective Confining Pressure (psi) 
I 

5.2 Stage No. 
Test No 

INITIAL DIMENSIONS 

Initial Sample Length (in.) 
Initial Sample Diameter (in.) 
,ilitIal Sample Area (in'2) 
initial Sample Volume (in'3) 

Strain Deviation ii U 
(%) Stress 

0.02 0.98 0.73 
0.07 1.39 0.75 
0.15 2.40 1.15 
0.25 3.62 1.36 
0.52 5.63 1.79 
0.66 6.03 2.01 
0.84 6.35 2.21 
1.22 6.92 2.33 
1.64 6.91 2.40 
2.25 7.31 2.55 
2.75 7.66 2.61 
3.27 7.71 2.64 
3.77 7.81 2.68 
4.28 7.90 2.74 
5.11 7.78 2.71 
5.89 8.02 2.84 
6.65 8.13 2.78 
7.66 8.39 2.83 
8.42 8.64 2.76 
9.45 8.59 2.72 
10.23 8.90 2.86 
11.00 8.80 2.67 
12.03 8.83 2.74 
13.30 8.93 2.72 
14.34 8.73 2.69 
15.88 9.12 2.66 
17 15 9.15 2.77 
13.44 9.22 2.70 
I 9.74 8.86 2.70 
21.51 9.19 2.82 

Tested By JCM 
page..:/ of 8 

3.15 
1.39 
1.51 
4.76 

5.45 
5.84 
6.46 
7.46 
9.04 
9.22 
9.34 
9.79 
9.71 
9.96 

10.25 
10.26 
10.34 
10.37 
10.27 
10.38 
10.56 
10.76 
11.09 
11..07 
11.25 
11.33 
11.29 
11.41 
11.25 
11.66 
11.59 
11.72 
11.36 
11.56 

Date 

4.5 
4.5 
4.1 
3.8 
3.4 
3.2 
3.0 
2.9 
2.8 
2.7 
2.6 
2.6 
2.5 
2.5 
2.5 
2.4 
2.4 
2.4 
2.4 
2.5 
2.3 
2.5 
2.5 
2.5 
2.5 
2.5 
2.4 
2.5 
2.5 
2.4 

05/21/08 

VOLUME CHANGE 

Volume After Consolidation (in'3) 
Length After Consolidation (in) 
Area After Consolidation (in'2) 

Effective Principle 

Stress Ratio 

1.219 
1.311 
1.593 
1.941 
2.649 
2.893 
3.125 
3.417 
3.469 
3.753 
3.961 
4.017 
4.098 
4.208 
4.124 
4.400 
4.359 
4.538 
4.536 
4.464 
4.797 
4.474 
4.594 
4.601 
4.477 
4.587 
4.762 
4.691 
4.536 
4.864 

A 

0.76 
0.55 
0.49 
0.38 
0.32 
0.34 
0.36 
0.34 
0.35 
0.36 
0.35 
0.35 
0.35 
0.35 
0.36 
0.36 
0.35 
0.34 
0.33 
0.32 
0.33 
0.31 
0.32 
0.31 
0.31 
0.30 
0.31 
0.30 
0.31 
0.31 

p 

4.96 
5.14 
5.25 
5,65 
6.23 
6.20 
6.16 
6.33 
6.26 
6.31 
6.42 
6.41 
6.43 
6.41 
6.38 
6.37 
6.49 
6.56 
6.77 
6.77 
6.79 
6.93 
6.87 
6.94 
6.88 
7.10 
7.01 
7.11 
6.93 
6.97 

4.55 
3.09 

1.474 

Q 

0.49 
0.69 
1.20 
1 .81 
2.81 
3.02 
3.18 
3.46 
3.46 
3.65 
3.83 
3.85 
3.91 
3.95 
3.89 
4.01 
4.07 
4.19 
4.32 
4.29 
4.45 
4.40 
4.42 
4.46 
4.37 
4.56 
4.58 
4.61 
4.43 
4.59 

Input Checked By ½& Date (o-l9::Mi 
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R15102

(
-,~11ent 

, .!ienr Reference 
'· ProIect No. 

Lab ID 

CONSOLIDATED UNDRAINED TRIAXIAL TEST 
WITH PORE PRESSURE READINGS 

ASTM 04767-95 / AASHTO T297-94 (SOP-S28) 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-01 

Boring No. 
Depth(ft) 
Sample No. 

SOUTH POND 
NA 
BUCKET 1 

Visual Description: BLACK COAL REFUSE SLURRY (REMOLDED) 

!Stage No. 
I Test No 

r'RESSURES (psi) 

Cell Pressure(psi) 
Back Pressure(psi) 
t:fL Cons. Pressure(pi 
Pore Pressure 
Response (%) 

46.5 
36.1 
10.4 

100 

MAXIMUM OBLIQUITY POINTS 

p 
Q 

= 
= 

LOAD 
(LBS) 

7.9 
13.4 
14.9 
18.3 
20.0 
22.4 
23.0 
23.7 
24.8 
25.7 
26.7 
27.1 
27.5 
27.5 
27.7 
27.9 
28.2 
28.6 
29.5 
30.0 
30.5 
30.4 
31.0 
31.2 
31.8 
31.8 
32.3 
33.0 
32.6 
33.1 
33.6 

Tested By 

11.84 
7.45 

JCM Date 

INITIAL SAMPLE DIMENSIONS (in) 

Length 1 
Length 2 
Length 3 
Avg Leng., 

3.120 
3.137 
3.135 
3.131 

VOLUME CHANGE 

Diameter 1 
Diameter 2 
Diameter 3 
Avg. Diam.= 

Initial Surette Reading (ml) 
Final Surette Reading (ml) 
Final Change (ml) 

Initial Dial Reading (D.R.), mils 
D.R. After Saturation, mils 
D.R. After Consolidation, mils 

DEFORMATION 
(INCHES) 

PORE PRESSURE 
(PSI) 

0.000 
0.001 
0.002 
0.005 
0.008 
0.017 
0.020 
0.026 
0.038 
0.051 
0.069 
0.085 
0.100 
0.110 
0.131 
0.157 
0.181 
0.204 
0.235 
0.259 
0.290 
0.313 
0.337 
0.368 
0.408 
0.439 
0.486 
0.526 
0.565 
0.604 
0.659 

05/21/08 Input Checked By 

36.1 
36.8 
37.0 
37.4 
37.8 
38.7 
38.9 
39.3 
39.9 
40.3 
40.9 
41.1 
41.3 
41.5 
41.6 
41.8 
41.9 
41.9 
42.0 
42.1 
42.1 
42.0 
42.1 
42.0 
42.2 
42.1 
42.1 
42.2 
42.1 
42.2 
42.2 

Date 
DCN CT-S28 DA TE 6•25-96 REVISION 1 

1.396 
1.398 
1.344 
1.379 

24.0 
18.4 
5.6 

77 
112 
166 

544 Braddock Avenue • East Pittsburgh, PA 15112 • 412-823-7600 • FAX 412-823-8999 • www.geotechnics.net 



R15103
CONSOLIDATED UNDRAINED TRIAXIAL TEST 

WITH PORE PRESSURE READINGS 
ASTM D4767-95 / AASHTO T297-94 (SOP-S28) 

(--~ ... ln:nr 
,_ .,Hent Reference 

ProIect No. 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-01 

Boring No. 
Depth(ft.) 
Sample No. 

SOUTH POND 
NA 
BUCKET 1 

Lob ID 

Visual Description: BLACK COAL REFUSE SLURRY (REMOLDED) 

i Effective Confinmg Pressure (psi) 
I 

INITIAL DIMENSIONS 

Initial Sample Length (in.) 
irntial Sample Diameter (in.) 
I111t1al Sample Area (in''2) 
Initial Sample Volume (in'3) 

Strain Deviation 6 U 
(%) Stress 

0 03 3.98 0.65 
0.06 5.09 0.89 
0.15 7.59 1.34 
0.25 8.76 1.72 
0.54 10.51 2.62 
0.67 10.94 2.79 
0.86 11.42 3.19 
1.25 12.16 3.85 
1.67 12.77 4.19 
2.28 13.37 4.77 
2.79 13.56 5.04 
3.30 13.79 5.25 
3.60 13.76 5.40 
4.32 13.77 5.50 
5.16 13.82 5.69 
5.95 13.93 5.80 
6.72 14.04 5.83 
7.73 14.51 5.87 
8.52 14.69 6.01 
9.54 14.91 6.01 
10.30 14.68 5.94 
11.07 14.93 6.00 
12.10 14.89 5.95 
13.40 15.08 6.10 
14.44 14.89 6.03 
15.98 14.92 5.99 
17 28 15.10 6.12 
18.58 14.65 5.96 
19.86 14.71 6.07 
21.67 14.66 6.08 

10.4 

3.13 
1.38 
1.49 
4.68 

13.73 
14.59 
16.65 
17.44 
18.29 
18.56 
18.64 
18.71 
18.98 
19.00 
18.92 
18.94 
18.76 
18.67 
18.52 
18.52 
18.61 
19.04 
19.08 
19.30 
19.15 
19.33 
19.34 
19.38 
19.25 
19.34 
19.38 
19.09 
19.04 
18.99 

l~,-~aqe 6 o 8 
Tested By JCM Date 

9.7 
9.5 
9.1 
8.7 
7.8 
7.6 
7.2 
6.6 
6.2 
5.6 
5.4 
5.2 
5.0 
4.9 
4.7 
4.6 
4.6 
4.5 
4.4 
4.4 
4.5 
4.4 
4.5 
4.3 
4.4 
4.4 
4.3 
4.4 
4.3 
4.3 

05/21 /08 

Stage No. 
Test No 

VOLUME CHANGE 

Volume After Consolidation (in'3) 
Length After Consolidation (in) 
Area After Consolidation (in'2) 

Effective Principle 
Stress Ratio 

1.408 
1.535 
1.838 
2.010 
2.351 
2.438 
2.584 
2.856 
3.055 
3.373 
3.530 
3.675 
3.751 
3.812 
3.934 
4.029 
4.072 
4.205 
4.349 
4.397 
4.289 
4.390 
4.346 
4.506 
4.410 
4.381 
4.528 
4.303 
4.398 
4.393 

Input Checked By 

A 

0.16 
0.18 
0.18 
0.20 
0.25 
0.25 
0.28 
0.32 
0.33 
0.36 
0.37 
0.38 
0.39 
0.40 
0.41 
0.42 
0.42 
0.40 
0.41 
0.40 
0.40 
0.40 
0.40 
0.40 
0.41 
0.40 
0.41 
0.41 
0.41 
0.41 

p 

11.74 
12.05 
12.85 
13.06 
13.04 
13.08 
12.92 
12.63 
12.60 
12.32 
12.14 
12.05 
11.88 
11.79 
11.62 
11.56 
11.59 
11.78 
11.73 
11.84 
11.80 
11.87 
11.90 
11.84 
11.81 
11.88 
11.83 
11.76 
11.68 
11.65 

Date 

1 
2 

4.18 
3.04 

1.374 

Q 

1.99 
2.54 
3.79 
4.38 
5.26 
5.47 
5.71 
6.08 
6.38 
6.68 
6.78 
6.89 
6.88 
6.89 
6.91 
6.96 
7.02 
7.26 
7.35 
7.45 
7.34 
7.46 
7.45 
7.54 
7.44 
7.46 
7.55 
7.33 
7.35 
7.33 
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Client 
Client Reference 
Project No. 
Lab ID 

CONSOLIDATED UNDRAINED TRIAXIAL TEST 
WITH PORE PRESSURE READINGS 

ASTM D4767-95 / AASHTO T297-94 (SOP-S28) 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-01 

Boring No. 
Depth(ft.) 
Sample No. 

SOUTH POND 
NA 
BUCKET 1 

Visual Description: BLACK COAL REFUSE SLURRY (REMOLDED) 

I Stage No 
Test No 

PRESSURES (psi) 

Cell Pressure(psi) 
Back Pressure(psi) 
Eff. Cons. Pressure(pi 
Pore Pressure 
Response(%) 

51.4 
31.0 
20.4 

99 

MAXIMUM OBLIQUITY POINTS 

p = 
Q = 

LOAD 
(LBS) 

6.8 
13.5 
15.7 
18.9 
21.3 
25.0 
27.3 
28.7 
30.6 
31.7 
33.1 
33.8 
34.5 
34.7 
35.2 
35.9 
36.6 
37.1 
37.5 
37.8 
38.3 
38.7 
38.8 
40.1 
41.4 
41.7 
40.5 
42.1 
42.5 
41.7 
42.3 

Tested By 

17.19 
10.31 

JCM Date 

INITIAL SAMPLE DIMENSIONS (in) 

Length 1 
Length 2 
Length 3 
Avg Leng.= 

3.130 
3.121 
3.136 
3.129 

VOLUME CHANGE 

Diameter 1 
Diameter 2 
Diameter 3 
Avg. Diam.= 

Initial Surette Reading (ml) 
Final Surette Reading (ml) 
Final Change (ml) 

Initial Dial Reading (D.R.), mils 
D.R. After Saturation, mils 
D.R. After Consolidation, mils 

DEFORMATION 
(INCHES) 

PORE PRESSURE 
(PSI) 

0.000 
0.001 
0.002 
0.003 
0.005 
0.011 
0.017 
0.024 
0.036 
0.049 
0.067 
0.083 
0.099 
0.108 
0.131 
0.157 
0.180 
0.204 
0.236 
0.260 
0.290 
0.314 
0.337 
0.369 
0.408 
0.440 
0.488 
0.527 
0.566 
0.605 
0.660 

05/21/08 Input Checked By 

31.0 
34.0 
34.5 
35.2 
35.9 
37.4 
38.5 
39.4 
40.5 
41.4 
42.3 
42.8 
43.2 
43.4 
43.7 
44.0 
44.2 
44.3 
44.4 
44.4 
44.5 
44.5 
44.5 
44.6 
44.6 
44.6 
44.6 
44.6 
44.6 
44.6 
44.7 

Date 
page a OCN CT-528 DATE 6-25-98 REVISION 1 

1.404 
1.373 
1.371 
1.383 

48.0 
40.5 

7.5 

60 
68 

154 
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CONSOLIDATED UNDRAINED TRIAXIAL TEST 
WITH PORE PRESSURE READINGS 

ASTM D4767-95 / AASHTO T297-94 (SOP-S28) 

Client 
Client Reference 
Project No. 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-01 

Boring No. 
Depth(ft.) 
Sample No. 

SOUTH POND 
NA 
BUCKET 1 

Lab ID 

Visual Description: BLACK COAL REFUSE SLURRY (REMOLDED) 

ressure (psi) 

INITIAL DIMENSIONS 

Initial Sample Length (in.) 
Initial Sample Diameter (in.) 
Initial Sample Area (in"2) 
Initial Sample Volume (in"3) 

Strain 
(%) 

0.02 
0.05 
0.10 
0.17 
0.37 
0.58 
0.80 
1.18 
1.61 
2.22 
2.74 
3.26 
3.57 
4.31 
5.17 
5.94 
6.73 
7.78 
8.55 
9 57 
10.34 
11.11 
12.15 
13.45 
14.49 
16.07 
17.35 
18.64 
19.92 
21. 74 

Deviation 
Stress 

4.82 
6.44 
8.70 
10.46 
13.09 
14.68 
15.66 
17.01 
17.71 
18.54 
18.96 
19.34 
19.40 
19.60 
19.89 
20.25 
20.42 
20.44 
20.50 
20.57 
20.62 
20.56 
21.14 
21.64 
21.53 
20.44 
21.06 
20.95 
20.20 
20.03 

6U 

3.04 
3.45 
4.15 
4.86 
6.38 
7.49 
8.40 
9.52 

10.40 
11.31 
11.76 
12.21 
12.35 
12.73 
12.96 
13.15 
13.27 
13.38 
13.40 
13.48 
13.52 
13.51 
13.55 
13.57 
13.56 
13.58 
13.58 
13.63 
13.64 
13.67 

2 .4 

3.13 
1.38 
1.50 
4.70 

22.17 
23.39 
24.95 
26.01 
27.10 
27.59 
27.66 
27.89 
27.71 
27.63 
27.60 
27.53 
27.45 
27.27 
27.33 
27.50 
27.54 
27.46 
27.50 
27.49 
27.50 
27.45 
27.99 
28.47 
28.36 
27.26 
27.88 
27.72 
26.96 
26.77 

17.4 
16.9 
16.2 
15.5 
14.0 
12.9 
12.0 
10.9 
10.0 
9.1 
8.6 
8.2 
8.0 
7.7 
7.4 
7.2 
7.1 
7.0 
7.0 
6.9 
6.9 
6.9 
6.8 
6.8 
6.8 
6.8 
6.8 
6.8 
6.8 
6.7 

VOLUME CHANGE 

Volume After Consolidation (in"3) 
Length After Consolidation (in) 
Area After Consolidation (in"2) 

Effective Principle 
Stress Ratio 

1.278 
1.380 
1.536 
1.673 
1.934 
2.137 
2.305 
2.563 
2.772 
3.039 
3.196 
3.361 
3.411 
3.556 
3.676 
3.795 
3.864 
3.912 
3.928 
3.973 
3.995 
3.982 
4.088 
4.170 
4.149 
3.997 
4.086 
4.094 
3.988 
3.975 

A 

0.64 
0.54 
0.48 
0.47 
0.49 
0.52 
0.54 

.0.57 
0.59 
0.62 
0.63 
0.64 
0.64 
0.66 
0.66 
0.66 
0.66 
0.66 
0.66 
0.66 
0.66 
0.66 
0.65 
0.63 
0.64 
0.67 
0.65 
0.66 
0.68 
0.69 

p 

19.76 
20.17 
20.60 
20.77 
20.56 
20.25 
19.83 
19.38 
18.85 
18.36 
18.12 
17.86 
17.75 
17.47 
17.38 
17.37 
17.34 
17.24 
17.25 
17.20 
17.19 
17.17 
17.42 
17.65 
17.60 
17.04 
17.35 
17.25 
16.86 
16.75 

1 
3 

4.20 
3.04 

1.385 

Q 

2.41 
3.22 
4.35 
5.23 
6.54 
7.34 
7.83 
8.50 
8.86 
9.27 
9.48 
9.67 
9.70 
9.80 
9.95 

10.13 
10.21 
10.22 
10.25 
10.28 
10.31 
10.28 
10.57 
10.82 
10.76 
10.22 
10.53 
10.48 
10.10 
10.02 

µage 8 of 8 
Tested By JCM Date 05/21/08 Input Checked By KP> Date /_p-\ct-oi 
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60 

50 

40 

II) 
Q. 30 -p 

20 

10 

0 

Tes/eel By: 

Client 
Client Ref. No. 
Project no. 
Lab ID 

0 

JCM 

IVIOHh lUlAL STRENGTl11::NVl:LOPE 

CEC Boring f\Jo. 
Depth(ft.) 

SOUTH POND 
NA 
BUCKET 1 

§technics 

POND CRE::K 080851 
2008-210-0· 
2008-210-0" -01 

Sample No. 
Visual Description BLACK COAL REFUSE SLURRY (REMOLDED) 

C = 1.5 

<I>= 17.3 

20 40 GO 80 100 120 

CT (psi) 

Date: 05/21/08 Approved By: 
NOTE: GRAPH NOT {I ~1£LE 

1)E, Date. (p V (J"iJ 
C:\MSOFFICE\ExcehP11111q',[F 197 xb)Sheel 1 
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REMOLDED UNIT WEIGHT BEFORE INITIAL CONSOLIDATION 
CONSOLIDATED UNDRAINED TRIAXIAL TEST 

Client 
Client Reference 
Project No. 
Lab ID 

WITH PORE PRESSURE READINGS 
ASTM D4767-95 / AASHTO T297-94 (SOP-S28) 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-01 Specific Gravity (measured) 

Visual Description: BLACK COAL REFUSE SLURRY (REMOLDED) 

SAMPLE CONDITION SUMMARY 

2.24 

Boring No. South Pond South Pond South Pond 
Depth (ft) NA NA NA 
Sample No. Bucket 1 Bucket 1 Bucket 1 

Test No. T1 T2 T3 
Deformation Rate (in/min) 0.0007 0.0007 0.0011 
Back Pressure (psi) 31.4 36.1 31 
Consolidation Time (days) 1 1 1 

Initial State (wo/o) 82.6 82.7 79.5 
Total Unit Weight (pct) 76.6 84.2 80.5 
Dry Unit Weight (pct) 42.0 46.1 44.8 
Final State (wo/o) 36.8 34.5 32.7 
Initial State Void Ratio,e 2.333 2.035 2.119 

Tested By JCM Date 05/21 /08 Input Checked By 
page 1 of 1 OCt~ CT-S28 DATE 6-25-98 REVISION· 1 C \MSOFFICE\Excel\Prmtq\{F184 ~l~)Sheet1 
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UNIT WEIGHT AFTER INITIAL CONSOLIDATION 
CONSOLIDATED UNDRAINED TRIAXIAL TEST 

WITH PORE PRESSURE READINGS 
ASTM 04767-95 / AASHTO T297-94 (SOP-S28) 

Client 
Client Reference 
Project No. 
Lab ID 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-01 Specific Gravity (measured) 

Visual Description: BLACK COAL REFUSE SLURRY (REMOLDED) 

SAMPLE CONDITION SUMMARY 

Boring No. South Pond South Pond 

Depth (ft) NA NA 

Sample No. Bucket 1 Bucket 1 

Test No. T1 T2 

Deformation Rate (in/min) 0.0007 0.0007 

Back Pressure (psi) 31.4 36.1 

Consolidation Time (days) 1 1 

Initial State (w%) 41.7 43.3 

Total Unit Weight (pcf) 102.0 102.5 

Dry Unit Weight (pcf) 71.9 71.5 
Final State (w%) 36.8 34.5 
lrntial State Void Ratio,e 0.944 0.955 

2.24 

South Pond 

NA 

Bucket 1 

T3 
0.0011 

31 

1 

42.4 

101.8 

71.5 
32.7 
0.956 

Tested By JCM Date 05/21/08 Input Checked By 'ta Date ~-3-(1'6 
page 1 of 1 DOI CT-S28 DATE 6•25-96 REVISION 1 C \MSOFF!CE\Excel\Pr1r1tql[F185 ~l$)Sheet1 

544 Braddock Avenue • East Pittsburgh, PA 15112 • 412-823-7600 • FAX 412-823-8999 • www.geotechnics.net 



R15109

Client 
Client Reference 
Project No. 
Lab ID 

uses 
USDA 

SIEVE AND HYDROMETER ANALYSIS 

ASTM D 422-63/AASHTO T88-00 (SOP-S3) 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-02 

Boring No. 
Depth (ft) 
Sample No. 
Soil Color 

SIEVE ANALYSIS 

cobbles qravel I sand 
cobbles gravel I sand 

I 

1211 611 3" 314" 318" #4 #10 #20 #40 #140 #200 
100 

I' 
I I 
'I 

90 i I 
I I 
" 

80 

70 

: ! 
i 

'' I ' i I 

'' ' : i I 

t ! ' I 
'' I 

• : i 

>, 
Cll 

' 

: ! 
I, 

'' ! ' ' 

/' 
''' 

30 

! i' 
, I, 
! i' 

20 
I I; 
,: . 
' 
I' 

10 

' 
0 

1000 

! 
! 
' I 

' ! 
'i I I 

: i 
I I i 
I 
I I 

I 
i 
I 

' 
I I 

I 

I 
I 

I 

' I 
I 
I 

Sieve Sizes (mm) 

Greater Than #4 
#4 To #200 
Finer Than #200 

uses Symbol 

I 

! 
' 
I 
' 
I 
I 
' 

uses Classification 

page 1 of 4 

' V. 

I'---= 

" 

100 10 1 0.1 
Particle Diameter (mm) 

uses Summary 
Percentaae 

Gravel 0.00 

Sand 7.38 

Silt & Clay 92.62 

CL, TESTED 

LEAN CLAY 

OCN: CT ..S3A OATE:2120108 REVISION: S 

SOUTH POND 
NA 
BUCKET 2 
BLACK 

HYDROMETER 
silt and clav fraction 

I sill I cla• 

\ 
\ 
~ 

"'\ 

1, 

' \ -~ 
~ 

0.01 0.001 

. 

C:\MSOFF/CE\Excef\PrintQVK15.XLS}Sheet1 
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Client 
Client Reference 
Project No. 
Lab ID 

USDA CLASSIFICATION CHART 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-02 

90 

80 

Boring No. 
Depth (ft) 
Sample No. 
Soil Color 

"'"~"1/ 70 

60 

40 

30 

20 

10 

100 90 

Particle Percent 
Size (mm) Finer 

2 100.00 
0.05 84.78 

0.002 32.14 

page 2 of 4 

50 

I 
NOY CLAY LOAM 

\/ \ 
\\ SANDY LtA~ 

\ 

80 70 60 

USDA SUMMARY 

Gravel 
Sand 
Silt 

Clay 

/\ 
YLOAM 

I 

LOAM \ 

50 40 

PERCENT SAND 

Actual 
Percentage 

0.00 
15.22 
52.64 
32.14 

USDA Classification: SILTY CLAY LOAM 

DCN: CT-S3A OATE:2120/08 REVISION: B 

30 

SOUTH POND 
NA 
BUCKET 2 
BLACK 

PERCENT SILT 

20 10 0 

Corrected % of Minus 2.0 mm 
material for USDA Classificat. 

0.00 
15.22 
52.64 
32.14 

C:\MSOFFICE\Exce/\PnntQ\[K1S.XL$]Sheet1 
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WASH SIEVE ANALYSIS 
ASTM D 422-63/MSHTO TBB-00 (SOP-S3) 

Client CEC 
Client Reference 
Project No. 
Lab ID 

POND CREEK 080851 
2008-210-01 
2008-210-01-02 

Moisture Content of Passino 3/4" Material 

Tare No. 
Wgt.Tare + Wet Specimen (gm) 
Wgt. Tare + Dry Specimen (gm) 
Weight of Tare (gm) 
Weight of Water (gm) 
Weight of Dry Soil (gm) 

Moisture Content (%) 

Wet Weight -3/4" Sample (gm) 
Dry Weight - 3/4" Sample (gm) 
Wet Weight +3/4" Sample (gm) 
Dry Weight + 3/4" Sample (gm) 

Total Dry Weight Sample (gm) 

Sieve Sieve 
Size Opening 

(mm) 

12" 300 
6" 150 
3" 75 
2" 50 

1 1 /2" 37.5 
1" 25.0 

3/4" 19.0 
1/2" 12.5 
3/8" 9.50 
#4 4.75 

#10 2.00 
#20 0.85 
#40 0.425 
#60 0.250 

#140 0.106 
#200 0.075 

Pan -

Tested By JP 

517 
1095.30 
630.20 

97.36 
465.10 
532.84 

87.3 

NA 
39.31 

NA 
0.00 

NA 

Wgt.of Soil 
Retained 

(om) 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.13 
3.63 
8.79 

19.00 
7.76 

493.53 

Date 

page 3 of 4 OCN; CT-S3A OATE:2120/0S REVISION: 8 

Boring No. 
Depth (ft) 
Sample No. 
Soil Color 

SOUTH POND 
NA 
BUCKET 2 
BLACK 

Water Content of Retained 3/4" Material 

Tare No. 
Wgt.Tare + Wet Specimen (gm) 
Wgt.Tare + Dry Specimen (gm) 
Weight of Tare (gm) 
Weight of Water (gm) 
Weight of Dry Soil (gm) 

Moisture Content (%) 

Weight of the Dry Specimen (gm) 
Weight of minus #200 material (gm) 
Weight of plus #200 material (gm) 

Percent Accumulated Percent 
Retained Percent Finer 

Retained 
(%) (%) (%) 

0.00 0.00 100.00 
0.00 0.00 100.00 
0.00 0.00 100.00 
0.00 0.00 100.00 
0.00 0.00 100.00 
0.00 0.00 100.00 
0.00 0.00 100.00 
0.00 0.00 100.00 
0.00 0.00 100.00 
0.00 0.00 100.00 
0.00 0.00 100.00 
0.02 0.02 99.98 
0.68 0.71 99.29 
1.65 2.36 97.64 
3.57 5.92 94.08 
1.46 7.38 92.62 

92.62 100.00 -

NA 
NA 
NA 
NA 
NA 
NA 

NA 

532.84 
493.53 

39.31 

Accumulated 

Percent 
Finer 

(%) 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
99.98 
99.29 
97.64 
94.08 
92.62 

-

5/21/08 Checked By Date 5-~j ffi 
C:\MSOFF/CE\Exce/\PrintQVK15.XLS}Sheet1 
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Client 
Client Reference 
Project No. 
Lab ID 

Elapsed 
Time 

(min) 

a 
2 

5 

15 

34 

62 
250 
1440 

HYDROMETER ANALYSIS 
ASTM D 422-63/AASHTO T88-00 (SOP-S3) 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-02 

R Temp. 

Measured ( o C) 

NA NA 

44.5 21.9 

42.5 21.9 

39.5 21.9 

36.0 21.9 

33.0 21.8 
26.0 21.7 
19.0 21.9 

Composite 
Correction 

NA 
6.02 

6.02 

6.02 

6.02 

6.07 
6.11 
6.02 

Boring No. 
Depth (ft) 
Sample No. 
Soil Color 

R 
Corrected 

NA 

38.5 

36.5 

33.5 

30.0 

26.9 
19.9 
13.0 

N 

( % ) 

NA 

79.3 

75.2 

69.0 

61.8 

55.5 
41.0 
26.8 

Soil Specimen Data Other Corrections 

Tare No. 
Tare+ Dry Material (gm) 
Weight of Tare (gm) 

2343 
151.6 
98.58 

a - Factor 

SOUTH POND 
NA 
BUCKET2 
BLACK 

K 
Factor 

NA 

0.01314 

0.01314 

0.01314 

0.01314 

0.01316 
0.01317 
0.01314 

Diameter 

(mm) 

NA 

0.0279 

0.0180 

0.0106 

0.0073 

0.0055 
0.0029 
0.0013 

N' 

( % ) 

NA 

73.5 
69.7 
63.9 
57.2 
51.4 
38.0 
24.8 

Weight of Deflocculant (gm) 
Weight of Dry Material (gm) 

5.0 
48.02 

Percent Finer than # 200 

0.99 

92.62 

Specific Gravity 2.7 Assumed 

Note: Hydrometer test is performed on - # 200 sieve material. 

Tested B TO Date 5/21/08 Checked B Date 

page 4 of 4 DCN: CT ..S3A DATE:2/20108 REVISION: 8 C,\MSOFFICffxce/\PrinlQ\[K15.XLS]Shee/1 
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c-

ATTERBERG LIMITS 
ASTM D 4318-05 / AASHTO T89 (SOP - S4A) 

Client CEC Boring No. SOUTH POND 
Client Reference POND CREEK 080851 Depth (ft) NA 
Project No. 2008-210-01 Sample No. BUCKET 2 
Lab ID 2008-210-01-02 Soil Description BLACK LEAN CLAY 
Note: The uses symbol used with this test refers only to the minus No. 40 ( Minus No. 40 sieve material, Airdried) 
sieve mater/al. See the "Sieve and Hydrometer Analysis" graph page for the complete mater/a/ description. 

Liquid Limit Test 1 2 3 

Tare Number 250 
Wt. ofTare & WS (gm) 37.67 
Wt. ofTare & DS (gm) 32.45 
Wt. ofTare (gm) 17.54 
Wt. of Water (gm) 5.2 
Wt. of DS (gm) 14.9 

Moisture Content (%) 35.0 
Number of Blows 31 

Plastic Limit Test 1 

Tare Number 43 
Wt. of Tare & WS (gm) 25.49 
Wt. ofTare & DS (gm) 24.45 
Wt. ofTare (gm) 19.03 
Wt. of Water (gm) 1.0 
Wt. of OS (gm) 5.4 

Moisture Content(%) 19.2 
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Test Results 

Liquid Limit(%) 36 

Plastic Limit(%) 19 

Plasticity Index(%) 17 

uses Symbol CL 

Note: The acceptable ranae of the twa Moisture contents is + 2. 6 
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. SPECIFIC GRAVITY 
ASTM D 854-02, AASHTO T100-03 (SOP - S5) 

Client 
Client Reference 
Project No. 
Lab ID 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-02 

Replicate Number 

Pycnometer ID 
Weight of Pycnometer + Soil + Water (gm) 
Temperature, T ( °Celsius ) 
Weight of Pycnometer + Water (gm) 

Tare Number 
Weight ofTare + Dry Soil (gm) 
Weight of Tare (gm) 

Weight of Dry Soil (gm) 
Specific Gravity of Soil @ T 
Specific Gravity of Water@ T 
Conversion Factor for Temperature T 

Specific Gravity@ 20° Celsius 

Boring No. 
Depth (ft) 
Sample No. 
Visual Description 

1 

G 1155 
738.67 

23.6 
682.72 

932 
203.65 
102.67 

100.98 
2.242 

0.9974 
0.9992 

2.244 

Average Specific Gravity @ 20' Celsius 

Tested By TO Date 05/20/08 Checked By 

DCN: CT-S5 Dare 09125/06 Revision: 12 

SOUTH POND 
NA 
BUCKET2 
BLACK SLUDGE 
( Minus No.4 sieve material, mrdned) 

2 

G 1156 
736.62 

22,8 
681.37 

966 
202.41 
102.57 

99.84 
2.239 

0.9976 
0.9994 

2.240 

2.24 

C \MSOFF/CE\EXCEL\Pnn/Q\[F158 ~ls}Shee/1 
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R15115

Client 
Client Reference 
Project No. 
Lab ID 

CONSOLIDATED UNDRAINED TRIAXIAL TEST 
WITH PORE PRESSURE READINGS 

ASTM D4767-95 / AASHTO T297-94 (SOP-S28) 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-02 

Boring No. 
Depth(fl.) 
Sample No. 

SOUTH POND 
NA 
BUCKET2 

Consolidated Undrained Triaxial Test with Pore Pressure 

35 ~-------------------------------------~ 

30 · ---

SIN <I>= TAN CL 

a 

COS<D 

25 1----------,------~~------,-------+-_,;"---------:--------j 

20 - -- · -----~------------~-?'"-----,-------------

0 

0 10 20 30 

P, (psi) 

40 50 

-·•£- Max. Effec. Stress Ratio Points -Failure Envelope -s-Test No. 4 ---Test No. 5 -_-Test No. 6 

Tested By 

a = 

a = 

JCM Date 

0.00 
31.5 

05/27/08 Approved By I);B Date [e( ce(tf6 
page 1 of 8 DCN CT-528 DATE 6-25-98 REVISION 1 
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Client 

Chent Reference 
Pro1ect No. 
Lab ID 

Visual Oescnpt1on: 

CONSOLIDATED UNDRAINED TRIAXIAL TEST 
WITH PORE PRESSURE READINGS 

ASTM D4767-95 I AASHTO T297-94 (SOP-S28) 

CEC 
POND CREEK 080851 

2008-210-01 
2008-210-01-02 

Boring No 
Depth(ft.) 

Sample No. 

BLACK COAL REFUSE SLURRY (REMOLDED) 

SOUTH POND 

NA 
BUCKET2 
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-&-Test No. 4 ~TestNo.5 -tr-Test No. 6 

Tested By JCM Date 05/27/08 Approved By 'D l, Date (/) ( I B{OS 
page 2 of a 
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R15117
CONSOLIDATED UNDRAINED TRIAXIAL TEST 

WITH PORE PRESSURE READINGS 
ASTM 04767-95 / AASHTO T297-94 (SOP-S28) §t!!:~,~!.~"~ 

:lient 
Client Reference 
i"ro1ect No. 
L_ab ID 

Visual Description: 

[Stage No. 
Test No 

r"RESSURES (psi) 

Cell Pressure(psi) 
Back Pressure(psi) 
Eff. Cons. Pressure(psi) 
Pore Pressure 
Response(%) 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-02 

Boring No. 
Depth(ft.) 
Sample No. 

SOUTH POND 
NA 
BUCKET 2 

BLACK COAL REFUSE SLURRY (REMOLDED) 

36.3 
31.2 

5.1 

98 

INITIAL SAMPLE DIMENSIONS (in) 

Length 1 3.150 
Length 2 3.142 
Length 3 3.147 
Avg Leng.= 3.146 

VOLUME CHANGE 

Diameter 1 
Diameter 2 
Diameter 3 
Avg. Diam.= 

Initial Surette Reading (ml) 
Final Surette Reading (ml) 
Final Change (ml) 

MAXIMUM OBLIQUITY POINTS 

p = 
0 = 

LOAD 
(LBS) 

7.6 
9.3 
10.4 
11 .6 
12.8 
14.0 
14.8 
15.0 
15.2 
15.7 
16.5 
16. 7 
17.0 
17.2 
17.8 
18.1 
18.1 
18.6 
18.8 
19.0 
19.3 
19.5 
19.3 
19.7 
19.8 
19.9 
20.1 
20.1 

Tested By 

4.92 
2.94 

JCM Date 

Initial Dial Reading (D.R.), mils 
D.R. After Saturation, mils 
D.R. After Consolidation, mils 

DEFORMATION 
(INCHES) 

0.000 
0.001 
0.002 
0.005 
0.008 
0.016 
0.020 
0.025 
0.037 
0.050 
0.068 
0.084 
0.100 
0.110 
0.133 
0.159 
0.182 
0.205 
0.237 
0.261 
0.293 
0.316 
0.340 
0.372 
0.412 
0.445 
0.491 
0.531 

05/27 /08 Input Checked By 

PORE PRESSURE 
(PSI) 
31.2 
32.1 
32.3 
32.6 
32.9 
33.3 
33.3 
33.6 
33.8 
33.9 
34.2 
34.2 
34.2 
34.3 
34.2 
34.3 
34.3 
34.2 
34.2 
34.3 
34.3 
34.2 
34.3 
34.2 
34.3 
34.3 
34.2 
34.2 

page 3 of 8 OCN CT-S280rl.TE6-25-9?REVISION1 

1.453 
1.463 
1.461 
1.459 

24.0 
21.9 

2.1 

54 
110 
130 

544 Braddock Avenue • East Pittsburgh, PA 15112 • 412-823-7600 • FAX 412-823-8999 • www.geotechnics.net 



R15118
CONSOLIDATED UNDRAINED TRIAXIAL TEST 

WITH PORE PRESSURE READINGS 
ASTM D4767-95 / AASHTO T297-94 (SOP-S28) §1!':!:'.~!:' 

Client 
Client Reference 
Project No. 
Lab ID 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-02 

Boring No. 
Depth(ft.) 
Sample No. 

SOUTH POND 
NA 
BUCKET2 

Visual Description: BLACK COAL REFUSE SLURRY (REMOLDED) 

!Effective Confining Pressure (psi) 
I 

INITIAL DIMENSIONS 

Initial Sample Length (in.) 
Initial Sample Diameter (in.) 
Initial Sample Area (in"2) 
Initial Sample Volume (in"3) 

Strain Deviation 6U 
(%) Stress 

0.02 1.06 0.90 
0.07 1.77 1.15 
0.15 2.55 1.44 
0.25 3.26 1.71 
0.53 4.05 2.11 
0.65 4.54 2.14 
0.82 4.65 2.39 
1.21 4.72 2.58 
1.62 5.03 2.72 
2.22 5.48 2.95 
2.74 5.62 3.02 
3.27 5.75 3.04 
3.59 5.88 3.12 
4.33 6.18 3.02 
5.17 6.27 3.08 
5.93 6.25 3.13 
6.69 6.51 3.03 
7.73 6.56 3.04 
3.50 6.63 3.14 
9.53 6.72 3.14 
10.30 6.74 3.03 
11.09 6.56 3.07 
12.10 6.71 3.03 
13.42 6.69 3.06 
14.49 6.68 3.10 
16.00 6.66 3.02 
17.29 6.55 3.03 

Tested By JCM 

5.1 

3.15 
1.46 
1.67 
5.26 

5.26 
5.72 
6.21 
6.65 
7.04 
7.50 
7.36 
7.25 
7.42 
7.63 
7.70 
7.81 
7.86 
8.27 
8.30 
8.22 
8.58 
8.62 
8.59 
8.68 
8.81 
8.59 
8.78 
8.74 
8.68 
8.74 
8.62 

Date 

4.2 
4.0 
3.7 
3.4 
3.0 
3.0 
2.7 
2.5 
2.4 
2.1 
2.1 
2.1 
2.0 
2.1 
2.0 
2.0 
2.1 
2.1 
2.0 
2.0 
2.1 
2.0 
2.1 
2.0 
2.0 
2.1 
2.1 

Stage No. 
Test No 

VOLUME CHANGE 

Volume After Consolidation (in"3) 
Length After Consolidation (in) 
Area After Consolidation (in"2) 

Effective Principle 

Stress Ratio 

1.253 
1.449 
1.698 
1.959 
2.358 
2.531 
2.712 
2.873 
3.112 
3.550 
3.705 
3.790 
3.968 
3.967 
4.101 
4.176 
4.152 
4.176 
4.380 
4.436 
4.256 
4.235 
4.233 
4.281 
4.342 
4.204 
4.171 

A 

0.86 
0.66 
0.58 
0.53 
0.53 
0.48 
0.52 
0.56 
0.55 
0 ss 
0.55 
0.54 
0.54 
0.50 
0.50 
0.51 
0.48 
0.47 
0.48 
0.48 
0.46 
0.48 
0.46 
0.47 
0.47 
0.46 
0.47 

05/27/08 Input Checked By 

p 

4.73 
4.84 
4.94 
5.02 
5.01 
5.23 
5.04 
4.89 
4.90 
4 88 
4.89 
4.93 
4.92 
5.17 
5.16 
5.10 
5.32 
5.34 
5.27 
5.32 
5.44 
5.31 
5.43 
5.39 
5.34 
5.41 
5.34 

Date 

4 

4.85 
3.07 

1.580 

Q 

0.53 
0.89 
1.28 
1.63 
2.03 
2.27 
2.32 
2.36 
2.52 
? 74 
2.81 
2.87 
2.94 
3.09 
3.14 
3.13 
3.26 
3.28 
3.31 
3.36 
3.37 
3.28 
3.35 
3.35 
3.34 
3.33 
3.28 

page 4 or 8 
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R15119

'-;ent 
...,11ent Reference 
Proiect No. 
Lab ID 

CONSOLIDATED UNDRAINED TRIAXIAL TEST 
WITH PORE PRESSURE READINGS 

ASTM 04767-95 / AASHTO T297-94 (SOP-S28) 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-02 

Boring No. 
Depth(ft.) 
Sample No. 

SOUTH POND 
NA 
BUCKET2 

visual DescnptIon: BLACK COAL REFUSE SLURRY (REMOLDED) 

1

0/iJge No. 
T&st No 

PRESSURES (psi) 

Cell Pressure(psi) 
Back Pressure(psi) 
Eff. Cons. Pressure(p, 
Pore Pressure 
Response (%) 

41.1 
31.0 
10.1 

99 

MAXIMUM OBLIQUITY POINTS 

p 

Q 
9.00 
5.66 

INITIAL SAMPLE DIMENSIONS (in) 

Length 1 
Length 2 
Length 3 
Avg Leng.= 

3.138 
3.138 
3.137 
3.138 

VOLUME CHANGE 

Diameter 1 
Diameter 2 
Diameter 3 
Avg. Diam.= 

Initial Surette Reading (ml) 
Final Surette Reading (ml) 
Final Change (ml) 

Initial Dial Reading (D.R.), mils 
D.R. After Saturation, mils 
D.R. After Consolidation, mils 

LOAD 
(LBS) 

8.5 
13.5 
14.3 
16.3 
17.2 
18.9 
19 4 
20.0 
21.0 
21.5 
22.4 
22.9 
23.4 
23.7 
23.8 
24.5 
25.1 
26.0 
26.2 
26.4 
26.2 
26.4 
26.7 
26.9 
26.5 
27.9 
28.0 
28.2 
28.1 
28.5 
28.4 

DEFORMATION PORE PRESSURE 
(INCHES) (PSI) 

0.000 31.0 
0.001 32.8 
0.002 33.0 
0.004 33.4 
0.007 33.9 
0.016 34.9 
0.020 35.2 
0.025 35.6 
0.038 36.1 
0.051 36.6 
0.070 37.0 
0.085 37.2 
0.101 37.4 
0.110 37.4 
0.132 37.5 
0.158 37.6 
0.181 37.7 
0.205 37.7 
0.236 37.7 
0.259 37.8 
0.290 37.7 
0.314 37.8 
0.338 37.8 
0.370 37.8 
0.410 37.8 
0.441 37.8 
0.488 37.8 
0.527 37.8 
0.566 37.8 
0.605 37.8 
0.661 37.8 

\___ Tested By 
: Ji1(,,'e 5 0 8 ,~CN CT,S28 QAiE 6-25-96 RE'1ISIQN 1 

JCM Date 05/27/08 Input Checked By Date 

1.407 
1.383 
1.378 
1.389 

l.-

24.0 
20.2 

3.8 

88 
94 

124 
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R15120

I 
I 

CONSOLIDATED UNDRAINED TRIAXIAL TEST 
WITH PORE PRESSURE READINGS 

ASTM D4767-95 / AASHTO T297-94 (SOP-S28) 

·I,ent 
-lient Reference 
ProIect No. 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-02 

Boring No. 
Depth(ft.) 
Sample No. 

SOUTH POND 
NA 
BUCKET 2 

Lab ID 

Visual Description: BLACK COAL REFUSE SLURRY (REMOLDED) 

; c.ifecrive Confining Pressure {psi) 10.1 

ii•ITIAL DIMENSIONS 

Init1al Sample Length (in.) 
1111t1al Sample Diameter (in.) 
Initial Sample Area (inA2) 
Initial Sample Volume (inA3) 

Strain Deviation l'i U 
(%) Stress 

0.04 3.42 1.75 
0.06 4.03 2.01 
0.13 5.39 2.43 
0.23 5.96 2.92 
0.51 7 15 3.87 
0.64 7.46 4.19 
0.82 7.88 4.57 
I 21 8.51 5.13 
J.63 8.84 5.57 
2.24 9.37 5.97 
2.75 9.67 6.18 
3.25 9.92 6.35 
3.56 10.14 6.40 
4.26 10.10 6.55 
5.08 10.44 6.59 
5.85 10.80 6.68 
6.60 11.25 6.70 
7.60 11.27 6.75 
8.34 11.32 6.76 
9.36 11.06 6.74 
10 13 11 . 11 6.76 
iO 91 11.20 6.81 
I 1 94 11.17 6.80 
13.21 10.75 6.76 
14.21 11.47 6.77 
15.72 11.35 6.78 
16.98 11.28 6.79 
18.25 11.04 6.80 
19.51 11.13 6.82 
21.32 10.80 6.85 

Tested By JCM 
·--:oaqe 0 

3.14 
1.39 
1.52 
4.76 

11.77 
12.12 
13.05 
13.13 
13.37 
13.37 
13.41 
13.48 
13.38 
13.50 
13.59 
13.66 
13.83 
13.65 
13.95 
14.21 
14.65 
14.63 
14.66 
14.42 
14.46 
14.49 
14.47 
14.09 
14.80 
14.67 
14.59 
14.33 
14.40 
14.05 

Date 

8.3 
8.1 
7.7 
7.2 
6.2 
5.9 
5.5 
5.0 
4.5 
4.1 
3.9 
3.7 
3.7 
3.6 
3.5 
3.4 
3.4 
3.4 
3.3 
3.4 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 

05/27/08 

Stage No. 
Test No 

VOLUME CHANGE 

Volume After Consolidation (inA3) 
Length After Consolidation (in) 
Area After Consolidation (inA2) 

Effective Principle 
Stress Ratio 

1.410 
1.497 
1.703 
1.830 
2.148 
2.262 
2.427 
2.714 
2.950 
3.271 
3.468 
3.648 
3.741 
3.843 
3.978 
4.161 
4.304 
4.363 
4.395 
4.292 
4.323 
4.401 
4.383 
4.214 
4.445 
4.418 
4.411 
4.350 
4.397 
4.318 

Input Checked B 

A 

0.52 
0.50 
0.46 
0.50 
0.55 
0.57 
0.59 
0.61 
0.64 
0.64 
0.65 
0.65 
0.64 
0.66 
0.64 
0.63 
0.60 
0.60 
0.60 
0.62 
0.61 
0.61 
0.62 
0.64 
0.60 
0.60 
0.61 
0.62 
0.62 
0.64 

p 

10.06 
10.11 
10.36 
10.16 
9.80 
9.64 
9.47 
9.22 
8.96 
8.81 
8.75 
8.70 
8.76 
8.60 
8.73 
8.81 
9.03 
8.99 
9.00 
8.89 
8.90 
8.89 
8.88 
8.72 
9.06 
9.00 
8.95 
8.81 
8.84 
8.65 

Date 

1 
5 

4.50 
3.10 

1.450 

Q 

1.71 
2.01 
2.69 
2.98 
3.57 
3.73 
3.94 
4.26 
4.42 
4.69 
4.84 
4.96 
5.07 
5.05 
5.22 
5.40 
5.62 
5.64 
5.66 
5.53 
5.56 
5.60 
5.58 
5.37 
5.73 
5.68 
5.64 
5.52 
5.56 
5.40 
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R15121

Client 
Client Reference 
Project No. 
Lab ID 

CONSOLIDATED UNDRAINED TRIAXIAL TEST 
WITH PORE PRESSURE READINGS 

ASTM D4767-95 / AASHTO T297-94 (SOP-S28) 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-02 · 

Boring No. 
Depth(ft.) 
Sample No. 

SOUTH POND 
NA 
BUCKET2 

Visual Description: BLACK COAL REFUSE SLURRY {REMOLDED) 

IS/age No. 
-Test No 

PRESSURES (psi) 

Cell Pressure(psi) 
Back Pressure(psi) 
Eff. Cons. Pressure{p! 
Pore Pressure 
Response(%) 

51.4 
31.3 
20.1 

97 

MAXIMUM OBLIQUITY POINTS 

p ; 

Q ; 

LOAD 
{LBS) 

4.3 
6.5 
11.7 
14.0 
16.6 
21.7 
25.0 
27.5 
29.6 
31.7 
32.8 
33.2 
33.9 
34.3 
35.2 
36.1 
37.0 
37.3 
38.7 
39.3 
38.9 
39.0 
39.2 
39.4 
39.9 
40 1 
41.5 
4'1.9 
41.2 
41.3 
41.4 

Tested By 

19.19 
11.67 

JCM Date 

INITIAL SAMPLE DIMENSIONS (in) 

Length 1 
Length 2 
Length 3 
Avg Leng.= 

3.142 Diameter 1 
3.130 Diameter 2 
3.141 Diameter 3 
3.138 Avg. Diam.; 

VOLUME CHANGE 
Initial Burette Reading (ml) 
Final Burette Reading (ml) 
Final Change (ml) 

Initial Dial Reading (D.R.), mils 
D.R. After Saturation, mils 
D.R. After Consolidation, mils 

DEFORMATION PORE PRESSURE 
{INCHES) {PSI) 

0.000 31.3 
0.001 32.8 
0.002 33.9 
0.004 34.7 
0.006 35.6 
0.012 37.4 
0.019 38.7 
0.026 39.8 
0.038 40.9 
0.051 41.7 
0.070 42.4 
0.085 42.8 
0.101 43.1 
0.110 43.2 
0.132 43.4 
0.157 43.7 
0.181 43.7 
0.205 43.8 
0.236 43.8 
0.259 43.9 
0.291 43.8 
0.316 43.9 
0.340 43.9 
0.371 43.8 
0.410 43.8 
0.441 43.9 
0.489 43.8 
0.528 43.7 
0.568 43.8 
0.608 43.8 
0.663 43.8 

05/27/08 Input Checked B Date 
page 0 DCN cr.s28 DATE 6-25-98 REVISION 1 

1.379 
1.377 
1.386 
1.381 

24.0 
17.7 
6.3 

40 
56 
91 

-lq-()i 
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CONSOLIDATED UNDRAINED TRIAXIAL TEST 
WITH PORE PRESSURE READINGS 

ASTM D4767-95 / AASHTO T297-94 (SOP-S28) 

Client 
Client Reference 
Project No. 

CEC 
POND CREEK 080851 
2008-210-01 

Boring No. 
Depth(ft.) 
Sample No. 

SOUTH POND 
NA 
BUCKET 2 

Lab ID 2008-21 0-01-02 

Visual Description: BLACK COAL REFUSE SLURRY (REMOLDED) 

ressure /ps, 

INITIAL DIMENSIONS 

Initial Sample Length (in.) 
Initial Sample Diameter (in.) 
Initial Sample Area (in'2) 
Initial Sample Volume (in'3) 

Strain 

(%) 

0.04 
0.07 
0.12 
0.19 
0.40 
0.61 
0.85 
1.24 
1.64 
2.26 
2.77 
3.26 
3.58 
4.27 
5.09 
5.86 
6.64 
7.63 
8.39 
9.43 
10.22 
11.00 
12.01 
13.28 
14.28 
15.84 
17.12 
18.40 
19.69 
21.49 

Deviation 

Stress 

1 58 
5.38 
7 06 
8.92 
12.65 
14.97 
16.72 
18.18 
19.63 
20.24 
20.44 
20.87 
21.09 
21.54 
21.97 
22.37 
22.41 
23.10 
23.33 
22.79 
22.67 
22.61 
22.49 
22.46 
22.30 
22.80 
22.66 
21.92 
21.62 
21.21 

1.52 
2.62 
3.36 
4.30 
6.12 
7.35 
8.47 
9.56 
10.41 
11.15 
'1'1.54 
11.82 
11.94 
12.14 
12.38 
12.43 
12.54 
12.49 
12.58 
12.55 
12.59 
12.56 
12.53 
12.52 
12.63 
12.50 
12.41 
12.46 
12.51 
12.54 

3.14 
1.38 
1.50 
4.70 

20.16 
22.86 
23.80 
24.73 
26.62 
27.72 
28.36 
28.72 
29.32 
29.19 
29.00 
29.15 
29.25 
29.50 
29.69 
30.04 
29.98 
30.71 
30.85 
30.34 
30.18 
30.14 
30.05 
30.04 
29.77 
30.40 
30.35 
29.57 
29.21 
28.77 

er, _, 

18.6 
17.5 
16.7 
15.8 
14.0 
12.7 
11.6 
10.5 
9.7 
9.0 
8.6 
8.3 
8.2 
8.0 
7.7 
7.7 
7.6 
7.6 
7.5 
7.6 
7.5 
7.5 
7.6 
7.6 
7.5 
7.6 
7.7 
7.6 
7.6 
7.6 

VOLUME CHANGE 

Volume After Consolidation (in'3) 
Length After Consolidation (in) 
Area After Consolidation (in'2) 

Effective Principle 

Stress Ratio 

1.085 
1.308 
1.422 
1.565 
1.905 
2.174 
2.438 
2.724 
3.025 
3.262 
3.388 
3.521 
3.584 
3.705 
3.846 
3.918 
3.962 
4.034 
4.102 
4.018 
4.021 
4.001 
3.973 
3.961 
3.986 
4.001 
3.948 
3.868 
3.846 
3.805 

A 

0.99 
0.50 
0.49 
0.50 
0.50 
0.51 
0.52 
0.54 
0.55 
0.57 
0.58 
0.58 
0.58 
0.58 
0.58 
D.57 
0.58 
0.56 
0.56 
0.57 
0.57 
0.57 
0.57 
0.57 
0.58 
0.57 
0.56 
0.59 
0.60 
0.61 

p 

19.37 
20.17 
20.27 
20.26 
20.30 
20.23 
19.99 
19.63 
19.51 
19.07 
18.78 
18.71 
18.70 
18.73 
18.71 
18.85 
18.77 
19.16 
19.19 
18.95 
18.84 
18.84 
18.81 
18.81 
18.62 
19.00 
19.02 
18.61 
18.40 
18.17 

6 

4.24 
3.09 

1.374 

Q 

0.79 
2.69 
3.53 
4.46 
6.32 
7.48 
8.36 
9.09 
9.81 

10.12 
10.22 
10.43 
10.54 
10.77 
10.99 
11.19 
11.21 
11.55 
11.67 
11.39 
11.34 
11.30 
11.24 
11.23 
11.15 
11.40 
11.33 
10.96 
10.81 
10.61 

Tested By JCM Date 05127 /08 Input Checked By M Date ~ - l q -()"'6 
page 8 of 8 
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60 

50 

40 

f/) 
Q. 30 -.., 

20 

10 

Tested By. 

Client 
Chant Ref. No. 
Project no. 
Lab ID 

0 

JCM 

IV1ullk l D-1 AL STRENG-II, d,JVl l OPE 

CEC B01ing No. 
Dept11111.) 
Sample No 

SOUTH POND 
NA 
BUCKET2 

geJmics 
POND CREEK 080851 
2008-210-01 
2008-210-01-02 Visual Descriplion BLACK COAL REFUSE SLURRY (REMOLDED) 

C = 0.3 

,1, = 20.3 

20 40 60 80 100 120 

CT (psi) 

NOTE: GRAPH NOT TO SCALE 
Date: 05/21/08 Approved By: "DP> Date: C4( (If jos 

#l'JIA 

544 Braddock Avenue East Pittsburgh, PA 15112 Phone (412) 823·7600 Fax (412) 823·8999 
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REMOLDED UNIT WEIGHT BEFORE INITIAL CONSOLIDATION 
CONSOLIDATED UNDRAINED TRIAXIAL TEST 

Client 
Client Reference 
Project No. 
Lab ID 

WITH PORE PRESSURE READINGS 
ASTM 04767-95 / AASHTO T297-94 (SOP-S28) 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-02 Specific Gravity (measured) 

Visual Description: BLACK COAL REFUSE SLURRY (REMOLDED) 

SAMPLE CONDITION SUMMARY 

2.24 

Boring No. South Pond South Pond South Pond 
Depth (ft) NA NA NA 
Sample No. Bucket 2 Bucket 2 Bucket 2 

Test No. T4 TS T6 
Deformation Rate (in/min) 0.0003 0.0002 0.0003 

Back Pressure (psi) 31.2 31 31.3 
Consolidation Time (days) 1 

Initial State (w%) 82.9 85.7 83.0 

Total Unit Weight (pcf) 82.6 82.2 84.5 
Dry Unit Weight (pcf) 45.2 44.3 46.2 
Final State (w%) 37 fl 35.9 32.5 
Initial State Void Ratio,e 2.095 2.159 2.029 

Tested By JCM Date 05/27/08 Input Checked By fvh Date (o-5-()'8 
page1of1 DCf'l CT-.32d DATE 0-25-G;J PEVISIO~J 1 

f' 
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Client 
C lien! Reference 
Project No. 
Lab ID 

UNIT WEIGHT AFTER INITIAL CONSOLIDATION 
CONSOLIDATED UNDRAINED TRIAXIAL TEST 

WITH PORE PRESSURE READINGS 
ASTM 04767-95 I AASHTO T297-94 (SOP-S28) 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-02 Specific Gravity (measured) 

Visual Description: BLACK COAL REFUSE SLURRY (REMOLDED) 

SAMPLE CONDITION SUMMARY 

Boring No. South Pond South Pond 
Depth (ft) NA NA 
Sample No. Bucket 2 Bucket2 

Test No. T4 TS 
Deformation Rate (in/min) 0.0003 0.0002 
Back Pressure (psi) 31.2 31 
Consolidation Time (days) 1 1 

Initial State (w%) 41.5 41.5 
Total Unit Weight (pct) 92.9 102.5 
Dry Unit Weight (pct) 65.7 72.4 
Final State (W%) 37.6 3.5.9 
Initial State Void Ratio,e 1.129 0.931 

Tested By JCM Date 05127/08 Input Checked By Date 
page 1 of 1 iJCtJ cr.s:o DATE6-25-9!5 PE'IISION 1 

2.24 

South Pond 

NA 

Bucket 2 

T6 
0.0003 

31.3 

1 

40.9 

103.2 

73.2 
32.5 

0.910 

544 Braddock Avenue • East Pittsburgh, PA 15112 • 412-823-7600 • FAX 412-823-8999 • www.geotechnics.net 
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ATTACHMENT A-2 

LABORATORY TESTING RESULTS - COARSE REFUSE AND 
RESIDUAL SOILS 

PROVIDED BY ALLIANCE CONSULTING, INC. 



R15127

APPENDIXC 

LABORATORY TESTING 
PROPOSED COAL REFUSE DISPOSAL FACILITY NO. 2 

POND CREEK MINE NO. 1 
WILLIAMSON COUNTY, ILLINOIS 

WILLIAMSON ENERGY, LLC 

SOIL TESTING 
Summary 
Strength Test 
Grain Size 

BECKLEY, WEST VIRGINIA 

TABLE OF CONTENTS 

Atterberg Limits Test Results 

COARSE COAL REFUSE TESTING 
Summary 
Grain Size 
Proctor Test 
Permeability Test 
Strength Test 

PAGE 

1 
3 

10 
12 

13 
15 
17 
18 
20 
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HOLCOMB FOUNDATION ENGINEERING CO., INC. 
SOILS - BITUMINOUS - CONCAm - INVESTIGATIONS AND TESTING 

February 10, 2006 

SHIPPING ADDRESS 
Box 393 Wood Road 
Carbondale, IL 62901 

Williamson Energy LLC 

PO Box 99 
Johnston City, Illinois 62951 

Attention: Mr. J arnes Plumley 

Re; Soil Boring and Laboratory Tests 

Boring #8874 
MachMine#l 
Johnston City, Illinois 

HFE File H-05278 

www.holcombengineering.com 

MAILING ADDRESS 
P.O. Box 88 

Carbondale, IL 62903 

Mach Mining Purchase Order No. ___ _ 

Dear Sir: 

618-529-5262 
800-333-1740 

FAX 618-457-8991 

In accordance with your instructions, on February 1, 2006, we drilled one soil boring and sampled 

the subsoils with Shelby tubes. The soil sample taken from 10 to 12 feet in depth was subjected to 

laboratory tests. Results of the tests are as follows: 

Boring No.: 
Depth: 
Visual Classi'ficat:J.on; 

Atterberg Limits: 
Unit Weight: 
Moisture Content: 
Effective Cohesion: 

Effective Phi Angle: 

8874 
8.0-10.0' 
Silty CLAY (CL) 
LL= 41.8% PL= 17.7% PI= 24.1 

105.3 PCF 
21.5% 
OPSF 
26.8 Degrees 

CD 
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Mach Mine #1 Soil Tests 
February 10, 2006 
Page2 

lf1~1 CD 

The Boring Log and test results are enclosed. If you should have any questions, or ifwe can be of 

further assistance, please feel free to contact us at your convenience. 

Sincerely, 

'JON ENGINEERING CO. 

1 copy: Fred Vass - Alliance Consulting 
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I 
1

: I l +-H-1 
' '. I l -++++-:-+- ~---H---

15 18 

g ++ -t-~H:-+-: -,;:-+-,H:-+1--t----!
1-++1 -+'-+:-+--, Sample No. 1 2 3 

I I I ! ! I ! 1 I I 

' ' ! ! I I \ I 

7.5H-+:-+, -:-+-+: ---!1-+-,1H-+1 ---!
1-+1-+-++1++-+:-l 

H-+1-:-,
1 ++-t-1+-:H-+-H''-+-+--H-++-+1-l 

Water Content, 21.5 20.8 I 7.6 

Dry Dens;ty, pcf 105.3 l 06.5 112.5 

~ Saturation, 100.0 99.7 98.9 

]1 Void Ratio 0.5706 0.5536 0.4707 

6 

f I I I I 

I I I l 
I I I I I 

I I I I 

I I 

I ' 

/ I 3 
I I 

I I 
I I I I I ' 

Diameter, in. 2.80 2.80 :!.80 

Height, in. 5.51 5.49 5.54 

3 

I I ! I I I I I ! I l I I 

, 5 I I I ! 1 I I \ ! I / 

•. ~⇒,:i, =~, ,,j:t:t, ⇒,:t, :j~t=t⇒,:i, =t⇒=t 1 =~1 ]1=⇒ ,::) 
I" ! I I I I I 

Water Content, 21.5 20.9 17.& 

.;; Dry Dens;ty, pcf 105 .3 106.5 l 12.5 

1 
, ~ Saturation, 100.0 100.0 100.0 

" , , 1 , ~ Void Ratio 0,5706 0.5536 0.4707 

: 1 : : 1 : : 
1 

: 
1 1 l : 2 

Diameter, in. 2.80 2.80 2.80 
\ 111 1 I I I i I 

1.5 

H
1
;{-+1-,1:--+1++' +f-, +r'-+' ..,'H'-f-+-H--H' ~~_H_e~ig~h_t~,_in..,. __________ 5_,:,_-_1 __ 5_._4_9 ___ 5_.5_4 ____ -1 

I 1 1 ! I 1 1 I t I 0 

, , ' , 1 1 1 Strain rate, in.Jmin. 0.00 0.00 0.00 
I , I I I I ! I ! I 

y 1 1 1 1 , 1 1 1 1 1 1 1 Back Pressure, tsf 3 _6 3 .6 2.2 

! / I I I I I I I J I I J I I I I I I 

'

" , , 1 '-+-' +'-+-+-++-+-H- Ce// Pressure, tsf 5.0 6.5 7.9 
1 I i I I ) 

o~::::t, J,'.:::J:,:(:1,,::t, :!:,:,t:::l,::t,::t: ,Tt-cj,c::::t,j,::t, :tt::r::J Fail. StrP.ss, tsf 2.0 3.4 6.3 

0 5 10 15 20 Total Pore Pr., tsf 3.7 3.9 4.1 

Axial Strain, % Ult. Stress, tsf 2.0 3.2 6.3 

Total Pore Pr., tsf 3.6 3.8 4.1 

1-T_y_p_e_o_f_T_e_s-t:-------------l ;oo-1 Failure, tsf 3.3 6.0 10.2 

CU with Pore Pressures a, Failure, t5f 
1-3 2.6 3.9 

Sample Type: Shelby Tube - Undisturbed 

Description: Gray Mottled Brown Silty CLAY 

LL= 41.8 PL= 17.7 Pl= 24.l 

Assumed Specific Gravity= 2.65 

Remarks: 

I Plate 

Client Alliance Consulting 

Project: Triaxial Test 

Mach Mine#! 

Location: Boring #8874 

Sample Number: 3 Depth: 10.0-12.0' 

Proj. No.: H-05278 Date: 2-1-05 

TR/AXIAL SHEAR TEST REPORT 

HOLCOMB FOUNOA T/ON ENGINEERING CO. 

Tested 3y: LC --------------- ::necked :3y: TH -'-'-'-------------
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Stress Paths: Total-- Effective - - -

Client: Alliance Consulting 

Project: Triaxial Test 

Location: Boring #8874 Depth: J0.0-12.0' Sample Number: 3 

Project No.: H-05278 Plate I HOLCOMB FOUNDATION ::NGINE::RING CO. 

Tested 3y-: ='c.sC:...· __________ _ Checked 3y: .,_T-'--H'-' ___________ _ 
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Date: 

Client: 

Project: 

Location: 

Depth: 

Description: 

Remarks: 

TRIAXIAL COMPRESSION TEST 

CU with Pore Pressures 

2-1-05 

Alliance Consulting 

Triaxial Test 

MachMine#I 

Johnston City, Illinois 

Boring #8874 

10.0-12.0' 

Gray Mottled Brown Silty CLAY 

Sample Number: 

Type of Sample: Shelby Tube - Undisturbed 

Assumed Specific Gravity=2.65 LL=41.8 PL=l7.7 

Test Method: COE uniform strain 

J 

Specimen Parameter Initial Saturated Consoiidated 

Moisture content: Moist soil+tare, gms. 189. l 00 

Moisture content: Dry soil+tare, gms. I 76. I 00 

Moisture content: Tare, gms. 

Moisture,% 

Moist specimen weight, gms. 

Diameter, in. 

Area, in.r 

Height, in. 

Net decrease in height, in. 

Wet Density, pcf 

Dry density, pcf 

Void ratio 

Saturation, % 

Membrane modulus= 0.124105 kN/cm 2 

Membrane thickness = 0.02 cm 

Filter paper coefficient= 0.001926 kN/cm 

Filter paper coverage = 30% 

115.700 

21.5 

1140.2 
2.80 
6.16 

5.51 

128.0 

105.3 

0.5706 

100.0 

Consolidation cell pressure= 70.00 psi (5.040 tsf) 

Consolidation back pressure= 50.00 psi (3.600 tsf) 

Consolidation effective confining stress = 1.440 tsf 

Strain rate, in.imin. = 0.00 

Fail. Stress = 1.981 tsf at reading no. 24 

Ult Stress= 1.955 tsfat reading no. 30 

21.5 21.5 

2.80 2.80 

6.16 6.16 

5.51 5.51 

0.00 0.00 

128.0 128.0 

105.3 105.3 

0.5706 0.5706 

100.0 100.0 

2191200 
B:50 PM 

Final 

1279.000 

l 072.200 

I 03.200 
2 l.3 
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Def. Oeviator Minor Elf. Major Elf. Pore 

(( 
Dial Load Load Strain Stress Stress Stress 1:3 Press. p Q 

No. in. Dial lbs. % tsf tsf tsf Ratio psi ts! tsf 

0 0.0000 18.30 0.0 0.0 0.000 5.112 5.ll2 1.00 -1.00 5.112 0.000 

1 0.0190 20.00 1.7 0.3 0.014 2.830 2.844 1.00 30.70 2.837 0.007 

2 0.0400 21.60 3.3 0.7 0.026 2.426 2.452 1.01 36.30 2.439 0.013 

3 0.08!0 113.20 94.9 1.5 1.093 1.505 2.598 1.73 49.10 2.051 0.547 

4 0.1010 129.80 111.5 1.8 1.280 1.318 2.597 1.97 51.70 1.958 0.640 

5 0.1420 143.10 124.8 2.6 1.422 1.181 2.602 2.20 53.60 1.892 0.711 

6 0.1620 161.50 143.2 2.9 1.625 1.159 2.784 2.40 53.90 1.972 0.813 

7 0.1830 168.90 150.6 3.3 1.702 1.145 2.847 2.49 54.10 1.996 0.851 

8 0.2030 174.80 156.5 3.7 1.763 1.138 2.900 2.55 54.20 2.019 0.881 

9 0.2240 178.90 160.6 4.1 l.802 1.145 2.946 2.57 54.10 2.046 0.901 

10 0.2440 182.30 164.0 4.4 1.833 1.145 2.978 2.60 54.10 2.061 0.916 

11 0.2650 186.40 168.1 4.8 1.871 1.152 3.023 2.62 54.00 2.088 0.936 

12 0.2850 188. 10 169.8 5.2 l.883 1.166 3.049 2.61 53.80 2.108 0.941 

13 0.3060 191.40 173.1 5.6 1.912 1.166 3.078 2.64 53.&0 2.122 0.956 

14 0.3260 193. 10 174.8 5.9 l.923 1.181 3.104 2.63 53.60 2.142 0.962 

15 0.3460 194.70 176.4 6.3 1.933 1.188 3.121 2.63 53.50 2.155 0.967 

16 0.3670 I 96.40 178.1 6.7 1.944 1.202 3.146 2.62 53.30 2.174 0.972 

17 0.3870 198.10 179.8 7.0 1.955 1.210 3.164 2.62 53.20 2.187 0.977 

18 0.4080 198.10 179.8 7.4 1.947 1.224 3.171 2.59 53.00 2.197 0.973 

19 0.4280 200.60 182.3 7.8 1.966 1.231 3.197 2.60 52.90 2.214 0.983 

20 0.4490 200.60 182.3 8.1 1.958 1.238 3.196 2.58 52.80 2.217 0.979 

I 
21 0.4890 203. l 0 l 84.8 8.9 1.969 1.267 3.236 2.55 52.40 2.252 0.985 

22 0.5300 204.70 l 86.4 9.6 1.970 1.289 3.259 2.53 52.10 2.274 0.985 

23 0.5710 207.20 l 88.9 10.4 1.980 1.310 3.290 2.51 51.80 2.300 0.990 

24 0.6120 208.90 l 90.6 11. l 1.981 1.332 3.313 2.49 51.50 2.323 0.991 

25 0.6530 209.10 190.8 11.8 1.967 1346 3.313 2.46 51.30 2.330 0.91l3 

26 0.6940 211.40 ·193.l 12.6 1.974 1.361 3.334 2.45 51.10 2.348 0.987 

27 0.7350 212.20 193.9 13.3 1.965 1.390 3.354 2.41 50.70 2.372 0.982 

28 0.7790 213.90 195.6 14. I 1.964 1.404 3.368 2.40 50.50 2.386 0.982 

29 0.8170 215.50 197.2 14.8 1.964 1.426 3.390 2.38 ,o 70 2.408 0.982 

30 0.8380 2l5.50 197.2 15.2 1.955 1.433 3.388 2.36 50.10 2.410 0.978 
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Specimen Parameter Initial Saturated Consolidated Final 0) Moisture content: Moist soil+tare, gms. 154.800 1347.900 

Moisture. content: Dry soil+tare, gms. 145.800 1154.100 

Moisture content: Tare, gms. 102.600 135.100 

Moisture,% 20.8 20.9 20.9 19.0 

Moist specimen weight, gms. 1142.2 

Diameter, in. 2.80 2.80 2.80 

Area, in.2 6.16 6.16 6.16 

Height, in. 5.49 5.49 5.49 

Net decrease in height, in. 0.00 0.00 

Wet Density, pcf I 28.7 128.7 128.7 

Dry density, pcf I 06.5 106.5 106.5 

Void ratio 0.5536 0.5536 0.5536 

Saturation, % 99.7 100.0 100.0 

Membrane thickness = 0.02 cm 
Filter paper coefficient= 0.001926 kN/cm 

Filter paper coverage = 3 0% 

Consolidation cell pressure-= 90.00 psi (6.480 tst) 
Consolidation back pressure = 50.00 psi (3 .600 tsf) 
Consolidation effective confining stress = 2.880 tsf 

Strain rate, in./min. = 0.00 

Fail. Stress = 3.4 I 8 tsf at reading no. 24 

Ult Stress= 3.250 tsfat reading no. 29 

Def. Deviator Minar Eff. Major Elf. Pore 
Dial Load Load Strain Stress Stress Stress 1:3 Press. p Q 

No. in. Dial lbs, 'I, t:sf !sf tsf Ratio psi tsf tsf 

0 0.0000 27.50 0.0 0.0 0.000 4.385 4.385 1.00 29.10 4.3~5 o.coo 
0.0190 134.00 106.5 0.3 1.241 3.254 4.495 1.38 44.80 3.875 0.620 

2 0.0400 183.10 155.6 0.7 1.806 2.750 4.557 l.66 51.80 3.653 0.903 

3 0.0600 218.90 191.4 !.I 2.214 2.484 4.698 1.89 55.50 3.591 1.107 

4 0.0810 243.80 216.3 1.5 2.492 2.340 4.832 2.06 57.50 3.586 1.246 

5 0.1010 264.60. 237.1 l.8 2.721 2.254 4.975 2.21 58.70 3.614 1.36] 

6 0.1220 282.10 254.6 2.2 2.911 2.210 5.121 2.32 59.30 3.666 1.455 

7 0.1420 295.40 267.9 2.6 3.052 2.182 5.233 2.40 59.70 3.707 1.526 

8 0.1620 305.40 277.9 2.9 3.154 2.182 5.335 2.45 59.70 3.758 1.577 

9 0.1830 314.60 287.1 3.3 3.245 2.189 5.434 2.48 59.60 3.81 I 1.623 

JO 0.2030 322.lO 294.6 J,7 3.3 J 7 2.196 5.5 I 3 2.51 59.50 3.8':5 ) ,r,,9 

11 0.2240 327.10 299.6 4.1 3.360 2.218 5.578 2.52· 59.20 3.898 1.680 

12 0.2440 332.90 305.4 4.4 3.412 2.232 5.644 2.53 59.00 3.938 1.706 

13 0.2650 336.20 308.7 4.8 3.435 2.254 5.689 2.52 58.70 3.971 l.718 

14 0.2850 339.50 312.0 5.2 3.459 2.275 S.734 2.52 58.40 4.005 1.729 

15 0.3060 343.70 316.2 5.6 3.491 2.297 5.788 2.52 58. I 0 4.042 1.746 

16 0.3260 345.40 3 J 7.9 5.9 3.497 2.318 5.815 2.51 57.80 4.067 l.748 

17 0.3670 348. 70 321.2 6.7 3.505 2.369 5.874 2.48 57.10 4.121 1.752 

18 0.4080 352.00 324.5 7.4 3.512 2.412 5.924 2.46 56.50 4.168 1.756 

I 
19 0.4490 353.70 326.2 8.2 3.502 2.441 5.943 2.43 56.10 4.192 1.75) 

10 0.4890 354.50 327.0 8.9 3.483 2.470 5.953 2.4 J 55.70 4.21 l 1.742 

2 J 0.5300 355.40 327.9 9.7 3.464 '.2.498 5.963 o '0 55.30 4.230 1.732 

p 
.:. . .) ~ 

HO!...C'.)1\/:'3 ;=ou,~04 7'10N ::NGl~E:::RING C'.) 



R15135

Daf. Deviatar Minor Eff. Major Eff. Poro © Dial Load Load Stritin Slr8ss Stress Stress 1:3 Press. p Q 

No. in. Dial lbs. % !sf tsf tsf R:atio psi tsf tsf 

([ 22 0.5510 357.00 329.5 10.0 3.466 2.513 5.979 2.38 55.10 4.246 1.733 

23 0.5920 356.20 328.7 10.8 3.429 2.534 5.964 2.35 54.80 4.249 1.715 

24 0.6330 357.90 330.4 11.5 3.418 2.556 5.974 2.34 54.50 4.265 1.709 

25 0.6730 357.00 329.5 12.3 3.381 2.5&5 5.966 2.31 54. 10 4.275 !.690 

26 0.7140 357.90 330.4 13.0 3.361 2.599 5.960 2.29 53.90 4.280 1.681 

27 0.7550 357.90 330.4 13.7 3.332 2.614 5.946 2.27 53.70 4.280 1.666 

28 0.7960 356.20 328.7 14.5 3.286 2.628 5.914 :z.25 53.50 4.271 l.643 

29 0.8370 355.40 327.9 15.2 3.250 2.635 5.885 2.23 53.40 4.260 1.625 

Specimen Parameter Initial 

Moisture content: Moist soll+t:are, gms. 248.400 

Moisture content: Dry soil+tare, gms. 226.700 1195.400 

Moisture content: Tare, grns. 103.200 127.700 

Moisture,% I 7.6 I 7.8 17.& 16.8 

Moist specimen weight, gms. 11&4.7 

Diameter, in. 2.80 2.80 2.80 

Area, in.2 6.16 6.16 6.16 

Height, In. 5.54 5.54 5.54 

Net decrease in height, in. 0.00 0.00 

We! Density, pcf 132.3 1325 132.5 

Dry density, pcf 112.5 112.5 112.5 

Void ratio 0.4707 0.4707 0.4707 

Saturation, % 98.9 100.0 100.0 

' C Membrane modulus= 0.124105 kN/cm' 

Membrane thickness= 0.02 cm 

Filter paper coefficient" 0.001926 kNlcm 

Filter paper coverage= 30% 

Consolidation cell pressure = 110.00 psi (7.920 tsf) 

Consolidation back pressure = 30.00 psi (2. 160 tsf) 

Consolidation effective confining stress= 5.760 tsf 

Strain rati,, in.lmin. = 0.00 

Fail. Stress= 6.334 tsf at reading no. 33 

Ult, Stress = 6.334 tsf at reading no. 33 

Def. De-viator Minor Eff. Major Eff. Pore 

Dial Load Load Strain Stress Stress Stress 1:3 Press. p Q 

No. in. Dial lbs. % tsf tsf tsf Ratio psi tsf tsf 

0 0.0000 3 !.60 0.0 0.0 0.000 7.812 7.812 I.00 1.50 7.812 0.000 

I 0.0190 39.90 8.3 0.3 0.091 7.690 7.781 1.01 3.20 7.735 0.045 

2 0.0400 44.10 12.5 0.7 0.133 7.574 7.707 l.02 4.80 7.641 0.066 

3 0.0600 175.60 144.0 1.1 1.666 7.308 8.974 1.23 8.50 8.141 0.833 

4 0.0810 240.50 208.9 1.5 2.407 6.926 9.333 1.35 13.80 8.130 1.203 

5 0.1010 291.30 259.7 1.8 2.981 6.466 9.447 1.46 20.20 7.956 1.491 

6 0.1220 329.60 298.0 2.2 3.408 5.983 9.391 1.57 26.90 7.687 1.704 

7 0.1420 362.00 330.4 2.6 3.764 5.479 9,244 1.69 33.90 7.361 1.882 

8 0.1620 392.00 360.4 2.9 4.091 5.040 9. 131 1.81 40.00 7.085 2.045 

9 0.1830 412.80 381.2 3.3 4.310 4.666 8.976 1.92 45.20 6.821 2.155 

HOLCOMB FOUNDATION ENGINEERING CO. 
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Def. Deviator Minor E.ff. Major Eff. Pore © Dial Load Load Strain Stress Stress Stress 1:3 Press. p a 
No. in. Dial lbs. % tsf !:sf !sf Ratio psi tsf tsf 

(t·~ 10 0.2030 432.80 401.2 3.7 4.519 4.363 8.883 2.04 49.40 6.623 2.260 

11 0.2240 446.90 415.3 4.0 4.660 4.140 8.800 2.13 52.50 6.470 2.330 

12 0.2440 465.20 433.6 4.4 4.847 3.982 8.828 2.22 54.70 6,405 2.423 

13 0.2650 471.00 439.4 4.8 4.892 3.852 8.744 2.'27 56.50 6.298 2.446 

14 0.2850 483.50 451.9 5.1 5.012 3.766 8.778 2.33 57.70 6.272 2.506 

15 0.3060 490.20 458.6 5.5 5.066 3.694 8.760 2.37 58.70 6.227 2.533 

16 0.3260 503.50 471.9 5.9 5.193 3.643 8.837 2.43 59.40 6.240 2.597 

17 0.3460 516.80 485.2 6.2 5.319 3.607 8.926 2.47 59.90 6.267 2.660 

18 0.3670 521.80 490.2 6.6 5.352 3.586 8.938 2.49 60.20 6,262 2.676 

19 0.3870 530.10 498.5 7.0 5.422 3.571 8.993 2.52 60.40 6.282 2.711 

20 0.4080 538.40 506.8 7.4 5.490 3.564 9.054 2.54 60.50 6.309 2.745 

21 0.4280 543.40 51 l.8 7.7 5.522 3.564 9.086 2.55 60.50 6.325 2.761 

22 0.4490 554.30 522.7 8.1 5.617 3.571 9.188 2.57 60.40 6.380 2.808 

23 0.4690 565.90 534.3 8.5 5.719 3.578 9.297 2.60 60.30 6.438 2.859 

24 0.4890 567.60 536.0 8.8 5.714 3.578 9.293 2.60 60.30 6.436 2.857 

25 0.5300 581.70 550.1 9.6 5.817 3.600 9.417 2.62 60.00 6.509 2.909 

26 0.5710 591. 70 560.1 10.3 5.874 3.636 9.510 2.62 59.50 6.573 2.937 

27 0.6120 605.00 573.4 11.0 5.964 3.665 9.629 2.63 59.10 6.647 2.982 

28 0.6530 615.00 583.4 11.8 6.018 3.701 9.719 2.63 58.60 6.710 3.009 

29 0.6940 626.70 595.1 12.5 6.087 3.737 9.824 2.63 58.10 6.780 3,044 

30 0.7350 638.30 606.7 13.3 6.153 3.773 9.926 2.63 57.60 6.849 3.077 

31 0.7760 649. I 0 617.5 14.0 6.209 3.816 10.025 2.63 57.00 6.921 3.1 OS 

32 0.8170 657.50 625.9 14.7 6.240 3.852 10.092 2.62 56.50 6.972 3.120 

33 0,8390 669.90 638.3 15.1 6.334 3.866 10.200 2.64 56.30 7.033 3.167 

.._ __________ HOLCOMB FOUNDATION ENGINEERING CO. _________ _.... 



R
15137

m 
Ul 
rrl 
E 
~ 

~ -.c 
en 

'cij 
5 
>-, 

.D 
en 
c:: 
;:;; 
U) ,u 
0. -C 
(IJ 
0 
~ 

(IJ 
0.. 

-\ 
-~ 

I 

Holcomb Foundation Engineering 
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Project: Mach #1 Mine Williamson County, Illinois 
Project Number: H-05278 

Sample: B-8874 Depth 10-12' 
Date: February 8, 2006 
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Holcomb Foundation Engineering Company 
Laboratory Testing Results 2/8/2006 

Project: Mach #1 Mine 

Project No: H-05278 

Sieve Analysis - ASTM C136-96a 

Sample: Silty CLAY (CL) 

Sieve Openings us 
Standard Weight Percent Percent 

Inches Millimeters Sieve Size Retained Retained Finer 

( 1.5000 38.1000 1 -1 /2" 0.0 0.0 100.0 

1.0000 25.4000 1. 0.0 0.0 100.0 

0.7500 19.1 ODO 3/4" 0.0 0.0 100.0 

0.5000 12.7000 1 /2" 0.0 0.0 100.0 

3.7500 9.5200 3/8" 0.0 0.0 100.0 

0.1870 4.7600 No. 4 2.1 0.9 99.1 

0.0790 2.0000 No. 10 4.6 2.0 98.0 

0.0469 1.1800 No 1R 4.6 2.0 98.0 

0.0331 0.8500 No. 20 8.6 3.8 96.2 

0.0165 0.4200 No. 40 12.6 5.5 94.5 

0.0117 0.2980 No. 50 12.6 5.5 94.5 

0.0083 0.2500 No. 60 22.2 9.8 90.2 

0.0059 0.1490 No. 100 34.6 15.2 84.8 

0.0029 0.0740 No. 200 47.7 21.0 79.0 

Total Weight in Grams 227.20 
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cl- Holcomb Foundation Engineering Company 
Laboratory Testing Results 

Project: Mach #1 Mine 
Project No: H-05278 

Sample 2 3 

Dish Number LL, LL2 LL, 

Mass of can, W, (g) 34.70 

Mass of can+ moist soil, W2 (g) 62.84 

Mass of can+ dry soil, W3 (g) 54.52 

Moisture content, w (%) 41.98 

Number of blows, N 24 

Liquid Limit, LL 41.B 

Dish Number PL, 

Mass of can, W, (g) 39.76 

Mass of can+ moist soil, W2 (g) 54.79 

Mass of can + dry soil, W3 (g) 52.53 

Plastic Limit, PL 17.7 

Pl= 24.1 

Plasticity Chart 
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K 40 
CH or OH 

X • % 
.: 30 
;;, 
:§ 

♦ ;; 
1! 20 a. CL or OL 

MH or OH 

1 0 ! 
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Liquid Limit (LL) 
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HOLCOMB FOUNDATION ENGINEERING CO., INC. 
SOILS - BITUMINOUS - CONCRETE - INVESTIGATIONS AND TESTING 

November 30, 2006 

SHIPPING ADDRESS 
Box 393 Wood Road 
Carbondale, IL 62901 

Williamson Energy LLC 
POBox99 
Johnston City, Illinois 62951 

Attention: Mr. James Plwnley 

Re: Coarse Refuse Laboratory Tests 
Pond Creek Mine 
Johnston City, Illinois 
HFE File H-05278 

Dear Sir: 

www.holcombengineering.com 

MAILING ADDRESS 
P.O. Bax 88 

Carbondale, IL 62903 

618-529-5262 
800-333-17 40 

FAX 618-457-8991 

In accordance with your instructions, on November 17, 2006, we sampled coarse refuse at Mach 
Mine and performed laboratory tests on remolded samples, Results of the tests are as follows: 

Visual Classification: Coarse Coal Refuse (Shale, Coal, Sandstone Mixture) 

Proctor Test Results: 
Maximwn Dry Unit Weight: 124.6 PCF 
Optimum Moisture Content: 9.3 % 

Specific Gravity: 2.3 7 

Triaxial Test Results: 
Effective Cohesion: 0 PSF 
Effective Phi Angle: 33.7 Degrees 

Permeability: 2 x I 0-4 cm./sec. 

Results of the grain size analysis and the laboratory tests are attached, 

® 
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7~ ( ·.. Pond Creek Mine #1 Coarse Refuse Tests 
November 30, 2006 
Page2 

If you should have any questions, or if we can be of further assistance, please feel free to contact us 
at your convenience. 

Sincerely, 

I copy: Justin Harry - Alliance Consulting 

~ 



R
15142

Holcomb Foundation Engineering 
21-1/2 1 3/4 1/23/8 4 10 20 40 100 

I I I -
90 

- \ 
U) 80 ' <J) 

«l - :\ E 
~ 70 0 
~ 

". - -
.c 
Ol 60 ·m 

\ ;a: -
>, 
.0 50 
Ol - ~ 
C 

I' ·;;; 
40 (/) 

«l - I\ a. - I\ C 30 0) 

\ () -~ 

• Coarse Refuse 0) 

\ 0... 20 
. \ 

10 "'-
~~ ... - -,..., 

0 

100 10 1 

I Grm•el Sa,1d 
Crbb 

I Coarse I Fine Coarse I Medium 

~----\ 
/~] 

I 

Grain Size Analysis 
-

60 100 200 Hydrometer 
I I 

11 I 11 _Ill 
i 

1

111 
I I 

Project: Pond Creek Mine Johnston City, Illinois 
Project Number: H-05278 
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Holcomb Foundation Engineering Company 
Laboratory Testing Results 11/30/2006 

Project: Coarse Refuse Disposal Area 
Pond Creek Mine Johnston City, Illinois 

Project No: H-05317 

Sieve Analysis - ASTM C136-96a 

Sample: Coarse Refuse 

Sieve Openings us 
Standard Weight Percent Percent 

Inches Millimeters Sieve Size Retained Retained Finer 

3 76.2 3• 0.0 0.0 100.0 

2.0000 50.8100 2" 619.6 9.5 90.5 

1.5000 38.1000 1 -1 /2" 1124.0 17.2 82.8 

1.0000 25.4000 1 " 1696.2 25.9 74.1 

(~ 0.7500 19.1000 3/4" 2110.9 32.3 67.7 

0.5000 12.7000 1/2" 2513.0 38.4 61.6 

3.7500 9.5200 3/8" 3263.7 49.9 50.1 

0.1870 4.7600 No. 4 4310.7 65.9 34.1 

0.0790 2.0000 No. 10 5470.5 83.6 16.4 

0.0469 1.1800 No. 16 
0.0331 0.8500 No. 20 6004.4 91.8 8.2 

0.0165 0.4200 No. 40 6178.9 94.4 5.6 

0.0117 0.2980 No. 50 
0.0083 0.2500 No. 60 6267.8 95.8 4.2 

0.0059 0.1490 No. 100 
0.0029 0.0740 No. 200 6372.4 97.4 2.6 

Total Weight in Grams 6542.80 
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Project: 

Z3 f 57 

Holcomb Foundation Engineering 

Pond Creek Mine 

Johnston City, Illinois 

Moisture Density Relationship 

Location: Coarse Refuse Disposal Area 

Project No.: H-05278 Proctor Test Results 

Soll Classlflcatlon: 

Date: 

Test Data 

11/3012006 

ASTM 0-698 (standard) 

Moisture 

Content(%) 

7.6 
11.2 

12.0 

9.3 

Maximum Dry Density {PCF) 

Gray Coarse Refuse 

124.8 

Optimum Moisture Content(%} 9.3 

Dry Unit Wt. 

(PCF) 

122.8 

122.5 

120.4 

124.8 

126.0 .-----------------------------------, 

Proctor Curve 

125.0 

124.0 

l; 123.0 -i: 
:::, 

1:' 
□ 

122.0 

121.0 

120.0 +-------~------------~------~-----~---< 
7.0 8.0 9.0 10.0 11.0 12.0 

% Moisture 

(jf 
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Date: 

Project No.: 

Samn/e 

Coarse Refuse 

2'1 j S7 

HOLCOMB FOUNDATION ENGINEERING CO., INC. 
SOILS • BITUMINOUS • CONCRETE • INVESTIGATIONS AND TESTING 

SHIPPING ADDRESS 
Box 393 Wood Road 
Carbondale, IL 62901 

www.holcombangineering.com 

MAILING ADDRESS 
P.O. Box BB 

Carbondale, IL 62903 

Permeability Tests Results 
Laboratory Tests 
Coarse Refuse 

Pond Creek Mine - Johnston City, Illinois 

11/30/2006 Client Pond Creek Mine 
Johnston City, Illinois 

H-05278 

Deoth /Ft.) 
Moisture Content(%) Dry Unit 

Before Test After Test Weicht /PCF) 

7.7 11.8 119.3 

618-529-5262 
800-333-17 40 

FAX 618-457-8991 

Permeability 
!Cm./Sec.) 

2 X 10-4 

Permeability Tests performed in accordance with ASTM D-5084 

CiE 
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PERMEABILITY TEST RESULTS 

Project Pond Creek Mine Boring/Sample Coarse Refuse 

([',ct# 
uate 

In Place Mc 
Wet Wt. 
Pan 
Dry Wt. 
Mc(%) 

195.3 
94.2 

188.1 
7.7 

H-05278 

11/30/2006 

After Test Mc 
Wet Wt. 
Pan 
Dry Wt. 
Mc(%) 

1300.4 
103.1 
1173.6 

11.8 

Depth 
Classification 

Diameter 
Length 

Unit Weight (PCF) 

2.8 Inch 
5.6 Inch 

Sample Wt. 1161.8 

Wet UW= 128.5 
Dry UW= 119.3 

======== ======== ======-=----= ==== ==== ===- ---============= 
Time(hrs) Time(min) Quantity (cc) 
======== 

7 
7 

7 
7 
7 

9 
9 
9 

---

======== 

C 

======== 
26 
34 

33 
45 
47 

16 
23 
30 

======== 
======== 

============= 
24.7 

8.2 

24.5 
2.7 
0.8 

24.4 
9.6 
0.9 

--- = 

Head (psi) 

1 
1 

1 
1 

Permeability (cm/sec) 
==================== 

1.75E-04 

1.54E-04 
1.44E-04 

1.79E-04 
1.43E-04 

========= ========= === =====•---===== 
Average Permeability 1.63E-04 
========= ==========-==- ============================ 
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9 Total Effective I ' I I I ' 
' ,. I ' 

C, tsf 0,507 0 I I ' I I ' 
<l>,dea 18.5 33-7 I I I I I I 

Tani.hi 0.33 0.67 
I ' ' I I I 

I I I I I ' 
I I I I I I ; I I I I I I I 

' ' ' T ' ' I ' I 

6 ' I ' ' I ' I I A I I I I I 

]i , I I ' I I I I ' I ' ' 
' I T ,. ' I ' I 

.; I I I I I I 

"' I I ' I I ' 
~ I I I ' I 

(/) I I 

~ 
I 

l1J I I 
Q) I .,= 

I ' ' (/) 3 I 
I I 

I I 

I I 
I I 

I 
F ' 

I I ' 
0 I I I ' ' ' 

0 3 6 9 12 15 18 

Total Normal Stress, tsf --
Effective Normal Stress, tsf - - -

9 I I I ' I ' Sample No. I I I 1 2 3 
' ' Water Content, 10.1 10.8 10.3 

7.5 ' I Dry Density, pcf 118.7 117.8 118.7 I 

' ~ Saturation, 97.0 99.8 99.3 
I ' ' 3 
I I I I E Vold Ratio 0.2470 0.2558 0.2468 - 6 ' I I Diameter, In. 2.80 2.80 2.80 .':'.l I I I I 

.; I Height, in. 5.65 5.57 5.60 
"' ' 
~ ' I Water Content, 10.4 10.8 10.4 

' I I I 
(/) 4.5 I I i I 1ii Dry Density, pcf 118.7 117.8 118.7 
.9 I ' 

"TTT Q) Saturation, 100.0 100.0 100.0 
nl ' I ' 2 I-
·;: I ' I T 

~ Void Ratio 0.2470 0.2558 0.2468 

" I ' I I ' Diameter, in. 2.80 2.80 2.80 D 3 I I ' 1 
Height, In. 5.65 5.57 5.60 -

I I I Strain rate, in./min. 0,01 0.01 0.01 
1.5 ' I I I I 

I I ' I Back Pressure, tsf 3.60 3.60 2.16 
I ' I I I I I Cell Pressure, tsf 5.04 6.48 7.92 

I ' ' I : I ' 0 I ' ' ' I I ' Fail. Stress, tsf 2.78 3.83 6.76 
0 5 10 15 20 Total Pore Pr., tsf 3.86 4.96 5.23 

Axial Strain, % Ult. Stress, tsf 2.77 3.83 6.76 
Total Pore Pr., tsf 3.85 4.95 5.23 

Type of Test: 
a1 Failure, tsf 3.96 5.35 9.44 

CU with Pore Pressures 
a, Failure, tsf 1.18 1.52 2.69 

Sample Type: Remolded Client: Pond Creek Mine 

Description: Coarse Coal Refuse 
Project: Coarse Refuse Laboratory Tests 

Assumed Specific Gravity= 2.3 7 Location: Coarse Refuse Stockpile 

Remarks: Sample Number: Coarse Refuse 

Pro]. No.: H-05278 Date: 11/17/06 

TRIAXIAL SHEAR TEST REPORT 

Plate 
HOLCOMB FOUNDATION ENGINEERING CO. 

Tested By: ,,,L,,,,Cc_ _________ Checked By: ~T~H~---------
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( 
"~~ 

Z.1 f 57 QI 
r----:-:;;:::,:::;::::::::;::::::::::;:::::::::;::::~----:=:::;::::::::::::::::::::;:::::::;::=-, 

7.5 ~ 7.52.J 

I 

l I 
:, "' 
"' "' 
"' Q) -lll.!, u, 
~C/)
a. ~ 
~ .9 
0 "' a.. ·s; 

- Q) 
.l!i Cl 

~ 

I 
I 

I I 
"' ~ 
:, "' 
"' "' "' " -QI ~ "' ct ci5 -

~ 

~ .9 
0 "' a.> 

- Q) 
.l!i Cl 
0 
I-

ri 

6f---f---t--------i-----i------i---l 61---t----1---1---t--------i 

,,,,,,--~--- ------
4.5f---f---f---l---l---l 

,,------ ---- --· 
/ 

4.5 I 

I ----------3r--=:t==t==:==Pl, 
1.5/ 1.511---~f---j---j---f-------l 

0 '='o•""y, __ ,__-,;s<7%--~-.....,1-,s'¾",-~ 

7.5 2J 
------__,.-

6 

~ -----
d ---

4.5 I 
f 

f 
3 

1.5 

I o 
0% 8% 16% 

6 Peak Strength 
Total Effective 

a= 0.52 tsf 0.00 tsf 
a= 17.4 deg 29.4 deg 

tan a= 0.31 0.56 
4 

I 
I 

I I 
l!! 
:, "' 
"' "' "' " -" .!, "' C: en .... 

~ 

~ .9 
0 "' a. ·s: - " .l!i Cl 
0 
I-

7.5 

6 

4.5 

3 

1.5 

o 

~ 

0% 8% 

I 
_.-::I,.----

16% 

--- ·s. I --!.--- V 
.,.,., / ~:.--:::---

2 f---+--_-14:--+-::.---=-L.;+ ;v-=-o-'1::::.__-+------/+<y-) ~4--1--+---+--I 

0 2 4 6 8 10 12 

p, tsf 
Stress Paths: Total --- Effective - - -

Client: Pond Creek Mine 
Project: Coarse Refuse Laboratory Tests 
Location: Coarse Refuse Stockpile 
Project No.: H-05278 

Tested By: .,,L""C _________ _ 

Sample Number: Coarse Refuse ,---------------------t 
Plate___ I HOLCOMB FOUNDATION ENGINEERING co. 

Checked By: ~T~H___, ________ _ 
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TRIAXIAL COMPRESSION TEST 
CU with Pore Pressures 

Date: 11/17/06 

Client: Pond Creek Mine 

Project: 

Location: 

Coarse Refuse Laboratory Tests 

Coarse Refuse Stockpile 

Sample Number: Coarse Refuse 

Description: Coarse Coal Refuse 

Remarks: 

Type of Sample: Remolded 

Assumed Specific Gravlty=2.3 7 
Test Method: COE uniform strain 

LL= 

Specimen Parameter Initial 

Moisture content: Moist soll+tare, gms. 226.800 

Moisture content: Dry soll+tare, gms. 2 I 8.600 

Moisture content: Tare, gms. 137.500 

Moisture, % 10.1 

Moist specimen weight, gms. I 193.1 

Diameter, in. 
Area,-ln.2 

Height, in. 

Net decrease in height, in. 

Wet Density, pct 

Dry density, pct 

Vold ratio 

Saturation, % 

Membrane modulus = 0.124 I 05 kN/cm2 

Membrane thickness= 0.02 cm 

FIiier paper coefficient= 0.001926 kN/cm 

Filter paper coverage = 50% 

2.80 

6.16 

5.65 

130.6 

118.7 
0.2470 

97.0 

Consolidation cell pressure= 70.00 psi (5.040 tsf) 

Consolidation back pressure= 50.00 psi (3.600 tsf) 

Consolidation effective confining stress = 1.440 tsf 

Strain rate, in./mln. = 0.01 

Fall. Stress= 2.778 tsfat reading no. 41 

Ult. Stress= 2.767 tsfat reading no. 42 

PL= 

Saturated 

10.4 

2.80 

6.16 

5.65 
0.00 

131.0 

118.7 

0.2470 
100.0 

Pl= 

Consolidated 

10.4 

2.80 

6.16 
5.65 
0.00 

131.0 

118.7 
0.2470 

100.0 

11/30/2006 
10:19 AM 

Final 

1320.700 
1195.800 

107.600 

11.5 

..._ _________ HOLCOMB FOUNDATION ENGINEERING CO. _________ __, 
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Def. Devlator Minor Elf. Major Elf. Pore 

.-( Dial Load Load Strain Stress Stress Stress 1:3 Press. p Q 

No. In. Dial lbs. ¼ tsf tsf !sf RaHo psi tsf !sf 

0 0.0010 46.60 0.0 0.0 0.000 1.498 1.498 1.00 49.20 1.498 0.000 

0.0180 160.60 114.0 0.3 1.329 1.152 2.481 2.15 54.00 1.816 0.664 

2 0.0390 189.70 143.1 0.7 1.662 1.001 2.663 2.66 56.10 1.832 0.831 

3 0.0590 205.60 159.0 1.0 1.840 0.929 2.769 2.98 57.10 1.849 0.920 

4 0.0800 212.20 165.6 1.4 1.909 0.907 2.816 3.10 57.40 1.862 0.955 

5 0.1000 218.90 172.3 1.8 1.979 0.900 2.879 3.20 57.50 1.890 0.990 

6 0.1200 232.20 185.6 2.1 2.125 0.900 3.025 3.36 57.50 1.962 1.062 

7 0.1410 240.50 193.9 2.5 2.211 0.907 3.118 3.44 57.40 2.013 1.106 

8 0.1610 245.50 198.9 2.8 2.260 0.914 3.174 3.47 57.30 2.044 1.130 

9 0.1820 252.20 205.6 3.2 2.327 0.922 3.249 3.53 57.20 2.085 1.164 

10 0.2020 253.80 207.2 3.6 2.337 0.936 3.273 3.50 57.00 2.104 1.168 

11 0.2230 250.50 203.9 3.9 2.291 0.958 3.248 3.39 56.70 2.103 1.145 

12 0.2430 261.30 214.7 4.3 2.403 0.972 3.375 3.47 56.50 2.173 1.201 

13 0.2630 266.30 219.7 4,6 2.450 0.979 3.429 3.50 56.40 2.204 1.225 

14 0.2840 266.30 219.7 5.0 2.440 0.994 3.434 3.46 56.20 2.214 1.220 

15 0.3040 272.10 225.5 5.4 2.495 1.008 3.503 3.48 56.00 2.256 1.248 

16 0.3250 274.60 228.0 5.7 2.513 1.022 3.536 3.46 55.80 2.279 1.257 

17 0.3450 268.00 221.4 6.1 2.431 1.037 3.468 3.34 55.60 2.252 1.216 

18 0.3660 273.00 226.4 6.5 2.476 1.051 3.527 3.36 55.40 2.289 1.238 

19 0.3860 278.00 231.4 6.8 2.521 1.058 3.580 3.38 55.30 2.319 1.261 

20 0.4070 278.00 231.4 7.2 2.51 I 1.066 3.577 3.36 55.20 2.321 1.256 

r 21 0.4270 283.00 236.4 7.5 2.556 1.073 3.629 3.38 55.10 2.351 1.278 

( 22 0.4470 284.60 238.0 7.9 2.563 1.080 3.643 3.37 55.00 2.362 1.282 
,, 

23 0.4680 278.80 232.2 8.3 2.491 1.087 3.578 3.29 54.90 2.333 1.245 

24 0.4880 286.30 239.7 8.6 2.561 1.087 3.648 3.36 54.90 2.368 1.281 

25 0.5090 290.40 243.8 9.0 2.594 1.094 3.689 3.37 54.80 2.392 1.297 

26 0.5290 292.10 245.5 9.3 2.602 l.102 3.704 3.36 54.70 2.403 1.301 

27 0.5500 298.80 252.2 9.7 2.662 1.109 3.771 3.40 54.60 2.440 1.331 

28 0.5700 299.60 253.0 IO.I 2.660 1.116 3.776 3.38 54.50 2.446 1.330 

29 0.5910 294.60 248.0 10.4 2.597 l.i 16 3.713 3.33 54.50 2.415 1.299 

30 0.61 I 0 302.10 255.5 10.8 2.665 l.123 3.788 3.37 54.40 2.456 1.333 

31 0.6310 306.30 259.7 11.2 2.698 1.130 3.828 3.39 54.30 2.479 1.349 

32 0.6520 306.30 259.7 11.5 2.687 1.130 3.817 3.38 54.30 2.474 1.343 

33 0.6720 312.10 265.5 11.9 2.736 1.145 3,881 3.39 54.10 2.513 1.368 

34 0.6930 309.60 263.0 12.2 2.699 1.145 3,843 3.36 54.10 2.494 1.349 

35 0.7130 308.80 262.2 12.6 2.680 1.152 3.832 3.33 54.00 2.492 1.340 

36 0.7340 309.60 263.0 13.0 2.676 l.159 3.835 3.31 53.90 2.497 1.338 

37 0.7540 315.40 268.8 13.3 2.724 l.166 3.891 3.34 53.80 2.528 1.362 

38 0.7750 316.20 269.6 13.7 2.721 1.166 3.887 3.33 53.80 2.527 1.360 

39 0.7950 323. 70 277.1 14.1 2.785 1.181 3.966 3.36 53.60 2.573 1.392 

40 0.8150 325.40 278.8 14.4 2.790 1.181 3.971 3.36 53.60 2.576 1.395 

41 0.8360 325.40 278.8 14.8 2.778 1.181 3,959 3.35 53.60 2.570 1.389 

42 0.8560 325.40 278.8 15.1 2.767 1.188 3.955 3.33 53.50 2.571 1.383 

.._ __________ HOLCOMB FOUNDATION ENGINEERING CO. ------------' 
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Specimen Parameter Initial Saturated Consolidated Final 

({ Moisture content: Moist soll+tare, gms. 211.600 1335.900 
Moisture content: Dry soil+tare, gms. 203.200 1222.200 
Moisture content: Tare, gms. 125.200 134.800 
Moisture,% 10.8 10.8 10.8 10.5 
Moist specimen weight, gms. 1175.1 
Diameter, In. 2.80 2.80 2.80 
Area, ln.2 6.16 6.16 6.16 
Height, In. 5.57 5.57 5.57 
Net decrease In height, In. 0.00 0.00 
Wet Density, pcf 130.5 130.5 130.5 
Dry density, pcf 117.8 117.8 117.8 
Void ratio 0.2558 0.2558 0.2558 
Saturation, % 99.8 100.0 100.0 

Membrane modulus= 0.124105 kN/cm2 

Membrane thickness = 0.02 cm 

FIiter paper coefficient= 0.001926 kN/cm 

FIiter paper coverage = 50% 
Consolidation cell pressure= 90.00 psi (6.480 tsf) 

Consolidation back pressure = 50.00 psi (3.600 tsf) 

Consolidation effective confining stress= 2.880 tsf 

Strain rate, ln./min. = 0.01 
Fall. Stress= 3.829 tsf at reading no, 40 

Ult. Stress = 3.828 tsf al reading no. 41 

Def. Deviator MinorEff. Major Eff. Pore 
Dial Load Load Strain Stress Stress Stress 1:3 Press. p Q 

No. In. Dial lbs. 'I, !sf tsf tsf Ra1lo psi tsf tsf 

0 0.0000 51.60 0.0 0.0 0.000 3.377 3.377 1.00 43.10 3.377 0.000 
0.0190 185.60 134.0 0.3 1.562 2.340 3.902 1.67 57.50 3.121 0.781 

2 0.0400 233.00 181.4 0.7 2.106 1.814 3.920 2.16 64.80 2.867 1.053 
3 0.0600 253.00 201.4 1.l 2.330 1.562 3.892 2.49 68.30 2.727 l.165 
4 0.0810 263.80 212.2 1.5 2.445 1.433 3.878 2.71 70.10 2.655 1.223 
'i 0 1010 1.?0'iO 718 9 I 8 ?,n 1146 1860 '2 87 71.30 2.603 1.257 
6 0.1220 274.60 223.0 2.2 2.550 1.289 3.839 2.98 72.10 2.564 1.275 
7 0.1420 281.30 229.7 2.5 2.617 1.260 · 3.877 3.08 72.50 2.569 1.309 
8 0.1620 287.10 235.5 2.9 2.674 1.238 3.912 3.16 72.80 2.575 1.337 
9 0.1830 291.30 239.7 3.3 2.711 1.231 3.942 3.20 72.90 2.587 1.355 

10 0.2030 297.10 245.5 3.6 2.766 1.224 3.990 3.26 73.00 2.607 1.383 
11 0.2240 301.30 249.7 4.0 2.802 1.224 4.026 3.29 73.00 2.625 1.401 
12 0.2440 305.40 253.8 4.4 2.838 1.224 4.062 3.32 73.00 2.643 1.419 
13 0.2650 309.60 258.0 4.8 2.873 1.224 4.097 3.35 73.00 2.661 1.437 
14 0.2850 315.40 263.8 5.1 2.927 1.231 4.158 3.38 72.90 2.695 1.463 
15 0.3060 320.40 268,8 5.5 2.970 1.238 4.209 3.40 72.80 2.724 1.485 
16 0.3260 326.20 274.6 5,9 3.023 1.246 4.269 3.43 72.70 2.757 1.512 
17 0.3460 330.40 278,8 6.2 3.058 1.253 4.310 3.44 72.60 2.782 1.529 
18 0.3670 334,60 283.0 6.6 3.091 1.267 4.358 3.44 72.40 2.813 1.546 

19 0,3870 341.20 289,6 6.9 3.151 1.282 4,433 3.46 72.20 2.857 1.576 
20 0.4080 346,20 294.6 7.3 3.192 1.296 4.488 3.46 72.00 2.892 1.596 
21 0.4280 351.20 299.6 7.7 3.234 1.310 4.544 3.47 71.80 2.927 1.617 

HOLCOMB FOUNDATION ENGINEERING CO. 
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Oaf. Oevlator MlnorEff. Major Eff. Pora 

(( Dial Load Load Strain Stress Stress Stress 1:3 Prass. p Q 

No. In. Dial lbs. o/, tsf tsf !sf Ratio psi !sf !sf 

22 0.4490 357.00 305.4 8.1 3.283 1.318 4.601 3.49 71.70 2.959 J.642 

23 0.4690 359.50 307.9 8.4 3.297 1.332 4.629 3.48 71.50 2.981 J.µ49 

24 0.4890 362.80 31 J.2 8.8 3.319 1.339 4.659 3.48 71.40 2.999 J.660 

25 0.5100 368.70 3 l 7.1 9.2 3.368 1.346 4.715 3.50 71.30 3.031 1.684 

26 0.5300 374.50 322.9 9.5 3.416 1.361 4.777 3.51 71.10 3.069 1.708 

27 0.5510 377.00 325.4 9.9 3.429 1.368 4.797 3.51 71.00 3.082 J.714 

28 0.5710 381.20 329.6 10.2 3.459 1.368 4.827 3.53 71.00 3.098 1.730 

29 0.5920 384.50 332.9 10.6 3.479 1.382 4.861 3.52 70.80 3.122 1.739 

30 0.6120 386.20 334.6 11.0 3.483 1.390 4.872 3.51 70.70 3.131 1.741 

31 0.6330 392.00 340.4 11.4 3.528 1.397 4.925 3.53 70.60 3.161 1.764 

32 0.6530 397.00 345.4 l 1.7 3.565 1.411 4.977 3.53 70.40 3.194 1.783 

33 0.6730 400.30 348.7 12.l 3.585 1.426 5.010 3.51 70.20 3.218 J.792 

34 0.6940 406.10 354.5 12.5 3.629 1.440 5.069 3.52 70.00 3.254 1.814 

35 0.7140 410.30 358.7 12.8 3.657 1.454 5.lll 3.51 69.80 3.283 1.828 

36 0.7350 413.60 362.0 13.2 3.674 1.469 5.143 3.50 69.60 3.306 1.837 

37 0.7550 420.30 368.7 13.6 3.727 1.483 5.210 3.51 69.40 3.347 J.863 

38 0.7760 423.60 372.0 13.9 3.744 1.498 5.242 3.50 69.20 3.370 1.872 

39 0.7960 427.80 376.2 14.3 3.770 1.505 5.275 3.51 69.10 3.390 1.885 

40 0.8170 435.30 383.7 14.7 3.829 1.519 5.348 3.52 68.90 3.434 1.914 

41 0.8370 436.90 385.3 15.0 3.828 1.526 5.355 3.51 68.80 3.441 1.914 

.._ _________ HOLCOMB FOUNDATION ENGINEERING CO. _________ __. 
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Specimen Parameter lnltlal Saturated Consolidated Final 

,.-·-~ ,.,,- Moisture content: Moist soll+tare, gms. 184.300 1333.800 
; ( 
,_ \ Moisture content: Dry soll+tare, gms. 177.100 1230.400 

Moisture content: Tare, gms. 107.500 135.300 

Moisture,% 10.3 10.4 10.4 9.4 

Moist specimen weight, gms. 1185.2 

Diameter, In. 2.80 2.80 2.80 

Area, in.2 6.16 6.16 6.16 

Height, In. 5.60 5.60 5.60 

Net decrease In height, in. 0.00 0.00 

Wet Density, pcf 130.9 131.0 131.0 

Dry density, pcf 118.7 118.7 118.7 

Void ratio 0.2468 0.2468 0.2468 

Saturation,% 99.3 100.0 100.0 

Membrane modulus= 0.124105 k:N/cm2 

Membrane thickness: 0.02 cm 

Filter paper coefficient= 0.001926 k:N/cm 

Filter paper coverage " 50% 

Consolidation cell pressure: 110.00 psi (7.920 ts!) 

Consolidation back pressure= 30.00 psi (2.160 ts!) 

Consolidation effective confining stress: 5.760 !sf 

Strain rate, ln./mln. = 0.01 

Fall. Stress= 6.758 tsfat reading no. 42 

Ult. Stress= 6.758 tsfat reading no. 42 

Def. Devlator Minor Elf. Major Elf. Pore 

Dial Load Load Strain Stress Stress Stress 1 :3 Press. p Q 

No. In. Dial lbs. 'lo !sf tsf tsf Ratio psi !sf tsf 

0 0.0000 25.00 0.0 0.0 0.000 6.588 6.588 1.00 18.50 6.588 0.000 

0.0190 88.20 63.2 0.3 0.736 6.458 7.195 I.I I 20.30 6.827 0.368 

2 0.0400 309.60 284.6 0.7 3.304 5.623 8.927 1.59 31.90 7.275 1.652 

3 0.0600 397.00 372.0 I.I 4.303 4.795 9.098 1.90 43.40 6.947 2.152 

4 0.0810 428.60 403.6 1.4 4.651 4.234 8.885 2.10 51.20 6.559 2.326 

5 0.1010 441.90 416.9 1.8 4.787 3.830 8.617 2.25 56.80 6.224 2.393 

6 0.1220 449.40 424.4 2.2 4.854 3.521 8.375 2.38 61.10 5.948 2.427 

7 0.1420 460.20 435.2 2.5 4.960 3.283 8.243 2.51 64.40 5.763 2.480 

8 0.1620 467.70 442.7 2.9 5.027 3.017 8.044 2.67 68.10 5.530 2.513 

9 0.1830 476.00 451.0 3.3 5.101 2.837 7.938 2.80 70.60 5.387 2.551 

10 0.2030 483.50 458.5 3.6 5.167 2.693 7.860 2.92 72.60 5.276 2.583 

11 0.2240 489.30 464.3 4.0 5.212 2.585 7.797 3.02 74.10 5.191 2.606 

12 0.2440 495.20 470.2 4.4 5.258 2.491 7.750 3.11 75.40 5.120 2.629 

13 0.2650 505.20 480.2 4.7 5.349 2.419 7.768 3.21 76.40 5.094 2.675 

14 0.2850 511.00 486.0 5.1 5.394 2.369 7.762 3.28 77.10 5.066 2.697 

15 0.3060 518.50 493.5 5.5 5.455 2.333 7.788 3.34 77.60 5.060 2.728 

16 0.3260 526.80 501.8 5.8 5.526 2.304 7.830 3.40 78.00 5.067 2.763 

17 0.3460 533.50 508.5 6.2 5.579 2.297 7.875 3.43 78.10 5.086 2.789 

18 0.3670 539.30 514.3 6.6 5.620 2.326 7.945 3.42 77.70 5.135 2.810 

19 0.3870 548.40 523.4 6.9 5.697 2.275 7.972 3.50 78.40 5.124 2.849 

20 0.4080 555.90 530.9 7.3 5.756 2.261 8.016 3.55 78.60 5.139 2.878 

21 0.4280 565.90 540.9 7.6 5.841 2.261 8.102 3.58 78.60 5.181 2.921 

HOLCOMB FOUNDATION ENGINEERING CO. 
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/"cc Def. Oeviator Minor Elf. Major Elf. Pore 

Dial Load Load Strain Stress Stress Stress 1:3 Press. p Q 

No. in. Dial lbs. o/, !sf !sf tsf Ratio psi !sf !sf 

22 0.4490 569.20 544.2 8.0 5.853 2.268 8.121 3.58 78.50 5.195 2.927 

23 0.4690 575.10 550.1 8.4 5.894 2.282 8.176 3.58 78.30 5.229 2.947 

24 0.4890 584.20 559.2 8.7 5.968 2.297 8.265 3.60 78.10 5.281 2.984 

25 0.5100 592.50 567.5 9.1 6.031 2.311 8.343 3.61 77.90 5.327 3.016 

26 0.5300 599.20 574.2 9.5 6.079 2.333 8.411 3.61 77.60 5.372 3.039 

27 0.5510 605.90 580.9 9.8 6.124 2.354 8.479 3.60 77.30 5.416 3.062 

28 0.5710 613.30 588.3 10.2 6.178 2.362 8.539 3.62 77.20 5.450 3.089 

29 0.5920 617.50 592.5 10.6 6.196 2.405 8.601 3.58 76.60 5.503 3.098 

30 0.6120 626.70 601.7 10.9 6.267 2.527 8.794 3.48 74.90 5.661 3.133 

31 0.6330 638.30 613.3 11.3 6.361 2.426 8.787 3.62 76.30 5.607 3.180 

32 0.6530 644.10 619.1 11.7 6.395 2.448 8.843 3.61 76.00 5.646 3.198 

33 0.6730 650.80 625.8 12.0 6.438 2.477 8.915 3.60 75.60 5.696 3.219 

34 0.6940 656.60 631.6 12.4 6.470 2.498 8.968 3.59 75.30 5.733 3.235 

35 0.7140 662.50 637.5 12.8 6.504 2.506 9.009 3.60 75.20 5.758 3.252 

36 0.7350 669.10 644.1 13.l 6.543 2.542 9.085 3.57 74.70 5.813 3.271 

37 0.7550 678.30 653.3 13.5 6.609 2.563 9.172 3.58 74.40 5.868 3.305 

38 0.7760 684.10 659.1 13.9 6.639 2.585 9.224 3.57 74.10 5.904 3.319 

39 0.7960 690.70 665.7 14.2 6.678 2.614 9.291 3.55 73.70 5.952 3.339 

40 0.8170 699.10 674.1 14.6 6.732 2.635 9.367 3.55 73.40 6.001 3.366 

41 0.8370 701.60 676.6 14.9 6.729 2.700 9.429 3.49 72.50 6.065 3.365 

42 0.8570 707.40 682.4 15.3 6.758 2.686 9.444 3.52 72.70 6.065 3.379 

----------- HOLCOMB FOUNDATION ENGINEERING CO. _________ __, 
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HOLCOMB FOUNDATION ENGINEERING CO., INC. 
SOILS • BITUMINOUS • CONCRETE • INVESTIGATIONS AND TESTING 

SHIPPING ADDRESS 
Box 393 Wood Road 
Carbondale, IL 62901 

April 9, 2007 

Williamson Energy LLC 
PO Box 99 
Johnston City, Illinois 6295 I 

Attention: Mr. James Plumley 

Re: Coarse Refuse Laboratory Tests 
Mach Mine 
Johnston City, Illinois 
HFE File H-05278 

Dear Sir: 

www.hoJcombengineering.com 

MAIUNG ADDRESS 
P.O. Box 86 

Carbondale, IL 62903 

618-529-5262 
800-333-1740 

FAX 618·457-8991 

In accordance with your instructions, on March 29, 2007, we sampled coarse refuse at Mach Mine 
and performed laboratory tests on remolded samples. Results of the tests are as follows: 

Visual Classification: Coarse Coal Refuse (Shale, Coal, Sandstone Mixture) 

Proctor Test Results: 
Maximum Dry Unit Weight: 120.3 PCF 
Optimum Moisture Content: I 0. 7 % 

Specific Gravity: 

Triaxial Test Results: 
Effective Cohesion: 
Effective Phi Aogle: 

Permeability (2 tests): 

2.50 

152 PSF 
29.3 Degrees 

3 x I 0-4 cm./sec. 
2 x 10-4 cm.!sec. 

Results of the grain size analysis and the laboratory tests are attached. 
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C 

Mach Mine Coarse Refuse Tests 

April 9, 2007 
Page2 

If you should have any questions, or if we can be of further assistance, please feel free to contact us 

at your convenience. 

Sincerely, 

1 copy: Justin Harry- Alliance Consulting 

M "' t 
214 ~ i 
-() ,,. 

35 1 s7 
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Date: 

Project No.: 

Borinq No. 

Coarse Refuse 
Sample #1 

Coarse Refuse 
Sample #2 

31, i 57 

HOLCOMB FOUNDATION ENGINEERING CO., INC. 
SOILS - BITUMINOUS - CONCRETE • INVESTIGATIONS AND TESTING 

SHIPPING ADDRESS 
Box 393 Woad Road 
Carbondale. IL 62901 

www.holcombengineering,com 

MAILING ADDRESS 
P.O. Box BS 

Carbondale, IL 62903 

Permeability Tests Results 
Mach Mine 

4/9/2007 

H-05278 

DeDth /Ft. l 

Johnston City, Illinois 

Client: 

Moisture Content(%) 
Before Test After Test 

10.9 14.6 

10.1 14.3 

Williamson Energy 

Dry Unit 
Weioht (PCFl 

115.7 

114.7 

618-529-5262 
800-333-1740 

FAX 61 8-457-8991 

Permeability 
/Cm./Sec.l 

3 X 10-4 

2 X 10-4 

Permeability Tests pertormed in accordance with ASTM D-5084 
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Holcomb Foundation Engineering 

Project: Pond Creek Mine 

Johnston City, lrlinois 

Project No.: H•05278 

Date: 4/9/2007 

Moisture Density Relationship 

Proctor Test Results 
Soll Classification: 

Maximum Dry Density (PCF) 

Location: Coarse Refuse Disposal Area 

Weathered Coarse Refuse 

120.3 

Optimum Moisture Content{%) 10.7 

Test Data ASTM D-698 (standard) 
Moisture 

·2 
:::, 

i:' 
0 

Content(%) 

12.8 

13.2 

10.2 

7.8 

10.7 

Dry Unit Wt. 
(PCF) 

118.7 

116.7 

120.1 

119.1 

120.3 

122.0 ·r---------------------------------~ 
Proctor Curve 

121.0 

120.0 -
♦ 

♦ 

118.0 

117.0 -

♦ 

116.0 1-------------------~-------------...J 
7.0 8.0 9.0 10.0 11.0 12.0 13.0 14.0 

% Moisture 

S? 
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Project: 

Project No.: 

Sample No. 

Sieve 

2" 
1.5" 

,-· 1" 
( 3/4" 

1/2" 
3/8" 
#4 
#10 
#20 
#40 
#60 
#100 
#200 

3i f 57 

HOLCOMB FOUNDATION ENGINEERING CO., INC. 
SOILS · BITUMINOUS • CONCRETE • INVESTIGATIONS AND TESTING 

SHIPPING ADDRESS 
Box 393 Wood Road 
Carbondale, IL 62901 

www.holcombenglneering.com 

MAILING ADDRESS 
P.O. Box 88 

Carbondale, IL 62903 

Grain Size Analysis 

Mach Mine Client: Mach Mine 

H-05278 Date: 4/9/2007 

Coarse Refuse Total Weight: 2290.30 

Wt. Retained % Ret. % Passing 

a.a 0.0 100.0 
314.4 13.7 86.3 
536.7 23.4 76.6 
674,8 29.5 70.5 
901.6 39.4 60.6 

1061,2 46.3 53.7 
1522.1 66.5 33.5 
1911.6 83.5 16.5 
2091.9 91.3 8.7 
2166.2 94.6 5.4 
2202.2 96.2 3.8 
2223.7 97.1 2.9 
2245 2 98.0 2.0 

618-529-5262 
800-333-17 40 

FAX 618·457-8991 
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5.7 Total Effective _·,...~1,11 ' ' ' ~·- .1. .L 
! I I ! : 

. ; . ~t-~~ t-~L;-_ C, tsf 0.229 0.076 ·==tr··•: ,,... 
L-, ,+:---t- ... .. ;.,-, 

o,deo 17.4 29.3 i ' -t-· ----i-
.. 

'-'. . ' ' Tan1• 1 0.31 0.56 .-.'-., . 
'--<-~- ' 

.,,. 
~-p~4~~--~~i=-~~~-' ... ,LJ ____ -.;.+ .. t:. ' ;:12. r-t-· 

' -1--r-r+ . .1 ... ::;::i::; i L -- ' : -
•1-----;---t· - i ' ' ' i 

]i 3.8 
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. .L 1. -t-'· 
.,,., ,. ++ :-1 __ ' 

, 
" ' .L' ' ' '·¼· . - ~- ~-- ' . ----

r_::~t -- ......- - e--l.- ' ' I ! : -W---r--r.t.'-~- _ _! ' . J . -1. .... ' ' 
- .......!---. ~ I • ' ' ' , ' ' . r-: ... ,l_. , I I ; • -+-~--: -1-'. 

:·-,-·-
' e-:-l\~:: 

' .. l ';-~ ' ,..J . ' C . ' ' ~ I I·· i ! ·-- I-'-·'· ' -
' 

,, 
' ' "' ' ' ' !V ' 

·r 

... L. 4 st 
~' ; -~itt C _, ·'--'·· -· --f- .L y ~ 1- -,-i-=t f: l..l' r'_,;. _ _, i_;.'_ :p:-1 "fll•'Pi,- A-"l--,-+-\ 1.., .. .... :-rrv..:: _. ! -i •-:~-~-·~-::~ ~w ·:;:::p:::c··, f·-f.-,; ' ....--+; ·' ' ---+· ' -- ' I -•4-

0 
,, •· ' 

0 1.9 3.8 5.7 7.6 9.5 11.4 

Total Nonnal Stress, tsf ----
Effective Nonnal Stress, tsf - - -

6 •:-•~-:•:HH•~ ; ••~ ' ' ' Sample No. 

~ :-+---.!.-+--:- 1 2 3 
3 

' .. . . . . 
-'., : ("" Water Content, 14.4 12.7 13.1 --- ········ ; ..•... -: _ _._ -··: ---

5 -·+··1 t: ' Dry Density, pcf 113.2 115.1 114.6 
j"--:-··:- --c; -~ ;m Saturation, 95.1 89.0 90.4 

·--,-· --·· I j ' . ; L £ Void Ratio 0.3793 0.3560 0.3615 
~ 

---·-:;.. ;···•·--·- -f- --:---: 
' Diameter, in. 2.80 4 , 

: ·:k=:=H J=:- ~: :~ 
2.80 2.80 

.,; ·:7 ____ I Height, in. 5.59 5.58 5.58 
~ 

I'! ·- Water Content, 15.2 14.2 14.5 
ii5 - --·-------···•·· ·- "'-·-

3 ' Dry Density, pcf 113.2 115.1 114.6 
1i ::+· -: ....... -;;; .. ' I _J__ 2 " Saturation, 100.0 100.0 100.0 
iii -~r~ +- ,_ ' ' I-
·;; ·- ... 

Void Ratio 0.3793 0.3560 0.3615 ~- --- ~ -!--~ L• ;;: 
" 2 ' ' Diameter, in. 2.80 2.80 2.80 0 / I 1 - ............. .., .... 

' 
. ; -1-·t-·-· 

' Heinht, in. 5.59 5.58 5.58 ···--
:E.7~·.:. r-. • · • · ' ' L ....... , 

' ' +- > -+-·-' Strain rate, in./min. 0.00 0.00 0.00 
' ' 1 ' ,, '+- ' t' ' ' -1--- Back Pressure, tsf 3.60 3.60 1.80 ti -··-·--··· -..J. __ .LLr--, -· ,....l..J ' - Cell Pressure, tsf 5.04 6.48 7.56 

0 
+ r-,r·-i_•:; fail. Slress, lsf 1.85 2.67 5.55 ' . . ' 

0 5 10 15 20 Total Pore Pr,, tsf 4.18 5.27 4.77 
Axial Strain, % Ult. Stress, tsf 1.85 2.66 5.55 

Total Pore Pr., tsf 4.18 5.22 4.77 

Type of Test: 
er, Failure, tsf 2.71 3.88 8.34 

CU with Pore Pres!mres 
a, Failure, tsf 0.86 1.21 2.79 

Sample Type: Coarse Refuse Client: Pond Creek Mine 

Description: 
Project: Coarse Refuse Laboratory Tests 

Assumed Specific Gravity= 2.50 Location: Weathered Coarse Refuse 

Remarks: 

Proj. No.: H-05278 Date: 4/2i07 

r 

.. 
. TRlAXTAt SHEARTEST REPORT 

Plate HOLCOMB FOUNDATION ENGINEERING co. 

Tested By: "'L~C~--------- Checked By: .,_T!..!H ________ _ 



R15162
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2 ...... 

Peak Strength 
Total 

a= 0.23 tsf 

a= 16.6 deg 

tan a= 0.30 

2 

Effective 
0.07 tsf 

26.Z deg 

0.49 

4 6 

p, tsf 

'II 1 

7.5 
2 

6 ---·-····_;_---'----~ 

,... ---- ; - :---
4 5 .. L--''---'-. I 

I 

1.5 ~ •--····-·· ______ .L_ __ 

OL,,--'---'---'----'-----' 
0% 8% 16% 

' i 51---'--'-'--_;_ __ ._.l. __ ...J 

o'=-----=----~=---' 
0% 8% 16% 

8 10 12 

Stress Paths: Total --- Effective- - -

Client: Pond Creek Mine 

P,oject: Coarse Refus.e Laboratory.Tests 

Location: v..:earhcred Coarse Refuse 
Project No.: H-05278 

Tested By: =L"'C'----------

Plate HOLCOMB FOUNDATION ENGINEERING CO. 

Checked By: ~T~H ________ _ 
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TRIAXIAL COMPRESSION TEST 
CU with Pore Pressures 

Date: 4/2/07 
Client: Pond Creek Mine 
Project: 

Location: 
Coarse Refuse Laboratory Tests 
Weathered Coarse Refuse 

Description: 

Remarks: 
Type of Sample: Coarse Refuse 
Assumed Specific Gravity=2.50 LL= 
Test Method: COE uniform strain 

Specimen Parameter Initial 
Moisture content: Moist soll+tare, gms. 179.300 
Moisture content: Dry soll+tare, gms. 165. 700 
Moisture content: Tare, gms. 

Moisture,% 

Moist specimen weight, gms. 

Diameter, in. 

Area, in.2 

Height, in. 

Net decrease in height, in. 

Wet Density, pcf 

Dry density, pcf 
Void ratio 

Saturation,% 

Membrane modulus = 0. J 24 I 05 kN/cm' 
Membrane thickness = 0.02 cm 
Filter paper coefficient= 0.001926 kN/cm 
Filter paper coverage = 50% 

71.400 
14.4 

1170.0 
2.80 
6.16 
5.59 

129.5 
113.2 

0.3793 
95.1 

Consolidation cell pressure= 70.00 psi (5 040 tst) 

Consolidation back pressure= 50.00 psi (3.600 tst) 
Consolidation effective confining stress= 1.440 tsf 
Strain rate, in./min. = 0.00 

Fail. Stress = 1.845 tsf at reading no. 31 

Ult. Stress = I.845 tsf at reading no. 3 J 

PL= 

Saturated 

15.2 

2.80 
6.16 
5.59 
0.00 

130.3 
113.2 

0.3793 
100.0 

Pl= 

Consolidated 

15.2 

2.80 
6.16 
5.59 
0.00 

130.3 
113.2 

0.3793 
100.0 

,t- l 

4/9/2007 
11:10AM 

Final 
1255.500 
1117.500 

79.600 

13.3 

L----------- HOLCOMB FOUNDATION ENGINEERING CO. ----------..J 

_, ' 



R15164

- ' 

·-r ( . Def. Oeviator Minor Eff. Major Elf. Pore 

Dial Load Load Strain Stress Stress Stress 1:3 Press. p Q 

No. In. Dial lbs. % tsf tsf tsf Ratio psi tsf tsf 

0 0.0000 19.10 0.0 0.0 0.000 1.627 1.627 1.00 47.40 1.627 0.000 

0.0190 20.00 0.9 0.3 0.001 1.642 1.642 1.00 47.20 1.642 0.000 

2 0.0400 20.00 0.9 0.7 0.000 1.656 1.656 1.00 47.00 1.656 0.000 

3 0.0600 20.00 0,9 I.I 0.000 1.663 1.663 1.00 46.90 1.663 0.000 

4 0.0810 20.00 0.9 1.4 0.000 1.678 1.678 1.00 46.70 1.678 0.000 

5 0.1010 25.00 5.9 1.8 0.017 1.678 1.694 1.01 46.70 1.686 0.008 

6 0.1220 99.00 79.9 2.2 0.857 1.318 2.175 1.65 51.70 1.746 0.429 

7 0.1420 124.00 104.9 2.5 l.195 1.152 2.347 2.04 54.00 1.750 0.598 

8 0.1620 134.80 115.7 2.9 1.314 1.058 2.372 2.24 55.30 1.715 0.657 

9 0.1830 140.60 121.5 3.3 1.374 1.001 2.375 2.37 56.10 1.688 0.687 

10 0.2030 144.80 125.7 3.6 1.416 0.965 2.381 2.47 56.60 1.673 0.708 

II 0.2240 148.10 129.0 4.0 1.448 0.936 2.384 2.55 57.00 1.660 0.724 

12 0.2440 I 50.60 131.5 4.4 1.471 0.914 2.385 2.61 57.30 1.650 0.735 

13 0.2650 153.10 134.0 4.7 l.493 0.900 2.393 2.66 57.50 1.646 0.746 

14 0.2850 155.60 136.5 5.1 1.515 0.878 2.393 2.72 57.80 1.636 0.757 

15 0.3060 157.30 138.2 5.5 1.528 0.864 2.392 2.77 58.00 1.628 0.764 

16 0.3260 159.80 140.7 5.8 1.549 0.857 2.406 2.81 58.10 1.631 0.775 

17 0.3460 162.30 143.2 6.2 1.571 0.850 2.420 2.85 58.20 1.635 0.785 

18 0.3670 163.10 144.0 6.6 1.573 0.835 2.408 2.88 58.40 1.622 0.787 

19 0.3870 I 66.40 147.3 6.9 1.603 0.828 2.431 2.94 58.50 l.630 0.802 

20 0.4080 168.90 149.8 7.3 1.624 0.821 2.445 2.98 58.60 l.633 0.812 

21 0.4490 172.30 153.2 8.0 1.648 0.814 2.461 3.02 58.70 1.637 0.824 

22 0.4890 173.90 154.8 8.7 1.652 0.806 2.458 3.05 58.80 1.632 0.826 

23 0.5300 178.90 159.8 9.5 l.691 0.806 2.498 3.10 58.80 1.652 0.846 

24 0.5710 184.80 165.7 10.2 1.740 0.814 2.553 3.14 58.70 1.683 0.870 

25 0.6120 186.40 167.3 10.9 1.742 0.806 2.549 3.16 58.80 1.677 0.871 

26 0.6530 190.60 171.5 l l.7 1.771 0.821 2.592 3.16 58.60 1.706 0.886 

27 0.6940 195.60 176.5 l 2.4 1.808 0.821 2.628 3.20 58.60 l.725 0.904 

28 0.7350 197.20 178.1 13.1 l.809 0.835 2.644 3.17 58.40 1.740 0.904 

29 0.7760 201.40 182.3 I 1 g 1836 0.842 2.678 3.18 58.30 1.760 0.918 

30 0.8170 204.70 185.6 14.6 1.853 0.857 2.710 3.16 58.10 1.783 0.927 

31 0.8370 204.70 185.6 15.0 1.845 0.864 2.709 3.14 58.00 1.787 0.923 

..._ __________ HOLCOMB FOUNDATION ENGINEERING CO. __________ _. 
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-,-, / 

,-7,,_...-
( ( Specimen Parameter Initial Saturated Consolidated Final 

Moisture content: Moist soil+tare, gms. 169.900 1238.700 
Moisture content: Dry soil+tare, gms. 158.800 1117.200 
Moisture content: Tare, gms. 71.200 73.100 
Moisture,% 12.7 14.2 14.2 11.6 
Moist specimen weight, gms. 1169.8 
Diameter, in. 2.80 2.80 2.80 
Area, in.2 6.16 6.16 6.16 
Height, in. 5.58 5.58 5.58 
Net decrease in height, in. 0.00 0.00 
Wet Density, pct 129.7 131.5 131.5 
Dry density, pcf 115.1 115. l 115.1 
Void ratio 0.3560 0.3560 0.3560 
Saturation,% 89.0 100.0 100.0 

Membrane modulus= 0.124105 kN/cm2 

Membrane thickness= 0.02 cm 

Filter paper coefficient= 0.001926 kN/cm 

Filier paper coverage = 50% 

Consolidation cell pressure= 90.00 psi (6.480 tsf) 

Consolidation back pressure= 50.00 psi (3.600 tsf) 

Consolidation effective confining stress = 2.880 tsf 

Strain rate, in./mfn. = 0.00 

Fail. Stress= 2.666 tsf at reading no. 27 

Ult. Stress = 2.663 tsf at reading no. 31 

Def. Deviator Minor Elf. Major Elf. Pore 
Dial Load Load Strain Stress Stress Stress 1:3 Press. p Q 

No. In. Dial lbs. % tsf tsf tsf Ratio psi tsf tsf 

0 0.0000 62.40 0.0 0.0 0.000 3.967 3.967 1.00 34.90 3.967 0.000 
0.0220 173.IO I 10.7 0.4 1.289 2.484 3.773 1.52 55.50 3.129 0.645 

2 0.0420 206.40 144.0 0.8 l.671 2.016 3.687 1.83 62.00 2.852 0.836 
J 0.0620 223.00 160.6 I.I 1.857 1.764 3.621 2.05 65.50 2.693 0.929 
4 0.0830 230.50 168.J 1.5 l.936 l.61J 3.549 2.20 67.60 2.581 0.968 
5 0. I030 235.50 173.1 1.8 l.987 l.512 3.499 2.3 I 69.00 2.505 0.993 
6 0.1240 238.00 175.6 2.2 2.008 1.447 3.455 2.39 69.90 2.451 1.004 
7 0.1440 242.20 179.8 2.6 2.048 1.390 3.438 2.47 70.70 2.414 1.024 

8 0.1650 245.50 183. I 3.0 2.078 1.346 3.424 2.54 71.30 2.385 1.039 
9 0.1850 248.80 186.4 3.3 2.107 1.310 3.418 2.61 71.80 2.364 1.054 

10 0.2060 252.20 189.8 3.7 2.137 1.289 3.426 2.66 72.10 2.358 1.069 
II 0.2260 254. 70 192.3 4.0 2.158 l.267 3.425 2.70 72.40 2.346 1.079 
12 0.2460 253.80 191.4 4.4 2.139 1.253 3.392 2.71 72.60 2.322 1.070 

13 0.2670 258.80 I 96.4 4.8 2.187 1.238 3.425 2.77 72.80 2.332 1.093 
14 0.2870 260.50 198.1 5.1 2.197 1.231 3.428 2.78 72.90 2.330 1.099 

15 0.3080 263.00 200.6 5.5 2.216 1.217 3.43] 2.82 73.10 2.325 I. I 08 
16 0.3280 265.50 203.1 5.9 2.235 1.210 3.445 2.85 73.20 2.327 I.I 18 
17 0.3490 268.80 206.4 6.3 2.263 1.210 3.472 2.87 73.20 2.341 1.131 
IS 0.3090 268.80 20'6.4"" 6.6 2.254"" 1.202· 3.456 . 2~87 T3.30 2.329 L 1"27 
19 0.3900 273.00 210.6 7.0 2.290 1.195 3.486 2.92 73.40 2.340 1.145 
20 0.4100 275.50 213.1 '' , .0 2.309 1.195 3.504 2.93 73.40 2.350 1.154 
21 0.4510 281.30 218.9 8.1 2.353 l.i 88 3.54 I 2.98 73.50 2.364 1.176 

HOLCOMB FOUNDATION ENGINEERING CO. 
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., ( 

((-
Def. Deviator Minor Eff. Major Elf. Pora 
Dial Load Load Strain Stress Stress stress 1:3 Press. p Q 

No. in. Dial lbs. % tsf tsf tsf Ratio psi tsf tsf 

22 0.4920 284.60 222.2 8.8 2.369 1.195 3.564 2.98 73.40 2.380 1.185 
23 0.5330 292.10 229.7 9.6 2.429 1.195 3.625 3.03 73.40 2.410 1.215 
24 0.5740 296.30 233.9 10.3 2.454 1.202 3.656 3.04 73.30 2.429 1.227 
25 0.6140 300.40 238.0 I 1.0 2.477 1.202 3.679 3.06 73.30 2.441 1.238 
26 0.6440 305.40 243.0 11.5 2.514 1.217 3.730 3.07 73. 10 2.474 1.257 
27 0.6960 322.90 260.5 12.5 2.666 1.210 3.876 3.20 73.20 2.543 1.333 
28 0.7370 316.20 253.8 13.2 2.576 1.238 3.814 3.08 72.80 2.526 1.288 
29 0.7780 322.IO 259.7 13.9 2.613 1.238 3.852 3.11 72.80 2.545 1.307 
30 0.8190 328.70 266.3 14.7 2.657 1.253 3.910 3.12 72.60 2.581 1.328 
31 0.8390 330.40 268.0 15.0 2.663 1.260 3.923 3.11 72.50 2.591 1.331 

Specimen Parameter Initial Saturated Consolidated Final 
Moisture content: Moist soil+tare, gms. 171.400 1284.500 
Moisture Content: Dry soil+tare, gms. 160.000 1180.500 
Moisture content: Tare, gms. 72.800 134.900 
Moisture,% 13.1 14.5 14.5 9.9 
Moist specimen weight1 gms. 1168.8 
Diameter, in. 2.80 2.80 2.80 
Area, in.2 6.16 6.16 6.16 
Height, in. 5.58 5.58 5.58 

( 
Net decrease in height, in. 0.00 0.00 
Wet Density, pcf 129.6 131.2 131.2 
Dry density, pcf 114.6 114.6 114.6 
Void ratio 0.3615 0.3615 0.3615 
Saturation, % 90.4 100.0 100.0 

Membrane modulus= 0. 124105 lcN/cm2 

Membrane thickness = 0.02 cm 

Filter paper coefficient= 0.001926 ld\f/cm 

Filter paper coverage = 50% 

Consolidation cell pressure= 105.00 psi (7.560 tsf) 

Consolidation back pressure= 25.00 psi (l.800 tsf) 

Consolidation effective confining stress= 5. 760 tsf 

Strain rate, inJmin. = 0.00 

Fail. Stress= 5.549 tsfat reading no. 35 

Ult. Stress = 5.549 tsf at reading no. 35 

Def. Oeviator Minor Elf. Major Eff. Pore 
Dial Load Load Strain Stress Stress Stress 1:3 Press. p Q 

No. in. Dial lbs. % !sf tsf lsf Ratio psi tsf tsf 

0 0.0020 I 02.40 0.0 0.0 0.000 7.207 7.207 1.00 4.90 7.207 0.000 
0.0170 286.30 I 83.9 0.3 2.145 6.674 8.819 1.32 12.30 7.747 1.072 

2 0.0370 364.50 262.1 0.6 3.046 6.1 !3 9. 158 1.50 20.10 7.636 l.523 
3 0.0580 407.00 304.6 1.0 3.526 5.537 9.063 1.64 28.10 7.300 1.763 
4 0.0780 426:10· 32.J:'7 tA· 3:733' 4:997 i,_730· l.75 J5:60 6.854 T.867 
5 0.0990 437.70 335.3 1.7 3.853 4.536 8.389 1.85 42.00 6.462 1.926 
6 0.1190 449.40 347.0 2.1 3.972 4.133 8.105 1.96 47.60 6.119 1.986 
7 0.1400 457.70 355.3 2.5 4.052 3.838 7.889 2.06 51.70 5.863 2.026 

HOLCOMB FOUNDATION ENGINEERING CO. 
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Def. Oeviator Minor Elf. Major Elf. Pore 
Dial Load Load Strain Stress Stres5 Stress 1:3 Press. p Q 

No. In. Dial lbs. % tsf tsf tsf Ratio psi tsf tsf 

8 0.1600 464.40 362.0 2.8 4.113 3.593 7.706 2.14 55.10 5.649 2.056 

9 0.1810 474.40 372.0 3.2 4.210 3.384 7.594 2.24 58.00 5.489 2.105 

JO 0.2010 481.90 379.5 3.6 4.279 3.211 7.490 2.33 60.40 5.351 2.140 

11 0.2210 487.70 385.3 3.9 4.328 3.074 7.403 2.41 62.30 5.239 2.164 

12 0.2420 495.20 392.8 4.3 4.395 2.959 7.355 2.49 63.90 5.157 2.198 

13 0.2620 503.50 401.1 4.7 4.471 2.851 7.323 2.57 65.40 5.087 2.236 

14 0.2830 509.30 406.9 5.0 4.518 2.772 7.290 2.63 66.50 5.031 2.259 

15 0.3030 519.30 416.9 5.4 4.612 2.693 7.305 2.71 67.60 4.999 2.306 

16 0.3240 522.60 420.2 5.8 4.630 2.650 7.279 2.75 68.20 4.965 2.315 

17 0.3440 526.00 423.6 6.1 4.650 2.621 7.270 2.77 68.60 4.946 2.325 

18 0.3650 534.30 431.9 6.5 4.722 2.578 7.299 2.83 69.20 4.938 2.361 

19 0.3850 541.80 439.4 6.9 4.785 2.549 7.334 2.88 69.60 4.941 2.393 

20 0.4050 546.80 444.4 7.2 4.821 2.534 7.355 2.90 69.80 4.945 2.41 I 

21 0.4260 553.40 451.0 7.6 4.873 2.520 7.393 2.93 70.00 4.956 2.436 

22 0.4460 558.40 456.0 8.0 4.908 2.506 7.413 2.96 70.20 4.959 2.454 

23 0.4670 560.90 458.5 8.3 4.914 2.506 7.420 2.96 70.20 4.963 2.457 

24 0.4870 569.20 466.8 8.7 4.984 2.506 7.489 2.99 70.20 4.997 2.492 

25 0.5080 574.20 471.8 9.1 5.016 2.513 7.529 3.00 70.10 5.021 2.508 

26 0.5280 580.10 477.7 9.4 5.059 2.520 7.579 3.01 70.00 5.050 2.530 

27 0.5690 592.50 490.1 10.2 5.148 2.534 7.683 3.03 69.80 5.109 2.574 

28 0.6100 600.00 497.6 10.9 5.184 2.570 7.755 3.02 69.30 5.163 2.592 

29 0.6510 610.90 508.5 11.6 5.254 2.599 7.853 3.02 68.90 5.226 2.627 

30 0.6920 625.80 523.4 12.4 5.363 2.628 7.991 3.04 68.50 5.310 2.682 

31 0.7330 631.70 529.3 13.1 5.378 2.671 8.049 3.01 67.90 5.360 2.689 

32 0.7730 641.60 539.2 13.8 5.434 2.707 8.141 3.01 67.40 5.424 2.717 

33 0.8140 651.60 549.2 14.6 5.487 2.750 8.238 3.00 66.80 5.494 2.744 

34 0.8350 656.60 554.2 14.9 5.513 2.772 8.285 2.99 66.50 5.528 2.756 

35 0.8540 662.50 560.1 15.3 5.549 2.786 8.335 2.99 66.30 5.561 2.775 

.._ __________ HOLCOMB FOUNDATION ENGINEERING CO. _________ ___,1 
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Holcomb Foundation 
Engineering Co. 
PO o .... iaa ,..,.,.-hon..1.-1. 1111--:- LOG of BORING BB? 4 
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Ground Water Dato 
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• 0 

0 ii. • z E c 
• 0 • 1/l 
ii. ii. 
E • E 0. 
0 ~ 0 

1/l ... 1/l 

1 st I 
2 st I 

3 st I 

4 st I 
5 st I 

Description of Material 

Surface Elevation 
Brown Silty CLAY (CL) with sand 
and pebbles 

Gray Mottled Brown Silty CLAY (CL) 

End of Boring 0 -20.0' 

No Ground Water Encouniered During Drilling and Nana Upon Completion. 

"' Moch 
Moch 

#1 
#1 

Mine 
Mine 

Soils Investigation 
Williamson Countv 

I Client: Alliance Consulting, Inc. 
Beaver, West Vir~inia 

Illinois I 
Dote of Soring 

February 1, 2006 

! Project No, 

H-05278 
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Holcomb Foundation 

LOG of BORING .B.293 Engineering Co. 
-

Unc onflnad CompnnJ1iff Strangth (Tans/Sq, Ff.) 
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1 2 3 5 5 -; C 

Description of Material • D 
Wotor Conlont (%) • .; ii. • ... 

---------0----- % E 2i -- ------- .5 D • Ill • 
Standcrd M P1n1tratlcn, B low•/Ff. .c ii. ii. 

ii. E • E 
X oil) 

0. • D ~ D 
Elevation 10 20 30 50 60 Q "' .. "' Surface 

' I 7w Toosoil I 

I I Grey Mottled Brown Silty CLAY (CL) 
I I with trece of send 

I 

I 

5 
1 ss / 

I 
2 ss / 

' I 

I 

/ I 3 ss Brown, Mottled Grey SIity (CL) I 
1-

CLAY 
with sand and pebbles 

4 ss / 
I 

/ 5 ss 
I I 1 -

I 

I 
6 ss / 

- 7 .. / Grav .__.HA.·1 .;-

20 End of Boring 0 -19.0' 
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Ground Watar Data 

Ground Water Encountered 0 -12.0' During Drilling. 
F'roj■ er: Rock Probes for Mach Mine I Dale cf Bering 

Johnston C!tv, Illinois December 5, 2005 
Client: Wllliemson County Energy I ProJaci No. 

Marion, Illinois H-05278 



R15171
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"'"'Y LOG of BORING ..8294 Engineering Co. 

l, 
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No G round Water Encountered During Drilling. 

Project: Rock Probes for Mach Mine I Dale ol Boring 

Johns ton crtv, Illinois 
December 5, 20C5 

Clien':: Willia County Energy 
I P'rojact No. 

mson 
Marion. lliinois 

H-C5278 
' 
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Holcomb Foundation 

LOG of BORING .B295 Engineering Co . 

Uncanfln•d Comp,....lva Stnngth (Tona/Sq, rt.) 
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z: E l5 
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Ground Water Data 

Ground Water Encountered 0 -16.0' During Drilling/ \1:t -10.0' Upon Compleiion, 

Project: Rock Probes for ~ach Mine I Dote of Boring 

Johnston City, llllnois 
December 5, 2DC5 

Client: Williamson Couniy Energy 
! Pro)ect Ho. 

Mario:.. lliinols 
H-052.7£: 
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Holcomb Foundation 

"· 
LOG of BORING ..8297 Engineering Co . 

Unconfined Comprnsiv• Strength {Tons /Sq. Fl.) 
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Ground Water Date 

No Ground Weter Encountered During Drilling. 

Project: Rock Probes for Mach Mine I Date of Boring 

Johnston City, Illinois 
December 5, 20C5 

Client: WIiiiamson County Energy 
I Projac1 No. 

Marion. lllino;s 
H-05278 
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WIiiiamson Cou·nty Energy 
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December 5, 20C5 
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Project No. 
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Civil & Environmental Consultants, Inc. 
PROJECT Williamson Energy Pond Creek - South Pond 

Phase 2 Abandonment Evaluation 

PROJECT NO. 

PAGE 1 

080-851 

OF /1-

Characterization of Subsurface Materials 

MADE BY _.::B::.cEc:..:Gc:..__ DATE _ _,_7/cclcc:l/c::0.c:.8_ CHECKED BY ~S, DATE 1{zs(o-ei 

CALCULATION BRIEF 
FOR 

CHARACTERIZATION OF SAND-LIKE AND CLAY-LIKE 
SUBSURFACE MATERIALS 

POND CREEK COAL REFUSE DISPOSAL SITE - SOUTH CELL 

OBJECTIVE: 

REFERENCES: 

To characterize subsurface materials including coarse coal refuse, fine coal 
refuse and residual soils encountered at the Pond Creek South Cell refuse 
disposal facility. Materials are characterized as either sand-like or clay-like 
in accordance with various pertinent references shown below and included 
within the "Draft" Mine Health and Safety Administration (MSHA) 
Engineering and Design Manual, specifically Chapter 7: Seismic Design: 
Stability and Deformation Analyses, March 2007. 

1. Illinois Department of Natural Resources, Office of Water Resources, Construction and 
Maintenance of Dams, Part 3702, Chapter IX. 

2. Mine Safety and Health Administration, "Draft - Engineering and Design Manual, Coal 
Refuse Disposal Facilities, Chapter 7 - Seismic Design: Stability and Deformation 
Analyses," dated, March 13, 2007. 

3. Civil & Environmental Consultants, Inc. Calculation Brief Entitled "Summary of Piezo
Cone Penetration Testing," Pond Creed Coal Refuse Disposal Site, BEG, dated 12/21/07. 

4. Civil & Environmental Consultants, Inc. Calculation Brief Entitled "Normalized PS-CPT 
Data and Parameter Correlations," Pond Creek Coal Refuse Disposal Site, BEG, dated 
12/28/07. 

5. Civil & Environmental Consultants, Inc. Calculation Brief Entitled "Summary of 
Laboratory Testing," Pond Coal Refuse Disposal Site - South Pond, BEG, dated 7/8/08. 

6. Boulanger, R.W. and Idriss, I.M. (2004). "Evaluating the Potential for Liquefaction or 
Cyclic Failure of Silts and Clays," Report No. UCD/CGM-04/01, Center for Geotechnical 
Modeling, Department of Civil and Environmental Engineering, University of California, 
Davis, California. 
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7. Robertson, P.K., (Fear) Wride, C.E., List, B.R., Atukorala, U., Biggar, K.W., Byrne, 
P.M., Campanella, R.G., Cathro, D.C., Chan, D.H., Czajewski, K., Finn, W.D.L., Gu, 
W.H., Hammamji, Y., Hofmann, B.A., Howie, J.A., Hughes, J., Imrie, A.S., Konrad, 
J.-M., Kiipper, A., Law, T., Lord, E.R.F., Monahan, P.A., Morgenstern, N.R., Phillips, R., 
Piche, Plewes, H.D., Scott, D., Sego, D.C., Sobkowicz, J., Stewart, R.A., Tan, S., Vaid, 
Y.P., Watts, B.D., Woeller, D.J., Youd, T.L., and Zavodni, Z., The CANLEX Project: 
Summary and Conclusions. Canadian Geotechnical Journal, 2000, Vol. 37, No. 3, June, 
pp. 499-504 

8. Youd, T. L. et al. (2001). "Liquefaction Resistance of Soils: Summary Report from the 
1996 NCEER and 1998 NCEER/NSF Workshops on Evaluation of Liquefaction 
Resistance of Soils," Journal of Geotechnical and Geoenvironmental Engineering, ASCE, 
Vol. 127, No. 10, pp. 817-833. 

9. Blight, G. E. and Bente!, G. M., (1983) "The Behaviour of Mine Tailings During 
Hydraulic Deposition," Journal of the South African Institute of Mining and Metallurgy, 
April 1983. 

GENERAL: 

Reference (Ref.) Number (No.) 1 presents the following guidelines regarding the methods of 
testing, analyses and computations which must be completed and submitted with an application 
to support an owner's request for abandonment of a disposal impoundment dam: 

1. The classification of the existing condition of the impounded material with respect to its 
fluid nature; 

2. The liquefaction potential of the impounded material and the related stability of the 
containing dam; 

3. The final surface configuration for the impounded materials, especially from any surface 
water impounding characteristics and the erosion potential of the surface material; and 

4. The establishment of a follow-up inspection schedule to ensure the proposed plans have 
been effective and the submittal of record drawings. 

This, and subsequent calculation briefs prepared by Civil & Environmental Consultants, Inc. 
(CEC), address the characterization of the impounded fine coal refuse and the liquefaction 
potential of the fine coal refuse and related stability (i.e., Requirements l and 2 above). Alliance 
Consulting, Inc. (Alliance) will provide the final surface configuration and the follow-up 
inspection schedule. 
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From Ref. No. 2, the basic elements for seismic design and analysis are: 

1. Characterize the subsurface materials; 
2. Evaluate if design earthquake will trigger strength loss; 
3. Evaluate seismic stability using post-earthquake strength parameters; and 
4. Evaluate deformations. 

Therefore, the first step for both abandonment and seismic design and analysis is to characterize 
the subsurface conditions to evaluate the fluid nature and whether any zones have the potential 
for strength loss due to earthquake shaking (i.e., liquefaction potential). Previously, the materials 
making up the coarse refuse dike and underlying residual soils were evaluated using piezo
seismic cone penetration testing (PSCPT) (Ref. Nos. 3 and 4) as part of the deformation analyses 
of the South Pond. Subsequently, and as part of the abandonment evaluation, laboratory testing 
(Ref. No. 5) and characterization of the fine coal refuse retained behind the embankment was 
performed as described below. 

For many aspects of seismic stability analyses described in Ref. No. 2, coal refuse and natural 
soils are referred to as sand-like or clay-like depending on whether they exhibit monotonic and 
cyclic undrained shear loading behavior that is fundamentally more similar to that of either sand 
or clay. This differentiation is significant primarily if the material is loose enough (sands) or soft 
enough (clays) that it is potentially susceptible to strength loss. 

SUMMARY OF POND CREEK FIELD AND LABORATORY TESTING/RESULTS: 

CEC developed, implemented and oversaw a detailed and thorough field testing program 
consisting of performing PS-CPT at several sounding locations throughout the Pond Creek site, 
including the ongoing South Pond impoundment. PS-CPT was executed at Pond Creek by 
ConeTec, Inc. (ConeTec) of West Berlin, New Jersey. Also, Alliance provided bulk (bucket) 
samples of fine coal refuse, which were obtained for subsequent laboratory testing. Geotechnics, 
Inc. (Geotechnics) of Pittsburgh, Pennsylvania performed consolidated undrained triaxial shear 
strength laboratory testing of the fine coal refuse materials. Ref. Nos. 3 -5 present summaries of 
the field and laboratory testing programs and Appendixes A - C of the Pond Creek abandonment 
report present the results of the field and laboratory testing. 
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PIEZO-SEISMIC CONE PENETRATION TEST RESULTS SUMMARY: 

Generalized South Cell CPT Profiles from the October 2007 field testing presented in Ref. Nos. 
3 and 4 indicated the following: 

CPT-1 CPT-2 

El. 482.19 - Surface Elevation El. 494.21 - Surface Elevation 

15.3 feet -Deoth to Static Ground Water 38.8 feet - Deoth to Static Ground Water 

0 - 18.4 feet - Residual Soil 0 - 32 feet - Coarse Refuse 

Refusal at 18.4 feet - Bedrock 32 - 45.3 feet - Residual Soil 

Refusal at 45.3 feet - Bedrock 

CPT-2A CPT-3 

El. 492.40 - Surface Elevation El. 466.98 - Surface Elevation 

37.0 feet-Deoth to Static Ground Water 11.1 feet - Deoth to Static Ground Water 

0 - 29 feet - Coarse Refuse 0 - 22.2 feet - Residual Soil 

29 - 41.7 feet - Residual Soil Refusal at 22.2 feet - Bedrock 

Refusal at 41. 7 feet - Bedrock 

CPT-4 CPT-5 

El. 482.55 - Surface Elevation El. 482.55 - Surface Elevation 

21. 7 feet - Depth to Static Ground Water 34.4 feet - Deoth to Static Ground Water 

0 - 18.9 feet - Residual Soil 0 - 29 feet - Coarse Refuse 

Refusal at 18.9 feet - Bedrock 29 - 49 .2feet - Residual Soil 

Refusal at 49 .2 feet - Bedrock 
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CPT-SA CPT-SB 

El. 483.00 - Surface Elevation El. 479.90 - Surface Elevation 

35.9 feet-Depth to Static Ground Water 28.0 feet -Depth to Static Ground Water 

0 - 29 feet - Coarse Refuse 0 - 19 feet - Coarse Refuse 

29 - 53.2 feet - Residual Soil 19 - 39.7 feet - Residual Soil 

Refusal at 53.2 feet - Bedrock Refusal at 39.7 feet - Bedrock 

Cone penetration testing results for CPT-1, CPT-2, CPT-2A, CPT-3, CPT-4, CPT-5, CPT-5A 

AND CPT-5B presented in Ref. Nos. 3 and 4 indicated the following: 

CPT-1 CPT-3 

Residual Soil Residual Soil 

(Laver Thickness = 18.4) (Layer Thickness = 22.2) 

Avg_ Tio Stress, Qc avg. = 79 tsf Avg. Tip Stress, Qc avg. = 43 tsf 

Avg. Fines Content, FC avg. = 27% Avg. Fines Content, FC av_g. = 32% 

Avg. SBT Index, le= 2.38 Avg. SBT Index, le = 2.49 

CPT-4 

Residual Soil 

(Laver Thickness = 18.9) 

Avg. Tio Stress, Qc avg. = 64 tsf 

Avg_ Fines Content, FC avg. = 28% 

Avg. SBT Index, le= 2.41 
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CPT-2 CPT-2A 

Coarse Coal Refuse Coarse Coal Refuse 

(Layer Thickness = 32') (Laver Thickness = 29') 

Avg. Tip Stress, Qc avg. = 54 tsf A Vf!.. Tio Stress, Qc avf!.. = 45 tsf 

Avg. Fines Content, FC avg.= 24% Avf!.. Fines Content, FC avf!.. = 22% 

Avg. SBT Index, Ic = 2.30 Avg. SBT Index, Ic = 2.23 

Residual Soil Residual Soil 

(Layer Thickness = 13.3') (Laver Thickness = 12.7') 

Avg. Tip Stress, Qc avg.= 47 tsf Avg. Tio Stress, Qc avg.= 86 tsf 

Avg. Fines Content, FC avg.= 60% Avf!.. Fines Content, FC avf!.. = 48% 

Avg. SBT Index, Ic = 2.99 Avg. SBT Index, Ic = 2.80 

CPT-5 CPT-SA 

Coarse Coal Refuse Coarse Coal Refuse 

(Layer Thickness = 29') (Laver Thickness = 29') 

Avg. Tip Stress, Qc avg. = 50 tsf Avg. Tio Stress, Qc avg. = 37 tsf 

Avg. Fines Content, FC avg.= 23% Avg. Fines Content, FC avg.= 24% 

Avg. SBT Index, Ic = 2.24 Avg. SBT Index, Ic = 2.29 

Residual Soil Residual Soil 

(Layer Thickness = 20.2') (Laver Thickness = 24.2') 

Avg. Tip Stress, Qc avg.= 66 tsf Avg. Tip Stress, Qc avg.= 49 tsf 

Av_g. Fines Content, FC avg.= 64% Avg. Fines Content, FC avg.= 56% 

Av_g. SBT Index, Ic = 3.04 Avg. SBT Index, Ic = 2.94 
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CPT-SB 

Coarse Coal Refuse 

(Layer Thickness = 19') 

Avg. Tip Stress, Qc avg. = 41 tsf 

Avg. Fines Content, FC avg.= 19% 

Avg. SBT Index, le = 2.15 

Residual Soil 

(Layer Thickness= 20.7') 

Avg. Tip Stress, Qc avg. = 63 tsf 

Avg. Fines Content, FC avg. = 51 % 

Avg. SBT Index, le= 2.84 

Cone Penetration Testing Results - Shear Wave Velocities 

Shear Wave Velocity Shear Wave Velocity 
Coarse Coal Refuse Residual Soil 

CPTNo. (fUsec) (fUsec) 
Max. Min. Av!!. Max. Min. 

CPT-1 NA 1402 645 
CPT-2 1284 1029 1120 1173 795 

CPT-2A 1169 895 1042 1256 780 
CPT-3 NA 1058 569 
CPT-4 NA 1242 476 
CPT-5 1190 936 1063 1599 780 

CPT-5A 1396 779 1064 1580 728 
CPT-5B 1517 818 1080 1649 686 

Av!!. 
905 
957 
918 
765 
817 
947 
1005 
978 
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LABORATORY TESTING RESULTS SUMMARY: 

Ref. No. 4 and Appendix A present the details and results of the June 2008 laboratory testing 
program performed by Geotechnics. The following summarizes laboratory testing results of each 
of 2 buckets of fine coal refuse sampled from the South Pond impoundment. 

Bucket! Bucket2 

Fine Coal Refuse Fine Coal Refuse 

Moisture = 85.8 % Moisture = 94.4 % 

Passing No. 200 = 92.8 % Passine: No. 200 = 92.6 % 

Passing No. 40 = 99.4 % Passine: No. 40 = 99.3% 

Plasticity Index = 17 % Plasticitv Index = 17 % 

Avg. Strain to Peak= 15.1 % Ave:. Strain to Peak= 11.0 % 

Normalized tip stress and fines content with depth for CPT-1, CPT-2, CPT-2A, CPT-3, CPT-4, 
CPT-5, CPT-5A and CPT-5B including a summary of pertinent average field and laboratory test 
results for each material layer are attached. 

CRITERIA AND METHODOLOGY: 

From Ref. No. 2, the first step common to all approaches is to review the subsurface conditions 
at the embankment to evaluate whether any zones have the potential for strength loss. For this 
initial screening step, saturated to nearly saturated sand-like materials with N 1,60 values less than 
15 blows per foot (bpf), or q, 1 (or Qc) values less than 75 tons per square foot (tsf), should be 
considered potentially susceptible to strength loss. Ref. No. 2 noted these values are likely too 
conservative and apply only to clean sands. Their application to silty sands and sands with high 
fines content, which are more representative of fine coal refuse, will likely be overly 
conservative. 
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Generalized field-related CPT-derived criteria noted in various references within Reference 2 

include: 

Sand-like: Fines content< 50% or PI< 12% 

Loose: SPT N 1.60 < 15 or CPT qc1 > 75 tsf, & SBT le < 2.6 or F, < 2% ). 

Clay-like: Fines content> 50% and PI >12% 

Soft: OCR< 5, Sulcr' v < 1.0, CPT Q, < 20 tsf & SBT le > 2.6, SPT N 1,60 < 8 

CPT data may be used in conjunction with Atterberg limit data (criteria shown below) to 
differentiate sand-like from clay-like material. CPT Soil Behavior Type Index (L:), as described 
in Robertson and Wride 1998 and reproduced in Youd et al. 2001, values below 2.6 should be 
considered sand-like. L: values above 2.6 may be considered clay-like. 

Generalized laboratory results criteria noted in various references within and in Ref. No. 1 
include the following Atterberg Limit and sieve criteria: 

Atterberg Limits. 

• Material should be considered sand-like if any of the following three (3) criteria apply: 

1. The material has less than 35% particles by dry weight passing the No. 40 sieve and less 
than 20% by dry weight passing the No. 200 sieve; or 

2. The material has 35% or more particles by dry weight passing the No. 40 sieve and 20% 
or more particles by dry weight passing the No. 200 sieve, but the fraction finer than the 
No. 40 sieve has a PI of less than 12%; or 

3. The material has 20% or more particles by dry weight passing the No. 200 sieve, but the 
fraction finer than the No. 40 sieve has a PI of less than 20%. 

The material may be considered clay-like if any of the following two (2) criteria apply: 

1. The material has 35% or more particles by dry weight passing the No. 40 sieve and 20% 
or more particles by dry weight passing the No. 200 sieve, and the fraction finer than the 
No. 40 sieve has a PI of 12% or higher; or 
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2. The material has 20% or more particles by dry weight passing the No. 200 sieve, and the 
fraction finer than the No. 40 sieve has a PI of 20% or higher. 

Atterberg limit criteria include as sand-like some materials that are considered clay-like by some 
investigators (e.g. Boulanger and Idriss, 2004, who suggested a break between sand-like and 
clay-like behavior at a PI of 7% ). The intent is to classify borderline materials as sand-like to be 
conservative. 

Another key factor in differentiating loose sand-like material from soft or medium clay-like 
material, for the purposes of seismic stability and deformation analyses, are the strain at peak 
undrained strength and the abruptness of the drop-off in shearing resistance as strains increase 
beyond the strain at peak. Loose sands and highly sensitive clays can reach Sup at small strains, 
and experience abrupt drop-off in resistance at higher strains. Most clays tend to reach Sup at 
higher strains, and tend to experience more gradual and limited drop-off in shearing resistance at 
higher strains. Fine coal refuse deposits often include materials falling within both 
classifications, and near the boundary of these two types of behavior. 

Loose materials with shear strain at peak strength of less than 2% in an undrained monotonic 
(non-cyclic) test, and a rapid drop-off in resistance after reaching peak strength, are considered 
sand-like. Loose or soft materials with shear strain at peak strength of more than about 5%, and 
a gradual drop-off in resistance after reaching peak strength are considered clay-like. Materials 
with strain behavior between these descriptions are considered borderline and, to be 
conservative, should generally be analyzed as sand-like. (Note that shear strain in an undrained 
triaxial test is 1.5 times axial strain.) 

Soil, rock, and mixtures of soil and rock that are not coal refuse such as the underlying starter 
embankment will be referred to as natural soils. Natural soils may be described as sand-like, or 
clay-like, using the same general criteria as refuse. 
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CPT-1, CPT-2, CPT-2A, CPT-3, CPT-4, CPT-5, CPT-SA AND CPT-SB AVG. 

WEIGHTED A VERA GE FIELD AND LAB RESULTS SUMMARY 

Coarse Coal Refuse (138') 

Av'i!. Tiu Stress, Qc av'i!. = 46 tsf 

Av'i!. Fines Content, FC av'i!. = 23% 

A V'i!. SBT Index, le - 2.25 

Fine Coal Refuse 

Av'i!. % Passin'i! No. 200 = 92.7% 

Av'i!. % Passin'i! No. 40 = 99.4 % 

Av'i!. Plasticitv Index = 17% 

Av'i!. Strain to Peak= 13.1 % 

Residual Soil (150.6') 

Av'i!. Tiu Stress, Qc av'i!. = 61 tsf 

A v'i!. Fines Content, FC av'i!. = 46% 

Av'i!. SBT Index, le= 2.73 

Plots of individual and average normalized tip stress with depth are included with an attached 
complete copy of Ref. No. 4. 
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CONCLUSION 

Based on the information presented in this calculation brief, the following material characteristic 
designations were determined for the coarse coal refuse, fine coal refuse and residual soil: 

Coarse Coal Refuse: Medium Dense Sand-Like; 

Fine Coal Refuse: Medium Stiff Clay-Like; 

Residual Soil: i\tledium Dense Sand-Like and Medium Stiff Clay-Like. 

Further, the results of the laboratory testing indicate that the fine coal refuse is clay-like based on 
an average 93% passing the No. 200 sieve and plasticity index of 17%. Peak and steady-state 
undrained strengths presented in Appendix A were reached at generally high strains (between 8 
and 18% ), and there was very little drop off from peak to steady-state with increasing strain. The 
results generally indicated a higher resistance to strength loss (and flow) due to the large strains 
required to exceed the peak strength and correspondingly small decrease to the steady-state 
strength at higher strains. Further, previous deformation analyses results indicated induced shear 
strains from the PGA at less than 0.1 %, which is well below a threshold (peak) triggering strain 
of the material. 

The susceptibility of the embankment and impoundment to a liquefaction flow failure is a 
function of both the undrained strength (worst case steady-state strength) and the in-situ driving 
shear stress on a critical failure plane passing through the critical layer fine coal refuse material, 
which is further addressed in subsequent calculation briefs. 
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NORMALIZED PS-CPT DATA AND PARAMETER CORRELATIONS 

POND CREEK COAL REFUSE DISPOSAL SITE 

072046 

OF 

OBJECTIVE: 

Use data recorded during the piezo-seismic cone penetration testing (PS-CPT) at the 
Williamson Energy, Pond Creek Coal Refuse Disposal facility located in Williamson 
County, Illinois to correlate various index and strength properties. Also, nearly 
continuous profiles with depth of various applicable engineering properties of the refuse 
and subgrade soil materials in the fifteen (15) soundings tested at the Pond Creek facility 
are tabulated and attached. 

REFERENCES: 

072046 

Oi> 
1. Bowles, Joseph E. (1984) "Physical and Geotechnical Properties of Soils," Mc-Graw 

Hill. New York: 367-369 and 393-396. 

2. Civil & Environmental Consultants, Inc. Calculation Brief Entitled "Summary of 
Piezo-Cone Penetration Testing," Pond Creek Coal Refuse Disposal Site, BEG, dated 
12/21/07. 

3. ConeTec, Inc. (2007), Field Report Entitled "Presentation of CPTU Test Results for: 
Pond Creek Mine - Williamson County, Illinois, December 10, 2007. 

4. Robertson, P.K (1998), "Applications Guide - CPT" **Fax** 

5. Robertson, P.K., et.al. (1992) "SPT-CPT Correlations," Journal of Geotechnical 
Engineering, ASCE 109 (11): 1449-1459. 
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6. Robertson, P.K and Campanella, R.G, (1989), "Guidelines for Geotechnical Design 
Using CPT and CPTU", UBC Soil Mechanics Series No. 120, Civil Eng. Dept., 
Vancouver, B.C., Canada 

7. Robertson, P.K and Campanella, R.G, (1983), "SPT-CPT Correlations," Journal of 
Geotechnical Engineering, ASCE Vol. 109 No. 11, pp. 1449-1459. 

8. Civil and Environmental Consultants, Inc. Calculation, "Calculation Brief for 
Estimation and Summary of Engineering Properties Including Peak Undrained Shear 
Strength for Refuse and Subgrade Materials," Pond Creek Coal Refusal Site, BEG 
12/28/07. 

METHODOLOGY: 

072046 

Using laboratory-derived unit weights for the coarse coal refuse and residual soil layers, 
provided by Alliance Consulting, Inc. (Alliance), the following parameters are correlated 
based on established CPT correlations (References 2, 3, 4, 5, 6 and 7) and the data 
collected during the Pond Creek Piezo-Seismic Cone Penetration Testing subsurface 
investigation (Ref. 2): 

• Total stress (crv) 
• Effective stress (O-vo') 
• Pore pressure (U eq) 

• SPT N6o correction factor (Cn) 
• SPT blow counts at 60% energy (N so) 
• N6o corrected for overburden ((N1)so) 
• Corrected tip resistance ( qc) 

• Fines content (F c) 
• Effective friction angle (q>) 
• Soil Behavior Index (Ic) 

Undrained shear strength (Su) was also correlated, and is discussed separately in the 
calculation brief entitled Estimation and Summary of Engineering Properties Including 
Peak Undrained Shear Strength for Refuse and Subgrade Materials," (Reference 8). 



R15191

PROJECT 

/.7:I:/ 
Civil & Environmental Consultants, Inc. 

Williamson Energy Pond Creek 
Deformation Evaluation PROJECT NO. 072046 
Normalized PS-CPT Data and Parameter 
~~~~ = 3 OF iB 

MADE BY _..,cBc.cE=--G'--'---- DATE 12/28/07 CHECKED BY ;,t(_a/( 
7 

DATE I /43 las 
I l 

ANALYSIS: 

072046 

ConeTec, Inc. (ConeTec) performed the PS-CPT and correlated the above noted 
parameters based on various unit weights that were correlated directly from the Soil 
Behavior Type (SBT) (Robertson and Campanella, 1989). The unit weights used by 
ConeTec were based on data interpolation and thus require modification to reflect the 
laboratory derived unit weights of the coarse refuse and residual soil, which were 
provided by Alliance. Therefore, laboratory-derived unit weight for each of the layers 
was used to correlate the applicable parameters, particularly total and effective stresses, 
which are used throughout the calculations. 

PSCPT correlations were based on much of the work described by Robertson and 
Campanella (1998, 1992, 1989, 1988, 1983). During field testing, ConeTec measured 
four parameters insitu, which were not correlated. They include the recorded tip 
resistance (AvgQt), the recorded side friction (AvgFs), the recorded friction ratio 
(AvgRf) and the pore pressure generated by the CPT probe (AvgUd), all of which were 
used in subsequent correlations. The soil behavior type (SBT) was also determined by 
the ConeTec, and was based on observations and readings of the four parameters just 
listed. 

The following paragraphs briefly describe the parameters as well as providing a 
definition of the parameter and any additional calculations needed: Total stress and 
effective stress are both used in many of the correlations, and are related to each other by 
the presence of water in the form of pore water pressure. Total stress was defined as: 

crv = ( y * H) / 2000 (lb/ton) 

where: CTv = total stress (tsf) 
y = unit weight (pct) 
H = depth of the sample (ft) 
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Pore pressure is defined as: 

Ueq = ("(w * H) / 2000 (lb/ton) 

where: Ueq = pore pressure (tsf) 
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"{w = unit weight of water (pcf) 
= 62.5 pcf 

H = depth of the sample (ft) 

The difference between the two determines the effective stress: 

Gvo' == CJv - U eq 

where: U eq = pore pressure ( tsf) 
crv = total stress (tsf) 
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The PS-CPT sampler correlated the number of blows per foot, without the overburden 
correction, to the tip resistance measured as the probe was advanced. This gave measurements 
of N6o every 0.2 meters. Corrected for overburden, the measured tip resistance was then 
calculated: 

qc = AvgQt- (1 - 0.85) * U 

where: AvgQt = measured tip resistance (tsf) 
0.85 = area ratio of the PS-CPT probe 
U = measured pore pressure (tsf) 

This corrected tip resistance ( q,) was used along with the soil behavior type index (Ic) and 
atmospheric pressure to give the recorded N6o value by the equation: 

072046 

Nso = (qc /Pa)/ 8.5 * (1 - (le/ 4.6)) 

where: q, 
Pa 

Ic 

= corrected tip resistance (tsf) 
= atmospheric pressure ( tsf) 
= 1.058 tsf 
= soil behavior type index ( dim) 



R15193

Civil & Environmental Consultants, Inc. 
Williamson Energy Pond Creek 

PROJECT Deformation Evaluation PROJECTNO. 072046 

072046 

Normalized PS-CPT Data and Parameter 
Correlations PAGE 5 

MADE BY __ B_E_G __ DATE 12/28/07 CHECKED BY -2/d- DATE 

and: Ic = ((3.47 - Log10(Q))2 + (Log10(F) + 1.22)2)0-5 

where: Q 

F 

= normalized cone penetration 
resistance (dim) 

= normalized friction ratio (pct) 

and: Q = (qc - CTv) I CTvo' 

where: qc = corrected tip resistance (tsf) 
crv = total stress = ( y * H) I 2000(lb/ton) 

(tsf) 
CTvo' = vertical effective overburden (tsf) 

and: F = 100% * AvgFs / (qc - CTvo') 

where: AvgFs= recorded side friction (tsf) 
qc = corrected tip resistance (tsf) 
CTvo' = vertical effective overburden (tsf) 

OF "IS 

Once N6o and CTvo' had been calculated, a correction factor (Cn) was applied to 
Nao to give (N1)ao: 

where N6o = Number of blows/foot to advance 1.5 
feet 

Cn = ( CTvo')-O.S ( dim) 

Using tip resistance, corrected for overburden, and effective overburden the effective 
friction of the material in the Pond Creek facility could be calculated (Robertson, 1989). 
This was done using the following calculation: 

cj>' = tan-1[(1/2.68) * (Log10 (qc / CTvo') + 0.29)] 
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where: qc = corrected tip resistance (tsf) 
CTvo' = effective vertical stress (tsf) 
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Similarly, the fines content was correlated from PS-CPT data but was not used in any 
further analysis. The fines content was correlated using the soil behavior type index, le, 
as defined above. To determine the fines content of the material, the following 
relationship was used: 

Fe = (1.75 * Ic3.25 - 3.7) 

where: = fines content (%) 
= soil behavior type index (dim) 

RESULTS: 

The results of the correlations between PS-CPT data recorded during field testing yield a 
profile of geotechnical parameters at the 15 sounding locations tested at the Pond Creek 
facility. Effective and total stresses provide an indication of the stresses being 
experienced insitu, and generally will increase as material is placed on top of the existing 
materials to the lines and grades of the proposed final geometry. 

In-situ effective friction values were correlated using in-situ corrected tip resistance and 
effective overburden pressures for the 15 soundings tested at the Pond Creek facility. 

CONCLUSIONS: 

072046 

Summarizing, data recorded during PS-CPT field testing was used to correlate index and 
strength parameters for comparison to limited laboratory testing at discrete sample 
locations and to develop nearly continuous profile(s) of engineering properties with depth 
to model the variability of the insitu conditions at the Pond Creek facility. 

Based on modified results, the correlated parameters from PS-CPT are generally 
consistent with each other and similar parameters determined from similar materials at 
other refuse facilities, and from laboratory testing of discrete samples. Therefore, in 
general, a reasonably high confidence level exists applying/using the results of the PS
CPT correlations to the 15 profiles shown in the attached tables. 
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Depth 
r· 

Sam
1 

(fl) (h, 
--------
15$B-l 46B 60G 
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16.896 465.29,l 
17.224 -ltl<l.966 
17.552 464.638 
17,88 46<1 310 

····--·-·-····-······-·---··· ·•············•··•········••··•········ ···-······· ••••········· ············ ···········-·· ·•······· . (-~,. ... ·····················-·· ··-·-···· ···-········· ·········-··············· ·····-··-Avgat livgFs livgnf livgUd QI" RI" 
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ConeTec Inc. 1 ....,rpretation ['\ (} Interpretation O 1lease 1.22 Rev. Format: NLI Imperial l 
Run No: 07-1210-1008-4589 
Job No: 07-804 
Client: Civil & Environmental Consultants 
Project: Pond Creek Mine - Williamson County. Illinois 
Sile: CPT-2 Material TJ'.Qes anQ Unit Weic ht (Qcf) Phi Avg. Su Avg. Oe Avg. Fe Avo. le Ava. Location: Pond Creek Mine 

de Isl tsf % % Cone· 20TON AD211 ~ Coarse Refuse 3731 1.63 5J.64 24.15 2.30_ CPT Date: 07/30110 Residual Soil ? i 01 I 3~ ~71f 5~ l b :> 118 CPT Time: 13:46 
CPT File: 804CP02.COR 
Northing (II): 0.000000 
Easting (II): 0.000000 
Elevation (It): 494.21 
-·----
User Inputs: 

Water T arle Depth lit): OITJ Ground Surface Elev. ~ Assumed: Nk: 32.3 
State Parameter: 

~ CPT area ratic: ~ 
Unit Weight of Soil (pct): See Below See Below Corlf'd from ConAl ec CPT Data File 

--------------------------· ---------.-- ----------.-. ----------------------------· ---·····----------------- ............ ----------- ------------ --------------- -------....... ------------ ------------------------ -----------
Depth Sample El. AvgQI AvpFs AvgRf AvgUrt Otn Rln le Q F SBT U.WI. TStress EStress Ueq Cn N60 (N1)60 Su qe Fe Phi 

(It) (ft) (Isl) (tsf) (%) (It) (tsf) (%) (pel) (Isl) (Isl) (Isl) (blows/II) (blows/ft) (Isl) (Isl) (%) (Deg.) ----•-0••------- ••••-•H•••••••••-•--••-• •••••••••••••••••••••H•-••••••••••••••••••••••••••••-••• •••••••• ·---------------------------······---------·----
0.164 494'.o46 ~4'44 0.09 1.92 •0.14 415:SI 2.032 1.75 41 5.51 203 4 130.00 0.011 0.011 0.000 2.000 0.80 - 1.59 0.13-r 4.44 "7 06955 47.35 0.492 4!13.718 15.27 0.31 2 0 476.486 2.034 1.72 47649 2.03 5 13000 0.032 0.032 0000 2.000 2,71 5.42 0.472 15.27 6.5252 4793 
0.82 493.300 32.2 0.81 2.51 0.41 603.128 2.520 1.76 603.13 2.52 6 130.00 0.053 0.053 0000 2.000 5.80 11.60 0.995 32.2 7.32759 48.89 
1.148 493.062 74.46 2.09 2.81 -0.28 996.722 2.810 1.73 99686 2.81 6 130.00 0-07~ 0.075 0000 2.000 13.28 26.57 2.303 74.46 6.76919 50.83 
1.478 492.734 107.36 2.18 2.03 0.28 1118.03 2.032 1.59 1118.03 203 7 130.00 0.096 0.096 0.000 2000 18.21 36.42 3.321 107.36 4. 12002 51.25 
1.804 492.406 114.67 2.19 1.91 -0.11 976.912 1.912 1.58 97691 1.91 7 130.00 0.117 0.117 0 .000 2.000 19 .39 38.78 3 .!;47 114.67 3 98073 50.75 
2.133 492.on 93.71 1.85 1.98 ·0.3 674.899 1.9n 1.65 67490 1.98 7 130.00 0.139 0 .139 0.000 2.000 16:22 32.44 2.897 93.71 5.13754 4934 
2.461 491,749 78.06 1.5 1.92 ·0.23 486.982 1.926 1.70 48698 f.93 7 130.00 0.160 0.160 0.000 2.000 1374 27.49 2.412 78.06 8.04007 48.02 
2.789 491.421 58.8 1.47 2.51 ·0.67 323.351 2.508 1 88 32335 2.51 6 130.00 0.181 0.181 0000 2.000 II 06 22.13 1.815 58.8 9.97805 48.26 'I 
3.117 491.093 40.59 0.92 2.26 ·0.62 199341 2.278 1.96 19939 2.28 6 130.00 0203 0.203 0.000 2000 788 15.75 1.250 40.6 11.9985 44.04 
3.445 490.765 26.44 0.57 2.16 -0.21 117 075 2 .174 2.10 117 08 2.17 6 130.00 0.224 0.224 0.000 2 .000 5.40 10.79 0.812 26.44 15.6626 41.39 
3.n3 490.437 29.6 0.5 1.68 -0.56 119.696 1,703 2.01 119.74 1.70 6 130.00 0.245 0 .245 0.000 2.000 5.85 11.69 0.909 29.61 13.2397 41 51 
4.101 490.109 25.33 0 .62 2.43 ·0.39 94.0237 2.474 2.20 94.02 2 .47 6 130.00 0.267 0.267 0000 1.937 5.40 10.4G o.ns 2533 19.0184 4024 
4.429 489.781 26.49 0,71 2.5 -0.44 97.9631 2.518 2.19 97.96 2.52 6 130.00 0.288 0288 0000 1.864 6.06 11.29 0.873 2849 18.8026 40.46 
4.757 ◄89.453 31.04 0.87 2.79 ·0.58 99.3865 2.831 2.23 99.42 2.83 6 130.00 0309 0.309 0.000 1.798 669 12.04 0.951 31.05 199408 40.64 
5.085 489.125 58.32 1.1 1.88 ·0.53 175.447 1.897 1.94 176.45 100 7 130.00 0.331 0.331 0.000 1.739 11 19 1947 1.795 58.32 11 .2709 43.43 J 5.413 488.797 64.77 1.14 1.76 -0.39 183.087 1.770 1.90 183.12 1.77 7 130.00 0352 0.352 0.000 1.686 12.27 20.69 1.994 84.78 10.4054 4363 
5.741 ◄88.469 , 49.99 1.55 3.1 -0.19 132.962 3. 124 2.18 132.90 3.12 6 130.00 0.373 0.373 0.000 1.637 1056 17.29 1530 49.99 18.3323 42.05 
8.069 488.141 98.88 2.5 2.53 ·1.89 249,656 2.538 1.95 249.68 2.54 7 130.00 0.394 0.394 0.000 1.592 19.06 30.34 3.049 98.89 11 .5492 45.10 
6.398 487.612 86.03 2.55 2.97 -323 205.868 2.978 2.05 205.92 2.08 6 130.00 0416 0.416 0.000 1.551 17.26 26.n 2.651 86.05 14.3668 44.20 
6.726 487,484 74,12 2.09 2.82 ·2,7 168.537 2.836 2.08 168.li6 2.84 6 130.00 0.437 0.437 0.000 1,512 15.01 22,79 2 .281 74.13 15.335 A3.23 
7.054 487.156 57.9 1.75 3.03 ·0.39 125.279 3.047 2.19 125.30 3.05 6 130.00 0.459 0.459 0.000 1.477 12.27 18.13 1,n9 57.91 185782 41 .74 
7,362 486.BaB 73.94 1.79 2.42 •0.32 153.096 2.437 2.06 153.10 2.44 6 130.00 0.480 0.480 0000 1.444 14.87 21.47 2.274 73.94 14.5542 42.75 
7.71 486.500 100.23 1.95 1.95 -0.48 199 1.955 1.91 199.00 1.96 7 130.00 0.501 0.501 0.000 1.413 1907 26.93 3.088 100.23 10.6813 44.03 

8.038 488.172 96.56 2.95 3.06 ·0.34 183.814 3.072 2.09 18381 307 6 130.00 0522 0.522 0.000 1.383 19.67 2721 2.973 96.50 15.5135 43.65 
8.366 485.84~ 130.73 3.63 2.78 -S.11 239.405 2.788 1.99 239.46 2 79 7 130.00 0.544 0544 0.000 1356 25.62 34.75 4.031 130.76 12.698 44.90 · 
8.694 485.518 98.21 2.49 2.54 ·0.94 172.789 2.550 2.04 172.61 2.55 7 130.00 0.565 0.565 0.000 1.330 19.62 26.10 3.023 98.22 14.0752 43 35 
9.022 485.188 72.31 1.82 2 .52 •0.92 122.305 2538 2. 13 122.32 2.54 G 130.00 0.586 0 .506 0.000 1.306 1499 19.57 2.221 7232 16.8246 41.62 
9.35 484.860 80.45 1.62 2.02 ·0.93 131 .374 2.029 2.04 131.39 2,03 7 130.00 0.608 0.608 0.000 1.283 16.07 20.61 2.472 80.46 14,0363 41.99 

9,678 484.632 69.94 116 1.66 ·0.99 110.18 1.874 2.03 110.20 1.67 7 130.00 0629 0.629 0,000 1.261 13.92 17.55 2.146 69.95 13.7865 41.08 
10,006 484.204 61.74 0.9 1.45 -0.39 93.9277 1.473 2.04 93.93 147 7 130.00 0 .650 0850 0.000 1 240 12.34 1530 1.891 61.74 14.1065 40.23 
t0.335 483.875 66.65 1.35 2.02 ·0.53 98.2148 2.046 2.13 98.23 2.05 7 130.00 0.672 0.672 0.000 1.220 13.79 18.82 2.043 66.66 16.6601 40.47 
10.S63 483.547 ,83.84 2.23 2.65 ·0 .46 119.965 2.682 2.18 11986 2.68 6 130.00 0.693 0.693 0 .000 1,201 17.55 21.08 2.674 83.84 17.5802 41 .52 
10.991 483.219 117.25 2.55 2.17 ·0.83 163.12 2,188 2.00 163.12 2.19 7 130.00 0.714 0714 0 000 1.183 23.09 2732 3.608 117 25 13.0514 43 07 
11.319 482.891 126.97 2.65 2.08 ·0.44 171.576 2.099 1.98 171 .58 2.10 7 130.00 0 736 0.736 0.000 1.166 24.74 28.84 3.908 126.07 12.3081 43.32 
11.647 482,563 100.73 2.81 2.79 ·1.16 132.055 2.811 a 1s 132.07 2,81 6 130.00 0 .757 0.757 0 .000 1.149 .0.99 24.12 3.095 100.74 172321 4201 
11.975 482.235 11003 2.03 1.85 ·0.79 140.359 1.858 1.99 140.37 1.86 7 130.00 0.778 o.n8 0.000 1 133 21.57 24.45 3.382 110.04 12.7249 42.32 
12.303 481 .907 89.84 1.64 1.83 ·0.50 111.343 1.842 2.06 111.36 1.84 7 130.00 0,800 0.800 0.000 1.118 18.07 20.20 2.757 89.85 14.5435 41. 13 .... 
12.631 481 .579 64.26 1.13 1.75 -1.04 77.269 1.781 2.16 77.28 1.78 7 130.00 0 .821 0.821 0 .000 1.104 1347 14.86 1.964 64.27 17.6781 J9 17 ... 
12.959 481.251 63.66 0.81 1.5 ·0.76 62.7039 1.534 2.18 62.70 1.53 7 130.00 0842 0.842 0.000 1 090 11.36 12.38 1.6.% 63.68 18 4929 38.00 
13.287 480.923 47,49 0.8 1.68 -0.14 53.9872 1.716 2.27 54.00 1.72 7 130.00 0864 0864 0.000 1.07G 10.41 11.20 1 444 47.5 21.2802 3716 ~ 13.615 480.595 -49.6 0.9 1.82 ·0.26 55.0468 1.847 ?..28 55.05 1.85 7 130.00 0.885 0885 0.000 1063 10.93 11.62 1.508 49.6 21.8025 37.26 
13.94;3 480.267 33.73 0 .59 1.74 ·0.11 36 2175 1 797 2.41 36 22 1.80 6 13000 0.906 0.906 0.000 1050 7.89 8 .29 1.016 33.73 26.9811 34.77 
14.271 ~79.939 30.54 0.56 1.82 ·0.3 31.9231 1.891 2.47 31.92 1.89 6 130.00 0.928 0.928 0.000 1.038 7.3..1 7.61 0.917 3054 29.3952 34.00 
14.6 479.610 :n.aa 0.48 149 0.09 32.5933 1.552 2.41 32.59 1.55 6 130.00 0949 0.949 0.000 1.027 7.45 7.65 0.958 31.88 26.9209 34.13 I 

.. 
14.928 479.282 41.36 0.41 0.98 -0.28 41.6251 1.0 15 2.22 41 63 l 02 7 130.00 0970 0970 0.000 1 015 8.89 9.02 1250 41.36 19.sm 35.61 (; 
15.256 478 954 37, 15 0.45 1.21 •0,14 35.4632 1 245 232 36<-~ 1.24 7 130.00 0002 0.992 0 .000 1.004 8.3? 830 1.1 f9 37 15 ?.31707 3481 
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----·-··-----·-·--· r ---------· ·············· ·······-·--···· ······-·--·-···-········ ···-·-····· ............ ·····-····-· ········-··· ······--····-·· ........... /'"'"'\ ... ·-··--··--·-·· ··-········ ·······-··· ············-· ·-----····-··· ....................... ··--·-·-----···-···--·-·····- 11 Depth Sam; AvgQl AvgFs AvgRI AvgUd Otn Rfn le Ci F SST U.WI ,SS ESlress Ueq Cn NGO (N1)60 Su (fC Fe Phi (fl) (111 (Isl) (Isl) (%) (ft) (Isl) (%) (pcl) (Isl) (Isl) 11st) (blows/fl) (blows/fl) (Isl) (Isl) (%) (Deg.) - ---- ------· ------------- ------------------------15.5&4 - 478.626 35.61 0.42 119 •0.23 34 0557 1.217 2.34 34.07 1 22 7 130.00 1.013 1.013 0.000 0.941 802 797 1.068 35.52 23.8923 3<140 15912 478298 3S.52 0.45 1.26 0.07 33.3427 1.305 2.30 33.34 \JO 7 130.00 1 034 1.034 0.000 0 983 8.11 798 1.068 35.52 24 8510 34.27 ' 16.24 477.970 39.22 o.s 1.28 ·0.18 36.1542 1.310 2.33 3€.16 1.31 7 13000 1 056 1.056 0000 0 973 8.85 8.61 1 182 39.23 23.7631 34 76 18-566 4TT.642 38.39 042 1,08 0 34.648 1.126 2.31 34.05 1 13 7 13000 1.077 1.077 0000 0964 8 58 8.27 1.155 38.39 22.946 34.50 16.896 477.314 40.69 0.25 0.8 004 36.0502 0.631 217 36.05 0.83 7 130.00 1.098 1.098 0.000 0 .954 8.56 8.16 1.226 4069 17.9445 34 74 17.22◄ 476.986 26.93 0.46 I 71 0.18 230541 1782 2.57 23.05 1 78 6 13000 1 120 1.120 0.000 0945 6.78 641 0.799 26.93 33.9054 31.95 17.552 478.658 23 41 0.62 2.63 025 19.5192 2.784 274 19.52 2.78 5 130.00 1.141 1.141 0000 0936 644 6.03 0689 2341 42.7657 30.87 17.88 476.330 6S.32 1.62 2.49 0.04 65.2038 2.525 2.37 5520 2.53 G 13000 1 162 1102 0.000 0928 14.98 13.89 1 988 65.32 252127 3727 I 18.208 476.002 75.66 2.12 2.8 -0.99 62.9279 2 8'1654 2 36561 62.3279 2.84654 6 13000 1.18352 1.18352 0 0 9192 17.31394 15 91506 2 30577 75.66 25.0311 38.0241 18.537 475.673 74.29 1.97 2.66 0.05 60.6563 2 69549 2.36029 60.!>563 2 69549 s· 130.00 1 20-191 1.204905 0 0.01 I 16 96011 15 45084 2.2627 74.29 24.8219 37.815 18.865 475.345 66.95 1.6 2.4 -0.05 53 5985 2.43443 2.36877 53.5985 2 43443 6 130.00 1.22623 1226225 0 0.9031 15.34246 13 85511 2.03479 66.95 25.156 37.10-1 19.193 475.017 83.56 1.37 2.16 0.04 49.9481 2.1986 2.36187 49.3481 21986 7 13000 1.24755 1.247545 0 0.8953 14.52072 13.0005 1.92918 63.56 24.8839 36.693 19.621 474.689 54.9 1.01 1 64 0.12 42 267 1 88323 2.37383 42.267 1.88323 7 130 00 1.26887 1.268865 0 08878 1280965 11,111426 166041 54.9 25.3569 35. 705 19.849 474.361 41.75 0.84 2.02 051 31.3597 2.07613 2.50167 31 3597 2.07613 6 130.00 1.29019 1.290185 0 0 8804 10. 17354 8 056661 I 25263 41.75 30 7577 33 887 20.177 474.033 45.14 0.57 1.25 028 33.4185 1.30052 2.35955 334108 1.30082 7 13000 1.31151 1.311505 0 0.8732 10.29958 8.993624 1.35692 4513 24.7928 34 278 I 20.605 473.705 50.75 0.66 1.29 0.28 37.077 1.33557 2.329 37.077 1 33557 7 13000 1.33283 1 332825 0 0.8662 11.42634 9.897387 152994 50.75 23.6109 34 915 20.833 473.377 43.95 0.93 2.11 0.21 31.4559 2.18331 2.51412 31.4559 2 .18331 6 130.00 1.35415 1.354145 0 08693 10.TT355 9.25819 1.31876 43.95 31.3181 33.906 21.161 473.049 37.82 0.70 2 0.18 26.4962 2.08536 2.56098 26 4962 2.08536 G 13000 1.37547 1.375465 0 0,8527 9.483875 8.086508 1.12831 37.82 334634 32.832 21.489 472,721 3166 0.83 1.99 0.12 21.6663 2 08174 2.6309 2 1.6663 2.08174 6 13000 1 .39679 1.396785 0 0.8461 8.221135 6 956119 0.93694 31 66 36896 31.548 21.817 472.393 29.26 0.51 175 0.11 19.6332 1.83177 2 63406 19.6332 1.83177 .6 
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ConeTec Inc. r terpretalion 
lnlerprela lion 0 1 elease 1.22 Rev. Formal: NU Imperial n ~ Run No: 07•1210·1008·4556 
Job No: 07•804 
Client: Civil & Environmental Consultants 
Project: Pond Creek Mine • Williamson County. Illinois 
Site: CPT·2A 

Material T~~ and Un•J Weight {~I} Phi Avg ~ ~ ~ ~ Location: Pond Creek Mine 
deq Isl Isl % % Cone: 20 TON AD211 

rnCoarse Refuse 37 J4 1.38 45.43 22.11 ?.JLI 
CPT Dale: 07/30110 

Residual Soil .!r, t-~ ~ C'O tl':$ 11 ,,s 1d 't' 80 CPT Time: 14:50 
CPT File: 804CP02A.COR 
Northing (fl): 0.000000 
Easling (fl): 0.000000 
Elevation (ft): 492.4 
--•-••------•-•---•••-••++•HH+•-♦-- ••o.••-- -------·-·····---------·-··-------------
User Inputs: 

Wale r Tare Depth t): CL] Ground Surta ce Elev CilliJ Assumed: Nk: 32 3 
State Parameter. ~ CPT area ratic: DE] 
Unit Weight of Soil (pcl): See Below See Below Corned from ConoTee CPT Data rilP 

•··--···-•--o-••-···••o•••H• ·-·-- --- · ---- - - ---- - - - - - --· ··- - - .. ·•• n •• -·- --·· ·· ··"' ------------· ------------ ----- · ----- - ·-------- --- ------------ --------- - ---·- --------······ ------- -••H ---- --- ---·-- ···- · ·-· --- - ------ - ---Depth Sample El. AvgOt Avgfs AvgRI AvgUd Otn Rfn le 0 F SST U.WI TStress EStress Ueq Cn NGO (N1)60 Su QC Fe Phi (It) (fl) (Isl) (Isl) (%) (It) (Isl) (%) (pef) (Isl) (Is l) (ts f) (blows/ft) (blows/fl) (ISi) (tsf) (%) (Deg.) ------···-·---· ---------------------· ·-···-·------·--·-·-··- --·········----------·-------- ---------------------- ++++o++o+++ +.-+H++ .. +• 0,104- 492236 8.72 - 0.08 0.86 0.23 817.011 0.919 1.31 81701 0.92 5 130.00 0,011 0011 0.000 2.000 1.35 2 71 0270 8.72 048799 50.08 0492 491.908 16.38 0.2 122 -0.05 511. 195 1.223 1.51 51120 1.22 6 13000 0032 0.032 0.000 2000 2.71 543 0506 16.38 302371 48.22 0.82 491.580 25.84 0.5 1.9<1 ·039 483.803 1939 1.70 48380 1.94 G 130.00 0.053 0.053 0.000 2.000 4 .S6 9.11 0.798 25.84 6.11479 47.99 1.148 491.252 28.08 0.51 1.82 ·0.21 375307 1.821 1.73 37531 1.82 ' 6 130.00 0.075 0.075 0000 2.000 5.00 10.01 0 867 28.00 6.6951 4692 1,476 490.924 44.3 0.61 1 37 ·026 460.747 1380 1.58 460.75 1 38 · 7 130.00 0096 0.096 0.000 2.000 7.50 15.01 1.369 44.3 4.05565 47.79 1804 490.596 29.61 0.72 2.43 -0.14 250.663 2.450 1.93 250.66 245 6 130.00 0.117 0.117 0.000 2000 5.66 11 .31 0910 29.51 11.2006 4512 2.133 490.267 24.15 0.47 195 0.02 173.186 1.957 1.95 173.19 1.96 6 130.00 0139 0139 0.000 2.000 4.66 9.32 0.743 2415 11.6289 43.36 1 2,461 489.939 20.69 0.35 1.67 ·0.39 128.341 1.705 1.99 128.40 1 70 6 13000 0.160 0.160 0000 2.000 406 811 0.638 20.7 12.6808 41.87 2789 489.611 29.8 0.44 1.46 ·0.02 163382 1.486 1.86 16338 1.49 6 13000 0.161 0.161 0.000 2.000 559 1118 0.917 29.8 980656 43.08 3 .117 489.283 30.73 0 .22 0.72 0.05 150.674 0.721 1.68 150.67 0.72 7 13000 0.203 0.203 0.000 2.000 539 10.n 0.945 30.73 5.79201 42.68 3.445 488955 21.3 0.33 1.55 ·0.07 94.1211 1.568 2.06 9'1,·2 1.57 6 130.00 0.224 0224 0.000 2000 4.29 857 0653 21.3 14.6052 4024 3.773 488827 26.89 0.22 0.82 -0.09 108.6"5 0.826 1.83 108.69 0.83 7 130.00 0.245 0.245 0.000 2000 4.96 9.93 0825 26.9 8.76744 41.01 4.101 488.299 18.81 0 .35 1.84 0.07 69.5644 1.887 2.21 695G 1.89 6 130.00 0.267 0.267 0.000 1.937 403 7.80 0,574 18.81 19.3515 38.59 4429 487 971 43.41 0.31 0.72 0.16 149.789 0.719 1.68 149.79 0.72 7 130.00 0.288 0.288 0.000 1084 7.61 1419 1.335 43.41 5.0165 42.65 4.757 487.843 28.43 0.59 2.06 0.16 90.9455 2 .098 2.16 90.95 210 6 130.00 0.309 0.309 0.000 1.798 596 10.71 0.871 28.43 17.646 40.06 5.085 487 315 16 0.39 2.44 ·0.49 47.4078 2.489 2.41 47.'1 2.49 5 130.00 0.331 0.331 0.000 1.739 3.74 6.51 0485 16 27.0118 36.39 5.413 486.987 29.13 0.49 1.69 ·0.72 81.7921 1.703 2.13 81.79 1.70 6 130,00 0 .352 0.352 0 .000 1.686 G.03 10.16 0891 29.13 18.8865 39.48 6.741 486.659 49.67 0.79 1.59 •0.67 132,105 1603 1.96 132.10 1.60 7 13000 0.373 0.373 0000 1.637 9.63 15 76 1.526 49 67 11,947 42.01 6069 486.331 53.37 0.83 1.55 0.05 134 29 1.567 1 95 134 29 1.57 7 13000 0.394 0.394 0000 1.592 10 30 16.40 1.640 53.37 11.6378 42 10 6.398 486,002 49.98 063 1.26 -1.39 119.182 1271 1.92 119 21 1 27 7 130.00 0.416 0.416 0.000 1.551 9.55 14.80 1.534 49.99 10.9396 41.49 6.7?6 485874 38.17 0.52 1.3S ·056 86.3078 1.378 2.05 86 :,1 1.38 7 130.00 0.437 0 437 0000 1.51?. 7.65 11.57 1, 168 38.17 14 3272 39,78 7.054 485.348 40 75 0.54 1.32 ·0.74 87.8748 1.340 2.04 871!7 1.34 7 130.00 0459 0459 0.000 1.477 8.13 12.00 U?47 40.15 13.11337 3987 7.382 485.018 37,01 0.6 1.62 •0.79 76.1315 1.642 2.14 7615 1.04 7 13000 0.480 0.480 0.000 1.444 770 11.11 1.131 3702 17 0691 39.09 771 484.61Kl 59.19 o.n 1.3 ·0.23 117.108 1.312 1 94 117.1 1 1.31 7 130.00 0.501 0.501 0000 1.413 11.37 1606 1.817 59.19 11.3174 41 .39 8038 484.362 67.04 1.06 1.85 ·0.25 108.174 1876 207 108.17 1.88 7 130.00 0 .522 0.522 0000 1.383 11,63 15.90 1.760 57.04 14.9626 40.98 8.366 484.034 57.87 0.86 1,48 -0.53 105.42 1.500 2.01 105.44 1.50 7 130.00 0.544 0 544 0000 1.356 11.43 1550 1.775 57.88 13 239S 4085 8.694 483706 75.82 0 .88 118 -0.74 133169 1.169 186 133."9 117 8 130.00 0565 0565 0.000 1330 14 16 18.84 2.330 75.83 9 50987 4205 9.022 483.378 63.21 1.11 1.75 ·0.44 106.788 1.772 2.06 106.79 1.77 7 13000 0.586 0.586 0000 1.306 12.71 16.60 1 939 63.21 14 5645 40.91 9.35 483.050 60.49 0 .91 1.61 -093 985311 1.520 2.04 9855 1 52 1 130.00 0.608 0.608 0000 1.283 12.06 15.47 1854 GOS 13.9359 40.49 9,878 482.722 64,51 0.83 1.28 ·1 11 101.548 1.299 1.98 101.66 1.30 7 130.00 0.629 0.629 0.000 1.261 12.50 15.87 1.978 64.52 12.4093 40.65 10.006 482.394 8055 1.03 1.28 -0.85 122.849 1.289 1.92 122.86 1 29 8 130.00 0,650 0650 0.000 1.240 15.35 1904 2.n4 80.56 108105 41 64 10.335 482065 67.71 1.38 2.04 -0.64 99.7927 2.059 2.12 99.711 2.06 7 13000 0672 0672 0.000 1220 13.99 17.07 2.075 67.71 16.5727 40.56 10.663 481.737 66.47 1.17 1.76 -0.G 94.9032 1.779 2.10 94 90 1.78 7 130.00 0.693 0.693 0.000 1.201 13.57 1630 2.036 68.47 15.6621 40.29 10.091 481.409 56.44 0.72 1.28 ·0.88 78.0017 1,292 2.06 78.00 1.29 7 130.00 0.714 0.714 0.000 1,183 11.38 13.47 1.725 56.44 14.7573 3922 11.310 481.081 63.85 058 1.08 ·0.95 71 .9203 1096 205 71.93 110 7 130.00 0.736 0,736 0.000 1166 10.75 1253 1.638 53.66 14.2461 38.78 11 .847 480763 39.83 0.46 1.15 ·1 .11 51.3478 1.183 2.18 51.35 118 7 130.00 0.757 0757 0000 1.149 8.39 964 1.203 3904 18 4421 3688 11 .975 480.425 34.17 0.51 148 •1.16 42.8991 1.527 231 42.91 1.63 1 130.00 0 778 0.778 0.000 1133 7.64 8.66 1034 34.18 22.9801 3580 12.303 480.097 26.38 0.35 1,33 ·1.02 31 9876 1.368 239 31.99 1.37 G 13000 0.800 0.800 0.000 1,118 610 6.82 0.792 28 38 26.9069 34.01 12.631 4711.769 31.58 0.43 1.35 •1,16 37.4846 1.398 2.34 37.4-9 1.40 7 130.00 0021 0.821 0000 1.104 7.14 7.88 0.952 3159 23.0035 3408 12.QS9 479.441 33.88 034 0.99 ·1.04 39.2215 1 029 2 24 39.23 1.03 7 13000 0.842 0 842 0.000 1 090 7 38 8.02 1.023 33.89 20.5322 35.26 · l 13.287 479.113 40.82 0.47 1.14 ·0.55 46.2842 1.176 2.22 46.2S 118 7 130,00 0.864 0884 0.000 1.078 8.76 943 1.237 40.82 19.6264 3824 13615 478.785 40.88 0.48 118 •0.62 45.1934 1.200 223 45.19 1.20 7 13000 0885 0885 0.000 1 063 8.83 9.38 1.238 40.88 20.0856 3610 

'-.: 
13.943 478.457 67.39 0.84 1.25 -0.51 733577 1.263 2.08 7338 1 26 7 13000 0.906 0906 0.000 1050 13.67 14.36 2.058 67.39 15 1748 38.88 14.271 478.129 83.33 1.06 1.27 ·0.49 88.8325 1.286 202 8883 1.29 8 130.00 0928 0.928 0.000 1.038 1652 1715 2.551 83.33 13.6068 3993 14.6 477.800 84.00 0.88 1.03 ·044 88.5268 1047 1.98 88.53 1 05 8 130.00 0949 0.949 0.000 1.027 1648 16.92 2.601 64.96 1 f.9944 39.91 14.928 4n.472 82.57 1.08 1.72 ·0.55 63.4839 1.753 2,22 63.48 1.75 7 130.00 0970 0.970 0.000 1015 1344 13.64 1.907 82.57 19 6287 36.07 15,256 477 144 54.17 079 1.46 ·0.62 53.6267 1 486 223 53.84 149 7 130 00 0992 0992 0.000 1004 11.68 11 73 1640 54 18 19.9666 37.11 
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Depth Samplr · vgOt .... AvgFs··· --Avg Rf ..... AvgUd ..... Qin ......• Rln ....... le····· ..... Q ......... F ......... SBT ....... u:~;:· r-':· -~-~;~;~~-- --~~~---·--~~---· ··--~~~---· ··;~·;;~~----·-;;:···· ····•; ·· ···-·--·-·······--------------- r1 Fe Phi , 
(It) (ft) (tsf) (tsf) (%) (ft) (tsf) (%) (pct) \•JI J (Isl) (tsf) (blows/ft) (blows/ft) (Isl) (tsf ) (%) (Deg.) 

------------------ ------------------------------ -·-----------·---------- -----------·---------------- ---------- -------
15 51!4- 476.aiF" 44.07 0.61 1.38 ·0.69 42.5062 1 417 2.30 42.52 1.42 7 130.00 1.013 1 013 0.000 0 99d 9.78 972 1.333 44.0ll 22,369 35.74 
16.912 476.488 48.55 0.7 1.45 -0.58 45.9409 1.473 2.28 45.94 1 47 7 130.00 1.034 1 034 0.000 0.983 10.70 10 .52 1471 48.55 21.7630 3620 
16.24 476.160 44 39 0.49 1. 11 -0.51 41.0519 1.131 2.25 41.06 1, 13 7 13000 t .056 1056 0.000 0.973 9.67 9.41 1.342 44.4 20.757 35,53 

16.568 475.832 49.03 0 37 0.75 -0.55 44.528 0.772 2.1 3 44 53 0.77 8 13000 1.077 1.077 0000 0.964 10 16 9.79 1.485 49 03 16.7798 36.02 
16.896 475.504 41.84 0 .47 1.13 -0.34 37.0973 1,154 2.29 31 ·o 1. 15 7 130.00 1.098 1.098 0.000 0.854 9.27 8.85 1.261 41 .84 22.2493 34.92 
17.224 475.176 36.67 0 .81 2.21 ·0.18 31.7539 2.278 2.52 31 .75 2.28 6 130.00 1,120 1.120 0.000 0945 9.03 8 .53 1.101 36.67 31.6967 33.96 
17.552 474.848 53.97 0.73 f .35 -0.44 46.3056 1.382 2.26 48~1 1.38 7 130.00 1.141 1141 0.000 0.936 11.79 11.04 1:636 53.98 21.0557 36.25 
17.88 474.520 91.09 1.68 1.85 -0.88 77.3772 1.868 2 .17 77.:ia 1.87 7 130.00 1.162 1.162 0.000 0928 19.20 17.81 2.784 91.09 18.1251 39 18 
18.208 474.192 100.89 2.85 2.82 -1.27 84.2457 2.85839 2,27913 84.2542 2.8581 6 130.00 1.18352 1.18352 0 0.9192 22.22949 20.43345 3.08689 100.9 21.7659 39.6d6 
18.537 473.863 79.53 2.26 2,84 -0.71 65.0052 2.88541 2 35986 65.0052 2.88541 6 130.00 1.2049f 1 204905 0 0.911 18 15282 16.53742 2.42493 79.53 24.8046 38.208 
18.865 473.635 80.94 1.2 1.97 -0 .49 48.6972 2.00959 2.3446 48.6972 2.00959 7 130.00 1.2'l623 1.226225 0 0.9031 13.81554 12.47621 1.84072 60.94 24.2101 36.645 
f9.193 473.207 41.14 0.68 1.66 -0.56 31.9768 1.70458 2.44317 3 1.9768 1.70458 7 130.00 1.24755 1.247545 0 0.8953 9.752974 8.731904 1.23506 41.14 28.207 34.008 
19.52,1 472.879 43.98 0.41 0.92 -0.65 33.6609 0.95994 2.28476 33.6609 0.95994 7 130.00 1.26887 1.268865 0 0.8878 0.712904 8.622663 1.32233 43.98 21 .9609 34.324' 
19.849 472.551 44.49 0.5 1.13 -0.23 33.4834 1.15741 233046 33.•1834 1.15741 7 130.00 1.29019 1.290185 0 0 8804 10.02335 8.824437 1.33746 44.49 23.6666 34.292 
20.177 472.223 60.56 0.75 1.23 ·0.23 45.176 1 26585 2.24572 45. I 76 1.26585 7 130.00 1.31151 1.311505 0 0.8732 13.15276 11.48502 1.83432 60.56 20.563 36,102 
20.505 471.895 62.15 0.84 135 -0.37 45.6303 1.38119 2.26465 46.6378 1.38096 7 130.00 1.33283 1.332825 0 0.8662 13.60969 11,78858 1.88288 62. 10 21.234 36.162 
20.833 471.567 58.16 0.81 1,4 -0.14 4 1.9496 1.42591 2.30229 41 .9-196 1.42591 7 130.00 1.35415 1.354145 0 0 8593 12.94251 11.12207 1.7587 58.16 22.6002 35.66 
21.161 471.239 6114 0.98 1.6 -023 43.4504 1.63977 2.32698 43.4504 1.63977 7 13000 1.37547 1.375465 0 0 8527 13 75345 11.727 1.8503 61. 14 23 5343 35.87 

I 21.489 470.911 58.39 1.21 2.08 -0.09 40.8031 2.12306 2.4187 40.8031 2.12306 1 13000 1.39679 1 .396785 0 0.8461 13.68713 11.58104 1.7645 58.39 27 1802 35.494 
21.817 470.583 68.58 1.4 2.05 •0.21 47.3603 2 08452 2.36412 47.3603 2 08452 7 130.00 1 41811 1.418105 0 0.8397 15 68334 13.16995 2.07932 68.58 24.9725 36.381 
22. 145 470.255 62.38 1.27 2.03 -014 42.3367 2.084 2.40123 42.3367 2084 7 130.00 1 .. 13943 1 439<125 0 0.8335 M.50622 12.09093 1.S8671 62.38 26 4611 35.715 
22.473 469 927 56 41 1.04 1.85 -0.23 37.6173 1.89266 2.4147 37,r, ;73 1.89266 7 130.00 1 46075 1.460745 0 0 8274 13. 19879 10.92061 1 70122 56.41 27.0145 35.003 
22.802 469.598 43.26 0.55 1.27 ·0.21 28.181 1.3168 2.42382 28,181 1.3168 7 130.00 1.48213 1.48213 0 0.8214 10.16202 8.347122 1.29312 43.25 27.393 33.22, 
23,13 469.270 47. 18 0.49 1.04 -0.09 30.3812 1.07276 2.34808 30.3812 1.07276 7 130.00 1.50345 t.50345 0 08156 107126 8,736759 1.41413 47,18 24.3451 33.69 
23.458 468.942 41.56 0.66 1.58 -0.04 26.2566 1.64855 2.60417 26.2566 1.64855 7 130.00 1,52•77 1.52477 0 0.8098 10.13933 8.21121 1.23948 41.56 30.8699 32. 775 
23.786 468.614 33 0.65 1.96 0.16 20.3442 2.00652 2 65128 20.3<!42 2.06652 6 130.00 1.54609 1.54609 0 0.8042 8.65873 6.963848 0.97381 33 37.9169 31 . 141 
24.114 468.286 31.46 0.73 2.33 0.09 19.0713 2.44208 2.71649 10.0~13 2.44208 6 130.00 1567◄ 1 1.58741 0 0,7987 8.540438 6.821639 0 92547 31,46 41.3365 30.721 
24.442 467.958 28.46 0.84 2.94 -0.07 10.9137 3 12602 2.82253 16.9 37 3 .12602 5 130.00 1.58873 1.58873 0 0.7934 8186954 6.495271 0.03193 28.46 47.3052 29.934 
2◄.n 467.630 36.73 0.76 2.06 0,19 21.813 2. 16401 2.63841 21.113 2.18401 6 130.00 1.81005 1.61005 0 0.7881 9.574187 7 545399 1.0873 36.73 37.2639 31.591 

' 25.098 
467.302 63.09 0.84 1.58 -0.04 31.5432 1.63238 2.43684 31.5432 1.63238 7 130.00 1.83137 1.63137 0 0.7829 1254912 9.825098 1.59315 53.09 27.9392 33.923 

25,426 466.974 37.37 0 .93 2.48 0.02 21.611 6 2.60378 2 68975 21 .e· 16 2.60378 6 130.00 1.65269 1.65269 0 0.7779 10.00281 7.780841 11058 37.37 39.9116 31.531 
25.764 466,646 29.67 0.83 2.8 0.05 16.7239 2.96471 2.81262 16.7Z39 2 .96471 5 130.00 1.67401 1.67401 0 o. 7729 8.487242 6.559754 0.88675 29.67 46.7198 29.86 

f 26.082 466.318 29.89 0.72 2.4 0.04 16.6308 2.55367 2.77598 16.6308 2.55367 6 130.00 1.69533 1.69533 0 0 768 8.378865 6.435141 0.8729 29.89 44.6215 29.823 
26.41 465.990 40.76 0.67 1.65 0.51 22.7439 1.71604 2.56534 22.7439 1.71604 7 130.00 1.71665 1.71665 0 0.7632 10.24312 7.817922 1.20877 40.76 33.6905 31.86 

26.739 465.661 31.14 0 .85 2.72 0.6 16.9168 2,89096 2.80197 16.9"68 2.89096 6 130.00 1. 73804 1. 736035 0 0. 7585 8.855459 6.7171 0.91028 31 .14 46.1075 29.9351 

27.067 465.333 27.6 0 .95 3.45 0. 11 14.6876 3-67638 2.91406 14.6876 3 .67638 5 13000 t. 75936 1. 759355 0 0.7539 8.370606 8.310738 0.80002 27.6 52.8796 29 
2 7.395 465,005 20 8 0.75 3.59 0 .09 10.681 3.94336 3 .04266 t0.G81 3 94336 5 130.00 1.78068 1.780675 0 0.7494 6.829167 5. t 17707 0.58883 20.8 61.4043 26.863 
27.723 464.677 32.97 0.92 2.78 0.4 1 17.2964 2.95174 2.79991 17.2908 2.95269 6 130.00 1.802 1.801995 0 0.7449 9.362277 6.974365 0.96495 32.98 45 9884 30079' 
28.051 484.349 34.02 0 76 2.2 0 .56 17.6583 2.32943 2.73173 17.6528 2.33016 6 130.00 1.82332 1.823315 0 0 7406 9.30799 6.893266 0.9968 34.01 42.1628 30.215 
28.379 464.021 30.26 0.56 1.86 0.39 15.3989 1.97146 2.73942 153989 1.97146 6 130.00 1.84464 1.844635 0 0.7363 8.313169 6 .120845 0.87942 3 0.26 42.5839 29.314 
26.707 463.693 26.45 0.54 2.03 0.44 13.17!, 2.19655 2 .82207 13.1697 2.19744 6 130.00 t .86596 1.865955 0 0.7321 1.603892 5.66654 0.76112 26.44 47.2781 28.272 
29 035 463 365 35 65 0.6d 1 79 0 42 17 8897 1 895~8 2 675!l3 11 ll~tl I 1 ft~f,t,P, 6 12h 00 1 f1~ 77H 1 867275 0 0 121q 9 ,17:,dOt/ 6 ~!-"1t .f:Jl:)O 1 (},t ~zq 3b Ob 3~ 18~!, 30303 
29 363 463 037 3191 0.9 2.81 0.03 1s 121:Ss 2 a991a 2 BJ696 1s .1,,1:i3 2 9e978 6 1i?5 00 t .U0778 1.90iT/5 0 o. 724 9 :a, • 513 6. 700?3& O '128U6 31 ~I 48 1514 29 J5J 
29.691 J62 709 7881 1.79 2.27 -13 37 398707 2 ~,a~~ 24~1..1:, J~~-1 ... 2 3~•f,!lo.1 17~ 00 1 :'2tt?l:i 1 q2tt?7!, 0 0 7,'')1 18 77b76 t3 a218~ 2 :J\102~ 78 ~ 28 b&~9 3b 36:> 
30 019 d62.381 75.42 2,116 3 ?6 19 88 37 701 2 3 1•1~25 2 07393 37 76~ij 3 ~4?7~ ~ 1lh PO I ,,.101e 1 ~•l8 77b 0 0 710:, 19 OtJ~1 1:1 1:i:m~• i 214Gb 7& 5•t ~,· 0988 35 02 7 
30 347 462 053 73.52 2 :ie 3 23 2 1.24 J G 333~, J.32031 2 !-!!:>h :>f i~% ,; J ~o.•1• r, 1 ')5 00 1 ·,Ui4;)~ 1 qt,(;),i / ~.' 0 071/ ~ 10 0 7710 13 ~ :37 2;_11!;1Q 73 1:55 J<I , 679 .M .80J 
30675 4tlt 725 01 35 2.05 3 Jb 2 1 cl? 29 83,'6 3 • s.1-<~ 2 cl~~o2 1.9 ?03 3 J .1537 ii 1,~ (1('1 l 9!1~7~ 1 8>-~7 ; ~ 0 0 7U>tµ to 1 -IOOd t1 .1774;,., U-l,ll7P tit ,1Q :<~ ?tit,1 33 ~?1 
31.004 461.396 28.J2 t.36 •a -15 93 t30M2 o t 69? J O•IJR4 13 1Jti9 5.1-'~lh~ ~ l.~:0 00 lOtQj 4 ~010,~<~ 0 ] ()!, ~'\ ~ ~i~,1,4~;~~ 6. l-iA~lt,,!◊ Q 81 !154 l ti -l? 01 J.d&J iu 2bt, 
3 t.3S2 461.068 •o a 1 2d 305 -12.77 111.m>02 3 19B·l2 2 7~b~5 19 1296 3 19 18.' fi i :'5 (V} "·('!J()i-M ;i 1'}'~1t{;~r, 0 0 101 7 t t r,;,1 qs R 085 106 1.2(\(Til!l ~0 8~ J5 1~? JO 7d t 
31 66 460.740 44 64 1 36 305 ·166 20 7614 3 1933•1 2 / ~6~6 d0 81~ 3 l811 1 0 1/h 00 ..c: Of.13-1 '1 iJ!'-, l~H'-1 0 or:0 tt~ 1i! J 1Z:,<l ij o6'$31 1.31 8t,J ,; I i':J 43 f,J 17 31 28~ 
31 988 • 60412 35.d9 0.92 2 56 16 6 1~ 3228 2 no,u 2.79ti7,t 1b .) ;'!,~ / i11 0 1 ~ 1·.n ,.o< ; 071A•i ;.> 1)71t·l:iX 0 O n HO / 10?07\<.l 7 0\> ' l 9~ 1 04 7 36 i r, 8U61 ~y 72 1 
J2 316 d(iQ 064 41 •9 0 .76 1.84 1b 1-,2 18 tl2% 1 9~90~ 2 dt;02 18 8 7:., I ~<4 15 ri 1/ .'$ ()11 ;.. {if'~ .. ~ ,. ffi--11. ~ <~ Q J i°'~ Lj 10.! Jli ',,> tf ,' ~ ] ijMij~ 1 r11l)7,S " 1 · ~ Ja J 734 30 clb4 
32 644 459 756 44 o2 0.87 1 n4 1!, 36 ~o 11a5 2 o,,at 2 ci!il,t c?O 18t,f:) ;>()-.i1 U1 ci 1th f\(} r' 1 1/ t:(4 11; tj'lt' () 0 o~ 11 i'1.J(j7 8 0 /t}lti',I 1 3 Hi0 1 114 I":' 37 9227 J t 0~4 
32 972 459 428 46 .8 1 0 97 207 ·12 08 ~0 ~M?t i-' 171 10 2 f.5.-.:4" 10 SI ·~ ~ 1o')l '2b h 1r .. , ("1- " ,. t:r ,a ;:, 1 1,ttJtJ' 0 O~t•4l l? :t tn>J:"' ~ 4LU6'.=13 1 ,IOJ1t 4(\ HH ]1 97~ J1 '.'-I 

33.3 4b9 100 34 78 Oti3 1 8? 11 57 10 1t /9 1 CJ:tOAT .., 7:1912 lb \ RCJ 1 1),Jt:\~1 1 .. ~h Cl\) , 1 ~Jt<--1 J 1 c,3~;~1:, 0 CH it'14 9 !.,/!)/t-:3 fi o,~i"~ti 1 0101 :V. ~h d2 h~73 .!9 219 
J3 628 .;so 772 21.97 0.53 1 ~~ 1111 1 U ~ti3 i" 2 O~•lti1 2 d t4~4:-? 11 tl~nf\ ?(J-ltKl!-> 0 1/t, 0() I / J ~d . 1 i c. J .St\ n c, 1;no ~ ~::,f l ':',,! !J !-,.l~\ J 1/ 0 i Hl:;SG'i i 8 OJ -Ill ~ij , 27.t•~ 
33 956 .. sa_.44 25.2 0 51 2.0J 10 93 10.d815 l. 2 H5t:S~ 2 ~OSJ 1 10"1 ~4 ;,'" l l l i ,. l.~f Iii ;: 1-.4, J. r ~-•~.J>-. r 0 l"t7 !:-, ifr4l:11 ~ 1.lh!:'tlt3 0 t1 ?2~1 2~ ?( ~2 ~:Jbr J6 1,b .... 
J4 284 -lt,8 110 23.12 0.44 t 9 1 10.81 0-lJ63'.J 2 104 78 ?9:<1 ijh ~ •l0 °9J ;r.,,>. /1/ h 1t.'f, lfJ 1,10.--•1 ~'i't~ J,J,- 0 (I t"l: H~ 7. 1{)ft1dl:, 4 l7b6tl-l 0 i,d 7? t'.~ ... 1 f) b.f 0101 2'i 04; (;; 
J4 612 457 /~8 24.88 o.,;6 

2 ' " 
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ConeTec Inc. ,. •pretalion 
Interpretation Ou >lease 1.22 Rev. Format: NU Imperial 
Run No: 01-1210.1008-4528 
Job No: 07-804 

Civil & Environmental Consultants Client 
Project 
Site: 

Pond Creek Mine - Williamson County, ll!inols 
CPT·3 

Location: 
Cone: 
CPT Dale: 
CPTTime: 
CPT File: 
Northing (II): 
Easting {II): 
Elevation (II): 
········-·-·-----
User Inputs: 

Assumed: Nk: 

Pond Creek Mine 
20TON AD211 
07/31/10 
07:09 
804CP03.COR 

0.000000 
0.000000 

466.98 

[It): 

State Parameter. 
Uni! Weigh! of Soil (pc!): 

Depth 
(ft) 

Sample El. AvgOI AvgFs 
(lsf) 

AvgRt 
(%) (II) (Isl) 

~ 
OJ:::] 
~See Below 

AvgUd 
(ft) 

Qin 
(Isl) 

Rfn 
(%) 

CPT area ratio OE] 

tc a F 

See Below 

SBT U.WI. 
(pcf) 

n 

Material Types and Unit Weight (pc!) Phi Ava. Su Avg. Qc Avg. Fe Avg. ~ 

- - - ~ ~ % % [::z:::]Residual Soil ! it; ~I' I I I~ I A'• 1, ! J<? :111 ! e •!I I 

Ground Surface Elev. ~ 

Copied from ConeTec CPT Data rile 

TSlress EStress 
(tsf) (tsf) 

Ueq 
{lsf) 

Cn N60 (N1)60 
(blows/ft) (blows/It) 

Su 
(tsf) 

qc 
(lsf) 

Fe 
(%) 

Phi 
(Deg.) •-•H••••• -•••••••••••••••••·-••-••••••••••••• ••-•-••••••-• •••••••-•••••---- ----••••••••- •••••••-••-•••••••••• • ••••••••••••••••• - n • •••••• ••••-••••-•••·H-••• • •••••••••• --·--·---·------------------ ··-------------------0 164 

0 492 
082 
1148 
I Ho 
1 ~04 
2 133 
2d6t 
2 7~9 
J 117 
3.44:, 
3773 
·1 101 
4 4211 
4 757 
5085 
5 413 
5.741 
6 069 
6.398 
6726 
7 054 
7382 
7.71 

8038 
8 J66 
8694 
9 022 
g :i& 
9.~78 
10006 
10 33~ 
10 o63 
10991 
11.3P~ 
11 O'l7 
11 97S 
12303 
12631 
12.%9 
13 287 
13.61~ 
13.,-13 
14 271 

146 
14 928 
I', 2fi6 

4ti6 .816 
466 488 
466.160 
465.832 
•6~.:,04 
,lti5 176 
4t)4 8J 7 
Jij4 519 
J54 191 
463.863 
463.5J5 
46~.207 
462 879 
462 551 
462 223 
461.895 
461 ~67 
461239 
460.911 
460b82 
460.254 
459 926 
4~9.598 
4,9.270 
458 942 
458.61d 
456 266 
J57 9ti8 
457.SJO 
457 302 
456 974 
456.645 
456 317 
451, 9t<9 
455 661 
455 333 
455 005 
45-l f,77 
4~ 3J9 
4b4 021 
4~3.b9~ 
453 365 
453.037 
452. /00 
452 380 
452.052 
•bt 724 

228 
4246 
2894 
2'J.43 
3~.i,4 
38 02 
36.61 
32.44 
33.21 
41.9d 
5 1.02 
6t.J3 
6035 
70.01 
47 34 
Jo2s 
2945 
22 73 
20~2 
23.44 
1644 
14.7~ 
17.38 
18 54 
19.4 

17.21 
17.95 
19.33 
10.87 
20 7 
208 

22 06 
222b 
2223 
19 23 

18 
21 25 
211 
17.94 
16 67 
17.08 
1598 

17 

20 Jb 
24 qq 
20.84 
2bJb 

036 
0 67 
0.o6 
Oe6 
0 56 
0.94 
1 27 
1,l!!j 

1 93 
2.21, 
25 
2 63 
2.J7 
2 '10 
t 98 
1 25 
t 07 
0 /2 
05 

0 52 
0.47 
0 41 
043 
0.47 
0.5 

0.55 
0.56 a,, 
0.64 
0.61 
0.74 
0 ,~ 
0!!4 
0 ~6 
0&t 
0 62 
0 62 
08 

0.7 
053 
0.47 
0 4b 
042 
053 
07 

0.&2 
0 Rb 

1 ',t, 

1 b8 
2 ,!9 

1 97 
1 -7 
l 47 
J 46 
5 81 
;, 8? 
:,:ia 
4 89 
4 : 6 
3.l? 
J 51 
• 19 
3 [ld 

3 63 
3 15 
243 
2 2'Z 
28•1 
27Y 
2 45 
r !:>1 
2 08 
3.2 
3 1 
2 9J 
3• 
2 95 
3 57 
3~2 
.I 7b 

3ijt3 
42 
3 do 
2 \1, ,~ 

H8 
;i 19 
l 16 
?7'1 
2 4b 
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2 , ~ 
3 ~~ 
J ~ 
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5 1/ 
b.JL 
7 27 
11 ,J 

J Oo 
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1 lb 
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1 78 
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5 77 

1 2 
4 ~7 
1,1 7h 
14 2!> 
18 2 

23 I? 
SI o·1 
.14 02 

J~ GI 
4702 
:1, 83 
37.~• 
1,1 7,1 

31 31 
~7 99 
.!3.91 
26.23 
109/ 
b 13 
<.,106 

100: 
10.53 
12(1 

11).42 

12 7 
1331 
2~.01 
28 87 
J 2 33 
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41 32 
!,~". IQ 

51 01 
'•i1 di-"" 

2'~~~ 3~ 1 ~80 
1379 d9 t 579 
563 683 2 28::. 
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2 / ~ 11 8 '.\ J03 
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2\.l 11~~ 5 '100 
?35.9b8 ,I 9~1 
259.:,04 4 296 
257tl&t J,:\7 
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32 • 562 l 005 
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37 J ;d7 2 c!03 
37.6t6b ? 6so 
31 9142 3 296 
J2();!-tj 3.217 
33 2!!0,, ! 037 
31.2909 3500 
JO 2219 3 036 

32 Zv 3 66tl 
JJ 1519 1 042 
32.J0!o 38\/0 
31 ~~bl J.992 
26 373~ 4 373 
24 1 fi09 :, (J!lO 
l8.2"l01 3025 
U"413 3 9:lo 
~c!860d .i 083 
20 trJo~ 1 ~•• 
?O ,tij~ 2 8!.l<J 
19.,415 2 ~77 
&l 20&~, e . nM 
24 01 ,N< 2 7?6 
2? 2!)28 2 909 
2ll.SG 77 .l fi\17 
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1 42 
1 ,Jr\ 

1 :1 
1 70 

1.1• 
U7 
l Q4 
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? 20 
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2.0H 
l Ot 
2 24 
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? l 1 

? 1ti 

l .,13 
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2 ~? 
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;, "~ 

2-!i:,1 3 / 
13tt0 4F; 
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~~1 

108~ 
21J u4 
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/!,,1 Q1 
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F 
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~ 
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~ 
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ConeTec Inc. 'pretalion 
Interpretation Ou! lease 1.22 Rev. Format: NLI 
Run No: 
Job No: 

07-1210-1008-4501 
07-804 

Imperial 

Client: Civil & Environmental Consultants 
ProIec1: 
Site: 

Pond Creek Mine - Williamson County, Illinois 
CPT-4 

Location: 
Cone: 
CPT Dale: 
CPTTime: 
CPT File: 
Northing (II): 
Easting (II): 
Elevation (ft): 
................. 
User Inputs: 

Assumed: 

Pond Creek Mine 
20TON AD211 
07/31/10 
12:51 
804CP04.COR 

0.000000 
0.000000 

482.55 

Ill): 

Stale Parameter: 
Unit Weight of Soil (pcf): 

Depth 
(fl ) 

Sample El. AvgOI AvgFs 
(Isl) 

AvgRf 
(%) (fl) (Isl) 

~ 
DI] 
~ See Below 

AvgUd 
(fl) 

Qin 
(Isl) 

Rln 
(%) 

CPT area ratio: ~ 

le Q 

See Below 

SBT U.WI. 
(pcl) 

0 

Material Types and Unit Weigh! (pcJI Phi Avg. ~ ~ ~ ~ 
deg tsl tsf % % ! 1 ~• ]Residual Soil C in 9~ j 1 % I ,;;:< 49 I 26 0<' l , 41 I 

Ground Surlace Elev. ~ 

Copied lrom GoneTPC CPT Data Fie 

TStress ES1ress 
(1s1) (Isl) 

Ueq 
(Isl) 

Cn N60 (N1)60 
(blows/fl) (blows/fl) 

Su 
(Isl) 

qc 
(Isl) 

Fe 
(% ) 

Phi 
(Deg,) ________ .. ____ --------.. --------- --------- ________ .. ___________________________ _ ----------- ---· 0 164 

0 492 
0 82 
1148 
1 476 
1 804 
2 133 
?. 461 
V 69 
3 11 7 
3.445 
3.773 
~ 10 1 
4429 
4 757 
5.006 
5 413 
5 741 
60o9 
6.398 
o 726 
7.054 
7 382 
7 71 

8 038 
li366 
8 894 
9.022 
9 35 

9 o /8 
10000 
10 335 
10663 
10 \191 
11 319 
11.G47 
11 975 
12 303 
1l631 
12 9!,Q 
13 287 
13 615 
13943 
14 271 

14 .6 
14.028 
1~2~ 

4823ij6 
482 058 
481 730 
481 J02 
481 .074 
480746 
460 .417 
480 0!!9 
•79 761 
479 433 
479 105 
478 777 
478 449 
478,121 
477 793 
477 466 
477 137 
476 809 
476 481 
J76 152 
475 624 
475 498 
475 168 
474 640 
474 512 
474 184 
473 856 
473.528 
473 200 
J7?872 
47 2 5,14 
J72.215 
J 71 887 
471 .559 
471231 
470.903 
470 575 
470 247 
4'39.919 
~'09.591 
469 263 
468 935 
46t<607 
468,279 
467 950 
467 62? 
467 2?~ 

lij 72 
32.37 
5g ;:s 
69.32 
56 93 
47 44 
31 .92 
34 91 
2226 
18.96 
26 28 
29.78 
30.45 
31 27 
29 J 
29.53 
29 07 
26 51 
27 29 
32.7 
32 33 
2779 
27.6 
2697 
23.3b 
23.34 
23 05 
21 0,1 

24 56 
2972 
27 78 
35.02 
398J 
SI 44 
49 73 
59 48 
59 84 
46 27 
o074 
85.44 
93.83 
100.07 
131 31 
1J0.51 
121 1b 
117.27 
114 14 
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••••oHH•h• ••••• ,· --------------------------------------------------·------------------------- ------------------------ ------------ --------------- ------------0 -- -------------- ----------- ----------- ---------------------------------------- ----------- ••••••••• ••••••••••••••••••••u Deplll Sampt. lvgOI AvgFs AvaRI AvgUd Otn Rfn le 0 F SElT U.WI. ;s ESlress Ueq Cn NGO (N1)60 Su QC Fe Phi (II) (fl) (ISi) (tSI) (%) (fl) (ISi) (%) (pct) (Isl) (Isl) (Isl) (blows/It) (blows/It) (Isl) (1st) (%) (Deg.) -•••H•--••••• •••••••-••••••-••••••-• •••-••••-•••--••••-•-•• ---·••------······--- --·····---------·-·-- •-•••••••-• ••••-•••••-•••••u•••••-••••••••••••••••••• ••••••••••••••••••••••-••••••••••••• ••-••••••••••• 15.5&1 466 966 104.J6 7 93 1 0 18., 1Q6.14fj i 670 ::> .b5 l()!S ,!_1 ,· p; 1' l <fi GO (l ~)?rt 0 €i !s 1()\1(1 1 1)1.~ e h 0~ =~4 .< 3 & 1 104 ~~ .l:l Q~fi;i 1l084 15 912 <166 638 10846 7.37 08 18.02 100 C)(, 6 ~Ml 2 ,1 1•1H 1; f, ~h 11 1i:•!", OU 0 "1-1~ ~!-I!• r \\')\) I(!'".' r~t, '."'>,; l~ <'O 3:!,;; i 1U~ -i i J1<),!2:, ~O!lli 1tl.24 466 310 113.79 78 6 d6 -17 9 11 1 100 6 910 2 50 111 :.!t' 6 Y1 I! l lh ()CJ 1 J ' " 11"1 ~ oor 0«,◄ ' 
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ConeTec Inc. ,.·oretation () r, Interpretation Out; lease 1.22 Rev. Format: NU Imperial 
Run No: 07-1210-1008-4462 
Job No: 07-804 
Client: Civil & Environmental Consultants 
Project: Pond Creek Mine · Williamson County, Illinois 
Site: CPT-5 

Material T~es and Unit Weighl {Def} Phi Avg. Su Avg. Qc Avg. Fe Avg. le Avg. Location: Pond Creek Mine 
deQ lsf lsf % % Cone: 20 TON AD211 

~ Coarse Reruse 37.49 1.51 49.57 22.51 2.24 CPT Date: 07/30/10 Soil Embankment 21 'l.7 I ~~ 5S 50 ()~68 J ()<I CPTTime: 12:34 
CPT File: 804CP0S.COR 
Northing (fl): 0.000000 
Easting (fl): 0.000000 
Elevation (fl): 482.55 
•-------•••-----•-•- ••••••--•---•• •••••••-----•-----•-•·-•-----•-•---•••• •••••un••••••--•--•--••-••-•-•••• •••••••• 

User Inputs: 

Water Tate Depth j"): ~ Ground Surtace Elev. ~ Assumed: Nk: 32 3 
State Parameter: 

~ CPT area ratio: DK] 
Unit Weight of Soil (pcf): See Below See Below Copied from ConeTec CPT Data File 

••••o••••••••••••••••••• ••••-• •••••••••-•• •••••••••-•••• •••••••-•••-•• •••••••••••••• • • •-•••-•••• •••••••••••• •••••••••H• ••••••••••••• ••••• ••••• •• ••••••• •••• •••• •••••h• •••••• -•-•• ••••••• •••••••••••••• ••••••••••• h••••• • • • • ••••••••••••-

Depth Sample El. AvgOt AvgFs AvgRJ AvgUd Otn Rfn IC Q F SBT U.Wt. TStress EStress Ueq Cn N60 (N1)60 Su qc Fe Phi (fl) (ft) (Isl) (Isl) (%) (fl) (lsf) (%) (pcf) (lsf) (lsf) (Isl) (blows/ft) (blows/ft) (tsf) (tsf) (%) (Deg.) ------------·····------ ----------------------------- ••••••••••••• HOOO••• •-•• •• • •••••••••• ·-·-------- ·········-····--·--·-·-·--· ·o. 164°"'"" 482.386 8,56 0.05 .. ~ 9 -=lf,5 802.002 0.585 7 ·,14 
. 

802.00 0.58-- 1- 130.00 0.011 0.011 ~oooo· 2.000 1.26 - 2.53 0 .265 8.56 -1.038<i' 50.01 0.492 482.058 13.06 0.18 1.38 -0.41 407.38 1.38?. 1.61 407.69 1.38 6 130.00 b032 0032 0 .000 2000 2.23 4,47 0.403 13.07 4.50950 47.27 0.82 ◄81.730 39.92 0.69 1.73 -0.58 747.968 1.731 1.58 748.16 1.73 7 130.00 0.053 0.053 0 000 2.000 6.75 13.50 1.234 39.93 3.96322 49.74 1.148 481.402 81.09 1.4 1, 72 -0.71 1085.71 1.728 1.52 1085.84 1.73 7 130.00 0.075 O.Q75 0.000 2.000 13.47 26.93 2.508 01.1 3.13579 51.14 
1.476 461.074 98.28 2.17 2.21 -039 1023.39 2.210 1,63 1023 39 2.21 7 130.00 0.096 0.096 0.000 2 .000 16.92 33.85 3.0o\O 98.28 4.87426 60.92 1.804 480,746 102.52 1.75 1.71 ·O 72 873.298 1.709 1.55 873.38 1.71 7 130.00 0.117 0 117 0 .000 2000 1717 34.33 3 170 102.53 J.50958 6033 2,133 480.417 76.33 1.69 2.22 -0.49 549.543 2.218 1.73 549.61 2.22 7 130,00 0.139 0.139 0.000 2.000 13.59 27.18 2.359 76.34 664681 48.52 2,461 480.089 n.2a 1.31 1.7 -0.51 481.981 1 699 1.65 481.98 1.70 7 130.00 0.160 0.160 0.000 2.000 1.339 26.78 2.387 77 26 5.20939 47.98 ' 2.789 479.761 73.62 1.23 1.67 -0.64 405.101 1.675 1.68 405.10 1.67 7 130.00 0.181 0.181 0.000 2.000 12.90 25.80 2.274 73.62 5.78223 47.24 3.117 479.433 61.07 o.77 1.5 ·1.11 251 .067 1,514 1.76 251.07 1.51 7 130.00 0.203 0.203 0.000 2.000 9.20 18.40 1,575 51.07 7 .33445 45.12 3.445 479.105 43.47 0.65 1.49 -0.99 193.127 1.503 1.83 193, 17 1.50 7 130.00 0 .224 0.224 0.000 2.000 8.03 16.06 1339 43.48 8 .80013 43.69 3.T13 ◄78.m 137.71 0.53 1.4 •1.27 152.765 1.415 1.88 152 81 1.41 7 130.00 0.245 0.245 0.000 2.000 7.09 14, 18 1,160 37.72 9.8m5 42.76 4.1Q1 478.449 27.27 0.39 1.43 ·1-04 101.302 1.444 2.01 101.34 1.44 6 130.00 0.267 0.267 0.000 1.937 5.39 10.44 0.836 27.28 13.2875 40.64 4.429 478.121 26,38 0.42 1.6 · 1.23 90.6338 1.610 2.08 90.83 1.61 6 130.00 0.288 0.288 0.000 1.864 6 35 9.97 0.808 26.38 15.1944 40.04 
4.757 477.793 18.36 0.58 3.17 ·1.09 58.3781 3.213 2.43 58.38 3.21 5 130.00 0.309 0.309 0.000 1.798 4.32 7.77 0 .559 18.36 27.4805 37.60 6.085 477.465 64.13 1.14 1,77 ·1.43 193.025 1.787 1.89 193.05 1.79 7 130.00 0.331 0.331 0.000 1.739 12.10 21.04 1.975 84.14 10.1362 43.89 ' 5.413 4n.1a1 80.68 2.1 2 .6 ·1.02 228.306 2.614 1.98 228.33 2.61 8 130.00 0.352 0.352 0.000 1.686 15.74 26.54 2.487 80.69 12.3848 44.68 
5.741 ◄76.809 82.5 2.19 2.65 ·0.19 220.082 2.667 2.00 220.08 2.67 6 130.00 0.373 0.373 0.000 1.637 16. 19 26.51 2.543 825 12.8155 44.51 6.069 476.481 82.21 1.32 1.6 -0.88 207.398 1.813 1.84 207.40 1.61 7 130.00 0394 0.394 0.000 1.592 15.20 24.21 2 .533 82.21 8.89156 44.23 
6.398 476.152 69.65 0.67 0.96 ·0.92 166.48 0.968 1.74 166.50 0.97 8 130.00 0.416 0,416 0.000 1.551 12.44 i 9.28 2.143 69.60 6.80329 43.17 
6.726 475.824 67.23 1.03 1,54 -0.51 152.778 1.542 1.91 152.78 1.54 7 130.00 0.437 0.437 0.000 1,612 12.78 19.31 2.068 67.23 10.5604 42.74 
7.054 475.498 82,5 f .02 1.64 -0.74 135.311 1.6« 1.96 135.33 1.64 7 130.00 0.459 0.459 0.000 1.477 12.12 17.90 1,921 62.51 11 .9694 42.l◄ 
7.382 475,168 58.83 0 .75 1.27 ·0.83 121.606 1.285 1.92 121.61 1.29 7 130.00 0.480 0.480 0.000 1.444 11.22 16.20 1.807 58.83 10.869 41,59 
7.71 474.840 46.68 0.49 1.05 •1.29 92. 1059 1.062 1.95 92.11 1.06 7 130.00 0.501 0.501 0000 1.413 9.02 12.74 1,429 46.68 11.7456 40. 13 8,038 474,512 37,02 0.37 0.99 -0.7◄ 69.8557 1.014 2.04 69.86 1 0 1 7 130.00 0 .522 0.522 0 .000 1.383 7.38 10.2 1 1.130 37.02 13.9486 38.61 
8.366 474.184 26.15 0.38 1.46 -1.04 47.0884 1.484 2.27 47.11 1.48 El 130.00 0.544 0,544 0.000 1.356 6.75 779 0793 26.16 21.5182 36.35 
8.694 473.856 15.2 0.12 0.79 •0,81 26.8974 0.820 2.35 25.90 0.82 6 13000 0.565 0,565 0 .000 1.330 3.45 4 59 0453 16.2 24.3631 32.69 
9.022 473.528 13.51 0.23 1.67 ·1.09 22.0377 1780 2.59 22.04 1.78 5 130.00 0.588 0,586 0.000 1.308 3.43 4.48 0.400 13.51 34.6587 31.66 
9.35 473.200 16.76 0.4 2.39 ·2.31 26.5771 2.476 2.01 26,59 2.47 5 130.00 0.608 0.608 0.000 1.283 4.30 5.51 0.500 1e.n 35.6004 32.86 9.678 472.1172 i9.24 0.76 1.29 · 1.66 93.1708 1.297 2.01 93.19 1.30 7 130.00 0.629 0.629 0.000 1.261 11.68 14,73 1.815 59.25 13.14 40. 19 

10.006 472,6◄4 72.22 0.96 1.33 -0.79 110.041 1.341 1.96 110.0<I 1.34 7 130.00 0.650 0 650 0.000 1.240 14.01 17.37 2,216 72.22 11.9881 41.07 
10.335 472.215 84,71 1.11 1.72 -0.51 95.3269 1.733 2.09 95.33 1.73 7 130.00 0.672 0.672 0.000 1.220 13.16 16.06 1.983 64.71 15,3858 40.31 
10.663 471,887 67.23 1.33 1.98 •0,58 95.9997 1.999 2,13 9600 2.00 7 130.00 0.693 0.693 0 .000 1.201 13.90 16.70 2.060 67.23 186516 40,35 
10.991 471,559 52.18 1.18 2.22 ·1.01 72.0108 2.255 2.25 72.01 2.25 6 130.00 0.714 0.714 0.000 1.183 11 .36 13.44 1.593 52.16 20.8129 38.78 
11.319 471.231 58.94 1.24 2. 17 ·1.8 76.392 2.206 2.23 76.41 2.21 6 130.00 0.736 0.736 0.000 1168 12.28 14.31 1.740 58.95 19.9382 39.11 
11,647 470.!l03 52.◄4 1.04 1.99 · 1.08 68.2684 2.012 2.24 88.28 201 7 130.00 0.757 0.757 Q,000 1.149 11.34 13 .03 1.600 52.45 20.2013 38.48 
11.975 470.575 33.75 0.91 2.69 -0.92 42.3596 2.760 2.40 ◄2.37 2.76 8 130.00 0.778 0.778 0.000 1.133 8.15 9.23 1.021 33.78 29.8333 35.72 
12.303 470.247 35.95 0 .93 2.58 -2.38 43.9548 2.648 2.46 43.98 2.64 6 130.00 0.800 0 .800 0.000 1.118 858 9.59 1,088 35.97 28.7745 35.94 ' 12.631 469.919 39.85 0.73 1.84 -1.87 47.5375 1.870 2.33 47.55 1.87 6 130.00 0.821 0.821 0.000 1.10,, 8 .99 9.92 1.208 39.86 23.739 3640 

' 12.959 4.69.591 38.57 0 .32 0.82 ·1.48 44.7894 0.848 2.15 44.80 0.85 7 130.00 0.842 0.842 0.000 1090 8.05 8.78 1.168 38.58 17.3896 36.05 
13287 489.263 53.21 0 .49 0.91 -0.83 60.6102 0.936 2.07 60.81 0.94 7 1jo_.oo 0.864 0.864 0.000 1.076 10.74 11.55 1.621 53.21 14.7902 37.81 ' 13.615 468.935 34.3 0 .61 1.77 -0.69 37.7582 1.826 2.40 37.77 1.82 6 130.00 0 .885 0.885 0 .000 1.063 7.99 8.49 1035 34.31 26.5559 35.03 
13.943 4.88.807 28.18 0 .33 1 17 -0.69 30.0716 1.211 2.38 30.08 1.21 7 130.00 0.906 0.906 0 .000 1.050 6.49 6.82 0.84◄ 28.17 25.6033 33.63 
1◄.271 488.279 26.64 0.48 1.79 -0.69 27.7188 1.867 2.52 27.72 1.87 6 130.00 0.928 0.928 0 .000 1.038 6.54 6.79 0,796 26.64 31.4282 33.12 I 14.6 467.950 28.1 0.34 1.19 -0.97 28.6101 1.252 2.4 1 28.62 1.25 7 130.00 0.949 0.949 0.000 1.027 6.55 6.73 0.841 28.11 26.6607 33.32 
14.928 467.622 26.73 0.36 1.33 -0.67 26.5'176 1.398 2.46 2655 140 6 130.00 0.970 0970 0000 1.015 639 6.48 0.798 26.73 28915 32.84 
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ConeTec Inc. · r ·rpretatlon n ""' Interpretation Ou 1lease 1.22 Rev. Format: NU Imperial 
' Run No: 07·1210·1008·4429 

Job No: 07·804 
Client Ctvil & Environmental Consultants 
Project: Pond Creek Mine • Williamson County, Illinois 
Site: CPT·SA 

Ma1erlal T:i'2~~ and Unit W~lghl {CCII Phi Avg. Su Avg. Qc Avg Fe Avg. ~ Location: Pond Creek Mine 
deo ts f Isl % % Cone: 20TON AD211 

rnCoarse Refuse I j;~ I 1.11 I 3682 I 24.15 I 2.29 CPT Date: 07/30/10 
Soil Embankment \ 4:' 48~ ~629 ,~ CPTTime: 10:44 

CPT File: 804CP05A.COR 
Northing (fl): 0.000000 
Easling (fl): 0 .000000 
Elevation (fl ): 483 

..... -------···-········-·--·--------•o.••··--------------·-·--·----·----
User Inputs: 

Water Taj Depth I"): [JiL] Ground Surlace Elev. DfilIJ Assumed: Nk: 32 3 
State Parameter. ~ CPT area ratio ~ Unit Weight of Soil (pcf): See Below See Below Copied from ConoTl'c CPT Data FMe 
Oo•ooHOUOOO ••••• •-••••.o ••••••••••••••• •••••••• • ••••• ••••••••••-• •••••••••••• •HHOO• •••• ••• ••HOOOOH o • • H••••••• 000.0ohooooooo ••• •••••••••• • •••••••• •••• • ••• •-•••••• • • ••• • • • • • •• ••• oOoooHO O o OO•••••••••• 

Depth Sample El. AvgOt AvgFs AvgRf AvgUd Otn Rfn IC Q F SBT U.Wt. TStress EStress Ueq Cn N60 (Nt)60 Su QC Fe Phi (fl) (fl) (Isl) (Isl) (%) (fl) (Isl) (%) (pcl) (Isl) (Isl) (ISi) (blows/ft) (blows/ft) (Is l) (Isl) (%) (Deg.) ------- ------------- ---.-- ----·· 0.184 482.836- 25.42 0.16 0.61 -0.04 2383.62 0.630 1.02 2383.62 063 7 130.00 0.011 0011 0.000 2.000 3.63 727 0 .787 2S.42 · 1.8137 6384 0.492 482.608 30.83 0.26 0.83 0.09 956.700 0.850 1.25 958 79 0.85 7 13000 0.032 0.032 0.000 2.000 4.67 9.35 0.947 30.63 •0,0948 50.67 0.82 482,180 34.86 0.47 1.34 002 652.848 1.351 1.50 652.85 1.35 7 13000 0.053 0.053 0.000 2.000 5.75 11.50 1.on 34.85 2.85185 49.21 11"8 481.852 45.55 0.61 1.33 055 609.4?6 1.341 I 51 60943 1.34 7 130.00 0.075 0.075 0.000 2.000 7.54 15.08 1.408 45.65 300348 48.93 1.478 481.624 30.86 0.46 1.49 -0 18 318 576 1.505 1.70 318 !;7 1.51 6 130.00 0.096 0.096 0.000 2.000 5.40 10.81 0.946 30.66 8.10537 46.20 1.804 "811196 25.49 0.36 1,4 -0.21 216.38 1.419 1.78 216.38 1.42 6 130.00 0.1 17 0.1 17 0.000 2.000 4.62 9.24 0 .786 25.49 7.70894 44.43 2.133 480.887 24.98 0.31 1.22 0.07 179.172 1.248 1.79 179 17 1.25 6 130.00 0.139 0.139 0.000 2.000 4.55 9.10 0.769 24.98 796054 4353 2.4&1 480.SJG 22 0.24 1.07 -037 136.53 1.099 1.84 136.53 1.10 6 130.00 0. 160 0.160 0.000 2.000 4.07 8 14 0.676 22 8.91183 42.18 2789 480.211 19.96 0.2 1 -0.25 109.103 1.011 1.88 109.10 1.01 6 130.00 0. 181 0 .181 0.000 2.000 3.76 7.52 0612 19.96 10.022 41.03 3.117 479.883 18,87 0.21 1.22 ·O 14 82.2655 1.280 2.04 82.<7 1.26 6 130.00 0203 0.203 0.000 2000 3.37 0.74 0.516 16.87 14.0492 3952 3.445 479.555 27.63 0.29 1.05 ·0.81 122.39 1.058 1.86 122.39 1.06 7 130.00 0.224 0.224 0.000 2.000 5.16 10.31 0.848 27.63 0.45051 41 .82 3.n3 479.227 28.29 0 .55 1,95 -0.9 114.354 1.961 2.07 114 39 1.96 6 130.00 0 245 0245 0.000 2.000 5.72 11 .43 0.868 28.3 14.8825 41.27 4.101 478.899 31.49 0 .42 1.32 -0.S8 117.133 1.345 1.94 117.17 1.34 7 13000 0.267 0.267 0.000 1.937 607 11.75 O.P67 31.5 11.5005 41.40 4,429 478.571 21.53 0.34 1.58 -0.26 73.7868 1.601 2.14 73.79 1.60 6 130.00 0.288 0.288 0.000 1.864 4.48 8.35 0 6S8 21.53 17.1574 38.112 4.757 478.243 20.69 025 t.19 ·1.01 65.9135 1.227 2 11 65.95 1.23 6 13000 0.309 0.309 0.000 1.798 4.24 7.63 0 .631 20.7 18.0068 38.29 6,085 477.915 16.26 0.33 2.14 ·1.38 46.169 2,210 2.40 45.20 2 21 6 130.00 0.331 0.331 0000 1.730 3.64 6.16 0.462 16.27 28.2447 36.10 5.413 477.587 14.21 0 .29 2.05 ·1.25 39.3871 2.093 2.43 39.39 2.09 5 13000 0352 0352 0.000 1.686 3.34 664 0 429 14.21 27.6061 35.28 5.741 ◄n.2s9 2A.82 0.37 1,47 ·0.26 65.5121 1.513 2.17 65.51 1.51 8 130.00 0.373 0.373 0.000 1,637 5.22 8.54 0.757 2482 17.8966 38.25 6069 478.D31 37.94 0.39 1.02 · 1.27 95.176 1.039 1.94 95.20 1.04 7 130.00 0.394 0.394 0000 1.592 7.29 11 .60 1,162 37.95 11,3095 4030 6.398 478.602 38,71 0.49 1.28 -0.12 92.082 1.280 2.01 92.08 1.28 7 130.00 0.416 0.416 0.000 1 551 7.63 11.84 1.180 38.71 13.1428 40.13 8.728 476.274 62.69 0.91 1.45 •074 142,393 1.462 1.91 142.,2 1.46 ., 130.00 0.437 0.437 0.000 1.512 11,92 18.03 1.927 62.7 10.6517 42,39 7.054 475.948 61.98 1.01 1.63 -0.67 134.133 1.642 1,97 134. ' 6 1.64 7 130.00 0459 0.459 0.000 1 477 12.03 17.76 1.904 61.97 12.0276 42.09 7.382 475.818 77.1 092 1.19 ·1.34 159.682 1201 1.81 159.70 1 20 8 130.00 0.480 0 ,480 0.000 1.444 14 16 20.43 2.372 77.11 8.43681 42.96 1.71 476.290 80..49 0.84 1.38 •0,67 119.702 1.400 1.95 119.72 1.40 7 130.00 0.501 0 .501 0.000 1.413 11.67 1649 1.857 60.5 11.6404 41.51 8.038 474.062 43.50 0.42 095 -0.41 82 3732 0.976 1.97 82.3.l 0.98 7 130.00 0522 0.622 0.000 1 363 8 47 11 .72 1.332 43.57 12. 1295 39.52 8.366 474.634 31.78 0.35 1.09 -0.72 57.4417 1.120 2.13 57.44 1.12 7 130.00 0.544 0 544 0,000 1.356 6.58 802 0967 31.78 18.7393 37.50 8.694 474.306 23.4<4 0.25 1.07 ·0.63 (0.4707 1.093 2.26 40.SO 1.09 6 13000 0.565 0.565 0.000 1.330 5.10 6.78 0.708 23.45 20.6373 3545 9.022 473.978 14.75 0.2 1.33 · 1.36 24 1522 1.412 2.60 24.17 1.41 6 130.00 0.586 0.586 0.000 t .306 3.59 4.68 0 439 14.76 30.5056 32.25 9.35 473.650 18.93 0. 1 0.53 · 1.34 30.1477 0546 2.21 30.15 0.55 7 130.00 0.608 O.GOS 0.000 1.283 4.05 5.19 0.567 18 94 19.2809 33.65 9.878 473.JZZ 14.31 0.1 0.1 ·0.39 21.7479 0.731 2.39 21.75 0.73 6 130.00 0.629 0.629 0.000 1.261 331 4.18 0.424 14.31 26.0849 31.57 10 006 472.994 13.41 0. 1 0.75 •0,63 19.6184 0.784 2.45 19.63 0.78 6 130.00 0.650 0.0s0 0.000 1.240 3.18 3.95 0.395 13.42 20.3013 30.91 10.335 472.665 9.07 0.17 1.82 ·0.74 12 .6015 2.024 282 12,50 2.02 5 130.00 0 672 0.672 0.000 1.220 2.61 3.18 0260 9.07 47.2437 27.92 10.663 4 72.337 9.3 0.05 0.54 ·0.39 12.4181 0.581 2.S7 12 .42 0.58 1 130.00 0693 0 .693 0.000 1.201 234 2.82 0.268 93 33.9922 27.88 10 .991 472.009 8.69 0.07 0.81 ·0.46 11 .1638 0.878 2 .69 11.16 0.88 5 130.00 0.714 0.714 0.000 1.103 2.32 2.75 0.247 8.69 39.n05 27.16 11 .319 471,681 8.9 0 .07 0 .94 ,0 74 8.37838 1.136 2.85 8.31! 114 1 130.00 0738 0.736 0.000 1166 2.01 2.35 0.191 6.9 48.8316 25.22 11847 . 471 .353 8.91 0 .09 1.01 -0.44 10.7693 1.104 2.75 10.77 t.10 6 130.00 0.757 0 757 0.000 1, 149 2.46 2.82 0252 8.91 42.9109 2G.02 11.975 471 028 . 18.87 0.21 1.09 ·0.26 23.2420 1.161 2.46 23.26 1,16 6 130.00 0.778 0 778 0,000 1133 4.52 5.12 0.560 18.88 29. 1282 32.00 12.303 470.697 19.57 0,24 1.23 ·0.51 23 4718 1 279 2.48 23.48 1.28 6 13000 0.800 0.800 0.000 1.118 4 .73 5.29 0.58 1 19.58 29.9383 32.07 12.631 470.369 17.34 0.28 1.62 ·0.61 20.1202 1.695 281 20 13 1.69 8 130.00 0021 0.621 0.000 1 104 4.45 4.91 0.511 17.35 36.652 31.07 12,g59 4.70.041 19.9 0.26 1 28 ·0.3 22.6248 1.364 2,51 22.62 1.36 G 130.00 0.842 0.842 0.000 1 090 4 87 5.31 0,590 199 31,2276 31.83 13.287 469.713 30.28 0.23 0.76 •0.3 34.0603 0.182 2.23 34.06 0 78 7 130.00 0.864 0864 0.000 1.076 6.55 7.04 0911 3028 20 1787 34 40 1' 13,&15 469.385 38.98 0.31 0.78 •0,41 43.0238 0.814 2.16 43.02 0.81 7 130.00 0885 0.885 0.000 1.063 8.15 8.67 1 179 38.96 17.5679 3581 ""' 13943 469.057 33.22 0.36 1.07 -0.44 35.6547 1.114 2.30 35.65 1 11 7 , 13000 0.906 0.906 0000 1050 738 775 t.000 33.22 22.4en 34.68 14271 468.729 32.32 0.37 1.13 ·0.62 33.842 1.179 2.33 3384 1.18 7 130.00 0.928 0.928 0.000 1.038 7.28 7.56 o.g12 32.32 23.6858 34 36 ~ 14.6 468.400 25.81 0.32 1.24 •0,3 26.197 1.287 2.44 26.20 1.29 G 130.00 0949 0.949 0.000 t.027 6.12 629 0.770 25.81 28.2811 3270 14.928 468,072 26.82 0.29 1.08 -0.97 26.6404 1. 122 2.41 28.65 1 12 7 130.00 0.970 0.970 0000 1.015 6.26 6.35 0800 26.83 26.6788 32.87 16,256 467 744 27.37 0.29 106 -0.53 26.6007 1.099 2.40 26.6· 110 7 130 00 0.992 0.992 0.000 1004 6 .37 6.40 0.817 27.38 265119 3286 -t 
<:J:. 



R
15218

r-,------····----- ----------··--------·-· ------··-·---·-·-···-------··--·--·-··- -------···-·------------ ··-·--····-· ········-····-· --------····1\---··-·-·-----········-············--····-------------------------------------------------
• • • ••••••o • •••••••-••••• ••••• r') Deplh 

Sam~ AvgOI AvgFs llvgRf llvgUd Oln Rln le Q F SBT UWI. ss ESlress Ueq Cn N60 (N1 )60 Su qc 
Fe Phi (fl) 

(fl, flsf) (tsf) (%) (ft) (tsf) (%) (pcl) \ISi) (Isl) (lsf) (blows/II) (blows/fl) (tsf) (ISi) (%) (Deg.) • • • •••••-••n•••••••• --------------------------- -·------------ ------- ---------------------- • ••-•••••••••• • ••• •nu•••••• 

, 15.564 487.416 h 27.05 • - 0.21 0.76 ·0.81 25.7039 0.807 2.35 2571 081 7 130.00 1 013 1.013 0.000 0994 6.14 610 0.806 27.0G 24.3313 32.64 16.1112 467.088 2369 0.19 0.78 -058 21.9048 0 .839 2.42 2191 0.84 •. 7 130.00 1034 1.()34 0000 0.983 b.55 5 46 0,701 23.7 27.103 31.62 I 16.1!4 466 760 39.57 0.35 0.87 -0.32 36.4858 0.909 2.24 3650 0.91 7 130.00 1.056 1.056 0.000 0973 8.58 8.35 1. 192 39.Sll 20.444 3482 16.568 466,432 74.07 1.13 1.52 0 87.7795 1.648 2.16 6778 1.55 7 13000 1.077 1.077 0.000 0,9e4 15.53 14.97 2.260 74.07 17.7393 38,44 16.896 488.104 66,69 1.62 2.43 -0.62 59.7244 2 .470 2.34 59 72 2.47 6 130.00 1.098 1.098 0.000 0.954 15.08 14.39 2.031 66.69 23.9849 37.73 17224 465.776 65.22 1.33 2.04 •0.58 57.255 2,075 2.30 67 26 207 7 130.00 1120 1.120 0 ,000 0.945 14.50 13.71 1,985 65.22 22.5529 37,49 i 17.552 465.448 57.68 1.09 1.89 -0.39 49.5576 1.928 2.33 4956 1,93 7 130.00 1141 1.141 0.000 0.936 12.98 12.15 1.750 57.68 23.5396 30.65 I 17.88 465.120 32 1.01 3,16 -0.39 26.534 3.275 2.66 26..53 3.28 5 130.00 1.162 1.162 0.000 0928 8.53 7.92 0.955 32 39.6519 32.84 18.208 464.792 51.85 0.91 1.76 -3.51 42.81 1.79606 2.35635 42.8269 1. 79535 7 130.00 1.18352 1.18352 0 0.9192 11.82091 10.86583 t.56862 61.87 246674 35.784 18.637 464,463 43.9 1,02 2.33 -7.82 35,43-44 2.38903 2.49787 35.4759 2.38624 6 130.00 t .20491 1.204905 0 0.911 10,69025 9,738938 1.32183 43.9S 30S8n 346461 
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ConeTec Inc. _,..-•srpretalion n n lnlerprelation o~ elease 1.22 Rev. Format: NLI Imperial , 
Run No: 07•1210·1008-4397 
Job No: 07-804 
Client: Civil & Environmental Consultants 
Project: Pond Creek Mine - Williamson County, Illinois 
Site: CPT•SB 

M1;1lgri~I T~tz~~ 51nd !Jnlt ~~lght {(2cf} Phi Ava. ~ Qc Avg f£.fil'.g. ~ Location: Pond Creek Mine 
de 1st ISi % % Cone: 20TON AD211 rnCoarse Refuse 38.10 1 25 40.93 19.30 ?..1 CPT Dale: 07/30/10 

Soil Embankment Al~ , BP 62ij-, '>9 4!< 21i4 CPTTime: 15:44 
CPT FIie: 804CP05B.COR 
Northing (fl): 0.000000 
Easting (fl): 0.000000 
Elevation (fl): 479.9 
.... --------------·-·· -------············--· 
Use r lnpuls: 

[:JLJ Ground Surlace Elev. Cill.IJ Assumed: 
Slale Parameter. ~ CPT area ratio: ~ Unil We ight of Soil (pcf): See Below See Below Cop,ed from ConeTPC CPT Dala flip 

--•••••H•••••·• •H•••••• • • • •• uu•••• --••••• • • ••••••• • •••• • ••••n ••n•• • • ••••• •••-- ••• ••••• ••• • • ••o•-• • • •• ••••••• • • • •• ••• ••• ••••••••• •••n••••••••• • • •••••••••• • --••••• • • • • •• onH•••••• ••••H••••• 

Depth Sample El. AvgOI AvgFs /wgnr l\vgUd Qin Rfn IC Q F SBT U.WI. TStress EStress Ueq Cn NGO (N1)60 Su QC Fe Phi (II) (fl) (Isl) (Isl) (%) (fl) (Is l) {%) (pcf) (1st) (Isl) (Isl) (blows/fl) (blows/fl) (Isl) (Isl) (%) (Deg.) --------- ··-----········-- -···-·----· - -----·--· - ---------- -- -·····-···-···--·· 0.1~n 479,730- 18.44 0 .14 0.76 0.34 1728.83 0.760 1.13 1727.89 o:1s G 130.00 0.011 0.011 0.000 2.000 2.71 6.42 0571 18.43 -1.1328 SUS 0.492 479.408 23.22 0.26 1.12 0.21 725.079 1.121 1.41 725.08 1.12 6 13000 0.032 0.032 0.000 2.000 3.72 7.44 0.718 23.22 1.62684 49.62 0.82 479.080 13.32 0.2 1.61 -0.32 248.906 1.508 1.76 248.91 1.51 6 130.00 0.053 0.053 0.000 2.000 2.40 4.80 0.411 1332 7.35209 45.08 1,148 478.762 . 12.84 0.15 1.17 0 .16 171.072 1,175 1.79 17107 1.18 6 130.00 0.075 0075 0000 2.000 2.33 4.67 0395 12.84 7.84987 43.30 1.476 478,42" 38.97 0.24 0.62 0.39 405.191 0.617 1.33 405.09 0.62 7 130.00 0.096 0.096 0.000 2.000 6.09 12.18 1.204 38.96 0.7066 47.24 1.804 478.096 74.14 0.58 0.78 0.09 831.27 0.784 1.30 831.18 0.78 8 130.00 0.117 0.117 0 .000 2.000 11.49 22.97 2.292 7413 0.40522 4907 2.133 ◄n.1e1 60.91 0.73 1.2 0.14 438.323 1.201 1.54 43832 1.20 7 130.00 0.139 0.139 0.000 2000 10.18 20.36 1.881 60.91 3.4:163<1 47.68 2.461 4n.439 48.52 0.69 1.42 0.23 302.316 1.427 1.69 302.32 1.43 7 130.00 0.160 0.160 0000 2.000 854 17.07 1.497 4852 599658 45.97 2.789 4n.111 43.89 0.75 1.7 0.09 241.105 1.716 1.82 241.10 1.72 7 130.00 0.181 0181 0000 2.000 8.06 16.12 1.353 43.89 8.4724 44.94 3.117 476.783 44.62 0.57 1.28 -0.05 219.231 1.283 1.74 219.23 1.28 7 130.00 0.203 0.203 0.000 2.000 7.99 15.97 1.375 44.62 6.95479 44.49 ' 3.445 476.455 38.58 0.44 1.13 0.02 171.29 1.147 1.78 171.29 1.15 7 130.00 0.224 0.224 0.000 2.000 6.99 13.99 1.187 38.58 7.68466 43.31 3.nJ 478.127 23.25 0.37 1.57 -0.51 93.8032 1.608 2.07 93.80 1.61 6 100.00 0.245 0.245 0.000 2.000 4.70 9.39 0712 23.25 14.8691 4023 4.101 475.799 18S9 019 1.02 -032 68.7391 1.037 2.05 68.74 1.04 6 130.00 0.267 0.267 0.000 1.937 3.72 7.21 0.567 18.69 14.2745 38.62 4429 475.471 17.34 0.16 0.92 ·0.21 59.2324 0.938 2.07 59.23 0.94 6 130,00 0.288 0.288 0.000 1.864 3.51 8.54 0.528 17.34 16.0462 3768 4.757 475.143 25.81 0.28 1.09 -0.09 82.4721 1.098 2.00 8247 1.10 7 130.00 0309 0.309 0.000 1.798 5.08 9 13 0.789 25.81 12.9698 39.63 5.085 474.815 24.43 0.46 1.87 ·0.41 72.9127 1.909 2.20 72.91 1.91 8 130.00 0.331 0.331 0.000 1.739 5.20 Q.0S 0748 24.43 18 Q585 38.85 6.413 474.487 18.48 0.38 2.06 -0.64 61.4663 2.099 2.34 51.47 2.10 6 130.00 0.352 0.352 0.000 1.686 4.17 7.04 0.561 18.46 23.9842 36.87 5741 474.159 18.54 0.27 1,61 -0.87 43.3236 1670 2.33 4335 1.67 6 130.00 0.373 0.373 0000 1.637 3.73 61 1 0.601 16.55 23.7454 35.06 6069 473.831 15.2 0.19 1.22 -0.62 37.6312 1.283 231 37.53 1.28 6 130.00 0 .394 0.394 0.000 1.592 3.40 6.41 0.458 15 2 23.0694 34.QQ 6.398 473.502 15.29 0.17 1.08 -048 35.7663 1.143 2.30 35.79 1.14 0 130.00 0.416 0.416 0.000 1.551 341 5.28 0.460 153 22.6384 34.70 8.72fl 473.174 18.36 0.26 1.34 -0.09 40.9955 1.395 2.30 41 .00 1.39 6 130.00 0.437 0.437 0.000 1.512 4.09 6 ,19 0.555 18.30 22.6937 35.52 7.054 472.84$ 20.73 0.37 1.77 ·0.23 44.2117 1.82S 2.35 44.21 1.83 8 130.00 0 .4S9 0.459 0.000 1.477 4.71 6.96 0.628 20.73 24.4234 35.97 7.382 472.518 11.94 0.22 1.8 -0.14 23.8838 1.920 2.58 2388 1.92 5 130.00 0.480 0.480 0.000 1.444 302 4.35 0.355 11 94 34.1973 32.17 7,71 472.190 11.14 0.1 0.85 •0.35 21.2289 0 .940 2.45 21.25 0.94 6 130.00 0.501 0.501 0000 1.413 2.65 3.75 0329 11.16 28.S942 3142 8.038 471.862 15.59 0.13 0.8 •0.44 28.839 0.863 2 32 28.84 0 .86 6 130.00 0.522 0.522 0.000 1.383 3 49 4.83 0.466 16.59 23.2198 33.36 8.368 471.634 15.96 0.17 1.04 -0.87 28.3496 1.103 2.38 28.37 1.10 6 130.00 0.544 0.544 0 .000 1.356 3.68 4.99 0.477 15.97 25.5838 33.28 8.894 471.208 13.31 0 .18 1.32 -0.46 22.5529 1.412 2.52 22.57 1.41 6 130.00 0.565 0.665 0000 1330 3.28 4.36 0.395 13.32 31.8281 3181 9.022 470.878 1618 0.14 0.84 -0.64 26.5566 0.899 2.:16 26.56 0.90 6 13000 0.586 0.588 0000 1.306 369 481 0.482 1616 24.7561 32.85 9.36 470.S50 17.95 0 .14 0.78 -0.6 28.6352 0.807 2.31 28.54 0.81 8 130.00 0.608 0.608 0000 1.283 4.01 5.14 0537 1795 22.8351 33.30 9.678 470.222 14.69 0.11 o.n •0.S1 22.3519 0782 2.39 22.37 0.78 6 130.00 0.629 0.629 0.000 1.261 3.41 4 .30 0.435 14 7 26.1982 31.76 10.006 469.89'1 15.13 0.13 0.83 -0.32 22.263 0.898 2.42 22.28 090 6 130.00 0650 0.650 0.000 1.240 3.56 4,11 0448 15.14 27.4287 31.73 10.335 469565 19.87 0.48 2.45 ·0.05 28.2806 2627 2.69 28.28 2.53 5 130.00 0.872 0.672 0.000 1.:120 5.00 6.10 0.588 19.67 34.8607 33 24 10.663 469.237 22.81 0.74 3.23 -0.67 31.9104 3.346 2,63 31.91 3.35 5 130.00 0.693 0693 0000 1.201 692 7.11 0685 22.81 36.7632 33.99 10.991 488,909 13.41 0.42 3.14 -0.42 11.noe 3.308 282 17.77 3.31 4 130.00 0714 0714 0000 1.183 3.85 466 0393 1341 47.1932 30.26 11.319 468.581 19. 13 0,26 1.36 -067 25.0012 1.413 2.48 25.00 1.41 6 13000 0736 0.736 0.000 1.166 4.62 5.39 0.66!1 19.13 29.9799 32.46 • 11.647 468.253 17.75 0.22 1.21 -0.62 22.4461 1295 2.50 22.48 1.29 6 130.00 0.767 0.757 0.000 1.149 4.33 408 0.526 17,76 30.7942 31.70 11.11'75 487.926 18.33 0.28 1.53 -0.32 22.6491 1.595 2.55 22.55 1.60 8 130.00 0778 0778 0.000 1133 457 5.18 0 643 18.33 32.9971 31.80 12.303 487.597 33.79 0-45 1.32 ·0.58 4U!536 1364 2.30 41 25 1.:16 7 13000 o.soo 0.000 0000 1.118 750 839 1.021 3379 22.3995 35.66 t\ 12.831 487.269 97.311 1.27 1.31 0 .35 117.621 1.315 1 9" 11762 1.32 8 130.00 0821 0.621 0 .000 1.104 1870 2064 2.990 9739 11.3008 4142 

" 12.059 468.941 115.89 1.69 1.46 0.39 136 344 1472 1.03 136.34 1.47 8 13000 0 .842 0.842 0 ,000 1090 22.12 24.10 3.656 115.69 11.0264 42,17 13.287 486.813 126.13 2.46 1.95 ·0.69 146.042 1.984 2.00 145.04 1.96 7 130,00 0 .884 0 .884 0.000 1.078 24.81 26.70 3.878 126.13 12,9801 42.49 13.8111 468.285 1288 2.52 1.98 -0.67 142.281 2.001 2.01 142.28 2.00 7 13000 0885 0.885 0.000 1.063 25.05 26.63 3898 1268 13.2784 42.39 

~ 13.1143 465,1157 Jl&.74 2.09 2.16 -0.09 105.742 2.181 2.13 105.74 2.18 7 13000 0.906 0006 0000 1.050 19 99 21.00 2.967 9674 18.6031 40.80 14.271 465.829 74.23 1.62 2.18 ·1.2 79.0224 2.210 2.22 79.03 221 7 13000 0.928 0928 0.000 1.038 1594 16.55 2.269 7424 19,5985 39.30 14.8 485.300 62.31 1 1.61 ·0.99 64.6588 1.630 2.19 64.67 163 7 13000 0.949 0,9•19 0.000 1.0;!7 13.23 1358 1.900 62.32 18.7205 38.18 14.028 464.972 62.88 1 1.59 ·0.02 63.8034 1.615 2.19 63.81 1.61 7 130.00 0.970 0970 0.000 1 01 5 13.36 13 57 1.917 62.89 18.7825 3610 -l 15.266 464.644 49.08 073 148 ·15 48.4938 1.618 2 .27 4850 1.52 1 13000 09P2 0992 0000 1004 1077 10.81 1.480 49.09 21.3776 36.52 
C! 
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I'·-·············--·········---······· ···································-·· .•.......... ······-· ····· . ........... ··•······-····· ·········· ·· f' .. ··························•···································•············· ........... -----------·- !\ Depth Sampl- wgOt AvgFs AvgAf AvgUd Otn Afn le Q F SBT U.WI. .s EStress Ueq Cn N60 (N1 )60 Su QC Fe Phi (ft) (II) (Isl) (Isl) {%) (It) (Isl) (% ) (pcl) \1Sf) (tsl) (tsf) (blows/ft) (blows/II) (Isl) (Isl) (%) (Deg.) 
•-•••••-• ••••••••O•••••••• ••H••-•-•• ••-•H•••••• •••-• -••• • •••-••••••••••••••-•• ---- ---·-------------- ------· ., 15,5&i46(318 48.97 - 0.47 1 ·1.55 45.3691 1.023 2. 19 45.38 1.02 7 130.00 1.013 1.013 0.000 0.99d 9.97 9.91 1.423 - 46.98 18.6866 36.13 15.912 463.988 56.81 0.64 1.12 •1,5 53.9271 1.147 2.16 5394 115 7 130.00 1.034 1.034 0.000 0983 11.90 11.70 1,727 56.82 17..6279 37 14 16.24 463.680 78.21 1 1.28 · 1.71 73.0906 1.296 2.09 73.10 1.30 8 130.00 1,056 1.056 0.000 0973 15.91 16.49 2.389 78.22 15.4178 38.87 18.568 483:332 70.07 1.01 1,44 ·0.58 64.0652 1.464 2.16 6407 1.46 7 130.00 1.077 1,077 0000 0.964 14,71 14.18 2. 136 70.08 17.8331 38.13 18,896 463.004 68.9 o.8 1.38 -0.58 52.6313 1.384 2.22 52~3 1.38 7 130.00 1.098 1098 0.000 0.954 1263 12.06 1.790 689 19.5365 37.00 1.7.224 462.678 49.84 0.81 1.64 -0.21 43.3388 1.669 233 43.34 1.07 7 130.00 1.120 1,120 0.000 0.945 11.19 10.68 1.502 49.64 23.7509 35.85 , 17,552 462.348 41.77 0 .69 1.64 -0.86 05.6121 1.698 2.40 35.62 1.70 7 130.00 1, 141 1.141 0.000 0.936 9.73 9.11 1.258 41.78 26.6988 34.67 17.88 462.020 56.82 0.68 1.19 -0.42 47.89 1.222 2.22 47.89 1.22 7 130.00 1.162 1.162 0.000 0.928 12.19 11.31 f .723 66.82 19.5408 36.45 .1 

18.208 461.692 67.55 1.17 1.74 -0.42 56.0755 1.78294 2.26108 56,(1755 1.76294 7 130.00 1.18352 1.18352 0 0.9192 14.76722 13.57409 2.05469 67.55 21.1064 37.365 18.537 461.363 65.8 1.63 2.48 ·0.64 53.6101 2.52341 2.3793 63.&101 2.52341 6 130.00 1.20491 1.204905 0 0.911 15 16043 13.80221 1.99985 65.8 25.5751 37.106 \8.885 461.035 ~81.65 1.3 2.11 ·0,67 49.2763 2.15147 2.36009 49.2763 2. 15147 7 130.00 1.22823 1.2262.25 0 0.9031 14.07313 12.70883 1.87071 61.65 24.8 137 36.614' 19.193 460,707 47.05 0.79 1.67 ·0.53 36.7141 1 T.148 2.J IJ828 36 , 1•1 1 72J8 7 12~ 00 ; 2• 7~5 I l J 7b•lS 0 0 89!,3 10 1126M 9 7U26!;17 1.4180:i • 705 ~6 J•109 3d !lb6 19.521 460,379 44 52 0.68 1 53 -0.9 34.1092 1 57218 2.3996~ 34 • 111 1 571 82 7 1 ~b 00 1 I H l05 1 2680do 0 o ~~F 10.3M B 9 189267 1 .JJ907 •14 :i3 .'.6 .396.'.l 34 ,107 19649 460.051 40.76 0.63 1 55 -0 25 30.632ll 1 09609 2 4414• JO 0326 1.:>9609 1 to 00 ; etj~o,, 1 2M~~'n 0 O ~llOe Q,6~!>1J •1 8 $0~6'/ij l , Pl 03 ,10.16 28 W37 337J 1 20,177 459 723 38.62 0 63 1 64 -0.16 28 5024 1.68851 2.4811~ 28,024 1 ii~851 7 11.!, QO 1 ;<Q?'J~ I .:.,0~045 0 0.87• 9319:,>,3 81<1 $6Qil 1.15~M 38 ti2 ?9 84CJ J~2~1 20.505 459.395 44.39 0.7~ 1 69 •0,51 32.3874 l /41 7J 2.4J-l 16 3<.cl/49 1 74133 7 1J!,00 1.Jt~b5 1 J2%-l~ o o.B6i3 10 5306i, 9 1Jn~::i 1.33314 4•1 • ?8 l 491 ;N Qij8 
20 633 459 067 5 7.91 1 33 2.3 •0.41 41 8949 2.;J51d9 2AJ!l6;> 41 !l9d9 2 351 d9 6 12!> 00 I :•b005 l ,J5004o 0 0 860(\ 13 69~73 1 t 79061$ L75108 5791 i 8.01Jb 35.652 21 161 458.739 25.06 1.34 ~ 3G 007 17 2993 5.65175 2 9 /8J6 17 ;;.'993 ~ 651 l b 3 1 l !' 00 ! 3 /Obb 1 J 7054b 0 O d~••2 i 91)839 6 7hh2~ 0. 73404 25.08 57QdJ9 30.082 21 489 -158 411 21.Si 0.8 3 tt~ 273 1J .. 5063 3.96~o3 2 93'179 14 "9B1 ;i !l6tj4~ d 1~!, (){) 1 ,l~Hlb 1 3~10/4f, o o ~47u o 0J61" s o 26M6 o 0247• 21 !ill ~· 455 26 914 21 $17 -158.083 29 59 0.95 32 ~ -0 19.9ti28 J 31l3i 2 tll70J 1Y !':JJ6 J 3 7610 !> 1cf 00 1 Jtt:J~ 1 l'1!145 0 0 8-< Ii b 33-10?7 1014 733 08/24 i 9 55 J.h 2tl01 31.009 22 ld5 457 755 33.08 1 22 3 ,a 8.57 22 ();198 3 db-19 1 2.700,1~ 2IC'b<19 3 86101 ~ 125 oo 1 "·~~o~ 1 tt,1:, 06 ,5 0 0 ti.:l ~i> 9 B1Q~? 71• 8171 0 97\ill l 3a o3 4.:-,_431; 31 665 22.473 467.427 36,31 1.19 329 9.M 23 997, J 4139 272~93 23 !;M 2 3 ~ 1979 " 1Jt-. 0() 1 ..t;,~Jb5 1 J :,:!t,_.o, o o.u2g7 9 90t;1 81i s ~1G<1J1 1.0121A 3~ 2b 4Z 010\ 32 192 22.802 457 098 JS.83 1 22 3 J 9.t 6 ?.3. :1227 3 5t,W!l 2 i 484? 1.3 282 .155717 ' 1?5.00 1 ~TH I I ~-;;110~ 0 0 ~1·1~ 9 ~tlv'H4 8 Ml993 1 06308 :lb 77 43 13M 32.01 23 13 456.770 36 3 111 J 07 13 63 23 .30J6 3 1d9U1 2 7202 23.2~ 3 1 ~~~ 5 I~~ 00 1 • 93~ I 1 J9,i'l08 0 0 d. 1$? ~ 85:tQd.t 8 06 13~6 I OT/6 .16 l 2 41 5368 32001 23 ,ss 456 ' 42 3'1.31 1.06 3 08 15.82 21.0602 ~ 23211 2 7•896 21 :'9••~ 3 ?J? s 12t'= OO 1 S1d 11 1 C:.1lll()8 0 0812i 9 '-il~~ /? ,~79159 1 OloJt- J4 21 •3 109'5 31 ~.!ti 23 786 456.114 34 28 1 04 3 03 17 95 21 J38 3 11602 2 74944 21.c.i63 J 1867? 5 125 00 1 ,;i•~1 , s3• ~oa 0 0 ~0/2 \ld4 12o3 7 6~1342 1.0137~ 34 17 4J 136 ~1 428 24 I 1•1 455.786 34 .12 1.05 3 07 21 3<1 20.94()1:j 3 22•33 2.1603 20 857 3 i3725 5 125 0'1 1 55011 I 55510B 0 0 001° 9 4<1696 I 1>7ti51 1.0082 33 99 ,13 ; 399 31 302 
24 442 455 .458 33,00 119 3.59 20.71 20.001 4 3 17~05 28192 19 ?1a9 1111 109 5 12::, ()() 1 5;~61 1 :,75t'.h)6 0 0 1~07 9 463/03 I 539406 0.9/~68 3296 •7 1098 31 00• 
24 77 455.130 35.21 1.24 3.53 21 9d 21 0599 3.68895 2.1%52 20.9722 3.70-138 5 1~5 (l() t o~b l 1 1 5% 108 0 0 . , 0 15 9 9:i/d()4 / .tt~b /81 t 0,,0titl 35.07 "5.1~sa 31 .33ti 

25.098 454.802 JS.32 1 2 J 39 24,9 20 8482 3 56047 2 78920 20 /'% 4 3., 7639 5 12b 00 I 61ot,1 1 01 6608 O O 7~6~ 9 931 .!b 78 tC9 17 104345 3b 17 45 (1767 3127 
25.426 <154 474 3307 1.09 3.29 27 37 19.2003 3 46771 2 8103~ 19.(!')6•1 3 d86b6 0 12:, 00 1 63711 1 ii:17100 0 0.7Ulb 9 3996i7 7346396 0~7315 3? 9 46 0923 J0.729 
25.754 454. 146 30.14 0.89 2.96 28 13 17 1828 3 1247d 2.8.2084 11 01<12 3 1 J,161 & 12~.00 1 6~/61 1 6~7608 0 0 77b7 8 o10<!b4 6 687682 0 881 81 29 96 4f.20o 29 996 
26 082 453.818 28,04 0 96 3.4 1 J0.18 15.7093 3.6<1 162 2 8929 15 S.,61 3 66006 5 175 00 1 ,;1!;<11 1 0,a1oe 0 on, eJ•1115 s•19• 01 os1e1R ?7 85 SI 5b5 29398 
26.41 453.490 27.22 1 12 4. 12 32 24 15 02<19 4 38648 2.9b894 14.9071 4 42314 J 120.00 1 b9tl~I 1 tl9e608 0 0 /67:! 8 41tl81J o4b9b81 0 7901 4 2/02 55.761 2>!.099 

26.739 453.161 25.07 1,08 4 3 31.06 1:J.5826 • 5251 3 oon• 13.<1721 4 o630b 4 125.00 1 71 ° 17 1 nq17 0 0 76"7 7 9tltl62 I 6 09273~ 0 72294 24 88 5699,11 26 • ~· 27.067 452 833 22.52 0.88 3 d9 31 69 11 9J5 • 23477 3 0<853 t• 83 d 27~93 I 75.()<J I 7;19<:, I 1.~-J 967 0 0 lb82 I (62.1•1~ ~ 5060~M O 04335 22 32 604 271 27 552 
2'1 395 462 50S 23. t3 1 4.33 31.09 12 • •OS • 67949 3 1Jd92d 12 Q:'~28 A 72~«l7 d 12h ()<) 1 /H01 7 1 , 001 7 0 0 7537 7 ~6;!/ij~ 5 70113 06d16 22 ~., 61 8!i3d 27 657 
27,723 452 177 2d d2 1.29 528 27 74 12 7139 ~ 6980$ 3.08711 1215l?.9 $ 74372 3 125 00 1 / 80t,i 1 7!;l<Jb7 0 0 7rt9<1 B 1 q2<16.? o 139354 O 7009 1 2c:1 2d o• b468 27 911:< 
28.051 451.849 25.99 1 44 5 53 25,13 13.'1Jt4 595316 30Wti3 13 :ms s 900.i1 3 1"15.0il I /l011 i 1 799b79 0 .001~ 0 7~Sd 8 6913ij8 6 478936 0 74868 :!5 Ettl 64 0251 28368 
26.379 451,521 24 42 1 32 !, 42 n.1 12 <1741 5 841o6 3.09%8 1?.3913 Sitt!OG J 1Jb 00 1 82J 31 1 6114tl~ 0 0111;1 0 743 8 210747 6 14!>017 0 699b~ 2•1 27 6b 4d6h 27 867 
28.707 J51 193 ?4 .47 1.16 .t 75 25 2d 12 40 19 5 12717 3 Oti65~ 12 3202 5. 16J6? 3 1.-lbl/O I 6• &••~ I ~2:k<9? 00)21 01406 8 IOOtlcl / l- 991'116 0.70045 ;.:d 31 o3 0122 n,J2 
29.035 450.866 24.85 1 17 472 2497 12.&;J24 :>090tl$ 30604l 1~ d.:!t>3 !', 12~&4 1 '' b 00 l ijlj /oi> 1 83b2~» 0 0~.!3 0 7;11;12 8 Z001o? 6 0b2979 0 71 l b:l 2d ti9 ti2 6514 27 891 
29.363 450.537 2504 1.24 4 96 2589 12 5326 5 Jb631 3 01,11 ,1 12 ddo 5 3$30,> 3 IJS ()() 1 t<U9/J 1 S4n04 0.04~5 0 l~•~S R :1an ti1:> 6 IJ,f]J;' 0 71073 24 ~8 d3.619l 27 VO<l 
29.691 J50.209 24 64 1 36 5.51 22.33 1222b3 5 983 77 :, 1127 1.:.15 6 02086 3 13~.00 IPl18/ 1 i;lb9111 00b2e 07334 e - ~~/H~ 6177~.,, 070166 24 b oo JQ2d 27 7-17 
30.019 449.881 19.78 1.13 5.7 16.6 9 038 12 633W5 3 21 11J q 4tt<67 o.367ti4 3 1:1!, 00 I ~3<01 1671(11 / 0 O(K; 0 7'l11 7 2,,b;'l!;< 5 296842 0 5~lb1 19 6~ 73.8677 26 083 
30 347 449 553 16.42 Oij8 5.37 15 59 7 68 1b9 G 08J13 3 27•e1 7.G2~-l~ 6 1264~ • I <o 0,-J 1 %615 1.08Z9l• 0 073i O 7?.dij o 2!'69~8 4 SR89o~ 0&478 lo J~ It! 978b 2• oh, 
30 675 449.225 20.02 0.87 4 .36 20 02 9 52155 4.82216 3 13916 9 4o~~? d ij54,l5 J 1J~ 00 1 97B<Y I 8948d O Oij;it, 0 7'~~ o fllib318 b Oti00ti2 0 558:;7 19 9 6!l3t>83 26.072 
31.004 448.896 2304 1.19 :, 16 16.63 11.0341 5 65o03 3.1 306 10.9816 ~ 6830-1 J 13~00 2 0005 1 90<3TT3 0 0937 0.7242 7 9W<!oJI:' 5 7~0~48 0 o~l38 2? 94 o7 n.09 27De1 
31 332 448.566 21 4d 1 16 5 4 11.94 10.1202 5 97<1()3 3.17<102 10.0~3 / 5 49565 3 13b 00 i OVb-1 1 9fij679 0 104 01219 7ob~~bd ~5:!1Q•l70cl0116 t 1 .l7 70.991 <16 ~1 
31 66 448.240 16 83 1 16 6 88 45 7.656J 1 7 84667 3 Jd 165 7 6'128 7 7 8(, 162 3 1Jb.00 ~ 044/ll 1 930,Hb O I 1J 2 0 71~7 b 82!,<188 J 91306~ 0 d5i75 168 e4 b9 2d 646 

31 988 447,912 141 1 08 7 64 2.os 6 19<166 8 97526 3 4497d 6.1843/ 8.9il-02 3 1:15.00 2 0<lb9Y 1 ~•l:'••92 0 I td4 0 717!,i o ?5atJU7 4 4907;J6 0 :172()4 14 0~ 9d 2141 23 229 
32 316 447.584 36 85 1.64 4 99 d,2 17 78b b i933 2.951M 17 7,t,J 5 30::•l5 ;l 1J~00 lO~YOt, 1 ~b•:198 0 1Jd7 0.71b3 11 41231, 81633!>9 1 07619 16 79 55 28 /5 JOU8 
32.644 447.256 53.58 2.7 503 7.J 26 1754 5 2459 2.82443 l t- l!> 0 2,1 J 13b.C~J ? 11 ll 9nb-'.lot. o 1<1-1p o 11J1 1~ 4 1519 1o w :i1~ 1.a1>3•o :,3,53 47 41oij 32 767 
32.972 446.928 41 03 2 46 5.99 2.4 19 66.,!0 I:) J2.!1L5 t 9701~ 1,:3.0.;,2d G J~/7 ~ 1,~ 00 , 1.!Jid 1 ~18.,. 1 I O 1bb1 0 /1 I 1,',Hti718 9 14b-139 1 20<12;1 41 01 f,6 o0b9 3\l 9., , 
33 3 446 600 30 73 1 o7 543 5.!>2 14.J&62 5.84437 3.04\/68 14 ~4J 1 o 80051 3 I ; 5 fl() ~ to•dh 1 q901 l /1 0 16~4 0 l<)ij\l 10 125~6 I I 17·,qs O Ht1466 :m.7 61 8£M 1 28 88 1 

33.628 446272 25.44 1 21 4 77 7.23 116194 5201 53 3 08o4 11.o9~5 ,.210-19 < 1J ~ OO '.~.1;;0; 2.0'J:;,0.._:d 0171,t) 0/Vtil 8 ~918-~6 &07,?28 3 07202 25 .t b4 0397 27.47 
33.956 445 944 24 48 1.07 4 38 8.06 11 063 I •I $4()/dl, ~ na:io,, 11 01H2 • 91:1iR 4 1.t500 ;'1 !./9/f) ? 01 JflJ o 18b~ /J./()47 8 t :18tW7 ~ OO~o4 O fi~97<l 2• 4'1 n4 :<1?·1 77 14? 
:l4284 44b.616 24 .3 108 -1 <13 9.2b 10 8963 4 tl9 l/2 30~., 10 ~~"6 4 90o'ib -l 13~ (Y. ~ ;,~1? ,,. 07.;iij,I/ (11 ~1'\1 0 IO?ti d ?:!IO~d 5 ltl~A/9 0 ti83b3 c'4 ~a 6S 0~74 27041 
34 612 445 288 2503 122 4.87 H 17 11 .182 53b4 17 :1 1095h 11 1,74 ~ 3ljS9~ 3 135 oo ,' 1a.10• , o:-· , ,. , o , ,Jija o i OV~ d ~wn~o e oo~ o? o 10M~ l4 98 6ti I 72~ ?7 21~ "I 34.94 1 444 959 21.3.J 0.88 4 11 1134 9 '.!057 4 61367 3 t336/ 9 27 55 4 03066 4 l JO 00 :' ~•.,Q)~ ? l)dHtHn:i O ; 166 0 ri~Uj!: 7 -1169' ; 1~0<>19 0 091)' ,2 21 J7 t17 9'193 2!> 98;." 

"' 35 25g 444 631 22.1 6 0.83 3 76 13 05 9 63896 4 17661 3.0961 9.09531 ,11% 82 d I,<$ I)() ? i u~:•\< 2 Qt-h9, 0 tlti8 0 (i'>tif 7 ~03ti:l!' 5 l!°<'ti013 0 ~ 1 ,a 7t'07 cjt, 1911i 26 21; 
,15 S97 444.303 27.65 1 08 3 92 12.93 12 2206 4.26212 3 018JJ 12 h•21 4 27sn2 • 1,10 00 ? J10SJ ? 01'.J•l99 o ~31 o oH•S 1; ~1 <.."l4 1 a 1tl9ll71 0 /845 2157 ,9 7354 21812 
35.926 443.975 d 1 71 1.36 3 26 15 <15 18.8823 3 45376 2 ij 1298 18ij~~2 3•16 fo\l 5 13b 00 ?..~.1>'17 2 Otl'JOt, 0 i:473 0 o>l<'~ 11 OOij~1 6146-1?7 111~11 41 (i;> dij 74d? 30 6llc ~ 36 253 443.647 119 94 S.26 4 39 10 53 !,6 0•347 • <17335 2.542<15 56.0314 4 •7602 11 UbOO ' J C:,4t;1 2.09 ; :11, O.'.?t, /5 O rit'-06 ~ 7U~4ll 2'.),L-.lj9 18 J c:5•104 1 119b7 32 6161 37 373 
36 581 443.319 232 84 9.81 4 21 ·?.08 109 265 4.25665 2.33M 1 1()9 2ti9 4.2!:)f\dt) 12 13~ 00 i 37ti~b ? 10~<18 0 eti l7 0 "'~"~ h? cd<lJ!? 31) 2486t 7 1J50A ?:!2 Ub 23 971S •11 Q,i 
36909 ,!42991 245 39 11 65 4 /5 7 92 I 14 556 4 79<142 2 36/08 11 4.~8 1 J 7~3J .J 11 1Jb 00 ? .I,~ ()!> 2 1?1 fld o 2 ; ~ o otitf !it· , 031 a ;is ~\/(ll!7 7 &22~4 2~b J4 2b O>l9? <:1 26i' 
37.237 442 663 185.81 11 73 6 ;il ·Y.21 85.0757 6 39ti25 2 54 19b 81:> on:ie o J94 1o 11 1,<oO() .; ,l.'113, 1J,1r).$1 0,'~H<' 0~••• ·' • ~ 17870 3161~1;7 5.tiTltit 11lbS7 :i2 593b ;jg 7ij6 .. 
37 565 442 335 190.28 10 73 06• •3.88 87 5721 5 71?•11 ~ d982:> 8/ '\P.j.t b ;118 ·1 1Jti 00 '." 4-t.<:i; -,, ~J d9;._\ 1 0 /~8d (' '1~.:'l' 4 .._ ,i?bY""' ,?,1 '",1(i81 ~ 81~:}R 190 3 :10 ciO:·Hl :19 fi6b C 
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Depth Sam, fwgOt AvgFs AvgAf /wgUd Otn Afn le Q F SBT U.WI. .ss ESlress Ueq Cn N60 (N1)60 Su (II) (I. (Isl) (Isl) (%) (ff) (tsf) (%) fpef) ,,st) (Isl) (tsf) (blows/fl) (blows/fl) (tsf) 

QC 
(Isl) ---··--------------·---

37 093 442.007 ZijO 56 11 76 d 19 
31:1.221 441.679 230 05 12 58 b <17 
38.5-19 4a1.351 l14.58 12 79 ::-,% 
:iaan 441 023 252.97 15.M9 ol8 
39.206 ,1-1.0 694 36f) 1 1~ f> ~.9~ 

079 
8.JJ 
3.42 
~ 2? 

d95o 

-----------------·· .. ····· .. ·····----------------------• ••••••••••--••••••••- ••--•h•-•- - ••••• 

128. 936 4 228 7~ 2 29} 1:j 1 1~.941 1.,·c~o~ 
IO<i 92tl 5.52816 2 <IJ9'1G 1°" 951 !:-. ~.ll')P•-' 
97.l5CM5 6 0310? 2 489b3 q7 :/1,<l•I n 0:-017 
1 I 4 lZ2 6 34•68 2 4667b 111.lf'~ 0~\4..'lb-i 
161.\.?;I 3 05~5 ?201:6!l lo" 131 3%~? 

1 ~· 
1\ 
II 
11 
1;? 

1.,5 ()() ;J Oti551 i lonHdJ 0 3v~i 0~IJ(l\l "' 11µt,5 •2.,1:rnn 8 6()\l;J ?80b/ 
1J[.OO 24~/t;;!, c 1f>' f ~ 1).1 1ue OlH9 o4 .:::t,!l~2 ,1QQ,'7b7 701, rt 2~\0, 1 
1,l(l 00 2 r,o..cq~ 2.1 '-\0ti~•i O .,~, 0 rii72 5 1 9.lt$ff9 J5 ;.>10,.)6 o.~6~ 214 61 
Ut 00 ~J1H;\ • 1:116"'.:l O 3J9d O t\/~ 1 tW fi"r• ,'71 JO 'fM,hlt'\ i' 7!)3~ :?5~ tlJ 
1.Ifi.C'O 2 ~t-;.J 13 2.c?n<1:-1Jh o :td?6 o 67 \fi 1~ -;rl67~ sJ o-1Js:-s 11 3•lt';, J68 7? 

Fe 
(%) 

Phi 
(Deg.) 

,2.2b59 JI 89b 
28 CJ:>01 40 8'i9 
JO 21 ~J 40 Ji/7 
292"4'< •tl .271 
19 18tt4 4 .1 11,,1 

I) 

N ..... 
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Cone T ec Inc. .r..._terpretation r': '] Interpretation O lelease 1.22 Rev. Format: NLI Imperial 
Run No: 07-1210-1008-4364 
Job No: 07-804 
Client: Civil & Environmental Consultants 
Project: Pond Creek Mine - Williamson County, Illinois 
Site: CPT-6 

Material T~Q~:Z 51nd UniI ~eigh! {QCf) ~ ~ ~ &.Al!g. ~ Location: Pond Creek Mine 
deg Isl tsf % % Cone: 20TON A0211 

~Residual Soil I J, 1s I , 38 I dS 31 [354s I 2s~ CPT Date: 07/31/10 
CPTTime: 12:00 
CPT File: 804CP06.COR 
Northing (II): 0.000000 
Easting (ft): 0.000000 
Elevation (ft): 457.8 

--------... --------- --
User Inputs: 

C1I:J Ground Surlace Elev. D£D Assumed: 
State Parameter. ~ CPT area rati,: OE] 
Unit Weight of Soil (pcl): See Below See Below Copied trom ConeTec CPT Data FMe 

•••••••••••-- ••••••H-••••••-• •••-•--•H••• --•--••-•••• ••••-•••••-••- •••••-••••••- ••••••••••-•• ••••••••-•• ••++++•••••• •••••-•·••••• •+•••••+•••• ••••••••••+•••• HH++••HOU •+•+•••+++&+ O+O+Oo•+•++•• + •••••-••••• •••••+OO+H ••••+.+.++UH oo++••---•--•- --••••-•••-- •••••-•••• ••--•••••-••••••••••n•••-----Depth Sample El. l\vg01 AvgFs llvgRI llvgUd Qin Rln le Q F SBT U.WI. TStress EStress Ueq Cn N60 (Nt)60 Su QC Fe Phi (It) (II) (tsf) (Isl) (%) (II) (Isl) (%) (pct) (tsl) (Isl) (ISi) (blows/It) (blows/fl) (Isl) (Isl) (%) (Deg.) ------- ------------ --- ----···-··----- ------·-------
__ _. __________________ 

0.184 457.636 8 5G 0 1 1, 11 0 .53 834 122 1 170 t 40 SJ-, 12 1.17 $ 12~00 0010 0010 0000 200D 1 3, r.· 7,t 0 ~6h 85'> 1 ~~433 :lO 16 0492 457.308 9 31 0.29 3 12 -2 93 301 / ti4 3.125 1 98 ~0~ di 3.12 d 1?~1 00 00;11 00J I 0 .000 t ()(10 1.~2 ~-n<I 0.2tl7 '1,1,1 12 38e 4ti ~7 0 82 456.980 1089 0.47 4 33 1058 211.468 • 336 ~ 18 21r 65 4.31 ~ 1?~ 00 0051 0 0'~1 00()() 2 000 ,' 31 4 i3 0 3lb 1096 1825!>8 44 % t 148 456 652 15.32 0.83 54 -7 37 212.519 fi 443 226 21 : 06 .j 4..1 3 1?500 007? 007", 0()(1(1 ,'l'lO J .!'3 6 /2 0•172 15.,lti ? I t9ti3 44 ,l!l 1 476 456.324 3889 1.4..q 3.84 312 420.572 3.640 t.!19 •«- 'ti ;l 84 ~ 12:,ro O()il? 0 O,,? 0000 2 0()() 7 6i. t~ 2b 1 ,IOI 3881 t:> 166<! 47 40 1 804 455.998 64 95 2 12 326 8.J9 575.053 J 270 1 67 570 c'l1 J.27 n 1~fi00 0 t1J 0 11~ 0000 ?onr 121~ ;;d :I:, UYJl 6d 9 9 7\12&1 48 70 2.133 455.667 9143 3.22 353 -3 1g 684 e;i2 3 ,27 t 88 oa• ~e 3.53 0 12~ (l(! o 1Ja 0 tJ.l 0000 ~000 17 HJ 34 35 2frl.l g1 Jb 98t>1~ J!J.d0 2461 455 330 10627 4 78 4.5 0.5-1 669 906 4504 1 PA C~ !!~d • oO 11 1~500 Ot ~ 01!:-J 0000 2.000 2'!72 41 43 3 Wh t()t,26 le ~,l9 ~4? 2789 466.011 9706 509 t,25 J 16 555.816 5 25" 2 07 ; 5~ 70 525 11 t ;:, 0(1 0 1 /4 0 174 000(\ 2000 1q_ij? j9 25 3000 l>7()d 14l'656 411 :,t, 3 117 454 683 8361 4.◄ 5.26 13.o 428. t8? 5.275 212 427 72 5.28 11 12h 00 O. HS 0.195 0 .000 2.0DO 17.19 Jd J6 2 oU3 ~i ~2 to29\13 47 40 3.446 454 356 75.2f 3.59 07 18 34 348.!xl5 4 783 2 11 348.07 479 ti 1, s.00 0 21 5 0 21, 0000 2000 15 46 .lO 93 2 J2d ,, ,s 16 2656 46 59 3 773 454 027 65.07 3.24 4 96 11 57 274.94 4 997 2 18 27d.64 500 11 tl500 02,,,; 023b 0.000 moo 13 73 2f.d5 2 007 !Sb 18 2882 4553 4 101 453 699 64.94 32 4 93 G 12 252 363 4.947 ~ 19 25221 4 95 11 12-S.00 0256 02b6 0000 1 975 13 78 27 2:J 2 00.i 64 9 18 7426 .15_,,t 4 429 453 371 69.37 3.12 4.93 533 227.028 4 945 2 21 227 82 •% 11 1tb.00 0.277 0277 0.000 1901 13 57 2b tj(I 1 ~53 63.34 1947(lt, .44 d'i 4 757 453.043 55 a 2.82 507 375 166.009 5099 2 27 18!)?1 510 4 ttb.00 O~l 0 2P7 0000 1 w~1 12 20 n .18 1 71? 55.57 21 4653 J3 71 6.085 452 715 4631 263 5 68 -1 89 144 715 5.718 2 37 1'14 15 5 72 3 1,500 OJ tfl 031ij OOQO t 774 10 rjJ 1885 I •i• 4cl J? 25.26?. 11;, 47 5.413 452 387 49.tS 2.45 4 96 -2 28 144 20 b 019 vs 144 31 oO? 4 t/5 00 01-_<8 OJ36 0000 1 7 1') 11 Ob 1~00 1 :,11 411 tel 2JJtib9 •? 46 5.741 452.059 41.44 2.45 b9t -J.05 114 492 5 9&1 2.44 l ld ~h 5 96 3 12&0? OJ~9 0 J ~9 0000 1 oti~ !J b.j 1R 41 1 272 41.d') 2a2:s"l> 41 28 8069 451 731 40.26 234 b e1 3.23 10t> 1JP 5868 di, 105 10 ~6b '~ 1?~ 00 0., -~ 0 ,;9 0000 lrVf\ ?ti2 ,~ o;i 
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____ .. _____ _ __ _. _____________ 
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-·--------- ----------
Fe Phi 

(%) (Deg.) 
-----------
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01.:,912 27 ~9 
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40 Ol /4? 21! 8'i 
• &2961'- J 0.07 
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ConeTec Inc. r •9rpretation 
Interpretation O elease 1.22 Rev. Format NU lmpertal 
Run No: 07-1210-1008-4331 
Job No: 07-804 
Client: Civil & Environmental Consultants 
Project: 
Sile: 
Location: 
Cone: 
CPT Date: 
CPTTime: 
CPT File: 
Northing (ft): 
Easting (II): 
Elevation (ft): 

Pond Creek Mine - Williamson County, Illinois 
CPT-7 
Pond Creek Mine 
20TON AD211 
07/31/10 
07:58 
804CP07.COR 

0.000000 
0.000000 
457.8 

......... ____ ------------- -------·····················---·--------------
User Inputs: 

:10: 
Assumed: 

State Parameter. 
Unit Weight of Soil (pct): 

Depth 
(ft) 

Sample El. AvgOt AvgFs 
(Isl) 

AvgAI 
(%) (ft) (Isl) 

QD 

,See Below 

AvgUd 
(II) 

Qin 
(Isl) 

Rfn 
(%) 

CPT area ratio: uliJ 

le a F 

See Below 

SBT U.Wt. 
(pell 

n 
Material Types and Unit Weight (pct) Phi Avg. ~ Qc Avg ~ ~ 

de 9. Isl tsf % % 
~Residual Soll I J~-903 I 1 r.tO I 5e , 1 I ~~ 19 I 11 

Ground Surface Elev. DIDO 

C<,p;oo from ConeTec CPT Data r HP 

TStress EStress 
(Isl) (Isl) 

UeQ 
(Isl) 

Cn N60 (N1)60 
(blows/It) (blows/fl) 

Su 
(Isl) 

QC 
(Isl) 

Fe 
(%} 

Phi 
(Deg.) ----------- --------.------------· •••••••••• ••••••-H•••-•••••-••- •••••-••• ••••-•••••• ------0.1&4 

0492 
0.82 
1148 
1 476 
1 804 
2. 133 
2461 
2 789 
3.117 
3 445 
3.773 
4 101 

• 429 
4 757 
5 085 
5413 
5,741 
6069 
6 391:l 
b.726 
7054 
7.382 
7 71 

8.038 
8.366 
8.684 
9 .022 
9.35 

9 678 
10006 
10335 
10 663 
10.991 
11.319 
11 647 
1 I 97~ 
12.303 
12.o31 
12959 
13.281 
13 015 
13.943 
14 271 
14 6 

14 920 
15 JS6 

457.6d6 
457 308 
456 980 
456652 
, 56.324 
465.996 
455067 
455.339 
45501 1 
4 54.083 
45-1355 
,54.027 
453 699 
453 371 
453 043 
452 715 
452 387 
452.059 
451 .731 
451 402 
451 074 
450 746 
450 J 18 
450.090 
449 762 
t.d9 43,1 

449 106 
448.778 
448.450 
448 122 
447 794 
447.465 
~7137 
4,16 809 
446 481 
446.153 
445 825 
445497 
4J 5 169 
444 641 
444,513 
444 185 
443 85/ 
443 529 
443 200 
442,872 
442 544 

9.8 
30 91 

42 
3842 
35 13 
33 61 
35.29 
39 86 
41 .14 
36 -17 
34.59 
45.16 
52% 
39 45 
25.66 
16.21 
12.96 
11 ij6 
10.67 
9 9b 
9 7 

14 29 
16.68 
2 1 63 
21.3 
20 62 
2 1.71 
2226 
20.7 
2096 
23 37 
23 21 
22 31 
21.94 
23 94 
31 54 
52.03 
68 J 

53.25 
5044 
31 i3 
36 66 
5653 
12914 
241.G9 
231 67 
258 1e 

0.17 
0 •• 
069 
0.68 
0.57 
Oo 

0 79 
1 

105 
0.82 
0.81 
1.2~ 
1.7 1 
1 S9 
0.97 
06 

0.42 
0.37 
0.33 
0.31 
0.29 
0 3,1 

0.5 
0.78 
o.~s 
O.iS 
073 
0 62 
0.61 
0 .7 
0.86 
0.93 
0 82 
0 83 
0 89 
1.'17 
1 94 
267 
3.19 
2.84 
2.43 
2.18 
308 
5 32 
8. D 
8 83 
6% 

1 69 
1 41 
1 6 5 

1.76 
1.61 
1 77 
2.,:4 
2.5 
2 55 
2.25 
2.35 
? 75 
3.23 
4 ()<I 

3 77 
368 
3 21 
,j 13 
j 1 

307 
2 9b 
2 3b 

3 
361 
J 19 
3.o2 
3 35 
2 73 
2 !l'J 
3.JS 
:, d7 

4 02 
3 b8 
1 79 
~ 13 
4 66 
' j 73 
3 P1 

" s o3 
1 n 
, % 
!>.44 
4 1? 
3 31 
J ~1 
3 4b 

·O.b3 
5.98 
14 97 
15 08 
15 89 
9.oti 
•0.3 
042 

·0.46 
0.6 

0 16 
0 16 
0 23 
4 97 
17 ~9 
11 s:1 
1931 
19.93 
21.39 
23 76 
3tl ij 
d7 48 
'>6 ~ 
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81 .3• 
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1!1.74 
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09.05 
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5 4 7 
?? ts6 
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2~ 2 
27 34 
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25 93 
25 o8 

so~ ~ 8 1 13; 
100<1.2 1 4?b 
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63447 1.nJ 
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l97 093 1 791 
26~.71ri 2 2•17 
258.147 ? 518 
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186 206 2 ~60 
159 05 2 j5b 
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20h 51,d 3 2dti 
141 515 ~ 059 
BS .Kl65 3 82~ 
50.00•11'! 3 715 
37 :!078 3 326 
32.0256 3.2l0 
27 12\lll 3.201 
23907b 3 ?43 
2? 0746 J.12, 
314128 2 455 
3~.1528 3.083 
J3 887;'l ~ 688 
41.396b 4.279 
J8.•350 3.732 
36.9,• 3 449 
384/66 2,051' 
34.11)()<1 30:;::> 
34 4()41 3 439 
37 dt119 3782 
36 6bd7 4 122 
34 4691 3 7W 
33 2:!J'' 3 907 
3Sdu31 383'2 
46 4b1 4.773 

7b.9~, ~ J 784 
96 •l:Jt15 3 9<19 
7b.O<l94 o08J 
G9.807 l 5 7~4 
42 04~ 1999 
4ij 7;3 G.091 
7"5::lti5 ,5J6 
1ml 087 4 1•9 

2b.13 J ll.654 3 377 
·?5 Hij ~ • %~ ' l.~?7 
lh 07 1C't Ii"' I ~ ,, -~ 

1 o• 
14b 
1 ~4 
16'; 
1 08 
1 7ij 
1 89 
1 ~ 

1 "6 
1!/l\ 
201 
~, 04 
, oa 
2 /e 
2 .17 
l oJ 
2 ~ 
2 0 ~ 

2.,;t, 
? 72 
2 /!., 
?56 
;.,;.59 
? s7 
2 6:3 
2 5r 
2 59 
1 5• 
2 ;9 
2 6~ 
2 o3 
2 6b 
2 6b 
2 67 
2 64 
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2 ~ 
2 bti 
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? n 
2 00 
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? (\ 
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1001,.50 

~ic •o 
5Jb H6 
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2J!'- 0 1 
1~f- ~b 
15P R5 
1Q0 ~1 
.!O~ lolJ 
U 1 4 1 
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j!lj Tu 
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4;~ 00 
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J3 ·o 
nc,1 
3tl ' O 
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J &.ll0 
•o · J 
7b 9 1 
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/~ t.h 
70 o., 
J? , b 
M\~4 
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l o➔ 10 
J 1;., ,·;-, 
,~~ 11 
1:.·,i >(!', 

1 7d 

1 ~2 
1 &l 
1 77 
1.~2 
1 79 
2 2b 
2 o? 
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l 2ti 
216 
..: lb 

'.i C5 
:1 t'lf5 

·1 1:-..t 

3 00 
3 J6 
3 ,it) 

J :!t, 
3?9 
3 21 
2 51 
3 fo 
3 76 
J 3 ; 
-~ 6? 
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? "" 
3 1~ 
, 53 
J ~8 
t ~ ? 

~ &I 
1 qa 

~.~o 
4 81 
3 / 3 
3 "'1 
"o, 
~7 
1 9h 
00'
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,1 111. 
:i ~\i 
1 e; 
; I J 

7 

G 
~ 

0 

0 
0 
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~ 

~ 

4 

b 
~ 

5 
4 
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5 

• 
; 

" .l 

l 
11 
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1~ 
1; 

12~ 00 
12~ 00 
12~ 00 
1?5 00 
1.i.b 0<1 
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it5 Cltl 

12!> 00 
125 00 
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12!, (Yl 
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1/~ L'.1 
1<5 ( !''1 

1 .. 5 )() 

1lb 00 
1.h (K) 

1.:~ uo 
1?' 00 
1r:n oo 
t i bOO 
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I ll 0() 

l:!t, ,., 

n~oo 
l i S O\l 
12b 0C> 
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1~5 00 
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1,lb O(· 

tlh 00 
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13.!', 1< 
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ConeTec Inc. r ~rpretation 

Interpretation 01. lelease 1.22 Rev. Formal: NU 
Run No: 

Job No: 
Client: 
Project: 
Site: 
Locallon: 
Cone: 
CPT Dale: 
CPT Time: 
CPT File: 
Northing (II): 
Easting (It): 
Elevation (It): 

07-1210-1008-4276 
07-804 

Imperial 

Civil & Environmental Consultants 
Pond Creek Mine - Williamson County. lllinols 
CPT-9 
Pond Creek Mine 
20 TON AD211 
07/31/10 
09:17 
804CP09.COR 

0.000000 
0.000000 
445.7 

----- ·········--- ···········--------------·················--·------
User Inputs: 

:11): 
Assumed: 

State Parameter: 
Unit Weight of Soil (pcl): 

Depth Sample El. Avgot /wgFs 
(ts!) 

Avgnf 
(%) (II) (ft) (Isl) 

c:::ILJ 
f",i"7 
~See Below 

AvgUd 
(fl) 

Qin 
(Isl) 

Rfn 
(%) 

CPT area rabo: ~ 

le a F 

See Below 

SST U.Wt. 
(pc!) 

n 

Material Types and Unit Weioht {pell Phi Avg. ~ ~ Fe Avg. le Avg. 
d~g lsf tsf _% % 

{ 1 ;~ ] Residual Soil 1-W?S j •~~ ! •b 19 I 28 <r.' I 2 40 

Ground Surlaee Elev. ~ 

Coplod from Cone Tee crT Data nle 

TStress EStress 
(tsl) (tsf) 

Ueq 
(Isl) 

Cn N60 (N1 )60 
(blows/II) (blows/ft) 

Su 
(Isl) 

qc 
(Isl) 

Fe 
(%) 

Phi 
(Deg.) 

·• -h•••-•••••• •••••••-•h••••••••••••••• •-•-••••••••• ••-•••••••-••••• • ••--------••••••••••••••••••• •••••-••••-----• ••• • • • •••••• •••• ••••••on• .. • .. ••• •••• •••- ----- -

0.164 
0.492 
0.82 
1 148 
1 476 
1.804 
2. 133 
2 461 

2 789 
3.117 
3.446 
3.773 
4 101 
4.429 
4.757 
5.085 
5.413 

5 741 
6.069 
6.398 
G 726 
7.054 
7 382 
7.71 

8.038 
8.3G6 
8.694 
9022 
9 35 

9678 
10.006 
10 335 
10.663 
10.99 1 
11319 
11 647 
11.975 
12.303 
12631 
12959 
13.287 
13 615 
13 943 
14.271 
14 6 

14926 
15 ?56 

445 536 
445.208 
444.880 
444 552 
444.224 
443 896 
443 567 
443.239 
442.911 
442.583 
442.255 
441.927 
441.599 
44 1.271 
440 943 
440 615 
440.287 
439.959 
439 631 
439 302 
438 .974 
438 646 
438 318 
437.990 
437.662 
437.33-1 
437000 
436.678 
436.350 
436 02.2 
436.694 
435.365 
435.037 
43-1.709 
434.381 
434 053 
433 725 
433.397 
433 069 
432.741 
432.413 
432.085 
431 .757 
431 429 
431100 
430.n2 
430 d44 

15.38 
19.82 
30.1 
43.87 
4766 
45 87 
41.72 
37 .;4 
44 47 
59 57 
70.47 
74 .67 
84.53 
104 33 
96 44 
102.25 

98.2 
94.73 
84,93 
87.66 
69. 12 
63.77 
53.39 
48 17 
38A6 
30 22 
284 
294 

28.31 
26.35 
2507 
2689 
22 8 
27 92 
29.42 
26.23 
2:S 16 
20.42 
18.58 
22.2 
18 14 
15.81 
12.95 
11.94 
12 26 
11 .lQ 
15.59 

0.2 
038 
0.63 
091 
1 19 
1 66 
1 G6 
I 52 
1 87 
2.05 
2.79 
246 
2.85 
3.88 
3.96 
4 19 
4.51 
4 .11 
3.,t6 
3.56 
337 
3.03 
2.77 
2.41 
1.98 
1.55 
1.39 
1.32 
117 
119 
1 15 
1.24 
12 
1.18 
1 4b 
1 41 
0.99 
0.52 
0 .49 
0.51 
035 
0.26 
0.21 
019 
0.1P 
0.1Q 
0.3 

1 27 
1.92 
21 
207 
? 49 
36'2 
3.98 
'106 
42 

4 44 
396 
3 29 
3.37 
3 72 
4 11 

4 1 
4.59 
4 34 
4 08 
4 07 
4 87 
476 
5 19 
4 99 
5 15 

5 12 
4 89 
45 

4 14 
4 53 
46 
4 78 
5 28 
4 2::> 
4 92 
5.39 
◄ 29 
2 s~ 
264 
2 28 
191 
1 05 
1 59 
1.55 
1.51 
1 I 
1 9 

2.59 
1201 
9 .01 
3 21 
0.07 
0.07 
0 2~ 
039 
0 86 
0.23 
1.80 
0.62 
1.85 
1.8 

2d5 
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1 13 
4.32 
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315.60 J.JOS 

328 793 3.3!!2 
~75 898 3 7~ 
323.373 4 119 
320731 4 .111 
W9 26J 4 609 
263 01 4 355 
222 900 4 092 
218 219 4 060 
163425 490b 
143 f,44 4 785 
114 719 5.233 
98 9637 5 054 
/6.689~ 5 216 
:,ij 5676 5 220 
!,3.6919 4 990 

~/4 33 4 578 
51 068 4 l 21 
J6 4162 •I d2• 
431414 4/06 

·13 63 4 914 
J7.47/2 5 425 
45 ?02J 1 335 
46 7J2G 5 053 
d0.71?1 5 533 
~b 11Jd6 4.4'1 
30.2103 2.b49 
26.8524 2 75A 
31./192 ?. J87 
2~ 2132 2 025 
21 40~9 1 7d I 
16 9872 I /43 
15 2/!)ij 1 725 
1!id:S3 1619 

13 not. 1 Hr,9 
191.t\lll 20~h 
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I od 
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1 66 
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.:b4 06 
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325.25 
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J29 75 
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26923 
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222 83 
21'3.24 
1633ti 
143 liO 
1 I.if 61 

Q!,90 
7o &o 
5~ 45 
5~ ~G 
,. ~o 
oC.94 
4t- ?4 

• • 98 
<'1~- M~ 

37 JS 
4!;00 
&€, 5;:, 
J r6o 
Jr.199 
~(' 10 
2t- 72 
31 W 
2ti l& 
~r.9 1 
1b .c..; 

14 ,~ 

IJ 81 
11 10 
1P on 

1m 
1.91 
2W 
200 
2~ 
3~ 
~A 

•oo 
4R ·~ 
3~ 
3~ 
3~ 
Jn 
4 12 
4 11 
4~1 ... 
4W ·~ ·~ ·~ 5~ 
5~ 
on 
5~ 
500 

•• •n ·~ 1~ 

•m 
t,M 
~~ 

5M 
5~ 
AM 
2• 
2n 
2•2 
2~ 
1~ 

1 i'J 
1 /0 
1 /,l 

1 '-'!-> 
1J 

6 
6 

6 

" , 
b 
5 , 
5 

0 
6 

6 
~ 

" 11 
1l 

5 
11 
,I 

3 
4 

J 
3 
3 

4 

,t 

:i 
J 
3 
4 

3 
3 
,t 

5 
5 
0 

0 
b 
5 
!, 

125.00 
12500 
IZ"OO 
125 00 
12500 
12E 00 
Ii$ (.l() 
12b.00 
m, oo 
llb.00 
12!:, 00 
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12b 00 
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IJ~ 00 
1;1:, O{, 

1 JS {l() 
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11!, 00 
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n~oo 
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,.,:, 00 

l.<b O<l 
I J~ C·J 
I.JS 00 
1~5 orJ 

l'lb O,J 
130 ,,o 
1Jh00 
1 1._, f'( l 

0010 
0.0JI 
om,, 
0072 
0092 
0 IIJ 
0 1.;,.~ 
0 1!,,1 

0 \74 
019~ 
0 21, 
O?"lb 
0.206 
0277 
0 297 
0 318 
01,)8 
0 :10~ 
0 J/U 

0 4,10 
0 • 20 
0 ,., 
n Jo1 
048~ 
0~<' 
0.o2b 
0 ~· , 
Oon➔ 
0.::>!:1 1 
0o1:l 
0.0 .J~ 

o d!:>7 
06~0 
0./C? 
0.724 
0 7do 
0 7b~ 
0 /!JO 
0 b12 
0 8J5 
0 "~/ 
0 <ll• 
0~01 
0 4?3 
on,\<.. 

o~• . 
r '-<•l(I 

0010 
0OJ1 
0051 
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0 1\J 
0 j~\3 
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0 1 i'1 
01% 
0 215 
0?.Jlj 
0J56 
0.077 

0.297 
ll31ti 
(>338 
0.Jb9 
0 :11~ 
0ct00 
0 •co 
('t d<l I 

C•461 
0 • ~2 
C 49t, 
0 50/ 
0 ~19 
0 °:,1 
0 !),,l~i 

o ,-.<1 
(l ;:it,6 

0 <;78 
0 590 
0 oV2 
0 61,I 

0.n~b 
0 6Je 
0 050 
r oti2 
0 ~,. 
Ooijh 

0 'l!:17 
0 10'1 
0 1? 1 
0 ,,.,. 

0 /M:
c ' '-, . 

0000 
0000 
0000 
0000 
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llOOO 
0 00) 
0000 
0000 
0000 
0000 
0000 
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0000 
(1000 
-0 000 
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0000 
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0000 
0000 
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004~ 
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0009 
0.100 
0 110 
0 120 
0 IJ 0 
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0 111 
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0 71? 

() '"' o:>.,·• 

2000 
?000 
2000 
2000 
2.000 
?000 
2000 
2 000 
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;.>(JOO 

2000 
2000 
1 97~ 
1901 
1.834 

' l/4 
1 71~ 

1 tib~ 
1 ~rd 
1 b61 
1 ~42 

150ti 
1 .172 

1 J41 

I J 21 
1 J05 
1 JM8 
''11"1 

1 :•bl! 
11,n 
1 ,;~~ 
I :it, 
1 '1()2 

1 n;, 
1 27'3 
1.2(>.l 
, =-1!:.2 
1 1' '11 

l ;:,~g 
1 ~1d 
1 %OU 
1 19/ 
I 18/ 
1 17~ 
1 1ti~ 
, 1,s 
1 IJ.~ 

2 <!3 
J d4 

b :Kl 
7 69 
a ab 
tj O,; 

~ 42 
77,1 

9 2~ 
12 2~ 
14 16 
1J t-.d 

16 S7 
20 SJ 
19 •0 
2068 
:/0 38 
196tJ 
1111 

1~ 31 
•~27 
1.J .23 
12 :,-ig 
,. 31 

9 3i' 
1 6;1 
7 l1 
7 :,s 
i Otl 
6 7r. 

6~1 
UG 
o?O 
7 11 
7 64 
l Ov 
o In 
;'/1f' 

J di 
h 4& 
,, &? 

.l.Y!j 
J .3tl 
3 16 
;, 2:., 
·tt-t 
.1 (\~ 

4 8/ 
6 88 
10.61 
15.39 
1, J3 
17 fl~ 
16~4 
15 4~ 
18 41 
24 :,0 
2R 31 
29~8 
J2 73 
3903 
3,(6 
Jti fB 

35 04 
32 ~o 
?8 15 
28% 
2J.~b 
21 JJ 
,~ ,14 

16 30 
1.3 J1 
10 12 
1001 
10 r,s 
9 &I 
~Ob 
8 OS 
R 89 
ti 07 
p 17 

9 7b 
893 
7 71 
h 4-0 
~91 
o b4 ,~b 
4 /J 
a Ot 
,1 73 
'.i ;; 
~.!'!.! 
d ,·k i 

0 476 
0 cl13 
0 430 
1 3ht\ 
1 •73 
1 •17 
1.Wll 
l. 1!-id 
1 311 
1 630 
'1175 
VOd 
2609 
H21 
2977 
3 lb~ 

3030 
2.922 
2 bll' 
270, 
2 127 

1 961 
',;s9 
1 476 
1 1 /b 
0 91~ 
0 ll62 
0~1:'J 
08:,6 
0 797 
0 7b!l 
0.7UI 
0 o!lb 
0843 
o ad8 
07119 
Oo9J 
0o0~ 
0 ab0 
0 titi1 
O!iJ~ 
0 dQ2 
0.:J/3 
0.341 
ri:1,0 
0.31( 
0 4f,,." 

1~.J 
1~.9 

30 1, 
43 BA 
-47.t,6 
4<> 87 
.s1 r:: 
3; 44 
44 dt} 

~957 
70 do 
74\'i~ 
84 ~2 
1()4 .1:> 
9tl ,i;J 
10?24 
96 19 
94 7 
04 ~ 
87.67 
69 OS 
63 75 
53 34 
4814 
:Jff.39 
:v.i 15 
28..3:l 
2913 
28 23 
Jti 2U 
2,1M 
,s ~t 
n.1. 
27llb 
29 Jb 
2616 
, 309 
20'lb 
184\l 
21 91 
17112 
15 4~ 
l?t,7 
11 5,; 
11 6b 
IOI~ 
1h Qd 

1110\!3 02 29 
5o.'l72l! 49 17 
5 96:.132 48 7U 
5 7973 d8 94 
7 11425 48 25 
123418 472~ 
1-l8063 4611 

16 0063 4d 96 
16 7b67 "5 •~ 
16 2268 46.00 
,.1 •87 46 30 
12.725 46.16 
12.7342 4634 
13 0225 4692 
tJ.94<;2 <t.S.2S 
14 9118 46.23 
1~ 9403 45 n 
1a 894 45.33 

1 7 3092 4d.:,7 
1741 ~2 d447 
22 0<!811 4J O!\ 
22.8724 42 43 
263327 41 28 
274055 40.51 
30 6807 39 12 
:J4J169 37t,1 
,j,t 9:;72 37 1 1 
3J ,td9 J71~ 

J3 11 17 Jb!l2 
~b A001 ""3 ?.:; 
37 ?.699 Js.e:> 
37 7n69 35.89 
411846 34 99 
Jb 2ti7 36.1 1 
37 1499 ,i6 31 
40 7787 3b 4!1 
19 5l08 J4 60 
~4 ot(J<l 3J.oe 
~:u Otilt "i2 9,1 
12 68~6 J3 0~ 

14 4&18 J2 46 
36 5911 31 40 
399ij18 298~ 
~~ 1621 l9 I!, 
-11 b/9 ~9;,t 

d!, 71~ 2t\ 39 
d0 03 ,-1\'l l:ih 

r-') 

\,, 

t 

~ 

..i 
(; 
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---~ -----------~ -------Depth San AvgOt AvgFs AvgAI AvgUd Qin Aln le Q F SBT U.WI. ass EStress Ueq Cn N60 (N1)60 Su QC (fl) t. (Isl) (Isl) (%) (ft) (Isl) (% ) (pcl) ,,sl) (Isl) (Isl) (blows/ft) (blows/ft) (Isl) (Isl) ·-----······-··-··--··-·-··- ··········-···--··-···--·-··-···-··-··-----15.584 
15912 
16.24 
16 568 
lo.896 
17 224 
17 552 
17.88 
18 208 
18.537 
18.865 
19 193 
19 521 
19849 
20177 
20505 
20.833 
21.161 
21 489 

430.110 
429 788 
429 400 
429 132 
428 804 
428.476 
428.1.:S 
427 820 
427 492 
427 163 
426 835 
426.507 
426 179 
425 851 
425,523 
425 195 
424.867 
424 53!' 
424.211 

23.74 
29 33 
313.72 
56.19 
60.78 
50.94 
43.07 
39.51 
41 11 
JI 12 
45.7 

43 86 
36~2 
49 37 
o0.49 
7515 
74.98 
51 >9 
ll8.Q8 

0.44 
0,0::, 
1 48 
2 18 
3.03 
2.78 
2.33 
1.d6 
1 74 
1 "8 
183 
21 1 
192 
2.52 
3.37 
3 &4 
323 

2 
4.S 

1.84 
2.69 
J 83 
3.89 
4.98 
5.46 
5 4 
4.71 
4 23 
4 1 
4 

4 ij 1 
~ ,!6 

G 1 
558 
4 72 
4 31 
3 88 
~ (II, 

ij; 72 2,1.SliOI:! 1 936 
10861 36 2d1\ 3 004 
103.37 47 514(! 3 9'<11 
102 93 il8 4:169 3 9(,6 
d5.cl1 73.0777 5,077 
60 44 60 1007 5 580 
23. 93 49.83:lJ ~.5!>8 
0 56 ,14 9042 4 851 
0 62 4{l Ot,4(, 4 3~,9 
2 12 45 1724 J 2 10 
4 37 49 81J 4 tit\ 
<1.87 47 02{>~ d ~53 
11 95 :l!l.33:.i!I 5 4•1~ 
12 1:16 51.528t; 5.243 
-1 34 62 5()tid 5 oS7 
5 112 76 8dJJ d 797 
7,b 75 ~377 •.3d9 
He 50. 76~5 3 Pt<S 
• p;i ~7 ZPnb 5 1• 0 

~w 
2 ~ 
2~ 
2 ~ 
2 51 
2~ 
2 ~ 
2 ~ 
2Y 
2 ~ 
2 ~ 
2~ 
2R 
2 ~ 
2 ~ 
247 
2~ 
2 ~ ~-

---·------- ····--- ··-------····· -----2tA5 
1fi Ji 
41\ -, 

'57 d~ 
:-~.~8 
oils• 
- 0 06 
., .1 PO 
, ,; (ltj 

;.. :, .. ~ 
AQ. ~ 

,7 (1(\ 

~-t<J~ 
.t- 1 ,1;, 
tv ~~ 
,'6 ~9 
;~59 
50 ~ 
R ~ ,t 

1 ~ 

3 ~ 
• oo 
JOO 
5 11 
5~ 
b ~ ·~ 1 ~ 
c1 71 

d 12 ·~ I ~ 
Sb 
5ro ., ~ ·~ ~w 

1' 

" 
s 
11 
3 
3 

3 
11 
1: 

0 , 
!1 

1,.15 1,(1 

t 1'1 00 
1 1~.oo 

1 J6 °'' 
1J700 
1 1!\ 00 
139 .00 
1 H) ,JO 
141.00 
1 1?00 
1-1~0(· 
1,1.1 00 

"1500 
Ide 00 
147 00 
IJ!\ >; 
\.l~ IX' 
1,,0 O(' 

1!\' 

'l 01:J 
1 o.;• 
1 0&, 

i 070 
1 100 
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I ' dQ 
1 1od 
11 :1, 1 

1 ' 5 
1 ? ;<~ 
1 20 1 
1 .!~b 
1JO\'l 
J ,.-f'l'J 
1 l ~,7 

1 .lb l 
1 j(}h 

.;,m 

0 lo~ 
0 /~1 
0 7'➔~ 
0 ~0t> 
0 617 
0 8.!9 
0 !!41 
0 85'1 
0 :-tn. 
0 81'(1 
0 .~l-1:l 

W'l 
(lQIU 

0 9''3 
O Q,1f\ 

0 Cl!,t, 

,1314 
0 ~tt~ 

(II):• 

0 /4 ~ , 1.1{' 

0 t 5:\ 1 1 l ;"I 
0 ,'ll." ~ 1r<" 

--~4 1 • 1f, 

0 2~• 1107 
0 ''!'d ''l!le 
0 :ic• 1 ('!10 
O J l-1 1 Oti? 
0 V ~ Old 
D t•~. 1 (~t,\ 

o .,,! t, 1 O~t> 
OJft!'-1 , o c.;1 

0 <hi) 1 "4J 
0.,l fh 1.0:J~ 
0 .l!lt' 1 Olt< 
v ;1Ht> 1 v.ro 
0 107 1.01.l 
,J .: t 1 0-'H:i 
('4< , :!\I~ 

f, /0 
7 ; ;.' 

P Sb 

ur 
1J ,/8 
12 92 
11 _!°' 

10 ?7 
1Cl 1l ; 

10 JJ 
11 10 
11 Jf) 
9 91 
12 /2 
lo 19 
1~ !)\l 
17 M•I ,,. ,~ 
, 1 If 

fj f,0 
R 17 
1, 73 
11 7J 
16.3b 
14 19 
1 .lH 
1112 
' 1 2\> 
1' 13 
1 07 
11 4;1 
10 13 
1J 17 
b.82 
1840 
1~ 07 
1·' ~b 
( 1 •,; 

() 70< 
O M 6 
1 106 
1 7°" 
U¼ij 

1 'i-12 
12!/e 
1 1~'; 
12'.'6 
1 23b 
1 117 
1.31~ 
1(/i;l l 

1 486 
1 8,11 

2 -~~ 
2 ? Ill 
1 S:,,I 

? 711 

c~ ,~ 
2s os 
Jt108 
55 5-1 
00 37 
l>O 56 
J2 92 
J9 $1 
J l 1 t 

•u 
d!>.68 
,1J >i3 
lti ~J 

~~ ?ti 
t,0:, 

75 ~p 
/ ~ 03 
~ I 6:' 

tl~.0? 

Fe Phi 
(%) (Deg.) 

~1 51 5~ .;K,43 
'3.0506 3d 68 
33 507 36 34 

l 8 , !138 38.4,; 
31~1~8 36 8~ 
35 28?3 37 7~ 
J7 7700 3o 70 
3 7 Wtl Jil 11 
;.l 993\> 36 27 
'.!,.l /()!jd ,16 1,' 
:iaons 36.72 
0 tH~S 1 36 .IB 
J 1 J7!,,1 ~ 17 
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~ -• ~5 39 17 
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ConeTec Inc. ,r---•erprelalion 
Interpretation O lelease 1.22 Rev. Format: NU Imperial 
Run No: 07-1210·1008•4243 
Job No: 07-804 
Client: Civil & Environmental Consultants 
Project: 
Sile: 
Location: 
Cone: 
CPT Dale: 
CPT Tme: 
CPT FIie: 
Northing (It): 
Easting (ft): 
Elevation (It): 

Pond Creek Mine • Williamson County, Illinois 
CPT-10 
Pond Creek Mine 
20 TON AD211 
07131110 
08:35 
804CP10.COR 

0.000000 
0.000000 
442.1 

·-··· .. ···--.. --. ········-·--·--·--········ 
User Inputs: 

Ill): D:Q 
Assumed: 

State Parameter. 
Unit Weight of Soil (pcl): 

Ci:L"J 
~ See Below 

CPT area ra•io: ~ 

n 
IYatMal Types and Unit we,aht !pell Phi Ava. ~ ~ ft..fil9. le Avg. 

de.9. tsf tsf % % 
C t ~" ] Residual Soil I ·, g 4!' I t '17 ! ~~ 88 I 2t:\e7 I ?:It\ 

Ground Surtace Elev. ~ 

See Below Copied from Cone Tee CPT Data rile -----• •••••••••• ••--H•••- ••-•••••-•• • •••••• ••-•- •••••--•-••••••••-•- ••-••••·•••• •••••••••••• •••-•••••••• •-••••••••• ••••••••••••••• •••••••·••••••• •&.••••••••• ••-•••••••••• •••• ••••••• ••••••••••• •••••••••-••• •••••••••••-• •••••••••••• ••••••o•-Depth Sample El. AvgQt 
(ft) (It) (Isl) 

AvgFs 
(Isl) 

AvgRI 
(%) 

AvgUd 
(ft) 

Qin 
(Isl) 

Rfn 
(%) --------•·-------------·----------·-···-------------

0164 
0492 
0.82 
1 148 
t.476 
1804 
2.133 
2 461 
2 769 
3 117 
3445 
3 773 
4 101 
H29 
4 157 
5.085 
5 413 
5741 
6069 
6.398 
G.726 
7 054 
7.382 
7 71 
8038 
8366 
8694 
9022 
9 3~ 

9 678 
10006 
10335 
10063 
10991 
11 319 
11 &47 
1 I 975 
12303 
12.0J1 
12 959 
13 287 
13,61 5 

13 943 
14 271 

14.6 
14 928 
15.256 

441 936 
44 1 608 
d4 1 280 
440.952 
440 624 
440 296 
439.967 
439 639 
439.311 
438.983 
438 655 
438 327 
437,999 
437 671 
437.343 
4:J7015 
436 687 
436.359 
436,031 
435 702 
436.374 
435 046 
434 718 
434 390 
434 Oll2 
433 734 
433 406 
43J078 
432.760 
432A22 
432 094 
431 76, 
431 J37 
431.109 
430 781 
430 453 
430125 
429 797 
4~~ 469 
..t:?Q 141 
428 813 
428 485 
428 157 
427 829 
427 500 
427.172 
426 844 

22.84 
28.txl 
30.14 
41 06 
62 23 
7049 
G339 
64 76 
67 64 
62.00 
61.6 
49.8 

35.16 
23.8 

20.99 
2358 
2G.07 

28 
27 78 
23.67 
22.65 
23.86 
198 
17.31 
18.oS 
15.11 
1J94 
15 71 
20.2J 
2126 
21.52 
2236 
18.99 
1J 81 
15. 17 
13.83 
11 53 
1282 
13.05 
1303 
1448 
14 54 

1329 
16.42 
19 3!> 
23 7 

26.27 

0.17 
04 

0.52 
0.o2 
09 
1.29 
1 ,l4 

142 
1.58 
1 55 
1.76 
1.64 
126 
0.94 
063 
0.9 
1.08 
1 25 
1 2ll 
0 97 
0.83 
0 .78 
0.64 
0 59 
0.73 
0 .63 
0.58 
0 6b 
0.82 
11 

1 1~ 
1 16 
1.06 
0.82 
0.79 
0,74 
O.So 
0 45 
0 43 
0 .41 
0 .43 
0 43 
047 

051 
0 .75 
1.01 
0.82 

0 ~ 
1 4 

1.~ 
15 
1« 
ID 
2 ~ 
2 19 
2 ~ 
2 Q 
2~ 
3~ 
3 ~ 
3% 
3~ 
3 8 
4 15 
4~ 
4.~ 
JOO 
3A 
3 ~ 
3 ~ 
3 q 
a9 
J 15 
3W 
J 15 

•• 
51g 
sa 
52 
~~ 

5 ~ 
519 
sv 
•• 
3 ~ 
33 
J 16 
2 ~ 
PW 
3 g 
3 ~ 3. 
4 ~ 
311 

0.53 
·1 A5 
•o.33 
7 39 

·3 79 
0.76 
1.34 
166 
1 64 

-2 ~6 
·2 61 
-3 46 
·053 
~ 47 
15 J6 
17 J2 
16.35 
13 72 
1397 
20 98 
2009 
20.76 
,4 65 
30 56 
19 81 
30 o9 
35.5 

39 67 
J9.19 
18613 
1~ 2 
0.19 
o.8• 
7 21 
665 
h 911 

-,t .81 
J.23 

·2 00 
-0. 78 
12 21 
15 4b 
.1009 
666 
19 7g 
-~.33 
R OI 

2227 21! 0 74h 
931 683 1 396 
oij7 096 1 72il 
071 265 t.513 
673 58 I 4d8 

624 188 1 833 
4744~ 2271:1 
420.032 2 198 
387.039 2 3<12 
317 665 2 505 
2Ub.967 2 867 
221.096 3.309 
148.88 3 610 

96.1277 3 996 
81156 4 011 

87.70?2 3.869 
!13 397b 4 197 
<lij.7242 4 52? 
92 5575 4 59e 
75.9624 ~ 166 
70 2128 J 73'1 
71.6&66 n31 
57.3614 3.309 
48.439~ :; 60t> 
50 73ll5 4 0--'3 
JS.4655 4 31~ 
37 7J01 4 OJO 
:J8 4892 4.2?3 
48 4809 J 11:i 
49 •1891 r, J2ij 
•8 6703 :, J59 
49 :>()6lj , .3,15 
•10.4242 :, 189 
30.3493 5 b 12 
JO 3001 5 J69 
26.7744 r, 6!:>ti 
21 4"87 r, 204 
2&4732 J 741 
23 :,;)66 3 514 
22.73W 3 3ti2 
24 85°" 1 1!:>6 

~• ,Jg ;11•u 
21 t,56<1 3 79-1 
<ti ~.191 3291 
J0.8811 4 0 7& 
37 4028 d 443 
40 7957 3 ;/•t-1 

le 0 F SBT U.WI. 
(pcf) 

TSlress ES!ress 
(Isl) (Isl) 

Ueq 
(Isl) 

··-·-~-- - --------·-········-· ...... . 
110 
t.d5 ,~o 
1 57 
,.~2 
1 63 
1 7" 
1~ 

1 il2 
1 A~ 
196 
2 07 
2 . .!0 
2 35 
2 40 
2 ~7 
2 38 
2 39 
:_,1 
2 JJ 
2.,,2 
2 18 
2 <I~ 
2 :,o 
2 54 
2 0~ 
2 6J 
? 6~ 
2 ,, 

2 ,)4 
2 6b 
, t-.. 
272 
2.81 
:?79 
2 ~•I 

2 St$ 
2 ( ij 

~ 14 
~ j,J 

7.70 
? 70 
2 tjO 
2 ,;9 
~ 70 
P 66 
2 S< 

7,?2.7 29 
<'>'.:1 68 
<11,7 .a 
!:,71 !l6 
67391 
d2• .2B 
Ji:I 57 

•20 10 
367 10 
317 77 
ZiJJ 01 
221 23 
1•~n 
95.% 
8C 7b 
Si.29 
\le o3 
9\- J4 

9G . .?~ 
7~ !'J 
d980 
71 25 
!!6H9 
• 7.UB 
~?1 
3!>95 
37 1r, 
Ji 85 
J 7 tit) 

.,9 23 

.a •6 
JS 71 
40 ~.I 
:1(J d,t 

·,o~ 
2b&•1 
21 ~n 
23 ' ,1 
23;i; 
l.2 / d 
24 70 
,,i 21 
?1 4 

lti ? ·' 
J06~ 
J7 df. 
io~~ 

0.74 
1 10 
1 73 
1 SI 
1 J S 

1 ~' 
2 28 
2 :'() 
2 34 
2 :,0 
2 8 7 
331 
.j61 

•.oo 
4 03 
J d~ 
'2 21 
4 !:,4 

4 Cl 
d 19 
3 7h 
l 15 
3 :14 
J .55 
d 01 
-1 311 
d O!l 
•L ,l•j 
,t 23 
5 :,., 
5 ,18 
fi Jd 
~ 77 
5"0 
5 ti!l 
S.bd 
f, t9 , ,:, 
j ~ , 

J J6 
1 1'7 
3 1 i 

3 ~ ' 
J .i: 
J 10 
4 4J 
:;.~..i 

7 
( 

5 

7 
b 
7 
~ 

~ 

0 
~ 
& 

• 
:, 
~ 

~ 

4 

J 
d 

3 

• 
3 

-· 
3 
3 
3 
3 
:i 
4 

" -1 
5 
s 

" 

11:.,00 
125 C,1 
1l5 00 
1,"· 00 
1t!b 00 
l?t> 00 
1l~.CO 
•?:,00 
tJb 00 
1,5 00 
1t'f,00 
1d6 00 
12'. 00 
17b 00 
1?!>.00 
te.500 
W ,(Xl 
125 00 
tc'.5 00 
17t, OO 
12~ 00 
125 O'J 
12500 
12r, oo 
1 ~) 00 
1.lt>.00 
t~lb OO 
1.1~ ()0 
1,1~ 00 
I Jf1 00 
1.1:,00 
ur,oc 
1Jb Of'I 
1Jb o<, 
, .,~ {)(J 

1.lb<J'J 
1.1~ 00 
, -.~ 'l!) 

1 I!.,(} ) 

1 J.~oi 
1J5 {)( 
1.'l!tuO 
1:l,1 CJO 
1Jt, tr· 
1:1~00 
, . ,~(\() 

1 l,', {\(l 

0010 
0 0.l l 
0 \lt,1 

oor"' 
oo~; 
0 113 
(,)) 1°1 

0 1b,t 
0 114 
rl 1[1f\ 

0 215 
02J6 
lll~6 
0 277 
0 l 9 i 

;11~ 
0. 1:-::.t-
0.'I!)? 
0 379 
0 400 
0.4~0 

1l4 I 

0,11>1 
0 4~2 
0 402 
o.~t5 
0.547 
Q t~t,U 

C.:.:f!1 
0 ,,,.~ 

O H,11, 

(J r !,/ 

O o<!O 
0 /0~ 
(J ,: ,I 
0 / <IG 
u / Ii>' 
n ,i_) 

O Hi , 
c, ,n~ 
~ ~~ 
Q ~ , , 

JOI 
~OJ 

U.14 '• 
O<lt> 

....... 

0010 
0031 
00~1 
o a,~ 
0.09< 
0.113 
0. I Iv 
0 151 
0. 174 
0.1~5 
021-1 
0 2?4 
0 2:;• 
Q ~d-7 

0 2bb 
Ot~S 
J 06 
0 186 
0 .• 9t 
0 ~06 
031/ 
0.32-1 

C 337 
0 :;,17 
Q O!)lj 

0 .370 
0 381 
0 J~:1 
0 4Gb 
0 d 1 f 
0 J,!9 
a a.11 

o so·, 
Q df:)f, 

() V I 
(I IH~ 
o -..q1 
r ;- 11 

""l;:....i 
[l <:-. 11;, 

"•t< 
:,n,.1 

1.1 0n 

o,~ 
tl ',Yf-, 

o or"' 
0~ ' 

0 00 
0.()()() 

0.000 
0 00) 
0000 
0000 
0.000 
0.000 
0000 
QOM 
0001 
001.! 
ocr;;, 
O.OJ, 
0 (),12 
0 0~3 
0 a,;3 
0073 
0.0!JJ 
0 09<1 
0 10<I 
0 11-t 
0 .124 
0 1J4 
0 1<1~ 
0 , ~~ 

0 1rit) 
(l 1 ,~ 

o,~ 
0 19t; 
0 1.00, 

?1n 
Q,'7,' 

Od/ 
n ,47 
0 lb/ 
o,~~ 

: / k. 
D ~H~ 
C, ;?;.:1>1 

j\Jb 

0 310 
0 'l~ 
0 ,:~ 
ti ~4~ 

0 1i,.~ 
"~ ,. 

Cn 

.: 000 
2 00( 

?. r v0 
?000 
~ 000 
? 000 
200 
~000 
2 O:Xl 
?C'r.)(I 
;(l(Y.J 

20()() 
i o:JO 
? 000 
1 9tlC 
I 'Id 

1~0 
1 ~/1 

1 s.e 
1 80i 
1 777 
1 i d~ 

7'l? 
1 ri97 
1 ti7i: 
1 l""J.~ 

1 f,19 

1 ~"· ~,· 
1 5'18 
1 ':12/ 
1 "'JI) 

1 4<!~ 

1 J.f) { 

1 ,-hi 
1 ,1J1 
t 4 1.1 
, l~7 
1 1111 
1 ,ltif 

J~ 
I Ji ll 
1 ,.·~ 

I("' 

1 ti• , 
1 , .,,., 

~ ;: .' I , 

NGO (N1)60 
(blows/ft) (blows/ft) 

Su 
(Isl) 

(JC 

(Isl) 
Fe 
(%) 

Phi 
(Deg.) 

-----····--·-·-- -------··· ·-----·····-· 
3 ;,a 
d Ofi 
0 1 i' 
c, ~d 

10 .• ~(l 

1? 13 
11 44 
11 ; :i 
1? J J 
11 70 
I 1 9,l 
10 0ij 
7 4\l 
b d 1 
48b 
'\ ill 
5.H~ 
n .. 1, 
6 4 7 
S ::>o 
,n 
!) J~ 

J 6\1 
4 ~o 
• J8 
-◄ 90 
11,,1 

4 °" 
~f,d 
~ 51 

"' n;. 
S o.< 
..: 1b 
,12-J 
4 .. ~ 
tj I);? 

"j,l,t 

J ,, 

l ~0 
) &ll 
j B1 

,n,o 
'1:l 

• 3t 
~.1H 
n.~t\ 

" .:--; 

C'I .{' 7 

!'.J~ 
IO J~ 
,;1 ~11 

l 0 o9 
PJ ;>7 

2< ST 
~:$•'6 
•• 8 7 
~:1 ,10 
;,J t,b 
10 1!> 
14 99 
1081 
<> o's 
10 ,1& 

11 :•9 
12 10 
11 89 
10.0d 
Q 40 

q '°11' 

~ 03 
i 13 
I oil 
r- 42 
Ii?? 
fr 
I '11 
B ~J 
8~ 
H 11 
l .cm 
0 ?1 
r; ,: 

r-7:, 
4 Kt\ 
d'lr 
J 9 7 
no 

!I ~o 
J iM 
~ /(' 

6 /1 
9 01 
~ ,, 

0 10,' 
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O u•l8 
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0.dU6 
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o.,99 
0&11 
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0 44,. 
Q dt)9 

0 ~()ti 
Oti;IO 
0 t,.J T 
Oo7l 
0 007 
0 4~7 
ll. -ld/ 
0 JClb 
03,rJ 

0 ~' '~ o:1rn 
o a111 
0 J;>;~ 
0 ,12J 
0 :J!l• 
0 4fl<J 
0 h70 
0./M 
(' 1:--~ 

t ~ 64, 

18 6R 
:!Q 18 
, 11 1 

ti226 
10!, 
63 J 

P< 77 
ti7 r,!) 

6J 1 
ol 61 
49 83 
.!517 
?3 76 
.!OtH'l 
2J 4 / 
2~ 9 7 
2; ~2 
27 69 
21 6<i 
«: :,;.> 
~;i 73 
19 o,I 
17 1? 
1~ 4t, 
14.92 
14 72 
1" 1ij 
19 Q9 
2 1 15 
21 -1J 
I, J'> 
10 04 
IAl!b 
l h?1 
1 .◄ do 
11 ',I, 

1: )W 

1,10/ 
13 ().; 
14 4 

1J J4 
13.l ti 
l l'\ t'.o 
1~ ./3 
2., n 
•,; :10 

1 32:',3 &3 ('~' 
s /0&6~ oo 57 
4.o~9<12 Je 19 
3 !Jl,4J2 -18 o!l 
J t587G 49 33 
◄ ~5rns ,1s.o:i 

40,!6\' 47 91 
7 6:,0.,J 47 40 
8 50tl0d d7 0~ 
1005b9 do 1!> 
11 866~ 45 1:1 
1496b2 0454 
19.00<IS 42~2 
24 5219 40 JS 
2ti 5321 J~ 43 
25 1707 i ~ d~ 
2~ 53~1 40 ltl 
l6.148& 10.39 
21> 87&11 -10 1~ 
27 8!>-lS 1907 
21 3099 ,1a o3 
2t, !>6~ 38.7b 

28 3064 37 49 
31447:I 36.49 
J2 7232 ,16 7 
31 o9l!ll J~.,s 
37 3103 Jb OO 
38 0003 3S 1' 
13 9/63 lb 50 
31 ~394 ~b 6b 
17 &199 1b bl 
37 2112 ,16 Gn 
-t1 4/% Jb 53 
dti 1001 :lJ tjO 
.i:, 1:,t<:t ·n t,0 
,ti) 2129 ;1:1 04 
•o 9100 31 57 
4,l i'1J ;,~ V 

42 H•7l> 12 1P 
4? 1021 .12 01 
10 Jdll.1 J? ; ~ 
40 687Q J~ ~1 
J ' • 8728 11 ~~, 
)~ %JJ J2 91 
,10 477 J,187 
J8 <1,IJ; 36 07 
,1;.• lt"6~ ,1~ ,;p 

{) 

... ... 

~ 
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,...--.._ ·······-·········· r ··-········· ·············-····-·-····-······-····-·····--··· ····-······ ............ ··-········· ............ ·······-····· ·······••·•- -···· ·······-····· ·······-·· ··········· .............. ······--···· ...................... . Depth Sarr AvgQI AvgFs AvgAf AvgUd Qin Rfn le Q F SST U.WI. =SS EStress UeQ Cn N60 (N1)60 Su QC (ft) (,. (Isl) (Isl ) (%) (fl) (Isl) (%) (pct) tlsf) (Isl) (Isl ) (blows/fl) (blows/It) (Isl) (Isl) 
Fe 

(%) 
Phi 

(Deg.) 15.564 
15.912 
16.24 
16568 
16 896 
17.224 
17 552 
1788 

18208 
18.537 
18865 
19.193 
19521 
19849 
20177 
20505 
20.833 
21.161 
21 ~89 
21.817 
22145 
22 473 
22.802 
23 13 

23.458 
23 786 
24 114 
2d.442 
24 77 

25.098 
2S 426 
25.754 

-------•nn•n-•-•••••••H••••••• 
••••••••••• • • H-•u•••• .. • .. •••••••••••••H••••••••••- •••••••••••••••••H• ••••••••••••••••O••••••••••••••H••••• 426516 

4?6.188 
425.860 
<25 5.32 
425.204 
424 876 
424 548 
424.220 
423 892 
423.683 
423 236 
422.907 
422 579 
422.251 
42 1 923 
421.595 
421.267 
420 939 
420.611 
420 283 
419 955 
4 19.627 
419 296 
4 18970 
418 642 
4 18 314 
417 98b 
417.658 
417.330 
417.002 
416.674 
416 3-l6 

2843 
34 11 
36.87 
38.02 
42.17 
49.75 
47 56 
51.6 
65.03 
70.0: 
05.59 
55.6 
110,1 

100.51 
111.07 
56.81 
53.52 
5522 
9933 
112 3 7 
5705 
4922 
45.2 

86.55 
135 75 
8031 
GO 5 

127.06 
14998 
328.:ld 
41e.7S 
31!9 73 

0 .71 
0.83 
1 15 
1 21 
1 4!) 
1.Nl 
1 6 

1.85 
2.32 
253 
2.53 
2 73 
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d 84 
5 1 

3 39 
216 
2.52 
2 92 
322 
2.b5 
2.02 
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1.89 
2.31 
2.82 
2.64 
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9.93 
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19.4 

18.71 

2.5 
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3.11 
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ConeTec Inc. r •'3'rpretation 
Interpretation O alease 1 .22 Rev. Formal: NU Imperial 
Run No: 07-1210-1008-4215 
Job No: 07-804 
Client: Civil & Environmental Consultants 
Project: 
Sile: 
Location: 
Cone: 
CPT Dale: 
CPTTime: 
CPT File: 
Northing (fl): 
Easting (It): 
Elevation (fl): 

Pond Creek Mine - Williamson County, Illinois 
CPT-11 
Pond Creek Mine 
20TON AD211 
07/31/10 
10:31 
804CP11.COR 

0.000000 
0.000000 
440.6 

-----•••••••-••-•••-•·•••-•-•••-••••••-•••-••••n••••••••••••••• .. •••••••••••••••••••••••••o 

User Inputs: 

~ 
Assumed: 

State Parameter: ~ 
Uni! Weigh! of Soil (pel): ~ See Below 

Depth Sample El. AvgOt AvgFs 
(II) (ft) (Isl) (lsf) 

AvgRI AvgUd 
(%) (II) 

Otn 
(lsf) 

Rfn 
(%) 

CPT area ralio: [:Qfil 

le a F 

See Below 

SBT 

r) 
Material Types and Unit Weicht !pell Phi Avg. ~ ~ Fe Avg ~ 

deg_ _J§l___ Isl % % 
~Residual Soil ! J~-e,; J 2 7~ ! 1',~ll> 7~ I . 2 Jf, 

Ground Surtaee Elev. ~ 

Copied from ConpTec CPT Dain F~p 

U. WI. TS!ress ESlress Ueq Cn NGO (N1)60 Su 
(pd) (!Sf) (lsl) (Isl) (blows/ft) (blows/II) (Isl) 

QC 
(lsf) 

Fe 
(%) 

Phi 
(Deg.) -------- -----·-·-------------------·······--------------------- -----------------------------------0 164 

0 492 
0.&2 
I 148 
I 476 
I 804 
21J3 
? • ol 
2 789 
3 117 
3.445 
3.773 
4 101 
4 429 
4 757 
5 0~5 
5 413 
57olt 
o0o9 
o :J\18 
6726 
7.054 
7.382 
7 71 

8.038 
8.366 
8.694 
9 022 
935 

9 678 
10 OOo 
10.335 
10663 
10.991 
11 319 
11 G47 
11.975 
12303 
12.631 
12.959 
13287 
13 615 
13943 
14 271 
14.6 

14.928 
1r.2w 

• 40 436 
440. 108 
439 780 
439 452 
439 124 
436196 
4'.)8 467 
438 139 
437811 
437 483 
437.155 
436 827 
436 499 
431!. 171 
435 843 
435.515 
435 187 
434 658 
434 b3I 
434 202 
433.87• 
433 548 
433 218 
432890 
432.562 
432.234 
431 oOS 
431.578 
431 .250 
430.922 
430 594 
430.265 
•29 937 
429.609 
429 281 
42e.953 
428 625 
428 297 
427 969 
427 G41 
427 313 
426.985 
426 657 
426 32P 
4~6.000 
425 672 
425 344 

28.5 
26.29 
20.1 7 
19.8 

28.98 
36.°" 
3ti 17 
37 Of 
J6 4/ 
27 44 
20 54 
22.61 
26 22 
31.36 
3892 
J8.04 
30 18 
25.89 
23 4 
2h.7b 
21!.09 

24 
21.53 
22.03 
2277 
32.~4 
28 72 
25.38 
21 .81 
19.77 
1691 
12.18 
13.61 
1616 
20~ 
t &.41 
1503 
13 48 
14 27 
1662 
lbAb 
td.31 
16 27 
75 '9 
92 J2 
640~ 
42.81 

0.?.2 
0.-14 
0 !,I 

0.52 
0.42 
04b 
0.54 
0.55 
068 
059 
0.68 
08 

0.PS 
t.Otl 
1.07 
1.11 
I.Oil 
0.85 
0.7\1 
1.15 
1.27 

1 
0.9d 
t.05 
0.99 
1 27 
1.47 
I 28 
1.12 
116 
1 13 
0.84 
0.58 
058 
09, 
0.83 
051 
o.~9 
0 45 
0.59 
0.53 
O.t 
0.5\, 
083 
t.92 
2.18 
1 ~ 

0 76 
1.~6 
2.06 
~ tlJ 
t 43 
I 2o 
1 52 
1 44 
1 d7 
2 16 
3.22 
3 52 
3 73 
a.,5 
2 7• 
2 9J 
3 J5 
3~ 
3.Jb 
4 4G 

4 3o 
416 
4 35 
4 75 
4.34 
39 
6 13 
504 
5 12 
Sd8 
G.r 

., 91 
4 27 
30 

J 6o 

~.37 
J J 

, <!ti 
3 13 
353 
J 41 
277 
3.45 
1 I 
208 
3d 
,l <12 

0. 16 
0 ~7 
2.66 
1215 
I 13 
0.07 
0.16 
006 
03-1 
037 
0.&J 

1.01 
1.36 
1.~ 
1 76 
1,37 

13.37 
185 
23 9 
22.01 
14 11 
11 .96 
14 92 
14.51 
10 23 
8 77 
1 57 
'.l 58 
J 0 

0.J2 
7 09 
7.?7 
\ \ 11 
10 1:) 

10.l.l 
7.37 
12 JI 
16.06 
24.68 
32 75 
HS 7~ 
92.79 
7804 
37•J~ 
139 
Ii bd 

110 ~:• 

'<.779 49 0 i72 
~19 \ 557 

,J~ 5()1 2.664 
'72.171 2.663 

3 1~ 256 I 453 
318 823 I 252 
262.816 I .5d I 
245 469 1 457 
ws.:i22 1 874 
l3ij 853 2 166 
9<1 3962 3.24 7 
~48811 3 576 
10\ 297 3 77~ 
11V'9 3.•7~ 

129 90G 2 710 
l18 o9J 2 9<13 
~9.9ij1 3 dl;j7 
711f•-l7 JJ29 
t,0 tiOOo .<.J,I~ 
o3 :.-as, 4.f>Jt> 
08 2001 d 430 
53 4372 d 245 
JS t,6d9 d 462 
44.7113 4873 
d4.3247 d 44b 
61.23~~ 3.967 
51 8M8 5 217 
J4 01 5 ISll 

363219 ~ 277 
31 61'44 ri 053 
26 0398 6 939 
I 7 t\®3 7 28:l 
1942'/ •481 

22 r,;14 7 3 74S 
27.16!,ll J 83u 
20.J~~2 ~ 653 
1q_5{),1J J 571 
IT 0793 3.0ba 
17.82';; 1 3 339 
205813 3733 
18 73U? 3 o27 
16 9(!84 2 974 
19 1483 3639 
912th'I t 116 
lt0 4<d 2101 
lb. l 5~8 3<1~ti 
4? t~1 J 01r, 

t 11 
\ 51) 

I 8 7 
I 9<l 
I 69 
t.6., 
I 76 
I 16 
1 8? 
2.04 
2 29 
2 32 
< 3.c 
2 t6 
2 ,~ 
21Q 

2 ~13 
1 Jll 
? dO 

< 51 
2 JB 
P 54 
2 Gt 
? o•I 

lot 
;:i ,1s 
2.61 
i 6n 
2. /? 
? 81 
2 91 
.105 
? ~d 
~ 78 
7 78 
7 9~ 
2 81 
2 8? 
283 
2 81 
2 85 
2 P,1 
2 6J 
1 97 
210 
237 
2 i..r; 

2 718 5 1 

'II' 'tl 
J~2 i6 
,;:u'l 
313 'I>; 
JI~ 8? 
26< tic' 
21lf>47 
M~2 
t,l'lMS 
9<t 40 
9d.8ll 
101 :JO 
11:> ,r1 
1:::.1.~1 
11~ bO 
~g ll 
10 ~~ 
'J\.1 VJ 
0. 0, 
ob Ot 
b< lt! 
,iE,,I:) 

4,1 ~3 
1ld 21 

61 12 
t,u3 .. \ 
43 9; 
~.;, 2;
JI 1,1:1 
2~, Q~ 

17 ;11 
19.~\2 
2? .Ill 
27 tjl 
10.33 
t~ >10 
to !;<I 
I 7 ii i 
~o Jt 

1801, 
16 , b 
18 !"I 
!lO Q3 
110" 
It .,.. .1,, 
4H ? 

on 
1.!'\\ 
2 68 
2 oS 
1 d~ 

1 l~ 
1 (id 
I 4f, 
I t,,7 
217 
1 2& 
3!,ll 
3 77 
3 J 7 
2 77 
r ~4 
3 d9 
3 3•1 
3 J;_, 
4 5b 
J JJ 

• i~ 
d ,1,1 

4 A9 
1 •b 
3 97 
!122 
;; tG 
5 2l! 
G 0~, 
bi>\, 
7 31 
4 51 
3 71 
d, ts~, 
5 67 
'.l 59 
309 
J_"-tJ-, 

3 78 
3 lo 
311 
3 /b 
112 
? 10 
J.1.P1 
4 fi~ 

7 
6 
!, 

:, 

7 
<l ,, 
5 
s 
~ 

~ 

6 

., 
5 
J 
J 

-1 

• 
3 
4 
5 
3 
3 
,1 
~ 

~I 

'.J 
J 
4 
3 
3 
,I 

b 
~ 

d 
d 

~ 

4 
fl 

1~5.0J 
1n,m 
1;>5 CO 
12~.oo 
1lb.()O 
!~h 00 
12500 
t.b 00 
12~00 
12500 
12~ (Iv 
12S.OO 
1; ~ 00 
tbOO 
17~ co 
12,, 00 
I I ~ 00 
12!"1 00 
1;.~.01. 
1:·s.00 
1?!:>.00 
l<b.00 
11.500 
I, " 00 
t,t, r,J 
1,_,5 (){) 
I~~ l " • 
,~~ ()0 

I;'~ 00 
1/h rJ< 
,~,:, on 
1;~ ()(1 

IU. 00 
1~$00 
•~t> 00 
13500 
l lh 00 
l.!5.0< 
1:,soo 
l ,[, (,'tl 

1.moo 
t'lbOO 
1 ,'- 0V 
1.11 t ~ \ 
H& OO 
U!'\. (K, 
1 11 ·r(, 

OOIO 
00,11 
or:-1 
00,'? 
'J09~ 
0 11,1 
0 t,<3 
o ,r~\ 
0 17.:t 

01~" 
0 11~ 
()2-,, 
o ;r,; 
'\ - ' 
O.t>A; 
O l!~ 
) 'i;{I-\ 

l~t~ 

o ._.;g 
() 1./() 

0 •~O 
0 441 
0 d~t 
0 JI , 

0 JO~ 
0 , .., j 

0 !,d,l 
(' ',M 

0 ~rut 

OhO~ 
0 n~b 
0 1"\•t~ 
0 666 
O~P 
0 ·ry; 
0 ;2ij 
O.i'-'J 
0 ?. 
0 1"4 
(] ~1(', 

0 ~)~ 
0 H• I 
O H!l:1 

C ~,I'> 
0 :-1?; 
0 ~J-.1 

0010 
0 031 
00'"-.,1 
oo;,
o<m 
0.11~ 
0 1J :; 
01~ 
0 I i4 
o.10~ 
0.2\!, 
021G 
07',fi 
o~,-, 
0 ?\17 
(t .lt~ 
0 J 4~ 

0 o~'l 
0.3l~ 
0,1()0 
O,l?O 
Q 44 I 
(\J( I 

0 >A? 
n 5ti? 
0 .,;;3 
0 ~-t:i 
n f-"4 

r. at)d 

C 60~ 
0 Ii~~ 
n f'.tti 
~ ~!, 

"87 
(I 707 
0 720 
C ,. 
0 74.! 
0 /l,!_ 

0 11:,tj 

0 /HO 
11 / Q~ 

0 cKJ<l 
~15 

0 8,' / 
0 ftN 
[\ ti~ 1 

I OOJ 2 000 
0 000 ? 000 
0000 20'.lO 
0000 ~000 
0000 2 00{) 
0 000 2., 1()0 
0 000 2.000 
0 (/(\1 ; 000 

000 2000 
0 OJO ~ OQO 
0.000 20'!0 
0000 ?(I()() 

0 000 197~ 
0 000 1 UQ1 

0 ( !(l{) I .8 •d 
0.000 1 i iA 
0000 I ii~ 
Q 0('0 ! t)h l! 

O()(XJ If. , • 

0000 I -<i i 
0 OOJ I ~•1-
0.WO I , 06 
nooo 14·;, 
0000 1441 
00()() t Ill 
o()Q() t .m:, 
UO(J() I ib7 
') 000 1 .. -.J~ 
J 000 I JO!' 
0 000 I 'ttt, 

00,:)(' t /tih 
0 ()()0 I id4 
o ooo , n • 
OOtJC" 1 ~(); 
0000 I ISQ 

OIYJb 1178 
ll01t:S 1 1ri~ 

02t- t 1• !> 

o .:so • ,~o 
0</49 I 1-11 
0 Obl:f 1 i,i ;_> 
0 0ti9 ll<d 
" ,1~ 1 11c 
0 *ti' 1 llJ 
r 1(1f\ 1 n~ 
0 I 10 I n;,, 
(' 1t' 1 IMcf 

• I 
I o7 
3 7F 
3 7Q 

5 10 
r, 2~ 
6 3~ 
o 81 
G81 
[t Jg 
d 5d 
l"',{1; 

~.till 
f ~l, 

8 II 
H07 
t,,'<Q 

•·. ~ 1 

~ ;o 
•J.2t\ 
I 01 
;')Qd 

:, J Q 

5 7,· 
o.M 
/ij,j 

/.J9 
,; l,ij 

; fit« , ~~ 
!i 11 
.!99 
1 Oi 
4 ;1 

'> 71 

"7() 
J d8 
~t,J 
t. 01 
4 ~~ 

• 3b 
J 9t; 
... 5~ 

14 oi l 
t n .it, 
14 ;1 
1;. r., 

t' :t4 
!l ;H 
7 , s 
"'. f:>i 
1019 
1~ 4,1 
I? 6~ 
l3 oJ 
13 ; J 

1097 
908 
(0 13 
II o0 
1~ (,-t 

'" 86 
Id J I 
11 du 
<191 
HJ~ 
r, Q,~ 

I() ~I 

~ % 
8 ()u 

n <I 

d /d 
10.tt,, 
I00J 
~ 9J 
1 1/ 
; 25 
ti 46 
~% 
• 9? ~·· bi'•~ 
5 b.t 
~00 
4 J 5 

1~ 

~.:i<; 
d Qd 

d d i 
rJ 1/ 

lb lb 
,Yi,~ 

1;_, 0t

f d / 

0 882 
0 tt7h 
06:?3 
0 ~O'i 

0 fill~ 
1.113 
t.Otlo 
I l~A 
I fld 
0.tvf,l 
0 ol~ 
0.6!13 
0 00<! 
0 % ? 
11~ 

I 168 
0.94t' 
0 l<>O 
ri 71:4 
0 ill5 
OMM>i 

on9 
Ob~? 
o ~o,; 
0 dtl9 
OW i 
01112 
0 lb!' 
o 0,1 
0 oH3 
0 :-iOd 
0~&7 
0 <01 
0 ,</q 

O nOll 
(1 4!">b 
0 dd2 
0.!93 
~ 417 
0 4b~ 
0 45( 
0411> 

,1 ,'h 

., -~1;; 
') r.-._. 
1 9~ 'I 
f f'i:Jf 

~ij 49 

l~3 
,20 1a 
tQ68 

f ~ 
~6 Ob 
~b 17 
,,1 ~I 

.j\; "' ' 

. 7 ,;4 
o.'05,1 
;>2 ,:il 

26 ~t' 

'l! .;J/ 

Jij 9 
:•HOI 
•0dl' 
~: 78 
131:, 
?bo? 
~\101 
2:l!)3 
21 J ;l 
21 "4 
2271 
Ji! Jo 

28 71 
IS ·,5 
21 ;11 
19 77 
1~ ~, 
1213 
13 5,1 
1606 
70 'b 
15 31 
1'1 ')!, 

13 '.l8 
14 11 

10 41 
M 0c' 
tJ.i3 
I:, /h 

lb Cl<: 
9t J 

t,,J,r,p 

4'''~ 

I 2;t<J 5d 33 
2 ~~968 50.5f 
9 .u079d <17 t I 
114161 4~51 
o g.:r;; 4t, 13 
J .0319? 4h.rO 
7 2182~ ~~ J;, 
I 1~8 U< ,lb.~ 
IQ.~d dJ ;,t, 
14139 d~;I() 

22 Otio3 ,10.~tl 
23 1951 J O 29 
23 !Bd<l J0.n3 
l 1 1~'81 ,11 1g 
11231g <1192 
18.101t! 41 4~ 
<:14\1/1 39 9\l 
J6.6t3\i JO "ii 
,ij Ot~ '.!I fl.I 
31 31()'~ J!i 04 
lR 967~ ,l!l.4~ 
3<!,!,6'19 37 01 
J~ t;lat! 'll\ t<I 
37 21!91 '.!ti O,' 
3~ 9•62 Jb 91 
~9 7484 J7 8b 
JG 0689 16 91 
.I~ 138,i .i!, !<" 
J1 7891! ·"' 1e 
~6 J618 -13.9', 
h2 ;324 .,? 71 
6 I G74:, JO :>6 
so 61!,? '>O 80 
4J /951 31 70 
45 0299 1., 1(\ 
!,3 7104 31 IJ 
~o 759? JO ~J 

411063 ,\I % 
c:i 1 106~ jQ ~2 
-16 09/8 JI I!, 
Jij ij•l2I JO J\/ 
48 0254 lq 71 
JI! .l9N '<O 57 
122'.~ • 00/ 
1~827» ,1110 
~•• J,;~,I J9 O:< 
~: 'It,!,~ JI, S1 

n 

.. 

'-..: 

( 



R
15241

-······-········· r'···················-······························•··························· ......................... ·········· ·· ................... ......... (-'\·· · ··· ·········· ·••·· ············· ·················· ·············· ·· ·········· . ..... ..... Depth Sam~ l\vgQt AvgFs AvgRf AvgUd Otn Rfn le Q F SBT U.Wt. ;s EStress Ueq Cn NGO (N1)60 Su qc (ft) (fl) (tsf) (Isl) (%) (It) (Isl ) (%) (pcf) ,1sf) (tsf) (Isl) (blows/fl) (blows/ft) (tsf) (tsf) ••••••-••OH -------------------------- ··------------------ ...... ________ .. _____ -----------------------------------------15 584 J:!5.016 31 18 1 .18 4 44 ae 96 34.972~ 4 572 2 70 ;~ .34 4 htl 1J~ Ov 0 ~4 O.bl)? 0.131 10/6 t'i ?t-. ~-0~ 09:15 :J<Jlxl 15.912 424,ocl8 74 06 1 8b 25 1196 03 4971 2 532 225 62 o•I 2 50 b 11~ PO 1 Old o e-1~ 0 1-11 I l')!;q t, 9~ 170!-- 2.2fP 73 J3 16.2' 424.360 168.1 3,j9 202 0.74 168.35-t 20;>9 1 9d 188.35 ~ er,:. 1.!' ('1(1 1 O-•tl ( <Jll7 Q 151 '. (),;1 J..: J() J<l JO ~ 112 l oll 1 16 568 424 032 179 25 4 43 2 4 7 1055 198 239 2•66 200 19632 ') ,10 7 1;•~ 00 10','1 Q (<\'O 0 1~1 1= (~ .,, :111,1 S 517 1711 ,~ 16.896 423.704 134 23 3 06 ?.28 · 18.~? 146.166 2 2!Jtl 2.05 146~0 z ~~ 7 1J100 1 082 0 91 1 01il 1 :Id~ 2\i 4-l W/2 4 122 1;,.l 15 17 224 423 376 78 48 1.39 1 78 2086 838148 1 700 2 14 81 "6 1 19 7 1_18.110 110~ 0 92:1 0 1~2 1 , ... 1 1(; <1 1ti 08 ?:l9tl 7li 61 17.552 423 0.:8 6176 291 J .71 218 &1.ll0ll3 .. ,~ 252 od '!,I •I 7~ 4 1 ,g ()(\ 1 I I~ Q Q,l>) 0 1-'? 1 o:;.i Ible ,~ 74 1877 o 1.9 1788 422 720 131 97 J 46 :ua ·22 0 1 1J7 977 3 409 220 13~ 12 3 ,11 fi f,1000 ~ I ',O O •JH 0.20, 1 0~1 ; )flu 2890 4 0!,(\ l .l? 11 18.208 422 392 22979 6.98 3 04 t.~9 2:1; 93 3.0b3 20' ,'J/92 3 05 12 141.00 1 ',-.~ 0.!1';1 0212 1 o.•J il.:>t.;, Jt> ~5 i 07H ,?29 ill 18537 422.003 178.23 4.87 2 73 55 1BU'l9 2751 2or, 1HI 77 7 1!, 11).00 11 ti , (• 9/d 0.2~3 1 013 JS /9 '.lti 27 5 J81 1 l6 ') 18.865 421 735 158.32 305 ' !);j -,91 1591'15 1 941 1W 159 ... :4 1 ;,d H 1 •J.0(1 1 ,10 0 98, O l :t;l '00" j {I "l''.) 31 00 J l:1t,J 158 ~.; 19.193 421 •07 129 65 3.89 3 15 68 12e.:;99 3.029 ? 16 ,,_::- 49 ;;03 ,; 144 o· 1 2JJ 1 000 f'•U ()("'"'. ;,;, ,o 2, 40 J 9i5 12'3 74 19.521 421.079 173 42 5.09 2.94 ·12 ijb 169.87 2.957 2.10 to99& 2 u,; 7 1,1f,.C\) 1 2\.'i 1 013 0 i-b:1 o rn-1:{ ,•b .1 ... ~ Jh~O 53:J<l 17:lb 19849 420 751 2638& 6.2 2.JS 1.6ti 2!,5 66 2.:Hll '~1 ;>!,!,,6/ ? Jo, 7 l .fbf\0 1 ➔• t zy-,i; 0::1,-1 O!)t<7 !.() r'!1 -1~!,6 8 1?~ 2"~ 8b 20.,n •20423 128.37 5.69 4 43 4.11 122.087 4 478 2 J3 1.:2 Oti A 16 11 ,,noo • 31t1 1 (\,l1 on• O Q~O 21) 87 iH l O ~~ ... , 1a~:-.-t 20.506 420.095 79 4 4 72 5.95 5.06 7'- 0219 6 Q,17 2 56 13 Q\> d~ 11 ,.,.,()() 1 J.<!l 1 o~:, 0 ?t,< ('I U/4 1~ 9!' 19 J O 2 411 -r> 31 20.833 419.787 78 &I 4 44 , 06 ,I 7h 72.3155 5.74G 255 7?.29 ~ th ll 14A l'\l 1 Jti,l l (lt<\'> 0 ~ .:i.~ O'-.,i7 1q bJ ltt.9\' 2 :~Qfi ,a c11 21.161 419,139 8937 !>.02 5.61 5 8 81 2b38 s ;oo 2.5.? ~1n "t l1 11 1•,o on 1 l~ -;" 1 0>\1 0.Jfl~ 0 °'11 21 ... , ,'1 Cl!' 2.TJ,I u~;,,1 21.489 419111 108 25 5.71 ~?7 5.22 97 J752 5_3,15 ?. 45 C!i'.:15 ~ ;_~ I 1 1f,1 ()() 1 4 1~ 1 O>l: 0 I I~ ')Pt"-" ;1(1 ;1 :>4 ~•I l~ 10<\.'.7 21817 4 18 783 132 7 15 5 41 248 11 7 444 5 47G ? J1 117 dJ ~ •'l 11 1s<>oo 1 l 'l/ 1.112 0 ,,,:~ O qd~ 
1() '"' 

?\'11~ 4(Jd;> 131"<1 22.145 418.455 152.55 8.54 s e -0.02 134.133 5 652 , .39 1;•4 13 o.➔1> 11 1:,.l('O 1.16 ;' 1 1~~ 0 r'~"S 0~1;, :11, ;'IJ ,IJ IQ 4.6/H 1 .h?. ~-f, 22.473 418 .127 166.92 1003 001 -081 14J 9~6 6063 2 38 u,, 06 ?~ 11 \~l ()<J 1 ~Ml 11,11 0 . .. J5 O\t II") ,,_1t4.ri"- ,Jl:i l~ 5 1C1'l 1bij 8? 22802 417.798 17561 10.85 o 18 0 16 1!>0561 d ?J!l 2 . ..!A 1~0 ~~ 6?J 11 is~oo 1 f.1? 1 1~~ O.J5o 0 Q,so JOti'l ,I i-4 S .lilO ll~tll 23.13 417 470 18683 11 72 02; 03 15H. 1Qf, 6 J 25 2 ·19 1!,'i 1G 0 ,3 11 1'-t> OO 1.: .. t i 11(, O.Jtt (, •,4 J 1 l ~ ['9 5 737 1&, ii, 23.458 417.142 212.47 12 86 6.05 0.81 177.701 6 091 2 J5 177 10 6.HI 11 IC.I 00 ,.,o, 1 1~7 0 37~ 0?1~ I~ 23 d4 27 hWO 21? ~; 23.786 416.814 206 A7 13.26 6 42 ,;42 170.3ij6 u,112 ? 38 110-1:> b ,17 11 1!,>100 1 ' ,t'9 I 20~ 0Jt<ii 0'11? ,t7 !,J •113~ 6 3•13 206t, 24 114 416466 224 17 13 ~5 b.04 -3 65 11l2.711 6 ()k~ 2.,,J 1~,- 73 to~ 11 1~? 00 f ,q:-i 1 21~ 0.19 i 0 ·'-."1 ;,O.r• 15 q7 otJ~O 
~-· t!l 24 442 416 158 23764 15 41 6 ,\8 5.54 rn12t1:> G.5:l'l 2 3ij 1~1~ 6!,~ 11 l f OOO 'r-41 

1 " '" 
(1 ◄07 0>-'0\1 '-.d ~ ; "t' 7b ~ .'Oo 237 61 24 77 415.830 244.94 15 19 b.l 181 194.633 0.2d4 2 34 1q4 titi 0 :'d 11 1~1m 1 r'lti7 1 2!"-0 0 <1i O j~4 .,~ ,i .: J ij · ~ 7 ~J2 2•4 9'3 25098 415 502 239 96 14 94 b 23 11 .f•7 188. 192 G 270 2 Jw 188 25 6 .:'.,. 11 16?00 1 6~3 1 ~l;b (1 127 Ol•~~ ,4 • ? -1~ J6 7 .171' l 4o.o:• 26 426 415.17◄ 2 1785 14.J 2 6 62 17 67 1b8 534 6.672 l &9 tot\ 62 0 67 11 1610'1 t 72() 1.?H2 0438 O t<ll3 ; o J~ 4J !><! 6 ~91 217 96 25 754 41~_8J6 21937 13 74 o2b ?0.97 167.543 0 3 1-1 237 107 t,-1 ~ 31 11 1cwl U 1 ,.,; '29,1 0 1.rg () 877 '""-•dO ~4 22 0 i'Jtl 219 5 20.002 -114.518 21J 66 13.21 615 ·22 49 161.82 620~ 2 31 161 93 620 11 1ij500 1 n -1 1:qt) O J:Jd 0 !-1? •9"" 4d.O~ ti b9t 21:: tl 26.41 414 190 225 44 13.56 601 ,,. 8!> 167.8-17 6 063 2 J 6 1G7 q7 606 11 l~b 00 1 H01 I 3J? 0 d€8 0 f:Slj ~)1 ,l~ .. ,4 5; 6 9?~ 220 G 26 739 413.861 268 44 15 56 58 -24 92 197.572 5 836 2.31 1q7 68 !J.83 11 1G7M I ~2~ 1 ~"~ ('-17Q Q f4t- • ~q h~ :,1 '1~ e. ,,,-1 2bti5'> 27 067 413 533 3"4.83 16 St> -~ ~~-2 ;>!)()!ll 4 e2ri ~ 18 (_ !-, 1 OP , ~:- 1 ! ,~., ')( '4t,~ '" '"" It! ,~ ,.., n: rir- J' 1001n 14.:i Q4 

•••••• •••••••oo.•••• • •••••••n 

Fe Phi 
(%) (Deg.) 

·----------------------
,IOf\127 ~(l ,17 

tO 70~2 39 ~,-, 
11 .J6 1~ 4:l 7i 
12 b4Jt! d-4 0!" 
14 :lJ63 42.53 
1691? '19 64 

~I 64'l8 :is 22 
189(117 -122:, 
t3M&1 J468 
14 4578 J 3.GO 
12 167 42.% 

1~ 28J3 41 86 
15 7016 4:i .2b 
10 753ts ;1r,.21 
nS364 -t1 .62 
J3.587.<l J~% 
J3Q,<P~ .. n1a2 
31 4~d 38 .1 ; 
211 J»o6 40.•ld 
2G.7Z?4 41 1, 
, b63-1~ 4? 10 
,,, 10?~ -1? 4~ 
2b 14til ..l~_oa 
25 90~3 42 g3 
?d ~144 -'J so 
, ~5551 4~29 
RO<l!l -13.6J 
2d oti\l!> J3 d.5 
23.8105 4J <l4 
2d 2139 43.78 
26 1001 43 24 
2!>3310 13:,1 
25 392~ J3 °" 
~4 72l8 43 2"2 
22 780!' JJ 0 1 
1fe 4.4 7 ,,i:..13 

r, 

..J 
J..; 

~ 

C 



R15242

C PROJECT 

C 

( 
072046 

Civil & Environmental Consultants, Inc. 
Williamson Energy Pond Creek 
Deformation Evaluation PROJECT NO. 072046 
Normalized PS-CPT Data and Parameter 
Correlations PAGE ¥ I. OF '-IB 

MADE BY BEG DATE 12/28/07 CHECKED BY 7r J!.d 
I DATE # 

NORMALIZED AND MODIFIED BY CEC 
CONETEC, INC. -CPT DATA AND CORRELATED PARAMETERS 

POND CREEK - WILLIAMSON COUNTY, ILLINOIS 
CPT-12 



R
15243

GoneTec Inc. ,.-'1:'.terpretahon n f) Interpretation O 1elease 1.22 Rev. Format: NLI Imperial Run No: 07-1210-1008-4182 
Job No: 07-804 
Client: Civil & Environmental Consultants 
Project: Pond Creek Mine - Williamson County, Illinois Site: CPT-12 

Mgt~rlgl T:i~~ an~ Unit Weight fw;;f} Phi Avg ~ ~ ~~ 
Localion: Pond Creek Mine 

deg tsl tsl % % 
Cone: 20 TON AD211 

~Residual Soil I J9 01 I 2 00 I 91 11 I 27 69 I ? 37 
CPT Date: 07/31/10 
CPTTime: 11 :15 
CPT File: 804CP12.COR 
Northing (It): 0.000000 
Easting (It): 0.000000 
Elevation (It): 442.1 
·-····-·--···---------------------- -------------------------------·----------------User Inputs: 

Water Taj'e Depth j't): G:!:IJ Ground Surtace Elev. ~ Assumed: Nk: 32 3 
State Parameter: ~ CPT area ratiO: LlKJ Unit Weight ol Soil (pef): See Below See Below Copied from ConeTee CPT Dnta File •-••••••••-••-••••-•••• -••-•-••••• ••••-••••••- •••••-•-•n ••••-•••••• •••••••••••• -•-•-••• •••••••••H• •-••••••-•••• •••-••••-••• --••••-•• •-•-•-•-- ••••••••••• ••••••••••• •••••••••••••• ------------- -•-----•--- --•---•--•-

Depth Sample El. AvgOt AvgFs AvgRf AvgUd Otn Rfn le Q F SBT U.WI. TStress EStress UeQ Cn NGO (N1)60 Su QC Fe Phi 
(It) (It) (tsf) (tsl) (%) (ft) (tsl) (%) (pcl) (tsf) (tsf) (tsl) (blows/ft) (blows/It) (tsf) (tsf) (%) (Deg.) --· ------ ------------· ---- -----0 164 44 1.936 11.62 0.1 ~ 1.15 ·0.32 11J2.66 1206 137 1132 61> 1.21 6 12b l:'\J 0010 0010 0000 ?. 000 1 54 3 GI O J 59 11 02 1 t•40c 61 2\) 

0 .492 441.608 7.94 016 2 02 1 ij 257 211 2oi3 1 1!<> 257.5-1 202 ~ 125 00 0 0:11 0 0.11 0000 2000 14d ;>Q6 tl2~~ ;~s 9 31!<11 .JS l4 0.82 441.280 9 78 0.15 1.5<1 .4 83 18~ 829 1 b42 t 84 1"0 di 1 ,. !) 12t ,OO oo~• 00~1 0 .000 2000 1 82 ~ b4 0.301 ~t\1 9~7111 4~ 8~ 
1148 440 962 14 .93 028 1.85 7 \14 207 08• 1l<6a 189 ?0778 1 /<ll ~ t1SOO 0072 00'12 0000 ?()()() 2 U2 b I'~ 0 .J60 Id AA 10.0719 •• 2~ 1,476 440.624 13.35 030 l.59 - 11.!,e, 143 /1~ 2 b40 210 1GJ. d7 2 03 f, tl~OO ~c-~ ,.o9, 0000 2 OO'J .2 / d ~d~ 0•10 1<42 1!) 7ijtit, 42 47 1604 440 ;>96 1042 0.21 202 9 49 81 •169 2 037 tM 0 1.9~ 2 03 s ,~~ 00 0 11,\ J 11.l 0000 ~()()O ? ltl ~ J\) 0 319 10,,a 17 192:! 40.1? 
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SUMMARY OF ENGINEERING PROPERTIES 
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CALCULATION BRIEF 
FOR 

ESTIMATION AND SUMMARY OF ENGINEERING PROPERTIES 
INCLUDING PEAK AND STEADY-STATE UNDRAINED SHEAR STRENGTH 

FOR REFUSE AND SUBGRADE MATERIALS 

POND CREEK COAL REFUSE DISPOSAL SITE - SOUTH POND STAGE 2 

OBJECTIVE: 

REFERENCES: 

To estimate and summarize engineering properties for fine coal refuse 
materials samples obtained at the Pond Creek Coal Refuse Disposal site 
including unit weight (y), specific gravity (G,), effective strength, i.e., 
angle of internal friction ($') and cohesion (c'), total strength, peak 
undrained shear strength (Sup), and steady-state undrained shear strength 
(Su,)- The various strengths will be used in the South Pond abandonment 
analyses model(s). 

1. Civil & Environmental Consultants (CEC), Inc. Calculation Brief Entitled "Summary of 
Piezo-Sei~mic Cone Penetration Testing," Pond Creek Coal Refuse Disposal Site," BEG, 
12/21/07. 

2. Civil & Environmental Consultants (CEC), Inc. Calculation Brief Entitled "Summary of 
Laboratory Testing - Fine Coal Refuse," Pond Creek Coal Refuse Disposal Site - South 
Pond," BEG, 7/10/08. 

3. Alliance Consulting, Inc., "Appendix C Laboratory Testing, Proposed Coal Refuse 
Disposal Facility No. 2, Pond Creek Mine No. 1, Williamson County, Illinois." 

4. Poulos, S.J., Castro, G., France, J.W. (1985), "Liquefaction Evaluation Procedure," 
Journal of Geotechnical Engineering, ASCE, 111(6), pp. 772-791. 



R15247

Civil & Environmental Consultants, Inc. 
Williamson Energy Pond Creek - South Pond 

PROJECT Phase 2 Abandonment Evaluation PROJECT NO. 080851 

Estimation and Summary of Engineering Properties PAGE z., 6 OF __ _ 

for Fine Coal Refuse 

MADE BY __ B_E_G~_ DATE 7 /12/08 CHECKED BY ~ DATE 1 /21, (IB 

5. Genes, B.E., Keller, T.O., and Laird, J.P. (2000) "Steady State Liquefaction Susceptibility 
of High Hazard Upstream-Constructed Coal Refuse Disposal Facilities," Proceedings of 
Tailings Dams 2000, ASDSO/USCOLD, Las Vegas, NV, March 28-30, pp. 47-58. 

6. Almes, R. A. and Butail, A. (1976) "Coal Refuse: Its Behavior Related to the Design and 
Operation of Coal Refuse Disposal Facilities," Proceedings of the Ohio River Valley 
Soils Seminar, Lexington, Kentucky, October, 1976. 

7. Bowles, Joseph E. (1984) "Physical and Geotechnical Properties of Soils," Mc-Graw Hill. 
New York: 367-369 and 393-396. 

SOIL PROPERTIES: 

The following soil properties were estimated based on laboratory testing [Reference Numbers 
(Ref. Nos.) 2 and 3] performed for abandonment analyses and/or provided by Alliance 
Consulting, Inc. for previous deformation analyses, which are used in the various slope stability 
analyses and attached for information: 

Refuse/Soil Prooerties 
Friction 

Unit Weight Angle Cohesion <1> 

(y) (~) (c) 
Description (ocf) (de2rees) (psf) Comment 

Coarse Refuse 130 36 0 Frictional 

36.9 0 Effective Strength (Drained) 

Fine Coal Refuse 85 18.8 0 Total Strength (Undrained) 

0 Varies (See Below) Steadv-State (Undrained) 

19.5 400 Total Strength (Undrained) 
Residual Soil 125 

0 3000 80% Peak Undrained 
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LABORATORY-DERIVED Sug and Slli: 

Two (2) consolidated - undrained (CU) triaxial series tests (3 points each) were performed on 
reconstituted bulk fine coal refuse slurry to determine effective and total strength parameters as 
well as peak (Sup) and steady-state (Su,) undrained shear strengths. Samples were prepared in the 
laboratory to simulate in-situ placement and consolidation. Samples were consolidated to a 
range of vertical effective stresses of about 5, 10 and 20 pounds per square inch (psi) [or 720 to 
2880 pounds per square foot (psf)]. All specimens exhibited contractive behavior when sheared 
under undrained conditions. In general, all specimens reached, or nearly reached, a steady-state 
of deformation within the strain limits of the test equipment. 

A total of 6 CU points comprise the (2) series from which peak and steady-state shear strength 
state. Sus represents the liquefied shear strength [i.e., the minimum (residual) strength available 
following a rapid loading event, such as an earthquake J. 

The following equations (Ref. No. 4) were used to calculate peak (Sup) and steady-state (Su,) 
shear strengths from laboratory test specimens: 

Sup = qup COS (j>p 

Or 

Sup = cr' 3p [ cos (j>p sin (j>p] / ( 1 - sin $p) 

Steady-State: 

Sus = qu, COS <!>us 

Or 

Sus = er' 3s [ cos <!>us sin <l>u,] / ( 1 - sin <!>us) 

E, 
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Where, 

qup = shear stress on 45-degree plane at peak strain 

<j>p = friction angle at peak = arcsin ( q/p) at peak strain 

cr' Jp = lateral effective stress at peak strain 

qu, = shear stress on 45-degree plane at steady-state (max) strain 

$us= friction angle at steady-state= arcsin (q/p) at max strain 

cr' 3us = lateral effective stress at steady-state (max) strain 

\, The following peak and steady-state data is presented from CU testing on bulk fine coal refuse 
samples Bucket 1 and Bucket 2 and applying the equations above. CU laboratory test results are 
attached. 
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Sample No. Bucket 1 - Fine Coal Refuse Bucket 2 - Fine Coal Refuse 

CU Test No. 1 2 3 1 2 3 
(Confining (5.2 psi) (10.2 psi) (20.4 psi) (5.2 psi) (10.4 psi) (20.4 psi) 
Pressure) 

Parameter 

qup (psi) @ 4.61 7.54 10.82 3.37 5.73 11.67 

Peak Strain (%) 18.4 13.4 13.5 10.3 14.2 8.4 

<1>i, (deg) 40.4 39.6 37.8 38.3 39.2 37.5 

cr' 3p (psi) 2.5 4.3 6.8 2.1 3.3 7.5 

Sup (psi) 3.51 5.81 8.55 2.64 4.44 9.26 

qus (psi)@ 4.59 7.33 10.02 3.28 5.4 10.61 

Max. Strain (%) 21.5 21.67 21.74 17.29 21.32 21.42 

<!>us (deg) 40.4 39.0 36.7 36.3 38.6 35.7 

cr' 3us (psi) 2.4 4.3 6.7 2.1 3.3 7.6 

Sus (psi) 3.37 5.67 7.98 2.46 4.28 8.65 

A plot of the Sus of the reconstituted coal refuse slurry samples versus vertical effective stress 
(cr'v) is presented in the attached Figure 1. The equivalent effective vertical stress was assumed 
to be 1.5 times the isotropic effective consolidation stress (i.e., l.5*cr'3). A 2/3 - 1/3 
relationship of the data was employed to yield an Sus to cr'v relationship of Sus = 0.28 cr'v. Ref. 
No. 5 and recent undisturbed/remolded fine coal refuse testing on other projects yielded a range 
of Sus= 0.06 to 0.28 cr'v, with an average of about Sus= 0.22 cr'v. Since site specific testing was 
performed, a reasonable Sus to cr'v relationship of Sus= 0.24 cr'v is considered realistic with some 
conservatism. The impounded/abandoned fine coal refuse in the South Pond will be modeled 
utilizing this relationship. 
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Subsequent slope stability analyses determine the magnitude of driving shear stress on a failure 
plane through the fine coal refuse impoundment to assess the required Su, to maintain 
equilibrium and assess the likelihood of a (liquefaction) flow failure. Post-earthquake slope 
stability of the embankment/impoundment is evaluated as well to assess the failure potential of 
the South Pond embankment using the abandonment geometry. 

CONCLUSIONS 

Laboratory undrained shear strength data from consolidated undrained triaxial tests of fine coal 
refuse were determined. Procedures were performed to estimate Sup, Su,, and a reasonable Su, to 
cr'v relationship of Su,= 0.24 cr'v for the material. The results of the laboratory testing indicated 
Sup and Sus reach their peak and steady-state strength at high strains, and there is very little drop 
off with increasing strain. Further, Sup and Sus values generally indicated resistance to flow. 
Thus, the results suggest undrained strengths of the fine coal refuse will be maintained at or near 
peak levels during an undrained event such as an earthquake, and the susceptibility of the 
impounded fine coal refuse to a liquefaction flow failure is a function of both the undrained 
strength (worst case steady-state strength) and the in-situ driving shear stress on a critical failure 
plane through the fine refuse material. 

Based on this information, the properties evaluated/developed in Ref. No. 2 for fine coal refuse, 
as well as coarse refuse and residual soil, indicated the South Pond fine coal refuse has sufficient 
steady-state shear strength to limit the flowability of the material. The likelihood of a flow 
failure associated with the abandonment scenario will be assessed in a subsequent calculation 
brief by evaluating the driving shear stress and factor of safety against liquefaction in the fine 
coal refuse. 
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POND CREEK- SOUTH POND 
CONSOLIDATED- UNDRAINED TRIAXIAL LABORATORY TESTING RESULTS 

FOR FINE COAL REFUSE 
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Client 
C lien I Reference 
Project No. 
Lab ID 

CONSOLIDATED UNDRAINED TRIAXIAL TEST 
WITH PORE PRESSURE READINGS 

ASTM D4767-95 / AASHTO T297-94 (SOP-S28) 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-01 

Boring No. 
Depth(ft.) 
Sample No. 

SOUTH POND 
NA 
BUCKET 1 

Consolidated Undrained Triaxial Test with Pore Pressure 

30 ,---------------------------------------~ 

SIN <t> = TAN 1:x. 

a 

C = ------
COS <-I> 

20 1-----------------------,------+----:-,,£-----~---+------i 

-~ 

' ' '.\ 

·-5 ------~/----+-+-----""-------+----'----~---------I 
·-

' 
1.: 

---~-------~--....;_ _________________ _, 
0 5 10 15 20 25 30 

P, (psi) 

-0- Max. Effec. Stress Ratio Points -Failure Envelope ::: Test No. 1 

a = 
Cl = 

0.00 
30.5 

35 40 45 

--Test No. 2 ·---Test No. 3 

Tested By JCM Date 05/21 /08 Approved By U!2 Date (,q ( rq bf.> 
poge 1 of 8 DCN CT-sza DATE 6-25-98 REVISION 1 

544 Braddock Avenue • East Pittsburgh, PA 15112 • 412-823-7600 • FAX 412·823-8999 • www.geotechnics.net 
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Client 

Client Reference 

Proiect No. 
Lab ID 

Visual Oescnpt10ff 

CONSOLIDATED UNDRAINED TRIAXIAL TEST 
WITH PORE PRESSURE READINGS 

ASTM D4767-95 / AASHTO T297-94 (SOP-S28) 

CEC 
POND CREEK 080851 

2008-210-01 

2008-210-01-01 

Boring No. 

Depth(ft.) 

Sample No. 

BLACK COAL REFUSE SLURRY (REMOLDED) 

SOUTH POND 

NA 
BUCKET 1 

25 ,-----------------------------------~ 

20 

15 
·;; 
2c 
• • e 
in 
ii • ·;: 
w 
0 

10 

5 

Q,0-----------------------------------
0 5 10 15 20 25 

Strain{%) 

-&-Test No. 1 ---&-Test No. 2 -O-Test No. 3 

Tested By JCM Date 05/21108 Approved By ]"B Date 
page 2 oi 8 

544 Braddock Avenue • East Pittsburgh, PA 15112 • 412-823-7600 • FAX 412-823-8999 • www.geotechnics.net 
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C 

( 

CONSOLIDATED UNDRAINED TRIAXIAL TEST 
WITH PORE PRESSURE READINGS 

ASTM D4767-95 I AASHTO T297-94 (SOP-S28) ~!~~~~~~ 
'Client 
Client Reference 
Project No. 
Lab ID 

Visual Description: 

,~/age No. 
,~st No 

PRESSURES (psi) 

Cell Pressure(psi) 
Back Pressure(psi) 
Eff. Cons. Pressure(psi) 
Pore Pressure 
Response (%) 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-01 

Boring No. 
Depth(ft.) 
Sample No. 

SOUTH POND 
NA 
BUCKET 1 

BLACK COAL REFUSE SLURRY (REMOLDED) 

36.6 
31.4 

5.2 

98 

INITIAL SAMPLE DIMENSIONS (in) 

Length 1 
Length 2 
Length 3 
Avg Leng.= 

3.140 
3.148 
3.151 
3.146 

VOLUME CHANGE 

Diameter 1 
Diameter 2 
Diameter 3 
Avg. Diam.= 

Initial Surette Reading (ml) 
Final Surette Reading (ml) 
Final Change (ml) 

MAXIMUM OBLIQUITY POINTS 

p 

Q 

LOAD 
(LBS) 

6.8 
8.2 
8.8 

10.3 
12.1 
15.1 
15.8 
16.2 
17 1 
17.2 
17.8 
18.4 
18.5 
18.8 
19.0 
18.9 
19.4 
19.6 
20.2 
20.7 
20.8 
21.4 
21.4 
21.6 
22.0 
21.8 
22.8 
23.1 
23.5 
23.1 
24.0 

Tested By 

6.41 
3.95 

JCM Date 

Initial Dial Reading (D.R.), mils 
D.R. After Saturation, mils 
D.R. After Consolidation, mils 

DEFORMATION 
(INCHES) 

PORE PRESSURE 
(PSI) 

0.000 
0.001 
0.002 
0.005 
0.008 
0.016 
0.020 
0.026 
0.038 
0.051 
O.OG9 
0.085 
0.101 
0.116 
0.132 
0.158 
0.182 
0.205 
0.236 
0.260 
0.292 
0.316 
0.340 
0.371 
0.411 
0.443 
0.490 
0.530 
0.569 
0.610 
0.664 

05/21/08 Input Checked By 

31.4 
32.1 
32.1 
32.5 
32.8 
33.2 
33.4 
33.6 
33.7 
33.8 
33.9 
34.0 
34.0 
34.1 
34.1 
34.1 
34.2 
34.2 
34.2 
34.2 
34.1 
34.3 
34.1 
34.1 
34.1 
34.1 
34.1 
34.2 
34.1 
34.1 
34.2 

Date 
,:.,,.:.ge 3 of 8 D..::N CT•:528 DATE 15-25-98 REVISIOM 1 

1.375 
1.389 
1.399 
1.388 

24.0 
21.7 

2.3 

235 
250 
294 
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R15258
CONSOLIDATED UNDRAINED TRIAXIAL TEST 

WITH PORE PRESSURE READINGS 
ASTM 04767-95 / AASHTO T297-94 (SOP-S2B) §~!!:~~.~ 

Client 
Client Reference 
Project No. 
Lab ID 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-01 

Boring No. 
Depth(ft.) 
Sample No. 

SOUTH POND 
NA 
BUCKET 1 

Visual Description: BLACK COAL REFUSE SLURRY (REMOLDED) 

'Effective Confining Pressure (psi) 

INITIAL DIMENSIONS 

Initial Sample Length (in.) 
initial Sample Diameter (in.) 
,111tial Sample Area (inA2) 
initial Sample Volume (inA3) 

Strain Deviation Li U 
(%) Stress 

0.02 0.98 0.73 
0.07 1.39 0.75 
0.15 2.40 1.15 
0.25 3.62 1.36 
0.52 5.63 1.79 
0.66 6.03 2.01 
0.84 6.35 2,21 
1.22 6.92 2.33 
1.64 6.91 2.40 
2.25 7.31 2.55 
2.75 7.66 2.61 
3.27 7.71 2.64 
3.77 7.81 2.68 
4.28 7.90 2.74 
5.11 7.78 2.71 
5.89 8.02 2.84 
6.65 8.13 2.78 
7.66 8.39 2.83 
8.42 8.64 2.76 
9.45 8.59 2.72 
10.23 8.90 2.86 
11.00 8.80 2.67 
12.03 8.83 2.74 
13.30 8.93 2.72 
14.34 8.73 2.69 
15.88 9.12 2.66 
17.15 9.15 2.77 
I S.44 9.22 2.70 
19.74 8.86 2.70 
21.51 9.19 2.82 

Tested By JCM 
µage 4 of 8 

5.2 

3.15 
1.39 
1.51 
4.76 

5.45 
5.84 
6.46 
7.46 
9.04 
9.22 
9.34 
9.79 
9.71 
9.96 
10.25 
10.26 
10.34 
10.37 
10.27 
10.38 
10.56 
10.76 
11.09 
11..07 
11.25 
11.33 
11.29 
11.41 
11.25 
11.66 
11.59 
11.72 
11.36 
11.56 

Date 

4.5 
4.5 
4.1 
3.8 
3.4 
3.2 
3.0 
2,9 
2.8 
2.7 
2.6 
2.6 
2.5 
2.5 
2.5 
2.4 
2.4 
2.4 
2.4 
2.5 
2.3 
2.5 
2.5 
2.5 
2.5 
2.5 
2.4 
2.5 
2.5 
2.4 

05/21/08 

Stage No. 
Test No 

VOLUME CHANGE 

Volume After Consolidation (inA3) 
Length After Consolidation (in) 
Area After Consolidation (inA2) 

Effective Principle 

Stress Ratio 

1.219 
1.311 
1.593 
1.941 
2.649 
2.893 
3.125 
3.417 
3.469 
3.753 
3.961 
4.017 
4.098 
4.208 
4.124 
4.400 
4.359 
4.538 
4.536 
4.464 
4.797 
4.474 
4.594 
4.601 
4.477 
4.587 
4.762 
4.691 
4.536 
4.864 

A 

0.76 
0.55 
0.49 
0.38 
0.32 
0.34 
0.36 
0,34 
0.35 
0.36 
0.35 
0.35 
0.35 
0.35 
0.36 
0.36 
0.35 
0.34 
0.33 
0.32 
0.33 
0,31 
0.32 
0.31 
0.31 
0.30 
0.31 
0.30 
0.31 
0.31 

1 

p 

4.96 
5, 14 
5.25 
5.65 
6.23 
6.20 
6.16 
6.33 
6.26 
6.31 
6.42 
6.41 
6.43 
6.41 
6.38 
6.37 
6.49 
6.56 
6.77 
6.77 
6.79 
6.93 
6.87 
6.94 
6.88 
7.10 
7.01 
7.11 
6.93 
6.97 

4.55 
3.09 

1.474 

Q 

0.49 
0,69 
1.20 
1.81 
2.81 
3.02 
3.18 
3.46 
3.46 
3.65 
3.83 
3.85 
3.91 
3.95 
3.89 
4.01 
4.07 
4.19 
4.32 
4.29 
4.45 
4.40 
4.42 
4.46 
4.37 
4.56 
4.58 
4.61 
4.43 
4.59 

Input Checked By ~{) Date ( a- l9 :\t6 
544 Braddock Avenue • East Pittsburgh, PA 15112 • 412-823-7600 • FAX 412-823-8999 • www.geotechnics.net 
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CJ>ent 

( mt Reference 
'?reject No. 
Lab ID 

Visual Description: 

!Stage No. 
[Test No 

r'RESSURES (psi) 

Cell Pressure(psi) 
Back Pressure(psi) 
Eff. Cons. Pressure(pi 
Pore Pressure 
Response (%) 

CONSOLIDATED UNDRAINED TRIAXIAL TEST 
WITH PORE PRESSURE READINGS 

ASTM D4767-95 / AASHTO T297-94 (SOP-S28) 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-01 

Boring No. 
Depth(ft.) 
Sample No. 

SOUTH POND 
NA 
BUCKET 1 

BLACK COAL REFUSE SLURRY (REMOLDED) 

46.5 
36.1 
10.4 

100 

INITIAL SAMPLE DIMENSIONS (in) 

Length ·1 
Length 2 
Length 3 
Avg Leng.= 

3.-120 
3.137 
3.135 
3.131 

VOLUME CHANGE 

Diameter ·J 

Diameter 2 
Diameter 3 
Avg. Diam.= 

Initial Surette Reading (ml) 
Final Surette Reading (ml) 
Final Change (ml) 

MAXIMUM OBLIQUITY POINTS 

p = 
Q = 

LOAD 
(LBS) 

7.9 
13.4 
14.9 
18.3 
20.0 
22.4 
23.0 
23.7 
24.8 
25.7 
26.7 
27.1 
27.5 
77 ~ 
27.7 
27.9 
28.2 
28.6 
29.5 
30.0 
30.5 
30.4 
31.0 
31.2 
31.8 
31.8 
32.3 
33.0 
32.6 
33.1 
33.6 

Tested By 
a5o 

11.84 
7.45 

JCM Date 

Initial Dial Reading (D.R.), mils 
D.R. After Saturation, mils 
D.R. After Consolidation, mils 

DEFORMATION 
(INCHES) 

0.000 
0.001 
0.002 
0.005 
0.008 
0.017 
0.020 
0.026 
0.038 
0.051 
0.069 
0.085 
0.100 
0 110 
0.131 
0.157 
0.181 
0.204 
0.235 
0.259 
0.290 
0.313 
0.337 
0.368 
0.408 
0.439 
0.486 
0.526 
0.565 
0.604 
0.659 

05121108 Input Checked B 

PORE PRESSURE 
(PSI) 
36.1 
36.8 
37.0 
37.4 
37.8 
38.7 
38.9 
39.3 
39.9 
40.3 
40.9 
41.1 
41.3 
41 5 
41.6 
41.8 
41.9 
41.9 
42.0 
42.1 
42.1 
42.0 
42.1 
42.0 
42.2 
42.1 
42.1 
42.2 
42.1 
42.2 
42.2 

Date 
DCN CT-S28 DATE 6-25-98 REVISION 1 

·J.396 
1.398 
1.344 
1.379 

24.0 
18.4 

5.6 

77 
112 
166 
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( 

-.: l1t::nt 
J1ent Reference 

Proiect No. 
Ub/D 

CONSOLIDATED UNDRAINED TR/AXIAL TEST 
WITH PORE PRESSURE READINGS 

ASTM D4767-95 / AASHTO T297-94 (SOP-S28) 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-01 

Boring No. 
Depth(ft.) 
Sample No. 

Visual Description: BLACK COAL REFUSE SLURRY (REMOLDED) 

'Eifective Confining Pressure {psi) 10.4 

INITIAL DIMENSIONS 

Stage No. 
Test No 

VOLUME CHANGE 

SOUTH POND 
NA 
BUCKET 1 

:11itIal Sample Length (in.) 
I1111,al Sample Diameter (in.) 
1111tial Sample Area (in"2) 
Initial Sample Volume (in"3) 

3.13 
1.38 
1.49 
4.68 

Volume After Consolidation (in"3) 
Length After Consolidation (in) 
Area After Consolidation (in"2) 

Strain Deviation Li U 
(%) Stress 

0.03 3.98 0.65 13.73 
0.06 5.09 0.89 14.59 
0.15 7.59 1.34 16.65 
0.25 8.76 1.72 17.44 
0.54 10.51 2.62 18.29 
0.67 10.94 2.79 18.56 
0.86 11.42 3.19 18.64 
1.25 12.16 3.85 18.71 
1.67 12.77 4.19 18.98 
2.28 13.37 4.77 19.00 
2.79 13.56 5.04 18.92 
3.30 13.79 5.25 18.94 
3.60 13.76 5 40 18 76 
4.32 13.77 5.50 18.67 
5.16 13.82 5.69 18.52 
5.95 13.93 5.80 18.52 
6.72 14.04 5.83 18.61 
7 73 14.51 5.87 19.04 
8.52 14.69 6.01 19.08 
9.54 14.91 6.01 19.30 
10.30 14.68 5.94 19.15 
11.07 14.93 6.00 19.33 
12.10 14.89 5.95 19.34 
13.40 15.08 6.10 19.38 
14.44 14.89 6.03 19.25 
15.98 14.92 5.99 19.34 
17 28 15.10 6.12 19.38 
18.58 14.65 5.96 19.09 
19.86 14.71 6.07 19.04 
21.67 14.66 6.08 18.99 

Tested By JCM Date 
.;e6o 8 

9.7 
9.5 
9.1 
8.7 
7.8 
7.6 
7.2 
6.6 
6.2 
5.6 
5.4 
5.2 
5.0 
4.9 
4.7 
4.6 
4.6 
4.5 
4.4 
4.4 
4.5 
4.4 
4.5 
4.3 
4.4 
4.4 
4.3 
4.4 
4.3 
4.3 

05/21/08 

Effective Principle 

Stress Ratio 

1.408 
1.535 
1.838 
2.010 
2.351 
2.438 
2.584 
2.856 
3.055 
3.373 
3.530 
3.675 
3.751 
3.812 
3.934 
4.029 
4.072 
4.205 
4.349 
4.397 
4.289 
4.390 
4.346 
4.506 
4.410 
4.381 
4.528 
4.303 
4.398 
4.393 

Input Checked By 

A p 

0.16 11.74 
0.18 12.05 
0.18 12.85 
0.20 13.06 
0.25 13.04 
0.25 13.08 
0.28 12.92 
0.32 12.63 
0.33 12.60 
0.36 12.32 
0.37 12.14 
0.38 12.05 
0.39 11.88 
0.40 11.79 
0.41 11.62 
0.42 11.56 
0.42 11.59 
0.40 11.78 
0.41 11.73 
0.40 11.84 
0.40 11.80 
0.40 11.87 
0.40 11.90 
0.40 11.84 
0.41 11.81 
0.40 11.88 
0.41 11.83 
0.41 11.76 
0.41 11.68 
0.41 11.65 

Date 

1 
2 

4.18 
3.04 

1.374 

Q 

1.99 
2.54 
3.79 
4.38 
5.26 
5.47 
5.71 
6.08 
6.38 
6.68 
6.78 
6.89 
6.88 
6.89 
6.91 
6.96 
7.02 
7.26 
7.35 
7.45 
7.34 
7.46 
7.45 
7.54 
7.44 
7.46 
7.55 
7.33 
7.35 
7.33 
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C 

( 

Client 
Client Reference 
Proiect No. 
Lab ID 

CONSOLIDATED UNDRAINED TRIAXIAL TEST 
WITH PORE PRESSURE READINGS 

ASTM D4767-95 / AASHTO T297-94 (SOP-S28) 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-01 

Boring No. 
Depth(ft.) 
Sample No. 

SOUTH POND 
NA 
BUCKET 1 

Visual Description: BLACK COAL REFUSE SLURRY (REMOLDED) 

IS/age No. 
Test No 

PRESSURES (psi) 

Cell Pressure(psi) 
Back Pressure(psi) 
Eff. Cons. Pressure(pi 
Pore Pressure 
Response(%) 

51.4 
31.0 
20.4 

99 

MAXIMUM OBLIQUITY POINTS 

p 
Q 

= 
= 

LOAD 
(LBS) 

6.8 
13.5 
15.7 
18.9 
21.3 
25.0 
27.3 
28.7 
30.6 
31.7 
33.1 
33.8 
34.5 
34.7 
35.2 
35.9 
36.6 
37.1 
37.5 
37.8 
38.3 
38.7 
38.8 
40.1 
41.4 
41.7 
40.5 
42.1 
42.5 
41.7 
42.3 

Tested By 

17.19 
10.31 

JCM Date 

INITIAL SAMPLE DIMENSIONS (in) 

Length 1 
Length 2 
Length 3 
Avg Leng.= 

3.130 
3.121 
3.136 
3.129 

VOLUME CHANGE 

Diameter 1 
Diameter 2 
Diameter 3 
Avg. Diam.= 

Initial Surette Reading (ml) 
Final Surette Reading (ml) 
Final Change_ (ml) 

Initial Dial Reading (D.R.), mils 
D.R. After Saturation, mils 
D.R. After Consolidation, mils 

DEFORMATION 
(INCHES) 

PORE PRESSURE 
(PSI) 

0.000 
0.001 
0.002 
0.003 
0.005 
0.011 
0.017 
0.024 
0.036 
0.049 
0.067 
U.083 
0.099 
0.108 
0.131 
0.157 
0.180 
0.204 
0.236 
0.260 
0.290 
0.314 
0.337 
0.369 
0.408 
0.440 
0.488 
0.527 
0.566 
0.605 
0.660 

05/21/08 Input Checked By 

31.0 
34.0 
34.5 
35.2 
35.9 
37.4 
38.5 
39.4 
40.5 
41.4 
42.3 
42.8 
43.2 
43.4 
43.7 
44.0 
44.2 
44.3 
44.4 
44.4 
44.5 
44.5 
44.5 
44.6 
44.6 
44.6 
44.6 
44.6 
44.6 
44.6 
44.7 

Date 
page 7 o DCN. CT-S28 DATE 5-25-98 REVISION 1 

1.404 
1.373 
1.371 
1.383 

48.0 
40.5 

7.5 

60 
68 

154 
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CONSOLIDATED UNDRAINED TRIAXIAL TEST 
WITH PORE PRESSURE READINGS 

ASTM D4767-95 / AASHTO T297-94 (SOP-S28) 

Client 
Client Reference 
Project No. 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-01 

Boring No. 
Depth{ft.) 
Sample No. 

SOUTH PONO 
NA 
BUCKET 1 

Lab ID 

Visual Description: BLACK COAL REFUSE SLURRY (REMOLDED) 

ressure /psi) 

INITIAL DIMENSIONS 

Initial Sample Length {in.) 
Initial Sample Diameter (in.) 
Initial Sample Area {inA2) 
Initial Sample Volume {in'3) 

Strain Deviation !J. U 
(%) Stress 

0.02 4.82 3.04 
0.05 6.44 3.45 
0.10 8.70 4.15 
0.17 10.46 4.86 
0.37 13.09 6.38 
0.58 14.68 7.49 
0.80 15.66 8.40 
1.18 17.01 9.52 
1.61 17.71 10.40 
2.22 18.54 11.31 
2.74 18.96 11.76 
3.26 19.34 12.21 
3.57 19.40 12.35 
4.31 19.60 12.73 
5.17 19.89 12.96 
5.94 20.25 13.15 
6.73 20.42 13.27 
7.78 20.44 13.38 
8.55 20.50 13.40 
9.57 20.57 13.48 
10.34 20.62 13.52 
11. 11 20.56 13.51 
12.15 21.14 13.55 
13.45 21.64 13.57 
14.49 21.53 13.56 
16.07 20.44 13.58 
17.35 21.06 13.58 
18.64 20.95 13.63 
19.92 20.20 13.64 
21.74 20.03 13.67 

.4 

3.13 
1.38 
1.50 
4.70 

22.17 
23.39 
24.95 
26.01 
27.10 
27.59 
27.66 
27.89 
27.71 
27.63 
27.60 
27.53 
27.45 
27.27 
27.33 
2'7.50 
27.54 
27.46 
27.50 
27.49 
27.50 
27.45 
27.99 
28.47 
28.36 
27.26 
27.88 
27.72 
26.96 
26.77 

17.4 
16.9 
16.2 
15.5 
14.0 
12.9 
12.0 
10.9 
10.0 
9.1 
8.6 
8.2 
8.0 
7.7 
7.4 
7.2 
7.1 
7.0 
7.0 
6.9 
6.9 
6.9 
6.8 
6.8 
6.8 
6.8 
6.8 
6.8 
6.8 
6.7 

VOLUME CHANGE 

Volume After Consolidation {in'3) 
Length After Consolidation {in) 
Area After Consolidation {in'2) 

Effective Principle 

Stress Ratio 

1.278 
1.380 
1.536 
1.673 
1.934 
2.137 
2.305 
2.563 
2.772 
3.039 
3.196 
3.361 
3.411 
3.556 
3.676 
3.795 
3.864 
3.912 
3.928 
3.973 
3.995 
3.982 
4.088 
4.170 
4.149 
3.997 
4.086 
4 094 
3.988 
3.975 

A 

0.64 
0.54 
0.48 
0.47 
0.49 
0.52 
0.54 
0.57 
0.59 
0.62 
0.63 
0.64 
0.64 
0.66 
0.66 
0.66 
0.66 
0.66 
0.66 
0.66 
0.66 
0.66 
0.65 
0.63 
0.64 
0.67 
0.65 
0.66 
0.68 
0.69 

p 

19.76 
20.17 
20.60 
20.77 
20.56 
20.25 
19.83 
19.38 
18.85 
18.36 
18.12 
17.86 
17.75 
17.47 
17.38 
17.37 
17.34 
17.24 
17.25 
17.20 
17.19 
17.17 
17.42 
17.65 
17.60 
17.04 
17.35 
17.25 
16.86 
16.75 

1 
3 

4.20 
3.04 

1.385 

Q 

2.41 
3.22 
4.35 
5.23 
6.54 
7.34 
7.83 
8.50 
8.86 
9.27 
9.48 
9.67 
9.70 
9.80 
9.95 
10.13 
10.21 
10.22 
10.25 
10.28 
10.31 
10.28 
10.57 
10.82 
10.76 
10.22 
10.53 
10.48 
10.10 
10.02 

Tested By JCM Date 05/21/08 Input Checked By Date ~-\ct-
page O 8 
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60 

50 

40 

IJl 
0.. 30 -.... 

20 

10 

Client 
Client Ref. No. 
Project no. 
Lab ID 

Tested By. JCM 

MOHh lUlAL STRENGl11 l:NVt:LOPE 

CEC Boring No. 
Depth(ft.) 

SOUTH POND 
NA 
BUCKET 1 

§t;.1nics 
POND CREEK 080851 
2008-210-01 
2008-210-01-01 

Sample No. 
Visual Description BLACK COAL REFUSE SLURRY (REMOLDED) 

C = 1.5 

<I>= 17.3 

20 40 60 80 100 120 

CT (psi) 

Date: 05/21/08 Approved By: 
NOTE: GRAPH NOT Tj) ~Sf'LE 

1):B Date.· (p I Ot ''" 
C:lklSOFFlCE\Excel\Pri11tq;jf 197 xls]S heel 1 

544 Braddock Avenue • East Pittsburgh, PA 15112 • Phone (412) 823-7600 • Fax (412) 823-8999 
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C 

REMOLDED UNIT WEIGHT BEFORE INITIAL CONSOLIDATION 
CONSOLIDATED UNDRAINED TRIAXIAL TEST 

Client 
Client Reference 
Project No. 
Lab ID 

WITH PORE PRESSURE READINGS 
ASTM 04767-95 / AASHTO T297-94 (SOP-S28) 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-01 Specific Gravity (measured) 

Visual Description: BLACK COAL REFUSE SLURRY (REMOLDED) 

SAMPLE CONDITION SUMMARY 

2.24 

Boring No. South Pond South Pond South Pond 
Depth (ft) NA NA NA 
Sample No. Bucket 1 Bucket 1 Bucket 1 

Test No. T1 T2 T3 
Deformation Rate (in/min) 0.0007 0.0007 0.0011 
Back Pressure (psi) 31.4 36.1 31 
Consolidation Time (days) 1 1 1 

Initial State (wo/o) 82.6 82.7 79.5 
Total Unit Weight (pcf) 76.6 84.2 80.5 
Dry Unit Weight (pcf) 42.0 46.1 44.8 
Final State (wo/o) 36.8 34.5 32.7 
Initial State Void Ratio,e 2.333 2.035 2.119 

Tested By JCM Date 
page 1 of 1 

05/21 /08 Input Checked By \l,{:) Date ( n-3 ::0lS 
DCN CT-S28 DATE 6-25-98 REVISION 1 C IMSOFFICE\Excel\Prmtql[F184 xls]Sheetl 
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R15265

Client 
C lien! Reference 
Project No. 
Lab ID 

UNIT WEIGHT AFTER INITIAL CONSOLIDATION 
CONSOLIDATED UNDRAINED TRIAXIAL TEST 

WITH PORE PRESSURE READINGS 
ASTM D4767-95 / AASHTO T297-94 (SOP-S28) 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-01 Specific Gravity (measured) 

Visual Description: BLACK COAL REFUSE SLURRY (REMOLDED) 

SAMPLE CONDITION SUMMARY 

Boring No. South Pond South Pond 
Depth (ft) NA NA 
Sample No. Bucket 1 Bucket 1 

Test No. T1 T2 
Deformation Rate (in/min) 0.0007 0.0007 
Back Pressure (psi) 31.4 36.1 
Consolidation Time (days) 1 1 

Initial State (w%) 41.7 43.3 
Total Unit Weight (pcf) 102.0 102.5 
Dry Unit Weight (pcf) 71.9 71.5 
,inal State (w%) 36.8 34.5 
Initial State Void Ratio,e 0.944 0.955 

2.24 

South Pond 

NA 
Bucket 1 

T3 

0.0011 

31 

1 

42.4 

101.8 
71.5 
32.7 

0.956 

Tested By JCM Date 
page 1 of 1 
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Client 
Client Reference 
Project No. 
Lab ID 

CONSOLIDATED UNDRAINED TRIAXIAL TEST 
WITH PORE PRESSURE READINGS 

ASTM D4767-95 / AASHTO T297-94 (SOP-S28) 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-02 

Boring No. 
Depth(ft.) 
Sample No. 

SOUTH POND 
NA 
BUCKET 2 

Consolidated Undrained Triaxial Test with Pore Pressure 

35 ~-------------------------------------~ 

·;; 

-= 
cf 

30 ---

SIN<[) = TAN ct. 

a 

C = ------
COS <D 

25 f----------'-------~+----------;-------t--.,;"------------;...--------l 

20 

15 

o'---::c.._ ________ __:__,,___ ____________ _,,___ ___________ -----1 

0 10 20 30 

P, (psi) 

40 50 

•➔»--- Max. Effec. Stress Ratio Points -Failure Envelope ::.: Test No. 4 --~ Test No. 5 ~=--Test No. 6 

Tested By 

a = 
a. 

JCM Date 

0.00 
31.5 

C = 
({) 

0.001 
37.71 

05/27 /08 Approved By T)fJ Date CL{ (8{08 

60 

page 1 of a DCN CT-526 DATE 5-25-98 REVISION 1 

544 Braddock Avenue • East Pittsburgh, PA 15112 • 412-823-7600 • FAX 412-823-8999 • www.geotechnics.net 



R15267

Client 

Chent Reference 

Proiect No. 
Lab ID 

V1sLJal Description: 

20 

15 
·;; 
5 
~ 
~ 

~ 
,;; 
' 0 

" ·; 
• Cl 

10 

5 

CONSOLIDATED UNDRAINED TR/AXIAL TEST 
WITH PORE PRESSURE READINGS 

ASTM 04767-95 I AASHTO T297-94 (SOP-S28) 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-02 

Boring No. 
Depth(ft.) 
Sample No. 

BLACK COAL REFUSE SLURRY (REMOLDED) 

SOUTH POND 
NA 
BUCKET 2 

De-----------------------------------
0 5 10 15 20 25 

Strain(%) 

----e-Test No. 4 -&-Test No. 5 ~Test No. 6 

Tested By JCM Date 05/27 /08 Approved By J)f> Date W (i B{Of> 
page 2 of a 
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R15268

c-

Client 
Client Reference 
Proiect No. 
Lab ID 

Visual Description: 

/Stage No. 
Test No 

PRESSURES (psi) 

Cell Pressure(psi) 
Back Pressure(psi) 
Eff. Cons. Pressure(psi) 
Pore Pressure 
Response (%) 

CONSOLIDATED UNDRAINED TRIAXIAL TEST 
WITH PORE PRESSURE READINGS 

ASTM D4767-95 / AASHTO T297-94 (SOP-S28) ~~~~~~ 
CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-02 

Boring No. 
Depth(fl.) 
Sample No. 

SOUTH POND 
NA 
BUCKET 2 

BLACK COAL REFUSE SLURRY (REMOLDED) 

36,3 
31.2 

5.1 

98 

INITIAL SAMPLE DIMENSIONS (in) 

Length 1 3.150 
Length 2 3.142 
Length 3 3.147 
Avg Leng.= 3.146 

VOLUME CHANGE 

Diameter 1 
Diameter 2 
Diameter 3 
Avg. Diam.= 

Initial Surette Reading (ml) 
Final Surette Reading (ml) 
Final Change (ml) 

1.453 
1.463 
1.461 
1.459 

24.0 
21.9 

2.1 
MAXIMUM OBLIQUITY POINTS 

p = 
Q = 

LOAD 
(LBS) 

7.6 
9.3 
10.4 
11.6 
12.8 
14.0 
14.8 
15.0 
15.2 
15.7 
16.5 
16.7 
17.0 
17.2 
17.8 
18.1 
18.1 
18.6 
18.8 
19.0 
19.3 
19.5 
19.3 
19.7 
19.8 
19.9 
20.1 
20.1 

Tested By 

4.92 
2.94 

JCM Date 

Initial Dial Reading (D.R.), mils 
D.R. After Saturation, mils 
D.R. After Consolidation, mils 

DEFORMATION 
(INCHES) 

0.000 
0.001 
0.002 
0.005 
0.008 
0.016 
0.020 
0.025 
0.037 
0.050 
0.068 
0.084 
0.100 
0.110 
0.133 
0.159 
0.182 
0.205 
0.237 
0.261 
0.293 
0.316 
0.340 
0.372 
0.412 
0.445 
0.491 
0.531 

05/27/08 Input Checked By 

PORE PRESSURE 
(PSI) 
31.2 
32.1 
32.3 
32.6 
32.9 
33.3 
33.3 
33.6 
33.8 
33.9 
34.2 
34.2 
34.2 
34.3 
34.2 
34.3 
34.3 
34.2 
34.2 
34.3 
34.3 
34.2 
34.3 
34.2 
34.3 
34.3 
34.2 
34.2 

Date 

54 
110 
130 

pDge 3 of DCN: CT-528 DATE 6-25-96 REVISION 1 
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R15269

( 
""~-· 

CONSOLIDATED UNDRAINED TRIAXIAL TEST 
WITH PORE PRESSURE READINGS 

ASTM D4767-95 / AASHTO T297-94 (SOP-S28) §!!:~.~!,~"~ 
Client 
Client Reference 
Project No. 
Lab ID 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-02 

Boring No. 
Depth(ft.) 
Sample No. 

SOUTH POND 
NA 
BUCKET 2 

Visua I Description: BLACK COAL REFUSE SLURRY (REMOLDED) 

i Effective Confining Pressure (psi) 
I 

' 

INITIAL DIMENSIONS 

Initial Sample Length (in.) 
Initial Sample Diameter (in.) 
Initial Sample Area (inA2) 
Initial Sample Volume (inA3) 

Strain Deviation 

(%) Stress 

0.02 1.06 0.90 
0.07 1.77 1.15 
0.15 2.55 1.44 
0.25 3.26 1.71 
0.53 4.05 2.11 
0.65 4.54 2.14 
0.82 4.65 2.39 
1.21 4.72 2.58 
1.62 5.03 2.72 
2.22 5.48 2.95 
2.74 5.62 3.02 
3.27 5.75 3.04 
3.59 5.88 3.12 
4.33 6.18 3.02 
5.17 6.27 3.08 
5.93 6.25 3.13 
6.69 6.51 3.03 
7.73 6.56 3.04 
8.50 6.63 3.14 
9.53 6.72 3.14 
10.30 6.74 3.03 
11.09 6.56 3.07 
12.10 6.71 3.03 
13.42 6.69 3.06 
14.49 6.68 3.10 
16.00 6.66 3.02 
17.29 6.55 3.03 

5.1 

3.15 
1.46 
1.67 
5.26 

5.26 
5.72 
6.21 
6.65 
7.04 
7.50 
7.36 
7.25 
7.42 
7.63 
7.70 
7.81 
7.86 
8.27 
8.30 
8.22 
8.58 
8.62 
8.59 
8.68 
8.81 
8.59 
8.78 
8.74 
8.68 
8.74 
8.62 

Tested By JCM Date 
page 4 of 

4.2 
4.0 
3.7 
3.4 
3.0 
3.0 
2.7 
2.5 
2.4 
2.1 
2.1 
2.1 
2.0 
2.1 
2.0 
2.0 
2.1 
2.1 
2.0 
2.0 
2.1 
2.0 
2.1 
2.0 
2.0 
2.1 
2.1 

Stage No. 
Test No 

VOLUME CHANGE 

Volume After Consolidation (inA3) 
Length After Consolidation (in) 
Area After Consolidation (inA2) 

Effective Principle 

Stress Ratio 

1.253 
1.449 
1.698 
1.959 
2.358 
2.531 
2.712 
2.873 
3.112 
3.550 
3.705 
3.790 
3.968 
3.967 
4.101 
4.176 
4.152 
4.176 
4.380 
4.436 
4.256 
4.235 
4.233 
4.281 
4.342 
4.204 
4.171 

A 

0.86 
0.66 
0.58 
0.53 
0.53 
0.48 
0.52 
0.56 
0.55 
0.55 
0.55 
0.54 
0.54 
0.50 
0.50 
0.51 
0.48 
0.47 
0.48 
0.48 
0.46 
0.48 
0.46 
0.47 
0.47 
0.46 
0.47 

p 

4.73 
4.84 
4.94 
5.02 
5.01 
5.23 
5.04 
4.89 
4.90 
4.89 
4.89 
4.93 
4.92 
5.17 
5.16 
5.10 
5.32 
5.34 
5.27 
5.32 
5.44 
5.31 
5.43 
5.39 
5.34 
5.41 
5.34 

05/27/08 Input Checked By Date 

4 

4.85 
3.07 

1.580 

Q 

0.53 
0.89 
1.28 
1.63 
2.03 
2.27 
2.32 
2.36 
2.52 
2.74 
2.81 
2.87 
2.94 
3.09 
3.14 
3.13 
3.26 
3.28 
3.31 
3.36 
3.37 
3.28 
3.35 
3.35 
3.34 
3.33 
3.28 

544 Braddock Avenue • East Pittsburgh, PA 15112 • 412-823-7600 • FAX 412-823-8999 • www.geotechnics.net 



R15270

(
':lient 

lient Reference 
' Project No. 

Lab ID 

CONSOLIDATED UNDRAINED TRIAXIAL TEST 
WITH PORE PRESSURE READINGS 

ASTM D4767-95 / AASHTO T297-94 (SOP-S28) 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-02 

Boring No. 
Depth(ft.) 
Sample No. 

SOUTH POND 
NA 
BUCKET2 

Visual Description: BLACK COAL REFUSE SLURRY (REMOLDED) 

j Stage No. 
fost No 

PRESSURES (psi) 

Cell Pressure(psi) 
Back Pressure(psr) 
Eff. Cons. Pressure(pi 
Pore Pressure 
Response (%) 

41.1 
31.0 
10.1 

99 

MAXIMUM OBLIQUITY POINTS 

p 
Q 

LOAD 
(LBS) 

8.5 
13.5 
14.3 
16.3 
17.2 
18.9 
19.4 
20.0 
21.0 
21.5 
22.4 
22.9 
23.4 
23.7 
23.8 
24.5 
25.1 
26.0 
26.2 
26.4 
26.2 
26.4 
26.7 
26.9 
26.5 
27.9 
28.0 
28.2 
28.1 
28.5 
28.4 

Tested B 

9.00 
5.66 

JCM Date 

INITIAL SAMPLE DIMENSIONS (in) 

Length 1 
Length 2 
Length 3 
Avg Leng.= 

3.138 
3.138 
3.137 
3.138 

VOLUME CHANGE 

Diameter 1 
Diameter 2 
Diameter 3 
Avg. Diam.= 

Initial Surette Reading (ml) 
Final Surette Reading (ml) 
Final Change (ml) 

Initial Dial Reading (D.R.), mils 
D.R. After Saturation, mils 
D.R. After Consolidation, mils 

DEFORMATION PORE PRESSURE 
(PSI) (INCHES) 

0.000 
0.001 
0.002 
0.004 
0.007 
0.016 
0.020 
0.025 
0.038 
0.051 
0.070 
0.085 
0.101 
0.110 
0.132 
0.158 
0.181 
0.205 
0.236 
0.259 
0.290 
0.314 
0.338 
0.370 
0.410 
0.441 
0.488 
0.527 
0.566 
0.605 
0.661 

05/27/08 Input Checked B 

31.0 
32.8 
33.0 
33.4 
33.9 
34.9 
35.2 
35.6 
36.1 
36.6 
37.0 
37.2 
37.4 
~7 4 
37.5 
37.6 
37.7 
37.7 
37.7 
37.8 
37.7 
37.8 
37.8 
37.8 
37.8 
37.8 
37.8 
37.8 
37.8 
37.8 
37.8 

Date 
CCN CT-S28 DATE 6-25-98 REVISION 1 

1.407 
1.383 
1.378 
1.389 

24.0 
20.2 

3.8 

88 
94 

124 
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,.,,~--~uent 
L ,ient Reference 

Pro1ect No. 
Lab ID 

CONSOLIOATED UNDRAINED TRIAXIAL TEST 
WITH PORE PRESSURE READINGS 

ASTM D4767-95 i AASHTO T297-94 (SOP-S28) 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-02 

Boring No. 
Depth(ft.) 
Sample No. 

Visual Description: BLACK COAL REFUSE SLURRY (REMOLDED) 

'E.ffec/ive Confining Pressure (psi) 10.1 

INITIAL DIMENSIONS 

Stage No. 
Test No 

VOLUME CHANGE 

SOUTH POND 
NA 
BUCKET2 

Initial Sample Length (in.) 
i111t1al Sample Diameter (in.) 
Initial Sample Area (in''2) 
Initial Sample Volume (in°3) 

3.14 
1.39 
1.52 
4.76 

Volume After Consolidation (inA3) 
Length After Consolidation (in) 
Area After Consolidation (inA2) 

C 

' 
I_ 

Strain 
(%) 

0.04 
0.06 
0.13 
0.23 
0.51 
0.64 
0.82 
1.21 
163 
2.24 
2.75 
3.25 
3.56 
4.26 
5.08 
5.85 
6.60 
7 60 
8.34 
9.36 
10.13 
I 0.91 
11 94 
13.21 
14.21 
15.72 
16.98 
18.25 
19 51 
21.32 

'---,~-1ge 0 

Deviation Ci U 
Stress 

3.42 1.75 
4.03 2.01 
5.39 2.43 
5.96 2.92 
7 15 3.87 
7.46 4.19 
7.88 4.57 
8.51 5.13 
8.84 5.57 
9 37 5.97 
9.67 6.18 
9.92 6.35 
10.14 6.40 
10.10 6.55 
10.44 6.59 
10.80 6.68 
11.25 6.70 
11.27 6.75 
11.32 6.76 
11.06 6.74 
11 .11 6.76 
11.20 6.81 
11 .17 6.80 
10.75 6.76 
11.47 6.77 
11.35 6.78 
11.28 6.79 
11.04 6.80 
11.13 6.82 
10.80 6.85 

Tested By JCM 

11.77 8.3 
12.12 8.1 
13.05 7.7 
13.13 7.2 
13.37 6.2 
13.37 5.9 
13.41 5.5 

· 13.45 5.0 
13.38 4.5 
13.50 4.1 
13.59 3.9 
13.66 3.7 
13.83 3.7 
13.65 3.6 
13.95 3.5 
14.21 3.4 
14.65 3.4 
14.63 3.4 
14.66 3.3 
14.42 3.4 
14.46 3.3 
14.49 3.3 
14.47 3.3 
14.09 3.3 
14.80 3.3 
14.67 3.3 
14.59 3.3 
14.33 3.3 
14.40 3.3 
14.05 3.3 

Date 05/27/08 

Effective Principle 
Stress Ratio 

1.410 
1.497 
1.703 
1.830 
2.148 
2.262 
2.427 
2.714 
2.950 
3.271 
3.468 
3.648 
3.741 
3.843 
3.978 
4.161 
4.304 
4.363 
4.395 
4.292 
4.323 
4.401 
4.383 
4.214 
4.445 
4.418 
4.411 
4.350 
4.397 
4.318 

Input Checked B 

A p 

0.52 10.06 
0.50 10.11 
0.46 10.36 
0.50 10.16 
0.55 9.80 
0.57 9.64 
0.59 9.47 
0.61 9.22 
0.64 8.96 
0.64 8.81 
0.65 8.75 
0.65 8.70 
0.64 8.76 
0.66 8.60 
0.64 8.73 
0.63 8.81 
0.60 9.03 
0.60 8.99 
0.60 9.00 
0.62 8.89 
0.61 8.90 
0.61 8.89 
0.62 8.88 
0.64 8.72 
0.60 9.06 
0.60 9.00 
0.61 8.95 
0.62 8.81 
0.62 8.84 
0.64 8.65 

Date 

1 
5 

4.50 
3.10 

1.450 

Q 

1.71 
2.01 
2.69 
2.98 
3.57 
3.73 
3.94 
4.26 
4.42 
4.69 
4.84 
4.96 
5.07 
5.05 
5.22 
5.40 
5.62 
5.64 
5.66 
5.53 
5.56 
5.60 
5.58 
5.37 
5.73 
5.68 
5.64 
5.52 
5.56 
5.40 

-\ °i-
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Client 
Client Reierence 
Project No. 
Lab ID 

CONSOLIDATED UNDRAINED TRIAXIAL TEST 
WITH PORE PRESSURE READINGS 

ASTM D4767-95 / AASHTO T297-94 (SOP-S28) 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-02 · 

Boring No. 
Depth(ft.) 
Sample No. 

SOUTH POND 
NA 
BUCKET2 

Visual Description: BLACK COAL REFUSE SLURRY (REMOLDED) 

I.Stage No. 
Test No 

PRESSURES (psi) 

Cell Pressure(psi) 
Back Pressure(psi) 
Eff. Cons. Pressure(p! 
Pore Pressure 
Response (%) 

51.4 
31.3 
20.1 

97 

MAXIMUM OBLIQUITY POINTS 

p = 
Q = 

LOAD 
(LBS) 

4.3 
6.5 
11.7 
14.0 
16.6 
21.7 
25.0 
27.5 
29.6 
31.7 
32.8 
33.2 
33.9 
34.3 
35.2 
36.1 
37.0 
37.3 
38.7 
39.3 
38.9 
39.0 
39.2 
39.4 
39.9 
40.1 
41.5 
41.9 
41.2 
41.3 
41.4 

Tested B 

19.19 
11.67 

JCM Date 

INITIAL SAMPLE DIMENSIONS (in) 

Length 1 
Length 2 
Length 3 
Avg Leng.= 

3.142 
3.130 
3.141 
3.138 

VOLUME CHANGE 

Diameter 1 
Diameter 2 
Diameter 3 
Avg. Diam.= 

Initial Surette Reading (ml) 
Final Surette Reading (ml) 
Final Change (ml) 

Initial Dial Reading (D.R.), mils 
D.R. After Saturation, mils 
D.R. After Consolidation, mils 

DEFORMATION 
(INCHES) 

PORE PRESSURE 
(PSI) 

0.000 
0.001 
0.002 
0.004 
0.006 
0.012 
0.019 
0.026 
0.038 
0.051 
0.070 
0.085 
0.101 
0.110 
0.132 
0.157 
0.181 
0.205 
0.236 
0.259 
0.291 
0.316 
0.340 
0.371 
0.410 
0.441 
0.489 
0.528 
0.568 
0.608 
0.663 

05/27/08 Input Checked B 

31.3 
32.8 
33.9 
34.7 
35.6 
37.4 
38.7 
39.8 
40.9 
41.7 
42.4 
42.8 
43.1 
43.2 
43.4 
43.7 
43.7 
43.8 
43.8 
43.9 
43.8 
43.9 
43.9 
43.8 
43.8 
43.9 
43.8 
43.7 
43.8 
43.8 
43.8 

Date 
page 0 DCN· CT-S28 DATE 6-25-98 REVISION 1 

1.379 
1.377 
1.386 
1.381 

24.0 
17.7 
6.3 

40 
56 
91 
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CONSOLIDATED UNDRAINED TRIAXIAL TEST 
WITH PORE PRESSURE READINGS 

ASTM D4767-95 / AASHTO T297-94 (SOP-S28) 

Client 
Client Reference 
Project No. 

CEC 
POND CREEK 080851 
2008-210-01 

Boring No. 
Depth(ft.) 
Sample No. 

SOUTH POND 
NA 
BUCKET 2 

Lab ID 2008-21 0-01-02 

Visual Description: BLACK COAL REFUSE SLURRY (REMOLDED) 

ective on ,n,ng ressure (psi 

INITIAL DIMENSIONS 

Initial Sample Length (in.) 
Initial Sample Diameter (in.) 
Initial Sample Area (in•2) 
Initial Sample Volume (in'3) 

Strain 

(%) 

0.04 
0.07 
0.12 
0.19 
0.40 
0.61 
0.85 
1.24 
1.64 
2.26 
2.77 
3.26 
3.58 
4.27 
5.09 
5.86 
6.64 
7.63 
8.39 
9.43 
10.22 
11.00 
12.01 
13.28 
14.28 
15.84 
17.12 
18.40 
19.69 
21.49 

page8o 8 

Deviation 

Stress 

1.58 
5.38 
7.06 
8.92 

12.65 
14.97 
16.72 
18.18 
19.63 
20.24 
20.44 
20.87 
21.09 
21.54 
21.97 
22.37 
22.41 
23.10 
23.33 
22.79 
22.67 
22.61 
22.49 
22.46 
22.30 
22.80 
22.66 
21.92 
21.62 
21.21 

Tested B 

6U 

1.52 
2.62 
3.36 
4.30 
6.12 
7.35 
8.47 
9.56 
10.41 
11.15 
11.54 
11.82 
11.94 
12.14 
12.38 
12.43 
12.54 
12.49 
12.58 
12.55 
12.59 
12.56 
12.53 
12.52 
12.63 
12.50 
12.41 
12.46 
12.51 
12.54 

JCM 

3.14 
1.38 
1.50 
4.70 

20.16 
22.86 
23.80 
24.73 
26.62 
27.72 
28.36 
28.72 
29.32 
29.19 
29.00 
29.15 
29.25 
29.50 
29.69 
30.04 
29.98 
30.71 
30.85 
30.34 
30.18 
30.14 
30.05 
30.04 
29.77 
30.40 
30.35 
29.57 
29.21 
28.77 

Date 

18.6 
17.5 
16.7 
15.8 
14.0 
12.7 
11.6 
10.5 
9.7 
9.0 
8.6 
8.3 
8.2 
8.0 
7.7 
7.7 
7.6 
7.6 
7.5 
7.6 
7.5 
7.5 
7.6 
7.6 
7.5 
7.6 
7.7 
7.6 
7.6 
7.6 

05/27/08 

tage a. 
Test No 

VOLUME CHANGE 

Volume After Consolidation (in•3) 
Length After Consolidation (in) 
Area After Consolidation (in•2) 

Effective Principle 

Stress Ratio 

1.085 
1.308 
1.422 
1.565 
1.905 
2.174 
2.438 
2.724 
3.025 
3.262 
3.388 
3.521 
3.584 
3.705 
3.846 
3.918 
3.962 
4.034 
4.102 
4.018 
4.021 
4.001 
3.973 
3.961 
3.986 
4.001 
3.948 
3.868 
3.846 
3.805 

Input Checked B 

A 

0.99 
a.so 
0.49 
a.so 
0.50 
0.51 
0.52 
0.54 
0.55 
0.57 
0.58 
0.58 
0.58 
0.58 
0.58 
0.57 
0.58 
0.56 
0.56 
0.57 
0.57 
0.57 
0.57 
0.57 
0.58 
0.57 
0.56 
0.59 
0.60 
0.61 

p 

19.37 
20.17 
20.27 
20.26 
20.30 
20.23 
19.99 
19.63 
19.51 
19.07 
18.78 
18.71 
18.70 
18.73 
18.71 
18.85 
18.77 
19.16 
19.19 
18.95 
18.84 
18.84 
18.81 
18.81 
18.62 
19.00 
19.02 
18.61 

Date 

6 

4.24 
3.09 

1.374 

Q 

0.79 
2.69 
3.53 
4.46 
6.32 
7.48 
8.36 
9.09 
9.81 
10.12 
10.22 
10.43 
10.54 
10.77 
10.99 
11.19 
11.21 
11.55 
11.67 
11.39 
11.34 
11.30 
11.24 
11.23 
11.15 
11.40 
11.33 
10.96 
10.81 
10.61 
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Client 
Client Ref. No. 
Project no. 
Lab ID 

IVIGllh 101AL STRENGlh t,NVU OPE 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-02 

Boring No. 
Deptil(ft.) 
Sample No. 
Visual Description 

SOUTH POND 
NA 
BUCKET2 

geJinics 

BLACK COAL REFUSE SLURRY (REMOLDED) 

60 r---------,-----------,-------------------------~------~ 
C = 0.3 

<I>= 20.3 
50 

40 

VJ 
Q. 30 -p 

20 

10 

0 20 40 60 so 100 120 

CT (psi) 

NOTE· GRAPH NOT TO SCALE 
Tested By. JCM Date: 05/21 /08 Approved By: 1Jl? Date: c.,( Ctt lo~ 

#NIA 
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REMOLDED UNIT WEIGHT BEFORE INITIAL CONSOLIDATION 
CONSOLIDATED UNDRAINED TRIAXIAL TEST 

Client 
Client Reference 
Project No. 
Lab ID 

WITH PORE PRESSURE READINGS 
ASTM D4767-95 / AASHTO T297-94 (SOP-S28) 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-02 Specific Gravity (measured) 

Visual Description: BLACK COAL REFUSE SLURRY (REMOLDED) 

SAMPLE CONDITION SUMMARY 

2.24 

Boring No. South Pond South Pond South Pond 
Depth (ft) NA NA NA 
Sample No. Bucket 2 Bucket 2 Bucket 2 

Test No. T4 TS T6 
Deformation Rate (in/min) 0.0003 0.0002 0.0003 
Back Pressure (psi) 31.2 31 31.3 
Consolidation Time (days) 1 1 1 

Initial State (w%) 82.9 85.7 83.0 
Total Unit Weight (pct) 82.6 82.2 84.5 
Dry Unit Weight (pct) 45.2 44.3 46.2 
Final State (w%) 37.6 35.9 32.5 
Initial State Void Ratio,e 2.095 2.159 2.029 

Tested By JCM Date 05/27/08 Input Checked By Date 
page 1 of 1 ~ \MSQFFICE1Excel\Prmtq\[F1% x,~)3hei:11 

r 
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Client 
Client Reference 
Project No. 

UNIT WEIGHT AFTER INITIAL CONSOLIDATION 
CONSOLIDATED UNDRAINED TRIAXIAL TEST 

WITH PORE PRESSURE READINGS 
ASTM D4767-95 I AASHTO T297-94 (SOP-S28) 

CEC 

Lab ID 

POND CREEK 080851 
2008-210-01 
2008-210-01-02 Specific Gravity (measured) 

Visual Description: BLACK COAL REFUSE SLURRY (REMOLDED) 

SAMPLE CONDITION SUMMARY 

Boring No. South Pond South Pond 

Depth (ft) NA NA 

Sample No. Bucket 2 Bucket 2 

Test No. T4 TS 

Deformation Rate (in/min) 0.0003 0.0002 

Back Pressure (psi) 31.2 31 

Consolidation Time (days) 1 1 

Initial State (w%) 41.5 41.5 

Total Unit Weight (pcf) 92.9 102.5 

Dry Unit Weight (pcf) 65.7 72.4 
Final State (w%) 37.6 35.9 
Initial State Void Ratio,e 1.129 0.931 

Tested By JCM Date 05/27/08 Input Checked By Date 

2.24 

South Pond 

NA 
Bucket 2 

T6 
0.0003 

31.3 

1 

40.9 

103.2 
73.2 
32.5 

0.910 

page 1 of 1 001 CT-S18 OATES-25-98 REVISION 1 C IMSOFFICE\Excel\Pnntql[F187 xls)Sheet1 
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( REFERENCE 5 AND OTHER PERTINENT FINE COAL REFUSE DATA 
EFFECTIVE STRESS - TO - STEADY STATE STRENGTH RELATIONSHIPS 
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STEADY STATE LIQUEFACTION SUSCEPTIBILITY OF HIGH HAZARD 

UPSTREAM-CONSTRUCTED COAL REFUSE DISPOSAL FACILITIES 

Blaise E. Genes1, Thomas 0. Keller, P.E. 2 and Joseph P. Laird, P.E.3 

1.0 Introduction 

Coal refuse disposal facilities are manifestations of deep mining and surface mining 

activities and the resulting need for the disposal of waste materials. Due to the massive 

volumes of materials produced annually by mining operations, these "tailings dams" are 

among the largest earth structures in the world and consequently, receive intense 

regulatory and public scrutiny. Coal refuse disposal facilities, their design, construction 

and operation are regulated by the U.S. Department of Labor, Mine Safety and Health 

Administration (MSHA). The concern for refuse disposal safety and environmental control 

by MSHA, the coal industry, engineering consultants and the public has led to the 

development of design procedures that address these concerns, particularly siting, 

material handling and placement techniques. · 

For the most part, tailings dams evaluations are similar to those of water retention 

dams and address geotechnical. issues such as foundation materials, hydrology, 

hydraulics, seepage control, slope stability (static and seismic), construction practices and 

long-term monitoring. In the past, pseudo-static analyses were performed to address 

seismic stability using regional, historic seismic acceleration values and a slightly lowered 

factor of safety limit to assess adequacy. Empirical evaluations are sometimes performed 

to address seismic stability with adequacy based on comparison of limited field and 

laboratory test data with historical performance data of liquefaction and non-liquefaction 

sites from around the world. During the initial to intermediate stages of a refuse facility 

design, simplified analytical methods may be appropriate, such as those based on 

pseudo-static and cone penetration testing (CPT) or standard penetration testing (SPT). 

However, given the uniqueness and complexity of moderate to high hazard tailings darns, 

which are significantly influenced by factors such as the number and geometry of 

upstream stages, deposition history and cross-valley topography, simplified analyses are 

often inadequate to effectively address safety and cost issues. They often do not account 

for critical site-specific conditions and may either over-predict strengths leading to a 

potentially unconservative analysis or under-predict strengths leading to costly 

remediation efforts. 
The focus of this paper is on the application of established steady-state liquefaction 

evaluation procedures to high hazard tailings dams, assessing liquefaction susceptibility 

using site-specific data to estimate the factor of safety against a liquefaction flow slide 

failure. A significant emphasis is placed on obtaining in-situ samples and developing 

1 Geotechnical Engineering Program Manager, Almes & Associates. Inc., Consulting Engineers, Four 

Triangle Lane, Suite 200, Export, PA 15632-9255. 

2 Vice President and Branch Manager, GEi Consultants, Inc., 2141 Palomar Airport Road, Suite 160, 

Carlsbad, CA 92009-1424. 

3 Project Engineer, Almes & Associates, Inc .. Consulting Engineers, Four Triangle Lane, Suite 200, Export, 

PA 15632-9255. 
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properties of the hydraulically placed, fine coal refuse consolidated beneath multiple, 

upstream-constructed stages of coarse coal refuse. Detailed evaluations have been 

performed at five Appalachian coal refuse disposal facilities in southern West Virginia as 

part of the permitting process for the various facilities. 

2.0 Analytical Approach 

Coal refuse disposal facilities are generally constructed by three methods, either 

separately or in combination, and include upstream, downstream, and centerline 

construction. Downstream and centerline constructed facilities typically pose only minor 

liquefaction concerns since critical failure surfaces pass mainly through the compacted 

coarse refuse embankments. A typical high hazard, upstream constructed coal refuse 

facility, such as the one shown in Figure 1, is constructed over long periods of time (up to 

25 to 30 years) to heights of 400-plus feet and includes multiple upstream stages "pushed 

out" into the previous stage's tailings pond. Fine coal refuse consolidated under upstream 

stages typically is loose to very loose, silty sand to sandy silt- and clay-sized particles, 

saturated and usually highly contractive. Thus, the potential exists for excess pore 

pressure generation and significant loss of strength during and following a rapid 

(undrained) loading event, such as an earthquake. 

All five facilities evaluated and discussed in the context of this paper were all 

moderate to high hazard structures with downstream toe to crest heights varying from 300 

to 440 feet. Detailed studies of liquefaction susceptibility were performed using the 

methodology presented by Poulos, Castro, and France (1985) to estimate in-situ void ratio 

and undrained steady-state strength of the critical layer, fine coal refuse. Presented below 

are the generalized results of field and laboratory testing at the various sites. Field testing 

included performing fixed-piston undisturbed sampling to measure in-situ void ratio and 

piezo-seismic cone penetration testing (PS-CPT) to evaluate stratigraphy and estimate 

shear wave velocity with depth. Laboratory strength testing of undisturbed, remolded and 

slurry fine coal refuse samples was performed to estimate in-situ, undrained steady-state 

shear strength (Sus) and develop a site-specific Sus-to-effective stress relationship. 

Liquefaction susceptibility was assessed based on the results of limit-equilibrium 

slope stability analyses. Post-earthquake deformations were estimated using one

dimensional wave propagation and sliding block analysis techniques and the results 

compared to the available freeboard to assess the likelihood of overtopping. Based on the 

regional database of information related to Sus, various trends regarding the general 

behavior of fine coal refuse during undrained loading and the practical implications 

affecting liquefaction susceptibility of upstream-constructed coal refuse impoundments are 

discussed. Detailed discussions regarding post-earthquake deformation analyses and the 

seismic response of coal refuse facilities to acceleration time-histories from stochastic 

simulations of eastern North America earthquakes are reserved for another paper. 

3.0 Field Investigations 

Fixed Piston Sampllng 
The main purpose of the subsurface exploration program at the various sites was to 

obtain high quality "undisturbed" fine coal refuse samples of a character suitable for 
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laboratory steady-state strength testing. Multiple undisturbed samples were obtained at 

each site at various depths using a hydraulically actuated Gregory Undisturbed Sampler 

(GUS) fixed piston sampler. The GUS fixed piston sampler was used to advance a thin

wall galvanized steel sampling tube by delivering drilling fluid pressure to the top of the 

sampler, which subsequently advanced the tube around a fixed piston. Penetration of the 

tube into the soil was accurately measured to within ½ to 1 millimeter when "full 

penetration" of the sampler was achieved. Full penetration of the sampling tube was 

confirmed by observation of the fluid level in the borehole casing which would dramatically 

rise when fluid pressure applied to the top of the sampler vented through ports in the 

sampler. The technique used for undisturbed fixed piston sampling allowed samples to be 

obtained to depths as great as 344 feet below the ground surface. 

Detailed measurements of the tube inside, outside and cutting edge diameters and 

length were made and volume changes that occurred during sampling calculated in the 

field from tube penetration and sample recovery measurements. Samples were selected 

for subsequent laboratory testing based on the quality of the "undisturbed" sample using a 

criteria for the change in soil volume (t:NN). · For the fine coal refuse, minimizing the tube 

clearance ratio [(ID-CE)/CE] minimized sample volume changes, which typically ranged 

from zero to 2.5 percent. All undisturbed samples were stored in specially designed 

padded wooden boxes and changes in volume routinely monitored during storage and 

prior to and following shipment. Prior to laboratory testing, the tube samples were x-rayed 

and reviewed to select portions of the sample that had a minimum amount of stratification. 

Piezo-Seismic/Cone Penetrometer Testing 

PS-CPT soundings were performed prior to or concurrently with undisturbed 

sampling to help delineate the depth to the top and bottom of fine coal refuse. As shown 

in Figure 2, fine coal refuse layers are characterized by significantly lower tip stresses and 

elevated pore pressure generation, while the coarse and coarse-fine mix typically yield 

much higher tip stresses and lower pore pressure generation. Using seismic downhole 

techniques, estimates of shear wave velocity were obtained at each site to correlate small 

strain shear modulus (G) with depth. These tests were generally conducted at 5-foot 

intervals throughout the soil profile to depths of 365 feet at one site. Shear wave 

velocities for coarse, coarse-tines mix and tine coal refuse ranged from about 1,000 to 

2,300 feet per second (fps), 800 to 2,000 fps and 800 to 1,200 fps, respectively. These 

velocities were based on data from 14 PS-CPT soundings. Velocities varied dramatically 

with depth, consistent with variations in placement techniques and the micro-layering 

associated with the deposition history of the facility. 

Stratification 
Much of the coarse refuse embankment drilled and sampled was dense to very 

dense as expected due to the structural placement of the material. Loose deposits of fine 

coal refuse were typically encountered below a dense mixed zone of coarse and tine coal 

refuse. The tines were characterized by corrected cone tip resistance values between 300 

to 1,000 pounds per square inch (psi). The CPT soundings (and visually verified in SPT 

samples) have shown that there are significantly thick zones of mixed coarse and tine coal 

refuse. Mixing apparently occurred during the various push-out phases of upstream 

embankment construction into the tailings pond and possibly from the "pumping" of fines 
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up into the coarse refuse during subsequent stage construction. Due to the infusion of 

coarse refuse into the fines, the mix zones typically exhibited significantly higher average 

cone tip resistance, as well as lower pore pressure generation during cone advancement. 

In-Situ Void Ratio 
A total of 34 undisturbed fine coal refuse samples were obtained from the various 

sites. In-situ void ratio was calculated for each based on the field measurements 

described previously combined with laboratory measurements of the volume of solids in 

the tube. Table 1 presents a summary of sample depth and calculated in-situ void ratio at 

each site. Samples were obtained from beneath about 65 to 344 feet of overlying refuse 

and in-situ void ratios varied from about 0.39 to 0.79, with most (82 percent) of the values 

between 0.43 and 0.59. While in-situ void ratio is influenced by mean effective stress and 

time rate of consolidation, the range of values is relatively narrow. Direct correlation 

between estimated mean effective stress and in-situ void ratio can not be inferred due to 

the unique and complex nature of each site's geometric constraints and deposition history. 

4.0 Laboratory Testing 

Steady-state liquefaction-related laboratory test programs of the coal refuse 

materials sampled from the five sites included performing index tests such as grain size 

distributions, Atterberg limits, and specific gravity, as well as triaxial shear strength tests 

on undisturbed, remolded and slurry samples of fine coal refuse. Table 1 presents a 

summary of laboratory test results from Sites 1 through 5. 

Index Tests 
Fine coal refuse particles vary in size from about 2 mm (No. 10 sieve) to 0.0005 

mm (finer than clay fraction). It is analogous to silty sand to silty clay-sized material. 

Fines content (passing a No. 200 sieve) for fine coal refuse from the five sites varied from 

35 to 76 percent. Fine refuse generally has a low plasticity, ranging from nonplastic to 

Plasticity Indices of 12 percent or less. Values are affected by the parent rock formation 

from which the coal was extracted and from clay layers near the coal seam that get mixed 

will Jir1 the coal. The specific gravity of fine coal refuse is low and genf!rally varied from 

about 1.4 to 2.4 for the sites tested. As a result, densities are also relatively low, with in

place total unit weight ranging from about 75 to 90 pounds per cubic foot (pcf). 

Steady-State Strength Of Undisturbed Samples 
Isotropically ccnsolidated, undrained triaxial compression (cu) tests were 

performed on undisturbed, remolded and slurry samples of fine coal refuse. The main 

purpose of the triaxial tests was to measure the undrained steady-state shear strength of 

the samples in the laboratory to allow in-situ steady-state shear strengths to be estimated 

based on void ratio corrections (from laboratory to field). A total of 34 cu tests were 

performed on undisturbed samples of fine coal refuse from the five sites. Specimens were 

typically consolidated to an isotropic, effective consolidation stress ( cr 3c ) ranging from 8 

to 16 kilograms per square centimeter (kg/cm2) [16.3 to 32.7 kips per square foot (ksf)]. 

These relatively high confining pressures were used to ensure contractive behavior, 
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particularty since most samples were obtained from 200 to 344 feet below the ground 

surface. The samples exhibited contractive behavior and reached or approximately 

reached a steady-state of deformation within the strain limits of the test. Laboratory 

values of Sus were corrected to represent steady-state strengths at in-situ void ratios. 

Steady-State Line and In-Situ Steady-State Strength 

Triaxial tests were performed on compacted specimens to determine the steady

state line (SSL) of the fine coal refuse representative for each site. Samples of each batch 

mix were formed using two methods: 1) by placing layers of fine coal refuse in a split mold 

and compacting each layer to a target void ratio; and 2) by placing the material in a mold 

as a slurry subject to one-dimensional consolidation to simulate in-situ placement 

conditions. The various SSL's for each batch mix are shown in Figure 3 where the slope 

(D.e/D.log Sus) varies from 0.11 to 0.13 for moist tamped batch samples with additional 

slurry prepared samples of the batch mix shown for comparison. As discussed by Poulos 

et. al ( 1985), the slope of the steady state line is dependent on the shape of the grains 

and the vertical position is affected by slight differences in grain-size distribution. In 

general, the variation of the fine refuse coal particle shape from site to site would not be 

expected to vary significantly since the coal was mined from the same region using 

generally similar cleaning techniques. However, the fines content of the coal refuse 

sampled from the region varies widely. Thus, the SSL's in Figure 3 are consistent with the 

above observations. 
In-situ Sus for each site was estimated by "correcting" the steady-state strengths at 

laboratory void ratios to their respective in-situ void ratio along the slope of the SSL as 

defined by Poulos et. al (1985). In-situ Sus values ranged from 0.06 to 4.62 kg/cm2 

(0.122 ksf to 9.42 ksf) with 74 percent of the data falling between 0.25 and 2.1 kg/cm2 

(0.51 ksf to 4.28 ksf). Figure 4 presents correlated Sus versus in-situ void ratio for 34 

tested samples at the 5 sites. Note that Sus values can vary by more than a factor of 10 

for a given void ratio. 

Sus Versus Effective Stress Relationship 

The estimation of Sus values for fine coal refuse layers that are at in-situ conditions 

different from the samples obtained and tested were estimated using a correlation 

between Sus and effective vertical stress (cr•v) determined for each site. This includes 

proposed upstream stages where sampling is not yet feasible or existing portions of the 

embankment not sampled due to budgetary constraints. By generally assuming that Sus 

values vary linearty with cr·v, and estimating the in-situ effective stress conditions for 

proposed layers of fine coal refuse, the in-situ Sus values for the proposed additional 

zones of fine coal refuse can be approximated. Site-specific Sus /r:r'v relationships are 

presented in Figure 5 and varied from 0.06 to 0.27. The various relationships were 

approximated by conservatively drawing a line from zero through the location at which 

two-thirds of the data points at a particular site lie above the line. 

The lowest strength relationship was achieved at a narrow valley fill with over 200 

feet of coarse and mixed refuse placed above the fine coal refuse. It is deduced that 

significant arching may be occurring within the coarse refuse preventing the full height of 
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overburden from consolidating the critical fine coal refuse layer. Therefore, factors such 

as cross-valley topography and deposition history are significantly relevant to the Susfcr·v 

relationship. Similarly, the database of Suslcr'v relationships obtained from bulk fine coal 

refuse samples prepared as slurried samples may be used to investigate what kind of 

relationship with depth (or effective stress) may be expected in the slurry pond prior to any 

encroachment of coarse embankments. The effective consolidation stresses at which the 

laboratory tests were performed were converted into equivalent vertical effective stresses 

in the field, assuming that the lateral stresses are equal to one-half of the vertical stresses. 

As shown in Figure 6, an Susf cr'v ratio of 0.18 extends from the zero intercept to the point 

where two-thirds of the data falls above the straight line. 

5.0 Liquefaction Susceptibility Evaluations 

Liquefaction susceptibility depends on the Sus of all the soils along the potential 

failure surface compared to the driving stress along that failure surface. Zones of loose 

(contractive) cohesionless soils are critical to analyzing liquefaction potential because they 

can have an undrained strength that is significantly lower than their drained strength. 

Therefore, the embankment geometry was evaluated to assess the liquefaction potential 

of each stage of construction estimating the average driving shear stresses along the 

critical failure surface at each of the high hazard sites. Generally, as the construction of 

future upstream staging progresses, there is a corresponding increase in driving stress. 

( For layers in which fixed-piston samples were obtained and tested, or layers where similar 

,, effective stresses are present, a weighted average of steady-state strength, such as the 

Two-Thirds Strength Method, was utilized. This method, utilized by Castro et. al. (1989) 

and recommended by the U.S. Army Corps of Engineers (1970) in their manual for 

analyzing the stability of earth dams, involves using a design shear strength value that is 

lower than two-thirds of the total test values selected. Sus values for fine coal refuse 

layers at in-situ cr•v values that significantly differ from the cr·v values at sample locations 

were estimated using the site specific Suslcrv relationship as previously discussed. Limit 

equilibrium slope stability analyses were performed at each site with Sus values applied to 

fine coal refuse layers and frictional (drained) strengths applied to coarse and mixed 

refuse layers. Factors of safety against liquefaction (FL) along the critical failure surfaces 

for the various sites ranged from 1.02 to 1.32. 

6.0 Notable Trends From Completed Studies 

Liquefaction evaluations have been performed at five different sites using steady

state techniques as well as other complementary analyses. Since most of the sites are in 

the same geographical region, it is useful to compare the results of the fine coal refuse 

tested to identify trends in its engineering properties. A discussion of notable trends for 

the presented data is discussed below. 

1 . Consistent with the sensitivity of Sus to void ratio, Sus values can vary over 10 times at 

the same void ratio illustrating the need for site specific testing. In-situ void ratios 

varied between 0.39 and 0.79, however, most ranged from 0.43 to 0.59. 
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2. In-situ Sus values for unsampled fine coal refuse layers can be estimated based on Sus 

versus cr'v correlations developed for a particular site. Susfcr'v relationships used for the 

coal refuse impoundment sites have ranged from 0.06 to 0.27 also illustrating the need 

for site specific testing, particularly at facilities with proposed multiple upstream stages. 

3. Sus and Su5/cr'v are significantly influenced by factors such as cross-valley topography, 

deposition history, upstream embankment geometry and construction sequencing. 

7.0 Conclusions 

Steady-state methodology can be effectively applied for the detailed evaluation of 

the liquefaction susceptibility of high hazard coal refuse disposal facilities. The evaluation 

needs to be based on site specific geometry and subsurface conditions, and properties 

developed accounting for the uniqueness and complexity of each site. While it is often 

useful to express the steady-state strength with respect to an estimated vertical stress, 

proper caution should be exercised during its development. The database of slurried 

samples has shown that the behavior of newly deposited fine coal refuse can be 

reasonably predicted. The Susf cr'v ratio of fine coal refuse consolidated beneath multiple 

upstream embankment stages can vary significantly with age, loading history, arching, and 

geometric constraints. For initial or preliminary liquefaction assessments, it is 

recommended that a range of Su5/cr'v ratios be used to investigate the sensitivity of the 

critical layer to liquefaction susceptibility. For detailed evaluations where significant driving 

stresses are present for multiple upstream stages, site-specific shear strength testing of 

high quality undisturbed samples is recommended to develop the site's Su5/cr'v 

relationship and each individual stage evaluated to estimate the factor of safety against 

liquefaction susceptibility. In general, factors of safety against liquefaction susceptibility 

were above 1.0 for the existing and proposed staging at the various high hazard sites. 

Factors of safety below 1.0 indicated the need for remedial design of existing embank

ments or redesign of the staging for proposed expansions to lower driving stresses. 
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LEGEND NOTES 
• Reconstituted Coal Refuse Slurry Sample 1. Vertical effective stress for reconstituted coal ■ Undisturbed Tube Sample refuse samples assumed to be 1.5 times the 

isotropic effective consolidation stress. 
2. Vertical effective stress of undisturbed tube 

samples estimated by CEC, Inc. 
3. R'4 composed of two different soil types. $ 115 

shown is uncertain. 

Hughes Hollow Slurry lmpoundment 

■ 
ESTIMATED IN-SITU Sus 

Wana, West Virginia VERSUS G E I Consultants VERTICAL EFFECTIVE STRESS Consolidation Coal Company 
Pittsburgh, Pennsylvania Project 063570 February 2007 -:- Figure 3 



R15294

APPENDIXC 

DRIVING SHEAR STRESS AND FACTOR OF SAFETY AGAINST 
LIQUEFACTION SLOPE STABILITY ANALYSES RESULTS 



R15295

APPENDIXC 

DRIVING SHEAR STRESS AND FACTOR OF SAFETY AGAINST 
LIQUEFACTION SLOPE STABILITY ANALYSES RESULTS 



R15296

Civil & Environmental Consultants, Inc. 
Williamson Energy - Pond Creek South Pond 

PROJECT Phase 2 Abandonment Evaluation PROJECT NO. 080-851 

Determination of Downstream and Upstream In-Situ PAGE 1 OF _3~_ 
Driving Shear Stress by Elastic (GStabl) Solution 

MADE BY __ B_E=G~_ DATE __ 7~/1~7~/0_8_ CHECKEDBY t:,g;:, DATE ](23 {r:to 

CALCULATION BRIEF 
FOR 

DETERMINATION OF DOWNSTREAM AND UPSTREAM IN-SITU 
DRIVING SHEAR STRESS BY ELASTIC (GSTABL) SOLUTION 

POND CREEK COAL REFUSE DISPOSAL SITE · SOUTH POND 

OBJECTIVE: To determine the initial state of static stress (a.k.a., "driving stress") for the 
fine coal refuse layers in the downstream and upstream directions of the 
Pond Creek South Pond Phase 2 abandonment geometry. This driving 
stress will be used to evaluate liquefaction susceptibility of the 
impoundment by steady-state analysis 

( METHODOLOGY: Use limit equilibrium analyses to estimate the driving shear stress acting 
··~ on the most critical circular failure surface passing through the Phase 2 

impoundment and embankment geometry shown in Figure 1. Failure 
planes in both the upstream and downstream directions will be evaluated. 

REFERENCES: 

ANALYSIS: 

1. Gregory, P.E., Garry H., "GSTABL7 with STEDwin Slope Stability 
Analysis System, Version 2.0," dated September 2001. 

2. Civil & Environmental Consultants, Inc. Calculation, "Calculation 
Brief for Estimation and Summary of Engineering Properties Including 
Peak and Steady-State Undrained Shear Strengths For Refuse and 
Subgrade Materials, Pond Creek Coal Refuse Disposal Site - South 
Pond", BEG, 7/12/08. 

3. Poulos, SJ., Castro, G., and France, J.W. (1985a) "Liquefaction 
Evaluation Procedure," Journal of the Geotechnical Engineering 
Division, ASCE, Vol. 111, No. GT6, pp. 772-792. 

The Illinois Department of Natural Resources (IDNR) has required that the evaluation of the 
abandonment condition for the South Pond address the following issues: 
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Civil & Environmental Consultants, Inc. 
Williamson Energy - Pond Creek Sonth Pond 

PROJECT Phase 2 Abandonment Evalnation PROJECT NO. 080-851 

Determination of Downstream and Upstream In-Sitn PAGE 2 OF -=.J:___ 
Driving Shear Stress by Elastic (GStabl) Solution 

MADE BY _ _:Bc:.:E,:_G:::__ DATE __ 7/_1_7/_0_8_ CHECKED BY t-US, 

1. The classification of the existing condition of the impounded material with respect to its 
fluid nature; and 

2. The liquefaction potential of the impounded material and the related stability of the 
containing dam. 

Determining the in-situ static driving shear stress in a critical (relative to slope stability) soil 
layer (i.e., fine coal refuse) is one of the steps for evaluating liquefaction susceptibility (No. 2 
above). The driving shear stress in a critical soil layer is equal to the minimum shear resistance 
the layer must have to just maintain stability of the slope. This assumes fully mobilized shear 
strengths in the other soil layers comprising the slope. The fully mobilized strengths are those 
that would act while deformation of the slope is occurring and, thus, would be available to resist 
a massive flow slide. These shear strengths can be quantified by performing a stability analysis 
for the slope in question. 

When evaluating slope stability by means of circular failure surface analysis (using the limit 
equilibrium approach), the driving shear stress (1:ct) acting along the failure surface analyzed can 
be determined by assuming that the shearing resistance (i.e., shear strength) of the material 
through which the failure surface passes is provided solely by cohesion [i.e., angle of internal 
friction (<P) = OJ. The driving stress is determined by varying the cohesion value used in the 
analysis until a factor of safety (F.S.) of 1.0 is obtained. For this condition (F.S. = 1.0), the 
driving stress acting along the failure surface analyzed is equal to the cohesion value used for the 
material. 

The following soil properties were estimated based on previous field and laboratory testing as 
well as current fine coal refuse testing for use in the various post-earthquake liquefaction slope 
stability analyses: 

Total Unit Saturated Unit Effective Effective 
Weight Weight Friction Cohesion 

Material (yt) (ys) (<j)') (c') 
Tvoe (ocO (pcO (de!!) (osO 

Coarse Refuse 130 140 33.7 0 
Fine Refuse 80 90 0 Varies 

Residual Soil 125 130 19 4000 
Soil Cao 130 1135 30 0 
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Civil & Environmental Consultants, Inc. 
Williamson Energy - Pond Creek South Pond 

PROJECT Phase 2 Abandonment Evaluation PROJECT NO. 080-851 

Determination of Downstream and Upstream In-Situ PAGE 3 OF .J 
--"---

Driving Shear Stress by Elastic (GStabl) Solution 

MADE BY _ _cBC!E:::G==--._ DATE _.:_7'-"/l:..c7:.::f0c,:8_ CHECKED BY -~-~- DATE ] (23(98 

Note: Refuse properties provided by Alliance Consulting, Inc. based on laboratory testing and/or 
literature values noted in the Alliance static/seismic slope stability analyses. 

Results of Driving Shear Stress Slope Stability Analyses: 

Top of Driving Shear Stress 
Phase 2 Fines Top of in Fine Coal Refuse 

Abandonment Elevation Cap Elevation'1
> ('td) 

(Crest El. 502 ft) (ft) (ft) (osO 
Downstream 496 502 0 

Upstream 
496 502 

0 

(I) Cap includes 4-foot coarse refuse and 2-foot soil cover layer above top of fines elevation. Soil cover 
sloped at one percent to maintain positive drainage. 

CONCLUSION: 

Based on the information presented in this calculation brief, CEC determined that the Pond 
Creek - Phase 2 abandonment geometry has 0 psf driving shear stress through the fine coal 
refuse for both the upstream and downstream conditions. 



R15299

( 
POND CREEK- SOUTH POND ABANDONMENT 
GSTABL OUTPUT - DRIVING SHEAR STRESS 

STABILITY ANALYSIS OUTPUT FILES 
DOWNSTREAM AND UPSTREAM CONDITIONS 



R
15300

r n n 
Pond Creek, South Cell, Abandonment Post-Eq Downstream Driving Analysis 

p:\_2007zEoj~cts\072-~6-':".'illian:is,on energylgstabllp~d creek south cell\ky: de~erminationlsouth cell downstream revi~ed - driving.pl2 Run By: Michael J. Sheleheda, P.E. 7/16/2008 11:36AM 

I # FS Soil Soil Total Saturated Cohesion Friction Piez. ' 
' a 1.631 ; Desc. Type Unit Wt. Unit Wt. Intercept Angle Surface I 
I b 1.635 No. (pcf) (pcf) (psf) (deg) No. 

I I c 1.637 ! CCR 1 130.0 140.0 0.0 33.7 W1 
I d 1.639 1 FCR-1 2 80.0 90.0 0.0 0.0 W1 

[ I e 1.640 1 FCR-2 3 80.0 90.0 0.0 0.0 W1 
I · f 1.646 I FCR-3 4 80.0 90.0 0.0 0.0 W1 

1 
g 1.649 1 FCR-4 5 80.0 90.0 0.0 0.0 W1 

200 1 h 1.650 SOIL CAP 6 130.0 135.0 0.0 30.0 W1 

I 
i 1.650 · CCR CAP 7 130.0 140.0 0.0 33.7 W1 

I ORIG 8 125.0 135.0 400.0 19.5 W1 

150 
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*** GSTABL7 *** 
** GSTABL7 by Garry H. Gregory, P.E. ** 

** Original Version 1.0, January 1996; Current Version 2.003, June 2002 ** 
(All Rights Reserved-Unauthorized Use Prohibited) 

********************************************************************************* 
SLOPE STABILITY ANALYSIS SYSTEM 

Modified Bishop, Simplified Janbu, or GLE Method of Slices. 
(Includes Spencer & Morgenstern-Price Type Analysis) 
Including Pier/Pile, Reinforcement, Soil Nail, Tieback, 
Nonlinear Undrained Shear Strength, Curved Phi Envelope, 
Anisotropic Soil, Fiber-Reinforced Soil, Boundary Loads, Water 
Surfaces, Pseudo-Static & Newmark Earthquake, and Applied Forces. 

********************************************************************************* 
Analysis Run Date: 7/16/2008 
Time of Run: 11:36AM 
Run By: Michael J. Sheleheda, P.E. 
Input Data Filename: P:\ 2007 Projects\072-046 Williamson Energy\GStabl\Pond Cree 

k South Cell\Ky Determination\south cell downstream revised - driving.in 
Output Filename: P:\ 2007 Projects\072-046 Williamson Energy\GStabl\Pond Cree 

k South Cell\Ky Determination\south cell downstream revised - driving.OUT 
Unit System: English 
Plotted Output Filename: P:\ 2007 Projects\072-046 Willia Energy\GStabl\Pond Creek So 

uth Cell\Ky Determination\south ce11 ctOwnstrearn revised - driving.PLT 
PROBLEM DESCRIPTION: Pond Creek, South Cell, Abandonment 

Post-Eq Downstream Driving Analysis 
BOUNDARY COORDINATES 

4 Top Boundaries 
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P:south cell downstream revised -
17 Total Boundaries 

Boundary X-Left Y-Left X-Right Y-Right Soil Type 
No. (ft) (ft} (ft) (ft) Below Bnd 

1 50.00 66.00 159.40 66.00 8 
2 159.40 66.00 253.00 102.00 1 
3 253.00 102.00 273.00 102.00 1 
4 273.00 102.00 450.00 103.75 6 
5 273.00 102.00 278.20 100.00 1 
6 278.20 100.00 450.00 101.75 7 
7 278.20 100.00 288.60 96.00 1 
8 288.60 96.00 450.00 96.00 2 
9 288.60 96 .00 304.20 90.00 l 

10 304.20 90.00 450.00 90.00 3 
11 304.20 90.00 330.20 80.00 1 
12 330.20 80.00 450.00 80.00 4 
13 330.20 80.00 356.20 70.00 l 
14 356.20 70.00 450.00 70.00 5 
15 159.40 66.00 356.20 70.00 8 
16 356.20 70.00 382.20 60.00 8 
17 382.20 60.00 450.00 60.00 8 

Default Y-Origin = 0.00(ft) 
Default X-Plus Value= O.OO(ft) 
Default Y-Plus Value = 0.001ft) 

ISOTROPIC SOIL PARAMETERS 
8 Type(s) of Soil 

Soil Tocal Saturated Cohesion Friction Pore Pressure Piez. 
Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface 

No. (pcf} (pcf) (psf) 
l 130.0 140.0 0.0 
2 80.0 90.0 0.0 
3 80.0 90.0 0.0 
4 80.0 90.0 0.0 
5 80.0 90.0 0.0 
6 130.0 135.0 0.0 
7 130.0 140.0 0.0 
8 125.0 135.0 400.0 

l PIEZOMETRIC SURFACE(S) SPECIFIED 
Unit Weight of Water= 62.40 (pcf) 

(deg) Param. (psf) 
33.7 0.00 0.0 
0.0 0.00 0.0 
0.0 0.00 0.0 
0.0 0.00 0.0 
0.0 o.oo 0.0 

30.0 0.00 0.0 
33.7 0.00 0.0 
19.5 0.00 0.0 

Piezometric Surface No. 1 Specified by 4 Coordinate Points 
Pore Pressure Inclination Factor 0.50 

Point X-Water Y-Water 
No. (ft) (ft) 

1 50.00 64.00 
2 182.00 64.00 
3 280.80 99.00 
4 450.00 99.00 

No. 
1 
l 
l 
1 
l 
l 
1 
l 

Searching Routine Will Be Limited To An Area Defined By 1 Boundaries 
Of Which The First l Boundaries Will Deflect Surfaces Upward 
Boundary X-Left Y-Left X-Right Y-Right 

No. (ft) (ft) (ft) (ft) 
1 50.00 SO.OD 450.00 58.00 

EARTHQUA~E DATA HAS BEEN SUPPRESSED 
A Critical Failure Surface Searching Method, Using A Random 
Technique For Generating Circular Surfaces, Has Been Specified. 

400 Trial Surfaces Have Been Generated. 
20 Surface(s) Initiate(s} From Each Of 20 Points Equally Spaced 

Along The Ground Surface Between X 125.00(ft) 
and X 170.001ft) 

Each Surface Terminates Between X 240.00(ft) 
and X 450.00(ft) 

Unless Further Limitations Were Imposed, The Minimum Elevation 
At Which A Surface Extends Is Y = 0.00(ft) 
10.00(ft) Line Segments Define Each Trial Failure Surface. 
Following Are Displayed The Ten Most Critical Of The Trial 

Failure Surfaces Evaluated. They Are 
Ordered - Most Critical First. 

driving.OUT 

**Safety Factors Are Calculated By The Modified Bishop Method** 
Total Number of Trial Surfaces Evaluated 400 

Page 2 
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Slice 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

P:south cell downstream revised - driving.OUT Page 3 

Statistical Data On All Valid FS Values: 
FS Max - 3.085 FS Min - 1. 631 FS Ave - 1.951 
Standard Deviation= 0.269 Coefficient of Variation 

Failure Surface Specified By 17 Coordinate Points 
Point X-Surf Y-Surf 

No. (ft) (ft) 
1 14 6. 32 66.00 
2 155.23 61. 48 
3 164.58 57. 91 
4 17 4. 24 55.34 
5 184.12 53.79 
6 194 .11 53.29 
7 204.09 53.83 
8 213.97 55. 41 
9 223. 62 58.01 

10 232.95 61.61 
11 241.86 66.16 
12 250.23 71.62 
13 258.00 77. 93 
14 265.06 85.01 
15 271. 34 92.79 
16 276.78 101.18 
17 277.21 102.04 

Circle Center At X - 193.95 
Factor of Safety 

*** 1.631 *** 
Individual data on the 

Water Water 

y 148.86 and Radius 

25 slices 
Tie Tie Earthquake 

13.78 % 

95.57 

Force Force Force Force Force Surcharge 
Width Weight Top Bot Norm Tan Hor Ver Load 

(ft) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) 
3.9 4 92. 9 0.0 0.0 0. 0. 0.0 0.0 0.0 
5.0 2091.1 0.0 439.1 0. 0. 0.0 0.0 0.0 
4.2 2907.5 0.0 923.3 0. 0. 0.0 0.0 o.o 
5.2 5528.1 0.0 l 7 64. 0 0. 0. 0.0 0.0 0.0 
9.7 16864.l 0.0 4602.1 0. o. 0.0 0.0 0.0 
7.8 18896. 4 0.0 4542.1 0. 0. 0.0 0.0 0.0 
2.1 5903.1 0.0 1317. 2 0. 0. 0.0 0.0 0.0 
5.2 15841.2 0.0 3719. 4 0. 0. 0.0 0.0 0.0 
4. 7 15746.5 0.0 3929.0 0. o. 0.0 0.0 0.0 

10.0 36868.6 0.0 9722.8 0. 0. 0.0 0.0 0.0 
9.9 40271.4 0.0 11170.8 0. 0. 0.0 0.0 0.0 
9. 7 41681. 5 0.0 11976.2 0. 0. 0.0 0.0 0.0 
9.3 41104.8 0.0 12UO.'i 0. 0. 0.0 0.0 0.0 
8.9 38666.4 0.0 11631.9 0. 0. 0.0 0.0 o.o 
2.4 10150.9 0.0 3151.2 0. 0. 0.0 0.0 o.o 
6.0 24396.6 0.0 7334.6 0. 0. 0.0 0.0 0.0 
2.8 10743.4 0.0 3341.8 0. 0. 0.0 0.0 0.0 
5.0 17622.9 0.0 53 63 .1 0. a. a.a 0.0 0.0 
7.1 19563.0 0.0 6308.5 a. a. 0.0 0.0 0.0 
6. 3 11036. 7 0.0 3322.9 0. 0. 0.0 0.0 0.0 
1. 7 1740.8 0.0 337.3 0. 0. 0.0 o.o 0.0 
0.7 592. 2 0.0 35.9 0. o. 0.0 0.0 0.0 
2.7 1206.0 0.0 0.0 0. o. 0.0 0.0 0.0 
0.3 47.3 0.0 0.0 0. 0. 0.0 0.0 0.0 
o. 4 24.4 0.0 0.0 0. 0. 0.0 0.0 0.0 
Failure Surface Specified By 16 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 148.68 66.00 
2 157.67 61. 62 
3 167.07 58.21 
4 176. 78 55.79 
5 186.68 54.41 
6 196. 68 54.08 
7 206.65 54.79 
8 216. 50 56.54 
9 226.10 59.31 
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10 235.37 63.08 
11 244.19 67.80 
12 252. 46 73.41 
13 260.11 79.86 
14 2 67. 03 87.07 
15 273.16 94. 97 
16 277.55 102. 04 

Circle Center At X = 194.87 
Factor of Safety 

*** 1.635 *** 
Failure Surface Specified By 16 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 146.32 66.00 
2 155.28 61.56 
3 164.66 58.10 
4 174.36 55.67 
5 184.26 54.28 
6 194.26 53.95 
7 204.23 54.70 
8 214.07 56.50 
9 223.65 59.34 

10 232.88 63.19 
11 241.65 67.99 
12 249.86 73.71 
13 257.41 80.27 
14 264.21 87.59 
15 270.20 95.60 
16 274.00 102.01 

Circle Center At X = 192.27 
Fac-cor of Safety 

*** 1.637 *** 
Failure Surface Specified By 17 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 141. 58 66.00 
2 150.50 61. 49 
3 159.84 57.91 
4 169.50 55.31 
5 179.37 53.71 
6 189.35 53.12 
7 199.34 53.56 
8 209.24 55.02 
9 218.93 57.48 

10 228.32 60.91 
11 237.31 65.29 
12 245.81 70.56 
13 253.72 76. 68 
14 2 60. 97 83.57 
15 267.47 91.16 
16 273.17 99.38 
17 274.62 102.02 

Circle Center At X = 190.08 
Factor of Safety 

*** 1.639 *** 

y 149.27 and Radius 

Coordinate Points 

y 147.41 and Radius 

Coordinate Points 

y 150.88 and Radius 

Failure 
Point 

Surface Specified By 16 Coordinate Points 

No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

x-surf Y-Surf 
(ft) (ft) 

151.05 66.00 
159.86 61.27 
169.18 57.62 
178.85 55.11 
188.76 53.77 
198.76 53.61 
208.71 54.65 
218.46 56.86 
227.88 60.22 
236.83 64.67 

95.22 

93.48 

97. 76 
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11 
12 
13 
14 
15 
16 

Circle 

245.19 70.16 
252. 84 7 6. 60 
259. 67 83. 91 
2 65. 58 91. 97 
270.49 100.69 
271. 03 102.00 

Center At X ~ 195.05 
Factor of Safety 

*** 1.640 *** 
Failure Surface Specified By 16 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 148.68 66.00 
2 157.44 61.17 
3 166.72 57.45 
4 176.39 54.89 
5 186.30 53. 54 
6 196. 30 53.41 
7 206.24 54.51 
8 215. 96 56.82 
9 225. 34 60. 31 

10 234.21 64. 91 
11 242.46 70.58 
12 2 4 9. 94 77 .20 
13 256. 56 84.70 
14 262.21 92.95 
15 2 66. 80 101.84 
16 266.86 102.00 

Circle Center At X ~ 192.33 
Factor of Safety 

*** 1.646 *** 
Failure Surface Specified By 16 

PoinL X-Surf Y-Surf 
No. (ft) (ft) 

1 148.68 66.00 
2 157.85 61.99 
3 167.36 58.90 
4 177.13 56.77 
5 187.06 55.60 
6 197.06 55.41 
7 207.02 56.21 
8 216.87 57.98 
9 226.49 60.71 

10 235.79 64.37 
11 244.69 68.93 
12 253.10 74.34 
13 260.94 80.55 
14 268.13 87.50 
15 274.60 95.13 
16 279.40 102.06 

Circle Center At X = 193.94 
Factor of Safety 

*** 1.649 *** 

y 137.31 and Radius 

Coordinate Points 

y 134. 71 and Radius 

Coordinate Points 

y 156.89 and Radius 

Failure Surface Specified By 18 Coordinate Points 
Point X-Surf Y-Surf 
No. (ft) (ft) 

1 139.21 66.00 
2 148.34 61.92 
3 157.78 58.61 
4 167.46 56.10 
5 177.31 54.41 
6 187.28 53.55 
7 197.28 53.53 
8 207.24 54.34 
9 217.11 55.98 

10 226.80 58.44 
11 236.25 61.70 
12 245.40 65.73 

83.79 

81. 40 

101. 54 
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13 254.18 70.52 
14 262.53 7 6. 03 
15 270.39 82.21 
16 277. 71 89.03 
17 284.43 96.43 
18 288.81 102.16 

Circle Center At X = 192.55 
Factor of Safety 

*** 1.650 *** 
Failure Surface Specified By 15 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 151. 05 66.00 
2 159.94 61. 41 
3 169.32 57.95 
4 179.05 55.66 
5 189.00 54.59 
6 198.99 54.75 
7 208.90 56.14 
8 218.56 58.73 
9 227.82 62.50 

10 236.55 67. 37 
11 244.62 73.28 
12 251.90 80.13 
13 258.28 87.83 
14 2 63. 67 96. 2 6 
15 2 66. 41 102.00 

Circle Center At X = 192.70 
Factor of Safety 

*** 1.650 *** 
Failure 

Point 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

Surface Specified By 17 
X-Surf Y-Surf 

(ft) (ft) 
141.58 66.00 
150.68 61.85 
160 .14 
169.86 
179.76 
189.76 
199.74 
209.63 
219.33 
228.75 
237.80 
246.40 
254. 4 7 
261.94 
2 68. 7 3 
274.78 

58.60 
56.27 
54.89 
54.47 
55.01 
56.50 
58.94 
62.30 
66.55 
71. 65 
77.56 
84.21 
91. 55 
99.51 

17 276.34 102.03 
189.16 Circle Center At X = 

Factor of Safety 
*** 1.653 *** 

y 172.86 and Radius 

Coordinate Points 

y 135. 70 and Radius 

Coordinate Points 

y 158.37 and Radius 

**** END OF GSTABL7 OUTPUT**** 

119.43 

81. 20 

103.91 
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Pond Creek, South Cell, Abandonment Post-Eq Upstream Analysis - Driving 
p:\_2007 .erojects\072-046 williamson energylgstabllpond creek south cell\ky determinationlsouth cell upstream revised - driving.pl2 Run By: Michael J. Sheleheda, P.E. 7/16/2008 11 :44AM 

25°0 , . - I - T - · - I 

I 
# FS Soil Soil Total Saturated Cohesion Friction Piez. 

1 a 8.42611 Desc. Type Unit Wt. Unit Wt. Intercept Angle Surface 

I 
, b 8.571 1' No. (pcf) (pcf) (psf) (deg) No. 
I c 8.652 . CCR 1 130.0 140.0 0.0 33.7 W1 1 

I I d 8.787 1, FCR-1 2 80.0 90.0 0.0 0.0 W1 
· e 8.859 j FCR-2 3 80.0 90.0 0.0 0.0 W1 
I I f 8.885 FCR-3 4 80.0 90.0 0.0 0.0 W1 
I g 8.965 FCR-4 5 80.0 90.0 0.0 0.0 W1 1 

200 . . h 8.990 I SOIL CAP 6 130.0 135.0 0.0 30.0 W1 
i I i 9.108 CCR CAP 7 130.0 140.0 0.0 33.7 W1 
I l_ ' ___ JL ORIG 8 125.0 135.0 400.0 19.5 W1 
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Safety Factors Are Calculated By The Modified Bishop Method 
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*** GSTABL7 *** 
** GSTABL7 by Garry H. Gregory, P.E. ** 

** Original Version 1.0, January 1996; Current Version 2.003, June 2002 ** 
(All Rights Reserved-Unauthorized Use Prohibited) 

********************************************************************************* 
SLOPE STABILITY ANALYSIS SYSTEM 

Modified Bishop, Simplified Janbu, or GLE Method of Slices. 
(Includes Spencer & Morgenstern-Price Type Analysis} 
Including Pier/Pile, Reinforcement, Soil Nail, Tieback, 
Nonlinear Undrained Shear Strength, Curved Phi Envelope, 
Anisotropic Soil, Fiber-Reinforced Soil, Boundary Loads, Water 
Surfaces, Pseudo-Static & Nevmlark Earthquake, and Applied Forces. 

*****************************************************************************R*** 
Analysis Run Date: 7/16/2008 
Time of Run: 11:44AM 
Run By: Michael J. Sheleheda, P.E. 
Input Data Filename: P:\ 2007 Projects\072-046 Williamson Energy\GStabl\Pond Cree 

k South Cell\Ky Determination\south cell upscream revised - driving.in 
Output Filename: P:\ 2007 Projects\072-046 Williamson Energy\GStabl\Pond Cree 

k South Cell\Ky Determination\sou'th cell upstream revised - driving.OUT 
Unit System: English 
Plotted Output Filename: P: \ 2007 Projects\072-046 Willia Energy\GStabl \Pond Creek So 

uth Cell\Ky Determinacion\south ce11 uPstream revised - driving.PLT 
PROBLEM DESCRIPTION: Pond Creek, South Cell, Jiliandonrnent 

Post-Eq Upstream Analysis - Driving 
BOUNDARY COORDINATES 

4 Top Boundaries 
19 Total Boundaries 

Boundary X-Left Y-Left 
No. (ft) (ft) 

1 0.00 103.75 
2 27 6. 24 102.00 
3 296.24 102.00 
4 389.84 66.00 
5 0.00 101.75 
6 271. 04 100.00 
7 0.00 96.00 
8 260.64 96.00 
9 0.00 90.00 

10 245.04 90.00 
11 0.00 80.00 
12 219.04 80.00 
13 0.00 70.00 
14 193.04 70.00 
15 0.00 60.00 
16 167.04 60.00 
17 193.46 70 .16 
18 270.39 68.00 
19 341. 70 66.00 

Default Y-Origin = O.OO(ft) 
Default X-Plus Value= O.OO(ft) 
Default Y-Plus Value= O.OO(ft) 

ISOTROPIC SOIL PARAMETERS 
8 Type(s) of Soil 

X-Right 
(ft) 

276.24 
296. 24 
389.84 
400.00 
271.04 
276. 24 
2 60. 64 
271.04 
245.04 
2 60. 64 
219. 04 
245.04 
193. 04 
219.04 
167.04 
193.04 
270.39 
341.70 
389.84 

Soil Total Saturated Cohesion Friction 
Type Unit Wt. Unit Wt. Intercept Angle 

No. (pcf) (pcf) (psf) (deg) 
l 130.0 140.0 0.0 33.7 
2 80.0 90.0 0.0 0.0 
3 80.0 90.0 0.0 0.0 
4 80.0 90.0 0.0 0.0 
5 80.0 90.0 0.0 o.o 
6 130. 0 135.0 0.0 30.0 
7 130. 0 140.0 0.0 33.7 
8 125.0 135.0 400.0 19. 5 

1 PIEZOMETRIC SURF.Z\CE (S) SPECIFIED 
Unit Weight of Water= 62.40 (pcf) 
Piezornetric Surface No. 1 Specified by 
Pore Pressure Inclination Factor= 0.50 

Y-Right Soil Type 
(ft) Below Bnd 

102.00 6 
102.00 1 

66.00 l 
66.00 8 

100.00 7 
102.00 1 

96.00 2 
100.00 l 

90.00 3 
96.00 l 
80.00 4 
90.00 1 
70.00 5 
80.00 1 
60.00 8 
70.00 8 
68.00 8 
66.00 8 
66.00 8 

Pore Pressure Piez. 
Pressure Constant Surface 

Param. (psf) No. 
0.00 0.0 1 
0.00 0.0 1 
0.00 0.0 1 
0.00 0.0 1 
0.00 0.0 l 
0.00 0.0 1 
0.00 0.0 1 
0.00 0.0 1 

4 Coordinate PointsGO 
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Point 
No. 

1 
2 
3 
4 

X-Water 
(ft) 
0.00 

2 60. 64 
359.44 
400.00 

Y-Water 
(ft) 

99.00 
99.00 
64.00 
64.00 

P:south cell upstream revised - driving.OUT Page 2 

Searching Routine Will Be Limited To An Area Defined By 1 Boundaries 
Of Which The First 1 Boundaries Will Deflect Surfaces Upward 
Boundary X-Left Y-Left X-Right Y-Right 

No. (ft) (ft) (ft) (ft) 
1 0.00 58.00 400.00 58.00 

EARTHQUAKE DATA HAS BEEN SUPPRESSED 
A Critical Failure Surface Searching Method, Using A Random 
Technique For Generating Circular Surfaces, Has Been Specified. 

400 Trial Surfaces Have Been Generated. 
20 Surface(s) Initiate(s) From Each Of 20 Points Equally Spaced 

Along The Ground Surface Between X 50.00(ft) 
and X 200.00(ft) 

Each Surface Terminates Between X 270.00(ft) 
and X 300.00(ft) 

Unless Further Limitations Were Imposed, The Minimum Elevation 
At Which A Surface Extends Is Y = O.OO(ft) 
10.00(ft) Line Segments Define Each Trial Failure Surface. 
The Factor Of Safety For The Trial Failure Surface Defined 
By The Coordinates Listed Below Is Misleading. 
Failure Surface Defined By 25 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 50.00 103.43 
2 59.85 101.73 
3 69.73 100.17 
4 79.63 98.75 
5 89.55 97.48 
6 99.49 96.36 
7 109.44 95.39 
8 119.40 94.56 
9 129.38 93.87 

10 139.37 93.34 
11 149.36 92.95 
12 159.36 92.71 
13 169.36 92.62 
14 179.36 92.67 
15 189.35 92.87 
16 199.35 93.22 
17 209.34 93.71 
18 219.31 94.36 
19 229.28 95.15 
20 239.24 96.08 
21 249.18 97.17 
22 259.10 98.39 
23 269.01 99.77 
24 278.89 101.29 
25 283.09 102.00 

Factor Of Safety For The Preceding Specified Surface =-22.205 
The Factor Of Safety For The Trial Failure Surface Defined 
By The Coordinates Listed Below Is Misleading. 
Failure Surface Defined By 26 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 50.00 103.43 
2 59.58 100.56 
3 69.23 97.93 
4 78.93 95.53 
5 88.70 93.36 
6 98.51 91.44 
7 108.37 89.76 
8 118.26 88.32 
9 128.19 87.12 
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10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 

138.15 
148.12 
158 .11 
168 .11 
178 .11 
188.10 
198.09 
208.06 
218.01 
227.93 
237.82 
24 7. 67 
257.48 
267.23 
276.93 
286.57 
289.71 

86 .17 
85.45 
84.99 
84.76 
84.78 
85.05 
85.56 
86.31 
87.31 
88.55 
90.03 
91. 76 
93. 72 
95.93 
98.37 

101. 04 
102.00 

P:south cell upstream revised - driving.OUT Page 3 

Factor Of Safety For The Preceding Specified Surface =-10.349 
The Factor Of Safety For The Trial Failure Surface Defined 
By The Coordinates Listed Below Is Misleading. 
Failure Surface Defined By 24 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

l 50.00 103.43 
2 59.81 101.50 
3 69.66 99.75 
4 79.53 98.16 
5 89.43 96.74 
6 99.35 95.49 
7 109.29 94.42 
8 119.25 93.52 
9 129.23 92.79 

10 139.21 92.23 
11 149.20 91.85 
12 159.20 91.63 
13 169.20 91.60 
14 179.20 91.73 
15 189.19 92.04 
16 199.18 92.52 
17 209.16 93.17 
18 219.13 94.00 
19 229.08 94.99 
20 239.01 96.16 
?1 ?48.9? 97.51 
22 258.80 99.02 
23 268.66 100.70 
24 275.56 102.00 

Factor Of Safety For The Preceding Specified Surface =-17.555 
The Factor Of Safety For The Trial Failure Surface Defined 
By The Coordinates Listed Below Is Misleading. 
Failure Surface Defined By 27 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 50.00 103.43 
2 59.78 101.36 
3 69.60 99.44 
4 79.44 97.69 
5 89.31 96.09 
6 99.21 94.66 
7 109.13 93.39 
8 119.07 92.28 
9 129.02 91.34 

10 138.99 90.56 
11 148.97 89.94 
12 158.96 89.49 
13 168.96 89.20 
14 178.96 89.07 
15 188.96 89.10 
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16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 

198. 96 
208.95 
218.94 
228.91 
238.88 
248.82 
258.75 
268.66 
278.55 
288.41 
298.24 
299.87 

89.30 
89. 67 
90.20 
90.89 
91.74 
92. 76 
93.94 
95.28 
96.78 
98.45 

100.27 
100.60 
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Factor Of Safety For The Preceding Specified Surface =-16.036 
The Factor Of Safety For The Trial Failure Surface Defined 
By The Coordinates Listed Below Is Misleading. 
Failure Surface Defined By 26 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 50.00 103.43 
2 58.92 98.92 
3 68.02 94.77 
4 77.28 90.99 
5 86.68 87.58 
6 96.21 84.55 
7 105.85 81.90 
8 115.59 79.64 
9 125.42 77.77 

10 135.31 76.29 
11 145.25 75.21 
12 155.23 74.53 
13 165.22 74.25 
14 175.22 74.37 
15 185.21 74.89 
16 195.17 75.80 
17 205.08 77.12 
18 214.93 78.83 
19 224.71 80.93 
20 234.39 83.42 
21 243.97 86.30 
22 253.42 89.55 
23 262.74 93.19 
24 271.91 97.19 
25 280.90 101.55 
26 281.74 102.00 

Factor Of Safety For The Preceding Specified Surface =-31.135 
The Factor Of Safe~y For The Trial Failure Surface Defined 
By The Coordinates Listed Below Is Misleading. 
Failure Surface Defined By 25 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 50.00 103.43 
2 58.94 98.95 
3 68.05 94.82 
4 77.32 91.07 
5 86.73 87.68 
6 96.26 84.68 
7 105.91 82.06 
8 115.66 79.83 
9 125.49 77.99 

10 135.39 76.55 
11 145.33 75.50 
12 155.31 74.85 
13 165.31 74.60 
14 175.31 74.75 
15 185.29 75.30 
16 195.25 76.25 
17 205.16 77.60 
18 215.00 79.34 
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19 
20 
21 
22 
23 
24 
25 

224.77 
234.45 
244.02 
253.46 
262.76 
271.91 
280.31 

81. 4 7 
84.00 
86.90 
90.19 
93. 86 
97.89 

102.00 
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Factor Of Safety For The Preceding Specified Surface =-22.593 
The Factor Of Safety For The Trial Failure Surface Defined 
By The Coordinates Listed Below Is Misleading. 
Failure Surface Defined By 27 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 50.00 103.43 
2 59.65 100.81 
3 69.35 98.39 
4 79.10 96.18 
5 88.90 94.17 
6 98.74 92.37 
7 108.61 90.78 
8 118.51 89.39 
9 128.44 88.22 

10 138.40 87.25 
11 148.37 86.50 
12 158.35 85.95 
13 168.35 85.62 
14 178.35 85.50 
15 188.35 85.59 
16 198.34 85.89 
17 208.33 86.40 
18 218.30 87.12 
19 228.26 88.06 
20 238.20 89.20 
21 248.10 90.55 
22 257.98 92.11 
23 267.82 93.88 
24 277.63 95.86 
25 287.38 98.04 
26 297.10 100.43 
27 299.00 100.94 

Factor Of Safety For The Preceding Specified Surface =-17.636 
The Factor Of Safety For The Trial Failure Surface Defined 
By The Coordinates Listed Below Is Misleading. 
Failure Surface Defined By 24 \oorrl.inntE" Point.<:; 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 57.89 103.38 
2 67.21 99.76 
3 76.65 96.45 
4 86.19 93.45 
5 95.83 90.77 
6 105.54 88.42 
7 115.34 86.39 
8 125.19 84.68 
9 135.09 83.31 

10 145.04 82.26 
11 155.01 81.55 
12 165.01 81.17 
13 175.01 81.12 
14 185.00 81.40 
15 194.98 82.02 
16 204.94 82.97 
17 214.86 84.25 
18 224.73 85.86 
19 234.54 87.79 
20 244.28 90.05 
21 253.94 92.64 
22 263.51 95.54 
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23 
24 

272. 98 
281.55 

98. 76 
102.00 
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Factor Of Safety For The Preceding Specified Surface= -8.537 
The Factor Of Safety For The Trial Failure Surface Defined 
By The Coordinates Listed Below Is Misleading. 
Failure Surface Defined By 26 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

l 57.89 103.38 
2 67. 52 100.68 
3 77.21 98.21 
4 86. 95 95.95 
5 96. 75 93. 92 
6 106.58 92.11 
7 116.45 90.52 
8 126.36 89 .16 
9 136. 30 88.03 

10 146.26 87.13 
11 156.23 86. 45 
12 166.22 86. 00 
13 176. 22 85.78 
14 186.22 85.78 
15 196.22 86. 02 
16 206.21 86.48 
17 216.18 87.17 
18 226 .14 88.09 
19 236.07 89.23 
20 245.98 90.60 
21 255.85 92.20 
22 2 65. 68 94.02 
23 275.47 96.07 
24 285.21 98.34 
25 294.90 100.83 
26 297.43 101.54 

Factor Of Sa ety For The Preceding Specified Surface --16.882 
The Factor 0 Safety For The Trial Failure Surface Defined 
By The Coord na-;:es Listed Below Is Misleading. 
Failure Surface Defined By 25 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 57.88 103.38 
2 66. 76 98.76 
3 75.81 94.51 
4 85.04 90.64 
5 94.41 87.16 
6 103. 92 84.08 
7 113. 56 81. 39 
8 123.29 79.11 
9 133 .11 77.23 

10 143.01 75.77 
11 152.95 74. 71 
12 162.93 74.08 
13 172. 93 73.86 
14 182.93 74.06 
15 192. 91 74.67 
16 202.85 75.70 
17 212.75 77.14 
18 222.58 79.00 
19 232.32 81. 26 
20 241.95 83.92 
21 251. 4 7 86.99 
22 2 60. 8 6 90.45 
23 270.09 94.29 
24 279.15 98.52 
25 285.86 102.00 

Factor Of Safety For The Preceding Specified Surface=******* 
The Factor Of Safety For The Trial Failure Surface Defined 
By The Coordinates Listed Below Is Misleading. 
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Failure Surface Defined By 26 Coordinate Points 
Point X-Surf Y-Surf 
No. (ft) (ft) 

l 57.89 103.38 
2 67.17 99.64 
3 76.55 96.19 
4 86.04 93.04 
5 95.63 90.18 
6 105.29 87.62 
7 115.04 85.37 
8 124.85 83.43 
9 134.71 81.79 

10 144.62 80.46 
11 154.57 79.44 
12 164.55 78.73 
13 174.54 78.34 
14 184.54 78.26 
15 194.54 78.49 
16 204.52 79.03 
17 214.48 79.88 
18 224.42 81.05 
19 234.31 82.53 
20 244.15 84.31 
21 253.92 86.40 
22 263.63 88.80 
23 273.26 91.50 
24 282.80 94.50 
25 292.24 97.79 
26 299.71 100.66 

Factor Of Safety For The Preceding Specified Surface=******* 
The Factor Of Safety For The Trial Failure Surface Defined 
By The Coordinates Listed Below Is Misleading. 
Failure Surface Defined By 26 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 57.89 103.38 
2 67.14 99.58 
3 76.51 96.08 
4 85.98 92.87 
5 95.55 89.97 
6 105.21 87.38 
7 114.95 85.10 
8 124.75 83.13 
9 134.61 81.47 

10 144.52 80.13 
11 154.47 79.10 
12 164.44 78.40 
13 174.44 78.01 
14 184.44 77.94 
15 194.43 78.20 
16 204.42 78.77 
17 214.38 79.66 
18 224.30 80.86 
19 234.19 82.39 
20 244.02 84.22 
21 253.78 86.37 
22 263.48 88.84 
23 273.08 91.61 
24 282.60 94.68 
25 292.01 98.06 
26 299.15 100.88 

Factor Of Safety For The Preceding Specified Surface=******* 
The Factor Of Safety For The Trial Failure Surface Defined 
By The Coordinates Listed Below Is Misleading. 
Failure Surface Defined By 26 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 57.89 103.38 
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2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 

67.77 
77.66 
87.57 
97.50 

107.44 
117. 40 
127.36 
137. 34 
147.32 
157.31 
167. 31 
177. 30 
187.30 
197.30 
207.30 
217. 30 
227.29 
237.27 
247.25 
257.21 
267 .1 7 
277 .11 
287.04 
296.95 
299.62 

101. 80 
100.34 

99. 01 
97.80 
96. 72 
95.77 
94.94 
94.24 
93.67 
93.23 
92.91 
92.71 
92.65 
92.71 
92.90 
93.22 
93.66 
94.23 
94.93 
95.75 
96.70 
97.78 
98.98 

100.31 
100.70 

Factor Of Safety For The Preceding Specified Surface =-20.548 
The Factor Of Safety For The Trial Failure Surface Defined 
By The Coordinates Listed Below Is Misleading. 
Failure Surface Defined By 25 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

l 57.89 103.38 
2 66.88 99.00 
3 76.04 94.97 
4 85.34 91.32 

#?.######?.########### SOME LINES SKIPPED#################### 
Following Are Displayed The Ten Most Critical Of The Trial 
Failure Surfaces Evaluated. They Are 
Ordered - Most Critical First. 
**Safety Factors Are Calculated By The Modified Bishop Method** 
Total Number of Trial Surfaces Evaluated= 400 
Number of Trial Surfaces with Misleading FS 144 
Percentage of Trial Surfaces With Non-Valid FS Solutions 
of the 'I'otn.1 F,vnlnatAd = 36.0 % 
Statistical Data On All Valid FS Values: 

FS Max= 390.835 FS Min= 8.426 FS Ave= 29.886 
Standard Deviation= 46.769 Coefficient of Variation 

Failure Surface Specified By 25 Coordinate Points 
Point X-Surf Y-Surf 

No. (ft) (ft) 

1 89.47 103.18 
2 96.57 96.14 
3 104.14 89.61 
4 112.15 83.62 
5 120.57 78.22 
6 129.34 73.42 
7 138.43 69.25 
8 147.79 65.72 
9 157.37 62.87 

10 167.13 60.69 
11 177.02 59.21 
12 186.99 58.42 
13 196.99 58.34 
14 206.97 58.96 
15 216.88 60.28 
16 226.68 62.29 
17 236.31 64.98 
18 245.72 68.35 

156.49 ~ 
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19 254.88 72.37 
20 263. 73 77. 02 
21 272. 24 82.29 
22 280.35 88.13 
23 288.03 94.54 
24 295.24 101.46 
25 295.73 102.00 

Circle Center At X = 193 .18 ; y 200.50 and Radius 142. 22 
Factor of Safety 

*** 8.426 *** 
Individual data on the 41 slices 

Water Water Tie Tie Earthquake 
Force Force Force Force Force Surcharge 

Slice Width Weight Top Bot Norm Tan Hor Ver Load 
No. (ft) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) 

1 2.0 266.4 o.o o.o 0. 0. 0.0 0.0 0.0 
2 2.2 871.5 o.o 0.0 0. 0. 0.0 o.o 0.0 
3 2.9 2132. 6 0.0 363 .1 0. 0. o.o 0.0 0.0 
4 0.2 149.9 0.0 38.2 0. 0. 0.0 0.0 0.0 
5 7.0 8522.5 0.0 3439.7 0. 0. 0.0 0.0 0.0 
6 0.5 690.7 0.0 346. 7 0. 0. 0.0 0.0 0.0 
7 8.0 14368.7 0.0 7728. 8 0. 0. 0.0 0.0 0.0 
8 5.6 12519.1 0.0 7189. 6 0. 0. o.o 0.0 0.0 
9 2.8 6822.4 0.0 4092.0 0. o. 0.0 0.0 0.0 

10 8.8 24133.2 o.o 14465.5 0. 0. 0.0 0.0 0.0 
11 7.4 23188.6 0.0 13952.9 0. 0. o.o 0.0 0.0 
12 1. 6 5415.3 0.0 3311. 8 0. o. 0.0 0.0 0.0 
13 9. 4 32625.3 o.o 19665.4 0. 0. 0.0 0.0 0.0 
14 9.6 36083.9 0.0 21655.7 0. 0. 0.0 0.0 0.0 
15 9.8 38883.1 0.0 23225.8 0. o. 0.0 0.0 0.0 
16 1.2 5010.3 0.0 2971.6 0. 0. 0.0 0.0 0.0 
17 8.7 36837.6 0.0 21396. 3 0. 0. 0.0 0.0 0.0 
18 10.0 45327.4 0.0 25076.4 0. 0. 0.0 0.0 0.0 
19 6.0 28647.7 0.0 15329.2 0. 0. 0.0 0.0 0.0 
20 0.4 2037.3 0.0 1064.9 0. 0. 0.0 0.0 0.0 
21 3.5 17051. 7 0.0 8953.6 0. 0. 0.0 0.0 0.0 
22 10.0 49067.6 0.0 25180.6 0. 0. 0.0 0.0 0.0 
23 9.9 49264.0 0.0 24575.7 0. 0. 0.0 0.0 0.0 
24 2.2 10703.5 0.0 5290.0 0. 0. 0.0 0.0 0.0 
25 7.6 37565.5 0.0 18246.3 0. o. 0.0 0.0 0.0 
26 9.6 46127.0 0.0 22067.3 0. 0. 0.0 0.0 0.0 
27 8.7 39883.1 0.0 18779.2 0. 0. o.o 0.0 0.0 
28 0.7 3032.8 0.0 1396. 8 0. 0. 0.0 0.0 0.0 
29 0.7 3232.B 0.0 1525.7 0. 0. 0.0 0 0 0.0 
30 8.4 35428.8 0.0 16346.2 o. 0. 0.0 0.0 o.o 
31 5.8 22263.7 0.0 10196. 2 0. 0. 0.0 0.0 0.0 
32 3.1 11056. 8 0.0 4580.0 0. 0. 0.0 o.o 0.0 
33 1.0 3298.4 o.o 1367. 8 0. 0. 0.0 0.0 0.0 
34 6.3 19528.5 0.0 7405.3 0. 0. o.o 0.0 0.0 
35 1. 2 3276.4 0.0 1093.1 0. 0. o.o 0.0 0.0 
36 4.0 9912.6 0.0 3040.5 0. 0. 0.0 0.0 0.0 
37 4.1 8432.6 0.0 1818.3 0. 0. 0.0 0.0 0.0 
38 3.3 5376.9 0.0 487.5 0. 0. 0.0 0.0 0.0 
39 4.4 5332.8 0.0 0.0 0. 0. 0.0 0.0 0.0 
40 7.2 3750.3 0.0 0.0 0. o. 0.0 0.0 o.o 
41 0.5 16.9 0.0 0.0 0. 0. 0.0 0.0 o.o 

Failure Surface Specified By 24 Coordinate Points 
Point X-Surf Y-Surf 
No. (ft) (ft) 

1 89.47 103.18 
2 96. 55 96.11 
3 104 .11 89.57 
4 112 .12 83.59 
5 120.55 78.20 
6 129.34 73.43 
7 138. 4 4 69.30 
8 147.83 65.85 
9 157.43 63.07 
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10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

167.22 
177.12 
187.10 
197.10 
207.07 
216.96 
226. 71 
236.28 
245.61 
254.67 
2 63. 3 9 
271. 7 4 
279.67 
287.15 
291.63 

60. 99 
59. 62 
58.97 
59.04 
59.83 
61.33 
63.54 
66.44 
70.03 
7 4. 27 
79.16 
84. 67 
90.75 
97.40 

Circle Center At X = 
Factor of Safety 

102.00 
191.11 

*** 8.571 *** 
Failure Surface Specified By 24 

Point X-Surf Y-Surf 
No. (ft} (ft) 

1 97.37 103.13 
2 104.44 96. 06 
3 112.02 89. 54 
4 120.06 83.59 
5 128.51 78.25 
6 137.34 73.55 
7 146.49 69.51 
8 155.91 66.16 
9 165. 55 63.51 

10 175.36 61. 59 
11 185.29 60. 39 
12 195. 28 59.93 
13 2 05. 2 8 60.20 
14 215. 2 3 61. 22 
15 225.07 62. 96 
16 234. 7 6 65.43 
17 244.24 68.61 
18 2 53. 4 7 72. 48 
19 2 62. 38 77.01 
20 270.93 82.20 
21 279.07 88.00 
22 286.77 94.38 
23 2 93. 97 101. 32 
24 294.58 102.00 

Circle Center At X = 196.51 
Factor of Safety 

*** 8.652 *** 
Failure Surface Specified By 25 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 81.58 103.23 
2 88.68 96.19 
3 96.25 89.66 
4 104.27 83.68 
5 112. 68 78.27 
6 121.45 73. 4 6 
7 130. 53 69.28 
8 139. 88 65.74 
9 149.46 62. 86 

10 159.21 60.66 
11 169.10 59.14 
12 179.06 58.32 
13 189.06 58.20 
14 199.04 58.77 
15 208.96 60.04 
16 218.77 62. 00 
17 228. 41 64.64 

y 197.72 and Radius 138.80 

Coordinate Points 

y 195.25 and Radius 135.33 

Coordinate Points 
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18 
19 
20 
21 
22 
23 
24 
25 

Circle 

237.85 67.95 
247.03 71. 91 
255. 92 76. 50 
2 64. 4 6 81. 70 
272.62 87.48 
280.35 93.82 
2 87. 62 100.69 
288.83 102.00 

Center At X = 185.83 
Factor of Safety 

*** 8.787 *** 
Failure Surface Specified By 23 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 105.26 103.08 
2 112.34 96.02 
3 119.93 89.51 
4 127.99 83.59 
5 136. 4 6 78.28 
6 145.31 73.62 
7 154.48 69. 63 
8 163. 93 66.35 
9 173.59 63.77 

10 183.42 61. 93 
11 193.36 60.83 
12 203.35 60.47 
13 213.35 60. 86 
14 223.28 61. 99 
15 233.10 63.87 
16 242.76 66.47 
17 252.19 69.79 
18 2 61. 35 73.81 
19 270.18 78.49 
20 278. 64 83.83 
21 286.68 89.78 
22 294.25 96.32 
23 298.89 100.98 

Circle Center At X ~ 203.14 
Factor of Safety 

*** 8.859 **~ 
Failure 

Point 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

Surface Specified By 23 
X-Surf Y-Surf 

(ft) (ft) 
105.26 103.08 
112.35 96.02 
119.95 89.53 
128.02 83.63 
136.52 78.36 
145.40 73.75 
154.60 69.83 
164.07 66.63 
173.76 
183.61 
193.56 
203.56 
213.54 
223.46 
233.24 
242.84 
252.20 
261. 27 
269.98 
278.30 
286.16 
293.54 
296. 25 

64.16 
62. 43 
61.46 
61.25 
61. 80 
63.11 
65.17 
67.97 
71. 49 
75.72 
80.62 
86.18 
92.35 
99.10 

Circle Center At X = 
Factor of Safety 

102.00 
201. 33 

y 201.25 and Radius 143.09 

Coordinate Points 

y 194 .1 7 and Radius 133.70 

Coordinate Points 

y 192.41 and Radius 131.18 
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8.885 *** 
Failure Surface Specified By 25 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 81. 58 103.23 
2 88.99 96.52 
3 96.80 90.28 
4 105.00 84.55 
5 113. 54 7 9. 35 
6 122.39 74.69 
7 131. 52 70.61 
8 140.89 67 .11 
9 150.46 64.21 

10 160. 19 61. 92 
11 170.05 60.24 
12 179.99 59.20 
13 189.99 58.78 
14 199.98 59.00 
15 209.95 59.84 
16 219.84 61. 31 
17 229.62 63.41 
18 239.24 66.12 
19 248.68 69.43 
20 257.89 73.33 
21 266.83 77.80 
22 275.47 82.83 
23 283.78 88.39 
24 291. 72 94.47 
25 299 .11 100.90 

Circle Center At X = 191. 58 
Factor of Safety 

*** 8.965 *** 
Failure Surface Specified By 24 

Point X-Surf Y-Surf 
No. (ft) (ft) 

l 89.47 103.18 
2 96.59 96.15 
3 104.19 89.66 
4 112. 25 83.75 
5 120.73 78.43 
6 129.56 73.75 
7 138. 72 69.73 
8 148 .14 66.39 
9 157. 79 63.74 

10 167. 60 61.81 
11 177. 53 60.60 
12 187.51 60.12 
13 197.51 60.37 
14 207.46 61. 34 
15 217.32 63.05 
16 227.02 65.46 
17 236. 52 68.58 
18 245.77 72.39 
19 254. 71 76.86 
20 263.31 81. 98 
21 271. 50 87.70 
22 279.26 94.01 
23 286.54 100.87 
24 287.57 102.00 

Circle Center .~t X = 189.08 
Factor of Safety 

*** 8.990 *** 
Failure 

Point 
No. 

1 
2 
3 

Surface Specified By 24 
X-Surf Y-Surf 

(ft) (ft) 
97.37 103.13 

104.65 96.28 
112.40 89.95 

Coordinate Points 

y 217.09 and Radius 158.31 

Coordina,:e Points 

y 196. 82 and Radius 136.71 

Coordinate Points 
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4 120.57 84.19 
5 129.12 79. 01 
6 138.02 74.45 
7 147.21 70.52 
8 156.66 67.24 
9 166.32 64.64 

10 176.13 62.72 
11 186.06 61.50 
12 196.04 60.97 
13 206.04 61.15 
14 216.00 62.03 
15 225.88 63.61 
16 235.62 65.87 
17 245.18 68.81 
18 254.50 72. 42 
19 263.55 76. 67 
20 272.28 81. 55 
21 280.65 87.03 
22 288.61 93.08 
23 296 .12 99. 68 
24 297.82 101.39 

Circle Center At X = 198.47 y 203.21 and Radius 142.26 
Factor of Safety 

*** 9.108 *** 
Failure Surface Specified By 24 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 81. 58 103.23 
2 88.66 96.17 
3 96.23 89. 64 
4 104.25 83.66 
5 112. 67 78.28 
6 121. 4 7 73.52 
7 130. 58 69.40 
8 139. 97 65. 95 
9 149.58 63.18 

10 159.36 61. 11 
11 169.27 59.75 
12 179.25 59.11 
13 189.25 59.18 
14 199.21 59.98 
15 209.10 61. 48 
16 218.85 63.70 
17 228.42 66.61 
18 237.75 70.20 
19 246.80 74.45 
20 255.52 79.35 
21 2 63. 8 7 84.85 
22 271. 80 90.95 
23 279.27 97.60 
24 283.55 102.00 

Circle Center At X - 183.15 y 197.89 and Radius 138. 84 
Factor of Safety 

*** 9.115 *** 
**** END OF GSTABL7 OUTPUT**** 
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CALCULATION BRIEF 
FOR 

AND FACTOR OF SAFETY AGAINST LIQUEFACTION 
FOR THE DOWNSTREAM AND UPSTREAM SLOPE GEOMETRIES 

POND CREEK COAL REFUSE DISPOSAL SITE - SOUTH POND 

OBJECTIVE: To determine the factor of safety against liquefaction (FL) for the Pond 
Creek - South Pond Phase 2 abandonment embankment and impoundment 
using the undrained steady-state shear strengths (Sus) determined for the 
impounded fine coal refuse. 

METHODOLOGY: Use GSTABL limit equilibrium analyses and fine coal refuse Sus values to 
determine FL for the Pond Creek - South Pond Phase 2 abandonment 
embankment for both downstream and upstream critical failure surfaces. 

REFERENCES: 

1. Gregory, P.E., Garry H., "GSTABL7 with STEDwin Slope Stability 
Analysis System, Version 2.0," dated September 2001. 

2. Civil & Environmental Consultants, Inc. Calculation, "Calculation 
Brief for Determination of Downstream and Upstream In-Situ Driving 
Shear Stress by Elastic (GStabl) Solution," Pond Creek Coal Refuse 
Disposal Site - South Pond," BEG, 7 /12/08. 

3. Civil & Environmental Consultants, Inc. Calculation, "Calculation 
Brief for Estimation and Summary of Engineering Properties Including 
Peak and Steady-State Undrained Shear Strengths For Refuse and 
Subgrade Materials, Pond Creek Coal Refuse Disposal Site - South 
Pond," BEG, 7/12/08. 

4. Poulos, S.J., Castro, G., and France, J.W. (1985a) "Liquefaction 
Evaluation Procedure," Journal of the Geotechnical Engineering 
Division, ASCE, Vol. 111, No. GT6, pp. 772-792. 
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ANALYSIS: 

The Illinois Department of Natural Resources (IDNR) has required that the evaluation of the 
abandonment condition for the South Pond address the following issues: 

1. The classification of the existing condition of the impounded material with respect to its 
fluid nature; and 

2. The liquefaction potential of the impounded material and the related stability of the 
containing dam. 

Post-earthquake factors of safety against a liquefaction flow failure (FL) were calculated using 
steady-state principles and the Phase 2 upstream and downstream embankrnent/impoundment 
conditions. Following the estimation of in-situ driving shear stresses for Phase 2, the average 
vertical effective stress along the critical failure surface and various fine coal refuse "micro" 
layers was calculated. The cr'v values were determined at various stations at layer boundary 
locations shown in Figure 1. Sus values were then estimated by multiplying the in-situ average 

cr'v for each layer by the 0.24 ratio. Figure 1 presents the Sus values estimated for each fine coal 
refuse layer used in the downstream post-earthquake stability analyses. 

The following soil properties were estimated based on previous field and laboratory testing as 
well as current fine coal refuse testing for use in the various post-earthquake liquefaction slope 
stability analyses: 

s ummarvo fE n!!meerm1 p f roper 1es 
Total Unit Saturated Unit Effective Effective 

Weight Weight Friction, Cohesion 
Material (yt) (ys) (<I>') (c') 

Tvoe (pcO (pcO (de!!) (osO 
Coarse Refuse 130 140 33.7 0 
Fine Refuse 80 90 0 200 to 276 

Residual Soil 125 130 19 4000 
Soil Cao 130 1135 30 0 

Note: Refuse properties provided by Alliance Consulting, Inc. based on laboratory testing and/or 
literature values noted in the Alliance static/seismic slope stability analyses. 
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Using the impoundment geometry shown in Figure 1, a series of GSTABL7 analyses were 
performed to identify the most critical circular failure surface passing through the Stage 2 
impoundment for both the downstream and upstream (abandonment) conditions. The range of 
starting and ending points for failure circle generation were iteratively analyzed to evaluate the 
critical failure surface and included the entire impoundment surface. The drained strengths of the 
coarse and total strength of the residual soil described above were used while the cohesion values 
for the fine coal refuse layers were modeled using the steady-state to effective stress relationship 
determined in Ref. 2 to estimate a factor of safety of against liquefaction. 

The minimum safety factor against liquefaction in the downstream direction for this critical stage 
is 1.6, and in the upstream direction, the minimum FL is 8. These results are based on a site

specific steady-state shear strength to effective stress relationship (Sus= 0.24 cr'v), which relates 
the shear strength of slurry fine coal refuse samples with the estimated vertical effective 
overburden pressure above the fine coal refuse layers. The following table presents the results of 
the downstream and upstream post-earthquake stability analyses. GSTABL output files are 
presented in Appendix C for the South Pond Phase 2 impoundment. 

Top of Top of Driving Shear Stress Factor of 
Phase2 Fines Cap in Fine Coal Refuse Safety Against 

Abandonment Elevation Elevation<!) ('t"d) Liquefaction 
(Crest El. 502 ft) (ft) (ft) (psf) (dim) 

Downstream 496 502 0 1.6 
Upstream 

496 502 0 
8.4 

(I) Cap mcludes 4-foot coarse refuse and 2-foot s01l cover layer above top of fines elevation. Soil cover 
sloped at one percent to maintain positive drainage. 

Poulos, et al (1985) states a soil mass susceptible to liquefaction will only experience a 
liquefaction failure when a sufficiently large triggering event, such as an earthquake, causes the 
strength of the soil to decrease to the undrained steady-state strength. Conversely, a soil mass 
unsusceptible to liquefaction physically cannot fail by liquefaction since the minimum undrained 
strength exceeds the in-situ driving shear stress along the critical failure surface. 
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CONCLUSION: 

CEC has completed an evaluation of the liquefaction susceptibility of the proposed Pond Creek 
South Pond (Phase 2) abandonment geometry. Based on the information presented in this 
calculation brief, CEC determined that the Pond Creek - Phase 2 abandonment geometry is not 
susceptible to a liquefaction (flow) failure. This conclusion is based on the characterization of 
the fine coal refuse, peak and steady-state undrained shear strength, shear strains, in-situ driving 
shear stresses through the fine coal refuse and adequate factor of safety against post-earthquake 
liquefaction susceptibility in both the upstream and downstream directions. 
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GSTABL OUTPUT-FACTOR OF SAFETY AGAINST LIQUEFACTION 

STABILITY ANALYSIS OUTPUT FILES 
DOWNSTREAM AND UPSTREAM CONDITIONS 
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Pond Creek, South Cell, Abandonment Post-Eq Downstream Analysis 
p:\_2007 _projects\072-046 williamson energy\gstabl\pond creek south cell\ky determination\south cell downstream revised.pl2 

250 
11 

- - - _::__ - ;- - I I 
Run By: Michael J . Sheleheda, P.E. 7/16/2008 11 :38AM 

' I # FS I Soil Soil Total Saturated Cohesion Friction Piez. · 
1 ; a 1.631 11 Desc. Type Unit Wt. Unit Wt. Intercept Angle Surface 

; b 1.635 1 No. (pcf) (pcf) (psf) (deg) No. 

I 
c 1.637 , CCR 1 130.0 140.0 0.0 33.7 W1 
d 1.639 11 FCR-1 2 80.0 90.0 200.0 0.0 W1 

, e 1.640 ; FCR-2 3 80.0 90.0 234.0 0.0 W1 
f 1.646 11 FCR-3 4 80.0 90.0 255.0 0.0 W1 

200 1 I g 1.649 ' FCR-4 5 80.0 90.0 276.0 0.0 W1 1 
• i h 1.6501 SOIL CAP 6 130.0 135.J 0.0 30.0 W1 I , i 1.650 CCR CAP 7 130.0 140.0 0.0 33.7 W1 
i · . :i __ ORIG _ 8 _ 12_:5.0 135.0 _ 4~-~ - 19.5 W1 
I - -

150 1 
I 
I 

I 

I 
100 I 

I 
I 
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Safety Factors Are Calculated By The Modified Bishop Method 
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*** GSTABL7 *** 
** GSTABL7 by Garry H. Gregory, P.E. ** 

~* Original Version 1.0, January 1996; Current Version 2.003, June 2002 ** 
(All Rights Reserved-Unauthorized Use Prohibited) 

************************************~******************************************** 
SLOPE STABILITY ANALYSIS SYSTEM 

Modified Bishop, Simplified Janbu, or GLE Method of Slices. 
(Includes Spencer & Morgenstern-Price Type Analysis) 
Including Pier/Pile, Reinforcement, Soil Nail, Tieback, 
Nonlinear Undrained Shear Strength, Curved Phi Envelope, 
Anisotropic Soil, Fiber-Reinforced Soil, Boundary Loads, Water 
Surfaces, Pseudo-Static & Newmark Earthquake, and Applied Forces. 

********************************************************************************* 
Analysis Run Date: 7/16/2008 
Time of Run: 11:38AM 
Run By: Michael J. Sheleheda, P.E. 
Input Data Filename: P:\ 2007 Projects\072-046 Williamson Energy\GStabl\Pond Cree 

k South Cell\Ky Determination\south cell downstream revised.in 
Output Filename: P:\ 2007 Projects\072-046 Williamson Energy\GStabl\Pond Cree 

k South Cell\Ky Deterrnination\south cell downstream revised.OUT 
Unit System: English 
Plotted Output Filename: P:\ 2007 Projects\072-046 Willia Energy\GStabl\Pond Creek So 

uth Cell\Ky Determination\south ce11 d0wnstream revised.PLT 
PROBLEM DESCRIPTION: Pond Creek, South Cell, Abandonment 

Post-Eq Downstream Analysis 
BOUNDARY COORDINATES 

4 Top Boundaries 
17 Total Boundaries 

Boundary X-Left Y-Left X-Right Y-Right Soil Type 
No. (ft) (ft) (ft) (ft) Below Bnd 

1 SO.DO 66.00 159.40 66.00 8 
2 159.40 66.00 253.00 102.00 1 
3 253.00 102.00 273.00 102.00 1 
4 273.00 102.00 450.00 103.75 6 
5 273.00 102.00 278.20 100.00 1 
6 278.20 100.00 450.00 101. 7 5 7 
7 278.20 100.00 288.60 96.00 1 
8 288.60 96.00 450.00 96.00 2 
9 288.60 96.00 304.20 90.00 1 

10 304.20 90.00 450.00 90.00 3 
11 304.20 90.00 330.20 80.00 1 
12 330.20 80.00 450.00 80.00 4 
13 330.20 80.00 356.20 70.00 1 
14 356.20 70.00 450.00 70.00 5 
15 l.S9.40 66.00 356.20 70.00 8 
16 356.20 70. 00 382.20 60.00 8 
17 382.20 60.00 450.00 60.00 8 

Default Y-Origin = 0.00(ft) 
Default X-Plus Value - O.OO(ft) 
Default Y-Plus Value= O.OO(ft) 

ISOTROPIC SOIL PARAMETERS 
8 Type (s) of Soil 

Soil Total Saturated Cohesion Friction Pore Pressure Piez. 
Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface 

No. (pcf) (pcf) (psf) (deg) Pararn. (psf) No. 
1 130. 0 140.0 0.0 33.7 0.00 0.0 1 
2 80.0 90.0 200.0 0.0 0.00 o.o l 
3 80.0 90.0 234.0 0.0 0.00 0.0 1 
4 80.0 90.0 255.0 0.0 o.oo 0.0 1 
5 80.0 90.0 276. 0 0.0 0.00 0.0 1 
6 130.0 135.0 0.0 30.0 0.00 0.0 1 
7 130. 0 140.0 0.0 33.7 0.00 0.0 1 
8 125.0 135.0 400.0 19.5 o.oo 0.0 1 

1 PIEZOMETRIC SURFACE (S) SPECIFIED 
Unit Weight of Water= 62.40 (pcf) 
Piezornecric Surface No. 1 Specified by 4 Coordinate Points 
Pore Pressure Inclination Factor 0.50 

Point X-Water Y-Water 
No. (ft) (ft) 
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1 
2 
3 
4 

50.00 
182.00 
280.80 
450.00 

64.00 
64.00 
99.00 
99.00 

Searching Routine Will Be Limited To An Area Defined By l Boundaries 
Of Which The First 1 Boundaries Will Deflect Surfaces Upward 
Boundary X-Left Y-Left X-Right Y-Righc 

No. (ft) (ft) (ft) (ft) 
1 50.00 50.00 450.00 58.00 

EARTHQUAKE DATA HAS BEEN SUPPRESSED 
A Critical Failure Surface Searching Method, Using A Random 
Technique For Generating Circular Surfaces, Has Been Specified. 

400 Trial Surfaces Have Been Generated. 
20 Surface(s) Initiate(s) From Each Of 20 Points Equally Spaced 

Along The Ground Surface Between X 125.00(ft) 
and X 170.00{ft) 

Each Surface Terminates Between X 240.00{ft} 
and X 450.00{ft) 

Unless Further Limitations Were Imposed, The Minimum Elevation 
At Which A Surface Extends Is Y = O.OO(ft) 
10.00{ft) Line Segments Define Each Trial Failure Surface. 
Following Are Displayed The Ten Most Critical Of The Trial 

Failure Surfaces Evaluated. They Are 
Ordered - Most Critical First. 
**Safety Factors Are Calculated By The Modified Bishop Method* * 
Total Number of Trial Surfaces Evaluated 400 
Statistical Data On All Valid FS Values: 

FS Max= 3.307 FS Min= 1.631 FS Ave= 1.968 
Standard Deviation= 0.303 Coefficient of Variation 15.41 % 

Failure Surface Specified By 17 Coordinate Points 
Point X-Surf Y-Surt 
No. (ft) (ft) 

1 146.32 66.00 
2 155.23 61.48 
3 164.58 57.91 
4 174.24 55.34 
5 184.12 53.79 
6 194.11 53.29 
7 204.09 53.83 
8 213.97 55.41 
9 223.62 58.01 

10 232.95 61.61 
11 241.86 66.16 
12 250.23 71.62 
13 258.00 77.93 
14 265.06 85.01 
15 271.34 92.79 
16 276.78 101.18 
17 277.21 102.04 

Circle Center At X = 193.95 Y 148.86 and Radius 95.57 
Factor of Safety 

*** 1.631 *** 
Individual data on the 25 slices 

Water Water Tie Tie Earthquake 
Force Force Force Force Force Surcharge 

Slice Width Weight Top Bot Norm Tan Hor Ver Load 
No. {ft) (lbs) {lbs) (lbs) (lbs) (lbs) (lbs) {lbs) (lbs) 

1 3.9 492.9 0.0 0.0 0. 0. 0.0 0.0 0.0 
2 5.0 2091. l 0.0 439.1 0. 0. 0.0 0.0 0.0 
3 4.2 2907.5 0.0 923. 3 0. 0. 0.0 0.0 o.o 
4 5.2 5528.1 o.o 1764.0 0. 0. 0.0 0.0 0.0 
5 9.7 16864.l 0.0 4602.1 o. o. 0.0 0.0 0.0 
6 7.8 18896.4 0.0 4542.l 0. 0. 0.0 0.0 0.0 
7 2.1 5903.1 0.0 1317. 2 0. 0. 0.0 0.0 0.0 
8 5.2 15841.2 0.0 3719. 4 0. 0. 0.0 o.o 0.0 
9 4.7 15746.5 0.0 3929.0 0. o. 0.0 0.0 0.0 

10 10.0 36868.6 0.0 9722. 8 0. 0. 0.0 0.0 o.o 
11 9.9 40271. 4 0.0 11170.8 0. 0. 0.0 0.0 0.0 
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12 9.7 41681.5 0.0 11976.2 0. 0. 0.0 0.0 0.0 
13 9.3 41104.8 0.0 12130.5 0. 0. 0.0 0.0 0.0 
14 8.9 38666.4 0.0 11631.9 0. 0. 0.0 0.0 0.0 
15 2.4 10150.9 0.0 3151.2 0. o. 0.0 o.o 0.0 
16 6.0 24396. 6 0.0 7334.6 0. 0. 0.0 0.0 0.0 
17 2.8 10743.4 0.0 3341. 8 0. 0. 0.0 0.0 0.0 
18 5.0 17622.9 0.0 5363.1 0. 0. 0.0 0.0 0.0 
19 7 .1 19563.0 0.0 6308.5 0. 0. 0.0 o.o 0.0 
20 6.3 11036.7 0.0 3322.9 0. 0. 0.0 0.0 0.0 
21 1. 7 1740.8 0.0 337.3 o. 0. 0.0 0.0 0.0 
22 0.7 592.2 0.0 35.9 0. 0. 0.0 0.0 0.0 
23 2.7 1206.0 0.0 0.0 0. 0. 0.0 0.0 0.0 
24 0.3 47.3 0.0 0.0 0. 0. 0.0 0.0 0.0 
25 0. 4 24.4 0.0 0.0 0. 0. 0.0 0.0 0.0 

Failure Surface Specified By 16 Coordinate Points 
Point X-Surf Y-Surf 

No. (ft} (ft} 
1 148.68 66.00 
2 157.67 61.62 
3 167.07 58.21 
4 176.78 55. 79 
5 186.68 54.41 
6 196. 68 54.08 
7 206.65 54.79 
8 216.50 56.54 
9 226.10 59.31 

10 235.37 63.08 
11 244.19 67. 80 
12 252. 4 6 73.41 
13 260 .11 79.86 
14 267. 03 87.07 
15 273.16 94. 97 
16 277.55 102.04 

Circle Center At X = 194.87 y 149.27 and Radius 95.22 
Factor of Safety 

*** 1.635 '*' 
Failure Surface Specified By 16 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft} (ft} 

1 146.32 66.00 
2 155.28 61.56 
3 164. 66 58.10 
4 174.36 55.67 
5 184.26 54.?R 
6 194.26 53.95 
7 204.23 54.70 
8 .214.07 56.50 
9 223.65 59.34 

10 232.88 63.19 
11 241.65 67. 99 
12 249.86 73.71 
13 257.41 80.27 
14 264.21 87.59 
15 270.20 95.60 
16 274.00 102.01 

Circle Center At X = 192.27 y 147.41 and Radius 93.48 
Factor of Safety 

*** 1.637 *** 
Failure Surface Specified By 17 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft} (ft} 

1 141. 58 66.00 
2 150.50 61. 49 
3 159.84 57.91 
4 169.50 55.31 
5 179.37 53. 71 
6 189.35 53.12 
7 199.34 53.56 
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8 209.24 55.02 
9 218.93 57.48 

10 228.32 60.91 
11 237.31 65.29 
12 245.81 70.56 
13 253. 72 7 6. 68 
14 260.97 83.57 
15 267. 4 7 91.16 
16 273.17 99.38 
17 27 4. 62 102.02 

Circle Center At X = 190.08 
Factor of Safety 

*** 1.639 *** 
Failure Surface Specified By 16 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 151.05 66.00 
2 159.86 61.27 
3 169.18 57. 62 
4 178.85 55 .11 
5 188.76 53. 77 
6 198. 7 6 53.61 
7 208. 71 54.65 
8 218.46 56.86 
9 227. 88 60.22 

10 236.83 64.67 
11 245.19 70.16 
12 252.84 76.60 
13 259. 67 83.91 
14 265.58 91. 97 
15 270. 49 100.69 
16 271.03 102.00 

Circle Center At X - 195.05 
Factor of Safety 

*** 1.640 *** 
Fctllu.t.e Su.t. rac:e Specified By 16 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 148.68 66. 00 
2 157.44 61.17 
3 166.72 57.45 
4 176.39 54.89 
5 186.30 53.54 
6 196.30 53.4\ 
7 206. 24 54.51 
8 215.96 56.82 
9 225.34 60.31 

10 234.21 64.91 
11 242.46 70.58 
12 249.94 77.20 
13 256.56 84.70 
14 2 62. 21 92.95 
15 266.80 101. 84 
16 2 66. 8 6 102.00 

Circle Center At X = 192.33 
Factor of Safety 

*** 1. 64 6 *** 
Failure Surface Specified By 16 

Point X-Surf Y-Surf 
No. (ft) (ft) 

l 148.68 66.00 
2 157.85 61. 99 
3 167. 3 6 58.90 
4 177.13 56.77 
5 187. 0 6 55.60 
6 197.06 55. 41 
7 207.02 56.21 
8 216.87 57.98 

P:south cell downstream revised.OUT Page 4 

y 150.88 and Radius 97. 76 

Coordinate Points 

y 137.31 and Radius 83.79 

Coordinate Points 

y 134.71 and Radius 81. 40 

Coordinate Points 
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9 226.49 60. 71 
10 235.79 64.37 
11 244.69 68.93 
12 253.10 74. 34 
13 260.94 80.55 
14 268 .13 87.50 
15 274.60 95.13 
16 279.40 102.06 

Circle Center At X = 193.94 y 156.89 and Radius 101.54 
Factor of Safety 

*** 1.649 *** 
Failure Surface Specified By 18 Coordinate Points 

Point x-surf Y-Surf 
No. (ft} (ft) 

1 139.21 66. 00 
2 148.34 61. 92 
3 157.78 58.61 
4 167.46 56.10 
5 177. 31 54.41 
6 187.2B 53.55 
7 197.28 53.53 
8 207.24 54.34 
9 217 .11 55.98 

10 226.80 58.44 
11 236.25 61.70 
12 245.40 65.73 
13 254.18 70.52 
14 262.53 76.03 
15 270.39 82.21 
16 277.71 89.03 
17 284.43 96.43 
18 288.81 102.16 

Circle Center At X = 192.55 y 172.86 and Radius 119.43 
Factor of Safety 

*** 1.650 *** 
Failure 

Point 
No. 

1 

Surface Specified ny 15 Coordinate Points 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

Circle 

X-Surf Y-Surf 
(ft) (ft) 

151.05 66.00 
159.94 61.41 
169.32 57.95 
179.05 55.66 
189.00 54.59 
198.99 54.75 
208.90 56.14 
218.56 58.73 
227.82 62.50 
236.55 67.37 
244.62 73.28 
251.90 80.13 
258.28 87.83 
263.67 96.26 
266.41 102.00 

Center At X - 192.70 
Factor of Safety 

*** 1.650 *** 
Failure Surface Specified By 17 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 141.58 66.00 
2 150.68 61. 85 
3 160 .14 58.60 
4 169.86 56.27 
5 179.76 54.89 
6 189.76 54.47 
7 199. 7 4 55.01 
8 209.63 56.50 
9 219.33 58.94 

y 135.70 and Radius 81.20 

Coordinate Points 
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10 228.75 62.30 
11 237.80 66.55 
12 246.40 71. 65 
13 254.47 77.56 
14 261. 94 84.21 
15 268.73 91.55 
16 274.78 99.51 
17 276.34 102.03 

Circle Center At X - 189.16 y 158.37 and Radius 103.91 
Factor of Safety 

*** 1.653 *** 
**** END OF GSTABL7 OUTPUT**** 

( 
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Pond Creek, South Cell, Abandonment Post-Eq Upstream Analysis 
p:\ 2007 _projects\072-046 williamson energy\gstabl\pond creek south cell\ky determination\south cell upstream revised.pl2 

250 - l : , -
1 

Run By: Michael J. Sheleheda, P.E. 7/16/2008 11 :43AM 

# FS 1, Soil Soil Total Saturated Cohesion Friction Piez. I 
i a 9.48611 Desc. Type Unit Wt. Unit Wt. Intercept Angle Surface I 

I 
i b 9.724 11 No. (pcf) (pcf) (psf) (deg) No. 

, 
1 

c 9.742 CCR 1 130.0 140.0 0.0 33.7 W1 
I j d 9.855 , FCR-1 2 80.0 90.0 200.0 0.0 W1 

e 9.954 •: FCR-2 3 80.0 90.0 234.0 0.0 W1 
f 10.ood1 FCR-3 4 80.0 90.0 255.0 0.0 W1 

1 I g 10.148'' FCR-4 5 80.0 90.0 276.0 0.0 W1 200 I h 10.25s1I SOIL CAP 6 130.0 135.0 0.0 30.0 W1 
i 10.283

1

11 CCR CAP 7 130.0 140.0 0.0 33.7 W1 1 

1 • ORIG 8 125.0 135.0 400.0 19.5 W1 
i L 
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*** GSTABL7 *** 
** GSTABL7 by Garry H. Gregory, P.E. ** 

** Original Version 1.0, January 1996; Current Version 2.003, June 2002 ** 
(All Rights Reserved-Unauthorized Use Prohibited) 

********************************************************************************* 
SLOPE STABILITY ANALYSIS SYSTEM 

Modified Bishop, Simplified Janbu, or GLE Method of Slices. 
(Includes Spencer & Morgenstern-Price Type Analysis) 
Including Pier/Pile, Reinforcement, Soil Nail, Tieback, 
Nonlinear Undrained Shear Strength, Curved Phi Envelope, 
Anisotropic Soil, Fiber-Reinforced Soil, Boundary Loads, Water 
Surfaces, Pseudo-Static & Newmark Earthquake, and Applied Forces. 

*********~*********************************************************************** 
Analysis Run Date: 
Time of Run: 

7/16/2008 
11:43AM 

Run By: Michael J. Sheleheda, P.E. 
Input Data Filename: P:\ 2007 Projects\072-046 Williamson Energy\GStabl\Pond Cree 

k South Cell\Ky Deterrnination\south cell upstream revised.in 
Output Filename: P:\ 2007 Projects\072-046 Williamson Energy\GStabl\Pond Cree 

k South Cell\Ky Determination\south cell upstream revised.OUT 
Unit System: English 
Plotted Output Filename: P:\ 2007 Projects\072-046 Willia Energy\GStabl\Pond Creek So 

uth Cell\Ky Deterrnination\south ce11 uPstream revised.FLT 
PROBLEM DESCRIPTION: Pond Creek, South Cell, Abandonment 

Post-Eq Upstream Analysis 
BOUNDARY COORDINATES 

4 Top Boundaries 
19 Total Boundaries 

Boundary X-Left Y-Left X-Right 
No. (ft) (ft) (ft) 

1 0.00 103.75 276.24 
2 276.24 102.00 296. 24 
3 296.24 102.00 389.84 
4 389.84 66.00 400.00 
5 0.00 101.75 271.04 
6 271.04 100.00 276.24 
7 0.00 %.00 , bU. 64 
8 260.64 96.00 271.04 
9 0.00 90.00 245.04 

10 245.04 90.00 260.64 
11 0.00 80.00 219.04 
12 219.04 80.00 245.04 
13 0.00 70.00 193.04 
14 193.04 70.00 219.04 
15 0.00 60. 00 167.04 
16 167. 04 60.00 193.04 
17 193.46 70.16 270.39 
18 270.39 68.00 341. 70 
19 341. 70 66.00 389.84 

Default Y-Origin = O.OO(ft) 
Default X-Plus Value= O.OO(ftl 
Default Y-Plus Value= O.OO(ft) 

ISOTROPIC SOIL PARAMETERS 
8 Type (s I of Soil 

Soil Total Saturated Cohesion Friction 
Type Unit Wt. Unit Wt. Intercept Angle 

No. (pcf) (pcf) (psf) (deg) 
1 130.0 140.0 0.0 33.7 
2 80.0 90.0 200.0 0.0 
3 80.0 90.0 234.0 0.0 
4 80.0 90.0 255.0 0.0 
5 80.0 90.0 27 6. 0 0.0 
6 130.0 135.0 0.0 30.0 
7 130.0 140.0 0.0 33.7 
8 125.0 135. 0 400.0 19.5 

1 PIEZOMETRIC SURFACE(S) SPECIFIED 
Unit Weight of Water= 62.40 (pcf) 
Piezometric Surface No. 1 Specified by 
Pore Pressure Inclination Factor= 0.50 

Y-Right Soil Type 
(ft) Below Bnd 

102.00 6 
102.00 1 

66.00 1 
66.00 8 

100.00 7 
102.00 1 

96.00 2 
100.00 1 

90.00 3 
96.00 1 
80.00 4 
90.00 1 
70.00 5 
80.00 1 
60.00 B 
70.00 B 
68.00 8 
66.00 8 
66.00 8 

Pore Pressure Piez. 
Pressure Constant Surface 

Param. (psf) No. 
0.00 0.0 1 
0.00 0.0 1 
0.00 0.0 1 
0.00 0.0 1 
0.00 0.0 1 
0.00 0.0 1 
0.00 0.0 l 
0.00 0.0 1 

4 Coordinate Points 
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Point X-Water Y-Water 
No. (ft) (ft) 

1 0.00 99.00 
2 260. 64 99.00 
3 359.44 64.00 
4 400.00 64.00 

Searching Routine Will Be Limited To .Zm Area Defined By 1 Boundaries 
Of Which The First 1 Boundaries Will Deflect Surfaces Upward 
Boundary X-Left Y-Left X-Right Y-Right 

No. (ft) (ft) (ft) (ft) 
1 0.00 58.00 400.00 58.00 

EARTHQUAKE DATA H.AS BEEN SUPPRESSED 
A Critical Failure Surface Searching Method, Using A Random 
Technique For Generating Circular Surfaces, Has Been Specified. 

400 Trial Surfaces Have Been Generated. 
20 Surface(s) Initiate(s} From Each Of 20 Points Equally Spaced 

Along The Ground Surface Between X 50.00(ft) 
and X 200.00(ft) 

Each Surface Terminates Between X 270.00(ft) 
and X 300.00(ft) 

Unless Further Limitations Were Imposed, The Minimum Elevation 
At Which A Surface Extends Is Y = O.OO(ft) 
10.00(ft) Line Segments Define Each Trial Failure Surface. 
The Factor Of Safety For The Trial Failure Surface Defined 
By The Coordinates Listed Below Is Misleading. 
Failure Surface Defined By 25 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

l 50.00 103.43 
2 59.85 101.73 
3 69.73 100.17 
4 79.63 98.75 
5 89.55 97.48 
6 99.49 96.36 
7 109.44 95.39 
8 119.40 94.56 
9 129.38 93.87 

10 139.37 93.34 
11 149.36 92.95 
12 159.36 92.71 
13 169.36 92.62 
14 179.36 92.67 
15 189.35 92.87 
16 199.35 93.22 
17 209.34 93.71 
18 219.31 94.36 
19 229.28 95.15 
20 239.24 96.08 
21 249.18 97.17 
22 259.10 98.39 
23 269.01 99.77 
24 278.89 101.29 
25 283.09 102.00 

Factor Of Safety For The Preceding Specified Surface =-43.485 
The Factor Of Safety For The Trial Failure Surface Defined 
By The Coordinates Listed Below Is Misleading. 
Failure Surface Defined By 26 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

l 50.00 103.43 
2 59.58 100.56 
3 69.23 97.93 
4 78.93 95.53 
5 88.70 93.36 
6 98.51 91.44 
7 108.37 89.76 
8 118.26 88.32 
9 128.19 87.12 
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C 

( 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 

138 .15 
148.12 
158 .11 
168 .11 
178.11 
188.10 
198.09 
208.06 
218.01 
227.93 
237. 82 
24 7. 67 
257.48 
267.23 
27 6. 93 
286.57 
289. 71 

86.17 
85.45 
84.99 
84.76 
84.78 
85.05 
85.56 
86. 31 
87.31 
88.55 
90.03 
91. 76 
93. 72 
95.93 
98.37 

101.04 
102.00 
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Factor Of Safety For The Preceding Specified Surface =-28.283 
The Factor Of Safety For The Trial Failure Surface Defined 
By The Coordinates Listed Below Is Misleading. 
Failure Surface Defined By 24 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 50.00 103.43 
2 59.81 101.50 
3 69.66 99.75 
4 79.53 98.16 
5 89.43 96.74 
6 99.35 95.49 
7 109.29 94.42 
8 119.25 93.52 
9 129.23 92.79 

10 139.21 92.23 
11 149.20 91.85 
12 159.20 91.63 
13 169.20 91.60 
14 179.20 91.73 
15 189.19 92.04 
16 199.18 92.52 
17 209.16 93.17 
18 219.13 94.00 
19 229.08 94.99 
20 239.01 96.16 
21 248.92 97.51 
22 258.80 99.02 
23 268.66 100.70 
24 275.56 102.00 

Factor Of Safety For The Preceding Specified Surface =-38.522 
The Factor Of Safety For The Trial Failure Surface Defined 
By The Coordinates Listed Below Is Misleading. 
Failure Surface Defined By 27 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 50.00 103.43 
2 59.78 101.36 
3 69.60 99.44 
4 79.44 97.69 
5 89.31 96.09 
6 99.21 94.66 
7 109.13 93.39 
8 119.07 92.28 
9 129.02 91.34 

10 138.99 90.56 
11 148.97 89.94 
12 158.96 89.49 
13 168.96 89.20 
14 178.96 89.07 
15 188.96 89.10 
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C 

16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 

198. 96 
208.95 
218.94 
228.91 
238.88 
248.82 
258.75 
268.66 
278.55 
288.41 
298.24 
299.87 

89.30 
89.67 
90.20 
90.89 
91. 74 
92. 7 6 
93.94 
95.28 
96. 78 
98.45 

100.27 
100.60 
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Factor Of Safety For The Preceding Specified Surface =-33.944 
The Factor Of Safety For The Trial Failure Surface Defined 
By The Coordinates Listed Below Is Misleading. 
Failure Surface Defined By 26 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 50.00 103.43 
2 58.92 98.92 
3 68.02 94.77 
4 77.28 90.99 
5 86.68 87.58 
6 96.21 84.55 
7 105.85 81.90 
8 115.59 79.64 
9 125.42 77.77 

10 135.31 76.29 
11 145.25 75.21 
12 155.23 74.53 
13 165.22 74.25 
14 175.22 74.37 
15 185.21 74.89 
16 195.17 75.80 
17 205.08 77.12 
18 214.93 78.83 
19 224.71 80.93 
20 234.39 83.42 
21 243.97 86.30 
22 253.42 89.55 
23 262.74 93.19 
24 271.91 97.19 
25 280.90 101.55 
26 281.74 102.00 

Factor Of Safety For The Preceding Specified Surface =-56.250 
The Factor Of Safety For The Trial Failure Surface Defined 
By The Coordinates Listed Below Is Misleading. 
Failure Surface Defined By 25 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 50.00 103.43 
2 58.94 98.95 
3 68.05 94.82 
4 77.32 91.07 
5 86.73 87.68 
6 96.26 84.68 
7 105.91 82.06 
8 115.66 79.83 
9 125.49 77.99 

10 135.39 76.55 
11 145.33 75.50 
12 155.31 74.85 
13 165.31 74.60 
14 175.31 74.75 
15 185.29 75.30 
16 195.25 76.25 
17 205.16 77.60 
18 215.00 79.34 
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19 224.77 81. 4 7 
20 234.45 84.00 
21 244.02 86. 90 
22 253.46 90.19 
23 2 62. 7 6 93.86 
24 271.91 97.89 
25 280.31 102.00 

Factor Of Safety For The Preceding Specified Surface =-43.156 
The Factor Of Safety For The Trial Failure Surface Defined 
By The Coordinates Listed Below Is Misleading. 
Failure Surface Defined By 27 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 50.00 103.43 
2 59.65 100.81 
3 69.35 98.39 
4 79.10 96.18 
5 88.90 94.17 
6 98.74 92.37 
7 108.61 90.78 
8 118.51 89.39 
9 128.44 88.22 

10 138.40 87.25 
11 148.37 86.50 
12 158.35 85.95 
13 168.35 85.62 
14 178.35 85.50 
15 188.35 85.59 
16 198.34 85.89 
17 208.33 86.40 
18 218.30 87.12 
19 228.26 88.06 
20 238.20 89.20 
21 248.10 90.55 
22 257.98 92.11 
23 267.82 93.88 
24 277.63 95.86 
25 287.38 98.04 
26 297.10 100.43 
27 299.00 100.94 

Factor Of Sa ety For The Preceding Specified Surface =-36.351 
The Factor o Safety For The Trial Failure Surface Defined 
By The Coord nates Listed Below Is Misleading. 
Failure Surface Defined By 24 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 57.89 103.38 
2 67.21 99.76 
3 76.65 96.45 
4 86.19 93.45 
5 95.83 90.77 
6 105.54 88.42 
7 115.34 86.39 
8 125.19 84.68 
9 135.09 83.31 

10 145.04 82.26 
11 155.01 81.55 
12 165.01 81.17 
13 175.01 81.12 
14 185.00 81.40 
15 194.98 82.02 
16 204.94 82.97 
17 214.86 84.25 
18 224.73 85.86 
19 234.54 87.79 
20 244.28 90.05 
21 253.94 92.64 
22 263.51 95.54 
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23 
24 

272.98 
281.55 

98.76 
102.00 
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Factor Of Safety For The Preceding Specified Surface =-24.764 
The Factor Of Safety For The Trial Failure Surface Defined 
By The Coordinates Listed Below Is Misleading. 
Failure Surface Defined By 26 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 57.89 103.38 
2 67.52 100.68 
3 77.21 98.21 
4 86.95 95.95 
5 96.75 93.92 
6 106.58 92.11 
7 116.45 90.52 
8 126.36 89.16 
9 136.30 88.03 

10 146.26 87.13 
11 156.23 86.45 
12 166.22 86.00 
13 176.22 85.78 
14 186.22 85.78 
15 196.22 86.02 
16 206.21 86.48 
17 216.18 87.17 
18 226.14 88.09 
19 236.07 89.23 
20 245.98 90.60 
21 255.85 92.20 
22 265.68 94.02 
23 275.47 96.07 
24 285.21 98.34 
25 294.90 100.83 
26 297.43 101.54 

Factor Of Safety For The Preceding Specified Surface =-36.183 
The Fnctor Of Safety For The Trial Failure Surface Defined 
By The Coordinates Listed Below Is Misleading. 
Failure Surface Defined By 25 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 57.89 103.38 
2 66.76 98.76 
3 75.81 94.51 
4 85.04 90.64 
5 94.41 87.16 
6 103.92 84.08 
7 113.56 81.39 
8 123.29 79.11 
9 133.11 77.23 

10 143.01 75.77 
11 152.95 74.71 
12 162.93 74.08 
13 172.93 73.86 
14 182.93 74.06 
15 192.91 74.67 
16 202.85 75.70 
17 212.75 77.14 
18 222.58 79.00 
19 232.32 81.26 
20 241.95 83.92 
21 251.47 86.99 
22 260.86 90.45 
23 270.09 94.29 
24 279.15 98.52 
25 285.86 102.00 

Factor Of Safety For The Preceding Specified Surface=******* 
The Factor Of Safety For The Trial Failure Surface Defined 
By The Coordinates Listed Below Is Misleading. 
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Failure Surface Defined By 26 Coordinate Points 
Point X-Surf Y-Surf 
No. (ft) (ft) 

1 57.89 103.38 
2 67.17 99.64 
3 76.55 96.19 
4 86.04 93.04 
5 95.63 90.18 
6 105.29 87.62 
7 115.04 85.37 
8 124.85 83.43 
9 134. 71 81. 79 

10 144.62 80. 4 6 
11 154.57 79. 44 
12 164.55 78.73 
13 174.54 78. 34 
14 184.54 78.26 
15 194.54 78.49 
16 204.52 79.03 
17 214.48 79.88 
18 224.42 81. 05 
19 234.31 82.53 
20 244.15 84.31 
21 253.92 86.40 
22 263. 63 88.80 
23 273.26 91. 50 
24 282.80 94.50 
25 292.24 97.79 
26 299.71 100.66 

Factor Of Safety ror The Preceding Specified Surface=******* 
The Factor Of Safety For The Trial Failure Surface Defined 
By The Coordinates Listed Below Is Misleading. 
Failure Surface Defined By 26 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

l 57.89 103.38 
2 67.14 99.58 
3 76.51 96.08 
4 85.98 92.87 
5 95.55 89.97 
6 105.21 87.38 
7 114.95 85.10 
8 124.75 83.13 
9 134.61 81.47 

10 144.52 80.13 
11 154.47 79.10 
12 164.44 78.40 
13 174.44 78.01 
14 184.44 77.94 
15 194.43 78.20 
16 204.42 78.77 
17 214.38 79.66 
18 224.30 80.86 
19 234.19 82.39 
20 244.02 84.22 
21 253.78 86.37 
22 263.48 88.84 
23 273.08 91.61 
24 282.60 94.68 
25 292.01 98.06 
26 299.15 100.88 

Factor Of Safety For The Preceding Specified Surface=******* 
The Factor Of Safety For The Trial Failure Surface Defined 
By The Coordinates Listed Below Is Misleading. 
Failure Surface Defined By 26 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 57.89 103.38 
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2 67.77 101.80 
3 77.66 100.34 
4 87.57 99.01 
5 97.50 97.80 
6 107.44 96.72 
7 117.40 95.77 
8 127.36 94.94 
9 137.34 94.24 

10 147.32 93.67 
11 157.31 93.23 
12 167.31 92.91 
13 177.30 92.71 
14 187.30 92.65 
15 197.30 92.71 
16 207.30 92.90 
17 217.30 93.22 
18 227.29 93.66 
19 237.27 94.23 
20 247.25 94.93 
21 257.21 95.75 
22 267.17 96.70 
23 277.11 97.78 
24 287.04 98.98 
25 296.95 100.31 
26 299.62 100.70 

Factor Of Safety For The Preceding Specified Surface =-40.221 
The Factor Of Safety For The Trial Failure Surface Defined 
By The Coordinates Listed Below Is Misleading. 
Failure Surface Defined By 25 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 57.89 103.38 
2 66.88 99.00 
3 76.04 94.97 
4 85.34 91.32 

######fHHl=########### SOME LINES SKIPPED ####:###########if###-# 
Following Are Displayed The Ten Most Critical Of The Trial 
Failure Surfaces Evaluated. They Are 
Ordered - Most Critical First. 
* * Safety Factors Are Calculated By The Modified Bishop Method** 
Total Number of Trial Surfaces Evaluated= 400 
Number of Trial Surfaces with Misleading FS 144 
Percentage of Trial Surfaces With Non-Valid FS Solutions 
of the Total Evaluated= 36.0 % 
Statistical Data On All Valid FS Values: 

FS Max= 477.564 FS Min= 9.486 FS Ave= 34.448 
Standard Deviation= 51.756 Coefficient of Variation 

Failure Surface Specified By 25 Coordinate Points 
Point X-Surf Y-Surf 
No. (ft) (ft) 

1 89.47 103.18 
2 96.57 96.14 
3 104.14 89.61 
4 112.15 83.62 
5 120.57 78.22 
6 129.34 73.42 
7 138.43 69.25 
8 147.79 65.72 
9 157.37 62.87 

10 167.13 60.69 
11 177.02 59.21 
12 186.99 58.42 
13 196.99 58.34 
14 206.97 58.96 
15 216.88 60.28 
16 226.68 62.29 
17 236.31 64.98 
18 245.72 68.35 

150.24 ~ 
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19 254.88 72.37 
20 263.73 77. 02 
21 272.24 82.29 
22 280.35 88 .13 
23 288.03 94.54 
24 295.24 101.46 
25 295.73 102.00 

Circle Center A;: X ~ 193.18 y 200.50 and Radius 142.22 
Factor of Safety 

'** 9. 486 *** 
Individual data on the 41 slices 

Water Water Tie Tie Earthquake 
Force Force Force Force Force Surcharge 

Slice Width Weight Top Bot Norm Tan Hor Ver Load 
No. (ft) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) 

1 2.0 266.4 0.0 0.0 0. 0. 0.0 0.0 0.0 
2 2.2 871. 5 0.0 0.0 0. 0. 0.0 0.0 0.0 
3 2.9 2132. 6 0.0 363.1 0. o. o.o 0.0 0.0 
4 0.2 149.9 0.0 38.2 0. 0. 0.0 0.0 0.0 
5 7.0 8522.5 o.o 3439.7 0. 0. 0.0 0.0 0.0 
6 0.5 690.7 0.0 346.7 0. 0. 0.0 0.0 0.0 
7 8.0 14368.7 0.0 7728. 8 0. 0. 0.0 0.0 0.0 
8 5.6 12519.1 0.0 7189.6 0. 0. 0.0 0.0 0.0 
9 2.8 6822.4 0.0 4092.0 0. 0. 0.0 0.0 0.0 

10 8.8 24133.2 0.0 14465.5 0. 0. 0.0 0.0 0.0 
11 7. 4 23188.6 0.0 13952.9 0. 0. 0.0 0.0 0.0 
12 1. 6 5415.3 0.0 3311. 8 0. 0. 0.0 0.0 0.0 
13 9. 4 32625.3 0.0 19665.4 0. 0. 0.0 0.0 0.0 
14 9.6 36083.9 0.0 21655.7 0. 0. 0.0 0.0 0.0 
15 9.8 38883.1 0.0 23225.8 0. 0. 0.0 0.0 0.0 
16 1.2 5010.3 0.0 2971.6 0. 0. 0.0 0.0 0.0 
17 8.7 36837.6 0.0 21396. 3 0. 0. 0.0 0.0 0.0 
18 10.0 45327.4 0.0 25076.4 o. 0. 0.0 0.0 0.0 
19 6.0 28647.7 0.0 15329.2 0. 0. 0.0 0.0 0.0 
20 0.4 2037.3 0.0 1064.9 0. o. 0.0 0.0 0.0 
21 3.5 17051. 7 0.0 8953.6 0. 0. 0.0 0.0 0.0 
22 10.0 49067.6 0.0 25180.6 0. 0. 0.0 0.0 0.0 
23 9.9 49264.0 0.0 24575.7 0. o. 0.0 0.0 0.0 
24 2.2 10703.5 0.0 5290.0 0. 0. 0.0 0.0 0.0 
25 7.6 37565.5 0.0 18246.3 0. 0. 0.0 0.0 0.0 
26 9.6 46127.0 0.0 22067.3 0. 0. 0.0 0.0 0.0 
27 8.7 39883.1 0.0 18779.2 0. 0. 0.0 0.0 0.0 
28 0.7 3032.8 0.0 1396. 8 0. o. 0.0 0.0 o.o 
29 0.7 3232.8 0.0 1525.7 0. 0. 0.0 0.0 0.0 
30 8.4 35428.8 0.0 16346.2 0. 0. 0.0 0.0 0.0 
31 5.8 22263.7 0.0 10196.2 0. 0. 0.0 0.0 0.0 
32 3.1 11056.8 0.0 4580.0 0. 0. 0.0 0.0 0.0 
33 1.0 3298.4 0.0 1367.8 0. o. 0.0 0.0 0.0 
34 6.3 19528.5 0.0 7405.3 0. o. 0.0 0.0 0.0 
35 1.2 3276. 4 0.0 1093.1 0. 0. 0.0 0.0 0.0 
36 4.0 9912.6 0.0 3040.5 0. 0. 0.0 0.0 o.o 
37 4 .1 8432.6 0.0 1818.3 0. 0. 0.0 0.0 0.0 
38 3.3 5376.9 0.0 487.5 0. 0. 0.0 0.0 0.0 
39 4. 4 5332.8 0.0 0.0 0. 0. 0.0 0.0 0.0 
40 7.2 3750.3 o.o 0.0 0. 0. 0.0 0.0 0.0 
41 0.5 16.9 0.0 0.0 0. 0. 0.0 0.0 0.0 

Failure Surface Specified By 24 Coordinate Points 
Point X-Surf Y-Surf 
No. (ft) (ft) 

1 89.47 103.18 
2 96.55 96.11 
3 104 .11 89. 57 
4 112 .12 83.59 

(, 
5 120.55 78.20 
6 129.34 73.43 
7 138.44 69.30 
8 147.83 65.85 
9 157.43 63.07 
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10 167. 22 60.99 
11 177 .12 59.62 
12 187.10 58. 97 
13 197.10 59.04 
14 207.07 59.83 
15 216.96 61. 33 
16 226. 71 63.54 
17 236.28 66.44 
18 245.61 70.03 
19 254. 67 74.27 
20 263.39 79.16 
21 271. 74 84. 67 
22 27 9. 67 90.75 
23 287.15 97.40 
24 291.63 102.00 

Circle Center At X - 191.11 
Factor of Safety 

*** 9.724 *** 
Failure Surface Specified By 24 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 97.37 103.13 
2 104.44 96.06 
3 112.02 89.54 
4 120.06 83.59 
5 128.51 78.25 
6 137.34 73.55 
7 146.49 69.51 
8 155.91 66.16 
9 165.55 63.51 

10 175.36 61.59 
11 185.29 60.39 
12 195.28 59.93 
13 205.28 60.20 
14 215.23 61.22 
15 225.07 62.96 
16 234.76 65.43 
17 244.24 68.61 
18 253.47 72.48 
19 262.38 77.01 
20 270.93 82.20 
21 279.07 88.00 
22 286.77 94.38 
23 293.97 101.32 
24 294.58 102.00 

Circle Center At X = 196.51 
Factor of Safety 

*** 9.742 *** 
Failure Surface Specified By 23 

Point x-surf Y-Surf 
No. (ft) (ft) 

1 105.26 103.08 
2 112. 34 96.02 
3 119.93 89.51 
4 127.99 83.59 
5 136.46 78.28 
6 145.31 7 3. 62 
7 154.48 69.63 
8 163. 93 66.35 
9 173.59 63.77 

10 183.42 61.93 
11 193.36 60.83 
12 203.35 60.47 
13 213. 35 60.86 
14 223.28 61. 99 
15 233.10 63.87 
16 242.76 66.47 
17 252.19 69.79 

P:south cell upstream revised.OUT Page 10 

y 197.72 and Radius 138.80 

Coordinate Points 

y 195.25 and Radius 135.33 

Coordinate Points 
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18 261. 35 73.81 
19 270.18 78.49 
20 278. 64 83.83 
21 28 6. 68 89.78 
22 294.25 96.32 
23 298.89 100.98 

Circle Center At X - 203.14 
Factor of Safety 

*** 9.855 *** 
Failure 

Point 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

Surface Specified By 23 
X-Surf Y-Surf 

(ft) (ft) 
105.26 103.08 
112.35 96.02 
119.95 89.53 
128.02 83.63 
136.52 78.36 
145.40 73.75 
154.60 69.83 
164. 07 
173.76 
183. 61 
193.56 
203.56 
213. 54 
223.46 
233.24 
242.84 
252.20 
261. 27 
269.98 
278.30 
286.16 
293. 54 
296.25 

66.63 
64.16 
62. 43 
61. 4 6 
61. 25 
61. 80 
63 .11 
65.17 
67.97 
71. 4 9 
75. 72 
80. 62 
86.18 
92.35 
99.10 

Circle Center At X -
102.00 

201.33 
Factor of Safety 

'** 9.954 *" 
Failure Surface Specified By 25 

Point X-Surf Y-Surf 
No. (ft) (ft) 

l 81.58 103.23 
2 88.68 96.19 
3 96.25 8 9. 66 
4 104.27 83.68 
5 112. 68 78.27 
6 121. 45 73.46 
7 130. 53 69.28 
8 139.88 65. 74 
9 149.46 62.86 

10 159.21 60.66 
11 169.10 59.14 
12 179.06 58.32 
13 189.06 58.20 
14 199.04 58.77 
15 208. 96 60.04 
16 218.77 62. 00 
17 228.41 64. 64 
18 237.85 67.95 
19 247.03 71. 91 
20 255.92 7 6. 50 
21 2 64. 4 6 81.70 
22 272.62 87.48 
23 280.35 93.82 
24 287.62 100.69 
25 288.83 102.00 

Circle Center At X - 185.83 
Factor of Safety 

P: south cell upstream revised. OUT Page 11 

y 194.17 and Radius 133.70 

Coordinate Points 

y 192.41 and Radlus 131.18 

Coordinate Points 

y 201. 25 and Radius 143.09 
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*** 10.000 "** 
Failure Surface Specified By 25 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 81. 58 103.23 
2 88.99 96. 52 
3 96. 80 90.28 
4 105.00 84.55 
5 113. 54 79.35 
6 122.39 74.69 
7 131. 52 70.61 
8 140.89 67 .11 
9 150. 4 6 64. 21 

10 160 .19 61.92 
11 170.05 60.24 
12 179.99 59.20 
13 189.99 58.78 
14 199.98 59.00 
15 209.95 59.84 
16 219.84 61. 31 
17 22 9. 62 63. 41 
18 239.24 66.12 
19 24 8. 68 69.43 
20 257.89 73.33 
21 266.83 77. 80 
22 275.47 82.83 
23 283.78 88. 39 
24 291. 72 94.47 
25 299.11 100.90 

Circle Center At X - 191. 58 
Factor of Safety 

*** 10.148 *** 
Failure 

Point 
Surface Specified By 24 

X-Surf Y-Surf 
No. 

l 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

(ft) (ft) 
97.37 103.13 

104.65 96.28 
112.40 89.95 
120.57 84.19 
129.12 79.01 
138.02 74.45 
147.21 70.52 
156.66 67.24 
166.32 
176.13 
186.06 
196.04 
206.04 
216.00 
225.88 
235.62 
245.18 
254.50 
263. 55 
272. 28 
280.65 
288.61 
296.12 
2 97. 82 

64. 64 
62. 72 
61.50 
60. 97 
61.15 
62. 03 
63.61 
65.87 
68.81 
72. 42 
76. 67 
81. 55 
87.03 
93.08 
99.68 

Circle Center At X = 
101.39 

198.47 
Factor of Safety 

*** 10.255 *** 

P:south cell upstream 

Coordinate Points 

y 217.09 and Radius 

Coordinate Points 

y 203.21 and Radius 

Failure Surface Specified By 22 Coordinate Points 
Point x-surf Y-Surf 

No. (ft) (ft) 

1 113.16 103.03 
2 120.26 96.00 
3 127.89 89.53 

revised.OUT Page 12 

158.31 

142.26 
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4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

Circle 

83.69 
78.49 
73.97 
70.16 
67.09 
64.76 
63.20 
62.42 
62. 41 
63 .19 
64.73 
67.05 
70 .11 
73.91 
78.41 
83. 60 
89. 44 
95.89 

136.01 
144.55 
153.47 
162. 72 
172.23 
181. 96 
191.84 
201. Bl 
211. 81 
221. 78 
231.65 
241. 38 
250.90 
260 .15 
2 69. OB 
277. 63 
285.75 
293.39 
298. 64 101.08 

206.83 Center At X = 
Factor of Safety 

*~* 10.283 *** 
Failure 

Point 
Surface Specified 

X-Surf 
(ft) 
89.47 
96.59 

By 24 
Y-Surf 

(ft) No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

Circle 

104.19 
112. 25 
120.73 
129.56 
138. 72 
148 .14 
157.79 
167. 60 
177.53 
187.51 
197.51 
207.46 
217.32 
227.02 
236.52 
245.77 
254. 71 
263.31 
271.50 
279.26 
286.54 
287.57 

103.18 
96.15 
89.66 
83.75 
78.43 
73.75 
69.73 
66.39 
63.74 
61. Bl 
60.60 
60 .12 
60.37 
61.34 
63.05 
65. 46 
68.58 
72.39 
76. 86 
Bl. 98 
87.70 
94.01 

100.87 
102.00 

189.08 Center At X = 
Factor of Safety 

*** 10.327 *** 

P:south cell upstream revised.OUT Page 13 

y 190.43 and Radius 128 .11 

Coordinate Points 

y 196. 82 and Radius 136. 71 

**** END OF GSTABL7 OUTPUT**** 
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AllianceO 
Consulting, Inc. 

Engineers · Constructors · Scientists 
January 12, 2010 

Mr. Je1Ty Bishoff 
ILLINOIS DEPARTMENT OF NATURAL RESOURCES 
One Natural Resources Way 
Springfield, IL 62702-1271 

Response to Comments 
Additional Information 

Williamson Energv. LLC 

Project No. B09-095-1413 

Pond Creek No. I Mine. Coal Refuse Disposal Facility No. 2 
Application No. 20093068 

Dear Mr. Bishoff: 

On behalf of our client, Williamson Energy, LLC, this letter and document is being submitted as 
additional infomiation to Mr. Michael Diedrichsen's_comments regarding the Engineering 
Design Plan dated October 8, 2009 ( copy attached). 

2. The seismic acceleration used in the slope stability analysis does not meet the required values. 
The Peak Ground Acceleration should be obtained Ji-om the USGS National Seismic Hazard 
lvfapping Project map for 2% probability of exceedance in 50 years. If this analysis does not 
produce satisfactory results, a deformation analysis may be necessary. 

A letter report prepared by GAI Consultants dated January 7, 20 IO and entitled "Letter 
Repmi, Response to IDNR Comment No. 2, Pond Creek Mine No. 1 Coal Refuse 
Disposal Facility No. 2, Phases 3 - 7 Dam, Application No. 20093068, Williamson 
Energy LLC, Mach Mining Company, Williamson County, Illinois" is enclosed herein. 

Should you need any additional information, please do not hesitate to contact us. 

Sincerely, 

ALLIANCE-CONSULTING, INC. 

~di /' ~-L ~- c~ 

Claudio E. Yon, P. E. 
Senior Project Manag -r 

CEY:wmb 
Enclosures 

FILE: 09095-06 

cc: Jim Slapak w/attachments 

124 Philpott Lane • Raleigh County Airport lndustrial Park • Beaver, WV 25813-9502 • TELE: (304) 255-0491 • FAX: (304) 2554232 
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Illinois Depart1nent of 
Natural Resources 
One Natural Resources Way Springfield, Illinois 62702-1271 

http~/dnr.state.il.us 

October 8, 2009 

SUBJECT: Application No. 20093068 
Pond Creek Mine No. 1, 
Coal Refuse Disposal Facility No. 2, Phases 3 - 7 Dam 
Williamson Energy, LLC, Williamson County 

Mr. Claudio E. Yon 
Al!iancc. Consulting 1 Inc. 
124 Philpott Lane 
Beaver, West Virginia 25813 

Dear Mr. Yon: 

Pat Quinn, Governor 
Marc Miller, Director 

We have completed our review of your June 11, 2009 application and supporting 

materials and are in the process of issuing a public notice ( copy enclosed) for the 

referenced dam. Per the guidelines set forth in our Part 3702 Dam Safety Rules, 

this office is provisionally classifying this impoundment as an intermediate-size, 

Class 1 (high hazard potential) dam. In order to continue our review of this 

application, the following comments should be addressed: 

1) For construction phases after stage 4, there is no indication of the 

subsidence monitoring method or minimum subsidence required prior to 

initiation of construction. · 

2) The seismic acceleration used in the slope stability analyses does not 

meet the required values. The Peak Ground Acceleration should be 

obtained from the USGS National Seismic Hazard Mapping Project map 

for 2% probability of exceedance in 50 years. If this analysis does not 

produce satisfactory results, a deformation analysis may be necessary. 

3) The dewatering calculations were pertormed for a 30 day time interval. 

Due to the Class I hazard classification, the required drawdown time for 

50% of the impounded water is 7 days. 

4) The plans indicate that the decant system will outlet to grouted rip rap 

ditches which run down the embankment. Due to problems with erosion 

of embankment materials beneath grouted riprap, this office does not 

allow its use in spillway construction. Revised plans and calculations 

should be submitted to this office demonstrating that there \".'i!! be no 

erosion of embankment materials from spillway discharge. 
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5) The following items should be addressed specific to the Emergency 

Action Plan (EAP): 

a. The term "evacuation" should be revised to use the term "notify to 

evacuate" where it appears in the document. Mandatory evacuation 

is only available in Illinois after the declaration of martial law. 

b. The EAP should contain a detailed description of the method by 
which individuals will be notified to evacuate and specify the agency 

responsible for these notifications. 

c. The Notification Flow Chart should appear at the front of the EAP. 

d. The Inundation Maps should be placed in Section 5 of the EAP. 

The engineering data from the dam breach analysis should be 

included in an appendix. 

e. The materials labeled Appendix 1 and Appendix 2 are the forms 
from our General Permit 02-01. The engineer's certification 

(Appendix 1) should not be part of the EAP. The Appendix 2 
information should be incorporated into Section 1. 

Upon receipt of materials addressing these items, as well as an Operation & 

Maintenance (O&M) Plan, we will continue to process your application. 

Additionally, after revising the EAP to address the comments in Item 5, an EAP 

orientation meeting should be arranged with local emergency services personnel 

and a representative of our office to determine if any other revisions will be 

necessary to ensure the plan's effectiveness. If you have any questions or 

comments, please feel free to contact Jerry Bishoff of my staff at 217/558-6617. 

Sincerely, 

1!!~~-D~ 
Michael L. Diedrichsen, P.E. 
Acting Manager, Downstate Regulatory Programs 

MLD:JMB:crw 
Enclosure 
cc: Williamson Energy, LLC 
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Mr. Claudio Yon, P.E. 
Alliance Consulting, Inc. 
124 Philpott Lane 
Raleigh County Airport Industrial Park 
Beaver, West Virginia 25813-9502 

Letter Report 
Response to IDNR Comment No. 2 
Pond Creek Mine No. 1 Coal Refuse Disposal Facility No.2 - Phases 3 - 7 Dam 
Application No. 20093068 
Williamson Energy, LLC 
Williamson County, Illinois 
GAi Project C090403.01 .001 

Dear Mr. Yon: 

transforming ideas into reality0 

In accordance with our Work Order Memorandum No. 001, dated March 25, 2009, and your 
October 29, 2009 email request and authorization, GAi Consultants, Inc. (GAi) has prepared a 
response to the October 8, 2009 Illinois Department of Natural Resources (IDNR) review 
comments, specifically Comment No. 2. In general, this comment response addresses a 
pseudo-static slope stability analysis using a Peak Ground Acceleration (PGA) obtained from 
the USGS National Seismic Hazard Mapping Project Map for a 2% Probability of Exceedance in 
50 years, and the resulting permanent deformation analysis for the Phase 7C Dam maximum 
condition at the Williamson Energy, LLC (Williamson), Pond Creek Coal Refuse Disposal 
Facility No. 2 (Pond Creek). 

GAi performed engineering analyses and prepared a comment response for IDNR Comment 
No. 2 based on our discussions, understanding of the site conditions, and our experience 
performing similar analyses. GAi notes only Comment No. 2 is addressed herein. 

INTRODUCTION 

Plans have been developed by Alliance Consulting, Inc. (Alliance), Beaver, West Virginia for the 
construction of a coal refuse disposal facility located near Johnston City in Williamson County, 
Illinois. The proposed Pond Creek facility will provide disposal capacity for both coarse and fine 
coal refuse, and will be constructed in five (5) phases designated Phases 3 through 7. 

The proposed Phases 3 through 6 impoundments will be constructed by downstream or 
centerline methods, and Phase 7 is partially constructed by upstream methods. The upstream 
and downstream slopes will be about three horizontal to one vertical (3H:1V) except for Phase 
3, which will have 2.6H:1V upstream slopes. Maximum slope heights will range from 49 feet for 
Phase 3 to 100 feet for Phase 7. All of the embankments, with the exception of a portion of 
Phase 7 will be founded on 15 to 22 feet of medium stiff to stiff, sandy clay overlying shale 

Pittsburgh Office 385 East Waterfront Drive Homestead, PA 15120-5005 T 412.476.2000 F 412.476.2020 www.gaiconsultants.com 
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bedrock. The south facing slope of Phase 7 (designated 7 A and 7C) will be founded on 
impounded fine coal refuse (FCR) of Phase 3. 

A previous permanent deformation analysis was submitted by Civil & Environmental 
Consultants, Inc, (CEC) to IDNR in January 2008 for Phase 2, which is similar to the incised 
and/or dike geometry of Phases 3 - 6 founded on residual soil. Therefore, the combined 
upstream-constructed Phases 7 A and 7C is considered the most critical geometry. GAi further 
notes that Phase 7 A will be constructed in approximately 200 days, and thus is considered a 
temporary condition relative to the occurrence of a maximum design earthquake (MDE). 

IDNR COMMENT NO. 2 

IDNR noted in their October 2008 review that "The seismic acceleration used in the slope 
stability analyses does not meet the required values. The Peak Ground Acceleration should be 
obtained from the USGS National Seismic Hazard Mapping Project map for 2% probability of 
exceedance in 50 years. If this analysis does not produce satisfactory results, a deformation 
analysis may be necessary." 

GAi RESPONSE TO COMMENT NO. 2 

Determination of Seismic Factor of Safety (Fs) and Yield Acceleration (Ky) 

In accordance with the IDNR guidelines Part 3702 Dam and Safety Rules, GAi performed 
pseudo-static slope stability analyses of the Phase 7 Dam to determine the seismic factor of 
safety (Fs) and yield acceleration (Ky). A site PGA = 0.54 g obtained from the USGS National 
Seismic Hazard Mapping Project map for 2% Probability of Exceedance in 50 years was used 
in the Fs slope stability analyses. Appendix A presents lhe seismic hazard assessment 
performed for the Pond Creek facility located in Williamson County, Illinois 

Drained and undrained strengths were developed for the various coal refuse materials including 
coarse and fine coal refuse, and residual soil, and input in PCSTABL slope stability analyses to 
obtain Fs and Ky. In accordance with tile guidelines presented in the Mine Safety and Health 
Administration (MSHA) Engineering Design Manual, Coal Refuse Disposal Facilities, 2

nd 
Edition 

(Reference 10), 80 percent of the peak undrained shear strength (Sup) was used for the FCR 
based on an average effective stress (cr'v) of approximately 6,450 pounds per square foot (psf) 
and Sup/cr'v relationship of 0.27. Engineering properties presented in Table 1 were provided by 
Alliance and/or derived from field and laboratory testing results of site-specific materials 
presented in Appendix B. 

gal consultants 
transforming ideas into reality,,, 
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Table 1 - Refuse/Soil Properties Used in Pseudo-Static and 
Yield Acceleration Slope Stability Analyses 

Unit Friction 
Weights Angle Cohesion 

(Yt,Ys) (~) (c) 
Descriotion /ocfl (dearees) /nsf) Shear Strenath 

Coarse Coal Refuse 130, 140 33.7 0 Effective (Drained) 
(CCR) 

Fine Coal Refuse 80, 90 0 1,393 80% of Peak (Undrained) 
(FCR) 

Residual Soil 125, 135 19.5 416 Total (Undrained) 

The slope stability analyses resulted in a minimum factor of safety of 0.51 using a horizontal 
acceleration corresponding to the PGA value of 0.54g. Consequently, the results of the Phase 7 
pseudo-static (seismic) slope stability analyses are not satisfactory, and thus a permanent 
deformation analysis is required per the IDNR guidelines. 

GAi subsequently performed yield acceleration slope stability analyses, which varied the input 
horizontal acceleration in PCSTABL until a Factor of Safety equal to 1.0 was achieved. Based 
on these analyses, a yield acceleration of 0.18g was iteratively determined for the Phase 7 Dam 
soil mass and the downstream critical failure surface. 

The yield acceleration is the acceleration level: 

Below which yielding of the embankment (soil mass) does not occur and the soil mass 
deforms elastic-plastic; and/or 

Above which yielding occurs causing permanent deformation. 

The yield acceleration is used as input to subsequent permanent deformation analyses. 

Hard copies of the PCSTABL output and plot files for the Fs and Ky pseudo-static slope stability 
analyses are presented in Appendix C. 

Permanent Deformation Analyses 

As previously noted, IDNR has required that a seismic slope stability analysis be performed for 
the Phase 7 Dam using equivalent static load methods and the appropriate PGA based on the 
USGS 2% Probability of Exceedance in 50 Years hazard maps. Since the required factor of 
safety was not met, i.e., Factor of Safety= 0.51, a permanent deformation evaluation must be 
completed. 

Therefore, GAi performed permanent deformation analyses of the Phase 7 Dam constructed 
over the Phase 3 fine coal refuse to estimate the magnitude of Phase 7 crest settlements. 
Permanent deformations and the resulting crest settlements accumulate depending upon the 
acceleration levels above the defined yield acceleration during an earth,;•IAk~yent 

5 
It , 
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(Newmark, 1965). If the estimated crest settlements do not exceed the available Phase 7 
freeboard, overlapping of the dam will not occur. 

GAi utilized two (2) empirically-based methods including the Makdisi-Seed (Makdisi, ,F. I. and 
Seed, H.B., 1978) and the Hynes-Griffin Franklin (Hynes-Griffin, M.E., Franklin, A.G., 1984) 
procedures to estimate the magnitude of earthquake-induced permanent deformations. The 
results of these empirically-based analyses are compared to the results of the Phase 2 
permanent deformation analyses previously submitted to IDNR in January 2008, which used the 
Newmark double-integration, sliding block method of calculating soil mass displacements from 
one-dimensional, dynamic site response analyses. Finally, GAi notes that the failure surface 
impacts only a portion of the approximate 400-foot wide Phase 7 crest width, as shown in the 
Appendix C slope stability results, which adds significantly to the downstream safety of the 
dam. 

Makdisi-Seed Method 

In order to use the Makdisi-Seed method, the minimum and maximum design spectral 
acceleration was estimated at 0.36g and 0.73g, respectively, using the procedures outlined in 
the International Building Code (IBC) 2006, specifically Section 1613 Earthquake Loads. 
Additionally, an IBC 2006 Site Class D was chosen based on shear wave velocity testing 
performed at the Pond Creek facility. Site Class D is a 'Stiff Soil Profile' with a shear wave 
velocity {Vs) between 600 and 1,200 feet per second (fps). The site class was based on the 
average properties within the upper 100 feet of the site that supports the Phase 7 embankment. ' 

The fundamental period (To) of the Phase 7 dam was approximated from the permanent 
deformation site response analysis of Phase 2, which was 0.23 seconds. This value is 
compared to IBC 2000, Ts= So1/Sos, which was estimated at 0.49 seconds, and it is 
conservatively assumed that To= Ts= 0.49 seconds. 

Based on the various data described above, the design charts in IBC 2006 and Makdisi-Seed 
(1984), permanent deformations due to a PGA with 2% probability of exceedance in 50 years 
were estimated to be 1. 7 feet or about 20 inches. 

Hynes-Griffin and Franklin Method 

Alternatively, the Hynes-Griffin and Franklin (1984) method was also used to estimate 
permanent deformations of the Phase 7 dam. Hynes-Griffin and Franklin developed upper 
bound, mean plus one standard deviation and mean curves estimated for earthquake-induced 
slope displacements based on the results of Newmark analyses of 348 earthquake motions and 
six (6) synthetic acceleration time histories. 

Slope displacements are estimated using the most conservative upper bound curve and the 
ratio of horizontal acceleration that reduces the factor of safety to 1.0, i.e., the yield acceleration 
(Ky) and the peak horizontal acceleration (PGA). Based on the various data for the Phase 7 
Dam and Pond Creek facility, slope displacements were estimated at 16 inches. 

Appendix D presents the calculations and results of the Makdisi-Seed and Hynes-Griffin 
Franklin permanent deformation anaiyses meihods. 

gai consultants 
transforming ideas into reality_-,; 
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Permanent deformations of the Phase 7 Dam from the empirically-based Makdisi-Seed and 
Hynes-Griffin Franklin methods yielded crest settlements of 20 and 16 inches, respectively. 
Further, Phase 2 deformations were previously estimated at 17 inches based on dynamic site 
response analyses and Newmark sliding block methods, which is consistent with the 
empirically-based analyses and estimates of Phase 7 Dam crest settlement. Therefore, the 
maximum Phase 7 Dam crest settlement of 20 inches compares favorably to an available 
freeboard of the Phase 7 Dam of 96 inches above the maximum fines level. 

Although permanent deformations are acceptable relative to the available freeboard, GAi 
recommends that the dam be thoroughly inspected following a seismic event to make 
observations and note any ground movement, scarps, sloughing, toe bulges, etc. on the 
exposed downstream and upstream slopes, increased piezometric groundwater levels, and any 

· other issues that may suggest slope instability. 

In preparing this letter report, GAi's professional services have been performed, findings 
obtained and conclusions prepared in accordance with generally accepted engineering 
principles and practices. No warranty, expressed or implied is made or intended by rendering 
of these services or by furnishing oral or written reports of our findings. This report was 
prepared for the exclusive use of Alliance. 

GAi appreciates this opportunity to provide to Alliance geotechnical earthquake engineering 
services. Please do not hesitate to contact us if you have any questions concerning any of the 
information presented. 

Respectfully submitted, 
GAi CONSULTANTS, IN 

aise E. Genes 
Manager of Geotechnical and Structural 

BEG/Ilg 
09040301001-ltr rpt-ac-rtc-beg/tlg D1 

Attachments 

gai consultants 
transforming ideas into realityc, 



R15358

REFERENCES 

1. Civil & Environmental Consultants, Inc. Report, "Permanent Deformation Evaluation, 
Pond Creek No. 1 Coal Refuse Disposal Site, South Cell Slurry lmpoundment, Johnston 
City, Williamson County, Illinois," January 23, 2008. 

2. Civil & Environmental Consultants, Inc. Report, "Abandonment Evaluation, Pond Creek 
No. 1 Coal Refuse Disposal Site, South Cell Slurry lmpoundment, Johnston City, 
Williamson County, Illinois," July 23, 2008. 

3. Hynes-Griffin, M.E., Franklin, A.G. 1984, "Rationalizing the Seismic Coefficient Method," 
Miscellaneous Paper GL-84-3, US Army Corp of Engineers Waterways Experiment 
Station, Vicksburg, Mississippi. 

4. Illinois Department of Natural Resources, Office of Water Resources, Construction and 
Maintenance of Dams, Part 3702, Chapter IX. 

5. International Building Code 2006 and 2000. 

6. Kramer, S.L., 1996, "Geotechnical Earthquake Engineering," Prentice Hall Publishers. 

7. Hynes-Griffin, M.E., Franklin, A.G. 1984, "Rationalizing the Seismic Coefficient Method," 
Miscellaneous Paper GL-84-3, US Army Corp of Engineers Waterways Experiment 
Station, Vicksburg, Mississippi. 

8. Makdisi, F.I. and Seed, H.B., 1978, "Simplified Procedure for Estimating Dam and 
Embankment Earthquake Induced Deformations," Journal of the Geotechnical 
Engineering Division, ASCE, Vol. 104, No. GT?, pp 849-867. 

9. Newmark, N.M., 1965, "Effects of Earthquakes on Dams and Embankments," 
Geotechnique 15, pp. 139-160. 

10. U.S. Department of Labor, Mine Safety and Health Administration, "Engineering and 
Design Manual, Coal Refuse Disposal Facilities, Chapter 7 Seismic Design: Stability 
and Deformation Analyses," May 2009. 

gal consultants 
transforming ideas into real1tyr--, 



R15359

APPENDIX A 

SEISMIC HAZARD ASSESSMENT 
POND CREEK MINE NO. 1 

WILLIAMSON COUNTY, ILLINOIS 

tj gai consultants 
transforming ideas mto real1ty,,1 



R15360

Civil & Environmental Consultants, Inc. 
Williamson Energy Pond Creek Deformation 

PROJECT Evaluation PROJECT NO. 072046 

Probabilistic Seismic Hazard Assessment - Source, PAGE OF II 

Maximum Magnitude and Peak Ground Acceleration 

MADE BY ---=8'--'E=--G:;__ DATE -----'1-'-/3:c./.=-08-'------ CHECKED BY /M 
7 

DATE 

OBJECTIVE: 

CALCULATION BRIEF 
FOR 

PROBABILISTIC SEISMIC HAZARD ASSESSMENT -
SOURCE, MAXIMUM MAGNITUDE, DISTANCE 

AND PEAK GROUND ACCELERATION 

POND CREEK COAL REFUSE DISPOSAL SITE 

Utilizing the 2002 USGS Earthquake Hazard Program, Interactive Deaggregation 
Maps (Frankel, 2002), particularly the 2% Probability of Exceedance in 50 years 
recmTence interval, define the local and regional seismic events, maximum 
earthquake magnitudes, focal depths, epicentral distances and peak ground 
accelerations potentially impacting the Williamson Energy, Pond Creek coal 
refuse disposal site, Williamson County, Illinois. 

METHODOLOGY: A probabilistic seismic hazard assessment (PSHA) is performed for the Pond 
Creek site located near Johnston City, Williamson County, Illinois. PSHA 
involves utilizing the 2002 USGS Earthquake Hazard Program, Interactive 
Deaggregation Maps (Frankel, 2002), paiticularly the 2% Probability of 
Exceedance in 50 years maps for the site coordinates and the development of a 
particulai· seismic scenario upon which a ground motion hazard evaluation is 
based. The scenai-io consists of the postulated occurrence of an earthquake (i.e., 
2 % Probability of Exceedance in 50 years) of a specified size based on the latest 
USGS hazard mapping for the Pond Creek site. In general, PSHA involves four 
basic elements: 

1. Evaluate earthquake sources; 
2. Determine controlling earthquake(s): the maximum magnitude, maximum 

credible, or maximum considered earthquake; 
3. Determination of ground motion attenuation relationships or distance from the 

site; and 
4. Determination the peak ground acceleration (PGA). 

PSHA determines the earthquakes that have the most significant impacts, and for 
engineering design and analyses of tailing dams, a design earthquake is desired. 

Stochastic modeling, based on the published predictive relations of Atkinson and 
Boore (1995) is subsequently used to create synthetic acceleration-time histories 
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for the critical earthquake scenarios. The required input parameters for the critical 
earthquake source spectra, including moment magnitude, epicentral distance, and 
focal depth are developed from the published information discussed above, and 
summarized below. 

Subsequently discussed in a separate calculation brief, a comparison of input 
parameters and site response will be made using both eastern US synthetic 
earthquake time histories and actual western US earthquake time histories. 
Available records are scaled in SHAKE (Schnabel, 1971) to the Pond Creek site 
PGA and the site response compared to published eastern US ground motion 
attenuation (GMA) response spectra to assess the reasonableness of the various 
time histories. 
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SEISMIC HAZARD ASSESSMENT 

General 

Nuttli and Herrmann (1978) outline the input necessary for pe1forming either a deterministic or 
probabilistic method of assessing seismic hazard, which requires that the seismic source zones be 
identified, that the maximum-magnitude eaithquake for each source zone be estimated, that the 
magnitude-frequency recurrence rate for each source zone be determined, and that the attenuation of 
seismic wave energy with distance be known. 

Based on the current ability to generate synthetic eaithquake acceleration-time histories for eastern North 
American (ENA) eaithquakes using the stochastic modeling techniques developed by Boore (1983) and 
Atkinson and Boore (1995), a PSHA approach was chosen to generate a design eaithquake(s). Using 
this approach, the Maximum Design Eatthquake (MDE) for the 2% Probability of Exceedance in 50 
yeai·s was chosen, which for the Pond Creek site has a PGA of 0.54g. As discussed in Atkinson and 
Boore (1995 and 1998), the utilized ground motion relationships compai·ed well to the limited database 
of recorded Eastern North America (ENA) eaithquakes and lai·ge eaithquakes from analogous intra
plate, hai·d rock sites. In a separate calculation brief, a comparison is made of the PGA from the various 
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ground motion attenuation relationships and the synthetic time-histories, as well as a comparison of the 
site response and response spectra of both the synthetic earthquake acceleration time histories and a 
scaled western U.S. acceleration-time history record to evaluate the consistency and results of the eastern 
and western time histories relative to the embankment response, i.e., frequency content, spectral 
acceleration, etc. 

The PSHA methodology chosen for this evaluation represents a more refined approach to previous 
methods which used empirical, pseudostatic embankment analyses. Similarly, the PSHA developed 
specifically for the Pond Creek site also attempts to eliminate the potential for over-conservative, 
unrealistic strong ground motion associated with the "floating earthquake" concept. This approach is 
generally applied in regions where active earthquake-generating surface faults exist and the intensity
based peak acceleration relationships are from only long-period western U.S. and Japanese seismic 
activity and more importantly, the peak acceleration does not account for distance. 

Selection of Maximum Credible Earthguake Scenarios and Peak Ground Acceleration 

Based on the most critical regional and local seismic sources to the Pond Creek site as identified in the 
USGS Interactive Deaggregation Maps, two MDE scenarios have been selected for analysis including a 
magnitude (M) 8.0, which has boundary limits of about 83 km from the site and the potential to generate 
a high intensity earthquake. The Pond Creek site also has the potential to be impacted by a smaller 
magnitude earthquake or a comparable local "background" eaiihquake at a closer epicentral distance to 
the site, which based on the USGS seismic hazai·d program is an M6.8 at 13.5 km. The PGA associated 
with this hazai·d was defined at 0.54g. The 2002 USGS Eaithquake Hazard Progran1, Interactive 
Deaggregation Maps (Frankel, 2002), particularly the 2% Probability of Exceedance in 50 yeai·s maps 
are attached. 

The rate at which the strength of earthquake ground motion attenuates and the amount of geometric 
spreading with distance from the epicenter ai·e required for seismic hazai·d analyses. The focal depth of 
the eaiihquake and the near surface geological conditions have a significant influence on the intensity 
attenuation relationship. Information on earthquakes occurring in the eastern United States suggests that 
surface faulting does not occur and the center of energy release is deeper thai1 the average of California 
earthqualces. The eaiihquake energy is therefore radiated over a larger ai·ea than is experienced in 
California, and California data cannot be extrapolated directly to this region. Several ENA and CEUS 
ground motion attenuation relationships including Toro, et.al. (1997), Atlcinson & Boore (1997), 
Cainpbell (2003), Atkinson (2001) and Tavakoli & Pezeshk (2005) are used to compai·e the USGS PGA 
for the Pond Creek site to that of other ENA and CEUS ground motion relationships. 

Therefore, these two MDE scenarios will be evaluated for their impact on the Pond Creek impoundment 
since the maximum ground accelerations, frequency contents, and durations of effective cycles will be 
notably different. 
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As previously discussed, utilizing the Atkinson and Boore (1995) empirically-derived earthquake source 
spectra model for eastern North American hard rock sites, quality synthetic acceleration-time histories 
have been created for the bedrock motions. Subsequently, the various input parameters from these 
synthetic earthquake records are compared to the Pond Creek site input and the time histories scaled 
according! y to the PGA anticipated at the Pond Creek site. Also, selection of an earthquake time history 
record from the PEER Strong Motion Database for western U.S. and Japanese earthquake records, scaled 
to the PGA is pe1formed. Finally (in another calculation brief), the corresponding response spectra 
curves of the site response due to the ENA/CEUS synthetic and PEER earthquake time hist01ies ar·e 
compared to the ENA and CEUS ground motion attenuation response spectra to assess the 
reasonableness of the time history. 

CONCLUSION 

A Probabilistic Seismic Hazard Assessment (PSHA) which utilized the 2002 USGS Earthquake Hazar·d 
Prograrn, Interactive Deaggregation Maps indicated local and regional seismic scenarios of potential 
impact to the Pond Creek coal refuse disposal site located in Williainson County, Illinois. Two MDE 
scenarios were chosen for analysis including M8.0 earthquake located at a epicentral distance of 83 km 
from the site was chosen for potential for a ]ar·ge intensity earthquake with a corresponding PGA of 
0.54g. Additionally, an M6.8 eaithquake at an epicentral distance of 13.5 km from the site was 
identified and will be used to model an eai·thquake that could "occur anywhere" with a PGA of 0.54g. 
These scenarios will be used to scale existing eastern U.S. synthetic acceleration-time histories, based on 
the source spectra models defined by Atkinson and Boore (1995) and a western U.S., PEER eai·thquake 
record. A comparison of the various input time histories, site response (spectra) and published eastern 
U.S. ground motion attenuation relationships spectra performed in a seoar·ate calculation brief. 
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Generated Output: 
Click a link below to view the output file. 

Regor! (15 Kb) Deagregation (59 Kb) .Seismograms (62 Kb). 

Seismogram_p_j3_t_<L(LMb) 

Jn this page you may select a return time, SA frequency, specify a latitude and longitude and request seismograms. Links to the following 

nformation will be returned: 

• A plot of deaggregated distance, magnitude and ground-motion uncertainty for the specified parameters. 
\n ascii text file of the hazard matrices, containing, but not limited to, the frequency selected. 

geographic deaggregation plot may also be specified (for designated frequencies only - see below). This is in addition to the plot 
mentioned above. 

o An ascii text file and graph of the seismograms for the modal or mean event (if requested). 

>/ease read the f!_E;_ADMJ; file before trying to use this site. The README explains about the input parameters and also describes how the 
feaggregation is done. Stochastic Seismograms and What is Egsilon? are articles which discuss the theory behind the seismograms. 

::hoose parameters and click "Generate Output" 

Site Name: (Help) 

Latitude: (Help) 

Longitude: (Help) 

Return Period: (Help) 

Frequency: (Help) 

Geographic Deaggs: (Help) 

Pond_Creek 

37.84 

-88.82 

2475 years (2% in 50 years) 

PGA 

None 

Stochastic Seismograms: (Help) Modal, One-Corner Source 

Sta rt Over Generate Output 
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•a9" Contact Information: We/;>_ Team 
•a,1 ·st Modified: June 28, 2007 1:14:52 PM. 

1.s\... cpartment of the Interior I U.S. Geological Survey 
IRL: http://earthquake.usgs.gov/Lesearch/l1azmaps,'interactive/wrapps,r.php 

age Contact Information: Web Team 
age Last Modified: June 28, 2007 1:14:52 PM. 
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Prob. Seismic Hazard Deaggregation 
Pond_Creek 88.820"\V, 37.840N. 
Peak Horiz. Ground Aeed.>=0.5401 g 
Mean Reh1rn Time 2475 yeacs -
Mean (R,M,E0) 46.4km, 6.67, D.70 
Modal (R,M,E0) = 82.7 km, 7.70, 1.19 (from peak R,M bin) 
Modal (R,M,e*) = 82.7 km, 7.7D, 1 to 2 sigma (from peak R,M,E bin) 
Binning: DdtaR25. km, dcltaM=0.2, Deltae=LD 

<.median I R1M 

ii Eo<-2 

1111 -2<co <-1 

-1 <co <-05 

-0.5 <q) <0 
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APPENDIX B 

CHARACTERIZATION OF THE SAND-LIKE AND CLAY-LIKE SUBSURFACE MATERIALS 
PREPARED BY CIVIL & ENVIRONMENTAL CONSULTANTS, INC. 

ESTIMATION AND SUMMARY OF ENGINEERING PROPERTIES INCLUDING PEAK AND 
STEADY-STATE UNDRAINED SHEAR STRENGTH FOR REFUSE AND SUBGRADE 

MATERIALS PREPARED BY CIVIL & ENVIRONMENTAL CONSULTANTS, INC. 

LABORATORY TESTING RESULTS PROVIDED BY ALLIANCE CONSULTING, INC. 

gai consultants 
transforming ideas into reality, 
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CALCULATION BRIEF 
FOR 

CHARACTERIZATION OF SAND-LIKE AND CLAY-LIKE 
SUBSURFACE MATERIALS 

POND CREEK COAL REFUSE DISPOSAL SITE - SOUTH CELL 

080-851 

OBJECTIVE: To characterize subsurface materials including coarse coal refuse, fine coal 
refuse and residual soils encountered at the Pond Creek South Cell refuse 
disposal facility. Materials are characterized as-either sand-like or clay-like 
in accordance with various pertinent references shown below and included 
within the "Draft" Mine Health and Safety Administration (MSHA) 
Engineering and Design Manual, specifically Chapter 7: Seismic Design: 
Stability and Deformation Analyses, March 2007. 

( 
1
'-- REFERENCES: 

1. Illinois Department of Natural Resources, Office of Water Resources, Construction and 
Maintenance of Dams, Part 3 702, Chapter IX. 

2. Mine Safety and Health Administration, "Draft - Engineering and Design Manual, Coal 
Refuse Disposal Facilities, Chapter 7 - Seismic Design: Stability and Defmmation 
Analyses," dated, March 13, 2007. 

3. Civil & Environmental Consultants, Inc. Calculation Brief Entitled "Summary of Piezo
Cone Penetration Testing," Pond Creed Coal Refuse Disposal Site, BEG, dated 12/21/07. 

4. Civil & Environmental Consultants, Inc. Calculation Brief Entitled "Normalized PS-CPT 
Data and Parameter Correlations," Pond Creek Coal Refuse Disposal Site, BEG, dated 
12/28/07. 

5. Civil & Environmental Consultants, Inc. Calculation Brief Entitled "Summary of 
Laboratory Testing," Pond Coal Refuse Disposal Site- South Pond, BEG, dated 7/8/08. 

6. Boulanger, R.\\l. and Idriss, I.IvL (2004). "Evaluating the Potential for Liquefaction or 
Cyclic Failure of Silts and Clays," Report No. UCD/CGM-04/01, Center for Geotechnical 
Modeling, Department of Civil and Environmental Engineering, University of California, 
Davis, California. 
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7. Robertson, P.K., (Fear) Wride, C.E., List, B.R., Atukorala, U., Biggar, K.W., Byrne, 
P.M., Campanella, R.G., Cathro, D.C., Chan, D.H., Czajewski, K., Finn, W.D.L., Gu, 
W.H., Hammamji, Y., Hofmann, B.A., Howie, I.A., Hughes, J., Imrie, A.S., Komad, 
J.-M., Kiipper, A., Law, T., Lord, E.R.F., Monahan, P.A., Morgenstern, N.R., Phillips, R., 
Piche, Plewes, H.D., Scott, D., Sego, D.C., Sobkowicz, J., Stewart, R.A., Tan, S., Vaid, 
Y.P., Watts, B.D., Woeller, D.J., Youd, T.L., and Zavodni, Z., The CANLEX Project: 
Summary and Conclusions. Canadian Geotechnical Journal, 2000, Vol. 37, No. 3, June, 
pp. 499-504 

8. Youd, T. L. et al. (2001). "Liquefaction Resistance of Soils: Summary Report from the 
1996 NCEER and 1998 NCEER/NSF Workshops on Evaluation of Liquefaction 
Resistance of Soils," Journal of Geotechnical and Geoenvironmental Engineering, ASCE, 
Vol. 127, No. 10, pp. 817-833. 

9. Blight, G. E. and Bente], G. M., (1983) "The Behaviour of Mine Tailings During 
Hydraulic Deposition," Journal of the South African Institute of Mining and Metallurgy, 
April 1983. 

GENERAL: 

Reference (Ref.) Number (No.) 1 presents the following guidelines regarding the methods of 
testing, analyses and computations which must be completed and submitted with an application 
to support an owner's request for abandonment of a disposal impoundment darn: 

1. The classification of the existing condition of the impounded material with respect to its 
fluid nature; 

2. The liquefaction potential of the impounded material and the related stability of the 
containing dam; 

3. The final surface configuration for the impounded materials, especially from any surface 
water impounding characteristics and the erosion potential of the surface material; and 

4. The establishment of a follow-up inspection schedule to ensure the proposed plans have 
been effective and the submittal of record drawings. 

This, and subsequent calculation briefs prepared by Civil & Environmental Consultants, Inc. 
(CEC), address the characte1ization of the impounded fine coal refuse and the liquefaction 
potential of the fine coal refuse and related stability (i.e., Requirements 1 and 2 above). Alliance 
Consulting, Inc. (Alliance) will provide the final surface configuration and the follow-up 
inspection schedule. 
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From Ref. No. 2, the basic elements for seismic design and analysis are: 

1. Characterize the subsurface materials; 
2. Evaluate if design earthquake will trigger strength loss; 
3. Evaluate seismic stability using post-earthquake strength parameters; and 
4. Evaluate deformations. 

Therefore, the first step for both abandonment and seismic design and analysis is to characterize 
the subsurface conditions to evaluate the fluid nature and whether any zones have the potential 
for strength loss due to earthquake shaking (i.e., liquefaction potential). Previously, the materials 
making up the coarse refuse dike and underlying residual soils were evaluated using piezo
seismic cone penetration testing (PSCPT) (Ref. Nos. 3 and 4) as part of the deformation analyses 
of the South Pond. Subsequently, and as part of the abandonment evaluation, laboratory testing 
(Ref. No. 5) and characterization of the fine coal refuse retained behind the embankment was 
performed as described below. 

For many aspects of seismic stability analyses described in Ref. No. 2, coal refuse and natural 
soils are referred to as sand-like or clay-like depending on whether they exhibit monotonic and 
cyclic undrained shear loading behavior that is fundamentally more similar to that of either sand 
or clay. This differentiation is significant primarily if the material is loose enough (sands) or soft 
enough (clays) that it is potentially susceptible to strength loss. 

SUMMARY OF POND CREEK FIELD AND LABORATORY TESTING/RESULTS: 

CEC developed, implemented and oversaw a detailed and thorough field testing program 
consisting of performing PS-CPT at several sounding locations throughout the Pond Creek site, 
including the ongoing South Pond impoundment. PS-CPT was executed at Pond Creek by 
ConeTec, Inc. (ConeTec) of West Berlin, New Jersey. Also, Alliance provided bulk (bucket) 
samples of fine coal refuse, which were obtained for subsequent laboratory testing. Geotechnics, 
Inc. (Geotechnics) of Pittsburgh, Pennsylvania performed consolidated undrained t1iaxial shear 
strength laboratory testing of the fine coal refuse materials. Ref. Nos. 3 -5 present summaries of 
the field and laboratory testing programs and Appendixes A - C of the Pond Creek abandonment 
report present the results of the field and laboratory testing. 
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PIEZO-SEISMIC CONE PENETRATION TEST RESULTS SUMMARY: 

Generalized South Cell CPT Profiles from the October 2007 field testing presented in Ref. Nos. 
3 and 4 indicated the following: 

CPT-1 CPT-2 

EL 482.19 - Surface Elevation EL 494.21 - Surface Elevation 

15.3 feet -Depth to Static Ground Water 38.8 feet -Deuth to Static Ground Water 

0 - 18.4 feet - Residual Soil 0- 32 feet - Coarse Refuse 

Refusal at 18.4 feet - Bedrock 32- 45.3 feet - Residual Soil 

Refusal at 45.3 feet - Bedrock 

CPT-2A CPT-3 

EL 492.40 - Surface Elevation EL 466.98 - Surface Elevation 

37 .0 feet - Depth to Static Ground Water 11.1 feet - Deuth to Static Ground Water 

0 - 29 feet - Coarse Refuse 0 - 22.2 feet - Residual Soil 

29 - 41.7 feet - Residual Soil Refusal at 22.2 feet - Bedrock 

Refusal at 41. 7 feet - Bedrock .. . 

CPT-4 CPT-5 

El. 482.55 - Surface Elevation El. 482.55 - Surface Elevation 
. 

21.7 feet - Depth to Static Ground Water 34.4 feet- Deuth to Static Ground Water 

0 -18.9 feet - Residual Soil 0 - 29 feet - Coarse Refuse 

Refusal at 18.9 feet -Bedrock 29 - 49.2feet - Residual Soil 

Refusal at 49 .2 feet - Bedrock 

··-· 
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CPT-SA CPT-SB 

EL 483.00 - Surface Elevation EL 479.90 - Surface Elevation 

35.9 feet-Deoth to Static Ground Water 28.0 feet-Deoth to Static Ground Water 

0 - 29 feet - Coarse Refuse 0-19 feet - Coarse Refuse 

29- 53.2 feet - Residual Soil 19 - 39.7 feet - Residual Soil 

Refusal at 53 .2 feet - Bedrock Refusal at 39.7 feet• Bedrock 

Cone penetration testing results for CPT-1, CPT-2, CPT-2A, CPT-3, CPT-4, CPT-5, CPT-5A 

AND CPT-5B presented in Ref. Nos. 3 and 4 indicated the following: 

CPT-1 CPT-3 

Residual Soil Residual Soil 

(Laver Thickness = 18.4) (Laver Thickness - 22.2) 

Avg. Tin Stress, Qc avg. = 79 tsf Avg. Tio Stress, Qc avg. = 43 tsf 

Avg. Fines Content, FC avg. = 27% Avg. Fines Content, FC avg. = 32% 

AvrI. SBT Index, le= 2.38 Avg. SBT Index, le= 2.49 

CPT-4 

Residual Soil 

(Laver Thickness = 18.9) 

Avg. Tio Stress, Qc avg.= 64 tsf 

Avg. Fines Content, FC avg.= 28% 

Avg. SBT Index, le= 2.41 
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CPT-2 CPT-2A 

Coarse Coal Refuse Coarse Coal Refuse 

(Laver Thickness = 32') (Laver Thickness = 29') 

Avg. Tio Stress, Qc avg, = 54 tsf Avg. Tio Stress, Qc avg. = 45 tsf 

Avg. Fines Content, FC avg.= 24% Avg. Fines Content, FC avg.= 22% 

Avg. SBT Index, Ic = 2.30 Avg. SBT Index, Ic = 2.23 

Residual Soil Residual Soil 

(Layer Thickness = 13.3') (Layer Thickness= 12.7') 

Avg. Tio Stress, Qc avl!. = 4 7 tsf Avg. Tip Stress, Qc avl!. = 86 tsf 

Av!!. Fines Content, FC avl!. = 60% Avg. Fines Content, FC avl!. = 48% 

Av!!. SBT Index, Ic = 2.99 Avg. SBT Index, Ic = 2.80 

CPT-5 CPT-SA 

Coarse Coal Refuse Coarse Coal Refuse 

(Layer Thickness = 29') (Layer Thickness = 29') 

Avg. Tip Stress, Qc avl!. = 50 tsf Av,g. Tip Stress, Qc avg. = 37 tsf 

Avv,. Fine8 Content, FC avl!. = 23% Avg. Fines Content, FC avg. = 24% 

Avg. SBT Index, Ic = 2.24 Avg. SET Index, Ic = 2.29 

Residual Soil Residual Soil 

(Laver Thickness = 20.2') (Laver Thickness = 24.2') 

Avg, Tio Stress, Qc avl!. = 66 tsf Avg. Tip Stress, Qc avl!. = 49 tsf 

A v_g. Fines Content, FC avg. = 64% Avg. Fines Content, FC avl!. = 56% 

Av_g. SBT Index, Ic = 3.04 Avg. SET Index, Ic = 2.94 
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CPT-SB 

Coarse Coal Refuse 

(Laver Thickness = 19') 

Avg. Tip Stress, Qc avg. = 41 tsf 

Avg. Fines Content, FC avg.= 19% 

Avg. SBT Index, le = 2.15 

Residual Soil 

(Laver Thickness= 20.7') 

Avg. Tip Stress, Qc avg.= 63 tsf 

Avg. Fines Content, FC avg.= 51 % 

Avg. SBT Index, le= 2.84 

Cone Penetration Testing Results - Shear Wave Velocities 

Shear Wave Velocity Shear Wave Velocity 
Coarse Coal Refuse Residual Soil 

CPT No. (ft/sec) (ft/sec) 
Max. Min. Av!!. Max. Min. 

CPT-1 NA 1402 645 
CPT-2 1284 1029 1120 1173 795 

CPT-2A 1169 895 1042 1256 780 
CPT-3 NA 1058 569 
CPT-4 NA 1242 476 
CPT-5 1190 936 1063 1599 780 

CPT-5A 1396 779 1064 1580 728 
CPT-5B 1517 818 1080 1649 686 

080-851 

OF /t-

Avo, 
905 
957 
918 
765 
817 
947 
1005 
978 
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LABORATORY TESTING RESULTS SUMMARY: 

Ref. No. 4 and Appendix A present the details and results of the June 2008 laboratory testing 
program performed by Geotechnics. The following summarizes laboratory testing results of each 
of 2 buckets of fine coal refuse sampled from the South Pond impoundment. 

Bucketl Bucket2 

Fine Coal Refuse Fine Coal Refuse 

Moisture= 85.8 % Moisture = 94.4 % 

Passing No. 200 = 92.8 % Passing No. 200 = 92.6 % 

Passing No. 40 = 99.4 % Passing No. 40 = 99.3% 

Plasticity Index = 17 % Plasticity Index = 17 % 

Avg. Strain to Peak= 15.1 % Avg. Strain to Peak= 11.0 % 

Normalized tip stress and fines content with depth for CPT-1, CPT-2, CPT-2A, CPT-3, CPT-4, 
CPT-5, CPT-5A and CPT-5B including a summary of pertinent average field and laboratory test 
results for each material layer are attached. 

CRITERIA AND METHODOLOGY: 

From Ref. No. 2, the first step common to all approaches is to review the subsurface conditions 
at the embankment to evaluate whether any zones have the potential for strength Joss. For this 
initial screening step, saturated to nearly saturated sand-like materials with N1,60 values Jess than 
15 blows per foot (bpf), or qc1 (or Qc) values less than 75 tons per square foot (tsf), should be 
considered potentially susceptible to strength loss. Ref. No. 2 noted these values are likely too 
conservative and apply only to clean sands. Their application to silty sands and sands with high 
fines content, which are more representative of fine coal refuse, will likely be overly 
conservative. 
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Generalized field-related CPT-derived criteria noted in various references within Reference 2 

include: 

Sand-like: Fines content< 50% or PI< 12% 
Loose: SPT N1,6o < 15 or CPT q01 > 75 tsf, & SBT Ic < 2.6 or F, < 2% ). 

Clay-like: Fines content> 50% and PI> 12% 

Soft: OCR< 5, Su/cr' v < 1.0, CPT Q, < 20 tsf & SET Ic > 2.6, SPT N1,60 < 8 

CPT data may be used in conjunction with Atterberg limit data (criteria shown below) to 
differentiate sand-like from clay-like material. CPT Soil Behavior Type Index (I0 ), as described 
in Robertson and Wride 1998 and reproduced in Youd et al. 2001, values below 2.6 should be 
considered sand-like. L: values above 2.6 may be considered clay-like. 

Generalized laboratory results criteria noted in various references within and in Ref. No. 1 
include the following Atterberg Limit and sieve criteria: 

Atterberg Limits. 

• Material should be considered sand-like if any of the following three (3) criteria apply: 

1. The material has less than 35% particles by dry weight passing the No. 40 sieve and less 
than 20% by dry weight passing the No. 200 sieve; or 

2. The mate1ial has 35% or more particles by dry weight passing the No. 40 sieve and 20% 
or more particles by dry weight passing the.No. 200 sieve, but the fraction finer than the 
No. 40 sieve has a PI of less than 12%; or 

3. The material has 20% or more particles by dry weight passing the No. 200 sieve, but the 
fraction finer than the No. 40 sieve has a PI of less than 20%. 

The material may be considered clay-like if any of the following two (2) c1iteria apply: 

1. The material has 35% or more particles by dry weight passing the No. 40 sieve and 20% 
or more paiticles by dry weight passing the No. 200 sieve, and the fraction finer than the 
No. 40 sieve has a PI of 12% or higher; or 
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2. The material has 20% or more particles by dry weight passing the No. 200 sieve, and the 
fraction finer than the No. 40 sieve has a PI of 20% or higher. 

Atterberg limit criteria include as sand-like some materials that are considered clay-like by some 
investigators (e.g. Boulanger and Idriss, 2004, who suggested a break between sand-like and 
clay-like behavior at a PI of 7% ). The intent is to classify borderline materials as sand-like to be 
conservative. 

Another key factor in differentiating loose sand-like material from soft or medium clay-like 
material, for the purposes of seismic stability and deformation analyses, are the strain at peak 
undrained strength and the abruptness of the drop-off in shearing resistance as strains increase 
beyond the strain at peak. Loose sands and highly sensitive clays can reach Sup at small strains, 
and experience abrupt drop-off in resistance at higher strains. Most clays tend to reach Sup at 
higher strains, and tend to experience more gradual and limited drop-off in shearing resistance at 
higher strains. Fine coal refuse deposits often include materials falling within both 
classifications, and near the boundary of these two types of behavior. 

Loose materials with shear strain at peak strength of less than 2% in an undrained monotonic 
(non-cyclic) test, and a rapid drop-off in resistance after reaching peak strength, are considered 
sand-like. Loose or soft materials with shear strain at peak strength of more than about 5%, and 
a gradual drop-off in resistance after reaching peak strength are considered clay-like. Materials 
with strain behavior between these descriptions are considered borderline and, to be 
conservative, should generally be analyzed as sand-like. · (Note that shear strain in an undrained 
triaxial test is 1.5 times axial strain.) 

Soil, rock, and mixtures of soil and rock that are not coal refuse such as the underlying starter 
embankment will be referred to as natural soils. Natural soils may be described as sand-like, or 
clay-like, using the same general criteria as refuse. 
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CPT-1, CPT-2, CPT-2A, CPT-3, CPT-4, CPT-5, CPT-SA AND CPT-SB AVG. 

WEIGHTED AVERAGE FIELD AND LAB RESULTS SUMMARY 

Coarse Coal Refuse (138') 

Avg. Tip Stress, Qc avg.= 46 tsf 

Avg. Fines Content, FC avg.= 23% 

Avg. SBT Index, Ic = 2.25 

Fine Coal Refuse 

Avr;,-. % Passing No. 200 = 92.7% 

Av".% Passing No. 40 = 99.4 % 

Avg. Plasticity Index = 17% 

Avg. Strain to Peak= 13.1 % 

Residual Soil (150.6') 

Avr;,-. Tip Stress, Qc avg.= 61 tsf 

Avg_ Fines Content, FC avp;. = 46% 

Avg. SBT Index, Ic = 2.73 

Plots of individual and average normalized tip stress with depth are included with an attached 
complete copy of Ref. No. 4. 
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CONCLUSION 

Based on the information presented in this calculation brief, the following material characteristic 
designations were determined for the coarse coal refuse, fine coal refuse and residual soil: 

Coarse Coal Refuse: Medium Dense Sand-Like; 

Fine Coal Refuse: Medium Stiff Clay-Like; 

Residual Soil: Medium Dense Sand-Like and Medium Stiff Clay-Like. 

Fm1her, the results of the laboratory testing indicate that the fine coal refuse is clay-like based on 
an average 93% passing the No. 200 sieve and plasticity index of 17%. Peak and steady-state 
undrained strengths presented in Appendix A were reached at generally high strains (between 8 
and 18 % ), and there was very little drop off from peak to steady-state with increasing strain. The 
results generally indicated a higher resistance to strength loss (and flow) due to the large strains 
required to exceed the peak strength and correspondingly small decrease to the steady-state 
strength at higher strains. Further, previous deformation analyses results indicated induced shear 
strains from the PGA at less than 0.1 %, which is well below a threshold (peak) triggering strain 
of the material. 

The susceptibility of the embankment and impoundment to a liquefaction flow failure is a 
function of both the undrained strength (worst case steady-state strength) and the in-situ driving 
shear stress on a critical failure plane passing through the critical layer fine coal refuse material, 
which is further addressed in subsequent calculation briefs. 
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CALCULATION BRIEF 
FOR 

ESTIMATION AND SUMMARY OF ENGINEERING PROPERTIES 
INCLUDING PEAK AND STEADY-STATE UNDRAINED SHEAR STRENGTH 

FOR REFUSE AND SUBGRADE MATERIALS 

POND CREEK COAL REFUSE DISPOSAL SITE- SOUTH POND STAGE 2 

OBJECTIVE: 

REFERENCES: 

To estimate and summarize engineering properties for fine coal refuse 
. materials . samples obtained at. the Pond Creek Coal Refuse Disposal site 

including unit weight (y), specific gravity (G,), effective strength, i.e., 
angle of internal friction (f) and cohesion (c'), total strength, peak 
undrained shear strength (Sup), and steady-state undrained shear strength 
(Su,)- The various strengths will be used in the South Pond abandonment 
analyses model(s). 

1. Civil & Environmental Consultants (CEC), Inc. Calculation Brief Entitled "Summary of 
Piezo-Sei$rniC Cone Penetration Testing," Pond Creek Coal Refuse Disposal Site," BEG, 
12/21/07. 

2. Civil & Environmental Consultants (CEC), Inc. Calculation Brief Entitled "Summary of 
Laboratory Testing - Fine Coal Refuse," Pond Creek Coal Refuse Disposal Site - South 
Pond," BEG, 7/10/08. 

3. Alliance Consulting, Inc., "Appendix C Laboratory Testing, Proposed Coal Refuse 
Disposal Facility No. 2, Pond Creek Mine No. 1, Williamson County, Illinois." 

4. Poulos, S.J., Castro, G., France, J.W. (1985), "Liquefaction Evaluation Procedure," 
Journal of Geotechnical Engineering, ASCE, 111(6), pp. 772-791. 
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5. Genes, B.E., Keller, T.O., and Laird, J.P. (2000) "Steady State Liquefaction Susceptibility 
of High Hazard Upstream-Constructed Coal Refuse Disposal Facilities," Proceedings of 
Tailings Dams 2000, ASDSO/USCOLD, Las Vegas, NV, March 28-30, pp. 47-58. 

6. Almes, R. A. and Butail, A. (1976) "Coal Refuse: Its Behavior Related to the Design and 
Operation of Coal Refuse Disposal Facilities," Proceedings of the Ohio River Valley 
Soils Seminar, Lexington, Kentucky, October, 1976. 

7. Bowles, Joseph E. (1984) "Physical and Geotechnical Properties of Soils," Mc-Graw Hill. 
New York: 367-369 and 393-396. 

SOIL PROPERTIES: 

The following soil properties were estimated based on laboratory testing [Reference Numbers 
(Ref. Nos.) 2 and 3] performed for abandonment analyses and/or provided by Alliance 
Consulting, Inc. for previous deformation analyses, which are used in the various slope stability 
analyses and attached for information: 

e use 01 roper 1es Rf /S"lP f 
Friction 

Unit Weight Angle Cohesion <1J 

(y) (cj>) (c) 
Description (ocf) (de2:rees) (osO Comment 

Coarse Refuse 130 36 0 Frictional 

6 

36.9 0 Effective Strength (Drained) 

Fine Coal Refuse 85 18.8 0 Total Strength (Undrained) 

0 Varies (See Below) Steady-State (Undrained) 

19.5 400 Total Strength (Undrained) 
Residual Soil 125 

0 3000 80% Peak Undrained 
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LABORATORY-DERIVED S!ll! and Slli: 

Two (2) consolidated - undrained (CU) triaxial series tests (3 points each) were performed on 
reconstituted bulk fine coal refuse slurry to determine effective and total strength parameters as 
well as peak (Sup) and steady-state (Su,) undrained shear strengths. Samples were prepared in the 
laboratory to simulate in-situ placement and consolidation. Samples were consolidated to a 
range of vertical effective stresses of about 5, 10 and 20 pounds per square inch (psi) [or 720 to 
2880 pounds per square foot (pst)]. All specimens exhibited contractive behavior when sheared 
under undrained conditions. In general, all specimens reached, or nearly reached, a steady-state 
of deformation within the strain limits of the test equipment. 

A total of 6 CU points comprise the (2) series from which peak and steady-state shear strength 
state. Su, represents the liquefied shear strength [i.e., the minimum (residual) strength available 
following a rapid loading event, such as an earthquake]. 

The following equations (Ref. No. 4) were used to calculate peak (Sup) and steady-state (Su,) 
shear strengths from laboratory test specimens: 

Peak: 

Sup = qup COS q>p 

Or 

Sup= cr'3p [cos $p sin $p] / (I - sin $p) 

Steady-State: 

Or 

Sus= cr' 3s [cos $us sin $us] I (I - sin $us) 

080851 

li 
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Where, 

qup = shear stress on 45-degree plane at peak strain 

<jlp = friction angle at peak = arc sin ( q/p) at peak strain 

cr' 3p = lateral effective stress at peak strain 

CHECKED BY !':kJ5, 

qus = shear stress on 45-degree plane at steady-state (max) strain 

<Pus = friction angle at steady-state = arc sin ( q/p) at max strain 

cr' 3us ,; lateral effective stress at steady-state (max) strain 

DATE 1(2,s{CB 

The following peak and steady-state data is presented from CU testing on bulk fine coal refuse 
samples Bucket 1 and Bucket 2 and applying the equations above. CU laboratory test results are 
attached. 
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Sample No. Bucket 1 - Fine Coal Refuse Bucket 2 - Fine Coal Refuse 

CU Test No. 1 2 3 1 2 3 
(Confining (5.2 psi) (10.2 psi) (20.4 psi) (5.2 psi) (10.4 psi) (20.4 psi) 
Pressure) 

Parameter 

qup (psi) @ 4.61 7.54 10.82 3.37 5.73 11.67 

Peak Strain (%) 18.4 13.4 13.5 10.3 14.2 8.4 

q>p (deg) 40.4 39.6 37.8 38.3 39.2 37.5 

cr' 3p (psi) 2.5 4.3 6.8 2.1 3.3 7.5 

Sup (psi) 3.51 5.81 8.55 2.64 4.44 9.26 

qu, (psi) @ 4.59 7.33 10.02 3.28 5.4 10.61 

Max. Strain (%) 21.5 21.67 21.74 17.29 21.32 21.42 

<!>us (deg) 40.4 39.0 36.7 36.3 38.6 35.7 

cr' 3us (psi) 2.4 4.3 6.7 2.1 3.3 7.6 

Su, (psi) 3.37 5.67 7.98 2.46 4.28 8.65 

A plot of the Su, of the rec_onstituted coal refuse slurry samples versus vertical effective stress 
(cr'v) is presented in the attached Figure 1. The equivalent effective vertical stress was assumed 
to be 1.5 times the isotropic effective consolidation stress (i.e., l.5*cr'3). A 2/3 - 1/3 
relationship of the data was employed to yield an Su, to cr'v relationship of Su, = 0.28 cr'v. Ref. 
No. 5 and recent undisturbed/remolded fine coal refuse testing on other projects yielded a range 
of Su,= 0.06 to 0.28 cr'v, with an average of about Su,= 0.22 cr'v. Since site specific testing was 
performed, a reasonable Su, to cr'v relationship of Su,= 0.24 cr'v is considered realistic with some 
conservatism. The impounded/abandoned fine coal refuse in the South Pond will be modeled 
utilizing this relationship. 
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Subsequent slope stability analyses determine the magnitude of driving shear stress on a failure 
plane through the fine coal refuse impoundment to assess the required Su, to maintain 
equilibrium and assess the likelihood of a (liquefaction) flow failure. Post-earthquake slope 
stability of the ernbankment/impoundment is evaluated as well to assess the failure potential of 
the South Pond embankment using the abandonment geometry. 

CONCLUSIONS 

Laboratory undrained shear strength data from consolidated undrained triaxial tests of fine coal 
refuse were determined. Procedures were performed to estimate Sup, Su,, and a reasonable Su, to 
cr'v relationship of Su, = 0.24 cr'v for the material. The results of the laboratory testing indicated 
Sup and Sus reach their peak and steady-state strength at high strains, and there is very little drop 
off with increasing strain. Further, Sup and Sus values generally indicated resistance to flow. 
Thus, the results suggest undrained strengths of the fine coal refuse will be maintained at or near 
peak levels during an undrained event such as an earthquake, and the susceptibility of the 
impounded fine coal refuse to a liquefaction flow failure is a function of both the undrained 
strength (worst case steady-state strength) and the in-situ driving shear stress on a critical failure 
plane through the fine refuse material. 

Based on this information, the properties evaluated/developed in Ref. No. 2 for fine coal refuse, 
as well as course refuse and residual soil, indicated the South Pond fine coal refuse has sufficient 
steady-state shear strength to limit the flowability of the material. The likelihood of a flow 
failure associated with the abandonment scenario will be assessed in a subsequent calculation 
brief by evaluating the driving shear stress and factor of safety against liquefaction in the fine 
coal refuse. 
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Client 
Client Reference 
Project No. 
Lab ID 

CONSOLIDATED UNDRAINED TRIAXIAL TEST 
WITH PORE PRESSURE READINGS 

ASTM D4767-95 / AASHTO T297-94 (SOP-S28) 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-01 

Boring No. 
Depth(ft.) 
Sample No. 

SOUTH POND 
NA 
BUCKET 1 

Consolidated Undrained Triaxial Test with Pore Pressure 

30 ,----------------------------------------~ 

·;;; 

25 ---

SIN <fl = TAN a. 

a 

C = ----
COS <ll 

20 f-----'-----'------,~-----i------f----+--'--_,,,,.:..+----+-----+----_j 

-"'15 f-------------'------'----_;L----+----+-------_;_ ___ _j 
d 

" .T· 
o'-----'-'-'-----'-------~---'-------------------_j 

0 5 10 15 20 

··•St- Max. Effec. Stress Ratio Points --Failure Envelope 

a = 
a 

0.00 
30.5 

25 30 

P, (psi) 

- ::: Test No. 1 

35 40 

--TestNo.2 

0.001 
36.14 

45 

----,.;:c:-Test No. 3 

Tested By JCM Date 05/21 /08 Approved By U!:> Date (Q ( I'{ fof> 
µoge 1 of8 OCN· CT-S28 DATE 6-25-98 REVISIOM 1 

544 Braddock Avenue • East Pittsburgh, PA 15112 • 412-823-7600 • FAX 412-823-8999 • www.geotechnics.net 
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Client 
Client Reference 

Project No. 
Lab 10 

Visual Description: 

CONSOLIDATED UNDRAINED TRIAXIAL TEST 

WITH PORE PRESSURE READINGS 

ASTM D4767-95 I MSHTO T297-94 (SOP-S26) 

CEC 

POND CREEK 060651 

2006-210-01 

2006-210-01-01 

Boring No. 
Depth(ft.) 

Sample No. 

BLACK COAL REFUSE SLURRY (REMOLDED) 

SOUTH POND 

NA 

BUCKET 1 

25 ~---------------------------------~ 

20 

15 
·;;; 
.s 
~ 
~ 

E 
In 
~ 

B 
ra ·, 
~ 

Cl 
10 

5 

01>--------------------------------...J 
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Strain(%) 

-$-Test No. 1 -e-Test No. 2 ---tr-Test No. 3 

Tested By JCM Date 05/21 /08 Approved By 'J)Y:, Date 
page 2 of 8 

544 Braddock Avenue • East Pittsburgh, PA 15112 • 412-823-7600 • FAX 412-823-8999 • www.geolechnics.net 
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WITH PORE PRESSURE READINGS 
ASTM D4767-95 / AASHTO T297-94 (SOP-S28) ~;.~~~?,"~ 

Client 
Client Reference 
Project No. 
Lab ID 

Visual Description: 

/Stage No. 
Test No 

PRESSURES (psi) 

Cell Pressure(psi) 
Back Pressure(psi) 
Eff. Cons. Pressure(psi) 
Pore Pressure 
Response (%) 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-01 

Boring No. 
Depth(ft.) 
Sample No. 

SOUTH POND 
NA 
BUCKET 1 

BLACK COAL REFUSE SLURRY (REMOLDED) 

36.6 
31.4 

5.2 

98 

INITIAL SAMPLE DIMENSIONS (in) 

Length 1 3.140 
Length 2 3.148 
Length 3 3.151 
Avg Leng.= 3.146 

VOLUME CHANGE 

Diameter 1 
Diameter 2 
Diameter 3 
Avg. Diam.= 

Initial Surette Reading (ml) 
Final Surette Reading (ml) 
Final Change (ml) 

MAXIMUM OBLIQUITY POINTS 

p 
Q 

= 
= 

LOAD 
(LBS) 

6.8 
8.2 
8.8 

10.3 
12.1 
15.1 
15.8 
16.2 
17.1 
17.2 
17.8 
18.4 
18.5 
18.8 
19.0 
18.9 
19.4 
19.6 
20.2 
20.7 
20.8 
21.4 
21.4 
21.6 
22.0 
21.8 
22.8 
23.1 
23.5 
23.1 
24.0 

Tested By JCM 

6.41 
3.95 

Date 

Initial Dial Reading (D.R.), mils 
D.R. After Saturation, mils 
D.R. After Consolidation, mils 

DEFORMATION 
(INCHES) 

0.000 
0.001 
0.002 
0.005 
0.008 
0.016 
0.020 
0.026 
0.038 
0.051 
0.069 
0.085 
0.101 
0.116 
0.132 
0.158 
0.182 
0.205 
0.236 
0.260 
0.292 
0.316 
0.340 

.0.371 
0.411 
0.443 
0.490 
0.530 
0.569 
0.610 
0.664 

05/21 /08 Input Checked By 

PORE PRESSURE 
(PSI) 
31.4 
32.1 
32.1 
32.5 
32.8 
33.2 
33.4 
33.6 
33.7 
33.8 
33.9 
34.0 
34.0 
34.1 
34.1 
34.1 
34.2 
34.2 
34.2 
34.2 
34.1 
34.3 
34.1 
34.1 
34.1 
34.1 
34.1 
34.2 
34.1 
34.1 
34.2 

Date 
p,1ge 3 of 8 DCN: CT-S28 DATE 6-25-98 REVISION 1 

1.375 
1.389 
1.399 
1.388 

24.0 
21.7 

2.3 

235 
250 
294 

544 Braddock Avenue • East Pittsburgh, PA 15112 • 412-823-7600 • FAX 412-823-8999 • www.geotechnics.net 
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CONSOLIDATED UNDRAINED TRIAXIAL TEST 
WITH PORE PRESSURE READINGS 

ASTM 04767-95 / AASHTO T297-94 (SOP-S2B) @~!!:!1.~~~"~ 
Client 
Client Reference 
Project No. 
Lab ID 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-01 

Boring No. 
Depth{fl.) 
Sample No. 

SOUTH POND 
NA 
BUCKET 1 

Visual Description: BLACK COAL REFUSE SLURRY (REMOLDED) 

: Effective Confining Pressure {psi) 5.2 

INITIAL DIMENSIONS 

Initial Sample Length (in.) 
initial Sample Diameter (in.) 
,11itial Sample Area (inA2) 
initial Sample Volume (inA3) 

Strain 

(%) 

0.02 
0.07 
0.15 
0.25 
0.52 
0.66 
0.84 
1.22 
1.64 
2.25 
2.75 
3.27 
3.77 
4.28 
5.11 
5.89 
5.65 
7.66 
8.42 
9.45 
10.23 
11.00 
12.03 
13.30 
14.34 
15.88 
17.15 
18.44 
"19.74 
21.51 

Deviation 

Stress 

0.98 
1.39 
2.40 
3.62 
5.63 
6.03 
6.35 
6.92 
6.91 
7.31 
7.66 
7.71 
7.81 
7.90 
7.78 
8.02 
8.13 
8.39 
8.64 
8.59 
8.90 
8.80 
8.83 
8.93 
8.73 
9.12 
9.15 
9.22 
8.86 
9.19 

Tested By 

L.l. u 

0.73 
0.75 
1.15 
1.36 
1. 79 
2.01 
2.21 
2.33 
2.40 
2.55 
2.61 
2.64 
2.68 
2.74 
2.71 
2.84 
2.78 
2.83 
2.76 
2.72 
2.86 
2.67 
2.74 
2.72 
2.69 
2.66 
2.77 
2.70 
2.70 
2.82 
JCM 

3.15 
1.39 
1.51 
4.76 

5.45 
5.84 
6.46 
7.46 
9.04 
9.22 
9.34 
9.79 
9.71 
9.96 

10.25 
10.26 
10.34 
10.37 
10.27 
10.38 
10.56 
10.76 
11.09 
11 .. 07 
11.25 
11.33 
11.29 
11.41 
11.25 
11.66 
11.59 
11.72 
11.36 
11.56 

4.5 
4.5 
4.1 
3.8 
3.4 
3.2 
3.0 
2.9 
2.8 
2.7 
2.6 
2.6 
2.5 
2.5 
2.5 
2.4 
2.4 
2.4 
2.4 
2.5 
2.3 
2.5 
2.5 
2.5 
2.5 
2.5 
2.4 
2.5 
2.5 
2.4 

Date 05/21/08 

Stage No. 
Test No 

VOLUME CHANGE 

Volume After Consolidation (inA3) 
Length After Consolidation (in) 
Area Alter Consolidation (inA2) 

Effective Principle 

Stress Ratio 

1.219 
1.311 
1.593 
1.941 
2.649 
2.893 
3.125 
3.417 
3.469 
3.753 
3.961 
4.017 
4.098 
4.208 
4.124 
4.400 
4.359 
4.538 
4.536 
4.464 
4.797 
4.474 
4.594 
4.601 
4.477 
4.587 
4.762 
4.691 
4.536 
4.864 

A 

0.76 
0.55 
0.49 
0.38 
0.32 
0.34 
0.36 
0.34 
0.35 
0.36 
0.35 
0.35 
0.35 
0.35 
0.36 
0.36 
0.35 
0.34 
0.33 
0.32 
0.33 
0.31 
0.32 
0.31 
0.31 
0.30 
0.31 
0.30 
0.31 
0.31 

p 

4.96 
5.14 
5.25 
5.65 
6.23 
6.20 
6.16 
6.33 
6.26 
6.31 
6.42 
6.41 
6.43 
6.41 
6.38 
6.37 
6.49 
6.56 
6.77 
6.77 
6.79 
6.93 
6.87 
6.94 
6.88 
7.10 
7.01 
7.11 
6.93 
6.97 

4.55 
3.09 

1 .474 

Q 

0.49 
0.69 
1.20 
1.81 
2.81 
3.02 
3.18 
3.46 
3.46 
3.65 
3.83 
3.85 
3.91 
3.95 
3.89 
4.01 
4.07 
4.19 
4.32 
4.29 
4.45 
4.40 
4.42 
4.46 
4.37 
4.56 
4.58 
4.61 
4.43 
4.59 

Input Checked By Date (o-L9~ 
page 4 of 8 
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/:-'-1ient 

mt Reference 
,ject No. 

Lab ID 

Visual Description: 

/Stage No. 
Test No 

,0 RESSURES (psi) 

Cell Pressure(psi) 
Back Pressure(psi) 
Eff. Cons. Pressure(pi 
Pore Pressure 
Response (%) 

CONSOLIDATED UNDRAINED TRIAXIAL TEST 
WITH PORE PRESSURE READINGS 

ASTM D4767-95 / AASHTO T297-94 (SOP-S28) 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-01 

Boring No. 
Depth(ft.) 
Sample No. 

SOUTH POND 
NA 
BUCKET 1 

BLACK COAL REFUSE SLURRY (REMOLDED) 

46.5 
36.1 
10.4 

100 

INITIAL SAMPLE DIMENSIONS (in) 

Length 1 
Length 2 
Length 3 
Avg Leng.= 

3.120 
3.137 
3.135 
3.131 

VOLUME CHANGE 

Diameter 1 
Diameter 2 
Diameter 3 
Avg. Diam.= 

lnilial Surette Reading (ml) 
Final Surette Reading (ml) 
Final Change (ml) 

MAXIMUM OBLIQUITY POINTS 

p 
Q 

= 
= 

LOAD 
(LBS) 

7.9 
13.4 
14.9 
18.3 
20.0 
22.4 
23.0 
23.7 
24.8 
25.7 
26.7 
27.1 
27.5 
27.5 
27.7 
27.9 
28.2 
28.6 
29.5 
30.0 
30.5 
30.4 
31.0 
31.2 
31.8 
31.8 
32.3 
33.0 
32.6 
33.1 
33.6 

Tested By 

11.84 
7.45 

JCM Date 

Initial Dial Reading (D.R.), mils 
D.R. After Saturation, mils 
D.R. After Consolidation, mils 

DEFORMATION 
(INCHES) 

PORE PRESSURE 
(PSI) 

0.000 
0.001 
0.002 
0.005 
0.008 
0.017 
0.020 
0.026 
0.038 
0.051 
0.069 
0.085 
0.100 
0.110 
0.131 
0.157 
0.181 
0.204 
0.235 
0.259 
0.290 
0.313 
0.337 
0.368 
0.408 
0.439 
0.486 
0.526 
0.565 
0.604 
0.659 

05/21/08 Input Checked By 

36.1 
36.8 
37.0 
37.4 
37.8 
38.7 
38.9 
39.3 
39.9 
40.3 
40.9 
41.1 
41.3 
41.5 
41.6 
41.8 
41.9 
41.9 
42.0 
42.1 
42.1 
42.0 
42.1 
42.0 
42.2 
42.1 
42.1 
42.2 
42.1 
42.2 
42.2 

Date 
DCN. CT-528 DATE 6-25-96 REVISION 1 

1.396 
1.398 
1.344 
1.379 

24.0 
18.4 
5.6 

77 
112 
166 
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R15398

\( 

,_::I;~nt 
:lient Reference 
0 roject No. 
Lab ID 

CONSOLIDATC:D UNDRAINED TR/AXIAL TEST 
WITH PORE PRESSURE READINGS 

ASTM D4767-95 / AASHTO T297-94 (SOP-S28) 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-01 

Boring No. 
Depth(ft.) 
Sample No. 

Visual Description: BLACK COAL REFUSE SLURRY (REMOLDED) 

/ Effective Confining Pressure (psi) 10.4 

INITIAL DIMENSIONS 

Stage No. 
Tes/No 

VOLUME CHANGE 

SOUTH POND 
NA 
BUCKET1 

Initial Sample Length (in.) 
Initial Sample Diameter (in.) 
Initial Sample Area (inA2) 
Initial Sample Volume (inA3) 

3.13 
1.38 
1.49 
4.68 

Volume After Consolidation (inA3) 
Length After Consolidation (in) 
Area After Consolidation (inA2) 

Strain 

(%) 

0.03 
0.06 
0.15 
0.25 
0.54 
0.67 
0.86 
1.25 
1.67 
2.28 
2.79 
3.30 
3.60 
4.3, 
5.16 
5.95 
6.72 
7.73 
8.52 
9.54 

10.30 
11.07 
12. 10 
13.40 
·14.44 
15.98 
1 7.28 
'18.58 
19.86 
21.67 

Deviation 
Stress 

3.98 
5.09 
7.59 
8.76 

10.51 
10.94 
11.42 
12.16 
12.77 
13.37 
13.56 
13.79 
13.76 
13.// 
13.82 
13.93 
14.04 
14.51 
14.69 
14.91 
14.68 
14.93 
14.89 
15.08 
14.89 
14.92 
15.10 
14.65 
14.71 
14.66 

L'iU 

0.65 13.73 
0.89 14.59 
1.34 16.65 
1.72 17.44 
2.62 18.29 
2.79 18.56 
3.19 18.64 
3.85 18.71 
4.19 18.98 
4.77 19.00 
5.04 18.92 
5.25 18.94 
5.40 18.76 
b.50 18.67 
5.69 18.52 
5.80 18.52 
5.83 18.61 
5.87 19.04 
6.01 19.08 
6.01 19.30 
5.94 19.15 
6.00 19.33 
5.95 19.34 
6.10 19.38 
6.03 19.25 
5.99 19.34 
6.12 19.38 
5.96 19.09 
6.07 19.04 
6.08 18.99 

9.7 
9.5 
9.1 
8.7 
7.8 
7.6 
7.2 
6.6 
6.2 
5.6 
5.4 
5.2 
5.0 
4.9 
4.7 
4.6 
4.6 
4.5 
4.4 
4.4 
4.5 
4.4 
4.5 
4.3 
4.4 
4.4 
4.3 
4.4 
4.3 
4.3 

Effective Principle 
Stress Ratio 

1.408 
1.535 
1.838 
2.010 
2.351 
2.438 
2.584 
2.856 
3.055 
3.373 
3.530 
3.675 
3.751 
3.812 
3.934 
4.029 
4.072 
4.205 
4.349 
4.397 
4.289 
4.390 
4.346 
4.506 
4.410 
4.381 
4.528 
4.303 
4.398 
4.393 

A p 

0.16 11.74 
0.18 12.05 
0.18 12.85 
0.20 13.06 
0.25 13.04 
0.25 13.08 
0.28 12.92 
0.32 12.63 
0.33 12.60 
0.36 12.32 
0.37 12.14 
0.38 12.05 
0.39 11.88 
0.40 11.79 
0.41 11.62 
0.42 11.56 
0.42 11.59 
0.40 11.78 
0.41 11.73 
0.40 11.84 
0.40 11.80 
0.40 11.87 
0.40 11.90 
0.40 11.84 
0.41 11.81 
0.40 11.88 
0.41 11.83 
0.41 11.76 
0.41 11.68 
0.41 11.65 

1 
2 

4.18 
3.04 

1.374 

Q 

1.99 
2.54 
3.79 
4.38 
5.26 
5.47 
5.71 
6.08 
6.38 
6.68 
6.78 
6.89 
6.88 
6.89 
6.91 
6.96 
7.02 
7.26 
7.35 
7.45 
7.34 
7.46 
7.45 
7.54 
7.44 
7.46 
7.55 
7.33 
7.35 
7.33 

Tested By JCM Date 05/21/08 Input Checked By Vv5 Date I I -lg --(\"f, 
> of 8 
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R15399

Client 
Client Reference 
Project No. 
Lab ID 

CONSOLIDATED UNDRAINED TRIAXIAL TEST 
WITH PORE PRESSURE READINGS 

ASTM D4767-95 / AASHTO T297-94 (SOP-S28) 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-01 

Boring No. 
Depth(ft.) 
Sample No. 

SOUTH POND 
NA 
BUCKET 1 

Visual Description: BLACK COAL REFUSE SLURRY (REMOLDED) 

/Stage No. 
Test No 

PRESSURES (psi) 

Cell Pressure(psi) 
Back Pressure(psi) 
Eff. Cons. Pressure(pi 
Pore Pressure 
Response (%) 

51.4 
31.0 
20.4 

99 

MAXIMUM OBLIQUITY POINTS 

p 
Q 

= 
= 

LOAD 
(LBS) 
6.8 
13.5 
15.7 
18.9 
21.3 
25.0 
27.3 
28.7 
30.6 
31.7 
33.1 
33.8 
34.5 
34.7 
35.2 
35.9 
36.6 
37.1 
37.5 
37.8 
38.3 
38.7 
38.8 
40.1 
41.4 
41.7 
40.5 
42.1 
42.5 
41.7 
42.3 

Tested By JCM 

17.19 
10.31 

Date 

INITIAL SAMPLE DIMENSIONS (in) 

Length 1 
Length 2 
Length 3 
Avg Leng.= 

3.130 
3.121 
3.136 
3.129 

VOLUME CHANGE 

Diameter 1 
Diameter 2 
Diameter 3 
Avg. Diam.= 

Initial Burette Reading (ml) 
Final Burette Reading (ml) 
Final Change (ml) 

Initial Dial Reading (D.R.), mils 
D.R. After Saturation, mils 
D.R. After Consolidation, mils 

DEFORMATION 
(INCHES) 

PORE PRESSURE 
(PSI) 

0.000 
0.001 
0.002 
0.003 
0.005 
0.011 
0.017 
0.024 
0.036 
0.049 
0.067 
0.083 
0.099 
0.108 
0.131 
0.157 
0.180 
0.204 
0.236 
0.260 
0.290 
0.314 
0.337 
0.369 
0.408 
0.440 
0.488 
0.527 
0.566 
0.605 
0.660 

05/21/08 Input Checked By f., 

31.0 
34.0 
34.5 
35.2 
35.9 
37.4 
38.5 
39.4 
40.5 
41.4 
42.3 
42.8 
43.2 
43.4 
43.7 
44.0 
44.2 
44.3 
44.4 
44.4 
44.5 
44.5 
44.5 
44.6 
44.6 
44.6 
44.6 
44.6 
44.6 
44.6 
44.7 

Date 
page 7 o 8 DCN: CT-S28 DATE 6-25-98 REVISION 1 

1.404 
1.373 
1.371 
1.383 

48.0 
40.5 
7.5 

60 
68 

154 
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CONSOLIDATED UNDRAINED TR/AXIAL TEST 
WITH PORE PRESSURE READINGS 

ASTM D4767-95 / AASHTO T297-94 (SOP-S28) 

Client 
Client Reference 
Project No. 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-01 

Boring No. 
Depth(ft.) 
Sample No. 

SOUTH POND 
NA 
BUCKET 1 

Lab ID 

Visual Description: BLACK COAL REFUSE SLURRY (REMOLDED) 

ressure /psi) 

INITIAL DIMENSIONS 

Initial Sample Length (in.) 
Initial Sample Diameter (in.) 
Initial Sample Area (inA2) 
Initial Sample Volume (inA3) 

Strain Deviation Li U 
(%) Stress 

0.02 4.82 3.04 
0.05 6.44 3.45 
0.10 8,70 4.15 
0.17 10.46 4.86 
0.37 13.09 6.38 
0.58 14.68 7.49 
0.80 15,66 8.40 
1.18 17.01 9.52 
1.61 17.71 10.40 
2.22 18.54 11.31 
2.74 18.96 11.76 
3.26 19.34 12.21 
3.57 19.40 12.35 
4.31 19.60 12.73 
5.17 19.89 12.96 
5.94 20.25 13.15 
6.73 20.42 13.27 
7.78 20.44 13.38 
8.55 20.50 13.40 
9.57 20.57 13.48 

10.34 20.62 13.52 
11 . 11 20.56 13.51 
12.15 21.14 13.55 
13.45 21.64 13.57 
14.49 21.53 13.56 
16.07 20.44 13.58 
17.35 21.06 13.58 
18.64 20,95 13.63 
19.92 20.20 13.64 
21.74 20.03 13.67 

2 .4 

3.13 
1.38 
1.50 
4.70 

22.17 
23.39 
24.95 
26.01 
27.10 
27.59 
27.66 
27.89 
27.71 
27.63 
27.60 
27.53 
27.45 
27.27 
27.33 
2'7.50 
27.54 
27.46 
27.50 
27.49 
27.50 
27.45 
27.99 
28.47 
28.36 
27.26 
27.88 
27,72 
26.96 
26.77 

VOLUME CHANGE 

Volume After Consolidation (inA3) 
Length After Consolidation (in) 
Area After Consolidation (inA2) 

cr3 Effective Principle 
Stress Ratio 

A 

17.4 1,278 0.64 
16.9 1.380 0.54 
16.2 1.536 0.48 
15.5 1.673 0.47 
14.0 1.934 0.49 
12.9 2.137 0.52 
12.0 2.305 0.54 
10.9 2.563 0.57 
10.0 2.772 0.59 
9.1 3,039 0.62 
8.6 3,196 0.63 
8.2 3.361 0,64 
8.0 3.411 0.64 
7.7 3.556 0.66 
7.4 3.676 0.66 
7.2 3.795 0.66 
7.1 3.864 0.66 
7.0 3.912 0.66 
7.0 3.928 0.66 
6.9 3.973 0.66 
6.9 3.995 0.66 
6.9 3.982 0.66 
6.8 4.088 0.65 
6.8 4.170 0.63 
6.8 4.149 0.64 
6.8 3.997 0.67 
6.8 4.086 0.65 
6.8 4,094 0.66 
6.8 3.988 0.68 
6.7 3.975 0.69 

p 

19,76 
20.17 
20.60 
20.77 
20.56 
20.25 
19.83 
19.38 
18.85 
18.36 
18.12 
17.86 
17.75 
17.47 
17.38 
17.37 
17.34 
17.24 
17.25 
17.20 
17.19 
17.17 
17.42 
17.65 
17.60 
17.04 
17.35 
17.25 
16.86 
16.75 

1 
3 

4.20 
3.04 

1.385 

Q 

2.41 
3.22 
4.35 
5.23 
6.54 
7.34 
7.83 
8.50 
8.86 
9.27 
9.48 
9,67 
9.70 
9.80 
9.95 

10.13 
10.21 
10.22 
10.25 
10.28 
10.31 
10.28 
10.57 
10.82 
10.76 
10.22 
10.53 
10.48 
10.10 
10.02 

Tested By JCM Date 05/21/08 Input Checked By Date ~-\q-
page 80 8 
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60 

50 

40 

V) 
Q. 30 -,_, 

20 

10 

Client 
Client Ref. No. 
Project no. 
Lab ID 

.. -
(~ 

MOHk l 01 AL STREl~G, cl~Vl:LOPE 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-01 

Boring No. 
Depth(ft.) 
Sample No. 
Visual Description 

SOUTH POND 
NA 
BUCKET 1 

1 
§t.,chnics 

BLACK COAL REFUSE SLURRY (REMOLDED) 

C = 1.5 

,,, = 17.3 
·-•I•·••--·---•-•-· -··-·· -··-

..... ··-I·•·----··--·-• ---· 

0~---'---'---:;---1..._-~-----+---k--_J_ __ _J 
0 20 40 60 BO 100 120 

CT (psi) 

Tested By: JCM Date: 05/21/08 Approved By: 
NOTE: GRAPH NOT Tp RCi':LE 

1)!:;, Date: (JJ I Ot /0'2> 
C:\JvlSOFFICE\ExceliPrintq\[F 197 .xls}S heel 1 
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\, 

REMOLDED UNIT WEIGHT BEFORE INITIAL CONSOLIDATION 
CONSOLIDATED UNDRAINED TRIAXIAL TEST 

Client 
Client Reference 
Project No. 
Lab ID 

WITH PORE PRESSURE READINGS 
ASTM 04767-95 / AASHTO T297-94 (SOP-S28) 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-01 Specific Gravity (measured) 

Visual Description: BLACK COAL REFUSE SLURRY (REMOLDED) 

SAMPLE CONDITION SUMMARY 

Boring No. South Pond South Pond 
Depth (ft) NA NA 
Sample No. Bucket 1 Bucket 1 

Test No. T1 T2 
Deformation Rate (in/min) 0.0007 0.0007 
Back Pressure (psi) 31.4 36.1 
Consolidation Time (days) 1 1 

Initial State (w%) 82.6 82.7 
Total Unit Weight (pcf) 76.6 84.2 
Dry Unit Weight (pcf) 42.0 46.1 
Final State (w%) 36.8 34.5 
Initial State Void Ratio,e 2.333 2.035 

2.24 

South Pond 

NA 
Bucket 1 

T3 
0.0011 

31 
1 

79.5 

80.5 
44.8 
32.7 

2.119 

Tested By JCM Date 05/21/08 Input Checked By \,(6 Date /o-3:D'f:S 
page 1 of 1 OCN CT-S28 DATE 6-25-98 REVISION" 1 C:IMSOFFICE\Excel\Pnntql(F184 xls]Sheet1 
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R15403

Client 
Client Reference 
Project No. 
Lab ID 

UNIT WEIGHT AFTER INITIAL CONSOLIDATION 
CONSOLIDATED UNDRAINED TRIAXIAL TEST 

WITH PORE PRESSURE READINGS 
ASTM 04767-95 / AASHTO T297-94 (SOP-S28) 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-01 Specific Gravity (measured) 

Visual Description: BLACK COAL REFUSE SLURRY (REMOLDED) 

SAMPLE CONDITION SUMMARY 

Boring No. South Pond South Pond 

Depth (fl) NA NA 

Sample No. Bucket 1 Bucket 1 

Test No. T1 T2 

Deformation Rate (in/min) 0.0007 0.0007 

Back Pressure (psi) 31.4 36.1 

Consolidation Time (days) 1 1 

Initial State (w%) 41.7 43.3 

Total Unit Weight (pcf) 102.0 102.5 

Dry Unit Weight (pcf) 71.9 71.5 
Final State (w%) 36.8 34.5 
Initial State Void Ratio,e 0.944 0.955 

2.24 

South Pond 

NA 
Bucket 1 

T3 
0.0011 

31 
1 

42.4 
101 .8 

71.5 
32.7 

0.956 

Tested By JCM Date 05/21/08 Input Checked By '/t:i Date Lri-3:D'D 
page 1 of 1 DCN CT-S28 DATE 0-25-96 REVISIOM· 1 C 1MSOFFICE\Excel\Pr1ntql{F1B5 xls]Sheet1 
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( 
Client 
Client Reference 
Project No. 
Lab ID 

30 

CONSOLIDATED UNDRAINED TRIAXIAL TEST 
WITH PORE PRESSURE READINGS 

ASTM D4767-95 / AASHTO T297-94 (SOP-S28) 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-02 

Boring No. 
Depth(ft.) 
Sample No. 

SOUTH POND 
NA 
BUCKET 2 

Consolidated Undrained Triaxial Test with Pore Pressure 

SJN <f> = TAN Cl 

a 

COS$ 

25 f--------'------+------+-------i-""''------~-----J 

20 

0 10 

·~:r- Max. Effec. Stress Ratio Points 

a = 
a. = 

20 30 

P, (psi) 

-Failure Envelope -B--Test No. 4 

0.00 C = 
31.5 cf) = 

40 50 

-··-Test No. 5 -:::-Test No. 6 

0.001 
37.71 

Tested By JCM Date 05127 /08 Approved By ::00 Date [e( (8(08 
page 1 of 8 DCN· CT-S28 DATE 6-25-96 REVIS/ON 1 

544 Braddock Avenue • East Pittsburgh, PA 15112 • 412-823-7600 • FAX 412-823-8999 • www.geotechnics.net 
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R15405

Client 
Client Reference 
Project No. 
Lab ID 
Visual qescription: 

CONSOLIDATED UNDRAINED TRIAXIAL TEST 
WITH PORE PRESSURE READINGS 

ASTM 04767-95 / AASHTO T297-94 (SOP-S28) 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-02 

Boring No. 
Depth(ft.) 
Sample No. 

BLACK COAL REFUSE SLURRY (REMOLDED) 

SOUTH POND 
NA 
BUCKET 2 

25 ~---------------------------------~ 

20 

15 
·-
~ = 
~ 
~ 

1 
"' 0 
;;; 
·,; 
0 

0 

10 

5 

00-------------------------------------' 
0 5 10 15 20 25 

Strain(%) 

-e-Test No. 4 -a-Test No. 5 -tr-Test No. 6 

Tested By JCM Date 05/27/08 Approved By :DB Date (.0 { I 8{0B 
page 2 o; 8 
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R15406CONSOLIDATED UNDRAINED TRIAXIAL JES I 
WITH PORE PRESSURE READINGS 

ASTM 04767-95 / AASHTO T297-94 (SOP-S28) §~:.=~~'~"; 
Client 
Client Reference 
Project No. 
Lab ID 

Visual Description: 

/Stage No. 
Test No 

PRESSURES (psi) 

Cell Pressure(psi) 
Ba ck Pressure(psi) 
Eff. Cons. Pressure(psi) 
Pore Pressure 
Response (%) 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-02 

Boring No. 
Depth (ft.) 
Sample No. 

SOUTH POND 
NA 
BUCKET2 

BLACK COAL REFUSE SLURRY (REMOLDED) 

36.3 
31.2 

5.1 

98 

INITIAL SAMPLE DIMENSIONS (in) 

Length 1 3.150 
Length 2 3.142 
Length 3 3.147 
Avg Leng.= 3.146 

VOLUME CHANGE 

Diameter 1 
Diameter 2 
Diameter 3 
Avg. Diam.= 

Initial Surette Reading (ml) 
Final Surette Reading (ml) 
Final Change (ml) 

MAXIMUM OBLIQUITY POINTS 

p = 
Q = 

LOAD 
(LBS) 

7.6 
9.3 

10.4 
11.6 
12.8 
14.0 
14.8 
15.0 
15.2 
15.7 
16.5 
16.7 
17.0 
17.2 
17.8 
18.1 
18.1 
18.6 
18.8 
19.0 
19.3 
19.5 
19.3 
19.7 
19.8 
19.9 
20.1 
20.1 

Tested By 

4.92 
2.94 

JCM Date 

· Initial Dial Reading (D.R.), mils 
D.R. After Saturation, mils 
D.R. After Consolidation, mils 

DEFORMATION 
(INCHES) 

0.000 
0.001 
0.002 
0.005 
0.008 
0.016 
0.020 
0.025 
0.037 
0.050 
0.068 
0.084 
0.100 
0.11 o 
0.133 
0.159 
0.182 
0.205 
0.237 
0.261 
0.293 
0.316 
0.340 
0.372 
0.412 
0.445 
0.491 
0.531 

05/27/08 Input Checked By 

PORE PRESSURE 
(PSI) 
31.2 
32.1 
32.3 
32.6 
32.9 
33.3 
33.3 
33.6 
33.8 
33.9 
34.2 
34.2 
34.2 
34.3 
34.2 
34.3 
34.3 
34.2 
34.2 
34.3 
34.3 
34.2 
34.3 
34.2 
34.3 
34.3 
34.2 
34.2 

page 3 of 8 DCN: CT-S280ATE 6-25-96 REVISION 1 

1.453 
1.463 
1.461 
1.459 

24.0 
21.9 
2.1 

54 
110 
130 
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R15407CONSOLIDATED UNDRAINED TRIAXIAL TEST 

WITH PORE PRESSURE READINGS 

ASTM 04767-95 / AASHTO T297-94 (SOP-S28) fr!~~~!!:"? 
Client 
Client Reference 
Project No. 
Lab ID 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-02 

Boring No. 
Depth(ft.) 
Sample No. 

SOUTH POND 
NA 
BUCKET2 

Visua I Description: BLACK COAL REFUSE SLURRY (REMOLDED) 

I Effective Confining Pressure (psi) 

! 

INITIAL DIMENSIONS 

Initial Sample Length (in.) 
Initial Sample Diameter (in.) 
Initial Sample Area (in'2) 
Initial Sample Volume (in'3) 

Strain Deviation fi U 
(%) Stress 

0,02 1.06 0.90 
0.07 1.77 1.15 
0.15 2.55 1.44 
0.25 3.26 1.71 
0.53 4.05 2.11 
0.65 4.54 2.14 
0.82 4.65 2.39 
1.21 4.72 2.58 
1.62 5.03 2.72 
2.22 5.48 2.95 
2.74 5.62 3.02 
3.27 5.75 3.04 
3.59 5.88 3.12 
4.33 6.18 3.02 
5.17 6.27 3.08 
5.93 6.25 3.13 
6,69 6.51 3.03 
7.73 6.56 3.04 
8.50 6.63 3.14 
9.53 6.72 3.14 
10.30 6.74 3.03 
11.09 6.56 3.07 
12.10 6.71 3.03 
13.42 6.69 3.06 
14.49 6.68 3.10 
16.00 6.66 3.02 
17.29 6.55 3.03 

5.1 

3.15 
1.46 
1.67 
5.26 

5.26 
5.72 
6.21 
6.65 
7.04 
7.50 
7.36 
7.25 
7.42 
7.63 
7.70 
7.81 
7.86 
8.27 
8.30 
8.22 
8.58 
8.62 
8.59 
8.68 
8.81 
8.59 
8.78 
8.74 
8.68 
8.74 
8.62 

4.2 
4.0 
3.7 
3.4 
3.0 
3.0 
2.7 
2.5 
2.4 
2.1 
2.1 
2.1 
2.0 
2.1 
2.0 
2.0 
2.1 
2.1 
2.0 
2.0 
2.1 
2.0 
2.1 
2.0 
2.0 
2.1 
2.1 

Stage No. 
Test No 

VOLUME CHANGE 

Volume After Consolidation (in'3) 
Length After Consolidation (in) 
Area After Consolidation (in'2) 

Effective Principle 

Stress Ratio 

1.253 
1.449 
1.698 
1.959 
2.358 
2.531 
2.712 
2.873 
3.112 
3.550 
3.705 
3.790 
3.968 
3.967 
4.101 
4.176 
4.152 
4.176 
4.380 
4.436 
4.256 
4.235 
4.233 
4.281 
4.342 
4.204 
4.171 

A 

0.86 
0.66 
0.58 
0,53 
0.53 
0.48 
0.52 
0.56 
0.55 
0.55 
0.55 
0.54 
0.54 
0.50 
0.50 
0.51 
0.48 
0.47 
0.48 
0.48 
0.46 
0.48 
0.46 
0.47 
0.47 
0.46 
0.47 

p 

4.73 
4.84 
4.94 
5.02 
5.01 
5.23 
5.04 
4.89 
4.90 
4.89 
4.89 
4.93 
4.92 
5.17 
5.16 
5.10 
5.32 
5.34 
5.27 
5.32 
5.44 
5.31 
5.43 
5.39 
5.34 
5.41 
5.34 

Tested By JCM Date 05/27/08 Input Checked By Date 
page 4 of 8 

4 

4.85 
3.07 

1.580 

Q 

0,53 
0.89 
1.28 
1.63 
2.03 
2.27 
2.32 
2.36 
2.52 
2.74 
2.81 
2.87 
2.94 
3.09 
3.14 
3.13 
3.26 
3.28 
3.31 
3.36 
3.37 
3.28 
3.35 
3.35 
3.34 
3.33 
3.28 
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R15408

C:lient 
lient Reference 
roject No. 

Lab ID 

CONSOLIDATED UNDRAINED TRIAXIAL TEST 
WITH PORE PRESSURE READINGS 

ASTM D4767-95 / AASHTO T297-94 (SOP-S28) 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-02 

Boring No. 
Depth(ft.) 
Sample No. 

SOUTH POND 
NA 
BUCKET 2 

Visual Description: BLACK COAL REFUSE SLURRY (REMOLDED) 

iS-IElge No. 
Test No 

PRESSURES (psi) 

Cell Pressure(psi) 
Back Pressure(psi) 
Eff. Cons. Pressure(p, 
Pore Pressure 
Response (%) 

41.1 
31.0 
10.1 

99 

MAXIMUM OBLIQUITY POINTS 

p 
Q 

= 
= 

LOAD 
(LBS) 

8.5 
13.5 
14.3 
16.3 
17.2 
18.9 
19.4 
20.0 
21.0 
21.5 
22.4 
22.9 
23.4 
23.7 
23.8 
24.5 
25.1 
26.0 
26.2 
26.4 
26.2 
26.4 
26.7 
26.9 
26.5 
27.9 
28.0 
28.2 
28.1 
28.5 
28.4 

Tested By JCM 

9.00 
5.66 

Date 

INITIAL SAMPLE DIMENSIONS (in) 

Length 1 
Length 2 
Length 3 
Avg Leng.= 

3.138 
3.138 
3.137 
3.138 

VOLUME CHANGE 

Diameter 1 
Diameter 2 
Diameter 3 
Avg. Diam.= 

Initial Surette Reading (ml) 
Final Surette Reading (ml) 
Final Change (ml) 

Initial Dial Reading (D.R.), mils 
D.R. After Saturation, mils 
D.R. After Consolidation, mils 

DEFORMATION 
(INCHES) 

PORE PRESSURE 
(PSI) 

0.000 
0.001 
0.002 
0.004 
0.007 
0.016 
0.020 
0.025 
0.038 
0.051 
0.070 
0.085 
0.101 
0.110 
0.132 
0.158 
0.181 
0.205 
0.236 
0.259 
0.290 
0.314 
0.338 
0.370 
0.410 
0.441 
0.488 
0.527 
0.566 
0.605 
0.661 

05/27/08 Input Checked By V,& 

31.0 
32.8 
33.0 
33.4 
33.9 
34.9 
35.2 
35.6 
36.1 
36.6 
37.0 
37.2 
37.4 
37.4 
37.5 
37.6 
37.7 
37.7 
37.7 
37.8 
37.7 
37.8 
37.8 
37.8 
37.8 
37.8 
37.8 
37.8 
37.8 
37.8 
37.8 

Date 
3 at 8 OCN CT.S28 DATE 6-25-98 REVISION 1 

1.407 
1.383 
1.378 
1.389 

24.0 
20.2 

3.8 

88 
94 

124 
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R15409

·'.lient 
lient Reference 

i>roject No. 
Lab ID 

Visual Description: 

CONSOLIDATED UNDRAINED TRIAXIAL TEST 
WITH PORE PRESSURE READINGS 

ASTM D4767-95 / AASHTO T~97-94 (SOP-S28) 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-02 

Boring No. 
Depth(ft.) 
Sample No. 

BLACK COAL REFUSE SLURRY (REMOLDED) 

Effective Confining Pressure (psi) 10.1 Stage No. 
Test No 

INITIAL DIMENSIONS VOLUME CHANGE 

SOUTH POND 
NA 
BUCKET2 

Initial Sample Length (in.) 
initial Sample Diameter (in.) 
Initial Sample Area (in,2) 
Initial Sample Volume (inA3) 

3.14 
1.39 
1.52 
4.76 

Volume After Consolidation (inA3) 
Length After Consolidation (in) 
Area After Consolidation (in"2) 

C 

Strain 
(%) 

0.04 
0.06 
0.13 
0.23 
0.51 
0.64 
0.82 
1.21 
1.63 
2.24 
2.75 
3.25 
3.56 
4.26 
5.08 
5.85 
6.60 
7.60 
8.34 
9.36 

10.13 
I 0.91 
·11.94 
13.21 
14.21 
15.72 
16.98 
18.25 
19.51 
21.32 

Deviation L\. U 
Stress 

3.42 1.75 
4.03 2.01 
5.39 2.43 
5.96 2.92 
7.15 3.87 
7.46 4.19 
7.88 4.57 
8.51 5.13 
8.84 5.57 
9.37 5.97 
9.67 6.18 
9.92 6.35 
10.14 6.40 
10.10 6.55 
10.44 6.59 
10.80 6.68 
11.25 6.70 
11.27 6.75 
11.32 6.76 
11.06 6.74 
11. 11 6.76 
11.20 6.81 
11.17 6.80 
10.75 6.76 
11.47 6.77 
11.35 6.78 
11.28 6.79 
11.04 6.80 
11.13 6.82 
10.80 6.85 

11.77 
12.12 
13.05 
13.13 
13.37 
13.37 
13.41 
13.48 
13.38 
13.50 
13.59 
13.66 
13.83 
13.65 
13.95 
14.21 
14.65 
14.63 
14.66 
14.42 
14.46 
14.49 
14.47 
14.09 
14.80 
14.67 
14.59 
14.33 
14.40 
14.05 

, ("_ 
6 0 8 

_Tes_ted By_ JCM __ Date_ 

8.3 
8.1 
7.7 
7.2 
6.2 
5.9 
5.5 
5.0 
4.5 
4.1 
3.9 
3.7 
3.7 
3.6 
3.5 
3.4 
3.4 
3.4 
3.3 
3.4 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 

05127/08 

Effective Principle 
Stress Ratio 

1.410 
1.497 
1.703 
1.830 
2.148 
2.262 
2.427 
2.714 
2.950 
3.271 
3.468 
3.648 
3.741 
3.843 
3.978 
4.161 
4.304 
4.363 
4.395 
4.292 
4.323 
4.401 
4.383 
4.214 
4.445 
4.418 
4.411 
4.350 
4.397 
4.318 

Input Checked By 

A p 

0.52 10.06 
0.50 10.11 
0.46 10.36 
0.50 10.16 
0.55 9.80 
0.57 9.64 
0.59 9.47 
0.61 9.22 
0.64 8.96 
0.64 8.81 
0.65 8.75 
0.65 8.70 
0.64 8.76 
0.66 8.60 
0.64 8.73 
0.63 8.81 
0.60 9.03 
0.60 8.99 
0.60 9.00 
0.62 8.89 
0.61 8.90 
0.61 8.89 
0.62 8.88 
0.64 8.72 
0.60 9.06 
0.60 9.00 
0.61 8.95 
0.62 8.81 
0.62 8.84 
0.64 8.65 

Date 

1 
5 

4.50 
3.10 

1.450 

Q 

1. 71 
2.01 
2.69 
2.98 
3.57 
3.73 
3.94 
4.26 
4.42 
4.69 
4.84 
4.96 
5.07 
5.05 
5.22 
5.40 
5.62 
5.64 
5.66 
5.53 
5.56 
5.60 
5.58 
5.37 
5.73 
5.68 
5.64 
5.52 
5.56 
5.40 
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R15410

Client 
Client Reference 
Project No. 
Lab ID 

CONSOLIDATED UNDRAINED TRIAXIAL TEST 
WITH PORE PRESSURE READINGS 

ASTM 04767-95 / AASHTO T297-94 (SOP-S28) 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-02 · 

Boring No. 
Depth(ft.) 
Sample No. 

SOUTH POND 
NA 
BUCKET 2 

Visual Description: BLACK COAL REFUSE SLURRY (REMOLDED) 

/Stage No. 
-Test No 

PRESSURES (psi) 

Cell Pressure(psi) 
Back Pressure(psi) 
Eff. Cons. Pressure(pi 
Pore Pressure 
Response (%) 

51.4 
31.3 
20.1 

97 

MAXIMUM OBLIQUITY POINTS 

p 
Q 

= 
= 

LOAD 
(LBS) 

4.3 
6.5 
11.7 
14.0 
16.6 
21.7 
25.0 
27.5 
29.6 
31.7 
32.8 
33.2 
33.9 
34.3 
35.2 
36.1 
37.0 
37.3 
38.7 
39.3 
38.9 
39.0 
39.2 
39.4 
39.9 
40.1 
41.5 
41.9 
41.2 
41.3 
41.4 

Tested By 

19.19 
11.67 

JCM Date 

INITIAL SAMPLE DIMENSIONS (in) 

Length 1 
Length 2 
Length 3 
Avg Leng.= 

3.142 
3.130 
3.141 
3.138 

VOLUME CHANGE 

Diameter 1 
Diameter 2 
Diameter 3 
Avg. Diam.= 

Initial Surette Reading (ml) 
Final Surette Reading (ml) 
Final Change (ml) 

Initial Dial Reading (D.R.), mils 
D.R. After Saturation, mils 
D.R. After Consolidation, mils 

DEFORMATION 
(INCHES) 

PORE PRESSURE 
(PSI) 

0.000 
0.001 
0.002 
0.004 
0.006 
0.012 
0.019 
0.026 
0.038 
0.051 
0.070 
0.085 
0.101 
0.110 
0.132 
0.157 
0.181 
0.205 
0.236 
0.259 
0.291 
0.316 
0.340 
0.371 
0.410 
0.441 
0.489 
0.528 
0.568 
0.608 
0.663 

05/27/08 Input Checked By 

31.3 
32.8 
33.9 
34.7 
35.6 
37.4 
38.7 
39.8 
40.9 
41.7 
42.4 
42.8 
43.1 
43.2 
43.4 
43.7 
43.7 
43.8 
43.8 
43.9 
43.8 
43.9 
43.9 
43.8 
43.8 
43.9 
43.8 
43.7 
43.8 
43.8 
43.8 

Date 
page 7o 8 DCN" CT-S28 DATE 6-25-98 REVISION 1 

1.379 
1.377 
1.386 
1.381 

24.0 
17.7 
6.3 

40 
56 
91 
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(( 
'- .. 

Client 
Client Reference 
Project No. 
Lab ID 

CONSOLIDATED UNDRAINED TRIAXIAL TEST 
WITH PORE PRESSURE READINGS 

ASTM D4767-95 / AASHTO T297-94 (SOP-S28) 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-02 

Boring No. 
Depth(ft.) 
Sample No. 

Visual Description: BLACK COAL REFUSE SLURRY (REMOLDED) 

ressure /ps, 

INITIAL DIMENSIONS VOLUME CHANGE 

SOUTH POND 
NA 
BUCKET2 

Initial Sample Length (in.) 
Initial Sample Diameter (in.) 
Initial Sample Area (inA2) 
Initial Sample Volume (inA3) 

3.14 
1.38 
1.50 
4.70 

Volume After Consolidation (inA3) 
Length After Consolidation (in) 
Area After Consolidation (inA2) 

Strain 
(%) 

0.04 
0.07 
0.12 
0.19 
0.40 
0.61 
0.85 
1.24 
1.64 
2.26 
2.77 
3.26 
3.58 
4.27 
5.09 
5.86 
6.64 
7.63 
8.39 
9.43 

10.22 
11.00 
12.01 
13.28 
14.28 
15.84 
17.12 
18.40 
19.69 
21.49 

page Bo 8 

Deviation 
Stress 

1.58 
5.38 
7.06 
8.92 

12.65 
14.97 
16.72 
18.18 
19.63 
20.24 
20.44 
20.87 
21.09 
21.54 
21.97 
22.37 
22.41 
23.10 
23.33 
22.79 
22.67 
22.61 
22.49 
22.46 
22.30 
22.80 
22.66 
21.92 
21.62 
21.21 

Tested By 

6U 

1.52 20.16 
2.62 22.86 
3.36 23.80 
4.30 24.73 
6.12 26.62 
7.35 27.72 
8.47 28.36 
9.56 28.72 

10.41 29.32 
11.15 29.19 
11.54 29.00 
11.82 29.15 
11.94 29.25 
12.14 29.50 
12.38 29.69 
12.43 30.04 
12.54 29.98 
12.49 30.71 
12.58 30.85 
12.55 30.34 
12.59 30.18 
12.56 30.14 
12.53 30.05 
12.52 30.04 
12.63 29.77 
12.50 30.40 
12.41 30.35 
12.46 29.57 
12.51 29.21 
12.54 28.77 

JCM Date 

18.6 
17.5 
16.7 
15.8 
14.0 
12.7 
11.6 
10.5 
9.7 
9.0 
8.6 
8.3 
8.2 
8.0 
7.7 
7.7 
7.6 
7.6 
7.5 
7.6 
7.5 
7.5 
7.6 
7.6 
7.5 
7.6 
7.7 
7.6 
7.6 
7.6 

05/27/08 

Effective Principle 
Stress Ratio 

1.085 
1.308 
1.422 
1.565 
1.905 
2.174 
2.438 
2.724 
3.025 
3.262 
3.388 
3.521 
3.584 
3.705 
3.846 
3.918 
3.962 
4.034 
4.102 
4.018 
4.021 
4.001 
3.973 
3.961 
3.986 
4.001 
3.948 
3.868 
3.846 
3.805 

Input Checked By 

A p 

0.99 19.37 
0.50 20.17 
0.49 20.27 
0.50 20.26 
0.50 20.30 
0.51 20.23 
0.52 19.99 
0.54 19.63 
0.55 19.51 
0.57 19.07 
0.58 18.78 
0.58 18.71 
0.58 18.70 
0.58 18.73 
0.58 18.71 
0.57 18.85 
0.58 18.77 
0.56 19.16 
0.56 19.19 
0.57 18.95 
0.57 18.84 
0.57 18.84 
0.57 18.81 
0.57 18.81 
0.58 18.62 
0.57 19.00 
0.56 19.02 
0.59 18.61 
0.60 18.40 
0.61 18.17 

Date ~-l 

1 
6 

4.24 
3.09 

1.374 

Q 

0.79 
2.69 
3.53 
4.46 
6.32 
7.48 
8.36 
9.09 
9.81 

10.12 
10.22 
10.43 
10.54 
10.77 
10.99 
11.19 
11.21 
11.55 
11.67 
11.39 
11.34 
11.30 
11.24 
11.23 
11.15 
11.40 
11.33 
10.96 
10.81 
10.61 
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60 

50 

40 

CJ) 
Cl. 30 -.., 

20 

10 

Client 
Client Ref. No. 
Project no. 
Lail ID 

0 

Tested By: JCM 

(~ 

fVIOlih l 01 AL STRENG. cl~Vl:-LOPE 

CEC Boring No. 
Depth(ft.) 

SOUTH POND 
NA 
BUCKET2 

,:a/1 
~t~~hnics 

POND CRE::K 080851 
2008-210-01 
2008-210-01-02 

Sample No. 
Visual Description BLACK COAL REFUSE SLURRY (REMOLDED) 

C = 0.3 

<ll = 20.3 

20 40 60 80 100 120 

cr (psi) 

Date: 05/21/08 Approved By: 
NOTE: GRAPH NOT TO SCALE 

~ Date: CR( [If jos 
#1-HA 
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REMOLDED UNIT WEIGHT BEFORE INITIAL CONSOLIDATION 
CONSOLIDATED UNDRAINED TRIAXIAL TEST 

Client 
Client Reference 
Project No. 
Lab ID 

WITH PORE PRESSURE READINGS 
ASTM D4767-95 / AASHTO T297-94 (SOP-S28) 

CEC 
POND CREEK 080851 
2008-210-0·1 
2008-210-01 -02 Specific Gravity (measured) 

Visual Description: BLACK COAL REFUSE SLURRY (REMOLDED) 

SAMPLE CONDITION SUMMARY 

Boring No. South Pond South Pond 
Depth (ft) NA NA 
Sample No. Bucket 2 Bucket 2 

Test No. T4 TS 
Deformation Rate (in/min) 0.0003 0.0002 
Back Pressure (psi) 31.2 31 
Consolidation Time (days) 1 

Initial State (w%) 82.9 85.7 
Total Unit Weight (pcf) 82.6 82.2 
Dry Unit Weight (pcf) 45.2 44.3 
Final State (w%) 37.6 35.9 
Initial State Void Ratio,e 2.095 2.159 

2.24 

South Pond 

NA 
Bucket 2 

T6 
0.0003 

31.3 

1 

83.0 

84.5 
46.2 
32.5 

2.029 

Tested By JCM Date 
page 1 of 1 

05/27/08 Input Checked By h~ Date (o-5:()';is 
.; IMSOFFICE1Excel\Pnntq\(F131i x,~JSt1eet1 

r: 

544 Braddock Avenue • East Pittsburgh, PA 15112 • 412-823-7600 • FAX 412-823-8999 • www.geotechnics.net 
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UNIT WEIGHT AFTER INITIAL CONSOLIDATION 
CONSOLIDATED UNDRAINED TRIAXIAL TEST 

WITH PORE PRESSURE READINGS 

Client 
Client Reference 
Project No. 

ASTM 04767-95 I AASHTO T297-94 (SOP-S28) 

CEC 

Lab ID 

POND CREEK 080851 
2008-21 0-01 
2008-210-01-02 Specific Gravity (measured) 

Visual Description: BLACK COAL REFUSE SLURRY (REMOLDED) 

SAMPLE CONDITION SUMMARY 

Boring No. South Pond South Pond 

Depth (ft) NA NA 

Sample No. Bucket2 Bucket 2 

Test No. T4 TS 

Deformation Rate (in/min) 0.0003 0.0002 

Back Pressure (psi) 31.2 31 

Consolidation Time (days) 1 1 

Initial State (w%) 41.5 41.5 

Total Unit Weight (pcf) 92.9 102.5 

Dry Unit Weight (pcf) 65.7 72.4 

Final State (w%) 37.6 35.9 
Initial State Void Ratio,e 1.129 0.931 

Tested By JCM Date 05127108 Input Checked By Date 

2.24 

South Pond 

NA 
Bucket 2 

T6 
0.0003 

31.3 

1 

40.9 
103.2 

73.2 
32.5 

0.910 

page 1 of 1 OCN: CT-S28 DATE 6-25-98 REVISION: 1 C. \MSOF F!CE\Exce!\Prmtql[F 187. x!s] Sheet1 

544 Braddock Avenue • East Pittsburgh, PA 15112 • 412-823-7600 • FAX 412-823-8999 • www.geotechnics.net 
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STEADY STATE LIQUEFACTION SUSCEPTIBILITY OF HIGH HAZARD 

UPSTREAM-CONSTRUCTED COAL REFUSE DISPOSAL FACILITIES 

Blaise E. Genest, Thomas 0. Keller, P.E.2 and Joseph P. Laird, P.E. 3 

1. 0 Introduction 

Coal refuse disposal facilities are manifestations of deep mining and surface ·mining 

activities and the resulting need for the disposal of waste materials. Due to the massive 

volumes of materials produced annually by mining operations, these "tailings dams" are 

among the largest earth structures in the world and consequently, receive intense 

regulatory and public scrutiny. Coal refuse disposal facilities, their design, construction 

and operation are regulated by the U.S. Department of Labor, Mine Safety and Health 

Administration (MSHA). The concern for refuse disposal safety and environmental control 

by MSHA, the coal industry, engineering consultants and the public has led to the 

development of design procedures that address these concerns, particulariy siting, 

material handling and placement techniques. · 

For the most part, tailings dams evaluations are similar to those of water retention 

dams and address geotechnical. issues such as foundation materials, hydrology, 

hydraulics, seepage control, slope stability (static and seismic), construction practices and 

long-term monitoring. In the past, pseudo-static analyses were performed to address 

seismic stability using regional, historic seismic acceleration values and a slightly lowered 

factor of safety limit to assess adequacy. Empirical evaluations are sometimes performed 

to address seismic stability with adequacy based on comparison of limited field and 

laboratory test data with historical performance data of liquefaction and non-liquefaction 

--··- sites from around the-world •.. During .the..initial to interrnediate_stages of a refuse facility 

design, simplified analytical methods may be appropriate, such as those based ·on··· ---- · ·· ... -.. 

pseudo-static and cone penetration testing (CPT) or standard penetration testing (SPT). 

However, given the uniqueness and complexity of moderate to high hazard tailings dams, 

which are significantly influenced by factors such as the number and geometry of 

upstream stages, deposition history and cross-valley topography, simplified analyses are 

often inadequate to effectively address safety and cost issues. They often do not account 

for critical site-specific conditions and may either over-predict strengths leading to a 

potentially unconservative analysis or under-predict strengths leading to costly 

remediation efforts. 
The focus of this paper is on the application of established steady-state liquefaction 

evaluation procedures to high hazard tailings darns, assessing liquefaction susceptibility 

using site-specific data to estimate the factor of safety against a liquefaction flow slide 

failure. A significant emphasis is placed on obtaining in-situ samples and developing 

1 Geotechnical Engineering Program Manager, Almes & Associates, Inc., Consulting Engineers, Four 

Triangle Lane, Suite 200, Export, PA 15632-9255. 

2 Vice President and Branch Manager, GEi Consultants, Inc., 2141 Palomar Airport Road, Suite 160, 

Carlsbad, CA 92009-1424. 

3 Project Engineer, Almes & Associates, Inc., Consulting Engineers, Four Triangle Lane, Suite 200, Export, 

'A 15632-9255. 
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properties of the hydraulically placed, fine coal refuse consolidated beneath multiple, 

upstream-constructed stages of coarse coal refuse. Detailed evaluations have been 

performed at five Appalachian coal refuse disposal facilities in southern West Virginia as 

part of the permitting process for the various facilities. 

2.0 Analytical Approach 

Coal refuse disposal facilities are generally constructed by three methods, either 

separately or in combination, and include upstream, downstream, and centerline 

construction. Downstream and centerline constructed facilities typically pose only minor 

liquefaction concerns since critical failure surfaces pass mainly through the compacted 

coarse refuse embankments. A typical high hazard, upstream constructed coal refuse 

facility, such as the one shown in Figure 1, is constructed over long periods of time (up to 

25 to 30 years) to heights of 400-plus feet and includes multiple upstream stages "pushed 

out" into the previous stage's tailings pond. Fine coal refuse consolidated under upstream 

stages typically is loose to very loose, silty sand to sandy silt- and clay-sized particles, 

saturated and usually highly contractive. Thus, the potential exists for excess pore 

pressure generation and significant loss of strength during and following a rapid 

(undrained) loading event, such as an earthquake. 

All five facilities evaluated and discussed in the context of this paper were all 

moderate to high hazard structures with downstream toe to crest heights varying from 300 

to 440 feet. Detailed studies of liquefaction susceptibility were performed using the 

methodology presented by Poulos, Castro, and France (1985) to estimate in-situ void ratio 

and undrained steady-state strength of the critical layer, fine coal refuse. Presented below 

are the generalized results of field and laboratory testing at the various sites. Field testing 

included performing fixed-piston undisturbed sampling to measure in-situ void ratio and 

piezo-seismic cone penetration testing (PS-CPT) to evaluate stratigraphy and estimate 

shear wave velocity with depth. Laboratory strength testing of undisturbed, remolded and 

slurry fine coal refuse samples was performed to estimate in-situ, undrained steady-state 

shear strength (Sus) and develop a site-specific Sus-to-effective stress relationship. 

Liquefaction susceptibility was assessed based on the results of limit-equilibrium 

slope stability analyses. Post-earthquake deformations were estimated using one

dimensional wave propagation and sliding block analysis techniques and the results 

compared to the available freeboard to assess the likelihood of overtopping. Based on the 

regional database of information related to Sus, various trends regarding the general 

behavior of fine coal refuse during undrained loading and the practical implications 

affecting liquefaction susceptibility of upstream-constructed coal refuse impoundments are 

discussed. Detailed discussions regarding post-earthquake deformation analyses and the 

seismic response of coal refuse facilities to acceleration time-histories from stochastic 

simulations of eastern North America earthquakes are reserved for another paper. 

3.0 Field Investigations 

Fixed Piston Sampling 
The m,:1in purpose of the subsurface exploration program at the various sites was to 

obtain high quality "undisturbed" fine coal refuse samples of a character suitable for 
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laboratory steady-state strength testing. Multiple undisturbed samples were obtained at 

each site at various depths using a hydraulically actuated Gregory Undisturbed Sampler 

(GUS) fixed piston sampler. The GUS fixed piston sampler was used to advance a thin

wall galvanized steel sampling tube by delivering drilling fluid pressure to the top of the 

sampler, which subsequently advanced the tube around a fixed piston. Penetration of the 

tube into the soil was accurately measured to within ½ to 1 millimeter when "full 

penetration" of the sampler was achieved. Full penetration of the sampling tube was 

confirmed by observation of the fluid level in the borehole casing which would dramatically 

rise when fluid pressure applied to the top of the sampler vented through ports in the 

sampler. The technique used for undisturbed fixed piston sampling allowed samples to be 

obtained to depths as great as 344 feet below the ground surface. 

Detailed measurements of the tube inside, outside and cutting edge diameters and 

length were made and volume changes that occurred during sampling calculated in the 

field from tube penetration and sample recovery measurements. Samples were selected 

for subsequent laboratory testing based on the quality of the "undisturbed" sample using a 

criteria for the change in soil volume (t:.VN). · For the fine coal refuse, minimizing the tube 

clearance ratio [(ID-CE)/CEJ minimized sample volume changes, which typically ranged 

from zero to 2.5 percent. All undisturbed samples were stored in specially designed 

padded wooden boxes and changes in volume routinely monitored during storage and 

prior to and following shipment. Prior to laboratory testing, the tube samples were x-rayed 

and reviewed to select portions of the sample that had a minimum amount of stratification. 

Piezo-Seismic/Cone Penetromeier Testing 

PS-CPT soundings were performed prior to or concurrently with undisturbed 

sampling to help delineate the depth to the top and bottom of fine coal refuse. As shown 

in Figure 2, fine coal refuse layers are characterized by significantly lower tip stresses and 

elevated pore pressure generation, while the coarse and coarse-fine mix typically yield 

much higher tip stresses and lower pore pressure generation. Using seismic downhole 

techniques, estimates of shear wave velocity were obtained at each site to correlate small 

strain shear modulus (G) with depth. These tests were generally conducted at 5-foot 

intervals throughout the soil profile to depths of 365 feet at one site. Shear wave 

velocities for coarse, coarse-fines mix and fine coal refuse ranged from about 1,000 to 

2,300 feet per second (fps), 800 to 2,000 fps and 800 to 1,200 fps, respectively. These 

velocities were based on data from 14 PS-CPT soundings. Velocities varied dramatically 

with depth, consist~nt with variations in placement techniques and the micro-layering 

associated with the deposition history of the facility. 

Stratification 
Much of the coarse refuse embankment drilled and sampled was dense to very 

dense as expected due to the structural placement of the material. Loose deposits of fine 

coal refuse were typically encountered below a dense mixed zone of coarse and fine coal 

refuse. The fines were characterized by corrected cone tip resistance values between 300 

to 1,000 pounds per square inch (psi). The CPT soundings (and visually verified in SPT 

samples) have shown that there are significantly thick zones of mixed coarse and fine coal 

refuse. Mixing apparently occurred during the various push-out phases of upstream 

embankment construction into the tailings pond and possibly from the "pumping" of fines 

49 



R15420

up into the coarse refuse during subsequent stage construction. Due to the infusion of 

coarse refuse into the fines, the mix zones typically exhibited significantly higher average 

cone tip resistance, as well as lower pore pressure generation during cone advancement. 

In-Situ Void Ratio 
A total of 34 undisturbed fine coal refuse samples were obtained from the various 

sites. In-situ void ratio was calculated for each based on the field measurements 

described previously combined with laboratory measurements of the volume of solids in 

the tube. Table 1 presents a summary of sample depth and calculated in-situ void ratio at 

each site. Samples were obtained from beneath about 65 to 344 feet of overlying refuse 

and in-situ void ratios varied from about 0.39 to 0.79, with most (82 percent) of the values 

between 0.43 and 0.59. While in-situ void ratio is influenced by mean effective stress and 

time rate of consolidation, the range of values is relatively narrow. Direct correlation 

between estimated mean effective stress and in-situ void ratio can not be inferred due to 

the unique and complex nature of each site's geometric constraints and deposition history. 

4.0 Laboratory Testing 

Steady-state liquefaction-related laboratory test programs of the coal refuse 

materials sampled from the five sites included performing index tests such as grain size 

distributions, Atterberg limits, and specific gravity, as well as triaxial shear strength tests 

on undisturbed, remolded and slunry samples of fine coal refuse. Table 1 presents a 

summary of laboratory test results from Sites 1 through 5. 

Index Tests 
Fine coal refuse particles vary in size from about 2 mm (No. 10 sieve) to 0.0005 

mm (finer than clay fraction). It is analogous to silty sand to silty clay-sized material. 

Fines content (passing a No. 200 sieve) for fine coal refuse from the five sites varied from 

35 to 76 percent. Fine refuse generally has a low plasticity, ranging from nonplastic to 

Plasticity Indices of 12 percent or less. Values are affected by the parent rock formation 

from which the coal was extracted and from clay layers near the coal seam that get mixed 

within the coal. The specific gravity of fine coal refuse is low and generally varied from 

about 1 .4 to 2.4 for the sites tested. As a result, densities are also relatively low, with in

place total unit weight ranging from about 75 to 90 pounds per cubic foot (pct). 

Steady-State Strength Of Undisturbed Samples 

Isotropically consolidated, undrained triaxial compression (cu) tests were 

performed on undisturbed, remolded and slurry samples of fine coal refuse. The main 

purpose of the triaxia! tests was to measure the undrained steady-state shear strength of 

the samples in the laboratory to allow in-situ steady-state shear strengths to be estimated 

based on void ratio corrections (from laboratory to field). A total of 34 cu tests were 

performed on undisturbed samples of fine coal refuse from the five sites. Specimens were 

typically consolidated to an isotropic, effective consolidation stress ( cr 3
c ) ranging from 8 

to 16 kilograms per square centimeter (kg/cm2
) [16.3 to 32. 7 kips per square foot (ksf)]. 

These relatively high confining pressures were used to ensure contractive behavior, 
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( 
particularly since most samples were obtained from 200 to 344 feet below the ground 

surface. The samples exhibited contractive behavior and reached or approximately 

reached a steady-state of deformation within the strain limits of the test. Laboratory 

values of Sus were corrected to represent steady-state strengths at in-situ void ratios. 

Steady-State Line and In-Situ Steady-State Strength 

Triaxial tests were performed on compacted specimens to determine the steady

state line (SSL) of the fine coal refuse representative for each site. Samples of each batch 

mix were formed using two methods: 1) by placing layers of fine coal refuse in a split mold 

and compacting each layer to a target void ratio; and 2) by placing the material in a mold 

as a slurry subject to one-dimensional consolidation to simulate in-situ placement 

conditions. The various SSL's for each batch mix are shown in Figure 3 where the slope 

(t..e/D.log Sus) varies from 0.11 to 0.13 for moist tamped batch samples with additional 

slurry prepared samples of the batch mix shown for comparison. As discussed by Poulos 

et. al (1985), the slope of the steady state line is dependent on the shape of the grains 

and the vertical position is affected by slight differences in grain-size distribution. In 

general, the variation of the fine refuse coal particle shape from site to site would not be 

expected to vary significantly since the coal was mined from the same region using 

generally similar cleaning techniques. However, the fines content of the coal refuse 

sampled ·from the region varies widely. Thus, the SSL's in Figure 3 are consistent with the 

above observations. 
In-situ Sus for each site was estimated by "correcting" the steady-state strengths at 

laboratory void ratios to their respective in-situ void ratio along the slope of the SSL as 

defined by Poulos et. al (1985). In-situ Sus values ranged from 0.06 to 4.62 kg/cm2 

(0.122 ksf to 9.42 ksf) with 74 percent of the data falling between 0.25 and 2.1 kg/cm2 

(0.51 ksf to 4.28 ksf). Figure 4 presents correlated Sus versus in-situ void ratio for 34 

tested samples at the 5 sites. Note that Sus values can vary by more than a factor of 10 

for a given void ratio. 

Sus Versus Effective Stress Relationship 

The estimation of Sus values for fine coal refuse layers that are at in-situ conditions 

different from the samples obtained and tested were estimated using a correlation 

between Sus and effective vertical stress (cr•v) determined for each site. This includes 

proposed upstream stages where sampling is not yet feasible or existing portions of the 

embankment not sampled due to budgetary constraints. By generally assuming that Sus 

values vary linearly with cr•v, and estimating the in-situ effective stress conditions for 

proposed layers of fine coal refuse, the in-situ Sus values for the proposed additional 

zones of fine coal refuse can be approximated. Site-specific Sus /cr'v relationships are 

presented in Figure 5 and varied from 0.06 to 0.27. The various relationships were 

approximated by conservatively drawing a line from zero through the location at which 

two-thirds of the data points at a particular site lie above the line. 

The lowest strength relationship was achieved at a narrow valley fill with over 200 

feet of coarse and mixed refuse placed above the fine coal refuse. It is deduced that 

significant arching may be occurring within the coarse refuse preventing the full height of 
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overburden from consolidating the critical fine coal refuse layer. Therefore, factors such 

as cross-valley topography and deposition history are significantly relevant to the Susf cr•v 

relationship. Similarly, the database of Susicr'v relationships obtained from bulk fine coal 

refuse samples prepared as slurried samples may be used to investigate what kind of 

relationship with depth (or effective stress) may be expected in the slurry pond prior to any 

encroachment of coarse embankments. The effective consolidation stresses at which the 

laboratory tests were performed were converted into equivalent vertical effective stresses 

in the field, assuming that the lateral stresses are equal to one-half of the vertical stresses. 

As shown in Figure 6, an Su5/cr'v ratio of 0.18 extends from the zero intercept to the point 

where two-thirds of the data falls above the straight line. 

5.0 Liquefaction Susceptibility Evaluations 

Liquefaction susceptibility depends on the Sus of all the soils along the potential 

failure surface compared to the driving stress along that failure surface. Zones of loose 

(contractive) cohesionless soils are critical to analyzing liquefaction potential because they 

can have an undrained strength that is significantly lower than their drained strength. 

Therefore, the embankment geometry was evaluated to assess the liquefaction potential 

of each stage of construction estimating the average driving shear stresses along the 

critical failure surface at each of the high hazard sites. Generally, as the construction of 

future upstream staging progresses, there is a corresponding increase in driving stress. 

For layers in which fixed-piston samples were obtained and tested, or layers where similar 

effective stresses are present, a weighted average of steady-state strength, such as the 

Two-Thirds Strength Method, was utilized. This method, utilized by Castro et. al. (1989) 

and recommended by the U.S. Army- Corps of Engineers (1970) in their manual for 

analyzing the stability of earth dams, involves using a design shear strength value that is 

lower than two-thirds of the total test values selected. Sus values for fine coal refuse 

layers at in-situ cr•v values that significantly differ from the cr•v values at sample locations 

were estimateci using the site specific Susfcrv relationship as previously discussed. Limit 

equilibrium slope stability analyses were performed at each site with Sus values applied to 

fine coal refuse layers and frictional (drained) strengths applied to coarse and mixed 

refuse layers. Factors of safety against liquefaction (FL) along the critical failure surfaces 

for the various sites ranged from 1.02 to 1 .32. 

6.0 Notable Trends From Completed Studies 

Liquefaction evaluations have been performed at five different sites using steady

state techniques as well as other complementary analyses. Since most of the sites are in 

the same geographical region, it is useful to compare the results of the fine coal refuse 

tested to identify trends in its engineering properties. A discussion of notable trends for 

the presented data is discussed below. 

1. Consistent with the sensitivity of Sus to void ratio, Sus values can vary over 10 times at 

the same void ratio illustrating the need for site specific testing. In-situ void ratios 

varied between 0.39 and 0.79, however, most ranged from 0.43 to 0.59. 
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2. In-situ Sus values for unsampled fine coal refuse layers can be estimated based on Sus 

versus cr'v correlations developed for a particular site. Suslcr'v relationships used for the 

coal refuse impoundment sites have ranged from 0.06 to 0.27 also illustrating the need 

for site specific testing, particularly at facilities with proposed multiple upstream stages. 

3. Sus and Su5/cr'v are significantly influenced by factors such as cross-valley topography, 

deposition history, upstream embankment geometry and construction sequencing. 

7.0 Conclusions 

Steady-state methodology can be effectively applied for the detailed evaluation of 

the liquefaction susceptibility of high hazard coal refuse disposal facilities. The evaluation 

needs to be based on site specific geometry and subsurface conditions, and properties 

developed accounting for the uniqueness and complexity of each site. While it is often 

useful to express the steady-state strength with respect to an estimated vertical stress, 

proper caution should be exercised during its development. The database of slurried 

samples has shown that the behavior of newly deposited fine coal refuse can be 

reasonably predicted. The Susfcr'v ratio of fine coal refuse consolidated beneath multiple 

upstream embankment stages can vary significantly with age, loading history, arching, and 

geometric constraints. For initial or preliminary liquefaction assessments, it is 

recommended that a range of Susicr'v ratios be used to investigate the sensitivity of the 

critical layer to liquefaction susceptibility. For detailed evaluations where significant driving 

stresses are present for multiple upstream stages, site-specific shear strength testing of 

high quality undisturbed samples is recommended to develop the site's Su5/cr'v 

relationship and each individual stage evaluated to estimate the factor of safety against 

liquefaction susceptibility. In general, factors of safety against liquefaction susceptibility 

were above 1.0 for the existing and proposed staging at the various high hazard sites. 

Factors of safety below 1.0 indicated the need for remedial design of existing embank• 

ments or redesign of the staging for proposed expansions to lower driving stresses. 
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LABORATORY TESTING RESULTS - COARSE REFUSE AND 
RESIDUAL SOILS 

PROVIDED BY ALLIANCE CONSULTING, INC. 
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HOLCOMB FOUNDATION ENGINEERING CO., INC. 
SOILS - BITUMINOUS - CONCRETE - INVESTIGATIONS ANO TESTING 

February 10, 2006 

SHIPPING ADDRESS 
Box 393 Wood Aoad 

Carbondale, IL 62901 

Williamson Energy LLC 

PO Box 99 
Johnston City, Illinois 62951 

Attention: Mr. James Plumley 

Re: Soil Boring and Laboratory Tests 

Boring #8874 
Mach .M.ine #1 
Johnston City, Illinois 

HFE File H-05278 

www.holcombengineering.com 

MAILING ADDRESS 
P.O. Box 88 

Carbondale, IL 62903 

Mach .M.ining Purchase Order No. ___ _ 

Dear Sir: 

618-529-5262 
800-333-1740 

FAX 618-457-8991 

In accordance with your instructions, on February 1, 2006, we drilled one soil boring and sampled 

the subsoils with Shelby tubes. The soil sample taken from 10 to 12 feet in depth was subjected to 

laboratory tests. Results of the tests are as follows: 

Boring No.: 
Depth: 
Visual Classification: 

Atterberg Limits: 

Unit Weight: 
Moisture Content: 

Effective Cohesion: 

Effective Phi Angle: 

8874 
8.0-10.0' 
Silty CLAY (CL) 
LL= 41.8% PL= 17.7% PI= 24.1 

105.3 PCF 
21.5% 
OPSF 
26.8 Degrees 

CD 
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Mach Mine #1 Soil Tests 

February 10, 2006 

Page2 

The Boring Log and test results are enclosed. If you should have any questions, or if we can be of 

further assistance, please feel free to contact us at your convenience. 

Sincerely, 

I copy: Fred Vass - Alliance Consulting 
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I I I I I ' 
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' I I I 
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I I I 
I I I 
I I I 
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: : 3 
I 
I ! 

I I 
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' ' 
I I 
I I 
I 
I I 

I I 

I I 
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' 
: 2 
I 

Water Content, 
Dry Density, pct 

~ Saturation, 
] Void Ratio 

- Diameter, in. 
Height, in. 

Water Content, 
;;; Dry Density, pct 
~ Saturation, 
;;;: Vaid Ratio 

Diameter, in. 
Height, in. 

' 
' I 

( I 1 I l ! I ! ! I I I 
1 Strain rate, in./min. 

I I I I I I t I i I 

if--!-j l J l J I l I 

1 1 -1-1,H·-+4-l--1 +1-H11-+-!1-+---1 H--I 
I , + I I 

0 I I I I I I I I ! ! I ! I 

Back Pressure, /sf 

Cell Pressure, /sf 

FaiI Stress, /sf 

1 s 18 

1 2 3 

21.5 20.8 17.6 
105.3 106.5 112.5 
100.0 99.7 98.9 

0.5706 0.5536 0.4707 
2.80 2.80 2.80 
5.51 5.49 5.54 

21.5 20.9 17,8 
105.3 106.5 112.5 
100.0 100.0 100.0 

0.5706 0.5536 0.4707 
2.80 2.80 2.80 
5.51 5.49 5.54 

0.00 0.00 0.00 

3.6 3.6 2.2 
5.0 6.5 7.9 

2.0 3.4 6.3 

G) 

Total Pore Pr., /sf 

Ult. Stress, /sf 

Total Pore Pr., tsf 

t-------------------~ ;;ccr, Failure, /sf 

Type of Test: o'3 Failure, tsf 

CU with Pore Pressures 

0 5 10 15 

Axial Strain, % 

20 3.7 
2.0 
3.6 
3.3 
l.3 

3.9 4.1 

3.2 6.3 
3.8 4, 1 

6.0 10.2 

2.6 3.9 

f Sample Type: Shelby Tube - Undisturbed 

Description: Gray Mottled Brown Silty CLAY 

LL= 41.8 PL= 17.7 Pl= 24.l 

Assumed Specific Gravity= 2.65 

Remarks: 

I Plate 

Client: Alliance Consulting 

Project: Triaxial Test 

Mach Mine#! 

Location: Boring #8874 

Sample Number: 3 Depth: 10.0-12.0' 

Proj. No.: H-05278 Dat':e: 2-1-05 

TR/AXIAL SHEAR TEST REPORT 

HOLCOMB FOUNDATION ENGINEERING CO. 

Tested 3y: LC ="---------------
::necked 3y: TY ~-------------
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4 

'-
.;2 

0-

2 

-

. 

I 
I 
1 

I 
I 
I 

~ " 
L? : "--
"' <:; " e-n.. Cl) 

e .s! 
a': ·f 
- Q) 
.!)JQ 

~ 

p, ts/ 

2 

82J I 

I 
I 
I 

6 

I I 

4 I 
--- -

I 

// I 

! 
I 

0 

-2 
0% 8% 

8~ 

6 

4 

2 

0 

-2 
0% 8% 

Stress Paths: Total--- Effective - - -

Client: Alliance Consulting 

( ,ject: Triaxial Test 
Depth: J0.0-12.0' Sample Number; 3 

/0 ? ' 

I C I 
I 
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I 

-

I 

i 
' I 
I 

16% 

16% 
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·-=..,cation: Boring #8874 

Project No.: H-05278 Plate __ _ HOLCOMB FOUNDATION ENGINE::RING CO. 

Tested 3r: =' '-=C'------------- Che:::iced 3y: TH --------------

[) 
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{( 
-~ 

Date: 

Client: 
Project: 

Location; 

Depth: 

Description: 

Remarks; 

TRIAXIAL COMPRESSION TEST 

CU with Pore Pressures 

2-1-05 

Alliance Consulting 

Triaxial Test 

MachMine#l 

Johnston City, Illinois 
Boring #8874 

10.0-12.0' 

Gray Mottled Brown Silty CLAY 
Sample Number: 

Type of Sample: Shelby Tube - Undisturbed 

Assum.ad Specific Gravity=2.65 LL=4 I .8 PL=l7.7 

Test Method: COE uniform strain 

3 

Pl,,,~4.1 

Specimen Parameter Initial Saturated Consoildated 

Moisture content Moist soil+tare, gms. 

Moisture content Dry soil+tare, gms. 

Moisture content Tare, gms. 

Moisture,% 

Moist specimen weight, gms. 

Diameter, in. 

Area, in.2 

Height, in. 

Net decrease in height, in. 

Wet Density, pcf 

Dry density, pcf 

Void ratio 
Saturation, % 

Membrane modulus= 0.124105 kN/cm 2 

Membrane thickness= 0.02 cm 

Fitter paper coefficient= 0.001926 kN/crn 

Filter paper coverage= 30% 

189.100 
176.100 
115.700 

21.5 
1140.2 

2.80 
6. 16 
5.51 

128.0 
I 05.3 

0.5706 
100.0 

Consolidation cell pressure= 70.00 psi (5.040 tsf) 

Consolidation back pressure= 50.00 psi (3.600 tsf) 

Consolidation effective confining stress = 1.440 tsf 

Strain rate, in./min. = 0.00 

Fail. Stress= 1.98 I tsfat reading no. 24 

Ult. Stress= 1.955 tsfat reading no. JO 

21.5 21.5 

2.80 2.80 

6.16 6.16 

5.51 5.51 

0.00 0.00 

128.0 128.0 

105.3 105.3 

0.57D6 0.57D6 

100.0 100.0 

57 

2191200 
8:50 PM 

Final 
1279.000 

1072.200 
103.200 

21.3 
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Def. Deviator MinorEf!, Major Elf. Pore 

Dial Load Load Strain Stress Stress Stress 1:3 Press. p Q 

'( No. in. Dial lbs. % tsf tsf tsf Ratio psi tsf tsf 

0 0.0000 18.30 0.0 0.0 0.000 5.112 5.112 I.OD -I.DO 5.112 0.000 

I 0.0190 20,00 1.7 0.3 0.014 2.830 2.844 I.OD 30,70 2.837 0,007 

2 O.D400 21.60 3.3 0, 7 0,026 2.426 2.452 I.OJ 36.30 2.439 0.013 

3 0,0810 113.20 94.9 1.5 1.093 1.505 2.598 1.73 49.10 2.051 0.547 

4 0.1010 129,80 111.5 1.8 1.280 1.318 2.597 1.97 51.70 1.958 0.640 

5 0.1420 143.10 124'.8 2.6 1.422 1.181 2.602 2.20 53.60 1.892 0, 711 

6 0.1620 161.50 143.2 2.9 1,625 1.159 2.784 2.40 53.90 1.972 0,813 

7 0.1830 168.90 150,6 3.3 1.702 1.145 2.847 .2.49 54.10 1.996 0.851 

8 0.2030 174.80 156.5 3.7 1.763 1.138 2.900 2.55 54.20 2.019 0.881 

9 0.2240 178.9D 160.6 4.1 1.802 1.145 2,946 2.57 54.10 2.D46 0.901 

I 
10 0.2440 182.30 164.0 4.4 1.833. 1.145 2.978 2.60 34.10 2.061 0.916 

I I 0,2650 186.40 I 68.1 4.8 1.871 1.152 3.023 2.62 54.00 2.D88 0.936 

12 0.2850 188. l 0 169.8 5.2 1.883 1.166 3.049 2.61 53.80 2.108 0.941 

13 0.3060 191.40 173.1 5.6 1.912 J.i66 3.078 2.64 53.80 2.122 0.956 

14 0.3260 193.10 174.8 5.9 1.923 1.181 3.104 2.63 53.60 2.142 0.962 

15 0.3460 194.70 176.4 6.3 1.933 1.188 3.121 2.63 53.50 2.155 0.967 

16 0.3670 196.40 178.1 6.7 1.944 1.202 3.146 2.62 53.30 2.174 0.972 

17 0.3870 198.10 179.8 7.0 1.955 1.210 3.164 2.62 53.20 2.187 0.977 

18 0.4080 198.10 179,8 7.4 1.947 1.224 3.171 2.59 53.00 2.197 0.973 

19 0.4280 200.60 182.3 7.8 1.966 1.231 3.197 2.60 52.90 2.214 0.983 

20 0.4490 200.60 182.3 . 8.1 1.958 1.238 3.196 2.58 52.80 2.217 0.979 

( 21 0.4890 203.10 184.8 8.9 1.969 1.267 3236 2.55 52.40 2.252 0.985 

I, l 22 0.5300 204.70 186.4 9.6 1.970 1.289 3.259 2.53 52.10 2.274 0.985 

23 0.5710 2D7.20 188.9 10.4 · 1.980 1.310 3.290 2.51 51.80 2.300 0.990 

24 0.6120 208.90 190.6 11.l 1.981 1.332 3.313 2.49 51.50 2.323 0.991 

2.5 0.6530 209 .10 190.8 11.8 1.967 1.346 3.313 2.46 51.30 2330 0.9ll3 

26 0.6940 21 l.40 '193.1 12.6 1.974 1.361 3.334 2.45 51.10 2.348 0.987 

27 0.7350 212.20 193.9 13.3 1.965 l.390 3.354 2.41 50.70 2.3i2 0.982 

28 0.7790 213.90 I 95.6 14.1 1.964 1.404 3.368 2.40 50.50 2.386 0.982 

29 0,8170 215.50 197.2 14.8 1.964 1.426 3.39.0 2.38 50.:W 2.408 0.982 

30 0.8380 215.50 197.2 15.2 1.955 1.433 3.388 2.36 50.10 2.410 0.978 

( 

_, ___________ HOl.COli/iS rOUNDAi"'ION :::NGIN::::::RIJ~G CO. __________ __, 
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Specimen Parameter Initial Saturated Consolidated Final 0) 
Moisture content: Moist soil+tare, gms. 154.800 1347,900 

Moisture.content: Dry soil+tare, gms. 145.800 I 154.100 

Moisture content: Tare, gms. 102.600 135.100 

Moisture,% 20.8 20.9 20.9 19.0 

Moist Sf)ecimen weight, gms. 1142.2 

Diameter, in. 2.80 2.80 2.80 

Area, in.2 6.16 6.16 6.16 

Height, in. 5.49 5.49 5.49 

Net decrease in height, in. 0.00 0.00 

Wet Density, pcf 128.7 128.7 128.7 

Dry density, pcf 106.5 106.5 106.5 

Void ratio 0.5536 0.5536 0.5536 

Saturation, % 99.7 100.0 100.0 

Membrane modulus= 0.124105 kN/cm 2 

Membrane thickness = 0.02 cm 

Filter paper coefficient= 0.001926 kN/cm 

Filter paper coverage = 30% 

Consolidation cell pressure-= 90.00 psi (6.480 tsf) 

Consolidation back pressure= 50.00 psi (3.600 tsf) 

Consolidation effective confining stress = 2.880 tsf 

Strain rate, in./min. = 0.00 

\(" 
Fail. Stress = 3.41_ 8 tsf at reading no. 24 

Ult. Stress = 3.250 tsf at reading no. 29 

'1 Def. Deviator Minor Eff. Major Eff. Pore 

Dial Load Load Strain Stress Stress Stress 1:3 Press. p Q 

No. in. Dial lbs. % tsf !sf !sf Ratio psi !sf !sf 

0 0.0000 27.50 0.0 0.0 0.000 4.385 4.385 LOO 29.10 4.385 a.coo 
1 0.0190 134.00 106.5 0.3 1.241 3.254 4.495 1.38 44.80 3.875 0.620 

2 0.0400 IK3.IO 155.6 0.7 J.806 2.750 4.557 l.66 51.80 3.653 0.903 

3 0.0600 218.90 I 91.4 LI 2.214 2.484 4.698 l.89 55.50 3.591 1.107 

4 0.0810 243.80 216.3 1.5 2.492 2.340 4.832 2.06 57.50 3.586 l.246 

5 0.1010 264,60. 237.1 J.8 2.721 2.254 4.975 2.21 58.70 3.614 1.36] 

6 0.1220 282.10 254.6 2.2 2.911 2.210 5.12] 2.32 59.30 3.666 l.455 

7 0.1420 295.40 267.9 2.6 3.052 2.182 5.233 2.40 59.70 3.707 1.526 

8 0.1620 305.40 277.9 2.9 3.154 2.182 5.335 2.45 59.70 3.758 I .577 

9 0.1830 314.60 287.1 3.3 3.245 2.189 5.434 2.48 59.60 3.811 1.623 

JO 0.2030 322.10 294.6 J.7 3.317 2.196 5.513 2.51 59.50 3.&55 I,(, ,9 

II 02240 327.10 299.6 4.1 3.360 2.218 5.578 2.52- 59.20 3.898 1.680 

12 02440 332.90 305.4 4.4 3.412 2.232 5.644 2.53 59.00 3.938 1.706 

13 0.2650 336.20 308.7 4.8 3.435 2.254 5.689 2.52 58.70 3.971 J.718 

14 0.2850 339.50 312.0 5.2 3.459 2.275 5.734 2.52 58.40 4.005 1.729 

15 0.3060 343. 70 316.2 5.6 3.49] 2.297 5.788 2.52 58. I 0 4.042 1.746 

16 0.3260 345 .40 3 I 7.9 5.9 3.497 2.3 I 8 5.815 2.51 57.80 4.067 1.748 

17 0.3670 348.70 321.2 6.7 3.505 2.369 5.874 2.48 57.10 4.121 1.752 

18 0.4080 352.00. 324.5 7.4 3.512 2.412 5.924 2.46 56.50 4.168 1.756 

{ 
19 0.4490 353.70 326.2 8.2 3.502 2.441 5.943 2.43 56.10 4.192 1.751 

20 0.4890 354 . .50 327.0 8.9 3.483 2.470 5.953 2.41 55.70 4.211 1.742 

2 I 0.5300 355.40 327.9 9.7 3.464 2.498 5.963 2.39 55.30 4.230 1.73~ 

p HO~CJf\/:3 FOUl\!04 7"10N :=N-31h1::::RIN·3 C·::. 
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Dsf, Deviator MinorEff. Major Elf. Por6 © Dial Load Load Strain Stress Stress Stress 1:3 Press. p Q 

No. in. Dial lbs. ¾ !sf !sf !sf Ratio psi !sf !sf 

✓- 22 0.5510 357.00 329.5 10.0 3.466 2.513 5.979 2.38 55.10 4.246 1.733 

?" _., 0.5920 356.20 328.7 10.8 3.429 2.534 5.964 2.35 54.80 4.249 1.715 

24 0.6330 357.90 330.4 11.5 3.418 2-.556 5.974 2.34 54.50 4.265 1.709 

25 0.6730 · 357.00 329.5 12.3 3.381 2.585 5.966 2.31 54.10 4.275 !.690 

26 0.7140 357.90 330.4 13.0 3.361 2.599 5.960 2.29 53.90 4.280 1.681 

27 0.7550 357.90 330.4 13.7 3.332 2.614 5.946 2.27 53.70 4.280 1.666 

28 0.7960 356.20 328.7 14.5 3.286 2.628 5.914 2.25 53.50 4.271 t.643 

29. 0.8370 35S.40 327.9 15.2 3.250 2.635 5.885 2.23 53.40 4.260 !.625 

Specimen Parameter Initial Saturated Consolidated Final 

Moisture content: Moist soil-Hare, gms. 248.400 1374.500 

Moisture content: Dry soil+tare, gms. 226.700 1195.400 

Moisture content: Tare, gms. 103.200 127.700 

Moisture,% 17.6 17.8 17.8 16.8 

Moist specimen weight, gms. l l 84.7 

Diameter, in~ 2.80 2.80 2.80 

Area, in. 2 6.16 6.16 6.16 

Height, In, 5.54 5.54 5.54 

Net decrease in height, in. 0.00 0.00 

Wel Density, pcf 132.3 1.32.5 132.5 

Dry density, pcf l 12.5 l 12.5 l 12.5 

Void ratio 0.4707 0.4707 0.4707 

Saturation, % 98.9 100.0 100.0 

,, 
Membrane modulus= 0.124105 kN/cm• 

Membrane thickness= 0.02 cm 

Filter paper coefficient= 0.001926 kN/cm 

Filter paper coverage= 3 0% 

Consolidation cell pressure = I I 0.00 psi (7,920 tsi) 

Consolidation back pressure = 30.00 psi (2. l 60 tsf) 

consolidation effective confining stress= 5.760 !sf 

Strain rate, in./min. = (l.00 

Fail. Stress= 6.334 tsfat reading no. 33 

Ult. Stress = 6.334 tsf at reading no. 33 

Def. De-viator Minor Eff. Major Elf. Pore 

Dial- Load Load Strain Stress Stress Stress 1 :3 Press. p Q 

No. in. Dial lbs. '¼ tsf tsf tsf Ratio psi tsf tsf 

0 0.0000 31.6D 0.0 0.0 0.000 7.812 7.812 !.DO 1.50 7.812 0.000 

I 0.0190 39.90 8.3 0.3 0.091 7.690 7.781 J.01 3.20 7.735 0.045 

2 Q.0400 44.10 12.5 0.7 0.133 7.574 7.707 1.02 4.80 7.641 0.066 

3 0.0600 175.60 144.0 1.1 1.666 7.308 8.974 1.13 8.50 8.141 0.833 

4 0.0810 240.50 208.9 l.5 2.407 6.926 9.333 1.35 13.80 8.130 l.203 

j 0. I 010 291.30 259.7 l.8 2.981 6.466 9.447 1.46 20.20 7.956 J.491 

6 0.1220 329.60 298.0 2.2 3.408 5.983 9.391 I.Si 26.90 7.687 1.704 

7 0.1420 362.00 330.4 2.6 3.764 5.479 9.244 1.69 33.90 7.361 1.882 

C. 8 0.1620 392.00 360.4 2.9 4.091 5.040 9. 131 1. 81 40.00 7.085 2.045 

9 0.1830 412.80 381.2 3.3 4.310 4.666 8.976 l.92 45.20 6.821 2.155 

r HOLCOMB FOUNDATION ENGINEERING CO. 
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Def. Oaviator Mlnor Eff. Major Eff. Pore 0) 
Dia! Load Load Strain Stress Stress Stress 1:3 Press. p a 

No. in. Dial lbs. % tsf tsf tsf Ratio psi tsf tsf 

10 0.2030 432.80 401.2 3.7 4.519 4.363 8.883 2.04 49.40 6.623 2.260 

JI 0.2240 446.90 415.3 4.0 4.660 4.140 8.800 2.13 52.50 6.470 2.330 

12 0.2440 · 465.20 433.6 4.4 4.847 3,9&2 8.828 2.22 54.70 6.405 2.423 

13 0.2650 471.00 439.4 4.8 4.892 3.852 8.744 2.27 56.50 6.298 2.446 

14 0.2850 483.50 451.9 5.1 5.012 3.766 8.778 2.33 57.70 6.27'2 2.506 

15 0.3060 490.20 458.6 5.5 5.066 3.694 8.760 2.37 58.70 6.227 2.533 

16 0.3260 503.50 47!.9 5.9 5.193 3.643 8.837 2.43 59.40 6.240 2.597 

17 0.3460 516.80 485.2 6.2 5.319 3.607 8.926 2.47 59.90 6.267 2.660 

18 0.3670 521.80 490.2 6.6 5.352 3.586 8.938 2.49 60.20 6,262 2.676 

19 0.3870 530.10 498.5 7.0 5.422 3.571 8.993 2.52 60.40 6.282 2.711 

20 0.4080 538.40 506.8 7.4 5.490 3.564 9.054 2.54 60.50 6.309 2.745 

21 0.4280 543.40 51 l.8 7.7 5.522 3.564 9.086 2.55 60.50 6.325 2.761 

22 0.4490 554.30 522.7 8.1 5.617 3.571 9.188 2.57 60.40 6.380 2.808 

23 0,4690 565.90 534.3 8.5 5.719 3.578 9.297 2.60 60.30 6.438 2.859 

24 0.4890 567.60 536.0 8.8 5. 714 3.578 9.293 2.60 60.30 6.436 2.857 

25 0.S300 581.70 550.1 9.6 5.817 3.600 9.417 2.62 60.00 6.509 2.909 

26 0.5710 591.70 560.1 10.3 5.874 3.636 9.510 2.62 59.50 6.573 2.937 

27 0.6120 605.00 573.4 11.0 5.964 3.665 9.629 2.63 59.10 6.647 2.9&2 

28 0.6530 615.00 583.4 l 1.8 6.018 3.701 9.719 2.63 58.60 6.710 3.009 

29 0.6940 626.70 595.1 12.5 6.087 3.737 9.824 2.63 58.10 6.780 3.044 

30 0.7350 638.30 606.7 13.3 6.153 3.773 9.926 2.63 57.60 6,849 3.077 

31 0.7760 649.)0 617.5 14.0 6.209 3.816 10.025 2.63 57.00 6,921 3.J0:5 

32 0.8170 657.50 625.9 14.7 6.240 3.852 10.092 2.62 56.50 6.972 3.120 

(( 33 0.8390 669.90 638.3 15.1 6.334 3.866 10.200 2.64 56.30 7.033 3.167 

.._ __________ HOLCOMB FOUNDATION ENGINEERING CO. _________ _.. 
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Project: Mach #1 Mine Williamson County, Illinois mt1 
Project Number: H-05278 
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Date: February 8, 2006 ,-
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Holcomb Foundation Engineering Company 
Laboratory Testing Results 2/8/2006 

Project Mach #1 Mine 

Project No: H-05278 

Sieve Analysis - ASTM Ci36-96a 

Sample: Silty CLAY (CL) 

Sieve Openings us 
Standard Weight Percent Percent 

Inches Millimeters Sieve Size Retained Retained Finer 

\( 1.5000 38.1000 1 -1 /2" 0.0 0.0 100.0 
"'...._., 

1.0000 25.4000 1 ' 0.0 0.0 100.0 

0.7500 19.1000 3/4" 0.0 0.0 100.0 

0.5000 12.7000 1/2" 0.0 0.0 100.0 

3.7500 9.5200 3/8" 0.0 0.0 100.0 

0.1870 4.7600 No. 4 2.1 0.9 99.1 

0.0790 2.0000 No. 10 4.6 2.0 98.0 

0.0469 1.1 BOO No. 16 4.6 2.0 98.0 

0.0331 0.8500 No. 20 8.6 3.8 96.2 

0.0165 0.4200 No. 40 12.6 5.5 94.5 

0.0117 0.2980 No. 50 12.6 5.5 94.5 

0.0083 0.2500 No. 60 22.2 9.8 90.2 

0.0059 0.1490 No. 100 34.6 15.2 84.8 

0.0029 0.0740 No. 200 47.7 21.0 79.0 

Total Weight in Grams 227.20 
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Holcomb Foundation Engineering Company 
Laboratory Testing Results 

Project: 
Project No: 

Mach #1 Mine 
H-05278 

Sample 

Dish Number 

Mass of can, W 1 (g) 

Mass of can+ moist soil, W2 (g) 

Mass of can + dry soil, W 3 (g) 

Moisture conlenl, w (%) 

Number of blows, N 

Liquid Limit, LL 

Dish Number 

Mass of can, W 1 (g) 

Mass of can+ moist soil, W2 (g) 

Mass of can + dry soil, W3 (g) 

Plastic Limit, PL 

Pl= 

LL, 

34.70 

62.84 

54.52 

41.98 

24 

41.8 

PL, 

39.76 

54.79 

52.53 

17.7 

24.1 

Plasticity Chart 

60 

50 

CH or OH 

CL or OL . 

2 

LL, 

l~H or OH 

1 0 

C'....-ML ML or OL 

0 10 20 30 40 50 60 70 BO 

Liquid Limit (LL) 

90 

3 

LL, 

100 
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HOLCOMB FOUNDATION ENGINEERING CO., INC. 
SOILS - BITUMINOUS - CONCRETE • INVESTIGATIONS AND TESTING 

November 30, 2006 

SHIPPING ADDRESS 
Box 393 Wood Road 
Carbondale, IL 62901 

Williamson Energy LLC 
POBox99 
Johnston City, Illinois 62951 

Attention: Mr. James Plumley 

Re: Coarse Refuse Laboratory Tests 
Pond Creek Mine 
Johnston City, Illinois 
HFE File H-05278 

Dear Sir: 

www.halcombengineering.com 

MAILING ADDRESS 
P.O. Box 88 

Carbondale, IL 62903 

618-529-5262 
800-333-17 40 

FAX 618-457-8991 

In accordance with your instructions, on November 17, 2006, we sampled coarse refuse at Mach 
Mine and performed laboratory tests on remolded samples. Results of the tests are as follows: 

Visual Classification: Coarse Coal Refuse (Shale, Coal, Sandstone Mixture) 

Proctor Test Results: 
Maximum Dry Unit Weight: 124.6 PCF 
Optimum Moisture Content: 9.3 % 

Specific Gravity: 2.37 

Triaxial Test Results: 
Effective Cohesion: 0PSF 
Effective Phi Angle: 33.7 Degrees 

Permeability: 2 x 10-4 cm./sec. 

Results of the grain size analysis and the laboratory tests are attached. 

® 
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~-i 
t Pond Creek Mine # I Coarse Refuse Tests 

· \. November 30, 2006 
Page2 

zo f .57 

If you should have any questions, or if we can be of further assistance, please feel free to contact us 

at your convenience. · 

Sincerely, 

I copy: Justin Harry - Alliance Consulting 
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Holcomb Foundation Engineering 
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I I I 
11 I II I 111

1 II I I I 

Project: Pond Creek Mine Johnston City, Illinois 
Project Number: H-05278 
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Holcomb Foundation Engineering Company 
Laboratory Testing Results 11/30/2006 

Project: Coarse Refuse Disposal Area 

· Pond Creek Mine Johnston City, Illinois 

Project No: H-05317 

Sieve Analysis - ASTM C136-96a 

Sample: Coarse Refuse 

Sieve Openings us 
Standard Weight Percent Percent 

Inches Millimeters Sieve Size Retained Retained Finer 

3 76.2 3' 0.0 0.0 100.0 

2.0000 50.8100 2" 619.6 9.5 90.5 

1.5000 38.1000 1 -1 /2" 1124.0 17.2 82.8 

1.0000 25.4000 1 " 1696.2 25.9 74.1 

( 0.7500 19.1000 3/4" 2110.9 32.3 67.7 

0.5000 12.7000 1/2" 2513.0 38.4 61.6 

3.7500 9.5200 3/8" 3263.7 49.9 50.1 

0.1870 4.7600 No.4 4310.7 65.9 34.1 

0.0790 2.0000 No. 10 5470.5 83.6 16.4 

0.0469 1.1800 No. 16 

0.0331 0.8500 No. 20 6004.4 91.8 8.2 

0.0165 0.4200 No. 40 6178.9 94.4 5.6 

0.0117 0.2980 No. 50 

0.0083 0.2500 No. 60 6267.8 95.8 4.2 

0.0059 0.1490 No. 100 

0.0029 0.0740 No.200 6372.4 97.4 2.6 

Total Weight in Grams 6542.80 
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Project: 

Z3 'f s7 

Holcomb Foundation Engineering 

Pond Creek Mine 

Johnston City, Illinois 

Moisture Density Relationship 

Location: Coarse Refuse Disposal Area 

Project No.: H-05278 Proctor Test Results 

Soll ClasslflcatJon: 

Date: 

Test Data 

11/30/2006 

ASTM D-698 (standard) 

Moisture 

Content(%) 

7.6 

11.2 

12.0 

9.3 

Maximum Dry Density (PCF) 

Gray Coarse Refuse 

124.8 

Optimum Moisture Content(%) 9.3 

Dry Unit Wt. 

(PCF) 

122.8 

122.5 

120.4 

124.B 

126.0 ~---------------------------------~ 

u:
u 
e, 

125.0 

124.0 

l:! 123.0 
~ 

'i: 
:::, 

<!' 
□ 

122.0 

121.0 

Proctor Curve 

120.0 +-------~------~------+------~-------l 
7.0 B.0 9.0 10.0 11.0 12.0 

% Moisture 

(ii 
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Date: 

Project No.: 

Samole 

Coarse Refuse 

2'-1 I s1 

HOLCOMB FOUNDATION ENGINEERING CO., INC. 
SOILS - BITUMINOUS • CONCRETE • INVESTIGATIONS AND TESTING 

SHIPPING ADDRESS 
Box 393 Wood Road 
Carbondale, IL 62901 

www.holcombengineering.com 

MAILING ADDRESS 
P.O. Box BB 

Carbondale, IL 62903 

Permeability Tests Results 
Laboratory Tests 
Coarse Refuse 

Pond Creek Mine - Johnston City, 1 llinois 

11/30/2006 Client: Pond Creek Mine 
Johnston City, Illinois 

H-05278 

Moisture Content(%) Dry Unit 
Deoth (Ft.) Before Test After Test Weicht (PCF) 

7.7 11.8 119.3 

618-529-5262 
B00-333-17 40 

FAX 618-457-8991 

Permeability 
rcm./Sec.) 

2 X 10-4 

Permeability Tests performed in accordance with ASTM D-5084 

(ii 
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Project 

(r ct# 
•\ 

uare 

In Place Mc 
Wet Wt. 
Pan 
Dry Wt. 
Mc(%) 

195.3 
94.2 

188.1 
7.7 

Pond Creek Mine 

H-05278 

11/30/2006 

After Test Mc 
Wet Wt. 
Pan 
Dry Wt. 
Mc(%) 

1300.4 
103.1 

1173.6 
11.8 

-- I 
PERMEABILITY TEST RESULTS 

Boring/Sample Coarse Refuse 
Depth 
Classification 

Diameter 2.8 Inch 
Length 5.6 Inch 

Unit Weight (PCF) 
Sample Wt. 1161.8 

Wet UW= 128.5 
Dry UW= 119.3 

,===== ==== -- - --=- -----=== =======-=-=-----= 
Time(hrs) Time(min) Quantity (cc) Head (psi) Penmeability (cm/sec) 
====:::=== -------- - ,===--== ========= ========= ======::::= ============================ 

7 26 
7 34 

7 
7 
7 

9 
9 
9 

33 
45 
47 

16 
23 
30 

(( == == 
-"---

24.7 
8.2 1.75E-04 

24.5 
2.7 
0.8 

24.4 
9.6 
0.9 

- -- - -------
Average Permeability 

1 
1 

1 
1 

1.54E-04 
1.44E-04 

1.79E-04 
1.43E-04 

1.63E-04 
======= ====--== ============= =====---= ====--=== =----=== -

Jf 

Qi; 
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9 Total Effective I I I l I I ' ,_ ' ' ' I 

C, tsf 0,507 0 ' ' I I ' 
' I I 

di,dea 18.5 33.7 I I I I I I I I 

Tan o 0.33 0.67 ' I I 

' I ,. ' I I I 

' ' ' I I I I I I I I 

' I ' ' I ' I ' I 

6 
I I I ' I I I I A I I I I ' 

$ I I ' I I I I I 

I I I I I 

ui I I I I I I I 

"' I I I ' I 

g I I I I I I I I 

en I 
~ 

"' Ql 
,: I I 
en 3 I I I ' 

I ' 
I I I I I 

I 
I I I I 

I I I I 

I I 

I " 
,, I I I 

' ' I ' " ' ' 
0 ' ' I I 

0 3 6 9 12 15 18 

Total Normal Stress, !sf --
Effective Normal Stress, tsf - - -

9 I ' I I I I Sample No. 1 2 3 
I I 

' 
' I Water Content, JO. I 10.8 10.3 

7.5 I I Dry Density, pcf I I 8.7 117.8 I 18.7 
' I I 
I "1ii Saturation, 97.0 99.8 99.3 

I 3 "" I I I I E Void Ratio 0.2470 0.2558 0.2468 

- 6 Diameter, In. 2.80 2.80 2.80 
.:!l I I 

"'- I I ' Height, in. 5.65 5.57 5.60 

"' I I 

e I Water Content, 10.4 10.8 10.4 
ii5 I I I I I 

4.5 I ' I 1n Dry Density, pcf I 18.7 117.8 118.7 
~ 

I .9 " Saturation, 100.0 100.0 100.0 

"' ' 
2 I-

·;; I I I ~ Void Ratio 0.2470 0.2558 0.2468 

" 3 
I I I I Diameter, in. 2.80 2.80 2.80 

Cl I ' 1 
I 

Height, in. 5.65 5.57 5.60 

I Strain rate, in./min. 0.01 0.01 0.01 
I I I I 

1.5 I ' ' Back Pressure, !sf 3.60 3.60 2.16 
' ' 

I ' --1 I I Cell Pressure; tsf 5.04 6.48 7.92 

' 
0 I I I I I I I I I I Fail. Stress, tsf 2.78 3.83 6.76 

0 5 10 15 20 Total Pore Pr., tsf 3.86 4.96 5.23 

Axial Strain, % Ult. Stress, tsf 2.77 3.83 6.76 

Total Pore Pr., tsf 3.85 4.95 5.23 

Type of Test: 
a1 Failure, tsf 3.96 5.35 9.44 

CU with Pore Pressures 
a, Failure, tsf 1.18 1.52 2.69 

Sample Type: Remolded Client: Pond Creek Mine 

Description: Coarse Coal Refuse 
Project: Coarse Refuse Laboratory Tests 

Assumed Specific Gravity= 2.3 7 Location: Coarse Refuse Stockpile 

Remarks: Sample Number: Coarse Refuse 

Proj. No.: H-05278 Date: 11/17/06 

TRIAXIAL SHEAR TEST REPORT 

Plate 
HOLCOMB FOUNDATION ENGINEERING CO. 

Tested By: =LC~--------- Checked By: ~T~H _________ _ 
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a..·:;; 

/ 
a. ·s: 

- a, - '" ]I Cl .m □ 
0 1.5 0 1.5 
I- I-

0 
0% 8% 16% 

0 
0% 8% 16% 

7.5 [lJ 
I 

7.5 
~ L.-----

I ./ I -
I 

I 
6 
~ I I 
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e 4.5 
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e? .9 3 

~ 3 ~..9 
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~ -~ a.'> - "' J!! Cl 

1.5 
.!)l Cl 

1.5 0 ~ I-

0 0 
0% 8% 16% 0% 8% 16% 

6 Peak Strength 
.,,, 

/ 

Total Effective 
.,,, -.,,, .,,, 

a= 0.52 Isl 0.00 Isl .,,, 
a:= 17.4 deg 29.4 deg -.,,, 

tan a:= 0.31 0.56 -- --~--4 

,<--r--"l ,,-----' - ___..-;; 
.J!) 

ci --· ( _ - L--1-- / ---- ·~---- ' -2 Hfr--v _y 
L.-----~ -- V V V:1 , ,, I 

-- j/ 
0 --

0 2 4 6 8 10 12 

p, tsf 
Stress Paths: Total -- Effective - - -

Client: Pond Creek Mine 

Project: Coarse Refuse Laboratory Tests 
Location: Coarse Refuse Stockpile Sample Number: Coarse Refuse 

, Project No.: H-05278 Plate I HOLCOMB FOUNDATION ENGINEERING CO. 

Tested By: ,,L,cC:._ ________ _ Checked By: .,__T~H:._ ________ _ 
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( 
Date: 
Client: 
Project: 

Location: 
Sample Number: 

Description: 
Remarks: 

11/17/06 

TRIAXIAL COMPRESSION TEST 
CU with Pore Pressures 

Pond Creek Mine 
Coarse Refuse Laboratory Tests 

Coarse Refuse Stockpile 
. Coarse Refuse 

Coarse Coal Refuse 

Type of Sample: Remo!ded 

Assumed Specific Gravity=Z.3 7 LL= PL= 

Test Method: COE nnifonn strain 

Pl= 

Specimen Parameter Initial Saturated Consolidated 

Moisture content: Moist soff+tare, gms. 226.800 
Moisture content: Dry soll+tare, gms. 
Moisture content: Tare, gms. 

Moisture,% 
Moist specimen weight, gms. 

Di3meter, in. 
Area, ln.2 

Height, in. 
Net decrease in height, in. 
Wet Density, pcf 
Dry density, pcf 
Void ratio 
Saturation, % 

Membrane modulus= 0.124105 kN/cm2 

Membrane thickness= 0.02 cm 
Filler paper-coefficient= 0.001926 kN/cm 

Filter paper coverage = 50% 

218.600 
137.500 

IO.I 
1193.1 

2.80 

6.16 
5.65 

130.6 
118.7 

0.2470 
97.0 

Consolidation cell pressure= 70.00 psi (5.040 tsf) 
Consolidation back pressure= 50.00 psi (3.600 tsf) 

Consolidation effective confining stress= 1.440 tsf 

Strain rate, in./min. = 0.01 
Fall. Stress= 2.778 tsfat reading no. 41 

Ult. Stress = 2.767 tsf at reading no. 42 

10.4 10.4 

2.80 2.80 

6.16 6.16 

5.65 5.65 

0.00 0.00 

131.0 131.0 

I 18.7 118.7 

0.2470 0.2470 

100.0 100.0 

11/30/2006 
10:19 AM 

Final 

1320. 700 
1195.800 

107.600 

11.5 

·c_._l __________ HOLCOMB FOUNDATION ENGINEERING CO.-----------' 
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Def. Devlator Minor Eff. Major Eff. Pore 

Dial Load Load Strain Stress Stress Stress 1:3 Press. p Q 

No. In. Dial lbs. ¼ !sf !sf !sf Ratio psi !sf !sf 

0 0.0010 46.60 0.0 0.0 0.000 l.498 1.498 l.00 49.20 1.498 0.000 

0.0)80 )60.60 Jl4.0 0.3 1.329 !.152 2.481 2.15 54.00 l.816 0.664 

2 0.0390 189.70 143.l 0.7 l.662 l.001 2.663 2.66 56.10 1.832 0.831 

3 0.0590 205.60 159.0 l.O 1.840 0.929 2.769 2.98 57.10 l.849 0.920 

4 0.0800 212.20 165.6 1.4 1.909 0.907 2.816 . 3.10 57.40 l.862 0.955 

5 0.1000 218.90 172.3 1.8 1.979 0.900 2.879 3.20 57.50 1.890 0.990 

6 0.1200 232.20 185.6 2.1 2.125 0.900 3.025 3.36 57.50 1.962 I.062 

7 0.1410 240.50 193.9 2.5 2.2Jl 0.907 3.118 3.44 57.40 2.013 !.106 

8 0.1610 245.50 198.9 2.8 2,260 0.914 3.174 3.47 57.30 2.044 1.130 

9 0.1820 252.20 205.6 3.2 2.327 0.922 3.249 3.53 57.20 2.085 !.164 

JO 0.2020 253.80 207.2 3.6 2.337 0.936 3.273 3.50 57.00 2.104 1.168 

l 1 0.2230 250.50 203.9 3.9 2.291 0.958 3.248 3.39 56.70 2.103 1.145 

12 0.2430 261.30 214.7 4.3 2.403 0.972 3.375 3.47 56.50 2.173 I.201 

13 0.2630 266.30 219.7 4.6 2.450 0.979 3.429 3.50 56.40 2.204 1.225 

14 0.2840 266.30 219.7 5.0 2.440 0.994 3.434 3.46 56.20 2.214 1.220 

15 0.3040 272.10 225.5 5.4 2.495 l.008 3.503 3.48 56.00 2.256 I.248 

16 0.3250 274.60 228.0 5.7 2.513 l.022 3.536 3.46 55.80 2.279 1.257 

17 0.3450 268.00 221.4 6.1 2.431 1.037 3.468 3.34 55.60 2.252 1.216 

18 0.3660 273.00 226.4 6.5 2.476 1.051 3.527 3.36 55.40 2.289 1.238 

19 0.3860 278.00 231.4 6.8 2.521 1.058 3.580 3.38 55.30 2.319 1.261 

20 0.4070 278.00 231.4 7.2 2.511 1.066 3.577 3.36 55.20 2.321 1.256 

21 0.4270 283.00 236.4 7.5 2.556 1.073 3.629 3.38 55.10 2.351 1.278 

tc· 22 0.4470 284.60 238.0 7.9 2.563 I.080 3.643 3.37 55.00 2.362 1.282 

23 0.4680 278.80 232.2 8.3 2.491 1.087 3.578 3.29 54.90 2.333 1.245 

24 0.4880 286.30 239.7 8.6 2.561 1.087 3.648 3.36 54.90 2.368 1.281 

25 0.5090 290.40 243.8 9.0 2.594 1.094 3.689 3.37 54.80 2.392 1.297 

26 0.5290 292.10 245.5 9.3 2.602 J.102 3.704 3.36 54.70 2.403 1.301 

27 0.5500 298.80 252.2 9.7 2.662 !.109 3.771 3.40 54.60 2.440 J.331 

28 0.5700 299.60 253.0 10.l 2.660 J.l 16 3.776 3.38 54.50 2.446 l.330 

29 0.5910 294.60 248.0 10.4 2.597 J.116 3.713 3.33 54.50 2.415 1.299 

30 0.6110 302.10 255.5 10.8 2.66:, 1.123 3.788 3.37 54.40 2.456 1.333 

31 0.6310 306.30 259.7 11.2 2.698 1.130 3.828 3.39 54.30 2.479 1.349 

32 0.6520 306.30 259.7 11.5 2.687 1.130 3.817 3.38 54.30 2.474 1.343 

33 0.6720 312.10 265.5 I 1.9 2.736 1.145 3.881 3.39 54.10 2.513 1.368 

34 0.6930 309.60 263.0 12.2 2.699 I.145 3.843 3.36 54.10 2.494 1.349 

35 0.7130 308,80 262.2 12.6 2.680 I.152 3.832 3.33 54.00 2.492. 1.340 

36 0.7340 309.60 263.0 13.0 2.676 I.159 3.835 3.31 53.90 2.497 J.338 

37 0.7540 315.40 268.8 13.3 2.724 J.166 3.891 3.34 53.80 2.528 1.362 

38 0.7750 316.20 269.6 13.7 2.721 l.166 3.887 3.33 53.80 2.527 1.360 

39 0.7950 323.70 277.1 14.l 2.785 l.l 81 3.966 3.36 53.60 2.573 J.392 

40 0.8150 325.40 278.8 14.4 2.790 I.181 3.971 3.36 53.60 2.576 1.395 

41 0.8360 325.40 278.8 14.8 2.778 1.181 3.959 3.35 53.60 2.570 J.389 

42 0.8560 325.40 278.8 15.1 2.767 l.188 3,955 3.33 53.50 2.57] 1.383 

( 
\ 
'--~ 

HOLCOMB FOUNDATION ENGINEERING CO. 
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Specimen Parameter Initial Saturated Consolidated Final 

((~ Moisture content: Moist soil+tare 1 gms. 211.600 1335.900 

Moisture content: Ory soil+tare, gms. 203.200 1222.200 

Moisture content: Tare, gms. 125.200 134.800 

Moisture,% 10.8 10.8 10.8 10.5 

Moist specimen weight, gms. 1175.1 

Diameter, In. 2.80 2.80 2.80 

Area, In.• 6.16 6.16 6.16 

Height, In. 5.57 5.57 5.57 

Net decrease in height, In. 0.00 0.00 

Wet Density, pcf 130.5 130.5 130.5 

Dry density, pcf 117.8 117.8 117.8 

Void ratio 0.2558 0.2558 0:2558 

Saturation, % 99.8 100.0 100.0 

Membrane modulus= 0.124105 kN/cm• 

Membrane thickness = 0.02 cm 

Filter paper coefficient= 0.001926 kN/cm 

Filter paper coverage = 50% 
Consolidation cell pressure= 90.00 psi (6.480 !sf) 

Consolidation back pressure = 50.00 psi (3 .600 tsf) 

Consolidation effective confining stress = 2.880 tsf 

Strain rate, lnJmin. = 0.01 

Fall. Stress= 3.829 tsf at reading no. 40 

Ult. Stress = 3.828 tsf at reading no. 41 

Def. Deviator Minor Elf. Major Elf. Pore 
Dial Load Load Strain Stress Stress Stress 1:3 Press. p Q 

No. In. Dial lbs. '/4 tsf !sf !sf Ratio psi !sf ·!sf 

0 0.0000 51.60 0.0 0.0 0.000 3.377 3.377 1.00 43.10 3.377 0.000 

1 0.0190 l 85.60 134.0 0.3 1.562 2.340 3.902 1.67 57.50 3.121 0.781 

2 0.0400 233.00 181.4 0.7 2.106 1.814 3.920 2.16 64.80 2.867 I.053 

3 0.0600 253.00 201.4 I.I 2.330 1.562 3.892 2.49 68.30 2.727 1.165 

4 0 0810 263.80 212.2 1.5 2.445 1.433 3.878 2.71 70.10 2.655 1.223 

5 0.1010 270.50 218.9 1.8 2.513 1.346 3.860 2.87 71.30 2.603 1.257 

6 0.1220 274.60 223.0 2.2 2.550 1.289 3.839 2.98 72.10 2.564 1.275 

7 0.1420 281.30 229.7 2.5 2.617 1.260 · 3.877 3.08 72.50 2.569 1.309 

8 0.1620 287.10 235.5 2.9 2.674 1.238 3.912 3.16 72.80 2.575 1.337 

9 0.1830 291.30 239.7 3.3 2.711 1.231 3.942 3.20 72.90 2.587 1.355 

10 0.2030 297.10 245.5 3,6 2.766 1.224 3.990 3.26 73.00 2.607 1.383 

I I 0.2240 301.30 249.7 4.0 2.802 1.224 4.026 3.29 73.00 2.625 1.401 

12 0.2440 305.40 253.8 4.4 2.838 1.224 4,062 3.32 73.00 2.643 1.419 

13 0.2650 309.60 258.0 4.8 2.873 1.224 4.097 3.35 73.00 2.661 l.437 

14 0.2850 315.40 263.8 5.1 2.927 1.231 4.158 3.38 72.90 2.695 1.463 

15 0.3060 320.40 268.8 5.5 2.970 1.238 4.209 3.40 72.80 2.724 1.485 

16 0.3260 326.20 274.6 5.9 3.023 1.246 4.269 3.43 72.70 2.757 1.512 

17 0.3460 330.40 278.8 6.2 3.058 1.253 4.310 3.44 72.60 2.782 1.529 

18 0.3670 334.60 283.0 6,6 3.091 1.267 4.358 3.44 72.40 2.813 1.546 

cl 
19 0.3870 341.20 289.6 6.9 3.151 1.282 4,433 3.46 72.20 2.857 1.576 

20 0.4080 346.20 294.6 7.3 3.192 1.296 4.488 3.46 72.00 2.892 1.596 

21 0.4280 351.20 299.6 7.7 3.234 1.310 4.544 3.47 71.80 2.927 1.617 

HOLCOMB FOUNDATION ENGINEERING CO. 
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,~ Def. Dev!ator Minor Eff. Major eff. Pora 

(• Dial Load Load Strain Stress Stress Stress 1:3 Press, p Q 

'·r No. In. Dial lbs. % !sf !sf tsf Ratio psi tsf tsf 

22 0.4490 357.00 305.4 8.1 3.283 1.318 4.601 3.49 71.70 2.959 1.642 

23 0.4690 359.50 307.9 8.4 3.297 1.332 4.629 3.48 71.50 2.981 l.!549 

24 0.4890 362.80 3 l 1.2 8.8 3.319 1.339 4.659 3.48 71.40 2.999 1.660 

25 0.5100 368.70 317.1 9.2 3.368 1.346 4.715 3.50 71.30 3.031 1.684 

26 0.5300 374.50 322.9 9.5 3.416 1.361 4.777 3.51 71.10 3.069 1.708 

27 0.5510 377.00 325.4 9.9 3.429 1.368 4.797 3.51 71.00 3.082 1.714 

28 0.5710 381.20 329.6 10.2 3.459 1.368 4.827 3.53 71.00 3.098 1.730 

29 0.5920 384.50 332.9 10.6 3.479 1.382 4.861 3.52 70.80 3.122 1.739 

30 0.6120 386.20 334.6 11.0 3.483 1.390 4.872 3.51 70.70 3.131 1.741 

31 0.6330 392.00 340.4 11.4 3.528 1.397 4.925 3.53 70.60 3.161 1.764 

32 0.6530 397.00 345.4 11.7 3.565 1.411 4.977 3.53 70.40 3.194 1.783 

33 0.6730 400.30 348.7 12.1 3.585 1.426 5,010 3.51 70.20 3.218 1.792 

34 0.6940 406.10 354.5 12.5 3.629 1.440 5,069 3.52 70.00 3.254 1.814 

35 0.7140 410.30 358.7 12.8 3.657 1.454 5.111 3.51 69.80 3.283 1.828 

36 0.7350 413.60 362.0 13.2 3.674 1.469 5.143 3.50 69.60 3.306 1.837 

37 0.7550 420,30 368.7 13.6 3.727 1.483 5.210 3.51 69.40 3.347 1.863 

38 0.7760 423.60 372 . .0 13.9 3.744 1.498 5.242 3.50 69.20 3.370 1.872 

39 0.7960 427.80 376.2 14.3 3.770 1.505 5.275 3.51 69.10 3.390 1.885 

40 0.8170 435.30 383.7 14.7 3.829 1.519 5.348 3.52 68.90 3.434 l.914 

41 0.8370 436.90 385.3 15.0 3.828 1.526 5.355 3.51 68.80 3.441 l.914 

(( 
\ ~-

._I __________ HOLCOMB FOUNDATION ENGINEERING CO. _________ __, 
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Specimen Parameter Initial. Saturated Consolidated Final 

Moisture content: Moist soll+tare, gms. 184.300 1333.800 

Moisture content: Dry soil+tare, gms. 177.100 1230.400 

Moisture content: Tare, gms. 107.500 135.300 

Moisture,% 10.3 10.4 10.4 9.4 

Moist specimen weight, gms. 1185.2 

Diameter, In. 2.80 2.80 2.80 

Area, in.2 6.16 6.16 6.16 

Height, in. 5.60 5.60 5.60 

Net decrease In height, in. 0.00 0.00 

Wet Density, pcf 130.9 131.0 131.0 

Dry density, pcf 118.7 118.7 118.7 

Void ratio 0.2468 0.2468 0.2468 

Saturation, ¾ 99.3 100.0 100.0 

Membrane modulus= 0.124105 k:N/cm2 

Membrane thickness = 0.02 cm 

Filter paper coefficient= 0.001926 k:N/cm 

Filler paper coverage = 50% 

Consolidation .cell pressure= 110.00 psi (7.920 tsf) 

Consolidation back pressure= 30.00 psi (2.160 tsf) 

Consolidation effective confining stress = 5.760 tsf 

Strain rate, !n./mln. = 0.01 

Fall. Stress= 6.758 tsfat reading no. 42 

(.( 
Ult. Stress = 6.758 tsf at reading no. 42 

'- Def. Devlator Minor Elf. Major Elf. Pore 

Dial Load Load Strain Stress Stress Stress 1:3 Press. p Q 

No. In. Dial lbs, ¾ tsf tsf tsf Ratio psi tsf tsf 

0 0.0000 25.00 0.0 0.0 0.000 6.588 6.588 1.00 18.50 6.588 0.000 

1 0.0190 88.20 63.2 0.3 0.736 6.458 7.195 1.1 1 20.30 6.827 0.368 

2 0.0400 309.60 284.6 0.7 3.304 5.623 8.927 1.59 31.90 7.275 1.652 

3 0.0600 397.00 372.0 1.1 4.303 4.795 9.098 1.90 43.40 6.947 2.152 

4 0.0&10 428.60 401 6 1.4 4.651 4.234 8.885 2.10 51.20 6.559 2.326 

5 0.1010 44 l.90 416.9 1.8 4.787 3.830 8.617 2.25 56.80 6.224 2.393 

6 0.1220 449.40 424.4 2.2 4.854 3.521 8.375 2.38 61.10 5.948 2.427 

7 0.1420 460.20 435.2 2.5 4.960 3.283 8.243 2.51 64.40 5.763 2.480 

8 0.1620 467.70 442.7 2.9 5.027 3.017 8.044 2.67 68.JO 5.530 2.513 

9 0.1830 476.00 451.0 3.3 5.101 2.837 7.938 2.80 70.60 5.387 2.551 

IO 0.2030 483.50 458.5 3.6 5.167 2.693 7.860 2.92 72.60 5.276 2.583 

I 1 0.2240 489.30 464.3 4.0 5.212 2.585 7.797 3.02 74.10 5.191 2.606 

12 0.2440 495.20 470.2 4.4 5.258 2.491 7.750 3.11 75.40 5.120 2.629 

13 0.2650 505.20 480.2 4.7 5.349 2.419 7.768 3.21 76.40 5.094 2.675 

14 0.2850 511.00 486.0 5. I 5.394 2.369 7.762 3.28 77.10 5.066 2.697 

15 0.3060 518.50 493.5 5.5 5.455 2.333 7.788 3.34 77.60 5.060 2.728 

16 0.3260 526.80 501.8 5.8 5.526 2.304 7.830 3.40 78.00 5.067 2.763 

17 0.3460 533.50 508.5 6.2 5.579 2.297 7.875 3.43 78.10 5.086 2.789 

18 0.3670 539.30 514.3 6.6 5.620 2.326 7.945 3.42 77.70 5.135 2.810 

19 0.3870 548.40 523.4 6.9 5.697 2.275 7.972 3.50 78.40 5.124 2.849 

20 0.4080 555.90 530.9 7.3 5.756 2.261 8.016 3.55 78.60 5.139 2.878 

21 0.4280 565.90 540.9 7.6 5.841 2.261 8.102 3.58 78.60 5.181 2.921 

HOLCOMB FOUNDATION ENGINEERING CO. 
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Def. Oeviator Minor Eff. Major Eff. Pore 

Dial Load Load Strain Stress Stress Stress 1:3 Press. p Q 

No. in. Dial lbs. V, tsf !sf !sf Ratio psi tsf tsf 

22 0.4490 569.20 544.2 8.0 5.853 2.268 8.121 3.58 78.50 5.195 2.927 

23 0.4690 575.10 550.l 8.4 5.894 2.282 8.176 3.58 78.30 5.229 2.947 

24 0.4890 584.20 559.2 8.7 5,968 2.297 8.265 3.60 78.10 5.281 2.984 

25 0.5100 592.50 567.5 9.1 6.031 2.311 8.343 3.61 77.90 5.327 3.016 

26 0.5300 599.20 574.2 9.5 6.079 2.333 8.411 3.61 77.60 5.372 3.0:i9 

27 0.5510 605.90 580.9 9.8 6.124 2.354 8.479 3.60 77.30 5.416 3.062 

28 0.5710 613.30 588.3 10.2 6.178 2.362 8.539 3.62 77.20 5.450 3.089 

29 0.5920 617.50 592.5 10.6 6.196 2.405 8,601 3.58 76.60 5.503 3.098 

30 0.6120 626.70 601.7 10.9 6.267 2.527 8.794 3.48 74.90 5.661 3.133 

31 0.6330 638.30 613.3 11.3 6.361 2.426 8.787 3.62 76.30 5.607 3.180 

32 0.6530 644,10 619. l 11.7 6.395 2.448 8,843 3.61 76.00 5.646 3.198 

33 0.6730 650,80 625.8 12,0 6.438 2.477 8,915 3.60 75.60 5.696 3.219. 

34 0.6940 656.60 631.6 12.4 6.470 2.498 8.968 3.59 75.30 5.733 3.235 

35 0.7140 662.50 637.5 12.8 6.504 2.506 9,009 3.60 75.20 5.758 3,252 

36 0.7350 669.10 644,1 13,l 6.543 2.542 9,085 3.57 74.70 5.813 3.271 

37 0.7550 678.30 653.3 13.5 6,609 2.563 9.172 3.58 74.40 5.868 3.305 

38 0.7760 684.10 659.l 13,9 6,639 2,585 9.224 3.57 74.10 5.904 3.319 

39 0.7960 690,70 665.7 14,2 6.678 2.614 9.291 3.55 73,70 5.952 3.339 

40 0.8170 699.10 674.1 14,6 6,732 2.635 9.367 3.55 73.40 6.001 3.366 

41 0.8370 701.60 676.6 14.9 6.729 2.700 9.429 3.49 72,50 6.065 3.365 

42 0.8570 707.40 682.4 15.3 6.758 2.686 9.444 3.52 72.70 6.065 3.379 

(( 
""---

.._ __________ HOLCOMB FOUNDATION ENGINEERING CO. _________ __, 
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HOLCOMB FOUNDATION ENGINEERING CO., INC. 
SOILS • BITUMINOUS • CONCRETE · INVESTIGATIONS AND TESTING 

SHIPPING ADDRESS 
Box 393 Wood Road 
Carbondale, IL 62901 

April 9, 2007 

Williamson Energy LLC 
PO Box 99 
Johnston City, Illinois 62951 

Attention: Mr. James Plumley 

Re: Coarse Refuse Laboratory Tests 
Mach Mine 
Johnston City, Tilinois 
HFE File H-05278 

Dear Sir: 

www.holcombengineering.com 

MAILING ADDRESS 
P.O. Box 88 

Carbondale, IL 62903 

618-529-5262 
800-333-1740 

FAX 618-457-8991 

In accordance with your instructions, on March 29, 2007, we sampled coarse refuse at Mach Mine 
and performed laboratory tests on remolded samples. Results of the tests are as follows: 

Visual Classification: Coarse Coal Refuse (Shale, Coal, Sandstone Mixture) 

Proctor Test Results: 
Maximum Dry Unit Weight: 120.3 PCF 
Optimum Moisture Content: 10. 7 % 

Specific Gravity: 2.50 

Triaxial Test Results: 
Effective Cohesion: 
Effective Phi Angle: 

Permeability (2 tests): 

152 PSF 
29.3 Degrees 

3 x l 0-4 cm.!sec. 
2 x 10-4 cm.!sec. 

Results of the grain size analysis and the laboratory tests are attached. 
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Mach Mine Coarse Refuse Tests 

April 9, 2007 
Page2 

If you should have any questions, or ifwe can be of further assistance, please feel free to contact us 

at your convenience. 

Sincerely, 

1 copy: Justin Harry- Alliance Consulting 

35 1 
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Date: 

Project No.: 

Barino No. 

Coarse Refuse 
Sample #1 

Coarse Refuse 
Sample #2 

HOLCOMB FOUNDATION ENGINEERING CO., INC. 
SOILS - BITUMINOUS - CONCRETE - INVESTIGATIONS AND TESTING 

SHIPPING ADDRESS 
Box 393 Woad Road 
Carbondale, IL 62901 

www.holcombengineering.com 

MAIUNG ADDRESS 
P.O. Box 88 

Carbondale, IL 62903 

Permeability Tests Results 
Mach Mine 

4/9/2007 

H-05278 

Depth /Ft.l 

Johnston City, Illinois 

Client: 

Moisture Content (%) 
Before Test After Test 

10.9 14,6 

10.1 14.3 

Williamson Energy 

Dry Unit 
Weiaht (PCF) 

115.7 

114,7 

618-529-5262 
800-333-1740 

FAX 618-457-8991 

Permeability 
(Cm./Sec.) 

3 X 10-4 

2 X 10-4 

Permeability T es!s performed in accordance with ASTM D-5084 

:JI 
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Project 

Holcomb Foundation Engineering 

Pond Creek Mine 

Johnston City, Illinois 

Moisture Density Relationship 

Location: Coarse Refuse Disposal Area 

Project No.: H-05278 Proctor Test Results 

Soil Classification: 

u:-
0 
0. ., 

Date: 

Test Data 

121.0 -

120.0 -

,;:: 119.0 

118.0 

117.0 · 

7.0 

4/912007 

ASTM D-698 (standard) 

Moisture 

1/ 

8.0 

Content(%) 

12.8 

13.2 

10.2 

7.8 

10.7 

9.0 

Maximum Dry Density (PCF) 

Optimum Moisture Content{%) 

Dry Unit Wt. 

(PCF) 

118.7 

116.7 

120.1 

119.1 

120.3 

Proctor Curve 

♦ 

10.0 11.D 

% Moisture 

Weathered Coarse Refuse 

120.3 

10.7 

♦ 

♦ 

12.D 13.0 14.D 

;J I 
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Holcomb Foundation Engineering 

21-1/2 1 3/4 1/23/8 4 10 20 40 100 
! i 

\II 
I I I 

I 90 
. 

\ 
U) 80 -: (/) 

\ . co -'E . ~ 70 'O 

\ ;.._... -:...c 
•Ol 60-· : ·a3 \ . :;: . 
: >. 

50 ;.o 
. Ol 

I • C: 
: ·u3 

40 • CJ) 

I\ . (U 

: 0. ·-• C: 30 -• Q) I ' ' :o . . ~ 
' Q) _ Project: Mach Mine Coarse Refuse ,0.. 20-

- Sample: Coarse Refuse 

10- t~ 
0 I ! I I i I r r Ir I J I 1 I ' ' ' ' ' ' 11 I l 1 , I I ' I I 

100 10 1 

c!,bb <ira.ve.{ ~\·wui 

I Cuarse I Fine Caarse j Medium I 
' 

60 100 200 
I I 

0.1 

Pille 

Grain Size Analysis 
Hydrometer 

I " ' I ' " I ' 
• Weathered Coarse Refuse 

0.01 0.001 

Silr or Cfuy 

v 
" ~ 
(J 

"' 



R15466

Project: 

Project No.: 

Sample No. 

Sieve 

2" 
1.5" 
1" \c 3/4" 
1/2" 
3/8" 
#4 
#10 
#20 
#40 
#60 
#100 
#200 

HOLCOMB FOUNDATION ENGINEERING CO., INC. 
SOILS • BITUMINOUS • CONCRETE • INVESTIGATIONS AND TESTING 

SHIPPING ADDRESS 
Box 393 Wood Raad 
Carbondale, ll 62901 

www.holcombengineering.com 

MAILING ADDRESS 
P.O. Sox 88 

Carbondale, IL 62903 

Grain Size Analysis 

Mach Mine Client Mach Mine 

H-05278 Date: 4/9/2007 

Coarse Refuse Total Weight: 2290.30 

Wt. Retained % Ret. % Passing 

0.0 a.a 100.0 
314.4 13.7 86.3 
536.7 23.4 76.6 
674.8 29.5 70.5 
901.6 39.4 60.6 

1061.2 46.3 53.7 
1522.1 66.5 33.5 
1911.6 83,5 16.5 
2091.9 91.3 8.7 
2166.2 94.6 5.4 
2202.2 96.2 3.8 
2223.7 97.1 2.9 
2245.2 98.0 2.0 

618-529-5262 
800-333-17 4(J 

FAX 618-457-8991 
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U'.) 

iii 
a, 
.c 
U'.) 

6 -:·-,w··sc 
5 ·---~; __ .' . 

___ ; .. l 

Sample Na. 

Water Content, 
Dry Density, pcf 

41-'-~-----+--+-~-+------< 

~ Saturation, 
E Vaid Ratio 

Diameter, in. 
Height, in. 

J--'--'--+·-·>· ' ·--+--r . ; , Water Content, 
3

~-'--~----t=---'.~+--+, -;--:-,-, -r--;-: -:---:-:-+-=-.-~:-:--'--' ! ~itu~t~os~~· pcf 

: 
1
-:·-; +-+-+-+-; 

1 
--. -; , < Void Ratio 

2 

14.4 12.7 
113.2 1 15.1 
95,l 89.0 

0.3793 0.3560 
2.80 2.80 
5.59 5.58 

15.2 14.2 
113.2 115.1 
100.0 100,0 

0.3793 0.3560 
2.80 2,80 

J-+--~~==-~ : , ~ I • r-- -.. LL 1 ~~~;~~~~•. in. 

' ' · 7----
1 

=t!8~t- -t-7-t- ' -f .. 1j_-i-· 1-S-tra-"-in~ra=te-','--,"'n-'-.l-m_i_n __ -------~='--= 

f ! L~; ~+LI-~ :·+-L -:: ' : ~:~kr~:::~~~~~;r 
5.59 5,58 

0.00 0,00 

o -- !--.--: i--t-! i tj) +-' ;_ ; : Fail. Stress, tsf 

o 5 10 15 20 Total Pore Pr., ts/ 

Axial Strain, % Ult. Stress, tsf 

Total Pore Pr .. !sf 

1---------------------lo', Failure, ts/ 
Type of Test: 0 3 Failure, tsf 

CU with Pore Pressures 

Sample Type: Coarse Refuse 

Description: 

Client: Pond Creek Mine 

3.60 
5.04 
1.85 
4.18 
1.85 
4.18 
2.71 
0,86 

Project: Coarse Refuse Laboratory Tests 

Assumed Specific Gravity= 2.50 

Remarks: 

Location: Weathered Coarse Refuse 

3,60 
6.48 
2.67 
5,27 
2,66 
5.22 
3.88 
1.21 

Proj. No.: H-05278 Date: 4/2/07 

3 

13.1 
114,6 
90.4 

0.3615 
2.80 
5.58 

14:5 
114.6 
100.0 

0.3615 
2,80 
5.58 

0.00 
1.80 
7.56 
5.55 
4,77 
5.55 
4,77 
8.34 
2,79 

Plate _____ _ 

r .. . .... TRlAXTACSREAR.TESTREPORT 

I HOLCOMB FOUNDATION ENGINEERING CO. 

Tested By: ""LC~---------- Checked By: ~T~H'-----------

.., ' 
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ci 

7.5 
1 

4.51----~ 

1.5 

7.5 
3 

61----,-----,----+---'-----j 

3 

I 
I 

I 
I 

1.5 /-·------:---·--
/ . 

De.,.,------------=--~ 0% 8% 16% 

6 Peak Strength 
Total Effective 

a= 0.23 tsf 0.07 tsf 

a= 16.6 deg 26.2 deg 

tan a= 0.30 0.49 
4 

' i ..,,,...,,,.. 

71 1 

7.5 z 

✓ -t 1 : 
4.5 --I-.--'----'------~--

/ 
I 

1.5 -1---~---'----'----'----l 

0i,..,..---'----',----'--~~--l 
0% 8% 16% 

7.5~ 

i se----l-----1---'------i----l 

4.51----+---+----i---+---

31----+---'-·-'----+---1----1 

1.5f---~---I---'----'-

OL,-,,------.,J',---'--=~--' 
0% 8% 16% 

2e-----

....-:!,,. 

___ j ······-- _,,. --f-✓-----i~--.....:5__.~=:-:-c--/ 

Client Pond Creek Mine 

-.,,,.,✓ ! 
.--1 

/' 

4 6 8 

p, tsf 
Stress Paths: Total --- Effective - - -

10 12 

.. Project: Coarse Refuse Lab.oratory.Tests. 

Location: VVeathercd Coarse Refuse 
Project No.: H-05278 Plate HOLCOMB FOUNDATION ENGINEERING CO. 

Tested By: =L=C _________ _ Checked By: ,.T,._,H ________ _ 

_, I 
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TRIAXIAL COMPRESSION TEST 
CU with Pore Pressures 

Date: 
Client: 
Project: 

Location: 
Description: 

Remarks: 

412107 
Pond Creek Mine 
Coarse Refuse Laboratory Tests 
Weathered Coarse Refuse 

Type of Sample: Coarse Refuse 
Assumed Specific Gravity=2.50 LL= 
Test Method: COE uniform strain 

PL= Pl= 

Specimen Parameter Initial Saturated Consolidated 

Moisture content: Moist sofl+tare, gms. 

Moisture content: Dry soil+tare, gms. 

Moisture content: Tare, gms. 

Moisture, % . 

Moist specimen weight, gms. 

Diameter, in. 

Area, in.2 

Height, in. 

Net decrease in height, in. 

Wet Density, pcf 

Dry density, pcf 
Void ratio 

Saturation, % 

Membrane modulus = 0.124105 kN/cm' 
Membrane thickness = 0.02 cm 
Filter paper coefficient= 0.001926 kN/cm 
Filter paper coverage = 50% 

179.300 
165.700 
71.400 

14.4 
1170.0 

2.80 
6.16 
5.59 

129.5 
113.2 

0.3793 
95.l 

Consolidation cell pressure= 70.00 psi (5.040 tsf) 

Consolidation back pressure= 50.00 psi (3.600 tsf) 

Consolidation effective confining stress= 1.440 tsf 

Strain rate, in./min. = 0.00 

Fail. Stress = 1.845 tsf at reading no. 3 I 
Ult. Stress = I.845 tsf at reading no. 31 

15.2 15.2 

2.80 2.80 
6.16 6.16 
5.59 5.59 
0.00 0.00 

130.3 130.3 
113.2 113.2 

0.3793 0.3793 
100.0 100.0 

4/912007 
11:10 AM 

Final 

1255.500 
1117.500 

79.600 
13.3 

.._ __________ HOLCOMB FOUNDATION ENGINEERING CO. __________ _, 
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Def. Deviator Minor Eff. Major Elf. Pore 

Dial Load Load Strain Stress Stress Stress 1:3 Press. p Q 

No. In. Dial lbs. % tsf tsf tsf Ratio psi tsf tsf 

0 0.0000 19.10 0.0 0.0 0.000 l.627 1.627 l.00 47.40 l.627 0.000 

l 0.0190 20.00 0.9 0.3 0.001 l.642 l.642 l.00 47,20 l.642 0.000 

2 0.0400 20.00 0.9 0.7 0.000 1.656 1.656 1.00 47.00 l.656 0.000 

3 0.0600 20.00 0.9 I.I 0.000 1.663 l.663 l.00 46.90 1.663 0.000 

4 0.0810 20.00 0.9 1.4 0.000 1.678 1.678 1.00 46.70 l.678 0.000 

5 0.1010 25.00 5.9 l.8 0.017 1.678 1.694 l.01 46.70 1.686 0.008 

6 0.1220 99.00 79.9 2.2 0.857 1.3 l8 2.175 1.6S 51.70 l.746 0.429 

7 0.1420 124.00 104.9 2.5 1.195 1.152 2.347 2.04 54.00 1.750 0.598 

8 0.1620 134.80 11S.7 2.9 1.314 1.058 2.372 2.24 55.30 1.715 0.657 

9 0.1830 140.60 121.5 3.3 1.374 1.001 2.375 2.37 56.!0 1.688 0.687 

IO 0.2030 144.80 125.7 3.6 1.416 0.965 2.381 2.47 56.60 1.673 0.708 

II 0.2240 148.10 129.0 4,0 1.448 0.936 2.384 2.55 57.00 1.660 0.724 

12 0.2440 150.60 131.5 4.4 1.471 0.914 2.385 2.61 57.30 1.650 0.735 

13 0.26S0 lS3.IO 134.0 4.7 1.493 0.900 2.393 2.66 57.50 1.646 0.746 

14 0.28S0 ISS.60 136.5 S.I l.51S 0.878 2.393 2.72 S7.80 1.636 0.7S7 

15 0.3060 157.30 138.2 5.5 1.528 0.864 2.392 2.77 58.00 1.628 0.764 

16 0.3260 I 59.80 l40.7 5.8 1.549 0.857 2.406 2.81 58.10 I.631 0.775 

17 0.3460 I 62.30 143.2 6.2 !.571 0.850 2.420 2.8S 58.20 l.635 0.785 

18 0.3670 I 63.10 144.0 6.6 1.573 0.835 2.408 2.88 58.40 l.622 0.787 

19 0.3870 I 66.40 147.3 6.9 1.603 0.828 2.43 I 2.94 S8.50 l.630 0.802 

( c· 20 0.4080 168.90 149.8 7.3 1.624 0.821 2.445 2.98 S8.60 I.633 0.812 

'-.. 21 0.4490 172.30 153.2 8.0 1.648 0.814 2.461 3.02 58.70 l.637 0.824 

22 0.4890 173.90 154.8 8.7 1.6S2 0.806 2.458 3.05 58.80 1.632 0.826 

23 0.5300 I 78.90 159.8 9.5 l.69l 0.806 2.498 3.10 58.80 J.6S2 0.846 

24 0.5710 184.80 165.7 10.2 l.740 0.814 2.553 3.14 58.70 I.683 0.870 

25 0.6120 I 86.40 167.3 10.9 1.742 0.806 2.549 3.16 58.80 1.677 0.871 

26 0.6530 190.60 171.5 l l.7 l.771 0.821 2.592 3.16 58.60 1.706 0.886 

2i 0.6940 195.60 176.5 12.4 1.808 0.821 2.628 3.20 58.60 l.725 0.904 

28 0.7350 197.20 178.1 l 3.1 1.809 0.835 2.644 3.17 58.40 1.740 0.904 

29 0.7760 201.40 182.3 13.9 l.836 0.842 2.678 3.18 58.30 l.760 0.918 

30 0.8170 204, 70 185.6 14.6 l.8S3 0.857 2.710 3.16 58.10 1.783 0.927 

31 0,8370 204.70 185.6 15.0 1.845 0.864 2.709 3.14 58.00 l.787 0.923 

L...---------- HOLCOMB FOUNDATION ENGINEERING CO. __________ _, 
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Specimen Parameter Initial 
Moisture content: Moist soil+tare, gms. 169.900 

Moisture content: Dry soil+tare1 grns. 

Moisture content: Tare, gms. 

Moisture,% 

158.800 

71.200 

12.7 

Moist specimen weight, gms. 

Diameter, in. 

Area, in.2 
Height, in. 

Net decrease in height, in. 

Wet Density, pcf 

Ory density, pcf 

Void ratio 

Saturation,% 

I 169.8 

2.80 

6.16 

5.58 

129.7 

115.l 

0.3560 

89.0 

Membrane modulus = 0.124 I 05 kN/cm' 

Membrane thickness = 0.02 cm 

Filler paper coefficient= 0.001926 kN/cm 

Filter paper coverage = 50% 

Consolidation cell pressure= 90.00 psi (6.480 ts!) 

Consolidation back pressure= 50.00 psi (3.600 ts!) 

Consolidation effective confining stress = 2.880 tsf 

Strain rate, in./min. = 0.00 
Fail. Stress= 2.666 tsf at reading no. 27 

Ult. Stress= 2.663 tsf at reading no. 31 

Def. Deviator Minor Eff. 
Dial Load Load Strain Stress Stress 

No. In. Dial lbs. ¾ tsf tsf 

0 0.0000 62.40 0.0 0:0 0.000 3.967 

0.0220 173.10 I 10.7 0.4 1.289 2.484 

2 0.0420 206.40 144.0 0.8 l.671 2.016 

3 0.0620 223.00 I 60.6 I.I 1.857 1.764 

4 0.0830 230.50 168.1 1.5 1.936 1.613 

5 0. 1030 235.50 173.1 1.8 1.987 1.512 

6 0.1240 238.00 175.6 2.2 2.008 1.447 

7 0. 1440 242.20 179.8 2.6 2.048 1.390 

8 0.1650 245.50 183.1 3.0 2.078 1.346 

9 0.1850 248.80 I 86.4 3.3 2.107 1.310 

10 0.2060 252.20 189.8 3.7 2.137 1.289 

11 0.2260 254.70 192.3 4.0 2.158 1.267 

12 0.2460 253.80 191.4 4.4 2.139 1.253 

IJ 0.2670 258.80 196.4 4.8 2.187 1.238 

14 0.2870 260.50 198.l 5.1 2.197 1.231 

15 0.3080 263.00 200.6 5.5 2.216 1.217 

16 0.3280 265.50 203.1 5.9 2.235 1.210 

17 0.3490 268.80 206.4 6.3 2.263 1.210 

. IS .. o:3o9o 268:80 ·· '2U6:4 '"'"6.6" """2'."2)4" . 1.202· 

19 0.3900 273.00 210.6 7.0 2.290 1.195 

20 0.4100 27550 213.1 , ' , ., 2.309 I. I 95 

21 0.4510 281.30 218.9 8.1 2.353 l.iSS 

Saturated Consolidated 

14.2 14.2 

2.80 2.80 

6.16 6.16 

5.58 5.58 

0.00 0.00 

131.5 131.5 

115.1 115.1 

0.3560 0.3560 

100.0 100.0 

Major Eff. Pore 
Stress 1:3 Press. p Q 

tsf Ratio psi tsf tsf 

3.967 1.00 34.90 3.967 0.000 

3.773 1.52 55.50 3.129 0.645 

3.687 1.83 62.00 2.852 0.836 

3.621 2.05 65.50 2.693 0.929 

3.549 2.20 67.60 2.581 0.968 

3.499 2.31 69.00 2.505 0.993 

3.455 2.39 69.90 2.451 1.004 

3.438 2.47 70.70 2.414 1.024 

3.424 2.54 71.30 2.385 1.039 

3.418 2.61 71.SO 2.364 1.054 

3.426 2.66 72.10 2.358 1.069 

3.425 2.70 72.40 2.346 1.079 

3.392 2.71 72.60 2.322 1.070 

3.425 2.77 72.S0 2.332 1.093 

3.428 2.78 72.90 2.330 1.099 

3.433 2.82 73.10 2.325 I. I 08 

3.445 2.85 73.20 2.327 1.118 

3.472 2.87 73.20 2.341 1.131 

3:455· ··2:s7 . .. 7J.30 . D29 .. ·r:r21 

3.486 2.92 73.40 2.340 1.145 

3.504 2.93 B.40 2,JjO 1.154 

3.541 2.98 73.50 2.364 1.176 

HOLCOMB FOUNDATION ENGINEERING CO. 

.. I 

Final 

1238.700 

1117.200 

73.100 

11.6 
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Def. Deviator Minor Eff. Major Elf. Pore 
Dial Load Load Strain Stress Stress 

No. in. Dial lbs. % 

22 0.4920 284.60 222.2 8.8 

23 0.5330 292.10 229.7 9.6 

24 0.5740 296.30 233.9 10.3 

25 0.6140 300.40 238.0 ll.0 

26 0.6440 305.40 243.0 11.5 

27 0.6960 322,90 260.5 12.5 

28 0.7370 316.20 253.8 13.2 

29 0.7780 322.lO 259.7 13.9 

30 0.8190 328.70 266.3 14.7 

31 0.8390 330.40 268.0 15.D 

Specimen Parameter 

Moisture content: Moist soil+tare, gms. 

Moisture Content: Dry soU+tare, gms, 

Moisture· content: Tare, gms. 

Moisture,% 

Moist specimen weight, gms. 

Diameter, in. 

Area1 in.2 

Height, in, 

Net decrease in height, in. 

Wet Density, pcf 

Dry density, pcf 

Void ratio 

Saturation, % 

Membrane modulus= 0.124105 kN/cm2 

Membrane thickness = 0.02 cm 

Filter paper coefficient= 0.001926 ld-.f/cm 

Filter paper coverage = 50% 

tsf 

2.369 

2.429 

2.454 

2.477 

2.514 

2.666 

2.576 

2.613 

2.657 

2.663 

Initial 

171.400 

160.000 

72.800 

13.1 

1168.8 

2.80 

6.16 

5.58 

129.6 

114.6 

0.3615 

90.4 

Consolidation cell pressure= 105.00 psi (7,560 tsf) 

Consolidation back pressure= 25.00 psi (1.800 tsf) 

Consolidation effective confining stress= 5.760 tsf 

Strain rate, in./min. = 0.00 

Fail. Stress = 5.549 tsf at reading no. 35 

Ult. Stress= 5.549 tsfat reading no. 35 

tsf 

1.195 

l.l 95 

1.202 

l.202 
1.217 

l.210 

J.238 

J.238 

1.253 

1.260 

stress 1:3 Press. p Q 
tsf Ratio psi tsf tsf 

3.564 2.98 73.40 2.380 1.185 

3.625 3.03 73.40 2.410 1.215 

3.656 3.04 73.30 2.429 1.227 

3.679 3.06 73.30 2.441 l.238 

3.730 3.07 73.lO 2.474 1.257 

3.876 3.20 73.20 2.543 1.333 

3.814 3.08 72.80 2.526 1.288 

3.852 3.11 72.80 2.545 1.307 

3.9JO 3.12 72.60 2.58! 1.328 

3.923 3.tl 72.50 2.591 1.331 

Saturated Consolidated Final 

1284.500 

1180.500 

134.900 

14.5 14.5 9.9 

2.80 2.80 

6.16 6.16 

5.58 5.58 

0.00 0.00 

131.2 131.2 
114.6 114.6 

0.3615 0.3615 

100.0 100.0 

Def. Daviator Minor Eff. Major Eff, Pore 
Dial Load load Strain Stress Stress Stress 1:3 Press. p Q 

No. in. Dial lbs. % ts/ tsf tsf Ratio psi tsf tsf 

0 0.0020 l 02.40 0.0 0.0 0.000 7.207 7.207 I.DO 4.90 7.207 0.000 

0.0170 286.30 I 83.9 ·o.3 2.145 6.674 8.819 1.32 12.30 7.747 l.072 

2 0.0370 364.50 262.1 0,6 3.046 6.11 J 9.158 1.50 20.10 7.636 1.523 

3 0.0580 407.00 304.6 1.0 3.526 5.537 9.063 J.64 28.10 7.300 1.763 

·4 0.078,J- 426:JO· 32'3·;7 ..... t~·4· 3:7'.B .. 4·_997 o.730- .. ·r.75. ·35:50· 6:864 . T.867 . 

5 0.0990 43i.70 335.3 1.7 3.853 4.536 8.389 1.85 42.00 6.462 1.926 

6 0. 1-190 449.40 347.0 2.1 3.972 4.133 8.105 1.96 47.60 6.119 J.986 

7 0.1400 457. 70 35j,3 2.5 4.052 3.838 7,889 2.06 51.70 5.863 2.026 

HOLCOMB FOUNDATION ENGINEERING CO. 
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Def. Deviator MinorEff. Major Eff. Pore 

Dial Load Load Strain Stress Stress Stress 1:3 Press. p Q 

No. In. Dial lbs. % tsf ts! ts! Ratio psi tsf Isl 

8 0. I 600 464.40 362.0 2.8 4.1 l 3 3.593 7.706 2.14 55.IO 5.649 2.056 

9 0.1810 474.40 372.0 3.2 4.210 3.384 7.594 2.24 58.00 5.489 2.105 

10 0.2010 481.90 379.5 3.6 4.279 3.211 7.490 2.33 60.40 5.351 2.140 

I I 0.2210 487.70 385.3 3.9 4.328 3.074 7.403 2.41 62.30 5.239 2.164 

12 0.2420 495.20 392.8 4.3 4.395 2.959 7.355 2.49 63.90 5.157 2.198 

13 0.2620 503.50 401.l 4.7 4.471 2.851 7.323 2.57 65.40 5.087 2.236 

14 0.2830 509.30 406.9 5.0 4.518 2.772 7.290 2.63 66.50 5.031 2.259 

15 0.3030 519.30 416.9 5.4 4.612 2.693 7.305 2.71 67.60 4.999 2.306 

16 0.3240 522.60 420.2 5.8 4.630 2.650 7.279 2.75 68.20 4.965 2.315 

17 0._3440 526.00 423.6 6.1 4.650 2.621 7.270 2.77 68.60 4.946 2.325 

18 0.3650 534.30 431.9 6.5 4.722 2.578 7.299 2.83 69.20 4.938 2.361 

19 0.3850 541.80 439.4 6.9 4.785 2.549 7.334 2.88 69.60 4.941 2.393 

20 0.4050 546.80 444.4 7.2 4.821 2.534 7.355 2.90 69.80 4.945 2.411 

21 0.4260 553.40 451.0 7.6 4.873 2.520 7.393 2.93 70.00 4.956 2.436 

22 0.4460 558.40 456.0 8.0 4.908 2.506 7.413 2.96 70.20 4.959 2.454 

23 0.4670 560.90 458.5 8.3 4.914 2.506 7.420 2.96 70.20 4.963 2.457 

24 0.4870 569.20 466.8 8.7 4.984 2.506 7.489 2.99 70.20 4.997 2.492 

25 0.5080 574.20 471.8 9.1 5.016 2.513 7,529 3.00 70.10 5.021 2.508 

26 0.5280 580.10 477.7 9.4 5.059 2.520 7.579 3.01 70.00 5.050 2.530 

27 0.5690 592.50 490.1 10.2 5.148 2.534 7.683 3.03 69.80 5.109 2.574 

i,( 28 0.6100 600.00 497.6 10.9 5.184 2.570 7.755 3.02 69,30 5.163 2.592 

, ___ 29 0.6510 610.90 508.5 I 1.6 5.254 2.599 7.853 3.02 68.90 5.226 2,627 

30 0.6920 625.80 523.4 12.4 5.363 2.628 7.991 3.04 68.50 5.310 2.682 

31 0.7330 631.70 529.3 13.1 5.378 2.671 8.049 3.01 67.90 5.360 2.689 

32 0.7730 641.60 539,2 13.8 5.434 2.707 8.141 3.01 67.40 5.424 2.717 

33 0.8140 651.60 549.2 14.6 5.487 2.750 8.238 3.00 66.80 5.494 2,744 

34 0.8350 656.60 554,2 14.9 5.513 2.772 8.285 2.99 66.50 5.528 2.756 

35 0.8540 662.50 560.1 15.3 5.549 2.786 8.335 2.99 66.30 5.561 2.775 

...._ __________ HOLCOMB FOUNDATION ENGINEERING CO. __________ _, 
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Holcomb Foundation 
Engineering Co. 
PO Rex BB c-..:...on..:- 1-. !1 11 --l-

LOG of BORING BB74 

I I 

Unconfined Compressive Stnmgth (Tons/Sq. Ft,) 

-------•--------
1 2 3 4 5 6 

Wat,r Caniant (¾) 

-----------0------------
Stondord 

10 2D 
I I , 
! l I I 
I I 
I I 
I I 

I' ' 
I I , 

I 

N. Penetratlon 1 

30 X 40 
I I I I 

' ' ' 
I I 

I I I I 
I I I 

Blows/Ft. 

50 60 
I I I I I 
I I' I 

I I 

' ' I I I ' 

I I, 
I 

' I 

I I I I ' I I I 

I I I I I I I I I I I I I I, 

I I I I I I, I I I I I I 

• • "-

-
-" a. 
• C 

I ! I I I I I 
I I I I I I I 
I I I I I ~.t'::t.:t::;t:t.:,t;;,..,;--1+--i-;-+;--,-,!:Y;t.:r.:,t;t+.:,t::t:t:Y;j:".:,t:Yt:t.:,t:Y;+.:r:Y;:t.:,t:Y,::J 5 

I I I I I 
I' I I I I 
I I I I I 

I 

' 

I ! I I I I ' I 

' ' 
' I 

I I I I I 
I 
I ' I I I 

I 

' I I I 

I I 
I I 

1 I I I 
I I I 

I 

I I I l I 
I I I 

, I I 

I 

I 
I I 

' I I I I 
I I 

I 

' 

I 

' ' ' I I I 
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I I I I I 

'I I I I I I 
I I I ' I 

I 
I 

I 

I 
I I 

I I 
I 

• 0 
~ 

• 0 

0 0. • z E 15 
• 0 • Ul 
0. a. 
E • E C. 
0 ~ 0 

en ,-. "' 

1 st/ 

2 st / 

I 

' I 
I I 

' 

I 
'I 

a~~iEE~a1tffS1!iffES1!ff~S1:t:l 1 
s,1--1--1'---, 

I I I 
I 
I 

' 
' I I 

I ' 

I 

I 
I 

I 
I 

I 
I 

I 
4 st/ 

t.( I 

I 
I 
I I 

I 
I 
I I 

""---- I I' ' I 

' I I I ' 
I I I I I I 

I I 
I I 

' I I 
I I I 
I I 
I ' I I 

I 

' I 
I 
I 

' ' 

'I 
'I 
I I 

' 
' I I 

I I 

Description of Material 

Surface Elevation 
Brown Silty CLAY (CL) 
and pebbles 

with sand 

Gray Mottled Brown Silty CLAY . ( CL) 

I I I I I 

I I I I I I I 
I I I ' ' I ' 

I 
I I I I 

I ' I 

I I 
I I I 
I I 

5 st/ 
20•f---+--+---+-----------,,-------I 

End of Boring Ill -20.0' 
I ' 
' I I 

I I I 
I I I I 

' 
,. I 

' I I 

' 

' I ' ' I I ' ' I ' 
I ' I I 

I 

' I I 

I I 
I 

' 
'I 

I I I 
I I I 

I I 
I l I I ! Ii 

I I I I I I-. -I 
' I I H1-~1

1+H++-r-t++-H-++1+t-1'+-H++H1-1i-
1+1+H,-+,1~1~1 25 

I 
I I I I I I ( I / I , I 

I 
I I 
I I I 
I I I 
t 1 I I 

' I 

I 
I 
I 

I 

I I 
I 
I' 

I I 
I I I 

I I 
I I I I 

I I I 

I I 
I I 

I 

I 

I 
I 

' I 
I 

I 
I I 

I 

I ' 

I 

I 
I I I I I 

I I I 
1 I I I 
I I I I 

I I I I 

I ! I I l ! 1 1 1 ( I I I I 

I I I I I I I / I ! I I l f 

' I I I I I I J I I I I I I I I ! I I 

I J / t I I I I I I I ! I l I ! 1 I I I I I! I 

J l I J I I/ I I I I I I I 1 ! I I I I l I I 

! I ! I / I l I I I / I I I I 1 / I I I 

I t ! f I I J I I I i 1 1 I / I I I I I 

s'+'+~'+~'~';-+-'--t+~'-;1-,-11 -,-1
11+1-;'++-1 H11+1+-t-1+-1+'+-t-1~1+1~1~35 

/ I J , 1 I I ! I I ! I l I I I I 1 ! I I I I I I! 1 

I r I l I! J I I I I I I l l I I I I I I l I I I I 

! I I J I I I l ! I I I I I I I I I J ! 1 I l I I I I 

I J l I I ! ! I ! J I I I I I I I I l ! 1 I t l I I I I / 

1 I J I I f I I I I ! I I I I I I I I I I ! I I I I I I 

irounr.! Wafer Ddtc 

No Ground Waier Encountered During 

{_ 
Drilling and 

Mine Moch #1 
Moch #1 Mine 

Soils lnvesiigation 

Williamson County Illinois 

Allian:e Consulting, Inc. 
Beaver, West Virainio 

None Upon Compleiion. 

I 
Date of Boring 

F ebru □ ry 1 , 2006 

I 
Project N □ • 

H-05278 
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Holcomb Foundati on 

LOG of BORING .B.293 Engineering Co. 

Unc onflnad Ccmpraulv■ Stn,;gth (Tone /Sq. Ff.) 

• • 
4 • 

1 2 3 5 5 • C 
Description of Material • 0 

Wafer Conient (%) • 0 ii. ;; ... 
---------0--------- % 5 Q -- --- E 0 • "' • 

Stcndcrd N P ■netrotlcn, alows/Ft. .c ii. ii. 
ii. E • E 

X C. • D ~ " 10 20 30 40 50 60 Q "' ... "' Surface Elevation 
i I I I I I ' 7" Toosoil 
I 

,, ' 
I I I I Grey Mottled Brown Silty CLAY (CL) 
I I I 

I ' I I I I with trace of send 
' ' I I I I I 

71 I I I 

I I I 

ss/ I i I I I 1 
I I I 5 

I I 

' ' I 

i I / I I I 2 ss 
I I I I 

I 
I I 

' I 3 ss/ 
I I I I 1, 

Brown, Mottled Gray Silty CLAY (CL) 
I I 

I I with send and pebbles 

' 4 ss / 
' ' I 

I 

/ I 5 ss 
I I I 1 
I ,c- I I 

I I ' 
6 ss / 

I I I ' ' ' ' 
I I I 

I .. 
' ' .. ; ti rav ...:: ~-,,:n: 

I ' ' 
.. , 

20 End of Boring 0 19.0' 
I I I 

I 
I 

' I 

' ' I I I I I 

I I I 
I I I I. I 

' ' I I 
I I I I I ' I Z: I 

I I I 

' 
I ' 

I I I I I I 
I I I ' 

I ' I 
I I ' I 

I I I 
I I ' I I I 

' ' I I 30 
I I . ' I I ' 
I I I I I I ' 
' I I I I ' 

' ' I I I I 

I I I ' ' I I I ' I 

I I I I I I I I If ' I I I 

I ' ' J l I J I I 

I ' I I I I I I 

I I I I I I! I I 

' ' I I I t t I I I I ' 35 
I I I I I I I I I I I I 

I 7 7 I I I I I 

r 1 1 r /7 7 I I I I I I I I 

I I I 
,, I I I I I I I I I I 

I I I I I I I I I I I I I ' I I I ' ' ' ' 
-cund Water Doto 

( Ground Weter Encount,.red 0 -12.0' During Drilling. 

rroJ•CT: Rock Probes for Moch Mine I Date of Boring 

Johnston City, /Ill no ls December 5, 2005 

Client: Wlllicmson County Energy I Pro),ct No, 

Marioni Illinois H-05278 
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Holcomb Foundati on 

( 
LOG of BORING B.2.94 Engineerfng Co. 

Unccnfln•d Comprear/9 Sinngth (Tons/Sq. Ft.) 

• • C 

1 2 3 4 5 6 • C 
Description of Material 

..! • 
Wcrlor Cont.nt (") • • ] ... C. 

-----------0------------
:z: E Q 

E • " • "' 
Standard N Ponotnrtion, Blows/Fl. 

_,:; 1i. ii. 
1i. E • E 

20 30X"° so so 
C. • " ,.. a 

ID 
0 1/) ,- (/) Surface Elevation 

I ' ' 
I I 7" Topsoil 

I I I I I I 

I I I I 

I I I Brown Mottled Grey Silty CLAY (CL) 
I I 

' I I ' 
with send end pebbles 

I I I ' I ss / 
I 

1 
I ' I 5 

' 
I 

I 
I 

I 
,. I 

I 2 ss / 

' ' ' I I I 

I 
I / 3 ss 

' 1, 

I I I I/ ~ ss 

' I I I 

I 

/ I 5 ss 
I 15 

_( ' 
/ 

"-
I 6 ss 

I 
I 

I I I I 

I 
I ' 

I 
, I/ 
I 7 ss 

' 20 
I 

I 
, 

, I 

I I I B ss I/ Brown SHALE 

I ' 
' 

I I I I I ' -22.s' 
I I ' I I . I I 

End of Boring 0 

I , I 
I I ' I I 

I ' I ' I I 2, 
I I I 

, I 
., I 

I I 

I I ' 
I I I I I 

I 

I I ' 
I 

' ' 
I ' 

I ' ' ' 3( 
I I ' -
' ' I 

I 

I I I I I 
I I I I I I 

I I ' I I ' I I I I 

I ' ' I I I ' 
' I I I ' 
I I I I I I I ' ' I 

I I I I I I I I 

I I I I I 3~ 
I I I I' ' I I I I i 

I I ' ' I I' I I 

I 
I I I I ' I I I 

, I I I I I I ' I ' I I 

I I , I I I I I I I I ' I I I ' I 

,t.1nd Water Data 

,_. No Ground Weter Encountered During Drilling. 

Project; Rock Probes for Moch Mine 
I Dato cf Boring 

Johnston City, Illinois 
December 5, 2DC5 

C::Jient: Williemson County 
ll..-.r-iMn lliinois-

Energy 
Project No. 

H-05278 
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Holcomb Foundaii on 

I LOG of BORING B295 Engineering Co. 

Unconfined Ccmprr.salve. Strangth (Tons/Sq. Fi.) 

• • 
4 

u 

1 2 3 5 6 -; • Description of Material • 0 

Wolor Contant (") • .; C, 1i ... :z: E i3 

-----------0------------ E 0 • "' • 
Standard N Ponotraflon, Blows/Fl, "' C, C, 

C, E • E 

X -10 

0. • 0 ~ 0 Elevation 
10 20 30 50 60 

Q "' ... Ill Surface 

I I I ' I I I I ' 9" Tapsoll 
I I I ' I' I I 

I I I I I 

I I Brown Mottled Gray Silty CLAY (CL) 
I I ' 

I I I 
, I I I with send and pebbles 

' ' I 
I ss/ I 1 

I I I I 5 

I I ss / 2 
I 

I I I 

I 

I 3 ss / 

I I 
, ' 

I 
I / I 

4 ss 

I I ' I I 

I I 
I 

5 ss !/ Brown SILT (ML) 

C 
I 15 

I I 

I 
I I 

I I 6 ss I/ Brown Medium to Coarse 
I I 

SAND 

I I I I I (SC-SP) 
I I I ' , ' 
I I 

, I 7 ss / 
' 

I I I I 20 
I I I 

I I I 

I 
, I " 8 / Gray Mottled Brown 

' 
I, I 

S$ SHALE 

I I I I End of Boring 22.0' 
I ' I 

0 

I I 
I I ' I I 

I ' 
' I I 2: 

' I I 

I I I 
, ' 

I 
I I I I I I 

I I I I I 

I I I I I I 

I I I' I 

, I I I I I I 

I I I I I 

I I I ' I ' I 30 
I I I I I ' I 

I 
I 

' I I I I 

' I I I I ' I 

I I I I I I I I I I 

I I I I I I I I I I I 

I I I I ' ' I I I 

I ' ' I I I I , I I 

I I ' I I ' 
I I 

I I I ' I I I I I I 
, 

3! 
I I I I I I I I I I I I I I I I I I 

I I / I ' ' I I JI I I I , I ! I I 

I I ' I I I I I I I ' ' 
l t I l I I I I I I I I I I I I 

, I I I I I I I I , I ' I I I I I I I I I I 

.JUnd Water Data 
,_ 

Ground Water Encountered 0 -16.0' During Drilling/ ~ -1 o.o' Upon Compleiion. 

Project: Rock Probes for Mach Mine I Pete oj Boring 

Johnston City, Illinois 
December 5, 2005 

Client: Williamson Couniy Energy 
Pro_lscf No. 

-h-0~278 
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Holcomb Foundati on 

LOG of BORING .8297 Engineering Co. 

Unconfln11d Comprasslv• Strength (Tons/ Sq • Fl.) 

• • 
4 

0 

1 2 3 5 6 • § Description of Material • 
Wai•r Con-tent (%) • ,; 'li. ;; ... 

- ---------- 0 ----------
:z E i5 -- - • " • "' 

Standard M Pen■trcrfion, Blows/F"t. -= 'li. 'li. .. E • E 

50 X 
Q. • 0 ,._ " 

10 20 Ml 50 60 
0 "' .... "' Surface Elevation 

' ' I I I I ' ' I I 9" Topsoil 
I ' I 

I 

, I ' 
I ' I Gray Mottled Brown Silty CLAY ( CL) 

I I I I I I I I 

I I I I 
, I with sand end pebbles 

I I I I 
, I I 

/ ,i I 1 ss 
, I I I 5 
' ' ' I i 

I 
, [/ ' ' I 2 ss 

'1 ' I I I 

' I 
I 

I , -, 
, I 3 ss I/ Brown Mottled Gray (CL) 

I I I ' I I 10 
S!lty CLAY 

I I ' "T I with lreoe of send 
I I 

I ss// 4 

I ' ' I Grey Mottled Brown Silty CLAY (CL) 

, I with trace of sond 
I 

' 
I , 5 ss / 

'' 1 : Brown SHALE 
I I ' I ' I 

I I ' I End of -15.5' 
, T I I 

Boring 0 

I ' I I ' 
I 

I ' 
' 

, I ' I ' 
I I I I ' 

I ' I I I 

I 
, ' 

I ' 20 ,. I 

I 

I 
I I 

, I ' T 
I ' ' 

I I I I I ' I 
' 

I I 

I I I ' 
I I 

I 

I I I I I 

I '' I I 2: 
I I I I I I I I I I 

I 
, I I 

I I I 
, I ' I I I 

I I I I I I I I' 

I I I I I I I I ' 
I I I I 

, I 

I I -, '-T 

' ' I 

I I I I ' 
I I I I I I 3C 

I I ' ' I I I 

I I -, I I "T I I 

I I I ' I I I 

I I ' I I ' I I I I 

I , I 'I ' 
, ' ' 

' I I ' I I I I I I I I I I 

, I, I I 
, I ' ' I 

, I I I I I I I I I T I I 

I 'I I I I I , I I I I I 
-, I 

I I ' I I I I ' I I I I I I ' 35 
I I' I I , I I ' I I I I I , I 

I I 1 1 I I I I I I I ! I ! ' ' 
, I I ! J I! l f I l ! 1 IT "T I ' I I I I 

I 
, I I I I I I I I f I I I I t ·r ·1 TT T I 'I I 

' I I I I I 1 I I ! I I I I I I I I I I I I I I 

f und Water Date ,._ 
No Ground Weter Encountered During Drilling. 

Pr oJact: Rock Probes for M □ ch Mine I Da;, oi Boring 

Johnston City, Illinois 
December " 20C5 ~, 

CH e:,f: Wllliamson County Energy 
I Pro_iec1 No. 

fvinrion. Illinois 
H-0527 8 
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Holcomb Foundati on 

- LOG of BORING B298 Engineering Co. 

Unconf!n~d Compnrssiv■ Slnmgth (Tons/Sq. Fi.) 

• • 
~ 

0 , 2 3 5 6 ;; C 
Description of Material • D 

Water Coniant (~) • o Q. ;; ... 
-----------0------------

% E s 
E .!! J: .!! 

Standard N P■n.-traflon, Blow1/Ft. ~ 
0. 0. 
E • E 

X -40 

0. • D ~ D 

,o 20 30 50 6-0 
0 "' .... "' Surface Elevation 

, I , I I , I I , I I , I I I 6" Topsofl 
, I I I I I I I I I I 

I I I I 
, , 

I I I I 
, Brown Mottled Grey Silty CLAY (CL) 

I I , 
I I I I I I I I ' I with sand and pebbles 

I I I I I , I I 
ss / , I I 1 

I I I I , , I 5 
I I I I I I 'I I 

I I I I I I I I 

I I I I 
ss / I 

, , 2 
I I I 

, 
I 

I I 
I / Brown Mottled Grey Silty CLAY (CL) 

I I 3 ss , 
1: with send and pebbles 

I 
I 

I 
I / I 4- ss Brown Mottled Gray SHALE 

I I I 

I I I 
I I 

I 
I " 5 / 

, 
ss ,., " 

'( 
, I I 15 End of Boring c:, -14-.5' 

I I I , I I I I 

\\ I I 
, 

''"-,•> I ' 
I I I I I I 

' ' I ' 
I 

I I I I I ' 
I ' I 

, I I 

I I I I I 

I I , 20 
I ' I 

I 
I I ' , 

I I I , 

I I I I I ' 
I I I ' I ·-j-- I 

I I I I I 
- ' 

I I ' I 

I . I I I I I I 

I I I I I I i 2: 
I ' I I I. I I 

, 

I ' 
, ' I I 

I I ' 
I I I I I ' I 

I I I I I I I I I 

I I ' I I I 

I I I I I I ' I 

I I I I 
, 

I I I . I I I I I I 

I I ' ' ' I I 

I I I I I I I I 30 
I I I I ' I I 

I , I I I I I I I 

I I I I I 
I I I I 

I I I I I ' I I I I , 
I I ' I I I I , I 

, I I 
, I , I I I I 

, I 
, , I 

, 
I I I I I I I I 1 I I I I 

, 

I I I I I I I I I , I i I 

I I I I ! ! I 
, I I I I I I I I I I .3!: 

, ' I I I I I I I I J I I I I ' , I 

I ! I I , I, I I I I I I I , , I I I I ' 
I I / I I I I , I , I ' I I 'I I I I ' 

I , I I I I I I , I I I, I I I, 

C_'' I I, I I I I , I I I I I I I I ' ' 
und Wutar t>ato 

No Ground Weter Encountered During Drilling. 

Proji,cr: Rock Probes for Moch Mine I Dole of Boring 

Johnston City, Illinois 
December 5, WD5 

Client: Williamson Couniy E::nergy 
Project Ho. I 

L.., ,-, r-!n ri 
,. ,...; ~ 

H-C5T . ..,.P. 
llrr,1-
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5 

:·r Holcomb Foundati on 

LOG of BORING B299 Engineering Co. 

Unc:onfln•d ComprwHIVI Strenl,llh (Tona/Sq. Ft.) 

• • u 
I 2 3 • 5 6 -; ~ 

Description of Material • 0 

wat,r Cont•nf (") • ,; .. ;; u. 

-----------0---------- :z; E 5 -- E • • "' • 
Standard N P•netraftcn, Blowi/Fl. .c .. .. 

0. E • E 
X "' • 0 ~ 0 

10 20 30 40 50 60 " V> ... "' Surface Elevation 

I I I I ' ' I I Brown Mottled Grey SIity CLAY (CL) 
I '' I 

I I ' 
with sand and pebbles 

I I I I 

I I I I I ' 
I I 

ss / I 1 
' I 
I I I I I 5 

' 
' ss / 
I 

2 

I 
I I ss/ 

I I I 
3 

1 

I I 
4 ss / Brown SHALE 

I I ' I End Boring -12.5' 
I I of 0 

I 
I ' I 1 ! 

I I ' I I 

I I I 
I I 

I 
I I I I 

I I,. ' 
I 

I I I I 
I' 20 

' 
,. .,, 

I I 

I I 

' 
I I 

I I I I I 

I I I I I 

I ' I I I I· I I I I 

' I I I 

I I I I I I I I I 25 
I I I I I I I I ' 

' I ' I 

I I I I I I 
I I 

I I I 

I ' I I I 

I I I I 
I I I ' I I 

I I I 
I I I 3( 

I I I I . I 

I I I ' ' ' I 

I I I I ' I ' 
-, I 

I I I I I I I I ' I 

I I I I I I I I I I I 

I ' I I I I I I I I I 

I I I I I I ' ' I I I I 

I I I I 'I I I I I I I I 

I I I I I I' I I I I 

I I I I I I I I I I I 35 
I I I I ' I I I ' ' I I I I 

! I I I ' I I I I I I I I ' I I I 

I I I I I ' I I I I I I I I 

_,_. I I I 1 I l f ' I I I IT 

\ I 
I I , I I! I I ' I I ,., 1 I I J ' I 

..-- ..... nd Wafer Date 
No Ground Woter Encountered During Drilling. 

ProJuct: Rock Probes for Moch Min.e I Dote of Boring 

Johnston City, Illinois 
December 5, 2005 

:'.:li«nt: Wllliamson C?unty Energy l Proje:ct Ne. 

"'' 
H-05278 
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APPENDIX C 

PSEUDO-STATIC SLOPE STABILITY ANALYSES RESULTS 

SEISMIC FACTOR OF SAFETY AND YIELD ACCELERATION 

t; gai consultants 
transforming ideas into realtty,1 
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Pond Creek, Phase 7C South - 80% Sup FCR- PGA=.54g Pseudo-Static 
c:\program files\stedwin\wiliamson pond creek subsidence\ph7cpga.pl2 Run By: Blaise E. Genes, GA] Consultants 12/22/2009 03:27PM 

700 ,;========i====i=================r---~------,----,------, 
# FS Soil Soil Total Saturated Cohesion Friction Piez. I Load Value 
a 0.51 Desc. Type Unit Wt. Unit Wt. Intercept Angle Surtace Horiz Eqk 0.540 g< 
b 0.51 No. (pct) (pcf) (psf) (deg) No. 
c 0.51 CCR P7AC 1 130.0 140.0 0.0 33.7 0 
d 0.51 Fine CR 2 80.0 90.0 1393.0 0.0 W1 

600 e 0.52 CCR P3 3 130.0 140.0 0.0 33.1, W1 
f 0.52 Residual 4 125.0 135.0 416.0 19.ir ~ W1 
g 0.52 Bedrock 5 145.0 145.0 2000.0 20 ~ W1 
h 0.52 
i 0.53 1 

500 ,_ 1 
.-- _...-!J~•~-Nl~ - 2 ----------------~ 

~ -,:;,-=---'_,._ 3 

5 

400 

300 

200 

100 

o~--~---~---~---~---~------~---~---~---~---
o 100 200 300 400 500 600 · 700 800 900 1000 1100 

PCSTABLSM/si FSmin=0.51 
STED Safety Factors Are Calculated By The Modified Bishop Method 

~ 
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Pond Creek, Phase 7C South - 80% Sup FCR- PGA=.54g Pseudo-Static 
c:\program files\stedwin\wiliamson pond creek subsidence\ph7cpga.plt Run By: Blaise E. Genes, GAi Consultants 12/22/2009 03:27PM 700 -------------------------------~---~---~----

600 

1 

500 
2 ~wi:j -2. --.__ ------------.i 

a - - ----.a 
~ e -- W1 --= 

5 
5 

400 _J 

300 ,_ ~ 
200 

100 

OL_ ___ j__ ___ j__ ___ j__ ___ j__ ___ j__ ___ L_ ___ L_ __ __Jc___ __ _J ___ _j ___ _J 

0 100 200 300 400 500 600 700 800 900 1000 1100 

STED 

~ 
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C:\Program Files\STEDwin\Wiliamson Pond Creek Subsidence\ph?cPGA.OUT Page 1 

** PCSTABLSM ** 
by 

Purdue University 
--Slope Stability Analysis-

Simplified Janbu, Simplified Bishop 
or Spencer's Method of Slices 

Run Date, 12/22/2009 
Time of Run: 03:27PM 
Run By: Blaise E. Genes, GAI Consultants 
Input Data Filename: C:ph?cPGA.in 
Output Filename: C:ph?cPGA.OUT 
Unit, ENGLISH 
Plotted Output Filename: C:ph?cPGA.PLT 
PROBLEM DESCRIPTION Pond Creek, Phase 7C South - 80% Sup FCR 

- PGA=.54g Pseudo-Static 
BOUNDARY COORDINATES 

Note: User origin value specified. 
Add 0.00 to X-values and 0.00 to Y-values listed. 

11 Top 
48 Total 

Boundary 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
3'9 
40 
41 
42 
43 
44 

Boundaries 
Boundaries 
X-Left 

(ft) 
.00 

45.00 
110. 00 
120.00 
140. 00 
238.00 
250.00 
270.00 
375.00 
795.00 

1045.00 
.00 

45.00 
110.00 
120. 00 
140.00 
233.00 
268.00 
283.00 
812.00 
825.00 
855.00 
990.00 

1010.00 
.00 

45.00 
110.00 
120.00 
140.00 
233.00 
268.00 
283.00 
370.00 
716. 00 
812 ._00 
825.00 
855.00 
990.00 

1010.00 
.00 

45.00 
110. 00 
370.00 
716.00 

Y-Left 
(ft) 

466.00 
466.00 
465.00 
468.00 
468.00 
500.00 
505.00 
505.00 
53 8. 00 
538.00 
454.00 
466.00 
466.00 
465.00 
468.00 
468.00 
500.00 
500.00 
495.00 
495.00 
498.00 
498.00 
454.00 
454.00 
466.00 
466.00 
465. 00 
468.00 
468.00 
500.00 
500.00 
495. 00 
460.00 
457.00 
495.00 
498.00 
4 98. 0 0 
454.00 
454.00 
466.00 
466.00 
465.00 
460.00 
457.00 

X-Right 
(ft) 
45.00 

110.00 
120.00 
140.00 
238.00 
250.00 
270.00 
375.00 
795.00 

1045.00 
1100. 00 

45.00 
110.00 
120.00 
140.00 
233.00 
268.00 
283.00 
812.00 
825.00 
855.00 
990.00 

1010.00 
1100.00 

45.00 
110.00 
120.00 
140.00 
233.00 
268.00 
283.00 
370.00 
716. 00 
812.00 
825.00 
855,. 00 
990.00 

1010.00 
1100.00 

45.00 
110. 00 
370.00 
716.00 
990.00 

Y-Right 
(ft) 

466.00 
465,00 
468.00 
468.00 
500.00 
505.00 
505.00 
53 8. 00 
538.00 
454.00 
454.00 
466.00 
465.00 
468.00 
468.00 
500.00 
500.00 
495.00 
495.00 
498.00 
498.00 
454.00 
454.00 
454.00 
466.00 
465.00 
468.00 
468.00 
500.00 
500.00 
495.00 
460.00 
457.00 
495.00 
498.00 
498.00 
454.00 
454.00 
454.00 
466.00 
465.00 
460.00 
457.00 
454.00 

Soil Type 
Below End 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
4 
4 
4 
4 
4 
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C:\Program Files\STEDwin\Wiliamson Pond Creek Subsidence\ph7cPGA.OUT Page 2 

45 
46 
47 

990.00 
1010.00 

.00 

454.00 
454.00 
456.00 

48 1010.00 439.00 
ISOTROPIC SOIL PARAMETERS 

5 Type(s) of Soil 

1010.00 
1100.00 
1010.00 
1100.00 

454.00 
454. 00 
439.00 
439.00 

Pore Pressure 

4 
4 
5 
5 

Piez. Soil Total Saturated Cohesion 
Type Unit Wt. Unit Wt. Intercept 

Friction 
Angle 
(deg) 
33.7 

Pressure Constant Surface 
No. (pcf) (pcf) (psf) Purum. (psf) No. 

1 130.0 140.0 .0 
2 80.0 90.0 1393.0 
3 130.0 140.0 .0 
4 125.0 135.0 416.0 
5 145.0 145.0 2000.0 

. 0 
33.7 
19.5 
20.0 

1 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED 
Unit Weight of Water= 62.40 

.00 .0 

.00 . 0 

.00 .0 

.OD .0 

.00 .0 

Piezometric Surface No. 1 Specified by 8 Coordinate Points 
Point X-Water Y-Water 

No. (ft) (ft) 
1 .00 463.00 
2 185.00 461.00 
3 283.00 495.00 
4 812.00 495.00 
5 930.00 451.00 
6 990.00 451.00 
7 1010.00 451.00 
8 1040.00 451.00 

A Horizontal Earthquake Loading Coefficient 
Of .540 Has Been Assigned 
A Vertical Earthquake Loading Coefficient 
Of .000 Has Been Assigned 
Cavitation Pressure= .0 (psf) 
A Critical Failure Surface Searching Method, Using A Random 
Technique For Generating Circular Surfaces, Has Been Specified. 

1600 Trial Surfaces Have Been Generated. 
40 Surfaces Initiate From Each Of 40 Points Equally Spaced 

Along The Ground Surface Between X 25.00 ft. 
and X 180.00 ft. 

Each Surface Terminates Between X 250.00 ft. 
and x 460.00 ft. 

Unless Further Limitations Were Imposed, The Minimum Elevation 
At Which A Surface Extends Is Y = .00 ft. 
10.00 IL. Llne SeymeuLi:; Deilue Eci<..!h T.tlcil Fcillu.te Su.1.Ici<..!e. 
Following Are Displayed The Ten Most Critical Of The Trial 

0 
1 
1 
1 
1 

Failure Surfaces Examined. They Are Ordered - Most Critical 
First. 
**Safety Factors Are Calculated By The Modified Bishop Method** 
Failure Surface Specified By 35 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 136.28 468.00 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 

145. 82 
155.46 
165.17 
174. 96 
184.81 
194. 71 
204. 65 
214. 62 
224.61 
234.61 
244.61 
254.59 
264. 56 
274.49 
284.37 
294.20 

465.01 
462.32 
459. 95 
457.90 
456.17 
454.76 
453.67 
452.90 
452.46 
452.34 
452.55 
453.09 
453.94 
455.12 
456.63 
458.45 
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18 303.97 460.59 
19 313.67 463.05 
20 323.27 465.82 
21 332.79 468.91 
22 342 .19 472.30 
23 351.49 475.99 
24 360.65 479.98 
25 369.69 484.27 
26 378.58 488.86 
27 387.31 493. 72 
28 395.88 498.87 
29 404.29 504.30 
30 412. 51 509.99 
31 420.54 515.95 
32 428.37 522.17 
33 436.00 528.64 
34 443.41 535.35 
35 446.15 538.00 

Circle Center At X = 233.2 y 760.0 and Radius, 307.7 

*** .506 *** 
Individual data on the 49 slices 

Water Water Tie Tie Earthquake 
Force Force Force Force Force Surcharge 

Slice Width Weight Top Bot Norm Tan Hor Ver Load 
No. (ft) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) 

1 3.7 282.0 . 0 . 0 .0 . 0 152.3 . 0 .0 
2 5.8 2295.1 . 0 .0 .0 . 0 1239.4 . 0 . 0 
3 2.7 1985.6 . 0 .o . 0 .0 1072. 2 .0 . 0 
4 7.0 7764.7 . 0 .0 .0 . 0 4193. 0 .0 . 0 
5 4.3 6636.2 . 0 .0 .0 . 0 3583.5 .0 . 0 
6 5.4 103 02. 5 .0 219.2 .0 . 0 5563.4 .0 . 0 
7 9.8 24012.8 . 0 1394.1 . 0 . 0 12966.9 .0 . 0 
8 9.8 30782.9 . 0 2508.5 .0 . 0 16622.8 .o . 0 
9 .2 663.1 . 0 58.6 .0 . 0 358.1 .0 . 0 

10 7.0 25759.1 . 0 2736.6 .0 . 0 13909.9 .0 . 0 
11 2.7 10901.0 . 0 1452. 8 .0 . 0 5886.6 . 0 . 0 
12 9.9 43666.5 . 0 7015.0 . 0 . 0 23579.9 .0 . 0 
13 10.0 49591.5 . 0 9602.2 . 0 . 0 26779.4 .o . 0 
14 10.0 55069.2 . 0 12003.2 .0 . 0 29737.3 .0 . 0 
15 8.4 50089.1 . 0 11785.3 . 0 . 0 27048.1 .0 . 0 
16 1. 6 9985.1 . 0 2430.0 . 0 . 0 5392.0 .o . 0 
17 3.4 21424.8 . 0 5291. 6 . 0 . 0 11569.4 .0 . 0 
18 6.6 43415.3 .0 10944.8 .0 . 0 23444.2 . 0 . 0 
19 5.4 37150.5 . 0 9541.7 .0 . 0 20061. 3 .0 . 0 
20 4.6 32216.4 . 0 8522.6 .0 . 0 17396.9 . 0 . 0 
21 10.0 69400.0 . 0 19697.0 .0 . 0 37476.0 .0 . 0 
22 3.4 23777.8 . 0 7179.0 .o . 0 12840.0 . 0 .0 
23 2.0 13737.6 . 0 4242.2 .0 . 0 7418.3 . 0 .0 
24 4.5 31037.8 . 0 9711. 6 .0 . 0 16760.4 . 0 .0 
25 8.5 60318.3 . 0 19198.0 .0 . 0 32571. 9 . 0 .o 
26 1.4 9886.6 . 0 3331.7 .0 . 0 5338.8 . 0 .0 
27 9.8 70655.5 . 0 23375.5 . 0 . 0 38154.0 . 0 . 0 
28 9.8 69572. 7 . 0 22138 .4 . 0 . 0 37569.3 . 0 . 0 
29 2.5 17523.6 . 0 5445.1 .0 . 0 9462.7 .0 . 0 
30 7.2 50436.8 .o 15258.0 . 0 . 0 27235.9 .0 . 0 
31 9.6 65774.3 . 0 19071.3 .0 . 0 35518.1 .0 . 0 
32 9.5 63110.8 . 0 17244.7 . 0 . 0 34079.8 .0 .0 
33 8.0 50889.5 . 0 13008.8 . 0 . 0 27480.4 . 0 .0 
34 1.5 9147.2 . 0 2216.3 . 0 .0 4 93 9. 5 . 0 .0 
35 9.3 58698.3 . 0 13014.8 .0 . 0 31697.1 . 0 . 0 
36 9.2 58194.7 . 0 10616.1 .0 . 0 31425.l . 0 . 0 
37 9.0 57331. 3 . 0 8 031. 5 .0 . 0 30958.9 . 0 .0 
38 5.3 33592.3 .o 3489.4 .0 . 0 18139.9 . 0 . 0 
39 3.6 22268.6 . 0 1774.3 .0 . 0 12025.1 . 0 . 0 
40 8.7 51748.2 . 0 2315.7 .0 . 0 27944.0 .0 . 0 
41 2.1 12010.0 . 0 98.9 .o . 0 6485.4 . 0 . 0 
42 6.4 34410.7 . 0 .0 .o . 0 18581. 8 . 0 .0 
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43 
44 
45 
46 
47 
48 
49 
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8.4 39769.7 .0 . 0 . 0 . 0 21475.6 . 0 . 0 
8.2 32972. 9 . 0 . 0 .0 . 0 17805.4 .0 . 0 
8.0 26130.1 . 0 .0 . 0 .0 14110.2 .0 .0 
7.8 19287.2 .0 . 0 . 0 . 0 10415.1 . 0 .o 
7.6 12491. 4 .0 .0 . 0 . 0 6745.3 . 0 . 0 
7.4 5790.1 . 0 .0 .0 . 0 3126.7 . 0 . 0 
2.7 473.2 .o . 0 . 0 . 0 255.5 .0 .0 
Failure Surface Specified By 35 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 144.23 469.38 
2 153.75 466.32 
3 163. 3 6 463.56 
4 173.06 461.12 
5 182.83 458.99 
6 192.66 457.17 
7 202.55 455.68 
8 212 .48 454.50 
9 222.45 453.65 

10 232.43 453.12 
11 242.43 452.91 
12 252.43 453.02 
13 262.42 453.45 
14 272.39 454.21 
15 282.33 455.29 
16 292.23 456.69 
17 302.09 458.40 
18 311.88 460.44 
19 321. 60 462.78 
20 331. 24 465.45 
21 340.79 468.42 
22 350.23 471.69 
23 359.57 475.27 
24 368.79 479.15 
25 377.87 483.33 
26 386.82 487.79 
27 395.62 492. 54 
28 404.26 497.58 
29 412.74 502.89 
30 421.03 508.47 
31 429.15 514. 31 
32 437.07 520.41 
11 444.79 sn 77 
34 452.30 533.37 
35 457.24 538.00 

Circle Center At X = 244.0 ; y 762.9 and Radius, 310.0 
*** .507 *** 

Failure S~rface Specified By 37 Coordinate Points 
Point X-Surf Y-Surf 
No. (ft) (ft) 

1 120.39 468.00 
2 129.98 465.19 
3 139. 66 462.66 
4 149.40 460.42 
5 159. 21 458.46 
6 169.07 456.78 
7 178.97 455.40 
8 188. 91 454.30 
9 198.88 453.49 

10 208.86 452.97 
11 218.86 452.75 
12 228.86 452.81 
13 238.85 453.17 
14 248.83 453.81 
15 258.79 454.75 
16 268. 71 455.98 
17 278.60 457.49 
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18 288.44 459.30 
19 298.21 461.38 
20 307.93 463.76 
21 317.57 466.41 
22 327.13 469.34 
23 336.60 472.55 
24 345.97 476.04 
25 355.24 479.79 
26 364.40 483.82 
27 373.43 488 .11 
28 382.34 492.66 
29 391.10 497 .47 
30 399.73 502.53 
31 408.20 507.84 
32 416.52 513. 3 9 
33 424.67 519.19 
34 432.65 525.22 
35 440.44 531.47 
36 448.06 537. 96 
37 448 .11 538.00 

Circle Center At X = 221.6 ; y 

*** .507 *** 
Failure 

Point 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 

Surface Specified By 34 
x-surf Y-Surf 

(ft) (ft) 
140.26 
149.82 
159.47 
169.20 
179.01 
188.87 
198.78 
208. 73 
218.70 
228.69 
238.69 
248.69 
258.67 
268.63 
278.55 
288.42 
298.24 
307.99 
317.66 
327.24 
336.73 
346 .11 
355.37 
364.50 
373.49 
382.34 
391.03 
399.55 
407.90 
416.06 
424.04 
431. 81 
439.37 
446.70 

468.08 
465.16 
462. 54 
460.24 
458.26 
456.60 
455.27 
454.25 
453.56 
453.20 
453.16 
453.45 
454.06 
455.00 
456.26 
457.85 
459.76 
461.98 
464.52 
467.38 
470.54 
474.01 
477.79 
481. 87 
4 86. 24 
490.90 
495.85 
501.08 
506.58 
512.36 
518.39 
524.69 
531.23 
538.00 

Circle Center At X = 234.9 ; Y 
*** .509 *** 

Failure 
Point 

No. 
1 
2 
3 

Surface Specified By 34 
x-surf Y-Surf 

(ft) (ft) 
144.23 
153.74 
163.35 

469.38 
466.28 
463.51 

796 .1 and Radius, 343.4 

Coordinate Points 

760.0 and Radius, 306.9 

Coordinate Points 
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4 173.05 461.08 
5 182 :83 458.99 
6 192.67 457.24 
7 202.57 455.84 
8 212. 52 454.78 
9 222. 4 9 454.08 

10 232.49 453. 72 
11 242.49 453. 71 
12 252.48 454.05 
13 262.46 454.74 
14 272.40 455.78 
15 282.31 457.17 
16 292.16 458.90 
17 301. 94 460.97 
18 311.64 463. 39 
19 321. 26 466.14 
20 330.77 469.22 
21 340.17 472. 64 
22 349.44 476.39 
23 358.57 480.45 
24 367.56 484.83 
25 376.39 489.53 
26 385.05 494.53 
27 393.53 499.83 
28 401. 82 505.42 
29 409.91 511. 30 
30 417.79 517.45 
31 425.45 523.88 
32 432.88 530.58 
33 440.07 537.53 
34 440.53 538.00 

C Circle Center At X = 237.7 ; y 739.7 and Radius, 286.0 

*** .519 *** 
Failure Surface Specified By 36 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 136.28 468.00 
2 146.00 465.65 
3 155.78 463.57 
4 165.62 461.76 
5 175.50 460.21 
6 185.42 458.94 
7 195.37 457.93 
8 205.34 457.20 
9 215.33 456.74 

10 225.33 456.55 
11 235.33 456.63 
12 245.32 456.98 
13 255.30 457.61 
14 265.26 458.51 
15 275.19 459.68 
16 285.09 461.12 
17 294. 94 462.83 
18 304.74 464.80 
19 314. 49 467.04 
20 324.17 469.55 
21 333.78 472.32 
22 343.31 475.35 
23 352.75 478.64 
24 362.10 482.18 
25 371.35 485.98 
26 380.50 4 90. 03 
27 389.53 4 94. 32 

l 28 398.44 498.86 
29 407 .22· 503.64 
30 415.87 508.66 
31 424.38 513. 91 
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32 
33 
34 
35 
36 

432.74 
440.96 
449.01 
456.90 
457.89 

519.40 
525. 10 
531.03 
537.18 
538.00 

Circle Center At X = 227.3 ; Y 823.7 and Radius, 367.1 
*** .519 *** 

Failure Surface Specified By 35 Coordinate Points 
Point X-Surf Y-Surf 
No. (ft) (ft) 

1 148.21 470.68 
2 157.78 467.79 
3 167.44 465.20 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 

177.18 
186.98 
196. 84 
206.74 
216.69 
226.66 
236. 65 
246.65 
256.65 
266.64 
276.60 
286.54 
296.43 
306.28 
316.06 
325.77 
335.41 
344.96 
354.40 
363.75 
372.97 
3 82. 07 
391.04 
399.86 
408.53 
417.04 
425.38 
433.55 
441. 53 
449.31 
456.90 
459.18 

462. 92 
460.95 
459.28 
457. 92 
456.87 
456 .13 
455. 71 
455.60 
455.80 
456.32 
457.15 
458.29 
459.74 
461. 50 
463. 57 
465.94 
468. 62 
471. 59 
474.87 
478.44 
482.30 
486.44 
490.87 
495.58 
500.56 
505.81 
511. 33 
517.10 
523.13 
529.40 
535.92 
538.00 

Circle Center At X = 245. 2 ; Y 

*** *** . 521 
Failure 

Point 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 

Surface Specified By 35 
x-surf Y-Surf 

(ft) (ft) 
144.23 
153.88 
163.61 
173.40 
183,25 
193.14 
203.07 
213. 04 
223.02 
233.01 
243.01 
253.01 
262.99 
272. 95 
282.88 
292. 77 
302.61 

469.38 
466. 77 
464.44 
462.41 
460.66 
459.21 
458.05 
457.18 
456.61 
456.33 
456.35 
456.66 
457.27 
458.18 
459.38 
460.87 
462.66 

774.8 and Radius, 

Coordinate Points 

319.2 
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18 312. 3 9 464.73 
19 322.10 467.09 
20 331.75 469.74 
21 341. 31 472.68 
22 350.78 475.89 
23 360.15 479.39 
24 369.41 483 .15 
25 378.56 487.20 
26 387.58 491. 51 
27 3 96. 4 7 496. 08 
28 405.22 500.92 
29 413.83 506.01 
30 422 .28 511. 35 
31 430.57 516.95 
32 438.69 522.78 
33 446.64 528.86 
34 454.40 535.16 
35 457.69 538.00 

Circle Center At X = 237. 4 ; y 794.4 and Radius, 338.1 
*** .521 *** 

Failure Surface Specified By 40 Coordinate Points 
Point X-Surf Y-Surf 

No. (ft) (ft) 
1 88.59 465.33 
2 98. 37 463. 22 
3 108.18 461.33 
4 118.04 459.64 
5 127.93 458.16 
6 137.85 456.90 
7 147.80 455.85 
8 157.76 455.01 

( 9 167.74 454.38 
10 177.73 453.97 

"·· 11 187.73 453.77 
12 197.73 453.79 
13 207.73 454.02 
14 217. 72 454.46 
15 227.70 455.12 
16 237.66 455.99 
17 247.60 457.07 
18 257.52 458.37 
19 267.40 459.88 
~o 277.25 461.59 
21 287.06 463.52 
22 296. 83 465.66 
23 306.55 468.01 
24 316.22 470.56 
25 325.83 473.32 
26 335.38 476.29 
27 344.87 479.46 
28 354.28 482.83 
29 363.62 486.40 
30 372.89 490.17 
31 382.07 494 .14 
32 391.16 498.30 
33 400.16 502.65 
34 409.07 507.20 
35 417.87 511. 94 
36 426.58 516.86 
37 435 .17 521.97 
38 443.66 527.27 
39 452. 03 532.74 
40 459. 71 538.00 

Circle Center At X = 192.0 ; y 921.3 and Radius, 467.5 
*** .526 *** 

Failure Surface Specified By 33 Coordinate Points 
Point X-Surf Y-Surf 
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No. (ft) (ft) 
1 128.33 468.00 
2 137.98 465.35 
3 147.70 463. 01 
4 157. 4 9 460.99 
5 167.35 459.28 
6 177.25 457.89 
7 187.19 456.83 
8 197.16 456.09 
9 207.16 455.67 

10 217.15 455.57 
11 227.15 455.80 
12 23 7 .14 456.35 
13 247.10 457.22 
14 257.03 458.42 
15 266.91 459.93 
16 276.74 461. 77 
17 286.51 463.92 
18 296.20 466.38 
19 305.81 469.16 
20 315.32 4 72. 25 
21 324. 72 475.64 
22 334.02 479.34 
23 343.18 483.33 
24 352.22 487.62 
25 361.11 492.20 
26 369.85 497.06 
27 378.42 502. 21 
28 386.83 507.62 
29 395.05 513. 31 
30 403. 09 519.26 
31 410.93 525.47 
32 418.56 531. 93 
33 425.29 538.00 

Circle Center At X = 215.1 ; y 764.7 and Radius, 309.2 

*** .532 *** 
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700 
# FS 
a 1.00 
b 1.01 
C 1.01 
d 1.01 

600 H e 1.02 
f 1.04 
g 1.04 
h 1.04 
i 1.04 

500 

a 

400 

300 

200 

100 

Pond Creek, Phase 7C South - 80% Sup FCR- Ky Yield Acceleration 
c:\program files\stedwin\wiliamson pond creek subsidence\ph7cky.pl2 Run By: Blaise E. Genes, GAi Consultants 12/22/2009 03:24PM 

Soil 
Oesc. 

CCR P7AC 
Fine CR 
CCR P3 
Residual 
Bedrock 

Soil Total Saturated Cohesion Friction Piez. I Load Value 
Type Unit Wt. Unit Wt Intercept Angle Surface Horiz Eqk 0.1 BO g< 
No. (pcf) (pcf) (psf) (deg) No. 
1 130.0 140.0 0.0 33.7 0 
2 80.0 90.0 1393.0 0.0 W1 
3 130.0 140.0 0.0 33.?; W1 
4 125.0 135.0 416.0 i 19.5 b W1 
5 145.0 145.0 2000.0 20.Q.• W1 

1 

-- -------2------- ----------~ 

3 

5 
.~ 

_\'.l"13iiJ. Wl 

5 

o~---~---~---~---~---~---~---~------'~------'~----'-----' 

0 100 200 300 400 500 600 700 800 900 1000 1100 

PCSTABL5M/si FSmin=1.00 
STED Safety Factors Are Calculated By The Modified Bishop Method 

~ 
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Pond Creek, Phase 7C South - 80% Sup FCR- Ky Yield Acceleration 
c:lprogram files\stedwinlwiliamson pond creek subsidencelph7cky.plt Run By: Blaise E. Genes, GAi Consultants 12/22/2009 03:25PM 
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Run Date: 

** PCSTABLSM ** 
by 

Purdue University 
--Slope Stability Analysis-

Simplified Janbu, Simplified Bishop 
or Spencer's Method of Slices 

12/22/2009 
Time of Run: 03,25PM 
Run By: 
Input Data Filename: 

Blaise E. Genes, GAI .Consultants 
C:ph7cky.in 

Output Filename: c,ph7cky.OUT 
Unit: ENGLISH 

Output Filename: C:ph7cky.PLT Plotted 
PROBLEM DESCRIPTION Pond Creek, Phase 7C South - 80% Sup FCR 

- Ky Yield Acceleration 
BOUNDARY COORDINATES 

Note: User origin value specified. 
Add 0.00 to X-values and 0.00 ·to Y-values listed. 

11 Top Boundaries 
48 Total Boundaries 

Boundary X-Left Y-Left X-Right Y-Right 
No. (ft) (ft) (ft) (ft) 

l .00 466.00 45.00 466.00 
2 45.00 466.00 110.00 465.00 
3 110.00 465.00 120.00 468.00 
4 120.00 468.00 140.00 468.00 

Soil Type 
Below End 

1 
1 
1 
1 
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5 140.00 468.00 238.00 500.00 1 
6 238.00 500.00 250.00 505.00 1 
7 250.00 505.00 270.00 505. 00 1 
8 270.00 505.00 375.00 538.00 1 
9 375.00 538.00 795.00 538.00 1 

10 795.00 538.00 1045.00 454.00 1 
11 1045.00 454.00 1100. 00 454.00 1 
12 .00 466.00 45.00 466.00 2 
13 45.00 466.00 110.00 465.00 2 
14 110.00 465.00 120.00 468.00 2 
15 120.00 468.00 140. 00 468.00 2 
16 140.00 468.00 233.00 500.00 2 
17 233.00 500.00 268.00 500.00 2 
18 268.00 500.00 283.00 495. 00 2 
19 283.00 495.00 812.00 495. 00 2 
20 812.00 495.00 825.00 498.00 2 
21 825.00 498.00 855.00 498.00 2 
22 855.00 498.00 990.00 454.00 2 
23 990.00 454.00 1010.00 454.00 2 
24 1010.00 454.00 1100.00 454.00 2 
25 .00 466.00 45.00 466.00 3 
26 45.00 466.00 110.00 465.00 3 
27 110.00 465.00 120. 00 468.00 3 
28 120.00 468.00 140. 00 468.00 3 
29 140.00 468.00 233.00 500.00 3 
30 233.00 500.00 268.00 500.00 3 
31 268.00 500.00 283.00 495.00 3 
32 283.00 495.00 370.00 460.00 3 
33 370.00 460.00 716. 00 457.00 3 
34 716.00 457.00 812.00 495.00 3 
35 812. 00 495.00 825.00 498.00 3 

(~ 36 825.00 498.00 855.00 498.00 3 
37 855.00 498.00 990.00 454.00 3 
38 990.00 454.00 1010.00 454.00 3 
39 1010.00 454.00 1100. 00 454.00 3 
40 .00 466. 00 45.00 466.00 4 
41 45.00 466.00 110.00 465.00 4 
42 110.00 465.00 370.00 460.00 4 
43 370.00 460.00 716. 00 457.00 4 
44 716. 00 457.00 990.00 454.00 4 
45 990.00 454.00 1010.00 454.00 4 
46 1010.00 454.00 1100.00 454.00 4 
47 .OD 456.00 1010.00 439.00 5 
48 1010.00 439.00 1100. 00 439.00 5 

ISOTROPIC SOIL PARAMETERS 
5 Type(s) of Soil 

Soil Total Saturated Cohesion Friction Pore Pressure Piez. 
Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface 

No. (pcf) (pcf) (psf) (deg) Param. (psf) No. 
1 130. 0 140. 0 .0 33.7 .00 . 0 0 
2 80.0 90.0 1393. 0 . 0 .00 . 0 1 
3 130.0 140. 0 . 0 33.7 .00 . 0 1 
4 125.0 135. 0 416.0 19.5 .00 . 0 1 
5 145.0 145. 0 2000.0 20.0 .00 .0 1 

1 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED 
Unit Weight of Water= 62. 40 
Piezometric Surface No. 1 Specified by 8 Coordinate Points 

Point X-Water Y-Water 
No. (ft) (ft) 

1 .00 463.00 
2 185.00 461.00 
3 283.00 495.00 
4 812.00 495.00 
5 930.00 451. 00 
6 990.00 451.00 
7 1010.00 451.00 
8 1040.00 451.00 
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A Horizontal Earthquake Loading Coefficient 
Of .180 Has Been Assigned 
A Vertical Earthquake Loading Coefficient 
Of .000 Has Been Assigned 
Cavitation Pressure= .0 (psf) 
A Critical Failure Surface Searching Method, Using A Random 
Technique For Generating Circular Surfaces, Has Been Specified. 

1600 Trial Surfaces Have Been Generated. 
40 Surfaces Initiate From Each Of 40 Points Equally Spaced 

Along The Ground Surface Between X 25.00 ft. 
and X 180.00 ft. 

Each Surface Terminates Between X 250.00 ft. 
and X 460.00 ft. 

Unless Further Limitations Were Imposed, The Minimum Elevation 
At Which A Surface Extends Is Y = .OD ft. 
10.00 ft. Line Segments Define Each Trial Failure Surface. 
Following Are Displayed The Ten Most Critical Of The Trial 

Failure Surfaces Examined. They Are Ordered - Most Critical 
First. 
**Safety Factors Are Calculated By The Modified Bishop Method 
Failure Surface Specified By 35 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft} (ft} 

1 136.28 468.00 
2 145.82 465.01 
3 155.46 
4 165.17 
5 174.96 
6 184. 81 
7 194. 71 
8 204. 65 
9 214. 62 

10 224.61 
11 234.61 
12 244.61 
13 254.59 
14 264.56 
15 274.49 
16 284.37 
17 294.20 
18 303.97 
19 313. 67 
20 323.27 
21 332.79 
22 342.19 
23 351.49 
24 360.65 
25 369.69 
26 378.58 
27 387.31 
28 395.88 
29 404. 2 9 
30 412. 51 
31 420.54 
32 428.37 
33 436.00 
34 443.41 
35 446.15 

Circle Center At X = 
*** .998 

Individual data 
Water 

462.32 
459.95 
457.90 
456.17 
454.76 
453.67 
452.90 
452.46 
452.34 
452.55 
453.09 
453.94 
455.12 
456.63 
458 .45 
460.59 
463.05 
465.82 
468. 91 
472.30 
475.99 
479.98 
484.27 
488.86 
493. 72 
498.87 
504.30 
509. 99 
515.95 
522.17 
528.64 
535.35 
538.00 

233.2 Y 

*** 
on the 
Water 

760.0 and Radius, 307.7 

49 slices 
Tie Tie Earthquake 

* * 

Force Force Force Force Force Surcharge 
Slice Width Weight Top Bot Norm Tan Hor Ver Load 

No. (ft} (lbs} (lbs} (lbs} (lbs} (lbs} (lbs} (lbs} (lbs} 

1 3.7 282.0 . 0 .0 .0 . 0 50.8 . 0 . 0 
2 5.8 2295.1 . 0 .0 .0 . 0 413.1 . 0 . 0 
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( 3 2.7 1985.6 .0 . 0 .0 .0 357.4 .0 .0 
4 7.0 7764.7 .0 .0 . 0 .0 13 97. 7 .0 .0 
5 4.3 6636.2 . 0 .0 . 0 .0 1194. 5 .o . 0 
6 5.4 103 02. 5 .0 219.2 . 0 . 0 1854.5 .0 . 0 
7 9.8 24012.8 .0 1394 .1 .0 . 0 4322.3 . 0 . 0 
8 9.8 30782.9 . 0 2508.5 . 0 .o 5540.9 . 0 . 0 
9 .2 663.1 . 0 58.6 . 0 .0 119.4 .0 .0 

10 7.0 25759.1 . 0 2736.6 . 0 . 0 4636.6 .0 . 0 
11 2.7 10901. 0 . 0 1452.8 .0 . 0 1962.2 . 0 . 0 
12 9.9 43666.5 . 0 7015.0 . 0 .o 7860.0 . 0 . 0 
13 10.0 49591.5 .0 9602. 2 . 0 . 0 8926.5 . 0 .0 
14 10.0 55069.2 . 0 12003.2 .0 . 0 9912.4 . 0 .0 
15 8.4 50089.1 . 0 11785.3 . 0 . 0 9016.0 . 0 . 0 
16 1. 6 9985.1 . 0 2430.0 . 0 .0 1797.3 . 0 . 0 
17 3.4 21424.8 . 0 5291. 6 . 0 . 0 3 856. 5 . 0 . 0 
18 6.6 43415.3 .0 10944.8 . 0 . 0 7814.7 . 0 . 0 
19 5.4 37150.5 . 0 9541. 7 .0 . 0 6687.1 . 0 . 0 
20 4.6 32216.4 . 0 8522.6 .0 . 0 5799.0 . 0 .0 
21 10.0 69400.0 . 0 19697.0 . 0 .0 12492.0 . 0 .0 
22 3.4 23777.8 . 0 7179.0 . 0 . 0 4280.0 .0 .0 
23 2.0 13737.6 . 0 4242.2 .0 . 0 2472. 8 . 0 . 0 
24 4.5 31037.8 . 0 9711.6 .0 . 0 5586.8 . 0 . 0 
25 8.5 60318.3 .0 19198.0 . 0 . 0 10857.3 . 0 . 0 
26 1.4 9886.6 . 0 3331.7 . 0 . 0 1779.6 . 0 . 0 
27 9.8 70655.5 . 0 23375.5 . 0 . 0 12718.0 . 0 . 0 
28 9.8 69572. 7 . 0 22138.4 .0 . 0 12523.1 . 0 .0 
29 2.5 17523.6 . 0 5445.1 .0 . 0 3154.2 . 0 . 0 
30 7.2 50436.8 . 0 15258.0 . 0 . 0 9078.6 . 0 . 0 
31 9.6 65774.3 . 0 19071. 3 . 0 .0 11839.4 . 0 . 0 
32 9.5 63110. 8 . 0 17244. 7 .0 . 0 11359.9 . 0 . 0 
33 8.0 50889.5 .0 13008.8 .0 . 0 9160.1 . 0 . 0 

C. 34 1.5 9147.2 . 0 2216.3 .0 . 0 1646.5 . 0 . 0 
35 9.3 58698.3 . 0 13014. 8 .0 . 0 10565.7 . 0 . 0 
36 9.2 58194.7 . 0 10616.1 .0 . 0 10475.0 . 0 . 0 
37 9.0 57331.3 . 0 8031. 5 .0 . 0 10319.6 . 0 . 0 
38 5.3 33592.3 . 0 3489.4 .0 . 0 6046.6 . 0 . 0 
39 3.6 22268.6 . 0 1774.3 .o . 0 4008.4 . 0 . 0 
40 8.7 51748.2 . 0 2315. 7 . 0 . 0 9314. 7 .0 . 0 
41 2.1 12010.0 . 0 98.9 . 0 . 0 2161. 8 .0 . 0 
42 6.4 34410. 7 .0 . 0 . 0 . 0 6193.9 .0 . 0 
43 8.4 39769.7 . 0 . 0 . 0 . 0 7158.5 . 0 . 0 
44 8.2 32972. 9 . 0 . 0 . 0 . 0 5935.1 .0 . 0 
45 8.0 26130.1 . 0 . 0 . 0 . 0 4703.4 . 0 . 0 
46 7.8 19287.2 . 0 . 0 . 0 . 0 3471. 7 . 0 . 0 
47 7.6 12491.4 . 0 .0 . 0 . 0 2248.4 . 0 . 0 
48 7.4 5790.1 . 0 .0 .0 . 0 1042.2 .0 . 0 
49 2.7 473.2 . 0 .0 .0 .0 85.2 .0 . 0 

Failure Surface Specified By 35 Coordinate Points 
Point X-Surf Y-Surf 

No. (ft} (ft} 
1 144. 23 469.38 
2 153. 75 466.32 
3 163.36 463.56 
4 173.06 461.12 
5 182.83 458.99 
6 192.66 457.17 
7 202.55 455.68 
8 212.48 454. 50 
9 222.45 453.65 

10 232.43 453 .12 
11 242.43 452. 91 
12 252.43 453.02 
13 262.42 453.45 
14 272.39 454.21 
15 282.33 455.29 
16 292. 23 456.69 
17 302.09 458.40 



R15500

C:\Program Files\S'l'EDwin\Wiliamson Pond Creek Subsidence\ph7cky.OUT Page 5 

18 
19 
20 
21 
22 
23 
24 
25 
26 

311. 88 
321. 60 
331.24 
340.79 
350.23 
359.57 
368.79 
377. 87 
386.82 

460.44 
462.78 
465.45 
468.42 
471.69 
475.27 
479.15 
483.33 
487.79 

27 395.62 492.54 
28 404.26 497.58 
29 412.74 502.89 
30 421.03 508.47 
31 429.15 514.31 
32 437.07 520.41 
33 A44.79 526.77 
34 452.30 533.37 
35 457.24 538.00 

Circle Center At X = 244.0 ; Y 762.9 and Radius, 310.0 
*** 1.005 *** 

Failure Surface Specified By 34 Coordinate Points 
Point X-Surf Y-Surf 
No. (ft) (ft) 

1 140.26 468.08 
2 149.82 465.16 
3 159.47 462.54 
4 169.20 460.24 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 

179.01 
188.87 
198.78 
208.73 
218.70 
228.69 
238.69 
248.69 
258.67 
268.63 
278.55 
288.42 
298.24 
307.99 
317.66 
327.24 
336.73 
346 .11 
355.37 
364.50 
373.49 
382.34 
391. 03 
399.55 
407.90 
416.06 
424.04 
431.81 
439.37 
446.70 

458.26 
456.60 
455.27 
454.25 
453.56 
453.20 
453.16 
453.45 
454.06 
455.00 
456.26 
457.85 
459.76 
461.98 
464.52 
467.38 
470.54 
474.01 
477.79 
481.87 
486.24 
490.90 
495.85 
501. 08 
506.58 
512.36 
518.39 
524.69 
531.23 
538.00 

Circle Center At X = 234.9 ; Y 
*** 1.006 *** 

Failure 
Point 
No. 

1 
2 
3 
4 
5 

Surface Specified By 37 
x-surf Y-Surf 

(ft) (ft) 
120.39 
129.98 
139.66 
149. 40 
159.21 

468.00 
465.19 
462.66 
460.42 
458.46 

760.0 and Radius, 

Coordinate Points 

306.9 
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6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
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169.07 
178.97 
188.91 
198.88 
208.86 
218. 86 
228.86 
238.85 
248.83 
258.79 
268. 71 
278.60 
288.44 
298.21 
307.93 
317.57 
327.13 
336.60 
345.97 
355.24 
364.40 
373.43 
382.34 
391.10 
399.73 
408.20 
416.52 
424.67 
432.65 
440.44 
448.06 
448 .11 

456.78 
455.40 
454. 3 0 
453.49 
452.97 
452. 75 
452. 81 
453.17 
453.81 
454.75 
455.98 
457.49 
459.30 
461.38 
463. 76 
466.41 
469.34 
472.55 
476.04 
479.79 
483.82 
488 .11 
492.66 
497.47 
5 02. 53 
507.84 
513.39 
519.19 
525.22 
531. 4 7 
537. 96 
538.00 

Circle Center At X = 221.6 ; Y 796.1 and Radius, 343.4 
*** 1.007 *** 

Failure Surface Specified By 34 Coordinate Points 
Point X-Surf Y-Surf 
No. (ft) (ft) 

1 144.23 469.38 
2 153.74 466.28 
3 163.35 463.51 
4 173.05 461.08 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

182.83 
192.67 
202.57 
212.52 
222.49 
232.49 
242.49 
252.48 
262.46 
272. 40 
282.31 
292.16 
301. 94 
311. 64 
321. 26 
330.77 
340.17 
349.44 
358.57 
367.56 
376.39 
385.05 
393.53 
401. 82 
409.91 
417.79 

458.99 
457.24 
455.84 
454.78 
454.08 
453. 72 
453. 71 
454.05 
454.74 
455.78 
457.17 
458.90 
460.97 
463.39 
466.14 
469.22 
472.64 
476.39 
480.45 
484.83 
489.53 
494.53 
499.83 
505.42 
511. 30 
517.45 
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31 
32 
33 
34 

425.45 
432.88 
440.07 
440.53 

523.88 
53 0. 58 
53 7. 53 
538.00 

Circle Center At X = 237.7; Y 
*** 1.018 *** 

Failure 
Point 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 

Surface Specified By 35 
x-surf Y-Surf 

(ft) (ft) 
148.21 
157.78 
167.44 
177.18 
186.98 
196.84 
206.74 
216.69 
226.66 
236.65 
246.65 
256.65 
266.64 
276.60 
286.54 
296.43 
306.28 
316.06 
325.77 
335.41 
344. 96 
354.40 
363.75 
372.97 
382. 07 
391.04 
399.86 
408.53 
417.04 
425.38 
433.55 
441.53 
449.31 
456.90 
459.18 

470.68 
467.79 
465.20 
462.92 
460.95 
459.28 
457.92 
456.87 
456 .13 
455. 71 
455.60 
455.80 
456.32 
457.15 
458.29 
459.74 
461. 50 
463.57 
465.94 
468.62 
471.59 
474.87 
478.44 
482.30 
486.44 
490. 87 
495.58 
500.56 
505.81 
511. 33 
517.10 
523.13 
529.40 
53 5. 92 
538.00 

Circle Center At X = 245.2 ; Y 
*** 1.036 *** 

Failure Surface Specified By 35 
Point X-Surf Y-Surf 
No. (ft) (ft) 

1 144.23 469. 38 
2 153.88 466.77 
3 163. 61 464.44 
4 173.40 462.41 
5 183.25 460.66 
6 193 .14 459.21 
7 203.07 458.05 
8 213.04 457.18 
9 223.02 456.61 

10 233.01 456.33 
11 243.01 456.35 
12 253.01 456.66 
13 262.99 457.27 
14 272.95 458.18 
15 282.88 459.38 
16 292.77 460.87 
17 302.61 462. 66 
18 312.39 464. 73 

739.7 and Radius, 286.0 

Coordinate Points 

774.8 and Radius, 319.2 

Coordinate Points 
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( 19 322.10 467.09 
20 331.75 469.74 
21 341.31 4 72. 68 
22 350.78 475.89 
23 360.15 479.39 
24 369.41 483.15 
25 378.56 487.20 
26 387.58 491. 51 
27 396.47 496.08 
28 405.22 500.92 
29 413.83 506.01 
30 422.28 511. 35 
31 430.57 516.95 
32 438.69 522.78 
33 446.64 528.86 
34 454.40 535.16 
35 457.69 538.00 

Circle Center At X = 237.4 ; y 794.4 and Radius, 338.1 
*** 1. 040 *** 

Failure Surface Specified By 36 Coordinate Points 
Point X-Surf Y-Surf 

No. (ft) (ft) 
1 136.28 468.00 
2 146.00 465.65 
3 155.78 463.57 
4 165.62 461. 76 
5 175.50 460.21 
6 185.42 458.94 
7 195.37 457.93 
8 205.34 457.20 
9 215.33 456.74 

10 225.33 456.55 
11 235.33 456.63 
12 245.32 456.98 
13 255.30 457.61 
14 265.26 458.51 
15 275.19 459.68 
16 285.09 461.12 
17 294. 94 462.83 
18 3 04. 74 464.80 
19 314. 4 9 467.04 
20 324.17 469.55 
21 JJJ.70 ~72.J2 
22 343.31 475.35 
23 352.75 4 78. 64 
24 362.10 482.18 
25 371.35 485.98 
26 380.50 4 90. 03 
27 389.53 4 94. 32 
28 398.44 498.86 
29 407. 22 503. 64 
30 415.87 508.66 
31 424.38 513. 91 
32 432.74 519.40 
33 440. 96 525.10 
34 449.01 531. 03 
35 456.90 537.18 
36 457,89 538.00 

Circle Center At X = 227.3 ; y 823.7 and Radius, 367.1 
*** 1.042 *** 

Failure Surface Specified By 32 Coordinate Points 
Point X-Surf Y-Surf 

No. (ft) (ft) 

l_ 1 120.39 468.00 
2 129. 85 464.76 
3 13 9. 43 461.90 
4 149. 12 459.42 
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5 158.89 457.32 
6 168.75 455.62 
7 178.66 454. 3 0 
8 188.62 453.38 
9 198.60 452.85 

10 208.60 452.72 
11 218.60 452.98 
12 228.58 453.64 
13 238.52 454.69 
14 248.42 456.14 
15 258.25 457.97 
16 268.00 460.20 
17 277. 65 462. 80 
18 287.19 465.79 
19 296. 61 469.15 
20 305.89 472.89 
21 315. 01 476.98 
22 323. 96 481. 44 
23 332.73 486.24 
24 341.31 491.39 
25 349.67 496.87 
26 357.81 502.68 
27 365. 71 SOB.Bl 
28 373.36 515.25 
29 380.76 521. 98 
30 387.88 529.00 
31 394.72 536.30 
32 396.19 538.00 

Circle Center At X = 206.9 ; y 705.3 and Radius, 252.6 
*** 1.042 *** 

Failure Surface Specified By 32 Coordinate Points 

C Point X-Surf Y-Surf 
No. (ft) (ft) 

1 152.18 471. 98 
2 161.52 468.41 
3 171. 01 465.24 
4 180.61 462.45 
5 190.32 460.06 
6 200.12 458.06 
7 209.99 456.47 
8 219.92 455.29 
9 229. 89 454.51 

10 239.88 454.14 
11 249.88 454.18 
12 259.87 454.63 
13 269.84 455.49 
14 279.76 456.76 
15 289.62 458.43 
16 299.40 460.50 
17 309.09 462.97 
18 318.67 465.84 
19 328.12 469.09 
20 337.44 4 72. 73 
21 346.60 476.75 
22 355.58 4 81. 14 
23 364.38 485.89 
24 372.98 491. 00 
25 381.36 496.46 
26 389.51 502.25 
27 397.41 508.38 
28 405.06 514. 82 
29 412.44 521. 57 
30 419.53 528.61 

C 31 426. 34 535. 94 
32 428.09 538.00 

Circle Center At X = 243.9 ; y 698.3 and Radius, 244.2 
*** 1.046 *** 
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APPENDIX D 

PERMANENT DEFORMATION ANALYSIS 

MAKDISI-SEED PROCEDURE 

AND 

HYNES-GRIFFEN AND FRANKLIN PROCEDURE 

lj gai consultants 
transrorming ideas into reality,., 
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ESTIMATING PERMANENT DEFORMATIONS -
MAKDISI-SEED AND HYNES-GRIFFIN AND FRANKLIN METHODS 

POND CREEK COAL REFUSE DISPOSAL SITE - PHASE 7 DAM 

To estimate the permanent deformations of the Phase 7 Dam using the empirically
based Makdisi-Seed and Hynes-Griffin Franklin methods. 

METHODOLOGY: In accordance with the IDNR guidelines Part 3702 Dam and Safety Rules, GAi 
performed permanent deformation analyses of the Phase 7 Dam to estimate crest 
settlement using the empirically-based Makdisi-Seed and Hynes-Griffin Franklin 
methods. The analyses were required since the Phase 7 seismic factor of safety 
(Fs), pseudo-static slope stability analyses using a peak ground acceleration (PGA) 
= 0.54 g yielded a Fs of 0.51. The site PGA was obtained from the USGS National 
Seismic Hazard Mapping Project map for 2% Probability of Exceedance in 50 years. 

REFERENCES: 

The Makdisi-Seed method (Reference 8) uses the yield acceleration (Ky) of 0.18 
determined from pseudo-static slope stability analyses for a factor of safety of 1.0, 
the maximum spectral acceleration, and the fundamental period of the dam (To). 
The procedures outlined in the International Building Code (IBC) 2006, specifically 
Section 1613 Earthquake Loads are used to determine the maximum spectral 
acceleration. Based on the various data, design charts in Reference 8 provide 
estimates of permanent deformation. 

Alternatively, the Hynes-Griffin and Franklin (1984) method was also used to 
estimate permanent deformations of the Phase 7 dam. Hynes-Griffin and Franklin 
developed upper bound, mean plus one standard deviation and mean curves 
estimated for earthquake-induced slope displacements based on the results of 
Newmark analyses of 348 earthquake motions and six (6) synthetic acceleration 
time histories. 

Slope displacements are estimated using the conservative upper bound curve and 
the ratio of horizontal acceleration that reduces the factor of safety to 1.0, i.e., the 
yield acceleration (Ky) and the peak horizontal acceleration (PGA). 

1. Civil & Environmental Consultants, Inc. Report, "Permanent Deformation Evaluation, Pond Creek 
No. 1 Coal Refuse Disposal Site, South Cell Slurry lmpoundment, Johnston City, Williamson 
County, Illinois," January 23, 2008. 

2. Civil & Environmental Consultants, Inc. Report, "Abandonment Evaluation, Pond Creek No. 1 Coal 
Refuse Disposal Site, South Cell Slurry lmpoundment, Johnston City, Williamson County, Illinois," 
July 23, 2008. 
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3. Hynes-Griffin, M.E., Franklin, A.G. 1984, "Rationalizing the Seismic Coefficient Method," 
Miscellaneous Paper GL-84-3, US Army Corp of Engineers Waterways Experiment Station, 
Vicksburg, Mississippi. 

4. Illinois Department of Natural Resources, Office of Water Resources, Construction and 
Maintenance of Dams, Part 3702, Chapter IX. 

5. International Building Code 2006 and 2000. 

6. Kramer, S.L., 1996, "Geotechnical Earthquake Engineering," Prentice Hall Publishers. 

7. Hynes-Griffin, M.E., Franklin, A.G. 1984, "Rationalizing the Seismic Coefficient Method," 
Miscellaneous Paper GL-84-3, US Army Corp of Engineers Waterways Experiment Station, 
Vicksburg, Mississippi. 

8. Makdisi, F.I. and Seed, H.B., 1978, "Simplified Procedure for Estimating Dam and Embankment 
Earthquake Induced Deformations," Journal of the Geotechnical Engineering Division, ASCE, Vol. 
104, No. GT7, pp 849-867. 

9. Newmark, N.M., 1965, "Effects of Earthquakes on Dams and Embankments," Geotechnique 15, 
pp. 139-160. 

10. U.S. Department of Labor, Mine Safety and Health Administration, "Engineering and Design Manual, 
Coal Refuse Disposal Facilities, Chapter 7 Seismic Design: Stability and Deformation Analyses," May 
2009. 

ANALYSIS: 

In accordance with the IDNR guidelines Part 3702 Dam and Safety Rules, GAi performed pseudo-static 
slope stability analyses of tho Phase 7 Dam to dotormino tho seismic factor of safety (Fs) and yiold 
acceleration (Ky). A site PGA = 0.54 g obtained from the USGS National Seismic Hazard Mapping Project 
map for 2% Probability of Exceedance in 50 years was used in the Fs slope stability analyses. 

Table 1 - Refuse/Soil Properties Used in Pseudo-Static and 
Yield Acceleration Slope Stability Analyses 

Unit Friction 
Weights Angle Cohesion 

(Y1,Ys) ( cp) (c) 
Descriotion /net) (dearees) /nsf) Shear Strenath 

Coarse Coal Refuse 
130,140 33.7 0 Effective (Drained) (CCR) 

Fine Coal Refuse 
80,90 0 1,393 80% of Peak (Undrained) 

(FCR) 

Residual Soil 125,135 19.5 416 Total (Undrained) 
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The slope stability analyses resulted in a minimum factor of safety of 0.51 using a horizontal acceleration 
corresponding to the PGA value of 0.54g. Consequently, the results of the Phase 7 pseudo-static 
(seismic) slope stability analyses are not satisfactory, and thus a permanent deformation analysis is 
required per the IDNR guidelines. 

GAi subsequently performed yield acceleration slope stability analyses, which varied the input horizontal 
acceleration in PCSTABL until a Factor of Safety equal to 1.0 was achieved. Based on these analyses, a 
yield acceleration of 0.18g was iteratively determined for the Phase 7 Dam soil mass and the downstream 
critical failure surface. 

Hard copies of the input and output files for the Phase 7 pseudo-static slope stability analyses are 
attached. 

MAKDISI-SEED DEFORMATION ANALYSES 

Spectral Accelerations: (for use in calculating fundamental period) 

Using the IBC 2006 the maximum spectral acceleration for Williamson County, IL is as follows: 

0.2 second spectral response acceleration: Ss = 1.0 

1.0 second spectral response acceleration: S1 = 0.28 

Site Class: 

See IBC 2006 page 318 (attached) 

See IBC 2006 page 319 (attached) 

Site Class D from IBC 2006 Table 1613.5.2 was assumed based on a stiff residual soil profile and shear 
wave velocity between 600 and 1,200 feet per second (fps) determined from field testing at the Pond 
Creek site within the top 100 feet beneath the proposed Phase 7 Dam. 

Site Coefficients Fa and Fv: (for use in calculating fundamental period) 

From IBC 2006 Table 1613.5.3(1): Fa= 1.1 (Site Class D) 

From IBC 2006 Table 1613.5.3(2): Fv = 1.9 (Site Class D) 

Design Spectral Response Acceleration Parameters: (for use in calculating fundamental period) 

IBC 2006 Equation 16-37: Sms = Fa* Ss = 1.1 *1.0 = 1.1 g 

IBC 2006 Equation 16-38: Sm1 = Fv * S1 = 1.9*0.28 = 0.53g 

IBC 2006 Equation 16-39: Sos= 2/3 * Sms = 2/3*1.1 = 0.73g 

IBC 2006 Equation 16-40: So1 = 2/3 * Sm1 = 2/3*0.53 = 0.36g 

Note: Although Sos is larger than PGA (0.73g > 0.54g), 

USE PGA = 0.54g = amax (as required by IDNR) 
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From /BC 2000, and for the Phase 7 dam, it is assumed that the fundamental (predominant) period 

To= Ts= So1/Sos = 0.36/0.73 = 0.49 seconds 

Note: From the Phase 2 dynamic site response deformation analyses, the fundamental frequency of the 
Phase 2 soil column was about 4.4 hertz (Hz) or 1 / 4.4 = 0.23 seconds. 

USE To= Ts= 0.49 seconds (conservative) 

Deformation Estimate: From Makdisi-Seed (1978) Figure 16 and: 

Maximum Design Earthquake= M 8.0 (Reference 1); Assumed between M 7-1/2 and M 8-1/4 in Fig. 16 

Yield/Maximum Acceleration = ay/amax = 0.18g/0.54g = 0.33; 

ay=Ky = 0.18g and amax=PGA = 0.54g 

To= 0.49 seconds: 

From Figure 16 (attached), U/amax* To= 0.2 (approx.) 

Therefore, U = amax* To*0.2*32.2 = 0.54g*0.49sec.*0.2*32.2ft/sec2 = 1.7 feet 

U = 1.7 feet= 20 inches 

HYNES-GRIFFEN FRANKLIN DEFORMATION ANALYSES 

Based on the various data for the Phase 7 Dam and Pond Creek facility including: 

N = Ky= 0.18g; 

A = PGA = 0.54g; and, 

Figure 7 of Reference 3: 

Therefore, 

U = slope displacements - about 40 centimeters - 16 inches. 
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t; Phase 7 Permanent Deformation Analyses - Makdisi-Seed and 
Hynes-Griffin Franklin Methods 
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SHEET~ OF.::£:._ 
gai consultants 

C 

CONCLUSIONS 

Engineers • Geologists• Planners 
Environmental Specialists 

GAi has completed permanent deformation analyses of the Phase 7 Dam using empirically-based 
Makdisi-Seed and Hynes-Griffin Franklin methods, which yielded crest settlements of 20 and 16 inches, 
respectively. Further, Phase 2 deformations were previously estimated at 17 inches based on dynamic 
site response analyses and Newmark sliding block methods, which is consistent with the empirically
based analyses and estimates of Phase 7 Dam crest settlement. Therefore, the maximum Phase 7 Dam 
crest settlement of 20 inches compares favorably to an available freeboard of the Phase 7 Dam of 96 
inches above the Phase 7 maximum fines level. GAi notes that the failure surface impacts only a portion 
of the approximate 400-foot wide Phase 7 crest width, as shown in the slope stability results, which adds 
significantly to the downstream safety of the dam. 

Although permanent deformations are acceptable relative to the available freeboard, GAi recommends 
that the dam be thoroughly inspected following a seismic event to make observations and note any ground 
movement, scarps, sloughing, toe bulges, etc. on the exposed downstream and upstream slopes, 
increased piezometric groundwater levels, and any other issues that may suggest slope instability. 
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SEISMIC FACTOR OF SAFET AND YIELD ACCELERATION 
PSEUDO-STATIC SLOPE STABILITY ANALYSES RESULTS 
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STRUCTURAL DESIGN 

identified by the building official and that are the minimum necessary to assure safe living conditions. 
2. Any alteration of a historic simcture provided that the alteration will not preclude the structure's continued designation as a historic stmcture. 

1612.3 Establishment of flood hazard areas. To establish flood hazard areas, the governing body sball adopt a flood hazard map and supporting gata. The flood hazard map shall include, at ,i minimum, areas of special flood hazard as identified by the Federal Emergency Management Agency in an engineering report entitled "The Flood Insurance Study for [JNSERT NAME OF JURISDICTION]:' dated [1NSERT DATE OF ISSUANCE], as amended or revised with the accompanying Flood InsuranceRatell1ap (FJRM) and Flood Boundary and Flood way Map (FB,FM) and related _supporting data along with any.revisions thereto. The adopted flood hazard map and supporting data are hereby adopted by reference and declared io be part" of this section. 

1612.4Design and construction. The design and construction of buildings and structures located in flood hazard areas, inc)uding flood hazard areas subject to high yelocity wave action, shall be in accordance with ASCE 24. . · . 
1612.5 Flood hazard docnmentation. The following documentation shall be prepared and sealed by a registered design professional and submitted to the building official: 

1. For construction in flood hazard areas not snbject to high-velocity wave action: 
I.I. The elevation of the lowest floor, including the basement, as required by the lowest floor eleva-tion inspection in Section 109.3.3. · 
1.2. For fully enclosed areas below the design flood elevation where provisions to allow for the autos matic e11try and exit of floodwaters. do not meet I the minimum requirements in Secticm 2.6.2.1 of ASCE 24, constmcticin documents shall include a statement that the design will provide for equalization of hydrostatic flood forces in accordance I with Section 2.6.2.2 of ASCE 24. 

l02 

1.3. For dry flood proofed nonresidential buildings, construction documents shall include a statement that the d1y floodproofing is designed in accordance with ASCE 24. 
2. For construction in flood hazard areas subject to high-velocity wave action: 

2. I. The elevation of the bottom of the lowest horizontal structural member as required by the lowest floor elevation inspection in Section 109 .3 .3. 
2.2. Construction documents shall include a statement that the building is designed in accordance with ASCE 24, including tliat tl1e pile or colunm foundation and building or structure to be attached thereto is designed to be anchored to resist flotation, collapse and lateral movement due to the effects of wind and flood loads acting simultaneously on all building components, and other load requirements of Chapter 16. 

2.3. For breakaway walls designed to resist a nominal load ofless than 10 psf (0.48 kN/m2) or more than 20 psf (0.96 kN/m2), construction documents shall include a statement that the breakaway wall is designed in accordance with ASCE 24. 

SECTION 1613 
EARTHQUAKE LOADS 

1613.1 Scope. Eve1y structure, and portion thereof, including nonstructural components that are permanently attached to strnctures and their supports artd attachments, shall be designed and constructed to resist the effects of earthquake · m9tions in accordance with ASCE 7, excluding Chapter 14 and Appendix I IA. The_ seismic design category for a structure is permitted to be determined in accordance with Section 16_13 C>r ASCE7. . . .. ' 
Exceptions: 

1. Detached one- andtw9-fai:rrily dwellings, assigned tci . Seismic Design Category A,B 6r C, orlocatefi w)le,e the iµapped short-period spectr·al response accelera, tion, Ss, ts less than o.4·g. · . · · : .. 
2. The seismic-force-resisting system of wood-frame buildings that conform to _the provisions of Sectic,n 23d8 are not required to be analyzed as specified in this section. 
3. Agricultural storage structures intended only for incidental human occupancy. 
4. Structures that require special consideration of their response characteristics and environment that are not addressed by this code or ASCE 7 and for which other regulations provide seismic criteria, such as vehicular bridges, electrical transmission towers, hydraulic structures, bUried utility lines and their appurtenances and nuclear reactors. 

1613.2 Definitions. The following words and terms shall, for the purposes of this section, have the meanings shownherein. 
DESIGN EARTHQUAKE GROUND MOTION. The earthquake ground motion that buildings and structures are specifically propottioned to resist in Section 1613. 
MAXIMUM CONSIDERED EARTHQUAKE GROUND MOTION. The most severe earthquake effects considered by this code. 

MECHANICAL SYSTEMS. For the pmposes of determining seismic loads in AS CE 7, mechanical systems shall include plumbing systems as specified therein. 
ORTHOGONAL. To be in two horizontal directions, at 90 degrees (1.57 rad) to each other. 
SEISMIC DESIGN CATEGORY. A classification assigned to a structure based on its occupancy category and the severity of tl1e design earthquake ground motion at the site. 
SEISMIC-FORCE-RESISTING SYSTEM. That part of the str·uctural system that has been considered in the design to provide the required resistance to the prescribed seismic forces. 

2006 INTERNATIONAL BUILDING CODE® 
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SITE CLASS. A classification assigned to a site based on the 
types of soils present and their engineering properties as 
defined in Section 1613.5.2. 

SITE COEFFICIBNTS. The values of F, and F, indicated in 
Tables 1613.5.3(1) and 1613.5.3(2), respectively. 

1613.3 Existing buildings. Additions, alterations, modifica
tion, or change of occupancy of existing buildings shall be in 
accordance with Sections 3403.2.3 and 3406.4. 

1613.4 Special inspections. Where rcqnircd by Section 
1705.3, the statement of special inspections shall include the 
special inspections required by Section 1705.3.1. 

1613.5 Seismic ground motion values. Seismic ground 
motion values shall be determined in accordance with this sec
tion. 

1613.5.1 Mapped acceleration parameters. The parame
ters S, and S1 shall be determined from the 0.2 and ]-second 
spectral response accelerations shown on Figures 1613.5(1) 
through 1613.5(14). Where S1 is less than or equal to 0.04 
and S,is less than or equal to 0.15, the structure is permitted 
to be assigned to Seismic Design Category A. 

1613.5.2 Site class definitions. Based on the site soil prop
erties, the site shall be classified as either Site Class A, B, C, 

STRUCTURAL DESIGN 

D, E or Fin accordance with Table 1613.5.2. When the soil I 
properties are not known in sufficient detail to determine the 
site class, Site Class D shall be used unless the building offi
cial or geotechnical data determines that Site Class E or F 
soil is likely to be present at the site. 

1613.5.3 Site coefficients and adjusted maximum con
sidered earthquake spectral response acceleration 
parameters. The maximum considered earthquake spectral 
response acceleration for short periods, S Ms, and at ] -second 
period, SM1, adjusted for site class effects shall be deter
mined by Equations 16-37 and 16-38, respectively: 

where: 

(Equation 16-37) 

(Equation 16-38) 

F, = Site coefficient defined in Table 1613.5.3(1). 

F, = Site coefficient defined in Table 1613.5.3(2). 

S8 = The mapped spectral accelerations for short periods 
as determined in Section 1613.5.1. 

S1 = The mapped spectral accelerations for a ] -second 
period as determined in Section 1613.5.1. 

TABLE 1613.5.2 
SITE CLASS DEFINITIONS 

AVERAGE PROPERTIES IN TOP 100 feet, SEE SECTION 1613.5.5 
SITE SOIL PROFILE 

CLASS NAME Soil shear wave velocity, i7 5 , (ft/s) Standard penetration resistance, N Soll undrained shear strength, Su, (psf) 

A -Har-0 rock vs> 5,000 NIA NIA 

B Rock 2,soo <v, ,; s,ooo NIA NIA 

C 
Very dense soil and soft 1,200 <v, ,; 2,soo N>50 s,, 2: 2,000 rock 

D Stiff soil profile 600 < v, < 1,200 15 <N<so 1,000 < s,, < 2,000 

E Soft soil profile vs< 600 N < 15 s,, < 1,000 

Any profile with more than 10 feet of soil having the following characteristics: 

1. Plasticity index Pl> 20, 
E - 2. Moisture content w :2:'. 40%, and 

3. Undrained shear strength S
1
, < 500 psf 

Any profile containing soils having one or more of the following characteristics: 
1. Soils vulnerable to potential failure or collapse under seismic loading such as liquefiable 

soils, quick and highly sensitive clays, collapsible weakly cemented soils. 

F - 2. Peats and/or highly organic clays (H > 10 feet of peat and/or highly organic clay where 
H = thickness of soil) 

3. Very high plasticity clays (H >25 feet with plasticity index Pl >75) 

4. Very thick soft/medium stiff clays (H > 120 feet) 

For SI: 1 foot= 304.8 mm, I square foot= 0.0929m2, l pound per square foot= 0.0479 kPa. NIA= Not applicable 

2006 INTERNATIONAL BUILDING CODE® 303 
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TABLE 1613.5.3(1) 
VALUES OF SITE COEFFICIENT F,' 

SITE MAPPED SPECTRAL RESPONSE ACCELERATION AT SHORT PERIOD 

CLASS ss :s 0.25 S6 = 0.50 S5 =0.75 S5 = 1.00 

A 0.8 0.8 0.8 0.8 0.8 

B 1.0 1.0 1.0 1.0 1.0 

C 1.2 1.2 1.1 1.0 1.0 

D 1.6 1.4 1.2 1.1 1.0 

E 2.5 1.7 1.2 0.9 0.9 

F Note b Noteb Noteb Noteb Noteb 

a. Use straight-line interpolation for intermediate values of mapped spectral response acceleration at short period, Ss. ; 
I b. Values shall be detennined in accordance with Section 11.4.7 of ASCE 7. · 

TABLE 1613.5.3(2) 
VALUES OF SITE COEFFICIENT F,' 

SITE MAPPED SPECTRAL RESPONSE ACCELERATION AT 1 -SECOND PERIOD 

CLASS S1$0.1 S1 =0.2 S1= 0.3 S1 =0.4 S1 ;;;:o.5 ; 

A 0.8 0.8 0.8 0.8 0.8 

B 1.0 1.0 1.0 1.0 1.0 

C 1.7 1.6 1.5 1.4 1.3 

D 2.4 2.0 1.8 1.6 1.5 

E 3.5 3.2 2.8 2.4 2.4 

F Noteb Noteb Noteb Note b Noteb 

a. Use straight-line interpolation for intennediate values of mapped spectral response acceleration at I-second period, S
1
• 

■ b. Values shall be determined in accordance with Section 11.4.7 of ASCE 7. 

304 

1613.5.4 Design spectral response acceleration parame
ters. Five-percent damped design spectral response acceler
ation at short periods, S DS, and at 1-second period, SDI, shall 
be determined from Equations 16-39 and 16-40, respec
tively: 

(Eqnation 16-39) 

(Equation 16-40) 

where: 

Sus = The maximum considered earthquake spectral 
response accelerations for short pedod as deter
mined in Section 1613.5.3. 

Su1 = The maximum considered earthquake spectral 
response accelerations for 1-second period as deter
mined in Section 1613.5.3. 

1613.5.5 Site classification for seismic design. Site cl 
fication for Site Class C, D or E shall be determined 
Table 1613.5.5. 

The notations presented below apply to the upper 100 
(30 480 mm) of the site profile. Profiles containing . 
tioctly different soil and/or rock layers shall be subdivi9 
into tl1ose layers designated by a number that ranges fro,; 
ton at the bottom where there is a total of n distinct layers 
the upper l00feet(30 480 mm). The symbol i thenrefer1 
any one of the layers between 1 and n. 
where: 

v,1 = The shear wave velocity in feet per second (m/s\:, 

d1 = The thickness of any layer between 0 and 100 feet ( 
480mm). 

where: 

®--~--
2006 INTERNATIONAL BUILDING CODE i, 
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r 
I 

I 

" L d; = l 00 feet (30 480 mm) 
i=l 

N; is the Standard Peneh·ation Resistance (ASTM D 
1586) not to exceed 100 blows/foot (305 mm) as directly 
measured in the field without corrections. When refusal is 
met for a rock layer,_N, shall be taken as 100 blows/foot (305 
mm). 

id; 
fv=_l::!.__ 

f-=i 
i=l Ni 

(Equation 16-42) 

where N, and d; in Equation 16-42 are for cohesionless 
soil, cohesive soil and rock layers. 

- d 
Nch =--'-f 5-

i=:1Ni 

(Equation 16-43) 

where: 
m 

}:;d; =d, 
i=l 

STRUCTURAL DESIGN 

k = The numberofcohesive soil layers in the top 100 feet I 
(30480 mm). 

PI= The plasticity index, ASTM D 4318. 
w = The moisture content in percent, ASTM D 2216. 

\Vhere a site does not qualify under the cliteria for Site I 
Class F and there is a total thickness of soft clay greater than 
10 feet (3048 mm) where a soft clay layeris defined by: s,, < 
500 psf (24 kPa), w 2c 40 percent, and PI> 20, it shall be clas
sified as Site Class E. 

The shear wave velocity for rock, Site Class B, shall be 
either measured on site or estimated by a geotechnical engi
neer or engineering geologist/seismologist for competent 
rock with moderate fracturing and weathering. Softer and 
more highly fractured and weathered rock shall either be 
measured on site for shear wave velocity or classified as Site 
Class C. 

I Used; and N, for cohesionless soil layers only in Equation 
16-43. . 

'I., r 

The hard rock categ01y, Site Class A, shall be supported 
by shear wave velocity measurements either bn 'Site _or on 
profiles of the same rock type in the same formation with an 
equal or greater degree of weathering and fracturing. Where 
hard rock conditions are known to be continuous to a depth 
of 100 feet (30 480 mm), snrficial shear wave velocity_mea
surements are permitted to be extrapolated to assess v,. 

The rock categories, Site Classes A and B, shall not be 
used if there is more than 10 feet (3048 mm) of soil between 
the rock surface and the bottom of the spread footing or mat 
foundation. 

d, = The total thickness of eohesionless soil layers in the 
top 100 feet (30 480 mm) . . , 

I m = The number of cohesionless soil layers in the top 100 
feet (30 480 mm). 1613.5.5.1' Steps for classifying a site. 

I 

s,,; = The undrained shear strength in psf (kPa), not to 
exceed 5,000 psf (240 kPa), ASTM D 2166 or D 
2850. 

where: 
k 

}:;d; = d, 

(Eqnation 16-44) 

d, = The total tl1iekness of cohesive soil layers in the top 
100 feet (30 480 mm). 

TABLE 1613.5.5 

1. Check for the four categolies of Site Class F requir
ing site-specific evaluation. If the site corresponds 
to any of tl1ese categolies, classify the site as Site 
,Class F and conduct a site-specific evaluation. 

2. Check for the existence of a total thickness of soft 
clay> 10 feet (3048 1mn) where a soft clay layeris 
defined by: ;,, < 500 psf (24 kPa), w 2c 40 percent 
and PI> 20. If these criteria are satisfied, classify 
the site as Site Class E. 

3. Categorize the site using one of the following three 
methods with vs , N, and s11 and computed in all 
cases as specified. 

SITE CLASSIFICATION' · 
-SITE CLASS v. j:j orfiich '" E < 600 ft/s < 15 < 1,000 psf 

D 600 to 1,200 ft/s 15 to 50 1,000 to 2,000 psf 
C 1,200 to 2,500 ft/s >50 >2,000 

For SI: 1 foot per second= 304.8 mm per second, 1 pound per square foot= 0.0479kN/m2. 
a. If the S,,method is used and the Nd,and S,,criteria differ, select the category with the softer soils (for example, use Site Class E instead of D). 

2006 INTERNATIONAL BUILDING cooE® 
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3 .1. v, for the top 100 feet (30 480 mm) (v, 
method). 

3.2. Nc1, for the top 100 feet (30 480 mm) (N 
method). 

3.3. N for cohesionless soillayers (Pl< 20) in 
the tQ)2 100 feet (30 480 mm) and aver
age, s,, for cohesive soil layers (PI> 20) 
in the top 100 feet (30 480 mm) ( s,, 
method). 

1613.5.6 Determination of seismic design category. 
Occupancy Category I, IT or ill structures located where the 
mapped spectral response acceleration parameter at I -sec
ond period, Sz, is greater than or equal to 0.75 shall be 
assigned to Seismic Design Category E. Occupancy Cate
gory N stmctures located where the mapped spectral 
response acceleration parameter at I-second period, Si, is 
greater than or equal to 0.75 shall be assigned to Seismic 
Design Category F. All other structures shall be assigned to 
a seismic design categ01y based on their occupancy cate
gory and the design spectral response acceleration coeffi
cients, SDs and Sm, determined in accordance with Section 
1613.5.4 or the site-specific procedures of ASCE 7. Each 
building and structure shall be assigned to the more severe 
seismic design category in accordance with Table 
1613.5.6(1) or 1613.5.6(2), irrespective of the fundamental 
period of vibration of the structure, T. 

TABLE 1613.5.6(1) 
SEISMIC DESIGN CATEGORY BASED ON 

SHORT-PERIOD RESPONSE ACCELERATIONS 

OCCUPANCY CATEGORY 
VALUE OF S0s I orll Ill 

Sns<0.167g A A 
0.167g < SDs< 0.33g B B 
0.33g < SDS < 0.50g C C 

0.50g<SDS D D 

TABLE 1613.5.6(2) 
SEISMIC DESIGN CATEGORY BASED ON 

1-SECOND PERIOD RESPONSE ACCELERATION 

OCCUPANCY CATEGORY 
VALUE OF S01 I or II JII 

SDI<0.067g A A 
0.067g <SDI< 0.133g B B 

0.133g <SDI< 0.20g C C 

0.20g<Sm D D 

JV 

A 

C 

D 

D 

IV 

A 

C 

D 

D 

1613.5.6.1 Alternative seismic design category deter
mination. Where S, is less than 0.75, the seismic design 
category is permitted to be determined from Table 
1613.5.6(1) alone when all of the following apply: 

l. In each of the two orthogonal directions, the 
approximate fundamental period of the structure, 
T., in each of the two orthogonal directions deter
mined in accordance with Section 12.8.2.1 of 
ASCE 7, is less than 0.8 T, determined in accor
dance with Section 11.4.5 of A,SCE 7. 

2. In each of the two orthogonal directions, the fun
damental period of the structure used to calculate 
the story drift is less than T,. 

3. Equation 12.8-2 of ASCE 7 is used to determine 
the seismic response coefficient, Cs. 

4. The diaphragms are rigid as defined in Section 
12.3.l in ASCE 7 or for diaphragms that are flexi
ble, the distance between vertical elements of the 
seismic-force-resisting system does not exceed 40 
feet (12 192 mm). 

1613.5.6.2 Simplified design procedure. Where the 
alternate simplified design procedure of ASCE 7 is used, 
the seismic design category shall be determined in accor
dance with ASCE 7. -16.13.6 Alternatives to ASCE 7. The provisions of Section 

1613.6 shall be permiited as alternatives to the relevant provi
sions of ASCE 7. 

1613 .. 6.1 Assumption of flexible diaphragm. Add the fol
lowing text at the end of Section 12.3.1.1 of ASCE 7: 

Diaphragms constructed of wood structural panels or 
untapped steel decking shall also be permitted to be ideal
ized as flexible, provided all of the following conditions are 
met: 

1. Toppings of concrete or similar materials are not 
placed over wood structural panel diaphragms except 
for nonstructural toppings no greater than 11/ 2 inches 
(38 mm) thick. 

2. Each line of vertical elements of the lat
eral-force-resisting system complies with the allow
able story drift of Table 12.12-1. 

3. Vertical elements of the lateral-force-resisting system 
are light-framed walls sheathed with wood structural 
panels rated for shear resistance or steel sheets. 

4. Portions of wood structural panel diaphragms that 
· cantilever beyond the vertical elements of the lat

eral-force-resisting system are designed in accor
dance with Section 2305.2.5 of the International 
Building Code. 

2006 INTERNATIONAL BUILDING CODE® 
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1613.6.2 Additional seismic-force-resisting systems for 
seismically isolated structures. Add the following excep
tion to the end of Section 17.5.4.2 of ASCE 7: 

Exception: For isolated structures designed in accor
dance with this standard, the Structural System Limita
tions and the Building Height Limitations in Table 
12.2-1 for ordinary steel concentrically braced frames 
(OCBFs) as defined in Chapter 11 and ordinary moment 
frames (OMFs) as defined in Chapter 11 are pennitted to 
be taken as 160 feet (48 768 mm) for strnctures assigned 
to Seismic Design Category D, E or F, provided that the 
following conditions are satisfied: 

1. The value of R1 as defined in Chapter 17 is taken as 
1. 

2. For OMFs and OCBFs, design is in accordance 
with AlSC 341. 

2006 INTERNATIONAL BUILDING CODE® 

STRUCTURAL DESIGN 

307 



R
15521

~ 
~ 

"' 0 
0 

"' z 
-l rn 
:JJ 

"' )> 
::! 
0 

"' )> 
r 
Cl 
C 
;= 

" z 
G) 

() 
0 

" rn., 

""'[ J l)o/)27
~ \ JJ~i L~ Y" ' 

~-, -· } 

"" 

lib -1 ~I ' I ~..-:::il \ Yr I / 1 k, jQ I I 13"' 

!l.."' .,. ~·· ~·· 87" 

rn· u 100 MILES 

,oo u 100 KlLOMEltRS 

FIGURE 1613.5(7) 

fi,,Jt? 
Cri '-t"

~, r~ 

MAXIMUM CONSIDERED EARTHQUAKE GROUND MOTION FOR REGION 3 OF 

Explanation 

Contour inlcrvnls, $ g 

-200-

-175-

-1so-
-12S-

-100-

-~-
-oo-
-ro-
-60-

-50-,-.. 

-~-_,, __ 
-30-

-S--_,,, _ __ ,, __ __ ,. _ __ , __ __ , __ 
N,,1t:conlow.'lan,im,gul:ulySf<lccl 

k,,~.,>:,;i 

+ 
" 

-10-

.......... 1ow...u.. 

A=.swill,.aa,flStl:ot,p:clr.tl 
,..pomeaecel=lionoflSO% g 

l'oii,tval,.,,ofsp,c!nl,eq,,rne. 
aw:lomtion~ os a peJWUt 
or gravity 

ClnUnllS ofsp:,clr.tl ""pan;c 

~~~~a:x:t,r.:t:=1 

di=tionofdea=ingvaloes. 

DISCUSSION 

RefertathcnnpofMarlnmrnComid=!Elrt!.juai,,Groum 
Motion fortbcCooiemiinom UniiecStii.s of0.2= Spi:<:llal 
RespomeA=krnlion{Hgun,161!..S(!})fordisc=ionnnd 

"'= 

Indc~11<1psbowingl=tlwohllrly0tta 

0.2 SEC SPECTRAL RESPONSE ACCELERATION (5% PERCENT OF C_RITICAL DAMPING), SITE CLASS B 

CJ: 

:r: 
C 
~ 

C 

"' )> 
r 
C" 
n; 
u, 
f, 

"' 



R
15522

"' 0 
0 
m 
z 
rri 
:,:, 
z 
~ 
0 
$; 
r 
OJ 
C 
;= 
a z 
G) 

8 
a m., 

~ 
"' 

• ,. ... "---;ri--~t::.i;::~s:?-r1=kFf=t-F~-~~~~~;r,··: ""r 1 I L ·~...,-' 7_ '? I I , ' 

;~ --, \...., l.,1( . . 

/r ·rn,r,.. '_J - 0 / 
1 'I \ .- I i ·,: ,:- s ,,\.; 

~ 
Ja• - J 

W-Y J I f' I q-< I - ~ _,.)""==-( I J~• 

\ 
"'I~--., '7\,~~?Diy L71i/L 1

1 ~✓ ) j I"' 
'-._,,.-·· .... --r.:..... 

~~I_JJ..<'_L/-1--./ "'· 
I 

",~•r.["~1 (1-b I 1--Jr==Jbl I, I U, I I I,, - . - . 
100 0 100 MILES 

100 0 100 KILOMETERS 

Po ,-11> 

C ii-'(:;/<., 

S',re 

Exp~'ID3tion 

Conlour inlennls, % g 

-1so-
-12S-

-100-

-90-

-75-

-60-

-50.:...._ 

-~-
-30-

-z-
-20-__ ,, _ __ ,._ 
--•-__ , __ 
--•-__ , __ 
--o--

Nole: conlou,nmimguLulys!'locd 

1,.,,.,:,,,,1 

+ 
" 

-10-

u....i...,..10'-'-'-'-

A=wi~•~corntantsp,ctr:,J 
=p:,n,o >=lcr.,tion of 600. g 

futlltw!uoofspeotrallCSf<lnse 
ao.:elemtionexp,=rom a p::n:cnt 
ofgr.ivity 

Colllowsofsp:,etralrcspmse 

~·::~~p,~:fu= 
dm:c:tiooofdcc.=lngw.luc.<. 

DISCUSSION 
Rof.!rlO!hcroapofM,uimumComhlc<l'dEmbq~Gmund 

Motionfortl,e Con1olUUnom Uni!cd.Sbtcs ofl.OsecSp::ct,.ll 
lle,;pornc, Al:ccler.ition (Figun, 1613.5(2)) fordisell<5ion Md 
i,,fe,e,.,,._ 

FIGURE 1613.5(8} Indc.>:mop,bowingkic:ltionohlmy=a 

MAXIMUM CONSIDERED EARTHQUAKE GROUND MOTION FOR REGION 3 OF 
1.0 SEC SPECTRAL RESPONSE ACCELERATION (5% OF CRITICAL DAMPING), SITE CLASS B 

~ 
C 

:l 
C 
:,:, 
:,, 
r 
0 
m 
(/) 

z; 
z 



R15523
(2.ooe> J 

STRUCTURAL DESIG°N TABLE 1615.1.2(1) - FIGURE 1615.1.4 

TABLE 1615.1.2(1) 
VALUES OF SITE COEFFICIENT F, AS A FUNCTION OF SITE CLASS 

AND MAPPED SPECTRAL RESPONSE ACCELERATION AT SHORT PERIODS (S.,)' 

SITE MAPPED SPECTRAi:. RESPONSE ACCELERATION AT SHORT PERIODS 

CLASS S~S 0.25 s!/ -o.so S5 = 0.75 S5 = 1.00 

A 0.8 0.8 0.8 0.8 
B l.O 1.0 1.0 1.0 
C 1.2 l.'.:! 1.1 1.0 
D 1.6 1.4 1.2 1.! 
E 2.5 1.7 1.2 0.9 
F Noteb Note b Noteb Noteb 

a. Use ;;.craight line interpolation for intermediate values of mapped spectral acceleration at short period, S.r. 
b. Site-specific geoteclmical investigarion and dynamic site response analyses shall be performed to detemiine appropriate values. 

TABLE 1615.1.2(2) 
VALUES OF SITE COEFFICIENT FvAS A FUNCTION OF SITE CLASS 

AND MAPPED SPECTRAL RESPONSE ACCELERATION AT 1-SECOND PERIOD (S )' 
' 

SITE MAPPED SPECTRAL RESPONSE ACCELERATION AT SHORT PERIODS 

CLASS R~0.1 S1 =D.2 s.- 0.3 S1 = 0,4 

A 0.8 0.8 0.8 0.8. 
B J.O 1.0 1.0 1.0 
C 1.7 1.6 1.5 1.4 

D 2.4 2.0 1.8 1.6 
E 3.5 3.2 2.8 2.4 

F Noteb Noteb Note b Noteb 

a. Use straight line interpolation for intennediate values of mapped spectral acceleration at 1-second period, S
1
• 

b. Site-specific geotechnii::al investigation c.nd dynamic site response analyses shall be performed to detem1ine appropriate values. 

3. For periods greater than Ts, the design spectrnl re
sponse acceleration, S,, shall be given by Equation 16-
21. 

s = SDI 
" T 

where: 

(Equation 16-20) 

(Equation 16-21) 

The design spectral response acceleration at short 
periods as determined in Section 1615.1.3. 

The design spectral response accelermion at l sec
ond period as determined in Section 1615. l.3. 

T = Fundamental perioc.i (in )ccc,nd:,;) (lf che '-itructun.: 
(Section 16!7A.2!. 

lj'fC~~~ 
lil.~~~~e ,Re~~sed or Inserted 1/31/2008 

Sos 

So, ! ' ,. 

! 
' ' ' ' ' 

To Ts 1.0 
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FIGURE 1615.1.4 
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Embankment Response Analysis 

21. Amplification of ground motions in the embankments may be examined 

by analysis of a shear-beam model of the embankment-foundation system. A 

closed-form solution has been obtained by Sarma (1979) for the problem illus

trated by Figure 8. The model considered is an untruncated triangular wedge 

of height h1 with a shear-wave velocity s
1 

and density p
1 

, underlain by 

/a foundation layer with thickness h2 , shear-wave velocity s
2 

, and density 

/P2 Both the wedge and foundation are linearly visco-elastic and have the 

,same damping ratio D . The earthquake motions are considered to be rigid-body 

13 
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EXECUTIVE SUMMARY 

Plans have been developed for the construction of a coarse and fine coal refuse disposal facility 

to be located near Johnston City in Williamson County, Illinois. The proposed Pond Creek 

facility will provide disposal capacity for both coarse and fine coal refuse produced by the Pond 

Creek Mine No. 1 coal preparation plant located approximately 0.25 mile to the west. The 

location of the site is just southwest of the intersection of Dwina Road and Dean Road and is 

shown on Figure 1. 

The design plans for the Phase 2 expansion of the Pond Creek facility, submitted under separate 

cover by Alliance Consulting, Inc. (Alliance) of Beckley, West Virginia, includes raising the 

embankment crest to Elevation (EL) 502 by constructing a coarse coal refuse embankment cell 

(South Cell). The corresponding minimum and maximum fine coal refuse slurry impoundment 

levels for the proposed South Cell are El. 474 and El. 496, respectively (along the Section A-A 

line shown in Figure 3). 

The Illinois De]Jailrneut of Natural Resources (IDNR) has required that a revised (seismic) slope 

stability analysis be performed for the South Cell using equivalent static load methods and the 

appropriate peak acceleration based on the Peak Ground Acceleration (PGA) for the 2% 

Probability of Exceedance in 50 Years maps from the USGS. If the required factor of safety is 

not met, i.e., a minimum factor of safety of 1.0 with seismic forces for the steady seepage 

condition, a permanent deformation evaluation should be completed and submitted for review 

before an IDNR/OWR permit can be issued. Accordingly, Civil & Environmental Consultants, 

Inc. (CEC) has revised the seismic slope stability analyses and the minimum factors of safety do 

not meet the required 1.0 safety factor criteria. Subsequently, CEC has performed and completed 

a detailed deformation evaluation of the proposed Pond Creek South Cell impoundment 

addressing relevant issues such as material characterizations, seismic hazard, induced cyclic 

shear stresses and permanent deformations. CEC was authorized and performed this evaluation 

in accordance with the Williamson Energy, LLC (Williamson) Purchase Order (P.O.) Number 

4175. 

R-072-046.03 January 2008 
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Permanent deformation analyses indicated that the South Cell is NOT susceptible to adverse 

post-earthquake permanent deformations. These conclusions are based on the results of high 

quality field testing and detailed seismically-related engineering and deformation analyses in 

both the upstream and downstream directions. 

CEC, in cooperation with ConeTec, Inc. (ConeTec) developed and implemented a detailed field 

testing program, which utilized the most recent advances in piezo-seismic cone penetration 

testing (PS-CPT) to obtain a significant volume of credible field test results of the existing coarse 

coal refuse and residual soil materials at depth. 

A probabilistic seismic hazard assessment (PSHA) was performed utilizing the 2002 USGS 

Earthquake Hazards Program, Interactive Deaggregation Maps (Frankel, 2002), specifically the 

2% Probability of Exceedance in 50 Years recurrence interval to select the maximum design 

earthquake (MDE) and estimate the corresponding PGA for the Pond Creek site. A PGA value 

of 0.54g was estimated for two (2) controlling maximum design earthquake (MDE) events, 

including a magnitude (M) 8.0 New Madrid, Missouri regional earthquake located 83 kilometers 

(km) from the site, and a M6.8 Background earthquake located 13.5 km from the site, 

respectively. 

Post-earthquake permanent deformation analyses were performed to estimate the anticipated 

maximum crest settlements for the two (2) MDE events. Based on the results of these analyses, 

the estimated maximum deformations are about 17 inches (1.4 feet) for both MDE scenarios. 

The relatively small deformations are attributable to the low frequency embankment response as 

compared to the predominantly higher frequency content of the applicable synthetic MDE 

acceleration time histories created for the Pond Creek site from eastern North American (ENA) 

earthquake ground motion attenuation (OMA) relationships. Given the minimum available 

freeboard of 6 feet, the post-earthquake deformations of 1.4 feet do not pose a threat to the 

integrity of the South Cell geometry. 

R-072-046.03 January 2008 
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Therefore, it is CEC' s opinion the Pond Creek South Cell impoundment can be operated up to 

the proposed geometry with no appreciable risk of a release of tailings downstream or upstream 

due to permanent deformations expected from any site specific MDE event. It is also understood 

the Pond Creek facility will be operated with an impoundment level at the lowest practical 

elevation except during periods of intense rainfall. Analyses were not performed for the 

simultaneous occurrence of intense rainfall and an MDE due to the low probability of both events 

occurring at the same time. 

R-072-046.03 January 2008 
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1.0 INTRODUCTION 

Plans have been developed for the construction of a coarse and fine coal refuse disposal facility 

to be located near Johnston City in Williamson County, Illinois. The proposed Pond Creek 

facility will provide disposal capacity for both coarse and fine coal refuse produced by the Pond 

Creek Mine No. 1 coal preparation plant located approximately 0.25 mile to the west. The 

location of the site is just southwest of the intersection of Dwina Road and Dean Road and is 

shown on Figure 1. 

The design plans for the Phase 2 expansion of the Pond Creek facility, submitted under separate 

cover by Alliance Consulting, Inc. (Alliance) of Beckley, West Virginia, includes raising the 

embankment crest to Elevation (EL) 502 by constructing a coarse coal refuse embankment cell 

(South Cell). The corresponding minimum and maximum fine coal refuse slurry impoundment 

levels for the proposed South Cell are El. 474 and El. 496, respectively (along the Section A-A 

line shown in Figures 2 and 3). 

1.1 BACKGROUND AND AUTHORIZATION 

The Illinois Department of Natural Resources (IDNR) has required that a revised (seismic) slope 

stability analysis be performed for the South Cell using equivalent static load methods and the 

appropriate peak acceleration based on the Peak Ground Acceleration (PGA) for the 2% 

Probability of Exceedance in 50 Years maps from the USGS. 1f the required factor of safety is 

not met, i.e., a minimum factor of safety of 1.0 with seismic forces for the steady seepage 

condition, a permanent deformation evaluation should be completed and submitted for review 

before an IDNR/OWR permit can be issued. 

Accordingly, Civil & Environmental Consultants, Inc. (CEC) has revised the seismic slope 

stability analyses and the minimum factors of safety do not meet the required 1.0 safety factor 

c1iteria. Subsequently, CEC performed and completed a detailed deformation evaluation of the 

proposed South Cell impoundment addressing relevant issues such as material characterizations, 

R-072-046.03 -1- January 2008 
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seismic hazard, induced cyclic shear stresses and permanent deformations. CEC was authorized 

and performed this evaluation in accordance with the Williamson Energy, LLC (Williamson) 

Purchase Order (P.O.) Number 4175. 

1.2 SEISMIC DESIGN AND ANALYSIS METHODOLOGY 

The permanent deformation analyses performed by CEC for the proposed South Cell facility uses 

well-established field testing and analytical procedures developed by highly specialized and 

experienced authors. Pertinent references are cited throughout this report and a list of references 

is attached. 

1.3 SCOPE OF SERVICES 

In general, the scope of services performed by CEC for the South Cell included performing 

highly specialized cone penetration field testing, characterizing the coal refuse and residual soil 

materials, assessing seismic hazard, estimating induced cyclic shear stresses, evaluating yield 

accelerations, and estimating permanent deformations. More specifically, CEC's scope of 

services included: 

1. Developing and implementing a detailed field testing program, which utilized the most 

recent advances in cone penetration testing (CPT) to obtain a significant volume of 

credible field test results of the available coarse refuse and underlying clayey/sandy 

residual soil materials, including: 

a. Piezo-seismic cone penetration testing (PS-CPT) at 15 sounding locations shown in 

Figure 2. PS-CPT obtains a continuous profile of tip stress, sleeve stress and pore

pressure to measure in-situ the consistency of the existing materials, and correlate 

field data to numerous in-situ static parameters. Also, PS-CPT measures shear wave 

velocities (at approximate 3-foot intervals) to correlate in-situ dynamic properties of 

the refuse and soil materials with depth; 

R-072-046.03 -2- January 2008 
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2. A probabilistic seismic hazard assessment (PSHA) developed specifically for the Pond 

Creek site, which utilized the 2002 USGS Earthquake Hazards Program, Interactive 

Deaggregation Maps (Frankel, 2002) and the 2% Probability of Exceedance in 50 Years 

recurrence interval for the site coordinates, and evaluated both local and regional seismic 

source contributions. Based on the interactive deaggregation plots, the PSHA for the 

Pond Creek facility included contributions from two (2) Maximum Design Earthquake 

(MDE) scenarios: a high magnitude (M) 8.0 earthquake associated with a New Madrid, 

Missouri earthquake event located approximately 83 kilometers (km) from the site, and a 

smaller, M6.8 Background earthquake located about 13.5 km from the site. The USGS 

MS.0 and M6.8 MDE earthquake scenarios yielded a corresponding PGA of 0.54g for the 

site. Time histories and PGAs from both MDE events were used in the various seismic 

shear stress and deformation analyses to evaluate the response of the Pond Creek facility 

to the PGA, duration und frequency content. 

3. Revising pseudo-static seismic slope stability analyses, and estimating yield accelerations 

and permanent deformations (crest settlements) as a function of time-history horizontal 

shear stresses generated within the embankment mass due to the anticipated MDE events 

and shear moduli developed from in-situ shear wave velocities measured during PS-CPT. 

Permanent deformation analyses included the use of stochastic modeling based on the 

published predictive relations of Atkinson and Boore (1995) and the program SIMSM 

(Boore, 1996) to create a synthetic acceleration-time history for each MDE scenario 

consistent with the most recent advances in development of eastern North American 

(ENA) earthquake response. The source ground motion was estimated using published 

criteria, such as moment magnitude, epicentral distance, focal depth, etc. The resulting 

synthetic time-histories are representative of the current state-of-the-art understanding for 

ENA earthquakes, as opposed to the previously used western United States (U.S.) 

earthquakes, which drastically differ in frequency content and source-distance attenuation 

relationships. Additionally, as a comparison, a western U.S. earthquake record from a 
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1989 Loma Prieta, California M6.9 earthquake and corresponding acceleration time

history was used to evaluate the site response (response spectra). Both the M6.8 

Background and M6.9 Loma Prieta earthquakes response spectra were compared to 

five (5) published ENA and Central United States (CEUS) ground motion attenuation 

(GMA) relationships and corresponding response spectra to assess the reasonableness of 

the ENNCEUS versus western U.S. earthquake record response. 

4. Finally, based on the results of the aforementioned analyses, drawing conclusions 

regarding the likelihood of excessive downstream or upstream deformations resulting in 

overtopping of the South Cell crest due to the MDE events at the Pond Creek facility. 

The following sections of this report include generalized descriptions of the existing conditions, 

CEC' s understanding of the proposed coal refuse disposal plan, detailed descriptions of the field 

testing programs and subsu1face conditions encountered at the Pond Creek site. Also presented 

are summaries of the analytical techniques and results of the material characterizations and 

various permanent deformation analyses. Figure 1 presents a site location map, Figure 2 presents 

the PS-CPT sounding plan and Figure 3 presents the Cross-Section A-A, Pond Creek South Cell 

embankment geometry and results of the yield acceleration analysis. Appendices A through D 

present supporting information including detailed calculation briefs for the various field and 

analytical procedures discussed herein. 
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2.0 EXISTING CONDITIONS AND COAL REFUSE DISPOSAL PLAN 

2.1 EXISTING CONDITIONS 

The proposed coal refuse disposal facility is located approximately seven (7) miles northeast of 

Johnston City, Illinois. The embankment is situated southwest of the intersection of Dwina Road 

and Dean Road. The Pond Creek Mine No. 1 coal preparation plant is located approximately 

0.25 mile west of the embankment. 

CEC understands the proposed South Cell impoundment area was previously used for 

agricultural purposes. Based on our observations, the area has relatively flat to mild slopes to the 

ridgeline at approximate EL 572. The surrounding landscape is characterized by extensive 

agricultural and rural residential land use. 

2.2 COAL REFUSE EXPANSION PLAN 

The Pond Creek disposal plan, as prepared by Alliance, provides for the disposal of 

approximately 1.6 years of coarse coal refuse and 3.2 years of fine coal refuse based on 

production rates provided by Williamson. The facility shall be constructed in two (2) phases 

consisting of an excavated starter cell (Phase 1) and a downstream coarse coal refuse 

embankment (Phase 2). 

CEC understands, based on information provided by Alliance, that the proposed plan raises the 

crest to EL 502 by constructing a coarse coal refuse embankment. CEC also understands that the 

proposed plan was prepared in accordance with prudent engineering principles and practices, and 

interpretation of current Mine Safety and Health Administration (MSHA) and IDNR design 

criteria for coal refuse disposal facilities. 

R-072-046.03 -5- January 2008 



R15543

3.0 GEOTECHNICAL FIELD INVESTIGATIONS 

3.1 GENERAL 

CEC developed and implemented a subsurface exploration plan including performing a total of 

15 PS-CPT soundings at the Pond Creek site on October 30 and 31, 2007 at the approximate 

locations shown in Figure 2. PS-CPT was performed by ConeTec, Inc. (ConeTec) of West 

Berlin, New Jersey using a 25-ton, unitized, track-mounted cone penetration rig. PS-CPT was 

also performed under the observation and guidance of experienced CEC personnel. 

PS-CPT locations designated as CPT-1, CPT-2, CPT-2A, CPT-3, CPT-4, CPT-5, CPT-5A, 

CPT-5B, CPT-6, CPT-7, CPT-8, CPT-9, CPT-10, CPT-11 and CPT-12 were located by CEC 

within areas that included the proposed South Cell, North Central Cell and North Cell 

impoundment areas. CPT-2, CPT-2A, CPT-5, CPT-5A und CPT SB soundings were loGatect on 

an existing coarse coal refuse embankment, and were pushed through coarse refuse and the 

underlying residual soil. CPT-1, CPT-3, CPT-4, CPT-6, CPT-7, CPT-8, CPT-9, CPT-10, 

CPT-11 and CPT-12 were located throughout the facility at the approximate existing ground 

surface and were pushed exclusively through residual soil. 

A total of eight (8) soundings were considered most applicable to the Pond Creek South Cell 

including CPT-1, CPT-2, CPT-2A, CPT-3, CPT-4, CPT-5, CPT-5A and CPT-5B. Ground 

surface elevations of the soundings were provided by Williamson. The following presents a 

summary of the field testing, including the CPT sounding number, site coordinates, existing 

ground surface elevation, total depth, interpolated ground water depth and applicable slurry cell. 
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CPT 
No. 

CPT-1 

CPT-2 

CPT-2A 

CPT-3 

CPT-4 

CPT-5 

CPT-5A 

CPT-5B 

CPT-6 

CPT-7 

CPT-8 

CPT-9 

CPT-10 

CPT-11 

CPT-12 

Table 1: Summary of October 2007 CPT Soundings -

Pond Creek Coal Refuse Disposal Site 

Ground Total GWT 
Northing Easting Surface Depth Interpolated 

(ft) (ft) Elev.(ft) (ft) (ft) 

425784.32 358548.87 482.19 18.4 15.3 

426832.42 357857.50 494.21 45.3 38.8 

426828.92 358156.73 492.40 41.7 37.0 

426792.78 359207.80 466.98 22.2 11.1 

426331.10 360108.80 482.55 18.9 21.7 

427485.26 357913.86 482.55 49.2 34.4 

427607.60 357920.84 483.00 53.2 35.9 

4271'17.68 3583'13.06 479.90 39.7 7.8 0 

427450.46 358992.62 457.78 22.6 9.2 

427450.88 359850.00 457.83 . 16.7 9.2 

429006.12 358034.04 444.45 17.9 6.6 

429077.69 359026.20 445.68 22.0 7.8 

428965.83 359998.44 442.09 26.1 3.4 

430316.82 358810.96 440.59 27.6 11.4 

430141.83 359852.30 442.08 22.6 11.7 

Applicable 
Slurrv Cell 

South 

South, Central, 
North 

South, Central, 
North 

South 

South 

South, Central, 
North 

South, Central, 
North 

South, Central, 
North 

Central 

Central 

Central, North 

Central, North 

Central, North 

North 

North 

A summary of the PS-CPT operations prepared by CEC and the complete report of field test data 

and various parameter correlations prepared by ConeTec are presented in Appendix A, 

Attachments A-1 and A-2, respectively. Groundwater depths were interpolated by CEC between 

groundwater well data provided by Williamson. 
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I 
\ 3.2 FIELD TESTING PROCEDURES AND RESULTS SUMMARY 

3.2.1 In-Situ Piezo-Seismic Cone Penetration Testing 

Determining the dynamic response of the South Cell embankment and underlying residual soils 

requires knowledge of the subsurface material's dynamic properties to accurately predict the 

horizontal shear stresses and strains induced in the various materials by a given earthquake 

loading. Of particular significance in the dynamic evaluation is the distribution of density of the 

coal refuse materials with depth. The low-amplitude, small strain shear modulus (G) with depth 

is an important parameter for characterizing the behavior and response of a soil column during 

earthquake shaking. The shear modulus is a function of the in-situ shear wave velocity estimated 

at the site with depth and was obtained in the field utilizing PS-CPT. 

The maiu pu1pose of the PS-CPT was to measure in-situ shear wave (S-wave) travel times for 

subsequent calculation of shear wave velocity (Vs) and G; however, tip resistance (q,), sleeve 

friction (f,) and dynamic pore pressure (u,) were also measured. CPT provides nearly continuous 

in-situ field data, which was correlated to classification and in-situ strength values based on 

established procedures such as those outlined in Robertson and Campanella (1988). 

3.2.2 Shear Wave Velocity Measurements 

The seismic wave form portion of the PS-CPT was conducted by ConeTec at about 3-foot 

intervals throughout the soil profile to the maximum depths indicated. The down-hole seismic 

survey is a reliable technique for obtaining shear wave and compression wave velocities 

accounting for the subsurface material's attenuation and anisotropic effect with depth (Hoar and 

Stakoe, 1978) (Dobry et al., 1981) (Stakoe and Nazarian, 1985). Only S-wave travel times were 

measured for each sounding with depth. These travel times were used to calculate the 

corresponding Vs and G used in the dynamic analyses of the Pond Creek facility. The in-situ 

seismic survey measured shear wave velocities at locations CPT-1 through CPT-12 from the 
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existing ground surface through coarse coal refuse, where applicable, and also through residual 

soil materials. Shear wave velocities in feet per second (fps) per material type were estimated by 

ConeTec and the minimum, maximum and weighted averages are summarized as follows: 

Table 2: Summary of CPT Shear Wave Velocity Summary -

Pond Coal Refuse Disposal Site 

Shear Wave Velocity Shear Wave Velocity 
Max./Min./ Avg. Max./Min./ Avg. 

Coarse Coal Refuse Residual Soil 
CPTNo. (fps) (fps) 

CPT-1 NA 1402 645 905 

CPT-2 1284 1029 1120 1173 795 957 

CPT-2A 1169 895 1042 1256 780 918 

CPT-3 NA 1058 569 765 

CPT-4 NA 1242 476 817 

CPT-5 1190 936 1063 1599 780 947 

CPT-SA 1396 779 1064 1580 728 1005 

CPT-5B 1517 818 1080 1649 686 978 

CPT-6 NA 1022 514 796 

CPT-7 NA 894 514 682 

CPT-8 NA 1036 541 783 

CPT-9 NA 1484 415 835 

CPT-10 NA 1217 478 828 

CPT-11 NA 1387 471 925 

CPT-12 NA 1230 530 763 

In general, shear wave velocities in coarse refuse ranged from about 779 to 1,517 fps with an 

average value of about 1,074 fps. For the residual soils, Vs ranged from 415 to 1,649 fps with an 

average value of about 860 fps. Measured values of Vs for coarse refuse and residual soil 

materials and the density of the respective material with depth are used to estimate the initial 

shear modulus, G, for use in the one-dimensional, dynamic SHAKE2000 (Ordonez, 2006) 

analysis of the embankment. G-values estimated are subsequently used in the calculation of 
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induced cyclic shear stress at a SHAKE soil column location (e.g., PCSC300) shown in Figure 3. 

Appendix A, Attachment A-2 presents the complete ConeTec report, and Appendix B, 

Attachment B-1 presents the computations of G for the SHAKE columns from in-situ 

measurements of Vs for the coarse refuse, residual soil and bedrock materials, and includes plots 

of Vs and G with depth. 
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4.0 SUBSURFACE CONDITIONS 

4.1 REFUSE AND RESIDUAL SOIL BOUNDARIES 

Figure 2 depicts the location of the 15 PS-CPT soundings conducted at the site in October 2007. 

Figure 3 presents a generalized cross-section (A-A) of the South Cell impoundment. In general, 

CPT-2, CPT-2A, CPT-5, CPT-5A and CPT-5B were advanced from the existing crest between 

approximately El. 480 and 495 through approximately 19 to 32 feet of coarse coal refuse. 

Residual soil materials were encountered in all CPT soundings below approximate El. 440 to 

482. All CPT soundings were advanced until refusal at depths ranging from 16.4 to 53 .2 feet 

below the existing ground surface. 

The stratification lines at the various depths corresponding to the generalized cross-section 

described herein and as shown in Figure 3 were atljustetl Lo a(;(;OUHt for conditions encountered in 

the field. Refuse and residual soil properties based on the Alliance expansion plan submittal and 

static stability analyses were reviewed by CEC and considered to be reasonably consistent with 

the observed field data, and as such, were used throughout our analyses. Site-specific refuse/soil 

profiles based on the October 2007 PSCPT data for the applicable South Cell CPT soundings are 

as follows: 

CPT-1 CPT-2 

El. 482.19 - Surface Elevation El. 494.21 - Surface Elevation 

15.3 feet-Denth to Static Ground Water 38.8 feet -Depth to Static Ground Water 

0 - 18.4 feet - Residual Soil 0 - 32 feet - Coarse Refuse 

Refusal at 18.4 feet - Bedrock 32 - 45.3 feet - Residual Soil 

Refusal at 45.3 feet - Bedrock 
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CPT-2A CPT-3 

EL 492.40 - Surface Elevation EL 466.98 - Surface Elevation 

37 .0 feet - Depth to Static Ground Water 11.1 feet - Depth to Static Ground Water 

0 - 29 feet - Coarse Refuse 0 - 22.2 feet - Residual Soil 

29 - 41. 7feet - Residual Soil Refusal at 22.2 feet - Bedrock 

Refusal at 41.7feet-Bedrock 

CPT-4 CPT-5 

EL 482.55 - Surface Elevation El. 482.55 - Surface Elevation 

21.7 feet-Depth to Static Ground Water 34.4 feet- Depth to Static Ground Water 

0 - 18.9 feet - Residual Soil 0 - 29 feet - Coarse Refuse 

Refusal at 18.9 feet - Bedrock 29 - 49 .2feet - Residual Soil 

Refusal at 49 .2 feet - Bedrock 

CPT-SA CPT-SB 

EL 483.00- Surface Elevation EL 479.90 - Surface Elevation 

35.9 feet- Depth to Static Grounrl Water 28.0 feet - Depth to Static Ground Water 

0 - 29 feet - Coarse Refuse 0 - 19 feet - Coarse Refuse 

29 - 53.2 feet - Residual Soil 19 - 39.7 feet - Residual Soil 

Refusal at 53.2 feet - Bedrock Refusal at 39.7 feet - Bedrock 

A generalized profile at Station (STA) 300 shown below was created based on the individual 

layer designations shown above for which data were weight averaged, and the critical South Cell 

embankment geometry shown in Figure 3 was correspondingly accounted for (including the 

maximum and minimum phreatic surface) to create the generalized profile. 

GENERALIZED PROFILE FOR POND CREEK SOUTH CELL 

EL 502 - Surface Elevation 

14 to 32 feet - Depth to Ground Water Table 

0 - 32 feet - Coarse Refuse 

32 - 50 feet - Residual Soil 
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Figure 3 presents the generalized embankment Cross-Section A-A, which includes the surface 

and subsurface geometry, and incorporates variations in stratigraphy estimated during field 

testing and subsequent review of available data. The description of the subsurface conditions at 

the site, as presented herein, is generalized from the available plan submittal information and 

interpolated between the soundings pushed during this subsurface exploration. The boundary 

lines between soil types are also estimated based on existing plan information, available field test 

data, and the samples recovered from the borings (by others). 

4.2 GROUNDWATER CONDITIONS 

Groundwater levels were provided by Williamson for existing groundwater wells installed 

throughout the Pond Creek site and are presented in Appendix A, Attachment A-1. Groundwater 

levels at the various CPT soundings were estimated based on the latest groundwater information. 

Groundwater levels are typically also estimated from static pore pressure readings and pore 

pressure dissipation tests performed by ConeTec during PS-CPT; however, long-term pore 

pressure dissipation in the clayey residual soils was not fully realized due to the relative 

impermeability of the materials. Consequently, groundwater levels were interpolated between 

wells based on the piezometric levels measured in the field. The groundwater conditions noted 

represent conditions only at the actual time and location observed and may fluctuate with time 

and/or location. 
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5.0 SEISMIC HAZARD ASSESSMENT 

5.1 METHODOLOGY 

A probabilistic seismic hazard assessment (PSHA) was performed for the Pond Creek site 

located near Johnston City, Williamson County, Illinois. PSHA involved utilizing the 2002 

USGS Earthquake Hazard Program, Interactive Deaggregation Maps (Frankel, 2002), particularly 

the 2% Probability of Exceedance in 50 Years recurrence interval for the site coordinates and the 

development of a particular seismic scenario upon which the ground motion hazard evaluation 

was based. The scenario consisted of the postulated occurrence of an earthquake (i.e., 2% 

Probability of Exceedance in 50 Years) of a specified size based on the latest USGS hazard 

mapping surrounding the Pond Creek site. In general, PSHA involved four (4) basic elements: 

1. Evaluate earthquake sources; 

2. Determine controlling earthquake(s): the maximum magnitude and maximum design 

earthquake; 

3. Determination of GMA relationships or distance from the site; and 

4. Determination the peak ground acceleration (PGA). 

PSHA, utilizing the deaggregation maps, determines the earthquakes ,that have the most 

significant impacts at the site, and for engineering design and analyses of tailing dams, a design 

earthquake is desired. 

Stochastic modeling, based on the published predictive relations of Atkinson and Boore (1995), 

was subsequently used to create synthetic acceleration-time histories for the critical earthquake 

scenarios. The required input parameters for the critical earthquake source spectra, including 

moment magnitude, epicentral distance and focal depth were developed from the published 

information discussed above and summarized below. 
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Subsequently discussed below is a comparison of input parameters and site response made by 

CTIC using both eastern U.S. synthetic earthquake time> histories and actual western U.S. 

earthquake time histories. Available records were scaled in SHAKE to the Pond Creek site PGA 

and the site response compared to published eastern U.S. OMA response spectra to assess the 

reasonableness of the various time histories. 

5.2 POND CREEK PROBABILISTIC SEISMIC HAZARD ASSESSMENT 

The PSHA methodology chosen for this evaluation represents a more refined approach to 

previous methods which solely used empirical, pseudo-static embankment analyses. Similarly, 

the PSHA developed specifically for the Pond Creek site also attempts to eliminate the potential 

for over-conservative, unrealistic strong ground motion associated with the "floating earthquake" 

concept. This approach is generally applied in regions where active earthquake-generating 

surface faults exist and the intensity-based peak acceleration relationships are from only long

period western U.S. and Japanese seismic activity and more importantly, the peak acceleration 

does not account for distance. 

5.2.1 Selection of Maximum Design Earthquake Events and Peak Ground Acceleration 

Based on the most critical regional and local seismic events to the Pond Creek site as identified 

by the USGS deaggregation mapping, two (2) MDE scenarios were selected for analysis 

including a magnitude (M) 8.0, which has boundary limits of about 83 km from the site and the 

potential to generate a high intensity earthquake. The Pond Creek site also has the potential to be 

impacted by a smaller magnitude earthquake or a comparable local "background" earthquake at a 

closer epicentral distance to the site, which based on the USGS seismic hazard program is an 

M6.8 at 13.5 km. The PGA associated with this hazard was defined at 0.54g. Several other 

potential regional and local events were identified by the USGS deaggregation mapping; 

however, these two (2) MDE scenarios were considered the most critical and were subsequently 

used to evaluate their impact on the Pond Creek impoundments since the maximum ground 
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accelerations, frequency contents and durations of effective cycles will be notably different. The 

2002 USOS Interactive Deaggregation Maps including the 2% Probability of Exceedance in 

50 Years maps are presented in Appendix C, Attachment C-1. 

The rate at which the strength of earthquake ground motion attenuates and the amount of 

geometric spreading with distance from the epicenter is required for seismic hazard analyses. 

The focal depth of the earthquake and the near surface geological conditions have a significant 

influence on the intensity attenuation relationship. Information on earthquakes occurring in the 

eastern U.S. suggests that surface faulting does not occur and the center of energy release is 

deeper than the average of California earthquakes. The earthquake energy is therefore radiated 

over a larger area than is experienced in California, and California data cannot be extrapolated 

directly to this region. Several ENA and CEUS OMA relationships including Toro, et.al. (1997), 

Atkinson & Boore (1997), Campbell (2003), Atkinson (2001) and Tavakoli & Pezeshk (2005) 

were used to compare the USGS POA for the Pond Creek site to that of other ENA and CEUS 

ground motion relationships. 

As previously discussed, CEC utilized the Atkinson and Boore (1995) empirically-derived 

earthquake source spectra model for ENA hard rock sites, and created quality synthetic 

acceleration-time histories for the bedrock motions. Subsequently, the various input parameters 

from these ENA synthetic earthquake records were compared to the input and time histories 

scaled accordingly to the POA anticipated at the Pond Creek site. Also, selection of an 

earthquake time history record from the Pacific Earthquake Engineering Record (PEER) Strong 

Motion Database for western U.S. and Japanese earthquake records, scaled to the Pond Creek site 

PGA was performed. Finally, the corresponding response spectra curves of the South Cell site 

response due to the ENA synthetic and PEER earthquake time histories were compared to 

various ENA and CEUS OMA response spectra to assess the reasonableness of the time 

histories, and is described in Section 7 .4. 
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5.3 CREATION OF POND CREEK SYNTHETIC ACCELERATION-TIME 

HISTORIES 

Recent studies (Atkinson and Boore, 1995 and 1998) have also shown that the high frequency 

ground motions observed from a database of low to moderate magnitude earthquakes in the 

eastern U.S. and Canada can reasonably be predicted using stochastic modeling. In this method, 

synthetic time histories are characterized as finite-duration, bandlimited Gaussian noise, while 

known regional source and propagation parameters are utilized to identify the underlying 

amplitude spectrum. 

Synthetic acceleration-time histories were created for the two (2) MDE events affecting the Pond 

Creek facility. The seismological computer program "SMSIM - Fortran Programs for 

Simulating Ground Motions from Earthquakes: Version 1.0," written by David Boore (1996), 

was utilized to predict bNA earthquake ground motions from stochastic modeling und 

empirically derived source spectra relationships. The calculation brief detailing the stochastic 

modeling methodology and the creation of acceleration-time histories for the design MDE 

scenarios is presented in Appendix C, Attachment C-2. 

As discussed by Atkinson and Boore (1995 and 1998), recent understandings in the behavior of 

ENA earthquakes have resulted in a decrease in intermediate-frequency [f :s;__l Hertz{Hz)] ground 

motions and a shift in expected motions toward the higher frequency range. Based on the 

comparison of simulated values with published values of Atkinson and Boore (1995), the use of 

these synthetic records as base motion provided reliable input for SHAKE trials in the permanent 

deformation analyses of the impoundment (described in detail in Chapter 8.0). 

5.3.1 Stochastic Modeling 

The stochastic method is initiated by defining the Fourier amplitude spectrum of ground 

acceleration with respect to seismic moment and distance. The amplitude spectrum also includes 

a diminution function which models the geometric and an elastic attenuation as a function of 
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hypocentral distance (R) and frequency (f), as well as filters to reduce high-frequency amplitudes 

and shape the response spectrum. The time series is a windowed Gaussian noise sequence with a 

zero mean amplitude. The duration of this window is limited as a function of earthquake 

magnitude and distance from the source. Once the windowed time series has been defined, its 

spectrum is multiplied by the amplitude spectrum then transformed back into the time domain, 

thus resulting in the simulated earthquake record. 

5.3.2 Source Spectrum Input 

The source spectrum model used to characterize the amplitude of ground motions for the two (2) 

critical earthquake scenarios represents the Atkinson source model. As discussed in Atkinson 

and Boore (1998), which compares the results of several source models with the ground motion 

database of ENA earthquakes and other earthquakes with similar geologic settings, the Atkinson 

source model provides the most accurate ground motion estimates over the frequency range of 

interest (0.1 to 10 Hz) for most engineered facilities. Atkinson and Boore conclude that most 

other ENA models tend to overpredict long-period motion. The use of the Atkinson model was 

also recommended by seismologist Dr. Martin Chapman of the Virginia Polytechnical Institute 

Seismological Observatory, in Blacksburg, Virginia, who previously consulted with CEC on 

similar projects in West Virginia and Kentucky. The source spectrum data used as input for 

two (2) MDE scenarios, including a M8.0 New Madrid, Missouri event at 83 km and a M6.8 

Background event at 13.5 km, were taken directly from the input parameter file for Atkinson and 

Boore (1995), AB95.dat, which is presented as Appendix F of the SMSIM Open Report. These 

parameters, as well as the input magnitudes and attenuation distances, are summarized below. 

MDE No. 1- M6.8 Background Earthquake: 

• Moment Magnitude, M = 6.8 based on Frankel (2002) 

• Shear Wave Velocity, Vs= 3.8 km/sec 

• Density of Rock Mass, p (Between Source and Site)= 2.8 g/cm2 

• Cutoff Frequency= SO Hz 
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• Maximum Frequency,jinax = 40 Hz 

• Hypocenter Distance, R = 16.8 km, assuming Epicenter Distance= 13.5 km 

• Focal Depth = 10 km 

• Quality Factor, Q = C * Jn where C = 680, n = 0.36,f = frequency 

• Seed (Random Number) = 3 

• Time Step= 0.01 seconds 

MDE No. 2 - MS.O New Madrid Earthquake: 

• Moment Magnitude, M = 8.0 based on Frankel (2002) 

• Shear Wave Velocity, Vs= 3.8 km/sec 

• Density of Rock Mass, p (Between Source and Site) = 2.8 g/cm2 

• Cutoff Frequency = 50 Hz 

• Maximum Frequency,jinax = 40 Hz 

• Hypocenter Distance, R = 83.6 km, assuming Epicenter Distance= 83 km 

• Focal Depth= 10 km 

• Quality Factor, Q = C * Jn where C = 680, n = 0.36,f = frequency 

• Seed (Random Number) = 3 

• Time Step= 0.01 seconds 

The PGA for the M6.8 Background and M8.0 New Madrid earthquake are 739 cm/sec2 (0.754g) 

and 181 cm/sec2 (0.184g), respectively. Higher acceleration values were expected for the 

Background MDE since there is less attenuation from the hypocenter to the site (13.5 km 

compared to 83 km). However, it is important to note that the duration of the acceleration record 

for the M8.0 earthquake is about 80 seconds, compared to about 15 seconds for the lower M6.8 

Background earthquake. Additionally, the frequency contents of the two (2) simulations are 

quite different. 
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5.4 COMPARATIVE ASSESSMENT OF SYNTHETIC EASTERN U.S. AND 

ACTUAL WESTERN U.S. EARTHQUAKE RESPONSE SPECTRA 

A comparison of site response (spectra) was made between synthetic acceleration time histories 

using SMSIM (Boore, 1996), based on the eastern U.S. Atkinson & Boore (1995) GMA 

relationship, and an actual time history record from the western U.S., PEER strong motion 

database. Response spectra from each earthquake time history are generated at the base and top 

of the South Cell embankment crest column PCSC300M using the one-dimensional wave 

propagation program SHAKE2000 (Ordonez, 2006), and the compatibility of each response 

spectra is assessed relative to response spectra for five (5) eastern U.S. GMA relationships. The 

eastern U.S. ground motion spectra should envelope the South Cell site response yielding similar 

frequency content and eliminating potential resonance effects. 

Synthetic time h1stones were used to represent the Pond Creek. PSHA MDE eaithquakes 

including the M6.8 (13.5 km), which was scaled to USGS-derived PGA value of 0.54g for the 

site. Alternatively, a search of the PEER strong motion database of western U.S. earthquakes 

was performed for a range of magnitudes between M5.5 and M7.2, a radial distance between 10 

km and 50 km and PGA between 0.40g and 0.65g to represent the Pond Creek M6.8 source. 

Three (3) earthquake records were reviewed and the 1989 Loma Prieta earthquake, 

LOMAP/001000 record (M6.9 at 11 km) was chosen, with PGA of 0.41g, as a comparative,time 

history. The LOMAP/O01000 record was subsequently converted in SHAKE2000 and scaled to 

0.54g (from 0.41g), and the resulting response spectra was compared to the corresponding 

synthetic time history and eastern U.S. GMA response spectra. 

5.4.1 SHAKE Input Model 

To compare the Pond Creek site response from both the eastern U.S. synthetic time histories and 

the PEER database western U.S. time history, SHAKE was used to calculate the response spectra 

for each time history using the Pond Creek embankment (crest) SHAKE column PCSC300M. 

Analyses were performed using SHAKE2000 (Ordonez, 2006). SHAKE2000 integrates SHAKE 
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(Schnabel et al., 1972) and SHAKE91 (Idriss, I.M. and Sun, J.L, 1992) with ShakEdit (Ordonez, 

G., 2006) a pre- and post-processor for SHAKE and SHAKE91. SHAKE2000 utilizes a one

dimensional analysis for the vertical propagation of shear waves from the bedrock layer up 

through the soil profile, which is modeled as a series of horizontal layers, to estimate the 

maximum cyclic shear stress and strain with depth. 

A layered SHAKE model was generated utilizing field and laboratory test data, and input 

information including layer thickness, unit weight and (small strain) shear modulus (Gmax). 

Time histories for the M6.8 (at 13.5 km) earthquake scenario, from both the Pond Creek 

synthetic eastern U.S. records and the western U.S. Loma Prieta PEER database time histories 

represent the respective eastern and western U.S. frequency content and PGA. Time histories 

associated with the M6.8 and M6.9 events were scaled to 0.54 g and input into SHAKE at the 

base of the PCSC300M SHAKE column. 

5.4.2 Discussion of SHAKE Output 

SHAKE output included generating and plotting response spectra curves for the Pond Creek site 

response for Layer 1 - at the top of the PCSC300M column, and Layer 17 - at the base of the 

same column. Additionally, the response spectra curves for five (5) published eastern U.S. GMA 

relationships were plotted, and are compared to the Pond Creek site response spectra due to the 

eastern and western U.S. time histories. The response spectra curves for the site response and 

comparative ground motion spectra are presented in Appendix C, Attachment C-2. 

As shown in Attachment C-2 response spectra comparison, the eastern U.S. synthetic time 

history produced a frequency response (predominant period) within a range of periods between 

0.01 and 0.1 seconds, as defined by the eastern U.S. GMA relationships. The western U.S. 

PEER database time history produced predominant periods about 5 to 10 times that of the eastern 

U.S. GMA relationships, between 0.1 and 1 second, and consistent with published information in 

Atkinson & Boore (1995 and 1998). Thus, the response spectra due to the western U.S. time 

history is not consistent with the anticipated eastern U.S. ground motion response spectra and 
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( 
should not be used to represent eastern U.S. earthquake records or time histories. The eastern 

U.S. synthetic earthquake record and sile response from the synthetic time histories input into 

SHAKE fell directly within the predominate period range of the multiple eastern U.S. GMA 

relationships as evidenced by the site response spectra curves for the M6.8 Background 

earthquake presented in Attachment C-2. 

Therefore, eastern U.S. synthetic time histories for the M6.8 and MS.O earthquakes, scaled to the 

Pond Creek MDE PGA of 0.54g were used in supplemental SHAKE analyses to estimate cyclic 

shear stresses/strains and time histories of horizontal cyclic shear stress for the SHAKE crest 

column. 
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6.0 PERMANENT DEFORMATION ANALYSES 

6.1 ANALYTICAL APPROACH 

As previously discussed, IDNR has required that a revised (seismic) slope stability analysis be 

performed for the South Cell using equivalent static load methods and the appropriate peak 

acceleration based on the PGA for 2% Probability of Exceedance in 50 Years maps from the 

USGS. If the required factor of safety is not met, i.e., a minimum factor of safety of 1.0 with 

seismic forces for the steady seepage condition, a permanent deformation evaluation should be 

completed. As described below, revised seismic stability analyses using a PGA value of 0.54g 

yielded factors of safety less than 1.0. Therefore, permanent deformations or crest settlement are 

evaluated, which can occur depending upon the acceleration levels above a defined yield 

acceleration, below which embankment response is assumed to behave elastic-pla~tir. (Newmark, 

1965). If crest settlements eliminate the available freeboard below the maximum tailings 

impoundment level, overtopping of the dam could result posing a threat to the embankment and 

ultimately downstream safety. 

6.1.1 Newmark Analysis of Permanent Deformations 

In a Newmark analysis (Newmark, 1965), deformations are analyzed by considering movements 

of a sliding mass over a sliding surface caused by yielding of the soil at its available strength. 

The basic assumption is that movement (or yielding) occurs when the sum of the static plus the 

seismic shear stresses along the sliding surface reaches the value of the available shear strength. 

Thus, the acceleration that can be transmitted to the sliding mass is limited to a value refe1Ted to 

as the yield acceleration. 
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The basic steps of the Newmark analysis involved the following: 

1. For the critical failure surface associated with the proposed South Cell geometry, 

determine from a pseudo-static stability analysis the horizontal acceleration which 

produces a factor of safety of 1.0. This is referred to as the yield acceleration (Ky) with 

units of g. The results are presented in Appendix D, Attachment D-1; 

2. Using the computer program SHAKE2000, determine a time history of horizontal shear 

stresses for the two (2) MDE scenarios. The time history of accelerations of the failure 

mass is computed from the time history of stresses and the total mass above the critical 

layer; and 

3. Using the computer program SHAKE2000 and the Newmark analysis option (Houston et 

al., 1989), displacements are estimated and added each time the earthquake accelerat10ns 

exceed the yield acceleration during the time history to obtain the accumulated 

displacements caused by the various earthquake loa<line;s. 

6.2 DETERMINATION OF THE REVISED PSEUDO-STATIC SEISMIC FACTORS 

OF SAFETY AND YIELD ACCELERATIONS 

Pseudo-static stability analyses were performed for the proposed South Cell downstream and 

upstream geometries including the maximum fines (EL 496) and minimum fines (EL 474) 

conditions respectively using a PGA of 0.54g (as required by IDNR) to assess the revised seismic 

factor of safety (Fs), and to determine the yield acceleration (Ky). 

The yield acceleration is the acceleration level: 

• Below which yielding of the embankment (soil mass) does not occur and the soil mass 

deforms elastic-plastic; and/or 

• Above which yielding occurs causing permanent deformation . 
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The yield acceleration is used as input to subsequent Newmark permanent deformation analyses 

performed within the computer program SHAKE2000. 

Drained and undrained strengths were developed for the various coal refuse materials including 

coarse coal refuse and residual soil in the GSTABL analysis to obtain Fs and Ky. 

Description 

Table 3: Refuse/Soil Properties Used in Revised Pseudo-Static 

and Yield Acceleration Slope Stability Analyses 

Unit Weight Friction Angle Cohesion Yield Strength 
(pcf) (degrees) (psf) (nst) 

Coarse Refuse 130 33.7 0 Frictional 

Fine Refuse 90 30 0 Frictional 

19.5 400 Total (Undrained) Strength 
Residual Soil 125 

0 3000 80% Peak Undrained 

Note: Refuse properties provided by Alliance Consulting, Inc. based on laboratory testing and/or 

literature values noted in the Alliance static/seismic slope stability analyses. 

A horizontal acceleration corresponding to the PGA value of 0.54g was input into GSTABL to 

assess the revised seismic stability analyses safety factors. Revised Fs values less than 1.0 were 

determined for both the downstream and upstream slope conditions, thus permanent deformation 

analyses are required. 

Additionally, the horizontal acceleration was subsequently varied in GSTABL until a Factor of 

Safety equal to 1.0 was achieved. Consequently, yield accelerations of 0.184g and 0.192g were 

iteratively determined for the soil mass corresponding to the downstream (maximum fines) and 

upstream (minimum fines) critical failure surfaces. 
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The revised seismic stability and yield acceleration GSTABL analyses runs and outputs files are 

presented m Appendix D, Attachment D-1. Finally, a yield acceleialiou of 0.18g was 

conservatively assumed for all downstream and upstream slope conditions, which was used as 

input for estimating the corresponding permanent deformations. 

6.3 SHAKE2000 ANALYSES 

6.3.1 SHAKE2000 Input Summary 

Analyses were performed using SHAKE2000 (Ordonez, 2006), a computer program for the one

dimensional wave propagation analysis of geotechnical earthquake engineering problems. For 

the South Cell impoundment, a user-defined crest column (PCSC300) along an approximate 

centerline cross-section of the embankment was utilized. A total of one (1) SHAKE2000 column 

was chosen to analyze the induced acceleration of the coarse coal refuse and residual soil 

materials along the critical failure surface in the downstream and upstream directions. 

SHAKE2000 columns PCSC300E and PCSC300M were created based on shear wave velocities 

from eight (8) PS-CPT soundings performed within and surrounding the existing/proposed South 

Cell impoundment. The crest column location PCSC300 also included two (2) phreatic levels 

associated with: 1) the "end" (E) of construction, i.e., minimum fines EL 474; and 

2) "maximum" (M) fines El. 496. Columns PCSC300E and PCSC300M were utilized for 

evaluating the permanent deformations in the upstream and downstream directions, respectively. 

The modulus and damping reduction curves used in the analyses were from published 

references/relationships presented in Appendix D, Attachment D-2, and available curves from 

SHAKE2000 were utilized for the coarse refuse, residual soils and bedrock materials. 
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6.3.2 SHAKE2000 Results Summary 

SHAKE2000 output files for the MDE events, including an M6.8 Background (at 13.5 km) and 

M8.0 (at 83 km) are presented in Appendix D, Attachment D-2. SHAKE2000 summaries of 

maximum shear stress and strain with depth for crest column PCSC300E/M, which become the 

input for permanent deformation analyses, are also presented in Appendix D, Attachment D-2. 

Figure 3 presents the relative location of the crest SHAKE column PCSC300E/M. Appendix B, 

Attachment B-1 presents the corresponding layer geometry and input information, including 

material type, unit weight, groundwater depth, sub-layer thickness, and average initial G values. 

The maximum induced horizontal cyclic shear stresses estimated at the midpoint of each layer 

are plotted with depth for the Pond Creek - South Cell SHAKE2000 column and MDE scenario, 

and are presented in Appendix D, Attachment D-2. 

SHAKE2000 analyses results allow for estimating the deformations accumulated at the interface 

of each layer within the crest column model, which were used to represent the downstream and 

upstream conditions during MDE loadings. Therefore, time histories of horizontal shear stresses 

(SHAKE2000 Option 7) at all soil layer interfaces were saved for subsequent permanent 

deformation analyses to envelope potential upstream and downstream failure surface scenarios. 

Plots of time histories of (horizontal) shear stress for each column and critical layer are presented 

in Appendix D, Attachment D-2. 

6.4 ANALYSES TO DEFINE TIME-HISTORIES OF ACCELERATION 

Analyses were performed to estimate the time history of horizontal shear stress at all of the layer 

interfaces. The (stress) time history data was subsequently converted to acceleration time 

histories in SHAKE2000 and subsequently used to estimate the maximum displacement 

associated with the respective sublayer within the crest column. 
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The analysis technique for determining time histories of accelerations corresponds to the 

techniques used by Castro el al., (1989) and Houston et al., (1989). The time histories of 

earthquake accelerations on the potential sliding mass were converted in SHAKE2000 by 

dividing each time step by the effective vertical stress on each layer, based on the equation Force 

(F) = mass (m) times acceleration (a) (F = ma) and solving for a at each time step. These time 

histories of acceleration become the input for the computer program SHAKE2000 (Houston et 

al., 1989 displacement option), which computes the layer specific displacement. 

6.5 CRITICAL MASS DISPLACEMENTS 

Horizontal displacements of the proposed South Cell geometry were computed in SHAKE2000, 

which double integrates the difference between the estimated accelerations and yield 

accelerations for the duration of the time history. The integration is performed assuming that 

movements of the sliding block can only occur in the downhill direction for estimated values of 

acceleration which exceed the yield acceleration. Movements in the uphill direction are not 

likely since the value of yield acceleration is notably higher due to the additive static weight 

resistance against pushing the sliding block uphill. 

The anticipated maximum displacements of the soil mass were estimated as a function of 

earthquake acceleration for all layers in the soil column. A summary of ground motion response 

parameters and ground displacements estimated for the various layers within the South Cell crest 

column geometry is presented in Appendix D, Attachment D-3. 

As shown in Appendix D, Attachment D-2, the mean square frequency of the M6.8 Background 

earthquake is 20.4 Hz, which is greater than the M8.0 New Madrid earthquake frequency of 14.6 

Hz. The average fundamental frequencies of the SHAKE2000 columns are similar, ranging from 

about 3.70 to 4.35 Hertz. Due to the variation in frequency content between the low frequency 

South Cell SHAKE2000 column to the high frequency ENA earthquake scenarios, only moderate 

shear stresses and strains are induced into the soil column. The percentage of acceleration within 

the critical layer to that of the base acceleration is lower for the M6.8 and higher for the MS.0 
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earthquakes due to their higher mean square frequency. In other words, while the input 

acceleration is high, particularly for the Background M6.8 MDE (Amax = 0.54g), most of its 

energy is in the high frequency range and only a portion of the induced base acceleration affects 

the critical layer. 

Based on the Newmark method, maximum permanent deformations in any layer within the soil 

column due to both MDE scenarios were estimated at about 17 inches. The resulting maximum 

deformation was due to the estimated acceleration values in the critical layers, as compared to the 

yield acceleration value of 0.18g. Since the maximum accelerations vary above and below the 

Ky value, there were displacements accumulated by performing the double integration of (Ay -

A) of the Newmark method. The South Cell SHAKE2000 files presented in Appendix D-3 

illustrate the sublayer acceleration-time history. 

Finally, the proposed crest elevation for the South Cell is about El. 502 feet, while the maximum 

fines level is El. 496 feet. Therefore, given the amount of freeboard (about 6 feet), maximum 

permanent deformations of 17 inches (or about 1.4 feet) will not pose a threat to the integrity of 

the impoundment or adversely affect the South Cell impoundment. 
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7.0 SUMMARY AND CONCLUSIONS 

The IDNR has required that a revised (seismic) slope stability analysis be performed for the Pond 

Creek facility using equivalent static load methods and the appropriate peak acceleration based 

on the PGA for 2% Probability of Exceedance in 50 Years maps from the USGS. CEC revised 

the seismic slope stability analyses and the minimum factors of safety do not meet the required 

1.0 safety factor criteria. 

CEC subsequently completed a permanent deformation evaluation of the proposed South Cell 

embankment geometry, and determined that the facility is NOT susceptible to adverse post

earthquake permanent deformations. These conclusions were based on the results of high quality 

field testing and detailed seismically-related engineering and deformation analyses in both the 

upstream and downstream directions. 

CEC, in cooperation with ConeTec developed and implemented a detailed field testing program, 

which utilized the most recent advances in PS-CPT to obtain a significant volume of credible 

field test results of the existing coarse coal refuse and residual soil materials at depth. 

A PSHA was performed utilizing the 2002 USGS Earthquake Hazards Program, Interactive 

Deaggregation Maps, specifically the 2% Probability of Exceedance in• 50 Years recurrence 

interval to select the MDE and estimate the corresponding PGA for the Pond Creek site. A PGA 

value of 0.54g was estimated for the two (2) controlling MDE events, including an M8.0 New 

Madrid, Missouri regional earthquake located 83 km from the site and an M6.8 Background 

earthquake located 13.5 km from the site. 

Post-earthquake permanent deformation analyses were performed to estimate the anticipated 

maximum crest settlement for the two (2) MDE events. Based on the results of the permanent 

deformation analyses, the estimated maximum deformations are about 1.4 feet. The relatively 

small deformations are attributable to the low frequency embankment response as compared to 

the predominantly higher frequency content of the applicable synthetic MDE acceleration time 
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histories created for the Pond Creek site from ENA earthquake OMA relationships. Given the 

minimum available freeboard of 6 feet, the 1.4 feet of post-earthquake deformations do not pose 

a threat to the integrity of the South Cell geometry. 

Therefore, it is CEC' s opinion the Pond Creek South Cell impoundment can be operated up to 

the proposed geometry with no appreciable risk of a release of tailings downstream or upstream 

due to permanent deformations expected from any site specific MOE event. It is also understood 

the Pond Creek facility will be operated with an impoundment level at the lowest practical 

elevation except during periods of intense rainfall. Analyses were not performed for the 

simultaneous occurrence of intense rainfall and an MOE due to the low probability of both events 

occurring at the same time. 

In preparing this report, CEC's professional services have been performed, findings obtained and 

conclusions prepared in accordance with generally accepted engmeenng principles and practices. 

No warranty, expressed or implied is made or intended by rendering of these services or by 

furnishing oral or written reports of our findings. This report was prepared for the exclusive use 

of Williamson. 
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SUMMARY OF PIEZO-SEISMIC CONE PENETRATION TESTING 

POND CREEK COAL REFUSE DISPOSAL SITE 

OBJECTIVE: 

Summarize the piezo-seismic cone penetration testing (PS-CPT) activities performed by 
ConeTec, Inc. (ConeTec), West Berlin, in October 2007 as part of the subsurface exploration at 
the Williamson Energy Pond Creek facility, Williamson County, Illinois. 

REFERENCES: 

I. ConeTec, Inc. (2007), Field Report Entitled "Presentation of CPTU Test Results for: 
Pond Creek Mine - Williamson County, Illinois, December 10, 2007. 

2. Robertson, P.K., et.al. (1992) "SPT-CPT Correlations," Journal of Geotechnical 
Engineering, ASCE 109 (11): 1449-1459. 

3. Robertson, P.K and Campanella, R.G, (1989), "Guidelines for Geotechnical Design 
Using CPT and CPTU", UBC Soil Mechanics Series No. 120, Civil Eng. Dept., 
Vancouver, B.C., Canada 

4. Robertson, P.K and Campanella, R.G, (1983), "SPT-CPT Correlations," Journal of 
Geotechnical Engineering, ASCE Vol. 109 No. 11, pp. 1449-1459. 

METHODOLOGY: 

As part of the subsurface exploration, a total of 15 PS-CPT soundings were performed at the 
Pond Creek site on October 30 and 31, 2007, at approximate locations shown in Figure 2 of the 
Pond Creek Deformation Evaluation report. PS-CPT exploration was performed under the full
time observation and guidance of CEC personnel. PS-CPT locations designated as CPT-1, CPT-
2, CPT-2A, CPT-3, CPT-4, CPT-5, CPT-5A, CPT-5B, CPT-6, CPT-7, CPT-8, CPT-9, CPT-10, 
CPT-11 and CPT-12 were located by CEC within areas that included existing coarse coal refuse 
and the proposed South Cell, North Central Cell and North Cell impoundments. CPT-2, CPT-
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2A, CPT-5, CPT-5A and CPT-5B soundings were located on the existing coarse coal refuse 
embankment crest, and were pushed through coarse refuse and the underlying subgrade residual 
soil. CPT-1, CPT-3, CPT-4, CPT-6, CPT-7, CPT-8, CPT-9, CPT-10, CPT-11 and CPT-12 were 
located throughout the facility at approximate existing ground surface and pushed exclusively 
through residual soil. The following presents the CPT sounding, site coordinates, existing 
ground surface elevation, total depth, interpolated ground water depth and applicable slurry cell. 

Ground Total GWT Applicable 
CPT Northing Easting Surface Depth Interpolated Slurry Cell 
No. (ft) (ft) Elev.(ft) (ft) (ft) 

CPT-1 425784.316 358548.865 482.19 18.4 15.3 South 
CPT-2 426832.420 357857.498 494.21 45.3 38.8 South, 

Central, 
North 

CPT-2A 426828.920 358156.731 492.40 41.7 37.0 South, 
Central, 
North 

CPT-3 426792.780 359207.797 466.98 22.2 11.1 South 
CPT-4 426331.101 360108.800 482.55 18.9 21.7 South 
CPT-5 427485.256 357913.863 482.55 49.2 34.4 South, 

Central, 
North 

CPT-5A 427607.598 357920.844 483.00 53.2 35.9 South, 
Central, 
North 

CPT-5B 427147.684 358343.061 479.90 39.7 28.0 South, 
Central, 
North 

CPT-6 427450.461 358992.616 457.78 22.6 9.2 Central 
CPT-7 427450.884 359850.004 457.83 16.7 9.2 Central 
CPT-8 429006.116 358034.037 444.45 17.9 6.6 Central, 

North 
CPT-9 429077.690 359026.204 445.68 22.0 7.8 Central, 

North 
CPT-10 428965.827 359998.444 442.09 26.1 3.4 Central, 

North 
CPT-11 430316.815 358810.964 440.59 27.6 11.4 North 
CPT-12 430141.831 359852.299 442.08 22.6 11.7 North 
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Note: CPT coordinates and ground surface elevations were provided by Williamson Energy. 

Determining the dynamic response of the Pond Creek facility and that of the coarse coal refuse 
and subgrade residual soils requires knowledge of the subsurface material's dynamic properties 
to accurately predict the horizontal shear stresses and strains induced in the material by a given 
earthquake loading. Of particular significance in the dynamic evaluation is the distribution of 
density of the coal refuse materials with depth. The low-amplitude, small strain shear modulus 
(G) with depth is an important parameter for characterizing the behavior and response of a soil 
column during earthquake shaking. It is a function of the in-situ shear wave velocity estimated 
at the site with depth and was obtained in the field utilizing PS-CPT. 

The main purpose of the PS-CPT was to measure in-situ shear wave (S-wave) travel times for 
subsequent calculation of shear wave velocity (Vs) and G. Concurrently, CPT was also 
performed which provides nearly continuous, index-type information which can be correlated to 
classification and in-situ strength values based on established procedures such as those outlined 
in Robertson and Campanella (1988). Further, cone data is typically utilized to evaluate 
liquefaction potential based on Robertson and Campanella (1985) similar to the procedures 
described in Seed and Idriss (1983) and to compare with the results using steady-state principles; 
however, only permanent deformations are evaluated in response to regulatory comments. 

The seismic wave form portion of the PS-CPT was conducted by ConeTec at about 3-foot 
intervals throughout the soil profile to the maximum depths indicated. The down-hole seismic 
survey is a reliable technique for obtaining shear wave and compression wave velocities 
accounting for the subsurface material's attenuation and anisotropic effect with depth (Hoar and 
Stakoe, 1978) (Dobry et al., 1981) (Stakoe and Nazarian, 1985). Only S-wave travel times were 
measured for each sounding with depth which was used to calculate the corresponding Vs and G 
used in the dynamic analyses of the Pond Creek facility. 

RESULTS: 

A total of 15 PS-CPT soundings were performed at the Pond Creek site in October 2007, at 
approximate locations shown in Figure 2. ConeTec measured tip stress, sleeve stress and pore 
water pressure, and shear wave velocities at the locations CPT-1 through CPT-12 from the 
existing ground surface through coarse coal refuse, where available and through residual soil 
materials. 
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Shear wave velocities per material type were measured and the minimum, maximum and 
weighted averages are summarized as follows: 

Shear Wave Velocity Shear Wave Velocity 
Max./Min./Avg. Max./Min./ Avg. 

CPTNo. Coarse Coal Refuse Residual Soil 
(ft/sec] (ft/sec] 

CPT-1 NA 1402 645 905 

CPT-2 1284 1029 1120 1173 795 957 

CPT-2A 1169 895 1042 1256 780 918 

CPT-3 NA 1058 569 765 

CPT-4 NA 1242 476 817 

CPT-5 1190 936 1063 1599 780 947 

CPT-5A 1396 779 1064 1580 728 1005 

CPT-5B 1517 818 1080 1649 686 978 

CPT-6 NA 1022 514 796 

CPT-7 NA 894 514 682 

CPT-8 NA 1036 541 783 

CPT-9 NA 1484 415 835 

CPT-10 NA 1217 478 828 

CPT-11 NA 1387 471 925 

CPT-12 NA 1230 530 763 

In general, shear wave velocities in coarse refuse ranged from about 779 to 1517 fps with an 
average value of about 1074 fps. For subgrade residual soils, Vs ranged from 415 to 1599 fps 
with an approximate average value of 860 fps. Measured values of Vs for coarse refuse and 
residual soil materials and the density of the respective material with depth are used to estimate 
the initial shear modulus, G, for use in the one dimensional, dynamic SHAKE (Schnabel, et al., 
1972) analysis of the embankment. G-values estimated from the four soundings are used in the 
calculation of induced cyclic shear stress at the SHAKE soil column locations (e.g. PCSC300) 
shown in Figure 3. Appendix A, Attachment A-2 presents the complete ConeTec report and 
Appendix B, Attachment B-1 presents the computations of G for the various SHAKE columns 
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from in-situ measurements of Vs for the coarse refuse, residual soil and bedrock materials 
including plots of Vs and G with depth for both SHAKE columns. 

CONCLUSIONS: 

Summarizing, the PS-CPT field testing was performed as part of the subsurface exploration at 
the Pond Creek facility. The information gathered from the testing will be used to correlate 
index and strength parameters, as well as shear modulus for use in subsequent permanent 
deformation analyses. 
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Williamson Energy - Pond Creek - South Cell 
Shear Wave Velocity versus Depth 

':PT-1 

4.26 645 
7.54 656 

CEC Project No. 072-046 
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Williamson Energy - Pond Creek - North Central Cell 
Shear Wave Velocity versus Depth CEC Project No. 072-046 
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Williamson Energy - Pond Creek - North Cell 
Shear Wave Velocity versus Depth CEC Project No. 072-046 
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I 

Pond Creek #1 Ground Water Sampling 
Permit #375 NPDES# IL007766 

Stand Pipe 
Date SamolePnt Easting Northinl!: Elevation 

12/29/05 GW-1 354,988 430,899 441.82 
12/29/05 GW-2 357,681 430,962 435.73 
12/29/05 GW-3 360,278 430,669 438.46 
12/29/05 GW-4 354,923 425,980 464.03 
12/29/05 GW-5 357,632 425,618 482.23 
12/29/05 GW-6 360,211 425,416 434.9 
12/29/05 GW-7A 358,306 427,592 454.7 
2/24/06 GW-1 354,988 430,899 441.82 
2/24/06 GW-2 357,681 - 430,962 435.73 
2/24/06 GW-3 360,278 430,669 438.46 
2/24/06 GW-4 354,923 425,980 464.03 
2/24/06 GW-5 357,632 425,618 482.23 
2/24/06 GW-6 360,211 425,416 434.9 
2/24/06 GW-7A 358,306 427,592 454.7 
6/28/06 GW-1 354,988 430,899 441.82 
6/28/06 GW-2 357,681 430,962 435.73 
6/28/06 GW-3 360,278 430,669 438.46 
6/28/06 GW-4 354,923 425,980 464.03 
6/28/06 GW-5 357,632 425,618 482.23 
6/28/06 GW-6 360.211 425,416 434.9 
6/28/06 GW-7A 358,306 427.592 454.7 
7/31/06 GW-1 354,988 430.899 441.82 
7/31/06 GW-2 357,681 430,962 435.73 
7/31/06 GW-3 360.278 430,669 438.46 
7/31/06 GW-4 354,923 425.980 464.03 
7/31/06 GW-5 357.632 425.618 482.23 
7/31/06 GW-6 360,211 425.416 434.9 
7/31/06 GW-7A 358,306 427,592 454.7 
8/31/06 GW-1 354,988 430,899 441.82 
8/31/06 GW-2 357,681 430.962 435.73 
8/31/06 GW-3 360,278 430.669 438.46 
8/31/06 GW-4 354,923 425,980 464.03 
8/31/06 GW-5 357,632 425,618 482.23 
8/31/06 GW-6 360.211 425,416 434.9 
8/31/06 GW-7A 358.306 427,592 454.7 
10/2/06 GW-1 354,988 430.899 441.82 
10/2/06 GW-2 357.681 430,962 435.73 
10/2/06 GW-3 360.278 430,669 438.46 
10/2/06 GW-4 354,923 425,980 464.03 
10/2/06 GW-5 357,632 425,618 482.23 
10/2/06 GW-6 360.211 425,416 434.9 
10/2/06 GW-7A 358.306 427,592 454.7 
3/7/07 GW-1 354.988 430.899 441.82 
3/7/07 GW-2 357.681 430,962 435.73 
3/7/07 GW-3 360,278 430.669 438.46 
3/7/07 GW-4 354.923 425,980 464.03 
3/7/07 GW-5 357,632 425.618 482.23 
3/7/07 GW-6 360,211 425.416 434.9 
3/7/07 GW-7A 358,306 427,592 454.7 

5/21/07 GW-1 354,988 430.899 441.82 
5/21/07 GW-2 357,681 430.962 435.73 
5/21/07 GW-3 360,278 430.669 438.46 
5/21/07 GW-4 354.923 425,980 464.03 
5/21/07 GW-5 357,632 425,618 482.23 
5/21/07 GW-6 360.211 425.416 434.9 
5/21/07 GW-7A 358,306 427.592 454.7 
5/21/07 GW-8 359.568 426,786 467.85 
8/1/07 GW-1 354,988 430,899 441.82 
8/1/07 GW-2 357,681 430.962 435.73 
8/1/07 GW-3 360,278 430,669 438.46 
8/1/07 GW-4 354,923 425.980 464.03 
8/1/07 GW-5 357,632 425,618 482.23 
8/1/07 GW-6 360.211 425,416 434.9 
8/1/07 GW-7A 358,306 427.592 454.7 
8/1/07 GW-8 359.568 426.786 467.85 

071- o'-f b 

inc Antimony Beryllium Cobalt MANGANESE Pheno!ics Cyanide Chlorides 
Water Elev. o" m•ll moll m·• m•• moll moll m•ll 

435.44 ll2 0.303 <.001 0.014 0.027 <.050 <0.010 20 
428.51 )24 0.240 <.001 0.013 0.087 <.050 <0.010 42 
432.61 JOI 0.299 <.001 0.012 0.124 <.050 <0.010 26 
456.01 J09 0.270 <.001 0.017 0.031 <.050 <0.010 17 
470.52 01 0.276 <.001 0.007 0.891 <.050 <0.010 40 

No Water ~ n/a n/a 
444.99 )29 0.285 <.001 0.024 0.052 <.050 <0.010 33 
438.34 ll2 <0.002 <.001 <0.005 0.024 <.050 <0.010 <10 
431.31 )16 <0.002 <.002 <0.002 0.027 <.050 <0.010 <10 
434.29 )14 <0.002 <.001 <0.005 0.023 <.050 <0.010 <10 
459.45 01 <0.002 <.001 <0.005 0.03 <.050 <0.010 <10 
471.33 01 <0.002 <.001 <0.005 0.4 <.050 <0.010 <10 

No Water N n/a n/a 
447.05 )18 <.002 <.001 <.005 0.045 <.050 <0.010 <10 
435.70 )02 0.006 <.001 <.005 <.002 <.050 <0.010 33 
427.72 J23 0.050 <.001 <.005 0.002 <.050 <0.010 44 
430.IO )06 0.060 <.001 <.005 0.145 <.050 <0.010 75 
458.03 )03 0.070 0.001 <.005 <.002 <.050 <0.010 122 
470.85 J02 0.050 <.001 <.005 <.002 <.050 <0.010 160 

No Water N, n/a 
446.30 J02 0.090 <.001 <.005 0.003 <.050 <0.010 75 
435.08 )01 0.206 0.003 <.005 0.012 <.050 <0.010 37.5 
429.31 001 0.184 0.002 <.005 <.002 <.050 <0.010 50 
428.63 001 0.129 0.001 <.005 0.024 <.050 <0.010 88 
457.03 JOI 0.153 0.002 <.005 0.026 <.050 <0.010 139 
469.43 J06 0.153 0.002 <.005 0.012 <.050 <0.010 150 

No Water Ne n/a 
445.55 )03 0.269 0.001 <.005 0.026 <.050 <0.010 85 
434.92 001 <.002 <.001 <.005 0.019 <.050 <0.010 20 
424.5 I 001 <.002 <.001 <.005 0.021 <.050 <0.010 22 
426.86 )13 <.002 <.001 <.005 0.045 <.050 <0.010 44 
456.79 J06 <.002 <.001 <.005 0.081 <.050 <0.010 42 
468.32 02 <.002 <.001 <.005 3.05 <.050 <0.010 105 

No Water Ne n/a 
444.18 \18 <.002 <.001 <.005 0.093 <.050 <0.010 8.7 
435.08 001 <.002 <.001 O.Dl5 <.002 <.050 <0.010 14 , 
425.76 001 <.002 <.001 0.013 <.002 <.050 <0.010 38 
427.14 1io9 <.002 <.001 0.006 2.105 <.050 <0.010 28 
455.42 001 <.002 0.002 0.014 0.028 <.050 <0.010 84 

No Water No 
No Water No 
443.95 1001 <.002 <.001 0.005 0.181 <.050 <0.010 368 
438.62 -001 <.002 <.001 <.005 0.005 <.050 <0.0IO 26 
431.41 '001 <.002 <.00[ <.005 0.003 <.050 <0.010 42 
434.29 lot <.002 0.001 <.005 0.028 <.050 <0.010 66 
458.05 ~, <.002 <.001 <.005 0.005 <.050 <0.010 109 
473.86 \m1 <.002 <.001 0.013 0.007 <.050 <0.010 91 

No Water No 
448.63 ~01 <.002 <.001 <.005 0.007 <.050 <0.010 86 
436.55 ' <.002 <.001 102 0.034 <.002 <.050 <0.010 42 
428.93 ~01 · <.002 0.001 0.01 I 0.007 <.050 <0.010 46 
432.08 ~01 <.002 0.001 0.013 0.002 <.050 <0.010 62 
459.93 'bot <.002 0.002 0.009 <.002 <.050 <0.010 100 
471.74 1bot <.002 0.002 0.020 <.002 <.050 <0.010 132 

No Water No 
448.05 "JOI <.002 <.001 0.017 0.002 <.050 <0.010 82 
462.23 4JOI <.002 <.001 0.020 0.544 <.050 <0.010 88 
433.29 8m <.002 0.001 <.005 0.007 <.050 <0.010 26 
424.74 1\09 0.105 0.001 <.005 0.196 <.050 <0.010 34 
426.09 I ;JI 0.370 0.001 <.005 0.524 <.050 <0.010 66 
458.16 502 0.141 0.001 <.005 0.003 <.050 <0.010 100 
469.06 1io5 0.080 0.002 <.005 0.198 <.050 <0.010 120 

No Water No" 
447.11 7,13 0.[37 0.002 <.005 1.180 <.050 <0.010 108 
462.70 5105 0.200 0.002 <.005 0.042 <.050 <0.010 112 
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l, 1.0 INTRODUCTION 

This report presents the results of a piezo cone penetrometer testing (CPTU) program 
carried out at Pond Creek Mine located in Williamson County, Illinois. The work was 
performed under subcontract to Civil & Environmental Consultants, Inc. of Export, 
Pennsylvania. The CPTU program took place on October 30111

, and 31 st
, 2007. 

A total of fifteen soundings were completed at twelve different sounding locations. The 
CPT testing was performed to evaluate in situ geotechnical as well as seismic criteria 
relative to the proposed expansion. 

While completing the CPT soundings, seismic shear wave velocity testing was conducted 
in all of the soundings. Seismic testing involved collecting shear wave velocity data at one
meter depth intervals. 

CPT sounding locations were selected and numbered under the direction and supervision 
of C.E.C. Personnel. 

Cone Tee, New Jersey 3 
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2.0 FIELD EQUIPMENT AND PROCEDURES 

2.1 CONE PENETRATION TESTING 

The cone penetrometer tests were carried out using an integrated electronic piezo cone 
manufactured by ConeTec in Vancouver, Canada. The piezo cone used was a 
compression model cone penetrometer with a 15 cm2 tip and a 225 cm2 friction sleeve. The 
cone is designed with an equal end area friction sleeve and a tip end area ratio of 0.80. 
The piezo cone dimensions and the operating procedure were in accordance with ASTM 
Standard D-5778-95. A diagram of the cone penetrometer used for this project is shown as 
Figure 1. 

Pore pressure filter elements, made of porous plastic, were saturated under a vacuum 
using glycerin as the saturating fluid. The pore pressure element was six millimeters thick 
and was located immediately behind the tip (the U2 location) for all soundings. 

The cone was advanced using a 20 ton, unitized, track-mounted cone penetration rig. The 
following data were recorded onto magnetic media every five centimeters (approximately 
every two inches) as the cone was advanced into the ground: 

- Tip Resistance (qc) 
- Sleeve Friction (fs) 
- Dynamic Pore Pressure (ut) 

The field data recorded is included on the attached CD (appendix E). 

Before each sounding a complete set of analog baseline readings are taken with a multi
meter and compared with the digitized value on the computer screen. This provides a 
check on the analog to digital conversion board. 

Evaluation of the analog baselines is key to consistent readings. The baseline data should 
be stable and should not wander excessively during the course of a sounding. Baseline 
data can be used to apply corrections to the cone data where necessary. For this project, 
the baseline shift from sounding to sounding was small, typically less than 0.1 % of full 
scale, and no data corrections were applied. 

During seismic testing, the seismic signals were recorded using a geophone mounted in 
the cone as shown in Figure 1 and an up-hole digital oscilloscope. A sledge hammer hit 
against a beam was used for the seismic source. Normal reaction for the beam was 
provided by the dead weight of the rig placed upon the beam. A schematic of the shear 
wave testing configuration is shown in Figure 2. 

Cone Tee, New Jersey 4 
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Triaxial Geophones 
or Accelerometer 
(Vp & Vs) 

Load Cells 

Inclinometer (I) 

--+--- Thermistor (T) 

--+-- Friction Sleeve <Fs) 

Pore Pressure 
Transducer (U) 

FIGURE 1 - TYPICAL CONE PENETROMETER 

Cone Tee, New Jersey 5 
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Polarized Shear Wave Trace 

1 
TRiGGER CIRCUIT 

0 0 0 0 fJ'I---------- ,---...< E8 
COi~E DATA 

ACQUISITION SYSTEM 
DIGITAL STORAGE 

OSCILLOSCOPE 

HAMMER WITH 
CONTACT TRIGGER 

NORMAL FORCE ........ 
STEEL I - BEAM 

Shear Wave 

~ 

FIGURE 2 - SCHEMATIC OF SHEAR WAVE TESTING CONFIGURATION 

2.2 PORE PRESSURE DISSIPATION TESTS 

When cone penetration is stopped, the piezo cone essentially becomes a piezometer. 
While stopped, pore water pressures are automatically recorded at five-second intervals 
and the readings are stored in a dissipation file (.ppd). Dissipation data can then be plotted 
onto a dissipation curve consisting of pore water pressure (u) verses time (t). The shapes 
of dissipation curves are very useful in evaluating soil type, drainage and in situ static water 
level. 

A flat curve that stabilizes quickly (i.e. less than 30 seconds) is typical of a free draining 
sand. in this case, the final measured pore water pressure is the static in situ water 
pressure. 

Soils that generate excess dynamic pore water pressure during penetration will dissipate 
this excess pressure when penetration stops. The shape of the dissipation curve and the 
time of dissipation can be used to estimate Ch, the coefficient of consolidation that can in 
turn be used to calculate Kh, the horizontal permeability. 

Figure 3 shows some idealized shapes of various pore water pressure dissipation curves. 
The reader is referred Robertson et. al., 1992 to reference dissipation test data analytical 
techniques. 

Cone Tee, New Jersey 6 
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Estimation of Ground Water Table 
from CPT Dissipation Tests 

Ground 
Surface 

Dcone 

...___ Pore Pressure (u) 
measured here 

Deane - Depth of Cone 

Dwater - Depth to Water Table 
Hwater - Head of Water 

Water Table Calculation 

Dislllp.;llcn or Po1e P=ura {u) in NC Clay 

u 

L!e • l'!quilibrium pore pr=ure 

0-1----------
time 

D1ss,µ.>lion of Pere Pressure (u} in Sand 

u 

U,J--------

Ue • equilibriurn pore pressure 

0-t----------,
time 

D,~.;1p111,0n of Pore Pr;;ssure (uJ ,n Dense Sand. 

u Di!atlva Sill .incl H;mvily OC Cl11y 

Ue • equilibrium pore pressure 

0--4-------
time 

Dwater = D cone - Hwater 
where Hwater = Ue (depth units) 

Useful Conversion Factors: 1psi = 0.704m = 2.31 feet (water) 
1tsf = 0.958 bar = 13.9 psi 
1m = 3.28 feet 

FIGURE 3-TYPiCAl DISSIPATION TESTS 

Cone Tee, New Jerney 7 
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3.0 CONE PENETRATION TEST DATA AND INTERPRETATION 

3.1 ANALYSIS OF PIEZOCONE DATA-GENERAL 

A total of fifteen CPT sounding involving 443.90 feet of testing, were completed. 

The interpretation of cone data is based on the relationship between cone bearing, qc, 
sleeve friction, fs, and penetration pore water pressure, u. The friction ratio, Rf, (sleeve 
friction divided by cone bearing) is a calculated parameter which is used to infer soil 
behavior type. Generally, saturated cohesive soils have low tip resistance, high friction 
ratios and generate large excess pore water pressures. Cohesionless soils have higher tip 
resistances, lower friction ratios and do not generate significant excess pore water 
pressure. 

The interpretation of soils encountered on this project was carried out using correlations 
developed by Robertson et al., 1992. It should be noted that it is not always possible to 
clearly identify a soil type based on qc, fs and ut. Occasionally soils will fall within different 
soil categories on the classification charts. In these situations, experience and judgment 
and an assessment of the pore pressure dissipation data should be used to infer the soil 
behavior type. Computer tabulations of the interpreted soil types along with certain other 
geotechnical parameters for each cone hole is presented in Appendix B. 

Each of the parameters measured in the sounding is discussed briefly below. A detailed 
explanation of CPTU testing and interpretation of the results can be found in Robertson, 
1989. 

TIP RESISTANCE (qc): The resistance to penetration, measured at the cone tip, provides 
an accurate profile of subsurface strata. The recorded tip resistance is a composite of the 
penetration resistance of the soils located five to ten cone diameters (7 to 14 inches) in 
front of and behind the tip. The actual resistance "sensed" by the tip depends on the soil 
properties and on the relative stiffness of the layers encountered. Tip resistance is often 
corrected for pore pressure effects when testing in soft saturated cohesive soils. 

For this project the correction was made and the tip resistance shown, Clt is the corrected tip 
resistance. 

The correction used is: Clt = qc + (1-a)u 
Where: q, = corrected lip resistance 

qc = measured lip resistance 
a = net area ratio for cone (0 .80 for this project) 
u = dynamic pore water pressure measured behind lip 

Cone Tee, New Jersey 8 
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SLEEVE FRICTION (fs) The resistance recorded on the friction sleeve, is a measure of the 
remolded strength of the soil. Values of sleeve friction in very soft soils ( such as peat) may 
fluctuate due to the measured force being small relative to the capacity of the measuring 
load cell. 

FRICTION RA TIO (Rt) The ratio of sleeve friction to tip resistance expressed as a 
percentage, is an indicator of soil type. Cohesive soils generally have friction ratios that 
are greater than two, while sands and non-plastic silts have friction ratios that are lower 
than two. 

PORE PRESSURE (u) Dynamic pore water pressure is measured during penetration. 
(dynamic pore water pressure data can be found in the .car, .xis files. Static pore water 
pressure is measured when cone penetration is stopped (static pore water pressure data 
can be found in the .ppd files). The measured dynamic pore water pressure changes with 
the location of the porous filter and negative readings are possible when the filter is located 
behind the tip. 

It is important to note that the CPT classifies soil by physical behavior, not by grain size; 
therefore, the CPT classification should be verified against samples obtained from a 
conventional drilling program. While the CPT soil classification may not always be 
accurate in terms of the actual label it applies to a particular soil, it is very accurate in 
grouping soils with similar mechanical properties. 

Table 1 presents a summary of CPT soundings, including sounding depths. 

3.2 CONE PLOTS 

The data from each sounding was plotted using the computer program ScreenZ. The plots 
are included in Appendix A. ScreenZ was developed by ConeTec Inc. and it incorporates 
soil behavior type (SBT) classification as part of the plot. The soil classification is based on 
the classification chart reproduced chart in Appendix B. 

3.3 PORE PRESSURE DISSIPATION TEST RESULTS 

When conducting CPT investigations, pore water pressure dissipations are automatically 
recorded during pauses in penetration. The pore water pressure data is recorded at five 
second intervals. Dynamic and static pore pressure dissipation data for each CPT is 
included on the data CD. No dissipation tests were completed during this project. Water 
table depths used in the data interpretations were given to us by the client. 

ConeTec, New Jersey 9 
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( 

3.4 SHEAR WAVE VELOCITY MEASUREMENTS 

Shear wave velocity measurements were conducted during all of the CPT soundings. 
Shear wave velocity measurements were recorded approximately every meter. The shear 
wave velocity data can be found in Appendix C. 

3.5 CPTSUMM DATA PROCESSING 

The electronic data files were processed using the program CPTSUMM. CPTSUMM is a 
program developed by ConeTec to calculate common engineering parameters from CPT 
data. The data files (xis) can be found on the data CD. The calculations used are 
summarized in the table found in Appendix B. Each calculation is derived according to the 
referenced article. 

For this project, the depth to ground water was given to us by the client. The exact depth 
used is noted in the header of each CPTSUMM file. 

3.6 DATACD 

One data CD is included in Appendix E. The CD includes all of the CPT, dynamic and 
static pore water pressure and CPTSUMM data. 

Cone Tee, New Jersey 
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CONETEC 
TABLE 1 • SUMMARY OF CPTU SOUNDINGS 

Job No.: 07-804 
Location: Pond Creek Mine - Williamson County, Illinois 
Client: Civil & Environmental Consultants 
Date: October 30, 31, 2007 

Date CPTU Sounding File Name CPT Shear wave Comments 
Total Velocity Tests 
Depth 

(fl) 

31-Oct-07 CPT-1 804cp01.cor 18.37 6 

30-Oct-07 CPT-2 804cp02.cor 45.28 13 

30-Oct-07 CPT-2A 804cp02a.cor 41.67 12 

31-Oct-07 CPT-3 804cp03.cor 22.15 6 

31-Oct-07 CPT-4 804cp04.cor 18.86 6 

30-Oct-07 CPT-5 804cp05.cor 49.21 14 

30-Oct-07 CPT-5A 804cp05a.cor 53.15 16 

30-Oct-07 CPT-58 804cp05b.cor 39.70 12 

31-Oct-07 CPT-6 804cp06.cor 22.64 7 
31-Oct-07 CPT-7 804cp07.cor 16.73 5 

31-Oct-07 CPT-8 804cp06.cor 17.88 6 

31-Oct-07 CPT-9 804cp09.cor 21.98 7 
31-Oct-07 CPT-10 804cp1 0.cor 26.08 8 

31-Oct-07 CPT-11 804cp11.cor 27.56 9 

31-Oct-07 CPT-12 804cp12.cor 22.64 7 

Job Totals: 15 443.90 134 

Page 1 of 1 07-804 Table I.XLS 
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Shearwave CPT plots 
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ConeTec 
Environmental and Geotechnical Site Investigation Contractors 

ConeTec Interpretations as of June 30, 2004 (Release 1.22A) 

ConeTec's interpretation routine provides a tabular output of geotechnical parameters based on current 
published CPT correlations and is subject to change to reflect the current state of practice. The 
interpreted values are not considered valid for all soil types. The interpretations are presented only as a 
guide for geotechnical use and should be carefully scrutinized for consideration in any geotechnical 
design. Reference to current literature is strongly recommended. ConeTec does not warranty the 
correctness or the applicability of any of the geotechnical parameters interpreted by the program and does 
not assume liability for any use of the results in any design or review. Representative hand calculations 
should be made for any parameter that is critical for design purposes. The end user of the interpreted 
output should also be fully aware of the techniques and the limitations of any method used in this program. 
The purpose of this document is to inform the user as to which methods were used and what the 
appropriate papers and/or publications are for further reference. 

The CPT interpretations are based on values of tip, sleeve friction and pore pressure averaged over a 
user specified interval ( e.g. 0.20m ). Note that q1 is the tip resistance corrected for pore pressure effects 
and q, is the recorded tip resistance. Since all ConeTec cones have equal end area friction sleeves, pore 
pressure corrections to sleeve friction, Is, are not required. 

The tip correction is: q, = q, + (1-a) • u, 

where: q1 is the corrected tip resistance 
q, is the recorded tip resistance 
u2 is the recorded dynamic pore pressure behind the tip (u2 position) 
a is the Net Area Ratio for the cone (typically 0.85 for ConeTec cones) 

The total stress calculations are based on soil unit weights that have been assigned to the Soil Behavior 
Type zones, from a user defined unit weight profile or by using a single value throughout the profile. 
Effective vertical overburden stresses are calculated based on a hydrostatic distribution of equilibrium 
pore pressures below the water table or from a user defined equilibrium pore pressure profile (this can be 
obtained from CPT dissipation tests). For over water projects the effects of the column of water have 
been taken into account as has the appropriate unit weight of water. How this is done depends on where 
the instruments were zeroed (i.e. on deck or at mud line). 

Details regarding the interpretation methods for all of the interpreted parameters are provided in Table 1. 
The appropriate references cited in Table 1 are listed in Table 2. Where methods are based on charts or 
techniques that are too complex to describe in this summary the user should refer to the cited material. 

The estimated Soil Behavior Types (normalized and non-normalized) are based on the charts developed 
by Robertson and Campanella shown in Figures 1 and 2. The Bq classification charts are not reproduced 
in this document but can be reviewed in Lunne, Robertson and Powell (1997) or Robertson (1990). 

Where the results of a calculation/interpretation are declared 'invalid'the value will be represented by the 
text strings "-9999" or "-9999.0". In some cases the value 0 will be used. Invalid results will occur 
because of (and not limited to) one or a combination of: 

1. Invalid or undefined CPT data (e.g. drilled out section or data gap). 

2. Where the interpretation method is inappropriate, for example, drained parameters in an 
undrained material (and vice versa). 

3. Where interpretation input values are beyond the range of the referenced charts or specified 
limitations of the interpretation method. 

4. Where pre-requisite or intermediate interpretation calculations are invalid. 
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The parameters selected for output from the program are often specific to a particular project. As such, 
not all of the interpreted parameters listed in Table 1 may be included in the output files delivered with this 
report. 

The output files are often delivered in one (or more) of the following three formats: 

File Tvoe Tvnical Extensions Descriotion 
Printable IFP, NLP ASCII files formatted for direct printing either by copying to a printer port, 

through a text editor or through a dedicated printing routine (such as 
Cone Tee's CTl'f11ND. Typically formatted for 
132 columns wide and 70 lines per page. Any printer would need to be set 
to have a compressed font (1 Scpi) as its default. 

Importable !Fl, NU Tab delimited ASCII files (not for use with text editors) meant for importing 
into spreadsheet and database applications (e.g. Excel, Lotus, Quattro, 
Access). Some column and cell formatting maybe required depending on 
the quality of the application's import utility. 

Spreadsheet XLS !Fl, NU files exported directly to Excel format. Column and cell formatting 
has been done. Header information is exported to start in Column C 
allowing the depth columns A and/or B to be duplicated on each printed 
page without repetition of part of the header information. 

Table 1 
CPT Interpretation Methods 

Interpreted Description Equation Parameter 

Mid Layer Depth 

Depth (where interpretations are done at each point then Mid 
Depth (Layer Top)+ Depth (Layer Bottom)/ 2.0 

Layer Depth = Recorded Depth) 

Elevation Elevation of Mid Layer based on sounding collar elevation Elevation = Collar Elevation w Depth supplied by client 

l • 

Avgqc Averaged recorded tip value (qc) 
Avgqc=-Lq, 

n 1"'1 

n=1 when interpretations are done at each point 

Averaged corrected tip {Qt) where: 
I • 

Avgqt 
Avgqr=-Lq, 

q, =q,+(1-a)•u n <=i 

n= 1 when interpretations are done at each point 

l • 

Avgfs Averaged sleeve friction (fs) 
A,gf.,=-J:_J; 

ll ;ol 

n=1 when interpretations are done at each point 

Averaged friction ratio (Rf) where friction ratio is defined 
AvgR/=100%• Avgfs 

AvgRf 
as: 

R/=100%•/!_ 
Avgqt 

qi n= 1 when interpretations are done at each point 

I " 
Avgu Averaged dynamic pore pressure (u) 

Avgu=-Lu1 
n ;,.1 

n= 1 when interpretations are done at each point 

Averaged Resistivity (this data is not always available I" 
AvgRes since it is a specialized test requiring an additional A,gu =-2,RESISTIVIIY, 

n •~1 

module) n= 1 when interpretations are done at each paint 

CPTSUMM·MethodsV122a-Rev. 06-30-2004 

Ref 
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Interpreted 
Parameter 

AvgUVfF 

AvgTemp 

AvgGarnma 

SBT 

U.Wt. 

T. Stress 

crv 

E. Stress 

crv 

Ueq 

Cn 

Neo 

(N,)eolc 

Su 

k 

CPT Interpretations 

Description 

Averaged UVIF ultra-violet induced fluorescence (this 
data is not always available since it is a specialized test 
requiring an additional module} 

Averaged Temperature (this data is not always available 
since it is a specialized test) 

Averaged Gamma Counts (this data is not always 
available since it is a specialized test requiring an 
additional module) 

Safi Beti'avior Type as defined by Robertson and 
campa~lla 

Unit Weight of soil detennined from one of the following 
user selectable options: 

1} uniform value 
2) value assigned to each SST zone 
3) user supplied unit weight profile 

Total vertical overburden stress at Mid Layer Depth. 

A layer is defined as the averaging interval specified by 
the user. For data interpreted at each point the Mid Layer 
Depth is the same as the recorded depth. 

Effective vertical overburden stress at Mid Layer Depth 

Equilibrium pore pressure determined from one of the 
following user selectable options: 

1} hydrostatic from water table depth 
2) user supplied profile 

SPT N60 overburden correction factor 

SPT N value at 60% energy calculated from qVN ratios 
assigned to each SBT zone. This method has abrupt N 
value changes at zone boundaries. 

SPT Nao value corrected for overburden pressure 

SPT Nso values based on the le parameter 

SPT Nao value corrected for overburden pressure (using 
Nso le). User has 2 options. 

Clean sand equivalent SPT (~,h)solc. User has 3 options. 

Undrained shear strength - Nkt is user selectable 

Coefficient of permeability (assigned to each SBT zone) 

CPTSUMM-MethodsV122a - Rev. 06-30-2004 

Page 3(7 

Equation 

I • 
A,gu =-"'[,UVJF, 

n , .. 1 

n= 1 when interpretations are done at each point 
I • 

Mgu =-I.TEMPERATURE, 
n i:1 

n= 1 when interpretations are done at each point 

I • 
A,gu=-"'i,GAMMA, 

n ,,., 

n=1 when interpretations are done at each paint 

See Figure 1 

See references 

TStress = "i:, 'Yi hi 
i:I 

where n is layer unit weight 
h; is layer thickness 

Estress = Tstress - Ueq 

For hydrostatic option: 

u,y=r .. •(n-n.,) 
where Ueq is equilibrium pore pressure 

'Yw is unit weight of water 
D is the current depth 
Dwt is the depth to the water table 

Cn=(Uv/.().S 
where 0v' is in tsf 

0.5< Cn <2.0 

See Figure 1 

(qVpa)/ Neo = 8.5 (1 - lc/4.6) 

1) (Nt)B1JIC= Cn • (N"' le) 
2) q.,,.J (N1)B1JIC= 8.5 (1-lc/4.6) 

1) (N1)'°"'lc = a + ~((N,)"'/c) 
2) (N1),""lc = KSPr • ((N1)6'Jlc) 
3) q.,1o~)/ (N1),""lc = 8.5 (1 - lc/4.6) 

FC:s5%,: 
FC.?: 35% 
5%<FC<35% 

Su= qt-<5,. 

N. 

a= 0, ~=1.0 
0=5.0, ~=1.2 
a= exp[1.76- \190/FC2

)] 

~ = [0.99 + (FC ·5/1000)] 

Ref 

2,5 

5 

4,5 

4 

5 

4 
5 

10 
10 
5 

1, 5 

5 
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Interpreted 
Parameter 

Bq 

Ot 

F, 

SBTn 

SBT-BQ 

SBT-BQn 

FC 

le Zone 

PHI 
~ 

Dr 

CPT Interpretations 

Description 

Pore pressure parameter 

Normalized Qt for Soil Behavior Type classification as 
defined by Robertson, 1990 

Normalized Friction Ratio for Soil Behavior Type 
classification as defined by Robertson, 1990 

Normalized Soil Behavior Type as defined by Robertson 
and Campanella 

Non-normalized soil behavior type based on the Bq 
parameter 

Normalized Soil Behavior base on the Bq parameter 

Soil index for estimating grain characteristics 

Apparent fines content (%) 

This parameter is the Soil Behavior Type zone based on 
the le parameter {valid for zones 2 through 7 on SBTn 
chart) 

Friction Angle determined from one of the following user 
selectable options: 

a) Campanella and Robertson 
b) Durgunoglu and Mitchel 
c) Janbu 

Relative Density determined from one of the following user 
selectable options: 

a) Ticino Sand 
b) Hokksund Sand 
c) Schrnertmann 1976 
d) Jamiolkowski - All Sands 

CPTSUMM-MethodsV122a - Rev. 06-30-2004 

Bq=~ 
qt-a,. 

where: lli,= 11 -u,q 

Equation 

and u = dynamic pore pressure 
U8q = equilibrium pore pressure 

qt-a 
Qt=--.-· 

O" 

Fr= 100% • -1!_ 
qt-(F,. 

See Figure2 

See Figure 5.7 {reference 5} 

See Figure 5.8 {reference 5) or Figure 3 
{reference 2) 

Page 4/7 

le = [(3.47 -/og,oQf + (log,o Fr+ 1.22f f-' 

Q =("'-a.IP·)" 
pal CT,, 

Where: 

And Fr is in percent 
Pa= atmospheric pressure 
Pa2 = atmospheric pressure 
n varies from 0.5 to 1.0 and is 

selected in an iteralive manner based on the 
resulting le 

FC=1.75(kf25)-3.7 
FC=100 forte> 3.5 
FC=O forte < 1.26 
FC = 5% if 1.64 <le< 2.6 AND F,.:0.5 

le< 1.31 
1.31 <le< 2.05 
2.05 < le < 2.60 
2.60 < le < 2.95 
2.95 < le < 3.60 
le> 3.60 

See reference 

See reference 

Zone= 7 
Zone=6 
Zone=5 
Zone=4 
Zone=3 
Zone =2 

Ref 

1, 5 

2,5 

2,5 

2,5 

2,5 

2,5 

3,8 

3 

3 

5 

5 
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CPT Interpretations Page 5(1 

Interpreted Description Equation Ref 
Parameter 

a) Based on Schmertrnann's method involving a 
plot of Su/er,,' /( SJcr,,')NC and OCR 

OCR over Consolidation Ratio 9 
where the Su/p' ratio for NC clay ls user 

selectable 

·--·· 
State 

The state parameter is used to describe whether a soil is 

Parameter 
contractive (SP is positive) or dilative (SP is negative) at See reference 8,6,5 
large strains based on the work by Been and Jefferies 

Es/qt 
Intermediate parameter for calculating Youngs Modulus, Based on Figure 5.59 in the reference 5 
E, in sands. It is the Y axis of the reference chart. 

.. 

Youngs Modulus based on the work by Baldi. There are 
Mean normal stress is evaluated from: three types of sands considered in this technique. The 

user selects the appropriate type for the site from: 
. I (ci . )' a =-• +a +q 

a)OCSands .. 3 • I, • 

Youngs b) Aged NC Sands 5 
Modulus E c) Recent NC Sands where crv'= vertical effective stress 

Oh'= horizontal effectiVe stress 
Each sand type has a family of curves that depend on 
mean normal stress. The program calculates mean and Gh = Ko • CJv

0 

with Ko assumed to be 0.5 
normal stress and linearly interpolates between the two 
extremes provided in Baldi's chart. 

.. . .• .... . .... ------ .. ···--· 

q,1 Qt normalized for overburden stress used for seismic Qc1 =qi• (Pa/crv')°-5 

analysis where: Pa = atm. Pressure 3 
Qt is in Mpa 

_, __________ 
•--•.-- .... --··-·-- ----·--·---····-

(lc1" qc1, = ('lc1 / Pa)(Pa/cr,,') 
Qc.1 in dimensionless form used for seismic analysis where: Pa= atm. Pressure and n ranges from 3 

0.5 to 0.75 based on le. 
--· -···-·--· -···---···- -·--· -··--·· ·---·- -·· - ·-·--

i<sPT Equivalent clean sand factor for (N1)60 KsPT = 1 + ((0.75130) • (FC-5)) 10 

. ... --- . . .. . - .. ---- ·--·-·- -·- . .. 

KCPT Equivalent clean sand correction for Qc1N 
Kqit= t.0forlc51.64 
Kept= f(lc) for le> 1.64 (see reference) 10 

Qc1nc:s Clean sand equivalent Qc1n qc1nc:s = qc111 • Kept 3 

.. , .. ·········--··--- -· --·-·---- -·---- _________ ,__ ··-·····-···••,-- ·-· - •. ----·-·- ······-· -·····- --·- ··-------------·-- •-- ----·--·· -
Qc1ncs< 50: 
CRR1a = 0.833 [(qc,,d1000] + 0.05 

CAR Cyclic Resistance Ratio (for Magnitude 7.5) 
50 5 qc1ncs< 160: 

10 

CRR,.s = 93 [(Clc1od1000]3 + 0.08 

-•-·-•···-·· ,. .. ··-- -·-··-·--- ··- --·----- ---····· - ·-- - - --- -·-· - . . . - - -· -· ··---- -·-·----
CSR= (~,.;cr,;) = 0.65 (a=/ g) (crJ cr,;) ,, 

fd=1.0-Q.Q0765z z ::: 9.15m 10 
CSR Cyclic Stress Ratio r, • 1.174-0.0267 z 9.15 <Z 523m 

rd =0.744-0.008 Z 23 < z s 30m 
rc1 = 0.50 z > 30m 

- ··----- •.. --·-·· . . ·- ---· - . . ------- . ---· - ----· ·--- ~ , .. 

CPTSUMM-MethodsV122a-Rev. 06-30-2004 
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CPT Interpretations 

Interpreted Description 
Parameter 

MSF Magnitude Scaling Factor 

FofS Factor of Safety against Liquefaction 

Liquefaction 
Statement indicating possible liquefaction 

Status 

rr 

Friction Ratio (%), Rf 

Page 6f7 

Equation 

See Reference 

FS ~ (GRR,.s / CSR) MSF 

Takes into account FofS and limitations based le. 
and Qctncs-

Zone qt/ N 
7 lli 2 
2 1' I 
3 ~ 1 
4 m 1.s 
5 fill 2 
6 l\: 2.5 
7 3 
8 4 
9 5 
·10 6 
11 1 
12 2 

Soil Behavior Type 
sensiliva line grained 

organic material 
clay 

silty clay to clay 
clayey silt to silty clay 
sandy silt to clayey sill 
silly sand to sandy silt 

sand to silty sand 
sand 

gravelly sand to sand 
very stiH fine grained • 
sand to clayey sand • 

~ overconsolidated or cemented 

Figure 1 Non-Normalized Behavior Type Classiiicalion Chart 

CPTSUMM-MethodsV122a-Rev. 06-30-2004 

COMTEC 
f ·& f ·l 

G7ii:"5iSiii21 

Raf 

10 

10 

10 
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C 

1i 
%l ·a 
8' 
• C 
0 

CPT Interpretations 

1000 

Zone Normalized Soil Behavior Type 
1 • sensitive fine grained 
2 ;l;I. organic material 
3 m clay to s!lly clay 
4 Ell clayey slit to silty clay 
5 silty sand to sandy slit 

O 10 
j 

6 clean sands to silty sands 
7 gravelly sand to sand 

" E 
0 z 

S very stiff sand to clayey sand 
9 very st!ff 1ine grained 

10 

Norn1alized Friction Ratio ,, 0"¼ 
Qi-<>vox10 o 

Figure 2 Normalized Behavior Type Classification Chart 

Table 2 References 

No. References 

1 Robertson, P.K., Campanella, R.G., Gillespie, D. and Greig, J., 1986, "Use of Piezometer Cone 
Datan, Proceedings of lnSftu 86, ASCE Specialty Conference, Blacksburg, Virginia. 

2 
Robertson, P.K., 1990, ~soil Classification Using the Cone Penetration Test", Canadian Geotechnical 

Journal, Volume 27. 

3 
Robertson, P.K. and Fear, C.E., 1998, "Evaluating cyclic liquefaction potential using the cone 

penetration test", Ganadian Geotechnical Journal, 35: 442-459. 

4 Robertson, P.K.. and Wride, C.E., 1998, "'Cyclic Liquefaction and its Evaluation Based on SPT and 
CPT", NCEER Workshop Paper, January 22, 1997 

5 Lunne, T., Robertson, P.K. and Powell, J. J.M., i997, = Cone Penetration Testing in Geotechnical 
Practice," Blackie Academic and Professional. 

Plewes, H.D., Davies, M.P. and Jefferies, M.G., 1992, "CPT Based Screening Procedure for 
6 Evaluating Liquefaction Susceptibility", 45th Canadian Geotechnical Conference, Toronto, 

Ontario, October 1992. 

7 Jefferies, M.G. and Davies, M.P., 1993. "Use of CPTu to Estimate equivalent N60", Geotechnical 
Tesfing Journal, 16(4): 458-467. 

8 Been, K. and Jefferies, M.P., 1985, "A state parameter for sands", Geotechnique, 35(2), 99-112. 

9 Schmertmann, 1977, ~Guidelines for Cone Penetration Test Performance and Design", Federal 
Highway Administration Report FHWA-TS-78-209, U.S. Department of Transportation 

10 Proceedings of theNCEER Workshop on Evaluation of Liquefaction Resistance of Soils, Salt 
LakeCity, 1996. Chaired by Leslie Youd. 

CPTSUMM-MethcdsV122a- Rev. 06-30-2004 
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Tip Geophone 

Depth Depth 

{ft) {ft) 

3.28 2.62 

6.56 5.90 

9.84 9.18 

13.12 12.46 

16.40 15.74 

18.37 17.71 

Job No 07-804 

Client Civil & Environmental Consultants 

Project Trtle Pond Creek Mine 
Hole CPT-1 

Site Williamson County, Illinois 
Doto 10131/2007 

Seismic Source: 
Source Offset: 
Source Depth: 
Geophone Offset: 

Ray Depth 

Path Interval 

(fl) {ft) 

3.02 

6.09 3.07 

9.31 3.21 

12.55 3.25 

15.82 3.26 

17.78 1.96 

Beam 

1.50 
0.00 

0.66 

Time 
Interval 

{ms) 

4.76 

4.90 

4.02 

3.22 

1.40 

(ft) 

(ft) 

(fl) 

Mid-layer 

Depth 

{fl) 

4.26 

7.54 

10.82 

14.10 

16.73 

Vs Interval 

Velocity 

{ft/s) 

645 

656 

808 

1013 

1402 
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10 

20 

- 30 
~ 
.c: 
Q. 
(I) 

C 40 

50 

60 

500 

Job No: 07-804 
Client: C.E.C. 
Project: Pond Creek Mine 
Sounding: CPT-1 
Date: October 31, 2007 

Vs (ft/s) 

1000 1500 2000 
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Tip Geophone 

Depth Depth 

(It) (ft) 

6.56 5.90 
9.84 9.18 

13.12 12.46 
16.40 15.74 

19.69 19.03 

22.97 22.31 

26.25 25.59 
29.53 28.87 

32.81 32.15 
36.09 35.43 
39.37 38.71 

42.65 41.99 

45.28 44.62 

Job No 07-804 
Client Civil & Environmental Consultants 
Project Title Pond Creek Mine 
Hole CPT-2 
Site Williamson County, Illinois 

Date 10/30/2007 

Seismic Source: 
Source Offset: 
Source Depth: 
Geophone Offset: 

Ray Depth 

Path Interval 

(fl) (ft) 

6.09 

9.31 3.21 

12.55 3.25 
15.82 3.26 

19.09 3.28 

22.36 3.27 
25.64 3.27 
28.91 3.28 

32.19 3.28 
35.47 3.28 

38.74 3.28 

42.02 3.28 
44.65 2.63 

Beam 
1.50 
0.00 
0.66 

Time 
Interval 

(ms) 

2.67 

2.53 

2.83 

3.02 
3.18 

3.15 
3.12 

2.94 
3.45 

4.12 
3.61 

2.24 

(ft) 

(ft) 

(ft) 

Mid-layer 

Depth 

(ft) 

7.54 

10.82 

14.10 

17.39 
20.67 

23.95 
27.23 

30.51 
33.79 

37.07 

40.35 
43.31 

Vs Interval 

Velocity 

(ft/s) 

1204 

1284 

1152 
1085 

1029 
1039 

1050 

1114 
950 

795 

908 

1173 
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10 

20 

- 30 
ii= -.c: 
c.. 
(l) 

C 40 

50 

60 

500 

Job No: 07-804 
Client: C.E.C. 
Project: Pond Creek Mine 
Sounding: CPT-2 
Date: October 30, 2007 

Vs (ft/s) 

1000 1500 2000 
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Tip Geophone 

Depth Depth 

(ft) (ft) 

6.56 5.90 

9.84 9.18 

13.12 12.46 

16.40 15.74 

19.69 19.03 

22.97 22.31 

C 
26.25 25.59 

29.53 28.87 

32.81 32.15 

36.09 35.43 

39.37 38.71 

41.67 41.01 

07-804 Job No 
Client Civil & Environmental Consultants 

Project rrtle Pond Creek Mine 

Hole CPT-2A 

Site Williamson County, Illinois 
Dale 10/30/2007 

Seismic Source: Beam 

Source Offset: 1.50 (ft) 

Source Depth: 0.00 (ft) 

Geophone Offset: 0.66 (ft) 

Ray Depth Time Mid-layer 

Path Interval Interval Depth 

(ft) (ft) (ms) (ft) 

6.09 

9.31 3.21 3.29 7.54 

12.55 3.25 3.34 10.82 

15.82 3.26 2.91 14.10 

19.09 3.28 3.12 17.39 

22.36 3.27 2.96 20.67 

25.64 3.27 2.80 23.95 

28.91 3.28 3.66 27.23 

32.19 3.28 4.20 30.51 

35.47 3.28 3.88 33.79 

38.74 3.28 4.15 37.07 

41.04 2.30 1.83 39.86 

Vs Interval 

Velocity 

(Ills) 

977 

973 

1121 

1051 

1105 

1169 

895 

780 

845 

790 

1256 
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10 

20 

- 30 ,t: -.c: 
0. 
Cl) 

Q 40 

50 

60 

500 

Job No: 07-804 
Client: C.E.C. 
Project: Pond Creek Mine 
Sounding: CPT-2A 
Date: October 30, 2007 

Vs (ft/s) 

1000 1500 2000 
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Tip Geophone 
Depth Depth 

(fl) (fl) 

6.23 5.57 

9.51 8.85 

12.80 12.14 

16.08 15.42 

19.36 18.70 

22.15 21.49 

Job No 07-804 

Client Civil & Environmental Consultants 

Project Trtle Pond Creek Mine 
Hole CPT-3 

Site Williamson County, Illinois 

Date 10/31/2007 

Seismic Source: 
Source Offset: 
Source Depth: 
Geophone Offset: 

Ray Depth 

Path Interval 

(fl) (fl) 

5.77 

8.98 3.21 

12.24 3.26 

15.50 3.26 

18.76 3.27 

21.55 2.78 

Beam 
1.50 

0.00 

0.66 

Time 
Interval 

(ms) 

5.56 

5.72 

4.42 

3.70 

2.63 

(fl) 

(fl) 

(fl) 

Mid--layer 

Depth 

(fl) 

7.21 

10.50 

13.78 

17.06 

20.10 

Vs Interval 

Velocity 

(ft/s) 

577 

569 

738 

883 

1058 
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10 

20 

- 30 
~ 
.c 
0.. 
Cl) 

C 40 

50 

60 

500 

Job No: 07-804 
Client: C.E.C. 
Project: Pond Creek Mine 
Sounding: CPT-3 
Date: October 31, 2007 

Vs (ft/s) 

1000 1500 2000 
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Job No 07-804 
Client CMI & Environmental Consultants 
Project Title Pond Creek Mine 
Hole CPT-4 
Site Williamson County, Illinois 

Date 10/31/2007 

Seismic Source: Beam 
Source Offset: 1.50 (ft) 

Source Depth: 0.00 (ft) 

Geophone Offset: 0.66 (ft) 

Tip Geophone Ray Depth Time Mid-layer Vs Interval 

Depth Depth Path Interval Interval Depth Velocity 

(ft) (ft) (ft) (ft) (ms) (ft) (lt/s) 

2.95 2.29 2.74 

6.23 5.57 5.77 3.03 6.37 3.93 476 

9.51 8.85 8.98 3.21 4.77 7.21 673 

12.80 12.14 12.24 3.26 4.17 10.50 781 

16.08 15.42 15.50 3.26 3.57 13.78 913 

18.86 18.20 18.27 2.77 2.23 16.81 1242 
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500 

Job No: 07-804 
Client: C.E.C. 
Project: Pond Creek Mine 
Sounding: CPT -4 
Date: October 31, 2007 

Vs (ft/s) 

1000 1500 2000 0+-___ _._ ___ _._ ___ _._ ___ _, 

10 

20 

g 30 

J:: 
a. 
(I) 

C 40 

50 

60 

70 .._ _____________ --1 
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Tip Geophone 
Depth Depth 

{ft) {fl) 

6.56 5.90 
9.84 9.18 

13.12 12.46 
16.40 15.74 

19.69 19.03 

22.97 22.31 
26.25 25.59 

29.53 28.87 

32.81 32.15 

36.D9 35.43 
39.37 38.71 
42.65 41.99 
45.93 45.27 
49.21 46.55 

Job No 07-804 
Client Civil & Environmental Consultants 

Project Tole Pond Creek Mine 

Hole CPT-5 
Site Williamson County, Illinois 

Date 10130/2007 

Seismic Source: 
Source Offset: 
Source Depth: 
Geophone Offset: 

Ray Depth 
Path Interval 

(fl) (fl) 

6.09 
9.31 3.21 

12.55 3.25 
15.82 3.26 

19.09 3.28 

22.36 3.27 
25.64 3.27 

28.91 3.28 

32.19 3.28 
35.47 3.28 
36.74 3.28 

42.02 3.28 
45.30 3.28 
46.58 3.28 

Beam 
1.50 
0.00 
0.66 

Time 

Interval 
(ms) 

3.12 

3.02 

3.29 
3.50 

2.85 

2.75 
3.07 

4.20 
4.20 
3.99 

4.20 

3.55 
2.05 

(fl) 

(fl) 
(fl) 

Mid-layer 

Depth 

(fl) 

7.54 

10.82 
14.10 

17.39 

20.67 

23.95 
27.23 

30.51 
33.79 

37.07 
40.35 

43.63 
45.91 

Vs Interval 
Velocity 

(fl/s) 

1030 

1076 
991 

936 

1146 
1190 

1067 

780 

780 
821 

780 
923 

1599 
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500 

10 

20 

g 30 

.s::. 
a 
Cl) 

C 40 

50 

60 

Job No: 07-804 
Client: C.E.C. 
Project: Pond Creek Mine 
Sounding: CPT-5 
Date: October 30, 2007 

Vs (ft/s) 

1000 1500 2000 
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( 

Tip Geophone 

Depth Depth 

(ft) (ft) 

6.23 5.57 
9.51 8.85 

12.80 12.14 

16.08 15.42 
19.36 18.70 

22.64 21.98 
25.92 25.26 

29.20 28.54 
32.48 31.82 

35.76 35.10 
39.04 38.38 

42.32 41.66 

45.60 44.94 
49.05 48.39 

52.17 51.51 
53.15 52.49 

07-804 Job No 

Client 
ProjectTrtle 

Hole 

Civil & Environmental Consultants 

Pond Creek Mine 
CPT-SA 

Site Williamson County, Illinois 

Date 10/30/2007 

Seismic Source: 
Source Offset: 
Source Depth: 
Geophone Offset: 

Ray Depth 

Path Interval 
(ft) (ft) 

5.77 
8.98 3.21 

12.24 3.26 

15.50 3.26 
18.76 3.27 

22.03 3.27 
25.31 3.27 

28.58 3.27 
31.86 3.28 

35.14 3.28 
38.41 3.28 

41.69 3.28 

44.97 3.28 

48.42 3.45 
51.54 3.12 

52.52 0.98 

Beam 

1.50 

0.00 

0.66 

llme 
Interval 
(ms) 

3.80 

4.18 
2.80 

2.34 

3.29 
3.04 

274 
3.21 

4.18 
4.29 

4.50 

4.27 
3.59 

2.21 

0.62 

(ft) 

(ft) 

(ft) 

Mid-layer 
Depth 

(ft) 

7.21 

10.50 
13.78 

17.06 

20.34 
23.62 

26.90 
30.18 

33.46 
36.74 

40.02 

43.30 

46.67 
49.95 

52.00 

Vs Interval 
Velocity 

(ft/s) 

844 

779 

1164 

1396 
994 

1077 
1195 

1021 
784 

764 

728 

768 
961 

1411 

1580 
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10 

20 

- 30 .i:: -.c: ... 
0.. 
Q) 

C 40 

50 

60 

500 

Job No: 07-804 
Client: C.E.C. 
Project: Pond Creek Mine 
Sounding: CPT-5A 
Date: October 30, 2007 

Vs (ft/s) 

1000 1500 2000 
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Tip Geophone 
Depth Depth 

(ft) (ft) 

6.56 5.90 
9.84 9.18 
13.12 12.46 
16.40 15.74 
19.69 19.03 
22.97 22.31 
26.25 25.59 
29.69 29.03 
32.81 32.15 
36.09 35.43 
39.37 38.71 
39.70 39.04 

Job No 07-804 
Client Civil & Environmental Consultants 
Project Tille Pond Creek Mine 
Hole CPT-58 
Site Williamson County, Illinois 

Date 1 0/30/2007 

Seismic Source: 
Source Offset: 
Source Depth: 
Geophone Offset: 

Ray Depth 
Path Interval 
(ft) (ft) 

6.09 
9.31 3.21 
12.55 3.25 
15.82 3.26 
19.09 3.28 
22.36 3.27 
25.64 3.27 
29.07 3.43 
32.19 3.12 
35.47 3.28 
38.74 3.28 
39.07 0.33 

Beam 
1.50 
0.00 
0.66 

Time 
Interval 
(ms) 

3.93 
3.61 
2.15 
3.02 
3.82 
4.47 
5.01 
4.09 
3.23 
2.85 
0.20 

(ft) 

(ft) 

(ft) 

Mid-layer 
Depth 

(ft) 

7.54 
10.82 
14.10 
17.39 
20.67 
23.95 
27.31 
30.59 
33.79 
37.07 
38.88 

Vs Interval 
Velocity 

(11/s) 

818 
900 
1517 
1085 
856 

732 
686 
762 
1014 
1150 
1649 
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500 

Job No: 07-804 
Client: C.E.C. 
Project: Pond Creek Mine 
Sounding: CPT-5B 
Date: October 30, 2007 

Vs (ft/s) 

1000 1500 2000 
0 +-------.__ __ __._ ___ ..L.-----"'.! 

10 

20 

g 30 

.c: .. 
C. 
Cl) 

C 40 

50 

60 

70 ..._ _____________ __. 
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Job No 07-804 
Client Civil & Environmental Consultants 
Project Trtle Pond Creek Mine 
Hole CPT-8 
Site Williamson County, Illinois 

Date 10/31/2007 

Seismic Source: Beam 

Source Offset: 1.50 (ft) 

Source Depth: 0.00 (ft) 

Geophone Offset: 0.66 (ft) 

Tip Geophone Ray Depth Time Mid-layer Vs Interval 
Depth Depth Path Interval Interval Depth Velocity 

(fl) (ft) (ft) (ft) (ms) (ft) (ft/s) 

3.28 2.62 3.02 

6.56 5.90 6.09 3.07 5.97 4.26 514 

9.84 9.18 9.31 3.21 4.18 7.54 769 

13.12 12.46 12.55 3.25 4.60 10.82 706 

16.40 15.74 15.82 3.26 3.45 14.10 945 

19.69 19.03 19.09 3.28 4.00 17.39 819 

22.64 21.98 22.03 2.94 2.88 20.51 1022 

l 
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500 

Job No: 07-804 
Client: C.E.C. 
Project: Pond Creek Mine 
Sounding: CPT-6 
Date: October 31, 2007 

Vs (ft/s) 

1000 1500 2000 
0 +------"L-----1.---.J-----,4 

10 

20 

@: 30 

.c: ... 
C. 
Cl) 

C 40 

50 

60 

70 .&...,. ____________ __J 



R15666

Job No 07-804 

Client Civil & Environmental Consultants 
Project Trtle Pond Creek Mine 
Hole CPT-7 

Site Williamson County, Illinois 

Date 10/31/2007 

Seismic Source: Beam 
Source Offset: 1.50 (ft) 

Source Depth: 0.00 (ft) 

Geophone Offset: 0.66 (ft) 

Tip Geophone Ray Depth llme Mid-layer Vs Interval 

Depth Depth Path Interval Interval Depth Velocity 

(ft) (ft) (ft) (It) (ms) (It) (ft/s) 
3.28 2.62 3.02 

6.56 5.90 6.09 3.07 5.97 4.26 514 
9.84 9.18 9.31 3.21 5.59 7.54 575 
13.12 12.46 12.55 3.25 4.36 10.82 745 
16.40 15.74 15.82 3.26 3.65 14.10 894 

C 
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500 

Job No: 07-804 
Client: C.E.C. 
Project: Pond Creek Mine 
Sounding: CPT-7 
Date: October 31, 2007 

Vs (ft/s) 

1000 1500 2000 
0 +----1---....L.----'-----I 

10 

20 

- 30 
~ 
.c: 
Q. 
Q) 

O 40 

50 

60 

70 .,__ _____________ ..J 
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Tip Geophone 
Depth Depth 

(ft) (ft) 

3.28 2.62 
6.56 5.90 

9.84 9.18 

13.12 12.46 

16.40 15.74 

17.88 17.22 

Job No 07-804 
Client Civil & Environmental Consultants 
Project Trtle Pond Creek Mine 

Hole CPT-8 
Site Williamson County, Illinois 

Date 10/3112007 

Seismic Source: 
Source Offset: 
Source Depth: 
Geophone Offset: 

Ray Depth 

Path Interval 

(It) (It) 

3.02 

6.09 3.07 

9.31 3.21 

12.55 3.25 

15.82 3.26 

17.29 1.47 

Beam 

1.50 
0.00 
0.66 

Time 
Interval 

(ms) 

5.67 

4.93 

4.59 

3.33 

1.42 

(ft) 

(It) 

(ft) 

Mid-layer 

Depth 

(It) 

4.26 

7.54 

10.82 

14.10 

16.48 

Vs Interval 
Velocity 

(!tis) 

541 

652 
708 

979 

1038 
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500 

Job No: 07-804 
Client: C.E.C. 
Project: Pond Creek Mine 
Sounding: CPT-8 
Date: October 31, 2007 
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Tip Geophone 

Depth Depth 

{ft) (ft) 

2.95 2.29 

6.23 5.57 

9.51 8.85 
12.80 12.14 

16.08 15.42 

19.36 18.70 

21.98 21.32 

07-804 Job No 
Client 
Project Trtle 
Hole 

Civil & Environmental Consultants 
Pond Creek Mine 
CPT-9 

Sfte 

Date 

Williamson County, Illinois 
10/31/2007 

Seismic Source: 
Source Offset: 
Source Depth: 
Geophone Offset: 

Ray Depth 

Path Interval 
(ft) (ft) 

2.74 

5.77 3.03 

8.98 3.21 

12.24 3.26 
15.50 3.26 

18.76 3.27 

21.38 2.61 

Beam 
1.50 

0.00 

0.66 

Time 
Interval 

(ms) 

7.30 

3.55 

4.30 
5.04 

4.06 

1.76 

(ft) 

(ft) 

(ft) 

Mid-layer 
Depth 

(ft) 

3.93 

7.21 
10.50 

13.78 

17.06 

20.01 

Vs Interval 
Velocity 

(ft/s) 

415 

904 

757 
647 

805 

1484 
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Job No: 07-804 
Client: C.E.C. 
Project: Pond Creek Mine 
Sounding: CPT-9 
Date: October 31, 2007 

Vs (ft/s) 
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Job No 07-804 

Client Civil & Environmental Consultants 
Project rrtle Pond Creek Mine 

Hole CPT-10 

Site Williamson County, Illinois 

Date 10/31/2007 

Seismic Source: Beam 
Source Offset: 1.50 (ft) 

Source Depth: 0.00 (ft) 

Geophone Offset: 0.66 (ft) 

Tip Geophone Ray Depth Time Mid-layer Vs Interval 
Depth Depth Path Interval Interval Depth Velocity 

(ft) (ft) (ft) (ft) (ms) (ft) (f!/s) 

3.28 2.62 3.02 

6.56 5.90 6.09 3.07 6.42 4.26 478 

9.84 9.18 9.31 3.21 5.21 7.54 617 

13.12 12.46 12.55 3.25 4.95 10.82 656 

16.40 15.74 15.82 3.26 4.06 14.10 803 

19.69 19.03 19.09 3.28 3.47 17.39 945 

22.97 22.31 22.36 3.27 3.03 20.67 1080 

26.08 25.42 25.47 3.10 2.55 23.87 1217 
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Tip Geophone 

Depth Depth 

(ft) (ft) 

3.26 2.62 
6.66 5.90 

9.84 9.18 

13.12 12.46 
16.40 15.74 
19.69 19.03 
22.97 22.31 
26.25 25.59 

27.56 26.90 

Job No 07-804 
Client CM! & Environmental Consultants 

Project Title Pond Creek Mine 
Hole CPT-11 
Site Williamson County, Illinois 
Date 10/31/2007 

Seismic Source: 
Source Offset: 
Source Depth: 
Geophone Offset: 

Ray Depth 

Path Interval 

(ft) (ft) 

3.02 
6.09 3.07 

9.31 3.21 

12.55 3.25 
15.82 3.26 
19.09 3.28 
22.36 3.27 
25.64 3.27 

26.95 1.31 

Beam 

1.50 

0.00 
0.66 

Time 
Interval 
(ms) 

6.51 

5.12 
4.52 

3.99 
3.54 

2.71 
2.36 

1.05 

(ft) 

(ft) 

(ft) 

Mid-layer 

Depth 

(ft) 

4.26 

7.54 
10.82 

14.10 
17.39 
20.67 

23.95 

26.25 

Vs Interval 
Velocity 

(f!/s) 

471 

628 
719 
817 

926 
1207 

1387 

1246 
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Tip Geophone 
Depth Depth 

(ft) (ft) 

2.95 2.29 
6.40 5.74 

9.51 8.85 
12.80 12.14 
16.08 15.42 

19.36 18.70 

C 
22.64 21.98 

07-804 Job No 

Client 

Project Trtle 

Hole 

Civil & Environmental Consultants 

Pond Creek Mine 
CPT-12 

Srte Williamson County, Illinois 

Date 10/31/2007 

Seismic Source: Beam 

Source Offset: 

Source Depth: 
Geophone Offset: 

Ray Depth 

Path Interval 

(fl) (fl) 

2.74 
5.94 3.20 

8.98 3.04 

12.24 3.26 
15.50 3.26 
18.76 3.27 
22.03 3.27 

1.50 

0.00 
0.66 

Time 
Interval 
(ms) 

6.03 

5.11 

5.42 

4.36 

3.75 
2.66 

(ft) 

(ft) 

(ft) 

Mid-layer 

Depth 

(ft) 

4.02 

7.30 

10.50 
13.78 

17.06 
20.34 

Vs Interval 
Velocity 

(Ws) 

530 

596 

601 
748 

871 

1230 
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500 

Job No: 07-804 
Client: C.E.C. 
Project: Pond Creek Mine 
Sounding: CPT-12 
Date: October 31, 2007 
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C No Dissipation Tests were 
performed 
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ConeTec Digital File Formats 

ConeTec CPT data files are named such that the first 3 characters contain the job number, the next two 
characters are CP followed by two characters indicating the sounding number. The last DOS character 
position is reseived for the letters a, b, c, d etc to uniquely identify multiple soundings at the same 
location. The CPT sounding file has the extensions COR, and pore pressure dissipation files have the 
extension PPD. As an example, for job number 99-12/ the first sounding will have file names 
127CP01.COR and 127CP01.PPD. 

The CPT (COR) file consists of the following components: 

1. Two lines of header information 
2. Data records 
3. End of data marker 
4. Units information 

Header Lines 

Line 1: Columns 1-6 are blank (future use) 
Columns 7-21 contain the sounding Date and Time 
Columns 22-36 contain the sounding Operator 

Line 2: Columns 1-16 contain the Job Location 
Columns 17-31 contain the Cone ID 
Columns 32-47 contain the sounding number 

Data Records 

The data records contain 4 or more columns of data in floating point format. A comma (and spaces) 
separates each data item: 

Column 1: 
Column 2: 

Column 3. 
Column 4: 
Column 5: 

Sounding Depth (meters) 
Tip (q0) data uncorrected for pore pressure effects. Recorded in units selected by 
the operator. 
Sleeve (f,) data. Rec.;ordell i11 units selec.;tetl by the operator 
Dynamic pore pressure readings. Recorded in units selected by the operator 
UVIF Data. See UVIF section. 

End of Data Marker 

After the last line of data a line containing ASCII 26 (CTL-Z) and a newline (carriage return/ line 
feed) character. This is used to mark the end of data. 

Units Information 

The last section of the file contains information about the units that were selected for the sounding. 
A separator bar makes up the first line. The second line contains the type of units used for depth, q0 , 

f, and u. The third line contains the conversion values required for ConeTec's software to convert 
the recorded data to an internal set of base units (bar for q0 , bar for 1s and meters for u). 
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Cone Tee Digital File Formats 2 

CPT Dissipation files have the same naming convention as the CPT sounding files and have the 
extension PPD. PPD files consist of the following components: 

1. Two lines of header information 
2. Data records 

Header Lines (same as COR file): 

Line 1: Columns 1-6 are blank (future use) 
Columns 7-21 contain the sounding Date and Time 
Columns 22-36 contain the sounding Operator 

Line 2: Columns 1-16 contain the Job Location 
Columns 17-31 contain the Cone ID 
Columns 32-47 contain the sounding number 

Data Records 

The data records immediately follow the header lines. Each data record can occupy several lines in 
the file and is a complete record of a dissipation test at a particular depth. Each data record starts 
with a line containing two values separated by spaces; the first value being an index number (not 
currently used by the Software) and the second being the dissipation test depth in meters. Following 
this line are the dissipation pore pressure values stored at 5 second intervals with a maximum of 12 
entries per line. The last line of the dissipation record may not contain a full 12 entries. The data 
record is terminated with an ASCII 30 character (appears as a triangle in some editors). 

This sequence is repeated for every dissipation test in the sounding. No marker is used to indicate 
end of file. Units information is not stored in this file. Users would have to check the CPT file for the 
units that were used. 
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ConeTec's basic CPT interpretation output files are generally delivered in text files with a TBL extension. 
The root file name Is the same as the COR files. A number of calculated geotechnical parameters are 
presented in these files. The files are stored as ASCII text files that can be viewed using any text editor 
such as Notepad or Wordpad. The files do not contain any page formatting. These files are not 
distributed if the enhanced interpretation files are provided. 

ConeTec's enhanced CPT interpretation output files are delivered in several formats, each file type 
containing the exact same information but formatted slightly differently. The files typically have any of 
the following file extensions: 

1. NLI 

2. NLP 

3. XLS 

an importable TAB delimited ASCII text file containing approximately 36 data columns 
of geotechnical interpretations. The file is designed for easy import to Excel. A 
companion document describes the techniques used for the interpretations (usually 
reproduced at the beginning of the Interpretation Appendix). Text editors can be used 
to view the file contents, however, they may remove the tabs or replace the tabs with 
spaces upon saving the file destroying the feature that makes them easy to import into 
Excel. 

a printable ASCII text file containing the same 36 columns of geotechnical 
interpretations as the NLI file. This file type has been formatted as a multi-page 
document with up to 132 characters per line and up to 68 lines per page. Each page 
has been separated into multiple sections to accommodate all the data fields. Each 
physical page has a header section and a page/section number. The file is designed for 
direct printing to laser printers set into compressed font mode. This output is typically 
provided in the Interpretation Appendix. 

an Excel format file that has been generated directly from the corresponding NU file. 

In each case root file name is the same as the COR files. 
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APPENDIX A-3 

NORMALIZED PS-CPT DATA AND PARAMETER CORRELATIONS 
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Civil & Environmental Consultants, Inc. 
Williamson Energy Pond Creek 

PROJECT Deformation Evaluation PROJECT NO. 072046 
Normalized PS-CPT Data and Parameter 
Correlations 

MADE BY _.::;:B:..:E:..:G::__ DATE 12/28/07 CHECKED BY ;;t"(J A 
J 

CALCULATION BRIEF 
FOR 

PAGE I 

DATE 

NORMALIZED PS-CPT DATA AND PARAMETER CORRELATIONS 

POND CREEK COAL REFUSE DISPOSAL SITE 

OF '-/8 

OBJECTIVE: 

Use data recorded during the piezo-seismic cone penetration testing (PS-CPT) at the 
Williamson Energy, Pond Creek Coal Refuse Disposal facility located in Williamson 
County, Illinois to correlate various index and strength properties. Also, nearly 
continuous profiles with depth of various applicable engineering properties of the refuse 
and subgrade soil materials in the fifteen (15) soundings tested at the Pond Creek facility 
are tabulated and attached. 

REFERENCES: 

072046 

1. Bowles, Joseph 'E. ( 1984) "Physical and Geotechnical Properties of Soils," Mc-Graw 
Hill. New York: 367-369 and 393-396. 

2. Civil & Environmental Consultants, Inc. Calculation Brief Entitled "Summary of 
Piezo-Cone Penetration Testing," Pond Creek Coal Refuse Disposal Site, BEG, dated 
12/21/07. 

3. ConeTec, Inc. (2007), Field Report Entitled "Presentation of CPTU Test Results for: 
Pond Creek Mine- Williamson County, Illinois, December 10, 2007. 

4. Robertson, P.K (1998), "Applications Guide- CPT" **Fax** 

5. Robertson, P.K., et.al. (1992) "SPT-CPT Correlations," Journal of Geotechnical 
Engineering, ASCE 109 (11): 1449-1459. 
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PROJECT 
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6. Robertson, P.K and Campanella, R.G, (1989), "Guidelines for Geotechnical Design 
Using CPT and CPTU", UBC Soil Mechanics Series No. 120, Civil Eng. Dept., 
Vancouver, B.C., Canada 

7. Robertson, P.K and Campanella, R.G, (1983), "SPT-CPT Correlations," Journal of 
Geotechnical Engineering, ASCE Vol. 109 No. 11, pp. 1449-1459. 

8. Civil and Environmental Consultants, Inc. Calculation, "Calculation Brief for 
Estimation and Summary of Engineering Properties Including Peak Undrained Shear 
Strength for Refuse and Subgrade Materials," Pond Creek Coal Refusal Site, BEG 
12/28/07. 

METHODOLOGY: 

072046 

Using laboratory-derived unit weights for the coarse coal refuse and residual soil layers, 
provided by Alliance Consulting, Inc. (Alliance), the following parameters are correlated 
based on established CPT correlations (References 2, 3, 4, 5, 6 and 7) and the data 
collected during the Pond Creek Piezo-Seismic Cone Penetration Testing subsurface 
investigation (Ref. 2): 

• Total stress (crv) 
• Effective stress (O'vo') 

• Pore pressure (U eq) 
• SPT N6o correction factor (Cn) 
• SPT blow counts at 60% energy (Nso) 
• N6o corrected for overburden ((N1)so) 
• Corrected tip resistance (qc) 
• Fines content (F cl 
• Effective friction angle (cp) 
• Soil Behavior Index (Ic) 

Undrained shear strength (Su) was also correlated, and is discussed separately in the 
calculation brief entitled Estimation and Summary of Engineering Properties Including 
Peak Undrained Shear Strength for Refuse and Subgrade Materials," (Reference 8). 
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ANALYSIS: 

072046 

ConeTec, Inc. (ConeTec) performed the PS-CPT and correlated the above noted 
parameters based on various unit weights that were correlated directly from the Soil 
Behavior Type (SBT) (Robertson and Campanella, 1989). The unit weights used by 
ConeTec were based on data interpolation and thus require modification to reflect the 
laboratory derived unit weights of the coarse refuse and residual soil, which were 
provided by Alliance. Therefore, laboratory-derived unit weight for each of the layers 
was used to correlate the applicable parameters, particularly total and effective stresses, 
which are used throughout the calculations. 

PSCPT correlations were based on much of the work described by Robertson and 
Campanella (1998, 1992, 1989, 1988, 1983). During field testing, ConeTec measured 
four parameters insitu, which were not correlated. They include the recorded tip 
resistance (AvgQt), the recorded side friction (AvgFs), the recorded friction ratio 
(AvgRfJ and the pore pressure generated by the CPT probe (AvgUd), all of which were 
used in subsequent correlations. The soil behavior type (SBT) was also determined by 
the ConeTec, and was based on observations and readings of the four parameters just 
listed. 

The following paragraphs briefly describe the parameters as well as providing a 
definition of the parameter and any additional calculations needed: Total stress and 
effective stress are both used in many of the correlations, and are related to each other by 
the presence of water in the form of pore water pressure. Total stress was defined as: 

<Jv = ( y * H) / 2000 (lb/ton) 

where: <Jv = total stress (tsf) 
y = unit weight (pcf) 
H = depth of the sample (ft) 
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Pore pressure is defined as: 

Ueq = (Yw * H) I 2000 (lb/ton) 

where: Ueq = pore pressure (tsf) 

PROJECT NO. 

PAGE 

DATE 

Yw = unit weight of water (pcf) 
= 62.5 pcf 

H = depth of the sample (ft) 

The difference between the two determines the effective stress: 

<3vo' = <3v - Ueq 

where: Ueq = pore pressure (tsf) 
crv = total stress (tsf) 

072046 

OF 'f8 

I /z.3 Jog r. 

The PS-CPT sampler correlated the number of blows per foot, without the overburden 
correction, to the tip resistance measured as the probe was advanced. This gave measurements 
of N60 every 0.2 meters. Corrected for overburden, the measured tip resistance was then 
calculated: 

qc = AvgQt - (1 - 0.85) * U 

where: AvgQt = measured tip resistance (tsf) 
0.85 = area ratio of the PS-CPT probe 
U = measured pore pressure (tsf) 

This corrected tip resistance (qc) was used along with the soil behavior type index (Ic) and 
atmospheric pressure to give the recorded N6o value by the equation: 

Nso = (qc /Pa)/ 8.5 * (1- (Ic / 4.6)) 

where: qc = corrected tip resistance (tsf) 
Pa = atmospheric pressure (tsf) 

= 1.058 tsf 
Ic = soil behavior type index ( dim) 

072046 
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and: Ic = ((3.4 7 - Log10(Q))2 + (Log10(F) + 1.22)2)0.5 

where: Q 

F 

= normalized cone penetration 
resistance (dim) 

= normalized friction ratio (pct) 

and: Q = (qc - O'v) / O'vo' 

where: qc = corrected tip resistance (tsf) 
O'v = total stress = ( y * H) / 2000(lb/ton) 

(tsf) 
O'vo' = vertical effective overburden (tsf) 

and: F = 100% * AvgFs / (qc - O'vo') 

where: AvgFs= recorded side friction (tsf) 
qc = corrected tip resistance (tsf) 
O'vo' = vertical effective overburden (tsf) 

OF 'IS 

Once N6o and O'vo' had been calculated, a correction factor (Cn) was applied to 
N6o to give (N1)60: 

where N 60 = Number of blows/foot to advance 1.5 
feet 

Cn = (O'vo')-0,5 (dim) 

Using tip resistance, corrected for overburden, and effective overburden the effective 
friction of the material in the Pond Creek facility could be calculated (Robertson, 1989). 
This was done using the following calculation: 

cJ>' = tan-1[(1/2.68) * (Log10 (qc / O'vo') + 0.29)] 
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where: qc = corrected tip resistance (tsf) 
CTvo' = effective vertical stress (tsf) 

Similarly, the fines content was correlated from PS-CPT data but was not used in any 
further analysis. The fines content was correlated using the soil behavior type index, Ic, 
as defined above. To determine the fines content of the material, the following 
relationship was used: 

Fe = (1.75 * 103-25 - 3.7) 

where: = fines content (%) 
= soil behavior type index (dim) 

RESULTS: 

The results of the correlations between PS-CPT data recorded during field testing yield a 
profile of geotechnical parameters at the I 5 sounding locations tested at the Pond Creek 
facility. Effective and total stresses provide an indication of the stresses being 
experienced insitu, and generally will increase as material is placed on top of the existing 
materials to the lines and grades of the proposed final geometry. 

In-situ effective friction values were correlated using in-situ corrected tip resistance and 
effective overburden pressures for the 15 soundings tested at the Pond Creek facility. 

CONCLUSIONS: 

072046 

Summarizing, data recorded during PS-CPT field testing was used to correlate index and 
strength parameters for comparison to limited laboratory testing at discrete sample 
locations and to develop nearly continuous profile(s) of engineering properties with depth 
to model the variability of the insitu conditions at the Pond Creek facility. 

Based on modified results, the correlated parameters from PS-CPT are generally 
consistent with each other and similar parameters determined from similar materials at 
other refuse facilities, and from laboratory testing of discrete samples. Therefore, in 
general, a reasonably high confidence level exists applying/using the results of the PS
CPT correlations to the I 5 profiles shown in the attached tables. 
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ConeTec Inc./-~ 1nterprelation 

Jnlerpreta1io/ - Release 1.22 Rev. Format: NLI Imperial 
Aun No: 07-1210·1008•4622 
Job No: 07-804 
Client: Civil & Environmental Consultants 
Project: Pond Creek Mine• Williamson County, lllinols 
Site: CPT-1 Mat§rial T~l):es anQ Uni! Wglgh! {ll:Cf} Phi Avg. ~ ~ Fe Avg. le Avg. 
Location: Pond Creek Mine 

~ ts! Isl % % 
Cone: 20 TON AD211 ~Residual Soil --11:.2.s I 2.43 I 78.91 I 26.at I 2.3!:I 
CPT Date: 07/31/10 
CPTTime: 13:23 
CPT File: 804CP01 .COR 
Northing (m): 0.000000 
Easting (m): 0.000000 
Elevation {m): 482.2 

User Inputs: 

CJ:ITJ ~ Ground Surface Elev. 
Assumed:. 

~ ~ State Parameter: CPT area ratio: 
Unit Weight of Soil (pcf): See Below See Below Copied trom ConeTec CPT Data FIie 
·········-··-·-··-····-··· ··········-··--··-···-·-·- ··-··-··-·-· ·-·-······ --·······- --··-··-·· -··-········ ···········-·- ·-··-··-··-··- -·····-··-·- -····-····-·-·-·-···· -······- --·-··-····-·-··-·-·-·· --·-·- -·-··-·-· 

Depth Sample El. AvgO! AvgFs AvgRf AvgUd Oto Rio le Q F SBT LI.Wt. TStress EStress Ueq Co N60 (N1)60 s, qc Fe Phi 
(ft) (ft) (151) (tsf) {%) \It) (Isl) (%) (pc!) (1s1) (tsf) {Isl) (blows/ft) (blows/It) (tsf) (Is!) (%) (Deg.) 

·······-·· 
0.164 482.026 16.61 0.44 2.66 0.1 f 1619.49 2.651 1.66 1619.49 2.65 5 125.00 0.010 0.010 0.000 ' 2.000 2.89 5.79 0.514 16.61 5.45572 52.56 
0.492 481.698 45.67 1.03 2.25 4.37 1484.2 2.257 1.60 1483.55 2.26 6 125.00 0.031 0.031 0.000 2,000 7.79 15.57 1.413 45.65 4.391 52.25 
0.82 481,370 44.31 1.6 3.61 ·3.26 863.585 3.615 1.86 863.98 3.61 5 125.00 0.051 , 0,051 0.000 2.000 8.26 16.52 ' 1.370 44.33 9.36475' 50.29 

1,148 481.042 49.34 1.93 3.91 ·6.42 686.666 3.917 1.92 687.22 3.91 5 125.00 0.072 0.072 0.000 2,000 .9.42 18.84 1.525 .. / 49.38 10.8792 49.41 
1.476 480.714 50.64 2.12 4.19 -7.64, 547.943 4.194 1.98 548.49 4.19 5 125.00 0.092 0.092 0.000 2.000 9.90 19.80 '1.565 50.69' 12.4636 48.51 
1.804 480.386 '45.45 2.14 4.71 ·0.65 402.104 4.720 2.08 402.10 4.72 4 125.00 0.113 0.113 0.000 2.000 9.23 18.46' 1.404 45.45 15,2837: 47,21 
2.133 480.057 40.4 1.81 4.48 ' 3.83 302.047 4.495 2.12 301.82 4.50 4 125.00 0,133 0.133 0.000 'i 2.000 8.32 16.64 ' 1.247 40.37 , 16,3803· 45.96 
2.461 479.729 34.96 1.32 3.78 8.22 226.29 3.792 2.12 225.96 3.80 5 125.00, 0.154 0.154 0.000 2.000 ,1.19 14.38 1.078 34.91 16.3424',:, 44.63 ' 
2.789 479.401 31.18 1.1 3.52 11.83 177.874 3.548 Z15 177.47 3.56 5 125.00 0.174 0.174 0.000 2.000 6.50 , 12.99 · 0.960 31:11 17.3915 '•43.45 
3.117 479.073 29.29 1.15 3.92 14.97 149.35 3.953 2.23 148.89 3.96 5 125.00 0.195 0.,195 0.000 2.ood : · 6.31 12.62 :·o.901 29.2\ 

0

20,1364 42.62 
3.445 478.745 29.06 1.09 3.74 29.44 133.967 3.779 2.25 133.13 3.80 ·, 125.00 0.215 0.215: _0.000 '2.00Q,_, 6.28 12.55' _0.893 28.88 20.6255 '42.05 ·, 
3.773 478.417 32.91 1.15 3.49 32.84 138.56 3.520 2.21 137.67 3.54 5 125.00 0.236 o.2aa ··o.ooo 2.000-- · 1.01 14.02 1.012 32.7. '19,4713, 42.22 ' 
4.101 478.089 34.84 1.39 4 29.68 .134.928 4.019 2.27 134.19 4.04 5 125.00 0,256 0.256 0.000 · 1.975'" :1.59 '15.00 ·'.-'_'1.071'.'' :34.65 ', ; 21.3078 ,· 42.09 
4.429 477.761 35.38 1.49 ·4.22 29.72-126.812 4.245 2.30 126.16 4.27 4 125.00 0.277 ' 0.277 0.000 1.901 ·: '7.83 14.88 .;.1.oa1: : 35.2,:,.. 22.5101. 41.78 
4.757 477.433 34.51 1.53 4.44 31.68-115.073 4.472 2.35 114.40 4.50 4 125.00 0.297 0.297· . ·, 0.000 1.834,,' '7.78 14.27 1.059'. <'.34.3t';' 24.2407 41.27 
5.085 477.105 32.05 1.52 , 4,75 32,73. 99.8456 4.790 2.41 99.18 4,82 4 125.00 0.318 .·0.318.: .o.ooo; ,1.n4<·· 7.42 .. 13.17 0.982, :' 31.84' .' 26,6972'_, 40.52 ' 
5.413 476,777 33.07 1.53 4.62 33.55. 96.7499 4.674 ;-2.41 96.13 4.70 4 125,00 0.338 0.338 0.000 1.719 7.66 ·13.11 ,<1,013: ,..,32.86, 26.6937•40.36 
S.741 476.449 28.11 1.63 5.81 25.35 n.3418 5.874 2.54 76.90 5.91 3 125.00 0.359 ' · 0.359 '. 0.000 ·, 1.669'•'' 6.95 11.61 0.859 ,.27.95. ,32;7178 39.15 
6.069 476,121 23.82 1.72 7.24 ' 8.62 61.7978 ·7.338 268 61,67 7,35 3 125.00 0.379 0.379 0.000 1.624, 6.33 10.27 0.726 ·23.77 , 39.3343 , 37.91 
6.39B 475.792 23.35 1.75 7.49 4,73 57.3932 7.625 2.71 57.32 ,, 7.64 3 125.00 0.400 0.400 0.000:, 1.581-'·/ 6.31 9,98 ··. ·o.7tt "23.32 41.0639 37.49 
6.726 475.464 25.01 1.76 7.04 4.71' 58.4945 7.157 268 58.42 7.17 3 125.00 0.420 0.420 0.000 1.542' 6.67 , 10.29 ·o.761. 24.98 '39.6542 37.60 
7.054 475.136 26,32 1.96 7.47 4,23 58.6995 7.574 2.70 58.63 7.58 3 125.00 0.441 , 0.441 0.000 1.506'.l 7.09 10.67 0.801 , ':: 26.29 40.6073 37.62 
7.382 474.808 26.5 1.n 6.7 3.32 56.437 6.798 2.68 56.39 6.80 3 125.00 0.461 0.461 0.000 · 1.472 7.04 10.37' ·'0.806 26.48'. 39.2566 37.40 
7.71 474.480 22.44 1.48 6.61 3 45.5681 6.740 2.74 45.53 6.75 3 125.00 0.482 0.482 0.000 1.441, :· 6.15 8.86 0.680, 22.42 42.3496; 36.15 
8.038 474.152 24.71 1.6 6.49 3.7'.48.1864 6.609 2.71 48.15 6.61 3 125.00 0.502 . 0.502 0.000 ,<1.411 6.69 9.44 0.749 24.69• 41.1319 36.48 
8.366 473.824 35.83 2.03 5.68 4.8 67.525 5.750 2.57 67.47 5.75 3 125.00 0.523 0,523 0.000: 1.383 9.02 12.48 ;'•1.093, 35.8 33.9863 38.42 ·, 
8.694 473.496 39.18 2.59 6.61 3.46 71.1049. 6.703 2.61 71.07 6.71 3 125.00 0.543 0.543 0.000. '1.357:.' 10.06 13.64 1.196 ; 39.16 35.8018 38.71 
9.022 473.168 64.62 3.1 4.8 '6.26 113.6 4.840 2.37 113.53 4.84 11 125.00 0.564 0.664 0.000-: 1.332 14.83 19.75 1.9133 64.58 25.3247 41.23 
9.35 472.840 86.35 5.07 5.87 3.14 146.765 5.911 2.38 146.73 5.91 . 11 125.00 0.584 0.584 0.000 1.308 ·: 19.89 26.02 2.656 86.33 ·.-.'. _25.6191 .. 42.54 

9.678 472.512 73.23 5.54 '7.56 ·2.24 120.066 7.628 2.52 120.08 7.63 11 125.00 0.605' o.ao5 ·o.ooo ,-1.286 : .. •.10.01 23.16 2.248: ", 73.24 ··1:31.6121 · 41.52 
10.006 472.184 46.41 4.03 8.68 -9.82.73.2115 8.602 2.69 73.31 8.79 0 125.00 0.625 0.625" ,0.000, 1.265':/12.47:-,, 15;77-, '.'1.417' '.46.47 40.1446 38.88 
10.335 471.855 39.89 2.66 6.66 ·1U8 60.7552 6.778 2.65 60.86 6.77 3 125.00' 0.646 0,646' ,'Q.000 , ,1.244 10.50 13,07:' · '1.215 <-'·39.96 38.0706 · 37.83 
10.663 471.527 54.17 2.97 5.48 ·11.18 80.2829 5.551 2.51 80,39 5.54 3 125.00 · 0.666 0.666 0.000, ·1.225' '; ·13.28 16.26 1.656 '· ;54_24, 31;1774 ·39.39 
10.991 471.199 62.34 4.01 6.44 ·10.85'89.7506 6.504 2.54 89.85 6.50 11 125.00 0.687 0.687 ·, 0.000 :1,207 15.46 18.65 , ·;·1.909 ,.''62.41 32.3205 39.99 
11.319 470.871 75.65 4.58 6.06 -9.15 105.935 ''6.111 2.47 106.01 6.11 11 125.00 0.707 0.707 : ,' 0.000 1:189" 18.19 21,63 2.320., 75.7 29.4445' '40.87 
11,647 470.543 96 6.72 7 ·6.93, 130.879 7.053 2.47 130.93 7.05 11 125.00 0.728 0.728 0.000 1.172 23.07 27.04 '2.950 96.04 29.4226 ·41.97 . 
11.975 470.215 83.38 6.59 7.9 -7.87 110.405 7.975 2.58 110.47 7.97 11 125.00 0.748 , 0.748., 0.000 1.156 ,' 20.88 24.13 2.558 83.43 33.2785 : 41.09 
12.303 469.887 57.02 4.42 7.74 -9.36 73.1543 7.858 2.66 73.23 7.85 3 125.00 0.769 0.769 0.000 t.140 15.01 17.11 1.742 , ,57.08 38.1113 ,, 38.88 
12.631 469.559 67.48 3.97 5.89 ·6.63 84.4786 6.953 2.52 84.53 5.95 11 125.00 ' 0.789 0.789 0.000 1.125 16.61 18.70' 2.065 ' ' 67.52 · 31.6601 ;39_56 
12.959 469.231 79.63 5.29 6.64 ·4.3 97.3162 6,711 2.53 97.35 6.71 11 125.00 0.810 0.810 0.000 1.111 19.65 21.83 •2.440 79.66 ~3t8895 40.42 ' C 13.287 468.903 74.37 5.39 7.24 -3.35 88.5552 7.329 2.58 88.58 7.33 11 125.00 0.830' 0.830 0.000 1.097 18.85 20.68 2.277 ·74.39: 34.4742 39.92 
13.615 468.575 71.75 5.08 7.08 ·2.33 83.3188 7.165 2.59 83.34 7.16 11 126,00 a.est 0,851 '0.000 ,1.084 , 18.25 19.79 ,<2.195 71,77 >34.8502 , 39.59 
13.943 468.247 102.33 5.18 5.06 -0.78 116.427 5.106 2.38 116.44 5.11 11 125.00 0.871 0.871 , · 0.000 1.071 .-<23.62 25.31 3.141 102.34 25.8028 41.36 ~ 14.271 467.919 114.91 6.8 5.91 2.36 127.832 5.964 2.42 127.81 5.97 11 125.00 0.892 0.892 · · 0.000 1.059 ' 26.91 28.49' 3.530: 114.89 , 27.1057 41.84 

14.6 467.590 134.53 9.49 7.06 8.8 146.43 7.102 2.45 146.36 7.11 11 125.00 0.913 0.913 0.000 1.047 31.95 '33.45 4.137 134.47", 28.4187 42.53 
14.928 467.262 140.8 8.87 6.3 10.72 149.911 6.342 2.40 149.84 6.34 11 125.00 0.933 0.933 0.000 · 1.035 32.73 33.88 4.330' 140.73 26.4588 42,65 ..( 
15.256 466.934 130.39 7.43 5.7 2.1 135,749 5.740 2.39 135.74 5.74 11 125.00 0.954 0.954 0.000 1.024 30.14 30.87 4.007 130.38 25.9423 42.15 C 
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r· ............... ·······················-··························· .................................................... ······ .. ······· ....... /\, ....................................... -......................................... -... ·-
Depth $, ..:I. AvgOt AvgFs AvgRf AvgUd Otn Rln le Q F SBT U.½,. 1·s1ress ES1ress Ueq Cn N60 (N1)60 Su qc Fe Phi 

(fl) \!!) (tsf) (tsf) (%) (I!) {ts!) (%) (pcf) (tsf) {lsf) (tsf) (blows/It) (blows/ft) (1s1) (Isl) (%) (Deg.) 

15.584 466.soe ms.a 7.14 s.ss ••1.18 111.121 s.s22 2.49 111.74 6.62 11 135.oo o.974 o.965 0.009 1.01a 26.34 2s.a1 3.338 10a.a2 ·ao.1191 41.1s 
15.912 466,278 78.99 5.55 7.03 -5.77 79.8262 7.116 2.60 79.86 -7.11 11 135.00 0.996 0.977 0.019 1.012 20.18 20.42 2.415 79.02 35.2737 39.35 
1s.24 465.9so 11s.1 s.a, 4.ss -o.4a 119.401 4.920 2.a1 11s.4o 4.e2 . 11 1ss.oo 1.01a: o.eae 0.029 1.ooa 21.2s 21.41- <a.ass- 119_1 2s.os1s 41.so 
16,568 465.622 148.8 8.34 5.6 -1.5 147.633 5.644 2.36 147,64 5.64 11 135.00 1.040 1.001 0.040 , 1.000 34.00 33.98 4.575 , 148.81 24.89 42.58 
16.896 465.294 185.21 10.35 5.59 7.64 181.826 5.620 2.31 181.78 5.62 11 135.00 1.063 1.013 0.050'"' 0.994' 41,38 41.12 5.701 '.'185.16' 22.9713 43.60 
17.224 464.966 333.69 12.91 3.87 16.63 :324.597 3.881 2.05 324.50 3.88 12 135.00 1.085 1.025 0.060 ' 0.988 66.82 '66.01 10.297 333.59, 14.2684 46.28 
17.552 464.638 421.41 14.07 3.34 22.43 405.<172 3.348 1.95 405.34 3.35 12 135.00 1.107 1.037 0.070 0.982 81'.17 79.72 '13.012 421.27 11.5386 47.25 
17.88 464.310 395.49 15.59 3.94 0.37 376.125 3.953 2.03 376.12 3.95 12 135.00 1.129 1.048 0.080 0.977 78.54 76.70 12.209 395.49 13.6425 46.93 

-..J 

~ 

.,j 
Cl 
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ConeTec 1j~--"'\ Interpretation 
lnterpretatk ut • Release 1.22 Rev. Format: NU !mperia! 
Run No. 07·1210·1008·4589 
Jab Na: 07•804 
Client: Civil & Environmental Consultants 
ProJect: Pond Creek Mine• Williamson County, \llinols 
Site: CPT·2 
Location; 
Cone: 
CPT Dale: 
CPT Time: 
CPT File: 
Northing (fl): 
Easting (fl): 
Elevation (ft): 

User Inputs: 

Assumed: 

Pond Creek Mine 
20TON AD211 
07/30/10 
13:46 
804CP02.COR 

0.000000 
0.000000 

494.21 

Water Ta,ile Depth tl: 
Nk: 32.3 
State Parameter: 
Unit Weight of Soil (pcf): 

on::] 

i::::IO 
~See Below 

CPT area ratio: ~ 

M§Jerif!,I T~l2!i!~ f!.nd Uni! Weight (gel} PhiAvg ~ ~ 
de Isl Isl 

~Coarse Reluse di37.3 'l<!c1: , AK53 
Residual Soil 27.01 1.39 47.18 

Ground Sur!ace Elev. ~ 

See Below Copied from Cone Tee CPT Data Fite 
-------···· .. ··-··························--··················-···· ............................. ····-.. ····· ......... _ ........................... - .... --··- ..................... ·--· .. ··---······················-··· .. ······ .. ····-·-·· 

Depth 
(fl) 

Sample El. AvgOI 
(ft) (!sf) 

AvgFs 
(Isl) 

AvgRf 
(%) 

AvgUd 
(ft) 

Oto 
(Isl) 

Ria 
(%) 

lo a F SBT LI.Wt 
(pcf) 

TStress EStress 
(tsf) (tsf) 

Ueq 
(tsf) 

Ca N60 (N1)60 
(b!ows/1\) (blows/ft) 

s, 
(Isl) 

qo 
(lsf) 

Fe Avg jc Avg. 
% % 

·2 ·:15:•;. r .'3017 
59.75 

Fe 
(%) 

2.99 

Phi 
(Deg.) 

_, 
I 

' ~ 

""l 

~ 
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r f~\ 
·••·•••-••·•·· 1 ·•·• •·••••••••••• " .. ••••··········· ····-•···•••· •·•-•••••••• •••••••••••• ···-···•••• •••••····-·• ••••••••••••••••••••••••••• ·••••I :••--•••• ---·····-·· -•••••••- ••••••••••••••••••••••••• -··•••·•••••• -•••••••••· •••--•·•· 

Dep1h 
(II) 

El. AvgQt 
(II) (tst) 

AvgFs 
{Isl) 

AvgRl 
{%) 

AvgUd 
(ft) 

Oto 
(!sf) 

Rio 
(%) 

,, a F SST U.\I,. TStress EStress Ueq 
(pcf) (ts!) (Isl) (ts!) 

Cn N60 (N1}60 Su 
{blows/fl) (blows/ft) {Isl) 

qo 
(Isl) 

,, 
(%) 

Phi 
(Deg.) 

461.894 37.05 1.05 2.83 0.04 16.6383 3.00434 2.81776 16.6363 3.00434 6 125.00' 2.10054 , 2.10054 .• 0.69:,10.62955 .7,334144: 1.08203 ,.•37.05.,'>" 47,0264 '\29.826 
461.566 67.03 0.55 0.82 -6.6 30.6024·0.84734 2.29207 30.6213 0.84682 , 125.00 2.12104' 2.12104 8 0 0.6866 14.85918-10.20262 2.00957' / 87.07 22.2286· 33.739 
461,238 54.68 1,11 2.03 0.21 24.533 2.11274 2.59114 24.533 2.11274 7 125.00 2.14154 2.14154 0 0.6833 13.91768.9.510511<1.62658 54.68 34.9281 ' 32.344 
460.910 49,23 1.53 3.11 ·2.91 21.7702 3.25062 2.74669 21.7794 3.24924 6 125.00 2.16204 2,16204' 0 0.6801 :·13,55773 9.240913'1.45721 : 49.25 42.984 31.581 

33.628 460.582 42.89 1.67 3.9 -0.53 18.6514 4.10244 2.86303 18.6514 4.10244 5 125.00 2.18254 2.18254 0 0.6769 ·12,62559 8.54615, 1.26029 . 42.89 49.722 30.575 
33.956 460.254 42.8 1.32 3.09 0.12 18.4277 3.25147 2.80358 18.4277-3.25147 6 125.00 2.20304 '2.20304 0 o.'6737· 12.18217- 8.207546 ·1.2568i' , 42.8 46.2004 30.497• 
34.284 459.926 30.89 1.35 4.37 0.37 12.8923 4.70934 3.02533 12.8878.4.7109B 4 125.00 2.22354 '2.22354 0 0.6706 10.02714 6.72442' 0,88751, 30,88 60.2073 28.127 
34.612 459.598 24.22 1,28 5.28 0.81 9.79303 5.82455 3.1763 9.78858 .. ·5.8272 3 125.00 2.24404 '2,24404 0 0.6676 _8.694916, 5.804303 ,0.68037 24.21 7t:t657 26.273 
34.941 459,269 21.73 0,96 4.43 1.31 8.5955 4.93183 3.17671 8.59109 4.93436 4 125,00 2,2646 2,264603 0 0.6645 7.802906 5.185139 0.60264 21.72 71.1974 25.388 
35,269 458.941 23.04 0.79 3.42 1.73 9.0827 3.80633 3.09074 9.07832 3.80817 5 125,00 2,2851 2,285103 0 ·0.6615.'" 7.80225 5.161394'0.64257, ·23.03, 64.8082' 25.762 
35,597 458.613 22.63 0.74 3,26 2.47 8.81522 3.84094 3.09045 8.80655 3.64453 5 125.00 2.3056 2,305603 0 0.65667.658449 5.043693 0.62924 'i22.61 54:1a68 • 25,556 
35.925 458.285 23,37 0.6 2,57 3.4 9.04685 '2.85118 3.02107 9.03825 2,8539 5 125.00 2.3261 2.326103 0 0.6557_: 7.56159' '4,95791'·0.65151,, 23.35 ·, 59.9152; 25.732 
36.253 457.957 29,16 0.73 2.49 9.07 11.4265 2,72252 2.9266 11.4009 2.72863 6 125.00 2.3466 -2.346603 0 0.6528, 8.891671 5.804484 0.83014 29.1 53,6748', 27.303 
36.581 457.629 30.74 0.64 2.07 12.21 11.9863 2.25567' 2.88414 11.9525. 2.26205 6 125,00 2.3671 '2.367103 0 o,55·:9,oa122a 5.a10002.,o,81842 ; 30.66 ·49.7897 27,622 
36.909 457,301 30.69 0.47 1.52 13.92 11.8539 1.66064 2.79759 11.8162 1.66593 6 125,00 ,' 2.3876 2.387603 0 0,6472:8.680726 .5.617913· 0.87624 30.6 45.8547 27,544' 
37.237 456.973 31.76 0,55 1.72 16.67 12.1888 1.87381 2.81505 12.1431 1.88086 6 125.00 2.4081 2.408103 0 0.6444 9.066453 5.842516 0.90873 31.65 46.8672 27.728 
37.565 456,645 33.62 0,61 1.8 17,92 12.8434 1,95567 2.80566 12.7981 1.96259 6 125.00 2.4286 2.428603 0 0.6417' 9.549031 6.127468 0,96568 33.51 46.3211 28.081 

~ 

I' 

~ 
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Depth 
{ft) 

37.893 
38.221 
38.549 
38.STT 
39.206 
39.534 
39.862 
40.19 

40.518 
40.846 
41.174 
41.602 
41.83 
42.158 
42.4B6 
42.814 
43.143 
43.471 
43.799 
44.127 
44.455 
44.783 

/~, 

--· ············- ········-···· ····------········--····--·······-··-·········· ----·-··· ···-········ ............ --------------- -----i \ ------- -------------· ---------- ---------- -------------· ------------- ------------ ----------- -------------
J. AvgQt AvgFs AvgRI AvgUd Ota Ria ,, a F SBT U.\.. , S1ress EStress Ueq Ca N60 (N1)60 s, QC Fe Phi 

I''} (tsf) (ts!) (%) (fl) (Isl) {%) (pcf) (tsf) (Isl) {tsf) (blows/It) (blows/fl) {Isl) {1s1) {%) (Deg.) 
--------

456.317 32.15 0.63 1.95 18.64 12.1273 2.12115 2.84602 12.0783 2.12975 G 125.00 2.4491 2.449103 0 0.639 9.337317 5.966486 0.91953 32.03 4B.6978 27.692 
455.989 25.87 0.58 2.25 19.84 9.47537 2.47859 2.97339 9.42678 2.49137 6 125.00 2.4696. 2.469603 0 0.6363 8.094387 5.15075,0.72447 25.75 56.71 26.018 
455.661 21.3 0.67 3.13 19.56 7.55386 3.56195 3.14336 7.50567 3.58482 5 125.00 2.4901 2.490103 0 0.6337 7.434711 4.711459 0.58235 21.18 68.672 24.471 
455.333 19.83 0.72 3.64 19.54 6.90511 4.15719 3.21395 6.85727 4.18619 4 135.00 2.5106 ' 2.5082. 0.0024 0.6314, 7.271031 4.591081'- 0.5362 19.71 74.0883 23.859 
455.004 19.78 0.91 4.59 17.32 6.84374 5.27622 2.2n16 e.aooo9 5.31009 3 135.00 2.53281 2.520143 0.0127 0.6299'7.602996 4.789302 0.53397 19.67 79.1712 23.806 
454.676 20.68 0.93 4.48 16.01 7.15825 5.13102 3.25407 7.11481 5.16235 3 '135.00'2.55495 2.532049, 0.0229'.0.6284 7.814492: '4.91094'0.56115 20.57 77.2888 24.117 
454.348 20.78 0.84 4.03 18.73 7.15536 4.61465 3.22705 7.11212 4.6427 4 135.00 2.57i09 2.543956 0.0331", 0.627,::7.69793 4.826354 0.56356 20.67': 75.1234 24.118 
454.020 19.42 0.88 4.52 19.38 6.58125 5.23163 3.28913 6.5343 5.26922 3 135.oo 2.59923 ·2.555862 o.0434. o.6255 · 7.528098 A'.1oaa00 0.620n '19.3 80.159 23.549 
453.692 16.99 0.73 4.28 19.84 5.59577 5.08051 3.33962 5.54903 .. 5.1233 3 135.00 2.62137 2.56n6B'0.0536 0.6241- 6.843878 4.270948:0.44485 ,16.87 84.4156 22.454 
453.364 16.52 0.38 2.28 21.46 5.37916 2.73844 3.20TT7 5.32489 2.76635 5 135.oo 2.64351- 2.579675 o.oe3a 0.622s ·5.01s1a1 3.745489:.0.42951 16.38 ·: 73_5031 · 22.1a3 
453.036 17.43 "34 1.93 23.46 5.69704 2.30284 3.14792 5.63916·2.32648 6 135.00 2.66565 2.591581 ·o.0741 0.6212 '6.084749:3.TT9725-,· 0.4571'.· 17.28 '· 69.0136 22.571' 
452.708 22.29 ,0.68 3.06 24.25 7.52921 3.469 3.13915 7.46TT6 3.49754 5 135.00 2.68TT9 2.603488 .. 0.0843 ·o.6198° 7.745791 '4.800517'.0.60688 :;; 22.13,, 68.3574 24.466 
452.380 19.58 0.73 3.74 20.72, 8.4503. 4.32719 3.24865 6.40059 4.36079 4 

~;::~~-;:;~:~;, 
2·i~:;;f, ~:~~:: · ~:~~:;_ ;:;:;:~~'.::::~;::-:-~:!~!~: :;:·--!~:~ ; _: __ 1;o~ii~; , 2!~a:~ 452.052 20.78 0,6 2.B7 23.56 8.86938 3.32448 3.1617 6.B161 3.35047 5 

451.724 27.89 0.85 3.06 26.14 9.52399 3.38163 3.04802 9.45958·3:40466' 5 135.oo 2.75421-2.639207 · o:11s o.6155)9,132647 · 5.6216.c ,o.na2 · •'.27,72> · a1.n02 '-26.072 
451.396 28.69 1.21 4.23 37.12 9.77463 4.66935 3.12299 9.68787 4.71117 4 '135.oo _2.77635_ 2.651113 :o.12S2.;o.e142.:R852356'..6.o5o9a3 o.0022a· ;:;28.46' ·:67.1585 26.236 
'451.067 21.75 0.81 3.73 40.41 7.11643 4.27408 3.214 7.02255 4.33122 4 ·•135.oo:2.1905a.-2.6630S6 0.1355·;0.6120 7.931649 ·4.05041s,..o.s0a1a· ·21.5 ·74.0922 24.069 
460.739 22.78 0.69 3.01 41.96 7.46153 3.45703 3.14483 7.36059 3.50444 · s 135.00 2.8207 2.674962·;·0.1457> 0.6114\7.909522' 4.836067','0.61794' '22.51 68.7816 24.389 
460.411 20.59 0.61 2.97 43.95 6.60515 3.43717 3.18878 6.50094 3.49227. 5 135.oo 2.04204:2.686869 'o.156 :.o.s101 ---7.35876' 4.489329 .. :0.54945 .20.31 72.126 23.567 

450.083 23.42' L1 4.71 47.39 7.61643 5.35149 3.24833 7.50897 5.42807 3 135.00 2.86498 2.698775 0.1662 0.608i'.' 8.749722· 5.32612:0.63638,' ,-23.13 76.8256 24.529, 
449.755 253.58 4.98 1.96 20.09 92.4833 1.96649 2.13724 92.4354 1.98753 8 135.00 2.88712 2,710682 0.1764 0.6074 52.62093 31.96092-7.76139 253.45 16.9566 40.151 
449.427 555.99 13.9 2,5 -21.27 203.145 2.5132 1.99381 203.193 2.5126 12 135.00 2.90926 2.722588 0.1867 0.6061 109.1065 66.12409,17.1232 556.12 12.7819 44,134 

.... 
\N 

~ 

--(: 
QC 
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ConeTec lnr Interpretation 
lnterpreta1io'. t- Release 1.22 Rev. Format: NU Imperial 
Run No: 07-1210-1008-4556 
Job No: 07·804 
Client: 
Project: 
Sita: 
Location: 
Cone: 
CPT Date: 
CPTTime: 
CPT File: 
Northing (ft); 
Eas1ing (ft): 
Elevation (fl): 

User Inputs: 

Assumed: 

Civil & Environmental Consultants 
Pond Creek Mine • Williamson County, Illinois 
CPT·2A 
Pond Creek Mine 
20TON A0211 
07/30/10 
14:50 
804CP02A.COR 

0.000000 
0.000000 
492.4 

fl): 

State Parameter: 
Unit Weight of Soil (pc!): 

DO 
0::0 
~See Below 

CPT area ratio: [:§]I] 
See Below 

Malarial Types and Uni\ weight (Pel) 

~Coarse Refuse 
~Residual Soil 

Ground Surface Elev. ~ 

Copied from ConeTec CPT Data File 

Phi Avg. ~ 
deg Isl 

1t;a1(341;rl1M 
:3.9,6JL_l_a __ 2,50_ 

~ 

'" :43fi{ 
86.31 

-----···--····---·········· ............... ·-·····························-···- ········•··• -·-··-··· ·-···-··- .•..•.......•............................ ·--···················· -········· ·-···········-········---······-·· ··-····-· 
Depth 

(ft) 
Sample El. AvgQt 

(ft) (1s1) 
AvgFs 

(tsfJ 
AvgAf 

(%) 
AvgUd 

(ft) 
Oto 
{Isl) 

Rio 
(%) 

,, a F SBT LI.Wt. 
(pcf) 

TS\ress EStress 
(tsf) (Isl) 

Ueq 
Usf} 

Co NGO (N1)60 
{blows/It) (blows/fl) 

s, 
(!sf) 

,, 
(tsf) 

Fe Avg. k.fil9.,_ 
% % 

.1!1i12,2al½ 
4a.t4 1 __ ~F 

Fe 
(%) 

Phi 
(Deg.) 

........._ 
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!/'-
----, ... ······-····- ······•••••••· •............•• ··········-·- •..•......... ·······-··· ···········- .•...•..•.... ······-···· ··········-·- ..•... (~~ ........ ·-·············-····-·······-·-· ··-·-····-· --············ ·······-··· ····-····· 

Depth 
(ft) 

30.675 
31.004 
31.332 
31.66 
31.988 
32.316 
32.644 
32.972 
33.3 

33.628 
33.956 
34.284 
34.612 
34.941 
35.269 
35.597 
35.925 
36.253 
36.581 
36.909 
37.237 
37.565 

s. ..:!. AvgOt 
(Jt) {Isl) 

461.725 61.35 
461.396 28.32 
461.068 40.8 
460.740 44.64 
460.412 35.89 
460.084 41.49 
459.756 44.62 
459.428 46.81 
459.100 34.78 
458.772 27.97 
458.444 25.2 
458.116 23.12 
457.788 24.88 
457.459 27.6 
457.131 22.71 
456.803 20.39 
456.475 20.1 
456.147 21.46 
455.819 18.81 
455.491 18.56 
455.163 16.65 
454.835 18.46 

AvgFs 
(tsf) 

2.05 
1.36 
1.24 
1.36 
0.92 
0.76 
0.87 
0.97 
0.63 
0.53 
0.51 
0.44 
0.56 
0.74 
0.58 
o.s 

0.58 
0.65 
0.64 
0.68 
0.84 
0.76 

AvgRf 
(%) 

3.35 
4.8 
3.05 
3.05 
2.56 
1.84 
1.94 
2.07 
1.82 
1.88 
2.03 
1.91 
2.24 
2.67 
2.56 
2.46 
2.89 
3.04 
3.38 
3.67 
5.06 
4.13 

AvgUd 
(ft) 

-21.62 
·15.93 
-12.77 
·16.6 
·16.6 

·15.52 
·15.36 
-12.68 
·11.57 
·11.11 
·10.93 
·10.81 
·10.49 
-10.42 
-10.21 
.9.49 
·8.89 
-5.91 
-5.48 
-4.62 
·4.85 
-5.01 

Ota 
(!sf) 

Rio 
(%) 

,, 

17.8897 ',1.89558· 2.67583 

a F 

15.7263 2.99978 2.83696 15.7263 2.99978 
39.8707 2.32825 2.45145 39.9174 2.32553 
37.7012 3.34825 2.57393 37.7628 3.34279 
36.3335 3.32631' 2.58372 36.3996 3.32028 
29.8326 3.45349 2.65802 29.903, 3.44537 
13.0872 5.1692 3.04324 13.1369 5.14963 
19.0902 3.19842 2.78565 19.1296 3.19183 
20.7614 3.19334 2.75656 20.815 3.18511 
16.3228 2.72043 2.79674 16.3759 2.71161 
18.8295 1.92905 2.6602 18.8TT3 1.92416 
20.1185 2.04671 2.6514 20.1658 2.04191, 
20.9421 2.17116 2.65248 20.9796 .2.16728 
15.1479 1.93097 2.73912 15.1804 1,92683 
11.8637 2.05461 2.84249 11.8959 2.04905 
10.4815 2.21689 2.90541 10.5134 2.21017 
9.43633 2.10479 2.93186 9.46793 2.09777 
10.1278 2.47304 2.94368 10.1591 2.46542 

'11.2319 2.91987 2.94724 11.2585 2.91297 
8.97409 2.83853 3.02029 9.00483 ·2.82884 
7.87525 2.76356 3.06177 7.89701 2.75594 
7.67164 3.26171 3.1108 7.69321 3.25256 
8.17722 3.3993 3.09836 8.19432 3.3922 
6.97406 3.89032 3. 18867 6.98677 3.88324 
6.80029 4.20256 3.21677 6.81289 4.19479 
5.95614 5.8947 3.34912 5.96868 5.88231 
6.67022 4.73876 3.25373 6.6827 4.72991 

SBT 

6 
7 
6 
6 
6 
3 
6 
.6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
5 
5 
5 
5 
5 
4 
3 
4 

U.W,. 
(pc!) 

(Stress EStress Ueq 
{Isl) (tsf) (Isl) 

Cn N60 (N1)60 Su 
(blows/fl) (blows/It) (Isl) " (Isl) 

Fe 
(%) 

Phi 
(Deg.) 

,125.00.,1.88728,,1.887275, : 0 0.7279''9.473402' 6,895859'/1.04529: '.:'35_.65 39.1825 
125.oo 1.9on8:,1.90111s' ,, 'o .:o:124,._9.254513_::6:roo23s-'G.92886· ':3t.9L ·-.46.1574 
125.oo 1.92828 1.928275:.<· 'o ·o:1201},18,77676'13.52tB5i2.38024""' 78.9 ·28.5599; 
125.oo t.94878<1.948775 ,. ,o; o.7163 ·.19_oe391 .. 13.65624 2.21465-·,:, 75.54 · 34.0988, as.o21 

!~~:~~--~::::~: ~::;:~fi' ·t~:;b:t~::~~bt~~:!~!~;_:}!!~~-\-~t:: '/ ;::~:~:, ;::~~~: 
125.00 2.01034-2.010338 ,, .. ,0-'0.7053.:'9.334539 6.583523-:0.81454 28.42 61.4453 28.256 
125.oo 2.03084 2.030838 ·, 0··0.1011 ·11.52195 8.005155 :1.20028 .. 40.88 45:182' ·30.-141: 
125.00 2.05134 2.051338 . O· 0.6982- 12.41234.- 8.66633 1_.31853 .' 44,75 43.5317 >31:289 
125.oo 2.07184-2.071838.: :/o o.6941:10:201a4·7.091795_'·- 1:Q47 . 36 .-45.8061. 29.121' 
125.oo 2.09234 2.092338 •:-'O o.6913 10.s62n 7.578869 -1.21914 •"41.59 '38.3734 30.654 
125.00 2.11284, 2.112838-: 'O :0.688'11.73457-8.072984 1.31601: ·44.72 .37.9227 31.084 
125.00 2.13334 2.133338 0 · 0.6847, 12.31082 8.428633, 1.38318 46.89 37.978 31.34 
125.00 2.15384 2.153838 0 ,0.6814-9.575763 6.524796 c',1.0101 34.85 '42.5673. 29.219 
125.00'2.17434 2.174338 0 0.6782'8.157752'5.532317'0.79863 28.04, 48.487', 27.59 
125.00,2.19484 2.194838 0 '·0.675:,:7.62481'. 5.146688 0,71223 ','25.27' 52.3352 26.756 

'125.00 2.21534,·2.215338 0 i0.6719'.ito8146-4.n6693 ·.,- 0.6472 '23:t9 54.0101 26.047 
125.00 '2.23584 2.235MB 'O 0.6688 7,702224 5.151053 0.70106 24.95 , 54.7701 26.525 
125.oo 2.2564 2.2564 ·o o.6657 8.557203 5.696706 -o.78463 . 27.66 ,55.0001., 21.219 
125.oo 2.2769 2.21e9 o o.6627° 7.373349 4.686443-:''o.6326 22.18 59.8616 25,101 
125.oo 2.2974 2.2974 .o o.6598 :6.794369 '4.482609 o.56014 20.44 62.7431 24.816 
125.00 2.3179 2.3179 0.0.6568 6.918507 4.54428'0.55053 20.15 66.264 24.639 
125.00 2.3384. 2.3384 0 0.6539 7.320835 4.787417 0.592 , 21.5, 65.3582 25.067 
125.00 2.3589, 2.3589 0 0.6511. 6.6256 4.444123 0.50932 ~8.84', : 72.1173 23.985 
125.00 2.3794 2.3794 ' 0 0.6483 6.671849 4.45492 0.50095 18.59 ' 74.3104 23.814 
135.00 2.3999 2.392506 0.0074 0.6465'6.818186 4.408008'0.44118 16.68 85.2328 22.923 
135.00 2.42204 2.404412' 0.0176 0.6449 7.022524 4.528859 0.49653 18.49 77.2612 23,691 

--E. 

"'-I 

~ 

( 
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/~ 
~' : 1 ,, 

·----·----------·········-··--·-·-··············-----------··----·-······················-----···---·-----·····-·········-··--------·---·-· ----------- ············-- ------···· ........... ----·--·- -------------- ------------ ----------------·········1 
Depth J Et AvgQt AvgFs AvgRI AvgUd Ola Rio lo Q F SST u ... TSlress ESlress Ueq Co N60 (N1)60 s, QC Fo Phi 

(ft) {II) (lsf} (ts1J (%) (fl) (tsf) (%) (pcf] (Isl) (tsf) (tsf) (blows/It) (blows/fl) (ts!) (ts!) (%) (Deg.) 

37.893 454.507 17.57 0,66 3.77 -4.48 6.25986 4.3634 3.25552 6.27228 4.35476 4 135.00 2.44418 2.416318 0.0279 0.6433 6.693405 4.30596 -0.46829 17.6 n.4os2 23.267 
38.221 454,179 23.26 0.72 3.08 -3.6 8.56333 3.46259 3.08679 8.57568 3.4576 5 135.00 2.46632 2.428225 0.0381 0.6417-7.869741 5.050286 .0.64377" 23.29 , 64.5241 25,388 
3B.549 453.851 35.17 1.71 4.86 .-4.65 13.3934 5.23231 3.04061 13.4056 5.22751 3 135.00 2.48846 2.440131 0.0483 0.6402-11.54187 7.388724"•1.01181 35.2 61.2619 28.401 
39.877 453.523 74.79 4.27 5,7 -12.75 29.4773 · 5.90763 2.82205 29.5099 5.9011 11 135.00 2.5106 2.452038 0.0586. 0.6386.: 21:5316 '13.75032 ·2.23775 74.87"., 47,2766 33.514 
39.206 453.194 104.68 6.22 5.94 •'19.79 41.4562 6.08925 2.72869 41.5049 6.08211 11 135.oo 2.53281-· 2.48398 ·o.oeae·. o.ea11 28.eas65 1a.24251-.a.15245 ·· 104.a 41.9974 35.6 
39.534 452.866 152.53 8.46 5.55 ·19.17 60.5743. 5.64094 2.59462 60.6227 5.63643, 11 135.00 2.55495'2.475887 0,0791 ('.).6355·38.92148·24.73568:4.64319 ·162,65'• 35.0952 37,815 
39.862 452.538 232.67 10.79 4.64 -19.12 92.4888 4.68941 2.41592 92.533. 4.68717 11 135.00 2.57709:2.487793' 0.0893 0.634, 54.49618 34.65087':7.12362'" 232.78< 27.0649 '40.155 
40.19 452.210 391.32 13.96 3.57 -18.27 155.507 3.59127 2.16739 155.551 3.59025 12 135.00 2.59923 ''2.499/' 0.0995 0.6325 82.95759' 52.47014.,12.0347 391.43 '18.574 42,835 
40.518 451.882 504.54 14.95 2.96 ~19.14 199.84 2.97857 2.05525 1ss.8sa 2.snaa 12 135.00 2.62137·2.511606 0.1098· '0.631 '101.5206 64.05876.15.5393 ·504.66 14.5769 44.055 
40.846 451.554 352.83 14.47 4,1 7.69 138.769 4.13208 2.26597 138.754 4.13256 12 135.00 2.64351 2,523512 0.12 0.6295 77.28576 48.65156 •10.8417 352.79 ' 21.2814 42,264 
41.174 451.226 428.29 14.1 3.29 55.96 167.871 3.31278 2.14021 167.733 3.31551 12 135.00 2.66565 2.535419 0.1302'. 0.628 88.95563 55.86613 13.1772 427.94 · 17.0501 43.207 

---
~ 

( 
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Williamson Energy Pond Creek 

PROJECT Deformation Evaluation PROJECT NO. 072046 
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Correlations PAGE /8 OF '{/3 

MADE BY BEG DATE 12/28/07 CHECKED BY -z/d-- DATE s/43 / "'8 

072046 

NORMALIZED AND MODIFIED BY CEC 
CONETEC, INC. - CPT DATA AND CORRELATED PARAMETERS 

POND CREEK - WILLIAMSON COUNTY, ILLINOIS 
CPT-3 
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I~ 
ConeTec In( Interpretation 
Interpretation ~t-Aelease 1.22 Rev. Format: NU Imperial 
Run No: 07-1210-1008-4528 
Job No: 07-804 

Client Civil & Environmental Consultants 
Project: Pond Creek Mine - Williamson County, lllinols 
Site: CPT-3 
Loceition: 

Cone: 
CPT Date: 
CPTTime: 
CPT File: 

Northing (!I): 
Easting (It): 
Elevation (It}: 

User Inputs: 

Assumed: 

Pond Creek Mine 
20TON AD211 
07131/10 
07:09 
804CP03.COA 

0.000000 
0.000000 

466.98 

Waler Table De 1h !t}: 
Nk: 32.3 
Stale Parameter: 
Unit Weight of Soil (pcf): 

~ 

DI] 
~See Below 

Material Types and Unit Weight (ocf\ Phi Avg. ~ Oc Avg. Fe Avg. ~ 
deo ts! Isl % % 

CJ:g0Aesldual Soil I 36.95 I 1,32 I 43.13 I 32.39 I 2.49 j 

Ground Surface Elev. O]z:D 

CPT area ratio: ~ 
See Below Copied from ConeTec CPT Data FIie 

--------------------------------··········-·----------------·----------------------- ----------- --------- ---------- --------------- -------------- -------- ---------------------------------------------------------------- -----------
Depth Sample El. AvgOt AvgFs 

(ft) (ft) (ts!) {Isl) 

0.164 
0.492 
0.82 

1.148 
1.476 
1.804 
2,133 
2.461 
2.789 
3.117 
3.445 
3.773 
4.101 
4.429 
4.757 
5.085 
5.413 
5.741 
6.069 
6.398 
6.726 
7.054 
7.382 
7.71 

8.038 
8.366 
8.694 
9.022 
9.35 

9,678 
10.006 
10.335 
10.663 
10.991 
11.319 
11.647 
11.975 
12.303 
12.631 
12.959 
13.287 
13.615 
13.943 
14.271 
14.6 

14.928 
15.256 

466.816 
466.488 
466.160 
465.832 
465.504 
465.176 
464.847 
464.519 
464.191 
463,863 
463.535 
463.207 
462.879 
462.551 
462.223 
461.895 
461.567 
461.239 
460.911 
460.582 
460.254 
459.926 
459.598 
459.270 
458.942 
'458,614 
458.286 
457,958 
457.630 
457.302 
456.974 
456.645 
456.317 
455.989 
455.661 
455.333 
455.005 
454.677 
454.349 
454.021 
453.693 
453.365 
453.037 
452.709 
452.380 
452.052 
451.724 

22.8 
42.45 
28.94 
23.43 
32.54 
38.02 
36.81 
32.44 
33.21 
41.9B 
51.02 
61.43 
66.35 
70.01 
47.34 
35.26 
29.45 
22.73 
20.62 
23.44 
16.44 
14.75 
17.38 
18.54 
19.4 
17.21 
17.95 
19.33 
18.87 
20.7 
20.8 

22.06 
22.26 
22.23 
19.23 

18 
21.25 
21.1 
17.94 
16.67 
17.08 
15.98 

17 
20.35 
24.99 
25.84 
25.35 

0.36 
0.67 
0.66 
0.46 
0.58 
0.94 
1,27 
1.88 
1.93 
2.26 
2.5 

2.63 
2.47 
2.46 
1.98 
1.25 
1.07 
0.72 
0.5 

0.52 
0.47 
0.41 
0.43 
0.47 
0.5 

0.55 
0.56 
0.57 
0.64 
0.61 
0.74 
0.78 
O.B4 
0.86 
0.81 
0.62 
0.62 
0.8 
0.7 
0.53 
0.47 
0.45 
0.42 
0.53 
0.7 

0.92 
0.86 

AvgAf AvgUd 
{%) (!t) 

1.56 
1,58 
2.29 
1.97 
1.77 
2.47 
3.46 
5.81 
5.82 
5.38 
4.89 
4.28 
3.72 
3,51 
4.19 
3,54 
3.63 
3.15 
2.43 
2.22 
2.84 
2.79 
2.45 
2.51 
2.58 
3.2 
3.1 
2.93 
3.4' 
Z95 
3.57 
3.52 
3.76 
3.88 
4.2 
3.43 
2.92 
3.8 

3.88 
3.19 
2.76 
2.79 
2.45 
2.61 
2.79 
3.55 
3.38, 

-0.74 
-5.17 
-5.45 
-7.27 

·11.34 
-4.06 
·2.93 
-1.76 
-0.93 
1.78 
1.36 
0.26 
5.77 
-1.2 
4.97 
14.76 
14.25 
18.2 

23.72 
51.64 
44,02 
45.61, 
47.02 

' 37.83 
37.94 
34,73 
31.31 
27.69 
23.97 
26,23 
10.97 
8.13 
9.06 
10.07 
10.53 
12.28 
16.42 
12.7 

13.37 
25.01 
28.67 
32.33 
36.95 
41.32 
53.19 
51.01 
59.49 

Oto 
{Isl) 

Rio 
(%) 

2223.39 1.580 
1379.49 1.579 
563.683 2.285 
325.551 1.969 
351,737 1,787 
336.206 2.480 
275.118' 3.463 
209.906 5.823' 
189.52 5.842 

214.4B9 5.409 
235.95B 4.921 
259.504 4.298 
257.B64 ' 3.737 
251.915 3.528 
158.226 4.209 
109.946 3.577 
86.0497 , 3.675 
62.3478 3.218 
53.3615 2.470 
57.6183' 2.257 

,38.1079 ,2.934 
32.4562 '2,865 
36.67 2.542 

37.4747 2.603 
37.6166 2.646 
31:9142 3.296 
32.0343 3.217 
33.2806 3.037 
31.2909 :3.500 
33.2219 ' 3.036 

32.26 3.668 
33.1519 3.642 
32.4015 3.890 
'31.361 3.992 
26.3739 , 4,373 
24.1809 3.590 
28.2301 3.025 
27.5413 3.936 
22.8604 4.083 
20.8069 3.344 
20.98B 2.894 

19.2415 2.977 
20.2055 2.608 
24.0198 2.726 
29.292§.. 2.909 
29.86ff 3.697 
28.841 3.528 

,, 
1.42 
t.46 
1.73 
1.79 
1.74 
1.87 
2.04 
2.29 
2.32 
2.26 
2.20 
2.13 
2.08 
2.07 
2.24 
2.28-', 
2.36 
2.41 
2.38 
2.33 
2.54 
2.59 
2.52 
2.51 
2.52 
2.63 
2.62 
2.59 
2.65 
2.59 
2.65 
2.64 
2.67 
2.69 
2.77 
2.74 
2.64 
2.73 
2.80 
2.78 
2.73 
2.77 
2.72 
2.67 
2.63 
2.69 
2.69 

Q F 

2224.37 1.58 
1380.46 "l.5B 
564.27 '2.28 
326.25 1.97 
352.50 1.78 
336.38 2.48 
275.27 ,'· 3.46'' 
209.97 :5.a2 
189.58 5.84'' 
214.44 5.41 
235.91 4.92 
259.46 4.30 
257.71 ·3.74 
261.91 3.53 
158.09 4.21 
109.66 ,3.59 
'a5.1a,, : 3.69, 
62.01 ' ' 3.24 
52,97 2.49 
56.82 2.29 
37.44 , 2.99 
'31.82 i 2.92 
38.04 \',2.59 
36.98 2,64 
37.16 2.68 
31.49 3.34 ,, 
31.68 3.25 
32.98 3.07 
31.03 3.53 
32.94 3.06 
32.15 3.68 
33.07 3.65 
32.31 3.90 
31.27 4.00 
26.27 4.39 
24.07 3.61 
28.09 3.04 
27.43 3.95 
22.74 '4.11 
20.60 3.38 
20.76 ·2.93 
18.99 3.02 
19.92 2.64 
23.70 2.76 
28.89 2.95 
29.48 3.74 
28.40 3.58 

SBT 

6 
7 
6 
6 
6 
6 
5 
3 
3 
3 
4 
5 
5 
6 
5 
5 
5 
5 
s 
6 
5 
5 
5 
5 
5 
5 
5 
s 
5 
6 
s 
s 
4 
4 
4 
5 
5 
4 
4 
5 
5 
5 
5 
5 
s 
5 
5 

U.Wt. TStress EStress Ueq Cn N60 (N1)60 Su 
(pcf) (tsf) (tsf) (ts!) (blows/ft) (blows/ft) {Isl) 

qo 
(tsf) 

Fo 
(%) 

Phi 
(Deg.) 

125.oo 0.010 0.010· 0.000 2.000 3.67 7.34 , o.706 22.a1 1.a1502· 53,62 

~~~:~~ ~:~:~ ~:~~~ '., ~:~~~ ~:~~~ '. ::;; i~:~! \ ; ~::~:' '~!:!~ i' ::~:~ !!:~~ 
125.00 0.072 0.072·: 0.000 '2,000" 4.27 8.55'' '0.723 '23.48, 7.91559 46.30 
125.00' 0,092 0.092 0.000 '2,000 5.02 ·11.65 1.005 32.51 6.a24s9 46.64 
126.00 0.113 0.113', 0.000 '-2.000 7.12 14.25 •,,;1.174 38.04'..', 9.67104 46.44 
125.00 0.133, '•0.133 : ',0.000 ,' 2.000 :i, ,7.35' 14.70 ,:·t.136\ '36.83:, 14.0176: 45.54 
125.00 0.154 ,,0.154 ', 0.000: 2.000 . 7.19 . 14.38 .:·1.000 •.'·32.45_,''_22:2623 44.29 
125.oo o.114, o.174 · 0.000 ,2.000 ::.7.44 '14.8a ,,:·1.023 .:'sa.22' •23.1469 '43.80 
125.00 ,,,0.195,' 0.195 0.000,, '2.000 . 9.17 , 18.35 ·{,;,1.294 ''/. •'41.97~. 21.IJ994 :44.39 
125.00 0.215', 0.215 0.000,, 2.000 ','10.89 21.78 '1.573;, ,51.01 ,>, 19.1479 44.83 
125.00 0.236 , 0.236 0.000 \_'2.000;, ', 12.73 :, : 25.46. ·" 1.895, 61.42 ,:16,8244. 45.27 

'125.00 0.256'' 0.256 0.000, .,1.975,,.;, 13.47 26.60, ',,.2.046_ '., 66.31 '., 15.2758. 45.24 
125.oo, · .0.211, 0.277 /_;o.ooo: .J:901· >t:14,12':,, 26.84,',,' '·,2.-159,\ ;.70.oL> 14.7869 45.14 
125.00 0297 0.297 ,.,q.ooo 1.834,;,,:10.25 "18.80 /,'1.456,_c:;, ,.47.3,, ,20,3659, 42.91 
125.00 0.318, . 0.318 0,000 ;J-774 ,.,,_7.75 , 13.74. ,\ 1.082,_::' 35.17,, >21.7542, 41.05 
125.00 0.338 ' , 0.33,8 ,', 0.000 ,''.1-_719 6,69 11.50,, .. 0.901,,,',,' 29.36''': 24.!3747 39.74 
125,00 o.359_ :,0.359 .•o.ooo >1.669'.·,''··5.2a ·:-a.a1:,,>;'o.693·.-''i22.51.:_:':26.a102: 37.94 
126.00 , 0.379; 0.379 '0.000 ,·,1,.624-, ',: 4.71 _7,65>'. 0.627,",: 20.47 '. :'25.5653 37,04 
125.oo · i·0.400: . 0.400, ;:o.ooo, 1.581 ·., _5.21 , .. B.24,_ .. ,.;:o.11s. ·:·23.1_2:, ·2a.1245 37.44 
125.00 ', 0.420 '::_; 0.42_0 -~''.·,0.000 '.':1.542), , 4,02 , 6.20:' .,.., 0.496 :,:-.,':16._16 ,'; '32.5769 '34.97 
125.00 0.441 ".0.441'::,. 0.000 ; 1.506 ," ·_3.68 .:, 5.55:,>, 0.443_ ":/14.47',, ,34,9073 33.98 
125.oo . _o.461 , o.<1a1, ... o.ooq .. tA72: .. _4.19 ,, 6.11_: o.524·. ·· 17.09_ .,, 31.3627 , 34.74'-'i 
125.00 ',, 0.482 ' '0.482 ,:, . 0.000,\ 1.441 ': _4.48 , . 6.46, ,0.559 ,' '18.3 : ;,_31:2347; · .. 34.90 · 
125.00 0.502, :,,0.502:fO,OOo_, 1.411;:,:' 4.70, :,6.63 0.585· ,19.17, :31.3584: .. 34,93 
125.00: 0.523 ,.0.523". 0.000/.1.3B3-(." 4.41 6.11 , 0.517 /16.99 '.36:952L\·33.91" 

~:::~g . g::: ;: ~:::: . :::g:g~g {~:::~·t:· ':::: . :::~ :,._,}g:::r":·:• ~~:~:, ··~~~~2 · ;:::~, 

125.00, 0.584•:-· _'·,0.584, , 0.000 >.:.1.30B: .. : _:4,92 '; 6.43 '.".<·0.566 ;:\ 18.72 :37.9977 , 33.82 

-~~::: g::~; _/ g::~:: :\g:~~g_:, {~::_;> .. : !:!!,. :,:!::!,,. :::,_:g::!: .L :~:~! .: ;::~!!~ ·;::~: 
125.00 _0.646:, "0.646' ,.0.000:, __ 1.244,,,,, _5.75 7.15 :,0.663.,, 22.01 37.4577 _34.22 
125.oo .. 0.666. 'o.666 _o.ooo ,\• 1.225, · :5.ea 1.20 .,: '\0.669_' 22.2. 3B.8361 ,,' 34.07 
135.00', o.sa1 o.687' ,o.ooo'., 1.207, ·s.93 7.15 'o.667 22.11 39.me aa.01 
135.00 0.709 _,.0.702 > :0.007 ).193'.-"· '-'S.35 6.39 , 0.573_ ,.,.19.16 44.2873 32.78 
135.00 0.731 , 0.714 · 0.017.: 1.183,, A.93 5.84 '0.535. ' 17_92 42.7427 ,32.23 
135.00 0.753 0.726" ··0.027 ','1:174'" 'i' 5.53 6.49 '0.635, 21.15 37.49B8 "33.21 
135.0o o.ns, ,0]3a': .0.038 '1.164 :s.73 6.67:,, o.629 ,:21.02 41:a264'. 33.06, 

~E:~~ ~:Ht I~iti, ~:iii .--I~:r ,::: 1!f :::i::~. <-~1~~J, -~:ii~ it~~ 
135.00 0.864,' 0.786' 0,078"',1.128_ '4.42 4.98 '0.468 15.78''•: 44472 30.73 
135.00 0.886 0.797'., 0.089· 1.120,·,, 4.57 5.11 '0.499 ,16.77. •;'41.6351' 31.04 
135.00 0.908 0.809' 0.099 ,t:112,< 5.33, 5.93 0.602' 20.09 39/]883 32.16 
13s.oo' o.s31 .o.a21, 0.109 '1;103.,, .. s.39' 1.05 .. o.14s· 24.66 36.6088 33.40 
135.00 
135.00 

o.953 o.833, 0.119 1.095 6.02 7.47 0.111 25.52' 39.7482 33.53 
o.975 o.845 0.130 1.000 6.67 7.26 .0.755 24.98 39.714 :as.so 

.._ 
..... 

~ 

~ 

(J 
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Depth 
(ft) 

15.584 
15.912 
16.24 

16.568 
16.896 
17.224 
17.552 
11:aa 
18.208 
18.537 
18.865 
19.193 
19.521 
19.849 
20.177 
20.505 
20.033 
21.161 
21.489 
21.B17 

/~ 

----- ------------- ------------- ------------- ----------- ------------- ----------- ------------ ------------- ------------ -------------- --- • I ___________ ------------- ----------- ---------- ------------- -------------- ----------- --------
.:i El. AvgOt AvgFs AvgRf AvgUd a10 Rio le a F SBT u., ... TS\ress EStress Ueq Co N60 (N1)60 s, qc Fe Phi 

(1!) (tsf) (!sf} (%) (It} (Isl) (%) (pc!) (Isl) (1st) {Isl) (blows/It) (blows/It) (Isl) (Isl) {%) (Deg.) ··------------------·-···· 
-451.396 25.2 0.94 3.72 60.14 28.2395 3.884 2.72 27.80 3.95 5 135.00 0.997 0.857 0.140 1.080 6.75 7.29 0.749 24.82 41.5723 33.17 

451.068 23.53 0.87 3.69 59.12, 25.9052 3.865 2.75 25.48 3.93 5 135.00 1.019 , 0.869 · 0.150 1.073 6.39 '6.86 '0.697 ''23.16:;,. 43.0523 32.63 
450.740 24.42 0.79 3.22 95.41 26,5403 3.379 2.71 25.87 3.47 5 135.00 1.041 ·, 0.881 0.160·/1,065' .'\6.44 ;-, 6.86 "0.724 ·23,53/> 40.841T 32.73 
450.412 23.13 0.79 3.4 93.16 24.7167 · 3.580 2.75 24.07 3.68 5 -135.00 1.063 0.893 0.171 :1.058 ,:-; 6.22 6.59 \-\0.683. -:,22.55. 43.0416,, 32:21 
450.084 25.8 0.86 3.32 86.21 27.3182 3.480 2.70 26.73 3.56 5 --135.00 1.086 0.905 Cf181 V 1.051';( •'6.81 ,; ' 7,16 ,i0.765° <"25.27, :\40.651f '32.94 
449.756 27.36 1.09 3.99 68.75 28.6411 4.152 2.74 28.17 '4.22 4 135.00 1.108 0.917, ,0.191 · 1.045' ·,;7.39'_( 7.72\ \:0,B13, ,'.:26.93_:'_ 42.4068.:_<33.26 449.428 23.92 1.23 5.16 49.52 24.5451 5.397 2.86 24.21 '5.47 3 135.00 1.130 0.929 0.201 ,,1:038,. ',.6.94_:._ •> -7:20: c·0]08. • 23.51·,, 49,6011, .. 32.32 
449.100 22.38 1.09 4.86 ·39.24 22.5732 5.135 2.87 22.31 5.20 3 '135.00 1.152 '0.940 0.212 1.031"':6,55 :···0.15·· ;·o.s51- :.;22.1a •;:,50.251a· at8o 
448.772 17.75 0.82 4.63 24.36 17.4059 4,947 2.94 17.25 4.99 3 135.00 1.174 0.952 0.222 1.025-'. ';:5.43 5.57,, 0.513 17,6 :,54.7916 30.15 
448.443 16.18 0.53 3.25 29.47 15.5391 3.537 2.89 15.35 3.58 5 135,00 1.rns··· o.964 0.232 .. 1.018_;'. 4.79 ,4.88_ .. ,.'0.464 '15•'; 51.4876: .. 29.40 
448.115 16.38 0.38 2.32 30.44 15.5318 2.506 2.80 15.34 2.54 5 135.00 1.218 0.976 ·0.242,·. 1.012' :·4.61 ,4.66 ·:0.459, 16.19 ~-46.16n:; 29.39 
447.787 17.22 0.42 ,2.44 41.84 16.1723 '2,628 2.80 15.91 2.67 5 135.00 ·1,241 •'0.988, 0.253 · 1.006, · 4.83. , 4.86 , 0.495 16.96 .. : 46:1732 29.64 
447.459 27.26 0.55 2.02 43.37 , 25.9979 2.116 2.58 25.73 2.14 6 135.00 · 1.263, 1.000 .0.253 .,•1.000·· :,e.82< ... 6.02 ·:,0.805 26.99 , :· 34.2771 , 32.71 
447,131 15.42 0.71 4.62 19.56 13.9691 5.023 3.02 "13.85 5.07 135.00 1.285 1.012, :0.273' o.994' ::4_95·: .. · 4:93 ·· ·: o.438" 15.3 '. .. , 59.9097 28.74 
446.803 42.76 1.36 3.19 •t.64 40.4898 3.281 2.55, 40.50 3.28 .s '135.00 .1.307 1.024 ,' 0.283: 0.988" 10.65 ', 10.52 1,283 42.n , 32.1a42: 35.49 
446.475 21.33 1.36 6.39 ·21.13 19.3115 6.800"" 2.99 19.44 6.76 3 135.00 1.329.: 1.036'· ·0.293 · 0.983 ':. ·, 6.83 ' 6.71 0,619 21.46 58.031 30.94 446.147 94.63 4.34 4.59 ·16,03 89.0402 4.853 2.42 89.14 4.65 11 135.00 1.351 1.048 0.304 '0.97i, 22.25 21.74 ', 2.688 ,··94.73 27.3675 39.97 445.819 325.72 14.52 4.46 ·12.24 306.129 4.477 2.11 306.20 4.48 11 135.00 :1.373 "1.060" 0.314 0.972 , .. 67.01 65, 10 .,;"·.10,042 325.8 , . 16.2306 '46.03 
445.491 395.71 17.73 4.48 •7.11 368.031 4.496 2.08 368.07 4.50 12 135.00 1.396 1.071 0.324 0.966 80.29 . : 77.56' 12.208 395.75 15.201 '46.84 
445.163 424.33 18.21 4.29 ·16.47 390.385 4.306 2.05 390.48 4.30 12 135.00 1.418 1.083 0.334 ,, 0.961' 85.16 81.82 ,13.093 424.43 14.3837, 47,09 
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~-
ConeTec 1( Interpretation 
lnterpretatio, ,-,ut - Release 1.22 Rev. Format: NU Imperial 
Run No: 07-1210-1008-4501 
Job No: 07-804 
Client: Civil & Environmental Consullanls 
Project Pond Creek Mine - Williamson County, lllinols 

Site: CPT-4 Material Types and Unit Weight (pcf) Phi Avg ~ ~ :=c Avg. ~ 
Location: Pond Creek Mine deg tsf ts! %, % 

Cone: 20 TON AD211 ~Residual Soil I 40.98 I 1.95 I 63.49 j 28.02 l_g,41 
CPT Date: 07/31/10 
CPTTlme: 12:51 
CPT File: 804CP04.COR 
Northing (ft): 0.000000 
Easting (ft): 0.000000 
Elevation (ft): 482.55 

User Inputs: 

Water Table De th fl): [:gITI Ground Surface Elev. ~ 
Assumed: Nk; [ 32.3 

c:::ILJ CPT area ratio: ~ 
~See Below See Below Copied from ConeTec CPT Data FIie 

-------····· --------------------------·····-········--··-···· ···-······· ·········-·· ········•••• ·····-········ ······-····- ··-········ ···········•·• ·-········ ·······-··-············ ····················-- -·-···-
Depth Sample EL AvgOt AvgFs AvgRf AvgUd Qin Rfn le Q F SBT U.Wt. TStress EStress Ueq Cn N60 (N1)60 Su qc Fe Ph! 

(ft) (ft) (tsf) (tsf) (%) (fl) (tsf) (%) (pcl) {Isl) (!sf) (lsf) (blows/ft) (blowsflt) (tsf) (tsf) (%) (Deg.) 

0.164 482.386 18.72 0.55 2.92 -0.12 1825.34 2.940 1.70 1825.34 2.94 5 125.00 0.010 0.010 0.000 2.000 3.30 6.60 0.579 18.72 ,6.13882 52.96 
0.492 482.058 32.37 1.04 3.2 7.35 1051.68 3.216 1.79 1050.38 3.22 5 125.00 0.031 0.031 0.000 2.000 5.87 11.75 1.001 32.33 7.80728 51.02 
0.82 481.730 59.25 1.53 2.59 5.03 1155.1 2.585 1.68 1154.51 2.59 6 125.00 0.051 0.051 0.000, 2.000 10.38 20.76 1.833 59.22' :-5.79663 51.36 ', 
1.148 481.402 69.32 1.89 2.73 -7.9 965.132 2.729 1.73 965.83 2.73 6 125.00 0.072 0.072 0:000 2.000,' 12.34· 24.68 ;2.144 , , 69.37 '-' ,_6.6010.:f:; 50.71 
1.476 481.074 55.93 1.68 3.01 •4.6 605.287 3.009 1.83 605.61 3.01 6 125.00 0.092 0.092 0.000 ,·2.000 10.34 20.68 . 1.729 55.96•;- •B.8217 48.91 
1.804 480.746 47.44 1.34 2.82 ·9.26 419.754 2.831 1.87 420.29 2.83 6 125.00 0.113 .0.113 0.000';2.000 8.91 17.82 1,465 47.5 9.76493 '·47.40 

::!!~ ::~:ci~~ :!::~' ~:;; ~:!~' ::::: ;:::::: :::;~ ;:~~ ;:::=! ~::~ :· ~;;:g~·: g:~;!' g:!~! g:~~~' :::~~~;: ~::~ !!::~ :.~:~~:,: ,.·.!!::~,. ··!;:;~;: •·~:::' 
2.789 479,761 22.26 0.83 3.71 ·10 126.702 3.758 2.25 127.05,. 3.75 4 125.00 0.174 0.174 0.000 2.000 >4.87 9.73 ,;,•0.684·• ',•22.32·, 20.8802 41.81 
3.117 479.433 18.96 0.9 4,76 -6.79 96.3244 4.796 2.41 96.58 4.78 3 125.00 0.195 0.195 0.000 2.000 4.44 8.88 ,0.581 19.01 26.8756:,40.38, 
3.445 479.105 26.28 1.23 4.69 ·6.97 121.055 4.719 2.35 121.24 4.71 3 ', 125.00 0.215 0.215: 0.000 2.000 5.97 11.94; 0.807·, 26,32 24.2842 41.57 
3.773 478.777 29,78 1.59 5.34 ·8.66 125.287 5.382 2.38 125.50 5.37 3 '125.00 0.236 0.236 0.000 2,000 '6.88 13.77 0.915 29.83,; ;25.7669 41,75 
4.101 478.449 30.45 1.78 5.86 ·8.64 117.8 5.895 2.43 118.00 5.89 '3 125.00 0.256' 0.256 0.000 1.975' ·7.19 14.21 :-:0.935 30.5 -'27.7303 41.43 
4.429 478.121 31.21 1.79 5.12 ~10.05 111.965 5.775 2.44 112.22 5.76 3 125.00 0.277 0.277 0.000 1.901 7.41 t4.08 '·o.960. 31.34 27.9465 41.11 
4.757 4TT.793 29.3 1.55 5.3 ·9.47 97.5495 5.344 2.45 97,75 5.33 3 125.00 0.297 0.297 0.000 1.834 6.97 12.78 , 0.898 29.36 ':28.3092 40.45 
5.085 477.465 29.53 1.58 5.36 ·6.95 91.9164 5.409 2.47 92.07 5.40 3 125.00 0.318 0.318 0.000 1:774 7.09 12.57 0.904 · 29.58 29.17 40.13 
5.413 477.137 29.07 1.51 5.21 ·5.13 84.9265 5.256 2.48 85.02 :5.25 3 .125.00 0.338 '0.338, 0.000, 1.719 ·7.01 _12.05 -;0.890_' :,29:1 ./_29.6819; 39.69 
5.741 476.809 26.51 1.35 5.1 -4.32 72.8826 5.162 2.51 72.97 5.16 3 125.00 '0.359 , 0.359 0.000 1.669 6.50 , 10.86 ; 0.810,; ,26,54, 31_,275 ', 38.86 
6.069 476.401 21.29 1.as 4.94 •2.56 · 10.946 5.011 2.51 11.00 5.01 3 125,00 o.379 o.379 0.000 1.624_. ·,s.69_ 1.0.86 .. _o.a33 · ... :. 21.31 · :.s1.194T:, 30.10 
6.398 476.152 32.7 1.45 4.43 4,16 80.7756 4.489 2.44 80.70 4.49 4 125.00 0.400 0.400 0.000 1.581. ,·,7.73 · ;·12.23 ';LOOO,'c ,32.67 ''28.0404 39.41 
6.726 475.824 32.33 1.s1 4.85 6.33 75.9075 4,920 2.49 75.81 ,. 4.93 3 125.00 0.420 . 0.420 0.000, 1'.542';'.··. 1.81', :_12.05.,_ .o.900::./ 32.29 .,.so.'1186/39.01·· 
7.054 475.496 27.79 1.42 5.1 5.89 62.0337.·5.192 2.56 61.97· 5.20 3 _125.oo 0.441," 0.441 0.000·;1.sos:::, "6,96 :/·_10.49\~_':_o.841,.:" 27.76 ':°'33.5207,::"37.94. 
7.382 475.168 27.8 1.26 4.54 6.3 59.2547 , 4.609 2.54 59.17 4.62 4 · 125.00 0.461 ', 0.461 0.000, ;'1.472_,\. 6.88. ,:•>10.13 ': , 0.846_, <:27.76 ::,·,32.3359_<-37,67 

:.:3~ :~:::~~ ;;:;:_ ~:~ 'i2~ ::!: :::~;:: ::;;~ '::;: ::::: ::;~ : ~:;:g~ g::~; 'J::~: ... ::~:~~~; /~:~~-tt ·::;:,: , :,_:{~~''.)):~ii~{;'.~!:::: ?!'i~::!!~\::!~:~: ' 
8.366 474,184 23.34 0.89, 3.8 13.65 43.6378 3.901 2.58 43.47 3.92 4 125.00 0.523' · 0.523: 0.000 '. 1.383:·;,':' 5.88' '8.13J,,-.'0.706' ,-:23.25~·,,;34.2563,:' 35.87, 
8.694 473.856 23.05 1.41 6.13 7.81· 41.4201 :·6.265 2.74 41.33 6.28 3 125.00 0.543 0.543, ,o.ooo ,, 1.357;, ,·6.32 ,.:- 8.58; · 0.697_ , 23 ,".":42,5219:· 35.57, 
9.022 473.528 21.04 1.1 5.22 9.84 36.3132 5.372 2.73 36.21 5.39 3 125.00 0.564 0.584 0.000 · 1.332 5.74 7.65 ,' 0.634' 20.98 · 42.147 , , 34.77 
9.35 473.200 24.56 1.1a 4.61 14 41.0219 4.113 2.65 40.87 4.73 3 125.oo ·o.5a4 o.s04 0.000 1.308, 8.43 a.41 <·0.142. 24.47: . .'aa.oe04 • 35,50 

9.678 472.872 29.72 t.6 5.4 18.45 48.1341 S.495 2.66 47.95 s.52 3 125.oo 0.605 o.605 0.000 · 1.286.· 7,78 10,of. o.9ot ,29.61 38.1091 36.45 
10.006 472.544 21.19 1.68 6.os 20.23 43.4213 .6.181 2.12 43.23 6.21 3 12s.oo o.625 o.625 0.000-:·1.255 7,54· 9.53 o.841:· ·21.s5 41.7217 35.84 
10.335 472.215 35.02 2.44 6.96 1.71 53.2158 7.098 2.71 53.20 7.10 3 125.00 0.646 0.646 ·0.000, 1.244 9.46 11.77 1.064 35.01 40.8687 37.06 
10.663 471.887 39.84 2.72 6.82 -8.71, 58.7805 6.943 2.67 58.86 6.93 3 125,00 0.666 0.666 0.000 1.225,' 10.58 12.96 1.213,, '39.89 '38.9729 37.64 
10.991 471.559 51.44 3.01 5.85 ·13.44 73.8831 5.931 2.56 74.00 5.92 3 125.00 0.687 0.687 0.000 ,1.207·, 12.89 15.55 ,1."571,' ,;51.52' ',33,2411,.' 38.93 
11.319 471.231 49.73 3.35 6.74 -15.68 69.296 6.834 2.62 69.44 6.82 3 125.00 0.707 0.707 0.000,' 1.189 12.87 15.31 >· ,1.518:', ::49.83·: 36.392 38.58 
11.647 470.903 59.48 · 3.27 5.5 ·19.93 80.7103 5.566 2.51 80.88 5.55 11 125.00 0.728 0.728 0.000 1.172', ·:14.58 17.09 '1:819, 59.6' "31;1331' 39.42: 
11.e1s 470.575 59.84 3.39 5.67 -19.21 78.9532 5.737 2.53 19.11 s.73 11 125.oo o.748 · o.140 0.000 use· U.78 · 11.09 1.029 .,.,,59_95 3t.s11a, 39,30 
12.303 470.247 46.27 3.26 7.05 •21.45 59.1739 7.165 2.58 59.36 7.14 3 12;..oo 0.16: . o.769, 0.000 1.140_, 12.36 1~.09 · 1.409,' ,}-6.41:',: 39.3681" 37.69, t 
12.631 469.919 60.14 3.55 5.84 -21.11 15_9409 5.922 2.55 16.12 5.91 11 120.00 0.18- o.1s9 : 0.000 1.125- 1 ·15.11 1,.01 1.056. -;60.00 32.8461: 39.o9 l 
12.959 469.591 as.44 5.35 6.21 -21.04 104.49 6.322 2.49 104.65 6.31 11 -12s.oo o.a10 0.010 'o.ooo . _ _1-111.,, .. 20.11 23.01 2.620 .. a5_57; ,30.0916:. 40.81 
13.287 469.263 93.83 6.4 6.82 ·21.32 111.989 6.882 2.50 112.16 6.87 11 125.00 0.830 0.830 . 0.000 1.097, 22.88 25.10 2.879·, :93,97 · 30.668 ·.: 41.17 """-. 

1 13.615 468.935 109.07 7.14 6.54 ·21.2 127.176 6.598 2.45 127.33 6.59 11 125.00 0.851 0.851 , 0.000"·. 1.084 26.01 28.20 3.350 •'109,2".''28.6543 41.83 ....... 
13.943 468.607 131.31 8.27 6.3 -20.49 149.682 6.340 2.40 149.83 6.33 11 125.00 0.871 0.871 '0.000 ·1.071 30.56 32.73 4.038 131:44 26.4331' ,42.65 · 
14.271 468.279 130.51 8.58 6.57 ·20.11 145.322 6.619 2.42 145.47 6.61 11 125.00 0.892 0.892 0.000 1.059 30.69 32.49 4.013 130.64 , 27.3685 42.50 
14.6 467.950 121.15 0.14 6.12 -19.98 131.767 6.110 2.45 131.91 6.76 11 125_00 o.913 ·0,913 0.000 1.047 20.90 30.26 3.723 ·121.28 · 25.6919 42.01 

14.928 467.622 117.27 7.69 6.56 ·18.71 124.691 6.610 2.46 124.81 6.60 11 125.00 0.933 0.933 0.000 1.035 28.04 29.03· 3.602, 117.38 28.8952 41.72 "' 
15.256 467.294 114.14 8.49 7.43 ·17.94 118.706 7.501 2.52 11s.s2 7.49 11 125.00 0.954 0.954 0.000 1.024 28.04 28.72 3.504 114.25 31.4374 · 41.47 C 
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I ----- ----------------·-······-·-··-----------------····- ·------------ ······-···· ----------- -------- ---------- ·······-·-- ... 

Dep1h .e Et. AvgQt AvgFs AvgAf AvgUd Oto Rio lo a F SBT u ..... 
(It) (ft) (Isl) (!S!) (%) {It) (lsf) (%) (pcf) 

15.584 466.966 104.36 7.93 7.6 -18.2 106.146 7.670 2.55 106.27 7.66 11 125.00 
15.912 466.638 108.46 7.37 6.8 -18.02 108.06 6.858 2.51 108.17 6.85 11 125.00 
16.24 466.310 113.79 7.B 6.86 -17.9 111.108 6.916 2.50 111.22 6.91 11 , 125.00 
16.568 465.982 153.77 8.7 5.66 -14.65 147.498 5.696 2.37 147.59 5.69 11 125.00 
16.896 465.654 147.94 9.72 6.57 -6 139,095 6.617 2.43 139.13 6.62 11 125.00 
17.224 465.326 138.28 8.74 6.32 ·B.2 127.453 6.370, 2.44 127.51 6.37 11 125.00 
17.552 464.998 , 221.55 7.13 3.22 -7,74 200.96 3.234 2.09 201.01 3.23 12 125.00 
17.88 464.670 100.12 6.85 6.B4 -12.15 88.5928 6.919 2.56 88.66 6.91 11 125.00 

18.208 464.342 76.59 4.86 6.34 ·10.09 66.3023 6.441 2.61 66.36 6.44 11 125.00 
18.537 464.013 175.62 5.94 3.38 2.08 150.584 3.405 2.18 150.58 3.40 6 125.00 

··---------- ········-···----------- --------- -----------------------·····-···· ··-------- -------------
TStress EStress Ueq Co NGO (N1)60 s, qo ,, Phi 

(!sf) (Isl) (tsf) (blows/ft) (blows/fl) (Isl) (ts!) (%) (Deg.) 

0.974 0.974 0.000 1.013 26.08 26.43 , 3.201 104.48 · 33.0563 40.89 
0.995 0.995 0.000 1.003 26.53 26.60 3.327 108.57 31.0225 40.98 
1.015 1.015 ·o.ooo 0.993 '. 27,78 27,58 3.491 113.9 30.8499 41.13 , 
1.036 1.036 ' 0.000 0.983' 35.20 34.59 ','4.729 153.86 :25.0169 42.57 
1.056, 1.056 0.000 0.973 34.93 33.99 4.547 ;- 147.98' .. 27.8141 · 42.28 
1.on 1.077 0.000 0.964 32.76 31.58 4.248 138.34 , 28.1122· 41.83 
1.097,, , -1.097 •" 0.000 , 0.955, )\ 45,08 43.04' 6.825 < 221.6 15.4029' ·44.08 
1.118 ' 1.118 · 0.000 0.946 25.13 23.77 3.065 100.2, "33.4931 39.92' 
1.138 1.138 '0.000 0.937 19.73. 18.50 2.336' 76.66 '/ 36.0279 ,' 38.32 
1.159 1.159 0.000 0.929 , 37,06 34.43 5.401 175.61 18.2355 42.67 

./~"'"',,,\ 

" 11' 
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ConeTec ( · , Interpretation 
lnterprelat. ,JUI- Release 1.22 Rev. Format: NU Imperial 
Run No: 07-1210-1008-4462 
Job No: 07-804 
Client: Civil & Environmental Consultants 
Project: Pond Creek Mine - Williamson County, Illinois 
Site: CPT-5 
location: 
Cone: 
CPT Dale: 
CPT Time: 
CPT File: 
Northing (!I): 
Easting (!t): 
Elevation (ft): 

User Inputs: 

Assumed: 

Pond Creek Mine 
20TON AD211 
07130/10 
12:34 
804CP05.COA 

0.000000 
0.000000 

482.55 

:it): 

Stale Parameter: 
Unit Weight of Soil (pcf): 

~ 

c:::IO 
~See Below 

CPT area ra1io: ~ 
See Below 

Ma\srial Types and Unit We1ght (pd) 

~Coarse Refuse 
CJ:g[Jsou Embankment 

Ground Surface Elev. ~ 

Copled from ConeTec CPT Data File 

fil.fil'.g,_ ~ ~ 
deg ISi \sf 

#£S7t4e'@~lffK1::s1lltfMe:s1: 
.?7,37 'J 1,95 I 65.SQ_ 

···--·· ·-·-·--···-········-·---·· •··········· ··-·-···-· ·•·····•···• ····-·--···· .............. ·······•·••• ••••·········· ·-·-- ·-·-·········-·-···- ·---······-·-······· ·····-··· 
Deplh 

(fl) 
Sample El. AvgQt 

{fl) (ts!) 
AvgFs 
{Isl) 

AvgRf 
(%) 

AvgUd 
(!I) 

Qto 
(1sf) 

Rio 
(%) 

le a F SBT U.Wt. 
{pcf) 

TS!ress EStress 
(Isl) (Isl) 

Ueq 
(Isl) 

Ca N60 {N1)60 
(blows/It) {blows/ft) 

s" 
(tsf) 

qe 
(Isl) 

fc Avg. 
% 

al 
63.68 

Fe 

(%) 

le Avg. 

% 
~'('/ 

~-Qi 

Phi 
(Deg.) 

-~---

" 
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----( i --, -- ----------· ···-··--·--· -------········------------------------ ----------- ····-····- ----------· ----·-···· ·-·--------- ------ (--~-------- ------------- ---------- --------- ·····-·--·-··· -----------· --·-··------ ----------

Depth S;. ...:I. AvgOI AvgFs AvgRf AvgUd 
(U) (!t) (ts!) {ISi) (%) (!t) 

31.332 
31.66 
31.988 
32.316 
32.644 
32.972 

33.3 
33,628 
33.956 
34.284 
34.612 
34.941 
35.269 
35.597 
35.925 
36.253 
36.561 
36.909 
37.237 
37.565 

453.515 30.38· 
453.187 26.39 
452.859 32.99 
452.531 38.04 
452.203 35.49 
451,875 36.01 
451.546 30.49 
451.218 20.88 
450.890 16.5 
450.562 15.2 
450.234 13.42 
449.906 13.41 
449.578 13.24 
449.250 15.29 
4<18.922 12.74 
448.594 · 15.46 
448.266 19.07 
447.938 20.99 
447.609 25.65 
447.281 24.21 
446.953 22.27 
446.625 19.46 
446.297 24.68 
445.969 26.57 
445.641 22.11 
445.313 21.91 
444.985 23 

0.57 
0.4 

0.37 
0.31 
0.39 
0.28' 
0.27 
0.24 
0.33 
0.47 
0.5 

0.82 
1.06 
0.91 
0.98 
1.3 
1.26 
0.92 
0.71 
0.88 

4.5 
3.43 
3.39 
2.88 
2.24 
2.19 
2.71 
2.43 
2.41 
2.32 
2.8B 
2.12 
1.74 
1.85 
2.14 
2.44 
2.36 
3.18 
4.37 
4.1 
5.05 
5.26 
4.75 
4.17 
3.22 
3.81 

·12.68 
·12.47 
·12.06 
·11.71 
·10.81 
-10.09 
-7.72 
-7.34 
-6.3 
-5.57 
·5.31 
-4.73 

' -4.43 
-9.81 
·14.16 
·13.21 
·11.24 
-10.88 
·10.16 
-9.52 
-9.38 

Ola 
(Isl) 

Ria 
(%) 

,, a F 

~~:~;~: ::::~;~ !:~~:~! !~:~~:-t:~f~."/ 
16.1086 3.63792 2.an6a 15.1so4 ·a.62624 

18.52 3.57428 2.82578 18.5713 > 3.5644 
11.0210 :a.04289 2.8116 11.0676 3.03475 
17.0975 2.38094 2.74704 17.1377 2.37535 
14.1666 2.35256 2.81069 14.2064 2.34597 
9.28147 3.02401 3.02299 9.320B7 3.01123 
7.04353 '2.76842 3.10136 7.08253" 2.75318 
6.33648 2.81837 3.1445' 6.37027,2.80342 
5.41388.,2.73666 3.19603 5.44256 2.72224' 
5.34691 3.45219 3.25342 5.38005 '3.43094 
5,20624 2.52101 3.19282 5.22968 2.50971 
6.09896 2.05539 3.08974 6.11753 2.04916 
4.85926 2.27151 3.19655 4.87765, 2.26294 
6.0438 2.48772 3.13551 6.05747 2.48211 

7.60817 2.78855 3.07707 7.62171'2.78359 
8.41287 2.66607 3.02992 8.42633 2.66182 
10.4374 3.50548, 3.01977 10.4508· 3.50099 
9.73329 4.5336 3,12648 9.75992 4.82041 
8.81583 4.55737 3.14431 8.85557 4.53692 
7.52587 5.71911 3.25807 7.5654 5.68923 
9.75772 5.82088 3.17489 9.79268 · 5.8001 
10.5191 5.20634 3.11986 10.5452,5.19341 
8.5268 4.66552 3.16289 8.55275 4.65137 

8.38756 3.64159 3.10571 8.41337 3.63042 
8.80187 4.27915 3.12957 8.82755 4.2667 

SBT 

•4 
'4', 

5 
5 
6 
6 
6 
5 
5 
5 
5 

"-·5 
5 
6 
5 
5 
5 
5 
5 
4 
4 
3 
3 
3 
4 
5 
4 

U.W,. ,Stress EStress Ueq Cn N60 (N1 )60 Su 
(pcl) (Isl) (ts!) {Isl) (blows/It) (blows/It) (tsf) 

qo 
(tsf) 

Fe Phi 
(%) (Deg.) 

:·"'.·'<'·125.oo J,B8?2B_:_~.:a87275..-.\ ;:-;,:<o .. o.7279.<,9.53739,,6.942437,;_o.es213(,.,' 30.5_.'.,,. 56.1412· 29.211 
,:12s.oo.:1.9077a :1.soms\· <·.'co_< o.124'.a.646449_ 6,259998-0.75796 .'' 26.51, :._"-60.6874' 28.132 
, 12S.oo-1.92828'·1.02a21s .. " .o .o.1201 .. 9.a2ass2"1.014381".o.96166 :: 33.09 ·sc.61s· 29.634 

12s.oo ·t.94878 ·1.948775 o::o.1153 .. 10.99164' i873748 .'1.1113a ·,38.14·; ''47.4962 ao.547 

m: i:imi i:mm •< T~ mn1m1;I~~m:Iimii ~~:~: ::~:i! i~m 
,125.oo:2.oao84_,_2.oao8aa _';: .. o _o.1011,,s.795869_ 4.768781':c0.58357 :. 20.95;. ::50.0454 25.941 
12s.oo 2.05134. 2.os1335 ,": · .. _o.._o.6982_;5.65688B,:3.949654':.0.44733_',.:. 16.58 <·'.65.5763 •, 24.077 

~:~:: -~:~;~::; ~:~:!:~: }> .. ' i~:::~:::~~i!::::;:::~!~::::ift~:cii.:.:- ~i:!~·:, ,,:·r;~:!:i!:;.' ~!:~:: 
'·125.00 2,11284 2.11283B'' , 0 ·to.688·:.s.118563 '.3.52139r'..b.349761"' '.13.481:,v'n2366'-' 22.221' 

125,06<2.13aa4'. 2.133338,, . ···o"'. o.684i'4.829os5:3.ao52a2:.·o.34386<; 1a.29 ,< 172.4383 \· 22.031: 
: ·125.0o 2.15384 ·2.153838, · o -0.68W·s.19014f'3.536492' 0.'40669.) 15;33 ·'(. 64.7359i\23.086 

125.0(f2.17434 .. 2.174338 : o'0.6782 '4,656115,_3:157623:°_0.3271("' 12:18'.,\' 72.7283r2f,565 
125.oo 2.19484 2._194539 <o .. o.675 __ :5:400211 ... 3.650504 '0.41089'.': 15.49:,: .. 66.086_ :23.019. 
125.00 2.21534 2.215338 0,'0.6719:,·6.41274 4.308476 0.52182'' 19.1 63,8284; 24.575' 
135.oo .2.23584, 2.229223 ·0.0066 o.6698 6.845399 4.584817 •0.58062 , 21.02· , ,. ao.s225> • 25.259 
-135.oo 2.25805. 2.241ts6:-.o.01a9 o.668:8.309312 5.550448. 0.12421 2s.6a; ·:59.8266 26.721 
135.00 2.28019 '2.253072: 0.0271 0.6662:8.421758' 5.610678 0.67894 24.27 ','67.4162 26.261 
135.00 2.30233 2.264S79 0.0373: 0.6645i7.854004 5.218661'. 0.61819 22.36 68.7426 . 25.606 
135.00 2.32447· 2.276885. 0.0476 -0.6627,'7.449111 ',4.936668:,0.53051 19.55· . n.6125 > 24.544 
135.00 2.34661'2.288791 '0.0578 · 0.661,'8.883668 5.872043 0.69144' 24.76 71.058 ,·26.293 

,135.00 2.36875-2.300698 0.068 0.6593'9.199371·6.064966'0.74926 28.63' 66,9282 26.798 
135.00 2.39089. 2.312604 0.0783 · 0.6576 7.887958. 5.186973 ;, 0.6105 22.17:, 10;1433 25.384 
135.00 2.41303 2.321\511 0.0885 0.6559'7,517677 4.930806 0.60362 21.97' 65.8921 25.277 
135.00 2.<13517 2.336417 0.0987 0.6542 8.018715 5.246016 ·0.63668 23.06 67.6451 25.605 

t 
G 

~ 

t 
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I ------------·-· --·-···-·--· ----------····· ···--·····-·-----------------········ ····-·---·- ----------- --------·--· ---------·-· ------- ·-------- -------·-······-------------------······--····· ···-···-···-·-·-·-· ·-·-------- -------------
Depth Sc ..:I. Av!)01 AvgFs AvgAI AvgUd Oto Rio le a F SBT U.W,. (S:ress EStress Ueq Co NSO {N1)60 s, qe Fe Phi 

(ft) (ft) (ts!) (Isl) {%) (fl) (tst) (%) (pc!) (Isl) (tsf) (Isl) (blows/ft) (blows/ft) (Isl) (tsf) (%) (Deg.) ----------- ·-----------
37,893 444,657 19.45 0.95 4.9 ·10 7.2361 5.59064 3.26674 7.26165 5.57097 3 135.00 2.45731 2.348323 0.109 0.6526 7.482229 4.88261 0.52609 19.51 78.3181 24.29 
38.221 444.329 18.24 0.79 4.34 -9.37 6.67755 5.01251 3.26644 6.70297 '4.9935 3 135,00 2.47945 2.36023 0.1192 0.6509·7.016591,4.567189,0.48794 18.3 78.2934 23.755 
38.549 444.001 21.57 0.78 3.6 ·8.87 8.0385 4.09053 3.14988 8.06379 4.0777 5 135.00 2,50159 2.372136 0.1294 '0.6493 7.626794 4,951904;0.59035 21.63 69.1608 25.004 3a.an 443.673 18.25 0.67 3.65 ·8.11 6.59647 4.26039" 3.2302 6.61745 4.24688 4 135.00 2.52373. 2.384043 0.1397 0.6477·• '·6.83099 '4.424117/ 0.4868B .::,.1B.3 ·. ,, 75.3741 23.677 
39.206 443.344 20.75 0.81 3.91 .7.44 7.59774 4.44956 3.19132 7.61861-4.43737 4 135.oo 2.54593 2.a9ss8s ... o.1499 · · o.s46 1.549899 4.87752 ·o.saase· · 20.a· 72.3227 24.628 
39.534 443.016 21.68 1.16 5.34 ·5.68 7.9372 6.06951 3.25744 7.95382 '6.05683 3 ~~::~~ ~:::~~r:::~~~:r ~:~~~t~:::::-:::~!~; ;:::~::: .. \ ~:::!~ -.· :g; · .. ;, 1~1::; -·::::;; 39.862 442,688 22.71 1.16 5.1 -5.2 8.31466 '5.76547 ,3.22768 8.33119 ,5.75403 3 
40.19 442.360 28.63 1.19 4.17 ·3.31 '10.6993 4.57382·3.08047 10.7076 ,4.57031 4 135.oo ·2.61235 2.431105 .. o.1sos .. :.o.6413·: 9.64061 s·;, 5_.18229 .\ 6.0os5 :. , 20.55 :· .. 64.011 25.927 
40.518 442.032 28.19 1.27 4.52 ·2.28 10.4581° 4.96957 3.11062 10.4622 4.9676s" 4 ~;::~~ ·~::~::; ~:::!~!!.::· ~:!~~;. · ~::;~[;:4~-:~!~ ::b~;:~:·-~:~!!~;_::' ~::; : ·_: ~!9~~~~ . :~:~~ 40.848 441.704 26.69 1.27 4.77 ·1.8 9.7875 5.28432 3.14971 9.79157 5.28212 3 
41.174 441.376 24.58 1.31 5.34 -1.94 '8.87615 · 5.9814 3.21633 8.8802 5.97867 ,3': 135.oo _2.67877. 0:2_467424 o.2113,::o.6356:9.086888· 5.784866. o.67806 ·. ':24,59. ·.'.74.2759 25.678 
41,502 441.048 24.83 1.39 5.59 ·2.79 8.92543 6.28133 '3.22741 8.9335' 6.27565 3 '. 135.oo ,2.1009t.-"·.2A7933.'.o.221s '0.6351 _9.257119 :5.879071:_0.68511'"· 24.85 75.1525 25,121 
41.83 440.720 23.62 1.17 4.95 -2.61 8.38818 5.5989 3.21797 8,3922 5.59623 ' 3 135.oo 2.123os· 2.491231 .. o.231a,o.a335' 0.142s23-5.538974·0.64696···. 23.63 ;· 74.4055 25.304 
42.158 440,392 24.48' 0.98 4.01 -1.99 8.68301 ·4.5089 3.14929· . a:5a14.50682 4 , 135.00 2.74519 2.503143, 0.242/0.6321: 8.631702 5.455739 :' 0.6729 ·. 24.49: 69.1162 25.538 
42.486 440.064 22.76 1.14 5 ·2.06 7.94921 5.70209 3.24129 7.95319·5.69924 3 135.00 2.76733'2.515049;_0.2523 ,0.6306 ~.568914'5.403219''0.61897: 22.77" 76.2598 24.949 
42.814 439.736 20.25 0.99 4.9 ·0.12 8.90971 5.66993 3.28858 6.90971 5.66993 3 135.00 2.78947 2.526956 .0.2625: 0.629\::''7.89536. 4.96676 0.54057 · 20.25 80.1137 24.011 
43.143 439.407 14.05 0.79 5.63 •0.05 4.42646 7.02952 3.49955 4.42646 7.02952 3 135.00 2.81168 2.538898' 0,2728 0.6276' 6.528217 4.097056 0.34794 ··14.05 98.8834 21.08 
43.471 439.079 11.7 0.65 5.57 1.64 3.47584 7.33123 3.59605 3.47192 7.33951 3 135.oo 2.83382 2.ssoao5· 0.283 0.6261 ·5_953759, ·-a.1218-0.21449 11.69< 100 19.54 
43.799 438.751 14.29 0.66 4.63 1.87 4.4617 5.77224 3.4474 4.45779 5.77729 3 135.00 2.85596 2.662711 0.2932,0.6247 6.334906'3.957221, 0.354 14.28 93.9984 21.135 
44.127 438.423 16.74 0.83 4.94 0.9 5.38406 5.98764 3.38977 5.38406 5.98764 .3 135.00 2.8781 2.574618 o.3035 :o.6232-:1.012sss A.407787· 0.42916 ., 16.74 '88.7893 22.371 
44.455 43B.095 16.83 0.84 5 0.58 5.38551' 6.03025 3.39149 5.38551' 6.03026 3 135.00·2.90024 2.586524 0.3137 0.6218 7.120717 4.427571"'0.43126 16.83 ,' 88.9421 22.377 
44.783 437.767 14.B2 0.61· 4,12 1.29 4.57877 5.12708 3.40827 4.57877 5.12708 3 ~;::~~_ .. :::::;:::/~;~::t g:;~:;,- ~::~~::, :_:;;:;:r:;;~::::/~::~:;, •::: ~i:~! .,.\:~::~;, 2!~~:, 45.111 437.439 17.14 0.44 2.57 3.14 5.43818 3.09958 3.22672 5.43052 3.10395 5 
45.439 437.111 33.51 1.27 3.8 6.51 11.6478 4.15803 3.02727 11.6325 4.16348 5 135.oo 2.96666. _2.622243" o.3444·:-o.6t75;,10.8B157.:B:719778;_.o.94561 . _33.47 :-:,60.3406 · 21.515 
45.767 436.783 58.12 2.69 4.62 3.76 20.9294 4.87927 2.87443 20.9218· 4.88104 4 ~;~:g~ 3~~~::: /e:~~!: ~:;::;·: g::~:!,\~!:~!:~·- ~~:;~::/~:~::t·, .. 562~:~ ,,:: .. ::~:: .3!;~!~ 46.095 "436.455 62.78 3.68 5.86 ·7.46 ·22.588 6.15703 2.91763 22.6069 6.15189' 11 
46.423 436.127 83.6 4.9 , 5.86 -7.76 30,3115 6.0819 2.82272 30.3303 6.07813 11 135.oo· 3.03308 :-2.557962 · o.3751 .. 0.6134 · 24.06568 14.76121··2.49433,'.;;'sa.65 ., 47,316 :33.709 
46.751 435,799 294.51 7.43 2.52 -2.96 109.164 '2.54928' 2.16692 109.168 2.54919 7 ',135.oo. 3.05522·_2.569869.:-o.3854>:.,o.612:.: 61.8938:37.87932°-.9.02337 .\' 294.52 17.9036 · 41.036· 
47.079 435.471 443.15 13.54 3.06 ·9.68 164.098 3.07676 2.11943 164.12 3.07635" 12 135.00 3.07736'2.681TT5 0.3956. 0.6106' 91.3583 55.78749;.13.6245 443.21 ·16.4026, 43.103 
47.408 435.'142 441.36 16.48 3.73 ·14.99 162.697 3.76032 2.19234 162.734 3.75946 12 135.00 3.09957 2.693718 0.4058. 0.6093 '93.75299' 57.12275,;13.5684, 441.46,: 18.7382 43.062 
47.736 434.814 430.27 19.31 4.49 -16.14 157.874 4.52068 2.2656 157.911 4.51962 12 135.00 3.12171 2.705624·, 0.4161, 0.6079,:94:26613 ,57.30888/13:2244',,'. 430.37·, 21.268 42.913 
48.064 434.486 369.54 18.25 4.94 ·18.24 134.827 4.98095 2.33911 134.867 · 4.97945 11 135.00 3.14385 2.717531 0.4263 0.6066 83.59886'50.71228:11.3435 369.65, 23.9983 42.124 
48.392 434.158 373.72 19.14 5.12 ·23.12 135.762 5.16524 2.35029 135.817 5.16315 11 135,oo 3.16599 2.129437 ·0.4355· o.6053 e4.97333 51.4335 ::11.4723 373.87 24.4307 42.16 
48.72 433.830 313.66 15.82 5.04 ·20.02 113.255 5.09547 2.39117 113.303 5.09334 11 135.00 3.18813 2,741344 0.4468", 0.604 72.63847 43.87175 9.61213 313.79 26.0526 41.23 
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r' 
Interpretation ConeTec In'. 

lnterpretatioi, 
Run No: 

..it-Release 1.22Rev. Format NU Imperial 

Job No: 
Client: 
Project 
Sile: 
Location: 
Cone: 
CPT Dale: 
CPTTlme: 
CPT File: 
Northing (lt); 
Easting (11): 
Elevation (fl): 

User Inputs: 

Assumed: 

07-1210-1008-4429 
07-804 

Civil & Environmental Consultants 
Pond Creek Mine - Williamson County, Illinois 
CPT·SA 
Pond Creek Mina 
20 TON AD211 
07/30/10 
10:44 
B04CP0SA.COR 

0.000000 
0.000000 

483 

Water Tallie De lh It); 
Nk: 32.3 
Stale Parameter; 
Unit Weight of Soil {pcf): 

~ 

i::::J:o 
~See Below 

Material T:il):es 2nd !,/nit Weight {gcf) Phi Avg ~ ~ 
de "' "' ~Coarse Refuse )731&) 

Soil Embankment 28.29 1.43 48.95 

Ground Surface Elev. l.:]filJ 

CPT area ratio: [Q]u 
See Below Copied from ConeTec CPT Data FIie 

----------········· -··············------·-- ·---·-------·· ---·-------- ----------- -------·---- -·-------- ·------· ---·-··-··-··- --·--·--·--· --··--·-- -····--··-·---------- ·-----·--·············-··--··--···---·--- ---------
Depth 

(ft) 
Sample El. AvgQt 

(ft) (tsf) 
AvgFs 

(ts!) 
AvgRf 

(%) 
AvgUd 

(fl) 
Oto 
(tsf) 

Rio 
(%) " Q F $BT U.Wt. 

(pc!) 
TStress EStress 

(Isl) (tsf) 
Ueq 
{Isl) 

c, N60 {N1)60 
(blows/ft) (blows/ft) 

s, 
(tsf) 

qo 
(tsf) 

FcAvg. ~ 
¾ 

56.29 

Fe 
(%) 

% 
'i, ':29it 

2,94 

Phi 
(Deg.) 

t, .._ 

~ 

-t 
(Y. 



R
15712

('• I~ 
----8~ - ····-------------------------- ------------- - ·-· ······-·-· ---------- --------------- -·····' \ ----- ----------· ··---------------------···········-····---------------- ---------

Oep1h 
{ft) 

. .:!. AvgOt 
(tsf) 

AvgFs 
(ts!) 

AvgRI 
(%) 

AvgUd 
(ft) 

Oto 
{Isl) 

Alo 
(%) " a F SBT U.Vv,. 

{pcf) 
, Stress ES\ress u,, 

(Isl) 
Co N60 (N1)60 s, 

(tsf) 
qc 
(Isl) 

Fe 
{%) 

Phi 
(Deg.) (11) (tsf) (Isl) (blows/1l) (blows/fl) 

64.33 0.45 0.69 -0.6 , . 33.0862 0.72066 2.22831' ·33.0862 0.72066 :·8 125.00 1.88728 '1.887275 ;::o-· .. o.121s ,,,a.asgor_-.. 10.osss.',1.gaa21<\::a4.33 :- :::19.9s11 , a4.21a 
56.15 0.73 1.3 ~0.09 28.4322 1.34581 2.42586 28.4322' 1.34581 7 -J2s.oo ·1.9011a-1.soms·. o.: 0.124 :1a.2os37. s.seoe44:'1.s1933.tss.1s: :·.21,41a1"' 33.276. 
58.81 0.91 1.54 0.09 29.4988 1.59981, 2.45535 · 29.4988 1.59981 >7 125.oo 1.9282a·.1:92327s· <·.·~-·};~~!-··:~!:~!::·,~~'.~;:!:/:.~~: \::~!-" :·:~::~;~;0 :::~: 67.14 1.23 1.84 ·0.11 33.4524 1.88676 2.45406 33.4524 1.88676 7 125.oo 1.94878 .,1.948n5 

452.653 112.05 2.2 1.96 ·0.41 55.8991 1.99853 2.2978 55.8991· 1.99853 1 ·· •. 125.oo .1.96928 1:969275 • ,. o o.112s.:_?4.886t9:·11.13394 3.40807_., 112.05 ·t.22.4399: :31.347 
452.325 73.06 2.44 3.34 '-8.34 35.11n: 3.43322 2.59915 35.7428·3.43081·· ! · ~:::~~ !:~~~~: :!:~~~~: ~:' ~:;~:~.\~~~:::· !~::ci~~:}~~~;~.:·. 't:~:6!"? ·::~;~;~: .. :ci:::: 31.004 451.996 39.96 1.78 4.47 . ·10.67 16.8773 '4.69042· 2.89568 18.9071 4.68302 

31.332 451.668 36.72 1.19 3.25 ' '~12.47 17.0812 3.43047 2.84264 17.1157'·3.42356 125.oo ··203054 ·2.03oaa8": o:o.1011J10.10429.: 1.s11391.'1.01397. ·• 36.79.: ·'. .w:49ss; 30,012 
31.66 451.340 32.6 0.98 3 -11.92 · 14.8921 3.208 2.B7199 14.9262:3.20066', '.125.oo·.2.05134_·2.05133ai ._::::: o. o.6982:9.666982,,.a.149511 ··0.94_578 .... 32.67, '' so.2s13•_ 29,101. 
31.988 451.012 30.21 0.84 2.79 ·11.04 13.5813 2.98527 .. 2.8855 13.615 2.97786 6 . ::125.0o .2.01t8f2:011039~ · · , ·o:,:o.e947;_·9.030415 / 6.27379:'.o.a111s:•:,_oo.20" ,•c.s1.0911('_28.495. 
32.316 450.684 30.02 0.75 2.5 ·10.81 13.3476 2.68551 2.86492 13.381 ··.2.6788 6 125.00 2.09234'_2.092338 ,v' <·0\0.6913,8.867287-,_6J30203'.,0.86463 .;30,09_" 49.8367\28.379 
32.644 450.356 32.56 0.7' 2.16 ·8.52 14.4106 2.29906. 2.79963 14:4342: 2.2953 6 , · • 125.00 2.11204:. 2,112838-':') ;~:-?:o·•:/o.688,' 9.261455.6.371566\0.94264 L32.6f '.· 45.9727'..::28.884, 
32.972 450.028 32.57 0.61 1.86 ·7.05 14.2672 2.00416 2.77023 14,2859'2.00153 6 125,oo·.2.13334 2,133335· · · ·: o :o.6847- 8.112541 .6.238993_::o.94231::;Y.32.61 , 44.2973 28.816 
33.3 449.700 31.3 0.63 2.02 ·5.48 13.5322 2.16152 2.80746 13.5508 2.15856 6 '125.00.2._15384· 2,153838 0 0,6814";8:939627 ·6.091342 .. 0.90236:.: 31.34: "•·45.4254· '28.463 

33.628 449.372 31.82 0.66 2.08 ·3.97 13.6343 2.2263 2.81229 13.6435 2.22479 6 '125.00 2."17434,2:174338,. 0 0.67_82_.:9:106774 6.176912,.'0.91782 31.84 · ',:'46.706_ 28.509 
33.956 449.044 28.86 0.57; 1.98 ·2.68 12.149 2.13762 2.84432 12.1581 2.13602 6 125.oo 2.19484:2.194838.'; ;o::·o.e1s_,,:~3.41085 s.en259'.o.B2555 .;28.88: 49.5957, .27.736, 
34.284 448.716 23.21 0.5 2.14 ·1.27 9.47696 2.38156 2.96057 9.48147 2.38042 6 125.00 2.21534 2.216338 ,0:_0.6719'7,241997 4.865622.'0.64999' 23,22.i, 55.8673'. 26,057 
34.612 448.388 20.41 0.42 2.06 0.02 8.12857 2.31097 3.0103 8.12857: 2.31097 · : ~~::~t \~:;:· 2·~::: , • ~--~::::~ :~::~::·.::;~~;~r~:::~:;·,:; ~~:~! · ',;;1:~r?~~,.~ 34.941 448.059 23.17 0.41 1.77 0.71 9.26857 1.96045 2.92469 9.26414' 1.96138 
35.269 447.731 24.74 0.45 1.82 2.5 9.86565 2.00329 2.90667 9.85687 2.00507. , 6 125.00 2.2769 2.2769, 0. 0.6627,-7.464431 4.946804 0.69545 24.72:, 52.4146 . 26.32 
35.597 447.403 23.56 0.62 2.64 4.16 9.25507 2.91592 3.01828 9.24637 2.91866 5 125.00 2.2974 2.2974 0 0.6598 7.609665 5.020503.,0.65828. 23.54 .. 59.7243 ' 25.887 
35.925 447.075 26.46 0.63 ·2.39 12.8 10.419 2.60955 2.95013 10.3845 2.61823 6 135.00 2.3179 2.31712' 0.0008 0.656f"8: 175519 5.370826: 0.74743 ', 26.38 55.1878 26.673 
36.253 446.747 24.52 0.58 2.37 14.27 9.52328 2.61497 2.98363 9.48463 2.62563 6 135.00 2.34004·2.329026 0.011 0.6553: , 7,72807, 5.063885 0.68669 24.43 57.3883 26.063 
36.581 446.419 23.35 0.59 2.53 1•1.8 8.96558 2.81115 3.02295 8.92713.2.82326 5 135.00 2.36218 2.340933 0.0212 0.6536·-7,_541419 4.928997. 0.64978 23.26 , , 60.0438 ;' 25.655 
36.909 446.091 20.73 0.59 2.83 15.59 7.79725 3.21602 3.10619 7.759 3.23187 5 135.oo 2.30432 2.352as0 o.os15 o.6519-·1.00455s 4.605822. o.5679a , 20.64' . 65.9272 24.108 
37.237 445.763 23.32 0.68 2.92 16.49 8.84389 3.25146 3.06352 8.6016 3.2671 6 135.00 2.40646 2.364746 0.0417 0.6503 ·7,727244 '5.024956 ·o.64748' . 23.22 62.8665 '. 25.566 
37.565 445.435 24.74 0.81 3.26 8.36 9.38774 3.63043 3.06619 9.36671 3.63859 5 135.00 2.4286 2.376652 0.0519 0.6487 8.24148 'S.34592 0.69076 24.69 63.1968 25.99 

<.,J 
C, 

~ 

-t. 
w 
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Depth 
(ft) 

~' 
... ·------------ ······················--·---- ············------------- ·-·---- ------····· ---------···· ········---- ----------····· ____ _! \ _______ ·------···-·· ·····------------···- ------------ ···-···----- ----------- --------

37.893 
38.221 
38.549 
3a.an: 
39.206 
39.534 
39.862 
40.19 
40,518 
40,846 
41.174 
41.502 
41.83 
42.158 
42.486 
42.814 
43,143 
43.471 
43.799 
44.127 
44.455 
44.783 
45.111 
45.-439 
45.767 
46.095 
46,423 
46.751 
47.079 
47.408 
47.736 
48.064 
48.392 
48.72 
49.048 
49.376 
49.704 
50.032 
50,36 
50.688 
51.016 
51.345 
51.673 
52.001 
52.329 
52.657 

s 
\!I/ 

J. AvgOI 
(tsf) 

445.107 
444.779 
444.451 
444.123 
443.794 
443.466 
443.138' 
442.810 
442.482 
442.'154 
'141.826 
441.498 
441.170 
440.842 
440.514 
440. 186 
439.857 
439.529 
439,201 

438.873 
438.545 
438.217 
437.889 
437.561 
437.233 
436.905 
436.577 
436.249 
435.921 
435.592 
435.264 
434.936 
434.608 
434.280 
433.952 
433.624' 
433.296 
432.968 
432.640 
432.312 
431.984 
431,655 
431.327 
430.999 
430.671 
430.343 

23.87 
,22.91 
25.19 
22.12 
19.76 
24.4 
25.59· 
25.05 
23.27 
:25.96 
25.09 
23.31 
22.11 
22.65 
21.66 
22.04 
19.95 

17•' 

19.37 
21.4 
19.64 
15.29 
18.24 
23.11 , 
23.58 
23.42 
19.68 
18.67 
19.1 
21.41 
49.22 
108.31 
174.86 , 
126.51 
166.9 

185.28 
146.4 

154.76 
137.82 
83.38 
58.49 
40.89 
51.35 
79.13 
74.91 

267.69 

AvgFs 
(tsf) 

0.87 
0.77 
0.68 
0.7 

0.61 
0.75 
0.74 
0.72 
0,76 
0.88 
1.01 
:o_g 
0.83 
0.97 
0.88 
0.74 
0,77 
.0.74 
0.84 
1.06 
0.74 
0.89 
0.81· 
0,9 
1.04 
0.95 
0.81 
0,6 
0.56 
0.69 
1.77 
4.31 
6.35 
6.37 
6.34 

8 
7.86 
6.18 
5,3 

3.81 
2.41' 
1.24, 
1.29 
2.66 
5.41 
12.98 

AvgRf 
(%) 

3.63 
3.37 
2.69 
3.15 
3.07 
3.06 
2,9 
2.86 
3.25 
3A 
4.03 
3.85 
3.76 
4.29, 
4.07 
3.34 
3.87 
4.34 
4.35 

· 4.94 
3.78 
5.83 
4.42 
3,9 

4.42 
4.05 
4.12 
3.22 
:2.91 
3.23 
3,6 
3.98 
3.63 
5.04 
3.8 
4.32 
5.37 
3.99 
3,84 
4.57 
4.12 
3.03 
2.52 
3.36 
7.23 
4,85 

AvgUd 
(ft) 

Oto 
(Isl) 

Rio 
(%) 

,, Q F SBT 

-3.35 8.96744 4.06176 3.11089 8.97582 4.05798 5 
-3.42 8.51382 3.76765 3.10987 8.52632 3.76213 6 
-2.47 9.40775°2,99626 3.01817 9.41189 2.99494 5 
-2.17 8.08605 3.57091 3.11545 8.09018 3.56909 5 
3.07'" 7.06859 ,3.54226 3.1627 7.06038 3.54638 6 
4.32 8.92049· '3.4343 3.07189· 8.90824 3.43903 '5 
5.43 9.35205 3.2165 3.03903 9.33579 3.22211 5 ' 
6.14 9.0796 3.20795 3.04897 9.06341 3.21368 5 
7.14 8.31053 3.6818 3.11505 8.2904 3.69074 5 
8.43 9.33984 ·3.77521 ·3.08008 9.3158 3.78496, 5 

.8.59 8.93973 4.50535 3.14056 8.91979 4,51542 4 
10.14 8-18223 4.36561 3.16384 8.15841 4.37836 4 
10.72 7.66096'4.27978 3.18239 7.63331 4.29529 ,4 
10.46 7.82871',4.87159 3.20785 7.80119 4.88877 4 
10.99 7.39614 4.65627 3.21626 7.36874 4.67358 4 
10.61 ··1.501:23·.a.84274 3.16291 7.47396 3.85676 ·-. .5 
8.24 , 6.64754 4.49114 3.24432 6.62815 '4.50427 4 
6.35 '5,46991·5.22129 3.35118 5.45447 5.2360T . 3 
6.47 6.34689 5.08456 3.29171 6.33152 5.0969 · , 3 
0.86 7.08585, 5.72093 3.28218 7.08585 5.72093 · .,,.3 
-0.78 6.37528 4.41888 3.25299 6.37909 4.41624 4 
-1.04 4.68956 7.19239 3.48477 4.69335 7.18659 3 
1.23 5.77311'5.29341 3.33425 5.76934 5.29687 3 
2.4 7.5681 '4.46652 3.19593 7.56059 4.47096',', : 4 

10.81 7.70187 5.04909 3.22274 7.6757 5.06631 · 4 
11.02 7.59993 4.6533 3.20639 7.57387-.4.66931 4 
11.46 6,17208 4.86385 3.29142 6,14613,4.88438 4 
13.05 5.76411 3.8409 3.25826 5.73459-3.86067 5·, 
15.36 5.88874 3.49362 3.22851 5.852 3.51556 5 
16.88 6.69902 3.76699.3.t9955 6.66324 3.78767 ·s 
20.42 16.7907 3.83907·2.88182 16.7433 3.84993 , 5· 
24.9 38.1369 4.09802 2.63254 38.0789 4.10426. 5 

23.46 61.9931 3.6983 :2.45237 61.9389 3.70153, 12 
9.38 44.3376 5.16507 2.65754 44.316 5.16758 11 

22.06 58.5993 3.87303 2.48371 58.5492 3.87634 . 12 
29.84 64.8944' . 4.3943 '2,49436 64,8267 4.39889 11 
33.05 50.8118 5A9067 2.63756 ,50.7373·5.49873 ·11 
62.54 ' 53.5451.4.07948 2.52808 53.4072 4.09001 :12 
25.31 ,47.3504 3.93971 ·2.55353', 47,2941 /3.9444 · 12 
22.91 '28.0635' 4.7586.2.77386 28,0144 ·4,76693 11 
21.11.. 19.2513 '4.36963 2.87161 19.2059 '4.37995' 5 
26.95 13.0459 3.30391 2.92987 12,9868 '3.31895 6 
29.37 16.6054 2.68923 2.79202 16.5431' 2.69936 , 6' 
27.12 26.1066 3.51262 2.70~38 26.048 3.52052 6 
-2.71 24.5434 7.56804 2.95489 24.5503 7.56592 11 
-1.85 90.3551 4.91215 2.43828 90.3585 4.91197 11 

U.V1. 
(pcl) 

, Stress EStress Ueq 
(ts!) (tsf) (Isl) 

Cn N60 {N1)60 Su 
(blows/II) (blows/ft) (Isl) 

,, 
(Isl) 

Fe 
(%) 

Phi 
(Deg.) 

135.oo 2.45074 2.388558 0.0622-~ o.647 8.203105•.s.3on4a.,b.s6313 •23.89 ea2102 25.7os 
135.00 2.47288-2.,400465 0.0724' .. 0,6454·7.871536,5.080663'' 0.63273, '22.94 ·, 66.196 25.361 
13s.oo 2.49502 2.412311 •0.0826\,o.a438_ 8:145735•; s.2445s:_9.102a3:. 25:2 59.717 2e.032 

~ ;;:gg: :::!~~~-: \~::~: :': ~:~~!~-? ~:::~;'/ 7 :a:~!!} .. :::::~~~:_~~s:~~!. ~·.:: ~~:.i! . : ; -7~~-~~i: · ~!:~!~ 
135.00 ?..5616l 2.448121: o.11/W:0.6391 :B.154368. 5.211628.'0.67611.'i;.::'24.37 , '63.4694 .. 25.669 
135.00 2.58365 2.460033 0.1236'0.6376'8.369236 5.335994:'0.71227 '<26.55 61.1526 :25.988 

-1as.oo·,-2.ao519 :·. 2.41194 · o.1338.J.'o.s3a·:e.2448s6 's.2Mo24s;0.69487 j: 25.01 ·. 61.8447 25.792 
135.00 2.62793 2.483846 0.1441': 0.6345 -7.995391 ,5.073146, 0.63907-.., 23.22 ,'. 66.5748 ;'25.193 
135.0o 2.ssoo1'2.49s1s2 ... o.1543::,:,o:a33::5;71303e · s.s152s6_' o.72157~Y 25.9 ·' 54.0434 25.982 
135.oo 2.s1221. 2.507659: o.154s,, o.531s'.,a.m1ea _5.53990( o.69405.: 25.04 : 68.4623 . 25.693 

'g:_::- !:~~:!~' :::i~:;:,' ~~ .. ~:t:~.a02:: ;:;~:~: -.::~~;_:;g::~~;~ '' ··::~!. f ~~!~!~ '·?:4~:: 
··::: ~i~:~g--~:~:!~-ii:m;:~ :~:i~ii-'i~~~;f'~~;t~;-i! .:::~~~:;~g:!i~1! l, ~:!~-i·::·:~·~!~i;:;:2:~~~ 
';' 135.oo '2.80512 _2.579133 ·':.o:221f';_o.6221t1.5o5574' 4_.673551\.:,o:5308 ':' 19.9 •: 76.5026. ';23_711, 

135.00·2.82726 ·:.2.59104: 0.2362'·0.6212 8.944066 '4.313967'.0.43878 ,: 16.96 ;_'., 85.4106 22.424 

: ~;;:~~ "/B~i~: .t:~::;:·: ~:::i)_b::~::-i~:;~;:;::';:~:;:~;::b::i}:-~: ::1i1·:!i3 ,.;>•~~:.~~!,, ~!:ii: 
135.00 2.89368 2.626759l0.2669,'.,,0.617-:7.458995> 4.60225.0.51846 ;19.65 ·;.·,77.2014 23.476, 
135.oo 2.91582:2.638665 'o.2111':o._6ts6 .. 7.014831 _ ~.318422·:';_o.3831 · 15.3 .. 97.4824 , 21.456 
135.00:2,93795 2:650572'. 0.2874' '0.6142 · 7:364226 ·:' 4.5:2332 0.47375'· 18.23 ·: '83..9559 i22.816 

,: 135.0d <2.s6of·2,5524'ra 0.291G·.':.o.Gi29·I13:'409524·:5:153255·· o.62384:<- 23,09- · ·, 72.6801')' "24,52 
135,00·2.98224 2.674385 o:307tJ'.0.6115:8.728223 5.337205:'.\0.6377:'' 23.51 '74.782'' 24.724 
13s.oo 3.00438. 2.686291 o.3181-> 0.010,-·,. 8.56109 · 5.221052 :0_53205 23.35 ;1,. 1a.495··, 24.638' 
1a5.00·_3_02es2 · 2.698t9't.:;o.'s2ea· o.eoa5:··;:6a2429'·4.s54753':o.5t5s9 '19.51 · ao.a493;. · 23,25' 

,g::: \~ci~~; ~;;~!bi ;-~:;;:tb::~;1 .. :·.~:~::!·::~~;:::b:!:S~F ~~:9 
.. , ·;~~:: .. ::~;; 

135.00 3.093 2.733953 0.359 0.6048' 7.780455 4.70554 0.56709 21.31 " 72.9615 "23.796 

~;::~b- ;: ~!;!:. ~:;:;~: ~:;;:;. ~::b~::·~::~:~:. ~s~!~: .. ~::i~~~ :,;!,9a~9
s :-.· ;~:~; .. ;:~:: 

135.00, 3.15942 2.769672: Q_.3898/0.6009 41.59558,,24.99384 ,5.31581 174.71 28.5992' ,37.947 
135.oo· 3.18156· 2.781579" ,, 0.4 0.5996 >33.2856'19.9577H3.81822 126.45 '38.2371 , 36.007 
t3s.oo· ·3.:203r2.793485.':o.4102: .. o.5983'.40.29082·):4_10544·,. • ·5_osa ,166.76 29.9502· 37.628 

,· 135.oo ·3.22sa4. 2.505391.' · o.42os "·: · o.597,.· ~.94566. ·2a.8343s: 5.63635 185.09 ··:'30.4315 38.206 
135.00 3.24798·.,2.817:298 '.0.4307::._.o.5958.,38.08986 _22.89306<4.43195_'' 146,19'· .. 37.2207' 36.803 
t3s.oo_ 3.21012:2.829204:··().4409,.:_o.5945··3a.09591 :22.64885}'4.69009·i 154.37 ;'-'31.9538 · 37.1 

· • 135.00 3.2922a,2.841t1f:.o.4s12_'.'.,0.5933;,34.39466'.'.20.40549_'.·4:1s495 ·.137:.66 »33.1337, 36.392 
• ··._13s.oo -a.3144 ,2.0sso11,:·o.45t4,'.. o.592'.23.30703 .. 13.79859,2.47881 .i':83.24 :'.,.44.5011. · 33.219, 

'135,00 '3,33654' 2.864923',0.4716 :0.5908:,17.26483<10.20013 '.1.70754/-'.58.36 ','.50.2442 · 30,822 
.135.oo -3.35_875 2.876868 ·'. 0Aa19 .. o.s800 ·.12.45559 _·1.3soo11 i,:1 :10195·\: 40,12 '··· 53.9834: 28.264 
135.00 3.38089 2.888772 0.4921,0,5884'14.47144 8.514418'.1.48511 '51.17 '45.5351 29.858 
135.00 3.40303 ·2.900679'.0,5024: 0.5872-21.35463 12.5384 2.34449 78.96: '40.,J545 32.766 
135.oo 3.42517 2.912585 · o.s125 <·o.Saa··23,258s1. 13.64618 2.21315 74.93 '· 55.4968 · 32.394 
135.00 3.44731 2.924492 0.5228. 0,584B 63.31944 37.02643 8.18089 267,7-; 27,,J998 40.035 

V. 

---t., 

..,t 
C( 
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(~ 
ConeTec In\ Interpretation 
lnterprelatioL .1- Release 1.22 Rev. Format: NLI Imperial 
Run No: 07·1210·1008-4397 
Job No: 07-804 
Client: Civil & Environmental Consultants 
Project: 
Sile: 
Location: 
Cone: 
CPT Date: 
CPTTime: 
CPT File: 
Northing (ft): 
Easting (fl): 
Elevation (fl): 

User Inputs: 

Assumed: 

Pond Creek Mine • Williamson County, Illinois 
CPT-58 
Pond Creek Mine 
20 TON AD211 
07130110 
15:44 
804CP0SB.COA 

0.000000 
0.000000 
479.9 

State Parameter. 
Unrt Weigl1t of Soil {pct): 

c::JCI 
c:::TI7 
~See Below 

M!!l!ildi:!1 T)!l2fll.1 i;!n~ lJniJ W!;ligh! {Qcf) PhlAvg ~ ~ 
de Isl Isl 

~Coarse Refuse Ct'l38f • 
Soil Embankment 31.26 1.88 62.63 

Ground Surface Elev. OfilJ 
CPT area ratio: ~ 

See Below Copied from ConeTec CPT Data File 
---------------- -----------------------·-··-- ----------------------·--····-· ···-·-·- ·-·-···· ···-······· -············· ..•..•.....•.• ··········- ·········-·---···- -········· ············-·········-···-····--·-·-

Depth 
(It) 

Sample EL AvgQt 
(fl) (tsf) 

AvgFs 
(ts!) 

AvgRI 
(%) 

AvgUd 
(fl) 

Oto 
(tsf) 

Rio 
(%) " a F SBT U.Wt. 

(pcf) 
TStress EStress 

(tsf) (tsf) 
u,q 
(!s!) 

Co N60 (N1)60 
(blows/fl) (blows/ft) 

s, 
(Isl) 

qc 
(Isl) 

&.8Y!Lkfilfl.,. 
% 

50.48 

Fe 

(%) 

% 
~ i'1 ' 2.84 

Phi 
(Deg.) 

I\ 
U' 

~ 

-I 
C! 
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Depth 
(ft) 

19.521 
19.849 
20.177 
20.505 
20.833 
21:161 
21.489 
21.817 
22,145 
22.473 
22.802. 
23.13 

23.458 
23.786 
24.114 
24.442 
24.77' 
25.098 
25.426 
26.754 
26.082 
26.41 

26.739 
27.067 
27.395 
27.723 
28.051 
28.379 
28.707 
29,035 
29.363 
29.691 
30,019 
30,347 
30.675 
31.004 
31.332 
31.66 

31.988 
32.316 
32.644 
32.972 
33.3 

33.628 
33.956 
34.284 
34.612 
34,941 
35.269 
35.597 
35.925 
36.253 
36.581 
36,909 
37.237 
37.565 

' 
-- ·-·-··-··-----------··-·----------·--·-····-···--·-·------·- ---···-- -··------- ------·-··· ··------ ------------ ·--' 

~ El. AvgOt 
{ft) {tsf) 

460.101 47.o5:. 
460.379; 44.52 
460.051 ' 40.76i 
459.723 38.62 
459.395 : 44.39 ·, 
459.067 57.91 
458.739 25.08 
458.411 21.57 
458.083 . 29.59 
457.755 33.08 
457.427 36.31 
457 .098 ·. 35.83 
456.770 36.3 
456.442 34.31 
456.114 34.26 
455.786 34.12 
455.458 33.09 
455,130 35.21 
454.602 35.32 
454.474 33,07 

"454.146 :30.14 
453.818 28.04 
453.490 27.22 
453.161 25.07 
452.833 22.52 
452.505 23.13 
452.177 24.42 
451.849. 25.99 
451.521 24.42 
451.193 24.47 
450.865 24.85 
450.537 25.04 
450.209 24.64 
449.881 19.76 
449.553 16.42 
449.225 20.02 
448.896 23.04 
448.568 ' 21.44 
448.240 16.83 
447.912 14.1 
447.564 36.85 
447.256 53.58 
446.928 41.03 
446.600 30.73 
446.272 25.44 
445.944 24.48 
445.616 24.3 
445.288 25.03 
444.959 21.34 
444.631 22.16 
444.303 27.66 
443.975 41.71 
443.647 119.94 
443.319 232.84 
442.991 245.39 
442.663 185.81 
442.335 190.28 

AvgFs 
(tsf) 

0.79 
0.68 

· 0.63 
0.63 
0.75 
1.33'. 
1.34' 
0.8 

0.95 
1.22 
1.19 
1.22 
1.11 

· 1.06 
1.04 
1.05 
1.19 
1.24 
1.2 

1.09 
0.89 
0.96 
1.12 
1,08 

, 0.88 
1 

1.29 
1.44 
1.32 
1.16 
.1.17 
1.24' 
1.36 
1.13 
0.88 
0.87• 
1.19 
1.16 
1.16 
1.08 
1,64 
2.7 

246 
1.67 
1.21 
1.07 
.1.0B 
·1.22 
0.88 
0.83 
1.08 
"1.36 
5.26 
9.81 
11.65 
11.73 
10.73 

AvgRf 
(%) 

'1.53 
1.55 
1.64 
1.69 
,2.3 
5.36 
3.69 
3.2 
3.68 
3.29 
3.4 
3.07 
3.08 
3.03 
3.07' 
3.59 

, 3.53 
3.39 
3.29 
2.96 

,3.41 
4.12 
4.3 
3,89 
4.33 
5.28 
5.53 
5.42 
4.75 
4.72 
4.96 
5.51 
5.7 

6.37 
4.36 
5.16 
5.4 
6.88 
7.64 
4.99 
5.03 
5.99 
5.43 
4.77 
4.38 
4.43 
4.87 
4.11 
3.76 
3.92 
3.26 
4.39 
4.21 
4.75 
6.31 
5.64 

AvgUd 
(ft) 

Oto 
(tsf) 

Rio 
(%) 

le 

36.7141 1.7248 2.39828 
-0.9 34.1092 1.57218 2.39964 
-0.25' 30.6326 .1.59609 2.44144 
-o.1a· 20.5024-·1.68851. 2.48112 

'•0,51 · 32.3874 .1,74174 2.44416 
-0.41 41.8949 2.35149 2.43862 
-0.07 17.2993 5.65175 2.97846 
2.73 14.5063 3.96453 2.93879 
6.9 19.9628 '3.37137 2.78704 

8.57 22.0998 3.85491 2.79022 
9.54 23.9975 · 3.4139 2,72893 
9.26 , 23.3227 3.55096 2.74942 
13.63 23.3036 3.18907, 2.7202 
15.82 21.6602' 3.23211 2,74896 
17.95 21.338 3.17602 2.74944 
21.34 20.9406 3.22433 2.7603 
20.71 20.0014 3.77605 2.8192 
21.94 ' 21.0599 3.68895 2.79552 
24.9 20.8462 3.56047 2,78926 
27.37 19.2003 3.46771 2.81033 
28.13 ,17.1828 3.12474 2.82084 
30.18 15.7093 '3,64162 '. 2.8929 
32.24; 15.0249,4,38848 2.95894 

' 31.06 13.5826,' 4.6251 3.00754 
31.69 11.945 4.23477 3.02853 
31.09 12.1408 4.67949 3.04924 
27.74 12.7139 5.69805 3.08711 
25.13 13.4414'5.95316 3.07983 
22.7 12.4741 5.84156 .3,09958 

25.24 ', 12.4079°'5.12717,3.06558 
24,97·" 12.5224 5.09085 3.06047 
25.89 12.5326 .5.35631 · 3.07414 
22.33 12.2253 6.98377·"3.1,127 
16.6 9.53812 6.33195 3.21114 

. 15.59 7.68159 '6.08413 3.27481 
20.02 9.52155 4.82216·3.13916 
16.63 11.0341>'5.65603 '3.1306 
11.94 ,. 10.1202 5.97403·3.17402 
4.5 7,65841 7.84567 3.34165 
2.65 6.19466 8.97526 3.44974 

· 8.52 17.786 5.2933 2.95167 
7.3 26.1754 5.2459 2.82443 
2.4 19.6625 6.32445 2.97035 

5.52 14.3582 5.84437 3.04968 
7.23 11.6194 5.20153' 3.0884 
8.06 11.0631.4.80246 3.08384 
9.26 10.8983'4.89172 3.0942 
9.17 11.182 5.35417 3.10955 
l1.34 9.3057 4,61367 3.13367 
13.05 9.63896 4.17681 3.0961 
12.93 12.2206'4.26212 3.01644 
15.45' 18.8823 .3.45376 2.81298 
10.53 56.0647, 4.47335 2.54245 
·2.08 109.265 4.25665 2.33641 
·7.92 114.558 4.79442 2.36708 
-9.21 85.9757 6.39625 2.54195 
·3.88 87.5721 5.71241 2.49823 

a F 

36.7141''.'' 1.7248 
34.1171' 1.57182 
30.6326 1.69609 
28.5024, 1.68851 
32.3949 .1.74133 
4f.8949. 2.35149 
17.2993 ,5,65175 
14.4991 3.96649 
19.9345 3.37616 
22.0649' 3.86101 
23.9562 3.41979 
23.282' 3.55717 
23.25 3.19642 

21.5942 3.242 
21.2663 3.18672 
20.857 3,23725 

19.9189 3.79169 
20.9722' 3.70438 
20.7554, 3.57639 
19.0964 3.48656 
17.0742 '3.14461 
15.5961 3.66606 ,' 
14.9071 4.42314 
13.4721 · 4.66305 

SBT 

7 
6 
3 
4 
5 
5 
5 
5 
5 
5 
5 
5 
s 
5 
5 
s 
s 
5 
4 
4 
4 
4 
3 
3 
3 
3 

11.83 4.27693 
12.0328-4.72147,, 
12.6129 5.74372 
13.358 5.99031 

12.3913 5.8806 
12.3202 5.16369 
12.4353 5.12654 

12.446, 5.39359 
12.15 8.02086' 

.. ,,;.; 
9.48467 6.36764 > 
7.62848"6.12649 ., 
9.45822 4.85445 
10.9816 5.68304' 
10.0831 5.99565 
7.64287 7.86162 
6.18437· 8.9902 
17,7553' 5.30245 

26,15 5.251 

3 
3 

19.6524 ·5_32n 
14.3431 · 5.85051 
11.5995 5.21049 
11.0382 4.81326 
10.8686 4.90505, · 4 

3 
4 
3 
3 
3 
3 
3 
4 
3 
3 
3 
4 

11.1574'5.36595 3 
9.27155 4.63066 4 
9.59531 4,19582 
12,1821,4,27562. 
18.8392 3.46168 
56.0314. 4.47602 
109.269 4.25646 
1 t4.58f 4.79343 
86.0038 6.39416 
87.5814 5.7118 

4 
4 
s 
11 

;,12 

'.11 
11 
11 

U.\hi,. 
{pc!) 

TStress EStress 
{Isl) (\sf) 

Ueq 
(Isl) 

Co N60 (N1)60 
(blows/It) (blows/It) 

s, 
(Isl) 

qc 
(Isl) 

Fe 
(%) 

Phi 
(Deg.) 

· ~;::ri~ '~:!:~~;·-!:;:~~:; <'· · ·.; ~-:::~o~::)~i~:;: :::{:~~:ttf~!!~;},:~:~;: (-;:::~: I·;!::~;: 
125.00 .' 1.28655 _ _,1 ·.200545·,, {":, ·o\O.aao9': 9'.555144: 8:so501a·f1:22203}:c ·40.1s_": /21f.1337\:'33:141i 

.. 125.00J.30905 :_1.309045 .-.· · o:: o.814·:9_3_19s53· a:14550901.15514·.,>: 38.52-i}'.'29.8463'.'.:' 33_2911 
·: 125.oo 1,32955. 1,329545. o -,0_0513·;:10.53065' 9,1321aa,.1,33314 i->44.4;\\>28.2491> '34:088 

'. : 125.00 .' 1.35005 · .1.350045. O ' 0.8606 -,~ 3169973 . '.1 D9066 .:1.75108 : :._57.91 '" < 28.0145 _;: 35.652, 
125,00 1.31oss·.1,31054s o o.0s42·,·7,90039_:.-6.1ss25:o.13404 :<:2s.oa ;::. 57.0449 ·· 30.082 
125.00 '1.39105 '1;391045' 0·0.8479,6.636117 _5,626566.0.62474 . 21.56·:·> 54_455.; 28.914 
12s.00·1.41155.u11545 o·:_o.8411·a.334091 7,014733_ .. 0.8724 _29.55_ .', 45.2501 31.009 
125.00 .. 1.43205 1.432045 o>o.a356 9.331922 7.798111:;o.97981 . .-,33.oa,,::45.4311 31·.665, 
125.oo 1.4s2s5 1.452545 ·:·o ·· o.8297-.. 9.9061a8 8.219431:_ 1.01915 / 36.25.;'.": 42.0101 32.192 
125.oo ·1.47311 1.473108 · "' o._ o.a239·:,9.883284 8.142993·_'1.06368-z:35.77·<" 43.1354 .32.01 
125.00-1.49361 1.493608 ,,, , .. 0\0.8182,:9.852044 ,,8.061356:t",1.0776 <'-36.22 ' 41,5368< 32.001'. 

~:::66 ~::;:~~ !::;:!6~- .:::_::: ,: ri.:g::~~~,,_::::~:~_'.·.;::~~;::;;:;:6~~-; _i;::~i, ::~!31
_~;:;_; :~:::: 

,125.00 1.55511 1.555108_; .. )-.. :.0._ 0.8019:,,•9.44696 ' 7,57551 _' .:1,0082< 33.99 43.7399'. 31.302 
12s.oo 1.51561 1.s1sao8, · ·, ;,o o.7967::9.463703 :7.539406&97558, 32,95, :. 41.1098 \31.004 

~::66'.~::~=!~' ~::~:!6:; >:/; 6::6:;:!;.;\~!;~:\t::~~!~i)~::::-\ ·:~:~;- ·.::,:;:;;:~ .- 3!;~:~ 
:125,00 1,s3111 1.631108 -_:./:.'o-;o.7816,'.9.3996n,:1.346395':o.91s15_;_' 32.9 :/. 45.5923' _30.129' 
125.oo t:s5161: 1.6576oa·· :'L°'o.:0.1161, a.6102a4/a.a016a2,:_o.081av 29_95' .. , -:41.205 \29_99a 
125.00 1.67811 1.678108' ·. -,.,::o,. .. , 0.772 :8.341715·6.439401, 0.81616: 27.85' 51.555, 29.398 
125.00 .1.69861 J:69aaoa ,;,:•.·?o:,-o.1s1a:8.418813:.a.4595a1:.o.19014·: 21.02,,, 55.751: 29.099 

, 125.00 1.71917'>1:71917 .,,0;0.7627··7.988621'6.092736'0.72294, 24,88,: 58.9941 28.424 
125.00 .1,73967, :,-1:73967,, .. :.o .0.7582 :7.262348:5.506094,0.64335 ·22.32' '60.4271' 27.552 

,>,,12s.oo 1.'lso11 __ .. ,<."H6om . ·:o/o.153f.'.1:S63768 ":5.10113'<0.6616 :-,22.94 61,8634 2r.e01, 

· ~~i:~~-:~'.i~!!f:.·-~~;!!!i:6:6~·~t:6}~!:Ii~!iE. !:H~~E; g:~[~'::-1 ~;:i; ~}~E:~1! 'i~:i~. 
135_00 1;04545)1.82339~L0.0221:fo.14Cia'.:8._100847/5;999Hf_o.10045 ··:24.31·., 63.012( ·21.sa2 

:135_00 1.86759 .t.83529a;.o.0323 \o.1s02.:R200162:a.052919·.o.11153 .<24.69. s2.6514 · 21.091 
135.00-1.88973 :1.847204 0.0425 :·p.7358:8:337266: 6._134317;_0.'71673 ,,:.24.88:: 63.619\:: 27.906: 
135.00·.1.91187 :1.869111, 0.0528'. 0.7334 _8.422789 .6.177365:0,70366'., · 24,5: ,;.66.4024;-. 27.747 

,:135,00,1.93401 .. 1,871017'"·, 0.063 .. _0.'7311, 7.245293/5:296842·,.0:55251 ': 19.68. <'-73.8677 / 26.083 
·135_00 1.95515 1.882924' 0.0132,.0,1286 6.296958 4.588952>.o.441s ·,,15_32: <-78.9785·· 24.616 

t;.:~:::~6 ·:~:.~~~:.:'~~~:~ .. ~:~:;;::~:;::f.,~:::~~;::·'::~:::-\:6::!~:~--; :;.\2~9~: t:~:;::.-:, ':;:~~~ 
135.00 2.02264'·-1.918679 0.104· 0,7219·7.662654'·s.53t947/0.60lt6· ·'21.37·• '.' '.-70.991; ·, 26.51 
135.00 2.04478:1,930586'. 0.1142.:0.7197\6.626488-.4.913068' 0.45775 1<'.16.8. )-: ,; 84.59 ·;24.646 
135.oo 2.06692·.{942492 :0.1244/:0 .. 7115 ·s.258887)uao1sa :o.37254.'. . 14.oa::< .94.2141·:' 23.229 

·1ss.oo 2.089D5:'1_.95439a· 0,1347:_ o.7153)1.1.4123$ .B.163359i1.07619,: 36.79 c:_-.·ss.2875,: 30.278. 
135.00 :· 2.1112 :1.966305, 0.1449 ,0,7131;'.15.41519 ·10.99318 °1.59346' : 53,53 : ::47.4168· 32.767, 
135.00 2.13334,,,1,978211'.' 0.1551,,t 0.711.'-12.86718.9.148439,'1.20423 '41.01, 56.5089, 30:942 

~;:::,. :: ~;;:: -.-~::6~: :·6: ~;:::: 6:;6:i :-:!~s!~::·-~:~~~:r~:~:6~: '. :~:!·: \ ~a::;:> 2
::.:;\ 

135.00 '2.19976 .'·2.01393 0.1858.' 0,7047'8.238887 .;: 5.80559 0.68979 ·, 24.43, 54;3124 27.142' 
135.00 ·, 2.2219 2.025837' 0.1961 "0:7026 8.231024" 5,782979.:0.68353: '.24.24 '65.0574 '27.041 
135.00 2.24404, 2.037743 0,2063 0.7005'.8.569686 ·6.003302' 0.70545 \;24.98 "'66.1725, 27.219 
135.oo •2.2662s'·2.049686'· o.21c5 .,o.6985 :-7.41695·5.180619 ·0_59052_:. 21.21·:·:< 57.9493 : 25.982 
135.00 '2.28839 '2.061592, 0.2268 · 0.6965 7.503638·5,226013' 0.61522· 0 22.07 .,,· 55,1947:: 26.215 
135.00. 2,31053 2.073499, , b.237/ 0.694Si 8.913341-. 6. 189971 _;".0;7545. ' 27,57 · .. : 59)354°:,( 27.812 
135.00 2.33267 2.085405· 0.2473·.,0.6925 ·11,90861 8.246427.-'1.21911 • '41.62 <·-46.7462' 30.682 
135.00 2.35481' 2.097311; 0.2575, .0.6905\29;78649_ 20.56918,::,3.,64041"./119.87, , 32.6167 ''37.373 
135.00 2.37695 2.109218,: 0.2677:' 0.6886}52,64439 '36.2486t:_:7,13508 '232.65" 23.9715 . 41,04 
135.00 2.39909 _2.121124 ,, 0.278' 0.6866';56.20316' 38.59027 7.52294 245.44'•; 25.0892 , 41.287 
135.00 2.42123:2.13303.f 0.2882:''0.6847;46.17875 31,6186(5.6TT67 .. 185.67 ':'-32.5936 39.766 
135_00 2.44337 2.144937 o.2964 o.6828 ·45_29593 31.sio0t' 5.01535 190.3 30.~039; 39.865 

"-l 
~ 

~ 

~ 

C 
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Depth 
(fl) 

37,893 
38.221 
38.549 
38.877 
39.206 

~. (\ ( --- ----------·····-------------···-··--·-- -----------.. ·······-···· ----------- ·····--·--· ------------ ·····-···-· ------------ ------ ······- ------------- ····--------····-· ·······-····· ····----------------- -----·-··· 
s a. Avgat AvgFs AvgAf AvgUd Ota Ria ,, Q F SST U.\ili,. fStress ES\ress Ueq Ca N60 (N1)60 s, " 

,, Phi 
{It) (tsf) (tsf) (%) {It) {ts!) (%) {pcf) (lsf) (ts1) (\Sf) (blowsllt) (blows/II) (Isl) (ISi) (%) {Deg.) 

-------------
442.007 280.56 11,76 4.19 ·0.79 -128.936 4.22878 2.29281 128.941 4.22863 12 135.oo 2.46551 2.1ss843 o.30ai7 o.ssos .·s2.11sss ·, 42.33a77 .a.so914 280.57 '22.2559 41.895 
441.679. 230.05 12.58 5.47 ·8.43 104.928 5.52816 2.43946 104.951 5.52694 11 135.00 2,48765 .:.2.16875' 0.3189/'0."679 $4.45582 36.9TT67i-7.04527 · 230.1 28.0501 40.829 
441.351 214.58 12.79 5.98 ·3.42 97.2506 6.03102 2.48953 97,2644 6.03017 11 135.00 2.50979 2.180656 0.3291 0.6772 51.99489,35.21008 6.56564 214.61 ' 30.2173 40.427 
441.023 252.97 15.89 6.28 5.22 114.222 6.34488 2.46678 114.208 6.34564 11 135.00 2.53193' 2.192563" 0.3394 0.6753 60.62771 40.94446 :,.'7.7535 252.94' 29.2202 41.271 
440.694 369.1 14.5 3.93 49.56 166.271 3.95585 2.20569 166.131 3.9592 12 135.00 2.55413'2,204505 0.3496 0.6735 78.75678 53.04353 11.3482 · 368.79 , 19.1854 43.163 

N ..., 

"-\ 

-C 
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~· 
ConeTec I/' 
lnlerpretati 

r lnterprelalion 
,ut - Release 1.22 Rev. Format: NLI Imperial 

Aun No: 
Job No: 
Client: 
Project: 
Site: 
Loca1ion: 
Cone: 
CPTDate: 
CPT Time: 
CPT File: 
Northing (ft): 
EasHng (ft): 
Elevation (fl): 

User Inputs: 

Assumed: 

07-1210-1008-4364 
07-804 
Civil & Environmental Consultants 
Pond Creek Mine - Williamson County, Illinois 
CPT-6 
Pond Creek Mine 
20TON AD211 
07/31/10 
12:00 
804CP06.COR 

0.000000 
0.000000 
457.8 

Water Tabla De th It): 
Nk: 32.3 
State Parameter: 
Unit Weight of Soll (pcf): 

0:0 
l:=irl 
~See Below 

Ma1ena1 Types and lJnlt Weight /pcfl Phi Avg. ~ ~ ~ ~ 
deg Isl Isl % _% 

[Jg[]AesldualSoil I 37.16 I 1.38 I 45.31 I 35.45 1.·2.ss 

Ground Surface Elev. ~ 
CPT area ratio: @LI 

See Below Copied lrom Conelec CPT Data File 
-------················--------------------------------- -------------------- ----------- ------------ ------·· -·······-·-· ·-··········· .•..•..•..•..•..•.....•... ··-----· -------- --------------···---------- ·----

Depth Sample EL AvgOt AvgFs 
(fl) (fl) (ISi} (ts!) 

0.164 457.636 8.56 0.1 
0.492 457.308 9.31, 0.29 
0.82 456.980 10.89 0.47 
1.148' , 456.652 15.32', 0.83 
1.476 456.324, 38.89 1.49 
1.804· 455.996 64.95 2.12 

'2.133 455.667 91.43 3.22 
2.461 455.339 106.27·, ' 4.78 
2.789 455.011, 97.06, 5.09 
3.117 454.683: '83.61 4.4 
3.445 454·_355 75.27'. 3.59 
3.n3 , 454.027 65.07 , ", '3.24 
4.101 '453.699 "64.94 3.2 
4.429 453.371 '', , 63.37' 3.12 
4.757 453.043 55.6, 2.82 
5.085 452,715 46.31:,, 2.63 
5.413 452.387 49.15 2.45 
5,741 452.059 41.44; '2.45 
6.069 451.731 40.26 . ·, 2;34 
6.398 451.402, 35.34 , 1.94 
6.726 ',' 451.074 29.43: ,·,1.47 
7.054< 450.746 22.96 1.12 
7.382 450.418 -22.39 \ 1.27 
7.71 450.090 24.72' ,·1.47 
8.038 449.762 25.96 1.6 
8.366 449.434 23.65'• 1.49 
8.694 449.106 , 24.35 1.37: 
9.022 44B.na 28.28 1.49 
9.35 448.450 28.51 1;65 

9.678 · 448.122 , 28.8 1.69 
10.006 447,794 • · 'so.a 1.75 
10.335 , 447.465 27.19 1.42 
10.663 447.137 24.41 '1.15 
10.991 446.809:; 22.72 0.94 
11,319 , 446.481 22.41 0.82 
11.647 446.153 22.09 0.86 
lt.975 446.825 19.57 0.82 
12:303 445.497 18.59 0.79 
12.631, 445.169 16.32 0.81 
12.959 444.841 19.07 0.83 
13.287 ' 444,513 21.2 1 
13.615 444.185 20.7 0.95 
13.943 443.857 23.12 1.2 
14.271 443.529 .29.53 1.34 
14.6 , 443.200 26.74 0.91 

14.928 442.872 20.25 · 0.7 
15.256 442.544 17.79 0.62 

Av9Af AvgUd 
(%) {fl) 

Ola 
{Isl) 

Alo 
{%) 

le a F SST U.WI. TStress EStress Ueq Cn N60 (N1)60 Su 
(pcf) (tsf) (tsf) (tsl) (blows/II} {blows/fl) (!sf) 

,, 
(Isl) 

Fe Phi 
{%} IDeo.) 

1.11 -o.sa 834.122 1.110 1.40 834.12 1.11 5, 125.oo ._0.010__ 0.010 · 0.000...,:2.000 .'.:.1.37,_, ·2.14 ···o.2es_ -:a.s6, ·:1:52433··so.16 
3.12 ·2.93 301.764 3.125 1.98 302.41 3.12' 4 125.00 0,031: _0.031 . O.OOOi\2.000;'; .'-1.82 •'' 3.64./· 0.287· ;-:"9.33 .. ·,.12,388' .. 45.97 
4.33 -10.58_ 211.488 . 4.336 2.1a 212,95 · 4.31 . J: }:'_3'.:· .. · 125.oo '., o.05\,:: o.o51~ :·. 0.000 :.:._2.000::· .•·:2.31 . · ,·4.63:i .. ,:: o.336 :_ .. _:1,0.96 ;:;,.,.18.25sa<\ .44:35 

· 5.4 ~1.a1,., 212.619 ·. 5.443 2.26 213.09 5.43, ·''°,:'.,a::,:·: .. :125.oo · :,.:0.012_:·.- ·:0.012 ,{:o.ooo ?,2:000._:; >:3.36:/ .. <• e.12 '.;:/0.412_: ':"15.36 i:_\21,:1963 · 44.36 
3.84 3.12 420.572·. 3.840 ·1.99 420.36 ·. 3.84'_' ; \5:.: ., ,,.125.00 , 0.092_" ... 0.092"':0.000,'"2.00~:_: c'. .. 7.62<:: _ _.15.25'/' ·1_.201' ·.•.·:_38,.87_";12,7664-'_ 47,40 

;:!! -~-~~ !~:~;{ ;::~~ . ~::~ · :;::~!' 5. ;::~ ._ , . : . _{::~~ >;~:~:.:_<J g:F .. ~::~):~::~\] }~~:.~:. ":_'._ :,:i!:~:vii ~::~\ ·.:-:;1\ 9
1/::·i !:::~:-.: ·-::~~:·· 

. 4.5 o.53 ,· 689.906 :, 4.504 , 1.98 689.84 . 4.50 .. · 11" )2s.oo :.: o.154\.'-> o:'1s_4'.'i: 0,.000":-{::~ooo '.';-{~0.12:._:; ,,41,43 '.;;;: 3.285·\': 1oe.26_"·.: 1_2.339",'. 49.42· 
s.2s a.ts .. 555.816 5.254 2.01 555.70 • '5.2s.... 11 125.oo <0,174'. - o._174 . 0.000,.>,._.2.ooo ,.,.,.,9.62" -,39.25:-1 a.ooo. _97:04:, 14.9655' 48.55 
5.26· 13.6' 428.182 5.275 · 2.12 427.72 •·. 5.28 .:- , · 11 125.00 . · 0,195 :? 0 •. 195.": _,_0.000_;;,_;2.oooh;-;\11_.19 :·. ·.,34.38 .. 'i_.· .. 2,583> .:·83.52 .· :16.2983"_' _47.48 . 
4.n ·, ,18.34. 348.585'" '4.783 '.. 2.11 348.07' \ 4.79 11· 125.00.\ 0.215.: _\. 0.215\' S o.ooo,(:,2iooo';:::;15:4a,j: , :30.93 ;.,,;; 2.324'. ,, 75.16 ,:::,1_1;j.2656Jr46.59 
4.98 11.57 .. 274.94 · , 4.997 · 2.18 274.64 5.oo ,. · 11 , . 125.oo· >_ o.23e·_.{·; 0.236\ .. 0.000}\2.ooo:f'c:_13.73.:: /_27.45,c·: 2.001f' ,'55•' \ .. 18;_2aa2 \'_45.53 .. 

· 4.93 6.12 ,: .. _ 252.363° · 4.947 2,19 ·2s2.21 4.95 • H :: · ,:12s.oo _"0,256/_ ;,.o:2se·:~- ,::o.ooo:?:1,975::z,:y13.18 \ <' 21:23 ;;;·'.- 2:_003 __ .. •.; 64.9 '':-18.7426.'•'45.14 
4.93 · 5.33 , 227.928 .. 4.945 2.21 221.82 4.95 ,:,::. · .11 · ... 125.oo · . • .0.211 · .. ( o_.2n,.:: .. o.ooo:f_::1.eo1-::-· ",-13.57, \:! 25.80 .:-: \· 1.953: /.; 63,34 ,:_; 19.4706 .. _'.'-4.67,: 
5.07, 3.75 18e.009 5.099 ·2.21 185.91 .. s.10: .4._,.,. ·-125.oo .. _0.297 :'\,)J.297\ o.ooo.-,,·1:831,: .. _:12.20: ),::.22.38,:, 1.112 ·:,-- 55.57 ,,:'.•:2t.465.3c:.>43.71 
s.68 -1.09 144.715: 5.718 ' 2.37 144.75 5.12 , 3.. 125.oo. , o.318 ,· ·:(o.31a_; •. o.ooo;,,11.'.774:))10._63, .!:-)8,85\; •>1.421->:, .:,46,32 ,;.:25.262·.;/42.47.: 
4.98 -2.28, · 144.28' 5.019 2.33 ' 144.31 ·s.02 4 125.00, _0.338 .. _''. 0:338_: ,D:000•,:,1.719_;·::·.; 11.05,; ,,;·:,.19.00 ·:; ;1,S1_1,_, .. , 49,16 '.,t23:4659_( 42.46 ", 
5.91. -3.05 114.492 5.964 2.44 114.55 , 5_.96 3 125,00 , ,0.359 ." :),359 ·. ·_:o.ooo":J·669,:J>9.83·:· .., .. : 16.41: ,?1._212,; -.:: 41.46 .{28.2345 __ ;,.41.2s 

-:_5.a1.,.- ., .. ~.23, , 105.139 5.868 . 2.46, 105.19 :5.86"' .. 3 ,- ·125.oo .:. o.379 '. : .. _o,379 .. , :_;o.ooo.:;,.:.u24<··< 9.62 >\15.62 <:\1.235: .. ;_/40.28;_:.·:·c:28,9115_:':40.aa< 
-5.49 · ~2.60 BT.3n6 5.552 '-:2.49 87.~3- . 5.ss·.:-: •,:·3:; :_ 125.oo.:.:- o.400J .y.0,-400,r ,;:o:ooo,:;.:.:1,_58f::,t 8 56, , 13.54 ·<<'·1.082, ,,: 35:36>/;-30.1842/ 39.85,'. 
4.99 -1.85 .. 69.0089 5.o67 a2 ·69.06 :s.05•;.;> ·: .. 3., ... "-".125.oo. o.420....-:'-0.420· ,"O.ooo.:-_,:-1,542;-,·,:1.25 .-rn15_:~:.o._0e8•·-<:29.A5.'•\'.:31_.eoor(38:55•: 
4.89 : -1.'15 : 51.0783 ,·4,974 ;, , 2.60 ,.,, 51;10 ·, 4.97: · \.·.3··.<,' '., 125.oo.,·· 0.441i :', o,'.441? f:,o,ooo .. t/5o,at:}t5,88 '8.86}):.,;'o.69'7-" ::[\22:97:,,<,:35.5078/".:36.83:°: 
5.66 -4.08' 47.5289' 5.792 2.67 47.59 . 5.78 .. '•' "3 .:-· .. 125.oo, 0.461: •.,.,,._o.46t'; ..:; .. o,ooo::;":.1:.472;\Y',-':.5 .. 95 ... \:B.76ri,JJ:0.679.'.-:< .. 22.42';f_.39.0065_,·\36.41:. 
5.94 .-s.21· 50.2995' 6.055 2.61° 50.38_·:_.;,: 6.o5·.:·,.:· 3) ·.\\.125.oo ?<._0.482;: /o.482/ :.:o,.ooo)!::l441t·f;;is6 .. :::/;,t9.45_ti:;:;:o:1so1i: :.2~:76/_'.\38.9216{'36.74 1 

6:1a •6.42 ·s0.6745 6.285 2.68 '50)5 · e.2e·,; · 3 / _>:> .. 125,00 .>'-;o,502:.: .o.502. ::,:o.ooo>;J.411{("6.93. :.\.'9:n•\'~to.788\;t ·.''."2e·:>.~.39.4189;i: 36.79 

-5~:4, :::!! .. ::::~~~- · ::;;:. . ~:~! :::6 · , . ::ir:/), : ,i'. - .' ~:::: /:·~::Li~:~::._·. /-~::~ .. :tJ~:;_:'.tf_::::~-- /i(:.-:::r ·.::~~}!~:? H:~::-~-iz;\\1~:~!:t· ;::!~ .. 
5.28 -7.83 . 49.153 5.376 2.64 49.24 5.37 ·' a" ,,25.oo :, o.564·'-' '.'0.564 \_ 0.000 :.:1:332J:)':'7,3a, · · ·._9.83:.,....<o.858_ ... 25_33tt.s1.2_649 .. 36.61-_; 
5.78 :7.51 · 48.173 · .5.909 2.s1 -48.24 s.9o , · 3 135.oo . o.584·,' :' 0.500 .\:_o.00(_1::_1.313,.(· ;1.s8:t_,. ·;?9.96:·:~;;? o.86~ \ ·,'.'-:28.55; . ..: 39.1366._,:: 36.49,.; 
5.86 -6.n 47.6562 5.994 2.68 47.72 5.99 , 3, 135.00 0.607, _\,.0.592 -.".c:',0'.015:,.Y'·1.300,/f: 17'.69 .... /' ;'10.00 :.L 0.873 ,.,,.,.28.84 ·::,. 39.5436 i·36.43 ' 
5.68 ·4.18 49.9933 5.800, 2.66 50.03 5,80 3 135.00 "0.629 ,' \ 0.604 .-:\0.025/;:,1·287f;,\; 18,12}'', :. _10.45 "?0.934 '.1(:3Q.82 '':\38.29615:, 36.71',' 
5.23 -3,86 43.1215 5.351 2.68 43.17 , 5.34 3 135.00 0.651. ·, 0.615 __ : ,0.035,\"_:_1.275'}.:_:7•2r .'' ·9,22;i:;>.+_o.822 ,:,21.22.."; \39j905_\·35.84 :1 
4.72 •3.58 37.8365 4.845 2.68 37.87' 4.84 .3 135.oo _o.673- ''.·.,o.s21,:;;·,o.045_\t,1:263 ;(:J6:52':) "},2~,/~}0,135,-" ;24.13:,'./39

1
642B:i35:06; 

4.13 -3.23 -34.4535 4.268 2.68 34.48 4.26 4 , "135.00 .. 0.695'. ·., 0.639_,,., 0,056:'.i".~;251 fi'.:;-.6,04'.,; ,:_7.55 :;>>J0.68~;,'.,, 22:74(-'., 39,1418;:'.34.49 
, 3.65 , ·2.63 33.3135 ., 3.780 2.65 33.33 , 3.78 5' ' 135.00 :, '0.717 ,' 0.651' ·. ,,o:066_\_1;239 ':,:''\5.88,:'· : 7.28 )\;",0,.872 ·:·,, ',22.4;?> :,.37.844~ ._\:a4.28 

\ · 4.03 . 4 135.oo. o.739 · · -_o.663 .. : >o:01s-:\_ ... 1.22a.){5,-~8· .7.23 '{;_;_'o.551\.': ;_'2_2.1 '. /39,_371~f34.08 .. : 
4.36 , .4 .. 13s.oo · · o.782 .· '.·:,0.675)'., o.oa1-;:t,1:21t; :'.:·s.41_ ::, a.58 ·:I\o.582_{; 19.58.'. \·~J036{33:t8 { 
4.44 · 4 _135.00 , .. 0,784 : · 0.687 _:' 0.097::,:p-207} ,; :5.22,_::: ,6.29 . ..._"_'0.551_;'. ·:'..18.59.._:- _44.7056,;'32.73 
5.22 , 3 135.00 : 0.806 .'_.0.699 ._:' ,0.101,'l:})·196::_ '.\ 4.84 ::>, ', 5.79 ;.::f'. 0.480_:; ,;:_.16.32 '. · 50.4414 '_',31.75 
4.55 .. 3 135.oo · 0.828: .', 0.111 :_ o.111~·/1::186/ ... :5.38;. :·6,38 ··::'.:\0.565::. :::19:07 :·'- 45.3058 ,;_32.67., 

· .. :::~ ;",: · .. -~~::: :6::;~ ... ~:;;~ :_;:6:~:tt~~~-.'.- .. :::::, ··::~6 ''_':;}:~1.:· ~-~~'.!t ::::::: .. :~!;-1 
5.42 3 · · " ·135,00 · , o.894 _.' a.mi'< -: iJ.14~ ~:.1.157,\- i;'s.fil( ·;:- .7.55_ :_;~:_a.ea(· \c2a.os ·> 45.6855 ·33_59 
4.70 4 ' 135.00 0.917, -::'0,758 .. 0.158. 1.148 ... ::7.83 ,_B.99_; ",,":0.886·: ',29.45J\· 39,2582;' 35.04 , 
3.54 5 135.00 0.939, : 0.770 ·,'.:0.168,.' 1.139 _' : 6.92 7.88· ·<_ 0.799 >- '26.64, . 36.8635: .34.31,, 
3.65 s 13s.oo o.96t "o,1a2 · 0.119•,1.131~ ·5_53 s.25· ":o.sg1· 20.12.•,42.0233·'32_39 · 

32.21 
27.88 
25.92, 
22.20 
25.67 
28.09 
26.91 
29.66 
37.63 
33.37 
24.49 
20.96 3.72 4 135.00 0.983 0.794 0.189 1.122 5,00 5.61 •"·0.520 '17.63 45.8297- 31.41 1 

'-I 
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-(' ,----------------------------------------------------------------------------- ----------- ------------- ------------ ------------- ----- (---\ ______________________________________________________________________ --------
Depth t ..:t Avgat AvgFs AvgRf AvgUd Otn Aln le Q F SBT U.'v. i'Stress EStress Ueq Cn N60 (N1)60 Su qc 

{It) 111) (Isl) (tsf) (%) (II) (1s1) (%) (pc!) (tsl) (Isl) (tsf) (blowsllt) (blows/fl) (tsf) (tsf) 
Fe Ph! 
(%) (Deg.) 

15,584 442.216, 
15.912 441.888 
16.24 441,560 

16.568 ' 441.232 
16.896 '440.904 
17.224 440.576 
17.552 440.248 
17.88. 439.920 

18.208, 439.592 
'18.537 439.263 
18,865 , '438,935, 
19.193: 438.607 
19.521 438.279 
19.849 437.951 
20.177 437.623 
20.505 437.295 
20.833 436.967 
21.161 436.639 
21,489 436.311 
21.817 435.983 
22.145 435.655 

15.28 
12,73 
10.89 
10,9 
10.8 
11.97 
10.88 
8.13 , 
9.83'; 

14.59 
17.47', 
23.8 
26.5 
23.66 
18.99 
18.95 
49.87 
83.66 

243.98 
336.34 
423.23 

0.55 
0.44 
0.43 
0.3 

0.23, 
0.28 ' 
0.31 
0.21 
0.21· 
0.35 
0.43 
0.66 
1.31· 
0.83 
0.49 
0.78 
2.16 
5.29 
10.44 
16.44 
17.94 

3.61 
3.46 
3.91 
2.76 
2.13 

,"2.35 
. 2.86 

2.59 
2.14 
2.37 
2.47· 

,2.76 
4.94 
3;52 
2.56 ,., 
4.32 
6.33 
4.2B 
4.89 
4.24 

26.19 17.7109 3.853 
28.8 14.3083 3.760 
30.79 1 t.8589 4.370, 

,':~;:,, ~~::~~:'·,::~;~ 
,59.86"• 12.5406' 2.580 
64.85 -11.1029 3.182 
64.13 7.83716 3.013 

. 70.88 9.59534 'i,2.;428 
85.33 ,' -'.14.6581 >, 2.615 

·91.82' '17.5587' :2.647 
108.66 
95.15; 
20.44 
28.01 
37.55 
27.3 

-14.43 
-17.83 
-19.33 
-18.68 

24.0676 '2,927 
26.5877 5.192 
23.2793 3.711 
18.1706 ',2.772 
17.8877 4.429 
48.6795 4.453 
81.5902 6.429 
237.74 4.304 
324.461 4.909 
403.946 4.253 

2.87 17.50 3.90 
2.94 14.09 ,,·3.82 
3.05 11.63 4.46 
2.96, ,•11.33 3.15 
2.91 11.00 Y 2.46 
2.90 12.10 2.67 
3.00 10.66,:;:, :' '3.32 , 
3.12 7.39 3.20 
2.99':,. 9.11:_,;,\,·2.56 ,' 
2.85..; ',:14.07,:•·.:: 2.72;· 
2;79 '16.94 ',> 2.74 
2.70 
2.83 
2.76 
2.77 
2.91 
2.58 
2.56 
2.15 
2.14 
2.04 

23,34' 
25.97 
23.15 
18.00 
17.65 
48.51 
81.68 

237,85 
324,67 
404.05 

3.02 
5.32 
3.73' 
2.80 
4.49 
4.47 
6.42 
4.30 

'4.91, 
4.25 

4 •135.oo 1.005 o.806 0,199 · 1.114, · · 4.47;· 4.98 · 0.442 1s.11 ,·50:1a9 30.25 
4 135.00·; 1.027. ', 0.818 '0.209 "1,106·,:, ,3_55\ ·:.<: .4.27, ,: ,,0.362 ', ~ 12.55'', 54.4336 28.84 
3 135.oo 1,049 -"' o.830 . 0.220. {1.osei.;:,3,52 -·:.·3.B6'' ·;•.o.305:,' ·io.1,/ 61.5912, 27.59 
4 , .135.oo 1.012 :;_. o:842 :·.' 0.230 V 1.090: :.:,-,:3.32, . 3.61_ '\. o·'.304 .., 10.61 ;: 's6.0979 , _27.42 , 
5 < 135.00 1.094:,, o' 0.854, ' 0'.240:"•1,082 ;c,3.18 -,,: 3.44' V ,,,0.301. ?:,;-;,to.48 t."52.8448 ', 27,23 
5 135.00 .1.116,., 0.866,:·.:0-250,,,\1-075,,\_3.49 _3.75 ,0.336_ :·,11,59 .... :52.0107 ,27.86 
4 -135.00 ::_1.138 .:. : a.an'.: :;0,261,\ 1.068-' L~.35 ·':- v','.~-57 .':', 0.302,::,_·, ,1,0.48\ ,' 5B.4614_ 27.03:_: 
4 1as.oo :'1:t60., _i,.o,a89.'" t 0.211, . 1.000 ·· ·2.67:/• 2.83 :';\· 0.215_.;,/. >7.73 .:\': a1.0311,. :24.64 '.: s.: .. 135.oo_ : ~.182,; {.::_o.90_1~-;· --o·.2a1 :· '.1.053 2._99_\· . .c:: a.1;;,.)r:\ b.260::;:;; ·9_39 .:/•5719642 ;?6-0t. · 

,,._:-s,," >-::J3s.oo.:c,, 1_.204• · o.91a·, ,-0.291: X1.04s.:'.': _4.11::> .. :: .. 4_.3o_ P'/· o.414: 14.oS:f. _49.0242 ,,2a.a6., 
.'. s :'· ·, (135.oo ,-' 1.227 , . .,0.925 '.. :,_0:302' _1.040>L 4,77 ·,: '.:\:4-96_ <S:o.5o3:_ :/r16.s,.;::. 45.2968 :, ao:07·, 
V 5 ,135.oo' 1.249 ::,<o.93,7 (,,o:312 ':::,1,~033,,,(: '6,23 :: ,- : 6.44, '0.698':' :,(23.12:t 40.61871 O 32,12'., 

3-' · 135.00 ;, 1.271 ::;,-_0.949 ,;_;;0.322 -1:027 ·:/ 7.49"•"' '7,69 ,f:,::0.781.,'. ;_)25,91/ :47.7672, 32.79 ' 
· s· '135.oo, · _1.293·: , __ -o.961 :,:'· o.332 1.020:": .. 6.ss a.69 ·;'..:0.692_, ;; ,_23.54 ·> 43_9a21 ,.32.01 
5 135.00 ,- .1,315. ,•,0,973 ;,· 0.342 1.014,....., ,5.26 5.34 ' ·,0.547: ,,,'._18.82 ;, 44.4019., 30.47 
4 135_00 ... 1.331..,;_:o.985 '"o.asa .. ,..1:00(, 5,65 :,,c5.7o' o:545: ··:J8.?2 >52.3926''._ao.as:; 
5 135.00 '1,359 · 0.997 0.363· .. 1.002 .. _'12,61: '12.63 :,~1.502 •·/49.7-_,,_34.6157 1'36.57' 

n m::~ t::: -tm -~:~:! ~m E:r :Ht' I~i :!t* !Hm :H: , 
12 135.00 1.448 1.044 0.404 '0.979 ''84.57 82.76 13.058 423.34 ,14.0663 47.24 

V
e: 

"\ 
-.t: 
C( 
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r'·. 
Cone Tee i -r lnterpreta!ion 
lnterpretati,.,, 
Run No: 
Job No: 
Client: 
Project: 
Site: 
Location: 
Cone: 
CPT Date: 
CPTTime: 
CPT File: 
Northing (fl): 
Eas1ing (ft): 
Elevation (fl): 

User Inputs: 

Assumed: 

.. 1pu\ • Release 1.22 Rev. Format NLI 
07-1210-1008-4331 
07-804 

Imperial 

Civil & Environmental Consultants 

Pond Creek Mine - Williamson County, Illinois 
CPT-7 
Pond Creek Mine 
20 TON AD211 
07131/10 
07:58 
804CP07.COR 

0.000000 
0.000000 
457.8 

o;o 
Stale Parameter: 1127 
Unit Weight of Soll (pc!): ~See Below 

Material Types and IJnit Weight /pcf) Phi Avg. ~ ~ .E£..8l!9.,. ~ 
de□ tsf tsf % % 

~Residual Soil j 39.96 I 1.80 I 58.51 J 25.19 I 2.31 ) 

Ground Surface Elev. Dill:] 

CPT area ratio: ~ 
See Below Copied from Cone Tee CPT Data FIie 

-------···--------------·----···········---····-···------------------------·········--····· ···········- ·-·-·-·- ·-·----·-·-··----- --·--------· ·---------···-·----·-··----------------- --··-·-
Depth 

(ft) 

0,164 
0.492 
0.82 

1.148 
1.476 
1.804 
2.133 
2.461 
2.789 
3.117 
3.445 
3.773 
4.101 
4.429 
4.757 
5.095 
5.413 
5.741 
6.069 
6.398 
6.726 
7.054 
7,382 
7.71 

8.038 
8.366 
8.694 
9.022 
9.35 

9.678 
10.006 
10.335 
10.663 
10.991 
11.319 
11.647 
11.975 
12.303 
12.631 
12.959 
13.287 
13.015 
13.943 
14.271 
14.6 

14.928 
15.256 

Sample El. AvgQt 
{It) {tsf) 

457.636 
457.308 
456.980 
456.652 
456.324 
455.996 
455,667 
455.339 
455.011 
454.683 
454.355 
454.027 
453.699 
453.371' 
453:043 
452.715 
452.387 
452.059 
451.731 
451.402 
451.074 
450.746 
45M18 
450.090 
449.762 
449.434 
449.106 
446.778 
448.450 
448,122 
447.794 
447.465 
447.137 
446.809 
446.481 
446.153 
445.825 
445.497 
445.169 
444.841 
444.513 
444.185 
443.857 
443.529 
443.200 
442.872 
442.544 

9.8 
30.91 

42 
38.42 
35.13 
33.61 
35.29 
39.86 
41.14 
36.47 
34.59 
45,16 
52.95 
39.45 
25.66 
16.21 
12.96 
11.85 
10.67 
9.96 
9.7 

14.29 
16.68 
21.63 
21.3 

20.62 
21.71 
22.26 
20.7 
20.96 
23,37 
23.21 

,22.31 
21.94 
23.94 
31.54 
52.03 
68.4 
53.25 
50.44 
31.23 
36.66 
56.53 
129.14 

, ,241.69 
231.67 
258.78 

AvgFs 
(tsf) 

0.17 
0.44 
0.69 
0.68 
0.57 
0.6 

0.79 
1 

1.05 
0.82, 
0.81 
1.24 
1,71 
1.59 
0.97 
0,6' 

0.42 
0.37 
0.33 
0.31 
0.29 
0.34 
o.s 

0.78 
0.89 
0.75 
0.73 
0.62 
0.61 
0.7 

0.86 
0.93 
0,82 
6.83 
0.89 
1.47 
1.94 
2.67 
3.19 
2.84 
2.43 
2.18 
3.08 
5.32 
8.13 
8.83 
8.95 

AvgRI 
(%) 

1.69 
1.41 
1.65 
1.76 
1.61· 
1.77 
2.24 
2.5 
2.55 
2.25 
2.35 
2.75 
3.23 
4.04 
3.77 
3.68' 
3.21 
3.13 
3.1 

3.07,-
2.95 

'2.35 
3 

3.61 
4;19 
3.62 
3.35 
2.79 
2.93 
3.35 
3,67 
4.02 
3.68 
3.79 
3.73 
4.66 
3.73 
3.91 

6 
5.63 
7.77 
5.95 
5.44 
4.12 

, 3.37 
3.81 
3.46 

AvgUd 
{II) 

Oto 
(Isl) 

Rio 
(%) 

-0.53 955,098 1.737 
-5.98 1004.2 '1.425 
-14.97 818.512 1.645 
-15.08 534.47 1.773 
-15.89 379.813 1.627 
-9.56 297,093 1,791 
-0.3 263.716 2.247 
·0.42 258.147 2.518 
-0.46 235.013 2.563 
-0.6 186.206 2.260 
-0.76' 159.65 · 2.356 
-0.76 "190.508 2.760 
-0.23 205.584 3.245 
4.97 141.515 4.059 
17,39 85.3065 ,' 3.825 
17.83 50.0049'' 3.775 
19.31 37.3078 '3,328 
19.93 32.0256 3.220 
21.39 27.1298 3.207 
23.76 23.9078 3.243 
38.8 22.0746 3.125 
47.48 31.4128' 2.455 
56.9 35.1528 3,083 

62.19 43.8872 3.688 
65.68 41.3986 4.279 

, -74.41 ' 38.4358 '3.732 
81,34 38.954 3.449 
96.35 38.4768 2.858 
91.74 ',34.7004 3.032 
82. 7 , 34.4041 "3.439 
95.38 37.6819 3.782 
86.47 36.6547 4.122 

, 46.55" 34.4891 , '3.790 
50.34 33.2333 3,907'' 
69.05 35.6631 3.832 
33.07 46.451 4.773 
5.47 •'75.9552 3.784 

·22.86 
·25.04, 
·25.2 

•27.34 
·26.55 
·25.93 
·25.68 
·25.73 
·25.66 
·26.07 

98.4385 3.949 
75.0484 6.083 
69.8071 5.724 
42.042 7.999 
48.723 6.091 
74.5365 ' 5.536 
169.087 4.149 
312.554 3.377 
294.958 3.827 
324.647 3.472 

" 
1.54 
1.45 
1.54 
1.64 
1.68 
1.78 
1.89 
1.94 
1.96 
1.98 
2.03 
2.04 
2.08 
2.26 

' 2.37 
2.53 
2.58 
2.62 
2.68 
2.72 
2.75 
2.56 
2.59 
2.57 
2.63 
2.62 
2.59 
2.54 
2.59 
2.63 
2,63 
2.66 
2.65 
2.67 
2.64 
2.62 
2.40 
2.34 
2.5£ 
2.56 
2.81 
2.68 
2.53 
2.22 
2.00 
2.06 
2.00 

q F 

955.10 1,74 
1005.50 1.42 
820.46 1.64 
535.86 1-77 
380.90 1.62 
297.63 1.79 
263.79 2.25 
258.15 2.52 
235,01 2.56 
186.26, '-2.26 
159.65 ' 2.36 
190.51 "2.76 
206.58 3.25 
141.41 4.06 
84.94 ,:: : ·,3.84 
49.63 3.80 
36.95' , 3.36 
31.66 3.26 
26.79 : 3.25 
23.53 3.29 
21.50 3.21 
30.73 2.51 
34.37 3.15 
43.08 3.76 
40.58 ; 4.37 
37.54 3.82" · 
38.03, 3.53 
37.41 ,'2.94, 
33.70 3.12 

3.53 
3.88 
4.22 
3.84 

33.53 ,, 

36.70 

3.97 

',35.79' 
34.01 ,', 
32.73 
35.00 
46.13 
75,91 
98.66 
75.26 
70.03 
42.28 
48.94 
74.75 

',3.90 
4.81 
3.79 
3.94 
6.07, 
5.71 
7.95 
6.06 
5.52 

169.30 4.14' 
312.76 3.37 
295.16' 3.82 
324.85 3.47 

SBT 

5 
6 
7 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
5 
6'.' 
4 

'4 
4 
4 
4 
4 
s 
5 
s 
4 
4 
5 
5 
5 
5 
s 
4 
4 
4 
5 
4 
5 
5 
3 
3 
3 
3 
3 
11 
12 
12 
12 

U.Wt. 
{pcf) 

TStress ES1ress 
(lsf) {Isl) 

Ueq 
(tsf) 

Co N60 (N1)60 
(blows/It) (blows/It) 

s, 
(tsf) 

qc 
(Isl) 

Fe 
(%) 

Phi 

(Deg.) 

125.00 0.010:. ,0.010 0.000 2.000 1.64 3.27 0.303 9,8 · ,, 3.41567 50.67 
125.00 0.031 , '0.031 0,000 ,,2.000 5.02 10.05 \:,,0.956 , ·,30.95,",:• 2,16306 50.86 
125.00 0.051 '0.051 0.000 '', 2.000' 7.03 14.07 ', 1.299 '.42.1 3.40523 50.09 ' 
12S.oo ,0.012 · · 0.012 0.000 ·; 2.000:,; 6.66 13.33 : , 1;101 38.52 ,:' 5;10589 48.41 
125.00 0.092,'' 0.092 0.000 2.000" ,6.18, 12.36 ,;'1:085,'.35.23.'iS.82026';46,98 
125.oo 0.113 -· ·:0.113 .. 0.000:;: 2.000';< 6.10 12.20 · :.1.031 -· 33.67 -.':7.65399. 45.90 
125.oo 0.133,\. o.133 .. :-· 0.000::'2.ooot·,s.66:: .13.32 ,_:1.088- · 35.3 i<10.1362_,>45.35 

: ~~:6~; . 6:~;: .. '6:~;:-.:, · ~:: r~:=,:i :)::·-, :;:::~: ,;,:~:~~:,:f:' !t~: >.:~!:~;:r: ::::, i 
125.00 '',0.195 . ;:0.195 ::_o.OOO/ 2.000.; .,''7.12 _ : 14.23 ,<"/1_.123; ;, 36.48•' 12.3943 _,43.72 

-~~:66 6:~!: ,' . '. 6:!!:, ,;, 6:6:,:t~:: i{:-::~~ ;~ ~t ~::~ t::.tt~:~ :.,:t :::-;: ;,,~ ~!:~~;~: :,:;:: :.] 
·125.oo . 0.256'}' o.256 · 0.000 :,:,_1.975 :,:.::10.15,' 21.24 :::':-, 1.631 >.\52.95 :.";\:_15.2795 _ _' 44.19 
·125.00._> 0.211,,\., 0.2n, :_,,o.ooo. · ,1.901 ;.:.\8-60 :' -'.16.34 ,~.213 39.42, _,_20.8937'.-::"42.35·; 
125.00' o.297:,\.' o.297:, ,,o.ooo ,\:,t.B34. '\ 5.87• ·"' 10.16_,-;; :.o'.785 25.55 '.;;.25.3185,'!,'•.39.69:1 
125.00 0.318,\ .: 0.318 '_'. 0.000 ", •,1.774 _' 3.97, ,,,:.: 7_.04,' '.,0.492 "," 16.09 ,\31_,9342 :•' 38.66 :· 
125.00 • 0:338_ ,: < o.338 ~ 'o.ooo :' 1.719; :-:.::3.25.; : ·,.,5.59 . o.391 :,,-::,-;,12:84;;>- 34.5011 / 34.90 1 
125.00 0.359 , :' 0.359;,_< 0.000. -:t-669 · ,3.03 ' S.Q6 .. , ."'0.356 .. ,.,,,,.)1,72,,: 36.5018 •-33.95 

•125.oo o.379 o.379,-·, 0.000 .,,,,_524 2.00:, .4.55, ,:..:_o.a1s ::-~:-10.54_:\ 3~.2642 32.90 
.125.oo o.4oo ',,, o.4oo _, ,.:o.ooo 11,591, :::-:2.01.: ., '4.23 .. ,,,,,:,0.295 ,.::. 9.81 .<-: · 41.7687 32.00 
'125.00 0.420,,, 0.420,, ,,,o.ooo.: 1.542 ' ,,:2.61' , _4,03, :::: 0.287 ,,, >' 9.46;,,.; 43.0291 , 31.50 1 
125.00 0.441' 0.441' 0.000, 1,506, 3.51 5.28 , ,0.429 · '•13,99 ',:' 33.4317,,' 33.76 
12s.oo 0.461 0.461 s:,.0.000:;'.1.412' '4 .. 15/ .. e.10_ ·: o.502 ... _16.32: 34.7346 34.45 
,125.00 0.482:, : 0.482 0.000' \441 5.34 '.' >i 7,.70, 0.655.f ',.'. 21.24 ,,,\ 33.789 , 35.82 

~~::6~ .: 6:;~; '.:-~:;~::~;-? .~:6:;', t:~~:: '.·.:-, ::~! :/ ;,'{~!~, , .~:::: _:, '..,.!~:~~->':,'!::~!~~;' :::: 
125.oo o.543 _."',: 0.543_ :" ·_o.ooo _/1.357.',.. _5.39 '.:, 7.31 ' .... o.655 ::.\. 21.21 ,,,,34.7719( 35.07.: 

'12s.oo, o.564 ":i\0:564~:._ 0.000: ''1.332' '.\'. 5_37· : . -7.16.'.', -;;; o.672 ::.; 2,1-66 ':'.: 32.475( 34.97 · 
..135.oo, o.584 ,'_,'0,580·', :0.005: .. 1._313~ ,,; 5._12' "·,-6.73 ,, ( o.623 ". -:20.12 :'.34,9106" 34.33 

/-135.oo , o.607 :'. o.592 _;> ·o.01s·, :.;1,300_'. :5_30_ : 6.89 f fo.e30 _:>:20_44 .'.' 36,7405: 34.30.,, 
,135.00 0.629 0.604'.,, ,0.025 '.1.287'.' 5.90 7.60 ,, ,0.704' ,/:,22.78 .> 36.7061 34.86': 
135.00" 
135.00·, 
135.00 

o.651. __ <:,> o.a1s:i .. 0.035_'. J,275 '.'_'.· ·5_9a ,,- · _,,1:62 , "o.698 :·,;. 22.ea:>'.,.39:3028 · 34._?t • 
0.673,' 0.627 ::: : 0.046:_', 1.263\-) . 5.77 ,,. , 7.28' ,;0.670 ,; ;_, 22.01 ,;,37.7717 ,,34.40 
0.695 ,,0.639 '. 0.056,, ·1.251' ,,5,73 , 7.16. ,,0.658 '",21.62,_,138.8777 '34.17,', 

135,00 · 0.111 , o.651 "<o.066 :·/.1,239-::' -.'6.15 , ,.,_ 1.62:, £:\'·0.119 , 23.51 ·::.37,5487, -: 34.58 
135.oo ·o.739,' :o.663 , 0,015·. 1.22s, a.10. -9_95 .. _,_o.954 ... ~.1.33: __ :,.35_4723: 35,24:· 
135.00 0.762.', 0.675, 0.087 · .1,211> 12.09" ,'14.71 ,,,,,1.587; ": <52 :; ,'26.4167. ,39.08 
135.oo, ,o.784 o.687, ·:0.091 ::.1.20~:: ,. __ 15.51, 10.1,1 "!,'.2.093,:,"( 68.55 · 24:0213' '40_50; 
135.00 0.806 0.699 i-0.107 ,',1.196-,, ,13,38·,., ."16.01 _1.624_,' '53.4; ,33.4083~ 39.04 
135.oo 0.828 -o.711 '<,0.111' 1.186_,,,' 12.67 ::15.03">, '1.536, :-.·:so.6 •·."33.363a;':3a.64·· 
13s.oo , 0.850-_ 0.123·,' ., .. 0.120 ·,:\176,-:'": \8.97 .. , f"10.5('..-";o.a41 ·,_t31.4 . (46.5809:, 35.73 
135.00, '0.872 ', ,0.735 '.', 0,138 ,1.167,; '9.80 , .. , 11.44,}-:, 1.108 ·-;'-:38.82 ·;_39.3835,-, 36.60 \ 
135.00 0.894', 0.745'",, OJ48,' 1.157, :,, .. 14.00/,:;·, 16.20 ··:'_' 1,722 '.'/56.69: ..'._:32.013'L 39.00 ' 
135.oo . o.917 ,-o.150-:_ 1:-o.15a, .,f 140 ": 21.1s 3t.e6 ,,,\3.970 ... •-t.'129.3 ::;19.5836.", 43.26 
135.00 ', ,0,939 " ,:0.770 ,',, 0.168 ',1._139 _' 47,59, 54.23 '.,;-;',7.454: .i:241.85 :·_12.9931-:: 46.12 

~:::: g:::; g:;:: •,, g:~~! :~:~:!· : :::~~ :;:~~ · .. :i:~:r '-~:~::: )'~::~:;i· ::::: : 

t 
I 
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/~' 
------ ------------- ------------ -------------- --------•-- --------- -·------·--- -----------· ----·------- --------·-- -------------• I 

Depth' ,Is EL Avgat AvgFs AvgRf AvgUd Qlo Rio ,, Q F SBT C. .. 
(I!} (11) {Isl) (tsf) (%) {I!) (Isl) (%) (pcl) 

------------- -----------
15.584 442.216 285.8 8.43 2.95 -26.9 353.348 2.960 1.93 353.55 2.96 12 135.00 
15.912 441.888 2n.04 7.22 2.61 ·28.01 337.467 2.616 1.89 337.67 2.61 7 135.00 
16.24 441.560 219.73 6.99 3.18 -28.89 263.533 3.196 2.02 263.75 3.19 12 135.00 

·----------- ---------------------- ------- -----------------------------·- ----------
TStrsss EStress Ueq Co N60 (N1)60 s, qo Fo Phi 

(!sf) (tsfJ (tsf) (b!ows/fl) (blows/fl) (tsf) (tsf) r%) (Deg.) 

1.005 o.eoe 0.199', 1.114 54.68 60.90 8.817 285.96 11 0253 46.66 
1,027 0.818 0,209 1,106 52.28 57.81 8.545 277.21 10,1227, 46.46 
1.049 0.830 0.22.0 1.098 43.55 47.81 6.770 219.91,·· 13.4471 45.35 

,·,,.-'"-

I.> 
V 

~ 
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ConeTec inf~ Interpretation 
lnterpretatiJ ,t - Release 1.22 Rev. Format NLI Imperial 
Run No: 07-1210-1008-4303 
Job No: 
Client: 
Project: 
Site: 
Locatfon: 
Cone: 
CPTDate: 
CPT Time: 
CPT Fila: 
Northing (It): 
Easting (ft}: 
Elevation (I!): 

User Inputs: 

Assumed: 

07-804 
Civil & Environmental Consultants 
Pond Creek Mine • Williamson County, Illinois 
CPT-8 
Pond Creek Mina 
20TON AD211 
07/31/10 
09:53 
804CP08.COR 

0.000000 
0.000000 

445 

Water Table De th ft): 
Nk: 32.3 
State Parameter: 
Unit Weight of Soil (pcf): 

DD 
0:0 
~See Below 

MaterIaI Types and IJnit Weight /pcf) PI1I Avg. SM..fil'.!L. ~ ~ ~ 
deg tsf tsf % % 

c::i1LjResldual Soll I 39.90 j 1.70 I 55.34 - I 26.74 I 2.~5 

Ground Surface Elev. ClliTI 
CPT arec ratio: OK] 

See Below Copied from ConeTec CPT Data Flle 
----------------------------- ----------- ------------ ----------- ---------- ------------- ----------- ------------------- -------- ------·-------------------------- --------

Deplh 

{I!) 

0.164 
0.492 
0.82 
1.148 
1.476 
1.804 
2.133 
2.461 
2.789 
3.117 
3.445 
3.773 
4.101 
4.429 
4.757 
5.085 
5.413 
5,741 
6.069 
6.398 
6.726 
7.054 
7.382 
7.71 i, 
8.038 
8.366 
8.694 
9.022 
9.35 

9.678 
10,006 
10.335 
10.663 
10.991 
11:319 
11.647; 
11.975 
12.303 
12.631 
12.959 
13.287 
13.615 
13,943 
14.271 
14.6 

14.928 
15.256 

Sample El. AvgQt 
{It) \Isl) 

444.836 17.37 
444.508 21.17 
444.fBO 31.35 
443.852 43.85 
443.624 44.4 
443.196 47.24 
442,867 63.62 
442.539 81.01 
442.211 87.64 
441.883 72.36 
441.555 54.96 
441.227 45.6 
440.899 47.91 
440.571 55.66 
440.243 51.39 
439.915 45.68 
439.587 ',, _37.97 

:~~::;~ ' ', ~~:~~< 
438.602 30.81 
438.274 30.16 
437.946 30.78 
437.618 28,58 
437,290, , 25.37 
436.962 23.17 

,'436.634 21.72 
436.306 22,5 
435.978 20.87 
435.650 20.28 
435.322 , 22.23 
434.994 27.84 
434.665 '30.49 
434.337 20.58 
434.009 21.84 
433.681 18,91 
433.353 17 
433.025 20.2 
432.697 23.77 
432,369 23.53 
432.041 25.86 
431.713 28.74 
431.385 23.7 
431.057 21.82 
430.729 17.59 
430.400 15.35 
430.072 13.48 
429.744 13.47 

AvgFs 

(tsf) 

0.13 
0.35 
0.66 
0.95 
1.46 
1,66 
1.74 
2.67 
3.13 
2,94 
2.44, 
1.94 
,1.89 
1.91 
1,71 
1.53 
1.4 

',1.25 
1,3 
1.37 
1.35 
1.3-

1.25 
1.1 

1.04 
0.99 
0.76 
0.66 
0.77 
1.07 

'1.15 
1.3 

1.04 
0.79 
0.92 
0.91 
1.09 
1.16 
1.14 
1.03 
1.22 
0.95 
0.56 
0.45 
0.32 
0.21 
0.25 

AvgRI 
(%) 

0.75 
1.66 
2.09 
2.17 
3.29 
3.51' 
2.74 
3.29 
3.57 

'4.06 
4.43 
4.26 
3.94 
3.43 
3.33 
3.36 
3.7 

3.83 
'3.99 
4.44 
4.47 
4.22 
4,38 
4.35 
4.48 
4.55 
3,39 
3.17 
3.78 
'4.83 
4.14 
4.26 

, 5.04 
3.66 
4.85 
5.34 
5.41 
4.87 
4.86 
3.99 
4.25 
4.02 
2.55 
2.54 
2.09 
1.52 
1.82 

AvgUd 

(It) 
Oto 
(Isl) 

Alo 
(%) 

0.35 1693.63 0.749 
-1.57 687.455 1.656 
-3.09 610.707 2.109 
-1.25 610.15 2.170 
·0,37 480.301 3.295 
0.21 417.98 3.522 
·0.23 476.225, 2.741 
1.8 525.68 3.302 

-0.02 501.775: 3.579 
0.81 370.434 , 4.074 
7.57 254.257, 4.457 
13.4 192.374 4.277 
10,16 185.92 '3.966 
18.45 200.075 3.449 
24.18' 171.848 '3.347 
21.34, 142.733' 3.373 
20.18 111.234 3.720 
18.96 90.2176' 3.861 
14,67 84.7077 4.046 

' 8.27 76.0491 , 4.505 
11.29 71.4133' 4.539 
12.22·,' '-70.824 "4.285' 
14.3 63.8613 ',4.446 
16 55.0315 : 4.421 

16.81 48.8312 4.589 
15.7 ,, 44,5168 4.672 
17 44.9838 3.463 

17.39 40,6065 3.252 
19.44 38.4653 3.912 
14.64 41:2726 4.951 
14.22 50.7896 4.228 
-2.51 54.4817 4.359 
·8.43 35.5656 ' 5.228 
-8.2 , 36.6411 3.774 

31.1738 5.061 
27.3032 5.601 
32.0031 5.611 
37.12 '5.049 

36.0038 5.020 
38.9277 4.117 
42.5854 , 4.376 
34.2297 4.164 
30.8252 ', 2,678 
24.134 2.701 

20.5023 ' 2223 
17.5111 1.679 
17.1797 2.004 

-4.78 
.3_97' 
·3.4 
·3.74 
·2.66 
-1.59 
4.68 > 
4,89 
10.93 
19.05 
24.25 
31.31 
40.37 

lo 

1.12 
1.57 
1.69 
1.70-
1.91 
,1,96 
1,B4 
1.89 
1.93 
2.04 
2.15 
2.20 
2.18 
2,11 
2.14 
2.19 
2.29 
2.36 
2.39 

'2.46 
>2.-1a 

2.48 
2.50 
2.55 
2.59 
2.63 
2.53 
2.55 
2.62 
2.67 
2,56 
2.54 
2.73 
2.62 
2.76 
2.83 
2.78' 
2.70 
2.71 
2.63 
2.62 
2,67 
2.58 
2.67 
2.67 
2.66 
2.72 

a 

1693.63 
687.78 
611,10 

F 

0.76 
',1.55 

:,2.11 
610.29 , 2.17 
480.30 ; 3.30 

'::;::: ::::~! 
525.62 ''3.30 ' 
501.78 3.58 
370.38 ' 4.07 
254.02 , 4.46 
192.03 , 4.28 
185.69 3.97, 
199.64 3.46 

SBT 

6 
6 
6 
6 
5 

"',:;'5 

6 
6 
6 
5 
5 
S, 
5 
5 

171.31 ,3.36','' 6,, 
142.32 -, a.as: , s 
110.88 3.73', ; 5 
89.88 3.88 •' 5 -: 
84.47 ' ,'4.06 , '5 
75.92 ,''4,51 \ 4·: 
71,25 4.55 ,4, 
70.64'; /'':4._30,:_ ,,> 'i,4, 

'63.66'-:4.45\' '4 
54.81 "4.44 
,48.59 ,' 4,61 
44.31 : :.',4.69',' 
44.76; ,, 3.48;, 
40.41, 3.27' 

; 38.23 ,- , 3.94 
41,08' 4.97 
50.62 4.24 

'54.50 4.36 
35.67 5.21 
38.73 
31.23 

3,77', 
i;os 

27,35 ,;,\5.59' 
32.04 <:5,a1 
37.15 5.04 
36.02' 5.02 

,38.94'' 
42.54, 
34.18 
30,72 
23.96 
'20.29 

i4;12 
4.38,,,,, 
4.17 
269 

,2.72 
2.25 

3 
5 
5 
4 
3 
4 
4 
3 
4 
3,', 
3 

,3 
3 
3 
4 
4' 
4 
5 
s 
5 

17,25 1.71 6 
16.84 2.05 5 

U.Wt. 
(pcf) 

TStress EStress 
(tsf) (tsf) 

Ueq 
(!SI) 

Co N60 (N1}60 
{blows/fl) (blows/fl) 

s" 
(Isl) 

qo 
{tsf) 

Fo 
(%) 

Phi 
{Dag.) 

125.oo 0.010 0.010 .. o.ooo, 2.000, ·2.55 , 5.11 ,,; 0.537 11.37' :~1.1559 52.71 
125.00 0.031 ,,0.031 0.000 2.000 '»3.58 7.15 '"0.654,, ,; 21.18' '3.90719 49.41 
125.00 0,051, - 0.051 _ 0.000 :-, 2.000· />_5.51 · ,- 11.02 ,• ,',0.969 <::_'..31.3ii\ 5:90214,, 48.94 
125.00 0.072_ 0.072 ',, 0,000• ,,2.000 ,' ,' 7.73_,', ', 15.47 '. :::_1.355_ :'':(43.86_>'- 6,12164 ,'-48.94 

•125.oo 0.092,,- • 0.092,,. ,_ 0.000_',:, 2.000.,<,:' a:43 · _ :16.87 ·_:--'_,_1.a12 ,,-::;,/44.4·<. 10:5955-: 47.96 
12s.oo _' ___ o.,_13;', _ 0.113 :, 0.000>'_2.ooo '.-<-9:15 \;,,,, ::18.30 :-:\':.1:459 , --,_,47.24 ''',' 11:8951' '47.38 
125.oo, -:-:,,_o._133\ i<ot_133_.,,__ 0.000,, __ 2.000. )>11.78,, ·, ;-23.ss ,,,-;:,-1,955_, ,'; 63.~~ ,-,:,,8.93891_\: 47.93 
125.00 Z:'0.154_ ,",0,164,".-0.000''2.000 }";15,30,-:, '30.60_\?-503,:, ·8P:}i·10.2349; 48.33 
125.00 o.1R : 0.174 _, 0,000 '\2.000_, ' ,16,.80 '• 33.61. ::, 2.708,: ,, __ ' 87.64 :;,:11.2144, 48.14 
125.00 o.i95, , o.195' ,_ 0.000<: 2.000.: , 14:45:, ".28.90 ,,i'.'.,_2.234_'_ -/72.35 _,"'14.0558_ 46.86 
125.00 _0.215 :i' 0.215 ,':; 0.000 ,, _2:000/:,, ~1.47;< ,- 2293 l;< 1:695-' :-:T,54:91,; ___ 17.4107, _45.18 
125,00 , '0.236 , J).236 · '':0.000 \. 2.0005,, ,-9.70 19.39 :::",1,404' · 45.52' -18.9745; ,43.86 
125.oo,. o.2s6,, : _o.2se,:: 0.000 -'-1.975_', 10.11 ,,, 19.97 :,, :, 1:415_ ;:JA1.~ (,,18:3226 4s.10 
125.0o 0.2n; ,,'. o.2n:, ,_ 0.000 /_-_1.901: :-::,-11.41 _, -,21.10 ,"-J-715· '·--ss.s1 L'_!_,16.1n5, _44.05 
125.oo 0.297, .':, 0,291,, ,,'O.ooo o_,-_1_,._03_4- i,,'J0.65'.:, , ,,19,52 , 1.582, /i-,5L23 -/ 11.0225. ,43.31 , 
125.00, 0.318 ,/0.318' '.0.000' >1.774' /' 9.66 ',' 17.14 ',,,', 1.404',, ,,\ 45.65 \/,18.6417; 42.39 
,125.00 , , o:3aB/' 0.338('/0.000 r1:119\ ):s.·33,:,:-; \14.40_::t trnst,")7,.85/f~?2:1372L, 41:11 
125.00 0.359 \' ,-0.369 ;\, 0.000 ,,'1.669' ,,; 7.44;,, .'"12.43 "< 1.002 ','' 32.61'"'.,,·24,8088 . 40.00 

',12s.oo, o.379'.,. io,-379 '::,o.ooo_:,, 1_-624 ;/'., 1.s1•_,, ,' __ !2_:19:<ly_o.995 <))2.4~:·::'.\26:1011,c 39.66 
125.oo -, • 0.400_, '.' ,,0.400-_ fO.ooo, , 1:501 }:':07.34,, __ -,-,; __ ,11_.s1->(-'.'°'941 \-:,_;,_ao;1a,:_:,, 28.8283"< 39:oa 

'>135_00 ,:,, 0-:4.20;;';_,' 0.416°:' 0.004;'._ -'J,'.550_/;~}7.'25 : ' '/,11.24 )t 0'.921 ;:; 30,09,;:5, 29?266,) 38.72 :) 
,135.oo , 0.,443,_i;:: ,0.428,-/ 0.014,-;,' 1:52s," _;;/7,34 _,;- •'.' -11,,22,_--qyo,939 ·>;:;:r:30,7<'<-\029:0142:> 38.68 ;: 
135.oo ,_0.46_5,"" o.440\', o.024':r,_.so7,;yi6.95r ,-'. ;10,4a_;,y;z!o.a10 ',;,'28.49\\'.,30:867F 38.09-: 
135.oo <-' 0.487-'.< 0.452: ,,: 0,035:.:,,:1.457/!, ''s.29-.. -':\-9_3s/:/()o,no '.'.,J 25:21,;;:l:a2,793i/ 31.24 , 

, ,, 135.00 -,,: 0.509\,,>_o.454·_ :;;:o,045_;J;1,_,468 -,_ \5.8s'.< ;?8.63(':':,Y;o.-102 :'?£,23.06 <t35:0715j 36.54--_-; 
, 135,00 , ,0.5~1, ,:,'·:,'.,0.476 0.055>., 1.449,;;;· '. 5.!3~., ,i-,'.',_8.12,_;,.c,,/..;D-~56 :;: :21.62,';:,i:36,?119•, ,_36.00 ,; 
\135.oo o.553 __ .- , _0.400: ,_ 0.065::; 1.432,,t, , 5.54.: ,:, _<7.93_:'-,'.\ ,0.679/: :22._39 ,, 32.1410,_ ,36.06 ': 
i35.oo,, ,o.575,: t a.soot :,,,0.075': ,,_u1s; s.17, '---7.3f ,,,,,_< o.s2a~'- -'.20.n ai.7685', 35.46 : 
135.oo,,,- , o.597,'/ _o.512/,'. o.086•:/1.398;,:_,-'- s:20 -, '/1.21-,< /:_0.009 "''20.1$, ',,'.;-35,216:{-_.a5,13 : 
135.oo - , o.620\,' ,- o.524°: o.osa_:,'_'1.382 '-;_-: '5.86 ,. -,. a. 10' : o.669 ->- 2_2.13 ,,'3a,1923 (35.56 

"135.00,, '0.642 ::,~:-0.53(, :' 0.1,06_ <u~67\:•: :s.94 -_,-, ,- 9.43,:,'.i}0,842, ,_:_(27.7? ·:)332318';'36.79 ' 
'135.00 0.664 , s:0.547 ; 0.117,::_-1.352,,, <', 7.58 1 > 10.24 ,,/0,923 >;' 30.5-, 32.5983 __ 37.22 

·_,135.QO, i0.686/, ,,0.559' _0,127\:937'_,;; 5.63 ';\ 7.53,/(0.616 >,,'.;20;64, ;}t1:SS44'_'.'34.72 I 

135.oo ·_ , o.708 ,_,,_ ,o.571 , o.1ar:,:,1:323,',, 5.60 , 1:40_ {\0.648, •,,_21.59 \ 362422 : 34.90 '-' 

:~~::: ', i' g:;~~,'. (g:~!!:,; ,''._g;!!~i :i{~~:_,,,,_;,:_,-::~f.
1

:- '_ ::!~>i{g:~~;,,i; ';:_~~:~! ;:,'. ~~~aS:i-<:~:~~ 
_135.00 ,, , _0,775 ,, 0.607 ,,, 0.168 __ 1.284 tt'. 5.68 ' ,~ ?:3D' , ,;_'o:60\:: ':20.22, __ '44.908 ':34.07 
135.00,, ,,0.797 0.619' ;, 0.178 ',:,1.271 'c,'' ',6.41 ;'-,,8,15 ,:0.711:,, ,:23.79,, 40.6258 ', 34.97 
135.00 ,, 0.819, 0.631 0.188 <J.259' 8.37 ' 8.02 "0.703,' '!: 23.54 _ ', ~1.0417 34:79 
135.00\ 0.841 0.643,' 0,198-: ,11247 ':\ 6.70 ;-; 6.36,, '\'·0.775 , , 25.87, '-'36.659: 35.26 
135.00', 0.863," 0.655''0.209''1.236',;,,7.41 9.16'- "0.863 ,'28.71' ',362582' 35.79 
13s.oo,. o.885 o.667 . 0.219-'/ 1.225 e.21 , , 7.69 >0.100 - 23.67 ,!38.9352' 34.48 

~;;::' ~::~~:, ,g:::~, ,g:::: t:~>,: ,:::~-, ":::: «_g::~ :_•,,/~!::;, ":::::: ,:::::: 
135.oo o.952 0.102 0.250,•--t:193 4.oa, 4.81 '·,o.446 ,,,, 1s.2'' 39.0521-,_31.24 
135,00 o.974 0.114 o.2so;'<1.183 3.51 A.1s ,-0.387, 13,29, 38.5544 ''30,20 
135.00 0.996 0.726 0.270 1.174 3.59 4.21 0.386 13.22 41.3202 30,05 

I. 
\ 

""--l 

~ 

C 
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..... ·-···-·····--------------- ···········---------------- ----------- ·-··---- ·---······· -··--···--- ---------- ------------- --- / '--------- ---------------- -------- ------------------------------------ -------

Depth J EL AvgOt AvgFs AvgAI AvgUd Otn Afn !c Q F SBT U.. TStress EStress Ueq Cn NGO (N1)60 Su qc Fe Phi 
(fl) \ft) (ts!) (1s!J (%) (ft) (Isl) {%) {pcfJ (tsf) (ts!) {Isl) (blows/ft) (blows/It) {tsf) {Isl) (%) (Deg.) 

15.584 429.416 18.28 0.5 2.74 47 23.3902 2.897 2.70 22.98 -2.95 5 135.00 1.018, 0.738-.- 0.280, 1.164/ 4.84 , " 5.64 0.534 17.98 40.5576 32.03 
15.912 429.088 44.7 2.02 4.53 28.04 5B,2209 4.627 2.54 57.98 4.65 4 135.00 1,040: 0.750 0.291 .. , .1.155.,, 11.07,- ·. 12.79 _: .. _1.352 .. 44.52 32.7068 37.60 
16.24 428.760 126.44 5.34 4.22 -16.4 164.58 4.259 2.23 164.72 4.26 11, 135.00 1.063 _, 0.762 0.301; _'1:_146'_ .27-.34 31.33 ,_'.-• 3.882 · _126.55 20.1417 43.13 
16.568 428.432 213.9 10.01 s.os -15.7 275.059 5.000 2.1e 275.19 5.08 11 136,00 1.oa5 :::.o.n4 o.311 · · 1.137--'_i/ 45.29 51.49 ·:-:;-a.589-,-;' 214 18.4606 45.55 
16.896 428.104 376.56 14.03 3.71 ·15.73 480.355 3.717 1.96 480.48 .3,72" 12 137.00 1.107,' :' 0.786 0.321 1:128 •··,73_23 82.61 ·.-::11.686' 378.66 11.787' 47.97 
11.224 427.776 341.19 15.02 4:4 ~15.91 426.134,'4.417 2.os -426.26 '4.42· 12 138.00 1.129 o.798 o.331'. 1.1'19 •·,s0.32-: •, 75.4·1 ::·_10.s2a": 341.29 · 14.2134 •47.46 
11.s52 427.448 312,91 15.43 4.93 ·-12.1 384.691 4.949 2.11 384.79 4.9s 11 139.oo 1.1s2 0.010 -·o.342' 1.111 64.25 11.31 ';-\9;552 312.s9,: 1a.oa29 47.oa 

\.J 
~ 

~ 
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-~ 
GoneTec In( ·-_ Interpretation 
!nterpretatio\. Jt- Release 1.22 Rev. Format: NU Imperial 
Run No: 07·1210·1008-4276 
Job No: 
Client 
Project: 
Site: 
Location: 
Cone: 
CPTDate: 
CPTTime: 
CPT File: 
Northing (fl): 
Easting (ft): 
Elevation (ft): 

User Inputs: 

Assumed: 

07-804 
Ctvll & Environmental Consultants 
Pond Creek Mine • W1lllamson County, Illinois 
CPT-9 
Pond Creek Mine 
20TON AD211 
07/31/10 
09:17 
804CP09.COA 

0.000000 
0.000000 
445.7 

ft): 

Stale Parameter: 
Unit Weight of Soil (pcl): 

CID 
CID 
~See Below 

Material Types and l)nit Weight /pd) Phi Avg ~ Q.1...8.y_g,. ~ ~ 
deo tsf tsf % % 

~ResldualSoil I 39.251 ·-:i-:-381-45.19 I 28.02 [ 2.40 I 

Ground Surface Elev. ~ 

CPT area ratio: ~ 
See Below Copied from ConeTec CPT Dala Flle 

----- •·•••·•··••·••···································· ·-················· ........... ····--· ·····-·· ·•····•··•· ·-········ ..•...•.. •·•·•···························• ···············-···· ···-···· ·-······ 
Depth 

(U) 

0.164 
0.492 
0.82 
1.148 
1.476 
1.804 
2.133 
2.461 
2.789 
3.117 
3.445 
3.773 
4,101 
4.429 
4.757 
5.085 
5.413·, 
5.741 
6.069 
6.398 
G.726 
7.054 
7.392 
7.71 

8.038 
8.366 
8.694 
9.022 
9,35 

9.678 
10.006 
10.335 
10,663 
10.991 
11.319 
11.647 
11.975 
12.303; 
12.631 
12.959 
13.287 
13.615 
13,943 
14.271 
14.6 

14.928 
15.256 

Sample El. Avg□! 

(It) (Isl) 

445.536 
445.208 
'444.880 
444.552 
444.224 
443.696 
443.567 
443.239 
442.911 
442.583 
442,255 

'441.927 
441.599 
441.271 
440.943· 
440.615 
440.287 
439.959 ';'. 
439.631' 
439.302' 
438,974 
438.646 
438.318 
437.990 
437.662 
437.334· 
437.006 
436.678 
436.350 
436.022 
435.694 
435.365 
435.037 
434.709 
434.381 
434,053 
433.725 
433.397 
433.069 
432.741· 
432.413 
432.085 
431,757 
431.429 
431.100 
430.772 
430.444 

15.38 
19.82 

'.'30.1 
43.87 
47.66 
45.87 
41,72 
37.44 
44.47 
59.57 
70.47 
74.67 
84.53 
104.33 
96.44 
102.25 
98.2 
94.73 
84.93 
87.66 
69.12 
63.77 
53.39 
48.17 
38.46 
30.22 
28.4 
29.4 
28.31· 
26.35 
25.07 
25.89 
22.8 · 
27.92 
29.42 
26.23 
23.16 
20.42 
18.58 
22.2 
18.14 
15.81 
12.95 
11.94 
12.26 
11.19 
15,59 

AvgFs 
(tsf) 

o.i 
0.38 
0.63 
0.91 
1.19 
1.66 
1.66 
1.52 
1.87 
2.65 
2.79 
2.46 
2.85 
3.00 
3.96 
4.19 
4.51 
4.11 
3.46 
3.56 
3,37 
3.03 
2.n 
2.41 
1.98 
1:55 
1.39 
1.32 
1.17 
1.19 
1.15 
1.24 
,1.2 
1.16 

'1.45 
1.41 
0.99 
0.52" 

' 0.49 
0.51 
0.35 
0.26 
0.21 
0.19 
0.19 
0.19 
0.3 

AvgRf 
(%) 

1.27 
1.92 
2.1 
2.07 
2.49 
3.62 
3.98 
4.06 
4.2 
4.44 
3.95 
3.29 
3.37, 

'3.72 
4.11 
4.1 
4.59 

'4,34 
4.08 
'4.07 
4.87 
4.76 
5.19 
4.99 
5.15 
5.12 
4.89 
4.5 

4.14 
4.53 
4.6 · 
4.78 
5.28 
4.22 
4.92 
5.39 
4.29 
2.55 
2.64 
2.28 
1.91 
1.65 
1.59 
1.55 
1.51 
1.7 
1.9 

AvgUd 
(It) 

Ola 
(Isl) 

Ria 
(%) 

1499.49 1.301 
643.553 ' 1.920 
586.317 ' 2.097 
610.429 2.078 
515.64 2.502 
405.829 3.628 
311.949 3.992 
242.413 4.077 
254.117 4.222 

-2.59 
~12.01 
.9,01 
~3.21 
0.07 
0.07 
0.25 
0.39 
0.86 
0.23 
1,85 
--0.62 
1.85 
1.e 

2.45 
0,62': 
1:13 
4.32 
5.01 
·-2.24 
4.69 

·, 304.781 ' 4.463 ', 
326.292 3.971 
315.65 3.305 
328.793 3.382', 
375.898 3,729 
323.373 4.119 
320.731 4: 111 
289.264 '4.609 
263.01 4.355' 
222.905 , 4.092 . 
218.219"> 4.080 
163.425 4:905· 
143.644. 4.785 
114,719 5,233' · 
98.9637 5.054 
76.6899 '5,216 
58.5876 5.220 
53.6919 4.990 
54.33 4.578 
51.088 4,221 

46.4162 4.624 
43.1414 4.706 
43.63 4.914 

3.08 
7.53 
4.9 

10.26 
11.57 
12.03 
11.46 
11.87 
15.1 
14.55 
13.4 
9.91 
10.86 
10.aa· 
11.38 
10.95 
11.83 
14.43 
45.47 
50.26 
56.56 
52.01 
59.86 
66.28 
73.44 
87.39 

,37.4772 , 5.425 
45.2024 '4.335 
46.7326, 5.053 
40.7121" 5.533 
35.1046 4.421 ·,; 
30.2103 · 2.649 
26.8524, 2.758 
31.7192 2.387 
25.2132 2.025 
21.4099 1,741 
16.9872 , 1.743 
15.2756 1.725 
15.433 1.679 

13.7205 1,859 
19.2881 2.055 

,, 
1.37 
1.64 
1.69 
1.68 
1.79 
1.98 
2.07 
2.13 
2.13 
2.11 
2.06 
1.99 
1.99 
2.00 
2.07 

:-2.07 
2.14 
'2.14 
2.15 
2.15 
229 
2,31 
240 
2.42 
2.50 
2.s8: 
2.59 
2.56 
2.55 : 
2.61 
2.64 
2.65 
2.72 
2.60 
2.64 
2.71 
2,68 
2.58 
2.63 
2.54 
2.58 
2.60 
2.69 
2.73 
2.72 
2.80 
2.69 

a 

. 1501.44 
846.15 
587.29 
610.71 
515.64 
405.83 
311.95 · 
242.41 
254.06 
304.78 
326.25 
315.69 
328.75 
375.86" 
'323,34', 
320.70 

· '289.23 
262.93 
222.83 
218.24 
163.35 
143.60 
114.61 
98.90 
76.55 
58.45 

'53.56 
54.20 
50.94 
46.24 
42.98 
43.49 
37.38 

'·45.09 
46.62 
40.60 
34.99 

:ao.10 
26.72 
31.29, 
24.75 
20.91 
16.52 
14.75 
14.87 
13.10 
18.56 

F 

1.30 
1.91 
2.09 
2.08 

·2.50 
3.63 ;·, 
·3,99 
4.08 

'4.22 
4.46 
3.97 
3.30, 

',3,38 
3.73 
4.12 

:4.11 
4.61 
4.36 
4.09 
4.08 
4.91 
,4.79' 

''5,24 
5.06 
5.23 
5.23' 
5.00 
4.59: 
4.23 
4.64 
4.72 
4.93 
5.44 ,,, 

4.35 
'·,:.-5,01. 

5.55 
'4.44 
2.66 
2.n 
242 
2.06 
1.78 
1.79 
1.79 
1.74 
1.95 
2.14 

SBT 

6 
6 
6 
6 

•' 5 
5 
5 
5 
5 
6 
6 
6 
6 
5 

11 
11 
5 
5 
11 
4 
3 
4 
3 
3 
3 
4 
4 
4 
3 
3 
3 
4: 
3 
3 
4 
5 
5 
6 
6 
6 
6 
5 
5 
5 
5 

U.Wt. 
(pc!J 

TStress ESlress 
{ts!) (ts!) 

Uoq 

ilsf) 
Ca N60 (N1)60 

(blows/ft) (blows/It) 
s, 
(Isl) 

qo 
(tsf) 

Fe 
(%) 

Phi 
(Deg.) 

125.00 0.010 ---0.010 0.000 -2.000,, 2.43·· - 4,87~ ·;0,476,_: 15:4. U1893 52.29 
125.00 •o.oa1 · · .. 0.031_: ···o.ooo :. 2.000 3.44 ··._.a.as ' .. 0,613 : . 19.9' .. 5.03728 49.17 
125.oo o.o5r; ,;0.051:: 0.000-c 2.000 • .'': s:3o:; :- 10.sf ,., 0,930·; ;;_30.15_:· 5.98332' 48.78' ·, 
)25,00 0.072 0.012,:, 0.000\ 2.000, · 7.69:;·, '15.39'. '1:356_ ,,43,89.: 5.7973 ,,48.94. 
125.00 '0,092 _0.092, 0.000 \\2,000 8.66 17.33. 1.473_ ... ,, 47,66 ,', 7.8425 ', .48.25< 

<.125.00 0.113 . 0.113 0.000·, '·2.000 8.94 17.89:,' : 1.417,.-:'; 45.87. ';,' 12.3418 ':47.25 ' 
125.00 , 0.133_ 0.133 0:000:, 2.000' 8.42 16.84'•. 1.288' 41.72',",' 14.8063." '46,11", 
125.00· 0,154" o.154;· ,o.ooo''.2.000 ·7,74 15.49.·/.1.154··: ,37.44 · 16.6663 44.98: 
125.00 0.174 0,174 0.000 "2.000: '.9,21 18.41 '. 1;371':'S, 44.46,, 16.7567:. 45.18 

· 125.oo 0.195 . o.195 : .. 0.000::' 2.000._;': ::,12.25· · 24.50 1.838.:, ·: 59.57 ·:_16.2268 ·46.00 
125.00 .. 0.215' _:0.215, 0.000_", 2.000., '14.16 2a.a,,.,.: ,,2,115_ i)-70.46;, cJ4.487·, 46.30 
125.00 :-0.236 <0.236 .. o.ooo<: .. 2:000:: ... 14.64. ·_..29.28 _2.204-'. :t 74.aa .... :12.!25\ 46.16:; 

,:_:_:125.00 · ',0.256 .. , , 0.256 . 0.000.t,1,975_/f 16.57,: "32.73:, _2.609' :_:-.84.52\. 12.7342 _<46.34 ·_! 
·, ;125.oo. 0.211' _;, 0.211: "'o.000?•1.901:;:-: 20.54 · _39.03 ::_,.;,i3,221 <:; :_;_104.32.,. 13.0225 · _.46.92· ! 

, ~~~::. : .. ~:~~~···;:··:~{~~~-.:.-.-·.~:~~~:.'. .. {~::t:: !~::~:,\::::~:;;}ii~~:.: /'19:t:4_.:-:.~:-::i~:··.,i!:::~ :~ 
126.00· , o.338. :_ o.338\": 'o.ooo ·;. · L719._? _20.3a._ '.' 35.04 ;)1_2.030 <.'.:_98.19,' . 16.9403_':' 45.rr·_i 
125.oo' o.359 <-o.359 .. _'.o.ooo.f,. 1:5e9:',,, :19.65 · ·>'32,_ao·;}tf2.922 '_?:,:;''.94:r .. > 16.894 ·

1 
45.33, 

-125.oo" o.379_\ o._379_,,.:,_~.oooj 1:624?,;\.17.71,_ ',28.'75.,';:,;,2,618- :\-,84.9·\ 17.3092 .. 44,57_ 
125.00 )0.400 '..\, OA00. ' .. 0.000,/ 1,581' (,.18.3f·/) 28.96 ,_'.-'._;'_2.702. f.;-:87.67,:',;_; 17.4182_: A4.47 j 

'.-125.00 , :Q.420 ,, <.. 0-.420; ,' 0,000 ;'• 1,542 /•:-:15,27/. f ,23.56 "',l·,',2.127 ''. 69,09.,: 22.0488,."; 43,08,) 
125.00 ' 0.441 ': 0.441 0:000 · 1,506, /'_-,14,23 ', /, 21.43 /'/.1.961 , 63.75."' 22.8724'' 42.43,: 

,:125.oo·, 0.461_ :"; o.461_:. o.ooot. :1.412: •·:12.29 ·, ,, 18.24 ,.>:').639· _,:·53:34::. 26.3327 41.28 ,! 

, 125.oo,: o.4a2 :·_,o.4a2 .. \ '0.000,:-: .1.441_::, )1._31,. :, 16.30:•_,/·1::476_' <':48.14,'.[· _27.4055' 40.51 
135.oo, .0.502·, :.o.495 0.001 ... 1.421.,<_ .. 19,31•" 13,31 "''\1.t1s,: .,,38.39 .. 30.aao1 39,12 
135.00 · ·:: 0.525 :-: ,·0.507)'. '. __ 0.018°\1.405: .. _"':7.63, 10.'72 ;\0,919· · \:30.15_/' 34.4169 37.61 I 
135.00 ·,, 0.547·'' 0.519-; _,0.028 ,:•1.-388>'. ''7:21 '10.01.', 0.B62'. -, 28.33:_''. 34.9372 37,11 
135.oo o.569 o.531 '· ·.o.oaa ;: 1.3731_;. 7.35' 10.09 · o.a93 ,.";._29.33< '33.449, 37.10 

,,, ,_135.oo '.0.591 0.543 ,0.045 ·,.1.358, 57.05 :,-9.57 .. ) ... o.858'. ._ .. :.28.23 _·, 33,1111 36.82 .. 
· 135.oo . o.613 . _o.554.. 0.059 ,::.1.343 .'·· , __ 6.75 .. , . : 9.06· ... ::.o.797: ,.,.2a.25 ., 35.aoo1 _36.25 

· .. , : ~~::~g ' :•i:g::;~,-,'- ' g::~f :.,.g::: ,: ~t:~f :,: :: ::~! ::.':' ·--:::f :::.:g:;:~:>:::" ~:::(· ;;::::- ':::: ! 
135.oo o.680 c,::o.s90 :;•.o.099i "Lao2i'.. 'e'.:?:o·; ·;,:a.01 ·;.;fr·o.aas':" 22,74' -:.;'41.7846 ·34.99 '. 

~;;:: ';:·.:,g:;~!-_; i: g::~!i ;· g:}~f/~:!~_:f::};:!!, ,, ·;, ~:!~ :~;,r_;g:::'. tt:~::: .t :i.12.!':9·:,'.· ;::!~ ,'" 
135.00 · 0.746: :- 0.626 ,,0,120 f 1.264,_/, 7.06 . . 8.93 . t':0.789' >:_:.26,16 .. ' 40,7787: 35.49 
135.00, ."0.768_. 0.638 , .. 0.120 •,1.252'- 6.16 .' '.7.71 '•.':•_:0.693"'' 23.09','_39.5208' 34.60 
135.00 0.i90,' 0.650· :0.140 1.241 5.16 6.40 ·· 0.508 :,,-20.35 '34.5204 .. 33.68 
13s.oo' ·0.812_' , o.ee2 __ .o:1s1 ·1.229, ,, 4.81 5.9f :o.5so '18.49 ,< 37:0s7f -:32.94 
135.00' 0.835 0.674,' 0.161 ',1.218 5.45 6.54 0.661 21.91, 32.6826,,' 33.92 
135.oo ,o.857 , .. 0.685 o.171'"' 1.2oe '4.52,;: ,' 5.45 o.535· ·11.82 . 34.4848' 32.46 · 
135.oo _0.879 -:_o.e9i_. 0.181 :. 1.197 .. •3.96, ,4:14_ ·::o.462_ '_'15.46 .··as.5971 31.40 
135.00' ,0,901 ,o.709· ,0.192,•' 1.187-'' 3.38.. 4.01· , 0,373' ''.12.62 n 39.9818,, 29.89 
135.00 0.923 '0,721 0.202 .'1.178, 3.16 3.73 '0.341: 1 11.56' ·.42.1627" 29.15 :: 
135.oo. o.945 0,133, :0.212 "1.168: ·:3.23 3.77 o.350:': 11.as ·41,e19 29.21 1 

135.oo o.967 ;0.745' 0.222 ·1:159' 3.04 3.52 o.316·, 10.13 45.7108' 28.39 
135.00 0.990 0.757 0.233 '1.149, 4.03 4.63 0.452 15.04 \ , 40.03 30.65 

t 
C 

~ 

I: 



R
15729
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Depth 
(ft) 

15.584 
15.912 
16.24 
16.568 
16.896'• 
17.224 
17.552 
17.88 
18.208 
18.537 
18.865 
19.19:f 
19.521 
19.849 
20.177 
20.505 
20.833 
21.161 
21.489 

S, . El. AvgQt 
(ft) (!s!) 

430.116 23.74 
429. 788 29.33 
429.460 38.72 
'429.132 56.19 
428.804· '60.78 
428.476 i ;.'50.94 
428.148 43,07 
427.820 39.51, 
427.492 41.11 
427.1°63 41.12 
426.835 45.7 
426.507 43.86 
426.179 36.52 ' 
425.851 49.37 
425.523 60.49 
425.195 75.15 
424.867 74.98 
424.539 51.59 
424.211 88.98 

AvgFs 

(1s1) 

0.44 
0.85 
1.48 
2.18 
3.03 
2.78 
2.33 
1.86 
1.74 

· 1:sa 
1.83 
2.11 
1.92 
2.52 , 
3.37, 
3.54 
3.23 

2 
4.5 

AvgRI 
(%) 

1.84 
2.89 
3.83 
3.88 
4.98 

>'5,46 
5.4 
4.71 
'4.23 
4.1 
4 

4.81 
5.26 
5.1 
5.58 
4.72 
4.31 
3.88 
5.06 

AvgUd 
(ft) 

Oto 
(Isl) 

Rio 
(%) 

87.72 29.5608 1.936 
108.61 '36.2411 3.004 
103.37 47.5146· 3.929 
102.93 68.4969 3.956 
65.61 73.07n · s.on · 
60.44, so.1ooi·, 5.sao 

, 23.93 ' 49.8334 ., 5.558 
'-o.5s . 44.9042 . 4:851 
0.62' : '46.0646 4.359 ,) ' 
2.12 
4.37 
4.a1: 
11.85 
12.88 
~1.34 
·5.82 
-7.5 

·4.69 
-4.99 

•,45.3724 4.210 
49.814 4.116 
47.0298 · 4,953 
38.3338 · 5.449 
51.5286 5.243 
62.5064 5.697 
76.8443 4.797 
75.5377 4.389 
50.7665 3.985 
87.2965 5.140 

le 

2.52 
2.57 
2.66 
2.45 
2.51 
2.60 
2.65 
2.63 
2.59 
2.59 
2.55 
2.63 
2.72 
2.62 
2.59 
2.47 
2.45 
2.53 
2.46 

a F SBT 

28.85 1.98 6 
35.37 3.08 5 
46.71 4.00 < , 5 
67.69 <4.00 5 
12,5a< s.11 11 
59.64 'j 5.62; 3 

:,49.66 ;' 5.58 3 
, 44.90 '4.85 '•:,"' 4 

.:~:~f,,: ·.:::~· :·,,: '.'.: 
49.79 4.12 5 
47.00' '-:-'.4.96 4 
35_25;.::s.46 ·., ·3 
51.43 ,, 5.25 · 3 
62.52, '. 5.70 · 11 
76.89'< 4.79 11., 
75.59 4.39·· 5'• 
50.80 3.98 5 
87.34 5.14 11 

U.V'I,. 
(pcf) 

TStress EStress 
(tsf) (tst) 

u,q 
{Isl) 

Co N60 (N1)60 
(blows/It} (blows/It) 

s, 
(Isl) 

qc 
{1s1) 

Fe 
(%) 

Phi 
(Deg.) 

135.00 1.012 0.769 0.243 1.140 5.70 6.50 0.704 23.19 31.5153 33.43 
135.00 1,034, , '.0.781 0.253 '., 1.t32 '. 7.22 .. ,, 8.17 0'.876 ,,, 28.65 ., 33.9566' ·34.68 
135.00 1.056' 0.793,, ,0.263 _1.123 ''0.55"'.' '10.73 (·:'/,1_;166"'. _38.08; ,33..507·,;35,34 

"•'136.00 '.1.078 0.805•. 0.274, 1.115 ,•13.22 .. ,14.73 ' .. 1,705 .. : ,:55.54,:,-, 28.5538' 38.46:', 
'137.00 1~100 0.817 0,284 ,. 1.107!" .:14,78' '.16:36 l,.,' :1,64a,,:C', 60.37,l 31.2128_ .'_-38.85 
: 138.oo .. 1;123·.'. o.829i: o.294 <', LQ98;_ ;;:12,.92: · ·)4.19 \\; \,542 /::so.s6_: •i'_.35.2823>._,_37.75 ; 
.139.oo .,1.146< \.0.841.,._. o.304, __ :1.090 1,_;.:-_11.2s., .... ·,.12.2a._:,:_,, 1,.2-98 /.\42.92'./:,37.7709.:,.::as.10_.' 

· ~:~:~~ . :, ~:~~~-i· /,~:::;:_i. ~:!~\}:~,;\ i:~~:!;iL, i~~'.~~:~:i1:_;-:.~::~:~.;:_:; ~-;_!~:;~:/:·::33;::365'.:(:::!i·; 
, .. _ .. 142.00 :1.215' ·,,o.aao:·\ 0.335"_\,t:oaa~. )-J0.44:t :_11.13:t 1:235,'; '._'.41:1 /t34,7084_ 36.17 .. ) 

, 143.oo-, ._1.238-.' · o.893 <, o.345 '11.osa:, , .. 11.40 .r, · 12.01•<> 1.3n: :.45.68 .". aa.0215:' 36.72 -: 
144.00 ' 1.261 :, ',0.906 .. 0.355 ·. 

0

1.051 ') ,'.11:36, -:',', '11.93 .," t:319' .'.43.83'°/' 35.6851,; 36.38 , 
''145.oo "": .. 1.285_ 'o.919: :':-o.365 -:: 1,043·{': ';iiJ.91 :•,..; 10,33 <\1:09(t :3sA4';Ji 41.4759<- 35.17.'' 
,146.00 1.309' . 0.933 0.376\, 1.035 12.72' 13.17 ' ".1.488' 49.28 ,, 36.286 36.91 
147.oo · ·_1.333 ·, · 0.946 0.386 •' 1.02a:, < ~5.39 _15.82 '. :::taa1 ,: 60.5 ·. 's4.a42a ··: 38.02·:; 
148.oo .-1.357 ,.o.950_ o.395,: 1:020 .: .. 18.09 .... 18.46 ,.2:285. 75.19 ,29.5495.," 39.17, 
149.00 1.381, •,, 0.974 , 0.407 ') 1.013 , 17.84 · 18,07. 2,279 ' 75.03 28.4777,. 39.08 
150.00 1.40s ··o.9a9 "0.411 .:1.006 -12.18 12.95 · 1.554 · ·51.s2 32.2540, 35_84 
151.00 1.430 1.003 0.427 0.999 21.30 21.27 2,711 89.02 , 29.0451 39.87 

~ 

~ 

-



R15730

Civil & Environmental Consultants, Inc. 
Williamson Energy Pond Creek 

PROJECT Deformation Evaluation PROJECT NO. 072046 
Normalized PS-CPT Data and Parameter 
Correlations PAGE '-IQ OF 'i 8 

072046 

Jv!ADE BY __ B_E_G __ DATE 12/28/07 CHECKEDBY {l:f DATE 

NORMALIZED AND MODIFIED BY CEC 
CONETEC, INC. - CPT DATA AND CORRELATED PARAMETERS 

POND CREEK- WILLIAMSON COUNTY, ILLINOIS 
CPT-10 



R
15731

t"'· ConeTec Im; Interpretation 
lnterpretatio(, 
Run No: 
Job No: 
Client: 
Project: 
Site: 
Locauon: 
Cone: 
CPT Date: 
CPTTime: 
CPTFile: 

Northing (It): 
Easting (fl): 
Elevation (ft): 

User Inputs: 

Assumed: 

.! • Release 1.22 Rev. Format: NLI 
07-1210-1008-4243 
07-804 

Imperial 

Civil & Environmental Consultants 
Pond Creek Mine • Williamson County, Illinois 
CPT·10 
Pond Creek Mine 
20TON AD211 
07131/10 
08:35 
804CP10.COR 

0.000000 
0.000000 
442.1 

Water Tate Depth t): DI:] 

Material Types and llolt Weight /pcf) Phi Avg ~ ~ Fe Avg. ~ 
deo tsl tsr % % 

C]gOResidual Soll j 39.49 I 1.n j 57.88 I 26.87 I 2.36 I 

Ground Surface Elev. ~ Nk: 32.3 
State Parameter: CID 

~See Below 
CPT area ratio: ~ 

Depth 

{It} 

0.164 
0.492 
0.82 
f.148 
1.476 
1.804 
2,133 
2.461 
2.789 
3,117 
3.445 
3.n3 
4,101 
4.429 
4.757 
5.085 
5.413 
5,741' 
6,069 
6.398 
6.726 
7.054 
7.382 
7.71 

8.o38' 
8.366 
8.694 
9.022 
9.35 

9.678 
10.006 
10.335 
10.663 
10.991 
i 1.319 
11.647 
11.975 
12.303 
12.631 
12.959 
13.287 
13.615 
13.943 
14.271 
14.6 

14.928 
15.256 

Unit Weight of Soil (pcf): See Below Copied from ConeTec CPT Data File 
----------------------------------- ------------------------ --------- -------- ---------- ----------- ------------- ----------- ------------ ------------- --------------------------- -------------------- --------

Sample El. AvgOt 

{It) {ISi) 

441.936 
441.608 
441.280 
440.952 
440.624 
440.296 
439.967 
439.639 
439.311 
438.983 
438.655 
438.327 
437.999 
437.671 
437.343 
437.015 
436.687 
436.359 
436.031 
435.702 
435.374 
435.046 
434.718 
434.390 
434.062 
'433.734 
433.406' 
433.078 
432.750 
432.422 
432.094 
431.765 
431.43(' 
431.109 
430.781 
430.453 
430.125 
429.797 
429.469 
429.141 
428.813 
428.485 
428.157 
427.829 
427.500 
427.172 
426.844 

22.84 
28.68 
30.14 
41.06 
62.23 
70.49 
63.39 
64.76 
67.64 
62.08 
61.6 
49.8 
35.16 
23.8 

20.99' 
23.58 
26.07 

28 
27.78 
23.67 
22.B5 
23.86:· 
19.8 
17.31 

118.65 
15.11 
14.94 
15.71' ,,' 
20.24 
21.26 
21.52 
22.36 
18.99 
14.81 
15.17 
13.83 
11,53 
12.82 
13.05 
13.03 
14.48 
14.54 
13.29 
16.42 
19.35 
23.7 

26.27 

AvgFs 

(Isl) 

0.17 
0.4 

0.52 
0.62 
0.9 

1.29 
1.44 
1.42 
1.58 
1.55 
1.76 
1.64 
1.26 
0.94 
0.83 
0.9 
1.08 
1.25 
1,26 
0.97 
0.83 
0.78 

'0.64 
0.59,, 
0.73 
0.63 
0.58 
0.65 
0.82 
1.1 
1.14 
1.16 
t:os 
0.82 
0.79 
0.74 
0.56 
0.45 
0.43 
0.41 

'0.43 
0.43 
0.47 
0.51 
0.75 
1.01 
0.82 

AvgRf 

(%) 

0.75 
1.4 
1.73' 
,.s 
1.44 
1.83 
2.28 
2.19 
2.34 
2.49 
2.86 
3.29 

,, 3.59 
, '3.96 

3.94 
,, 3.8· 
4.15 
4.46 

:4.55 
,,4.09 

3.65 
3.26 
3.24 
3.42 
3.9 
4.15. 
3.89 
4:15 
4.06 
5.19 
5.29 
5.2 

'5.57 
5.55 
5.19 
5.37 
4.82 
3.52 
3.3 
3.16 
2.98 
2.97 
3.55 
3.08 
3.86 
4.25 
3.11 

AvgUd 

(It) 

0.53 
-1.45 
-6.33 
-7.39 
-3.79 

a10 

{Isl) 
Rio 
(%) " 

2227.29 0.745 1.10 
931.683 1.396 1.45 
587.098 1.728 1.62 
571.265 1.513 , 1.57 
673.58 1.448 1.52 

-0.76 624.188 1.833 1.63 
-1.34 . 474.499 2.276 1.77 
~1.66 :> 420.032 2.198 1.78 
~1.64 387_039 2.342 1.82 
·2.26 ', 317.665', 2.505 1.89 
-2.61 286.967 2.867 1.96 
~.46 221.096 ,, 3.309 2.07 
,,0.53 148.88 3.610, ' 2.20 
5.47 , ss.12n ·3.996 2.35 
15.36 , 8U56 4.011 2.40 
17.32 ,' 87.7022 3.869 2.37 
16.35' 93.3976 ', 4.197 , ·2.38 
13.72; ,,96.7242 4.522 2.39 
13.97 · 92.5575; '4.598 2.41 
20.99 75.9624 4.168:, 2.43 

.20.09 ,<70.2128 3.734 ', 2.42 
20.76 71.6466 ,3_331,;'' 2.38 
24.65 57.3614 3,309 2.45 
30.58 48:4398. 3.506 2.52 
29.81, 50.7385" 4.023 ,, 2:54 
30.69 39.4655 4.319 2.65 
35.5 37.7301 , 4.030 2.64 

39.67 38.4892 '4.293 2.65 
39.19 48.4809 4_173 2.57 
18.66 49.4891 5.328 2.64 
14.2 48.6703 5.459 2.65 
0.19 49,2066 5.345 2.64 
-6.84 40.4242 5.789 · 2.72 
-7.21 30.3493, 5,812 2.81 

'•6.65 
-5.98 
-4.81 
·3.23 
·2,06 
-0.78 
12.21 
15.45 
20.09 
25.66 
19.79 
-5.33 

30.3001 5.469 2.79 
26.7744 5.656 2.84 
21.4987 5.204 2.88 
23.4732 3.741 2.76 
23.3366 3.514 2.74 
22.7399 3.362 2,74 
24.8508 3.156 2.70 
24.39 3.148 2.70 

21.6584 3.794 2.80 
26.5391 3.291 2.69 
30.8871 4.075 2.70 
37.4028 4.443 2.66 

·8.01 40.7957 3.244 2.54 

a F 

2227.29 0.74 
931.68 1.40 
587.88 1.73 
571.96 1.51 
673.91 1.45 
624.28 1.83 
474.57 2.28 
420.10 2.20 
387.10 2.34 
317.77 / 2.50 
201.01 ·2.81>> 
221.23 ', 3.31 
148.92' ''.'3.61 
95.96 ' 4.00 
80.76 4.03 
87.29 ' 3.89 

:93,03 . •;<,4.2f'.< 
' 96.44 :, ;, 4.54', :: 

92.25" 4',01,', 
75.54 4:19 ,>. 
69.80 '.,, 3. 76 

,,71.25 }_3,.35:::, 
56.1}9,, '.',3.34 

!6::~ \. :!:~~ <·, , 
38.95 4.38: 
37.15 4.09 
37.85 4.36 
47.86 ' ·>4.23:' 
49.23 5.36 
48.46 5.48 
49.21 5.34 
40.53 , 5.n 
30.44 5.80 
30.38 5.45 
26.84 ' 5.64 
21.56 5.19 
23,51 3.73 
23.37 3.51 

·22.74 3.36,; 
24.70 3.17 
24.21 ·3.17 
21.43 3.83 
26.27 3.33 
30.69 4.10 
37.45 4.44 
40.88 3.24 

SBT 

7 
6 
6 
7 
7 
7 
6 
7 
6 
6 
6 
6 
5 
4 
4 
4 

4 
,•'4 

4 

'5 ·, 

U.Wt. 
{pcf) 

TStress EStress 
(tsf) {Isl) 

u,q 
(tsf) 

Co N60 (N1)60 
(blows/It) (blows/ft) 

s, 
(ts!) 

q, 
{1s1) 

Fo 

(%) 
Phi 

(Deg.) 

12s.oo· 0.010 0.010 ·o.ooo 2.ooo> 3.34 6.67·:,, ;o,701 22.84 · :1.3233 -.53_a2": 
125.00 0.031 0.031 0.000 2.000 ', 4.66 9.32 ,,;_,0.887, ,'.28.68 \ '2,20569: 50.57 , 
125.oo _0.051 :·o.os1 _,,_o.ooo ,.2.000 _ :s.11 , 10.35 1">,o,932· '_30'.18 ·,:·4.e3942i:.~a.19,:i 
_125.00 ,0.072 '<1-0.072' " 0.000 , 2.000:' : 6.94 . J3.88 :·;,: 1.269: , .• :_.4U1 . 3-,88432 _ 48.!:)8_ i 
.125.oo o.092 .. o.092 0.000, 2.000, _10.34 __ ,,_'.:;20.s9 "<··L_924, ·-;. s2.2s .'. a;1581a, As.3a.:. 
125.oo 0.113, ,0.113 -0.000 ·2.000 .,12.13,.<·24.21 ~-i2.119,,;,:,10.s., 4.8518s 49_03 1 

12s.oo o.1a3/ :·0:13~- · 0.000 ·:·2.000 ': v;··1{4(<i> 22.81 'J!:"t:e59·;_ < '63.4"'' ·7.40369 >:i-7.91 
.. 12s.oo·' · 0.154!: _;':o.1s4\". 0.000·:__ 2.000 1'1,';:''1L73 , ... 23.46 :\:'_:2.000 \'·:· 84.7i" .:::;:.53043: 47.40:1 

:-12s.oo . o.174• ::'. o'.174. 0.000:.:· 2.000 ''\_'.'12.43\' ,::24:a1, -~:·2.089/{ ·::01.05: \s.50804\ :41.os : 
· '_125.oo. , 0.195,'_ ', o.195,.(1 o.ooQ .. ;:2.000:-t, '.'.·.1_1,.1(,: \_23:40'_(;,: :1.916: .. ', <·s2.1:.: ::10.0559, '_,46.19 ' 

125.oo . 0.215 •, o.214:: _o.001 ·'.,:2.000·:, ,,11.93: · , · 23.86 ,t .1.eoo;: ·:·61.61,:, • .. 11.8668; · 45.73 , 
.125.oo, _p.236 >- .0.224 :' :o.012c. _2.000:., ~:1,0.93,, i,;20.1s_,, ., 1_:534 ,,· ;49.83,;, .,,14.9652 44.54 
.12s.oo _,,o.256: , (,l,.234 ; 0.022-' • ·2.000,::. :7.49: ,,/14.99 ,. 1.981 · )S.11: '.:'_19.0045. 42.s2 
,125.oo_: .. o.2n: __ ',0.245, ,0.032-'>, 2.000;< .. ,,,5.41 ·· 10.81 •:, 0:728;:: ·,23,1_s, 1 24.5219,; A0.35, 
125.oo · ·'0.291:. o.255: 0.042: ·1.9ao:':. : __ 4.86 .. _ . .'9.63 · .. :o.s41 : . 20.8( '·2s.5321 '39.43 
12s.oo · o.318, ,'o.2s5 :·i 0.053'./ -,1.s42\tJ.38 lst 10.4s, ,i;o.120:, · :23.47' -:;' 25_.,1101,. _39.85 , 
125.00 . o.338 :_ -:,_.o.21a ;_i:f0._063.;< 1.905:'.'·q\5,-98/ .:~ 11:39'. :~:_.0.797:_' :_:25.97._.,:., 25.5391 __ ,.40.19 
125.oo .:<o.359 , :•-~ 0.286 ,'.:·o.o73/71.811ikt:f6.41.:) .;h12.10, __ :\o.856: __ : ':,21.92._,,-,. 26.1455:_: 40._39 ,-: 

, •'125.00 c 0.379', ,': 0.296, O.OB3_<{1,838fL1_:_6.47 ;,_ ;r11,89)tS_o,:848'' 1 27.69_,' _26.8768',,..40.15 , 
125.00 '. OAoo;;,: \-o~306;, ::,0.094:;\:; 1,.801:}Jts.56 t ·-\1~.o{;i0l:_o.120_; }:_23.54 ·':·· :27.8545 :_, 39.01: '. 
_125.00 .:- 0.,420, .o.317 ,,; 0.104_:.:5·1:_mt;"c:5.29 , _'_,'. 9.40 f'i,0.6BB _ _>.22.52,;., }7.3099,. 38.63: 
,125.00 ,' "0.441'\: _::0,327i:,-,,; o.114i:;_.:\7~9,:· >:;,'.,SAS.~~ ::_.'._',9.56}';f:{o.725,,' ,- ,23.73'./ : 25.56Br· 38.75 _ i 
125.oo · o.461 •:0.337· , 0.124, .:1.122 .. i,<4.8s:: :i".8 .. 03,,,,; ; _o._599:'._ ,,;,19.64 , . 28,3064 •, 37.49., 
125.oo, .:_o.482,, i-_0._347 :,\ 0.134:{f·/697 i"\4._20.\ >':,·1,_13_;:f ::·0.521) ; ·11.12 '°:':31.4473:, 36.49 · 

4 ··/ -~"135.oo · · 0.502;:, ::.o.358•/. b.145, .\:1,512 ':,~,:.-~.59 ;_. '.\:.''.'1.ea_,',::\o.5e~ \:.;_'18.4~_ i 32.1232_:. 36.77 
3 135_00 ,,0.525, ,, o.370_, ,· o._155, •:.;1.6<!5 .,_: -3.90._,, -:· .. 6.42:'_ ;:::,-0.452 ··::,:_14.92, _:;.37.5988>35.28 .. 
4 135.00 0.547' :·0.381/·, 0.165 '; 1.619 :,' -3.84 ,,; '.\·, 6.22.:·, ': 0.446 ~:14.72, ·/37,3103,>' 35.00 
3 •135.oo o.569_ . o.sss · o,175 1._594 ';::_ '4.06: "\5.41: ... _,0.469, ·\16.46 /38.0083 ::< 35.11 
4 135.oo o.ss1,",,o.4os 0.18s: ·1.571 ""s.04 ·1.91-' ·0.608 ">19.99 .:33.9763 ,.,35_50 

135.oo 0.613., ,·0.411 ·' 0.195 ,1:548 :5.51" a.53 · ·;:o.639,, :,,-21_:1s "'i 31.2394 ,. 36.66 3 
3 
3 
3 
3 

.3 
3 
3 
4,; 

4 
4 ,· 
5 
4 
5 
4 
4 
5 

135.00 0.635 ', 0:429 0.206,\ 1.527': 5.62 8.58 :/,0.647, ,-21.43' 37.8499 ,36.57 
135.oo o.e5,: i1 _0.441 o.21e. 1.5D8 · , 5.83 8.n . o.672 :"22.36:.: 37.2112 :, 36.66 

~;;:~~ b:~~~ \,:b:::~ ·6::;;_·.:~:::~,: :!:!:,, ~::~.: •.,'6:!!; ·,~!:~:,.-::!:::;:>~~::~ 
135.00 0.724 ,'0.477' '0.247, '.1.448 '. 4.29 , 6.22' 0.447 '' 15.21 '45:3583 :- 33.80 
135.oo o.746 , ·, 0.41;19··.: 0.257 :1.431'. ·,4.02 5.75 < o.405'. ·i .13.86'· 48.2129: 33.04 
.135.oo o.768 :,•o.so~ ,_0.268 _,:'1.413 :,3_44 _4.86:. ::,o.333i·· ;11.56 _50.9108 31.67 
135.00 ·.,0.790 0.512 '_0.27Bi,:_ 1,397:_:, '_3.57 ,,_','4.98 ·'.'0,372>. '12.B4: ,;:.43,714, 32.22 
135.00 0.812 0.524 ,,0,288''., 1.381,,, '.;3.60 ., 4.97 '•0.379 , ·,13.07. ,,42.8475, 32.18 
135.oo·,, 0.835 0.536\ i·0.298 ': 1.366_.:. ~- 3.58_' · : 4.90: , "o.378 _::'13.03_:.,, _42'.7021' _32.01 -

, 135.00 0.857 , 0.5<!8., ,;0.308:: :t,351,, ', 3.87 ,'· ', 5.23' ;, ·:,0.422, ,; ·,,: 14.4,,< :40:3482 ; 32.53 
135.00 0.879 ,:0.560 0.319 1.336, 3.90, 5.20 ·-,·0.423. ::14.44> ·_40.6879 32.41 
135.00 0.901 0.572· 0.329' 1.322" 3.73 4.94 0.384 . 13.16 :45.8728: 31.65 
135.oo . o.923 o.sa<1 o.339 1.309:.' , 4.35 5.70' 0.450 ·;:1s.26 39.9534 32.91 
135.00 0.945 0.596 0.349 1_295 "',,5.18 6.71 . 0.570 '19.23 ,, 40.4n', 33.87 
135.oo o.967 o.eoa o.360 1_253 6.26 8.03 · · 0.104 23,73 ·, ·39.4335 35.07 
135.00 0.990 0.620 0.370 1.270 6.53 8.30 0.783 26.32 32.4669 35.59 

..., 

~ 

~ 

C 



R
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------; 

Deplh 
(ft} 

15.584 
15,912 
16.24 
16.568 
16.896 
17.224 
17,552 
17.88 

18,208' 
18.537 
18.865 
19.193 
19.521 

s. a. Avgat 
(It) {tsf) 

426.516 28,43 
426.188 34.11 
425.860 36.87 ,, 
425.532 38.02 

, 425.204 42.17 
424.876 49.75 
424.548 47.56 
424,220: 51.6 
423.892 65.03' 
423,563 70.02 
423.235 · · 65,59 
422.907 55.6 
422.579 110.1 

19.849' .. 422,251· .160.51 
20.177 421.923 · , 11 t.07 
20.505 42f.595:· · 58 .. aL 
20.833 421.267 53.52 
21.161 ;420,939· ::s5.22 
21.489 420.611 99.33 
21.817' 420.283 112.37, 
22.145 419.955 57.05 
22.473 419.627' 49.22 
22.802 · 419,298 45.2 
23.13 418.970 86.55 
23.458 418.642' 135.75 
23.786 418.314 80.31 
24.114 417.986 60.5 
24.442 417.658" 127.06 
24.77 417.330 149.98 

25.098 417.002 328.34 
25.426 416.674 419.75 
25.754 416.346 389.73 

AvgFs 
(Isl) 

0.71 
0.83 
1.15 
1.21 
1.45 
1.96 
1.6,, 

,, 1.B5 
2.32 
2.53 · 
2.53 
2.73 
2.81 
4,84 
5.1 

3.39 
2.16 
2.52' 
2.92 
3.22 
2,85 

' 2.02 
1.76 
1.89 
2.31 
2.82 
2.64 
4.56 
9.93 
15.26 
19.4 
18.71 

AvgRf 
(%) 

2.5 
2.42 
3,11 

''3.18 
3.45 
3.95 
3.37 

, 3.59 , 
'·3,57 

3.61 
'3.86 
'4.9 
2.55 
·a.02: 

'4.59 
5.76 
4.03 
4.56' 

; 2.94 
286 

;4.99 
, 4.1 , 
3.89 
2.18 
1.7 

3.51 
4.36 
3.59 
6.62 
4.65 
4:a2 
4.8 

······-·--------··- --------- ····-··--- ---········· ----------- ··········--- ------- --------- -------------------- ·-------- --------------------------- --------
AvgUd 

{ft) 

1.06 
14.23 
26.79 

btn 
(Isl) 

43.4116 
51.4007 
54.6443 

114.11 , ;55.3595 
1aa.n 60.4516 
80.34 70.3096 
107.39 '65.9285 
140.27 70.3788, 
168.7,, 87.5341 

Rio 
(%) 

2.590 
2.509'. 
3.211 
3.275 
3.531 
4.oa1 · 

'3.447 : 
3.66B 
3.634 

155.08 92.101: a.an· 
43.83 85.2026'! 3.931 
4.71 70.7073, ,' 5.024·,' 
.Q.67 >, 139.17, :.2.582 

,'·18.41 ·200.145 ·3.040 
~23.58 \ 135.622 '4.647 
-23.83 69.8082, ', 5.900' 
-22,7' 62.2887' ''4.143 

-21.43' 63.2178 '4,683 
-20.71 113.098 · 2.983 
-15.47 126.018 2.903,, 
-4.13 '62.1002 5,129 
-0.05-;; 52.4512 4;233 , 
26.33 · 47.2222 . '4,030 , 
44.16 90.4233 '. 2,224 
0.11 140.445° 1.122' 
·7.76' 81.0682 ,'3.583 
·3.63 59.6725 4.485 
-4.92 125.108 3.636 
·11.87 145.622 ,, 6.696 
23.26 315.728 . 4.672 
18.11 397.781 4,641 

438.91 363.482 4.823 

,, a F 

2.45 43.40 2.59 
2.39 51.26 2.52 
2.45 54.38 3.23., 
2,46 54.30 3.34 
2.46 '59.17 3.61 
2.45 69.59'' 4.07' 
2.42 64.98 3.50 
2.42 ,69.15,, , 3.73. 
2.36 86.09 · • 3.69 
2.34 91.39 3.73 
2.38 84.85 . 3.95 
2.51 

'{~g~~ ,.:\-::~: ',' 2.10 
2.06 200.30 3.04 
2.31_,, 135,79.,-~4.64 
2.57 69.99" 5.89 
2.48, 62.46 4.13' 
2.52 63.37 ''·4.67 
2.21 113.25 ,2.98' 
2.17 126.13 2.90 · 
2.56 62.13 -:5.13 
2.54 :'52AS 4.23' 
256 47,04:·, 4.05 ,' 
2.18 90.13 2.23 
1.97 140.43 : .1.72 
2.36 81.12 3.58 
2.52 ·59.70 4.48 
2.25 125.14 3.64 
2.43 145.70 6.69 
2.12 315.58 4.67 
2.08 397.68 4.64 
2.11 360.92 4.86 

S8T 

6 
6 
5 
5 
5· 

• 5 

5 
5 
5 
5 
5 
4 
7. 
7 

11 
11 
5 
4 
6 
6 
4 

·5 
5 
7 
a 
6 
5 
6 

,11' 
11 
11 
11 

UWt. 
{pc!) 

TStress EStress 
(ts!) (tsf) 

Ueq 
(tsf) 

Co NGO (N1)60 
(blows/ft) (blows/ft) 

s, 
{Isl) 

q, 
(ts!) 

Fe 
(%) 

Phi 
(Deg.) 

135.oo · 1.012 ·o.oa2 ·,,_ 0~3ao: '1.258 , .. 6.77. a.52 ·:.}o.849-.i- 28.42· .. _20:1045., 35,94,; 
135.oo . _ _.1.034 .. o.643_ ·,0.390.,:1.247 ::1-8s· '9.82 ._~_,1.024···.:·34'.02\,26.115'i'.., 36.91 
13s.oo .. 1.055 •, .0.655·, o.401 ,:.1.235.:, :,8.72 __ , .. _10.1a, ?:.1,109. '<·36.7: '·.:29.4501, •37.25 
·136.00_ 1.078 .... o.ssr.' 0.411 ,_,1'.224\': 8.91 '· .. ': 10.91 ·)::,1,144: '.;.37.31 :.' 28:9263,: 37.24 
137.00 , _1:100: ':-0.679,,', ''.0.421' ;\213/'., ~:9.86 ;:, 11.96 ·):·1,272'°'> '41.3: :_: 28.8349i 37.73 
138.oo · ;1.12a: >i o.692 :, '.-o.431 •/uo2::\ ~11:11 , •. :,-14.oa,.<t tsos·~·: ... :.49.25 ;-__:,20:4501, _,38.64 , 
139.00 ' 1.146 ·:\:::_0.704_,._:: 0.442 ;.:1:192~; ', 11.00 '' ·_, 13:11 .: l;: 1.437:' :.,,-46.89 ,:,,'., 27,2425 '. 38.26 
140.00 · _,1.168" ·,: 0.111: :•, 0.452 ''-UBt' .. :,11.,91 .·, ·,1.4.07 _\:' f55f ,·: 50:12 _::,:; 27,3444 38.61 
141.00 ,1,191 '\0,729, 0.462,,.' 1._171 i'.'.14,58 ,: 17.07, ,;:./, 1.976; _ _;)-63.98 :,,, 24.6627 ; _39._8o·: 

.. 

0 142.00 1.215::,, :0.142, , ,o.412 .. - 1.16\ ·::_15.:64 · ::-_ 18.15· .. ·.:,_:,2)_1a~5-">, 69.05 24.1296' 40:12 , 

:;·,_~:::~~ ". t~:~!::':: .. ~:;:~· :·_, ~:= :·.: .~:•~:r· t:J;:~:. ._: .. ~~:~t i)~:::r;:y:,::::~:r ;~::::~ ,:·-:::;:-~ 
, .. 145.oo 1.28s, .. ::o,_782:/.;' o.soa::,:1:1_3,t <:'.22.55 · :",25.50 .. 0:3,369 ;r;-1.mt..>'· ;-15.903; "42.30 1 

_, 146.oo. ·.,.;·1,'.309; ";::,o.795{.:. 0,513:· .,.1:-121: :--:_32.40: ·•·:\36.33 t'.!i4:9'29 :W:160.6s/:, ,14,1592 ,:_44.oa ., 

· ~:~:: .:.;t;:;-! {::~:::~) ~::;:; ;t-~~r rJ:::r. :: -~::;!)~·~t;~,:~T-~~.9~L ::::: ?!!:~~ ", 
, 149.oo "f:381::' ·,:, o.8a1: o.544 L_1_:os3\· ,·12.97:"· ~:-14:_18 ;1;-,.1:614 :.53.66/ .30:0156'. ·;39:04 

150.00 ·•;- (4.os /_p.851 .. ·. o.554 ._.'j.084,:,:._: 1s.6t _< ;· 14.75 '.- .. 1.666 ... :.55'.35:;, •31.6051 -. .. 38.12 

'.,: .~:~::·;,_: 1,:::~: < ~:::g0~;/g::~: t~::!}, ·:::1:!t·.:c·,':~:::. \J~:!<t ::,;92~6.,\ ,~;.::;~; :~::~·; 
153.00, · ;1,.4ao. \)·.o.8951_·_:'._o.5ss ~{1.057{:. ·,14.20::/• 15.1_0:, '{! 1'.120,..j i.:,s1.os·> ;- 33.269 :' ·aa.01 : 
154.00 1.505 < 0.910·, < 0,596 <_,1.048/, 12.24, .. , ,12.84 .. .', ,..t_.477', .... ,49.22 '.32.7044, ,,37.05,.; 
15s.oo , 1.sso ., •:.,o.925.: '/". o.605 :,J04o:t "11.30 ,.11;15 _i\1.352_.'.:i 45.03" ·.a3:5817i ,,35.42--; 
155.oo • · 1.556, - o.940'.,:: _0.616 ;': 1:os1,',, 1a.2a. · 1B.8t · :~ 2.63( , 86.27:.-: ,,,18.3567,_' 40.0S·:: 
157.00 :1.581 ;·, 0.955_,,.0.626.::,1·023:';;: 26.36, 26.97 .,'.-:_4.154,.'.\ 135.74, 12.0719; 42,35_; 
158.oo·, ·,1:607'_ :; 0.911,, o.636 ,;,:1:015:· / -18.37 18.64 ).''_.2.437.('._' so.as;.:: •24.924?, 39.48 ; 

,159_00 ·1.5aa'.:, 0,957 .. _0.646· .. 1.ooi: ,.,_14.91, C,:·.15.01 ·>,"..1,s23. ':, ·eo,5a .. 31.782.; 37,79 ·: 
·150,00 t.659 , 1.002., · o.657' • 0,999 , L_21.o3. 27.60 -,;./3.88? .. ". 1_21.os, · ;m.6505 .. 41;75 

1 
rn1.oo 1.685:, · ·1.018, · o.567.:_', o.991<, ·35,3f· 34:99 \_(4,5~1>,~_.150'.06· :. 27:5a5s_; 42.53: 
162.00 1.112., 1.oa5 · o.sn·; o.sea :. : 67.79 _66.65 :,.: .10.112., . .,:328.19, ,16:5598·, 46.11 
163.00 ,1.738 ' 1,051 0.687 •:,0.976, >·85.07",' '82.99. /12.942.' '419.64, 15.1488: 47.17, 
164.00' 1.765 , 1.001·' 0.697, 0.968 79.58 77.03 t,12011 386.99' ,16.2214 46.75 

...J 
I' 

~ 

...J 
0 
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Cone Tee Interpretation 
lnterpretatior, ,,I.I\· Release 1.22 Rev. Format: NLI Imperial 
Run No: 07-1210-1008-4215 
Job No: 07-804 
Client: Civil & Environmental Consultants 
Project: Pond Creek Mine - WUllarnson County, Illinois 

Site: CPT-11 Material Types and Uni\ Weigh\ (pc!\ Phi Avg. ~ ~ ~ ~ 
Location: Pond Creek Mine deg tsf ts! % % 
Cone: 20TON AD211 C&:]Aesidual Soil I 39.88 I 2.75 I 89.72 I 26.76 I 2.35 f 
CPT Date: 07/31/10 
CPT Time: 10:31 
CPT File: 804CP11.COR 
Northing (fl): 0.000000 
Easting (fl): 0.000000 
Elevation (ft): 440.6 

User Inputs: 

Assumed: 
~ Ground Surface Elev. ~ 

State Parameter: DL] CPT area raUo: ~ 
Unit Weight of Soil {pcf): ~See Below See Below Copied from ConeTec CPT Data File 
······------- -------.. ·-··-·····------------------------------------- ----------- ---------- ----------- --------------- ------------- ------·----· ···------------·-··· -------- -----·······-······-------------- ---------

Depth Sample EL AvgOt AvgFs AvgRI AvgUd Qtn Rfn le Q F SBT U.Wt. TStress EStress Ueq Cn N60 (N1)60 Su qe Fe Phi 
(It) (It) (tsf) (tsf) (%) (fl) (tsf) {%) (pct) (ts!) (tsf) {Isl) (blows/ft) (blows/ft) (Isl) (Isl) (%) {Deg.) 

0.164 440.436 20.5 0.22 o.76 0.1s 2779.49 o.772 1.11 2778.51 o.77. 7 125.oo 0.010 0.010 0.000 2.0o( "4.17 a.34 o.a02 28.49'.. :.1.25s3:. 54.33 
0.492 440.108 28.29 0.44 1.56 -0.67 919 1.557 1.50 919.33, 1.56 6 125.00 0.031 0.031 0.000 2.000 4.67 9.34 ',. 0.875 28.3 ', 2.83968'. 50.52 
0.82 439.780 20.11 o.54 2.66 -2.66 392.561 2.684 1.87 392.76 .. ·,,2.68 5 125.oo 0.051 \·.0,051 . 0:000. ,2.000 3.78, 7.55 -;<:<o.s23".c,_;_20.1a. \s.6079•('_47.11 
1.14a 439.452 19.6 o.52 2.03 -12.35·, 212.111 2.663 1.94 273.29 2.05 _5 125.oo ·0.012 0.012 0.000 2.000··••3_79 7.57 ... , o._005 }'~9.68 _.·1_1.4161_·45.51 
1.476 .439.124, 28.99. 0.42 1.43 -1.13 313.255 1.453 1.69 313.36 1.45 :.6 125.oo· ·0.092, 0.092 o.ooo· .... 2.000.· ... _:5.10 10.19 ··_0._895 .29,.. _:_5.94772,· 46.13 
1.804 . 438.796 36.06 0.45 .1.25 -0.01 318.823 . 1.252 1.63 318.82 1.2_5 .. 1 125.00 o.113/ .o_.113 ·.; 0.000:> 2.006 \: • 6.22 .. \, 12.43 :,.:q,11a:' -.'- 36.06,:' •;4.93192•:_46.20 • 
2.133' '438.467 35.17' 0.54 1.52 ·0.16 262.816 t541 1.76 262.82 1.54 7 ·125.00 ·0.133,··o.133/l'O.OOO'.· 2.000"' 6.32,, \.12.ss<i":,:1.085: 35.17::7.21826"45.33" 
2.461 436.139 37.91 0.55 1.44 -0.05 245.469 . 1.457 ' 1.76 245.47, 1.46 7 , 125.00 0.154 . _0.154 __ :' 0.000 · 2.000, ' 6.81 · 13.63 {:, t:'159, ·.':·37.91 :/:- 7;'18838 45.02 ' 
2.789 '437.81.1" .36.47 o.e0. 1.87. -0.34 208.222:·1.a14. 1.89 2oa.22 1.87 6 . 125._oo. 0.174 :0.114 .. 0.000 2.000_': 6.87 .'13.74 /:1.124_ '36.4L>to.03a4 44.25. 
3.111 437.483 · 27.44.. ·o.59 · 2.16 -0.37 139.853 • 2.166 2.04 139.85 2.11 6 , ,.125.oo · _o.1s5:' o.195 .. 0.000-,.,,·,2.oao;.· ",5.49 .:10.97 ··.;,:;.O.a44. · · 21.44 · ,.14.139 :_.42.30 1 

3.445 437.155' ,:20.54 ' '0.66 3.22 •0.44 94.3962 · 3.247 2.29 94.40 3.25 5 .125.00 · 0.215, 0.215 ' 0.000 : . .: 2.000... , 4.54 . , '9.08 • ''. 0.629 20,54 ; 22.0663 · 40.26 

!:~~ :;::!!~ ~!:~~ · o~9~ ::;! :~:~! ;~1~:!; ·;:;;:. !:;~ 1~~·~3~ ::~ : ~~::: .. :-6::!:·-..···.6:~!!·, · 6:6•~g·:-J;I:~~~.:', .. ::~t :~~·:!~·. ·\:6:::.;, .!::~· . .' .. ~;:~~!! ;6:!; 
4.429 436.111 31.36 1.oa 3.45 -1.09 112.29 3.475 2.26 112.33 3.47 5 · 125.oo 0.2n ., o.2TT' ,.o.ooo-.'\'.1.901 ":6.86 13.04 <·-0.962_' _'31.37 .. 21:1201· 41.18 
4.757 435.843 38.92 1.01 2.74 1.76 129.906 2.770 2.15 129.84 2.n 6 125.oo · o.2s1· o.297 o.000<"1.a34· ,8.11 ,.14.86 ·1.195:· . .'.·38.9 .. ·17,2319 ~1.92 

;:~~! :;;:~~~ ;~:~: ~:~! i:!~ 1~~;1 ~~~9~~3 i:!:: ::;; ~~~~o !:!: : ~!::~6-. ~:;;:: ~:;;:::. 6:6~~, g~~\·:'.:!:~~: ,--.~~:!!:• ~:~::., ·::~! ,~::;~;~ ~!::~ '. 
5.741 434.859 25.89 o.85 3.29 18.S 71.1547 3.329 2.38 10.05 3.34 s . 125.oo o.359' <.,.0.359:'.· 0.000 · ,1.669' :\5.94 -.9.91: '.:.0:190•.: .,.,25.78. >25.613~ ... 38.69 ; 
6.069 434.531 23.4 · 0.1s •. 3.36 23.9 60.e905 3.432 2.44 60.30 3.45 _s ·. 125.oo 0.319, :.:_:,o .. 379_,__\ · o.ooo;.,:_.1:624-: 5.50 ·. . 8.93 0.113 •·: __ 23.25 _-.:,;-20.015:' :.37.78 1 
s.398 43(202 · 25.75 us · 4.46 22._01 .63.3951 • 4.536 2.51 63.07 4.56_ : 4 :125.oo ·. o.4oo' ·;:.0.400:! o.ooo·/,1.58(.' /-28_ :· .. . : ·9.93. _';'.o.785_' /:.25.62,.). 31:3104'_ :.38.04 · 
6.726 433.874 29.09.. 1.21- 4.36 14.11 68.2001 4.430_ 2.48 68.01 , 4.44, 4 i,125.00 ... 0.420 , 0.420 : . . _o._ooo :.1,542.,. :. .. 1.01.-,, 10.01. ·o.888 >· •. 29.0b, 29.9625 · 38.46 
7.054 433.546 24 · 1 4.16 11.96 53.4372 4.245 · 2.54 53.2.8 · 4.26 4 12s.oo 0.441 "0.441 ·: ''.o.ooo\·.1.606.,'. ''5,94· · 8.95:.,,,, o.729· ·'. 23.93 .:_:32,5699 :-:37.D7 
7.382 433.218 21.53 0.94 4.35 ,14.92 45.6649 4.462 2.61 45.45· ,-4.48 '4 125.00 0.461 0.461' ''0.000·;:"1.472· .":,6.49' 8.09','' 0.652. ':21.43 •'35.6188 .... 36.14·.; 
7.71 432.890 22.03 · 1.os _4.75 14.57 44.7173 4.873:·: 2.54 44.53 4.89 3 125.oo 0.482 0.482 ··:. o.ooo:,:·~ .. 441-- ·,.:5.72 ·· .. a.24 · .. :.:o.667· .. :. 21.94 37.2891 · 35.02 : 

8.038 432.562 22.77' 0.99 4.34 10.23 ;44.3247 4.446 2.61 44.21, 4.46, 4: 125.00 0.502 0:502'. .. 0.000/f. 1:411:_;, ., 5.84, ':/•"8,24•' ):-0.689,:; ,22'.71. 35.9462 , 35.97 
8.366 432.234 32.54 1.27 '3.9 8.77 '61.2328 · 3.967 2.48 61.12 3.97. 5 ,125.00 · 0.523, .·0.523"• 0.000> 1;383;; ;7.83 · 10.83: .;,:.0.991', '32.48', 29,7484, · 37.86 

~;:i; :!:m !H! l:~ !::: ~;:; :~~1: !m Hl !H~ !~ i m:~ I!:: ~!:: iit~ 1:m ::!:. 1~ H:L ~UH;!::t EJ: 
9.678 430.922 19.77 1.16 5.88 0.32 31.6844 6.053' 2.81 31.68 6.05 3 , 125.00 0.605 0.605 0.000 -1.286}' :5.64 : : 7.25 ':,,0.593, : 19.17 46.4618 33.95 ; 
10.005 430.594 16.91 1.13 6.7 7.09 26.0398 6.939 2.91 ·25.98 6.96 3 125.oo · o.625 o.625 0.000 .. ":.1.255 ,,·5.11 6.46 o.504 •. · 16.87 f.52,7324: 22.11 
10.335 430.265 12.18 o.84 6.91 1.21 17.8563 7.283 3.05 11.18. 7.31 3 125.oo o.546, .o.646, ·. 0.000· 1:244,:·.' ·3_99 . . 4.96 · :,:._:o.357,. ,..,12.13,..: 61.5745 · Jo.2s · 
10.663 429.937 13.61 0.58 4.27 11.11 19.422 4.481 2.88 19.32 4.51 '3 126.00• 0.666 0.666\ · 0.000 '1;225 .' '4.02 ,, '4.92' ",0.401 ,13,54 50.6152' 30.80 
10.991 429.609 1s.1s o.58 3.6 16.15 22.5241· _3.748 _2.10 22.30 3.77 4 125.oo· o.s87 o.687··:o.oao.:::;1:201;.;;.-_4_,51 _:. ::5.M:.,,i, .. o.479.,..:;·15.05 :,44.7951. 31.76. 
11.319 429.281 20.35 o.95 4.66 ·to.23 27.7658 .4.836 · 2.18 27.67 4.85 3 ·12s.oo 0.101 o._101:,: 0.000 _:1.1a9.: :,.s.11,,: ··6.79,;' ,:;-o.5os: .,.20.20 _ _.,:.,45.0299) 33.10, 
11.647 428.953 15.41 0.83 5.37 7.37 20.3852 5.653 2.93 20.33 '5,67 3 ,135.00 0.728 , 0.72.0' · 0.008 •',\1.178< . 4.10' 5.54· >.'0.455 · :15,37, \' 53:7104,\ 31.14 
11.975 428.625 15.03 . o.51 3.4 12,31 19.5044 3.571 2.81 :- 19.40 · • 3.59 4 135_00 ·0.150 · <0,732 , 0.018 ··.: 1.169 · ·: :.4.25 ,5.oo o.442 · "::14.95:'.:·.: 46.7592 ·so.84 · 
12.203 428.297 13.48 o.39 2.86 1s.05 11.0193· 3.069 2.82 16.94" ,.3.09_ 5 135.oo o.n2 · 0.144 ... 0.028 ,1.159._.. · 3.84 4.45·'. .,.:o .. 393.·. 13.38:, 47.1053·:' 29.96 
12.sa1 427.969 14.27 o.45 3.13 24.68 17.8261 3.339 2.83 11.61 3.38 · 5 135.oo o.794. o.1sa- • 0_03a ;1.1so·., A.07 4.69 • .. :o.417. .... 14.11_, ._.47.7069 .' 30.22 
12.959 427.641 16.62- 0.59 3.53 32.75 20.5813 3.733 2.81 20.31 . 3.78, 4 135.00 0,816 '0.768 0.049, : 1.141 4.69 ·; 5.36'. i .. :0.489 .'< '16.41 :· '·46,6978' 31,15 
13.287 427.313 15.45 0.53 3.41 85.75 18.7382 3.627 2.85 18.06 :3.76 4 , 135.00 0.839 '0.780, 0.059 · 1.132' .. 4.36 4.94 · .\, 0.452_>,.; ,.14,92 ', _48.9421, 30.39 ' 
13.615 426.985 14.31 0.4 2.n 92.79 16.9884 2.974 2.03 16.26 ·3,11 5 135.oo o.0s1 o.792 o.059 :.1.124_,,-.·3.98 4.47. :::,.o.416_'" 13.13 48.0254_, 29.11 
13.943 426.657 16.27 0.56 3.45 78.04 19.1483 3.639 2.84 18.54 3.76 4 135.00 0.883 0.804 ,0,079 .. 1,115· .4.59 5.12 0.476: '15.78 48.3929 30.57 " 
14.271 426.329 75.29 0.83 1,1 37.25 91.2159 1.116 1.97 90.93 , 1.12 8 135.00 0.905 0.815' 0.090i 1.107 14.61 16.18', 2.303 ·.,:76.06 i12.2389c, 40.07 

14.6 426.000 92.32 1.92 2.08 ·13.9 110.454 '2.101 2.10 110.55 2.10 ,·7 135.00 0.927 0.827 0:100 1.099 18.90, '20.78 '2.829 92.4 15.8278 41.10 
14.928 425.672 64.03 2.1a 3.4 -6.84 75.1558 3.456 2.37 75.22 3.45 6 135.0o o.949 o.839 0.110 1.092 14.71 ···1s.os 1.953 84.08 25.3244-' 39.03 
15.256 425.344 42.81 1.68 3.92 119.63 49.1501 4.015 2.56 48.27 4.09 5 135.00 0.972 0.851 0.120 1.084 10.53, 11.42 1.295 42.06 33.3652 36.51 
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(\ 
-·· ·----····· ······-····-········-·-·· -··········- ····-·-·-· ···-·-··- ·······•··•· ····-·····- ·····-···· ············-· ...... . ......... ···-········· ..•.•...•.• ··-······· •.•..•.....•.•.•..•..•.•...• ······-···· ·-········ 

Oeplh l:. El. AvgOt AvgFs AvgRf AvgUd °'" (tsf) 
Rio 
(%) 

lo 
(fl) (fl) (Isl) (Isl) (%) (ft) 

15.584 
15.912 
16.24 
16.568 
16.896 
17.224 
17.552 
17.88 , 
18.208 
18.537 
18.865 
19.193 
19.521 
19.849 
20.1n 
20.505 
20.833 
21.161 
21.489 
21.817 
22.145 
22.473 
22.802 
23.13 
23.458 
23.786 
24.114 
24.442 
24.77 

25.098 
25.426 
25.754 
26.082 
26.41 

26.739 
27.067 

425.016 
424.688 
424.360 
424.032 
423.704 
423.376 
423.048 
422.720 
422.392 
422.063 
421.735 
421.407 
421,079 
420.751 
420.423, 
420.095 
419.767 
419.439 
419.111 
418.783 
418.455 
418.127," 
417.798 
417.470 
417.142 
416,814 
416.486 
416.158 
415.830 
415.502 
415.174 
414.846 
414.518 
414.190 
413.861 
413.533 

31.18 
74.08 
168.1 

179.25''. 
134.23 
78.4B 
61.76 
1a1,9r 
229.79 
178.23 
158.32 
129.65 
173.42 
263.85',, 
128.37 
79.4 
78.64 
69.37 
108.25 

132 
152.55 
166.92 
175.61'' 
186.83 
212.47 
206.47 
224.17 
237.64 
244.94 
239.96 
217.85 
219.37 
214.66 
225.44 
268.44 
344.83 

1.38 
1.85 
3.39 
4.43 
3.06 
1.39 
2.91 
4.46 
6.98 
4.a,:' 
3.os'' 
3.89 
5.09 
6.2 

5.69 
4.72 
4.44 
5.02 
6.71 
7.15 
8.54 
10.03 
10.85 
11,72 
12.86 
13.26 
13.55 
15.41 
15.19 
14.94 
14.42 
13.74 
13.21 
13.56 
15.56 
16.55 

4.44 
2.5 
2.02 
2.47 
2.28 
1,78 
4.71 
3.38 
3.04 
2,73 
1.93 

3 
2.94 
2.35 
4.43 
5.95 
5.65 
5.61 
5.27 
5.41 
5.6 

6.01 
'6.18 
,6.27 
6.05', 

·6.42 
6.04 
6.48 
6.2 
6.23 
6.62 
6.26 
6.15 
6.01 
5.8 
4.8 

88.96 34.9725 4.572 2.70 
119.6' 83.4971 2.532 2.25 
·0.74 188.354 ·, 2.029 1.94 
~10.55 198.239, 2.486 2.00 
·18.82 146.166 2.298 2.05 
·20.86 83.8148 1.796' 2.14 
-21.8 64.8083 4,799, 2.52 

·22.01 137.977 3.409 2,20 
1.89 237.93 3,053 2.03 
5.5 181.799 2.751 2.05 

·5.91 159.195 1.941 1.97' 
·15.68 128.399 3.029 2.18 
·12.86 169.87 2.957 2.10 
-'·1,66 255.66 2.361 , '. 1.91 
4.11 122.087 4.478, 2.33 
5.06 74.0219 6.047, 2.56 
4.76 72.3155 5.746 2,55 
5.8 81.2538 5.706 2.52 
5.22 97.3752 5.345 2.45 
2.46 -117.444 :5.476 2.41 
.o.a2 134.133 '5.a52 2.39 
-0.81 ' 144.956 6.063 2.39 

'-0.16 ''150.561 6.232 2.39 
, 0.3 158.165 6.325 2.39 
.o.at · 1n.101 · a,091 2.as 
-3.42' 170.396 6.472 2.38 

; ·3.65 182.713, 6.088 2.34 
•5,54 191.262 ' 6.530 2.36 
·7.81 194.633 6.244 2.34 

·11.57 ,188.192 6.270 2.34 
·17.67 168.534 6.672 2.39 
·20.97 167.543 , 6.314,, 2.37 
·22.49 161.82 6.205 2.37 
·24.85 167.847 6.063 2.36 
·24.92 197.572 5.836, 2.31 
•25.2 250.97 4.825 2.18 

a F 

34.34 4.66 
82.64 2,56 
188.35 2.03 
198.32 2.49 
146.30' 2.30 
83.96 1.79 · 
64.96 4.79 
138.12 ,- 3.41 
237,92 · ,, 3.05: 
181.77' 2.75 
159.24 1.94 
128.49 / 3.03 
169.95·-'." ·2.96 
255.67 2.36 
122.06' 4.48,; 
73.99 ,.- 6.05 ',, 
72.29 5.75 
81.23 5.71 
97.36 5.35 , 
117.43 5.48 ,; 
134.13 5.65 
144.96 8.06 
150.56 '. 6.23 
158.16," >5,33 
111.10'• 6.10 
170.42 6.47 
192:1a 6.09 
191.29 6.53 
194.66 6.24 \ 
188.25 6.27 
168.62 6.67 ;, 
167.64 6.31 
161.93 6.20 
167.97 6.06 
197.68 ' 5.83 
251.09 4.82 

SBT 

4 
6 
7 
7 
7 
7 
4 
8 
12 

h 
8 
6 
7 
7 
11 
11 
11 
11 

-11' 
11 
11 
11 
11 
11 
11 
11 
11 

'11' 
11 
11 
11 
11 
11 
11 
11 
11 

U.½,. TStress EStress Ueq Cn N60 (N1 )60 Su 
{pcf) (tsf) (Isl) (tsf) {blows/It) (blows/fl) (tsf) 

qo 
(tsf) 

Fe Phi 
(%) (Deg.) 

135.00 0.994 0.863 0.131, · 1.076. 8.26 , 6.69 , 0.935. 30.63-·:,,40.6127 34.47 

~;::~~ -~:~!: \'~:~~;,< ·-~:~:~ ~:~~::':( !~::~ - -~:~~-: <-::1;:. ;.,;::.-~ 'i ~~;~~~; ',_:;:;; . 
136.00 1.060 •, 0,999: •, ·o.1a1 1 .:.1,055 ·:'.>35.21',- , 37.-14 \.:>5-:611, 179.32 ':'12.8438·, 44.02 1 

131.00 1._002,,, :._ 0.911 · 0.1n _1.040 ':;\26.94.:, ,,,: .28.22. \'.A'.122· ,,,_,-_134.35_ \~4.3363', 42.53:-: 

,-·{~::~~ ~;~~!., ::_~::!!",- :g:~::_,::;:}~:! :\:{::!! ,, <-:~::,;! )l}.!;~;, ,:-,y:td <(;1~:1i0 · :::: :i 
140.00 1.150', 0.948\: 0.202 ,1.027}/: 28,14 _ , ,'28:90,'. -:-',,4.050; , '_132.~1 .. _,18.981]:': ,42.25-,•, 
141.00 1.1,a· .o.9a1_.\;'.,o.212, ,1.020:-, _45.,63,:. 46.55·:-\::1~~w:. '-.229,78_ ,13.6451:_ 44.88 · 
,142.00 1.195 o.974,-_,,,;.o.223_':,1.013,_, 35.79' ·3a,21-._·,,5.481-., .:118.2 14.4578:"'43.60 
143.00 1.220, 0.987: 0.233, 1.007.' 30.79 , -31.00 ,', 4.864 ,' ,158.36-, 12.157 '42.96 

: ,144.00 ,1_.243 ,- ;:-:1_.000: :·0.243 , -_.-1._000;, :,,,27.40 ,,, _27.40,, ½,f;,3.975t- 1f9.7~{ ,JS.2843:, 41.88 : 

,\'~:::6b .: , ~:::~ _: ·{6!; \' 6:~:,2 b:::r:":.;~::!,<·::;:,::;~: :;i:'!:~~~_;i'._ :-;::.ti· ~~:~~~:\:;::~--: 
~:~:~r --~::!:,, ; ,_~::!:- !i:{~::{ ~::!~ :'\;~:::~-- :;:,/~!::6 __ '\:::~i::;:' ~9~3~,:i;-.-;;::::: .. :_:!:::., 

'149.00' '1:363 , 1.069._ ·: 0.294:'.· 0,967 _'.:119_.63 ,' '.-18.99 .·. 2.392,, ,,78.61.c,:,,,33.0698 _ 38.82, 
:_150.00 1.387 "•-.i1.oaa· ~:0.305·;: o.961,::..- , 21.'e(' " 21.09 · -.,,,-2.124~- · :_'89.a4::),:·,3jA99,[.'_39.47 '. 
·151.00 u12 :1'.091 _:,o.315 ,:,0.955,- 2s.11 24.54 ·::3,309 :100.22:< 28.3906'•':40.44 

-~~;:66--,,.'t:~~- \~;g~,,-,. 6:;~~ , :6:::~-/ ;~:;~ ~~:~: ;.>!:~!! :>~!i~:-.'-,,-~::!~!t'.-~:~ii '• 
154.00; 1.487,> : ,1;_141 ,' ,0.345 /0.936 '. :,38.66 , 3~.19 ''5.122,,:: ,-'.166.92';:_i-'.26,1022',, 42.49 

, 155.00 ',1:512-'; <1';156 _,,, :0.356-.\ 0.930'·_ :40,59' 37.84< :· 5.390 ,' 175.61 ·:t-'26.1461>' 42.68 
156.00, 1.537-: :-1.172 - · 0,366 1 0.924': ,_.43.17·,:.. 39.89,, ,,5.737 186.82 ', 25.9033.' 42.93 
157.00 1,553:'-, ·},,W7 ):_: 0.376(:\0.918-:-; 48.23'_: .:44.2r, <--6.530 ,_)12A7.' 24:3144, :;:AS.SO_: 
158.00 :. 1.5B9;/ ,1.202 _:: 0.386,};_0.912 }47.54 ,-,43.31?,, :, 6.343 ";- 206.5·; 25.5551, -,43.29 _--

1- 1=_1~•.~=- -=-~--160,00, 1.641 -· 1.234 '0.407 :.' 0.900:, 1
, 54.17 :;; -48.76 ,i 7.306 ,: '237c57 ,' 24.6695' 43.85 , 

161.00' 1.66T, _1.250 :'_o.411_:,o.004'>:-55.32, 49.4a _ _"._7.532_ 244.98 (23._9105 43.94 

-~:~:~~ ~:;~~ , :}~;~. -:- g:::~?~:::~,::': ::::-.'. \::::: :i!_{:~r )~~:~t:>::~~6~_ -:~:~1- · 
164.oo , 1.141s.-,, 1,.299 _ 0.448 , a.an.,,.. ,5o.4o 44.22 -, a.738 . ,: 219.5: :: 25.3316' ,43.21 
165.oo 1.n4 1,316. 0.458 . o.872 · 49.36 43.03 , , a.591 214.a , 25.3928, 43.04 
166,00 1.801 1.332 0.468 0.866 ', 51.45 44,57 ',,,6,924 225.6 .< 24,7228 43.22 
167.00 1.828 1.349 0.479 '0.861' 59.69 51.56 < 8.254· 268.59" 22.7802 44.01 
168.oo 1.855 1.367 0.489 o.855 73.oo 52.45 ·: 10.618 344.99 t8.44n 45,13 

(._ 

"'-l 

C 
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ConeTec Ir~··· 1nterpretation 
lnlerpre!atio, ,,ut • Release 1.22 Rev Format: NLI Imperial 
Aun No: 07-1210-1008•4182 
Job No: 07-804 
Client: Civil & Environmental Consultants 
Project: Pond Creek Mine - Williamson County, Illinois 

Site: CPT-12 Material Types and LJnit Weight /pcf) .e.til.A'&. ~ ~ Fe Avg ~ 
Location: Pond Creek Mine deg Isl Isl % % 

Cone: 20TON AD211 ~Residual Soil I 39.0t f 2.80. I 91.11 I 27.69 I 2.37_ 
CPT Date: 07/31/10 
CPTTima: 11:15 
CPT File: 804CP12.COA 
Northing (ft): 0.000000 
Easting (ft): 0.000000 
Elevation (U): 442.1 

User Inputs: 
c::::I!IJ Ground Surface Elev. ~ 

Assumed: 
State Parameter: ~ CPT area ratio: ~ 
Unit Weight of Soil (pc!): ~See Below See Below Copied lrom ConeTec CPT Data File 
·-·--------------------------------·······-·······-····-··-- •..•...•..•. -·-···-·· ········-· ···········-· -··--······ ·····-···- ····-·········-·-·····--··- -···-·······-··-···-····---··· ·-······-

Deplh Sample El. AvgQI AvgFs AvgRf AvgUd Qin R!n le Q F SBT U.Wt. TStress EStress Ueq Cn N60 (N1)60 Su qc Fe Phi 
(ft) (ft) (ts!) (1sf) (%) (ft) {tsf) (%) (pc/) (ts!) (tsf) (ts!) (blows/fl) (blows/It} (\sf) (tsf) (%) (Deg.) 

0.164 441'.936 11.62 0.14 ··1.16 -0.32 1132.66 1.206 1.37 1132.66 1.21 6 125.00 0.010 0.010 -,O.'OOOi-_2.000~ t.84 ·s.67 :.;,:"-0._359_::- 11.62 ,112402, :51.29 
0.492 441.GOB 7.94 0.16 2.02 ·1.8 257.211 2.023 1.86 257.54 2.02 5 125.00 0.031 0.031 , 0.000 <2.000 1.48 2.96 :_.._:;-0,245.-.i, 7.95 ,. 9.384V 45.24 
0.02 441.2ao 9.78 0.15 1.54· •4.83 189.829 1.542 1.84 190.41 1;54 5 ··125.00 ·0.051 0.051 :o.ooo., 2.000 1.02 -3.64 .'J'..:'o.soh> s.0l·:-9.0519f' 43_a2 
1;148 440.952 14.93 0.28 1.85 •7.94 207.084 1.884 1.89 207.78 '.1.88 · 5 125.00 0.072 0.072 0.000 ,' 2.000 2.82 5.65 '\ '.'0.'460. :."-, 14.98•', ,10.0719, '44.24 
1.476 440.624 13.35 -0.35 2.59 •11.59• 143.715 :2.640 2.10 144.47 ::;2.63. 5,.. 125.oo .. 0.092 0.092 .o.ooo :_2.000_, 2.74_ 5.49 ·::·_o.410_':._13.42 -19!7aes: 42.47·' 
1.804 440.296 10.42 ·, 0.21 2.02 .9.49 . 91.4169 2.037 2.14 91:95 ,2.03 5 ' 125.00 0.113 ' 0.113 :: 0.000 ', 12..000,·· _2._18' :_4.36 :;,';0.319,: 10.48·' 17.1922' 40.12 
2.133 439.967 11.15 · 0.3 ' 2.65 ~4.09 , 82.6381 · 2..723 2.27 82.86 2.72 · ·' 5, 125.00 ;; ,0.133 ·: 0.133 "/";'0.000 , 2.000 :· "2.45' _ 4.90 __ ·;--_;0.341 ,, 11,18 .. 21;347 39.56 ,"i 
2.461 439.639 11.4 0.39 3.39, -0.6 - 73.1162 3.468 2.38, 73.12 _.3.47 4 -.. .','125.00 '0.154'_ '•0.154 ',0.000 '<2..000.! __ 2._63 , <5.26,' __ 0.348, 11.4 ·:-.25.7091 38.87 
2.789 439.311 19.33 0.58 3.01 · 0.23 109_593> 3.028 2.22 , 109.89' _.3.03 5 '_-.125.00 0;174< 0.174', ,".0.000,- ,2.000 .. ,.:,.,4.16'' 8.31: ·i:,0.593> '-'19.33 ;19,7298: _41.06 
3.111 438.983 ·20.05 o.84 -2.09 -2.91 147.604 2.921 2.13 147.55' 2.92 5' ·.125.oo 0.195 0.195 ·o.ooo;·.2.000 ,;5.99 :.:>11.98_-':::o.a90-'.::29:94_. __ 1e.111e:,42.57) 

t~l :!~:!!! :i:~ ·:;i ·:1;• H:l:•• :~Y:t::. :::~. Hl l~!l! ·.·::~ : m:: .gm· ·.··g:~i!• HE •.• um!:~· ·.H:E···Hm.::::t•i~m~ :::l: 
4.429 437.671 . 24.24 _ o.91 ·3.76 . 45.54 · ·06.5683 · 3.797 2.37 85,56 3.84 ' 4- ': 125.oo :0.211 ·,::-:··o.2n: _·· ·o.ooo·:: :·1:sof_,:'.· •'.:5,5o:<·- -::.10:4!fr·: <0.742/?' 23.96 {>_252412 \"39.73 . 

H:i ~:::ill~r g:~i ;:r .. :H! !Im: HH. i::· !::~! ·Hi··· .: m:··g!;i.:g!;i<:J:Il:}:i· .. :~!Hii.~:;!f··~:Iti~fmtm:!!, 
5.741 436.359 19.94 0.81 4.05 ,· ·.-42.6h ,54.5722 "4.137 2.53 53.82 ,'4.19 .4 125.00 0.359 0.359 '.. 0.000.-.-'.'1.669:/ -4.87 .. ' ... 8.13, '"-.'0.600 .. ,'./,19,ef ;" 322135 , 37, 13 ' 
6.069 436.031 19.3 o.6· • 3.12 '42.66 , 49.8815_: 3.171 2..48 49.20 ~.22 , 5 125.oo .' o.379 ._:/0.379_': · 0.000;'.:':_'1,.~4":.:·- 'l59> -:7.45, <'.;'_O.Sas}. ·t19_04 ).:29.7477 · 36.Go 
6.398 435_102 19.44 , o.61 3.15·- 38.64 47.6152:.- 3.204 2.50 41.02 3.24. 5 125.oo ·0.400 ,; o.400. ·,:·o.ooo, •t581_ t4.67 . .-_7.3a:_ · o.589_;, · "•19.2: ";:30.4945·. 36.34 
6.726 435.374 _ 19.51 0.69 3.55 ,' 28.89 45.4109 3.615 2.55 44.98 _ 3.65 >4 125.00 0.420 :-,_0.420_ >" 0.000 )1:542_':: <-4.81 , ::: 7.42_> '(•'.'0,591 i: ''/.19.33 '/_32.7392'., 36.08 

~:~!! :;;:~~: --~:::; ~::~ -, !:~! \~~3 4
:;~;;

5 
:::: :::: , :~:~: ·::::~ ; ~~~:~~ ~:::~- .. .-6:::L:. "-:6:~66 J~::~:::_ ·.:-::~~'°'- _; \.;::: -\}~::~ii-::>~!::~.,j_!t~~~;: .;::!! 

1.11 434.390- 17.5 o.aa·· •4.73, · ·14.09 35.3165 4.an 2.11 35.13 4.90 3 125.oo 0.402 ··· 0.482-: to.ooo,;,c 1.441"-:--_:, 4.71 6:79. ·_- __ \o.s21-· · 11.41-.:-; ·'41.015:. •34.59 ; 
8.03B 434.062 15.42 ',0.64 4.-16 15.08 29.6942 4.290 2.73 29.52 4.32 3 125.00 0.502,:-.,0.502 0.000 ,.,1.411-_i' 4."19 _5.91.,_'<o.462 ':',15,33',"(41'.9523..-33.51 
s.366 433.734 15.44 o.6 3.86 17.32 28.529 4.022 2.12 20.32 4.05 4 125.00 o.s23 o.523: :' _o.ooo; '.'-1.383,,r" A.18 5.77>"'' _,o.462 · .. 15.a3 _:_.41.6655> 33.25 

::~~: :~;:~~: ~~:~~ ~:~: .::~: ~::~~ ~!:~!~~, ::::~ ~::: :::~~ :::~ : -~~:~g, g::: ... , g::::·t. g::g: __ --~::~t:' !~!~ ;:~:-.. _ :, ,:'•g:::;" _:_-~::;:i, ·48;;3i7~';:' ::;~ 
9.35 432.750 17.62 0.88 4.98 13.99 29.1519 5.166 2.79 29.01 5.19' 3 125.00 , 0.584 0.584 ·_. 0.000:' :1.308,_, 4.95 6.48 -:.,_0.527, - 17.54 ·.: ~5.3203 .. 33.40 

9.678 432.422 16.33 0.12 4.42 21.5 25.9973 4.579 2.79 25.77 4.62 3 .125.00 o.605 o.605 ,-0.000. · 1_.20s,. ... 4.58. 5.B8 ::.o.487, 16.19 \·45.491 ·'. 32.66 
10.00,s 432.094- 13.67 o.59 4.33 11.13 20.8589 4.523 2.86 20.15 4.55· 3 :125.o~·- o.625.. o.625' . .' __ o.ooo: :1:265;,: '·,a.99 s.o4 - -.. :0.404,,._ -\13:6·' >49.3482 31'.21-
10.335 431.765 12.63 0.44 3.49 13.16 18.553 3,672 ' 2.84 18.43 _ 3.70 , 4 , 125.00 0.646 __ 0.646 ·, , 0,000 , 1':244;' _, 3.64 4.53'_' ..-, 0.3n.- !_"12.55 ::;48.2363, 30.50 
10.663 .431.437 12.67 o.5 3.92, 14.21 18.0115 4.165 2.88 F-89 ·'.·4.19 3 125.00 _0.666··._:.0.666 0.000 ._1.225·.:, __ 3.75,_,_ '4.59'- '/.-:0.372_/ ·_12.59 (50.9429_:.::30.30 
10.9s1_ ·4a1.109 12.1 o.63 4.97 13.9 17.4879. 5.244 2.96 17.37 5.20 3 _125.oo ·o.687 o.sa1, __ o.ooo -.1:201,>.-·3,93,_. - ... ~-74_ :/_-_0.372.: :i_12.62 -.;'.55.6721.'./30.11 
11.319 430.781 10.22 o.46 4.51 14.5 13.4465 4.836 3.02 13.31' 4.89 3 -125.oo 0.101- 0.101 .o.ooo; •.1:1B9_i_\· 3.28 '3.91. ·:·0.295' ':10:12·.-,50:1ss8,,-2a.a4 
11.647 430.453 8.57 0.2 2.34 16.35 10.773 2.550 2.94 10.64 2.58 4 125,00 0.728' 0.728 0.000 1.172'.'., ·2.61 3.05_ ·. ,<0.243 ''·8.47' ':54.4211°;'26.83 
11,975 430.125 s.06 0.11 1.03 1a.91 11.234 2.045 2.87 11.01: 2.08 5 135.oo ·o.748 0,140: ·.o.009t1;153\: 2.64 _ :3_.08_---.. _0.257 _··a.94':';t_502,53s 21.11 
12.303 429.797 10.s2 o.15 -1.38 22.7 12.9687 1.539 ·-2.15 .12.18 1.56 5 · 135.oo: -o.n1 o.752 "o.019):.-U53/0 .2.81; 3.32 ___ /_·o.30(;<10.3B '.·,43.:3766:.-28.09· 

~~::!! !~~:~!~ ~;:~! '· g::: ;:~! ~86;8 '' ~::g~~: : ;:::: ~:~~ ~~:!! '.--:::~ : J;~:g~ 6:~~:-- _.•g:~:_. ):g;~--:~:~:: :!::!' ",,.-::!~ .-;;,:~g:;~; :·' .. ~;:~;-. _::_:~::::;::;, ;~::! 
13.287 428.813 . 1a.91 o.36 2.56 7.57 16.601 2.754 2.80 16,54 2.16 5 . -135.oo • o.837" · 0.181- :,:_o.050 -. -.1.121 ... 3.93 · 4.43 );o.4os .... , 13.86 .: ;.45.8936 29.81 
13.615 428.485 17.32 o.69 3.96 6.49 20.5918 4.192 2.84 20.s4 '4_20 4 135.oo o.859 .o.199,_>o.oao'.·):11a __ ·' 5.01_>: s.0r::· ;:_:o.510. '\11.20 ;:."40.2013 •31.23' ~ 
13.943 428,157 28.85 1.37 4.74 · 1.25 ·34.4741 4.898 2.72 34.46 4.90 3 135.00 0.881 0.811.- 0.070; 1.110, 7.83 8.70 0.866 ·28.84 41.3835 34.48 
14.271 427.S29 '35.76 1.81 5.06 8.08 42.3427 5.193 2.67 42.28 5.20 3 135.00 0.903 0.823' 0.080 - 1.102 9.48 ·10.45' ·: 1.079 35.71' ·>39.0642 _: 35.72 

14.a 421.500 93.11 1.91 2.12 5.47. ,-:110.as1 2.131 2.11 110,35 2.14 1 135.oo o.926 o.835:· o.o9o"< ·1,094 :-19.09 20.09_ <·2:as4:_' '>'·93:os ,_16.0213; 41.09 
14.928 427.172 198.6 <I.OB 2.06 -1.59 233.341 2.064 1.89 233.35 2.06 8 135.00 0.948 0.847 0.101 1,087:, 37.46' 40.71' 6.119; _ 198.61 -~10.1383-· 44.79 
15.256 426.844 186.18 5.12 2.75 ·9.91 215.622 2.764 2.01 215.70 2.76 7 135.00 0.970 0.859 0.111' 1.079 36.81 39.72 ·S.734 :.186.25 '.13,2966 44.42. 
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Depth 
(It) 

15.584 
15.912 
16.24 
16.568 
16,896 
17.224 · 
17.552 
17.88 

18.208 
18.537 
18.865 
19.193 
19.521 
19.849 
20.177 
20.505 
20.833 
21.161 
21.489 
21.817 
22.145 

S. J. AvgOt 
\H) (1sf) 

426.516 190.04 
426.188 263.65 

','425.860 284.27 
425.532 255.09 

:~:~~: •: ~:~;~-. 
, 424.548 275.92 
424.220 282.44 
423.892 257.04 
423.563 242.82 
423.235 257.45 
422.907' 260.77 
422.579 170.7 • 
422.251 · 99.48 
421,923, 121.55 
421.595 160,73 
421.267 215.14 
420.939 213.16 
420.611 245.28 
420.283 304.39 
419.955 331.65 

AvgFs 
(lsf) 

5.38 
6.16,-
6.89 
5.78 
5.83 
6.06 
6.07 , 

5.86' 
5.91 
4.68 
"4.85 
6.02 
6.5 
6.5 

7,95 
12.29 
14.59 
15.63 
17.26 
19.87 
17.77 

AvgRf 
(%) 

2.83 
2.34 
2A2. 
2.2r 

·_2.22 
2.31 
2.2 

·2.07 
2.3 
1.93 
·1.BB 
2.31 

•3.81 
"6.53 
'6.54 
'7,65 
6.78 
7.33 
7.04 
6.53 
5.36 

AvgUd 
{ft) 

Qlo 
(Isl) 

Rio 
(%) 

le Q 

-11.83 217.081 2,846 2.02 217.16 
-13.14 297.513 2.345 1.88 297.60 
·9.63 ' 316.576' 2.433 1.88 · · 316.64 
-12.84 .' 280.208 2.275"\- 1.88 280."30 
~14.73 · "·284,775 · 2.229 . ; ,1.87. 284.87 

-. ~15.84 . 280.793 2.318 1.89 280.90 

\~~:7-: ~~!::!.r ;:~~~ -~:::.-.:. ~~!:: 
-18.27 264.17-.- 2.310 1.90 264.28 
-18.43 246,178 1.937_ 1.85 246.30 
•tB.64_ 257.634' 1,893 1.83 257.75 

· -18.77 · 257.525 2.320 1.91 257.64 
-14.05 ::165.924 3.836 2.19 "166.01 
-18.39 ' 94.8975 6.620 2.53 95.00 
~17.74; 114.684;-- 6.612 2.48 114.80 
-14.95 ' 150.046 7.711 2.47 150.13 
-12.33 

2.1 
16.49 
34.99 

221.32 

198.618 6.825: 2.36 198.69 
194.194 7,380 , 2.40 194.18 
220.717 '.7.078 2.36 220.62 

. 270.633 .: 6.559 2.29 270.44 
29l.141 . 5.382 2.20 289.92 

F 

2.84 
2.34 
'2.43· 
2.27 
2.23 

,2.32' 
2.21 · 
2.08 
2.31 · 

"·1.94' 
--··1.09 

2.32-" 
·3,0a' · 
6.61 
6.61 
7.71, 

·6.82 
7.38 

0

7.08 
6.56". 

·5.40 

$BT U.Vv, 
(pc!) 

, Stress ES\ress Ueq Cn N60 (N1)60 Su qc Fe Phi 
(tsf) (\sf) (tsf) (blows/It) {blows/fl) (tsf) (tsf) (%) (Deg.) 

7 135.00 -·0.992 0.871 . 0.121. 1.012-·-7 37.70 40.40- S.853· 190J1, 13.5387 44.45 
1 135.oo 1.014 ·o.aaa 0,131 · '1.064;> ;.49.5t ___ ::_52_.10:. ,._8.131 :.-263.73_\· 9.83312 __ 45.90 
7 13S.OO · 1.03tP<·0,895 _::0.142,'" 1:057\ ·53.37 >- 56.42"• <B:769 ,·,2a4.33 .:_9.8196).: 46.17 
:7 ., ·-t36.oo ·:.:-_· ,1.osa•. ✓- :.o.so1 _-.- o:1s2 :_- 1_.050' r:-.47.96 ":.-: 50_:37' ·_-.'-1.005 .. ;_255:17: /9,90035 :' 45.63 ·; 
8 '137.00.> 1.081 ,, ,:_0.919 :- .0.162_' .- 1,043'/ 49.18 ·, _ 51.31 , ,_:::_,_8.099·.- ·:- 262.78> 9.63384: 45.70 · 

·7 '138.00 _ 1._103_._:- :::0.931. . '0.172> .1.036 / ;49_.47, _ _"..f51.27'.-: ·1_-.8.092_ ., 262.59:/ 10.0493_ 45.64-: 
- 0 . 139.oo .- ; __ 1;_126. ~ o.943 :-0.183_.'c". U3DJ:,"' 5t5o·; '/53._02 8.508·_. , 276.03 _ 9.43529} 45.80 'I 
8 140.00 ·-. 1.149 _ . 0.956 :,. 0.193 _'.- 1.023_'\ 52.26-.. • '.53.45 · 8.709): 282.SSi_ .8.89784., i 45.85 _-' 

: 7. 14t.oo· _ 1.112.-::-_:·o.969 :· 0.203· · _1.015~/ \48.68- · -::._:49.48 ".·; 7_.922\: _ 257._15S1 :10.3524•,: 45.38_ -'. 
0 ·142.00 · 1.195 '. .:•:o_.s02-:' • 0.213,. _1.009,_.--:_; 45.22 ,;(_>45:65:" .. ;','7.4a1.-:>_ ,'242_94; ·_'.9.292a1.,. 45:04 .: 
8 ·143.00 1.218' .. 0.995 · ·-0,224:. 't.003\'/ 47.61' . · '47.74:' 7.933 /• 257.57.) '.'8,85195/ 45.25 ·. 

:·1 ·144.oo 1.242;:, 1.000-- 0.234.'- o.996 .-::-49.52.--, 49.3a ·.;ya.035:·'.·:_.260.as.-: ,_10.5411:.,: 45,25 .. ; 
12 -145.oo 1.-265:_'·1.021 -0.244.- o.990 _i/36:3.9':_:_";35.92 _5.246_' \170.79}·1_~.ao_1;'. 43.16:· 
11 _ .. : 146.oo _ 1._289-- ':1.035_·; ",0.254 ; __ o.983_ ,._, ~.57_ f .. 24:16 _-:,;,:t04o:;· '199.59/;, 31.94221 40,31 

. 11, ':; ::-. 147.00: J.313 .. l.048_?. 0.264·;. 0,977;<(29,34,_,:-. _,28.66, ·:> 3,723,S' , 121.67,_. _'29,!886:_. 41:30 :·: 
11: :,'148.00: ;-. '1.33T_.\' \1.062·;' -0.275 0.9701/-)·?8,65,: _-, 37.50_ ·: .. --'._4'.935 :. 1-160.82 '. '29.~n;:-: 42.67 :,, 

-- 11 149.oo _1.a51 -· ,1.016'_-·- _·0.285'. _-0.964. _ 49.23\'.· • 47.45 _\;:"6.619':__ __ 215.22 ·_;24.995,\', 44.03 · 
11 150.00 '- 1.386'.' 1.091 -.\·o.295: <o.s50'. \..49.52 - 41,42 'a.55a!·. :213.14" ~-26.385 · • 43.92 : 
11 151.00 1.410 --1.105-.·:.o.305 '"o:s51··-"'-:s5.88 ·_· 53.16 ::/7,'55()_ ·.)·245_17'.' 24.68-:;:- 44_53··, 
11 · 152.00 1.435 '1.119 .' 0.316 0.945)' 67.22 '-"63.53 ": 9.379"'"304.17, 22.0175· 45.47 
11 153.00 1.460 1.134 '. 0.326 · 0,939---, 70.29' 66.00 10.223 "330.27 18.9079 ~5.78 

~ 

C 

"" 
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APPENDIX A-4 

PHOTOGRAPHS OF OCTOBER 2007 FIELD TESTING 
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PHOTOGRAPH NO. 1 
View of the Pond Creek facility and South Cell refuse looking southeast. (October 2007) 

072-046 

View of Pond Creek facility from existing coarse refuse crest at EI. 482± 
looking north toward proposed Central and North Cells. 

ConeTec rig at CPT-6 middle right. (October 2007) 
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PHOTOGRAPH NO. 3 
ConeTec CPT track rig at CPT-9 and proposed Central/North Cells 

looking south. (October 2007) 

PHOTOGRAPH NO. 4 
ConeTec CPT track rig at CPT-7 and proposed Central Cell 

looking northeast. (October 2007) 

-· ·------·--"{ ,c· 
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072-046 

PHOTOGRAPHS 

PHOTOGRAPH NO. 5 
View of ConeTec seismic source beam beneath track and 

hammer with grounding cable. (October 2007) 
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072-046 

PHOTOGRAPHS 

PHOTOGRAPH NO. 6 
View of ConeTec CPT ram, rods and 

instrumentation cable from inside track rig. 
(October 2007) 
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072-046 

PHOTOGRAPHS 

PHOTOGRAPH NO. 7 
View of ConeTec track rig (in far left background) at CPT-8 

looking northwest toward proposed North Cell. (October 2007) 

PHOTOGRAPH NO. 8 
View of ConeTec track rig at CPT-11 and proposed North Cell 

looking south. (October 2007) 
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APPENDIX B-1 

SHEAR MODULUS CORRELATIONS FOR SHAKE COLUMNS 
PCSC300E AND PCSC300M 
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OBJECTIVE: 

CALCULATION BRIEF 
FOR 

SHEAR MODULUS CORRELATIONS FOR 
SHAKE COLUMNS PCSC300E AND PCSC300M 

POND CREEK COAL REFUSE DISPOSAL SITE - SOUTH CELL 

Calculate elastic shear modulus (Gmax) values for coarse coal refuse, coarse/fine 

mixed refuse, and fine coal refuse at the Pond Creek site from shear wave velocities 
measured at the site. Also, correlate these shear modulus values for SHAKE modeling 
of the proposed Pond Creek - South Cell embankment cross section, as shown in 
Figure 3. 

METHODOLOGY: From the measured shear wave velocities (V sl with depth at Piezo-Seismic Cone 
Penetrometer Test (PSCPT) sounding locations CPT-1, CPT-2, CPT-2A, CPT-3, CPT-
4, CPT-5, CPT-SA and CPT-5B, shear modulus is determined using the relationship 

' G = ylg Vs-, To estimate induced cyclic shear stresses in the South Cell impoundment 
at the final geometry, SHAKE analyses are performed in which shear modulus and/or 
shear wave velocity are input parameters. 

The seismic data from CPT-1, CPT-2, CPT-2A, CPT-3, CPT-4, CPT-5, CPT-5A and 
CPT-5B were utilized and modified according to the projected cross-section of the 
future South Cell embankment/fines elevations. Columns PCSC300E/M were created 
from the CPT data at STA 300 along the South Cell cross-section shown in f.igure 3. 
The SHAKE columns account for proposed maximum South Cell geometry by 
translating data of corresponding material types to the projected embankment 
·geometry. The translated shear modulus data was modified according to the change in 
vertical effective stress (cr'v) of the new column profile using Log Gmax versus Log 

cr'v relationships. Further, shear modulus correlations were performed accounting for 
changes in effective stress due to variations in ground water levels at the End of 
Construction (E) and Maximum fines elevation (M) conditions, which model the worst 
case upstream and downstream embankment scenarios, respectively. Finally, shear 
wave velocities were co1Telated from the literature (Reference 2) for bedrock as 
necessary input to SHAKE. 
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REFERENCES: 

1. ConeTec, Inc. (2007), Field Report Entitled "Presentation of CPTU Test Results for: 
Pond Creek Mine - Williamson County, Illinois, December 10, 2007. 

2. Civil & Environmental Consultants, Inc. Calculation Brief Entitled "Summary of 
Piezo-Cone Penetration Testing," Pond Creek Coal Refuse Disposal Site, BEG, dated 
12/21/07. 

3. Hunt, R. E., 1984, "Geotechnical Engineering Investigation Manual," McGraw Hill 
Book Company, Copyright 1984. 

4. Schnabel, P. B., Lysmer, J. and Seed, H.B. (1972) "SHAKE: A Computer Program for 
Earthquake Response Analysis of Horizontally Layered Sites," Report No. EERC 72-12, 
University of California, Berkeley. 

5. Hardin, B.O. (1978) The Nature of Stress-Strain Behavior in Soils," Proceedings, 
Geotechnical Engineering Division Specialty Conference on Earthquake Engineering 
and Soil Dynamics, Vol. 1, ASCE,. Pasadena, CA., June, p.p. 3-90. 

SHEAR MODULUS CORRELATION FOR EXISTING REFUSE MATERIALS 

ConeTec, Inc. (ConeTec) performed PS-CPT at 15 locations throughout the Pond Creek site as shown in 
Figure 2 of the report, with locations associated with the South Cell, designated as CPT-1, CPT-2, CPT-2A, 
CPT-3, CPT-4, CPT-5, CPT-5A and CPT-5B also as shown in Figure 2. Based on the information provided 
by ConeTec which is presented in Appendix A, Attachment A-1, measured shear wave velocities were used 
to determine shear modulus (G) values with depth using the relationship: 

2 
G = (Vs * y)/g 

Since low-amplitude (less than 0.001 % ) shear strains were measured during seismic downhole testing, the 
shear modulus values obtained from the equation above equal the elastic shear modulus, Gmax· The Gmax -

values estimated by ConeTec in their report were subsequently modified by CEC, due to our interpretations 
of the applicable unit weights for the strata encountered during the piezo-seismic cone penetrometer tests. 
The refuse/soil material properties and the generalized subsurface profile, based on the results of the 
continuous CPT profile as well as the seismic downhole tests which were completed at every three-foot depth 
interval, are tabulated below. The field measured shear wave velocities and modified initial shear modulus 
data (Modulus Calculations From Field Geophysical Data) for each South Cell CPT sounding are attached. 
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Generalized South Cell CPT Profiles from 10/2007 Field Testing: 

CPT-1 CPT-2 

EL 482.19 - Surface Elevation El. 494.21 - Surface Elevation 

15.3 feet-Deoth to Static Ground Water 38.8 feet - Deoth to Static Ground Water 

0 - 18.4 feet - Residual Soil 0 - 32 feet - Coarse Refuse 

Refusal at 18.4 feet - Bedrock 32 - 45.3 feet - Residual Soil 

Refusal at 45.3 feet - Bedrock 

CPT-2A CPT-3 

El. 492.40 - Surface Elevation EL 466.98 - Surface Elevation 

37 .0 feet - Deoth to Static Ground Water 11. l feet - Deoth to Static Ground Water 

0 - 29 feet - Coarse Refuse 0 - 22.2 feet - Residual Soil 

29- 41.7feet -Residual Soil Refusal at 22.2 feet - Bedrock 

Refusal at 41.7feet - Bedrock 

CPT-4 CPT-5 

El. 482.55 - Surface Elevation EL 482.55 - Surface Elevation 

21.7 feet - Deoth to Static Ground Water 34.4 feet - Deoth to Static Ground Water 

0 - 18.9 feet - Residual Soil 0 - 29 feet - Coarse Refuse 

Refusal at 18.9 feet - Bedrock 29 - 49.2feet - Residual Soil 

Refusal at 49 .2 feet - Bedrock 

CPT-SA CPT-SB 

EL 483.00 - Surface Elevation El. 479.90 - Surface Elevation 

35.9 feet - Deoth to Static Ground Water 28.0 feet - Deoth to Static Ground Water 

0 - 29 feet - Coarse Refuse 0 - 19 feet - Coarse Refuse 

29 - 53.2 feet - Residual Soil 19 - 39.7 feet-Residual Soil 

Refusal at 53.2 feet - Bedrock Refusal at 39.7 feet - Bedrock 
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DescriQtion Unit Weight Friction Angle Cohesion Comment 

(pct) (degrees) (pst) 

Coarse Refuse 130 36 0 Frictional 

Fine Coal Refuse 80 30 Frictional 

19.5 400 Total Strength 
Residual Soil 125 

0 3000 80% Peak Undrained 

SHEAR MODULUS CORRELATION FOR MATERIALS AT PROPOSED SOUTH CELL 

Based on the generalized impoundment profiles of the applicable CPT soundings and the existing site 
topographic conditions, initial moduli were calculated. However, there will be an additional 25 to 55 feet of 
coarse coal refuse that will be placed above the existing South Cell ground surface. Therefore, PSCPT data 
was "transformed" to represent the proposed conditions. This was accomplished by translating data (grouped 
by strata) to the crest location using the respective strata thicknesses for the future South Cell geometry. 
Further, translations were performed as described below for the effective stress variations due to ground 
water levels associated with the End of Construction (E) and the Maximum fines (M) conditions. SHAKE 
column PSCS300E/M were created from CPT-1, CPT-2, CPT-2A, CPT-3, CPT-4, CPT-5, CPT-5A and 
CPT-5B data based on the generalized profiles presented in the following table. 

Generalized Profile of the South Cell SHAKE column PSCS300E and PSCS300M: 

PCSC300E (U12stream Min Fines) 

El. 502 - Surface Elevation 

32 feet - Depth to Ground Water Table 

(Min. Fines Elevation - 474) 

0 - 32 feet - Coarse Refuse 

32 - 50 feet - Residual Soil 

Below 50 feet - Bedrock 

PCSC300M (Downstream Max Fines) 

El. 502 - Surface Elevation 

14 feet- Depth to Ground Water Table 

(Max. Fines Elevation - 496) 

0 - 32 feet - Coarse Refuse 

32 - 50 feet - Residual Soil 

Below 50 feet - Bedrock 
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Due to the changes in the South Cell embankment profile from the existing conditions to the final geometry 
conditions, as well as the change in the piezometric surface associated with the upstream min. fines and 
downstream max. fines conditions and the corresponding change in vertical effective stress. The change in 
shear modulus with variations in vertical effective stress has been well documented for most types of soils. 
Hardin ( 1978) presented a design equation which relates Log Gmax versus Log cr'v for sands. The isotropic 

stress component, n, (or slope) of this relationship was developed for the coarse coal refuse and residual soil 
based on the recorded seismic data from CPT-1, CPT-2, CPT-2A, CPT-3, CPT-4, CPT-5, CPT-5A and CPT-
5B with respect to their corresponding cr'v values and Vs, and was used to modify Gmax for PSCS300. This 

relationship is illustrated graphically presented in this calculation brief. 

The resulting shear modulus values of PCSC300 modified for the proposed maximum South Cell effective 
stresses are presented herein. 

SHEAR VELOCITY CORRELATION FOR "OTHER" MATERIALS 

1ased on the boring logs and generalized cross section shown in Figure 3, weathered rock to competent rock 
(bedrock) exists beneath the bottom of the site and South Cell. The bedrock layer is accounted for in the 
SHAKE columns and shear wave velocities are correlated from Hunt, R. E., 1984 (Reference 3). 

SHAKE column input parameters for each, including the soil type, depth, layer thickness, layer number and 
initial shear modulus and/or correlated shear wave velocity are attached to this calculation brief. The latter 
information (shear wave velocity) correlated from Hunt for bedrock was estimated as follows: 

From Table 2.9, Hunt presents compression wave velocity (Vp) ranges for various materials 
including Colluvium (firm to medium coarse), Shale (soft to hard) and Sandstone (soft to 
hard). It is assumed that the shale and sandstone sedimentary rock ranges are assumed for the 
bedrock beneath the site. Further, Hunt correlates V p to shear wave velocity (V sl using the 

relationships: 

Vs = 0.45 to 0.58 V p (poorly to well consolidated soils, respectively) 

Consequently, the following values are correlated. Note, it is assumed that the rock stratum is medium hard. 

Material 

Bedrock 

v11 Range 

Hunt (1984) 

4,000 to 10,000 fps 

V11 Assumed 

7,000 fps 

Vs Factor 

Hunt (1984) 

0.58 

Vs Used in 

SHAKE 

4,000 fps 
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In order to utilize the correlated and assumed dynamic properties of the impoundment for SHAKE analyses, 
the tabulated data was separated into common material types with a total of sixteen (16) layers. Average 

· shear modulus values were obtained by averaging the values for each newly created layer, as shown on the 
attached spreadsheets. In addition, the assumed shear velocity value for bedrock (presented above) was 
utilized for the basal layer ( 17). The averaged dynamic profiles and tabulated SHAKE input are attached to 
this calculation brief. 

CONCLUSION 
Based on the information presented in this calculation brief, estimates of shear modulus from measured shear 
wave velocities for the Pond Creek - South Cell impoundment were performed. SHAKE columns 
PCSC300E (Crest Column - Upstream Min. Fines) and PCSC300M (Crest Column - Downstream Max. 
Fines) were created by translating the initial shear modulus values from CPT-1 through CPT-5B and 
modifying them with respect to changes in vertical effective stress associated with the final South Cell 
geometry. The Log Gmax versus Log cr'v relationships for coarse refuse and residual soil were developed 

from the downhole seismic data from this study. Additionally, correlations presented for "other" materials 
not directly tested were utilized. The correlated shear modulus values subdivided into layers and averaged 
for use as SHAKE input. The created dynamic profiles will be utilized to estimate induced cyclic shear stress 
with depth for the proposed maximum South Cell geometry. 
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Project: Williamson Energy - Pond Creek South Cell Deformation Analysis 
Subject: Determination of Shear Moduli for Coarse Refuse and Soil - PCSC300M (StageVII Crest Column) 

South Cell - Crest at El. 502; Fines at El. 496 (MAXIMUM FINES LEVEL) 

Objective: Calculate in-situ values of Shear Modulus for coarse refuse and subgrade soils at the Williamson Energy 

Pond Creek South Cell coal refuse disposal site from shear wave velocities measured in various CPT soundinds conducted at the site. 

Pond Creek Refuse Properties: 
(provided by Alliance Consulting Inc. from slope stability analyses) 

Total Unit Weight (pcf) = 

Total Sat. Unit Weight (pcf) = 

Effective Unit Weight (pcf) = 

Coarse 

Refuse 

130.0 

140.0 

77.6 

Residual 

Soil 

125.0 

135.0 

72.6 

Generalized Subsurface Profiles: Cone Penetration Testing (CPT) performed by Cone Tee, Inc. and CEC November 2007. 

CPT-1 CPT-2 

Generalized Profile - CPT-1 Sounding 11/07 Generalized Profile - CPT-2 Sounding 11/07 

482.2 Surface Elev.,ft 484.2 Surface Elev.,ft 

15.3 Depth to Groundwater Table, ft 38.8 Depth to Groundwater Table, ft 

0 - 18.4 ft Clay 0 - 32.0 ft Coarse Refuse 

18.40 Refusal 32.0 - 45.3 ft Clay 

45.30 Refusal 

CPT-5 CPT-5A 

Generalized Profile - CPT-5 Sounding 11/07 Generalized Profile - CPT-5A SoundingJJLQZ 

482.6 Surface Elev.,ft 484.2 Surface Elev.,ft 

34.4 Depth to Groundwater Table, ft 38.8 Depth to Groundwater Table, ft 

O - 29.0 ft Coarse Refuse O - 29.0 ft Coarse Refuse 

29.0 - 49.2 ft Clay 29.0 - 53.2 ft Clay 

49.20 Refusal 53.20 Refusal 

Generalized Profile For PCSC300M Stage VII CREST COLUMN (Crest El. 502. Max. Fines El. 496) 

502.0 Surface Elev.,ft 

14.0 Depth to Groundwater Table, ft 

O - 32 ft Coarse Refuse 

32 - 50 ft Residual Soil 

Below 50 ft Bedrock 

CPT-2A 
Generalized Profile - CPT-2A Sounding 11/0/' 

492.4 Surface Elev.,ft 

37.0 Depth to Groundwater Table, ft 

o - 29.0 ft Coarse Refuse 

29.0 -41.7 ft Clay 

41. 70 Refusal 

CPT-58 
Generalized Profile - CPT-58 Sounding 11/07 

484.2 Surface Elev.,ft 

38.8 Depth to Groundwater Table, ft 

O - 19.0 ft Coarse Refuse 

19.0 - 39.7 ft Clay 

39.1 O Refusal 

8 i Z'! 

CPT-3 CPT-4 

Generalized Profile - CPT-3 Sounding 11/07 Generalized Profile - CPT-4 Sounding 11/07 

467.0 Surface Elev.,ft 482.6 Surface Elev.,ft 

11.1 Depth to Groundwater Table, ft 21.7 Depth to Groundwater Table, ft 

0 - 22.2.0 ft Coarse Refuse O - 18.4 ft Coarse Refuse 

22.20 Refusal 18.40 Refusal 
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WILLIAMSON ENERGY - POND CREEK SOUTH CELL IMPOUNDMENT 
SHAKE CREST COLUMN PCSC300M (CREST EL. 502, MAX. FINES EL. 496) 

CPT-1, 2, 2A, 3, 4, 5, 5A, 5B 

. ( ,v10DULUS CALCULATIONS FROM FIELD GEOPHYSICAL DATA: 

Ex. Surf. El: 482.2 484.2 492.4 467.0 482.6 482.6 484.2 484.2 CCR AND SOIL 

GWT: 466.9 445.4 455.4 455.9 460.9 448.2 445.4 445.4 CPT-1, 2, 2A, 3, 4, 5, SA, 5B 

CPT-1 CPT-2 CPT-2A CPT-3 CPT-4 CPT-5 CPT-5A CPT-5B Average Average Average Average 'Based Average 

CPTMid Shear Shear Shear Shear Shear Shear Shear Shear Shear Initial Stage VII Initial 10X Corr Corrected Stage VII 

Layer Stage VII Stage VII Wave Wave Wave Wave Wave Wave Wave Wave Wave Effective Effective SHEAR SHEAR SHEAR Gmax 

Depth Depth Elevation Velocity Velocity Velocity Velocity Velocity Velocity Velocity Velocity Velocity Stress Stress MODULUS MODULUS MODULUS For Layer 

z z El. Vs Vs Vs Vs Vs Vs Vs Vs Vs cr' a' Gmax Gmax Gmax Gmax 
LAYER NO. 

1 
2 
3 

4 
5 

CCR IBl?6T§lll~i,,i~:~i-OO~B!J!:4!lS:dilllll~1l!ma~2~:a,Jf,iCJ.~iJ!Jlf~'j~N~-~~'lJ!~~99~~i~,-i~.!~ I _lllll~10Ji!r-?,2ol:lz.;1)~?~1Ji:!;IJ~4l5~~~~b~4:""'~~'.''.'l>~~ 6 

7 

8 

9 

10 

33.79 .. 35.00 467.0 NA 950 845· NA NA 780 784 · 1014 875 4223.8 3344.6 2969 3.43 2701 2635 I 11 

7.54 38.00 464.0 656 NA NA 577 673 NA NA NA 635 942.5 3562.4 _1567 3.43 2687 

37.07 38.00 464.0 NA 795 790 NA NA 821 784 1150 868 4605.0 3562.4 2925 3.42 2636 2661 I 12 

10.82 41.00 461.0 808 NA NA 569 781 NA NA NA 719 1352.5 3780.2 2009 3.48 3048 

SOIL I 40.35 41.00 461.0 NA 908 1256 NA NA 780 728 NA 918 4881.3 3780.2 3271 3.47 2949 2998 I 13 

14.10 44.00 458.0 1013 NA NA 738 913 NA NA NA . 888 1710.1 3998.0 3061 3.64 4320 

43.30 44.00 458.0 NA 1173 NA NA NA 923 768 NA 955 5099.8 3998.0 3538 3.51 3205 3763 I 14 

17.06 4/.0U 455.0 1402 NA NA 883 1242 NA NA NA 1170 1997.7 4215.8 5366 3.86 726~ 

46.67 47.00 455.0 NA NA NA NA NA 1599 961 NA 1280 5306.1 4215.8 6360 3.76 5794 6529 I 15 

20.10 50.00 452.0 NA NA NA 1058 NA NA NA NA 1058 2040.9 4433.6 4345 3.77 5952 

49.95 50.00 452.0 NA NA NA NA NA NA 1411 NA 1411 5659.5 4433.6 7729 3.85 7000 6476 I 16 
----
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INITIAL EFFECTIVE STRESS CALCULATION: 

Ex. Surf. El: 482.2 484.2 492.4 467.0 482.6 482.6 484.2 484.2 

GWT: 466.9 445.4 455.4 455.9 460.9 448.2 445.4 445.4 

CPT-1 CPT-2 CPT-2A CPT-3 CPT-4 CPT-5 CPT-5A CPT-58 Average 

CPTMid Initial Initial Initial Initial Initial Initial Initial Initial Initial 

Layer Stage VII Stage VII Effective Effective Effective Effective Effective Effective Effective Effective Effective 

Depth Depth Elevation Stress Stress Stress Stress Stress Stress Stress Stress Stress 

z z El. a' cr' cr' a' cr' cr' a' a' cr' 

CCR 

33.79 35.00 467.0 NA 4223.8. 4223.8 NA NA 4223.8 4223.8 4223.8 4223.8 

7.54 38.00 464.0 942.5 NA NA 942.5 942.5 NA NA. NA 942.5 

37.07 38.00 464.0 NA 4633.8 4630.1 NA NA 4493.8 4633.8 4633.8 4605.0 

10.82 41.00 · 461.0 1352.5 NA NA 1352.5 1352.5 NA NA NA 1352.5 

SOIL I 40.35 . 41.00 461.0 NA 4962.5 4868.2 NA NA 4732.0 4962.5 NA 4881.3 

14.10 44.00 458.0 1762.5 NA NA 1605.3 1762.5 NA NA NA 1710.1 

43.30 44.00 458.0 NA 5176.7 NA NA NA 4946.1 5176.7 NA 5099.8 

17.06 47.00 455.0 2040.3 NA NA 1820.2 2132.5 NA NA NA '1997.7 

46.67 47.00 455.0 NA NA NA NA NA 5190.8 5421.4 NA 5306.1 

20.10 50.00 452.0 NA NA NA 2040.9 NA NA NA NA 2040.9 

49.95 50.00 452.0 NA NA NA NA NA NA 5659.5 NA 5659.5 
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INITIAL SHEAR MODULUS CALCULATION: 

CPT-1 CPT-2 CPT-2A CPT-3 CPT-4 CPT-5 CPT-5A CPT-58 Average 

CPTMid Initial Initial Initial Initial Initial Initial Initial Initial Initial 

Layer Stage VII Stage VII Shear Shear Shear Shear Shear Shear Shear Shear Shear 

Depth Depth Elevation Modulus Modulus Modulus Modulus Modulus Modulus Modulus 

z z El. Gmax 

CCR 

35.00 467.0 NA 3503 2772 . NA NA 2362 . . 2386 3991 2969 

7.54 38.00 464.0 1671 NA NA 1292 1758 NA NA NA 1567 

37.07 . 38.00 464.0 NA 2454 2423 NA NA 2617 2386 5134 2925 

10.82 41.00 461.0 2534 NA NA 1257 2368 NA NA NA 2009 

SOIL I 40.35 41.00 461.0 NA 3201 6124 NA NA 2362 2057 NA 3271 

14.10 44.00 . 458.0 3984 NA NA 2114 3236 NA NA NA 3061 
( I 43.30 44.00 458.0 NA 5341 NA NA NA 3307 2290 NA 3538 

17.06 47.00 455.0 7630 NA NA 3027 5988 NA NA NA 5366 

46.67 47.00 455.0 NA NA NA NA NA 9925 3585 NA 6360 

20.10 50.00 452.0 NA NA NA 4345 NA NA NA NA 4345 

49.95 50.00 452.0 NA NA NA NA NA NA 7729 NA 7729 
-- -----· 
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Project: Williamson Energy - Pond Creek South Cell Deformation Analysis 

Subject: Determination of Shear Moduli for Coarse Refuse and Soil - PCSC300E (StageVII Crest Column) 

South Cell - Crest at El. 502; Fines at El. 474 {MINIMUM FINES LEVEL) 

Objective: Calculate in-situ values of Shear Modulus for coarse refuse and subgrade soils at the Williamson Energy 

Pond Creek South Cell coal refuse disposal site from shear wave velocities measured in various CPT soundinds conducted at the site. 

Pond Creek Refuse Properties: Coarse 

{provided by Alliance Consulting Inc. from slope stability analyses) Refuse 

Total Unit Weight (pcf) = 130.0 

Total Sat. Unit Weight (pcf) = 140.0 

Effective Unit Weight (pcf} = 77.6 

Residual 

Soil 

125.0 

135.0 

72.6 

Generalized Subsurface Profiles: Cone Penetration Testing {CPT) performed by ConeTec, Inc. and CEC November 2007. 

CPT-1 CPT-2 

Generalized Profile - CPT-1 Sounding 11/0Z Generalized Profile · CPT-2 Sounding 11/07 

482.2 Surface Elev.,ft 484.2 Surface Elev.,ft 

15.3 Depth to Groundwater Table, ft 38.8 Depth to Groundwater Table, ft 

0 - 18.4 ft Clay 0 • 32.0 ft Coarse Refuse 

18.40 Refusal 32.0 • 45.3 ft Clay 

45.30 Refusal 

CPT-5 CPT-SA 

Generalized Profile - CPT-5 Sounding 11/07 Generalized Profile - CPT-5A Sounding 11/07 

482.6 Surface Elev.,ft 484.2 Surface Elev.,ft 

34.4 Depth to Groundwater Table, ft 38.8 Depth to Groundwater Table, ft 

0 • 29.0 ft Coarse Refuse 0 • 29.0 ft Coarse Refuse 

29.0 · 49.2 ft Clay 29.0 - 53.2 ft Clay 

49.20 Refusal 53.20 Refusal 

Generalized Profile For PCSC300E Stage VII CREST COLUMN (Crest El. 502. Max. Fines El. 474) 

502.0 Su,race Elev.,fl 

32.0 Depth to Groundwater Table, ft 

o - 32 ft Coarse Refuse 

32 - 50 ft Residual Soil 

Below 50 ft Bedrock 

CPT-2A 

Generalized Profile· CPT-2A Sounding 11/07 

492.4 Surface Elev.,ft 

37.0 Depth to Groundwater Table, ft 

O - 29.0 ft Coarse Refuse 

29.0 · 41.7 ft Clay 

41. 70 Refusal 

CPT-58 

Generalized Profile· CPT-58 Sounding 1JlQZ 

484.2 Surface Elev.,ft 

38.8 Depth to Groundwater Table, ft 

O • 19.0 ft Coarse Refuse 

19.0 - 39.7 ft Clay 

39.10 Refusal 

. - I 

CPT-3 CPT-4 

Generalized Profile - CPT-3 Sounding 11/07 Generalized Profile - CPT-4 Sounding 11/07 

467.0 Surface Elev.,ft 482.6 Surface Elev.,ft 

11.1 Depth to Groundwater Table, ft 21.7 Depth to Groundwater Table, ft 

O - 22.2.0 ft Coarse Refuse O - 18.4 ft Coarse Refuse 

22.20 Refusal 1 8.40 Refusal 
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WILLIAMSON ENERGY - POND CREEK SOUTH CELL IMPOUNDMENT 
SHAKE CREST COLUMN PCSC300E (CREST EL. 502, MIN FINES EL. 474) 
CPT-1, 2, 2A, 3, 4, 5, SA, 58 

.VIODULUS CALCULATIONS FROM FIELD GEOPHYSICAL DATA: 

Ex. Surf. El: 482.2 484.2 492.4 467.0 482.6 482.6 484.2 484.2 CCR AND SOIL 

GWT: 466.9 445.4 455.4 455.9 460.9 448.2 445.4 445.4 CPT-1, 2, 2A, 3, 4, 5, SA, 58 

CPT-1 CPT-2 CPT-2A CPT-3 CPT-4 CPT-5 CPT·SA CPT-5B Average Average Average Average Based Average 

CPTMid Shear Shear Shear Shear Shear Shear Shear Shear Shear Initial Stage VII Initial 10X Corr Corrected Stage VII 

Layer Stage VII Stage VII Wave Wave Wave Wave Wave Wave Wave Wave Wave Effective Effective SHEAR SHEAR SHEAR Gmax 

Depth Depth Elevation Velocity Velocity Velocity Velocity Velocity Velocity Velocity Velocity Velocity Stress Stress MODULUS MODULUS MODULUS For Layer 

z z El. Vs Vs Vs Vs Vs Vs Vs Vs Vs cr' cr' Gmax Gmax Gmax Gmax 
LAYER NO. 

1 

2 

3 

4 

5 
!AC~;,_,F•!'-'-':"' ....... , .. _,-. c'' , . , , 

'"" 
,, , ,. ...... 

CCR , ~o-~'z:, 6 

7 

8 

::vv~•-tJ~1:~9,tVUf,~~";1,7(~~Y-~',i:0~1ilfilt !!fflz'.•:::~.'S!,~??&Ui>-?k,%¼-~-"'r:'!~~x,,;1Q~~.Jill ,!1-t<0,.;12";Fi':t'E®!?\o'.!:~~!.1'!-;';;>fWfl/i1?"£~~-'!•,.ae~Gifef"'~J;'-_•,<.•,,.,J'-,,,"fr'~ ... ~::-,1.-,,,,x;-'/%<-=-;,.,-.-"'•--~~-0Jr.0"'fA"'¼-,-""-;,::,-,;;w, ,.,~--~,,---.-,.- .- ----~-~-~,.•.-----~.,,,~,.,,,_,,,, ___ ~' --..,.--;--,,,,,..,=. 
9 

,.¥,, ''"'C""~-·~··"-~~~·, !I' l'ilt;'-!rj/~~ · •~'""'1iiili!:liflli\l"':~, .,~>ff-"' •·&Jl!,n~·~ar"""~ll!!'lf''' ~-~•1ll!'I,-, '"~-·""'&Ull"'' •~ ¥• -~"!i/:'efJ''P• •. ••·· ¥~ 10 

( 
1•~3

4

~:: •· ·•··· _,_, 

3

:'.:"' · ,!,!!f,;~!~. , ,, · • 'ti. • ·• ,'f;: · · •· ~•l\l'ti.,c • · ·!\Ill,,.,· , · ,' '/fi!!Jf,,, ·•· 'I\! ,;;,. ••·· .NA~• • ,. •• ,.N __ ,,.,, '1\llli , ... ,;396 ,'3-.4,160! · ... • • 50~0-" . ,. 3'Y70!!ii - ,;5058;.,;;ilv,i;1•,:50585!-,01-; 

33.79 35.00 467.0 NA 950 845 NA NA 780 784 1014 875 4223.8 4377.8 2969 3.48 3013 2940 I 11 

7.54 38.00 464.0 656 NA NA.· 577 673 NA NA NA 635 942.5 4595.6 1567 3.47· 2979 

37.07 38.00 464.0 NA 795 790 NA NA 821 784•. 1150 868 4605.0 4595.6 2925 3.47 2922 2951 I 12 

10.82 41.00 461.0 808 NA NA 569 781 NA NA NA 719 1352.5 4813.4 2009 3.53 3361 

SOIL I 40.35 41.00 461.0 NA 908 1256 NA NA 780 728 NA 918 4881.3 4813.4 3271 3.51 3253 3307 I 13 

14.10 44.00 458.0 1013 NA NA 738 913 NA NA NA 888 1710.1 5031.2 3061 . 3.68 4742 

43.30 44.00 458.0 NA 1173 NA NA NA 923 768 NA 955 5099.8 5031.2 3538 3.55 3519 4130 I 14 

17.06 47.00 455.0 1402 NA NA 88::1 1242 NA NA NA '1176 1997.7 5249.0 5366 3.90 7940 

46.67 47.00 455.0 NA NA NA NA NA 1599 961 NA 1280 5306.1 5249.0 6360 3.80 6332 7136 I 15 

20.10 50.00 452.0 NA NA NA 1058 NA NA NA NA 1058 2040.9 5466.8 4345 3.81 6480 

49.95 50.00 452.0 NA NA NA NA NA NA 14'11 NA 1411 5659.5 5466.8 7729 3.88 7621 7051 I 16 

, __ _ 
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INITIAL EFFECTIVE STRESS CALCULATION: 

Ex. Surf. El: 482.2 484.2 492.4 467.0 482.6 482.6 484.2 484.2 

GWT: 466.9 445.4 455.4 455.9 460.9 448.2 445.4 445.4 

CPT-1 CPT-2 CPT-2A CPT-3 CPT-4 CPT-5 CPT-5A CPT-5B Average 

CPTMid Initial Initial Initial Initial Initial Initial Initial Initial Initial 

Layer Stage VII Stage VII Effective Effective Effective Effective Effective Effective Effective Effective Effective 

Depth Depth Elevation Stress Stress Stress Stress Stress Stress Stress Stress Stress 

z z El. cr' cr' cr' cr' cr' cr' cr' cr' cr' 

ccR· 

4223.8 " 
33.79 35.00 467.0 · NA 4?23.8 4223.8 NA NA 4223.8 4223.8 4223.8 

7.54 38.00 464.0 942.5 NA NA 942.5 942.5 NA NA NA 942.5 

37.07 38.00 464.0 NA 4633.8 4630.1 . NA NA 4493.8 4633.8 4633.8 4605.0 

10.82 41.00 461.0 1352.5 NA NA· 1352.5 1352.5 NA NA NA 1352.5 

SOIL I 40.35 41.00 461.0 ·. NA 4962.5 4868.2 NA NA 4732.0 4962.5 NA 4881.3 

14.10 44.00 458.0 1762.5 NA NA · 1605.3 1762.5 NA NA NA 1710.1 

43.30 44.00 458.0 NA 5176.7 NA NA NA 4946.1 5176.7 NA 5099.8 

17.06 47.00 455.0 2040.3 NA NA 1820.2 2132.5 NA NA NA 1997.7 

46.67 47.00 455.0 NA NA NA NA NA 5190.8 5421.4 NA 5306.1 

20.10 50.00 452.0 NA NA NA 2040.9 NA NA NA NA 2040.9 

49.95 50.00 452.0 NA NA NA NA NA NA 5659.5 NA 5659.5 
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INITIAL SHEAR MODULUS CALCULATION: 

CPT-1 CPT-2 

CPTMid Initial Initial 

Layer Stage VII Stage VII Shear Shear 

Depth Depth Elevation Modulus 

z z El. 

CCR 

33.79 35.00 467.0c: . NA · ''.: . 3503: ·• 

7.54 . 38.00 464.0 1671 NA 

37.07 38.00 464:0 NA 2454 

.10.82 •. 41.00 461.0 2534 NA 

SOIL I 40.35 ·. 41.00 461.0 NA 3201 

CPT-2A 

Initial 

Shear 

Modulus 

Gmax 

... 2772 ·. 

NA 

2423 

NA 

6124 

CPT-3 
Initial 

Shear 

Modulus 

NA 

1292 

NA 

1257 

NA 

CPT-4 
Initial 

Shear 

NA 

1758 

NA 

2368 

NA 

··14_10· · ··-·44.00· -459_0· --39s4 ··· ···---NA ------ -- NA ---- -2114 -- ---·323s· 

43.30 44.00 458.0 NA 5341 NA NA NA 

17.06 47.00 455.0 7630 NA NA 3027 5988 

46.67 47.00 455.0 NA NA NA NA NA 

20.10 50.00 452.0 NA NA NA 4345 NA 

49.95 50.00 452.0 NA NA NA NA NA 

, - I 

CPT-5 CPT-5A CPT-5B Average 

Initial Initial Initial Initial 

Shear Shear Shear Shear 

Modulus 

2362 . 2386 3991 2969 

NA NA NA. 1567 

2617 2386 5134 · 2925 

NA NA NA 2009 

2362 2057 NA 3271 

NA· - NA NA 3061 

3307 2290 NA 3538 

NA NA NA 5366 

9925 3585 NA 6360 

NA NA NA 4345 

NA 7729 NA 7729 
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Project: WILLIAMSON ENERGY· POND CREEK SOUTH CELL DEFORMATION ANALYSES 
Subject: Determination of Shear Moduli for Coarse Refuse and Soil Materials, and Regression Analyses Relationships 

Objective: Calculate in-situ values of Shear Modulus for coarse refuse and soils at the Williamson Energy Pond Creek site, and 

perform regression analyses to develop regression relationships for each material for extrapolating shear modulus at 
different effective stresses. 

Pond Creek Refuse Properties: 

(provided by Alliance Consulting, Inc.) 

Total Unit Weight (pcf) = 

Total Sat. Unit Weight (pcf) = 

Elfective Unit Weight (pct) = 

Coarse 

Refuse 

130.0 

140.0 

77.6 

Residual 

Soil 

125.0 

135.0 

72.6 

WILLIAMSON ENERGY· POND CREEK SOUTH CELL IMPOUNDMENT 
SHAKE CREST COLUMN PCSC300 (CREST EL. 502, MAX. FINES EL. 496) 
CPT-1, 2, 2A, 3, 4, 5, SA, 58 
MODULUS CALCULATIONS FROM FIELD GEOPHYSICAL DATA: 

Gmax vs. Vertical Effective Stress 
CPT-1 Coarse Refuse 

+ 
Gmax vs. Vertical E'lfective Stress 

CPT-2 Coarse Refuse 

+ 
·axc:~~Eftectwe'stresst~'il 

",-;j¾:~ '.:·sr.:'f:.~</f<Sj!/\_--;;,yq;E+':.· \0gj,~JJ{js,/.~_::;J 
I; -~2,'i, Q<:i,!(Slt I;! fil.!l!'l!i,~,MtcJl'JLii 

+ 
··-. Gmax vs:Vertical Effective Stress .J 

Gmax vs. Vertical Effective Stress 
CPT-4 Coarse Refuse 

+ 

+ 
. Gmax vs. \/erticaf.Effective Stress 

,_._C:PT-5A Coarse Refuse 

+ 
i3ma"x vs. verticaf Etfectfve stress 

CPT-5B Coarse Refuse 

Gmax vs. Vertical Effective Stress 
CPT-1 Residual Soil 

+ 
Gmax vs. Vertical Effective Stress 

CPT-2 Residual Soil 

+ 
=?'e3·• ,., ""'·"''bk~.· "rt'"',.-., . E ir'""r=r"'""'""l ~.;i~il~~\a'oi,f§~}~~g,ilil~1 

+ 
Gmax vs, Vertical Effective Stress 

1 • CPT-3 ResiduaJ Soil . 

Gmax vs. Vertical Effective Stress 
CPT 4 Residual Soil 

+ 
Gmaxvs. Vertical Effective Stress 

CPT-5A Residual Soil 

+ 
Gmax vs. Vertical Effective Stress 

CPT-5B Residual Soil 
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WILLIAMSON ENERGY - POND CREEK SOUTH CELL IMPOUNDMENT 
SHAKE CREST COLUMN PCSC300 (CREST EL. 502, MAX. FINES EL. 496) 
CPT-1, 2, 2A, 3, 4, 5, 5A, 58 

r MODULUS CALCULATIONS FROM FIELD GEOPHYSICAL DATA: 
\. COARSE COAL REFUSE RESIDUAL SOIL 

Initial Initial Initial Initial Initial Initial 

Effective Effective S-Wave SHEAR Effective Effective S-Wave SHEAR 

Stress Stress Velocity MODULUS Stress Stress Velocity MODULUS 
o' o' Vs Gmax o' o' Vs Gmax 

(ksf) fQ.§f)_ .(fQ§.)_ /ksfl /ksf) fQ.§f)_ .{!Qfil /ksfl 
NA NA NA NA 0.53 532.5 645.0 1615.0 

0.98 980.2 1204 5852 0.94 942.5 656.0 1670.6 
0.98 980.2 1204 5852 1.35 1352.5 808.0 2534.4 
1.41 1406.6 1284 6656 1.76 1762.5 1013.0 3983.6 
1.83 1833.0 1152 5358 1.35 1352.5 808.0 2534.4 
2.26 2260.7 1085 4753 2.04 2040.3 1402.0 7630.5 
2.69 2687.1 1029 4275 4.22 4223.8 950.0 3503.5 
3.11 3113.5 1039 4358 4.63 4633.8 795.0 2453.5 
3.54 3539.9 1050 4451 4.96 4962.5 908.0 3200.6 
3.97 3966.3 1114 5010 5.18 5176.7 1173.0 5341.3 
3.97 3966.3 1114 5010 

( 

•:'H{f ~i·r':~l3¥li~ ~1:is§,stj 
... ;ti1;) <'1605.:3? <738.0 v;j21f,f3 
• 1'."82 . ·•1120:2 . •. 883.0 . '<3026.7 .• 
<i.:is'· • t1:is:i.t 

;-•·, .. -· 

·. ~ 569.0>> 1256.8 j 
0.53 532.5 476.0 879.6 
0.94 942.5 673.0 1758.3 

NA NA NA NA 1.35 1352.5 781.0 2367.9 
1.76 1762.5 913.0 3235.9 
2.13 2132.5 1242.0 5988.2 

0.9·8.' ilaa:2: ·•--!!44.0 2875.9 4.63 4633.8 . er.ts{ "-"'•"c,•o·"" 
., . 

2875.9 4.96 
,, .. - . -·-

2057.4 980.2. 844.() _;1962.5 728.0 
1.41 '1.406.6 779.0 2450.0 5.18 5176.7 768:o 2289.7 
f83 ·'' 1833.IJ · ... 1164.0 5470.1 5.42 5421.4 961.0 3585.1 
2.26." 2260.7 1396.0 7867.9 4.2 4223.8 1014.0 3991.4 
2.69 2687.1 994.0 3989.0 4.6 4633.8 1150.0 5133.9 
3.11 3113.5_ 1077.0 · . 4682.9 

3.54, 3539.9 1195.0_. j,765.3 

0.98 980.2 818.0 2701.4 

0.98 980.2 818.0 2701.4 

1.41 1406.6 900.0 3270.2 

1.83 1833.0 1517.0 9290.9 

2.26 2260.7 1085.0 4752.8 

18 j Zf 
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INITIAL SHEAR MODULUS VS. DEPTH 
WILLIAMSON ENERGY - POND CREEK SOUTH CELL 

CPT-2, CPT-2A, CPT-5, CPT-SA AND CPT-5B 

SHEAR MODULUS, Gmax, ksf 

2000 4000 6000 8000 

.·. . . . ., . 
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INITIAL SHEAR MODULUS VS. DEPTH 
WILLIAMSON ENERGY - POND CREEK SOUTH CELL 

CPT-1, CPT-3 AND CPT-4 

SHEAR MODULUS, Gmax, ks! 
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Civil & Environmental Consultants, Inc. 
Williamson Energy Pond Creek - South Cell 

PROJECT Deformation Evaluation PROJECT NO. 072046 

Shear Modulus Calculations for SHAKE PAGE 2/ OF 21 
Columns PCSC300E and PCSC300M 

MADE BY __ B_E_G_ DATE __ 1/_3_/0_8_ CHECKED BY DATE 

ELASTIC SHEAR MODULUS VERSUS EFFECTIVE CONFINING 
PRESSURE RELATIONSHIPS USED IN Gl.YIAX CORRELATIONS FOR 

COARSE REFUSE AND RESIDUAL SOIL MATERIALS 
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SHEAR MODULUS VS. VERTICAL EFFECTIVE STRESS 
POND CREEK SOUTH CELL - COARSE REFUSE - CPT- 2, 2A, 5, SA AND 5B 
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SHEAR MODULUS VS. VERTICAL EFFECTIVE STRESS 
POND CREEK SOUTH CELL- RESIDUAL SOIL - CPT-1, 2, 2A, 3, 4, 5, 5A AND 5B 

I ------- ··-----·--1 100000 ,---- ------ ---- i 

♦ POND CREEK SOIL CPT-1,2,2A,3,4,5,5A,5B 
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Civil & Environmental Consultants, Inc. 
Williamson Energy Pond Creek - South Cell 

PROJECT Deformation Evaluation PROJECT NO. 

Shear Modulus Calculations for SHAKE PAGE "21 
Columns PCSC300E and PCSC300M 

MADE BY __ B_E_G __ DATE __ 1_/3_/_08 __ CHECKEDBY 1J,f DATE 

CORRELATED AVERAGE GMAX PROFILES FOR 
PCSC300E AND PCSC300M SHAKE COLUMNS 

072046 

OF 2 'f 
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AVERAGE SHEAR MODULUS VS. DEPTH 
WILLIAMSON ENERGY - POND CREEK SOUTH CELL 

SHAKE CREST COLUMN PCSC300M - STAGE VII MAX FINES EL. 496 

SHEAR MODULUS, Gmax, ks! 

2000 4000 6000 8000 10000 
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AVERAGE SHEAR MODULUS VS. DEPTH 
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Civil & Environmental Consultants, Inc. 
Williamson Energy Pond Creek - South Cell 

PROJECT Deformation Evaluation PROJECT NO. 072046 

Shear Modulus Calculations for SHAKE PAGE 27 OF 2j 

Columns PCSC300E and PCSC300M 

MADE BY --=B-=E"--G'-'---- DATE __ 1~/3~/_08 __ CHECKED BY 1L 

SHAKE COLUMN INPUT FOR 
PCSC300E AND PCSC300M 

DATE ,/z3 /oa 
I I 
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WILLIAMSON ENERGY - POND CREEK SOUTH CELL IMPOUNDMENT 
SUMMARY OF SHAKE INPUT PARAMETERS 

STAGE VII CREST SHAKE COLUMN PCSC300E - MIN FINES EL. 474 
SURFACE EL.= 502 FT; GWT DEPTH= 32 FEET; 5% DAMPING 

MATERIAL 
TYPE 

RESIDUAL SOIL 
(Total Unit Wt.=125 pcf) 

(Saturated Unit Wt.=135 pcf) 

BEDROCK 

LAYER 
THICKNESS 

(FT) 

3 

3 

3 

3 

3 

3 

LAYER 
NO. 

· 11 

12 

13 

14 

15 

16 

17 

DEPTH BELOW 
GROUND 

SURFACE (FT) 

35 

38 

41 

44 

47 

50 

LAYER AVERAGE 
SHEAR MODULUS, G 

(KSF) 

2940 

2951 

3307 

4130 

7136 

7051 

Vs=4000fps 

ZB j 21 

AVG. LAYER 
DEPTH 

(FT) 

33.5 

36.5 

39.5 

42.5 

45.5 

48.5 
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WILLIAMSON ENERGY· POND CREEK SOUTH CELL IMPOUNDMENT 
SUMMARY OF SHAKE INPUT PARAMETERS 

STAGE VII CREST SHAKE COLUMN PCSC300M · MAX FINES EL. 496 
SURFACE EL.= 502 FT; GWT DEPTH= 14 FEET; 5% DAMPING 

MATERIAL 
TYPE 

RESIDUAL SOIL 
(Total Unit Wt=125 pc!) 

(Saturated Unit Wl.=135 pct) 

BEDROCK 

3 

3 

3 

3 

3 

3 

LAYER 
NO. 

11 

12 

13 

14 

15 

16 

17 

35 

38 

41 

44 

47 

50 

LAYER AVERAGE 
SHEAR MODULUS, G 

(KSF) 

2635 

2661 

2998 

3763 

6529 

6476 

Vs=4000fps 

Z'? I 21 

33.5 

36.5 

39.5 

42.5 

45.5 

48.5 
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APPENDIX B-2 

ESTIMATION AND SUMMARY OF ENGINEERING PROPERTIES 
INCLUDING PEAK UNDRAINED SHEAR STRENGTH FOR REFUSE 

AND RESIDUAL SOIL MATERIALS 
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Civil & Environmental Consultants, Inc. 
Williamson Energy Pond Creek - South Cell 

,JECT Deformation Evaluation PROJECT NO. 072046 

Estimation and Summary of Engineering Properties PAGE OF Jj, _ 

for Refuse and Subgrade Materials 

MADE BY ---=B=--=E=--G=---- DATE 12128/07 CHECKEDBY ¥ DATE 1 /23 /43 
I I 

OBJECTIVE: 

REFERENCES: 

CALCULATION BRIEF 
FOR 

ESTI!VlA TION AND SUM!VlARY OF ENGINEERING PROPERTIES 
INCLUDING PEAK UNDRAINED SHEAR STRENGTH 

FOR REFUSE AND SUBGRADE lVIATERlALS 

POND CREEK COAL REFUSE DISPOSAL SITE - SOUTH CELL 

Summarize engineering properties for the various coal refuse materials encountered at the 
Pond Creek Coal Refuse Disposal site including unit weight (y), specific gravity (G,), 
effective angle of internal friction ((j>') and cohesion (c') and peak undrained shear 
strength (Sup), The various strengths will be used in the Pond Creek deformation analyses 
model(s) were provided by Alliance Consulting, Inc. (Alliance) based on laboratory 
testing or derived herein. 

1. Civil & Environmental Consultants (CEC:), Inc. C:alculation Brief Entitled "Summary of 
Piezo-Seismic Cone Penetration Testing," Pond Creek Coal Refuse Disposal Site," BEG, 
12/21/07. 

2. Alliance Consulting, Inc., "Appendix C Laboratory Testing, Proposed Coal Refuse 
Disposal Facility No. 2, Pond Creek Mine No. I, Williamson County, Illinois" 

3. Almes, R. A. and Butail, A. (1976) "Coal Refuse: Its Behavior Related to the Design and 
Operation of Coal Refuse Disposal Facilities," Proceedings of the Ohio River Valley 
Soils Seminar, Lexington, Kentucky, October, 1976. 

4. Bowles, Joseph E. (1984) "Physical and Geotechnical Properties of Soils," Mc-Graw Hill. 
New York: 367-369 and 393-396. 
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Civil & Environmental Consultants, Inc. 

'r Williamson Energy Pond Creek - South Cell 

\ )JECT Deformation Evaluation PROJECT NO. 072046 

Estimation and Summary of Engineering Properties 

for Refuse and Subgrade Materials 

MADE BY __ B_E_G __ DATE 12/28/07 CHECKED BY 71,,d 
7 

PAGE '2. OF B 

DATE 

5. Mayne, Paul W., (2001) "Stress-Strain-Strength-Flow Parameters from Enhanced In-Situ 

Tests", Proceedings - International Conference on In-Situ Measurement of Soil Properties 

& Case Histories, 21-24 May 2001, Bali, Indonesia. 

6. Robertson, P.K (1998), "Applications Guide- CPT" **Fax** 

7. Robertson, P.K., et.al. (1992) "SPT-CPT Correlations," Journal of Geotechnical 

Engineering, ASCE 109 (11): 1449-1459. 

METHODOLOGY AND ANALYSES: 

A significant volume of field data was obtained from the various refuse and subgrade materials. Field and 

laboratory data is summarized in References 1 and 2, which was reduced and analyzed in accordance with 

established procedures for estimating and correlating field and laboratory parameters as described below and 

in the corresponding references shown above. 

• Total (y1) and saturated (y.) unit weight; 

• Effective strength parameters, friction angle (cjl') and cohesion (c'); and 

• Peak undrained shear strength (Sup). 

SOJL PROPERTIES 

The following soil properties were estimated based on laboratory testing (Reference 2) provided by Alliance 

Consulting, Inc., and/or derived herein, which are used m the various seismic/liquefaction slope stability 

analyses: 
R f IS ·1 P e use 01 ropert1es 

DescriQtion Unit Wei9:ht Friction An9:le Cohesion"' Comment 

(pcf) (degrees) (psf) 

Coarse Refuse 130 36 0 Frictional 

Fine Coal Refuse 85 39 0 Frictional 

19.5 400 Total Strength 
Residual Soil )Y _:, 

0 3000 80% Peak Undrained 
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CPT 

3 
4 
6 
7 
8 
9 

10 
11 
12 
1 
3 
4 
6 
7 
8 
9 

10 
11 
12 

Tilliamson Pond Creek Clay Subgrade Nk (Peak Strength) 1 

,,<---, 
i 
PT-CU CEC: Project No. 072046 

BEG 1/7/08 

Use Su/o'v data from CPT-1, CPT-3, CPT-4, CPT-6, CPT-7, CPT-8, CPT-9, CPT-10, CPT-11, CPT-12 at 10' TO 12' depth. 
Su/cr'v data from respective Normalized CPT data files. Sup=Q/2 at max deviator stress from CU point. cr'v =l.5*a3. 

cu cu PSCPT cu 

0.119 20.8 4.3 4.3 10-12 0.203 10 -12 2 
0.302 46.2 4.3 4.3 10 • 12 0.203 10 -12 2 
0.143 24.20 4.3 4.3 10-12 0.203 10 • 12 2 
0.173 28.30 4.3 4.3 10 • 12 0.203 10 • 12 2 
0.130 22.40 4.3 4.3 10 -12 0.203 10 • 12 2 
0.155 25.8 4.3 4.3 10 • 12 0.203 10 -12 2 
0.091 16.90 4.3 4.3 10 -12 0.203 10 -12 2 
0.082 15.70 4.3 4.3 10 -12 0.203 10 -12 2 
0.051 11.40 4.3 4.3 10 -12 0.203 10 -12 2 
0.204 65.40 8.6 8.6 10 • 12 0.183 10 -12 3 
0.044 20.8 8.6 8.6 10 - 12 0.183 10 -12 3 
0.135 46.2 8.6 8.6 10 · 12 0.183 10 -12 3 
0.056 24.20 8.6 8.6 10 • 12 0.183 10 -12 3 
0.071 28.30 8.6 8.6 JO· 12 0.183 JO -12 3 
0.050 22.40 8.6 8.6 10 -12 0.183 10 - 12 3 
0.062 25.8 8.6 8.6 10 - 12 0.183 10 -12 3 
0.030 16.90 8.6 8.6 10 -12 0.183 10 • 12 3 
0.026 15.70 8.6 8.6 10 -12 0.183 10 - 12 3 
0.010 11.40 8.6 8.6 10 - 12 0.183 10 -12 3 

"' 

"~ 
"' 
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Nk= 32.3 

FCR 1.0 PSCPT LAB 
0.889 0.229 
0.262 0.229 
0.619 0.229 
0.310 0.229 0.8 
0.367 0.229 
0.284 0.229 ..> 
0.332 0.229 '3 
0.207 0.229 

(/] 

r,: 0.6 0.190 0.229 
ll, 

0.051 0.229 t.) 

0.440 0.203 "d 
~ 

0.119 0.203 N 

:~ 0.4 0.302 0.203 s 0.143 0.203 " 0 0.173 0.203 z 
0.130 0.203 
0.155 0.203 0.2 
0.091 0.203 
0.082 0.203 
0.051 0.203 
0.204 0.183 

0.0 0.044 0.183 
0.135 0.183 
0.056 0.183 
0.071 0.183 
0.050 0.183 
0.062 0.183 
0.030 0.183 
0.026 0.183 
0.010 0.183 

Willia1nson - Pond Creek 
Subgi;:ade Clay Nk (Peak 

I 

I 
y = l.0006x 

I 

t... 

• 

• 
0.0 0.1 

Normalized CU w Su/cr'3v 

• 

• 

• 
• 
♦ 

• ♦ 
♦ • 

i 
i 

• • • 

Nk=32.3 

0.3 

"-..I 
"'-t. 

s::x: 
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APPENDIX B-3 

LABO RA TORY TEST RESULTS 
PROVIDED BY ALLIANCE CONSULTING, INC. 
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APPENDIXC 

LABORATORY TESTING 

PROPOSED COAL REFUSE DISPOSAL FACILITY NO. 2 
POND CREEK MINE NO. 1 

WILLIAMSON COUNTY, ILLINOIS 
WILLIAMSON ENERGY, LLC 

SOIL TESTING 
Summary 
Strength Test 
Grain Size 

BECKLEY, WEST VIRGINIA 

TABLE OF CONTENTS 

Atterberg Limits Test Results 

COARSE COAL REFUSE TESTING 
Summary 
Grain Size 
Proctor Test 
Penneability Test 
Strength Test 

PAGE 

I 
3 

10 
12 

13 
15 
17 
18 
20 

{,, 7 S? 
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HOLCOMB FOUNDATION ENGINEERING CO., INC. 
SOILS • BITUMINOUS • CONCRETE • INVESTIGA71ONS AND TESTING 

February 10, 2006 

SHIPPING ADDRESS 
Bax 393 Wood Raad 
Carbondale, IL 62901 

Williamson Energy LLC 

PO Box 99 
Johnston City, Illinois 62951 

Attention: Mr . .J arnes Plumley 

Re: Soil Boring and Laboratory Tests 

Boring #8874 

Mach Mine#l 
Johnston City, Illinois 

HFE File H-05278 

WIN'N.holcombengineering.com 

MAILING ADDRESS 
P.O. Box 88 

Carbondale, IL 62903 

Mach Mining Purchase Order No. ___ _ 

Dear Sir: 

618-529-5262 
800~333-, 1740 

FAX 618-457-8991 

In accordance with your instructions, on February 1, 2006, we drilled one soil boring and sampled 

the subsoils with Shelby tubes. The soil sample taken from 10 to 12 feet in depth was subjected to 

laboratory tests. Results of the tests are as follows: 

Boring No.: 
Depth: 
VisWl.! Classification: 

Atterberg Limits: 
Unit Weight: 
Moisture Content: 

Effective Cohesion: 

Effective Phi Angle: 

8874 
8.0-10,0' 
Silty CLAY (CL) 
LL=41.8% PL=l7.7% PI=24.l 

105.3 PCF 
21.5% 
0PSF 
26. 8 Degrees 

l l \ -," be.s ~rioM Bo R,wG 18 7'/ ... \ 

CD 
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Mach Mine # 1 Soil Tests 

February 10, 2006 

Page 2 

The Boring Log and test results are enclosed. If you should have any questions, or ifwe can be of 

further assistance, please feel free to contact us at your convenience. 

Sincerely, 

1 copy: Fred Vass - Alliance Consulting 
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I I I 

I I I I 
I I I I I 
I I I ' - . 
I I I 

I 
I I I ' 

I I 
I I I 

I I 

' I I 
I I I 

Water Content, 
Dry Density, pcf 

6-++ _[_ I I 
I i I 

I I I I I 

' I I 
I 

' I 
' 

' ' ' 
I I 

I I I I 

I 

' 
3 

I 

~ Saturation, 
.s= Void Ratio 

· Diameter, in. 
I ' ' ' 

I I ' I , I I . 
' I ' I 

4,5 I J 

I I I ' I 
I I , 

I ' I 

' I I I I I I 
I fl I I I I I I 

' 

I I I 
I I 

I I I I 
I I I 

I I I 

I I I I I 

' 

I 
I I 
I ' I I 

' I 

' I I 

' I 
' I 
' I 
I 

' 

Height, in. 

Water Content, 
v5 Dry Density, pcf 
~ Saturation, 

' I - Void Ratio 

3 1 1 1 l LJ_j__j_ 1 1 1 1 1 1 1 1 2 <t: D' t , 
I l I l I I ! I T I ' I ! I I I I ,a-me er, m. 

tj;.,t=t1 =t1 j=t1 =,..1,...
4
,1:·t1 j;::t1:tj1:t1:tj1:t:tj;::j Height, in. 

I ! I I I ! I _ 1 I I I I I I I 

1 , 1 / 1 I 1 Strain rate, in.Jmin, 

1 ·5 ~IH-A-cr,'.'1 -+: -i1hi-+: "':-+: -:H1
-+: -i:H:-+i -1:H:-t--1' -i~I_ 7 Back Pressure, tsf 

/· 1-l 1--+-+1 +-ii-+-+,l-;1-!1'-4,-+,-+-1-+l--;H--+-I Cell Pressure, tsf 
li-lli-+-l+-l;.-;11-+-l;..I ~1-<I-. I I + I I I 

o 1 1 1 1 1 1 1 1 1 1 1 1 -+1 ..;1-+1-+-1 -<1-+1-1 Fail. _Stress, tsf 

o 5 10 15 20 Total Pore Pr., tsf 

1 2 3 

21.5 20.8 17,6 
J 05.3 106.5 112.5 
100.0 99.7 98,9 

0.5706 0.5536 0.4707 
2.80 2.80 2.80 
5.51 5.49 5.54 

21.5 20.9 17,8 
105.3 I 06.5 112.5 
100.0 100.0 100,0 

0.5706 0.5536 0.4707 
2.80 2,80 2.80 
5.51 5.49 5,54 

0.00 0.00 0.00 

3.6 3.6 2.2 
5.0 6.5 7.9 

2.0 3.4 6.3 

3.7 3.9 4,1 

Ult, Stress, tsf 

Total Pore Pr., /sf 

1-T-y_p_e_o_f_T_e_s_t_: -------------J cr, Failure, tsf 
cr, Failure, tsf 

Axial Strain, % 2.0 
3.6 
3.3 
1.3 

3.2 6.3 

3.8 4.1 

6.0 10.2 
2,6 3.9 

CU with Pore Pressures 

j Sample Type: Shelby Tube• Undisturbed 

l 
Description: Gray Mottled Brown Silty CLAY 

LL= 4L8 PL= 17.7 Pl= 24.1 

Assumed Specific Gravity= 2.65 , I Remarks: 

I Plate 

Tested 3y: LC ="--------------

Client: Alliance Consulting 

Project: T riaxial Test 

Mach Mine#] 

Location: Boring #8874 

Sample Number: 3 Depth: 10,0-12.0' 

Proj. INo.: H-05278 Date: 2-1-05 

TR/AXIAL SHEAR TEST REPORT 

HOLCOMB FOUNDATION ENGINEERING CO. 
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I I Total Effective .-- . 
a= o.17 tsf 0.00 tsf 

.--

a= 18.Bdeg 24.1 deg ~------1 
tan a= 0.34 0.45 .- .- ..- I ----4 

I 
I V .--

.-- I 

I --.::l 
-~-~-~ ---✓,-----
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p, tsf 

Stress Paths: Total--- Effective - - -

Client: Alliance Consulting 

Project: Triaxial Test 

1 
Location: Boring #8874 Depth: 10.O-12.0' Sample Number: 3 

Project No.: H-O5278 Plate I HOLCOMB FOUNDATION ENGINEERING co. 

Tested 3r: 1 C =----------- Checked Sy: ~T~H __ 
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I 

TRIAXIAL COMPRESSION TEST 

CU with Pore Pressures 

Date: 2-1-05 

Client: 

Project: 

Alliance Consulting 

Triaxial Test 

Location: 

Depth: 

Mach Mine #1 

Johnston City, Illinois 

Boring #8874 

10.0-12.0' 

Description: Gray Mottled Brown Silty CLAY 

Remarks: 

Type of Sample: Shelby Tube - Undisturbed 

Assumed Specific Gravity=2.65 LL=41.8 

Test Method: COE uniforrn strain 

Specimen Parameter initial 

Moisture content Moist soil+tare, gms. 189. l 00 

Moisture content: Dry soil+tare, gms. 

Moisture content: Tare, gms. 

Moisture,% 

Moist specimen weight, gms. 

Diameter, in. 

Area, in.1 

Height, in. 

Net decrease in height, in. 

Wet Density, pcf 

Dry density, pcf 

Void ratio 

S~turation, % 

Membrane modulus= 0.124105 kN/cm 2 

Membrane thickness = 0.02 cm 

Filter paper coefficient= 0.001926 kN/cm 

Filter paper coverage = 30% 

176.100 

115.700 

21.5 
1140.2 

2.80 

6.16 
5.51 

128.0 
105.3 

0.5706 

100.0 

Consolidation cell pressure= 70.00 psi (5.040 tsf) 

Consolidation back pressure= 50.00 psi (3.600 ts!) 

Consolidation effective confining stress = 1.440 tsf 

Strain rate, in./min. = 0.00 

Fail. Stress = 1.981 tsf at reading no. 24 

Ult Stress= J .955 tsf at reading no. 30 

Sample Number: 

PL=17.7 

Saturated 

21.5 

2.80 
6.16 

5.51 
0.00 

128.0 
105.3 

0.5706 

100.0 

3 

Pl=24.1 

Consoiidated 

21.5 

2.80 
6.16 

5.51 
0.00 

128.0 
105.3 

0.5706 

JOO.O 

5'7 

219120([) 

8:50 PM 

Final 

1279.000 

l 072.200 

l 03.200 

2 l.3 
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Del. Oeviator Minor Elf. Major Elf. Pore 

Dial Load Load Strain Stress Stress Stress 1:3 Press. p Q 

No. in. Dial lbs. % ts! ts! tsf Ratio psi tsf tsf 

0 0.0000 18.30 0.0 0.0 0,000 5.112 5. 112 1.00 -1.00 5.112 0.000 

0.0190 20.00 1.7 0.3 0.014 2.830 2.844 1.00 30.70 2.837 0.007 

2 0.0400 21.60 3.3 0.7 0.026 2.426 2.452 1.01 36.30 2.439 0.013 

3 0.0810 I 13.20 94.9 1.5 1.093 1.505 2.598 1.73 49. 10 2.051 0.547 

4 0.!010 129.80 I 11.5 1.8 l.280 l.318 2.597 1.97 51.70 1.958 0.640 

5 0.1420 143.10 124',8 2.6 1.422 I.I 81 2.602 2.20 53.60 J.892 0.711 

6 0.1620 l 61.50 143.2 2.9 1.625 1.159 2.784 2.40 53.90 1.972 0.813 

7 0.1830 168.90 150.6 3.3 l.702 l.]45 2.847 2.49 54.]0 1.996 0.85] 

8 0,2030 174.80 156.5 3.7 1.763 1.138 2.900 2.55 54.20 2.019 0.88 l 

9 0.2240 178.90 160.6 4.1 1.802 1.145 2.946 2.57 54.10 2.046 0,90] 

JO 0.2440 182.30 164.0 4.4 1.833 1.145 2.978 2.60 54.10 2.061 0,916 

I 
l l 0.2650 186.40 I 68. l 4.8 1.871 l.l52 3.023 2.62 54.00 2.088 0.936 

12 0.2850 188. l 0 169.8 5.2 1.883 1.166 3.049 2.61 53.80 2.108 0.94] 

13 0.3060 191.40 173.l 5.6 i.9i2 i.166 3.07& 2.64 53.60 2.122 0.956 

14 0.3260 193.l 0 174.8 5.9 1.923 l. l 81 3.104 2.63 53.60 2.142 0.962 

15 0.3460 194.70 176.4 6.3 1.933 I. l 88 3.121 2.63 53.50 2.155 0.967 

16 0.3670 196.40 178.1 6.7 1.944 l.202 3.146 2.62 53.30 2.174 0.972 

17 0.3870 198.l 0 179.8 7.0 1.955 1.210 3.]64 2.62 53.20 2.187 0.977 

18 0.4080 198.10 l 79.8 7.4 1.947 1.224 3.171 2.59 53.00 2.197 0.973 

19 0.4280 200.60 182.3 7.8 1.966 1.231 3.197 2.60 52.90 2.214 0.983 

20 0.4490 200.60 182.3 8.1 1.958 1.238 3.196 2.58 52.80 2.217 0.979 

21 0.4890 203.10 184.8 8.9 1.969 1.267 3.236 2.55 52.40 2.252 0.985 

22 0.5300 204.70 186.4 9.6 1.970 1.289 3.259 2.53 52.10 2.274 0.985 

23 0.5710 207.20 188.9 )0.4 1.980 1.3 JO 3.290 2.51 51.80 2.300 0.990 

24 0.6120 208.90 190.6 11.1 1.981 1.332 3.313 2.49 51.50 2.323 0.991 

'.25 0.6530 209. l 0 190.8 1 l.8 1.957 1.346 3.313 2.46 51.30 2.330 0.983 

26 0.6940 211.40 193.1 12.6 1.974 1.36] 3.334 2.45 51.10 2.348 0.987 

27 0.7350 212.20 193.9 13.3 1.965 l.390 3.354 2.41 50.70 2.372 0.982 

28 0.7790 213.90 195.6 14.1 1.964 1.404 3.368 2.40 50.50 2.386 0.982 

29 0.8170 215.50 197.2 14.8 1.964 1.426 3.39.0 2.38 50.20 2.408 0.982 

30 0.8380 215.50 197.2 15.2 1.955 1.433 3.388 2.36 50.10 2.410 0.978 

I 
I 
l;..f ----------- HO!...COI\T:3 i=OUNDlfflON ::NGIN::::Rll~G co. __________ __, 
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I 

I 
C 
I 

Specimen Parameter Initial 

Moisture content: Moist soil+tare, gms. 154.800 

Moisture. content: Dry soil+tare, gms. 145.800 

Moisture content: Tare, gms. 102.600 

Moisture,¾ 20.8 

Moist specimen weight, gms. I 142.2 

Diameter, in. 2.80 

Area, in.2 6.16 

Height, in. 5.49 

Net decrease in height, in. 

Wet Density, pcf 128.7 

Dry density, pcf 106.5 

Void ratio 0.5536 

Saturation, % 

Membrane modulus= 0.124105 kN/cm2 

Membrane thickness = 0.02 cm 

Filter paper coefficient= 0.001926 kN/cm 
Filter paper coverage= 30% 

99.7 

Consolidation cell pressure-= 90.00 psi (6.480 tsf) 
Consolidation back pressure= 50.00 psi (3.600 tsf) 
Consolidation effective confining stress = 2.880 tsf 
Strain rate, in.lmin. = 0.00 

Fail. Stress = 3 .4 l 8 tsf at reading no. 24 

Ult Stress = 3 .250 tsf at reading no. 29 

Def. 
Dial Load 

No. in. Dial 

0 0.0000 27.50 

0.0190 134.00 

2 0.0400 183.10 

3 0.0600 2 I 8 .90 

4 0.0810 243.80 

5 0.1010 264.60 

6 0.1220 282. l 0 

7 0.1420 295.40 

8 0.1620 305.40 

9 0.1830 314.60 

10 0.2030 322.10 

II 0.2240 327.10 

12 0.2440 332.90 

13 0.2650 336.20 

14 0.2850 339.50 

15 0.3060 343.70 

16 0.3260 345.40 

17 0.3670 348. 70 

18 0.4080 352.00. 

19 0.4490 353.70 

20 0.4890 354.50 

2 I 0.5300 355.40 

Load 
lbs. 

0.0 

106.5 

155.6 

191 .4 

216.3 

237.1 

254.6 

267.9 

277.9 

287.l 

294.6 

299.6 

305.4 

308.7 

312.0 

3i6.2 

317.9 

321.2 

324.5 

326.2 

327.0 

327.9 

Strain 
% 

0.0 

0.3 

0.7 

1.1 
1.5 

1.8 

2.2 

2.6 

2.9 

3.3 

J.7 
4.1 

4.4 

4.8 

5.2 

5.6 

5.9 
6.7 

7.4 

8.2 

8.9 

9.7 

Deviator 
Stress 

!sf 

0.000 

1.241 

1.806 

2.214 

2.492 

2.721 

2.91 l 

3.052 

3.154 

3.245 

3.317 

3.360 

3.412 

3.435 

3.459 

3.491 

3.497 

3.505 

3.512 

3.502 

3.483 

3.464 

Minor Eff. 
Stress 

!sf 

4.385 

3.254 

2.750 

2.484 

2.340 

2.254 

2.210 

2.182 

2.182 

2.189 

2.196 

2.218 

2.232 

2.254 

2.275 

2.297 

2.318 

2.369 

2.412 

2.441 

2.470 

2.498 

Saturated Consolidated 

20.9 20.9 

2.80 2.80 

6.16 6. 16 

5.49 5.49 

0.00 0.00 

128.7 128.7 

106.5 106.5 

0.5536 0.5536 

100.0 

Major Ell. 
Stress 

tsf 

4.385 

4.495 

4.557 

4.698 

4.832 

4.975 

5.121 

5.233 

5.335 

5.434 

5.513 

5.578 

5.644 

5.689 

5.734 

5.788 

5.815 

5.874 

5.924 

5.943 

5.953 

5.963 

1:3 
Ratio 

1.00 

1.38 

1.66 

1.89 

2.06 

2.21 

2.32 

2.40 

Pore 
Press. 

psi 

29.10 

44.80 

Si.SO 

55.50 

57.50 

58.70 

59.30 

59.70 

2.45 59.70 

2.48 59.60 

2.51 59.50 

2.52· 59.20 

2.53 59.00 

2.52 58.70 

2.52 58.40 

2.52 58.10 

2.51 57.80 

2.48 57. l 0 

2.46 56.50 

2.43 56. l 0 

2.41 55.70 

2.39 55.30 

100.0 

p 
tsf 

4.3~5 

3.875 

3.653 

3.591 

3.586 

3.614 

3.666 

3.707 

3.758 

3.811 

3.8,5 

3.898 

3.938 

3.971 

4.005 

4.042 

4.067 

4.121 

4. l 68 

4.192 

4.211 

4.230 

Final 

1347.900 

1154.100 

a 
tsf 

o.eao 
0.620 

0.903 
!.]07 

1.246 

1.361 

1.455 

1.526 

1.577 

1.623 
l _r, ,9 

1.680 

1.706 

1.718 

1.729 

i.746 

1.748 

1.752 

1.756 

1.751 

1.742 

135.100 

19.0 

(j) 

c.p. ____________ HC)L.:::::>I\/:3 c'O!Jh!Dt;-;-10I, :::rJ·3It.:::::::RING CC) ___________ _ 
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I 

Dof. Deviator Minor Eff. 
Dial Load Load Strain Stress Stress 

No. in. Dial lbs. % !sf 

22 0.5510 357.00 329.5 10.0 3.466 
,-_, 0.5920 356.20 328.7 10.8 3.429 

24 0.6330 357.90 330.4 I 1.5 3.418 

25 0.6730. 357.00 329.5 12.3 3.381 

26 0.7140 357.90 330.4 13.0 3.361 

27 0.7550 357.90 330.4 13.7 3.332 

28 0.7960 356.20 328.7 14.5 3.286 

29 0.8370 355.40 327.9 15.2 3.250 

Specimen Parameter Initial 
Moisture content: Moist soil-Hare, gms. 248.400 
Moisture content: Dry soil+tare, gms. 
Moisture content: Tare, grns. 
Moisture,% 
Moist specimen weight, gms. 
Diameter, in. 

Area, in.2 

Height, In, 
Net decrease in height, in. 
Wet Density, pcf 
Dry density, pcf 
Void ratio 
Saturation, a;o 

Membrane modulus= 0.124105 ltN/cm' 
Membrane thickness = 0.02 cm 
Filter paper coefficient"' 0.001926 kN/cm 

Filter paper coverage= 30% 

226.700 
103.200 

17.6 

1184.7 
2.80 
6.16 

5.54 

132.3 

112.5 
0.4707 

98.9 

tsf 

2.513 
2.534 
2.556 
2.585 
2.599 
2.614 

2.628 
2.635 

Consolidation cell pressure= 110.00 psi (7.920 tsf) 

Consolidation back pressure = 30.00 psi (2.160 tst) 
Consolidation effective confining stress= 5.760 tsf 

Strain rate, in./min. = 0.00 

Fail. Stress = 6.334 tsf at reading no. 33 
Ult, Stress = 6.334 tsf at reading no. 33 

Def. 
Dial Load 

No. in. Dial 
Load 
lbs. 

0 0.0000 31.60 0.0 

0.0190 39.90 8.3 

2 0.0400 44.10 12.5 

Strain 
% 

Davia.tor 
Stress 

!sf 

Minor Eff. 
Stress 

tsf 

Major Eff. 
Stress 

tsf 

5.979 

5.964 
5.974 
5.966 

5.960 
5.946 
5.914 
5.885 

Saturated 

17.8 

2.80 
6.16 

5.54 
0.00 

132.5 

I !2.5 
0.4707 

100.0 

Major Eff. 

1:3 
Ratio 

2.38 

2.35 
2.34 
2.31 
2.29 
2.27 
2.25 
2.23 

Stress 
tsf 

1:3 
Rafio 

Pore 
Press. p 

psi tsf 

55.10 4.246 

54.80 4.249 
54_50 4.265 

54.10 4.275 

53.90 4.280 
53.70 4.280 

53.50 4.271 
53.40 4.260 

Consolidated 

?ore 
Press. 

psi 

17.8 

2.80 
6. 16 
5.54 
0.00 

132.5 

112.5 
0.4707 

100.0 

p 
tsf 

4 0.0810 240.50 208.9 

5 0.1010 291.30 259.7 

0.0 

0.3 

0.7 

1.1 

1.5 
1.8 

0.000 
0.091 

0.133 

1.666 
2.407 
2.981 

7.812 

7.690 

7.574 

7.308 

6.926 

6.466 

7.812 

7.781 

7.707 

8.974 

9.333 
9.447 

1.00 
I.OJ 

1.02 
1.23 
1.35 
1.46 

1.50 
3.20 

4.80 
8.50 

13.80 

20.20 I 3 0.0600 175.60 144.0 

I 
6 0.1220 329.60 298.0 2.2 3.408 5.983 9.391 i.57 26.90 

7.812 
7.735 

7.641 

8.141 

8.130 

7.956 
7.687 
7.361 
7.085 
6.821 

7 0.1420 362.00 330.4 2.6 3.764 5.479 9.244 1.69 33.90 

8 0.1620 392.00 360.4 2.9 4.091 5.040 9.131 l.81 40.00 

Q 
tsf 

1.733 

l.715 
1.709 

J.690 
1.681 
1.666 
1.643 
1.625 

Q 
tsf 

0.000 
0.045 
0.066 
0.833 

l.203 

J.491 
1.704 
1.882 
2,045 

2.155 

Final 
1374.500 
1195.400 

127.700 
16.8 

® 

(_ _ 9 0.1830 412.80 381.2 3.3 4.310 4.666 8.976 1.92 45.20 
...._ __________ HOLCOMB FOUNDATION ENGINEERING CO. _________ __, 
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Def. Oeviator Minor Eff. Major Eff. F'ore 0) 
Dial Load Load Strain Stress Stress Stress 1:3 Press. p a 

No. in. Dial lbs. % tsf tsf tsf Ratio psi tsf t:sf 

10 0.2030 432.80 401.2 3.7 4.519 4.363 8.883 2.04 49.40 6.623 2.260 

( 11 0.2240 446.90 415.3 4.0 4.660 4.140 8.800 2.13 52.50 6.470 2.330 

12 0.2440 465.20 433.6 4.4 4.847 3.982 8.828 2.22 54.70 6.405 2.423 

]3 0.2650 471.00 439.4 4.8 4.892 3.852 8.744 2.'27 56.50 6.298 2.446 

14 0.2850 483.50 451.9 5.1 5.012 3.766 8.778 2.33 57.70 6.272 2.506 

JS 0.3060 490.20 458.6 5.5 5.066 3.694 8.760 2.37 58.70 6.227 2.533 

16 0.3260 503.50 471.9 5.9 5.193 3.643 8.837 2.43 59.40 6.240 2.597 

17 0.3460 516.80 485.2 6.2 5.319 3.607 8.926 2.47 59.90 6.267 2.660 

]8 0.3670 52 J.80 490.2 6.6 5.352 3.586 8.938 2.49 60.20 6.262 2.676 

19 0.3870 530.10 498.5 7.0 5.422 3.571 8.993 2.52 60.40 6.282 2.711 

20 0.4080 538.40 506.8 7.4 S.490 3.564 9.054 2.54 60.50 6.309 2.745 

21 0.4280 543.40 511.8 7.7 5.522 3.564 9.086 2.5S 60.50 6.325 2.761 

22 0.4490 554.30 522.7 8.1 5.617 3.571 9.188 2.57 60.40 6.380 2.808 

23 0.4690 565.90 534.3 8.5 5.719 3.578 9.297 2.60 60.30 6.438 2.859 

24 0.4890 567.60 536.0 8.8 5.714 3.578 9.293 2.60 60.30 6.436 2.857 

25 0.5300 581.70 550.i 9.6 5.&i i 3.600 9.4i 7 2.62 60.00 6.509 2.909 

26 0.5710 591.70 560.l 10.3 5.874 3.636 9.510 2.62 59.50 6.573 2.937 

27 0.6120 605.00 573.4 l 1.0 5.964 3.665 9.629 2.63 59.10 6.647 2.9&2 

28 0.6530 615.00 583.4 11.8 6.018 3. 701 9.719 2.63 58.60 6.710 3.009 

29 0.6940 626.70 595.1 12.5 6.087 3.737 9.824 2.63 58.10 6.780 3.044 

30 0.7350 638.30 606.7 13.3 6.153 3.773 9.926 2.63 57.60 6.849 3.077 

31 0.7760 649.10 617.5 14.0 6.209 3.816 10.025 2.63 57.00 6.921 3.105 

32 0.$170 657.50 625.9 14.7 6.240 3.852 10.092 2.62 56.50 6.972 3.120 

33 0.8390 669.90 638.3 15.1 6.334 3.866 10.200 2.64 56.30 7.033 3.167 

l 
....., __________ HOLCOMB FOUNDATION ENGINEERING CO.-----------=' 
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Holcomb Foundation Engineering Company 
Laboratory Testing Results 

Project: Mach #1 Mine 

Project No: H-05278 

..-,joye An,_,l.w..._is ,.,...,..,VJ r,.◄ r,,.. nf"-::, - /-11,uy:, · ;,.;:,1 I I L,IJD•~o• 

Sample: Silty CLAY (CL) 

Sieve Openings us 
Standard Weight 

Inches Millimeters Sieve Size Retained 

1.5000 3B.1000 1 -1 /2" 0.0 

1.0000 25.4000 1" 0.0 

0.7500 19.1000 3/4" 0.0 

0.5000 12.7000 1 /2" 0.0 

3.7500 9.5200 3/8" 0.0 

0.1 B70 4.7600 No.4 2.1 

0.0790 2.0000 No. 10 4.6 

0.0469 1.1 BOO No. 16 4.6 

0.0331 0.8500 No.20 8.6 

0.0165 0.4200 No. 40 12.6 

0.0117 0.2980 No. 50 12.6 

0.0083 0.2500 No. 60 22.2 

0.0059 0.1490 No. 100 34.6 

0.0029 0.0740 No.200 47.7 

Total Weight in Grams 227.20 

17 ( 57 (ii) 

2/8/2006 

Percent Percent 

Retained Finer 

0.0 100.0 
0.0 100.0 
0.0 100.0 
0.0 100.0 
0.0 100.0 
0.9 99.1 
2.0 9B.O 
2.0 9B.O 
3.8 96.2 
5.5 94.5 
5.5 94.5 
98 90.2 

15.2 84.8 
21.0 79.0 
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( Holcomb Foundation Engineering Company 
Laboratory Testing Results 

Project: Mach #1 Mine 
Project No: H-05278 

Sample 2 3 

Dish Number LL1 LL2 LL, 

Mass of can, W 1 (g) 34,70 

Mass of can+ moist soil, W2 (g) 62.84 

Mass of can + dry soil, W, (g) 54.52 

Moisture content, w (%) 41.98 

Number of blows, N 24 

Liquid Limit, LL 41,8 

Dish Number PL, 

Mass of can, W 1 (g) 39.76 

Mass of can + moist soil, W2 (g) 54.79 

Mass of can + dry soil, W 3 (g) 52.53 

Plastic Limit, PL 17.7 
~-

( 
·-.,_ __ Pl= 24.1 

Plasticity Chart 

60 

50 

[ 40 
CH or DH 

>< • 'lJ 

E 30 
.:::, 
0 
;;; • • 20 ii CL or OL 

l~H or DH 

10 

CL-ML ML or OL 

0 

0 10 20 30 40 50 60 70 80 90 100 

Liquid Limit (LL) 
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HOLCOMB FOUNDATION ENGINEERING CO., INC. 
SOILS - BITUMINOUS - CONCRETE - INVESTIGATIONS AND TESTING 

November 30, 2006 

SHIPPING ADDRESS 
Box 393 Wood Road 
Carbondale, IL 62901 

Williamson Energy LLC 
PO Box 99 
Johnston City, Illinois 62951 

Attention: Mr. James Plumley 

Re: Coarse Refuse Laboratory Tests 
Pond Creek Mine 
Johnston City, Illinois 
HFE File H-05278 

Dear Sir: 

www.holcombengineering.com 

MAILING ADDRESS 
P.O. Box 88 

Carbondale, IL 62903 

618-529-5262 
800-333-17 40 

FAX 618-457-8991 

In accordance with your ins1ructions, on November 17, 2006, we sampled coarse refuse at Mach 
Mine and performed laboratory tests on remolded samples. Results of the tests are as follows: 

Visual Classification: Coarse Coal Refuse (Shale, Coal, Sandstone Mixture) 

Proctor Test Results: 
Maximum Dry Unit Weight: 124.6 PCF 
Optimum Moisture Content: 9.3 % 

Specific Gravity: 2.37 

Triaxial Test Results: 
Effective Cohesion: 0 PSF 
Effective Phi Angle: 33.7 Degrees 

Permeability: 2 x I 0-4 cm./sec. 

Results of the grain size analysis and the laboratory tests are attached. 

® 
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( 
Pond Creek Mine #1 Coarse Refuse Tests 
November 30, 2006 
Page2 

zo 1 S7 

If you should have any questions, or if we can be of further assistance, please feel free to contact us 

at your convenience. 

Sincerely, 

HOLC OUNDATION ENGINEERING CO. 
( 

1 copy: Justin Harry - Alliance Consulting 

® 
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Holcomb Foundation Engineering 
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Holcomb Foundation Engineering Company 
Laboratory Testing Results 11/30/2006 

Project: Coarse Refuse Disposal Area 
Pond Creek Mine Johnston City, Illinois 

Project No: H-05317 

Sieve Analysis - ASTM C136-96a 

Sample: Coarse Refuse 

Sieve Openings us 
Standard Weight Percent Percent 

Inches Millimeters Sieve Size Retained Retained Finer 

3 76.2 3" 0.0 0.0 100.0 

2.0000 50.8100 2" 619.6 9.5 90.5 

1.5000 38.1000 1 -1 /2" 1124.0 17.2 82.8 

1.0000 25.4000 1" 1696.2 25.9 74.1 

0.7500 19.1000 3/4" 2110.9 32.3 67.7 

0.5000 12.7000 1/2" 2513.0 38.4 61.6 

3.7500 9.5200 3/8" 3263.7 49.9 50.1 

0.1870 4.7600 No. 4 4310.7 65.9 34.1 

0.0790 2.0000 No. 10 5470.5 83.6 16.4 

0.0469 1.1800 No. 16 
0.0331 0.8500 No. 20 6004.4 91.8 8.2 

0.0165 0.4200 No. 40 6178.9 94.4 5.6 

0.0117 0.2980 No. 50 
0.0083 0.2500 No. 60 6267.8 95.8 4.2 

0.0059 0.1490 No. 100 
0.0029 0.0740 No. 200 6372.4 97.4 2.6 

Total Weight in Grams 6542.80 
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Holcomb Foundation Engineering 

Pond Creek Mine 

Johnston City, Illinois 

Moisture Density Relationship 

Location: Coarse Refuse Disposal Area 

Project No.: H-05278 Proctor Test Results 

Soll Classification: 

Date: 

Test Data 

11/30/2006 

ASTM D-698 (standard) 

Moisture 

Content(%) 

7.6 
11.2 

12.0 

9.3 

Maximum Dry Density (PCF) 

Optimum Moisture Content(%) 

Dry Unit Wt. 

(PCF) 

122.8 

122.5 

120.4 

124.8 

Gray Coarse Refuse 

124.8 

9.3 

126.0 ~---------------------------------~ 

Proctor Curve 

125.0 

124.0 

g 123.0 --~ 
::, 

~ 
C 

122.0 

121.0 

7.0 8.0 9.0 10.0 11.0 12.0 

% Moisture 

® 
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Date: 

Project No.: 

Sample 

Coarse Refuse 

2'1 j 57 

HOLCOMB FOUNDATION ENGINEERING CO., INC. 
SOILS - BITUMINOUS - CONCRETE - INVESTIGATIONS AND TESTING 

SHIPPING ADDRESS 
Box 393 Wood Road 
Carbondale, IL 62901 

www.holcombengineering.com 

MAILING ADDRESS 
P.O. Box 88 

Carbondale, IL 62903 

Permeability Tests Results 
Laboratory Tests 
Coarse Refuse 

Pond Creek Mine • Johnston City, Illinois 

11/30/2006 Client: Pond Creek Mine 
Johnston City, Illinois 

H-05278 

Moisture Content(%) Dry Unit 
Death /Ft.) Before Test After Test Weiaht /PCF) 

7.7 11.8 119.3 

618-529-5262 
800-333-17 40 

FAX 618-457-8991 

Permeability 
!Cm./Sec.) 

2 X 10-4 

Permeability Tests performed in accordance with ASTM D-5084 
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Project Pond Creek Mine 

r·'ect# H-05278 

uate 11/30/2006 

In Place Mc After Test Mc 
Wet Wt. 195.3 Wet Wt. 
Pan 94.2 Pan 
Dry Wt. 188.1 Dry Wt. 
Mc(%) 7.7 Mc(%) 
=== ======== 
Time(hrs) Time(min) Quantity (cc) 
======== -------- -==== 

7 26 
7 34 

7 
7 
7 

9 
9 
9 

33 
45 
47 

16 
23 
30 

24.7 
8.2 

24.5 
2.7 
0.8 

24.4 
9.6 
0.9 

1300.4 
103.1 

1173.6 
11.8 

PERMEABILITY TEST RESULTS 

Boring/Sample Coarse Refuse 
Depth 
Classification 

Diameter 
Length 

2.8 Inch 
5.6 Inch 

Unit Weight (PCF) 
Sample WI. 1161.8 

Wet UW= 128.5 
Dry UW= 119.3 

==== ========== 
Head (psi) Permeability (cm/sec) 

------=== -------- ====' === 

1 
1 

1 
1 

1.75E-04 

1.54E-04 
1.44E-04 

1.79E-04 
1.43E-04 

======= ===•=======-----
Average Permeability 1.63E-04 

========= ======== - ========= 

® 
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9 Total Effective I I ! I I I I I I I I' I I I I I ,,, 
! I I I ~ ! I I ' I I 

C, ts! 0.507 0 ' 7 I 'I I I I ' ! I I ,, 
I I ! I ! I I 

di, dea 18.5 33.7 I I I I I I ! I I I I I 

Tanl,I,\ 0.33 0.67 
I I I I ! ! I I I I I 

I I I I I ! ! I I I 

I I I I ! I I I I I I I I I I ! I I I I ! I I 

I I ! I I I I ! ! I I I I ! ! I I ' - 6 
I ! I I I I I I I ' I I I I I A I I I ! I I I I I 

.!!l I I I I I I I I I ' I I I I I ! I I 

I I I I I ! ! I I I 
,,; I I I I I I ! I I ' I 

"' I I I I I I I I I I I ! 

~ I I I I V I I I I I I I 

(/) ' I I I I ! I I I 

~ ! I ! 
T I ! 

" I I I < I I I 
OJ I I ! , ! ! I I I I I 
.c 
(/) 3 

! ! I ' ' I I I I I I I I I 

I I I I I ! I I I I ! I ! 

I I I I I ! ! 

I I ! ! I I I 
771 ! I I 7 

I ! I I I I I ! I I I I 

I ' I I I I I I I I I 
I J 11J1, I " ' ! ! I I ,, 

"" I I I ! I I 
I I ' ' ! ! ! I I I 

0 ! ! ! I • ! ! I I ! ! I I 

0 3 6 9 12 15 18 

Total Normal Stress, ts! ---
Effective Normal Stress, tsf - - -

9 I I I I ! I I 
Sample No. 1 2 3 I ! 

I I I 
! I Water Content, IO.I 10.8 10.3 

7.5 
I I Dry Density, pct 118.7 117.8 118.7 

I I I I I 
I rn Saturation, 97.0 99.8 99.3 

I I 3 = 
! I I I E Void Ratio 0.2470 0.2558 0.2468 - I ! I I Diameter, in. 2.80 2.80 2.80 .!!l 6 i I I I I 

,,; ! Height, in. 5.65 5.57 5.60 
"' ! I 
e ! I I Water Content, 10.4 10,8 10.4 
iii I I I I 

4.5 I I I I I Dry Density, pcf I 18.7 117.8 118.7 
.9 

1n 
I I ! I OJ Saturation, 100.0 100.0 100.0 

" 
I I I I 2 I-

·;;: I I I ;j: Void Ratio 0.2470 0.2558 0.2468 
OJ 

3 
I I I I I Diameter, in. 2.80 2.80 2.80 

D I I ' ! I 1 
I I ! Height, in. 5.65 5.57 5.60 

-, I I 
I I I ! Strain rate, in.lmin. 0.01 0.01 0.01 

I I I 
1.5 I ' ! I ! Back Pressure, tsf 3.60 3.60 2.16 

I ! I I I ! 

I I I ! Cell Pressure, tsf 5.04 6.48 7.92 
! I I I I I 

0 ! I ' I I ! I I I Fail. Stress, tsf 2.78 3.83 6.76 
0 5 10 15 20 Total Pore Pr., tsf 3.86 4.96 5.23 

Axial Strain, % Ult. Stress, Isl 2.77 3.83 6.76 
Total Pore Pr., tsf 3.85 4.95 5.23 

Type of Test: 
c,1 Failure, tsf 3.96 5.35 9.44 

CU with Pore Pressures 
'cr3 Failure, tsf 1.18 1.52 2.69 

Sample Type: Remolded Client: Pond Creek Mine 

Description: Coarse Coal Refuse 

I Project: Coarse Refuse Laboratory Tests 

Assumed Specific Gravity= 2.37 Location: Coarse Refuse Stockpile 

Remarks: Sample Number: Coarse Refuse 

Pro). No.: H-05278 Date: 11/17/06 

TRIAXIAL SHEAR TEST REPORT 

Plate 
HOLCOMB FOUNDATION ENGINEERING CO. 

Tested By: ~L~C _________ _ Checked By: ~T~H'-----------
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6 Peak Strength 
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..... 

Total Effective 
a= 0.52 tsf 0.00 tsf 

I 
..... 
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Stress Paths: Total --- Effective - - -

Client: Pond Creek 1'-Aine 
Project: Coarse Refuse Laboratory Tests 
Location: Coarse Refuse Stockpile Sample Number: Coarse Refuse 

Project No.: H-05278 Plate I HOLCOMB FOUNDATION ENGINEERING co. 

Tested By: ,,L"'C'----------- Checked By: ~T~H,__ ________ _ 
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TRIAXIAL COMPRESSION TEST 
CU with Pore Pressures 

Date: 11/17/06 
Client: Pond Creek Mine 

Project: 
Location: 

Sample Number: 

Coarse Refuse Laboratory Tests 
Coarse Refuse Stockpile 
Coarse Refuse 

Description: Coarse Coal Refuse 

Remarks: 

Type of Sample: Remolded 
Assumed Specific Gravity=2.3 7 LL= 

Test Method: COE uniform strain 

Specimen Parameter Initial 
Moisture content: Moist soll+tare, gms. 226.800 
Moisture content: Dry soil+tare, gms. 

Moisture content: Tare, gms. 

Moisture,¾ 

Moist specimen weight, gms. 

Diameter, in. 

Area, ln.2 

Height, in. 
Net decrease in height, in. 

Wei Density, pcf 
Dry density, pcf 
Void ratio 
Saturation, % 

Membrane modulus= 0.124105 kN/cm2 

Membrane thickness = 0.02 cm 
Filtei paper coefficient= 0.001926 ~~/cm 

Filter paper coverage = 50% 

218.600 
137.500 

10.1 
1193.I 

2.80 
6.16 
5.65 

130.6 
118.7 

0.2470 
97.0 

Consolidation cell pressure= 70.00 psi (5.040 tsf) 
Consolidation back pressure= 50.00 psi (3.600 tsf) 
Consolidation effective confining stress = 1.440 tsf 

Strain rate, in./min. = 0.01 
Fail. Stress= 2.778 tsfat reading no. 41 
Ult. Stress= 2.767 tsfat reading no. 42 

PL= 

Saturated 

10.4 

2.80 
6.16 
5.65 
0.00 

131.0 
118.7 

0.2470 
100.0 

Pl= 

Consolidated 

10.4 

2.80 
6.16 
5.65 
0.00 

131.0 
118.7 

0.2470 
100.0 

11/30/2006 
10:19 AM 

Final 
1320.700 
1195.800 

107.600 
11.5 

!...---------- HOLCOMB FOUNDATION ENGINEERING CO. _________ __,j 
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Def. Devlator Minor Eff. Major Eff. Pore 
Dial Load Load Strain Stress Stress Stress 1:3 Press. p Q 

( No. in. Dial lbs. % tsf tsf tsf Ratio psi tsf tsf 

0 0.0010 46.60 0.0 0.0 0.000 1.498 1.498 1.00 49.20 1.498 0.000 

0.0180 160.60 114.0 0.3 1.329 1.152 2.481 2.15 54.00 1.816 0.664 

2 0.0390 189.70 143.1 0.7 1.662 1.001 2.663 2.66 56.10 1.832 0.831 

3 0.0590 205.60 159.0 1.0 1.840 0.929 2.769 2.98 57.10 1.849 0.920 

4 0.0800 212.20 165.6 1.4 1.909 0.907 2.816 . 3.10 57.40 1.862 0.955 

5 0.1000 218.90 172.3 1.8 1.979 0.900 2.879 3.20 57.50 1.890 0.990 

6 0.1200 232.20 185.6 2.1 2.125 0.900 3.025 3.36 57.50 1.962 1.062 

7 0.1410 240.50 193.9 2.5 2.211 0.907 3.118 3.44 57.40 2.013 1.106 

8 0. 1610 245.50 198.9 2.8 2.260 0.914 3.174 3.47 57.30 2.044 1.130 

9 0.1820 252.20 205.6 3.2 2.327 0.922 3.249 3.53 57.20 2.085 1.i64 

10 0.2020 253.80 207.2 3.6 2.337 0.936 3.273 3.50 57.00 2.104 1.168 

11 0.2230 250.50 203.9 3.9 2.291 0.958 3.248 3.39 56.70 2.103 1.145 

12 0.2430 261.30 214.7 4.3 2.403 0.972 3.375 3.47 56.50 2.173 1.201 

13 0.2630 266.30 219.7 4.6 2.450 0.979 3.429 3.50 56.40 2.204 1.225 

14 0.2840 266.30 219.7 5.0 2.440 0.994 3.434 3.46 56.20 2.214 1.220 

15 0.3040 272.10 225.5 5.4 2.495 1.008 3.503 3.48 56.00 2.256 1.248 

16 0.3250 274.60 228.0 5.7 2.513 1.022 3.536 3.46 55.80 2.279 1.257 

17 0.3450 268.00 221.4 6.1 2.431 1.037 3.468 3.34 55.60 2.252 1.216 

18 0.3660 273.00 226.4 6.5 2.476 1.051 3.527 3.36 55.40 2.289 1.238 

19 0.3860 278.00 231.4 6.8 2,521 1.058 3.580 3.38 55.30 2.319 1.261 

20 0.4070 278.00 231.4 7.2 2.511 1.066 3.577 3.36 55.20 2.321 1.256 

21 0.4270 283.00 236.4 7.5 2.556 1.073 3.629 3.38 55.10 2.351 1.278 

22 0.4470 284.60 238.0 7.9 2.563 1.080 3.643 3.37 55.00 2.362 1.282 

23 0.4680 278.80 232.2 8.3 2.491 1.087 3.578 3.29 54.90 2.333 1.245 

24 0.4880 286.30 239.7 8.6 2.561 1.087 3.648 3.36 54.90 2.368 1.281 

25 0.5090 290.40 243.8 9.0 2.594 1.094 3.689 3.37 54.80 2.392 1.297 

26 0.5290 292.10 245.5 9.3 2.602 1.102 3.704 3.36 54.70 2.403 1.301 

27 0.5500 298.80 252.2 9.7 2.662 1.109 3.771 3.40 54.60 2.440 1.331 

28 0.5700 299.60 253.0 JO.I 2.660 1.116 3.776 3.38 54.50 2.446 1.330 

29 0.5910 294.60 248.0 10.4 2.597 1.116 3.713 3.33 54.50 2.415 1.299 

30 0.61 I 0 302.10 255.5 10.8 2.665 1.123 3.788 3.37 54.40 2.456 1.333 

31 0.6310 306.30 259.7 11.2 2.698 1.130 3.828 3.39 54.30 2.479 1.349 

32 0.6520 306.30 259.7 11.5 2.687 1.130 3.817 3.38 54.30 2.474 1.343 

33 0.6720 312.10 265.5 11.9 2.736 1.145 3.881 3.39 54.10 2.513 1.368 

34 0.6930 309.60 263.0 12.2 2.699 1.145 3.843 3.36 54.10 2.494 1.349 

35 0.7130 308.80 262.2 12.6 2.680 1.152 3.832 3.33 54.00 2.492 1.340 

36 0.7340 309.60 263.0 13.0 2.676 1.159 3.835 3.31 53.90 2.497 1.338 

37 0.7540 315.40 268.8 13.3 2.724 1.166 3.891 3.34 53.80 2.528 1.362 

38 0.7750 316.20 269.6 13.7 2.721 1.166 3.887 3.33 53.80 2.527 1.360 

39 0.7950 323.70 277.1 14.1 2.785 I.I 81 3.966 3.36 53.60 2.573 1.392 

40 0.8150 325.40 278.8 14.4 2.790 1.181 3.971 3.36 53.60 2.576 1.395 

41 0.8360 325.40 278.8 14.8 2.778 1.181 3.959 3.35 53.60 2.570 1.389 
,o 0.8560 325.40 278.8 '" 2.767 1 1 00 3.955 3.33 53.50 2.571 i.383 ~k l .J, l J.100 

..._ __________ HOLCOMB FOUNDATION ENGINEERING CO. ---------.....1 



R1580630 ( 57 @ 
Specimen Parameter Initial Saturated Consolidated Final 

Moisture content: Moist soil+tare, gms. 211.600 1335.900 

Moisture content: Dry soil+tare, gms. 203.200 1222.200 

Moisture content: Tare, gms. 125.200 134.800 

Moisture,% 10.8 10.8 10.8 10.5 

Moist specimen weight, gms. 1175. 1 

Diameter, in. 2.80 2.80 2.80 

Area, ln.2 6.16 6.16 6.16 

Height, In. 5.57 5.57 5.57 

Net decrease in height, in. 0.00 0.00 

Wet Density, pcf 130.5 130.5 130.5 

Dry density, pcf 117.8 117.8 117.8 

Void ratio 0.2558 0.2558 0.2558 

Saturation, % 99.8 100.0 100.0 

Membrane modulus= 0.124105 kN/cm2 

Membrane thickness;: 0.02 cm 

Filter paper coefficient= 0.001926 kN/cm 

Filler paper coverage = 50% 

Consolidation cell pressure= 90.00 psi (6.480 tsf) 

Consolidation back pressure= 50.00 psi (3.600 tsf) 

Consolidation effective confining stress = 2.880 tsf 

Strain rate, ln./min. = 0.01 

Fall. Stress = 3.829 tsf at reading no. 40 

Ult. Stress= 3.828 tsfat reading no. 41 

Def. Deviator Minor Eff. Major Eff. Pore 
Dial Load Load Strain Stress Stress Stress 1:3 Press. p Q 

No. In. Dial lbs. % tsf tsf tsf Ratio psi tsf tsf 

0 0.0000 51.60 0.0 0.0 0.000 3.377 3.377 1.00 43.10 3.377 0.000 

0.0190 185.60 134.0 0.3 1.562 2.340 3.902 1.67 57.50 3.121 0.781 

2 0.0400 233.00 181.4 0.7 2.106 1.814 3.920 2.16 64.80 2.867 1.053 

3 0.0600 253.00 201.4 1.1 2.330 l.562 3.892 2.49 68.30 2.727 l.l65 

4 0.0810 263.80 212.2 1.5 2.445 1.433 3.878 2.71 70.10 2.655 1.223 

5 0.1010 270.50 218.9 1.8 2.513 1.346 3.860 2.87 71.30 2.603 1.257 

6 0.1220 274.60 223.0 2.2 2.550 1.289 3.839 2.98 72.10 2.564 1.275 

7 0.1420 281.30 229.7 2.5 2.617 1.260 3.877 3.08 72.50 2.569 1.309 

8 0.1620 287.10 235.5 2,9 2.674 1.238 3.912 3.16 72.80 2.575 1.337 

9 0.1830 291.30 239.7 3.3 2.711 1.231 3.942 3.20 72.90 2.587 1.355 

10 0.2030 297.10 245.5 3.6 2.766 1.224 3.990 3.26 73.00 2.607 1.383 

II 0.2240 301.30 249.7 4.0 2.802 1.224 4.026 3.29 73.00 2.625 1.401 

12 0.2440 305.40 253.8 4.4 2.838 1.224 4.062 3.32 73.00 2.643 1.419 

13 0.2650 309.60 258.0 4.8 2.873 1.224 4.097 3.35 73.00 2.661 1.437 

14 0.2850 315.40 263.8 5.1 2.927 1.23 I 4.158 3.38 72.90 2.695 1.463 

15 0.3060 320.40 268.8 5.5 2.970 1.238 4.209 3.40 72.80 2.724 1.485 

16 0.3260 326.20 274.6 5,9 3.023 1.246 4.269 3.43 72.70 2.757 l.512 

17 0.3460 330.40 278.8 6.2 3.058 i.253 4.310 3.44 72.60 2.782 1.529 

18 0.3670 334.60 283.0 6.6 3.091 1.267 4.358 3.44 72.40 2.813 1.546 

19 0.3870 341.20 289.6 6.9 3. 151 1.282 4.433 3.46 72.20 2.857 1.576 

20 0.4080 346.20 294.6 7.3 3.192 1.296 4.488 3.46 72.00 2.892 1.596 

21 0.4280 351.20 299.6 7.7 3.234 1.310 4.544 3.47 71.80 2.927 1.617 

HOLCOMB FOUNDATION ENGINEERING CO. 
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Def. Oevlator Minor Eff. Major Eff. Pore 

Dial Load Load Strain Stress Stress Stress 1:3 Press. p Q 

No. In. Dial lbs. % tsf tsf tsf Ratio psi tsf tsf 

22 0.4490 357.00 305.4 8.1 3.283 1.318 4.601 3.49 71.70 2.959 1.642 

23 0.4690 359.50 307.9 8.4 3.297 1.332 4.629 3.48 71.50 2.981 1.649 

24 0.4890 362.80 311.2 8.8 3.319 1.339 4.659 3.48 71.40 2.999 1.660 

25 0.5100 368.70 317.1 9.2 3.368 1.346 4.715 3.50 71.30 3.031 1.684 

26 0.5300 374.50 322.9 9.5 3.416 1.361 4.777 3.51 71.10 3.069 1.708 

27 0.5510 377.00 325.4 9.9 3.429 1.368 4.797 3.51 71.00 3.082 1.714 

28 0.5710 381.20 329.6 10.2 3.459 1.368 4.827 3.53 71.00 3.098 1.730 

29 0.5920 384.50 332.9 10.6 3.479 1.382 4.861 3.52 70.80 3.122 1.739 

30 0.6120 386.20 334.6 11.0 3.483 1.390 4.872 3.51 70.70 3.131 1.741 

31 0.6330 392.00 340.4 11.4 3.528 1.397 4.925 3.53 70.60 3.161 1.764 

32 0.6530 397.00 345.4 11.7 3.565 1.411 4.977 3.53 70.40 3.194 1.783 

33 0.6730 400.30 348.7 12.1 3.585 1.426 5.010 3.51 70.20 3.218 1.792 

34 0.6940 406.10 354.5 12.5 3.629 1.440 5.069 3.52 70.00 3.254 1.814 

35 0.7140 410.30 358.7 12.8 3.657 1.454 5.111 3.51 69.80 3.283 1.828 

36 0.7350 413.60 362.0 13.2 3.674 1.469 5.143 3.50 69.60 3.306 1.837 

37 0.7550 420.30 368.7 13.6 3.727 1.483 5.210 3.51 69.40 3.347 1.863 

38 0.7760 423.60 372.0 13.9 3.744 1.498 5.242 3.50 69.20 3.370 1.872 

39 0.7960 427.80 376.2 14.3 3.770 1.505 5.275 3.51 69.10 3.390 1.885 

40 0.8170 435.30 383.7 14.7 3.829 1.519 5.348 3.52 68.90 3.434 1.914 

41 0.8370 436.90 385.3 15.0 3.828 1.526 5.355 3.51 68.80 3.441 1.914 

.._ __________ HOLCOMB FOUNDATION ENGINEERING CO. _________ __, 
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Specimen Parameter Initial Saturated Consolidated Final 

Moisture content: Moist soil+tare, gms. 184.300 1333.800 

Moisture content: Dry soil+tare, gms. 177.100 1230.400 

Moisture content: Tare, gms. 107.500 135.300 

Moisture,% 10.3 10.4 10.4 9.4 

Moist specimen weight, gms. 1185.2 

Diameter1 in. 2.80 2.80 2.80 

Area, in.2 6.16 6.16 6.16 

Height, in. 5.60 5.60 5.60 

Net decrease in height, in. 0.00 0.00 

Wet Density, pcf 130.9 131.0 131.0 

Dry density, pcf 118.7 118.7 118.7 

Void ratio 0.2468 0.2468 0.2468 

Saturation, % 99.3 100.0 100.0 

Membrane modulus= 0.124105 kN/cm' 

Membrane thickness = 0.02 cm 

Filter paper coefficient= 0.001926 kN/cm 

Filler paper coverage = 50% 
Consolidation cell pressure= 110.00 psi (7.920 tsf) 

Consolidation back pressure= 30.00 psi (2.160 tsf) 

Consolidation effective confining stress= 5.760 tsf 

Strain rate, ln./min. = 0.01 

Fall. Stress= 6.758 tsfat reading no. 42 
Ult. Stress= 6.758 tsf at reading no. 42 

Def. Deviator Minor Eff. Major Eff. Pore 
Dial Load Load Strain Stress Stress Stress 1:3 Press. p Q 

No. in. Dial lbs. ¾ tsf tsf tsf Ratio psi tsf tsf 

0 0.0000 25.00 0.0 0.0 0.000 6.588 6.588 1.00 18.50 6.588 0.000 

0.0190 88.20 63.2 0.3 0.736 6.458 7.195 1.11 20.30 6.827 0.368 

2 0.0400 309.60 284.6 0.7 3.304 5.623 8.927 1.59 31.90 7.275 1.652 

3 0.0600 397.00 372.0 I.! 4.303 4.795 9.098 1.90 43.40 6.947 2.152 

4 0.0810 428.60 403.6 1.4 4.651 4.234 8.885 2.10 51.20 6.559 2.326 

5 0.1010 441.90 416.9 1.8 4.787 3.830 8,617 2.25 56.80 6.224 2.393 

6 0.1220 449.40 424.4 2.2 4.854 3.521 8.375 2.38 61.10 5.948 2.427 

7 0.1420 460.20 435.2 2.5 4.960 3.283 8.243 2.51 64.40 5.763 2.480 

8 0.1620 467.70 442.7 2.9 5.027 3.017 8.044 2.67 68.10 5.530 2.513 

9 0.1830 476.00 451.0 3.3 5.101 2.837 7.938 2.80 70.60 5.387 2.551 

10 0.2030 483.50 458.5 3.6 5.167 2.693 7.860 2.92 72.60 5.276 2.583 

11 0.2240 489.30 464.3 4.0 5.212 2.585 7.797 3.02 74.10 5.191 2.606 

12 0.2440 495.20 470.2 4.4 5.258 2.491 7.750 3.11 75.40 5.120 2.629 

13 0.2650 505.20 480.2 4.7 5.349 2.419 7.768 3.21 76.40 5.094 2.675 

14 0.2850 511.00 486.0 5.1 5.394 2.369 7.762 3.28 77.10 5.066 2.697 

15 0.3060 518.50 493.5 5.5 5.455 2.333 7.788 3.34 77.60 5.060 2.728 

16 0.3260 526.80 501.8 5.8 5.526 2.304 7.830 3.40 78.00 5.067 2.763 

17 0.3460 533.50 508.5 6.2 5.579 2.297 7.875 3.43 78.10 5.086 2.789 

18 0.3670 539.30 514.3 6.6 5.620 2.326 7.945 3.42 77.70 5.135 2.810 

19 0.3870 548.40 523.4 6.9 5.697 2.275 7.972 3.50 78.40 5.124 2.849 

20 0.4080 555.90 530.9 7.3 5.756 2.261 8.016 3.55 78.60 5.139 2.878 

21 0.4280 565.90 540.9 7.6 5.841 2.261 8.102 3.58 78.60 5.181 2.921 

HOLCOMB FOUNDATION ENGINEERING CO. 
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Def. Oeviator Minor Eff. Major Eff. Pore 

Dial Load Load Strain Stress Stress Stress 1:3 Press. p Q 

No. in. Dial lbs. ¾ !sf !sf !sf Ratio psi !sf !sf 

22 0.4490 569.20 544.2 8.0 5.853 2.268 8.121 3.58 78.50 5.195 2.927 

23 0.4690 575.10 550.1 8.4 5.894 2.282 8.176 3.58 78.30 5.229 2.947 

24 0.4890 584.20 559.2 8.7 5.968 2.297 8.265 3.60 78.10 5.281 2.984 

25 0.5100 592.50 567.5 9.1 6.031 2.311 8.343 3.61 77.90 5.327 3.016 

26 0.5300 599.20 574.2 9.5 6.079 2.333 8.411 3.61 77.60 5.372 3.039 

27 0.5510 605.90 580.9 9.8 6.124 2.354 8.479 3.60 77.30 5.416 3.062 

28 0.5710 613.30 588.3 10.2 6.178 2.362 8.539 3.62 77.20 5.450 3.089 

29 0.5920 617.50 592.5 10.6 6.196 2.405 8.601 3.58 76.60 5.503 3.098 

30 0.6120 626.70 601.7 10.9 6.267 2.527 8.794 3.48 74.90 5.661 3.133 

31 0.6330 638.30 613.3 11.3 6.361 2.426 8.787 3.62 76.30 5.607 3.180 

32 0.6530 644.10 619.1 11.7 6.395 2.448 8.843 3.61 76.00 5.646 3.198 

33 0.6730 650.80 625.8 12.0 6.438 2.477 8.915 3.60 75.60 5.696 3.219 

34 0.6940 656.60 631.6 12.4 6.470 2.498 8.968 3.59 75.30 5.733 3.235 

35 0.7140 662.50 637.5 12.8 6.504 2.506 9.009 o sn 
-1,VV 75.20 5.758 3.252 

36 0.7350 669.10 644.1 13.1 6.543 2.542 9.085 3.57 74.70 5.813 3.271 

37 0.7550 678.30 653.3 13.5 6.609 2.563 9.172 3.58 74.40 5.868 3.305 

38 0.7760 684.10 659.1 13.9 6.639 2.585 9.224 3.57 74.10 5.904 3.319 

39 0.7960 690.70 665.7 14.2 6.678 2.614 9.291 3.55 73.70 5.952 3.339 

40 0.8170 699. 10 674.1 14.6 6.732 2.635 9.367 3.55 73.40 6.001 3.366 

41 0.8370 701.60 676.6 14.9 6.729 2.700 9.429 3.49 72.50 6.065 3.365 

42 0.8570 707.40 682.4 15.3 6.758 2.686 9.444 3.52 72.70 6.065 3.379 

'------------ HOLCOMB FOUNDATION ENGINEERING CO. _________ ____, 
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( HOLCOMB FOUNDATION ENGINEERING CO., INC. 
SOiLS • BITUMINOUS · CONCRETE • INVESTIGATIONS AND TESTING 

April 9, 2007 

SHIPPING ADDRESS 
Box 393 Wood Road 
Carbondale. JL 62901 

Williamson Energy LLC 
PO Box 99 
Johnston City, Illinois 62951 

Attention: Mr. James Plumley 

Re: Coarse Refuse Laboratory Tests 
Mach Mine 
Johnston City, Illinois 
HFE File H-05278 

Dear Sir: 

www.hofcombengineering.com 

MAILING ADDRESS 
P.O. Box 88 

Carbondale, IL 62903 

618-529-5262 
800-333-17 40 

FAX 618-457-8991 

In accordance with your instructions, on March 29, 2007, we sampled coarse refuse at Mach Mine 
and performed laboratory tests on remolded samples. Results of the tests are as follows: 

Visual Classification: Coarse Coal Refuse (Shale, Coal, Sandstone Mixture) 

Proctor Test Results: 
Maximum Dry Unit Weight: 120.3 PCF 
Optimum Moisture Content: 10. 7 % 

Specific Gravity: 2.50 

Triaxial Test Results: 
Effective Cohesion: 
Effective Phi Angle: 

Penneability (2 tests): 

152 PSF 
29.3 Degrees 

3 x l 0-4 cm./sec. 
2 x 10-4 cm.!sec. 

Results of the grain size analysis and the laboratory tests are attached. 
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( Mach Mine Coarse Refuse Tests 
April 9, 2007 
Page 2 

If you should have any questions, or if we can be of further assistance, please feel free to contact us 
at your convenience. 

Sincerely, 

I copy: Justin Harry - Alliance Consulting 

35 1 s7 
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Date: 

Project No.: 

Borinn No. 

Coarse Refuse 
Sample#1 

Coarse Refuse 
Sample#2 

HOLCOMB FOUNDATION ENGINEERING CO., INC. 
SOILS • BITUMINOUS • CONCRETE · INVESTIGATIONS AND TESTING 

SHIPPING ADDRESS 
Box 393 Wood Road 
Carbonda(e. IL 62901 

www.holcombengineering.com 

MA!UNG ADDRESS 
P.O. Box. 88 

Carbondale, IL 62903 

Permeability Tests Results 
Mach Mine 

4/9/2007 

H-05278 

Deoth /Ft.l 

Johnston City, Illinois 

Client: 

Moisture Content(%) 
Before Test After Test 

10.9 14.6 

10.1 14.3 

Williamson Energy 

Dry Unit 
Weicht (PCF) 

115.7 

114.7 

618-529·5262 
800-333-17 40 

FAX 618-457-8991 

Permeability 
(Cm./Sec.) 

3 X 10-4 

2 X 10-4 

Permeability Tests performed in accordance with ASTM D-5084 
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Holcomb Foundation Engineering 

Moisture Density Relationship 

Project: Pond Creek Mine 

Johnston City, Illinois 

Location: Coarse Refuse Disposal Area 

Project No.: H•05278 

Date: 

Test Data 

4/9/2007 

ASTM 0·698 (standard) 

Moisture 

Content{%) 

12.8 

13.2 

10.2 

7.8 

10.7 

Proctor Test Results 
Soil Classification: 

Maximum Dry Density (PCF) 

Weathered Coarse Refuse 

120.3 

Optimum Moisture Content(%) 10.7 

Dry Unit Wt. 

{PCF) 

118. 7 

116.7 

120.1 

119.1 

120.3 

122.0 ,------------------------------------~ 

u:
" e:. 

121.0 -

120.0 · 

j: 119.0 

118.0 

117.0 

Proctor Curve 

♦ 

♦ 

♦ 

115.0 ,_ __________________________________ _; 

7.0 8,0 9.0 10.0 11.0 12.0 13.0 14.0 

% Moisture 
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Holcomb Foundation Engineering Grain Size Analysis 
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Project: 

Project No.: 

Sample No. 

Sieve 

2" 
1.5" 
1" 
3/4" 
1/2" 
3/8" 
#4 
#10 
#20 
#40 
#60 
#100 
#200 

HOLCOMB FOUNDATION ENGINEERING CO., INC. 
SOILS • BITUMINOUS · CONCRETE · INVESTIGATIONS AND TESTING 

SHIPPING ADDRESS 
Box 393 Wood Road 
Carbondale, IL 62901 

www.holcombengineering.com 

MAILING ADDRESS 
P.O. Box 88 

Carbondale, IL 62903 

Grain Size Analysis 

Mach Mine Client: Mach Mine 

H-05278 Date: 4/9/2007 

Coarse Refuse Total Weight: 2290.30 

Wt. Retained % Ret. % Passing 

0.0 0.0 100.0 
314.4 13.7 86.3 
536.7 23.4 76.6 
674.8 29.5 70.5 
901.6 39.4 60.6 

1061.2 46.3 53.7 
1522.1 66.5 33.5 
1911.6 83.5 16.5 
2091.9 91.3 8.7 
2166.2 94.6 5.4 
2202.2 96.2 3.8 
2223.7 97.1 2.9 
2245.2 98.0 2.0 

618-529-5262 
800-333-17 40 

FAX 618-457-8991 
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Total Nonna! Stress, tsf ---
Effective Nonna! Stress, !sf - - -

Sample No. 

Water Content, 
Dry Density, pct 

~ Saturation, 
·c Void Ratio 

Diameter, in . 
Height, in. 

Water Content, 
-;;; Dry Density, pcf 
i! Saturation, 
~ Void Ratio 

Diameter, in. 
Height, in. 

Strain rate, in./min. 
Back Pressure, tsf 
Cell Pressure, tsf 
Fail. Stress, tsf 

0 5 10 15 20 Total Pore Pr., tsf 
Ult. Stress, tsf Axial Strain,% 

Total Pore Pr., tsf 
1--------------------,;;cr

1 
Failure, tsf 

Type of Test: ci-3 Failure, tsf 
CU with Pore Pressures 

Sample Type: Coarse Refuse 

Description: 

Client: Pond Creek Mine 

14.4 
113.2 
95.1 

0.3 793 
2.80 
5.59 

15.2 
113.2 
100.0 

0.3793 
2.80 
5.59 
0.00 
3.60 
5.04 
1.85 
4.18 
1.85 
4.18 
2.71 
0.86 

Project: Coarse Refuse Laboratory Tests 

Assumed Specific Gravity= 2.50 

Remarks: 

Location: Weathered Coarse Refuse 

2 

12.7 
1 I 5.1 
89.0 

0.3560 
2.80 
5.58 

14.2 
115. I 
100.0 

0.3560 
2.80 
5.58 
0.00 
3.60 
6.48 
2.67 
5.27 
2.66 
5.22 
3.88 
1.21 

Proj. No.: H-05278 Date: 4/2/07 

3 

13.1 
114.6 
90.4 

0.3615 
2.80 
5.58 

14.5 
114.6 
100.0 

0.3615 
2.80 
5.58 
0.00 
1.80 
7.56 
5.55 
4.77 
5.55 
4.77 
8.34 
2.79 

r TRJAXIAL SHEARTEST REPORT ........... . 

Plate 
I HOLCOMB FOUNDATION ENGINEERING CO. 

Tested By: ~L=C _________ _ Checked By: _,_T"-'H'---------
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TRIAXIAL COMPRESSION TEST 
CU with Pore Pressures 

Date: 4/2/07 
Client: Pond Creek Mine 
Project: 

Location: 

Coarse Refuse Laboratory Tests 
Weathered Coarse Refuse 

Description: 

Remarks: 

Type of Sample: Coarse Refuse 
Assumed Specific Gravity=2.50 LL= 
Test Method; COE unifonn strain 

PL= Pl= 

4/912007 
11:10AM 

~. . -. . . m;,;;;;:;;;;ua@WMMN4ii · ·· 
Specimen Parameter Initial Saturated Consolidated Final 

Moisture content; Moist soll+tare, gms. 179.300 1255.500 
Moisture content: Dry soil+tare, gms. 

Moisture content: Tare, gms. 

Moisture,% 

Moist specimen weight, gms. 

Diameter, in. 

Area, in.2 

Heigh~ in. 
Net decrease in height, in. 

165.700 
71.400 

14.4 
1170.0 

2.80 
6.16 
5.59 

Wet Density, pcf 129 .5 

15.2 15.2 

2.80 2.80 
6.16 6.16 
5.59 5.59 
0.00 0.00 

130.3 130.3 
Dry density, pcf 113.2 113.2 113.2 
Void ratio 0.3793 0.3793 0.3793 
Saturation,% 95.1 100.0 100.0 

1117.500 
79.600 

13.3 

~-•-&#Mi&i#¥19~4i##i#A½iGIJi4liii/ii 
Membrane modulus= 0.124105 kN/cm' 
Membrane thickness= 0.02 cm 

Filter paper coefficient= 0.001926 kN/cm 

Filter paper coverage = 50% 

Consolidation cell pressure= 70.00 psi (5.040 tsf) 

Consolidation back pressure= 50.00 psi (3.600 tsf) 

Consolidation effective confining stress= 1.440 tsf 
Strain rate, in./min. = 0.00 

Fail. Stress = 1.845 tsf at reading no. 31 
Ult. Stress = 1.845 tsf at reading no.31 

5/ 

._ __________ HOLCOMB FOUNDATION ENGINEERING CO. -----------' 
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±+iiiiP4J➔¾MS_,, P&i\4WiW411r46P¥¥6R'Wfi\liF·) :il 
Def. Deviator Minor Eff. Major Eff. Pore 

Dial Load Load Strain Stress Stress Stress 1:3 Press. p Q 

No. In. Dial lbs. % tsf tsf !sf Ratio psi ts! ts! 

0 0.0000 19.10 0.0 0.0 0.000 l.627 1.627 1.00 47.40 1.627 0.000 

0.0190 20.00 0.9 0.3 0.001 1.642 1.642 1.00 47.20 1.642 0.000 

2 0.0400 20.00 0.9 0.7 0.000 1.656 1.656 1.00 47.00 J.656 0.000 

3 0.0600 20.00 0.9 1.1 0.000 l.663 1.663 l.00 46.90 J.663 0.000 

4 0.0810 20.00 0.9 l.4 0.000 1.678 1.678 1.00 46.70 1.678 0.000 

5 0.1010 25.00 5.9 1.8 0.017 1.678 1.694 1.01 46.70 1.686 0.008 

6 0.1220 99.00 79.9 2.2 0.857 1.318 2.175 1.65 51.70 1.746 0.429 

7 0.1420 124.00 104.9 2.5 1.195 l.152 2.347 2.04 54.00 1.750 0.598 

8 0.1620 134.80 115.7 2.9 l.314 1.058 2.372 2.24 55.30 1.715 0.657 

9 0.1830 140.60 121.5 3.3 1.374 1.001 2.375 2.37 56.10 1.688 0.687 

10 0.2030 144.80 125.7 3.6 l.416 0.965 2.381 2.47 56.60 1.673 0.708 

11 0.2240 148.10 129.0 4.0 1.448 0.936 2.384 2.55 57.00 1.660 0.724 

12 0.2440 150.60 13 l.5 4.4 l.471 0.914 2.385 2.61 57.30 1.650 0.735 

13 0.2650 153.10 134.0 4.7 l.493 0.900 2.393 2.66 57.50 J.646 0.746 

14 0.2850 155.60 136.5 5.1 l.515 0.878 2.393 2.72 57.80 1.636 0.757 

15 0.3060 157.30 138.2 5.5 1.528 0.864 2.392 2.77 58.00 1.628 0.764 

16 0.3260 159.80 140.7 5.8 l.549 0.857 2.406 2.81 58.10 l.631 0.775 

17 0.3460 I 62.30 143.2 6.2 1.571 0.850 2.420 2.85 58.20 1.635 0.785 

18 0.3670 163.10 144.0 6.6 l.573 0.835 2.408 2.88 58.40 1.622 0.787 

19 0.3870 I 66.40 147.3 6.9 1.603 0.828 2.431 2.94 58.50 1.630 0.802 

20 0.4080 168.90 149.8 7.3 l.624 0.821 2.445 2.98 58.60 l.633 0.812 

21 0.4490 172.30 153.2 8.0 J.648 0.814 2.461 3.02 58.70 l.637 0.824 

22 0.4890 173.90 154.8 8.7 1.652 0.806 2.458 3.05 58.80 l.632 0.826 

23 0.5300 178.90 159.8 9.5 1.691 0.806 2.498 3. 10 58.80 l.652 0.846 

24 0.5710 184.80 165.7 10.2 1.i40 0.814 2.553 3.14 58.70 l.683 0.870 

25 0.6120 186.40 167.3 10.9 1.742 0.806 2.549 3.16 58.80 1.677 0.871 

26 0.6530 190.60 171.5 1 l.7 1.771 0.821 2.592 3.16 58.60 1.706 0.886 

27 0.6940 195.60 176.5 "' 1.:..-,. 1.808 0.821 2.628 3.20 58.60 l.725 0.904 

28 0.7350 197.20 178.1 I 3.1 l.809 0.835 2.644 3.17 58.40 J.740 0.904 

29 0.7760 201.40 182.3 13.9 1.836 0.842 2.678 3.18 58.30 1.760 0.918 

30 0.8170 204.70 185.6 14.6 l.853 0.857 2.710 3.16 58.10 l.783 0.927 

JI 0.8370 204.70 185.6 15.0 1.845 0.864 2.709 3.14 58.00 1.787 0.923 

..._ __________ HOLCOMB FOUNDATION ENGINEERING CO. __________ _. 
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( 
= . , ~-· Specimen Parameter Initial Saturated Consolidated Final 

Moisture content: Moist soil+tare, gms. l 69.900 

Moisture content: Dry soil+tare, gms. 

Moisture content: Tare, gms. 

Moisture,% 

Moist specimen weight, gms. 

Diameter, in. 

Area, in,.i 

Height, in. 

Net decrease in height, in. 

158.800 

71.200 

12.7 

1169.8 

2.80 

6.16 

5.58 

Wet Density, pcf 129.7 

Dry density, pcf 115. l 

14.2 14.2 

2.80 2.80 

6.16 6.16 

5.58 5.58 

0.00 0.00 

131.5 131.5 

l 15.1 115.l 

Void ratio 0.3560 0.3560 0.3560 

Saturation,% 89.0 100.0 l 00.0 

1238.700 

1117.200 

73.100 

11.6 

~tlli~ . tbiftff · 
Membrane modulus= 0.124105 kN/cm2 

Membrane thickness= 0.02 cm 

Filter paper coefficient= 0.001926 k."'licm 

Filter paper coverage = 50% 

Consolidation cell pressure= 90.00 psi (6.480 tst) 

Consolidation back pressure= 50.00 psi (3.600 tst) 
Consolidation effective confining stress= 2.880 tsf 

Strain rate, in./mln. = 0.00 

Fail. Stress= 2.666 tsf at reading no. 27 

Ult. Stress= 2.663 tsf at reading no. 31 

Def. Deviator 
Dial Load Load Strain Stress 

No. in. Dial lbs. % tsf 

0 0.0000 62.40 0.0 0.0 0.000 

0.0220 173.10 l 10.7 0.4 1.289 

2 0.0420 206.40 144.0 0.8 i.67i 

3 0.0620 223.00 160.6 I. I 1.857 

4 0.0830 230.50 168.1 1.5 1.936 

5 0.1030 235.50 173.1 1.8 1.987 

6 0.1240 238.00 175.6 2.2 2.008 

7 0.1440 242.20 I 79.8 2.6 2.048 

8 0.1650 245.50 183. I 3.0 2.078 

9 0.1850 248.80 186.4 3.3 2.107 

10 0.2060 252.20 189.8 3.7 2.137 

II 0.2260 254. 70 192.3 4.0 2.158 

12 0.2460 253.80 191.4 4.4 2. 139 

13 0.2670 258.80 196.4 4.8 2.187 

14 0.2870 260.50 198.1 5.! 2.197 

15 0.3080 263.00 200.6 5.5 2.216 

16 0.3280 265.50 203.! 5.9 2.235 
I 7 0.3490 268.80 206.4 6.3 2.263 

18 0:3690 268.W 2-06.4 6.6 2254 
19 0.3900 273.00 210.6 7.0 2.290 

20 0.4100 275.50 213.1 7.3 2.309 

21 0.4510 28 !.30 218.9 8.1 2..353 

Minor Eff. 
Stress 

tsf 

3.967 

2.484 

2.016 

1.764 

1.6 I 3 

1.512 

1.447 

1.390 

1.346 

1.310 

1.289 

1.267 

1.253 

1.238 

1.23 I 

1.217 

1.210 
1.210 

L2U2 

1.195 

I. 195 

I.I 88 

Major Eff. Pore 
Stress 1:3 Press. 

tsf Ratio psi 

3.967 1.00 34.90 

3.773 1.52 55.50 

3.687 1.83 62.00 

3.621 2.05 65.50 

3.549 2.20 67.60 

3.499 2.3 I 69.00 

3.455 2.39 69.90 

3.438 2.47 70.70 

3.424 2.54 71.30 

3.418 2.61 7 I.SO 

3.426 2.66 72.10 
3.425 2.70 72.40 

3.392 2.71 72.60 

3.425 2.77 72.80 

3.428 2.78 72.90 

3.433 2.82 73.10 

3.445 0 O< ......... 73.20 

3.472 2.87 73.20 

30456 2Jc:7 73.30 

3.486 2.92 73.40 

3.504 2.93 73.40 

3.541 2.98 73.50 

HOLCOMB FOUNDATION ENGINEERING CO. 

p Q 
tsf tsf 

3.967 0.000 

3.129 0.645 

2.852 0.836 

2.693 0.929 

2.581 0.968 

2.505 0.993 

2.451 1.004 

2.414 1.024 

2.385 1.039 

2.364 1.054 

2.358 1.069 

2.346 1.079 

2.322 1.070 

2.332 1.093 

2.330 1.099 

2.325 I. I OS 
"} 'l'l-'1 
.:.. •• •.:. I l. l 18 
2.341 I. I 3 I 

2.329 1.127 
2.340 1.145 

2.350 !,154 

2.364 i. 176 
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No. 

Def. 
Dial 
in, 

22 0.4920 

23 0.5330 

24 0.5740 

25 0.6140 

26 0.6440 

27 0.6960 

Load 
Dial 

284.60 

292,10 

296.30 

300.40 

305.40 

322,90 

Load 
lbs. 

222.2 

229.7 

233.9 

238.0 

243.0 

260.5 

Deviator Minor Eff. 
Strain Stress Stress 

% tsf tsf 

8.8 

9.6 

10.3 

11.0 

11.5 

12.5 

2.369 

2.429 

2.454 

2.477 

2.514 

2.666 

1.195 

1.195 

1.202 

1.202 

1.217 

1.210 

316.20 253.8 28 0. 7370 13.2 2.576 1.238 

29 0.7780 322.10 259.7 13.9 2.613 1.238 

Major Eff. 
Stress 

tsf 

3.564 

3.625 

3.656 

3.679 

3,730 

3.876 

3.814 

3.852 

1:3 
Ratio 

2.98 

3.03 

3.04 

3.06 

3.07 

3.20 

3.08 

3.11 

Pore 
Press. 

psi 

73.40 

73.40 

73.30 

73.30 

73.10 

73.20 

72.80 

72.80 

't, I :>1 

p Q 
tsf tsf 

2.380 1.185 

2.410 1.215 

2.429 1.227 

2.441 1.238 

2.474 1.257 

2.543 1.333 

2.526 1.288 

2.545 1.307 

30 0.8190 328.70 266.3 14.7 2.657 1.253 3.910 3.12 72.60 2.581 1.328 

31 0.8390 330.40 268.0 15.0 2.663 1.260 3.923 3.l 1 72.50 2.591 1.331 

Bfll ~,c "'""""""'m""'.U"""-""""' 
Specimen Parameter Initial Saturated Consolidated Final 

Moisture content: Moist soil+tare, gms. 

Moisture Content: Dry soil+tare, gms. 

Moisture content: Tare, gms. 

Moisture,% 

Moist specimen weight, gms. 

Diameter1 in. 

Area, in.2 

Height, in. 

Net decrease in height, in. 

Wet Density, pcf 

Dry density, pcf 

171.400 

160.000 

72.800 

13.1 

1 168.8 

2.80 

6.16 

5.58 

129.6 

114.6 

14.5 

2.80 

6.16 

5.58 

0.00 

131.2 

114.6 

14.5 

2.80 

6.16 

5.58 

0.00 

131.2 

114.6 

Void ratio 0.3615 0.3615 0.3615 

Saturation,% 90.4 100.0 100.0 

1284.500 

1180.500 

134.900 

9.9 

~~~dlii/ffi:«:'.~ 
Membrane modulus= 0.124105 kN/crn' 

Membrane thickness= 0.02 cm 

Filter paper coefficient= 0.001926 k,'1/crn 

Filter paper coverage= 50% 

Consolidation cell pressure= 105.00 psi (7,560 ts!) 

Consolidation back pressure= 25.00 psi (l.800 ts!) 

Consolidation effective confining stress= 5. 760 tsf 
Strain rate, in./min. = 0.00 

Fail. Stress= 5.549 tsfat reading no. 35 

Ult. Stress= 5.549 tsfat reading no. 35 

Def. Deviator 
Dial Load Load Strain Stress 

No. in. Dial lbs. % tsf 

0 0.0020 I 02.40 0.0 0.0 0.000 

0.0170 286.30 I 83.9 0.3 2.145 

2 0.0370 364.50 262.l 0.6 3.046 

3 0.0580 407.00 304.6 1.0 3.526 

4 0.0780 426:10 32"3:7 L4 3,733 

5 0.0990 437.70 335.3 1.7 3.853 

6 0.1190 449.40 347.0 2.1 3.972 

7 0.1400 457.70 355.3 2.5 4.052 

Minor Eff. 
Stress 

tsf 

7.207 

6.674 

6.1 !3 

5.537 

4,997 

4.536 

4.133 

3.838 

Major Eff. Pore 
Stress 1:3 Press. 

tsf Ratio psi 

7.207 1.00 4.90 

8.819 1.32 12.30 

9.158 1.50 20.10 

9.063 1.64 28.10 

&.730 1.75 .. 35:60 

8.389 1.85 42.00 

8.105 1.96 47.60 

7.889 2.06 51.70 

HOLCOMB FOUNDATION ENGINEERING CO. 

p Q 
tsf tsf 

7.207 0.000 

i.741 1.072 

7.636 1.523 

7.300 1.763 

6.864 1.867 
6.462 1.926 

6.119 1.986 

5.863 2.026 
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~ 
Def. Oeviator Minar Eff. Major Eff. Pore 

Dial Load Load Strain Stress Stress Stress 1:3 Press. p Q 

No. In. Dial lbs. % ts! ts! ts! Ratio psi ts! ts! 

8 0.1600 464.40 362.0 2.8 4.113 3.593 7.706 2.14 55.10 5.649 2.056 

9 0.1810 474.40 372.0 3.2 4.210 3.384 7.594 2.24 58.00 5.489 2.105 

JO 0.2010 481.90 379.5 3.6 4.279 3.211 7.490 2.33 60.40 5.351 2.140 

11 0.2210 487.70 385.3 3.9 4.328 3.074 7.403 2.41 62.30 5.239 2.164 

12 0.2420 495.20 392.8 4.3 4.395 2.959 7.355 2.49 63.90 5.157 2.198 

13 0.2620 503.50 401.1 4.7 4.471 2.851 7,323 2.57 65.40 5.087 2.236 

14 0.2830 509.30 406.9 5.0 4,518 2.772 7.290 2.63 66.50 5.031 2.259 

15 0.3030 519.30 416.9 5.4 4.612 2.693 7.305 2.71 67.60 4.999 2.306 

16 0.3240 522.60 420.2 5.8 4.630 2.650 7.279 2.75 68.20 4.965 2.315 

17 0.3440 526.00 423.6 6.1 4.650 2.621 7,270 2.77 68.60 4.946 2.325 

18 0.3650 534.30 431.9 6.5 4.722 2.578 7,299 2.83 69.20 4.938 2.361 

19 0.3850 541.80 439.4 6.9 4.785 2.549 7.334 2.88 69.60 4.941 2.393 

20 0.4050 546.80 444.4 7.2 4.821 2.534 7.355 2.90 69.80 4.945 2.41 I 

21 0.4260 553.40 45!.0 7.6 4.873 2.520 7.393 2.93 70.00 4.956 2.436 

22 0.4460 558.40 456.0 8.0 4.908 2.506 7.413 2.96 70.20 4.959 2.454 

23 0.4670 560.90 458.5 8.3 4.914 2.506 7.420 2.96 70.20 4.963 2.457 

24 0.4870 569.20 466.8 8.7 4.984 2.506 7.489 2.99 70.20 4.997 2.492 

25 0.5080 574.20 471.8 9.1 5.016 2.513 7.529 3.00 70.10 5.021 2.508 

26 0.5280 580.10 477.7 9.4 5.059 2.520 7.579 3.01 70.00 5.050 2.530 

27 0.5690 592.50 490.1 10.2 5.148 2.534 7.683 3.03 69.80 5.109 2.574 

28 0.6100 600.00 497.6 10.9 5.184 2.570 7.755 3.02 69.30 5.163 2.592 

29 0.6510 610.90 508.5 11.6 5.254 2.599 7.853 3.02 68.90 5.226 2.627 

30 0.6920 625.80 523.4 12.4 5.363 2.628 7.991 3.04 68.50 5.310 2.682 

31 0,7330 63 l.70 529.3 13.1 5.378 2.671 8.049 3.01 67.90 5.360 2.689 

32 0.7730 641.60 539.2 13.8 5.434 2.707 8.141 3.01 67.40 5.424 2.717 

33 0.8140 651.60 549.2 14.6 5.487 2.750 8.238 3.00 66.80 5.494 2.744 

34 0.8350 656.60 554.2 14.9 5.513 2.772 8.285 2.99 66.50 5.528 2.756 

35 0.8540 662.50 560.1 15.3 5.549 2.786 8.335 2.99 66.30 5.561 2.775 

.,_ __________ HOLCOMB FOUNDATION ENGINEERING CO. __________ _, 
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Description of Material 

Surfoce Elevation 
Brown Silty CLAY ( CL) 
end pebbles 

with sand 

Gray Mottled Brown Silty CLAY ( CL) 

End of Boring @ -20.0' 

Ground Water Data 
No Ground Vlaier Encountered During Drilling and None Upon Compleiion. 

0t
' Moch #1 Mine Soils lnvesiigation 

C!ien~: 

Moch #1 Mine Williamson Countv Illinois 

Alliance Consuliing, Inc. 
Beaver, West Vir9inio 

I 
Dote of Boring 

February 1, 2006 

I Project No, 

H-05278 
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Holcomb Foundation 

LOG of BORING .B.293 Engineering Co . 

Unconfined Compnnu1lve Stnani;th (Tens/Sq. Ff.) 

• • 0 

1 2 ; 4 5 5 -; g Description of Material • 
Wotar Conh:nt (,:) G 0 0. ;; ... 

-----------0----------- z E 5 - E 0 • "' • 
Standard N P ■netrctlon, Blows/Ft. -" ii ii 

C. E • E 

30 X '° 
0. • D ~ D 

10 20 50 60 0 II> .... II) Surface Elevation 
I I I I I I I I I 7" Topsoil 

I I' I 
I I I I I I I Gray Mottled Brown Silty CLAY (CL) 
I I I I I' I I 

I I I I I I I I I I I with trace of sand 
I I I I ' I ''' I I I ' ' 
i I I I I I I I I ' I I I 

I I I ' ' ' ' ' ss / I I ' ' I I 1 
' ' I I I I 5 
I ' I I I 

' I I ' I I 

' I I ' ss / I I ' 2 
I I ' I I I 

I ' ' ' ' ' ' I 

' I 
I ' / I I 3 ss 

' I I I I ' I I 1. 
Brown. Mottled Gray Silty CLAY (CL) 

I I I I I 
I 'I I with sand and pebbles 

I 

/ I I I 4 ss 
' 

' ' '' ' ' I ' I I I 

/ I I 5 ss 
' ' 1 : 

' ' ' I 
/ I I I 6 ss 

' ' ' I 

' ' ' ' ' ' 
I ' ' I ' I 

I I ' I ' ' 
, ~ 7 -- / ~rav , .. 

' I ' I ' ' ' 20 End of Boring 0 1 9.0' 
I I 
I I I ' 
I ' ' I I I 

' ' ' I I I I 
I ' I I I 

' I I 
I I I I ' ' ' 2! I I ' I I ' I I I I I ' I ' 

I I ' 
I I I I 

' ' I ' 
I I I I I I ' I 

' I I I I ' I 

' I i I I ., ' I 
I I I I I I ' I I I 

' I I ' ' ' ' ' I I ' I I I I I ' ' I I 30 
I I I ' I I ' ' ' ' I I I I I 

I ' I I I I I I I 

I I ' I I ' '' ' ' ' I 

I I i ' I I I ! I I I I I I I ' 
I I ' I I I j I I 

I i I ' I I 

I I I I I I I I I I I I I I 
I I ' I I I ' I I ' I I • ' I 35 
I I I I I I I I I I I I I i I I 

I I I ' ' I I I I I I I I I ' I I ' 
' I t I I I I I I ! I I I I I I I I ' I I I ' 

I I I I • I I -, I I I I I I I I I ' I I I I I 

' ' ' I I I -, I I I ' ' I I I I I I ' ' I I I I I I 

Ground Water Dato 

Ground Water Encountered QI -12.0' Ou ring Drilling. 
t-'rojacr: Rock Probes for Moch Mine I Dole of Boring 

Johnston City, Illinois December 5, 2005 

Cliunt: Williamson County Energy I Project No. 

Marion, Illinois H-05278 
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Holcomb Foundation 

LOG of BORING -8294 Engineering Co. 

Unconflnad Comprnsive Sinngm (Tons/Sq. Fl.) 

• • 0 

1 2 3 4 5 6 • C 
Description of Material • " 

Wcrie-r Content (") • ,; ii. ] ... 
-----------0------------

% E 0 
.5 • a • "' 

Slander<! N Penetration. Blow•/Ft. ,: ii. ii. 
ii. E • E 

X 
0. • • ~ " 

10 20 30 ~o 50 60 
C Ill ,... "' Surface Elevation 

, I I ' ' ' ' I I I I 7" Toosoil 
I I ' ' 

,, 
I ' I I I IT I 

I ' I I Brown Mottled Gray Silty CLAY ( CL) 

' ' ' I I I ' 
I 

' ' ' ' '' 
., ' '' with sand and pebbles 

' I I ' I' I 

' ' ' ' I ' I :/ 
' ' ' I ' I 1 ss 

' I I I ' 5 
I I ' ' ' 

I I' I 

I I I 

/ I I I ' 2 ss 
I r I ' ' 

I ' 
I 

I / 3 ss 
I 1 

I I I 

I I 
I / I 4 ss 

I ' I 

' ' 
' I 
I I/ 

' ' 
I I 

5 ss 

I '' ' 
15 I 

I I 

I ' 
' 

I 6 ss / 
' ' 

I 

' ' I ' ' ' 
I I I 

I I ' I ' ' / I 
-, 7 ss 

I I ' I I 20 
' ' ' I I ' 
' 

' 
' ' / Brown 

' 
B ss SHALE 

' • 
' ' ' ' ' ' 
' '' I ' 

End of Boring C> -22.5' 

' ' ''' ' 
' ' I 

' ' ' '' ' ' ' l ' 21 
I I ' ' I 

I ' ' 
I I i ' 

T 
' I 

I ' ' I I I 

I I ' I I I ' ' 
I I I I I I 

' I I I Ii I I ' 
I I I I I I I 

I ' ' I I I ' 
' ' I I I ' I ' ' 3( 
' I ' ' ' I 

I ' I I I ' ' ' ' 
I I I I I I 1 I ' I 

' I '' I ' ' 
'I ' ' ''' I ' ' I I I 

I I ' ' I I ' I I ' I j I, I ' I 

' I I I I I I I i I I I I 1 I I 

I I I I I I I I I I I I I ' I I I I 

I ' I I I ' ' I ' I ' 
I I I I I I l t ! I ' 

,, I I I 3! 
I! I I I I I ! 7 I -1 ' ' I 

l I ' I I 

I I I I I ' I I I ! I I ' I ' ' 
I I I I I I I I I I ' I ' I I 

I ' I ' I' I I I I I ' ' ' 
I I I I I I I I ! -1 j j TT I 1 I I ' I , I 

Gro und Water Dato 
No Ground Water Encouniered During Drilling. 

Proj ect: Rock Probes for Mach Mine 
I Dalo of Boring 

Johnston Cltv, Illinois 
December 5, 2DC5 

Cliani: Williamson County Energy 
I Project No. 

Marion. lliinols: 
H-C5278 
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( 
Holcomb Foundation 

LOG of BORING ..8295 Engineering Co . 

Unconfined Comprn.sive S!ran¢h (Tons/Sq. Fl.) 

• • u , 2 :; 4 5 6 .. " Description of Material • 0 

(") • • 'ii. • Weier Content ~ :z: E Ei 

-----------0------------ E • 0 • "' 
Standard N Pe-netrctlon, Blows/Fl. .<: C. C. 

C. E • E 

X 
Q. 

• 0 ~ 0 
Surface Elevation 

1D zo 30 ~D 50 60 
C, "' ... "' 

I I ' I I I I I I I ' 'I I ' ' I 9• Topsotl 
I I I I I I I I I 

I I I I I I I I 

I ' I I I I I I Brown Mottled Gray Silty CLAY (CL) 

I I I I I I I I ' I 

I ' ' ' I I with sand and pebbles 

I I I ' ' 
I 

I I ' ' / 
I I I 1 ss 

I '' I 5 

' 
I ' I I I 

I ' 
I 

I I / I I ' 2 •• 
I I I ' 

I I I 

I I I ' I ' I 
' I ' I I I 3 ss 

' I I I ,c 
I I ' ' I ' 

I I ' ' I I ' I 4 ss 
I 

I I 

' ' ' 
I I I I I 

( 
'I I I '' I 5 ss Brown SILT (ML) 

I ' 15 
I I I ' I I 

I I I 

' ' I ' 
I ' ' ' 6 ss I/ Brown Medium to Coarse SAND 

' ' ' ' 
I I I I ' I ' ' I (SC-SP) 

I I I I I 

I I I ' I I 7 ss 
I 20 

' I I I 

' -• 8 SS / Gray Mottled Brown SHALE 
I 

I End of Boring 0 -22.0' 
' I I 
I ' 

I 

I I I I I I I 

I I I , I ' 
I I ' I I ' ' ' ' 2: 

I I ' ' ' ' I ' 
I ' I I 

I I I I 

I I I ' I I I , I 

' ' ' ' I ' I ' ' ' 
I I I I I , I ' I I I I I 

I I I ' ' ' I I I I I 

I I I I I I ' I I I ' ' 

' I ' ' I I I I ' I I 

I ' I I ' I I I I I I ' 30 
I I I I 'I I I ' I ' ' ' ' 
I I I I I I ' I 

' ' I ' I I ' 
' 

I I I I I I I I I I 

I I I I I ' I ' 
I I I' I I I I I I ' I ' ' I I I 

' I I, I I I ' 
I I I I I I 

' I I I I I I , I I I I ! I I I I 

I I ' I I I ' 'I I I ' ' ' I ' 

' ' I I ' I I ' I I ' ' I ' ' 
351 ' ' ' I I ' ' I ' I ' ' I I I I I I I 

I I I I I I I I I I I I I I I I I I ' I I I ' ' 
I I I I ' I I I I I I • I I I ' ' 
I I I I • I I 'I I' I ! I I I I I 

I I I I I I ! ' I I ' ' I I I ' I I I I ' ' 
Gr<> und Water Dato 

Ground Water Encouniered 0 -16.0' During Drilling/ @ -1 a.a· Upon Completion. 

Pr oject: Rock Probes for Mach Mine I Date oi Boring 

Johnston City, Illinois 
December 5, 2005 

CH ent: Williamson County !energy 
! Pro.ieot No. 

Mario; .. !liino1s 
H-C5278 
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Holcomb Foundation 

LOG of BORING B.297 Engineering Co. 

Unconfined Ccmpnr2Slv• Slrengfh (Tens/Sq. Fl.) 

• • 0 

I 2 3 .. 5 6 • 1i Description of Material • 
Wcrt•r ConTent (¾) • • C. ;; 

"-

-----------0------------
:z: E 5 

- • " • "' 
Standard N Penetrcrlion, Blows/Fl. 

"ii. 0. 
"ii. E • E 

X 
"-• D >- " Elevation 

10 20 30 ,!.() 50 60 
C V) .... "' Surface 

' ' ' ' ' I I ' ' ' I ' ' I I 9" Toosol/ 
I I I ' I I ' ' ' ' ' ' 

I I ' I I I I I 

I I 'I I ' I I ' I I I I Grey Mottled Brown Silty CLAY (CL) 

I ' ' I' I I I I I I I I ' I I ' ' I 

' ' ' ' I I I I ' with sand end pebbles 

I ' I I ' I ' ' 
I ' I ' I ' ' / I '' I I I 1 ss 

' ' I I ' ' ' I I 

' I I ' I I , I I ' 
5 

' 
I I I I ' ' 

I I I ' ' / 
' ' I ' 2 ss 

I ' I ' ' , I I 

' ' ' ' ' ' 
' I I I ' ' 
I I I ' ' 

I / I ' I 
I 3 ss Mottled 

I I ' ' ' I ' 
Brown Gray Silty CLAY (CL) 

I ' I I I ' ' I I I ' I 10 I with !race cf sand 
I ' I I ' 
I I ' I ' T / I ' I 4 ss 

' 
I ' ' ' Mottled 

I ' ' ' I Gray Brown Stlty CLAY (CL) 

' ' 
I I with !race of sand 

' I ' ' I 
I ' ' I 5 I 

' I' ' ' ' ' 1 : 
s:s 

Brown SHALE 
' I I ' ' ' I I ' I 

I ' I I ' End of Boring -15.5' 
I I ' ' I ' I ' I 

0 

I I I I ' 
' ' ' ' ' ' ' I 

' I I ' I ' 
I I 

I I I I 

I I I I ' 
' I ' ' 20 

' ' I I I I 

' I I I 

I ' I I I 

I I I I I I ' 
' I I I ' ' ' I 

' I I' I ' ' 
' I I I ' I 

I I I' I I 

' I I I I I I I 

I ' I '' ' ' I ' I ' ' I ' 2: 
' I ' I I I ' ' ' I I I 

I I I I ' I I I ' I I 

I I I I, I I I I ' ' 
I I I I ' I I I I I I ' 
' ' ' '' ' I ' I ' 

' ' I ' , I I ' I ' I ' ' I 

I I I ' ' ' I I I 

I I I ' I I ' I ' I 

I I I I ' I ' I I I 

'' ' I I ' ' I I I I I ' ' 3C 
' I I I I ' I I I ' 

' I I I ' I I ' ' 
I' ' ' I I I I I i I I I I 1 I 

I I I I I ' ' I I ' I 

I ' ' ' ' I I I ' I I ' ' I 

I I I , I ' ' I ' I I I ' ' I I I I 

I I I I ' I I ' I I I I i I ' i 

I I I I ' ' 
I I I I I I 

I I I I ' ' I I ' I ' I ' 

l I I I ' I I I I I I ' ' ' ' I ! I r ' ' 35 
I I I I ' ' ' ' I I I I ' ' I I I l I ' I I 

I' ' I I ' ' ' '' I I I ' I I I I ' 
. 

I I I I I I I• I I I I ' I ' ' I I ' 

I I I I I ' I '' I I ' I I I I I I • ' I I' 

'I ' I 
J I j I '' I ' I ' I I I I I I 1 I I I I I l 

Gro und Water Data 

No Ground Water Encountered During Drilling. 

Pro Jaci: Rock Probes for M □ ch Mine I Dcte oi Boring 

Johnston City, Illinois 
December 5, 2DC5 

C!ia nt: Williamson County Energy 
I Projec1 No. 

Marion, lliinois 
H-C5278 
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53 1 s7 

LOG of BORING ..8298 
Holcomb Foundaiion 
E.ngineerin g Co. 

Unconflmrd Compressiv• Strength (Ton:s/Sq, Ff,) 

1 2 3.4 5 6 

Water Content (¾) 

-----------0------------
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-----3~0-x-40-----60-
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I I' ' 
I I I, 
I I I I I 
I ' Ii I 

I 

I 
I 

' I 

I 

I 

I 

I 

I I 

I 

I 
I 

I 
I 
I 
I 

I 

I 
I 
I 

' 
I ' I 

' -, 
I I 

' 
' I 

I ' I I I 
I 
• I I 
i I -1 l 
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% E 5 
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"ii. C. 
E • E C. 
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Ill ... "' 
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2 ss I/ 

.3 ss / 

Description of 1-.~ateriol 

Surface Elevation 

6" Toosoll 

Brown Mottled Gray Sflty CLAY ( CL) 

with sand and pebbles 

Brown Mottled Grey Silty CLAY (CL) 

with sand end pebbles 

4 ssf/ Brown Mottled Grey SHALE 

5 ss / hr""" ...,Mn.Ii: 

15 End of Boring C> -14.5' 

20 

2: 

30 

3:; 

Ground Woiar t>ato 

Projeci: 

Client: 

No Ground Weter Encountered During Drilling. 

Rock Probes for Moch 
Johnston City, Illinois 

Mine 

Vlilli □ mson Count}' Energy 
r~iarion, !lii~al~ 

I 
Dale of Boring 

December 5, 2DC5 

Project No. 

H-C:527:'., 
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( LOG of BORING B299 
Holcomb Foundation 
Engineering Co. 
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;round Water Dato 

• 0 

• ~ 

• 0 

• ,; ii ;; ... z: E 5 
E • 0 • ., 
.r: ii ii 
ii E • E 0. • 0 ~ 0 
C ., 

~ V, 

1 ss / 

2 ss / 

3 ss / 
10 

Description of Material 

Surface Elevation 

Brown Mottled Grey Silty CLAY 
with send and pebbles 

4 ss / Brown SHALE 

End of Boring O -12.5' 

1: 

20 

25 

30 

35 

(CL) 

No Ground Water Encountered During Drilling. 
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OBJECTIVE: Utilizing the 2002 USGS Earthquake Hazard Program, Interactive Deaggregation 
Maps (Frankel, 2002), particularly the 2% Probability of Exceedance in 50 years 
recurrence interval, define the local and regional seismic events, maximum 
earthquake magnitudes, focal depths, epicentral distances and peak ground 
accelerations potentially impacting the Williamson Energy, Pond Creek coal 
refuse disposal site, Williamson County, Illinois. 

METHODOLOGY: A probabilistic seismic hazard assessment (PSHA) is performed for the Pond 
Creek site located near Johnston City, Williamson County, Illinois. PSHA 
involves utilizing the 2002 USGS Earthquake Hazard Program, Interactive 
Deaggregation Maps (Frankel, 2002), particularly the 2% Probability of 
Exceedance in 50 years maps for the site coordinates and the development of a 
particular seismic scenario upon which a ground motion hazard evaluation is 
based. The scenario consists of the postulated occurrence of an earthquake (i.e., 
2% Probability of Exceedance in 50 years) of a specified size based on the latest 
USGS hazard mapping for the Pond Creek site. In general, PSHA involves four 
basic elements: 

1. Evaluate earthquake sources; 
2. Determine controlling earthquake(s): the maximum magnitude, maximum 

credible, or maximum considered earthquake; 
3. Determination of ground motion attenuation relationships or distance from the 

site; and 
4. Determination the peak ground acceleration (PGA). 

PSHA determines the earthquakes that have the most significant impacts, and for 
engineering design and analyses of tailing dams, a design earthquake is desired. 

Stochastic modeling, based on the published predictive relations of Atkinson and 
Boore (1995) is subsequently used to create synthetic acceleration-time histories 
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for the critical earthquake scenarios. The required input parameters for the critical 
earthquake source spectra, including moment magnitude, epicentral distance, and 
focal depth are developed from the published information discussed above, and 
summarized below. 

Subsequently discussed in a separate calculation brief, a comparison of input 
parameters and site response will be made using both eastern US synthetic 
earthquake time histories and actual western US earthquake time histories. 
Available records are scaled in SHAKE (Schnabel, 1971) to the Pond Creek site 
PGA and the site response compared to published eastern US ground motion 
attenuation (GMA) response spectra to assess the reasonableness of the various 
time histories. 

1. Nuttli, 0. W. and Herrmann, R, B (1978) "State-of-the-Art for Assessing Earthquake Hazards in 
the United States, Report 12, Credible Earthquakes for the Central United States," U.S. Army 
Corp of Engineers Miscellaneous Paper S-73-1, December, 1978. 

2. Boore, D. M. (1983). "Stochastic Simulation of High-Frequency Ground Motions based on 
Seismological Models of the Radiated Spectra Bulletin of the Seismological Society of America 
(BSSA), Vol. 73, No. 6, p.p. 1865-1894, December, 1983. 

3. Atkinson, G. M. and Boore, D. M. (1995) "Ground-Motion Relationships for Eastern North 
America," Bulletin of the Seismological Society of America (BSSA), Vol. 85, No. I p.p. 17-30, 
February, 1995. 

4. Atkinson, G. M. and Boore, D. M. (1998) "Evaluation of Models for Earthquake Source Spectra 
in Eastern North America," Bulletin of the Seismological Society of America (BSSA), Vol. 88, 
No. 4 p.p. 917-934, February, 1995. 

5. Toro, G.R., Abrahamson, N.A., and Schneider, J.F.(1997). "Model of Strong Ground Motions 
from Eaithquakes in Central and Eastern North America: Best Estimates and Unce1tainties," 
Seismological Research Letters, Vol. 68, No. I, January/February 1997. 

6. Atkinson, G. M. and Boore, D. M. (1997) "Some Comparisons Between Recent Ground Motion 
Relations," Seismological Research Letters, Vol. 68, No. I, January/February 1997, p.p. 22-40. 

7. Campbell, Kenneth W. (2003) "Erratum: Prediction of Strong Ground Motion Using the Hybrid 
Empirical Method and Its Use in the Development of Ground Motion (Attenuation) Relations in 
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Eastern North America," Bulletin of the Seismological Society of America (BSSA), Vol. 93, No. 
3, pp. 1012-1033, June, 2003. 

8. Atkinson, G. M. (2001) "An Alternative to Stochastic Ground-Motion Relations in Seismic 
Hazard Analysis in Eastern North America," Seismological Research Letters, Vol. 72, No. 2, 
March/April 2001, p.p. 299-306. 

9. Tavakoli, B., and Pezeshk, S. (2005) "Empirical-Stochastic Ground-Motion Prediction for 
Eastern North America," Bulletin of the Seismological Society of America (BSSA), Vol. 95, No. 
6, pp. 2283-2296, December, 2005. 

10. Frankel, A.D., et.al, (2002) "Documentation for the 2002 Update of the National Seismic Hazard 
Maps," U.S. Geological Survey Open File Report 02-420. 

1 I. Wang (2004) "Ground Motion Parameters and Time Histories," Kentucky Geological Survey, 
University of Kentucky. 

12. Schnabel, P. B., Lysmer, J. and Seed, H. B. (1972) "SHAKE88: A Computer Program 
Earthquake Response Analysis of Horizontally Layered Sites," Report No. EERC 72-12, 
University of California, Berkeley. 

SEISMIC HAZARD ASSESSMENT 

General 

Nuttli and Herrmann ( 1978) outline the input necessary for performing either a deterministic or 
probabilistic method of assessing seismic hazard, which requires that the seismic source zones be 
identified, that the maximum-magnitude earthquake for each source zone be estimated, that the 
magnitude-frequency recurrence rate for each source zone be determined, and that the attenuation of 
seismic wave energy with distance be known. 

Based on the current ability to generate synthetic earthquake acceleration-time histories for eastern North 
American (ENA) earthquakes using the stochastic modeling techniques developed by Boore (1983) and 
Atkinson and Boore (1995), a PSHA approach was chosen to generate a design earthquake(s). Using 
this approach, the Maximum Design Earthquake (MDE) for the 2% Probability of Exceedance in 50 
years was chosen, which for the Pond Creek site has a PGA of 0.54g. As discussed in Atkinson and 
Boore (1995 and 1998), the utilized ground motion relationships compared well to the limited database 
of recorded Eastern North America (ENA) earthquakes and large earthquakes from analogous intra
plate, hard rock sites. In a separate calculation brief, a comparison is made of the PGA from the various 
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ground motion attenuation relationships and the synthetic time-histories, as well as a comparison of the 
site response and response spectra of both the synthetic earthquake acceleration time histories and a 
scaled western U.S. acceleration-time history record to evaluate the consistency and results of the eastern 
and western time histories relative to the embankment response, i.e., frequency content, spectral 
acceleration, etc. 

The PSHA methodology chosen for this evaluation represents a more refined approach to previous 
methods which used empirical, pseudostatic embankment analyses. Similarly, the PSHA developed 
specifically for the Pond Creek site also attempts to eliminate the potential for over-conservative, 
unrealistic strong ground motion associated with the "floating earthquake" concept. This approach is 
generally applied in regions where active earthquake-generating surface faults exist and the intensity
based peak acceleration relationships are from only long-period western U.S. and Japanese seismic 
activity and more importantly, the peak acceleration does not account for distance. 

Selection of Maximum Credible Earthquake Scenarios and Peak Ground Acceleration 

Based on the most critical regional and local seismic sources to the Pond Creek site as identified in the 
USGS Interactive Deaggregation Maps, two MDE scenarios have been selected for analysis including a 
magnitude (M) 8.0, which has boundary limits of about 83 km from the site and the potential to generate 
a high intensity earthquake. The Pond Creek site also has the potential to be impacted by a smaller 
magnitude earthquake or a comparable local "background" earthquake at a closer epicentral distance to 
the site, which based on the USGS seismic hazard program is an M6.8 at 13.5 km. The PGA associated 
with this hazard was defined at 0.54g. The 2002 USGS Earthquake Hazard Program, Interactive 
Deaggregation Maps (Frankel, 2002), particularly the 2% Probability of Exceedance in 50 years maps 
are attached. 

The rate at which the strength of eatthquake ground motion attenuates and the amount of geometric 
spreading with distance from the epicenter are required for seismic hazard analyses. The focal depth of 
the earthquake and the near surface geological conditions have a significant influence on the intensity 
attenuation relationship. Information on earthquakes occurring in the eastern United States suggests that 
surface faulting does not occur and the center of energy release is deeper than the average of California 
earthquakes. The earthquake energy is therefore radiated over a larger area than is experienced in 
California, and California data cannot be extrapolated directly to this region. Several ENA and CEUS 
ground motion attenuation relationships including Toro, et.al. (1997), Atkinson & Boore (I 997), 
Campbell (2003), Atkinson (2001) and Tavakoli & Pezeshk (2005) are used to compare the USGS PGA 
for the Pond Creek site to that of other ENA and CEUS ground motion relationships. 

Therefore, these two MDE scenarios will be evaluated for their impact on the Pond Creek impoundment 
since the maximum ground accelerations, frequency contents, and durations of effective cycles will be 
notably different. 
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As previously discussed, utilizing the Atkinson and Boore (1995) empirically-derived earthquake source 
spectra model for eastern North American hard rock sites, quality synthetic acceleration-time histories 
have been created for the bedrock motions. Subsequently, the various input parameters from these 
synthetic earthquake records are compared to the Pond Creek site input and the time histories scaled 
accordingly to the PGA anticipated at the Pond Creek site. Also, selection of an earthquake time history 
record from the PEER Strong Motion Database for western U.S. and Japanese earthquake records, scaled 
to the PGA is performed. Finally (in another calculation brief), the corresponding response spectra 
curves of the site response due to the ENA/CEUS synthetic and PEER earthquake time histories are 
compared to the ENA and CEUS ground motion attenuation response spectra to assess the 
reasonableness of the time history. 

CONCLUSION 

A Probabilistic Seismic Hazard Assessment (PSHA) which utilized the 2002 USGS Earthquake Hazard 
Program, Interactive Deaggregation Maps indicated local and regional seismic scenarios of potential 
impact to the Pond Creek coal refuse disposal site located in Williamson County, Illinois. Two MDE 
scenarios were chosen for analysis including M8.0 earthquake located at a epicentral distance of 83 km 
from the site was chosen for potential for a large intensity earthquake with a corresponding PGA of 
0.54g. Additionally, an M6.8 earthquake at an epicentral distance of 13.5 km from the site was 
identified and will be used to model an earthquake that could "occur anywhere" with a PGA of 0.54g. 
These scenarios will be used to scale existing eastern U.S. synthetic acceleration-time histories, based on 
the source spectra models defined by Atkinson and Boore (1995) and a western U.S., PEER earthquake 
record. A comparison of the various input time histories, site response (spectra) and published eastern 
U.S. ground motion attenuation relationships spectra performed in a separate calculation brief. 
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SIMULATION OF ACCELERATION-TIME 
HISTORIES USING STOCHASTIC MODELING AND 

COMPARATIVE ASSESSMENT OF SYNTHETIC EASTERN U.S. AND 
PEER DATABASE (ACTUAL) WESTERN U.S. EARTHQUAKE RECORDS, 

ACCELERATION TIME HISTORIES AND RESPONSE SPECTRA 

OBJECTIVE: 

POND CREEK COAL REFUSE DISPOSAL SITE 

Create synthetic acceleration-time histories for two maximum design earthquake 
(MDE) sources, and evaluate synthetic eastern U.S. and an actual western U.S. 
earthquake acceleration time histories, the site response spectra of each, and 
determine the appropriate time history to be used to evaluate the Pond Creek coal 
refuse disposal facility. 

METHODOLOGY: Utilize the seismological computer program SMSIM written by David Boore of 
the U.S. Geological Survey (Reference 3). This program is based on the 
stochastic modeling method described in Reference 4, in which the radiation from 
a fault is assumed to be distributed randomly over a time interval and whose 
duration is related to the source size and the distance from the source to the site. 

A comparison of site response (spectra) is also made between synthetic 
acceleration time histories using SMSIM (Boore, 1996), based on the eastern U.S. 
Atkinson & Boore (1995) ground motion attenuation relationship, and an actual 
time history record from the western U.S., Pacific Earthquake Engineering 
Research (PEER) strong motion database. Response spectra from each 
earthquake time history are generated at the base and top of the Pond Creek 
embankment crest using the !-dimensional wave propagation program SHAKE 
2000 (Schnabel, et.al., 1972), and the compatibility of each spectra is assessed 
relative to response spectra for five (5) eastern U.S. ground motion attenuation 
relationships. 

Reference 1 presents the PSHA for the proposed Pond Creek coal refuse disposal 
facility located near Johnston City, Williamson County, Illinois, which indicated 
two MDE scenarios including a magnitude (M) 8.0 source (83 km from the site) 
and an "occur anywhere" M6.8 Background source (13.5 km from the site). The 
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Pond Creek PSHA also generated average peak ground accelerations (PGA) of 
0.54g 

Recent advances in ground-motion prediction for eastern North America (ENA) 
include the ability to generate synthetic earthquake acceleration-time history 
records, based on the stochastic simulation of high-frequency ground motions 
such as the method developed by Boore, I 983. Several recent studies, including 
Atkinson and Boore (1995) and Hwang and Huo (1997), have discussed the 
findings of numerous earthquake simulations and expanded the knowledge of 
ENA earthquake ground behavior which generally has a higher frequency content 
than western United States earthquakes. 

Synthetic time histories are used to represent the Pond Creek PSHA MDE 
scenarios including the M6.8 (13.5 km), which will be scaled to Pond Creek PGA 
value of 0.54g. Alternatively, a search of the PEER strong motion database of 
western U.S. earthquakes was performed for a range of magnitudes between M5.5 
and M7.2, a radial distance between 10 km and 50 km and PGA between 0.4g and 
0.65g to represent the Pond Creek M6.8 source. Three (3) earthquake records 
were reviewed and the 1989 Loma Prieta earthquake, LOMAP/G0!000 record 
(M6.9 @I 1km) was chosen, with PGA of 0.41g, as a comparative time history. 
The LOMAP/G0I000 record will be scaled to 0.54g (from 0.41g) and response 
spectra compared to the corresponding synthetic time history and eastern U.S. 
ground motion attenuation response spectra. 

SHAKE analyses were performed for the PCSC300M crest column and response 
spectra at the base and top of the Pond Creek - South cell embankment are 
compared to the response spectra for five (5) eastern U.S. ground motion 
attenuation relationships, which represent regional ground motion response. Site 
response spectra should fall within the envelope of response spectra of the ground 
motion relationships indicating similar frequency content and eliminating overly 
conservative resonance effects. 

I. Civil & Environmental Consultants, Inc., "Calculation Brief for Probabilistic 
Seismic Hazard Assessment - Pond Creek Coal Refuse Disposal Site," BEG, 
1/03/08. 
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STOCHASTIC MODELING 

From Reference 4, recent studies have shown that the high frequency ground motions observed from a 
database of low to moderate magnitude earthquakes in the eastern United States and Canada can 
reasonably be predicted using stochastic modeling. In the stochastic ground motion model, synthetic time 
histories are characterized as finite-duration bandlimited Gaussian noise, while known regional source and 
propagation parameters are utilized to identify the underlying amplitude spectrum. 
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The stochastic method is initiated by defining the Fourier amplitude spectrum of ground acceleration with 
respect to seismic moment and distance. The amplitude spectrum also includes a diminuation function 
which models the geometric and anelastic attenuation as a function of hypocentral distance ( R ) and 
frequency (j ), as well as filters to reduce high-frequency amplitudes and shape the response spectrum as 
required. The time series is a windowed Gaussian noise sequence with a zero mean amplitude. The 
duration of this window is limited as a function of earthquake magnitude and distance from the source. 
Once the windowed time series has been defined, it's spectrum is multiplied by the amplitude spectrum, 
then transformed back into the time domain, thus resulting in the simulated earthquake record. 

SOURCE SPECTRUM INPUT 

From Reference 4, the source spectrum model used to characterize the amplitude of ground motions for 
two critical earthquake scenarios is the Atkinson source model (Reference 5). As discussed in Atkinson 
and Boore ( 1998) which compares the results of several source models with the ground motion database 
of ENA earthquakes and other earthquakes with similar geologic settings, the Atkinson source model 
provides the most accurate ground motion estimates over the frequency of interest (0.1 to IO Hertz) for 
most engineered facilities. They conclude that most other ENA models tend to overpredict long-period 
motion. The use of the Atkinson model was also recommended by Seismologist Dr. Martin Chapman of 
the Virginia Polytechnical Institute Seismological Observatory, in Blacksburg, VA, who consulted with 
CEC on this and similar projects in West Virginia and Kentucky. The source spectrum data used in 
Reference 3 as input for two MDE scenarios, including a M6.8 Background source at 13.5 km and M8.0 
New Madrid @ 83km were taken directly from the input parameter file for Atkinson and Boore (1995), 
AB95.dat, which is presented as Appendix F of the SMSIM open report (Reference 3). These 
parameters, as well as the input magnitudes and attenuation distances are summarized below. 

MDE No. 1) M6.8 Background Earthquake Source 

Moment Magnitude, M = 6.8 based on Frankel (2002) 

Shear Wave Velocity, Vs= 3.8 krPJsec 

Density of Rock Mass, p (Between Source and Site)= 2.8 g/cm2 

Cutoff Frequency = 50 Hertz 

Maximum Frequency,ftnax = 40 Hertz 

Hypocenter Distance, R = 16.8 km Assuming Epicenter Distance= 13.5 km 

Focal Depth = IO km 
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Quality Factor, Q = C * fn 

Seed (Random Number) = 3 

Time Step= 0.01 seconds 

where C = 680, n = 0.36,f = frequency 

MDE No. 2) M8.0 New Madrid Earthquake Source 

Moment Magnitude, M = 6.8 based on Frankel (2002) 

Shear Wave Velocity, Vs= 3.8 km/sec 

Density of Rock Mass, p (Between Source and Site)= 2.8 g/cm2 

Cutoff Frequency = 50 Hertz 

Maximum Frequency,jinax = 40 Hertz 

Hypocenter Distance, R = 83.6 km 

Quality Factor, Q = C * fn 

Seed (Random Number) = 3 

Time Step= 0.01 seconds 

DISCUSSION OF SMSIM OUTPUT 

Assuming Epicenter Distance= 83 km 

Focal Depth = IO km 

where C = 680, n = 0.36,f = frequency 

OF 

The output summaries from SMSIM, which include the simulation results such as peak ground 
acceleration and frequencies for the M6.8 and M8.0 earthquakes are attached. Acceleration - time 
histories were created for theses earthquakes using SMSIM and are illustrated graphically. 

131 

The peak amplitude accelerations for the M6.8 Background and M8.0 New Madrid earthquake are 739 

cm/sec2 (0.754g) and 181 cm/sec2 (0.184g), respectively. Higher acceleration values were expected for 
the background MDE since there is less attenuation from the hypocenter to the site (13.5 km compared 
to 83 km). However, it is important to note that the duration of the acceleration record for the New 
Madrid earthquake is about 80 seconds, compared to about 15 seconds for the lower moment magnitude 
Background earthquake. Additionally, the frequency contents of the two simulations are quite different. 
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SHAKE MODEL INPUT 

To compare the Pond Creek site response from both the eastern U.S. synthetic time histories and the 
PEER database western U.S. time history, the I-dimensional wave propagation program, SHAKE, was 
used to calculate the response spectra for each time history using the Pond Creek embankment (crest) 
SHAKE column PSCS300M. A layered SHAKE model was generated utilizing field and laboratory test 
data, and input information including layer thickness, unit weight and (small strain) shear modulus 
(Gmax), which are presented in Reference 2. Time histories for the M6.8 (at 13.5 km) earthquake 
scenario, from both the synthetic eastern U.S. record (Reference 4) and the western U.S. Loma Prieta 
PEER database time histories represent the respective eastern and western U.S. frequency content and 
PGA. Time histories associated with the M6.8 source were scaled to 0.54 g and input into SHAKE at 
the base of the PSCS300M SHAKE column. 

DISCUSSION OF SHAKE OUTPUT 

SHAKE output included generating and plotting response spectra curves for the Pond Creek site 
response for Layer 1 - at the top of the PCSC300M column, and Layer 17 - at the base of the same 
column. Additionally, the response spectra curves for five (5) published eastern U.S. ground motion 
attenuation relationships (Reference 4) were plotted, and are compared to the Pond Creek site response 
spectra due to the eastern and western U.S. time histories. The response spectra curves for the site 
response and comparative ground motion spectra are attached to this calculation brief. 

POND CREEK SITE RESPONSE SPECTRA COMPARISON OF EASTERN U.S. (SYNTHETIC) 
AND WESTERN U.S. (PEER DATABASE) 

As previously discussed, an existing eastern U.S. synthetic and western U.S. PEER database time 
history, scaled to 0.54g was used as input to evaluate the site response spectra at the top and bottom of 
the Pond Creek crest SHAKE column PCSC300M. Each site response spectra was compared to 
published response spectra from five (5) eastern U.S. ground motion attenuation relationships to assess 
the frequency content and spectral accelerations for each. As shown in the attached response spectra 
comparison, the eastern U.S. synthetic time history produced a frequency response (predominant period) 
within a range of periods between 0.01 and 0.1 seconds, as defined by the eastern U.S. ground motion 
attenuation relationships. The western U.S., PEER database time history produced predominant periods 
about 10 times that of the eastern U.S. ground motion attenuation relationships, between 0.1 and I 
second, and consistent with published information in Atkinson & Boore (1995 and 1998). Thus, the 
response spectra due to the western U.S. time history is not consistent with the anticipated eastern U.S. 
ground motion response spectra and should not be used to represent eastern U.S. earthquake records or 
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time histories. The eastern U.S. synthetic earthquake record and site response from the synthetic time 
histories input into SHAKE fell directly within the predominate period range of the multiple eastern U.S. 
ground motion attenuation relationships as evidenced by the attached site response spectra curves for the 
M6.8 earthquake. Therefore, available eastern U.S. synthetic time histories from the M6.8 and M8.0 
earthquakes, scaled to the Pond Creek MDE PGA of 0.54g will be used in supplemental SHAKE 
analyses to estimate cyclic shear stresses and strains for the SHAKE crest column. 

CONCLUSION 

Based on the information presented in this calculation brief, synthetic earthquake records were created 
for the M6.8 Background and M8.0 New Madrid earthquake sources. The resulting acceleration-time 
histories are based on stochastic modeling using the Atkinson 1995 source model, which is considered 
the most accurate model currently available to characterize ground motions for Eastern North America 
earthquakes. Further, the eastern U.S. synthetic earthquake record created from the M6.8 earthquake 
source and resulting acceleration-time history (Reference 4) scaled to the Pond Creek MDE PGA of 
0.54g is considered the more accurate model (as compared to a western U.S. earthquake record) to 
characterize ground motions for Eastern North America earthquakes and the Pond Creek site response. 
The site response of the synthetic earthquake records also correlated well when compared to the work of 
five (5) published ground motion attenuation relationships specifically corresponding to the anticipated 
eastern U.S. response spectra. Therefore, the use of these synthetic records as base motion input for 
SHAKE trials should provide reliable results for determining induced cyclic shear stresses and strains 
and permanent deformation analyses for seismic analyses of the Pond Creek imooundment. 
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PREDOMINANT PERIOD AND SPECTRAL ACCELERATION VALUES (AT 5 % DAMPING) 
FROM THE M6.8 BACKGROUND EASTERN U.S. SYNTHETIC TIME HISTORY AND THE 
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PCSC300M Crest Column 
Williamson - Pond Creek South Cell - Surf. El. 502, GWT 14ft., Fines El. 496 
M8.0 New Madrid Synthetic @83km, PGA=0.54g • Atkinson & Boore (1995) 

i Layer 1 Depth to 7JTotal Unit II Damping Shear Maximum Maximum \ Shear Wave Depth to Peak G/Gmax Curve ·roamp. ing Cur,.ej. I Middle of Weight Used Modulus Shear Strain Shear Stress I Velocity Top of Acceleration ! - I 1 

Layer I i Layer 1 ! ___ (ftL_ .... 1k£f)_J ___ jo/<>)_. __ (ksf) __ 1-----('1/<>) _____ (psi) j (Ip&_ ___ (!)] .{g) I ________ j _ 1 __ L .. ____ g ____ __J_:j_j__ __ . 2.6 I 3011.9 \ .00656 1 197.47 , _ 863.7271 . 0_ --·- .75475 __ __f9.;!~~-- _____ ..Q9.'l,:,;e_ ____ ; 2 _ i _ Ji,~1 .14 __ 4.4' 2764.1 .019 525.07 I 827.4336 j _ 4 I .70138 Coarse L .... __ _9o_;!,:,;~--- I i~ __ 3_ ____ _ ____ fl,§__[ ________ J3__j_____ 5.3 I 2634.9 I ______ J)2891 1-----7!,1.69 L .. __ 807.8641 7 I .65623 __ Coarse ~ ___ Co_;irse_ .. _ _I 
4. - ; ___ _1 !,_~. ~ -- - - _,)3 .[..... _ ___§,1__1----__376Ht--. _,9_2_654 f---- ·-----100Q_1· 966.1154_1r ____ 1_Q_j_____ .63991 : Coarse _, _______ C::<J_arse_ -- I __ 5 --- ;. _ ... _ )4.5 , ----- .14 I 6.5 1 2764.2 --- ____ .Q444~---- _ 1228.z~._797.3494 _ 1u .65636 , Coarse - l--- ---- _c;oa!§_e_ ___ j § __ L. _ .. E.§..'.. .14 i 7.8 i 2154.6 j __ .06592_'! 1420.3 i .. 703.9588+-----_16 .646371 ___ Coarse .____ _ Coarse___ __ ! _:!_ ' _g_Q,!_j L ____ ___J_4 I 8.2 I __ g228.9 _ .07416

1
_ 1653.05 I 715.9937 1 191---- ___ ,§9333~---- C::oar§4 _______ c;o~~~ __ i .L _29.5 :.. _ __ Ji j--ll.,_7_Q00Q_1__ ___ .1§_17.7 .11434 1849.71+ 609.9762 [-- ______ 2g _ .. ___ ,57039~_ Coarse_ ____ --!--- ____ c;o~~e .. _ I 9 26.5 I .14 9.5 1841.1 .10723 I 1974.16 - 650.7327 25 .55506 Coarse , Coarse , 16 . J •-· .:.: ...?QJ_ -=_-:-i4T·-~-~-3 .11091 I 2050.0"-tl ~g_QQ:38 I_ -=--- J[L~~~~: J~"lfo1 --- Coarse~T: ·-:=-coarse . i ~ .-1:L .. I ____ :3~5 L_ _.135 10.7 1056.3 .197651 2087.75 1 501.943¼1==-- -~-- .6765 I _____ Residu_& __ l_ _____ _f!e_sLd_!§J_ 1 , _ )2 1 _ ----~6~5 1 ____ .13~ _ 11.3 998.5 .22343 2230.89 , 488.0172 351 _____ .6473~-- ___ _f!esidu~l_[ _____ f!e~dual_ i · _13 _: ____ --~g.sl ___ .135_ 10.7 1207 .19636 2370.16' 536.5555 ______ 3!l_j ______ .716771 Residual L ____ .f!e~!clll_al_' _1_4 · 42.5 ___ .135, 8.7 1853.6 .12973 2404.61 664.9195 ____ 41 \ .59839 I Residual _j ........ B~~d_ll.'11 1 15 , _ 45.5 .135 5.3 4401 .05567 2449.9 1024.558 _41..f-- .52211 I .. __ __lli>sic!_~•!..1 ___ f!esjd_ual_] · 1f.. i_~:-:~;i= ____ -~3~ __ _§,'½- 4313_-~ .05803 2§03.04 1014.31 __ ~61 .~~~~: j Residual_]-- ~~:Re~i~ual j 

· 17 · OutcropJ_______ __ _______________ J_ __________ _] _____ _ __ 50 : ____ .57825 i __________________ _i__ 
Notes: 

Period for Soil Column: .27 sec 
Average Shear Wave Velocity for Soil Column: 740 ft/sec 
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PCSC300M-Ja.out 
*********************************************************** 
* SHAKE: PROGRAM FOR EARTHQUAKE RESPONSE ANAL. HORIZONTAL* 
* LAYERED SI1ES by Per Schnable & John Lysmer - 1970 * 
*---------------* 
* SHAKE85: IBM PC SHAKE VERSION S.S.(Willie) Lai,Jan I 985 * 
*---------------* 
* SHAKE88 :New modulus reduction curves for clays added * 
• using results from Sun et al (1988) by J. I. Sun * 
* & Ramin Golesorkhi February 26, 1988 * 
*---------------* 
* SHAKE90/91: Adjust last iteration; Input now is either * 
* Gmax or max Vs; up to 13 materials can be specified* 
* by user; up to 50 Layers can be specified; object * 
* motion can be read in from a separate file and can * 
* user specified format; Different periods for res- * 
* ponse spectral calculations;options are renumbered;* 
* and general cleanup by: J. I. Sun, I. M. Idriss & * 
* P. Dinim June I 990 - February I 991 * 
*---------------* 
* SHAKE9 l: General cleanup and finalization of input out- * 
* output format ... etc by: I. M. Idriss Dec. 1991 * 
*---------------* 
* SHAKE2000: Fix the incorrect output of Tot. Stress in * 
* Option 2. Changed path of ground motion file in * 
* SHAKE91. Control file to input file names. Modified * 
* by Jerald M. La Vassar & Gustavo A. Ordonez (March 2003) * 
* RUN DA1E 1/02/2008 * 
* RUNTIMEIJ:01 * 
*********************************************************** 
MAX. NUMBER OF 1ERMS IN FOURIER TRANSFORM = 32768 
NECESSARY LENGTH OF BLANK COMMON X = 204819 

I****** OPTION I *** READ RELATION BETWEEN SOIL PROPERTIES AND STRAIN 

********************** 
MATERIAL TYPE NO. I 

********************** 
CURVE NO. I: Coarse 
CURVE NO. 2: Coarse 

G/Gmax - Gravel (Mean) - Rollins et al. JGGE 
Damping for Gravel (Mean) - Rollins et al. J 

CURVE NO. I CURVENO.2 

STRAIN G/GMAX STRAIN DAMPING 
-------- ------- -------- --------

0.0001 1.000 0.0001 0.90 
0.0002 0.995 0.0003 I.II 
0.0005 0.980 0.0006 1.30 
0.0008 0.970 0.0010 1.50 
0.0010 0.960 0.0020 1.91 
0.0020 0.930 0.0030 2.24 
0.0030 0.905 0.0040 2.54 
0.0040 0.880 0.0060 3.05 
0.0070 0.810 0.0080 3.50 
0.0100 0.755 0.0100 3.89 
0.0200 0.630 0.0200 5.45 
0.0700 0.390 0.0300 6.61 
0.1000 0.325 0.0500 8.28 
0.2000 0.205 0.1000 10.79 
0.3000 0.150 0.2000 13.23 

Page I 

J3/ 



R15859

( 

PCSC300M-la.out 
0.4000 0.115 0.3000 14.47 
0.5000 0.095 0.4000 15.24 
0.6000 0.080 0.6000 16.14 
0.8000 0.070 0.8000 16.66 
1.0000 0.050 1.0000 17.01 

********************** 
MATERIAL TYPE NO. 2 

********************** 

CURVE NO. 3: Fine Refuse Moduli for Fine Refuse (Ellison & Cho, 1976) 
CURVE NO. 4: Fine Refuse Damping Values for Fine Refuse (Ellison & Ch 

CURVEN0.3 CURVEN0.4 

STRAIN G/GMAX STRAIN DAMPING 
-------- ------- -------- --------

0.0001 1.000 0.0001 0.75 
0.0004 1.000 0.0004 0.65 
0.0010 0.995 0.0010 0.70 
0.0020 0.992 0.0020 0.80 
0.0040 0.989 0.0040 0.90 
0.0060 0.981 0.0060 1.10 
0.0080 0.965 0.0080 1.30 
0.0100 0.955 0.0100 1.40 
0.0200 0.905 0.0200 2.00 
0.0400 0.828 0.0400 3.10 
0.0600 0.750 0.0600 4.00 
0.0800 0.670 0.0800 5.20 
0.1000 0.610 0.1000 6.00 
0.2000 0.610 0.2000 6.00 

********************** 
MATERIAL TYPE NO. 3 

********************** 

CURVE NO. 5: Residual G/Gmax PI=l 5% - Effective Confining Pressure 
CURVE NO. 6: Residual Damping Pl=l5% - Effective Confining Pressur 

CURVE NO. 5 CURVEN0.6 

STRAIN G/GMAX STRAIN DAMPING 
-------- ------- -------- --------
0.0000 1.000 0.0000 0.67 
0.0000 1.000 0.0000 0.67 
0.0000 0.999 0.0000 0.68 
0.0001 0.998 0.0001 0.68 
0.0002 0.996 0.0002 0.70 
0.0005 0.991 0.0005 0.75 
0.0010 0.983 0.0010 0.83 
0.0022 0.965 0.0022 1.02 
0.0048 0.931 0.0048 1.43 
0.0100 0.873 0.0100 2.17 
0.0220 0.770 0.0220 3.68 
0.0484 0.618 0.0484 6.24 
0.1000 0.454 0.1000 9.48 
0.2200 0.287 0.2200 13.40 
0.4840 0.163 0.4840 16.87 
1.0000 0.091 1.0000 19.16 

Page 2 
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PCSC300M-1 a.out 

********************** 
MATERIAL TYPE NO. 4 

********************** 

CURVE NO. 7: Rock 
CURVE NO. 8: Rock 

G/Gmax - ROCK (Schnabel 1973) 
Damping for ROCK (Schnabel 1973) 

CURVE NO. 7 CURVEN0.8 

STRAIN G/GMAX STRAIN DAMPING 
-------- ------- -------- --------

0.0001 1.000 0.0001 0.40 
0.0003 1.000 0.0010 0.80 
0.0010 0.990 0.0100 1.50 
0.0030 0.950 0.1000 3.00 
0.0100 0.900 1.0000 4.60 
0.0300 0.810 0.0000 0.00 
0.1000 0.725 0.0000 0.00 
1.0000 0.550 0.0000 0.00 

I****** OPTION 2 *** READ SOIL PROFILE 
NEW SOIL PROFILE NO. I IDENTIFICATION PSCS300E Crest Column 
NUMBER OF LAYERS 17 DEPTH TO BEDROCK 50.00 

NO. TYPE THICKNESS DEPTH TOTAL PRESS. MODULUS DAMPING UNIT WT. SHEAR VEL 
(Ff) (FT) (KSF) (KSF) (KCF) (FPS) 

I I 4.0000 2.0000 0.26 3454. 0.050 0.130 924.9 
2 I 3.0000 5.5000 0.71 3856. 0.050 0.130 977.3 
3 I 3.0000 8.5000 I.II 4110. 0.050 0.130 1009.0 
4 I 3.0000 11.5000 1.50 5739. 0.050 0.130 1192.3 
5 I 3.0000 14.5000 1.90 4941. 0.050 0. 140 1066.0 
6 I 3.0000 17.5000 2.32 4453. 0.050 0.140 1012.0 
7 I 3.0000 20.5000 2.74 4832. 0.050 0.140 1054.2 
8 I 3.0000 23.5000 3.16 4269. 0.050 0.140 990.9 
9 I 3.0000 26.5000 3.58 4713. 0.050 0.140 1041.1 
10 I 4.0000 30.0000 4.07 4808. 0.050 0.140 1051.6 
II 3 3.0000 33.5000 4.55 2635. 0.050 0. 135 792.8 
12 3 3.0000 36.5000 4.96 2661. 0.050 0.135 796.7 
13 3 3.0000 39.5000 5.36 2998. 0.050 0.135 845.6 
14 3 3.0000 42.5000 5.77 3763. 0.050 0.135 947.4 
15 3 3.0000 45.5000 6.17 6529. 0.050 0.135 1247.9 
16 3 3.0000 48.5000 6.58 6476. 0.050 0.135 1242.8 
17 BASE 74534. 0.050 0.150 4000.0 

PERIOD= 0.20 FROM AVERAGE SHEAR VEL. = 1011. 

FREQUENCY AMPLITUDE 
MAXIMUM AMPLIFICATION= 12.34 
FOR FREQUENCY = 4.85 C/SEC. 

PERIOD = 0.21 SEC. 

I****** OPTION 3 *** READ INPUT MOTION 

FILE NAME FOR INPUT MOTION= C:\SHAKE2000\Williamson Energy\Background6.8.eq 
NO. OF INPUT ACC. POINTS = 8 I 92 
NO. OF POINTS USED IN FFT = 16384 

NO. OF HEADING LINES = 4 
NO. OF POINTS PER LINE= 8 
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PCSC300M-la.out 
TIME STEP FOR INPUT MOTION= 0.0 I 00 

FORMAT FOR TIME HISTORY= (819.6) 

*****HEADER***** 
Source File: C:ISHAKE2000\Williamson Energy\Background.M6.8@13.5km.txt 
SHAKE2000 Conversion: 8192 .01 4 8 9 (819.6 
Acceleration Units: (g's) - No. Values: 8192-Time Step: .01 (secs) 
Data Format: (819.6) - No. Header Lines: 4 
** FIRST AND LAST 5 LINES OF INPUT MOTION ***** 

I 0.000068-0.000484 0.004440-0.000089 0.002476-0.002297-0.001876 0.007725 
2 0.0096800.020998-0.014349-0.012924 0.018874-0.019831-0.000946 0.024811 
3 -0.016894-0.002461 0.007682-0.006573-0.008604-0.018410 0.024194-0.064656 
4 -0.017516 0.023926-0.061566 0.003326 0.022873 0.052730 0.049159 0.008778 
5 -0.041034 0.029324-0.00599! 0.066674-0.051336 0.029966-0.067257 0.00 I 274 

............ INPUT MOTION READ NOT ECHOED .......... . 
1020 -0.000017 0.000017-0.0000!8 0.000017-0.0000! 9 0.000019-0.000020 0.000020 
1021 -0.00002 I 0.000021-0.000022 0.000022-0.000024 0.000023-0.000025 0.000025 
1022 -0.000027 0.000027-0.000028 0.000028-0.000030 0.000030-0.000032 0.000032 
1023 -0.000034 0.000034-0.000035 0.000035-0.000037 0.000037-0.000038 0.000038 
1024-0.000038 0.000037-0.000036 0.000032-0.000026 0.000014 0.000006-0.000045 

MAXIMUM ACCELERATION= 0.75473 
AT TIME = 3.64 SEC 
THE VALUES WILL BE MULTIPLIED BY A FACTOR= 0.715 
TO GIVE NEW MAXIMUM ACCELERATION = 0.54000 
MEAN SQUARE FREQUENCY= 20.41 C/SEC. 
MAX ACCELERATION= 0.55791 FOR FREQUENCIES REMOVED ABOVE 40.00 C/SEC. 
I****** OPTION 4 *** READ WHERE OBJECT MOTION IS GIVEN 
OBJECT MOTION IN LA YER NUMBER 17 OUTCROPPING 

I****** OPTION 5 *** OBTAIN STRAIN COMPATIBLE SOIL PROPERTIES 
MAXIMUM NUMBER OF ITERATIONS = I 0 
FACTOR FOR UNIFORM STRAIN IN TIME DOMAIN = 0.65 

EARTHQUAKE - C:\SHAKE2000\Williamson Energy\Background6.8.eq 
SOIL PROFILE - PSCS300E Crest Column 

ITERATION NUMBER I 

VALUES IN TIME DOMAIN 

NO TYPE DEPTH UNIFRM. <---- DAMPING ----> <---- SHEAR MODULUS -----> 
(FT) STRAIN NEW USED ERROR NEW USED ERROR RATIO 

--- ---- ---- -------- ----- ------ ------ ------- ------ ------ -----
I I 2.0 0.00351 0.024 0.050 -108.1 3078.9 3454.0 -12.2 1.000 
2 I 5.5 0.00785 0.035 0.050 -44.1 3055.2 3856.0 -26.2 r.ooo 
3 I 8.5 0.00986 0.039 0.050 -29.4 31 I 2.0 4110.0 -32.1 1.000 
4 I 11.5 0.00805 0.035 0.050 -42.5 4525.4 5739.0 -26.8 1.000 
5 I 14.5 0.01151 0.042 0.050 -18.9 3605.0 4941.0 -37.1 1.000 
6 I 17.5 0.01524 0.048 0.050 -3.3 3023.5 4453.0 -47.3 1.000 
7 I 20.5 0.01605 0.050 0.050 -0.9 3235.9 4832.0 -49.3 1.000 
8 I 23.5 0.02052 0.055 0.050 9.5 2668.7 4269.0 -60.0 1.000 
9 I 26.5 0.02025 0.055 0.050 8.8 2958.1 4713.0 -59.3 1.000 
10 I ·30.0 0.02 I 07 0.056 0.050 10.7 2980.8 4808.0 -61.3 1.000 
11 3 33.5 0.03946 0.056 0.050 10.3 1732.1 2635.0 -52.1 1.000 
12 3 36.5 0.03887 0.055 0.050 9.5 1756.9 2661.0 -51.5 1.000 
13 3 39.5 0.03374 0.051 0.050 1.3 2061.4 2998.0 -45.4 1.000 
14 3 42.5 0.02773 0.044 0.050 -12.8 2729.6 3763.0 -37.9 1.000 
15 3 45.5 0.01672 0.032 0.050 -58.3 5261.4 6529.0 -24.1 1.000 
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16 3 48.5 0.017900.033 0.050 -52.0 5160.9 6476.0 -25.5 1.000 

EARTHQUAKE - C:\SHAKE2000\Williamson Energy\Background6.8.eq 
SOIL PROFILE - PSCS300E Crest Column 

ITERATION NUMBER 2 

VALUES IN TIME DOMAIN 

NO TYPE DEPTH UNIFRM. <---- DAMPING ----> <---- SHEAR MODULUS -----> G/Go 
(FT) STRAIN NEW USED ERROR NEW USED ERROR RATIO 

I I 2.0 0.00433 0.026 0.024 
2 I 5.5 0.01076 0.041 0.035 
3 I 8.5 0.01356 0.046 0.039 
4 I 11.50.011160.041 0.035 
5 I 14.5 0.01611 0.050 0.042 
6 I 17.5 0.02293 0.058 0.048 
7 I 20.5 0.02391 0.060 0.050 
8 I 23.5 0.03112 0.067 0.055 
9 I 26.5 0.0286 I 0.065 0.055 
IO I 30.0 0.02760 0.064 0.056 
I I 3 33.5 0.04460 0.060 0.056 
12 3 36.5 0.04332 0.059 0.055 
13 3 39.5 0.03826 0.055 0.051 
14 3 42.5 0.03202 0.049 0.044 
15 3 45.50.019070.034 0.032 
16 3 48.5 0.02074 0.036 0.033 
I 

8.9 3005.7 3078.9 
14.4 2860.4 3055.2 
15.5 2877.3 3112.0 
15.2 4219.2 4525.4 
15.2 3305.5 3605.0 
17.2 2688.9 3023.5 
16.9 2878.8 3235.9 
17.9 2328.0 2668.7 
15.3 2646.0 2958. l 
12. l 2732.5 2980.8 
6.6 1669.9 1732.l 
6.0 1701.4 1756.9 
7.4 1988.7 2061.4 
9.5 2625.2 2729.6 
7.4 5149.3 5261.4 
7.9 5036.3 5160.9 

-2.4 0.891 
-6.8 0.792 
-8.2 0.757 
-7.3 0.789 
-9.l 0.730 

-12.4 0.679 
-12.4 0.670 
-14.6 0.625 
-I 1.8 0.628 

-9. l 0.620 
-3.7 0.657 
-3.3 0.660 
-3.7 0.688 
-4.0 0.725 
-2.2 0.806 
-2.5 0.797 

EARTHQUAKE - C:ISHAKE2000\Williamson Energy\Background6.8.eq 
SOIL PROFILE - PSCS300E Crest Column 

ITERATION NUMBER 3 

VALUES IN TIME DOMAIN 

NO TYPE DEPTH UNIFRM. <---- DAMPING ----> <---- SHEAR MODULUS -----> 
(FT) STRAIN NEW USED ERROR NEW USED ERROR RATIO 

G/Go 

--- ---- ---- -------- ----- ------ ------ ------- ------ ------ -----

I 

I I 2.0 0.00460 0.027 0.026 2.9 2979.0 3005.7 -0.9 0.870 
2 I 5.5 0.01185 0.043 0.041 5.1 2793.0 2860.4 -2.4 0.742 
3 I 8.5 0.01514 0.048 0.046 5.1 2795.6 2877.3 -2.9 0.700 
4 I 11.50.01171 0.042 0.041 2.5 4169.5 4219.2 -1.2 0.735 
5 I 14.5 0.01732 0.05 l 0.050 3.2 3241.1 3305.5 -2.0 0.669 
6 I 17.5 0.02575 0.062 0.058 5.4 2589.8 2688.9 -3.8 0.604 
7 I 20.5 0.02687 0.063 0.060 5.3 2770.8 2878.8 -3.9 0.596 
8 I 23.5 0.03516 0.07 l 0.067 5.6 2228.l 2328.0 -4.5 0.545 
9 I 26.5 0.03072 0.067 0.065 3.2 2581.7 2646.0 -2.5 0.561 
IO I 30.0 0.028 I 8 0.064 0.064 0.9 2713.3 2732.5 -0.7 0.568 
I I 3 33.5 0.04444 0.060 0.060 -0.2 1671.8 1669.9 0.1 0.634 
12 3 36.5 0.04493 0.060 0.059 2.0 1682.6 1701.4 -I.I 0.639 
13 3 39.5 0.04084 0.057 0.055 3.7 1950.9 I 988.7 -1.9 0.663 
14 3 42.5 0.03430 0.05 I 0.049 4.3 2575.4 2625.2 -1.9 0.698 
15 3 45.5 0.0 I 855 0.034 0.034 -1.6 5173.0 5149.3 0.5 0.789 
16 3 48.5 0.02042 0.035 0.036 -0.8 5049.4 5036.3 0.3 0.778 

EARTHQUAKE - C:\SHAKE2000\Williamson Energy\Background6.8.eq 
SOIL PROFILE - PSCS300E Crest Column 

ITERATION NUMBER 4 
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VALUES IN TIME DOMAIN 

NO TYPE DEPTH UNIFRM. <---- DAMPING----> <---- SHEAR MODULUS -----> 
(FT) STRAIN NEW USED ERROR NEW USED ERROR RATIO 

--- ---- ---- -------- ----- ------ ------ ------- ------ ------ -----
I I 2.0 0.00456 0.027 0.027 -0.4 2982.5 2979.0 0.1 0.862 
2 I 5.50.01191 0.043 0.043 0.3 2789.6 2793.0 -0.1 0.724 
3 I 8.5 0.01531 0.048 0.048 0.5 2787.6 2795.6 -0.3 0.680 
4 I 11.5 0.01166 0.042 0.042 -0.2 4174.2 4169.5 0.1 0.727 
5 I 14.5 0.01740 0.051 0.051 0.2 3236.7 3241.1 -0.1 0.656 
6 I 17.5 0.02642 0.062 0.062 1.2 2567.9 2589.8 -0.9 0.582 
7 I 20.5 0.02762 0.064 0.063 1.2 2745.2 2770.8 -0.9 0.573 
8 I 23.5 0.03637 0.072 0.071 1.5 2200.3 2228.1 -1.3 0.522 
9 I 26.5 0.03115 0.067 0.067 0.7 2569.2 2581.7 -0.5 0.548 
IO I 30.0 0.02787 0.064 0.064 -0.5 2723.4 2713.3 0.4 0.564 
11 3 33.5 0.04402 0.059 0.060 -0.5 1676.6 I 671.8 0.3 0.634 
12 3 36.5 0.04564 0.060 0.060 0.8 1674.6 1682.6 -0.5 0.632 
13 3 39.5 0.04189 0.058 0.057 1.4 1936.2 1950.9 -0.8 0.651 
14 3 42.5 0.03519 0.052 0.051 1.6 2556.7 2575.4 -0.7 0.684 
15 3 45.5 0.01837 0.033 0.034 -0.5 5181.0 5173.0 0.2 0.792 
16 3 48.5 0.02016 0.D35 0.D35 -0.7 5060.6 5049.4 0.2 0.780 
I 

EARTHQUAKE - C:\SHAKE2000\Williamson Energy\Background6.8.eq 
SOIL PROFILE - PSCS300E Crest Column 

ITERATION NUMBER 5 

VALUES IN TIME DOMAIN 

NO TYPE DEPTH UNIFRM. <---- DAMPING----> <---- SHEAR MODULUS-----> 
(FT) STRAIN NEW USED ERROR NEW USED ERROR 

--- ---- ---- -------- ----- ------ ------ ------- ------ ------ -----
I I 2.0 0.00455 0.027 0.027 -0.2 2984.2 2982.5 0.1 0.863 
2 I 5.5 0,01 189 0.043 0.043 -0.1 2790.6 2789.6 0.0 0.723 
3 I 8.5 0.01532 0.048 0.048 0.0 2787.0 2787.6 0.0 0.678 
4 I 11.5 0.0 I I 61 0.042 0.042 -0.2 4178.3 4174.2 0.1 0.727 
5 I 14.5 0.01735 0.051 0.051 -0.1 3239.3 3236.7 0.1 0.655 
6 I 17.5 0.02655 0.063 0.062 0.2 2563.6 2567.9 -0.2 0.577 
7 I 20.5 0.02780 0.064 0.064 0.3 2739.2 2745.2 -0.2 0.568 
8 I 23.5 0.03675 0.073 0.072 0.5 2191.9 2200.3 -0.4 0.515 
9 I 26.5 0.03122 0.067 0.067 0.1 2567.1 2569.2 -0.1 0.545 
IO I 30.0 0.02767 0.064 0.064 -0.3 2730.0 2723.4 0.2 0.566 
11 3 33.5 0.04382 0.059 0.059 -0.2 1678.9 1676.6 0.1 0.636 
12 3 36.5 0.04592 0.06 I 0.060 0.3 1671.5 1674.6 -0.2 0.629 
13 3 39.5 0.04225 0.058 0.058 0.5 I 931.3 1936.2 -0.3 0.646 
14 3 42.5 0.03545 0.052 0.052 0.5 2551.4 2556.7 -0.2 0.679 
15 3 45.5 0.01834 0.033 0.033 -0.1 5182.3 5181.0 0.0 0.794 
16 3 48.5 0.02008 0.035 0.D35 -0.2 5063.8 5060.6 0.1 0.781 
I 

EARTHQUAKE - C:\SHAKE2000\Williamson Energy\Background6.8.eq 
SOIL PROFILE - PSCS300E Crest Column 

ITERATION NUMBER 6 

VALUES IN TIME DOMAIN 

RATIO 

G/Go 

G/Go 

NO TYPE DEPTH UNIFRM. <----DAMPING----> <---- SHEAR MODULUS----·> G/Go 
(FD STRAIN NEW USED ERROR NEW USED ERROR RATIO 

I I 2.0 0.00454 0.027 0.027 0.0 2984.4 2984.2 0.0 0.864 
2 I 5.50.01189 0.043 0.043 0.0 2790.9 2790.6 0.0 0.724 
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3 I 8.5 0.01532 0.049 0.048 0.0 2786.7 2787.0 0.0 0.678 
4 I 11.50.01160 0.042 0.042 -0.1 4179.6 4178.3 0.0 0.728 
5 I 14.5 0.01732 0.051 0.051 -0.1 3241.0 3239.3 0.1 0.656 
6 I 17.5 0.02658 0.063 0.063 0.0 2562.8 2563.6 0.0 0.576 
7 I 20.5 0.02785 0.064 0.064 0.1 2737.8 2739.2 -0.1 0.567 
8 I 23.5 0.03687 0.073 0.073 0.2 2189.2 2191.9 -0.1 0.513 
9 I 26.5 0.03123 0.067 0.067 0.0 2566.9 2567.1 0.0 0.545 
IO I 30.0 0.02758 0.064 0.064 -0.1 2732.9 2730.0 0.1 0.568 
II 3 33.5 0.04375 0.059 0.059 -0.1 1679.7 1678.9 0.0 0.637 
12 3 36.5 0.04602 0.061 0.061 0.1 1670.4 1671.5 -0.1 0.628 
13 3 39.5 0.04237 0.058 0.058 0.2 1929.7 1931.3 -0.1 0.644 
14 3 42.5 0.03552 0.052 0.052 0.1 2550.0 2551.4 -0.1 0.678 
15 3 45.5 0.01834 0.033 0.033 0.0 5182.7 5182.3 0.0 0.794 
16 3 48.5 0.02006 0.035 0.035 0.0 5064.5 5063.8 0.0 0.782 
I 

EARTHQUAKE - C:\SHAKE2000\Williamson Energy\Background6.8.eq 
SOIL PROFILE - PSCS300E Crest Column 

ITERATION NUMBER 7 

VALVES IN TIME DOMAIN 

NO TYPE DEPTH UN!FRM. <---- DAMPING ----> <---- SHEAR MODULUS -----> 
(FD STRAIN NEW USED ERROR NEW USED ERROR 

--- ---- ---- -------- ----- ------ ------ ------- ------ ------ -----
I I 2.0 0.00454 0.027 0.027 0.0 2984.4 2984.4 0.0 0.864 
2 I 5.5 0.01189 0.043 0.043 0.0 2790.9 2790.9 0.0 0.724 
3 I 8.5 0.01533 0.049 0.049 0.0 2786.5 2786.7 0.0 0.678 
41 I I .5 0.01159 0.042 0.042 0.0 4180.0 4179.6 0.0 0.728 
5 I 14.5 0.01731 0.051 0.051 0.0 3241.7 3241.0 0.0 0.656 
6 I 17.5 0.02658 0.063 0.063 0.0 2562.7 2562.8 0.0 0.576 
7 I 20.5 0.02786 0.064 0.064 0.0 2737.5 2737.8 0.0 0.567 
8 I 23.5 0.03692 0.073 0.073 0.1 2188.2 2189.2 0.0 0.513 
9 I 26.5 0.03 I 22 0.067 0.067 0.0 2567.0 2566.9 0.0 0.545 
IO I 30.0 0.02755 0.064 0.064 -0.1 2734.0 2732.9 0.0 0.568 
11 3 33.5 0.04373 0.059 0.059 0.0 1680.0 1679.7 0.0 0.637 
12 3 36.5 0.04605 0.061 0.06 I 0.0 1670.0 1670.4 0.0 0.628 
13 3 39.5 0.04240 0.058 0.058 0.0 I 929.3 1929.7 0.0 0.644 
14 3 42.5 0.03554 0.052 0.052 0.0 2549.7 2550.0 0.0 0.678 
15 3 45.5 0.0 I 833 0.033 0.033 0.0 5182.8 5182.7 0.0 0.794 
16 3 48.5 0.02006 0.035 0.D35 0.0 5064.7 5064.5 0.0 0.782 

I 
EARTHQUAKE - C:\SHAKE2000\ Williamson Energy\Background6.8.eq 

SOIL PROFILE - PSCS300E Crest Column 

ITERATION NUMBER 8 

VALVES IN TIME DOMAIN 

RATIO 

NO TYPE DEPTH UNIFRM. <---- DAMPING----> <---- SHEAR MODULUS-----> 
(FT) STRAIN NEW USED ERROR NEW USED ERROR RATIO 

--- ---- ---- -------- ----- ------ ------ ------- ------ ------ -----
I I 2.0 0.00454 0.027 0.027 0.0 2984.4 2984.4 0.0 0.864 
2 I 5.50.01189 0.043 0.043 0.0 2790.8 2790.9 0.0 0.724 
3 I 8.5 0.01533 0.049 0.049 0.0 2786.4 2786.5 0.0 0.678 
4 I I 1.5 0.01159 0.042 0.042 0.0 4180.1 4180.0 0.0 0.728 
5 I 14.5 0.01730 0.051 0.051 0.0 3242.0 3241.7 0.0 0.656 
6 I 17.5 0.02658 0.063 0.063 0.0 2562.8 2562.7 0.0 0.576 
7 I 20.5 0.02786 0.064 0.064 0.0 2737.4 2737.5 0.0 0.567 
8 I 23.5 0.03693 0.073 0.073 0.0 2187.9 2188.2 0.0 0.513 
9 I 26.5 0.03122 0.067 0.067 0.0 2567.1 2567.0 0.0 0.545 
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( IO I 30.0 0.02754 0.064 0.064 0.0 2734.4 2734.0 0.0 0.569 
11 3 33.5 0.04372 0.059 0.059 0.0 1680.1 1680.0 0.0 0.638 
12 3 36.5 0.04606 0.061 0.061 0.0 1669.9 1670.0 0.0 0.628 
13 3 39.5 0.04241 0.058 0.058 0.0 1929.1 1929.3 0.0 0.644 
14 3 42.5 0.03554 0.052 0.052 0.0 2549.6 2549.7 0.0 0.678 
15 3 45.5 0.0 I 833 0.033 0.033 0.0 5182.9 5182.8 0.0 0.794 
16 3 48.5 0.02006 0.035 0.035 0.0 5064.7 5064.7 0.0 0.782 

I 
EARTHQUAKE - C:\SHAKE2000\Williamson Energy\Background6.8.eq 

SOIL PROFILE - PSCS300E Crest Column 

ITERATION NUMBER 9 

VALVES IN TIME DOMAIN 

NO TYPE DEPTH UNIFRM. <---- DAMPING----> <---- SHEAR MODULUS -----> G!Go 
(Ff) STRAIN NEW USED ERROR NEW USED ERROR RATIO 

--- ---- ---- -------- ----- ------ ------ ------- ------ ------ -----
I I 2.0 0.00454 0.027 0.027 0.0 2984.4 2984.4 0.0 0.864 
2 I 5.50.01189 0.043 0.043 0.0 2790.8 2790.8 a.a 0.724 
3 I 8.5 0.01533 0.049 0.049 0.0 2786.4 2786.4 0.0 0.678 
4 I 11 .5 0.0 I I 59 0.042 0.042 0.0 4180.J 4180.1 0.0 0.728 
5 I 14.5 0.01730 0.051 0.051 0.0 3242.1 3242.0 0.0 0.656 
6 I 17.5 0.02658 0.063 0.063 0.0 2562.8 2562.8 0.0 0.576 
7 I 20.5 0.02786 0.064 0.064 0.0 2737.4 2737.4 0.0 0.567 
8 I 23.5 0.03694 0.073 0.073 0.0 2187.7 2187.9 0.0 0.513 
9 I 26.5 0.03122 0.067 0.067 0.0 2567.1 2567.1 0.0 0.545 
IO I 30.0 0.02753 0.064 0.064 0.0 2734.6 2734.4 0.0 0.569 
11 3 33.5 0.04372 0.059 0.059 0.0 1680.J 1680.J 0.0 0.638 

( 
12 3 36.5 0.04607 0.061 0.061 0.0 1669.8 1669.9 0.0 0.628 
13 3 39.5 0.04241 0.058 0.058 0.0 1929.J 1929.1 0.0 0.643 

~- 14 3 42.5 0.03554 0.052 0.052 0.0 2549.6 2549.6 0.0 0.678 
15 3 45.5 0.0 I 833 0.033 0.033 0.0 5182.9 5182.9 0.0 0.794 
16 3 48.5 0.02006 0.035 0.G35 0.0 5064.7 5064.7 0.0 0.782 

I 
EARTHQUAKE - C:\SHAKE2000\Williamson Energy\Background6.8.eq 
SOIL PROFILE - PSCS300E Crest Column 

ITERATION NUMBER 10 

VALVES IN TIME DOMAIN 

NO TYPE DEPTH UNIFRM. <---- DAMPING----> <---- SHEAR MODULUS -----> G!Go 
(FD STRAIN NEW USED ERROR NEW USED ERROR RATIO 

--- ---- ---- -------- ----- ------ ------ ------- ------ ------ -----
I I 2.0 0.00454 0.027 0.027 0.0 2984.4 2984.4 0.0 0.864 
2 I 5.50.01189 0.043 0.043 0.0 2790.8 2790.8 0.0 0.724 
3 I 8.5 0.01533 0.049 0.049 0.0 2786.4 2786.4 0.0 0.678 
4 I 11.50.01159 0.042 0.042 0.0 4180.J 4180.J 0.0 0.728 
5 I 14.5 0.017300.051 0.051 0.0 3242.1 3242.1 0.0 0.656 
6 I 17.5 0.02658 0.063 0.063 0.0 2562.8 2562.8 0.0 0.576 
7 I 20.5 0.02786 0.064 0.064 0.0 2737.4 2737.4 0.0 0.567 
8 I 23.5 0.03694 0.073 0.073 0.0 2187.7 2187.7 a.a 0.512 
9 I 26.5 0.03 I 22 0.067 0.067 0.0 2567.1 2567. I 0.0 0.545 
10 I 30.0 0.02753 0.064 0.064 0.0 2734.6 2734.6 0.0 0.569 
11 3 33.5 0.04372 0.059 0.059 0.0 1680.1 1680.J 0.0 0.638 
12 3 36.5 0.04607 0.061 0.061 0.0 1669.8 1669.8 0.0 0.628 
13 3 39.5 0.04241 0.058 0.058 0.0 1929.1 1929.J a.a o.643 
14 3 42.5 0.03554 0.052 0.052 0.0 2549.6 2549.6 0.0 0.678 
15 3 45.5 0.01833 0.033 0.033 0.0 5182.9 5182.9 0.0 0.794 
16 3 48.5 0.02006 0.035 O.Q35 0.0 5064.7 5064.7 0.0 0.782 
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PCSC300M- I a.out 

VALUES IN TIME DOMAIN 

LAYER TYPE THICKNESS DEPTH MAX STRAIN MAX STRESS TIME 
FT FT PRCNT PSF SEC 

I I 4.0000 2.0000 0.00699 208.65 2.66 
2 I 3.0000 5.5000 0.01829 510.56 2.66 
3 I 3.0000 8.5000 0.02359 657.19 2.66 
4 1 3.0000 11.5000 0.01783 745.46 3.70 
5 1 3.0000 14.5000 0.02661 862.84 2.53 
6 I 3.0000 17.5000 0.04089 1047.93 2.53 
7 I 3.0000 20.5000 0.04286 I 173.22 2.53 
8 I 3.0000 23.5000 0.05683 1243.29 2.53 
9 I 3.0000 26.5000 0.04803 1232.98 2.53 
JO I 4.0000 30.0000 0.04236 1158.30 2.52 
11 3 3.0000 33.5000 0.06726 1130.04 2.52 
12 3 3.0000 36.5000 0.07088 I 183.52 2.51 
13 3 3.0000 39.5000 0.06525 1258.79 2.50 
14 3 3.0000 42.5000 0.05468 1394.02 2.62 
15 3 3.0000 45.5000 0.02820 1461.76 2.62 
16 3 3.0000 48.5000 0.03086 1562.90 2.49 

PERIOD = 0.24 FROM AVERAGE SHEAR VEL. = 823. 

FREQUENCY AMPLITUDE 
MAXIMUM AMPLIFICATION= l0.74 
FOR FREQUENCY = 3.87 C/SEC. 

PERIOD = 0.26 SEC. 

I****** OPTION 6 *** COMPUTE MOTION IN NEW SUBLAYERS 

EARTHQUAKE -C:ISHAKE2000\Williamson Energy\Background6.8.eq 
SOIL DEPOSIT - PSCS300E Crest Column 

LAYER DEPTH 

OUTCR. 
WITHIN 
WITHIN 
WITHIN 
WITHIN 
WITHIN 
WITHIN 
WITHIN 
WITHIN 
WITHIN 
WITHIN 
WITHIN 
WITHIN 
WITHIN 
WITHIN 

FT G 
0.0000 
4.0000 
7.0000 
10.0000 
13.0000 
16.0000 
19.0000 
22.0000 
25.0000 
28.0000 
32.0000 
35.0000 
38.0000 
41.0000 
44.0000 

MAX.ACC. 
SEC 

0.82118 
0.66221 
0.45724 
0.49140 
0.47695 
0.48874 
0.46491 
0.51703 
0.52919 
0.52041 
0.76846 
0.80342 
0.73631 
0.65050 
0.53855 

TIME MEAN SQ.FR. 
C/SEC 

2.66 
2.66 
2.53 
2.53 
2.53 
2.64 
2.64 
2.60 
2.63 
2.63 
2.62 
2.62 
2.61 
2.59 
3.91 

QUIET ZONE 
15.92 0.000 
12.85 0.000 
9.08 0.000 
12.60 0.001 
15.09 0.001 
14.93 0.000 
15.27 0.001 
16.98 0.001 
16.94 0.000 
16.49 0.001 
17.02 0.000 
18.94 0.000 
20.52 0.001 
20.50 0.001 
20.21 0.001 

I****** OPTION 6 *** COMPUTE MOTION IN NEW SUBLA YERS 

EARTHQUAKE -C:ISHAKE2000\ Williamson Energy\Background6.8.eq 
SOIL DEPOSIT- PSCS300E Crest Column 

LA YER DEPTH MAX. ACC. 

WITHIN 
WITHIN 

FT G SEC 
47.0000 0.52173 
50.0000 0.49204 

TIME 
C/SEC 

3.91 
2.58 

MEAN SQ. FR. 
QUIET ZONE 

19.79 0.001 
19.33 0.001 
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ACC. RATIO 
ACC. RECORD 

2048 
2048 

2048 
2048 
2048 
2048 
2048 
2048 
2048 
2048 
2048 
2048 
2048 
2048 
2048 

TH SAVED 

ACC. RATIO TH SAVED 
ACC.RECORD 

2048 
2048 
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PCSC300M-l a.out 
OUTCR. 50.0000 0.55791 2.58 20.41 0.001 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LA YER 
SCALE FOR PLOffiNG 0.0000 
IDENTIFICATION - PCSC300M Layer I Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LA YER 
SCALE FOR PLOffiNG 0.0000 
IDENTIFICATION - PCSC300M Layer I Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 2 
SCALE FOR PLOffiNG 0.0000 
IDENTIFICATION - PCSC300M Layer 2 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LA YER 2 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 2 Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 3 
SCALE FOR PLOffiNG 0.0000 
IDENTIFICATION - PCSC300M Layer 3 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 3 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 3 Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 4 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 4 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 4 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 4 Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 5 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 5 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 5 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 5 Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTESTRESSORSTRAINHISTORY ATTHETOPOF LAYER 6 
SCALE FOR PLOffiNG 0.0000 
IDENTIFICATION - PCSC330M Layer 6 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LA YER 6 
SCALE FOR PLOTTING 0.0000 

IDENTIFICATION - PSCS300M Layer 6 Strain 

Page IO 

/3/ 

2048 



R15868

PCSC300M- la.out 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 7 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 7 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LA YER 7 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 7 Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LA YER 8 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 8 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LA YER 8 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 8 Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 9 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 9 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LA YER 9 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PSCS300E Layer 9 Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 10 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer IO Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER IO 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300E Layer IO Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LA YER 11 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 11 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LA YER 11 
SCALE FOR PLOTTING 0.0000 

IDENTIFICATION - PCSC300M Layer 11 Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 12 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 12 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 12 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 12 Strain 
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PCSC300M-1 a.out 
I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 13 
SCALE FOR PLOTTING 0.0000 

IDENTIFICATION - PCSC300M Layer 13 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 13 
SCALE FOR PLOTTING 0.0000 

IDENTIFICATION - PCSC300M Layer 13 Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 14 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 14 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 14 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 14 Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 15 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 15 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 15 
SCALE FOR PLOTTING 0.0000 

IDENTIFICATION - PCSC300M Layer 15 Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 16 
SCALE FOR PLOTTING 0.0000 

IDENTIFICATION - PCSC300M Layer 16 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 16 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 16 Strain 

I****** OPTION 9 *** COMPUTE RESPONSE SPECTRUM 
RESPONSE SPECTRUM ANALYSIS FOR LA YER NUMBER 

CALCULATED FOR DAMPING 0.050 

TIMES AT WHICH MAX. SPECTRAL VALUES OCCUR 
TD= TIME FOR MAX. RELATIVE DISP. 
TV = TIME FOR MAX. RELATIVE VEL. 
TA= TIME FOR MAX. ABSOLUTE ACC. 

DAMPING RATIO= 0.050 
PER = 0.0 I TIMES FOR MAXIMA -
PER= 0.02 TIMES FOR MAXIMA -
PER= 0.03 TIMES FOR MAXIMA -
PER = 0.04 TIMES FOR MAXIMA -
PER = 0.05 TIMES FOR MAXIMA -
PER= 0.06 TIMES FOR MAXIMA -
PER = 0.07 TIMES FOR MAXIMA -
PER = 0.08 TIMES FOR MAXIMA -
PER= 0.09 TIMES FOR MAXIMA -
PER = 0.10 TIMES FOR MAXIMA -
PER= 0.11 TIMES FOR MAXIMA -
PER= 0.12 TIMES FOR MAXIMA --

TD= 2.6500 
TD= 2.6500 
TD= 3.0IO0 
TD= 2.6600 
TD= 4.9300 
TD= 4.3800 
TD= 5.2600 
TD= 5.2700 
TD= 2.5900 
TD= 2.6000 
TD= 2.6000 
TD= 2.6100 

TV= 2.6500 
TV= 2.6400 
TV= 3.0200 
TV= 2.6700 
TV= 4.9400 
TV= 4.3900 
TV= 5.2800 
TV= 5.2900 
TV= 2.7000 
TV= 2.6600 
TV= 2.5800 
TV= 2.5800 
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TA= 2.6500 
TA= 2.6500 
TA= 3.0IO0 
TA= 3.6900 
TA= 4.9000 
TA= 4.3800 
TA= 5.2600 
TA= 5.2700 
TA= 2.7200 
TA= 2.5900 
TA= 2.6000 
TA= 2.6100 
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PER =0.13 
PER=0.14 
PER=0.15 
PER= 0.16 
PER=0.17 
PER= 0.18 
PER= 0.19 
PER=0.20 
PER=0.21 
PER=0.22 
PER=0.23 
PER =0.24 
PER=0.25 
PER= 0.26 
PER=0.27 
PER=0.28 
PER =0.29 
PER =0.30 
PER= 0.31 
PER=0.32 
PER=0.33 
PER =0.34 
PER =0.35 
PER=0.36 
PER=0.37 
PER =0.38 
PER=0.39 
PER= 0.40 
PER=0.41 
PER= 0.42 
PER= 0.43 
PER =0.44 
PER= 0.45 
PER= 0.46 
PER= 0.47 
PER= 0.48 
PER=0.49 
PER=0.50 
PER =0.51 
PER =0.52 
PER =0.53 
PER =0.54 
PER =0.55 
PER =0.56 
PER= 0.57 
PER=0.58 
PER=0.60 
PER =0.62 
PER =0.64 
PER =0.66 
PER =0.68 
PER=0.70 
PER =0.72 
PER= 0.74 
PER= 0.76 
PER= 0.78 
PER =0.80 
PER =0.82 
PER =0.84 
PER=0.86 
PER=0.88 

PCSC300M-l a.out 
TIMES FOR MAXIMA-- TD= 3.7200 TV= 5.1900 TA= 3.7200 
TIMES FOR MAXIMA -- TD= 3.7300 TV= 2.5800 TA= 3.7300 
TIMES FOR MAXIMA-- TD= 4.1600 TV= 2.5800 TA= 4.1600 
TIMES FOR MAXIMA-- TD= 2.6200 TV= 2.5800 TA= 2.6100 
TIMES FOR MAXIMA -- TD= 4.2800 TV= 4.3200 TA= 4.2800 
TIMES FOR MAXIMA -- TD= 1.4300 TV= 2.5900 TA= 1.4300 
TIMES FOR MAXIMA -- TD= 2.7500 TV= 2.7100 TA= 2.7500 
TIMESFORMAXIMA-- TD= 7.1100 TV= 6.7400 TA= 7.1100 
TIMES FOR MAXIMA-- TD= 7.1400 TV= 7.0900 TA= 7.1300 
TIMESFORMAXIMA-- TD= 7.2700 TV= 7.1000 TA= 7.1500 
TIMES FOR MAXIMA -- TD= 7.4200 TV= 2.3500 TA= 7.4100 
TIMES FOR MAXIMA -- TD= 7.5600 TV= 2.3700 TA= 7.5600 
TIMES FOR MAXIMA-- TD= 1.6100 TV= 6.3700 TA= 1.6100 
TIMES FOR MAXIMA -- TD = 6.3200 TV = 6.3800 TA= 6.3200 
TIMESFORMAXIMA-- TD= 1.6400 TV= 1.7100 TA= 1.6300 
TIMES FOR MAXIMA -- TD= 1.6500 TV= 1.3200 TA= 1.6500 
TIMES FOR MAXIMA-- TD= 5.2100 TV= 5.1500 TA= 5.2100 
TIMES FOR MAXIMA-- TD= 5.2400 TV= 5.1600 TA= 5.2300 
TIMES FOR MAXIMA -- TD= 2.9800 TV= 2.9000 TA= 2.9700 
TIMES FOR MAXIMA-- TD= 3.0000 TV= 2.9100 TA= 2.9900 
TIMES FOR MAXIMA -- TD= 3.0100 TV= 2.9100 TA= 3.0000 
TIMES FOR MAXIMA-- TD= 3.0100 TV= 2.7900 TA= 3.0100 
TIMES FOR MAXIMA -- TD= 3.0200 TV= 2.7900 TA= 3.0200 
TIMES FOR MAXIMA -- TD= 2.8800 TV= 2.7900 TA= 2.8700 
TIMES FOR MAXIMA -- TD= 2.7200 TV= 2.7900 TA= 2.7100 
TIMES FOR MAXIMA -- TD= 2.7300 TV= 2.6600 TA= 2.7200 
TIMES FOR MAXIMA-- TD= 2.7300 TV= 2.6600 TA= 4.1300 
TIMES FOR MAXIMA -- TD= 4.1500 TV= 2.6600 TA= 4.1400 
TIMES FOR MAXIMA-- TD= 4.1600 TV= 4.0900 TA= 4.1600 
TIMES FOR MAXIMA -- TD= 3.9900 TV= 4.0900 TA= 3.9800 
TIMES FOR MAXIMA -- TD= 4.0000 TV= 4.0900 TA= 3.9900 
TIMES FOR MAXIMA -- TD= 4.6800 TV= 4. 1000 TA= 4.6700 
TIMES FOR MAXIMA -- TD= 4.6900 TV= 4. 1000 TA= 4.6800 
TIMES FOR MAXIMA-- TD= 4.7100 TV= 4.1000 TA= 4.7100 
TIMES FOR MAXIMA -- TD= 4.7300 TV= 4.6400 TA= 4.7200 
TIMES FOR MAXIMA -- TD= 4.7400 TV= 4.6500 TA= 4.7300 
TIMES FOR MAXIMA -- TD= 5.5500 TV= 4.6500 TA= 5.5400 
TIMES FOR MAXIMA -- TD= 5.5700 TV = 2.6700 TA= 5.5600 
TIMES FOR MAXIMA -- TD= 5.5800 TV = 2.6700 TA = 5.5700 
TIMES FOR MAXIMA -- TD= 5.5800 TV = 2.6700 TA = 5.5700 
TIMES FOR MAXIMA -- TD= 2.7600 TV= 2.6700 TA= 2.7500 
TIMES FOR MAXIMA -- TD= 2.7700 TV= 2.6700 TA= 2.7600 
TIMES FOR MAXIMA -- TD= 2.7700 TV= 2.6700 TA= 2.7600 
TIMES FOR MAXIMA -- TD= 2.5700 TV= 2.6700 TA= 2.5600 
TIMES FOR MAXIMA -- TD= 2.5700 TV = 2.6700 TA= 2.5600 
TIMES FOR MAXIMA -- TD= 2.5700 TV= 2.6700 TA= 2.5600 
TIMES FOR MAXIMA -- TD= 2.5800 TV = 2.6700 TA= 2.5700 
TIMES FOR MAXIMA -- TD= 2.5900 TV = 2.6700 TA= 2.5800 
TIMES FOR MAXIMA -- TD= 2.6100 TV= 2.5400 TA= 2.6000 
TIMES FOR MAXIMA -- TD= 2.6200 TV= 2.5400 TA= 2.6100 
TIMES FOR MAXIMA -- TD= 2.6400 TV = 2.5400 TA= 2.6200 
TIMES FOR MAXIMA -- TD= 3.4700 TV= 2.5500 TA= 3.4600 
TIMES FOR MAXIMA -- TD= 3.4800 TV= 2.5500 TA= 3.4700 
TIMES FOR MAXIMA -- TD= 3.4900 TV = 2.5500 TA= 3.4800 
TIMES FOR MAXIMA -- TD= 3.4900 TV= 1.6100 TA= 3.4800 
TIMES FOR MAXIMA -- TD= 1.8200 TV = 1.6 I 00 TA= 1.8000 
TIMES FOR MAXIMA -- TD= 1.5200 TV = 1.2700 TA= 1.5100 
TIMES FOR MAXIMA -- TD= 1.5300 TV= 1.2700 TA= 1.5100 
TIMES FOR MAXIMA -- TD= 3.5000 TV= 6.3000 TA= 3.4800 
TIMES FOR MAXIMA -- TD= 3.5000 TV= 5.9400 TA= 3.4800 
TIMES FOR MAXIMA -- TD= 3.5100 TV= 5.9400 TA= 3.4900 
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PCSC300M-l a.out 
PER= 0.90 TIMES FOR MAXIMA -- TD= 4.0300 TV= 3.3000 TA= 4.0200 
PER= 0.92 TIMES FOR MAXIMA -- TD= 4.0600 TV= 4.2900 TA= 4.0500 
PER= 0.94 TIMES FOR MAXIMA -- TD= 4.0700 TV= 4.3500 TA= 4.0600 
PER= 0.96 TIMES FOR MAXIMA -- TD= 4.0700 TV= 4.3500 TA= 4.0600 
PER=0.98 TIMES FOR MAXIMA-- TD= 3.1800 TV= 4.3500 TA= 3.1700 
PER= 1.00 TIMES FOR MAXIMA-- TD= 3.1900 TV= 3.9700 TA= 3.1800 
PER= 1.05 TIMES FOR MAXIMA-- TD= 3.2100 TV= 3.9700 TA= 3.1900 
PER= 1.10 TIMES FOR MAXIMA-- TD= 3.2500 TV= 2.5500 TA= 3.2400 
PER= 1.15 TIMES FOR MAXIMA-- TD= 3.2700 TV= 2.5500 TA= 3.2500 
PER = 1.20 TIMES FOR MAXIMA -- TD= 3.3500 TV= 2.5500 TA= 3.2800 
PER= 1.25 TIMES FOR MAXIMA -- TD= 3.3900 TV= 2.5500 TA= 3.3800 
PER = 1.30 TIMES FOR MAXIMA -- TD = 2.8800 TV = 2.5500 TA= 2.8700 
PER= 1.35 TIMES FOR MAXIMA -- TD= 2.8900 TV= 2.5500 TA= 2.8700 
PER= 1 .40 TIMES FOR MAXIMA -- TD= 2.8900 TV = 2.5500 TA= 2.8700 
PER= 1.45 TIMES FOR MAXIMA -- TD= 2.9000 TV= 2.5500 TA= 2.8700 
PER= 1.50 TIMES FOR MAXIMA -- TD= 2.9000 TV= 2.5500 TA= 2.8700 
PER= 1.55 TIMES FOR MAXIMA -- TD= 2.9000 TV= 2.5500 TA= 2.8700 
PER= 1.60 TIMES FOR MAXIMA -- TD= 2.9000 TV= 2.5500 TA= 2.8700 
PER= 1.65 TIMES FOR MAXIMA-- TD= 2.9300 TV= 2.5500 TA= 2.8700 
PER= 1.70 TIMES FOR MAXIMA-- TD= 2.9300 TV= 2.5500 TA= 2.8700 
PER= 1.75 TIMES FOR MAXIMA -- TD= 5.9000 TV= 2.5500 TA= 5.8900 
PER= 1.80 TIMES FOR MAXIMA -- TD= 5.9100 TV= 2.5500 TA= 5.8900 
PER= 1.85 TIMES FOR MAXIMA -- TD= 5.9200 TV= 2.5500 TA= 5.8900 
PER= 1.90 TIMES FOR MAXIMA -- TD= 6.1200 TV= 2.5500 TA= 6.1000 
PER=l.95 TIMESFORMAXIMA-- TD= 6.1200 TV= 2.5500 TA= 6.1100 
PER= 2.00 TIMES FOR MAXIMA -- TD= 5.4200 TV= 2.5500 TA= 5.4100 
PER= 2.05 TIMES FOR MAXIMA -- TD= 5.4300 TV= 2.5500 TA= 5.4100 
PER= 2.10 TIMES FOR MAXIMA -- TD= 5.4300 TV= 2.5500 TA= 5.4100 
PER= 2.15 TIMES FOR MAXIMA-- TD= 8.7600 TV= 2.5500 TA= 5.4100 
PER= 2.20 TIMES FOR MAXIMA-- TD= 8.7700 TV= 2.5500 TA= 5.4100 
PER= 2.25 TIMES FOR MAXIMA -- TD= 8.9500 TV= 2.5500 TA= 8.9400 
PER= 2.30 TIMES FOR MAXIMA -- TD= 8.9700 TV= 2.5500 TA= 8.9400 
PER= 2.35 TIMES FOR MAXIMA -- TD= 7.9000 TV= 2.5500 TA= 7.8800 
PER= 2.40 TIMES FOR MAXIMA -- TD= 7.9400 TV= 2.5500 TA= 7.8800 
PER= 2.50 TIMES FOR MAXIMA -- TD= 8.0900 TV= 2.5500 TA= 7.9400 
PER= 2.60 TIMES FOR MAXIMA -- TD = 8.1100 TV = 2.5500 TA = 8.0800 
PER= 2.70 TIMES FOR MAXIMA -- TD= 6.9700 TV= 2.5500 TA= 6.9400 
PER= 2.80 TIMES FOR MAXIMA -- TD= 7.0000 TV = 2.5500 TA= 6.9400 
PER=2.90 TIMES FOR MAXIMA-- TD= 7.0000 TV= 2.5500 TA= 6.9400 
PER= 3.00 TIMES FOR MAXIMA -- TD= 7.0100 TV= 2.5500 TA= 6.9400 
PER=3.JO TIMES FOR MAXIMA-- TD= 7.2400 TV= 2.5500 TA= 7.1900 
PER= 3.20 TIMES FOR MAXIMA -- TD= 7.2500 TV= 2.5500 TA= 7.2000 
PER= 3.30 TIMES FOR MAXIMA -- TD= 7.2500 TV= 2.5500 TA= 7.2000 
PER= 3.40 TIMES FOR MAXIMA -- TD= 7.2600 TV= 2.5500 TA= 7.2000 
PER= 3.50 TIMES FOR MAXIMA -- TD= 7.2600 TV= 2.5500 TA= 7.2400 
PER= 3.60 TIMES FOR MAXIMA -- TD= 7.5200 TV= 2.5500 TA= 7.2400 
PER= 3.70 TIMES FOR MAXIMA -- TD= 7.5200 TV= 2.5500 TA= 7.5000 
PER= 3.80 TIMES FOR MAXIMA -- TD= 7.5200 TV= 2.5500 TA= 7.5000 
PER= 3.90 TIMES FOR MAXIMA -- TD= 7.5300 TV= 2.5500 TA= 7.5000 
PER= 4.00 TIMES FOR MAXIMA -- TD= 7.5300 TV= 2.5500 TA= 7.5000 
PER = 4. JO TIMES FOR MAXIMA -- TD= 6.2300 TV = 2.5500 TA= 6.0000 
PER= 4.20 TIMES FOR MAXIMA -- TD= 6.2400 TV= 2.5500 TA= 6.2100 
PER =4.30 TIMES FOR MAXIMA-- TD= 6.2400 TV= 2.5500 TA= 6.2100 
PER=4.40 TIMES FOR MAXIMA-- TD= 6.2500 TV= 2.5500 TA= 6.2100 
PER=4.50 TIMES FOR MAXIMA-- TD= 6.2500 TV= 2.5500 TA= 6.2100 
PER=4.60 TIMES FOR MAXIMA-- TD= 6.2500 TV= 2.5500 TA= 6.2100 
PER =4.70 TIMES FOR MAXIMA -- TD= 6.2500 TV= 2.5500 TA= 6.2100 
PER =4.80 TIMES FOR MAXIMA -- TD= 6.2600 TV= 2.5500 TA= 6.2100 
PER= 4.90 TIMES FOR MAXIMA -- TD= 6.2600 TV= 2.5500 TA= 6.2100 
PER= 5.00 TIMES FOR MAXIMA -- TD= 6.2600 TV= 2.5500 TA= 6.2100 
PER=5.10 TIMESFORMAXIMA-- TD= 6.2600 TV= 2.5500 TA= 6.2200 
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( 
PER= 5.20 TIMES FOR MAXIMA -- TD = 6.2600 TV = 2.5500 TA= 6.2200 
PER=5.40 TIMES FOR MAXIMA -- TD= 6.2600 TV = 2.5500 TA= 6.2200 
PER= 5.60 TIMES FOR MAXIMA -- TD= 6.4700 TV= 2.5500 TA= 6.2200 
PER= 5.80 TIMES FOR MAXIMA -- TD= 6.4700 TV = 2.5500 TA= 6.2200 
PER= 6.00 TIMES FOR MAXIMA -- TD = 6.4800 TV= 2.5500 TA= 6.2200 
PER= 6.20 TIMES FOR MAXIMA -- TD = 4.8400 TV= 2.5500 TA= 4.5300 
PER= 6.40 TIMES FOR MAXIMA -- TD= 4.8400 TV = 2.5500 TA= 4.7900 
PER= 6.60 TIMES FOR MAXIMA -- TD= 4.8400 TV = 2.5500 TA= 4.7900 
PER= 6.80 TIMES FOR MAXIMA -- TD= 4.8400 TV = 2.5500 TA= 4.7900 
PER= 7.00 TIMES FOR MAXIMA -- TD = 4.8400 TV= 2.5500 TA= 4.7900 
PER= 7.30 TIMES FOR MAXIMA -- TD= 4.8400 TV= 2.5500 TA= 4.7900 
PER= 7.60 TIMES FOR MAXIMA -- TD= 4.8400 TV = 2.5500 TA= 4.7900 
PER= 8.00 TIMES FOR MAXIMA -- TD= 4.8400 TV = 2.5500 TA= 4.7900 
PER= 8.50 TIMES FOR MAXIMA -- TD = 4.8400 TV= 2.5500 TA= 4.7900 
PER= 9.00 TIMES FOR MAXIMA -- TD= 4.8400 TV= 2.5500 TA= 4.7900 
PER= 9.50 TIMES FOR MAXIMA -- TD= 4.8400 TV = 2.5500 TA= 4.7900 
PER=I0.00 TIMES FOR MAXIMA -- TD = 4.8400 TV = 2.5500 TA= 4.7900 
SPECTRAL VALVES--
(Acceleration of gravity used == 32.20) 

PSCS300E Crest Column DAMPING RA TIO = 0.050 
NO. PERIOD REL. DISP. REL. VEL. PSU.REL. VEL. ABS.ACC. PSU.ABS.ACC. FREQ. 

I 0.01 0.00007 0.00171 0.04195 0.82192 0.81858 100.00 
2 0.02 0.00027 0.04335 0.08336 0.82243 0.8 I 328 50.00 
3 0.03 0.001 IO 0.18379 0.22974 1.5 I 822 1.49432 33.33 
4 0.04 0.00217 0.31642 0.34155 1.74493 1.66617 25.00 
5 0.05 0.00366 0.44677 0.45974 1.82459 1.79417 20.00 
6 0.06 0.00428 0.41585 0.44797 1.42638 1.45686 16.67 
7 0.07 0.00581 0.47802 0.52194 1.47018 1.45494 14.29 
8 0.08 0.01091 0.79906 0.85696 2.13704 2.09023 12.50 
9 0.09 0.01380 0.91960 0.96375 2.07701 2.08952 I I.I I 
IO 0.10 0.01203 0.70258 0.75557 1.50682 1.47435 10.00 
11 0.11 0.01243 0.73464 0.7101 I 1.28682 1.25967 9.09 
12 0.12 0.01009 0.54647 0.52809 0.85116 0.85872 8.33 
13 0.13 0.01069 0.46673 0.51688 0.78573 0.77583 7.69 
14 0.14 0.01281 0.55624 0.57507 0.81192 0.80152 7.14 
15 0.15 0.01487 0.56239 0.62302 0.80252 0.81046 6.67 
16 0.16 0.01884 0.75229 0.73986 0.91472 0.90230 6.25 
17 0.17 0.02303 0.86039 0.85120 0.9755 I 0.97703 5.88 
18 0.18 0.02485 0.86020 0.86750 0.93942 0.94042 5.56 
19 0.19 0.02857 0.87770 0.94490 0.97165 0.97042 5.26 
20 0.20 0.02938 0.95448 0.92312 0.90821 0.90064 5.00 
21 0.21 0.03784 1.14946 1.13222 1.05638 1.05204 4.76 
22 0.22 0.03804 1.12843 1.08630 0.97513 0.96349 4.55 
23 0.23 0.04244 1.13944 1.15933 0.98812 0.98357 4.35 
24 0.24 0.04588 1.22517 1.20103 0.98291 0.97648 4.17 
25 0.25 0.05505 1.45180 1.38356 1.07767 1.07990 4.00 
26 0.26 0.06352 1.64419 1.53498 1.15887 1.15200 3.85 
27 0.27 0.06397 1.49739 1.48854 1.07894 1.07578 3.70 
28 0.28 0.06108 1.44705 1.37074 0.96463 0.95526 3.57 
29 0.29 0.06330 1.50041 1.37148 0.92871 0.92282 3.45 
30 0.30 0.06799 1.58132 1.42398 0.92831 0.92621 3.33 
3 I 0.31 0.07450 1.561 IO 1.50998 0.95436 0.95046 3.23 
32 0.32 0.07866 1.60487 1.54449 0.94665 0.94180 3.13 
33 0.33 0.07637 1.45088 1.45416 0.86887 0.85985 3.03 
34 0.34 0.07200 1.33968 1.33047 0.77205 o.1r,357 2.94 
35 0.35 0.06812 1.34283 1.22295 0.68539 0.68181 2.86 
36 0.36 0.06715 1.33822 1.17200 0.64080 0.63526 2.78 
37 0.37 0.06656 1.28137 I. 13028 0,60109 0.59609 2.70 
38 0.38 0.06468 1.2598 I 1.06944 0.55415 0.54916 2.63 
39 0.39 0.06068 1.23910 0.97764 0.49358 0.48915 2.56 
40 0.40 0.06370 1.17128 1.00062 0.49250 0.48813 2.50 

Page 15 



R15873
21 f 13 J 

PCSC300M-1 a.out 
41 0.41 0.06256 1.18616 0.95865 0.45808 0.45625 2.44 
42 0.42 0.06037 1.19616 0.90309 0.42280 0.41957 2.38 
43 0.43 0.05966 1.15192 0.87180 0.39751 0.39561 2.33 
44 0.44 0.05930 1.07742 0.84685 0.37888 0.37556 2.27 
45 0.45 0.05866 0.99663 0.81904 0.35661 0.35515 2.22 
46 0.46 0.05718 0.90387 0.78104 0.33309 0.33131 2.17 
47 0.47 0.05473 0.84874 0.73170 0.30536 0.30378 2.13 
48 0.48 0.05130 0.84985 0.67155 0.27399 0.27300 2.08 
49 0.49 0.05240 0.81367 0.67192 0.26905 0.26757 2.04 
50 0.50 0.05402 0.80880 0.67886 0.26657 0.26493 2.00 
51 0.51 0.05288 0.83519 0.65150 0.25161 0.24927 1.96 
52 0.52 0.05027 0.87985 0.60736 0.22945 0.22791 1.92 
53 0.53 0.05172 0.93855 0.61319 0.22691 0.22576 1.89 
54 0.54 0.05617 1.00433 0.65351 0.23851 0.23615 1.85 
55 0.55 0.06000 1.06884 0.68548 0.24516 0.24320 1.82 
56 0.56 0.06644 1.12386 0.74544 0.26427 0.25974 1.79 
57 0.57 0.07374 1.16245 0.81287 0.28269 0.27827 1.75 
58 0.58 0.08007 1.17982 0.86741 0.29612 0.29182 1.72 
59 0.60 0.08866 1.14420 0.92849 0.30613 0.30196 1.67 
60 0.62 0.09140 1.02596 0.92630 0.29378 0.29153 1.61 
61 0.64 0.08974 1.03125 0.88106 0.26991 0.26863 1.56 
62 0.66 0.08366 1.08019 0.79642 0.23773 0.23546 1.52 
63 0.68 0.07428 1.06790 0.68631 0.19773 0.19694 1.47 
64 0.70 0.06678 1.00885 0.59944 0.16771 0.16710 1.43 
65 0.72 0.06933 0.92792 0.60506 0.16570 0. 16398 1.39 
66 0.74 0.06680 0.8331 I 0.56721 0.15157 0.14957 1.35 
67 0.76 0.06220 0.75200 0.51422 0.13421 0.13203 1.32 
68 0.78 0.05906 0.72919 0.47575 0.12066 0.11902 1.28 
69 0.80 0.06091 0.71267 0.47839 0.11739 0.11669 1.25 
70 0.82 0.06283 0.70235 0.48142 0.11542 0.11456 1.22 

( 71 0.84 0.06816 0.71704 0.50982 0.12036 0.11843 1.19 
72 0.86 0.07687 0.74262 0.56162 0.12907 0.12743 1.16 -- 73 0.88 0.08600 0.77734 0.61406 0.13751 0.13616 1.14 
74 0.90 0.09759 0.79993 0.68129 0.14881 0.14771 I.II 
75 0.92 0.10954 0.86595 0.74812 0.15920 0.15868 1.09 
76 0.94 0.11962 0.95982 0.79954 0.16788 0.16597 1.06 
77 0.96 0.12541 1.02877 0.82083 0.16974 0.16684 1.04 
78 0.98 0.12810 1.05347 0.82127 0.16447 0. 16353 1.02 
79 1.00 0.13647 1.06090 0.85746 0.16889 0.16732 1.00 
80 1.05 0.14854 1.12673 0.88885 0.16702 0.16518 0.95 
81 1.10 0.15387 1.13175 0.87890 0.15746 0.15591 0.91 
82 1.15 0.14959 1.17120 0.81732 0.14084 0.13868 0.87 
83 1.20 0.14036 1.18130 0.73495 0.12010 0.11951 0.83 
84 1.25 0.13601 1.17059 0.68368 0.10739 0.10672 0.80 
85 1.30 0.13061 1.14666 0.63128 0.09671 0.09475 0.77 
86 1.35 0.12893 1.11542 0.60008 0.08915 0.08674 0.74 
87 1.40 0.12537 1.08104 0.56265 0.08085 0.07842 0.71 
88 1.45 0.12030 1.04630 0.52129 0.07258 0.07015 0.69 
89 1.50 0.11476 1.01286 0.48069 0.06478 0.06253 0.67 
90 1.55 0. l0878 0.98162 0.44095 0.05766 0.05551 0.65 
91 1.60 O.l0271 0.95297 0.40335 0.05129 0.04919 0.63 
92 1.65 0.09704 0.92697 0.36955 0.04565 0.04370 0.61 
93 1.70 0.09180 0.90352 0.33927 0.04070 0.03894 0.59 
94 1.75 0.09076 0.88242 0.32585 0.03720 0.03633 0.57 
95 1.80 0.09549 0.86342 0.33334 0.03725 0.03614 0.56 
96 1.85 0.09582 0.84627 0.32543 0.03556 0.03432 0.54 
97 1.90 0.09635 0.83074 0.31862 0.03353 0.03272 0.53 
98 1.95 0.09936 0.81662 0.32016 0.033 I 8 0.03204 0.51 
99 2.00 0.10823 0.80374 0.34003 0.03435 0.03317 0.50 
100 2.05 0.11706 0.79193 0.35877 0.03544 0.03415 0.49 
101 2.JO 0.12401 0.78107 0.37104 0.03586 0.03448 0.48 
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102 2.15 0.12967 0.77105 0.37894 0.03573 0.03439 0.47 
103 2.20 0.13671 0.76177 0.39044 0.03518 0.03463 0.45 
104 2.25 0.14201 0.75315 0.39657 0.03481 0.03439 0.44 
105 2.30 0.14953 0.74515 0.40849 0.03535 0.03466 0.43 
106 2.35 0.15353 0.73769 0.41049 0.03452 0.03408 0.43 
107 2.40 0.15782 0.73074 0.41317 0.03399 0.03359 0.42 
108 2.50 0.16052 0.71820 0.40344 0.03180 0.03149 0.40 
109 2.60 0.16493 0.70726 0.39857 0.03037 0.02991 0.38 
110 2.70 0.16824 0.69772 0.39151 0.02956 0.02829 0.37 
111 2.80 0.17313 0.68944 0.38851 0.02827 0.02707 0.36 
112 2.90 0.17573 0.68225 0.38075 0.02670 0.02562 0.34 
I 13 3.00 0.17624 0.67604 0.3691 I 0.02498 0.02401 0.33 
114 3.10 0.18240 0.67068 0.36968 0.02391 0.02327 0.32 
115 3.20 0.18800 0.66610 0.36914 0.02315 0.02251 0.31 
116 3.30 0.19088 0.66221 0.36343 0.02213 0.02149 0.30 
117 3.40 0.19114 0.65890 0.35323 0.02089 0.02027 0.29 
118 3.50 0.18855 0.65614 0.33849 0.01960 0.01887 0.29 
119 3.60 0.18358 0.65386 0.32040 0.01815 0.01737 0.28 
120 3.70 0.18463 0.65196 0.31354 0.01716 0.01654 0.27 
121 3.80 0.18252 0.65044 0.30178 0.01623 0.01550 0.26 
122 3.90 0.17770 0.64924 0.28629 0.01514 0.01432 0.26 
123 4.00 0.17042 0.6483 I 0.26769 0.01393 0.01306 0.25 
124 4.10 0.17053 0.64762 0.26134 0.01297 0.01244 0.24 
125 4.20 0.17579 0.64713 0.26299 0.01273 0.01222 0.24 
126 4.30 0.17994 0.64684 0.26293 0.01248 0.01193 0.23 
127 4.40 0.18295 0.64670 0.26125 0.01217 0.QII59 0.23 
128 4.50 0.18495 0.64668 0.25824 0.01180 0.01120 0.22 
129 4.60 0.18589 0.64682 0.25391 0.01140 0.01077 0.22 
130 4.70 0.18585 0.64703 0.24845 0.01096 0.01032 0.21 
131 4.80 0.18495 0.64733 0.24209 0.01050 0.00984 0.21 
132 4.90 0.18336 0.64771 0.2351 I 0.0l004 0.00936 0.20 
133 5.00 0.18105 0.64813 0.22752 0.00956 0.00888 0.20 
134 5.10 0.17813 0.64865 0.21946 0.00909 0.00840 0.20 
135 5.20 0.17468 0.64916 0.21107 0.00862 0.00792 0.19 
136 5.40 0.16651 0.65031 0.19375 0.00771 0.00700 0.19 
137 5.60 0.16025 0.65159 0.17980 0.00686 0.00627 0.18 
138 5.80 0.15264 0.65291 0.16536 0.00607 0.00556 0.17 
139 6.00 0.14415 0.65430 0.15096 0.00536 0.00491 0.17 
140 6.20 0.14369 0.65562 0.14562 0.00501 0.00458 0.16 
141 6.40 0.14541 0.65698 0.14276 0.00478 0.00435 0.16 
142 6.60 0.14651 0.65833 0.13947 0.00455 0.00412 0.15 
143 6.80 0.14706 0.65959 0.13588 0.00433 0.00390 0.15 
144 7.00 0.14716 0.66086 0.13209 0.00411 0.00368 0.14 
145 7.30 0.14656 0.66269 0.12615 0.00380 0.00337 0.14 
146 7.60 0.14526 0.66446 0.12009 0.00351 0.00308 0.13 
147 8.00 0.14272 0.66661 0.11209 0.00316 0.00273 0.13 
148 8.50 0.13864 0.66906 0.10248 0.00277 0.00235 0.12 
149 9.00 0.13396 0.67127 0.09352 0.00243 0.00203 0.11 
150 9.50 0.12900 0.67322 0.08532 0.00214 0.00175 0.1 I 
151 10.00 0.12397 0.67505 0.07789 0.00190 0.00152 0.10 
152 10.50 0.00000 0.00000 0.00000 0.00000 0.00000 0.10 

VALUES IN PERIOD RANGE . I TO 2.5 SEC. 
AREA OF ACC. RESPONSE SPECTRUM = 0.495 
AREA OF VEL. RESPONSE SPECTRUM = 2.289 
MAX. ACCELERATION RESPONSE VALUE= 1.507 
MAX. VELOCITY RESPONSE VALUE= 1.644 

I****** OPTION 9 *** COMPUTE RESPONSE SPECTRUM 
RESPONSE SPECTRUM ANALYSIS FOR LAYER NUMBER 17 

CALCULATED FOR DAMPING 0.050 
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TIMES AT WHICH MAX. SPECTRAL VALUES OCCUR 

TD= TIME FOR MAX. RELATIVE DISP. 
TV = TIME FOR MAX. RELATIVE VEL. 
TA= TIME FOR MAX. ABSOLUTE ACC. 

DAMPING RATIO = 0.050 
PER= 0.01 TIMES FOR MAXIMA -
PER= 0.02 TIMES FOR MAXIMA -
PER= 0.03 TIMES FOR MAXIMA -
PER= 0.04 TIMES FOR MAXIMA -
PER= 0.05 TIMES FOR MAXIMA -
PER= 0.06 TIMES FOR MAXIMA -
PER= 0.07 TIMES FOR MAXIMA -
PER= 0.08 TIMES FOR MAXIMA -
PER= 0.09 TIMES FOR MAXIMA -
PER= 0. IO TIMES FOR MAXIMA -
PER= 0. I 1 TIMES FOR MAXIMA -
PER = 0.12 TIMES FOR MAXIMA -
PER= 0.13 TIMES FOR MAXIMA -
PER= 0.14 TIMES FOR MAXIMA -
PER= 0.15 TIMES FOR MAXIMA -
PER= 0. I 6 TIMES FOR MAXIMA -
PER= 0.17 TIMES FOR MAXIMA -
PER= 0. I 8 TIMES FOR MAXIMA -
PER= 0.19 TIMES FOR MAXIMA -
PER= 0.20 TIMES FOR MAXIMA -
PER= 0.2 I TIMES FOR MAXIMA -
PER= 0.22 TIMES FOR MAXIMA -
PER= 0.23 TIMES FOR MAXIMA -
PER= 0.24 TIMES FOR MAXIMA -
PER= 0.25 TIMES FOR MAXIMA -
PER= 0.26 TIMES FOR MAXIMA -
PER= 0.27 TIMES FOR MAXIMA -
PER= 0.28 TIMES FOR MAXIMA -
PER= 0.29 TIMES FOR MAXIMA -
PER= 0.30 TIMES FOR MAXIMA -
PER= 0.3 I TIMES FOR MAXIMA -
PER= 0.32 TIMES FOR MAXIMA -
PER= 0.33 TIMES FOR MAXIMA -
PER= 0.34 TIMES FOR MAXIMA -
PER= 0.35 TIMES FOR MAXIMA -
PER= 0.36 TIMES FOR MAXIMA -
PER= 0.37 TIMES FOR MAXIMA -
PER= 0.38 TIMES FOR MAXIMA -
PER= 0.39 TIMES FOR MAXIMA -
PER= 0.40 TIMES FOR MAXIMA -
PER= 0.41 TIMES FOR MAXIMA -
PER= 0.42 TIMES FOR MAXIMA -
PER= 0.43 TIMES FOR MAXIMA -
PER= 0.44 TIMES FOR MAXIMA -
PER= 0.45 TIMES FOR MAXIMA -
PER = 0.46 TIMES FOR MAXIMA -
PER= 0.47 TIMES FOR MAXIMA -
PER = 0.48 TIMES FOR MAXIMA -
PER= 0.49 TIMES FOR MAXIMA -
PER= 0.50 TIMES FOR MAXIMA -
PER= 0.51 TIMES FOR MAXIMA -
PER= 0.52 TIMES FOR MAXIMA -
PER = 0.53 TIMES FOR MAXIMA -
PER = 0.54 TIMES FOR MAXIMA -
PER= 0.55 TIMES FOR MAXIMA -
PER= 0.56 TIMES FOR MAXIMA --

TD= 2.5700 
TD= 2.5700 
TD= 2.9500 
TD= 3.6300 
TD= 4.8700 
TD= 4.3200 
TD= 4.3300 
TD= 2.5200 
TD= 2.5300 
TD= 2.5900 
TD= 2.5500 
TD= 4.8000 
TD= 3.6600 
TD= 3.6700 
TD= 3.6800 
TD= 4.1800 
TD= 4.1100 
TD= 2.5600 
TD= 2.5700 
TD= 6.6100 
TD= 2.5800 
TD= 2.5000 
TD= 3.4200 
TD= 2.2400 
TD= 6.2400 
TD= 1.5600 
TD= 1.1900 
TD= 1.2100 
TD= 1.2100 
TD= 2.9200 
TD= 2.9400 
TD= 2.9500 
TD= 2.5000 
TD= 2.5000 
TD= 2.5100 
TD= 2.5100 
TD= 2.5100 
TD= 2.5100 
TD= 2.5200 
TD= 3.9400 
TD= 3.9500 
TD= 3.9600 
TD= 3.9700 
TD= 3.9800 
TD= 4.6900 
TD= 4.7000 
TD= 4.7100 
TD= 4.7100 
TD= 5.5200 
TD= 5.5500 
TD= 5.5600 
TD= 2.5100 
TD= 2.5100 
TD= 2.5100 
TD= 2.5100 
TD= 2.5100 

TV= 2.5700 
TV= 2.5800 
TV= 2.9400 
TV= 2.6100 
TV= 4.8300 
TV= 4.3300 
TV= 4.3100 
TV= 2.5400 
TV= 2.6000 
TV= 2.6100 
TV= 2.5800 
TV= 2.5800 
TV= 4.7900 
TV= 3.7100 
TV= 3.7200 
TV= 4.1500 
TV= 4.1500 
TV= 2.5200 
TV= 2.5300 
TV= 2.5300 
TV= 2.5300 
TV= 2.5500 
TV= 7.0400 
TV= 2.2900 
TV= 6.3100 
TV= 6.3200 
TV= 1.2600 
TV= 1.2600 
TV= 5.1000 
TV= 2.8400 
TV= 2.8500 
TV= 2.5600 
TV= 2.5600 
TV= 2.5600 
TV= 2.5600 
TV= 2.9300 
TV= 2.6000 
TV= 2.8000 
TV= 4.0300 
TV= 4.0300 
TV= 4.0400 
TV= 4.0400 
TV= 4.0500 
TV= 3.9100 
TV= 3.9100 
TV= 3.9100 
TV= 3.9100 
TV= 3.9100 
TV= 5.4100 
TV= 5.4100 
TV= 5.4100 
TV= 5.4400 
TV= 2.6100 
TV= 2.6300 
TV= 2.6400 
TV= 2.6400 
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TA= 2.5700 
TA= 2.5700 
TA= 2.9500 
TA= 3.6300 
TA= 4.8400 
TA= 1.9700 
TA= 4.3300 
TA= 2.5200 
TA= 2.5300 
TA= 2.5900 
TA= 2.5500 
TA= 4.8000 
TA= 3.6600 
TA= 3.6700 
TA= 3.6800 
TA= 4.1800 
TA= 4.1100 
TA= 2.5600 
TA= 2.5700 
TA= 6.6000 
TA= 7.0500 
TA= 2.5000 
TA= 6.9800 
TA= 2.2300 
TA= 6.2400 
TA= 6.2500 
TA= 1.1900 
TA= 1.2000 
TA= 1.2100 
TA= 2.9100 
TA= 2.9400 
TA= 2.9500 
TA= 2.5000 
TA= 2.5000 
TA= 2.5000 
TA= 2.5000 
TA= 2.5000 
TA= 2.5100 
TA= 2.5100 
TA= 3.9400 
TA= 3.9500 
TA= 3.9500 
TA= 3.9600 
TA= 3.9700 
TA= 4.6900 
TA= 4.6900 
TA= 4.7000 
TA= 4.7000 
TA= 5.5100 
TA= 5.5400 
TA= 5.5600 
TA= 2.5000 
TA= 2.5000 
TA= 2.5000 
TA= 2.5000 
TA= 2.5000 
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PER=0.57 
PER=0.58 
PER=0.60 
PER=0.62 
PER=0.64 
PER=0.66 
PER=0.68 
PER= 0.70 
PER= 0.72 
PER= 0.74 
PER= 0.76 
PER= 0.78 
PER=0.80 
PER=0.82 
PER=0.84 
PER=0.86 
PER =0.88 
PER= 0.90 
PER= 0.92 
PER=0.94 
PER =0.96 
PER= 0.98 
PER= I.DO 
PER= 1.05 
PER= 1.10 
PER=l.15 
PER= 1.20 
PER= 1.25 
PER= 1.30 
PER= 1.35 
PER= 1.40 
PER= 1.45 
PER= 1.50 
PER= 1.55 
PER= 1.60 
PER= 1.65 
PER= 1.70 
PER= 1.75 
PER= 1.80 
PER= 1.85 
PER= 1.90 
PER= 1.95 
PER=2.00 
PER =2.05 
PER= 2.10 
PER= 2.15 
PER=2.20 
PER= 2.25 
PER =2.30 
PER= 2.35 
PER= 2.40 
PER=2.50 
PER =2.60 
PER= 2.70 
PER =2.80 
PER= 2.90 
PER= 3.00 
PER= 3.10 
PER=3.20 
PER=3.30 
PER= 3.40 

PCSC300M-1 a.out 
TIMES FOR MAXIMA-- TD= 2.5200 TV= 2.6400 TA= 2.5100 
TIMES FOR MAXIMA-- TD= 2.5200 TV= 2.6400 TA= 2.5100 
TIMES FOR MAXIMA -- TD = 2.5400 TV = 2.4800 TA= 2.5300 
TIMES FOR MAXIMA -- TD= 2.5600 TV = 2.4800 TA= 2.5500 
TIMES FOR MAXIMA -- TD= 2.5900 TV = 2.4800 TA= 2.5800 
TIMES FOR MAXIMA -- TD= 2.6000 TV= 2.4900 TA= 2.5900 
TIMES FOR MAXIMA -- TD= 3.4100 TV= 2.4900 TA= 3.4000 
TIMES FOR MAXIMA -- TD= 3.4200 TV= 2.4900 TA= 3.4100 
TIMES FOR MAXIMA-- TD= 3.4300 TV= 3.6100 TA= 3.4200 
TIMES FOR MAXIMA -- TD= 3.4400 TV= 3.6100 TA= 3.4300 
TIMES FOR MAXIMA -- TD= 1.8100 TV= 3.6100 TA= 1.7500 
TIMES FOR MAXIMA-- TD= 1.4700 TV= 3.6100 TA= 1.8100 
TIMES FOR MAXIMA-- TD= 1.4700 TV= 3.6100 TA= 1.4600 
TIMES FOR MAXIMA-- TD= 1.4900 TV= 3.6100 TA= 1.4700 
TIMES FOR MAXIMA -- TD= 6.4900 TV= 3.6200 TA= 6.4800 
TIMES FOR MAXIMA -- TD= 3.4700 TV= 4.2200 TA= 3.4700 
TIMES FOR MAXIMA -- TD= 4.0000 TV= 4.2200 TA= 3.9700 
TIMES FOR MAXIMA-- TD= 4.0100 TV= 4.2200 TA= 4.0000 
TIMES FOR MAXIMA -- TD= 4.0100 TV= 4.2900 TA= 4.0000 
TIMES FOR MAXIMA-- TD= 3.1200 TV= 4.2900 TA= 3.1100 
TIMES FOR MAXIMA-- TD= 3.1200 TV= 3.9100 TA= 3.1100 
TIMES FOR MAXIMA-- TD= 3.1300 TV= 3.9100 TA= 3.1200 
TIMES FOR MAXIMA -- TD= 3.1500 TV= 3.9100 TA= 3. 1200 
TIMESFORMAXIMA-- TD= 3.2000 TV= 3.9100 TA= 3.1800 
TIMES FOR MAXIMA -- TD = 3.2300 TV = 2.4900 TA= 3.2200 
TIMES FOR MAXIMA -- TD= 3.3000 TV= 2.4900 TA= 3.2900 
TIMES FOR MAXIMA -- TD= 3.3300 TV= 2.4900 TA= 3.3 JOO 
TIMES FOR MAXIMA-- TD= 3.3500 TV= 2.4900 TA= 3.3300 
TIMES FOR MAXIMA -- TD= 3.3700 TV= 2.4900 TA= 3.3600 
TIMES FOR MAXIMA -- TD= 2.8400 TV= 2.4900 TA= 2.8200 
TIMES FOR MAXIMA -- TD= 2.8700 TV= 2.4900 TA= 2.8300 
TIMES FOR MAXIMA -- TD= 2.9000 TV= 2.4900 TA= 2.8600 
TIMES FOR MAXIMA -- TD= 2.9200 TV= 2.4900 TA= 2.8900 
TIMES FOR MAXIMA -- TD= 2.9200 TV= 2.4900 TA= 2.9100 
TIMES FOR MAXIMA -- TD= 2.9200 TV= 2.4900 TA= 2.9100 
TIMES FOR MAXIMA -- TD= 2.9300 TV= 2.4900 TA= 2.9100 
TIMES FOR MAXIMA -- TD= 2.9900 TV= 2.4900 TA= 2.3700 
TIMES FOR MAXIMA -- TD= 2.3900 TV= 2.4900 TA= 2.3700 
TIMES FOR MAXIMA -- TD= 5.9300 TV= 2.4900 TA= 5.9200 
TIMES FOR MAXIMA -- TD= 6.0000 TV= 2.4900 TA= 5.9900 
TIMES FOR MAXIMA-- TD= 6.0500 TV= 5.7600 TA= 6.0400 
TIMES FOR MAXIMA -- TD= 5.3500 TV= 5.7600 TA= 5.3400 
TIMES FOR MAXIMA -- TD= 5.3600 TV= 5.7600 TA= 5.3400 
TIMES FOR MAXIMA -- TD= 5.3600 TV= 5.7600 TA= 5.3400 
TIMES FOR MAXIMA -- TD= 5.3600 TV= 5.7600 TA= 5.3400 
TIMES FOR MAXIMA -- TD = 8.7100 TV = 5. 7600 TA= 5.3400 
TIMES FOR MAXIMA -- TD= 8.8100 TV= 5.7600 TA= 7.6700 
TIMES FOR MAXIMA -- TD= 8.8900 TV= 5.7600 TA= 8.8800 
TIMES FOR MAXIMA -- TD= 7.8200 TV= 5.7600 TA= 8.8800 
TIMES FOR MAXIMA -- TD= 7.8800 TV= 5.7600 TA= 7.7900 
TIMES FOR MAXIMA -- TD= 7.9100 TV= 5.7600 TA= 7.8800 
TIMES FOR MAXIMA -- TD= 8.0300 TV= 7.3100 TA= 8.0100 
TIMES FOR MAXIMA -- TD= 8.0600 TV= 7.6400 TA= 8.0200 
TIMES FOR MAXIMA -- TD= 6.9400 TV= 7.6400 TA= 6.8800 
TIMES FOR MAXIMA -- TD= 6.9400 TV= 7.6500 TA= 6.8800 
TIMES FOR MAXIMA-- TD= 7.0600 TV= 7.6500 TA= 6.9300 
TIMESFORMAXIMA-- TD= 7.1500 TV= 7.6500 TA= 7.0400 
TIMES FOR MAXIMA-- TD= 7.1900 TV= 5.3000 TA= 7.1400 
TIMES FOR MAXIMA-- TD= 7.2000 TV= 5.3000 TA= 7.1400 
TlMESFORMAXIMA-- TD= 7.2100 TV= 5.3000 TA= 7.1800 
TIMES FOR MAXIMA-- TD= 7.2100 TV= 5.3000 TA= 7.1800 
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PER= 3.50 TIMES FOR MAXIMA-- TD= 7.2200 TV= 5.3000 TA= 7.1900 
PER= 3.60 TIMES FOR MAXIMA -- TD= 7.4500 TV= 5.3000 TA= 7.3800 
PER= 3.70 TIMES FOR MAXIMA-- TD= 7.4600 TV= 5.3000 TA= 7.3900 
PER= 3.80 TIMES FOR MAXIMA -- TD= 7.5000 TV= 5.3000 TA= 7.4400 
PER=3.90 TIMES FOR MAXIMA-- TD= 7.5100 TV= 5.3000 TA= 7.4500 
PER= 4.00 TIMES FOR MAXIMA -- TD= 7.6200 TV= 5.3000 TA= 7.4500 
PER=4.I0 TIMES FOR MAXIMA-- TD= 6.1600 TV= 5.3000 TA= 6.0900 
PER=4.20 TIMESFORMAXIMA-- TD= 6.1600 TV= 5.3000 TA= 6.1400 
PER= 4.30 TIMES FOR MAXIMA -- TD= 6.1700 TV= 5.3000 TA= 6.1500 
PER=4.40 TIMES FOR MAXIMA-- TD= 6.1900 TV= 5.3000 TA= 6.1500 
PER= 4.50 TIMES FOR MAXIMA -- TD= 6.2000 TV= 5.3000 TA= 6.1500 
PER= 4.60 TIMES FOR MAXIMA -- TD = 6.2000 TV= 5.3000 TA= 6.1500 
PER= 4.70 TIMES FOR MAXIMA -- TD= 6.2000 TV= 5.3000 TA= 6.1500 
PER=4.80 TIMES FOR MAXIMA-- TD= 6.3400 TV= 5.3000 TA= 6.1500 
PER=4.90 TIMESFORMAXIMA-- TD= 6.3400 TV= 5.3000 TA= 6.1500 
PER= 5.00 TIMES FOR MAXIMA -- TD = 6.3500 TV = 5.3000 TA= 6.3200 
PER= 5. IO TIMES FOR MAXIMA -- TD = 6.3500 TV= 5.3000 TA= 6.3200 
PER= 5.20 TIMES FOR MAXIMA -- TD= 6.3500 TV= 5.3000 TA= 6.3200 
PER= 5.40 TIMES FOR MAXIMA -- TD= 6.3500 TV= 5.3000 TA= 6.3200 
PER= 5.60 TIMES FOR MAXIMA -- TD = 6.5400 TV = 5.3000 TA = 6.3200 
PER= 5.80 TIMES FOR MAXIMA -- TD = 6.5500 TV = 5.3000 TA= 6.5000 
PER= 6.00 TIMES FOR MAXIMA -- TD= 6.5500 TV= 5.3000 TA= 6.5000 
PER= 6.20 TIMES FOR MAXIMA-- TD= 4.7700 TV= 5.3000 TA= 4.5200 
PER= 6.40 TIMES FOR MAXIMA -- m = 4.7700 TV= 5.3000 TA= 4.7300 
PER= 6.60 TIMES FOR MAXlMA -- TD = 4. 7700 TV = 5.3000 TA= 4. 7300 
PER= 6.80 TIMES FOR MAXlMA-- TD= 4.7800 TV= 5.3000 TA= 4.7300 
PER= 7.00 TIMES FOR MAXIMA-- TD= 4.7800 TV= 5.3000 TA= 4.7300 
PER= 7.30 TlMES FOR MAXIMA -- TD= 4.7800 TV= 5.3000 TA= 4.7300 
PER= 7.60 TIMES FOR MAXIMA -- TD= 4.7800 TV= 2.4900 TA= 4.7300 
PER= 8.00 TIMES FOR MAXIMA-- TD= 4.7800 TV= 2.4900 TA= 4.7300 
PER= 8.50 TIMES FOR MAXIMA -- TD= 4. 7800 TV= 2.4900 TA= 4. 7300 
PER= 9.00 TIMES FOR MAXIMA-- TD= 4.7800 TV= 2.4900 TA= 4.7300 
PER= 9.50 TIMES FOR MAXIMA -- TD= 4.7800 TV= 2.4900 TA= 4.7300 
PER =10.00 TIMES FOR MAXIMA-- TD= 4.7800 TV= 2.4900 TA= 4.7300 
SPECTRAL VALUES--
(Acceleration of gravity used= 32.20) 

PSCS300E Crest Column DAMPING RATIO= 0.050 
NO. PERIOD REL. DISP. REL. VEL. PSU.REL.VEL. ABS. ACC. PSU.ABS.ACC. FREQ. 

I 0.01 0.00005 0.00136 0.02849 0.55850 0.55584 100.00 
2 0.02 0.00018 0.04499 0.05569 0.55907 0.54337 50.00 
3 0.03 0.00100 0.17299 0.21036 1.35502 1.36825 33.33 
4 0.04 0.00178 0.23944 0.27972 1.41661 1.36454 25.00 
5 0.05 0.00238 0.31660 0.29913 1.19625 1.16738 20.00 
6 0.06 0.00324 0.37402 0.33931 1.11290 I. I 0350 I 6.67 
7 0.07 0.00410 0.42586 0.36768 1.00192 1.02494 14.29 
8 0.08 0.00662 0.49285 0.51989 1.30592 1.26808 I 2.50 
9 0.09 0.01058 0.74261 0.73891 1.61391 1.60203 II.II 
JO 0.10 0.00992 0.62974 0.62356 1.19459 1.21675 10.00 
11 0.11 0.00945 0.61752 0.53978 0.94469 0.95753 9.09 
12 0.12 0.00955 0.45760 0.49991 0.83422 0.81289 8.33 
13 0.13 0.00942 0.48076 0.45526 0.67574 0.68335 7.69 
14 0.14 0.01238 0.51781 0.55546 0.77129 0.77420 7.14 
15 0.15 0.01197 0.53788 0.50127 0.65502 0.65209 6.67 
16 0.16 0.01428 0.62039 0.56072 0.68796 0.68383 6.25 
17 0.17 0.01619 0.69957 0.59823 0.69353 0.68666 5.88 
18 0.18 0.01573 0.57102 0.54919 0.60640 0.59536 5.56 
19 0.19 0.01745 0.63990 0.57695 0.59795 0.59253 5.26 
20 0.20 0.01613 0.56661 0.50682 0.50024 0.49448 5.00 
21 0.21 0.01674 0.60435 0.50091 0.46688 0.46544 4.76 
22 0.22 0.0 I 774 0.54424 0.50670 0.46072 0.44942 4.55 
23 0.23 0.01530 0.47636 0.41797 0.35437 0.35460 4.35 
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24 0.24 0.01639 0.46797 0.42917 0.35591 0.34893 4.17 
25 0.25 0.01736 0.48167 0.43619 0.34254 0.34046 4.00 
26 0.26 0.01916 0.51490 0.46302 0.35118 0.34750 3.85 
27 0.27 0.021 IO 0.53368 0.49104 0.35711 0.35488 3.70 
28 0.28 0.02280 0.53679 0.51153 0.35936 0.35648 3.57 
29 0.29 0.02363 0.56432 0.51192 0.34832 0.34445 3.45 
30 0.30 0.02424 0.55960 0.50764 0.33261 0.33018 3.33 
31 0.31 0.02969 0.62717 0.60171 0.38143 0.37875 3.23 
32 0.32 0.03087 0.64924 0.60610 0.37197 0.36959 3.13 
33 0.33 0.02956 0.62054 0.56290 0.33676 0.33284 3.03 
34 0.34 0.02988 0.59171 0.55227 0.3233 I 0.31695 2.94 
35 0.35 0.03145 0.58062 0.56451 0.32000 0.31472 2.86 
36 0.36 0.03369 0.56893 0.58806 0.32211 0.31875 2.78 
37 0.37 0.03527 0.58074 0.59894 0.31687 0.31587 2.70 
38 0.38 0.03518 0.57848 0.58166 0.30335 0.29868 2.63 
39 0.39 0.03387 0.62913 0.54565 0.27671 0.27301 2.56 
40 0.40 0.03589 0.68918 0.56383 0.27621 0.27505 2.50 
41 0.41 0.03816 0.69282 0.58485 0.27999 0.27835 2.44 
42 0.42 0.03860 0.65645 0.57750 0.26954 0.26830 2.38 
43 0.43 0.03804 0.60516 0.55578 0.25364 0.25221 2.33 
44 0.44 0.03681 0.59581 0.52568 0.23464 0.23313 2.27 
45 0.45 0.03653 0.60067 0.51004 0.22154 0.22117 2.22 
46 0.46 0.03729 0.59047 0.50937 0.21665 0.21607 2.17 
47 0.47 0.03606 0.57052 0.48207 0.20332 0.20014 2.13 
48 0.48 0.03349 0.54379 0.43835 0.18014 0.17820 2.08 
49 0.49 0.03413 0.51793 0.43769 0.17566 0.17430 2.04 
50 0.50 0.03500 0.52157 0.43985 0.17218 0.17165 2.00 
51 0.51 0.03473 0.49075 0.42793 0.16499 0.16373 1.96 
52 0.52 0.03363 0.45429 0.40638 0.15517 0.15249 1.92 
53 0.53 0.03853 0.46746 0.45674 0.17096 0.16816 1.89 
54 0.54 0.04389 0.51448 0.51070 0.18737 0.18454 1.85 
55 0.55 0.04926 0.55886 0.56278 0.20245 0.19966 1.82 
56 0.56 0.05415 0.59863 0.60760 0.21441 0.21172 1.79 
57 0.57 0.05848 0.62378 0.64468 0.22381 0.22070 1.75 
58 0.58 0.06184 0.63106 0.66986 0.22829 0.22536 1.72 
59 0.60 0.06544 0.70068 0.68529 0.22393 0.22287 1.67 
60 0.62 0.06573 0.79556 0.66617 0.21124 0.20966 1.61 
61 0.64 0.06527 0.83826 0.64083 0.19701 0.19538 1.56 
62 0.66 0.06037 0.83336 0.57472 0.17238 0.16992 1.52 
63 0.68 0.05937 0.78867 0.54857 0.15814 0.15742 1.47 
64 0.70 0.06308 0.71314 0.56623 0.15969 0.15784 1.43 
65 0.72 0.06124 0.63612 0.53441 0.14674 0.14483 1.39 
66 0.74 0.05637 0.58189 0.47867 0.12760 0.12622 1.35 
67 0.76 0.05182 0.52189 0.42839 0.11039 0.10999 1.32 
68 0.78 0.05224 0.48141 0.42084 0.10620 0.10528 1.28 
69 0.80 0.05347 0.46947 0.41997 0.10299 0.10244 1.25 
70 0.82 0.05454 0.48106 0.41789 0.09999 0.09944 1.22 
71 0.84 0.05857 0.50396 0.43810 0.10258 0.10177 1.19 
7? 0 86 0 06,?I 016011 0 47640 0 !0880 0 10809 I 16 
73 0.88 0.07540 0.63272 0.53836 0.11994 0.11938 1.14 
74 0.90 0.08642 0.69483 0.60330 0.13206 0.13080 I.II 
75 0.92 0.09546 0.73421 0.65194 0.14025 0.13828 1.09 
76 0.94 0.10261 0.79469 0.68589 0.14302 0.14238 1.06 
77 0.96 0.11124 0.85758 0.72810 0.14917 0.14799 1.04 
78 0.98 0.11832 0.92962 0.75859 0.15264 0.15105 1.02 
79 1.00 0.12378 0.97242 0.77774 0.15296 0.15176 1.00 
80 1.05 0.13543 0.94462 0.81038 0. I 5223 0.15060 0.95 
81 1.10 0.13936 0.91425 0.79602 0.14229 0.14121 0.91 
82 1.15 0.13942 0.92776 0.76173 0.12990 0.12925 0.87 
83 1.20 0.13742 0.91717 0.71955 0.11796 0.11700 0.83 
84 1.25 0.13052 0.89112 0.65605 0.10342 0.10241 0.80 
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85 1.30 0.12014 0.85653 0.58064 0.08786 0.08715 0.77 
86 1.35 0.11483 0.81840 0.53443 0.07843 0.07725 0.74 
87 1.40 0.11078 0.78000 0.49719 0.06994 0.06930 0.71 
88 1.45 0.10667 0.74332 0.46222 0.06255 0.06220 0.69 
89 1.50 0.10247 0.70939 0.42921 0.05627 0.05583 0.67 
90 1.55 0.09800 0.67864 0.39727 0.05054 0.05001 0.65 
91 1.60 0.09315 0.65110 0.36578 0.04533 0.04461 0.63 
92 1.65 0.08827 0.62659 0.33614 0.04056 0.03975 0.61 
93 1.70 0.08406 0.60485 0.31070 0.03642 0.03566 0.59 
94 1.75 0.08232 0.58554 0.29557 0.03416 0.03296 0.57 
95 1.80 0.08511 0.56835 0.29710 0.03252 0.03221 0.56 
96 1.85 0.09046 0.55299 0.30724 0.03299 0.03241 0.54 
97 1.90 0.09369 0.55264 0.30982 0.03228 0.03182 0.53 
98 1.95 0.09719 0.57669 0.31317 0.03199 0.03134 0.51 
99 2.00 0.10618 · 0.59049 0.33357 0.03334 0.03254 0.50 
100 2.05 0.11329 0.59503 0.34724 0.03395 0.03305 0.49 
IOI 2.10 0.11848 0.59178 0.35449 0.03395 0.03294 0.48 
102 2.15 0.12507 0.58239 0.36551 0.03345 0.03317 0.47 
103 2.20 0.13231 0.56849 0.37788 0.03396 0.03352 0.45 
104 2.25 0.14127 0.55156 0.39451 0.03461 0.03421 0.44 
105 2.30 0.14555 0.53286 0.39762 0.03432 0.03373 0.43 
106 2.35 0.15032 0.51341 0.40191 0.03358 0.03337 0.43 
107 2.40 0.15378 0.49399 0.40260 0.03307 0.03273 0.42 
108 2.50 0.16045 0.47493 0.40326 0.03175 0.03148 0.40 
109 2.60 0.16086 0.46775 0.38874 0.02958 0.02918 0.38 
I IO 2.70 0.16244 0.48295 0.37802 0.02799 0.02732 0.37 
II I 2.80 0.16553 0.48384 0.37144 0.02643 0.02589 0.36 
I 12 2.90 0.16738 0.47446 0.36265 0.02483 0.02440 0.34 
I 13 3.00 0.17264 0.45662 0.36159 0.02380 0.02352 0.33 
114 3.10 0.1781 I 0.44595 0.36099 0.02309 0.02272 0.32 
115 3.20 0.18202 0.45345 0.35740 0.02213 0.02179 0.31 
116 3.30 0.18346 0.46135 0.34931 0.02109 0.02065 0.30 
117 3.40 0.18236 0.46940 0.33701 0.01986 0.01934 0.29 
118 3.50 0.17866 0.47735 0.32073 0.01848 0.01788 0.29 
I 19 3.60 0.17795 0.48496 0.31058 0.01717 0.01683 0.28 
120 3.70 0.17716 0.49200 0.30084 0.01615 0.01587 0.27 
121 3.80 0.17389 0.49830 0.28752 0.01510 0.01476 0.26 
122 3.90 0.16892 0.50375 0.27215 0.01394 0.01362 0.26 
123 4.00 0.16257 0.50827 0.25536 0.01270 0.01246 0.25 
124 4.10 0.16720 0.51183 0.25624 0.01240 0.01220 0.24 
125 4.20 0.17130 0.51442 0.25627 0.01215 0.01191 0.24 
126 4.30 0.17439 0.51608 0.25482 0.01186 0.01156 0.23 
127 4.40 0.17660 0.5 I 685 0.25219 0.01151 0.01118 0.23 
128 4.50 0.17784 0.51679 0.24832 0.01 I I I 0.01077 0.22 
129 4.60 0.17820 0.51597 0.24340 0.01069 0.01033 0.22 
130 4.70 0.17762 0.51446 0.23745 0.01023 0.00986 0.21 
131 4.80 0.17619 0.5 I 234 0.23064 0.00976 0.00938 0.21 
132 4.90 0.17586 0.50969 0.22550 0.00929 0.00898 0.20 
133 5.00 0.17475 0.50658 0.21959 0.00889 0.00857 0.20 
134 5.10 0.17300 0.50308 0.21314 0.00850 0.00815 0.20 
135 5.20 0.17062 0.49924 0.20616 0.00810 0.00774 0.19 
136 5.40 0.16427 0.49084 0.19114 0.00731 0.00691 0.19 
137 5.60 0.15767 0.48179 0.17690 0.00653 0.00616 0.18 
138 5.80 0.15136 0.47242 0.16397 0.00581 0.00552 0.17 
139 6.00 0.14395 0.46299 0.15074 0.00521 0.00490 0.17 
140 6.20 0.14150 0.45370 0.14340 0.00485 0.00451 0.16 
141 6.40 0.14276 0.44470 0.14015 0.00459 0.00427 0.16 
142 6.60 0.14344 0.43607 0.13655 0.00436 0.00404 0.15 
143 6.80 0.14364 0.42789 0.13273 0.00413 0.0038 I 0.15 
144 7.00 0.14346 0.42018 0.12877 0.00392 0.00359 0.14 
145 7.30 0.14249 0.40956 0.12264 0.00361 0.00328 0.14 
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146 7.60 0.14087 0.40837 0.11646 0.00332 0.00299 
147 8.00 0.13798 0.41060 0.10837 0.00297 0.00264 
148 8.50 0.13357 0.41312 0.09873 0.00259 0.00227 
149 9.00 0.12865 0.41537 0.08981 0.00226 0.00 l 95 
150 9.50 0.12352 0.41738 0.08169 0.00198 0.00168 
151 10.00 0.11835 0.41917 0.07436 0.00175 0.00145 
152 10.50 0.00000 0.00000 0.00000 0.00000 0.00000 

VALUES IN PERIOD RANGE . l TO 2.5 SEC. 
AREA OF ACC. RESPONSE SPECTRUM = 0.331 
AREA OF VEL. RESPONSE SPECTRUM = 1.567 
MAX. ACCELERA TlON RESPONSE VALUE= 1.195 
MAX. VELOCITY RESPONSE VALUE= 0.972 

*** End of Output File No. 1 *** 
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Layer 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
17 

Notes: 

Depth to I Total Unit 
Middle of i Weight 

Layer 1 

(ft) 2 i 
- I 

5.5 I 
8.5 I 

11.5 I 

~1_:~j: 20.5 
23,5 
26.5 

30 
33.51 
:i~ll 
39.5 I 
42.5 I 
45.5 i 
_48.5 [ 
B~~~ I 

Outcrop i 

(kcf) . ; 
13 : . I 

: 1 _ _31 
.13 
.13 I 
._14_1' 
.14 
:14_i 
.14 i 
.14 
.14 

.135 

.135 

.135 

.135 
:135 
.135 

Damping 
Used 

(%) 
2.9 
_5 
6.4 
6.2 
8.2 

10.1 
J0.7 

13 
12.9 
13.7 
17.2 
17.1 
14.9 
11.9 
6.9 
6.9 

Period for Soil Column: .31 sec 

PCSC300M Crest Column 
Williamson - Pond Creek South Cell - Surf. El. 502, GWT 14ft., Fines El. 496 

M6.9 Loma Prieta, CA PEER Record @11km Scaled to 0.54g 

Shear I Maximum Maximum : Shear Wave ·, · 
Modulus i Shear Strain Shear Stress ! Velocity 

(ksf). 
2930.6 
2573.9 
2332.2 
3325.9 
2281.9 
1593.9 
1600.6 
923.9 . 

1038.1 
892 
406 
412 

699.1 
1327.4 
3820.1 
3776.5 

(%) 
. 00792 i 

.o~~ j 
.04267 
.04006 
.07402 . 
.12834. - - - ---
.14858 
.29079 
.28336 
.35757 
.82045 
.80875 
.46907 
.24441 
.08596 
.08675 

(psi) 
232.15 
643.55 
995.07 

1332.31 
1688.99 
2045.62 
2378.17 
2686.52 

-2941.63 
3189.67 I 

3330.71 
3332.28, 
3279.36, 
3244.31 i 
3283.76: 
3275.96 '. 

(fps) 
851.9901 
798.4581 
760.0447 

. @91.s_:i4_2
1 724.4564 • 

60_5.47g§J 
606.7438 

460.974 
488.63:ili" 
452.9459 
311.1889 
31:i.4199 r 
408.3482 
562.6806 
954.5494 
949.0865 

beptli to ,
1

• 

Top of , 
Layer 

(ft) 
0 
4 
7 

10 
13 
16 
19 

_g:L. 
25 
28 
32 
35 
38 
41 
44 
47 
50 
5Cf 1

" 

Peak . i G/Gmax Curve I Damping Curve 
Acceleration , 

(g) - - -------
.87811 Coarse Coarse 

:!iii~- ----,~~~~ -I _- ~~!I~!- _-1 

.§g_~?Z. ~-~ _go_~r~~-. _ I- .. ··--· .C!Jt!r~e __ I 

. 8_05_§9 __ _g_c,~~e __ --r· . . Qq~rse _J 

:ii!ti -_Jgtij~:- j!!~t -I 
.50219 Residual Residual 
.43122 Residual -, - Residual 
.507135 Residual r . Residual 
.51826_ B•~i~~~L l Re_sidual 
.5_05_59_ . _ B~siclu~I_ I · B'e§i~~I . 

-:~;~~~------- __ _j_· ___ -__ -

Average Shear Wave Velocity for Soil Column: 636 fVsec 
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Source File: C:\SHAKE2000\Quakes\USGS 2% in 50 years\LomaP.G01000 AT2.txt 
o.5,1 ---------~---------~---------~------------1 
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PCSC300M Crest Column - M6.9 Loma Prieta, CA PEER Record @11 km 

3.0 
I .. 

,l 
A Toro et. al. (1997) for 'II 

Mid-Continent of NA - Rock -II 
1111 Mw: 6.9- R: 11 km - 2.5 ... Cl A 

I 
A Atkinson & Boore (1997) for - •• ENA- Rock- M: 6.9 - R: 11 km s:: 

0 II Ill 
:;:. 

Ill II ca 

l V Campbell for CEUS (2003) - M: ... 
Q) 2.0 II 6.9- R: 11 km Ill II Q) 

'I' A II 
0 II II 0 

II 

I 
'I' Atkinson for ENA (2001) - AS00 <( V II 

A II II Rock- M: 6.9- R: 11 km ca 
'if 1111 II II ,_ - 1.5 AA 1111"'■ II Ill 0 

Q) 

" 
II 

I 
Ill Tavakoli & Pezeshk (2005) -C. 

'f II II ENA-Rock-M: 6.9-R: 11 km Cl) 

., 4a II m II - 11•JA II 

~ II PSA for 5% damping - Layer 1 s:: II 0 1.0- II 'I' 1111 -SHAKE N 
11!1 II 1111 .... ♦ II ·.: 

0 I II :c Ill 
y A 

'ff 
0.5-I 

❖ 

o.o L __ ;,-----.----~--=~li!l!!liiia..,,.__ __ _j 
~001 0.01 0.1 1 10 100 

Period {sec) 
le 

"'-1 



R
15884

.~ . ! 
✓•-,,,~ 

PCSC300M Crest Column - M6.9 Loma Prieta, CA PEER Record @11 km 

2.5 . 
A 

I 
A Toro et. al. (1997) for 

Mid-Continent of NA- Rock -
Mw: 6.9- R: 11 km ---Ol 

2.0-1 ~ A Atkinson & Boore (1997) for --- ill ENA- Rock- M: 6.9 - R: 11 km s:: A 0 T//' 
:;:: 
(1l 'f 

I 
v Campbell for CEUS (2003) - M: ... 

II Q) A 6.9- R: 11 km ai 
'If Ill " 

(.) 

A A !•111 -. , 
(.) 1.5 

I 
'f Atkinson for ENA (2001) - ASOO <( 

II ,1■ Rock- M: 6.9- R: 11 km (1l ... 
'f ' II -(.) ll!P . II 

I 
1111 Tavakoli & Pezeshk (2005) -Q) 

, 1111 II a. 
1111 > II ENA- Rock- M: 6.9 - R: 11 km Cl) 

II II 
(1l 1.0- llv 111 = - II ♦ • I 

■ PSA for 5% damping - Layer s:: 
0 'f 

" I 17-SHAKE N ·.: Ill A 
0 

II TA. :c 
' 

0.5- • 1111 

0.0 L_~~~--,------.--------,-~=-='.""'!!!11--,..__ __ _j 

Q001 0.01 0.1 1 10 100 

Period (sec) 
"-
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PCSC300M-1 b.out 
*********************************************************** 
* SHAKE: PROGRAM FOR EARTHQUAKE RESPONSE ANAL. HORIZONTAL* 
* LAYERED SITES by Per Schnable & John Lysmer - 1970 * 
*---------------* 
* SHAKE85: IBM PC SHAKE VERSION S.S.(Willie) Lai,Jan 1985 * 
*---------------* 
* SHAKE88 :New modulus reduction curves for clays added * 
* using results from Sun et al (1988) by J. I. Sun * 
* & Ramin Golesorkhi February 26, 1988 * 
* ---------------* * SHAKE90/91: Adjust last iteration; Input now is either * 
* Gmax or max Vs; up to 13 materials can be specified* 
* by user; up to 50 Layers can be specified; object * 
* motion can be read in from a separate file and can * 
* user specified format; Different periods for resM * 
* ponse spectral calculations;options are renumbered;* 
* and general cleanup by: J. I. Sun, I. M. Idriss & * 
* P. Dirrim June 1990 - February 1991 * 
* ---------------* 
* SHAKE91: General cleanup and finalization of input out-* 
* output format ... etc by: I. M. Idriss Dec. 1991 * 
* ---------------* 
* SHAKE2000: Fix the incorrect output of Tot. Stress in * 
* Option 2. Changed path of ground motion file in * 
* SHAKE91. Control file to input file names. Modified * 
* by Jerald M. La Vassar & Gustavo A. Ordonez (March 2003) * 
* RUN DATE 1/17/2008 * 
* RUN TIME 11:27 * 

MAX. NUMBER OF TERMS IN FOURIER TRANSFORM = 32768 
NECESSARY LENGTH OF BLANK COMMON X = 204819 

I****** OPTION I *** READ RELATION BETWEEN SOIL PROPERTIES AND STRAIN 

MATERIAL TYPE NO. I 
********************** 

CURVENO. I: 
CURVENO. 2: 

Coarse 
Coarse 

G/Gmax - Gravel (Mean) - Rollins et al. JGGE 
Damping for Gravel (Mean) - Rollins et al. J 

CURVE NO. I CURVENO.2 

STRAIN G/GMAX STRAIN DAMPING 
-------- -------

0.0001 1.000 0.0001 0.90 
0.0002 0.995 0.0003 1.11 
0.0005 0.980 0.0006 1.30 
0.0008 0.970 0.0010 1.50 
0.0010 0.960 0.0020 1.91 
0.0020 0.930 0.0030 2.24 
0.0030 0.905 0.0040 2.54 
0.0040 0.880 0.0060 3.05 
0.0070 0.810 0.0080 3.50 
0.0100 0.755 0.0100 3.89 
0.0200 0.630 0.0200 5.45 
0.0700 0.390 0.0300 6.61 
0.1000 0.325 0.0500 8.28 
0.2000 0.205 0.1000 10.79 
0.3000 0.150 0.2000 13.23 
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PCSC300M-l b.out 
0.4000 0.115 0.3000 14.47 
0.5000 0.095 0.4000 15.24 
0.6000 0.080 0.6000 16.14 
0.8000 0.070 0.8000 16.66 
1.0000 0.050 1.0000 17.01 

********************** 
MATERIAL TYPE NO. 2 

********************** 

CURVE NO. 3: Fine Refuse Moduli for Fine Refuse (Ellison & Cho, 1976) 
CURVE NO. 4: Fine Refuse Damping Values for Fine Refuse (Ellison & Ch 

CURVE NO. 3 CURVE NO. 4 

STRAIN G/GMAX STRAIN DAMPING 
-------- ------- -------- --------
0.0001 1.000 0.0001 0.75 
0.0004 1.000 0.0004 0.65 
0.0010 0.995 0.0010 0.70 
0.0020 0.992 0.0020 0.80 
0.0040 0.989 0.0040 0.90 
0.0060 0.981 0.0060 I.IO 
0.0080 0.965 0.0080 1.30 
0.0100 0.955 0.0100 1.40 
0.0200 0.905 0.0200 2.00 
0.0400 0.828 0.0400 3.10 
0.0600 0.750 0.0600 4.00 
0.0800 0.670 0.0800 5.20 
0.1000 0.610 0.1000 6.00 
0.2000 0.610 0.2000 6.00 

********************** 
MATERIAL TYPE NO. 3 

********************** 

CURVE NO. 5: Residual G/Gmax PI= I 5% - Effective Confining Pressure 
CURVE NO. 6: Residual Damping Pl= 15% - Effective Confining Pressur 

CURVENO.5 CURVE NO. 6 

STRAIN G/GMAX STRAIN DAMPING 
-------- ------- -------- --------
0.0000 1.000 0.0000 0.67 
0.0000 I.ODO 0.0000 0.67 
0.0000 0.999 0.0000 0.68 
0.0001 0.998 0.0001 0.68 
0.0002 0.996 0.0002 0.70 
0.0005 0.991 0.0005 0.75 
0.0010 0.983 0.0010 0.83 
0.0022 0.965 0.0022 1.02 
0.0048 0.931 0.0048 1.43 
0.0100 0.873 0.0100 2.17 
0.0220 0.770 0.0220 3.68 
0.0484 0.618 0.0484 6.24 
0.1000 0.454 0.1000 9.48 
0.2200 0.287 0.2200 13.40 
0.4840 0.163 0.4840 16.87 
1.0000 0.091 1.0000 19.16 
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PCSC300M-I b.out 

********************** 
MATERIAL TYPE NO. 4 

********************** 

CURVE NO. 7: Rock G/Gmax - ROCK (Schnabel 1973) 
CURVE NO. 8: Rock Damping for ROCK (Schnabel 1973) 

CURVE NO. 7 CURVE NO. 8 

STRAIN G/GMAX STRAIN DAMPING 
-------- ------- -------- --------
0.0001 1.000 0.0001 0.40 
0.0003 1.000 0.0010 0.80 
0.0010 0.990 0.0100 1.50 
0.0030 0.950 0.1000 3.00 
0.0100 0.900 1.0000 4.60 
0.0300 0.810 0.0000 0.00 
0.1000 0.725 0.0000 0.00 
1.0000 0.550 0.0000 0.00 

1 ****** OPTION 2 *** READ SOIL PROFILE 
NEW SOIL PROFILE NO. 1 IDENTIFICATION PCSC300M Crest Column 
NUMBER OF LAYERS 17 DEPTH TO BEDROCK 50.00 

NO. TYPE THICKNESS DEPTH TOTAL PRESS. MODULUS DAMPING UNIT WT. SHEAR VEL 
(FT) (FD (KSF) (KSP) (KCP) (PPS) 

I 1 4.0000 2.0000 0.26 3454. 0.050 0.130 924.9 
2 I 3.0000 5.5000 0.71 3856. 0.050 0.130 977.3 
3 I 3.0000 8.5000 I.I I 4110. 0.050 0.130 1009.0 
4 I 3.0000 11.5000 1.50 5739. 0.050 0.130 1192.3 
5 I 3.0000 14.5000 1.90 4941. 0.050 0.140 1066.0 
6 I 3.0000 17.5000 2.32 4453. 0.050 0.140 1012.0 
7 I 3.0000 20.5000 2.74 4832. 0.050 0.140 1054.2 
8 I 3.0000 23.5000 3.16 4269. 0.050 0.140 990.9 
9 I 3.0000 26.5000 3.58 4713. 0.050 0.140 1041.1 
IO I 4.0000 30.0000 4.07 4808. 0.050 ·0.140 I 051.6 
11 3 3.0000 33.5000 4.55 2635. 0.050 0.135 792.8 
12 3 3.0000 36.5000 4.96 2661. 0.050 0.135 796.7 
13 3 3.0000 39.5000 5.36 2998. 0.050 0.135 845.6 
14 3 3.0000 42.5000 5.77 3763. 0.050 0.135 947.4 
15 3 3.0000 45.5000 6.17 6529. 0.050 0.135 1247.9 
16 3 3.0000 48.5000 6.58 6476. 0.050 0.135 1242.8 
17 BASE 74534. 0.050 0.150 4000.0 

PERIOD = 0.20 PROM A VERA GE SHEAR VEL. = IO 11. 

FREQUENCY AMPLITUDE 
MAXIMUM AMPLIFICATION= 12.34 
FOR FREQUENCY = 4.85 C/SEC. 

PERIOD = 0.21 SEC. 

I****** OPTION 3 *** READ INPUT MOTION 

PILE NAME FOR INPUT MOTION= C:\SHAKE2000\Quakes\USGS 2% in 50 years\LomaP.eq 
NO. OF INPUT ACC. POINTS = 7986 
NO. OP POINTS USED IN FFT = 16384 

NO. OF HEADING LINES = 8 
NO. OF POINTS PER LINE= 6 
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PCSC300M-1 b.out 
TIME STEP FOR INPUT MOTION= 0.0050 

FORMAT FOR TIME HISTORY= (6Fl5.8) 

*****HEADER***** 
Source File: C:\SHAKE2000\Quakes\USGS 2% in 50 years\LomaP.G0I000_AT2.txt 
SHAKE2000 Conversion: 7986 .005 8 6 15 (6F15. 
Acceleration Units: (g's) - No. Values: 7986 -Time Step: .005 (secs) 
Data Format: (6Fl5.8) - No. Header Lines: 8 
PEER STRONG MOTION DATABASE RECORD. PROCESSING BY PACIFIC ENGINEERING. 
LOMA PRIETA 10/18/89 00:05, GILROY ARRAY #1, 000 (CDMG STATION 47379) 
ACCELERATION TIME HISTORY IN UNITS OF G. FILTER POINTS: HP=0.2 Hz LP=50.0 Hz 
NPTS= 7989, DT= .00500 SEC 
** FIRST AND LAST 5 LINES OF INPUT MOTION ***** 

I 0.005126 0.005640 0.002756-0.001308-0.000650-0.000681 
2 -0.000754-0.000848-0.000917-0.000943-0.000964-0.00 I 005 
3 -0.00!043-0.001062-0.00!089-0.00I 142-0.001196-0.001236 
4-0.001261-0.00!274-0.001273-0.001242-0.001152-0.00 I 012 
5 -0.000888-0.00080 I -0.000713-0.000637-0.000622-0.000652 

........... .INPUT MOTION READ NOT ECHOED .......... . 
1327 -0.000097-0.000099-0.000 I 00-0.000 I 01-0.000 I 02-0.000103 
1328 -0.000105-0.000 I 06-0.000107-0.000108-0.000 I 09-0.0001 I 0 
1329-0.000111-0.000112-0.000113-0.000114-0.000115-0.000116 
1330 -0.000117-0.000118-0.000119-0.000120-0.000121-0.000122 
1331 -0.000123-0.000124-0.000125-0.000126-0.000127-0.000128 

MAXIMUM ACCELERATION= 0.41088 
AT TIME = 3.42 SEC 
THE VALUES WILL BE MULTIPLIED BY A FACTOR= 1.314 
TO GIVE NEW MAXIMUM ACCELERATION = 0.54000 
MEAN SQUARE FREQUENCY= 5.52 C/SEC. 
MAX ACCELERATION= 0.53173 FOR FREQUENCIES REMOVED ABOVE 40.00 C/SEC. 
I****** OPTION 4 *** READ WHERE OBJECT MOTION IS GIVEN 
OBJECT MOTION IN LA YER NUMBER 17 OUTCROPPING 

!****** OPTION 5 *** OBTAIN STRAIN COMPATIBLE SOIL PROPERTIES 
MAXIMUM NUMBER OF ITERATIONS = I 0 
FACTOR FOR UNIFORM STRAIN IN TIME DOMAIN = 0.65 

EARTHQUAKE - C:\SHAKE2000\Quakes\USGS 2% in 50 yearslLomaP.eq 
SOIL PROFILE - PCSC300M Crest Column 

ITERATION NUMBER I 

VALUES IN TIME DOMAIN 

NO TYPE DEPTH UNIFRM. <---- DAMPING----> <---- SHEAR MODULUS -----> G/Go 
(FT) STRAIN NEW USED ERROR NEW USED ERROR RATIO 

I I 2.0 0.00564 0.030 0.050 
2 I 5.5 0.01387 0.046 0.050 
3 I 8.5 0.02004 0.055 0.050 
4 I I 1.5 0.01929 0.054 0.050 
5 I 14.5 0.02822 0.064 0.050 
6 I 17.5 0.03765 0.074 0.050 
7 20.5 0.04005 0.076 0.050 
8 23.5 0.05070 0.083 0.050 
9 26.5 0.05013 0.083 0.050 
IO I 30.0 0.05330 0.085 0.050 
11 3 33.5 0. 10337 0.096 0.050 

-68.2 2890.9 3454.0 -19.5 1.000 
-8.1 2683.6 3856.0 -43.7 1.000 
8.4 2587.7 4110.0 -58.8 1.000 
6.9 3653.0 5739.0 -57.1 1.000 
22.3 2786.9 4941.0 -77.3 1.000 
32.0 2265.6 4453.0 -96.5 1.000 
33.8 2401.4 4832.0 -101.2 1.000 
40.0 1928.8 4269.0 -121.3 1.000 
39.7 2139.5 4713.0 -120.3 1.000 
41.3 2126.2 4808.0 -126.1 1.000 
48.2 1177.8 2635.0 -123. 7 1.000 
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12 3 36.5 0.10650 0.098 0.050 
13 3 39.5 0.09785 0.094 0.050 
14 3 42.5 0.08030 0.085 0.050 
15 3 45.5 0.04738 0.062 0.050 
I 6 3 48.5 0.04902 0.063 0.050 

I 

PCSC300M-l b.out 
49.0 l 172.6 2661.0 -126.9 1.000 
46.7 1375.8 2998.0 -117.9 I.ODO 
41.2 1895.0 3763.0 -98.6 1.000 
18.9 4061.6 6529.0 -60.7 1.000 
20.5 3983.6 6476.0 -62.6 1.000 

EARTHQUAKE - C:\SHAKE2000\Quakes\USGS 2% in 50 years\LomaP.eq 
SOIL PROFILE - PCSC300M Crest Column 

ITERATION NUMBER 2 

VALUES IN TIME DOMAIN 

NO TYPE DEPTH UNIFRM. <---- DAMPING----> <---- SHEAR MODULUS -----> G/Go 
(FT) STRAIN NEW USED ERROR NEW USED ERROR RATIO 

I l 2.0 0.00590 0.030 0.030 
2 l 5.5 0.01732 0.051 0.046 
3 l 8.5 0.02777 0.064 0.055 
4 I I 1.5 0.02651 0.063 0.054 
5 I 14.5 0.04412 0.079 0.064 
6 I 17.5 0.06609 0.093 0.074 
7 I 20.5 0.07318 0.097 0.076 
8 I 23.5 0. I 0458 0.109 0.083 
9 I 26.5 0.10599 0.110 0.083 
IO I 30.0 0. l 2003 0.114 0.085 
11 3 33.5 0.23995 0.138 0.096 
12 3 36.5 0.25725 0.141 0.098 
13 3 39.5 0.23094 0.136 0.094 
14 3 42.5 0.17437 0.122 0.085 
15 3 45.5 0.08367 0.087 0.062 
16 3 48.5 0.08815 0.089 0.063 
I 

1.9 2871.5 2890.9 -0.7 0.837 
9.7 2529.5 2683.6 -6.1 0.696 
14.6 2331.0 2587.7 -I 1.0 0.630 
14.2 3305.8 3653.0 -10.5 0.637 
18.2 2363.9 2786.9 -17.9 0.564 
20.9 1785.7 2265.6 -26.9 0.509 
21.8 1845.3 2401.4 -30.1 0.497 
23.9 1354.3 I 928.8 -42.4 0.452 
24.6 1484.3 2139.5 -44.1 0.454 
25.6 1410.6 2126.2 -50.7 0.442 
30.0 720.3 1177.8 -63.5 0.447 
30.5 698.3 1172.6 -67.9 0.441 
31.1 837.6 1375.8 -64.3 0.459 
30.6 1265.2 1895.0 -49.8 0.504 
29.0 3227.2 4061.6 -25.9 0.622 
29.4 3124.6 3983.6 -27.5 0.615 

EARTHQUAKE - C:\SHAKE2000\Quakes\USGS 2% in 50 years\LomaP.eq 
SOIL PROFILE - PCSC300M Crest Column 

ITERATION NUMBER 3 

VALVES IN TIME DOMAIN 

NO TYPE DEPTH UNIFRM. <----DAMPING----> <---- SHEAR MODULUS-----> G/Go 
(FT) STRAIN NEW USED ERROR NEW USED ERROR RATIO 

I I 2.0 0.00587 0.030 0.030 
2 I 5.5 0.0 I 856 0.053 0.05 I 
3 I 8.50.03133 0.068 0.064 
4 I 11.5 0.02978 0.066 0.063 
5 I 14.5 0.05319 0.085 0.079 
6 I 17.5 0.08607 0.102 0.093 
7 I 20.5 0.09759 0.107 0.097 
8 I 23.5 0.15202 0. I 23 0. !09 
9 I 26.5 0.15440 0.123 0.110 
IO I 30.00.180070.129 0.114 
11 3 33.5 0.38412 0.159 0.138 
12 3 36.5 0.41343 0.162 0.141 
13 3 39.5 0.35298 0.155 0.136 
14 3 42.5 0.23683 0.137 0.122 
15 3 45.5 0.09394 0.092 0.087 
16 3 48.5 0.09792 0.094 0.089 

I 

-0.2 2873.9 
3.0 2481.3 
5.4 2235.8 
5.0 3178.0 
7.4 2186.9 
9.3 1569.0 
9.7 1591.9 
10.7 l077.9 
l0.7 1177.3 
11.1 1073.0 
13.0 525.3 
12.9 499.7 
12.0 637.5 
I 0.8 1036.3 
5.6 3056.4 
5.0 2970.9 

2871.5 0.1 0.831 
2529.5 -1.9 0.656 
2331.0 -4.3 0.567 
3305.8 -4.0 0.576 
2363.9 -8. l 0.478 
1785.7 -13.8 0.401 
1845.3 -15.9 0.382 
1354.3 -25.6 0.317 
1484.3 -26.1 0.315 
1410.6 -31.5 0.293 
720.3 -37.1 0.273 
698.3 -39.7 0.262 
837.6 -31.4 0.279 
1265.2 -22.1 0.336 

3227.2 -5.6 0.494 
3 I 24.6 -5.2 0.482 

EARTHQUAKE - C:\SHAKE2000\Quakes\USGS 2% in 50 years\LomaP.eq 
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PCSC300M-J b.out 
SOIL PROFILE - PCSC300M Crest Column 

ITERATION NUMBER 4 

VALUES IN TIME DOMAIN 

NO TYPE DEPTH UNIFRM. <---- DAMPING----> <---- SHEAR MODULUS-----> 
(Fl) STRAIN NEW USED ERROR NEW USED ERROR RATIO 

--- ---- ---- -------- ----- ------ ------ ------- ------ ------ -----
I I 2.0 0.00543 0.029 0.030 -3.3 2907.1 2873.9 1.1 0.832 
2 I 5.5 0.01747 0.051 0.053 -2.6 2523.3 2481.3 1.7 0.643 
3 I 8.5 0.03004 0.066 0.068 -2.1 2269.0 2235.8 1.5 0.544 
4 I 11.5 0.02839 0.065 0.066 -2.1 3230.3 3178.0 1.6 0.554 
5 I 14.5 0.05244 0.085 0.085 -0.6 2200.4 2186.9 0.6 0.443 
6 I 17.5 0.08875 0.104 0.102 I.I 1544.0 1569.0 -1.6 0.352 
7 I 20.50.101540.108 0.107 1.3 1557.6 1591.9 -2.2 0.329 
8 I 23.5 0.170160.127 0.123 3.1 994.6 1077.9 -8.4 0.252 
9 I 26.5 0.17134 0.127 0.123 2.9 1092.4 1177.3 -7.8 0.250 
10 I 30.0 0.20582 0.133 0.129 3.4 966.9 1073.0 -I 1.0 0.223 
II 3 33.5 0.447160.165 0.159 4.0 462.3 525.3 -13.6 0.199 
12 3 36.5 0.47875 0. I 68 0. I 62 3.8 438.3 499.7 -14.0 0.188 
13 3 39.5 0.37345 0.157 0.155 1.6 610.9 637.5 -4.3 0.213 
14 3 42.5 0.22666 0. 135 0. 137 -1.4 1062.3 1036.3 2.4 0.275 
15 3 45.5 0.077 IO 0.083 0.092 -10.6 3347.9 3056.4 8.7 0.468 
16 3 48.5 0.07874 0.084 0.094 -1 1.6 3290.0 2970.9 9.7 0.459 
I 

EARTHQUAKE - C:\SHAKE2000\Quakes\USGS 2% in 50 years\LomaP.eq 
SOIL PROFILE - PCSC300M Crest Column 

ITERATION NUMBER 5 

VALUES IN TIME DOMAIN 

NO TYPE DEPTH UNIFRM. <---- DAMPING ----> <---- SHEAR MODULUS-----> 
(FT) STRAIN NEW USED ERROR NEW USED ERROR RATIO 

--- ---- ---- -------- ----- ------ ------ ------- ------ ------ -----

I 

I I 2.0 0.005 I 9 0.029 0.029 -2.0 2926.9 2907.1 0.7 0.842 
2 I 5.5 0.01659 0.050 0.051 -2.3 2559.1 2523.3 1.4 0.654 
3 I 8.5 0.02855 0.065 0.066 -2.3 2309.0 2269.0 1.7 0.552 
4 I I 1.5 0.02686 0.063 0.065 -2.5 3291.2 3230.3 1.9 0.563 
5 I 14.5 0.05002 0.083 0.085 -2.1 2245.1 2200.4 2.0 0.445 
6 I 17.5 0.08633 0. 103 0.104 -1.0 1566.6 1544.0 1.4 0.347 
7 I 20.5 0.09947 0.108 0.108 -0.7 1575.I 1557.6 I. I 0.322 
8 I 23.5 0.17592 0.128 0.127 0.9 970.0 994.6 -2.5 0.233 
9 I 26.5 0.17582 0.128 0.127 0.7 1071.3 I 092.4 -2.0 0.232 
JO I 30.0 0.21609 0.135 0. 133 I. I 935.2 966.9 -3.4 0.201 
11 3 33.5 0.47499 0.168 0.165 1.6 437.3 462.3 -5.7 0.175 
12 3 36.5 0.50503 0.170 O.'J 68 1.1 422.5 438.3 -3.7 0.165 
13 3 39.5 0.35695 0.155 0.157 -1.3 632.2 610.9 3.4 0.204 
14 3 42.50.20113 0.130 0.135 -4.5 1151.5 1062.3 7.7 0.282 
15 3 45.5 0.06423 0.075 0.083 -10.9 3617.4 3347.9 7.5 0.513 
16 3 48.5 0.06484 0.075 0.084 -11.5 3574.2 3290.0 8.0 0.508 

EARTHQUAKE - C:\SHAKE2000\Quakes\USGS 2% in 50 years\LomaP.eq 
SOIL PROFILE - PCSC300M Crest Column 

ITERATION NUMBER 6 

VALUES IN TIME DOMAIN 

G/Go 

G!Go 

NO TYPE DEPTH UNIFRM. <----DAMPING----> <---- SHEAR MODULUS-----> G/Go 
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.. 
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PCSC300M-l b.out 
(Ff) STRAIN NEW USED ERROR NEW USED ERROR RATIO 

--- ---- ---- -------- ----- ------ ------ ------- ------ ------ -----
1 I 2.0 0.00514 0.029 0.029 -0.4 2930.9 2926.9 0.1 0.847 
2 I 5.5 0.01631 0.050 0.050 -0.8 2571.0 2559.1 0.5 0.664 
3 I 8.5 0.02796 0.064 0.065 -0.9 2325.5 2309.0 0.7 0.562 
4 I I 1.5 0.02627 0.062 0.063 -1.0 3315.7 3291.2 0.7 0.573 
5 I 14.5 0.04883 0.082 0.083 -1.0 2267.8 2245.1 1.0 0.454 
6 I 17.5 0.08477 0.102 0.103 -0.6 1581.3 1566.6 0.9 0.352 
7 I 20.5 0.09798 0.107 0.108 -0.5 1588.3 1575.1 0.8 0.326 
8 I 23.5 0.17968 0.129 0.128 0.6 954.3 970.0 -1.6 0.227 
9 I 26.5 0.17836 0.128 0.128 0.4 1059.6 1071.3 -I.I 0.227 
10 I 30.0 0.22194 0.135 0. I 35 0.6 917.7 935.2 -1.9 0.195 
11 3 33.5 0.49749 0.170 0. I 68 1.0 422.3 437.3 -3.5 0.166 
12 3 36.5 0.51712 0.171 0.170 0.4 416.3 422.5 -1.5 0.159 
13 3 39.5 0.34000 0.153 0.155 -1.4 655.2 632.2 3.5 0.211 
14 3 42.5 0.18350 0.125 0.130 -3.6 1224.6 I 151.5 6.0 0.306 
15 3 45.5 0.05899 0.071 0.075 -5.3 3743.0 3617.4 3.4 0.554 
16 3 48.5 0.05939 0.072 0.075 -5.5 3702.7 3574.2 3.5 0.552 
I 

EARTHQUAKE - C:\SHAKE2000\Quakes\USGS 2% in 50 years\LomaP.eq 
SOIL PROFILE - PCSC300M Crest Column 

ITERATION NUMBER 7 

VALVES IN TIME DOMAIN 

NO TYPE DEPTH UNIFRM. <---- DAMPING---·> <---· SHEAR MODULUS --··-> 
(Ff) STRAIN NEW USED ERROR NEW USED ERROR RATIO 

--- ---- ---- -------- ----- ------ ------ ------- ------ ------ -----

I 

I 2.0 0.005 I 4 0.029 0.029 0.0 2931.3 2930.9 0.0 0.849 
2 I 5.5 0.01624 0.050 0.050 -0.2 2574.1 2571.0 0.1 0.667 
3 I 8.5 0.02777 0.064 0.064 -0.3 2331.0 2325.5 0.2 0.566 
4 I I 1.5 0.02608 0.062 0.062 -0.3 3323.9 3315.7 0.2 0.578 
5 I 14.5 0.04834 0.082 0.082 -0.4 2277.5 2267.8 0.4 0.459 
6 I 17.5 0.08396 0.102 0.102 -0.3 1589.1 1581.3 0.5 0.355 
7 I 20.5 0.09716 0.107 0.107 -0.3 1595.8 1588.3 0.5 0.329 
8 I 23.5 0.18264 0.129 0.129 0.4 942.3 954.3 -1.3 0.224 
9 I 26.5 0.18025 0.129 0.128 0.3 I 051.0 1059.6 -0.8 0.225 
10 I 30.0 0.22587 0. I 36 0.135 0.4 906.3 917.7 .J.3 0.191 
11 3 33.50.513650.171 0.170 0.6 414.0 422.3 -2.0 0.160 
12 3 36.5 0.52230 0.171 0.171 0.2 413.6 416.3 -0.6 0.156 
13 3 39.5 0.32649 0. I 5 I 0.153 -1.2 674.3 655.2 2.8 0.219 
14 3 42.5 0.17218 0.122 0.125 -2.6 1275.3 1224.6 4.0 0.325 
15 3 45.5 0.05699 0.070 0.07 I -2.2 3793.9 3743.0 1.3 0.573 
16 3 48.5 0.05739 0.070 0.072 -2.2 3752.9 3702.7 1.3 0.572 

EARTHQUAKE - C:\SHAKE2000\Quakes\USGS 2% in _50 years\LomaP.eq 
SOIL PROFILE , PCSC300M Crest Column 

ITERATION NUMBER 8 

VALVES IN TIME DOMAIN 

G!Go 

NO TYPE DEPTH UNIFRM. <--·- DAMPING-·--> <-·-- SHEAR MODULUS-----> G/Go 
(Ff) STRAIN NEW USED ERROR NEW USED ERROR RATIO 

--- ---- ---- -------- ----- ------ ------ ------- ------ ------ -----
I I 2.0 0.005 I 4 0.029 0.029 0.0 2930.9 2931.3 0.0 0.849 
2 I 5.5 0.0 I 624 0.050 0.050 0.0 2574.3 2574.1 0.0 0.668 
3 I 8.5 0.02772 0.064 0.064 -0.1 2332.2 2331.0 0.1 0.567 
4 I 11.5 0.02603 0.062 0.062 -0.1 3325.8 3323.9 0.1 0.579 
5 I 14.5 0.04816 0.082 0.082 -0.1 2280.9 2277.5 0.1 0.461 
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PCSC300M-l b.out 
6 1 17.5 0.083600.101 0.102 -0.2 1592.6 1589.1 0.2 0.357 
7 I 20.5 0.09678 0.107 0.107 -0.1 1599.2 1595.8 0.2 0.330 
8 I 23.5 0.18513 0.130 0.129 0.4 932.2 942.3 -I.I 0.221 
9 I 26.5 0.18182 0.129 0.129 0.2 l043.9 1051.0 -0.7 0.223 
10 I 30.0 0.22875 0.136 0.136 0.3 898.0 906.3 -0.9 0.188 
II 3 33.5 0.52355 0.171 0.171 0.4 409.0 414.0 -1.2 0.157 
12 3 36.50.524570.171 0.171 0.1 412.5 413.6 -0.3 0.155 
13 3 39.5 0.31668 0.150 0.151 -0.9 688.7 674.3 2.1 0.225 
14 3 42.5 0.165360.120 0.122 -1.7 1307.5 1275.3 2.5 0.339 
15 3 45.5 0.05626 0.069 0.070 -0.8 3812.9 3793.9 0.5 0.581 
16 3 48.5 0.05670 0.069 0.070 -0.8 3770.5 3752.9 0.5 0.580 

I 
EARTHQUAKE - C:\SHAKE2000\Quakes\USGS 2% in 50 years\LomaP.eq 

SOIL PROFILE - PCSC300M Crest Column 

ITERATION NUMBER 9 

VALUES IN TIME DOMAIN 

NO TYPE DEPTH UNIFRM. <---- DAMPING----> <---- SHEAR MODULUS -----> G/Go 
(FT) STRAIN NEW USED ERROR NEW USED ERROR RATIO 

--- ---- ---- -------- ----- ------ ------ ------- ------ ------ -----
I I 2.0 0.00515 0.029 0.029 0.0 2930.6 2930.9 0.0 0.849 
2 1 5.5 0.01624 0.050 0.050 0.0 2573.9 2574.3 0.0 0.668 
3 I 8.5 0.02772 0.064 0.064 0.0 2332.2 2332.2 0.0 0.567 
4 I I 1.5 0.02603 0.062 0.062 0.0 3325.9 3325.8 0.0 0.580 
5 I 14.5 0.048 I I 0.082 0.082 0.0 2281.9 2280.9 0.0 0.462 
6 I 17.5 0.08346 0.101 0.101 -0.1 1593.9 1592.6 0.1 0.358 
7 I 20.5 0.09663 0.107 0. !07 -0.1 1600.6 1599.2 0.1 0.331 
8 I 23.50.187240.130 0.130 0.3 923.9 932.2 -0.9 0.218 
9 I 26.50.183120.129 0.129 0.2 l038.1 1043.9 -0.6 0.222 
IO I 30.0 0.23087 0.137 0.136 0.2 892.0 898.0 -0.7 0.187 
11 3 33.5 0.52961 0.172 0.171 0.2 406.0 409.0 -0.7 0.155 
12 3 36.5 0.52549 0.171 0.171 0.0 412.0 412.5 -0.1 0.155 
13 3 39.5 0.30975 0.149 0.150 -0.7 699.1 688.7 1.5 0.230 
14 3 42.5 0.161290.119 0.120 -1.0 1327.4 1307.5 . 1.5 0.347 
15 3 45.5 0.05599 0.069 0.069 -0.3 3820.1 3812.9 0.2 0.584 
16 3 48.5 0.05647 0.069 0.069 -0.3 3776.5 3770.5 0.2 0.582 

I 
EARTHQUAKE - C:\SHAKE2000\Quakes\USGS 2% in 50 years\LomaP.eq 

SOIL PROFILE - PCSC300M Crest Column 

ITERATION NUMBER 10 

VALUES IN TIME DOMAIN 

NO TYPE DEPTH UNIFRM. <---- DAMPING----> <---- SHEAR MODULUS -----> G/Go 
(FT) STRAIN NEW USED ERROR NEW USED ERROR RATIO 

--- ---- ---- -------- ----- ------ ------ ------- ------ ------ -----
I I 2.0 0.00515 0.029 0.029 0.0 2930.4 2930.6 0.0 0.848 
2 1 5.5 0.01625 0.050 0.050 0.0 2573.6 2573.9 0.0 0.668 
3 I 8.5 0.02773 0.064 0.064 0.0 2331.9 2332.2 0.0 0.567 
4 I 11.5 0.02604 0.062 0.062 0.0 3325.5 3325.9 0.0 0.580 
5 I 14.5 0.048 I I 0.082 0.082 0.0 2281.9 2281.9 0.0 0.462 
6 I 17.5 0.08342 0.101 0.l01 0.0 1594.3 1593.9 0.0 0.358 
7 I 20.5 0.09658 0.107 0.107 0.0 1601.1 1600.6 0.0 0.331 
8 I 23.50.18901 0.130 0.130 0.3 916.9 923.9 -0.8 0.216 
9 I 26.5 0.18419 0.129 0.129 0.2 1033.4 1038.1 -0.5 0.220 
IO I 30.0 0.23242 0.137 0.137 0.1 887.7 892.0 -0.5 0.186 
11 3 33.5 0.53330 0.172 0.172 0.1 404.1 406.0 -0.4 0.154 
12 3 36.5 0.52569 0.17 I 0.171 0.0 411.9 412.0 0.0 0.155 
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PCSC300M-l b.out 
13 3 39.5 0.30490 0.148 0.149 -0.5 706.6 699.1 I. I 0.233 
14 3 42.5 0.15887 0.118 0.119 -0.6 1339.5 1327.4 0.9 0.353 
15 3 45.5 0.05587 0.069 0.069 -0.1 3823.0 3820.1 0.1 0.585 
16 3 48.5 0.05638 0.069 0.069 -0.1 3778.7 3776.5 0.1 0.583 

VALUES IN TIME DOMAIN 

LAYER TYPE THICKNESS DEPTH MAX STRAIN MAX STRESS TIME 
Ff Ff PRCNT PSF 

I I 4.0000 2.0000 0.00792 232.15 
2 I 3.0000 5.5000 0.02500 643.55 
3 I 3.0000 8.5000 0.04267 995.07 
4 I 3.0000 11.5000 0.04006 1332.3 I 
5 1 3.0000 14.5000 0.07402 I 688.99 
6 I 3.0000 17.5000 0.12834 2045.62 
7 I 3.0000 20.5000 0.14858 2378.17 
8 I 3.0000 23.5000 0.29079 2686.52 
9 I 3.0000 26.5000 0.28336 2941.63 
IO I 4.0000 30.0000 0.35757 3189.67 
11 3 3.0000 33.5000 0.82045 3330.70 
12 3 3.0000 36.5000 0.80875 3332.28 
13 3 3.0000 39.5000 0.46907 3279.36 
14 3 3.0000 42.5000 0.24441 3244.31 
15 3 3.0000 45.5000 0.08596 3283.76 
16 3 3.0000 48.5000 0.08675 3275.96 

PERIOD= 0.31 FROM AVERAGE SHEAR VEL. = 636. 

FREQUENCY AMPLITUDE 
MAXIMUM AMPLIFICATION= 3.98 
FOR FREQUENCY = 2.32 C/SEC. 

PERIOD = 0.43 SEC. 

SEC 

3.44 
3.44 
3.44 
3.44 
3.44 
3.44 
3.44 
3.44 
3.43 
3.43 
3.43 
3.42 
3.41 
3.40 
3.39 
3.39 

I****** OPTION 6 *** COMPUTE MOTION IN NEW SUBLAYERS 

EARTHQUAKE -C:\SHAKE2000\Quakes\USGS 2% in 50 years\LomaP.eq 
SOIL DEPOSIT - PCSC300M Crest Column 

LAYER DEPTH MAX.ACC. TIME MEAN SQ. FR. 
Ff G SEC C/SEC QUIET ZONE 

OUTCR. 0.0000 0.8781 I 3.44 3.10 0.000 
WITHIN 4.0000 0.87436 3.44 3.04 0.000 
WITHIN 7.0000 0.86558 3.44 2.93 0.000 
WITHIN 10.0000 0.85627 3.43 2.79 0.000 
WITHIN 13.0000 0.84551 3.43 2.70 0.000 
WITHIN 16.0000 0.82977 3.43 2.64 0.000 
WITHIN 19.0000 0.80559 3.42 2.70 0.000 
WITHIN 22.0000 0.78160 3.42 2.90 0.000 
WITHIN 25.0000 0.74268 3.41 3.39 0.000 
WITHIN 28.0000 0.69783 3.41 3.78 0.000 
WITHIN 32.0000 0.61347 3.40 4.28 0.000 
WITHIN 35.0000 0.50219 3.39 6.13 0.000 
WITHIN 38.0000 0.43122 3.42 7.25 0.000 
WITHIN 41.0000 0.50765 3.42 6.76 0.000 
WITHIN 44.0000 0.51826 3.41 6.19 0.000 

I****** OPTION 6 *** COMPUTE MOTION IN NEW SUBLAYERS 

EARTHQUAKE -C:ISHAKE2000\Quakes\USGS 2% in 50 years\LomaP.eq 
SOIL DEPOSIT - PCSC300M Crest Column 
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ACC. RATIO 
ACC. RECORD 

2048 
2048 
2048 
2048 
2048 
2048 
2048 
2048 
2048 
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2048 
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R15894

LAYER 

WITHIN 
WITHIN 
OUTCR. 

DEPTH 
FT G 

47.0000 
50.0000 
50.0000 

MAX.ACC. 
SEC 

0.50559 
0.49907 
0.53173 

TIME 
C/SEC 

3.41 
3.42 
3.42 

PCSC300M-I b.out 
MEAN SQ. FR. 

QUIET ZONE 
5.86 0.000 
5.46 0.000 
5.52 0.000 

1 ****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LA YER 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer I Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LA YER 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer I Strain 

1 ****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 2 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 2 Stress 

COMPUTESTRESSORSTRAINHISTORY ATTHETOPOF LAYER 2 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 2 Strain 

1 ****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTESTRESSORSTRAINHISTORY ATTHETOPOF LAYER 3 
SCALE FOR PLOTTING 0.0000 
lDENTlFICAT!ON - PCSC300M Layer 3 Stress 

COMPUTESTRESSORSTRAINHISTORY ATTHETOPOF LAYER 3 
SCALE FOR PLOTTING 0.0000 
IDENTlFlCA TION - PCSC300M Layer 3 Strain 

1 ****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 4 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 4 Stress 

COMPUTESTRESSORSTRAINHISTORY ATTHETOPOF LAYER 4 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 4 Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTESTRESSORSTRAINHISTORY ATTHETOPOF LAYER 5 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 5 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 5 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 5 Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LA YER 6 
SCALE FOR PLOTTING 0.0000 

IDENTIFICATION - PCSC330M Layer 6 Stress 
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PCSC300M-l b.out 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 6 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PSCS300M Layer 6 Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LA YER 7 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 7 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LA YER 7 
SCALE FOR PLOTTING 0.0000 

IDENTIFICATION - PCSC300M Layer 7 Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 8 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 8 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LA YER 8 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 8 Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 9 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION -PCSC300M Layer 9 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 9 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PSCS300E Layer 9 Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER IO 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer IO Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 10 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300E Layer IO Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 11 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 11 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LA YER I I 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 11 Strain 

I****** OPTION 7 **" COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 12 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 12 Stress 
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PCSC300M-l b.out 
COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LA YER 12 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 12 Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 13 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 13 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 13 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 13 Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 14 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer i4 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 14 
SCALE FOR PLOTTING 0.0000 

IDENTIFICATION - PCSC300M Layer 14 Strain 

!****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 15 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 15 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 15 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 15 Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 16 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 16 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 16 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 16 Strain 

I****** OPTION 9 *** COMPUTE RESPONSE SPECTRUM 
RESPONSE SPECTRUM ANALYSIS FOR LAYER NUMBER 

CALCULATED FOR DAMPING 0.050 

TIMES AT WHICH MAX. SPECTRAL VALUES OCCUR 
TD = TIME FOR MAX. RELATIVE DISP. 
TV = TIME FOR MAX. RELATIVE VEL. 
TA= TIME FOR MAX. ABSOLUTE ACC. 

DAMPING RATIO = 0.050 
PER= 0.01 TIMES FOR MAXIMA -
PER= 0.02 TIMES FOR MAXIMA -
PER = 0.03 TIMES FOR MAXIMA -
PER = 0.04 TIMES FOR MAXIMA -
PER = 0.05 TIMES FOR MAXIMA -
PER = 0.06 TIMES FOR MAXIMA -
PER = O.o? TIMES FOR MAXIMA -
PER = 0.08 TIMES FOR MAXIMA --

TD= 3.4350 
TD= 3.4400 
TD= 3.4400 
TD= 3.4250 
TD= 3.4400 
TD= 3.4200 
TD= 3.4400 
TD= 3.5900 

TV= 3.4700 
TV= 3.4700 
TV= 3.4750 
TV= 3.4750 
TV= 3.4800 
TV= 2.0150 
TV= 2.0600 
TV= 3.5700 
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TA= 3.4350 
TA= 3.4400 
TA= 3.4400 
TA= 3.4250 
TA= 3.4400 
TA= 3.4200 
TA= 3.4400 
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PER=0.09 
PER=0.10 
PER=0.11 
PER= 0.12 
PER= 0.13 
PER=0.14 
PER =0.15 
PER=0.16 
PER=0.17 
PER=0.18 
PER=0.19 
PER=0.20 
PER=0.21 
PER=0.22 
PER =0.23 
PER =0.24 
PER =0.25 
PER =0.26 
PER=0.27 
PER=0.28 
PER =0.29 
PER=0.30 
PER=0.31 
PER =0.32 
PER =0.33 
PER=0.34 
PER=0.35 
PER =0.36 
PER =0.37 
PER =0.38 
PER =0.39 
PER =0.40 
PER= 0.41 
PER= 0.42 
PER= 0.43 
PER=0.44 
PER =0.45 
PER=0.46 
PER= 0.47 
PER= 0.48 
PER= 0.49 
PER= 0.50 
PER= 0.51 
PER =0.52 
PER =0.53 
PER =0.54 
PER= 0.55 
PER=0.56 
PER =0.57 
PER =0.58 
PER =0.60 
PER =0.62 
PER =0.64 
PER=0.66 
PER=0.68 
PER =0.70 
PER= 0.72 
PER =0.74 
PER =0.76 
PER =0.78 
PER= 0.80 

PCSC300M-l b.out 
TIMES FOR MAXIMA -- TD= 3.6000 TV= 3.5800 TA= 3.6000 
TIMES FOR MAXIMA-- TD= 3.6150 TV= 3.4950 TA= 3.6150 
TIMESFORMAXIMA-- TD= 3.8000 TV= 3.7650 TA= 3.7950 
TIMES FOR MAXIMA-- TD= 3.8150 TV= 3.5000 TA= 3.8150 
TIMES FOR MAXIMA -- TD= 3.4050 TV= 3.5050 TA= 3.4000 
TIMES FOR MAXIMA -- TD= 3.4050 TV= 3.5050 TA= 3.4050 
TIMES FOR MAXIMA -- TD= 3.4150 TV= 3.5050 TA= 3.4150 
TIMES FOR MAXIMA -- TD= 3.4150 TV= 3.5050 TA= 3.4150 
TIMES FOR MAXIMA -- TD= 3.4200 TV= 3.5050 TA= 3.4200 
TIMES FOR MAXIMA -- TD= 3.4250 TV= 3.5050 TA= 3.4200 
TIMES FOR MAXIMA -- TD= 3.4300 TV= 3.8950 TA= 3.4250 
TIMES FOR MAXIMA -- TD= 3.4400 TV= 3.5100 TA= 3.4350 
TIMES FOR MAXIMA -- TD = 3.4450 TV = 3.5150 TA = 3.4400 
TIMES FOR MAXIMA -- TD= 3.4450 TV= 3.5150 TA= 3.4400 
TIMES FOR MAXIMA -- TD= 3.5850 TV= 3.5200 TA= 3.5850 
TIMES FOR MAXIMA-- TD= 3.5950 TV= 3.5200 TA= 3.5900 
TIMES FOR MAXIMA -- TD= 3.6000 TV= 3.5250 TA= 3.5950 
TIMES FOR MAXIMA-- TD= 3.6050 TV= 3.5250 TA= 3.6000 
TIMES FOR MAXIMA -- TD= 3.6150 TV= 3.5300 TA= 3.6100 
TIMES FOR MAXIMA -- TD= 3.6200 TV= 3.5350 TA= 3.6150 
TIMES FOR MAXIMA -- TD = 3.6250 TV = 3.5400 TA= 3.6200 
TIMES FOR MAXIMA -- TD= 3.6300 TV= 3.5450 TA= 3.6250 
TIMES FOR MAXIMA-- TD= 3.6400 TV= 3.5550 TA= 3.6350 
TIMES FOR MAXIMA -- TD= 3.6450 TV= 3.5650 TA= 3.6400 
TIMES FOR MAXIMA -- TD= 3.6550 TV= 3.5700 TA= 3.6500 
TIMES FOR MAXIMA -- TD= 4.2100 TV= 4.1250 TA= 4.2050 
TIMES FOR MAXIMA -- TD= 4.2250 TV = 4.1350 TA = 4.2200 
TIMES FOR MAXIMA -- TD= 4.2400 TV= 4.1500 TA= 4.2350 
TIMES FOR MAXIMA -- TD= 4.2600 TV= 4.1650 TA= 4.2500 
TIMES FOR MAXIMA-- TD= 4.2750 TV= 4.1800 TA= 4.2700 
TIMES FOR MAXIMA -- TD = 4.2900 TV = 4.0050 TA= 4.2850 
TIMES FOR MAXIMA-- TD= 3.9200 TV= 4.0150 TA= 3.9150 
TIMES FOR MAXIMA -- TD= 3.9300 TV= 4.0300 TA= 3.9250 
TIMES FOR MAXIMA -- TD= 3.9400 TV= 4.0400 TA= 3.9350 
TIMES FOR MAXIMA -- TD= 3.9500 TV= 4.0450 TA= 3.9400 
TIMES FOR MAXIMA-- TD= 3.9600 TV= 3.8550 TA= 3.9500 
TIMES FOR MAXIMA-- TD= 3.9650 TV= 3.8600 TA= 3.9600 
TIMES FOR MAXIMA-- TD= 3.9750 TV= 3.8700 TA= 3.9700 
TIMES FOR MAXIMA -- TD= 3.9850 TV= 3.8750 TA= 3.9750 
TIMES FOR MAXIMA -- TD= 3.7750 TV= 3.8800 TA= 3.7700 
TIMES FOR MAXIMA -- TD= 3.7850 TV= 3.8900 TA= 3.7750 
TIMES FOR MAXIMA -- TD= 3.7900 TV= 3.8950 TA= 3.7800 
TIMES FOR MAXIMA -- TD= 3.7950 TV= 3.9000 TA= 3.7850 
TIMES FOR MAXIMA -- TD= 3.8000 TV= 3.9100 TA= 3.7900 
TIMES FOR MAXIMA -- TD= 3.8000 TV= 3.9150 TA= 3.7950 
TIMES FOR MAXIMA -- TD= 3.8050 TV= 3.7000 TA= 3.8000 
TIMES FOR MAXIMA -- TD= 3.8100 TV= 3.7050 TA= 3.8000 
TIMES FOR MAXIMA -- TD= 3.8150 TV= 3.7050 TA= 3.8050 
TIMES FOR MAXIMA-- TD= 3.8200 TV= 3.7100 TA= 3.8100 
TIMES FOR MAXIMA -- TD= 3.8200 TV= 3.7150 TA= 3.8100 
TIMES FOR MAXIMA -- TD= 3.8300 TV= 3.7200 TA= 3.8200 
TIMES FOR MAXIMA -- TD= 3.8350 TV= 3.7200 TA= 3.8250 
TIMESFORMAXIMA-- TD= 5.1850 TV= 3.7250 TA= 5.1750 
TIMES FOR MAXIMA -- TD= 5.2100 TV= 3.7300 TA= 5.2000 
TIMES FOR MAXIMA -- TD= 4.9250 TV= 3.7300 TA= 4.9150 
TIMES FOR MAXIMA -- TD= 4.9500 TV= 3.7300 TA= 4.9350 
TIMES FOR MAXIMA -- TD= 4.9700 TV= 3.7350 TA= 4.9600 
TIMES FOR MAXIMA -- TD= 4.6500 TV= 3.4800 TA= 4.6350 
TIMES FOR MAXIMA -- TD= 4.6650 TV= 3.4800 TA= 4.6500 
TIMES FOR MAXIMA -- TD= 4.6750 TV= 3.4800 TA= 4.6650 
TIMES FOR MAXIMA -- TD= 4.3500 TV= 3.4800 TA= 4.3400 
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PER=0.82 
PER =0.84 
PER =0.86 
PER =0.88 
PER=0.90 
PER= 0.92 
PER =0.94 
PER =0.96 
PER=0.98 
PER= 1.00 
PER= 1.05 
PER= l.lO 
PER= l.!5 
PER= 1.20 
PER= 1.25 
PER= 1.30 
PER= 1.35 
PER= 1.40 
PER= 1.45 
PER= 1.50 
PER= 1.55 
PER= 1.60 
PER= 1.65 
PER= 1.70 
PER= 1.75 
PER= 1.80 
PER= 1.85 
PER= 1.90 
PER= 1.95 
PER=2.00 
PER= 2.05 
PER= 2.10 
PER= 2.15 
PER =2.20 
PER =2.25 
PER=2.30 
PER =2.35 
PER=2.40 
PER=2.50 
PER =2.60 
PER =2.70 
PER=2.80 
PER= 2.90 
PER=3.00 
PER=3.10 
PER=3.20 
PER= 3.30 
PER= 3.40 
PER= 3.50 
PER= 3.60 
PER =3.70 
PER =3.80 
PER =3.90 
PER=4.00 
PER=4.10 
PER =4.20 
PER =4.30 
PER=4.40 
PER =4.50 
PER=4.60 
PER=4.70 

PCSC300M-lb.out 
TIMES FOR MAXIMA -- TD= 4.3600 TV= 3.4800 TA= 4.3500 
TIMES FOR MAXIMA -- TD= 4.3700 TV= 3.4850 TA= 4.3600 
TIMES FOR MAXIMA -- TD= 4.3800 TV= 3.4850 TA= 4.3650 
TIMES FOR MAXIMA -- TD= 4.3900 TV= 3.4850 TA= 4.3750 
TIMES FOR MAXIMA -- TD= 3.6200 TV= 3.4850 TA= 3.6100 
TIMES FOR MAXIMA -- TD= 3.6250 TV= 3.4850 TA= 3.6100 
TIMES FOR MAXIMA-- TD= 3.6250 TV= 3.4850 TA= 3.6100 
TIMES FOR MAXIMA -- TD= 3.6300 TV= 3.4850 TA= 3.6150 
TIMES FOR MAXIMA-- TD= 3.6300 TV= 3.4850 TA= 3.6150 
TIMES FOR MAXIMA -- TD= 3.6350 TV= 3.4850 TA= 3.6150 
TIMES FOR MAXIMA -- TD= 3.6400 TV = 3.4850 TA = 3.6200 
TIMES FOR MAXIMA -- TD= 3.6400 TV= 3.4850 TA= 3.6250 
TIMES FOR MAXIMA -- TD= 3.6450 TV= 3.4850 TA= 3.6250 
TIMES FOR MAXIMA -- TD= 3.3950 TV= 3.4850 TA= 3.3750 
TIMES FOR MAXIMA-- TD= 3.3950 TV= 3.4850 TA= 3.3750 
TIMES FOR MAXIMA -- TD= 3.3950 TV= 3.4900 TA= 3.3750 
TIMES FOR MAXIMA -- TD = 3.3950 TV = 3.4900 TA= 3.3750 
TIMES FOR MAXIMA-- TD= 3.3950 TV= 3.4900 TA= 3.3750 
TIMES FOR MAXIMA -- TD= 3.4000 TV= 3.4900 TA= 3.3750 
TIMES FOR MAXIMA -- TD= 3.4000 TV = 3.4900 TA = 3.3750 
TIMES FOR MAXIMA -- TD= 3.4000 TV= 3.4900 TA= 3.3750 
TIMES FOR MAXIMA -- TD= 3.4000 TV = 3.4900 TA= 3.3750 
TIMES FOR MAXIMA -- TD= 3.4000 TV= 3.4900 TA= 3.3750 
TIMES FOR MAXIMA -- TD= 3.4000 TV= 3.4900 TA= 3.3750 
TIMES FOR MAXIMA -- TD= 3.4050 TV= 3.4900 TA= 3.3800 
TIMES FOR MAXIMA -- TD = 3.4050 TV = 3.4900 TA= 3.3800 
TIMES FOR MAXIMA -- TD= 3.4050 TV= 3.4900 TA= 3.3800 
TIMES FOR MAXIMA -- TD= 4.4100 TV= 3.4900 TA= 3.3800 
TIMES FOR MAXIMA -- TD= 4.4150 TV= 3.4900 TA= 4.3850 
TIMES FOR MAXIMA -- TD= 4.4200 TV= 3.4900 TA= 4.3900 
TIMES FOR MAXIMA -- TD= 4.4250 TV= 3.4900 TA= 4.3950 
TIMES FOR MAXIMA -- TD= 4.4300 TV = 3.4900 TA= 4.4000 
TIMES FOR MAXIMA -- TD = 4.4350 TV= 3.4900 TA= 4.4050 
TIMES FOR MAXIMA -- TD= 4.4400 TV= 3.4900 TA= 4.4100 
TIMES FOR MAXIMA -- TD= 4.4500 TV= 3.4900 TA= 4.4150 
TIMES FOR MAXIMA -- TD = 4.4550 TV = 3.4900 TA = 3.3800 
TIMES FOR MAXIMA-- TD= 4.4650 TV= 3.3200 TA= 3.3800 
TIMES FOR MAXIMA -- TD = 3.4150 TV = 3.3200 TA = 3.3800 
TIMES FOR MAXIMA -- TD = 3.4150 TV = 3.3200 TA = 3.3800 
TIMES FOR MAXIMA -- TD= 4.9200 TV= 3.3200 TA= 3.3800 
TIMES FOR MAXIMA -- TD= 4.9600 TV= 3.3200 TA= 4.9150 
TIMES FOR MAXIMA -- TD= 4.9950 TV= 3.3200 TA= 4.9500 
TIMES FOR MAXIMA -- TD= 5.0200 TV= 3.3200 TA= 4.9850 
TIMES FOR MAXIMA -- TD= 5.0300 TV= 3.3200 TA= 5.0000 
TIMES FOR MAXIMA -- TD= 5.0450 TV= 3.3200 TA= 5.0100 
TIMES FOR MAXIMA -- TD= 5.0550 TV= 3.3200 TA= 5.0150 
TIMES FOR MAXIMA -- TD= 5.3700 TV= 3.3200 TA= 5.0200 
TIMES FOR MAXIMA -- TD= 5.3850 TV= 3.3200 TA= 5.3450 
TIMES FOR MAXIMA -- TD= 5.3950 TV = 3.3200 TA = 5.3550 
TIMES FOR MAXIMA -- TD = 5.4100 TV = 3.3200 TA = 5.3600 
TIMES FOR MAXIMA -- TD= 5.4200 TV = 3.3200 TA = 5.3700 
TIMES FOR MAXIMA -- TD= 5.4250 TV = 3.3200 TA = 5.3800 
TIMES FOR MAXIMA -- TD = 5.4350 TV = 3.3200 TA= 5.3850 
TIMES FOR MAXIMA -- TD= 5.4450 TV= 3.3200 TA= 5.3900 
TIMES FOR MAXIMA -- TD= 5.8750 TV= 3.3200 TA= 5.8350 
TIMES FOR MAXIMA -- TD= 5.8850 TV= 3.3200 TA= 5.8400 
TIMES FOR MAXIMA -- TD= 5.8900 TV= 3.3200 TA= 5.8400 
TIMES FOR MAXIMA -- TD= 5.8950 TV= 3.3200 TA= 5.8450 
TIMES FOR MAXIMA -- TD= 5.9000 TV= 3.3200 TA= 5.8450 
TIMES FOR MAXIMA -- TD= 5.9050 TV= 3.3200 TA= 5.8500 
TIMES FOR MAXIMA -- TD= 5.9100 TV= 3.3200 TA= 5.8500 
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/31 

PCSC300M-I b.out 

( PER=4.80 TIMES FOR MAXIMA -- TD= 5.9150 TV= 3.3200 TA= 5.8500 

' 
PER= 4.90 TIMES FOR MAXIMA -- TD= 5.9200 TV= 3.3200 TA= 5.8550 
PER= 5.00 TIMES FOR MAXIMA -- TD= 6.2650 TV= 3.3200 TA= 5.8550 
PER= 5.10 TIMES FOR MAXIMA -- TD= 6.2750 TV= 3.3200 TA= 6.2150 
PER= 5.20 TIMES FOR MAXIMA -- TD= 6.2900 TV= 3.3200 TA= 6.2200 
PER=5.40 TIMES FOR MAXIMA -- TD= 6.3050 TV= 3.3200 TA= 6.2250 
PER= 5.60 TIMES FOR MAXIMA -- TD= 9.4150 TV= 3.3200 TA= 9.3550 
PER= 5.80 TIMES FOR MAXIMA -- TD= 9.4450 TV= 3.3200 TA= 9.3800 
PER= 6.00 TIMES FOR MAXIMA -- TD = 9.8250 TV = 3.3200 TA= 9.3950 
PER=6.20 TIMES FOR MAXIMA -- TD= 9.8450 TV= 3.3200 TA= 9.7900 
PER=6.40 TIMES FOR MAXIMA -- TD= 9.8600 TV= 3.3200 TA= 9.8050 
PER=6.60 TIMES FOR MAXIMA -- TD= 9.8750 TV= 3.3200 TA= 9.8100 
PER =6.80 TIMES FOR MAXIMA -- TD= 9.8900 TV= 3.3200 TA= 4.0850 
PER= 7.00 TIMES FOR MAXIMA -- TD= 4.1650 TV= 3.3200 TA= 4.0850 
PER= 7.30 TIMES FOR MAXIMA -- TD= 4.1700 TV= 3.3200 TA= 4.0850 
PER=7.60 TIMES FOR MAXIMA -- TD= 4.1700 TV= 3.3200 TA= 4.0850 
PER= 8.00 TIMES FOR MAXIMA -- TD= 4.1700 TV= 3.3200 TA= 4.0850 
PER=8.50 TIMES FOR MAXIMA -- TD= 4.1750 TV= 3.3200 TA= 4.0800 
PER=9.00 TIMES FOR MAXIMA -- TD= 4.1750 TV= 3.3200 TA= 4.0800 
PER= 9.50 TIMES FOR MAXIMA -- TD = 4.1750 TV= 3.3200 TA= 4.0800 
PER=I0.00 TIMES FOR MAXIMA -- TD = 4.1750 TV = 3.3200 TA= 4.0800 
SPECTRAL VALUES--
(Acceleration of gravity used = 32.20) 

PCSC300M Crest Column DAMPING RATIO = 0.050 
NO. PERIOD REL. DISP. REL. VEL. PSU.REL.VEL. ABS. ACC. PSU.ABS.ACC. FREQ. 

I 0.01 0.00007 0.00243 0.04499 0.87812 0.87795 100.00 
2 0.02 0.00029 0.0l005 0.09040 0.88173 0.88201 50.00 
3 0.03 0.00065 0.02393 0.13620 0.88577 0.88592 33.33 
4 0.04 0.00115 0.05153 0. 18085 0.88219 0.88225 25.00 
5 0.05 0.00190 0.07594 0.23891 0.93242 0.93237 20.00 
6 0.06 0.00262 0.13350 0.27438 0.89308 0.89233 16.67 
7 O.D7 0.00432 0. 16955 0.38766 1.08359 1.08064 14.29 
8 0.08 0.00594 0.27142 0.46618 1.14800 1.13708 [2.50 
9 0.09 0.00810 0.34570 0.56517 1.23523 1.22535 11.11 
10 0.10 0.01081 0.45652 0.67920 1.32316 1.32532 10.00 
11 0.11 0.01040 0.41880 0.59377 1.05933 1.05329 9.09 
12 0.12 0.01246 0.41769 0.65253 1.06229 1.06106 8.33 
13 0.13 0.01336 0.44921 0.64585 0.97111 0.96942 7.69 
14 0.14 0.01678 0.45214 0.7531 I 1.05235 1.04967 7.14 
15 0.15 0.02002 0.52306 0.83874 1.09125 1.09109 6.67 
16 0.16 0.02332 0.59111 0.91564 1.11793 1.11668 6.25 
17 0.17 0.02817 0.69869 1.04127 1.19624 1.19519 5.88 
18 0.18 0.03290 0.82484 1.14853 1.24650 1.24507 5.56 
19 0.19 0.03929 1.01323 1.29920 1.33534 1.33427 5.26 
20 0.20 0.04443 1.18464 1.39568 1.36488 1.36170 5.00 
21 0.21 0.04883 1.29725 1.46109 1.36109 1.35763 4.76 
22 0.22 0.05468 1.41508 1.56153 1.38742 1.38501 4.55 
23 0.23 0.06297 1.56972 1.72017 1.46297 1.45937 4.35 
24 0.24 0.07347 1.72462 1.92347 1.56973 1.56386 4.17 
25 0.25 0.08429 1.86265 2.11835 1.65858 1.65342 4.00 
26 0.26 0.09651 2.01865 2.33227 1.75548 1.75037 3.85 
27 0.27 0.10992 2.18626 2.55791 1.85639 1.84861 3.70 
28 0.28 0.12402 2.34934 2.78310 1.94708 1.93952 3.57 
29 0.29 0.13987 2.54595 3.03050 2.04689 2.03911 3.45 
30 0.30 0.15888 2.80154 3.32759 2.17268 2. I 6437 3.33 
31 0.31 0.18053 3.10612 3.65906 2.31266 2.30320 3.23 
32 0.32 0.20256 3.41352 3.97727 2.43554 2.42527 3.13 
33 0.33 0.22331 3.68939 4.25178 2.52502 2.51409 3.03 
34 0.34 0.24551 4.35903 4.53707 2.61538 2.60388 2.94 
35 0.35 0.28073 4.90942 5.03964 2.82297 2.80967 2.86 
36 0.36 0.30976 5.30060 5.40637 2.94543 2.93040 2.78 
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37 0.37 0.33 I 92 5.53497 5.63658 2.98673 2.97261 2.70 
38 0.38 0.34673 5.66923 5.73313 2.95711 2.94396 2.63 
39 0.39 0.35413 5.74610 5.70522 2.86789 2.85451 2.56 
40 0.40 0.35665 5.83915 5.60225 2.74508 2.73292 2.50 
41 0.41 0.36587 5.85423 5.60690 2.68064 2.66847 2.44 
42 0.42 0.37218 5.79615 5.56780 2.59871 2.58677 2.38 
43 0.43 0.37547 5.67023 5.48638 2.50225 2.48967 2.33 
44 0.44 0.37552 5.55088 5.36239 2.39208 2.37810 2.27 
45 0.45 0.37235 5.47675 5.19900 2.26852 2.25440 2.22 
46 0.46 0.36612 5.36397 5.00085 2.13348 2.12134 2.17 
47 0.47 0.35679 5.21569 4.76976 l.99183 l.98026 2.13 
48 0.48 0.35027 5.03775 4.58507 l.87540 1.86393 2.08 
49 0.49 0.34654 4.84383 4.44368 l.78143 l.76958 2.04 
50 0.50 0.34182 4.64679 4.29538 l.68753 l.67631 2.00 
51 0.51 0.33611 4.44590 4.14086 l.59516 l.58433 l.96 
52 0.52 0.32964 4.24761 3.98307 l.50522 1.49465 l.92 
53 0.53 0.32258 4.04926 3.82416 1.41825 1.40794 1.89 
54 0.54 0.31520 3.87757 3.66757 l.33451 l.32528 1.85 
55 0.55 0.30747 3.79424 3.51252 1.25467 1.24618 I.82 
56 0.56 0.29943 3.71004 3.35964 l.17918 l.17065 1.79 
57 0.57 0.29115 3.62987 3.20944 l.10715 1.09870 1.75 
58 0.58 0.28289 3.54806 3.06454 l.03859 I.03101 1.72 
59 0.60 0.26632 3.38849 2.78894 0.91428 0.90701 1.67 
60 0.62 0.25023 3.23379 2.53585 0.80461 0.79810 I.61 
61 0.64 0.24833 3.09058 2.43796 0.74726 0.74331 1.56 
62 0.66 0.24925 2.95681 2.37287 0.7061 I 0.70154 1.52 
63 0.68 0.24904 2.83915 2.30113 0.66374 0.66032 1.47 
64 0.70 0.24895 2.73437 2.23457 0.62626 0.62290 1.43 
65 0.72 0.24507 2.64613 2.13864 0.58275 0.57960 1.39 
66 0.74 0.24349 2.56927 2.06739 0.54828 0.54515 1.35 

( 67 0.76 0.23957 2.53474 I.98059 0.51182 0.50852 1.32 

~-·- 68 0.78 0.23272 2.50849 1.87466 0.47229 0.46898 1.28 
69 0.80 0.22889 2.48866 l.79770 0.44166 0.43848 1.25 
70 0.82 0.22905 2.47371 1.75505 0.42067 0.41764 1.22 
71 0.84 0.22728 2.46278 1.70002 0.39776 0.39491 I.I 9 
72 0.86 0.22364 2.45497 1.63393 0.37341 0.37073 l.16 
73 0.88 0.21818 2.44903 1.55780 0.34815 0.34543 1.14 
74 0.90 0.21437 2.44421 1.49662 0.32858 0.32448 I. I I 
75 0.92 0.21414 2.43985 1.46250 0.31418 0.31019 1.09 
76 0.94 0.21346 2.43534 1.42685 0.30011 0.29619 1.06 
77 0.96 0.21244 2.43019 l.39040 0.28640 0.28261 1.04 
78 0.98 0.21101 2.42402 1.35285 0.2731 I 0.26937 1.02 
79 1.00 0.20912 2.41660 l.31394 0.26007 0.25639 1.00 
80 1.05 0.20298 2.39236 1.21460 0.22923 0.22572 0.95 
81 1.10 0.19527 2.36176 1.11538 0.20115 0.19786 0.91 
82 1.15 0.18682 2.32853 I.02072 0.17626 0.17319 0.87 
83 1.20 0.18307 2.29597 0.95853 0.15994 0.15586 0.83 
84 1.25 0.18991 2.26583 0.95461 0.15305 0.14902 0.80 
85 1.30 0.19702 2.23837 0.95224 0.14693 0.14293 0.77 
86 1.35 0.20454 2.21332 0.95195 0.14159 0.13760 0.74 
87 1.40 0.21247 2.18898 0.95355 0.13690 0.13290 0.71 
88 1.45 0.22075 2.16445 0.95654 0.13272 0.12872 0.69 
89 1.50 0.22930 2.13915 0.96049 0.12891 0.12495 0.67 
90 1.55 0.23791 2.11287 0.96439 0.12534 0.12141 0.65 
91 I.60 0.24644 2.08564 0.96777 0.12195 0.11803 0.63 
92 I.65 0.25482 2.05767 0.97036 0.11868 0.11476 0.61 
93 1.70 0.26300 2.02921 0.97206 0.11551 0.11158 0.59 
94 l.75 0.27104 2.00055 0.97314 0.11244 0.10851 0.57 
95 l.80 0.27891 I.97192 0.97358 0.10947 0.10554 0.56 
96 1.85 0.28657 1.94349 0.97328 0.10658 0.10266 0.54 

l 97 l.90 0.29765 1.9 I 537 0.98430 0.10379 0.10109 0.53 
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98 1.95 0.31087 1.88762 1.00166 0.10182 0.10023 0.51 
99 2.00 0.32234 1.86027 1.01267 0.10042 0.09880 0.50 
100 2.05 0.33208 1.83331 1.01780 0.09853 0.09688 0.49 
IOI 2.10 0.34007 1.80672 1.01747 0.09624 0.09454 0.48 
102 2.15 0.34634 1.78047 1.01214 0.09361 0.09186 0.47 
103 2.20 0.35092 1.75453 1.00222 0.09069 0.08889 0.45 
104 2.25 0.35387 1.72887 0.98819 0.08752 0.08570 0.44 
105 2.30 0.35529 1.70347 0.97059 0.08472 0.08234 0.43 
106 2.35 0.35524 1.70482 0.94980 0.08267 0.07887 0.43 
107 2.40 0.36057 l.72ll0 0.94396 0.08067 0.07675 0.42 
108 2.50 0.37164 1.75318 0.93404 0.07682 0.07290 0.40 
109 2.60 0.38908 1.78445 0.94025 0.07313 0.07057 0.38 
110 2.70 0.42250 1.81464 0.98321 0.07159 0.07106 0.37 
Ill 2.80 0.45139 1.84353 1.01292 0.07117 0.07059 0.36 
112 2.90 0.47536 1.87093 1.02992 0.06991 0.06930 0.34 
113 3.00 0.49292 1.89670 1.03237 0.06801 0.06715 0.33 
114 3.10 0.50371 1.92071 1.02093 0.06537 0.06426 0.32 
ll5 3.20 0.50807 1.94293 0.99760 0.06211 0.06083 0.31 
ll6 3.30 0.50776 1.96335 0.96677 0.05842 0.05717 0.30 
ll7 3.40 0.53200 1.98197 0.98314 0.05726 0.05642 0.29 
ll8 3.50 0.55000 1.99886 0.98735 0.05601 0.05505 0.29 
119 3.60 0.56202 2.01408 0.98091 0.05422 0.05317 0.28 
120 3.70 0.56836 2.02771 0.96516 0.05203 0.05090 0.27 
121 3.80 0.56955 2.03985 0.94173 0.04956 0.04836 0.26 
122 3.90 0.566IO 2.05058 0.91203 0.04690 0.04563 0.26 
123 4.00 0.55862 2.06001 0.87748 0.04412 0.04281 0.25 
124 4.10 0.57600 2.06825 0.88271 0.04322 0.04201 0.24 
125 4.20 0.59158 2.07537 0.88500 0.04245 0.04ll2 0.24 
126 4.30 0.60227 2.08149 0.88004 0.04135 0.03994 0.23 

(- 127 4.40 0.60843 2.08669 0.86884 0.04002 0.03853 0.23 
128 4.50 0.6l057 2.09105 0.85252 0.03851 0.03697 0.22 

' 129 4.60 0.60914 2.09465 0.83203 0.03688 0.03529 0.22 °'-·· 
130 4.70 0.60459 2.09756 0.80824 0.03517 0.03356 0.21 
131 4.80 0.59730 2.09985 0.78187 0.03341 0.03178 0.21 
132 4.90 0.58769 2.10159 0.75359 0.03164 0.03001 0.20 
133 5.00 0.58727 2.10283 0.73799 0.02988 0.02880 0.20 
134 5.10 0.58886 2.10362 0.72547 0.02852 0.02776 0.20 
135 5.20 0.58804 2.10402 0.71054 0.02745 0.02666 0.19 
136 5.40 0.58028 2.10379 0.67519 0.02520 0.02440 0.19 
137 5.60 0.57713 2.10243 0.64754 0.02295 0.02256 0.18 
138 5.80 0.58561 2. !0021 0.63440 0.02185 0.02134 0.17 
139 6.00 0.57892 · 2.09731 0.60624 0.02015 0.01972 0.17 
140 6.20 0.58678 2.09392 0.59465 0.0191 I 0.01872 0.16 
141 6.40 0.57837 2.09015 0.56782 0.01782 0.01731 0.16 
142 6.60 0.55721 2.08612 0.53046 0.01627 0.01568 0.15 
143 6.80 0.52675 2.08193 0.48671 0.01525 0.01397 0.15 
144 7.00 0.51511 2.07761 0.46237 0.01435 0.01289 0.14 
145 7.30 0.50802 2.07I06 0.43726 0.01313 0.01169 0.14 
146 7.60 0.50047 2.06450 0.41376 0.01205 0.01062 0.13 
147 8.00 0.49001 2.05598 0.38485 0.01078 0.00939 0.13 
148 8.50 0.47683 2.04578 0.35247 0.00945 0.00809 0.12 
149 9.00 0.46398 2.03630 0.32392 0.00835 0.00702 0.11 
150 9.50 0.45166 2.02751 0.29872 0.00743 0.00614 O.ll 
151 10.00 0.44008 2.01943 0.27651 0.00665 0.00540 0.10 
152 10.50 0.00000 0.00000 0.00000 0.00000 0.00000 0.10 

VALUES IN PERIOD RANGE . I TO 2.5 SEC. 
AREA OF ACC. RESPONSE SPECTRUM = 1.283 
AREA OF VEL. RESPONSE SPECTRUM = 5.706 
MAX. ACCELERATION RESPONSE VALUE= 2.987 
MAX. VELOCITY RESPONSE VALUE= 5.854 
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1 ****** OPTION 9 *** COMPUTE RESPONSE SPECTRUM 
RESPONSE SPECTRUM ANALYSIS FOR LA YER NUMBER 17 

CALCULATED FOR DAMPING 0.050 

TIMES AT WHICH MAX. SPECTRAL VALUES OCCUR 
TD = TIME FOR MAX. RELATIVE DISP. 
TV = TIME FOR MAX. RELATIVE VEL. 
TA= TIME FOR MAX. ABSOLUTE ACC. 

DAMPING RA TIO = 0.050 
PER= 0.01 TIMES FOR MAXIMA -- TD= 3.4150 TV= 3.3850 TA= 3.4150 
PER= 0.02 TIMES FOR MAXIMA -- TD= 3.4200 TV= 3.3850 TA= 3.4200 
PER= 0.03 TIMES FOR MAXIMA -- TD= 3.4000 TV= 2.2250 TA= 3.4000 
PER= 0.04 TIMES FOR MAXIMA -- TD= 3.4050 TV= 3.3900 TA= 3.4050 
PER=0.05 TIMES FOR MAXIMA-- TD= 3.4100 TV= 3.3950 TA= 3.4100 
PER= 0.06 TIMES FOR MAXIMA -- TD= 3.4150 TV= 1.9300 TA= 3.4150 
PER= 0.07 TIMES FOR MAXIMA -- TD= 3.4150 TV= 1.9750 TA= 3.4150 
PER= 0.08 TIMES FOR MAXIMA -- TD = 3.4250 TV= 3.5250 TA= 3.4250 
PER= 0.09 TIMES FOR MAXIMA -- TD = 3.4300 TV = 3.4550 TA= 3.4250 
PER= 0.10 TIMES FOR MAXIMA-- TD= 3.4350 TV= 3.4600 TA= 3.4300 
PER= 0.11 TIMES FOR MAXIMA -- TD= 3.4400 TV= 3.4650 TA= 3.4400 
PER= 0.12 TIMES FOR MAXIMA -- TD= 3.4400 TV= 3.4700 TA= 3.4400 
PER= 0. I 3 TIMES FOR MAXIMA -- TD = 4.0200 TV = 5.1 I 00 TA = 4.0150 
PER=0.14 TIMES FOR MAXIMA-- TD= 4.0350 TV= 4.0750 TA= 4.0300 
PER= 0.15 TIMES FOR MAXIMA -- TD = 3.4450 TV = 4.0850 TA= 3.4400 
PER = 0.16 TIMES FOR MAXIMA -- TD = 4.0500 TV = 4.0900 TA= 4.0500 
PER=0.17 TIMES FOR MAXIMA-- TD= 3.8300 TY= 4.1050 TA= 3.8300 
PER= 0.18 TIMES FOR MAXIMA -- TD= 3.8400 TV= 3.7950 TA= 3.8350 
PER = 0. I 9 TIMES FOR MAXIMA -- TD = 3.8500 TV = 3.8050 TA = 3.8450 
PER= 0.20 TIMES FOR MAXIMA -- TD = 3.8650 TV = 3.8150 TA= 3.8600 
PER= 0.21 TIMES FOR MAXIMA -- TD= 3.8800 TV= 3.8300 TA= 3.8800 
PER= 0.22 TIMES FOR MAXIMA -- TD= 4.0200 TV= 3.8400 TA= 4.0150 
PER= 0.23 TIMES FOR MAXIMA -- TD = 4.0400 TV = 4.1000 TA= 4.0350 
PER=0.24 TIMES FOR MAXIMA-- TD= 4.0600 TV= 4.1150 TA= 4.0550 
PER= 0.25 TIMES FOR MAXIMA -- TD= 3.4850 TV= 3.4300 TA= 3.4850 
PER= 0.26 TIMES FOR MAXIMA -- TD= 3.4900 TV= 3.4300 TA= 3.4900 
PER= 0.27 TIMES FOR MAXIMA -- TD= 3.5000 TV= 3.4350 TA= 3.4950 
PER= 0.28 TIMES FOR MAXIMA -- TD= 3.5050 TV= 3.4350 TA= 3.5000 
PER= 0.29 TIMES FOR MAXIMA -- TD= 3.5100 TV= 3.4350 TA= 3.5050 
PER= 0.30 TIMES FOR MAXIMA -- TD= 3.5150 TV= 3.4400 TA= 3.5100 
PER=0.31 TIMES FOR MAXIMA-- TD= 3.5200 TV= 3.4400 TA= 3.5150 
PER= 0.32 TIMES FOR MAXIMA -- TD= 3.5300 TV= 3.4450 TA= 3.5250 
PER= 0.33 TIMES FOR MAXIMA -- TD= 3.5350 TV= 3.4500 TA= 3.5300 
PER= 0.34 TIMES FOR MAXIMA -- TD= 4.0850 TV= 3.4600 TA= 4.0800 
PER=0.35 TIMES FOR MAXIMA-- TD= 4.1000 TY= 4.0200 TA= 4.0950 
PER = 0.36 TIMES FOR MAXIMA -- TD = 4.1150 TV = 4.0350 TA= 4.1 I 00 
PER=0.37 TIMES FOR MAXIMA-- TD= 4.1300 TY= 4.0450 TA= 4.1250 
PER=0.38 TIMES FOR MAXIMA-- TD= 4.1500 TY= 4.0550 TA= 4.1400 
PER= 0.39 TIMES FOR MAXIMA -- TD = 4.1650 TV = 4.0600 TA = 4.1600 
PER= 0.40 TIMES FOR MAXIMA -- TD= 3.8050 TV= 3.9050 TA= 3.8000 
PER=0.41 TIMES FOR MAXIMA-- TD= 3.4150 TV= 3.9150 TA= 3.4100 
PER= 0.42 TIMES FOR MAXIMA -- TD= 3.4200 TV= 3.7400 TA= 3.4150 
PER= 0.43 TIMES FOR MAXIMA -- TD= 3.4250 TV= 3.7500 TA= 3.4150 
PER= 0.44 TIMES FOR MAXIMA -- TD= 3.4250 TV= 3.7550 TA= 3.4200 
PER= 0.45 TIMES FOR MAXIMA -- TD= 3.4300 TV= 3.7600 TA= 3.4250 
PER= 0.46 TIMES FOR MAXIMA -- TD = 3.4350 TV = 3. 7650 TA = 3.4250 
PER= 0.47 TIMES FOR MAXIMA -- TD= 3.4400 TV= 3.7700 TA= 3.4300 
PER= 0.48 TIMES FOR MAXIMA -- TD= 3.6850 TV= 3.3700 TA= 3.6800 
PER= 0.49 TIMES FOR MAXIMA -- TD= 3.6950 TV= 3.3700 TA= 3.6850 
PER= 0.50 TIMES FOR MAXIMA -- TD= 3.7000 TV= 3.3750 TA= 3.6900 
PER= 0.51 TIMES FOR MAXIMA -- TD= 3.7050 TV= 3.3750 TA= 3.6950 
PER= 0.52 TIMES FOR MAXIMA-- TD= 3.7100 TV= 3.3750 TA= 3.7000 
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PER= 0.53 TIMES FOR MAXIMA -- TD= 3.7150 TV= 3.3750 TA= 3.7050 
PER= 0.54 TIMES FOR MAXIMA -- TD= 3.7200 TV= 3.3750 TA= 3.7l00 
PER= 0.55 TIMES FOR MAXIMA -- TD= 3.7250 TV= 3.3750 TA= 3.7150 
PER= 0.56 TIMES FOR MAXIMA -- TD= 3.4750 TV= 3.3800 TA= 3.4650 
PER= 0.57 TIMES FOR MAXIMA -- TD= 3.4750 TV= 3.3800 TA= 3.4700 
PER= 0.58 TIMES FOR MAXIMA -- TD= 3.4800 TV = 3.3800 TA= 3.4700 
PER= 0.60 TIMES FOR MAXIMA -- TD= 5.0650 TV= 3.3800 TA= 5.0550 
PER= 0.62 TIMES FOR MAXIMA -- TD= 5.0950 TV= 3.3800 TA= 5.0850 
PER = 0.64 TIMES FOR MAXIMA -- TD= 4.8400 TV = 3.3800 TA= 4.8300 
PER= 0.66 TIMES FOR MAXIMA -- TD= 4.8650 TV= 3.3800 TA= 4.8550 
PER= 0.68 TIMES FOR MAXIMA -- TD= 4.8850 TV= 3.3800 TA= 4.8750 
PER= 0.70 TIMES FOR MAXIMA -- TD= 4.9l00 TV= 3.3800 TA= 4.9000 
PER= 0.72 TIMES FOR MAXIMA -- TD= 4.9350 TV= 3.3800 TA= 4.9200 
PER= 0.74 TIMES FOR MAXIMA -- TD= 4.9500 TV= 3.3800 TA= 4.9400 
PER= 0.76 TIMES FOR MAXIMA -- TD= 4.2600 TV= 3.3800 TA= 4.2500 
PER= 0.78 TIMES FOR MAXIMA -- TD= 4.2750 TV= 3.3800 TA= 4.2600 
PER = 0.80 TIMES FOR MAXIMA -- TD= 4.2950 TV = 3.3800 TA = 4.2800 
PER=0.82 TIMES FOR MAXIMA-- TD= 4.3l00 TV= 3.3800 TA= 4.2950 
PER= 0.84 TIMES FOR MAXIMA -- TD= 4.3250 TV= 3.3800 TA= 4.3l00 
PER= 0.86 TIMES FOR MAXIMA -- TD= 4.3350 TV= 3.3800 TA= 4.3200 
PER= 0.88 TIMES FOR MAXIMA -- TD= 4.3450 TV= 3.3800 TA= 4.3300 
PER= 0.90 TIMES FOR MAXIMA -- TD= 4.3500 TV= 3.3800 TA= 4.3350 
PER= 0.92 TIMES FOR MAXIMA -- TD= 4.3550 TV= 3.3800 TA= 4.3450 
PER= 0.94 TIMES FOR MAXIMA-- TD= 4.3650 TV= 3.3850 TA= 4.3500 
PER= 0.96 TIMES FOR MAXIMA -- TD= 4.3700 TV= 3.3850 TA= 4.3500 
PER= 0.98 TIMES FOR MAXIMA -- TD= 3.2900 TV= 3.3850 TA= 3.2750 
PER= 1.00 TIMES FOR MAXIMA -- TD= 3.2900 TV= 3.3850 TA= 3.2750 
PER= 1.05 TIMES FOR MAXIMA -- TD= 3.2900 TV= 3.3850 TA= 3.2750 
PER= 1.lO TIMES FOR MAXIMA -- TD= 3.2900 TV= 3.3850 TA= 3.2750 
PER= 1.15 TIMES FOR MAXIMA -- TD= 3.2900 TV= 3.3850 TA= 3.2750 
PER= l.20 TIMES FOR MAXIMA -- TD= 3.2950 TV= 3.3850 TA= 3.2750 
PER= 1.25 TIMES FOR MAXIMA -- TD= 3.2950 TV= 3.3850 TA= 3.2750 
PER= 1.30 TIMES FOR MAXIMA -- TD= 3.2950 TV= 3.3850 TA= 3.2750 
PER= 1.35 TIMES FOR MAXIMA -- TD= 3.2950 TV= 3.3850 TA= 3.2750 
PER= 1.40 TIMES FOR MAXIMA -- TD= 3.3000 TV= 3.3850 TA= 3.2750 
PER= l.45 TIMES FOR MAXIMA -- TD= 3.3000 TV= 3.3850 TA= 3.2750 
PER= I .50 TIMES FOR MAXIMA -- TD= 3.3000 TV = 3.3850 TA = 3.2750 
PER= l.55 TIMES FOR MAXIMA -- TD= 3.3000 TV= 3.3850 TA= 3.2750 
PER = I .60 TIMES FOR MAXIMA -- TD= 3.3000 TV = 3.3850 TA = 3.2800 
PER = l.65 TIMES FOR MAXIMA -- TD= 3.3050 TV = 3.3850 TA = 3.2800 
PER= 1.70 TIMES FOR MAXIMA -- TD= 3.3050 TV= 3.3850 TA= 3.2800 
PER= l.75 TIMES FOR MAXIMA -- TD= 3.3050 TV= 3.3850 TA= 3.2800 
PER= l.80 TIMES FOR MAXIMA -- TD= 4.3450 TV= 3.3850 TA= 3.2800 
PER= l.85 TIMES FOR MAXIMA -- TD= 4.3500 TV= 3.3850 TA= 4.3300 
PER= l.90 TIMES FOR MAXIMA -- TD= 4.3600 TV= 3.3850 TA= 4.3350 
PER= 1.95 TIMES FOR MAXIMA -- TD= 4.3650 TV= 3.2250 TA= 4.3400 
PER= 2.00 TIMES FOR MAXIMA -- TD= 4.4400 TV= 3.2250 TA= 4.3450 
PER= 2.05 TIMES FOR MAXIMA -- TD= 4.4500 TV= 3.2250 TA= 4.4350 
PER= 2. IO TIMES FOR MAXIMA -- TD= 4.4600 TV= 3.2250 TA= 4.4400 
PER= 2. 15 TIMES FOR MAXIMA -- TD= 4.4750 TV= 3.2250 TA= 4.4450 
PER = 2.20 TIMES FOR MAXIMA -- TD= 4.4950 TV = 3.2250 TA= 4.4500 
PER= 2.25 TIMES FOR MAXIMA -- TD= 4.5 JOO TV= 3.2250 TA= 4.4550 
PER = 2.30 TIMES FOR MAXIMA -- TD= 4.5200 TV = 3.2250 TA = 4.5000 
PER= 2.35 TIMES FOR MAXIMA -- TD= 4.5300 TV= 3.2250 TA= 4.5050 
PER = 2.40 TIMES FOR MAXIMA -- TD= 4.5400 TV = 3.2250 TA = 4.5 I 00 
PER= 2.50 TIMES FOR MAXIMA -- TD= 4.7200 TV= 3.2250 TA= 4.7000 
PER= 2.60 TIMES FOR MAXIMA -- TD= 4.8750 TV= 3.2250 TA= 4.8550 
PER= 2.70 TIMES FOR MAXIMA -- TD= 4.9050 TV= 3.2250 TA= 4.8600 
PER= 2.80 TIMES FOR MAXIMA -- TD= 4.9350 TV= 3.2300 TA= 4.8850 
PER= 2.90 TIMES FOR MAXIMA -- TD= 4.9550 TV= 3.2300 TA= 4.9250 
PER= 3.00 TIMES FOR MAXIMA -- TD= 4.9650 TV= 3.2300 TA= 4.9350 
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PER=3.l0 TIMES FOR MAXIMA-- TD= 4.9800 TV= 3.2300 TA= 4.9400 
PER=3.20 TIMES FOR MAXIMA-- TD= 5.1950 TV= 3.2300 TA= 5.1650 
PER=3.30 TIMES FOR MAXIMA-- TD= 5.2650 TV= 3.2300 TA= 5.1700 
PER= 3.40 TIMES FOR MAXIMA -- TD = 5.2900 TV = 3.2300 TA= 5.2500 
PER = 3.50 TIMES FOR MAXIMA -- TD = 5.3200 TV = 3.2300 TA = 5.2600 
PER= 3.60 TIMES FOR MAXlMA -- TD= 5.3350 TV= 3.2300 TA= 5.3050 
PER=3.70 TIMES FOR MAXIMA-- TD= 5.3450 TV= 3.2300 TA= 5.3100 
PER= 3.80 TIMES FOR MAXIMA -- TD= 7.3550 TV= 3.2300 TA= 7.3100 
PER= 3.90 TIMES FOR MAXIMA -- TD= 7.4500 TV= 3.2300 TA= 7.4250 
PER=4.00 TIMESFORMAXlMA-- TD= 5.7750 TV= 3.2300 TA= 5.7450 
PER= 4.10 TIMES FOR MAXIMA-- TD= 5.7850 TV= 3.2300 TA= 5.7500 
PER=4.20 TIMES FOR MAXIMA-- TD= 5.7900 TV= 3.2300 TA= 5.7550 
PER= 4.30 TIMES FOR MAXIMA -- TD = 5.8000 TV = 3.2300 TA= 5. 7600 
PER= 4.40 TIMES FOR MAXIMA -- TD= 5.8100 TV= 3.2300 TA= 5.7600 
PER =4.50 TIMES FOR MAXIMA-- TD= 5.8150 TV= 3.2300 TA= 5.7650 
PER= 4.60 TIMES FOR MAXIMA -- TD= 5.8250 TV= 3.2300 TA= 5.7650 
PER= 4.70 TIMES FOR MAXIMA -- TD= 6.0800 TV= 3.2300 TA= 5.7650 
PER= 4.80 TIMES FOR MAXIMA-- TD= 6.l 150 TV= 3.2300 TA= 6.0300 
PER= 4.90 TIMES FOR MAXIMA -- TD= 6.1350 TV= 3.2300 TA= 6.0350 
PER=5.00 TIMES FOR MAXIMA-- TD= 6.1500 TV= 3.2300 TA= 6.1000 
PER=5.l0 TIMES FOR MAXIMA-- TD= 6.1650 TV= 3.2300 TA= 6.1100 
PER=5.20 TIMESFORMAXIMA-- TD= 6.1800 TV= 3.2300 TA= 6.1200 
PER= 5.40 TIMES FOR MAXIMA -- TD= 6.2900 TV= 3.2300 TA= 6.1350 
PER= 5.60 TIMES FOR MAXIMA -- TD= 9.3450 TV= 3.2300 TA= 9.2800 
PER= 5.80 TIMES FOR MAXIMA-- TD= 9.4000 TV= 3.2300 TA= 9.3050 
PER= 6.00 TIMES FOR MAXIMA-- TD= 9.7200 TV= 3.2300 TA= 9.6600 
PER= 6.20 TIMES FOR MAXIMA -- TD= 9.7600 TV= 3.2300 TA= 9.6750 
PER= 6.40 TIMES FOR MAXIMA -- TD= 9.7800 TV= 3.2300 TA= 9.7250 
PER= 6.60 TIMES FOR MAXIMA -- TD= 9.9900 TV= 3.2300 TA= 9.7350 
PER= 6.80 TIMES FOR MAXIMA -- TD= 10.0350 TV= 3.2300 TA= 3.9750 
PER= 7.00 TIMES FOR MAXIMA -- TD= 10.0550 TV= 3.2300 TA= 3.9750 
PER= 7.30 TIMES FOR MAXIMA-- TD= 4.0400 TV= 3.2300 TA= 3.9700 
PER= 7.60 TIMES FOR MAXIMA-- TD= 4.0450 TV= 3.2300 TA= 3.9700 
PER= 8.00 TIMES FOR MAXIMA -- TD= 4.0450 TV= 3.2300 TA= 3.9700 
PER= 8.50 TIMES FOR MAXIMA -- TD= 4.0450 TV= 3.2300 TA= 3.9700 
PER= 9.00 TlMES FOR MAXIMA-- TD= 4.0450 TV= 3.2300 TA= 3.9700 
PER= 9.50 TIMES FOR MAXIMA -- TD= 4.0500 TV= 3.2300 TA= 3.9700 
PER =10.00 TIMES FOR MAXlMA-- TD= 4.0500 TV= 3.2300 TA= 3.9700 
SPECTRAL VALUES--
(Acceleration of gravity used = 32.20) 

PCSC300M Crest Column DAMPING RATIO = 0.050 
NO. PERlOD REL. DISP. REL. VEL. PSU.REL. VEL. ABS. ACC. PSU.ABS.ACC. FREQ. 

l 0.01 0.00004 0.00344 0.02723 0.53173 0.53137 100.00 
2 0.02 0.00018 0.01498 0.05597 0.54644 0.54604 50.00 
3 0.Q3 0.00046 0.04299 0.09541 0.62698 0.62058 33.33 
4 0.04 0.00098 0.07450 0.15339 0.74265 0.74829 25.00 
5 0.05 0.00185 0.11438 0.23188 0.90186 0.90494 20.00 
6 0.06 0.00323 0.21636 0.33796 l.09325 1.09910 16.67 
7 0.07 0.00417 0.26957 0.37428 l.04604 1.04334 14.29 
8 0.08 0.00574 0.36004 0.45084 l.09593 1.09966 l 2.50 
9 0.09 0.00793 0.46547 0.55381 1.20729 1.20072 l l.11 
10 0.10 0.01184 0.65897 0.74391 1.45586 1.45159 10.00 
l l 0.11 O.0l 171 0.58300 0.66872 1.18724 1.18625 9.09 
12 0.12 0.01240 0.55739 0.64908 1.06784 1.05547 8.33 
13 0.13 0.01544 0.57856 0.74634 l.!2466 l.!2025 7.69 
14 0.14 0.01706 0.68136 0.76544 1.06872 1.06686 7.14 
15 0.15 0.01801 0.70930 0.75423 0.98064 0.981"16 6.67 
16 0. l 6 0.02089 0.80674 0.82053 1.0065 l 1.00069 6.25 
17 0.17 0.02562 0.81415 0.94686 1.08817 1.08683 5.88 
18 0.18 0.03629 1.14590 1.26681 l.37972 l.37329 5.56 
19 0. 19 0.04 746 l.50605 l.5696 l 1.61717 l.61 I 99 5.26 
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20 0.20 0.05622 1.76231 1.76627 1.72911 1.72326 5.00 
21 0.21 0.05900 1.77538 1.76536 1.64688 1.64036 4.76 
22 0.22 0.0601 I 1.66750 1.71685 1.52662 1.52277 4.55 
23 0.23 0.06855 1.77125 1.87279 1.59324 1.58885 4.35 
24 0.24 0.07171 1.75936 1.87725 1.53512 1.52628 4.17 
25 0.25 0.06812 1.64597 1.71210 1.34162 1.33632 4.00 
26 0.26 0.07414 1.74473 1.79156 1.35117 1.34456 3.85 
27 0.27 0.08077 1.85374 1.87951 1.36525 1.35833 3.70 
28 0.28 0.08697 1.94060 1.95166 . 1.36680 1.36010 3.57 
29 0.29 0.09386 2.02854 2.03354 1.375 I 9 1.36829 3.45 
30 0.30 0.10278 2.16374 2.15263 1.40737 1.40014 3.33 
31 0.31 0.11314 2.31754 2.29317 1.45097 1.44344 3.23 
32 0.32 0.12301 2.45521 2.41523 1.48044 1.47276 3.13 
33 0.33 0.13119 2.54419 2.49779 1.48493 1.47695 3.03 
34 0.34 0.14271 2.59575 2.63735 1.52138 1.51360 2.94 
35 0.35 0.15651 2.68723 2.80967 1.57393 1.56643 -2.86 
36 0.36 0.16429 2.90887 2.86740 1.56142 1.55421 2.78 
37 0.37 0.16698 3.00594 2.83558 1.50270 1.49542 2.70 
38 0.38 0.16550 2.97128 2.73644 1.41208 1.40516 2.63 
39 0.39 0.16053 2.81259 2.58633 1.29996 1.29402 2.56 
40 0.40 0.15743 2.60673 2.47295 1.21458 1.20637 2.50 
41 0.41 0.15845 2.55928 2.42821 1.16465 1.15565 2.44 
42 0.42 0.15930 2.55244 2.38318 I.I 1507 1.10721 2.38 
43 0.43 0.15941 2.57190 2.32929 1.06456 1.05701 2.33 
44 0.44 0.15879 2.55400 2.26755 1.01406 1.00561 2.27 
45 0.45 0.15773 2.50222 2.20231 0.96199 0.95497 2.22 
46 0.46 0.15595 2.42166 2.13016 0.90953 0.90361 2.17 
47 0.47 0.15361 2.31736 2.05350 0.85825 0.85255 2.13 
48 0.48 0.15256 2.28031 1.99700 0.81642 0.81182 2.08 
49 0.49 0.15098 2.26787 1.93595 0.77628 0.77094 2.04 
50 0.50 0.14885 2.24825 1.87049 0.73500 0.72998 2.00 
51 0.51 0.14607 2.22793 1.79955 0.69341 0.68852 1.96 
52 0.52 0.14275 2.20266 1.72490 0.65210 0.64727 1.92 
53 0.53 0.13899 2.17393 1.64778 0.61147 0.60666 1.89 
54 0.54 0.13486 2.14284 1.56913 0.57181 0.56701 1.85 
55 0.55 0.13040 2.11020 1.48967 0.53328 0.52851 1.82 
56 0.56 0.12738 2.07877 1.42920 0.50120 0.49800 1.79 
57 0.57 0.12463 2.04816 1.37386 0.47333 0.47032 1.75 
58 0.58 0.12200 2.01723 1.32169 0.44768 0.44466 1.72 
59 0.60 0.12140 1.95582 1.27134 0.41666 0.41346 1.67 
60 0.62 0.13002 1.89681 1.31761 0.41668 0.41469 1.61 
61 0.64 0.13822 1.84194 1.35697 0.41587 0.41373 1.56 
62 0.66 0.14955 1.79284 1.42367 0.42321 0.42091 1.52 
63 0.68 0.15620 1.75093 1.44329 0.41665 0.41416 1.47 
64 0.70 0.15867 1.71699 1.42420 0.39922 0.39701 1.43 
65 0.72 0.15780 1.69088 1.37709 0.37538 0.37321 1.39 
66 0.74 0.15343 1.67168 1.30274 0.34603 0.34352 1.35 
67 0.76 0.15320 1.65801 1.26652 0.32713 0.32518 1.32 
68 0.78 0.15301 1.64842 1.23255 0.30987 0.30834 1.28 
69 0.80 0.15226 1.64164 1.19583 0.29295 0.29168 1.25 
70 0.82 0. 15089 1.63668 1.15619 0.27649 0.27513 1.22 
71 0.84 0.14873 1.63281 1.11252 0.25978 0.25844 1.19 
72 0.86 0.14558 1.62945 1.06365 0.24283 0.24134 I. 16 
73 0.88 0.14112 1.62616 1.00756 0.22519 0.22341 1.14 
74 0.90 0.13537 1.62256 0.94504 0.20669 0.20490 I.II 
75 0.92 0.12834 1.61831 0.87653 0. I 8783 0.18591 1.09 
76 0.94 0.12036 1.61322 0.80451 0. 16882 0.16700 1.06 
77 0.96 0.11165 1.60771 0.73076 0.1501 I 0.14853 1.04 
78 0.98 0.11349 1.60100 0.72764 0.14794 0.14488 1.02 
79 1.00 0.11644 1.59306 0.73164 0.14580 0.14277 1.00 
80 1.05 0.12348 1.56865 0.73890 0.14033 0.13732 0.95 
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,2.1131 

PCSC300M-l b.out 
81 1.10 0.12986 1.54016 0.74176 0.13461 0.13158 0.91 
82 1.15 0.13570 1.51097 0.74142 0.12886 0.12580 0.87 
83 1.20 0.14142 1.48339 0.74049 0.12341 0.12041 0.83 
84 1.25 0.14724 1.45826 0.74011 0.11850 0.11553 0.80 
85 1.30 0.15335 1.43523 0.74118 0.11420 0.11125 0.77 
86 1.35 0.15983 1.41340 0.74390 0.11047 0.10752 0.74 
87 1.40 0.16665 1.39181 0.74794 0. 10720 0.10425 0.71 
88 1.45 0.17378 1.36977 0.75301 0.10425 0.10133 0.69 
89 1.50 0.18098 1.34690 0.75810 0.10151 0.09862 0.67 
90 1.55 0.18816 1.32314 0.76273 0.09890 0.09602 0.65 
91 1.60 0.19520 1.29861 0.76656 0.09637 0.09349 0.63 
92 1.65 0.20214 1.27355 0.76975 0.09391 0.09103 0.61 
93 1.70 0.20890 1.24823 0.77208 0.09149 0.08862 0.59 
94 1.75 0.21543 1.22290 0.77348 0.08911 0.08624 0.57 
95 1.80 0.22339 1.19773 0.77979 0.08679 0.08453 0.56 
96 1.85 0.23776 1.17287 0.80752 0.08626 0.08517 0.54 
97 1.90 0.25054 1.14839 0.82851 0.08632 0.08509 0.53 
98 1.95 0.26172 1.13281 0.84331 0.08571 0.08439 0.51 
99 2.00 0.27257 1.14823 0.85631 0.08452 0.08355 0.50 
100 2.05 0.28498 1.16341 0.87345 0.08373 0.08314 0.49 
101 2.10 0.29601 1.17839 0.88566 0.08310 0.08229 0.48 
102 2.15 0.30571 1.19320 0.89342 0.08200 0.08108 0.47 
103 2.20 0.31441 1.20787 0.89794 0.08049 0.07964 0.45 
104 2.25 0.32242 1.22239 0.90038 0.07866 0.07808 0.44 
105 2.30 0.32923 1.23679 0.89939 0.07693 0.07630 0.43 
106 2.35 0.33460 1.25103 0.89462 0.07510 0.07428 0.43 
107 2.40 0.33846 1.26513 0.88609 0.07300 0.07204 0.42 
108 2.50 0.35730 1.29276 0.89799 0.07057 0.07009 0.40 
109 2.60 0.38457 1.31949 0.92934 0.07027 0.06975 0.38 
110 2.70 0.41352 1.34513 0.96229 0.07028 0.06955 0.37 
111 2.80 0.43768 1.36969 0.98216 0.06906 0.06845 0.36 
112 2.90 0.45613 1.39299 0.98826 0.06726 0.06650 0.34 
113 3.00 0.46805 1.41472 0.98027 0.06477 0.06376 0.33 
114 3.10 0.47360 1.43479 0.95991 0.06160 0.06042 0.32 
115 3.20 0.48779 1.45321 0.95778 0.05918 0.05840 0.31 
116 3.30 0.50549 1.46998 0.96244 0.05761 0.05691 0.30 
117 3.40 0.52070 1.48510 0.96226 0.05576 0.05523 0.29 
118 3.50 0.53182 1.49866 0.95472 0.05380 0.05323 0.29 
119 3.60 0.53822 1.51072 0.93938 0.05148 0.05092 0.28 
120 3.70 0.53955 1.52137 0.91625 0.04909 0.04832 0.27 
121 3.80 0.54419 1.53070 0.89980 0.04663 0.04620 0.26 
122 3.90 0.54414 1.53879 0.87665 0.04412 0.04386 0.26 
123 4.00 0.54512 1.54575 0.85627 0.04232 0.04177 0.25 
124 4.10 0.55984 1.55166 0.85795 0.04157 0.04083 0.24 
125 4.20 0.56968 1.55662 0.85224 0.04048 0.03959 0.24 
126 4.30 0.57511 1.56072 0.84036 0.03913 0.03813 0.23 
127 4.40 0.57652 1.56402 0.82327 0.03759 0.03651 0.23 
128 4.50 0.57443 1.56661 0.80206 0.03592 0.03478 0.22 
129 4.60 0.56932 1.56857 0.77764 0.03416 0.03299 0.22 
130 4.70 0.57317 1.56996 0.76624 0.03235 0.03181 0.21 
131 4.80 0.57662 1.57082 0.75479 0.03103 0.03068 0.21 
132 4.90 0.57803 1.57124 0.74120 0.02981 0.02952 0.20 
133 5.00 0.57721 1.57124 0.72535 0.02862 0.02831 0.20 
134 5.10 0.57417 1.57088 0.70738 0.02743 0.02706 0.20 
135 5.20 0.56916 1.57020 0.68772 0.02621 0.02581 0.19 
136 5.40 0.55830 1.56804 0.6496 I 0.02377 0.02347 0.19 
137 5.60 0.56648 1.56501 0.63559 0.02245 0.02215 0.18 
138 5.80 0.56912 1.56134 0.61654 0.02111 0.02074 0.17 
139 6.00 0.57671 1.55717 0.60393 0.01986 0.01964 0.17 
140 6.20 0.57675 1.55267 0.58449 0.01867 0.01840 0.16 
141 6.40 0.56236 1.54794 0.55210 0.01720 0.01683 0.16 
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PCSC300M-1 b.out 
142 6.60 0.54027 1.54307 0.51434 0.01554 0.01521 
143 6.80 0.51948 1.53813 0.48000 0.01439 0.01377 
144 7.00 0.49104 1.53316 0.44075 0.01351 0.01229 
145 7.30 0.46985 1.52577 0.40441 0.01231 0.01081 
146 7.60 0.46077 1.51853 0.38094 0.01126 0.00978 
147 8.00 0.44872 1.50926 0.35242 0.01004 0.00860 
148 8.50 0.43399 1.49836 0.32080 0.00877 0.00736 
149 9.00 0.41998 1.48832 0.29320 0.00772 0.00636 
150 9.50 0.40682 1.47913 0.26907 0.00684 0.00553 
151 10.00 0.39463 1.47073 0.24796 0.00611 0.00484 
152 JO.SO 0.00000 0.00000 0.00000 0.00000 0.00000 

VALVES IN PERIOD RANGE .1 TO 2.5 SEC. 
AREA OF ACC. RESPONSE SPECTRUM = 0.827 
AREA OF VEL. RESPONSE SPECTRUM = 3.619 
MAX. ACCELERATION RESPONSE VALUE= l. 729 
MAX. VELOCITY RESPONSE VALUE= 3.006 

*** End of Output File No. I *** 
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Source File: C:\SHAKE2000\Williamson Energy\Background.M6.8@13.5km.txt 
SHAKE2000 Conversion: 8192 .01 4 8 9 (819.6) 
Acceleration Units: (g's) - No. Values: 8192 - Time Step: .01 (secs) 
Data Format: (819.6) - No. Header Lines: 4 
0.000068-0.000484 0.004440-0.000089 0.002476-0.002297-0.001876 0.007725 
0.009680 0.020998-0.014349-0.012924 0.018874-0.019831-0.000946 0.024811 
-0.016894-0.002461 0.007682-0.006573-0.008604-0.018410 0.024194-0.064656 
-0.017516 0.023926-0.061566 0.003326 0.022873 0.052730 0.049159 0.008778 
-0.041034 0.029324-0.005991 0.066674-0.051336 0.029966-0.067257 0.001274 
-0.023573-0.003857 0.025335-0.064802 0.035720 0.035247-0.060426-0.045700 
-0.031840 0.173671-0.115954-0.177847-0.062465 0.029846 0.032386 0.206897 
0.211986 0.170397 0.047887 0.210433 0.035054-0.102432 0.109534-0.000009 

-0.028794-0.046718 0.025702 0.124573 0.093290-0.097214-0.403235 0.061484 
-0.044552-0.143867-0.014249-0.097686-0.096547 0.091073-0.001185-0.157862 
-0.037865 0.214765 0.166245 0.146452 0.036295-0.245892-0.258110-0.054909 
0.003324 0.056747 0.189689-0.150132 0.046005 0.010882-0.099308-0.031186 

-0.247487 0.063264 0.129154-0.020554-0.053686-0.035271 0.043872-0.276713 
-0.170164 0.011672-0.023787-0.257310-0.266482 0.073339 0.127175-0.114346 
0.405984 0.640370 0.132005 0.061997 0.275799-0.104608-0.161925 0.138763 
0.018308 0.242389-0.155903-0.268668-0.227346 0.028351 0.074741-0.200678 
0.244093 0.070530 0.132280 0.441767-0.083260 0.154131-0.002624 0.044684 
0.141755-0.069739-0.244723 0.247716-0.122376 0.169429 0.076418-0.099059 
0.110489-0.178569 0.196096-0.039291-0.022326 0.089201-0.214248-0.076867 
-0.106401-0.037701-0.337731-0.143806 0.156840 0.227801-0.064086 0.057921 
-0.116751-0.065712 0.152189 0.076345-0.210370-0.008124 0.164980-0.208565 
0.319630 0.036533-0.534386-0.055838-0.071579-0.039580 0.035941 0.322050 
0.241665 0.317657 0.041827-0.373256-0.138117-0.275448 0.243620 0.112088 

-0.086278 0.162263 0.124494-0.043534-0.081518-0.Q16313-0.128263-0.435084 
-0.227109-0.029507 0.606858 0.335554-0.572147-0.220885-0.282923-0.150822 
-0.1829910.210498-0.0254570.248134 0.270411-0.047431-0.000596-0.296104 
0.259254-0.031848-0.098630 0.221225-0.138866 0.100383-0.299037 0.144975 
-0.014837-0.365732 0.292578-0.242619-0.115074-0.232651-0.062400-0.264966 
0.263454 0.286627-0.130869-0.256768 0.430172 0.063992 0.061339 0.038817 
-0.057809-0.386660-0.160415 0.301478-0.459285 0.168607 0.381887 0.171242 
0.460192 0.219135-0.135966-0.305338 0.196363 0.371560 0.311075 0.432634 
0.671793 0.230897 0.003888-0.501883-0.685153-0.177320-0.136678 0.257362 

-0.251866-0.015841 0.734878 0.084940-0.631726-0.118065 0.070188-0.010728 
-0.043165 0.016503 0.337090 0.011677 0.035028-0.021320-0.173948 0.063953 
-0.057864 0.356524-0.041910-0.370414 0.074264 0.069478 0.356224 0.046085 
0.301112 0.083577-0.535636-0.102784-0.296247-0.338909 0.306846-0.000028 
-0.108369-0.026180 0.170159-0.276066 0.237365-0.413168-0.511633 0.538050 
0.196498 0.029560-0.139725 0.099111-0.216492 0.040789-0.252245-0.456994 
-0.190024-0.021700-0.017586 0.253989-0.388061 0.203280 0.168471-0.186309 
0.086598 0.043381 0.496577-0.285818 0.023141 0.099463-0.543063 0.081770 
0.374241 0.026021-0.099550 0.206674 0.092590 0.066501-0.036392-0.323960 
0.012089-0.244480 0.061242 0.102714 0.019520 0.176102 0.058016 0.148852 
0.263120-0.202246 0.458053-0.106327 0.193507-0.026508-0.112944-0.483105 
-0.125958-0.309480 0.320093-0.058466 0.100379-0.353369 0.396738 0.020817 
0.178458-0.429464-0.010438 0.343936-0.304491-0.104132 0.002041-0.070734 
0.323440-0.580260-0.268409 0.376745 0.754728 0.200709 0.338796-0.039039 
-0.300664 0.044029 0.172046-0.153975-0.205305-0.201357 0.357027 0.035144 
-0.065483 0.114270-0.266152-0.148422 0.068961 0.101378-0.583383-0.149276 
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0.685469-0.211030 0.117615 0.243242-0.192865-0.145994-0.677240-0.538437 
-0.073425 0.331084-0.093843-0.015614 0.287046 0.012987 0.254351-0.105377 
-0.160281 0.032922 0.565473 0.198606-0.039127 0.150609-0.250015-0.222591 
-0.496892-0.1081810.157433-0.1456330.096799-0.357467 0.221551 0.740900 
-0.108194-0.242781 0.003366 0.163993-0.109375 0.176393 0.441561 0.004938 
-0.010499-0.605221 0.003992-0.025248 0.106673 0.549024 0.158879-0.441325 
-0.243483 0.256016 0.105278-0.384336 0.068685-0.218079-0.123757-0.530668 
0.300394 0.226792-0.171338 0.238330 0.063567 0.090491-0.274998 0.062332 

-0.250095 0.164072 0.008010 0.132072-0.401427 0.032593 0.387659 0.351926 
-0.184043 0.253114-0.091036 0.302967 0.114881-0.383489-0.203501-0.166793 
0.130538 0.287226 0.010331 0.234787-0.105301 0.163013 0.214596-0.611855 
-0.200879-0.074848-0.291657 0.503612-0.063933 0.084817 0.170805 0.414674 
0.151423-0.039119-0.416117 0.174386 0.440019-0.017100-0.311488 0.109962 
0.075955-0.123384-0.082001 0.070698 0.181671-0.248569 0.292899 0.034235 
-0.425899 0.051977-0.138244-0.071240-0.004448 0.175111 0.162217-0.309199 
-0.060538-0.232143-0.139128 0.566229 0.333770-0.066465 0.573636-0.388410 
-0.155087-0.145104-0.23717 4 0.093287 0.369065 0.159069 0.276833 0.046172 
-0.376488-0.192785 0.116839-0.047054-0.119157-0.257001 0.267238 0.379138 
0.381733 0.307377 0.114694 0.021237-0.111496-0.230213 0.219026-0.047544 
-0.376256-0.246394-0.323063 0.108445 0.269744-0.344079-0.261517 0.299351 
-0.155470 0.046544 0.164432 0.029353 0.091897 0.033988-0.172864-0.077830 
0.064721 0.136510-0.268276-0.319360 0.350929-0.304453 0.546803-0.268302 
0.323840-0.043768-0.184971-0.090802 0.105892-0.273739-0.021810 0.090217 
0.048056-0.048288-0.370834 0.263242-0.229004-0.121328-0.116256-0.083571 

-0.237193-0.193124 0.573273 0.054109-0.137152 0.304887-0.048938 0.013698 
0.066952 0.252689 0.029827-0.109273 0.410933-0.140301 0.022772 0.032292 
0.006388-0.012804 0.222741 0.209555-0.374145-0.239717 0.002656-0.117605 
0.141498 0.259617-0.097186 0.185629-0.319640-0.106818 0.530937-0.029569 
0.178472-0.076456 0.052661-0.140197-0.016371 0.023729-0.122808 0.137891 

-0.204316-0.075565-0.253149 0.238515-0.177632-0.320022-0.0177 43-0.004802 
-0.135466 0.119518 0.335358-0.098098-0.144135-0.043896 0.326562 0.100749 
0.239620-0.166475-0.077362-0.228088-0.310545-0.072725 0.027412 0.283997 

-0.203505-0.001278-0.106805 0.122055 0.083174-0.168648-0.097350 0.141751 
0.276415-0.017750 0.269013 0.158739-0.483611 0.126758 0.061719-0.218836 
-0.286476-0.313158-0.046777 0.154092-0.020396-0.013660-0.081261-0.046376 
-0.003614 0.085225 0.112335-0.115323 0.261716 0.023440-0.245092-0.094334 
0.100158 0.183612-0.170767 0.392794 0.193642-0.390324-0.076836-0.229621 

-0.161078 0.097635 0.322610-0.204892-0.073094 0.107309-0.221321-0.122351 
-0.005452 0.130920 0.275685 0.119984 0.132629-0.241377 0.120620 0.264966 
0.063626 0.120024-0.072617 0.105274-0.188529-0.178280 0.015936-0.199552 
-0.149867-0.008304 0.261453 0.059241-0.112231-0.036482 0.130975 0.076674 
-0.121789-0.237599-0.009680-0.091172 0.331924-0.032261-0.127926 0.096327 
0.035639 0.268755 0.206221 0.153804-0.118157 0.152860-0.114153-0.084611 
-0.055015 0.046761 0.043069 0.199636-0.070599-0.122346-0.145525-0.085574 
-0.064257-0.194972-0.088626-0.057927 0.133392 0.114741 0.124358 0.123907 
-0.288172-0.054795 0.183758 0.058183 0.240288-0.122846-0.139001 0.133351 
0.153357 0.146434-0.167993-0.131588 0.053193-0.025204 0.133888-0.028378 
-0.091828-0.014068-0.077495 0.065360 0.305584 0.237422-0.222630-0.034447 
0.045478-0.250384-0.365509-0.001341 0.019045 0.250005 0.219116-0.166278 
0.143865 0.055411-0.021176 0.031043-0.046761-0.153498-0.022679-0.031297 
-0.049408 0.086761 0.048483 0.017765 0.022347-0.023703-0.129981 0.052750 
-0.176301 0.035575 0.203632 0.002184 0.069024-0.004336 0.087152-0.029468 
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-0.064001-0.000024 0.081938-0.165662-0.019199-0.057563-0.091429-0.069292 
· ( - -0.244168-0.109512 0.090695 0.019048 0.085624 0.048108 0.140520 0.054041 
' 0.086612 0.046383-0.080017-0.205732 0.058671-0.026540-0.078907-0.029946 

0.239534 0.107762-0.114942-0.135160 0.090514-0.162252-0.054304 0.034827 
0.122016-0.041037 0.167309 0.063688-0.157195 0.061908-0.028471-0.309150 
-0.137481-0.007140 0.037827 0.035380 0.074337-0.066859-0.057270 0.269697 
0.111772 0.121599 0.122932 0.114241-0.050156-0.015888-0.116224-0.092143 
-0.208739-0.120273 0.075346-0.086129 0.096502 0.004371-0.115730 0.196682 
-0.027725-0.007483 0.004347-0.002961 0.087304-0.086503 0.008822 0.042294 
0.162696-0.016558-0.106458-0.178606-0.082164 0.162452-0.029224 0.023172 

-0.022315-0.048391 0.086678-0.008733-0.178828-0.07 4081 -0.002230-0.043287 
-0.037754 0.037997 0.253756 0.061783 0.051132 0.066094-0.242644 0.052460 
0.039929-0.066230 0.130801 0.113949 0.059822-0.161445 0.076966-0.043616 
0.015014 0.129015-0.049686 0.047778-0.118212-0.060856-0.007676-0.089177 

-0.057775-0.083041-0.010576-0.068119 0.113782 0.010426 0.090651 0.019071 
-0.045975 0.032262 0.005906-0.074652-0.041493-0.002789-0.076417 0.058581 
0.098550 0.044660 0.045942-0.030164-0.035999-0.011212 0.021782-0.011505 
-0.033479 0.070828 0.097073-0.037969-0.077446-0.014046 0.001058-0.104363 
0.026697-0.014761-0.177569 0.061078 0.191249 0.062852-0.027733 0.106321 
0.100434-0.097239 0.030414-0.051868-0.008917-0.067481 0.011198-0.040649 
-0.044974 0.002908-0.118919-0.117096 0.111551 0.095773-0.018677 0.113412 
0.010874-0.075618-0.165523-0.063411 0.058986 0.150283-0.044177-0.018550 
0.083792 0.080537-0.093548 0.141567 0.052406-0.051514 0.011969 0.020622 
0.078921-0.086390-0.219537 0.060282 0.101826 0.079112 0.026044 0.044760 
0.014026-0.143881-0.059137 0.027871 0.071247-0.048214-0.062922 0.103715 
0.016729-0.011600 0.004517 0.087560-0.073649 0.055858 0.037193-0.165392 
0.044607-0.063430-0.052631 0.022846-0.089969 0.111036 0.118120-0.071393 
-0.076398 0.008119 0.079931-0.020912-0.136523-0.002274-0.031601 0.123477 
0.169534-0.076475 0.096925-0.089791-0.074190 0.055220-0.020739 0.045179 

-0.041356-0.004006 0.006494 0.083549-0.071501-0.073973 0.056442 0.161473 
0.046457-0.138618 0.041612 0.043675 0.081059 0.113264-0.120474-0.127893 

-0.005636-0.075069-0.144545 0.003639-0.025130-0.080362-0.061522-0.109274 
0.051397 0.040767-0.005957 0.048485 0.046853-0.004934-0.046405 0.043569 

-0.003636 0.032068-0.024211-0.049436 0.027366 0.061880 0.031216 0.038850 
-0.046982 0.035059-0.007211-0.032603 0.123593-0.008158 0.014220 0.078333 
0.017798-0.106699-0.132351-0.054114 0.031968 0.051028 0.061401 0.047492 
0.081194 0.064251-0.047219 0.085906-0.017583-0.052944-0.061432 0.047945 
0.043783-0.089994 0.033448 0.012962-0.103010-0.000720 0.002859 0.044689 
0.094368 0.001698 0.052421-0.056295-0.045246-0.014811-0.029559-0.045795 
0.001942 0.045592 0.034324-0.001346 0.057729-0.067094-0.045944 0.021228 
0.089559 0.100616 0.070413 0.024268-0.026269-0.038273-0.094390 0.079608 

-0.068236-0.089592 0.043225-0.015859 0.071341 0.011529-0.135114-0.066970 
-0.042329 0.044125 0.024502 0.003817-0.023075 0.053468-0.016184-0.035450 
-0.021471-0.035293 0.026293 0.003684-0.124714 0.079408 0.076010-0.014564 
-0.007674 0.029585-0.047881 0.018300-0.022314 0.030943-0.054654-0.116507 
0.024177 0.000235 0.010117 0.006591-0.017839-0.020823 0.010921-0.040599 
0.070903 0.005977-0.043527 0.018460 0.054316-0.017907 0.005602-0.014664 
-0.041603-0.033810-0.023065 0.034744 0.083212 0.046348-0.052468 0.032106 
-0.011815 0.012993-0.010474 0.009580 0.033060-0.018206 0.035816-0.027245 
-0.033500 0.022692 0.020952 0.002295 0.044698 0.041542 0.026526-0.055481 
-0.042234 0.017543 0.030483 0.024208-0.008162-0.008455 0.043880-0.049104 
-0.032779 0.070481 0.015287 0.029919 0.027658-0.019573 0.081485 0.050808 
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0.007672 0.006209-0.038298-0.021678-0.012219-0.011174-0.051150 0.034874 
0.015188 0.006953 0.000085-0.042438 0.002288-0.018288-0.047803 0.001609 

-0.052439-0.038716 0.052018-0.066631 0.015359 0.040851 0.022926 0.062497 
0.024197 0.037582-0.030877 0.006645-0.017166-0.014794 0.033623 0.065456 
0.016174 0.011779 0.024545-0.065563-0.076223-0.022604 0.009095 0.015540 
0.013116-0.025617 0.012857 0.037172 0.023632-0.037021-0.052897 0.026979 

-0.033945-0.009811-0.021530-0.027149-0.004719 0.024001 0.049955-0.070790 
0.017673 0.015621 0.016223-0.023783 0.028373-0.052223 0.009646 0.027781 

-0.026973 0.023148-0.024897 0.023462 0.014909 0.000485-0.002731-0.015066 
-0.039890-0.034337-0.041208-0.000228-0.004404 0.003908 0.01 9733-0.020047 
0.012527 0.022874 0.017315 0.000035-0.064973 0.063606 0.023964 0.013837 
0.010606 0.011292 0.007718-0.008540 0.002866 0.013129-0.011593-0.013567 

-0.004866 0.017564 0.001776-0.025652 0.016850 0.056096-0.040064-0.006821 
0.031833-0.013132-0.028513-0.012856-0.003854-0.005569-0.012635 0.014215 

-0.049148-0.008695-0.017996 0.047469-0.040458 0.047150-0.024034 0.038344 
0.074377-0.000774 0.040977 0.054223 0.017359 0.035276-0.053868-0.033076 
0.005858-0.006767 0.031820-0.038699-0.038719-0.010552 0.030464-0.018911 

-0.050174-0.038506 0.019019 0.044021 0.020530 0.011395 0.069530-0.001479 
-0.031426-0.043823-0.028721-0.019559-0.022400 0.038888-0.015240 0.019523 
0.001946-0.010813-0.011389 0.067978 0.021133-0.008938-0.024556 0.015684 
0.000282 0.000221-0.033867-0.000488-0.004942-0.004253-0.023565-0.026645 
0.001139 0.017176 0.023245 0.022733 0.000753-0.026377-0.005384 0.012133 
0.024883-0.016452 0.015793-0.023063 0.012618 0.006236 0.043449 0.016783 
0.007019 0.022355 0.007615 0.015399-0.016707-0.030212 0.000572-0.000320 

-0.047722-0.007701 0.006171-0.007198 0.006345-0.004411 0.011764 0.014439 
-0.003066 0.016473-0.011383-0.013875 0.000318-0.006902 0.029794 0.000086 
-0.000469 0.012116 0.002150 0.003142 0.025219-0.017635 0.008311-0.029692 
-0.027886-0.013337 0.031901 0.017528-0.010784-0.002187-0.034130 0.019444 
-0.007139 0.019247-0.022390-0.013764 0.026973-0.012387 0.006182 0.007768 
0.000825 0.007082 0.005148 0.014365 0.014794 0.007815-0.002904 0.025939 

-0.007026 0.003012-0.003204 0.015789 0.000781-0.013622-0.020423-0.042738 
0.007556 0.037054-0.011896 0.001675 0.008218-0.015422-0.016884 0.026030 

-0.010977-0.001607 0.019179 0.028100-0.010715-0.001379-0.013703 0.001311 
0.008498 0.015650-0.024573-0.023623-0.021508-0.036828-0.007837-0.0067 48 
0.006342-0.003384 0.023389 0.002965 0.017922 0.008084-0.001579-0.029610 
0.011519 0.016799-0.010621-0.009714-0.011721 0.002965-0.003864 0.013500 
0.024686-0.020447 0.016140-0.032257 0.020043-0.009546-0.022193-0.005545 
0.010665 0.008010 0.017728 0.023383 0.016371 0.012919 0.008920-0.008850 

-0.002418 0.007111-0.011742-0.018497 0.006522-0.014147-0.016756 0.006565 
0.035915-0.005583-0.024655 0.015403.0.000119-0.022172 0.010693-0.009684 
0.003227 0.005789 0.002165-0.015937 0.000798-0.017994 0.005653 0.014819 

-0.006802-0.004632 0.017254 0.006003-0.008701-0.016051-0.023369 0.008426 
0.015930-0.008184-0.015554 0.006559 0.000774-0.015916-0.015953 0.001811 
0.013290 0.006695 0.000159-0.011588-0.004224 0.006419-0.010597 0.009196 
0.013392-0.011252-0.014619 0.013189 0.015944-0.011564 0.034468-0.001018 
-0.000267 0.002511-0.004109-0.023863 0.010442-0.015514-0.026146 0.005529 
-0.001557 0.022553 0.018893-0.011038 0.014840-0.012303 0.001599-0.002149 
0.004270-0.004886-0.004225-0.010070 0.001 615-0.008957-0.004379 0.029827 
0.007814 0.016024-0.008860-0.007587-0.000662-0.022433 0.020485 0.008234 
0.016557 0.024281-0.010661-0.000473 0.011665-0.005294 0.014923-0.030469 
0.013656 0.018065 0.018367-0.002184-0.010631 0.017241-0.015050-0.012223 
-0.017066 0.007799 0.008887 0.001608 0.003058-0.016897-0.001181-0.003025 
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-0.024502-0.000071-0.004435-0.000695-0.003783 0.010909-0.028134 0.001297 
-0.007284-0.009546-0.002489 0.009432 0.007534 0.006539 0.018940 0.001411 
0.009569 0.007978-0.006235-0.007970 0.008700 0.017323-0.009067 0.004550 
0.003073-0.001114 0.009463 0.004282 0.017702 0.018163-0.002381-0.020561 

-0.003141-0.005822-0.021513-0.013418 0.001359 0.006278 0.007604-0.002853 
-0.005227 0.006532 0.011205-0.018540 0.002483-0.015565-0.004317 0.004739 
0.006876-0.001752-0.014933-0.004546-0.000944 0.006442 0.006347-0.000682 
0.000712-0.003329 0.012429 0.012911 0.004553-0.007662-0.008411-0.007380 
0.002576 0.003822 0.007607 0.004744 0.005038-0.009644-0.000543 0.000389 
0.000340-0. 003648-0. 008713-0.006638 0 .005338-0.000539-0.01324 7 -0.000035 
0.006384 0.015215 0.006904-0.009851-0.012114-0.002119-0.000091-0.004773 
-0.005048-0.002296 0.015675 0.008109-0.002981 0.003532-0.007697-0.011429 
-0.008785-0.001848-0.002758-0.014231-0.001461 0.016003-0.000246 0.007290 
0.006860-0.002281-0.002925-0.005209 0.007809 0.001161 0.004065 0.007560 
-0.009431 0.003571 0.001009 0.004367-0.000830-0.007791-0.009076 0.009401 
-0.001227-0.015554-0.000727 0.008862 0.003801 0.001436 0.001914 0.006674 
0.001926 0.003234-0.006627-0.006904-0.004508 0.008521-0.004496 0.001199 
-0.008529-0.000075 0.001773 0.002481-0.001504 0.007016-0.001445 0.000281 
0.011347-0.002228 0.013382-0.002378-0.008262-0.000907-0.014342 0.006497 
0.009052 0.011545-0.005575-0.015819 0.003355 0.008120 0.000606 0.001386 

-0.000865 0.001737-0.000352-0.002112-0.006799-0.003829-0.000841-0.005972 
0.001842-0.004578 0.004437 0.010186-0.008102-0.004001 0.009114 0.000237 

-0.000431 0.008020-0.001849-0.003259-0.002031 0.004416 0.001934-0.012849 
-0.006934-0.005377 0.001577 0.009679 0.012382 0.004608-0.010606-0.002825 
-0.006744-0.008960 0.008864 0.003881 0.004871 0.001398 0.006376-0.001009 
0.002516 0.010162-0.000265-0.013442 0.004435-0.002113-0.001401 0.000078 

-0.003708 0.003368 0.002268 0.000318 0.005672 0.007153 0.002170-0.006407 
-0.001289-0.006926-0.002137 0.001290-0.004048-0.007971-0.005934 0.004775 
-0.001841 0.003904-0.009695-0.009510 0.002285 0.014842 0.003658-0.003342 
0.005474 0.008246-0.001085-0.003992-0.002503 0.005598 0.009946-0.003206 
0.001575-0.004971-0.001531 0.002232-0.003704 0.002782-0.003472 0.006423 
0.004010 0.000957-0.007464-0.003828-0.001641 0.005381 0.002479-0.005959 

-0.002557-0.002220 0.008845-0.000734 0.005575 0.004788 0.003791-0.005554 
-0.001543-0.003935 0.000911-0.003476-0.004685-0.000395 0.002369-0.002062 
-0.003098-0.003722-0.005223-0.002157 0.000627-0.003114 0.004296 0.002534 
0.0044010.0014730.002363 0.002692 0.008418-0.003203-0.002071 0.006372 

-0.004415-0.003026-0.005191-0.006119-0.006792 0.000219 0.002946 0.003212 
-0.000661 -0.004754-0.003755 0.007060-0.002629 0.000366 0.003606-0.003701 
0.000401-0.001850 0.012459 0.001324-0.003686-0.003636 0.000506-0.000920 
-0.001828-0.003855 0.005279-0.002361-0.001973 0.003619 0.004687 0.002420 
-0.008069-0.001418 0.003390 0.001343-0.004059-0.000312-0.002206-0.000703 
-0.002991 0.000574 0.006201 0.004814 0.003050 0.001838-0.000754 0.006361 
-0.005270-0.000865-0.003833-0.000461 0.003656-0.001196 0.001707-0.004323 
-0.000767 0.004930-0.006027 0.006176 0.001746-0.001904-0.000290-0.001647 
-0.008249-0.002464 0.000892 0.002360 0.006142 0.000579 0.001654-0.002668 
-0.003926-0.002313 0.003210-0.007720-0.000305 0.005161-0.000996 0.006482 
0.006325-0.001066-0.006072-0.003934-0.001327 0.000685-0.001469 0.002320 
0.003818-0.001052 0.004132 0.002566 0.001849 0.000146-0.000556-0.000126 
-0.001706 0.003271-0.003091-0.006357-0.002016-0.000979-0.001317 0.000427 
0.000682 0.000373-0.002509-0.004394-0.000573 0.001576-0.000529 0.000165 
0.001390 0.001787-0.003898-0.000384-0.000482-0.004073 0.005360 0.002296 
-0.001333-0.000022-0.003902 0.005722 0.005351 0.002169 0.001104 0.000909 
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0.004080 0.002790-0.001372-0.005788-0.004791-0.003050 0.000585 0.000298 
-0.000520 0.001125 0.000883-0.000501-0.000307-0.000456-0.003304-0.003130 
0.001456 0.001419 0.0031410.0032100.003246 0.004668-0.001826 0.000380 
0.001973 0.002101-0.003335-0.004422-0.002062-0.000377 0.003210-0.000733 
-0.003978-0.001213 0.001573-0.000806-0.003831 0.000734 0.000670-0.003738 
-0.001423-0.000144 0.002397 0.000922 0.002835 0.000579-0.000137 0.002771 
0.000121-0.001589-0.001496 0.001847 0.004735 0.000602 0.000337-0.000718 
-0 .000307 -0.000040-0.000575 0.004603-0.002259-0.004092-0.000964-0.003834 
-0.000048-0.001465 0.004289 0.004411 0.000895-0.002845-0.000651 0.002686 
-0.001665-0.000592-0.001998-0.002260-0.000925-0.000506-0.001156 0.003479 
0.001762-0.000864-0.002445-0.000539-0.000829-0.004551-0.000985-0.000911 
-0.001419 0.002474 0.000858 0.000763 0.001487-0.000066 0.003487 0.002357 
0.000144 0.000268 0.002246-0.000968 0.001116-0.000171-0.001614 0.003669 
0.001642-0.000079-0.000217-0.003892 0.000247-0.002181-0.000950-0.001995 
-0.002352-0.000304-0.000143 0.000025-0.000176 0.002261 0.000797 0.000810 
0.004131 0.000782-0.001213 0.002392-0.001720-0.001972 0.003101-0.000907 
-0.000305-0.000794-0.001944 0.000216-0.001370-0.001230 0.000809-0.001181 
-0.001430-0.000398 0.003877-0.001132 0.002587 0.001117-0.001234-0.001282 
-0.000391 0.000132-0.000203 0.000853-0.001883 0.000185-0.000774-0.001083 
-0.000701-0.000590 0.000571-0.000643-0.000127-0.001190 0.003372 0.002297 
-0.000638 0.001529 0.000184 0.000547 0.000234-0.001220-0.000357-0.002945 
-0.000378-0.000219-0.001225-0.000736-0.001270 0.000231 0.001973 0.002433 
0.000605 0.001441 0.000579 0.000890-0.000688-0.000527-0.000766-0.001449 
-0.001520 0.001044 0.000625-0.000278-0.001018-0.000725-0.000642-0.000352 
0.001472 0.002099 0.000037 0.000582 0.000688-0.000397-0.000052 0.000260 

-0.002006-0.000960 0.000209-0.001711-0.000244 0.000271-0.001945 0.001120 
-0.000135-0.002170-0.001575 0.000492 0.002442 0.001222-0.000458-0.000639 
0.001330-0.001042 0.000705-0.000021 0.000179 0.000465-0.000736-0.001551 
-0.002181-0.000080 0.001297 0.000641 0.000857 0.000520 0.002208-0.000206 
0.002596-0.000251 0.000561-0.000580 0.000330-0.001261-0.000160 0.000889 
0.000804 0.001821-0.001295 0.000052-0.000088 0.000734 0.001668-0.000857 
-0.000126-0.003714-0.000005 0.000187-0.001205-0.000944 0.002698 0.000235 
-0.000055 0.000167 0.001362-0.002262-0.001081-0.000916 0.001675 0.001061 
0.000138 0.001358 0.000224-0.000821-0.001269-0.001115 0.000165 0.000542 
0.000703-0.001 892 0.002088-0.000511-0.000578-0.001322 0.000112-0.000588 
0.000203 0.001885-0.000221-0.000406-0.000238-0.002520 0.000390 0.000385 

-0.001087-0.001656 0.002710 0.001554-0.000907 0.001191 0.001088 0.001119 
-0.000113-0.001264 0.000226-0.000069-0.000148-0.001468-0.000209-0.000255 
-0.000187 0.000499 0.000161 0.000157-0.001274-0.000284 0.000720 0.000659 
0.001409 0.001307-0.000520-0.000165 0.001803-0.000170-0.000225 0.000012 
-0.000739-0.000284 0.001106 0.000525-0.000355-0.000363-0.000255-0.001894 
-0.000095 0.000088-0.000525-0.000117 0.000026 0.000763-0.000101 0.000495 
0.000469-0.000403 0.000354 0.000069-0.001722-0.000759 0.001593 0.001422 
-0.001592-0.000677 0.000511-0.001400-0.001757 0.001033 0.000129 0.000878 
0.000275-0.000786-0.000789-0.000007 0.000966 0.001634 0.001170 0.000789 
-0.000477 0.000848 0.000913-0.001643-0.000585-0.000771-0.000217-0.000673 
-0.000959 0.000819-0.000078-0.000873 0.000109-0.001224 0.000274 0.001318 
-0.000223-0.001620 0.000358 0.000957 0.001082-0.000787 0.002198 0.001092 
-0.001245-0.000540 0.000923-0.000150-0.001298-0.000570 0.001233-0.000260 
0.001186-0.000784-0.001607-0.001012-0.000017 0.000159 0.000351 0.000928 
-0.000260-0.000293-0.000290 0.000877 0.000583 0.000277-0.000584 0.000454 
-0.001568-0.001583-0.001009 0.001211 0.000293 0.000471 0.001272 0.000403 
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-0.000301-0.001368 0.000026 0.001740 0.000280-0.000374 0.000306-0.000127 
-0.000693 0.000809 0.000101-0.000015 0.000221-0.001340-0.000179 0.000310 
-0.000383 0.000191 0.000083-0.000399-0.000399 0.000235 0.000261-0.000085 
0.000551-0.000481 0.001231-0.000362 0.000121-0.000280-0.000386-0.000238 
0.001073 0.000998 0.000107-0.000236 0.000294 0.000163-0.001439-0.000581 

-0.000471 0.000445 0.000345-0.000220 0.001005-0.000297 0.000138 0.000399 
0.000239-0.000272 0.000305 0.000478 0.000204 0.000387-0.000653-0.000829 

-0.000102 0.000363-0.001248 0.000095-0.000036 0.000556-0.000387 0.000242 
0.000074-0.000199 0.000546 0.000136 0.000391-0.000048-0.001355-0.001016 

-0.000857 0.000086-0.000137-0.000071 0.001116 0.000231-0.000057-0.000023 
-0.000652-0.000790-0.000651-0.000493 0.001164-0.000166 0.000387 0.001166 
0.000151 0.000414 0.000006 0.000634 0.000112-0.000053-0.000515 0.000100 
-0.000176 0.000473 0.000064-0.000223-0.000256 0.0001710.0009230.000111 
-0.000271-0.000110 0.000144-0.000699-0.000140 0.000060 0.000331 0.000290 
0.000111 0.000155-0.001261-0.000245-0.000235 0.000032 0.000437 0.000045 
0.000630 0.000227-0.000375-0.000711 0.000164-0.000194 0.000289-0.000246 
0.000165-0.000626 0.000483 0.000501-0.000209-0.000127-0.000027 0.000180 
-0.000427-0.000089 0.000015 0.000207 0.000153-0.000166-0.000156 0.000514 
0.000445-0.000358-0.000063 0.000115 0.000145-0.000164-0.000352 0.000439 
-0.000013-0.000147-0.000019-0.000139 0.000765-0.000090-0.000807 0.000058 
0.000009 0.000391 0.000523-0.000262 0.000414-0.000358-0.000005-0.000288 
-0.000110-0.000378-0.000188-0.000148-0.000014-0.000408 0.000258-0.000132 
-0.000034 0.000326 0.000227 0.000152 0.000087 0.000190 0.000249 0.000261 
-0.000260-0.000011 0.000063 0.000353-0.000510 0.000132-0.000205 0.000190 
-0.000073 0.000401 0.000445-0.000095-0.000127 0.000133-0.000531 0.000137 
-0.000599 0.000187 0.000296-0.000841-0.000706-0.000183-0.000219-0.000803 
-0.000068 0.000431-0.000259-0.000011 0.000616 0.000439-0.000397 0.000101 
0.000298 0.000091 0.000369-0.000128 0.000021 0.000503 0.000002-0.000328 
-0.000443 0.000375 0.000163-0.000420 0.000132 0.000865 0.000285-0.000003 
-0.000080-0.000366-0.000202 0.000268 0.000116-0.000153 0.000240 0.000359 
-0.000098-0.000291-0.000182-0.000427-0.000124-0.000249 0.000220-0.000411 
-0.000117 0.000110-0.000429-0.000136-0.000036-0.000305-0.000113 0.000248 
0.000186 0.000428 0.000058-0.000009-0.000046 0.000205-0.000083 0.000288 
0 .000263-0. 000348-0 .000004 0. 000440-0.000177 -0 .000367 0. 00004 7 -0. 000404 
-0.000141-0.000224 0.000358 0.000015 0.000094 0.000117 0.000150 0.000001 
0.000274-0.000285 0.000385 0.000021-0.000077-0.000042 0.000033 0.000277 
-0.000097-0.000185 0.000039 0.000367 0.000209-0.000284 0.000052-0.000022 
-0.000201 0.000118-0.000057-0.000107 0.000083 0.000208-0.000099-0.000191 
0.000104-0.000037-0.000275-0.000200 0.000263-0.000064-0.000033 0.000318 
-0.000125 0.000116-0.000271-0.000163 0.000096 0.000060 0.000052 0.000014 
-0.000097-0.000242-0.000162 0.000239 0.000238-0.000247-0.000034 0.000259 
0.000090-0.000048-0.000398-0.000020 0.000133 0.000082-0.000129-0.000331 
0.000118 0.000099 0.000255 0.000397 0.000087 0.000268 0.000065 0.000033 
0.000027 0.000140-0.000080 0.000155 0.000165-0.000336-0.000054-0.000211 
0.000108-0.000085 0.000065-0.000378 0.000033 0.000072 0.000005-0.000358 
-0.000006-0.000119-0.000050-0.000235-0.000046 0.000023 0.000282 0.000310 
0.000121 0.000151-0.000099-0.000156-0.000348-0.000148-0.000176 0.000188 
-0.000021-0.000097-0.000225 0.000101 0.000232-0.000131-0.000025 0.000053 
0.000136-0.000078 0.000212 0.000309 0.000105 0.000075-0.000055 0.000028 
-0.000261 0.000236-0.000292-0.000009-0.000072-0.000096 0.000067-0.000055 
-0.000089 0.000333 0.000234 0.000186 0.000033-0.000053 0.000153 0.000211 
-0.000170-0.000122-0. 000237 -0 .000222-0. 000057 0. 000359 0 .000243 0 .000027 
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0.000007-0.000232-0.000098-0.000009-0.000056-0.000049-0.000042 0.000019 
-0.000060-0.000055 0.000060-0.000113-0.000036-0.000080 0.000100 0.000003 
-0.000009-0.000159 0.000149 0.000095 0.000003 0.000152 0.000129-0.000060 
-0.000165-0.000065 0.000218 0.000373-0.000157 0.000001-0.000066-0.000008 
0.000130 0.000114-0.000261-0.000090-0.000029-0.000159 0.000183 0.000250 

-0.000144 0.000023-0.000161 0.000016-0.000013-0.000066 0.000202-0.000215 
-0.000080-0.000064 0.000184 0.000262 0.000034-0.000350 0.000089-0.000017 
-0.000097-0.000103-0.000050-0.000090-0.000067-0.000118 0.000072-0.000018 
-0.000229 0.000146 0.000245-0.000054 0.000061 0.000154 0.000071-0.000248 
-0.000047 0.000130 0.000028 0.000106-0.000251-0.000196-0.000222 0.000005 
0.000208 0.000115-0.000148 0.000032 0.000169-0.000112-0.000035 0.000082 

-0.000299 0.000008-0.000006 0.000042 0.000073 0.000187-0.000017 0.000034 
0.000054 0.000006 0.000181-0.000080 0.000021-0.000055 0.000230 0.000083 

-0.000095 0.000237 0.000007-0.000127-0.0001 00 0.000092-0.000111-0.000043 
0.000020-0.000111-0.000051 0.000007 0.000099 0.000006 0.000157-0.000059 

-0.000141 0.000041 0.000084-0.000015-0.000165-0.000104 0.000010 0.000163 
0.000015 0.000014-0.000148-0.000062-0.000173 0.000003 0.000242-0.000020 

-0.000074 0.000007-0.000126-0.000103 0.000006-0.000104-0.000002 0.000009 
0.000044 0.000002 0.000017-0.000049 0.000129 0.000149-0.000026-0.000041 

-0.000046-0.000094 0.000032 0.000058 0.000010 0.000119 0.000117 0.000042 
0.000081 0.000184 0.000072 0.000039-0.000103-0.000128-0.000017-0.000131 

-0. 000008-0.000008 0. 000064 0.000105-0.000050-0.000001-0 .000040-0.000058 
0.000142-0.000121 0.000026 0.000003-0.000009-0.000084-0.000080 0.000023 
0.000025-0.000025-0.000045-0.000017 0.000027 0.000015 0.000061 0.000024 

-0.000055-0.000121 0.000006 0.000108 0.000000-0.000012 0.000123 0.000068 
0.000059-0.000078-0.000101-0.000175-0.000102 0.000102-0.000051 0.000013 

-0.000093 0.000095 0.000016 0.000005 0.000013-0.000035-0.000088 0.000048 
0.000043-0.000060 0.000103-0.000009 0.000033-0.000002 0.000060-0.000030 
0.000063 0.000017 0.000128-0.000033-0.000087-0.000158-0.000013-0.000005 

-0.000007-0.000046-0.000109-0.000110 0.000012 0.000032 0.000013 0.000010 
-0.000031 0.000022-0.000025 0.000156 0.000037-0.000087 0.000018 0.000064 
-0.000016 0.000124-0.000051 0.000064 0.000025-0.000092-0.000006-0.000026 
0.000053 0.000003-0.000070 0.000033-0.000046-0.000029 0.000023 0.000064 
0.000078 0.000038 0.000077 0.000066-0.000147 0.000039 0.000046-0.000028 

-0.000116 0.000025 0.000054-0.000047-0.000032 0.000064-0.000087 0.000051 
0.000075-0.000075-0.000026-0.000009 0.000038-0.000005 0.000018-0.000011 
0.000002 0.000073-0.000043-0.000084 0.000019-0.000064 0.000039 0.000087 

-0.000051-0.000111-0.000003 0.000007 0.000010-0.000046-0.000011-0.000028 
-0.000057 0.000019 0.000000-0.000068-0.000075 0.000071 0.000014-0.000012 
0.000021 0.000002 0.000019 0.000135-0.000013-0.000046 0.000072 0.000066 

-0.000055-0.000031-0.000028 0.000047 0.000049-0.000034 0.000078 0.000018 
0.000042 0.000039-0.000029-0.000106-0.000062 0.000132 0.000027 0.000057 
-0.000061-0.000031-0.000023-0.000058 0.000005 0.000072 0.000028-0.000006 
-0.000042-0.000012-0.000002-0.000008 0.000079 0.000011-0.000060 0.000008 
-0.000033 0.000057 0.000014 0.000018-0.000008-0.000066-0.000021 0.000041 
0.000006-0.000011 0.000088-0.000002-0.000052-0.000023-0.000002-0.000020 

-0.000004-0.000009-0.000015-0.000025 0.000041-0.000012-0.000104-0.000008 
0.000004-0.000020 0.000019 0.000008 0.000010-0.000007-0.000055-0.000008 
0.000005-0.000010 0.000018 0.000016 0.000043 0.000022-0.000023 0.000060 
0.000019-0.000015-0.000017-0.000016 0.000021-0.000012 0.000012-0.000038 

-0.000025-0.000024-0.000010-0.000006-0.000003-0.000032-0.000003 0.000009 
0.000026 0.000076-0.000017 0.000037-0.000052 0.000026 0.000042-0.000038 
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0.000023-0.000036 0.000005 0.000011-0.000038 0.000002 0.000001 0.000033 
0.000039-0.000011-0.000024 0.000011 0.000026-0.000040-0.00001 4 0.000037 

-0.000036 0.000000 0.000031 0.000069 0.000020-0.000026 0.000042-0.000039 
-0.0000010.0000000.000010 0.000001-0.000007-0.000033 0.000002-0.000023 
-0.000013-0.000003-0.000029 0.000035-0.000003 0.000010 0.000028 0.000010 
-0.000042-0.000007-0.000021-0.000051-0.000015 0.000038 0.000014-0.000002 
0.000043-0.000026-0.000042-0.000026-0.000009 0.000007 0.000012-0.000023 
0.000029-0.000005-0.000013-0.000020 0.000003 0.000028 0.000014-0.000005 
0.000002 0.000010 0.000020 0.000018-0.000019 0.000002-0.000047-0.000002 

-0.000025 0.000006 0.000034-0.000021-0.000014-0.000011 0.000015-0.000032 
-0.000014 0.000020 0.000056-0.000014-0.000001 0.000014-0.000015 0.000002 
0.000011 0.000009-0.000002-0.000016-0.000043-0.000024 0.000004-0.000003 
0.000024 0.000020-0.000020 0.000033 0.000007 0.000038 0.000017-0.000021 

-0.000007-0.000011 0.000016-0.000034-0.000028 0.000000-0.000025 0.000064 
0.000010-0.000030 0.000015-0.000012 0.000012 0.000011 0.000003 0.000015 
0.000027 0.000009-0.000039-0.000043 0.000000 0.000001-0.000004-0.000045 
0.000005-0.000007-0.000001 0.000029-0.000021-0.000006-0.000006 0.000012 
0.000011 0.000020 0.000020-0.000006-0.000028 0.000018 0.000014-0.000014 
0.000009 0.000013 0.000010 0.000029-0.000021-0.000013 0.000004 0.000031 
0.000021-0.000027-0.000036-0.000008-0.000011-0.000005 0.000021-0.000002 

-0.000004-0.000021-0.000033-0.000019 0.000002-0.000027-0.000024 0.000029 
0.000002 0.000021 0.000022 0.000006-0.000001-0.000009-0.000001-0.000024 

-0.000010 0.000014 0.000012 0.000000 0.000016 0.000017 0.000015 0.000008 
0.000002 0.000009 0.000025 0.000008-0.000021-0.000008-0.000003-0.000001 
0.000000 0.000002 0.000004-0.000004 0.000010-0.000009-0.000012-0.000039 

-0.000026-0.000019-0.000008-0.000010-0.000022 0.000046 0.000021 0.000027 
0.000009-0.000014-0.000021 0.000021 0.000017 0.000016 0.000013 0.000014 
-0.000082 
0.000005 0.000023 0.000020 0.000004-0.000021-0.000001-0.000006-0.000010 

-0.000009 0.000025 0.000000-0.000008 0.000019 0.000014 0.000007 0.000018 
-0.000012-0.000009 0.000011-0.000025-0.000002-0.000025-0.000005 0.000010 
-0.000014 0.000006 0.000004 0.000003-0.000008-0.000011 0.000004 0.000005 
0.000011-0.000004-0.000005-0.000012 0.000006 0.000002 0.000001 0.000001 
0. 000032-0. 000017 -0. 000020-0. 000003-0.000008-0.000008-0.000007 0.000002 

-0.000018-0.000012 0.000009 0.000002-0.000013 0.000006 0.000007-0.000003 
-0.000002 0.000015 0.000007 0.000008 0.000022 0.000015-0.000004-0.000015 
-0.000009-0.000001-0.000001-0.000007 0.000008 0.000011 0.000006-0.000002 
-0.000014-0.000007-0.000003-0.000011-0.000014 0.000006 0.000018 0.000007 
0.000008 0.000002-0.000002-0.000014-0.000008-0.000009-0.000012 0.000005 

. 0.000000 0.000005-0.000006-0.000005 0.000016 0.000007-0.000011 0.000000 
0.000008 0.000019-0.000002 0.000002 0.000001 0.000000-0.000016 0.000015 

-0.000013-0.000001-0.000012 0.000000 0.000000 0.000004-0.000005 0.000003 
-0.000005-0.000017 0.000008 0.000003-0.000006-0.000005 0.000000 0.000003 
-0.000003 0.000002-0.000009-0.000014 0.000000-0.000003 0.000003 0.000002 
0.000003-0.000007-0.000010 0.000001 0.000015-0.000012-0.000003 0.000006 
0.000010 0.000007 0.000001 0.000024 0.000010-0.000013-0.000007 0.000000 

-0.000008 0.000010-0.000006-0.000007 0.000006-0.000010-0.000001 0.000004 
0.000004 0.000004-0.000002-0.000008 0.000019-0.000008-0.000010 0.000001 

-0.000004 0.000006-0.000022 0.000000 0.000003-0.000003-0.000012 0.000003 
0.000021 0.000006-0.000015 0.000000-0.000004 0.000008 0.000003 0.000002 
0.000005-0.000008 0.000003 0.000005-0.000010 0.000005-0.000004 0.000010 

-0.000013-0.000001-0.000007-0.000009 0.000006 0.000009-0.000003-0.000002 
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0.000009 0.000007 0.000002 0.000005-0.000014-0.000003-0.000014 0.000002 
( 0.000004-0.000009-0.000008 0.000006 0.000010-0.000003 0.000002 0.000005 
' 0.000002-0.000004-0.000020 0.000003 0.000003 0.000001-0.000005 0.000003 

-0.000001 0.000004 0.000001 0.000004-0.000005 0.000004-0.000009-0.000010 
-0.000001 0.000004 0.000001 0.000009 0.000002 0.000011-0.000009-0.000016 
-0.000003 0.000003 0.000012 0.000004-0.000008-0.000003-0.000014-0.000016 
-0.000004 0.000002 0.000004-0.000001-0.000009-0.000002 0.000007-0.000006 
0.000001 0.000003-0.000009 0.000008 0.000007 0.000004-0.000002 0.000002 

-0.000004-0.000006 0.000012-0.000004-0.000001 0.000004-0.000009-0.000003 
0.000007 0.000003-0.000003-0.000011 0.000000-0.000003-0.000004-0.000001 

-0.000005 0.000000 0.000002 0.000003 0.000007 0.000002 0.000003 0.000005 
-0.000003-0.000001-0.000002-0.000002-0.000005 0.000008-0.000006-0.000003 
-0.000006-0.000002-0.000004 0.000010-0.000011 0.000013-0.000002 0.000010 
0.000004 0.000002-0.000008 0.000001 0.000007-0.000013-0.000003-0.000004 
-0.000002 0.000001-0.000002-0.000004 0.000000-0.000002-0.000004-0.000005 
-0.000004 0.000000-0.000007-0.000002 0.000004-0.000003 0.000004 0.000007 
0.000001 0.000007 0.000004 0.000000-0.000004-0.000003-0.000006-0.000005 

-0.000004 0.000002-0.000001 0.000006 0.000001 0.000001 -0.000003-0.000002 
0.000007 0.000006-0.000002 0.000000 0.000000 0.000008-0.000002-0.000007 

-0.000003 0.000000-0.000003 0.000003-0.000007-0.000002-0.000010-0.000010 
-0.000006 0.000005-0.000007 0.000001 0.000008 0.000005 0.000004 0.000002 
-0.000004 0.000003-0.000004-0.000003 0.000001 0.000004-0.000002 0.000002 
-0.000001 0.000000 0.000001 0.000001-0.000004-0.000007-0.000001-0.000003 
-0.000004 0.000004 0.000000-0.000003-0.000002 0.000002-0.000004 0.000000 
-0.000001 0.000002 0.000000-0.000008-0.000003 0.000004 0.000004 0.000001 
0.000003 0.000002-0.000005-0.000004-0.000003-0.000002 0.000002 0.000003 
0.000000 0.000004-0.000002-0.000002-0.000004 0.000002-0.000002 0.000000 
0.000000-0.000002-0.000003 0.000004 0.000001-0.000002 0.000006-0.000002 

-0.000004 0.000007 0.000000-0.000004-0.000003 0.000000-0.000001 0.000002 
-0.000002-0.000003 0.000000 0.000006 0.000002-0.000002-0.000007 0.000000 
-0.000001 0.000001-0.000001 0.000003-0.000002-0.000005-0.000002 0.000001 
0.000002-0.000003-0.000006-0.000005 0.000000-0.000001 -0.000002 0.000003 
-0.000003 0.000003 0.000001 0.000004 0.000000-0.000002 0.000005 0.000003 
-0.000002 0.000001-0.000004-0.000001-0.000003 0.000001 0.000001 0.000003 
-0.000002 0.000006 0.000001-0.000003-0.000004 0.000001 -0.000004 0.000000 
-0.000001-0.000002-0.000006 0.000000 0.000000-0.000001 0.000000-0.000004 
-0.000001 0.000000-0.000001 0.000001 0.000001 -0.000001-0.000001 0.000000 
-0.000001 0.000004-0.000005-0.000002-0.000001-0.000002 0.000000 0.000002 
0.000005 0.000002-0.000006-0.000005-0.000001-0.000001-0.000005-0.000001 
0.000001 0.000005-0.000001-0.000003-0.000001 0.000001-0.000003 0.000001 
0.000002-0.000001 -0.000001 0. 000000-0. 000004 0 .000000-0.000004-0.000001 
0.000000 0.000002-0.000001 0.000002 0.000001-0.000001-0.000001-0.000003 
0.000000 0.000002-0.000002 0.000000 0.000000-0.000001 0.000003 0.000001 

-0.000001-0.000003-0.000001 0.000000-0.000002 0.000003 0.000001 0.000000 
-0.000001-0.000003 0.000001 0.000000-0.000003 0.000000-0.000001 0.000003 
-0.000004 0.000002-0.000002 0.000001 0.000001 0.000003-0.000003-0.000002 
-0.000002 0.000001 0.000001 0.000001-0.000001 0.000001-0.000002 0.000000 
-0.000002 0.000000-0.000003-0.000001 0.000002 0.000001-0.000001 0.000002 
-0.000002-0.000001-0.000002-0.000003 0.000001-0.000001-0.000003 0.000001 
0.000003 0.000002-0.000002 0.000000 0.000002-0.000003-0.000003-0.000001 

-0.000002-0.000001-0.000003-0.000002 0.000001-0.000003-0.000001 0.000000 
-0.000002 0.000000-0.000001 0.000001 0.000000-0.000001-0.000001 0.000000 
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-0.000001 0.000001-0.000001-0.000001-0.000001 0.000002-0.000001-0.000001 
-0.000001-0.000002-0.000002 0.000001-0.000002 0.000002-0.000001 0.000002 
-0.000001 0.000001-0.000001" 0.000001-0.000001 0.000001-0.000001-0.000002 
-0.000001 0.000000-0.000002-0.000002-0.000003 0.000003-0.000001-0.000004 
-0.000001 0.000000-0.000001 0.000002-0.000003 0.000001 0.000001 0.000002 
0.000002-0.000001-0.000003 0.000000-0.000001 0.000000-0.000001 0.000001 

-0.000001-0.000002-0.000002-0.000002-0.000004-0.000001 0.000000 0.000001 
0.000000 0.000002-0.000002-0.000003-0.000004 0.000000 0.000000 0.000000 
0.000001-0.000001-0.000001 0.000000 0.000000 0.000003 0.000001 0.000000 

-0.000001-0.000001-0.000001 0.000000-0.000002-0.000001 0.000000 0.000000 
-0.000002 0.000001-0.000002 0.000001-0.000001-0.000001-0.000001 0.000000 
-0.000001 0.000001 0.000000 0.000000-0.000002 0.000000 0.000001 0.000001 
-0.000001 0.000001-0.000002-0.000001-0.000003-0.000001-0.000003 0.000001 
-0.000002-0.000001-0.000001 0.000000 0.000000 0.000000 0.000000 0.000000 
-0.000001-0.000001-0.000001 0.000000-0.000001 0.000001-0.000001 0.000001 
-0.000001 0.000000-0.000002-0.000001-0.000002 0.000001-0.000001 0.000000 
-0.000002 0.000000-0.000001 0.000001 0.000000 0.000001-0.000002 0.000000 
-0.000002-0.000001-0.000002 0.000000-0.000001 0.000001-0.000002-0.000002 
-0.000002 0.000000-0.000002 0.000003-0.000001 0.000000-0.000001 0.000000 
-0.000002 0.000001-0.000001 0.000000-0.000001 0.000001-0.000001 0.000000 
-0.000001 0.000002 0.000000-0.000001-0.000001 0.000001-0.000002 0.000001 
0.000000 0.000000-0.000001 0.000000 0.000000 0.000001-0.000001 0.000001 

-0.000002-0.000001-0.000001-0.000001-0.000001 0.000001-0.000003-0.000001 
0.000000 0.000000-0.000002 0.000001-0.000001 0.000001 0.000000 0.000001 
0.000000-0.000001 -0.000002 0.000000-0.000003 0.000001 0.000000-0.000001 

-0.000001 0.000002-0.000001-0.000001 0.000000 0.000001-0.000002 0.000000 
0.000001 0.000001 -0.000001 0.000000 0.000000 0.000000-0.000002 0.000000 

-0.000001-0.000001-0.000001-0.000001-0.000002-0.000001 0.000000 0.000000 
-0.000003 0.000000-0.000001 0.000001-0.000001 0.000000-0.000002 0.000001 
-0.000002-0.000001-0.000002 0.000000-0.000001 0.000000-0.000001-0.000001 
-0.000002 0.000000-0.000002 0.000000-0.000001 0.000000-0.000001 0.000000 
0.000000 0.000000-0.000003 0.000000-0.000002 0.000000-0.000002-0.000001 

-0.000001 0.000001-0.000001-0.000001-0.000001 0.000000 0.000000 0.000001 
-0.000001-0.000001-0.000002 0.000000-0.000002 0.000001-0.000001 0.000000 
-0.000001 0.000000-0.000001 0.000001-0.000002 0.000002-0.000002 0.000001 
0.000000 0.000000-0.000001 0.000000-0.000001-0.000001-0.00000i 0.000001 
0.000000-0.000001-0.000002-0.000001-0.000001 0.000000-0.000001 0.000000 

-0.000001 0.000000 0.000000 0.000001-0.000001 0.000000-0.000001-0.000001 
-0.000001 0.000000-0.000002-0.000001-0.000001 0.000000-0.000001 0.000000 
-0.000001 0.000001-0.000001 0.000000 0.000000 0.000000-0.000001 -0.000001 
-0.000001 0.000000 0.000000 0.000000-0.000001 0.000000 0.000000 0.000000 
-0.000001 0.000000 0.000000 0.000000 0.000000 0.000000-0.000001 0.000000 
-0.000001 0.000000-0.000001-0.000001 0.000000-0.000001 0.000000-0.000001 
-0.000001 0.000000-0.000001 0.000000 0.000000-0.000001-0.000001 0.000000 
0.000000 0.000000 0.000000-0.000001 0.000000-0.000001-0.000001-0.000001 

-0.000001-0.000001-0.000001 0.000000 0.000000 0.000000 0.000000 0.000000 
0.000000 0.000000 0.000000-0.000001 0.000000-0.000001 0.000000 0.000000 

-0.000001 0.000000 0.000000-0.000001 -0.000001-0.000001 0.000000-0.000001 
-0.000001 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000-0.000001 
-0.000001 0.000000-0.000001-0.000001 0.000000 0.000000-0.000001 0.000000 
0.000000-0.000001 0.000000-0.000001 -0.000001 0.000000 0.000000 0.000000 
0.000000 0.000000 0.000000-0.000001 0.000000-0.000001 0.000000 0.000000 
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0.000000 0.000000-0.000001 0.000000 0.000000-0.000001 0.000000 0.000000 
0.000000 0.000000-0.000001 0.000000-0.000001-0.000001 0.000000-0.000001 
0.000000 0.000000 0.000000-0.000001 0.000000 0.000000 0.000000-0.000001 

-0.000001 0.000000-0.000001 0.000000 0.000000 0.000000 0.000000-0.000001 
-0.000001 0.000000 0.000000 0.000000-0.000001 0.000000-0.000001 0.000000 
0.000000 0.000000-0.000001 0.000000-0.000001-0.000001-0.000001-0.000001 
0.000000-0.000001 -0.000001 0.000000-0.000001 0.000000-0.000001 0.000000 

-0.000001-0.000001-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000 
-0.000001 0.000000-0.000001-0.000001-0.000001 0.000000-0.000001-Q.000001 
-0.000001 0.000000 0.000000-0.000001-0.000001-0.000001-0.000001 0.000000 
-0.000001-0.000001 -0.000001 0.000000-0.000001-0.000001-0.000001 -0.000001 
-0.000001 0.000000-0.000001 0.000000-0.000001-0.000001-0.000001 0.000000 
0.000000 0.000000-0.000001 0.000000-0.000001-0.000001-0.000001-0.000001 

-0.000001 0.000000-0.000001 0.000000 0.000000-0.000001 0.000000 0.000000 
-0.000001-0.000001 -0.000001-0.000001 0.000000-0.000001 0.000000 0.000000 
0.000000-0.000001 0.000000 0.000000 0.000000-0.000001-0.000001 0.000000 

-0.000001 0.000000 0.000000-0.000001 0.000000-0.000001 0.000000 0.000000 
-0.000001-0.000001-0.000001 0.000000 0.000000-0.000001-0.000001 0.000000 
-0.000001-0.000001 -0.000001 -0.000001-0.000001 -0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001-0.000001-0.000001-0.000001-0.000001 

-0.000001-0.000001 -0.000001-0.000001 0.000000-0.000001-0.000001 -0.000001 
-0.000001-0.000001 0.000000-0.000001-0.000001 0.000000 0.000000 0.000000 
0.000000-0.000001-0.000001 0.000000 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000 0.000000 0.000000-0.000001 
0.000000 0.000000 0.000000-0.000001 0.000000-0.000001-0.000001-0.000001 

-0.000001 0.000000 0.000000-0.000001-0.000001-0.000001 0.000000-0.000001 
0.000000 0.000000 0.000000-0.000001 0.000000-0.000001 0.000000 0.000000 
0.000000 0.000000 0.000000-0.000001 0.000000 0.000000 0.000000-0.000001 
0.000000-0.000001 0.000000 0.000000-0.000001 0.000000 0.000000 0.000000 
0.000000 0.000000 0.000000-0.000001 0.000000 0.000000-0.000001 0.000000 
0.000000 0.000000 0.000000 0.000000 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 -0.000001-0.000001 0.000000-0.000001-0.000001-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000 0.000000 0.000000-0.000001 
0.000000 0.000000 0.000000 0.000000 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001-0.000001-0.000001 

-0.000001 0.000000 0.000000-0.000001 -0.000001 -0.000001-0.000001 0.000000 
-0.000001-0.000001 0.000000 0.000000 0.000000-0.000001 0.000000-0.000001 
-0.000001-0.000001 0.000000 0.000000 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 -0.000001-0.000001-0.000001-0.000001 0.000000-0.000001 
0.000000 0.000000-0.000001-0.000001 0.000000-0.000001-0.000001-0.000001 

-0.000001 -0.000001 0.000000 0.000000 0.000000-0.000001 0.000000-0.000001 
-0.000001-0.000001 -0.000001-0.000001-0.000001 -0.000001 0.000000-0.000001 
0.000000-0.000001 -0.000001 -0.000001 0.000000-0.000001 0.000000-0.000001 

-0.000001 -0.000001-0.000001-0.000001-0.000001-0.000001 0.000000-0.000001 
-0.000001-0.000001-0.000001-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000 0.000000 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 -0.000001 -0.000001 0.000000-0.000001 0.000000-0.000001 
0. 000000-0.000001 0 .000000-0 .000001 0. 000000-0.000001 0. 000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000 0.000000 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001-0.000001-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
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0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000 0.000000 
0.000000-0.000001 0.000000-0.000001 0.000000°0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
o.000000-0.000001 0 .000000-0 .000001 0 .000000-0.000001 0. 000000-0.000001 
0. 000000-0.000001 0 .000000-0. 000001 0 .000000-0.000001 0. 000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0. 000000-0.000001 0 .000000-0 .000001 0 .000000-0.000001 0. 000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0 .000000-0.000001 0 .000000-0. 000001 0 .000000-0.000001 0 .000000-0.000001 
0 .000000-0. 000001 0. 000000-0.000001 0 .000000-0.000001 0. 000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0. 000000-0 .000001 0.000000-0.000001 0. 000000-0.000001 
O. 000000-0.000001 0 .000000-0.000001 0 .000000-0.000001 0. 000000-0 .000001 
0.000000-0.000001 0 .000000-0.000001 0 .000000-0.000001 0. 000000-0.000001 
O .000000-0.000001 0. 000000-0. 000001 0 .000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0. 000000-0. 000001 0 .000000-0.000001 0 .000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 

'17 f 



R15923

0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 

(- 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
"-- 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 

0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
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0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0 .000000-0.000001 o. 000000-0.000001 0 .000000-0. 000001 0 .000000-0 .000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0. 000001 0. 000000-0.000001 0 .000000-0 .000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0. 000000-0.000001 0.000000-0.000001 0 .000000-0.000001 0 .000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0. 000000-0.000001 0.000000-0.000001 0 .000000-0.000001 0 .000000-0. 000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
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0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0. 000000-0. 000001 0 .000000-0.000001 0.000000-0.000001 0. 000000-0 .000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
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0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0. 000000-0. 000001 0 .000000-0.000001 0 .000000-0.000001 0 .000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0 .000000-0 .000001 0 .000000-0.000001 0. 000000-0.000001 0 .000000-0.000001 
0. 000000-0.000001 0 .000000-0.000001 0. 000000-0.000001 0. 000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0 .000000-0.000001 0 .000000-0.000001 0. 000000-0. 000001 0. 000000-0.000001 
0.000000-0.000001 0 .000000-0.000001 0. 000000-0.000001 0 .000000-0.000001 
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0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0_.000001 
o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 
o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 o.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000,0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
o. 000000-0. 000001 0. 000000-0.000001 0. 000000-0 .000001 0 .000000-0 .000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
O .000000-0.000001 0 .000000-0.000001 0 .000000-0.000001 0.000000-0.000001 
0. 000000-0.000001 0 .000000-0. 000001 0 .000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0. 000000-0.000001 0.000000-0.000001 0 .000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0. 000000-0 .000001 0 .000000-0.000001 0 .000000-0.000001 0 .000000-0.000001 
O. 000000-0 .000001 0. 000000-0.000001 0 .000000-0 .000001 0 .000000-0.000001 
0. 000000-0. 000001 0. 000000-0.000001 0 .000000-0.000001 0. 000000-0 .000001 
0. 000000-0 .000001 0. 000000-0.000001 0 .000000-0 .000001 0 .000000-0. 000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0. 000000-0.000001 0 .000000-0.000001 0 .000000-0.000001 0. 000000-0.000001 
0. 000000-0.000001 0 .000000-0.000001 0 .000000-0.000001 0. 000000-0 .000001 
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0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0 .000000-0.000001 0.000000-0. 000001 0.000000-0.000001 0. 000000-0 .000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0. 000000-0. 000001 0 .000000-0. 000001 0.000000-0. 000001 0 .000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0. 000000-0. 000001 0. 000000-0.000001 0. 000000-0 .000001 0. 000000-0.000001 
0. 000000-0. 000001 0 .000000-0 .000001 0. 000000-0.000001 0. 000000-0 .000001 
O. 000000-0.000001 0 .000000-0. 000001 0. 000000-0.000001 0. 000000-0 .000001 
0. 000000-0.000001 0 .000000-0. 000001 0.000000-0.000001 0. 000000-0. 000001 
0. 000000-0.000001 0 .000000-0. 000001 0 .000000-0.000001 0. 000000-0. 000001 
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0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 
0.000000-0.000001 0.000000-0.000001 0.000000 0.000000 0.000000 0.000000 
0.000000 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000 

-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000 
-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000 
-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000 
-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000-0.000001 0.000000 
-0.000001 0.000000-0.000002 0.000001 -0.000002 0.000001-0.000002 0.000001 
-0.000002 0.000001-0.000002 0.000001 -0.000002 0.000001 -0.000002 0.000001 
-0.000002 0.000001-0.000002 0.000001-0.000002 0.000001 -0.000002 0.000001 
-0.000002 0.000001-0.000003 0.000002-0.000003 0.000002-0.000003 0.000002 
-0.000003 0.000002-0.000003 0.000002-0.000003 0.000002-0.000003 0.000002 
-0.000003 0.000002-0.000003 0.000003-0.000004 0.000003-0.000004 0.000003 
-0.000004 0.000003-0.000004 0.000003-0.000004 0.000003-0.000004 0.000004 
-0.000005 0.000004-0.000005 0.000004-0.000005 0.000004-0.000005 0.000004 
-0.000006 0.000005-0.000006 0.000005-0.000006 0.000005-0.000006 0.000005 
-0.000007 0.000006-0.000007 0.000006-0.000007 0.000006-0.000008 0.000007 
-0.000008 0.000007-0.000008 0.000007-0.000009 0.000008-0.000009 0.000008 
-0.000009 0.000009-0.000010 0.000009-0.000010 0.000010-0.000011 0.000010 
-0.000011 0.000011-0.000012 0.000011-0.000013 0.000012-0.000013 0.000013 
-0.000014 0.000013-0.000015 0.000014-0.000015 0.000015-0.000016 0.000016 
-0.000017 0.000017-0.000018 0.000017-0.000019 0.000019-0.000020 0.000020 
-0.000021 0.000021-0.000022 0.000022-0.000024 0.000023-0.000025 0.000025 
-0.000027 0.000027-0.000028 0.000028-0.000030 0.000030-0.000032 0.000032 
-0.000034 0.000034-0.000035 0.000035-0.000037 0.000037-0.000038 0.000038 
-0.000038 0.000037-0.000036 0.000032-0.000026 0.000014 0.000006-0.000045 
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Source File: C:\SHAKE2000\Williamson Energy\NewMadrid.M8@83km.txt 
SHAKE2000 Conversion: 8184 .01 4 8 9 (819.6) 
Acceleration Units: (g's) - No. Values: 8184 - Time Step: .01 (secs) 
Data Format: (819.6) - No. Header Lines: 4 
-0.000279 0.000491 0.000916 0.001028 0.001072 0.001012 0.000914 0.001178 
0.001267 0.001643 0.000738 0.000404 0.001162 0.000325 0.000442 0.001287 
0.000332 0.000352 0.000667 0.000333 0.000100-0.000289 0.000774-0.001450 
-0.001068 0.000422-0.001711-0.000650 0.000432 0.001691 0.002168 0.001175 
-0.000695 0.000756 0.000277 0.002243-0.000523 0.000775-0.001563-0.000602 
-0.000847-0.000552 0.000593-0.001907 0.000275 0.001250-0.001574-0.002205 
-0.001990 0.004691-0.001961-0.006975-0.004911-0.001354 0.000007 0.006322 
0.009403 0.009427 0.005850 0.010155 0.006439 0.000099 0.005047 0.003310 
0.001295 0.000023 0.001822 0.005949 0.006489 0.000139-0.013136-0.002493 
-0.001910-0.006185-0.003062-0.004953-0.005963 0.000315-0.000460-0.006617 
-0.004645 0.005333 0.007608 0.007896 0.004604-0.006901-0.012036-0.006795 
-0.003007 0.000082 0.006401-0.003538-0.000293 0.000320-0.004107-0.003130 
-0.011049-0.002821 0.003274-0.000469-0.002973-0.003089-0.000087-0.011387 
-0.012206-0.005261-0.004412-0.013460-0.017679-0.005996 0.000625-0.006620 
0.011542 0.029358 0.016346 0.009225 0.016360 0.004029-0.003600 0.006067 
0.004703 0.012969 0.000434-0.009887-0.011970-0.002986 0.002270-0.007726 
0.006974 0.006179 0.007847 0.022751 0.006704 0.010387 0.006399 0.006064 
0.010726 0.003177-0.007597 0.009473 0.000308 0.008324 0.008662 0.000192 
0.006636-0.003660 0.008380 0.003323 0.001132 0.006008-0.006126-0.005123 
-0.005907-0.003890-0.016918-0.014092 0.001074 0.009849 0.000003 0.001950 
-0.004620-0.005477 0.004828 0.005185-0.008274-0.004056 0.006293-0.007900 
0.011544 0.006884-0.023645-0.012350-0.008490-0.006950-0.002347 0.013438 
0.016505 0.021776 0.011655-0.012943-0.010838-0.017084 0.005006 0.007756 
-0.002131 0.007437 0.009750 0.001974-0.002776-0.001193-0.006538-0.025083 
-0.022430-0.011459 0.025165 0.026580-0.020644-0.020208-0.022637-0.018902 
-0.019285 0.000535-0.003560 0.008793 0.016716 0.002584 0.000362-0.016077 
0.006999 0.001129-0.006332 0.009548-0.004068 0.003244-0.015030 0.001112 
-0.000092-0.021963 0.006932-0.011333-0.013217-0.019266-0.013513-0.022559 
0.002946 0.015743-0.004046-0.018327 0.016420 0.009697 0.005646 0.004786 
-0.001679-0.023439-0.019664 0.009570-0.025099-0.002580 0.021510 0.017060 
0.034264 0.028312 0.004664-0.014264 0.008760 0.028852 0.032518 0.042768 
0.063407 0.045892 0.025433-0.013001-0.041488-0.022142-0.013998 0.011903 

-0.009894-0.004989 0.047004 0.026090-0.029117-0.016705 0.000566-0.000131 
-0.002570 0.000383 0.022905 0.010909 0.007366 0.003613-0.008698 0.002197 
-0.001653 0.023902 0.008467-0.021212-0.001867 0.005353 0.026713 0.015236 
0.027997 0.020307-0.026629-0.015280-0.024209-0.033905 0.007443 0.002072 
-0.009144-0.006295 0.008617-0.017107 0.008513-0.026185-0.050314 0.017420 
0.019292 0.006340-0.008560 0.002962-0.014969-0.004605-0.020984-0.044926 
-0.034603-0.019121-0.013794 0.008583-0.029975-0.001746 0.009813-0.014770 
-0.002251 0.000159 0.035707-0.008740-0.003901 0.007145-0.040774-0.011639 
0.024264 0.009516-0.005590 0.013993 0.013412 0.010576 0.002446-0.024227 
-0.008242-0.022570-0.005738 0.005526 0.001999 0.014352 0.010356 0.016376 
0.029580-0.003355 0.038380 0.010556 0.021946 0.011555-0.002217-0.037912 
-0.024315-0.034417 0.011808-0.000344 0.005781-0.027851 0.021263 0.011519 
0.018082-0.028618-0.013509 0.026515-0.017274-0.017261-0.006376-0.010126 
0.023437-0.043188-0.044649 0.015646 0.071894 0.045829 0.049371 0.021133 
-0.015382 0.002961 0.021331-0.002659-0.017797-0.023124 0.025437 0.015348 
-0.000044 0.013211-0.017986-0.020436-0.000230 0.009765-0.052518-0.037299 
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0.051052-0.001823 0.007353 0.028493-0.007735-0.017047-0.072849-0.084954 
-0.044779 0.008493-0.013234-0.014631 0.018272 0.003946 0.023009-0.003196 
-0.020372-0.005897 0.053905 0.041663 0.011965 0.023100-0.013545-0.026910 
-0.060736-0.037001 0.000267-0.019298-0.001718-0.041340 0.002207 0.078424 
0.017329-0.020977-0.006081 0.016057-0.005406 0.016521 0.056573 0.024716 
0.010962-0.058215-0.021488-0.008712 0.006277 0.064033 0.044380-0.030523 

-0.036985 0.017386 0.020115-0.036027-0.006409-0.026190-0.027235-0.073468 
0.000506 0.024394-0.016574 0.018143 0.013289 0.013602-0.027511-0.005144 
-0.031871 0.003431 0.001468 0.012888-0.044150-0.017243 0.039676 0.055986 
-0.000725 0.030899 0.005193 0.040082 0.035190-0.031419-0.034432-0.031844 
0.003528 0.037252 0.01 5704 0.036288 0.004301 0.024059 0.041789-0.058923 
-0.047857-0.025759-0.050429 0.042052 0.007350 0.009419 0.027304 0.065216 
0.048933 0.017140-0.042979 0.009583 0.067992 0.027276-0.027469 0.008581 
0.018974-0.007055-0.011045 0.007875 0.030419-0.020183 0.033658 0.022640 

-0.049449-0.010381-0.021089-0.020325-0.009240 0.019059 0.029758-0.033149 
-0.022887-0.042015-0.040391 0.062,634 0.071428 0.016457 0.092263-0.013556 
-0.026596-0.024665-0.043939-0.003138 0.053210 0.044912 0.060073 0.036005 
-0.037751-0.039266 0.006266-0.002910-0.019517-0.046539 0.021271 0.067342 
0.085120 0.085358 0.058492 0.035943 0.007317-0.023555 0.033241 0.014080 
-0.049553-0.053875-0.070048-0.011816 0.037376-0.043564-0.063384 0.021904 
-0.019411-0.006087 0.023138 0.011001 0.017896 0.012676-0.023600-0.022663 
0.001850 0.022401-0.037055-0.071116 0.029524-0.041860 0.069676-0.016099 
0.043113 0.014701-0.028605-0.024291 0.008294-0.044161-0.024976 0.005622 
0.006953-0.0077 48-0.071269 0.015219-0.035992-0.043239-0.040854-0.038088 
-0.064370-0.069661 0.067831 0.030296-0.022280 0.044552 0.007485 0.002170 
0.013947 0.052101 0.028145-0.008095 0.077577 0.010219 0.010395 0.017945 
0.012462 0.007855 0.050250 0.066713-0.039672-0.056953-0.015827-0.027186 
0.016292 0.058738 0.005302 0.040493-0.041285-0.036970 0.095521 0.035236 
0.050976 0.013610 0.021088-0.011398-0.003343 0.009983-0.017658 0.024603 
-0.028015-0.025994-0.059818 0.023877-0.026327-0.082418-0.038205-0.020546 
-0.043341 0.000989 0.066932 0.001367-0.034159-0.023565 0.058785 0.044566 
0.068145-0.004459-0.01 6676-0.050872-0.088420-0.052237-0.01 8764 0.049532 
-0.029650-0.018010-0.031778 0.009449 0.020499-0.034152-0.038498 0.014449 
0.066220 0.020393 0.069236 0.069327-0.080652 0.000491 0.021818-0.043048 

-0.083122-0.107800-0.058717 0.005969-0.011137-0.016492-0.031786-0.030643 
-0.019116 0.006044 0.023894-0.023533 0.049841 0.025466-0.053288-0.045055 
0.005428 0. 044687 -0.027277 0. 08411 2 0. 0861 62-0. 063449-0. 041380-0. 06964 7 

-0.071626-0.006754 0.074572-0.026312-0.034381 0.014688-0.054080-0.057913 
-0.027678 0.017050 0.073664 0.057832 0.057249-0.037107 0.018912 0.084336 
0.053369 0.058927 0.012852 0.041254-0.024166-0.052569-0.009784-0.055197 

-0.063767-0.028377 0.057559 0.037391-0.018751-0.016669 0.030962 0.034713 
-0.019976-0.073897-0.032170-0.039761 0.073204 0.019528-0.033752 0.015766 
0.016715 0.083708 0.096537 0.087505 0.009381 0.057522 0.002268-0.017150 
-0.013107 0.014265 0.024409 0.073668 0.015621-0.025518-0.046099-0.040461 
-0.033260-0.073745-0.059798-0.045860 0.015595 0.035876 0.047011 0.055586 
-0.067382-0.045382 0.041427 0.032540 0.087114-0.000655-0.043511 0.030203 
0.064219 0.075011-0.018736-0.045333 0.005646-0.002700 0.043613 0.011863 

-0.023963-0.010492-0.027567 0.010770 0.107270 0.124992-0.019511-0.012670 
0.021245-0.070948-0.150025-0.060592-0.020751 0.068195 0.0987 43-0.021026 
0.041354 0.041591 0.010301 0.019619-0.004030-0.052265-0.026869-0.020295 

-0.027740 0.017939 0.023168 0.013761 0.013825-0.001995-0.047037 0.000153 
-0.063561-0.017298 0.067177 0.024334 0.033437 0.014557 0.039881 0.009452 
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-0.017681-0.002995 0.032498-0.046921-0.026213-0.029503-0.049329-0.048356 
-0.117545-0.097358-0.012610-0.009290 0.017201 0.017564 0.054572 0.040072 
0.047553 0.039378-0.013956-0.084717-0.009771-0.013491-0.041935-0.031360 
0.080505 0.074938-0.018919-0.060512 0.014943-0.059251-0.050862-0.006557 
0.042944-0.002602 0.065072 0.055776-0.043893 0.011522-0.002863-0.132784 

-0.114024-0.051766-0.014312-0.000578 0.022524-0.026323-0.042480 0.096120 
0.085092 0.084150 0.093202 0.094837 0.026580 0.014229-0.033224-0.046544 
-0.104989-0.095705-0.005104-0.045799 0.017730 0.006442-0.056614 0.064133 
0.012539-0.003631 0.002361-0.001466 0.040352-0.023549-0.006228 0.019759 
0.084550 0.029219-0.037055-0.094879-0.076535 0.046272 0.001411 0.006008 

-0.008046-0.029204 0.029603 0.007005-0.087500-0.073983-0.033504-0.042177 
-0.044151-0.006951 0.116690 0.073703 0.051599 0.058940-0.094801-0.009377 
0.022859-0.027236 0.056715 0.084294 0.066687-0.051044 0.024635-0.003834 
0.007303 0.076923 0.009030 0.033056-0.041108-0.045908-0.017219-0.054419 
-0.054538-0.069049-0.039120-0.058818 0.029186 0.011895 0.045846 0.027395 
-0.017763 0.010789 0.007751-0.039645-0.040653-0.019284-0.054604 0.005549 
0.054631 0.042619 0.041678 0.000953-0.018815-0.011626 0.008743-0.002803 

-0.021162 0.032755 0.070956 0.007136-0.040854-0.021149-0.006043-0.065129 
-0.012931-0.014869-0.118293-0.016936 0.104862 0.073389 0.009215 0.070438 
0.095270-0.017105 0.017 467-0.015747-0.008943-0.040183-0.008584-0.026532 

-0.041209-0.015450-0.084298-0.114135 0.018694 0.061716 0.003203 0.069433 
0.035268-0.036520-0.120819-0.092287-0.002826 0.088928 0.000126-0.018710 
0.048108 0.071536-0.033761 0.081000 0.074744-0.003836 0.013365 0.025956 
0.069298-0.024508-0.156198-0.018372 0.065064 0.076023 0.049415 0.054109 
0.038681-0.078895-0.068569-0.003404 0.048317-0.015361-0.052396 0.054001 
0.034795 0.003800 0.007586 0.068643-0.021844 0.032595 0.047604-0.100274 
-0.005743-0.044405-0.061981-0.009240-0.075400 0.045109 0.104495-0.016912 
-0.066003-0.019204 0.051434 0.002324-0.106646-0.047110-0.045773 0.067633 
0.154940-0.000526 0.075262-0.030385-0.070362 0.021113-0.007111 0.031182 
-0.018351-0.011842 0.002435 0.067152-0.028529-0.072801 0.018849 0.138384 
0.094597-0.072915 0.010852 0.049379 0.088736 0.136851-0.035933-0.113012 
-0.750912 
-0.035941 0.003245-0.025260 0.015543 0.034006-0.002296-0.050919 0.009821 
-0.005670 0.016784-0.019518-0.058987-0.004515 0.047872 0.041269 0.047643 
-0.023434 0.021278 0.004911-0.029679 0.102188 0.036581 0.027250 0.090852 
0.059512-0.068383-0.144565-0.104680-0.014088 0.036125 0.065727 0.068525 
0.105090 0.109017 0.005942 0.094148 0.035364-0.029279-0.059318 0.029820 
0.062104-0.060285 0.012348 0.025046-0.091134-0.036534-0.009716 0.036640 
0.108680 0.046136 0.074120-0.018265-0.048865-0.027211-0.039049-0.062837 
-0.025633 0.034069 0.045387 0.014387 0.065746-0.040447-0.065432-0.000895 
0.092715 0.144106 0.135702 0.089790 0.021111-0.017842-0.095752 0.055597 
-0.042207-0.116004 0.004768-0.015671 0.067070 0.041138-0.134718-0.129308 
-0.100716-0.001833 0.016566-0.001405-0.034373 0.039059-0.006797-0.050910 
-0.048590-0.066431-0.004727-0.005397-0.156587 0.017645 0.090101 0.005792 
-0.012754 0.026691-0.048336-0.003344-0.028922 0.018254-0.059864-0.171967 
-0.269455 
0.048417 0.020149-0.057518-0.005811 0.060206-0.004104-0.000420-0.019558 
-0.064933-0.073126-0.065250 0.009490 0.102075 0.094179-0.033278 0.028168 
0.000646 0.015430-0.004449 0.010121 0.050036-0.002842 0.047707-0.012099 
-0.048950 0.014083 0.035168 0.017046 0.068815 0.088607 0.076654-0.036444 
-0.065382 0.005913 0.048113 0.055001 0.014654-0.000981 0.066998-0.035303 
-0.058179 0.081989 0.058290 0.0671 OB 0.074704 0.009922 0.129857 0.139398 
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0.078263 0.058000-0.013889-0.021358-0.011765-0.011154-0.072110 0.026501 
0.039144 0.026576 0.016021-0.052800-0.014552-0.029881-0.085870-0.034395 
-0.096770-0.107751 0.027989-0.101216-0.033291 0.042603 0.039321 0.104950 
0.076847 0.088727-0.007396 0.010932-0.014862-0.027800 0.045614 0.125071 
0.080228 0.056902 0.07 4118-0.064686-0.141673-0.086675-0.019709 0.012785 
0.021625-0.036995 0.002926 0.062290 0.062417-0.036267-0.102625 0.005012 
-0.056130-0.047229-0.058790-0.078968-0.048329 0.011080 0.080390-0.097956 
-0.018787 0.018106 0.025360-0.035882 0.028890-0.081429-0.024738 0.038000 
-0.040938 0.018897-0.039471 0.019145 0.033076 0.009058-0.002637-0.029651 
-0.086389-0.101740-0.122891-0.061529-0.045394-0.027407 0.012078-0.045405 
-0.007570 0.031400 0.035329 0.007710-0.125352 0.063779 0.070474 0.045274 
0.039702 0.038382 0.034168 0.000538 0.009934 0.033970-0.005237-0.026155 
-0.016587 0.029509 0.016959-0.044036 0.016927 0.121745-0.029390-0.025368 
0.061954 0.000765-0.056163-0.045757-0.025481-0.023939-0.039150 0.009512 
-0.101552-0.067388-0.069114 0.059433-0.067878 0.058050-0.028061 0.057683 
0.183800 0.070064 0.120022 0.177945 0.122519 0.142833-0.036016-0.069294 
0.006036-0.000927 0.078301-0.043532-0.098162-0.054871 0.047593-0.022548 

-0.124951-0.138143-0.018528 0.084041 0.070639 0.048797 0.178987 0.075375 
-0.037726-0.104729-0.103225-0.085460-0.092331 0.045482-0.024604 0.02437 4 
0.011970-0.028007-0.041432 0.140930 0.107867 0.018867-0.044812 0.024411 
0.016509 0.007487-0.075654-0.032311-0.023231-0.024856-0.071061-0.101327 

-0.044563 0.015529 0.054381 0.071030 0.026680-0.057847-0.037590 0.014942 
0.066166-0.017710 0.030952-0.043972 0.011537 0.023522 0.119697 0.096714 
0.060057 0.093758 0.069281 0.080945 0.003085-0.066884-0.013340 0.002971 
-0.123326-0.069805-0.009619-0.029046 0.000403-0.015538 0.021014 0.046203 
0.007652 0.048065-0.009694-0.042999-0.014207-0.025659 0.071159 0.029538 
0.008380 0.041611 0.025748 0.022342 0.086125-0.009752 0.023711-0.067098 
-0.107376-0.079238 0.057306 0.071681-0.008508-0.009613-0.103810 0.012901 
-0.016002 0.043200-0.049747-0.068111 0.053599-0.019997 0.004262 0.025209 
0.009446 0.024560 0.025995 0.055535 0.071215 0.057120 0.020299 0.097104 
0.027766 0.027660 0.013743 0.063888 0.039644-0.019669-0.063236-0.156430 
-0.037497 0.105255-0.000499 0.001545 0.031672-0.037165-0.070233 0.058094 
-0.012184-0.015107 0.060303 0.118433 0.015125 0.004917-0.034849-0.006260 
0.031841 0.068065-0.051959-0.100598-0.110388-0.175839-0.107229-0.078817 
-0.027671-0.039085 0.049449 0.019357 0.058598 0.048393 0.008863-0.102711 
-0.003763 0.058809-0.020995-0.046902-0.063100-0.019176-0.026845 0.031004 
0.099473-0.038520 0.041414-0.097999 0.029310-0.019054-0.099178-0.061876 
0.009239 0.027637 0.071034 0.116187 0.110235 0.100101 0.085049 0.013410 
0.008903 0.045444-0.016132-0.069961 0.005709-0.046739-0.084874-0.006409 
0.139540 0.034833-0.085094 0.033620 0.019607-0.082414 0.011585-0.031822 
-0.004005 0.023337 0.016021-0.058948-0.022009-0.082696-0.016292 0.053341 
-0.013294-0.028884 0.059644 0.048986-0.019061-0.074266-0.129637-0.019878 
0.055737-0.021090-0.082252-0.008726-0.004612-0.079478-0.109157-0.044328 
0.030519 0.030530 0.003693-0.055969-0.047270 0.004553-0.052864 0.011298 
0.060920-0.032996-0.084729 0.023024 0.079143-0.026801 0.145240 0.060135 
0.021952 0.031285-0.000210-0.105008 0.009586-0.063846-0.155423-0.038555 
-0.029156 0.084597 0.120079-0.009259 0.068294-0.024892-0.002690-0.004837 
0.018690-0.013026-0.026351-0.058213-0.017505-0.052355-0.049142 0.126105 
0.087942 0.113119 0.009037-0.029826-0.005256-0.111824 0.060245 0.071541 
0.111164 0.178510 0.026426 0.019908 0.086860 0.021005 0.099138-0.103443 
0.037749 0.129114 0.155711 0.067114-0.014864 0.106690-0.019230-0.062333 
-0.101938 0.007772 0.058544 0.033528 0.035620-0.072142-0.031676-0.023577 
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-0.147312-0.063481-0.053500-0.037064-0.044810 0.032802-0.153755-0.069247 
-0.075186-0.104174-0.070452 0.008044 0.031156 0.034614 0.114712 0.049284 
0.072329 0.080401-0.000965-0.042475 0.040228 0.124636 0.000453 0.031963 
0.043106 0.016650 0.072794 0.064981 0.143328 0.183892 0.076005-0.076290 
-0.030009-0.029849-0.137317-0.134141-0.044018 0.017349 0.048623-0.002152 
-0.036427 0.026782 0.082640-0.085434-0.020264-0.103850-0.077549-0.003001 
0.034260-0.004031-0.105977-0.077986-0.043831 0.014186 0.038515 0.002508 
0.000045-0.025460 0.069092 0.114655 0.076292-0.016520-0.057911-0.067586 

-0.008222 0.023105 0.059561 0.058061 0.060749-0.036502-0.014257 0.004437 
0.006081-0.019953-0.068298-0.073925 0.006553-0.003805-0.102377-0.046401 
0.023349 0.112093 0.092392-0.035320-0.099843-0.052917-0.022896-0.049777 

-0.063471-0.048987 0.089611 0.091992 0.009341 0.031684-0.041195-0.103042 
-0.107916-0.062181-0.053941-0.142346-0.082125 0.078477 0.015897 0.049211 
0.069952 0.005826-0.021475-0.049258 0.040419 0.025394 0.039313 0.078845 
-0.041005 0.014293 0.021050 0.044801 0.016758-0.053407-0.091420 0.041554 
0.008420-0.129427-0.059760 0.047568 0.044597 0.025004 0.025757 0.067722 
0.046987 0.049880-0.028791-0.065799-0.059553 0.049737-0.017507-0.000399 
-0.070856-0.033045 0.002581 0.017401-0.008339 0.055264 0.011108 0.004955 
0.106710 0.026886 0.133548 0.044884-0.050161-0.015738-0.127932 0.008573 
0.090900 0.140109 0.011443-0.135962-0.015453 0.074970 0.035725 0.029452 
0.009993 0.025331 0.013466-0.009888-0.063143-0.059518-0.030482-0.072038 

-0.016272-0.054356 0.012602 0.100530-0.042925-0.060743 0.066159 0.027528 
0.003234 0.082778 0.018265-0.023703-0.024367 0.036978 0.037443-0.113517 
-0.115921-0.101115-0.033116 0.076869 0.149426 0.104204-0.065809-0.051373 
-0.084238-0.130509 0.035665 0.050238 0.062386 0.039180 0.083110 0.028167 
0.041381 0.134392 0.060293-0.111494 0.012845-0.005956-0.017261-0.000226 
-0.038678 0.022993 0.036877 0.019016 0.073689 0.115157 0.077752-0.030362 
-0.015937-0.072913-0.049872-0.000906-0.047034-0.111853-0.116560 0.001627 
-0.028850 0.021376-0.109286-0.166715-0.048926 0.140413 0.087567-0.015102 
0.057704 0.122811 0.038360-0.028666-0.034198 0.058008 0.148166 0.025972 
0.036057-0.032433-0.025252 0.026468-0.030358 0.025201-0.027035 0.069583 
0.085138 0.049285-0.064727-0.068066-0.040843 0.051844 0.054332-0.054457 
-0.052296-0.046920 0.093071 0.029001 0.081108 0.102754 0.096105-0.022457 
· -0. 01 9902-0. 04 7052-0 .002253-0 .040590-0.078734-0 .035607 0.0154 72-0.024357 
-0.055854-0.075163-0.106687-0.080484-0.034158-0.068880 0.017212 0.032315 
0.062149 0.040854 0.045290 0.057153 0.142758 0.019854-0.016619 0.095535 
-0.015045-0.043928-0.082229-0.118583-0.146019-0.062588 0.008731 0.037974 
-0.003008-0.077744-0.092005 0.059836-0.020765-0.014485 0.045619-0.042120 
-0.015953-0.035727 0.167334 0.089755-0.022541-0.055913-0.010333-0.014636 
-0.035088-0.073377 0.048979-0.016757-0.043962 0.039279 0.087347 0.073209 
-0.094855-0.058208 0.03537 4 0.034243-0.051834-0.026193-0.044285-0.032929 
-0.063819-0.022695 0.087612 0.109583 0.092809 0.072487 0.025311 0.125034 
-0.023152-0.016649-0.055629-0.026008 0.057949 0.005930 0.034180-0.052788 
-0.032238 0.076580-0.070093 0.076400 0.069742-0.005486 0.000357-0.022523 
-0.148969-0.104244-0.027193 0.021660 0.110429 0.051188 0.048650-0.022634 
-0.076985-0.069458 0.029095-0.129815-0.067073 0.065374-0.000917 0.111157 
0.162942 0.047578-0.086207-0.099270-0.059252-0.012203-0.035872 0.023834 
0.080038 0.010065 0.082536 0.088529 0.075318 0.043178 0.016888 0.015967 
-0.016438 0.065302-0.023889-0.129782-0.085899-0.0527 45-0.052207-0.01 8943 
-0.000054 0.000861-0.054827-0.116133-0.064970-0.002679-0.023067-0.016980 
0.013515 0.034447-0.071996-0.043968-0.030816-0.106091 0.059327 0.066483 
-0.011376-0.007755-0.086976 0.080814 0.146760 0.101831 0.070466 0.057551 
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0.123059 0.124074 0.035330-0.094389-0.127299-0.107508-0.028419-0.006303 
-0.018569 0.014609 0.023996-0.003038-0.008342-0.012929-0.079922-0.105636 
-0.013600 0.020676 0.071489 0.098988 0.113771 0.158688 0.032298 0.032647 
0.076090 0.092570-0.025943-0.102075-0.077069-0.034059 0.063865 0.009861 

-0.091159-0.063710 0.012689-0.017240-0.104210-0.028606 0.001252-0.099304 
-0.083311-0.044433 0.029438 0.024795 0.070672 0.039881 0.009384 0.074747 
0.036259-0.023434-0.042557 0.032709 0.136655 0.074012 0.043808 0.011030 
0.006268 0.011774-0.002337 0.126116 0.002271-0.101447-0.055685-0.119031 
-0.052160-0.062058 0.080028 0.147763 0.079809-0.040222-0.027809 0.069169 
-0.013179-0.019771-0.056628-0.084525-0.059941-0.042184-0.055496 0.066457 
0.071867-0.001094-0.069040-0.043671-0.041972-0.151889-0.098056-0.07 4367 

-0.086764 0.020386 0.019352 0.014910 0.040738 0.007760 0.099806 0.109819 
0.048955 0.033710 0.088462 0.016689 0.047404 0.026723-0.029637 0.107749 
0.104486 0.047837 0.027097-0.093286-0.020054-0.063965-0.054469-0.080076 

-0.108862-0.057703-0.035353-0.023421-0.024229 0.052599 0.040801 0.036185 
0.145633 0.087521 0.000537 0.087007-0.008174-0.060973 0.085875 0.013437 

-0.001672-0.017088-0.066037-0.015812-0.049117-0.062996 0.000039-0.042466 
-0.070928-0.046410 0.105362 0.000392 0.080410 0.075823-0.011843-0.042935 
-0.026624-0.003624-0.008753 0.025728-0.054447-0.017551-0.032718-0.055592 
-0.049880-0.046398-0.004909-0.031463-0.025041-0.058355 0.089414 0.116217 
0.018777 0.065278 0.039931 0.040294 0.033178-0.024584-0.016364-0.109135 

-0.057914-0.030070-0.063752-0.058696-0.077840-0.0317 46 0.053244 0.105463 
0.060757 0.078763 0.059616 0.063675 0.008619-0.009354-0.024108-0.060727 

-0.080367 0.008715 0.027893-0.003191-0.041775-0.046478-0.045480-0.036554 
0.039653 0.096615 0.038309 0.039429 0.049760 0.008791 0.007153 0.020049 

-0.069083-0.065306-0.014549-0.078873-0.046880-0.010746-0.092906 0.001193 
-0.009679-0.106454-0.117715-0.036392 0.077816 0.072055 0.000610-0.031131 
0.043451-0.028895 0.014443 0.006150 0.006832 0.023712-0.023518-0.078791 

-0.130267-0.061409 0.026121 0.029050 0.041939 0.036489 0.112892 0.039141 
0.136231 0.055421 0.054427 0.010932 0.029261-0.033310-0.014135 0.045683 
0.061426 0.117599-0.003352 0.009962 0.014115 0.048638 0.110006 0.013636 
0.009726-0.161292-0.061071-0.007745-0.066600-0.075750 0.097694 0.049534 
0.011373 0.016755 0.076325-0.076995-0.085693-0.075837 0.048469 0.071389 
0.030325 0.082846 0.049325-0.017710-0.065883-0.079521-0.022648 0.017375 
0.039983-0.084153 0.071798 0.00617 4-0.034006-0.080300-0.030154-0.044939 
-0.015515 0.090621 0.020317-0.017499-0.018448-0.144724-0.042505 0.001125 
-0.070198-0.128082 0.087563 0.115069-0.015178 0.058161 0.087318 0.098809 
0.039918-0.048065 0.001663 0.004547-0.003793-0.081313-0.044405-0.031103 

-0.027836 0.014391 0.011607 0.010527-0.071513-0.048873 0.021004 0.042330 
0.096795 0.117 499 0.020337 0.004546 0.120086 0.048108 0.013157 0.019274 

-0.026938-0.020025 0.067166 0.066139 0.010606-0.009529-0.010833-0.115470 
-0.050778-0.012202-0.042569-0.028196-0.013351 0.038430 0.006179 0.030561 
0.043440-0.008278 0.020976 0.016478-0.103679-0.091716 0.066678 0.116809 
-0.060697-0.070305 0.009417-0.091358-0.160050-0.001727 0.000261 0.045093 
0.031415-0.047337-0.075903-0.035602 0.045799 0.123828 0.127630 0.107641 
0.018987 0.075997 0.108743-0.059972-0.054557-0.063499-0.037548-0.059922 
-0.094588 0.017127-0.001736-0.070763-0.024619-0.102418-0.031236 0.077426 
0.006244-0.123261-0.028500 0.055049 0.093405-0.024171 0.150527 0.150298 
-0.030476-0.042755 0.063193 0.021946-0.085655-0.072401 0.068348 0.009172 
0.092384-0.015561-0.130074-0.125785-0.054205-0.015458 0.011476 0.070565 
0.003449-0.025572-0.033184 0.054152 0.068108 0.048153-0.024015 0.029908 

-0.108501-0.174835-0.153254 0.026389 0.024245 0.032757 0.112773 0.075218 
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0.005346-0.108132-0.039778 0.131337 0.075689-0.001983 0.031727 0.008871 
-0.051142 0.052488 0.035741 0.013978 0.031136-0.098342-0.053362 0.009339 
-0.032455 0.000514 0.006978-0.035257-0.051491-0.002432 0.019452-0.004113 
0.045197-0.025174 0.098601 0.012081 0.013975-0.012220-0.038993-0.034223 
0.084822 0.128940 0.063731 0.011412 0.042118 0.043304-0.109158-0.093040 
-0.075934 0.008066 0.033945-0.012285 0.089667 0.010287 0.016439 0.051641 
0.047347-0.001935 0.034238 0.068458 0.053603 0.067943-0.026706-0.084919 
-0.036101 0.025850-0.113469-0.039608-0.017757 0.041716-0.023905 0.009433 
0.012846-0.018712 0.048511 0.034199 0.054209 0.021000-0.129309-0.157123 
-0.153860-0.063640-0.052482-0.046327 0.086031 0.048316 0.002621-0.004800 
-0.075304-0.120953-0.125947-0.116156 0.064523-0.005580 0.022457 0.131541 
0.063852 0.068998 0.033780 0.088215 0.057132 0.023481-0.037784 0.003296 
-0.010033 0.052502 0.035466-0.008019-0.025564 0.014030 0.117459 0.065707 
0.001048-0.002080 0.025625-0.063935-0.038192-0.002559 0.038699 0.052255 
0.036691 0.038424-0.129514-0.080075-0.056238-0.025430 0.038718 0.015676 
0.079734 0.061333-0.020416-0.092413-0.014643-0.028917 0.019625-0.023544 
0.006786-0.075971 0.024821 0.074353-0.001393-0.016906-0.008685 0.019971 
-0.046876-0.032395-0.010878 0.019038 0.025843-0.013346-0.026535 0.056814 
0.082880-0.013725-0.011257 0.016333 0.028449-0.007710-0.048190 0.042315 
0.018614-0.013322-0.004470-0.019091 0.098675 0.031374-0.098596-0.027357 
-0.006080 0.049374 0.094528 0.002670 0.063055-0.016412-0.004340-0.034603 

-0.31384 
-0.024608 0.033133 0.041188 0.035080 0.025843 0.039491 0.055642 0.065209 
-0.007482 0.000506 0.017393 0.065096-0.045303 0.004567-0.021398 0.020798 
0.002274 0.063305 0.101120 0.030338 0.000345 0.030752-0.062278 0.000730 

-0.086857-0.007516 0.048684-0.118510-0.164136-0.098939-0.084976-0.180243 
-0.101965 0.011871-0.058922-0.046808 0.068118 0.085952-0.042826-0.008748 
0.043932 0.026676 0.069572 0.006662 0.005612 0.091428 0.040991-0.036906 
-0.084977 0.033070 0.044762-0.056839 0.001157 0.154471 0.115390 0.050168 
0.018630-0.045335-0.044302 0.037411 0.041611-0.007296 0.046069 0.090708 
0.025950-0.034537-0.037 431-0.086403-0.055616-0.067606 0.008512-0.075529 
-0.060770-0.007756-0.091714-0.072581-0.044036-0.087666-0.070120 0.005928 
0.024521 0.078997 0.036333 0.006920-0.006608 0.035298-0.001368 0.053367 
0.076369-0.036103-0.012321 0.087383 0.003836-0.069928-0.013577-0.083817 
-0.065476-0.073477 0.034770 0.012242 0.015520 0.028508 0.039538 0.016523 
0.063556-0.029077 0.068629 0.040035 0.001152-0.000939 0.011142 0.067900 
0.012013-0.03026_3 0.002398 0.084211 0.083857-0.021653 0.010055 0.009186 
-0.034993 0.016687-0.000438-0.021986 0.012760 0.053574 0.002465-0.039144 
0.011526-0.000734-0.061592-0.069744 0.030251-0.004516-0.014696 0.065666 
-0.002483 0.023431-0.048972-0.059478-0.000655 O.Q10414 0.013051 0.006447 
-0.021009-0.066821-0.067534 0.025171 0.062388-0.039044-0.027421 0.050898 
0.040261 0.002676-0.094055-0.044329 0.014490 0.020268-0.026900-0.096054 
-0.013400 0.015235 0.061828 0.121228 0.070932 0.099080 0.066703 0.044127 
0.037707 0.062258 0.017657 0.057123 0.079497-0.043366-0.020375-0.050738 
0.012508-0.010812 0.013934-0.088851-0.028139 0.010748 0.001877-0.095451 
-0.044233-0.051126-0.042819-0.086798-0.058092-0.025974 0.053846 0.097908 
0.066029 0.067055 0.003246-0.038704-0.107891-0.085658-0.086292 0.008649 
-0.009498-0.042437-0.086982-0.015913 0.052655-0.026232-0.025532 0.000782 
0.033750-0.013650 0.051471 0.111146 0.075736 0.056616 0.015161 0.022211 
-0.059155 0.050655-0.057809-0.027569-0.025986-0.042107 0.003517-0.017506 
-0.036817 0.084019 0.106442 0.099168 0.057750 0.015357 0.065060 0.103229 
-0.000007-0.027632-0.072191-0.093077-0.051323 0.092054 0.115176 0.054969 
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0.031837-0.052783-0.045866-0.015177-0.022189-0.024962-0.023540-0.004682 
-0.022685-0.030141 0.005899-0.037782-0.031438-0.042186 0.010975 0.001696 
-0.008122-0.060017 0.021401 0.039028 0.011354 0.055494 0.068061 0.008562 
-0.049821-0.038878 0.062684 0.157129 0.012069 0.009352-0.006947-0.000276 
0.053555 0.067834-0.058980-0.051442-0.023379-0.066587 0.038666 0.107307 
-0.009364 0.005834-0.049135-0.013775-0.006360-0.029051 0.063876-0.053423 
-0.054390-0.044020 0.047195 0.116464 0.058784-0.107042-0.005793-0.002677 
-0.361003 
-0.109256 0.003431 0.091329 0.005006 0.020019 0.069209 0.055636-0.076573 
-0.049039 0.035890 0.024068 0.051134-0.079653-0.114211-0.136543-0.061511 
0.052773 0.057726-0.046701-0.011518 0.065100-0.025419-0.028800 0.023371 

-0.119899-0.051734-0.024722-0.002808 0.024451 0.084028 0.024983 0.022215 
0.037021 0.018987 0.091484 0.007623 0.016441-0.008864 0.103623 0.088272 
-0.001069 0.117197 0.065491-0.021735-0.039472 0.037168-0.025464-0.025769 
0.007326-0.044939-0.039047-0.010467 0.042198 0.020126 0.082269 0.010670 
-0.059654 0.001275 0.044854 0.012430-0.071591-0.076863-0.024866 0.065722 
0.031755 0.016689-0.062377-0.056558-0.106708-0.048589 0.095714 0.021693 
-0.372413 
0.002803-0.007441-0.002993-0.033159 0.046362 0.092686 0.020041-0.013737 
-0.026938-0.059799-0.008645 0.025475 0.012457 0.066089 0.091414 0.061741 
0.074867 0.138956 0.107714 0.077933-0.005951-0.056637-0.016257-0.068310 
-0.026929-0.009828 0.032496 0.074648 0.005932 0.005910-0.012611-0.034433 
0.070879-0.036018-0.000074 0.008325-0.001461-0.046066-0.064488-0.012839 
0.007572-0.015325-0.034967-0.026830 0.002385 0.005875 0.035550 0.026924 

-0.022469-0.081963-0.030456 0.050515 0.016904-0.004082 0.073577 0.073079 
0.068130-0.013967-0.062026-0.127121-0.114282 0.014353-0.032332-0.015399 

-0.068773 0.023215 0.016632 0.000686 0.006236-0.023559-0.068547-0.001239 
0.024785-0.035309 0.049061 0.013216 0.023354 0.009406 0.043400 0.000791 
0.043189 0.034122 0.102314 0.027521-0.041982-0.114176-0.051004-0.021823 
-0.346021 
-0.033162-0.006448-0.026589 0.090413 0.060518-0.042822-0.003129 0.045330 
0.006389 0.090922 0.005607 0.048913 0.047267-0.044914-0.015931-0.020377 
0.032802 0.018192-0.043100 0.009311-0.026673-0.033971 0.005051 0.049008 
0.079261 0.062086 0.089009 0.094539-0.063608 0.012372 0.054065 0.004991 
-0.079779-0.007978 0.045646-0.017518-0.029894 0.041188-0.048369 0.019348 
0.072530-0.030803-0.030513-0.015468 0.025209 0.006569 0.017461 0.000000 
0.003108 0.062864-0.006110-0.070844-0.008942-0.055242 0.007144 0.075513 
-0.289798 
-0.072501-0.020382-0.015245-0.074976-0.104723 0.008854 0.006688-0.021736 
0.001903-0.005303 0.007707 0.117913 0.035148-0.030125 0.057288 0.085399 

-0.011836-0.028978-0.030516 0.031602 0.061562-0.005668 0.073419 0.053082 
0.065473 0.072614 0.011902-0.084476-0.083437 0.096530 0.069403 0.082082 

-0.014231-0.029758-0.022581-0.060934-0.016619 0.064301 0.054244 0.016892 
-0.029040-0.019438-0.004844-0.009140 0.076592 0.044460-0.039473-0.003539 
-0.029329 0.044915 0.036907 0.033263 0.011083-0.059944-0.041615 0.027628 
0.018149-0.005143 0.091210 0.037968-0.036486-0.033257-0.010632-0.024297 

-0.013013-0.015309-0.022987-0.037345 0.027429-0.003665-0.116912-0.059645 
-0.022583-0.040594-0.003038 0.000417 0.003925-0.011763-0.069629-0.043531 
-0.016906-0.026803 0.002186 0.012249 0.047709 0.040516-0.011276 0.063150 
0.050755 0.003973-0.011897-0.019310 0.020688-0.004071 0.014425-0.036291 
-0.244754 
0.023766 0.096290 0.017716 0.050629-0.036763 0.016568 0.065063-0.019800 
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0.024733-0.028685-0.003268 0.016602-0.039458-0.013205-0.001204 0.039690 
0.067072 0.013884-0.020545 0.010412 0.042550-0.031894-0.028663 0.040476 

-0.027955-0.011977 0.039929 0.107409 0.075260 0.001186 0.066443-0.014580 
-0.000820 0.009221 0.022584 0.016724 0.003779-0.037396-0.007042-0.030798 
-0.028620-0.014804-0.046591 0.027591 0.007525 0.012619 0.046109 0.033148 
-0.043016-0.025906-0.036069-0.089628-0.059799 0.025211 0.025662 0.000145 
0.061277-0.013319-0.066883-0.063999-0.039953-0.011528 0.007685-0.037251 
0.022735-0.001283-0.024174-0.042154-0.015729 0.032060 0.031049 0.001149 
0.003576 0.017379 0.039189 0.044031-0.007855 0.002863-0.066181-0.029960 
-0.047526-0.015242 0.047215-0.017370-0.030805-0.030340 0.010126-0.049427 
-0.046029 0.010112 0.090999 0.011002 0.001650 0.026307-0.011853-0.001386 
0.021174 0.023854 0.009158-0.021248-0.076136-0.070457-0.022027-0.019663 
0.027609 0.041832-0.019729 0.046965 0.035028 0.078072 0.068235-0.005033 

-0.006075-0.013798 0.028432-0.043859-0.064833-0.023532-0.052883 0.088500 
0.055506-0.034001 0.018087-0.010250 0.019607 0.030337 0.019927 0.038519 
0.070716 0.050270-0.043370-0.091153-0.029820-0.008971-0.012659-0.090870 

-0.029933-0.027740-0.018715 0.041857-0.026328-0.028244-0.023193 0.007799 
0.022256 0.042718 0.056977 0.011045-0.046232 0.017949 0.039104-0.013045 
0.015266 0.034563 0.038197 0.075746-0.003065-0.023826 0.008243 0.069823 
0.078672-0.017589-0.071963-0.039819-0.034037-0.025800 0.033009 0.008520 
-0.005756-0.046162-0.087197-0.077653-0.030054-0.077847-0.091285 0.015789 
0.003095 0.032553 0.055892 0.030580 0.009701-0.016225-0.007705-0.055063 
-0.044073 0.010565 0.028636 0.007153 0.038064 0.052535 0.058324 0.044674 
0.028658 0.039166 0.081503 0.059544-0.012957-0.012767-0.000023 0.004500 
0.010147 0.012920 0.022019 0.004872 0.032444-0.002757-0.022515-0.096972 

-0.098484-0.086688-0.058820-0.055973-0.083223 0.065703 0.070519 0.084064 
0.056987-0.010315-0.050954 0.031573 0.059879 0.062345 0.063099 0.065739 
0.025873-0.014082-0.049919-0.027730-0.030877-0.058182-0.033714-0.022787 
0.001511 0.056756 0.076338 0.040630-0.032468-0.012122-0.014234-0.032098 

-0.033250 0.050588 0.023640-0.013826 0.048664 0.058746 0.046714 0.073257 
0.006561-0.014064 0.035026-0.047323-0.017698-0.070083-0.040512 0.012907 

-0.034508-0.002053 0.013131 0.008921-0.016390-0.039636-0.003780 0.011029 
0.035796 0.001676-0.012520-0.038096 0.002247 0.007616 0.007406 0.006609 
0 .096866-0.007588-0. 057891 -0 .027724-0.031 984-0.037040-0.036607-0.012828 
-0.061425-0.066108-0.000896-0.002399-0.045154-0.006176 0.017899-0.008521 
-0.011707 0.038259 0.036194 0.036909 0.087842 0.084164 0.029948-0.026527 
-0.027081-0.006456 0.002343-0.018069 0.023060 0.046969 0.042932 0.015317 
-0.030825-0.031921-0.016658-0.041225-0.059701-0.005005 0.057110 0.044003 
0.045168 0.027614 0.009349-0.037540-0.035488-0.040368-0.052977-0.005967 
-0.000775 0.012107-0.014268-0.027314 0.044473 0.040200-0.019332-0.008177 
0.030841 0.080348 0.032290 0.022673 0.023315 0.016168-0.040448 0.039614 
-0.021943-0.013260-0.040851-0.01624 7-0.000605 0.012839-0.009395 0.006705 
0 0.009299-0.068230 0.005197 0.012298-0.017715-0.026943-0.008595 0.007013 
-0.006453 0.003801-0.028589-0.066166-0.027145-0.024942-0.000531 0.003926 
0.013568-0.022963-0.049971-0.021441 0.050148-0.029873-0.026458 0.013781 
0.045381 0.043721 0.025643 0.107532 0.091976-0.010895-0.019556 0.002467 

-0.020294 0.036465 0.000276-0.026343 0.024101-0.026204-0.008168 0.016482 
0.028105 0.031261 0.013117-0.023217 0.079718 0.004916-0.033679-0.000956 
-0.008334 0.025738-0.078756-0.032549 0.007471-0.012888-0.055722-0.013586 
0.090573 0.062395-0.037437-0.011720-0.014483 0.031165 0.033354 0.021988 
0.040419-0.016753 0.015070 0.034747-0.026694 0.013115-0.005198 0.046083 
-0. 033361 -0.01 9196-0 .032835-0.056262 0. 008942 0 .044 7 43 0. 005664-0 .00804 7 
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0.047469 0.053084 0.040124 0.046160-0.035537-0.026042-0.065821-0.016037 
0.019183-0.039295-0.052539 0.006737 0.056208 0.003979 0.014775 0.035783 
0.033228-0.004727-0.094935-0.023114 0.012890 0.007592-0.019761 0.007091 
0.004487 0.021771 0.018355 0.027763-0.006385 0.021132-0.028410-0.062912 
-0.025546 0.007331 0.012863 0.049006 0.036379 0.074239-0.006328-0.084723 
-0.042106-0.000959 0.068511 0.051910-0.013913-0.016241-0.072161-0.116800 
-0.067252-0.023077 0.009837-0.007 412-0.057828-0.038587 0.026653-0.031689 
-0.010538 0.009256-0.049150 0.021948 0.054935 0.038911 0.009570 0.015044 
-0.006487-0.035819 0.061490 0.006462-0.000120 0.029762-0.032870-0.032740 
0.038783 0.036201 0.004954-0.058773-0.016605-0.025623-0.028983-0.020813 
-0.033925-0.014103 0.007563 0.017466 0.057617 0.035932 0.042373 0.053392 
0.012840 0.005869 0.003859-0.006713-0.024598 0.045996-0.007330-0.022672 

-0.036070-0.024742-0.026981 0.050068-0.046139 0.061163 0.023200 0.070603 
0.066055 0.044641-0.016171 0.004389 0.066406-0.054347-0.033202-0.034198 

-0.019979 0.001298-0.008850-0.029230-0.007144-0.018095-0.031649-0.052089 
-0.046735-0.021006-0.055452-0.041287 0.009949-0.024400 0.018513 0.051295 
0.030734 0.061970 0.062842 0.030557-0.000950-0.017330-0.040717-0.047609 
-0.040504-0.003041-0.003399 0.039513 0.030457 0.015761-0.003843-0.017848 
0.058039 0.074214 0.022752 0.013719 0.023107 0.075729 0.033578-0.036150 
-0.024769-0.006321-0.014344 0.02237 4-0.034153-0.027575-0.078560-0.113767 
-0.087994-0.006610-0.061898-0.033253 0.052321 0.051538 0.058136 0.037178 
-0.005400 0.028874-0.007313-0.028191 0.003681 0.039478 0.007707 0.018984 
0.012804 0.008158 0.025649 0.026991-0.008119-0.062551-0.023480-0.037129 
-0.047687 0.014566 0.013422-0.026919-0.020983 0.009555-0.023220-0.010679 
-0.007277 0.015573 0.015855-0.064302-0.043035 0.014870 0.047325 0.022318 
0.045017 0.041740-0.017719-0.042066-0.028402-0.033393 0.016151 0.035078 
0.019358 0.045198 0.009292-0.008077-0.026323 0.012087 0.002005 0.000909 
0.009661-0.010677-0.020554 0.036268 0.032569-0.004234 0.074489 0.014665 
-0.020503 0.068080 0.042128-0.017469-0.018064-0.004835-0.003498 0.024355 
0.006911-0.022881 0.006142 0.068871 0.063709 0.009820-0.055852-0.015032 
0.001985 0.017057 0.006868 0.032904 0.003413-0.049037-0.023013 0.003282 
0.026445-0.022426-0.060646-0.076716-0.024820-0.028527-0.033058 0.012936 
-0.021980 0.013006 0.026360 0.051277 0.035976-0.011319 0.061202 0.058131 
0.010984 0.018278-0.021795-0.011271-0.022412 0.000300 0.029605 0.047402 
0.010806 0.075697 0.062985-0.005813-0.025235 0.006207-0.023009-0.010902 
-0.211839 
-0.027546-0.010208-0.004766 0.0057 48 0.027535 0.000541-0.002188-0.001985 
-0.004160 0.048257-0.028588-0.038179-0.009456-0.030352-0.006698 0.027082 
0.089664 0.061154-0.043955-0.075558-0.030789-0.022288-0.063626-0.045929 
-0.000465 0.062057 0.014580-0.032787-0.010598 0.011225-0.019057 0.001162 
0.044767 0.001718-0.002575-0.004243-0.039817-0.022932-0.046024-0.028419 
0.003450 0.024607 0.001239 0.025630 0.035777 0.005044-0.003352-0.038605 
0.003262 0.036467-0.004824 0.001314 0.015118-0.006483 0.051325 0.036684 
0.011108-0.029171-0.003176 0.005342-0.015100 0.037733 0.051777 0.027596 
0.009291-0.035498 0.017440 0.007643-0.024915-0.007410-0.009588 0.045112 
-0.022197 0.017518 0.002225 0.012071 0.036459 0.065821-0.000409-0.030780 
-0.030778 0.001426 0.032184 0.024373 0.005465 0.024654 0.004270 0.011643 
-0.000505 0.002644-0.028416-0.019960 0.045646 0.034461 0.011503 0.047224 
0.001347-0.015457-0.022430-0.057454 0.010219-0.005512-0.034802 0.009423 
0.073205 0.071087 0.008913 0.012822 0.058404-0.021649-0.035307-0.024965 
-0.032355-0.026124-0.036668-0.051101 0.007880-0.047087-0.017922-0.016382 
-0.034525-0.017316-0.012248 0.006920 0.015250-0.024197-0.018284-0.017333 
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-0.016413 0.013009-0.005860-0.030731-0.024224 0.019559-0.003604-0.022215 
-0.011691-0.041620-0.048621-0.006069-0.019162 0.017887 0.003877 0.032147 
0.019372 0.032511 0.019060 0.022605 0.018994 0.019152 0.004979-0.038372 

-0.003649 0.004764-0.013010-0.048796-0.054290 0.033499 0.009502-0.074089 
-0.037606-0.016189-0.012820 0.040543-0.016796 0.011021 0.041192 0.065191 
0.095497 0.022283-0.023201-0.008630 0.007969 0.011063 0.020471 0.030748 
0.010150-0.037352-0.021898-0.039786-0.084499-0.060965-0.006214 0.006137 
0.018312 0.048680-0.001251-0.073100-0.086576-0.048374 0.000762 0.003676 
0.039484-0.008640-0.003201-0.002919 0.016076 0.070571 0.082288 0.042708 
0.021455-0.016166 0.001133-0.004291-0.019185-0.041143-0.006248-0.004939 

-0.035072-0.004001-0.034392 0.010261-0.004590-0.032399-0.003284 0.000111 
0.005238 0.038067 0.03361 B 0.019131-0.002826-0.001365 0.042058 0.052590 
0.020573 0.03091 B 0.002429-0.025597-0.044012-0.045437-0.068635-0.006476 

-0.024703-0.028982-0.004792-0.005967 0.033394 0.016726 0.031 BBB 0.009103 
0.009116-0.012085 0.003895-0.003208-0.000574 0.019502 0.006823 0.041026 
0.033564 0.021749-0.001997-0.024791-0.027540 0.008195 0.005638-0.004515 

-0.031992-0.00431 B 0.009783 0.018720 0.034149 0.028408-0.011823 0.003503 
-0.023154-0.020796-0.038018-0.014386 0.004804 0.034680-0.026073-0.085635 
-0.053344-0.015329-0.033536 0.053274 0.037074-0.007597-0.002730 0.003822 
-0.009090 0.011486 0.004639 0.007143 0.006689 0.018147 0.019280 0.001310 
-0.012598 0.037003 0.036628-0.016494 0.010266 0.040540-0.005639 0.028294 
0.047483 0.026274 0.015966-0.010041 0.031147 0.040112 0.024957 0.041481 

-0.001989-0.020921 0.000923-0.025223-0.005135 0.022229-0.052057-0.051072 
0.013411-0.017039-0.026680 0.009999 0.013937 0.023837 0.030635 0.038660 
0.041993-0.026350-0.029648-0.011983-0.065891 0.000625 0.024543-0.018068 
-0.024813 0.045614 0.000086-0.032990 0.009893 0.005828-0.019368-0.016456 
0.054449 0.065386 0.044623 0.010500 0.033875 0.036354-0.024300-0.019290 
0.010224 0.001200 0.018379-0.019970-0.035490-0.039224 0.016238 0.007567 
-0.062222-0.046768 0.006441 0.034725 0.007185-0.019374-0.030599 0.040802 
-0.007124-0.046612-0.037325-0.001172-0.003125 0.015891 0.028059-0.042387 
-0.032567-0.020735-0.024892 0.005437 0.002422 0.008501 0.029128 0.039928 
0.052929 0.044413-0.028543 0.008377-0.008836-0.023571-0.01 9270-0.045006 
-0.005039 0.023508 0.011761-0.025894-0.009020 0.018143 0.037384 0.041427 
0.030948-0.005258-0.040197-0.022986-0.025217 0.030221 0.008803 0.002407 
0.000562-0.003256 0.017227 0.027281-0.030461 0.036738-0.030669 0.019131 
0.070060 0.030032 0.014993 0.027230 0.026863-0.015423 0.001716 0.028808 
0.039014-0.024906-0.048269-0.058127-0.023999-0.009206-0.017162 0.005002 
0.009619 0.003528 0.019179 0.048346 0.015994-0.010462-0.003128-0.034131 

-0.015553-0.023312-0.049113-0.060917-0.004638-0.012667-0.013501 0.006394 
0.011938 0.031422-0.017214 0.013885 0.057328 0.018091-0.032587-0.023296 
0.004437 0.005561 0.010874 0.002210-0.022174 0.003814 0.010549 0.013009 

-0.023340-0.014758-0.010049-0.021012 0.008259 0.030540-0.024544 0.013414 
-0.017704-0.009407-0.012836-0.017852 0.015566-0.001132 0.010488 0.004351 
-0.004373 0.007065 0.012144 0.017899 0.035048 0.005880-0.041433 0.022329 
0.038774 0.030121 0.041469 0.020269 0.032017-0.005960-0.034095-0.053731 
-0.043330-0.046736-0.070305-0.028155-0.010259 0.021213 0.017203 0.016096 
0.001860 0.021682 0.021764-0.004983 0.043108-0.026814 0.001181 0.017256 
-0.015850 0.005003 0.003547-0.019805-0.062924-0.063006-0.028413-0.039559 
-0.052009 0.00091 B 0.026236 0.020091 0.036972 0.023115 0.033158 0.015490 
-0.025577-0.003541-0.031492-0.027429-0.019226 0.006943-0.004205 0.026527 
0.020199-0.017909 0.006982-0.048556-0.059923 0.025857 0.012502-0.001615 
0.033017 0.028703 0.006121-0.009325-0.012552-0.006603 0.005505 0.035293 
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0.066211 0.026089-0.024733-0.003217 0.003965-0.036773 0.024733 0.022210 
0.008287 0.031624 0.009580 0.000556-0.002288-0.039345-0.019604-0.026464 
-0.005594 0.034449 0.030314-0.017207 0.023702 0.009189 0.038239 0.005947 
-0.025948 0.005713-0.025738 0.015929 0.062265 0.023022 0.025720-0.006028 
-0.027526-0.004956 0.030144-0.011790-0.039316-0.012634-0.022871 0.011098 
0.028915-0.003491-0.002437 0.028832 0.030087-0.032895-0.027705-0.030522 
0.029523-0.037889-0.025024-0.006871-0.049228-0.021650 0.000212 0.003437 
0.006040-0.035998-0.034515-0.002893-0.024360 0.003725-0.043160-0.008342 

-0.033847 0.002757 0.006403-0.015634-0.032329 0.005824 0.018370 0.004955 
0.012295 0.039132 0.047577 0.018737 0.020583-0.018369-0.018349 0.011652 
0.031218-0.009761 0.021165 0.056431-0.000350 0.021304 0.020911 0.011449 
0.022472 0.033374-0.002641 0.016102-0.014870-0.031178-0.014320 0.008345 
0.040313 0.011760-0.012511 0.007193 0.007152-0.017223-0.028508-0.031824 
0.003165 0.015812 0.017881 0.009611 0.022401 0.004034 0.029344 0.034950 
0.001028-0.053516-0.031072-0.018247-0.007569-0.031487-0.029366 0.009424 
0.025456 0.024592 0.005109 0.027657 0.054336 0.007319-0.019842 0.036957 

-0.013709-0.023668 0.019983 0.012285 0.033768 0.004280 0.004671 0.023321 
0.003230-0.066504-0.044692 0.014011 0.020453-0.015018-0.021931 0.019859 
0.004278-0.017399-0.016906-0.055311-0.026454-0.009518 0.013604 0.015070 
0.009222 0.005152 0.007877-0.016014-0.010369-0.016083-0.013203 0.012569 
-0.018091-0.020219-0.043563-0.012577 0.002156-0.024642-0.004812-0.039359 
-0.022891-0.009862-0.002018-0.007558-0.014611 0.016901 0.013804 0.017155 
0.020111 0.001099-0.008488 0.026920 0.042103-0.007885 0.013475-0.018279 
0.014819 0.024667 0.014342 0.008234 0.017369 0.036511 0.029433-0.000276 
0.022100 0.041975 0.036944-0.017424 0.005830 0.009432-0.023875-0.019546 
-0.059489 0.002155 0.007396-0.026113-0.019221-0.017455 0.033457 0.010336 
-0.002322 0.005852-0.005984-0.016148-0.008387-0.020825 0.019481 0.009826 
0.008052 0.037308 0.030661-0.058115-0.011918 0.020360 0.007062-0.023109 
-0.025581-0.010519-0.011077-0.016587-0.002650 0.011937 0.003727 0.006292 
-0.006365 0.020031 0.000843 0.001785 0.010432 0.029322-0.029459-0.023296 
0.004266-0.016757 0.038550 0.025319 0.021274 0.001339 0.009875-0.033196 

-0.013786-0.024796-0.040212-0.000994 0.036812 0.016785-0.015447 0.002989 
-0.004609-0.025575 0.006023-0.007195 0.003185 0.010960 0.019636 0.014536 
-0.012995 0.010274 0.039288 0.029306 0.026575 0.004266 0.010873-0.010143 
-0.027914-0.035328-0.029707 0.017121 0.027203 0.018516-0.008025-0.022853 
-0.016403 0.016513 0.049873 0.022304 0.004211-0.030102-0.016508 0.035662 
0.011711-0.003074-0.006051 0.019984 0.007579-0.000818-0.003644-0.010137 

-0.010314-0.034718-0.032943 0.012018-0.008295-0.012862-0.004602 0.000062 
0.014028-0.007929-0.014474 0.005724-0.041050-0.027851-0.008978 0.016256 

· 0.010462 0.037578-0.001844-0.009786 0.009420 0.005570-0.037305-0.015466 
0.005740 0.040890 0.038079 0.048767 0.0406010.0090960.013775-0.002164 
-0.030387-0.024144-0.030391 0.008103-0.038758 0.000678 0.013311 0.006972 
0.013017-0.037258-0.029488-0.001240 0.022652 0.034641 0.047204 0.002366 

-0.014921-0.013804-0.017159-0.024928-0.013486 0.010486 0.014616-0.012949 
-0.023022-0. 032546-0.042691 0 .000893-0. 007 436-0 .0037 46-0. 023185-0.022906 
-0.016515 0.002473 0.017609 0.005964-0.013874-0.016863-0.032590-0.030050 
0.009888 0.016509-0.005780 0.030544 0.002305-0.005619 0.014192 0.003391 
0.028124 0.001550 0.016429-0.013766-0.012552-0.000918-0.001445-0.009335 
0.036848 0.023421-0.003030-0.006256 0.004211 0.005665 0.011050 0.006506 
0.045128 0.077050 0.006063-0.015133-0.000219 0.012303-0.000115-0.011524 
0.010605 0.038371 0.009394 0.00227 4-0.043901-0.006158 0.009215-0.020803 
0.010738-0.011794-0.014042 0.003810-0.022006 0.003381 0.006615 0.016672 
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0.004603 0.008250-0.000895 0.010551-0.008982-0.050337-0.038235-0.048258 
-0.028720 0.009633 0.008635 0.000795 0.003380-0.007686 0.013271 0.030102 
0.026463 0.004291-0.018356-0.020639-0.024974-0.016591 0.011530-0.017198 
-0.035872-0.008451-0.015165-0.021382-0.015732-0.012695 0.002003 0.026567 
0.021417 0.016938 0.006763 0.003511 0.006723-0.006496-0.003711 0.039895 
0.018843-0.001623 0.025053 0.024659 0.008111-0.022025-0.020258-0.012989 

-0.002182-0.004889-0.002253-0.032142 0.007663 0.005851-0.025341-0.045036 
-0.000832 0.036803 0.015757 0.031203 0.022936 0.024169 0.040118 0.039778 
0.022075 0.000891-0.001681-0.005754 0.003930-0.020716-0.005876-0.022259 
-0.159031 
0.036404 0.033309 0.026485-0.008907 0.014849 0.019796-0.002457 0.000352 
0.026134-0.017672 0.010219-0.013236-0.011373-0.040544 0.011706 0.011867 

-0.014539 0.007472 0.012810 0.027293 0.023136 0.000150 0.008291 0.022816 
0.029268-0.000245-0.000466-0 .000009-0. 013927 -0.01 0248-0.002696 0.006502 
0.010983-0.004634-0.019659 0.000796-0.004529-0.030972-0.028756-0.026867 
0.003744-0.002157-0.015878-0.010189 0.001459 0.009812 0.001359-0.024941 
-0.017263 0.005650 0.000760-0.007956-0.034062-0.008295 0.009813 0.008629 
-0.007785 0.002785-0.009020 0.027548 0.006478 0.031498 0.031771 0.047118 
0.056608 0.027582 0.014997-0.000250-0.001999 0.009151-0.008591-0.034400 
-0.001076-0.005762-0.020298 0.011680-0.001332 0.021658 0.001130-0.049416 
0.011133 0.015573-0.032447-0.004967-0.025956 0.012826-0.008484-0.001407 
0.027815-0.015894-0.024024 0.004069 0.017542 0.007539 0.014457 0.008455 

-0.030179-0.015962-0.024136 0.006191 0.011972-0.009223 0.006736 0.006935 
0.007313 0.024411 0.014853-0.001071-0.011940 0.012420 0.041958 0.018841 

-0.004620-0.033366-0.015534-0.017496 0.003603-0.010699 0.024233 0.002067 
-0.002638 0.021575 0.002377-0.003854 0.007839-0.025476-0.029952-0.017553 
-0.018978-0.025660-0.026126 0.017852 0.011027 0.009492 0.034172 0.005927 
0.044174 0.029296-0.032836-0.010967-0.013437-0.021969 0.001035-0.009167 
-0.021895 0.012934 0.001502 0.004248 0.000730-0.000863 0.016339-0.007397 
0.018833-0.022802 0.011720 0.002747 0.011899 0.036863-0.001425-0.011485 
-0.026821 0.005715-0.021509-0.024116 0.028521 0.027033-0.005356-0.028295 
-0.014109-0.021842-0.019759-0.009133-0.028611-0.005116 0.028989 0.019823 
0.000553 0.005297-0.001009-0.005386 0.001049-0.005984-0.020059 0.005534 
-0.009422-0.013011-0.010523-0.018789-0.037072-0.017797 0.012807 0.021779 
0.005258 0.009750 0.034600 0.032228 0.009607-0.000511 0.025977 0.024061 
-0.007149 0.013999 0.037206 0.002193-0.020549-0.021495-0.000622-0.003645 
-0.072147 
0.000591 0.000447-0.003329 0.013437 0.014322-0.000695 0.001011-0.003002 

-0.027594 0.006000 0.004320-0.025001-0.008157 0.039099 0.018666 0.004776 
0.006092-0.003983-0.004808 0.013737 0.003281 0.018058 0.027186-0.005600 

-0.007589 0.012741-0.038936-0.045158-0.003809 0.011391 0.031082-0.008590 
0.002862 0.001751 0.008282 0.010825-0.000747-0.008057 0.016981 0.017977 
0.009611 0.000732-0.021276 0.002723-0.015219-0.004632 0.004210 0.016084 
0.035347-0.010084-0.005252 0.021334 0.022866 0.004274 0.008836 0.013909 

-0.021082-0.030121-0.021340-0.020732-0.005009 0.004 776-0.009282-0.012812 
0.010458-0.004379 0.015420 0.029034 0.014928-0.000441-0.025441-0.030427 
0.002649-0.002969 0.027592 0.015634-0.004865-0.009022-0.010148-0.033007 
-0.031256 0.016531 0.028403 0.031481 0.013609-0.002760-0.022486-0.012048 
0.000062 0.005837 0.006431 0.000947 0.006356 0.002889-0.007325-0.009892 
-0.003211 0.007289 0.008370 0.010257-0.010112-0.015315-0.002993 0.012086 
0.033742 0.030509 0.016232 0.021469 0.017833 0.002945-0.010730-0.001918 

-0.026411-0.013281-0.010050-0.006127-0.011558-0.031874 0.001529-0.003640 

18 1 '31 
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-0.001295 0.012648 0.033451 0.003643 0.000503-0.012339-0.011724-0.005321 
0.004567 0.002580-0.018990-0.010773-0.003424-0.005864-0.000546 0.001642 
-0.003041 0.003737-0.005551-0.018328-0.010062-0.013322-0.038013-0.017455 
0.001193-0.008160-0.009391 0.007483 0.007387-0.003622-0.005718 0.014748 
0.006813-0.018289-0.012211-0.006272-0.002998 0.007497 0.034274 0.023697 
-0.013611 0.029105 0.027127-0.006937-0.002548-0.021936-0.025321-0.025911 
-0.001735 0.015994 0.001840-0.005534-0.000545-0.004701-0.011432-0.001852 
0.007617 0.026646 0.007000 0.002850-0.011068-0.034099 0.012827 0.009136 
-0.005154 0.004156 0.032582 0.026455 0.021373 0.015323-0.015397-0.012700 
-0.001379 0.009591 0.006781 0.010111 0.001088-0.003785-0.000841 0.012886 
0.019861 0.020560-0.016867-0.022892-0.003204 0.010142-0.017629-0.008831 

-0.032410-0.013916-0.007644-0.002962 0.009071 0.002516-0.017752-0.022813 
-0.016380-0.021419-0.000398 0.004701 0.012820 0.035441 0.034437 0.012373 
0.006020 0.021083 0.014446 0.006162-0.004922-0.013240-0.015986-0.024140 
-0.146758 
-0.014563-0.003945-0.005716-0.010064 0.028762 0.018332 0.006438-0.003594 
-0.022412-0.010188-0.009365 0.005791 0.013848 0.006880 0.009777 0.031317 
0.013330 0.015607-0.003381-0.010394-0.001385-0.002167-0.010036-0.013345 
0.0001710.013856-0.0044060.0096810.0197920.014288-0.008545 0.013865 
0.017950-0.001804 0.002554 0.001544-0.020631-0.014420 0.004087-0.006830 
0.003905 0.006085-0.044707-0.021168-0.008528 0.033228-0.005140-0.028031 
-0.073152 
0.002253 0.009234-0.009996-0.005619 0.007107 0.025764 0.011727 0.019819 
0.006172 0.021315 0.032786 0.009637-0.006503 0.005613 0.025534 0.016134 
0.005948 0.014106 0.022990-0.006497-0.001857 0.009118-0.001369-0.008422 
-0.019393-0.006975-0.016029-0.002936-0.004115-0.000607 0.011440 0.012219 
0.002260-0.001196-0.012838-0.005515 0.002617 0.008186-0.011954-0.021405 
-0.012865-0.026346-0.018293-0.032273-0.004105 0.008832 0.010840 0.009220 
0.016924-0.003070-0.008850-0.001480 0.026741 0.029186 0.017576 0.036938 
0.020185 0.012288 0.010103-0.003489-0.001828 0.005608-0.002712-0.025231 
-0.004200 0.000507 0.020892 0.007200 0.009114-0.008651-0.016594-0.006382 
0.010577 0.001141-0.007189 0.004842 0.004523-0.013086 0.014120 0.019386 
0.004576 0.006434-0.011423-0.008368-0.000802 0.013010 0.003930 0.016485 
0.010271-0.007265 0.001957 0.002286-0.002164-0.016531-0.005076 0.021528 
0.011277 0.008685-0.023383-0.019639-0.026254-0.020011 0.002410-0.015659 

-0.030843-0.014895-0.002446 0.007978-0.001405-0.002969 0.006620 0.011510 
-0.011677-0.012784-0.017274 0.001392-0.008313-0.011565 0.000952 0.003103 
-0.005928-0.015695-0.007320 0.007931 0.015406-0.008508 0.006995 0.003439 
0.003321 0.011930 0.019867 0.010004-0.004198 0.004930 0.016570-0.004482 
0.005082-0.000121-0.001883 0.006925-0.006595-0.012519-0.001080 0.009310 
0.004100-0.000978-0.008600-0.002706 0.009184 0.005183 0.004305 0.003353 
0.004036-0.010249-0.005372-0.013793 0.006961 0.012488 0.006540 0.013003 
0.028804 0.031543-0.000135-0.012587 0.012315 0.010595-0.001801 0.003292 
0.002050-0.010302-0.005656-0.013136-0.026692-0.005299 0.000085 0.000078 
-0.10586 

0.002384-0.021728-0.023324-0.013976-0.009198-0.004067 0.007876 0.000160 
-0.011445-0.005074-0.009962 0.022002 0.016818-0.018283-0.003138 0.016480 
0.015822 0.027863 0.009523 0.006817-0.017016 0.001895 0.015359 0.010510 
0.007503 0.002018-0.005899 0.007197 0.024102 0.021708 0.002763 0.004377 
-0.003784 0.021079 0.015969 0.011525 0.011116-0.008800-0.016224 0.003139 
0.005154-0.011514 0.003582 0.017211 0.008038-0.008077-0.005022-0.000027 
0.015657 0.0243210.0109690.006154-0.007745 0.005905 0.006663-0.019628 

11 f 13/ 
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-0.006942-0.012421-0.017841 0.005816-0.010468-0.003280 0.017012 0.001551 
0.010106 0.003385-0.015596 0.000722 0.005851-0.011288·0.003604-0.017379 
-0.006367 0.002298 0.002908 0.011839 0.017276 0.011745 0.001006-0.005749 
-0.076271 
-0.011187 0.005652-0.019328-0.003710 0.001197-0.007328-0.009879-0.010292 
-0.010018-0.000709 0.004160 0.002884-0.002747 0.009191 0.006096-0.010496 
-0.017072-0.034066-0.008013 0.004880-0.007 450 0.008895-0.007508-0.020940 
0.002081 0.003012 0.015784 0.018537-0.010400-0.000952-0.003607 0.017776 
0.017338-0.012637-0.000298 0.003802 0.000346 0.016603 0.021914 0.020028 
0.002016 0.019772 0.010148 0.018090 0.008580 0.003161 0.006364 0.000735 

-0.000049-0.002903 0.000108-0.006392 0.010823-0.004904 0.003669-0.002728 
-0.009068-0.000984 0.002540-0.026308-0.009249-0.016301-0.014573-0.012940 
-0.011713 0.019445 0.005943 0.018140 0.024064 0.013585 0.008239 0.003809 
0.001698 0.001901·0.002839-0.005318 0.011986 0.014673-0.009132-0.016962 

-0.019297-0.004600 0.005175 0.008227 0.000416·0.006590-0.000862 0.011328 
·0.008081-0.009413-0.004147 0.000113 0.007310-0.007920·0.004600-0.004019 
-0.010404 0.011323 0.005043 0.019445-0.000354-0.001128 0.006473 0.020912 
0.008883 0.018229-0.004865-0.000995 0.007531 0.017655-0.013957-0.018476 
-0.010730 0.004902 0.003340-0.007028 0.000991 0.000790 0.008051-0.007262 
-0.008490-0.026827 0.003277-0.006673-0.001325-0.001053 0.002910 0.011250 
-0.007608 0.011181 0.014712 0.007106 0.003473 0.009724 0.010941-0.005576 
·0.001646-0.002463 0.011479 0.007684-0.018382-0.024706 0.003612-0.009510 
-0.014370-0.019264-0.005342 0.004747-0.003920-0.010385-0.001792 0.005510 
-0.008193-0.005838 0.014444-0.000276-0.003336 0.020162-0.015147-0.017145 
-0.016681-0.026252-0.010798 0.003017 0.000541 0.009207 0.011997 0.007121 
0.030957 0.019921-0.002231 0.005402 0.007022-0.005490 0.008148 0.009592 
0.007124 0.002404-0.002898-0.015005-0.006719-0.020454 0.001115 0.011882 
0.015714 0.010857-0.006446-0.002895-0.006490-0.009472-0.017068 0.002590 

-0.010500-0.011537-0.008402-0.015561-0.013953-0.018225 0.011707-0.000911 
0.001208-0.005428-0.019642-0.001981 0.002796-0.009864-0.001243 0.015637 
0.009057 0.019240 0.030399 0.008438 0.004830-0.005830-0.008098 0.019006 
0.013941 0.006671-0.008293-0.001314 0.003240 0.003967 0.001139 0.018245 
0.015656-0.004083-0.004009 0.006073 0.005085-0.023917 0.001358-0.008003 

-0.005417 0.012483 0.004459-0.006244 0.003241-0.003625-0.003786 0.001809 
-0.070204 
0.0109910.0246240.010359 0.0137910.0081220.017489 0.002557 0.009461 

-0.004272-0.004533 0.005665-0.013137-0.005399 0.002284 0.001170-0.002607 
0.014830 0.034400-0.003595-0.006236-0.010408-0.008454 0.003364 0.000895 

-0.010290 0.003396 0.018517 0.005056 0.004269-0.001761-0.005558 0.002076 
0.007151 0.004391 0.000396-0.006486 0.020837 0.028222 0.008063-0.005683 
-0.104941 
0.001583-0.010146-0.015717-0.004427-0.014996-0.020407 0.002692 0.004772 

-0.013654 0.000481 0.002019-0.014744-0.005025-0.010364-0.009447 0.021607 
0.026470 0.014438 0.020674 0.012757 0.009920 0.010747 0.013539 0.011625 
0.007621 0.009934-0.006167-0.007714-0.010971-0.003390-0.012080-0.006221 

-0.025187 0.000894-0.001266-0.010746-0.009452 0.001335-0.009770 0.003054 
-0.064246 
0.002079-0.010511 '0.000335 0.010141 0.019397 0.024717 0.010830 0.013295 
0.008974-0.004279-0.001481-0.015634 0.011976 0.020212-0.004923·0.000728 
0.002474 0.003775 0.009076 0.007602 0.004638 0.011511-0.000440 0.001651 
0.010954 0.008605 0.004050 0.011342 0.002900 0.011515 0.017063 0.011793 
-0.003425-0.001909 0.006296 0.003875-0.008025-0.009067-0.010472-0.003212 
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0.007771-0.001882 0.001557-0.008751-0.010014-0.010039-0.003301-0.015109 
-0.003195 0.008516 0.000560-0.000459 0.006331 0.006778-0.003536-0.010366 
0.002417-0.01327 4-0.023286 0.008381 0.002829-0.006752-0.003324-0.006271 

-0.010833-0.011404-0.015269-0.003673 0.019972 0.002523 0.002926-0.005120 
0.005060 0.006240 0.010446 0.017439 0.000465 0.003259 0.024738 0.003409 
-0.001277-0.002298-0.003413 0.004117-0.007764-0.009439-0.005957 0.004868 
0.001965 0.000256 0.001307-0.001943-0.000208-0.000181 0.002603 0.019064 
0.004592-0.009839-0.002375-0.017724-0.005621 0.002988-0.000035-0.004226 
-0.002722 0.006513 0.023794 0.004530-0.008229-0.011762-0.026046-0.001168 
0.011031 0.005599-0.012462 0.004416 0.007245 0.012667-0.003180-0.007687 
-0.06429 

0.006648 0.008797-0.014837-0.011137-0.002432 0.001507 0.01 2958 0.014636 
0.009622 0.016857 0.013254 0.011554 0.014930 0.021621 0.003151 0.005189 
0.019528 0.013736 0.000726 0.000160-0.014090-0.019577-0.018652 0.000417 
0. 004989-0.0081 01-0.007507 -0 .005553-0. 007331-0 .025938-0.008440-0.0004 71 
-0.008749-0.015447-0.002623-0.011574-0.013263 0.000857-0.014706-0.012700 
-0.003914 0.009655 0.019776 0.009300-0.006001 0.017847 0.009534 0.002998 
0.004594 0.005105-0.006096 0.004470-0.003122-0.004663 0.005675-0.007344 
-0.008963 0.000828 0.005327 0.008795 0.017971 0.000311 0.011639 0.016717 
0.011193 0.008032 0.003894-0.008986-0.001413-0.008850-0.008588 0.003006 
-0.011546 0.004745 0.015957 0.002884-0.013976-0.010317-0.017727-0.013033 
0.000062 0.000126-0.009708-0.006799-0.005407-0.009247 0.003872 0.015065 
0.009302-0.000431-0.018635-0.013066-0.013798 0.000311 0.002464 0.030482 
0.022487-0.004038 0.011313 0.001836-0.004221 0.016244 0.016741 0.019014 
0.018917 0.004661-0.003874 0.006754 0.014758 0.006048 0.006790 0.006399 
0.002093 0.001487 0.007352-0.002776-0.004603 0.000507-0.014808-0.020468 
0.002621 0.003687 0.004503 0.005152-0.003400-0.012859-0.015456-0.005570 
0.001446-0.010608-0.013694-0.016722-0.012514-0.007753 0.000411 0.007376 
0.003280-0.009134-0.006532 0.003768 0.011416-0.001466-0.016298-0.000041 
-0.007176-0.008926 0.010370-0.009810-0.008627 0.001484 0.009142 0.021117 
0.005198 0.011248 0.011587 0.012979 0.001024 0.006423-0.000703 0.006162 
-0.002764-0.007865-0.002577-0.005557-0.009737-0.015020-0.002658 0.000746 
-0.009002-0.009197 0.005121-0.005729-0.013744-0.003101 0.000428 0.001299 
-0.000686 0.002944 0.002658-0.004181 0.000979 0.008832-0.002386-0.018050 
-0.004306-0.001166 0.008284 0.004542-0.008970-0.007243-0.001352 0.002539 
-0.008749 0.010746 0.012229 0.002454 0.008709 0.000737-0.000125-0.007529 
0.010038 0.018700 0.011138 0.006093 0.013564-0.006892 0.001973-0.006676 
-0.001766 0.007456 0.002274 0.005237 0.000028-0.003309 0.001197-0.000061 
0.010261-0.002466-0.005424-0.008245-0.013801-0.004582 0.001138 0.006150 
0.001583 0.009352 0.000842-0.002612 0.006562 0.003915-0.000748-0.010021 
-0.017630-0.013359-0.009315-0.000175-0.002251 0.005655 0.007229 0.008107 
0.008921-0.007614-0.001295 0.002196 0.002561 0.004202 0.001079-0.000058 
0.005064 0.004997 0.006336-0.002220 0.001331 0.008433-0.005986-0.016768 
0.001277 0.006125 0.000997-0.002240 0.001548 0.009035 0.003740-0.004153 
0.011809 0.001016-0.000814 0.000931 0.003749-0.005815-0.007125-0.003604 
-0.009638-0.009310-0.005272-0.005581-0.012115-0.010918 0.007378 0.013021 
0.010395 0.011004 0.013799 0.014631 0.006093 0.007165-0.003121-0.005736 
0.015701 0.006644-0.011297-0.014335-0.002421 0.002281-0.006208-0.006647 
0.000897-0.008373-0.00337 4-0.005454-0.004852-0.000992 0.007828 0.012405 
0.008599 0.010091 0.004173-0.007491-0.007985-0.000451-0.007775 0.015269 
0.007858 0.004045 0.012616 0.001330 0.001957-0.010317-0.008209-0.012283 

-0.016044-0.006962 0.002177 0.001996-0.011168-0.007293-0.007571-0.009029 
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-0.005381 0.009458 0.000143-0.004329 0.008549 0.011089-0.007783-0.006525 
-0.001829 0.003389-0.001503-0.003804 0.013602 0.016945 0.015213-0.009630 
-0.015730-0.005586-0.005482-0.010198-0.006874-0.012667-0.004213 0.003134 
-0.001135 0.008094-0.002385 0.007461 0.013537 0.010049 0.007640-0.001153 
-0.003733 0.001339 0.005074 0.004968 0.007007 0.004813-0.000174-0.006392 
0.000610 0.010885 0.011552 0.002740 0.014906 0.011443-0.004287-0.002372 
-0.067449 
-0.009124-0.001174-0.007246-0.004978-0.004351-0.000669 0.003619 0.000402 
-0.001524 0.009160 0.013783 0.010797 0.009625 0.002722 0.009525-0.001245 
-0.009818-0.009306 0.010893 0.007877-0.001270-0.011487-0.004617 0.005083 
0.004764 0.010673 0.005547-0.004565-0.008258-0.001883 0.001692 0.013565 
0.009683 0.001673 0.008219-0.001996 0.006863 0.003442-0.012617-0.021105 
-0.011969-0.010912 0.001145-0.006941-0.005431-0.000098 0.005615 0.009454 
-0.002369 0.005876 0.013235 0.007199-0.001488-0.004097 0.003202-0.018261 
-0.018098-0.009013 0.002815-0.004401-0.000067-0.001326 0.007921 0.000804 
0.000850 0.008148 0.007488-0.000606-0.000499 0.006283 0.000983-0.000424 
-0.002480-0.009473-0.004688-0.010403-0.008063-0.000925 0.016299 0.009863 
-0.013981-0.003221-0.002781-0.007155 0.000547-0.007356-0.000026 0.004236 
-0.003764 0.004441 0.002086 0.001007 0.000081 0.000266-0.001752-0.000385 
-0.003735-0.018951-0.007607 0.009228 0.003816 0.006989 0.008755-0.004598 
-0.005915-0.002583-0.005498 0.009785 0.015704 0.008566 0.004748 0.011711 
0.005109 0.005003-0.000951 0.003447 0.001268-0.005763-0.004268-0.007531 
-0.007894-0.011774-0.015450-0.009577-0.003302 0.001661-0.001987 0.005002 
-0.000337 0.002541 0.012420 0.022664 0.015538 0.002514 0.002599 0.002405 
-0.002817 0.004999 0.001932 0.003232 0.010783-0.006142-0.001298 0.003217 
-0.000764-0.001076 0.001687 0.007409 0.009511-0.000654-0.003880-0.015239 
-0.013652-0.011530 0.003001-0.001127-0.008196-0.002505-0.008660-0.018591 
-0.002597 -0 .003327 -0.006576 0.003835-0.003988-0 .007684-0 .007166-0.006700 
0.001795 0.003569-0.004291-0.002642-0.002306 0.009379 0.012720 0.009300 
0.002293 0.001140 0.003288 0.003338 0.000995-0.001386 0.007559 0.011529 
-0.003078 0.005890 0.010648 0.001612-0.000090 0.002342-0.005080-0.003892 
-0.005254 0.002849-0.003858 0.001658 0.001808-0.004397 0.002541 0.008093 
-0.001158 0.003534-0.009760-0.011549-0.000237-0.002678 0.002421 0.005578 
0.003040 0.000033-0.008372-0.007587 0.005190-0.003974 0.010354 0.012904 
0.013600 0.005909-0.003515-0.003162-0.010574-0.004095 0.002844 0.001520 
0.008115 0.001402-0.000673-0.003970-0.007460-0.008435-0.008010 0.008584 
-0.002786-0.009513-0.001066-0.002721 0.002171-0.001948-0.004950-0.005751 
0.001492 0.007002 0.008354 0.011503 0.003998 0.002189 0.007137 0.004906 
-0.005143-0.008724 0.001701-0.001583 0.004879 0.002180-0.004576-0.007417 
0.005844 0.011843 0.003921 0.001576-0.005896-0.001935-0.008968 0.001260 
0.004807-0.003681-0.003181-0.008275-0.000955 0.003069-0.007519-0.004 706 
-0.000756-0.000383 0.003259 0.007678 0.002452-0.001113-0.001643-0.000759 
0.003124-0.002225-0.003254 0.002855 0.005500 0.008861 0.007656 0.004901 
0.018830 0.006942 0.002868 0.005897-0.003518-0.005177-0.006091-0.005457 
-0.034496 
-0.003556 0.009502-0.003156-0.002985 0.005743-0.000702-0.006858 0.004611 
0.004548 0.001686 0.001699 0.008522 0.004052-0.003365 0.002185-0.005738 
0.001841 0.003677 0.003540 0.003472 0.000286-0.006710-0.001525 0.008561 
-0.040181 
0.005773-0.000905 0.002487 0.005702 0.002460 0.001516 0.010255 0.008423 
0.000818-0.005350 0.008238 0.006241 0.005408 0.013553 0.002017-0.001673 
0.004822 0.000601 0.001411 0.001650 0.010423 0.002604-0.000723-0.003495 
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-0.005622-0.003810 0.000833-0.004077 0.004149-0.002009-0.002997-0.009207 
0.000213 0.001778-0.001096-0.006515 0.006209 0.003131-0.008630-0.008191 
-0.001983 0.002323 0.002194-0.002395 0.002024 0.007726 0.003014 0.004785 
0.000549-0.018263-0.005868-0.000896-0.012718-0.005696-0.009229-0.014532 

-0.007680-0.006389 0.003537 0.012059 0.014265 0.004354 0.010043 0.015080 
0.015804 0.007115 0.004333 0.004863 0.002682-0.005868-0.005393-0.010014 

-0.005466-0.003011 0.000312-0.010489-0.005879-0.008139 0.002167-0.004586 
0.003065 0.004708 0.007547-0.004574-0.007836-0.007990-0.004512 0.002315 
0.009223-0.002732-0.004576 0.002742-0.002273-0.001541-0.004453 0.000347 
0.002579-0.002201 0.008026 0.008267-0.000782 0.002437-0.003550 0.009114 
0.000466-0.005523 0.001149 0.000403 0.007859-0.003048-0.007660 0.006126 
0.006460 0.001129-0.001789 0.000666 0.004945-0.002701-0.007986 0.003132 

-0.004481-0.010599-0.004475-0.004609-0.000561 0.006455-0.000866-0.00317 4 
0.003073-0.002240 0.005547 0.005932 0.001014-0.001075-0.000924 0.000086 

-0.004540 0.004914 0.006530-0.005096-0.011878 0.000679 0.007970 0.006069 
-0.034545 
0.002785 0.005035 0.001195-0.003895-0.001724-0.003789 0.007370 0.010290 
0.007581 0.011760 0.001418 0.005299 0.013781 0.005283 0.002905 0.004821 
0.001376 0.004226 0.014813 0.005772-0.001871 0.005088 0.003159 0.004018 
0.000999-0.004830-0.001672-0.003284-0.006719-0.003441-0.003091 0.007589 
0.003533-0.006192-0.006599-0.010704-0.008113-0.010192-0.009011 0.000428 
-0.002241 0.005336 0.002590-0.001562-0.003701-0.003216 0.001123-0.005935 
-0.006781-0.007532-0.005976-0.007167 0.007114-0.002730-0.008504-0.004812 
0.002571-0.003841-0.002183 0.000446-0.005639-0.000355-0.001327-0.008442 
0.000474-0.002024-0.005396 0.000531-0.000729 0.006901 0.002291 0.004395 
0.003988 0.003622 0.011058-0.000670-0.000031 0.005594 0.001889 0.007260 
0.001543 0.005569 0.007455 0.004877 0.002782-0.002616-0.005978-0.015922 
0.001249 0.001101 -0.008546 0.007784 0.005280-0.007132-0.004446 0.002619 
-0.007975-0.007 489 0.002341 0.000878-0.004799-0.010235-0.002670-0.003590 
-0.003463 0.003896 0.001347 0.002795-0.002412 0.008924 0.010988 0.013032 
0.008913 0.006478 0.002755 0.014261-0.003795-0.009366 0.000717-0.002476 
0.005858 0.000628-0.005758 0.000233 0.004277-0.003059-0.008466-0.007264 
-0.002741 0.001411 0.010405 0.006790-0.000877-0.002566 0.002303 0.003847 
0.000035 0.001068-0.005689-0.002888-0.001695-0.002746 0.004650-0.001647 
-0.006040-0.001877-0.006021-0.003934-0.001149 0.005648 0.002095 0.004354 
-0.000199-0.001916-0.001632 0.001222 0.001367-0.005192 0.006315-0.001128 
-0.006170 0.001218 0.005436 0.013845 0.014275-0.001131 0.003493 0.006523 
0.004053-0.008071-0.000404-0.005129-0.005963-0.004097-0.006401-0.003314 
0.000244-0.000956-0.001556-0.003895-0.006342-0.001352-0.004532-0.006360 
-0.001602-0.007166 0.000408 0.006483 0.002583 0.001237 0.002965 0.001968 
0.009788 0.010663 0.000511-0.000554 0.002930-0.002697-0.003918-0.004954 
-0.002293-0.003870 0.0032310.000737-0.0006870.006557 0.009034-0.001791 
-0.014086 0.002346 0.006060-0.003430-0.002929-0.005585 0.000299 0.005982 
0.001077 0.000178 0.002854 0.000740 0.002381-0.001865 0.003457 0.002213 
0.004752-0.004960-0.000715 0.001354 0.000939 0.002252-0.003092-0.000074 
0.001656-0.007 497-0.004473 0.002742 0.003213 0.005020-0.004033-0.011762 
-0.005744 0.000658 0.002948 0.006884 0.004211-0.009900 0.001594 0.007667 
0.005811-0.004057 0.000106-0.006278-0.009258-0.002834-0.004570-0.011316 
-0.004829-0.002584 0.002731 0.003121-0.000933 0.006215-0.000343-0.000016 
0.003720 0.000896-0.001459-0.006907-0.003743 0.001681 0.005097 0.006492 
0.008384 0.007299 0.005243 0.006391-0.004378-0.004399-0.007131 0.000104 
0.000055 0.001339-0.008496 0.001435 0.004242 0.002537-0.005487-0.006078 
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0.005834 0.005450 0.000182-0.003538-0.004847-0.000796-0.001697-0.002494 
-0.002725-0.004298-0.005729-0.009212-0.00567 4 0.001101-0.012313-0.009286 
-0.005014-0.004159 0.006914 0.003537 0.006288 0.012708 0.005296-0.005834 
-0.006251-0.000262 0.011521 0.002204-0.000197 0.003176 0.005203-0.003166 
-0.007030-0.006120-0.002797-0.004589 0.002011 0.004110 0.003481 0.004088 
-0.002238 0.001355 0.004654 0.003657-0.001173 0.010058 0.004098 0.002687 
0.001794-0.003513-0.010900 0.000694 0.002467 0.002900 0.001749 0.002399 
0.010869 0.003546-0.005441-0.008357-0.002980-0.001508 0.009499 0.001085 

-0.002954 0.001298 0.004215-0.001370 0.002952-0.002787-0.001990-0.002112 
0.003120-0.003785 0.000119 0.005587-0.002956 0.002620 0.004554 0.013624 
0.004623 0.003245 0.000017-0.001946-0.004064-0.002434 0.002983 0.005745 

-0 .001278-0 .005233-0.000299 0 .006087 -0.006289-0 .000182-0 .005240-0.005942 
-0.006479 0.003695 0.002116 0.001201 0.004915 0.005355 0.000533-0.003659 
0.002765 0.006632 0.007097 0.001593-0.003668-0.008463-0.001993-0.000983 

-0.003886-0.003554-0.003122-0.001486-0.003483-0.002406-0.007252 0.001504 
0.004378 0.001643-0.002688-0.002361 0.001136-0.003227 0.002381 0.002794 
0.001332-0.000490 0.003849 0.000428-0.004631 0.004354 0.005563-0.002818 
-0.0037 41 0.003577-0.002758-0.001547-0.002265-0.005815-0.002595-0.004846 
-0.003885 0.000419-0.003317 0.002716 0.004382 0.010498 0.004137 0.009099 
0.000783 0.001867 0.001755-0.012569-0.006649-0.001222 0.004272 0.003286 

-0.007121-0.003120-0.002314-0.004816 0.003507 0.001109 0.000301-0.004697 
-0.005716-0.007949-0.002857-0.008293-0.009803 0.000199 0.004370-0.001572 
-0.000839 0.004591-0.005611-0.004988-0.002791-0.006120-0.003897-0.000777 
0.007413 0.013948 0.006768 0.003884 0.005293-0.001302 0.002817 0.008567 
0.004513-0.005232-0.005603-0.004339-0.0061 56-0.004257 -0.002055 0.0051 94 
0.000638 0.002420 0.000161-0.007112-0.002477-0.004181 0.001997 0.001756 
0.003363 0.003226 0.001375-0.001017 0.005470 0.004312 0.000334 0.000879 
0.006704 0.005237 0.002611 0.000873-0.001622-0.001261-0.003173 0.002508 
0.005563 0.002824 0.005528 0.001156-0.002522-0.002309-0.008296-0.000817 
-0.033295 
-0.001906-0.002257-0.000173-0.003090-0.001574 0.002286 0.001060 0.002442 
0.007759 0.004722 0.000536 0.000204 0.004313 0.002377 0.003376 0.002484 
0.008906 0.006376 0.000269 0.003137-0.003012-0.009494-0.011142-0.002516 
0.004737 0.005988-0.004156 0.004521 0.000344 0.003223-0.001403-0.001915 

-0.003887-0.002987-0.006138-0.007207-0.001261 0.006581 0.002073-0.001270 
-0.002780-0.003284-0.005581 0.003978 0.001567-0.004809-0.003978-0.001842 
0.002819 0.001 021-0.001217-0.007265 0.002427-0.000653 0.000470 0.001031 
0.002433 0.006712 0.003773 0.002901-0.000655-0.001374-0.004151-0.006869 
-0.003580-0.002614-0.006372 0.002344 0.000275-0.001642 0.000961 0.001871 
0.004204 0.001565 0.001112 0.005474-0.000058-0.000130-0.006568-0.002444 
0.003813-0.000367-0.001991-0.000418-0.005856 0.001496 0.001289 0.004356 
0.005296 0.003597-0.000160-0.001909 0.001117-0.000155 0.002980-0.002180 

-0.000388-0.001974 0.001478 0.001212-0.004115 0.004327 0.001834-0.003130 
0.002940 0.003787 0.005416 0.000124 0.002512 0.004199 0.002955 0.002964 
0.003109-0.006215-0.000693-0.000852-0.001124-0.003397-0.007211-0.001110 

-0.003094-0.004072-0.004049-0.006488-0.003678 0.004053-0.000641 0.001696 
-0.000314-0.001206 0.004889 0.008475 0.001005 0.002497 0.004053 0.001353 
-0.005736 0.002912 0.006084 0.000142-0.000550-0.005133-0.002391-0.002330 
0.000365-0.000974-0.001080 0.005726 0.005473 0.006392 0.008258 0.007311 
0.005790-0.001235 0.000186-0.002726 0.001580 0.001734-0.004486 0.003714 
0.005863-0 .004403-0. 003244-0 .002498-0.004637 -0.006572-0.001 815-0.000205 

-0.002963-0.005383-0.004530-0.004957 0.001363 0.006005-0.005628-0.002176 
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0.003483 0.000318-0.000346-0.002561 0.004032 0.006213 0.000789 0.002089 
-0.001784 0.000654-0.004320-0.001563-0.002433-0.002192-0.000993-0.007882 
-0.004240-0.001997 0.004245 0.005550 0.001530 0.005054 0.003038 0.006970 
0.001429-0.003600-0.002771 0.005655-0.000716 0.001017 0.000359-0.006471 
-0.001543-0.000062 0.000431 0.002438 0.003960-0.000890-0.000453 0.006737 
0.002337 0.002902 0.000094 0.001381-0.000609-0.005666-0.008482 0.003652 
0.008758 0.001588 0.001804-0.001622-0.001977 0.000201 0.000882-0.003685 
-0.002117-0.005273-0.002986-0.002296-0.004048 0.004685 0.000623 0.001475 
-0.002136-0.006379 0.000604 0.004910 0.003057-0.000899-0.000691-0.009744 
-0.001695 0.010523 0.010594 0.002463 0.002768 0.002745 0.001410-0.001567 
-0.003465 0.002661 0.004767-0.001484-0.001800-0.006353 0.003061 0.003910 
-0.003042 0.001741 0.002646-0.000762 0.008634-0.000572-0.003301-0.003915 
-0.003581-0.004107-0.001559 0.000490-0.008534-0.006532 0.000978-0.002486 
-0.003370-0.001575-0.0017 49-0.000257 0.002590 0.000294-0.003782-0.00327 4 
-0.000750 0.004273 0.007367 0.002879 0.001759 0.002011 0.000222 0.003953 
0.002612 0.002794-0.001676-0.000249-0.001162-0.005669 0.000793 0.004124 
-0.000466 0.000958 0.001283 0.000008 0.002390-0.000668-0.004243 0.003090 
0.009828 0.003819 0.003312 0.002329-0.001467-0.006976-0.001809 0.001466 
-0.000636 0.000861 -0.002677 0.001816 0.000964-0.000190-0.000352 0.001201 
0.000200-0.005258-0.004142 0.000804-0.002354 0.002577 0.004516 0.000321 
-0.000216-0.000247-0.001209 0.000952-0.001994 0.001529 0.003498 0.004635 
0.003819 0.003238 0.001817-0.005481-0.000823-0.004051-0.006638-0.002611 
0.002209-0.000890-0.001728 0.002777 0.002526 0.002676-0.004101-0.000117 

-0.003523 0.001345-0.000583 0.001897-0.002781 -0.000687 0.003148-0.001521 
0.000809-0.002488 0.003093 0.003565 0.003089 0.003260 0.003501-0.000658 

/-- -0.000466 0.001204 0.002548 0.000296-0.003388-0.002941-0.004458-0.001471 
( 0.001711 0.001789-0.001292 0.001325-0.002938-0.000143-0.002307 0.004070 

-0.000406 0.001064-0.001688 0.001233-0.001319-0.005565-0.003976 0.002774 
0.002791 0.006212 0.002300 0.000312 0.001073-0.005327-0.002283 0.001247 
0.000839 0.002299 0.005077-0.000795 0.001585-0.004465-0.006643-0.000976 
0.000425-0.001457-0.005026 0.000789 0.005136 0.002166 0.002662-0.002681 

-0.003873-0.000868-0.003533-0.003583-0.003533-0.001402 0.001654 0.002562 
0.003609 0.006038 0.000252 0.001903 0.002036-0.001358 0.001032-0.005124 
0.000157 0.006231 0.008349 0.003569-0.003333 0.003197 0.003628-0.003430 
0.002157 0.001240-0.001104 0.000476-0.001755-0.000138 0.000159-0.003048 

-0.003913 0.000251 0.002962-0.003793-0.003142-0.004436-0.001657-0.000252 
0.001471 0.001823-0.000479-0.000738-0.002774-0.005429-0.002747 0.002040 

-0.000940-0.002779-0.004528-0.001675 0.001024-0.002927-0.001433 0.002515 
0.000569-0.002711-0.002134-0.001855 0.001529 0.003698 0.004083-0.003032 
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Civil & Environmental Consultants, Inc. 
Williamson Energy Pond Creek Deformation 

PROJECT Evaluation PROJECT NO. 

Simulation of Acceleration-Time Histories and 
Comparative Assessment of Eastern U.S. Synthetic and PAGE 10/,, 

Western U.S. Time Histories and Response Spectra 

MADE BY BEG DATE __ 1_/3_/_0_8_ CHECKEDBY * 

PEER DATABASE EARTHQUAKE RECORD FOR A 
M6.8 BACKGROUND EARTHQUAKE 

LOMA PRIETA, CALIFORNIA, G0l000 

072046 

OF J3f 
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R15954PEER Strong Motion Database I o7 1 I 31 

I Intrnduc!)9n 11 ~ ~ I I ]2QQ_\!mentatiol) 11 PmYilim 11 ~ 

P0733 : Earthquake and Station Details 

Loma Prieta 1989/10/18 00:05 
Station: 4 7379 Gilroy Array # 1 

Magnitude: M ( 6.9) Ml () Ms ( 7.1) Data Source: CDMG 

Distance (km): Site conditions: 
Closest to fault rupture ( 11.2 ) Geomatrix or CWB ( A ) 
H ypocentral ( ) USGS ( A) 
Closest to surface projection of rupture ( 10.5 ) 

A newer version of this record is available in the PEER NGA database: NGA0765 

Download Files 

Record/Component [~][~ II PGA II PGV II PGD I . lvelocityl Displacement I (Hz) (g) (emfs) (cm) Acceleratmn 

GGBGGEEJ~ . r'I\P/G0l-UP 
~-

GGBGGEEJ~ LO MAP/GO 1000 

GGBGGEEJB LO MAP/GO 1090 

HP= High Pass and LP = Low Pass Filters 
'>pectra are available for 0.5 - 20% damping. 
'>ource record processed by Pacific Engineering. 

© Copyright 2000, Regents of the University of California 
Disclaimer 

Questions or comments_aboutthis site 

Spectra 

0.5% 1 % 2..% 1% 
5% 7% 10% 15% 

20% 

0.5% 1 % 2% 3% 
5% 7% 10%J5% 

20% 

0.5% 1% 2% 3% 
5% 7% 10% 15% 

20% 

I 
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J:'.l:!i.l:!i.t<. ::iT.t<.U.Nl.:i LViUT.lUN lJ.P..T.AJ::5.P..::i.l:!i K.l:!iLU.l:<.lJ. J:'.l:<.UC.l:!i::;::;.11\11...:J 0.l'. J:'.P..L.l.tr.Lc .l:!il\ll.:i.ll\!.l:!i.l:!iK.ll\11..:i. 

LOMA PRIETA 10/18/89 00:05, GILROY ARRAY #1, 000 (CDMG STATION 47379) 
ACCELERATION TIME HISTORY IN UNITS OF G. FILTER POINTS: HP=0.2 Hz LP=50.0 Hz 
NPTS= 7989, DT= .00500 SEC 

.5125658E-02 .5639719E-02 .2755924E-02 
-.6811371E-03 -.7538926E-03 -.8475488E-03 
-.9635164E-03 

ll41796E-02 
.272698E-02 

-.8013140E-03 
- . 6744452E-03 
- . 7833623E-03 
- . 6735743E-03 
-.7287261E-03 
-.2485315E-03 
- .1345029E-02 
-.1360931E-02 

. 3 623343E-03 
-.2418264E-02 
-.1980250E-03 
- . 8163438E-03 
-.2378156E-02 
- .8006441E-03 
-.1368800E-02 

. 2511738E-03 

.1774600E-02 
-.3528983E-02 
- .2917729E-02 
- . 2169823E-02 

.8368755E-03 
- .1699340E-02 
- .1922089E-02 
- . 4590599E-02 

5035301E-02 
f- '423738E-02 
1 382881E-02 
>; 5026245E-02 
-.2239940E-02 
- . 8 632735E-03 

. 6854554E-02 
- . 6250647E-03 
- .1334065E-01 

.4362354E-02 
- . 9967761E-02 

.7407392E-02 
- . 8009654E-02 
- .1571059E-01 

.1974344E-0l 
- . 2306971E-01 

. 2134887E-01 
- . ll 75162E-01 
- . 2490916E-01 

. 2 055917E-01 

.6087777E-02 
- .1142873E-01 
- . 8247962E-02 

.4038436E-01 
- .2357293E-01 

.1198931E-01 
- .4147919E-01 

. 2 l 78978E-01 
~04549E-0l 

(:31~!~~~:=~~ 
- .1493594E-01 

. 6157112E-01 

.3409031E-02 
- . 4 500285E-01 

- .1004710E-02 
- .1196213E-02 
-.1241747E-02 
-.7128263E-03 
-.6714483E-03 
-.8349094E-03 
-.6272384E-03 
- . 7572802E-03 
-.2725700E-03 
-.1548192E-02 
-.9552759E-03 

.1441276E-03 
-.2781967E-02 
-.1440375E-05 
-.1491490E-02 
-.3074140E-02 
- . 5999215E-03 
-.2188474E-02 

.8185070E-03 

.7432509E-03 
-.4058257E-02 
-.2080907E-02 
-.1255318E-02 

.8820577E-03 
-.2811499E-02 
-.1687603E-02 
-.3410452E-02 

. 7264725E-02 
-.2958739E-02 
-.1392657E-02 
- . 7543124E-02 

.6974296E-03 
-.6855988E-03 

.7845768E-02 
-.4147868E-02 
-.8154208E-02 

.6531307E-02 
- .1182740E-01 

.1153188E-01 
-.1523047E-01 
-.3077338E-02 

.1191444E-01 
-.2060402E-0l 

.2670266E-0l 
-.2086357E-01 
-.1533524E-01 

.2058104E-01 

.4066025E-05 
- .1181730E-01 

.5869280E-03 

.3639467E-01 
-.2127010E-01 

.7515619E-02 
-.4970335E-01 

.4678145E-01 
- .1026451E-0l 
-.6543902E-01 

.2799117E-01 
-.1281991E-0l 

.6402520E-01 
-.3638216E-02 
- .4710574E-01 

-.1043088E-02 
-.1235792E-02 
-.1151629E-02 
-.6367177E-03 
-.6665677E-03 
- . 8274965E-03 
- . 5851568E-03 
-.6633190E-03 
-.5362648E-03 
-.1633081E-02 
-.3975566E-03 
- . 2276718E-03 
-.2412678E-02 
-.1020799E-03 
-.1959093E-02 
-.3533091E-02 
-.5917658E-03 
-.2374888E-02 

.1096188E-02 
-.6648917E-03 
-.4687263E-02 
-.1631922E-02 
-.4421582E-03 
-.1586407E-03 
-.4604466E-02 
-.3093448E-02 
-.1865622E-02 

.7970343E-02 
-.6772649E-02 
-.1602103E-02 
-.9869120E-02 

.1183379E-02 

.7895015E-03 

.7026399E-02 
-.8845942E-02 
- . 2611079E-02 

. 7119703E-02 
- . 9724923E-02 

.1015557E-01 
-.2223572E-01 

.1091336E-01 

.1992727E-02 
-.1334942E-01 

.2084258E-01 
-.2864376E-01 
-.5834230E-02 

.1580416E-01 
-.7805318E-02 
-.1647496E-01 

.8387722E-02 

.1949170E-01 
-.1278945E-01 
-.2273565E-02 
-.4735488E-01 

.6065952E-01 
-.4428341E-01 
-.3984424E-01 

.1301762E-01 
-.4389901E-02 

.5389987E-01 
-.7795400E-02 
-.3695246E-01 

-.1308377E-02 
- .9173378E-03 
- .1061912E-02 
-.1261259E-02 
-.1012129E-02 
-.6215747E-03 
-.6838576E-03 
- . 7657347E-03 
-.5727393E-03 
-.5231322E-03 
-.8637757E-03 
-.1617579E-02 

.1272311E-03 
-.8038015E-03 
-.1595949E-02 
-.2278426E-03 
- .2003623E-02 
-.3109064E-02 
- .3574144E-03 
-.1814372E-02 

.1463359E-02 
-.1942745E-02 
-.4786290E-02 
-.1801217E-02 
-.9180594E-04 
- . 1415350E-02 
-.5189655E-02 
-.4510621E-02 
-.9869928E-04 

.7035095E-02 
-.803065lE-02 
-.2172011E-02 
-.1021539E-01 

.5525251E-03 

.2879021E-02 

.4621499E-02 
-.1319724E-01 

.1016914E-02 

.2974634E-02 
-.4857154E-02 

.4165014E-02 
-.2586513E-01 

.2159266E-01 
-.9534817E-02 
-.3787695E-02 

.9530165E-02 
-.3321546E-01 

.3879780E-02 

.1136313E-01 
- .1303716E-01 
-.1980215E-0l 

.1832358E-01 
-.7524456E-03 
-.2117584E-02 
-.1358142E-01 
-.3228677E-01 

.5867988E-01 
-.7177387E-01 
- . 9631271E-02 
-.2909330E-02 

.1494136E-01 

. 3 777703E-01 
-.1714506E-01 
-.2575499E-01 

-.6497958E-03 
-.9434138E-03 
- .1089371E-02 
-.1273984E-02 
-.8881325E-03 
-.6518230E-03 
-.7250981E-03 
-.7127825E-03 
-.6276804E-03 
-.3785896E-03 
-.1114311E-02 
-.1554284E-02 

.3948125E-03 
-.1599270E-02 
- . 7727762E-03 
-.3753702E-03 
-.1992603E-02 
-.1845726E-02 
-.5275683E-03 
-.7505837E-03 

.1907826E-02 
-.2922394E-02 
-.3998003E-02 
-.2302014E-02 

. 2793393E-03 
-.1700737E-02 
-.3774773E-02 
-.5001234E-02 

.2252749E-02 

.4845384E-02 
-.6118226E-02 
-.3105521E-02 
-.7006410E-02 
-.2363542E-03 

.4943918E-02 

.1926546E-02 
-.1520589E-01 

.2855542E-02 
-.4245701E-02 

. ll 74191E-02 
-.2097721E-02 
- . 2387724E-01 

.2433431E-01 
-.1903953E-01 

.8474556E-02 
-.1633075E-02 
-.3193953E-01 

.1382384E-01 

. 8987288E-02 
-.1358425E-01 
-.1663775E-01 

.3126759E-01 
-.1643482E-01 

. 7682110E-02 
-.2737444E-01 
-.6988422E-02 

.4340249E-01 
-.8466389E-01 

.1769249E-01 
-.1246066E-0l 

.4184680E-01 

.1875162E-01 
-.3205433E-01 
- . 2588813E-01 
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- . 35030041,-U~ 
.1107723E-01 
.3416817E-02 

-.2607778E-01 
- .2197128E-01 

.9628084E-02 
1720651E-01 

,57836E-01 
205532E-01 

- . 2607265E-01 
.7948653E-01 

-.7732077E-01 
.9255739E-Ol 

-.2612903E-01 
-.1156009E+OO 

.3742891E-01 
-.6396497E-02 

.1690905E-Ol 

.2143216E-01 

.4339163E-02 

.2078047E-01 
- . 7511426E-01 
- . 4450320E-01 

.6252475E-01 

.4810072E-01 
-.7446642E-02 

.5624182E-01 
-.6067625E-01 
- .3374675E-01 

. 3 089813E-01 
-.6065565E-01 

.3998106E-01 

. 3 732377E-01 
1.337386E-01 

(~ '00079E-01 
·, 98654E·Ol 
- .7249775E-04 

. 3 516172E-01 
·.6530901E-01 

.7519446E-02 
- .3408632E·Ol 

.3561631E·Ol 

.5337513E-01 
-.1546481E·Ol 

. 7076939E-Ol 

. 4371806E-01 

.5867040E·Ol 

.20~2450E-01 

. 8199749E-01 

.1530482E+OO 
- .1060111E+OO 
·. 4362795E·Ol 

. 2 898651E-01 
· .1389070E+OO 
·. 5111112E-01 
- . 4424133E-01 
· .4184190E-01 

. 8547562E·Ol 

. 7527133E·Ol 

. 8980871E-01 
2210128E+OO 

( 17670E+OO 
'<. ,9015E+OO 
. 2418585E+OO 
.1827946E+OO 
.1003514E+OO 

· .1629876E+OO 
·. 3152785E+OO 

-.41.lJ8~41:!,;-U1. 

.3443361E·Ol 

.4866374E·02 
-.5312333E-01 
-.1782226E-01 
- . 2272187E-04 
-.1619851E-03 

.7185874E-01 
-.7595828E-01 

.4794165E-02 

.3618234E-01 
-.5254559E-01 

.1144478E+OO 
-.7537390E-01 
- . 9640803E-01 

.4525786E-01 
-.1983018E-02 

. 3621772E-01 

.9613697E-02 

.2601860E-01 

.3944945E-01 
-.5166947E-01 
-.4515351E-01 

.6423025E-01 

. 3695715E-02 

.3053094E-Ol 

.5500660E-01 
-.8435490E-01 
-.1868642E-01 

.1244118E-01 
-.4140402E-01 

.6340751E-01 

.9544122E-03 
-.1670080E-02 

.6701184E-01 
-.4820985E-01 

.3359637E-01 

.6105879E-02 
- .4135250E-01 

.1173072E-02 
-.3945326E-01 

.6449327E-Ol 

.3398717E-01 

.4336795E-02 

.7130272E-01 

.3602875E-01 

.7359940E-01 
-.1160624E-02 

.1147312E+OO 

.1268229E+OO 
-.1235446E+OO 

.3032529E-02 
-.9179883E-02 
-.1412176E+OO 
-.3137067E-01 
-.4888173E-Ol 
-.1616177E-01 

.9678312E-01 

.6288253E-01 

.1150010E+OO 

.2410335E+OO 

.2021997E+OO 

.2095890E+OO 

.2378745E+OO 

.1777906E+OO 

. 6114395E-01 
-.1958231E+OO 
-.3405943E+OO 

- • ..:S1;1;1!:;l!:;l=:JJ:;!;-UJ. 

.4527485E-01 

.1585682E-01 
-.6203763E-01 
-.1633164E-01 
-.1401016E-01 

.1812167E-01 

.6719612E-01 
-.8391897E-Ol 

.4173632E-01 
-.2098816E-01 
-.2166231E-01 

.1137465E+OO 
-.1048997E+OO 
-.6253752E-Ol 

.2803095E-Ol 
-.5992373E-03 

.4847387E-01 
-.7770024E-02 

.3205580E-01 

.3281532E-01 
-.2358670E-01 
- . 2950721E-01 

.5592225E-01 
-.5803016E-01 

.4227499E-01 

.3916605E-01 
-.9266820E-01 
-.9778843E-02 
-.2250883E-01 
-.2509881E-01 

.7648174E-01 
-.3018104E-Ol 

.1381587E-01 

.3746861E-01 
- . 5232231E-01 

.5586047E-01 
-.3197619E-01 
-.1407149E-01 
-.7012098E-02 
-.3650949E-01 

.7751025E-01 

.1063361E-01 

.3156021E-01 

. 7213963E-01 

.3396750E-01 

.7929953E-01 
-.3408077E-02 

.1410844E+OO 

.7903970E-01 
-.1270688E+OO 

.3673582E-01 
-.5150568E-Ol 
-.1300519E+OO 
-.2541619E-01 
-.5475634E-01 

.1302904E-01 

.9745688E-01 

.5168245E-01 

.1355448E+OO 

.2447635E+OO 

.1870124E+OO 

.2245179E+OO 

.2297327E+OO 

.1698315E+OO 

.1189380E-01 
-.2203029E+OO 
-.3609469E+OO 

- • L /Jtsl.bU!S-Ul. 

.3664327E-01 

.1990909E-01 
-.5280853E-Ol 
-.7222827E-02 
-.2400017E-01 

.3436954E-01 

.4332032E-01 
-.7131610E-Ol 

. 7701724E-01 
-.6961925E-01 

. l 705729E-01 

. 8528413E-Ol 
-.1188033E+OO 
-.2218374E-01 

.2878859E-02 
-.1224378E-02 

.4564861E-01 
- . 2150211E-01 

.2040983E-01 
-.1014694E-01 
-.1839634E-01 

.2319312E-02 

. 5367169E-01 
- . 8661109E-01 

.4312180E-01 

.8632082E-02 
-.8185204E-01 

.5254853E-02 
-.5608071E-01 
-.9359383E-02 

.7838243E-01 
-.4105437E-01 

.3938460E-01 

.4350126E-02 
-.4867576E-01 

.5999055E-01 
-.6334495E-01 

.3585182E-02 
-.1560304E-01 
-.2181446E-01 

. 7472482E-01 
-.1002812E-01 

.5581452E-Ol 

.6745251E-01 

.3614668E-01 

.7081037E-Ol 

.1371420E-01 

.1600842E+OO 

.7325626E-02 
-.1178266E+OO 

.5499202E-01 
-.9256645E-01 
-.1068725E+OO 
-.3113390E-01 
-.5942794E-01 

.4083060E-01 

.9181002E-Ol 

.5014454E-01 

.1586534E+OO 

.2403852E+OO 

.1836716E+OO 

.2396337E+OO 

.. 2122439E+OO 

.1548354E+OO 
-.4854695E-01 
-.2505217E+OO 
-.3733924E+OO 

- .J.J.'± /.t.Ll..l!i-U.L 

.1718283E-01 

.4410211E-02 
-.3551196E-Ol 

.5985070E-02 
-.2600482E-01 

.4892407E-01 

.3687635E-02 
-.5081690E-Ol 

.9392400E-01 
-.8860621E-01 

.5785907E-01 

.3386947E-01 
-.1221478E+OO 

.1229767E-01 
-.8358122E-02 

.2852739E-02 

. 3313862E-01 
-.1690799E-01 

.1028042E-01 
-.5968678E-01 
-.3162369E-01 

.3934058E-01 

.5798386E-01 
-.5971426E-01 

.4877743E-01 
-.2798630E-01 
-.5812940E-01 

.2490308E-01 
-.7023061E-01 

.1266537E-01 

.6564323E-01 
-.2995762E-01 

.6572457E-01 
-.2188676E-01 
-.3083319E-01 

. 5192764E-01 
-.7464692E-01 

.9210412E-02 
-.2517153E-01 

.3491662E-02 

.6599943E-01 
-.2050520E-01 

.6858681E-01 

.5615061E-01 

.4416091E-01 

.4922386E-01 

.4486223E-01 

.1648001E+OO 
-.6300868E-01 
-.8939264E-01 

.5348391E-01 
-.1232825E+OO 
-.7844377E-01 
-.3907946E-01 
-.5689106E-01 

.6554587E-01 

.8462018E-01 

.6432728E-01 

.1892860E+OO 

.2334284E+OO 

.1898067E+OO 

.2449710E+OO 

.1933033E+OO 

.1317887E+OO 
-.1115099E+OO 
-.2847479E+OO 
-.3762266E+OO 

IU"l 7 
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-.3685211E+OO -.3624413E+OO -.3539077E+OO -.3446139E+OO -.3403036E+OO 
-.3451498E+OO -.3550808E+OO -.3623037E+OO -.3585851E+OO -.3350472E+OO 
-.2836262E+OO -.1966876E+OO - . 7631155E-01 .6516815E-01 .2142496E+OO 

.3376959E+OO .3922531E+OO .3903307E+OO . 3 901161E+OO .4085181E+OO 

.4108756E+OO .3689534E+OO .2867989E+OO .1893281E+OO .1038614E+OO 

.4633249E-01 .2159356E-01 .2839419E-01 .5627371E-01 .8860796E-01 

'( 1115440E+OO .1208181E+OO .1223982E+OO .1212060E+OO .1142751E+OO 

' 3706649E-01 .6802372E-01 .2845511E-01 -.1210836E-Ol -.4007021E-01 
- . 5385511E-01 -.6190498E-01 -.6568776E-01 -.5851398E-01 -.4017646E-01 
-.1988928E-01 -.5441263E-02 .1340079E-02 -.2207173E-03 -.7941803E-02 
-.7723233E-02 .1509580E-01 .5402198E-01 .8974393E-01 .1115044E+OO 

.1208059E+OO .1254634E+OO .1323428E+OO .1428455E+OO .1543474E+OO 

.1632082E+OO .1665947E+OO .1612345E+OO .1455056E+OO .1236066E+OO 

.1010738E+OO .8104994E-01 .6261324E-01 .4033604E-01 .1151218E-01 
-.2116775E-01 -.5449790E-01 -.8907994E-01 -.1277150E+OO -.1695753E+OO 
-.2079882E+OO -.2355067E+OO -.2531874E+OO - . 2671965E+OO -.2782577E+OO 
-.2838719E+OO -.2827316E+OO -.2717632E+OO -.2486081E+OO -.2153821E+OO 
-.1761237E+OO - .1359254E+OO -.9693761E-01 -.5917950E-01 -.2356201E-01 

.1383020E-01 .6032339E-01 .1179149E+OO .1774086E+OO .2220029E+OO 

.2374799E+OO .2230500E+OO .1930742E+OO .1658513E+OO .1523309E+OO 

.1472396E+OO .1344381E+OO .1086081E+OO .8133839E-01 .6354121E-01 

.5812326E-01 .6629055E-01 .8376524E-01 .1017766E+OO .1177421E+OO 

.1327006E+OO .1446439E+OO .1520546E+OO .1559078E+OO .1567145E+OO 

.1548921E+OO .1498166E+OO .1362006E+OO .1107982E+OO .8213038E-01 

.6180578E-01 .5060945E-01 .4109808E-01 .2696020E-01 .6951661E-02 
-.1476798E-01 -.3333975E-01 -.5068027E-01 -.7363002E-01 -.1032283E+OO 
-.1363847E+OO -.1742666E+OO -.2141033E+OO -.2485836E+OO -.2744646E+OO 
-.2914816E+OO - . 3014937E+OO -.3059514E+OO -.3053388E+OO -.3021701E+OO 
-.2982009E+OO - . 29123 92E+OO -.2773441E+OO -.2555571E+OO -.2260397E+OO 
-.1872356E+OO -.1401572E+OO -.8450057E-01 -.2025258E-01 . 3729813E-01 

.6708103E-01 .6886938E-01 .5915089E-01 .4876461E-01 .3711562E-01 

.2012306E-01 -.5097756E-03 -.1965806E-01 - . 3485714E-01 -.4706687E-01 
5890098E-01 -.6890016E-01 -.7116566E-01 -.6330046E-01 -.5078570E-01 
'078085E-01 -.3524517E-01 -.3267304E-01 -.3209702E-01 -.3302325E-01 
396123E-01 -.3178211E-01 -.2739235E-01 -.2756221E-Ol -.3306049E-01 

-.3771546E-01 -.3965226E-01 -.4081125E-01 -.3782656E-01 -.2220099E-01 
.1204305E-01 .5996324E-01 . 9726937E-01 .9970879E-01 .7684695E-01 
.5811584E-01 .5242707E-01 .4671534E-01 .3116045E-01 .8878903E-02 

-.1205691E-01 -.2867600E-01 -.3841675E-01 -.3582854E-01 -.2386494E-01 
- .1176157E-01 -.4332887E-02 -.2671479E-02 -.5079799E-02 -.2744225E-02 

.1399909E-01 .4323151E-01 .7317844E-01 .9639142E-01 .1175171E+OO 

.1410694E+OO .1595321E+OO .1577872E+OO .1283804E+OO .8604733E-01 

.5338797E-01 .3206300E-01 .8179300E-02 -.2557127E-01 -.6449406E-01 
-.9502696E-01 - .1096468E+OO -.1136658E+OO - .1110299E+OO -.1009372E+OO 
-.8223131E-01 -.5419801E-01 -.2049765E-01 .1456036E-01 .4886615E-01 

.7528595E-01 .8826939E-01 .9095065E-01 .8441607E-01 .6870932E-01 

.5040492E-01 .3423613E-01 .1982707E-01 .6912268E-02 -.2557232E-02 
-.3493166E-02 .8022316E-02 .3045160E-01 .5772163E-01 .8305942E-01 

.1023658E+OO .1163961E+OO .1255661E+OO .1248033E+OO .1109933E+OO 

. 8443331E-01 .4831596E-01 .1134763E-01 -.2226236E-01 -.5322170E-01 
-.7975127E-01 - .1033012E+OO -.1234763E+OO - .1344971E+OO -.1363165E+OO 
-.1342891E+OO -.1297283E+OO -.1185059E+OO -.9986155E-01 -.7852308E-01 
- . 5688731E-01 -.3621759E-01 - .2132525E-01 -.1452778E-01 -.1309953E-01 
-.1604497E-01 -.2324841E-01 - . 3155619E-01 -.3750664E-01 -.3978023E-01 
- . 4098554E-01 -.4542132E-01 -.5290628E-01 -.5832492E-01 -.5598862E-01 
- . 4140870E-01 -.1519145E-01 .1474079E-01 .4260019E-01 .6940821E-01 

.9697072E-01 .1214067E+OO .1308885E+OO .1168274E+OO .8474715E-01 

. 4251352E-01 -.5013410E-02 - . 4579961E-01 -.7601049E-01 -.1064544E+OO 
-.1417689E+OO -.1757562E+OO -.1981204E+OO -.2047447E+OO -.1993314E+OO 
-.1837065E+OO - .1573919E+OO -.1228473E+OO -.8460554E-01 - . 4911722E-01 

-,97254E-01 -.4463066E-02 .9666643E-02 .1347566E-01 .2530500E-02 
.81795E-01 -.1995881E-01 .1927937E-02 .4146232E-01 .7026333E-01 

. 7227234E-01 .5779339E-01 .4713979E-01 .4953720E-01 .5852717E-01 

.6120568E-01 .5054284E-01 .3245619E-01 .1942394E-01 .1728835E-01 

. 2481169E-01 .3875190E-01 .5655658E-01 .7716705E-01 .9744902E-01 

.1167785E+OO .1381994E+OO .1598013E+OO .1734530E+OO .1710893E+OO 

.1542172E+OO .1346020E+OO .1201930E+OO .1102173E+OO .1010843E+OO 



R15958

.8889968E-01 .6997448E-Ol .4209122E-01 .1075250E-01 - .1811760E-01 Iii f 13I 
- . 4613425E-01 -.7455248E-01 -.1021268E+OO -.1285270E+OO -.1548629E+OO 
- .1. 761871E+OO -.1842308E+OO -.1815638E+OO -.1758511E+OO -.1658350E+OO 
-.1.439241E+OO - .1077145E+OO -.6322283E-01 -.1601777E-01 .2959094E-01 

.6192588E-01 . 6861311E-01 .4789670E-01 .4850562E-02 -.4493540E-01 
-.7822443E-01 - . 9459144E-01 -.1124649E+OO - .1359633E+OO -.1537640E+OO 

7.531645E+OO -.1282482E+OO -.8413259E-01 -.3147997E-01 .2375766E-01 
819481E-01 .1205658E+OO .1394328E+OO .1354569E+OO .1146395E+OO 

.8131627E-01 .4543947E-01 .1655703E-01 -.1097243E-01 -.3875447E-01 
-.5650902E-01 -.6370176E-01 -.6410550E-01 -.5581182E-01 - . 3821198E-01 
- .1.370111E-01 .128961.0E-01 .3647776E-01 .5342008E-01 .6181599E-01 

.6332456E-01 .5880640E-01 .4703052E-01 .3236575E-01 .2240268E-01 

.1.828258E-01 .1912158E-01 .2743191E-Ol .4258669E-01 .6098021E-01 

.8276384E-01 .1099397E+OO .1390418E+OO .1594632E+OO .1641540E+OO 

.1.538603E+OO .1287383E+OO .9618770E-01 .7164896E-01 .5658959E-01 

.3998958E-01 .1766263E-Ol -.7765841E-02 -.3466262E-01 -.5976910E-01 
-.7573459E-01 - . 7931996E-01 -.7593713E-01 -.7251890E-Ol -.7319782E-01 
-.7506700E-01 -.6814476E-01 -.5005931E-01 -.2909333E-01 -.1017549E-01 

.1.025957E-01 .3368359E-01 .5168451E-01 .5802205E-01 .5416033E-01 

.4041537E-01 .1862883E-01 -.492371.0E-02 - . 2406568E-Ol. -.3752270E-Ol 
-.4935664E-01 -.5983936E-01 -.6223903E-01 -.4958221E-01 -.2260418E-01 

. 8110376E-02 .3651696E-01 .6248435E-01 .8122147E-01 .9164771E-01 

.9417608E-01 .8301973E-01 .5720316E-01 .2430048E-01 - . 8618394E-02 
- . 3934104E-01 - . 6913186E-01 -.9604654E-01 -.1154301.E+OO -.1291972E+OO 
-.1.411651E+OO -.1500341E+OO -.1532614E+OO -.1507949E+OO -.1461787E+OO 
- .1.417569E+OO - .1333913E+OO -.1172465E+OO -.9871362E-01 -.8600907E-01 
-.7825331E-01 -.6966738E-Ol -.6146456E-01 -.5911000E-01 -.6067237E-01 
-.5815649E-01 -.4905537E-01 -.4054484E-01 -.4061793E-01 -.4687991E-01 
-.5024263E-01 -.4684782E-01 -.3865335E-01 -.2847060E-01 -.2031677E-01 
-.1.673057E-01 -.1423218E-01 -.7529723E-02 .4971649E-02 .1965941E-01 

.3254999E-Ol .4705470E-Ol .6853634E-01 .9539459E-Ol .1218987E+OO 

.1.450180E+OO .1627351E+OO .172221.0E+OO .1751156E+OO .1758691E+OO 

.1. 752573E+OO .1705600E+OO .1603514E+OO .1473236E+OO .1361884E+OO c··• 271705E+OO .1149462E+OO .9612012E-01 .7366034E-Ol . 5196865E-Ol 
J59848E-01 .8894109E-02 -.8772192E-02 -.2002428E-01 -.2986436E-01 

- ·:4295256E-01 -.5787471E-01 -.7182568E-Ol -.8336281.E-01 -.8970127E-01 
-.8539464E-01 -.6911164E-01 -.4952355E-01 -.3617029E-01 -.3020179E-01 
-.2846815E-01 -.2808022E-01 -.2611700E-01 -.2373021.E-01 -.2784218E-01 
-.3968260E-01 -.5209930E-01 -.6323391.E-01 -.7497745E-01 -.8422165E-01 
- . 8729811.E-01 -.8384755E-01 -.7683935E-01 - . 6918725E-01 -.6010215E-01 
- . 4841246E-01 -.3593898E-Ol -.2378046E-01 -.1137278E-01 .1002687E-02 

.1.240744E-01 .2233782E-01 .3251067E-01 .4220962E-01 .4713146E-01 

.4508139E-01 .3784002E-01 .2946368E-01 .2268721E-01 .1679187E-01 

.1.032170E-01 .5995623E-02 .6864971E-02 .1047849E-01 .1250673E-01 

.1.310529E-01 .1530690E-01 .1965933E-01 .2502233E-01 .2997687E-01 

.3173864E-01 .2995498E-Ol .3077268E-01 .3889405E-01 .5038789E-01 

. 5942675E-01 .6519994E-01 .6869219E-01 .6822578E-01 . 6181326E-01 

.4982589E-01 .3437798E-01 .1871436E-01 .4974908E-02 -.8315939E-02 
- . 2 040187E-01 -.2608102E-01 - .2387013E-01 -.1652780E-01 -.6100010E-02 

.5003755E-02 .127491.0E-01 .1467472E-01 .1130464E-01 .4765464E-02 
- .2346337E-02 - . 8135305E-02 -.1019844E-01 -.6090158E-02 . 5156119E-03 

.2990368E-02 .2400724E-02 .4276353E-02 .9156121E-02 .1499480E-01 

.1.983937E-01 .1855987E-01 .8089818E-02 -.5145110E-02 -.1292476E-01 
-.1.490916E-01 -.1394138E-01 -.9524814E-02 -.9290045E-03 .8842226E-02 

.1.605043E-01 .2069367E-01 .2546146E-01 .3051269E-Ol .3431541.E-01 

. 3 742608E-01 .4223167E-01 .5066722E-01 . 6199624E-01 .7329365E-01 

. 8108575E-01 .8300827E-01 .7979830E-01 .7503887E-01 .7114474E-01 

.6676522E-01 .5859880E-01 .4537485E-01 .2867206E-01 .1089183E-01 
- . 5203818E-02 -.1842008E-Ol -.2788346E-01 - . 3227513E-01 - . 3371696E-01 
-.3493091.E-01 -.3616031.E-01 -.3741450E-Ol -.3814741.E-01 -.3709091E-01 
I - S29432E-01 -.3612765E-01 -.4113488E-Ol -.4772479E-01 -.5132951E-01 
\_. 24491E-01 -.4716624E-01 -.4484980E-01 -.4280073E-01 -.3942760E-Ol 
- .~504736E-01 -.3112918E-01 -.2803010E-01 -.2487497E-01 -.2111292E-01 
- .1.811691E-01 -.1897075E-01 -.2469594E-01 -.3142273E-Ol -.3552245E-01 
- . 3 888696E-01 -.4402295E-01 -.4900201E-01 - . 5108967E-01 -.4857538E-Ol 
- . 4 048660E-01 -.3007032E-Ol -.2300381E-01 -.2092534E-01 -.2040095E-01 
- .1. 779080E-01 - .1339424E-01 -.101790BE-01 -.9297311E-02 -.8694569E-02 
- . 6410199E-02 -.2838122E-02 .1962326E-02 .9454871.E-02 .1890664E-01 
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• .,:::QljU:;;t.<J:J.J;!;-U.L • .jJ./l..:J/.GJ;!;-Ul. • _j4_j.:J.jtlUJ.ii-Ul. . .j-':\:U.G l.4:.0::.1:!;- UJ. • .G':::1 /!)_j,G.:JJ;!;-Ul. fl z. 1 /31 .2132865E-01 . 9771023E-02 -.1734663E-02 -.1036153E-01 -.1432470E-01 
- .1113628E-01 -.6697374E-03 .1110248E-01 .1812777E-01 .2106563E-01 

.2298579E-01 .2360746E-01 .2086150E-01 .1404770E-01 .4085430E-02 
-.6491852E-02 -.1581104E-01 -.2319324E-01 -.2489585E-01 -.1808601E-01 
- . 8779522E-02 -.5231547E-02 -.7854980E-02 -.1250039E-01 -.1558033E-01 
-.1590806E-01 -.1605498E-01 -.1746336E-01 -.1747615E-01 -.1284161E-01 

204423E-02 .8977057E-02 .2208078E-01 . 3550351E-01 .4790315E-01 
,796790E-01 .6350474E-01 . 6211946E-01 .5625524E-01 .4956306E-01 

.4057951E-01 .2821462E-Ol .1506747E-01 . 3621027E-02 - . 4761452E-02 
-.7042198E-02 -.1086272E-02 .8366367E-02 .1521806E-01 .1847036E-01 

.1946798E-01 .2006932E-01 .2044967E-01 .1764912E-01 .1161610E-01 

.6729579E-02 .5139045E-02 . 6729085E-02 .1216813E-01 .2162954E-01 

.3499030E-01 .4889339E-01 .5675765E-01 .5957931E-01 .6387712E-01 

.6858877E-01 .6849972E-01 .6350072E-01 . 5696833E-01 .5089837E-01 

.4503651E-01 .3932581E-01 .3409582E-01 .2820829E-01 .2051745E-01 

.1258421E-01 .6811207E-02 .3211397E-02 -.3582795E-03 -.5147857E-02 
- . 9663962E-02 -.1241240E-01 -.1208695E-01 - . 8221326E-02 -.5195819E-02 
- . 6272243E-02 -.6677606E-02 -.2166789E-02 . 3358411E-02 .5066244E-02 

.3306334E-02 .1140500E-02 .8374803E-03 .1437084E-02 -.5681907E-03 
- . 5935216E-02 -.1140660E-01 -.1503870E-Ol -.1821040E-01 -.2315383E-01 
- . 299341 ?E-Ol -.3860112E-01 - . 4979660E-01 - . 6043201E-01 -.6752799E-Ol 
-.7080094E-Ol -.6996273E-Ol -.6566658E-01 -.5868336E-01 - . 4912427E-01 
-.3821658E-01 -.2693532E-01 -.1454888E-01 - .1712689E-02 .7255092E-02 

.8433219E-02 .2449520E-02 -.7418162E-02 -.1914775E-01 -.3054330E-01 
-.3813836E-01 -.4229845E-01 - . 4417237E-01 -.4166013E-01 -.3564004E-01 
- . 3057181E-01 -.2922635E-01 -.3129597E-01 -.3329325E-01 -.3122758E-01 
-.2457961E-01 -.1506447E-01 -.3416952E-02 .1127329E-01 . 2784118E-01 

.4262494E-01 .5349331E-01 .5784017E-Ol .5235594E-01 .3790436E-01 

.1811534E-01 -.2127064E-02 -.1730803E-01 -.2906030E-Ol -.4378471E-01 
-.6142786E-01 -.7603312E-01 -.8237656E-Ol -.7917467E-01 -.6773042E-01 
-.5012821E-01 -.3024275E-01 -.1494393E-01 -.7026748E-02 -.9062746E-03 

. 6133282E-02 .1098264E-01 .1208142E-01 .9243225E-02 .1372534E-02 
1245539E-01 -.3102184E-01 -.5035283E-01 -.6763823E-Ol -.8326018E-01 

( ,Q2149E-01 -.1038556E+OO -.1071087E+OO -.1058361E+OO -.9810546E-01 
\, .. J52354E-01 -.5228968E-01 -.1764206E-01 .1992895E-01 .5549729E-01 

.8167728E-01 .1000719E+OO . 1153432E+OO .1241700E+OO .1237564E+OO 

.1170957E+OO .1077225E+OO .9537702E-01 .7962750E-01 .6651363E-01 

.6208966E-01 .6541427E-01 .7429291E-01 .8677751E-01 .9813735E-01 

.1051801E+OO .1082241E+OO .1064917E+OO .9793820E-01 .8172624E-01 

. 5786303E-01 .2822920E-01 -.2835653E-02 -.3043665E-01 -.4985099E-01 
- .5881307E-01 -.5779534E-01 -.4755744E-01 -.3193779E-01 -.1734854E-01 
- .5862051E-02 .4053781E-02 .1013942E-Ol .7443562E-02 -.3916508E-02 
- .1958129E-01 -.3655850E-Ol -.5194059E-01 -.6047924E-01 -.5735612E-01 
- . 4306182E-01 -.2430303E-01 -.8101107E-02 .3815317E-02 .1111497E-01 

.1165662E-01 .6614650E-02 -.7868955E-03 -.9799984E-02 -.2025724E-01 
- . 3161469E-01 -.4211055E-Ol - .4779031E-01 -.4666443E-01 -.4088325E-01 
-.3385752E-01 -.2803908E-Ol -.2387542E-Ol -.2031024E-01 -.1724022E-01 
-.1468737E-01 - . 9694055E-02 . ll 76641E-02 .1580522E-01 .2932379E-01 

. 4195871E-01 .5518093E-01 . 6652711E-01 .7463630E-01· .7986295E-Ol 

. 8007395E-01 .7175558E-01 .5335842E-01 .2977670E-01 .7058912E-02 
-.1434305E-01 -.3011264E-01 -.3421209E-01 -.2867747E-Ol -.1726594E-01 
-.3241647E-02 . 7223519E-02 .1185621E-·01 .1588727E-01 .2231769E-01 

. 2 729469E-01 .2902764E-01 . 3209396E-Ol .3885445E-Ol .4569715E-01 

.5040831E-01 .5471109E-01 .5908905E-01 .6153280E-01 .5927613E-01 

. 4 989549E-01 .3418961E-01 .1558797E-01 -.3831028E-02 -.2300372E-01 
- . 3 846487E-01 -.4752019E-01 -.5138573E-01 -.5081232E-01 -.4572659E-01 
- . 3 799463E-Ol -.2857771E-01 -.1655471E-Ol -.3155638E-02 .7235869E-02 

.8502782E-02 -.6912824E-03 -.1382983E-01 -.2549110E-01 -.3429561E-01 
- .4082792E-01 -.4748949E-01 -.5374123E-01 -.5640653E-01 -.5463937E-01 
- . 4999721E-Ol -.4477414E-Ol -.3880481E-01 -.2924247E-01 - .1573924E-01 

( "l.7613E-02 .1045078E-01 .1802666E-01 .1938850E-01 .1195837E-01 

'·- 26273E-02 -.2172701E-01 -.3506581E-01 -.4416554E-01 - . 5152116E-01 
- . 5557869E-Ol -.5379077E-01 -.4476463E-01 -.2900680E-Ol - . 9516113E-02 

.1166919E-01 .3254082E-01 .5054817E-Ol . 6440021E-01 .7035687E-Ol 

.6633838E-01 .5452786E-01 .3774205E-Ol .2169783E-01 .1103856E-01 

.4514069E-02 .1836108E-02 .5304611E-02 .1383756E-Ol .2522222E-01 

.3811574E-01 .4993915E-01 .5804052E-01 .6026690E-01 . 5569534E-01 



R15960

.452010SE-01 .28930SSE-01 .7684094E-02 -.1230838E-01 -.2647529E-01 /13 1 13/ -.3818116E-01 -.5010936E-01 -.5938177E-01 -.6252953E-01 - . 6013936E-01 
-.5443582E-01 - .4532571E-01 - .3347530E-01 -.2154387E-01 -.1126718E-01 
- .4232082E-02 -.2124644E-02 - .4731381E-02 - .1001922E-01 -.1652653E-01 
- . 22718D?E-01 -.2762467E-01 -.3254733E-01 -.3726681E-01 - .3755037E-01 
- . 2986688E-01 -.1802839E-01 -.8329764E-02 - .1511397E-02 . 2733511E-02 

1.857038E-02 -.3716269E-02 -.8940834E-02 -.9282224E-02 -.4962399E-02 
.032822E-02 -.7921831E-03 -.1142190E-02 .1729855E-02 .5606856E-02 

.6588688E-02 .6302412E-02 .9246061E-02 .1600631E-01 . 22223 78E-01 

.2465678E-01 .2463060E-01 .2457414E-01 .2587617E-01 .2922510E-01 

.3379768E-01 .3861394E-01 .4421703E-01 .4912229E-01 .5019883E-01 

.4726718E-01 .4254177E-Ol .3725894E-01 .3062712E-01 .2238073E-01 

.1473721E-01 .1029650E-Ol .7985188E-02 .5519019E-02 .4758402E-02 

.9689443E-02 .2079705E-01 .3337259E-01 .4387888E-01 .5280018E-01 

. 5899264E-01 .6058671E-01 .5862172E-01 .5289805E-01 .4224597E-01 

. 2930228E-01 .1671642E-01 .4177877E-02 -.8089838E-02 -.1841076E-01 
- . 2565209E-01 -.2978368E-01 -.3015704E-01 -.2623709E-01 -.1966415E-01 
- .1073936E-01 .5298653E-03 . 1149124E-01 .2358175E-01 .3798579E-01 

.4857011E-01 .5221632E-01 .5137483E-01 .4670694E-01 .3862793E-01 

.2920228E-01 .1847441E-01 .4497444E-02 -.1202036E-01 -.2618788E-01 
- . 3 540518E-01 -.4274025E-01 -.4943741E-01 -.5417956E-01 -.5840003E-01 
-.6292791E-01 -.6425179E-01 -.5785138E-01 -.4444425E-01 -.3043612E-01 
-.1985170E-01 - .1118296E-01 -.3246366E-02 .3840424E-02 .1076706E-01 

. l 711372E-01 .2207546E-01 .2670491E-01 .3190154E-01 .3659387E-01 

.3985042E-01 .4183256E-01 .4299575E-01 .4324914E-01 .4091815E-01 

. 3560075E-01 .3025548E-01 .2636414E-01 .2298492E-01 .1963164E-01 

.1607188E-01 .1297224E-01 .1102899E-01 .1048529E-01 .1235316E-01 

.1614250E-01 .1848004E-01 .1616893E-01 .9508624E-02 .2469338E-02 
- .1971489E-02 -.4540281E-02 -.6112697E-02 -.5245020E-02 -.1088674E-02 

.4236629E-02 .9398983E-02 .1554728E-01 .2264161E-01 .2899787E-01 

.3334727E-01 .3400231E-01 .2948991E-01 .2122236E-01 .1329644E-Ol 

.9907878E-02 . 9736251E-02 .6910417E-02 .2293196E-02 .3352369E-02 

.1126962E-01 .1918304E-01 .2361837E-01 .2670819E-01 .2705801E-01 
r··~193810E-01 .1453806E-01 .8565402E-02 .3341538E-02 -.2401952E-02 
\ 200995E-02 - .1390333E-01 -.1956064E-01 -.2375423E-01 -.2494824E-01 
~-: 2264228E-01 -.1931690E-01 -.1949722E-01 -.2369853E-01 - .2835773E-01 
- . 3173133E-01 -.3464294E-01 -.3648508E-01 -.3649725E-01 -.3629284E-01 
-.3757381E-01 -.4038884E-01 -.4336798E-01 -.4485878E-01 -.4462174E-01 
- .4416472E-01 -.4419502E-01 -.4300891E-01 -.4082538E-01 -.3989540E-01 
-.3813979E-01 -.3287047E-01 -.2712582E-01 -.2295229E-01 -.1817215E-01 
-.1342312E-Ol -.1165543E-01 -.1241519E-01 -.1166245E-01 -.5927274E-02 

. 3440929E-02 .1185632E-01 .1762746E-01 .2302342E-01 .2892334E-01 

.3213110E-01 . 3041321E-01 .2575243E-01 .1975500E-01 .1205096E-01 

. 3 961158E-02 -.2402821E-02 -.6675037E-02 -.8271224E-02 -.6365068E-02 
- .2517049E-02 .4126543E-03 .1413046E-02 .1961274E-02 .3557081E-02 

.5728040E-02 . 7232239E-02 .6923286E-02 .4322546E-02 .2183266E-02 

.4387742E-02 . 9789496E-02 .1449338E-01 .1883346E-01 .2450909E-01 

. 2962619E-01 .3269337E-01 .3415022E-01 .3355298E-01 .3118082E-01 

.2847837E-01 .2646138E-01 . 2531350E-01 .2488434E-01 .2468018E-01 

.2455312E-01 .2713328E-01 .3303078E-01 .3724129E-01 .3478319E-01 

.2511450E-01 .1234335E-01 .1428767E-02 -.7101753E-02 -.1566903E-01 
- .2383917E-01 -.2939019E-01 - . 3243231E-01 -.3427626E-01 -.3384990E-01 
- .2938237E-01 -.2246127E-01 -.1599733E-01 -.1152176E-01 -.1047601E-01 
-.1443285E-01 -.2265326E-01 -.3205257E-01 -.4043302E-01 -.4798359E-01 
- . 5535689E-01 -.6184443E-01 -.6702126E-01 -.7219754E-01 -.7761640E-Ol 
- . 8013981E-01 -.7597419E-01 -.6507414E-01 -.5169548E-01 -.3976832E-01 
- .2957619E-01 -.2054477E-01 - .1302700E-Ol -.6508010E-02 -.4592956E-03 

. 3 801691E-02 .4904164E-02 .4358538E-02 .4678761E-02 .5584338E-02 

.5575150E-02 .5497993E-02 .7876928E-02 .1298598E-01 .1851654E-01 

.2268986E-01 .2352920E-01 .1962006E-01 .136023 lE-01 .9763881E-02 c• ~29490E-01 .1442050E-01 .1955791E-01 .2413239E-01 .2819152E-01 
22446E-Ol .3667879E-01 .3972504E-01 .3674738E-01 .2662781E-01 

. .c380354E-01 .1394686E-02 -.1093614E-01 -.2151097E-01 -.2663983E-01 
- . 2 511414E-01 -.1815315E-01 -.9063756E-02 - . 2212557E-02 .4074769.E-03 
- . 2271420E-03 -.2938129E-02 -.7795112E-02 -.1486150E-01 -.2366416E-01 
- . 3 306999E-01 -.4228245E-01 -.5125271E-01 -.5948961E-01 - . 6621960E-Ol 
- . 7 024071E-01 -.7084340E-01 -.6721774E-01 -.5819997E-01 -.4575619E-01 
- . 3 242926E-01 -.1858880E-01 -.6512159E-02 .1061322E-02 .4818142E-02 
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.7193980E-02 .6448881E-02 .4034470E-02 -.1560797E-02 -.7904354E-02 
- .1192108E-01 - .1347164E-01 -.1344912E-01 -.1154520E-01 -.7779410E-02 
-.2382010E-02 .4364814E-02 .1200379E-01 .1944099E-01 .2416594E-01 

.2386543E-01 .1766102E-01 .7785477E-02 - .1276903E-02 -.7890868E-02 
-.1343059E-01 -.1800962E-01 -.1932083E-01 -.1507873E-01 -.6037995E-02 

.4088884E-02 .1153916E-01 .1452199E-01 .1408923E-01 .1209214E-01 
7611864E-02 -.1382973E-03 -.7610628E-02 - .1113707E-01 -.1103557E-01 
J025015E-02 -.5907995E-02 -.2135436E-02 .7389091E-03 .5510989E-03 

- . 2936576E-02 -.8169432E-02 -.1333654E-01 -.1720148E-01 -.2056605E-01 
-.2442911E-01 -.2729651E-01 - .2813924E-01 -.2773541E-01 -.2556721E-01 
-.2015380E-01 - .1178178E-01 -.2387210E-02 .6436757E-02 .1415201E-01 

.2066450E-01 .2628009E-01 . 3117481E-01 .3399421E-01 .3415380E-01 

.3334282E-01 .3129645E-01 .2647082E-01 . 2044761E-01 .1541656E-01 

.1074947E-01 .5281427E-02 -.5195006E-03 -.5422203E-02 -.9598339E-02 
-.1430073E-01 - .1925923E-01 -.2476087E-01 -.3173986E-01 -.3772061E-01 
-.3883065E-01 -.3394865E-01 -.2434786E-01 -.1123283E-01 .4572993E-02 

.2056444E-01 .3394076E-01 .4480029E-01 .5349467E-01 .5763889E-01 

.5590864E-01 .5110709E-01 .4640592E-01 .4269685E-01 .4019539E-01 

. 3964931E-01 .4147947E-01 .4357520E-01 .4370555E-01 .4240928E-01 

.4017383E-01 .3597266E-01 .2851537E-01 .1799945E-01 .6605743E-02 
- . 4453245E-02 -.1614076E-01 -.2858475E-01 -.3984751E-01 -.4902318E-01 
-.5727767E-01 -.6280406E-01 -.6107206E-01 -.5335150E-01 -.4469141E-01 
- .3616519E-01 -.2774471E-01 -.2033984E-01 -.1348745E-01 -.7871855E-02 
- . 6221494E-02 -.8000118E-02 -.8819336E-02 -.7326990E-02 - . 6313371E-02 
- . 6699139E-02 -.6350026E-02 -.4299782E-02 -.9032966E-03 .4908731E-02 

.1355511E-01 .2324863E-01 .3266577E-01 . 4115640E-01 .4841390E-01 

.5489180E-01 .5999650E-01 .6234185E-01 .6087521E-01 .5518189E-01 

.4717741E-01 .4002456E-01 . 3428729E-01 .2836880E-01 .2175625E-01 

.1442824E-01 . 6259395E-02 -.2112162E-02 -.1035407E-01 -.1786238E-01 
-.2315422E-01 -.2560877E-01 -.2572355E-01 -.2282053E-01 - .1536121E-01 
- . 5008871E-02 .4471537E-02 .1161832E-01 .1704624E-01 .2029849E-01 

.1854555E-01 .1071361E-01 .2321836E-03 -.8820343E-02 -.1456584E-01 
- .1676346E-01 -.1552150E-01 -.1103171E-01 -.4633273E-02 .1574043E-02 
r--232877E-02 .8645564E-02 .7453606E-02 .1515112E,.-02 -.7414636E-02 . 
. 532791E-01 -.2469882E-01 -.3266324E-01 -.3886911E-01 -.4283582E-01 
~--: 4 58693 SE-01 -.4914899E-01 -.5235384E-01 -.5448915E-01 -.5460497E-01 
- . 5051010E-01 -.4073884E-01 -.2813046E-01 -.1651373E-01 -.5861861E-02 

. 5258294E-02 .1648800E-01 . 2712165E-01 .3520831E-01 . 3706296E-01 

.3249530E-01 .2571091E-01 . 2021096E-01 .1640362E-01 .1313259E-01 

.1028669E-01 .9399521E-02 .1204366E-01 .1830845E-01 .2618197E-01 

. 3 322746E-01 .3942388E-01 .4471217E-01 .4653756E-01 .4504173E-01 

. 4285492E-01 .3956478E-01 .3431505E-01 .2872350E-01 .2387132E-01 

.1831003E-01 .1066796E-01 .2660823E-02 -.3443182E-02 -.8186754E-02 
- .1297125E-01 -.1732025E-01 -.1956069E-01 -.1884928E-01 - .1573963E-01 
- .1093578E-01 - . 5253623E-02 -.4604340E-03 .2683918E-02 .4557837E-02 

. 4338234E-02 .2202014E-02 -.3749565E-03 -.3556698E-02 -.8279831E-02 
- .1400623E-01 -.1776821E-01 -.1765454E-01 -.1571738E-01 -.1489174E-01 
- .1580715E-01 -.1685636E-01 -.1673262E-01 -.1584588E-01 -.1367284E-01 
- . 8 621749E-02 -.1842570E-02 .4095081E-02 .8682743E-02 .1311723E-01 

.1689167E-01 .1608646E-01 .9440153E-02 .1175740E-02 -.6299832E-02 
- .1308026E-01 -.1753944E-01 -.1914479E-01 -.1895101E-01 -.1729421E-01 
-.1495265E-01 -.1319788E-01 - .1194921E-01 -.1028764E-01 -.9619359E-02 
- .1300920E-01 -.2016736E-01 -.2727057E-01 -.3127790E-01 -.3117747E-01 
- . 2 590700E-01 -.1491471E-01 -.1736581E-02 . 9134776E-02 .1825627E-01 

. 2 760075E-01 .3551163E-01 .3893108E-01 .3645539E-01 .2877890E-01 

.1822021E-01 .7275437E-02 -.2532654E-02 -.9299024E-02 -.1002525E-01 
- . 4390530E-02 .4188414E-02 .1308697E-01 .2120629E-01 .2755253E-01 

.3219618E-01 .3480146E-01 .3327036E-01 .2783871E-01 . 2213295E-01 

.1727481E-01 .1077682E-01 .2461697E-02 -.4390548E-02 -.7879621E-02 
- . 9303914E-02 -.1112000E-01 -.1409596E-01 -.1686399E-01 - .1857893E-01 

-· . q6453 ?E-01 -.2067631E-01 -.2206264E-01 -.2407602E-01 -.2677498E-01 
( 88073E-01 -.2849309E-01 -.2610046E-01 -.2417905E-01 -.2297236E-01 

-

0

~2052435E-01 -.1600984E-01 - .1011476E-01 -.4485098E-02 - .1231097E-02 
- . 7930399E-04 .2452772E-02 .7558229E-02 .1251576E-01 .1637736E-01 

.1979262E-01 .2084312E-01 .1902271E-01 .1765633E-01 .1845217E-01 

.1970402E-01 .1949724E-01 .1830577E-01 .1735371E-01 .1642243E-01 

.1516099E-01 .1348499E-01 .1133046E-01 . 7960736E-02 .1314147E-02 
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- . 7733708E-02 -.1462536E-01 -.1816645E-01 -.2103475E-01 -.2329364E-01 /15 t 13 
-.2197161E-01 -.1649521E-01 - .1039296E-01 -.6303762E-02 -.3632735E-02 
-.J.30457BE-02 .7645595E-03 .7103060E-03 -.4229843E-02 -.1288901E-01 
-.J.895254E-01 -.1813957E-01 - .1315488E-01 -.880J.943E-02 -.6279872E-02 
-.3534582E-02 .6204412E-03 .4714876E-02 .7349359E-02 .8154762E-02 

.6562512E-02 . 3729143E-02 .2836485E-02 .4630447E-02 .7287384E-02 
l072494E-01 .1572046E-01 .2069417E-01 .2339863E-01 .2376112E-Ol 
"317662E-01 .2201778E-01 .1979754E-01 .1769886E-01 .1665707E-01 

.1528925E-01 .1389551E-01 .1366594E-01 .1327952E-01 .1237532E-01 

.J.166554E-01 .1009583E-01 .B074901E-02 .7603209E-02 . 7156321E-02 

.4784397E-02 .2628373E-02 .2982196E-02 .6142134E-02 .1096428E-01 

. J.537373E-01 .1863127E-01 .2097922E-01 .2281814E-01 .2478448E-01 

.2657349E-Ol .2814777E-01 .3008691E-01 .3130526E-01 .3091971E-01 

.2998023E-01 .2865565E-01 .266J.337E-01 .2415762E-01 .2027608E-01 

. J.402573E-01 .7337623E-02 .2492244E-02 -.8980984E-03 -.3702241E-02 
-.5735938E-02 -.6606569E-02 -.5655696E-02 -.3257659E-02 -.1887005E-03 

. 4175949E-02 .8751475E-02 .1019322E-01 .7597084E-02 .3749288E-02 

. J.072999E-02 -.1004485E-02 -.4375756E-02 -.9824641E-02 -.1563806E-01 
- .1860285E-01 -.1690056E-01 - .1119063E-01 -.3496355E-02 .4025684E-02 

. 9705280E-02 .1288016E-01 .1406589E-01 .1307463E-01 .8958209E-02 

. 2097119E-02 -.6404619E-02 -.1552530E-01 -.2519713E-01 -.3485213E-01 
- . 4130040E-01 -.4263335E-01 -.3957523E-01 -.3395835E-01 -.2867052E-01 
-.2448896E-01 -.1994784E-01 -.146954J.E-Ol -.9356296E-02 -.4337790E-02 

.J.079794E-02 .7370481E-02 .1251198E-01 .1504543E-01 .1652640E-01 

.J.833772E-01 .1945333E-Ol .1849455E-01 .1569491E-01 .128111 ?E-01 

. J.153490E-01 .1146346E-01 .1J.36273E-01 .1J. 72559E-01 .1418657E-01 

. J.91J.648E-01 .2434187E-01 .2703512E-01 .2711390E-01 .2618552E-01 

.2408091E-Ol .1922801E-01 .1185002E-01 .5180538E-02 .1079997E-02 
- . 2375487E-02 -.6835433E-02 -.1079522E-01 -.1098915E-01 -.7481120E-02 
- . 4763966E-02 -.5536675E-02 -.8848882E-02 -.1363962E-OJ. -.1966540E-01 
- . 2599804E-01 -.3100833E-01 -.3459987E-01 -.3782896E-01 -.4008756E-01 
-.3965770E-01 -.3628301E-01 -.3J.50698E-01 -.2668985E-01 -.2237522E-01 
- . J.942836E-01 -.1783616E-01 -.1600244E-01 -.1361647E-01 - .1106326E-01 

(-~163762E-02 -.J.025125E-02 .5858345E-02 .1045626E-01 .1183166E-01 
,". 127785E-01 .9665209E-02 .7476242E-02 .4674010E-02 .1210853E-02 
-: J.937670E-02 - . 41J.3628E-02 -.4352729E-02 -.1003195E-02 .4921549E-02 

. 9645004E-02 .1042783E-OJ. .7582331E-02 .3821878E-02 .1324971E-02 
- . J.023041E-02 -.4738336E-02 -.8587340E-02 -.1098221E-01 -.1178935E-01 
- . J.163535E-01 -.1144280E-01 -.1076000E-01 -.8384850E-02 -.5712351E-02 
- .4319878E-02 -.3261575E-02 -.2345691E-02 -.1993508E-02 -.1462869E-02 
- . 5314606E 0 03 .2091969E-03 -.4502857E-03 -.3066370E-02 -.6415737E-02 
- . 9634532E-02 -.J.298265E-01 -.1645556E-01 -.1907393E-01 - . 2011J.59E-01 
- . 2118516E-01 -.2454181E-01 -.2966150E-01 -.3326092E-01 -.3255185E-01 
- .2784351E-01 -.2165688E-01 -.1699466E-01 -.1482146E-01 - .1187855E-01 
- . 6 054106E-02 -.J.367956E-02 -.4J.93646E-03 .3069990E-03 .2677690E-02 

.2215053E-02 -.4174190E-02 - .1097163E-01 -.1228584E-01 -.9943534E-02 
- . 7755383E-02 -.6762642E-02 -.5997532E-02 - . 3130137E-02 .1665146E-02 

.4891672E-02 .6068591E-02 . 7396658E-02 .8630414E-02 .8635457E-02 

. 7698158E-02 .6104490E-02 . 3543477E-,02 .8642541E-03 -.5708015E-03 
- . J.49895J.E-02 -.4075798E-02 -.8408725E-02 -.1184389E-01 -.1347353E-01 
- . J.498521E-01 -.J.666603E-01 -.1754661E-01 -.1677538E-01 -.1369779E-01 
- . 9219727E-02 -.4880760E-02 -.9895687E-03 . 2968010E-02 .7040253E-02 

. J.044052E-01 .1277679E-01 .1412440E-01 .1376206E-01 .1144961E-01 

. 8889031E-02 .6134843E-02 .1588455E-02 -.3520195E-02 -.7847673E-02 
- . J.217904E-01 -.J.588409E-01 -.1775244E-01 -.1878510E-01 -.1892413E-01 
- . J.640893E-01 -.J.318440E-01 - .1374033E-01 -.1803081E-01 -.2161992E-01 
- . 2338924E-01 -.2682950E-01 -.3313254E-01 -.3958580E-01 -.4439150E-01 
- . 4 735906E-01 -.4706487E-01 -.4165185E-01 -.3201673E-01 -.2195377E-01 
- .1362727E-01 -.5748470E-02 .1596862E-02 .5881033E-02 .6277656E-02 

. 4238442E-02 .9650691E-03 -.2856687E-02 -.6649826E-02 -.1089178E-01 
- 44 7483E-01 -.1489082E-01 -.1325867E-01 -.1221063E-01 - .1117039E-01 

I 18870E-02 -.9515755E-02 -.1235404E-01 -.1561760E-01 - .1826914E-01 c 
-':-:c959693E-01 -.1877437E-01 -.1615197E-01 - .1163408E-01 -.5318979E-02 

.1303862E-02 .5927536E-02 .7185595E-02 .5197758E-02 -.6344013E-03 
- . 9832962E-02 -.1892793E-01 -.2544964E-01 -.2945006E-01 -.3088108E-01 
- . 2 913633E-01 -.2456770E-01 -.1802141E-01 - . 9096611E-02 .1468045E-02 

. 1062798E-01 .1734899E-01 .2307309E-01 .2774119E-01 . 2923586E-01 

. 2 734614E-01 .2428055E-01 .2041388E-01 .1487998E-01 .7867222E-02 



R15963

.3209353E-03 -.5250226E-02 -.7560709E-02 -.7521802E-02 - . 4893211E-02 I I~ t 13/ 
- . 9628385E-03 .2177951E-02 .5274239E-02 .8169917E-02 . 8621390E-02 

.5862099E-02 .1873346E-02 -.7318176E-03 -.7827997E-03 .1093618E-02 

.3529415E-02 .6568339E-02 .1113550E-01 .1677192E-01 .2216043E-01 

.2618631E-Ol .2724112E-01 .2422893E-01 .1883451E-01 .1277247E-01 

. 6409639E-02 .2922757E-02 . 5319134E-02 .1071360E-01 .1471466E-01 
1698702E-01 .1948586E-01 .2283047E-01 .2450616E-01 . 2141117E-01 
.342058E-01 .3665719E-02 -.3082844E-02 - .. 4741418E-02 -.3384878E-02 

.6105795E-03 .3555110E-02 . 7497413E-02 .9488780E-02 .9892932E-02 

. 9009678E-02 .6595410E-02 .3869864E-02 .2144339E-02 . 5740727E-03 
-.7535699E-03 .1330267E-02 .6817867E-02 .1152748E-01 .1496787E-01 

.1912581E-Ol .2367541E-01 .2778777E-Ol .3075357E-01 . 3102677E-01 

.2773402E-01 .2249779E-01 .1756296E-01 .1314635E-01 .7951279E-02 

.4650855E-03 -.8769966E-02 -.1651341E-01 -.2036673E-01 -.2070268E-01 
- .1873573E-01 -.1496084E-01 -.1058084E-Ol -.7780952E-02 -.6682956E-02 
- . 5872711E-02 - .4922745E-02 -.4172315E-02 -.4616816E-02 -.6760126E-02 
-.9661080E-02 - . 1169446E-01 -.1201908E-01 -.1167342E-01 -.1145325E-01 
- .1091303E-01 -.1045411E-01 - .1100576E-01 -.1221553E-01 -.1272392E-01 
- .1157265E-01 - . 9562638E-02 -.7643269E-02 -.4648257E-02 - . 4817269E-03 

.2614450E-02 .4423297E-02 .6853252E-02 .9592195E-02 .1089030E-Ol 

.1123006E-01 .1161627E-01 .1258168E-01 .1484951E-01 .1742543E-01 

.1887272E-01 .1965511E-01 .2093460E-01 .2274286E-01 .2472892E-01 

.2690620E-01 .2780636E-01 .2609913E-01 .2340618E-01 .2124346E-01 

.1947414E-01 . l 771964E-01 .1557014E-01 .1371153E-01 .1382213E-01 

.1647253E-01 .1912391E-01 .1948432E-01 .1914578E-01 .1821753E-01 

.1481069E-01 .1211290E-01 .1517281E-01 .2130319E-01 .2470227E-01 

. 2613882E-01 .2903577E-01 .3280586E-01 .3462693E-01 .3346743E-Ol 

.2971043E-01 .2399714E-01 .1734675E-01 .1073562E-01 .4457788E-02 
- .1642984E-02 -.7148126E-02 - .1096354E-01 -.1348634E-Ol -.1643798E-01 
- . 2020553E-01 -.2457499E-01 -.2811493E-01 - . 2811069E-01 -.2456315E-01 
- .1955134E-01 - . 1345758E-01 -.6654736E-02 -.3872195E-03 .4878954E-02 

.8369585E-02 .1045006E-Ol . 1168078E-01 .1004692E-01 .5677694E-02 

.1173001E-02 -.3199877E-02 -.7117846E-02 -.8632446E-02 -.7288810E-02 
(.1633758E-02 -.2220485E-02 -.2459984E-03 .2238793E-02 .5464275E-02 
\ 197294E-02 .4786912E-02 -.3859602E-03 -.5003693E-02 -.7069415E-02 
- .. ~445797E-02 - .1096364E-01 -.1270733E-Ol -.1216264E-01 -.1064310E-01 
- . 9596075E-02 -.9463433E-02 -.1021655E-01 - .1188676E-Ol -.1420326E-01 
- .1655151E-01 -.1931019E-01 -.2177196E-01 -.2089789E-01 - .1638725E-01 
- .1033917E-01 -.3374983E-02 .3942996E-02 .1036387E-01 .1556182E-01 

. 2050189E-01 .2511686E-01 .2810714E-01 .2918260E-01 .2921215E-01 

. 2933329E-01 .3044864E-01 .3255511E-01 .3314622E-01 .2977691E-01 

.2454968E-01 .2046055E-01 .1652854E-01 .1188960E-01 .7713260E-02 

. 3104996E-02 -.1664739E-02 -.2023296E-02 .2874085E-02 .7825080E-02 

.1044371E-01 .1198257E-01 .1305680E-01 .1438055E-01 .1670214E-01 

.1897470E-01 .1773791E-01 .1104242E-01 .2171240E-02 -.5662654E-02 
- .1290044E-01 -.2022777E-01 -.2764801E-01 -.3499529E-01 -.4212838E-01 
- .4878102E-01 -.5369113E-01 -.5356047E-01 -.4663402E-01 -.3638306E-01 
- . 2609034E-01 -.1697359E-01 -.1039055E-01 -.5958436E-02 -.2156434E-02 
- . 6259048E-04 - . 2380175E-02 -.7523073E-02 -.1146910E-01 -.1381036E-01 
- .1520638E-01 -.1465072E-01 -.1233532E-01 -.9642977E-02 - . 7287883E-02 
- . 593361 ?E-02 -.5171381E-02 -.3766719E-02 -.2352992E-02 - .1698111E-02 
- . 3120803E-03 .3425922E-02 .8651796E-02 .1410240E-01 .2077002E-01 

. 2820321E-01 .3378477E-01 .3761716E-01 .4110455E-01 .4305141E-01 

. 4128969E-01 .3597381E-01 .2949648E-01 .2271304E-01 .1449496E-01 

. 5772943E-02 -.6123251E-03 -.3327627E-02 -.2534701E-02 .9194886E-03 

. 5459870E-02 .1012647E-Ol .1453653E-01 .1782247E-01 .1850226E-Ol 

.1500698E-01 .7864314E-02 .1359909E-02 -.1058800E-02 -.2208092E-02 
- . 4921679E-02 -.6467004E-02 -.4754454E-02 - . 1137336E-02 .1885682E-02 

. 3195000E-02 .4797708E-02 . 7099637E-02 .8106074E-02 . 7790118E-02 

. 7710519E-02 .9088179E-02 .1074944E-01 .1047275E-01 .8309000E-02 
S868661E-02 .3957055E-02 .1962237E-02 .2808232E-03 .2916451E-03 

( 56808E-02 .1357564E-02 .1665314E-02 .1825520E-02 .1586515E-02 
\._ . ..,29033E-02 .3678033E-03 .8384197E-03 .2814777E-02 .4591358E-02 
. 5409132E-02 .6492329E-02 .8509405E-02 .9828688E-02 .8371217E-02 
.4723981E-02 .1093828E-03 - . 5135071E-02 -.1038325E-01 - .1542671E-01 

- . 2 018822E-01 -.2384038E-01 -.2516481E-01 -.2297853E-01 -.1677082E-01 
- . 9281443E-02 - .4871596E-02 -.2830442E-02 .2466774E-03 .3684990E-02 

. 5289761E-02 .5109808E-02 . 43 71949E-02 .3855609E-02 .3228032E-02 



R15964

.3005724E-02 .4576363E-02 . 7224287E-02 .8717947E-02 .8025297E-02 117 1 13I 

.5400789E-02 .1290146E-02 -.3130109E-02 -.7250069E-02 -.1167327E-01 
- .1562863E-01 -.1808808E-01 -.1878252E-01 -.1708126E-01 -.1426949E-01 
-.1208041E-01 -.1009869E-01 -.8412959E-02 - . 7308272E-02 -.6407232E-02 
-.5698357E-02 - . 5472705E-02 -.5568173E-02 -.4519599E-02 -.1857467E-02 

.1125925E-02 .3621327E-02 . 53 91694E-02 .6482043E-02 .7042345E-02 
7044555E-02 .7033384E-02 .7692408E-02 . 8113682E-02 . 7185136E-02 

477384E-02 .8011097E-02 .1033952E-01 .1068707E-Ol .1008733E-01 
.1036429E-01 .9271744E-02 .5404720E-02 .1365970E-02 - .1325128E-02 

-.4490595E-02 -.9059295E-02 -.1307122E-01 -.1455347E-01 -.1393337E-01 
- .1205194E-01 -.8512069E-02 - .4141081E-02 .1334820E-03 .5013166E-02 

.9627982E-02 . ll 75396E-01 . ll 71588E-01 .1116911E-01 .1029591E-01 

.8244976E-02 .4784988E-02 .1314094E-02 -.4822806E-03 -.6359160E-03 
-.8775166E-03 -.2187567E-02 -.4165186E-02 -.7072983E-02 - .1144714E-01 
-.1560086E-01 -.1748253E-01 -.1697091E-01 - .1378558E-01 -.8258351E-02 
-.2765246E-02 .1624063E-02 .5728636E-02 .8932761E-02 .1023249E-Ol 

.9549953E-02 .6110539E-02 .4994235E-03 -.4284289E-02 -.7032193E-02 
-.9066790E-02 - . 1110217E-01 - .1197684E-01 -.1089435E-01 -.1050567E-01 
-.1290679E-01 -.1527230E-01 -.1463422E-01 -.1224333E-01 -.9924610E-02 
- . 7461332E-02 -.4397384E-02 -.3925891E-03 .3135397E-02 . 3227163E-02 

.5801844E-03 - . 5088304E-03 .9838603E-03 .1824831E-02 -.2572334E-03 
-.4692853E-02 -.9227133E-02 - . ll 73354E-01 -.1210460E-01 -.1173808E-01 
- .1045532E-01 -.6655479E-02 - .1415102E-02 .2460981E-02 .5084396E-02 

.7979283E-02 .1063683E-Ol .1142567E-01 .9898598E-02 .6838830E-02 

.2213712E-02 -.3790765E-02 -.8911087E-02 -.1153779E-01 -.1127826E-01 
- . 7918385E-02 -.3775503E-02 -.1205021E-02 .4176813E-04 -.6719844E-04 
- . l 799503E-02 -.4325336E-02 - . 7366272E-02 - .1138595E-01 -.1517629E-01 
-.1663199E-01 - .1547140E-01 -.1332593E-01 - .1104467E-01 -.8396146E-02 
-.6532803E-02 -.5924658E-02 -.4851405E-02 -.3480571E-02 -.3513893E-02 
- . 3040378E-02 .2083554E-04 .2966710E-02 .3438400E-02 .2798347E-02 

.2724524E-02 .2780862E-02 .1283151E-02 -.1904979E-02 -.4278636E-02 
-.4422543E-02 -.4263338E-02 - .4545010E-02 -.3705767E-02 -.1963540E-02 
- .1066376E-02 -.1491044E-02 -.2462900E-02 -.3554486E-02 -.3604996E-02 
(9352087E-03 .3334911E-02 . 7130313E-02 .1058397E-01 .141362SE-01 
, ;s9921E-Ol .1826347E-01 .1s·oo3S9E-01 .1552199E-01 .1159058E-Ol 
' 'c·v697584E-02 - . 4331364E-03 - . 8554396E-02 -.1375042E-01 -.1574280E-01 
- . l 741123E-01 -.1870749E-01 -.1762690E-01 - .1364510E-01 -.8274265E-02 
- .3134331E-02 .1691426E-02 .5996974E-02 .9189930E-02 .1065700E-01 

.9492205E-02 .5793625E-02 . 1077861E-02 -.2790908E-02 -.5461780E-02 
- . 8615763E-02 -.1222503E-01 - .1382666E-01 - .1326525E-01 -.1304639E-01 
- .1372137E-01 -.1270642E-01 - .8472629E-02 -.3254751E-02 .4235933E-03 

. 2072302E-02 .1273555E-02 -.2096483E-02 -.6355010E-02 - . 9139531E-02 
- . 9795570E-02 - . 9047969E-02 -.7875412E-02 -.7885007E-02 -.9540815E-02 
- .1009407E-01 -.6506849E-02 -.5544836E-06 .5777174E-02 .9186844E-02 

. 9871117E-02 .7866297E-02 .5640405E-02 .6152746E-02 .8530200E-02 

. 9262379E-02 .7125617E-02 .4918303E-02 . 5695115E-02 .8634026E-02 

.1120002E-01 .1320039E-01 .1589135E-01 .193374SE-Ol .2234555E-01 

. 2513083E-01 .2848364E-01 .3008601E-01 .2699496E-01 .2036672E-01 

.1412630E-01 .1031920E-01 .7970156E-02 . 5921122E-02 .4102312E-02 

. 2550425E-02 .1920744E-02 .2544011E-02 .2456038E-02 - .1816917E-03 
- . 4402228E-02 - . 8113015E-02 -.1054978E-01 -.1196788E-01 -.1298467E-01 
- .1387298E-01 -.1379652E-Ol -.1284405E-01 - .1193120E-01 -.1056440E-01 
- . 8060364E-02 - . 5069646E-02 - . 2723360E-02 -.1413261E-02 -.3516365E-03 

. 9636440E-03 .1319601E-02 -.4547993E-03 - . 3541185E-02 -.6006173E-02 
- . 7068465E-02 -.7531419E-02 - . 7189116E-02 -.5185808E-02 -.3147870E-02 
- . 2857281E-02 -.3842931E-02 -.5267079E-02 -.6158834E-02 -.5836307E-02 
- . 5196336E-02 -.4514591E-02 -.2775095E-02 -.3782349E-03 . 1925569E-02 

.5270677E-02 .l028686E-Ol .l470946E-01 .l6l2206E-Ol .l494436E-Ol 

.l288463E-Ol .l043247E-Ol .7832260E-02 .63l9363E-02 .5747952E-02 

. 4495584E-02 .287l744E-02 .2480363E-02 . 29796l9E-02 .3383565E-02 
,<l8l705E-02 .526l64lE-02 .5743236E-02 .5600399E-02 .4632288E-02 

( 1430lE-02 .l2l4657E-02 -.6303864E-04 -.6433lSlE-03 - . 905l492E-03 
-'"-,.,J463 l5E-03 . 5229604E-03 .2307006E-02 .2648098E-02 .606354lE-03 
- .2330176E-02 -.459l799E-02 -.75l7969E-02 -.l204205E-01 -.l6617l9E-Ol 
- . 2 03 7670E-Ol -.238395lE-01 -.2737947E-01 - . 30l9928E-Ol -.3084741E-Ol 
- .3002131E-01 -.2840915E-01 -.2400051E-01 -.1693746E-Ol -.1017296E-01 
- . 5531539E-02 - .2920390E-02 - .1395994E-02 -.1070320E-02 -.1818100E-02 
- . 2306668E-02 -.2247185E-02 -.1525405E-02 .5615250E-03 . 3673693E-02 



R15965

.7362899E-O2 .113729OE-O1 .1472148E-O1 .168O977E-O1 .1692958E-O1 /IS 1 I ~/ 

.1456691E-O1 .1O84236E-O1 .719424OE-O2 .4646659E-O2 .2632194E-O2 
-.52O39O7E-O3 - . 3O66271E-O2 -.1779522E-O2 .1661O64E-O2 .3582284E-O2 

.41O82O7E-O2 .456681OE-O2 .469O85OE-O2 .41O9583E-O2 .29749O9E-O2 

.2142781E-O2 .1896983E-O2 .1OO5842E-O2 -.2475528E-O3 .257O341E-O3 

.23O3O41E-O2 .267457OE-O2 -.7O72662E-O3 -.612O559E-O2 -.1O79619E-O1 

,( l4O2989E-O1 -.1615591E-O1 -.1678452E-O1 -.1553645E-O1 -.1319257E-O1 
J742379E-O2 -.4527255E-O2 .76OO713E-O3 .4278136E-O2 .6385596E-O2 

.7O98O34E-O2 .5652421E-O2 .3331O85E-O2 .2941223E-O2 .5137461E-O2 

. 8 62O796E-O2 .1213258E-O1 .1487634E-O1 .1617718E-O1 .1573224E-O1 

.1423978E-O1 .11O49O3E-O1 .5396492E-O2 -.6848373E-O3 -.6278441E-O2 
-.1241632E-O1 -.1741724E-O1 -.1849869E-O1 -.158625OE-O1 -.1189932E-O1 
-.8217O77E-O2 -.46O4691E-O2 -.1196347E-O2 .1857847E-O2 .4364623E-O2 

.44619O7E-O2 .2356622E-O2 .14512O6E-O2 .287312OE-O2 .5318243E-O2 

.8599189E-O2 .1222675E-O1 .1534557E-O1 .18O2432E-O1 .19295O3E-O1 

.J.785638E-Ol .1359873E-Ol .7J.58327E-O2 .24O2842E-O3 -.6115167E-O2 
-.J.28O352E-O1 -.1961626E-O1 -.24595O8E-O1 -.2649719E-O1 -.251439OE-O1 
-.2156336E-O1 -.1697133E-O1 -.1133329E-O1 -.5817756E-O2 -.2634794E-O2 
-.1589484E-O2 -.1479791E-O2 -.2J.8222OE-O2 -.2916881E-O2 -.2429248E-O2 
- .21O7136E-O2 -.3468328E-O2 -.3978154E-O2 -.1751958E-O2 .17O18O2E-O2 

.6O62862E-O2 .11O3472E-O1 .1389OJ.4E-O1 .1442146E-O1 .1473917E-O1 

.146937OE-O1 .1431883E-O1 .1447633E-O1 .1425385E-O1 .1346O5SE-O1 

.129561OE-O1 .1169259E-O1 .93364O9E-O2 .7679388E-O2 .6893366E-O2 

.589O629E-O2 .5119299E-O2 .528O115E-O2 .5356O48E-O2 .4132872E-O2 

.2276132E-O2 .1OO8124E-O3 -.4433588E-O2 -.1O57394E-O1 -.1434469E-O1 
-.J.62O5O2E-O1 -.1857668E-O1 - .1939659E-O1 -.1648672E-Ol - .1123O86E-Ol 
-.4774953E-O2 .2461OO1E-O2 .7946O98E-O2 .9282142E-O2 .6676122E-O2 

.J.343261E-O2 -.5157872E-O2 - .11O3336E-O1 -.15548O6E-O1 -.18796O4E-O1 
-.198O517E-O1 -.1765386E-O1 -.137O743E-O1 -.953O9O1E-O2 -.58O9926E-O2 
-.38O1O33E-O2 -.3624397E-O2 -.28839O3E-O2 -.4382451E-O3 .2151776E-O2 

.38117O5E-O2 .416767OE-O2 .3522845E-O2 .358O422E-O2 .5484775E-O2 

.8651626E-O2 .1134939E-O1 .1249O24E-O1 .1282558E-O1 .1317355E-O1 

.1347237E-O1 .1372816E-O1 .1392798E-O1 .13 96425E-O1 .13379O9E-O1 
•. -1 116191E-O1 .77233O5E-O2 .551O619E-O2 .55O516OE-O2 .5231683E-O2 

( 391275E-O2 .526O979E-O2 .1O13259E-O1 .1394237E-O1 .1494971E-O1 
'·; .L532384E-O1 .1491777E-O1 .1184382E-O1 . 72O6851E-O2 .2295485E-O2 
- .4114642E-O2 -.1O28151E-O1 - .1327273E-O1 -.15124O6E-O1 - . l 714936E-O1 
- .16935O1E-O1 -.1455556E-O1 -.1181949E-O1 -.9O56765E-O2 -.7158241E-O2 
- . 6516854E-O2 - . 4999674E-O2 -.133O19OE-O2 .2743912E-O2 . 63O4O96E-O2 

. J.O47962E-O1 .147O874E-O1 .1794411E-O1 .2O22O87E-O1 .2O32725E-O1 

. J. 78OO24E-O1 .1449O28E-O1 .1194O53E-Ol .9591226E-O2 .5513686E-O2 

. 49864O4E-O3 -.1521336E-O2 .59O1664E-O3 .41O6568E-O2 .6813259E-O2 

. 8576337E-O2 .1O67835E-O1 .127O679E-Ol .1128758E-O1 .6433923E-O2 

.28O3757E-O2 .1743632E-O2 -.8985O66E-O4 -.4255987E-O2 -.818O835E-O2 
- . 9374343E-O2 -.851O154E-O2 -.7483939E-O2 -.7694548E-O2 -.9458871E-O2 
- .1145157E-O1 -.1236685E-O1 -.1252956E-O1 -.12885O4E-O1 -.1286571E-O1 
-.1124844E-Ol -.8742961E-O2 -.7O28637E-O2 - . 647157OE-O2 -.62O8816E-O2 
- . 5179112E-O2 -.3746136E-O2 -.3582O63E-O2 -.4O432O2E-O2 -.3525274E-O2 
- .2779837E-O2 - .1815332E-O2 .4471397E-O3 .2868428E-O2 .3564126E-O2 

.2399399E-O2 .1686O15E-O3 -.2795675E-O2 -.5755122E-O2 - . 7329654E-O2 
- . 7783483E-O2 -.826O442E-O2 -.8224891E-O2 -.7O51789E-O2 -.6327O64E-O2 
- . 6546871E-O2 -.5334143E-O2 - .2O813O3E-O2 .1211574E-O2 .384596OE-O2 

.6455113E-O2 .8142771E-O2 .8517662E-O2 .95615O7E-O2 .1175337E-O1 

. J.331577E-O1 .1333829E-O1 .1322191E-O1 .15O3O24E-O1 .181486OE-O1 

.2O43O29E-O1 .216O152E-O1 .2273658E-O1 .2366194E-O1 .2262462E-O1 

. J.986O91E-O1 .17OO593E-O1 .1349248E-O1 . 9631991E-O2 .6642384E-O2 

. 323751 ?E-O2 .1955241E-O3 .12O3157E-O2 . 5961997E-O2 .1O6O685E-O1 

.J.3O4676E-O1 .13O8799E-O1 .1O7528OE-O1 .6889822E-O2 .3O32364E-O2 
- .4899155E-O3 -.4449464E-O2 -.7914O41E-O2 -.8544539E-O2 -.6549949E-O2 
- . 4313792E-O2 -.2547OO9E-O2 - .1896225E-O3 .3212383E-O2 .5934881E-O2 
("'S6284OE-O2 .3OO6897E-O2 .747O2O9E-O3 -.17O4197E-O2 -.47714O8E-O2 
~ 5637OE-O2 -.5O23643E-O2 -.375892OE-O2 - . 2125975E-O2 .2O22634E-O2 

. o·026285E-O2 .1232513E-O1 .1359317E-Ol .129O512E-Ol .1O17553E-O1 

. 6546811E-O2 .5O28582E-O2 .6O29164E-O2 .7883827E-O2 . 9611419E-O2 

. J.1O9O51E-O1 .1248712E-O1 .128729OE-Ol .1116O19E-Ol .8662793E-O2 

. 66O94O9E-O2 .329O877E-O2 - .1132279E-O2 -.3325243E-O2 -.31574O8E-O2 
- .2966916E-O2 -.3547875E-O2 -.4732988E-O2 -.5687816E-O2 -.5233618E-O2 
- . 3437622E-O2 -.2212919E-O2 -.1936O43E-O2 -.1692221E-O3 .3414281E-O2 
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- .2150458E-02 -.3807431E-02 -.5717064E-02 -.7474215E-02 -.8741800E-02 
-.9270504E-02 -.8107340E-02 -.5297764E-02 - .2779152E-02 -.2309632E-02 
-.3400494E-02 -.4816862E-02 -.6581658E-02 -.7924890E-02 - . 7105034E-02 
- . 4645602E-02 -.2095175E-02 .9468157E-03 .4969994E-02 .9376832E-02 

.1368542E-01 .1608612E-01 .1466110E-01 .1117325E-01 . 8637722E-02 

.7295762E-02 .6244270E-02 . 5816208E-02 .5848082E-02 .4606124E-02 
; ( 729351E-02 -.6135936E-03 -.1288967E-02 -.1847855E-02 -.3431513E-02 

- A55601E-02 -.7938940E-02 -.1145501E-01 -.1507407E-01 -.1784949E-01 
-.2005619E-01 -.2145509E-01 -.2138765E-Ol - .1987929E-01 -.1682368E-01 
- . ll 79100E-01 - . 6471727E-02 -.3888964E-02 -.3944003E-02 - . 4111545E-02 
-.3355252E-02 -.2806404E-02 -.3466114E-02 -.4252311E-02 -.3687250E-02 
-.2716899E-02 -.3568417E-02 - . 5982715E-02 - . 7671685E-02 -.8594708E-02 
- .1042815E-01 -.1262940E-01 -.1414015E-01 -.1559045E-Ol -.1650331E-01 
- .1550903E-01 -.1280869E-01 -.9779826E-02 -.7266634E-02 -.5186149E-02 
-.3705859E-02 -.2625919E-02 -.1485769E-02 -.5202964E-03 .5894654E-03 

. 1866518E-02 . 2457261E-02 .2249690E-02 .1604856E-02 .1659266E-02 

. 3 768368E-02 .6700269E-02 .7648548E-02 .5858303E-02 .3188429E-02 

.1398657E-02 -.1887107E-03 -.2451123E-02 -.5051972E-02 -.7858964E-02 
-.9888438E-02 - . 9588891E-02 -.7610663E-02 -.6130222E-02 -.5606981E-02 
- . 5573314E-02 -.5857290E-02 -.6644714E-02 -.9220032E-02 -.1331204E-01 
-.1759904E-Ol -.2273315E-01 -.2825682E-01 -.3167400E-Ol -.3254668E-01 
-.3163571E-01 -.2750281E-Ol -.1957182E-01 -.1088464E-01 -.3631280E-02 

. 2946372E-02 .9216254E-02 .1415835E-01 .1643913E-01 .1557289E-Ol 

.1260254E-01 .8255748E-02 .2601453E-02 - .2338406E-02 -.4037767E-02 
- . 3376802E-02 -.1713550E-02 .1190480E-02 .4101204E-02 .6087319E-02 

.8320386E-02 .1130939E-01 .1380724E-01 .1455258E-01 .1406459E-01 

.1342060E-01 .1256407E-01 .1167997E-01 .1080144E-01 .9384550E-02 

. 7677221E-02 . 5811664E-02 . 3555135E-02 .9129695E-03 -.1437531E-02 
- . 2519931E-02 -.2212252E-02 -.1259292E-02 -.6938295E-03 -.1169797E-02 
- . 2689515E-02 -.3976216E-02 -.4172448E-02 -.4258691E-02 -.4301708E-02 
- . 2626774E-02 .1096341E-02 .4406959E-02 .6375440E-02 .8294139E-02 

.9351409E-02 .8881570E-02 .7896686E-02 .6232026E-02 .4187505E-02 
3450273E-02 . 3557162E-02 .2906268E-02 .2305770E-02 .3025837E-02 

(- 184146E-02 .3879350E-02 .2650611E-02 .1782125E-02 .1543109E-02 
~- J46051E-02 .1312181E-02 .1305763E-02 .4897230E-03 -.6386535E-03 

- . 5891560E-03 .6095071E-03 .1557327E-02 .1731118E-02 .1216072E-02 
- . 2428931E-03 -.1956625E-02 -.2937003E-02 -.3054819E-02 -.2745156E-02 
- . 2498892E-02 -.1891018E-02 -.2344273E-03 .2063003E-02 .4003838E-02 

. 5537764E-02 .6584419E-02 .6762775E-Q2 .6969613E-02 .7190653E-02 

. 6737260E-02 . 6553511E-02 . 6760011E-02 .5919607E-02 .4177496E-02 

.3505521E-02 .4422183E-02 .5763966E-02 .6761003E-02 .6686337E-02 

.5384701E-02 .4277883E-02 .4291498E-02 .4782044E-02 .4873250E-02 

.4561716E-02 .3977822E-02 .2363691E-02 -.2900058E-03 -.3509789E-02 
- . 7597852E-02 - .1151078E-01 -.1386653E-01 -.1573387E-01 -.1754738E-01 
- . l 721631E-01 - .1380555E-01 -.9094802E-02 -.5447322E-02 -.2795640E-02 

. 5180368E-03 .3314459E-02 . 33 76773E-02 .1484655E-02 -.5004743E-03 
- . l 722034E-02 -.2681348E-02 -.4683000E-02 -.6975725E-02 -.7444925E-02 
- . 6410583E-02 -.5579269E-02 -.5853904E-02 -.7173309E-02 -.8314390E-02 
- . 8676333E-02 -.8123370E-02 - .5369698E-02 -.6702012E-03 . 3919511E-02 

. 8357430E-02 .1311970E-01 .1661016E-01 .1842012E-01 .1873422E-01 

.1616017E-01 .1188908E-01 . 8496740E-02 .5707025E-02 .2840677E-02 

. 4102780E-03 -.1263455E-02 -.2282369E-02 -.2710139E-02 -.2383970E-02 
- .1545546E-02 -.1246976E-02 -.2078722E-02 -.3523182E-02 -.5243506E-02 
- . 7269294E-02 -.8631780E-02 -.8431696E-02 -.7827545E-02 - . 8135734E-02 
- . 8468260E-02 -.7359800E-02 -.5326630E-02 -.4116839E-02 - . 4596656E-02 
- . 6583405E-02 -.9030072E-02 -.1046796E-01 - .1106191E-01 - .1165540E-01 
- .1115920E-01 -.9281079E-02 -.7551557E-02 -.5764285E-02 -.3002513E-02 

.1119058E-04 .2894470E-02 .6302155E-02 .9460871E-02 .1036533E-01 

. 8298885E-02 .4406873E-02 .1210236E-02 .4057901E-03 .7474102E-03 

. 9212861E-03 .1639808E-02 .3519000E-02 .6627387E-02 .1075903E-01 

( "25216E-01 .1589803E-01 .1637978E-01 .1492155E-01 .1062435E-Ol 
\ ~- 83146E-02 .3185388E-02 .1273901E-02 -.5512902E-03 -.1238354E-02 
- . 9894390E-04 .2031028E-02 .4015684E-02 .6028917E-02 .8282628E-02 

. 9591306E-02 .9843634E-02 . 9916301E-02 .9169926E-02 .7462955E-02 

. 6100382E-02 .5609241E-02 .5298997E-02 .4964822E-02 .5350073E-02 

. 6296405E-02 .6919998E-02 .6765261E-02 .5924070E-02 .5229263E-02 

. 5422642E-02 .5402288E-02 .3385285E-02 -.4471912E-04 -.3037200E-02 
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-.J.519033E-OJ. -.1280688E-01 -.9176760E-02 -.5975841E-02 -.3762622E-02 
- .1164149E-02 .1009644E-02 .3200092E-03 - . 1356431E-02 -.8721790E-03 

. 4047248E-03 .2808556E-03 -.3855633E-03 -.3840649E-03 .3924882E-04 

.8549209E-03 .2202750E-02 .3036449E-02 . 2331946E-02 . ll66295E-04 
-.3228238E-02 -.5983824E-02 -.7810649E-02 -.9258563E-02 -.1055918E-01 
-.1197777E-01 -.1343451E-01 -.1380160E-01 -.1262426E-01 - . ll64161E-01 

'212960E-01 -.1262141E-01 -.1150441E-01 -.9456237E-02 -.7928797E-02 
961527E-02 -.5743049E-02 - .4191405E-02 -.2451419E-02 -.1801533E-03 

.1821793E-02 .2057778E-02 .9862314E-03 -.1478188E-03 - .12ll681E-02 
-.2070535E-02 -.2180752E-02 -.1885389E-02 -.1689168E-02 - .1196587E-02 
-.7317076E-03 -.9896946E-03 -.1324232E-02 -.1146314E-02 -.9381865E-03 
- . J.014082E-02 -.1083686E-02 -.1049139E-02 -.105576SE-02 - . 133 7153E-02 
-.2412164E-02 -.4410676E-02 - . 6656857E-02 -.8546691E-02 -.1030826E-01 
-.J.207172E-01 -.1355044E-01 -.1403679E-01 -.1247949E-01 -.9007146E-02 
-.4644135E-02 -.4249347E-03 .2794444E-02 .5251984E-02 .7815978E-02 

.9268247E-02 .7541509E-02 .3970126E-02 .9355444E-03 - .208lll3E-02 
-.5744234E-02 -.8858025E-02 -.1077543E-01 -.1176544E-01 -.1197899E-01 
- . lll4830E-01 -.8796775E-02 -.5690060E-02 -.2806190E-02 .2648500E-03 

.4166318E-02 .8549418E-02 .115ll45E-01 .1226204E-01 .1260702E-01 

.1375091E-01 .1505696E-01 .1506596E-01 .1328645E-01 .ll35872E-01 

.1123710E-01 .1264361E-01 .1331028E-01 .1241720E-01 . ll 76036E-01 

.1315264E-01 .1599349E-01 .1829650E-01 .1963853E-01 .2073372E-01 

.2196798E-01 .2305152E-01 .2365760E-01 .2370917E-01 .2257005E-01 

.2013835E-01 .1678783E-01 .1276624E-01 .9149518E-02 .6272638E-02 

. 3098864E-02 -.1569602E-03 -.2358647E-02 -.4127939E-02 -.6912785E-02 
-.9682688E-02 - . 9961712E-02 -.8816159E-02 -.9336997E-02 -.1071544E-01 
- .1136433E-01 - .1292203E-01 -.1555234E-01 -.1701016E-01 -.1746979E-01 
- . J.814372E-01 -.1862058E-01 -.1898217E-01 -.1907296E-01 -.1766903E-01 
-.J.489771.E-Ol -.1214359E-01 -.1060183E-01 -.1059624E-Ol -.1109793E-01 
-.l077425E-Ol -.9497344E-02 -.8430795E-02 -.7731761E-02 -.5382763E-02 
- . 1.174342E-02 .2878934E-02 .6868247E-02 .1099797E-01 .13 61197E-01 

.1384267E-01 .1151708E-01 .7519213E-02 .3539184E-02 -.2722036E-03 
4370489E-02 -.8807445E-02 -.1231809E-01 - .1337374E-01 -.1309703E-Ol 

/"-,70809E-01 - .1155551E-01 -.9182416E-02 -.6337227E-02 -.3842160E-02 
~ .• 73172E-02 .2270329E-02 .5848044E-02 .8020130E-02 .7743651E-02 

. 6093462E-02 .4594882E-02 .2906073E-02 .2505127E-03 -.2800540E-02 
- . 5524190E-02 -.7928222E-02 -.9400050E-02 -.8526924E-02 -.5978991E-02 
- .4483537E-02 - . 4212207E-02 -.3719819E-02 -.2972796E-02 - . 1615890E-02 

.2847915E-03 .1791656E-02 .2430878E-02 .2116475E-02 .1816387E-02 

.2250897E-02 .2471593E-02 .1432253E-02 - . 6715746E-03 -.2709844E-02 
-.3848847E-02 -.4733236E-02 -.5768912E-02 -.6033545E-02 -.5480229E-02 
- .4844762E-02 -.4377738E-02 -.3710721E-02 -.1646876E-02 .1976897E-02 

.4632338E-02 .5161615E-02 .5581237E-02 .6374847E-02 .6515360E-02 

.6061831E-02 .5279207E-02 . 5062960E-02 .5835028E-02 .6103124E-02 

. 5491851E-02 . 5168919E-02 .6035645E-02 .7652386E-02 .8444906E-02 

. 8 544442E-02 . 8572187E-02 . 7628131E-02 .5919248E-02 .4378304E-02 

.2335544E-02 - . 6849103E-03 -.3437978E-02 -.4881209E-02 -.5125888E-02 
- .489211 ?E-02 -.5102941E-02 -.5037859E-02 -.3785044E-02 -.2665775E-02 
- . 2 628163E-02 -.3933505E-02 -.6516848E-02 -.8808156E-02 -.1031766E-01 
- . J.153759E-01 -.1154232E-01 -.1033067E-Ol -.9974721.E-02 -.1064934E-01 
- .J.022452E-01 -.8319902E-02 -.6103855E-02 -.4078767E-02 -.2209124E-02 
- .2885938E-03 .2150016E-02 .4719726E-02 .5905723E-02 .5832316E-02 

.5498722E-02 . 4511377E-02 .2977806E-02 .1421426E-02 .3265358E-03 

.4282917E-03 .1367270E-02 .2441126E-02 .3598559E-02 . 5222771E-02 

. 7473595E-02 .9216544E-02 .8591453E-02 .5843632E-02 .3930136E-02 

.4286746E-02 .5630220E-02 .6966317E-02 .8601328E-02 .1104845E-01 

.l335581E-01 .1388489E-01 .1255296E-Ol .1029168E-01 .7892882E-02 

.6446740E-02 .5834740E-02 .4653505E-02 .3328486E-02 .3261427E-02 

.4325270E-02 .5376732E-02 .5430449E-02 .3756580E-02 . ll45376E-02 
-.8827189E-03 -.2879334E-02 -.5700085E-02 -.8605461E-02 -.1056477E-01 

( 
. "70115E-01 - .1280222E-01 -.1290200E-Ol -.1075724E-01 -.8828706E-02 

51361E-02 -.1020015E-01 -.9746013E-02 -.1035937E-01 -.1150473E-01 
- :·ro68705E-Ol -.9171014E-02 -.9166898E-02 -.9176676E-02 -.7761504E-02 
- . 6299640E-02 - . 5252025E-02 -.4375135E-02 -.4366841E-02 -.5196983E-02 
- . 6 79271 ?E-02 -.8842851E-02 -.9959582E-02 -.9815993E-02 - . 9545963E-02 
-.9420426E-02 - . 7952106E-02 -.4629132E-02 - .1339485E-02 .1107568E-02 

. 4 562623E-02 .9199215E-02 .1256442E-01 .1387947E-01 .1436269E-01 
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.1.121431E-01 

.6420922E-02 

.7262938E-02 

.2782390E-02 
-.6740439E-02 

2406629E-02 
'3334269E-02 
4133974E-02 

-.1317920E-02 
.7199444E-02 
. 1.201138E-02 

-.3958439E-02 
-.321.3030E-02 
- .1.058319E-03 

.9505396E-02 

.9135337E-02 

.4109846E-02 

.7895807E-02 

.4009929E-02 
- . 2944941E-02 
- . 5902392E-02 

.1.988210E-02 

.2882108E-02 
- . 3 877497E-02 

.1.733202E-03 

. 3643381E-02 

. 2623963E-02 
- .1.963027E-02 

. 9413798E-03 
-.6488566E-02 
- . 5362456E-02 
- .2361169E-03 

3432816E-02 

( 
'903974E-02 

. ,696253E-02 
.4791109E-02 

- . 8483659E-03 
- . 5358988E-02 
- .1.417257E-02 
- . 3300191E-02 
- . 3216641E-02 

.8207000E-02 

. 5746969E-02 

.1.373880E-04 

.2875692E-02 

.1.506206E-02 

.4703152E-02 

.1.823704E-02 

.4989573E-02 
- .2777613E-02 

. 623 0456E-03 
- .5031417E-03 
- .1.831775E-02 

. 2 958715E-02 

. 3 656971E-02 

.1.684127E-02 
- .3319658E-04 
- .3269055E-02 
- . 2256547E-02 
- . 9151867E-03 
{ S10572E-02 

'·.. J 52 922E- 02 
- .1. 955803E-02 
- .4776225E-02 
- .1.451614E-02 

.4114121E-02 

.1.509913E-02 

.1088316E-01 

.6616691E-02 

.8504639E-02 
-.3107068E-03 
-.5668720E-02 

.3412248E-02 

.6557306E-02 

.3204552E-02 
-.5287671E-03 

. 9579130E-02 
-.3342818E-03 
-.4018377E-02 
-.4614106E-02 

.2825856E-02 

.1074939E-01 

. 7213820E-02 

.3633605E-02 

.9049789E-02 

.2060781E-02 
-.3409031.E-02 
-.4570803E-02 

.3120206E-02 

.1376388E-02 
-.3762328E-02 

.1421344E-02 

.3350257E-02 

.2803260E-03 
- .1177918E-02 

.1037929E-02 
-.8228274E-02 
-.3727940E-02 

.1011434E-02 

.4403805E-02 
-.5234989E-02 
-.3288562E-02 

.4280780E-02 
-.3343696E-02 
-.4844044E-02 
-.3009461E-03 
-.4259293E-02 
-.1736707E-02 

.9783470E-02 

.2936254E-02 

.5882376E-03 

.1851118E-02 

.3217072E-02 

. 3401933E-02 

.2153234E-02 

.3489805E-02 
-.4016597E-02 

.1894980E-02 
-.2482218E-02 
- . 6328103E-03 

.4527687E-02 

. 2803195E-02 

.2386942E-02 
-.1101990E-02 
-.3601375E-02 
-.2272141E-02 
- .1897318E-03 

.4604097E-02 

.1703841E-02 
-.2567642E-02 
- . 5631696E-02 
-.8752403E-03 

.3387020E-02 

.1483193E-02 

.9244264E-02 

.5251011E-02 

.7579947E-02 
-.2929499E-02 
-.3416480E-02 

.4470070E-02 

.6622987E-02 

.1310517E-02 

.2020215E-02 

.9439791E-02 
-.2032926E-02 
-.4089210E-02 
-.4191094E-02 

.5960451E-02 

.1214887E-01 

.5490603E-02 

.4626700E-02 

.8095685E-02 

.9263088E-03 
-.4272698E-02 
-.3502674E-02 

.4906525E-02 
-.5877916E-03 
-.2674006E-02 

.2293691E-02 

.3762643E-02 
-.1400226E-02 

.2294415E-03 

.9436930E-03 
-.8345252E-02 
-.2914921E-02 

.1058184E-02 

. 453 0736E-02 
-.6097885E-02 
-.5705382E-03 

.3771174E-02 
-.41.77784E-02 
-.4982301.E-02 

. 3660555E-03 
-.5114878E-02 
-.1869994E-03 

.1027499E-01 

.1424137E-02 

.1314605E-02 

.1487759E-02 

.5081643E-02 

.1868461E-02 

.2368080E-02 

.1413701E-02 
- .3119182E-02 

.3089350E-02 
-.3651954E-02 

.7505050E-03 

.4808719E-02 

.2748501E-02 

.3467009E-02 
- .2071404E-02 
-.1990909E-02 
-.2331685E-02 

.6834223E-03 

.4591124E-02 

.1538505E-02 
-.4436584E-02 
-.6459030E-02 

.3106949E-03 

.2200757E-02 

.1514185E-02 

.7319293E-02 

.3590182E-02 

.6409038E-02 
-.4884155E-02 
-.9518772E-03 

.4940277E-02 

.5219793E-02 

. 7543799E-04 

.3845286E-02 

. 7199945E-02 
-.4167997E-02 
-.2857216E-02 
-.2690664E-02 

.8106365E-02 

.1203349E-01 

.5366896E-02 

.5054788E-02 

.7051940E-02 
- . 2184313E- 03 
-.6070286E-02 
-.1274605E-02 

.5295826E-02 
-.2203506E-02 
-.185251.3E-02 

.349861.9E-02 

.4084875E-02 
-.1541976E-02 

.6604181.E-03 
-.1577290E-03 
- . 7965954E-02 
-.2385115E-02 

.1085896E-02 

.2392895E-02 
-.6367252E-02 

.2553508E-02 

.3299075E-02 
-.4779795E-02 
-.4249978E-02 
-.8335253E-04 
-.5734345E-02 

.2512208E-02 

.9854214E-02 

. 8107068E-03 

.1845293E-02 

.1945887E-02 

.5355251E-02 

.1469941.E-02 

.3004790E-02 

.3089955E-03 
-.1483681E-02 

.3090341.E-02 
-.3450878E-02 

.169714 ?E-02 

.36181.l0E-02 

.3533918E-02 

.2725484E-02 
-.2187043E-02 
-.7452165E-03 
-.2332945E-02 

.1768997E-02 

.3449608E-02 
-.2075605E-03 
-.5684247E-02 
- . 5122041E-02 

.2015909E-02 

.1744971E-02 

.1474949E-02 

.6251973E-02 

. 4497295E-02 

.5191586E-02 
-.6274392E-02 

.1099757E-02 

. 4816812E-02 

.4263406E-02 
- . 5911349E-03 

.4865964E-02 

.4033690E-02 
-.4660614E-02 
-.2029260E-02 
-.1606238E-02 

.9060073E-02 

.1070442E-01 

.5432855E-02 

.5750605E-02 

.6019526E-02 
-.1762287E-02 
··. 6974964E-02 

.1069889E-02 

.4193090E-02 
-.315301.?E-02 
- .1176514E-02 

.41.45230E-02 

.3885450E-02 
-.1593604E-02 

.7000442E-03 
-.3123054E-02 
-.7115472E-02 
-.1619053E-02 

.2184062E-02 
-.1206145E-02 
-.5664463E-02 

.4471723E-02 

.1943150E-02 
-.5616223E-02 
-.2693386E-02 
-.1662715E-02 
-.5001726E-02 

.5680334E-02 

.8440504E-02 

.2397088E-03 

.2689252E-02 

.1613847E-02 

.5051228E-02 

.1649727E-02 

.4440144E-02 
-.7569303E-03 
-.3485555E-03 

.1577415E-02 
-.2669331E-02 

.2089633E-02 

.3415035E-02 

.2805646E-02 

.1096215E-02 
-.2262599E-02 
-.1464802E-02 
-.1802890E-02 

.2533249E-02 

.2040486E-02 
-.1764415E-02 
-.5278512E-02 
- . 2719863E-02 

.3506925E-02 

.1656760E-02 

.8249279E-03 

I --
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- . 5810371E-03 -.9745406E-03 .2962259E-03 .8940413E-03 -.80369:,81,-04 / t,. /.. 7 I~ I 

-.1351734E-02 -.2609637E-02 -.3839478E-02 - . 4424310E-02 -.4831193E-02 
-.6395630E-02 - . 8924004E-02 -.1036776E-01 -.9758590E-02 -.8969641E-02 
-.9283120E-02 -.9254063E-02 -.8384673E-02 -.8037956E-02 -.7908928E-02 
-.7369047E-02 -.7578542E-02 -.8076746E-02 -.7438255E-02 -.6523270E-02 
-.5538219E-02 -.4170443E-02 -.4121174E-02 -.5615405E-02 -.6455555E-02 

'i026829E-02 -.5855542E-02 -.5643548E-02 - . 4291587E-02 -.3029786E-02 
291433E-02 - .1041236E-02 .4880659E-03 .1132766E-02 .7696756E-03 

. 5132843E-03 .8553023E-03 . ll 70341E-02 .1097096E-02 .9582912E-03 

.9549451E-03 .7663010E-03 .2155810E-04 -.8663986E-03 -.1677545E-02 
-.2790032E-02 -.3253502E-02 -.2190105E-02 -.7908946E-03 .4431426E-03 

.2348160E-02 .4656004E-02 .6420603E-02 .7523240E-02 .8293721E-02 

.7807693E-02 .5153469E-02 .1832644E-02 -.3183426E-03 -.1427572E-02 
- . 213 0711E-02 -.2017030E-02 -.1366406E-02 -.1502833E-02 -.1891747E-02 
- .1078905E-02 -.1881661E-03 -.1044022E-02 -.2536330E-02 -.3073875E-02 
-.2830575E-02 -.1792688E-02 -.1617012E-03 .1154900E-02 .1868983E-02 

.2298551E-02 . 2967714E-02 .3489232E-02 . 2613453E-02 . 6933252E-03 
- . 2853826E-03 .5811035E-03 .1966118E-02 .2710866E-02 .3342865E-02 

. 3 858989E-02 .3704834E-02 . 3664803E-02 .4851353E-02 .6625063E-02 

. 7135983E-02 .6410516E-02 .5751416E-02 .4312028E-02 .1509722E-02 
-.9918551E-03 -.3061065E-02 -.5308952E-02 -.7026741E-02 - . 8557289E-02 
-.9868609E-02 -.9410316E-02 - . 7242960E-02 -.5000492E-02 -.3145457E-02 
- . 9962882E-03 .9906452E-03 .2160917E-02 .3102448E-02 .3824809E-02 

.3855731E-02 .3723826E-02 .3728005E-02 .2953245E-02 .1434042E-02 

.8788242E-03 .1365902E-02 .7388534E-03 - .1198971E-02 -.2330489E-02 
- .2141375E-02 -.1788658E-02 - .2394221E-02 -.4067145E-02 -.5029524E-02 
- .4391401E-02 -.4013588E-02 -.5132085E-02 -.6228776E-02 -.5951190E-02 
- . 5148181E-02 - . 4323 012E-02 -.2974912E-02 -.1673644E-02 -.1193410E-02 
- .1070904E-02 -.1389062E-02 -.2845049E-02 -.4335610E-02 -.4636216E-02 
- . 4503600E-02 -.4369858E-02 -.3998833E-02 -.3802336E-02 -.3033713E-02 
-.6799994E-03 .1715838E-02 .2675236E-02 .3369505E-02 .4668488E-02 

. 5681194E-02 .6002947E-02 .5472917E-02 .4091378E-02 .3460377E-02 

.4208954E-02 .4456026E-02 .3022543E-02 .9554610E-03 -.1978221E-03 

(., 369425E-03 -.4731427E-03 - . 7372077E-03 - . 8316115E-03 - . 6917901E-03 
130444E-04 .8229019E-03 .1224612E-02 .1037619E-02 .4357753E-03 

-; .L348972E-02 -.4323575E-02 -.6424253E-02 -.6833809E-02 -.6595896E-02 
-.5849884E-02 - .·4747425E-02 -.4289176E-02 -.3917181E-02 -.2619577E-02 
- . l628002E-02 - .1939521E-02 -.2554454E-02 -.3247797E-02 - .4431848E-02 
- . 5065777E-02 -.4606692E-02 -.4282468E-02 -.4478802E-02 -.3888697E-02 
- . 2 603018E-02 -.2687447E-02 -.3950794E-02 -.4112845E-02 -.3290239E-02 
- . 3 074040E-02 -.3739386E-02 -.4322438E-02 -.3355011E-02 -.1613457E-02 
-.l776414E-02 -.3770452E-02 -.5258155E-02 -.5619239E-02 -.6463408E-02 
- . 7626061E-02 -.6724507E-02 -.4566036E-02 -.3954304E-02 -.4096713E-02 
- . 3 210257E-02 -.2599527E-02 -.2761362E-02 -.2371644E-02 -.1903695E-02 
- .2116296E-02 -.2380933E-02 -.2318858E-02 -.1971337E-02 -.1406614E-02 
- .1538566E-02 -.2448652E-02 -.2624276E-02 -.2055064E-02 -.1720935E-02 
- . l288689E-02 - . 4960581E-03 .1967159E-03 .4750218E-03 .5256433E-03 

. ll22922E-02 .2227011E-02 .2761531E-02 .2471702E-02 .2263461E-02 

.2339752E-02 .2077780E-02 .1837797E-02 .2061589E-02 .2276148E-02 

. l934223E-02 .9485568E-03 .4418114E-03 .1724928E-02 .3435022E-02 

. 3 009266E-02 .1399641E-02 .1081561E-02 .1233160E-02 .6535840E-03 

. 3 885474E-03 .7079056E-03 .7515512E-03 .5022997E-03 .4511177E-03 

. 5504530E-03 .7808062E-03 .1512820E-02 .2410781E-02 .3426194E-02 

. 5421178E-02 .7683863E-02 .8840273E-02 . 9610305E-02 .1087862E-01 

. ll66600E-01 .1140700E-01 . 1116134E-01 .1145951E-01 .1148973E-01 

. l042230E-01 .8838318E-02 .8327439E-02 .8944369E-02 .9182306E-02 

. 8675840E-02 .8648524E-02 .9441084E-02 .9463922E-02 .8215070E-02 

. 6938949E-02 .5810884E-02 .4801015E-02 .4388635E-02 . 3663912E-02 

.1833275E-02 -.1261400E-04 -.1096900E-02 -.2497906E-02 -.4695893E-02 
- . 5821183E-02 -.4846748E-02 -.3212399E-02 -.2033754E-02 -.1426585E-02 

. '166367E-02 -.2205681E-03 .1036507E-02 .9966753E-03 .4089572E-03 
( 42291E-04 -.1680746E-02 - .4312060E-02 -.5753232E-02 -.5270210E-02 
-':-=o22620E-02 -.4442489E-02 -.2702095E-02 .5051218E-03 .2362669E-02 

. 2 708514E-02 .3738463E-02 .5472560E-02 .5757929E-02 .4018407E-02 

. l 775042E-02 .2463161E-03 -.2926290E-03 -.8333125E-03 - .2131521E-02 
- . 3188663E-02 - .3648969E-02 -.4281614E-02 - . 5134419E-02 -.5515352E-02 
- . 5280661E-02 -.5175836E-02 - .5133069E-02 -.4083985E-02 -.2561421E-02 
- .2326397E-02 -.3104931E-02 -.2954846E-02 -.1522407E-02 -.7052002E-03 



R15970

I~.., ·1 ·-. 
.ll47l75E-02 . 294 7232E-02 .3587474E-02 .2855845E-02 .2257289E-02 
.l89l480E-02 .l3548l6E-02 .7542645E-03 .l54ll65E-03 -.8347052E-03 

-.2424035E-02 -.3996796E-02 - .4882396E-02 -.4842l44E-02 - .4ll3703E-02 
- . 3403795E-02 -.3070097E-02 -.2376382E-02 -.820ll52E-03 .52l59l2E-03 

.52l4660E-03 - . ll80337E-03 -.5005875E-03 -.l268l49E-02 -.274l943E-02 

.42l569lE-02 -.572l254E-02 -.7003626E-02 -.7065937E-02 -.6530395E-02 
'(. 5908948E-02 -.4632623E-02 -.32l220lE-02 -.25l8748E-02 - .2l93828E-02 
' l092856E-02 .3600936E-03 .l95l947E-03 -.l005839E-02 -.l02l586E-02 

-.5939697E-03 -.55l4939E-03 .4l4l865E-03 .l4278l7E-02 . 923 7053E-03 
.22l6332E-03 .l372309E-03 .8985699E-04 .lll9004E-03 -.2l53643E-03 

-.ll77680E-02 -.l245l66E-02 .482l90lE-03 .204963lE-02 .252569lE-02 
.34580l2E-02 .4805569E-02 .5427939E-02 . 5389965E-02 .4833737E-02 
.3l9665lE-02 . 7907l58E-03 -.4l79627E-03 .l907740E-03 .3546225E-03 

-.l075207E-02 -.2444397E-02 - .2809225E-02 -.2667727E-02 -.25l646lE-02 
-.2940676E-02 -.3600206E-02 -.357887lE-02 -.3285575E-02 -.3407388E-02 
- . 3 636359E-02 -.3243682E-02 -.2204247E-02 -.l022658E-02 -.52927l9E-03 
-.9990600E-03 -.9740260E-03 -.5332997E-03 -.8588630E-03 -.l2l0356E-02 
-.l390688E-02 -.l314285E-02 -.4767054E-04 .1006515E-02 .4894061E-03 

.1078368E-02 .4177488E-02 . 6631477E-02 .7096737E-02 .7341949E-02 

. 7359105E-02 .6129050E-02 .4447975E-02 .292l207E-02 .1029186E-02 
-.3552505E-03 -.1454746E-03 .8638872E-03 .1874l85E-02 .2631882E-02 

. 3006673E-02 . 3501638E-02 .4000552E-02 .3526789E-02 .1619731E-02 
-.8808805E-03 -.2402603E-02 -.2603697E-02 -.2409384E-02 -.2506209E-02 
-.2859354E-02 -.3073517E-02 - .3023693E-02 -.2964594E-02 -.3434026E-02 
-.4830098E-02 - . 6129575E-02 -.5630849E-02 -.3635007E-02 -.1976520E-02 
- . l225399E-02 -.7844777E-03 -.2087577E-03 .1044l00E-02 .2878478E-02 

.3951146E-02 .3284796E-02 .1905816E-02 .13190l2E-02 .8400063E-03 
- . 6001899E-03 -.1525462E-02 -.5948235E-03 .3670668E-03 .253540lE-03 

. 8728981E-03 .2360530E-02 .2709350E-02 .1984437E-02 .1439936E-02 

. 9984391E-03 .3512520E-03 -.3237524E-03 -.5894863E-03 -.3777263E-03 
- . 2843933E-03 - . 5465268E-03 -.lll3299E-02 -.1522464E-02 - . 9624106E-03 
- . l481896E-03 .4290501E-03 .1588938E-02 .2401433E-02 .2299521E-02 

2371326E-02 .2249524E-02 .1800789E-02 .1919543E-02 .1861179E-02 
'061328E-03 -.9777864E-03 -.9l83534E-03 -.ll55074E-03 -.1310988E-03 
,509023E-03 -.7529579E-03 -.5537877E-03 -.5380549E-03 -.6283689E-03 

- . 9907254E-04 .137l465E-02 . 257l334E-02 .2933685E-02 .3733422E-02 
.4490223E-02 . 3715519E-02 .2397088E-02 .1473510E-02 .3295147E-03 

- . ll47572E-02 -.2480564E-02 -.3164317E-02 -.3037255E-02 -.2815559E-02 
-.3068817E-02 - . 3291227E-02 -.2747924E-02 -.1720237E-02 -.1071942E-02 
- . ll53658E-02 -.1374711E-02 -.8312979E-03 -.2661730E-03 -.5276977E-03 
- . 2802572E-03 . 134ll92E-02 .2707400E-02 .2972993E-02 . 3727274E-02 

.5042202E-02 . 5229872E-02 .4620360E-02 .4617846E-02 .5050781E-02 

.5155276E-02 . 4995961E-02 .4942518E-02 .5028364E-02 .5080734E-02 

. 5146082E-02 .5665689E-02 .6004252E-02 .4681230E-02 .2496848E-02 

.l229379E-02 .4933409E-03 -.8027019E-03 - . 2405240E-02 -.3239252E-02 
-.3043491E-02 -.2697005E-02 -.2519194E-02 -.2545852E-02 - .3154643E-02 
- .3861728E-02 -.4832651E-02 -.6147107E-02 -.6411655E-02 -.6299058E-02 
- . 7143113E-02 -.7582823E-02 -.6586048E-02 -.5300075E-02 -.4254477E-02 
-.3429281E-02 -.3922578E-02 -.4421480E-02 -.2096555E-02 .130193lE-02 

. 2516410E-02 .2634303E-02 .3775475E-02 .5257094E-02 .6622415E-02 

.8617664E-02 .1031770E-01 .1052915E-01 .9760876E-02 .8530893E-02 

. 7195690E-02 .6081950E-02 .5187837E-02 .5077353E-02 .5336607E-02 

. 4671226E-02 .4022487E-02 .4866351E-02 . 6379023E-02 .7381594E-02 

.7017l30E-02 .5206722E-02 .4l46894E-02 .4971433E-02 .5622179E-02 

. 4717202E-02 . 393ll66E-02 .4206546E-02 .4ll8077E-02 .3497778E-02 

.2923247E-02 .2218715E-02 .1343894E-02 - . 5810313E-05 -.1422026E-02 
- . l306760E-02 -.1617591E-03 - . 53755l3E-03 -.1622967E-02 -.1044774E-02 

.l064899E-03 .5810497E-03 . 8322237E-03 .6031872E-03 -.3341061E-03 
- . 9438867E-03 -.5695977E-03 -.1410227E-03 -.1239865E-03 .3524829E-03 

.l093061E-02 .1058635E-02 . 6410685E-03 .7048217E-03 .1049615E-02 
'.28896E-02 . 9364480E-03 .1038603E-02 .1624504E-02 .1593482E-02 
J24779E-03 .4084332E-03 .9654660E-03 .1200987E-02 .6935456E-03 

- . 3 029487E-03 -.9297810E-03 -.3654301E-03 .8405645E-03 .1517449E-02 
.l926426E-02 .3441602E-02 .5399899E-02 .5004933E-02 . 3091961E-02 
. 3 649850E-02 .5806984E-02 .5945381E-02 .4951167E-02 . 5745162E-02 
. 7851776E-02 .8366458E-02 .6499474E-02 .4580241E-02 .4631292E-02 
.5510195E-02 .4757063E-02 .2475648E-02 .7004877E-03 .7849484E-04 
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-.2992681E-03 -.5340496E-03 - .1215596E-02 -.1344417E-02 -.1425284E-02 
-.2760675E-02 - . 4057129E-02 -.4641414E-02 - . 5610966E-02 -.6303141E-02 
-.5412009E-02 -.3462795E-02 -.2523300E-02 -.3027359E-02 -.2543068E-02 
-.6733441E-03 .3644823E-05 -.5183452E-03 .4190229E-04 .8285695E-03 

.1533004E-03 -.1024222E-03 .9597073E-03 .1314703E-02 .3371690E-03 
4915045E-03 -.1660203E-03 .6936244E-04 -.3049043E-03 - .5966755E-04 
i952974E-04 -.7196237E-03 -.9481862E-03 -.2038624E-03 .4909012E-03 

-.1503765E-04 -.1016040E-02 -.1234799E-02 -.1457394E-02 -.2299955E-02 
- .3127163E-02 -.3423925E-02 -.3240495E-02 - .3125350E-02 -.3284792E-02 
-.3804297E-02 -.4444599E-02 -.4079518E-02 -.3101282E-02 -.3149378E-02 
-.3455188E-02 -.2885464E-02 -.2556432E-02 - .2521398E-02 -.2018586E-02 
-.1803942E-02 -.2063545E-02 -.2401030E-02 -.3099550E-02 -.3634272E-02 
-.3343483E-02 - . 3017072E-02 -.2936721E-02 - .2330984E-02 -.1371094E-02 
-.1027424E-02 - . l 7343llE-02 -.2137770E-02 -.1550981E-02 -.2180973E-02 
-.4121870E-02 -.4977831E-02 -.4594929E-02 -.3952178E-02 -.3343177E-02 
-.2527624E-02 - . lll5143E-02 -.1569519E-03 - . 6134421E-03 - . ll44138E-02 
-.7517045E-03 -.3073227E-03 -.3999849E-03 -.9400765E-03 -.1523722E-02 
- .1146902E-02 . 7712018E-04 .8692042E-03 .8024961E-03 .4682535E-03 

.1916071E-03 -.3533026E-03 -.7932881E-03 -.5729899E-03 -.3241282E-03 
- . 2548982E-03 .6770908E-03 .2213344E-02 .2242295E-02 .9250419E-03 

.7324519E-03 .1635063E-02 .1916406E-02 .8680677E-03 -.8246979E-03 
-.2041583E-02 -.2960775E-02 -.3456965E-02 -.3093989E-02 -.2457613E-02 
-.1912055E-02 -.1392034E-02 -.8306907E-03 -.5269291E-03 -.6851922E-03 
- .4779031E-03 .1806581E-03 .2885350E-03 -.7862504E-04 -.5368184E-03 
- . 8422114E-03 -.6806819E-03 -.8443017E-03 -.1416443E-02 -.1086194E-02 
- . 622393SE-03 - . ll36931E-02 -.1140467E-02 -.3869740E-03 -.2641295E-03 
-.2240775E-03 .1620704E-03 .3189246E-03 .1097086E-02 .1908222E-02 

.1081479E-02 .6945635E-04 .4498149E-06 -.3443636E-03 -.1258708E-02 
-.2064539E-02 - . 2671446E-02 -.3267090E-02 -.3459124E-02 -.3214424E-02· 
- . 3ll6876E-02 - . 2696629E-02 -.1376316E-02 - . 7020413E-03 -.1289663E-02 
-.1215968E-02 -.9421606E-03 -.2361235E-02 -.3749146E-02 -.2368683E-02 
- . 2974910E-03 -.1002428E-02 -.1960363E-02 -.1617287E-03 . ll62395E-02 

(--,S49209E-03 -.2193748E-02 -.2886556E-02 -.3069785E-02 -.2938293E-02 
329304E-02 - . 3067358E-02 -.3297459E-02 -.3262107E-02 -.3194197E-02 

~,3238157E-02 -.3241597E-02 -.3192066E-02 -.3255761E-02 -.3191047E-02 
- . 2612892E-02 -.2424526E-02 -.3345355E-02 -.3771047E-02 -.2493925E-02 
-.5424210E-03 .4851060E-03 . 2100318E-04 -.4632589E-03 .5920493E-03 

.1933986E-02 . l 7840llE-02 .1310581E-02 .1923083E-02 .2424014E-02 

.2048554E-02 .1752129E-02 .2127935E-02 .3224165E-02 .4538281E-02 

.4938337E-02 .4419582E-02 .4183305E-02 .4536596E-02 .4821422E-02 

.4764761E-02 .4651822E-02 .4645475E-02 .4923202E-02 .5429157E-02 

. 5220947E-02 .39ll286E-02 . 2271648E-02 . ll50530E-02 .4843234E-03 
- . 7478744E-03 -.2579066E-02 -.3796892E-02 -.3823194E-02 -.3121620E-02 
- .2039578E-02 -.9772086E-03 -.8701356E-03 - .1467671E-02 -.1529838E-02 
- .1039046E-02 - . ll27389E-02 - . 2479719E-02 - . 4039163E-02 - . 4509121E-02 
- . 4287606E-02 -.4155885E-02 -.4646199E-02 -.5153157E-02 -.3999589E-02 
- . 2045219E-02 -.1360800E-02 -.9962285E-03 .5141518E-03 .1565756E-02 

.1021982E-02 .9181250E-03 .1851137E-02 .1678254E-02 -.6149539E-04 
- . 1433 653E-02 - .1994902E-02 -.3057010E-02 - . 3 955167E-02 -.3608168E-02 
- . 2795163E-02 -.1828081E-02 -.4759828E-03 .8927285E-03 .2456665E-02 

. 4199890E-02 .4752686E-02 .4100050E-02 .3982519E-02 .4549227E-02 

.4272676E-02 .3228546E-02 .3394186E-02 .4381002E-02 .4415358E-02 

. 4251219E-02 .4047737E-02 .2621251E-02 .7657437E-03 -.2902067E-03 
- . 6299684E-03 -.5496485E-03 -.5562942E-03 -.1317035E-02 -.1838397E-02 
- . 6324607E-03 .5982837E-03 .4964337E-03 .5183772E-03 . 5586601E-03 

.1388111E-03 -.4493128E-03 - .178671 ?E-02 -.3427919E-02 -.3971970E-02 
- . 3199018E-02 -.1652444E-02 - . 3111259E-03 .2070760E-03 .7647703E-03 

.1105733E-02 .2804929E-03 -.8001964E-03 -.1062778E-02 - . 7687109E-03 
- .1311142E-02 -.3101947E-02 -.4230472E-02 -.3709755E-02 -.2974623E-02 
. "643459E-02 -.2413897E-02 -.2927769E-02 -.3245749E-02 -.1697914E-02 l 81973E-03 - . 6521555E-03 -.1342591E-02 .2564312E-03 .2331612E-02 
.-.c552531E-02 - .4644968E-03 -.3861880E-03 .1032063E-02 .1892414E-02 
.1944638E-02 .1570978E-02 .1663928E-02 .2515750E-02 .2640357E-02 
.1652670E-02 .1080275E-02 . 9111205E-03 .2210407E-03 -.7240240E-03 

-.1238789E-02 -.1094409E-02 -.8953442E-03 - .1139504E-02 -.1416964E-02 
- .1388893E-02 -.1263659E-02 -.1502750E-02 - . 2141305E-02 -.2363611E-02 
- . 2 064922E-02 -.1747325E-02 - . 1186184E-02 - .1396813E-03 .1036460E-02 
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.2994164E-02 .1510495E-02 .3469331E-03 .3956335E-03 .8665670E-03 
,-- ( 

.9643162E-03 .9439490E-03 .1224359E-02 .1594808E-02 .2280475E-02 

.2623774E-02 .1624192E-02 .7605492E-03 .1288215E-02 .1898953E-02 

.1656097E-02 .1311361E-02 .1071628E-02 .6832953E-03 .7345279E-03 

.5118692E-03 - .1191332E-02 -.3144902E-02 -.4512031E-02 -.6312660E-02 
-.8302514E-02 -.9259034E-02 -.8857303E-02 -.7463392E-02 -.6001603E-02 

. ( "010402E-02 -.4308882E-02 -.3769000E-02 -.2756475E-02 -.1569956E-02 
• .923104E-02 -.3402713E-02 -.4153284E-02 -.3959763E-02 -.3326603E-02 
-.2197309E-02 -.1024086E-02 -.9240686E-03 -.1608397E-02 -.1382794E-02 

.2499876E-04 .1127923E-02 . 9952964E-03 .3468100E-04 -.4094174E-03 

. 5495110E-03 .1948414E-02 .2926478E-02 .4065226E-02 .5581869E-02 

.6943797E-02 . 774613 OE-02 .7844791E-02 .7256193E-02 .6008738E-02 

. 4144915E-02 .2452617E-02 .1893048E-02 .1707227E-02 .4153801E-03 
-.1236017E-02 - . 1458347E-02 - . 7270250E-03 - .1167712E-03 . 8173730E-03 

.1691013E-02 . 1165671E-02 .2871997E-03 .6056041E-03 .1293721E-02 

.1752010E-02 .2463470E-02 .3652967E-02 .4582618E-02 .4478415E-02 

.4534184E-02 .5477555E-02 .5539564E-02 .4693340E-02 .4596900E-02 

.4632600E-02 .4261229E-02 .4224701E-02 .4358763E-02 .4372622E-02 

.4886650E-02 .5906768E-02 .6664568E-02 .7019522E-02 . 6897737E-02 

.5954014E-02 .4510806E-02 .3714969E-02 .3448633E-02 .2361628E-02 

.1177046E-02 .1153836E-02 .1002722E-02 -.2838088E-04 -.4361785E-03 

.7415524E-04 .1313042E-03 -.8436919E-03 -.2071143E-02 -.2497420E-02 
-.1813355E-02 - . 9647504E-03 - .1148756E-02 -.1587736E-02 - . 8308118E-03 

.2492921E-03 .1443803E-03 -.4496124E-03 -.3539457E-03 -.1486648E-03 
- .1075040E-02 -.2507020E-02 -.2294163E-02 -.8585848E-03 -.6553203E-03 
-.1294104E-02 -.5068375E-03 .1380186E-02 .2349635E-02 .2789664E-02 

.3597710E-02 .3762720E-02 .3686580E-02 .4596793E-02 .6097298E-02 

.7299560E-02 .7473764E-02 .6946430E-02 .6833855E-02 .7497275E-02 

.8898023E-02 .1031002E-01 .1045197E-01 .9778401E-02 .9065811E-02 

. 7738075E-02 . 6813619E-02 .7066861E-02 .6344688E-02 .4859152E-02 

. 5252145E-02 .6424474E-02 .5790233E-02 . 4559143E-02 .4720361E-02 

.5065832E-02 .4530559E-02 .3778757E-02 .2687668E-02 .l516958E-02 
l387449E-02 .1521495E-02 .9838862E-03 .1030309E-02 .1340932E-02 

( 103169E-03 -.4941616E-03 .4064440E-03 .1821553E-02 .1536529E-02 
··•._ ,91804E-03 .7043629E-03 . 1841506E-02 .1773523E-02 .1146335E-02 

.1175228E-02 .2065369E-02 .3577109E-02 .4571851E-02 . 4197718E-02 

.3591615E-02 .3791443E-02 .3669581E-02 .2227306E-02 .8914415E-03 

. 5735823E-03 -.1795832E-03 - .1413255E-02 -.1557445E-02 -.1014490E-02 
-.l057627E-02 - . 1465130E-02 -.1466337E-02 -.5332931E-03 .9701475E-03 

.l287731E-02 .4256828E-03 .1029283E-03 -.5859012E-05 -.6361091E-03 
- . 7083297E-03 .l886338E-03 .3987302E-03 -.8446094E-03 -.1763941E-02 
- . 9487169E-03 - . 7196589E-04 - . 2525119E-03 .4045645E-03 .1751573E-02 

. l 758122E-02 .9078081E-03 .3145437E-03 .3056337E-04 -.1057923E-04 
- . 4061558E-03 -.1630016E-02 - . 3324691E-02 -.4335925E-02 -.4183967E-02 
- . 4221936E-02 -.4259577E-02 -.3300332E-02 - . 2929287E-02 -.3433724E-02 
- .2850450E-02 -.1661758E-02 -.1665507E-02 -.2283653E-02 -.2242843E-02 
- .1819964E-02 -.1923182E-02 -.2818498E-02 -.3574070E-02 -.2887703E-02 
- .1097262E-02 - . 3538961E-03 - . 1183248E-02 -.1684554E-02 -.1197404E-02 
- .1743311E-03 .1437641E-02 .2369786E-02 .1977298E-02 .2545645E-02 

. 4499601E-02 .5256232E-02 . 4464972E-02 .3812651E-02 . 3148991E-02 

.l999059E-02 .1612454E-02 .1927236E-02 .1296599E-02 -.5215178E-04 
- . 9137514E-03 - .1022864E-02 -.7312095E-03 -.6816700E-03 -.9326510E-03 
- .1372147E-02 - . 2215072E-02 -.2787140E-02 - . 2481344E-02 -.2100085E-02 
- .2609120E-02 -.3816520E-02 -.4682588E-02 - . 4982967E-02 -.5499902E-02 
- . 6419522E-02 -.6924219E-02 -.6673209E-02 -.6182134E-02 -.5322920E-02 
- . 3 841822E-02 -.2363406E-02 -.1539805E-02 -.l537280E-02 -.1845321E-02 
- .1774378E-02 - . 1447855E-02 - .1343576E-02 -.1480467E-02 - .1573 780E-02 
- .1507016E-02 - .1434553E-02 - .1451900E-02 -.1453611E-02 - .1722780E-02 
- . 2 905043E-02 - .4398435E-02 -.4948169E-02 -.5369256E-02 -.6684572E-02 
- . 7159769E-02 - . 5530029E-02 -.3548042E-02 -.2569341E-02 -.2065407E-02 
( '62111E-02 - . 1983265E-02 - .1914941E-02 - .1917463E-02 - . 2988031E-02 

53291E-02 -.4876915E-02 -.4166802E-02 - . 3712539E-02 -.2983842E-02 
- . 2 022883E-02 - . 2194521E-02 -.2878979E-02 -.2778839E-02 -.1956202E-02 
- . l644841E-02 -.2453169E-02 -.2888697E-02 -.2441708E-02 -.1877640E-02 
- .1175914E-02 - .1421768E-03 .9106335E-03 .1222200E-02 .8444025E-03 

. 3436352E-03 - . 6586295E-03 -.1529045E-02 -.1089195E-02 -.4772936E-03 
- .1370171E-03 .8563834E-03 .1437010E-02 .8347750E-03 .4785302E-03 
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·-------- ·- ·-------- -- ·-------- -- . .._,._,,._,, ........... vv . .:.-...,_,..,_..., ... ,., ...... _, /4(; 1 f .;> I 
.1656878E-02 . 1396512E-02 .9606554E-03 .1528355E-02 .1439285E-02 
.5836997E-03 .5857808E-03 .1131306E-02 .1140119E-02 .8171940E-03 
.3649656E-03 - .3960072E-04 .1046959E-03 .4037703E-03 .7023559E-03 
.1397443E-02 .2122189E-02 .2292880E-02 .2004042E-02 .1499260E-02 
.8599257E-03 .6691327E-03 .1394132E-02 .1995115E-02 .1280066E-02 

· 367201 ?E-03 . 5695199E-03 .7328831E-03 .1587191E-03 -.4747770E-03 
,( 517310E-02 -.2742191E-02 -.3269253E-02 -.3626239E-02 -.3952493E-02 

- . 3119663E-02 -.1639941E-02 -.1020042E-02 -.5097745E-03 .1562516E-03 
-.4607183E-03 -.1779978E-02 -.2235431E-02 -.1923440E-02 -.2182169E-02 
-.3303741E-02 -.3799579E-02 -.3222009E-02 -.2517721E-02 - . 2453 074E-02 
-.2802332E-02 -.2500658E-02 -.1915271E-02 - . 2 043 62 OE-02 -.2358988E-02 
-.2190610E-02 -.1503455E-02 -.1137072E-02 -.1920216E-02 -.2601337E-02 
-.2159242E-02 - . l 722126E-02 -.1890321E-02 -.1652105E-02 -.1254096E-02 
-.1866828E-02 -.1993370E-02 -.3271824E-03 .6948917E-03 - . 4153676E-04 
-.1826777E-03 .6381660E-03 .8158077E-03 . 492911 ?E-03 .3689007E-03 
- . 8163913E-04 -.9978302E-03 -.1696048E-02 - . 2002943E-02 -.1976828E-02 
- .1823710E-02 -.2061442E-02 -.2806461E-02 -.2980632E-02 -.2174202E-02 
- .2311039E-02 -.3773522E-02 -.4680853E-02 -.4890719E-02 - . 5431621E-02 
-.6288252E-02 -.6928800E-02 -.6659090E-02 -.5222827E-02 -.4082646E-02 
-.3813782E-02 -.3087888E-02 -.2609524E-02 -.3534796E-02 - . 3933608E-02 
-.2479928E-02 -.1440365E-02 -.2388554E-02 -.3282588E-02 -.3254485E-02 
- . 4005373E-02 -.5013075E-02 -.4787248E-02 -.4020297E-02 - . 3509295E-02 
-.3269100E-02 -.3398450E-02 -.3828147E-02 -.4485128E-02 -.5014914E-02 
-.4884854E-02 -.4577386E-02 -.4478287E-02 -.3682466E-02 -.2215822E-02 
- . 1484084E-02 - . 1180556E-02 .2031432E-03 .2028370E-02 .2248850E-02 

.5887319E-03 -.1266362E-02 -.2031732E-02 -.1898682E-02 -.1502568E-02 
- . 783 7956E-03 .7374526E-03 .2740087E-02 . 3685941E-02 .3023945E-02 

.2494465E-02 .3050345E-02 .3615175E-02 .3198187E-02 .2332642E-02 

.2601879E-02 .3637285E-02 .3930490E-02 .4480787E-02 .5599815E-02 

.5246709E-02 .3720124E-02 .2991996E-02 .3304895E-02 .3070506E-02 

. 1205625E-02 -.5450903E-03 -.7227389E-03 -.7818247E-03 -.2153840E-02 
-.3550808E-02 -.2979352E-02 - .1395167E-02 -.4218672E-03 -.1450805E-03 
r4881418E-03 - . 7231431E-03 - . 7128468E-03 -.1325272E-02 -.1905664E-02 

( ;9so34E-02 -.1633312E-02 -.2462988E-02 -.2645433E-02 -.2176319E-02 
\ .. ~138420E-02 -.2019191E-02 - . 1152547E-02 -.6194154E-03 -.9228660E-03 
- . 7775025E-03 -.7039209E-04 . 6874965E-04 .1176277E-03 .6138514E-03 

.7177610E-03 . 3796160E-04 -.4523100E-03 .2622848E-03 .1155568E-02 

. l292128E-02 .1647994E-02 .2567298E-02 .2927594E-02 .1725257E-02 

.l260580E-03 .1443234E-03 .1071533E-02 .1116155E-02 .5617997E-03 

.4563585E-03 .7417714E-03 .7657613E-03 -.3191222E-03 -.2210872E-02 
- .3194204E-02 -.3096727E-02 -.3004743E-02 -.3103767E-02 -.2796989E-02 
-.l977225E-02 - . 110923 lE-02 -.5491867E-04 .8866141E-03 .8623449E-03 

. 41l6563E-03 .4860273E-03 .7454017E-03 .2862525E-03 - . 7212058E-03 
- . l041701E-02 - . 5149614E-03 .2075510E-03 . 8302119E-03 .8582572E-03 

. 4 752055E-03 .4456308E-03 .6922426E-03 . 7951056E-03 .6596744E-03 

. l010209E-03 -.8027726E-03 -.1556719E-02 -.2010377E-02 -.2079140E-02 
- . l859181E-02 - .1839934E-02 -.2123631E-02 -.2677528E-02 - . 3467136E-02 
- .4180900E-02 -.4707603E-02 -.4892347E-02 -.4717448E-02 -.4662770E-02 
- . 4 83 9934E-02 -.4563184E-02 -.3585519E-02 -.2702985E-02 - .2259380E-02 
- .2142475E-02 -.2290064E-02 -.2318329E-02 - . 2127326E-02 -.2032342E-02 
- .2087859E-02 -.2128649E-02 -.2113577E-02 -.2051550E-02 -.1666158E-02 
- . 8377642E-03 -.4429230E-03 -.8141292E-03 -.6407801E-03 .5147778E-03 

.l156759E-02 . 6727187E-03 .3487354E-03 .1031790E-02 .2107602E-02 

.2788274E-02 .279556SE-02 .2566023E-02 .2990943E-02 .3314399E-02 

. 2 779732E-02 .2478379E-02 .2448315E-02 .2521353E-02 .3328621E-02 

.3865111E-02 .3414040E-02 .3166659E-02 .3458470E-02 .3238261E-02 

.2235662E-02 .1301638E-02 .4678956E-03 - . 4761119E-03 -.7275419E-03 
- . 6986397E-03 - .1578437E-02 - . 2411671E-02 -.2152478E-02 - .1462554E-02 
- . 4403659E-03 .8066220E-03 .1077359E-02 .1663215E-03 -.8408918E-03 

1.32921 ?E-02 -.1675830E-02 -.2337669E-02 - . 2813139E-02 - .2636966E-02 
( S3255E-02 -.2400731E-02 -.1986477E-02 - .1857296E-02 - .2154720E-02 
- .-.. -15422E-02 - .2034780E-02 -.2010778E-02 -.2112155E-02 -.2211829E-02 
· .1613558E-02 .1929583E-03 .1361841E-02 .5942035E-03 .1509447E-03 

. l515045E-02 .2573933E-02 .2055333E-02 . 1152642E-02 .8569688E-03 

.1239435E-02 .1553797E-02 .1647493E-02 .1950272E-02 .2019092E-02 

.1445881E-02 .7995543E-03 .1257103E-02 .2054066E-02 .1212274E-02 
- . 8737997E-04 .1754755E-03 .7143918E-03 - .1687225E-03 -.1295041E-02 
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-.9744276E-03 -.5719306E-03 -.2508894E-03 -.2499998E-03 .1646904E-03 

.4896040E-03 .5142422E-04 -.8619462E-03 -.1416970E-02 - . 1130864E-02 
- . 73 82132E-03 -.9034775E-03 -.1473856E-02 -.2048526E-02 -.1591189E-02 

.7877737E-04 .9453307E-03 .1859195E-03 -.4221954E-03 -.2733604E-04 

. 6213119E-03 .1283753E-02 .2027203E-02 .2413926E-02 .2192006E-02 
2191896E-02 .2921225E-02 .3274005E-02 .3093077E-02 .3503606E-02 

932381E-02 .3825272E-02 .4035464E-02 .3878098E-02 .2735680E-02 
.J.827222E-02 .1530926E-02 .8927788E-03 -.5402359E-03 - .1521911E-02 

-.J.339485E-02 - .1410941E-02 -.2003210E-02 - . 2131615E-02 - .1659143E-02 
- . 4758822E-03 .4911055E-03 .8920460E-04 -.3441980E-03 .4975156E-03 

.J.202891E-02 . 8057132E-03 . 3 004528E-03 .1166592E-04 -.7241350E-04 

. J.508113E-03 .2263995E-03 .3244843E-04 .J.908239E-04 . 7871661E-03 

.2437529E-02 .3830746E-02 .3510852E-02 .2068086E-02 .1284542E-02 

.J.341467E-02 .1556550E-02 .1568317E-02 .1366656E-02 . 1316409E-02 

.J.906417E-02 .2832727E-02 .2869740E-02 .1782438E-02 .8557J.96E-03 

.91323J.9E-03 .5165862E-03 -.8031921E-03 -.1209698E-02 -.9940J.66E-03 
- . J.290185E-02 -.1470421E-02 -.8712293E-03 - .1920916E-04 .5715155E-04 
- . 4311137E-03 -.4365975E-03 .440762J.E-03 .1448323E-02 .1507470E-02 

.9558767E-03 .9400163E-03 .1276168E-02 . 7738373E-03 -.3039459E-03 
- . 4634186E-03 .1192565E-03 . 2890059E-03 .5074666E-03 .1250177E-02 

.J.492667E-02 .1030771E-02 .4859229E-03 - .1129715E-03 - . 3805691E-03 
- . 4536121E-03 - .1128157E-02 -.1746233E-02 -.1499438E-02 -.8252306E-03 
-.5321577E-03 -.8558704E-03 -.1143781E-02 -.1335191E-02 -.1624094E-02 
-.J.550344E-02 - . 9535168E-03 -.1880583E-03 .4366608E-03 .1378326E-02 

. 2958858E-02 .4477661E-02 .4817752E-02 .3852112E-02 .3598564E-02 

. 4650692E-02 .4319429E-02 .2408430E-02 .1884961E-02 .2834192E-02 

.2747868E-02 .1679663E-02 .1485690E-02 .1997206E-02 .2454367E-02 

. 2743145E-02 .2590495E-02 .2331932E-02 . 2426592E-02 .2619196E-02 

. 26J.9725E-02 .2571741E-02 .2272568E-02 . 1393508E-02 .8033396E-03 

. J.151513E-02 .1845867E-02 .2202455E-02 .1609142E-02 .7031417E-03 

. 8600862E-03 .1167950E-02 .2225559E-03 - . 7046437E-03 -.3660127E-03 
- . J.520213E-03 - .1165534E-02 -.236J.188E-02 -.2884457E-02 - . 2957196E-02 
("<842550E-02 -.2822064E-02 -.27014J.6E-02 -.1949119E-02 -.1370475E-02 

751228E-02 -.1873474E-02 - .1037916E-02 - . 8579165E-03 -.1825487E-02 
-'cL180574E-02 -.184J.623E-02 - . 2138344E-02 -.2564J.34E-02 -.2599137E-02 
- . 2919703E-02 -.3194266E-02 -.3034407E-02 -.2929934E-02 -.3050506E-02 
- . 2954912E-02 -.1947046E-02 -.1697661E-03 .ll.69513E-02 .J.036676E-02 
- . 5471461E-03 -.1877330E-02 -.1330847E-02 - . 7680822E-03 -.2282847E-02 
- . 3729233E-02 -.3212403E-02 -.2582405E-02 - .3578620E-02 -.4764157E-02 
- . 4141650E-02 -.3172996E-02 -.3167643E-02 -.1928006E-02 .1022417E-03 

. J.621379E-03 -.3374728E-03 . 7006161E-03 .2124117E-02 .2587317E-02 

. 2271003E-02 .2037566E-02 .2266381E-02 .2388777E-02 .J.817670E-02 

. J.540763E-02 .24J.4400E-02 .2936134E-02 .2485011E-02 .2630678E-02 

.3160602E-02 .2205286E-02 .1163011E-02 .2051424E-02 .2049943E-02 
- . 2 967033E-03 - . 1346355E-02 -.1405903E-03 .4395437E-03 -.2714910E-03 
- . 7147098E-03 - . 4659684E-03 -.2390036E-03 -.3782920E-03 -.1036244E-02 
- . J.93259J.E-02 -.2062644E-02 -.1546468E-02 -.1533562E-02 -.2418360E-02 
- . 34J.9768E-02 -.3406322E-02 - .2835912E-02 -.3662283E-02 -.5838184E-02 
- . 6289705E-02 -.4345333E-02 -.3004265E-02 -.3J.48477E-02 -.3048146E-02 
- .2127700E-02 - . J.161264E-02 -.5298151E-03 -.3257044E-03 -.5762902E-03 
- . 6709228E-03 -.3029361E-04 . 5799610E-03 -.1157025E-04 -.9077527E-03 
- . 6860897E-03 - . J.ll 7355E-03 -.1982557E-03 -.5352378E-03 -.2781170E-03 

. J.048928E-02 .2861472E-02 .4223180E-02 .4918196E-02 .5300457E-02 

.5662650E-02 .5499482E-02 .4607044E-02 .3489680E-02 .2523936E-02 

. J.997114E-02 .J.250575E-02 - . 1323876E-03 - . 7739976E-03 .4326109E-04 

. J.169926E-02 .J.672521E-02 .1615503E-02 .1360923E-02 .1674694E-02 

. 2486902E-02 .2620219E-02 .2185207E-02 .2161375E-02 .2123179E-02 

. 9247405E-03 -.7248681E-03 - . 967J.298E-03 - .1572268E-03 -.4942850E-04 
- . 6051253E-03 -.8060170E-03 - . 6234161E-03 -.5099534E-03 -.5779823E-03 

. "668428E-03 -.6374434E-03 - . 62514J.2E-03 - . 6896120E-03 -.3273852E-03 
( 52345E-03 .2001946E-02 .1238512E-02 .2491523E-03 .1452348E-02 

. =~34681E-02 .2158671E-02 .7690761E-03 .1028737E-02 .1558743E-02 

. J.205445E-02 .J.208182E-02 .1468767E-02 .1676882E-02 .2162690E-02 

. 2242197E-02 .1531263E-02 . 9429332E-03 .1590336E-02 .2605908E-02 

. 2 458349E-02 . 1820103E-02 .1835699E-02 .2190316E-02 .2216607E-02 

. 2 072732E-02 .J.750504E-02 .9002777E-03 .3844883E-03 .4900718E-03 
- . 5368687E-04 -.l.244715E-02 -.1710944E-02 - .1245313E-02 -.1010864E-02 
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------- -- ·-------- -- I-~ -1 . .,. -.7020407E-03 -.6356421E-03 -.7021550E-03 - . 7278639E-03 -.6761189E-03 
- . 9037755E-03 -.1527571E-02 -.1453766E-02 -.2533826E-03 .7464864E-03 

.7405962E-03 .6090888E-03 .1353221E-02 .2500166E-02 .3529810E-02 

.4339864E-02 .3976828E-02 .2878912E-02 . 2876718E-02 . 3904186E-02 

.4856956E-02 .5114035E-02 .4653648E-02 .4383507E-02 .4677414E-02 
5146169E-02 . 5611144E-02 .5643245E-02 .5332631E-02 .5086995E-02 

'. / - '790187E-02 . 4521092E-02 .3993601E-02 .3079515E-02 .2271654E-02 I _918341E-02 . 2132618E-02 .2102204E-02 .1359390E-02 .1259138E-02 
. 2157022E-02 .2407586E-02 .1803573E-02 .1621262E-02 .1991115E-02 
.2151959E-02 .1948366E-02 .2044700E-02 .2915428E-02 .3679457E-02 
.3635187E-02 .3951690E-02 .4864581E-02 . 4992511E-02 .4210656E-02 
.3351946E-02 .2760391E-02 .2258083E-02 .1958824E-02 .1833897E-02 
.7485386E-03 - . 9973724E-03 -.1024090E-02 .6790868E-03 .1389327E-02 
. 7953 028E-03 .1101766E-02 .2090234E-02 .2061475E-02 .1592680E-02 
.1720156E-02 .2027552E-02 .1977371E-02 .1792731E-02 .1802084E-02 
.J.853572E-02 .2130689E-02 .2658131E-02 .2405300E-02 .1538048E-02 
.1493681E-02 .2078987E-02 .2149009E-02 .1819165E-02 .1743942E-02 
.1854529E-02 .2156353E-02 .2944046E-02 .3489321E-02 .3153788E-02 
.2800893E-02 .3038878E-02 . 3301171E-02 . 3250291E-02 .2843877E-02 
.J.923930E-02 .1625831E-02 .2534679E-02 .2592874E-02 .1414922E-02 
.J.461118E-02 . 2671101E-02 .2456365E-02 .1440716E-02 .1907862E-02 
.2417630E-02 .1559602E-02 .1122826E-02 .1331627E-02 .9045972E-03 
.5382417E-03 .7975286E-03 .1288858E-02 .1691443E-02 .1541255E-02 
. 1496236E-02 .2093908E-02 .2045027E-02 .8528973E-03 -.5207239E-03 

-.1152760E-02 -.8861540E-04 .1466235E-02 .1151089E-02 .3795531E-03 
. 9960041E-03 .1537469E-02 .1559843E-02 .2263178E-02 .2707379E-02 
.1898310E-02 .1447332E-02 .1687505E-02 .1403629E-02 .1100109E-02 
. 9954737E-03 . 5167311E-03 .5929337E-03 . 1370470E-02 .1750192E-02 
.2165150E-02 .2405237E-02 .1702653E-02 .1731518E-02 .2596520E-02 
.J.658546E-02 -.7630671E-03 -.1976824E-02 -.1457903E-02 -.8455863E-03 

- . 8248060E-03 -.4078361E-03 -.1387051E-03 -.8959265E-03 -.1222872E-02 
-.1014863E-02 - .1150041E-02 -.6350121E-03 .2635867E-03 .4031956E-03 

6257366E-03 .1370761E-02 .1574175E-02 .9915992E-03 .1829010E-03 
( 400037E-03 .9584887E-04 .1749397E-03 -.6250196E-03 -.7674056E-03 
\ 
'-----

J81792E-03 .5533359E-03 .2574622E-03 .5520836E-03 .7732070E-03 
.J.223323E-03 -.4895270E-03 -.B540625E-03 -.1511169E-02 -.2544056E-02 

-.3763433E-02 -.4552814E-02 -.4703153E-02 -.4622904E-02 -.4717687E-02 
- . 4514174E-02 -.3306682E-02 - . 2151672E-02 -.2092066E-02 - . 2510243E-02 
-.2293145E-02 -.1600518E-02 -.2250346E-02 -.4228132E-02 - . 5001572E-02 
- . 4159572E-02 -.3469594E-02 -.3206048E-02 -.2920024E-02 -.2738482E-02 
-.2264018E-02 -.1531159E-02 -.1493573E-02 -.1644865E-02 -.1021339E-02 
- . 8357143E-03 -.1698476E-02 -.2074934E-02 - . 1374819E-02 -.5424974E-03 
- . 6430083E-03 -.1069377E-02 -.4782896E-03 .2457984E-03 -.1354920E-03 
-.J.162879E-02 -.1792301E-02 -.1536097E-02 -.9700333E-03 - . 5273134E-03 

.7363935E-04 .6742254E-03 .5041790E-03 -.3297686E-03 -.5969110E-03 
- . 5928015E-03 - .1333952E-02 - . 2282119E-02 -.2756111E-02 -.2525502E-02 
- . 1505134E-02 -.1552108E-03 .6450692E-03 .7827970E-03 .5526193E-03 

. 3 622404E-04 - .1754261E-03 -.3681599E-03 -.1172209E-02 -.2065029E-02 
- . 2 571511E-02 -.2374301E-02 -.1479875E-02 -.6930390E-03 -.3328056E-03 

.2521535E-04 .4585331E-04 -.7902257E-03 -.1611440E-02 - .1421601E-02 
- . 8542847E-03 -.1066018E-02 -.1974624E-02 -.2331980E-02 -.1894842E-02 
- .1580128E-02 -.1359642E-02 -.1209708E-02 -.1431551E-02 -.1415733E-02 
- . 6285173E-03 .2209159E-03 . 1380489E-03 -.4044377E-03 -.5067035E-03 
- . 8 632012E-03 - .1714 771E-02 -.1826818E-02 -.1484798E-02 - .1971359E-02 
-.2621774E-02 -.2610966E-02 -.2832990E-02 -.3222415E-02 -.3252363E-02 
- . 3 806326E-02 - .4759814E-02 -.4866756E-02 -.4179363E-02 -.3463898E-02 
- . 3 J.09246E-02 -.3327400E-02 -.3499541E-02 -.2735654E-02 - .1696406E-02 
- .1828329E-02 -.3122005E-02 -.4020959E-02 -.3653404E-02 -.305242BE-02 
- .3210512E-02 -.3612703E-02 -.3634219E-02 -.3268345E-02 -.2513992E-02 
- l 712251E-02 -.9305864E-03 .2219087E-03 .8585992E-03 .4198667E-03 
I ~31693E-03 . 4896804E-03 . 7755463E-03 .6403557E-03 .4535985E-03 
\, 32828E-03 .5621292E-03 .5708451E-03 .5483548E-03 .3493680E-03 

- >s·so9599E-03 -.2031542E-02 -.2615850E-02 -.2081334E-02 - . 1508163E-02 
-.1318317E-02 - .1484305E-02 -.1480939E-02 -.9050220E-03 -.3854464E-03 

. 8505453E-05 .7307061E-03 .1355490E-02 .1022949E-02 -.1082975E-03 
- . 9654678E-03 -.1003230E-02 -.6563073E-03 -.6463739E-03 -.1002045E-02 
- . 9087117E-03 - .1968672E-03 .1588777E-04 -.4121292E-03 - . 7815137E-03 
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-.ll0l677E-02 -.8995802E-03 .1800253E-03 .9123971E-03 . 4525363E-03 I l- l 7 1:,1 

.1581136E-03 .1167251E-02 .2440837E-02 .3015732E-02 .2919958E-02 

.2081534E-02 .1337822E-02 .1444870E-02 .1227108E-02 .3561486E-03 

.3791816E-03 .1551187E-02 . 24 7l494E-02 .2752207E-02 .3l66409E-02 

.3983404E-02 .4605104E-02 .4504530E-02 .4252653E-02 .4194314E-02 

.3683071E-02 .2813745E-02 .1894666E-02 .7542633E-03 .1519865E-03 
"<555610E-03 .1917191E-03 .5244071E-03 .1102l25E-02 .6357464E-04 
• 771964E-02 -.1245997E-02 .1015279E-02 .1090220E-02 -.8280413E-03 

-.1035135E-02 .5714404E-03 .8295275E-03 -.8002391E-03 -.1793809E-02 
-.1202252E-02 -.5824653E-03 -.1028552E-02 -.2191874E-02 -.2881727E-02 
- .2512447E-02 -.2107377E-02 -.2186744E-02 -.1464302E-02 .2234511E-03 

.7677740E-03 .1871051E-03 .7366913E-03 .2245266E-02 .2819780E-02 

.2259588E-02 .2271557E-02 .3205369E-02 .3511228E-02 .3076141E-02 

.2949581E-02 .2893994E-02 . 2437141E-02 .2685237E-02 .3297952E-02 

.2753573E-02 .2100769E-02 .2077576E-02 .1831696E-02 .1757006E-02 

.1653981E-02 .1068384E-02 . 9202584E-03 .9495749E-03 .9464322E-04 
- . 6637331E-03 -.2689076E-03 -.4429608E-03 -.2150244E-02 -.3038131E-02 
-.l958208E-02 -.2933187E-03 .7012197E-03 .5573061E-03 - . 1154516E-04 

. 5764010E-04 .2051870E-03 -.2048724E-03 -.3798053E-03 -.4338949E-03 
-.8859555E-03 -.1045877E-02 -.8046573E-03 -.7378466E-03 -.8404374E-03 
-.1215233E-02 -.1741911E-02 -.1701917E-02 - .1671903E-02 -.2246987E-02 
-.2442053E-02 ·-. 2351044E-02 -.2607375E-02 - . 2165556E-02 -.1392829E-02 
- . 1951961E-02 -.2733584E-02 -.2402620E-02 - .1733363E-02 - .1137140E-02 
- . 4631899E-03 -.9116912E-04 -.2919103E-03 -.2770468E-03 .4234734E-03 

.7933457E-03 .2431895E-03 -.4361423E-03 -.3796959E-03 .4814767E-06 

.1707346E-03 .4758024E-03 . 6321071E-03 .4061178E-03 .1722326E-03 
-.1950257E-03 -.3975638E-03 -.2874943E-03 -.6812143E-03 -.1188708E-02 
- . 8949636E-03 -.1674942E-03 -.1618986E-03 -.9938245E-03 -.7607625E-03 

.6327013E-03 . 9139293E-03 .1429355E-03 -.4041114E-04 .3659399E-03 

. 5335970E-03 .3606673E-03 .2647641E-03 .2762768E-03 -.2312860E-03 
- . 1140547E-02 -.1338295E-02 -.8024918E-03 -.1663822E-03 .4450590E-03 

. 9866854E-03 .1457548E-02 . l 717413E-02 .2038861E-02 .2353082E-02 

.1778039E-02 .7544025E-03 . 6857313E-03 .1222772E-02 .8324380E-03 C ~482452E-04 .1633670E-03 .1454689E-03 -.8387441E-03 -.1802897E-02 
804922E-02 -.1004949E-02 -.5158954E-03 -.8995856E-03 -.1280535E-02 

< 1111622E-02 -.8561244E-03 -.8597617E-03 -.9270860E-03 -.5379827E-03 
.3503871E-03 .7227507E-03 .2847349E-03 .8540795E-04 .3748461E-03 
.8356048E-03 .1606256E-02 . 2119960E-02 .1811143E-02 .1473839E-02 
.1688754E-02 .1956849E-02 .1959493E-02 .1880451E-02 .1852405E-02 
.1887989E-02 .1965472E-02 .1970270E-02 .1884387E-02 .1567204E-02 
.5124251E-03 -.7673651E-03 - . 1167512E-02 -.1523690E-02 -.2820498E-02 

-.3464458E-02 -.2063398E-02 -.2399253E-03 -.9743205E-04 -.9925864E-03 
- .1385579E-02 - .1324488E-02 - .1383968E-02 -.1961936E-02 -.2615837E-02 
- . 2515047E-02 -.2197384E-02 -.2339094E-02 -.2329470E-02 -.1853487E-02 
- .1615282E-02 -.1327348E-02 - . 6094231E-03 -.4129834E-03 -.8033867E-03 
- . 8755380E-03 -.5995358E-03 -.4805500E-03 -.7537039E-03 -.1376558E-02 
- . 148 64 94E-02 -.6476239E-03 -.2559690E-03 -.6607024E-03 -.3482800E-03 

. 6658268E-03 .1271661E-02 .1542382E-02 .1616687E-02 .1447532E-02 

.1425085E-02 .1566700E-02 .1572678E-02 .1479433E-02 .1486432E-02 

.1458039E-02 .9150104E-03 .3739588E-04 -.1415266E-03 .3417637E-03 

.4338697E-03 .8575963E-04 .3092847E-03 .1598797E-02 .2779275E-02 

. 2653360E-02 .2005674E-02 .1707323E-02 . 1353116E-02 .7340733E-03 

.1587374E-03 -.3648304E-04 .1372738E-03 .2025401E-03 .2271689E-04 
- . 6360396E-04 . 3596732E-03 .1480625E-02 .2180748E-02 .1400980E-02 

.2706257E-03 -.8978826E-04 .3629786E-04 -.5049869E-04 -.8043422E-03 
- .143153 7E-02 - .1185426E-02 -.5859806E-03 -.2774375E-04 .2205594E-03 
- . 5235863E-06 -.3939178E-03 - .1192799E-02 -.2070427E-02 -.1655266E-02 
- . 5396266E-03 -.5841455E-03 - .1146233E-02 -.5876179E-03 .5762013E-03 

.1028761E-02 .4882341E-03 -.2108033E-03 -.2610628E-03 -.5131833E-03 
- .1835221E-02 -.3154970E-02 - .3471944E-02 -.3369680E-02 -.3244532E-02 

~758165E-02 -.1907846E-02 -.8122632E-03 .1508436E-03 .5247467E-03 L J45901E-03 .1295197E-02 .1489416E-02 .1196663E-02 .5063546E-03 
- .4875993E-03 -.1084596E-02 - .1308417E-02 -.1579316E-02 -.1233027E-02 
- . 4472028E-03 -.4605568E-03 - . 9946919E-03 -.1038616E-02 -.6100844E-03 
- .1136359E-03 -.2794781E-04 -.2406052E-03 . 3092258E-04 .4038440E-03 

. 2566263E-03 .8710776E-04 .1221730E-03 -.3487463E-03 -.1531377E-02 
- . 2228648E-02 -.1828051E-02 - . 1412485E-02 -.1671372E-02 -.2013443E-02 
- .1987125E-02 -.1824788E-02 -.1668726E-02 - .1322198E-02 -.1092429E-02 
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. -- -- --- ·-- ( . - . 
- .2770721E-02 - .2479621E-02 -.2048578E-02 -.1607825E-02 -.1569949E-02 
-.1276153E-02 -.1479754E-03 . 7374191E-03 .8836055E-03 .1065091E-02 

.1328007E-02 .1242093E-02 .7295859E-03 .2036462E-03 .3170712E-03 

. 6273685E-03 .1355636E-03 - . 7167725E-03 -.8038437E-03 -.3624998E-03 
- . 2 822446E-03 -.5218007E-03 -.6922770E-03 -.9773022E-03 - .1131060E-02 

(-6843542E-03 -.5885772E-03 - .1119909E-02 -.1189770E-02 -.8507842E-03 
, 662720E-03 - .1327039E-02 -.1300412E-02 -.8384493E-03 -.1403950E-02 

.2253098E-02 -.2022257E-02 -.1879974E-02 -.2651599E-02 -.3338215E-02 
- . 3161673E-02 -.2441567E-02 -.1915232E-02 -.1738023E-02 -.1749486E-02 
-.1778166E-02 - .1414829E-02 -.9888304E-03 -.1142306E-02 - .1692711E-02 
- .1834499E-02 -.1214094E-02 -.8059590E-03 -.1079742E-02 - .1031573E-02 
- . 6059811E-03 -.5498897E-03 - . 4513498E-03 -.1638785E-03 -.1402615E-03 
-.6094720E-05 .3115806E-03 .6317666E-03 .1303221E-02 .1674685E-02 

.9558840E-03 - .1528649E-03 -.5954521E-03 -.5899748E-03 - . 11813 99E-02 
-.2050547E-02 - . 2101996E-02 -.1677208E-02 -.1693406E-02 -.1937061E-02 
- .1632300E-02 -.9551957E-03 -.8174847E-03 - . 1103984E-02 -.8619097E-03 
-.4427473E-03 -.7396794E-03 -.8984601E-03 -.5047764E-03 -.6355590E-03 
-.1126068E-02 - .1379618E-02 - .1578176E-02 -.1421628E-02 -.1045825E-02 
-.1065522E-02 -.1038545E-02 -.7850095E-03 -.7336765E-03 -.5807742E-03 
-.3200446E-03 -.3187052E-03 -.1805927E-03 .9735340E-04 .6252568E-04 
-.8223116E-04 -.3845454E-04 .5782793E-04 .5135776E-04 .2192990E-04 

.1667930E-04 .5899139E-04 .3357547E-03 . 8111312E-03 .1161133E-02 

.1130645E-02 .9810430E-03 . 1233014E-02 .1300710E-02 .7243327E-03 

.4399942E-03 .7474553E-03 . 9103529E-03 .7263168E-03 .6063190E-03 

.6475700E-03 .4469870E-03 -.2931570E-04 - . 4079607E-03 -.6377736E-03 
-.6866462E-03 -.5793677E-03 - . 5701672E-03 -.6700565E-03 -.6996955E-03 
- . 6587163E-03 -.5980240E-03 -.3514921E-03 . 4857149E-04 .1176997E-03 
- .3302556E-03 - . 7917667E-03 -.1026092E-02 -.1423232E-02 -.1631410E-02 
- . 9362957E-03 - .1293109E-03 -.6531411E-04 -.1473461E-03 .1156289E-04 

.1041710E-03 .6534801E-04 .8010620E-04 .3700105E-03 . 7967061E-03 

.8710878E-03 .6764800E-03 . B224427E-03 .1103006E-02 .8629422E-03 

. 4989771E-03 .3901886E-03 .2017027E-03 .6239873E-04 .1600934E-03 
(2423126E-03 .4143387E-03 .9736180E-03 .1461700E-02 .1320446E-02 

1 
l46499E-03 .5007083E-03 . 6011517E-03 .7823386E-03 .5264517E-03 

"--~217870E-04 - . 6435113E-04 .4160810E-03 .8344501E-03 .7287580E-03 
. 4444658E-03 .4736750E-03 .6617673E-03 .6279814E-03 .3347062E-03 
.1802879E-03 . 3296460E-03 .4614515E-03 .6012745E-03 .9087575E-03 
.1139561E-02 .1071393E-02 .9276293E-03 . 9683844E-03 .1066592E-02 
.1057477E-02 .9933562E-03 .9786441E-03 .9885488E-03 .9792590E-03 
. 9734015E-03 .9212582E-03 .6892604E-03 .4113484E-03 .4207570E-03 
. 5372919E-03 .3584676E-03 .1986773E-03 .4331759E-03 .6154974E-03 
. 5099842E-03 .6077303E-03 .9351416E-03 .9718334E-03 .7747393E-03 
. 7058109E-03 .6070767E-03 . 4277123E-03 . 5441113E-03 .7135690E-03 
.4720705E-03 .2377398E-03 .3605862E-03 .4957021E-03 .4038701E-03 
.1567850E-03 -.3934286E-04 -.1790665E-05 .1625406E-03 .2905678E-03 
. 2840869E-03 . 2312163E-03 .3603386E-03 .4767416E-03 .4313562E-03 
. 5055231E-03 .6325497E-03 .5890669E-03 .4913606E-03 . 3528311E-03 
.1882233E-03 .1997664E-03 . 2252409E-03 -.8436511E-04 -.3289030E-03 

- .2961683E-04 .3030006E-03 .2423924E-03 .2266709E-03 .3840760E-03 
. 2761864E-03 .2778967E-04 .6611067E-04 . l 777133E-03 . 4364671E-04 

- . 3468954E-04 . 143 9433E-03 .2403472E-03 .1386187E-03 .1364936E-03 
. 3 049276E-03 . 3727768E-03 .2930548E-03 . 2156977E-03 .1611081E-03 
.1599799E-03 .2525762E-03 .4165393E-03 .5314015E-03 .4436911E-03 
.2306716E-03 .1414831E-03 . 2334630E-03 .3088913E-03 .2624457E-03 
.2015039E-03 .2011530E-03 .2652967E-03 .4028273E-03 .5057353E-03 
. 4 690711E-03 .3995533E-03 .4650253E-03 .6505142E-03 . 7320682E-03 
. 6439445E-03 .5820646E-03 .6186898E-03 .6539238E-03 . 6346734E-03 
.6041120E-03 .6016375E-03 .6107973E-03 .5709785E-03 .4446033E-03 
. 3577735E-03 .4015794E-03 .4040488E-03 .2973484E-03 .3068203E-03 
. 3 921655E-03 .3293263E-03 .2904401E-03 .3952630E-03 .4332180E-03 

( 41113E-03 . 3722171E-03 .5009385E-03 .6108250E-03 .6472245E-03 
•·-- ~40867E-03 .6197439E-03 .6092327E-03 .6188149E-03 .5774870E-03 
. 4721050E-03 .4256192E-03 .5046665E-03 .6018279E-03 .5636438E-03 
. 4513742E-03 .4362643E-03 . 4190085E-03 . 3 001140E-03 .2482439E-03 
. 3 042163E-03 .2908359E-03 .1785270E-03 .1298553E-03 .2148439E-03 
. 3126569E-03 .2785727E-03 .1843271E-03 .1859267E-03 .2182845E-03 
. 2191367E-03 .2309565E-03 .2351604E-03 .2434246E-03 .2713162E-03 
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.2617687E-03 .3076635E-03 .3039400E-03 .2746395E-03 .2895607E-03 t 

. 3 260078E-03 .3219435E-03 .3254392E-03 .3675817E-03 .38008l2E-03 

.34449l7E-03 .3009526E-03 .262l325E-03 .2292799E-03 .2017737E-03 

.l905605E-03 .l9989l5E-03 .2l95265E-03 .2460163E-03 . 2718555E-03 

.28799l2E-03 . 2840725E-03 .2682946E-03 .2630453E-03 .2623737E-03 
2358445E-03 .1756620E-03 . 1357638E-03 .l655318E-03 . 2ll845lE-03 
i037830E-03 .16932l2E-03 .1603189E-03 .l554960E-03 .l299732E-03 

. l15l302E-03 . ll09345E-03 .9049395E-04 . 77143 71E-04 .88l0088E-04 

.l088169E-03 .l34l598E-03 .14l4797E-03 .l25467lE-03 .l276906E-03 

.l440006E-03 .l412726E-03 .1289863E-03 .1268103E-03 .1383383E-03 

.1516533E-03 .1479204E-03 .13ll690E-03 .ll57ll3E-03 .1023857E-03 

.9704833E-04 .9896327E-04 .8970842E-04 .7695929E-04 .8246661E-04 

.9073235E-04 .8342004E-04 . 7l67270E-04 .6201869E-04 . 5407196E-04 

.6040423E-04 . 7129714E-04 .607957lE-04 .4505936E-04 .4504752E-04 

.4496838E-04 .3833397E-04 .3582892E-04 .3743281E-04 . 4ll 7971E-04 

.4461992E-04 .4112373E-04 .3474445E-04 .3285954E-04 .3250776E-04 

.2980741E-04 .2649393E-04 .2343279E-04 . l 713109E-04 . 9667681E-05 

.7627507E-05 .8975292E-05 .7227012E-05 .3154811E-05 .1616089E-05 

.4105343E-05 .6913436E-05 . 44ll590E-05 -.6474796E-07 .9739749E-06 

.3430582E-05 -.1890629E-05 -.1075370E-04 -.1261679E-04 -.8840835E-05 
-.8287555E-05 - .1282144E-04 -.1580680E-04 -.1675057E-04 -.2045216E-04 
-.2421562E-04 -.2572351E-04 -.2883767E-04 -.3328060E-04 - . 3587711E-04 
-.3815382E-04 -.4116004E-04 -.4227766E-04 -.4273443E-04 -.4570324E-04 
- . 4860330E-04 -.4960323E-04 -.5l29780E-04 -.5339391E-04 -.5453642E-04 
- . 5606525E-04 -.5709907E-04 -.5664363E-04 -.5760764E-04 -.6028728E-04 
- . 6173734E-04 -.6275546E-04 -.6444782E-04 -.6560606E-04 -.6673972E-04 
-.6853524E-04 -.7022042E-04 -.7l76411E-04 -.7360489E-04 -.7541839E-04 
-.7681074E-04 -.7798783E-04 -.7943102E-04 -.8092974E-04 -.8205383E-04 
- . 8297635E-04 -.8424060E-04 -.8579765E-04 -.8720172E-04 -.8854859E-04 
-.8994515E-04 -.9126441E-04 -.9256936E-04 -.9392450E-04 - . 9518164E-04 
- . 9631622E-04 -.9748876E-04 - . 9871316E-04 -.9992773E-04 - .10ll540E-03 
- . l023351E-03 -.1034848E-03 -.1047100E-03 -.1059258E-03 -.1070485E-03 

(l081053E-03 -.1091734E-03 -.1102880E-03 - .ll13566E-03 -.1123732E-03 
134095E-03 -.1144486E-03 - .1154686E-03 -.1164802E-03 - .117483 OE-03 

---.-~184790E-03 -.1194673E-03 -.1204493E-03 - .1214214E-03 -.1223872E-03 
-.l233473E-03 -.1242975E-03 -.1252421E-03 -.1261778E-03 -.1271036E-03 
-.1280205E-03 -.l289285E-03 -.1298269E-03 -.1307l54E-03 
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APPENDIX D-1 

ESTIMATION OF THE SEISMIC PSEUDO-STATIC FACTORS OF SAFETY AND 
YIELD ACCELERATIONS FOR THE DOWNSTREAM AND 

UPSTREAM SLOPE GEOMETRIES 
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CALCULATION BRIEF 
FOR 

ESTIMATION OF THE SEISMIC PSEUDO-STATIC FACTORS OF SAFETY 
AND YIELD ACCELERATIONS FOR THE DOWNSTREAM 

AND UPSTREAM SLOPE GEOMETRIES 

POND CREEK COAL REFUSE DISPOSAL SITE - SOUTH CELL 

OBJECTIVE: Estimate downstream and upstream seismic factors of safety and yield 
accelerations for the Pond Creek - South Cell embankment and impoundment. 

METHODOLOGY: In accordance with Reference 1, use GSTABL slope stability computer software 
(Reference 2) to revise the Alliance Consulting, Inc. pseudo-static (seismic) 
stability analyses and, based on the results, approximate yield accelerations of the 
Pond Creek - South Cell embankment for both downstream and upstream critical 
failure surfaces. 

REFERENCES: 
I. Illinois Department of Natural Resources Letter "Application No. 

20061019, Pond Creek Mine No. 1, Phase 2 Refuse Disposal Dam," dated 
September 19, 2007. 

2. Gregory, P.E., Garry H., "GSTABL7 with STEDwin Slope Stability 
Analysis System, Version 2.0," dated September 2001. 

3. Ordonez, Gustavo A.(2006) "SHAKE2000: A Computer Program for the 
1-D Analysis of Geotechnical Earthquake Engineering Problems," 
February 2006. 

4. Newmark, N. M. (1965) "Effects of Earthquake on Dams and 
Embankments," Geotechnique, London, Vol. 5, No. 2, June, 1965. 

5. Civil & Environmental Consultants, Inc. Calculation, "Calculation Brief 
for Estimation and Summary of Engineering Properties Including Peak 
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Undrained Shear Strengths For Refuse and Subgrade Materials, Pond 
Creek Coal Refuse Disposal Site", BEG, 12/28/07. 

ANALYSIS: 

The Illinois Department of Natural Resources (IDNR) has required that a revised (seismic) slope 
stability analysis be performed for the Pond Creek facility using equivalent static load (pseudo-static) 
methods and the appropriate peak acceleration based on the Peak Ground Acceleration (PGA) for 2% 
Probability of Exceedance in 50 Years map from the USGS. If the required factor of safety is not met, 
i.e., a minimum factor of safety of 1.0 with seismic forces for the steady seepage condition, a permanent 
deformation evaluation should be completed and submitted for review before an IDNR/OWR permit can 
be issued. Accordingly, CEC revised the seismic slope stability analyses and as shown below, the 
minimum factor of safety does not meet the required 1.0 safety factor criteria. Therefore, CEC will 
perform a detailed deformation evaluation of the proposed Pond Creek South Cell impoundment 
addressing relevant issues such as material characterizations, seismic hazard, induced cyclic shear 
stresses and permanent deformations. 

Permanent deformations or crest settlement can occur depending upon the acceleration levels above a 
defined yield acceleration, below which embankment response is assumed to behave elastic-plastic 
(Newmark, 1965). If crest settlements are large enough resulting in the loss of freeboard below the 
maximum tailings impoundment level, overtopping of the dam could result posing a threat to the 
embankment and ultimately downstream safety. Appendix D, Attachments D-2 and D-3 present 
analyses to estimate induced cyclic shear stresses, settlements along for the proposed South Cell 
embankment geometry and determine the potential for overtopping as a result of permanent 
deformations. 

· Revised Pseudo-Static (Seismic) Stability Analyses and Estimation of Yield Accelerations: 

Pseudo-static stability analyses were performed for the proposed South Cell downstream and upstream 
geometries including the maximum fines (EL 496) and minimum fines (EL 474) conditions respectively 
using a PGA of 0.54g (as required by IDNR) to assess the revised seismic factor of safety (Fs), and to 
determine the yield acceleration (Ky) of the critical soil mass. 

The yield acceleration is the acceleration level: 

• Below which yielding of the embankment (soil mass) does not occur and the soil mass 
deforms elastic-plastic; and/or, 



R15983

Civil & Environmental Consultants, Inc. 
Williamson Energy - Pond Creek South Cell 

PROJECT Deformation Evaluation PROJECT NO. 

Estimation of the Seismic Pseudo-Static Factors of 
Safety and Yield Accelerations for the South Cell 

Downstream and Upstream Slope Geometries 

PAGE 

MADE BY ---=B:..:E::cG::;__ DATE _ _.::1/:.::2=2/:..:0:.::8~ CHECKEDBY~2fh''-F'"~--

• Above which yielding occurs causing permanent deformation. 

3 

DATE 

0.72046 

OF 

The yield acceleration is used as input to subsequent Newmark-type permanent deformation analyses. 
The following graphically illustrates the concept of the Newmark analysis and the relative significance 
of the yield acceleration (Note, Ky= Nct in the attached figure). 

Yield strengths for the various materials included drained strengths for coarse and fine refuse and 
undrained strength (both total strength and 80% peak undrained) for residual soil in the GST ABL 
analysis to obtain Ky. 

Refuse/Soil Properties Used in Revised Pseudo-Static 
1 S b". and Yield Acee eration Slooe ta 1htv Analyses 

Unit Weight Friction Angle Cohesion Yield Strength 
Description (ocO (de!!rees) (osO (psO 

Coarse Refuse 130 33.7 0 Frictional 
Fine Refuse 90 30 0 Frictional 

Residual Soil 125 
19.5 400 Total (Undrained) Strength 

0 3000 80% Peak Undrained 

Note: Refuse properties provided by Alliance Consulting, Inc. based on laboratory testing and/or 
literature values noted in the Alliance static/seismic slope stability analyses. 

A horizontal acceleration corresponding to the PGA value of 0.54g was input into GST ABL to assess the 
revised seismic stability analyses safety factors. Revised Fs values less than 1.0 were determined for 
both the downstream and upstream slope conditions, thus permanent deformation analyses are required, 
which are presented in Appendices D-2 and D-3. 

Additionally, a horizontal acceleration was subsequently varied in GSTABL until a Factor of Safety 
equal to 1.0 was achieved. Consequently, yield accelerations of 0.184g and 0.24g were iteratively 
determined for the soil mass corresponding to the downstream (maximum fines) critical failure surface 
using total strength and 80% peak strength, respectively, and 0.19g for the upstream (minimum fines) 
failure surface for both strength parameters. 
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CONCLUSION 
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Based on the information presented in this calculation brief, the minimum factors of safety for the 
revised pseudo-static (seismic) analyses (with PGA=0.54g) are less than 1.0. Therefore, per the IDNR 
September 19, 2007 comment, a permanent deformation analysis is required. Additionally, the 
minimum yield acceleration for the Pond Creek - South Cell embankment in the downstream and 
upstream directions was estimated at 0.18g. The revised seismic stability and yield acceleration 
GST ABL analyses runs and outputs files are attached. Finally, a yield acceleration of 0.018g is 
conservatively assumed for all downstream and upstream slope conditions, which will be used as input 
for estimating the corresponding permanent deformations. 



R15985

Civil & Environmental Consultants, Inc. 
Williamson Energy - Pond Creek South Cell 

PROJECT Deformation Evaluation PROJECTNO. 072046 

Estimation of the Seismic Pseudo-Static Factors of 
Safety and Yield Accelerations for the South Cell 

Downi.tream and Upstream Slope Geometries 

MADEBY BEG DATE 1/22/08 CHECKED BY ;;t,c 

PAGE 

POND CREEK- SOUTH CELL IMPOUNDMENT 
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Pond Creek, South Cell, DS (PGA = 0.54g)CEC Project No. 072-046 (Total Strength) 

250 
p:\_2007 _projects\072-046 williamson energy\gstabl\pond creek south cell\0.54 pga runs\south cell downstream.pl2 Run By: Rocky Saporito 1/22/2008 01 :21 PM 

II FS i 
a 0.531 d 
b 0.533 
C O 5331 
d 0.534 
e 0.535 '. 
f 0.5351· 

200 9 0.535 
1 

1 
1.1 O.S:35 

, r 0.538 

150 

100 ' 

Soil 
Desc. 

CCR 
FCR 
ORIG 

Soil Total Saturated Cohesion Friction Piez. I 
Type Unit Wt. Unit Wt. Intercept Angle Surface:, 
No. (pcf) (pcf) (psf) (deg) No. 
1 130.0 140.0 0.0 33.7 W1 
2 80.0 90.0 0.0 30.0 W1 
3 125.0 135.0 400.0 19.5 W1 

Load 
Peak(A) 
kh Coef. 

Value 
0.540(g) 

0.540(g)< 

-•----• 

a 
gi, 

lnit Points: 125. to 170. 
'Term Limits: 240. to 300. 

• 1 1wi · .~~/ 
/ 

- -----··--··-·---- ---- __ ,. ----·--·---- . ---------- ·- - \ill 

0 --- -- ------ - -----·---

"' 3 

50 

0 
50 

GSTABL7, 
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,,,J;.,_,,s· 
.. 1 

w8 • • 3 
• 
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·1 

150 200 250 300 350 

GSTABL7 v.2 FSmin=0.531 
Safety Factors Are Calculated By The Modified Bishop Method 

3 • • 3 

400 450 
6"

~ 
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*** GSTABL7 *** 
** GSTABL7 by Garry H. Gregory, P.E. ** 

** Original Version 1.0, January 1996; Current Version 2.003, June 2002 ** 
(All Rights Reserved-Unauthorized Use Prohibited) 

********************************************************************************* 
SLOPE STABILITY ANALYSIS SYSTEM 

Modified Bishop, Simplified Janbu, or GLE Method of Slices. 
{Includes Spencer & Morgenstern-Price Type Analysis) 
Including Pier/Pile, Reinforcement, Soil Nail, Tieback, 
Nonlinear Undrained Shear Strength, Curved Phi Envelope, 
Anisotropic Soil, Fiber-Reinforced Soil, Boundary Loads, Water 
Surfaces, Pseudo-Static & Newmark Earthquake, and Applied Forces. 

********************************************************************************* 
Analysis Run Date: 1/22/2008 
Time of Run: 0l:21PM 
Run By: Rocky Saporito 
Input Data Filename: P:\_2007_Projects\072-046 Williamson Energy\GStabl\Pond Creek 

South Cell\0.54 PGA Runs\south cell downstream.in 
output Filename: P:\ 2007 Projects\072-046 Williamson Energy\GStabl\Pond Creek 

South Cell\0.54 PGA Runs\south cell doWnstream.OUT 
Unit System: English 
Plotted Output Filename: P:\ 2007 Projects\072-046 Willia Energy\GStabl\Pond Creek South 

Cell\0.54 PGA Runs\south cell doWilstream.PLT 
PROBLEM DESCRIPTION, Pond Creek, South Cell, DS (PGA = 0.54g) 

CEC Project No. 072-046 (Total Strength) 
BOUNDARY COORDINATES 

Boundaries 
Boundaries 

5 Top 
11 Total 

Boundary X-Left Y-Left X-Right Y-Right Soil Type 
No. 

l 
2 
3 
4 
5 
6 
7 

8 
9 

(ft) (ft) (ft) (ft) Below End 
SO.DO 66.00 

159.40 66.00 
253.00 102.00 
273.00 102.00 
288.60 96.00 
159.40 66.00 
208.00 66.00 
288.60 96. 00 
279.00 68.00 

10 356.20 70.00 
11 382.20 60.00 

Default Y-Origin = O.OO(ft) 
Default X-Plus Value= O.OO(ft) 
Default Y-Plus Value= O.OO(ft) 

ISOTROPIC SOIL PARAMETERS 
3 Type(s) of Soil 

Soil Total Saturated Cohesion 
Type Unit Wt. Unit Wt. Intercept 

No. (pcf) (pcf) (psf) 
1 130.0 140.0 0.0 
2 80.0 90.0 0.0 
3 125.0 135.0 400.0 

159.40 
253.00 
273.00 
288.60 
450.00 
208.00 
279.00 
356.20 
356.20 
382.20 
450.00 

Friction 
Angle 
(deg) 
33.7 
30.0 
19.5 

l PIEZOMETRIC SURFACE(S) SPECIFIED 
Unit Weight of Water= 62.40 (pcf) 
Piezometric Surface No. 1 Specified by 
Pore Pressure Inclination Factor 0.50 

Point X-Water Y-Water 
No. (ft) (ft) 

l 50.00 64.00 
2 

3 
4 

182.00 
280.80 
450.00 

64.00 
99.00 
99.00 

66.00 3 
102.00 l 
102.00 l 

96.00 l 
96.00 l 
66.00 3 
68.00 3 
70.00 l 

70.00 3 
60.00 3 
60.00 3 

Pore Pressure Piez. 
Pressure Constant Surface 

Param. (psf) No. 
0.00 0.0 l 

0.00 0.0 1 
0.00 0.0 l 

4 Coordinate Points 

Searching 
Of Which 
Boundary 

No. 

Routine Will 
The First 1 

X-Left 
(ft) 
50.00 

Be Limited 
Boundaries 

Y-Left 
(ft) 
50.00 

To An Area Defined By 
Will Deflect Surfaces 

1 Boundaries 
Upward 

X-Right Y-Right 
(ft) (ft) 

l 450.00 58.00 
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Specified Peak Ground Acceleration Coefficient (A} 
Specified Horizontal Earthquake Coefficient (kh) 
Specified Vertical Earthquake Coefficient (kv) = 
Specified Seismic Pore-Pressure Factor= 0.000 

0.540{g) 
0.540 {g) 

0.000{g) 

A Critical Failure Surface Searching Method, Using A Random 
Technique For Generating Circular Surfaces, Has Been Specified. 

400 Trial Surfaces Have Been Generated. 
20 Surface(s) Initiate(s) From Each Of 20 Points Equally Spaced 

Along The Ground Surface Between X 125.00(ft) 
and X 170.00{ft) 

Each Surface Terminates Between X 240.00(ft) 
and X 300.00{ft) 

Unless Further Limitations Were Imposed, The Minimum Elevation 
At Which A Surface Extends Is Y = O.OO(ft) 
10.00(ft) Line Segments Define Each Trial Failure Surface. 
Following Are Displayed The Ten Most Critical Of The Trial 

Failure Surfaces Evaluated. They Are 
Ordered - Most Critical First. 
**Safety Factors Are Calculated By The Modified Bishop Method** 
Total Number of Trial Surfaces Evaluated 400 
Statistical Data On All Valid FS Values: 

FS Max= 0.876 FS Min= 0.531 FS Ave= 0.650 
Standard Deviation= 0.076 Coefficient of Variation 11.64 % 

Failure Surface Specified By 19 Coordinate Points 
Point X-Surf Y-Surf 

No. {ft) {ft) 
1 139.21 
2 

3 
4 
5 
6 

7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

148.57 
158.14 
167.89 
177. 77 
187.73 
197.72 
207. 71 
217.65 
227.49 
237.20 
246. 71 
256.00 
265.02 
273.73 
282.09 
290.07 
2 97. 62 
299.19 

Circle Center At X = 

66.00 
62.48 
59.59 
57.36 
55.78 
54.87 
54.63 
55.06 
56.17 
57.93 
60.36 
63.43 
67 .13 
71.45 
76.36 
81.85 
87.88 
94.44 
96 .00 

196.28 
Factor of Safety 

••• 0. 531 ••• 
Individual data on the 

Water Water 
Force Force 

y 203.49 and Radius 

29 slices 
Tie Tie Earthquake 

Force Force Force 

148.86 

Surcharge 
Slice Width Weight Top Bot Norm Tan Hor Ver Load 

No. {ft) {lbs) {lbs) {lbs) {lbs) {lbs) {lbs) {lbs) {lbs) 

1 5.3 664.5 0.0 0.0 0. 0. 358.8 0.0 0.0 
2 4.0 1426 .2 0.0 205.1 0. 0. 770.2 0.0 0.0 
3 9.6 6224.9 0.0 184 9. 5 0. 0. 3361.5 0.0 0.0 
4 1. 3 1084.9 0.0 365.7 0. 0. 585.9 0.0 0.0 
5 8.5 10423.7 0.0 3081. 6 0. 0. 5628.8 0.0 0.0 
6 9.9 19005.1 0.0 4636.6 0. o. 10262.8 0.0 0.0 
7 4.2 10201.7 0.0 2231. 4 0. 0. 5508.9 0.0 0.0 
8 5.6 15368.7 0.0 3294.7 0. 0. 8299.1 0.0 0.0 
9 0.1 231.1 0.0 52.3 0. 0. 124.8 0.0 0.0 

10 10.0 31944.8 0.0 7687.4 0. 0. 17250.2 0.0 0.0 
11 10.0 37120.4 0.0 9716.5 0. 0. 20045.0 0.0 0.0 
12 0.3 1136.4 0.0 307.7 0. 0. 613.7 0.0 0.0 
13 9.7 40043.5 0.0 11036.5 0. 0. 21623.5 0.0 0.0 
14 9.8 44061. 4 0.0 12563.3 0. 0. 23793.1 0.0 0.0 
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9.7 45741.7 0.0 13368.3 
9.5 46222.2 0.0 13755.6 
6.3 30818.9 0.0 9313. 5 
3.0 14491. 5 0.0 4409.9 
0.5 2333.6 0.0 742.2 
8.5 37941.9 0.0 12529.5 
8.0 30941. 2 0.0 11400.5 
0.7 2589.3 0.0 1002.2 
7.1 21189. 7 0.0 9497.4 
1. 3 3137. 6 21.5 1696. 8 
6.5 11788.6 760.7 7480.6 
1.5 1780.4 274.5 1339.6 
6.0 4640.6 1128.3 4234.1 
1.5 473.4 285.0 657.1 
1. 6 171. 3 293.8 521.8 
Failure Surface Specified By 19 

Point x-surf Y-Surf 
No. (ft) (ft) 

1 132 .11 66.00 
2 141. 36 62.21 
3 150.85 59.07 
4 160.54 56.59 
5 170.38 54.78 
6 180. 31 53.65 
7 190. 30 53.21 
8 200.30 53.46 
9 210.26 54.39 

10 220 .12 56.01 
11 229.86 58.30 
12 239.41 61.26 
13 248.74 64.87 
14 257.80 69.11 
15 266. 54 73.96 
16 274.93 79.40 
17 282.92 85.41 
18 290.48 91. 95 
19 294.56 96.00 

Circle Center At X = 191. 71 
Factor of Safety 

*** 0.533 *** 
Failure 

Point 
No. 

1 
2 
3 
4 

5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

Surface Specified By 19 
x-surf Y-Surf 

(ft) (ft) 
136.84 66.00 
146. 23 
155.82 
165. 57 
175.45 
185.41 
195.41 
205. 40 
215. 34 
225. 20 
234.91 
244.45 
253.78 
262.85 
271. 62 
280. 06 
288. 13 
295.79 
298.18 

62.55 
59. 72 
57.52 
55.97 
55.07 
54.83 
55.24 
56. 31 
58.03 
60.39 
63.38 
66.99 
71.20 
76.01 
81. 37 
87.28 
93. 71 
96.00 

Circle Center At X = 
Factor of Safety 

194.12 

*** 0.533 *** 

0. 0. 24700.5 
0. 0. 24960.0 
0. 0. 16642.2 
0. 0. 7825.4 
0. 0. 1260.2 
0. 0. 20488.6 
0. 0. 16708.2 
0. 0. 13 98. 2 
0. 0. 11442 .5 
0. 0. 1694.3 
0. 0. 6365.8 
0. 0. 961.4 
0. 0. 2505.9 
0. 0. 255.7 
0. 0. 92.5 

Coordinate Points 

y 198.47 and Radius 

Coordinate Points 

y 207.18 and Radius 

Failure Surface Specified By 18 Coordinate Points 
Point X-Surf Y-Surf 

0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 

145.26 

152.35 
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No. (ft} (ft} 

1 141. 58 66.00 
2 150.76 62.05 

'( 3 160.23 58.81 
4 169.91 56.32 
5 179.76 54.59 
6 189.71 53.61 
7 199.71 53.42 
8 209.69 53.99 
9 219. 60 55.33 

10 229.38 57.43 
11 23 8. 96 60.29 
12 248.30 63.87 
13 257. 33 68.16 
14 266.00 73 .14 
15 274.27 78.78 
16 282. 07 85.03 
17 289.37 91.87 
18 293 .14 96.00 

Circle Center At X = 197.26 y 182.55 and Radius 129.17 
Factor of Safety 

*** 0.534 *** 
Failure Surface Specified By 18 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft} (ft} 

1 151. 05 66.00 
2 160.25 62.06 
3 169.72 58.87 
4 179.42 56.45 
5 189.29 54.80 
6 199.25 53.94 
7 209.25 53.88 
8 219. 22 54.61 
9 229 .11 56.14 

10 23 8. 84 58.44 
11 248.35 61.52 
12 257.59 65.34 
13 266.50 69.88 
14 275.02 75.12 
15 283.09 81.02 
16 290.67 87. 54 
17 297. 71 94.65 
18 298.85 96.00 

Circle Center At X = 205.01 y 179.24 and Radius 125.44 
Factor of Safety 

*** 0.535 *** 
Failure Surface Specified By 19 Coordinate Points 

Point x-surf Y-Surf 
No. (ft} (ft} 

1 134.47 66.00 
2 143. 92 62. 71 
3 153.55 60.01 
4 163.32 57.92 
5 173.21 56.43 
6 183.17 55.55 
7 193.17 55.29 
8 203.16 55.64 
9 213 .12 56.62 

10 222.99 58.20 
11 232.75 60.39 
12 242.35 63.18 
13 251. 76 66.56 
14 260.95 70.51 
15 269. 87 75.03 
16 278.50 80.08 
17 286.80 85.66 
18 294. 74 91.74 
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19 299. 65 96.00 
192.39 Circle Center At X = 

Factor of Safety 
*** 0.535 *** 

Failure 
Point 
No. 

1 
2 

3 
4 
5 
6 
7 

8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 

Surface Specified By 18 
X-Surf Y-Surf 

(ft) (ft) 
136. 84 
146.04 
155.50 
165.19 
175.03 
184.97 
194.97 
204. 96 
214. 88 
224.69 
234.33 
243.74 
252.86 
261. 66 
270.08 
278.07 
285.58 
291. 68 

66.00 
62.07 
58.85 
56.34 
54.56 
53.53 
53.24 
53.70 
54.91 
56.86 
59.53 
62.92 
67.01 
71.76 
77.16 
83.18 
89.78 
96.00 

193.80 Circle Center At X = 
Factor of Safety 

*** 0.535 *** 

y 217.19 and Radius 

Coordinate Points 

y 186.64 and Radius 

Failure 
Point 

Surface Specified By 18 Coordinate Points 

No. 
1 
2 
3 
4 
5 
6 
7 
8 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 

X-Surf Y-Surf 
(ft) (ft) 

143. 95 
153.25 
162.80 
172. 54 
182.43 
192.40 
202.40 
212.37 
222.27 
232.03 
241. 61 
250.94 
259.98 
268.69 
277.00 
284. 87 
292.27 
294. 95 

66.00 
62.33 
59.37 
57.11 
55.59 
54.81 
54.76 
55.46 
56.90 
59.06 
61. 95 
65.53 
69.80 
74.73 
80.29 
86.45 
93.18 
96.00 

197.95 Circle Center At X = 
Factor of Safety 

*** 0.535 *** 
Failure Surface Specified By 18 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 141. 58 66.00 
2 150.93 62.46 
3 160.51 59.60 
4 170.28 57.44 
5 180.17 55.99 
6 190.15 55.25 
7 200.15 55.24 
8 210.12 55.94 
9 220.02 57.36 

10 229.79 59.48 
11 239.38 62.31 
12 248.75 65.81 

y 189.19 and Radius 

Coordinate Points 

161.91 

133.41 

134.51 
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13 257.84 69.98 
14 266.60 74.80 
15 275.00 80.23 
16 282.98 86.25 
17 290.51 92.83 
18 293.65 96.00 

Circle Center At X = 195.36 
Factor of Safety 

*** 0.538 *** 
Failure Surface Specified By 17 

Point x-surf Y-Surf 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 

Circle 

(ft} (ft} 
153.42 66.00 
162.89 62.79 
172.57 60.28 
182.41 58.47 
192. 35 57.38 
202. 34 57.00 
212. 33 57.35 
222.28 58.41 
232.12 60.19 
241. 80 62.68 
251.29 65.85 
260. 51 69.70 
269.44 74.21 
278.02 79.35 
286.20 85.10 
293.95 91.42 
298.81 96.00 

Center At X = 202.55 
Factor of Safety 

*** 0.539 *** 

y 193.80 and Radius 

Coordinate Points 

y 195.58 and Radius 

**** END OF GSTABL7 OUTPUT**** 

138. 66 

138.58 
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Pond Creek, South Cell, DS (PGA = 0.54g)CEC Project No. 072-046 (80% Peak Str.) 
p:\_2007 _projects\072-046 Williamson energy\gstabllpond creek south cell\0.54 pga runs\south cell downstream.peak.pl2 
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: # FS Soil Soil Total Saturated Cohesion Friction Piez. I Load 
a 0.595• Desc. Type Unit Wt. Unit Wt. Intercept Angle Surtace• Peak(A) 

, b 0.597, No. (pcf) (pct) (psi) (deg) No. i kh Coe!. 
c 0.625·, CCR 1 130.0 140.0 0.0 33.7 W1 

Value 
0.540(9) 
0.540(g)< 

d 0.631 , FCR 2 80.0 90.0 0.0 30.0 W1 
e 0.635 , ORIG 3 125.0 135.0 3000.0 0.0 W1 
f 0.63l\ 
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*** GSTABL7 *** 
** GSTABL7 by Garry H. Gregory, P.E. ** 

** Original Version 1.0, January 1996; Current Version 2.003, June 2002 ** 
(All Rights Reserved-Unauthorized Use Prohibited) 

********************************************************************************~ 
SLOPE STABILITY ANALYSIS SYSTEM 

Modified Bishop, Simplified Janbu, or GLE Method of Slices. 
(Includes Spencer & Morgenstern-Price Type Analysis) 
Including Pier/Pile, Reinforcement, Soil Nail, Tieback, 
Nonlinear Undrained Shear Strength, Curved Phi Envelope, 
Anisotropic Soil, Fiber-Reinforced Soil, Boundary Loads, Water 
Surfaces, Pseudo-Static & Newmark Earthquake, and Applied Forces. 

********************************************************************************* 
Analysis Run Date: 1/22/2008 
Time of Run: 01:22PM 
Run By: Rocky Saporito 
Input Data Filename: P:\ 2007 Projects\072-046 Williamson Energy\GStabl\Pond Creek 

South Cell\0.54 PGA Runs\south cell doWilstream.peak.in 
Output Filename: P:\_2007_Projects\072-046 Williamson Energy\GStabl\Pond Creek 

South Cell\0.54 PGA Runs\south cell downstream.peak.OUT 
Unit System: English 
Plotted Output Filename: P:\ 2007 Projects\072-046 Willia Energy\GStabl\Pond Creek South 

Cell\0.54 PGA Runs\south cell dow~stream.peak.PLT 
PROBLEM DESCRIPTION: Pond Creek, South Cell, DS (PGA = 0.54g) 

CEC Project No. 072-046 (80% Peak Str.) 
BOUNDARY COORDINATES 

Note: User origin value specified. 
Add 50.00 to X-values and 0.00 to Y-values listed. 

5 Top Boundaries 
11 Total Boundaries 

Boundary X-Left Y-Left X-Right Y-Right Soil Type 

No. (ft) (ft) 
1 SO.DO 66.00 
2 159.40 66.00 
3 253.00 102.00 
4 273.00 102.00 
5 288.60 96.00 
6 159.40 66.00 
7 208.00 66.00 
8 288.60 96. 00 
9 279.00 68.00 

10 356.20 70.00 
11 382.20 60.00 

Default Y-Origin = O.OO(ft) 
Default X-Plus Value= O.OO(ft) 
Default Y-Plus Value= O.OO(ft) 

ISOTROPIC SOIL PARAMETERS 
3 Type(s) of Soil 

(ft) 
159.40 
253.00 
273.00 
288.60 
450.00 
208.00 
279.00 
356.20 
356.20 
382.20 
450.00 

Soil Total Saturated Cohesion Friction 
Type Unit Wt. Unit Wt. 

No. (pcf) (pcf) 
1 130.0 140.0 
2 
3 

80.0 
125.0 

90.0 
135.0 

Intercept 
(psf) 

0.0 
0.0 

3000.0 
1 PIEZOMETRIC SURFACE(S) SPECIFIED 
Unit Weight of Water= 62.40 (pcf) 

Angle 
(deg) 
33.7 
30.0 

0.0 

(ft) Below End 
66.00 3 

102. DO 1 
102.00 1 

96.00 1 
96.00 1 
66.00 3 
68.00 3 
70.00 1 
70.00 3 
60.00 3 
60.00 3 

Pore Pressure Piez. 
Pressure Constant Surface 

Param. (psf) No. 
0.00 0.0 1 
0.00 0.0 1 
0.00 0.0 1 

Piezometric Surface No. 1 Specified by 4 Coordinate Points 
Pore Pressure Inclination Factor 0.50 

Point X-Water Y-Water 
No. (ft) (ft) 

1 50.00 64.00 
2 
3 
4 

182.00 
280.80 
450.00 

64.00 
99.00 
99.00 

Searching Routine Will Be Limited To An Area Defined By 1 Boundaries 
Of Which The First 1 Boundaries Will Deflect Surfaces Upward 
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Boundary X-Left Y-Left X-Right Y-Right 
No. (ft) (ft) (ft) (ft) 

1 50.00 50.00 450.00 58.00 
Specified Peak Ground Acceleration Coefficient (A) 
Specified Horizontal Earthquake Coefficient (kh) 
Specified Vertical Earthquake Coefficient (kv) = 
Specified Seismic Pore-Pressure Factor= 0.000 

0.540(g) 
0.540(g) 

O.OOO(g) 

A Critical Failure Surface Searching Method, Using A Random 
Technique For Generating Circular Surfaces, Has Been Specified. 

400 Trial Surfaces Have Been Generated. 
20 Surface{s) Initiate(s) From Each Of 20 Points Equally Spaced 

Along The Ground Surface Between X 125.00(ft) 
and x 170.00(ft) 

Each Surface Terminates Between X 240.00{ft) 
and X 300.00(ft) 

Unless Further Limitations Were Imposed, The Minimum Elevation 
At Which A Surface Extends Is Y = O.OO(ft) 
10.00(ft) Line Segments Define Each Trial Failure Surface. 
Following Are Displayed The Ten Most Critical Of The Trial 

Failure Surfaces Evaluated. They Are 
Ordered - Most Critical First. 
**Safety Factors Are Calculated By The Modified Bishop Method** 
Total Number ot Trial Surtaces Evaluated 400 
Statistical Data On All Valid FS Values: 

FS Max= 2.529 FS Min= 0.595 FS Ave= 1.539 
Standard Deviation= 0.367 Coefficient of Variation 23.82 % 

Slice 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

Failure Surface Specified By 11 Coordinate Points 
Point X-Surf Y-Surf 

No. (ft) (ft) 
1 162.89 
2 
3 
4 
5 
6 
7 

8 

9 
10 
11 

172.77 
182.56 
192.22 
201. 75 
211.11 
220.27 
229.22 
237.93 
246.38 
248.35 

67.34 
68.90 
70.97 
73.52 
76.57 
80.10 
84.10 
88.56 
93.47 
98.82 

100. 21 
137.21 Circle Center At X = 

Factor of Safety 
*** 0.595 *** 

Individual data on the 
Water Water 
Force Force 

Width Weight Top Bot 
(ft) (lbs) (lbs) (lbs) 
9.9 143 7. 0 0.0 0.0 
9.8 3929.4 0.0 0.0 
9.7 5680.8 0.0 0.0 
9.5 6697.2 0.0 0.0 
9.4 6997.8 0.0 0.0 
9.2 6614.0 0.0 0.0 
8.9 5589.4 0.0 0.0 
8.7 3979.3 0.0 0.0 
8.4 1849.8 0.0 0.0 
2.0 81.2 0.0 0.0 
Failure Surface Specified By 11 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 170.00 70.08 
2 179.69 72. 54 
3 189.33 75.20 
4 198.91 78.06 
5 208.43 81.12 
6 217.89 84.38 

y 261. 94 and Radius 196.28 

10 slices 
Tie Tie Earthquake 

Force Force Force Surcharge 
Norm Tan Hor Ver Load 
(lbs) (lbs) (lbs) (lbs) (lbs) 

0. 0. 776.0 0.0 
0. o. 2121.9 0.0 
0. 0. 3067.6 0.0 
0. 0. 3616.5 0.0 
0. 0. 3778.B 0.0 
0. 0. 3571. 5 0.0 
0. 0. 3018.3 0.0 
0. 0. 2148. 8 0.0 
0. 0. 998.9 0.0 
0. 0. 43.9 0.0 

Coordinate Points 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
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7 227.27 87.84 
8 236.58 91.49 
9 245. 81 95.33 

( 
10 254.96 99.36 
11 260.62 102.00 

Circle Center At X = 56.68 y 536. 71 and Radius 480.20 
Factor of Safety 

*** 0.597 *** 
Failure Surface Specified By 13 Coordinate Points 

Point x-surf Y-Surf 
No. (ft) (ft) 

1 162.89 67.34 
2 172. 55 69.94 
3 182.18 72. 63 
4 191.78 75.43 
5 201. 36 78.32 
6 210. 90 81. 32 
7 220.40 84.42 
8 229. 88 87.62 
9 23 9. 32 90.92 

10 24 8. 72 94.32 
11 258.09 97.81 
12 267.42 101.41 
13 268. 91 102.00 

Circle Center At X = -77.81 y 983.35 and Radius 947.10 
Factor of Safety 

*** 0.625 *** 
Failure Surface Specified By 14 Coordinate Points 

Point x-surf Y-Surf 
No. (ft) (ft) 

1 165.26 68.26 
2 175.19 67.08 
3 185.18 66.57 
4 195.18 66. 74 
5 205 .14 67.59 
6 215.03 69 .11 
7 224.79 71.29 
8 234.38 74 .13 
9 243.75 77.61 

10 252.87 81. 71 
11 261. 69 86.42 
12 270.17 91. 72 
13 278.28 97.57 
14 280.25 99.21 

Circle Center At X = 187.67 y 214. 08 and Radius 147.53 
Factor of Safety 

*** 0.631 *** 
Failure Surface Specified By 14 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 167.63 69.17 
2 177.57 68.06 
3 187.56 67.59 
4 197.56 67.76 
5 207.52 68.58 
6 217.42 70.05 
7 227.19 72 .14 
8 236.82 74. 87 
9 246.24 78.20 

10 255.44 82.14 
11 264.35 86.66 
12 272. 96 91.75 
13 281.23 97.38 

( 
14 282.48 98.36 

Circle Center At X =- 189.83 y 222.34 and Radius 154.77 
Factor of Safety 

*** 0.635 *** 
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Failure Surface Specified By 14 Coordinate Points 
Point X-Surf Y-Surf 
No. (ft) (ft) 

1 167.63 
2 
3 
4 

5 
6 
7 
8 

9 
10 
11 
12 
13 
14 

177.51 
187.46 
197.46 
207.45 
217 .41 
227.29 
237.06 
246.67 
256.10 
265.29 
274. 23 
282.86 
290.68 

Circle Center At X = 
Factor of Safety 

69.17 
67.59 
66.64 
66. 31 
66.60 
67.52 
69.05 
71.20 
73.95 
77.30 
81.22 
85. 72 
90.76 
96.00 

197.76 

*** 0.638 *** 

y 226.55 and Radius 

Failure Surface Specified By 13 Coordinate Points 
Point x-surf Y-Surf 
No. (ft) (ft) 

1 165.26 
2 175.23 
3 
4 

5 
6 
7 
8 
9 

10 
11 
12 
13 

185.23 
195.21 
205.13 
214.94 
224.59 
234.03 
243. 22 
252 .11 
260.66 
268.83 
274.75 

Circle Center At X = 
Factor of Safety 

68.26 
67.43 
67.31 
67.88 
69.15 
71.10 
73. 73 
77.03 
80.97 
85.55 
90.73 
96.50 

101.33 
182.02 

*** 0.638 *** 

y 210.81 and Radius 

Failure Surface Specified By 13 Coordinate Points 
Point X-Surf Y-Surf 

No. (ft) (ft) 
1 165.26 
2 175.25 
3 
4 

5 
6 
7 

8 
9 

10 
11 
12 
13 

185.25 
195.23 
205.14 
214. 96 
224. 65 
234.18 
243.50 
252.60 
261.43 
269.96 
277.57 

68.26 
67.77 
67.87 
68.58 
69.88 
71.77 
74.24 
77.28 
80.89 
85.04 
89.74 
94. 95 . 

100.24 
178.44 Circle Center At X = 

Factor of Safety 
*** 0.639 *** 

Failure Surface Specified By 12 
Point X-Surf Y-Surf 
No. (ft) (ft) 

1 160.53 66.43 
2 170.53 66.51 
3 180.49 67.35 
4 190.36 68.95 
5 200.08 71.29 
6 209.60 74.37 

y 235.26 and Radius 

Coordinate Points 

160.24 

143. 54 

167.52 
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7 218.85 78.17 
8 227.78 82.66 
9 236.35 87.82 

( 10 244.50 93.61 
\ 11 252.19 100.01 

12 254.23 102.00 
Circle Center At X = 164.58 y 196.97 and Radius 130.60 

Factor of Safety 

*** 0.640 *** 
Failure Surface Specified By 12 Coordinate Points 

Point x-surf Y-Surf 
No. (ft) (ft) 

1 170.00 70.08 
2 179.90 71.46 
3 189.75 73.20 
4 199.53 75.28 
5 209.24 77.70 
6 218.85 80.46 
7 228.36 83.55 
8 237.75 86.98 
9 247.02 90.73 

10 256.15 94.81 
11 265 .13 99.21 
12 270.36 102.00 

Circle Center At X = 135. 72 y 351. 56 and Radius 283.56 
Factor of Safety 

*** 0.642 *** 
**** END OF GSTABL7 OUTPUT**** 
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Pond Creek, South Cell, US (PGA = 0.54g)CEC Project No. 072-046 (Total Strength) 
p:\_2007 _projects\072-046 williamson energy\gstabl\pond creek south cell\0.54 pga runs\south cell upstream.pl2 Run By: Rocky Saporito 1/22/2008 01 :23PM 
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d 0.422 
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Soil 
Oesc. 

CCR 
FCR 
ORIG 

Soil Total Saturated Cohesion Friction Piez. ; 
Type Unit Wt. Unit Wt. Intercept Angle Surface, 1 

No. (pcf) (pct) (psi) (deg) No. 
1 130.0 140.0 0.0 33.7 W1 
2 80.0 90.0 0.0 30.0 W1 
3 125.0 135.0 400.0 19.5 W1 
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*** GSTABL7 *** 
** GSTABL7 by Garry H. Gregory, P.E. ** 

** Original Version 1.0, January 1996; Current Version 2.003, June 2002 ** 
(All Rights Reserved-Unauthorized Use Prohibited) 

********************************************************************************~ 
SLOPE STABILITY ANALYSIS SYSTEM 

Modified Bishop, Simplified Janbu, or GLE Method of Slices. 
(Includes Spencer & Morgenstern-Price Type Analysis) 
Including Pier/Pile, Reinforcement, Soil Nail, Tieback, 
Nonlinear Undrained Shear Strength, Curved Phi Envelope, 
Anisotropic Soil, Fiber-Reinforced Soil, Boundary Loads, Water 
Surfaces, Pseudo-Static & Newmark Earthquake, and Applied Forces. 

********************************************************************************* 
Analysis Run Date: 1/22/2008 
Time of Run: 0l:23PM 
Run By: Rocky Saporito 
Input Data Filename: P:\_2007_Projects\072-046 Williamson Energy\GStabl\Pond Creek 

South Cell\0.54 PGA Runs\south cell upstream.in 
Output Filename: P:\ 2007 Projects\072-046 Williamson Energy\GStabl\Pond Creek 

South Cell\0.54 PGA Runs\south cell upStream.OUT 
Unit System: English 
Plotted Output Filename: P:\_2007_Projects\072-046 Willia Energy\GStabl\Pond Creek South 

Cell\0.54 PGA Runs\south cell upstream.PLT 
PROBLEM DESCRIPTION: Pond Creek, South Cell, US {PGA = 0.54g) 

CEC Project No. 072-046 (Total Strength) 
BOUNDARY COORDINATES 

Note: User origin value specified. 
Add 50.00 to X-values and 0.00 to Y-values listed. 

6 Top Boundaries 
12 Total Boundaries 

Boundary X-Left Y-Left X-Right Y-Right Soil Type 
No. (ft) (ft) 

1 0.00 73.00 
2 100.00 73.00 
3 200.84 73.00 
4 276.24 102.00 
5 296. 24 102.00 
6 389.84 66.00 
7 0.00 60.00 
8 167.04 60.00 
9 193.46 70.16 

10 193.46 70.16 
11 270.39 68.00 
12 341. 70 66.00 

Default Y-Origin = 0.00(ft) 
Default X-Plus Value= O.OO(ft) 
Default Y-Plus Value= O.OO(ft) 

ISOTROPIC SOIL PARAMETERS 
3 Type{s) of Soil 

Soil Total Saturated Cohesion 
Type Unit Wt. Unit Wt. Intercept 

No. (pcf) (pcf) (psf) 
1 130.0 140.0 0.0 
2 80.0 90.0 0.0 
3 125.0 135.0 400.0 

(ft) 
100.00 
200.84 
276.24 
296.24 
389.84 
400.00 
167.04 
193.46 
200.84 
270.39 
341.70 
389.84 

Fri ct.ion 
Angle 
(deg) 
33.7 
30.0 
19.5 

1 PIEZOMETRIC SURFACE(S) SPECIFIED 
Unit Weight of Water= 62.40 (pcf) 
Piezometric Surface No. 1 Specified by 
Pore.Pressure Inclination Factor a.so 

Point X-Water Y-Water 
No. (ft) (ft) 

1 0.00 76.00 
2 216.44 76.00 
3 371.84 66.00 
4 400.00 66.00 

(ft) Below Bnd 
73.00 2 
73.00 2 

102.00 1 
102.00 1 

66.00 1 
66.00 3 
60.00 3 
70.16 3 
73.00 1 
68.00 3 
66.00 3 
66.00 3 

Pore Pressure Piez. 
Pressure Constant Surface 

Param. (psf) No. 
0.00 0.0 1 
0.00 0.0 1 
0.00 0.0 1 

4 Coordinate Points 

Searching Routine Will Be Limited To An Area Defined By 1 Boundaries 

4,) 
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Of Which The First 1 Boundaries Will Deflect Surfaces Upward 
Boundary X-Left Y-Left X-Right Y-Right 

No. (ft) (ft) (ft) (ft) 
1 0.00 58.00 400.00 58.00 

Specified Peak Ground Acceleration Coefficient · {A) 
Specified Horizontal Earthquake Coefficient {kh) 
Specified Vertical Earthquake Coefficient (kv) = 
Specified Seismic Pore-Pressure Factor= 0.000 

0.540(g) 
0.540(g) 

O.OOO(g) 

A Critical Failure Surface Searching Method, Using A Random 
Technique For Generating Circular Surfaces, Has Been Specified. 

400 Trial Surfaces Have Been Generated. 
20 Surface(s) Initiate{s) From Each Of 20 Points Equally Spaced 

Along The Ground Surface Between X 50.00{ft) 
and X 100.00(ft) 

Each Surface Terminates Between X 270.00{ft) 
and X 300.00(ft) 

Unless Further Limitations Were Imposed, The Minimum Elevation 
At Which A Surface Extends Is Y = O.OO{ft) 
10.00{ft) Line Segments Define Each Trial Failure Surface. 
Following Are Displayed The Ten Most Critical Of The Trial 

Failure Surfaces Evaluated. They Are 
Ordered - Most Critical First. 
**Safety Factors Are Calculated By The Modified Bishop Method** 
Total Number of Trial Surfaces Evaluated 400 
Statistical Data On All Valid FS Values: 

FS Max= 0.677 FS Min= 0.401 FS Ave= 0.581 
Standard Deviation= 0.056 Coefficient of Variation 9.62 % 

Slice 
No. 

1 
2 
3 
4 
5 
6 

Failure Surface Specified By 23 Coordinate Points 
Point x-surf Y-Surf 

No. (ft) (ft) 
1 71.05 
2 80.83 
3 90.67 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

100.56 
110. 51 
120.48 
130.47 
140.47 
150.47 
160.44 
170.39 
180.30 
190.15 
199.94 
209.65 
219.27 
228.79 
238. 20 
247.48 
256.63 
265. 63 
274.47 
276. 39 

73.00 
70.88 
69.11 
67.68 
66.59 
65.86 
65.47 
65.44 
65.75 
66.41 
67.42 
68.78 
70. 49 
72 .54 
74. 92 
77.65 
80. 71 
84 .11 
87.83 
91.87 
96 .23 

100.90 
102.00 

Circle Center At X = 136.50 
Factor of Safety 

*** 0.401 *** 
Individual data on the 

Water Water 
Force Force 

Width Weight Top Bot 
(ft) (lbs) (lbs) (lbs) 
9.8 931. 6 1829.5 2532.9 
9.8 2662.5 1842.3 3 74 7. 8 
9. 3 3837.l 1747.2 4453.3 
0.6 268.2 105.6 294.6 
9.9 5247.9 1861.0 5532.1 

10.0 6080.6 1866.9 6099.3 

y 351. 34 and Radius 285.93 

27 slices 
Tie Tie Earthquake 

Force Force Force Surcharge 
Norm Tan Hor Ver Load 
(lbs) (lbs) (lbs) (lbs) (lbs) 

0. 0. 503.1 0.0 
0. 0. 1437.7 0.0 
0. o. 2072. 0 0.0 
0. o. 144.8 0.0 
0. 0. 2833.8 0.0 
0. 0. 3283.5 0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
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7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
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10.0 6596. 4 1870.6 6448.9 
10.0 6791. 0 1872. 0 6580.5 
10.0 6662.9 1871.1 6493.9 
10.0 6213. 0 1867.9 6189.2 

9.9 5445.1 1862.4 5666.7 
9.9 4365.7 1854.6 4927 .2 
9.9 2983.8 1844.6 3971. 5 
9.1 1278.6 1705.8 2648.5 
0.7 34.6 126.5 152.3 
0.9 36.8 168.2 193. 7 
8.8 1053.6 769.1 1222.8 
3.8 837.6 0.0 132 ,3 
5.8 1623.5 0.0 0.0 
9.5 3388.3 0.0 0.0 
9.4 3852.5 0.0 0.0 
9.3 3847.2 0.0 0.0 
9.1 3390.5 0.0 0.0 
9.0 2504.2 0.0 0.0 
8.8 1213. 9 0.0 0.0 
1.8 58.3 0.0 0.0 
0.1 0.8 0.0 0.0 
Failure SuJ;face Specified By 25 

Point X-Surf Y-Surf 
No. {ft) {ft) 

1 55.26 73.00 
2 65.03 70.84 
3 74.85 68.98 
4 84.73 67.42 
5 94.65 66.17 
6 104.61 65.23 
7 114. 59 64.60 
8 124.58 64.27 
9 134.58 64.26 

10 144 .58 64.55 
11 154. 56 65.15 
12 164.52 66.06 
13 1 74. 44 67.28 
14 184.33 68.81 
15 194.16 70.64 
16 203.93 72. 77 
17 213.63 75.20 
18 223.25 77.93 
19 232.78 80.96 
20 242.21 84.28 
21 251. 54 87.89 
22 260.75 91.78 
23 269.83 95.96 
24 278.78 100. 42 
25 281.72 102.00 

Circle Center At X = 130. 09 
Factor of safety 

*** 0.414 *** 
Failure Surface Specified By 22 

Point X-Surf Y-Surf 
No. {ft) {ft) 

1 76.32 73.00 
2 86.09 70.88 
3 95.93 69 .12 
4 105.83 67.70 
5 115.78 66.65 
6 125.75 65.94 
7 135.74 65.60 
8 145. 74 65.61 
9 155.74 65.98 

10 165. 71 66. 71 
11 175.65 67.79 
12 185.55 69.23 

0. 0. 3562.1 0.0 0.0 
0. 0. 3667.2 0.0 0.0 
0. 0. 3598.0 0.0 0.0 
0. 0. 3355.0 0.0 0.0 
o. 0. 2940.3 0.0 0.0 
0. 0. 2357.5 0.0 0.0 
0. 0. 1611. 2 0.0 0.0 
0. 0. 690.5 0.0 0.0 
0. 0. 18.7 0.0 0.0 
0. 0. 19.8 0.0 0.0 
0. 0. 569.0 0.0 0.0 
0. 0. 452.3 0.0 0.0 
0. 0. 876.7 0.0 0.0 
0. 0. 1829. 7 0.0 0.0 
o. 0. 2080.3 0.0 0.0 
0. 0. 2077.5 0.0 0.0 
0. 0. 1830.9 0.0 0.0 
0. 0. 13 52. 3 0.0 0.0 
0. 0. 655.5 0.0 0.0 
0. 0. 31.5 0.0 0.0 
0. 0. 0.4 0.0 0.0 

Coordinate Points 

y 387.75 and Radius 323.52 

Coordinate Points 
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13 195. 3 9 71.03 
14 205.15 73.17 
15 214. 84 75.66 
16 224.43 78.49 
17 233. 91 81.67 
18 243.27 85.18 
19 252.51 89.03 
20 261.59 93 .20 
21 270.53 97. 70 
22 278.37 102.00 

Circle Center At X = 140.38 y 345.04 and Radius 279.48 
Factor of Safety 

*** 0.417 *** 
Failure Surface Specified By 25 Coordinate Points 

Point x-surf Y-Surf 
No. {ft) {ft) 

1 55.26 73.00 
2 65.02 70.83 
3 74.85 68.95 
4 84. 72 67.38 
5 94.64 66 .11 
6 104.60 65.15 
7 114.57 64.50 
8 124.57 64.15 
9 134.57 64.10 

10 144.56 64.37 
11 154.55 64.94 
12 164.51 65.82 
13 174.44 67.00 
14 184.33 68.49 
15 194.17 70.28 
16 203.94 72 .37 
17 213.65 74.76 
18 223.29 77.45 
19 232.83 80.44 
20 242.28 83. 71 
21 251.62 87.27 
22 260.85 91.12 
23 269. 96 95.25 
24 278.94 99.66 
25 283.36 102.00 

Circle Center At X = 130. 94 y 389. 72 and Radius 325.64 
Factor of Safety 

*** 0.422 *** 
Failure Surface Specified By 26 Coordinate Points 

Point x-surf Y-Surf 
No. {ft) {ft) 

1 50.00 73.00 
2 59.77 70.87 
3 69.60 69.02 
4 79.48 67.46 
5 89. 39 66.19 
6 99. 35 65.21 
7 109.32 64.52 
8 119. 31 64 .13 
9 129. 31 64.02 

10 139. 31 64.21 
11 149.30 64.70 
12 159.27 65.47 
13 169. 21 66.54 
14 179. 12 67.89 
15 188.99 69.54 
16 198.80 71.47 
17 208.55 73.69 
18 218.23 76.19 
19 227. 83 78.98 
20 237.35 82.04 
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21 
22 
23 
24 
25 
26 

Circle 

246.78 85.38 
256.10 89.00 
265.31 92.89 
274. 41 97.04 
283.38 101. 46 
284.40 102.00 

Center At x = 127.83 
Factor of Safety 

*** 0.424 *** 

y 405.74 and Radius 

Failure Surface Specified By 23 Coordinate Points 
Point x-surf Y-Surf 
No. {ft) {ft) 

1 73.68 
2 
3 

4 
5 
6 
7 
8 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

83.45 
93. 29 

103.19 
113 .12 
123.09 
133.09 
143.09 
153.08 
163.06 
173. 02 
182. 93 
192.80 
202.60 
212.33 
221.98 
231. 52 
240. 96 
250.28 
259.47 
268. 52 
277.42 
281. 73 

Circle Center At X = 
Factor of Safety 

73.00 
70.87 
69. OS· 
67.62 
66.51 
65.74 
65.32 
65.24 
65.50 
66 .11 
67.06 
68.36 
69.99 
71. 96 
74.28 
76.92 
79.89 
83.20 
86.82 
90. 77 
95.02 
99.59 

102.00 
140. 42 

••• 0.435 ••• 
Failure Surface Specified By 24 

Point X-Surf Y-Surf 
No. {ft) {ft) 

1 60.53 73.00 
2 70.27 70. 74 
3 80.08 68.79 
4 89. 94 67.17 
5 99.86 65.88 
6 109.81 64.91 
7 119. 79 64.27 
8 129.79 63.96 
9 139.79 63.97 

10 149.78 64.32 
11 159.76 64.99 
12 169. 71 65.99 
13 179.62 67.32 
14 189.48 68. 97 
15 199.29 70.95 
16 209.02 73.25 
17 218.67 75.86 
18 228.23 78.79 
19 237.69 82.04 
20 247.04 85.59 
21 256.26 89.45 
22 265.36 93.61 
23 274.31 98.06 
24 281. 61 102.00 

Circle Center At X = 134. 27 
Factor of Safety 

y 355.48 and Radius 

Coordinate Points 

y 368.02 and Radius 

341. 72 

2 90. 25 

304 .10 
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*** 0.440 *** 
Failure Surface Specified By 25 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 60. 53 
2 
3 
4 
5 
6 
7 

8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

70.32 
80.16 
90.06 
99.99 

109.95 
119.94 
129. 93 
139. 93 
149. 93 
159.91 
169.86 
179.78 
189.66 
199.49 
209.25 
218.95 
228. 57 
238 .11 
247.54 
256.88 
266.10 
275.20 
284.17 
285.52 

73.00 
70.96 
69.21 
67.76 
66.61 
65.75 
65.20 
64.95 
65.01 
65.36 
66.01 
66.97 
68.22 
69.78 
71.63 
73.77 
76.21 
78.94 
81.96 
85.27 
88.86 
92. 72 
96.87 

101. 28 
102.00 

133. 21 Circle Center At X = 
Factor of Safety 

*** 0.441 *** 
Failure 

Point 
No. 

1 
2 
3 
4 
5 
6 
7 

8 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

Surface Specified By 23 
X-Surf Y-Surf 

(ft) (ft) 

73. 68 
83.47 
93.32 

103.22 
113.17 
123.14 
133.13 
143 .13 
153 .13 
163 .11 
173.07 
182.99 
192.86 
202.68 
212.43 
222.09 
231. 67 
241.15 
250.52 
259.76 
268. 87 
277.84 
283.90 

73.00 
70.95 
69.22 
67.82 
66.76 
66.02 
65.61 
65.54 
65.80 
66.39 
67.31 
68.56 
70.14 
72.05 
74.28 
76.84 
79. 71 
82.91 
86.41 
90.22 
94.34 
98.76 

102.00 
140.34 Circle Center At X = 

Factor of Safety 
*** 0.445 *** 

y 3 96. 63 and Radius 

Coordinate Points 

y 366.57 and Radius 

Failure 
Point 

Surface Specified By 24 Coordinate Points 

No. 
1 
2 
3 

X-Surf Y-Surf 
(ft) (ft) 

63.16 
72.92 
82.75 

73.00 
70.83 
68.97 

331.69 

301. 05 
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4 92.63 67.43 
5 102.55 66.20 
6 112. 51 65.30 

( 
7 122.49 64. 71 
8 132. 49 64.44 
9 142.49 64.49 

10 152.48 64.87 
11 162.46 65.56 
12 172. 41 66.57 
13 182.32 67.91 
14 192 .18 69.55 
15 201.99 71.52 
16 211. 72 73.79 
17 221. 38 76.38 
18 230.95 79.27 
19 240.43 82.47 
20 249.80 85.98 
21 259. 04 89.78 
22 268.17 93.87 
23 277.16 98.25 
24 284.25 102.00 

Circle Center At X = 135.81 y 376.36 and Radius 311. 94 
Factor of Safety 

*** 0.452 *** 
**** END OF GSTABL7 OUTPUT**** 
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*** GSTABL7 *** 
** GSTABL7 by Garry H. Gregory, P.E. ** 

** Original Version 1.0, January 1996; Current Version 2.003, June 2002 ** 
(All Rights Reserved-Unauthorized Use Prohibited) 

********************************************************************************~ 
SLOPE STABILITY ANALYSIS SYSTEM 

Modified Bishop, Simplified Janbu, or GLE Method of Slices. 
(Includes Spencer & Morgenstern-Price Type Analysis) 
Including Pier/Pile, Reinforcement, Soil Nail, Tieback, 
Nonlinear Undrained Shear Strength, Curved Phi Envelope, 
Anisotropic Soil, Fiber-Reinforced Soil, Boundary Loads, Water 
Surfaces, Pseudo-Static & Newmark Earthquake, and Applied Forces. 

********************************************************************************* 
Analysis Run Date: 1/22/2008 
Time of Run: Ol:24PM 
Run By: Rocky Saporito 
Input Data Filename: P:\_2007_Projects\072-046 Williamson Energy\GStabl\Pond Creek 

South Cell\0.54 PGA Runs\south cell upstream.peak.in 
Output Filename: P:\_2007_Projects\072-046 Williamson Energy\GStabl\Pond Creek 

South Cell\0.54 PGA Runs\south cell upstream.peak.OUT 
Unit System: English 
Plotted Output Filename: P:\_2007_Projects\072-046 Willia Energy\GStabl\Pond Creek South 

Cell\0.54 PGA Runs\south cell upstream.peak.PLT 
PROBLEM DESCRIPTION, Pond Creek, South Cell, US (PGA = 0.54g) 

CEC Project No. 072-046 (80% Peak Str.) 
BOUNDARY COORDINATES 

Note: User origin value specified. 
Add 50.00 to X-values and 0.00 to Y-values listed. 

6 Top Boundaries 
12 Total Boundaries 

Boundary X-Left Y-Left X-Right Y-Right Soil Type 
No. (ft) (ft) 

1 0.00 73.00 
2 100.00 73.00 
3 200.84 73 .DO 
4 276.24 102.00 
5 296. 24 102.00 
6 389.84 66.00 
7 0.00 60.00 
8 167.04 60.00 
9 193.46 70.16 

10 193.46 70.16 
11 270.39 68.00 
12 341.70 66.00 

Default Y-Origin = O.OO(ft) 
Default X-Plus Value= O.OO(ft) 
Default Y-Plus Value= O.OO(ft) 

ISOTROPIC SOIL PARAMETERS 
3 Type(s) of Soil 

(ft) 
100.00 
200.84 
276.24 
296. 24 
389.84 
400.00 
167.04 
193.46 
200.84 
270.39 
341.70 
389.84 

Soil Total Saturated Cohesion Friction 
Type Unit Wt. Unit Wt. 

No. (pcf) (pcf) 
1 130.0 140.0 
2 80.0 90.0 
3 125.0 135.0 

Intercept 
(psf) 

0.0 
0.0 

3000.0 
1 PIEZOMETRIC SURFACE(S) SPECIFIED 
Unit Weight of Water= 62.40 (pcf) 

Angle 
(deg) 
33.7 
30.0 

0.0 

(ft) Below Bnd 
73.00 2 
73.00 2 

102.00 1 
102.00 1 

66.00 1 
66.00 3 
60.00 3 
70.16 3 
73.00 1 
68.00 3 
66.00 3 
66.00 3 

Pore Pressure Piez. 
Pressure Constant Surface 

Param. (psf) No. 
0.00 0.0 1 
0.00 0.0 1 
0.00 0.0 1 

Piezometric Surface No. 1 Specified by 4 Coordinate Points 
Pore Pressure Inclination Factor 0.50 

Point X-Water Y-Water 
No. (ft) (ft) 

1 0.00 76.00 
2 
3 
4 

216.44 
371. 84 
400.00 

76.00 
66.00 
66.00 

Searching Routine Will Be Limited To An Area Defined By 1 Boundaries 
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Of Which The First 1 Boundaries Will Deflect Surfaces Upward 
Boundary X-Left Y-Left X-Right Y-Right 

No. {ft) {ft) {ft) {ft) 
1 0.00 58.00 400.00 58.00 

Specified Peak Ground Acceleration Coefficient (A) 
Specified Horizontal Earthquake Coefficient (kh) 
Specified Vertical Earthquake Coefficient (kv) = 
Specified Seismic Pore-Pressure Factor= 0.000 

0.540{g) 
0.540{g) 

0.000{g) 

A Critical Failure Surface Searching Method, Using A Random 
Technique For Generating Circular Surfaces, Has Been Specified. 

400 Trial Surfaces Have Been Generated. 
20 Surface{s) Initiate(s) From Each Of 20 Points Equally Spaced 

Along The Ground Surface Between X 50.00(ft) 
and X 100.00{ft) 

Each Surface Terminates Between X 270.00(ft) 
and X 300.00{ft) 

Unless Further Limitations Were Imposed, The Minimum Elevation 
At Which A Surface Extends Is Y = 0.00(ft) 
10.00(ft} Line Segments Define Each Trial Failure Surface. 
Following Are Displayed The Ten Most Critical Of The Trial 

Failure Surfaces Evaluated. They Are 
Ordered - Most Critical First. 
**Safety Factors Are Calculated By The Modified Bishop Method** 
Total Number of Trial Surfaces Evaluated 400 
Statistical Data On All Valid FS Values: 

FS Max= 2.730 FS Min= 0.401 FS Ave= 1.535 
Standard Deviation= 0.636 Coefficient of Variation 41.41 % 

Slice 
No. 

1 
2 
3 
4 
5 
6 

Failure Surface Specified By 23 Coordinate Points 
Point X-Surf Y-Surf 

No. {ft) {ft) 
1 71.05 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

80.83 
90.67 

100.56 
110.51 
120.48 
130.47 
140.47 
150.47 
160.44 
170.39 
180.30 
190.15 
199.94 
209.65 
219. 27 
228.79 
238.20 
247.48 
256.63 
265.63 
274.47 
276.39 

Circle Center At X = 

73.00 
70.88 
69.11 
67.68 
66.59 
65.86 
65.47 
65.44 
65.75 
66.41 
67.42 
68.78 
70.49 
72. 54 
74.92 
77.65 
80. 71 
84 .11 
87.83 
91. 87 
96.23 

100.90 
102.00 

136. 50 
Factor of Safety 

*** 0.401 *** 
Individual data on the 

Water Water 
Force Force 

Width Weight Top Bot 
{ft) {lbs) (lbs) {lbs) 

9.8 931. 6 1829.5 2532.9 
9.8 2662.5 1842.3 3747.8 
9.3 3837.1 1747.2 4453.3 
0.6 268.2 105. 6 294.6 
9.9 5247.9 1861.0 5532.1 

10.0 6080.6 1866.9 6099.3 

y 351. 34 and Radius 285.93 

27 slices 
Tie Tie Earthquake 

Force Force Force Surcharge 
Norm Tan Hor Ver Load 
{lbs) {lbs) {lbs) {lbs) {lbs) 

0. o. 503.1 0.0 
0. 0. 143 7. 7 0.0 
0. o. 2072. 0 0.0 
0. 0. 144.8 0.0 
0. 0. 2833.8 0.0 
0. 0. 3283.5 0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

1,,5 
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7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
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10.0 65 96. 4 1870.6 6448.9 
10.0 6791.0 1872.0 6580.5 
10.0 6662.9 1871.1 6493.9 
10.0 6213. 0 1867.9 6189.2 

9.9 5445.1 1862.4 5666.7 
9.9 4365.7 1854.6 4927.2 
9.9 2983.8 1844.6 3971. 5 
9.1 1278.6 1705.8 2648.5 
0.7 34.6 126.5 152.3 
0.9 36.8 168.2 193.7 
8.8 1053.6 769.1 1222.8 
3.8 837.6 0.0 132.3 
5.8 1623.5 0.0 0.0 
9.5 3388.3 0.0 0.0 
9.4 3852.5 0.0 0.0 
9.3 3847.2 0.0 0.0 
9.1 33 90. 5 0.0 0.0 
9.0 2504. 2 0.0 0.0 
8.8 1213 . 9 0.0 0.0 
1.8 58.3 0.0 0.0 
0.1 0.8 a.a 0.0 
Failure Surface Specified By 25 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 55.26 73.00 
2 65.03 70.84 
3 74.85 68.98 
4 84.73 67.42 
5 94.65 66.17 
6 104. 61 65.23 
7 114. 59 64.60 
8 124.58 64.27 
9 134.58 64. 26 

10 144. 58 64.55 
11 154.56 65.15 
12 164.52 66.06 
13 174.44 67.28 
14 184.33 68.81 
15 194.16 70.64 
16 203.93 72. 77 
17 213.63 75.20 
18 223. 25 77. 93 
19 232.78 80.96 
20 242.21 84.28 
21 251.54 87.89 
22 260.75 91. 78 
23 269.83 95. 96 
24 278. 78 100.42 
25 281. 72 102.00 

Circle Center At X = 130.09 
Factor of Safety 

*** 0.414 *** 
Failure Surface Specified By 22 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 76.32 73.00 
2 86.09 70.88 
3 95.93 69.12 
4 105.83 67.70 
5 115.78 66.65 
6 125.75 65.94 
7 135. 74 65.60 
8 145.74 65.61 
9 155.74 65.98 

10 165. 71 66. 71 
11 175.65 67.79 
12 185.55 69.23 

0. 0. 3562.1 0.0 0.0 
0. 0. 3667.2 a.a 0.0 
0. 0. 3598.0 0.0 a.a 
0. 0. 3355.0 0.0 0.0 
0. 0. 2940.3 0.0 0.0 
0. 0. 2357.5 a.a 0.0 
0. 0. 1611. 2 a.a a.a 
0. 0. 690.5 0.0 0.0 
0. 0. 18.7 0.0 0.0 
0. 0. 19.8 0.0 0.0 
0. 0. 569.0 a.a a.a 
0. 0. 452.3 0.0 0.0 
0. 0. 876.7 0.0 0.0 
0. 0. 182 9. 7 0.0 0.0 
0. 0. 2080.3 0.0 0.0 
0. 0. 2077.5 a.a a.a 
0. 0. 1830.9 0.0 a.a 
0. 0. 1352.3 0.0 a.a 
0. 0. 655.5 0.0 0.0 
0. 0. 31. 5 0.0 0.0 
0. 0. 0.4 0.0 0.0 

Coordinate Points 

y 387.75 and Radius 323.52 

Coordinate Points 
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13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

195. 3 9 
205.15 
214. 84 
224.43 
233. 91 
243.27 
252.51 
261.59 
270.53 
278.37 

71. 03 
73.17 
75.66 
78.49 
81.67 
85.18 
89.03 
93.20 
97.70 

102.00 
140.38 Circle Center At X = 

Factor of Safety 
*** 0.417 *** 

Failure 
Point 
No. 

1 
2 
3 
4 

5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 

Surface Specified By 26 
x-surf Y-Surf 

(ft} (ft} 
SO.DO 
59.77 
69.60 
79.48 
89. 39 
99.35 

109. 32 
119. 31 
129. 31 
139. 31 
149.30 
159. 27 
169.21 
179.12 
18S.99 
198.80 
208.55 
218.23 
227.83 
237.35 
246.78 
256.10 
265.31 
274.41 
283.38 
284.40 

73 .00 
70.87 
69. 02 
67.46 
66.19 
65.21 
64.52 
64.13 
64.02 
64.21 
64.70 
65.47 
66. 54 
67.89 
69.54 
71.47 
73.69 
76.19 
78.98 
82.04 
85.38 
89.00 
92.89 
97.04 

101. 46 
102.00 

127.83 Circle Center At X = 
Factor of Safety 

*** 0.424 *** 
Failure Surface Specified By 25 

Point x-surf Y-Surf 
No. (ft} (ft} 

1 55.26 73.00 
2 65.02 70.83 
3 74.85 68.95 
4 84.72 67.38 
5 94.64 66 .11 
6 104.60 65.15 
7 114. 57 64.50 
8 124.57 64.15 
9 134.57 64.10 

10 144.56 64. 37 
11 154.55 64.94 
12 164.51 65.82 
13 174.44 67.00 
14 184.33 68.49 
15 194. 1 7 70.28 
16 203.94 72 .37 
17 213. 65 74.76 
18 223.29 77.45 
19 232.83 80.44 

y 345.04 and Radius 279.48 

Coordinate Points 

y 405.74 and Radius 341.72 

Coordinate Points 
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20 242.28 83. 71 
21 251.62 87.27 
22 260.85 91.12 
23 269. 96 95.25 
24 278.94 99.66 
25 283.36 102.00 

Circle Center At X = 13 0. 94 
Factor of Safety 

*** 0.425 *** 
Failure 

Point 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

Surface Specified By 25 
X-Surf Y-Surf 

{ft) {ft) 

60.53 
70.32 
80.16 
90.06 
99.99 

109.95 
119.94 
129.93 
13 9. 93 
149. 93 
159.91 
169.86 
179.78 
189.66 
199.49 
209. 25 
218.95 
228.57 
238 .11 
247.54 
256.88 
266.10 
275.20 
284.17 
285.52 

73.00 
70.96 
69.21 
67.76 
66.61 
65.75 
65.20 
64.95 
65.01 
65.36 
66.01 
66.97 
68.22 
69.78 
71.63 
73. 77 
76.21 
78. 94 
81.96 
85.27 
88.86 
92. 72 
96. 87 

101. 28 
102.00 

133.21 Circle Center At X = 
Factor of Safety 

*** 0.441 *** 
Failure Surface Specified By 23 

Point X-Surf Y-Surf 
No. {ft) {ft) 

1 73.68 73.00 
2 83.47 70.95 
3 93.32 69.22 
4 103.22 67.82 
5 113.17 66.76 
6 123. 14 66.02 
7 133 .13 65.61 
8 143 .13 65.54 
9 153.13 65.80 

10 163 .11 66.39 
11 173.07 67.31 
12 182.99 68.56 
13 192. 86 70.14 
14 202.68 72.05 
15 212. 43 74.28 
16 222.09 76.84 
17 231.67 79. 71 
18 241.15 82.91 
19 250.52 86.41 
20 259.76 90.22 
21 268.87 94. 34 
22 277. 84 98.76 
23 283.90 102.00 

Circle Center At X = 140.34 ; 

y 389.72 and Radius 325.64 

Coordinate Points 

y 3 96. 63 and Radius 331. 69 

Coordinate Points 

y 366.57 and Radius 301.05 
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Factor of Safety 
*** 0.445 *** 

Failure Surface Specified By 23 
Point X-Surf Y-Surf 

No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

Circle 

(ft) (ft) 

73.68 73.00 
83.45 70.87 
93.29 69.0B 

103.19 67.62 
113.12 66.51 
123.09 65.74 
133. 09 65.32 
143.09 65.24 
153.08 65.50 
163.06 66 .11 
173.02 67.06 
1B2.93 68.36 
192.80 69.99 
202. 60 71.96 
212.33 74.28 
221.98 76.92 
231. 52 79.89 
240.96 83.20 
250.28 86.82 
259.47 90. 77 
268.52 95.02 
277.42 99.59 
281. 73 102.00 

Center At X = 140.42 
Factor of Safety 

*** 0.453 *** 

Coordinate Points 

y 355.48 and Radius 

Failure Surface Specified By 26 Coordinate Points 
Point X-Surf Y-Surf 

No. (ft) (ft) 
1 52.63 
2 
3 
4 
5 
6 
7 

8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 

62.43 
72 .28 
82.18 
92.11 

102.07 
112.05 
122.04 
132.04 
142.04 
152.03 
162.00 
171. 95 
181. B6 
191. 74 
201. 56 
211. 34 
221. 05 
230.69 
240.25 
249.73 
259.12 
26B.41 
277.60 
286.67 
2B9.75 

73.00 
71.01 
69.29 
67.84 
66.66 
65.76 
65 .14 
64.79 
64. 71 
64.91 
65. 39 
66.15 
67.17 
68.4B 
70.05 
71. 90 
74.02 
76.40 
79.06 
81.9B 
85.16 
88.60 
92.30 
96.26 

100.46 
102.00 

129.70 Circle Center At X = 
Factor of Safety 

*** 0.454 *** 
Failure 

Point 
No. 

1 

Surface Specified By 23 
X-Surf Y-Surf 

(ft) (ft) 

78.95 73.00 

y 426.73 and Radius 

Coordinate Points 

290.25 

362.03 
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2 88.78 71.19 
3 98.67 69.70 
4 108.60 68.52 
5 118. 56 67.67 
6 128.55 67.14 
7 138.55 66.93 
8 148. 55 67.04 
9 158.54 67.48 

10 168.51 68.23 
11 178.45 69.31 
12 188.35 70. 71 
13 198.20 72 .43 
14 208.00 74.46 
15 217.72 76.81 
16 22'7. 36 79.47 
17 236.90 82.44 
18 246.35 85.71 
19 255.69 89. 29 
20 264.91 93.17 
21 274.00 97.34 
22 282.95 101.80 
23 283. 31 102.00 

Circle Center At X = 140.04 y 377.13 and Radius 310.21 

Factor of Safety 

*** 0.454 *** 
**** END OF GSTABL7 OUTPUT**** 
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Pond Creek, South Cell, Downstream CEC Project No. 072-046 (Total Strength) 

250 . 
p:\_2007 _projects\072-046 williamson energy\gstabl\pond creek south cell\south cell downstream.pl2 Run By: Rocky Saporito 1/7/2008 04:36PM 

# FS 
a 1.000 1 

b 1.001 
C 1.006 
d 1.006 
e 1.009 
[ 1.009 

200 9 1.009' 
11 1.010 

1.011 I 

150 

100 . 

Soil 
Desc. 

CCR 
FCR 

ORIG 

Soil Total Saturated Cohesion Friction Piez. ; 
Type Unit Wt. Unit Wt. Intercept Angle Surface' 
No. (pcf) (pcf) (psi) (deg) No. 
1 130.0 140.0 0.0 33.7 W1 
2 80.0 90.0 0.0 30.0 W1 
3 125.0 135.0 400.0 19.5 W1 

. 1 .. 
•· ----- ---------··------ ! ''''' '·'''''·''I-' 

·, 
• 

Load 
Peak(A) 
kh Goel. 

Value 
0.184(g) 

0.184(g)< 

a 
11 

e .. . ft-- -- ·-0. • ..__ --------------- -1 11-n --~,-}'-- • 

:,;· 

• 3 
• 

111 3 - . -~ .... __ .. w8 
>~~%~-~ 3 

50 i '1 
• 

·, 
lnit Points: 125. to 170. 
Term Limits: 240. to 300 ... 

---- -- -----·\iii. 

3 ~ 

0 
50 100 150 200 250 300 350 400 450 w 

GSTABL7 v.2 FSmin=1.000 
Safety Factors Are Calculated By The Modified Bishop Method 

GSTABL7; 

I;' 

~ 

6' 

"' 
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*** GSTABL? *** 
** GSTABL7 by Garry H. Gregory, P.E. ** 

** Original Version 1.0, January 1996; Current Version 2.003, June 2002 ** 
(All Rights Reserved-Unauthorized Use Prohibited) 

********************************************************************************* 
SLOPE STABILITY ANALYSIS SYSTEM 

Modified Bishop, Simplified Janbu, or GLE Method of Slices. 
(Includes Spencer & Morgenstern-Price Type Analysis) 
Including Pier/Pile, Reinforcement, Soil Nail, Tieback, 
Nonlinear Undrained Shear Strength, Curved Phi Envelope, 
Anisotropic Soil, Fiber-Reinforced Soil, Boundary Loads, Water 
Surfaces, Pseudo-Static & Newmark Earthquake, and Applied Forces. 

********************************************************************************* 
Analysis Run Date: 1/7/2008 
Time of Run: 04:36PM 
Run By: Rocky Saporito 
Input Data Filename: P:\_2007 Projects\072-046 Williamson Energy\GStabl\Pond Creek 

South Cell\south cell downstream.in 
Output Filename: P:\_2007_Projects\072-046 Williamson Energy\GStabl\Pond Creek 

South Cell\south cell downstream.OUT 
Unit System: English 
Plotted Output Filename: P:\_2007_Projects\072-046 Willia Energy\GStabl\Pond Creek South 

Cell\south cell downstream.FLT 
PROBLEM DESCRIPTION: Pond Creek, South Cell, Downstream 

CEC Project No. 072-046 (Total Strength) 
BOUNDARY COORDINATES 

Note: User origin value specified. 
A.cirl c:;o 00 tn X-vnluE"'::; nnrl o. 00 to Y-valuf!R 1 isted. 

5 Top Boundaries 
11 Total Boundaries 

Boundary X-Left Y-Left X-Right Y-Right Soil Type 
No. (ft) (ft) 

1 50.00 66.00 
2 159.40 66.00 
3 253.00 102.00 
4 273.00 102_00 
5 288.60 96-00 
6 159.40 66.00 
7 208.00 66.00 
8 288.60 96.00 
9 279.00 68.00 

10 356.20 70.00 
11 382.20 60.00 

Default Y-Origin = O.OO(ft) 
Default X-Plus Value= O.OO(ft) 
Default Y-Plus Value - O.OO(ft) 

ISOTROPIC SOIL PARAMETERS 
3 Type(s) of Soil 

Soil Total Saturated Cohesion 
Type Unit Wt. Unit Wt. Intercept 
No. (pct) (pct) (pst} 

1 130.0 140.0 0.0 
2 80.0 90.0 0.0 
3 125.0 135.0 400.0 

(ft) 
159.40 
253.00 
273.00 
288.60 
450.00 
208.00 
279.00 
356.20 
356.20 
382.20 
450.00 

Friction 
Angle 
(deg) 
33.7 
30.0 
19.5 

1 PIEZOMETRIC SURFACE(S) SPECIFIED 
Unit Weight of Water= 62.40 (pcf} 
Piezometric Surface No. 1 Specified by 
Pore Pressure Inclination Factor 0.50 

Point X-Water Y-Water 
No. (ft) (ft) 

1 50.00 64.00 
2 182.00 64.00 
3 280.80 99.00 
4 450.00 99.00 

(ft) Below Bnd 
66.00 3 

102. 00 1 
102. 00 1 

96.00 1 
96.00 1 
66.00 3 
68.00 3 
70.00 1 
70.00 3 
60.00 3 
60.00 3 

Pore Pressure Piez. 
Pressure Constant Surface 

Param. (pst) No. 
0.00 0.0 1 
0.00 0.0 1 
0.00 0.0 1 

4 Coordinate Points 

Searching Routine Will Be Limited To An Area Defined By 1 Boundaries 
Of Which The First 1 Boundaries Will Deflect Surfaces Upward 
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Boundary X-Left Y-Left X-Right Y-Right 
No. (ft) (ft) (ft) (ft) 

1 50.00 50.00 450.00 SB.OD 
Specified Peak Ground Acceleration Coefficient (A) 
Specified Horizontal Earthquake Coefficient (kh) 
Specified Vertical Earthquake Coefficient (kv) = 
specified Seismic Pore-Pressure Factor= 0.000 

0.184(g) 
0.184(g) 

O.OOO(g) 

A Critical Failure Surface Searching Method, Using A Random 
Technique For Generating Circular Surfaces, Has Been Specified. 

400 Trial Surfaces Have Been Generated. 
20 Surface(s) Initiate(s) From Each Of 20 Points Equally Spaced 

Along The Ground Surface Between X 125.00(ft) 
and X 170.00(ft) 

Each Surface Terminates Between X 240.00(ft) 
and X 300.00(ft) 

Unless Further Limitations Were Imposed, The Minimum Elevation 
At Which A Surface Extends Is Y = O.OO(ft) 
10.00(ft) Line Segments Define Each Trial Failure Surface. 
Following Are Displayed The Ten Most Critical Of The Trial 

Failure Surfaces Evaluated. They Are 
Ordered - Most Critical First. 
**Safety Factors Are Calculated By The Modified Bishop Method** 
Total Number of Trial Surfaces Evaluated 400 
Statistical Data On All Valid FS Values: 

FS Max= 1.559 FS Min= 1.000 FS Ave= 1.175 
Standard Deviation= 0.114 Coefficient of Variation 9.73 % 

Failure Surface Specified By 18 Coordinate Points 
Point X-Surf Y-Surf 

No. (ft) (ft) 
1 141. 58 
2 
3 
4 

5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 

150.76 
160.23 
169.91 
179.76 
189. 71 
199. 71 
209.69 
219.60 
229.38 
238. 96 
248.30 
257.33 
266.00 
274.27 
282.07 
289.37 
293.14 

Circle Center At X = 

66.00 
62. 05 
58.81 
56.32 
54.59 
53.61 
53.42 
53.99 
55.33 
57.43 
60.29 
63.87 
68.16 
73.14 
78.78 
85.03 
91.87 
96.00 

197.26 
Factor of Safety 

*** 1.000 *** 
Individual data on the 

Water Water 
Force Force 

y 182.55 and Radius 

28 slices 
Tie Tie Earthquake 

Force Force Force 

129. 1 7 

Surcharge 
Slice Width Weight Top Bot Norm Tan Hor Ver Load 

No. (ft) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) 

1 4.6 580.9 0.0 0.0 0. 0. 106.6 0.0 0.0 

2 4.5 1733 .1 0.0 301.1 0. 0. 318.0 0.0 0.0 

3 8.6 6155.6 0.0 1952.1 0. 0. 1129. 5 0.0 0.0 

4 0.8 787.5 0.0 275.3 0. 0. 144.5 0.0 0.0 
5 9.7 13575.4 0.0 4013.3 0. 0. 2491.1 0.0 0.0 

6 9.8 21424.4 0.0 5332.6 0. 0. 3931.4 0.0 0.0 
7 2.2 5845.3 0.0 1337.4 0. 0. 1072. 6 0.0 0.0 

8 5.6 16161.7 0.0 3645.B 0. 0. 2965. 7 0.0 0.0 

9 2.1 6447.4 0.0 1548.1 0. 0. 1183 .1 0.0 0.0 
10 10.0 34670.5 0.0 8831.2 0. 0. 6362.0 0.0 0.0 
11 8.3 32633.6 0.0 8849.3 0. 0. 5988.3 0.0 0.0 
12 1. 7 7056.7 0.0 1957.2 0. 0. 1294.9 0.0 0.0 
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( 16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
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9.9 
9.8 
9.6 
9.3 
4.7 
2.6 
1.7 
8.7 
7.0 
1.3 
6.5 
1.3 
6.5 
0.8 
2.6 
1.2 

43368.7 
45640.6 
46489.6 
45942.3 
23043.0 
12476. 9 

8081.1 
37107.4 
25360.9 

4071. 6 
17034. 6 

2529.2 
8379.3 
481.1 
984.8 
106.8 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

20.7 
761.5 
143.3 
485. 7 
221.1 

12318.3 
13357.6 
13918. 2 
13996. 7 

7153. 6 
3882.4 
2556.8 

12708.6 
9713. 3 
1636.4 
8114. 9 
1469. 5 
6092. 8 

490.3 
1370. 5 

398.3 

0. 
0. 
0. 
0. 
0. 
o. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

0. 7958.2 
0. 8375.1 
O. 8530.8 
0. 8430.4 
0. 4228. 4 
0. 2289.5 
0. 1482.9 
o. 6809.2 
0. 4653.7 
0. 747.1 
0. 3125.8 
0. 464.1 
0. 1537.6 
0. 88.3 
0. 180.7 
0. 19. 6 

Failure Surface Specified By 18 Coordinate Points 
Point X-Surf Y-Surf 
No. (ft} (ft} 

1 136.84 
2 
3 
4 

5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 

146. 04 
155.50 
165.19 
175.03 
184.97 
194.97 
204. 96 
214.88 
224.69 
234.33 
243.74 
252.86 
261. 66 
270.08 
278.07 
285.58 
291. 68 

66.00 
62.07 
58.85 
56 .34 
54.56 
53.53 
53.24 
53.70 
54 .91 
56.86 
59.53 
62.92 
67.01 
71. 76 
77.16 
83.18 
89.78 
96. 00 

193.80 Circle Center At X = 
Factor of Safety 

*** 1.001 *** 
Failure Surface Specified By 19 

Point X-Surf Y-Surf 
No. (ft} (ft} 

1 132 .11 66.00 
2 141. 36 62.21 
3 150.85 59.07 
4 160.54 56.59 
5 170.38 54.78 
6 180.31 53.65 
7 190.30 53.21 
8 200.30 53.46 
9 210.26 54.39 

10 220.12 56.01 
11 229.86 58.30 
12 239.41 61.26 
13 248.74 64.87 
14 257.80 69.11 
15 266.54 73.96 
16 274.93 79.40 
17 282.92 85.41 
18 290.48 91. 95 
19 294.56 96.00 

Circle Center At X = 191. 71 
Factor of Safety 

*** 1.006 *** 

y 186.64 and Radius 

Coordinate Points 

y 198.47 and Radius 

Failure Surface Specified By 17 Coordinate Points 
Point X-Surf Y-Surf 

0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
o.o 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 

133. 41 

145.26 
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No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 

Circle 

(ft) (ft) 

143.95 66.00 
153.18 62.15 
162.68 59 .OS 
172.41 56.72 
182.29 55.18 
192. 26 54.44 
202.26 54.49 
212.22 55.36 
222.08 57.01 
231.78 59.46 
241. 25 62.67 
250.43 66.63 
259.27 71.32 
267.70 76.70 
275.67 82.74 
283 .13 89.40 
289.42 96.00 

Center At X = 196.52 
Factor of Safety 

*** 1.006 *** 

y 178.92 and Radius 

Failure Surface Specified By 18 Coordinate Points 
Point X-Surf Y-Surf 
No. (ft) (ft) 

1 151. 05 
2 

3 
4 
5 
6 
7 

8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 

160.25 
169. 72 
179.42 
189.29 
199.25 
209.25 
219.22 
229 .11 
23 8. 84 
248.35 
257.59 
266.50 
275.02 
283.09 
290.67 
297. 71 
298.85 

Circle Center At X = 
Factor of Safety 

66.00 
62.06 
58.87 
56.45 
54.80 
53.94 
53.88 
54.61 
56.14 
58.44 
61.52 
65.34 
69.88 
75.12 
81.02 
87.54 
94.65 
96.00 

205.01 

*** 1.009 *** 

y 179.24 and Radius 

Failure Surface Specified By 17 Coordinate Points 
Point X-Surf Y-Surf 
No. (ft) (ft) 

1 139.21 
2 
3 

4 
5 
6 

7 
8 

9 
10 
11 
12 
13 
14 
15 
16 
17 

148. 30 
157. 72 
167.40 
177.27 
187.24 
197.24 
207.19 
217.01 
226.63 
235.98 
244.97 
253. 54 
261.63 
269.17 
276.09 
281. 50 

Circle Center At X = 
Factor of Safety 

66.00 
61. 83 
58.48 
55.97 
54.33 
53.56 
53.67 
54.67 
56.53 
59.26 
62.82 
67.19 
72.34 
78.22 
84.80 
92. 01 
98.73 

190. 96 y 166.86 and Radius 

124. 56 

125.44 

113.36 
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*** 1.009 *** 
Failure Surface Specified By 17 Coordinate Points 

Point x-surf Y-Surf 
No. (ft) (ft) 

1 153.42 66.00 
2 
3 
4 
5 
6 

7 
B 
9 

10 
11 
12 
13 
14 
15 
16 
17 

162.43 
1 71. Bl 
181 .47 
191. 33 
201.30 
211. 30 
221.23 
231.03 
240.59 
249.83 
258.69 
267.07 
274.90 
282.12 
288.67 
290.09 

61.67 
58.19 
55.60 
53 .92 
53.17 
53.35 
54.45 
56.48 
59.41 
63.22 
67.88 
73.33 
79.55 
86.46 
94.02 
96.00 

204.39 Circle Center At X = 
Factor of Safety 

*** 1.009 *** 
Failure Surface Specified By 18 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 143.95 66.00 
2 153.25 62.33 
3 162.80 59.37 
4 172.54 57 .11 
5 182.43 55.59 
6 192.40 54.81 
7 202.40 54.76 
8 212. 37 55.46 
9 222.27 56.90 

10 232. 03 59.06 
11 241.61 61. 95 
12 250.94 65.53 
13 259.98 69.80 
14 268.69 74.73 
15 277.00 80.29 
16 284.87 86.45 
17 292.27 93.18 
18 294.95 96.00 

Circle Center At X = 197.95 
Factor of Safety 

*** 1.010 *** 
Failure Surface Specified By 17 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 148.68 66.00 
2 157.95 62.25 
3 167.50 59. 26 
4 177.25 57.05 
5 187.15 55.65 
6 197.13 55.05 
7 207.13 55.26 
8 217.08 56.28 
9 226. 91 58.10 

10 236.56 60. 72 
11 245.97 64.11 
12 255.07 68.25 
13 263.81 73.12 
14 272 .12 78.68 
15 279. 96 84.89 
16 287.26 91. 72 

y 160.43 and Radius 

Coordinate Points 

y 189.19 and Radius 

Coordinate Points 

107. 3 0 

134.51 
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17 291.16 
Circle Center At X = 

96.00 
199.53 Y 

Factor of Safety 
*** 1.011 *** 

178.26 ; and Radius= 

Failure Surface Specified By 19 Coordinate Points 
Point 

No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

x-surf Y-Surf 
(ft) (ft) 

139.21 66.00 
148. 57 
158.14 
167. 89 
177. 77 
187.73 
197. 72 
207. 71 
217.65 
227.49 
237 .20 
246. 71 
256.00 
265.02 
273. 73 
282.09 
290.07 
297.62 
299 .19 

62.48 
59.59 
57.36 
55.78 
54.87 
54.63 
55.06 
56.17 
57.93 
60.36 
63.43 
67.13 
71.45 
76.36 
81. 85 
87.88 
94.44 
96.00 

Circle Center At X = 
Factor of Safety 

196. 28 

*** 1.012 *** 

y 203.49 

**** END OF GSTABL7 OUTPUT**** 

and Radius 

123.23 

14 8. 86 
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GSTABL71 

Pond Creek, South Cell, Downstream CEC Project No. 072-046 (80% Peak Str.) 
p:\_2007 _projects\072-046 williamson energy\gstabl\pond creek south cell\south cell downstream.peak.pl2 Run By: Rocky Saporito 1/8/2008 02:33PM 

# FS ' 
a 1 .ooo<' 
b 1.012 
C 1.056 

1 

d 1.064' 
e 1.065; 
I 1.0GG, 
g 1.068 
11 1.072 

1.072 

Soil 
Desc. 

CCR 
FCR 
ORIG 

Soil Total Saturated Cohesion Friction Piez. 
Type Unit Wt. Unit Wt. Intercept Angle Surface I 
No. (pcf) (pcf) (psi) (deg) No. I 
1 130.0 140.0 0.0 33.7 W1 
2 80.0 90.0 0.0 30.0 W1 
3 125.0 135.0 3000.0 0.0 W1 

/ __ ,,..,,... 

J -~,~= -c, - .• 

Load 
Peak(A) 
kh Coef. 

a 

Value 
0.240(g) 
0.240(g)< 

1 ~ 6' 

i lnit Points: 125. to 170. , 
Term Limits: 240. to 300. '. 

C b d 
\l!.e----lk , If,. 

_./- 1 1w1-,••--•-------------:;------------

·• • 
3 

,v, wB 3 3 3 • • 3 
·1 

100 150 200 250 300 350 400 450 

GSTABL7 v.2 FSmin=1.000 
Safety Factors Are Calculated By The Modified Bishop Method 

-I:: 
\Al 

--..:t.. 

" V, 
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*** GSTABL7 *** 
** GSTABL7 by Garry H. Gregory, P.E. ** 

** Original Version 1.0, January 1996; Current Version 2,003, June 2002 ** 
(All Rights Reserved-Unauthorized Use Prohibited) 

*********************************************************************************. 
SLOPE STABILITY ANALYSIS SYSTEM 

Modified Bishop, Simplified Janbu, or GLE Method of Slices. 
(Includes Spencer & Morgenstern-Price Type Analysis) 
Including Pier/Pile, Reinforcement, Soil Nail, Tieback, 
Nonlinear Undrained Shear Strength, Curved Phi Envelope, 
Anisotropic Soil, Fiber-Reinforced Soil, Boundary Loads, Water 
Surfaces, Pseudo-Static & Newmark Earthquake, and Applied Forces. 

********************************************************************************* 
Analysis Run Date: 1/8/2008 
Time of Run: 02:33PM 
Run By: Rocky Saporito 
Input Data Filename: P:\_2007_Projects\072-046 Williamson Energy\GStabl\Pond Creek 

South Cell\south cell downstream.peak.in 
output Filename: P:\_2007_Projects\072-046 Williamson Energy\GStabl\Pond Creek 

South Cell\south cell downstream.peak.OUT 
Unit System: English 
Plotted Output Filename: P:\_2007_Projects\072-046 Willia Energy\GStabl\Pond Creek South 

Cell\south cell downstream.peak.PLT 
PROBLEM DESCRIPTION: Pond Creek, South Cell, Downstream 

CEC Project No. 072-046 (80% Peak Str.) 
BOUNDARY COORDINATES 

5 Top Boundaries 
11 Total Boundaries 

Boundary X-Left Y-Left 
No. (ft) (ft) 

1 50.00 66.00 
2 159.40 66.00 
3 253.00 102.00 
4 273.00 102.00 
5 288.60 96.00 
6 159.40 66.00 
7 208.00 66.00 
8 288.60 96.00 
9 279.00 68.00 

10 356.20 70.00 
11 382.20 60.00 

Default Y-Origin = O.OO(ft) 
Default X-Plus Value= O.OO(ft) 
Default Y-Plus Value= O.OO(ft) 

ISOTROPIC SOIL PARAMETERS 
3 Type(s) of Soil 

Soil Total Saturated Cohesion 
Type Unit Wt. Unit Wt. 

No. (pcf) (pcf) 
1 130.0 140.0 
2 80.0 90.0 

Intercept 
(psf) 

0.0 
0.0 

J 1,,.0 13,.0 JOOO.O 

X-Right Y-Right Soil Type 
(ft) (ft) Below Bnd 

159.40 66.00 3 
253.00 102.00 1 
273.00 102.00 1 
288.60 96.00 1 
450.00 96.00 1 
208.00 66.00 3 
279.00 68.00 3 
356.20 70.00 1 
356.20 70.00 3 
382.20 60.00 3 
450.00 60.00 3 

Friction Pore Pressure Piez. 
Angle Pressure Constant Surface 
(deg) Param. (psf) No. 
33.7 0.00 0.0 1 
30.0 o·. oo 0.0 1 
0.0 0.00 0.0 1 

1 PIEZOMETRIC SURFACE(S) SPECIFIED 
Unit Weight of Water= 62.40 (pcf) 
Piezometric Surface No. 1 Specified by 4 Coordinate Points 
Pore Pressure Inclination Factor 0.50 

Point X-Water Y-Water 
No. (ft) (ft) 

1 50.00 64.00 
2 182.00 64.00 
3 
4 

Searching 
Of Which 
Boundary 

No. 
1 

280.80 
450.00 

Routine Will 
The First 1 

X-Left 
(ft) 
50.00 

99.00 
99.00 

Be Limited 
Boundaries 

Y-Left 
(ft) 
50.00 

To An Area Defined By 
Will Deflect Surfaces 

X-Right Y-Right 
(ft) (ft) 

450.00 58.00 

1 Boundaries 
Upward 
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Specified Peak Ground Acceleration Coefficient (A) 
Specified Horizontal Earthquake Coefficient (kh) 
Specified Vertical Earthquake Coefficient (kv) = 
Specified Seismic Pore-Pressure Factor= 0.000 

0.240(g) 
0.240(g) 

0.000(g) 

A Critical Failure Surface Searching Method, Using A Random 
Technique For Generating Circular Surfaces, Has Been Specified. 

400 Trial Surfaces Have Been Generated. 
20 Surface{s) Initiate(s) From Each Of 20 Points Equally Spaced 

Along The Ground Surface Between X 125.00(ft) 
and X 170.00(ft) 

Each Surface Terminates Between X 240.00(ft) 
and X 300.00(ft) 

Unless Further Limitations Were Imposed, The Minimum Elevation 
At Which A Surface Extends Is Y = 0.00(ft) 
10.00(ft) Line Segments Define Each Trial Failure Surface. 
Following Are Displayed The Ten Most Critical Of The Trial 

Failure Surfaces Evaluated. They Are 
Ordered - Most Critical First. 
**Safety Factors Are Calculated By The Modified Bishop Method** 
Total Number of Trial Surfaces Evaluated 400 
Statistical Data On All Valid FS Values: 

FS Max= 3.868 FS Min= 1.000 FS Ave= 2.379 
Standard Deviation= 0.521 Coefficient of Variation 21.88 % 

Slice 
No. 

l 
2 
3 
4 
5 
6 
7 
8 
9 

10 

Failure Surface Specified By 11 Coordinate Points 
Point X-Surf Y-Surf 

No. (ft) (ft) 
l 162.89 
2 

3 
4 
5 
6 
7 

8 
9 

10 
11 

172.77 
182.56 
192.22 
201.75 
211.11 
220.27 
229.22 
237.93 
246.38 
248.35 

67.34 
68.90 
70.97 
73.52 
76.57 
80.10 
84.10 
88.56 
93.47 
98.82 

100. 21 
Circle Center At X = 

Factor of Safety 
137.21 

*** 1.000 *** 
Individual data on the 

Water Water 
Force Force 

Width Weight Top Bot 
(ft) (lbs) (lbs) (lbs) 

9.9 1437.0 0.0 0.0 
9.8 3929. 4 0.0 0.0 
9.7 5680.8 0.0 0.0 
9.5 6697.2 0.0 0.0 
9.4 6997.8 0.0 0.0 
9.2 6614.0 0.0 0.0 
8.9 5589.4 0.0 0.0 
8.7 3979.3 0.0 0.0 
8.4 1849,8 0.0 0.0 
2.0 81.2 0.0 0.0 
Failure Surface Specified By 11 

Point X-Surf Y-Surf 
No. (ft) (ft) 

l 170.00 70.08 
2 179.69 72 .54 
3 189.33 75.20 
4 198.91 78.06 
5 208.43 81.12 
6 217.89 84.38 
7 227.27 87. 84 
8 236.58 91. 49 
9 245.81 95.33 

y 261.94 and Radius 196. 28 

10 slices 
Tie Tie Earthquake 

Force Force Force Surcharge 
Norm Tan Hor Ver Load 
(lbs) (lbs) (lbs) (lbs) (lbs) 

0. 0. 344.6 0.0 
0. 0. 942.3 0.0 
0. 0. 1362. 2 0.0 
0. 0. 1606.0 0.0 
0. 0. 1678.1 0.0 
0. 0. 1586.0 0.0 
0. 0. 1340. 3 0.0 
0. 0. 954.2 0.0 
0. 0. 443.6 0.0 
0. 0. 19.5 0.0 

Coordinate Points 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
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10 
11 

254.96 
260.62 

99.36 
102.00 

Circle Center At X = 56.68 
Factor of Safety 

*** 1.012 *** 

y 536. 71 and Radius 

Failure 
Point 

Surface Specified By 12 Coordinate Points 

No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

x-surf Y-Surf 
(ft) (ft) 

160.53 
170.53 
180.49 
190.36 
200.08 
209.60 
218.85 
227.78 
236.35 
244.50 
252.19 
254.23 

66.43 
66.51 
67.35 
68.95 
71.29 
74.37 
78.17 
82.66 
87.82 
93.61 

100.01 
102.00 

Circle Center At X = 
Factor of Safety 

164.58 

*** 1.056 *** 
Failure 

Point 
No. 

1 
2 
3 
4 

5 
6 
7 
8 

9 
10 
11 
12 
13 
14 

Surface Specified By 14 
x-surf Y-Surf 

(ft) (ft) 
165.26 68.26 
175.19 
185.18 
195.18 
205.14 
215.03 
224.79 
234.38 
243.75 
252.87 
261. 69 
270.17 
278.28 
280.25 

67.08 
66.57 
66.74 
67.59 
69 .11 
71.29 
74.13 
77.61 
81. 71 
86.42 
91.72 
97.57 
99.21 

Circle Center At X = 
Factor of Safety 

187.67 

*** 1.064 *** 
Failure 

Point 
No. 

1 
2 
3 
4 
5 
6 
7 
8 

9 
10 
11 
12 
13 

Surface Specified By 13 
X-Surf Y-Surf 

(ft) (ft) 

162.89 
172. 55 
182.18 
191. 78 
201. 36 
210.90 
220. 40 
22 9. 88 
239.32 
248. 72 
258.09 
267.42 
268.91 

67.34 
69.94 
72.63 
75.43 
78.32 
81.32 
84.42 
87.62 
90.92 
94.32 
97.81 

101.41 
102.00 

Circle Center At X = 
Factor of Safety 

-77.81 

*** 1.065 *** 
Failure 

Point 
No. 

1 
2 

Surface Specified By 11 
x-surf Y-Surf 

(ft) (ft) 

170.00 
179.99 

70.08 
70.40 

y 196. 97 and Radius 

Coordinate Points 

y 214. 08 and Radius 

Coordinate Points 

y 983.35 and Radius 

Coordinate Points 

480.20 

130.60 

147.53 

947.10 
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3 
4 
5 
6 
7 
8 
9 

10 
11 

Circle 

189.94 71.41 
199.80 73.09 
209. 52 75.45 
219.06 78.46 
22 8. 3 6 82 .12 
237.40 86.40 
246.12 91.30 
254.49 96. 77 
261.39 102.00 

Center At X = 170.24 
Factor of Safety 

*** 1.066 *** 

y 216.35 and Radius 

Failure Surface Specified By 13 Coordinate Points 
Point X-Surf Y-Surf 

No. (ft) (ft) 

1 165.26 
2 175.23 
3 
4 
5 
6 
7 

8 
9 

10 
11 
12 
13 

185.23 
195.21 
205 .13 
214. 94 
224.59 
234.03 
243.22 
252 .11 
260.66 
268.83 
274,75 

Circle Center At X = 
Factor of Safety 

68.26 
67.43 
67.31 
67.88 
69.15 
71.10 
73.73 
77.03 
80.97 
85.55 
90.73 
96.50 

101. 33 
182.02 

*** 1.068 *** 

y 210.81 and Radius 

Failure Surface Specified By 13 Coordinate Points 
Point X-Surf Y-Surf 
No. (ft) (ft) 

1 167.63 
2 

3 
4 
5 
6 
7 

8 
9 

10 
11 
12 
13 

177.47 
187.43 
197.43 
207.37 
217.16 
226.70 
235. 91 
244.69 
252.97 
260.67 
267. 72 
268.89 

69 .17 
67.37 
66.53 
66.66 
67.75 
69. 81 
72.80 
76. 71 
81.48 
87.09 
93.47 

100.57 
102.00 

191.10 Circle Center At X = 
Factor of Safety 

*** 1.072 *** 
Failure Surface Specified By 13 

Point X-Surt Y-Surt 
No. (ft) (ft) 

1 167.63 69.17 
2 177.56 67.95 
3 187.55 67.52 
4 197.54 67.89 
5 207.47 69.05 
6 217.28 70.99 
7 226.91 73.70 
8 236.29 77.17 
9 245.36 81.37 

10 254.08 86.27 
11 262. 38 91.85 
12 270.21 98.07 
13 274.00 101. 61 

Circle Center At X = 187.93 ; 

y 169.57 and Radius 

Coordinate Points 

y 193.60 and Radius 

146. 28 

143.54 

103 .11 

126.08 
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Factor of Safety 

*** 1.072 *** 
Failure Surface Specified By 13 Coordinate Points 

Point 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

X-Surf Y-Surf 
(ft) (ft) 

165.26 68.26 
175.25 
185.25 
195.23 
205 .14 
214. 96 
224.65 
234.18 
243.50 
252.60 
261. 43 
269. 96 
277.57 

67.77 
67.87 
68.58 
69.88 
71. 77 
74.24 
77.28 
80.89 
85.04 
89.74 
94.95 

100.24 
Circle Center At X = 

Factor of Safety 
178.44 

*** 1.079 *** 

y 235.26 

**** END OF GSTABL7 OUTPUT**** 

and Radius 167.52 
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Pond Creek, South Cell, Upstream CEC Project No. 072-046 (Total Strength) 

250. 
p:\_2007 _projects\072M046 williamson energy\gstabl\pond creek south cell\south cell upstream.pl2 Run By: Rocky Saporito 1n12ooa ·o4:36PM 
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II FS I 
a 1.000: 
b 1.007' 
C 1.011 
d 1.021 
e 1.026: 
I 1.030. 
g 1.036. 
h 1.Q,i5 

1.050 

GSTABL71 

Soil 
Desc. 

CCR 
FCR 
ORIG 

2 

50 

Soil Total Saturated Cohesion Friction Piez. l 
Type Unit Wt. Unit Wt. Intercept Angle Surface, 1 

No. (pcf) (pcf) (psf) (deg) No. · 
1 130.0 140.0 0.0 33.7 W1 
2 80.0 90.0 0.0 30.0 W1 
3 125.0 135.0 400.0 19.5 W1 

Load 
Peak(A) 
kh Coef. 

Value 
0.192(g) 

0.192(g)< 

J ... ,._. 
2 -~~,J• 

3 
• 3 

3 '1 

100 150 200 250 

GSTABL7 v.2 FSmin=1.000 
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3 
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Safety Factors Are Calculated By The Modified Bishop Method 

·,. ----, 
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*** GSTABL7 *** 
** GSTABL7 by Garry H. Gregory, P.E. ** 

** Original Version 1.0, January 1996; Current Version 2.003, June 2002 ** 
(All Rights Reserved-Unauthorized Use Prohibited} 

********************************************************************************* 
SLOPE STABILITY ANALYSIS SYSTEM 

Modified Bishop, Simplified Janbu, or GLE Method of Slices. 
(Includes Spencer & Morgenstern-Price Type Analysis) 
Including Pier/Pile, Reinforcement, Soil Nail, Tieback, 
Nonlinear Undrained Shear Strength, Curved Phi Envelope, 
Anisotropic Soil, Fiber-Reinforced Soil, Boundary Loads, Water 
Surfaces, Pseudo-Static & Newmark Earthquake, and Applied Forces. 

********************************************************************************* 
Analysis Run Date, 1/7/2008 
Time of Run: 04:36PM 
Run By: Rocky Saporito 

Page 1 

Input Data Filename: P:\_2007_Projects\072-046 Williamson Energy\GStabl\Pond Creek 
South Cell\south cell upstream.in 

Output Filename: P:\_2007_Projects\072-046 Williamson Energy\GStabl\Pond Creek 
South Cell\south cell upstream.OUT 

Unit System: English 
Plotted Output Filename: P:\_2007_Projects\072-046 Willia Energy\GStabl\Pond Creek South 

Cell\south cell upstream.FLT 
PROBLEM DESCRIPTION: Pond Creek, South Cell, Upstream 

CEC Project No. 072-046 (Total Strength) 
BOUNDARY COORDINATES 

6 Top Boundaries 
12 Total Boundaries 

Boundary X-Left Y-Left 
No. (ft) (ft) 

l 0.00 73. 00 
2 100.00 73. 00 
3 200.84 73.00 
4 276.24 102.00 
5 296. 24 102.00 
6 389.84 66.00 
7 0.00 60.00 
8 167.04 60.00 
9 193.46 70.16 

10 193.46 70.16 
11 270.39 68.00 
12 341.70 66.00 

Default Y-Origin = O.OO{ft) 
Default X-Plus Value= O.OO{ft) 
Default Y-Plus Value= O.OO(ft) 

ISOTROPIC SOIL PARAMETERS 
3 Type(s) of Soil 

Soil Total Saturated Cohesion 
Type Unit Wt. Unit Wt. 

No. (pcf) (pcf) 
1 130.0 140.0 
2 80.0 90.0 
3 125.0 135.0 

Intercept 
(psf) 

0.0 
0.0 

400.0 

X-Right Y-Right Soil Type 
(ft) (ft) Below Bnd 

100.00 73.00 2 
200.84 73.00 2 
276.24 102.00 1 
296.24 102.00 1 
389.84 66.00 1 
400.00 66.00 3 
167.04 60.00 3 
193.46 70.16 3 
200.84 73. 00 l 
270.39 68.00 3 
341. 70 66.00 3 
389.84 66.00 3 

Friction Pore Pressure Piez. 
Angle Pressure Constant Surface 
(deg) Param. (psf) No. 
33.7 0.00 0.0 1 
30.0 0.00 0.0 1 
19.5 0.00 0.0 1 

1 PIEZOMETRIC SURFACE(S) SPECIFIED 
Unit Weight of Water= 62.40 (pcf) 
Piezometric Surface No. 1 Specified by 4 Coordinate Points 
Pore Pressure Inclination Factor 0.50 

Point X-Water Y-Water 
No. (ft) (ft) 

1 0.00 76.00 
2 216.44 76.00 
3 

4 
Searching 

Of Which 
Boundary 

No. 

371.84 
400.00 

Routine Will 
The First 1 

X-Left 
(ft) 

66.00 
66.00 

Be Limited 
Boundaries 

Y-Left 
(ft) 

To An Area Defined By 
Will Deflect Surfaces 

X-Right Y-Right 
(ft) (ft) 

1 Boundaries 
Upward 
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1 0.00 58.00 400.00 58.00 
Specified Peak Ground Acceleration Coefficient (A) 
Specified Horizontal Earthquake Coefficient {kh) 
Specified Vertical Earthquake Coefficient (kv) = 
Specified Seismic Pore-Pressure Factor= 0.000 

0.192{g) 
0.192{g) 

O.OOO{g) 

A Critical Failure Surface Searching Method, Using A Random 
Technique For Generating Circular Surfaces, Has Been Specified. 

400 Trial Surfaces Have Been Generated. 
20 Surface(s) Initiate{s) From Each Of 20 Points Equally Spaced 

Along The Ground Surface Between X 50.00(ft) 
and X 100.00{ft) 

Each Surface Terminates Between X 270.00{ft) 
and X 300.00{ft) 

Unless Further Limitations Were Imposed, The Minimum Elevation 
At Which A Surface Extends Is Y = O.OO(ft) 
10.00(ft) Line Segments Define Each Trial Failure Surface. 
Following Are Displayed The Ten Most Critical Of The Trial 

Failure Surfaces Evaluated. They Are 
Ordered - Most Critical First. 
**Safety Factors Are Calculated By The Modified Bishop Method 
Total Number of Trial Surfaces Evaluated 400 
Statistical Data On All Valid FS Values: 

FS Max = 1.575 FS Min = 1. 000 FS Ave= 1.269 

* * 

Standard Deviation= 0.114 Coefficient of Variation 8.99 % 

Failure Surface Specified By 23 Coordinate Points 
Point X-Surf Y-Surf 

No. {ft) {ft) 
1 71.05 73.00 
2 80.83 70.88 
3 90.67 69.11 
4 100.56 67.68 
5 110.51 66.59 
6 120.48 65.86 
7 130.47 65 .4 7 
8 140.47 65.44 
9 150.47 65.75 

10 160.44 66.41 
11 170.39 67.42 
12 180.30 68.78 
13 190.15 70.49 
14 199.94 72.54 
15 209.65 74. 92 
16 219.27 77.65 
17 228.79 80. 71 
18 23 8. 2 0 84 .11 
19 247.48 87.83 
20 256.63 91.87 
21 265.63 96 .23 
22 274 .47 100.90 
23 276.39 102.00 

Circle Center At X = 136.50 y 351.34 and Radius 285. 93 
Factor of Satety 

*** 1. 000 *** 
Individual data on the 27 slices 

Water Water Tie Tie Earthquake 
Force Force Force Force Force Surcharge 

Slice Width Weight Top Bot Norm Tan Hor Ver Load 
No. {ft) {lbs) {lbs) {lbs) (lbs) {lbs) {lbs) {lbs) {lbs) 

1 9.8 931.6 182 9. 5 2532.9 0. 0. 178.5 0.0 0.0 

2 9.8 2662.5 1842.3 3747.8 0. 0. 510.1 0.0 0.0 

3 9.3 3837.1 1747. 2 4453.3 0. o. 735.2 0.0 0.0 

4 0.6 268.2 105.6 294.6 0. 0. 51.4 0.0 0.0 

5 9.9 5247.9 1861. 0 5532.1 0. o. 1005.5 0.0 0.0 

6 10.0 6080.6 1866.9 6099.3 0. 0. 1165.0 0.0 0.0 

7 10.0 6596.4 1870.6 6448.9 0. 0. 1263.9 0.0 0.0 

8 10.0 6791. 0 1872. 0 6580.5 0. 0. 1301.2 0.0 0.0 

9 10.0 6662.9 1871.1 6493.9 0. 0. 1276.6 0.0 0.0 
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14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
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10.0 6213.0 1867.9 6189.2 
9.9 5445.1 1862.4 5666.7 
9.9 4365.7 1854.6 4927.2 
9.9 2983.8 1844.6 3971.5 
9.1 1278.6 1705.8 2648.5 
0.7 34.6 126.5 152.3 
0.9 36.8 168.2 193.7 
8.8 1053.6 769.1 1222.8 
3.8 837.6 0.0 132.3 
5.8 1623.5 0.0 0.0 
9.5 3388.3 0.0 0.0 
9.4 3852.5 0.0 0.0 
9.3 3847.2 0.0 0.0 
9.1 3390.5 0.0 0.0 
9.0 2504.2 0.0 0.0 
8.8 1213. 9 0.0 0.0 
1.8 58.3 0.0 0.0 
0.1 0.8 0.0 0.0 
Failure Surface Specified By 22 

Point x-surf Y-Surf 
No. (ft) (ft) 

1 76.32 73. 00 
2 86.09 70.88 
3 95.93 69.12 
4 105.83 67.70 
5 115. 78 66.65 
6 125.75 65.94 
7 135.74 65.60 
8 145. 74 65.61 
9 155.74 65.98 

10 165. 71 66.71 
11 175.65 67.79 
12 185.55 69.23 
13 195.39 71.03 
14 205.15 73.17 
15 214. 84 75.66 
16 224.43 78.49 
17 233.91 81. 67 
18 243.27 85.18 
19 252.51 89.03 
20 261.59 93.20 
21 270.53 97. 70 
22 278.37 102.00 

Circle Center At X = 140.38 
Factor of Safety 

*** 1.007 *** 
Failure Surface Specified By 25 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 55.26 73.00 
2 65.03 70.84 
J 14. bS 68.98 
4 84.73 67.42 
5 94.65 66.17 
6 104.61 65.23 
7 114. 59 64.60 
8 124.58 64.27 
9 134.58 64.26 

10 144.58 64.55 
11 154.56 65.15 
12 164. 52 66.06 
13 174.44 67.28 
14 184.33 68.81 
15 194 .16 70.64 
16 203.93 72.77 
17 213.63 75.20 
18 223.25 77.93 

0. 0. 1190. 4 0.0 0.0 
0. 0. 1043.3 0.0 0.0 
0. 0. 836.5 0.0 0.0 
0. 0. 571. 7 0.0 0.0 
0. 0. 245.0 0.0 0.0 
0. 0. 6.6 0.0 0.0 
0. 0. 7.0 0.0 0.0 
0. 0. 201. 9 0.0 0.0 
0. 0. 160.5 0.0 0.0 
0. 0. 311. l 0.0 0.0 
0. 0. 649.2 0.0 0.0 
0. 0. 738.1 0.0 0.0 
0. 0. 737.1 0.0 0.0 
0. 0. 649.6 0.0 0.0 
0. 0. 479.8 0.0 0.0 
0. 0. 232.6 0.0 0.0 
0. 0. 11.2 0.0 0.0 
0. 0. 0.2 0.0 0.0 

Coordinate Points 

y 345.04 and Radius 279.48 

Coordinate Points 
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19 232.78 80.96 
20 242.21 84.28 
21 251.54 87.89 
22 260.75 91.78 
23 269.83 95.96 
24 278.78 100 .42 
25 281. 72 102.00 

Circle Center At X = 130.09 
Factor of Safety 

*** l.0ll *** 
Failure Surface Specified By 25 

Point x-surf Y-Surf 
No. (ft) (ft) 

l 55.26 73.00 
2 65.02 70.83 
3 74.85 68.95 
4 84.72 67.38 
5 94.64 66.ll 
6 104.60 65.15 
7 114. 57 64.50 
8 124.57 64.15 
9 134. 57 64.10 

10 144. 56 64.37 
11 154. 55 64.94 
12 164.51 65.82 
13 174.44 67.00 
14 184.33 68.49 
15 194.17 70.28 
16 203.94 72 .37 
17 213. 65 74.76 
18 223.29 77.45 
19 232.83 80.44 
20 242.28 83. 71 
21 251. 62 87.27 
22 260.85 91.12 
23 269.96 95.25 
24 278.94 99.66 
25 283.36 102.00 

Circle Center At X = 130. 94 
Factor of Safety 

*** 1.021 *** 
Failure Surface Specified By 23 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 73.68 73.00 
2 83.45 70.87 
3 93.29 69.08 
4 103.19 67.62 
5 ll3 .12 66.51 
6 123.09 65.74 
7 133. 09 65.32 
8 143.09 65.24 
9 153.08 65.50 

10 163.06 66. ll 
11 173.02 67.06 
12 182.93 68.36 
13 192. 80 69.99 
14 202.60 71.96 
15 212.33 74.28 
16 221. 98 76. 92 
17 231.52 79. 89 
18 240. 96 83.20 
19 250.28 86.82 
20 259.47 90.77 
21 268.52 95.02 
22 277.42 99.59 
23 281.73 102.00 

y 387.75 and Radius 323.52 

Coordinate Points 

y 389.72 and Radius 325.64 

Coordinate Points 
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Circle Center At X = 140.42 ; Y = 355.48; and Radius= 
Factor of Safety 

*** 1.026 *** 
Failure 

Point 
Surface Specified By 26 

X-Surf Y-Surf 
No. 

1 
2 
3 
4 
5 
6 
7 
8 

9 
10 
ll 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 

{ft) {ft) 
SO.DO 73.00 
59. 77 
69.60 
79:48 
89. 39 
99.35 

109.32 
119.31 
129.31 
139. 31 
149. 30 
159.27 
169.21 
179.12 
188. 99 
198.80 
208.55 
218.23 
227.83 
237.35 
246.78 
256.10 
265.31 
274. 41 
283.38 
284.40 

70.87 
69 .02 
67.46 
66.19 
65.21 
64.52 
64 .13 
64.02 
64.21 
64.70 
65.47 
66.54 
67.89 
69. 54 
71.47 
73.69 
76.19 
78.98 
82.04 
85.38 
89.00 
92 .89 
97.04 

101.46 
102.00 

127.83 Circle Center At X = 
Factor of Safety 

*** 1.030 *** 
Failure Surface Specified By 23 

Point X-Surf Y-Surf 
No. {ft) {ft) 

l 73.68 73.00 
2 83.47 70.95 
3 93.32 69 .22 
4 103. 22 67.82 
5 113 .17 66.76 
6 123.14 66.02 
7 133 .13 65.61 
8 143 .13 65.54 
9 153.13 65.80 

10 163 .11 66.39 
ll 173.07 67.31 
12 182.99 68.56 
13 192.86 70 .14 
14 202.68 72.05 
15 212.43 74.28 
16 222.09 76.84 
17 231.67 79. 71 
18 241.15 82.91 
19 250. 52 86.41 
20 259.76 90.22 
21 268.87 94.34 
22 277. 84 98.76 
23 283. 90 102.00 

Circle Center At X = 140.34 
Factor of Safety 

*** 1.036 *** 

Coordinate Points 

y 405.74 and Radius 

Coordinate Points 

y 366.57 and Radius 

Failure Surface Specified By 25 Coordinate Points 
Point X-Surf Y-Surf 

No. {ft) {ft) 

290.25 

341. 72 

3 01. 05 
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1 60.53 73. 00 
2 70.32 70.96 
3 80.16 69.21 
4 90.06 67.76 
5 99.99 66.61 
6 109.95 65.75 
7 119.94 65.20 
8 129.93 64.95 
9 13 9. 93 65.01 

10 14 9. 93 65. 36 
11 159.91 66.01 
12 169.86 66.97 
13 179.78 68.22 
14 189.66 69.78 
15 199.49 71.63 
16 209.25 73.77 
17 218.95 76.21 
18 228.57 78.94 
19 238 .11 81. 96 
20 247.54 85.27 
21 256.88 88.86 
22 266.10 92. 72 
23 275.20 96.87 
24 284.17 101. 28 
25 285.52 102. 00 

Circle Center At X = 133. 21 
Factor of Safety 

*** 1.045 *** 
Failure 

Point 
No. 

1 
2 
3 
4 

5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

Surface Specified By 23 
x-surf Y-Surf 

(ft) (ft) 
78.95 73.00 
88.78 
98.67 

108.60 
118.56 
128. 55 
13 8. 55 
148. 55 
158. 54 
168.51 
178.45 
188.35 
198.20 
208.00 
217. 72 
227.36 
236.90 
246.35 
255.69 
264. 91 
274.00 
282. 95 
283.31 

71.19 
69.70 
68.52 
67.67 
67.14 
66.93 
67.04 
67.48 
68.23 
69.31 
70. 71 
72 .43 
74.46 
76.81 
79.47 
82.44 
85. 71 
89.29 
93.17 
97.34 

101. 80 
102.00 

14 0. 04 Circle Center At X = 
Factor of Safety 

*** 1.050 *** 
Failure surface Specified By 24 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 60. 53 73.00 
2 70.27 70.74 
3 80.08 68.79 
4 89. 94 67.17 
5 99.86 65.88 
6 109.81 64.91 
7 119. 79 64.27 

y 396.63 and Radius 331. 69 

Coordinate Points 

y 3 77. 13 and Radius 310.21 

Coordinate Points 
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8 129.79 63. 96 
9 139. 79 63.97 

10 149.78 64.32 

( 11 159.76 64.99 
• 12 169.71 65.99 

13 179.62 67.32 
14 189.48 68.97 
15 199.29 70.95 
16 209.02 73 .25 
17 218.67 75.86 
18 228.23 78.79 
19 237.69 82.04 
20 247.04 85.59 
21 256.26 89.45 
22 265.36 93.61 
23 274 .31 98.06 
24 281. 61 102.00 

Circle Center At X = 134. 27 y 368.02 and Radius 304.10 
Factor of Safety 

*** 1.058 *** 
**** END OF GSTABL7 OUTPUT**** 
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*** GSTABL7 *** 
** GSTABL7 by Garry H. Gregory, P.E. ** 

** Original Version 1.0 1 January 1996; Current Version 2.003, June 2002 ** 
{All Rights Reserved-Unauthorized Use Prohibited) 

********************************************************************************* 
SLOPE STABILITY ANALYSIS SYSTEM 

Modified Bishop, Simplified Janbu, or GLE Method of Slices. 
{Includes Spencer & Morgenstern-Price Type Analysis) 
Including Pier/Pile, Reinforcement, Soil Nail, Tieback, 
Nonlinear Undrained Shear Strength, Curved Phi Envelope, 
Anisotropic Soil, Fiber-Reinforced Soil, Boundary Loads, Water 
Surfaces, Pseudo-Static & Newmark Earthquake, and Applied Forces. 

********************************************************************************* 
Analysis Run Date: 1/8/2008 
Time of Run: 02:35PM 
Run By: Rocky Saporito 

Page I 

Input Data Filename: P:\_2007_Projects\072-046 Williamson Energy\GStabl\Pond Creek 
South Cell\south cell upstream.peak.in 

Output Filename: P:\_2007_Projects\072-046 Williamson Energy\GStabl\Pond Creek 
South Cell\south cell upstream.peak.OUT 

Unit System: English 
Plotted Output Filename: P:\_2007_Projects\072-046 Willia Energy\GStabl\Pond Creek South 

Cell\south cell upstream.peak.PLT 
PROBLEM DESCRIPTION: Pond Creek, South Cell, Upstream 

CEC Project No. 072-046 {80% Peak Str.) 
BOUNDARY COORDINATES 

6 Top Boundaries 
12 Total Boundaries 

Boundary X-Lett Y-Lett X-Right Y-Right Soil 'l'ype 
No. (ft) (ft) 

1 0.00 73.00 
2 100.00 73.00 
3 200.84 73.00 
4 276.24 102. 00 
5 2 96. 24 102.00 
6 389.84 66.00 
7 0.00 60.00 
8 167.04 60.00 
9 193.46 70.16 

10 193.46 70.16 
11 270.39 68.00 
12 341.70 66.00 

Default Y-Origin = O.OO{ft) 
Default X-Plus Value= O.OO{ft) 
Default Y-Plus Value= O.OO(ft) 

ISOTROPIC SOIL PARAMETERS 
3 Type(s) of Soil 

(ft) 
100.00 
200.84 
276.24 
296. 24 
389.84 
400.00 
167. 04 
193.46 
200.84 
270.39 
341. 70 
389.84 

Soil Total Saturated Cohesion Friction 
Type Unit Wt. Unit Wt. 

No. (pcf) (pcf) 
1 130.0 140.0 
2 80.0 90.0 
3 125.0 135.0 

Intercept 
(psf) 

0.0 
0.0 

3000.0 
1 PIEZOMETRIC SURFACE(S) SPECIFIED 
Unit Weight of Water= 62.40 (pcf) 

Angle 
(deg) 
33.7 
30 0 
0.0 

(ft) Below End 
73.00 2 
73.00 2 

102.00 1 
102.00 1 

66.00 1 
66.00 3 
60.00 3 
70.16 3 
73. 00 1 
68.00 3 
66.00 3 
66.00 3 

Pore Pressure Piez. 
Pressure Constant Surface 

Param. (psf) No. 
0.00 0.0 1 
0 00 0 0 1 

0.00 0.0 1 

Piezometric Surface No. 1 Specified by 4 Coordinate Points 
Pore Pressure Inclination Factor 0.50 

Point X-Water Y-Water 
No. (ft) (ft) 

1 0.00 76.00 
2 216.44 76.00 
3 371. 84 66.00 
4 400.00 66.00 

Searching Routine Will Be Limited To An Area Defined By 1 Boundaries 
Of Which The First 1 Boundaries Will Deflect Surfaces Upward 
Boundary X-Left Y-Left X-Right Y-Right 

No. (ft) (ft) (ft) (ft) 
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1 0.00 58.00 400.00 58.00 
Specified Peak Ground Acceleration Coefficient (A) 
Specified Horizontal Earthquake Coefficient {kh) 
Specified Vertical Earthquake Coefficient (kv) = 
Specified Seismic Pore-Pressure Factor= 0.000 

0.192 (g) 
0.192(g) 

0.000(g) 

A Critical Failure Surface Searching Method, Using A Random 
Technique For Generating Circular Surfaces, Has Been Specified. 

400 Trial Surfaces Have Been Generated. 
20 Surface(s) Initiate(s) From Each Of 20 Points Equally Spaced 

Along The Ground Surface Between X 50.00(ft) 
and X 100.00(ft) 

Each Surface Terminates Between X 270.00(ft) 
and X 300.00(ft) 

Unless Further Limitations Were Imposed, The Minimum Elevation 
At Which A Surface Extends Is Y = 0.00(ft) 
10.00(ft) Line Segments Define Each Trial Failure Surface. 
Following Are Displayed The Ten Most Critical Of The Trial 

Failure Surfaces Evaluated. They Are 
Ordered - Most Critical First. 
**Safety Factors Are Calculated By The Modified Bishop Method** 
Total Number of Trial Surfaces Evaluated 400 
Statistical Data On All Valid FS Values: 

FS Max= 6.036 FS Min= 1.000 FS Ave= 3.117 
Standard Deviation= 1.310 Coefficient of Variation 42.04 % 

Slice 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

Failure Surface Specified By 23 Coordinate Points 
Point X-Surf Y-Surf 

No. (ft) (ft) 
1 71.05 73.00 
2 
3 
4 

5 
6 
7 
8 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

80.83 
90.67 

100.56 
110.51 
120.48 
130.47 
140.47 
150.47 
160.44 
170.39 
180.30 
190.15 
199.94 
209.65 
219.27 
228.79 
238.20 
247.48 
256.63 
265.63 
274.47 
276.39 

70.88 
69 .11 
67.68 
66.59 
65.86 
65.47 
65.44 
65.75 
66.41 
67.42 
68.78 
70.49 
72 .54 
74.92 
77 .65 
80. 71 
84.11 
87.83 
91. 87 
96.23 

Circle Center At X = 

100.90 
102.00 

136. 50 
Factor of Safety 

*** 1.000 *** 
Individual data on the 

Water Water 
Force Force 

y 351. 34 

27 slices 
Tie Tie 

Force Force 
Width Weight Top Bot Norm Tan 

(ft) (lbs) (lbs) (lbs) (lbs) (lbs) 
9.8 931.6 1829.5 2532.9 0. 
9.8 2662.5 1842.3 3747.8 0. 
9.3 3837.1 1747.2 4453.3 0. 
0.6 268.2 105.6 294.6 0. 
9.9 5247.9 1861.0 5532.1 0. 

10.0 6080.6 1866.9 6099.3 0. 
10.0 6596.4 1870.6 6448.9 0. 
10.0 6791. 0 1872. 0 6580.5 0. 
10.0 6662.9 1871.1 64 93 . 9 0. 

and Radius 285.93 

Earthquake 
Force Surcharge 

Hor Ver Load 
(lbs) (lbs) (lbs) 

o. 178.5 0.0 
0. 510.1 0.0 
0. 735.2 0.0 
0. 51.4 0.0 
0. 1005.5 0.0 
0. 1165. 0 0.0 
0. 1263.9 0.0 
0. 1301.2 0.0 
0. 1276.6 0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
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10 10.0 6213. 0 1867.9 6189.2 0. 0. 1190. 4 0.0 0.0 
11 9.9 5445.1 1862.4 5666.7 0. 0. 1043.3 0.0 0.0 
12 9.9 4365.7 1854.6 4927.2 0. 0. 836.5 0.0 0.0 

( 13 9.9 2983.8 1844,6 3971. 5 0. 0. 571.7 0.0 0.0 
\ 14 9.1 1278. 6 1705.8 2648.5 0. 0. 245.0 0.0 0.0 

15 0.7 34.6 126.5 152.3 0. 0. 6.6 0.0 0.0 
16 0.9 36.8 168.2 193.7 0. 0. 7.0 0.0 0.0 
17 8.8 1053.6 769.1 1222.8 0. 0. 201.9 0.0 0.0 
18 3.8 837.6 0.0 132 .3 0. 0. 160.5 0.0 0.0 
19 5.8 1623.5 0.0 0.0 0. 0. 311.1 0.0 0.0 
20 9.5 3388.3 0.0 0.0 0. 0. 649.2 0.0 0.0 
21 9.4 3852.5 0.0 0.0 0. 0. 738.1 0.0 0.0 
22 9.3 3847.2 0.0 0.0 0. 0. 737.1 0.0 0.0 
23 9.1 3390.5 0.0 0.0 0. 0. 649.6 0.0 0.0 
24 9.0 2504. 2 0.0 0.0 0. 0. 479.8 0.0 0.0 
25 8.8 1213. 9 0.0 0.0 0. 0. 232.6 0.0 0.0 
26 1.8 58.3 0.0 0.0 0. 0. 11.2 0.0 0.0 
27 0.1 0.8 0.0 0.0 0. 0. 0.2 0.0 0.0 

Failure Surface Specified By 22 Coordinate Points 
Point x-surf Y-Surf 

No. (ft) (ft) 

1 76.32 73.00 
2 86.09 70.88 
3 95.93 69.12 
4 105.83 67.70 
5 115.78 66.65 
6 125.75 65.94 
7 135.74 65.60 
8 145. 74 65.61 
9 155.74 65.98 

10 165. 71 66. 71 
11 175.65 67.79 
12 185.55 69.23 
13 195.39 71. 03 
14 205.15 73.17 
15 214. 84 75.66 
16 224.43 78.49 
17 233.91 81. 67 
18 243.27 85.18 
19 252.51 89.03 
20 261.59 93.20 
21 270.53 97.70 
22 278.37 102.00 

Circle Center At X = 140.38 y 345.04 and Radius 279.48 
Factor of Safety 

••• 1.007 ••• 
Failure Surface Specified By 25 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 55.26 73.00 
2 65.03 70.84 
3 74.85 68.98 
4 84. 73 67.42 
5 94.65 66.17 
6 104.61 65.23 
7 114. 59 64.60 
8 124.58 64.27 
9 134. 58 64.26 

10 144. 58 64.55 
11 154.56 65.15 
12 164.52 66.06 
13 174.44 67.28 
14 184.33 68.81 
15 194.16 70.64 
16 203. 93 72. 77 

17 213.63 75.20 
18 223.25 77.93 
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19 
20 
21 
22 
23 
24 
25 

232.78 
242. 21 
251.54 
260.75 
269.83 
278.78 
281.72 

80.96 
84.28 
87. 89 
91. 78 
95. 96 

100.42 
102.00 

130. 09 Circle Center At X = 
Factor of Safety 

*** 1.011 *** 
Failure Surface Specified By 25 

Point x-surf Y-Surf 
No. (ft) (ft) 

l 55.26 73.00 
2 65.02 70.83 
3 74.85 68.95 
4 84.72 67. 38 
5 94.64 66.11 
6 104.60 65.15 
7 114. 57 64. so 
8 124.57 64.15 
9 134.57 64.10 

10 144. 56 64.37 
11 154.55 64.94 
12 164.51 65.82 
13 174.44 67.00 
14 184.33 68.49 
15 194.17 70.28 
16 203.94 72 .37 
17 213. 65 74.76 
18 223.29 77.45 
19 232.83 80.44 
20 242.28 83. 71 
21 251.62 87.27 
22 260.85 91.12 
23 269.96 95.25 
24 278.94 99.66 
25 283.36 102.00 

Circle Center At X = 130.94 
Factor of Safety 

*** 1.027 *** 
Failure Surface Specified By 26 

Point X-Surf Y-Surf 
No. (ft) (ft) 

l 50.00 73.00 
2 59.77 70.87 
3 69.60 69.02 
4 79 .48 67.46 
5 89. 39 66.19 
6 99.35 65 .21 
7 109.32 64.52 
8 119. 31 64.13 
9 129.31 64.02 

10 139.31 64. 21 
11 149.30 64.70 
12 159.27 65.47 
13 169.21 66.54 
14 179.12 67.89 
15 188.99 69.54 
16 198.80 71.47 
17 208. 55 73.69 
18 218. 23 76.19 
19 227. 83 78.98 
20 237.35 82.04 
21 246.78 85.38 
22 256.10 89.00 
23 265. 31 92. 89 

y 387.75 and Radius 323. 52 

Coordinate Points 

y 389.72 and Radius 325.64 

Coordinate Points 
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24 274.41 97.04 
25 283.38 101. 46 
26 284.40 102.00 

·r Circle Center At X = 127.83 y 405.74 and Radius 341. 72 
Factor of Safety 

• *** 1. 030 *** 
Failure Surface Specified By 23 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 73.68 73.00 
2 83.47 70.95 
3 93.32 69.22 
4 103.22 67.82 
5 113.17 66.76 
6 123.14 66.02 
7 133 .13 65.61 
8 143 .13 65.54 
9 153 .13 65.80 

10 163 .11 66.39 
11 173. 07 67.31 
12 182.99 68.56 
13 192. 86 70 .14 
14 202.68 72. OS 
15 212.43 74. 28 
16 222.09 76.84 
17 231. 67 79. 71 
18 241.15 82. 91 
19 250.52 86.41 
20 259.76 90.22 
21 268.87 94.34 
22 277.84 98.76 
23 283.90 102.00 

Circle Center At X = 140.34 y 366.57 and Radius 3 01. OS 
Factor of Safety 

*** 1. 036 *** 
Failure Surface Specified By 25 Coordinate Points 

Point x-surf Y-Surf 
No. (ft) (ft) 

1 60.53 73.00 
2 70.32 70.96 
3 80.16 69.21 
4 90.06 67.76 
5 99.99 66.61 
6 109.95 65.75 
7 119.94 65.20 
8 129. 93 64.95 
9 139.93 65.01 

10 149. 93 65.36 
11 159.91 66.01 
12 169.86 66.97 
13 179.78 68.22 
14 109.GG G9. 78 
15 199.49 71.63 
16 209.25 73. 77 
17 218.95 76.21 
18 228.57 78.94 
19 238. 11 81.96 
20 247. 54 85.27 
21 256.88 88.86 
22 266.10 92. 72 
23 275.20 96.87 
24 284.17 101.28 
25 285.52 102.00 

Circle Center At X = 133. 21 y 396.63 and Radius 331.69 
Factor of Safety 

*** 1.045 *** 
Failure Surface Specified By 23 Coordinate Points 
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Point 
No. 

1 
2 
3 
4 

5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

X-Surf 
(ft) 

78.95 
88.78 
98.67 

108.60 
118. 56 
128.55 
138. 55 
148. 55 
158.54 
168.51 
178.45 
188.35 
198.20 
208.00 
217. 72 
227.36 
236.90 
246.35 
255.69 
264.91 
274.00 
282.95 
283.31 

Y-Surf 
(ft) 

73.00 
71.19 
69.70 
68.52 
67.67 
67.14 
66.93 
67.04 
67.48 
68.23 
69.31 
70. 71 
72.43 
74 .46 
76.81 
79.47 
82.44 
85. 71 
89.29 
93.17 
97 .34 

101.80 
102.00 

Circle Center At X = 
Factor of Safety 

140.04 

*** 1.050 *** 

y 377 .13 and Radius 

Failure Surface Specified By 23 Coordinate Points 
Point X-Surf Y-Surf 
No. (ft) (ft) 

1 73.68 
2 83.45 
3 
4 
5 

6 
7 

8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

93.29 
103.19 
113 .12 
123. 09 
133.09 
143. 09 
153.08 
163.06 
1 73. 02 
182. 93 
192. 80 
202.60 
212.33 
221.98 
231.52 
240.96 
250.28 
259.47 
268.52 
277.42 
281.73 

Circle Center At X = 
Factor of Safety 

73.00 
70.87 
69.08 
67.62 
66.51 
65.74 
65.32 
65.24 
65.50 
66.11 
67.06 
68.36 
69.99 
71. 96 
74.28 
76.92 
79.89 
83.20 
86.82 
90.77 
95.02 
99.59 

102.00 
140.42 

*** 1.059 *** 
Failure Surface Specified By 22 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 84. 21 73.00 
2 94.05 71.22 
3 103.94 69.76 
4 113. 88 68.62 
5 123.85 67.80 
6 133.83 67.31 
7 143. 83 67.15 

y 3 55. 48 and Radius 

Coordinate Points 

310.21 

290.25 
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8 153.83 67.30 
9 163.82 67.78 

10 173.79 68.59 
(~ 11 183.72 69.72 

' 12 193.62 71.17 
13 203.46 72. 94 
14 213.24 75.03 
15 222. 94 77.43 
16 232. 57 80.15 
17 242.10 83.18 
18 251.52 86.52 
19 260.84 90.16 
20 270. 03 94.10 
21 279.08 98.34 
22 286.28 102.00 

Circle Center At X = 143.98 y 375.04 and Radius 307.90 
Factor of Safety 

*** 1.067 *** 
**** END OF GSTABL7 OUTPUT**** 
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ESTIMATING THE INDUCED CYCLIC SHEAR STRESSES AND STRAINS, 
AND TIME-HISTORY OF CYCLIC SHEAR STRESS, 

SHAKE COLUMNS PCSC300E AND PCSC300M 
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Civil & Environmental Consultants, Inc. 
Williamson Energy - Pond Creek South Cell 

PROJECT Deformation Evaluation PROJECT NO. 

Induced Cyclic Shear Stresses and Strains, and Time Histories 

of Cyclic Shear Stress - SHAKE PCSC300E and PCSC300M 

MADE BY __ B_E_G __ DATE __ 1_n_1o_s __ CHECKEDBY zlfl:1 

CALCULATION BRIEF 
FOR 

PAGE 

DATE 

INDUCED CYCLIC SHEAR STRESSES AND STRAINS, AND 
TIME-IDSTORIES OF CYCLIC SHEAR STRESS 
SHAKE COLUMNS PCSC300E AND PCSC300M 

POND CREEK COAL REFUSE DISPOSAL SITE - SOUTH CELL 

072046 

OF /8t 

,/z.3 /as r, 

OBJECTIVE: Estimate the induced cyclic shear stresses and shear strains for the proposed Pond 
Creek South Cell crest SHAKE2000 (Ordonez G., 2006) column location 
(PCSC300). Also, generate time histories of cyclic shear stress for the various 
layers which will be used as input for estimating permanent deformations. 

METHODOLOGY: Induced cyclic shear stresses with depth are estimated using program SHAKE 
(Schnabel et al., 1972) and SHAKE2000. Input to each SHAKE2000 column 
includes layer stratigraphy and unit weights, initial shear modulus (G) with depth, 
which were obtained/correlated from site specific, in-situ field testing (Reference 
2), correlated modulus and damping degradation curves (Reference 3) for coarse, 
refuse and residual soil, and synthetic acceleration-time earthquake records 
(Reference 5) representing maximum design earthquake (MDE) scenarios. 

As shown in Figure 3 of the permanent deformation evaluation report, maximum 
induced cyclic shear stresses are estimated at a crest column location, designated 
PCSC300, for the critical South Cell embankment/impoundment cross-section 
geometry and for two (2) MDE scenarios. The crest column location PCSC300 
includes phreatic levels associated with the end of construction (E) condition, i.e., 
minimum fines elevation (EL) at 474, and the maximum fines (M) condition at EL 
496. 

Attached to this calculation brief are hard copies of the SHAKE2000 output files 
and plots of cyclic shear stress time histories (for all layers within the SHAKE 
column) for each of the (synthetic) MDE earthquakes scenarios including an M6.8 
Background (at 13.5 km) and M8.0 New Madrid (at 83 km). Synthetic time 
histories were scaled to the Pond Creek peak ground accelerations (PGA) of 0.54g 
(References 5 and 6). The SHAKE2000 time histories of shear stress for each 
column become the input for (Newmark, 1965) permanent deformation analyses 
subsequently described in Appendix D, Attachment D-3. 
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Analyses were performed using the computer program SHAKE2000 (Ordonez, 2006), a computer 
program for the I-dimensional analysis of geotechnical earthquake engineering problems, which 
integrates SHAKE (Schnabel et al., 1972) and SHAKE91 (Idriss, I.M. and Sun, J.I., 1992) with ShakEdit 
(Ordonez, G., 2006) a pre- and post-processor for SHAKE and SHAKE91. SHAKE2000 utilizes a one
dimensional analysis for the vertical propagation of shear waves from the bedrock layer up through the 
soil profile, which is modeled as a series of horizontal layers, to estimate the maximum cyclic shear 
stress and strain with depth for the Pond Creek South Cell impoundment at a user-defined (PCSC300) 
column location along a maximum cross section of the embankment. 

Synthetic acceleration-time histories of the MDE scenarios, an M6.8 Background (at 13.5 km) and M8.0 
New Madrid, Missouri (at 83 km) generated in Reference 6 were scaled to the Pond Creek MDE PGA of 
0.54 g determined in Reference 5. Initial shear modulus (G) values determined as a function of the 
measured shear wave velocities with depth (Reference 3) were used to simulate the ground shaking and 
embankment response. 

The modulus and damping reduction curves used in the analyses were from published 
references/relationships presented in Reference 7 for the coarse refuse, residual soil and rock materials. 
The shear modulus and damping ratios versus cyclic shear strain curves from SHAKE2000 were utilized 
for the coarse (gravel) and residual soil (clay) materials. 

Regarding pore pressures, it should be noted that at strains above approximately 0.0 I percent, there are 
pore pressure increases in the resonant column tests (see Castro, 1987, Figure 3), and the measured 
values of shear modulus do reflect the pore pressure increase. Since the pore pressure increases are a 
function of the number of cycles, the modulus reduction curves are also a function of the number of 
cycles that are applied before the modulus is measured. Although pore pressures are not explicitly 
modeled in SHAKE, they are implicitly accounted for in the shear modulus degradation relationships 
used as input. 

RESULTS SUMMARY: 

Figure 3 presents the relative location of the South Cell crest (PCSC300) SHAKE column. Reference 3 
presents the corresponding layer geometry and input information, including material type, unit weight, 
ground water depth, sub-layer thicknesses, and average initial G-value for each sub-layer. The 
maximum induced horizontal cyclic shear stresses estimated at the midpoint of each layer are presented 
with depth for the Pond Creek SHAKE2000 columns PCSC300E and PCSC300M and MDE scenarios, 
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and are attached to this calculation brief. SHAKE2000 output files for each of these columns and each 
of the MD Es are also attached. Again note that the E and M designation for the crest Pond Creek 
SHAKE2000 column location correspond to "End of construction," i.e., minimum fines level, and 
"Maximum" fines level for the proposed South Cell impoundment. 

In general, the maximum induced cyclic shear stresses for all materials estimated at the midpoint of each 
layer varying from about 204 to 1562 psf for the M6.8 Background MDE, and are similar for the M8.0 
New Madrid MDE, varying from about 198 to 2503 psf. The estimated induced cyclic strains are 
generally low from less than 0.1 to 0.22 percent. The cyclic strain threshold, conservatively assumed to 
be about 0.25 percent, is the lowest threshold strain anticipated for a "clean sand." (Reference 9). 
Therefore, the estimated maximum induced strains do not exceed the most conservative threshold strain 
for both MDE earthquake scenarios. 

The mean square frequency of the M6.8 Background earthquake is 20.4 and 14.6 Hz for the M8.0 MDE 
scenario. The average fundamental frequencies of the SHAKE2000 columns are similar, ranging from 
about 3.70 to 4.35 Hertz for each columns and MDE scenario. Values for each of the 10 trials are 
tabulated in the attached SHAKE2000 results summary. Due to the large difference in frequency content 
between the low frequency SHAKE columns to the high frequency Eastern North American earthquake 
scenarios, low cyclic shear stresses and strains are induced to the soil columns and corresponding low 
accelerations within the critical layers. The percentage of acceleration within the critical layer to that of 
the base acceleration is lower for the M6.8 earthquake due to its higher mean square frequency. In other 
words, while the input acceleration is high for the "Background" MDE (Amax = 0.54 g), most of its 
energy is in the high frequency range and only a fraction of the induced base acceleration affects the 
critical layer. 

Maximum cyclic shear stresses induced at any time during the time history by the input acceleration 
range following iterations to achieve strain compatible properties are shown in the attached plots for 
each of the soil columns. A comparison of the average cyclic shear stress (taken as 0.65 times the 
maximum cyclic shear stress) using the initial shear modulus values was evaluated, and there is good 
agreement in the stress magnitudes between the maximum and average shear stress values for the initial 
and final iterations, respectively. 

SHAKE2000 analyses results also allow for estimating the deformations accumulated in the coarse 
refuse and residual soil layers. All layers were evaluated to envelope representing downstream, crest and 
upstream conditions during MDE earthquake loadings. A Newmark-type analysis (Newmark, 1965) will 
subsequently be performed to estimate permanent deformations of the potential sliding mass in all 
layers.' The basic assumption in this type of analysis is that displacements are initiated only when the 
earthquake-induced accelerations of the potential sliding mass exceed the yield acceleration of the mass. 
Consequently, time histories of horizontal shear stresses (Option 7) at all layers are saved for subsequent 
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permanent deformation analyses. Plots of time histories of (horizDntal) shear stress for each column and 
critical layer are attached for information. 

CONCLUSION 

Based on the information presented in this calculation brief, maximum induced cyclic shear stresses and 
strains for SHAKE2000 columns PCSC300E and PCSC300M, with depth were estimated from 1-D 
wave propagation analyses, which utilized shear modulus and damping degradation curves for coarse 
coal refuse, residual soils and rock, and acceleration-time histories for the two (2) synthetic MDE 
scenarios including the M6.8 Background and M8.0 New Madrid earthquakes. Copies of the 
SHAKE2000 output and plots of shear stress time histories are presented herein. 

Based on the results of these analyses, a separate analysis will be performed using the time histories of 
shear stresses at the various layers to estimate the earthquake-induced deformation of the South Cell 
embankment (Aooendix D, Attachments D-1 and D-3). 
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CALCULATION BRIEF 
FOR 

ESTIMATING SHEAR MODULUS AND DAMPING VERSUS SHEAR STRAIN 
(MODULUS AND DAMPING DEGREDATION) FOR REFUSE, SOIL AND ROCK 

OBJECTIVE: 

REFERENCES: 

POND CREEK COAL REFUSE DISPOSAL SITE 

Present shear modulus (G) and damping (D) versus shear strain (y) degradation 
relationships normalized to small strain shear modulus (Gmax) at y = 0.001 
percent and damping for use in SHAKE2000 for the following materials: 

• Fine coal refuse, as defined by Ellison and Cho (1976); 
• Coarse coal refuse and coarse/fine coal refuse mix: Gravel (Mean), as 

defined by Rollins et al. JGGE, Vol. 124, No. 5, May 1998; 
• Embankment soil with assumed Pl= 15% and Effective Confining Pressure 

= 4 atm., as defined by Darendeli, M. (2001); and 
• Rock, as defined by Schnabel, 1973. 

Coarse coal refuse, coarse/fine refuse mix, embankment soils and rock 
degradation relationships from cited references and contained as input within 
SHAKE2000. 

I. Ellisuu, R. D. am! Chu, Y. Y. (1976) "Dyuamic Desigu Cuu&ideialiuus uf Luu&e 
Fine Coal Refuse," E. D'Appolonia Consulting Engineers, Inc., Proceedings of the 
Ohio River Soils Seminar, Lexington, Kentucky, October, 1976. 

2. Rollins, K.M.; Evens, M.D.; Diehl, N.B. and Daily, W.D. ill. (1998) "Shear 
Modulus and Damping Relationships for Gravels," Journal of Geotechnical and 
Geoenvironmental Engineering, Vol. 124, No. 5, pp. 396 -405, May 1998. 
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3. Darendeli, M. (2001) "Development of a New Family of Normalized Modulus 
Reduction and Material Damping Curves," Ph.D. Dissertation, The University of 
Texas at Austin, August 200 I. 

4. Schnabel, P.B. (1973) "Effects of Local Geology and Distance From Source on 
Earthquake Ground Motions," Ph.D. Thesis, University of California, Berkeley, 
California. 

5. Schnabel, P. B., Lysmer, J. and Seed, H.B. (1972) "SHAKE: A Computer 
Program for Earthquake Response Analysis of Horizontally Layered Sites," 
Report No. EERC 72-12, University of California, Berkeley. 

6. Ordonez, Gustavo A.(2006) "SHAKE2000: A Computer Program for the 1-D 
Analysis of Geotechnical Earthquake Engineering Problems," February 2006. 

SHAKE2000 allows for the use of existing shear modulus and damping degradation relationships for 
various materials from corresponding published references. Also, SHAKE2000 allows for the input of 
material specific shear modulus and damping degradation relationships. Therefore, as previously noted, 
coarse coal refuse, coarse/fine coal refuse mix, embankment soils and rock material types encountered at 
the site utilize existing published degradation relationships contained within SHAKE2000. 

Shear modulus and damping degradation relationships for fine coal refuse were input into SHAKE2000 
based on resonant column laboratory testing defined by Ellison & Cho (1976) and shown on the 
following pages. Finally, all shear modulus and damping degradation curves were plotted in 
SHAKE2000 and attached to this calculation brief. · 



R16055

Civil & Environmental Consultants, Inc. 
Williamson Energy - Pond Creek South Cell 

PROJECT Deformation Evaluation PROJECT NO. 

Induced Cyclic Shear Stresses and Strains, and Time Histories 

of Cyclic Shear Stress • SHAKE PCSC300E and PCSC300M 

MADE BY __ B_E_G_ DATE __ 1_/7_/_0_8_ CHECKED BY ;rj-<f'. 

PAGE '/ ~--

DATE 

MDE SYNTHETIC TIME HISTORIES FROM REFERENCE 6 

M6.8 BACKGROUND (AT 13.5 KM) AND 
MS.0 NEW MADRID, MISSOURI (AT 83 KM) 

072046 

OF /87 



R16056

Civil & Environmental Consultants, Inc. 
Williamson Energy - Pond Creek South Cell 

PROJECT Deformation Evaluation PROJECT NO. 072046 

Induced Cyclic Shear Stresses and Strains, and Time Histories 

of Cyclic Shear Stress - SHAKE PCSC300E and PCSC300M 

MADE BY BEG DATE 1/7/08 CHECKEDBY ~ 

PAGE _,/!l,LQ_ OF /8 {-

DATE 03 /43 
l 

SUMMARY OF EARTHQUAKE INDUCED CYCLIC SHEAR STRESS AND STRAIN 
SHAKE2000 ANALYSES OUTPUT FILES FOR M6.8 BACKGROUND MDE AT 13.5 KM 

SHAKE2000 COLUMN PCSC300E 
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PSCS300E Crest Column 
Williamson - Pond Creek South Cell - Surf. El. 502, GWT 32 ft., Fines El. 474 
M6.8 Background Synthetic @13.Skm, PGA=0.54g, Atkinson & Boore (1995) 

Layer I Depth to fcitai Unit" [ ·bamping Shear Maximum Maximum Shear Wave Depth to i Peak I G/Gmax Curve· I Damping Curve 
Middle of Weight Used Modulus Shear Strain Shear Stress Velocity Top of Acceleration 

Layer Layer 
(ft) . __ j_kcJ) __ l"[oL (k~f) _ (%)_ , (psf) . (fps) : (ft) , (g) 

1 2 .13 2.7 2996.3 .0068 1 203.83 861.48741 0 I .78263 Coarse Coarse 
2 505. ,1_:J =~-- ~-2 2?.Qj,!3 - .oii§~t §O_:J.:32 ii:isA~~iil 4: .6~63_9 C::~?r~e Coarse 
3 8.5 .13 4.8 2812.7 .02277 '1 640.4 834.6761 1 7 · .49396 Coarse Coarse 
4 ·11.s ,1_3_ __ 4.3_ - 4166.6 .01807 752.8 1015.~f. 10. .!i18~2 doiusll_ Coarse 
5 14.5 .13 5.3 3185 .02941 , 936.76 888.2004 13, .56972 Coarse Coarse 
6 ·11.s· --·-· .13 ·g.4 2s8a:7 .04238: ·1mit.16 iio6.7's64 11i: .59373 coarse coarse 
7 . - 20:5 .13 . --6.4 ···2s34 :64242 ·1262.2:i ·831:8306 19 1 .52701 Coarse Coarse 

I 8 23.5 ~j:j ·-r.2 . 2302.3 ··:0§493 1264.58 755.157 22 1 .56754 ·coarse ·coarse 
I ~ g_i§:5" _,13 ·5:1i- 271f3_ . .0462( 1256.7 820.7007 1 25 .50592 Coarse Coarse 

10 __ 3Q_ __ _.23_. . ?-4 2870.6 .04262 12?3,56 ~4:l.2?33
1 

28 .~4159 C::~_s!r~ Coarse 
11 ___ ~3_,? 1 .135 ~5 1945.3 -~05~37 1154.87 681.1682 I 32 .72089 Residual __ Flesidual 
12 _ 36.!i I. .135_ _ 5.6 . 1~~8.5 ,0?194 1194.58 6_78.2205 • 3~, .6694 Fle_sidual Residual 
13 _39.5 ·1· .. 13__5 5.4 2_210.5 .05733 1267.25 726.1165 38 i .81377 Residual Res.idu?I ! 
14: , 42,!i _ .135 4.7 2928 .04645 1360.19 835.6926 41 i .68058 Re_~i~ual Re_sidual 
1!i_ ! . . '!5._5J_ _J3~. 3.3__ 5695.1 .0273 __ 1554.78 11_65.499_ 44 j -~~553 Residu~I. Residual 
16 . __ 48,~_,

1 

.135 . __ 3.4 __ 5?44:8 .02986 1655.45 1)50.016 47, .48479 Residual 
1 

. Residual 
17 ; . __ Base_ . . . ... _ . ___ I 50I i .48665 l 
17 · . Q~tcr9p I I 50 .55791 i 

Notes: 
Period for Soil Column: .23 sec 
Average Shear Wave Velocity for Soil Column: 858 fVsec 

Paga No. 1 

-:::: 

~ 
..._ 
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'1-1 
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PCSC300E-l a.out 
*********************************************************** 
* SHAKE: PROGRAM FOR EARTHQUAKE RESPONSE ANAL. HORIZONTAL* 
* LAYERED SITES by Per Schnable & John Lysmer - 1970 * 
*---------------* 
* SHAKE85: IBM PC SHAKE VERSION S.S.(Willie) Lai,Jan I 985 * 
*---------------* 
* SHAKE88 :New modulus reduction curves for clays added * 
* using results from Sun et al (1988) by J. I. Sun * 
* & Ramin Golesorkhi February 26, 1988 * 
*---------------* 
* SHAKE90/9 l: Adjust last iteration; Input now is either * 
* Gmax or max Vs; up to 13 materials can be specified* 
* by user; up to 50 Layers can be specified; object * 
* motion can be read in from a separate file and can * 
* user specified format; Different periods for res- * 
* ponse spectral calculations;options are renumbered;* 
* and general cleanup by: J. I. Sun, I. M. Idriss & * 
* P. Dirrim June I 990 - February I 99 I * 
*---------------* 
* SHAKE9 l: General cleanup and finalization of input out- * 
* output format ... etc by: I. M. Idriss Dec. 1991 * 
*---------------* 
* SHAKE2000: Fix the incorrect output of Tot. Stress in * 
* Option 2. Changed path of ground motion file in * 
* SHAKE9 l. Control file to input file names. Modified * 
* by Jerald M. La Vassar & Gustavo A. Ordonez (March 2003) * 
* RUN DATE 1/02/2008 * 
* RUNTIMEll:10 * 

MAX. NUMBER OF TERMS IN FOURIER TRANSFORM= 32768 
NECESSARY LENGTH OF BLANK COMMON X = 204819 

I****"* OPTION I *** READ RELATION BETWEEN SOIL PROPERTIES AND STRAIN 

MA TERI AL TYPE NO. I 

CURVE NO. I: Coarse 
CURVE NO. 2: Coarse 

G/Gmax - Gravel (Mean) - Rollins et al. JGGE 
Damping for Gravel (Mean) - Rollins et al. J 

CURVE NO. I CURVENO.2 

-------------
STRAIN G/GMAX STRAIN DAMPING 

-------- ------- -------- --------
0.0001 1.000 0.0001 0.90 
0.0002 0.995 0.0003 I.II 
0.0005 0.980 0.0006 I.JO 
0.0008 0.970 0.0010 I.SO 
0.0010 0.960 0.0020 1.91 
0.0020 0.930 0.0030 2.24 
0.0030 0.905 0.0040 2.54 
0.0040 0.880 0.0060 3.05 
0.0070 0.810 0.0080 3.50 
0.0100 0.755 0.0100 3.89 
0.0200 0.630 0.0200 5.45 
0.0700 0.390 0.0300 6.61 
0. 1000 0.325 0.0500 8.28 
0.2000 0.205 0.1000 10.79 
0.3000 0.150 0.2000 13.23 

Page I 
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0.4000 0.115 0.3000 14.47 
0.5000 0.095 0.4000 15.24 
0.6000 0.080 0.6000 16.14 
0.8000 0.070 0.8000 16.66 
1.0000 0.050 1.0000 17.01 

********************** 
MATERIAL TYPE NO. 2 

********************** 

CURVE NO. 3: Fine Refuse Moduli for Fine Refuse (Ellison & Cho, 1976) 
CURVE NO. 4: Fine Refuse Damping Values for Fine Refuse (Ellison & Ch 

CURVE NO. 3 CURVE NO. 4 

STRAIN G/GMAX STRAIN DAMPING 
-------- ------- -------- --------

0.0001 1.000 0.0001 0.75 
0.0004 1.000 0.0004 0.65 
0.0010 0.995 0.0010 0.70 
0.0020 0.992 0.0020 0.80 
0.0040 0.989 0.0040 0.90 
0.0060 0.981 0.0060 1.10 
0.0080 0.965 0.0080 1.30 
0.0100 0.955 0.0100 1.40 
0.0200 0.905 0.0200 2.00 
0.0400 0.828 0.0400 3.10 
0.0600 0.750 0.0600 4.00 
0.0800 0.670 0.0800 5.20 
0.1000 0.610 0.1000 6.00 
0.2000 0.610 0.2000 6.00 

********************** 
MATERIAL TYPE NO. 3 

********************** 

CURVE NO. 5: Residual G/Gmax Pl;::::15% - Effective Confining Pressure 
CURVE NO. 6: Residual Damping PI=l5% - Effective Confining Pressur 

CURVE NO. 5 CURVEN0.6 
-----------

STRAIN G/GMAX STRAIN DAMPING 
-------- ------- -------- --------

0.0000 1.000 0.0000 0.67 
0.0000 1.000 0.0000 0.67 
0.0000 0.999 0.0000 0.68 
0.0001 0.998 0.0001 0.68 
0.0002 0.996 0.0002 0.70 
0.0005 0.991 0.0005 0.75 
0.0010 0.983 0.0010 0.83 
0.0022 0.965 0.0022 1.02 
0.0048 0.931 0.0048 1.43 
0.0100 0.873 0.0100 2.17 
0.0220 0.770 0.0220 3.68 
0.0484 0.618 0.0484 6.24 
0.1000 0.454 0.1000 9.48 
0.2200 0.287 0.2200 13.40 
0.4840 0.163 0.4840 16.87 
1.0000 0.091 1.0000 19.16 
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********************** 
MAlERIAL TYPE NO. 4 

********************** 

CURVE NO. 7: Rock 
CURVE NO. 8: Rock 

G/Gmax - ROCK (Schnabel 1973) 
Damping for ROCK (Schnabel 1973) 

CURVE NO. 7 CURVENO.8 

STRAIN G/GMAX STRAIN DAMPING 
-------- ------- -------- --------

0.0001 1.000 0.0001 0.40 
0.0003 1.000 -0.0010 0.80 
0.0010 0.990 0.0100 1.50 
0.0030 0.950 0.1000 3.00 
0.0100 0.900 1.0000 4.60 
0.0300 0.810 0.0000 0.00 
0.1000 0.725 0.0000 0.00 
1.0000 0.550 0.0000 0.00 

I****** OPTION 2 *** READ SOIL PROFILE 
NEW SOIL PROFILE NO. I IDENTIFICATION PSCS300E Crest Column 
NUMBER OF LAYERS 17 DEPTH TO BEDROCK 50.00 

NO. TYPE THICKNESS DEPTH TOTAL PRESS. MODULUS DAMPING UNIT WT. SHEAR VEL 
(Ff) (FT) (KSF) (KSF) (KCF) (FPS) 

I I 4.0000 2.0000 0.26 3454. 0.050 0.130 924.9 
2 I 3.0000 5.5000 0.71 3856. 0.050 0.130 977.3 
3 I 3.0000 8.5000 I.I I 4110. 0.050 0.130 1009.0 
4 I 3.0000 11.5000 1.50 5739. 0.050 0.130 1192.3 
5 I 3.0000 14.5000 1.88 4991. 0.050 0. 130 1111.9 
6 I 3.0000 17.5000 2.28 4552. 0.050 0.130 1061.8 
7 I 3.0000 20.5000 2.66 4985. 0.050 0. 130 1111.2 
8 I 3.0000 23.5000 3.05 4436. 0.050 0.130 1048.2 
9 I 3.0000 26.5000 3.44 4926. 0.050 0. I 30 1104.6 
10 I 4.0000 30.0000 3.90 5058. 0.050 0.130 1119.3 
11 3 3.0000 33.5000 4.36 2940. 0.050 0.135 837.4 
12 3 3.0000 36.5000 4.77 2951. 0.050 0.135 839.0 
13 3 3.0000 39.5000 5.17 3307. 0.050 0.135 888.1 
14 3 3.0000 42.5000 5.58 4130. 0.050 0.135 992.5 
15 3 3.0000 45.5000 5. 98 7136. 0.050 0.135 I 304.6 
16 3 3.0000 48.5000 6.39 7051. 0.050 0.135 1296.8 
17 BASE 74534. 0.050 0.150 4000.0 

PERIOD = 0.19 FROM AVERAGE SHEAR VEL. = 1050. 

FREQUENCY AMPLITUDE 
MAXIMUM AMPLIFICATION= 12.49 
FOR FREQUENCY = 5.15 C/SEC. 

PERIOD = 0.19 SEC. 

I****** OPTION 3 *** READ INPUT MOTION 

FILE NAME FOR INPUT MOTION= C:\SHAKE2000\Williamson Energy\Background6.8.eq 
NO. OF INPUT ACC. POINTS= 8192 
NO. OF POINTS USED IN FFT = 16384 

NO. OF HEADING LINES= 4 
NO. OF POINTS PER LINE = 8 
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TIME STEP FOR INPUT MOTION = 0.0100 

FORMAT FOR TIME HISTORY= (8f9.6) 

*****HEADER***** 
Source File: C:\SHAKE2000\Williamson Energy\Background.M6.8@13.5km.txt 
SHAKE2000 Conversion: 8I 92 .01 4 8 9 (8f9.6 
Acceleration Units: (g's)- No. Values: 8192-Time Step: .0I (secs) 
Data Format: (8f9.6) - No. Header Lines: 4 
** FIRST AND LAST 5 LINES OF INPUT MOTION***** 

I 0.000068-0.000484 0.004440-0.000089 0.002476-0.002297-0.001876 0.007725 
2 0.0096800.020998-0.014349-0.012924 O.0I 8874-0.0 I 9831-0.000946 0.024811 
3 -0.0I6894-0.002461 0.007682-0.006573-0.008604-0.018410 0.024I 94-0.064656 
4 -0.0I 75 I 6 0.023926-0.061566 0.003326 0.022873 0.0527300.049159 0.008778 
5 -0.041034 0.029324-0.005991 0.066674-0.05 I336 0.029966-0.067257 0.001274 

........... .INPUT MOTION READ NOT ECHOED .......... . 
I 020 -0.000017 0.000017-0.000018 0.000017-0.000019 0.000019-0.000020 0.000020 
I 021 -0.00002 I 0.000021-0.000022 0.000022-0.000024 0.000023-0.000025 0.000025 
1022 -0.000027 0.000027-0.000028 0.000028-0.000030 0.000030-0.000032 0.000032 
1023 -0.000034 0.000034-0.000035 0.000035-0.000037 0.000037-0.000038 0.000038 
I 024 -0.000038 0.000037-0.000036 0.000032-0.000026 0.000014 0.000006-0.000045 

MAXIMUM ACCELERATION= 0.75473 
ATTIME = 3.64SEC 
THE VALUES WILL BE MULTIPLIED BY A FACTOR= 0.715 
TO GIVE NEW MAXIMUM ACCELERATION = 0.54000 
MEAN SQUARE FREQUENCY= 20.41 C/SEC. 
MAX ACCELERATION= 0.55791 FOR FREQUENCIES REMOVED ABOVE 40.00 C/SEC. 
I****** OPTION 4 *** READ WHERE OBJECT MOTION IS GIVEN 
OBJECT MOTION IN LA YER NUMBER 17 OUTCROPPING 

!****** OPTION 5 *** OBTAIN STRAINCOMPATfBLESOILPROPERTIES 
MAXIMUM NUMBER OF ITERATIONS = I 0 
FACTOR FOR UNIFORM STRAIN IN TIME DOMAIN = 0.65 

EARTHQUAKE - C:\SHAKE2000\Williamson Energy\Background6.8.eq 
SOIL PROFILE - PSCS300E Crest Column 

ITERATION NUMBER I 

VALUES IN TIME DOMAIN 

NO TYPE DEPTH UNIFRM. <---- DAMPING ----> <---- SHEAR MODULUS -----> 
(FT) STRAIN NEW USED ERROR NEW USED ERROR RATIO 

--- ---- ---- -------- ----- ------ ------ ------- ------ ------ -----
I 2.0 0.00356 0.024 0.050 -106.7 3074.5 3454.0 -12.3 1.000 
2 5.5 0.00786 0.035 0.050 -44.0 3054.2 3856.0 -26.3 1.000 
3 8.5 0.00966 0.038 0.050 -30.5 3124.7 4110.0 -3 I.'., 1.000 
4 II .5 0.00814 0.035 0.050 -41.7 4515.4 5739.0 -27.1 1.000 
5 14.5 0.01168 0.042 0.050 -18.0 3628.7 4991.0 -37.5 1.000 
6 17.5 0.01477 0.048 0.050 -4.9 3116.7 4552.0 -46.1 1.000 
7 20.5 0.01539 0.049 0.050 -2.9 3376.1 4985.0 -47.7 1.000 
8 I 23.5 0.01948 0.054 0.050 7.2 2815.8 4436.0 -57.5 1.000 
9 I 26.5 0.01902 0.053 0.050 6.3 3148.1 4926.0 -56.5 1.000 
10 I 30.00.01960 0.054 0.050 7.5 3204.8 5058.0 -57.8 1.000 
II 3 33.5 0.03457 0.05 I 0.050 2.9 2007.6 2940.0 -46.4 1.000 
12 3 36.5 0.03572 0.053 0.050 4.8 1996.5 2951.0 -47.8 1.000 
13 3 39.5 0.03387 0.051 0.050 1.6 2271.4 3307.0 -45.6 1.000 
14 3 42.5 0.02722 0.044 0.050 -14.3 3010.5 4130.0 -37.2 1.000 
15 3 45.5 0.01592 0.031 0.050 -63.2 5796.4 7136.0 -23.1 1.000 
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PCSC300E-1 a.out 
16 3 48.5 0.01718 0.032 0.050 -55.7 5656.9 7051.0 -24.6 1.000 

EARTHQUAKE - C:\SHAKE2000\Williamson Energy\Background6.8.eq 
SOIL PROFILE - PSCS300E Crest Column 

ITERATION NUMBER 2 

VALUES IN TIME DOMAIN 

NO TYPE DEPTH UNIFRM. <---- DAMPING----> <---- SHEAR MODULUS -----> G/Go 
(FT) STRAIN NEW USED ERROR NEW USED ERROR RATIO 

1 I 2.0 0.00418 0.026 0.024 
2 I 5.5 0.01024 0.039 0.035 
3 I 8.5 0.01293 0.045 0.038 
4 I I 1.5 0.01090 0.041 0.035 
5 1 14.5 0.01643 0.050 0.042 
6 I 17.5 0.02367 0.059 0.048 
7 I 20.5 0.02492 0.061 0.049 
8 I 23.5 0.03 I 98 0.068 0.054 
9 I 26.5 0.02894 0.065 0.053 
10 1 30.0 0.02759 0.064 0.054 
11 3 33.5 0.04145 0.057 0.051 
I 2 3 36.5 0.03989 0.056 0.053 
13 3 39.5 0.03636 0.053 0.051 
14 3 42.5 0.02969 0.047 0.044 
15 3 45.5 0.01743 0.032 0.031 
16 3 48.5 0.01905 0.034 0.032 
I 

6.8 3020.9 3074.5 
11.9 2895.1 3054.2 
14.3 2912.8 3124.7 
13.6 4244.1 4515.4 
15.3 3321.5 3628.7 
19.6 2721.0 3116.7 
20.1 2930.4 3376. I 
21.0 2395.7 2815.8 
18.0 2754.8 3148.1 
I 5.1 2875.0 3204.8 
10.2 I 904.8 2007.6 
6.4 I 933.8 I 996.5 
4.3 2226.2 2271.4 
6.0 2941.4 3010.5 
5.4 5711.9 5796.4 
5.8 5562.0 5656.9 

-1.8 0.890 
-5.5 0.792 
-7.3 0.760 
-6.4 0.787 
-9.2 0.727 

-14.5 0.685 
-15.2 0.677 
-17.5 0.635 
-14.3 0.639 
-11.5 0.634 
-5.4 0.683 

-3.2 0.677 
-2.0 0.687 
-2.4 0.729 
-1.5 0.812 
-1.7 0.802 

EARTHQUAKE - C:\SHAKE2000\Williamson Energy\Background6.8.eq 
SOIL PROFILE - PSCS300E Crest Column 

ITERATION NUMBER 3 

VALVES IN TIME DOMAIN 

NO TYPE DEPTH UNIFRM. <---- DAMPING----> <---- SHEAR MODULUS -----> 
(FT) STRAIN NEW USED ERROR NEW USED ERROR 

--- ---- ---- -------- ----- ------ ------ ------- ------ ------ -----

I 

I I 2.0 0.00420 0.026 0.026 0.2 3018.9 3020.9 -0.1 0.875 
2 I 5.5 0.01085 0.041 0.039 3.2 2854.6 2895.1 -1.4 0.751 
3 I 8.5 0.0 I 386 0.046 0.045 3.4 2861.3 2912.8 -1.8 0.709 
4 I 11.5 0.01148 0.042 0.041 2.8 4189.7 4244.1 -1.3 0.740 
5 I 14.5 0.01816 0.052 0.050 4.3 323 I. I 3321.5 -2.8 0.665 
6 1 17.5 0.02586 0.062 0.059 4.1 2643.5 2721.0 -2.9 0.598 
7 I 20.5 0.02639 0.062 0.061 2.6 2875.6 2930.4 -1. 9 0.588 
8 I 23.5 0.03446 0.071 0.068 3.5 2332.4 2395.7 -2.7 0.540 
9 I 26.5 0.03034 0.066 0.065 2.1 27I0.2 2754.8 -1.6 0.559 
10 I 30.0 0.02815 0.064 0.064 0.9 2855.2 2875.0 -0.7 0.568 
II 3 33.5 0.03977 0.056 0.057 -2.4 1928.3 1904.8 1.2 0.648 
12 3 36.5 0.03991 0.056 0.056 0.0 1933.4 1933.8 0.0 0.655 
13 3 39.5 0.03668 0.053 0.053 0.5 2220.5 2226.2 -0.3 0.673 
14 3 42.5 0.03012 0.047 0.047 1.0 2930.1 2941.4 -0.4 0.712 
15 3 45.5 0.01771 0.033 0.032 0.9 5697.1 5711.9 -0.3 0.800 
16 3 48.5 0.01938 0.034 0.034 1.0 5545.9 5562.0 -0.3 0.789 

EARTHQUAKE - C:\SHAKE2000\Williamson Energy\Background6.8.eq 
SOIL PROFILE - PSCS300E Crest Column 

ITERATION NUMBER 4 
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PCSC300E-1 a.out 
VALVES IN TIME DOMAIN 

NO TYPE DEPTH UNIFRM. <---- DAMPING ----> <---- SHEAR MODULUS -----> 
(FT) STRAIN NEW USED ERROR NEW USED ERROR RATIO 

--- ---- ---- -------- ----- ------ ------ ------- ------ ------ -----
I I 2.0 0.00431 0.026 0.026 1.3 3006.9 3018.9 -0.4 0.874 
2 I 5.50.01129 0.042 0.041 2.1 2827.1 2854.6 -1.0 0.740 
3 I 8.5 0.01437 0.047 0.046 1.8 2834.1 2861.3 -1.0 0.696 
4 I I 1.50.01168 0.042 0.042 0.9 4172.6 4189.7 -0.4 0.730 
5 I 14.5 0.01877 0.053 0.052 1.4 3201.4 3231.1 -0.9 0.647 
6 I I 7.5 0.02683 0.063 0.062 1.7 2611.6 2643.5 -1.2 0.581 
7 I 20.5 0.02706 0.063 0.062 1.1 2851.8 2875.6 -0.8 0.577 
8 I 23.5 0.03519 0.071 0.071 1.0 2314.6 2332.4 -0.8 0.526 
9 I 26.5 0.03040 0.067 0.066 0.1 2708.4 2710.2 -0.1 0.550 
IO I 30.0 0.02802 0.064 0.064 -0.2 2859.8 2855.2 0.2 0.565 
11 3 33.5 0.03893 0.055 0.056 -1.2 1940.4 1928.3 0.6 0.656 
12 3 36.5 0.0400 I 0.056 0.056 0.1 1932.0 1933.4 -0.l 0.655 
13 3 39.5 0.03696 0.054 0.053 0.5 2215.6 2220.5 -0.2 0.671 
14 3 42.5 0.03018 0.047 0.047 0.1 2928.5 2930.1 -0.1 0.709 
15 3 45.5 0.0I 774 0.033 0.033 0.1 5695.6 5697. I 0.0 0.798 
16 3 48.5 0.01941 0.034 0.034 0.1 5544.8 5545.9 0.0 0.787 
l 

EARTHQUAKE - C:\SHAKE2000\Williamson Energy\Background6.8.eq 
SOIL PROFILE - PSCS300E Crest Column 

ITERATION NUMBER 5 

VALUES IN TIME DOMAIN 

NO TYPE DEPTH UNIFRM. <---- DAMPING ----> <---- SHEAR MODULUS-----> 
(FT) STRAIN NEW USED ERROR NEW USED ERROR 

--- ---- ---- -------- ----- ------ ------ ------- ------ ------ -----

l 

I I 2.0 0.00438 0.027 0.026 0.7 3000.8 3006.9 -0.2 0.871 
2 I 5.5 0.01150 0.042 0.042 1.0 2814.1 2827.l -0.5 0.733 
3 I 8.5 0.01462 0.047 0.047 0.8 2821.6 2834.1 -0.4 0.690 
4 l I 1.5 0.01173 0.042 0.042 0.2 4167.9 4172.6 -0.1 0.727 
5 I 14.5 0.01899 0.053 0.053 0.5 3191.0 3201.4 -0.3 0.641 
6 l 17.5 0.02725 0.063 0.063 0.7 2598.1 2611.6 -0.5 0.574 
7 l 20.5 0.02736 0.063 0.063 0.5 2841.4 2851.8 -0.4 0.572 
8 I 23.5 0.03549 0.072 0.071 0.4 2307.2 2314.6 -0.3 0.522 
9 I 26.5 0.03027 0.066 0.067 -0.2 2712.4 2708.4 0.1 0.550 
10 I 30.0 0.02787 0.064 0.064 -0.2 2864.8 2859.8 0.2 0.565 
11 3 33.5 0.03868 0.055 0.055 -0.4 1944.0 1940.4 0.2 0.660 
12 3 36.5 0.04013 0.056 0.056 0.2 1930.3 1932.0 -0.1 0.655 
13 3 39.5 0.03713 0.054 0.054 0.3 2212.7 2215.6 -0.l 0.670 
14 3 42.5 0.03019 0.047 0.047 0.0 2928.2 2928.5 0.0 0.709 
15 3 45.5 0.01774 0.033 0.033 0.0 5695.3 5695.6 0.0 0.798 
16 3 48.5 0.01941 0.034 0.034 0.0 5544.8 5544.8 0.0 0.786" 

EARTHQUAKE - C:\SHAKE2000\Williamson Energy\Background6.8.eq 
SOIL PROFILE - PSCS300E Crest Column 

ITERATION NUMBER 6 

VALUES IN TIME DOMAIN 

RATIO 

G/Go 

G/Go 

NO TYPE DEPTH UNIFRM. <----DAMPING----> <---- SHEAR MODULUS-----> G!Go 
(Ff) STRAIN NEW USED ERROR NEW USED ERROR RATIO 

I I 2.0 0.00440 0.027 0.027 0.3 2998.1 3000.8 -0.1 0.869 
2 I 5.5 0.01160 0.042 0.042 0.4 2808.3 2814.1 -0.2 0. 730 
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3 I 8.5 0.01472 0.048 0.047 
4 I 11.50.01174 0.043 0.042 
5 I 14.5 0.01907 0.053 0.053 
6 I 17.5 0.02742 0.064 0.063 
7 I 20.5 0.02748 0.064 0.063 
8 I 23.5 0.03562 0.072 0.072 
9 I 26.5 0.03016 0.066 0.066 
IO I 30.0 0.02779 0.064 0.064 
11 3 33.5 0.03861 0.055 0.055 
12 3 36.5 0.04020 0.056 0.056 
13 3 39.5 0.03721 0.054 0.054 
14 3 42.5 0.03019 0.047 0.047 
15 3 45.5 0.017740.033 0.033 
16 3 48.5 0.01941 0.034 0.034 
I 

0.3 
0.1 
0.2 
0.3 
0.2 
0.2 
-0.2 
-0.1 
-0.1 
0.1 
0.1 
0.0 
0.0 
0.0 

2816.3 
4166.8 
3187.2 
2592.5 
2837.0 
2304.2 
2715.8 
2867.9 
1945.0 
1929.3 
2211.4 
2928.1 
5695.2 
5544.8 

2821.6 
4167.9 
3191.0 
2598.1 
2841.4 
2307.2 
2712.4 
2864.8 
1944.0 
1930.3 
2212.7 
2928.2 
5695.3 
5544.8 

PCSC300E-I a.out 
-0.2 0.687 

0.0 0.726 
-0.1 0.639 
-0.2 0.571 
-0.2 0.570 
-0.1 0.520 
0.1 0.551 
0.1 0.566 
0.1 0.661 

-0.1 0.654 
-0.1 0.669 
0.0 0.709 
0.0 0.798 
0.0 0.786 

EARTHQUAKE - C:\SHAKE2000\Williamson Energy\Background6.8.eq 
SOIL PROFILE - PSCS300E Crest Column 

ITERATION NUMBER 7 

VALUES [N TfME DOMA[N 

NO TYPE DEPTH UNIFRM. <---- DAMPfNG ----> <---- SHEAR MODULUS -----> 
(Ff) STRA[N NEW USED ERROR NEW USED ERROR 

--- ---- ---- -------- ----- ------ ------ ------- ------ ------ -----

I 

I I 2.0 0.00441 0.027 0.027 0.1 2996.9 2998.1 0.0 0.868 
2 I 5.50.01164 0.042 0.042 0.2 2805.8 2808.3 -0.1 0.728 
3 I 8.5 0.01477 0.048 0.048 0.1 2814.0 2816.3 -0.1 0.685 
41 I 1.5 0.01174 0.043 0.043 0.0 4166.6 4166.8 0.0 0.726 
5 I 14.5 0.01910 0.053 0.053 0.1 3185.8 3187.2 0.0 0.639 
6 I I 7.5 0.02750 0.064 0.064 0.1 2590.1 2592.5 -0.1 0.570 
7 I 20.5 0.02754 0.064 0.064 0.1 2835.1 2837.0 -0.1 0.569 
8 I 23.5 0.03567 0.072 0.072 0.1 2303.0 2304.2 -0.1 0.519 
9 I 26.5 0.03009 0.066 0.066 -0.1 2717.8 2715.8 0.1 0.551 
IO I 30.0 0.02774 0.064 0.064 -0.1 2869.5 2867.9 0.1 0.567 
11 3 33.5 0.03859 0.055 0.055 0.0 I 945.3 1945.0 0.0 0.662 
12 3 36.5 0.04023 0.056 0.056 0.1 1928.8 1929.3 0.0 0.654 
13 3 39.5 0.03724 0.054 0.054 0.1 2210.8 2211.4 0.0 0.669 
14 3 42.5 0.03019 0.047 0.047 0.0 2928.0 2928.1 0.0 0.709 
15 3 45.5 0.017740.033 0.033 0.0 5695.1 5695.2 0.0 0.798 
16 3 48.5 0.01941 0.034 0.034 0.0 5544.8 5544.8 0.0 0.786 

EARTHQUAKE - C:\SHAKE2000\Williamson Energy\Background6.8.eq 
SOIL PROFILE - PSCS300E Crest Column 

ITERATION NUMBER 8 

VALUES [N T[ME DOMA[N 

RATfO 

NO TYPE DEPTH UNfFRM. <---- DAMPfNG ----> <---- SHEAR MODULUS-----> 
(Ff) STRAfN NEW USED ERROR NEW USED ERROR RATfO 

--- ---- ---- -------- ----- ------ ------ ------- ------ ------ -----
I 2.0 0.00442 0.027 0.027 0.1 2996.5 2996.9 0.0 0.868 
2 5.50.01166 0.042 0.042 0.1 2804.7 2805.8 0.0 0.728 
3 8.5 0.01479 0.048 0.048 0.1 2813.1 2814.0 0.0 0.685 
4 11.5 0.01174 0.043 0.043 0.0 4166.5 4166.6 0.0 0.726 
5 14.5 0.0191 I 0.053 0.053 0.0 3185.3 3185.8 0.0 0.638 
6 17.5 0.02753 0.064 0.064 0.1 2589.1 2590.1 0.0 0.569 
7 20.5 0.02756 0.064 0.064 0.0 2834.3 2835.1 0.0 0.569 
8 I 23.5 0.03569 0.072 0.072 0.0 2302.5 2303.0 0.0 0.519 
9 I 26.5 0.03006 0.066 0.066 -0.1 2718.8 2717.8 0.0 0.552 
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PCSC300E-l a.out 
IO I 30.0 0.02772 0.064 0.064 0.0 2870.3 2869.5 0.0 0.567 
11 3 33.5 0.03859 0.055 0.055 0.0 1945.3 1945.3 0.0 0.662 
12 3 36.5 0.04025 0.056 0.056 0.0 1928.6 1928.8 0.0 0.654 
13 3 39.5 0.03726 0.054 0.054 0.0 2210.6 2210.8 0.0 0.669 
14 3 42.5 0.03019 0.047 0.047 0.0 2928.0 2928.0 0.0 0.709 
15 3 45.5 0.01774 0.033 0.033 0.0 5695.1 5695.1 0.0 0.798 
16 3 48.5 0.01941 0.034 0.034 0.0 5544.8 5544.8 0.0 0.786 

1 
EARTHQUAKE - C:\SHAKE2000\Williamson Energy\Background6.8.eq 

SOIL PROFILE - PSCS300E Crest Column 

ITERATION NUMBER 9 

VALUES IN TIME DOMAIN 

NO TYPE DEPTH UNIFRM. <---- DAMPING----> <---- SHEAR MODULUS -----> 
(Ff) STRAIN NEW USED ERROR NEW USED ERROR 

--- ---- ---- -------- ----- ------ ------ ------- ------ ------ -----

I 

I I 2.0 0.00442 0.027 0.027 0.0 2996.3 2996.5 0.0 0.868 
2 I 5.5 0.01166 0.042 0.042 0.0 2804.3 2804.7 0.0 0.727 
3 I 8.5 0.01480 0.048 0.048 0.0 2812.7 2813.1 0.0 0.684 
4 I I 1.5 0.01174 0.043 0.043 0.0 4166.6 4166.5 0.0 0.726 
5 I 14.5 0.01912 0.053 0.053 0.0 3185.0 3185.3 0.0 0.638 
6 I 17.5 0.02754 0.064 0.064 0.0 2588.7 2589.1 0.0 0.569 
7 I 20.5 0.02757 0.064 0.064 0.0 2834.0 2834.3 0.0 0.569 
8 I 23.5 0.03570 0.072 0.072 0.0 2302.3 2302.5 0.0 0.519 
9 I 26.5 0.03005 0.066 0.066 0.0 2719.3 2718.8 0.0 0.552 
IO I 30.0 0.02771 0.064 0.064 0.0 2870.6 2870.3 0.0 0.567 
11 3 33.5 0.03859 0.055 0.055 0.0 1945.3 I 945.3 0.0 0.662 
12 3 36.5 0.04026 0.056 0.056 0.0 1928.5 1928.6 0.0 0.654 
13 3 39.5 0.03726 0.054 0.054 0.0 2210.5 2210.6 0.0 0.668 
14 3 42.5 0.03020 0.047 0.047 0.0 2928.0 2928.0 0.0 0.709 
15 3 45.5 0.01775 0.033 0.033 0.0 5695.1 5695.1 0.0 0.798 
16 3 48.5 0.01941 0.034 0.034 0.0 5544.8 5544.8 0.0 0.786 

EARTHQUAKE - C:\SHAKE2000\Williamson Energy\Background6.8.eq 
SOIL PROFILE - PSCS300E Crest Column 

ITERATION NUMBER IO 

VALUES IN TIME DOMAIN 

RATIO 

NO TYPE DEPTH UNIFRM. <---- DAMPING ----> <---- SHEAR MODULUS-----> 
(Ff) STRAIN NEW USED ERROR NEW USED ERROR RATIO 

--- ---- ---- -------- ----- ------ ------ ------- ------ ------ -----
I I 2.0 0.00442 0.027 0.027 0.0 2996.2 2996.3 0.0 0.867 
2 I 5.5 0.01167 0.042 0.042 0.0 2804.1 2804.3 0.0 0.727 
3 I 8.5 0.0 I 480 0.048 0.048 0.0 2812.5 2812.7 0.0 0.684 
4 I I 1.50.01174 0.043 0.043 0.0 4166.6 4166.6 0.0 0.726 
5 I I 4.5 0.01912 0.053 0.053 0.0 3185.0 3185.0 0.0 0.638 
6 I 17.5 0.02755 0.064 0.064 0.0 2588.5 2588.7 0.0 0.569 
7 I 20.5 0.02757 0.064 0.064 0.0 2833.9 2834.0 0.0 0.569 
8 I 23.5 0.03570 0.072 0.072 0.0 2302.2 2302.3 0.0 0.519 
9 I 26.5 0.03004 0.066 0.066 0.0 2719.5 2719.3 0.0 0.552 
IO I 30.0 0.0277 I 0.064 0.064 0.0 2870.7 2870.6 0.0 0.568 
11 3 33.5 0.03859 0.055 0.055 0.0 1945.3 1945.3 0.0 0.662 
12 3 36.5 0.04026 0.056 0.056 0.0 1928.4 1928.5 0.0 0.653 
13 3 39.5 0.03726 0.054 0.054 0.0 2210.4 2210.5 0.0 0.668 
14 3 42.5 0.03020 0.047 0.047 0.0 2928.0 2928.0 0.0 0.709 
15 3 45.5 0.01775 0.033 0.033 0.0 5695.1 5695.1 0.0 0.798 
16 3 48.5 0.01941 0.034 0.034 0.0 5544.8 5544.8 0.0 0.786 
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VALUES IN TIME DOMAIN 

LAYER TYPE THICKNESS DEPTH MAX STRAIN MAX STRESS TIME 
Ff Ff PRCNT PSF SEC 

I I 4.0000 2.0000 0.00680 203.83 2.66 
2 I 3.0000 5.5000 0.01795 503.32 2.66 
3 I 3.0000 8.5000 0.02277 640.40 2.66 
4 I 3.0000 11.5000 0.01807 752.80 3.70 
5 I 3.0000 14.5000 0.02941 936.76 2.53 
6 I 3.0000 17.5000 0.04238 1097.16 2.53 
7 I 3.0000 20.5000 0.04242 1202.23 2.53 
8 I 3.0000 23.5000 0.05493 1264.58 2.53 
9 I 3.0000 26.5000 0.04621 1256.70 2.52 
10 I 4.0000 30.0000 0.04262 1223.56 2.52 
II 3 3.0000 33.5000 0.05937 1154.87 2.51 
12 3 3.0000 36.5000 0.06194 1194.58 2.51 
13 3 3.0000 39.5000 0.05733 1267.25 2.50 
14 3 3.0000 42.5000 0.04645 1360.19 2.61 
15 3 3.0000 45.5000 0.02730 1554.78 2.61 
16 3 3.0000 48.5000 0.02986 1655.45 2.61 

PERIOD= 0.23 FROM AVERAGE SHEAR VEL. = 858. 

FREQUENCY AMPLITUDE 
MAXIMUM AMPLIFICATION = 11.36 
FOR FREQUENCY = 4.16C/SEC. 

PERIOD = 0.24 SEC. 

I****** OPTION 6 *** COMPUTE MOTION IN NEW SUB LAYERS 

EARTHQUAKE -C:\SHAKE2000\Williamson Energy\Background6.8.eq 
SOIL DEPOSIT - PSCS300E Crest Column 

LAYER DEPTH MAX. ACC. TIME MEAN SQ.FR. 
Ff G SEC C/SEC QUIET ZONE 

OUTCR. 0.0000 0.78263 2.66 16.34 0.000 
WITHIN 4.0000 0.62639 2.66 13.00 0.000 
WITHIN 7.0000 0.49396 2.53 9.03 0.000 
WITHIN 10.0000 0.51802 2.52 13.18 0.001 
WITHIN 13.0000 0.56972 2.64 15.80 0.001 
WITHIN 16.0000 0.59373 2.64 15.62 0.000 
WITHIN 19.0000 0.52701 2.60 15.73 0.001 
WITHIN 22.0000 0.56754 2.60 17.30 0.001 
WITHIN 25.0000 0.50592 5.10 17.66 0.000 
WITHIN 28.0000 0.54159 5.10 17.27 0.001 
WITHIN 32.0000 0.72089 2.62 17.70 0.001 
WIIHIN .Jo.UUUU 0.66940 2.62 19.11 0.000 
WITHIN 38.0000 0.81377 2.61 20.61 0.001 
WITHIN 41.0000 0.68058 2.61 21. I 3 0.001 
WITHIN 44.0000 0.53553 2.59 20.65 0.001 

I**''*''* OPTION 6 *** COMPUTE MOTION IN NEW SUBLAYERS 

EARTHQUAKE -C:\SHAKE2000\ Williamson Energy\Background6.8.eq 
SOIL DEPOSIT - PSCS300E Crest Column 

LA YER DEPTH MAX. ACC. 

WITHIN 
WITHIN 

Ff G SEC 
47.0000 0.48479 
50.0000 0.48665 

TIME 
C/SEC 

3.91 
2.58 

MEAN SQ. FR. 
QUIET ZONE 

19.81 0.001 
19.10 0.001 
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ACC. RATIO TH SAVED 
ACC.RECORD 

2048 
2048 

2048 
2048 
2048 
2048 
2048 
2048 
2048 
2048 
2048 
2048 
2048 
2048 
2048 

ACC. RATIO TH SAVED 
ACC.RECORD 

2048 
2048 
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PCSC300E-la.out 
OUTCR. 50.0000 0.55791 2.58 20.41 0.001 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LA YER 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300E Layer I Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 
SCALE FOR PLOTTING 0.0000 

IDENTIFICATION - PCSC300E Layer I Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 2 
SCALE FOR PLOTTING 0.0000 

IDENTIFICATION - PCSC300E Layer 2 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LA YER 2 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300E Layer 2 Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LA YER 3 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300E Layer 3 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LA YER 3 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300E Layer 3 Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LA YER 4 
SCALE FOR PLOTTING 0.0000 

IDENTIFICATION - PCSC300E Layer 4 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 4 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300E Layer 4 Strain 

I****** OPTION 7 ''** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY ATTHETOPOF LAYER 5 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300E Layer 5 Stress 

COMPU!t S !RtSS OR STRAIN HISTORY AT THE TOP OF LAYER 5 
SCALE FOR PLOTTING 0.0000 

IDENTIFICATION - PCSC300E Layer 5 Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 6 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300E Layer 6 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 6 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC3005 Layer 6 Strain 
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PCSC300E-l a.out 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LA YER 7 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300E Layer 7 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 7 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300E Layer 7 Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LA YER 8 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300E Layer 8 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 8 
SCALE FOR PLOTTING 0.0000 

IDENTIFICATION - PCSC300E Layer 8 Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 9 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300E Layer 9 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LA YER 9 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300E Layer 9 Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LA YER I 0 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300E Layer IO Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 10 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300E Layer IO Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 11 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300E Layer 11 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LA YER 11 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300E Layer 11 Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTESTRESSORSTRAINHISTORY ATTHETOPOF LAYER 12 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300E Layer 12 Stress 

COMPUTESTRESSORSTRAINHISTORY ATTHETOPOF LAYER 12 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300E Layer 12 Strain 
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PCSC300E-1 a.out 
1 ****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LA YER 13 
SCALE FOR PLOTIING 0.0000 
IDENTIFICATION - PCSC300E Layer 13 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 13 
SCALE FOR PLOTTING 0.0000 

IDENTIFICATION - PCSC300E Layer 13 Strain 

1 ****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LA YER 14 
SCALE FOR PLOTIING 0.0000 
IDENTIFICATION - PCSC300E Layer 14 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 14 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300E Layer 14 Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 15 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300E Layer 15 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LA YER I 5 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300E Layer I 5 Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 16 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300E Layer I 6 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 16 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300E Layer 16 Strain 

I****** OPTION 9 *** COMPUTE RESPONSE SPECTRUM 
RESPONSE SPECTRUM ANALYSIS FOR LAYER NUMBER 

CALCULATED FOR DAMPING 0.050 

TIMES AT WHICH MAX. SPECTRAL VALUES OCCUR 
TD = TIME FOR MAX. RELATIVE DISP. 
TV = TIME FOR MAX. RELATIVE VEL. 
TA = TIME FOR MAX. ABSOLUTE ACC. 

DAMPING RATIO= 0.050 
PER= 0.0 I TIMES FOR MAXIMA -
PER= 0.02 TIMES FOR MAXIMA -
PER= 0.03 TIMES FOR MAXIMA -
PER= 0.04 TIMES FOR MAXIMA -
PER = 0.05 TIMES FOR MAXIMA -
PER= 0.06 TIMES FOR MAXIMA -
PER = 0.07 TIMES FOR MAXIMA -
PER = 0.08 TIMES FOR MAXIMA -
PER= 0.09 TIMES FOR MAXIMA -
PER = 0. IO TIMES FOR MAXIMA -
PER = 0. I I TIMES FOR MAXIMA -
PER= 0.12 TIMES FOR MAXIMA --

TD= 2.6500 
TD= 2.6500 
TD= 3.0100 
TD= 3.6900 
TD= 4.9000 
TD= 4.3800 
TD= 2.5200 
TD= 5.2700 
TD= 2.5900 
TD= 2.5900 
TD= 2.6000 
TD= 2.6100 

TV= 2.5600 
TV= 2.6400 
TV= 2.6600 
TV= 2.6700 
TV= 4.9100 
TV= 4.3900 
TV= 4.3700 
TV= 2.9200 
TV= 2.6100 
TV= 2.5700 
TV= 2.5800 
TV= 2.5800 
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TA= 2.6500 
TA= 2.6500 
TA= 3.6900 
TA= 3.6900 
TA= 4.9000 
TA= 4.3700 
TA= 2.5200 
TA= 5.2700 
TA= 2.5800 
TA= 2.5900 
TA= 2.6000 
TA= 2.6000 
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( 
PER= 0.13 
PER=0.14 
PER=0.15 
PER=0.16 
PER=0.17 
PER=0.18 
PER=0.19 
PER= 0.20 
PER= 0.21 
PER =0.22 
PER =0.23 
PER=0.24 
PER=0.25 
PER= 0.26 
PER= 0.27 
PER=0.28 
PER=0.29 
PER =0.30 
PER=0.31 
PER= 0.32 
PER= 0.33 
PER= 0.34 
PER=0.35 
PER=0.36 
PER =0.37 
PER= 0.38 
PER= 0.39 
PER=0.40 
PER= 0.41 
PER =0.42 
PER=0.43 
PER= 0.44 
PER= 0.45 
PER= 0.46 
PER=0.47 
PER= 0.48 
PER= 0.49 
PER= 0.50 
PER=0.51 
PER= 0.52 
PER=0.53 
PER=0.54 
PER= 0.55 
PER=0.56 
PER= 0.57 
PER =0.58 
PER =0.60 
PER= 0.62 
PER= 0.64 
PER= 0.66 
PER= 0.68 
PER =0.70 
PER =0.72 
PER =0.74 
PER =0.76 
PER= 0.78 
PER =0.80 
PER =0.82 
PER =0.84 
PER =0.86 
PER=0.88 

PCSC300E- la.out 
TIMES FOR MAXIMA -- TD= 5.4500 TV= 3.7500 TA= 5.4500 
TIMES FOR MAXIMA -- TD= 2.6000 TV= 3.7700 TA= 2.6000 
TIMES FOR MAXIMA -- TD = 4.1500 TV = 4.2000 TA= 4.1500 
TIMES FOR MAXIMA -- TD= 2.6100 TV= 4.2100 TA= 2.6100 
TIMES FOR MAXIMA -- TD= 4.2800 TV = 4.3200 TA= 4.2700 
TIMES FOR MAXIMA -- TD= 1.4300 TV= 2.5800 TA = 1.4200 
TIMES FOR MAXIMA-- TD= 2.7500 TV= 2.7000 TA= 2.7400 
TIMES FOR MAXIMA -- TD= 6.6800 TV= 6.7400 TA= 6.6800 
TIMES FOR MAXIMA-- TD= 7.1300 TV= 7.0800 TA= 7.1300 
TIMES FOR MAXIMA -- TD= 7.1500 TV= 7.0900 TA= 7.1400 
TIMES FOR MAXIMA -- TD= 7.2800 TV= 3.4400 TA= 7.2800 
TIMES FOR MAXIMA-- TD= 2.4100 TV= 2.3500 TA= 2.2900 
TIMES FOR MAXIMA-- TD= 6.4100 TV= 6.4800 TA= 6.4100 
TIMESFORMAXIMA-- TD= 6.3100 TV= 6.3700 TA= 6.3100 
TIMES FOR MAXIMA -- TD= 1.6200 TV= 6.2700 TA= 1.6200 
TIMES FOR MAXIMA -- TD= 1.6400 TV= 1.3200 TA= I .6400 
TIMES FOR MAXIMA -- TD= 5.2000 TV= 1.3200 TA= 5.2000 
TIMES FOR MAXIMA-- TD= 5.2300 TV= 5.1500 TA= 5.2200 
TIMES FOR MAXIMA-- TD= 2.9700 TV= 2.9000 TA= 2.9600 
TIMES FOR MAXIMA -- TD= 2.9900 TV= 2.9000 TA= 2.9800 
TIMES FOR MAXIMA -- TD= 3.0000 TV= 2.9100 TA= 3.0000 
TIMES FOR MAXIMA-- TD= 3.0100 TV= 2.7800 TA= 3.0000 
TIMES FOR MAXIMA-- TD= 3.0100 TV= 2.7800 TA= 3.0100 
TIMES FOR MAXIMA -- TD= 2.7100 TV= 2.7800 TA= 2.7000 
TIMES FOR MAXIMA -- TD= 2.7100 TV= 2.7900 TA= 2.7100 
TIMES FOR MAXIMA -- TD= 2.7200 TV= 2.6600 TA= 2.7100 
TIMES FOR MAXIMA-- TD= 4.1300 TV= 2.6600 TA= 2.7200 
TIMES FOR MAXIMA-- TD= 4.1400 TV= 2.6600 TA= 4.1300 
TIMES FOR MAXIMA-- TD= 4.1600 TV= 4.0800 TA= 4.1500 
TIMES FOR MAXIMA-- TD= 4.1700 TV= 4.0900 TA= 3.9800 
TIMES FOR MAXIMA -- TD= 4.0000 TV = 4.0900 TA = 3.9900 
TIMES FOR MAXIMA -- TD= 4.6700 TV= 4.0900 TA= 4.6600 
TIMES FOR MAXIMA-- TD= 4.6900 TV= 4.1000 TA= 4.6800 
TIMES FOR MAXIMA -- TD= 4.7100 TV= 4.1000 TA= 4.7000 
TIMES FOR MAXIMA -- TD= 4.5100 TV= 2.6600 TA= 4.5000 
TIMES FOR MAXIMA -- TD= 4.5200 TV= 2.6600 TA= 5.5300 
TIMES FOR MAXIMA -- TD= 5.5500 TV= 2.6600 TA= 5.5400 
TIMES FOR MAXIMA -- TD= 5.5600 TV= 2.6600 TA= 5.5500 
TIMES FOR MAXIMA -- TD= 5.5700 TV= 2.6600 TA= 5.5600 
TIMES FOR MAXIMA -- TD= 5.5700 TV= 2.6600 TA= 5.5700 
TIMES FOR MAXIMA -- TD= 2.7500 TV= 2.6600 TA= 2.7500 
TIMES FOR MAXIMA -- TD= 2.7600 TV= 2.6600 TA= 2.7500 
TIMES FOR MAXIMA -- TD = 2.5600 TV = 2.6600 TA= 2.5600 
TIMES FOR MAXIMA -- TD = 2.5600 TV = 2.6600 TA = 2.5600 
TIMES FOR MAXIMA -- TD= 2.5700 TV= 2.6600 TA= 2.5600 
TIMES FOR MAXIMA -- TD = 2.5700 TV = 2.6600 TA = 2.5600 
TIMES FOR MAXIMA -- TD= 2.5800 TV= 2.6600 TA= 2.5700 
TIMES FOR MAXIMA -- TD= 2.5900 TV= 2.6600 TA= 2.5700 
TIMES FOR MAXIMA -- TD= 2.6100 TV = 2.5400 TA = 2.6000 
TIMES FOR MAXIMA -- TD= 2.6200 TV= 2.5400 TA= 2.6100 
TIMES FOR MAXIMA -- TD= 2.6300 TV = 2.5400 TA = 2.6100 
TIMES FOR MAXIMA -- TD= 3.4700 TV= 2.5400 TA= 3.4600 
TIMES FOR MAXIMA-- TD= 3.4800 TV= 2.5400 TA= 3.4700 
TIMES FOR MAXIMA -- TD= 3.4900 TV = 2.5400 TA = 3.4800 
TIMES FOR MAXIMA -- TD= 3.4900 TV= 1.6000 TA= 3.4800 
TIMES FOR MAXIMA -- TD= 1.5000 TV = 1.6000 TA= 1.4900 
TIMES FOR MAXIMA -- TD = 1.5100 TV = 1.6000 TA = 1.5000 
TIMES FOR MAXIMA -- TD= 1.5 I 00 TV = 6.2900 TA = 1.5000 
TIMES FOR MAXIMA -- TD= 3.5000 TV= 6.2900 TA= 3.4800 
TIMES FOR MAXIMA -- TD= 3.5000 TV= 6.3000 TA= 3.4800 
TIMES FOR MAXIMA -- TD= 3.5 JOO TV= 5.9400 TA= 3.4900 
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PCSC300E-I a.out 
PER= 0.90 TIMES FOR MAXIMA -- TD = 4.0400 TV = 4.2900 TA= 4.0200 
PER = 0.92 TIMES FOR MAXIMA -- TD = 4.0600 TV = 4.2900 TA= 4.0500 
PER = 0.94 TIMES FOR MAXIMA -- TD = 4.0600 TV = 4.2900 TA= 4.0600 
PER= 0.96 TIMES FOR MAXIMA -- TD= 4.0700 TV= 4.3500 TA= 4.0600 
PER=0.98 TIMES FOR MAXIMA-- TD= 3.1800 TV= 4.3500 TA= 3.1700 
PER=l.00 TIMESFORMAXIMA-- TD= 3.1800 TV= 3.4600 TA= 3.1700 
PER= 1.05 TIMES FOR MAXIMA-- TD= 3.2!00 TV= 3.4600 TA= 3.1800 
PER= 1.10 TIMES FOR MAXIMA -- TD= 3.2500 TV= 2.5400 TA= 3.2400 
PER= 1.15 TIMES FOR MAXIMA -- TD= 3.2700 TV= 2.5400 TA= 3.2400 
PER= 1.20 TIMES FOR MAXIMA -- TD = 3.3700 TV = 2.5400 TA= 3.3500 
PER= 1.25 TIMES FOR MAXIMA -- TD = 3.4000 TV = 2.5400 TA= 3.3800 
PER= 1.30 TIMES FOR MAXIMA -- TD= 3.4!00 TV= 2.5400 TA= 2.8600 
PER= 1.35 TIMES FOR MAXIMA -- TD= 2.8800 TV= 2.5400 TA= 2.8600 
PER = I .40 TIMES FOR MAXIMA -- TD= 2.8800 TV= 2.5400 TA= 2.8700 
PER= 1.45 TIMES FOR MAXIMA -- TD= 2.8900 TV= 2.5400 TA= 2.8700 
PER= 1.50 TIMES FOR MAXIMA -- TD= 2.8900 TV= 2.5400 TA= 2.8700 
PER= 1.55 TIMES FOR MAXIMA -- TD= 2.9000 TV= 2.5400 TA= 2.8700 
PER= 1.60 TIMES FOR MAXIMA -- TD= 2.9000 TV= 2.5400 TA= 2.8700 
PER= 1.65 TIMES FOR MAXIMA -- TD= 2.9300 TV= 2.5400 TA= 2.8700 
PER= 1.70 TIMES FOR MAXIMA -- TD= 2.9300 TV= 2.5400 TA= 2.8700 
PER= 1.75 TIMES FOR MAXIMA-- TD= 5.9000 TV= 2.5400 TA= 5.8600 
PER= 1.80 TIMES FOR MAXIMA -- TD= 5.9000 TV= 2.5400 TA= 5.8900 
PER= 1.85 TIMES FOR MAXIMA -- TD= 5.9200 TV= 2.5400 TA= 5.8900 
PER= 1.90 TIMES FOR MAXIMA-- TD= 6.1100 TV= 2.5400 TA= 6.l000 
PER=l.95 TIMESFORMAXIMA-- TD= 6.1200 TV= 2.5400 TA= 6.l000 
PER= 2.00 TIMES FOR MAXIMA -- TD= 5.4200 TV= 2.5400 TA= 5.4000 
PER= 2.05 TIMES FOR MAXIMA -- TD= 5.4200 TV= 2.5400 TA= 5.4000 
PER= 2.10 TIMES FOR MAXIMA -- TD= 5.4300 TV= 2.5400 TA= 5.4000 
PER = 2. I 5 TIMES FOR MAXIMA -- TD = 5.4300 TV = 2.5400 TA= 5.4100 
PER= 2.20 TIMES FOR MAXIMA-- TD= 8.7600 TV= 2.5400 TA= 5.4100 
PER= 2.25 TIMES FOR MAXIMA -- TD= 8.9500 TV= 2.5400 TA= 8.9400 
PER= 2.30 TIMES FOR MAXIMA-- TD= 8.9600 TV= 2.5400 TA= 8.9400 
PER= 2.35 TIMES FOR MAXIMA -- TD= 7.8900 TV= 2.5400 TA= 8.9400 
PER= 2.40 TIMES FOR MAXIMA -- TD= 7.9300 TV= 2.5400 TA= 7.8800 
PER = 2.50 TIMES FOR MAXIMA -- TD= 8.0900 TV = 2.5400 TA = 8.0700 
PER= 2.60 TIMES FOR MAXIMA -- TD= 8.1 l00 TV= 2.5400 TA= 6.9300 
PER= 2.70 TIMES FOR MAXIMA-- TD= 6.9600 TV= 2.5400 TA= 6.9300 
PER= 2.80 TIMES FOR MAXIMA -- TD= 6.9900 TV= 2.5400 TA= 6.9300 
PER= 2.90 TIMES FOR MAXIMA -- TD= 7.0000 TV= 2.5400 TA= 6.9400 
PER= 3.00 TIMES FOR MAXIMA -- TD= 7.2100 TV= 2.5400 TA= 6.9400 
PER=3.I0 TIMES FOR MAXIMA-- TD= 7.2!00 TV= 2.5400 TA= 7.1900 
PER=3.20 TIMES FOR MAXIMA-- TD= 7.2400 TV= 2.5400 TA= 7.1900 
PER= 3.30 TIMES FOR MAXIMA -- TD= 7.2400 TV= 2.5400 TA= 7.2000 
PER= 3.40 TIMES FOR MAXIMA -- TD= 7.2500 TV= 2.5400 TA= 7.2000 
PER= 3.50 TIMES FOR MAXIMA -- TD= 7.2500 TV= 2.5400 TA= 7.2000 
PER= 3.60 TIMES FOR MAXIMA -- TD= 7.5 l00 TV= 2.5400 TA= 7.2000 
PER=3.70 TIMES FOR MAXIMA-- TD= 7.5!00 TV= 2.5400 TA= 7.4500 
PER= 3.80 TIMES FOR MAXIMA -- TD= 7.5100 TV= 2.5400 TA= 7.4500 
PER= 3.90 TIMES FOR MAXIMA -- TD= 7.5200 TV= 2.5400 TA= 7.5000 
PER= 4.00 TIMES FOR MAXIMA -- TD= 7.5200 TV= 2.5400 TA= 7.5000 
PER=4.10 TIMES FOR MAXIMA-- TD= 6.2200 TV= 2.5400 TA= 6.2100 
PER = 4.20 TIMES FOR MAXIMA -- TD = 6.2300 TV = 2.5400 TA = 6.2100 
PER = 4.30 TIMES FOR MAXIMA -- TD = 6.2300 TV = 2.5400 TA= 6.2 I 00 
PER= 4.40 TIMES FOR MAXIMA -- TD= 6.2300 TV= 2.5400 TA= 6.2100 
PER= 4.50 TIMES FOR MAXIMA -- TD= 6.2300 TV= 2.5400 TA= 6.2!00 
PER= 4.60 TIMES FOR MAXIMA -- TD= 6.2400 TV= 2.5400 TA= 6.2!00 
PER= 4.70 TIMES FOR MAXIMA -- TD= 6.2400 TV= 2.5400 TA= 6.2100 
PER= 4.80 TIMES FOR MAXIMA -- TD= 6.2400 TV= 2.5400 TA= 6.2100 
PER= 4.90 TIMES FOR MAXIMA -- TD= 6.2500 TV= 2.5400 TA= 6.2!00 
PER= 5.00 TIMES FOR MAXIMA -- TD= 6.2500 TV= 2.5400 TA= 6.2!00 
PER=5.I0 TIMES FOR MAXIMA-- TD= 6.2500 TV= 2.5400 TA= 6.2100 
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PCSC300E-J a.out 
PER =5.20 TIMES FOR MAXIMA -- TD= 6.2500 TV= 2.5400 TA= 6.2100 
PER =5.40 TIMES FOR MAXIMA -- TD = 6.4600 TV = 2.5400 TA = 6.2100 
PER =5.60 TIMES FOR MAXIMA -- TD= 6.4600 TV= 2.5400 TA= 6.3900 
PER =5.80 TIMES FOR MAXIMA -- TD= 6.4600 TV = 2.5400 TA= 6.3900 
PER=6.00 TIMES FOR MAXIMA -- TD= 6.4600 TV= 2.5400 TA= 6.3900 
PER=6.20 TIMES FOR MAXIMA -- TD= 4.8300 TV= 2.5400 TA= 6.3900 
PER= 6.40 TIMES FOR MAXIMA -- TD= 4.8300 TV= 2.5400 TA= 4.7900 
PER =6.60 TIMES FOR MAXIMA -- TD= 4.8300 TV= 2.5400 TA= 4.7900 
PER =6.80 TIMES FOR MAXIMA -- TD= 4.8300 TV= 2.5400 TA= 4.7900 
PER =7.00 TIMES FOR MAXIMA -- TD= 4.8300 TV= 2.5400 TA= 4.7900 
PER= 7.30 TIMES FOR MAXIMA -- TD= 4.8400 TV= 2.5400 TA= 4.7900 
PER= 7.60 TIMES FOR MAXIMA -- TD= 4.8400 TV= 2.5400 TA= 4.7900 
PER= 8.00 TIMES FOR MAXIMA -- TD= 4.8400 TV= 2.5400 TA= 4.7900 
PER= 8.50 TIMES FOR MAXIMA -- TD= 4.8400 TV= 2.5400 TA= 4.7900 
PER =9.00 TIMES FOR MAXIMA -- TD= 4.8400 TV= 2.5400 TA= 4.7900 
PER =9.50 TIMES FOR MAXIMA -- TD= 4.8400 TV= 2.5400 TA= 4.7900 
PER =10.00 TIMES FOR MAXIMA -- TD= 4.8400 TV= 2.5400 TA= 4.7900 
SPECTRAL VALUES--
(Acceleration of gravity used = 32.20) 

PSCS300E Crest Column DAMPING RATIO = 0.050 
NO. PERIOD REL. DISP. REL. VEL. PSU.REL.VEL. ABS.ACC. PSU.ABS.ACC. FREQ. 

I 0.01 0.00006 0.00167 0.03999 0.78322 0.78033 100.00 
2 0.02 0.00026 0.05122 0.08202 0.78382 0.80027 50.00 
3 0.03 0.00108 0. 18078 0.22704 1.46295 1.47675 33.33 
4 0.04 0.00261 0.33750 0.41034 2.03526 2.00174 25.00 
5 0.05 0.00346 0.43096 0.43462 1.70397 1.69616 20.00 
6 0.06 0.00431 0.46003 0.45174 1.47295 1.46914 16.67 
7 0.07 0.00615 0.54324 0.55221 1.55899 1.53933 14.29 
8 0.08 0.01065 0.80833 0.83680 2.02947 2.04107 12.50 
9 0.09 0.01356 0.85832 0.94684 2.01865 2.05284 11.11 
10 0.10 0.01276 0.74314 0.80165 1.59232 1.56426 10.00 
11 0.1 I 0.01277 0.71906 0.72965 1.30370 1.29433 9.09 
12 0.12 0.01000 0.54267 0.52376 0.86058 0.85167 8.33 
13 0.13 0.01151 0.49621 0.55634 0.82406 0.83507 7.69 
14 0.14 0.01363 0.58469 0.61172 0.86870 0.85261 7.14 
15 0.15 0.01657 0.60758 0.69410 0.92263 0.90293 6.67 
16 0.16 0.02129 0.85233 0.83605 1.02896 1.01962 6.25 
17 0.17 0.02672 1.01990 0,98753 '1.14421 1.13351 5.88 
18 0.18 0.02858 0.97764 0.99756 1.09703 1.08141 5.56 
19 0.19 0.03328 I.OJ 787 1.10039 1.13696 1.13010 5.26 
20 0.20 0.03758 1.20226 I. 18046 1.16338 1.15172 5.00 
21 0.21 0.04688 1.39571 1.40259 1.29816 1.30327 4.76 
22 0.22 0.04632 1.35634 1.32282 1.17897 1.17328 4.55 
23 0.23 0.04824 1.31203 1.31791 1.12619 I. I I 8 I I 4.35 
24 0.24 0.05152 1.41 I 94 1.34885 1.10178 1.09667 4.17 
25 0.25 0.05566 1.43482 1.39900 1.10188 1.09195 4.00 
26 0.26 0.06 I 95 1.64751 1.49710 1.12229 1.12357 3.85 
27 0.27 0.06099 1.45329 1.41927 1.03721 1.02571 3.70 
28 0.28 0.05723 1.37387 1.28419 0.89448 0.89494 3.57 
29 0.29 0.0561 I 1.36106 1.21572 0.81849 0.81801 3.45 
30 0.30 -0.05850 1.40043 1.22528 0.79896 0.79696 3.33 
31 0.31 0.06736 1.44272 1.36525 0.85946 0.85936 3.23 
32 0.32 0.06993 1.46762 1.37298 0.83833 0.83722 3.13 
33 0.33 0.06795 1.34520 1.29370 0.76518 0.76497 3.03 
34 0.34 0.06392 1.24361 1.18127 0.68514 0.67794 2.94 
35 0.35 0.05989 1.23583 1.07521 0.60655 0.59945 2.86 
36 0.36 0.06142 1.21751 1.07195 0.58678 0.58103 2.78 
37 0.37 0.06228 1.17271 1.05757 0.56103 0.55774 2.70 
38 0.38 0.06054 1.19764 1.00098 0.51705 0.51400 2.63 
39 0.39 0.05648 1.19037 0.90989 0.45839 0.45525 2.56 
40 0.40 0.05927 1.13687 0.93100 0.45649 0.45417 2.50 
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PCSC300E-la.out 
41 0.41 0.05807 1.11252 0.88994 0.42508 0.42354 2.44 
42 0.42 0.05475 I.I 1034 0.81908 0.38329 0.38054 2.38 
43 0.43 0.05411 1.07704 0.79066 0.36065 0.35879 2.33 
44 0.44 0.05536 1.01131 0.79050 0.35287 0.35057 2.27 
45 0.45 0.05402 0.93265 0.75428 0.32910 0.32707 2.22 
46 0.46 0.05219 0.84886 0.71285 0.30333 0.30239 2.17 
47 0.47 0.05029 0.81371 0.67236 0.28053 0.27914 2.13 
48 0.48 0.04866 0.79753 0.63693 0.26020 0.25893 2.08 
49 0.49 0.05246 0.79265 0.67269 0.26992 0.26788 2.04 
50 a.so 0.05342 0.80355 0.67134 0.26334 0.26200 2.00 
51 0.51 0.05180 0.8323 I 0.63818 0.24561 0.24417 1.96 
52 0.52 0.04865 0.87758 0.58785 0.22337 0.22059 1.92 
53 0.53 0.04809 0.93468 0.57015 0.21116 0.20991 1.89 
54 0.54 0.05221 0.99654 0.60750 0.22103 0.21952 1.85 
55 0.55 0.05734 1.05505 0.65507 0.23612 0.23241 1.82 
56 0.56 0.06460 1.10247 0.72476 0.25724 0.25254 1.79 
57 0.57 0.07177 1.13256 0.79118 0.27543 0.27085 l.75 
58 0.58 0.07805 1.14124 0.84547 0.28887 0.28444 l.72 
59 0.60 0.08629 l.09042 0.90361 0.29756 0.29387 l.67 
60 0.62 0.08911 0.96299 0.90302 0.28616 0.28421 l.61 
61 0.64 0.08740 l.03335 0.85802 0.26334 0.26160 1.56 
62 0.66 0.08103 l.08367 0.77141 0.23066 0.22807 1.52 
63 0.68 0.07125 l.07394 0.65838 0.19145 0.18893 1.47 
64 0.70 0.06624 l.01706 0.59460 0.16660 0.16575 1.43 
65 0.72 0.06915 0.93131 0.60346 0.16570 0.16354 1.39 
66 0.74 0.06691 0.83529 0.56812 0.15191 0.14981 1.35 
67 0.76 0.06248 0.74695 0.51658 0.13491 0.13263 1.32 
68 0.78 0.06052 0.72138 0.48750 0.12300 0.12196 1.28 
69 0.80 0.06240 0.69158 0.49011 0.12056 0.11954 1.25 
70 0.82 0.06393 0.68875 0.48986 0.11777 0.11657 1.22 
71 0.84 0.06860 0.72531 0.51310 0.12115 0.11919 1.19 
72 0.86 0.07725 0.73539 0.56441 0.12974 0.12806 I.I 6 
73 0.88 0.08634 0.75330 0.61647 0.13813 0.13669 1.14 
74 0.90 0.09561 0.82006 0.66746 0.14571 0.14471 1.11 
75 0.92 0.10819 0.90389 0.73890 0.15775 0.15672 1.09 
76 0.94 0.11793 0.95555 0.78826 0.16560 0.16363 1.06 
77 0.96 0. 12368 1.00369 0.80949 0.16762 0.16454 1.04 
78 0.98 0.12910 l.02913 0.82769 0.16611 0.16480 1.02 
79 1.00 0.13715 1.02909 0.86174 0.17011 0.16815 1.00 
80 1.05 0.14851 1.09174 0.88866 0. 16757 0.16515 0.95 
81 1.10 0.15169 1.14814 0.86643 0.15494 0.15370 0.91 
82 1.15 0.14667 1.18178 0.80136 0.13795 0.13597 0.87 
83 1.20 0.13956 1.18699 0.73072 0.11941 0.11882 0.83 
84 1.25 0.13697 1.17242 0.68849 0.10845 0.10748 0.80 
85 1.30 0.12986 1.14560 0.62762 0.09566 0.09421 0.77 
86 1.35 0.12730 1.11229 0.59250 0.08769 0.08564 0.74 
87 1.40 0.12316 1.07650 0.55275 0.07933 0.07704 0.71 
88 1.45 0.11805 l.04084 0.51153 0.07117 0.06884 0.69 
89 1.50 0.11217 1.00684 0.46984 0.06347 0.06112 0.67 
90 1.55 0.10598 0.97530 0.42959 0.05643 0.05408 0.65 
91 1.60 0.09997 0.94654 0.39258 0.05013 0.04788 0.63 
92 l.65 0.09422 0.92055 0.35879 0.04455 0.04243 0.61 
93 1.70 0.08902 0.89719 0.32901 0.03966 0.03776 0.59 
94 1.75 0.08824 0.87622 0.31683 0.03614 0.03533 0.57 
95 1.80 0.09274 0.85738 0.32372 0.03612 0.01509 0.56 
96 1.85 0.09291 0.84041 0.31557 0.03449 0.03328 0.54 
97 1.90 0.09713 0.82507 0.32121 0.03378 0.03299 0.53 
98 1.95 0.09974 0.81115 0.32139 0.03327 0.03216 0.51 
99 2.00 0.11000 0.79846 0.34557 0.03500 0.03372 0.50 
100 2.05 0.11860 0.78684 0.36350 0.03599 0.03460 0.49 
101 2.10 0.12550 0.77617 0.37549 0.03631 0.03489 0.48 
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102 2.15 0.13066 0.76632 0.38184 0.03615 0.03466 0.47 

( 103 2.20 0.13623 0.75722 0.38908 0.03558 0.03451 0.45 
104 2.25 0.14321 0.74877 0.39992 0.03514 0.03468 0.44 
105 2.30 0.15035 0.74093 0.41073 0.03568 0.03485 0.43 
106 2.35 0.15338 0.73362 0.41008 0.03466 0.03405 0.43 
107 2.40 0.15665 0.72682 0.41012 0.03379 0.03334 0.42 
108 2.50 0.16142 0.71456 0.40569 0.03190 0.03167 0.40 
109 2.60 0.16553 0.70389 0.40001 0.03065 0.03002 0.38 
110 2.70 0.16897 0.69461 0.39320 0.02977 0.02842 0.37 
111 2.80 0.17331 0.68654 0.38890 0.02840 0.02710 0.36 
112 2.90 0.17569 0.67956 0.38066 0.02681 0,02561 0.34 
113 3.00 0.17608 0.67353 0.36878 0.02508 0.02399 0.33 
114 3.10 0.18292 0.66836 0.37074 0.02395 0.02334 0.32 
115 3.20 0.18759 0.66394 0.36832 0.02314 0.02246 0.31 
116 3.30 0.19006 0.66019 0.36188 0.02208 0.02140 0.30 
117 3.40 0.18998 0.65703 0.35108 0.02084 0.02015 0.29 
118 3.50 0.18704 0.65439 0.33578 0.01942 0.01872 0.29 
119 3.60 0.18307 0.65219 0.31952 0.01787 0.01732 0.28 
120 3.70 0.18376 0.65042 0.31206 0.01699 0.01646 0.27 
121 3.80 0.18131 0.64898 0.29979 0.01592 0.01539 0.26 
122 3.90 0.17627 0.64785 0.28398 0.01480 0.01421 0.26 
123 4.00 0.16871 0.64700 0.26501 0.01360 0.01293 0.25 
124 4.10 0.17178 0.64637 0.26325 0.01297 0.01253 0.24 
125 4.20 0.17688 0.64596 0.26462 0.01280 0.01229 0.24 
126 4.30 0.18085 0.64571 0.26426 0.01254 0.01199 0.23 
127 4.40 0.18364 0.64563 0.26224 0.01223 0.01163 0.23 
128 4.50 0.18531 0.64568 0.25874 0.01186 0.01122 0.22 
129 4.60 0.18596 0.64581 0.25400 0.01145 0.01077 0.22 
130 4.70 0.18577 0.64607 0.24835 0.01101 0.01031 0.21 
131 4.80 0.18472 0.64641 0.24179 0.01055 0.00983 0.21 
132 4.90 0.18295 0.64680 0.23459 0.01008 0.00934 0.20 
133 5.00 0.18053 0.64728 0.22687 0.00960 0.00885 0.20 
134 5.10 0.17752 0.64776 0.21870 0.00912 0.00837 0.20 
135 5.20 0.17397 0.64834 0.21021 0.00865 0.00789 0.19 
136 5.40 0.16800 0.64955 0.19547 0.00773 0.00706 0.19 
137 5.60 0.16164 0.65082 0. 18135 0.00692 0.00632 0.18 
138 5.80 0.15390 0.65217 0.16672 0.00620 0.00561 0.17 
139 6.00 0.14528 0.65349 0.15214 0.00554 0.00495 0.17 
140 6.20 0.14320 0.65491 0.14512 0.00493 0.00457 0.16 
141 6.40 0.14484 0.65625 0.14219 0.00467 0.00434 0.16 
142 6.60 0.14586 0.65757 0.13886 0.00445 0.00411 0.15 
143 6.80 0.14635 0.65892 0.13523 0.00423 0.00388 0.15 
144 7.00 0.14639 0.66019 0.13140 0.00401 0.00366 0.14 
145 7.30 0.14572 0.66202 0.12542 0.00371 0.00335 0.14 
146 7.60 0.14443 0.66371 0.11940 0.00342 0.00307 0.13 
147 8.00 0.14189 0.66588 0.11144 0.00307 0.00272 0.13 
148 8.50 0.13782 0.66835 0.10188 0.00268 0.00234 0.12 
149 9.00 0.13316 0.67056 0.09296 0.00235 0.00202 0.11 
150 9.50 0.12821 0.67256 0.08480 0.00207 0.00174 0.11 
151 10.00 0.12318 0.67429 0.07740 0.00183 0.00151 0.10 
152 10.50 0.00000 0.00000 0.00000 0.00000 0.00000 0.10 

VALVES IN PERIOD RANGE . I TO 2.5 SEC. 
AREA OF ACC. RESPONSE SPECTRUM = 0.499 
AREA OF VEL. RESPONSE SPECTRUM = 2.275 
MAX. ACCELERATION RESPONSE VALUE= 1.592 
MAX. VELOCITY RESPONSE VALUE= 1.648 

I*****'~ OPTION 9 **'' COMPUTE RESPONSE SPECTRUM 
RESPONSE SPECTRUM ANALYSIS FOR LAYER NUMBER 17 

CALCULATED FOR DAMPING 0.050 

Page 17 



R16094

PCSC300R-1 a.out 
TIMES AT WHICH MAX. SPECTRAL VALUES OCCUR 

TD= TIME FOR MAX. RELATIVE DISP. 
TV = TIME FOR MAX. RELATIVE VEL. 
TA= TIME FOR MAX. ABSOLUTE ACC. 

DAMPING RATIO = 0.050 
PER= 0.0 I TIMES FOR MAXIMA -
PER= 0.02 TIMES FOR MAXIMA -
PER= 0.03 TIMES FOR MAXIMA -
PER= 0.04 TIMES FOR MAXIMA -
PER= 0.05 TIMES FOR MAXIMA -
PER= 0.06 TIMES FOR MAXIMA -
PER= 0.07 TIMES FOR MAXIMA -
PER= 0.08 TIMES FOR MAXIMA -
PER= 0.09 TIMES FOR MAXIMA -
PER= 0. IO TIMES FOR MAXIMA -
PER= 0.1 I TIMES FOR MAXIMA -
PER = 0.12 TIMES FOR MAXIMA -
PER= 0.13 TIMES FOR MAXIMA -
PER= 0.14 TIMES FOR MAXIMA -
PER= 0.15 TIMES FOR MAXIMA -
PER= 0.16 TIMES FOR MAXIMA -
PER = 0.17 TIMES FOR MAXIMA -
PER= 0.18 TIMES FOR MAXIMA -
PER = 0. I 9 TIMES FOR MAXIMA -
PER= 0.20 TIMES FOR MAXIMA -
PER= 0.21 TIMES FOR MAXIMA -
PER = 0.22 TIMES FOR MAXIMA -
PER= 0.23 TIMES FOR MAXIMA -
PER= 0.24 TIMES FOR MAXIMA -
PER= 0.25 TIMES FOR MAXIMA -
PER= 0.26 TIMES FOR MAXIMA -
PER= 0.27 TIMES FOR MAXIMA -
PER= 0.28 TIMES FOR MAXIMA -
PER= 0.29 TIMES FOR MAXIMA -
PER= 0.30 TIMES FOR MAXIMA -
PER= 0.31 TIMES FOR MAXIMA -
PER= 0.32 TIMES FOR MAXIMA -
PER= 0.33 TIMES FOR MAXIMA -
PER= 0.34 TIMES FOR MAXIMA -
PER= 0.35 TIMES FOR MAXIMA -
PER= 0.36 TIMES FOR MAXIMA -
PER= 0.37 TIMES FOR MAXIMA -
PER = 0.38 TIMES FOR MAXIMA -
PER= 0.39 TIMES FOR MAXIMA -
PER= 0.40 TIMES FOR MAXIMA -
PER= 0.41 TIMES FOR MAXIMA -
PER = 0.42 TIMES FOR MAXIMA -
PER = 0.43 TIMES FOR MAXIMA -
PER = 0.44 TIMES FOR MAXIMA -
PER= 0.45 TIMES FOR MAXIMA -
PER = 0.46 TIMES FOR MAXIMA -
PER= 0.47 TIMES FOR MAXIMA -
PER= 0.48 TIMES FOR MAXIMA -
PER= 0.49 TIMES FOR MAXIMA -
PER = 0.50 TIMES FOR MAXIMA -
PER= 0.51 TIMES FOR MAXIMA -
PER = 0.52 TIMES FOR MAXIMA -
PER= 0.53 TIMES FOR MAXIMA -
PER= 0.54 TIMES FOR MAXIMA -
PER= 0.55 TIMES FOR MAXIMA -
PER= 0.56 TIMES FOR MAXIMA --

TD= 2.5700 
TD= 2.5700 
TD= 2.9500 
TD= 3.6300 
TD= 4.8700 
TD= 4.3200 
TD= 4.3300 
TD= 2.5200 
TD= 2.5300 
TD= 2.5900 
TD= 2.5500 
TD= 4.8000 
TD= 3.6600 
TD= 3.6700 
TD= 3.6800 
TD= 4.1800 
TD= 4.1100 
TD= 2.5600 
TD= 2.5700 
TD= 6.6100 
TD= 2.5800 
TD= 2.5000 
TD= 3.4200 
TD= 2.2400 
TD= 6.2400 
TD= 1.5600 
TD= 1.1900 
TD= 1.2100 
TD= 1.2100 
TD= 2.9200 
TD= 2.9400 
TD= 2.9500 
TD= 2.5000 
TD= 2.5000 
TD= 2.5100 
TD= 2.5100 
TD= 2.5100 
TD= 2.5100 
TD= 2.5200 
TD= 3.9400 
TD= 3.9500 
TD= 3.9600 
TD= 3.9700 
TD= 3.9800 
TD= 4.6900 
TD= 4.7000 
TD= 4.7100 
TD= 4.7100 
TD= 5.5200 
TD= 5.5500 
TD= 5.5600 
TD= 2.5100 
TD= 2.5100 
TD=2.5!00 
TD= 2.5100 
TD=2.5100 

TV= 2.5700 
TV= 2.5800 
TV= 2.9400 
TV= 2.6100 
TV= 4.8300 
TV= 4.3300 
TV= 4.3100 
TV= 2.5400 
TV= 2.6000 
TV= 2.6100 
TV= 2.5800 
TV= 2.5800 
TV= 4.7900 
TV= 3.7100 
TV= 3.7200 
TV= 4.1500 
TV= 4.1500 
TV= 2.5200 
TV= 2.5300 
TV= 2.5300 
TV= 2.5300 
TV= 2.5500 
TV= 7.0400 
TV= 2.2900 
TV= 6.3100 
TV= 6.3200 
TV= 1.2600 
TV= 1.2600 
TV= 5.1000 
TV= 2.8400 
TV= 2.8500 
TV= 2.5600 
TV= 2.5600 
TV= 2.5600 
TV= 2.5600 
TV= 2.9300 
TV= 2.6000 
TV= 2.8000 
TV= 4.0300 
TV= 4.0300 
TV= 4.0400 
TV= 4.0400 
TV= 4.0500 
TV= 3.9100 
TV= 3.9100 
TV= 3.9100 
TV= 3.9100 
TV= 3.9100 
TV= 5.4100 
TV= 5.4100 
TV= 5.4100 
TV= 5.4400 
TV= 2.6100 
TV= 2.6300 
TV= 2.6400 
TV= 2.6400 
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TA= 2.5700 
TA= 2.5700 
TA= 2.9500 
TA= 3.6300 
TA= 4.8400 
TA= 1.9700 
TA= 4.3300 
TA= 2.5200 
TA= 2.5300 
TA= 2.5900 
TA= 2.5500 
TA= 4.8000 
TA= 3.6600 
TA= 3.6700 
TA= 3.6800 
TA= 4.1800 
TA= 4.1100 
TA= 2.5600 
TA= 2.5700 
TA= 6.6000 
TA= 7.0500 
TA= 2.5000 
TA= 6.9800 
TA= 2.2300 
TA= 6.2400 
TA= 6.2500 
TA= 1.1900 
TA= 1.2000 
TA= 1.2100 
TA= 2.9100 
TA= 2.9400 
TA= 2.9500 
TA= 2.5000 
TA= 2.5000 
TA= 2.5000 
TA= 2.5000 
TA= 2.5000 
TA= 2.5100 
TA= 2.5100 
TA= 3.9400 
TA= 3.9500 
TA= 3.9500 
TA= 3.9600 
TA= 3.9700 
TA= 4.6900 
TA= 4.6900 
TA= 4.7000 
TA= 4.7000 
TA= 5.5100 
TA= 5.5400 
TA= 5.5600 
TA= 2.5000 
TA= 2.5000 
TA= 2.5000 
TA= 2.5000 
TA= 2.5000 
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PER; 0.57 
PER;0.58 
PER ;0.60 
PER ;0.62 
PER ;0.64 
PER;0.66 
PER; 0.68 
PER;0.70 
PER ;0.72 
PER;0.74 
PER; 0.76 
PER; 0.78 
PER;0.80 
PER;0.82 
PER;0.84 
PER;0.86 
PER;0.88 
PER; 0.90 
PER ;0.92 
PER;0.94 
PER; 0.96 
PER;0.98 
PER; 1.00 
PER; 1.05 
PER; I.IO 
PER; 1.15 
PER; 1.20 
PER; 1.25 
PER; 1.30 
PER; 1.35 
PER; 1.40 
PER; 1.45 
PER; 1.50 
PER; 1.55 
PER; 1.60 
PER; 1.65 
PER; 1.70 
PER; 1.75 
PER; 1.80 
PER; 1.85 
PER; 1.90 
PER; 1.95 
PER ;2.00 
PER ;2.05 
PER; 2.10 
PER;2.15 
PER ;2.20 
PER ;2.25 
PER ;2.30 
PER; 2.35 
PER; 2.40 
PER; 2.50 
PER; 2.60 
PER; 2.70 
PER ;2.80 
PER; 2.90 
PER ;3.00 
PER; 3.10 
PER; 3.20 
PER; 3.30 
PER; 3.40 

PCSC300E- I a.out 
TIMES FOR MAXIMA -- TD ; 2.5200 TV ; 2.6400 TA ; 2.5100 
TIMES FOR MAXIMA -- TD ; 2.5200 TV ; 2.6400 TA; 2.5100 
TIMES FOR MAXIMA -- TD ; 2.5400 TV ; 2.4800 TA; 2.5300 
TIMES FOR MAXIMA -- TD ; 2.5600 TV ; 2.4800 TA; 2.5500 
TIMES FOR MAXIMA -- TD ; 2.5900 TV ; 2.4800 TA; 2.5800 
TIMES FOR MAXIMA -- TD ; 2.6000 TV ; 2.4900 TA; 2.5900 
TIMES FOR MAXIMA-- TD; 3.4100 TV; 2.4900 TA; 3.4000 
TIMES FOR MAXIMA-- TD; 3.4200 TV; 2.4900 TA; 3.4100 
TIMES FOR MAXIMA-- TD; 3.4300 TV; 3.6100 TA; 3.4200 
TIMES FOR MAXIMA-- TD; 3.4400 TV; 3.6100 TA; 3.4300 
TIMES FOR MAXIMA -- TD; 1.8100 TV; 3.6100 TA; 1.7500 
TIMESFORMAXIMA-- TD; 1.4700 TV; 3.6100 TA; 1.8100 
TIMES FOR MAXIMA -- TD ; 1.4700 TV ; 3.6100 TA; 1.4600 
TIMES FOR MAXIMA-- TD; 1.4900 TV; 3.6100 TA; 1.4700 
TIMES FOR MAXIMA -- TD; 6.4900 TV; 3.6200 TA; 6.4800 
TIMES FOR MAXIMA -- TD; 3.4700 TV; 4.2200 TA; 3.4700 
TIMES FOR MAXIMA -- TD; 4.0000 TV; 4.2200 TA; 3.9700 
TIMES FOR MAXIMA -- TD ; 4.0 I 00 TV; 4.2200 TA; 4.0000 
TIMES FOR MAXIMA-- TD; 4.0100 TV; 4.2900 TA; 4.0000 
TIMESFORMAXIMA-- TD; 3.1200 TV; 4.2900 TA; 3.1100 
TIMES FOR MAXIMA-- TD; 3.1200 TV; 3.9100 TA; 3.1100 
TIMES FOR MAXIMA-- TD; 3.1300 TV; 3.9100 TA; 3.1200 
TIMES FOR MAXIMA-- TD; 3.1500 TV; 3.9100 TA; 3.1200 
TIMES FOR MAXIMA-- TD; 3.2000 TV; 3.9100 TA; 3.1800 
TIMES FOR MAXIMA -- TD; 3.2300 TV; 2.4900 TA; 3.2200 
TIMES FOR MAXIMA -- TD ; 3.3000 TV; 2.4900 TA; 3.2900 
TIMES FOR MAXIMA-- TD; 3.3300 TV; 2.4900 TA; 3.3100 
TIMES FOR MAXIMA -- TD; 3.3500 TV; 2.4900 TA; 3.3300 
TIMES FOR MAXIMA -- TD; 3.3700 TV; 2.4900 TA; 3.3600 
TIMES FOR MAXIMA -- TD; 2.8400 TV; 2.4900 TA; 2.8200 
TIMES FOR MAXIMA -- TD; 2.8700 TV; 2.4900 TA; 2.8300 
TIMES FOR MAXIMA -- TD ; 2. 9000 TV ; 2.4900 TA; 2.8600 
TIMES FOR MAXIMA -- TD; 2.9200 TV; 2.4900 TA; 2.8900 
TIMES FOR MAXIMA -- TD; 2.9200 TV; 2.4900 TA; 2.9100 
TIMES FOR MAXIMA-- TD; 2.9200 TV; 2.4900 TA; 2.9100 
TIMES FOR MAXIMA -- TD; 2.9300 TV; 2.4900 TA; 2.9100 
TIMES FOR MAXIMA -- TD; 2.9900 TV; 2.4900 TA; 2.3700 
TIMES FOR MAXIMA -- TD; 2.3900 TV; 2.4900 TA; 2.3700 
TIMES FOR MAXIMA -- TD; 5.9300 TV; 2.4900 TA; 5.9200 
TIMES FOR MAXIMA -- TD; 6.0000 TV; 2.4900 TA; 5.9900 
TIMES FOR MAXIMA -- TD; 6.0500 TV; 5.7600 TA; 6.0400 
TIMES FOR MAXIMA -- TD; 5.3500 TV; 5.7600 TA; 5.3400 
TIMES FOR MAXIMA -- TD; 5.3600 TV; 5.7600 TA; 5.3400 
TIMES FOR MAXIMA -- TD; 5.3600 TV; 5.7600 TA; 5.3400 
TIMES FOR MAXIMA -- TD; 5.3600 TV; 5.7600 TA; 5.3400 
TIMES FOR MAXIMA -- TD; 8.7100 TV; 5.7600 TA; 5.3400 
TIMES FOR MAXIMA-- TD; 8.8100 TV; 5.7600 TA; 7.6700 
TIMES FOR MAXIMA -- TD ; 8.8900 TV ; 5. 7600 TA; 8.8800 
TIMES FOR MAXIMA -- TD; 7.8200 TV; 5.7600 TA; 8.8800 
TIMES FOR MAXIMA -- TD; 7.8800 TV; 5.7600 TA; 7.7900 
TIMES FOR MAXIMA -- TD; 7.9100 TV; 5.7600 TA; 7.8800 
TIMESFORMAXIMA-- TD; 8.0300 TV; 7.3100 TA; 8.0100 
TIMES FOR MAXIMA -- TD; 8.0600 TV; 7.6400 TA; 8.0200 
TIMES FOR MAXIMA -- TD; 6.9400 TV; 7.6400 TA; 6.8800 
TIMES FOR MAXIMA -- TD; 6.9400 TV; 7.6500 TA; 6.8800 
TIMES FOR MAXIMA -- TD; 7.0600 TV; 7.6500 TA; 6.9300 
TIMES FOR MAXIMA -- TD; 7.1500 TV; 7.6500 TA; 7.0400 
TIMES FOR MAXIMA -- TD; 7.1900 TV; 5.3000 TA; 7.1400 
TIMES FOR MAXIMA -- TD; 7.2000 TV; 5.3000 TA; 7.1400 
TIMES FOR MAXIMA-- TD; 7.2100 TV; 5.3000 TA; 7.1800 
TIMES FOR MAXIMA -- TD; 7.2100 TV; 5.3000 TA; 7.1800 
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PER=3.50 TIMES FOR MAXIMA-- TD= 7.2200 TV= 5.3000 TA= 7.1900 
PER= 3.60 TIMES FOR MAXIMA-- TD= 7.4500 TV= 5.3000 TA= 7.3800 
PER= 3.70 TIMES FOR MAXIMA-- TD= 7.4600 TV= 5.3000 TA= 7.3900 
PER= 3.80 TIMES FOR MAXIMA-- TD= 7.5000 TV= 5.3000 TA= 7.4400 
PER= 3.90 TIMES FOR MAXIMA-- TD= 7.5100 TV= 5.3000 TA= 7.4500 
PER= 4.00 TIMES FOR MAXIMA-- TD= 7.6200 TV= 5.3000 TA= 7.4500 
PER= 4.10 TIMES FOR MAXIMA -- TD = 6.1600 TV = 5.3000 TA= 6.0900 
PER=4.20 TIMES FOR MAXIMA-- TD= 6.1600 TV= 5.3000 TA= 6.1400 
PER=4.30 TIMESFORMAXIMA-- TD= 6.1700 TV= 5.3000 TA= 6.1500 
PER=4.40 TIMES FOR MAXIMA-- TD= 6.1900 TV= 5.3000 TA= 6.1500 
PER=4.50 TIMESFORMAXIMA-- TD= 6.2000 TV= 5.3000 TA= 6.1500 
PER= 4.60 TIMES FOR MAXIMA -- TD= 6.2000 TV= 5.3000 TA= 6. 1500 
PER= 4.70 TIMES FOR MAXIMA -- TD= 6.2000 TV= 5.3000 TA= 6.1500 
PER= 4.80 TIMES FOR MAXIMA -- TD= 6.3400 TV= 5.3000 TA= 6.1500 
PER= 4.90 TIMES FOR MAXIMA-- TD= 6.3400 TV= 5.3000 TA= 6.1500 
PER= 5.00 TIMES FOR MAXIMA -- TD= 6.3500 TV= 5.3000 TA= 6.3200 
PER = 5.10 TIMES FOR MAXIMA -- TD = 6.3500 TV = 5.3000 TA= 6.3200 
PER = 5.20 TIMES FOR MAXIMA -- TD = 6.3500 TV = 5.3000 TA= 6.3200 
PER= 5.40 TIMES FOR MAXIMA -- TD= 6.3500 TV= 5.3000 TA= 6.3200 
PER = 5.60 TIMES FOR MAXIMA -- TD= 6.5400 TV = 5.3000 TA= 6.3200 
PER= 5.80 TIMES FOR MAXIMA -- TD= 6.5500 TV = 5.3000 TA= 6.5000 
PER = 6.00 TIMES FOR MAXIMA -- TD= 6.5500 TV = 5.3000 TA= 6.5000 
PER= 6.20 TIMES FOR MAXIMA -- TD= 4.7700 TV= 5.3000 TA= 4.5200 
PER= 6.40 TIMES FOR MAXIMA -- TD= 4.7700 TV= 5.3000 TA= 4.7300 
PER= 6.60 TIMES FOR MAXIMA -- TD= 4.7700 TV= 5.3000 TA= 4.7300 
PER= 6.80 TIMES FOR MAXIMA-- TD= 4.7800 TV= 5.3000 TA= 4.7300 
PER= 7.00 TIMES FOR MAXIMA-- TD= 4.7800 TV= 5.3000 TA= 4.7300 
PER= 7.30 TIMES FOR MAXIMA-- TD= 4.7800 TV= 5.3000 TA= 4.7300 
PER= 7.60 TIMES FOR MAXIMA-- TD= 4.7800 TV= 2.4900 TA= 4.7300 
PER= 8.00 TIMES FOR MAXIMA -- TD = 4. 7800 TV = 2.4900 TA = 4. 7300 
PER= 8.50 TIMES FOR MAXIMA-- TD= 4.7800 TV= 2.4900 TA= 4.7300 
PER= 9.00 TIMES FOR MAXIMA-- TD= 4.7800 TV= 2.4900 TA= 4.7300 
PER= 9.50 TIMES FOR MAXIMA -- TD= 4.7800 TV= 2.4900 TA= 4.7300 
PER=l0.00 TIMES FOR MAXIMA-- TD= 4.7800 TV= 2.4900 TA= 4.7300 
SPECTRAL VALUES--
(Acceleration of gravity used = 32.20) 

PSCS300E Crest Column DAMPING RATIO= 0.050 
NO. PERIOD REL. D!SP. REL. VEL. PSU.REL. VEL. ABS. ACC. PSU.ABS.ACC. FREQ. 

I 0.0 I 0.00005 0.00136 0.02849 0.55850 0.55584 100.00 
2 0.02 0.00018 0.04499 0.05569 0.55907 0.54337 50.00 
3 0.03 0.00100 0.17299 0.21036 1.35502 1.36825 33.33 
4 0.04 0.00178 0.23944 0.27972 1.41661 1.36454 25.00 
5 0.05 0.00238 0.31660 0.29913 1.19625 1.16738 20.00 
6 0.06 0.00324 0.37402 0.33931 1.11290 1.10350 16.67 
7 0.07 0.00410 0.42586 0.36768 1.00192 1.02494 14.29 
8 0.08 0.00662 0.49285 0.51989 1.30592 1.26808 12.50 
9 0.09 0.01058 0.74261 0.73891 1.61391 1.60203 I I.I I 
IO 0.1 O 0.00992 0.62974 0.62356 1.19459 1.21675 10.00 
11 0.11 0.00945 0.61752 0.53978 0.94469 0.95753 9.09 
12 0.12 0.00955 0.45760 0.49991 0.83422 0.8 I 289 8.33 
13 0.13 0.00942 0.48076 0.45527 0.67574 0.68335 7.69 
14 0.14 0.01238 0.51781 0.55546 0.77129 0.77420 7.14 
15 0.15 0.01197 0.53788 0.50127 0.65502 0.65209 6.67 
16 0.16 0.01428 0.62039 0.56072 0.68796 0.68383 6.25 
17 0.17 0.01619 0.69957 0.59823 0.69353 0.68666 5.88 
18 0.18 0.0 I 573 0.57102 0.549 I 9 0.60640 0.59536 5.56 
19 0.19 0,01745 0.63990 0,57695 0.59795 0.59253 5.26 
20 0.20 0.01613 0.56661 0.50682 0.50024 0.49448 5,00 
21 0.21 0.01674 0.60435 0.50091 0.46688 0.46544 4.76 
22 0.22 0.01774 0,54424 0.50670 0.46072 0.44942 4.55 
23 0.23 0.01530 0.47636 0.41797 0,35437 0.35460 4,35 
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I 24 0.24 0.01639 0.46797 0.42917 0.35591 0.34893 4.17 
I 25 0.25 0.01736 0.48167 0.43619 0.34254 0.34046 4.00 \_ 

26 0.26 0.01916 0.51490 0.46302 0.35118 0.34750 3.85 
27 0.27 0.02110 0.53368 0.49I04 0.35711 0.35488 3.70 
28 0.28 0.02280 0.53679 0.51153 · 0.35936 0.35648 3.57 
29 0.29 0.02363 0.56432 0.51192 0.34832 0.34445 3.45 
30 0.30 0.02424 0.55960 0.50764 0.33261 0.33018 3.33 
31 0.31 0.02969 0.62717 0.60171 0.38143 0.37875 3.23 
32 0.32 0.03087 0.64924 0.60610 0.37197 0.36959 3.13 
33 0.33 0.02956 0.62054 0.56290 0.33676 0.33284 3.03 
34 0.34 0.02988 0.59171 0.55227 0.32331 0.31695 2.94 
35 0.35 0.03145 0.58062 0.56451 0.32000 0.31472 2.86 
36 0.36 0.03369 0.56893 0.58806 0.32211 0.31875 2.78 
37 0.37 0.03527 0.58074 0.59894 0.31687 0.31587 2.70 
38 0.38 0.03518 0.57848 0.58166 0.30335 0.29868 2.63 
39 0.39 0.03387 0.62913 0.54565 0.27671 0.27301 2.56 
40 0.40 0.03589 0.68918 0.56383 0.27621 0.27505 2.50 
41 0.41 0.03816 0.69282 0.58485 0.27999 0.27835 2.44 
42 0.42 0.03860 0.65645 0.57750 0.26954 0.26830 2.38 
43 0.43 0.03804 0.60516 0.55578 0.25364 0.25221 2.33 
44 0.44 0.03681 0.59581 0.52568 0.23464 0.23313 2.27 
45 0.45 0.03653 0.60067 0.5l004 0.22154 0.22117 2.22 
46 0.46 0.03729 0.59047 0.50937 0.21665 0.21607 2.17 
47 0.47 0.03606 0.57052 0.48207 0.20332 0.20014 2.13 
48 0.48 0.03349 0.54379 0.43835 0.18014 0.17820 2.08 
49 0.49 0.03413 0.51793 0.43769 0.17566 0.17430 2.04 
50 0.50 0.03500 0.52157 0.43985 0.17218 0.17165 2.00 
51 0.51 0.03473 0.49075 0.42793 0.16499 0.16373 1.96 
52 0.52 0.03363 0.45429 0.40638 0.15517 0.15249 1.92 
53 0.53 0.03853 0.46746 0.45674 0.17096 0.16816 1.89 
54 0.54 0.04389 0.51448 0.51070 0.18737 0.18454 1.85 
55 0.55 0.04926 0.55886 0.56278 0.20245 0.19966 1.82 
56 0.56 0.05415 0.59863 0.60760 0.21441 0.21172 1.79 
57 0.57 0.05848 0.62378 0.64468 0.22381 0.22070 1.75 
58 0.58 0.06184 0.63106 0.66986 0.22829 0.22536 1.72 
59 0.60 0.06544 0.70068 0.68529 0.22393 0.22287 1.67 
60 0.62 0.06573 0.79556 0.66617 0.21124 0.20966 1.61 
61 0.64 0.06527 0.83826 0.64083 0.19701 0. 19538 1.56 
62 0.66 0.06037 0.83336 0.57472 0.17238 0.16992 1.52 
63 0.68 0.05937 0.78867 0.54857 0.15814 0.15742 1.47 
64 0.70 0.06308 0.71314 0.56623 0.15969 0. 15784 1.43 
65 0.72 0.06124 0.63612 0.53441 0.14674 0.14483 1.39 
66 0.74 0.05637 0.58189 0.47867 0.12760 0.12622 1.35 
67 0.76 0.05182 0.52189 0.42839 0.1 !039 0. !0999 1.32 
68 0.78 0.05224 0.48141 0.42084 0. l0620 0.10528 1.28 
69 0.80 0.05347 0.46947 0.41997 0. !0299 0.10244 1.25 
70 0.82 0.05454 0.48106 0.41789 0.09999 0.09944 1.22 
71 0.84 0.05857 0.50396 0.43810 0. l0258 0. IOI 77 1.19 
72 0.86 0.06521 0.56033 0.47640 0. !0880 0. !0809 1.16 
73 0.88 0.07540 0.63272 0.53836 0.11994 0.11938 1.14 
74 0.90 0.08642 0.69483 0.60330 0. 13206 0.13080 I.II 
75 0.92 0.09546 0.73421 0.65194 0.14025 0.13828 1.09 
76 0.94 O.l0261 0.79469 0.68589 0.14302 0.14238 1.06 
77 0.96 0.11124 0.85758 0.72810 0.14917 0.14799 1.04 
78 0.98 0.11832 0.92962 0.75859 0.15264 0.15105 1.02 
79 1.00 0.12378 0.97242 0.77774 0.15296 0.15176 1.00 
80 I.OS 0.13543 0.94462 0.81038 0.15223 0.15060 0.95 
81 I.IO 0.13936 0.91425 0.79602 0.14229 0.14121 0.91 
82 1.15 0.13942 0.92776 0.76173 0.12990 0. 12925 0.87 
83 1.20 0.13742 0.91717 0.71955 0.11796 0.11700 0.83 
84 1.25 0.13052 0.89112 0.65605 O.l0342 0.10241 0.80 
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PCSC300E-l a.out r 85 1.30 0.12014 0.85653 0.58064 0.08786 0.08715 0.77 
86 1.35 0.11483 0.81840 0.53443 0.07843 0.07725 0.74 
87 1.40 0.11078 0.78000 0.49719 0.06994 0.06930 0.71 
88 1.45 0.10667 0.74332 0.46222 0.06255 0.06220 0.69 
89 1.50 O.l0247 0.70939 0.42921 0.05627 0.05583 0.67 
90 1.55 0.09800 0.67864 0.39727 0.05054 0.05001 0.65 
91 1.60 0.09315 0.651 IO 0.36578 0.04533 0.04461 0.63 
92 1.65 0.08827 0.62659 0.33614 0.04056 0.03975 0.61 
93 1.70 0.08406 0.60485 0.31070 0.03642 0.03566 0.59 
94 1.75 0.08232 0.58554 0.29557 0.03416 0.03296 0.57 
95 1.80 0.08511 0.56835 0.29710 0.03252 0.03221 0.56 
96 1.85 0.09046 0.55299 0.30724 0.03299 0.03241 0.54 
97 1.90 0.09369 0.55264 0.30982 0.03228 0.03182 0.53 
98 1.95 0.09719 0.57669 0.31317 0.03199 0.03134 0.51 
99 2.00 0.10618 0.59049 0.33357 0.03334 0.03254 0.50 
100 2.05 0.11329 0.59503 0.34724 0.03395 0.03305 0.49 
IOI 2.10 0.11848 0.59178 0.35449 0.03395 0.03294 0.48 
102 2.15 0.12507 0.58239 0.36551 0.03345 0.03317 0.47 
103 2.20 0. 1323 I 0.56849 0.37788 0.03396 0.03352 0.45 
104 2.25 0.14127 0.55156 0.39451 0.03461 0.03421 0.44 
105 2.30 0.14555 0.53286 0.39762 0.03432 0.03373 0.43 
106 2.35 0.15032 0.51341 0.40191 0.03358 0.03337 0.43 
107 2.40 0.15378 0.49399 0.40261 0.03307 0.03273 0.42 
l08 2.50 0.16045 0.47493 0.40326 0.03175 0.03148 0.40 
109 2.60 0.16086 0.46775 0.38874 0.02958 0.02918 0.38 
110 2.70 0.16244 0.48295 0.37802 0.02799 0.02732 0.37 
111 2.80 0.16553 0.48384 0.37144 0.02643 0.02589 0.36 
112 2.90 0.16738 0.47446 0.36265 0.02483 0.02440 0.34 
I 13 3.00 0.17264 0.45662 0.36159 0.02380 0.02352 0.33 
114 3.10 0.1781 I 0.44595 0.36099 0.02309 0.02272 0.32 
115 3.20 0.18202 0.45345 0.35740 0.02213 0.02179 0.31 
116 3.30 0.18346 0.46135 0.34931 0.02109 0.02065 0.30 
I 17 3.40 0.18236 0.46940 0.33701 0.01986 0.01934 0.29 
I 18 3.50 0.17866 0.47735 0.32073 0.01848 0.01788 0.29 
119 3.60 0.17795 0.48496 0.3!058 0.01717 0.01683 0.28 
120 3.70 0.17716 0.49200 0.30084 0.01615 0.01587 0.27 
121 3.80 0.17389 0.49830 0.28752 0.015!0 0.01476 0.26 
122 3.90 0.16892 0.50375 0.27215 0.01394 0.01362 0.26 
123 4.00 0.16257 0.50827 0.25536 0.01270 0.01246 0.25 
124 4.10 0.16720 0.51183 0.25624 0.01240 0.01220 0.24 
125 4.20 0.17130 0.51442 0.25627 0.01215 0.01191 0.24 
126 4.30 0.17439 0.51608 0.25482 0.01186 0.01156 0.23 
127 4.40 0.17660 0.51685 0.25219 O.Qll51 0.01118 0.23 
128 4.50 0.17784 0.51679 0.24832 0.01111 0.01077 0.22 
129 4.60 0.17820 0.51597 0.24340 0.0l069 0.0!033 0.22 
130 4.70 0.17762 0.51446 0.23745 0.0!023 0.00986 0.21 
131 4.80 0.17619 0.51234 0.23064 0.00976 0.00938 0.21 
132 4.90 0.17586 0.50969 0.22550 0.00929 0.00898 0.20 
133 5.00 0.17475 0.50658 0.21959 0.00889 0.00857 0.20 
134 5.10 0.17300 0.50308 0.21314 0.00850 0.00815 0.20 
135 5.20 0.17062 0.49924 0.20616 0.008 IO 0.00774 0.19 
136 5.40 0.16427 0.49084 0.19114 0.00731 0.00691 0.19 
137 5.60 0.15767 0.48179 0.17690 0.00653 0.00616 0.18 
138 5.80 0.15136 0.47242 0.16397 0.00581 0.00552 0.17 
139 6.00 0.14395 0.46299 0.15074 0.00521 0.00490 0.17 
140 6.20 0.14150 0.45370 0.14340 0.00485 0.00451 0.16 
141 6.40 0.14276 0.44470 0.14015 0.00459 0.00427 0.16 
142 6.60 0.14344 0.43607 0.13655 0.00436 0.00404 0.15 
143 6.80 0.14364 0.42789 0.13273 0.00413 0.00381 0.15 
144 7.00 0.14346 0.42018 0.12877 0.00392 0.00359 0.14 
145 7.30 0.14249 0.40956 0.12264 0.00361 0.00328 0.14 

Page 22 



R16099

PCSC300E-l a.out 
146 7.60 0.14087 0.40837 0.11646 0.00332 0.00299 
147 8.00 0.13798 0.41060 0.10837 0.00297 0.00264 
148 8.50 0.13357 0.41312 0.09873 0.00259 0.00227 
149 9.00 0.12865 0.41537 0.08981 0.00226 0.00195 
150 9.50 0.12352 0.41738 0.08169 0.00198 0.00168 
151 10.00 0.11835 0.41917 0.07436 0.00175 0.00145 
152 10.50 0.00000 0.00000 0.00000 0.00000 0.00000 

VALUES IN PERIOD RANGE .1 TO 2.5 SEC. 
AREA OF ACC. RESPONSE SPECTRUM = 0.331 
AREA OF VEL. RESPONSE SPECTRUM = 1.567 
MAX. ACCELERATION RESPONSE VALUE= 1.195 
MAX. VELOCITY RESPONSE VALUE = 0.972 

*** End of Output File No. l *** 
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Civil & Environmental Consultants, Inc. 
Williamson Energy - Pond Creek South Cell 

PROJECT Deformation Evaluation PROJECT NO. 072046 

Induced Cyclic Shear Stresses and Strains, and Time Histories 

of Cyclic Shear Stress - SHAKE PCSC300E and PCSC300M 
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SUMMARY OF EARTHQUAKE INDUCED CYCLIC SHEAR STRESS AND STRAIN 
SHAKE2000 ANALYSES OUTPUT FILES FOR M6.8 BACKGROUND MDE AT 13.5 KM 
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R
16101

1 Layer 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
17 

Notes: 

Depth to 
Middle of 

Layer 
(ft) 

I Total Unit I 
, Weight 

' 

2 
5.5 
8.5 

11.5 
14.5 
17.5 
20.5 
23.5 
2e.s·1 

30: 
33.5 '. 
36.5 I -·---1 
39.5; 
42.5. 
45.5 
48.5 

Base 
Outcrop 

(kcf) 
.13 . 
.1~ : 
.13 , 

: 13 i' 
. 14 I 
~14 -
.14 
.14. 
:14 
.14 

.. 135 
.135 
.135 
.135 
.135 
.135 

PCSC300M Crest Column 
Williamson - Pond Creek South Cell - Surf. El. 502, GWT 32lt., Fines El. 474 

M6.8 Background Synthetic @13.5km, PGA=0.54g - Atkinson & Boore (1995) 

Damping 
Used 

(%) I 
2.7

1 
4.3 I 

. 4-91 
4.2. 
5.1 j 

6.3 j 
6.4, 
7.3 i 
6.7 i 
5.4' 
5.9 
6.1 
5.8 

. 5.2. 
3.3 • 
3.5. 

Shear : Maximum· - ! M8.Ximum ! Shear Wave ! 
Modulus Shear Strain I Shear Stress I Velocity 

. ! 
(lp_s) __ ; 
859.775_, 

Depth to 
Top of 
Layer 

(fl) (ksl) 
2984.4 
21ilo:8 
2786.4 
4180.1 
3242.1 
2562.8 
2737.4 
2187.7 
2567.1 
2734.6 
1680.1 . 
1669.8: 
1929.1 
2549.6; 
5182.9. 
5064.7 

(%) 
.00699 
.01829 
.02359 
.01783 
.02~61 . 
. 04089 
.04286: 
.05683 
.04803 
.04236 

.. 06726 
.Q7088 
.06525' 
.05468 

(psi) 
208.65 
510.56 
657.19 
745.46 
862.84 

1047.93 
1173.22 
1243.29 
1232.98 
1 )58.3 

831.42_0? j __ 
b 
4 
7 

10 
13 

.0282 
.03086 

1130.04 
1183.52 
125!l.79 
1394.02 
1461.76 

1562.9 

. 8_30.7_6161 
1017.536 
863.5294 I 
767'-75?§.j 
793.4746 I 

. 'c_0~.:34551 . 
768.3964 ! 
?~-Q687_1 
633.0363 
631.0929. 
678.3g§9_ 
779.8249 
1111.853 
1099.102 

16 
19 
22 
25 
28 i 
_3g' 
35 
38 
41 
44 
47 
§0 
50 

Peak- I G/Gmax euive·-1·--D-amping Curve 
Acceleration 

(g) .... 

! ~;; kl~ 
... 48874 ·--. "·coarse_T, .. ____ Coarse. _ 

_,46491 <::9~r_e;~_J_ Coarse 
. 51703 Qoar_se _ ! C9arse :~:~r1· · 2~:i:t- ~-~ F-~--- -g~:~:: 
-lUlf---- ~!~!~if l ~=~l~~:i 

- .5~~~~ . . -- =:~:~~~- I- -- -=:~:~~::-. -~llij! _- :_- Fiesidua_1 ~l:=-= _::R.§:~_u:a~~ 

Period for Soil Column: .24 sec 
Average Shear Wave Velocity for Soil Column: 823 ft/sec 
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i::: 
0 

:;:::; 
m.-. 
... Cl) 
(I) -
- Cl 
(I) -(J 
(J 
<( 

M6.8 Background Synthetic @13.5km - Atkinson & Boore (1995) 

0.8--.------~------~-----~-----~~--------j 

0.6 
' ' '/, ' 

' 1\1' I' I,,, 

o 4-1 •1111:il',!'1:,, 
• 'I.I: ! '.,, 

" 

0.2 

0.0 

-0.2 

-0.4 

-0.6 

'Ji'•\ ,1,i1,1r11~,.,,_.,_, _______ _ 
:,·, 

-0.8-----'--------~-----~-----~-----~-------1-
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Time (sec) 
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********'~************************************************** * SHAKE: PROGRAM FOR EARTHQUAKE RESPONSE ANAL. HORIZONTAL* 
* LAYERED SITES by Per Schnable & John Lysmer - I 970 * 
*---------------* 
* SHAKE85: IBM PC SHAKE VERSION S.S.(Willie) Lai,Jan I 985 * 
*---------------* 
* SHAKE88 :New modulus reduction curves for clays added * 
* using results from Sun et al (1988) by J. I. Sun * 
* & Ramin Golesorkhi February 26, 1988 * 
*---------------* 
* SHAKE90/91: Adjust last iteration; Input now is either * 
* Gmax or max Vs; up to 13 materials can be specified* 
* by user; up to 50 Layers can be specified~ object * 
* motion can be read in from a separate file and can * 
* user specified format; Different periods for res- * 
* ponse spectral calculations;options are renumbered;* 
* and general cleanup by: J. I. Sun, I. M. Idriss & * 
* P. Dirrim June I 990 - February I 991 * 
*---------------* 
* SHAKE91: General cleanup and finalization of input out-* 
* output format ... etc by: I. M. Idriss Dec. I 991 * 
*---------------* 
* SHAKE2000: Fix the incorrect output of Tot. Stress in * 
* Option 2. Changed path of ground motion file in * 
* SHAKE91. Control file to input file names. Modified * 
* by Jerald M. La Vassar & Gustavo A. Ordonez (March 2003) * 
* RUN DATE 1/02/2008 * 
* RUNTIMEll:01 * 

MAX. NUMBER OF TERMS IN FOURIER TRANSFORM = 32768 
NECESSARY LENGTH OF BLANK COMMON X = 204819 

I****** OPTION I *** READ RELATION BETWEEN SOIL PROPERTIES AND STRAIN 

MATERIAL TYPE NO. l 

CURVE NO. I: Coarse 
CURVE NO. 2: Coarse 

G/Gmax - Gravel (Mean) - Rollins et al. JGGE 
Damping for Gravel (Mean) - Rollins et al. J 

CURVE NO. I CURVE NO. 2 
-----------

STRAIN G/GMAX STRAIN DAMPING 
-------- ------- -------- --------
0.0001 I.ODO 0.0001 0.90 
0.0002 0.995 0.0003 1.11 
0.0005 0.980 0.0006 1.30 
0.0008 0.970 0.0010 1.50 
0.0010 0.960 0.0020 1.91 
0.0020 0.930 0.0030 2.24 
0.0030 0.905 0.0040 2.54 
0.0040 0.880 0.0060 3.05 
0.0070 0.810 0.0080 3.50 
0.0100 0.755 0.0100 3.89 
0.0200 0.630 0.0200 5.45 
0.0700 0.390 0.0300 6.61 
0.1000 0.325 0.0500 8.28 
0.2000 0.205 0.1000 10.79 
0.3000 0.150 0.2000 13.23 
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0.4000 0.115 0.3000 14.47 
0.5000 0.095 0.4000 15.24 
0.6000 0.080 0.6000 16.14 
0.8000 0.070 0.8000 16.66 
l.0000 0.050 l.0000 17.01 

********************** 
MATERIAL TYPE NO. 2 

********************** 

CURVE NO. 3: Fine Refuse Moduli for Fine Refuse (Ellison & Cho, 1976) 
CURVE NO. 4: Fine Refuse Damping Values for Fine Refuse (Ellison & Ch 

CURVENO.3 CURVEN0.4 

STRAIN G/GMAX STRAIN DAMPING 
-------- ------- -------- --------
0.0001 l.000 0.0001 0.75 
0.0004 l.000 0.0004 0.65 
0.0010 0.995 0.0010 0.70 
0.0020 0.992 0.0020 0.80 
0.0040 0.989 0.0040 0.90 
0.0060 0.981 0.0060 1.10 
0.0080 0.965 0.0080 1.30 
0.0100 0.955 0.0100 1.40 
0.0200 0.905 0.0200 2.00 
0.0400 0.828 0.0400 3.10 
0.0600 0.750 0.0600 4.00 
0.0800 0.670 0.0800 5.20 
0.1000 0.610 0.1000 6.00 
0.2000 0.610 0.2000 6.00 

********************** 
MATERIAL TYPE NO. 3 
********************** 

CURVE NO. 5: Residual G/Gmax Pl=l5%- Effective Confining Pressure 
CURVE NO. 6: Residual Damping PI=l5% - Effective Confining Pressur 

CURVE NO. 5 CURVE NO. 6 

STRAIN G/GMAX STRAIN DAMPING 
-------- ------- -------- --------

0.0000 l.000 0.0000 0.67 
0.0000 l.000 0.0000 0.67 
0.0000 0.999 0.0000 0.68 
0.0001 0.998 0.0001 0.68 
0.0002 0.996 0.0002 0.70 
0.0005 0.991 0.0005 0.75 
0.0010 0.983 0.0010 0.83 
0.0022 0.965 0.0022 1.02 
0.0048 0.931 0.0048 1.43 
0.0100 0.873 0.0100 2.17 
0.0220 0.770 0.0220 3.68 
0.0484 0.618 0.0484 6.24 
0.1000 0.454 0.1000 9.48 
0.2200 0.287 0.2200 13.40 
0.4840 0.163 0.4840 16.87 
l.0000 0.091 l.0000 19.16 
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********************** 
MATERIAL TYPE NO. 4 

********************** 

CURVE NO. 7: Rock 
CURVE NO. 8: Rock 

G/Gmax - ROCK (Schnabel 1973) 
Damping for ROCK (Schnabel I 973) 

CURVE NO. 7 CURVENO.8 

STRAIN G/GMAX STRAIN DAMPING 
-------- ------- -------- --------

0.0001 1.000 0.0001 0.40 
0.0003 1.000 0.0010 0.80 
0.0010 0.990 0.0100 1.50 
0.0030 0.950 0.1000 3.00 
0.0100 0.900 1.0000 4.60 
0.0300 0.810 0.0000 0.00 
0.1000 0.725 0.0000 0.00 
1.0000 0.550 0.0000 0.00 

I****** OPTION 2 *** READ SOIL PROFILE 
NEW SOIL PROFILE NO. 1 IDENTIFICATION PSCS300E Crest Column 
NUMBER OF LAYERS 17 DEPTH TO BEDROCK 50.00 

NO. TYPE THICKNESS DEPTH TOTAL PRESS. MODULUS DAMPING UNIT WT. SHEAR VEL 
(FT) (FT) (KSF) (KSF) (KCF) (FPS) 

I 4.0000 2.0000 0.26 3454. 0.050 0.130 924.9 
2 3.0000 5.5000 0.71 3856. 0.050 0.130 977.3 
3 3.0000 8.5000 1.11 4110. 0.050 0.130 1009.0 
4 3.0000 11.5000 1.50 5739. 0.050 0.130 1192.3 
5 3.0000 14.5000 1.90 4941. 0.050 0.140 1066.0 
6 3.0000 17.5000 2.32 4453. 0.050 0.140 1012.0 
7 1 3.0000 20.5000 2.74 4832. 0.050 0.140 1054.2 
8 1 3.0000 23.5000 3.16 4269. 0.050 0.140 990.9 
9 1 3.0000 26.5000 3.58 4713. 0.050 0.140 1041.1 
IO I 4.0000 30.0000 4.07 4808. 0.050 0.140 1051.6 
11 3 3.0000 33.5000 4.55 2635. 0.050 0.135 792.8 
12 3 3.0000 36.5000 4.96 2661. 0.050 0.135 796.7 
13 3 3.0000 39.5000 5.36 2998. 0.050 0.135 845.6 
14 3 3.0000 42.5000 5.77 3763. 0.050 0.135 947.4 
15 3 3.0000 45.5000 6.17 6529. 0.050 0.135 1247.9 
16 3 3.0000 48.5000 6.58 6476. 0.050 0.135 1242.8 
17 BASE 74534. 0.050 0.150 4000.0 

PERIOD= 0.20 FROM A VERA GE SHEAR VEL. = IO 11. 

FREQUENCY AMPLITUDE 
MAXIMUM AMPLIFICATION= 12.34 
FOR FREQUENCY = 4.85 C/SEC. 

PERIOD = 0.21 SEC. 

I****** OPTION 3 *** READ INPUT MOTION 

FILE NAME FOR INPUT MOTION= C:\SHAKE2000\Williamson Energy\Background6.8.eq 
NO. OF INPUT ACC. POINTS = 8192 

NO. OF POINTS USED IN FFT= 16384 
NO. OF HEADING LINES = 4 

NO. OF POINTS PER LINE = 8 
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PCSC300M-l a.out 
TIME STEP FOR INPUT MOTION= 0.0100 

FORMAT FOR TIME HISTORY= (819.6) 

*****HEADER***** 
Source File: C:\SHAKE2000\Williamson Energy\Background.M6.8@!3.5km.txt 
SHAKE2000 Conversion: 8192 .01 4 8 9 (819.6 
Acceleration Units: (g's) - No. Values: 8192 • Time Step: .01 (secs) 
Data Format: (819.6) - No. Header Lines: 4 
** FIRST AND LAST 5 LINES OF INPUT MOTION ***** 

I 0.000068-0.000484 0.004440-0.0000890.002476-0.002297-0.001876 0.007725 
2 0.009680 0.020998-0.014349-0.0!2924 0.018874-0.019831-0.000946 0.024811 
3 -0.0 ! 6894-0.002461 0.007682-0.006573-0.008604-0.0I 8410 0.024194-0.064656 
4 -0.0175 I 6 0.023926-0.061566 0.003326 0.022873 0.052730 0.049159 0.008778 
5 -0.041034 0.029324-0.005991 0.066674-0.051336 0.029966-0.067257 0.001274 

............ INPUT MOTION READ NOT ECHOED .......... . 
1020 -0.000017 0.000017-0.000018 0.000017-0.000019 0.000019-0.000020 0.000020 
I 021 -0.000021 0.000021-0.000022 0.000022-0.000024 0.000023-0.000025 0.000025 
1022 -0.000027 0.000027-0.000028 0.000028-0.000030 0.000030-0.000032 0.000032 
1023 -0.000034 0.000034-0.000035 0.000035-0.000037 0.000037-0.000038 0.000038 
I 024 -0.000038 0.000037-0.000036 0.000032-0.0000260.000014 0.000006-0.000045 

MAXIMUM ACCELERATION= 0.75473 
ATTIME = 3.64SEC 
THE VALUES WILL BE MULTIPLIED BY A FACTOR= 0.715 
TO GIVE NEW MAXIMUM ACCELERATION = 0.54000 
MEAN SQUARE FREQUENCY= 20.41 C/SEC. 
MAX ACCELERATION = 0.55791 FOR FREQUENCIES REMOVED ABOVE 40.00 C/SEC. 
I****** OPTION 4 *** READ WHERE OBJECT MOTION IS GIVEN 
OBJECT MOTION IN LA YER NUMBER 17 OUTCROPPING 

!****** OPTION 5 *** OBTAIN STRAIN COMPATIBLE SOIL PROPERTIES 
MAXIMUM NUMBER OF !TERA TIO NS = I 0 
FACTOR FOR UNIFORM STRAIN IN TIME DOMAIN = 0.65 

EARTHQUAKE - C:ISHAKE2000\Williamson Energy\Background6.8.eq 
SOIL PROFILE - PSCS300E Crest Column 

ITERATION NUMBER I 

VALUES IN TIME DOMAIN 

NO TYPE DEPTH UNIFRM. <---· DAMPING----> <·-·· SHEAR MODULUS--·-·> 
(FT) STRAIN NEW USED ERROR NEW USED ERROR RATIO 

--- ---- ---- -------- ----- ------ ------ ------- ------ ------ -----
I I 2.0 0.00351 0.024 0.050 -108.1 3078.9 3454.0 -12.2 1.000 
2 I 5.5 0.00785 0.035 0.050 -44.1 3055.2 3856.0 -26.2 1.000 
3 I 8.5 0.00986 0.039 0.050 -29.4 3112.0 4110.0 -32.1 1.000 
4 I 11.5 0:00805 0,035 0.050 -42.5 4525.4 5739.0 -26.8 1.000 
5 I I 4.5 0.0 I I 5 I 0.042 0.050 -18.9 3605.0 4941.0 -37.1 1.000 
6 I 17.5 0.01524 0.048 0.050 -3.3 3023.5 4453.0 -47.3 1.000 
7 I 20.5 0.01605 0.050 0.050 -0.9 3235.9 4832.0 -49.3 1.000 
8 I 23.5 0.02052 0.055 0.050 9.5 2668.7 4269.0 -60.0 1.000 
9 I 26.5 0.02025 0.055 0.050 8.8 2958.1 4713.0 -59.3 1.000 
IO I 30.00.02107 0.056 0.050 10.7 2980.8 4808.0 -61.3 1.000 
II 3 33.5 0.03946 0.056 0.050 10.3 1732.1 2635.0 -52.1 1.000 
12 3 36.5 0.03887 0.055 0.050 9.5 1756.9 2661.0 -51.5 1.000 
13 3 39.5 0.03374 0.05 I 0.050 1.3 2061.4 2998.0 -45.4 1.000 
14 3 42.5 0.02773 0.044 0.050 -12.8 2729.6 3763.0 -37.9 1.000 
15 3 45.5 0.01672 0.032 0.050 -58.3 5261.4 6529.0 -24.1 1.000 
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16 3 48.5 0.01790 0.033 0.050 -52.0 5160.9 6476.0 -25.5 1.000 

EARTHQUAKE - C:\SHAKE2000\Williamson Energy\Background6.8.eq 
SOIL PROFILE - PSCS300E Crest Column 

ITERATION NUMBER 2 

VALUES IN TIME DOMAIN 

NO TYPE DEPTH UNIFRM. <---- DAMPING----> <---- SHEAR MODULUS-----> G/Go 
(FT) STRAIN NEW USED ERROR NEW USED ERROR RATIO 

I I 2.0 0.00433 0.026 0.024 
2 I 5.5 0.0 l076 0.041 0.035 
3 1 8.5 0.01356 0.046 0.039 
4 1 11.5 0.01116 0.041 0.035 
5 I 14.5 0.01611 0.050 0.042 
6 I 17.5 0.02293 0.058 0.048 
7 I 20.5 0.0239 I 0.060 0.050 
8 1 23.50.03112 0.067 0.055 
9 I 26.5 0.02861 0.065 0.055 
IO I 30.0 0.02760 0.064 0.056 
11 3 33.5 0.04460 0.060 0.056 
12 3 36.5 0.04332 0.059 0.055 
13 3 39.5 0.03826 0.055 0.051 
14 3 42.5 0.03202 0.049 0.044 
15 3 45.5 0.0 I 907 0.034 0.032 
16 3 48.5 0.020740.036 0.033 
I 

8.9 3005.7 3078.9 
14.4 2860.4 3055.2 
15.5 2877.3 3112.0 
15.2 4219.2 4525.4 
15.2 3305.5 3605.0 
17.2 2688.9 3023.5 
16.9 2878.8 3235.9 
17.9 2328.0 2668.7 
15.3 2646.0 2958.1 
I 2.1 2732.5 2980.8 
6.6 1669.9 1732.1 
6.0 1701.4 1756.9 
7.4 1988.7 2061.4 
9.5 2625.2 2729.6 
7.4 5149.3 5261.4 
7.9 5036.3 5 I 60.9 

-2.4 0.891 
-6.8 0.792 
-8.2 .0.757 
-7.3 0.789 
-9.1 0.730 
-12.4 0.679 
-12.4 0.670 
-14.6 0.625 
-11.8 0.628 

-9.1 0.620 
-3.7 0.657 
-3.3 0.660 
-3.7 0.688 
-4.0 0.725 
-2.2 0.806 
-2.5 0.797 

EARTHQUAKE - C:\SHAKE2000\Williamson Energy\Background6.8.eq 
SOIL PROFILE - PSCS300E Crest Column 

ITERATION NUMBER 3 

VALUES IN TIME DOMAIN 

NO TYPE DEPTH UNIFRM. <---- DAMPING----> <---- SHEAR MODULUS-----> 
(FT) STRAIN NEW USED ERROR NEW USED ERROR 

--- ---- ---- -------- ----- ------ ------ ------- ------ ------ -----

I 

I I 2.0 0.00460 0.027 0.026 2.9 2979.0 3005.7 -0.9 0.870 
2 I 5.5 0.01 I 85 0.043 0.041 5.1 2793.0 2860.4 -2.4 0.742 
3 I 8.5 0.01514 0.048 0.046 5.1 2795.6 2877.3 -2.9 0.700 
4 I I 1.50.01171 0.042 0.041 2.5 4169.5 4219.2 -1.2 0.735 
5 I 14.5 0.0 I 732 0.05 I 0.050 3.2 3241.1 3305.5 -2.0 0.669 
6 I 17.5 0.02575 0.062 0.058 5.4 2589.8 2688.9 -3.8 0.604 
7 I 20.5 0.02687 0.063 0.060 5.3 2770.8 2878.8 -3.9 0.596 
8 I 23.5 0.03516 0.071 0.067 5.6 2228.1 2328.0 -4.5 0.545 
9 I 26.5 0.03072 0.067 0.065 3.2 2581.7 2646.0 -2.5 0.561 
10 I 30.0 0.028 I 8 0.064 0.064 0.9 2713.3 2732.5 -0.7 0.568 
11 3 33.5 0.04444 0.060 0.060 -0.2 1671.8 1669.9 0.1 0.634 
12 3 36.5 0.04493 0.060 0.059 2.0 1682.6 1701.4 -I.I 0.639 
13 3 39.5 0.04084 0.057 0.055 3.7 I 950.9 1988.7 -1.9 0.663 
14 3 42.5 0.03430 0.05 I 0.049 4.3 2575.4 2625.2 -1.9 0.698 
15 3 45.5 0.0 I 855 0.034 0.034 -1.6 5173.0 5149.3 0.5 0.789 
16 3 48.5 0.02042 0.035 0.036 -0.8 5049.4 5036.3 0.3 0.778 

EARTHQUAKE - C:\SHAKE2000\Williamson Energy\Background6.8.eq 
SOIL PROFILE - PSCS300E Crest Column 

ITERATION NUMBER 4 
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VALVES IN TIME DOMAIN 

NO TYPE DEPTH UNIFRM. <---- DAMPING----> <---- SHEAR MODULUS -----> 
(Ff) STRAIN NEW USED ERROR NEW USED ERROR RATIO 

--- ---- ---- -------- ----- ------ ------ ------- ------ ------ -----
I I 2.0 0.00456 0.027 0.027 -0.4 2982.5 2979.0 0.1 0.862 
2 I 5.5 0.01191 0.043 0.043 0.3 2789.6 2793.0 -0.1 0.724 
3 I 8.5 0.01531 0.048 0.048 0.5 2787.6 2795.6 -0.3 0.680 
4 1 I 1.5 0.01166 0.042 0.042 -0.2 4174.2 4169.5 0.1 0.727 
5 1 14.5 0.01740 0.051 0.051 0.2 3236.7 3241.1 -0.1 0.656 
6 I 17.5 0.02642 0.062 0.062 1.2 2567.9 2589.8 -0.9 0.582 
7 1 20.5 0.02762 0.064 0.063 1.2 2745.2 2770.8 -0.9 0.573 
8 I 23.5 0.03637 0.072 0.071 1.5 2200.3 2228.1 -1.3 0.522 
9 I 26.5 0.03 I 15 0.067 0.067 0.7 2569.2 2581.7 -0.5 0.548 
10 I 30.0 0.02787 0.064 0.064 -0.5 2723.4 2713.3 0.4 0.564 
11 3 33.5 0.04402 0.059 0.060 -0.5 1676.6 1671.8 0.3 0.634 
12 3 36.5 0.04564 0.060 0.060 0.8 1674.6 1682.6 -0.5 0.632 
13 3 39.5 0.04189 0.058 0.057 1.4 1936.2 1950.9 -0.8 0.651 
14 3 42.5 0.035 I 9 0.052 0.051 1.6 2556.7 2575.4 -0.7 0.684 
15 3 45.5 0.01837 0.033 0.034 -0.5 5181.0 5173.0 0.2 0.792 
16 3 48.5 0.02016 0.035 0.035 -0.7 5060.6 5049.4 0.2 0.780 
I 

EARTHQUAKE - C:\SHAKE2000\Williamson Energy\Background6.8.eq 
SOIL PROFILE - PSCS300E Crest Column 

ITERATION NUMBER 5 

VALVES IN TIME DOMAIN 

NO TYPE DEPTH UNIFRM. <---- DAMPING ----> <---- SHEAR MODULUS -----> 
(Ff) STRAIN NEW USED ERROR NEW USED ERROR RATIO 

--- ---- ---- -------- ----- ----- ------ ------- ------ ------ -----

I 

I 2.0 0.00455 0.027 0:027 -0.2 2984.2 2982.5 0.1 0.863 
2 5.5 0.01 I 89 0.043 0.043 -0.1 2790.6 2789.6 0.0 0.723 
3 I 8.5 0.01532 0.048 0.048 0.0 2787.0 2787.6 0.0 0.678 
4 I I 1.5 0.01 161 0.042 0.042 -0.2 4178.3 4174.2 0.1 0.727 
5 I 14.5 0.01735 0.051 0.051 -0.1 3239.3 3236.7 0.1 0.655 
6 I I 7.5 0.02655 0.063 0.062 0.2 2563.6 2567.9 -0.2 0.577 
7 I 20.5 0.02780 0.064 0.064 0.3 2739.2 2745.2 -0.2 0.568 
8 I 23.5 0.03675 0.073 0.072 0.5 2191.9 2200.3 -0.4 0.515 
9 I 26.5 0.03 I 22 0.067 0.067 0.1 2567.1 2569.2 -0.1 0.545 
IO I 30.0 0.02767 0.064 0.064 -0.3 2730.0 2723.4 0.2 0.566 
11 3 33.5 0.04382 0.059 0.059 -0.2 1678.9 1676.6 0.1 0.636 
12 3 36.5 0.04592 0.061 0.060 0.3 1671.5 1674.6 -0.2 0.629 
13 3 39.5 0.04225 0.058 0.058 0.5 1931.3 1936.2 -0.3 0.646 
14 3 42.5 0.03545 0.052 0.052 0.5 2551.4 2556.7 -0.2 0.679 
15 3 45.5 0.0 I 834 0.033 0.033 -0.1 5182.3 5181.0 0.0 0.794 
16 3 48.5 0.02008 0.035 0.035 -0.2 5063.8 5060.6 0.1 0.781 

EARTHQUAKE - C:ISHAKE2000\Williamson Energy\Background6.8.eq 
SOIL PROFILE - PSCS300E Crest Column 

ITERATION NUMBER 6 

VALVES IN TIME DOMAIN 

G/Go 

G/Go 

NO TYPE DEPTH UNIFRM. <----DAMPING----> <---- SHEAR MODULUS-----> G/Go 
(Ff) STRAIN NEW USED ERROR NEW USED ERROR RATIO 

I I 2.0 0.00454 0.027 0.027 0.0 2984.4 2984.2 0.0 0.864 
2 I 5.50.01189 0.043 0.043 0.0 2790.9 2790.6 0.0 0.724 

Page 6 



R16127

PCSC300M-l a.out 
3 I 8.5 0.01532 0.049 0.048 0.0 2786.7 2787.0 0.0 0.678 
4 I I 1.50.01160 0.042 0.042 -0. 1 4179.6 4178.3 0.0 0.728 
5 I 14.5 0.01732 0.051 0.051 -0.1 3241.0 3239.3 0.1 0.656 
6 I 17.5 0.02658 0.063 0.063 0.0 2562.8 2563.6 0.0 0.576 
7 I 20.5 0.02785 0.064 0.064 0.1 2737.8 2739.2 -0.1 0.567 
8 I 23.5 0.03687 0.073 0.073 0.2 2189.2 2191.9 -0.1 0.513 
9 I 26.5 0.03123 0.067 0.067 0.0 2566.9 2567. 1 0.0 0.545 
IO I 30.0 0.02758 0.064 0.064 -0.1 2732.9 2730.0 0.1 0.568 
II 3 33.5 0.04375 0.059 0.059 -0.1 1679.7 1678.9 0.0 0.637 
12 3 36.5 0.04602 0.061 0.061 0.1 1670.4 1671.5 -0.1 0.628 
13 3 39.5 0.04237 0.058 0.058 0.2 1929.7 I 931.3 -0.1 0.644 
14 3 42.5 0.03552 0.052 0.052 0.1 2550.0 2551.4 -0.1 0.678 
15 3 45.5 0.0 I 834 0.033 0.033 0.0 5182.7 5182.3 0.0 0.794 
16 3 48.5 0.02006 0.035 0.035 0.0 5064.5 5063.8 0.0 0.782 
I 

EARTHQUAKE - C:\SHAKE2000\ Williamson Energy\Background6.8.eq 
SOIL PROFILE - PSCS300E Crest Column 

ITERATION NUMBER 7 

VALUES IN TIME DOMAIN 

NO TYPE DEPTH UNIFRM. <---- DAMPING----> <---- SHEAR MODULUS -----> 
(FT) STRAIN NEW USED ERROR NEW USED ERROR 

--- ---- ---- -------- ----- ------ ------ ------- ------ ------ -----
I I 2.0 0.00454 0.027 0.027 0.0 2984.4 2984.4 0.0 0.864 
2 I 5.5 0.01189 0.043 0.043 0.0 2790.9 2790.9 0.0 0.724 
3 I 8.5 0.01533 0.049 0.049 0.0 2786.5 2786.7 0.0 0.678 
4 I I 1.5 0.01159 0.042 0.042 0.0 4180.0 4I79.6 0.0 0.728 
5 I 14.5 0.01731 0.051 0.051 0.0 3241.7 324!.0 0.0 0.656 
6 I 17.5 0.02658 0.063 0.063 0.0 2562.7 2562.8 0.0 0.576 
7 I 20.5 0.02786 0.064 0.064 0.0 2737.5 2737.8 0.0 0.567 
8 I 23.5 0.03692 0.073 0.073 0.1 2188.2 2189.2 0.0 0.513 
9 I 26.5 0.03122 0.067 0.067 0.0 2567.0 2566.9 0.0 0.545 
10 I 30.0 0.02755 0.064 0.064 -0.1 2734.0 2732.9 0.0 0.568 
I I 3 33.5 0.04373 0.059 0.059 0.0 1680.0 1679.7 0.0 0.637 
12 3 36.5 0.04605 0.061 0.06 I 0.0 1670.0 1670.4 0.0 0.628 
13 3 39.5 0.04240 0.058 0.058 0.0 1929.3 1929.7 0.0 0.644 
14 3 42.5 0.03554 0.052 0.052 0.0 2549.7 2550.0 0.0 0.678 
15 3 45.5 0.01833 0.033 0.033 0.0 5182.8 5182.7 0.0 0.794 
16 3 48.5 0.02006 0.035 0.035 0.0 5064.7 5064.5 0.0 0.782 
I 

EARTHQUAKE - C:\SHAKE2000\Williamson Energy\Background6.8.eq 
SOIL PROFILE - PSCS300E Crest Column 

ITERATION NUMBER 8 

VALUES IN TIME DOMAIN 

RATIO 

NO TYPE DEPTH UNIFRM. <---- DAMPING----> <---- SHEAR MODULUS-----> 
(FT) STRAIN NEW USED ERROR NEW USED ERROR RATIO 

--- ---- ---- -------- ----- ------ ------ ------- ------ ------ -----
I I 2.0 0.00454 0.027 0.027 0.0 2984.4 2984.4 0.0 0.864 
2 I 5.5 0.0 I I 89 0.043 0.043 0.0 2790.8 2790.9 0.0 0.724 
3 I 8.5 0.01533 0.049 0.049 0.0 2786.4 2786.5 0.0 0.678 
4 I 11.5 0.0 I 159 0.042 0.042 0.0 4180.1 4180.0 0.0 0.728 
5 I I 4.5 0.01730 0.051 0.051 0.0 3242.0 3241.7 0.0 0.656 
6 I 17.5 0.02658 0.063 0.063 0.0 2562.8 2562.7 0.0 0.576 
7 20.5 0.02786 0.064 0.064 0.0 2737.4 2737.5 0.0 0.567 
8 23.5 0.03693 0.073 0.073 0.0 2187.9 2188.2 0.0 0.513 
9 26.5 0.03 I 22 0.067 0.067 0.0 2567.1 2567.0 0.0 0.545 
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IO I 30.0 0.02754 0.064 0.064 0.0 2734.4 2734.0 0.0 0.569 
11 3 33.5 0.04372 0.059 0.059 0.0 1680.1 1680.0 0.0 0.638 
12 3 36.5 0.04606 0.061 0.061 0.0 1669.9 1670.0 0.0 0.628 
13 3 39.5 0.04241 0.058 0.058 0.0 1929.1 1929.3 0.0 0.644 
14 3 42.5 0.03554 0.052 0.052 0.0 2549.6 2549.7 0.0 0.678 
15 3 45.5 0.01833 0.033 0.033 0.0 5182.9 5182.8 0.0 0.794 
16 3 48.5 0.02006 0.035 0.035 0.0 5064.7 5064.7 0.0 0.782 
1 

EARTHQUAKE - C:\SHAKE2000\Williamson Energy\Background6.8.eq 
SOIL PROFILE - PSCS300E Crest Column 

ITERATION NUMBER 9 

VALUES IN TIME DOMAIN 

NO TYPE DEPTH UNIFRM. <---- DAMPING ----> <---- SHEAR MODULUS -----> 
(FD STRAIN NEW USED ERROR NEW USED ERROR 

--- ---- ---- -------- ----- ------ ------ ------- ------ ------ -----
1 I 2.0 0.00454 0.027 0.027 0.0 2984.4 2984.4 0.0 0.864 
2 I 5.5 0.01189 0.043 0.043 0.0 2790.8 2790.8 0.0 0.724 
3 1 8.5 0.01533 0.049 0.049 0.0 2786.4 2786.4 0.0 0.678 
4 1 I 1.5 0.01159 0.042 0.042 0.0 4180.1 4180.1 0.0 0.728 
5 1 14.5 0.01730 0.051 0.051 0.0 3242.1 3242.0 0.0 0.656 
6 1 17.5 0.02658 0.063 0.063 0.0 2562.8 2562.8 0.0 0.576 
7 1 20.5 0.02786 0.064 0.064 0.0 2737.4 2737.4 0.0 0.567 
8 1 23.5 0.03694 0.073 0.073 0.0 2187.7 2187.9 0.0 0.513 
9 I 26.5 0.03122 0.067 0.067 0.0 2567.1 2567.1 0.0 0.545 
IO I 30.0 0.02753 0.064 0.064 0.0 2734.6 2734.4 0.0 0.569 
11 3 33.5 0.04372 0.059 0.059 0.0 1680.1 1680.1 0.0 0.638 
12 3 36.5 0.04607 0.061 0.061 0.0 1669.8 1669.9 a.a 0.628 
13 3 39.5 0.04241 0.058 0.058 0.0 1929.1 1929.1 0.0 0.643 
14 3 42.5 0.03554 0.052 0.052 0.0 2549.6 2549.6 0.0 0.678 
15 3 45.5 0.01833 0.033 0.033 0.0 5182.9 5182.9 0.0 0.794 
16 3 48.5 0.02006 0.035 0.035 0.0 5064.7 5064.7 0.0 0.782 

1 
EARTHQUAKE - C:\SHAKE2000\Williamson Energy\Background6.8.eq 

SOIL PROFILE - PSCS300E Crest Column 

ITERATION NUMBER 10 

VALUES IN TIME DOMAIN 

RATIO 

NO TYPE DEPTH UNIFRM. <---- DAMPING ----> <---- SHEAR MODULUS -----> 
(FT) STRAIN NEW USED ERROR NEW USED ERROR RATIO 

--- ---- ---- -------- ----- ------ ------ ------- ------ ------ -----
I I 2.0 0.00454 0.027 0.027 0.0 2984.4 2984.4 0.0 0.864 
2 I 5.5 0.01189 0.043 0.043 0.0 2790.8 2790.8 0.0 0.724 
3 1 8.5 0.01533 0.049 0.049 0.0 2786.4 2786.4 0.0 0.678 
4 1 11.5 0.01159 0.042 0.042 0.0 4180.1 4180.1 0.0 0.728 
5 14.5 0.01730 0.051 0.051 0.0 3242.1 3242.1 0.0 0.656 
6 I 17.5 0.02658 0.063 0.063 0.0 2562.8 2562.8 0.0 0.576 
7 I 20.5 0.02786 0.064 0.064 0.0 2737.4 2737.4 0.0 0.567 
8 I 23.5 0.03694 0.073 0.073 0.0 2187.7 2187.7 0.0 0.512 
9 1 26.5 0.03122 0.067 0.067 0.0 2567.1 2567.1 0.0 0.545 
JO I 30.0 0.02753 0.064 0.064 0.0 2734.6 2734.6 0.0 0.569 
11 3 33.5 0.04372 0.059 0.059 0.0 1680.1 1680.1 0.0 0.638 
12 3 36.5 0.04607 0.06 I 0.061 0.0 1669.8 1669.8 0.0 0.628 
13 3 39.5 0.04241 0.058 0.058 0.0 1929.1 1929.1 0.0 0.643 
14 3 42.5 0.03554 0.052 0.052 0.0 2549.6 2549.6 0.0 0.678 
15 3 45.5 0.01833 0.033 0.033 0.0 5182.9 5182.9 0.0 0.794 
16 3 48.5 0.02006 0.035 0.035 a.a 5064.7 5064.7 a.a 0.782 
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PCSC300M-l a.out 

VALUES IN TIME DOMAIN 

LAYER TYPE THICKNESS DEPTH MAX STRAIN MAX STRESS TIME 
FT FT PRCNT PSF SEC 

I I 4.0000 2.0000 0.00699 208.65 2.66 
2 I 3.0000 5.5000 0.01829 510.56 2.66 
3 I 3.0000 8.5000 0.02359 657.19 2.66 
4 I 3.0000 11.5000 0.01783 745.46 3.70 
5 I 3.0000 14.5000 0.02661 862.84 2.53 
6 I 3.0000 17.5000 0.04089 1047.93 2.53 
7 l 3.0000 20.5000 0.04286 1173.22 2.53 
8 l 3.0000 23.5000 0.05683 1243.29 2.53 
9 l 3.0000 26.5000 0.04803 1232.98 2.53 
IO I 4.0000 30.0000 0.04236 1158.30 2.52 
11 3 3.0000 33.5000 0.06726 1130.04 2.52 
12 3 3.0000 36.5000 0.Q7088 1183.52 2.51 
13 3 3.0000 39.5000 0.06525 1258.79 2.50 
14 3 3.0000 42.5000 0.05468 1394.02 2.62 
15 3 3.0000 45.5000 0.02820 1461.76 2.62 
16 3 3.0000 48.5000 0.03086 1562.90 2.49 

PERIOD= 0.24 FROM AVERAGE SHEAR VEL. = 823. 

FREQUENCY AMPLITUDE 
MAXIMUM AMPLIFICATION= 10.74 
FOR FREQUENCY = 3.87 C/SEC. 

PERIOD = 0.26 SEC. 

l ****** OPTION 6 *** COMPUTE MOTION IN NEW SUBLA YERS 

EARTHQUAKE -C:\SHAKE2000\Williamson Energy\Background6.8.eq 
SOIL DEPOSIT - PSCS300E Crest Column 

LAYER DEPTH MAX.ACC. TIME MEAN SQ.FR. 
FT G SEC C/SEC QUIET ZONE 

OUTCR. 0.0000 0.821 I 8 2.66 15.92 0.000 
WITHIN 4.0000 0.66221 2.66 12.85 0.000 
WITHIN 7.0000 0.45724 2.53 9.08 0.000 
WITHIN 10.0000 0.49140 2.53 12.60 0.001 
WITHIN 13.0000 0.47695 2.53 15.09 0.001 
WITHIN 16.0000 0.48874 2.64 14.93 0.000 
WITHIN 19.0000 0.46491 2.64 15.27 0.001 
WITHIN 22.0000 0.51703 2.60 16.98 0.001 
WITHIN 25.0000 0.52919 2.63 16.94 0.000 
WITHIN 28.0000 0.52041 2.63 16.49 0.001 
WITHIN 32.0000 0.76846 2.62 17.02 0.000 
WITHIN 35.0000 0.80342 2.62 18.94 0.000 
WITHIN 38.0000 0.73631 2.61 20.52 0.001 
WITHIN 41.0000 0.65050 2.59 20.50 0.001 
WITHIN 44.0000 0.53855 3.91 20.21 0.001 

I****** OPTION 6 ''** COMPUTE MOTION IN NEW SUBLA YERS 

EARTHQUAKE -C:\SHAKE2000\Williamson Energy\Background6.8.eq 
SOIL DEPOSIT - PSCS300E Crest Column 

LA YER DEPTH MAX. ACC. 

WITHIN 
WITHIN 

FT G SEC 
47.0000 0.52173 
50.0000 0.49204 

TIME 
C/SEC 

3.91 
2.58 

MEAN SQ. FR. 
QUIET ZONE 

19.79 0.001 
19.33 0.001 
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PCSC300M-l a.out 
OUTCR. 50.0000 0.55791 2.58 20.41 0.001 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer I Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LA YER 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer I Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 2 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 2 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 2 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 2 Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 3 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 3 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 3 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 3 Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 4 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 4 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 4 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 4 Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 5 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 5 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 5 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 5 Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 6 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC330M Layer 6 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 6 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PSCS300M Layer 6 Strain 
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PCSC300M- la.out 

. ( I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LA YER 7 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 7 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LA YER 7 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 7 Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LA YER 8 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 8 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LA YER 8 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 8 Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 9 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 9 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 9 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PSCS300E Layer 9 Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTESTRESSORSTRAINHISTORY ATTHETOPOF LAYER 10 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 10 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 10 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300E Layer IO Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTESTRESSORSTRAINHISTORY ATTHETOPOF LAYER II 
SCALE FOR PLOTTING 0.0000 

IDENTIFICATION - PCSC300M Layer 11 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LA YER 11 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 11 Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 12 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION -PCSC300M Layer 12 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 12 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION -PCSC300M Layer 12 Strain 

Page 11 

187-



R16132

PCSC300M-l a.out 
1 ****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LA YER 13 
SCALE FOR PLOTTING 0.0000 

IDENTIFICATION - PCSC300M Layer 13 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 13 
SCALE FOR PLOTTING 0.0000 

IDENTIFICATION - PCSC300M Layer 13 Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 14 
SCALE FOR PLOTTING 0.0000 

IDENTIFICATION - PCSC300M Layer 14 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 14 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 14 Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 15 
SCALE FOR PLOTTING 0.0000 

IDENTIFICATION - PCSC300M Layer 15 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 15 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 15 Strain 

1 ****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 16 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 16 Stress 

COMPUTESTRESSORSTRAINHISTORY ATTHETOPOF LAYER 16 
SCALE FOR PLOTTING 0.0000 

IDENTIFICATION - PCSC300M Layer 16 Strain 

1 ****** OPTION 9 *** COMPUTE RESPONSE SPECTRUM 
RESPONSE SPECTRUM ANALYSIS FOR LAYER NUMBER 

CALCULATED FOR DAMPING 0.050 

TIMES AT WHICH MAX. SPECTRAL VALUES OCCUR 
TD = TIME FOR MAX. RELATIVE DISP. 
TV =TIME FOR MAX. RELATIVE VEL. 
TA = TIME FOR MAX. ABSOLUTE ACC. 

DAMPING RATIO = 0.050 
PER = 0.01 TIMES FOR MAXIMA -
PER = 0.02 TIMES FOR MAXIMA -
PER= 0.03 TIMES FOR MAXIMA -
PER = 0.04 TIMES FOR MAXIMA -
PER = 0.05 TIMES FOR MAXIMA -
PER = 0.06 TIMES FOR MAXIMA -
PER = O.Q7 TIMES FOR MAXIMA -
PER= 0.08 TIMES FOR MAXIMA -
PER = 0.09 TIMES FOR MAXIMA -
PER= 0.10 TIMES FOR MAXIMA -
PER = 0.11 TIMES FOR MAXIMA -
PER= 0.12 TIMES FOR MAXIMA·· 

TD= 2.6500 
TD= 2.6500 
TD= 3.0100 
TD= 2.6600 
TD= 4.9300 
TD= 4.3800 
TD= 5.2600 
TD= 5.2700 
TD= 2.5900 
TD= 2.6000 
TD= 2.6000 
TD= 2.6100 

TV= 2.6500 
TV= 2.6400 
TV= 3.0200 
TV= 2.6700 
TV= 4.9400 
TV= 4.3900 
TV= 5.2800 
TV= 5.2900 
TV= 2.7000 
TV= 2.6600 
TV= 2.5800 
TV= 2.5800 
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TA= 2.6500 
TA= 2.6500 
TA= 3.0100 
TA= 3.6900 
TA= 4.9000 
TA= 4.3800 
TA= 5.2600 
TA= 5.2700 
TA= 2.7200 
TA= 2.5900 
TA= 2.6000 
TA= 2.6100 

181-



R16133

PER=0.13 
PER=0.14 
PER= 0.15 
PER=0.16 
PER=0.17 
PER=0.18 
PER= 0.19 
PER =0.20 
PER= 0.21 
PER =0.22 
PER=0.23 
PER=0.24 
PER =0.25 
PER= 0.26 
PER= 0.27 
PER=0.28 
PER =0.29 
PER=0.30 
PER=0.31 
PER =0.32 
PER= 0.33 
PER=0.34 
PER=0.35 
PER =0.36 
PER= 0.37 
PER= 0.38 
PER=0.39 
PER=0.40 
PER= 0.41 
PER= 0.42 
PER =0.43 
PER=0.44 
PER=0.45 
PER=0.46 
PER=0.47 
PER=0.48 
PER=0.49 
PER=0.50 
PER=0.51 
PER =0.52 
PER= 0.53 
PER=0.54 
PER=0.55 
PER =0.56 
PER= 0.57 
PER=0.58 
PER =0.60 
PER=0.62 
PER= 0.64 
PER= 0.66 
PER= 0.68 
PER= 0.70 
PER= 0.72 
PER =0.74 
PER =0.76 
PER= 0.78 
PER =0.80 
PER =0.82 
PER= 0.84 
PER= 0.86 
PER =0.88 

PCSC300M-l a.out 
TIMES FOR MAXIMA -- TD= 3.7200 TV= 5.1900 TA= 3.7200 
TIMES FOR MAXIMA -- TD= 3.7300 TV= 2.5800 TA= 3.7300 
TIMES FOR MAXIMA-- TD= 4.1600 TV= 2.5800 TA= 4.1600 
TIMES FOR MAXIMA-- TD= 2.6200 TV= 2.5800 TA= 2.6100 
TIMES FOR MAXIMA -- TD= 4.2800 TV= 4.3200 TA= 4.2800 
TIMES FOR MAXIMA -- TD= 1.4300 TV= 2.5900 TA= 1.4300 
TIMES FOR MAXIMA -- TD= 2.7500 TV= 2.7100 TA= 2.7500 
TIMES FOR MAXIMA-- TD= 7.1100 TV= 6.7400 TA= 7.1100 
TIMES FOR MAXIMA -- TD= 7.1400 TV= 7.0900 TA= 7.1300 
TIMES FOR MAXIMA-- TD= 7.2700 TV= 7.1000 TA= 7.1500 
TIMES FOR MAXIMA-- TD= 7.4200 TV= 2.3500 TA= 7.4100 
TIMES FOR MAXIMA -- TD= 7.5600 TV= 2.3700 TA= 7.5600 
TIMES FOR MAXIMA -- TD= 1.6100 TV= 6.3700 TA= 1.6100 
TIMES FOR MAXIMA -- TD= 6.3200 TV= 6.3800 TA= 6.3200 
TIMES FOR MAXIMA -- TD = 1.6400 TV = 1.7100 TA= 1.6300 
TIMES FOR MAXIMA -- TD = 1.6500 TV = 1.3200 TA= 1.6500 
TIMES FOR MAXIMA-- TD= 5.2100 TV= 5.1500 TA= 5.2100 
TIMES FOR MAXIMA-- TD= 5.2400 TV= 5.1600 TA= 5.2300 
TIMES FOR MAXIMA -- TD= 2.9800 TV= 2.9000 TA= 2.9700 
TIMES FOR MAXIMA-- TD= 3.0000 TV= 2.9100 TA= 2.9900 
TIMES FOR MAXIMA -- TD= 3.0100 TV= 2.9100 TA= 3.0000 
TIMES FOR MAXIMA -- TD= 3.0100 TV= 2.7900 TA= 3.0100 
TIMES FOR MAXIMA -- TD= 3.0200 TV= 2.7900 TA= 3.0200 
TIMES FOR MAXIMA-- TD= 2.8800 TV= 2.7900 TA= 2.8700 
TIMES FOR MAXIMA-- TD= 2.7200 TV= 2.7900 TA= 2.7100 
TIMES FOR MAXIMA -- TD= 2.7300 TV= 2.6600 TA= 2.7200 
TIMES FOR MAXIMA-- TD= 2.7300 TV= 2.6600 TA= 4.1300 
TIMES FOR MAXIMA-- TD= 4.1500 TV= 2.6600 TA= 4.1400 
TIMES FOR MAXIMA -- TD= 4.1600 TV= 4.0900 TA= 4. I 600 
TIMES FOR MAXIMA -- TD= 3.9900 TV= 4.0900 TA= 3.9800 
TIMES FOR MAXIMA-- TD= 4.0000 TV= 4.0900 TA= 3.9900 
TIMES FOR MAXIMA -- TD= 4.6800 TV = 4. 1000 TA= 4.6700 
TIMES FOR MAXIMA -- TD = 4.6900 TV= 4.1000 TA= 4.6800 
TIMES FOR MAXIMA-- TD= 4.7100 TV= 4.1000 TA= 4.7100 
TIMES FOR MAXIMA-- TD= 4.7300 TV= 4.6400 TA= 4.7200 
TIMES FOR MAXIMA-- TD= 4.7400 TV= 4.6500 TA= 4.7300 
TIMES FOR MAXIMA -- TD= 5.5500 TV= 4.6500 TA= 5.5400 
TlMES FOR MAXIMA-- TD= 5.5700 TV= 2.6700 TA= 5.5600 
TIMES FOR MAXIMA-- TD= 5.5800 TV= 2.6700 TA= 5.5700 
TIMES FOR MAXIMA -- TD= 5.5800 TV= 2.6700 TA= 5.5700 
TIMES FOR MAXIMA -- TD= 2.7600 TV= 2.6700 TA= 2.7500 
TIMES FOR MAXIMA -- TD= 2.7700 TV= 2.6700 TA= 2.7600 
TlMES FOR MAXIMA -- TD= 2.7700 TV= 2.6700 TA= 2.7600 
TIMES FOR MAXIMA -- TD= 2.5700 TV= 2.6700 TA= 2.5600 
TIMES FOR MAXIMA -- TD = 2.5700 TV = 2.6700 TA = 2.5600 
TIMES FOR MAXIMA -- TD = 2.5700 TV = 2.6700 TA= 2.5600 
TIMES FOR MAXIMA -- TD = 2.5800 TV = 2.6700 TA = 2.5700 
TIMES FOR MAXIMA -- TD = 2.5900 TV = 2.6700 TA = 2.5800 
TIMES FOR MAXIMA -- TD= 2.6100 TV = 2.5400 TA = 2.6000 
TIMES FOR MAXIMA -- TD= 2.6200 TV= 2.5400 TA= 2.6100 
TIMES FOR MAXIMA -- TD= 2.6400 TV = 2.5400 TA = 2.6200 
TIMES 1-'OR MAXIMA -- TD= 3.4700 TV= 2.5500 TA= 3.4600 
TIMES FOR MAXIMA -- TD= 3.4800 TV= 2.5500 TA= 3.4700 
TIMES FOR MAXIMA -- TD= 3.4900 TV= 2.5500 TA= 3.4800 
TIMES FOR MAXIMA -- TD= 3.4900 TV= 1.6100 TA= 3.4800 
TIMES FOR MAXIMA -- TD= 1.8200 TV= 1.6100 TA= 1.8000 
TIMESFORMAXIMA-- TD= 1.5200 TV= 1.2700 TA= 1.5100 
TIMES FOR MAXIMA-- TD= 1.5300 TV= 1.2700 TA= 1.5100 
TIMES FOR MAXIMA -- TD= 3.5000 TV= 6.3000 TA= 3.4800 
TIMES FOR MAXIMA -- TD= 3.5000 TV= 5.9400 TA= 3.4800 
TIMESFORMAXIMA-- TD= 3.5100 TV= 5.9400 TA= 3.4900 
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PCSC300M-l a.out 
PER = 0. 90 TIMES FOR MAXIMA -- TD = 4.0300 TV= 3.3000 TA = 4.0200 
PER= 0.92 TIMES FOR MAXIMA -- TD= 4.0600 TV= 4.2900 TA= 4.0500 
PER= 0.94 TIMES FOR MAXIMA -- TD= 4.0700 TV= 4.3500 TA= 4.0600 
PER= 0.96 TIMES FOR MAXIMA -- TD= 4.0700 TV= 4.3500 TA= 4.0600 
PER=0.98 TIMES FOR MAXIMA-- TD= 3.1800 TV= 4.3500 TA= 3.1700 
PER= 1.00 TIMES FOR MAXIMA-- TD= 3.1900 TV= 3.9700 TA= 3.1800 
PER= 1.05 TIMES FOR MAXIMA-- TD= 3.2100 TV= 3.9700 TA= 3.1900 
PER= 1.10 TIMES FOR MAXIMA -- TD= 3.2500 TV= 2.5500 TA= 3.2400 
PER= 1.15 TIMES FOR MAXIMA -- TD= 3.2700 TV= 2.5500 TA= 3.2500 
PER = 1.20 TIMES FOR MAXIMA -- TD = 3.3500 TV= 2.5500 TA= 3.2800 
PER= 1.25 TIMES FOR MAXIMA -- TD = 3.3900 TV = 2.5500 TA = 3.3800 
PER = 1.30 TIMES FOR MAXIMA -- TD = 2.8800 TV = 2.5500 TA = 2.8700 
PER = 1.35 TIMES FOR MAXIMA -- TD = 2.8900 TV = 2.5500 TA= 2.8700 
PER= 1.40 TIMES FOR MAXIMA -- TD= 2.8900 TV= 2.5500 TA= 2.8700 
PER= 1.45 TIMES FOR MAXIMA -- TD= 2.9000 TV= 2.5500 TA= 2.8700 
PER= 1.50 TIMES FOR MAXIMA -- TD= 2.9000 TV= 2.5500 TA= 2.8700 
PER= 1.55 TIMES FOR MAXIMA -- TD= 2.9000 TV= 2.5500 TA= 2.8700 
PER= 1.60 TIMES FOR MAXIMA -- TD= 2.9000 TV= 2.5500 TA= 2.8700 
PER = 1.65 TIMES FOR MAXIMA -- TD = 2.9300 TV = 2.5500 TA = 2.8700 
PER= 1.70 TIMES FOR MAXIMA -- TD= 2.9300 TV= 2.5500 TA= 2.8700 
PER= 1.75 TIMES FOR MAXIMA -- TD= 5.9000 TV= 2.5500 TA= 5.8900 
PER= 1.80 TIMES FOR MAXIMA -- TD= 5.9100 TV= 2.5500 TA= 5.8900 
PER= 1.85 TIMES FOR MAXIMA -- TD= 5.9200 TV= 2.5500 TA= 5.8900 
PER=l.90 TIMESFORMAXIMA-- TD= 6.1200 TV= 2.5500 TA= 6.1000 
PER=l.95 TIMESFORMAXIMA-- TD= 6.1200 TV= 2.5500 TA= 6.1100 
PER= 2.00 TIMES FOR MAXIMA -- TD= 5.4200 TV= 2.5500 TA= 5.4100 
PER= 2.05 TIMES FOR MAXIMA -- TD= 5.4300 TV= 2.5500 TA= 5.4100 
PER=2.10 TIMES FOR MAXIMA-- TD= 5.4300 TV= 2.5500 TA= 5.4100 
PER= 2.15 TIMES FOR MAXIMA -- TD= 8.7600 TV= 2.5500 TA= 5.4100 
PER= 2.20 TIMES FOR MAXIMA -- TD= 8.7700 TV= 2.5500 TA= 5.4100 
PER= 2.25 TIMES FOR MAXIMA -- TD= 8.9500 TV= 2.5500 TA= 8.9400 
PER= 2.30 TIMES FOR MAXIMA -- TD= 8.9700 TV= 2.5500 TA= 8.9400 
PER= 2.35 TIMES FOR MAXIMA -- TD= 7.9000 TV= 2.5500 TA= 7.8800 
PER= 2.40 TIMES FOR MAXIMA -- TD= 7.9400 TV= 2.5500 TA= 7.8800 
PER= 2.50 TIMES FOR MAXIMA -- TD= 8.0900 TV= 2.5500 TA= 7.9400 
PER= 2.60 TIMES FOR MAXIMA -- TD= 8.1100 TV = 2.5500 TA = 8.0800 
PER= 2.70 TIMES FOR MAXIMA -- TD= 6.9700 TV= 2.5500 TA= 6.9400 
PER= 2.80 TIMES FOR MAXIMA -- TD= 7.0000 TV= 2.5500 TA= 6.9400 
PER= 2.90 TIMES FOR MAXIMA -- TD= 7.0000 TV= 2.5500 TA= 6.9400 
PER=3.00 TIMES FOR MAXIMA-- TD= 7.0100 TV= 2.5500 TA= 6.9400 
PER= 3.10 TIMES FOR MAXIMA-- TD= 7.2400 TV= 2.5500 TA= 7.1900 
PER= 3.20 TIMES FOR MAXIMA -- TD= 7.2500 TV= 2.5500 TA= 7.2000 
PER= 3.30 TIMES FOR MAXIMA -- TD= 7.2500 TV= 2.5500 TA= 7.2000 
PER= 3.40 TIMES FOR MAXIMA -- TD= 7.2600 TV= 2.5500 TA= 7.2000 
PER = 3.50 TIMES FOR MAXIMA -- TD= 7 .2600 TV = 2.5500 TA = 7 .2400 
PER= 3.60 TIMES FOR MAXIMA -- TD= 7.5200 TV= 2.5500 TA= 7.2400 
PER= 3.70 TIMES FOR MAXIMA -- TD= 7.5200 TV= 2.5500 TA= 7.5000 
PER= 3.80 TIMES FOR MAXIMA -- TD= 7:5200 TV= 2.5500 TA= 7.5000 
PER= 3.90 TIMES FOR MAXIMA -- TD= 7.5300 TV= 2.5500 TA= 7.5000 
PER =4.00 TIMES FOR MAXIMA-- TD= 7.5300 TV= 2.5500 TA= 7.5000 
PER = 4.10 TIMES FOR MAXIMA -- TD = 6.2300 TV = 2.5500 TA = 6.0000 
PER = 4.20 TIMES FOR MAXIMA -- TD = 6.2400 TV = 2.5500 TA = 6.2100 
PER =4.30 TIMES FOR MAXIMA-- TD= 6.2400 TV= 2.5500 TA= 6.2100 
PER= 4.40 TIMES FOR MAXIMA -- TD= 6.2500 TV = 2.5500 TA = 6.2100 
PER= 4.50 TIMES FOR MAXIMA -- TD= 6.2500 TV = 2.5500 TA = 6.2 I 00 
PER= 4.60 TIMES FOR MAXIMA -- TD= 6.2500 TV = 2.5500 TA = 6.2100 
PER=4.70 TIMES FOR MAXIMA-- TD= 6.2500 TV= 2.5500 TA= 6.2100 
PER= 4.80 TIMES FOR MAXIMA -- TD= 6.2600 TV = 2.5500 TA = 6.2100 
PER=4.90 TIMES FOR MAXIMA-- TD= 6.2600 TV= 2.5500 TA= 6.2!00 
PER= 5.00 TIMES FOR MAXIMA -- TD= 6.2600 TV = 2.5500 TA = 6.2 IO0 
PER= 5.IO TIMES FOR MAXIMA -- TD= 6.2600 TV= 2.5500 TA= 6.2200 
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r PCSC300M-l a.out 
PER= 5.20 TIMES FOR MAXIMA -- TD= 6.2600 TV= 2.5500 TA= 6.2200 

\ PER =5.40 TIMES FOR MAXIMA -- TD= 6.2600 TV= 2.5500 TA= 6.2200 
PER =5.60 TIMES FOR MAXIMA -- TD= 6.4700 TV= 2.5500 TA= 6.2200 
PER =5.80 TIMES FOR MAXIMA -- TD= 6.4700 TV = 2.5500 TA= 6.2200 
PER=6.00 TIMES FOR MAXIMA -- TD= 6.4800 TV = 2.5500 TA= 6.2200 
PER=6.20 TIMES FOR MAXIMA -- TD = 4.8400 TV = 2.5500 TA= 4.5300 
PER=6.40 TIMES FOR MAXIMA -- TD= 4.8400 TV= 2.5500 TA= 4.7900 
PER =6.60 TIMES FOR MAXIMA -- TD= 4.8400 TV= 2.5500 TA= 4.7900 
PER =6.80 TIMES FOR MAXIMA -- TD= 4.8400 TV = 2.5500 TA= 4.7900 
PER =7.00 TIMES FOR MAXIMA -- TD = 4.8400 TV = 2.5500 TA= 4.7900 
PER=7.30 TIMES FOR MAXIMA -- TD= 4.8400 TV= 2.5500 TA= 4.7900 
PER =7.60 TIMES FOR MAXIMA -- TD= 4.8400 TV= 2.5500 TA= 4.7900 
PER= 8.00 TIMES FOR MAXIMA -- TD= 4.8400 TV= 2.5500 TA= 4.7900 
PER= 8.50 TIMES FOR MAXIMA -- TD = 4.8400 TV = 2.5500 TA= 4.7900 
PER= 9.00 TIMES FOR MAXIMA -- TD = 4.8400 TV = 2.5500 TA= 4.7900 
PER =9.50 TIMES FOR MAXIMA -- TD = 4.8400 TV = 2.5500 TA= 4.7900 
PER =10.00 TIMES FOR MAXIMA -- TD = 4.8400 TV = 2.5500 TA= 4.7900 
SPECTRAL VALUES--
(Acceleration of gravity used= 32.20) 

PSCS300E Crest Column DAMPING RATIO= 0.050 
NO. PERIOD REL. DISP. REL. VEL. PSU.REL.VEL. ABS.Ace. PSU.ABS.ACC. FREQ. 

I 0.01 0.00007 0.00171 0.04195 0.82192 0.81858 100.00 
2 0.02 0.00027 0.04335 0.08336 0.82243 0.81328 50.00 
3 0.03 0.00110 0.18379 0.22974 1.51822 1.49432 33.33 
4 0.04 0.00217 0.31642 0.34155 1.74493 1.66617 25.00 
5 0.05 0.00366 0.44677 0.45974 1.82459 1.79417 20.00 
6 0.06 0.00428 0.41585 0.44797 1.42638 1.45686 16.67 
7 0.07 0.00581 0.47802 0.52194 1.47018 1.45494 14.29 
8 0.08 0.01091 0.79906 0.85696 2.13704 2.09023 12.50 
9 0.09 0.01380 0.91960 0.96375 2.07701 2.08952 I 1.11 

( 10 0.10 0.01203 0.70258 0.75557 1.50682 1.47435 10.00 
11 0.11 0.01243 0.73464 0.7101 I 1.28682 1.25967 9.09 
12 0.12 0.01009 0.54647 0.52809 0.85116 0.85872 8.33 
13 0.13 0.01069 0.46673 0.51688 0.78573 0.77583 7.69 
14 0.14 0.01281 0.55624 0.57507 0.81192 0.80152 7.14 
15 0.15 0.01487 0.56239 0.62302 0.80252 0.81046 6.67 
16 0.16 0.01884 0.75229 0.73986 0.91472 0.90230 6.25 
17 0.17 0.02303 0.86039 0.85120 0.9755 I 0.97703 5.88 
18 0.18 0.02485 0.86020 0.86750 0.93942 0.94042 5.56 
19 0.19 0.02857 0.87770 0.94490 0.97165 0.97042 5.26 
20 0.20 0.02938 0.95448 0.92312 0.90821 0.90064 5.00 
21 0.21 0.03784 1.14946 1.13222 1.05638 1.05204 4.76 
22 0.22 0.03804 1.12843 1.08630 0.97513 0.96349 4.55 
23 0.23 0.04244 1.13944 1.15933 0.98812 0.98357 4.35 
24 0.24 0.04588 1.225 I 7 1.20103 0.98291 0.97648 4.17 
25 0.25 0.05505 1.45180 1.38356 1.07767 I .07990 4.00 
26 0.26 0.06352 1.64419 1.53498 1.15887 1.15200 3.85 
27 0.27 0.06397 1.49739 'I.48854 1.07894 1.07578 3.70 
28 0.28 0.06108 1.44705 1.37074 0.96463 0.95526 3.57 
29 0.29 0.06330 1.50041 1.37148 0.92871 0.92282 3.45 
30 0.30 0.06799 1.58132 1.42398 0.92831 0.92621 3.33 
31 0.31 0.07450 1.56110 1.50998 0.95436 0.95046 3.23 
32 0.32 0.07866 1.60487 1.54449 0.94665 0.94180 3.13 
33 0.33 0.07637 1.45088 1.45416 0.86887 0.85985 3.03 
34 0.34 0.07200 1.33968 1.33047 0.77205 0.76357 2.94 
35 0.35 0.06812 1.34283 1.22295 0.68539 0.68181 2.86 
36 0.36 0.06715 1.33822 1.17200 0.64080 0.63526 2.78 
37 0.37 0.06656 1.28137 1.13028 0.60109 0.59609 2.70 
38 0.38 0.06468 1.25981 1.06944 0.55415 0.54916 2.63 
39 0.39 0.06068 1.23910 0.97764 0.49358 0.48915 2.56 

( 40 0.40 0.06370 1.17128 1.00062 0.49250 0.48813 2.50 
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41 0.41 0.06256 1.18616 0.95865 0.45808 0.45625 2.44 
42 0.42 0.06037 1.19616 0.90309 0.42280 0.41957 2.38 
43 0.43 0.05966 1.15192 0.87180 0.3975 I 0.39561 2.33 
44 0.44 0.05930 1.07742 0.84685 0.37888 0.37556 2.27 
45 0.45 0.05866 0.99663 0.81904 0.35661 0.35515 2.22 
46 0.46 0.05718 0.90387 0.78!04 0.33309 0.33131 2.-17 
47 0.47 0.05473 0.84874 0.73170 0.30536 0.30378 2.13 
48 0.48 0.05130 0.84985 0.67155 0.27399 0.27300 2.08 
49 0.49 0.05240 0.81367 0.67192 0.26905 0.26757 2.04 
50 0.50 0.05402 0.80880 0.67886 0.26657 0.26493 2.00 
51 0.51 0.05288 0.83519 0.65150 0.25161 0.24927 1.96 
52 0.52 0.05027 0.87985 0.60736 0.22945 0.22791 1.92 
53 0.53 0.05172 0.93855 0.61319 0.22691 0.22576 1.89 
54 0.54 0.05617 1.00433 0.65351 0.23851 0.23615 1.85 
55 0.55 0.06000 1.06884 0.68548 0.24516 0.24320 1.82 
56 0.56 0.06644 1.12386 0.74544 0.26427 0.25974 1.79 
57 0.57 0.07374 1.16245 0.81287 0.28269 0.27827 1.75 
58 0.58 0.08007 1.17982 0.86741 0.29612 0.29182 1.72 
59 0.60 0.08866 1.14420 0.92849 0.30613 0.30196 1.67 
60 0.62 0.09140 1.02596 0.92630 0.29378 0.29153 1.61 
61 0.64 0.08974 1.03125 0.88106 0.26991 0.26863 1.56 
62 0.66 0.08366 1.08019 0.79642 0.23773 0.23546 1.52 
63 0.68 0.07428 1.06790 0.68631 0.19773 0. 19694 1.47 
64 0.70 0.06678 1.00885 0.59944 0.16771 0.167!0 1.43 
65 0.72 0.06933 0.92792 0.60506 0.16570 0.16398 1.39 
66 0.74 0.06680 0.8331 I 0.56721 0.15157 0.14957 1.35 
67 0.76 0.06220 0.75200 0.51422 0.13421 0.13203 1.32 
68 0.78 0.05906 0.72919 0.47575 0.12066 0.11902 1.28 
69 0.80 0.06091 0.71267 0.47839 0.11739 0.11669 1.25 
70 0.82 0.06283 0.70235 0.48142 0.11542 0.11456 1.22 
71 0.84 0.06816 0.71704 0.50982 0.12036 0.11843 1.19 
72 0.86 0.07687 0.74262 0.56162 0.12907 0.12743 1.16 
73 0.88 0.08600 0.77734 0.61406 0.13751 0.13616 I. 14 
74 0.90 0.09759 0.79993 0.68129 0.14881 0.14771 I.II 
75 0.92 0.10954 0.86595 0.74812 0.15920 0.15868 1.09 
76 0.94 0.11962 0.95982 0.79954 0.16788 0.16597 1.06 
77 0.96 0.12541 1.02877 0.82083 0.16974 0.16684 1.04 
78 0.98 0.128!0 1.05347 0.82127 0.16447 0.16353 1.02 
79 1.00 0.13647 1.06090 0.85746 0.16889 0.16732 1.00 
80 1.05 0.14854 1.12673 0.88885 0.16702 0.16518 0.95 
81 I.IO 0.15387 1.13175 0.87890 0.15746 0.15591 0.91 
82 1.15 0.14959 1.17120 0.81732 0.14084 0.13868 0.87 
83 1.20 0.14036 1.18130 0.73495 0.12010 0.11951 0.83 
84 1.25 0.13601 1.17059 0.68368 0.10739 0.10672 0.80 
85 1.30 0.13061 1.14666 0.63128 0.09671 0.09475 0.77 
86 1.35 0.12893 I.I 1542 0.60008 0.08915 0.08674 0.74 
87 1.40 0.12537 1.08!04 0.56265 0.08085 0.07842 0.71 
88 1.45 0.12030 1.04630 0.52129 0.07258 0.07015 0.69 
89 1.50 0.11476 1.01286 0.48069 0.06478 0.06253 0.67 
90 1.55 0. !0878 0.98162 0.44095 0.05766 0.05551 0.65 
91 1.60 0.10271 0.95297 0.40335 0.05129 0.04919 0.63 
92 1.65 0.09704 0.92697 0.36955 0.04565 0.04370 0.61 
93 1.70 0.09180 0.90352 0.33927 0.04070 0.03894 0.59 
94 1.75 0.09076 0.88242 0.32585 0.03720 0.03633 0.57 
95 1.80 0.09549 0.86342 0.33334 0.03725 0.03614 0.56 
96 1.85 0.09582 0.84627 0.32543 0.03556 0.03432 0.54 
97 1.90 0.09635 0.83074 0.3 I 862 0.03353 0.03272 0.53 
98 1.95 0.09936 0.81662 0.32016 0.03318 0.03204 0.51 
99 2.00 0. !0823 0.80374 0.34003 0.03435 0.03317 0.50 
100 2.05 0.11706 0.79193 0.35877 0.03544 0.03415 0.49 
IOI 2.10 0.12401 0.78107 0.37104 0.03586 0.03448 0.48 
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102 2.15 0,12967 0,77105 0,37894 0,03573 0,03439 0.47 
103 2.20 0,13671 0,76177 0.39044 0,03518 0,03463 0.45 
104 2.25 0.14201 0,75315 0.39657 0,03481 0,03439 0,44 
105 2,30 0,14953 0,74515 0.40849 0.03535 0,03466 0.43 
106 2.35 0,15353 0,73769 0.41049 0.03452 0,03408 0.43 
107 2.40 0,15782 0,73074 0.41317 0,03399 0,03359 0.42 
108 2.50 0.16052 0,71820 0.40344 0.03180 0,03149 OAO 
109 2,60 0.16493 0,70726 0.39857 0.03037 0,02991 0.38 
110 2.70 0,16824 0,69772 0,39151 0.02956 0,02829 0,37 
111 2.80 0,17313 0,68944 0.38851 0,02827 0,02707 0.36 
112 2,90 0.17573 0,68225 0.38075 0,02670 0.02562 0.34 
113 3,00 0,17624 0,67604 0.36911 0.02498 0,02401 0.33 
114 3,10 0.18240 0,67068 0.36968 0.02391 0.02327 0.32 
115 3.20 0, 18800 0,66610 0.36914 0,02315 0,02251 0.31 
116 3.30 0.19088 0,66221 0.36343 0,02213 0.02149 0,30 
I 17 3.40 0.19114 0,65890 0.35323 0.02089 0,02027 0.29 
118 3.50 0,18855 0,65614 0.33849 0.01960 0.01887 0.29 
119 3,60 0.18358 0,65386 0.32040 0.01815 0.01737 0.28 
120 3,70 0,18463 0,65196 0.31354 0.01716 0,01654 0.27 
121 3.80 0.18252 0,65044 0.30178 0,01623 0,01550 0,26 
122 3,90 0.17770 0,64924 0.28629 0,01514 0,01432 0.26 
123 4,00 0,17042 0,64831 0.26769 0.01393 0,01306 0.25 
124 4,10 0.17053 0,64762 0.26134 0.01297 . 0,01244 0.24 
125 4,20 0, 17579 0,64713 0.26299 0,01273 0,01222 0,24 
126 4.30 0.17994 0,64684 0.26293 0,01248 O.Dll93 0,23 
127 4.40 0.18295 0,64670 0.26125 0,01217 0,01159 0.23 
128 4.50 0.18495 0,64668 0.25824 0.01180 0,01120 0.22 
129 4,60 0.18589 0,64682 0.25391 O.Dll40 0.01077 0.22 
130 4,70 0.18585 0,64703 0.24845 0.01096 0,01032 0,21 
131 4,80 0.18495 0,64733 0.24209 0,01050 0,00984 0.21 
132 4,90 0.18336 0,64771 0.2351 I 0.01004 0,00936 0.20 
133 5.00 0.18105 0,64813 0.22752 0.00956 0,00888 0.20 
134 5,10 0,17813 0,64865 0.21946 0.00909 0.00840 0.20 
135 5.20 0,17468 0,64916 0.21107 0.00862 0,00792 0,19 
136 5.40 0.16651 0,65031 0,19375 0,00771 0,00700 0.19 
137 5,60 0,16025 0,65159 0.17980 0.00686 0,00627 0.18 
138 5,80 0.15264 0,65291 0.16536 0.00607 0,00556 0,17 
139 6.00 0,14415 0,65430 0,15096 0,00536 0,00491 0,17 
140 6,20 0.14369 0,65562 0,14562 0,00501 0,00458 0.16 
141 6.40 0,14541 0,65698 0.14276 0.00478 0,00435 0.16 
142 6,60 0,14651 0,65833 0,13947 0.00455 0,00412 0,15 
143 6.80 0.14706 0,65959 0.13588 0,00433 0,00390 0.15 
144 7,00 0,14716 0,66086 0.13209 0.00411 0,00368 0.14 
145 7.30 0.14656 0,66269 0,12615 0.00380 0,00337 0,14 
146 7,60 0.14526 0,66446 0,12009 0,00351 0,00308 0.13 
147 8,00 0.14272 0,66661 0.11209 0.00316 0,00273 0.13 
148 8.50 0,13864 0.66906 0,10248 0.00277 0,00235 0,12 
149 9.00 0,13396 0,67127 0,09352 0,00243 0,00203 0.11 
150 9.50 0.12900 0,67322 0,08532 0.00214 0.00175 0,11 
151 10,00 0,12397 0,67505 0,07789 0,00190 0,00152 0,10 
152 10.50 0,00000 0,00000 0,00000 0.00000 0,00000 0.10 

VALVES IN PERIOD RANGE , I TO 2.5 SEC 
AREA OF ACC. RESPONSE SPECTRUM = 0.495 
AREA OF VEL RESPONSE SPECTRUM = 2.289 
MAX. ACCELERATION RESPONSE VALUE= 1.507 
MAX, VELOCITY RESPONSE VALUE = 1.644 

I****** OPTION 9 *** COMPUTE RESPONSE SPECTRUM 
RESPONSE SPECTRUM ANALYSIS FOR LA YER NUMBER 17 

CALCULATED FOR DAMPING 0,050 
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TIMES AT WHICH MAX. SPECTRAL VALUES OCCUR 

TD =TIME FOR MAX. RELATIVE DISP. 
TV = TIME FOR MAX. RELATIVE VEL. 
TA= TIME FOR MAX. ABSOLUTE ACC. 

DAMPING RA TIO= 0.050 
PER= 0.01 TIMES FOR MAXIMA -
PER= 0.02 TIMES FOR MAXIMA -
PER= 0.03 TIMES FOR MAXIMA -
PER = 0.04 TIMES FOR MAXIMA -
PER = 0.05 TIMES FOR MAXIMA -
PER= 0.06 TIMES FOR MAXIMA -
PER = 0.Q7 TIMES FOR MAXIMA -
PER = 0.08 TIMES FOR MAXIMA -
PER= 0.09 TIMES FOR MAXIMA -
PER= 0.10 TIMES FOR MAXIMA -
PER= 0.11 TIMES FOR MAXIMA -
PER = 0. I 2 TIMES FOR MAXIMA -
PER= 0.13 TIMES FOR MAXIMA -
PER= 0.14 TIMES FOR MAXIMA -
PER= 0.15 TIMES FOR MAXIMA -
PER = 0.16 TIMES FOR MAXIMA -
PER = 0.17 TIMES FOR MAXIMA -
PER = 0.18 TIMES FOR MAXIMA -
PER= 0.19 TIMES FOR MAXIMA -
PER = 0.20 TIMES FOR MAXIMA -
PER= 0.21 TIMES FOR MAXIMA -
PER= 0.22 TIMES FOR MAXIMA -
PER= 0.23 TIMES FOR MAXIMA -
PER = 0.24 TIMES FOR MAXIMA -
PER = 0.25 TIMES FOR MAXIMA -
PER= 0.26 TIMES FOR MAXIMA -
PER = 0.27 TIMES FOR MAXIMA -
PER= 0.28 TIMES FOR MAXIMA -
PER= 0.29 TIMES FOR MAXIMA -
PER= 0.30 TIMES FOR MAXIMA -
PER= 0.31 TIMES FOR MAXIMA -
PER = 0.32 TIMES FOR MAXIMA -
PER = 0.33 TIMES FOR MAXIMA -
PER = 0.34 TIMES FOR MAXIMA -
PER = 0.35 TIMES FOR MAXIMA -
PER = 0.36 TIMES FOR MAXIMA -
PER = 0.37 TIMES FOR MAXIMA -
PER= 0.38 TIMES FOR MAXIMA -
PER= 0.39 TIMES FOR MAXIMA -
PER = 0.40 TIMES FOR MAXIMA -
PER= 0.41 TIMES FOR MAXIMA -
PER = 0.42 . TIMES FOR MAXIMA -
PER= 0.43 TIMES FOR MAXIMA -
PER = 0.44 TIMES FOR MAXIMA -
PER = 0.45 TIMES FOR MAXIMA -
PER = 0.46 TIMES FOR MAXIMA -
PER= 0.47 TIMES FOR MAXIMA -
PER = 0.48 TIMES FOR MAXIMA -
PER= 0.49 TIMES FOR MAXIMA -
PER = 0.50 TIMES FOR MAXIMA -
PER = 0.51 TIMES FOR MAXIMA -
PER = 0.52 TIMES FOR MAXIMA -
PER = 0.53 TIMES FOR MAXIMA -
PER = 0.54 TIMES FOR MAXIMA -· 
PER= 0.55 TIMES FOR MAXIMA -
PER = 0.56 TIMES FOR MAXIMA --

TD = 2.5700 TV= 2.5700 
TD= 2.5700 TV = 2.5800 
TD= 2.9500 TV= 2.9400 
TD= 3.6300 TV= 2.6100 
TD = 4.8700 TV= 4.8300 
TD= 4.3200 TV = 4.3300 
TD= 4.3300 TV= 4.3 I 00 
TD = 2.5200 TV = 2.5400 
TD = 2.5300 TV= 2.6000 
TD= 2.5900 TV= 2.6100 
TD= 2.5500 TV = 2.5800 
TD= 4.8000 TV = 2.5800 
TD = 3.6600 TV = 4. 7900 
TD= 3.6700 TV= 3.7100 
TD= 3.6800 TV= 3.7200 
TD= 4.1800 TV= 4.1500 
TD= 4.IIO0 TV= 4.1500 
TD = 2.5600 TV = 2.5200 
TD = 2.5700 TV= 2.5300 
TD= 6.6!00 TV= 2.5300 
TD = 2.5800 TV = 2.5300 
TD = 2.5000 TV= 2.5500 
TD= 3.4200 TV= 7.0400 
TD = 2.2400 TV = 2.2900 
TD = 6.2400 TV = 6.3 I 00 
TD = 1.5600 TV = 6.3200 
TD = I.I 900 TV = 1.2600 
TD = 1.2100 TV = 1.2600 
TD= 1.2100 TV= 5.1000 
TD = 2.9200 TV = 2.8400 
TD= 2.9400 TV= 2.8500 
TD = 2.9500 TV = 2.5600 
TD= 2.5000 TV= 2.5600 
TD= 2.5000 TV= 2.5600 
TD= 2.5100 TV= 2.5600 
TD= 2.5100 TV= 2.9300 
TD= 2.5100 TV= 2.6000 
TD= 2.5!00 TV= 2.8000 
TD = 2.5200 TV = 4.0300 
TD = 3.9400 TV = 4.0300 
TD= 3.9500 TV= 4.0400 
TD= 3.9600 TV= 4.0400 
TD= 3.9700 TV= 4.0500 
TD= 3.9800 TV= 3.9100 
TD= 4.6900 TV= 3.9100 
TD= 4.7000 TV= 3.9100 
TD= 4.7100 TV= 3.9100 
TD= 4.7100 TV= 3.9100 
TD= 5.5200 TV= 5.4100 
TD= 5.5500 TV= 5.4100 
TD= 5.5600 TV= 5.4100 
TD= 2.5100 TV= 5.4400 
TD= 2.5100 TV= 2.6100 
TD= 2.5100 TV= 2.6300 
TD= 2.5100 TV= 2.6400 
TD = 2.5100 TV = 2.6400 
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TA= 2.5700 
TA= 2.5700 
TA= 2.9500 
TA= 3.6300 
TA= 4.8400 
TA= 1.9700 
TA= 4.3300 
TA= 2.5200 
TA= 2.5300 
TA= 2.5900 
TA= 2.5500 
TA= 4.8000 
TA= 3.6600 
TA= 3.6700 
TA= 3.6800 
TA= 4.1800 
TA= 4.1100 
TA= 2.5600 
TA= 2.5700 
TA= 6.6000 
TA= 7.0500 
TA= 2.5000 
TA= 6.9800 
TA= 2.2300 
TA= 6.2400 
TA= 6.2500 
TA= 1.1900 
TA= 1.2000 
TA= 1.2100 
TA= 2.9!00 
TA= 2.9400 
TA= 2.9500 
TA= 2.5000 
TA= 2.5000 
TA= 2.5000 
TA= 2.5000 
TA= 2.5000 
TA= 2.5!00 
TA= 2.5!00 
TA= 3.9400 
TA= 3.9500 
TA= 3.9500 
TA= 3.9600 
TA= 3.9700 
TA= 4.6900 
TA= 4.6900 
TA= 4.7000 
TA= 4.7000 
TA= 5.5!00 
TA= 5.5400 
TA= 5.5600 
TA= 2.5000 
TA= 2.5000 
TA= 2.5000 
TA= 2.5000 
TA= 2.5000 
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PER= 0.57 T!MES FOR MAXIMA -- TD= 2.5200 TV= 2.6400 TA= 2.5100 
PER = 0.58 T!MES FOR MAXlMA -- TD= 2.5200 TV = 2.6400 TA = 2.5100 
PER= 0.60 T!MES FOR MAXIMA -- TD= 2.5400 TV= 2.4800 TA= 2.5300 
PER = 0.62 T!MES FOR MAXIMA -- TD= 2.5600 TV = 2.4800 TA= 2.5500 
PER= 0.64 T!MES FOR MAXIMA -- TD= 2.5900 TV= 2.4800 TA= 2.5800 
PER= 0.66 TIMES FOR MAXIMA -- TD = 2.6000 TV = 2.4900 TA= 2.5900 
PER= 0.68 T!MES FOR MAXIMA -- TD= 3.4100 TV= 2.4900 TA= 3.4000 
PER= 0.70 T!MES FOR MAXIMA-- TD= 3.4200 TV= 2.4900 TA= 3.4100 
PER= 0.72 T!MES FOR MAXIMA -- TD= 3.4300 TV= 3.6100 TA= 3.4200 
PER=0.74 T!MESFORMAXIMA-- TD= 3.4400 TV= 3.6100 TA= 3.4300 
PER=0.76 T!MESFORMAXIMA-- TD= 1.8100 TV= 3.6!00 TA= l.7500 
PER= 0.78 T!MES FOR MAXIMA -- TD= 1.4700 TV= 3.6100 TA= 1.8100 
PER= 0.80 T!MES FOR MAXIMA -- TD= 1.4700 TV= 3.6100 TA= 1.4600 
PER= 0.82 TIMES FOR MAXIMA -- TD= 1.4900 TV= 3.6!00 TA= 1.4700 
PER= 0.84 T!MES FOR MAXIMA -- TD= 6.4900 TV= 3.6200 TA= 6.4800 
PER= 0.86 T!MES FOR MAXIMA -- TD= 3.4700 TV= 4.2200 TA= 3.4700 
PER= 0.88 T!MES FOR MAXIMA -- TD= 4.0000 TV= 4.2200 TA= 3.9700 
PER= 0.90 TIMES FOR MAXIMA -- TD= 4.0IO0 TV= 4.2200 TA= 4.0000 
PER= 0.92 T!MES FOR MAXIMA -- TD= 4.0100 TV= 4.2900 TA= 4.0000 
PER=0.94 T!MESFORMAXIMA-- TD= 3.1200 TV= 4.2900 TA= 3.1100 
PER=0.96 T!MESFORMAXIMA-- TD= 3.1200 TV= 3.9!00 TA= 3.1100 
PER=0.98 T!MESFORMAXIMA-- TD= 3.1300 TV= 3.9100 TA= 3.1200 
PER=l.00 T!MESFORMAXIMA-- TD= 3.1500 TV= 3.9100 TA= 3.1200 
PER= 1.05 T!MES FOR MAXIMA -- TD= 3.2000 TV= 3.9!00 TA= 3.1800 
PER= 1.IO T!MES FOR MAXIMA -- TD= 3.2300 TV= 2.4900 TA= 3.2200 
PER= 1.15 TIMES FOR MAXIMA -- TD= 3.3000 TV= 2.4900 TA= 3.2900 
PER= 1.20 TIMES FOR MAXIMA -- TD= 3.3300 TV= 2.4900 TA= 3.3100 
PER= 1.25 T!MES FOR MAXIMA -- TD= 3.3500 TV= 2.4900 TA= 3.3300 
PER= 1.30 T!MES FOR MAXIMA -- TD= 3.3700 TV= 2.4900 TA= 3.3600 
PER = 1.35 T!MES FOR MAXIMA -- TD= 2.8400 TV = 2.4900 TA= 2.8200 
PER = 1.40 T!MES FOR MAXIMA -- TD = 2.8700 TV = 2.4900 TA= 2.8300 
PER= 1.45 T!MES FOR MAXIMA -- TD= 2.9000 TV= 2.4900 TA= 2.8600 
PER= 1.50 TIMES FOR MAXIMA -- TD= 2.9200 TV= 2.4900 TA= 2.8900 
PER= 1.55 T!MES FOR MAXIMA-- TD= 2.9200 TV= 2.4900 TA= 2.9100 
PER= 1.60 T!MESFORMAXIMA-- TD= 2.9200 TV= 2.4900 TA= 2.9100 
PER= 1.65 TIMES FOR MAXIMA-- TD= 2.9300 TV= 2.4900 TA= 2.9100 
PER= 1.70 T!MES FOR MAXIMA -- TD= 2.9900 TV= 2.4900 TA= 2.3700 
PER= 1.75 TIMES FOR MAXIMA -- TD= 2.3900 TV= 2.4900 TA= 2.3700 
PER= 1.80 TIMES FOR MAXIMA -- TD= 5.9300 TV= 2.4900 TA= 5.9200 
PER= 1.85 TIMES FOR MAXIMA -- TD= 6.0000 TV= 2.4900 TA= 5.9900 
PER= 1.90 TIMES FOR MAXIMA -- TD= 6.0500 TV= 5.7600 TA= 6.0400 
PER= 1.95 TIMES FOR MAXIMA -- TD= 5.3500 TV= 5.7600 TA= 5.3400 
PER= 2.00 TIMES FOR MAXIMA -- TD= 5.3600 TV= 5.7600 TA= 5.3400 
PER= 2.05 TIMES FOR MAXIMA -- TD= 5.3600 TV= 5.7600 TA= 5.3400 
PER=2.10 TIMES FOR MAXIMA-- TD= 5.3600 TV= 5.7600 TA= 5.3400 
PER=2.15 TIMES FOR MAXIMA-- TD= 8.7100 TV= 5.7600 TA= 5.3400 
PER= 2.20 TIMES FOR MAXIMA -- TD= 8.8100 TV= 5.7600 TA= 7.6700 
PER= 2.25 TIMES FOR MAXIMA -- TD= 8.8900 TV= 5.7600 TA= 8.8800 
PER= 2.30 TIMES FOR MAXIMA -- TD= 7.8200 TV= 5.7600 TA= 8.8800 
PER= 2.35 TIMES FOR MAXIMA -- TD= 7.8800 TV= 5.7600 TA= 7.7900 
PER= 2.40 TIMES FOR MAXIMA -- TD= 7.9100 TV= 5.7600 TA= 7.8800 
PER=2.50 TIMES FOR MAXIMA-- TD= 8.0300 TV= 7.3100 TA= 8.0100 
PER= 2.60 T!MES FOR MAXIMA -- TD= 8.0600 TV= 7.6400 TA= 8.0200 
PER= 2.70 TIMES FOR MAXIMA -- TD= 6.9400 TV= 7.6400 TA= 6.8800 
PER= 2.80 TIMES FOR MAXIMA -- TD= 6.9400 TV= 7.6500 TA= 6.8800 
PER= 2.90 TIMES FOR MAXIMA -- TD= 7.0600 TV= 7.6500 TA= 6.9300 
PER=3.00 TIMES FOR MAXIMA-- TD= 7.1500 TV= 7.6500 TA= 7.0400 
PER=3.I0 T!MESFORMAXIMA-- TD= 7.1900 TV= 5.3000 TA= 7.1400 
PER=3.20 TIMES FOR MAXIMA-- TD= 7.2000 TV= 5.3000 TA= 7.1400 
PER=3.30 TIMES FOR MAXIMA-- TD= 7.2100 TV= 5.3000 TA= 7.1800 
PER= 3.40 TIMES FOR MAXIMA -- TD= 7.2100 TV= 5.3000 TA= 7.1800 

Page 19 

/87 



R16140

PCSC300M-1 a.out 
PER=3.50 TIMES FOR MAXIMA-- TD= 7.2200 TV= 5.3000 TA= 7.1900 
PER= 3.60 TIMES FOR MAXIMA -- TD= 7.4500 TV= 5.3000 TA= 7.3800 
PER= 3.70 TIMES FOR MAXIMA-- TD= 7.4600 TV= 5.3000 TA= 7.3900 
PER= 3.80 TIMES FOR MAXIMA -- TD= 7.5000 TV= 5.3000 TA= 7.4400 
PER= 3.90 TIMES FOR MAXIMA -- TD= 7.5100 TV= 5.3000 TA= 7.4500 
PER= 4.00 TIMES FOR MAXIMA -- TD= 7.6200 TV= 5.3000 TA= 7.4500 
PER=4.10 TIMESFORMAXIMA-- TD= 6.1600 TV= 5.3000 TA= 6.0900 
PER= 4.20 TIMES FOR MAXIMA-- TD= 6.1600 TV= 5.3000 TA= 6.1400 
PER=4.30 TIMES FOR MAXIMA-- TD= 6.1700 TV= 5.3000 TA= 6.1500 
PER=4.40 TIMES FOR MAXIMA-- TD= 6.1900 TV= 5.3000 TA= 6.1500 
PER= 4.50 TIMES FOR MAXIMA -- TD= 6.2000 TV= 5.3000 TA= 6.1500 
PER= 4.60 TIMES FOR MAXIMA-- TD= 6.2000 TV= 5.3000 TA= 6.1500 
PER= 4.70 TIMES FOR MAXIMA -- TD= 6.2000 TV= 5.3000 TA= 6.1500 
PER=4.80 TIMES FOR MAXIMA-- TD= 6.3400 TV= 5.3000 TA= 6.1500 
PER= 4.90 TIMES FOR MAXIMA -- TD= 6.3400 TV= 5.3000 TA= 6.1500 
PER= 5.00 TIMES FOR MAXIMA -- TD= 6.3500 TV= 5.3000 TA= 6.3200 
PER= 5.10 TIMES FOR MAXIMA-- TD= 6.3500 TV= 5.3000 TA= 6.3200 
PER= 5.20 TIMES FOR MAXIMA -- TD= 6.3500 TV= 5.3000 TA= 6.3200 
PER= 5.40 TIMES FOR MAXIMA -- TD= 6.3500 TV= 5.3000 TA= 6.3200 
PER= 5.60 TIMES FOR MAXIMA-- TD= 6.5400 TV= 5.3000 TA= 6.3200 
PER= 5.80 TIMES FOR MAXIMA -- TD = 6.5500 TV = 5.3000 TA= 6.5000 
PER= 6.00 TIMES FOR MAXIMA -- TD= 6.5500 TV= 5.3000 TA= 6.5000 
PER= 6.20 TIMES FOR MAXIMA -- TD= 4.7700 TV= 5.3000 TA= 4.5200 
PER= 6.40 TIMES FOR MAXIMA -- TD= 4.7700 TV= 5.3000 TA= 4.7300 
PER= 6.60 TIMES FOR MAXIMA-- TD= 4.7700 TV= 5.3000 TA= 4.7300 
PER= 6.80 TIMES FOR MAXIMA-- TD= 4.7800 TV= 5.3000 TA= 4.7300 
PER= 7.00 TIMES FOR MAXIMA-- TD= 4.7800 TV= 5.3000 TA= 4.7300 
PER= 7.30 TIMES FOR MAXIMA-- TD= 4.7800 TV= 5.3000 TA= 4.7300 
PER= 7.60 TIMES FOR MAXIMA -- TD= 4.7800 TV= 2.4900 TA= 4.7300 
PER= 8.00 TIMES FOR MAXIMA -- TD= 4.7800 TV= 2.4900 TA= 4.7300 
PER= 8.50 TIMES FOR MAXIMA-- TD= 4.7800 TV= 2.4900 TA= 4.7300 
PER= 9.00 TIMES FOR MAXIMA-- TD= 4.7800 TV= 2.4900 TA= 4.7300 
PER= 9.50 TIMES FOR MAXIMA -- TD= 4.7800 TV= 2.4900 TA= 4.7300 
PER =10.00 TIMES FOR MAXIMA -- TD= 4.7800 TV= 2.4900 TA= 4.7300 
SPECTRAL VALUES--
(Acceleration of gravity used ::: 32.20) 

PSCS300E Crest Column DAMPING RATIO = 0.050 
NO. PERIOD REL. DISP. REL. VEL. PSU.REL.VEL. ABS. ACC. PSU.ABS.ACC. FREQ. 

I 0.0 I 0.00005 0.00 I 36 0.02849 0.55850 0.55584 I 00.00 
2 0.02 0.00018 0.04499 0.05569 0.55907 0.54337 50.00 
3 0.03 0.00100 0.17299 0.21036 1.35502 1.36825 33.33 
4 0.04 0.00178 0.23944 0.27972 1.41661 1.36454 25.00 
5 0.05 0.00238 0.31660 0.29913 1.19625 1.16738 20.00 
6 0.06 0.00324 0.37402 0.33931 1.11290 1.10350 16.67 
7 0.07 0.00410 0.42586 0.36768 1.00192 1.02494 14.29 
8 0.08 0.00662 0.49285 0.51989 1.30592 1.26808 12.50 
9 0.09 0.01058 0.74261 0.73891 1.61391 1.60203 11.11 
10 0.10 0.00992 0.62974 0.62356 1.19459 1.21675 10.00 
11 0.11 0.00945 0.61752 0.53978 0.94469 0.95753 9.09 
12 0.12 0.00955 0.45760 0.49991 0.83422 0.81289 8.33 
13 0.13 0.00942 0.48076 0.45526 0.67574 0.68335 7.69 
14 0.14 0.01238 0.51781 0.55546 0.77129 0.77420 7.14 
15 0.15 0.01197 0.53788 0.50127 0,65502 0.65209 6.67 
16 0.16 0.01428 0.62039 0.56072 0.68796 0.68383 6.25 
17 0.17 0.01619 0.69957 0.59823 0.69353 0.68666 5.88 
18 0.18 0.01573 0.57102 0.54919 0.60640 0.59536 5.56 
19 0.19 0.01745 0.63990 0.57695 0.59795 0.59253 5.26 
20 0.20 0.016 I 3 0.5666 I 0.50682 0.50024 0.49448 5.00 
21 0.21 0.01674 0.60435 0.50091 0.46688 0.46544 4.76 
22 0.22 0.01774 0.54424 0.50670 0.46072 0.44942 4.55 
23 0.23 0.01530 0.47636 0.41797 0.35437 0.35460 4.35 
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24 0.24 0.01639 0.46797 0.42917 0.35591 0.34893 4.17 
25 0.25 0.01736 0.48167 0.43619 0.34254 0.34046 4.00 
26 0.26 0.01916 0.51490 0.46302 0.35118 0.34750 3.85 
27 0.27 0.02110 0.53368 0.49104 0.35711 0.35488 3.70 
28 0.28 0.02280 0.53679 0.51153 0.35936 0.35648 3.57 
29 0.29 0.02363 0.56432 0.51192 0.34832 0.34445 3.45 
30 0.30 0.02424 0.55960 0.50764 0.33261 0.33018 3.33 
31 0.31 0.02969 0.62717 0.60171 0.38143 0.37875 3.23 
32 0.32 0.03087 0.64924 0.60610 0.37197 0.36959 3.13 
33 0.33 0.02956 0.62054 0.56290 0.33676 0.33284 3.03 
34 0.34 0.02988 0.59171 0.55227 0.32331 0.31695 2.94 
35 0.35 0.03145 0.58062 0.56451 0.32000 0.31472 2.86 
36 0.36 0.03369 0.56893 0.58806 0.32211 0.31875 2.78 
37 0.37 0.03527 0.58074 0.59894 0.31687 0.31587 2.70 
38 0.38 0.03518 0.57848 0.58166 0.30335 0.29868 2.63 
39 0.39 0.03387 0.62913 0.54565 0.27671 0.27301 2.56 
40 0.40 0.03589 0.68918 0.56383 0.27621 0.27505 2.50 
41 0.41 0.03816 0.69282 0.58485 0.27999 0.27835 2.44 
42 0.42 0.03860 0.65645 0.57750 0.26954 0.26830 2.38 
43 0.43 0.03804 0.60516 0.55578 0.25364 0.25221 2.33 
44 0.44 0.03681 0.59581 0.52568 0.23464 0.23313 2.27 
45 0.45 0.03653 0.60067 0.51004 0.22154 0.22117 2.22 
46 0.46 0.03729 0.59047 0.50937 0.21665 0.21607 2.17 
47 0.47 0.03606 0.57052 0.48207 0.20332 0.20014 2.13 
48 0.48 0.03349 0.54379 0.43835 0.18014 0.17820 2.08 
49 0.49 0.03413 0.51793 0.43769 0.17566 0.17430 2.04 
50 0.50 0.03500 0.52157 0.43985 0.17218 0.17165 2.00 
51 0.51 0.03473 0.49075 0.42793 0.16499 0.16373 1.96 
52 0.52 0.03363 0.45429 0.40638 0.15517 0.15249 1.92 
53 0.53 0.03853 0.46746 0.45674 0.17096 0.16816 1.89 
54 0.54 0.04389 0.51448 0.51070 0. 18737 0.18454 1.85 
55 0.55 0.04926 0.55886 0.56278 0.20245 0.19966 1.82 
56 0.56 0.05415 0.59863 0.60760 0.21441 0.21172 1.79 
57 0.57 0.05848 0.62378 0.64468 0.22381 0.22070 1.75 
58 0.58 0.06184 0.63106 0.66986 0.22829 0.22536 1.72 
59 0.60 0.06544 0.70068 0.68529 0.22393 0.22287 1.67 
60 0.62 0.06573 0.79556 0.66617 0.21124 0.20966 1.61 
61 0.64 0.06527 0.83826 0.64083 0.19701 0. I 9538 1.56 
62 0.66 0.06037 0.83336 0.57472 0.17238 0.16992 1.52 
63 0.68 0.05937 0.78867 0.54857 0.15814 0.15742 1.47 
64 0.70 0.06308 0.71314 0.56623 0.15969 0.15784 1.43 
65 0.72 0.06124 0.63612 0.53441 0.14674 0.14483 1.39 
66 0.74 0.05637 0.58189 0.47867 0.12760 0.12622 1.35 
67 0.76 0.05182 0.52189 0.42839 0.11039 0. 10999 1.32 
68 0.78 0.05224 0.48141 0.42084 0.10620 0.10528 1.28 
69 0.80 0.05347 0.46947 0.41997 0.10299 0.10244 1.25 
70 0.82 0.05454 0.48106 0.41789 0.09999 0.09944 1.22 
71 0.84 0.05857 0.50396 0.43810 0. !0258 0.10177 I. I 9 
72 0.86 0.06521 0.56033 0.47640 0. l0880 0.10809 1.16 
73 0.88 0.07540 0.63272 0.53836 0.11994 0.11938 1.14 
74 0.90 0.08642 0.69483 0.60330 0.13206 0.13080 I.I 1 
75 0.92 0.09546 0.73421 0.65194 0.14025 0.13828 1.09 
76 0.94 O.l0261 0.79469 0.68589 0.14302 0.14238 1.06 
77 0.96 0.11124 0.85758 0.72810 0.14917 0.14799 1.04 
78 0.98 0.11832 0.92962 0.75859 0.15264 0.15I05 1.02 
79 I.OD 0.12378 0.97242 0.77774 0. 15296 0:15176 I.DO 
80 1.05 0.13543 0.94462 0.81038 0.15223 0.15060 0.95 
81 I.JO 0.13936 0.91425 0.79602 0.14229 0.14121 0.91 
82 1.15 0.13942 0.92776 0.76173 0.12990 0.12925 0.87 
83 1.20 0.13742 0.91717 0.71955 0.11796 0.11700 0.83 
84 1.25 0.13052 0.89112 0.65605 0.10342 O.l0241 0.80 
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85 1.30 0.12014 0.85653 0.58064 0.08786 0.08715 0.77 
86 1.35 0.11483 0.81840 0.53443 0.07843 0.07725 0.74 
87 1.40 0.11078 0.78000 0.49719 0.06994 0.06930 0.71 
88 1.45 0.10667 0.74332 0.46222 0.06255 0.06220 0.69 
89 1.50 0.10247 0.70939 0.42921 0.05627 0.05583 0.67 
90 1.55 0.09800 0.67864 0.39727 0.05054 0.05001 0.65 
91 1.60 0.09315 0.65110 0.36578 0.04533 0.04461 0.63 
92 1.65 0.08827 0.62659 0.33614 0.04056 0.03975 0.61 
93 1.70 0.08406 0.60485 0.31070 0.03642 0.03566 0.59 
94 1.75 0.08232 0.58554 0.29557 0.03416 0.03296 0.57 
95 1.80 0.08511 0.56835 0.29710 0.03252 0.03221 0.56 
96 1.85 0.09046 0.55299 0.30724 0.03299 0.03241 0.54 
97 1.90 0.09369 0.55264 0.30982 0.03228 0.03182 0.53 
98 1.95 0.09719 0.57669 0.31317 0.03199 0.03134 0.51 
99 2.00 0.10618 0.59049 0.33357 0.03334 0.03254 0.50 
100 2.05 0.11329 0.59503 0.34724 0.03395 0.03305 0.49 
IOI 2.10 0.11848 0.59178 0.35449 0.03395 0.03294 0.48 
102 2.15 0.12507 0.58239 0.36551 0.03345 0.03317 0.47 
103 2.20 0.13231 0.56849 0.37788 0.03396 0.03352 0.45 
104 2.25 0.14127 0.55156 0.39451 0.03461 0.03421 0.44 
105 2.30 0.14555 0.53286 0.39762 0.03432 0.03373 0.43 
106 2.35 0.15032 0.51341 0.40191 0.03358 0.03337 0.43 
107 2.40 0.15378 0.49399 0.40260 0.03307 0.03273 0.42 
108 2.50 0.16045 0.47493 0.40326 0.03175 0.03148 0.40 
109 2.60 0.16086 0.46775 0.38874 0.02958 0.02918 0.38 
I 10 2.70 0.16244 0.48295 0.37802 0.02799 0.02732 0.37 
111 2.80 0.16553 0.48384 0.37144 0.02643 0.02589 0.36 
112 2.90 0.16738 0.47446 0.36265 0.02483 0.02440 0.34 
113 3.00 0.17264 0.45662 0.36159 0.02380 0.02352 0.33 
114 3.10 0.1781 I 0.44595 0.36099 0.02309 0.02272 0.32 
115 3.20 0.18202 0.45345 0.35740 0.02213 0.02179 0.31 
116 3.30 0.18346 0.46135 0.34931 0.02109 0.02065 0.30 
117 3.40 0.18236 0.46940 0.33701 0.01986 0.01934 0.29 
118 3.50 0.17866 0.47735 0.32073 0.01848 0.01788 0.29 
119 3.60 0.17795 0.48496 0.31058 0.01717 0.01683 0.28 
120 3.70 0.17716 0.49200 0.30084 0.01615 0.01587 0.27 
121 3.80 0.17389 0.49830 0.28752 0.01510 0.01476 0.26 
122 3.90 0.16892 0.50375 0.27215 0.01394 0.01362 0.26 
123 4.00 0.16257 0.50827 0.25536 0.01270 0.01246 0.25 
124 4.10 0.16720 0.51183 0.25624 0.01240 0.01220 0.24 
125 4.20 0.17130 0.51442 0.25627 0.01215 0.01191 0.24 
126 4.30 0.17439 0.51608 0.25482 0.01186 0.01156 0.23 
127 4.40 0.17660 0.51685 0.25219 0.01151 0.01118 0.23 
128 4.50 0.17784 0.51679 0.24832 0.01111 0.01077 0.22 
129 4.60 0.17820 0.51597 0.24340 0.01069 0.01033 0.22 
130 4.70 0.17762 0.51446 0.23745 0.01023 0.00986 0.21 
131 4.80 0.17619 0.51234 0.23064 0.00976 0.00938 0.21 
132 4.90 0.17586 0.50969 0.22550 0.00929 0.00898 0.20 
133 5.00 0.17475 0.50658 0.21959 0.00889 0.00857 0.20 
134 5.10 0.17300 0.50308 0.21314 0.00850 0.00815 0.20 
135 5.20 0.17062 0.49924 0.20616 0.00810 0.00774 0.19 
136 5.40 0.16427 0.49084 0.19114 0.00731 0.00691 0.19 
137 5.60 0.15767 0.48179 0.17690 0.00653 0.00616 0.18 
138 5.80 0.15136 0.47242 0.16397 0.0058 I 0.00552 0.17 
139 6.00 0.14395 0.46299 0.15074 0.00521 0.00490 0.17 
140 6.20 0.14150 0.45370 0.14340 0.00485 0.00451 0.16 
141 6.40 0.14276 0.44470 0.14015 0.00459 0.00427 0.16 
142 6.60 0.14344 0.43607 0. 13655 0.00436 0.00404 0.15 
143 6.80 0.14364 0.42789 0.13273 0.00413 0.00381 0.15 
144 7.00 0.14346 0.42018 0.12877 0.00392 0.00359 0.14 
145 7.30 0.14249 0.40956 0.12264 0.00361 0.00328 0.14 
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146 7.60 0.14087 0.40837 O.l 1646 0.00332 0.00299 
147 8.00 0.13798 0.41060 0.10837 0.00297 0.00264 
148 8.50 0.13357 0.41312 0.09873 0.00259 0.00227 
149 9.00 0.12865 0.41537 0.08981 0.00226 0.00195 
150 9.50 0.12352 0.41738 0.08169 0.00198 0.00168 
151 l0.00 0.11835 0.41917 0.07436 0.00175 0.00145 
152 l0.50 0.00000 0.00000 0.00000 0.00000 0.00000 

VALUES IN PERIOD RANGE. I TO 2.5 SEC. 
AREA OF ACC. RESPONSE SPECTRUM = 0.331 
AREA OF VEL. RESPONSE SPECTRUM = 1.567 
MAX. ACCELERATION RESPONSE VALUE= l .195 
MAX. VELOCITY RESPONSE VALUE= 0.972 

*** End of Output File No. I *** 
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. ~°"1' 

PSCS300E Crest Column 
Williamson - Pond Creek South Cell - Surf. El. 502, GWT 32ft., Fines El. 474 
M8.0 New Madrid Synthetic @83km, PGA 0.54g, Atkinson & Boore (1995) 

Layer Depth to i total Unit Damping Shear [ Maximum : Maximum , Shear Wave 
Middle of Weight Used I Modulus , Shear Strain I Shear Stress ' Velocity 

1 
2 
3 
4 
5 

6 ' 7 : 

8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
17 

Notes: 

Layer 
(ft) 

2 
5.5 
8.5 

11.5 
14.5 
ii.s; ... -·1 . 
20.5, - . ··1 
23.5 
26.5 I 

30 . I 
33.5 • 
36.5~-
:19:s i 
42.5; 
4ii:s 1 
48.5' 

Base 
_6ut~rop_ 

(kcf) (%) 
.13 I 2.8: 
.13 ! 4.8' 
:1:fl 5.9: 
.13 ! 5.4, 

__ ,1:iJ. 6.6 i 
J~.i. 7.8·: 
.13 8.1 i 
.13 j 9.61 
.13 I 9.5: 
.13 i 9.6 

.135 10 
:i":Js· 10 
.135 ; 8.9_000_01 
.135 I 7.5 
.135 · 4.6 
.135, 4.8 

Period for Soil Column: .25 sec 

' 

(ksf) 
2936.6 ' 

(%) I 

.00181 I 
2625.1 , .02321 ' 
2463:4; .. 0361 
3620.9: .03061 
2752.4: .04636 
2187:'7 i ·.06713 
2328.9 I .072 
1701.8 : .1116 
1928.4: .10693 
19_52.4'. .11012 
1212.2 I .17006 ...... r 
1272.9 , .17118 
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f PCSC300E-l.out 

'\ *********************************************************** * SHAKE: PROGRAM FOR EARTHQUAKE RESPONSE ANAL. HORIZONTAL* 
* LAYERED SITES by Per Schnabie & John Lysmer - 1970 * 
*--------------- * 
* SHAKE85: IBM PC SHAKE VERSION S.S.(Willie) Lai,Jan 1985 * 
*--------------- * 
* SHAKE88 :New modulus reduction curves for clays added * 
* using results from Sun et al (1988) by J. I. Sun * 
* & Ramin Golesorkhi February 26, 1988 * 
*---------------* 
* SHAKE90/91: Adjust last iteration; Input now is either * 
* Gmax or max Vs; up to 13 materials can be specified* 
* by user; up to 50 Layers can be specified; object * 
* motion can be read in from a separate file and can * 
* user specified format; Different periods for res- * 
* ponse spectral calculations;options are renumbered;* 
* and general cleanup by: J. I. Sun, I. M. Idriss & * 
* P. DirrimJune 1990-February 1991 * 
* ---------------* 
* SHAKE9 l: General cleanup and finalization of input outw * 
* output format ... etc by: I. M. Idriss Dec. 199 l * 
*---------------* 
* SHAKE2000: Fix the incorrect output of Tot. Stress in * 
* Option 2. Changed path of ground motion file in * 
* SHAKE9 l. Control file to input file names. Modified * 
* by Jerald M. La Vassar & Gustavo A. Ordonez (March 2003) * 
* RUN DATE 1/02/2008 * 
* RUNTIMEll:11 * 
*********************************************************** 
MAX. NUMBER OF TERMS IN FOURIER TRANSFORM = 32768 
NECESSARY LENGTH OF BLANK COMMON X = 204819 

I****** OPTION 1 *** READ RELATION BETWEEN SOIL PROPERTIES AND STRAIN 

MATERIAL TYPE NO. I 
********************** 

CURVE NO. I: Coarse 
CURVE NO. 2: Coarse 

G/Gmax - Gravel (Mean) - Rollins et al. JGGE 
Damping for Gravel (Mean) - Rollins et al. J 

CURVE NO. 1 CURVE NO. 2 

STRAIN G/GMAX STRAIN DAMPING 
-------- ------- -------- --------
0.0001 1.000 0.0001 0.90 
0.0002 0.995 0.0003 1.11 
0.0005 0.980 0.0006 1.30 
0.0008 0.970 0.0010 1.50 
0.0010 0.960 0.0020 1.91 
0.0020 0.930 0.0030 2.24 
0.0030 0.905 0.0040 2.54 
0.0040 0.880 0.0060 3.05 
0.0070 0.810 0.0080 3.50 
0.0100 0.755 0.0100 3.89 
0.0200 0.630 0.0200 5.45 
0.0700 0.390 0.0300 6.61 
0.1000 0.325 0.0500 8.28 
0.2000 0.205 0.1000 10.79 
0.3000 0.150 0.2000 13.23 
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0.4000 0.115 0.3000 14.47 
0.5000 0.095 0.4000 15.24 
0.6000 0.080 0.6000 16.14 
0.8000 0.070 0.8000 16.66 
1.0000 0.050 1.0000 17.01 

********************** 
MATERIAL TYPE NO. 2 

********************** 

CURVE NO. 3: Fine Refuse Moduli for Fine Refuse (Ellison & Cho, 1976) 
CURVE NO. 4: Fine Refuse Damping Values for Fine Refuse (Ellison & Ch 

CURVEN0.3 CURVEN0.4 

STRAIN G/GMAX STRAIN DAMPING 
-------- ------- -------- --------

0.0001 1.000 0.0001 0.75 
0.0004 1.000 0.0004 0.65 
0.0010 0.995 0.0010 0.70 
0.0020 0.992 0.0020 0.80 
0.0040 0.989 0.0040 0.90 
0.0060 0.981 0.0060 1.10 
0.0080 0.965 0.0080 1.30 
0.0100 0.955 0.0100 1.40 
0.0200 0.905 0.0200 2.00 
0.0400 0.828 0.0400 3.10 
0.0600 0.750 0.0600 4.00 
0.0800 0.670 0.0800 5.20 
0.1000 0.610 0.1000 6.00 
0.2000 0.610 0.2000 6.00 

********************** 
MATERIAL TYPE NO. 3 
********************** 

CURVE NO. 5: Residual G/Gmax Pl=l5% - Effective Confining Pressure 
CURVE NO. 6: Residual Damping Pl=l 5% - Effective Confining Pressur 

CURVE NO. 5 CURVEN0.6 

STRAIN G/GMAX STRAIN DAMPING 
-------- ------- -------- --------
0.0000 1.000 0.0000 0.67 
0.0000 1.000 0.0000 0.67 
00000 0.999 0 0000 068 
0.0001 0.998 0.0001 0.68 
0.0002 0.996 0.0002 0.70 
0.0005 0.991 0.0005 0.75 
0.0010 0.983 0.0010 0.83 
0.0022 0.965 0.0022 1.02 
0.0048 0.931 0.0048 1.43 
0.0100 0.873 0.0100 2.17 
0.0220 0.770 0.0220 3.68 
0.0484 0.618 0.0484 6.24 
0.1000 0.454 0.1000 9.48 
0.2200 0.287 0.2200 13.40 
0.4840 0.163 0.4840 16.87 
1.0000 0.091 1.0000 19.16 
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********************** 
MATERIAL TYPE NO. 4 

********************** 

CURVE NO. 7: Rock 
CURVE NO. 8: Rock 

G/Gmax - ROCK (Schnabel 1973) 
Damping for ROCK (Schnabel 1973) 

CURVE NO. 7 CURVENO.8 

STRAIN G/GMAX STRAIN DAMPING 
-------- ------- -------- --------

0.0001 1.000 0.0001 0.40 
0.0003 1.000 0.0010 0.80 
0.0010 0.990 0.0100 1.50 
0.0030 0.950 0.1000 3.00 
0.0100 0.900 1.0000 4.60 
0.0300 0.810 0.0000 0.00 
0.1000 0.725 0.0000 0.00 
1.0000 0.550 0.0000 0.00 

I****** OPTION 2 *** READ SOIL PROFILE 
NEW SOIL PROFILE NO. I IDENTIFICATION PSCS300E Crest Column 
NUMBER OF LAYERS 17 DEPTH TO BEDROCK 50.00 

NO. TYPE THICKNESS DEPTH TOT AL PRESS. MODULUS DAMPING UNIT WT. SHEAR VEL 
(FD (FT) (KSF) (KSF) (KCF) (FPS) 

I I 4.0000 2.0000 0.26 3454. 0.050 0.130 924.9 
2 I 3.0000 5.5000 0.71 3856. 0.050 0.130 977.3 
3 I 3.0000 8.5000 I.I I 4110. 0.050 0.130 1009.0 
4 I 3.0000 11.5000 1.50 5739. 0.050 0.130 1192.3 
5 I 3.0000 14.5000 1.88 4991. 0.050 0.130 1111.9 
6 I 3.0000 17.5000 2.28 4552. 0.050 0.130 1061.8 
7 I 3.0000 20.5000 2.66 4985. 0.050 0.130 1111.2 
8 I 3.0000 23.5000 3.05 4436. 0.050 0.130 1048.2 
9 I 3.0000 26.5000 3.44 4926. 0.050 0.130 I 104.6 
10 I 4.0000 30.0000 3.90 5058. 0.050 0.130 1119.3 
I I 3 3.0000 33.5000 4.36 2940. 0.050 0.135 837.4 
12 3 3.0000 36.5000 4.77 2951. 0.050 0.135 839.0 
13 3 3.0000 39.5000 5.17 3307. 0.050 0.135 888.1 
14 3 3.0000 42.5000 5.58 4130. 0.050 0.135 992.5 
15 3 3.0000 45.5000 5.98 7136. 0.050 0.135 1304.6 
I 6 3 3.0000 48.5000 6.39 7051. 0.050 0.135 1296.8 
17 BASE 74534. 0.050 0.150 4000.0 

PERIOD= 0. I 9 FROM A VERA GE SHEAR VEL. = 1050. 

FREQUENCY AMPLITUDE 
MAXIMUM AMPLIFICATION= 12.49 
FOR FREQUENCY = 5.15 C/SEC. 

PERIOD = 0.19 SEC. 

I****** OPTION 3 *** READ INPUT MOTION 

FILE NAME FOR INPUT MOTION= C:\SHAKE2000\Williamson Energy\NewMadrid.eq 
NO. OF INPUT ACC. PQ[NTS = 8184 
NO. OF POINTS USED IN FFT = I 6384 

NO. OF HEADING LINES = 4 
NO. OF POINTS PER LINE= 8 
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TIME STEP FOR INPUT MOTION= 0.0100 

FORMAT FOR TIME HISTORY= (819.6) 

*****HEADER***** 
Source Pile: C:ISHAKE2000\Williamson Energy\NewMadrid.M8@83km.txt 
SHAKE2000 Conversion: 8184 .01 4 8 9 (819.6 
Acceleration Units: (g's) - No. Values: 8184-Time Step: .01 (secs) 
Data Format: (819.6) - No. Header Lines: 4 
** FIRST AND LAST 5 LINES OF INPUT MOTION ***** 

I -0.000279 0.0004910.0009160.001028 0.001072 0.001012 0.0009140.001178 
2 0.001267 0.001643 0.000738 0.0004040.001162 0.000325 0.000442 0.001287 
3 0.000332 0.000352 0.000667 0.000333 0.000100-0.000289 0.000774-0.001450 
4-0.0010680.000422-0.001711-0.000650 0.000432 0.0016910.0021680.001175 
5 -0.000695 0.000756 0.000277 0.002243-0.000523 0.000775-0.001563-0.000602 

........... .INPUT MOTION READ NOT ECHOED .......... . 
1019 0.0021570.001240-0.001104 0.000476-0.001755-0.000138 0.000159-0.003048 
I 020-0.003913 0.00025 I 0.002962-0.003793-0.003142-0.004436-0.00I 657-0.000252 
1021 0.00 I 47 I 0.001823-0.000479-0.000738-0.002774-0.005429-0.002747 0.002040 
1022 -0.000940-0.002779-0.004528-0.00I 675 0.001024-0.002927-0.001433 0.002515 
1023 0.000569-0.002711-0.002134-0.001855 0.001529 0.003698 0.004083-0.003032 

MAXIMUM ACCELERATION = 0.18389 
AT TIME = 16.61 SEC 
THE VALUES WILL BE MULTIPLIED BY A FACTOR= 2.937 
TO GIVE NEW MAXIMUM ACCELERATION = 0.54000 
MEAN SQUARE FREQUENCY= 14.61 C/SEC. 
MAX ACCELERATION= 0.57825 FOR FREQUENCIES REMOVED ABOVE 40.00 C/SEC. 
I****** OPTION 4 *** READ WHERE OBJECT MOTION IS GIVEN 
OBJECT MOTION IN LAYER NUMBER 17 OUTCROPPING 

!****** OPTION 5 *** OBTAIN STRAIN COMPATIBLE SOIL PROPERTIES 
MAXIMUM NUMBER OF ITERATIONS = 10 
FACTOR FOR UNIFORM STRAIN IN TIME DOMAIN = 0.65 

EARTHQUAKE - C:\SHAKE2000\Williamson Energy\NewMadrid.eq 
SOIL PROFILE - PSCS300E Crest Column 

ITERATION NUMBER I 

VALUES IN TIME DOMAIN 

NO TYPE DEPTH UNIPRM. <---- DAMPING----> <---- SHEAR MODULUS-----> 
(Ff) STRAIN NEW USED ERROR NEW USED ERROR RATIO 

--- ---- ---- -------- ----- ------ ------ ------- ------ ------ -----
I I 2.0 0.00468 0.027 0.050 -82.7 2971.7 3454.0 -16.2 1.000 
2 I 5.5 0.0 I 102 0.04 I 0.050 -21.7 2843.7 3856.0 -35.6 1.000 
3 I 8.5 0.01499 0.048 0.050 -4.1 2802.8 4110.0 -46.6 1.000 
4 I 11.5 0.01387 0.046 0.050 -8.1 3994.5 5739.0 -43.7 1.000 
5 I 14.5 0.QI 927 0.054 0.050 6.8 3177.8 4991.0 -57.1 1.000 
6 I 17.5 0.02455 0.060 0.050 17.2 2689.0 4552.0 -69.3 1.000 
7 I 20.5 0.02579 0.062 0.050 19.1 2897.9 4985.0 -72.0 1.000 
8 I 23.5 0.03295 0.069 0.050 27.7 2370.3 4436.0 -87.1 1.000 
9 I 26.5 0.03309 0.069 0.050 27.9 2628.2 4926.0 -87.4 1.000 
IO I 30.0 0.03577 0.072 0.050 30.4 2623.1 5058.0 -92.8 1.000 
11 3 33.5 0.06665 0.077 0.050 34.8 1604.3 2940.0 -83.3 1.000 
12 3 36.5 0.069 I I 0.078 0.050 36.1 1586.2 2951.0 -86.0 1.000 
13 3 39.5 0.06240 0.074 0.050 32.2 1853.9 3307.0 -78.4 1.000 
14 3 42.5 0.04960 0.063 0.050 21.2 2529.5 4130.0 -63.3 1.000 
15 3 45.5 0.0294 I 0.046 0.050 -8.I 5095.2 7136.0 -40.1 1.000 
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PCSC300E-l.out 
'( 16 3 48.5 0.03031 0.047 0.050 -5.9 4993.8 7051.0 -41.2 1.000 

' I 
EARTHQUAKE - C:\SHAKE2000\Williamson Energy\NewMadrid.eq 

SOIL PROFILE - PSCS300E Crest Column 

ITERATION NUMBER 2 

VALUES IN TIME DOMAIN 

NO TYPE DEPTH UNIFRM. <---- DAMPING ----> <---- SHEAR MODULUS -----> G/Go 
(Ff) STRAIN NEW USED ERROR NEW USED ERROR RATIO 

I I 2.0 0.00493 0.028 0.027 
2 I 5.5 0.01365 0.046 0.041 
3 I 8.5 O.Q2058 0.055 0.048 
4 I I 1.5 0.01847 0.053 0.046 
5 I 14.5 0.02740 0.064 0.054 
6 I 17.5 0.03652 0.073 0.060 
7 I 20.5 0.03830 0.074 0.062 
8 I 23.5 0.05277 0.085 0.069 
9 I 26.5 0.05152 0.084 0.069 
IO I 30.0 0.05542 0.087 0.072 
I I 3 33.5 0.095 I 8 0.093 0.077 
I 2 3 36.5 0.09600 0.093 O.Q78 
13 3 39.5 0.08485 0.087 0.074 
14 3 42.5 0.06425 O.Q75 0.063 
15 3 45.5 0.03230 0.049 0.046 
16 3 48.5 0.03317 0.050 0.047 
I 

2.3 2949.2 2971.7 -0.8 0.860 
10.5 2694.9 2843.7 -5.5 0.737 
13.2 2566.7 2802.8 -9.2 0.682 
I 2.2 3697. 7 3994.5 -8.0 0.696 
15.5 2843.4 3177.8 -11.8 0.637 
16.8 2342.7 2689.0 -14.8 0.591 
16.6 2520.0 2897.9 -15.0 0.581 
18.4 I 970.2 2370.3 -20.3 0.534 
17.4 2210.3 2628.2 -18.9 0.534 
17.0 2198.9 2623.1 -19.3 0.519 
17.2 1367.6 1604.3 -17.3 0.546 
15.8 1367.0 1586.2 -16.0 0.538 
15.7 1624.2 1853.9 -14.1 0.561 
15.4 2288.0 2529.5 -10.6 0.612 
6.1 4966.6 5095.2 -2.6 0.714 
5.8 4871.3 4993.8 -2.5 0.708 

EARTHQUAKE - C:\SHAKE2000\Williamson Energy\NewMadrid.eq 
SOIL PROFILE - PSCS300E Crest Column 

ITERATION NUMBER 3 

VALUES IN TIME DOMAIN 

NO TYPE DEPTH UNIFRM. <---- DAMPING----> <---- SHEAR MODULUS-----> 
(Ff) STRAIN NEW USED ERROR NEW USED ERROR 

--- ---- ---- -------- ----- ------ ------ ------- ------ ------ -----

I 

I 2.0 0.00518 0.029 O.Q28 2.1 2928.2 2949.2 -0.7 0.854 
2 I 5.5 0.01508 0.048 0.046 4.7 2625.6 2694.9 -2.6 0.699 
3 I 8.5 0.02302 0.059 0.055 5.5 2478.4 2566.7 -3.6 0.624 
4 I 11.5 0.01973 0.054 0.053 2.7 3629.4 3697.7 -1.9 0.644 
5 I I 4.5 0.02937 0.065 0.064 3.0 2777.0 2843.4 -2.4 0.570 
6 I 17.5 0.04080 0.076 0.073 4.8 2246.0 2342.7 -4.3 0.515 
7 I 20.5 0.04313 0.078 0.074 5.0 2406.7 2520.0 -4.7 0.506 
8 I 23.5 0.06290 0.09 I 0.085 7.0 1820.9 1970.2 -8.2 0.444 
9 I 26.5 0.06112 0.090 0.084 6.9 2049.1 2210.3 -7.9 0.449 
IO I 30.0 0.06434 0.092 0.087 5.9 2054.3 2198.9 -7.0 0.435 
I I 3 33.5 0. 1058 I 0.098 0.093 5.1 1299.6 1367.6 -5.2 0.465 
12 3 36.5 0.10664 0.098 0.093 5.1 1299.6 1367.0 -5.2 0.463 
13 3 39.5 0.08772 0.089 0.087 1.7 1599.3 1624.2 -1.6 0.491 
14 3 42.5 0.06349 0.074 0.075 -0.7 2299.1 2288.0 0.5 0.554 
15 3 45.5 0.02982 0.047 0.049 -5.5 5076.4 4966.6 2.2 0.696 
16 3 48.5 0.03 I 22 0.048 0.050 -4.1 4953.5 4871.3 1.7 0.691 

EARTHQUAKE - C:\SHAKE2000\Williamson Energy\NewMadrid.eq 
SOIL PROFILE - PSCS300E Crest Column 

ITERATION NUMBER 4 
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PCSC300E-l .out 
VALUES IN TIME DOMAIN 

NO TYPE DEPTH UNIFRM. <---- DAMPING ----> <---- SHEAR MODULUS -----> 
(Ff) STRAIN NEW USED ERROR NEW USED ERROR RATIO 

--- ---- ---- -------- ----- ------ ------ ------- ------ ------ -----
1 1 2.0 0.00516 0.029 0.029 -0.1 2929.5 2928.2 0.0 0.848 
2 I 5.5 0.01530 0.048 0.048 0.7 2615.4 2625.6 -0.4 0.681 
3 I 8.5 0.02361 0.059 0.059 1.2 2458.7 2478.4 -0.8 0.603 
4 I 11.5 0.01999 0.054 0.054 0.5 3615.8 3629.4 -0.4 0.632 
5 I 14.5 0.02998 0.066 0.065' 0.9 2757.1 2777.0 -0.7 0.556 
6 I 17.5 0.04246 0.077 0.076 1.7 2211.3 2246.0 -1.6 0.493 
7 I 20.5 0.04528 0.080 0.078 2.0 2360.3 2406.7 -2.0 0.483 
8 I 23.5 0.06799 0.094 0.091 3.0 1754.8 1820.9 -3.8 0.4IO 
9 I 26.5 0.06569 0.093 0.090 2.8 1981.1 2049.1 -3.4 0.416 
IO I 30.0 0.06842 0.094 0.092 2.4 1994.8 2054.3 -3.0 0.406 
II 3 33.5 0. !0946 0.099 0.098 1.7 1278.5 1299.6 -1.6 0.442 
12 3 36.5 0.1 !027 0.100 0.098 1.7 1278.6 1299.6 -1.6 0.440 
13 3 39.5 0.08781 0.089 0.089 0.1 1598.6 1599.3 0.0 0.484 
14 3 42.5 0.06348 0.074 0.074 0.0 2299.3 2299.1 0.0 0.557 
15 3 45.5 0.02924 0.046 0.047 -1.4 5l03.1 5076.4 0.5 0.711 
16 3 48.5 0.03074 0.048 0.048 -1.0 4974.4 4953.5 0.4 0.703 
I 

EARTHQUAKE - C:\SHAKE2000\Williamson Energy\NewMadrid.eq 
SOIL PROFILE - PSCS300E Crest Column 

ITERATION NUMBER 5 

VALUES IN TIME DOMAIN 

NO TYPE DEPTH UNIFRM. <---- DAMPING ----> <---- SHEAR MODULUS-----> 
(FT) STRAIN NEW USED ERROR NEW USED ERROR 

--- ---- ---- -------- ----- ------ ------ ------- ------ ------ -----

I 

I 2.0 0.00512 0.028 0.029 -0.4 2933.2 2929.5 0.1 0.848 
2 I 5.5 0.01523 0.048 0.048 -0.2 2618.6 2615.4 0.1 0.678 
3 I 8.5 0.02362 0.059 0.059 0.0 2458.3 2458.7 0.0 0.598 
4 I I 1.5 0.01998 0.054 0.054 0.0 3616.7 3615.8 0.0 0.630 
5 I 14.5 0.03012 0.066 0.066 0.2 2752.9 2757.1 -0.2 0.552 
6 I 17.5 0.04313 0.078 0.077 0.7 2197.6 2211.3 -0.6 0.486 
7 I 20.5 0.046 I 8 0.080 0.080 0.8 2341.3 2360.3 -0.8 0.473 
8 I 23.5 0.07044 0.095 0.094 1.4 1724.9 1754.8 -1.7 0.396 
9 I 26.5 0.06778 0.094 0.093 1.2 I 951.6 I 981.1 -1.5 0.402 
10 I 30.0 0.07022 0.095 0.094 1.0 1969.7 1994.8 -1.3 0.394 
11 3 33.5 0.11048 0. IO0 0.099 0.5 1272.7 1278.5 -0.5 0.435 
12 3 36.5 0.11127 0.100 0.100 0.4 1273.0 1278.6 -0.4 0.433 
13 3 39.5 0.08787 0.089 0.089 0.0 1598.0 1598.6 0.0 0.483 
14 3 42.5 0.06355 0,075 0.074 0.1 2298.2 2299.3 0.0 0.557 
15 3 45.5 0.02912 0.046 0.046 -0.3 5l09.0 5103.1 0.1 0.715 
16 3 48.5 0.03063 0.048 0.048 -0.3 4979.4 4974.4 0.1 0.705 

EARTHQUAKE - C:\SHAKE2000\Williamson Energy\NewMadrid.eq 
SOIL PROFILE - PSCS300E Crest Column 

ITERATION NUMBER 6 

VALUES IN TIME DOMAIN 

RATIO 

G/Go 

G/Go 

NO TYPE DEPTH UNIFRM. <---- DAMPING----> <---- SHEAR MODULUS-----> G/Go 
(FT) STRAIN NEW USED ERROR NEW USED ERROR RATIO 

1 I 2.0 0.00509 0.028 0.028 -0.2 2935.3 2933.2 0.1 0.849 
2 1 5.5 0.01516 0.048 0.048 -0.2 2622.0 2618.6 0.1 0.679 
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PCSC300E-1.out 
3 8.5 0.02355 0.059 0.059 -0.1 2460.5 2458.3 0.1 0.598 
4 11.5 0.01994 0.054 0.054 -0.J 3618.9 3616.7 0.1 0.630 
5 14.5 0.03013 0.066 0.066 0.0 2752.4 2752.9 0.0 0.552 
6 17.5 0.04342 0.078 0.o?8 0.3 2191.8 2197.6 -0.3 0.483 
7 20.5 0.04655 0.080 0.080 0.3 2333.7 2341.3 -0.3 0.470 
8 1 23.5 0.07161 0.096 0.095 0.6 1711.7 1724.9 -0.8 0.389 
9 I 26.5 0.06873 0.094 0.094 0.5 1938.4 1951.6 -0.7 0.396 
IO I 30.0 0.07 !02 0.096 0.095 0.4 1959.3 1969.7 -0.5 0.389 
II 3 33.5 0.1 !068 O. IOO 0.100 0.1 1271.6 1272.7 -0.1 0.433 
12 3 36.5 0.111440.IOO 0.100 0.1 1272.0 1273.0 -0.1 0.431 
13 3 39.5 0.08796 0.089 0.089 0.1 1597.3 1598.0 0.0 0.483 
14 3 42.5 0.06360 0.075 O.Q75 0.0 2297.4 2298.2 0.0 0.556 
15 3 45.5 0.02909 0.046 0.046 -0.1 5110.2 5109.0 0.0 0.716 
16 3 48.5 0.03060 0.048 0.048 -0.1 4980.6 4979.4 0.0 0.706 
I 

EARTHQUAKE - C:\SHAKE2000\Williamson Energy\NewMadrid.eq 
SOIL PROFILE - PSCS300E Crest Column 

ITERATION NUMBER 7 

VALUES IN TIME DOMAIN 

NO TYPE DEPTH UNIFRM. <---- DAMPING ----> <---- SHEAR MODULUS-----> 
<FD STRAIN NEW USED ERROR NEW USED ERROR 

--- ---- ---- -------- ----- ------ ------ ------- ------ ------ -----
I I 2.0 0.00508 0.028 0.028 -0.1 2936.2 2935.3 0.0 0.850 
2 I 5.5 0.01512 0.048 0.048 -0.1 2623.9 2622.0 0.1 0.680 
3 I 8.5 0.02350 0.059 0.059 -0.1 2462.2 2460.5 0.1 0.599 
4 I 11.5 0.01991 0.054 0.054 0.0 3620.1 3618.9 0.0 0.631 
5 I 14.5 0.03013 0.066 0.066 0.0 2752.4 2752.4 0.0 0.551 
6 I 17.5 0.04354 O.Q78 O.Q78 0.1 2189.3 2191.8 -0.1 0.482 
7 I 20.5 0.04670 0.081 0.080 0.1 2330.7 2333.7 -0.1 0.468 
8 I 23.5 0.07214 0.096 0.096 0.3 1705.7 1711.7 -0.3 0.386 
9 I 26.5 0.069 I 6 0.095 0.094 0.2 1932.5 I 938.4 -0.3 0.394 
10 I 30.0 0.07 I 35 0.096 0.096 0.2 1955.0 1959.3 -0.2 0.387 
11 3 33.5 0.11066 0. IOO O. IOO 0.0 1271.7 1271.6 0.0 0.433 
12 3 36.5 0.11141 O.l00 O.l00 0.0 1272.2 1272.0 0.0 0.431 
13 3 39.5 0.08802 0.089 0.089 0.0 1596.8 1597.3 0.0 0.483 
14 3 42.5 0.06363 O.Q75 0.075 0.0 2297.0 2297.4 0.0 0.556 
15 3 45.5 0.02909 0.046 0.046 0.0 5110.4 51 I0.2 0.0 0.716 
16 3 48.5 0.03060 0.048 0.048 0.0 4981.0 4980.6 0.0 0.706 
I 

EARTHQUAKE - C:ISHAKE2000\Williamson Energy\NewMadrid.eq 
SOIL PROFILE - PSCS300E Crest Column 

ITERATION NUMBER 8 

VALUES IN TIME DOMAIN 

RATIO 

NO TYPE DEPTH UNIFRM. <---- DAMPING ----> <---- SHEAR MODULUS-----> 
(FT) STRAIN NEW USED ERROR NEW USED ERROR RATIO 

--- ---- ---- -------- ----- ------ ------ ------- ------ ------ -----
I I 2.0 0.00508 0.028 0.028 0.0 2936.5 2936.2 0.0 0.850 
2 I 5.5 0.015IO 0.048 0.048 -0.1 2624.7 2623.9 0.0 0.680 
3 I 8.5 0.02348 0.059 0.059 -0.1 2463.0 2462.2 0.0 0.599 
4 I I 1.5 0.01990 0.054 0.054 0.0 3620.7 3620.1 0.0 0.631 
5 I I 4.5 0.03013 0.066 0.066 0.0 2752.4 2752.4 0.0 0.551 
6 I 17.5 0.04360 0.078 0.078 0.1 2188.2 2189.3 -0.1 0.481 
7 I 20.5 0.04676 0.08 I 0.081 0.1 2329.4 2330.7 -0.1 0.468 
8 I 23.5 0.07238 0.096 0.096 0.1 1703.0 1705.7 -0.2 0.385 
9 I 26.5 0.06937 0.095 0.095 0.1 1929.7 I 932.5 -0.1 0.392 
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10 I 30.0 0.07149 0.096 0.096 
II 3 33.50.110600.100 0.100 
12 3 36.50.111340.I00 0.100 
13 3 39.5 0.08805 0.089 0.089 
14 3 42.5 0.06364 0.075 0.075 
15 3 45.5 0.02909 0.046 0.046 
16 3 48.5 0.03059 0.048 0.048 
I 

PCSC300E-l .uul 
0.1 1953.2 1955.0 .-0.1 0.387 
0.0 1272.0 1271.7 0.0 0.433 
0.0 1272.6 1272.2 0.0 0.43 I 
0.0 1596.5 1596.8 0.0 0.483 
0.0 2296.9 2297.0 0.0 0.556 
0.0 5110.5 5110.4 0.0 0.716 
0.0 4981.I 4981.0 0.0 0.706 

EARTHQUAKE - C:\SHAKE2000\Williamson Energy\NewMadrid.eq 
SOIL PROFILE - PSCS300E Crest Column 

ITERATION NUMBER 9 

VALUES IN TIME DOMAIN 

NO TYPE DEPTH UNIFRM. <---- DAMPING----> <---- SHEAR MODULUS -----> 
(FT) STRAIN NEW USED ERROR NEW USED ERROR 

--- ---- ---- -------- ----- ------ ------ ------- ------ ------ -----

I 

I I 2.0 0.00508 0.028 0.028 0.0 2936.6 2936.5 0.0 0.850 
2 I 5.5 0.01509 0.048 0.048 0.0 2625.1 2624.7 0.0 0.681 
3 I 8.5 0.02347 0.059 0.059 0.0 2463.4 2463.0 0.0 0.599 
4 I I 1.5 0.01990 0.054 0.054 0.0 3620.9 3620.7 0.0 0.631 
5 1 14.5 0.03013 0.066 0.066 0.0 2752.4 2752.4 0.0 0.551 
6 I 17.5 0.04362 0.078 0.078 0.0 2187.7 2188.2 0.0 0.481 
7 I 20.5 0.04679 0.08 I 0.08 I 0.0 2328.9 2329.4 0.0 0.467 
8 I 23.5 0.07249 0.096 0.096 0.1 1701.8 1703.0 -0.1 0.384 
9 I 26.5 0.06946 0.095 0.095 0.1 1928.4 1929.7 -0.1 0.392 
10 I 30.0 0.07155 0.096 0.096 0.0 1952.4 1953.2 0.0 0.386 
11 3 33.5 0.11056 0.100 0.100 0.0 1272.2 1272.0 0.0 0.433 
12 3 36.5 0.11129 0.100 0.100 0.0 1272.9 1272.6 0.0 0.431 
13 3 39.5 0.08806 0.089 0.089 0.0 1596.4 1596.5 0.0 0.483 
14 3 42.5 0.06364 0.075 0.075 0.0 2296.9 2296.9 0.0 0.556 
15 3 45.5 0.02909 0.046 0.046 0.0 5110.6 5110.5 0.0 0.716 
16 3 48.5 0.03059 0.048 0.048 0.0 4981.3 498 I. I 0.0 0.706 

EARTHQUAKE - C:\SHAKE2000\Williamson Energy\NewMadrid.eq 
SOIL PROFILE - PSCS300E Crest Column 

ITERATION NUMBER 10 

VALUES IN TIME DOMAIN 

RATIO 

NO TYPE DEPTH UNIFRM. <----DAMPING----> <---- SHEAR MODULUS -----> 
(FT) STRAIN NEW USED ERROR NEW USED ERROR RATIO 

--- ---- ---- -------- ----- ------ ------ ------- ------ ------ -----
I I 2.0 0.00507 0.028 0.028 0.0 2936.7 2936.6 0.0 0.850 
2 I 5.5 0.01509 0.048 0.048 0.0 2625.2 2625.1 0.0 0.681 

' I 85 0.02346 0.059 0.059 0.0 2463.6 2463.4 0.0 0.599 
4 I I 1.5 0.01990 0.054 0.054 0.0 3620.9 3620.9 0.0 0.631 
5 I 14.5 0.03014 0.066 0.066 0.0 2752.3 2752.4 0.0 0.551 
6 I 17.5 0.04363 0.078 0.078 0.0 2187.5 2187.7 0.0 0.481 
7 I 20.5 0.04680 0.08 I 0.081 0.0 2328.7 2328.9 0.0 0.467 
8 I 23.5 0.07254 0.096 0.096 0.0 1701.2 1701.8 0.0 0.384 
9 I 26.5 0.06951 0.095 0.095 0.0 1927.8 1928.4 0.0 0.391 
JO I 30.00.07158 0.096 0.096 0.0 1952.1 1952.4 0.0 0.386 
11 3 33.5 0.11054 0.100 0.100 0.0 1272.4 1272.2 0.0 0.433 
12 3 36.50.111260.100 0.100 0.0 1273.0 1272.9 0.0 0.431 
13 3 39.5 0.08807 0.089 0.089 0.0 1596.3 1596.4 0.0 0.483 
14 3 42.5 0.06364 0.075 0.075 0.0 2296.9 2296.9 0.0 0.556 
15 3 45.5 0.02908 0.046 0.046 0.0 5110.7 5110.6 0.0 0.716 
16 3 48.5 0.03059 0.048 0.048 0.0 4981.3 4981.3 0.0 0.706 
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VALUES IN TIME DOMAIN 

LAYER TYPE THICKNESS DEPTH MAX STRAIN MAX STRESS TIME 
Ff Ff PRCNT PSF SEC 

1 1 4.0000 2.0000 0.00781 229.28 13.59 
2 I 3.0000 5.5000 0.02321 609.39 13.59 
3 I 3.0000 8.5000 0.03610 889.22 13.59 
4 I 3.0000 11.5000 0.03061 1108.37 13.59 
5 1 3.0000 14.5000 0.04636 1276.05 13.59 
6 1 3.0000 17.5000 0.06713 1468.56 13.46 
7 1 3.0000 20.5000 0.07200 1676.72 13.45 
8 I 3.0000 23.5000 0.11160 1899.25 13.45 
9 1 3.0000 26.5000 0.10693 2062.11 13.45 
10 I 4.0000 30.0000 0.11012 2149.98 13.45 
II 3 3.0000 33.5000 0.17006 2163.55 13.44 
12 3 3.0000 36.5000 0.17118 2178.85 13.44 
13 3 3.0000 39.5000 0.13549 2162.95 13.47 
14 3 3.0000 42.5000 0.09790 2248.68 13.47 
15 3 3.0000 45.5000 0.04475 2286.77 13.47 
16 3 3.0000 48.5000 0.04706 2344.02 13.47 

PERIOD= 0.26 FROM AVERAGE SHEAR VEL. = 775. 

FREQUENCY AMPLITUDE 
MAXIMUM AMPLIFICATION= 7.03 
FOR FREQUENCY = 3.56 C/SEC. 

PERIOD = 0.28 SEC. 

I****** OPTION 6 *** COMPUTE MOTION IN NEW SUBLA YERS 

EARTHQUAKE -C:\SHAKE2000\Williamson Energy\NewMadrid.eq 
SOIL DEPOSIT - PSCS300E Crest Column 

LAYER DEPTH 

OUTCR. 
WITHIN 
WITHIN 
WITHIN 
WITHIN 
WITHIN 
WITHIN 
WITHIN 
WITHIN 
WITHIN 
WITHIN 
WITHIN 
WITHIN 
WITHIN 
WITHIN 

Ff G 
0.0000 
4.0000 
7.0000 
10.0000 
13.0000 
16.0000 
19.0000 
22.0000 
25.0000 
28.0000 
17 0000 
35.0000 
38.0000 
41.0000 
44.0000 

MAX.ACC. 
SEC 

0.88444 
0.82933 
0.71118 
0.68971 
0.70046 
0.70832 
0.72553 
0.64994 
0.59498 
0.60985 
0 67343 
0.70548 
0.71515 
0.56671 
0.53756 

TIME 
OSEC 

13.59 
13.59 
13.59 
13.44 
13.44 
13.57 
13.57 
13.57 
11.38 
12.50 
16 ?O 
16.19 
16.19 
18.60 
20.00 

MEAN SQ.FR. 
QUIET ZONE 

8.87 0.001 
7.47 0.000 
5.76 0.000 
6.00 0.001 
6.71 0.001 
7.10 0.000 
7.99 0.001 
8.95 0.001 
9.77 0.001 
10.67 0.001 
1173 0001 
13.87 0.002 
15.38 0.002 
15.37 0.002 
15.23 0.002 

I****** OPTION 6 *** COMPUTE MOTION IN NEW SUBLA YERS 

EARTHQUAKE -C:ISHAKE2000\Williamson Energy\NewMadrid.eq 
SOIL DEPOSIT - PSCS300E Crest Column 

LA YER DEPTH MAX. ACC. 
Ff G SEC 

WITHIN 47.0000 0.52869 
WITHIN 50.0000 0.52663 

TIME 
C/SEC 

20.00 
24.57 

MEAN SQ. FR. 
QUIET ZONE 

14.54 0.002 
13.47 0.002 

Page9 

ACC. RATIO 
ACC.RECORD 

2048 
2048 
2048 
2048 
2048 
2048 
2048 
2048 
2048 
2048 
2048 
2048 
2048 
2048 
2048 

TH SAVED 

ACC. RATIO TH SAVED 
ACC. RECORD 

2048 
2048 
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PCSC300E-l.oul 
OUTCR. 50.0000 0.57825 24.57 14.61 0.002 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LA YER 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300E Layer I Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300E Layer I Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 2 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300E Layer 2 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 2 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300E Layer 2 Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 3 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300E Layer 3 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 3 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300E Layer 3 Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 4 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300E Layer 4 Stress 

COMPUTESTRESSORSTRAINHISTORY ATTHETOPOF LAYER 4 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION -PCSC300E Layer4 Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LA YER 5 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300E Layer 5 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 5 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300E Layer 5 Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 6 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300E Layer 6 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 6 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC3005 Layer 6 Strain 
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PCSC300E-1.oul 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 7 
SCALE FOR PLOTTING 0.0000 
IDENTIF!CA TION - PCSC300E Layer 7 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 7 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300E Layer 7 Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 8 
SCALE FOR PLOTTING 0.0000 

IDENTIFICATION - PCSC300E Layer 8 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LA YER 8 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300E Layer 8 Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 9 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300E Layer 9 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 9 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300E Layer 9 Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 10 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300E Layer IO Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER JO 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300E Layer IO Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 11 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300E Layer 11 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LA YER 11 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300E Layer 11 Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LA YER 12 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION -PCSC300E Layer 12 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 12 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION -PCSC300E Layer 12 Strain 
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PCSC300E-l .out 
I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 13 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300E Layer 13 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 13 
SCALE FOR PLOTTING 0.0000 

IDENTIFICATION - PCSC300E Layer 13 Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 14 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300E Layer 14 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 14 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300E Layer 14 Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 15 
SCALE FOR PLOTTING 0.0000 

IDENTIFICATION - PCSC300E Layer 15 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 15 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300E Layer 15 Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LA YER 16 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300E Layer 16 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 16 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300E Layer 16 Strain 

I****** OPTION 9 *** COMPUTE RESPONSE SPECTRUM 
RESPONSE SPECTRUM ANALYSIS FOR LA YER NUMBER 

CALCULATED FOR DAMPING 0.050 

TIMES AT WHICH MAX. SPECTRAL VALUES OCCUR 
TD= TIME FOR MAX. RELATIVE DISP. 
TV = TIME FOR MAX. RELATIVE VEL. 
TA = TIME FOR MAX. ABSOLUTE ACC. 

DAMPING RA TIO = 0.050 
PER= 0.01 TIMES FOR MAXIMA -
PER= 0.02 TIMES FOR MAXIMA -
PER= 0.03 TIMES FOR MAXIMA -
PER = 0.04 TIMES FOR MAXIMA -
PER = 0.05 TIMES FOR MAXIMA -
PER = 0.06 TIMES FOR MAXIMA -
PER = 0.07 TIMES FOR MAXIMA -
PER = 0.08 TIMES FOR MAXIMA -
PER= 0.09 TIMES FOR MAXIMA -
PER= 0.10 TIMES FOR MAXIMA -
PER = 0.11 TIMES FOR MAXIMA -
PER = 0. I 2 TIMES FOR MAXIMA --

TD= 13.5800 
TD= 13.5800 
TD= 13.5800 
TD= 18.7600 
TD= 20.5800 
TD= 18.3000 
TD= 24.7500 
TD= 16.1600 
TD= I 1.4300 
TD =20.7500 
TD= 20.7600 
TD= 21.6700 

TV= 18.6700 
TV= 18.6600 
TV =20.0700 
TV= 27.0100 
TV= 13.6100 
TV= 18.2800 
TV= 24.7700 
TV= 16.2600 
TV= 11.4100 
TV= 20.0900 
TV= 25.5700 
TV= 21.2200 

Page 12 

TA= 13.5800 
TA= 13.5800 
TA= 13.5800 
TA= I 8.7600 
TA= 20.5800 
TA= 18.3000 
TA= 24.7500 
TA= 16.1600 
TA= 11.4300 
TA= 20.7500 
TA=25.5900 
TA= 21.6700 
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PER=0.13 
PER=0.14 
PER =0.15 
PER =0.16 
PER=0.17 
PER=0.18 
PER= 0.19 
PER=0.20 
PER= 0.21 
PER=0.22 
PER=0.23 
PER=0.24 
PER =0.25 
PER =0.26 
PER=0.27 
PER=0.28 
PER=0.29 
PER=0.30 
PER= 0.31 
PER=0.32 
PER= 0.33 
PER=0.34 
PER=0.35 
PER= 0.36 
PER=0.37 
PER=0.38 
PER=0.39 
PER= 0.40 
PER= 0.41 
PER= 0.42 
PER= 0.43 
PER= 0.44 
PER= 0.45 
PER=0.46 
PER= 0.47 
PER= 0.48 
PER= 0.49 
PER=0.50 
PER= 0.51 
PER=0.52 
PER= 0.53 
PER =0.54 
PER =0.55 
PER=0.56 
PER =0.57 
PER =0.58 
PER=0.60 
PFR = 0 6? 
PER= 0.64 
PER =0.66 
PER=0.68 
PER= 0.70 
PER= 0.72 
PER= 0.74 
PER= 0.76 
PER= 0.78 
PER=0.80 
PER =0.82 
PER =0.84 
PER= 0.86 
PER =0.88 

PCSC300E-l .out 
TIMESFORMAXIMA-- TD=l6.7500 TV=l5.2200 TA=l6.7500 
TIMES FOR MAXIMA -- TD= 16.7500 TV= 16.7900 TA= 16.7500 
TIMES FOR MAXIMA-- TD= 14.1800 TV=ll.3400 TA=l4.1800 
TIMES FOR MAXIMA -- TD= 20.6300 TV= 20.5900 TA= 20.6300 
TIMES FOR MAXIMA -- TD= 19.3300 TV= 19.3000 TA= 19.3300 
TIMES FOR MAXIMA-- TD= 13.5800 TV= 13.6400 TA= 13.5800 
TIMES FOR MAXIMA-- TD= 13.6000 TV= 13.6500 TA= 13.5900 
TIMES FOR MAXIMA -- TD= 13.6100 TV= 13.6500 TA= 13.6000 
TIMES FOR MAXIMA -- TD= 24.5200 TV = 24.5700 TA= 24.5200 
TIMES FOR MAXIMA -- TD= 24.5300 TV= 19.4400 TA= 24.5300 
TIMES FOR MAXIMA -- TD= 21.9300 TV= 21.8700 TA= 21.9200 
TIMES FOR MAXIMA -- TD= 21.9400 TV= 21.8800 TA= 21.9400 
TIMES FOR MAXIMA -- TD= 21.8400 TV= 21.9000 TA= 21.8300 
TIMES FOR MAXIMA -- TD= 21.8600 TV= 21.9200 TA= 21.8500 
TIMES FOR MAXIMA -- TD= 21.2400 TV= 21.1800 TA= 21.2300 
TIMES FOR MAXIMA -- TD= 21.2500 TV = 21.1800 TA= 21.2400 
TIMES FOR MAXIMA-- TD= 14.8000 TV= 21.1900 TA= 14.8000 
TIMES FOR MAXIMA-- TD= 14.2400 TV= 14.3200 TA= 14.2400 
TIMESFORMAXIMA-- TD=l4.1200 TV=l3.5900 TA=l3.6500 
TIMES FOR MAXIMA -- TD= 13.6700 TV = 13.6000 TA= 13.6700 
TIMES FOR MAXIMA -- TD= 13.6900 TV= 13.6100 TA= 13.5300 
TIMES FOR MAXIMA-- TD= 13.5500 TV= 20.9500 TA= 13.5400 
TIMES FOR MAXIMA -- TD= 16.8100 TV= 20.8000 TA= 16.8100 
TIMES FOR MAXIMA -- TD= 16.8200 TV = 20.8100 TA= 16.8200 
TIMES FOR MAXIMA -- TD= 16.8300 TV= 16.7400 TA= 16.8300 
TIMES FOR MAXIMA-- TD= 16.8400 TV= 16.7400 TA= 16.8300 
TIMES FOR MAXIMA-- TD= 16.8500 TV= 16.7500 TA= 16.8400 
TIMES FOR MAXIMA-- TD= 16.8600 TV= 16.9700 TA= 16.8500 
TIMES FOR MAXIMA -- TD= 16.8700 TV= 16.9700 TA= 16.8600 
TIMES FOR MAXIMA -- TD= 16.8800 TV= 16.9800 TA= 16.8700 
TIMES FOR MAXIMA -- TD= 16.8800 TV = 16.9800 TA = 16.8800 
TIMES FOR MAXIMA-- TD= 16.8900 TV= 16.7900 TA= 16.8900 
TIMESFORMAXIMA-- TD=l6.9100 TV=l6.7900 TA=l6.9000 
TIMES FOR MAXIMA-- TD= 16.9200 TV= 16.8100 TA= 16.9100 
TIMESFORMAXIMA-- TD=l6.7100 TV=l6.8200 TA=l6.7000 
TIMESFORMAXIMA-- TD=l6.7100 TV=l6.8200 TA=l6.7100 
TIMES FOR MAXIMA-- TD= 16.7200 TV= 16.8300 TA= 16.7100 
TIMESFORMAXIMA-- TD=l6.7200 TV=l6.8300 TA=l6.7200 
TIMES FOR MAXIMA -- TD= 16.7300 TV= 16.6200 TA= 16.7200 
TIMES FOR MAXIMA -- TD= 16.7400 TV= 16.6400 TA= 16.7300 
TIMES FOR MAXIMA -- TD= 16.5400 TV= 16.6700 TA= 16.5300 
TIMES FOR MAXIMA-- TD= 16.5500 TV= 16.6700 TA= 16.5400 
TIMES FOR MAXIMA -- TD= 29.5500 TV = 21.5900 TA= 29.5400 
TIMES FOR MAXIMA -- TD = 32. 1900 TV = 28.3400 TA = 32.1800 
TIMES FOR MAXIMA -- TD = 30.5300 TV = 28.3400 TA = 30.5200 
TIMES FOR MAXIMA -- TD= 30.5400 TV= 30.6800 TA= 30.5300 
TIMES FOR MAXIMA-- TD= 30.5800 TV= 30.4700 TA= 30.5700 
TIMFS F()R MAXIMA -- T['= 30.6000 TV - 30.4900 TA - 30.5900 
TIMESFORMAXIMA-- TD=l6.7400 TV=28.1800 TA=l6.7300 
TIMES FOR MAXIMA-- TD= 16.7600 TV= 16.6700 TA= 16.7500. 
TIMES FOR MAXIMA -- TD= 16.5200 TV = 16.6700 TA = 16.5100 
TIMES FOR MAXIMA -- TD= 16.5400 TV = 16.6800 TA = 16.5200 
TIMES FOR MAXIMA -- TD= 16.5500 TV= 16.6800 TA= 16.5400 
TIMES FOR MAXIMA -- TD= 16.5600 TV = 16.6800 TA = 16.5500 
TIMES FOR MAXIMA -- TD= 16.5700 TV= 16.4700 TA= 16.5500 
TIMES FOR MAXIMA -- TD= 32.7400 TV= 16.4700 TA= 32.7200 
TIMES FOR MAXIMA -- TD= 32.7600 TV= 16.4700 TA= 32.7400 
TIMES FOR MAXIMA-- TD= 33.6400 TV= 16.4700 TA= 33.6300 
TIMES FOR MAXIMA -- TD= 33.6700 TV= 16.4700 TA= 33.6600 
TIMES FOR MAXIMA-- TD= 16.3100 TV= 16.4800 TA= 16.2900 
TIMES FOR MAXIMA -- TD= 12.2300 TV = 12.4200 TA = 12.2200 
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PER= 0.90 
PER =0.92 
PER=0.94 
PER=0.96 
PER=0.98 
PER= 1.00 
PER= 1.05 
PER= 1.10 
PER= 1.15 
PER= 1.20 
PER= 1.25 
PER= 1.30 
PER= 1.35 
PER= 1.40 
PER= 1.45 
PER= 1.50 
PER= 1.55 
PER= 1.60 
PER= 1.65 
PER= 1.70 
PER= 1.75 
PER= 1.80 
PER= 1.85 
PER= 1.90 
PER= 1.95 
PER=2.00 
PER =2.05 
PER= 2.10 
PER=2.l5 
PER=2.20 
PER= 2.25 
PER= 2.30 
PER= 2.35 
PER =2.40 
PER =2.50 
PER= 2.60 
PER= 2.70 
PER=2.80 
PER= 2.90 
PER =3.00 
PER= 3.10 
PER=3.20 
PER= 3.30 
PER= 3.40 
PER=3.50 
PER= 3.60 
PER= 3.70 
PER-3.80 
PER= 3.90 
PER=4.00 
PER=4.l0 
PER =4.20 
PER =4.30 
PER =4.40 
PER =4.50 
PER =4.60 
PER =4.70 
PER =4.80 
PER= 4.90 
PER =5.00 
PER=5.I0 

TIMES FOR MAXIMA -
TIMES FOR MAXIMA -
TIMES FOR MAXIMA -
TIMES FOR MAXIMA -
TIMES FOR MAXIMA -
TIMES FOR MAXIMA -
TIMES FOR MAXIMA -
TIMES FOR MAXIMA -
TIMES FOR MAXIMA -
TIMES FOR MAXIMA -
TIMES FOR MAXIMA -
TIMES FOR MAXIMA -
TIMES FOR MAXIMA -
TIMES FOR MAXIMA -
TIMES FOR MAXIMA -
TIMES FOR MAXIMA -
TIMES FOR MAXIMA -
TIMES FOR MAXIMA -
TIMES FOR MAXIMA -
TIMES FOR MAXIMA -
TIMES FOR MAXIMA -
TIMES FOR MAXIMA -
TIMES FOR MAXIMA -
TIMES FOR MAXIMA -
TIMES FOR MAXIMA -
TIMES FOR MAXIMA -
TIMES FOR MAXIMA -
TIMES FOR MAXIMA -
TIMES FOR MAXIMA -
TIMES FOR MAXIMA -
TIMES FOR MAXIMA -
TIMES FOR MAXIMA -
TIMES FOR MAXIMA -
TIMES FOR MAXIMA -
TIMES FOR MAXIMA -
TIMES FOR MAXIMA -
TIMES FOR MAXIMA -
TIMES FOR MAXIMA -
TIMES FOR MAXIMA -
TIMES FOR MAXIMA -
TIMES FOR MAXIMA -
TIMES FOR MAXIMA -
TIMES FOR MAXIMA -
TIMES FOR MAXIMA -
TIMES FOR MAXIMA -
TIMES FOR MAXIMA -
TIMES FOR MAXIMA -
TIMES FOR MAXIMA 
TIMES FOR MAXIMA -
TIMES FOR MAXIMA -
TIMES FOR MAXIMA -
TIMES FOR MAXIMA -
TIMES FOR MAXIMA -
TIMES FOR MAXIMA -
TIMES FOR MAXIMA -
TIMES FOR MAXIMA -
TlMES FOR MAX[MA -
TIMES FOR MAXIMA -
TIMES FOR MAXIMA -
TIMES FOR MAXIMA -
TIMES FOR MAXIMA --

PCSC300E-1.out 
TD= 12.2400 TV= 12.4200 TA= 12.2300 
TD= 12.2400 TV= 12.4200 TA= 12.2300 
TD= 12.2500 TV= 12.4200 TA= 12.2400 
TD= 12.2600 TV= 12.4200 TA= 12.2500 
TD= 12.2800 TV= 12.4300 TA= 12.2600 
TD= 12.2900 TV= 12.4300 TA= 12.2700 
TD=l2.3200 TV=l3.1600 TA=l2.3100 
TD= 13.5500 TV= 13.1900 TA= 13.5300 
TD= 13.5700 TV= 13.2000 TA= 13.5600 
TD= 13.6100 TV= 13.9600 TA= 13.5800 
TD= 13.1100 TV= 13.4800 TA= 13.0800 
TD= 13.1300 TV= 13.5200 TA= 13.1100 
TD = 13.8500 TV= 13.5200 TA = I 3.8300 
TD= 13.8600 TV= 13.5200 TA= 13.8400 
TD= 13.8800 TV= 13.5200 TA= 13.8600 
TD= 13.1900 TV= 13.5200 TA= 13.8700 
TD = 13.3800 TV = 13.5200 TA= 13.3600 
TD= 13.4100 TV= 13.5200 TA= 13.3900 
TD= 13.4200 TV= 13.0200 TA= 13.4000 
TD= 13.4300 TV= 13.0200 TA= 13.4100 
TD= 16.3700 TV= 18.6600 TA= 16.3500 
TD=l7.4700 TV= 18.6600 TA= 17.4500 
TD= 17.4900 TV= 17.9200 TA= 17.4600 
TD= 18.5500 TV= 17.9200 TA= 18.5200 
TD = 18.5700 TV = 20.9600 TA= 18.5400 
TD= 18.5800 TV= 19.1600 TA= 18.5500 
TD= 19.7100 TV= 19.1600 TA= 19.6800 
TD= 17.7100 TV= 16.2500 TA= 19.7000 
TD=l7.7700 TV=l6.2500 TA=l7.7500 
TD= 17.8200 TV= 16.2500 TA= 17.7900 
TD= 19.0800 TV= 16.2500 TA= 19.0500 
TD= 19.1100 TV= 16.2500 TA= 19.0900 
TD= 17.0700 TV= 16.6800 TA= 17.0600 
TD= 16.0600 TV= 16.6800 TA= 16.0400 
TD= 12.9100 TV= 12.5600 TA= 12.8700 
TD= 12.0200 TV= 12.5600 TA= 12.0000 
TD= 12.0900 TV= 12.5600 TA= 12.0700 
TD= 17.1000 TV= 16.6800 TA= 17.0700 
TD= 17.1300 TV= 16.6800 TA= 17.0900 
TD = 16.0700 TV = I 6.6800 TA= 16.0400 
TD=l6.l200 TV=l6.6800 TA=l6.0400 
TD=l6.1300 TV=l6.6800 TA=l6.1100 
TD= 16.1400 TV= 16.6800 TA= 16.1200 
TD= 16.1400 TV= 16.6800 TA= 16.1200 
TD= 45.5600 TV= 16.6800 TA= 45.4800 
TD=45.7200 TV= 16.6800 TA=45.6600 
TD = 44.2500 TV = 16.6800 TA= 44.2300 
TD= 44.2900 TV - 16.6800 TA~ 44.2300 
TD = 44.4000 TV = 16.6800 TA = 46.2200 
TD = 44.6100 TV = 16.6800 TA= 44.3900 
TD= 16.1500 TV= 16.6800 TA= 16.1200 
TD= 14.9200 TV= 16.6800 TA= 14.8800 
TD= 14.9200 TV= 12.5600 TA= 14.8800 
TD= 14.9200 TV= 15.7200 TA= 14.8900 
TD= 14.9300 TV= 15.7200 TA= 14.8900 
TD= 14.9300 TV= 14.6600 TA= 14.8900 
TD = 32.0400 TV = 14.6600 TA= 14.8900 
TD = 32.0500 TV = 26.8100 TA= 32.0000 
TD = 32.0800 TV = 26.8100 TA= 32.0000 
TD = 32.0900 TV = 26.8100 TA= 32.0000 
TD = 28.0900 TV = 26.8100 TA= 32.0000 
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PCSC300E-l .out 
-( PER =5.20 TIMES FOR MAXIMA -- TD=28.0900 TV= 26.8100 TA= 28.0600 
\ PER =5.40 TIMES FOR MAXIMA -- TD= 9.8500 TV= 26.8!00 TA= 9.7800 

PER=5.60 TIMES FOR MAXIMA -- TD= 9.8500 TV= 26.8100 TA= 9.7800 
PER= 5.80 TIMES FOR MAXIMA -- TD= 9.8600 TV= 12.5600 TA= 9.7800 
PER=6.00 TIMES FOR MAXIMA -- TD= 14.9200 TV= 12.5600 TA= 14.8800 
PER =6.20 TIMES FOR MAXIMA -- TD= 14.9200 TV= 12.5600 TA= 14.8800 
PER =6.40 TIMES FOR MAXIMA -- TD = I 4.9200 TV = 12.5600 TA= 14.8800 
PER =6.60 TIMES FOR MAXIMA -- TD= 14.9200 TV= 12.5600 TA= 14.8800 
PER= 6.80 TIMES FOR MAXIMA -- TD= 14.9300 TV= 12.5600 TA= 14.8800 
PER= 7.00 TIMES FOR MAXIMA -- TD= 14.9300 TV= 12.5600 TA= 14.8800 
PER =7.30 TIMES FOR MAXIMA -- TD= 15.3900 TV= 12.5600 TA= 14.8800 
PER= 7.60 TIMES FOR MAXIMA -- TD = I 5.4000 TV = I 2.5600 TA= 15.3500 
PER =8.00 TIMES FOR MAXIMA -- TD= 15.4500 TV= 12.5600 TA= 15.3500 
PER= 8.50 TIMES FOR MAXIMA -- TD= 15.5600 TV= 14.6600 TA= 15.3500 
PER= 9.00 TIMES FOR MAXIMA -- TD= 16.7700 TV= 14.6600 TA= 16.6800 
PER =9.50 TIMES FOR MAXIMA -- TD= 17.1200 TV= 14.6600 TA= 16.6800 
PER =10.00 TIMES FOR MAXIMA-- TD= 17.1300 TV= 14.6600 TA= 16.6800 
SPECTRAL VALVES--
(Acceleration of gravity used = 32.20) 

PSCS300E Crest Column DAMPING RATIO= 0.050 
NO. PERIOD REL. DISP. REL. VEL. PSU.REL. VEL. ABS.ACC. PSU.ABS.ACC. FREQ. 

I 0.01 0.00007 0.00162 0.04521 0.88469 0.88226 100.00 
2 0.02 0.00029 0.02448 0.09022 0.88457 0.88018 50.00 
3 0.03 0.00084 0.11368 0.17674 1.15665 1.14954 33.33 
4 0.04 0.00224 0.26450 0.35226 1.69734 1.71839 25.00 

5 0.05 0.00339 0.43475 0.42596 1.69653 1.66236 20.00 
6 0.06 0.00493 0.43930 0.51672 1.65029 1.68045 16.67 
7 0.07 0.00680 0.53118 0.61010 1.72996 1.70069 14.29 
8 0.08 0.00967 0.66552 0.75965 1.85850 1.85289 12.50 
9 0.09 0.01588 1.01170 I. 10894 2.43771 2.40430 11.1 I 
IO 0.10 0.01392 0.75444 0.87471 1.72961 1.70681 10.00 
11 0.11 0.01583 0.77282 0.90409 1.61125 1.60378 9.09 
12 0.12 0.01718 0.70809 0.89976 1.44876 1.46308 8.33 
13 0.13 0.01669 0.64237 0.80683 1.20634 1.21105 7.69 
14 0.14 0.02029 0.70091 0.91060 1.28686 1.26918 7.14 
15 0.15 0.02194 0.80547 0.91884 1.19663 1.19528 6.67 
16 0.16 0.02709 0.98643 1.06368 1.31004 1.29722 6.25 
17 0.17 0.03196 1.08053 1.18126 1.37371 1.35588 5.88 
18 0.18 0.04061 1.35903 1.41752 1.54569 1.53667 5.56 
19 0.19 0.05237 1.72532 1.73194 1.78480 1.77870 5.26 
20 0.20 0.05801 1.82442 1.82245 1.77765 1.77807 5.00 
21 0.21 0.06878 1.78704 2.05791 1.90841 1.91219 4.76 
22 0.22 0.08194 2.20406 2.34007 2.09973 2.07554 4.55 
23 0.23 0.09997 2.59270 2.73103 2.31275 2.31698 4.35 
24 0.24 0.12316 3.15870 3.22420 2.63270 2.62141 4.17 
25 0.25 0.15686 4.02617 3.94226 3.11519 3.07701 4.00 
26 0.26 0.16642 4.06351 4.02165 3.03217 3.01825 3.85 
27 0.27 0.15099 3.50836 3.5 I 375 2.54003 2.53940 3.70 
28 0.28 0.14992 3.44354 3.36413 2.36295 2.34444 3.57 
29 0.29 0.17192 3.86748 3.72481 2.51630 2.50628 3.45 
30 0.30 0.19488 4.17024 4.08147 2.67455 2.65472 3.33 
31 0.31 0.20840 4.37387 4.22392 2.67581 2.65875 3.23 
32 0.32 0.20073 4.35173 3.94124 2.42234 2.40330 3.13 
33 0.33 0.18382 3.89455 3.49997 2.08016 2.06954 3.03 
34 0.34 0.16282 3.28428 3.00890 1.73723 1.72684 2.94 
35 0.35 0.15163 3.07962 2.72214 1.52233 1.51763 2.86 
36 0.36 0.16310 2.73950 2.84668 1.54817 1.54298 2.78 
37 0.37 0.17492 2.90359 2.97047 1.57026 1.56656 2.70 
38 0.38 0.18727 3.03641 3.09646 1.5928 I 1.59003 2.63 
39 0.39 0.19573 3.09348 3.15332 1.58249 1.57771 2.56 
40 0.40 0.19817 3.12881 3.11283 1.52666 1.51851 2.50 
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41 0.41 0.19781 3.12847 3.03143 1.45166 1.44274 2.44 
42 0.42 0.19553 3.07504 2.92508 1.36688 1.35898 2.38 
43 0.43 0.19970 3.05538 2.91797 1.33031 1.32415 2.33 
44 0.44 0.21410 3.18111 3.05735 1.36313 1.35586 2.27 
45 0.45 0.21944 3.21896 3.06393 1.33751 1.32859 2.22 
46 0.46 0.21073 3.07841 2.87837 1.22911 1.22099 2.17 
47 0.47 0.20515 2.96726 2.74248 1.14497 1.13860 2.13 
48 0.48 0.20805 2.94250 2.72333 1.11632 1.10709 2.08 
49 0.49 0.21171 2.90325 2.71478 1.08902 1.08109 2.04 
50 0.50 0.21303 2.83354 2.67699 1.05423 1.04472 2.00 
51 0.51 0.21291 2.76686 2.62301 1.01089 1.00358 1.96 
52 0.52 0.20289 2.71755 2.45151 0.92604 0.91993 1.92 
53 0.53 0.18103 2.62710 2.14606 0.79665 0.79012 1.89 
54 0.54 0.16196 2.39962 1.88454 0.68697 0.68098 1.85 
55 0.55 0.16061 2.12608 1.83486 0.65455 0.65097 1.82 
56 0.56 0.17830 2.15307 2.00048 0.70039 0.69706 1.79 
57 0.57 0.19490 2.31606 2.14841 0.74001 0.73547 1.75 
58 0.58 0.21968 2.46230 2.37977 0.80523 0.80063 1.72 
59 0.60 0.22951 2.36487 2.40340 0.78617 0.78163 1.67 
60 0.62 0.20419 2.38136 2.06925 0.65586 0.65125 1.61 
61 0.64 0.17857 2.02978 1.75312 0.53919 0.53451 1.56 
62 0.66 0.19855 2.29758 1.89015 0.56188 0.55883 1.52 
63 0.68 0.20384 2.58326 1.88344 0.54544 0.54046 1.47 
64 0.70 0.22247 2.60616 1.99687 0.56092 0.55664 1.43 
65 0.72 0.21968 2.41282 1.91704 0.52393 0.51954 1.39 
66 0.74 0.20576 2.15920 1.74710 0.46443 0.46069 1.35 
67 0.76 0.19776 2.01496 1.63495 0.42305 0.41977 1.32 
68 0.78 0.21543 2.04485 1.73537 0.43747 0.43413 1.28 
69 0.80 0.22642 2.16380 1.77833 0.43709 0.43376 1.25 
70 0.82 0.22615 2.36168 1.73282 0.41471 0.41235 1.22 
71 0.84 0.22816 2.46266 1.70665 0.39872 0.39645 1.19 
72 0.86 ·0.21523 2.36504 1.57250 0.36010 0.35679 1.16 
73 0.88 0.20813 2.25229 1.48606 0.33040 0.32952 1.14 
74 0.90 0.21667 2.25370 1.51263 0.32931 0.32795 I.II 
75 0.92 0.23529 2.32383 1.60695 0.34247 0.34083 1.09 
76 0.94 0.26701 2.44503 1.78476 0.37224 0.37049 1.06 
77 0.96 0.30007 2.51276 1.96398 0.40130 0.39920 1.04 
78 0.98 0.32552 2.49169 2.08705 0.41788 0.41556 1.02 
79 1.00 0.34288 2.39869 2.15440 0.42284 0.42039 1.00 
80 1.05 0.37072 2.32275 2.21837 0.41565 0.41226 0.95 
81 I.IO 0.37626 2.36139 2.14918 0.38524 0.38125 0.91 
82 1.15 0.43986 2.36340 2.40322 0.41253 0.40777 0.87 
83 1.20 0.47417 2.61047 2.48275 0.40899 0.40372 0.83 
84 1.25 0.45663 2.92361 2.29525 0.36178 0.35830 0.80 
85 1.30 0.38072 2.69034 1.84009 0.27888 0.27620 0.77 
86 1.35 0.33504 2.47567 1.55936 0.22790 0.22539 0.74 
87 1.40 0.32858 2.39300 1.47466 0.20790 0.20554 0.71 
88 1.45 0.33092 2.36311 1.43393 0.19495 0.19297 0.69 
89 1.50 0.32725 2.31073 1.37079 0.17982 0.17832 0.67 
90 1.55 0.33777 2.16537 l.36922 0.17327 0.17237 0.65 
91 1.60 0.35224 1.91605 1.38324 0.17027 0.16869 0.63 
92 1.65 0.34112 1.83969 1.29899 0.15622 0.15362 0.61 
93 1.70 0.31002 1.69562 1.14584 0.13464 0.13152 0.59 
94 1.75 0.32133 1.77498 1.15370 0.13133 0.12864 0.57 
95 1.80 0.37514 1.80200 1.30949 0.14377 0.14196 0.56 
96 1.85 0.40807 1.71844 1.38594 0.14840 0.14618 0.54 
97 1.90 0.42454 1.68995 1.40392 0.14568 0.14418 0.53 
98 1.95 0.44700 1.72463 1.44030 0.14603 0.14413 0.51 
99 2.00 0.47167 1.83758 1.48180 0.14637 0.14457 0.50 
100 2.05 0.51428 1.94446 1.57626 0.15243 0.15004 0.49 
101 2.10 0.55060 2.03638 1.64740 0.15426 0.15308 0.48 
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./ 102 2.15 0.59783 2.23409 1.74710 0.15939 0.15856 0.47 
\ 103 2.20 0.619!0 2.35829 1.76815 0.15826 0.15683 0.45 

104 2.25 0.59931 2.35412 1.67359 0. 14627 0.14514 0.44 

105 2.30 0.57243 2.21310 1.5637-7 0. 13475 0.13267 0.43 

106 2.35 0.51023 2.06246 1.36419 0.11383 0.11327 0.43 
107 2.40 0.47344 2.03374 1.23947 0.!0246 0.!0077 0.42 

108 2.50 0.40221 1.85006 1.01085 0.07932 0.07890 0.40 

109 2.60 0.43136 1.89756 1.04244 0.07895 0.07824 0.38 

110 2.70 0.423!0 1.76273 0.98460 0.07188 0.07116 0.37 
111 2.80 0.38647 1.61794 0.86725 0.06139 0.06044 0.36 
I 12 2.90 0.43621 1.81473 0.94511 0.06469 0.06359 0.34 
I 13 3.00 0.45622 1.89744 0.95550 0.06373 0.06215 0.33 
114 3.10 0.47128 1.84423 0.95521 0.06172 0.06013 0.32 

115 3.20 0.44498 1.70647 0.87371 0.05433 0.05328 0.31 
116 3.30 0.39333 1.55338 0.74890 0.04564 0.04428 0.30 
117 3.40 0.33998 1.43465 0.62829 0.03748 0.03606 0.29 
118 3.50 0.34496 1.36838 0.61927 0.03531 0.03453 0.29 

119 3.60 0.38815 1.34667 0.67745 0.03708 0.03672 0.28 

120 3.70 0.40047 1.34846 0.68006 0.03652 0.03586 0.27 

121 3.80 0.41400 1.35166 0.68454 0.03617 0.03515 0.26 
122 3.90 0.38699 1.34063 0.62347 0.03199 0.03119 0.26 
123 4.00 0.34307 1.30893 0.53889 0.02645 0.02629 0.25 
124 4.10 0.31681 1.25834 0.48551 0.02453 0.02311 0.24 

125 4.20 0.33732 1.19591 0.50463 0.02490 0.02344 0.24 

126 4.30 0.35545 1.15211 0.51938 0.02508 0.02357 0.23 
127 4.40 0.36425 1.11772 0.52015 0.02464 0.02307 0.23 
128 4.50 0.36362 1.08790 0.50770 0.02366 0.02202 0.22 
129 4.60 0.35463 1.08060 0.48440 0.02223 0.02055 0.22 

130 4.70 0.34728 1.09383 0.46426 0.02053 0.01927 0.21 

131 4.80 0.35988 1.12501 0.47 !08 0.02046 0.01915 0.21 
132 4.90 0.34542 1.16697 0.44293 0.01900 0.01764 0.20 
133 5.00 0.31399 I. I 8672 0.39458 0.01673 0.01540 0.20 
134 5.10 0.28415 I. 18983 0.35008 0.01427 0.01339 0.20 

135 5.20 0.28355 I. I 8399 0.34262 0.01363 0.01286 0.19 

136 5.40 0.28420 1.16958 0.33068 0.01290 0.01195 0.19 
137 5.60 0.30689 1.16205 0.34433 0.01297 0.01200 0.18 
138 5.80 0.32224 I. I 9908 0.34909 0.01272 0.01174 0.17 

139 6.00 0.33764 1.24291 0.35357 0.01271 0.01150 0.17 
140 6.20 0.39242 1.27869 0.39769 0.01371 0.01252 0.16 
141 6.40 0.44751 1.30537 0.43934 0.01459 0.01340 0.16 
142 6.60 0.49824 1.32312 0.47432 0.01525 0.01402 0.15 

143 6.80 0.54183 1.33279 0.50065 0.01563 0.01437 0.15 
144 7.00 0.57653 1.33559 0.51749 0.01573 0.01443 0.14 
145 7.30 0.62892 1.32979 0.54132 0.01543 0.01447 0.14 
146 7.60 0.67527 1.31560 0.55827 0.01501 0.01433 0.13 
147 8.00 0.7!082 1.28918 0.55827 0.01436 0.01362 0.13 
148 8.50 0.72495 1.30925 0.53588 0.01296 0.01230 . 0.12 

149 9.00 0.74183 1.34853 0.51789 0.01281 0.01123 0.11 
150 9.50 0.82449 1.37083 0.54531 0.01261 0.01120 0.11 
151 I0.00 0.89170 1.38046 0.56027 0.01199 0.0!093 0.10 
152 IO.SO 0.00000 0.00000 0.00000 0.00000 0.00000 0.10 

VALVES IN PERIOD RANGE . I TO 2.5 SEC. 
AREA OF ACC. RESPONSE SPECTRUM = 1.273 
AREA OF VEL. RESPONSE SPECTRUM = 5.457 
MAX. ACCELERATION RESPONSE VALUE= 3.115 
MAX. VELOCITY RESPONSE VALUE = 4.374 

!****** OPTION 9 *** COMPUTE RESPONSE SPECTRUM 
RESPONSE SPECTRUM ANAL YSlS FOR LAYER NUMBER 17 
CALCULATED FOR DAMPING 0.050 
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TIMES AT WHICH MAX. SPECTRAL VALVES OCCUR 

TD =TIME FOR MAX. RELATIVEDISP. 
TV = TIME FOR MAX. RELATIVE VEL. 
TA= TIME FOR MAX. ABSOLUTE ACC. 

DAMPING RATIO = 0.050 
PER= 0.0! TIMES FOR MAXIMA -
PER= 0.02 TIMES FOR MAXIMA -
PER= 0.03 TIMES FOR MAXIMA -
PER = 0.04 TIMES FOR MAXIMA -
PER = 0.05 TIMES FOR MAXIMA -
PER = 0.06 TIMES FOR MAXIMA -
PER = 0.07 TIMES FOR MAXIMA -
PER= 0.08 TIMES FOR MAXIMA -
PER= 0.09 TIMES FOR MAXIMA -
PER= O. IO TIMES FOR MAXIMA -
PER= 0.11 TIMES FOR MAXIMA -
PER= 0. 12 TIMES FOR MAXIMA -
PER= 0.13 TIMES FOR MAXIMA-
PER= 0.14 TIMES FOR MAXIMA-
PER = 0.15 TIMES FOR MAXIMA -
PER = 0.16 TIMES FOR MAXIMA -
PER = 0.17 TIMES FOR MAXIMA -
PER = 0.18 TIMES FOR MAXIMA -
PER = 0.19 TIMES FOR MAXIMA -
PER= 0.20 TIMES FOR MAXIMA -
PER = 0.21 TIMES FOR MAXIMA -
PER = 0.22 TIMES FOR MAXIMA -
PER = 0.23 TIMES FOR MAXIMA -
PER = 0.24 TIMES FOR MAXIMA -
PER = 0.25 TIMES FOR MAXIMA -
PER= 0.26 TIMES FOR MAXIMA -
PER = 0.27 TIMES FOR MAXIMA -
PER = 0.28 TIMES FOR MAXIMA -
PER = 0.29 TIMES FOR MAXIMA -
PER = 0.30 TIMES FOR MAXIMA -
PER = 0.31 TIMES FOR MAXIMA -
PER= 0.32 TIMES FOR MAXIMA -
PER= 0.33 TIMES FOR MAXIMA -
PER = 0.34 TIMES FOR MAXIMA -
PER = 0.35 TIMES FOR MAXIMA -
PER= 0.36 TIMES FOR MAXIMA -
PER = 0.37 TIMES FOR MAXIMA -
PER = 0.38 TIMES FOR MAXIMA -
PER = 0.39 TIMES FOR MAXIMA -
PER = 0.40 TIMES FOR MAXIMA -
PER= 0.41 TIMES FOR MAXIMA -
PER = 0.42 TIMES FOR MAXIMA -
PER = 0.43 TIMES FOR MAXIMA -
PER = 0.44 TIMES FOR MAXIMA -
PER = 0.45 TIMES FOR MAXIMA -
PER = 0.46 TIMES FOR MAXIMA -
PER = 0.47 TIMES FOR MAXIMA -
PER = 0.48 TIMES FOR MAXIMA -
PER = 0.49 TIMES FOR MAXIMA -
PER = 0.50 TIMES FOR MAXIMA -
PER = 0.51 TIMES FOR MAXIMA -
PER = 0.52 TIMES FOR MAXIMA -
PER= 0.53 TIMES FOR MAXIMA -
PER = 0.54 TIMES FOR MAXIMA -
PER = 0.55 TIMES FOR MAXIMA -
PER = 0.56 TIMES FOR MAXIMA --

TD=24.5600 
TD =24.5600 
TD =23.3800 
TD =24.6700 
TD= 10.4700 
TD= 18.2300 
TD= 18.2800 
TD= 16.0900 
TD= 11.3700 
TD= 13.6400 
TD= 25.5300 
TD= 21.3600 
TD= 15.1900 
TD= 16.6900 
TD=l4.1100 
TD =20.5600 
TD= 13.8400 
TD =22.8300 
TD =22.8500 
TD=22.2200 
TD=24.3200 
TD =24.3400 
TD =24.4600 
TD= 21.8600 
TD= 21.7500 
TD= 21.6500 
TD= 21.0300 
TD= 21.0400 
TD= 21.0500 
TD= 13.4300 
TD= 13.4500 
TD= 13.4700 
TD= 13.4800 
TD= 21.6700 
TD= 16.7700 
TD= 16.7800 
TD= 16.7900 
TD= 16.8000 
TD= 16.8200 
TD= 16.8300 
TD= 16.8400 
TD= 27.2!00 
TD= 16.8600 
TD= 16.8700 
TD= 16.8800 
TD= 16.8900 
TD= 16.9000 
TD= 16.9!00 
TD= 16.6900 
TD= 16.7000 
TD= 16.7100 
TD= 16.7300 
TD= 29.4900 
TD= 29.5!00 
TD= 29.5300 
TD=32.l700 

TV= 18.6000 
TV= 11.4800 
TV= 23.3700 
TV= 24.6800 
TV= 10.4600 
TV= 18.2200 
TV= 24.6700 
TV= 24.6500 
TV= 11.3500 
TV= 20.0800 
TV= 25.5100 
TV= 21.3900 
TV= 15.2900 
TV= 16.0000 
TV= 14.1500 
TV= 20.5200 
TV= 13.8800 
TV= 22.7900 
TV= 22.8100 
TV= 13.5800 
TV= 24.5800 
TV= 19.2400 
TV= 21.8900 
TV= 21.8000 
TV= 21.6900 
TV= 21.7!00 
TV= 21.6100 
TV= 21.1 IOO 
TV= 21.1200 
TV= 13.5200 
TV= 13.5300 
TV= 13.5300 
TV= 13.4!00 
TV= 13.4!00 
TV= 16.6800 
TV= 16.6800 
TV= 16.6800 
TV= 16.9100 
TV= 16.9200 
TV= 16.9200 
TV= 16.9300 
TV= 27.3!00 
TV= 27.3!00 
TV= 16.9900 
TV= 16.9900 
TV= 16.7800 
TV= 16.7800 
TV= 16.8200 
TV= 16.6100 
TV= 16.6100 
TV= 16.6100 
TV= 16.6100 
TV= 16.6!00 
TV= 16.6200 
TV= 29.1200 
TV= 29.4300 
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TA=24.5600 
TA =24.5600 
TA= 23.3800 
TA=24.6700 
TA= I0.4700 
TA= 18.2300 
TA= 18.2800 
TA= 16.0900 
TA= 11.3700 
TA= 13.6400 
TA= 25.5300 
TA= 21.3600 
TA= 15.1900 
TA= 16.6900 
TA= 14.1!00 
TA= 20.5600 
TA= 13.8400 
TA =22.8300 
TA= 22.8500 
TA= 22.2200 
TA= 24.3200 
TA=24.3300 
TA= 24.4600 
TA= 21.8500 
TA= 21.7500 
TA= 21.6500 
TA= 21.6600 
TA= 21.0300 
TA= 21.0400 
TA= 13.4300 
TA= 13.4500 
TA= 13.4600 
TA= 13.4700 
TA= 21.6700 
TA= 16.7700 
TA= 16.7800 
TA= 16.7900 
TA= 16.8000 
TA= 16.8100 
TA= 16.8300 
TA= 16.8400 
TA=27.2000 
TA= 16.8500 
TA= 16.8600 
TA= 16.8800 
TA= 16.8900 
TA= 16.8900 
TA= 16.9000 
TA= 16.9!00 
TA= 16.6900 
TA= 16.7000 
TA= 16.7200 
TA= 29.4800 
TA= 29.5000 
TA= 29.5200 
TA=32.l600 
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PER= 0.57 TIMES FOR MAXIMA -- TD= 30.4900 TV= 30.6500 TA= 30.4800 
PER= 0.58 TIMES FOR MAXIMA -- TD= 30.5200 TV= 30.6600 TA= 30.5I00 
PER= 0.60 TIMES FOR MAXIMA -- TD= 30.5600 TV= 30.4200 TA= 30.5500 
PER= 0.62 TIMES FOR MAXIMA -- TD= 30.5900 TV = 30.4300 TA= 30.5800 
PER= 0.64 TIMES FOR MAXIMA -- TD= 15.6700 TV= 16.6I00 TA= 15.6600 
PER= 0.66 TIMES FOR MAXIMA -- TD= 16.7500 TV= 16.6100 TA= 16.7400 
PER= 0.68 TIMES FOR MAXIMA-- TD= 16.4800 TV= 16.6200 TA= 16.4700 
PER= 0.70 TIMES FOR MAXIMA-- TD= 16.5100 TV= 16.6200 TA= 16.5000 
PER= 0.72 TIMES FOR MAXIMA -- TD= 16.5300 TV= 16.4100 TA= 16.5200 
PER= 0.74 TIMES FOR MAXIMA -- TD= 16.5400 TV= 16.4100 TA= 16.5300 
PER=0.76 TIMES FOR MAXIMA-- TD=32.6800 TV= 16.4100 TA=32.6700 
PER=0.78 TIMES FOR MAXIMA-- TD=32.7I00 TV= 16.4100 TA=32.7000 
PER= 0.80 TIMES FOR MAXIMA -- TD= 32.7400 TV= 16.4200 TA= 32.7200 
PER= 0.82 TIMES FOR MAXIMA-- TD= 33.6I00 TV= 16.4200 TA= 33.6000 
PER= 0.84 TIMES FOR MAXIMA -- TD= 33.6600 TV= 16.4200 TA= 33.6400 
PER= 0.86 TIMES FOR MAXIMA -- TD= 12.1700 TV= 16.4300 TA= 12.1600 
PER=0.88 TIMESFORMAXIMA-- TD=l2.!900 TV=l2.3600 TA=12.1800 
PER= 0.90 TIMES FOR MAXIMA -- TD= 12.2000 TV= 12.3600 TA= 12.1800 
PER= 0.92 TIMES FOR MAXIMA-- TD= 12.2000 TV= 12.3600 TA= 12.1900 
PER= 0.94 TIMES FOR MAXIMA -- TD= 12.2100 TV= 12.3600 TA= 12.2000 
PER= 0.96 TIMES FOR MAXIMA-- TD= 12.2200 TV= 12.3700 TA= 12.2000 
PER= 0.98 TIMES FOR MAXIMA-- TD= 12.2500 TV= 12.4500 TA= 12.2300 
PER= 1.00 TIMES FOR MAXIMA-- TD= 12.2600 TV= 16.1800 TA= 12.2500 
PER= 1.05 TIMES FOR MAXIMA-- TD= 12.3000 TV= 13.1700 TA= 12.2800 
PER= I.IO TIMES FOR MAXIMA-- TD= 13.5000 TV= 13.2000 TA= 13.4900 
PER= 1.15 TIMES FOR MAXIMA -- TD= 13.5400 TV= 13.8400 TA= 13.5I00 
PER= 1.20 TIMES FOR MAXIMA -- TD= 13.6200 TV= 13.4000 TA= 13.6000 
PER= 1.25 TIMES FOR MAXIMA -- TD= 13.0900 TV= 13.4100 TA= 13.0700 
PER= 1.30 TIMES FOR MAXIMA-- TD= 13.7800 TV= 13.4100 TA= 13.7600 
PER= 1.35 TIMES FOR MAXIMA-- TD= 13.8I00 TV= 13.4600 TA= 13.7800 
PER= 1.40 TIMES FOR MAXIMA -- TD = 13.8200 TV = 13.4600 TA= 13.8000 
PER=l.45 TIMESFORMAXIMA-- TD=l3.!900 TV=l3.4600 TA=l3.1500 
PER= 1.50 TIMES FOR MAXIMA -- TD = 13.2300 TV = I 3.5900 TA= 13. I 900 
PER= 1.55 TIMES FOR MAXIMA -- TD= 13.3200 TV= 12.9500 TA= 13.3000 
PER= 1.60 TIMES FOR MAXIMA -- TD= 13.3500 TV= 12.9500 TA= 13.3400 
PER= 1.65 TIMES FOR MAXIMA -- TD= 13.3700 TV= 13.0000 TA= 13.3400 
PER= 1.70 TIMES FOR MAXIMA -- TD= 13.3800 TV= 13.0000 TA= 13.3500 
PER= 1.75 TIMES FOR MAXIMA -- TD= 18.2300 TV= 18.5900 TA= 18.2I00 
PER= 1.80 TIMES FOR MAXIMA-- TD= 17.4300 TV= 17.8500 TA= 17.4000 
PER=l.85 TIMESFORMAXIMA-- TD=l7.4700 TV=l7.9300 TA=l7.4400 
PER= 1.90 TIMES FOR MAXIMA-- TD= 18.5100 TV= 17.9400 TA= 18.4800 
PER= 1.95 TIMES FOR MAXIMA-- TD= 18.5300 TV= 17.9400 TA= 18.5100 
PER=2.00 TIMES FOR MAXIMA-- TD= 19.6300 TV=20.l700 TA= 19.6100 
PER=2.05 TIMES FOR MAXIMA-- TD= 19.6600 TV=20.l700 TA= 19.6200 
PER=2.I0 TIMESFORMAXIMA-- TD=!?.7000 TV=l9.3000 TA=17.6800 
PER=2.l5 TIMESFORMAXIMA-- TD=l7.7500 TV=l7.3l00 TA=l7.7l00 
PER=2.20 TIMESFORMAXIMA-- TD=l7.7800 TV=l7.3!00 TA=l7.7500 
PER= 2.25 TIMES FOR MAXIMA -- TD = 19.0300 TV = 17.3200 TA= I 8.9800 
PER=2.30 TIMES FOR MAXIMA-- TD=l9.0600 TV= 16.2700 TA= 19.0300 
PER =2.35 TIMES FOR MAXIMA-- TD= 17.0200 TV= 16.6100 TA= 17.0000 
PER=2.40 TIMESFORMAXIMA-- TD=l6.0500 TV=l6.6100 TA=l5.9800 
PER= 2.50 TIMES FOR MAXIMA -- TD = 12.8600 TV = 12.4900 TA= 12.8400 
PER = 2.60 TIMES FOR MAXIMA -- TD = 12.0000 TV = I 2.4900 TA= 11.9500 
PER= 2. 70 TIMES FOR MAXIMA -- TD = I 2.0800 TV = I 2.5000 TA= 12.0 I 00 
PER= 2.80 TIMES FOR MAXIMA -- TD = I 7.0500 TV = 11. 7800 TA = 17.0400 
PER=2.90 TIMES FOR MAXIMA-- TD= 17.1000 TV= 16.6100 TA= 17.0500 
PER= 3.00 TIMES FOR MAXIMA-- TD= 16.0600 TV= 16.6100 TA= 15.9800 
PER=3.l0 TIMESFORMAXIMA-- TD=l6.0800 TV=l6.6100 TA=l6.0500 
PER= 3.20 TIMES FOR MAXIMA-- TD= 16.1000 TV= 16.6200 TA= 16.0600 
PER = 3.30 TIMES FOR MAXIMA -- TD = 16.1100 TV = 16.6200 TA= I 6.0600 
PER=3.40 TIMESFORMAXIMA-- TD=l6.1200 TV=IS.7000 TA=l6.0600 
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PER= 3.50 TIMES FOR MAXIMA -- TD= 45.5300 TV= 16.6200 TA= 45.4900 
PER= 3.60 TIMES FOR MAXIMA-- TD= 45.6800 TV= 16.6200 TA =45.6000 
PER=3.70 TIMESFORMAXIMA-- TD=44.!900 TV=l6.6200 TA=44.1600 
PER= 3.80 TIMES FOR MAXIMA -- TD= 44.3200 TV = 16.6200 TA= 44.2900 
PER= 3.90 TIMES FOR MAXIMA-- TD= 44.3600 TV= 16.6200 TA =44.3200 
PER= 4.00 TIMES FOR MAXIMA-- TD= 44.5500 TV= 15.8300 TA =44.4500 
PER= 4.10 TIMES FOR MAXIMA-- TD= 44.5800 TV= 15.8300 TA= 14.8100 
PER=4.20 TIMESFORMAXIMA-- TD=l4.8500 TV=l5.8300 TA=14.8100 
PER=4.30 TIMES FOR MAXIMA-- TD= 14.8500 TV= 15.8300 TA= 14.8100 
PER= 4.40 TIMES FOR MAXIMA -- TD= 14.8600 TV= 15.8300 TA= 14.8100 
PER= 4.50 TIMES FOR MAXIMA-- TD= 14.8600 TV= 15.8300 TA= 14.8200 
PER= 4.60 TIMES FOR MAXIMA-- TD= 14.9400 TV= 15.8300 TA= 14.8200 
PER= 4.70 TIMES FOR MAXIMA-- TD= 32.0400 TV= 15.8300 TA= 14.8200 
PER =4.80 TIMES FOR MAXIMA-- TD= 32.0600 TV= 15.8300 TA= 32.0200 
PER= 4.90 TIMES FOR MAXIMA -- TD= 32.0700 TV= 15.8300 TA= 32.0200 
PER= 5.00 TIMES FOR MAXIMA-- TD= 32.1300 TV= 15.8300 TA= 32.0200 
PER= 5. IO TIMES FOR MAXIMA -- TD = 28.0300 TV = 15.8300 TA= 28.0000 
PER= 5.20 TIMES FOR MAXIMA-- TD= 28.0300 TV= 15.8300 TA= 28.0000 
PER= 5.40 TIMES FOR MAXIMA-- TD= 9.7900 TV= 11.2400 TA= 28.0000 
PER= 5.60 TIMES FOR MAXIMA -- TD= 9.7900 TV= 11.2400 TA= 9.7500 
PER= 5.80 TIMES FOR MAXIMA -- TD= 9.8200 TV= 15.8300 TA= 9.7500 
PER= 6.00 TIMES FOR MAXIMA-- TD= 14.8500 TV= 15.8300 TA= 14.8100 
PER= 6.20 TIMES FOR MAXIMA-- TD= 14.8500 TV= 15.8300 TA= 14.8100 
PER= 6.40 TIMES FOR MAXIMA-- TD= 14.8500 TV= 15.8300 TA= 14.8100 
PER= 6.60 TIMES FOR MAXIMA-- TD= 14.8600 TV= 15.8300 TA= 14.8100 
PER= 6.80 TIMES FOR MAXIMA-- TD= 14.8600 TV= 15.8300 TA= 14.8100 
PER= 7.00 TIMES FOR MAXIMA -- TD= 14.9800 TV= 12.5000 TA= 14.8100 
PER=7.30 TIMESFORMAXIMA-- TD=l5.3900 TV=l7.3200 TA=14.8I00 
PER=7.60 TIMESFORMAXIMA-- TD=l5.4000 TV=l7.3200 TA=l5.3100 
PER= 8.00 TIMES FOR MAXIMA-- TD= 15.4900 TV= 17.3200 TA= 15.3700 
PER= 8.50 TIMES FOR MAXIMA -- TD= 15.5300 TV= 14.6000 TA= 15.4700 
PER= 9.00 TIMES FOR MAXIMA-- TD= 16.8100 TV= 14.6000 TA= 16.6200 
PER=9.50 TIMESFORMAXIMA-- TD=l7.0600 TV=l4.6000 TA=l6.7400 
PER =10.00 TIMES FOR MAXIMA -- TD= 17.1500 TV= 14.6000 TA= 17.0400 
SPECTRAL VALUES--
(Acceleration of gravity used = 32.20) 

PSCS300E Crest Column DAMPING RATIO= 0.050 
NO. PERIOD REL. DISP. REL. VEL. PSU.REL.VEL. ABS. ACC. PSU.ABS.ACC. FREQ. 

I 0.01 0.00005 0.00137 0.02954 0.57869 0.57636 100.00 
2 0.02 0.00019 0.03246 0.05874 0.57851 0.57313 50.00 
3 0.03 0.00084 0.16225 0.17610 1.10556 1.14542 33.33 
4 0.04 0.00 I 90 0.269 I 5 0.29880 1.48423 1.45761 25.00 
5 0.05 0.00342 0.38292 0.43034 1.68897 1.67944 20.00 
6 0.06 0.00440 0.46805 0.46042 1.55729 1.49736 16.67 
7 0.07 0.00583 0.52 I 96 0.52342 1.45432 1.45906 14.29 
8 0.08 0.00756 0.58863 0.59363 1.49438 1.44794 12.50 
9 0.09 0.00981 0.68527 0.68468· 1.49214 1.48446 11.11 
10 0.10 0.011:l3 0.67832 0.72473 1.39533 1.41416 10.00 
11 0.11 0.01476 0.77760 0.84282 1.51649 1.49509 9.09 
12 0.12 0.01629 0.83139 0.85295 1.40540 1.38697 8.33 
13 0.13 0.01684 0.79261 0.81412 1.22022 1.22200 7.69 
14 0.14 0.01815 0.79492 0.81472 1.12382 1.13554 7.14 
15 0.15 0.01917 0.78885 0.80311 1.04837 1.04474 6.67 
16 0.16 0.02264 0.87808 0.88913 1.08719 1.08435 6.25 
17 0.17 0.02615 0.95564 0.96640 1.11464 1.10926 5.88 
18 0.18 0.03507 1.12475 1.22425 1.32698 1.32716 5.56 
I 9 0.19 0.03470 1.15550 1.14761 1.17936 1.17860 5.26 
20 0.20 0.03549 1.24968 1.11510 1.08628 1.08794 5.00 
21 0.21 0.03665 1.13296 1.09655 1.02129 1.01890 4.76 
22 0.22 0.04047 1.20959 1.15594 1.03249 1.02527 4.55 
23 0.23 0.04161 1.16229 1.13658 0.97652 0.96427 4.35 
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24 0.24 0.04975 1.29290 1.30247 1.06242 1.05896 4.17 
25 0.25 0.06040 1.56475 1.51813 1.19290 1.18493 4.00 
26 0.26 0.06309 1.61978 1.52473 1.14568 1.14431 3.85 
27 0.27 0.05277 1.29989 1.22801 0.89238 0.88749 3.70 
28 0.28 0.05245 1.28803 1.17691 0.82117 0.82018 3.57 
29 0.29 0.05858 1.42125 1.26924 0.85688 0.85402 3.45 
30 0.30 0.06833 1.51338 1.43100 0.93704 0.93077 3.33 
31 0.31 0.07664 1.71775 1.55334 0.97975 0.97775 3.23 
32 0.32 0.07644 1.62581 1.50080 0.92328 0.91516 3.13 
33 0.33 0.07036 1.46608 1.33963 0.79885 0.79213 3.03 
34 0.34 0.06555 1.29567 1.21135 0.69574 0.69521 2.94 
35 0.35 0.06914 1.36883 1.24114 0.69509 0.69195 2.86 
36 0.36 0.07611 1.43229 1.32829 0.72534 0.71997 2.78 
37 0.37 0.08321 1.46923 1.41300 0.74916 0.74518 2.70 
38 0.38 0.09015 1.54982 1.49059 0.76953 0.76542 2.63 
39 0.39 0.09619 1.64563 1.54976 0.77692 0.77539 2.56 
40 0.40 0.10071 1.66299 1.58202 0.77619 0.77175 2.50 
41 0.41 0.10438 1.61478 1.59959 0.76625 0.76129 2.44 
42 0.42 0.10761 1.63710 1.60983 0.75221 0.74792 2.38 
43 0.43 0.11229 1.61004 1.64084 0.74872 0.74460 2.33 
44 0.44 0.12294 1.71041 1.75551 0.78269 0.77853 2.27 
45 0.45 0.12786 1.77832 1.78529 0.77785 0.77414 2.22 
46 0.46 0.12471 1.71825 1.70342 0.72783 0.72258 2.17 
47 0.47 0.12287 1.65704 1.64265 0.68560 0.68198 2.13 
48 0.48 0.12350 1.63243 1.61656 0.66244 0.65717 2.08 
49 0.49 0.12258 1.70238 1.57185 0.63005 0.62595 2.04 
50 0.50 0.12409 1.78871 1.55941 0.61130 0.60858 2.00 
51 0.51 0.12464 1.86376 1.53559 0.59053 0.58753 1.96 
52 0.52 0.1 I 959 1.85372 1.44501 0.54442 0.54224 1.92 
53 0.53 0.11048 1.70483 1.30978 0.48598 0.48222 1.89 
54 0.54 0.11235 1.47125 1.30726 0.47394 0.47238 1.85 
55 0.55 0.11423 1.38020 1.30494 0.46612 0.46297 1.82 
56 0.56 0.12991 1.43053 1.45756 0.51070 0.50788 1.79 
57 0.57 0.14552 1.58598 1.60414 0.55167 0.54915 1.75 
58 0.58 0.16090 1.75597 1.74305 0.58929 0.58642 1.72 
59 0.60 0.16552 1.90732 1.73336 0.56612 0.56372 1.67 
60 0.62 0.14914 1.71916 1.51142 0.47783 0.47568 1.61 
61 0.64 0.13615 1.46806 1.33669 0.40996 0.40754 1.56 
62 0.66 0.14161 1.75359 1.34813 0.40145 0.39858 1.52 
63 0.68 0.15367 1.85258 1.41993 0.41058 0.40746 1.47 
64 0.70 0.16446 1.75202 1.47616 0.41334 0.41149 1.43 
65 0.72 0.16040 1.64248 1.39978 0.38212 0.37936 1.39 
66 0.74 0.14915 1.61251 1.26642 0.33597 0.33394 1.35 
67 0.76 0.16057 1.57224 1.32750 0.34338 0.34084 1.32 
68 0.78 0.17913 1.59266 1.44299 0.36327 0.36099 1.28 
69 0.80 0.18584 1.69089 1.45956 0.35775 0.35600 1.25 
70 0.82 0.19547 1.83473 1.49779 0.35886 0.35642 1.22 
71 0.84 0.19510 1.85877 1.45935 0.34022 0.33900 1.19 
72 0.86 0.19321 1.71122 1.41159 0.32171 0.32028 1.16 
73 0.88 0.20256 1.67547 1.44626 0.32247 0.32069 1.14 
74 0.90 0.20867 1.64417 1.45683 0.31757 0.31586 I.II 
75 0.92 0.22540 1.68543 1.53941 0.32824 0.3265 I 1.09 
76 0.94 0.25264 1.75116 1.68869 0.35247 0.35055 1.06 
77 0.96 0.27876 1.75505 1.82446 0.37302 0.37084 1.04 
78 0.98 0.29797 1.72103 1.91040 0.38186 0.38038 1.02 
79 1.00 0.31142 1.70665 1.95673 0.38400 0.38182 1.00 
80 1.05 0.33056 1.86700 1.97809 0.37049 0.36760 0.95 
81 I.IO 0.34010 1.98275 1.94264 0.34638 0.34461 0.91 
82 1.15 0.38232 2.18670 2.08887 0.35752 0.35444 0.87 
83 1.20 0.43710 2.43040 2.28867 0.37540 0.37216 0.83 

( 84 1.25 0.41217 2.48596 2.07178 0.32532 0.32341 0.80 
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85 1.30 0.35374 2.07796 1.70971 0.25849 0.25663 0.77 
86 1.35 0.31529 1.82241 1.46742 0.21360 0.21210 0.74 
87 1.40 0.30429 1.71927 1.36566 0.19212 0.19034 0.71 
88 1.45 0.30631 1.66137 1.32732 0.18009 0.17862 0.69 
89 1.50 0.31859 1.66658 1.33450 0.17445 0.17360 0.67 
90 1.55 0.33532 1.63453 1.35927 0.17193 0.17112 0.65 
91 1.60 0.33890 1.61066 1.33085 0.16392 0.16231 0.63 
92 1.65 0.31778 1.50173 1.21009 0.14561 0.14311 0.61 
93 1.70 0.28140 1.35995 1.04004 0.12177 0.11938 0.59 
94 1.75 0.30802 1.33546 1.10590 0.12463 0.12331 0.57 
95 1.80 0.35605 1.46700 1.24285 0.13603 0.13473 0.56 
96 1.85 0.38459 1.54226 1.30617 0.13881 0.13777 0.54 
97 1.90 0.41120 1.54079 1.35982 0.14101 0.13965 0.53 
98 1.95 0.42776 1.50608 1.37831 0.13955 0.13792 0.51 
99 2.00 0.45877 1.58228 1.44128 0.14253 0.14062 0.50 
100 2.05 0.49417 1.68678 1.51462 0.14614 0.14417 0.49 
IOI 2.10 0.54015 1.79415 1.61614 0. 15074 0.15017 0.48 
102 2.15 0.58631 1.97185 1.71343 0.15668 0.15551 0.47 
103 2.20 0.59876 2.08291 1.71005 0.15348 0.15167 0.45 
104 2.25 0.59010 2.04481 1.64786 0.14423 0.14291 0.44 
105 2.30 0.54691 1.88205 1.49406 0.12852 0.12675 0.43 
106 2.35 0.50389 1.76316 1.34725 0.11256 0.1 I 187 0.43 
107 2.40 0.45720 1.68962 l.19696 0.09891 0.09732 0.42 
108 2.50 0.39717 l.45197 0.99821 0.07839 0.07791 0.40 
109 2.60 0.42222 1.44539 1.02035 0.07780 0.07658 0.38 
I IO 2.70 0.41356 l.27860 0.96239 0.07028 0.06955 0.37 
Ill 2.80 0.37799 1.27516 0.84821 0.05970 0.05911 0.36 
112 2.90 0.42097 1.45197 0.91208 0.06234 0.06137 0.34 
I 13 3.00 0.44342 1.50548 0.92870 0.06150 0.06041 0.33 
114 3.10 0.45766 1.42670 0.92760 0.05970 0.05839 0.32 
115 3.20 0.4265 I 1.27704 0.83745 0.05273 0.05107 0.31 
116 3.30 0.37342 1.12135 0.71100 0.04371 0.04204 0.30 
117 3.40 0.32021 1.01441 0.59175 0.03557 0.03396 0.29 
118 3.50 0.33969 0.94441 0.60981 0.03443 0.03400 0.29 
119 3.60 0.38484 0.92642 0.67168 0.03683 0.03641 0.28 
120 3.70 0.39485 0.92955 0.67051 0.03594 0.03536 0.27 
121 3.80 0.40968 0.93190 0.67740 0.035 I 8 0.03478 0.26 
122 3.90 0.38228 0.91874 0.61588 0.03143 0.03081 0.26 
123 4.00 0.34203 0.92697 0.53726 0.02642 0.02621 0.25 
124 4.10 0.30825 0.96203 0.47239 0.02341 0.02248 0.24 
125 4.20 0.32556 0.98725 0.48703 0.02406 0.02263 0.24 
126 4.30 0.34146 0.99738 0.49894 O.OZ413 0.02264 0.23 
127 4.40 0.34807 0.99104 0.49705 0.02358 0.02204 0.23 
128 4.50 0.34534 0.97000 0.48218 0.02249 0.02091 0.22 
129 4.60 0.33556 0.93804 0.45834 0.02099 0.01944 0.22 
130 4.70 0.33170 0.89990 0.44343 0.01925 0.01841 0.21 
131 4.80 0.34522 0.86035 0.45189 0.01886 0.01837 0.21 
132 4.90 0.33190 0.82347 0.42559 0.01758 0.01695 0.20 
133 5.00 0.30064 0.79241 0.37780 0.01543 0.01474 0.20 
134 5.10 0.28033 0.76907 0.34537 0.01383 0.01321 0.20 
135 5.20 0.27769 0.75443 0.33554 0.01330 0.01259 0.19 
136 5.40 0.27310 0.77836 0.31776 0.01207 0.01148 0.19 
137 5.60 0.29401 0.79628 0.32988 0.01202 0.01149 0.18 
138 5.80 0.30778 0.80794 0.33342 0.01178 0.01122 0.17 
139 6.00 0.32463 0.84580 0.33995 0.01222 0.01106 0.17 
140 6.20 0.37930 0.87676 0.38439 0.01325 0.01210 0.16 
141 6.40 0.43335 0.89546 0.42544 0.01413 0.01297 0.16 
142 6.60 0.48253 0.89989 0.45937 0.01477 0.01358 0.15 
143 6.80 0.52393 0.89041 0.4841 I 0.01512 0.01389 0.15 
144 7.00 0.55920 0.87529 0.50194 0.01518 0.01399 0.14 
145 7.30 0.62005 0.88042 0.53368 0.01482 0.01427 0.14 
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146 7.60 0.66716 0.90825 0.55156 0.01449 0.01416 
147 8.00 0.70847 0.90727 0.55643 0.01389 0.01357 
148 8.50 0.72253 0.93252 0.53409 0.01272 0.01226 
149 9.00 0.72748 0.96895 0.50788 0.01163 0.01101 
150 9.50 0.81580 0.98875 0.53956 0.01146 O.Ql 108 
151 10.00 0.88090 0.99633 0.55349 0.01116 0.01080 
152 10.50 0.00000 0.00000 0.00000 0.00000 0.00000 

VALUES IN PERIOD RANGE .1 TO 2.5 SEC. 
AREA OF ACC. RESPONSE SPECTRUM = 0.859 
AREA OF VEL. RESPONSE SPECTRUM = 4.045 
MAX. ACCELERATION RESPONSE VALUE= 1.516 
MAX. VELOCITY RESPONSE VALUE= 2.486 

*** End of Output File No. l *** 
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PCSC300M Crest Column 
Williamson• Pond Creek South Cell - Surf. El. 502, GWT 14ft., Fines El. 496 
MB.0 New Madrid Synthetic @83km, PGA=0.54g - Atkinson & Boore (1995) 

--,, 
l 
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PCSC300M Layer 10 Stress - M8.0 New Madrid Synthetic 

2.5,-,----------'----~-___,_~-----'---------------'---------'---~----I 

2.0 

- 1.5-1 I I 

1I i ·I 
C\I 
< 

1.0-
I 11"11

1 Iii 
-~ 

I I 11 ' 

(/) 
C. 

1 1! I :52 
! . - 0.5-(/) 

(/) 
Q) 

' \ 
,._ -en 0.0 '1( ,._ 
ca 
Q) 
.c: 

I 11111
1

··-:-
1111il'ill 1! 

en 

:::J 11 ' 
11 

11 

t I ' I 
I 

I 

1
1 I ! I i 

11111 11, 'I i 
11111.1 ]I ! :l; I 11,, I 1. II 1, ,,,I I 'I " I ' I ·111 I 111 ' I 11, :1 , / I, , ' 

' •.. ,, •. I I J 1, 11. ir1'' ' • 'I L I I '.t)ii :. i1H1 ' ; ' ''.· ',; iii'' 'I 
1 

. 
1i j, I .,I, y .l1•1l!l 11 •:111;1,I llill1L,:1l1lll: 11,1 11, ! 1

1 
I I •;,, 1, ' 

IJ,a, ''ljill ' 11 i 11, ,w · '" I j1.' .I " "I·' ,: 1
1 I ri:•111 1,ll1111il1h,1,i,11,ii!11111::1i/:1u •!1/·11 .,1;,,,.il!•! 11 1 q1• 1,1,1, ,,. 

ir1:111I! 1•l1·1~·1
1
1~1'11·11:i'111i1lrk'l1/111

1
d'1lrlli1'i1~i1•~11

1
11ll/'i\1~111;,:~ll1'1~,l/li~ll/11i'/1il~:.11111/1'iii1li,1·,'J'

1
1'':i':,,if 1,:1/ijl,-, 

1
,'.11i\.'; i.\ 

!·::•1!11"1' ·, ·11,,11•1·:111·111' r1,11 ·, :, i11• i· I::·, I, , i"'' , .. 
1!!i 11 t I II I j ! i l 

.11111 ' 11 I ' I 

I 11111 fl ill! 1 l 

-1.5-

-2.u--------------.-,---------.--,-----,----------,-----------,------+-

0 20 40 60 80 100 ... 
Time (sec) 

\J 

.... 
~ 

' C 

' 



R
16204

PCSC300M Layer 11 Stress - M8.0 New Madrid Synthetic 

2.5 

2.07 I 
! 

I 

1.5-I Ii 
! , , , I 

I I 
- 1

1 

I N I ! < 1,0- I i: 
$: iii! 11 11,1 Ii 
en a. 
g o.5 I 
~ t)I 
~ o.o ,:1!W/i1 
en 1

1 ... 
m -o.5 
.c: en 

-1.0--1 , I 
I 

-1.5 

-2.0 

-2.5 
0 

! 

i [Ill' : I I I I 
'1 111 I I I :I! I i I: I! 
l,.,li!I ,11 .1111\11 i I! I I , , 'I' I 'I' 1·1 · 1· ' ,' I ! 11 1 ·1' , , ' I 1 

,. , ,i!, I,,,, •111, I'' I 
1, 11 I I ii<11il 1Jii';!l11 I ,:I 1111,:1 I ' I , 1 ' 

l111l:1Iiili1l111I1ll,111!1~ii
1:!inti!l11:li:i i!1t,),li\!:1! l!1i 1:!I !:i,1,\l:J!l:':i l!:1 Ii,/,: I I 1,i ,11 ' i ,, ; ' ' 

ii 1
1

11 1.l

1

1,l11

1

1f 1l\
1

11.1

1

11
1

1il .. l1\ 1!
1

:.!i\ 111111,111/1:!1111,11
1
r 1 11!1111; 1

1

1

1
i:
1

11N1
1
:
1
.'i
1
1111;1/,1

1
·.
1
/i)t,11N1::1:1

1

1
;',

1
1)1il1

1
,
1
1!

11
'1W\1i:i 

1,11,1111,1/MJ:,w,, 11/111 1,y,;,,:✓J,,:;:,, -
11:rf1:'"1111,,,, 1:ii ,:,:i1rT'1 i1r ,

1

11!11 ?11 i'i r ',ii' 11; !" 1 
•
1
1 ., · ,.,,, ,,,, , " 

1

11 I lilii11 /illll if 11/ I 111:
1111

( I 

11 

I I • I ' • 

I I I.· I I I I' I 
I I \ [ 1i 

20 40 60 80 

Time (sec) 

100 -
' C, 

~ 

• 



R
16205

-N 
< -::I:: 
Cl) 
0. 

::i: ........ 
Cl) 
Cl) 
Q) ... -en ... 
11) 
Q) 
.c en 

2.5 

2.0-, 

1.5-

1.0 

0.5 

0.0 

-0.5 

-1.0-

-1.5 

-2.0 

PCSC300M Layer 12 Stress - M8.0 New Madrid Synthetic 

I 
I I 
, I 

i I , I 
Ii, 1· . 

I :\I [ : ! lj ' ij 

, I 
I 
, ; !11 1 

I, I'' ,, 111 I II ii 11 I [1!1 

! I Iii ''' I 

.Ill 'I: .•II.,,,. I 1' 

'111 ! 11:1'
1
1 i !! i! I 11\, I I 

ti 1:1:!111! ••'Ii :,,ii 111
1
1! I ; I Ii 

'!iii 11l1,11',111;1''lll 1'i11,1; :: ' I! I 
' I! I 

,I, 111:1 
11·1'111'11'1 

lillilf 

!'j 1::.! ! 1. 1, i1 1: ' ,11: ' I ' l • 
'l'i \l·

1
,,,,,

1
11J,11l1c,,,.I~. Lli..l 

111
, il1 '.

1
, 11.1, 1.11

1 

11 I 1 ,
1,,. 

1 
1:1 .• , ''( ' .' ,,..,: Q:'1 i I]. ii 11 • I 1·· ) . !I 

i 1·
1

111 ,, ,, ' ''i,<J ' ,' I '[',,'I:,,, ,I 1,,1 ,1 d . . , ' ! II~! !11•! 111/:~1~1;11"/ I ,;j~~,)i/~1! ilil i' :ii I, , " , , , , 
1·1.1'11: i' 111.111111.111111111'1111 II 1111111 i 1·111'!111!1 ;l1J 11 lli'11111d 11111.:, 1:,11 i,1·'11\· 11· l'l1 iii!' 11J!11;11 i 111; l111,111I\I;':, '!111il1'l'\'li.1,11]i1111'1V·j111:11!1,i1:1:11W1!l:w1,/,1\,;11'11rri11'11'1i1,-+.,. ,, , 
Iii ii•/!~ f ,, ·ili1 '. 

1

111 ', l!J 1·1·•1 /I i I 1' I :'I, I !'' ' ",

11

11 i

1

"' j "i/i',:""'"'°'Y' 

'I ,, ,·:H ' 1 I 11' I 1'' ,1 . ' I I ·' ' "' I ' i ! ' ' . ·' ··· · , !; ,, , ,, Ii 11 i , · 
11 1111, I 1"' : I 1·· I I I 
11' I I I 

I I I 
I I I I 1l 

i 

-2.5,_L_-----~------~----,-------.---------.-------t-

o 20 40 60 80 100 

Time (sec) 

-.. 
(./ 
...,, 

~ 



R
16206

-C'\I 
< -~ en 
C. 

:le: -en 
en 
Q) ,_ -en ,_ 
C'CI 
Q) 
.c: 
en 

2.5 

2.0 

1.5 

1.0 

0.5 

0.0 

-0.5 

-1.0 

-1.5 

-2.0-, 

PCSC300M Layer 12 Stress - MB.O New Madrid Synthetic 

I: I I 
''! ,, I 11 
. I . 11 

I I
i: 1· 1: ! ;,II 

I ! (1 :I ( !I 
' If: II ::1:,1, I :J

1 
; 11I 

I : II ' .. ' 

I I I 

i1) ,1j
1
J ,:. /!i I! 

! ,: l t ll\ I I I 
' I 'II ji I 11•:i Ii ,,. I' I I 

l 11111
1

111. 
I j\' 1i.\~i1\ n 

hi l I i I ' \ I . Ii . 

,.,,,llli ij \'1 Jli' 11' 11 ,ii,' 11 . 
11!,1• I ii I ' I'' i, I I " .,I, d ,I I ' !I I ' 

''''.i''!,•·:•1! 1•'.l,11111:i,111 ,,1111!111111i1,'i1 ,1:tl111,:1 I f,' '' 111 11 ,!1 111'1 ,, •I ·1 '' I I ' ' ;:,1 ! 

w1't1 
11\i 

'I i1111,ar1 
I :'1(111 

' I II i I I 
'I 
l 1 ')l'i' I' I 

: 1111 Ii 
ii 

I 

I 

111,
1
"11,,1~ 11 I 1111.1,1,1 .. !(i:, l1\.'l'l1i\l,1,:l,1· ,1

1, 1).!1i 1:,,q1:1 "."''~;iii 1
1
•;i:,

1
, 1\,1''

1
j,v1I. i1111,i.!:!Vlt1:11,1. l,1~'1,H1/1 11.-1 ,:,,\,,., ,v,

s11111 li'J'M111,l, ,l1i '' • ·1 Hi l1\ lild, l111',iii, :.t ii' 11111,1 Jli1l':'',II' ''i•" 
' ri, . 1!1 i1 111 j 1 .. , i \ 111 . I 

I. I 111, 
1
. I , I 1 1 , 

" I : I ' I 

pi i11i I I ; 

I 
11

1

11 1\ 11
1
• \ : 

1, 1j I [I I 

iii I I 1
1 i I 1: 

I 

I. 

-2.5-'--------,-------,-------.------~--.-------l-

o 20 40 60 80 100 

Time (sec) 

' 
~ 
~ 

"-I! 

-
( 

; 



R
16207

-N 
< -:!::: 
II) 
a. 
:.i -II) 
II) 
Q) ,_ -Cl) 
,_ 
(1l 
Q) 
.c: 
Cl) 

PCSC300M Layer 13 Stress - M8.0 New Madrid Synthetic 

2.!'>-T------~-----~-~-~--~----~~-~--------1 

2.0 

1.5 

1.0 

o.5--j I 
II I ,i1 

!· ,\ 

o.o l"ri'\\j'II, 
II I, 

I 
-0.5-

-1.0 

-1.5 

-2.0 

I, I )J 

: : ,i . 'Ii I I I I: , Ii ' ' 
Ip.: .. 11·. I 

1
1,1 ' i I I 

I ,I ·1 ' I 1·1 I I 11 I 11 I 

: .I i1lil iil1 I !11iJ 111
11

\11

1

1

1

1: 
1(! : I 1 1111' !n 1 ,il,::1 I ,'1,; 1 : : , ni , ti ,li11: ! l:111 \1111i!!i

1
i:: i ! I II; ii1 

!i,111 !!,l:i i 1\ :111 

1

11 I 11 I 1
1 

'li:\!i!!'1:1lliir:i!liil:11:!,!l!11l:,11 11il 11i!l1l,i(M!ll/i11;
1
::J':l':):iH

1

':

1

.:!
1

1 !i:IH!, ,Ji
1
1i,! ,!.'. : 11 l :ii, 

1 

111il 1',1'11111;!11! .. iii1l'1'1''111!:11111111111:11~ 1111111Ili!lil; i,11 l1,l· 11111l1!l11jt1.1llii1111111111ll;il11:,11!!l!!';::!1!:l!'I111il'11: .!iiil/11I.1,!!i1i:;1l11ii:':111 :)1l:1l1;.!11i,!J,11l 1:,0:.:.1 / •ll.!il 1 '.i ii! ' ; ' " ,, ' " 'I'' ' "I' ,,, : ,, ,,, ' r; "' '" ' ,,.,, ,, ,.,,,, ,,,,.,, ''"' ,,,:,,: ', ',: J, ''' ' ' 

I 
l

ilL 1;111 il11111111,11'ill11111'l111:1.,1111, l1l11l' Iii 1, ! 111 Ill! I I 11111111111,11 i1l111 /1' ll'1:1l11i111 i '1lrn·1 ;11:111i11 i1j11 ':I r\i l1f ::11i1;;(:'i;!1t ,_,-11:!1.1::,,1:i11it1,;111111:lv11\1'111~.v11:ii,:111·1;11!'.Ni1·11u111,;,1!!,11,,1,1,,i,,· .. ,,, 

I 1111111,1' f1 !)i 'Iii' , 1,1!111 r i 1111 ii'', i ., , , '! , • ,, : · '., ,, ,, ,,, , , 

: 1111 \: Ii I 11 Ii Ii 
I I Ii II I l I 

' 

-2.s~--------.-------,,--------.----------.-----,----1-

o 20 40 60 80 100 

Time (sec) 

., 
6 ., 
~ 

' 0 
"\ 



R16208

0 

~ 
.c: -C: 
> en 

"C 
·;:: 
"C 
co 
2 
3: 
Q) 

z 
0 . 
00 
2 
u, 
u, 
Q) 
i.. -en 

o:::t' ,-
i.. 

! 
2 
0 
0 
C") 

0 en 
0 
C. 

0 ~--~---~--~--~--~-~~--~--~---~---t-0 

LO 
IN 

C! 
C\( 

I 
If! ,... 

I 
C! ,... 

I 
LO 
ci 

I 
0 LO 
ci ci 

I 

(GvU/Sdp1) ssaJJS Jea4s 

---------~-~--~-- - ---

I 
C! 
T"" 

I 

J., 
T"" 

I 

I 
0 
IN 

I 

LO 

~ 

T"" 

0 
00 

0 
ti) 

0 
C\( 

0 

0 
(1) 
1/) ....... 
(1) 

E 
i= 



R
16209

.-.. 
C\I 
< -::i::: 
1/) 
a. 
32 -1/) 
1/) 
Cl) ... -en ... 
ctl 
Cl) 
.c: 
en 

PCSC300M Layer 15 Stress - M8.0 New Madrid Synthetic 

2.5~--~---~-----~--~--~~----~~-----------< 

2.0 

1.5-, 

I I I 
i i 1!1 

1.0-I I 11 111 ii:!!, 

I 
11 111

1
' I !I.' 

o.5-I 
'"I 

! ii 
I l:Vli!i o o 1•,1,w1i' 

• 11 ))11 

11 

-0.5-1 

-1.0 

-1.5-, 

-2.0 

,, ,,:11.1·1: I' , i , I 
'· I . 

,Ii 
! 

i 

I II' 
: ! 1 · 11 

I !II . I ! 1 'ii .11 . 

. 111 1, I, I' i ·11111 it ! ,, 

11t11 11

1 

! i II ! t I 111 . :!ii 111 I I ii 11 I I : I ' I: ! I l, I, 11 I . I ' ,! ' . 

' I/<, i1, I ";I "1 'II •II • I '' , , I, I I• , 1,, ! ,J,,,, .. ,, ,, ,,,. :·,,,,,J,;: , ... , f •""'''" 
'ii I, ii 1!1111 ii

1

l:

11

::
1 

't' , !I 'i:
1
'lu1:;: r:; 1lli11l11lh 11i,;!

11
,:,'
1
:11:,111 LH.

1
. 
1

1
:
1

U.
1
.: l.11 

,111
11 

':i1,1,!l",.,:-
1
,
1

1:i1,:1

1

1

1

'1lii
1
111/:\1ll!/:\\.

1 
il1M

1

1 l1JW'

1

i1)

1

1
i
1

1
1
1
11!/·1111i\:l\\/:i

1

•:,,l 
111

' · ·, 
I, f.l''. i , . . .. 1 ·r " , , . ,· :'.: 1,:: 'I.I' ,1111 ;: ! -i1•,:·'i' ill 1: ,·1i1, . l •I, ,: ;::;I'·; i " I I 

' 11, 

jl I H 
:

1 

i1 

ii 

., .. ' ,, ., I' 'i . ,. I ' ! ' ., I ii '. ' ' 
,.iil::i,11·11/li,j1ill.·11:.:11:11ipH111,l,,1'1t1:· :'ill i, . 
;i,111111:

1 
!'1! 'l ii'J 1 : 1 ' 1 ··I ''lilllll' 111

1

11111l!l1
1
1 i I, I 

1111111 !!:I i '1 I I I: 
,1 I ' I I I 111 I I Ji ' 
1

1 ,1 . 
I 
I 

-2,5:__1__ ___ ---y---------i----~~--~--.,----------,-~ 

0 20 40 60 80 100 

Time {sec) 
... 
(i 
\, 

~ 
( 



R
16210

2.5 

2.0-
' 

1.5-/ 

- 1.0J C\I I \1 < -~ 
1/) 

I 
a. 
:i:: 0.5 - ,II 1/) 
1/) : I' 11'/",I a, 0.0 

'1i'' ~[i ... -(/) ... 
(1l -0.5 a, 

.i:: en 
-1.0-I I 

I 

-1.5-

-2.0-

-2.5 
0 

PCSC300M Layer 16 Stress - M8.0 New Madrid Synthetic 

'I 

I :1 I: 
I I ;:i 11 

11 \
1i I '' 

1

1 ,i ii !, 

! 
' 

I 

: i11r 1, 

I 

I 
I !Iii · 
i '" 1I 1, .,L 

. 11 I 
i1 I ! ! I ! I 
II : i•I I ·:, I 
: : •• 11,• 1 li I I 

11

,l: I .,11l!i I 111.111 '1111 
Ii 1111 !I1hi1 Ii.,' 

I 
I' 
: I I I! I ' 

' 'l•:11\:1
11

1::\.liil11lf'!1111,\, :l1111i,11!:)!L, 1111/, ,li,11 11 1 \,, •I• 1•1 '" ' 
'/1 ,111i1•·w

1 
.. 
1i!' 111". ,,,:,q,.•,::!i i: !illl111

1
lr:1, i lli! .. 1,.1; ':l'l11!li1Vi1;'i;I ~il.w11·'1'1l\,l11·,ii1'',1i'i\l,;1,1,: f ""i''1Vi-W1r 

)hl1;lif~1l\111
1 

ll\rlol11:1]!1+1''I\ \li\~i/111!i~l\il\~[ 11/11! l,; 1 ! /1 
1

1 ! 

1
.1.i: I Ir/ 11,Pr.i\ ,h 11111~:11, 1i. I Hi' '1\ '! i l ! 

I
I, 111111 i :• I 1, I ii I 
i I : I ' 

I 

II I! I!\ I ''1' . Ii 
I I ' ' ' I 

ii I II! 1 '1 

, I 
I .. :., I I I . I :' ' ,1 

j l 
I 

" 'i 
11 

20 40 60 80 

Time (sec) 

,_ 
~, 

I 

100 ..._ 
~ 
..[ 

~ 



R16211

PCSC300M-1.out 
*********************************************************** 
* SHAKE: PROGRAM FOR EARTHQUAKE RESPONSE ANAL. HORIZONTAL* 
* LAYERED SITES by Per Schnable & John Lysmer- 1970 * 
*---------------* 
* SHAKE85: IBM PC SHAKE VERSION S.S.(Willie) Lai.Jan 1985 * 
*---------------* 
* SHAKE88 :New modulus reduction curves for clays added * 
* using results from Sun et al (1988) by J. I. Sun * 
* & Ramin Golesorkhi February 26, 1988 * 
*---------------* 
* SHAKE90/91: Adjust last iteration; Input now is either * 
* Gmax or max Vs; up to 13 materials can be specified* 
* by user; up to 50 Layers can be specified; object * 
* motion can be read in from a separate file and can * 
* user specified format; Different periods for res- * 
* ponse spectral calculations;options are renumbered;* 
* and general cleanup by: J. I. Sun, I. M. Idriss & * 
* P. Dirrim June I 990 - February I 991 * 
*---------------* 
* SHAKE9 I: General cleanup and finalization of input out- * 
* output format ... etc by: I. M. Idriss Dec. 1991 * 
*---------------* 
* SHAKE2000: Fix the incorrect output of Tot. Stress in * 
* Option 2. Changed path of ground motion file in * 
* SHAKE91. Control file to input file names. Modified * 
* by Jerald M. La Vassar & Gustavo A. Ordonez (March 2003) * 
* RUN DATE 1/02/2008 * 
* RUNTIME 11:03 * 

MAX. NUMBER OF TERMS IN FOURIER TRANSFORM = 32768 
NECESSARY LENGTH OF BLANK COMMON X = 204819 

I****':'* OPTION I *** READ RELATION BETWEEN SOIL PROPERTIES AND STRAIN 

MATERIAL TYPE NO. I 

CURVE NO. I: Coarse 
CURVE NO. 2: Coarse 

G/Gmax - Gravel (Mean) - Rollins et al. JGGE 
Damping for Gravel (Mean) - Rollins et al. J 

CURVE NO. I CURVE NO. 2 

STRAIN G/GMAX STRAIN DAMPING 
-------- ------- -------- --------

0.0001 1.000 0.0001 0.90 
0.0002 0.995 0.0003 I.II 
0.0005 0.980 0.0006 1.30 
0.0008 0.970 0.0010 1.50 
0.0010 0.960 0.0020 1.91 
0.0020 0.930 0.0030 2.24 
0.0030 0.905 0.0040 2.54 
0.0040 0.880 0.0060 3.05 
0.0070 0.810 0.0080 3.50 
0.0100 0.755 0.0100 3.89 
0.0200 0.630 0.0200 5.45 
0.0700 0.390 0.0300 6.61 
0. 1000 0.325 0.0500 8.28 
0.2000 0.205 0.1000 10.79 
0.3000 0.150 0.2000 13.23 
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0.4000 0.115 0.3000 14.47 
0.5000 0.095 0.4000 15.24 
0.6000 0.080 0.6000 16.14 
0.8000 0.070 0.8000 16.66 
1.0000 0.050 1.0000 17.01 

********************** 
MATERIAL TYPE NO. 2 

********************** 

CURVE NO. 3: Fine Refuse Moduli for Fine Refuse (Ellison & Cho, 1976) 
CURVE NO. 4: Fine Refuse Damping Values for Fine Refuse (Ellison & Ch 

CURVEN0.3 CURVEN0.4 

STRAIN G/GMAX STRAIN DAMPING 
-------- ------- -------- --------

0.0001 1.000 0.0001 0.75 
0.0004 1.000 0.0004 0.65 
0.0010 0.995 0.0010 0.70 
0.0020 0.992 0.0020 0.80 
0.0040 0.989 0.0040 0.90 
0.0060 0.981 0.0060 I.JO 
0.0080 0.965 0.0080 1.30 
0.0100 0.955 0.0100 1.40 
0.0200 0.905 0.0200 2.00 
0.0400 0.828 0.0400 3.10 
0.0600 0.750 0.0600 4.00 
0.0800 0.670 0.0800 5.20 
0.1000 0.610 0.1000 6.00 
0.2000 0.610 0.2000 6.00 

********************** 
MATERIAL TYPE NO. 3 

********************** 

CURVE NO. 5: Residual G/Gmax Pl=l5% - Effective Confining Pressure 
CURVE NO. 6: Residual Damping PI=l5% - Effective Confining Pressur 

CURVE NO. 5 CURVEN0.6 

STRAIN G/GMAX STRAIN DAMPING 
-------- ------- -------- --------

0.0000 1.000 0.0000 0.67 
0.0000 1.000 0.0000 0.67 
0.0000 0.999 0.0000 0.68 
0.0001 0.998 0.0001 0.68 
0.0002 0.996 0.0002 0.70 
0.0005 0.991 0.0005 0.75 
0.0010 0.983 0.0010 0.83 
0.0022 0.965 0.0022 1.02 
0.0048 0.93 I 0.0048 1.43 
0.0100 0.873 0.0100 2.17 
0.0220 0.770 0.0220 3.68 
0.0484 0.618 0.0484 6.24 
0. 1000 0.454 0.1000 9.48 
0.2200 0.287 0.2200 13.40 
0.4840 0.163 0.4840 16.87 
1.0000 0.091 1.0000 19.16 
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********************** 
MATERIAL TYPE NO. 4 

********************** 

CURVE NO. 7: Rock 
CURVE NO. 8: Rock 

G/Gmax - ROCK (Schnabel I 973) 
Damping for ROCK (Schnabel 1973) 

CURVE NO. 7 CURVENO.8 

STRAIN G/GMAX STRAIN DAMPING 
-------- ------- -------- --------
0.0001 1.000 0.0001 0.40 
0.0003 1.000 0.00IO 0.80 
0.0010 0.990 0.0100 1.50 
0.0030 0.950 0.IO00 3.00 
0.0100 0.900 1.0000 4.60 
0.0300 0.8IO 0.0000 0.00 
0.1000 0.725 0.0000 0.00 
1.0000 0.550 0.0000 0.00 

I****** OPTION 2 *** READ SOIL PROFILE 
NEW SOIL PROFILE NO. I IDENTIFICATION PSCS300E Crest Column 
NUMBER OF LAYERS 17 DEPTH TO BEDROCK 50.00 

NO. TYPE THICKNESS DEPTH TOTAL PRESS. MODULUS DAMPING UNIT WT. SHEAR VEL 
wn (FD (KSF) (KSF) (KCF) (FPS) 

I I 4.0000 2.0000 0.26 3454. 0.050 0.130 924.9 
2 I 3.0000 5.5000 0.71 3856. 0.050 0.130 977.3 
3 I 3.0000 8.5000 I.I I 41 IO. 0.050 0.130 l009.0 
4 I 3.0000 11.5000 1.50 5739. 0.050 0.130 1192.3 
5 I 3.0000 14.5000 1.90 4941. 0.050 0.140 l066.0 
6 I 3.0000 17.5000 2.32 4453. 0.050 0.140 1012.0 
7 I 3.0000 20.5000 2.74 4832. 0.050 0.140 1054.2 
8 I 3.0000 23.5000 3.16 4269. 0.050 0.140 990.9 
9 I 3.0000 26.5000 3.58 4713. 0.050 0.140 1041.1 
IO I 4.0000 30.0000 4.07 4808. 0.050 0.140 I 051.6 
11 3 3.0000 33.5000 4.55 2635. 0.050 0.135 792.8 
12 3 3.0000 36.5000 4.96 2661. 0.050 0.135 796.7 
13 3 3.0000 39.5000 5.36 2998. 0.050 0.135 845.6 
14 3 3.0000 42.5000 5.77 3763. 0.050 0.135 947.4 
15 3 3.0000 45.5000 6.17 6529. 0.050 0.135 1247.9 
16 3 3.0000 48.5000 6.58 6476. 0.050 0.135 1242.8 
17 BASE 74534. 0.050 0. I 50 4000.0 

PERIOD= 0.20 FROM AVERAGE SHEAR VEL. = 1011. 

FREQUENCY AMPLITUDE 
MAXIMUM AMPLIFICATION= 12.34 
FOR FREQUENCY = 4.85 C/SEC. 

PERIOD = 0.2 I SEC. 

!****** OPTION 3 *** READ INPUT MOTION 

FILE NAME FOR INPUT MOTION= C:ISHAKE2000\Williamson Energy\NewMadrid.eq 
NO. OF INPUT ACC. POINTS = 8 I 84 

NO. OF POINTS USED IN FFT = I 6384 
NO. OF HEADING LINES = 4 

NO. OF POINTS PER LINE= 8 
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PCSC300M-l .out 
TIME STEP FOR INPUT MOTION= 0.0100 

FORMAT FOR TIME HISTORY= (8f9.6) 

*****HEADER***** 
Source Pile: C:\SHAKE2000\Williamson Energy\NewMadrid.M8@83km.txt 
SHAKE2000 Conversion: 8184 .01 4 8 9 (8!9.6 
Acceleration Units: (g's)- No. Values: 8184-Time Step: .01 (secs) 
Data Format: (8f9.6) - No. Header Lines: 4 
** FIRST AND LAST 5 LINES OF INPUT MOTION ***** 

I -0.000279 0.000491 0.000916 0.001028 0.00I072 0.001012 0.000914 0.001178 
2 0.001267 0.001643 0.000738 0.000404 0.001 I 62 0.000325 0.000442 0.001287 
3 0.000332 0.000352 0.000667 0.000333 0.000100-0.000289 0.000774-0.001450 
4-0.001068 0.000422-0.001711-0.000650 0.000432 0.001691 0.002168 0.001175 
5 -0.000695 0.000756 0.000277 0.002243-0.000523 0.000775-0.001563-0.000602 

........... .INPUT MOTION READ NOT ECHOED .......... . 
IOI 9 0.002157 0.001240-0.001!040.000476-0.001755-0.000138 0.000159-0.003048 
I 020-0.003913 0.000251 0.002962-0.003793-0.003142-0.004436-0.001657-0.000252 
l021 0.001471 0.001823-0.000479-0.000738-0.002774-0.005429-0.002747 0.002040 
I 022 -0.000940-0.002779-0.004528-0.001675 0.00 I 024-0.002927-0.001433 0.002515 
I 023 0.000569-0.002711-0.002134-0.001855 0.001529 0.003698 0.004083-0.003032 

MAXIMUM ACCELERATION= 0.18389 
ATTIME = 16.61 SEC 
THE VALUES WILL BE MULTIPLIED BY A FACTOR= 2.937 
TO GIVE NEW MAXIMUM ACCELERATION = 0.54000 
MEAN SQUARE FREQUENCY= 14.61 C/SEC. 
MAX ACCELERATION = 0.57825 FOR FREQUENCIES REMOVED ABOVE 40.00 C/SEC. 
I****** OPTION 4 *** READ WHERE OBJECT MOTION IS GIVEN 
OBJECT MOTION IN LA YER NUMBER 17 OUTCROPPING 

I****** OPTION 5 *** OBTAIN STRAIN COMPATIBLE SOIL PROPERTIES 
MAXIMUM NUMBER OF ITERATIONS = 10 
FACTOR FOR UNIFORM STRAIN IN TIME DOMAIN = 0.65 

EARTHQUAKE - C:\SHAKE2000\Williamson Energy\NewMadrid.eq 
SOIL PROFILE - PSCS300E Crest Column 

ITERATION NUMBER I 

VALUES IN TIME DOMAIN 

NO TYPE DEPTH UNIFRM. <---- DAMPING----> <---- SHEAR MODULUS-----> 
CFD STRAIN NEW USED ERROR NEW USED ERROR RATIO 

--- ---- ---- -------- ----- ------ ------ ------- ------ ------ -----
I I 2.0 0.0046 I 0.027 0.050 -83.9 2978.1 3454.0 -16.0 1.000 
2 I 5.5 0.0 l094 0.04 I 0.050 -22.2 2848.9 3856.0 -35.4 1.000 
J I 8.5 0.01510 0.048 0.050 -J.8 2797.7 41 l0.0 -46.9 1.000 
4 I I 1.5 0.01386 0.046 0.050 -8.1 3995.3 5739.0 -43.6 1.000 
5 I 14.5 0.01946 0.054 0.050 7.2 3137.2 4941.0 -57.5 1.000 
6 I 17.5 0.02527 0.061 0.050 18.3 2605.8 4453.0 -70.9 1.000 
7 I 20.5 0.02663 0.063 0.050 20.2 2779.1 4832.0 -73.9 1.000 
8 I 23.5 0.03437 0.071 0.050 29.1 2246.6 4269.0 -90.0 1.000 
9 I 26.5 0.03469 0.071 0.050 29.4 2471.9 4713.0 -90.7 1.000 
10 I 30.0 0.03753 0.073 0.050 31.9 2449.2 4808.0 -96.3 1.000 
11 3 33.5 0.07359 0.08 I 0.050 38.3 1378.9 2635.0 -91.1 1.000 
12 3 36.5 0.07541 0.082 0.050 39.2 1377.8 2661.0 -93.1 1.000 
13 3 39.5 0.06759 0.077 0.050 35.3 1626.5 2998.0 -84.3 1.000 
14 3 42.5 0.05330 0.067 0.050 25.0 2243.6 3763.0 -67.7 1.000 
15 3 45.5 0.03 I 14 0.048 0.050 -4.0 4589.9 6529.0 -42.2 1.000 
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PCSC300M- l.out 
16 3 48.5 0.03254 0.050 0.050 -1.0 4497.8 6476.0 -44.0 1.000 

EARTHQUAKE - C:\SHAKE2000\Williamson Energy\NewMadrid.eq 
SOIL PROFILE - PSCS300E Crest Column 

ITERATION NUMBER 2 

VALVES IN TIME DOMAIN 

NO TYPE DEPTH UNIFRM. <----DAMPING----> <---- SHEAR MODULUS-----> G/Go 
(FT) STRAIN NEW USED ERROR NEW USED ERROR RATIO 

I I 2.0 0.00529 0.029 0.027 
2 I 5.5 0.01469 0.048 0.041 
3 I 8.5 0.02173 0.057 0.048 
4 I I 1.5 0.01880 0.053 0.046 
5 I 14.5 0.02751 0.064 0.054 
6 I 17.5 0.03794 0.074 0.061 
7 I 20.5 0.04016 0.076 0.063 
8 I 23.5 0.05732 0.088 0.071 
9 I 26.5 0.05743 0.088 0.071 
IO I 30.0 0.06 I 34 0.090 0.073 
II 3 33.50.111830.IO0 0.081 
12 3 36.50.112920.IOI 0.082 
13 3 39.5 0.09290 0.092 0.077 
14 3 42.5 0.06870 0.078 0.067 
15 3 45.5 0.03450 0.051 0.048 
16 3 48.5 0.03620 0.053 0.050 
I 

6.0 29 I 8. 7 2978.1 
14.0 2643.7 2848.9 
15.3 2523.9 2797.7 
12.9 3679.7 3995.3 
15.3 2811.1 3137.2 
17.1 2259.2 2605.8 
I 7.1 2398.9 2779.1 
19.6 1828.3 2246.6 
19.3 2016.7 2471.9 
18.6 1996.8 2449.2 
19.2 1133.9 1378.9 
18.5 1139.6 1377.8 
15.5 1411.0 1626.5 
14.6 2027.7 2243.6 
6.5 4460.9 4589.9 
6.5 4364.8 4497.8 

-2.0 0.862 
-7.8 0.739 
-10.8 0.681 
-8.6 0.696 
-11.6 0.635 
-15.3 0.585 
-15.8 0.575 
-22.9 0.526 
-22.6 0.524 
-22.7 0.509 
-21.6 0.523 
-20.9 0.5 I 8 
-15.3 0.543 
-10.6 0.596 
-2.9 0.703 
-3.0 0.695 

EARTHQUAKE - C:\SHAKE2000\Williamson Energy\NewMadrid.eq 
SOIL PROFILE - PSCS300E Crest Column 

!TERA TION NUMBER 3 

VALUES IN TIME DOMAIN 

NO TYPE DEPTH UNIFRM. <---- DAMPING----> <---- SHEAR MODULUS-----> 
(FT) STRAIN NEW USED ERROR NEW USED ERROR RATIO 

--- ---- ---- -------- ----- ------ ------ ------- ------ ------ -----
I 2.0 0.00475 0.028 0.029 -4.9 2965.5 2918.7 1.6 0.845 
2 5.5 0.01390 0.046 0.048 -2.7 2682.1 2643.7 1.4 0.686 
3 8.5 0.02141 0.056 0.057 -0.8 2535.7 2523.9 0.5 0.614 
4 I 1.5 0.01863 0.053 0.053 -0.4 3689.2 3679.7 0.3 0.641 
5 I 4.5 0.02895 0.065 0.064 2.2 2762.9 2811.1 -1.7 0.569 
6 17.5 0.0429 I 0.078 0.074 5.2 2154.2 2259.2 -4.9 0.507 
7 20.5 0.04652 0.080 0.076 6.0 2262.8 2398.9 -6.0 0.496 
8 23.5 0.06862 0.094 0.088 6.9 I 681.3 1828.3 -8.7 0.428 
9 I 26.5 0.06795 0.094 0.088 6.5 1864.9 2016.7 -8.1 0.428 
IO I 30.0 0.07245 0.096 0.090 6.3 1845.0 1996.S 8.2 0Al5 
11 3 33.5 0.12841 0.107 0.100 6.4 1056.7 1133.9 -7.3 0.430 
12 3 36.5 0.12873 0. 107 0. IO I 6.1 1065.8 1139.6 -6.9 0.428 
13 3 39.5 0.10845 0.099 0.092 7.4 1309.6 1411.0 -7.7 0.471 
14 3 42.5 0.07848 0.084 0.078 7.1 1914.4 2027.7 -5.9 0.539 
15 3 45.5 0.03657 0.053 0.051 3.5 4387.7 4460.9 -1. 7 0.683 
16 3 48.5 0.03825 0.055 0.053 3.3 4296.1 4364.8 -1.6 0.674 
I 

EARTHQUAKE - C:\SHAKE2000\Williamson Energy\NewMadrid.eq 
SOIL PROFILE - PSCS300E Crest Column 

!TERA TION NUMBER 4 
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PCSC300M-l .out 
VALUES IN TIME DOMAIN 

NO TYPE DEPTH UNIFRM. <---- DAMPING----> <---- SHEAR MODULUS -----> 
(FT) STRAIN NEW USED ERROR NEW USED ERROR RATIO 

--- ---- ---- -------- ----- ------ ------ ------- ------ ------ -----

I I 2.0 0.00444 0.027 0.028 -3.2 2994.8 2965.5 1.0 0.859 
2 I 5.5 0.01306 0.045 0.046 -3.1 2725.5 2682.1 1.6 0.696 
3 I 8.5 0.02003 0.055 0.056 -3.5 2588.1 2535.7 2.0 0.617 
4 I 11.5 0.01781 0.052 0.053 -2.0 3735.7 3689.2 1.2 0.643 
5 I 14.5 0.02917 0.065 0.065 0.3 2755.5 2762.9 -0.3 0.559 
6 I 17.5 0.04389 0.079 0.078 0.9 2134.9 2154.2 -0.9 0.484 
7 I 20.5 0.04854 0.082 0.080 1.7 2223.4 2262.8 -1.8 0.468 
8 I 23.5 0.07304 0.097 0.094 2.3 1631.9 1681.3 -3.0 0.394 
9 I 26.5 0.070 I 9 0.095 0.094 1.2 1835.8 1864.9 -1.6 0.396 
10 I 30.0 0.07452 0.097 0.096 I.I 1820.2 1845.0 -1.4 0.384 
11 3 33.5 0.13094 0.108 0. 107 0.9 1045.9 1056.7 -1.0 0.401 
12 3 36.5 0.13677 0.110 0. 107 2.7 1031.6 1065.8 -3.3 0.401 
13 3 39.5 0.11811 0.103 0.099 4.1 1255.4 1309.6 -4.3 0.437 
14 3 42.5 0.08203 0.086 0.084 2.3 1876.8 1914.4 -2.0 0.509 
15 3 45.5 0.03673 0.053 0.053 0.3 4382.2 4387.7 -0.1 0.672 
16 3 48.5 0.03835 0.055 0.055 0.2 4292.8 4296.1 -0.1 0.663 
I 

EARTHQUAKE - C:\SHAKE2000\Williamson Energy\NewMadrid.eq 
SOIL PROFILE - PSCS300E Crest Column 

ITERATION NUMBER 5 

VALUES IN TIME DOMAIN 

NO TYPE DEPTH UNIFRM. <---- DAMPING----> <---- SHEAR MODULUS-----> 
(FT) STRAIN NEW USED ERROR NEW USED ERROR 

--- ---- ---- -------- ----- ------ ------ ------- ------ ------ -----
I I 2.0 0.00433 0.026 0.027 -I.I 3004.9 2994.8 0.3 0.867 
2 I 5.5 0.01267 0.044 0.045 -1.6 2746.9 2725.5 0.8 0.707 
3 I 8.5 0.0 I 935 0.054 0.055 -1.5 2614.0 2588.1 1.0 0.630 
4 I I 1.5 0.01748 0.051 0.052 -0.8 3754.7 3735.7 0.5 0.651 
5 I 14.5 0.02911 0.065 0.065 -0.1 2757.5 2755.5 0.1 0.558 
6 I 17.5 0.04365 0.078 0.079 -0.2 2139.7 2134.9 0.2 0.479 
7 I 20.5 0.04877 0.082 0.082 0.2 2219.0 2223.4 -0.2 0.460 
8 I 23.5 0.07433 0.097 0.097 0.7 1618.2 1631.9 -0.8 0.382 
9 I 26.5 0.07045 0.095 0.095 0.1 1832.5 1835.8 -0.2 0.390 
10 I 30.0 0.07390 0.097 0.097 -0.3 1827.6 1820.2 0.4 0.379 
11 3 33.5 0.13009 0. I 08 0.108 -0.3 1049.5 1045.9 0.3 0.397 
12 3 36.5 0.140900.112 0.110 1.3 1014.8 I 031.6 -1.7 0.388 
13 3 39.5 0.12289 0.105 0.103 1.9 1230.2 1255.4 -2.0 0.419 
14 3 42.5 0.08343 0.087 0.086 0.9 1862.4 1876.8 -0.8 0.499 
15 3 45.5 0.03646 0.053 0.053 -0.5 4391.5 4382.2 0.2 0.671 
16 3 48.5 0.03803 0.055 0.055 -0.5 4303.2 4292.8 0.2 0.663 

I 
EARTHQUAKE - C:\SHAKE2000\Williamson Energy\NewMadrid.eq 

SOIL PROFILE - PSCS300E Crest Column 

ITERATION NUMBER 6 

VALUES IN TIME DOMAIN 

RATIO 

G/Go 

G/Go 

NO TYPE DEPTH UNIFRM. <----DAMPING----> <---- SHEAR MODULUS-----> G/Go 
(FT) STRAIN NEW USED ERROR NEW USED ERROR RATIO 

I I 2.0 0.00429 0.026 0.026 -0.4 3009.0 3004.9 0.1 0.870 
2 I 5.5 0.01249 0.044 0.044 -0.7 2756.7 2746.9 0.4 0.712 
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3 8.5 0.01904 0.053 0.054 -0.7 2625.8 2614.0 0.5 0.636 
4 11.5 0.01735 0.051 0.051 -0.3 3762.7 3754.7 0.2 0.654 
5 14.5 0.02902 0.065 0.065 -0.1 2760.3 2757.5 0.1 0.558 
6 17.5 0.04331 0.078 0.078 -0.3 2146.2 2139.7 0.3 0.481 
7 20.5 0.04861 0.082 0.082 -0.1 2222.0 2219.0 0.1 0.459 
8 23.5 0.07458 0.097 0.097 0.1 1615.6 1618.2 -0.2 0.379 
9 I 26.5 0.07025 0.095 0.095 -0.1 1835.0 1832.5 0.1 0.389 
10 I 30.0 0.07312 0.097 0.097 -0.4 1836.9 1827.6 0.5 0.380 
II 3 33.5 0.12922 0.108 0. I 08 -0.3 1053.2 1049.5 0.4 0.398 
12 3 36.5 0.14301 0.113 0.112 0.7 1006.4 1014.8 -0.8 0.381 
13 3 39.5 0.12526 0.106 0.105 0.9 1218.1 1230.2 -1.0 0.410 
14 3 42.5 0.08396 0.087 0.087 0.3 1857.0 1862.4 -0.3 0.495 
15 3 45.5 0.03629 0.053 0.053 -0.3 4397.5 4391.5 0.1 0.673 
16 3 48.5 0.03784 0.054 0.055 -0.3 4309.6 4303.2 0.1 0.664 
I 

EARTHQUAKE - C:\SHAKE2000\Williamson Energy\NewMadrid.eq 
SOIL PROFILE - PSCS300E Crest Column 

ITERATION NUMBER 7 

VALUES IN TIME DOMAIN 

NO TYPE DEPTH UNIFRM. <---- DAMPING ----> <---- SHEAR MODULUS -----> G/Go 
(FT) STRAIN NEW USED ERROR NEW USED ERROR RATIO 

--- ---- ---- -------- ----- ------ ------ ------- ------ ------ -----
I I 2.0 0.00428 0.026 0.026 -0.2 3010.7 3009.0 0.1 0.871 
2 I 5.5 0.01241 0.044 0.044 -0.3 2761.0 2756.7 0.2 0.715 
3 I 8.5 0.01890 0.053 0.053 -0.3 263 I.I 2625.8 0.2 0.639 
4 I I 1.5 0.01729 0.051 0.051 -0.1 3766.0 3762.7 0.1 0.656 
5 I 14.5 0.02896 0.065 0.065 -0.1 2762.3 2760.3 0.1 0.559 

C 6 I 17.5 0.04309 0.078 0.078 -0.2 2150.6 2146.2 0.2 0.482 
7 I 20.5 0.04844 0.082 0.082 -0.1 2225.2 2222.0 0.1 0.460 
8 I 23.5 0.07455 0.097 0.097 0.0 1615.9 1615.6 0.0 0.378 
9 I 26.5 0.07003 0.095 0.095 -0.1 1837.7 1835.0 0.1 0.389 
10 I 30.0 0.07262 0.096 0.097 -0.3 1842.9 1836.9 0.3 0.382 
11 3 33.5 0.12880 0.107 0. I 08 -0.2 1055.0 1053.2 0.2 0.400 
12 3 36.5 0.14413 0.113 0.113 0.3 1002.1 1006.4 -0.4 0.378 
13 3 39.5 0.12648 0.106 0.106 0.5 1211.9 1218.1 -0.5 0.406 
14 3 42.5 0.084 I 8 0.087 0.087 0.1 1854.9 1857.0 -0.1 0.494 
15 3 45.5 0.03622 0.053 0.053 -0.1 4399.9 4397.5 0.1 0.674 
16 3 48.5 0.03776 0.054 0.054 -0.1 4312.2 4309.6 0.1 0.665 
I 

EARTHQUAKE - C:\SHAKE2000\Williamson Energy\NewMadrid.eq 
SOIL PROFILE - PSCS300E Crest Column 

ITERATION NUMBER 8 

VALVES IN TIME DOMAIN 

NO TYPE DEPTH UNIFRM. <---- DAMPING ----> <---- SHEAR MODULUS-----> G/Go 
(Ff) STRAIN NEW USED ERROR NEW USED ERROR RATIO 

--- ---- ---- -------- ----- ------ ------ ------- ------ ------ -----
I 2.0 0.00427 0.026 0.026 -0.1 3011.5 3010.7 0.0 0.872 
2 5.5 0.01238 0.044 0.044 -0.2 2763.1 2761.0 0.1 0.716 
3 I 8.5 0.0 I 884 0.053 0.053 -0.1 2633.6 263 I.I 0.1 0.640 
4 I 11.5 0.01727 0.05 I 0.051 -0.1 3767.6 3766.0 0.0 0.656 
5 I 14.5 0.02893 0.065 0.065 -0.1 2763.5 2762.3 0.0 0.559 
6 I 17.5 0.04296 0.078 0.078 -0.1 2153.2 2150.6 0.1 0.483 
7 I 20.5 0.04833 0.082 0.082 -0.1 2227.5 2225.2 0.1 0.461 
8 I 23.5 0.07446 0.097 0.097 0.0 1616.9 1615.9 0.1 0.379 
9 I 26.5 0.06987 0.095 0.095 -0.1 1839.8 1837.7 0.1 0.390 
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IO I 30.0 0.07233 0.096 0.096 
II 3 33.50.128600.107 0.107 
12 3 36.50.144730.113 0.113 
13 3 39.50.127120.107 0.106 
14 3 42.5 0.08427 0.087 0.087 
15 3 45.5 0.03619 0.053 0.053 
I 6 3 48.5 0.03773 0.054 0.054 
I 

PCSC300M-1.out 
-0.1 1846.4 1842.9 0.2 0.383 
-0.1 1055.9 1055.0 0.1 0.400 
0.2 999.7 1002.1 -0.2 0.377 
0.2 1208.7 1211.9 -0.3 0.404 
0.1 1854.0 1854.9 0.0 0.493 
0.0 4400.8 4399.9 0.0 0.674 
0.0 43 I 3.1 4312.2 0.0 0.666 

EARTHQUAKE - C:ISHAKE2000\Williamson Energy\NewMadrid.eq 
SOIL PROFILE - PSCS300E Crest Column 

ITERATION NUMBER 9 

VALUES IN TIME DOMAIN 

NO TYPE DEPTH UNIFRM. <---- DAMPING----> <---- SHEAR MODULUS -----> 
(FT) STRAIN NEW USED ERROR NEW USED ERROR 

--- ---- ---- -------- ----- ------ ------ ------- ------ ------ -----

I 

I I 2.0 0.00426 0.026 0.026 0.0 3011.9 3011.5 0.0 0.872 
2 I 5.5 0.01236 0.044 0.044 -0.1 2764.1 2763.1 0.0 0.717 
3 I 8.5 0.01881 0.053 0.053 -0.1 2634.9 2633.6 0.0 0.641 
4 I I 1.5 0.017260.051 0.051 0.0 3768.3 3767.6 0.0 0.656 
5 I 14.5 0.0289 I 0.065 0.065 0.0 2764.2 2763.5 0.0 0.559 
6 I 17.5 0.04289 0.D78 O.D78 -0.1 2154.6 2153.2 0.1 0.484 
7 I 20.5 0.04825 0.082 0.082 -0.1 2228.9 2227.5 0.1 0.461 
8 I 23.5 0.07438 0.097 0.097 0.0 1617.7 1616.9 0.1 0.379 
9 I 26.5 0.06976 0.095 0.095 -0.1 1841.1 1839.8 0.1 0.390 
10 I 30.0 0.072 I 8 0.096 0.096 -0.1 1848.3 1846.4 0.1 0.384 
11 3 33.5 0.12851 0.107 0.107 0.0 1056.3 1055.9 0.0 0.401 
12 3 36.5 0.14505 0.113 0.113 0.1 998.5 999.7 -0.1 0.376 
13 3 39.5 0.127460.107 0.107 0.1 1207.0 1208.7 -0.1 0.403 
14 3 42.5 0.08430 0.087 0.087 0.0 1853.6 1854.0 0.0 0.493 
15 3 45.5 0.03618 0.053 0.053 0.0 4401.0 4400.8 0.0 0.674 
16 3 48.5 0.03772 0.054 0.054 0.0 4313.4 4313.1 0.0 0.666 

EARTHQUAKE - C:\SHAKE2000\Williamson Energy\NewMadrid.eq 
SOIL PROFILE - PSCS300E Crest Column 

ITERATION NUMBER 10 

VALUES IN TIME DOMAIN 

RATIO 

NO TYPE DEPTH UNIFRM. <---- DAMPING----> <---- SHEAR MODULUS-----> 
(FT) STRAIN NEW USED ERROR NEW USED ERROR RATIO 

--- ---- ---- -------- ----- ------ ------ ------- ------ ------ -----
I I 2.0 0.00426 0.026 0.026 0.0 3012.1 3011.9 0.0 0.872 
2 I 5.5 0.01235 0.044 0.044 0.0 2764.6 2764.1 0.0 0.717 
3 I 8.5 0.0 I 879 0.053 0.053 0.0 2635.6 2634.9 0.0 0.641 
4 I 11.5 0.01725 0.05 I 0.05 l 0.0 3768.7 3768.3 0.0 0.657 
5 I 14.5 0.02889 0.065 0.065 0.0 2764.6 2764.2 0.0 0.559 
6 I 17.5 0.04285 O.D78 O.D78 0.0 2155.4 2154.6 0.0 0.'484 
7 I 20.5 0.04821 0.082 0.082 0.0 2229.8 2228.9 0.0 0.461 
8 I 23.5 0.07432 0.097 0.097 0.0 1618.3 1617.7 0.0 0.379 
9 I 26.5 0.06970 0.095 0.095 0.0 1842.0 1841.1 0.0 0.391 
10 I 30.0 0.07209 0.096 0.096 0.0 1849.3 1848.3 0.1 0.384 
11 3 33.5 0.12847 0.107 0.107 0.0 1056.5 1056.3 0.0 0.401 
12 3 36.50.145230.113 0.113 0.1 997.8 998.5 -0.1 0.375 
13 3 39.5 0.12763 0.107 0.107 0.1 1206.2 1207.0 -0.1 0.403 
14 3 42.5 0.08432 0.087 0.087 0.0 1853.4 1853.6 0.0 0.493 
15 3 45.5 0.03618 0.053 0.053 0.0 4401.1 4401.0 0.0 0.674 
16 3 48.5 0.03772 0.054 0.054 0.0 4313.4 43 I 3.4 0.0 0.666 
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PCSC300M-l .out 

VALUES IN TIME DOMAIN 

LAYER TYPE THICKNESS DEPTH MAX STRAIN MAX STRESS TIME 
FT FT PRCNT PSF SEC 

I I 4.0000 2.0000 0.00656 I 97.47 13.60 
2 I 3.0000 5.5000 0.01900 525.07 13.60 
3 I 3.0000 8.5000 0.02891 761.69 13.60 
4 I 3.0000 11.5000 0.02654 1000.00 13.47 
5 I 3.0000 14.5000 0.04445 1228.70 13.47 
6 I 3.0000 17.5000 0.06592 1420.30 13.46 
7 I 3.0000 20.5000 0.07416 1653.05 13.46 
8 I 3.0000 23.5000 0.11434 1849.71 13.46 
9 I 3.0000 26.5000 0.10723 1974.16 13.46 
10 I 4.0000 30.0000 0.11091 2050.01 13.45 
11 3 3.0000 33.5000 0.19765 2087.75 26.78 
12 3 3.0000 36.5000 0.22343 2230.89 13.48 
13 3 3.0000 39.5000 0.19636 2370. 16 13.48 
14 3 3.0000 42.5000 0.12973 2404.61 13.48 
15 3 3.0000 45.5000 0.05567 2449.90 13.47 
16 3 3.0000 48.5000 0.05803 2503.04 13.47 

PERIOD = 0.27 FROM AVERAGE SHEAR VEL. = 740. 

FREQUENCY AMPLITUDE 
MAXIMUM AMPLIFICATION= 6.29 
FOR FREQUENCY = 3.22 C/SEC. 

PERIOD = 0.31 SEC. 

I****** OPTION 6 *** COMPUTE MOTION IN NEW SUBLA YERS 

EARTHQUAKE -C:\SHAKE2000\Williamson Energy\NewMadrid.eq 
SOIL DEPOSIT - PSCS300E Crest Column 

LAYER DEPTH MAX.ACC. TIME MEAN SQ. FR. 
FT G SEC C/SEC QUIET ZONE 

OUTCR. 0.0000 0.75475 13.60 8.54 0.001 
WITHIN 4.0000 0.70138 13.60 7.22 0.000 
WITHIN 7.0000 0.65623 13.47 5.56 0.000 
WITHIN 10.0000 0.63991 13.45 5.53 0.001 
WITHIN 13.0000 0.65636 13.45 6.13 0.001 
WITHIN 16.0000 0.64637 13.45 6.55 0.000 
WITHIN 19.0000 0.59333 13.45 7.41 0.001 
WITHIN 22.0000 0.57039 18.63 8.36 0.001 
WITHIN 25.0000 0.55506 16.57 9.15 0.001 
WITHIN 28.0000 0.59901 16.56 9.97 0.001 
WITHIN 32.0000 0.67650 16.20 10.98 0.001 
WITIIIN 35.0000 0.64739 16.20 13.92 0.002 
WITHIN 38.0000 0.71677 16.19 15.30 0.001 
WITHIN 41.0000 0.59839 20.01 !5.o5 0.002 
WITHIN 44.0000 0.52211 24.58 15.50 0.002 

I****** OPTION 6 *** COMPUTE MOTION IN NEW SUBLA YERS 

EARTHQUAKE -C:\SHAKE2000\Williamson Energy\NewMadrid.eq 
SOIL DEPOSIT - PSCS300E Crest Column 

LA YER DEPTH MAX. ACC. 

WITHIN 
WITHIN 

FT G SEC 
47.0000 0.51594 
50.0000 0.52906 

TIME 
CISEC 

16.61 
24.57 

MEAN SQ. FR. 
QUIET ZONE 

14.54 0.002 
13.40 0.002 
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PCSC300M- l.out 
OUTCR. 50.0000 0.57825 24.57 14.61 0.002 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LA YER 
SCALE FOR PLOTTING 0.0000 

IDENTIFICATION - PCSC300M Layer I Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LA YER 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer I Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 2 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 2 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 2 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 2 Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 3 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 3 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 3 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 3 Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 4 
SCALE FOR PLOTTING 0.0000 

IDENTIFICATION -PCSC300M Layer4 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 4 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 4 Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 5 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 5 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 5 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 5 Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 6 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC330M Layer 6 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 6 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PSCS300M Layer 6 Strain 
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PCSC300M-l.out 

( I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LA YER 7 
SCALE FOR PLOTTING 0.0000 

IDENTIFICATION - PCSC300M Layer 7 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LA YER 7 
SCALE FOR PLOTTING 0.0000 

IDENTIFICATION - PCSC300M Layer 7 Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LA YER 8 
SCALE FOR PLOTTING 0.0000 

IDENTIFICATION - PCSC300M Layer 8 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 8 
SCALE FOR PLOTTING 0.0000 

IDENTIFICATION - PCSC300M Layer 8 Strain 

1 ****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 9 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 9 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 9 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PSCS300E Layer 9 Strain 

1 ****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER IO 
SCALE FOR PLOTTING 0.0000 

IDENTIFICATION - PCSC300M Layer IO Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 10 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300E Layer 10 Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LA YER 11 
SCALE FOR PLOTTING 0.0000 

IDENTIFICATION - PCSC300M Layer 11 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 11 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 11 Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 12 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 12 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 12 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 12 Strain 
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PCSC300M-1.out 
I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 13 
SCALE FOR PLOTTING 0.0000 

IDENTIFICATION - PCSC300M Layer I 3 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 13 
SCALE FOR PLOTTING 0.0000 

IDENTIFICATION - PCSC300M Layer 13 Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 14 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 14 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 14 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 14 Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LA YER 15 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 15 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 15 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 15 Strain 

I****** OPTION 7 *** COMPUTE STRESS/STRAIN HISTORY 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 16 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 16 Stress 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYER 16 
SCALE FOR PLOTTING 0.0000 
IDENTIFICATION - PCSC300M Layer 16 Strain 

1 ****** OPTION 9 *** COMPUTE RESPONSE SPECTRUM 
RESPONSE SPECTRUM ANALYSIS FOR LA YER NUMBER 

CALCULATED FOR DAMPING 0.050 

TIMES AT WHICH MAX. SPECTRAL VALUES OCCUR 
TD =TIME FOR MAX. RELATIVE DISP. 
TV = TIME FOR MAX. RELATIVE VEL. 
TA = TIME FOR MAX. ABSOLUTE ACC. 

DAMPING RATIO = 0.050 
PER= 0.01 TIMES FOR MAXIMA -
PER= 0.02 TIMES FOR MAXIMA -
PER = 0.03 TIMES FOR MAXIMA -
PER= 0.04 TIMES FOR MAXIMA -
PER = 0.05 TIMES FOR MAXIMA -
PER= 0.06 TIMES FOR MAXIMA -
PER= 0.07 TIMES FOR MAXIMA -
PER = 0.08 TIMES FOR MAXIMA -
PER= 0.09 TIMES FOR MAXIMA -
PER= 0.10 TIMES FOR MAXIMA -
PER= 0.11 TIMES FOR MAXIMA -
PER= 0.12 TIMES FOR MAXIMA --

TD= 13.5900 
TD= 13.5900 
TD= 16.7300 
TD= 18.7600 
TD= 10.5400 
TD= 18.3000 
TD= 18.3500 
TD= 11.4200 
TD= 11.4400 
TD=20.7600 
TD=25.6000 
TD=20.7800 

TV= 18.6700 
TV= 18.6600 
TV =23.4400 
TV =24.7500 
TV= 10.5300 
TV= 18.6800 
TV= 18.3300 
TV= 16.2700 
TV= 11.4200 
TV= 13.7300 
TV= 25.5700 
TV= 20.1100 
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TA= 13.5900 
TA= 13.5900 
TA= 16.7300 
TA= 18.7600 
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c-

PER=0.13 
PER=0.14 
PER=0.15 
PER=0.16 
PER=0.17 
PER =0.18 
PER=0.19 
PER=0.20 
PER =0.21 
PER=0.22 
PER=0.23 
PER =0.24 
PER =0.25 
PER =0.26 
PER=0.27 
PER =0.28 
PER =0.29 
PER =0.30 
PER= 0.31 
PER=0.32 
PER= 0.33 
PER =0.34 
PER =0.35 
PER=0.36 
PER=0.37 
PER =0.38 
PER=0.39 
PER= 0.40 
PER=0.41 
PER =0.42 
PER =0.43 
PER =0.44 
PER= 0.45 
PER=0.46 
PER=0.47 
PER= 0.48 
PER= 0.49 
PER =0.50 
PER =0.51 
PER=0.52 
PER=0.53 
PER= 0.54 
PER=0.55 
PER=0.56 
PER= 0.57 
PER =0.58 
PER=0.60 
PER=0.62 
PER=0.64 
PER =0.66 
PER =0.68 
PER= 0.70 
PER= 0.72 
PER= 0.74 
PER =0.76 
PER= 0.78 
PER= 0.80 
PER= 0.82 
PER= 0.84 
PER=0.86 
PER=0.88 

PCSC300M- l.out 
TIMES FOR MAXIMA -- TD= 16.7500 TV= 25.5800 TA= 16.7500 
TIMES FOR MAXIMA -- TD= 16.7600 TV= 16.7900 TA= 16.7500 
TIMES FOR MAXIMA -- TD= 14.1800 TV= 14.1500 TA= 14.1800 
TIMES FOR MAXIMA -- TD= 13.4700 TV= 20.6000 TA= 13.4700 
TIMES FOR MAXIMA -- TD= 13.4800 TV= 8.6400 TA= 13.4700 
TIMES FOR MAXIMA -- TD= 13.4800 TV= 13.6400 TA= 13.4800 
TIMES FOR MAXIMA -- TD= 13.6000 TV= 13.6500 TA= 13.6000 
TIMES FOR MAXIMA -- TD= 13.6100 TV= 13.6600 TA= 13.6100 
TIMES FOR MAXIMA-- TD= 24.4100 TV= 24.3600 TA= 24.4100 
TIMES FOR MAXIMA -- TD= 24.5400 TV= 24.4900 TA= 24.5400 
TIMES FOR MAXIMA -- TD= 21.8200 TV= 21.8800 TA= 21.8200 
TIMES FOR MAXIMA -- TD= 21.8300 TV = 2 l.8900 TA= 21.8300 
TIMES FOR MAXIMA -- TD= 21.8500 TV= 21.9100 TA= 21.8400 
TIMES FOR MAXIMA -- TD = 21.1000 TV = 21.1800 TA = 21.1000 
TIMES FOR MAXIMA -- TD= 21.2600 TV= 21.1900 TA= 21.2500 
TIMES FOR MAXIMA -- TD= 21.2600 TV= 21.1900 TA= 21.2600 
TIMES FOR MAXIMA-- TD= 21.2800 TV= 21.2000 TA= 21.2700 
TIMESFORMAXIMA-- TD=13.6600 TV=l4.1900 TA=13.6500 
TIMESFORMAXIMA-- TD=14.1400 TV=l3.6000 TA=14.l400 
TIMES FOR MAXIMA-- TD= 13.7000 TV= 13.6100 TA= 13.6900 
TIMESFORMAXIMA-- TD=l3.7100 TV=13.6300 TA=l3.7100 
TIMES FOR MAXIMA -- TD= 21.8900 TV= 20.9600 TA= 13.7200 
TIMES FOR MAXIMA-- TD= 17.0100 TV =21.8300 TA= 17.0000 
TIMESFORMAXIMA-- TD=17.2000 TV=17.3000 TA=17.2000 
TIMESFORMAXIMA-- TD=17.2200 TV=17.1300 TA=l7.2100 
TIMESFORMAXIMA-- TD=17.2300 TV=17.1400 TA=17.2300 
TIMES FOR MAXIMA-- TD= 17.0600 TV=17.1600 TA=17.0500 
TIMES FOR MAXIMA-- TD= 17.0700 TV= 17.1700 TA= 17.0700 
TIMES FOR MAXIMA-- TD= 17.0800 TV= 16.9800 TA= 17.0800 
TIMESFORMAXIMA-- TD=17.0900 TV=16.9900 TA=17.0900 
TIMES FOR MAXIMA -- TD= 16.9000 TV= 16.9900 TA= 16.8900 
TIMES FOR MAXIMA -- TD= 16.9000 TV= 17.0000 TA= 16.9000 
TIMES FOR MAXIMA -- TD= 16.9200 TV= 16.8200 TA= 16.9100 
TIMES FOR MAXIMA -- TD= 16.9300 TV= 16.8200 TA= 16.9200 
TIMES FOR MAXIMA -- TD= 16.9300 TV= 16.8300 TA= 16.9300 
TIMES FOR MAXIMA-- TD= 16.9400 TV=16.8300 TA=l6.9300 
TIMES FOR MAXIMA-- TD= 16.7300 TV= 16.8400 TA= 16.7200 
TIMES FOR MAXIMA-- TD= 16.7300 TV= 16.8400 TA= 16.7300 
TIMESFORMAXIMA-- TD=16.7400 TV=16.8500 TA=l6.7300 
TIMES FOR MAXIMA -- TD= 16.7500 TV= 16.6500 TA= 16.7400 
TIMES FOR MAXIMA -- TD= 16.7600 TV= 16.6700 TA= 16.7600 
TIMES FOR MAXIMA -- TD= 16.5500 TV = 16.6800 TA= 16.5400 
TIMES FOR MAXIMA -- TD= 29.2800 TV= 16.6800 TA= 29.2700 
TIMES FOR MAXIMA -- TD= 32.2000 TV = 29.1800 TA= 32.1900 
TIMES FOR MAXIMA -- TD= 32.2200 TV= 30.6800 TA= 32.2200 
TIMES FOR MAXIMA -- TD= 30.5500 TV = 30.6900 TA = 30.5400 
TIMES FOR MAXIMA -- TD= 30.5900 TV= 30.7200 TA= 30.5800 
TIMES FOR MAXIMA -- TD·= 30.6100 TV = 30.4900 TA= 30.6000 
TIMES FOR MAXIMA -- TD= 16.7500 TV= 16.8900 TA= 16.7400 
TIMES FOR MAXIMA -- TD= 16.7700 TV= 16.6700 TA= 16.7600 
TIMES FOR MAXIMA -- TD= 16.7900 TV= 16.6800 TA= 16.7800 
TIMES FOR MAXIMA -- TD= 16.5400 TV= 16.6800 TA= 16.5300 
TIMES FOR MAXIMA -- TD= 16.5600 TV = 16.6800 TA = 16.5500 
TIMES FOR MAXIMA-- TD= 16.5700 TV= 16.6800 TA= 16.5600 
TIMES FOR MAXIMA -- TD = I 6.5800 TV = I 6.6800 TA = I 6.5600 
TIMES FOR MAXIMA-- TD=32.7400 TV= 16.4800 TA=32.7300 
TIMES FOR MAXIMA -- TD= 32.7600 TV= I 6.4800 TA= 32.7500 
TIMES FOR MAXIMA -- TD= 32.7800 TV= 16.4800 TA= 16.5800 
TIMES FOR MAXIMA -- TD= 33.6700 TV = 16.4800 TA= 33.6600 
TIMES FOR MAXIMA -- TD= I 6.3200 TV = 16.4800 TA= 16.3000 
TIMES FOR MAXIMA-- TD= 12.1700 TV= 16.4800 TA= 16.3100 
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PCSC300M-1.out 
PER= 0.90 TIMES FOR MAXIMA -- TD= 12.2400 TV= 12.4300 TA= 12.2300 
PER= 0.92 TIMES FOR MAXIMA-- TD= 12.2400 TV= 12.4300 TA= 12.2300 
PER= 0.94 TIMES FOR MAXIMA-- TD= 12.2500 TV= 12.4300 TA= 12.2400 
PER= 0.96 TIMES FOR MAXIMA -- TD= 12.2600 TV= 12.4300 TA= 12.2500 
PER= 0.98 TIMES FOR MAXIMA -- TD= 12.2800 TV= 12.4400 TA= 12.2700 
PER= 1.00 TIMES FOR MAXIMA -- TD= 12.3000 TV= 12.4400 TA= 12.2800 
PER= 1.05 TIMES FOR MAXIMA-- TD= 12.3300 TV= 13.7000 TA= 12.3200 
PER= 1.10 TIMES FOR MAXIMA-- TD= 12.3500 TV= 13.2000 TA= 12.3300 
PER= 1.15 TIMES FOR MAXIMA-- TD= 13.5900 TV= 13.2400 TA= 13.5700 
PER= 1.20 TIMES FOR MAXIMA-- TD= 13.6300 TV= 13.9700 TA= 13.5900 
PER= 1.25 TIMES FOR MAXIMA-- TD= 13.1200 TV= 13.5200 TA= 13.1000 
PER= 1.30 TIMES FOR MAXIMA-- TD= 13.1500 TV= 13.5300 TA= 13.1200 
PER= 1.35 TIMES FOR MAXIMA-- TD= 13.1500 TV= 13.5300 TA= 13.1300 
PER=l.40 TIMESFORMAXIMA-- TD=l3.1600 TV=l3.5300 TA=l3.1400 
PER=l.45 TIMESFORMAXIMA-- TD=l3.1700 TV=l3.5300 TA=l3.1500 
PER= 1.50 TIMES FOR MAXIMA-- TD= 13.1900 TV= 13.5300 TA= 13.1700 
PER= 1.55 TIMES FOR MAXIMA -- TD = 13.2300 TV = I 3.5300 TA = 13. I 900 
PER= 1.60 TIMES FOR MAXIMA-- TD= 13.4200 TV= 13.5300 TA= 13.4000 
PER= 1.65 TIMES FOR MAXIMA -- TD= 13.4300 TV= 13.0600 TA= 13.4100 
PER=l.70 TIMESFORMAXIMA-- TD=l3.4400 TV=l3.0600 TA=13.4!00 
PER= 1.75 TIMES FOR MAXIMA -- TD= 16.3800 TV= 18.6600 TA= 16.3600 
PER= 1.80 TIMES FOR MAXIMA -- TD= 17.4800 TV= 18.6600 TA= 17.4600 
PER= 1.85 TIMES FOR MAXIMA -- TD= 17.5000 TV= 17.9200 TA= 17.4700 
PER= 1.90 TIMES FOR MAXIMA-- TD= 18.5500 TV= 17.9200 TA= 18.5300 
PER = 1.95 TIMES FOR MAXIMA -- TD = 18.5800 TV = 16.2500 TA= 18.5500 
PER = 2.00 TIMES FOR MAXIMA -- TD = I 8.5900 TV= I 6.2500 TA= 18.5600 
PER=2.05 TIMESFORMAXIMA-- TD=l9.7!00 TV=l6.2500 TA=l9.6800 
PER=2.I0 TIMESFORMAXIMA-- TD=l7.7!00 TV=l6.2500 TA=l9.7100 
PER=2.15 TIMESFORMAXIMA-- TD=l7.7800 TV=l6.2500 TA=l7.7600 
PER= 2.20 TIMES FOR MAXIMA -- TD= 17.8200 TV= 16.2600 TA= 17.8000 
PER= 2.25 TIMES FOR MAXIMA -- TD= 16.8100 TV= 16.2600 TA= 16.7700 
PER=2.30 TIMES FOR MAXIMA-- TD=l9.l100 TV= 16.2600 TA= 19.0900 
PER = 2.35 TIMES FOR MAXIMA -- TD = 17.0900 TV = 16.6800 TA= 17.0600 
PER = 2.40 TIMES FOR MAXIMA -- TD = 16.0700 TV = 16.6800 TA= 16.0500 
PER = 2.50 TIMES FOR MAXIMA -- TD = 11.9300 TV = 16.6800 TA= 11.8600 
PER= 2.60 TIMES FOR MAXIMA-- TD= 12.0100 TV= 12.5700 TA= 11.9400 
PER= 2.70 TIMES FOR MAXIMA -- TD= 12.0900 TV= 12.5700 TA= 12.0200 
PER = 2.80 TIMES FOR MAXIMA -- TD = 17.1100 TV = 16.6800 TA= 17.0700 
PER =2.90 TIMES FOR MAXIMA-- TD= 17.1400 TV= 16.6800 TA= 17.1000 
PER= 3.00 TIMES FOR MAXIMA -- TD= 16.0800 TV= 16.6800 TA= 16.0500 
PER =3.10 TIMES FOR MAXIMA -- TD= 16.1300 TV= 16.6800 TA= 16.0500 
PER= 3.20 TIMES FOR MAXIMA-- TD= 16.1400 TV= 16.6800 TA= 16.1200 
PER = 3.30 TIMES FOR MAXIMA -- TD = 16.1500 TV = I 6.6800 TA= 16. I 200 
PER = 3.40 TIMES FOR MAXIMA -- TD = 16.1500 TV = 16.6800 TA= 16. I 200 
PER = 3.50 TIMES FOR MAXIMA -- TD = 45.5600 TV = I 6.6800 TA= 45.4800 
PER=3.60 TIMES FOR MAXIMA-- TD=45.7200 TV= 16.6800 TA=45.6600 
PER = 3. 70 TIMES FOR MAXIMA -- TD = 44.2600 TV = I 6.6800 TA= 44.2300 
PER = 3.80 TIMES FOR MAXIMA -- TD = 44.3000 TV = I 6.6800 TA = 44.2400 
PER= 3.90 TIMES FOR MAXIMA -- TD =46.2900 TV= 16.6800 TA= 46.2200 
PER = 4.00 TIMES FOR MAXIMA -- TD = 44.6200 TV = 16.6800 TA= I 6.1200 
PER=4.I0 TIMESFORMAXIMA-- TD=l6.1500 TV=l6.6800 TA=l6.1200 
PER= 4.20 TIMES FOR MAXIMA-- TD= 14.9100 TV= 16.6800 TA= 14.8800 
PER= 4.30 TIMES FOR MAXIMA -- TD= 14.9200 TV= 16.6800 TA= 14.8800 
PER= 4.40 TIMES FOR MAXIMA -- TD= 14.9200 TV= 16.6800 TA= 14.8800 
PER= 4.50 TIMES FOR MAXIMA -- TD= 14.9200 TV= 16.6800 TA= 14.8900 
PER= 4.60 TIMES FOR MAXIMA -- TD= 14.9300 TV= 16.6800 TA= 14.8900 
PER= 4.70 TIMES FOR MAXIMA -- TD= 32.0500 TV= 16.6800 TA= 32.0000 
PER= 4.80 TIMES FOR MAXIMA -- TD= 32.0700 TV= 26.8200 TA= 32.0000 
PER= 4.90 TIMES FOR MAXIMA -- TD= 32.0900 TV= 26.8200 TA= 32.0000 
PER= 5.00 TIMES FOR MAXIMA -- TD= 32. 1000 TV= 26.8200 TA= 32.0000 
PER = 5. IO TIMES FOR MAXIMA -- TD = 28.0900 TV = 26.8200 TA= 32.0000 
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PER=5.20 TIMES FOR MAXIMA -- TD=28.l000 TV =26.8200 TA= 28.0700 
PER=5.40 TIMES FOR MAXIMA -- TD= 9.8600 TV= 26.8200 TA= 9.7900 
PER=5.60 TIMES FOR MAXIMA •• TD= 9.8600 TV=26.8200 TA= 9.7900 
PER=5.80 TIMES FOR MAXIMA -- TD= 9.8700 TV= 26.8200 TA= 9.8100 
PER=6.00 TIMES FOR MAXIMA -- TD= 14.9200 TV= 12.5700 TA= 14.8800 
PER=6.20 TIMES FOR MAXIMA -- TD= 14.9200 TV= 12.5700 TA= 14.8800 
PER=6.40 TIMES FOR MAXIMA ·• TD= 14.9200 TV= 12.5700 TA= 14.8800 
PER=6.60 TIMES FOR MAXIMA-· TD= 14.9200 TV= 12.5700 TA= 14.8800 
PER= 6.80 TIMES FOR MAXIMA -- TD= 14.9300 TV= 12.5700 TA= 14.8800 
PER= 7.00 TIMES FOR MAXIMA -- TD= 14.9300 TV= 12.5700 TA= 14.8800 
PER= 7.30 TIMES FOR MAXIMA •• TD= 15.4000 TV= 12.5700 TA= 15.3500 
PER=7.60 TIMES FOR MAXIMA -- TD= 15.4200 TV= 12.5700 TA= 15.3500 
PER= 8.00 TIMES FOR MAXIMA -- TD= 15.4500 TV= 12.5700 TA= 15.3500 
PER=8.50 TIMES FOR MAXIMA -- TD= 15.5600 TV= 14.6700 TA= 15.3500 
PER=9.00 TIMES FOR MAXIMA ·• TD= 16.7900 TV= 14.6700 TA= 16.6900 
PER= 9.50 TIMES FOR MAXIMA -- TD= 17.1300 TV= 14.6700 TA= 16.6900 
PER =10.00 TIMES FOR MAXIMA-- TD= 17.1400 TV= 16.6800 TA= 16.6900 
SPECTRAL VALUES--
(Acceleration of gravity used= 32.20) 

PSCS300E Crest Column DAMPING RATIO= 0.050 
NO. PERIOD REL. DISP. REL. VEL. PSU.REL.VEL. ABS. ACC. PSU.ABS.ACC. FREQ. 

I 0.01 0.00006 0.00148 0.03859 0.75485 0.75291 100.00 
2 0.02 0.00025 0.02224 0.07796 0.75500 0.76065 50.00 
3 O.o3 0.00078 0.11720 0.16261 1.03737 1.05770 33.33 
4 0.04 0.00189 0.22142 0.29725 1.49386 1.45006 25.00 
5 0.05 0.00353 0.36329 0.44334 1.72141 1.73017 20.00 
6 0.06 0.00483 0.44388 0.50543 1.65995 1.64373 16.67 
7 0.07 0.00564 0.47782 0.50625 1.41515 1.41122 14.29 
8 0.08 0.00871 0.58053 0.68370 1.68512 1.66764 12.50 
9 0.09 0.01508 0.96101 1.05299 2.26021 2.28299 11.11 
10 0.10 0.01299 0.72198 0.81629 1.56974 1.59283 10.00 
11 0.11 0.01511 0.75961 0.86325 1.51221 1.53132 9.09 
12 0.12 0.01593 0.71575 0.83428 1.34972 1.35661 8.33 
13 0.13 0.01582 0.62295 0.76445 1.16305 1.14744 7.69 
14 0.14 0.01950 0.63144 0.87519 1.21278 1.21982 7.14 
15 0.15 0.01864 0.67126 0.78082 1.02964 1.01574 6.67 
16 0.16 0.02349 0.86132 0.92251 1.13603 1.12506 6.25 
17 0.17 0.02777 0.90208 1.02633 1.17499 1.17804 5.88 
18 0.18 0.03486 1.06543 1.21697 1.32473 1.31927 5.56 
19 0.19 0.04476 1.40113 1.48005 1.53362 1.52001 5.26 
20 0.20 0.05135 1.48010 1.61313 1.59068 1.57385 5.00 
21 0.21 0.05378 1.40334 1.60911 1.50057 1.49517 4.76 
22 0.22 0.06247 1.68568 1.78428 1.58991 1.58257 4.55 
23 0.23 0.07357 1.91656 2.00969 1.70152 1.70500 4.35 
24 0.24 0.09137 2.33734 2.39194 1.95066 1.94475 4.17 
25 0.25 0.11652 2.94881 2.92858 2.30515 2.28582 4.00 
26 0.26 0.12800 3.02688 3.09326 2.34448 2.32149 3.85 
27 0.27 0.12504 2.99262 2.90987 2.12452 2. 10298 3.70 
28 0.28 0.13141 3.03524 2.94874 2.07401 2.05496 3.57 
29 0.29 0.15347 3.42825 3.32509 2.24634 2.23732 3.45 
30 0.30 0.19268 4.03283 4.03556 2.64720 2.62486 3.33 
31 0.31 0.20983 4.47487 4.25300 2.68072 2.67706 3.23 
32 0.32 0.20696 4.25418 4.06370 2.48767 2.47797 3.13 
33 0.33 0.19217 3.75961 3.65883 2.18322 2.16348 3.03 
34 0.34 0.16818 3.26236 3. 10792 1.79320 1.78367 2.94 
35 0.35 0.16793 3.20433 3.01476 1.69344 1.68077 2.86 
36 0.36 0.18371 3.12146 3.20641 1.74523 1.73796 2.78 
37 0.37 0.19763 3.36541 3.35610 1.77853 1.76994 2.70 
38 0.38 0.21096 3.55027 3.48817 1.80305 1.79118 2.63 
39 0.39 0.22040 3.63331 3.55073 1.78392 1.77655 2.56 
40 0.40 0.22485 3.69214 3.53 I 90 1.72705 1.72295 2.50 
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f 41 0.41 0.22536 3.65259 3.45358 1.65110 1.64365 2.44 
\ 42 0.42 0.22255 3.54459 3.32938 1.55420 1.54681 2.38 

43 0.43 0.22619 3.51520 3.30516 1.50884 1.49985 2.33 
44 0.44 0.24333 3.58677 3.47469 1.55 I 38 1.54094 2.27 
45 0.45 0.25076 3.58192 3.50127 1.5291 I 1.51823 2.22 
46 0.46 0.24164 3.47798 3.30053 1.40986 1.40007 2.17 
47 0.47 0.23406 3.37542 3.12904 1.30713 1.29908 2.13 
48 0.48 0.23328 3.35192 3.05362 1.24660 1.24136 2.08 
49 0.49 0.23208 3.32575 2.97592 1.19463 1.18509 2.04 
50 0.50 0.23446 3.26179 2.94635 1.15763 1.14984 2.00 
51 0.51 0.23536 3.14001 2.89964 1.11697 1.10942 1.96 
52 0.52 0.22644 3.03081 2.73608 1.03255 1.02671 1.92 
53 0.53 0.20464 2.94390 2.42606 0.89792 0.89320 1.89 
54 0.54 0.17782 2.68504 2.06905 0.75226 0.74765 1.85 
55 0.55 0.17279 2.35637 1.97391 0.70502 0.70031 1.82 
56 0.56 0.18963 2.26618 2.12761 0.74412 0.74136 1.79 
57 0.57 0.20836 2.39709 2.29681 0.78980 0.78627 1.75 
58 0.58 0.22669 2.66539 2.45580 0.83077 0.82621 1.72 
59 0.60 0.24149 2.62894 2.52889 0.82756 0.82244 1.67 
60 0.62 0.21879 2.42628 2.21730 0.70270 0.69784 1.61 
61 0.64 0.19260 2.06369 1.89080 0.58082 0.57649 1.56 
62 0.66 0.21707 2.48272 2.06651 0.61478 0.61097 1.52 
63 0.68 0.21999 2.78608 2.03270 0.58776 0.58329 1.47 
64 0.70 0.23315 2.82933 2.09279 0.58841 0.58338 1.43 
65 0.72 0.23 I 78 2.61336 2.02264 0.55220 0.54816 1.39 
66 0.74 0.21850 2.34059 1.85522 0.49252 0.48920 1.35 
67 0.76 0.21042 2.16903 1.73960 0.45021 0.44664 1.32 
68 0.78 0.22309 2.13432 1.79706 0.45295 0.44956 1.28 
69 0.80 0.23577 2.25645 1.85 I 70 0.45490 0.45 I 65 1.25 
70 0.82 0.23552 2.46660 1.80462 0.43393 0.42943 1.22 
71 0.84 0.23594 2.58781 1.76482 0.41263 0.40996 1.19 
72 0.86 0.22187 2.48884 1.62096 0.37085 0.36779 1.16 
73 0.88 0.21006 2.33420 1.49985 0.33389 0.33257 1.14 
74 0.90 0.21609 2.27460 1.50858 0.32804 0.32708 I.II 
75 0.92 0.23488 2.35067 1.60410 0.34148 0.34023 1.09 
76 0.94 0.26691 2.48294 1.78408 0.37188 0.37035 1.06 
77 0.96 0.30028 2.56589 1.96533 0.40160 0.39947 1.04 
78 0.98 0.32639 2.54769 2.09262 0.41885 0.41667 1.02 
79 1.00 0.34474 2.46579 2. 16605 0.42491 0.42266 1.00 
80 1.05 0.37607 2.36155 2.25040 0.42136 0.41821 0.95 
81 I.IO 0.37369 2.42711 2.13453 0.38205 0.37865 0.91 
82 1.15 0.44233 2.50484 2.41675 0.41528 0.41007 0.87 
83 1.20 0.48888 2.59708 2.55975 0.41871 0.41624 0.83 
84 1.25 0.46177 2.85322 2.321 IO 0.36556 0.36233 0.80 
85 1.30 0.38996 2.70824 1.88476 0.28546 0.28290 0.77 
86 1.35 0.34167 2.50267 1.59021 0.23213 0.22985 0.74 
87 1.40 .0.33081 2.42499 1.48467 0.20902 0.20693 0.71 
88 1.45 0.33516 2.40128 1.45233 0. I 9733 0.19544 0.69 
89 1.50 0.3~051 2.35661 IA2631 0. I 8699 0.18554 0.67 
90 1.55 0.33300 2.21880 1.34989 0.17078 0.16994 0.65 
91 1.60 0.34984 1.97367 1.37380 0. 16938 0.16754 0.63 
92 1.65 0.34094 1.83003 1.29831 0.15644 0.15354 0.61 
93 1.70 0.31162 1.71375 1.15 I 75 0.13541 0.13220 0.59 
94 1.75 0.32900 1.75582 1.18124 0. I 3427 0.13171 0.57 
95 1.80 0.37390 1.78172 1.30517 0.14309 0.14149 0.56 
96 1.85 0.40832 1.76324 1.38679 0.14828 0.14627 0.54 
97 1.90 0.42440 1.73356 1.40346 0.14562 0.14414 0.53 
98 1.95 0.44906 1.71742 1.44692 0.14647 0.14479 0.51 
99 2.00 0.47550 1.77268 1.49383 0.14750 0.14575 0.50 
100 2.05 0.51275 1.90190 1.57155 0.15154 0.14959 0.49 
IOI 2.10 0.54946 2.09561 1.64398 0.15386 0.15276 0.48 
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l02 2.15 0.59857 2.29334 1.74927 0. 15955 0.15876 0.47 
l03 2.20 0.62244 2.42372 1.77767 0.15911 0.15767 0.45 
l04 2.25 0.60487 2.42782 1.68911 0.14863 0.14649 0.44 
l05 2.30 0.56825 2.29373 1.55237 0.13338 0.13170 0.43 
l06 2.35 0.51158 2.16262 1.36781 0.11455 0.11357 0.43 
l07 2.40 0.47300 2.13297 1.23832 O.l0226 O.l0068 0.42 
l08 2.50 0.40057 1.82526 1.00674 0.07968 0.07858 0.40 
109 2.60 0.43355 1.81593 1.04772 0.07951 0.07863 0.38 
110 2.70 0.42170 1.68762 0.98134 0.07168 0.07092 0.37 
111 2.80 0.39019 1.71376 0.87559 0.06217 0.06102 0.36 
I 12 2.90 0.44155 I.9l046 0.95667 0.06579 0.06437 0.34 
113 3.00 0.45601 1.99271 0.95507 0.06361 0.06212 0.33 
114 3.10 0.47532 1.93884 0.96340 0.06185 0.06064 0.32 
115 3.20 0.45002 1.80040 0.88360 0.05513 0.05388 0.31 
I 16 3.30 0.39849 1.64675 0.75873 0.04644 0.04486 0.30 
117 3.40 0.34537 1.52765 0.63824 0.03824 0.03663 0.29 
118 3.50 0.34585 1.46112 0.62087 0.03541 0.03461 0.29 
119 3.60 0.38778 1.43922 0.67680 0.03705 0.03668 0.28 
120 3.70 0.40027 1.44089 0.67971 0.03652 0.03585 0.27 
121 3.80 0.416IO 1.44393 0.68801 0.03621 0.03533 0.26 
122 3.90 0.38890 1.43272 0.62655 0.03211 0.03135 0.26 
123 4.00 0.34298 1.40085 0.53876 0.02659 0.02628 0.25 
124 4.10 0.32261 1.35007 0.49440 0.02509 0.02353 0.24 
125 4.20 0.33552 1.28748 0.50193 0.02433 0.02332 0.24 
126 4.30 0.35346 1.22218 0.51648 0.02452 0.02344 0.23 
127 4.40 0.36225 1.16271 0.51729 0.02409 0.02294 0.23 
128 4.50 0.36139 1.11530 0.50460 0.02310 0.02188 0.22 
129 4.60 0.35233 1.08319 0.48125 0.02169 0.02041 0.22 
130 4.70 0.34994 1.06690 0.46782 0.02067 0.01942 0.21 
131 4.80 0.36366 1.12886 0.47603 0.02067 0.01935 0.21 
132 4.90 0.35074 1.17140 0.44974 0.01920 0.01791 0.20 
133 5.00 0.31965 1.19172 0.40168 0.01692 0.01568 0.20 
134 5.10 0.28175 1.19536 0.34712 0.01445 0.01328 0.20 
135 5.20 0.28122 1.18986 0.3398 I 0.01336 0.01275 0.19 
136 5.40 0.28226 1.17590 0.32843 0.01256 0.01187 0.19 
137 5.60 0.30531 1.16881 0.34256 0.01265 0.01194 0.18 
138 5.80 0.32103 1.15075 0.34777 0.01244 0.01170 0.17 
139 6.00 0.33548 1.16305 0.35132 0.01228 0.01143 0.17 
140 6.20 0.39029 1.19910 0.39552 0.01329 0.01245 0.16 
141 6.40 0.44539 1.22615 0.43726 0.01419 0.01333 0.16 
142 6.60 0.49611 1.24427 0.47230 0.01486 0.01396 0.15 
143 6.80 0.53946 1.25423 0.49846 0.01525 0.01430 0.15 
144 7.00 0.57413 1.25733 0.51534 0.01536 0.01437 0.14 
145 7.30 0.63071 1.25193 0.54286 0.01516 0.01451 0.14 
146 7.60 0.67786 1.23807 0.56041 0.01512 0.01439 0.13 
147 8.00 0.71450 1.21192 0.56116 0.01446 0.01369 0.13 
148 8.50 0.72441 1.21511 0.53549 0.01306 0.01229 0.12 
149 9.00 0.75099 1.25493 0.52429 0.01297 0.01137 0.11 
150 9.50 0.82840 1.27770 0.54789 0.01277 0.01125 0.11 
151 10.00 0.89637 1.29458 0.56321 0.01215 0.01099 0.10 
152 10.50 0.00000 0.00000 0.00000 0.00000 0.00000 0.10 

VALUES IN PERIOD RANGE .1 TO 2.5 SEC. 
AREA OF ACC. RESPONSE SPECTRUM = 1.256 
AREA OF VEL. RESPONSE SPECTRUM = 5.565 
MAX. ACCELERATION RESPONSE VALUE= 2.681 
MAX. VELOCITY RESPONSE VALUE= 4.475 

1 ***"'** OPTION 9 *** COMPUTE RESPONSE SPECTRUM 
RESPONSE SPECTRUM ANALYSIS FOR LAYER NUMBER 17 

CALCULATED FOR DAMPING 0.050 
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TIMES AT WHICH MAX. SPECTRAL VALUES OCCUR 

TD= TIME FOR MAX. RELATIVE DISP. 
TV = TIME FOR MAX. RELATIVE VEL. 
TA= TIME FOR MAX. ABSOLUTE ACC. 

DAMPING RA TIO= 0.050 
PER= 0.01 TIMES FOR MAXIMA -
PER= 0.02 TIMES FOR MAXIMA -
PER= 0.03 TIMES FOR MAXIMA -
PER= 0.04 TIMES FOR MAXIMA -
PER= 0.05 TIMES FOR MAXIMA -
PER= 0.06 TIMES FOR MAXIMA -
PER= 0.07 TIMES FOR MAXIMA -
PER= 0.08 TIMES FOR MAXIMA -
PER= 0.09 TIMES FOR MAXIMA -
PER= 0. IO TIMES FOR MAXIMA -
PER= 0. I I TIMES FOR MAXIMA -
PER= 0. I 2 TIMES FOR MAXIMA -
PER= 0.13 TIMES FOR MAXIMA-
PER= 0.14 TIMES FOR MAXIMA -
PER= 0.15 TIMES FOR MAXIMA -
PER= 0. I 6 TIMES FOR MAXIMA -
PER = 0.17 TIMES FOR MAXIMA -
PER= 0.18 TIMES FOR MAXIMA -
PER= 0. I 9 TIMES FOR MAXIMA -
PER= 0.20 TIMES FOR MAXIMA -
PER= 0.21 TIMES FOR MAXIMA -
PER = 0.22 TIMES FOR MAXIMA -
PER= 0.23 TIMES FOR MAXIMA -
PER= 0.24 TIMES FOR MAXIMA -
PER= 0.25 TIMES FOR MAXIMA -
PER= 0.26 TIMES FOR MAXIMA -
PER = 0.27 TIMES FOR MAXIMA -
PER= 0.28 TIMES FOR MAXIMA -
PER= 0.29 TIMES FOR MAXIMA -
PER= 0.30 TIMES FOR MAXIMA -
PER= 0.3 I TIMES FOR MAXIMA -
PER= 0.32 TIMES FOR MAXIMA -
PER= 0.33 TIMES FOR MAXIMA -
PER= 0.34 TIMES FOR MAXIMA -
PER= 0.35 TIMES FOR MAXIMA -
PER= 0.36 TIMES FOR MAXIMA -
PER= 0.37 TIMES FOR MAXIMA -
PER = 0.38 TIMES FOR MAXIMA -
PER= 0.39 TIMES FOR MAXIMA -
PER= 0.40 TIMES FOR MAXIMA -
PER= 0.41 TIMES FOR MAXIMA -
PER = 0.42 TIMES FOR MAXIMA -
PER= 0.43 TIMES FOR MAXIMA -
PER - 0.44 TIMES FOR MAXIMA -
PER= 0.45 TIMES FOR MAXIMA -
PER= 0.46 TIMES FOR MAXIMA -
PER= 0.47 TIMES FOR MAXIMA -
PER = 0.48 TIMES FOR MAXIMA -
PER= 0.49 TIMES FOR MAXIMA -
PER= 0.50 TIMES FOR MAXIMA -
PER = 0.5 I TIMES FOR MAXIMA -
PER= 0.52 TIMES FOR MAXIMA -
PER= 0.53 TIMES FOR MAXIMA -
PER= 0.54 TIMES FOR MAXIMA -
PER= 0.55 TlMES FOR MAXIMA -
PER= 0.56 TIMES FOR MAX!MA --

TD= 24.5600 
TD= 24.5600 
TD=23.3800 
TD=24.6700 
TD= l0.4700 
TD= 18.2300 
TD= 18.2800 
TD= 16.0900 
TD= I 1.3700 
TD= 13.6400 
TD= 25.5300 
TD= 21.3600 
TD= 15.1900 
TD= 16.6900 
TD= 14.1 l00 
TD=20.5600 
TD= 13.8400 
TD=22.8300 
TD= 22.8500 
TD =22.2200 
TD=24.3200 
TD=24.3400 
TD=24.4600 
TD= 21.8600 
TD= 21.7500 
TD= 21.6500 
TD= 21.0300 
TD= 21.0400 
TD= 21.0500 
TD= 13.4300 
TD= 13.4500 
TD= 13.4700 
TD= 13.4800 
TD= 21.6700 
TD= 16.7700 
TD= 16.7800 
TD= 16.7900 
TD= 16.8000 
TD= 16.8200 
TD= 16.8300 
TD= 16.8400 
TD= 27.2100 
TD= 16.8600 
TD-16.8700 
TD= 16.8800 
TD= 16.8900 
TD= 16.9000 
TD= 16.9100 
TD= 16.6900 
TD= 16.7000 
TD= 16.7100 
TD= 16.7300 
TD= 29.4900 
TD=29.5IO0 
TD=29.5300 
TD=32.1700 

TV= 18.6000 
TV= I 1.4800 
TV= 23.3700 
TV= 24.6800 
TV= I0.4600 
TV= 18.2200 
TV =24.6700 
TV =24.6500 
TV= 11.3500 
TV =20.0800 
TV= 25.5100 
TV= 21.3900 
TV= 15.2900 
TV= 16.0000 
TV= 14.1500 
TV= 20.5200 
TV= 13.8800 
TV =22.7900 
TV =22.8!00 
TV= 13.5800 
TV =24.5800 
TV= 19.2400 
TV= 21.8900 
TV= 21.8000 
TV= 21.6900 
TV= 21.7100 
TV= 21.6100 
TV= 21.1100 
TV= 21.1200 
TV= 13.5200 
TV= 13.5300 
TV= 13.5300 
TV= 13.4100 
TV= 13.4100 
TV= 16.6800 
TV= 16.6800 
TV= 16.6800 
TV= 16.9100 
TV= 16.9200 
TV= 16.9200 
TV= 16.9300 
TV=27.3!00 
TV=27.3100 
TV~ 16.9900 
TV= 16.9900 
TV= 16.7800 
TV= 16.7800 
TV= 16.8200 
TV= 16.6100 
TV= 16.6100 
TV= 16.6100 
TV= 16.6100 
TV= 16.6100 
TV= 16.6200 
TV= 29.1200 
TV= 29.4300 
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TA=24.5600 
TA=24.5600 
TA=23.3800 
TA=24.6700 
TA= 10.4700 
TA= 18.2300 
TA= 18.2800 
TA= 16.0900 
TA= 11.3700 
TA= 13.6400 
TA=25.5300 
TA= 21.3600 
TA= 15.1900 
TA= 16.6900 
TA= 14.1100 
TA= 20.5600 
TA= 13.8400 
TA=22.8300 
TA=22.8500 
TA=22.2200 
TA =24.3200 
TA= 24.3300 
TA= 24.4600 
TA= 21.8500 
TA= 21.7500 
TA= 21.6500 
TA=21.6600 
TA= 21.0300 
TA= 21.0400 
TA= 13.4300 
TA= 13.4500 
TA= 13.4600 
TA= 13.4700 
TA= 21.6700 
TA= 16.7700 
TA= 16.7800 
TA= 16.7900 
TA= 16.8000 
TA= 16.8!00 
TA= 16.8300 
TA= 16.8400 
TA= 27.2000 
TA= 16.8500 
TA~ 16.8600 
TA= 16.8800 
TA= 16.8900 
TA= 16.8900 
TA= 16.9000 
TA= 16.9!00 
TA= 16.6900 
TA= 16.7000 
TA= 16.7200 
TA= 29.4800 
TA= 29.5000 
TA= 29.5200 
TA=32.1600 
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PER= 0.57 TIMES FOR MAXIMA -- TD= 30.4900 TV = 30.6500 TA= 30.4800 
PER= 0.58 TIMES FOR MAXIMA -- TD= 30.5200 TV = 30.6600 TA= 30.5 JOO 
PER= 0.60 TIMES FOR MAXIMA -- TD= 30.5600 TV = 30.4200 TA= 30.5500 
PER= 0.62 TIMES FOR MAXIMA -- TD = 30.5900 TV = 30.4300 TA= 30.5800 
PER= 0.64 TIMES FOR MAXIMA -- TD= 15.6700 TV = 16.6100 TA= 15.6600 
PER= 0.66 TIMES FOR MAXIMA -- TD= 16.7500 TV= 16.6100 TA= 16.7400 
PER= 0.68 TIMES FOR MAXIMA -- TD= 16.4800 TV= 16.6200 TA= 16.4700 
PER= 0.70 TIMES FOR MAXIMA-- TD= 16.5100 TV= 16.6200 TA= 16.5000 
PER= 0.72 TIMES FOR MAXIMA-- TD= 16.5300 TV= 16.4100 TA= 16.5200 
PER=0.74 TIMESFORMAXIMA-- TD=l6.5400 TV=l6.4100 TA=l6.5300 
PER = 0. 76 TIMES FOR MAXIMA -- TD = 32.6800 TV= 16.4100 TA= 32.6700 
PER= 0.78 TIMES FOR MAXIMA-- TD= 32.7100 TV= 16.4100 TA= 32.7000 
PER= 0.80 TIMES FOR MAXIMA-- TD= 32.7400 TV= 16.4200 TA= 32.7200 
PER= 0.82 TIMES FOR MAXIMA-- TD= 33.6100 TV= 16.4200 TA= 33.6000 
PER= 0.84 TIMES FOR MAXIMA -- TD= 33.6600 TV= 16.4200 TA= 33.6400 
PER = 0.86 TIMES FOR MAXIMA -- TD = 12.1700 TV = 16.4300 TA= 12. 1600 
PER=0.88 TIMESFORMAXIMA-- TD=l2.1900 TV=l2.3600 TA=l2.1800 
PER=0.90 TIMESFORMAXIMA-- TD=l2.2000 TV=l2.3600 TA=l2.1800 
PER = 0.92 TIMES FOR MAXIMA -- TD = 12.2000 TV = 12.3600 TA= 12. 1900 
PER= 0.94 TIMES FOR MAXIMA-- TD= 12.2100 TV= 12.3600 TA= 12.2000 
PER= 0.96 TIMES FOR MAXIMA -- TD= 12.2200 TV= 12.3700 TA= 12.2000 
PER= 0.98 TIMES FOR MAXIMA -- TD= 12.2500 TV= 12.4500 TA= 12.2300 
PER = 1.00 TIMES FOR MAXIMA -- TD = 12.2600 TV = 16. 1800 TA= 12.2500 
PER= I.OS TIMES FOR MAXIMA-- TD= 12.3000 TV= 13.1700 TA= 12.2800 
PER=l.10 TIMESFORMAXIMA-- TD=l3.5000 TV=l3.2000 TA=l3.4900 
PER= J.15 TIMES FOR MAXIMA-- TD= 13.5400 TV= 13.8400 TA= 13.5100 
PER= 1.20 TIMES FOR MAXIMA-- TD= 13.6200 TV= 13.4000 TA= 13.6000 
PER= 1.25 TIMES FOR MAXIMA-- TD=l3.0900 TV= 13.4100 TA= 13.0700 
PER= 1.30 TIMES FOR MAXIMA-- TD= 13.7800 TV= 13.4100 TA= 13.7600 
PER= 1.35 TIMES FOR MAXIMA-- TD= 13.8100 TV= 13.4600 TA= 13.7800 
PER= 1.40 TIMES FOR MAXIMA-- TD= 13.8200 TV= 13.4600 TA= 13.8000 
PER=l.45 TIMESFORMAXIMA-- TD=l3.1900 TV=l3.4600 TA=l3.1500 
PER= 1.50 TIMES FOR MAXIMA -- TD= 13.2300 TV= 13.5900 TA= 13. 1900 
PER= 1.55 TIMES FOR MAXIMA -- TD= 13.3200 TV= 12.9500 TA= 13.3000 
PER= 1.60 TIMES FOR MAXIMA -- TD= 13.3500 TV= 12.9500 TA= 13.3400 
PER= 1.65 TIMES FOR MAXIMA -- TD= 13.3700 TV = 13.0000 TA= 13.3400 
PER= 1.70 TIMES FOR MAXIMA-- TD= 13.3800 TV= 13.0000 TA= 13.3500 
PER= 1.75 TIMES FOR MAXIMA-- TD= 18.2300 TV= 18.5900 TA= 18.2100 
PER= I.SO TIMES FOR MAXIMA -- TD= 17.4300 TV= 17.8500 TA= 17.4000 
PER=l.85 TIMESFORMAXIMA-- TD=l7.4700 TV=l7.9300 TA=l7.4400 
PER= 1.90 TIMES FOR MAXIMA-- TD= 18.5100 TV= 17.9400 TA= 18.4800 
PER=l.95 TIMESFORMAXIMA-- TD=l8.5300 TV=l7.9400 TA=l8.5100 
PER= 2.00 TIMES FOR MAXIMA-- TD= 19.6300 TV= 20.1700 TA= 19.6100 
PER= 2.05 TIMES FOR MAXIMA-- TD= 19.6600 TV= 20.1700 TA= 19.6200 
PER= 2.10 TIMES FOR MAXIMA-- TD= 17.7000 TV= 19.3000 TA= 17.6800 
PER=2.15 TIMESFORMAXIMA-- TD=l7.7500 TV=l7.3100 TA=l7.7100 
PER= 2.20 TIMES FOR MAXIMA-- TD= 17.7800 TV= 17.3100 TA= 17.7500 
PER= 2.25 TIMES FOR MAXIMA -- TD= 19.0300 TV= 17.3200 TA= 18.9800 
PER= 2.30 TIMES FOR MAXIMA -- TD= 19.0600 TV= 16.2700 TA= 19.0300 
PER=2.35 TIMESFORMAXIMA-- TD=l7.0200 TV=l6.6l00 TA=l7.0000 
PER= 2.40 TIMES FOR MAXIMA -- TD= 16.0500 TV= 16.6100 TA= 15.9800 
PER = 2.50 TIMES FOR MAXIMA -- TD= 12.8600 TV = 12.4900 TA= 12.8400 
PER = 2.60 TIMES FOR MAXIMA -- TD= 12.0000 TV = 12.4900 TA= 11.9500 
PER = 2. 70 TIMES FOR MAXIMA -- TD= 12.0800 TV = 12.5000 TA = 12.0 I 00 
PER = 2.80 TIMES FOR MAXIMA -- TD= 17.0500 TV = 11.7800 TA = 17.0400 
PER=2.90 TIMESFORMAXIMA-- TD=l7.JO00 TV=l6.6100 TA=l7.0500 
PER=3.00 TIMESFORMAXIMA-- TD=l6.0600 TV=l6.6100 TA=l5.9800 
PER = 3.10 TIMES FOR MAXIMA -- TD = I 6.0800 TV = 16.6 I 00 TA= 16.0500 
PER = 3.20 TIMES FOR MAXIMA -- TD= 16. IO00 TV = 16.6200 TA= 16.0600 
PER = 3.30 TIMES FOR MAXIMA -- TD= 16.1 JOO TV = I 6.6200 TA= I 6.0600 
PER = 3.40 TIMES FOR MAXIMA -- TD= 16.1200 TV = 15. 7000 TA= I 6.0600 
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PER = 3.50 TIMES FOR MAXIMA -- TD = 45.5300 TV = 16.6200 TA= 45.4900 
PER = 3.60 TIMES FOR MAXIMA -- TD = 45.6800 TV = 16.6200 TA= 45.6000 
PER=3.70 TIMESFORMAXIMA-- TD=44.1900 TV=l6.6200 TA=44.1600 
PER = 3.80 TIMES FOR MAXIMA -- TD = 44.3200 TV = 16.6200 TA= 44.2900 
PER = 3.90 TIMES FOR MAXIMA -- TD = 44.3600 TV = 16.6200 TA= 44.3200 
PER=4.00 TIMES FOR MAXIMA-- TD=44.5500 TV= 15.8300 TA=44.4500 
PER=4.I0 TIMES FOR MAXIMA-- TD=44.5800 TV= 15.8300 TA= 14.8100 
PER= 4.20 TIMES FOR MAXIMA-- TD= 14.8500 TV= 15.8300 TA= 14.8100 
PER= 4.30 TIMES FOR MAXIMA -- TD= 14.8500 TV= 15.8300 TA= 14.8100 
PER= 4.40 TIMES FOR MAXIMA -- TD= 14.8600 TV= 15.8300 TA= 14.8100 
PER =4.50 TIMES FOR MAXIMA -- TD= 14.8600 TV= 15.8300 TA= 14.8200 
PER= 4.60 TIMES FOR MAXIMA-- TD= 14.9400 TV= 15.8300 TA= 14.8200 
PER= 4.70 TIMES FOR MAXIMA -- TD= 32.0400 TV= 15.8300 TA= 14.8200 
PER= 4.80 TIMES FOR MAXIMA -- TD= 32.0600 TV= 15.8300 TA= 32.0200 
PER= 4.90 TIMES FOR MAXIMA -- TD= 32.0700 TV= 15.8300 TA= 32.0200 
PER= 5.00 TIMES FOR MAXIMA-- TD= 32.1300 TV= 15.8300 TA= 32.0200 
PER= 5.10 TIMES FOR MAXIMA-- TD= 28.0300 TV= 15.8300 TA= 28.0000 
PER = 5.20 TIMES FOR MAXIMA -- TD = 28.0300 TV= 15.8300 TA= 28.0000 
PER= 5.40 TIMES FOR MAXIMA -- TD= 9.7900 TV= 11.2400 TA= 28.0000 
PER= 5.60 TIMES FOR MAXIMA -- TD= 9.7900 TV= 11.2400 TA= 9.7500 
PER= 5.80 TIMES FOR MAXIMA -- TD= 9.8200 TV= 15.8300 TA= 9.7500 
PER= 6.00 TIMES FOR MAXIMA -- TD= 14.8500 TV= 15.8300 TA= 14.8100 
PER= 6.20 TIMES FOR MAXIMA-- TD= 14.8500 TV= 15.8300 TA= 14.8100 
PER= 6.40 TIMES FOR MAXIMA-- TD= 14.8500 TV= 15.8300 TA= 14.8100 
PER= 6.60 TIMES FOR MAXIMA-- TD= 14.8600 TV= 15.8300 TA= 14.8100 
PER= 6.80 TIMES FOR MAXIMA -- TD= 14.8600 TV= 15.8300 TA= 14.8100 
PER= 7.00 TIMES FOR MAXIMA -- TD= 14.9800 TV= 12.5000 TA= 14.8100 
PER= 7.30 TIMES FOR MAXIMA -- TD= 15.3900 TV= 17.3200 TA= 14.8100 
PER=7.60 TIMESFORMAXIMA-- TD=l5.4000 TV=l7.3200 TA=l5.3100 
PER= 8.00 TIMES FOR MAXIMA -- TD= 15.4900 TV= 17.3200 TA= 15.3700 
PER= 8.50 TIMES FOR MAXIMA -- TD= 15.5300 TV= 14.6000 TA= 15.4700 
PER= 9.00 TIMES FOR MAXIMA -- TD= 16.8100 TV= 14.6000 TA= 16.6200 
PER=9.50 TIMESFORMAXIMA-- TD=l7.0600 TV=l4.6000 TA=l6.7400 
PER=l0.00 TIMES FOR MAXIMA-- TD= 17.1500 TV= 14.6000 TA= 17.0400 
SPECTRAL VALUES--
(Acceleration of gravity used = 32.20) 

PSCS300E Crest Column DAMPING RATIO= 0.050 
NO. PERIOD REL. DISP. REL. VEL. PSU.REL.VEL. ABS. ACC. PSU.ABS.ACC. FREQ. 

I 0.01 0.00005 0.00137 0.02954 0.57869 0.57636 100.00 
2 0.02 0.00019 0.03246 0.05874 0.57851 0.57313 50.00 
3 0.03 0.00084 0.16225 0.17610 1.10556 1.14542 33.33 
4 0.04 0.00190 0.26915 0.29880 1.48423 1.45761 25.00 
5 0.05 0.00342 0.38292 0.43034 1.68897 1.67944 20.00 
6 0.06 0.00440 0.46805 0.46042 1.55729 1.49736 16.67 
7 0.Q7 0.00583 0.52 I 96 0.52342 1.45432 1.45906 14.29 
8 0.08 0.00756 0.58863 0.59363 1.49438 1.44794 12.50 
9 0.09 0.00981 0.68527 0.68468 1.49214 1.48446 11.11 
10 0.10 0.01153 0.67832 0.72473 1.39533 1.41416 I0.00 
11 0.11 0.01476 0.77760 0.84282 1.51649 1.49509 9.09 
12 0.12 0.01629 0.83139 0.85295 1.40540 1.38697 8.33 
13 0.13 0.01684 0.79261 0.81412 1.22022 1.22200 7.69 
14 0.14 0.01815 0.79492 0.81472 1.12382 1.13554 7.14 
15 0.15 0.01917 0.78885 0.8031 I 1.04837 1.04474 6.67 
16 0.16 0.02264 0.87808 0.88913 1.08719 1.08435 6.25 
17 0.17 0.02615 0.95564 0.96640 1.11464 1.10926 5.88 
18 0.18 0.03507 1.12475 1.22425 1.32698 1.32716 5.56 
19 0.19 0.03470 1.15550 1.14761 1.17936 1.17860 5.26 
20 0.20 0.03549 1.24968 1.115 IO 1.08628 1.08794 5.00 
21 0.21 0.03665 1.13296 1.09655 1.02129 1.01890 4.76 
22 0.22 0.04047 1.20959 1.15594 1.03249 1.02527 4.55 
23 0.23 0.04161 1.16229 I. 13658 0.97652 0.96427 4.35 
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24 0.24 0.04975 1.29290 1.30247 1.06242 1.05896 4.17 
25 0.25 0.06040 1.56475 1.51813 1.19290 1.18493 4.00 
26 0.26 0.06309 1.61978 1.52473 1.14568 1.14431 3.85 
27 0.27 0.05277 1.29989 1.22801 0.89238 0.88749 3.70 
28 0.28 0.05245 1.28803 1.17691 0.82117 0.82018 3.57 
29 0.29 0.05858 1.42125 1.26924 0.85688 0.85402 3.45 
30 0.30 0.06833 1.51338 1.43100 0.93704 0.93077 3.33 
31 0.31 0.07664 1.71775 1.55334 0.97975 0.97775 3.23 
32 0.32 0.07644 1.62581 1.50080 0.92328 0.91516 3.13 
33 0.33 0.07036 1.46608 1.33963 0.79885 0.79213 3.03 
34 0.34 0.06555 1.29567 1.21135 0.69574 0.69521 2.94 
35 0.35 0.06914 1.36883 1.24114 0.69509 0.69195 2.86 
36 0.36 0.07611 1.43229 1.32829 0.72534 0.71997 2.78 
37 0.37 0.08321 1.46923 1.41300 0.74916 0.74518 2.70 
38 0.38 0.09015 1.54982 1.49059 0.76953 0.76542 2.63 
39 0.39 0.09619 1.64563 1.54976 0.77692 0.77539 2.56 
40 0.40 0.10071 1.66299 1.58202 0.77619 0.77175 2.50 
41 0.41 0.10438 1.61478 1.59959 0.76625 0.76129 2.44 
42 0.42 O.l0761 1.63710 1.60983 0.75221 0.74792 2.38 
43 0.43 0.11229 1.61004 1.64084 0.74872 0.74460 2.33 
44 0.44 0.12294 l.7l041 1.7555 I 0.78269 0.77853 2.27 
45 0.45 0.12786 1.77832 1.78529 0.77785 0.77414 2.22 
46 0.46 0.12471 1.71825 1.70342 0.72783 0.72258 2.17 
47 0.47 0.12287 1.65704 1.64265 0.68560 0.68198 2.13 
48 0.48 0.12350 1.63243 1.61656 0.66244 0.65717 2.08 
49 0.49 0.12258 1.70238 1.57185 0.63005 0.62595 2.04 
50 0.50 0.12409 I. 7887 I 1.55941 0.61130 0.60858 2.00 
51 0.51 0.12464 1.86376 1.53559 0.59053 0.58753 1.96 
52 0.52 0.11959 1.85372 1.44501 0.54442 0.54224 1.92 
53 0.53 0.1 !048 1.70483 1.30978 0.48598 0.48222 1.89 
54 0.54 0.11235 1.47125 1.30725 0.47394 0.47238 1.85 
55 0.55 0.11423 1.38020 1.30494 0.46612 0.46297 1.82 
56 0.56 0.12991 1.43053 1.45756 0.51070 0.50788 1.79 
57 0.57 0.14553 1.58598 1.60414 0.55167 0.54915 1.75 
58 0.58 0.16090 1.75597 1.74305 0.58929 0.58642 1.72 
59 0.60 0.16552 1.90732 1.73336 0.56612 0.56372 1.67 
60 0.62 0.14914 1.71916 1.51142 0.47783 0.47568 1.61 
61 0.64 0.13615 1.46806 1.33669 0.40996 0.40754 1.56 
62 0.66 0.14161 1.75359 1.34813 0.40145 0.39858 1.52 
63 0.68 0.15367 1.85258 1.41993 0.41058 0.40746 1.47 
64 0.70 0.16446 1.75202 1.47616 0.41334 0.41149 1.43 
65 0.72 0. 16040 1.64248 1.39978 0.38212 0.37936 1.39 
66 0.74 0.14915 1.61251 1.26642 0.33597 0.33394 1.35 
67 0.76 0.16057 1.57224 1.32750 0.34338 0.34084 1.32 
68 0.78 0.17913 1.59266 1.44299 0.36327 0.36099 1.28 
69 0.80 0.18584 1.69089 1.45955 0.35775 0.35600 1.25 
70 0.82 0.19547 1.83473 1.49779 0.35886 0.35642 1.22 
71 0.84 0.19510 1.85877 1.45935 0.34022 0.33900 1.19 
72 0.86 0. 19321 1.71122 1.41159 0.32171 0.32028 1.16 
73 0.88 0.20256 1.67547 1.44626 0.32247 0.32069 1.14 
74 0.90 0.20867 1.64417 1.45683 0.31757 0.31586 I.II 
75 0.92 0.22540 1.68543 1.53941 0.32824 0.32651 1.09 
76 0.94 0.25264 1.75116 1.68869 0.35247 0.35055 1.06 
77 0.96 0.27876 1.75505 1.82446 0.37302 0.37084 1.04 
78 0.98 0.29797 1.72103 1.91040 0.38186 0.38038 1.02 
79 I.OD 0.31142 1.70665 1.95673 0.38400 0.38182 1.00 
80 1.05 0.33056 1.86700 1.97809 0.37049 0.36760 0.95 
81 I.JO 0.34010 1.98275 1.94264 0.34638 0.34461 0.91 
82 1.15 0.38232 2. 18670 2.08887 0.35752 0.35444 0.87 
83 1.20 0.437IO 2.43040 2.28867 0.37540 0.37216 0.83 
84 1.25 0.41217 2.48596 2.07178 0.32532 0.32341 0.80 

Page 21 



R16232
/61,, 1 187-

PCSC300M-1.out 

( 85 1.30 0.35374 2.07796 1.70971 0.25849 0.25663 0.77 
86 1.35 0.31529 1.82241 1.46742 0.21360 0.21210 0.74 
87 1.40 0.30429 1.71927 1.36566 0.19212 0.19034 0.71 
88 1.45 0.30631 1.66137 1.32732 0.18009 0.17862 0.69 
89 1.50 0.31859 1.66658 1.33450 0.17445 0.17360 0.67 
90 1.55 0.33532 1.63453 1.35927 0.17193 0.17112 0.65 
91 1.60 0.33890 1.61066 1.33085 0.16392 0.16231 0.63 
92 1.65 0.31778 1.50173 1.21009 0.14561 0.14311 0.61 
93 1.70 0.28140 1.35995 1.04004 0.12177 0.11938 0.59 
94 1.75 0.30802 1.33546 1.10590 0.12463 0.12331 0.57 
95 1.80 0.35605 1.46700 1.24286 0.13603 0.13473 0.56 
96 1.85 0.38459 1.54226 1.30617 0.13881 0.13777 0.54 
97 1.90 0.41120 1.54079 1.35982 0.14101 0.13965 0.53 
98 1.95 0.42776 1.50608 1.37831 0.13955 0.13792 0.51 
99 2.00 0.45877 1.58228 1.44128 0.14253 0.14062 0.50 
100 2.05 0.49417 1.68678 1.51462 0.14614 0.14417. 0.49 
101 2.10 0.54015 1.79416 1.61614 0.15074 0.15017 0.48 
102 2.15 0.58631 1.97185 1.71343 0.15668 0.15551 0.47 
103 2.20 0.59876 2.08291 1.71005 0.15348 0.15167 0.45 
104 2.25 0.59010 2.04481 1.64786 0.14423 0.14291 0.44 
105 2.30 0.54691 1.88205 1.49406 0.12852 0.12675 0.43 
106 2.35 0.50389 1.76316 1.34725 0.11256 0.11187 0.43 
107 2.40 0.45720 1.68962 --1.19696 0.09891 0.09732 0.42 
108 2.50 0.39717 1.45197 0.99821 0.07839 0.07791 0.40 
109 2.60 0.42222 1.44539 1.02035 0.07780 0.07658 0.38 
110 2.70 0.41356 1.27860 0.96239 0.07028 0.06955 0.37 
Ill 2.80 0.37799 1.27516 0.84821 0.05970 0.0591 I 0.36 
112 2.90 0.42097 1.45197 0.91208 0.06234 0.06137 0.34 
I 13 3.00 0.44342 1.50548 0.92870 0.06150 0.06041 0.33 
114 3.10 0.45766 1.42670 0.92760 0.05970 0.05839 0.32 
115 3.20 0.42651 1.27704 0.83745 0.05273 0.05107 0.31 
116 3.30 0.37342 1.12135 0.71100 0.04371 0.04204 0.30 
117 3.40 0.32021 1.01441 0.59175 0.03557 0.03396 0.29 
118 3.50 0.33969 0.94441 0.60981 0.03443 0.03400 0.29 
119 3.60 0.38484 0.92642 0.67168 0.03683 0.03641 0.28 
120 3.70 0.39485 0.92955 0.67051 0.03594 0.03536 0.27 
121 3.80 0.40968 0.93190 0.67740 0.03518 0.03478 0.26 
122 3.90 0.38228 0.91874 0.61588 0.03143 0.03081 0.26 
123 4.00 0.34203 0.92697 0.53726 0.02642 0.02621 0.25 
124 4.10 0.30825 0.96203 0.47239 0.02341 0.02248 0.24 
125 4.20 0.32556 0.98725 0.48703 0.02406 0.02263 0.24 
126 4.30 0.34146 0.99738 0.49894 0.02413 0.02264 0.23 
127 4.40 0.34807 0.99104 0.49705 0.02358 0.02204 0.23 
128 4.50 0.34534 0.97000 0.48218 0.02249 0.02091 0.22 
129 4.60 0.33556 0.93804 0.45834 0.02099 0.01944 0.22 
130 4.70 0.33170 0.89990 0.44343 0.01925 0.01841 0.21 
131 4.80 0.34522 0.86035 0.45189 0.01886 0.01837 0.21 
132 4.90 0.33190 0.82347 0.42559 0.01758 0.01695 0.20 
133 5.00 0.30064 0.79241 0.37780 0.01543 0.01474 0.20 
134 5.10 0.28033 0.76907 0.34537 0.01383 0.01321 0.20 
135 5.20 0.27769 0.75443 0.33554 0.01330 0.01259 0.19 
136 5.40 0.27310 0.77836 0.31776 0.01207 0.01148 0.19 
137 5.60 0.29401 0.79628 0.32988 0.01202 0.01149 0.18 
138 5.80 0.30778 0.80794 0.33342 0.01178 0.01122 0.17 
139 6.00 0.32463 0.84580 0.33995 0.01222 0.01106 0.17 
140 6.20 0.37930 0.87676 0.38439 0.01325 0.01210 0.16 
141 6.40 0.43335 0.89546 0.42544 0.01413 0.01297 0.16 
142 6.60 0.48253 0.89989 0.45937 0.01477 0.01358 0.15 
143 6.80 0.52393 0.89041 0.48411 0.01512 0.01389 0.15 
144 7.00 0.55920 0.87529 0.50194 0.01518 0.01399 0.14 
145 7.30 0.62005 0.88042 0.53368 0.01482 0.01427 0.14 
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146 7.60 0.66716 0.90825 0.55156 0.01449 0.01416 
147 8.00 0.70847 0.90727 0.55643 0.01389 0.01357 
148 8.50 0.72253 0.93252 0.53409 0.01272 0.01226 
149 9.00 0.72748 0.96895 0.50788 0.01163 0.01101 
150 9.50 0.81580 0.98875 0.53956 0.01146 0.01108 
151 10.00 0.88090 0.99633 0.55348 0.01116 0.01080 
152 10.50 0.00000 0.00000 0.00000 0.00000 0.00000 

VALUES IN PERIOD RANGE . l TO 2.5 SEC. 
AREA OF ACC. RESPONSE SPECTRUM = 0.859 
AREA OF VEL. RESPONSE SPECTRUM = 4.045 
MAX. ACCELERATION RESPONSE VALUE= 1.516 
MAX. VELOCITY RESPONSE VALUE= 2.486 

*** End of Output File No. l *** 
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OBJECTIVE: 

CALCULATION BRIEF 
FOR 

ESTIMATE OF POTENTIAL EMBANKMENT SETTLEMENTS 
(PERMANENT DEFORMATIONS) 

POND CREEK COAL REFUSE DISPOSAL SITE - SOUTH CELL 

Estimate maximum anticipated settlements for the Pond Creek - South Cell 
embankment and impoundment geometry. 

METHODOLOGY: Use SHAKE2000 (Ordonez, G., 2006) (Reference 1) to determine time history of 
accelerations from time history of horizontal shear stresses (Reference 7) at the 
critical layer-to-failure surface interface, and estimate permanent deformations 
based on (Houston, et al., 1987), for the critical soil mass. Cumulative 
deformations are estimated from stress-to-acceleration time histories, above the 
yield accelerations (determined in Reference 8), using the techniques presented by 
Newmark (1965). 

REFERENCES: 

I. Ordonez, Gustavo A.(2006) "SHAKE2000: A Computer Program for the 
1-D Analysis of Geotechnical Earthquake Engineering Problems," 
February 2006. 

2. Schnabel, P. B., Lysmer, J. and Seed, H.B. (1972) "SHAKE: A Computer 
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Resistance of Thickened Tailings," Journal of Geotechnical Engineering, 
ASCE, Vol. 111, No. 12, Paper No. 20213, pp. 1380-1394. 

6. Civil & Environmental Consultants, Inc. Calculation Brief Entitled "Shear 
Modulus Calculations for SHAKE Columns PCSC300E and PCSC300M," 
Pond Creek Coal Refuse Disposal Site- South Cell" BEG, 12/28/07. 

7. Civil & Environmental Consultants, Inc. Calculation Brief Entitled 
"Induced Cyclic Shear Stresses and Strains and Time History of Cyclic 
Shear Stress, SHAKE Columns PCSC300E and PCSC300M," Pond Creek 
Coal Refuse Disposal Site - South Cell," BEG, l/7 /07. 

8. Civil & Environmental Consultants, Inc. Calculation Brief Entitled 
"Estimation of the Seismic Pseudo-Static Factors of Safety and Yield 
Accelerations for the Downstream and Upstream Slope Geometries, Pond 
Creek Coal Refuse Disposal Site, South Cell," BEG, 1/22/08. 

Pseudo-Static (Seismic) Factor of Safety and Estimation of Yield Accelerations: 

Based on the information presented in Reference 8 and shown in Figure 3 of the permanent deformation 
report, the minimum pseudo-static (seismic) factors of safety were less than 1.0, thus permanent 
deformation analyses are required. Also shown in Reference 8, the minimum yield acceleration for the 
Pond Creek - South Cell embankment in the downstream and upstream directions was estimated at 
0.18g. A yield acceleration of 0.18g is assumed for all downstream and upstream slope conditions, 
which will be used as input for estimating the corresponding permanent deformations. 

SHAKE2000 Input Summary 

A SHAKE2000 crest column was chosen to analyze the induced acceleration of the coal refuse/sub grade 
soil materials. SHAKE2000 column PCSC300E and PCSC300M were created based on shear wave 
velocities from eight (8) piezo-seismic cone penetration test (PSCPT) holes performed throughout the 
Pond Creek facility, particularly in the vicinity of the South Cell (Reference 6) including CPT-1, CPT-2, 
CPT-2A, CPT-3, CPT-4, CPT-5, CPT-5A and CPT-5B. Columns PCSC300E and PCSC300M are 
utilized for the permanent deformation analyses in the upstream (min. fines) and downstream (max. 
fines) directions, respectively, and all (16) layers were evaluated to assess maximum permanent 
deformations in the both the upstream and downstream directions. 



R16237

Civil & Environmental Consultants, Inc. 
Williamson Energy Pond Creek South Cell 

PROJECT Deformation Evaluation PROJECT NO. 072047 

Estimate of Potential Embankment PAGE 3 OF IDB 

Settlements (Permanent Deformations) 

MADE BY ---=B'-'E"-G'-'--- DATE --"1/--=2cc2/c.c0--=8- CHECKEDBY %µ DATE 

Maximum Design Earthquake (MDE) 

As discussed in Reference 7, two synthetic acceleration-time histories were created utilizing Eastern 
North American (ENA) earthquake source and propagation parameters for the site maximum design 
earthquakes (MDE). The New Madrid earthquake source has a maximum magnitude (M) of 8.0 and an 
epicenter distance of 83 km from the site. The Background earthquake, which could occur practically 
anywhere in this region has a magnitude of M6.8 and was placed 13.5 km from the site. Since the two 
MDE scenarios are markedly different in terms of maximum acceleration, duration, and frequency 
content, both records were used in SHAKE2000 to investigate the response of the embankment to these 
earthquakes. The resulting ground motion parameters and the response of the embankment to these 
MDE' s are discussed in the Critical Mass Displacement subsection of this calculation brief. 

Analysis to Define Time History of Accelerations: 

Analyses were performed to estimate the time history of horizontal shear stress at various layer 
interfaces (Option 7 of SHAKE2000, See Reference 7). The (stress) time history data is subsequently 
converted to acceleration time histories in SHAKE2000 and subsequently used in SHAKE2000 to 
estimate the maximum displacement associated with the center of gravity of the failure mass based on 
Houston, et al., 1989. 

The analysis technique for determining time histories of accelerations corresponds to the techniques used 
by Castro et al., (1989) and Houston et al., (1989). The time histories of earthquake accelerations on the 
potential sliding mass were converted in SHAKE2000 by dividing each time step by the effective 
vertical stress on each layer, based on the equation F = ma and solving for acceleration, a, at each time 
step. 

Critical Mass Displacements: 

Horizontal displacements of the proposed South Cell geometry were computed using SHAKE2000 
which double integrates the difference between the estimated accelerations and yield accelerations for 
the duration of the time history. The integration is performed assuming that movements of the sliding 
block can only occur in the downhill direction for estimated values of acceleration which exceeds the 
yield acceleration. Movements in the uphill direction are not likely since the value of yield acceleration 
is notably higher due to the additive static weight resistance against pushing the sliding block uphill. 

The anticipated maximum displacements of the soil mass were estimated as a function of earthquake 
acceleration for the corresponding critical failure surface. A summary of ground motion response 
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parameters and ground displacements estimated for the critical South Cell geometry is presented in the 
following tables. 

Upstream (E) Downstream (M) Permanent Deformation Analysis, Yield Acceleration (Ay - 0.18 g) 

M6.8 @ 13.5 km Epicenter (Amax - 0.54 g. IM - 20.4 Hz) (SHAKE Option 3) 

(Option 5) 
SHAKE2000 Average IN of 

Column Column.Hz 

PCSC300E 4.35 
PCSC300M 4.17 

IM = Mean Square Frequency= 

(Option 6) 
Amax in Any 

Critical Layer, g 
(Laver No.) 
0.81 (14) 
0.80(12) 

"<"' C-2+. k I Jl. 

1:C; 2 

where C; = Fourier amplitudes of the entire accelogram, and 
f; = discrete Fourier frequencies. 

Amax Critical Layer 

Amax Earthquake, % 

144 
148 

IN= Average Fundamental frequency of the SHAKE column =Vs/ (4 * H) 

Where H = Height of the SHAKE column, and 
Vs = Average Shear Velocity of the SHAKE column. 

M8.0@ 83 km Epicenter (Amax -0.54 g. IM - 14.6 Hz) (SHAKE Option 3) 

(Option 5) (Option 6) 
SHAKE2000 Average fN of Amax in Any Amax Critical Layer 

Column Column, Hz Critical Layer, g Amax Earthquake,% 
(Laver No.) 

PCSC300E 3.85 0.88 (2) 163 
PCSC300M 3.70 0.75 (2) 139 

Maximum 
Permanent 

Deformation, in 

I. 19 
1.09 

Maximum 
Permanent 

Deformation, in. 

16.7 
13.7 
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As shown in the tables above, the mean square frequency of the M6.8 Background earthquake (20.4 Hz) 
is greater than the M8.0 earthquake (14.6 Hz). The average fundamental frequencies of the 
SHAKE2000 columns are similar, ranging from about 3.70 to 4.35Hertz. Due to the large variation in 
frequency content between the low frequency Pond Creek - South Cell SHAKE2000 columns to the 
high frequency ENA earthquake scenarios, moderate shear stresses and strains are induced into the soil 
columns. The percentage of acceleration within the critical layer to that of the base acceleration is lower 
for the M6.8 and higher for the M8.0 earthquake due to their higher mean square frequency. In other 
words, while the input acceleration is high, particularly for both MDE scenarios (Amax = 0.54 g), most 
of its energy is in the high frequency range and only a portion of the induced base acceleration affects the 
critical layer. 

Based on the Newmark method, the amount of permanent deformation for the downstream and upstream 
directions varies from about 1 inches to 17 inches for both columns and both MDE scenarios. The 
deformation is a maximum value associated with all 16 layers and should envelope any condition within 
the embankment at any one particular critical failure surface location. Since the maximum accelerations 

. are higher than the 0.18g yield acceleration, there is some displacement accumulated [following 
performing the double integration of (Ay- A)] of the Newmark method. The Pond Creek- South Pond 
SHAKE2000 time histories of shear stress are presented in Appendix D, Attachment D-2, and 
displacement plots and output files for each layer of the permanent deformation analyses are attached. 

The crest elevation (EL) for South Cell is about 502 feet, while the maximum fines level is EL 496 ft. 
Consequently, 6 feet of freeboard exists relative to the 17 inches (or 1.4 feet) of maximum deformation, 
which is more than enough to prevent overtopping in the event of either MDE scenario. 

CONCLUSION 
Based on the information presented in this calculation brief, the anticipated maximum permanent 
deformation of the Pond Creek - South Cell soil mass was estimated to be about 1.4 feet for both the 
downstream and upstream slope conditions and both M6.8 Background (at 13.5 km) and M8.0 New 
Madrid (at 83 km) MDE scenarios with maximum accelerations of 0.54g. Limited displacements in the 
downstream and upstream directions are anticipated since the ground motion response of the 
embankment only slightly exceeds the 0.18g yield acceleration in both directions. Given the amount of 
freeboard (about 6 feet), 1.4 feet of permanent deformations would not pose a threat to the integrity of 
the impoundment or adversely affect the Pond Creek - South Cell impoundment. 
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Displacement Analysis - Newmark Method 
Project: SHAKE2000 - Newmark Analysis - PCSC300E M6.8 Background - Layer 2 

Newmark Method by Houston et.al. (1987) 
Constant Yield Acceleration: .18 (g) 
Acceleration Time History: PCSC300E Layer 2 Stress - HEA - Layer: 2 -
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Acceleration Time History File: C:\SHAKE2000\Williarnson Energy\12aldl-21 
Peak Acceleration Value: .75102S (g) 
Upslope Movement not Included in Analysis 
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Displacement Analysis - Newmark Method 
Project: SHAKE2000 - Newmark Analysis - PCSCJOOE M6.8 Background - Layer 3 

Newmark Method by Ho~ston et.al. (1987) 
Constant Yield Acceleration, , 18 (g) 

Acceleration Time History: PCSC300E Layer 3 Stress - HEA - Layer: 3 -
Analysis, 1 - Soil Deposit: l 

Acceleration Time History File: C:\SHAKE2000\Williamson Energy\lJaldl-23.hea 
Peak Acceleration Value: . 646934.1 (g) 
Upslope Movement not Included in Analysis 
Acceleration due to gravity: 386.4 (in/sec~2) 
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Displacement Analysis - Newmark Method 
Project: Sl!AKEZOOO Newmark Analysis - PCSCJOOE M6.8 Background Layer 4 

Newmark Method by Houston et.al. (1987) 
Constant Yield Acceleration, .18 (g) 
Acceleration Time History: !?CSC300E Layer 4 Stress - HEA - Layer: 4 -

Analysis: 1 - Soil Deposit: 1 
Acceleration Time History File: C:\SHAKE2000\Williamson Energy\14aldl-25.hea 
Peak Acceleration Value, .S376392 (g) 
Upslope Movement not Included in Analysis 
Acceleration due to gravity: 386.4 (in/secA2) 

Displacement computed: . 7707678 in 

co 

~ 
6' 
00 



R
16244

SHAKE2000 Newmark Analysis - PCSC300E M6.8 Background - Layer 5 
0. 

0. -------------+---------------~----------------1----------------~---------------
0 

I I I l ___ I _______________ l----------------l----------------r---------------
0 ----------?---------------~----------------1----------------~---------------

C 
.Q 

e!UJ - ~ .. ~ = = = = = = t = =- --= = = -= = =- = = ~ =- ---------= = =- -:- ---= = =- --= = ----~ -------~Yl:kJ_~·= ===:I 
ID· 
cu.£! 
0 
0 

·------·--------------- 1 ________________ 1 ________________ 1 ---------------
! I I I 

'" ~ ---------+---------------,----------------1----------------~---------------
~- ___________ 1 _______________ 1 ________________ 1 ________________ 1 ---------------

1 I l I 
•O,, -------------T---------------~----------------1----------------r---------------
·O 

20 " 00 00 ,00 

4 

I I I I 

3 -1--------------,----------------r---------------,----------------~----------------
>--

.. ~ 0 
0 ID 2+ .f!.J!.! 

____________ ! ________________ I _______________ I ________________ I ---------------· 

ID C 
' l l I I 

>= 
' 1· -----------,----------------r·---------------,----------------r---------------· 

I 
I I l I 

0 
l 111, ~ I l I 

0 20 40 60 80 100 

0.8 

l I :::1 :-~:::::::::::::::::::::::::::: t:::::::::::::: :: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 
I I I I 

' o.o~--------+----------+--------->---------+---------
o 20 40 60 80 100 

Time (sec) 

Notes, 
Displacement Analysis - Newmark Method 
Project, SHAKE2000 Newmark Analysis - PCSC300E M6.8 Background - Layer 5 

Newmark Method by Houston et.al. (1987) 
Constant Yield Acceleration, .18 (gl 
Acceleration Time History, PCSC300E Layer S Stress - HEA - Layer, 5 -

Analysis, l - Soil Deposit, 1 
Acceleration Time History File: C: \SHAKE2000\Williamson Energy\lSaldl-27 .hea 
Peak Acceleration Value: .5017272 (g) 
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Displacement computed: . 6051853 in 
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Displacement Analysis - Newmark Method 
Project: SHAKE2000 ~ewmark Analysis - PCSC300E M6.8 Background - Layer 6 

Newmark Method by Hcuston et.al. (1987) 
constant Yield Acceleration, .18 (g) 
Acceleration Time History, PCSC300E Layer 6 Stress - HEA - Layer: 6 -

Analysis, 1 - Soil Deposit, 1 
Acceleration Time History File: c,\SHAKE2000\Williamson Energy\16aldl-29.hea 
Peak Acceleration Value, .4929173 (gl 
Upslope Movement not Included in Analysis 
Acceleration due to gravity, 386.4 (in/sec~2) 
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Displacement Analysis - Newmark Method 
Project: SHAKE2000 Newmark Analysis - PCSCJOOE M6.8 Background - Layer 7 

Newmark Method by Houston et.al. (1987) 
Constant Yield Acceleration: .18 (g) 
Acceleration Time History: PCSC300E Layer 7 Stress - HEA - Layer: 7 -

Analysis: l - Soil Deposit: l 
Acceleration Time History File: C:\SHAKE2000\Williamson Energy\17aldl-Jl.hea 
Peak Acceleration Value: .4681036 {g) 
Upslope Movement not Included in Analysis 
Acceleration due to gravity: 386.4 (in/sec~Z) 

Displacement computed: .3661694 in 
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Displacement Analysis - Newmark Method 
Project: SHAKE2000 Newmark Analysis - PCSC300E M6.8 Background - Layer 8 

Newmark Method by Houston et.al. {1987) 
Constant Yield Acceleration: .18 (g) 
Acceleration Time History: PCSC300E Layer 8 Stress - HEA - Layer: 8 -

Analysis: l - Soil Deposit: 1 
Acceleration Time History File: C:\SHAKE2000\Williamson Energy\18aldl-33.hea 
Peak Acceleration Value: .4352388 (g) 
Upslope Movement not Included in Analysis 
Acceleration due to gravity: 386.4 (in/sec"2) 

Displacement computed, .2687874 in 
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Displacement Analys~s - Newmark Method 
Project, SHAKE2000 Newmark Analysis - PCSCJOOE M6.8 Background - Layer 9 

Newmark Method by Houston et.al. (1987) 
Constant Yield Acce:eration, .18 (g) 
Acceleration Time H~story, PCSCJOOE Layer 9 Stress - HEA - Layer, 9 -

Analysis, 1 - Soil Deposit, 1 
Acceleration Time H~story File, C,\SHAKE2000\Williamson Energy\19aldl-35.hea 
Peak Acceleration Value: .3880689 (g) 
Upslope Movement not Included in Analysis 
Acceleration due to gravity, 386.4 (in/sec~2) 

Displacement computed, .1818185 in 
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SHAKE2000 Newmark Analysis - PCSC300E M6.8 Background - Layer 10 
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Displacement Analysis - Newmark Method 
Project: SH1\KE2000 ~ewmark Analysis - PCSCJOOE M6.8 Background - Layer 10 

Newmark Method by Hcuston et.al. (1987) 
Constant Yield Acceleration: .18 (g) 

Acceleration Time History: PCSCJOOE Layer 10 Stress - HEA - Layer: 10 -
Analysis: l - Soil Deposit: 1 

Acceleration Time History File: C: \SHAKE2000\Williamson Energy\llOaldl-37 hea 
Peak Acceleration Value: .3427745 (g) 
Upslope Movement not Included in Analysis 
Acceleration due to gravity, 386.d. (in/secA2) 

Displacement computed: .1125055 in 
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SHAKE2000 Newmark Analysis - PCSC300E M6.8 Background - Layer 11 
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Displacement Analysis - Newmark Method 
Project, SHAKE2000 Newmark Analysis - PCSCJOOE M6.8 Background - Layer 11 

Newmark Method by Ho,uston et.al. (1987) 
Constant Yield Acceleration: .18 (g) 
Acceleration Time History: PCSC300E Layer 11 Stress - HEA - Layer: 11 -

Analysis: 1 - Soil Deposit: 1 
Acceleration Time History File: C:\SHAKE2000\Williarnson Energy\lllaldl-39.hea 
Peak Acceleration Value: .2842841 {g) 
Upslope Moveraent not Included in Analysis 
Acceleration due to gravity: 386.4 {in/secA2) 

Displacement computed, 6.657416E-02 in 
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SHAKE2000 Newmark Analysis - PCSC300E M6.B Background - Layer 12 
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Notes: 
Displacement Analysis - Newmark Method 
Project, SHAKE2000 Newmark Analysis - PCSCJOOE M6.S Background - Layer 12 

Newmark Method by Houston et.al. (1987) 
Constant Yield Acceleration: .18 (g) 
Acceleration Time History: PCSC300E Layer 12 Stress - HEA - Layer: 12 -

Analysis: 1 - Soil Deposit: 1 
Acceleration Time History File: C:\SHAKE2000\Williamson Energy\112aldl-41.hea 
Peak Acceleration Value, .25844.38 (g) 
Upslope Movement not Included in Analysis 
Acceleration due to gravity: 386.4 (in/sec~2) 

Displacement computed: 4.273162E-02 in 
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SHAKE2000 Newmark Analysis - PCSC300E M6.8 Ba:kground - Layer 13 
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Displacement Analys~s - Newmark Method 
Project, SHAKE2000 ~ewmark Analysis - PCSC300E M6.8 Background - Layer 13 

Newmark Method by Houston et.al. (1987) 
Constant Yield Acce:eration, .18 (g) 
Acceleration Time H~story, PCSC300E Layer 13 Stress - HEA - Layer, 13 -

Analysis, 1 - Soil Deposit, 1 
Acceleration Time H~story File, C:\SHAKE2000\Williamson Energy\ll3aldl-4J.hea 
Peak Acceleration Value, .2430648 (g) 
Upslope Movement not Included in Analysis 
Acceleration due to gravity, 386.4 (in/secA2) 

Displacement computed, 2.399014£-02 in 
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SHAKE2000 Newmark Analysis - PCSC300E M6.8 Background - Layer 14 
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Displacement Analysis - Newmark Method 
Project, SHAKE2000 Newmark Analysis - PCSCJOOE M6 8 aackground - Layer 14 

Newmark Method by Ho~ston et.al. (1987) 
Constant Yield Acceleration: .18 (g) 
Acceleration Time History: PCSC300E Layer 14 Stress - HEA - Layer: 14 -

Analysis: 1 - Soil Deposit: 1 
Acceleration Time Hi.story File: C:\SHAKE2000\Williamson Energy\114aldl-45.hea 
Peak Acceleration Value: .2440292 (g) 
Upslope Movement not Included in Analysis 
Acceleration due to gravity: 386.4 (in/sec~2) 

Displacement compute::l.: 1.901044E-02 in 
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SHAKE2000 Newmark Analysis - PCSC300E M6.8 Background - Layer 15 
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Displacement Analys~s - Newmark Method 
Project: SHAKE2000 Newmark Analysis - PCSCJOOE M6.8 Background - Layer 15 

Newmark Method by Houston et.al. (1987) 
Constant Yield Acce:eretion: .18 {g) 
Acceleration Time H~story, PCSC300E Layer 15 Stress - HEA - Layer: 15 -

Analysis: 1 - Soil Deposit: l 
Acceleration Time H_story File: C:\SHAKE2000\Williarnson Energy\llSaldl-47.hea 
Peak Acceleration Value: .2555991 (g) 
Upslope Movement no~ Included in Analysis 
Acceleration due to gravity: 386.4 (in/sec~2) 

Displacement computed: 1.5546178-02 in 
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SHAKE2000 Newmark Analysis - PCSC300E M6.8 Background - Layer 16 
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Notes: 
Displacement Analysis - Newmark Method 
Project: SHAKE2000 Newmark Analysis - PCSC300E M6.8 Background - Layer 16 

Newmark Method by Houston et.al. (1987) 
Constant Yield Acceleration: .18 (g) 
Acceleration Time History: PCSC300E Layer 16 Stress - HEA - Layer: 16 -

Analysis: 1 - Soil Deposit, 1 
Acceleration Time History File: C:\SHAKE2000\Williamson Energy\116aldl-49.hea 
Peak Acceleration Value: .2608154 (g) 
Upslope Movement not Included in Analysis 
Acceleration due to -;rravity: 386.4 (in/sec~2) 

Displacement computed: l.346898E-02 in 
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Civil & Environmental Consultants, Inc. 
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SHAKE2000 Newmark Analysis - PCSC300M M6.8 Background - Layer 2 

------------~---------------~----------------1----------------~---------------
I I I I 

. ___________ + _______________ , - .. - - - - - - - - - - - - - -i- - __ - - ~ ____ Yield Acc._= 

----------- --
,W/lfl/ll,--;..-----...;.-------:-----____;.._----------

t 

- - ' ,-----
- - I - - I ,_ ---- -----r -= - - - -= = = = r = = = =: ----= = = =:= = = = = = = = = - - ,. - - - - -_____ 1 ---- -~-------- ----

-----L ---
1 -- ---

.a.a,~---------+---------+---------+----------+----------+ 
0 20 40 60 80 100 

4,.-,----------j--------t-------t---~--------i-

3+ -

2 

0 
0 

1.5 

' ' -------·-----1----------------~----------------1----------------~---------------
' ' ' ___________ 1 ________________ 1 _______________ ! ________________ I ______________ _ 

I I ! l 

' 
----------,----------------r---------------,----------------r---------------

' ' ' 
20 40 60 80 100 

1.o+ - - - - · - - - - - - - - - ·· ~ - - - - - - - - - - - - - - - -:- - ·· - - - - - - - - - - - - - ~ - - - - - - - - - - - - - - - -~ - - - - - - - - - - - - - - - -I 

o.~-- -------------{---------------~----------------~---------------+---------------
' ' ' ' ' ' ' o.o~-------+--------+----------+----------+--------

o 20 40 60 80 100 
Time (sec) 

Displacement Analysis - Newmark Method 
Project: SHAKE2000 ~ewmark Analysis - PCSC300M M6.8 Background - Layer 2 

Newmark Method by H~uston et.al. (1987) 
Constant Yield Acceleration, .18 (g) 
Acceleration Time History: PCSC300M Layer 2 Stress - HEA - Layer: 2 -

Analysis, 1 - Soil Deposit: 1 
Acceleration Time History File, C:\SHAKE2000\Williarnson Energy\12aldl-21.hea 
Peak Acceleration Velue, .7591308 (g) 
Upslope Movement not Included in Analysis 
Acceleration due to gravity: 386.4 (in/sec~2) 

Displacement computed: 1.096441 in 
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SHAKE2000 Newmark Analysis - PCSC300M M6.8 Background - Layer 3 
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Displacement Analysis - Newmark Method 
Project: SHAKE2000 Newmark Analysis - PCSC300M M6.8 Background - Layer 3 

Newmark Method by Ho~ston et.al. (1987) 
Constant Yield Acceleration, .18 (g) 
Acceleration Time History: PCSCJOOM Layer J Stress - HEA - Layer, 3 -

Analysis: l - Soil Deposit, l 
Acceleration Time History File: C: \SHAKE2000\Williamson Energy\13aldl-23. hea 
Peak Acceleration Value: . 6572132 (g) 
Upslope Movement not Included in Analysis 
Acceleration due to gravity: JB6.4 (in/secA2J 

Displacement computed: .926295 in 
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SHAKE2000 Newmark Analysis - PCSC300M M6.6 Background - Layer 4 
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Displacement Analysis - Newmark Method 
Project, S1-tAKE2000 Newmark Analysis - PCSC300M MG 8 Background - Layer 4 

Newmark Method by lloLston et.al. (1987) 
Constant Yield Acceleration, .18 (g) 
Acceleration Time History: PCSC300M Layer 4 Stress - HEA - Layer: 4 -

Analysis: 1 - Soil Deposit: 1 
Acceleration Time History File: C:\SHAKE2000\Williamson Energy\14aldl-25.hea 
Peak Acceleration Value: .5447469 (g) 
Upslope Movement not Included in Analysis 
Acceleration due to gravity: 386.4 (in/sec~2) 

Displacement computeC: . 7276583 in 
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SHAKE2000 Newmark Analysis· PCSC300M M6.8 Background - Layer 5 
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Displacement Analysis - NeW!llark Method 
Project, SHAKE2000 ~eW!llark Analysis - PCSC300M M6.8 Background - Layer S 

Newmark Method by Hcuston et.al. (1987) 
Constant Yield Acceleration, .18 (g) 
Acceleration Time History: PCSC300M Layer S Stress - HEA - Layer: S -

Analysis, 1 - Soil Deposit: 1 
Acceleration Time History File: C:\SHAKE2000\\'1illiamson Energy\lSaldl-27.hea 
Peak Acceleration Value: .4537432 (g) 
Upslope Movement not Included in Analysis 
Acceleration due to gravity, 386.4 (in/sec~2) 

Displacement computed, . 5699688 in 
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SHAKE2000 Newmark Analysis - PCSC300M M6.8 Background - Layer 6 
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Notes: 
Displacement Analysis - Newmark Method 
Project: SHAKE2000 ~ewmark Analysis - PCSCJOOM M6.8 Background Layer 6 

Newmark Method by Hcuston et.al. (1987) 
Constant Yield Acceleration: .18 (g) 
Acceleration Time History: PCSC330M Layer 5 Stress - HEA - Layer, 5 -

Analysis: 1 - Soil Deposit: 1 
Acceleration Time History File: C:\SHAKE2000\Willia.mson Energy\15aldl-29.hea 
Peak Acceleration Value: .4564626 (g) 
Upslope Movement not Included in Analysis 
Acceleration due to gravity: 386.4 (in/sec~2) 

Displacement computed: . 4413362 in 
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SHAKE2000 Newmark Analysis· PCSC300M M6.8 Ba::kground • Layer 7 
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Displacement Analysis - Newmark Method 
Project, SHAKE2000 Newmark Analysis - PCSC300M M6.8 Background - Layer 7 

Newmark Method by Houston et.al. (1987) 
Constant Yield Acceleration: .18 (g) 
Acceleration Time History: PCSC300M Layer 7 Stress - HEA - Layer: 7 -

· Analysis: 1 - Soil Deposit: 1 
Acceleration Time History File: C:\SHAKE2000\Williamson Energy\17aldl-31.hea 
Peak Acceleration Value: .4421774 {g) 
Upslope Movement not Included in Analysis 
Acceleration due to gravity: 386.4 (in/sec~2) 

Displacement computed, .3306053 in 
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SHAKE2000 Newmark Analysis· PCSC300M M6.8 Background· Layer 8 
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Displacement Analysis - Newmark Method 
Project: SHAKE2000 Newmark Analysis - PCSCJOOM M6.8 Background - Layer 8 

Newmark Method by Ho..iston et.al. {19871 
Constant Yield Acceleration: .18 (g) 
Acceleration Time History: PCSC300M Layer 8 Stress - HEA - Layer: 8 -

Analysis: l - Soil Deposit: l 
Acceleration Time History File: C:\SHAKE2000\Williamson Energy\18aldl-33.hea 
Peak Acceleration Value: .4134678 (g) 
Upslope Movement not Included in Analysis 
Acceleration due to gravity: 386.4 (in/sec~2) 

Displacement computed: .2417877 in 
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SHAKE2000 Newmark Analysis - PCSC300M M6.8 Background - Layer 9 
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Notes: 
Displacement Analysis - Newmark Method 
Project: SHAKE2000 ~ewmark Analysis - PCSC300M M6.8 Background - Layer 9 

Newmark Method by H?uston et.al. {1987) 
Constant Yield Acceleration: .18 (g) 
Acceleration Time History: PCSC300M Layer 9 Stress - HEA - Layer: 9 -

Analysis: l - Soil Deposit, l 
Acceleration Time History File: C: \SHAKE2000\Williamson Energy\19aldl-35 .hea 
Peak Acceleration Value: .3690042 (g) 
Upslope Movement not Included in Analysis 
Acceleration due to gravity: 386.4 (in/sec~2J 

Displacement computed: .1643203 in 
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SHAKE2000 Newmark Analysis - PCSC300M M6.8 Backgi:ound - Layer 10 

' 
-- -l ----- ---

0. __ -: : : : : : : : : : i:::::::::::: ___ ~ ______ :::::: ____ , ____ ::: _________ : ________ Yield Acc.- -

I I I I --------1---------------,----------------i----------------! ---------------
-------

1 ----------~---------------~'lf,'/lf• ' ---------,------ ' ---------~~:~ __ ::::::::::::::::::~::::::: ________ ~----------------~-------
-0 .. 3-'---------+---------r---------+--------+---------+ 

0 20 40 60 80 100 

1,5,--------t-------t-------:---------------; 

1.0 -------------i---------------~----------------~---------------i ______________ _ 
' ' ' 

' 0.5+ I· ' ' ~-------------T·---------------i----------------r---------------T---------------~ 

0.0'-'-.W.-'--------+---------+---------+----------<---------1 
0 20 40 60 80 100 

0.15,,---------t---------;---------+--------+--------+ 

i 0, 1~-r------------> C - - - - - - - - - - - - - - O - - - - - - _________ -•~ _ _ _ _ _ _ _ _ ___ ,_ _ _ _ _ _____ _ 

•
" C ~= I I 
ci I I I ! i:5 0.0 - - - - -- -- - - - -- --T- -- - - - -- - - - - - - - 7 - --- - -- - -- - - - - - ·1· - - - - - - - - - -- ----1·---- ----- - - ----t-

o.oo~--------.--------+---------1----------.---------1 
0 W ~ M M 100 

Time (sec) 

Displacement Analysis - Newmark Method 
Project: SHAKE2000 Newmark Analysis - PCSC300M M6.8 Background - Layer 10 

Newmark Method by Houston et.al. (1987) 
Constant Yield Acceleration: .18 (g) 
Acceleration Time History: PCSC300M Layer 10 Stress - HEA - Layer, 10 -

Analysis: 1 - Soil Deposit: 1 
Acceleration Time History File: C: \S!tAKE2000\Williamson Energy\ll0aldl-37 .hea 
Peak Acceleration Value: .3174475 (g) 
Upslope Movement not Included in Analysis 
Acceleration due to gravity: 386.4 (in/sec~2) 

Displacement computed: .1034276 in 
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Notes: 

SHAKE2000 Newmark Analysis· PCSC300M M6.8 Background - Layer 1 i 
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Displacement Analys_s - Newmark Method 
Project: SHAKE2000 Uewmark Analysis - PCSCJOOM M6.8 Background - Layer 11 

Newmark Method by Houston et.al. (1987) 
Constant Yield Acceleration, .18 (g) 
Acceleration Time History: PCSC]OOM Layer 11 Stress - HEA - Layer: 11 -

Analysis: 1 - Soil Deposit: 1 
Acceleration Time History File: C:\SHAKE2000\Williamson Energy\lllaldl-39.hea 
Peak Acceleration Value: .2632202 {g) 
Upslope Movement no~ Included in Analysis 
Acceleration due to gravity, 386.4 (in/sec~2) 

Displacement computed: 6.246461E-02 in 
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SHAKE2000 Newmark Analysis - PCSC3D0M M6.8 Background· Layer 12 
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Displacement Analys_s - Newmark Method 
Project, SHA.KE2000 Uewmark Analysis - PCSC300M M6.8 Background - Layer 12 

Newmark Method by Houston et.al. (1987) 
Constant Yield Acce_eration, .18 (g) 
Acceleration Time H_story: PCSC300M Layer 12 Stress - HEA - Layer: 12 -

Analysis: 1 - Soil Deposit: 1 
Acceleration Time H.story File: C:\SHAKE2000\Williarnson Energy\112aldl-41.hea 
Peak Acceleration Value: .2418566 (g) 
Upslope Movement no:: Included in Analysis 
Acceleration due to gravity: 386.4 (in/sec"2) 

Displacement computed, 4.078336E-02 in 
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Notes: 

SHAKE2000 Newmark Analysis - PCSC300M M6.8 Background - Layer 13 
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Displacement Analysis - Newmark Method 
Project, SHAKE2000 Newmark Analysis - PCSCJOOM M6.8 Background - Layer 13 

Newmark Method by Hoaston et.al. (1987) 
Constant. Yield Acceleration, .18 {g) 
Acceleration Time History, Within - PSCS300E Crest Column - AHL -

Layer, 13 - Analysis: 1 - Soil Deposit: 
Acceleration Time History File: C:\SHAKE2000\Williarnson Energy\113aldl-13.ahl 
Peak Acceleration Va:.ue, . 736312 {g) 
Upslope Movement. not. Included in Analysis 
Acceleration due to gravity: 386.4 (in/sec~2) 

Displacement computed, . 5018111 in 
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Notes, 

SHAKE2000 Newmark Analysis - PCSC300M M6.8 Background - Layer 14 
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Displacement Analys_s - Newmark Method 
Project: SHAKE2000 Qewma~k Analysis - PCSC300M M6.8 Background - Layer 14 

Newmark Method by Houston et.al. (1987) 
Constant Yield Acce~eration: .18 (g) 
Acceleration Time H.story: PCSC300M Layer 14 Stress - HEA - Layer: 14 -

Analysis, l - Soil Deposit, l 
Acceleration Time H_story File, C,\SHAKE2000\Williamson Energy\114aldl-45.hea 
Peak Acceleration Value, .2398237 {g) 
Upslope Movement no~ Included in Analysis 
Acceleration due to gravity, 386.4 {in/sec"2) 

Displacement computed: 1.851576E-02 in 
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Notes: 

SHAKE2000 Newmark Analysis· PCSC300M M6.8 Background - Layer 15 
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Displacement Analysis - Newmark Method 
Project: SID!.KE2000 Newmark Analysis - PCSC300M M6. 8 Background - Layer 15 

Newmark Method by lbuston et.al. (1987) 
Constant Yield Acceleration: .18 (g) 
Acceleration Time History: PCSCJOOM Layer 15 Stress - HEA - Layer: 15 -

Analysis: 1 - Soil Deposit: 1 
Acceleration Time Eistory File: c, \SIIAKE2000\Williamson Energy\115aldl-47. hea 
Peak Acceleration value, .2405543 (g) 
Upslope Movement nct Included in Analysis 
Acceleration due tc gravity: 386.4 {in/sec~2) 

Displacement comput~d: 1.355834£-02 in 
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SHAKE2000 Newmark Analysis - PCSC300M M6.8 Background· Layer 16 
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Displacement Analysis - Newmark Method 
Project: SHAKE2000 Newmark Analysis - PCSC300M M6.8 Background - Layer 16 

Newmark Method by Houston et.al. (1987) 
Constant Yie:d Acceleration: .18 (g) 
Acceleration Time History: PCSC300M Layer 16 Stress - HEA - Layer: 16 -

Analysis: 1 - Soil Deposit: 1 
Acceleration Time History File: C,\SHAKE2000\Williamson Energy\116aldl-49.hea 
Peak Acceleration Value: .2372678 (g) 
Upslope Movement not Included in Analysis 
Acceleration due to gravity: 386.4 (in/sec~2) 

Displacement computed: l.073878E-02 in 
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Civil & Environmental Consultants, Inc. 
Williamson Energy Pond Creek South Cell 

PROJECT Deformation Evaluation PROJECT NO. 

Estimate of Potential Embankment PAGE 37 
Settlements (Permanent Deformations) 
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SHAKE2000 PERMANENT DEFORMATION OUTPUT FILE 
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Notes: 

SHAKE 2000 Newmark Analysis - PCSC300E M8.0 New Madrid - Layer 2 
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Displacement Analysis - Newmai:'k Method 
Project: SHAKE 2000 Newmai:'k Analysis - PCSC300E MS.0 New Madrid - Layer 2 

Newmark Method by Houston et.al. (1987) 
Constant Yield Acceleration: .18 (g) 
Acceleration Time History: PCSC300E Layer 2 Stress - HEA - Layer, 2 -

Anal/sis, 1 - Soil Deposit, 1 
Acceleration Time History File, C, \SHAKE2000\Williamson Energy\12aldl-21. hea 
Peak Acceleration Value, .86835 (g) 
Upslope Movement not Included i:1 Analysis 
Acceleration due to gravity, 386.4. (in/secA2) 

Displacement computed: 16.7n38 in 
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SHAKE2000 Newmark Analysis· PCSC300E MB.0 New Madrid - Layer 3 
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Notes: 
Displacement Analys~s - Newmark Method 
Project: SHAKE2000 ;Jewmark Analysis - PCSCJOOE M8.0 New Madrid - Layer 3 

Newmark Method by Houston et.al. (1987) 
Constant Yield Acceleration, .18 (g) 
Acceleration Time History, PCSCJOOE Layer 3 Stress - HEA - Layer, 3 -

Analysis: 1 - Soil Deposit, l 
Acceleration Time Hi.story File: C: \SHAKE2000\Williaroson Energy\lJaldl-23 .hea 
Peak Acceleration Value, .8308055 (g) 
Upslope Movement no~ Included in Analysis 
Acceleration due to gravity, 386.4 (in/sec"2) 

Displacement computed, 15.98448 in 

oO 80 100 

l.N 
-ll 

'---\ 
6" 
Ol 



R
16275

C 
.Q 
"§ 'ii, ·Q) 3 

~ 

,,__ 
·E g 
.2~ 
0 C 
> =-

c 
~ ·-~,§. 

% 
0 

Notes: 

SHAKE2000 Newmark Analysis - PCSC300E M8.0 New Madrid - Layer 4 
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Displacement Analysis - Newmark Method 
Project, SHAKE2000 Newmark Analvsis - PCSCJOOE MB O New Madrid - Layer 4. 

Newmark Method by H<:iuston et.al. (1987) 
Constant Yield Acceleration, .18 (g) 
Acceleration Time History, PCSC300E Layer 4. Stress - REA - Layer: 4. -

Analysis: l - Soil Deposit, l 
Acceleration Time History File: C:\SHAKE2000\Williamson Energy\14.aldl-25.hea 
Peak Acceleration Value: . 7739.td.6 (g) 
Upslope Movement not Included in Analysis 
Acceleration due to gravity, 386.4 (in/sec::~2) 

Displacement computed, 15. 02532 in 
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Notes, 

SHAKE2000 Newmark Analysis - PCSC300E MS.0 New Madrid - Layer 5 
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Displacement Analysis - Newmark Method 
Project, SHAKE2000 Newmark Analysis - PCSC300E MS,0 New Madrid - Layer 5 

Newmark Method by Houston et.al. (1987) 
Constant Yield Acceleration: .18 {gl 
Acceleration Time History: PCSCJOOE Layer 5 Stress - HEA - Layer: 5 -

Analysis: 1 - Soil Deposit: 1 
Acceleration Time History File: C:\SHAKE2000\Williamson Energy\lSaldl-27.hea 
Peak Acceleration Value: . 7099189 (g) 
Upslope Move~ent not Included in Analysis 
Acceleration due to gravity: 386.4 (in/sec~2) 

Displacement computed, 14 .04136 in 
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SHAKE2000 Newmark Analysis - PCSC300E MB.0 New Madrid - Layer 6 
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Notes, 
Displacement Analysis - Newmark Method 
Project, SHAKE2000 Newmark Analysis - PCSCJOOE MS.O New Madrid - Layer 6 

Newmark Method by rouston et.al. (1987) 
Constant Yield Acceleration: .18 (g) 
Acceleration Time ristory, PCSCJOOE Layer 6 Stress - HEA - Layer, 6 -

Analysis: l - soil Deposit: 1 
Acceleration Time ristory File: C:\SHAKE2000\Williamson Energy\16aldl-29.hea 
Peak Acceleration '\.alue: . 6580572 (g) 
Upslope Movement net Included in Analysis 
Acceleration due tc gravity, 386.4 (in/sec~2) 

Displacement computed: 13 .13006 in 
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Notes, 

SHAKE2000 Newmark Analysis - PCSC300E M8.0 New Madrid - Layer 7 
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Displacement Analysis - Newmark Method 
Project: SWIKE2000 Newmark Analysis - PCSC300E M8.0 New Madrid - Layer 7 

Newmark Method by Houston et.al. (1987) 
Constant Yield Acceleration, .18 (g) 
Acceleration Time History, PCSC300E Layer 7 Stress - HEA - Layer, 7 -

Analysis, 1 - Soil Deposit, 1 
Acceleration Time History File: C:\SHAKE2000\Williamson Energy\l7aldl-3l.hea 
Peak Acceleration Value, .6326251 (g) 
Upslope Movement not Included in Analysis 
Acceleration due to gravity, 386.4 {in/sec~2) 

Displacement computed, 12 .19506 in 
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Notes: 

SHAKE2000 Newmark Analysis - PCSC300E MB.0 New Madrid - layer 8 
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Displacement Analysis - Ne~.nark Method 
Project: SHAKE2000 Newmark Analysis - PCSC300E M8.0 New Madrid - Layer 8 

Newmark Method by Housten et.al. (1987) 
Constant Yield Acceleration: .18 (g) 
Acceleration Time History: PCSC300E Layer 8 Stress - HEA - Layer: 8 -

Analysis: l - Soil Deposit: 1 
Acceleration Time History File: C:\SH.AKE2000\Williamson Energy\l8aldl-33.hea 
Peak Acceleration Value: .6261951 (g) 
Up.slope Movement not Included in Analysis 
Acceleration due to gravity: 386.4 (in/.sec"2) 

Displacement computed: 11.22001 in 
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SHAKE2000 Newmark Analysis - PCSC300E MB.0 New Madrid - Layer 9 
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Displacement Analysis - Newmark Method 
Project: SHAKE2000 Newmark Analysis - PCSC300E M8.0 New Madrid - Layer 9 

Newmark Method by Houston et.al. {1987) 
Constant Yield Acceleration: .18 {g) 
Acceleration Time History: PCSC300E Layer 9 Stress - HEA - Layer: 9 -

Analysis: 1 - Soil Deposit: 1 
Acceleration Time History File: C:\SHAKE2000\Williamson Energy\19aldl-35.hea 
Peak Acceleration Value, . 6125532 (g) 
Upslope Movement not Included in Analysis 
Acceleration due to gravity, 386.4 {in/sec'"2) 

Displacement computed: 10.18864 in 
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Notes, 

SHAKE2000 Newmark Analysis· PCSC3D0E MS.0 New Madrid - Layer 10 
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Displacement Analysis - Newmark Method 
Project: SHAKE2000 Newmark Analysis - PCSC300E M8 0 New Madrid - Layer 10 

Newmark Method by Houston et.al. {1987) 
Constant Yield Acceleration, .18 (g) 
Acceleration Time History: PCSC300E Layer 10 Stress - HEA - Layer: 10 -

Analysis: l - Soil Deposit: 1 
Acceleration Time History File: C:\SHAKEZOOO\Williarnson Energy\llOaldl-37 
Peak Acceleration Value: .5804698 {g) 
Upslope Movement not Included in Analysis 
Acceleration due to gravity: 386.4 (in/secA2) 

Displacement computed: 9 .100734 in 
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SHAKE2000 Newmark Analysis· PCSC300E MB.0 New Madrid - Layer 11 
0,',---------t-----------;--------+--------t---------< 

o,;- - - - - - - - - - - r - - - - • - - : : : : : : : : : : ~~] ~ !~~ ~ ~ = = = = = = ~ ~ = =:= = = = = = = ~ ~; ~ ~ = =:: ~: = = =::: ~;~-~ = = = = I 

,141~~~1r~1~~W1~~1iw~i~H~,~~ -,- ~ --------: : : : : = = 
'·m· --•,c 0.1 - - li 
.::~ -~~· ~ 
·O. ----------1----------------~---------------
·O . 

- -I - - - - - - - - - - - - - - - -:- - - - - - - - - - - - - - - - : - - - - - - - - - - -

. ,.,
0
~-----------:!,,,-----------,+.

0
,------------c

00
!c------------:!.,:-----------c,:!-

00
• 

' I I 1 I 

8-1-----------
____ J ________________ ! ________________ L _______________ J _______________ _ 

' ' ' ' ' ' 6-1----------- --l--4+---------------1---------------- ►---------------~----------------
' 

' - - - - - - - - - - - - - - ·1- - - - - - - - - - - - - - - - r - - - - - - - - - - - - - - - 7 - - - - - - - - - - - - - - - -4+---------

---1- ---:- ---------------f - - - - - - - - - - - - - - - , - - - - - - - - - - - - - - - -
' ' ' 0 o'--~.JU...LlLlll!JJL."'---'.11\20""'"..JIJlJ..uJ..,__,.illl~-"---•:lco-'---------1---------1-----------l 

so 80 100 

:1. ------------- __ [ _ ~------ -~ -------------__ J _______________ -~ -------------- _ [ 
' ' ' 

4+ ---- ---- -- ----•» ---------------:- ---------------~ ----------------:- ---------------·I 

' 
2 -----------~---,----------------r---------------,----------------r---------------

' ' ' 
QL--~="'---~--------+-------+----------:l-:------------J 

0 ~ ~ ~ 80 100 
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Displacement Analysis - Newmark Method 
Project: SHAKE2000 Newmark Analysis - PCSCJOOE M8.0 New Madrid - Layer 11 

Newmark 11ethod by Houston et.al. (1987) 
Constant Yie:d Acceleration: .18 (g) 
Acceleration Time History: PCSCJOOE Layer 11 Stress - HEA - Layer: 11 -

Analysis: 1 - Soil Deposit: 1 
Acceleration Time History File: C: \SHAKE2000\Williamson Energy\lllaldl-39. hea 
Peak Acceleration Value: .5182784 {g) 
Upslope Movement not Included in Analysis 
Acceleration due to gravity: 386.4 (in/sec"2) 

Displacement computed, 7. 725144 in -.t::. 
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SHAKE2000 Newmark Analysis - PCSC300E MB.O New Madrid - Layer 12 
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Displacement Analysis - Newmark Method 
Project, SHAKE2000 Newmark Anal;•sis - PCSC300E MS O New Madrid - Layer 12 

Newmark Method by Houston et.al. (1987) 
Constant Yield Acceleration: .18 (g) 
Acceleration Time History: PCSC300E Layer 12 Stress - HEA - Layer: 12 -

Analysis: 1 - Soil Deposit: 1 
Acceleration Time History File: C:\SHAKE2000\Willirunson Energy\112aldl-41.hea 
Peak Acceleration Value: .4.7864.01 (g) 
Upslope Movement not Included in Analysis 
Acceleration due to gravity: 386.4. (in/sec'"2) 

Displacement computed, 6.693882 in 
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SHAKE2000 Newmark Analysis - PCSC300E MB.0 New Madrid - Layer 13 
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Displacement Analysis - Newmark Method 
Project: SIIAKE:2000 Newmark Analysis - PCSC300E M8.0 New Madrid - Layer 13 

Newmark Method by Hc.istor. et.al. {1987) 
Constant Yie:d Acceleration: .18 (g) 
Acceleration Time Hi.story: PCSC300E Layer 13 Stress - HEA - Layer: 13 -

Analysis: 1 - Soil Deposit: 1 
Acceleration Time History File: C:\SHJ+.KE2000\Williamson Energy\113aldl-43.hea 
Peak Acceleration Value: .434305 (g) 
Upslope Move~ent not Included in Analysis 
Acceleration due to gravity: 386.4 {in/sec~2) 

Displacement compute:i: 5. 65029 in 
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SHAKE2000 Newmark Analysis - PCSC300E M8.0 New Madrid - Layer 14 
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Displacement Analysis - Newmark Method 
Project: SHAKE2000 N~wmark Analysis - PCSC300E M8.0 New Madrid - Layer 14 

Newmark Method by Ho1..ston et.al. (1987) 
Constant Yield Acceleration, .18 {g) 
.l\cceleration Time History: PCSC300E Layer 14 Stress - HB.I\ - Layer: 14 -

Analysis: 1 - Soil Deposit: 1 
Acceleration Time History File: C,\SHAKE2000\Williarnson Energy\ll4ald1-45.hea 
Peak Acceleration va:ue: .4086577 (gl 
Upslope Movement not Included in Analysis 
.l\cceleration due to gravity: 386.4 (in/sec~2l 

Displacement computec: 4. 652216 in 
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Notes: 

SHAKE2000 Newmark Analysis - PCSC300E MS.O New Madrid - Layer 15 
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Displacement Analysis - Newmark Method 
Project: SHAKE2000 Newmark Analysis - PCSC300E MB.O New Madrid - Layer 15 

Newmark Method by Houston et.al. (1987) 
Constant Yield Acceleration, .18 (g) 
Acceleration Time History: PCSC300E Layer 15 Stress - HEA - Layer: 15 -

Analysis, l - Soil Deposit, l 
Acceleration Time History File, C:\SHAKE2000\Williamson Energy\ll5aldl-47.hea 
Peak Acceleration Value: .3889318 (g) 
Upslope Movement not Included in Analysis 
Acceleration due to gravity: 386.4 (in/sec~2) 

Displacement computed: 3. 752027 in 
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SHAKE2000 Newmark Analysis - PCSC300E M8.0 New Madrid - Layer 16 
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Displacement Analysis - Newmark Method 
Project: SHAKE2000 Newmark Analysis - PCSC300E M8.0 New Madrid - Layer 16 

Newmark Method by Houston et.al. (1987) 
Constant Yield Acceleration: .18 {g) 
Acceleration Time History: PCSC300E Layer 16 Stress - HEA - Layer: 16 -

Analysis: l - Soil Deposit: 1 
Acceleration Time History File: C: \SHAKE2000\\'i'illiamson Energy\116aldl-49. hea 
Peak Acceleration Value: .3753596 (g) 
Upslope Movement not Included in Analysis 
Acceleration due to gravity: 386.4 (in/sec~2) 

Displacement computed: 3.017025 in 
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Civil & Environmental Consultants, Inc. 
Williamson Energy Pond Creek South Cell 

PROJECT Deformation Evaluation PROJECT NO, 

Estimate of Potential Embankment PAGE 53 
Settlements (Permanent Deformations) 

MADE BY --'-'B~E~G~_ DATE --'-'1/_2_2/'-'0'--"8- CHECKEDBY 71{11 DATE 

SHAKE2000 PERMANENT DEFORMATION OUTPUT FILE 
PCSC300M - LAYERS 1 THROUGH 16 

M8.0 NEW MADRID MDE @ 83 KM 
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SHAKE2000 Newmark Analysis - PCSC300M MB.a New Madrid - Layer 2 
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Displacement Analysis - Newmark Method 
Project: SHAKE2000 Newmark Analysis - PCSC300M M8.0 New Madrid - Layer 2 

Newmark Method by Ho·.1ston et.al. (1987) 
Constant Yield Acceleration: .18 (g) 
Acceleration Time History: PCSC300M Layer 2 Stress - HEA - Layer, 2 -

Analysis, 1 - Soil Deposit: 1 
Acceleration Time History File, C:\SHAKE2000\Williarnson Energy\12aldl-21.hea 
Peak Acceleration Value, . 7507865 (g) 
Upslope Novement not Included in Analysis 
Acceleration due to gravity: 386.4 (in/secA2J 

Displacement computed: 13.72214 in 
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SHAKE2000 Newmark Analysis - PCSC300M MB.0 New Madrid - Layer 3 
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Notes, 
Displacement Analysis - Newmark Method 
Project; SHAKE:2000 Newmark lrnalysis - PCSC300M M8.0 New Madrid - Layer 3 

Newmark Method by Houston et.al. (1987) 
Constant Yield Acceleration: .18 (g) 
Acceleration Time History, PCSC300M Layer 3 Stress - HEA - Layer: 3 -

Analysis: l - Soil Deposit: l 
Acceleration Time History File: C:\SHAKE2000\Williamson Energy\13aldl-23.hea 
Peak Acceleration Value: . 715133 (g) 
Upslope Movement not Included in Analysis 
Acceleration due to gravity: 386.4 (in/sec"2) 

Displacement computed: 13 .18699 in 
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SHAKE2000 Newmark Analysis • PCSC300M MB.0 New Madrid - Layer 4 
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Notes: 
Displacement Analysis - Newmark Method 
Project: SHAKE2000 1-ewmark Analysis - PCSC300M M8.0 New Madrid - Layer 4 

Newmark Method by Hc;uston et.al. (1987) 
Constant Yield Acceleration: .18 {g) 
Acceleration Time History: PCSC300M Layer 4 Stress - REA - Layer: 4 -

Analysis: 1 - soil Deposit: 1 
Acceleration Time History File, C:\SHAKE2000\William.son Energy\14aldl-25.hea 
Peak Acceleration Velue: . 6784577 (g) 
Upslope Movement not Included in Analysis 
Acceleration due to gravity, 366.4 {in/sec~2) 

Displacement computed: 12.47359 in 
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SHAKE2000 Newmark Analysis - PCSC300M MB.0 New Madrid - Layer 5 
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Displacement Analysis - Newmark Method 
Project: SHAKE2000 Newmark Analysis - PCSC300M M8.0 New Madrid - Layer S 

Newmark Method by Houston et.al. (1987) 
Constant Yield Acceleration: .18 (g) 
Acceleration Time History: PCSC300M Layer 5 Stress - HEA - Layer: 5 -

Analysis: 1 - Soil Deposit: 1 
Acceleration Time History File: C:\SHAKE2000\Williamson Energy\lSaldl-27.hea 
Peak Acceleration Value: . 6613527 (g) 
Upslope Movement not lncluded in Analysis 
Acceleration due to gravity: 386.4 (in/sec:"2) 

Displacement computed: 11.74253 in 
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SHAKE2000 Newmark Analysis - PCSC300M M8.0 New Madrid - Layer 6 
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Notes: 
Displacement Analysis - Newmark Method 
Project: SllAKE2000 Newmark Analysis - PCSC300M M8.0 New Madrid - Layer 6 

Newmark Method by H~uston et.al. (1987) 
Constant Yield Acceleration: .18 (g) 
Acceleration Time Kistory: PCSC330M Layer 6 Stress - HEA - Layer, 6 -

Analysis: l - Soil Deposit: 1 
Acceleration Time History File: C:\SHAKE2000\Williomson Energy\16aldl-29 
Peak Acceleration Value: .632094.3 (g) 
Upslope Movement no:: Included in Analysis 
Acceleration due to gravity: 386.4 {in/sec~2) 

Displacement computed: 10. 96653 in 
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Notes: 
Displacement Analysis - Newmark Method 
Project: SHAKE2000 Newmark Analysis - PCSCJ00M MB.0 New Madrid - Layer 7 

Newmark Method by Houston et.al. (1987) 
Constant Yield Acceleration: .18 (g) 
Acceleration Time History: l?CSC300M Layer 7 Stress - HEA - Layer: 7 -

Analysis, 1 - Soil Deposit: 1 
Acceleration Time History File: C:\SHAKE2000\Williamson Energy\17aldl-31.hea 
Peak Acceleration Value: .6079099 (g) 
Upslope Movement not Included in Analysis 
Acceleration due to gravity, 386.4 (in/sec"2) 

Displacement computed: 10.20521 in 
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SHAKE2000 Newmark Analysis - PCSC300M MB.0 New Madrid - Layer 8 
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Displacement Analysis - Newmark Method 
Project: SHJ\KE2000 ~ewmark Analysis - PCSC300M M8.0 New Madrid - Layer 8 

Newmark Method by Hcuston et.al. (1987) 
Constant Yield Accelet'ation, .18 (g) 
Accelet"ation Time Histot'y, PCSC300M Layet' 8 Stt"ess - HEA - Layet': 8 -

Analysis: 1 - Soil Deposit, 1 
Accelet"ation Time History File: C:\SHJ\KE2000\Williamson Energy\lSaldl-33.hea 
Peak Accelet"ation Value: .595354.2 (gl 
Upslope Movement not Included in Analysis 
Acceleration due to gravity: 386.4. (in/secA2J 

Displacement computed: 9.3784. in 
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SHAKE2000 Newmark Analysis· PCSC300M M8.0 New Madrid - Layer 9 
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Displacement Analysis - Newmark Method 
Project: SHAKE2000 Newmark Analysis - PCSCJOOM M8.0 New Madrid - Layer 9 

Newmark Method by Ho,.iston et.al. (1987) 
Constant Yield Acceleration, ,18 (g) 
Acceleration Time History: PCSC300M Layer 9 Stress - HEA - Layer: 9 -

Analysis: 1 - Soil Deposit: 1 
Acceleration Time History File, C:\SHAKE2000\Williamson Energy\19aldl-35.hea 
Peale Acceleration Value, .5705632 (g) 
Upslope Movement not Included in Analysis 
Acceleration due to gravity: J86.4 (in/sec"2) 

Displacement comput~: 8.528267 in 
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SHAKE2000 Newmark Analysis - PCSC300M MB.O New Madrid - Layer 10 
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Displacement Analysis - Newmark Method 
Project, SHAKE2000 Newmark Analysis - PCSCJOOM M8.0 New Madrid - Layer 10 

Newmark Method by Ho~ston et.al. (1987) 
Constant Yield Acceleration: .18 {g) 
Acceleration Time History: PCSCJOOM Layer 10 Stress - HEA - Layer: 10 -

Analysis: l - Soil Deposit: 1 
Acceleration Time History File: C:\SHAKE2000\Williamson Energy\llOaldl-37.hea 
Peak Acceleration Value: .529552 (g) 
Upslope Movement not Included in Analysis 
Acceleration due to gravity: 386.4 (in/secA2l 

Displacement computed, 7. 681901 in 
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SHAKE2000 Newmark Analysis - PCSC300M MB.0 New Madrid - Layer 11 

g4 ·----------li--- :1 ' ' ' 
~·~ :- -=-1:1;{~,~~~1~,il1J11~1~1~~1~1:1il;i~: .i1:: :j:;::::::::::::: ::: : : :-: : : : :- -: : --t- -= :- --v~lci "~~.:: 

i:: ••• ' '.'. j' ''. l' l'jl!!'f"lt" I'' '• '').' •••.••.•• ~ = ..•••.. 
20 :- - - - - - - - - - _ -:= : : : : _ : ---: -~:: : : _ : : : : 

60 -- --
80 100 

' ' ' 8-1----------- -~--J ________________ 1 ________________ L ______________ J _______________ _ 

I I I I 
I I I I s+ ---------- ~ - -1- - -1 - - - - - - - - - - - - - - - -1- - - - - - - - - - - - - - - - .. - - - - - - - - - - - ___ - ~ - - - ____________ _ 

4r--------1~-r-;1 f I 
::-----,-,--,:11:rt j :J 11,l111t1, 11 I I I 

0 ~ ~ W W 

' ' ' ----------1----------------r---------------,----------------
' ' ' - -.- - - -1- - - - - - - - -- - - - - - I - - - - - - - - - -- ---- 1-- ------ -- - - - - - -

100 

81,------t------:------:------,------,, 

!1 :1:::::::::::::::~-::::: __ ::::::::~:::::::::::::::~:::::::::::::::-•::::::::::::::: 
5 2------------ --~----------------r---------------,----------------r---------------

1 I I I 

' ' 0'-----=-----f---------+---------+--------+---------
0 20 40 60 80 100 

Time (sec) 

Displacement Analysis - Newmark Method 
Project: SHAKE2000 ~ewmark Analysis - PCSC300M MS.O New Madrid - Layer 11 

Newmark Method by Hcuston et.al. {1987) 
Constant Yield Acceleration: .18 (g) 
Acceleration Time History: PCSC300M Layer 11 Stress - HEA - Layer: 11 -

Analysis: l - Soil Deposit: 1 
Acceleration Time History File: C:\SHAKE2000\Williarnson Energy\lllaldl-39 
Peak Acceleration Value: .4746651 (g) 
Upslope Movement not Included in Analysis 
Acceleration due to gravity: 386.4 (in/secA2) 

Displacement computed, 6.6054 in 
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SHAKE2000 Newmark Analysis • PCSC300M M8.0 New Madrid - Layer 12 
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Displacement Analysis - Newmark Method 
Project, SHAKE2000 Newmark Analysis - FCSC300M M8.0 New Madrid - Layer 12 

Newmark Method by Houston et.al. (1987) 
Constant Yield Acceleration: .18 (g) 
Acceleration Time History: PCSC300M Layer 12 Stress - HEA - Layer: 12 -

Analysis: 1 - Soil Deposit: 1 
Acceleration Time History File: C:\SHAKE2000\Williamson Energy\112aldl-41 hea 
Peak Acceleration Value: .4513214 (g) 
Upslope Movement not Included in Analysis 
ACceleration due to gravity: 386.4 (in/secA2) 

Displacement computed: 5. 79074 in 
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SHAKE2000 Newmark Analysis • PCSC300M MB.0 New Madrid - Layer 13 
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Displacement Analys~s - Newmark Method 
Project: SIIAKE2000 i~ewmark Analysis - PCSCJ00M MS 0 New Madrid - t.ayer l3 

Newmark Method by H~uston et.al. (1987) 
Constant Yield Acceleration: .18 {g) 
Acceleration Time History: PCSC300M Layer 13 Stress - HEA - Layer: 13 -

Analysis: 1 - Soil Deposit: 1 
Acceleration Time History File: C:\SHAKE2000\Williarnson Energy\llJaldl-43.hea 
Peak Acceleration Value: .4.4.66568 (g) 
Upslope Movement no: Included in Analysis 
Acceleration due to gravity: 386.4 (in/sec"2) 

Displacement computed: 4. 90984 in 
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SHAKE2000 Newmark Analysis - PCSC300M M8.0 New Madrid - Layer 14 
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Displacement Analysis - Newmark Method 
Project: SHAKE2000 Newmark Analysis - PCSC300M M8.0 New Madrid - Layer 14 

Newmark Method by fouston et.al. (1987) 
Constant Yield Accele:t.'ation: . 18 (g) 
Accele:t.'ation Time risto:t.'y, PCSC300M Laye,.. 14 St:t.'ess - HEA - Laye:t.': 14 -

Analysis: 1 - Soil Deposit: l 
Accele:t.'ation Time ristory File: C:\SHAKEZ000\Williamson Energy\114aldl-45 hea 
Peak Acceleration i.alue: .4295509 (g) 
Upslope Movement net Included in Analysis 
Acceleration due tc gravity: 386.4 (in/sec~2) 

Displacement computed: 4.012906 in 
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SHAKE2000 Newmark Analysis - PCSC300M M8.0 New Madrid - Layer 15 
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Notes: 
Displacement Analysis - Newmark Method 
Project: SHAKE2000 dewmark Analysis - PCSCJOOM MB.O New Madrid - Layer 15 

Newmark Metr.od by H~uston et.al. (1987) 
Constant Yield Acceleration: .18 (g) 
Acceleratior: Time History, PCSC300M Layer 15 Stress - HEA - Layer: 15 -

Analysis: 1 - soil Deposit, 1 
Acceleratior: Time History File: C:\SHAKE2000\Williamson Energy\115aldl-47.hea 
Peak Acceleration Value: .4038821 (g) 
Upslope Movement not Included in Analysis 
Acceleratior: due to gravity, 386.4 (in/sec"2) 

Displacement computed: 3.174503 in 
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U.S. Department of Labor Mine Safety and Health Administration 
Pittsburgh Safety & Health Technology Center 
P.O. Box 18233 
Pittsburgh, PA 15236 

November 12, 2009 

MEMORANDUM FOR JOSEPH O'DONNELL 

THROUGH: 

FROM: 

SUBJECT: 

Acting District Manager, District 8 
Coal Mine Safety and Health 

~9-,--t,- 1,_,. F~ 
JDi.IN W. FREDLAND 
Acting Chief, Pittsburgh Safety and Health Technology Center 

S~101~ 
ST ,0~~yalrcHALEK 
Chief, Mine Waste and Geotechnical Engineering Division 

Recommendation for Approval of Design Plans for Phases 3 through 6, 
and Request for Additional Information for Phase 7, Refuse Disposal 
Facility No. 2, lmpoundment l.D. No. 1211-ILOS-03141-02, Mach 
Mining, LLC, Mach Mine No. 1, Mine l.D. No. 11-03141, Williamson 
County, Illinois 

As requested by your office, a technical review of the subject proposed impoundment plans has 
been completed. Our review included an initial submittal and two revisions submitted in 
response to our requests for additional information. Report No. MW09-077, which is attached, 
indicates that the subject plans appear to be technically acceptable only through Phase 6 and 
approval through Phase 6 is recommended. Additional information will be required before we 
can recommend approval of Phase 7. 

The proposed mining under Phase 3 will be the most significant event at this facility. Phase 3 
must be closed and covered with a stable cap of coarse refuse, be incapable of impounding water 
or slurry, and all the proposed instrumentation must be in place and operational before the 
proposed longwall mining is advanced within I 00 feet of any part of the Phase 3 embankment. 

The Impoundmcnt and IRPI data sheets have been completed for Phases 3 through 6 and are 
included with the report. Please contact this office if there are any questions regarding this 

Attachment 

cc: L. Zeiler - Acting Director, TS 
M. Smith -Acting Chief, Safety Div., CMS&H 
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UNITED STATES DEPARTMENT OF LABOR 

MINE SAFETY AND HEALTH ADMINISTRATION 

PITTSBURGH SAFETY AND HEALTH TECHNOLOGY CENTER 

MINE WASTE AND GEOTECHNICAL ENGINEERING DIVISION 

COCHRANS MILL ROAD 
P.O. BOX 18233 

PITTSBURGH, PENNSYLVANIA 15236 

REPORT NO. MW09-077 

REVIEW OF DESIGN PLANS FOR PHASES 3 THROUGH 7 

REFUSE DISPOSAL AREA NO. 2 

MSHA I.D. NO. 1211-IL08-03141-02 

MACH MINING LLC 

MINE I.D. NO. 11-03141 

WILLIAMSON COUNTY, ILLINOIS 

NOVEMBER 12, 2009 

BY 

PAUL J. DONAHUE, P.E. 

CIVIL ENGINEER 
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REPORT NUMBER MW09-077 

OWNERSHIP AND LOCATION 

The Refuse Disposal Area No. 2 is owned and operated by Mach Mining, LLC and receives 

coarse and fine coal refuse from the preparation plant for the Mach No. I Mine. The site can be 

found on the USGS 7.5 Minute Pittsburg (IL) quadrangle map at geographic coordinates 

N 37°50'30" latitude and W 88°49'17" longitude. This facility is located on a tract comprising 

the east half of Section 12, Township 8S, and Range 3E, Third Principal Meridian. 

MATERIAL REVIEWED 

Original Design Submittal 

The original submitted design documents were prepared for Mach Mining, LLC by Alliance 

Consulting, Incorporated (Alliance) and included the following. 

1. A report entitled "Engineering Design Plan - Proposed Coal Refuse Disposal, Facility No. 2, 

Williamson County, Illinois, dated January 2007." The report included a narrative 

description of the proposed design, and the testing and analyses performed. Appendices to 

the report included construction specifications, calculations, geotechnical test boring and 

laboratory test data. 

2. Thirteen drawings depicting plans, profiles and details of the proposed facility dated 

January 16, 2007. 

During our review of this plan, Mr. Duffy Stradner, former District 8 Impoundment Specialist, 

notified this reviewer in a phone conversation on October 23, 2007, that the impoundment layout 

and geometry would be substantially revised and a new plan submitted. Due to proposed mining 

under the impoundments and other issues that would similarly affect the new design, we 

completed the review and requested additional information in a memorandum to Robert Phillips, 

District Manager, Coal Mine Safety and Health (CMS&H) District 8, dated December 13, 2007. 

The memorandum identified 14 design issues to be addressed in the revised design submittal. 

First Revised Design Submittal 

The revised design package for the coal refuse impoundments was hand delivered to our office 

on August 19, 2008, in conjunction with a meeting with Mach Mining and Alliance Consulting 

personnel to discuss the new design. 

The design documents received at this meeting included the following items. 

i. A report entitled "Response to Febrnary 11, 2008, Comments, I.D. No. IL0S-03141-02, 

Mach Mining, LLC - Mach No. 1 Mine ID No. 11-03141, Williamson County, Illinois -

Coal Refuse Disposal Facility No. 2 Phases 3 through 7," dated August 2008. Appendices to 
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the report contained construction specifications, various design calculations, geotechnical test 

boring logs, laboratory test data and a CISPM Mine Subsidence Analysis Report prepared by 

Dr. Syd Peng of West Virginia University. 

2. Nineteen drawings, with revision dates from February 14, 2008, to July 7, 2008, depicting 

plans, profiles and details of the proposed facility. 

In addition, the following additional materials were submitted concurrent with the review of this 

submittal. 

1. A set of three drawings depicting longwall panel surface subsidence measurements at 

Baselines "A" through "D" located over the eastern end oflongwall Panel No. 1 of the 

subject mine. These drawings are dated August 29, 2008, and were received by the Mine 

Waste and Geotechnical Engineering Division (MWGED) on September 3, 2008, 

2. Two Drawings entitled "Map 6 UG - Operations Plan Map" and "Map 10 - Geologic 

columns," prepared by Alliance and dated December 3, 2004, and November 29, 2004, 

respectively, and received by MW GED on September 3, 2008. 

In addition to the submitted document, we also gathered additional information, concurrent with 

the review, through phone and e-mail communication with Mr. Claudio Yon of Alliance and 

Dan Barkley of the Illinois DNR. 

We completed our review of the new design and found eleven items requiring additional 

substantiating data or calculations and/or design changes. These were outlined in our 

memorandum to Robert Phillips, District Manager, CMS&H District 8, dated 

November 10, 2008. 

Second Revised Design Submittal 

The second revised design submittal was received by MW GED on July 20, 2009, and included 

the following. 

1. A report volume entitled "Additional information- Volume 1 of 3, Comments 2, 4, 5, 6, 9, 10 

and 11, Coal Refuse Disposal Facility No. 2 Phases 3 through 7," Impoundment ID No. IL08-

03141-02 (MSHA ID No. 11-03141), Williamson County, Illinois," dated July 2009. This 

volume included new, revised and copies of previously submitted materials from the earlier 

August 2008 submittal and was prepared by Alliance. 

2. A second report volume entitled "Additional information- Volume 2 of 3, Comments !, 3, 7 

and 8, Coal Refuse Disposal Facility No. 2 Phases 3 through 7," Impoundment ID No. IL08-

03141-02 (MSHA ID No. 11-03141 ), Williamson County, Illinois," dated July 2009. This 

voiume contained new calculations and analysis performed by GAI consultants for Alliance. 

3. A third volume containing 22 drawings, with revision dates from July 8, 2009, to 

July 13, 2009, depicting plans, profiles, and details of the proposed facility. 
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4. An addendum to the submittal, received on August 21, 2009. This addendum included 

corrected transmittal letters and tables of contents, a revised drawing B05-330-M32- Phase 5 

Plan View, revised August 18, 2009, and revised Phase 5 dam underdrain calculations. 

Additionally, prior to the receipt of this submittal, we received electronically transmitted 

drawings depicting a longitudinal dynamic subsidence survey over the advancing face of 

Longwall Panel No. l at a location immediately to the east of the future Phase 5. These drawings 

were received in our office on February I 0, 2009. This survey was performed in response to 

comment No. 4 in the November 10, 2008, memorandum. 

The results of our review of this revised design are discussed in this report. 

BACKGROUND 

The revised Refuse Disposal Facility No. 2 will provide for the disposal of about 3 ½ years of 

coarse coal refuse (CCR) and 6 years of fine coal refuse (FCR) that will be produced from the 

Pond Creek No. 1 Mine following closure of previously approved Facility No. I which included 

Phases 1 and 2. This facility is to be constructed in five phases - Phase 3 through Phase 7. 

As planned, the facility will consist of three, approximately rectangular, diked impoundments 

aligned in a north-south direction and sharing common embankments between them. The 

southernmost impoundment will be constructed during Phase 3, with fine refuse placement 

starting upon completion of the embankment to the design crest height. The central 

impoundment will be constructed in three Phases (Phases 4, 6 and 7) with fine refuse placement 

starting during Phase 7, when the embankment will be about 50 percent of the total completed 

height. The northernmost impoundment will be constructed during Phase 5 and will be partly 

incised by excavating the footprint of the impoundment. Fine refuse placement in this 

impoundment will begin once Phase 3 is filled to capacity, and the Phase 5 embankment is about 

80 percent complete. 

The impoundments will cover about 200 acres, and all the impounding embankments will be 

raised longitudinally in segments using belt-delivered coarse coal refuse. The upstream and 

dovmstream slopes will be 3 horizontal to 1 vertical (3H: IV) except for Phase 3 which will have 

2.6H:1Vupstream slopes. Maximum embankment heights will range from 49 feet for Phase 3 to 

I 00 feet for Phase 7. All embankments, with the exception of a portion of the Phase 7 central 

impoundment, will be founded on 15 to 22 feet of medium to stiff clay deposits overlying shale 

bedrock. The south-facing slope of the Phase 7 embankment will be founded on the impounded 

fine refuse of the adjoining Phase 3. 

The designer considered the impoundments to be of high hazard potential classification for the 

purposes ofhydrologic/hydraulic design. Following one year from the start of construction, all 

phases wili be abie to accommodate a rainfa.U volume of tw·o P}AF' s vv·ith pumping capacity 

capable of drawing down one 72-hour PMF in 30 days. When the final crest elevation is 

reached, an 18-inch-diameter HDPE SDR 26 decant spill-way will be installed and be capable of 
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drawing down 90 percent of one PMF in less than 10 days. The only exception is the Phase 3 

impoundment. Because of an expected life of less than I year, this phase was designed to handle 

at least one half of a 72-hour PMF, but less than a full 72-hour PMF. 

The most significant consideration for these impoundments will be the concurrent mining of 

three longwa!l panels in the 6.5-foot-thick Herrin No. 6 coal seam beneath the impoundment 

footprints. There are 430 to 450 feet of overburden, with at least 420 feet of this being rock, 

between the embankment foundations or impoundment bottoms and the Herrin No. 6 seam. 

Boring data indicates that about 75 to 90 percent of the overburden rock is shale. A sandstone 

unit, 200 to 240 feet above the No. 6 seam and ranging from 21 to 54 feet thick, is the only 

persistent competent unit encountered in the borings. 

The development entries for the longwall mining have a calculated minimum pillar safety factor 

of 2.3 as calculated by the program ALPS. A minimum rock overburden thickness of about 65 

times the mine height is present above the seam. Therefore, this facility complies with the 

guidance contained in Bureau of Mines publication IC 8741 for limiting breakthrough risk. 

However, subsidence from the longwall mining will considerably impact surface structures over 

the mine. 

The subsidence effects on the proposed coal refuse impoundments will be largely mitigated by 

the proposed phasing of the impoundments. Except for Phases 3 and 4, all refuse placement will 

take place after mining has been completed beneath the impoundment and subsidence is 

substantially complete. For Phase 3, FCR placement will be completed to an elevation of 5 feet 

below the crest, about 9 months prior to longwall mining beneath the impoundment. A 5-foot

thlck cover of coarse refuse, level ,vith the crest, will be placed over the fine refuse in order to 

eliminate any impounded water before the mining advances beneath the impoundment. Phase 4 

will consist of a 45-foot-high non-impounding embankment placed prior to mining. After the 

mining, the 300-foot-wide Phase 6 embankment will buttress the downstream slope of the Phase 

4 embankment. The width of this embankment is expected to mitigate any possible effects of 

subsidence-related damage to the Phase 4 embankment. 

The planned mining beneath the Phase 3 impoundment, a short time after filling and capping of 

this impoundment, is the most significant issue in evaluating the subsidence impacts. There is 

currently little engineering experience in accommodating longwall mining under a coal refuse 

impoundment and a conservative consideration of all possible potential failure modes and 

mitigatory measures was the primary item of concern in the review of this plan. 

REVIEW DISCUSSION 

The submittal received on July 20, 2009, provided responses to the eleven items of additional 

information that were requested in the November 10, 2008, memorandum. Additionally the 

submitted addendum included a revised plan for the Phase 5, which will be enlarged by locating 

its north dike approximateiy 250 feel further north. 
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Phase 7 Stability 

The submittal did not satisfactorily address comment Nos. 7 and 8 in the November 10, 2008, 

memorandum. These comments noted that a stability analysis of the Phase 7 south dike, which 

will be founded on the settled Phase 3 FCR, had not been performed and requested this analysis 

be performed along with a seismic liquefaction and deformation analysis. The submitted analysis 

in response to these comments included only an analysis of the less-critical completed Phase 7C 

configuration, and not the critical Phase 7A, which will entail advancing the 38-foot-high south 

dike embankment over the thin cover overlying the consolidating fine refuse. An independent 

check calculation using the "Slope W" stability analysis program and normalized undrained 

strength parameters for the FCR developed in the submittal indicated a short-term post 

construction safety factor for the south dike of Phase 7 A of considerably Jess than one. 

Therefore, Phase 7 A, as currently planned, will require design revisions before MW GED can 

recommend approval. 

Subsidence Impacts - Phase 3 Impoundment 

The largest part of the most recent submittal consisted of various analyses and new test data 

submitted as justification for the proposed longwall mining beneath the capped Phase 3 

impoundment, as requested in items I through 3 of the November I 0, 2008, memorandum. 

MW GED performed this review in conjunction with a literature review of soil behavior when 

subjected to tensile strains and a published case-study of longwall mining under an impoundment 

in West Virginia.Cl) 

The Phase 3 impoundment is located so the dike bounding the FCR pool to the north is centered 

over the Panel's 2 and 3 gateroad development entries, the east and west dikes extend southward 

to approximately the center of the longwall panel, and the south dike runs along the center 

portion of the panel. The panel width (1,400 feet) with respect to depth is such that subsidence is 

supercritical, so the south dike will be subjected only to transient tensile, then compressive, 

strains in a longitudinal direction as the mine face advances east to west. The east and west dikes 

will be subjected to permanent tensile strains near the northwest and northeast comers of the 

impoundment and the north dike will be subjected to significant strains only near the inside toe. 

Assuming the impoundment is capped and no longer impounding water at the time the longwall 

panel is advanced, the specific potential failure mechanisms that were examined for the Phase 3 

impoundment included: 

(I) Choi, D. S., ct al, 1997, "A Case Study of Undermining Impoundment Embankment by the Longwall Mining Method," 

Proc. 36th US Rock Mecha.iiics Symposium 
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1. Stability failure of the CCR embankment due to deformations and weakening from 

subsidence-induced shear strains and cracking. 

2. The potential for the development of!arge, persistent transverse cracks in the CCR 

embankment or foundation materials capable of releasing flowable FCR. The calculated 

horizontal strains induced by the subsidence, using revised CISPM model calculations 

calibrated to actual subsidence measurements at this mine, is about 30 microstrain 

(3 percent). 

3. Weakening and/or liquefaction of the FCR due to subsidence strain-induced pore pressures in 

conjunction with transverse cracking, possibly resulting in flow into, and/or erosion of, 

cracks in the CCR. 

CCR Embankment Stability Under Subsidence Condition 

In order to evaluate the possibility of the first of these mechanisms, a separate analysis performed 

by GAI Consultants for Alliance applied data from existing triaxial test data of the coarse refuse 

(CU with pore pressures) to the formula developed for the double-punch shear test developed by 

Fang and Chen<2J to determine a tensile strength for the CCR. The consolidation stresses for each 

test point were then corrected for equivalent effective vertical stress (cr'v) and used to develop a 

"normalized tensile strength" ratio (ail cr'v) of 0.15 for the CCR. Using this ratio, an average 

tensile strength of C=4 75 psf and qi=O degrees was used in a slope stability analysis to obtain a 

worst-case stability safety factor for the subsidence disturbed embankment of 1.10. We do not 

believe the derivation of this strength is technically correct. However, the strength parameter 

derived appears to be very conservative for coarse coal refuse in even the loosest condition. An 

independent analysis showed a factor of safety of 1.3 was achieved with qi=l 9 degrees, which is 

lower than CCR in its loosest condition based on the typical angle ofrepose of this material. 

Therefore, slope failure of the CCR embankment from subsidence-induced shear is very unlikely. 

CCR and Foundation Cracking Susceptibilitv Under Subsidence 

The second failure mechanism that was evaluated was the potential for large persistent cracks 

through the CCR embankment which, in conjunction with the third mechanism, could result in a 

breach and release of flowable FCR. The submitted data showed the CCR produced at the plant 

is a well graded gravel material (USCS classification GW) with very little fines (2.0 to 2.5 

percent passing the No. 200 sieve). The gradation of oven-dried, compacted Proctor test 

specimens prepared by Alliance was somewhat higher, with an average of 30 percent passing the 

No. 200 sieve and was classified under the USCS system as "SC," a clayey sand. However, the 

lab sample preparation and oven drying likely produced a material ·with more fines than in the 

constructed embankment. 

(2) Fang, H.Y. and Chen, Wai-Fai, "Determination of Tensile Strength of Soil by Unconfined Penetration Test," 

.ASTM STP-740, R.N Young Ed., 1981 
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The gradation of the CCR and the foundation soil was compared to published correlations of 

deformation cracking and piping potential. The CCR as delivered to the impoundment prior to 

compaction is a cohesion!ess material and is not subject to cracking. The laboratory compacted 

and oven-dried CCR material was evaluated as having a medium deformation and cracking 

potential. However, this material is not likely to be representative of the material in the 

embankment which will have Jess fines; therefore, the overall deformation cracking susceptibility 

of the CCR was evaluated to be low. 

The foundation soils are moderately plastic clays (USCS classification CL with a plasticity index 

of24). These materials were evaluated as having low cracking potential because such materials 

in a saturated condition are subject to deformation rather than cracking under the expected 

strains. Mr. Harold Owens reported, in a phone conversation on June 4, 2009, that aside from a 

1-inch-wide crack in desiccated materials, no obvious cracking was observed in the clayey native 

soils over the previously advanced Longwall Panel No. 1 in the future Phase 5 area. 

Considerable cracking was observed in a more brittle asphalt and chip pavement that crossed the 

edge of the panel. Due to the possibility of localized higher than predicted tensile deformations 

at any surface point over longwall panel edges, the development of significant cracks in the 

foundation and embankments is low but cannot be excluded. 

A similar evaluation was performed for the piping resistance of the foundation and CCR 

materials. Piping resistance was evaluated as "high" for the foundation clay and plant-run CCR 

materials, and medium for the laboratory compacted materials. While not addressed in the 

submittal, we believe that if the impoundment is capped and not impounding water, there will be 

insufficient seepage water to erosive!y propagate any piping even if persistent cracks develop in 

the embankment. Therefore, for a capped impoundment, cracking and subsequent internal 

erosion via seepage piping is an unlikely possible failure mode. 

Subsidence Induced FCR Flow Through Cracks 

The third potential subsidence induced failure mechanism examined was the possibility of 

flowage of fluid FCR through large transverse cracks in the embankment or foundation. As 

described above, such cracks are unlikely, but cannot be precluded. However, if the FCR is not 

in a sufficiently flowable state, the cracking will be inconsequential, and this mode of failure can 

be precluded. 

The most recent submittal provided the results of laboratory testing and an analysis of the 

potential for triggering strength loss (liquefaction) for the FCR under cyclic stresses from either 

earthquakes or the advancing subsidence across the impow1dment. The FCR produced at the 

Mach Mine preparation plant was bulk-sampled and characterized as a fine grained plastic 

material with 93 percent passing the No. 200 sieve and more than 99 percent passing the No. 40 

sieve. The liquid limit was 36 and the plasticity index was 17 and the material was classified 

under the USCS classification system as "CL." 
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The submittal included calculations from two triaxial tests performed on remolded FCR 

specimens prepared from bucket samples of the slurry produced by the preparation plant These 

calculations showed a post-seismic strength ratio (S"/ o'v) of 0.24, which is only slightly less 

than the peak (S"/ o'v) value of0.27. If fully consolidated, these materials are not flowable under 

any anticipated seismic or mine subsidence conditions. However, the fine grained FCR at this 

facility is likely to dissipate excess pore pressure and consolidate under self-weight very slowly, 

so the undrained strength of the FCR at the time of mining is likely to be the most critical 

condition, with a very weak upper FCR layer being potentially flowable through cracks extending 

through the embankment. The submittal did not include specific calculations addressing this 

scenario; however, a CCR cap with a minimum thickness of 5 feet is specified to be placed over 

the impoundment prior to mining. It is expected, based on MWGED's previous observations and 

independent calculations, that when CCR is pushed-out over the FCR, the upper materials with 

undrained strength (S") less than at least I 50 pounds per square foot will be displaced during the 

pushout process and therefore are unlikely to be present beneath the pushout. The FCR and/or 

mixed FCR and CCR material that has reached an S" of at least 150 psf is not flowable through a 

cracked embankment except in conjunction with erosive water flow, which will be precluded by 

the CCR cover. Therefore, provided that the Phase 3 impoundment is capped as shown in the 

submitted design, a failure by FCR flowage through cracks in the CCR embankment is also 

unlikely. 

CONCLUSIONS AND RECOMMENDATIONS 

MW GED noted some deficiencies in the submitted responses to our request for information; 

however, check calculations show the results of the analyses are conservative and the 

construction of this facility through Phase 6 is technically satisfactory. However, the submittal 

did not substantiate the stability of the Phase 7A south embankment which will be constructed 

over Phase 3A fine refuse, and an independent analysis performed in this office found that the 

design as currently planned will not be stable under static or seismic conditions. Therefore, 

approval is recommended through Phase 6 only. Additional information and design revisions as 

needed to substantiate the static and seismic stability of Phase7A will be needed before approval 

of this stage can be recommended. 

Our recommendation for approval assumes the facility is constructed strictly in accordance with 

the submitted plan. In particular, the Phase 3 impoundment must be capped with a stable CCR 

cover and incapable of impounding water before longwall mining approaches the impoundment. 

Also, per the submitted Specification 6.03 for enhanced monitoring, the operability of all the 

specified instrumentation and preparations for the contingency buttress shall be verified by the 

operator's engineer before the longwall mining face is within 100 feet of any part of the Phase 3 

capped impoundment. 

The CCR embankments at this facility will be constructed in 500- to 600-foot-long longitudinal 

segments in order to take advantage of belt delivery of the CCR to the placement location. In 

order to assure the segments are adequately compacted and keyed into the adjoining segments, a 

specific placement plan was developed and is included in Appendix E of Volume 1 of the 
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submitted plan. This placement plan, particularly the use of the specified equipment, maximum 

push distances, and excavation of keys into the adjoining segment should be strictly followed. 

The design report narratives and test data should also be considered part of the approved plan. If 

dam or foundation materials or conditions are discovered that are different than those described 

in the submitted reports, the plan should be modified as needed to address the changed conditions 

and submitted to MSHA for approval. In particular, the safety of this facility is contingent on the 

adherence to the specific mining schedule shovm in Drawing B05-330-M36 -Mining/lmpound

ment Construction Timing Map, revised July 10, 2009. 

Approved Plan Documents 

Care should be taken to assure the most recent revisions to the drawings and specifications are 

incorporated into the revised plan documents. The approved plan consists of all the documents 

listed in the section of this report titled "Second Revised Design Submittal" with the exception of 

drawing B05-330-M33 -Phase 7 - Plan View and any other Phase 7 details shown on other 

drawings. 

~ Prepared by: 

~UQ,C)g 
Paul J. Donahue, P.E. 
Civil Engineer 

Report Approved by: 

(2n~d 
Darren J £ ',P.E. 
Supervisory Civil Engineer 
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Mr. Claudio Yon, P.E. 
Alliance Consulting, Inc. 
124 Philpott Lane 
Raleigh County Airport Industrial Park 
Beaver, West Virginia 25813-9502 

Letter Report 
Response to MSHA Comments Nos. 1, 3, 7 and 8 
Pond Creek Mine No. 1 Coal Refuse Disposal Facility No.2 - Phases 3 and 7 

Williamson Energy, LLC 
Williamson County, Illinois 
GAi Project C090403.01 

Dear Mr. Yon: 

transforming ideas into reality0 

In accordance with our Work Order Memorandum No. 001, dated March 25, 2009, GAi 

Consultants, Inc. (GAi) has prepared comment responses for the Draft Mine Safety and Health 

Administration (MSHA) Memorandum and request for additional information, dated 

November 10, 2008. In general, this comment response addresses site-specific fine coal 

refuse testing, evaluates the potential for subsidence-induced triggering of the Phase 3 fine 

coal refuse impoundment, as well as the stability of proposed Phase 7 South embankment at 

the Williamson Energy, LLC (Williamson), Pond Creek Coal Refuse Disposal Facility No. 2 

(Pond Creek). 

GAi performed engineering analyses and prepared detailed comment responses for MSHA 

Comment Nos. 1, 3, 7 and 8 based on our discussions, our understanding of the site 

conditions, and our experience performing similar analyses. MSHA Comment Nos. 1 and 3 

pertain to site-specific laboratory testing and characterization of fine coal refuse materials 

(FCR), and liquefaction (flow) potential of the Phase 3 fine refuse due to longwall mining 

beneath the Phase 3 impoundment. Comment Nos. 7 and 8 are associated with performing 

slc1li<..; c111<.l li4uefactio11 (seismic) stability analyses of tho Phase 7 South slope, respectively. 

GAi notes only Comment Nos. 1, 3, 7 and 8 are addressed herein. Further, GAi understands 

responses to Comment Nos. 2, 4, 5 and 6 were prepared by others, and will be submitted under 

separate cover. 

INTRODUCTION 

Plans have been developed by Aiiiance Consuliing, inc. (Aliiance), Beaver, \/v'est Virginia for the 

construction of a coal refuse disposal facility located near Johnston City in Williamson County, 

Illinois. The proposed Pond Creek facility will provide disposal capacity for both coarse and fine 

coal refuse, and will provide for approximately 3 ½ years of coarse coal refuse (CCR) and 

Pittsburgh Office 385 East Waterfront Drive Homestead, PA 15120-5005 T 412.476.2000 F 412.476.2020 www.gaiconsultants.com 
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0
- six (6) years of fine coal refuse (FCR) produced from the Pond Creek No. 1 mine. The facility 

will be constructed in five (5) phases designated Phase 3 through 7. 

The design plans for the Pond Creek facility, submitted under separate cover by Alliance 
includes constructing three (3) four-sided impoundments aligned in a north-south direction, 
which share common embankments in between. The southernmost impoundment, Phase 3 will 
include FCR placement, starting upon completion of the embankment to the design crest 
elevation (El.) 500 feet. The central impoundment will be constructed during Phases 4, 6 and 7 
with FCR placement starting during Phase 7 when the embankment will be about 50 percent of 
the total proposed height. The northernmost impoundment will be constructed during Phase 5 
and will be partly incised by excavating the bottom of the impoundment. FCR placement during 
Phase 5 will begin when the embankment is about 80 percent complete. 

The proposed Phases 3 through 7 impoundments will occupy an area approximately 200 acres, 
and all of the impounding CCR embankments will be constructed by downstream or centerline 
methods. The upstream and downstream slopes will be about three horizontal to one vertical 
(3H:1V) except for Phase 3, which will have 2.6H:1V upstream slopes. Maximum slope heights 
will range from 49 feet for Phase 3 to 100 feet for Phase 7. All of the embankments, with the 
exception of a portion of Phase 7 will be founded on 15 to 22 feet of medium stiff to stiff, sandy 
clay overlying shale bedrock. The south facing slope of Phase 7 (designated 7A and 7C) will 
be founded on impounded FCR of Phase 3. 

NOTED MSHA CONCERNS 

MSHA noted in their November 2008 information request that the most significant consideration 
for the impoundments will be the concurrent mining of three (3) longwall panels in the 6.5-foot 
Herrin No. 6 Coal Seam beneath the impoundment footprints. GAi understands there is 430 to 
450 feet of overburden between the base of the embankments/impoundments and the Herron 
No. 6 seam, with at least 420 feet of the overburden being rock. MSHA also noted that the 
breakthrough or sinkhole potential was low, but surface subsidence will considerably impact the 
facility. 

Similarly, MSHA noted the construction is to be phased such that, with the exception of Phases 
3 and 4, all refuse placement will take place after mining has been completed beneath the 
impoundment and subsidence is substantially complete. For Phase 3, FCR placement will be 
completed to an elevation five (5) feet below the crest, and about ten (10) months prior to 
longwall mining beneath the impoundment. A 5-foot thick cover of CCR, level with the crest, 
will be placed over the FCR to eliminate any impounded water before the mining advances 
beneath the impoundment. Phase 4 will consist of a 45-foot high, non-impounding 
embankment placed prior to mining. After the mining and treatment of any subsidence related 
surface cracks, the 300-foot wide Phase 6 embankment will buttress the downstream slope of 
the Phase 4 embankment. The width of this embankment is expected to mitigate the effects of 
any subsidence-induced cracking of the Phase 4 embankment. MSHA considers the proposed 
longwall mining beneath the Phase 3 impoundment to be a short time line after filling and 
capping, and a critical issue. 

SUBSIDENCE PREDICTION EVALUATION AND SURFACE SURVEY MONITORING DATA 

Alliance subcontracted Dr. Syd S. Peng of the Department of Mining Engineering at the \,Vest 
Virginia University to perform a subsidence study for the prediction of ground movement 
parameters due to longwall mining during the various phases of impoundment construction at 

li gai consultants 
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the Pond Creek facility. Final surface movements and deformations along a north-south 
trending cross-section through the proposed facility were predicted using the subsidence 
prediction program CSIPM version 2.01, and a complete copy of the Peng evaluation, and 
related figures prepared by Alliance are presented in Appendix A. 

As previously noted, longwall mining will occur beneath only the Phase 3 impoundment 
approximately 10 months following its completion and the construction of a 5-foot thick CCR 
cap (part of Phase 6) to eliminate the Phase 3 impounding capability. In general, the results of 
the subsidence prediction evaluation suggest the magnitude of surface deformations was about 
4 feet with surface strains estimated at just over one (1) percent. 

GAi understands that survey monitoring was performed during the initial stages of mining 
Longwall Panel No. 1, which indicated surface deformations of about 5 feet, of which 
approximately 50 percent occurred within two (2) days, and total deformation occurred within 
about three (3) days. 

MSHA noted that their independent subsidence verification analyses, which incorporated 
parameters in the SOPS computer program calibrated to the actual measured subsidence 
profiles, resulted in potential strains of 3.3 percent. MSHA further noted in their November 
2008 request for information (Comment No. 2) that updated subsidence-related deformations 
and surface strains should be recalculated based on actual survey measurements. 

The following sections of this letter report include generalized descriptions of the analytical 
approach and responses to the MSHA Comment Nos. 1, 3, 7 and 8. Included in the comment 
responses are summaries of previous deformation and abandonment analyses reports, where 
appropriate, prepared by Civil & Environmental Consultants, Inc. (CEC), pertinent laboratory 
testing results, summaries of our engineering analyses pertaining to the development and use 
of the various material engineering properties, liquefaction (flow) susceptibility and slope 
stability, our conclusions and recommendations, and a reference list. 

Pertinent copies of figures from previous analyses are also included, as appropriate, including 
the results of the subsidence evaluation prepared by Dr. Peng. _Appendices A through F present 
supporting information including detailed calculation briefs for development of pertinent 
engineering parameters, and the slope stability analyses results for the various liquefaction 
(flow slide), subsidence-induced embankment cracking, and static and post-earthquake seismic 
failure scenarios discussed herein. 

ANALYTICAL APPROACH 

In general, the procedure utilized by GAi for evaluating the susceptibility of the Phase 3 
impoundment to a flow-type (liquefaction) failure is presented by Poulos, Castro and France 
("I 985) and the Draft MSHA Engineering anti Design Manual, par lit;ular ly Cliaple1 7, "Seisrnk; 
Design: Stability and Deformation." Our analyses included characterizing the impounded FCR 
material and assessing the susceptibility of the impoundment and embankment to a liquefaction 
(flow slide) failure. Liquefaction susceptibility was determined by evaluating whether or not the 
Phase 3 FCR would resist triggering a loss of strength, and subsequently estimating the factor 
of safety against post-subsidence instability. The analysis requires the in-situ static driving 
shear stress be determined in the critical layer FCR and a "zero-strength" stability analysis of 
the FCR employed to conservatively represent the undrained shear strength of the FCR, and 
asses the factors of safety against a liquefaction (flow slide) failure. 

lj gai consultants 
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Poulos, et al (1985) states a soil mass susceptible to liquefaction will only experience a flow 
slide failure when a sufficiently large triggering event causes the strength of the soil to decrease 
to the undrained steady-state strength. Conversely, a soil mass which is not susceptible to 
liquefaction physically cannot fail by liquefaction since the minimum undrained strength 
exceeds the in-situ driving shear stress along the critical failure surface. If stable, a 
zero-strength analysis is considered the most conservative type of analysis since the FCR will 
possess some minimum strength (greater than zero) when subject to a rapid loading event 
such as an earthquake or subsidence-induced disturbance. 

Additionally, the possibilities of failures resulting from FCR flowing and/or hydrostatic pressures 
from flowable FCR or water in subsidence-induced embankment cracks was evaluated in 
conjunction with the results of the liquefaction susceptibility analyses previously described. The 
procedure for evaluating the potential for and resistance to embankment cracking from 
subsidence-related disturbance includes evaluating the tensile strength (cri) of site-specific CCR 
material, based on Winterkorn and Fang, (1975), from six (6) consolidated-undrained (CU) 
triaxial test points of compacted CCR at various confining pressures. CCR tensile strength is 
normalized to equivalent vertical effective stress (dv) and a 2/3-1/3 relationship of 0 1-to-dv 
determined. Post-subsidence slope stability analyses are performed, which includes a 
conservatively derived tensile strength of the CCR embankment and the factor of safety against 
embankment cracking estimated. 

Based on the results of these analyses, conclusions are drawn as to the likelif:iood of failure 
from a flow slide and/or embankment cracking. Recommendations are provided for remedial 
measures, if necessary, and monitoring pore pressure, verticality and deformation before, 
during and following longwall mining to quantify the impact of subsidence on the embankment. 

RESPONSE TO MSHA COMMENT NOS. 1 and 3 

In accordance with this letter report, GAi has performed various analyses, prepared comment 
responses and provide pertinent field and laboratory data, calculation briefs, etc. as 
appendices. To expedite further review, MSHA comments are presented below in bold type, 
followed by GAi's response. 

COMMENT NO. 1: Characterization of Fine Refuse 

The submittal does not include any site-specific fine refuse strength test data. 
Laboratory and/or in-situ testing of fine refuse should be performed and submitted as 
appropriate to address the additional analyses requested in items 3, 7 and 8 below. 

RESPONSE TO COMMENT NO.1: 

Laboratory I esting of FCR 

In May 2008, Alliance obtained bulk fine coal refuse slurry samples from the Phase 2 
impoundment for subsequent laboratory index and strength testing. Surface samples of fine 
coal refuse slurry were obtained from the existing tailings pond adjacent to the upstream slope 
of the coarse embankment. The samples were generally fine-grained, very soft and wet. The 
slurry material was shipped to CEC's Export, Pennsylvania office and subsequently 
hand-delivered to the laboratorf. 

CEC retained Geotechnics, Inc. (Geotechnics) of East Pittsburgh, Pennsylvania to perform 
laboratory tests and characterize the FCR. Laboratory testing performed included moisture 
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content, Atterberg limit, grain size and specific gravity testing on slurry samples to aid in soil 
classification and evaluation of the material properties. The FCR material was composited in 
the laboratory to form two (2) remolded slurry samples. The sample preparation was designed 
to simulate the in-situ hydraulic deposition process, and estimate the in-situ undrained shear 
strength after consolidation to various effective stresses. CU triaxial strength tests on the 
remolded slurry samples were performed to estimate peak and steady-state undrained shear 
strength data of the FCR and assess liquefaction susceptibility of the Phase 2 abandonment 
geometry. Effective and total strength parameters were also determined for the slurry samples. 
Laboratory testing procedures and results are summarized in Appendix B. Similarly, the results 
of the site-specific FCR laboratory testing are used to address liquefaction (flow slide) 
susceptibility of the Phase 3 impoundment as discussed below in the response to Comment 
No. 3. 

In general, the as-received moisture contents of the sampled fine coal refuse ranged from 
about 86 to 94 percent. Liquid and plastic limits were 36 and 19, respectively, yielding a 
plasticity index of 17. CU triaxial shear strength testing was performed at confining pressures 
of about 5, 10 and 20 pounds per square inch (psi). The CU testing produced peak undrained 
shear strengths (Sup) ranging from about 2.6 to 9.3 psi [375 to 1,340 pounds per square foot 
(psf)]. Peak (axial) strains ranged from about 8.4 to 18.4 percent. Steady-state (or residual) 
undrained shear strengths (Sus) ranged from about 2.5 to 8. 7 psi (360 to 1250 psf) at 
maximum strains of about 17.3 to 21.7 percent. 

Response to Comment No. 1 Conclusions 

The results of the laboratory testing indicated the fine coal refuse is clay-like based on an 
average 93 percent passing the No. 200 sieve and plasticity index of 17. Peak and 
steady-state undrained strengths, presented and discussed in Appendix B were reached at 
generally high strains (between 8 and 18 percent), and there was very little drop-off from peak 
to steady-state with increasing strain. The results generally indicated a higher resistance to 
strength loss (and flow) due to the large strains required to exceed the peak strength and 
correspondingly small decrease to the steady-state strength at higher strains. The results will 
be incorporated, as appropriate into the engineering analyses performed to address MSHA 
Comment Nos. 3, 7 and 8. 

COMMENT NO. 3: Fine Refuse Behavior when Subject to Subsidence 

The mining of the westernmost 2,300 feet of Longwall Panel No. 3 is scheduled to occur 
beneath the Phase 3 impoundment about nine months after completion of fine refuse 
placement, and an unspecified time after a 5-foot coarse refuse cover is placed. The 
submitted subsidence measurements indicate that somewhat higher-than-predicted 
tensile strains will occur in conjunction with a transient lowering of lhe easlern 
embankment crest to the approximate fine-refuse elevation as the mine face advances 
beneath the embankment. The degree that the fine refuse will consolidate, gain 
strength, or resist possible strength loss under subsidence-related disturbance is not 
known. The possibilities of fine refuse flowage through large cracks in the embankment, 
or failures resulting from hydrostatic pressures from flowable slurry or water in 
subsidence-induced embankment cracks have not been analyzed or excluded. 
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Appropriate field andlor lab test analyses and calculations should be furnished that 
exclude the failure mode described above. Mitigatory (sic.) measures to preclude a 
cracking and fine refuse flowage failure mode should also. be provided if needed. Such 
measures may include provisions to dewater or accelerate the consolidation of the fine 
refuse prior to subsidence, or measures to prevent continuous cracks through the 
embankment. 

RESPONSE TO COMMENT NO.3: 

Liquefaction (flow slide) susceptibility is determined by evaluating whether or not the Phase 3 
FCR would resist triggering a loss of strength due to a rapid loading event such as 
subsidence-related disturbance, and subsequently estimating the factor of safety against 
post-subsidence instability. The analysis requires the in-situ static driving shear stress be 
determined within the critical layer Phase 3 FCR impoundment, and the appropriate undrained 
peak (Sup) and/or steady-state (Sus) shear strength of the FCR to evaluate post-subsidence 

factors of safety. 

Phase 3 In-Situ Driving Shear Stress and Subsidence-Induced Liguefaction Susceptibility 

Estimating the in-situ static driving shear stress in the critical soil layer (i.e., fine coal refuse) is 
one of the steps for evaluating liquefaction susceptibility. The driving shear stress in the critical 
fine coal refuse layer is equal to the minimum shear resistance the layer must have to simply 
maintain stability of the slope (i.e., factor of safety of 1.0). The driving stress assumes fully 
mobilized shear strengths in the structurally-placed, dense CCR and underlying stiff residual 
soil layers comprising the model. The fully mobilized strengths are those that would act while 
deformation of the slope is occurring and thus, would be available to resist a massive flow slide. 
These shear strengths are quantified by performing a stability analysis for the Phase 3 slope in 
question. 

The driving shear stress (<d) acting along the critical failure surface is determined by assuming 
the shearing resistance (i.e., shear strength) of the material through which the failure surface 
passes is provided solely by cohesion [i.e., angle of internal friction (~) = 0]. The driving stress 
is determined by varying the cohesion value used in the analysis until a factor of safety of 1.0 is 
obtained. For this condition, the driving stress acting along the failure surface analyzed is equal 
to the cohesion value used for the material. 

A series of PCSTABL analyses were performed to identify the most critical circular failure 
surface passing through the Phase 3 1mpoundment in both the downstream and upstream 
conditions. The range of starting and ending points for failure circle generation were iteratively 
analyzed to evaluate the critical failure surface and included the entire impoundment surface. 
Effective strength of the CCR and total strength parameters of the residual soil described above 
were used while the cohesion values for the FCR layers were modeled and varied until a factor 
of safety of 1.0 was obtained. 

The following soil properties were estimated based on previous field and laboratory testing and 
used in the various driving stress and post-subsidence liquefaction slope stability analyses. 
Appendix B presents summaries of laboratory testing of coarse and fine coal refuse and 
residual soil. Appendix B also presents a summary of previous field testing at the Pond Creek lj gai S9rE!~,~},!~o~,!~ 
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facility, particularly piezo-seismic cone penetration testing (PS-CPT) performed by CEC and 
ConeTec, Inc., West Berlin, New Jersey as part of an evaluation by CEC to address comments 
by Illinois Department of Natural Resources (IDNR) pertaining to Phase 2 permanent 
deformations. Appendix C presents summaries of the various analyses to develop pertinent 
engineering parameters. 

Table 1 
Summary of Coarse and Fine Coal Refuse and Residual Soil Engineering Properties 

Unit Friction Cohesion 
Description 

Weights Angle 
(c) Strength 

(Yb Ys) (~) (psf) 
(pcf) (degrees) 

Coarse Coal 33.7 0 Effective Strength (Drained) 
Refuse 130, 140 18.0 736 Total Strength (Undrained) 
(CCR) 0 crtfcr'v=0.15 Tensile Strength 

(See Below) 

Fine Coal 36.9 0 Effective Strength (Drained) 
Refuse 80, 90 18.8 0 Total Strength (Undrained) 
(FCR) 0 Sufa'v=O Zero-Strength (Undrained) 

(Assumed) 

Residual Soil 125, 135 
26.8 0 Effective Strength (Drained) 
19.5 416 Total Strenoth (Undrained) 

The results of the driving shear stress slope stability analyses indicate the Phase 3 
embankment and impoundment geometry is very favorable, and there is zero (0) in-situ driving 
shear stress along the critical failure surface passing through the Phase 3 FCR in both the 
upstream and downstream directions. Utilizing this zero-strength approach in FCR, effective 
strengths parameters for CCR and total strength parameters for residual soil, minimum factors 
of safety for the critical Phase 3 downstream and upstream impoundment conditions were 2.2 
and 1.3, respectively. 

The results indicate that a rapid loading event such as subsidence-related disturbance will not 
trigger a strength loss in FCR, and is therefore NOT susceptible to a flow slide failure. 

Engineering properties derived from laboratory testing of site specific materials are presented in 
Appendix C. Hard copies of the input and output files for the driving stress analyses are 
presented in Appendix D. 

Phase 3 Factors of Safety Against Embankment Cracking and Failure 

As previously discussed, GAi evaluated the possibility of a flow slide failure of the Phase 3 FCR 
impoundment, and based on the results of the analyses, triggering a FCR strength loss and/or lj gai S8E!~,~},!'.;,r~,!~ 
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flow slide failure is not a feasible failure mode. Additionally, the susceptibility of the Phase 3 
CCR embankment to cracking from subsidence-induced disturbance, and/or failure of the 
embankment due to elevated hydrostatic (pore) pressures from water in embankment cracks 
were evaluated. 

GAi's analysis of embankment cracking included evaluating the tensile strength (o-0 of 
site-specific CCR material, based on Winterkorn and Fang (1975), from six (6) 
consolidated-undrained (CU) triaxial test points of compacted CCR at various confining 
pressures. CCR tensile strength was subsequently normalized to equivalent vertical effective 
stress (o-'v) and a conservative 2/3-1 /3 relationship of o-i-to-o-'v (o-i/o-'v) estimated at 0.15. 
Appendix C presents calculations deriving CCR o-1 as a function of o-'v for the Phase 3 
embankment, and the corresponding average CCR o-1 was estimated at 475 psf. This o-1 is 
considered to be a reasonable, low tensile strength value for the Phase 3 structurally-placed 
CCR embankment. 

Phase 3 post-subsidence slope stability analyses were performed to evaluate the potential for 
embankment cracking, and included using a conservatively-derived CCR o-1 value as cohesion 
(~=O condition) for the embankment, a conservative zero (0) strength value for the FCR, and 
total undrained shear strength values for residual soil. The minimum factor of safety against 
embankment cracking was estimated at 1.1. 

Additional Phase 3 post-subsidence, undrained slope stability analyses were performed to 
evaluate the possibility of failure due to the subsidence event. The analyses include using total 
undrained strength parameters for the CCR embankment and residual soil, which assumes an 
increase in pore pressure of the saturated portions of the embankment and underlying soil due 
to the rapid loading subsidence event and corresponding decrease in strength from drained to 
undrained, and a conservative zero (0) strength cohesion value for the FCR. The minimum 
factor of safety against post-subsidence embankment failure using these consecutive shear 
strengths was estimated at 2.4. Hard copies of the input and output files for the embankment 
cracking stability analyses are presented in Appendix E. 

The results of the post-subsidence analyses suggest that marginal stability exists against 
embankment cracking and adequate factor of safety against embankment failure due to 
increase pore pressure in the embankment and residual soil. Conservatisms inherent in the 
engineering properties used in the post-subsidence stability analyses, which will increase the 
estimated factor of safety, include the following: 

• CCR strength estimates discount negative pore pressures that will undoubtedly develop 
during the initial stages of the subsidence rapid loading event due to the compacted, 
dense initial state of stress of the CCR; 

• CU testing results of all six (6) CCR points suggest that the peak strain for the CCR 
material ranges from about 12.5 to 15.3 percent, which is attributed to the claystone and 
shale rock materials in the CCR; and 

• Peak strain for the CCR material is significantly higher than the range of predicted 
subsidence threshold strains of about 1 to 3 percent. 
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GAi has completed an evaluation of the liquefaction susceptibility of the proposed Pond Creek 
Phase 3 impoundment geometry. Based on this evaluation, the impoundment is not 
susceptible to a liquefaction (flow) failure. Additional stability analyses were performed to 
evaluate the potential for embankment cracking and embankment failure due to 
subsidence-related disturbance. Based on conservatively-derived strength parameters, 
adequate factor of safety exists relative to a failure of the Phase 3 embankment. Marginal 
factor of safety exists relative to Phase 3 embankment cracking; however, conservatisms in the 
analyses exist. Additionally, the following conclusions are noted: 

• FCR was characterized as clay-like, which typically is more resistant to strength loss (or 
flow) than sand-like materials; 

• In-situ driving shear stresses through the FCR are 0 psf; 

• Site-specific FCR and CCR laboratory testing results indicate high peak and steady
state undrained shear strains of about 12 to 15 percent relative to the strains induced 
from subsidence of approximately 1 to 3 percent; 

• Phase 3 minimum factors of safety against flow slide susceptibility, with zero-strength 
FCR in the downstream and upstream directions of 2.2 and 1.3, respectively; 

• Phase 3 factor of safety against embankment failure of 2.4; and 

• Phase 3 factor of safety against embankment cracking of 1.1. 

Response to Comment No. 3 Recommendations 

Based on the results of the Phase 3 subsidence-related stability analyses, adequate factors of 
safety exist relative to catastrophic failure scenarios including a potential flow slide and 
embankment failure. Marginal stability exists relative to potential cracking of the Phase 3 
embankment due to the proposed longwall mining beneath the impoundment; however, some 
conservatism exists in the analyses as previously noted, including derivation of tensile strength 
properties, negative pore pressure and increased strength during loading, and high strain 
capability of the CCR embankment materials relative to estimated induced subsidence strain. 
Consequently, GAi does not anticipate significant embankment cracking, if any. However, 
there are various unknowns relative to the actual performance of the impoundment that require 
attention. 

Therefore, GAi recommends that instrumentation installations and monitoring of the Phase 3 
embankment be performed prior to, during and following longwall mining beneath the Phase 3 
impoundment including installing pore pressure transducers and inclinometers. Also, GAi 
recommends that detailed inspections of the embankment, cap, toe areas and outlet structures 
be performed two (2) times/days prior to, daily during, and daily following longwall mining 
beneath the Phase 3 impoundment fer a period of two (2) v1eeks following completion of 
mining, and any deviations noted. 
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Further, GAi recommends that a CCR buttress or sealing layer remedial alternative, such as 
that proposed for the northern slope of the Phase 7 impoundment (Phase 7B) be designed, and 
construction implementation provisions made based on the results of the Phase 3 detailed 
inspections and instrumentation monitoring. If extensive cracking, seepage and/or other 
noticeable surface features are noted, and the magnitude of pore pressure and deformation are 
deemed potentially detrimental to the short- or long-term performance of the Phase 3 
impoundment, then the implementation of the buttress/seal remedial alternative should be 
employed. 

If the post-subsidence instrumentation monitoring and inspection results indicate that the 
Phase 3 embankment/impoundment distress is not a concern, i.e., no adverse cracking, 
seepage, excess pore pressure or deformation, then monitoring of the Phase 3 should continue 
twice a week for a period of two (2) months. If after an additional two (2) months of satisfactory 
monitoring results, and the embankment/impoundment continues to exhibit adequate 
performance characteristics, i.e., the magnitudes of pore pressure and deformation decrease, 
level off, or approach normal operating levels, and no increased seepage conditions or cracking 
exist, then monitoring of the Phase 3 embankment could be discontinued. 

RESPONSE TO MSHA COMMENT NOS. 7 and 8 

In accordance with this letter report, GAi has performed various analyses, prepared comment 
responses and provide pertinent figures, field and laboratory data, calculation briefs, etc. as 
appendices. To expedite further review, MSHA comments are presented below in bold type, 
followed by GAi's response. 

COMMENT NO. 7: Stability of Phase 7 South Slope 

The Phase 7 embankment will be founded on the impounded FCR from Phase 3 and 
therefore is the most critical stability analysis case. However, no stability analysis was 
furnished for this slope. 

A stability analysis should be provided for a section through the Phase 7 and underlying 
Stage 3, using site-specific FCR strength parameters as requested in item No. 1 above. 
Because of the anticipated speed at which the Stage 7 embankment will be raised, 
analyses should be run for both the short-term end-of-construction and long-term 
steady-state conditions. Note that for loading of the consolidating, saturated FCR, 
appropriate undrained (phi=0) strength parameters should be used. 

RESPONSE TO COMMENT N0.7: 

Static slope stability analyses were performed for the Phase 7 South slope geometry (Phase 
7C), which includes the underlying Phase 3 impoundment FCR. The short-term, end-of
construction analysis condition includes using effective strength parameters for the CCR, total 
undrained shear strengths for the residual soil, and zero (0) strength for the FCR. A 
"zero-strength" type analysis of the FCR, if stable, is considered the most conservative analysis 
because a true zero strength condition physically cannot occur. Some minimum strength, i.e., 

tj gai consultants 
transforming ideas into reality 
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steady-state undrained exists even if the material is susceptible to a strength loss triggering 
event. Effective strength for CCR and total undrained strength for FCR and residual soil are 
utilized for the long-term, steady-state conditions stability analyses of the Phase 7C South slope 
geometry. 

Soil properties, presented above in Response to Comment No. 3, were estimated based on 
previous field and laboratory testing and used in the appropriate static and liquefaction 
susceptibility slope stability analyses. Laboratory testing procedures and results are 
summarized in Appendix B and estimates of engineering properties are presented in 
Appendix C. 

The results of the Phase 7C static slope stability analyses indicate the Phase 7C embankment 
and underlying Phase 3 impoundment geometry is stable under both short-term, 
end-of-construction and long-term, steady-state conditions. Utilizing conservative strength 
parameters for the various materials including "zero-strength" for FCR, the end-of-construction 
and steady-state static factors of safety are 1.6 and 1.8, respectively. Hard copies of the input 
and output files for the Phase 7C end-of-construction and long-term steady-state slope stability 
analyses are presented in Appendix F. 

COMMENT NO. 8: Seismic Stability of Phase 7 South Slope 

The fine refuse on which Phase 7 will be founded may be subject to triggering strength 
loss (liquefaction) under earthquake shaking. 

An evaluation of the susceptibility of the fine refuse to strength loss under appropriate 
earthquake shaking should be performed, and if required, the post-seismic stability 
evaluated using estimate reduced post-seismic strengths. Alternatively, stability 
analyses can be performed using conservatively estimated post-earthquake strengths 
for the fine and coarse refuse. If a factor of safety of 1.20 or greater can be obtained with 
this conservative analysis, than (sic.) additional liquefaction analyses will not be needed. 

RESPONSE TO COMMENT NO.8: 

Liquefaction susceptibility of the proposed Phase 7C slope geometry and the FCR hydraulically 
placed beneath the Phase 7 CCR embankment depends on the strength of all the soils along 
the critical failure surface. Zones of loose (contractive) soils are critical to analyzing liquefaction 
potential since only loose soils can have an undrained strength that is significantly lower than 
ti 1eir drained strength. 1or the purpose of this evaluation, o conservative, simplified approach 
was employed, and assumes the FCR will lose strength during an earthquake, which changes 
the condition from drained to undrained. 

Liquefaction susceptibility was determined by evaluating the Phase 7C embankment and 
underlying Phase 3 FCR utilizing a zero-strength to very low strength approach for the FCR to 
evaluate the post-earthquake factors of safety. The post-earthquake analyses included using 
effective strength parameters for the CCR, total undrained shear strengths for the residual soil, 
and zero (0) strength for the FCR for a deep failure and 260 psf for a shallow failure. The 260 
psf equates to Sus/cr'v=0.05, far less than the site-specific laboratory testing Sus/a', =0.24. Soil 
properties used in the post-earthquake slope stability analyses are summarized in Appendix C. 

Revised 7113/09 
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The results of the Phase 7C post-earthquake stability analyses indicate the Phase 7C 
embankment and underlying Phase 3 impoundment geometry is stable. Utilizing conservative 
strength parameters for the various materials including zero-strength to 260 psf for FCR, the 
post-earthquake factor of safety ranges from 1.2 to 1.6 for shallow and deep failure circles, 
respectively. Hard copies of the input and output files for the Phase 7C post-earthquake slope 
stability analyses are also presented in Appendix F. 

Poulos, et al (1985) states a soil mass that is not susceptible to liquefaction physically cannot 
fail by liquefaction since the minimum undrained strength exceeds the in-situ driving shear 
stress along the critical failure surface. Permanent deformation analyses were not considered 
pertinent to the Phase 7C geometry since there is no impounded FCR or freeboard. Therefore, 
permanent deformation analyses were not performed. · 

GAi appreciates this opportunity to provide to Alliance specialized subsidence and seismic 
engineering services. Please do not hesitate to contact us if you have any questions 
concerning any of the information presented. 

Respectfully submitted, 
GAi CONSULTANTS, INC. 

1Jv l b.L f--
Blaise E. Genes 
Manager of Geotechnical and Structural 

BEG /tlg 
0943001-ltr rpt-rtmc-beg/tlg D1 

Attachments 
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1.0 INTRODUCTION 

The Williamson Energy has proposed construction of four impoundments over the 

longwall panels located near the end of the panels. These four impoundments will be constructed 

and used during different phase with respect to longwall mining. The phase sequences for these 

impoundments are given in Figure 1. The phase 2 and 3 impoundment (impoundment 1 and 2) 

constructions are over panel 3 and 4. The impoundments 3 and 4 are over longwall panel 2 and 1, 

respectively. 

From the information and details of different phase provided in Figure 1, it is obvious 

that phase 2 and 3 will be completed much before the longwall mining, i.e. over virgin area. In 

relation to longwall mining retreat, only in phase 5, the Jongwall retreat will be done towards the 

end of Iongwall panel I, prior to any impoundment construction over it. During Phase 4 and 6, 

the Jongwall retreat will be at the end of panel 2. 

The objective of this study is to predict the ground movement parameters associated with 

longwall mining in different phase of impoundments. To predict these parameters, the 

subsidence prediction program CISPM version 2.01 developed by the senior author [l] has been 

used. 
The input paran1eter for this software has been used from our earlier repori [2]. 

2.0 Longwall Panels Parameters 

Figure 1 shows the location of impoundments and longwall panels 1 to 4. The gateroads 

of the Iongwall panels are mientated towards east-west direction. Table 1 shows the mining 

conditions for the four Jongwall panels over which impotmdment will be constructed. The panel 

widths are 1,250 for the first two longwall panels and 1,400 ft for the third and fourth longwall 

panel. The width of chain pillar /gateroad system is 220 ft for all the panels. 

A cross section 'A-A' (Figure 1) parallel to the Jongwall panel width and in center of the 

impoundment has been considered to predict the subsidence parameters. Table I shows the 

longwall panel parameters. 
Table I Longwall panels parameters 

Panel Panel Panel 
No. Length, Width, Overburden Depth, ft Mining Height, ft 

ft ft 
Max. Min. Average Max. Min. Average 

-

Panel I 17,200 1,250 498 470 482 5.8 5.8 5.8 

Panel 2 17,200 1,250 522 486 501 5.8 5.8 5.8 

Panel 3 17,200 1,400 522 490 506 5.8 5.8 5.8 

Panel 4 I 8,000 1,400 504 464 475 6.0 6.0 6.0 
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3.0 Prediction of Final Subsidence Parameters 

In order to estimate the ground movement parameters associated with longwall mining over the 

smface where impoundments are located, a local coordinate system has been selected with origin 

(0, 0) at the right edge of 1st longwall panel gateroad system (Figure 1). The X-axis is parallel to 

the mining direction and the distance is measured from the setup room. The Y-axis is along the 

panel width direction or along section A-A. 

The prediction of surface subsidence and subsidence parameters due to mining on the surface has 

been done at a distance of 20 ft across the panel width. The total width along the cross section A

A is 6,360 ft covering all four longwall panels and gateroad systems. The prediction points along 

the cross section A-A are shown in Figure 1. 

The final smface movements and defonnations along the cross-section AA have been predicted 

using the subsidence prediction program CISPM version 2.01. Average mining parameters of 

longwall panels (Table 1) were used for this subsidence prediction. 

3.1 Subsidence Parameters during Phase 2 and 3 

The predicted final subsidence profile across the impoundments after phase 2 and 3 and before 

phase 5 is shown in Figures 2. Since there is no longwall workings below phase 2 and 3 before 

phase 2 and 3 gets eliminated, no ground movement effect will be observed during phase 2 and 3 

period. 

3.2 Subsidence Parameters during Phase 4 

Phase 4 will be built before completion of longwall retreat in panel 1. So during construction it 

won't be influenced by mining induced subsidence. 

3.3 Subsidence Parameters during Phase 5 

Before Phase 5 construction starts, the surface will experience mmmg induced ground 

movements. The subsidence, horizontal displacement, slopes and horizontal strain profiles are 

shown in Figure 2, 3, 4, and 5. 

The maximum subsidence may be 3.87 ft at the center of the panel with a flat bottom. The 

predicted value of maximum horizontal displacement, slopes and horizontal strain are 1.27 ft, 

2.3 7% and l l.5xl0·3 ft/ft, respectively. , 

3.4 Subsidence Parameters during 6 Phase 

During Phase 4 and 6 the longwall retreat will be below the impoundments in panel 2. Hence it 

may be affected by the mining induced subsidence and other ground movement parameters. 

During Phase 4 and 6 the final subsidence parameters are shown in Figures 6, 7, 8 and 9. 

The Final subsidence parameters after mining all four longwall panels are given in Appendix 1. 
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4.0 Time Required to Attain Majority of Final Subsidence Parameters 

From the past field experience, the final subsidence at any points/cross section takes 

place after 2 to 3 weeks oflongwall face passing. Fmiher the final subsidence also depends upon 

the face retreat rate. 

The dynamic subsidence prediction has been performed for tlu·ee face retreat rate 60, 80 

and I 00 ft/day [2] as shown in figure I 0. 

There is 0.06 inch of subsidence when the longwall face is directly under the point of 

interest. Thereafter, the subsidence process accelerates and reaches about one half of its final 

amount when the face is about 200 ft passed the point of interest. During this phase of time, the 

subsidence process is most active. A deceleration process is followed. The ground surface re

establishes the stable condition in ve1iical direction when the face has passed the point of interest 

a distance about 500 ft. Figure 10 also shows that a slower advance rate induces a steeper 

subsidence development curve. However, the differences between the subsidence development 

curves are not significant for the range of high face advance rates used in the dynamic 

subsidence predictions. 
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Figure 10 Predicted Dynamic Subsidence Development Curves 
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Based on dynamic subsidence prediction for a face retreat of 60 ft/day, more than 10 

working days will be sufficient to attain the dynamic subsidence almost equal to the final 

subsidence value. Hence 2 weeks ca11 be on the safer side. 

5;0 Reference 

1. S.S. Peng and Y Luo, Instruction Maimal for CISPM software for Subsidence prediction 

2. S.S. Peng, Khaled Morsey, Anil Ray and TI10mas Du, "Assessment of Subsidence 

Influence on Buried Pipelines due to Longwall Mining" Willian1Son Energy, Johnson 

City, IL, July 2007 
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Appendix 1 

Final subsidence parameters along cross section A-A after mining all four 

longwail panels (note -the distance is measured from the right edge of paneI1) 

Points Distance along Subsidence, Horizontal Slope,% Strain, ft/ft Curvature, 1/ft 

cross section 1 ft displacement, 

A-A, ft ft 

1 -220 a a a 0.00E+OO O.OOE+OO 

2 -200 0 0 0 0.00E+OO 0.00E+OO 

3 -180 0 0 0 O.OOE+OO 0.00E+OO 

4 -160 0 0 0 O.OOE+OO 0.00E+OO 

5 -140 0 0 0 O.OOE+OO 0.00E+OO 

6 -120 0 0 0 O.OOE+OO 0.00E+OO 

7 -100 0 0 0 O.OOE+OO 0.00E+OO 

8 -80 0 0 0 O.OOE+OO 0.00E+OO 

9 -59 0 0 0 O.OOE+OO O.OOE+OO 

10 -39 0.00 0.00 0.01 1.22E-04 2.03E-06 

11 -19 0.01 0.02 ·0.04 8.11E-04 1.35E-05 

12 1 0.03 0.06 0.10 1.94E-03 3.23E-05 

13 21 0.06 0.11 0.21 3.57E-03 5.96E-05 

14 41 0.13 0.21 0.39 5.64E-03 9.41 E-05 

15 61 0.23 0.34 0.63 7.84E-03 1.31E-04 

16 81 0.40 0.51 0.95 9.62E-03 1.60E-04 

17 101 0.63 0.70 1.30 1.03E-02 1.72E-04 

18 121 0.93 0.88 1.65 9.27E-03 1.55E-04 

19 141 1.29 1.04 1.94 6.38E-03 1.06E-04 

20 161 1.71 1.12 2.10 2.00E-03 3.34E-05 

21 181 2.14 1.13 2.11 -3.00E-03 -4.90E-05 

22 201 2.55 1.04 1.95 -7.40E-03 -1.20E-04 

23 221 2.92 0.89 1.67 -1.00E-02 -1.70E-04 

24 241 3.22 0.70 1.32 -1.10E-02 -1.90E-04 

25 262 3.46 0.51 0.96 -1.10E-02 -1.80E-04 

26 282 3.62 0.34 0.65 -9.1 OE-03 -1.50E-04 

27 302 3.73 0.21 0.40 -6.90E-03 -1.20E-04 

28 322 3.79 0.12 0.22 -4.80E-03 -8.10E-05 

29 342 3.83 0.06 0.11 -3.20E-03 -5.30E-05 

30 362 3.85 0.02 0.04 -2.00E-03 -3.40E-05 

31 382 3.86 0.00 0.01 -1.30E-03 -2.20E-05 

32 402 3.87 0.00 0.00 O.OOE+OO O.OOE+OO 

33 422 3.87 0.00 0.00 O.OOE+OO O.OOE+OO 

34 442 3.87 0.00 0.00 O.OOE+OO O.OOE+OO 

35 462 3.87 0.00 0.00 O.OOE+OO O.OOE+OO 

36 482 3.87 0.00 0.00 O.OOE+OO O.OOE+OO 

37 502 3.87 0.00 0.00 O.OOE+OO O.OOE+OO 

38 522 3.87 0.00 0.00 O.OOE+OO O.OOE+OO 

39 542 3.87 0.00 0.00 O.OOE+OO O.OOE+OO 

40 562 3.87 0.00 0.00 O.OOE+OO 0.00E+OO 

41 583 3.87 0.00 0.00 O.OOE+OO O.OOE+OO 

42 603 3.87 0.00 0.00 O.OOE+OO O.OOE+OO 



R16350

Points Distance along Subsidence, Horizontal Slope,% Strain, ft/ft Curvature, 1 /ft 

cross section, ft displacement, 

A-A,ft ft 

43 623 3.87 0.00 0.00 0.00E+OO O.OOE+OO 

44 643 3.87 0.00 0.00 0.00E+OO 0.00E+OO 

45 663 3.87 0.00 0.00 O.OOE+OO O.OOE+OO 

46 683 3.87 0.00 0.00 0.00E+OO O.OOE+OO 

47 703 3.87 0.00 0.00 O.OOE+OO O.OOE+OO 

48 723 3.87 0.00 0.00 0.00E+OO 0.00E+OO 

49 743 3.87 0.00 0.00 0.00E+OO O.OOE+OO 

50 763 3.87 0.00 0.00 0.00E+OO 0.00E+OO 

51 783 3.87 0.00 0.00 0.00E+OO 0.00E+OO 

52 803 3.87 0.00 0.00 0.00E+OO O.OOE+OO 

53 823 3.87 0.00 0.00 O.OOE+OO O.OOE+OO 

54 843 3.87 0.00 0.00 0.00E+OO 0.00E+OO 

55 863 3.87 0.00 0.00 0.00E+OO O.OOE+OO 

56 883 3.87 0.00 0.00 0.00E+OO O.OOE+OO 

57 904 3.87 0.00 0.00 0.00E+OO O.OOE+OO 

58 924 3.87 0.00 0.00 O.OOE+OO O.OOE+OO 

59 944 3.87 0.00 0.00 0.00E+OO 0.00E+OO 

60 964 3.87 0.00 0.00 0.00E+OO 0.00E+OO 

61 984 3.87 0.00 0.00 0.00E+OO O.OOE+OO 

62 1004 3.87 0.00 0.00 0.00E+OO 0.00E+OO 

63 1024 3.87 0.00 0.00 0.00E+OO O.OOE+OO 

64 1044 3.87 0.00 0.00 0.00E+OO O.OOE+OO 

65 1064 3.87 o.oo 0.00 0.00E+OO O.OOE+OO 

66 1084 3.86 -0.0.1 -0.01 -1.50E-03 -2.50E-05 

67 1104 3.85 -0.03 -0.06 -2.30E-03 -3.80E-05 

68 1124 3.82 -0.07 -0.13 -3.50E-03 -5.80E-05 

69 1144 3.78 -0.14 -0.25 -5.20E-03 -8.70E-05 

70 1164 3.71 -0.23 -0.44 -7.30E-03 -1.20E-04 

71 1184 3.59 -0.37 -0.70 -9.30E-03 -1.50E-04 

72 1204 3.42 -0.54 -1.00 -1.10E-02 -1.80E-04 

73 1225 3.18 -0.72 -1.40 -1.1 OE-02 -1.80E-04 

74 1245 2.87 -0.89 -1.70 -9.10E-03 -1.50E-04 

75 1265 2.50 -1.02 -1.90 -5.80E-03 -9.70E-05 

76 1285 2.10 -1.07 -2.00 -1.40E-03 -2.30E-05 

77 1305 1.70 -1.04 -2.00 3.24E-03 5.42E-05 

78 1325 1.32 -0.94 -1.80 7.01E-03 1.17E-04 

79 1345 0.99 -0.78 -1.50 9.20E-03 1.54E-04 

80 1365 0.73 -0.60 -1.10 9.61 E-03 1.60E-04 

81 1385 0.53 -0.42 -0.79 8.58E-03 1.43E-04 

82 1405 0.40, -0.28 -0.52 6.70E-03 1.12E-04 

83 1425 0.31 -0.16 -0.31 4.61 E-03 7.69E-05 

84 1445 0.26 -0.09 -0.16 2.76E-03 4.61 E-05 

85 1465 0.24 -0.04 -0.07 1.37E-03 2.29E-05 

86 1485 0.22 -0.01 -0.02 4.50E-04 7.53E-06 

87 1505 0.22 0.00 0.00 -6.80E-05 -1.1 OE-06 

88 1525 0.22 0.00 0.00 O.OOE+OO O.OOE+OO 



R16351

Points Distance along Subsidence, Horizontal Slope,% Strain, ft/ft Curvature, 1 /ft 

cross section, ft displacement, 

A-A, ft ft 

89 1546 0.22 0.00 0.00 0.00E+OO O.OOE+OO 

90 1566 0.22 0.00 0.00 0.00E+OO 0.00E+OO 

91 1586 0.22 0.00 0.00 0.00E+OO 0.00E+OO 

92 1606 0.22 0.00 0.01 4.63E-05 7.23E-07 

93 1626 0.22 0.02 0.03 6.37E-04 1.02E-05 

94 1646 0.24 0.05 0.09 1.59E-03 2.54E-05 

95 1666 0.27 0.10 0.18 2.96E-03 4.75E-05 

96 1686 0.32 0.18 0.32 4.72E-03 7.56E-05 

97 1706 0.41 0.29 0.52 6.64E-03 1.06E-04 

98 1726 0.55 0.44 0.78 8.30E-03 1.33E-04 

99 1746 0.74 0.60 1.08 9.18E-03 1.47E-04 

100 1766 0.99 0.78 1.40 8.76E-03 1.40E-04 

101 1786 1.30 0.93 1.67 6.78E-03 1.09E-04 

102 1806 1.66 1.03 1.85 3.39E-03 5.43E-05 

103 1826 2.05 1.06 1.92 -8.20E-04 -1.30E-05 

104 1846 2.43 1.02 1.84 -5.00E-03 -8.00E-05 

105 1867 2.78 0.91 1.64 -8.20E-03 -1.30E-04 

106 1887 3.09 0.76 1.36 -1.00E-02 -1.60E-04 

107 1907 3.34 0.59 1.05 -1.00E-02 -1.70E-04 

108 1927 3.52 0.42 0.75 -9.30E-03 -1.50E-04 

109 1947 3.65 0.28 0.50 -7.60E-03 -1.20E-04 

110 1967 3.73 0.17 0.30 -5.70E-03 -9.1 OE-05 

111 1987 3.79 0.09 0.17 -4.00E-03 -6.40E-05 

112 2007 3.81 0.05 0.08 -2.70E-03 -4.30E-05 

113 2027 3.83 0.02 0.03 -1.70E-03 -2.80E-05 

114 2047 3.84 0.00 0.00 -1.20E-03 -1.90E-05 

115 2067 3.85 0.00 0.00 0.00E+OO 0.00E+OO 

116 2087 3.85 0.00 0.00. 0.00E+OO 0.00E+OO 

117 2107 3.85 0.00 0.00 O.OOE+OO 0.00E+OO 

118 2127 3.85 0.00 0.00 O.OOE+OO 0.00E+OO 

119 2147 3.85 0.00 0.00 0.00E+OO 0.00E+OO 

120 2168 3.85 0.00 0.00 0.00E+OO 0.00E+OO 

121 2188 3.85 0.00 0.00 O.OOE+OO 0.00E+OO 

122 2208 3.85 0.00 0.00 0.00E+OO 0.00E+OO 

123 2228 3.85 0.00 0.00 0.00E+OO 0.00E+OO 

124 2248 3.85 0.00 0.00 0.00E+OO 0.00E+OO 

125 2268 3.85 0.00 0.00 0.00E+OO 0.00E+OO 

126 2288 3.85 0.00 0.00 0.00E+OO 0.00E+OO 

127 2308 3.85 0.00 0.00 0.00E+OO 0.00E+OO 

128 2328 3.85 0.00 0.00 0.00E+OO 0.00E+OO 

129 2348 3.85 0.00 0.00 0.00E+OO O.OOE+OO 

130 2368 3.85 0.00 0.00 0.00E+OO 0.00E+OO 

131 2388 3.85 0.00 0.00 0.00E+OO 0.00E+OO 

132 2408 3.85 0.00 0.00 0.00E+OO 0.00E+OO 

133 2428 3.85 0.00 0.00 0.00E+OO 0.00E+OO 

134 2448 3.85 0.00 0.00 0.00E+OO 0.00E+OO 



R16352

Points Distance along Subsidence, Horizontal Slope,% Strain, ft/ft Curvature, 1 /ft 

cross section, ft displacement, 

A-A, ft ft 

135 2468 3.85 0.00 0.00 O.OOE+OO 0.00E+OO 

136 2489 3.85 0.00 0.00 O.OOE+OO 0.00E+OO 

137 2509 3.85 0.00 0.00 O.OOE+OO O.OOE+OO 

138 2529 3.85 0.00 0.00 O.OOE+OO O.OOE+OO 

139 2549 3.85 0.00 0.00 O.OOE+OO O.OOE+OO 

140 2569 3.85 0.00 0.00 O.OOE+OO 0.00E+OO 

141 2589 3.85 0.00 0.00 0.00E+OO 0.00E+OO 

142 2609 3.85 0.00 0.00 O.OOE+OO 0.00E+OO 

143 2629 3.85 0.00 0.00 O.OOE+OO 0.00E+OO 

144 2649 3.85 0.00 0.00 O.OOE+OO 0.00E+OO 

145 2669 3.85 0.00 0.00 0.00E+OO O.OOE+OO 

146 2689 3.85 0.00 0.00 O.OOE+OO 0.00E+OO 

147 2709 3.85 0.00 0.00 6.96E-07 1.11 E-08 

148 2729 3.83 -0.01 -0.02 -1.60E-03 -2.60E-05 

149 2749 3.82 -0.04 -0.07 -2.40E-03 -3.90E-05 

150 2769 3.79 -0.08 -0.15 -3.70E-03 -5.90E-05 

151 2789 3.75 -0.15 -0.27 -5.40E-03 -8.60E-05 

152 2810 3.67 -0.25 -0.46 -7.30E-03 -1.20E-04 

153 2830 3.55 -0.39 -0.70 -9.10E-03 -1.50E-04 

154 2850 3.38 -0.55 -0.99 -1.00E-02 -1.60E-04 

155 2870 3.14 -0.73 -1.30 -1.00E-02 -1.60E-04 

156 2890 2.85 -0.89 -1.60 -8.70E-03 -1.40E-04 

157 2910 2.50 -1.01 -1.80 -5.60E-03 -9.10E-05 

158 2930 2.12 -1.06 -1.90 -1.60E-03 -2.60E-05 

159 2950 1.73 -1.04 -1.90 2.68E-03 4.29E-05 

160 2970 1.37 -0.95 -1.70 6.27E-03 1.01 E-04 

161 2990 1.05 -0.80 -1.40 8.52E-03 1.37E-04 

162 3010 0.78 -0.63 -1.10 9.21 E-03 1.48E-04 

163 3030 0.58 -0.46 -0.83 8.52E-03 1.37E-04 

164 3050 0.44 -0.31 -0.56 6.95E-03 1.11 E-04 

165 3070 0.34 -0.19 -0.35 5.04E-03 8.08E-05 

166 3090 0.28 -0.11 -0.20 3.23E-03 5.19E-05 

167 3110 0.25 -0.06 -0.10 1.79E-03 2.87E-05 

168 3131 0.23 -0.02 -0.04 7.66E-04 1.23E-05 

169 3151 0.22 -0.01 -0.01 1.22E-04 1.97E-06 

170 3171 0.22 0.00 0.00 0.00E+OO O.OOE+OO 

171 3191 0.22 0.00 0.00 0.00E+OO 0.00E+OO 

172 3211 0.22 0.00 0.00 0.00E+OO O.OOE+OO 

173 3231 0.22 0.00 0.00 0.00E+OO 0.00E+OO 

174 3251 0.22 0.00 0.00 -3.50E-05 -5.50E-07 

175 3271 0.23 0.02 0.03 4.86E-04 7.71 E-06 

176 3291 0.24 0.04 0.07 1.34E-03 2.12E-05 

177 3311 0.27 0.09 0.15 2.59E-03 4.12E-05 

178 3331 0.32 0.16 0.28 4.24E-03 6.73E-05 

179 3351 0.39 0.26 0.46 6.11 E-03 9.69E-05 

180 3371 0.51 . 0.40 0.70 7.84E-03 1.25E-04 



R16353

Points Distance along Subsidence, Horizontal Slope,% Strain, ft/ft Curvature, 1/ft 

cross section, ft displacement, 

A-A,ft ft 

181 3391 0.69 0.56 0.99 8.95E-03 1.42E-04 

182 3411 0.92 0.73 1.30 8.90E-03 1.41 E-04 

183 3431 1.22 0.89 1.58 7.38E-03 1.17E-04 

184 3452 1.56 1.00 1.79 4.40E-03 6.99E-05 

185 3472 1.93 1.06 1.89 4.36E-04 6.91 E-06 

186 3492 2.32 1.04 1.85 -3.70E-03 -5.90E-05 

187 3512 2.68 0.95 1.69 -7.30E-03 -1.20E-04 

188 3532 3.00 0.81 1.44 -9.50E-03 -1.50E-04 

189 3552 3.26 0.64 1.14 -1.00E-02 -1.60E-04 

190 3572 3.46 0.47 0.84 -9.70E-03 -1.50E-04 

191 3592 3.61 0.32 0.57 -8.20E-03 -1.30E-04 

192 3612 3.70 0.20 0.36 -6.30E-03 -1.00E-04 

193 3632 3.76 0.12 0.21 -4.50E-03 -7.20E-05 

194 .3652 3.80 0.06 0.11 -3.10E-03 -4.90E-05 

195 3672 3.82 0.03 0.05 -2.00E-03 -3.20E-05 

196 3692 3.83 0.01 0.01 -1.40E-03 -2.10E-05 

197 3712 3.84 0.00 0.00 0.00E+OO O.OOE+OO 

198 3732 3.84 0.00 0.00 0.00E+OO O.OOE+OO 

199 3752 3.84 0.00 0.00 O.OOE+OO O.OOE+OO 

200 3773 3.84 0.00 0.00 0.00E+OO O.OOE+OO 

201 3793 3.84 0.00 0.00 0.00E+OO O.OOE+OO 

202 3813 3.84 0.00 0.00 0.00E+OO O.OOE+OO 

203 3833 3.84 0.00 0.00 0.00E+OO O.OOE+OO 

204 3853 3.84 0.00 0.00 0.00E+OO O.OOE+OO 

205 3873 3.84 0.00 0.00 0.00E+OO O.OOE+OO 

206 3893 3.84 0.00 0.00 0.00E+OO O.OOE+OO 

207 3913 3.84 0.00 0.00 0.00E+OO O.OOE+OO 

208 3933 3.84 0.00 0.00 0.00E+OO O.OOE+OO 

209 3953 3.84 0.00 0.00 0.00E+OO O.OOE+OO 

210 3973 3.84 0.00 0.00 0.00E+OO O.OOE+OO 

211 3993 3.84 0.00 0.00 O.OOE+OO O.OOE+OO 

212 4013 3.84 0.00 0.00 0.00E+OO O.OOE+OO 

213 4033 3.84 0.00 0.00 0.00E+OO O.OOE+OO 

214 4053 3.84 0.00 0.00 0.00E+OO O.OOE+OO 

215 4074 3.84 0.00 0.00 O.OOE+OO O.OOE+OO 

216 4094 3.84 0.00 0.00 O.OOE+OO O.OOE+OO 

217 4114 3.84 0.00 0.00 0.00E+OO O.OOE+OO 

218 4134 3.84 0.00 0.00 0.00E+OO O.OOE+OO 

219 4154 3.84 0.00 0.00 0.00E+OO O.OOE+OO 

220 4174 3.84 0.00 0.00 0.00E+OO O.OOE+OO 

221 4194 3.84 0.00 0.00 0.00E+OO O.OOE+OO 

222 4214 3.84 0.00 0.00 0.00E+OO O.OOE+OO 

223 4234 3.84 0.00 0.00 0.00E+OO O.OOE+OO 

224 4254 3.84 0.00 0.00 0.00E+OO O.OOE+OO 

225 4274 3.84 0.00 0.00 0.00E+OO O.OOE+OO 

226 4294 3.84 0.00 0.00 0.00E+OO O.OOE+OO 



R16354

Points Distance along Subsidence, Horizontal Slope,% Strain, ft/ft Curvature, 1/ft 
cross section, ft displacement, 

A-A, ft ft 

227 4314 3.84 0.00 0.00 O.OOE+OO O.OOE+OO 
228 4334 3.84 0.00 0.00 O.OOE+OO O.OOE+OO 
229 4354 3.84 0.00 0.00 O.OOE+OO O.OOE+OO 
230 4374 3.82 -0.01 -0.02 -1.50E-03 -2.50E-05 
231 4395 3.81 -0.04 -0.06 -2.30E-03 -3.70E-05 
232 4415 3.79 -0.08 -0.14 -3.50E-03 -5.60E-05 
233 4435 3.75 -0.14 -0.25 -5.10E-03 -8.10E-05 
234 4455 3.68 -0.24 -0.42 -6.90E-03 -1.10E-04 
235 4475 3.56 -0.37 -0.66 -8.70E-03 -1.40E-04 
236 4495 3.40 -0.53 -0.94 -1.00E-02 -1.60E-04 
237 4515 3.18 -0.70 -1.20 -1.00E-02 -1.60E-04 
238 4535 2.90 -0.86 -1.50 -8.90E-03 -1.40E-04 
239 4555 2.56 -0.99 -1.80 -6.20E-03 -9.90E-05 
240 4575 2.19 -1.06 -1.90 -2.40E-03 -3.80E-05 
241 4595 1.81 -1.05 -1.90 1.79E-03 2.83E-05 
242 4615 1.44 -0.97 -1.70 5.50E-03 8.71 E-05 
243 4635 1.11 -0.84 -1.50 8.03E-03 1.27E-04 
244 4655 0.84 -0.67 -1.20 9.06E-03 1.44E-04 
245 4675 0.62 -0.50 -0.90 8.69E-03 1.38E-04 
246 4695 0.47 -0.35 -0.62 7.33E-03 1.16E-04 
247 4716 0.36 -0.22 -0.40 5.51E-03 8.73E-05 
248 4736 0.30 -0.13 -0.23 3.68E-03 5.83E-05 
249 4756 0.26 -0.07 -0.12 2.15E-03 3.41 E-05 
250 4776 0.23 -0.03 -0.06 1.03E-03 1.63E-05 
251 4796 0.22 -0.01 -0.02 2.92E-04 4.61 E-06 
252 4816 0.22 0.00 0.00 O.OOE+OO 0.00E+OO 
253 4836 0.22 0.00 0.00 0.00E+OO O.OOE+OO 
254 4856 0.22 0.00 0.00 O.OOE+OO 0.00E+OO 
255 4876 0.22 0.00 0.00 O.OOE+OO O.OOE+OO 
256 4896 0.22 0.00 0.00 O.OOE+OO O.OOE+OO 
257 4916 0.22 0.01 0.01 1.39E-04 2.40E-06 
258 4936 0.23 0.03 0.05 9.02E-04 1.53E-05 
259 4956 0.25 0.06 0.12 2.14E-03 3.62E-05 
260 4976 0.29 0.13 0.24 3.89E-03 6.60E-05 
261 4996 0'.36 0.23 0.43 6.05E-03 1.03E-04 
262 5016 .. 0.48 0.37 0.70 8.24E-03 1.40E-04 
263 5037 0.66 0.54 1.03 9.83E-03 1.67E-04 
264 5057 0.91 0.73 1.40 1.01 E-02 1.71E-04 
265 5077 1.23 0.91 1.74 8.52E-03 1.44E-04 
266 5097 1.61 1.05 2.00 5.08E-03 8.61 E-05 
267 5117 2.03 1.11 2.11 3.49E-04 5.96E-06 
268 5137 2.45 1.08 2.06 -4.60E-03 -7.80E-05 
269 5157 2.85 0.97 1.86 -8.70E-03 -1.50E-04 
270 5177 3.20 0.81 1.54 -1.1 OE-02 -1.90E-04 I ,. 
271 5197 3.48 0.62 1.17 -1.1 OE-02 -1.90E-04 
272 5217 3.68 0.43 0.82 -1.00E-02 -1.70E-04 



R16355

Points Distance along Subsidence, Horizontal Slope,% Strain, fl/ft Curvature, 1/ft 
cross section, ft displacement, 

A-A, ft ft 
273 5237 3.82 0.28 0.53 -8.20E-03 -1.40E-04 
274 5257 3.91 0.16 0.31 -6.00E-03 -1.00E-04 
275 5277 3.96 0.09 0.16 -4.10E-03 -6.90E-05 
276 5297 3.98 0.04 0.07 -2.60E-03 -4.40E-05 
277 5317 4.00 0.01 0.02 -1.70E-03 -2.90E-05 
278 5337 4.01 0.00 0.00 4.20E-06 6.89E-08 
279 5358 4.01 0.00 0.00 O.OOE+OO O.OOE+OO 
280 5378 4.01 0.00 0.00 O.OOE+OO O.OOE+OO 
281 5398 4.01 0.00 0.00 0.00E+OO O.OOE+OO 
282 5418 4.01 0.00 0.00 0.00E+OO O.OOE+OO 
283 5438 4.01 0.00 0.00 0.00E+OO O.OOE+OO 
284 5458 4.01 0.00 0.00 O.OOE+OO O.OOE+OO 
285 5478 4.01 0.00 0.00 O.OOE+OO O.OOE+OO 
286 5498 4.01 0.00 0.00 O.OOE+OO O.OOE+OO 
287 5518 4.01 0.00 0.00 0.00E+OO O.OOE+OO 
288 5538 4.01 0.00 0.00 0.00E+OO O.OOE+OO 
289 5558 4.01 0.00 0.00 O.OOE+OO O.OOE+OO 
290 5578 4.01 0.00 0.00 O.OOE+OO O.OOE+OO 
291 5598 4.01 0.00 0.00 0.00E+OO O.OOE+OO 
292 5618 4.01 0.00 0.00 O.OOE+OO O.OOE+OO 
293 5638 4.01 0.00 0.00 O.OOE+OO O.OOE+OO 
294 5658 4.01 0.00 0.00 0.00E+OO O.OOE+OO 
295 5679 4.01 0.00 0.00 O.OOE+OO O.OOE+OO 
296 5699 4.01 0.00 0.00 0.00E+OO O.OOE+OO 
297 5719 4.01 0.00 0.00 O.OOE+OO 0.00E+OO 
298 5739 4.01 0.00 0.00 0.00E+OO O.OOE+OO 
299 5759 4.01 0.00 0.00 O.OOE+OO O.OOE+OO 
300 5779 4.01 0.00 0.00 O.OOE+OO O.OOE+OO 
301 5799 4.01 0.00 0.00 0.00E+OO O.OOE+OO 
302 5819 4.01 0.00 0.00 O.OOE+OO O.OOE+OO 
303 5839 4.01 0.00 0.00 O.OOE+OO O.OOE+OO 
304 5859 4.01 0,00 0.00 O.OOE+OO O.OOE+OO 
305 5879 4.01 0.00 0.00 O.OOE+OO O.OOE+OO 
306 5899 4.01 0.00 0.00 O.OOE+OO O.OOE+OO 
307 5919 4.01 0.00 0.00 O.OOE+OO O.OOE+OO 
308 fi939 4 01 0 00 0.00 O.OOE+OO O.OOE+OO 
309 5959 4.01 0.00 0.00 0.00E+OO O.OOE+OO 
310 5979 4.01 0.00 0.00 0.00E+OO O.OOE+OO 
311 6000 4.01 0.00 0.00 O.OOE+OO O.OOE+OO 
312 6020 4.01 0.00 0.00 O.OOE+OO O.OOE+OO 
313 6040 4.01 0.00 0.00 O.OOE+OO O.OOE+OO 
314 6060 4.01 0.00 0.00 O.OOE+OO O.OOE+OO 
315 6080 4.01 0.00 0.00 O.OOE+OO O.OOE+OO 
316 6100 4.01 0.00 0.00 O.OOE+OO O.OOE+OO 
317 6120 4.01 0.00 0.00 O.OOE+OO O.OOE+OO 
318 6140 4.01 0.00 0.00 O.OOE+OO O.OOE+OO 
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APPENDIXB 

SUMMARY OF LABORATORY TESTING RESULTS AND SUPPLEMENTAL 

CHARACTERIZATION OF THE SUBSURFACE MATERIALS PREPARED BY GAi, 

CHARACTERIZATION OF THE SUBSURFACE MATERIALS PREPARED BY CEC 

SUMMARY OF PIEZO-SEISMIC CONE PENETRATION TESTING PREPARED BY CEC 
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SUBJECT WILLIAMSON ENERGY - POND CREEK 

Phase 3 Subsidence Evaluation - Summary of Laboratory Testing 

BY BEG DATE 2009-MAR-30 PROJ. NO. C090403.01 .001 

CHKD. BY ___ _ DATE ____ _ SHEETNO. '2-- OF 

b. Shear strength tests on remolded slurried fine refuse samples: 

t; 
gai consultants 

Engineers • Geologists • Planners 
Environmental Specialists 

• (6) Consolidated-Undrained Triaxial points including (6) additional moisture contents 
and (6) total and dry density .. 

FEBRUARY 2006 - APRIL 2007: Holcolm Foundation Engineering Company, Inc. 

Holcolm Foundation Engineering Company, Inc. (Holcolm) was retained in 2006 and 2007 (Reference 
Nos. 2, 3 and 4) by Williamson Energy, LLC. (Williamson) to perform laboratory testing on an undisturbed 
(Shelby tube) sample of residual soil and two (2) remolded bulk samples of coarse coal refuse materials 
collected from the Pond Creek site. The laboratory testing was performed between February 2006 and 
April 2007 at Holcolm. The purpose of the testing program was to determine index, strength. density and 
permeability parameters, and summarize the results for the residual and coarse refuse materials. 

The laboratory testing program performed by Holcolm included: 

a. Index tests on undisturbed residual soil sample: 
• ( 1) Moisture content; 
• (1) Grain-size distributions; 
• (1) Atterberg limits; 
• (1) Total and dry density; 

b. Shear strength test on undisturbed residual soil sample: 
• (3) Consolidated Undrained Triaxial points; 

c. Index tests on remolded coarse refuse samples: 
• (2) Moisture content; 
• (2) Grain-size distributions; 
• (2) Standard proctor maximum dry density and optimum moisture content; 

d. Shear strength test on remolded coarse refuse samples: 
• (6) Consolidated Undrained Triaxial points; and 

e. Permeability tests on remolded coarse refuse samples: 
• (3) Falling head permeability tests. 

SUMMARY OF LABORATORY TESTING RESULTS: 

The attached table presents a results summary of the various laboratory tests. and copies of the 
laboratory testing data performed by Geotechnics and Holcolm are attached. 
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SUBJECT WILLIAMSON ENERGY - POND CREEK lj Phase 3 Subsidence Evaluation - Summary of Laboratory Testing 

DATE 2009-MAR-30 

DATE ?j:/p 'j 
PROJ. NO. C090403.01 .001 

SHEET NO._/ __ OF 2-

CALCULATION BRIEF 
FOR 

SUMMARY OF LABO RA TORY TESTING 

POND CREEK COAL REFUSE DISPOSAL SITE 

gai consultants 

Engineers • Geologists • Planners 
Environmental Specialists 

OBJECTIVE: Summarize the laboratory testing program and results obtained for coarse coal refuse, fine 
coal refuse and residual soil materials sampled at the Pond Creek Coal Refuse Disposal 
Facility. A laboratory testing summary table is attached, as well as laboratory testing 
results. 

REFERENCES: 

1. 

2. 

3. 

Civil & Environmental Consultants, Inc. Calculation Brief Entitled "Summary of Laboratory Testing," 
Pond Creek Coal Refuse Disposal Site - South Pond, BEG, dated 7/8/08. 

Holcolm Foundation Engineering Company, Inc., "Soil Boring and Laboratory Tests Boring #8874," 
Mach Mine No. 1, dated February 10, 2006. 

Holcolm Foundation Engineering Company, Inc., "Coarse Refuse Laboratory Tests," Pond Creek 
Mine, dated November 30, 2006. 

4. Holcolm Foundation Engineering Company, Inc., "Coarse Refuse Laboratory Tests," Mach Mine, 
dated April 9, 2007. 

LABORATORY TESTING PROGRAMS: 

MAY - JUNE 2008: Civil & Environmental Consultants Inc. 

Civil & Environmental Consultants, Inc. (CEC) retained Geotechnics, Inc. (Geotechnics) of East 
Pittsburgh, Pennsylvania in May 2000 to perform laboratory testing on bulk samples of fine coal refuse 
materials collected from the South Pond (Phase 2) impoundment at the Pond Creek Coal Refuse Disposal 
Facility in Williamson County, Illinois (Reference No. 1). The laboratory testing was performed between 
May 2008 and June 2008 at Geotechnics. The purpose of the testing program was to determine index 
and strength parameters, and summarize the results for the fine coal refuse materials. 

The laboratory testing program performed by Geotechnics included: 

a. Index tests on bulk/slurried fine refuse samples: 
• (2) Moisture content; 
• (2) Grain-size distributions; 
• (2) Hydrometers; 
• (2) Atterberg limits; and 
• (2) Specific gravity. 
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Test No. I See Note I 
Bucket I Remold FCR 82.70 21.67 0.817 36.14 0.000 17.30 0.216 

Test No. 2 See Note I 

Bucket I Remold FCR 79.50 21.74 1.149 
Test No. 3 See Note I 
Bucket Bulk FCR 85.80 

See Note I 
Bucket 2 Rernold FCR 82.90 8 17.29 0.354 

Test No. I See Note I 
Bucket 2 Remold FCR 85.70 8 21.32 0.616 37.71 0.000 20.30 0.013 

Test No. 2 See Note I 
Bucket 2 Remold FCR 83.00 8 21.49 1.245 

Test No. 3 See Note I 
Bucket 2 Bulk FCR 94.40 

Boring 8874 2 8-10 Residual 21.50 1, 
Undisturbed 3 10-12 See Note 2 26.80 0.000 19.50 0.416 

11/30/06 Remold CCR 9.30 
k (cm/sec) 

2xl0-4 33.70 0.000 18.50 1.014 
Bulk See Note 3 

04/09/07 Remold CCR 10.70 2xl0-4 29.30 0.152 17.40 0.458 
Bulk See Note 3 3xl0-4 

Notes: 
I. Fine coal refuse (FCR) testing performed by Civil & Envirornne1 
2. Residual soil testing performed by Holcolrn Foundation Enginee 
3. Coarse Coal Refuse (CCR) testing perfomed by Holcolm Founru 

C090403.0l.001 April 2009 
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ATTACHMENT 1 

LABORATORY TESTING RES UL TS - FINE COAL REFUSE 
GEOTECHNICS, INC .. 
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( 
June 5, 2008 

Project No. 2008-210-01 

Mr. Blaise Genes 
Civil & Environmental Consultants 
4 Triangle Dr, Suite 200 
Export, PA 15632-9255 

technics 
..... GEOTECHNICAL AND 

GEOSYNTHETIC SERVICES 

Transmittal 
Laboratory Test Results 

Pond Creek 

Please find attached the laboratory test results for the above referenced project. The tests were outlined 
on the Project Verification Form that was faxed to your firm prior to the testing. The testing was performed 
in general accordance with the methods listed on the enclosed data sheets. The test results are believed 
to be representative of the samples that were submitted for testing and are indicative only of the 
specimens which were evaluated. We have no direct knowledge of the origin of the samples and imply no 
position with regard to the nature of the test results, i.e. pass/fail and no claims as to the suitability of the 
material for its intended use. 

The test data and all associated project information provided shall be held in strict confidence and 
disclosed to other parties only with authorization by our Client. The test data submitted herein is 
considered integral with this report and is not to be reproduced except in whole and only with the 
authorization of the Client and Geotechnics. The remaining sample materials for this project will be 
retained for a minimum of 90 days as directed by the Geotechnics' Quality Program. 

We are pleased to provide these testing services. Should you have any questions ·or if we may be of 
further assistance, please contact our office. 

~ff=tvely submitted. 
~hnics,ln. 

David R. Backstrom 
Laboratory Director 

We understand that you have a choice in your laboratory services 
and we thank you for choosing Geotechnics. 

544 Braddock Avenue • East Pittsburgh, PA 15112 • 412-823-7600 • FAX 412-823-8999 • www.geotechnics.net 
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Client 
Client Reference 
Project No. 

Lab ID 
Boring No. 
Depth (ft) 
Sample No. 

Tare Number 

MOISTURE CONTENT 
ASTM D 2216 (SOP-S1) 

CEC 
POND CREEK 080851 
2008-210-01 

01 
SOUTH POND 

NA 
BUCKET 1 

877 

02 
SOUTH POND 

NA 
BUCKET 2 

729 

Wt. a/Tare & WS (gm) 621.7 578.3 

Wt. ofTare & OS (gm) 385.56 339.54 

Wt. of Tare (gm) 110.33 86.52 
Wt. of Water (gm) 236.14 238.76 

Wt. of OS (gm) 275.23 253.02 

Water Content(%) 85.8 94.4 

Notes: NA 

Tested By PC Date 5113108 Checked By 

page 1 of 1 DCN: CT-S1 DATE 6-30-96 REVISION: 2 

Date 
C:\MSOFFICE\Exr;el\PrinrQl,{J94fJ.XlS}Sheet1 

544 Braddock Avenue • East Pittsburgh, PA 15112 • 412-823-7600 • FAX 412-823-8999 • www.geotechnics.net 
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Client 
Client Reference 
Project No. 
Lab ID 

uses 
USDA 

SIEVE AND HYDROMETER ANALYSIS 

ASTM D 422-63/AASHTO T88-00 (SOP-S3) 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-01 

Boring No. 
Depth (ft) 
Sample No. 
Soil Color 

SIEVE ANAL YS/S 

cobbles I qravel I sand 

cobbles I gravel I sand 
I 

12" 6" 3" 3/4" 3/8" #4 #10 #20 #40 #140 #200 

20. , .. , I 
i! j; I 

10 : ) ; i; j 
l:, I 

l ; ! ) 
' . i' 

SOUTH POND 
NA 
BUCKET 1 
BLACK 

HYDROMETER 
silt and clav fraction 

I 

' '\ 

silt 

I\ 
} 

\ 

I cIa, 

\ 
'b 

0 -'--'-. c...· -' '--'-'-'-!=-'-'--'-'--'--=.LI...'-'---'--'---"'-'~..__,_-'--'---"-LI--'-L....C---"----+=~-'-'--'---, 

100 10 1 0.1 0,01 0.001 

Particle Diameter {mm) 

uses Summary 

Sieve Sizes (mm) Percentage 

Greater Than #4 Gravel 0.00 

#4 To #200 Sand 7.17 

Finer Than #200 Silt & Clay 92.83 

uses Symbol CL, TESTED 

uses Classification LEAN CLAY 

page 1 of 4 OCN: CT -S3A OA TE:2120/0B REVIS!ON: 8 C:\M50FFICE\Exr:el\Print0\[K13.XLS}Sheet1 

544 Braddock Avenue • East Pittsburgh, PA 15112 • 412-823-7600 • FAX 412-823-8999 • www.geotechnics.net 



R16368

USDA CLASSIFICATION CHART 

Client 
Client Reference 
Project No. 
Lab ID 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-01 

90 

80 

PERCENT CLAY / 
70 

20 

10 

100 

Particle 
Size (mm) 

2 
0.05 

0.002 

/ 60 

40 

30 

90 

Percent 
Finer 

100.00 
85.12 
35.10 

50 

I ' 
SANDY CLAY LOAM / 

/ \ 

\/ \; 
/\ I\ 

SA 

80 70 60 

USDA SUMMARY 

Gravel 
Sand 
Silt 

Clay 

50 

Boring No. 
Depth (ft) 

Sample No. 
Soil Color 

40 

PERCENT SAND 

Actual 
Percentage 

0.00 
14.88 
50.02 
35.10 

USDA Classification: SILTY CLAY LOAM 

page 2 of 4 OCN: CT..S3A OATE:2120/0B REVISION: B 

30 

SOUTH POND 
NA 
BUCKET 1 
BLACK 

PERCENT SILT 

20 10 0 

Corrected % of Minus 2.0 mm 
material for USDA Classificat. 

0.00 
14.88 
50.02 
35,10 

C:\MSOFFICE\Excef\Prin/Ql{K13.XLS]Sheet1 

544 Braddock Avenue • East Pittsburgh, PA 15112 • 412-823-7600 • FAX 412-823-8999 • www.geotechnics.net 
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WASH SIEVE ANALYSIS 
ASTM D 422-63/AASHTO TSS-00 (SOP-S3) 

Client CEC 
Client Reference 
Project No. 
Lab ID 

POND CREEK 080851 
2008-210-01 
2008-210-01-01 

Moisture Content of Passinq 3/4" Material 

Tare No. 
Wgt.Tare + Wet Specimen (gm) 
Wgt.Tare + Dry Specimen (gm) 
Weight of Tare (gm) 
Weight of Water (gm) 
Weight of Dry Soil (gm) 

Moisture Content(%) 

Wet Weight -3/4" Sample (gm) 
Dry Weight - 3/4" Sample (gm) 
Wet Weight +3/4" Sample (gm) 
Dry Weight+ 3/4" Sample (gm) 
Total Dry Weight Sample (gm) 

Sieve Sieve 
Size Opening 

(mm) 

12" 300 
6" 150 
3'' 75 
2" so 

1 1/2" 37.5 
1" 25.0 

3/4" 19.0 
1 /2" 12.5 
3/8" 9.50 
#4 4.75 

#10 2.00 
#20 0.85 
#40 0.425 
#60 0.250 

#140 0.106 
#200 0.075 

Pan -

Tested By JP 

703 
1020.20 
609.00 
100.40 
411.20 
508.60 

80.8 

NA 
36.47 

NA 
0.00 

NA 

Wgt.of Soil 
Retained 

(gm) 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.12 
2.90 
7.89 

17.74 
7.82 

472.13 

Date 

Boring No. 
Depth (fl) 
Sample No. 
Soil Color 

SOUTH POND 
NA 
BUCKET 1 
BLACK 

Water Content of Retained 3/4" Material 

Tare No. 
Wgt.Tare + Wet Specimen (gm) 
Wgt.Tare + Dry Specimen (gm) 
Weight of Tare (gm) 
Weight of Water (gm) 
Weight of Dry Soil (gm) 

Moisture Content (%) 

Weight of the Dry Specimen (gm) 
Weight of minus #200 material (gm) 
Weight of plus #200 material (gm) 

Percent Accumulated Percent 
Retained Percent Finer 

Retained 
(%) (%) (%) 
0.00 0.00 100.00 
0.00 0.00 100.00 
0.00 0.00 100.00 
0.00 0.00 1 DO.DO 
0.00 0.00 100.00 
0.00 0.00 100.00 
0.00 0.00 100.00 
0.00 0.00 1 OD.OD 
0.00 0.00 1 DO.OD 
0.00 0.00 100.00 
0.00 0.00 100.00 
0.02 0.02 99.98 
0.57 0.59 99.41 
1.55 2.15 97.85 
3.49 5.63 94.37 
1.54 7.17 92.83 

92.83 100.00 -

5/21 /08 Checked By Date 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

508.60 
472.13 

36.47 

Accumulated 

Percent 
Finer 

(%) 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
99.98 
99.41 
97.85 
94.37 
92.83 

-

page 3 of 4 OCN: CT ..SJA DATE:2120109 REVISION: 9 C:lMSOFFICE\Excel\PrintoVK13.XLS]Sheet1 
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R16370

Client 
Client Reference 
Project No. 
Lab ID 

Elapsed 
Time 

{min) 

0 

2 

5 

15 

31 

60 
250 

1440 

HYDROMETER ANALYSIS 
ASTM D 422-63/AASHTO T88-00 (SOP-S3) 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-01 

R Temp. 
Measured ( o C) 

NA NA 

47.0 21.9 

46.0 21.9 

43_.5 21.9 

40.0 21.9 

36.0 21.8 
29.0 21.7 
21.0 21.9 

Composite 
Correction 

NA 

6.02 

6.02 

6.02 

6.02 

6.07 
6.11 
6.02 

Boring No. 
Depth (ft) 
Sample No. 
Soil Color 

R 

Corrected 

NA 

41.0 

40.0 

37.5 

34.0 

29.9 
22.9 
15.0 

N 
( % ) 

NA 

79.2 

77.3 

72.5 

65.7 

57.9 
44.3 
29.0 

Soil Specimen Data Other Corrections 

Tare No. 
Tare+ Dry Material (gm) 
Weight of Tare {gm) 

2487 
151.2 
95.01 

a - Factor 

SOUTH POND 
NA 
BUCKET 1 
BLACK 

K 
Factor 

NA 

0.01314 

0.01314 

0.01314 

0.01314 

0.01316 
0.01317 
0.01314 

Diameter 
(mm) 

NA 

0.0272 

0.0174 

0.0103 

0.0074 

0.0055 
0.0028 
0.0012 

N' 
( % ) 

NA 

73.6 

i1.8 
67.3 

61.0 

53.7 
41.1 
26.9 

Weight of Deflocculant (gm) 
Weight of Dry Material (gm) 

5.0 
51.19 

Percent Finer than # 200 

0.99 

92.83 

Specific Gravity 2.7 Assumed 

Note: Hydrometer test is performed on - # 200 sieve material. 

Tested By TO Date 5/21/08 Checked By ½i\ 
page 4 of 4 DCN: CT ..SJA OATE:2120/0B REVISION; S C. \MSOFFICE\Excef\PrintOVK1 3.XLS]Sheet 1 
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R16371

ATTERBERG LIMITS 
ASTM D 4318-05 / AASHTO T89 (SOP - S4A) 

Client CEC Boring No. SOUTH POND 
Client Reference POND CREEK 080851 Depth (ft) NA 
Project No. 2008-210-01 Sample No. BUCKET 1 
Lab ID 2008-210-01-01 Soil Description BLACK LEAN CLAY 
Note: The uses symbol used with this test refers only to the minus No. 40 ( Minus Na. 40 sieve material, Airdried) 

sieve material. See the "Sieve and Hydrometer Analysis" graph page for the complete material description. 

Liquid Limit Test 1 2 3 
M 

Tare Number 110 37 40 u 
Wt. of Tare & WS (gm) 36.10 35.31 37.89 L 

Wt. of Tare & OS (gm) 30.53 29.82 31.72 T 

Wt. of Tare (gm) 14.96 14.83 15.54 I 

Wt. of Water (gm) 5.6 5.5 6.2 p 

Wt. of OS (gm) 15.6 15.0 16.2 0 
I 

Moisture Content(%) 35.8 36.6 38.1 N 

Number of Blows 28 23 15 T 

Plastic Limit Test 1 2 Range Test Results 

Tare Number 134 267 Liquid Limit(%) 36 

Wt. of Tare & WS (gm) 21.41 20.16 
Wt. of Tare & OS (gm) 20.44 19.10 Plastic Limit(%) 19 

Wt. of Tare (gm) 15.29 13.36 
Wt. of Water (gm) 1.0 1.1 Plasticity Index (%) 17 

Wt. of OS (gm) 5.2 5.7 
uses Symbol CL 

Moisture Content(%) 18.8 18.5 0.4 
Note: The acceptable range of the two Moisture contents is + 2. 6 

Flow Curve Plasticity Chart 

40 

38 

36 

34 

' I I 
I -
' ...-,.J ' I 
' '<..JO 
I 
I 

60 

50 

-- / ----- V CL CH -- ~ -> I 
-- / ---

i 
I 
! 

- / MH ----
' 
i - ® V --

24 

22 

10 

I 
i 

! 
! 

10 

D 

/ --
• I I , I , 

, I I ML 
10 100 0 20 40 60 BO 100 

Number of Blows CL-ML Liquid Limit(%) 

Tested By TO Date 5121108 Checked By ~"lb Date 5-a:3::Qi 
page 1 of 1 DCN: CT-S48 DATE: 12/20/06 REVISION: 3 
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R16372

SPECIFIC GRAVITY 
ASTM D 854-02, AASHTO T100-03 (SOP - S5) 

Client 
Client Reference 
Project No. 
Lab ID 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-01 

Replicate Number 

Pycnometer ID 
Weight of Pycnometer + Soil + Water (gm) 

Temperature, T ( °Celsius) 
Weight of Pycnometer + Water (gm) 

Tare Number 
Weight of Tare+ Dry Soil (gm) 
Weight of Tare (gm) 

Weight of Dry Soil (gm) 
Specific Gravity of Soil @ T 
Specific Gravity of Water@ T 
Conversion Factor for Temperature T 

Specific Gravity @ 20° Celsius 

Boring No. 
Depth (ft) 
Sample No. 
Visual Description 

1 

G 1155 
737.55 

26.4 
682.36 

674 
199.03 
99.26 

99.77 
2.238 

0.9967 
0.9985 

2.241 

Average Specific Gravity @ 2d' Celsius 

Tested By TO Date 05/20/08 Checked By 

DCN: CT-S5 Date D9125/06 Revis,on: 12 

SOUTH POND 
NA 
BUCKET 1 
BLACK SLUDGE 
( Minus No.4 sieve material, airdried) 

2 

G 1156 
736.34 

25.5 
681.04 

2487 
195.46 
95.76 

99.70 
2.246 

0.9969 
0.9987 

2.248 

2.24 

C;\MSOFFICE\EXCEl \PnntO\fF I 57 Als)Sheet1 
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R16373

Client 
,~lient Reference 
Project No. 
Lab ID 

CONSOLIDATED UNDRAINED TRIAXIAL TEST 
WITH PORE PRESSURE READINGS 

ASTM 04767-95 / AASHTO T297-94 (SOP-S28) 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-01 

Boring No. 
Oepth(ft.) 
Sample No. 

SOUTH POND 
NA 
BUCKET 1 

Consolidated Undrained Triaxial Test with Pore Pressure 

30 ,------------------------~---------------~ 

25 ---

SIN cl)= TAN t:L 

a 

C = ---
COS <I:> 

20·f------------------,---------+---,,,"-.....,----------,----~ 

a 

O'----------------;-,------------------------' 
a 5 10 

·&- Max. Effec. Stress Ratio Points 

a = 
a = 

Tested By JCM 

15 20 25 

P, (psi) 

30 

-Failure Envelope - ::: Test No. 1 

0.00 C = 
30.5 CD = 

35 40 45 

-Tes!No.2 ----:-:::-Test No. 3 

0.001 
36.14 

Date 05/21/08 Approved By U Date (p ( t'l K)f, 
p.::ige 1 of 8 □en CT.S:26 DATE6-25-9a REVISION 1 

544 Braddock Avenue • East Pittsburgh, PA 15112 • 412-823-7600 • FAX 412-823-8999 • www.geotechnics.net 
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R16374

Client 
Client Reference 

Project No. 

Lab ID 
Visual Description: 

CONSOLIDATED UNDRAINED TRIAXIAL TEST 
WITH PORE PRESSURE READINGS 

ASTM 04767-95 / AASHTO T297-94 (SOP-S28) 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-01 

Boring No. 
Depth(ft.) 

Sample No. 

BLACK COAL REFUSE SLURRY (REMOLDED) 

SOUTH POND 
NA 
BUCKET 1 

25 ,-----------------------------------, 

20 

15 

• = • • e 
iii 
s 
0 
·,; 
" 0 

10 

5 

011------------------------------------' 
0 5 10 15 20 25 

Strain(%) 

----&-Test No. 1 ---e--Test No. 2 ----u-Tesi No. 3 

Tested By JCM Date 05/21/08 Approved By Date it? (tq o8 
page 2of3 
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R16375

CONSOLIDATED UNDRAINED TRIAXIAL TEST 

WITH PORE PRESSURE READINGS 

ASTM D4767-95 I AASHTO T297-94 (SOP-S28) f 1~=~,?~,?,,~ 
:uent 

Client Reference 
Project No. 
Lab ID 

Visual Description: 

) S/age No. 
I frst No 

PRESSURES (psi) 

C8II Pressure(psi) 
Ba ck Pressure(psi) 
Eff. Cons. Pressure(psi) 
Pore Pressure 
Response(%) 

CEC 
POND CREEK 080851 

2008-210-01 
2008-210-01-01 

Boring No. 
Depth(ft.) 
Sample No. 

SOUTH POND 
NA 
BUCKET 1 

BLACK COAL REFUSE SLURRY (REMOLDED) 

36.6 
31.4 

5.2 

98 

INITIAL SAMPLE DIMENSIONS (in) 

Length 1 3.140 Diameter 1 

Length 2 3.148 Diameter 2 
Length 3 3.151 Diameter 3 

Avg Leng.= 3.146 Avg. Diam.= 

VOLUME CHANGE 
Initial Surette Reading (ml) 
Final Bu retie Reading (ml) 
Final Change (ml) 

MAXIMUM OBLIQUITY POINTS 

p 
Q 

= 
= 

LOAD 
(LBS) 

6.8 
8.2 
8.8 

10.3 
12.1 
15.1 
15.8 
16.2 
17.1 
17.2 
17.8 
18.4 
18.5 
18.8 
19.0 
18.9 
19.4 
19.6 
20.2 
20.7 
20.8 
21.4 
21.4 
21.6 
22.0 
21.8 
22.8 
23.1 
23.5 
23.1 
24.0 

Tested By 

6.41 
3.95 

JCM Date 

Initial Dial Reading (D.R.), mils 
D.R. After Saturation, mils 
D.R. After Consolidation, mils 

DEFORMATION 
(INCHES) 

PORE PRESSURE 
(PSI) 

0.000 
0.001 
0.002 
0.005 
0.008 
0.016 
0.020 
0.026 
0.038 
0.051 
0.069 
0.085 
0.101 
0.116 
0.132 
0.158 
0.182 
0.205 
0.236 
0.260 
0.292 
0.316 
0.340 
0.371 
0.41 i 
0.443 
0.490 
0.530 
0.569 
0.610 
0.664 

05/21 /08 Input Checked By 

31.4 
32.1 
32.1 
32.5 
32.8 
33.2 
33.4 
33.6 
33.7 
33.8 
33.9 
34.0 
34.0 
34.1 
34.1 
34.1 
34.2 
34.2 
34.2 
34.2 
34.1 
34.3 
34.1 
34.1 
34.1 
34.1 
34.1 
34.2 
34.1 
34.1 
34.2 

Date 

,.Juge J of 8 ;:;er-;- CT-326 DATE 6-25-95 REV!SION 1 

1.375 
1.389 
1.399 
1.388 

24.0 
21.7 

2.3 

235 
250 
294 
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R16376

CONSOLIDATED UNDRAINED TRIAXIAL TEST 
WITH PORE PRESSURE READINGS 

ASTM 04767-95 I AASHTO T297-94 (SOP-S28) §~!~~.?~"~ 
Client 
Client Reference 
Project No. 
LilblD 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-01 

Boring No. 
Depth(ft.} 
Sample No. 

SOUTH POND 
NA 
BUCKET 1 

Visual Description: BLACK COAL REFUSE SLURRY (REMOLDED) 

I Effective Confining Pressure (psi) 

INITIAL DIMENSIONS 

Initial Sample Length (in.} 
!nitial Sample Diameter (in.} 
,iiitial Sample Area (in"2} 
Initial Sample Volume (in"3} 

Strain Deviation 6 U 

(%) Stress 

0.02 0.98 0.73 
0.07 1.39 0.75 
0.15 2.40 1.15 
0.25 3.62 1.36 
0.52 5.63 1.79 
0.66 6.03 2.01 
0.84 6.35 2.21 
1.22 6.92 2.33 
1.64 6.91 2.40 
2.25 7.31 2.55 
2.75 7.66 2.61 
3.27 7.71 2.64 
3.77 7.81 2.68 
4.28 7.90 2.74 
5. 11 7.78 2.71 
5.89 8.02 2.84 
6.65 8.13 2.78 
7.66 8.39 2.83 
8.42 8.64 2.76 
9.45 8.59 2.72 
10.23 8.90 2.86 
11.00 8.80 2.67 
12.03 8.83 2.74 
13.30 8.93 2.72 
14.34 8.73 2.69 
15.88 9.12 2.66 
'17.15 9.15 2.77 
18.44 9.22 2.70 
19.74 8.86 2.70 
21.51 9.19 2.82 

Tested By JCM 

5.2 

3.15 
1.39 
1.51 
4.76 

5.45 
5.84 
6.46 
7.46 
9.04 
9.22 
9.34 
9.79 
9.71 
9.96 

10.25 
10.26 
10.34 
10.37 
10.27 
10.38 
10.56 
10.76 
11.09 
11 .. 07 
11.25 
11.33 
11.29 
11.41 
11.25 
11.66 
11.59 
11. 72 
11.36 
11.56 

Date 

4.5 
4.5 
4.1 
3.8 
3.4 
3.2 
3.0 
2.9 
2.8 
2.7 
2.6 
2.6 
2.5 
2.5 
2.5 
2.4 
2.4 
2.4 
2.4 
2.5 
2.3 
2.5 
2.5 
2.5 
2.5 
2.5 
2.4 
2.5 
2.5 
2.4 

05/21/08 

Stage No. 
Test No 

VOLUME CHANGE 

Volume After Consolidation (in"3) 
Length After Consolidation (in) 
Area After Consolidation (in"2) 

Effective Principle 

Stress Ratio 

1.219 
1.311 
1.593 
1.941 
2.649 
2.893 
3.125 
3.417 
3.469 
3.753 
3.961 
4.017 
4.098 
4.208 
4.124 
4.400 
4.359 
4.538 
4.536 
4.464 
4.797 
4.474 
4.594 
4.601 
4.477 
4.587 
4.762 
4.691 
4.536 
4.864 

Input Checked By 

A 

0.76 
0.55 
0.49 
0.38 
0.32 
0.34 
0.36 
0.34 
0.35 
0.36 
0.35 
0.35 
0.35 
0.35 
0.36 
0.36 
0.35 
0.34 
0.33 
0.32 
0.33 
0.31 
0.32 
0.31 
0.31 
0.30 
0.31 
0.30 
0.31 
0.31 

p 

4.96 
5.14 
5.25 
5.65 
6.23 
6.20 
6.16 
6.33 
6.26 
6.31 
6.42 
6.41 
6.43 
6.41 
6.38 
6.37 
6.49 
6.56 
6.77 
6.77 
6.79 
6.93 
6.87 
6.94 
6.88 
7.10 
7.01 
7.11 
6.93 
6.97 

Date 

1 

4.55 
3.09 

1.474 

Q 

0.49 
0.69 
1.20 
1.81 
2.81 
3.02 
3.18 
3.46 
3.46 
3.65 
3.83 
3.85 
3.91 
3.95 
3.89 
4.01 
4.07 
4.19 
4.32 
4.29 
4.45 
4.40 
4.42 
4.46 
4.37 
4.56 
4.58 
4.61 
4.43 
4.59 

page .cJ. of 8 
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R16377

'lient 
hent Reference 

ProIect No. 
Lab ID 

Visual Description: 

!Stage No. 
; Test No 

,0 RESSURES (psi) 

Call Pressure(psi) 
Back Pressure(psi) 
i.:if. Cons. Pressure(pi 
Pore Pressure 
Response (%) 

CONSOLIDATED UNDRAINED TRIAXIAL TEST 
WITH PORE PRESSURE READINGS 

ASTM D4767-95 / AASHTO T297-94 (SOP-S28) 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-01 

Boring No. 
Depth(ft.) 
Sample No. 

SOUTH POND 
NA 
BUCKET 1 

BLACK COAL REFUSE SLURRY (REMOLDED) 

46.5 
36.1 
10.4 

100 

INITIAL SAMPLE DIMENSIONS (in) 

Length 1 
Length 2 
Length 3 
Avg Leng., 

3.120 
3.137 
3.135 
3.131 

VOLUME CHANGE 

Diameter 1 
Diameter 2 
Diameter 3 
Avg. Diam.= 

Initial Surette Reading (ml) 
Final Surette Reading (ml) 
Final Change (ml) 

MAXIMUM OBLIQUITY POINTS 

p = 
Q = 

LOAD 
(LBS) 

7.9 
13.4 
14.9 
18.3 
20.0 
22.4 
23.0 
23.7 
24.8 
25.7 
26.7 
27.1 
27.5 
27.5 
27.7 
27.9 
28.2 
28.6 
29.5 
30.0 
30.5 
30.4 
31.0 
31.2 
31.8 
31.8 
32.3 
33.0 
32.6 
33.1 
33.6 

Tested By 

11.84 
7.45 

JCM Date 

Initial Dial Reading (D.R.), mils 
D.R. After Saturation, mils 
D.R. After Consolidation, mils 

DEFORMATION 
(INCHES) 

0.000 
0.001 
0.002 
0.005 
0.008 
0.017 
0.020 
0.026 
0.038 
0.051 
0.069 
0.085 
0.100 
0.110 
0.131 
0.157 
0.181 
0.204 
0.235 
0.259 
0.290 
0.313 
0.337 
0.368 
0.408 
0.439 
0.486 
0.526 
0.565 
0.604 
0.659 

05121108 Input Checked By 

PORE PRESSURE 
(PSI) 
36.1 
36.8 
37.0 
37.4 
37.8 
38.7 
38.9 
39.3 
39.9 
40.3 
40.9 
41.1 
41.3 
41.5 
41.6 
41.8 
41.9 
41.9 
42.0 
42.1 
42.1 
42.0 
42.1 
42.0 
42.2 
42.1 
42.1 

42.1 
42.2 
42.2 

Date 
DCN: CT-528 DAT~ 6-25-98 REVISiON 1 

1.396 
1.398 
1.344 
1.379 

24.0 
18.4 

5.6 

77 
112 
166 
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R16378

( 

CONSOLIDATED UNDRAINED TRIAXIAL TEST 
WITH PORE PRESSURE READINGS 

ASTM D4767-95 / AASHTO T297-94 (SOP-S28) 

.... i1cnt 
,lient Reference 

i-'roJect No. 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-01 

Boring No . 
Depth(ft.) 
Sample No. 

SOUTH POND 
NA 
BUCKET 1 

Lab ID 

Visual Description: BLACK COAL REFUSE SLURRY (REMOLDED) 

'Effective Confining Pressure (psi) 

INITIAL DIMENSIONS 

Initial Sample Length (in.) 
I 111Iial Sample Diameter (in.) 
Initial Sample Area (inA2) 
Initial Sample Volume (inA3) 

Strain 
(%) 

0.03 
0.06 
0.15 
0.25 
0.54 
0.67 
0.36 
1.25 
1.67 
2.28 
2.79 
3.30 
].60 
4.32 
5.16 
5.95 
6.72 
7.73 
8.52 
9.54 
10.30 
11.07 
12.10 
13.40 
14.44 
15.98 
17.28 
I 8.58 
19.86 
21.67 

Deviation 

Stress 

3.98 
5.09 
7.59 
8.76 
10.51 
10.94 
11.42 
12.16 
12.77 
13.37 
13.56 
13.79 
13.76 
13.77 
13.82 
13.93 
14.04 
14.51 
14.69 
14. 91 
14.68 
14.93 
14.89 
15.08 
14.89 
14.92 
15. 10 
14.65 
14. 71 
14.66 

i',.U 

0.65 
0.89 
1.34 
1.72 
2.62 
2.79 
3.19 
3.85 
4.19 
4.77 
5.04 
5.25 
5.40 
5.50 
5.69 
5.80 
5.83 
5.87 
6.01 
6.01 
5.94 
6.00 
5.95 
6.10 
6.03 
5.99 
6.12 
5.96 
6.07 
6.08 

10.4 

3.13 
1.38 
1.49 
4.68 

13.73 
14.59 
16.65 
17.44 
18.29 
18.56 
18.64 
18.71 
18.98 
19.00 
18.92 
18.94 
18.76 
18.67 
18.52 
18.52 
18.61 
19.04 
19.08 
19.30 
19.15 
19.33 
19.34 
19.38 
19.25 
19.34 
19.38 
19.09 
19.04 
18.99 

9.7 
9.5 
9.1 
8.7 
7.8 
7.6 
7.2 
6.6 
6.2 
5.6 
5.4 
5.2 
5.0 
4.9 
4.7 
4.6 
4.6 
4.5 
4.4 
4.4 
4.5 
4.4 
4.5 
4.3 
4.4 
4.4 
' 0 ~-~ 

4.4 
4.3 
4.3 

Stage No. 
Test No 

VOLUME CHANGE 

Volume After Consolidation (inA3) 
Length After Consolidation (in) 
Area After Consolidation (inA2) 

Effective Principle 
Stress Ratio 

1.408 
1.535 
1.838 
2.010 
2.351 
2.438 
2.584 
2.856 
3.055 
3.373 
3.530 
3.675 
3.751 
3.812 
3.934 
4.029 
4.072 
4.205 
4.349 
4.397 
4.289 
4.390 
4.346 
4.506 
4.410 
4.381 
4.528 
4.303 
4.398 
4.393 

A 

0.16 
0.18 
0.18 
0.20 
0.25 
0.25 
0.28 
0.32 
0.33 
0.36 
0.37 
0.38 
0.39 
0.40 
0.41 
0.42 
0.42 
0.40 
0.41 
0.40 
0.40 
0.40 
0.40 
0.40 
0.41 
0.40 
0.41 
0.41 
0.41 
0.41 

p 

11.74 
12.05 
12.85 
13.06 
13.04 
13.08 
12.92 
12.63 
12.60 
12.32 
12.14 
12.05 
11.88 
11.79 
11.62 
11.56 
11.59 
11.78 
11.73 
11.84 
11.80 
11.87 
11.90 
11.84 
11.81 
11.88 
11.83 
11.76 
11.68 
11.65 

1 
2 

4.18 
3.04 

1.374 

Q 

1.99 
2.54 
3.79 
4.38 
5.26 
5.47 
5.71 
6.08 
6.38 
6.68 
6.78 
6.89 
6.88 
6.89 
6.91 
6.96 
7.02 
7.26 
7.35 
7.45 
7.34 
7.46 
7.45 
7.54 
7.44 
7.46 
7.55 
7.33 
7.35 
7.33 

\--::-:.;ge 6 of a 
Tested By JCM Date 05/21/08 Input Checked By Vv5 Date li-19:{)1i 

544 Braddock Avenue • East Pittsburgh, PA 15112 • 412-823-7600 • FAX 412-823-8999 • www.geotechnics.net 



R16379

Client 
Client Reference 
Project No. 
Lab ID 

CONSOLIDATED UNDRAINED TRIAXIAL TEST 
WITH PORE PRESSURE READINGS 

ASTM 04767-95 / AASHTO T297-94 (SOP-S28) 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-01 

Boring No. 
Depth(ft.) 
Sample No. 

SOUTH POND 
NA 
BUCKET 1 

Visual Description: BLACK COAL REFUSE SLURRY (REMOLDED) 

IS/age No. 
Test No 

PRESSURES (psi) 

Cell Pressure(psi) 
Back Pressure(psi) 
Eff. Cons. Pressure(p, 
Pore Pressure 
Response (%) 

51.4 
31.0 
20.4 

99 

MAXIMUM OBLIQUITY POINTS 

p 

Q 

LOAD 
(LBS) 

17.19 
10.31 

INITIAL SAMPLE DIMENSIONS (in) 

Length 1 
Length 2 
Length 3 
Avg Leng.= 

3.130 
3.121 
3.136 
3.129 

Diameter 1 
Diameter 2 
Diameter 3 
Avg. Diam.= 

VOLUME CHANGE 
Initial Surette Reading (ml) 
Final Surette Reading (ml) 
Final Change (ml) 

Initial Dial Reading (D.R.), mils 
D.R. After Saturation, mils 
D.R. After Consolidation, mils 

DEFORMATION 
(INCHES) 

PORE PRESSURE 
(PSI) 
31.0 
34.0 
34.5 
35.2 
35.9 
37.4 
38.5 
39.4 
40.5 
41.4 
42.3 
42.8 
43.2 
43.4 
43.7 
44.0 
44.2 
44.3 
44.4 
44.4 
44.5 
44.5 
44.5 
44.6 
44.6 
44.6 
44.6 
44.6 
44.6 
44.6 

1.404 
1.373 
1.371 
1.383 

48.0 
40.5 

7.5 

60 
68 

154 

6.8 
13.5 
15.7 
18.9 
21.3 
25.0 
27.3 
28.7 
30.6 
31.7 
33.1 
33.8 
34.5 
34.7 
35.2 
35.9 
36.6 
37.1 
37.5 
37.8 
38.3 
38.7 
38.8 
40.1 
41.4 
41.7 
40.5 
42.1 
42.5 
41.7 
42.3 

0.000 
0.001 
0.002 
0.003 
0.005 
0.011 
0.017 
0.024 
0.036 
0.049 
0.067 
0.083 
0.099 
0.108 
0.131 
0.157 
0.180 
0.204 
0.236 
0.260 
0.290 
0.314 
0.337 
0.369 
0.408 
0.440 
0.488 
0.527 
0.566 
0.605 
0.660 44.7 () </ (66 Date l, -h-a () Tested By JCM Date 05/21 /08 Input Checked By 

page 7 of a OCtJ CT-528 DATE 5.25.g9 REVISION 1 
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R16380

CONSOLIDATED UNDRAINED TRIAXIAL TEST 
WITH PORE PRESSURE READINGS 

ASTM 04767-95 / AASHTO T297-94 (SOP-S28) 

Client 
Client Reference 
Project No. 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-01 

Boring No. 
Depth(ft.) 
Sample No. 

SOUTH POND 
NA 
BUCKET 1 

Lab ID 

Visual Description: BLACK COAL REFUSE SLURRY (REMOLDED) 

ressure (psi) 

INITIAL DIMENSIONS 

Initial Sample Length (in.) 
Initial Sample Diameter (in.) 
Initial Sample Area (in'2) 
Initial Sample Volume (in'3) 

Strain Deviation I:,. U 
(%) Stress 

0.02 4.82 3.04 
0.05 6.44 3.45 
0.10 8.70 4.15 
0.17 10.46 4.86 
0.37 13.09 6.38 
0.58 14.68 7.49 
0.80 15.66 8.40 
1.18 17.01 9.52 
1.61 17.71 10.40 
2.22 18.54 11.31 
2.74 18.96 11.76 
3.26 19.34 12.21 
3.57 19.40 12.35 
4.31 19.60 12.73 
5.17 19.89 12.96 
5.94 20.25 13.15 
6.73 20.42 13.27 
7.78 20.44 13.38 
8.55 20.50 13.40 
9.57 20.57 13.48 
10.34 20.62 13.52 
11. 11 20.56 13.51 
12.15 21.14 13.55 
13.45 21.64 13.57 
14.49 21.53 13.56 
16.07 20.44 13.58 
17.35 21.06 13.58 
18.64 20.95 13.63 
19.92 20.20 13.64 
21.74 20.03 13.67 

20.4 

.3.13 
1.38 
1.50 
4.70 

22.17 
23.39 
24.95 
26.01 
27.10 
27.59 
27.66 
27.89 
27.71 
27.63 
27.60 
27.53 
27.45 
27.27 
27.33 
21'.50 
27.54 
27.46 
27.50 
27.49 
27.50 
27.45 
27.99 
28.47 
28.36 
27.26 
27.88 
27.72 
26.96 
26.77 

17.4 
16.9 
16.2 
15.5 
14.0 
12.9 
12.0 
10.9 
10.0 
9.1 
8.6 
8.2 
8.0 
7.7 
7.4 
7.2 
7.1 
7.0 
7.0 
6.9 
6.9 
6.9 
6.8 
6.8 
6.8 
6.8 
6.8 
6.8 
6.8 
6.7 

tage No. 
Test No 

VOLUME CHANGE 

Volume After Consolidation (in'3) 
Length After Consolidation (in) 
Area After Consolidation (in'2) 

Effective Principle 
Stress Ratio 

1.278 
1.380 
1.536 
1.673 
1.934 
2.137 
2.305 · 
2.563 
2.772 
3.039 
3.196 
3.361 
3.411 
3.556 
3.676 
3.795 
J.004 
3.912 
3.928 
3.973 
3.995 
3.982 
4.088 
4.170 
4.149 
3.997 
4.086 
4.094 
3.988 
3.975 

A 

0.64 
0.54 
0.48 
0.47 
0.49 
0.52 
0.54 

.0.57 
0.59 
0.62 
0.63 
0.64 
0.64 
0.66 
0.66 
0.66 
0.66 
0.66 
0.66 
0.66 
0.66 
0.66 
0.65 
0.63 
0.64 
0.67 
0.65 
0.66 
0.68 
0.69 

p 

19.76 
20.17 
20.60 
20.77 
20.56 
20.25 
19.83 
19.38 
18.85 
18.36 
18.12 
17.86 
17.75 
17.47 
17.38 
17.37 
17.34 
17.24 
17.25 
17.20 
17.19 
17.17 
17.42 
17.65 
17.60 
17.04 
17.35 
17.25 
16.86 
16.75 

1 
3 

4.20 
3.04 

1.385 

Q 

2.41 
3.22 
4.35 
5.23 
6.54 
7.34 
7.83 
8.50 
8.86 
9.27 
9.48 
9.67 
9.70 
9.80 
9.95 

10.13 
10.21 
10.22 
10.25 
10.28 
10.31 
10.28 
10.57 
10.82 
10.76 
10.22 
10.53 
10.48 
10.10 
10.02 

Tested By JCM Date 05/21 /08 Input Checked By Kr;, Date {y-\C\-()1, 
µage 8 or 8 
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16381

60 

Client 
Client Ref. No. 

Project no. 
Lab ID 

MOH" 1C.l"IAL STREl~G-11, ..:.l,JVLLOPE 

CEC 
POND CREEi< 080851 
2008-210-01 
2008-210-01-01 

Boring No. 
Dept11(ft.) 
Sample No. 
Visual Description 

SOUTH POND 
NA 
BUCKET 1 

/ ·1 

§t1>,c:hnics 

BLACK COAL REFUSE SLURRY (REIVIOLDED) 

C = 1.5 

50 I I I I I I 'I' =, 1? .3 

40 

U) 
0.. 30 

... 

20 

10 

0 

I) 20 40 60 80 100 120 

a (psi) 

Tested By: JCM Date: 05/21/08 Approved By: 
NOTE: GRAPH NOT (I 1C/(LE 

1):!$ Date.· (p V · 01I 
C:\f,,lSOFFICE1E~cellPri11lq',[F 197 xb.JShael1 

544 Braddock Avenue • East Pittsburgh, PA 15112 • Phone (412) 823-7600 Fax {412) 823-8999 



R16382

REMOLDED UNIT WEIGHT BEFORE INITIAL CONSOLIDATION 
CONSOLIDATED UNDRAINED TRIAXIAL TEST 

Client 
Client Reference 
Project No. 
Lab ID 

WITH PORE PRESSURE READINGS 
ASTM 04767-95 / AASHTO T297-94 (SOP-S28) 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-01 Specific Gravity (measured) 

Visual Description: BLACK COAL REFUSE SLURRY (REMOLDED) 

SAMPLE CONDITION SUMMARY 

2.24 

Boring No. South Pond South Pond South Pond 

Depth (ft) NA NA NA 

Sample No. Bucket 1 Bucket 1 Bucket 1 

Test No. T1 T2 T3 

Deformation Rate (in/min) 0.0007 0.0007 0.0011 

Back Pressure (psi) 31.4 36.1 31 

Consolidation Time (days) 1 1 1 

Initial State (w%) 82.6 82.7 79.5 

Total Unit Weight (pcf) 76.6 84.2 80.5 

Dry Unit Weight (pcf) 42.0 46.1 44.8 

Final State (w%) 36.8 34.5 32.7 

Initial State Void Ratio,e 2.333 2.035 2.119 

Tested By JCM Date 05/21/08 Input Checked By 

page1of1 DOJ CT.S26 DATE 6-25-98 REVISION· 1 C.\MSOFFICE\Excel\Pnntq\[F184 Xl5JSheet1 

544 Braddock Avenue East Pittsburgh, PA 15112 • 412-823-7600 • FAX 412-823-8999 • www.geotechnics.net 



R16383

Client 
Client Reference 
Project No. 
Lab ID 

UNIT WEIGHT AFTER INITIAL CONSOLIDATION 
CONSOLIDATED UNDRAINED TRIAXIAL TEST 

WITH PORE PRESSURE READINGS 
ASTM 04767-95 / AASHTO T297-94 {SOP-S28) 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-01 Specific Gravity (measured) 

Visual Description: BLACK COAL REFUSE SLURRY (REMOLDED) 

SAMPLE CONDITION SUMMARY 

Boring No. South Pond South Pond 

Depth (ft) NA NA 

Sample No. Bucket 1 Bucket 1 

Test No. T1 T2 

Deformation Rate (in/min) 0.0007 0.0007 

Back Pressure {psi) 31.4 36.1 

Consolidation Time (days) 1 1 

Initial State (w%) 41.7 43.3 

Total Unit Weight (pct) 102.0 102.5 

Dry Unit Weight (pct) 71.9 71.5 
Final State (w%) 36.8 34.5 
initial State Void Ratio,e 0.944 0.955 

2.24 

South Pond 

NA 

Bucket 1 

T3 
0.0011 

31 

1 

42.4 
101.8 

71.5 
32.7 

0.956 

Tested By JCM Date 05/21/08 Input Checked By 'tci Date ~-3 {l't 
page 1 of 1 DCN CT-S28 DATE 0-:!5-90 REVISION 1 C IMSOFi=ICE.\Excel\Printq\(F",65 d5)Sheet1 
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R16384

Client 
Client Reference 
Project No. 
Lab ID 

uses 
USDA 

SIEVE AND HYDROMETER ANALYSIS 
ASTM D 422-63/AASHTO TBS-DO (SOP-S3) 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-02 

Boring No. 
Depth (ft) 
Sample No. 
Soil Color 

SIEVE ANAL YS/S 

cobbles I a ravel I sand 

cobbles I gravel I sand 

I 

12" 611 3" 3/4" 3/8" #4 #10 #20 #40 #140 #1.00 

100 

90 

80 

70 

~60 
;: 
>, 

CD 

c:i 50 
C 

u.: 

30 

20 

10 

I I 
I 
I 

! jl 
, . I 

!: : l 
; ! ' ' ii i ': ! : I 

ii I 
i1 ! I 
lj; l I I 

' : 
!, i ' ii; 
" i " 

! I ,, 
ii ,, . I 

' .. 
' I! i ' ·.!! i ' I 

!i' ! 

I' " ! Ii! 
i,: 

); : ! 
l,; I ,, i ;: • 

l. : . 
li, ! .. 
I 

0 

1000 

I I 
' i 
I 

I 

! 

I i 
! 
i I 

I 

I 
! 
! 
• ! 

Sieve Sizes (mm) 

Greater Than #4 
#4 To #200 
Finer Than #200 

uses Symbol 

I 

I 

uses Classification 

page 1 of 4 

[V, 

~ I 

100 10 1 0.1 
Particle Diameter (mm) 

uses Summary 
Percentage 

Gravel 0,00 

Sand 7.38 

Silt & Clay 92.62 

CL, TESTED 

LEAN CLAY 

DCN: CT -SJA OA TE:2120/08 REVISION: 8 

SOUTH POND 
NA 
BUCKET2 
BLACK 

HYDROMETER 
silt and clav fraction 

I silt I cla 

\ 

" ~ 
" 

f\ 
\ 

\ 

0.01 0.001 

C:\MSOFFICE\Excef\Prin1QVK15.XLS]Sheetf 
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USDA CLASSIFICATION CHART 

Client CEC 

Client Reference 

Project No. 
POND CREEK 080851 

2008-210-01 
2008-210-01-02 Lab ID 

90 

80 

PERCENT CLAY / 

/ 60 

70 

50 

40 

30 ,-:-L 
I 

NOY CLAY LO 

20 \/ \ 
i'\ 

\ SANDY LOAM 

10 \_/ 

100 90 80 70 60 

Boring No. 
Depth (ft) 
Sample No. 
Soil Color 

\/ 
LOAM \ 

50 40 

PERCENT SAND 

Particle Percent USDA SUMMARY Actual 

Size (mm) Finer Percentage 

Gravel 0.00 

2 100.00 Sand 15.22 

0,05 84.78 Silt 52.64 

0.002 32.14 Clay 32.14 

USDA Classification: SILTY CLAY LOAM 

page 2 of 4 DCN; CT -SJA OATE:2/2010B REVISION: B 

30 

SOUTH POND 
NA 
BUCKET 2 
BLACK 

PERCENT SILT 

20 10 0 

Corrected% of Minus 2.0 mm 

material for USDA Classificat. 

0.00 

52.64 
32.14 

C;\MSOFFICE\E:rcef\Print0\[K15.XLS]Sheet1 
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R16386

WASH SIEVE ANALYSIS 
ASTM D 422-63/AASHTO TSS-00 (SOP-S3) 

Client CEC 

Client Reference 
Project No. 
Lab ID 

POND CREEK 080851 
2008-210-01 
2008-210-01-02 

Moisture Content of Passing 3/4" Material 

Tare No. 
Wgt.Tare + Wet Specimen (gm) 

Wgt.Tare + Dry Specimen (gm) 

Weight of Tare (gm) 
Weight of Water (gm) 
Weight of Dry Soil (gm) 

Moisture Content(%) 

Wet Weight -3/4" Sample (gm) 

Dry Weight - 3/4" Sample (gm) 
Wet Weight +3/4" Sample (gm) 
Dry Weight + 3/4" Sample (gm) 

Total Dry Weight Sample (gm) 

Sieve Sieve 
Size Opening 

(mm) 

12" 300 
6" 150 
3" 75 
2" 50 

1 1 /2" 37.5 
1" 25.0 

3/4" 19.0 
1 /2" 12.5 
3/8" 9.50 
#4 4.75 

#10 2.00 
#20 0.85 
#40 0.425 
#60 0.250 

#140 0.106 
#200 0.075 

Pan -

517 
1095.30 

630.20 
97.36 

465.1 o 
532.84 

87.3 

NA 
39.31 

NA 
0.00 

NA 

Wgt.of Soil 
Retained 

(gm) 
0.00 . 

0.00 
0,00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.13 
3.63 
8.79 

19.00 
7.76 

493.53 

Boring No. 
Depth (ft) 
Sample No. 
Soil Color 

SOUTH PONO 
NA 
BUCKET 2 
BLACK 

Water Content of Retained 3/4" Material 

Tare No. 
Wgt.Tare + Wet Specimen (gm) 

Wgt.Tare + Dry Specimen (gm) 

Weight of Tare (gm) 
Weight of Water (gm) 
Weight of Dry Soil (gm) 

Moisture Content(%) 

Weight of the Dry Specimen (gm) 
Weight of minus #200 material (gm) 

Weight of plus #200 material (gm) 

Percent Accumulated Percent 

Retained Percent Finer 
Retained 

(%} (%} (%) 

0.00 0.00 100.00 

0.00 0.00 100.00 

0.00 0.00 100.00 

0.00 0.00 100.00 

0.00 0.00 100.00 

0.00 0.00 100.00 

0.00 0.00 100.00 

0.00 0.00 100.00 

0.00 0.00 100.00 

0.00 0.00 100.00 

0.00 0.00 100.00 

0.02 0.02 99.98 

0.68 0.71 99.29 

1.65 2.36 97.64 

3.57 5.92 94,08 
1.46 7.38 92.62 

92.62 100.00 -

NA 
NA 
NA 
NA 
NA 
NA 

NA 

532.84 
493.53 

39.31 

Accumulated 

Percent 
Finer 

(%) 
100.00 
100.00 
100.00 
100.00 
1 DO.DO 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
99.98 
99.29 
97.64 
94.08 
92.62 

-

Tested By JP Date 5/21/08 Checked By Date 5- ;)_3 {fl 
page 3 of 4 OCN: CT .S3A OATE:2120/0B REVISION: 8 G:\M50FFIC8Excel\PrintQ\[K15.XLS]Slleet1 
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R16387

HYDROMETER ANALYSIS 

ASTM D 422-63/AASHTO TSS-00 (SOP-S3) 

Client 
Client Reference 
Project No. 
Lab ID 

Elapsed 

Time 

(min) 

0 

2 

5 

15 

34 

62 
250 
1440 

Soil Specimen Data 

Tare No. 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-02 

R Temp. 

Measured (' C ) 

NA NA 

44.5 21.9 

42.5 21.9 

39.5 21.9 

36.0 21.9 

33.0 21.8 
26.0 21.7 
19.0 21.9 

Tare + Dry Material (gm) 

Weight of Tare (gm) 

2343 
151.6 
98.58 

Composite 

Correction 

NA 

6.02 

6.02 

6.02 

6.02 

6.07 
6.11 
6.02 

Boring No. 
Depth (ft) 
Sample No. 
Soil Color 

R 
Corrected 

NA 

38.5 

36.5 

33.5 

30.0 

26.9 
19.9 
13.0 

N 
( ¾) 

NA 

79.3 

75.2 

69.0 

61.8 

55.5 
41.0 
26.8 

Other Corrections 

a - Factor 

SOUTH POND 
NA 
BUCKET 2 
BLACK 

K Diameter 

Factor (mm) 

NA NA 

0.01314 0.0279 

0.01314 0.0180 

0.01314 0.0106 

0.01314 0.0073 

0.01316 0.0055 
0.01317 0.0029 
0.01314 0.0013 

N' 
( ¾) 

NA 

73.5 

69.7 
63.9 

57.2 
51.4 
38.0 
24.8 

Weight of Deflocculant (gm) 

Weight of Dry Material (gm) 
5.0 

48.02 
Percent Finer than # 200 

Specific Gravity 

0.99 

92.62 

2.7 Assumed 

Note: Hydrometer test is performed on - # 200 sieve material. 

Tested B TO Date 5/21/08 Checked B Date 

page 4 of 4 OCN: CT .S3A DATE:2/20/08 REVISION: 8 C:\MSOFFICE\Excel\PrintQVK15.XLS]Sheel1 
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ATTERBERG LIMITS 
ASTM D 4318-05 / MSHTO T89 (SOP - S4A) 

Client CEC Boring No. SOUTH POND 
Client Reference POND CREEK 080851 Depth (ft) NA 
Project No. 2008-210-01 Sample No. BUCKET 2 
Lab ID 2008-210-01-02 Soil Description BLACK LEAN CLAY 
Note: The uses symbol used with this test refers only to the minus No. 40 ( Minus No. 40 sieve material, Airdried) 

sieve material. See the "Sieve and Hydrometer Analysis'" graph page tor the complete material description. 

Liquid Limit Test 1 2 3 
M 

Tare Number 250 20 284 u 
Wt. ofTare & WS (gm) 37.67 39.66 39.57 L 
Wt. of Tare & OS (gm) 32.45 34.22 33.70 T 
Wt. ofTare (gm) 17.54 19.33 18.37 I 
Wt. of Water (gm) 5.2 5.4 5.9 p 
Wt. of OS (gm) 14.9 14.9 15.3 0 

I 
Moisture Content(%) 35.0 36.5 38.3 N 
Number of Blows 31 22 15 T 

Plastic Limit Test 1 2 Range Test Results 

Tare Number 43 274 Liquid Limit(%) 36 
Wt. of Tare & WS (gm) 25.49 26.20 
Wt. ofTare & OS (gm) 24.45 25.21 Plastic Limit (%) 19 
Wt. ofTare (gm) 19.03 19.96 
Wt. of Water (gm) 1.0 1.0 Plasticity Index (%) 17 
Wt. of OS (gm) 5.4 5.3 

uses Symbol CL 
Moisture Content(%) 19.2 18.9 0.3 
Note: The acceptable range of/he two Moisture contents is± 2.6 

Flow Curve Plasticity Chart 
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Date 5121/08 Checked By 6& Date 5 -i-S-() ~ 
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page 1 of 1 DCN: CT-S4B DATE: 12120/06 REVISION: 3 
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. SPECIFIC GRAVITY 
ASTM D 854-02, AASHTO T100-03 (SOP - S5) 

Client 
Client Reference 
Project No. 
Lab ID 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-02 

Replicate Number 

Pycnometer ID 
Weight of Pycnometer + Soil + Water (gm) 

Temperature, T ( 'Celsius) 

Weight of Pycnometer + Water (gm) 

Tare Number 
Weight of Tare+ Dry Soil (gm) 

Weight of Tare (gm) 

Weight of Dry Soil (gm) 
Specific Gravity of Soil @ T 

Specific Gravity of Water@ T 

Conversion Factor for Temperature T 

Specific Gravity @ 20° Celsius 

Boring No. 
Depth (ft) 
Sample No. 
Visual Description 

1 

G 1155 
738.67 

23.6 
682.72 

932 
203.65 
102.67 

100.98 
2.242 
0.9974 
0.9992 

2.244 

Average Specific Gravity@ 2d' Celsius 

Tested By TO Date 05/20108 Checked By 

OCN: CT-S5 Dale 0!1125/0G Revision: 12 

SOUTH POND 
NA 
BUCKET2 
BLACK SLUDGE 
( Minus No.4 sieve material. airdried) 

2 

G 1156 
736.62 

22,8 
681.37 

966 
202.41 
102.57 

99.84 
2.239 
0.9976 
0.9994 

2.240 

2.24 

C·\MSOFFIC!::IEXCEL \PnmQVF 158.x/sjSnee/1 
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Client 
Client Reference 
Project No. 
Lab ID 

CONSOLIDATED UNDRAINED TRIAXIAL TEST 
WITH PORE PRESSURE READINGS 

ASTM D4767-95 / AASHTO T297-94 (SOP-S28) 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-02 

Boring No. 
Depth(!t.) 
Sample No. 

SOUTH POND 
NA 
BUCKET 2 

Consolidated Undrained Triaxial Test with Pore Pressure 

35 .----------------------------------------~ 

d 

25 

SIN <I>= TAN Cl 

a 
C= --

COS <b 

' . ' 
' 

20 ---·-------------------------+-------------~ 

15 

o L_-----~-------'·ce··---------------------------1 
0 10 20 30 40 50 

P, (psi) 

----&-Max. Effec. Stress Ratio Points --Failure Envelope ·..;;,......... Test No. 4 -·-Test No. 5 -c-Test No. 6 

Tested By 

a = 

a = 

JCM Date 

0.00 
31.5 

C = 
cf) = 

0.001 
37.71 

05/27/08 Approved By :00 Date ee( CB(08 

60 

page 1 of 8 DCN CT-S28 DATE0-25-98 REVISION 1 
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Client 
Client Reference 

Project No. 

Lab ID 
Visual Description: 

CONSOLIDATED UNDRAINED TRIAXIAL TEST 
WITH PORE PRESSURE READINGS 

ASTM 04767-95 / AASHTO T297-94 (SOP-S28) 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-02 

Boring No. 
Depth(ft.) 
Sample No. 

BLACK COAL REFUSE SLURRY (REMOLDED) 

SOUTH POND 
NA 
BUCKET 2 

25 ~---------------------------------~ 

20 

15 

• = • • e 
;;; 
' 8 
ro ·, 
• Cl 

10 

5 

0<>-----------------------------------~ 
0 5 10 15 20 25 

Strain(%) 

----e- Test No. 4 ~Test No. 5 ----b-Tesl No. 6 

Tested By JCM Date 05/27/08 Approved By 1) B Date (2 ( I B{OB 
poge 2 of 8 
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CONSOLIDATED UNDRAINED TRIAXIAL TEST 
WITH PORE PRESSURE READINGS 

ASTM 04767-95 / AASHTO T297-94 {SOP-S28) §~:::!'.~!!:! 
~lient 
Client Reference 
Project No. 
Lab ID 

Visual Description: 

/Stage No. 
Test No 

t"RESSURES (psi) 

Cell Pressure(psi) 
i3ack Pressure(psi) 
Eff. Cons. Pressure(psi) 
Pore Pressure 
Response (%) 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-02 

Boring No. 
Depth(ft.) 
Sample No. 

SOUTH POND 
NA 
BUCKET 2 

BLACK COAL REFUSE SLURRY (REMOLDED) 

36.3 
31.2 

5.1 

98 

INITIAL SAMPLE DIMENSIONS (in) 

Length 1 3.150 Diameter 1 
Length 2 3.142 Diameter 2 
Length 3 3.147 Diameter 3 
Avg Leng.= 3.146 Avg. Diam.= 

VOLUME CHANGE 
Initial Surette Reading (ml) 
Final Surette Reading (ml) 
Final Change (ml) 

MAXIMUM OBLIQUITY POINTS 

p = 
,.] = 

LOAD 
(LBS) 

7.6 
9.3 
10.4 
11.6 
12.8 
14.0 
14.8 
15.0 
15.2 
15.7 
16.5 
16. 7 
17.0 
17.2 
17.8 
18.1 
18.1 
18.6 
18.8 
19.0 
19.3 
19.5 
19.3 
19.7 
19.8 
19.9 
20.1 
20.1 

Tested By 

4.92 
2.94 

JCM Date 

Initial Dial Reading (D.R.), mils 
D.R. After Saturation, mils 
D.R. After Consolidation, mils 

DEFORMATION 
(INCHES) 

0.000 
0.001 
0.002 
0.005 
0.008 
0.016 
0.020 
0.025 
0.037 
0.050 
0.068 
0.084 
0.100 
0.110 
0.133 
0.159 
0.182 
0.205 
0.237 
0.261 
0.293 
0.316 
0.340 
0.372 
0.412 
0.445 
0.491 
0.531 

05/27/08 Input Checked By 

PORE PRESSURE 
(PSI) 
31.2 
32.1 
32.3 
32.6 
32.9 
33.3 
33.3 
33.6 
33.8 
33.9 
34.2 
34.2 
34.2 
34.3 
34.2 
34.3 
34.3 
34.2 
34.2 
34.3 
34.3 
34.2 
34.3 
34.2 
34.3 
34.3 
34.2 
34.2 

1.453 
1.463 
1.461 
1.459 

24.0 
21.9 

2.1 

54 
11 o 
130 

page 3 of 8 DO~ CT-S26DATE6-25-9:SF.EVISION1 
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CONSOLIDATED UNDRAINED TRIAXIAL TEST 

WITH PORE PRESSURE READINGS 

ASTM D4767-95 / AASHTO T297-94 (SOP-S28) §~!!:~.~!;"~ 
Client 
Client Reference 
Project No. 
Lab ID 

CEC 
POND CREEK 080851 

2008-210-01 
2008-210-01-02 

Boring No. 
Depth(ft.) 
Sample No. 

SOUTH POND 

NA 
BUCKET2 

•Jisual Description: BLACK COAL REFUSE SLURRY (REMOLDED) 

t::ifective Confinihg Pressure (psi) 

INITIAL DIMENSIONS 

Initial Sample Length (in.) 
Initial Sample Diameter (in.) 

Initial Sample Area (inA2) 

Initial Sample Volume (inA3) 

Strain Deviation .6. U 
(%) Stress 

0.02 1.06 0.90 
0.07 1.77 1.15 
0.15 2.55 1.44 
0.25 3.26 1.71 
0.53 4.05 2.11 
0.65 4.54 2.14 
0.82 4.65 2.39 
1.21 4.72 2.58 
1.62 5.03 2.72 
2.22 5.43 2.95 
2.74 5.62 3.02 
3.27 5.75 3.04 
3.59 5.88 3.12 
4.33 6.18 3.02 
5.17 6.27 3.08 
5.93 6.25 3.13 
6.69 6.51 3.03 
7.73 6.56 3.04 
3.50 6.63 3.14 
9.53 6.12 3.14 
"I0.30 6.74 3.03 
11.09 6.56 3.07 
12.10 6.71 3.03 
13.42 6.69 3.06 
14.49 6.68 3.1 D 
16.00 6.66 3.02 

17.29 6.55 3.03 

Tested By JCM 
page 4 of 8 

5.1 

3.15 
1.46 
1.67 
5.26 

5.26 
5.72 
6.21 
6.65 
7.04 
7.50 
7.36 
7.25 
7.42 
7.63 
7.70 
7.81 
7.86 
8.27 
8.30 
8.22 
8.58 
8.62 
8.59 
8.68 
8.81 
8.59 
8.78 
8.74 
8,68 
8.74 
8.62 

Date 

4.2 
4.0 
3.7 
3.4 
3.0 
3.0 
2.7 
2.5 
2.4 
2.1 
2.1 
2.1 
2.0 
2.1 
2.0 
2.0 
2.1 
2.1 
2.0 
2.0 
2.1 
2.0 
2.1 
2.0 
2.0 
2.1 
2.1 

Stage No. 
Test No 

VOLUME CHANGE 

Volume After Consolidation (inA3) 

Length After Consolidation (in) 

Area After Consolidation (inA2) 

Effective Principle 

Stress Ratio 

1.253 
1.449 
1.698 
1.959 
2.358 
2.531 
2.712 
2.873 
3.112 
3.550 
3.705 
3,790 
3.968 
3.967 
4.101 
4.176 
4.152 
4.176 
4.380 
4.436 
4.256 
4.235 
4.233 
4.28i 
4.342 
4.204 
4.171 

A 

0.86 
0.66 
0.58 
0.53 
0.53 
0.48 
0.52 
0.56 
0.55 
0.55 
0.55 
0.54 
0.54 
a.so 
0.50 
0.51 
0.48 
0.47 
0.48 
0.48 
0.46 
0.48 
0.46 
0.47 
0.47 
0.46 
0.47 

p 

4.73 
4.84 
4.94 
5.02 
5.01 
5.23 
5.04 
4.89 
4.90 
4.89 
4.89 
4.93 
4.92 
5.17 
5.16 
5.10 
5.32 
5.34 
5.27 
5.32 
5.44 
5.31 
5.43 
5.39 
5.34 
5.41 
5.34 

05/27/08 Input Checked By Dale 

4 

4.85 
3.07 

1.580 

Q 

0.53 
0.89 
1.28 
1.63 
2.03 
2.27 
2.32 
2.36 
2.52 
2.74 
2.81 
2.87 
2.94 
3.09 
3.14 
3.13 
3.26 
3.28 
3.31 
3.36 
3.37 
3.28 
3.35 
3,35 
3.34 
3.33 
3.28 
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ient 
..Jiient Reference 
ProIect No. 
Lab ID 

Visual Description: 

I
, ::itage No. 
T~s/ No 

PRESSURES (psi} 

Cell Pressure(psi} 
Back Pressure(psi} 
Eff. Cons. Pressure(pe 
Pore Pressure 
Response (%} 

CONSOLIDATED UNDRAINED TRIAXIAL TEST 
WITH PORE PRESSURE READINGS 

ASTM D4767-95 / AASHTO T297-94 (SOP-S28) 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-02 

Boring No. 
Depth(ft.} 
Sample No. 

SOUTH POND 
NA 
BUCKET 2 

BLACK COAL REFUSE SLURRY (REMOLDED} 

41.1 
31.0 
10.1 

99 

INITIAL SAMPLE DIMENSIONS (in) 

Length 1 
Length 2 
Length 3 
Avg Leng.= 

3.138 
3.138 
3.137 
3.138 

VOLUME CHANGE 

Diameter 1 
Diameter 2 
Diameter 3 
Avg. Diam.= 

Initial Surette Reading (ml} 
Final Surette Reading (ml} 
Final Change (ml} 

MAXIMUM OBLIQUITY POINTS 

p 
() 

= 
= 

LOAD 
(LBS} 

9.00 
5.66 

Initial Dial Reading (D.R.}, mils 
D.R. After Saturation, mils 
D.R. After Consolidation, mils 

DEFORMATION 
(INCHES) 

PORE PRESSURE 
(PSI) 
31.0 
32.8 
33.0 
33.4 
33.9 
34.9 
35.2 
35.6 
36.1 
36.6 
37.0 
37.2 
37.4 
37.4 
37.5 
37.6 
37.7 
37.7 
37.7 
37.8 
37.7 
37.8 
37.8 
37.8 
37.8 
37.8 
37.8 
37.8 
37.8 
37.8 
37.8 

1.407 
1.383 
1.378 
1.389 

24.0 
20.2 

3.8 

88 
94 

124 

8.5 
13.5 
14.3 
16.3 
17.2 
18.9 
19.4 
2C'.O 
21.0 
21.5 
22.4 
22.9 
23.4 
23.7 
23.8 
24.5 
25.1 
26.0 
26.2 
26.4 
26.2 
26.4 
26.7 
26.9 
26.5 
27.9 
28.0 
28.2 
28.1 
28.5 
28.4 

Tested By JCM Date 

0.000 
0.001 
0.002 
0.004 
0.007 
0.016 
0.020 
0.025 
0.038 
0.051 
0.070 
0.085 
0.101 
0.110 
0.132 
0.158 
0.181 
0.205 
0.236 
0.259 
0.290 
0.314 
0.338 
0.370 
0.410 
0.441 
0.488 
0.527 
0.566 
0.605 
0.661 

05127/08 Input Checked By Date ~-
DCN CT-S28 DATE 5-25-SB REVISION t 
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C 

CONSOLIDATED UNDRAINED TR/AXIAL TEST 
WITH PORE PRESSURE READINGS 

ASTM D4767-95 / AASHTO T297-94 (SOP-S28) 

tient 
_lient Reference 
Project No. 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-02 

Boring No. 
Depth(ft.) 
Sample No. 

SOUTH POND 
NA 
BUCKET 2 

Lab ID 

Visual Description: BLACK COAL REFUSE SLURRY (REMOLDED) 

;i::.liective Conflillng Pressure {psi) 
i 

iNITIAL DIMENSIONS 

initial Sample Length (in.) 
1111tial Sample Diameter (in.) 
Initial Sample Area (in"2) 
Initial Sample Volume (in'3) 

Strain 
(%) 

0.04 
0.06 
0.13 
0.23 
0.51 
0.64 
0.82 
I 21 
1.63 
L.24 
2.15 
3.25 
3.56 
4.26 
5.08 
5.85 
6.60 
7.60 
8.34 
9.36 
10.13 
i 0.91 
11.94 
13.21 
·14.21 
i5.72 
16.98 
18.25 
19.51 

Deviation 6 U 
Stress 

3.42 1.75 
4.03 2.01 
5.39 2.43 
5.96 2.92 
7.15 3.87 
7.46 4.19 
7.88 4.57 
8.51 5.13 
8.84 5.57 
9.37 5.97 
9.67 6.18 
9.92 6.35 
10.14 6.40 
10.10 6.55 
10.44 6.59 
10.80 6.68 
11.25 6.70 
11.27 6.75 
11.32 6.76 
11.06 6.74 
11 .11 6.76 
11.20 6.81 
11.17 6.80 
10.75 6.76 
11.47 6.77 
11.35 6.78 
11.28 6.79 
11.04 6.80 
11.13 6.82 

10.1 

3.14 
1.39 
1.52 
4.76 

11.77 
12.12 
13.05 
13.13 
13.37 
13.37 
13.41 
13.48 
13.38 
13.50 
13.59 
13.66 
13.83 
13.65 
13.95 
14.21 
14.65 
14.63 
14.66 
14.42 
14.46 
14.49 
14.47 
14.09 
14.80 
14.67 
14.59 
14.33 
14.40 

8.3 
8.1 
7.7 
7.2 
6.2 
5.9 
5.5 
5.0 
4.5 
4.1 
3.9 
3.7 
3.7 
3.6 
3.5 
3.4 
3.4 
3.4 
3.3 
3.4 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 

Stage No. 
Test No 

VOLUME CHANGE 

Volume After Consolidation (in'3) 
Length After Consolidation (in) 
Area After Consolidation (in'2) 

Effective Principle 

Stress Ratio 

1.410 
1.497 
1.703 
1,830 
2.148 
2.262 
2.427 
2.714 
2.950 
3.271 
3.468 
3.648 
3.741 
3.843 
3.978 
4.161 
4.304 
4.363 
4.395 
4.292 
4.323 
4.401 
4.383 
4.214 
4.445 
4.418 
4.411 
4.35□-
4.397 

A 

0.52 
0.50 
0.46 
0.50 
0.55 
0.57 
0.59 
0.61 
0.64 
0.64 
0.65 
0.65 
0.64 
0.66 
0.64 
0,63 
0.60 
0.60 
0.60 
0.62 
0.61 
0.61 
0.62 
0.64 
0.60 
0.60 
0.61 
0.62 
0.62 
0.64 

p 

10.06 
10.11 
10.36 
10.16 
9.80 
9.64 
9.47 
9.22 
8.96 
8.81 
8.75 
8.70 
8.76 
8.60 
8.73 
8.81 
9.03 
8.99 
9.00 
8.89 
8.90 
8.89 
8.88 
8.72 
9.06 
9.00 
8.95 
8.81 
8.84 
8.65 

1 
5 

4.50 
3.10 

1.450 

Q 

1. 71 
2.01 
2.69 
2.98 
3.57 
3.73 
3.94 
4.26 
4.42 
4.69 
4.84 
4.96 
5.07 
5.05 
5.22 
5.40 
5.62 
5.64 
5.66 
5.53 
5.56 
5.60 
5.58 
5.37 
5.73 
5.68 
5.64 
5.52 
5.56 
5.40 21.32 10.80 6.85 14.05 3.3 4.318 

Tested By JCM Date 05/27/08 Input Checked By AA Date l,-1 °i-()'6 
,oaqe 6 of 8 
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( 

Client 
Client Reierence 
Project No. 
Lab ID 

Visual Description: 

I

S/age No. 
_.Test No 

PRESSURES (psi) 

Cell Pressure(psi) 
Back Pressure(psi) 
Eff. Cons. Pressure(ps 
Pore Pressure 
Response (%) 

CONSOLIDATED UNDRAINED TRIAXIAL TEST 
WITH PORE PRESSURE READINGS 

ASTM 04767-95 / AASHTO T297-94 (SOP-S28) 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-02 · 

Boring No. 
Depth(ft.) 
Sample No. 

SOUTH POND 
NA 
BUCKET2 

BLACK COAL REFUSE SLURRY (REMOLDED) 

51.4 
31.3 
20.1 

97 

INITIAL SAMPLE DIMENSIONS (in) 

Length 1 
Length 2 
Length 3 
Avg Leng.= 

3.142 
3.130 
3.141 
3.138 

VOLUME CHANGE 

Diameter 1 
Diameter 2 
Diameter 3 
Avg. Diam.= 

Initial Burette Reading (ml) 
Final Burette Reading (ml) 
Final Change (ml) 

MAXIMUM OBLIQUITY POINTS 

p 

Q 

= 
= 

page 7 or 8 

LOAD 
(LBS) 

4.3 
6.5 
11.7 
14.0 
16.6 
21.7 
25.0 
27.5 
29.6 
31.7 
32.8 
33.2 
33.9 
34.3 
35.2 
36.1 
37.0 
37.3 
38.7 
39.3 
38.9 
39.0 
39.2 
39.4 
39.9 
40.1 
41.5 
41.9 
41.2 
41.3 
41.4 

Tested By 

19.19 
11.67 

JCM Date 

Initial Dial Reading (D.R.), mils 
D.R. After Saturation, mils 
D.R. After Consolidation, mils 

DEFORMATION 
(INCHES) 

0.000 
0.001 
0.002 
0.004 
0.006 
0.012 
0.019 
0.026 
0.038 
0.051 
0.070 
0.085 
0.101 
0.110 
0.132 
0.157 
0.181 
0.205 
0.236 
0.259 
0.291 
0.316 
0.340 
0.371 
0.410 
0.441 
0.489 
0.528 
0.568 
0.608 
0.663 

05/27108 Input Checked By 

PORE PRESSURE 
(PSI) 
31.3 
32.8 
33.9 
34.7 
35.6 
37.4 
38.7 
39.8 
40.9 
41.7 
42.4 
42.8 
43.1 
43.2 
43.4 
43.7 
43.7 
43.8 
43.8 
43.9 
43.8 
43.9 
43.9 
43.8 
43.8 
43.9 
43.8 
43.7 
43.8 
43.8 
43.8 

Date 
DCN. CT-528 DATE 6-25-98 REVISION 1 

1.379 
1.377 
1.386 
1.381 

24.0 
17.7 
6.3 

40 
56 
91 

544 Braddock Avenue • East Pittsburgh, PA 15112 • 412-823-7600 • FAX 412-823-8999 • www.geotechnics.net 
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CONSOLIDATED UNDRAINED TRIAXIAL TEST 
WITH PORE PRESSURE READINGS 

ASTM D4767-95 / AASHTO T297-94 (SOP-S28) 

Client 
Client Reference 
Project No. 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-02 

Boring No. 
Depth(ft.) 
Sample No. 

SOUTH POND 
NA 
BUCKET 2 

Lab ID 

Visual Description: BLACK COAL REFUSE SLURRY (REMOLDED) 

ressure {psi) 

INITIAL DIMENSIONS 

Initial Sample Length (in.) 
Initial Sample Diameter (in.) 
Initial Sample Area (in'2) 
Initial Sample Volume (in'3) 

Strain 

(%) 

0.04 
0.07 
0.12 
0.19 
0.40 
0.61 
0.85 
1.24 
1.64 
2.26 
2.77 
3.26 
3.58 
4.27 
5.09 
5.86 
6.64 
7.63 
8.39 
9.43 
10.22 
11.00 
12.01 
13.28 
14.28 
15.84 
17.12 
18.40 
19.69 

Deviation 

Stress 

1.58 
5.38 
7.06 
8.92 

12.65 
14.97 
16.72 
18.18 
19.63 
20.24 
20.44 
20.87 
21.09 
21.54 
21.97 
22.37 
22.41 
23.10 
23.33 
22.79 
22.67 
22.61 
22.49 
22.46 
22.30 
22.80 
22.66 
21.92 
21.62 

6U 

1.52 
2.62 
3.36 
4.30 
6.12 
7.35 
8.47 
9.56 
10.41 
11.15 
11.54 
11.82 
11.94 
12.14 
12.38 
12.43 
12.54 
12.49 
12.58 
12.55 
12.59 
12.56 
12.53 
12.52 
12.63 
12.50 
12.41 
12.46 
12.51 

0.1 

3.14 
1.38 
1.50 
4.70 

20.16 
22.86 
23.80 
24.73 
26.62 
27.72 
28.36 
28.72 
29.32 
29.19 
29.00 
29.15 
29.25 
29.50 
29.69 
30.04 
29.98 
30.71 
30.85 
30.34 
30.18 
30.14 
30.05 
30.04 
29.77 
30.40 
30.35 
29.57 
29.21 
28.77 

18.6 
17.5 
16.7 
15.8 
14.0 
12.7 
11.6 
10.5 
9.7 
9.0 
8.6 
8.3 
8.2 
8.0 
7.7 
7.7 
7.6 
7.6 
7.5 
7.6 
7.5 
7.5 
7.6 
7.6 
7.5 
7.6 
7.7 
7.6 
7.6 
7.6 

tage No. 
Test No 

VOLUME CHANGE 

Volume After Consolidation (in'3) 
Length After Consolidation (in) 
Area After Consolidation (in'2) 

Effective Principle 

Stress Ratio 

1.085 
1.308 
1.422 
1.565 
1.905 
2.174 
2.438 
2.724 
3.025 
3.262 
3.388 
3.521 
3,584 
3.705 
3.846 
3.918 
3.962 
4.034 
4.102 
4.018 
4.021 
4.001 
3.973 
3.961 
3.986 
4.001 
3.948 
3.868 
3.846 
3.805 

A 

0.99 
0.50 
0.49 
0.50 
0.50 
0.51 
0.52 
0.54 
0.55 
0.57 
0.58 
0.58 
0.58 
0.58 
0.58 
0.57 
0.58 
0.56 
0.56 
0.57 
0.57 
0.57 
0.57 
0.57 
0.58 
0.57 
0.56 
0.59 
0.60 
0.61 

p 

19.37 
20.17 
20.27 
20.26 
20.30 
20.23 
19.99 
19.63 
19.51 
19.07 
18.78 
18.71 
18.70 
18.73 
18.71 
18.85 
18.77 
19.16 
19.19 
18.95 
18.84 
18.84 
18.81 
18.81 
18.62 
19.00 
19.02 
18.61 
18.40 
18.17 

1 
6 

4.24 
3.09 

1.374 

Q 

0.79 
2.69 
3.53 
4.46 
6.32 
7.48 
8.36 
9.09 
9.81 
10.12 
10.22 
10.43 
10.54 
10.77 
10.99 
11.19 
11.21 
11.55 
11.67 
11.39 
11.34 
11.30 
11.24 
11.23 
11.15 
11.40 
11.33 
10.96 
10.81 
10.61 21.49 21.21 12.54 

Tested By JCM Date 05/27/08 Input Checked By 11-A Date ~- \9 -C)':t 
page a of B 
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60 

50 

40 

(/J 
0. 30 
~ 

p 

20 

10 

Tested By: 

Client 
Client Ref. No. 
Project no. 
Lab ID 

0 

JCM 

f\/10Hh l 01 AL STREl~Gl 1-1 ,.,,J\Jl:I OPE 

CEC B01ing No. 

Depth1lt.) 
SOUTH POND 
NA 
BUCKET2 

/~ 

§e~,mics 

POND CREEK 080851 
2008-210-01 
2008-210-01-02 

Sample No. 
Visual Description BLACK COAL REFUSE SLURRY (REMOLDED) 

C = 0.3 

<I>= 20.3 

20 40 60 80 100 120 

CT (psi) 

t"OTE: GRAPH NOT TO SCALE 
Date: 05/21/08 Approved By: VPJ Date: (Q( [t"f lo& 

11-NiA 

544 Braddock Avenue East Pittsburgh, PA 15112 Phone (412) 823-7600 Fax (412) 823-8999 
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REMOLDED UNIT WEIGHT BEFORE INITIAL CONSOLIDATION 
CONSOLIDATED UNDRAINED TRIAXIAL TEST 

Client 
Client Reference 
Project No. 
Lab ID 

WITH PORE PRESSURE READINGS 
ASTM D4767-95 / AASHTO T297-94 (SOP-S28) 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-02 Specific Gravity (measured) 

Visual Description:_ BLACK COAL REFUSE SLURRY (REMOLDED) 

SAMPLE CONDITION SUMMARY 

2.24 

Boring No. South Pond South Pond South Pond 

Depth (ft) NA NA NA 

Sample No. Bucket 2 Bucket 2 Bucket 2 

Test No. T4 TS TB 

Deformation Rate (in/min) 0.0003 0.0002 0.0003 

Back Pressure (psi) 31.2 31 31.3 

Consolidation Time (days) 1 1 

Initial State (w%) 82.9 85.7 83.0 

Total Unit Weight (pct) 82.6 82.2 84.5 

Dry Unit Weight (pcD 45.2 44.3 46.2 
Final State (w%) 37.6 35.9 32.5 
Initial State Void Ratio,e 2.095 2.159 2.029 

Tested By JCM Date 05/27/08 Input Checked By f\b Date (o-5:()'6 
page 1 of 1 OCH CT-32:tl DAii= d-25-88 REVISION 1 C \MSOFFICEE.>:cc:1\Prrmql[F>Bd ~1:;jStieet1 

[' 

544 Braddock Avenue • East Pittsburgh, PA 15112 • 412-823-7600 • FAX 412-823-8999 • www.geotechnics.net 



R16400

Client 
Client Reference 
Project No. 
Lab ID 

UNIT WEIGHT AFTER INITIAL CONSOLIDATION 
CONSOLIDATED UNDRAINED TRIAXIAL TEST 

WITH PORE PRESSURE READINGS 
ASTM D4767-95 / AASHTO T297-94 (SOP-S28) 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-02 Specific Gravity (measured) 

Visual Description: BLACK COAL REFUSE SLURRY (REMOLDED) 

SAMPLE CONDITION SUMMARY 

Boring No. South Pond South Pond 

Depth (ft) NA NA 

Sample No. Bucket 2 Bucket 2 

Test No. T4 TS 

Deformation Rate (in/min) 0.0003 0.0002 

Back Pressure (psi) 31.2 31 

Consolidation Time (days) 1 1 

Initial State (w%) 41.5 41.5 

Total Unit Weight (pcf) 92.9 102.5 

Dry Unit Weight (pct) 65.7 72.4 
Final State (w%) 37.6 35.9 
Initial State Void Ratio,e 1.129 0.931 

Tested By JCM Date 05/27/08 Input Checked By Date 

2.24 

South Pond 

NA 

Bucket 2 

T6 

0.0003 

31.3 

1 

40.9 

103.2 

73.2 
32.5 

0.910 

page 1 of 1 OCN cr-s:8 CATE '3-25-9S RE'IISIOrJ ; C 1MSQFS::ICE\ExceI\Pr1Nq1(F167 :d;]Sheel1 

544 Braddock Avenue East Pittsburgh, PA 15112 • 412-823-7600 • FAX412-823-8999 • www.geotechnics.net 
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ATTACHMENT 2 

LABORATORY TESTING RESULTS- RESIDUAL SOIL AND COARSE COAL REFUSE 
HOLCOLM FOUNDATION ENGINEERING COMPANY, INC. 

(PROVIDED BY ALLIANCE CONSULTING, INC.) 
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HOLCOMB FOUNDATION ENGINEERING CO., INC. 
SOILS • BrT\JMINOUS • CONCRETE • INVESTIGATIONS AND TESTING 

February l 0, 2006 

SHIPPING ADDRESS 

Box 393 Wood Road 

Carbondale, IL 62901 

Williamson Energy LLC 

PO Box 99 
Johnston City, Illinois 62951 

Attention: lvfr. James Plumley 

Re: Soil Boring and Laboratory Tests 

Boring#8874 

Mach Mine#! 

J ohnstun City, Illinois 

HFE File H-05278 

www.holcombengineering.com 

MAILING ADDRESS 
RO. Box 88 

Carbondale, IL 62903 

Mach Mining Purchase Order No. ___ _ 

Dear Sir: 

618-529-5262 
800-333-1740 

FAX 618-457-8991 

1n accordance with your instructioru;, on February 1, 2006, we drilled one soil boring and sampled 

the subsoils with Shelby tubes. The soil sample taken from l O to 12 feet in depth was subjected to 

laboratory tests. Results of the tests are as follows: 

Boring No.: 

Depth: 
Visual Classifi.catlon: 

Atterberg Limits: 

Unit Weight: 

Moisture Content: 

Effective Cohesion: 

Effective Phi Angle: 

8874 
8.0-10.0' 

Silty CLAY (CL) 

LL=41.8% PL= 17.7% PI=24.l 

105.3 PCF 

21.5% 
OPSF 
26.8 Degrees 

CD 
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~(- Mach Mine #1 Soil Tests 

February 10, 2006 

Page 2 

The Boring Log and test results are enclosed. If you should have any questions, or if we can be of 

further assistance, please feel free to contact us at your convenience. 

Sincerely, 

TON ENGINEERING CO. 

1 copy: Fred Vass - Alliance Consulting 
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Sample No. 

Water Con/en~ 
Dry Density, pcf 

:§ Saturation, 
"" ..s Void Ratio 

· Diameter, in. 
Heigh~ in. 

Water Content, 
-;;; Dry Density, pcf 
~ Saturation, 
<i: Void Ratio 

Diameter, in. 
Height, in. 

Strain rate, inJmin. 

Back Pressure, /sf 

Cell Pressure, tsf 

Fail. Stress, /sf 

! I I I : I I I I l I I 

I _I ! ! I ! I I I I I I I I j 1 / r 

I I I I I ! J I • ) I I 

! I I I I I I I I I I I 

\ I I I I ! I I I 1 1 

! I \ I I I I ' l I I !_ 

I 1 1 I I I i r 

I I I \·++-H+- ++---!-++•!- f++-
15 18 

1 2 3 

21.5 20.8 17.6 

105.3 106.5 112.5 
100.0 99.7 98.9 

0.5706 0.5536 0.4707 
2.80 2.80 2.80 
5.51 5.49 5.54 

21.5 20.9 17.& 
105.3 106.5 112.5 
100.0 100.0 100.0 

0.5706 0.5536 0.4707 
2.80 2.80 2.80 
5.51 5.49 5.54 

0.00 0.00 0.00 

3.6 3.6 2.2 

5.0 6.5 7.9 

2.0 3.4 6.3 

0 5 10 

Ax ia I Strain, % 

15 20 Total Pore Pr., tsf 

Ult. Stress, tsf 

Total Pore Pr., tsf 

1----------------------, cr, FaiEure, tsf 

Type of Test o', Failure, tsf 

3.7 3.9 4.1 

2.0 3.2 6.3 

3.6 3.8 4.1 

3.3 6.0 10.2 

1.3 2.6 3.9 

CU with Pore Pressures 

I Sample Type: Shelby Tube - Undisturbed Client: Alliance Consulting 

I 
Description: Gray Mottled Brown Silty CLAY 

LL=4l.8 PL=17.7 Pl=24.1 

Assumed Specific Gravity= c.65 

I Remarks: 

I Plate 

Tested 3y: LC ~--------------

Project: Triaxial Test 

Mach Mine#l 

Location: Boring #8874 

Sampie Number: 3 Depth: 10.0-!2.0' 

Proj. No.: H-05278 Date: 2-1-05 

TR/AXIAL SHEAR TEST REPORT 

HOLCOMB FOUNDA T/ON ENGINEER/NG CO. 
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Total Effective 

a= o.17 tsf o.oo tsf 

cc= 1 B.B deg 24. 1 d.eg 
- -

tan a.= o.34 . 0.45 
_ - ,..,.... 4=====1 =---1---i--+-:--.,,. .,,.-+=----+---~, 
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.,,. 

8 

p, tsf 

Stress Paths: Total--- Effective - - -

Depth: l 0.0-12.0' Sample Number: 3 

I 
10 

CID 

--

12 

Client: Alliance Consulting 

.>roject: Triaxial Test 

Location: Boring #8874 

Project No.: H-05278 
Plate __ _ HOLCOMB FOUNDATIOli ENGINE::RING CO. 

Tested 3r: ='-"C'-· __________ _ C:he:::iced 3y: -'--T'-H'--------------
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( 

I 
I 

TRIAXIAL COMPRESSION TEST 

CU with Pore Pressures 

Date: 

Client: 

Project: 

Location: 

Depth: 

2-1-05 

Alliance Consulting 

Triaxial Test 

MachMine#I 

Johnston City, Illinois 

Baring #8 87 4 

10.0-12.0' 

Description: Gray Mottled Brown Silty CLAY 

Remarks: 

Type of Sample: Shelby Tube - Undisturbed 

Assumed Specific Gravity=2.65 LL=41.8 

Test Method: COE uniform strain 

Sample Number: 

PL=l7.7 

3 

Pl=c4. I 

Specimen Parameter initial Saturated Consolidated 

Moisture content Moist soil+t.are, gms. 

Moisture content Dry soil+tare, gms. 

Moisture content Tare, gms. 

Moisture,% 

Moist specimen weight, gms. 

Diameter, in. 

Area, in.1 

Height, in. 

Net decrease in height, in. 

Wet Density, pcf 

Dry density, pcf 

Void ratio 

Saturation, % 

Membrane modulus= 0.124105 kN/cm 2 

Membrane thickness= 0.02 cm 

Filter paper coefficient= 0.001926 kN/cm 

Filter paper coverage= 30% 

189.100 

176.100 

115.700 

21.5 
1140.2 

2p80 

6.16 

5.51 

128.0 

105.3 
0.5706 

100.0 

Consolidation cell pressure= 70.00 psi (5.040 tsf) 

Consolidation back pressure= 50.00 psi (J.600 tsf) 

Consolidation effective confining stress = 1.440 tsf 

Strain rate, in./min. = 0.00 

Fail. Stress = 1.98 I tsf at reading no. 24 

Ult Stress = 1. 955 tsf at reading no. 30 

21.5 21.5 

2.80 2.80 

6.16 6. 16 

5.51 5.51 

0.00 0.00 

128.0 128.0 

I 05.3 JD5.3 

0.5706 0.5705 

100.0 JDO.O 

I 57 

219120{:I) 
8:50 PM 

Final 

1279.000 

1072.200 

103.200 

2 l.3 
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Def. Deviator Minor Eff. Major Eff. Pore 

Dial Load Load Strain Stress Stress Str,,ss 1:3 Press. p Q 

No. in. Dial lbs. % !sf !sf !sf Ratio psi tsf tsf 

0 0.0000 18.30 0.0 0.0 0.000 5.112 5.112 LOO -1.00 5.112 O.DDO 

0.0190 20.00 1. 7 0.3 0.014 2.830 2.844 1.00 30.70 2.837 0.007 

2 0.0400 21.60 3.3 0.7 0.026 2.426 2.452 1.01 36.30 2.439 0.013 

3 0.0810 113.20 94.9 1.5 1.093 1.505 2.598 1.73 49.lO 2.051 0.547 

4 0.1010 129.80 111.5 1.8 1.280 1.318 2.597 1.97 51.70 1.958 0.640 .. 

5 0.1420 143.10 124.8 2.6 1.422 1.181 2.602 2.20 53.60 1.892 0.711 

6 0.1620 161.50 143.2 2.9 1.625 1.159 2.784 2.40 53.90 J.972 0.813 

7 0.1830 168.90 150.6 3.3 1.702 1.145 2.847 .2.49 54.10 1.996 0.851 

8 0.2030 174.80 156.5 3.7 1.763 1.138 2.900 2.55 54.20 2.019 0.881 

9 0.2240 17&.90 160.6 4.1 l .&02 J.145 2.946 2.57 54.10 2.046 0.901 

JO 0.2440 l 82.30 164.0 4.4 !.&33. 1.145 2.978 2.60 54.10 2.061 0.9 l 6 

I 11 0.2650 J 86.40 J 6&. l 4.8 ].87] 1.152 3.023 2.62 54.00 2.088 0.936 

12 0.2850 188. l 0 J 69.8 5.2 1.883 1.166 3.049 2.61 53.80 2.10& 0.941 

13 0.3060 191.40 1 73.l 5.6 i.912 l.i66 3.078 2.64 53.80 2.122 0.956 

14 0.3260 193. 10 174.8 5.9 1.923 1.181 3.104 2.63 53.60 2.142 0.962 

15 0.3460 194. 70 176.4 6.3 1.933 1.188 3.121 2.63 53.50 2.155 0.967 

16 0.3670 196.40 178.l 6.7 l.944 l.202 3.146 2.62 53.30 2.l 74 0.972 

17 0.3870 19&.10 179.8 7.0 !.955 l.210 3.164 2.62 53.20 2.187 0.977 

18 0.4080 198.l 0 J 79.& 7.4 l.947 1.224 3.171 2.59 53.00 2.197 0.973 

19 0.4280 200.60 182.3 7.8 1.966 1.23] 3.197 2.60 52.90 2.214 0.983 

20 0.4490 200.60 J 82.3 8.1 1.958 1.238 3.196 2.58 52.80 2.217 0.979 

21 0.4890 203. J 0 J 84.8 8.9 1.969 1.267 3236 2.55 52.40 2.252 0.985 

I 
22 0.5300 204.70 J 86.4 9.6 1.970 1.289 3.259 2.53 52.10 2.274 0.985 

23 o.s11 a 207.20 l 88.9 10.4 l.9&0 1.310 3.290 2.51 51.80 2.300 0.990 

24 0.6120 208.90 190.6 11. l 1.981 1.332 3.313 2.49 51.50 2.323 0.991 

25 0.6530 209.10 190.8 l l.8 1.967 1.346 3.313 2.46 51.30 2.330 0.9113 

26 0.6940 211.40 °193.l 12.6 1.974 1.361 3.334 2.45 51.10 2.348 0.987 

27 0.7350 212.20 193.9 13.3 l.965 1.390 3.354 2.41 50.70 2.372 0.982 

28 0.7790 213.90 195.6 I 4. J 1.964 1.404 3.368 2.40 50.50 2.386 0.982 

29 0.8170 215.50 l 97.2 14.8 1.964 1.426 3.390 2.38 50.20 2.408 0.982 

30 0.8380 215.50 197.2 15.2 l.955 1.433 3.38& 2.36 50.10 2.410 0.978 

I 
'-___________ HCl!...COW.3 rOUNDATION ::NGIN::::?..ll~G C'.). __________ __, 
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Specimen Parameter Initial Saturated Consolidated Final 

Moisture content: Moist soil+tare, gms. 154.800 134 7.900 0) 
Moisture. content Dry soil+tare, gms. 145.800 1154.100 

Moisture content Tare, gms. 102.600 135.100 

Moisture,% 20.8 20.9 20.9 19.0 

Moist specimen weight, gms. 1142.2 

Diameter, in. 2.80 2.80 2.80 

Area, in,2 6.16 6.16 6.16 

Height, in. 5.49 5.49 5.49 

Nat decrease in height, in. 0.00 0.00 

Wet Density, pcf 128.7 12&.7 128.7 

Dry density, pcf 106.5 106.5 106.5 

Void ratio 0.5536 0.5536 0.5536 

Saturation, % 99.7 100.0 100.0 

Membrane modulus= 0.124105 kN/cm2 

Membrane thickness = 0.02 cm 

Filter paper coefficient= 0.001926 kN/cm 

Filter paper coverage = 30% 

Consolidation cell pressure-= 90.00 psi (6.480 tsf) 

Consolidation back pressure= 50.00 psi (3 .600 tsf) 

Consolidation effective confining stress = 2.880 tsf 

Strain rate, in.lmin. = 0.00 

Fail. Stress = 3.41_ & tsf at reading no. 24 

Ult. Stress= 3.250 tsf at reading no. 29 

Def. Deviator Minor Eff. Major Eff. Pore 

Dial Load Load Strain Stress Stress Stress 1:3 Press. p Q 

No. in. Dial lbs. % tsf tsf tsf Ratio psi tsf Isl 

0 0.0000 27.50 c.o 0.0 0.000 4.385 4.385 LOO 29.10 4.3~5 a.coo 

1 0.0190 134,00 106.5 0.3 1.241 3.254 4.495 1.38 44.80 3.875 0.620 

2 0.0400 183.10 155.6 0,7 1.806 2.750 4.557 1.66 51.80 3.653 0.903 

3 0.0600 218.90 191.4 1.1 2.214 2.484 4.698 1.89 55.50 3.591 1.107 

4 0.0810 243,80 216.3 1.5 2.492 2.340 4.832 2.06 57.50 3.586 1.246 

5 0.1010 264.60. 237.1 1.8 2.721 2.254 4.975 2.21 58.70 3.614 l.361 

6 0.1220 282.10 254.6 2.2 2.91 J 2.210 5.121 2.32 59.30 3.666 l.455 

7 0.1420 295.40 267.9 2.6 3.052 2.182 5.233 2.40 59.70 3.707 l.526 

8 0.1620 305.40 277.9 2.9 3.154 2.182 5.335 2.45 59.70 3.758 l.577 

9 0.1830 314.60 287.l 3.3 3.245 2.189 5.434 2.48 59.60 3.8 l 1 l.623 

I 
10 0.2030 322. lO 294.6 J.7 3.3 l 7 2.J.96 5.513 2.5 J 59.50 3.855 J.(, ,9 

11 02240 327.10 299.6 4.1 3.360 2.218 5.578 2.52· 59.20 3.898 l.680 

12 02440 332.90 305.4 4.4 3.412 2.232 5.644 2.53 59.00 3.938 l.706 

13 0.2650 336.20 308.7 4.8 3.435 2.254 5.689 2.52 58.70 3.97] l.718 

14 0.2850 339.50 312.0 5.2 3.459 2.275 5.734 2.52 58.40 4.005 1.729 

I 
15 0.3060 343.70 316.2 5.6 3.491 2.297 5.788 2.52 58. l 0 4.042 l.746 

16 0.3260 345.40 317.9 5.9 3.497 2.318 5.815 2.51 57.80 4,067 l.748 

/ 17 0.3670 348.70 321.2 6.7 3.505 2.369 5.874 2.48 57.J 0 4.121 J.752 
{ 

"'- 18 0.4080 352.00. 324.5 7.4 3.512 2.412 5.924 2.46 56.50 4.168 l.756 

r 

!9 0.4490 353.70 326.2 8.2 3.502 2.441 5.943 2.43 56. J 0 4.192 J.751 

20 0.4890 354.50 327.0 8.9 3.483 2.470 5.953 2.41 55.70 4.21 l 1.7-12 

2 l 0.5300 3.55.40 327.9 9.7 3.464 2.498 5.963 2.39 55.30 4.230 1.7]~ 

~ HOc.:::::w.r:3 ;=oul~!)!;-;-JoN ::N·3lt•i=::::R.ING ca. 
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DGf, Deviator Minor Eff. M.ijor e.ff. Pora © Dial Load Load Strain Stress Stre~S Stress i:3 Presl:i. p Q 

No. in. Dial lbs. ¾ tsf tsf !sf Ratio psi tsf tsf 

--r 22 0,5510 357.00 329.5 J0,0 3.466 2.513 5.979 2.38 55,10 4.246 1.733 

\ 23 0.5920 356,20 328.7 10,8 3.429 2.534 5.964 2.35 54.80 4,249 L7l 5 

24 0,6330 357,90 330,4- 11,5 3.418 2,556 5,974 2.34 54,50 4,265 1,709 

25 0,6730 - 357,00 329.5 12.3 3,381 2,5&5 5,966 2,31 54.10 4.275 1.690 

26 0, 7140 357,90 330.4 13,0 3,361 2.599 5,960 2.29 53.90 4,280 1,681 

27 0,7550 157,90 330.4 13,7 3.332 2,614 5,946 2,27 53.70 4.:iso 1.666 

28 0.7960 356,20 328.7 14.5 3,286 2,628 5,914 2.25 53.50 4.271 l.643 

29 0,8370 355.40 327.9 ]5.2 3,250 2.635 5.885 2.23 53,40 4,260 l.625 

Specimen Parameter Initial Final 

Moisture content: Moist soll+tare, gms. 248.400 1374.500 

Moisture content: Dry soil·Hare, gms. 226.700 1195.400 

Moisture content: Tare, gms. 103.200 127.700 

Moisture, ¾ 17.6 17,8 17,& 16.8 

Moist specimen weight, gms. 1184. 7 

Diameter, in. 2.80 :l,80 2.80 

. . . Araa, m. 6.16 6.16 6, 16 

Height, In, 5,54 5.54 5,54 

Net decrease in height, in. 0,00 0.00 

Wet Density, pcf 132.3 132.5 132.5 

Dry density, pcf l 12,S 112.5 112.5 

Void ratio 0.4707 0,4707 0.4707 

Saturation, 1% 98.9 100.0 100.0 

Membrane thickness= 0,02 cm 

Filter paper coefficient" 0.0019:26 kN/cm 

Filter papar coverage= 30% 

Consolidation cell pressure = l 10,00 psi (7,920 tsf) 

Consolidation back pressure = 30,00 psi (2. l 60 tsf) 

Consolidation effective confining stress= 5.760 tsf 

Strain rate, in./min. = (l.00 

Fail. Stress= 6.334 tsfat reading no. 33 

Ult. Stress = 6,334 tsfat reading no. 33 

Def. De-viator Minor Eff. Major Eff. Pore 

Dial Load Load Strain Stress Stress Stres• 1:3 Press, p Q 

No. in. DI.al lbs. o/o tsf tsf tsf Ratio psi tsf tsf 

0 0.0000 31.60 0.0 0,0 0,000 7,812 7,812 LOO 1.50 7.812 0.000 

I 

I 0.0190 39,90 8,3 0.3 0,091 7,690 7.781 1.01 3.20 7.735 0,045 

2 0,0400 44,10 12.5 0.7 0,133 7.574 7,707 J,02 4,80 7,641 0,066 

3 0,0600 175.60 144,0 Ll 1,666 7.308 8,974 1.23 8.50 8,141 0,833 

4 0,0810 240.50 208,9 1.5 2.407 6.926 9,333 1.35 13,80 8,130 1,203 

:5 0,1010 291.30 259.7 ' ' :2.981 6.466 9,447 1.46 20.:w 7,956 1,491 

I 
.,v 

6 0.1220 329.60 '.'.98,0 2,2 3.408 5.983 9,391 1.57 26.90 7,687 1,704 

7 O,H20 362.00 330,4 2,6 3,764 5,479 9.244 J,69 33,90 7.361 1,882 

8 0.1620 392,00 360.4 2,9 4.091 5,040 9,131 1.81 40.00 7,0SS 2.045 

9 0,1830 412,80 381.2 3,3 4,310 4,666 8,976 l.92 45.20 6,821 2.155 

HOLCOMB FOUNDATION ENGINEERING CO. 
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Def. Davia.tor Minor Eff. J.lajor Eff. Pore <3) 
Dial Load Load Strain Stress Stress Stress 1:3 Press. p a 

No • in. Dial lbs. % tsf t:sf !sf Ratio psi tsf tsf 

. ~· 10 0.2030 432.80 401.2 3.7 4.519 4.363 8.883 2.04 49.40 6.623 2.260 

11 0.2240 446.90 415.3 4.0 4.660 4.140 8.800 2.13 52.50 6.470 2.330 

12 0.2440 465.20 433.6 4.4 4.847 3.9R2 8.828 2.22 54.70 6.405 2.423 

13 0.2650 471.00 439.4 4.8 4.892 3.852 &.744 2.17 56.50 6.298 2.446 

14 0.2850 483.50 451.9 5.1 5.012 3.766 8.778 2.33 57.70 6.272 2.506 

15 0.3060 490.20 458.6 5.5 5.066 3.694 8.760 2.37 58.70 6.227 2.533 

16 0.3260 503.50 471.9 5.9 5.193 3.643 8.837 2.43 59.40 6.240 2.597 

17 0.3460 516.80 485.2 6.2 5.319 3.607 8.926 2.47 59.90 6.267 2.660 

18 0.3670 521.80 490.2 6.6 5,352 3.586 8.938 2.49 60.20 6,262 2.676 

19 0.3870 530.10 498.5 7.0 5.422 3.57) 8.993 2.52 60.40 6.282 2.711 

20 0.4080 538.40 506.8 7.4 5.490 3.564 9.054 2.54 60.50 6.309 2.745 

21 0.4280 543.40 511.8 7.7 5.522 3.564 9.086 2.55 60.50 6.325 2.761 

22 0.4490 554.30 522.7 &.1 5.617 3.571 9.1 S8 2.57 60.40 6.380 2.808 

23 0.4690 565.90 534.3 8.5 5.719 3.578 9.297 2.60 60.30 6.438 2.859 

24 0.4&90 567.60 536.0 8.8 5. 714 3.578 9.293 2.60 60.30 6,436 2.&57 

25 0.5300 581.70 550.l 9.6 5.81 i 3.600 9.417 
~ ,~ 60.00 6.509 2.909 ..!.,o..:: 

26 0.5710 591.70 560.l 10.3 5.874 3.636 9.510 2.62 59.50 6.573 2.937 

27 0.6120 605.00 573.4 I 1.0 5.964 3.665 9.629 2.63 59.10 6.647 2.982 

28 0.6530 615.00 583.4 11.8 6.018 3.701 9.719 2.63 58.60 6.710 3.009 

29 0.6940 626.70 595.1 12.5 6.087 3.737 9.824 2.63 58.10 6.780 3.044 

30 0.7350 638.30 606.7 13.3 6.153 3.773 9.926 2.63 57.60 6.849 .3.077 

31 0.7760 649.10 617.5 14.0 6.209 3.816 10.025 2.63 57.00 6.921 3.1 OS 

32 0.8170 657.50 625.9 14.7 6.240 3.852 10.092 2.62 56.50 6.972 3.120 

33 0.8390 669.90 638.3 15.l 6.334 3.866 10.200 2.64 56.30 7.033 3.167 

------------- HOLCOMB FOUNDATION ENGINEERING CO. _________ _ 
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Holcomb Foundation Engineering Company 
Laboratory Testing Results 2/8/2006 

Project: Mach #1 Mine 

Project No: H-05278 

Sieve Analysis - ASTM C136-96a 

Sample: Silty CLAY (CL) 

Sieve Openings us 
Standard Weight Percent Percent 

Inches Millimeters Sieve Size Retained Retained Finer 

1.5000 38.1000 1 -1 /2" 0.0 0.0 100.0 

1.0000 25.4000 1. 0.0 0.0 100.0 

0.7500 19.1000 3/4" 0.0 0.0 100.0 

0.5000 12.7000 1 /2" 0.0 0.0 100.0 

3.7500 9.5200 3/8" 0.0 o.o 100.0 

0.1 870 4.7600 No. 4 2.1 0.9 99.1 

0.0790 2.0000 No. 10 4.6 2.0 98.0 

0.0469 1.1800 No. 16 4.6 2.0 98.0 

0.0331 0.8500 No. 20 8.6 3.8 96.2 

0.0165 04200 No. 40 12.6 5.5 94.5 

0.0117 0.2980 No. 50 12.6 5.5 94.5 

0.0083 0.2500 No. 60 22.2 9.8 90.2 

0.0059 0.1490 No. 100 34.6 15.2 84.8 

0.0029 0.0740 No. 200 47.7 21.0 79.0 

Total Weight in Grams 227.20 
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/ Holcomb Foundation Engineering Company 
Laboratory Testing Results 

Project: Mach #1 Mine 
Pro;ect No: H-05278 

Sample 2 3 

Dish Number LL1 LL2 LL, 

Mass of can, W, (g) 34.70 

Mass of can+ moist soil, w, (g) 62.84 

Mass of can+ dry soil, w, (g) 54.52 

Moisture con!ent, w (%) 41.98 

Number of blows, N 24 

Liquid Limit, LL 41.B 

Dish Number PL, 

Mass of can, W, (g) 39,76 

Mass of can + moist soil, W2 (g) 54.79 

Mass of can + dry soil, W, (g) 52.53 

Plastic Limit, PL 17.7 

Pl= 24.1 

Plasticoity Chart 
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HOLCOMB FOUNDATION ENGINEERING CO., INC. 
SOILS - BITUMINOUS - CONCRETE - INVESTIGATIONS AND TESTING 

November 30, 2006 

SHIPPING ADDRESS 
Box 393 Wood Raad 
Carbondale, IL 62901 

Williamson Energy LLC 
POBDx99 
Johnston City, Illinois 62951 

Attention: Mr. James Plumley 

Re: Coarse Refuse Laboratory Tests 
Pond Creek Mine 
Johnston City, Illinois 
HFE File H-05278 

Dear Sir: 

www.holcombengineering.com 

MAIUNG ADDRESS 
P.O. Box 88 

Carbondale, IL 62903 

618-529-5262 
800-333-17 40 

FAX 61 B-457-8991 

In accordance with your instructions, on November 17, 2006, we sampled coarse refuse at Mach 
Mine and performed laboratory tests on remolded samples. Results of the tests are as follows: 

Visual Classification: Coarse Coal Refuse (Shale, Coal, Sandstone Mixture) 

Proctor Test Results: 
Maximum Dry Unit Weight: 124.6 PCF 
Optimum Moisture Content: 9 .3 % 

Specific Gravity: 2.3 7 

Triaxial Test Results: 
Effective Cohesion: 0PSF 
Effective Phi Angle: 33.7 Degrees 

Permeability: 2 x 10-4 cm./sec. 

Results of the grain size analysis and the laboratory tests are attached. 

® 
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Pond Creek Mine #1 Coarse Refuse Tests 

November 30, 2006 

Page2 

zo f .57 

If you should have any questions, or if we can be of further assistance, please feel free to contact us 

at your convenience. 

Sincerely, 

l copy: Justin Harry - Alliance Consulting 
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Holcomb Foundation Engineering Company 
Laboratory Testing Results 11/30/2006 

Project: Coarse Refuse Disposal Area 

Pond Creek Mine Johnston City, Illinois 

Project No: H-05317 

Sieve Analysis - ASTM C136-96a 

Sample: Coarse Refuse 

Sieve Openings us 
Standard Weight Percent Percent 

Inches Millimeters Sieve Size Retained Retained Finer 

3 76.2 3• 0.0 0.0 100.0 

2.0000 50.8100 2" 619.6 9.5 90.5 

1.5000 38.1000 1 -1 /2" 1124.0 17.2 82.8 

1.0000· 25.4000 1 ' 1696.2 25.9 74.1 

0.7500 19.1000 3/4" 2110.9 32.3 67.7 

0.5000 12.7000 1/2" 2513.0 38.4 61.6 

3.7500 9.5200 3/8" 3263.7 49.9 50.1 

0.1870 4.7600 No. 4 4310.7 65.9 34.1 

0.0790 2.0000 No. 10 5470.5 83.6 16.4 

0.0469 1.1800 No. 16 

0.0331 0.8500 No. 20 6004.4 91.8 8.2 

0.0165 0.4200 No. 40 6178.9 94.4 5.6 

0.0117 0.2980 No. 50 

0.0083 0.2500 No. 60 6267.8 95.8 4.2 

0.0059 0.1490 No. 100 

0.0029 0.0740 No. 200 6372.4 97.4 2.6 

Total Weight in Grams 6542.80 

( 
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Holcomb Foundation Engineering 

Pond Creek Mine 

Johnston City, Illinois 

Moisture Density Relationship 

Location: Coarse Refuse Disposal Area 

Project No.: H-05278 Proctor Test Results 

Soll Classlflcatlon: 

Date: 

Test Data 

11 /3012006 

ASTM D-698 (standard) 

Moisture 

Content(%) 

7.6 

11.2 

12.0 

9.3 

Maximum Dry Density (PCF) 

Optimum Moisture Content (1%) 

Dry Unit Wt. 

(PCF) 

122.8 

122.5 

120.4 

124.8 

Gray Coar..e Refuse 

124.8 

9.3 

126.0 r-------------------------------------~ 
Proctor Curve 

125.0 

124.0 

g 123.0 
~ 

"i: 
::, 

~ 
Cl 

122.0 

121.0 

120.0 +-------~--------------;-------~--------4 
7.0 8.0 9.0 10.0 12.0 

% Moisture 
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Date: 

Project No.: 

Samole 

Coarse Refuse 

2'1 j 57 

HOLCOMB FOUNDATION ENGINEERING CO., INC. 
SOILS - BITUMINOUS - CONCRETE • INVESTIGATIONS AND TESTING 

SHIPPING ADDRESS 
Bax 393 Wood Road 
Carbondale, IL 62901 

www.holcombengineering.com 

MAILING ADDRESS 
P.O. Box 88 

Carbondale, IL 62903 

Permeability Tests Results 
Laboratory Tests 
Coarse Refuse 

Pond Creek Mine - Johnston City, Illinois 

11/30/2006 Client Pond Creek Mine 
Johnston City, Illinois 

H-05278 

Moisture Content(%) Dry Unit 
Deoth (Ft.\ Before Test After Test Weiaht (PCF) 

7.7 11.8 119.3 

618-529-5262 
800-333-17 40 

FAX 618-457-8991 

Permeability 
(Cm./Sec.) 

2 X 10-4 

Permeability Tests performed in accordance with ASTM D-5084 
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Project 

,'r ~t# 

·\ 
uate 

In Place Mc 
Wet Wt. 195.3 
Pan 94.2 
Dry Wt. 188.1 
Mc(%) 7.7 

Time(hrs) Time(min) 

(_-

7 
7 

7 
7 
7 

g 
9 
9 

---

======== 

-

26 
34 

33 
45 
47 

16 
23 
3D 

======== 

I 
PERMEABILITY TEST RESULTS 

Pond Creek Mine Boring/Sample 
Depth 
Classification 

Coarse Refuse 

H-05278 

11/3D/20D6 

After Test Mc 
Wet Wt. 
Pan 
Dry Wt 
Mc(%) 

Quantity (cc) 

====::========= 
24.7 
8.2 

24.5 
2.7 
D.8 

24.4 
9.6 
D.9 

130D.4 
103.1 

1173.6 
11.8 

====:::==== 

Diameter 
Length 

2.8 Inch 
5.6 Inch 

Unit Weight (PCF) 
Sample Wt 1161.8 

WetUW= 128.5 
Dry UW= 119.3 

Head (psi} Permeability ( cm/sec) 

========= -==:====== ======== -------------------==== 
1.75E-04 

1 1.54E-D4 

1 1.44E-D4 

1 1.79E-D4 

1 1.43E-D4 

--------- ---
Average Permeability 1.63E-D4 

===--==== --=====-- -

- I ({!{; 
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9 Total Effective I I I I I I I I I ' ' I I I ! I I I I I 

7 I 7 I I I ,. I I I I ' I I 

C, tsf 0.507 0 I ' . I ' I I I ' 
I I I ' I ' I ' I ' I 

d>, dee 18.5 33.7 I I I I I ' I ' ' ' I I 

' I - I I ' I I ' I I I 

Tan~ 0.33 0.67 I I I I I ' I I I I I ' I I I I 

I I I I I I ' ' ' I ' I I I I ' ' I I I I I I I 

I I I T ' I I I ' I I I I I ' I I ' ' I I I 

I I I I I I ' I I 7 I I I I ' ,< I I I I I I I I I I 

:s 6 I I I I I I I I I I I I I I I I 

' I ' I ' I ' I I I ' I ' I ' ' 
,,; I I I I I ' ' 

., I I ' I I I ! I I I I 

"' I I I I • 7 I ' ' I I I ' I I 

CD I I ' ' I 7 I I I I I I I I I I I I 

iE ., I I 'I I ' ' ' I I ' I I I I 

~ ' I I I • I ' I ' ' 
I I I 

"' I I I ' I ' I ' I I ' ' 
CD I ' I I 

T '7 ' I I i I I I i 
,:: 
(/) 3 

I I I I I I I I I I I 

I I I I ' I I ' I 

I I ' I 

I I I I I I I I ' 

I 
I ' I I I ' 

I I I I ' ' I ' I 

I I I I ' I ' I 

I I I I I 
,, I 

-,, I I I I I I I 

. , ' " 
,, I " I I ' I ' ' I I ' 

I ~ ' ' " " I I " I I ' I 

0 ' I ' I ' I ' ' " I I ' 
0 3 6 9 12 15 18 

Total Normal Stress, tsf ---

Effective Normal Stress, tsf - - -

9 ' I I ' 
7 I I ' I Sample No. 1 2 3 

T I ' 
' ' ' I ' I Water Content, JO.I 10.8 10.3 

' I I I I Dry Density, pcf I 18.7 117.8 I I 8,7 
7.5 I 7 I I I I 

' I ro Saturation, 97.0 99.8 99.3 
17 ' I 1.-.L 3 ; 

I I ' 
·2 Vold Ratio 0.2470 0.2558 0.2468 

~ ' I I ' I Diameter, in. 2.80 2.80 2.80 
.!!l 6 I I I I ' 
,,; • ' I I I Height, in, 5.65 5.57 5.60 

"' I I I ' ' 
~ I I I I Water Content, 10.4 10.8 10.4 

ii.i 7 I I' I I I 
4.5 , I I ' ' i I "' 

Dry Density, pcf I 18.7 117.8 118.7 

.9 7 I I I 
,, I 7 I Q) Saturation, 100.0 100.0 100,0 

" 
-,,, ' I I I I 2 I-

·;;: I 7 ' 7 I 7 < Void Ratio 0.2470 0.2558 0.2468 
CD I ' I I I I ' I I ' Diameter, in. 2.80 2.80 2.80 
0 3 I I I I ' I I ' -, 1 

I Height, in, 5.65 5.57 5,60 
' - I ' I ' ' 

' I I ' I Strain rate, in./min, 0.01 0.01 0.01 

' I I I ' I 
1.5 I ! ' I I ' Back Pressure, tsf 3.60 3.60 2.16 

I I ' ' I 1 I 7 

I I I ' ' I I ' I Cell Pressure, tsf 5.04 6.48 7.92 
I ' ' I I I ' ' 0 I i I -, I ' I ' ' I I Fail. Stress, tsf 2.78 3.83 6,76 

0 5 10 15 20 Total Pore Pr., tsf 3.86 4.96 5.23 

Axial Strain, % Ult. Stress, tsf 2.77 3.83 6.76 

Total Pore Pr., tsf 3,85 4.95 5.23 

Type of Test: 
a, Failure, tsf 3.96 5.35 9.44 

CU with Pore Pressures 
a, Failure, tsf l.18 1.52 2.69 

Sample Type: Remolded Client: Pond Creek Mine 

Description: Coarse Coal Refuse 
Project: Coarse Refuse Laboratory Tests 

Assumed Specific Gravity= 2.3 7 Location: Coarse Refuse Stockpile 

Remarks: Sample Number: Coarse Refuse 

Pro), No.: H-05278 Date: 11/17/06 

TRIAXIAL SHEAR TEST REPORT 

Plate 
HOLCOMB FOUNDATION ENGINEERING CO. 

Tested By: "'LC"'------------ Checked By: .r.T.c,H _________ _ 
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6 Peak Strength 
Total Effective 

a= 0.52 tsf 0.00 tsf 

ct= 17.4 deg 29.4 deg 

tan a= 0.31 0.56 

7.5 w 
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I!! I 
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Client: Pond Creek Mine 
Project: Coarse Refuse Laboratory Tests 

Location: Coarse Refuse Stockpile 

Project No,: H-05278 

Tested By: -=L,,C:.__ ________ _ 

4 6 B 10 12 

p, tsf 
Stress Paths: Total --- Effective - - -

Sample Number: Co;::arscc.•=R::cefus=e=--------------~ 
Plate___ [ HOLCOMB FOUNDATION ENGINEERING CO. 

Checked By: .,,T.,__H,__ ________ _ 

(il 

.. 
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TRIAXIAL COMPRESSION TEST 
CU with Pore Pressures 

Date: I 1/17/06 

Client: Pond Creek Mine 

Project: 
Location: 

Coarse Refuse Laboratory Tests 
Coarse Refuse Stockpile 

Sample Number: Coarse Refuse 

Description: Coarse Coal Refuse 

Remarks: 
Type of Sample: Remolded 

Assumed Specific Gravlty=2.37 LL= 
Test Method: COE uniform strain 

Specimen Parameter Initial 
Moisture content: Moist soll+tare, gms. 226.800 
Moisture content: Dry soiJ+tare, gms. 

Moisture content: Tare, gms. 

Moisture. % 
Moist specimen weight, gms. 

Diameter, in, 

Area, ln.2 

Height, in. 
Net decrease in height, in. 
Wet Density, pcf 
Dry density, pcf 
Void ratio 
Saturation, o/o 

Membrane modulus= 0.124105 kN/cm" 
Membrane thickness= 0.02 cm 
Filter paper coefficient= 0.001926 k.."l/cm 

Filter paper coverage = 50% 

218.600 
137.500 

JO.I 
1193.I 

2.80 
6.16 
5.65 

130.6 
I 18.7 

0.2470 
97.0 

Consolidation cell pressure = 70.00 psi (5.040 tsf) 
Consolidation back pressure= 50.00 psi (3.600 tsf) 
Consolidation effective confining stress = 1.440 tsf 

Strain rate, in./mln. = 0.01 
Fall. Stress= 2.778 tsf at reading no. 41 
LIil Stress= 2.767 tsfat reading no. 42 

PL= 

Saturated 

10.4 

2.80 
6.16 
5.65 
0.00 

131.0 
I 18.7 

0.2470 
100.0 

Pl= 

Consolidated 

10.4 

2.80 
6.16 
5.65 
0.00 

131.0 
I I 8. 7 

0.2470 
100.0 

11/30/2006 
10:19 AM 

Final 
1320.700 
1195.800 

107.600 
11.5 

._ __________ HOLCOMB FOUNDATION ENGINEERING CO. -------------1 
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Def. Devlator Minor Eff. Major Eff. Pore 

·r Dial Load Load Strain Stress Stress Stress 1:3 Press. p Q 

No. In. Dial lbs. o/o !sf !sf !sf Ratio psi !sf !sf 

0 0.0010 46.60 0.0 0.0 0.000 l.498 1.498 1.00 49.20 1.498 0.000 

0.0180 160.60 114.0 0.3 1.329 1.152 2.481 2.15 54.00 1.816 0.664 

2 0.0390 189.70 143.1 0.7 1.662 1.001 2.663 2.66 56.10 1.832 0.831 

3 0.0590 205.60 159.0 1.0 1.840 0.929 2.769 2.98 57.10 1.849 0.920 

4 0.0800 212.20 165.6 1.4 1.909 0.907 2.816 . 3.10 57.40 1.862 0.955 

5 0,1000 218.90 172.3 1.8 1.979 0.900 2.879 3.20 57.50 1.890 0.990 

6 0.1200 232.20 185.6 2.1 2.125 0.900 3.025 3.36 57.50 1.962 1.062 

7 0.1410 240.50 193.9 2.5 2.211 0.907 3,118 3.44 57.40 2.013 1.106 

8 0.1610 245.50 198.9 2.8 2.260 0.914 3.174 3.47 57.30 2.044 1.130 

9 0.1820 252.20 205.6 3.2 2.327 0.922 3.249 3.53 57.20 2.085 1.164 

10 0.2020 253.80 207.2 3.6 2.337 0.936 3.273 3.50 57.00 2.104 1.168 

11 0.2230 250.50 203.9 3.9 2.291 0.958 3.248 3.39 56.70 2.103 1.145 

12 0.2430 261.30 214.7 4.3 2.403 0.972 3.375 3.47 56.50 2.173 1.201 

13 0.2630 266.30 219.7 4.6 2.450 0.979 3.429 3.50 56.40 2.204 1.225 

14 0.2840 266.30 219.7 5.0 2.440 0.994 3.434 3.46 56.20 2.214 1.220 

15 0.3040 272.10 225.5 5.4 2.495 1.008 3.503 3.48 56.00 2.256 l.248 

16 0.3250 274.60 228.0 5.7 2.513 1.022 3.536 3.46 55.80 2.279 l.257 

17 0.3450 268.00 221.4 6.1 2.431 l.037 3.468 3.34 55.60 2.252 1.216. 

18 0.3660 273.00 226.4 6.5 2.476 1.05] 3.527 3.36 55.40 2.289 1.238 

19 0.3860 278.00 231.4 6.8 2.521 1.058 3.580 3.38 55.30 2.319 1.261 

20 0.4070 278.00 231.4 7.2 2.511 l.066 3.577 3.36 55.20 2.321 1.256 

21 0.4270 283.00 236.4 7.5 2.556 1.073 3.629 3.38 55.10 2.351 1.278 

22 0.4470 284.60 238.0 7.9 2.563 1.080 3.643 3.37 55.00 2.362 1.282 

23 0.4680 278.80 232.2 8.3 2.491 1.087 3.578 3.29 54.90 2.333 1.245 

24 0.4880 286.30 239.7 8.6 2.561 1.087 3.648 3.36 54.90 2.368 1.281 

25 0.5090 290.40 243.8 9.0 2.594 1.094 3.689 3.37 54.80 2.392 1.297 

26 0.5290 292.10 245.5 9.3 2.602 1.102 3.704 3.36 54.70 2.403 1.301 

27 0.5500 298.80 252.2 9.7 2.662 1.109 3,771 3.40 54.60 2.440 1.331 

28 0.5700 299.60 253.0 10. I 2.660 1.116 3.776 3.38 54.50 2.446 1.330 

29 0.5910 294.60 248.0 10.4 2.597 1.116 3.713 3.33 54.50 2.415 1.299 

30 0.6110 302.10 255.5 10.8 2.665 1.123 3.788 3.37 54.40 2.456 1.333 

31 0.6310 306.30 259.7 I 1.2 2.698 1.130 3.828 3.39 54.30 2.479 1.349 

32 0.6520 306.30 259.7 11.5 2.687 1.130 3.817 3.38 54.30 2.474 1.343 

33 0.6720 312.10 265.5 11.9 2.736 1.145 3.881 3.39 54.10 2.513 1.368 

34 0.6930 309.60 263.0 12.2 2.699 1.145 3.843 3.36 54.10 2.494 1.349 

35 0.7130 308.80 262.2 12.6 2.680 1.152 3.832 3.33 54.00 2.492 1.340 

36 0.7340 309.60 263.0 13.0 2.676 1.159 3.835 3.31 53.90 2.497 1.338 

37 0.7540 315.40 268.8 13.3 2.724 1.166 3.891 3.34 53.80 2.528 1.362 

38 0.7750 316.20 269.6 13.7 2.721 1.166 3.887 3.33 53.80 2.527 1.360 

39 0.7950 323.70 277.1 14.1 2.785 1.181 3.966 3.36 53.60 2.573 1.392 

40 0.8150 325.40 278.8 14.4 2.790 1.181 3.971 3.36 53.60 2.576 1.395 

41 0.8360 325.40 278.8 14.8 2.778 1.181 3.959 3.35 53.60 2.570 1.389 

42 0.8560 325.40 278.8 15.1 2.767 l.188 3.955 3.33 53.50 2.571 i.383 

L----------- HOLCOMB FOUNDATION ENGINEERING CO. _________ __, 
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Specimen Parameter Saturated Consolidated Final 

,,-- Moisture content: Moist soIJ+tare, gms. 1335.900 

' Moisture content: Dry soil+tare, gms. 1222.200 

Moisture content: Tare, gms. 125.200 134.800 

Moisture,% 10.8 10.8 10.8 10.5 

Moist specimen weight, gms. 1175.1 

Diameter, in. 2.80 2.80 2.80 

Area, in.2 6.16 6.16 6.16 

Height, In. 5.57 5.57 5.57 

Net decrease in height, In. 0.00 0.00 

Wei Density, pcf 130.5 130.5 130.5 

Dry density, pcf 117.8 117.8 l l 7.8 

Void ratio 0.2558 0.2558 0.2558 

Saturation, % 99.8 100.0 100.0 

Membrane modulus= 0.124105 kN/cm2 

Membrane thickness = 0.02 cm 

FIiier paper coefficient= 0.001926 kN/cm 

Filter paper coverage= 50% 
Consolidation cell pressure= 90.00 psi (6.480 tsf) 

Consolidation back pressure= 50.00 psi (3.600 tsf) 

Consolidation effective confining stress = 2.880 tsf 

Strain rate, inJmin. = 0.01 
Fall. Stress= 3.829 tsfat reading no. 40 

Ult. Stress= 3.828 tsfat reading no. 41 

Def. Deviator Minor Eff. Major Efl. Pore 
Dial Load Load Strain Stress Stress Stress 1:3 Press. p Q 

No. In. Dial lbs. '1/, tsf tsf tsf Ratio psi tsf tsf 

0 0.0000 51.60 0.0 0.0 0.000 3.377 3.377 1.00 43.10 3.377 0,000 

0.0190 l 85.60 134.0 0.3 1.562 2.340 3.902 1.67 57.50 3.121 0.781 

2 0.0400 233.00 l 81.4 0.7 2.106 1.814 3.920 2.16 64.80 2.867 1.053 

3 0.0600 253.00 201.4 1.1 2.330 1.562 3.892 2.49 68.30 2.727 1.165 

4 0.08 l 0 263.80 212.2 1.5 2.445 1.433 3.878 2.71 70.10 2.655 1.223 

5 0.1010 270.50 218.9 1.8 2.513 1.346 3.860 2.87 71.30 2.603 1.257 

6 0.1220 274.60 223.0 2.2 2.550 1.289 3.839 2.98 72.10 2.564 1.275 

7 0.1420 281.30 229.7 2.5 2.617 1.260 · 3.877 3.08 72.50 2.569 1.309 

8 0.1620 287.10 235.5 2.9 2.674 1.238 3.912 3.16 72.80 2.575 1.337 

9 0. l 830 291.30 239.7 3.3 2.711 1.231 3.942 3.20 72.90 2.587 1.355 

10 0.2030 297.10 245.5 3.6 2.766 1.224 3.990 3.26 73.00 2.607 1.383 

11 0.2240 301.30 249.7 4.0 2.802 1.224 4.026 3.29 73.00 2.625 1.401 

12 0.2440 305.40 253.8 4.4 2.838 1.224 4.062 3.32 73.00 2.643 1.419 

13 0.2650 309.60 258.0 4.8 2.873 1.224 4,097 3.35 73.00 2.661 1.437 

14 0.2850 315.40 263.8 5.1 2.927 1.231 4.158 3.38 72.90 2.695 1.463 

15 0.3060 320.40 268.8 5.5 2.970 1.238 4.209 3.40 72.80 2,724 1.485 

16 0.3260 326.20 274.6 5,9 3.023 1.246 4.269 3.43 72.70 2.757 1.512 

17 0.3460 330.40 278.8 6.2 3.058 1.253 4.310 3.44 72.60 2.782 1.529 

18 0.3670 334.60 283.0 6.6 3.091 l.267 4.358 3.44 72.40 2.813 1.546 

19 0.3870 341.20 289.6 6.9 3.151 1.282 4.433 3.46 72.20 2.857 1.576 

20 0.4080 346.20 294.6 7.3 3.192 1.296 4.488 3.46 72.00 2.892 1.596 

21 0.4280 351.20 299.6 7.7 3.234 1 .310 4.544 3.47 71.80 2.927 1.617 

HOLCOMB FOUNDATION ENGINEERING CO. 
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-~ Def. Oeviator Minor Eff. Major Eff. Poro 

' Dial Load Load Strain Stress Stress Stress 1:3 Press. p a 
No. In. Dial lbs. 'lo tsf tsf tsf Ratio psi tsf tsf 

22 0.4490 357.00 305.4 8.1 3.283 1.318 4.601 3.49 71.70 2.959 1.642 

23 0.4690 359.50 :l07 .9 8.4 3.297 1.332 4.629 3.48 71.50 2.981 1.649 

24 0.4890 362.80 3 l 1.2 8.8 3.3 [9 1.339 4.659 3.48 71.40 2.999 1.660 

25 0.5100 368.70 3 l 7.l 9.2 3.368 1.346 4.7[5 3.50 7[.30 3.031 1.684 

26 0.5300 374.50 322.9 9.5 3.416 1.361 4.777 3.5[ 71.lO 3.069 l.708 

27 0.5510 377.00 325.4 9.9 3.429 1.368 4.797 3.5[ 71.00 3.082 1.714 

28 0.5710 381.20 329.6 10.2 3.459 1.368 4.827 3.53 71.00 3.098 1.730 

29 0.5920 384.50 332.9 10.6 3.479 1.382 4.861 3.52 70.80 3.122 1.739 

30 0.6120 386.20 334.6 11.0 3.483 1.390 4.872 3.51 70.70 3.l31 1.741 

3[ 0.6330 392.00 340.4 11.4 3.528 1.397 4.925 3.53 70.60 3.161 1.764 

32 0.6530 397.00 345.4 11.7 3.565 1.41 l 4.977 3.53 70.40 3.194 1.783 

33 0.6730 400.30 348.7 12.1 3.585 1.426 5.010 3.51 70.20 3.2[8 1.792 

34 0.694() 406.10 354.5 12.5 3.629 l.440 5.069 3.52 70.00 3.254 l.814 

35 0.7140 4[0.30 358.7 12.8 3.657 1.454 5.l 11 3.5[ 69.80 3.283 1.828 

36 0.7350 413.60 362.0 13.2 3.674 l.469 5.143 3.50 69.60 3.306 l.837 

37 0.7550 420.30 368.7 13.6 3.727 1.483 5.210 3.51 69.40 3.347 l.863 

38 0.7760 423.60 372.0 13.9 3.744 1.498 5.242 3.50 69.20 3.370 1.872 

39 0.7960 427.80 376.2 14.3 3.770 1.505 5.275 3.51 69.10 3.390 1.885 

40 0.8170 435.30 383.7 14.7 3.829 1.519 5.348 3.52 68.90 3.434 1.914 

41 0.8370 436.90 385.3 15.0 3.828 1.526 5.355 3.51 68.80 3.441 1.914 

.._ _________ HOLCOMB FOUNDATION ENGINEERING CO. _________ ___.. 
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Specimen Parameter Initial Saturated Consolidated Final 

,- Moisture content: Moist soll+tare, gms. 184.300 1333.800 

Moisture content: Dry soil+lare, gms. 177.100 1230.400 

Moisture content: Tare, gms. 107.500 135.300 

Moisture,% 10.3 10.4 10.4 9.4 

Moist specimen weight, gms. 1185.2 

Diameter, in, 2.80 2.80 2.80 

Area, in.z 6.16 6.16 6.16 

Height, in. 5.60 5.60 5.60 

Net decrease In height, in. 0.00 0.00 

Wet Density, pcf 130.9 131.0 131.0 

Dry density, pcf 118.7 118.7 118.7 

Void ratio 0.2468 0.2468 0.2468 

Saturation,% 99.3 100.0 100.0 

Membrane modulus= 0.124105 k:N/cm' 

Membrane thickness= 0.02 cm 

Filter paper coefficient= 0.001926 kN/cm 

Filler paper coverage = 50% 

Consolidation cell pressure= 110.00 psi (7.920 tsf) 

Consolidation back pressure= 30.00 psi (2.160 tsf) 

Consolidation effective confining stress= 5.760 tsf 

Strain rate, lnJmin. = 0.01 

Fail. Stress= 6.758 tsfat reading no. 42 

Ult. Stress= 6.758 tsfat reading no. 42 

Def. Davlator Minor Eff. Major Eff. Pore 

Dial Load Load Strain Stress Stress Stress 1:3 Press. p Q 

No. In. Dial lbs. % tsf tsf tsf Ratio psi tsf tsf 

0 0.0000 25.00 0.0 0.0 0.000 6.588 6.588 1.00 18.50 6.588 0.000 

1 0.0190 88.20 63.2 0.3 0.736 6.458 7.195 I.I l 20.30 6.827 0.368 

2 0.0400 309.60 284.6 0.7 3.304 5.623 8.927 1.59 31.90 7.275 l.652 

3 0.0600 397.00 372.0 1.1 4.303 4.795 9.098 1.90 43.40 6.947 2.152 

4 0.0810 428.60 403.6 1.4 4.651 4.234 8.885 2.10 51.20 6.559 2.326 

5 0.1010 441.90 416.9 1.8 4.787 3.830 8.617 2.25 56.80 6.224 2.393 

6 0.1220 449.40 424.4 2.2 4.854 3.521 8.375 2.38 61.10 5.948 2.427 

7 0.1420 460.20 435.2 2.5 4.960 3.283 8.243 2.51 64.40 5.763 2.480 

8 0.1620 467.70 442.7 2.9 5.027 3.017 8.044 2.67 68.10 5.530 2.513 

9 0.1830 476.00 451.0 3.3 5.101 2.837 7.938 2.80 70.60 5.387 2.551 

10 0.2030 483.50 458.5 3.6 5.167 2.693 7.860 2.92 72.60 5.276 2.583 

11 0.2240 489.30 464.3 4.0 5.212 2.585 7.797 3.02 74.l_O 5.191 2.606 

12 0.2440 495.20 470.2 4.4 5.258 2.491 7.750 3.11 75.40 5.120 2.629 

13 0.2650 505.20 480.2 4.7 5.349 2.419 7.768 3.21 76.40 5.094 2.675 

14 0.2850 511.00 486.0 5.1 5.394 2.369 7.762 3.28 77.10 5.066 2.697 

15 0.3060 518.50 493.5 5.5 5.455 2.333 7.788 3.34 77.60 5.060 2.728 

l 6 0.3260 526.80 501.8 5.8 5.526 2.304 7.830 3.40 78.00 5.067 2.763 

17 0.3460 533.50 508.5 6.2 5.579 2.297 7.875 3.43 78.10 5.086 2.789 

18 0.3670 539.30 514.3 6.6 5.620 2.326 7.945 3.42 77.70 5.135 2.810 

19 0.3870 548.40 523.4 6.9 5.697 2.275 7.972 3.50 78.40 5.124 2.849 

20 0.4080 555.90 530.9 7.3 5.756 2.261 8.016 3.55 78.60 5. 139 2.878 

21 0.4280 565.90 540.9 7.6 5.841 2.261 8.102 3.58 78.60 5.181 2.921 

HOLCOMB FOUNDATION ENGINEERING CO. 
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. ,·r- Def • Oeviator Minor Elf. Major Elf. Porn 

-\ 
Dial Load Load Strain Stress Stress Stress 1:3 Press. p Q 

No. in. Dial lbs. ¼ tsf tsf tsf Ratio psi tsf tsf 

22 0.4490 569.20 544.2 8.0 5,853 2.268 8.121 3.58 78.50 5.195 2.927 

23 0.4690 575.10 550.1 8.4 5.894 2.282 8.176 3.58 78.30 5.229 2.947 

24 0.4890 584.20 559.2 8.7 5.968 2.297 8.265 3.60 78.10 5.281 2.984 

25 0.5100 592.50 567.5 9.1 6.031 2.311 8.343 3.61 77.90 5.327 3.016 

26 0.5300 599.20 574.2 9.5 6.079 2.333 8.41 l 3.61 77.60 5.372 3.039 

27 0.5510 605.90 580.9 9.8 6.124 2.354 8.479 3.60 77.30 5.416 3.062 

28 0.5710 613.30 588.3 10.2 6.178 2.362 8.539 3.62 77.20 5.450 3.089 

29 0.5920 617.50 592.5 10.6 6.196 2.405 8.601 3.58 76.60 5.503 3.098 

30 0.6120 626.70 601.7 10.9 6.267 2.527 8.794 3.48 74.90 5.661 3.133 

31 0.6330 638.30 613.3 I 1.3 6.361 2.426 8.787 3.62 76.30 5.607 3.180 

32 0.6530 644.10 619.1 11.7 6.395 2.448 8.843 3.61 76.00 5.646 3.198 

33 0.6730 650.80 625.8 12.0 6.438 2.477 8.915 3.60 75.60 5.696 3.219. 

34 0.6940 656.60 631.6 12.4 6.470 2.498 8.968 3.59 75.30 5.733 3.235 

35 0.7140 662.50 637.5 12.8 6.504 2.506 9.009 3.60 75.20 5.758 3.252 

36 0.7350 669.10 644.1 13.! 6.543 2.542 9.085 3.57 74.70 5.813 3.271 

37 0.7550 678.30 653.3 13.5 6.609 2.563 9.172 3.58 74.40 5.868 3.305 

38 0.7760 684.10 659.1 13.9 6.639 2.585 9.224 3.57 74.10 5.904 3.319 

39 0.7960 690.70 665.7 14.2 6.678 2.614 9.291 3.55 73.70 5.952 3.339 

40 0.8170 699.10 674.1 14.6 6.732 2.635 9.367 3.55 73.40 6.001 3.366 

41 0.8370 70!.60 676.6 14.9 6.729 2.700 9.429 3.49 72.50 6,065 3.365 

42 0.8570 707.40 682.4 15.3 6.758 2.686 9.444 3.52 72.70 6,065 3.379 

.._ __________ HOLCOMB FOUNDATION ENGINEERING CO. ---------~ 
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HOLCOMB FOUNDATION ENGINEERING CO., INC. 
SOILS • BITUMINOUS • CONCRETE • INVESTIGATIONS AND TESTING 

SHIPPING ADDRESS 
Box 393 Wood Road 
Carbondale. IL 62901 

April 9, 2007 

Williamson Energy LLC 
PO Box 99 
Johnston City, Illinois 62951 

Attention: Mr. James Plumley 

Re: Coarse Refuse Laboratory Tests 
Mach Mine 
Johnston City, Illinois 
HFE File H-05278 

Dear Sir: 

www.holcombengineering.com 

MAILING ADDRESS 
P.O. Box 88 

Carbondale, IL 62903 

618-529-5262 
800-333-1740 

FAX 618-457-8991 

In accordance with your instructions, on March 29, 2007, we sampled coarse refuse at Mach Mine 
and performed laboratory tests on remolded samples. Results of the tests are as follows: 

Visual Classification: Coarse Coal Refuse (Shale, Coal, Sandstone Mixture) 

Proctor Test Results: 
Maximum Dry Unit Weight: 120.3 PCF 
Optimum Moisture Content: I 0. 7 % 

Specific Gravity: 

Triaxial Test Results: 
Effective Cohesion: 
Effective Phi Angle: 

Permeability (2 tests): 

2.50 

152 PSF 
29.3 Degrees 

3 x l 0-4 cm.!sec. 
2 x 1 0-4 cm.!sec. 

Results of the grain size analysis and the laboratory tests are attached. 

57 
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( 
Mach Mine Coarse Refuse Tests 

April 9, 2007 
Page2 

If you should have any questions, or if we can be of further assistance, please feel free to contact us 

at your converrience. 

Sincerely, 

1 copy: Justin Harry- Alliance Consulting 



R16431

C 

Date: 

Project No.: 

Barino No. 

Coarse Refuse 
Sample #1 

Coarse Refuse 
Sample #2 

HOLCOMB FOUNDATION ENGINEERING CO., INC. 
SOILS • BITUMINOUS - CONCRETE - INVESTIGATIONS AND TESTING 

SHIPPING ADDRESS 
Box 393 Woad Road 
Carbondale, IL 62901 

www.holcombengineering.com 

MAILING ADDRESS 
P.O. Bax BB 

Carbondale, IL 62903 

Permeability Tests Results 
Mach Mine 

4/9/2007 

H-05278 

Depth (Ft.\ 

Johnston City, Illinois 

Client 

Moisture Content(%) 
Before Test After Test 

10.9 14.6 

10.1 14.3 

Williamson Energy 

Dry Unit 
Weiaht (PCF\ 

115.7 

114.7 

616-529-5262 
800-333-17 40 

FAX 618-457-6991 

Permeability 
(Cm./Sec.) 

3 X 10-4 

2 X 10-4 

Permeability Tests performed in accordance with ASTM D-5084 
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Holcomb Foundation Engineering 

Moisture Density Relationship 

Project Pond Creek Mine 

Johnston City, Jlfinois 

Location: Coarse Refuse Disposal Area 

Project Na.: H-05278 

Date: 

Test Data 

4/912007 

ASTM D-698 (standard) 

Moisture 

Content(%) 

12.8 

13.2 

10.2 

7.8 

10.7 

Proctor Test Results 

Soil Classification: 

Maximum Dry Density (PCF) 

Weathered Coarse Refuse 

120.3 

Optimum Moisture Content{%) 10.7 

Dry Unit Wt. 

(PCF) 

118.7 

116.7 

120.1 

119.1 

120.3 

122.0 ·r-----------------------------------~ 

r;:
l) 

e::. 

121.0 

120.0 · 

ii; 119.0 

·2 
::, 

1::-
□ 

118.0 

117.0 

115.0 

7.0 

♦ 

Proctor Curve 

♦ 

♦ 

♦ 

B.O 9.0 10.0 11.0 12.0 13.0 14.0 

% Moisture-
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Holcomb Foundation Engineering 
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Project 

Project No_: 

Sample No. 

Sieve 

2" 
1.5" 
1" 
3/4" 
1/2" 
3/8" 
#4 
#10 
#20 
#40 
#60 
#100 
#200 

HOLCOMB FOUNDATION ENGINEERING CO., INC. 
SOILS - BITUMINOUS - CONCRETE - l>JVESTIGATIONS AND TESTING 

SHIPPING ADDRESS 
Box 393 Wood Road 
Carbondale, IL 62901 

www.holcombengineering.com 

MAIUNG ADDRESS 
P.O. Box 88 

Carbondale, IL 62903 

Grain Size Analysis 

Mach Mine Client ivlach Mine 

H-05278 Date: 4/9/2007 

Coarse Refuse Total Weight: 2290.30 

Wt. Retained %Rel % Passing 

0.0 0.0 100.0 
314.4 13_7 86.3 
536.7 23.4 76.6 
674.8 29.5 70.5 
901.6 39.4 60.6 

1061.2 46.3 53.7 
1522_ 1 66_5 33.5 
1911.6 83,5 16-5 
2091_9 91_3 8_. 7-
2166.2 94.6 5.4 
2202.2 96.2 3.8 
2223.7 97.1 2.9 
2245.2 98.0 2_0 

618-529-5262 
800-333-17 40 

FAX 618-457-8991 

:57 
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-.!!! 
u," 

"' a, 

c7l 
ffi 
a, 
.c 
en 

,:::.$; -+-: :':,'. '; :rL :.: ;.:.~:f1t=ili~1-#=r.~ 
3.8 5.7 7.6 9.5 11.4 

Total Normal Stress, tsf --

Effective Normal stress, tsf - - -

::~Jtlµ' ~:~ 
t===:t=::-:~=•::+· ... =:~.t =t=~T :~::i~:~tent, 

3 f-t--f--·---i--,...--t--+------+---~...,...~~~-, iii Dry Density, pct 

----:-·. I • •r:-- I • +-~ -~-•-~~·_: -12 ~ ~~~;~~~• 
2 / . ..:_.i..._; , .l ; ; 

1 Diameter, in. 
' I ·1 ! ·!-- H • ht . 

-(~- : ____ -- .--,- 1--; i .... :·· e1g , m. 

'-:----f ~-- 1 
- ; ; : , 

1 
; 1 

~ Strain rate, in./min. 

15 20 

Axial Strain, % 

Back Pressure, tsf 

Cell Pressure, tsf 
Fail. Stress, tsf 

Total Pore Pr., tsf 
UIL Stress, tsf 

Total Pore Pr., tsf 

1---------------------" "'cr1 Failure, tsf 
Type of Test: "cr3 Failure, tsf 

CU with Pore Pressures 

Sample Type: Coarse Refuse 

Description: 

Client: Pond Creek Mine 

1 

14.4 
!13.2 
95.1 

0.3793 
2.80 
5.59 

15.2 
113.2 
100.0 

0.3793 
2.80 
5.59 

0.00 
}.60 

5.04 
1.85 
4.18 
1.85 
4.18 
2.71 
0.86 

Project: Coarse Refuse Laboratory Tests 

Assumed Specific Gravity= 2.50 Location: Weathered Coarse Refuse 

Remarks: 

2 

12.7 
115.1 
89.0 

0.3560 
2.80 
5.58 

14.2 
115.! 
l00.0 

0.3560 
2.80 
5.58 

0.00 
3.60 
6.48 
2.67 
5.27 
2.66 
5.22 
3.88 
1.21 

Pro). No.: H-05278 Date: 4/2/07 

3 

13.1 
114.6 
90.4 

0.3615 
2.80 
5.58 

14.5 
114.6 
100.0 

0.3615 
2.80 
5.58 

0.00 
1.80 
7.56 
5.55 
4.77 
5.55 
4.77 
8.34 
2.79 

.... · TRlAXTAL"SREARTESTREPORT··· .. 

Plate 
HOLCOMB FOUNDATION ENGINEERING CO. 

Tested By: ,,.L,,C _________ _ Checked By: ~T~H'-----------
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6 Peak Strength 
Total Effective 

a= 0.23 tsf 0.07 tsf 

a.= 16.6 deg 26.2 deg 

tan a= 0.30 0.49 

2'----'--

2 4 6 

p, tsf 

'fl 1 

7.5 z 

6 >----------'----.·--------; -· 
: ; i 
' : ' 

4.5 · 
I 
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7.5~ 
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o'=-----~-----=---' 0% 8% 16% 

---./- ---~---.. ·-------- ---- __ ! __ _ 
I 

I 

8 10 12 

Stress Paths: Total -- Effective - - -

Client: P□Dd Creek Mine 

. Project: Coarse Rdusc Laboratory . .T.ests. 
Location: VVeaihcred Coarse Refuse 

Project No.: H-05278 

Tested By: ,,Lo,Cc__ ________ _ 

Plate ___ _ 
HOLCOMB FOUNDATION ENGINEERING CO. 

Checked By: .,_TwH ________ _ 
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TRIAXIAL COMPRESSION TEST 
CU with Pore Pressures 

Date: 
Client: 

Project: 

Location: 
Description: 

Remarks: 

4/2/07 

Pond Creek Mine 
Coarse Refuse Laboratory Tests 

Weathered Ccarne Refuse 

Type of Sample: Coarse Refuse 
Assumed Specific Gravity=2.50 LL= 

Test Method: COE UIIifonn strain 

Specimen Parameter Initial 

Moisture content: Moist soll+tare, gms. 179.300 

Moisture content: Dry soil+tare, gms. 

Moisture content: Tare, gms. 

Moisture,% 

Moist specimen weight, gms. 

Diameter, in. 

Area, in.2 

Height, in. 

Net decrease in height, in. 

Wet Density, pcf 

Dry density, pcf 
Void ratio 

Saturation, ¾ 

165.700 
71.400 

14.4 
1 l 70.0 

2.80 
6.16 

5.59 

129.5 
113.2 

0.3793 

95.1 

PL= 

Saturated 

15.2 

2.80 
6.16 

5.59 
0.00 

130.3 
113.2 

0.3793 
100.0 

Maahl!tt$¼ffi 
Membrane modulus= 0.124105 kN/cm2 

Membrane thickness = 0.02 cm 

Filter paper coefficient= 0.001926 kN/cm 
Filter paper coverage = 50% 

Consolidation cell pressure= 70.00 psi (5.040 tst) 

Consolidation back pressu·re = 50.00 psi (3.600 tst) 

Consolidation effective confining stress = 1.440 tsf 
Strain rate, in./min. = 0.00 

Fail. Stress = 1.845 tsf at reading no. 31 
Ult. Stress = 1.845 tsf at reading no. 31 

Pl= 

Consolidated 

15.2 

2.80 
6.16 
5.59 
0.00 

130.3 
113.2 

0.3793 

100.0 

, ... l 

4/9/2007 
11:10AM 

Final 
1255.500 
1117.500 

79.600 

13.3 

,._ __________ HOLCOMB FOUNDATION ENGINEERING CO. ----------....l 

_, r 
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Def. Deviator Minor Eff. Major Elf. Pore 

Dial Load Load Strain Stress Stress Stress 1:3 Press. p Q 

No. In. Dial lbs. '/, tsf tsf tsf Ratio psi tsf tsf 

0 0.0000 19. 10 0.0 0.0 0.000 l.627 1.627 1.00 47.40 1.627 0.000 

0.0190 20.00 0.9 0.3 0.001 1.642 1.642 1.00 47.20 l.642 0.000 

2 0.0400 20.00 0.9 0.7 0.000 1.656 1.656 1.00 47.00 !.656 0.000 

3 0.0600 20.00 0.9 I.I 0.000 1.663 1.663 l.00 46.90 1.663 0.000 

4 0.0810 20.00 0.9 l.4 0.000 1.678 1.678 1.00 46.70 l.678 0.000 

5 0.1010 25.00 5.9 1.8 0.017 1.678 1.694 1.01 46.70 1.686 0.008 

6 0.1220 99.00 79.9 2.2 0.857 1.318 2.175 1.65 51.70 1.746 0.429 

7 0.1420 124.00 !04.9 2.5 1.195 1.152 2.347 2.04 54.00 l.750 0.598 

8 0.1620 134.80 115.7 2.9 !.314 1.058 2.372 2.24 55.30 1.715 0.657 

9 O. l 830 140.60 121.5 3.3 1.374 1.001 2.375 2.37 56.10 1.688 0.687 

IO 0.2030 144.80 125.7 3.6 1.416 0.965 2.381 2.47 56.60 1.673 0.708 

ll 0.2240 148.10 129.0 4.0 1.448 0.936 2.384 2.55 57.00 1.660 0.724 

12 0.2440 150.60 131.5 4.4 1.471 0.914 2.385 2.61 57.30 1.650 0.735 

13 0.2650 153.10 134.0 4.7 1.493 0.900 2.393 2.66 57.50 1.646 0.746 

14 0.2850 155.60 136.5 5.1 1.515 0.878 2.393 2.72 57.80 1.636 0.757 

15 0.3060 157.30 138.2 5.5 1.528 0.864 2.392 2.77 58.00 1.628 0.764 

16 0.3260 159.80 140.7 5.8 1.549 0.857 2.406 2.81 58. 10 1.631 0.775 

17 0.3460 I 62.30 143.2 6.2 1.571 0.850 2.420 2.85 58.20 1.635 0.785 

IS 0.3670 I 63.IO 144.0 6.6 l .573 0.835 2.408 2.88 58.40 1.622 0.787 

!9 0.3870 I 66.40 147.3 6.9 1.603 0.828 2.431 2.94 58.50 1.630 0.802 

20 0.4080 !68.90 149.8 7.3 1.624 0.821 2.445 2.98 58.60 1.633 0.8!2 

21 0.4490 172.30 !53.2 8.0 1.648 0.814 2.461 3.02 58.70 1.637 0.824 

22 0.4890 173.90 154.8 8.7 1.652 0.806 2.458 3.05 58.80 1.632 0.826 

23 0.5300 178.90 159.8 9.5 1.691 0.806 2.498 3.10 58.80 1.652 0.846 

24 0.5710 I 84.80 165.7 10.2 1.740 0.814 2.553 3.14 58.70 1.683 0.870 

25 0.6120 I 86.40 !67.3 10.9 1.742 0.806 2.549 3.16 58.80 1.677 0.871 

26 0.6530 I 90.60 171.5 11.7 1.771 0.821 2.592 3.1'6 58.60 1.706 0.886 

27 0.6940 195.60 176.5 12.4 1.808 0.821 2.628 3.20 58.60 1.725 0.904 

28 0.7350 197.20 !78.1 I 3 .I 1.809 0.835 2.644 3.17 58.40 1.740 0.904 

29 0.7760 201.40 I 82.3 13.9 1.836 0.842 2.678 3.18 58.30 1.760 0.918 

30 0.8170 204.70 l 85.6 14.6 1.853 0.857 2.710 3.16 58.IO 1.783 0.927 

31 0.8370 204.70 185.6 l 5.0 1.845 0.864 2.709 3.14 58.00 1.787 0.923 

'------------ HOLCOMB FOUNDATION ENGINEERING CO. ----------....! 
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Specimen Parameter Initial 

Moisture content: Moist soif+tare, gms. 169.900 

Moisture content: Dry soil+tare, gms. 

Moisture content: Tare, gms. 

Moisture,% 

158.800 

71.200 

12.7 

Moist specimen weight, gms. 

Diameter, in. 

Area, in.1 

Height, in. 

Net decrease in height, in. 

Wet Density, pcf 

Dry density, pcf 

Void ratio 

1169.8 

2.80 

6.16 

5.58 

129.7 

115.1 

0.3560 

Saturation,% 89.0 

Membrane modulus= 0.124105 kN/cm2 

Membrane thickness= 0.02 cm 

Filter paper coefficient = 0.00 I 926 kN/cm 

Filter paper coverage = 50% 

Consolidation cell pressure = 90.00 psi (6.480 tst) 

Consolidation back pressure= 50.00 psi (3.600 tst) 

Consolidation effective confining stress= 2.880 tsf 

Strain rate, lnJmin. = 0.00 

Fail. Stress= 2.666 tsf at reading no. 27 

Ult. Stress = 2.663 tsfat reading no.31 

Def. Deviator 
Dial Load Load Strain Stress 

No. in. Dial lbs. % tsf 

0 0.0000 62.40 0.0 0.0 0.000 

0.0220 173.10 110.7 0.4 1.289 

2 0.0420 206.40 144.0 0.8 J.67i 

J 0.0620 223.00 I 60.6 I.I 1.857 

4 0.0830 230.50 I 68.1 1.5 1.936 

5 0.1030 235.50 173.1 1.8 1.987 

6 0.1240 238.00 175.6 2.2 2.008 

7 0.1440 242.20 179.8 2.6 2.048 

8 0.1650 245.50 I 83.1 3.0 2.078 

9 0.1850 248.80 186.4 3.3 2.107 

IO 0.2060 252.20 189.8 3.7 2.137 

11 0.2260 254.70 192.3 4.0 2.158 

l'.l 0.2460 253.80 I 91.4 4.4 2.139 

iJ 0.2670 258.80 196.4 4.S 2.187 

14 0.2870 260.50 198.1 5.1 2.197 

15 0.3080 263.00 200.6 5.5 2.216 

16 0.3280 265.50 203.1 5_9 2.235 

17 0.3490 268.80 206.4 6.3 2.263 
. 1:;· 0.31i90 26s:so· 2D"6:4"" ""606" ·-z2~--

19 0.3900 273.00 2!0.6 7.0 2.290 

20 0.4100 275.50 213.1 7.3 2.309 

21 0.4510 281.30 218.9 g_J 2.353 

Minor Eff. 
Stress 

tsf 

3.967 

2.484 

2.016 

1.764 

1.613 

1.512 

1.447 

1.390 

1.346 

1.310 

1.289 

1.267 

1.253 

1.238 

1.231 

1.217 

1.210 

1.210 

1.202 

i.l95 

1.195 

i.138 

Saturated Consolidated 

14.2 14.2 

2.80 2.80 

6.16 6.16 

5.58 5.58 

0.00 0.00 

131.5 131.5 

115.1 115.1 

0.3560 0.3560 

100.0 100.0 

Major Eff. Pore 
Stress 1:3 Press. p 

tsf Ratio psi tsf 

3.967 1.00 34.90 3.967 

3.773 1.52 55.50 3.129 

3.687 1.83 62.00 2.852 

3.621 2.05 6550 2.693 

3.549 2.20 67.60 2.581 

3.499 2.31 69.00 2.505 

3.455 2.39 69.90 2.451 

3.438 2.47 70.70 2.414 

3.424 2.54 71.30 2.385 

3.418 2.61 71.80 2.364 

3.426 2.66 72.10 2.358 

3.42j 2.70 72.40 2.346 

3.392 2.71 72.60 2.322 

3.425 2_77 72.80 2.332 

3.428 2.78 72.90 2.330 

3.433 2.82 73.10 2.325 

3.445 2.85 73.20 2.327 

3.472 2.87 iJ.20 2.341 
T455 .. . ·2:87 73.30 .. 2·:::r29· 

3.486 2.92 73.40 2.340 

3.504 2.93 73.40 2.350 

3.541 2.98 73.50 2.364 

HOLCOMB FOUNDATION ENGINEERING CO. 

a 
tsf 

0.000 

0.645 

0.836 

0.929 

0.968 

0.993 

1.004 

1.024 

J.039 

1.054 

1.069 

l.079 

J.070 

1.093 

1.099 

I. I 08 

I. I l 8 

I. I 3 I 
.. r:r2T 

1.145 

l.154 

i.176 

'17 / 

Fina! 

1238.700 

1117.200 

73.100 

11.6 
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Def. Deviator Minor Eff. 
Dial Load Load Strain Stress Stress 

No. in. Dial lbs. ¾ t,;f tsf 

22 0.4920 284.60 222.2 8.8 2.369 l.195 

23 0.5330 292.10 229.7 9.6 2.429 1.195 

24 0.5740 296.30 233.9 10.3 2.454 1.202 

25 0.6140 300.40 238.0 11.0 2.477 1.202 

26 0.6440 305.40 243.0 11.5 2.514 1.217 

27 0.6960 322.90 260.5 12.5 2.666 1.210 

28 0.7370 316.20 253.8 13.2 2.576 1.238 

29 0.7780 322.10 259.7 13.9 2.613 1.238 

30 0.8190 328.70 266.3 14.7 2.657 1.253 

31 0.8390 330.40 268.0 15.0 2.663 1.260 

Specfmen Parameter Initial 

Moisture content: Moist sorl+tarer gms. 171.400 

Moisture Content: Dry soil+tare, gms. 

Moisture· content Tare1 gms. 

Moisture,% 

Moist specimen weight, gms. 

Diameter, in. 

Area, in.2 

Height, in. 

Net decrease in height, in. 

Wet Density, pcf 

Dry density, pcf 

160.000 

72,800 

13. l 

1168.8 

2.80 

6.16 

5.58 

129.6 

114.6 

Major Eff. Pore 
Stress 1:3 Press. p 

tsf Ratio psi tsf 

3.564 2.98 73.40 2.380 

3.625 3.03 73.40 2.410 

3.656 3.04 73.30 2.429 

3.679 3.06 73.30 2.441 

3.730 3.07 73.10 2.474 

3.876 3.20 73.20 2.543 

3.814 3.08 72.80 2.526 

3.852 3.1 I 72.80 2.545 

3.910 3.12 72.60 2.581 

3.923 3.11 72.50 2.591 

Saturated Consolidated 

14.5 14.5 

2.80 2.80 

6.16 6.16 

5.58 5.58 

0.00 0.00 

131.2 131.2 

114.6 114.6 

Void ratio 0.3615 0.3615 0.3615 

Saturation,¾ 90.4 100.0 100.0 

~..; .. 4444;;µ.;w;. 
Membrane modulus= 0.124105 kN/cm2 

Membrane thickness = 0.02 cm 

Filter paper coefficient= 0.001926 k,'{/cm 

Filter paper coverage = 50% 

Consolidation cell pressure= 105.00 psi (7.560 tsf) 

Consolidation back pressure= 25.00 psi (l.800 tsf) 

Consolidation effective confining stress= 5.760 tsf 
Strain rate, inJmin. = 0.00 

Fail. Stress= 5.549 tsfat reading no. 35 

Ult. Stress= 5.549 tsfatreading no. 35 

Def. Deviatar 
Dial Load Load Strain Stress 

No. in. Dial lbs. ¾ ts/ 

0 0.0020 I 02.40 0.0 0.0 0.000 

0.0170 286.30 I 83.9 0.3 2.145 

2 0.0370 364.50 262.1 0.6 3.046 

3 0.0580 407.00 304.6 1.0 3.526 

Minor Eff. 
Stress 

tsf 

7.207 

6.674 

6.1 I3 

5.537 

Major Eff. 
Stress 1:3 

tsf Ratio 

7.207 I.DO 

8.819 1.32 

9.158 1.50 

9.063 1.64 

Pore 
Press. p 

psi tsf 

4.90 7.207 

12.30 7,747 

20.10 7.636 

28.10 7.300 

Q 
tsf 

1.185 

l.215 

1.227 

1.238 

l.257 

1.333 

1.288 

1.307 

1.328 

I .331 

Final 

1284.500 

1180.500 

134.900 

9.9 

Q 
tsf 

0.000 

1.072 

1.523 

1.763 

·4 O:tl'i'SO- 426:-IO· 323·.-r · ·tA 3:733' · ·--4:99,. 8'.730- .. ·1./)·- '33:60''" 6.~54 .. 'T.867 

5 0.0990 437.70 335.3 1.7 3.853 4.536 8.389 1.85 42.00 6.462 1.926 

6 0.1190 449.40 347.0 2.1 3.972 4.133 8.105 1.96 47.60 6.119 1.986 

7 0.1400 457.70 ]55.3 2.5 4.052 3.838 7.889 2.06 51..70 5.863 2.026 

HOLCOMB FOUNDATION ENGINEERING CO. 
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Def. Oeviator Minor Eff. Major Eff. Pore 

Dial Load Load Strain Stress Stress Stress 1:3 Press. p Q 

No. In. Dial lbs. % tsf tsf tsf Ratio psi tsf tsf 

8 0.1600 464.40 362.0 2.8 4.1 I 3 3.593 7.706 2.14 55.10 5.649 2.056 

9 0.1810 474.40 372.0 3.2 4.210 3.384 7.594 2.24 58.00 5.489 2.105 

10 0.2010 481.90 379.5 3.6 4.279 3.211 7.490 2.33 60.40 5.351 2.140 

11 0.2210 487.70 385.3 3.9 4.328 3.074 7.403 2.41 62.30 5.239 2.164 

12 0.2420 495.20 392.8 4.3 4.395 2.959 7.355 2.49 63.90 5.157 2.198 

13 0.2620 503.50 401.1 4.7 4.471 2.851 7.323 2.57 65.40 5.087 2.236 

14 0.2830 509.30 406.9 5.0 4.518 2.772 7.290 2.63 66.50 5.031 2.259 

15 0.3030 519.30 416.9 5.4 4.612 2.693 7.305 2.71 67,60 4.999 2.306 

16 0.3240 522.60 420.2 5.8 4.630 2.650 7.279 2.75 6820 4.965 2.315 

17 0,3440 526.00 423.6 6.1 4.650 2.621 7.270 2.77 68.60 4.946 2.325 

18 0.3650 534.30 431.9 6.5 4.722 2.578 7.299 2.83 69.20 4.938 2.361 

19 0.3850 541.80 439.4 6.9 4.785 2.549 7.334 2.88 69.60 4.941 2.393 

20 0.4050 546.80 444.4 7.2 4.821 2.534 7.355 2.90 ,69.80 4.945 2.411 

21 0.4260 553.40 451.0 7.6 4.873 2.520 7,393 2.93 70.00 4.956 2.436 

22 0.4460 558.40 456.0 8.0 4.908 2.506 7.413 2,96 70.20 4.959 2.454 

23 0.4670 560.90 458.5 8.3 4.914 2.506 7.420 2.96 70.20 4.963 2.457 

24 0.4870 569.20 466.8 8.7 4.984 2.506 7.489 2,99 70.20 4.997 2.492 

25 0.5080 574.20 47l.8 9. I 5.016 2.513 7.529 3.00 70.10 5.021 2.508 

26 0.5280 580.10 477.7 9.4 5.059 2.520 7.579 3.01 70.00 5.050 2.530 

27 0.5690 592.50 490.1 10.2 5.148 2.534 7.683 3.03 69.80 5.109 2.574 

28 0.6100 600.00 497.6 10.9 5.184 2.570 7.755 3.02 69.30 5.163 2.592 

29 0.6510 610.90 508.5 11.6 5.254 2.599 7.853 3.02 68.90 5.226 2.627 

30 0.6920 625.80 523.4 12.4 5.363 2.628 7.991 3.04 68.50 5.310 2.682 

31 0.7330 631.70 529.3 13.1 5.378 2.671 8.049 3.01 67.90 5.360 2.689 

32 0.7730 641.60 539.2 13.8 5,434 2.707 8.141 3.01 67.40 5.424 2.717 

33 0.8140 651.60 549.2 14.6 5.487 2.750 8.238 3.0Q 66.80 5.494 2.744 

34 0.8350 656.60 554.2 14.9 5.513 2.772 8.285 2.99 66.50 5.528 2.756 

35 0.8540 662.50 560.1 15.3 5.549 2.786 8.335 2.99 66.30 5.561 2.775 

----------- HOLCOMB FOUNDATION ENGINEERING CO. ----------..1 
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SUBJECT WILLIAMSON ENERGY - POND CREEK lj Phase 3 Subsidence Evaluation Characterization of Subsurface Materials 

OBJECTIVE: 

DATE 2009-MAR-31 PROJ. NO. C090403.01 .001 

DATE .I"//~2 
I • 

SHEET NO._/ __ G OF __ _ 

CALCULATION BRIEF 
FOR 

gai consultants 

Engineers • Geologists • Planners 
Environmental Specialists 

SUPPLEMENTAL CHARACTERIZATION OF SUBSURFACE MATERIALS -
COARSE REFUSE AND RESIDUAL SOIL 

POND CREEK COAL REFUSE DISPOSAL SITE 

To supplement characterization of the subsurface materials Reference (Ref.) 
Number (No.) 1, particularly from coarse coal refuse and residual soil laboratory 
testing from site-specific samples/testing from the Pond Creek Coal Refuse 
Disposal Facility. Materials are characterized as either sand-like or clay-like in 
accordance with various pertinent references shown below and included within the 
"Draft" Mine Health and Safety Administration (MSHA) Engineering and Design 
Manual, specifically Chapter 7: Seismic Design: Stability and Deformation 
Analyses (Ref. No. 2). 

REFERENCES: 

( 1. Civil & Environmental Consultants, Inc. Calculation Brief Entitled "Characterization of Sand-Like 
and Clay-Like Subsurface Materials," Pond Creek Coal Refuse Disposal Site - South Cell, BEG, 
dated 7 /11 /08. 

2. Mine Safety and Health Administration, "Draft - Engineering and Design Manual, Coal Refuse 
Disposal Facilities, Chapter 7 - Seismic Design: Stability and Deformation Analyses," dated, 
December 2007 (Updated August 2008). · 

3. GAi Consultants, Inc. Calculation Brief Entitled "Summary of Laboratory Testing," Pond Creek Coal 
Refuse Disposal Site, BEG, dated 3/30/09. 

4. Civil & Environmental Consultants, Inc. Report Entitled "Abandonment Evaluation, Pond Creek No. 
1 Coal Refuse Disposal Facility, Phase 2 South Pond Slurry lmpoundment, Johnston City, 
Williamson County, Illinois," dated July 23, ?008 

5. Civil & Environmental Consultants, Inc. Report Entitled "Permanent Deformation Evaluation, Pond 
Creek No. 1 Coal Refuse Disposal Facility, South Cell Slurry lmpoundment, Johnston City, 
Williamson County, Illinois," dated January 23, 2008. 
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SUBJECT WILLIAMSON ENERGY - POND CREEK 

Phase 3 Subsidence Evaluation - Characterization of Subsurface Materials 

BY BEG 

CHKO.BY~ 

DATE 

DATE 

2009-MAR-31 

r/t/45" 
' 

PROJ. NO. C090403.01 .001 

SHEET NO. _2.. __ c;, OF __ _ 

GENERAL: 

lj 
gai consultants 

Engineers • Geologists • Planners 
Environmental Specialists 

Reference (Ref.) Number (No.) 1 presents the analyses prepared by Civil & Environmental Consultants, 
Inc. (CEC) addressing the characterization of coarse and fine coal refuse, and residual soil materials 
previously required for evaluating Illinois Department of Natural Resources (IDNR) comments pertaining to 
an abandonment evaluation of the Phase 2 South Cell. A similar characterization approach will be utilized 
to assess the characterization of the coarse and fine coal refuse and residual soils relative to assessing 
the likelihood of flow failure (liquefaction) following a subsidence related loading event associated with the 
mining of Longwall Panel No. 3 beneath the Phase 3 impoundment at the Pond Creek site. 

Therefore, the first step of this and previous analyses is to characterize the subsurface conditions to 
evaluate the fluid nature and whether any zones have the potential for strength loss (i.e., liquefaction 
potential) due to a rapid loading event such as surface strains from subsidence or an earthquake. 
Previously (Ref. No. 5), the materials making up the existing Pond Creek South Cell (Phases 2/3) coarse 
refuse dike and underlying site residual soils were evaluated using piezo-seismic cone penetration testing 
(PSCPT) as part of a permanent deformation analyses of the South Cell. Subsequently, and as part of the 
abandonment evaluation (Ref. No. 4), laboratory testing and characterization of site specific fine coal 
refuse (Ref. No. 1) was performed by CEC. 

Coal refuse and residual soils are referred to as sand-like or clay-like depending on whether they exhibit 
monotonic and cyclic undrained shear loading behavior that is fundamentally more similar to that of either 
sand or clay. This differentiation is significant primarily if the material is loose enough (sands) or soft 
enough (clays) that it is potentially susceptible to strength loss. 

SUMMARY OF SITE-SPECIFIC FIELD AND LABORATORY TESTING AND RESULTS: 

In November 2007, CEC developed, implemented and oversaw a detailed field testing program consisting 
of performing PS-CPT at several sounding locations throughout the Pond Creek site, including the South 
Cell. PS-CPT was performed by ConeTec, Inc. (ConeTec) of West Berlin, New Jersey. Subsequently, 
Alliance Consulting, Inc. (Alliance) provided bulk (bucket) samples of fine coal refuse, which were obtained 
for abandonment-related laboratory testing. Geotechnics, Inc. (Geotechnics) of Pittsburgh, Pennsylvania 
performed consolidated undrained triaxial shear strength laboratory testing of the fine coal refuse 
materials. Ref. Nos. 1, 3, 4 and 5 present summaries of the field and laboratory testing programs, and 
appropriate calculation briefs are attached for information. 

PIEZO-SEISMIC CONE PENETRATION TEST RESULTS SUMMARY: 

Ref. Nos. 1 and 5 presents the details and results of the November 2007 PS-CPT program performed by 
CEC/ConeTec at the Pond Creek site, which are generalized/summarized beiow. 

LABO RA TORY TESTING RES UL TS SUMMARY: 

Ref. Nos. 1 and 4 presents the details and results of the June 2008 laboratory testing program performed 
by CEC/Geotechnics on bulk samples of fine coal refuse. In general, the following summarizes laboratory 
testing results of each of 2 buckets of fine coal refuse sampled from the South Pond impoundment. 
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SUBJECT WILLIAMSON ENERGY - POND CREEK lj Phase 3 Subsidence Evaluation - Characterization of Subsurface Materials 

BY BEG 

CHKD.BYm DATE 

DATE 2009-MAR-31 

~11/)1 

Bucket 1 

Fine Coal Refuse 

Moisture = 85.8 % 

Passino No. 200 = 92.8 % 

Passino No. 40 = 99.4 % 

Plasticity Index = 17 % 

Avq. Strain to Peak= 15.1 % 

PROJ. NO. C090403.01 .001 

SHEETNO. J G OF __ _ 
gai consultants 

Engineers • Geologists • Planners 
Environmental Specialists 

Bucket 2 

Fine Coal Refuse 

Moisture = 94.4 % 

Passino No. 200 = 92.6 % 

Passino No. 40 = 99.3% 

Plasticity Index = 17 % 

Avq. Strain to Peak= 11.0 % 

Ref. Nos. 3 and 4 present the details and results of the November 2006 and April 2007 laboratory testing 
program performed by Holcolm Foundation Engineering Company, Inc. (Holcolm) on bulk samples of 
coarse coal refuse from the Pond Creek site: 

November 2006 Anril 2007 

Coarse Coal Refuse Coarse Coal Refuse 

Maximum Drv Density= 124.6 pcf Maximum Drv Densitv = 120.3 ocf 

Optimum Moisture= 9.3% Moisture= 10.7% 

Passing No. 200 = 2.6% Passino No. 200 = 2.0% 

Passing No. 40 = 5.6% Passino No. 40 = 5.4% 

Effective Friction = 33. 7 dearees Effective Friction = 29.3 dearees 

Effective Cohesion = 0 osf Effective Cohesion = 152 osf 

Total Friction= 18.5 dearees Total Friction= 17.4 deqrees 

Cohesion = 1,014 osf Cohesion = 458 osf 

Ava. Strain to Peak= 14.8 % Ava. Strain to Peak= 14.1 % --·-------

Ref. Nos. 3 and 4 also present the details and results of the February 2006 laboratory testing program 
performed by Holcolm on an undisturbed sample of residual soil from the Pond Creek site: 

Februarv 2006 - Barino 8874 

Residual Soil 

Drv Densitv = 105.3 ocf 

Moisture= 21.5% 

Passing No. 200 = 79% 

Passing No. 40 = 94.5% 

Plasticity Index= 24% 

Avg. Strain to Peak= 12.6% 
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CHARACTERIZATION CRITERIA AND METHODOLOGY: 

gai consultants 

Engineers• Geologists• Planners 
Environmental Specialists 

From Ref. No. 2, the first step common to evaluating liquefaction potential (and correspondingly, 
subsidence-related flowability) is to review the subsurface conditions of the embankment, subgrade and 
impoundment contents to evaluate whether any zones have the potential for strength loss. 

Generalized field-related CPT-derived criteria noted in various references within Ref. No. 2 include: 

Sand-like:Fines content< 50% or Pl< 12% 
Loose: SPT N1,60 < 15 or CPT qe1 > 75 tsf, & SBT le< 2.6 or F, < 2%). 

Clay-like: Fines content> 50% and Pl >12% 

Soft: OCR< 5, Sufcr'v < 1.0, CPT Q1 < 20 tsf & SBT le> 2.6, SPT N1,so < 8 

CPT data may be used in conjunction with Atterberg limit data (criteria shown below) to differentiate sand
like from clay-like material. CPT Soil Behavior Type Index Cle), as described in Robertson and Wride 
1998 and reproduced in Youd et al. 2001, values below 2.6 should be considered sand-like. le values 
above 2.6 may be considered clay-like. 

Generalized laboratory results criteria noted in various references within and in Ref. No. 1 and 3 include 
the following Atterberg Limit and sieve criteria: 

Atterberg Limits. 

Material should be considered sand-like if any of the following three (3) criteria apply: 

1. The material has less than 35% particles by dry weight passing the No. 40 sieve and less than 
20% by dry weight passing the No. 200 sieve; or 

2. The material has 35% or more particles by dry weight passing the No. 40 sieve and 20% or more 
particles by dry weight passing the No. 200 sieve, but the fraction finer than the No. 40 sieve has a 
Pl of less than 12%; or 

3. The material has 20% or more particles by dry weight passing the No. 200 sieve, but the fraction 
finer than the No. 40 sieve has a Pl of less than 20%. 

The material may be considered clay-like if any of the following two (2) criteria apply: 

1. The material has 35% or more particles by dry weight passing the No. 40 sieve and 20% or more 
particles by dry weight passing the No. 200 sieve, and the fraction finer than the No. 40 sieve has a 
Pl of 12% or higher; or 

2. The material has 20% or more particles by dry weight passing the No. 200 sieve, and the fraction 
finer than the No. 40 sieve has a Pl of 20% or higher. 



R16447

SUBJECT WILLIAMSON ENERGY - POND CREEK 
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lj 
gai consultants 
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Atterberg limit criteria include as sand-like some materials that are considered clay-like by some 
investigators (e.g. Boulanger and Idriss, 2004, who suggested a break between sand-like and clay-like 
behavior at a Pl of 7%). The intent is to classify borderline materials as sand-like to be conservative. 

Another key factor in differentiating loose sand-like material from soft or medium clay-like material, for the 
purposes of liquefaction analyses, are the strain at peak undrained strength and the abruptness of the 
drop-off in shearing resistance as strains increase beyond the strain at peak. Loose sands and highly 
sensitive clays can reach Sup at small strains, and experience abrupt drop-off in resistance at higher 
strains. Most clays tend to reach Sup at higher strains, and tend to experience more gradual and limited 
drop-off in shearing resistance at higher strains. Fine coal refuse deposits often include materials falling 
within both classifications, and near the boundary of these two types of behavior. 

Loose materials with shear strain at peak strength of less than 2% in an undrained monotonic (non-cyclic) 
test, and a rapid drop-off in resistance after reaching peak strength, are considered sand-like. Loose or 
soft materials with shear strain at peak strength of more than about 5%, and a gradual drop-off in 
resistance after reaching peak strength are considered clay-like. Materials with strain behavior between 
these descriptions are considered borderline and, to be conservative, should generally be analyzed as 
sand-like. (Note that shear strain in an undrained triaxial test is 1.5 times axial strain.) 

SUMMARY OF PREVIOUS AND SUPPLEMENTAL MATERIAL CHARACTERIZATIONS 

WEIGHTED AVERAGE FIELD AND LAB RES UL TS SUMMARY 

Coarse Coal Refuse 1138') 

Ava. Tip Stress, Qc ava. = 46 tsf 

Ava. Fines Content, FC ava. = 23% 

Ava. SBT Index, le= 2.25 

Ava. % Passino No. 200 = 2.3% 
' 

Avg. % Passing No. 40 = 5.5 % 

Avg. Strain to Peak= 14.5 % 

Fine Coal Refuse 

Avg.% Passing No. 200 = 92.7% 

Avg. % Passing No. 40 = 99.4 % 

Avg. Plasticity Index= 17% 

Ava. Strain to Peak = 13.1 % 
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Residual Soil /150.6') 

Avo. Tio Stress, Qc avo. = 61 tsf 

Avo. Fines Content, FC avo. = 46% 

Avo. SST Index, le= 2.73 

Avq. % Passino No. 200 = 79% 

Avo. % Passino No. 40 = 94.5% 

Ava. Strain to Peak= 12.6% 

t; 
gai consultants 

Engineers • Geologists • Planners 
Environmental Specialists 

Plots of individual and average normalized tip stress with depth are included with an attached copy of Ref. 
No. 1 with copies of the appropriate references also attached. 

CONCLUSION 

Based on the information presented in this supplemental and previous calculation briefs, the following 
material characteristic designations were determined for the coarse coal refuse, fine coal refuse and 
residual soil: 

Coarse Coal Refuse: Medium Dense Sand-Like to Medium Stiff Clay-Like (based on peak strain); 

Fine Coal Refuse: Medium Stiff Clay-Like; 

Residual Soil: Medium Dense Sand-Like and Medium Stiff Clay-Like. 

Further, the results. of the laboratory testing indicate that the fine coal refuse is clay-like based on an 
average 93% passing the No. 200 sieve and plasticity index of 17%. · Peak and steady-state undrained 
strengths presented in Ref. No. 3 were reached at generally high strains (between 8 and 18%), and there 
was very little drop off from peak to steady-state with increasing strain. Similar peak undrained shear 
strains were observed for coarse refuse and residual soil testing results. The results generally indicated a 
higher resistance to strength loss (and flow) due to the large strains required to exceed the peak strength 
and correspondingly small decrease to the steady-state strength at higher strains, particularly for the fine 
coal refuse. 

The susceptibility of the embankment and impoundment to a liquefaction flow failure is a function of both 
the undrained strength (worst case steady-state strength) and the in-situ driving shear stress on a critical 
failure plane passing through the critical layer fine coal refuse material, which is further addressed in 
subsequent calculation briefs. Similarly, subsidence induced strains are subsequently compared to (peak) 
triggering strains of the coarse and fine coal refuse to further assess flowability of fines and potential 
embankment cracking. 
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ATTACHMENT 1 
Reference No. 1 

Civil & Environmental Consultants, Inc., Calculation Brief Entitled "Characterization of Sand-Like and Clay
Like Subsurface Materials," Pond Creek Coal Refuse Disposal Site - South Cell, BEG, dated 7/11/08. 
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Civil & Environmental Consultants, Inc. 
PROJECT Williamson Energy Pond Creek - South Pond PROJECT NO. 080-851 

Phase 2 Abandonment Evaluation PAGE 1 OF /'2-

Characterization of Subsurface Materials 

MADE BY -~B~E~G~_ DATE 7/11/08 -~~-- CHECKED BY 1-,tr°::, DATE 1/zs/0-e, 

CALCULATION BRIEF 
FOR 

CHARACTERIZATION OF SAND-LIKE AND CLAY-LIKE 
SUBSURFACE MATERIALS 

POND CREEK COAL REFUSE DISPOSAL SITE - SOUTH CELL 

OBJECTIVE: 

REFERENCES: 

To characterize subsurface materials including coarse coal refuse, fine coal 
refuse and residual soils encountered at the Pond Creek South Cell refuse 
disposal facility. Materials are characterized as either sand-like or clay-like 
in accordance with various pertinent references shown below and included 
within the "Draft" M:ine Health and Safety Administration (MSHA) 
Engineering and Design Manual, specifically Chapter 7: Seismic Design: 
Stability and Deformation Analyses, March 2007. 

1. Illinois Department of Natural Resources, Office of Water Resources, Construction and 
Maintenance of Dams, Part 3702, Chapter IX. 

2. Mine Safety and Health Administration, "Draft - Engineering and Design Manual, Coal 
Refuse Disposal Facilities, Chapter 7 - Seismic Design: Stability and Deformation 
Analyses," dated, March 13, 2007. 

3. Civil & Environmental Consultants, Inc. Calculation Brief Entitled "Summary of Piezo
Cone Penetration Testing," Pond Creed Coal Refuse Disposal Site, BEG, dated 12/21/07. 

4. Civil & Environmental Consultants, Inc. Calculation Brief Entitled "Normalized PS-CPT 
Data·and Parameter Correlations," Pond Creek Coal Refuse Disposal Site, BEG, dated 
12/28/07. 

5. Civil & Environmental Consultants, Inc. Calculation Brief Entitled "Summary of 
Laboratory Testing," Pond Coal Refuse Disposal Site - South Pond, BEG, dated 7 /8/08. 

6. Boulanger, R.W. and Idriss, I.M. (2004). "Evaluating the Potential for Liquefaction or 
Cyclic Failure of Silts and Clays," Report No. UCD/CGM-04/01, Center for Geotechnical 
Modeling, Department of Civil and Environmental Engineering, University of California, 
Davis, California. 
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7. Robertson, P.K., (Fear) Wride, C.E., List, B.R., Atukorala, U., Biggar, K.W., Byrne, 
P.M., Campanella, R.G., Cathro, D.C., Chan, D.R., Czajewski, K., Finn, W.D.L., Gu, 
W.H., Hammarnji, Y., Hofmann, B.A., Howie, J.A., Hughes, J., Imrie, A.S., Konrad, 
J.-M., Kupper, A., Law, T., Lord, E.R.F., Monahan, P.A., Morgenstern, N.R., Phillips, R., 
Piche, Plewes, H.D., Scott, D., Sego, D.C., Sobkowicz, J., Stewart, R.A., Tan, S., Vaid, 
Y.P., Watts, B.D., Woeller, D.J., Youd, T.L., and Zavodni, Z., The CANLEX Project: 
Summary and Conclusions. Canadian Geotechnical Journal, 2000, Vol. 37, No. 3, June, 
pp. 499-504 

8. Youd, T. L. et al. (2001). "Liquefaction Resistance of Soils: Summary Report from the 
1996 NCEER and 1998 NCEER/NSF Workshops on Evaluation of Liquefaction 
Resistance of Soils," Journal of Geotechnical and Geoenvironmental Engineering, ASCE, 
Vol. 127, No. 10, pp. 817-833. 

9. Blight, G. E. and Bentel, G. M., (1983) "The Behaviour of Mine Tailings During 
Hydraulic Deposition," Journal of the South African Institute of Mining and Metallurgy, 
April 1983. 

GENERAL: 

Reference (Ref.) Number (No.) l presents the following guidelines regarding the methods of 
testing, analyses and computations which must be completed and submitted with an application 
to support an owner's request for abandonment of a disposal impoundment darn: 

l. The classification of the existing condition of the impounded material with respect to its 
fluid nature; 

2. The liquefaction potential of the impounded material and the related stability of the 
containing darn; 

3. The final surface configuration for the impounded materials, especially from any surface 
water impounding characteristics and the erosion potential of the surface material; and 

4. The establishment of a follow-up inspection schedule to ensure the proposed plans have 
been effective and the submittal of record drawings. 

This, and subsequent calculation briefs prepared by Civil & Environmental Consultants, Inc. 
(CEC), address the characterization of the impounded fine coal refuse and the liquefaction 
potential of the fine coal refuse and related stability (i.e., Requirements 1 and 2 above). Alliance 
Consulting, Inc. (Alliance) will provide the final surface configuration and the follow-up 
inspection schedule. 
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From Ref. No. 2, the basic elements for seismic design and analysis are: 

1. Characterize the subsurface materials; 
2. Evaluate if design earthquake will trigger strength loss; 
3. Evaluate seismic stability using post-earthquake strength parameters; and 
4. Evaluate deformations. 

Therefore, the first step for both abandonment and seismic design and analysis is to characterize 
the subsurface conditions to evaluate the fluid nature and whether any zones have the potential 
for strength loss due to earthquake shaking (i.e., liquefaction potential). Previously, the materials 
making up the coarse refuse dike and underlying residual soils were evaluated using piezo
seismic cone penetration testing (PSCPT) (Ref. Nos. 3 and 4) as part of the deformation analyses 
of the South Pond. Subsequently, and as part of the abandonment evaluation, laboratory testing 
(Ref. No. 5) and characterization of the fine coal refuse retained behind the embankment was 
performed as described below. 

For many aspects of seismic stability analyses described in Ref. No. 2, coal refuse and natural 
soils are referred to as sand-like or clay-like depending on whether they exhibit monotonic and 
cyclic undrained shear loading behavior that is fundamentally more similar to that of either sand 
or clay. This differentiation is significant primarily if the material is loose enough (sands) or soft 
enough (clays) that it is potentially susceptible to strength loss. 

SUMMARY OF POND CREEK FIBLD AND LABORATORY TESTING/RESULTS: 

CEC developed, implemented and oversaw a detailed and thorough field testing program 
consisting of performing PS-CPT at several sounding locations throughout the Pond Creek site, 
including the ongoing South Pond impoundment. PS-CPT was executed at Pond Creek by 
ConeTec, Inc. (ConeTec) of West Berlin, New Jersey. Also, Alliance provided bulk (bucket) 
samples of fine coal refuse, which were obtained for subsequent laboratory testing. Geotechnics, 
Inc. (Geotechnics) of Pittsburgh, Pennsylvania performed consolidated undrained triaxial shear 
strength laboratory testing of the fine coal refuse materials. Ref. Nos. 3 -5 present summaries of 
the field and laboratory testing programs and Appendixes A - C of the Pond Creek abandonment 
report present the results of the field and laboratory testing. 
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PIEZO-SEISMIC CONE PENETRATION TEST RESULTS SUMMARY: 

Generalized South Cell CPT Profiles from the October 2007 field testing presented in Ref. Nos. 
3 and 4 indicated the following: 

CPT-1 CPT-2 

EL 482.19 - Surface Elevation EL 494.21 - Surface Elevation 

15.3 feet - Depth to Static Ground Water 38.8 feet -Deuth to Static Ground Water 

0- 18.4 feet - Residual Soil 0 - 32 feet - Coarse Refuse 

Refusal at 18.4 feet - Bedrock 32 - 45.3 feet - Residual Soil 

Refusal at 45.3 feet - Bedrock 

CPT-2A CPT-3 

EL 492.40 - Surface Elevation EL 466.98 - Surface Elevation 

37 .0 feet - Depth to Static Ground Water 11.1 feet - Depth to Static Ground Water 

0 - 29 feet - Coarse Refuse . D - 22.2 feet - Residual Soil 

29 - 41. 7 feet - Residual Soil Refusal at 22.2 feet - Bedrock 

Refusal at 41.7 feet - Bedrock 

CPT-4 CPT-5 

EL 482.55 - Surface Elevation EL 482.55 - Surface Elevation 

21.7 feet - Depth to Static Ground Water 34.4 feet - Deuth to Static Ground Water 

0 - 18.9 feet - Residual Soil 0 - 29 feet - Coarse Refuse 

Refusal at 18.9 feet - Bedrock 29 - 49.2feet - Residual Soil 

Refusal at 49 .2 feet - Bedrock 
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CPT-SA CPT-SB 

EL 483.00 - Surface Elevation EL 479.90 - Surface Elevation 

35.9 feet-DeDth to Static Ground Water 28.0 feet - Depth to Static Ground Water 

0 - 29 feet - Coarse Refuse 0 - 19 feet - Coarse Refuse 

29 - 53.2 feet -Residual Soil 19- 39.7 feet-Residual Soil 

Refusal at 53.2 feet - Bedrock Refusal at 39.7 feet - Bedrock 

Cone penetration testing results for CPT-1, CPT-2, CPT-2A, CPT-3, CPT-4, CPT-5, CPT-5A 

AND CPT-5B presented in Ref. Nos. 3 and 4 indicated the following: 

CPT-1 
. 

CPT-3 

Residual Soil Residual Soil 

(Laver Thickness = 18.4) (Laver Thickness = 22.2) 

Avg. Tip Stress, Qc avg. = 79 tsf Avg. Tip Stress, Qc avg.= 43 tsf 

Avg. Fines Content, FC avg. = 27% Avg. Fines Content, FC avg.= 32% 

Avg. SBT Index, le= 2.38 Avg. SBT Index, Ic = 2.49 

CPT-4 

Residual Soil 

(Laver Thickness = 18.9) 

Avg. TiP Stress, Qc avg. = 64 tsf 

Avg_ Fines Content, FC avg.= 28% 

Avg_ SBT Index, Ic = 2.41 
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CPT-2 CPT-2A 

Coarse Coal Refuse Coarse Coal Refuse 

(Laver Thickness = 32') (Laver Thickness - 29') 

Avg. Tip Stress, Qc avg.= 54 tsf Avg. Tip Stress, Qc avg.= 45 tsf 

Avg. Fines Content, FC avg. = 24% Avg. Fines Content, FC avg.= 22% 

Avg. SBT Index, Ic = 2.30 Avg. SBT Index, Ic = 2.23 

Residual Soil Residual Soil 

(Laver Thickness = 13.3') (Layer Thickness= 12.7') 

Avg_ Tip Stress, Qc avg.= 47 tsf Avg. Tip Stress, Qc avg.= 86 tsf 

Avg. Fines Content, FC avg.= 60% Avg. Fines Content, FC avg.= 48% 

Avg. SBT Index, Ic = 2.99 Avg. SBT Index, Ic = 2.80 

CPT-5 CPT-SA 

Coarse Coal Refuse Coarse Coal Refuse 

(Layer Thickness = 29') (Layer Thickness = 29') 

Avg. Tip Stress, Qc avg_ = 50 tsf Av_g. Tip Stress, Qc avg.= 37 tsf 

Avg. Fines Content, FC avg_= 23% Avg. Fines Content, FC avg.= 24% 

Avg. SBT Index, Ic = 2.24 Avg. SBT Index, Ic = 2.29 

Residual Soil Residual Soil 

(Laver Thickness = 20.2') (Layer Thickness = 24.2') 

Avg. Tip Stress, Qc avg. = 66 tsf Avg. Tip Stress, Qc avg.= 49 tsf 

Avg. Fines Content, FC avg_= 64% Avg. Fines Content, FC avg.= 56% 

Avg. SET Index, Ic = 3.04 Avg. SBT Index, Ic = 2.94 
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CPT-SB 

Coarse Coal Refuse 

(Layer Thickness = 19') 

Avg. Tip Stress, Qc avg. = 41 tsf 

Avg. Fines Content, FC avg.= 19% 

Avg. SBT Index, Ic = 2.15 

Residual Soil 

(Layer Thickness= 20.7') 

Av_g. Tip Stress, Qc avg. = 63 tsf 

Avg. Fines Content, FC avg. = 51 % 

Avg. SBT Index, Ic = 2.84 

Cone Penetration Testing Results - Shear Wave Velocities 

Shear Wave Velocity Shear Wave Velocity 
Coarse Coal Refuse Residual Soil 

CPTNo. (ft/sec) (ft/sec) 
Max. Min. Av,,., Max. Min. 

CPT-1 NA 1402 645 
CPT-2 1284 1029 1120 1173 795 

CPT-2A 1169 895 1042 1256 780 
CPT-3 NA 1058 569 
CPT-4 NA 1242 476 
CPT-5 1190 936 1063 1599 780 

CPTc5A 1396 779 1064 1580 728 
CPT-5B 1517 818 1080 1649 686 

080-851 

OF / t.-

Av,,., 
905 
957 
918 
765 
817 
947 
1005 
978 
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LABORATORY TESTING RESULTS SUMMARY: 

Ref. No. 4 and Appendix A present the details and results of the June 2008 laboratory testing 
program performed by Geotechnics. The following summarizes laboratory testing results of each 
of 2 buckets of fine coal refuse sampled from the South Pond impoundment. 

Bucket 1 Bucket2 

Fine Coal Refuse Fine Coal Refuse 

Moisture= 85.8 % Moisture= 94.4 % 

Passing No. 200 = 92.8 % Passing No. 200 = 92.6 % 

Passing No. 40 = 99.4 % Passing No. 40 = 99.3% 

Plasticity Index = 17 % Plasticitv Index = 17 % 

Avg. Strain to Peak= 15.1 % Avg. Strain to Peak= 11.0 % 

Normalized tip stress and fines content with depth for CPT-1, CPT-2, CPT-2A, CPT-3, CPT-4, 
CPT-5, CPT-5A and CPT-5B including a summary of pertinent average field and laboratory test 
results for each material layer are attached. 

CRJTERJA AND METHODOLOGY: 

From Ref. No. 2, the first step common to all approaches is to review the subsurface conditions 
at the embankment to evaluate whether any zones have the potential for strength loss. For this 
initial screening step, saturated to nearly saturated sand-like materials with N1,6o values less than 
15 blows per foot (bpf), or qc1 (or Qc) values less than 75 tons per square foot (tsf), should be 
considered potentially susceptible to strength loss. Ref. No. 2 noted these values are likely too 
conservative and apply only to clean sands. Their application to silty sands and sands with high 
fines content, which are more representative of fine coal refuse, will likely be overly 
conservative. 
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Generalized field-related CPT-derived criteria noted in various references within Reference 2 

include: 

Sand-like: Fines content< 50% or PI< 12% 

Loose: SPT N 1,60 < 15 or CPT q01 > 75 tsf, & SBT le< 2.6 or F, < 2% ). 

Clay-like: Fines content> 50% and PI >12% 

Soft: OCR< 5, Sulcr' v < 1.0, CPT Q, < 20 tsf & SBT le> 2.6, SPT N1,60 < 8 

CPT data may be used in conjunction with Atterberg limit data (criteria shown below) to 
differentiate sand-like from clay-like material. CPT Soil Behavior Type Index (le), as described 
in Robertson and Wride 1998 and reproduced in Youd et al. 2001, values below 2.6 should be 
considered sand-like. le values above 2.6 may be considered clay-like. 

Generalized laboratory results criteria noted in various references within and in Ref. No. 1 
include the following Atterberg Limit and sieve criteria: 

Atterberg Limits. 

• Material should be considered sand-like if any of the following three (3) criteria apply: 

1. The material has less than 35% particles by dry weight passing the No. 40 sieve and less 
than 20% by dry weight passing the No. 200 sieve; or 

2. The material has 35% or more particles by dry weight passing the No. 40 sieve and 20% 
or more particles by dry weight passing the No. 200 sieve, but the fraction finer than the 
No. 40 sieve has a PI of less than 12%; or 

3. The material has 20% or more particles by dry weight passing the No. 200 sieve, but the 
fraction finer than the No. 40 sieve has a PI of less than 20%. 

The material may be considered clay-like if any of the following two (2) criteria apply: 

1. The material has 35% or more particles by dry weight passing the No. 40 sieve and 20% 
or more particles by dry weight passing the No. 200 sieve, and the fraction finer than the 
No. 40 sieve has a PI of 12% or higher; or 
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2. The material has 20% or more particles by dry weight passing the No. 200 sieve, and the 
fraction finer than the No. 40 sieve has a PI of 20% or higher. 

Atterberg limit criteria include as sand-like some materials that are considered clay-like by some 
investigators (e.g. Boulanger and Idriss, 2004, who suggested a break between sand-like and 
clay-like behavior at a PI of 7%). The intent is to classify borderline materials as sand-like to be 
conservative. 

Another key factor in differentiating loose sand-like material from soft or medium clay-like 
material, for the purposes of seismic stability and deformation analyses, are the strain at peak 
undrained strength and the abruptness of the drop-off in shearing resistance as strains increase 
beyond the strain at peak. Loose sands and highly sensitive clays can reach Sup at small strains, 
and experience abrupt drop-off in resistance at higher strains. Most clays tend to reach Sup at 
higher strains, and tend to experience more gradual and limited drop-off in shearing resistance at 
higher strains. Fine coal refuse deposits often include materials falling within both 
classifications, and near the boundary of these two types of behavior. 

Loose materials with shear strain at peak strength of less than 2% in an undrained monotonic 
(non-cyclic) test, and a rapid drop-off in resistance after reaching peak strength, are considered 
sand-like. Loose or soft materials with shear strain at peak strength of more than about 5%, and 
a gradual drop-off in resistance after reaching peak strength are considered clay-like. Materials 
with strain behavior between these descriptions are considered borderline and, to be 
conservative, should generally be analyzed as sand-like. (Note that shear strain in an undrained 
triaxial test is 1.5 times axial strain.) 

Soil, rock, and mixtures of soil and rock that are not coal refuse such as the underlying starter 
embankment will be.referred to as natural soils. Natural soils may be described as sand-like, or 
clay-like, using the same general criteria as refuse. 
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CPT-1. CPT-2, CPT-2A. CPT-3, CPT-4. CPT-5. CPT-SA AND CPT-SB AVG. 

WEIGHTED AVERAGE FIELD AND LAB RESULTS SUMMARY 

Coarse Coal Refuse (138') 

Avg. Tip Stress, Qc avg.= 46 tsf 

Avg. Fines Content, FC avg.= 23% 

Avg. SBT Index, Ic = 2.25 

Fine Coal Refuse 

Avg.% Passing No. 200 = 92.7% 

Avg.% Passing No. 40 = 99.4 % 

Avg. Plasticity Index = 17% 

Avg. Strain to Peak= 13.l % 

Residual Soil (150.6'} 

Avg. Tip Stress, Qc avg. = 61 tsf 

Avg. Fines Content, FC avg.= 46% 

Avg. SBT Index, Ic = 2.73 

Plots of individual and average normalized tip stress with depth are included with an attached 
complete copy of Ref. No. 4. 
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CONCLUSION 

Based on the information presented in this calculation brief, the following material characteristic 
designations were determined for the coarse coal refuse, fine coal refuse and residual soil: 

Coarse Coal Refuse: Medium Dense Sand-Like; 

Fine Coal Refuse: lVIedium Stiff Clay-Like; 

Residual Soil: Medium Dense Sand-Like and Medium Stiff Clay-Like. 

Further, the results of the laboratory testing indicate that the fine coal refuse is clay-like based on 
an average 93% passing the No. 200 sieve and plasticity index of 17%. Peak and steady-state 
undrained strengths presented in Appendix A were reached at generally high strains (between 8 
and 18%), and there was very little drop off from peak to steady-state with increasing strain. The 
results generally indicated a higher resistance to strength loss (and flow) due to the large strains 
required to exceed the peak strength and correspondingly small decrease to the steady-state 
strength at higher strains. Further, previous deformation analyses results indicated induced shear 
strains from the PGA at less than 0.1 %, which is well below a threshold (peak) triggering strain 
of the material. · 

The susceptibility of the embankment and impoundment to a liquefaction flow failure is a 
function of both the undrained strength (worst case steady-state strength) and the in-situ driving 
shear stress on a critical failure plane passing through the critical layer fine coal refuse material, 
which is further addressed in subsequent calculation briefs. 
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CALCULATION BRIEF 
FOR 

SUMMARY OF PIEZO-SEISMIC CONE PENETRATION TESTING 

POND CREEK COAL REFUSE DISPOSAL SITE 

OBJECTIVE: 

Summarize the piezo-seismic cone penetration testing (PS-CPT) activities performed by 
ConeTec, Inc. (ConeTec), West Berlin, in October 2007 as part of the subsurface exploration at 
the Williamson Energy Pond Creek facility, Williamson County, Illinois. 

REFERENCES: 

1. ConeTec, Inc. (2007), Field Report Entitled "Presentation of CPTU Test Results for: 
Pond Creek Mine - Williamson County, Illinois, December 10, 2007. 

2. Robertson, P.K., et.al. (1992) "SPT-CPT Correlations," Journal of Geotechnical 
Engineering, ASCE 109 (11): 1449-1459. 

3. Robertson, P.K and Campanella, R.G, (1989), "Guidelines for Geotechnical Design 
Using CPT and CPTU", UBC Soil Mechanics Series No. 120, Civil Eng. Dept., 
Vancouver, B.C., Canada 

4. Robertson, P.K and Campanella, R.G, (1983), "SPT-CPT Correlations," Journal of 
Geotechnical Engineering, ASCE Vol. 109 No. 11, pp. 1449-1459. 

METHODOLOGY: 

As part of the subsurface exploration, a total of 15 PS-CPT soundings were performed at the 
Pond Creek site on October 30 and 31, 2007, at approximate locations shown in Figure 2 of the 
Pond Creek Deformation Evaluation report. PS-CPT exploration was performed under the full
time observation and guidance of CEC personnel. PS-CPT locations designated as CPT-1, CPT-
2, CPT-2A, CPT-3, CPT-4, CPT-5, CPT-5A, CPT-5B, CPT-6, CPT-7, CPT-8, CPT-9, CPT-10, 
CPT-11 and CPT-12 were located by CEC within areas that included existing coarse coal refuse 
and the proposed South Cell, North Central Cell and North Cell impoundments. CPT-2, CPT-

072046 
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2A, CPT-5, CPT-5A and CPT-5B soundings were located on the existing coarse coal refuse 
embankment crest, and were pushed through coarse refuse and the underlying subgrade residual 
soil. CPT-1, CPT-3, CPT-4, CPT-6, CPT-7, CPT-8, CPT-9, CPT-10, CPT-11 and CPT-12 were 
located throughout the facility at approximate existing ground surface and pushed exclusively 
through residual soil. The following presents the CPT sounding, site coordinates, existing 
ground surface elevation, total depth, interpolated ground water depth and applicable slurry cell. 

Ground Total GWT Applicable 
CPT Northing Easting Surface Depth Interpolated Slurry Cell 
No. (ft) (ft) Elev.(ft) (ft) (ft) 

CPT-1 425784.316 358548.865 482.19 18.4 15.3 South 
CPT-2 426832.420 357857.498 494.21 45.3 38.8 South, 

Central, 
North 

CPT-2A 426828.920 358156.731 492.40 41.7 37.0 South, 
Central, 
North 

CPT-3 426792.780 359207.797 466.98 22.2 11.1 South 
CPT-4 426331.101 360108.800 482.55 18.9 21.7 South 
CPT-5 427485.256 357913.863 482.55 49.2 34.4 South, 

Central, 
North 

CPT-5A 427607.598 357920.844 483.00 53.2 35.9 South, 
Central, 
North 

CPT-5B 427147.684 358343.061 479.90 39.7 28.0 South, 
Central, 
North 

CPT-6 427450.461 358992.616 457.78 22.6 9.2 Central 
CPT-7 427450.884 359850.004 457.83 16.7 9.2 Central 
CPT-8 429006.116 358034.037 444.45 17.9 6.6 Central, 

North 
CPT-9 429077.690 359026.204 445.68 22.0 7.8 Central, 

North 
CPT-10 428965.827 359998.444 442.09 26.1 3.4 Central, 

North 
CPT-11 430316.815 358810.964 440.59 27.6 11.4 North 
CPT-12 430141.831 359852.299 442.08 22.6 11.7 North 

072046 
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Note: CPT coordinates and ground surface elevations were provided by Williamson Energy. 

Determining the dynamic response of the Pond Creek facility and that of the coarse coal refuse 
and subgrade residual soils requires knowledge of the subsurface material's dynamic properties 
to accurately predict the horizontal shear stresses and strains induced in the material by a given 
earthquake loading. Of particular significance in the dynamic evaluation is the distribution of 
density of the coal refuse materials with depth. The low-amplitude, small strain shear modulus 
(G) with depth is an important parameter for characterizing the behavior and response of a soil 
column during earthquake shaking. It is a function of the in-situ shear wave velocity estimated 
at the site with depth and was obtained in the field utilizing PS-CPT. 

The main purpose of the PS-CPT was to measure in-situ shear wave (S-wave) travel times for 
subsequent calculation of shear wave velocity (Vs) and G. Concurrently, CPT was also 
performed which provides nearly continuous, index-type information which can be correlated to 
classification and in-situ strength values based on established procedures such as those outlined 
in Robertson and Campanella (1988). Further, cone data is typically utilized to evaluate 
liquefaction potential based on Robertson and Campanella ( 1985) similar to the procedures 
described in Seed and Idriss (1983) and to compare with the results using steady-state principles; 
however, only permanent deformations are evaluated in response to regulatory comments. 

The seismic wave form portion of the PS-CPT was conducted by ConeTec at about 3-foot 
intervals throughout the soil profile to the maximum depths indicated. The down-hole seismic 
survey is a reliable technique for obtaining shear wave and compression wave velocities 
accounting for the subsurface material's attenuation and anisotropic effect with depth (Hoar and 
Stakoe, 1978) (Dobry et al., 1981) (Stakoe and Nazarian, 1985). Only S-wave travel times were 
measured for each sounding with depth which was used to calculate the corresponding Vs and G 
used in the dynamic analyses of the Pond Creek facility. 

RESULTS: 

A total of 15 PS-CPT soundings were performed at the Pond Creek site in October 2007, at 
approximate locations shown in Figure 2. ConeTec measured tip stress, sleeve stress and pore 
water pressure, and shear wave velocities at the locations CPT-1 through CPT-12 from the 
existing ground surface through coarse coal refuse, where available and through residual soil 
materials. 
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Shear wave velocities per material type were measured and the minimum, maximum and 
weighted averages are summarized as follows: 

Shear Wave Velocity Shear Wave Velocity 
Max./Min./ Avg. Max./Min./ Avg. 

CPTNo. Coarse Coal Refuse Residual Soil 
(ft/sec} (ft/sec} 

CPT-1 NA 1402 645 905 

CPT-2 1284 1029 1120 1173 795 957 

CPT-2A 1169 895 1042 1256 780 918 

CPT-3 NA 1058 569 765 

CPT-4 NA 1242 476 817 

CPT-5 1190 936 1063 1599 780 947 

CPT-5A 1396 779 1064 1580 728 1005 

CPT-5B 1517 818 1080 1649 686 978 

CPT-6 NA 1022 514 796 

CPT-7 NA 894 514 682 

CPT-8 NA 1036 541 783 

CPT-9 NA 1484 415 835 

CPT-10 NA 1217 478 828 

CPT-11 NA 1387 471 925 

CPT-12 NA 1230 530 763 

In general, shear wave velocities in coarse refuse ranged from about 779 to 1517 fps with an 
average value of about 1074 fps. For subgrade residual soils, Vs ranged from 415 to 1599 fps 
with an approximate average value of 860 fps. Measured values of Vs for coarse refuse and 
residual soil materials and the density of the respective material with depth are used to estimate 
the initial shear modulus, G, for use in the one dimensional, dynamic SHAKE (Schnabel, et al., 
1972) analysis of the embankment. G-values estimated from the four soundings are used in the 
calculation of induced cyclic shear stress at the SHAKE soil column locations (e.g. PCSC300) 
shown in Figure 3. Appendix A, Attachment A-2 presents the complete ConeTec report and 
Appendix B, Attachment B-1 presents the computations of G for the various SHAKE columns 
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from in-situ measurements of Vs for the coarse refuse, residual soil and bedrock materials 
including plots of Vs and G with depth for both SHAKE columns. 

CONCLUSIONS: 

Summarizing, the PS-CPT field testing was performed as part of the subsurface exploration at 
the Pond Creek facility. The information gathered from the testing will be used to correlate 
index and strength parameters, as well as shear modulus for use in subsequent permanent 
deformation analyses. 

072046 



R16470

PROJECT 

( 

072046 

Civil & Environmental Consultants, Inc. 
Williamson Energy Pond Creek 
Deformation Evaluation PROJECT NO. 

Summary of PS-CPT PAGE 6 

I/L/·-10 

"Pc1;. t:. i'/ 

072046 

OF 11 

MADE BY BEG DATE 12/21/07 CHECKED BY -/jL DATE 1 /z3 las 
1 I 

SHEAR WA VE VELOCITY DATA REDUCTION 
MINIMUM, MAXIMUM AND AVERAGE VELOCITY 

PER MATERIAL 



R16471
Williamson Energy - Pond Creek • South Cell 
Shear Wave Velocity versus Depth 

4.26 645 
7.54 656 

CEC Project No. 072-046 

Clay 1402 

IJ.....-___ 10.:o:.:.:.8:::2:..__ __ ..J..-___ .::8..::.0=-8-----llcLAY 
14.1 1013 

16.73 1402 

CPT-2 

/eJ"./Mict-Laye)f;l;)eptll';(ft)i%'itJ: 'ili¼VsJlhterva.ltNEJlocifyf(ft/1,)l,Ji> 
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14.1 1152 
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20.67 1029 
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27.23 1050 
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17.06 883 
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CCR· 
CLAY 
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645 

CPT-2 
Min 
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B 1 /'I 
CPT-4 CPT-4 

Max Min !J.Y9. 

3.93 476 CLAY 1242 476 817 

7.21 673 CLAY 

10.50 781 
13.78 913 
16.81 1242 
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Williamson Energy • Pond Creek • North Central Cell 
Shear Wave Velocity versus Depth CEC Project No. 072-046 

3!!1Micfl::'ayer;Qep!t/:(ft)'~dfis /ill;;Ji/11J!tite(j!'aJ;Meloe~{ft!s}~c;;, 

7.54 1030 
10.82 1076 
14.10 991 
17.39 936 
20.67 1148 
23.95 1190 
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30.51 780 
33.79 780 
37.07 821 
40.35 780 
43.63 923 
46.91 1599 

CPT-5A 
,0,,:, 

Micl,layElDDElp!ft,((t)\lc\:(q ~!\EVsixli)Jezyll,IIV:ElJdcityf(ft/s )#1;\; :'C>:, 

7.21 844 
10.50 779 
13.78 1164 
17.06 1396 
20.34 994 
23.63 1077 
26.90 1195 
30.18 1021 
33.46 784 
36.74 784 
40.02 728 
43.30 768 
46.67 961 
49.95 1411 
52.00 1580 

CPT-5B 
' i',Mid,layfjt.DepthJ(t)!; ; ;;}VsllnteryalNElfOci!y(ft/s)/, 

7.54 818 
10.82 900 
14.10 1517 
17.39 1085 
20.67 856 
23.95 732 
27.23 686 
30.59 762 
33.79 1014 
37.07 1150 
38.88 1649 

CCR 

CLAY 

CCR 
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CPT-6 
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10.50 757 
13.78 647 
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CPT-10 
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7.54 617 
10.82 656 
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20.67 1080 
23.87 1217 

CLAY 1022 

CLAY 
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Williamson Energy - Pond Creek - North Cell 
Shear Wave Velocity versus Depth CEC Project No. 072-046 
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Pond Creek #I Ground Water Sampling 
Permit #375 NPDES# IL007766 

Stand Pipe 
Date SamplePnt Eastin.2: Northin2 Elevation 

12/29/05 GW-1 354,988 430,899 441.82 
12/29/05 GW-2 357,681 430,962 435.73 
12/29/05 GW-3 360,278 430,669 438.46 
12/29/05 GW-4 354,923 425,980 464.03 
12/29/05 GW-5 357,632 425,618 482.23 
12/29/05 GW-6 360,211 425,416 434.9 
12/29/05 GW-7A 358,306 427,592 454.7 
2/24/06 GW-1 354,988 430,899 441.82 
2/24/06 GW-2 357,681 - 430,962 435.73 
2/24/06 GW-3 360,278 430,669 438.46 
2/24/06 GW-4 354,923 425,980 464.03 
2124/06 GW-5 357,632 425,618 482.23 
2/24/06 GW-6 360,211 425,416 434.9 
2/24/06 GW-7A 358,306 427,592 454.7 
6/28/06 GW-1 354,988 430,899 441.82 
6/28/06 GW-2 357,681 430,962 435.73 
6/28/06 GW-3 360,278 430,669 438.46 
6/28/06 GW-4 354,923 425,980 464.03 
6/28/06 GW-5 357,632 425,618 482.23 
6/28/06 GW-6 360,211 425,416 434.9 
6/28/06 GW-7A 358,306 427,592 454.7 
7/31/06 GW-1 354,988 430,899 441.82 
7/31/06 GW-2 357,681 430,962 435.73 
7/31/06 GW-3 360,278 430,669 438.46 
7/31/06 GW-4 354,923 425,980 464.03 
7/31/06 GW-5 357,632 425,618 482.23 
7/31/06 GW-6 360,211 425,416 434.9 
7/31/06 GW-7A 358,306 427,592 454.7 
8/31/06 GW-1 354,988 430,899 441.82 
8/31/06 GW-2 357,681 430,962 435.73 
8/31/06 GW-3 360,278 430,669 438.46 
8/31/06 GW-4 354,923 425,980 464.03 
8/31/06 GW-5 357,632 425,618 482.23 
8/31/06 GW-6 360,211 425,416 434.9 
8/31/06 GW-7A 358,306 427,592 454.7 
10/2/06 GW-1 354,988 430,899 441.82 
10/2/06 GW-2 357,681 430,962 435.73 
10/2/06 GW-3 360,278 430,669 438.46 
10/2/06 GW-4 354,923 425,980 464.03 
10/2/06 GW-5 357,632 425,618 482.23 
10/2/06 GW-6 360,211 425,416 434.9 
10/2/06 GW-7A 358,306 427,592 454.7 
3/7/07 GW-1 354,988 430,899 441.82 
3/7/07 GW-2 357,681 430,962 435.73 
3/7/07 GW-3 360,278 430,669 438.46 
3/7/07 GW-4 354,923 425,980 464.03 
3/7/07 GW-5 357,632 425,618 482.23 
3/7/07 GW-6 360,211 425,416 434.9 
3/7/07 GW-7A 358,306 427,592 454.7 

5/21/07 GW-1 354,988 430,899 441.82 
5/21/07 GW-2 357,681 430,962 435.73 
5/21/07 GW-3 360,278 430,669 438.46 
5/21/07 GW-4 354,923 425,980 464.03 
5/21/07 GW-5 357,632 425,618 482.23 
5/21/07 GW-6 360,211 425,416 434.9 
5/21/07 GW-7A 358,306 427,592 454.7 
5/21/07 GW-8 359,568 426,786 467.85 
8/1/07 GW-1 354,988 430,899 441.82 
8/1/07 GW-2 357,681 430,962 435.73 
8/1/07 GW-3 360,278 430,669 438.46 
8/1/07 GW-4 354,923 425,980 464.03 
8/1/07 GW-5 357,632 425,618 482.23 
8/1/07 GW-6 360,211 425,416 434.9 
8/1/07 GW-7A 358,306 427.592 454.7 
8/1/07 GW-8 359,568 426,786 467.85 

Water Elev. 
435.44 
428.51 
432.61 
456.01 
470.52 

No Water 

444.99 
438.34 
431.31 
434.29 
459.45 
471.33 

No Water 
447.05 
435.70 
427.72 
430.10 
458.03 
470.85 

No Water 
446.30 
435.08 
429.31 
428.63 
457.03 
469.43 

No Water 
445.55 
434.92 
424.51 
426.86 
456.79 
468.32 

No Water 
444.18 
435.08 
425.76 
427.14 
455.42 

No Water 
No Water 
443.95 
438.62 
431.41 
434.29 
458.05 
473.86 

No Water 
448.63 
436.55 
428.93 
432.08 
459.93 
471.74 

No Water 
448.05 
462.23 
433.29 
424.74 
426.09 
458.16 
469.06 

No Water 
447.11 
462.70 

07 2 - olfb 

Zinc Antimony Beryllium Cobalt MANGANESE Pheno!ics Cyanide Chlorides 

·me/J m"11 mon me/I m•" moll m•" m•" 
0.012 0.303 <.001 0.014 0.027 <.050 <0.010 20 
0.024 0.240 <.001 0.013 0.087 <.050 <0.010 42 

0.001 0.299 <.001 0.012 0.124 <.050 <0.010 26 
0.009 0.270 <.001 0.017 0.031 <.050 <0.010 17 
0.01 0.276 <.001 0.007 0.891 <.050 <0.010 40 

N, n/a n/a 
0.029 0.285 <.001 0.024 0.052 <.050 <0.010 33 
0.012 <0.002 <.001 <0.005 0.024 <.050 <0.010 <10 
0.016 <0.002 <.002 <0.002 0.027 <.050 <0.010 <10 
0.014 <0.002 <.001 <0.005 0.023 <.050 <0.010 <ID 
0.01 <0.002 <.001 <0.005 0.03 <.050 <0.010 <10 
0.01 <0.002 <.001 <0.005 0.4 <,050 <0.010 <10 

Ne n/a n/a 
O.Dl8 <.002 <.001 <.005 0.045 <.050 <0.010 <10 
0.002 0.006 <.001 <.005 <.002 <.050 <0.010 33 
0.023 0.050 <.001 <.005 0.002 <.050 <0.010 44 
0.006 0.060 <.001 <.005 0.145 <.050 <0.010 75 
0.003 0.070 0.001 <.005 <.002 <.050 <0.010 122 
i<.002 0.050 <.001 <.005 <.002 <.050 <0.010 160 

Ne n/a I 
p.002 0.090 <.001 <.005 0.003 <.050 <0.010 75 
0.001 0.206 0.003 <.005 0.012 <.050 <0.010 37.5 
:0.001 0.184 0.002 <.005 <.002 <.050 <0.010 50 
:0.001 0.129 0.001 <.005 0.024 <.050 <0.010 88 
0.001 0.153 0.002 <.005 0.026 <.050 <0.010 139 
1J.006 0.153 0.002 <.005 0.012 <.050 <0.010 150 

No n/a 
~.003 0.269 0.001 <.005 0.026 <.050 <0.010 85 
~0.001 <.002 <.001 <.005 0.019 <.050 <0.010 20 
l:0.001 <.002 <.001 <.005 0.021 <.050 <0.010 22 
10.013 <.002 <.00( <.005 0.045 <.050 <0.010 44 
0.006 <.002 <.001 <.005 0.081 <.050 <0.010 42 

10.02 <.002 <.001 <.005 3.05 <.050 <0.010 105 
No n/a 

10.018 <.002 <.001 <.005 0.093 .<.050 <0.010 8.7 
'0.001 <.002 <.001 0.015 <.002 <.050 <0.010 14 
~0.001 <.0·01 ' <.050 <0.010 38 <.002 0.013 <.002 
10.009 <.002 <.001 0.006 2.105 <.050 <0.010 28 
lo.OOI <.002 0.002 0.014 0.028 <.050 <0.010 84 

No 
No 

1:0.001 <.002 <.001 0.005 0.181 <.050 <0.010 368 
' -0.001 <.002 <.001 <.005 0.005 <.050 <0.010 26 
40.001 <.002 <.001 <.005 0.003 <,050 <0.010 42 
'1.001 <.002 0.001 <.005 0.028 <.050 <0.010 66 
50.001 <.002 <.001 <.005 0.005 <.050 <0.010 109 
Bo.001 <.002 <.001 0.013 0.007 <.050 <0.0JO 91 

No 
60.001 <.002 <.001 <.005 0.007 <.050 <0.010 86 
5;,002 <.002 <.001 0.034 <.002 <.050 <0.010 42 
60.001 · <.002 0.001 0.011 0.007 <.050 <0.0IO 46 
60.001 <.002 0.001 0.013 0.002 <.050 <0.010 62 
40.001 <.002 0.002 0.009 <.002 <.050 <0.010 100 
1~.001 <.002 0.002 0.020 <.002 <.050 <0.010 132 

No 
60.001 <.002 <.001 0.017 0.002 <.050 <0.010 82 
50.001 <.002 <.001 0.020 0.544 <.050 <0.010 88 
81.003 <.002 0.001 <.005 0.007 <.050 <0.010 26 
1(1009 0.105 0.001 <.005 0.196 <.050 <0.010 34 
12).01 0.370 0.001 <.005 0.524 <.050 <0.010 66 
5 ,.002 0.141 0.001 <.005 0.003 <.050 <0.0IO 100 
13,_005 0.080 0.002 <.005 0.198 <.050 <0.010 120 

No 1 
7,.o,s 0.137 0.002 <.005 1.180 <.050 <0,0lO 108 
5.._005 0.200 0.002 <.005 0.042 <.050 <0.010 112 
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1.0 INTRODUCTION 

This report presents the results of a piezo cone penetrometer testing (CPTU) program 
carried out at Pond Creek Mine located in Williamson County, Illinois. The work was 
performed under subcontract to Civil & Environmental Consultants, Inc. of Export, 
Pennsylvania. The CPTU program took place on October 301

\ and 31st, 2007. 

A total of fifteen soundings were completed at twelve different sounding locations. The 
CPT testing was performed to evaluate in situ geotechnical as well as seismic criteria 
relative to the proposed expansion. 

While completing the CPT soundings, seismic shear wave velocity testing was conducted 
in all of the soundings. Seismic testing involved collecting shear wave velocity data at one
meter depth intervals. 

CPT sounding locations were selected and numbered under the direction and supervision 
of C.E.C. Personnel. 

ConeTec, New Jersey 3 
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C 2.0 FIELD EQUIPMENT AND PROCEDURES 

2.1 CONE PENETRATION TESTING 

The cone penetrometer tests were carried out using an integrated electronic piezo cone 
manufactured by ConeTec in Vancouver, Canada. The piezo cone used was a 
compression model cone penetrometer with a 15 cm2 tip and a 225 cm2 friction sleeve. The 
cone is designed with an equal end area friction sleeve and a tip end area ratio of 0.80. 
The piezo cone dimensions and the operating procedure were in accordance with ASTM 
Standard D-5778-95. A diagram of the cone penetrometer used for this project is shown as 
Figure 1. 

Pore pressure filter elements, made of porous plastic, were saturated under a vacuum 
using glycerin as the saturating fluid. The pore pressure element was six millimeters thick 
and was located immediately behind the tip (the u2 location) for all soundings. 

The cone was advanced using a 20 ton, unitized, track-mounted cone penetration rig. The 
following data were recorded onto magnetic media every five centimeters (approximately 
every two inches) as the cone was advanced into the ground: 

- Tip Resistance (qc) 
- Sleeve Friction (fs) 
- Dynamic Pore Pressure ( ut) 

The field data recorded is included on the attached CD (appendix E). 

Before each sounding a complete set of analog baseline readings are taken with a multi
meter and compared with the digitized value on the computer screen. This provides a 
check on the analog to digital conversion board. 

Evaluation of the analog baselines is key to consistent readings. The baseline data should 
be stable and should not wander excessively during the course of a sounding. Baseline 
data can be used to apply corrections to the cone data where necessary. For this project, 
the baseline shift from sounding to sounding was small, typically less than 0.1 % of full 
scale, and no data corrections were applied. 

During seismic testing, the seismic signals were recorded using a geophone mounted in 
the cone as shown in Figure 1 and an up-hole digital oscilloscope. A sledge hammer hit 
against a beam was used for the seismic source. Normal reaction for the beam was 
provided by the dead weight of the rig placed upon the beam. A schematic of the shear 
wave testing configuration is shown in Figure 2. 

Cone Tee, New Jersey 4 
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FIGURE 1 - TYPICAL CONE PENETROMETER 
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Polarized Shear Wave Trac7 

TRIGGER CIRCUIT 

0 0 0 0 

CONE DATA 
ACQUISITION SYSTEM 

DIGITAL STORAGE 
OSCILLOSCOPE 

HAMMER WITH 
CONTACT TRIGGER 

NORMAL FORCE 

... ... ... ... 
STEEi.. 1. BEAM 

Shear Wave 

~ 

FIGURE 2 - SCHEMATIC OF SHEAR WAVE TESTING CONFIGURATION 

2.2 PORE PRESSURE DISSIPATION TESTS 

When cone penetraiion is stopped, the piezo cone essentially becomes a piezometer. 
While stopped, pore water pressures are automatically recorded at five-second intervals 
and the readings are stored in a dissipation file (.ppd). Dissipation data can then be plotted 
onto a dissipation curve consisting of pore water pressure (u) verses time (t). The shapes 
of dissipation curves are very useful in evaluating soil type, drainage and in situ static water 
level. 

A flat curve that stabilizes quickly (i.e. less than 30 seconds) is typical of a free draining 
sand. In this case, the final measured pore water pressure is the static in situ water 
pressure. 

Soils that generate excess dynamic pore water pressure during penetration will dissipate 
this excess pressure when penetration stops. The shape of the dissipaiion curve and the 
time of dissipation can be used to estimate Ch, the coefficient of consolidation that can in 
tum be used to calculate Kh, the horizontal permeabiiity. 

Figure 3 shows some idealized shapes of various pore water pressure dissipation curves. 
The reader is referred Robertson et. al., 1992 to reference dissipation lest data analytical 
techniques. 

ConeTec, New Jersey 6 
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Estimation of Ground Water Table 
from CPT Dissipation Tests 
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FIGURE 3 - lYPICAL DISSIPATION TESTS 
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3.0 CONE PENETRATION TEST DATA AND INTERPRETATION 

3.1 ANALYSIS OF PIEZOCONE DATA - GENERAL 

A total of fifteen CPT sounding involving 443.90 feet of testing, were completed. 

The interpretation of cone data is based on the relationship between cone bearing, qc, 
sleeve friction, fs, and penetration pore water pressure, u. The friction ratio, Rf, (sleeve 
friction divided by cone bearing) is a calculated parameter which is used to infer soil 
behavior type. Generally, saturated cohesive soils have low tip resistance, high friction 
ratios and generate large excess pore waler pressures. Cohesionless soils have higher lip 
resistances, lower friction ratios and do not generate significant excess pore water 
pressure. 

The interpretation of soils encountered on this project was carried out using correlations 
developed by Robertson el al., 1992. II should be noted that ii is not always possible to 
clearly identify a soil type based on qc, fs and ut. Occasionally soils will fall within different 
soil categories on the classification charts. In these situations, experience and judgment 
and an assessment of the pore pressure dissipation data should be used to infer the soil 
behavior type. Computer tabulations of the interpreted soil types along with certain other 
geotechnical parameters for each cone hole is presented in Appendix B. 

Each of the parameters measured in the sounding is discussed briefly below. A detailed 
explanation of CPTU testing and interpretation of the results can be found in Robertson, 
1989. 

TIP RESISTANCE (q0): The resistance lo penetration, measured at the cone tip, provides 
an accurate profile of subsurface strata. The recorded tip resistance is a composite of the 
penetration resistance of the soils located five lo ten cone diameters (7 to 14 inches) in 
front of and behind the lip. The actual resistance "sensed" by the tip depends on the soil 
properties and on the relative stiffness of the layers encountered. Tip resistance is often 
corrected for pore pressure effects when testing in soft saturated cohesive soils. 

For this project the correction was made and the tip resistance shown, Cit is the corrected tip 
resistance. 

The correction used is: Cit= qc + (1-a)u 
Where: q, = corrected tip resistance 

q, = measured tip resistance 
a = net area ratio for cone (0.80 for this project) 
u = dynamic pore water pressure measured behind tip 

Cone Tee, New Jersey 8 
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SLEEVE FRICTION (fs) The resistance recorded on the friction sleeve, is a measure of the 
remolded strength of the soil. Values of sleeve friction in very soft soils ( such as peat) may 
fluctuate due to the measured force being small relative to the capacity of the measuring 
load cell. 

FRICTION RA TIO (Ri) The ratio of sleeve friction to tip resistance expressed as a 
percentage, is an indicator of soil type. Cohesive soils generally have friction ratios that 
are greater than two, while sands and non-plastic silts have friction ratios that are lower 
than two. 

PORE PRESSURE (u) Dynamic pore water pressure is measured during penetration. 
(dynamic pore water pressure data can be found in the .cor, .xis files. Static pore water 
pressure is measured when cone penetration is stopped (static pore water pressure data 
can be found in the .ppd files). The measured dynamic pore water pressure changes with 
the location of the porous filter and negative readings are possible when the filter is located 
behind the tip. 

It is important to note that the CPT classifies soil by physical behavior, not by grain size; 
therefore, the CPT classification should be verified against samples obtained from a 
conventional drilling program. While the CPT soil classification may not always be 
accurate in terms of the actual label it applies to a particular soil, it is very accurate in 
grouping soils with similar mechanical properties. 

Table 1 presents a summary of CPT soundings, including sounding depths. 

3.2 CONE PLOTS 

The data from each sounding was plotted using the computer program ScreenZ. The plots 
are included in Appendix A ScreenZ was developed by ConeTec Inc. and it incorporates 
soil behavior type (SBT) classification as part of the plot. The soil classification is based on 
the classification chart reproduced chart in Appendix B. 

3.3 PORE PRESSURE DISSIPATION TEST RESULTS 

When conducting CPT investigations, pore water pressure dissipations are automatically 
recorded during pauses in penetration. The pore water pressure data is recorded at five 
second intervals. Dynamic and static pore pressure dissipation data for each CPT is 
included on the data CD. No dissipation tests were completed during this project. Water 
table depths used in the data interpretations were given to us by the client. 

Cone Tee, New Jersey 9 
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3.4 SHEAR WAVE VELOCITY MEASUREMENTS 

Shear wave velocity measurements were conducted during all of the CPT soundings. 
Shear wave velocity measurements were recorded approximately every meter. The shear 
wave velocity data can be found in Appendix C. 

3.5 CPTSUMM DATA PROCESSING 

The electronic data files were processed using the program CPTSUMM. CPTSUMM is a 
program developed by ConeTec to calculate common engineering parameters from CPT 
data. The data files (xis} can be found on the data CD. The calculations used are 
summarized in the table found in Appendix 8. Each calculation is derived according to the 
referenced article. 

For this project, the depth to ground water was given to us by the client. The exact depth 
used is noted in the header of each CPTSUMM file. 

3.6 DATACD 

One data CD is included in Appendix E. The CD includes all of the CPT, dynamic and 
static pore water pressure and CPTSUMM data. 

ConeTec, New Jersey 10 
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CONETEC 
TABLE 1 - SUMMARY OF CPTU SOUNDINGS 

Job No.: 07-804 
Location: Pond Creek Mine w Williamson County, Illinois 
Client: CMI & Environmental Consultants 
Date: October 30, 31, 2007 

Date CPTU Sounding File Name CPT Shear wave Comments 
Total Velocity Tests 
Depth 

(ft) 

31-Oct-07 CPT-1 804cp01.cor 18.37 6 

30-Oct-07 CPT-2 804cp02.cor 45.28 13 

30-Oct-07 CPT-2A 804cp02a.cor 41.67 12 

31-Oct-07 CPT-3 804cp03.cor 22.15 6 

31-Oct-07 CPT-4 804cp04.cor 18.86 6 

30-Oct-07 CPT-5 804cp05.cor 49.21 14 
30-Oct-07 CPT-SA 804cp05a.cor 53.15 16 

30-Oct-07 CPT-5B 804cp05b.cor 39.70 12 

31-Oct-07 CPT-6 804cp06.cor 22.64 7 

31-Oct-07 CPT-7 804cp07.cor 16.73 5 

31-Oct-07 CPT-8 804cp08.cor 17.88 6 

31-Oct-07 CPT-9 804cp09.cor 21.98 7 
31-Oct-07 CPT-10 804cp10.cor 26.08 8 

C 
31-Oct-07 CPT-11 804cp11.cor 27.56 9 
31-Oct-07 CPT-12 804cp12.cor 22.64 7 

Job Tolals: 15 443.90 134 

Page 1 of 1 07-804 Table I.XLS 
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Shearwave CPT plots 
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ConeTec 
Environmental and Geotechnical Site Investigation Contractors 

ConeTec Interpretations as of June 30, 2004 (Release 1.22A) 

ConeTec's interpretation routine provides a tabular output of geotechnical parameters based on current 
published CPT correlations and is subject to change to reflect the current state of practice. The 
interpreted values are not considered valid for all soil types. The interpretations are presented only as a 
guide for geotechnical use and should be carefully scrutinized for consideration in any geotechnical 
design. Reference to current literature is strongly recommended. ConeTec does not warranty the 
correctness or the applicability of any of the geotechnical parameters interpreted by the program and does 
not assume liability for any use of the results in any design or review. Representative hand calculations 
should be made for any parameter that is critical for design purposes. The end user of the interpreted 
output should also be fully aware of the techniques and the limitations of any method used in this program. 
The purpose of this document is to inform the user as to which methods were used and what the 
appropriate papers and/or publications are for further reference. 

The CPT interpretations are based on values of lip, sleeve friction and pore pressure averaged over a 
user specified interval (e.g. 0.20m). Note that q, is the tip resistance corrected for pore pressure effects 
and q, is the recorded tip resistance. Since all Cone Tee cones have equal end area friction sleeves, pore 
pressure corrections to sleeve friction, 16, are not required. 

The tip correction is: q, = q, + (1-a) • u2 

where: q, is the corrected tip resistance 
q, is the recorded tip resistance 
u2 is the recorded dynamic pore pressure behind the tip (u2 position) 
a is the Net Area Ratio for the cone (typically 0.85 for ConeTec cones) 

The total stress calculations are based on soil unit weights that have been assigned to the Soil Behavior 
Type zones, from a user defined unit weight profile or by using a single value throughout the profile. 
Effective vertical overburden stresses are calculated based on a hydrostatic distribution of equilibrium 
pore pressures below the water table or from a user defined equilibrium pore pressure profile (this can be 
obtained from CPT dissipation tests). For over water projects the effects of the column of water have 
been taken into account as has the appropriate unit weight of water. How this is done depends on where 
the instruments were zeroed (i.e. on deck or at mud line). 

Details regarding the interpretation methods for all of the interpreted parameters are provided in Table 1. 
The appropriate references cited in Table 1 are listed in Table 2. Where methods are based on charts or 
techniques that are too complex to describe in this summary the user should refer to the cited material. 

The estimated Soil Behavior Types (normalized and non-normalized) are based on the charts developed 
by Robertson and Campanella shown in Figures 1 and 2. The Bq classification charts are not reproduced 
in this document but can be reviewed in Lunne, Robertson and Powell (1997) or Robertson (1990). 

Where the results of a calculation/interpretation are declared 'invalid'the value will be represented by the 
text strings "-9999" or "-9999.0". In some cases the value 0 will be used. Invalid results will occur 
because of (and not limited to) one or a combination of: 

1. Invalid or undefined CPT data (e.g. drilled out section or data gap). 

2. Where the interpretation method is inappropriate, for example, drained parameters in an 
undrained material (and vice versa). 

3. Where interpretation input values are beyond the range of the referenced charts or specified 
limitations of the interpretation method. 

4. Where pre-requisite or intermediate interpretation calculations are invalid. 
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CPT Interpretations Page 217 

The parameters selected for output from the program are often specific to a particular project. As such, 
not all of the interpreted parameters listed in Table 1 may be included in the output files delivered with this 
report. 

The output files are often delivered in one (or more) of the following three formats: 

File T·-e T· ·-ical Extensions Descrintion 
Printable IFP, NLP ASCII files formatted for direct printing either by copying to a printer port, 

through a text editor or through a dedicated printing routine (such as 
Cone Tee's CTPRINn. Typically formatted for 
132 columns wide and 70 lines per page. Any printer would need to be set 
to have a compressed font (16cpi) as its default. 

Importable IFl,NLI Tab delimited ASCII files (not for use with text editors) meant for importing 
into spreadsheet and database applications (e.g. Excel, Lotus, Quattro, 
Access). Some column and cell formatting maybe required depending on 
the quality of the application's import utility. 

Spreadsheet XLS IFI, NLI files exported directly to Excel format. Column and cell formatting 
has been done. Header information is exported to start in Column C 
allowing the depth columns A and/or B to be duplicated on each printed 
page without repetition of part of the header information. 

Table 1 
CPT Interpretation Methods 

Interpreted Description Equation Ref Parameter 

Mid Layer Depth 
Depth 

(where interpretations are done at each point then Mid Depth (Layer Top) + Depth (Layer Bottom) I 2.0 

Layer Depth = Recoided Depth) 

Elevation Elevation of Mid Layer based on sounding collar elevation Elevation = Collar Elevation - Depth supplied by client 

I • 
Avgqc Averaged recorded tip value (qc) Avgqc=-Lq< 

rl 1:1 

n= 1 when interpretations are done at each point 

Averaged corrected up (q,) where: 
I • 

Avgqt Avgqt=-,Lq, 
q,=q<+(l-a)•u "~ 

n=1 when interpretations are done at each point 

I• 
Avgls Averaged sleeve friction (fs} A,gfi,·=-2,Ji· 

n ;.i 

n=1 when interpretations are done at each point 

Averaged friction ratio (Rf} where friction ratio is defined 
AvgR/=100%• Avgfs 

AvgRf as: 
Rf=IOO%•.f!_ 

Avgql 

qt n= 1 when interpretations are done at each point 

I" 
Avgu Averaged dynamic pore pressure (u) 

Avgu=-Lu1 
ll I=/ 

n= 1 when interpretations are done at each point 

Averaged Resistivity (this data is not always available I • 
AvgRes since it is a specialized test requiring an additional A,gu=-2,RES/STIVJTY, 

n i=l 

module) n= 1 when interpretations are done at each point 

CPTSUMM-MethodsV122a-Rev. 06-30-2004 
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Interpreted 
Parameter 

AvgUVIF 

AvgTemp 

AvgGamma 

SBT 

U.wt. 

T. Stress 

O"v 

E. Stress 

0-v 

Ueq 

Cn 

N'° 

(N1)solc 

(N1)60<slc 

Su 

k 

CPT Interpretations 

Description 

Averaged UVlF ultra-violet induced fluorescence {this 
data is not always available since it is a specialized test 
requiring an additional module) 

Averaged Temperature (this data is not always available 
since it is a specialized test) 

Averaged Gamma Counts {this data is not always 
available since it is a specialized test requiring an 
additional module) 

Soil Beh8.vior Type as defined by Robertson and 
Campanella 

Unit Weight of soil determined from one of the following 
user selectable options: 

1} uniform value 
2} value assigned to each SBT zone 
3) user supplied unit weight profile 

Total vertical overburden stress at Mid Layer Depth. 

A layer is defined as the averaging interval specified by 
the user. For data interpreted at each point the Mid Layer 
Depth is the same as the recorded depth. 

Effective vertical overburden stress at Mid Layer Depth 

Equilibrium pore pressure determined from one of the 
following user selectable options: 

1) hydrostatic from water tabte depth 
2) user supplied profile 

SPT NBO overburden correction factor 

SPT N value at 60% energy calculated from qt/N ratios 
assigned to each SBT zone. This method has abrupt N 
value changes at zone boundaries. 

SPT N60 value corrected for overburden pressure 

SPT N60 values based on the le parameter 

SPT Nso value corrected for overburden pressure {using 
~o lcJ. User has 2 options. 

Clean sand equivalent SPT (N1)60lc. User has 3 options. 

Undrained shear strength - Nkt is user selectable 

Coefficient of permeability (assigned to each SBT zone) 

CPTSUMM-MethodsV122a - Rev. 06-30-2004 

Page 3{7 

Equation 

I • 
Avgu =-LUVIF1 

n 1:1 

n= 1 when interpretations are done at each point 

I • Aogu a-"i:,TEMP£RA1VRE, 
n ,,,1 

n=1 when interpretations are done at each pain( 

I • Aogua-"f:,GAMMA, 
n l"I 

n=1 when interpretations are done at each point 

See Figure 1 

See references 

TStress:.:. j: J'ihi ,., 
where n is layer unit weight 

hi is layer thickness 

Estress = Tstress - Uaq 

For hydrostatic option: 

u~ =r., •(D-D_.} 
where Ueq is equilibrium pore pressure 

'Yw is unit weight of water 
D is the current depth 
Dwt is the depth to the water table 

Cn=(crv ?-().S 

where a/ is in tsf 
0.5< Cn <2.0 

See Figure 1 

(qt/pa)/ Nso a 8.5 (1 - Jc/4.6) 

1) (Nt)6DIC= Cn • (Noo le) 
2) q.,,,J {N,)solc a 8.5 (1 - lc/4.6) 

1) (N1)60<slc a a+ ~((N,),olc) 
2) (N1),ocslc " KSPr • {{Nt)oolc) 
3) <,,1a~)/ (N1),.,,Jc "8.5 (1 -lc/4.6) 

FC~5%: 
FC ~35% 
5%<FC<35% 

Su= qt-a,. 
N. 

aaO, ~a1.0 
Oa5,0, ~a1,2 
a a exp[1.76- \190/Fc")] 
~" [0.99 + (FC ·5/1000)] 

Ref 

2,5 

5 

4,5 

4 

5 

4 
5 

10 
10 
5 

1, 5 

5 
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Interpreted 
Parameter 

Bq 

SBTn 

SBT-BQ 

SBT-BQn 

FC 

le Zone 

PHI 
~ 

Dr 

CPT Interpretations 

Description 

Pore pressure parameter 

NormaJized Qt for Soil Behavior Type classification as 
defined by Robertson, 1990 

Normalized Friction Ratio for Soil Behavior Type 
classification as defined by Robertson, 1990 

NormaJized Soil Behavior Type as defined by Robertson 
end Campanella 

Non-normalized soil behavior type based on the Bq 
parameter 

NormaJized Soil Behavior base on the Bq parameter 

Soil index for estimating grain characteristics 

Apparent fines content (%) 

This parameter is the Soil Behavior Type zone based on 
the le parameter (valid for zones 2 through 7 on SBTn 
chart) 

Friction Angle detennined from one of the following user 
selectable options: 

a) Campanella end Robertson 
b) Durgunoglu and Mltchel 
c) Janbu 

Relative Density determined from one of the following user 
selectable options: 

a) Ticino Sand 
b) Hokksund Sand 
c) Schmertmann 1976 
d) Jamiolkowski - All Sands 

CPTSUMM-MethodsV122a- Rev. 06-30-2004 

Bq=~ 
qt-a,. 

where: l!l.u=u-u,q 

Equation 

and u = dynamic pore pressure 
Ueq = equilibrium pore pressure 

qt-a 
Qt=--.• 

Fr= 100% • __E__ 
qz-a,. 

See Figure 2 

See Figure 5.7 (reference 5) 

See Figure 5.8 (reference 5} or Figure 3 
(reference 2) 

Page 4{7 

le= [(3.47 -log,oOf + ~og,o Fr+ 1.22f f" 

Where: Q=(•1-a-,.Y P.)· 
P,.! A av 

And Fr is in percent 
Pa= atmospheric pressure 
Pa2 = atmospheric pressure 
n varies from 0.5 to 1.0 and is 

selected in an iterative manner based on the 
resulting le 

FC,a1.75(1cf25
) -3.7 

FC,a100 far le> 3.5 
FC,aO for le < 1.26 
FC = 5% if 1.64 <le< 2.6 AND F,<IJ.5 

le< 1.31 
1.31 < le<205 
2.05 < le< 2.60 
2.60 < le< 2.95 
2.95 < le< 3.60 
le> 3.60 

See reference 

See reference 

Zone =7 
Zone =6 
Zone =5 
Zone =4 
Zane =3 
Zone =2 

Ref 

1, 5 

2,5 

2,5 

2,5 

2,5 

2,5 

3,8 

3 

3 

5 

5 
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CPT Interpretations PageS/7 

Interpreted Description Equation Ref 
Parameter 

a) Based on Schmertmann's method involving a 
plat of Su{c,,,' /( S.,/cr,,')NC and OCR 

OCR 0\/er Consolidation Ratio 9 
where the Su/p' ratio for NC clay is user 

selectable 

--- ----- .. --··--·-- --··-- ·-

State 
The state parameter is used to describe whether a soil is 

Parameter 
contractive (SP is posttive) or dilative (SP is negative) at See reference 8, 6,5 
large strains based on the work by Been and Jefferies 

-

Es/qt 
Intermediate parameter for calculating Youngs Modulus, Based on Figure 5.59 in the reference 5 
E, in sands. It is the Y axis of the reference chart. 

Youngs Modulus based on the work by Baldi. There are 
Mean normal stress is evaluated from: three types of sands considered in this technique. The 

user selects the appropriate type for the site from: 
. 1 (d . -r a =-• +a +a 

a) OCSands .. 3 • " • 

Youngs b) Aged NC Sands 5 
Modulus E c) Recent NC Sands where av'= vertical effective stress 

a1i' = horizontal effective stress 
Each sand type has a family of curves that depend on 
mean normal stress. The program calculates mean and ah = Ko • <Iv

0 

with Ko assumed to be 0.5 
normal stress and linearly interpolates between the two 
extremes provided in Baldi's chart. 

·- -----·-· ·-·· .. .. ·•-•·-•· --- --- -···---- ---·----· ·--·--

C 
qo1 Qi normalized for overburden stress used for seismic 

qc1 =Qt• {Pa/Gv'}o.s 

analysis 
where: Pa = atm. Pressure 3 

Qt is in Mpa 
---····-···--.. ·--· ...... -- -·-· ·---.. -·-·-· --·· ··•- • -•➔ -- ----·· -·-•-···· 

"'" q,,, = (q,,, / Pa)(Pa/er,,') 
qc1 in dimensionless form used for seismic analysis where: Pa = atm. Pressure and n ranges from 3 

0.5 to 0.75 based on le. 
- "_, --· -··---- -- --···-----·- -···--·· --·---·--··-·-·"' ---·---·-·'" ---·-·-·- ··-- -- . - - -•••• •-•••••-•M•---•--•- - --·----- ------

KsPT Equivalent clean sand factor for (N1 )60 Kser = 1 .,_ ((0.75/30) • (FC-5)) 10 

- ··-· ·- ... -- -- -. .. . - ····- . -- ·- .... ·---- --·-·-· --

KcPT Equivalent clean sand correction for Qc1N 

Krpt = 1.0 for lcS 1.64 
Krpr = f(lc} for le> 1.64 (see reference} 10 

"''= Clean sand equivalent Qc1n qr;tncs = C/c1n • Kept 3 

··- ·--· ····--··-··-· ·- -· ·----·- ····- --·--- - --·-----•-"•~--·· --------- - --- -·· ·--------- .. 
qc1ncs< 50: 
CRR7.5 =0.833 [(q,,,,d1000] + 0.05 

CRR Cyclic Resistance Ratio {for Magnitude 7.5) 50 5 qc1ncs < 160: 
10 

CRR,. = 93 [(q,,,m,/1000]3 + 0.08 

---·····-··• --- ····-··- --·-·--···-·- -- ------··-- ----•---- ·--. ... - .. ··-···---·- -- ------ --··--· -----·-
CSR = (~..,!er,,') = 0.65 (a- / g) (er,/ er.;) r, 

rd=1.0-0.00765z z 5 9.15m 10 
CSR Cyclic Stress Ratio r, = 1.174-0.0267 z 9.15 <Z 523m 

fd = 0.744-0.008 Z 23 < z 5 30m 
rd= 0.50 z > 30m 

. ·-·· -·····-··- ··-·· .... - ..... -·-- . - ·- -··-- . .. -- ... ·- -- -- . -·-··- . ---- . 

CPTSUMM-MethodsV122a- Rev. 06-30-2004 
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CPT Interpretations 

Interpreted Description 
Parameter 

MSF Magnitude Scaling Factor 

FofS Factor of Safety against Liquefaction 

Liquefaction Statement indicating possible liquefaction 
Status 

Friction Ratio (%), Rf 

Page 6(7 

Equation 

See Reference 

FS = (CRR1.s / CSR) MSF 

Takes into account FofS and limitations based fc 

and Qc1rn;s. 

Zone qt/ N 

1 • 2 
2 " 1 
3 .. 1 
4 ■ 1.5 
5 lll 2 
6 :af 2.5 
7 3 
8 4 
9 5 
10 6 
11 1 
12 2 

Soil BehaviorType 
sensitive fine grained 

organic ma1erial 
clay 

sllty clay to cla:y 
clayey silt to silty clay 
sandy silt ·to clayey sill 
silly sand 10 sandy silt 

sand to silty sand 
sand 

gravelly sand to sand 
very stiff fine grained • 
sand to clayey .sand • 

• overconsol1dated or cemented 

Figure 1 Non-Normelized Behavior Type Classification Chart 

CPTSUMM-Me1hodsV122a- Rev. 06-30-2004 

Ref 

10 

10 

10 
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g1 
b ~ j; 
'...b 
m 

• 
Zone Normalized Soil Behavior Type 

0 
C 1 • sensitive fine grained 
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Figure 2 Normalized Behavior Type Classification Chart 
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Job No 07-804 

Client Civil & Environmental Consultants 
Project Trtle Pond Creek Mine 

Hole CPT-1 

Site Williamson County, Illinois 

Date 10/31/2007 

Seismic Source: Beam 

Source Offset: 1.50 (ft) 

Source Depth: 0.00 (ft) 

Geophone Offset: 0.66 (fl) 

Tip Geophone Ray Depth Time Mid-layer Vs Interval 

Depth Depth Path lnteival Interval Depth Velocity 

(ft) (ft} (fl) (fl) (ms) (fl) (Ills) 

3.28 2.62 3.02 

6.56 5.90 6.09 3.07 4.76 4.26 645 

9.84 9.18 9.31 3.21 4.90 7.54 656 

13.12 12.46 12.55 3.25 4.02 10.82 808 

16.40 15.74 15.82 3.26 3.22 14.10 1013 

18.37 17.71 17.78 1.96 1.40 16.73 1402 
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Job No 07-804 
Client Civil & Environmental Consultants 

Project Trtle Pond Creek Mine 

Hole CPT-2 

Site Williamson County, Illinois 

Date 10/30/2007 

Seismic Source: Beam 
Source Offset 1.50 (ft) 

Source Depth: 0.00 (ft) 

Geophone Offset: 0.66 (ft) 

Tip Geophone Ray Depth Time Mid-layer Vs Interval 
Depth Depth Path Interval Interval Depth Velocity 

(ft) (fl) (ft) (fl) (ms) (ft) (ft/s) 

6.56 5.90 6.09 

9.84 9.18 9.31 321 2.67 7.54 1204 

13.12 12.46 1255 3.25 2.53 10.82 1284 
16.40 15.74 15.82 3.26 2.83 14.10 1152 
19.69 19.03 19.09 3.28 3.02 17.39 1085 

22.97 2231 2236 3.27 3.18 20.67 1029 
26.25 25.59 25.64 3.27 3.15 23.95 1039 
29.53 28.87 28.91 3.28 3.12 27.23 1050 
32.81 32.15 32.19 3.28 2.94 30.51 1114 
36.09 35.43 35.47 3.28 3.45 33.79 950 

39.37 38.71 38.74 3.28 4.12 37.07 795 
42.65 41.99 42.02 3.28 3.61 40.35 908 
45.28 44.62 44.65 2.63 2.24 43.31 1173 
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Tip Geophone 

Depth Depth 

(ft) (ft) 

6.56 5.90 

9.84 9.18 

13.12 12.46 

16.40 15.74 

19.69 19.03 

2297 22.31 

26.25 25.59 

29.53 28.87 

32.81 32.15 

36.09 35.43 

39.37 38.71 

41.67 41.01 

07-804 Job No 

Client 

Project Trtle 

Hole 

Civil & Environmental Consultants 
Pond Creek Mine 

CPT-2A 

Site Williamson County, Illinois 
Date 10/30/2007 

Seismic Source: Beam 

Source Offset: 1.50 (ft) 

Source Depth: 0.00 (ft) 

Geophone Offset: 0.66 (ft) 

Ray Depth Time Mid-layer 

Path Interval Interval Depth 

(ft) (ft) (ms) (ft) 

6.09 

9.31 3.21 3.29 7.54 

1255 3.25 3.34 10.82 

15.82 3.26 2.91 14.10 

19.09 3.28 3.12 17.39 

22.36 3.27 2.96 20.67 

25.64 3.27 2.80 23.95 

28.91 3.28 3.66 27.23 

32.19 3.28 4.20 30.51 

35.47 3.28 3.88 33.79 

38.74 3.28 4.15 37.07 

41.04 230 1.83 39.86 

Vs Interval 

Velocity 

(fl/s) 

977 

973 

1121 

1051 

1105 

1169 

895 

780 

845 
790 

1256 
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Job No 07-804 

Client CMI & Environmental Consultants 
Project Trtle Pond Creek Mine 
Hole CPT-3 

Site WIiiiamson County, Illinois 

Date 10/3112007 

Seismic Source: Beam 

Source Offset: 1.50 (fl) 

Source Depth: 0.00 (fl) 

Geophone Offset: 0.66 (fl) 

Tip Geophone Ray Depth Tune Mid-layer Vs Interval 

Depth Depth Path Interval Interval Depth Velocity 

(fl) (fl) (ft) (ft) (ms) (fl) (11/s) 

6.23 5.57 5.77 

9.51 8.85 8.98 3.21 5.56 7.21 577 

12.80 12.14 12.24 3.26 5.72 10.50 569 

16.06 15.42 15.50 3.26 4.42 13.78 738 

19.38 18.70 18.76 3.27 3.70 17.06 683 

22.15 21.49 21.55 278 2.63 20.10 1058 
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Job No 07-804 

Client CMI & Environmental Consultants 
Project Title Pond Creek Mine 
Hole CPT-4 

Site Williamson County, Illinois 

Date 10/31/2007 

Seismic Source: Beam 

Source Offset: 1.50 (ft) 

Source Depth: 0.00 (ft) 

Geophone Offset: 0.66 (ft) 

Tip Geophone Ray Depth Time Mid-layer Vs Interval 

Depth Depth Path Interval Interval Depth Velocity 

(It) (ft) (It) (ft) (ms) (It) (fl/s) 

2.95 229 2.74 

6.23 5.57 5.77 3.03 6.37 3.93 476 

9.51 8.85 8.88 3.21 4.77 7.21 673 

12.80 12.14 12.24 3.26 4.17 10.50 781 

16.08 15.42 15.50 3.26 3.57 13.78 913 

18.86 18.20 18.27 2.77 2.23 16.81 1242 
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Job No 07-804 
Client Civil & Environmental Consultants 

Project Trtle Pond Creek Mine 

Hole CPT-5 
Site Williamson County, Illinois 

Date 10130/2007 

Seismic Source: Beam 
Source Offset: 1.50 (ft) 

Source Depth: 0.00 (ft) 

Geophone Offset: 0.66 (ft) 

Tip Geophone Ray Depth Time Mid-layer Vs Interval 
Depth Depth Path Interval Interval Depth Velocity 

(ft) (ft) (ft) (ft) (ms) (ft) (Ws) 

6.56 5.90 6.09 
9.84 9.18 9.31 3.21 3.12 7.54 1030 

13.12 12.46 12.55 325 3.02 10.82 1076 
16.40 15.74 15.82 3.26 3.29 14.10 991 
19.69 19.03 19.09 3.28 3.50 17.39 936 
22.97 22.31 22.36 3.27 2.85 20.67 1148 
26.25 25.59 25.64 3.27 2.75 23.95 1190 
29.53 28.87 28.91 3.28 3.07 27.23 1067 
32.81 32.15 32.19 3.28 4.20 30.51 780 
36.09 35.43 35.47 3.28 4.20 33.79 780 
39.37 38.71 38.74 3.28 3.99 37.07 821 
42.65 41.99 42.02 3.28 4.20 40.35 780 
45.93 45.27 45.30 3.28 3.55 43.63 923 

49.21 48.55 48.58 3.28 2.05 46.91 1599 



R16542

10 

20 

- 30 
~ 
.t:. ..... c.. 
Cl) 

C 40 

50 

60 

500 

Job No: 07-804 
Client C.E.C. 
Project: Pond Creek Mine 
Sounding: CPT-5 
Date: October 30, 2007 

Vs (ft/s) 

1000 1500 2000 



R16543

Job No 07-804 

Client Civil & Environmental Consultants 
Project Trtle Pond Creek Mine 

Hole CPT-SA 
Site Williamson County, Illinois 

Date 10/30/2007 

Seismic Source: Beam 

Source Offset: 1.50 (fl) 

Source Depth: 0.00 (fl) 
Geophone Offset: 0.66 (ft) 

Tip Geophone Ray Depth Time Mid-layer Vs Interval 

Depth Depth Path Interval Interval Depth Velocity 

(ft) (ft) (ft) (ft) (ms) (fl) (Ills) 

6.23 5.57 5.77 

9.51 8.85 8.98 3.21 3.80 7.21 844 

1280 12.14 1224 3.26 4.18 10.50 779 

16.08 15.42 15.50 3.26 2.80 13.78 1164 

19.36 18.70 18.76 3.27 2.34 17.06 1396 

22.64 21.98 22.03 327 3.29 20.34 994 
25.92 25.26 25.31 3.27 3.04 23.62 1077 

29.20 28.54 28.58 3.27 2.74 26.90 1195 

32.48 31.82 31.86 3.28 3.21 30.18 1021 

35.76 35.10 35.14 3.28 4.18 33.46 784 

39.04 38.38 38.41 3.28 4.29 36.74 764 

42.32 41.66 41.69 3.28 4.50 40.02 728 

45.60 44.94 44.97 3.28 4.27 43.30 768 

49.05 48.39 48.42 3.45 3.59 46.67 961 

52.17 51.51 51.54 3.12 2.21 49.95 1411 

53.15 52.49 52.52 0.98 0.62 52.00 1580 
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Tip Geophone 
Depth Depth 

(ft) (ft) 

6.56 5.90 
9.84 9.18 
13.12 12.46 
16.40 15.74 
19.89 19.03 
22.97 22.31 
26.25 25.59 
29.89 29.03 
32.81 32.15 
36.09 35.43 
39.37 38.71 
39.70 39.04 

07-804 Job No 

Client CMI & Environmental Consultants 
Project Trtle Pond Creek Mine 

Hole CPT--5B 
Site Williamson County, Illinois 
Date 10130/2007 

Seismic Source: Beam 

Source Offset: 1.50 (ft) 

Source Depth: 0.00 (ft) 

Geophone Offset: 0,66 (ft) 

Ray Depth Time Mid~ayer 

Path Interval Interval Depth 

(fl) (ft) (ms) (fl) 

6.09 
9.31 3.21 3.93 7.54 

12.55 3.25 3.61 10.82 
15.82 3.26 2.15 14.10 
19.09 3.28 3.02 17.39 

22.36 3.27 3.82 20.67 
25.64 3.27 4.47 23.95 
29.07 3.43 5.01 27.31 

32.19 3.12 4.09 30.59 
35,47 3.28 3.23 33.79 
38.74 3.28 2.85 37,07 

39.07 0.33 0.20 38,88 

Vs Interval 
Velocity 

(11/s) 

818 
900 

1517 
1085 
856 

732 
686 

762 
1014 
1150 
1649 
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Tip Geophone 

Depth Depth 

(ft) {ft) 

3.28 2.62 

6.56 5.90 

9.84 9.18 

13.12 12.46 

16.40 15.74 

19.69 19.03 

22.64 21.98 

07-604 Job No 

Client Civil & Environmental Consultants 
Project Title Pond Creek Mine 

Hole CPT-6 
Site Williamson County, Illinois 

Date 10/31/2007 

Seismic Source: Beam 
Source Offset: 1.50 (ft) 

Source Depth: 0.00 {ft) 

Geophone Offset: 0.66 {ft) 

Ray Depth Time Mid-layer 

Path Interval Interval Depth 

(ft) {ft) {ms) (ft) 

3.02 

6.09 3.07 5.97 4.26 

9.31 3.21 4.18 7.54 

12.55 3.25 4.60 10.82 

15.82 3.26 3.45 14.10 

19.09 3.28 4.00 17.39 

22.03 2.94 2.88 20.51 

Vs Interval 

Velocity 

(ff/s) 

514 

769 

706 

945 
819 

1022 
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Job No 07-804 
Client Civil & Environmental Consultants 
Project Trtle Pond Creek Mine 

Hole CPT-7 

Site Williamson County, Illinois 
Dale 10/31/2007 

Seismic Source: Beam 
Source Offset: 1.50 (fl) 
Source Depth: 0.00 (fl) 
Geophane Offset: 0.66 (fl) 

Tip Geophone Ray Depth lime Mid-layer Vs Interval 
Depth Depth Path Interval Interval Depth Velocity 

(fl) (fl) (fl) (ft) (ms) (ft) (111s) 
3.28 2.62 3.02 
6.56 5.90 6.09 3.07 5.97 4.26 514 
9.84 9.18 9.31 3.21 5.59 7.54 575 
13.12 12.46 12.55 3.25 4.36 10.82 745 
16.40 15.74 15.82 3.26 3.65 14.10 894 
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Tip Geophone 
Depth Depth 

(It) (ft) 

3.28 2.62 
6.58 5.90 
9.84 9.18 
13.12 12.46 
16.40 15.74 
17.88 17.22 

07--804 Job No 
Client 
Project Title 

Hale 

CMI & Environmental Consultants 
Pond Creek Mine 

CPT--8 

Site 

Date 

Williamson County, Illinois 
10/31/2007 

Seismic Source: Beam 

Source Offset: 1.50 
Source Depth: 0.00 
Geophone Offset: 0.66 

Ray Depth Time 
Path Interval Interval 

(It) (It) (ms) 

3.02 
6.09 3.07 5.67 

9.31 3.21 4.93 
1255 3.25 4.59 
15.82 3.26 3.33 
17.29 1.47 1.42 

(ft) 

(ft) 

(ft) 

Mid-layer 

Depth 

(It) 

4.26 
7.54 
10.82 
14.10 
16.48 

Vs Interval 

Velocity 

(ft/s) 

541 
652 
708 
979 
1038 
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Job No 07-804 

Client CM! & Environmental Consultants 
Project Title Pond Creek Mine 
Hole CPT-9 

Site Williamson County, Illinois 

Date 10/31/2007 

Seismic Source: Beam 

Source Offset: 1.50 (fl) 

Source Depth: 0.00 (fl) 

Geophone Offset: 0.66 (fl) 

Tip Geophone Ray Depth Time Mid-layer Vs Interval 

Depth Depth Path Interval Interval Depth Velocity 

(fl) (fl) (fl) (fl) (ms) (fl) (fl/s) 

2.95 2.29 2.74 

6.23 5.57 5.77 3.03 7.30 3.93 415 

9.51 8.85 8.98 3.21 3.55 7.21 904 

12.80 12.14 12.24 3.26 4.30 10.50 757 

16.08 15.42 15.50 3.26 5.04 13.78 647 

19.36 18.70 18.76 3.27 4.06 17.06 805 

21.98 21.32 21.38 2.61 1.76 20.01 1484 
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Tip Geophone 
Depth Depth 

(ft} (ft} 

3.28 2.62 
6.56 5.90 
9.84 9.18 

13.12 12.46 
16.40 15.74 
19.69 19.03 
22.97 22.31 
26.08 25.42 

07-804 Job No 
Client 

Project Trtle 

Hole 

CMI & Environmental Consultants 
Pond Creek Mine 

CPT-10 

Site 
Date 

Williamson County, Illinois 
10/31/2007 

Seismic Source: Beam 
Source Offset: 1.50 
Source Depth: □.DO 

Geophone Offset: 0.66 

Ray Depth lime 
Path Interval Interval 

(ft} (ft} (ms) 

3.02 
6.09 3.07 6.42 

9.31 3.21 5.21 
12.55 3.25 4.95 
15.82 3.26 4.06 
19.09 3.28 3.47 
22.36 3.27 3.03 
25.47 3.10 2.55 

(ft} 

(ft} 

(ft} 

Mid-layer 
Depth 

(ft} 

4.26 
7.54 
10.82 
14.10 
17.39 
20.67 
23.87 

Vs Interval 
Velocity 

(f!/s} 

478 
617 
656 
803 
945 

1080 
1217 
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Job No: 07-804 
Client C.E.C. 
Project: Pond Creek Mine 
Sounding: CPT-10 
Date: October 31, 2007 
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Job No 07-804 
Client CM! & Environmental Consultants 
Project Tille Pond Creek Mine 

Hole CPT-11 
Site WIiiiamson County, Illinois 

Dale 10131/2007 

Seismic Source: Beam 

Source Offset: 1.50 (ft) 

Source Depth: 0.00 (ft) 

Gaophone Offset: 0,66 (ft) 

Tip Geophone Ray Depth Time Mid-layer Vs Interval 

Depth Depth Path Interval Interval Depth Velocity 

(fl) (fl) (fl) (fl) (ms) (fl) (fl/s) 

3.28 2.62 3.02 

6.56 5.90 6.09 3.07 6.51 4.26 471 

9.84 9.18 9.31 3.21 5.12 7.54 628 

13.12 12.46 12.55 3.25 4.52 10.82 719 

16.40 15.74 15.82 326 3.99 14.10 817 

19.69 19.03 19.09 3.28 3.54 17.39 926 

22.97 22.31 22.36 3.27 2.71 20.67 1207 

26.25 25.59 25.54 3.27 2.36 23.95 1387 

27.56 26.90 26.95 1.31 1.05 26.25 1246 
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Job No: 07-804 
Client: C.E.C. 
Project: Pond Creek Mine 
Sounding: CPT-11 
Date: October 31, 2007 

Vs (ft/s) 

1000 1500 2000 
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Job No 07-804 

Client CM! & Environmental Consultants 
Project Title Pond Creek Mine 
Hole CPT-12 

Site Williamson County, Illinois 

Date 1 0/3112007 

Seismic Source: Beam 

Source Offset: 1.50 (ft) 

Source Depth: 0.00 (ft) 
Geophone Offset: 0.66 (ft) 

Tip Geophone Ray Depth lime Mid-layer Vs Interval 

Depth Depth Path Interval Interval Depth Velocity 

(ft) (ft) (ft) (ft) (ms) (ft) (f!/s) 

2.95 2.29 2.74 
6.40 5.74 5.94 3.20 6.03 4.02 530 

9.51 8.85 8.98 3.04 5.11 7.30 596 

12.80 12.14 12.24 3.26 5.42 10.50 601 
16.08 15.42 15.50 3.26 4.36 13.78 748 
19.36 18.70 18.76 3.27 3.75 17.06 871 
22.64 21.98 22.03 3.27 2.66 20.34 1230 
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No Dissipation Tests were 
performed 
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ConeTec Digital File Formats 

ConeTec CPT data files are named such that the first 3 characters contain the job number, the next two 
characters are CP followed by two characters indicating the sounding number. The last DOS character 
position is reserved for the letters a, b, c, d etc to uniquely identify multiple soundings at the same 
location. The CPT sounding file has the extensions COR, and pore pressure dissipation files have the 
extension PPD. As an example, for job number 99-127 the first sounding will have file names 
127CP01 .COR and 127CP01.PPD. 

The CPT (COR) file consists of the following components: 

1. Two lines of header information 
2. Data records 
3. End of data marker 
4. Units information 

Header Lines 

Line 1: Columns 1-6 are blank (future use) 
Columns 7-21 contain the sounding Date and Time 
Columns 22-36 contain the sounding Operator 

Line 2: Columns 1-16 contain the Job Location 
Columns 17-31 contain the Cone ID 
Columns 32-47 contain the sounding number 

Data Records 

The data records contain 4 or more columns of data in floating point format. A comma (and spaces) 
separates each data item: 

Column 1: 
Column 2: 

Column 3: 
Column 4: 
Column 5: 

Sounding Depth (meters) 
Tip (q0) data uncorrected for pore pressure effects. Recorded in units selected by 
the operator. 
Sleeve (fs) data. Recorded in units selected by the operator 
Dynamic pore pressure readings. Recorded in units selected by the operator 
UVIF Data. See UVIF section. 

End of Data Marker 

After the last line of data a line containing ASCII 26 (CTL-Z) and a newline (carriage return/ line 
feed) character. This is used to mark the end of data. 

Units Information 

The last section of the file contains information about the units that were selected for the sounding. 
A separator bar makes up the first line. The second line contains the type of units used for depth, q0 , 

fs and u. The third line contains the conversion values required for ConeTec's software to convert 
the recorded data to an internal set of base units (bar for q0 , bar for ts and meters for u). 
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ConeTec Digital File Formats 2 

CPT Dissipation files have the same naming convention as the CPT sounding files and have the 
extension PPD. PPD files consist of the following components: 

1. Two lines of header information 
2. Data records 

Header Lines (same as COR file): 

Line 1: Columns 1-6 are blank (future use) 
Columns 7-21 contain the sounding Date and Time 
Columns 22-36 contain the sounding Operator 

Line 2: Columns 1-16 contain the Job Location 
Columns 17-31 contain the Cone ID 
Columns 32-4 7 contain the sounding number 

Data Records 

The data records immediately follow the header lines. Each data record can occupy several lines in 
the file and is a complete record of a dissipation test at a particular depth. Each data record starts 
with a line containing two values separated by spaces; the first value being an index number (not 
currently used by the Software) and the second being the dissipation test depth in meters. Following 
this line are the dissipation pore pressure values stored at 5 second intervals with a maximum of 12 
entries per line. The last line of the dissipation record may not contain a full 12 entries. The data 
record is terminated with an ASCII 30 character (appears as a triangle in some editors). 

This sequence is repeated for every dissipation test in the sounding. No marker is used to indicate 
end of file. Units information is not stored in this file. Users would have to check the CPT file for the 
units that were used. 
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ConeTec's basic CPT interpretation output files are generally delivered in text files with a TBL extension. 
The root file name is the same as the COR files. A number of calculated geotechnical parameters are 
presented in these files. The files are stored as ASCII text files that can be viewed using any text editor 
such as Notepad or Wordpad. The files do not contain any page formatting. These files are not 
distributed if the enhanced interpretation files are provided. 

ConeTec's enhanced CPT interpretation output files are delivered in several formats, each file type 
containing the exact same information but formatted slightly differently. The files typically have any of 
the following file extensions: 

1. NLI 

2. NLP 

3. XLS 

an importable TAB delimited ASCII text file containing approximately 36 data columns 
of geotechnical interpretations. The file is designed for easy import to Excel. A 
companion document describes the techniques used for the interpretations (usually 
reproduced at the beginning of the Interpretation Appendix). Text editors can be used 
to view the file contents, however, they may remove the tabs or replace the tabs with 
spaces upon saving the file destroying the feature that makes them easy to import into 
Excel. 

a printable ASCII text file containing the same 36 columns of geotechnical 
interpretations as the NLI file. This file type has been formatted as a multi-page 
document with up to 132 characters per line and up to 68 lines per page. Each page 
has been separated into multiple sections to accommodate all the data fields. Each 
physical page has a header section and a page/section number. The file is designed for 
direct printing to laser printers set into compressed font mode. This output is typically 
provided in the Interpretation Appendix. 

an Excel format file that has been generated directly from the corresponding NLI file. 

In each case root file name is the same as the COR files. 

CONE~ 
ii 
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APPENDIX A-3 

NORMALIZED PS-CPT DATA AND PARAMETER CORRELATIONS 
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CALCULATION BRIEF 
FOR 

NORMALIZED PS-CPT DATA AND PARAMETER CORRELATIONS 

POND CREEK COAL REFUSE DISPOSAL SITE 

OBJECTIVE: 

Use data recorded during the piezo-seismic cone penetration testing (PS-CPT) at the 
Williamson Energy, Pond Creek Coal Refuse Disposal facility located in Williamson 
County, Illinois to correlate various index and strength properties. Also, nearly 
continuous profiles with depth of various applicable engineering properties of the refuse 
and sub grade soil materials in the fifteen (I 5) soundings tested at the Pond Creek facility 
are tabulated and attached. 

REFERENCES: 
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1. Bowles, Joseph E. (1984) "Physical and Geotechnical Properties of Soils," Mc-Graw 
Hill. New York: 367-369 and 393-396. 

2. Civil & Environmental Consultants, Inc. Calculation Brief Entitled "Summary of 
Piezo-Cone Penetration Testing," Pond Creek Coal Refuse Disposal Site, BEG, dated 
12/21/07. 

3. ConeTec, Inc. (2007), Field Report Entitled "Presentation of CPTU Test Results for: 
Pond Creek Mine - Williamson County, Illinois, December 10, 2007. 

4. Robertson, P.K (1998), "Applications Guide -CPT" **Fax** 

5. Robertson, P.K., et.al. (1992) "SPT-CPT Correlations," Journal of Geotechnical 
Engineering, ASCE 109 (11): 1449-1459. 
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6. Robertson, P.K and Campanella, R.G, (1989), "Guidelines for Geotechnical Design 
Using CPT and CPTU", UBC Soil Mechanics Series No. 120, Civil Eng. Dept., 
Vancouver, B.C., Canada 

7. Robertson, P.K and Campanella, R.G, (1983), "SPT-CPT Correlations," Journal of 
Geotechnical Engineering, ASCE Vol. 109 No. 11, pp. 1449-1459. 

8. Civil and Environmental Consultants, Inc. Calculation, "Calculation Brief for 
Estimation and Summary of Engineering Properties Including Peale Undrained Shear 
Strength for Refuse and Subgrade Materials," Pond Creek Coal Refusal Site, BEG 
12/28/07. 

METHODOLOGY: 

072046 

Using laboratory-derived unit weights for the coarse coal refuse and residual soil layers, 
provided by Alliance Consulting, Inc. (Alliance), the following parameters are correlated 
based on established CPT correlations (References 2, 3, 4, 5, 6 and 7) and the data 
collected during the Pond Creek Piezo-Seismic Cone Penetration Testing subsurface 
investigation (Ref. 2): 

• Total stress (crv) 
• Effective stress ( Gvo') 

• Pore pressure (U eq) 
• SPT N6o correction factor (Cn) 
• SPT blow counts at 60% energy (Nso) 
• N6o corrected for overburden ((N 1)so) 
• Corrected tip resistance (qc) 
• Fines content (F c) 

• Effective friction angle (cp) 
• Soil Behavior Index (Ic) 

Undrained shear strength (Su) was also correlated, and is discussed separately in the 
calculation brief entitled Estimation and Summary of Engineering Properties Including 
Peale Undrained Shear Strength for Refuse and Subgrade Materials," (Reference 8). 
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ANALYSIS: 

072046 

ConeTec, Inc. (ConeTec) performed the PS-CPT and correlated the above noted 
parameters based on various unit weights that were correlated directly from the Soil 
Behavior Type (SBT) (Robertson and Campanella, 1989). The unit weights used by 
ConeTec were based_ on data interpolation and thus require modification to reflect the 
laboratory derived unit weights of the coarse refuse and residual soil, which were 
provided by Alliance. Therefore, laboratory-derived unit weight for each of the layers 
was used to correlate the applicable parameters, particularly total and effective stresses, 
which are used throughout the calculations. 

PSCPT correlations were based on much of the work described by Robertson and 
Campanella (1998, 1992, 1989, 1988, 1983). During field testing, ConeTec measured 
four parameters insitu, which were not correlated. They include the recorded tip 
resistance (AvgQt), the recorded side friction (AvgFs), the recorded friction ratio 
(AvgRf) and the pore pressure generated by the CPT probe (AvgUd), all of which were 
used in subsequent correlations. The soil behavior type (SBT) was also determined by 
the ConeTec, and was based on observations and readings of the four parameters just 
listed. 

The following paragraphs briefly describe the parameters as well as providing a 
definition of the parameter and any additional calculations needed: Total stress and 
effective stress are both used in many of the correlations, and are related to each other by 
the presence of water in the form of pore water pressure. Total stress was defined as: 

CTv = ( y * H) / 2000 (lb/ton) 

where: CTv = total stress (tsf) 
y = unit weight (pcf) 
H = depth of the sample (ft) 
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Pore pressure is defined as: 

Ueq = (Yw * H) / 2000 (lb/ton) 

where: Ueq = pore pressure (tsf) 

PROJECT NO. 

PAGE 

DATE 

Yw = unit weight of water (pcf) 
= 62.5 pcf 

H = depth of the sample (ft) 

The difference between the two determines the effective stress: 

CTvo' = CJ'v - Ueq 

where: Ueq = pore pressure (tsf) 
crv = total stress (tsf) 

072046 

OF '/8 

, /z3 /as r I 

The PS-CPT sampler correlated the number of blows per foot, without the overburden 
correction, to the tip resistance measured as the probe was advanced. This gave measurements 
of N60 every 0.2 meters. Corrected for overburden, the measured tip resistance was then 
calculated: 

qc = AvgQt - (1 - 0.85) * U 

where: AvgQt = measured tip resistance (tsf) 
0.85 = area ratio of the PS-CPT probe 
U = measured pore pressure (tsf) 

This corrected tip resistance ( q,) was used along with the soil behavior type index (Ic) and 
atmospheric pressure to give the recorded N6o value by the equation: 

072046 

NGo = (qc /Pa)/ 8.5 * (1- (Ic / 4.6)) 

where: = corrected tip resistance (tsf) 
= atmospheric pressure (tsf) 
= 1.058 tsf 

Ic = soil behavior type index (dim) 
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and: le = ((3.47 - Log1o(Q))2 + (Log10(F) + 1.22)2)0.5 

where: Q 

F 

= normalized cone penetration 
resistance ( dim) 

= normalized friction ratio (pct) 

and: Q = (qc • CTv) / CTvo' 

where: qc = corrected tip resistance (tsf) 
crv = total stress = ( y * H) / 2000(lb/ton) 

(tsf) 
CTvo' = vertical effective overburden (tsf) 

and: F = 100% * AvgFs / (qc - CTvo') 

where: AvgFs= recorded side friction (tsf) 
qc = corrected tip resistance (tsf) 
CTvo' = vertical effective overburden (tsf) 

OF "IS 

Once Nso and CTvo' had been calculated, a correction factor (Cn) was applied to 
Nsoto give (N1)so: 

(N1)so = Nso * Cn 

where Nso = Number of blows/foot to advance 1.5 
feet 

Cn = ( CTvo')-0-5 ( dim) 

Using tip resistance, corrected for overburden, and effective overburden the effective 
friction of the material in the Pond Creek facility could be calculated (Robertson, 1989). 
This was done using the following calculation: 

<j>' = tan-1((1/2.68) * (Log10 (qc / CTvo') + 0.29)] 
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where: qc = corrected tip resistance (tsf) 
CTvo' = effective vertical stress (tsf) 

Similarly, the fines content was correlated from PS-CPT data but was not used in any 
further analysis. The fines content was correlated using the soil behavior type index, Io, 
as defined above. To determine the fines content of the material, the following 
relationship was used: 

Fe = (1.75 * Ic3·25 - 3.7) 

where: = fines content (%) 
= soil behavior type index (dim) 

RESULTS: 

The results of the correlations between PS-CPT data recorded during field testing yield a 
profile of geotechnical parameters at the 15 sounding locations tested at the Pond Creek 
facility. Effective and total stresses provide an indication of the stresses being 
experienced insitu, and generally will increase as material is placed on top of the existing 
materials to the lines and grades of the proposed final geometry. 

In-situ effective friction values were correlated using in-situ corrected tip resistance and 
effective overburden pressures for the 15 soundings tested at the Pond Creek facility. 

CONCLUSIONS: 

072046 

Summarizing, data recorded during PS-CPT field testing was used to correlate index and 
strength parameters for comparison to limited laboratory testing at discrete sample 
locations and to develop nearly continuous profile(s) of engineering properties with depth 
to model the variability of the insitu conditions at the Pond Creek facility. 

Based on modified results, the correlated parameters from PS-CPT are generally 
consistent with each other and similar parameters determined from similar materials at 
other refuse facilities, and from laboratory testing of discrete samples. Therefore, in 
general, a reasonably high confidence level exists applying/using the results of the PS
CPT correlations to the 15 profiles shown in the attached tables. 
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~ 0 ~ ConeTec Jnc. { 1rpretation 
lnlerpre!aUon O 1elease 1.22 Rev. Format: NU Imperial 
Aun No: 07-1210-1008-4622 
Job No: 07-804 
Client: Clvil & Environrnenlal Consultants 
Project: Pond Creek Mine• Williamson County, Illinois 
Sile: CPT-1 il/!i;!!mlal Illll:11'~ i;! □d ~l □ i! W!:!19b! {i;ii;;I) ~ ~ ~ &.&m.. 1£...fil:g,_ Loca1ion: Pond Creek Mine deg ,,, Isl % % Cone: 20TON AD211 CJK]Resldual Soll I 41.9s I 2.43 I 78.91 I 26.et I 2.aa I CPTDale: 07/31/10 
CPTTime: 13:23 
CPT File: 804CP01.COR 
Northing (m): 0.000000 
Easting (m): 0.000000 
ElevaUon (m): 482.2 

User Inputs: 

Ci&] Water Table De th II): Ground Surface E!ev. ~ Assumed; Nk: 32.3 
State Parameter: ~ CPT area ratio: ~ 
Unit Weight or Soll {pc1): See Below See Below Copied from ConeTec GPT Data FIie -------------------------------------------------·-------- -------- -----------. ·----------·--·--·--·-----

Deplh Sample Et AvgOl AvgFs AvgRI AvgUd Oto Rio le Q F SBT U.Wt. TStress ES!ress Uoq Co N60 (N1}60 s" qc Fe Phi 
(II) (It) (tsf) (!sf) {%) (It) {Isl) (%) (pcf) {Isl) (!s!) (Isl) (blows/I\) (blows/fl) (Isl) (Isl) {%) (Deg.) 

0.164 482.026 16.61 0.44 2.66 0.11 1619.49 2.651 1.66 1619.42 2.65 5 125.00 0.010 0.010 0.000 2.000 2.89 5.79 0.514 16.61 5.45572 52.56 
0.492 481.698 ,15.67 1.03 2.25 4.37 1484.2 2.257 1.60 1483.55 2.26 6 125.00 0.031 0.031 0.000 2.000 7,79 15.57 1.413 45.65 4.391 52,25 
0.82 481.370 44.31 1.6 3.61 -3.26 863.585 3.615 1.86 863.98 3.61 s 125.00 0.051 0.051 0.000 2.000 8.26 16.52 1.370 44,33 9.36475 50.29 
1.148 481.042 49.34 1.93 3.91 -6.42 686.66'6 3.917 1.92 687.22 3.91 5 125.00 0.072 0,072 0.000 2,000 9.42 18.84 1.525 49.38 "10.B792 49.41 
1.476 480.714 50.64 2.12 4.19 -7.64 547.943 4.194 1.98 548.49 4,19 5 125.00 0,092 0.092 0,000 2.000 9.90 19,80 ,1_555 50,69 12.4636 48.51 
1.804 4B0.386 45.45 2.14 4.71 ·0.65 402.104 4.720 ~08 402.10 4.72 4 125.00 0.113 0.113 0.000 2.000 ·9.23 18.48 1.404 45.45 15.2837 47.21 
2.133 480,057 40.4 1.81 4.'18 3.83 302.047 4.495 2.12 301.82 4.50 4 125.00 0.133 0.133 0.000 2.000 8.32 16.64 1.247 40.37 16.3803 115.96 
2.461 479.729 34.t:!6 1.32 3.78 8,22 225.29 3.792 2.12 225.96 3,80 5 125.00 0.154 0.154 0.000 2,000 7,12 14.38 1.078 34.91 16.3424 44.63 
2.789 479.401 31.18 1.1 3.52 11:83 177.874 3.548 2,15 177.47 3.56 5 125.00 0.174 0.174 0.000 2.000 6.50 12.99 0.960' 31.11 17.3915 43.48 
3.117 479.073 29.29 1.15 3.92 14.97 149.35 3.953 2.23 146.89 3.96 5 125.00 0.195 0.195 0.000 2.000 6.31 12.62 0.901 29.2 20,1364 42.62 
3.446 478.745 29.06 1.09 3,74 29.44 133.967 3.779 2.25 133.13 3.80 5 125.0U 0.215 0.215 0.000 2.000 6.28 12.55 0,893 28.88 20.6255 42.05 
3.773 478.417 32.91 1.15 3.49 32.84 138.56 3.520 2.21 137.67 3.54 5 125.00 0.236 0.236 0.000 ~000 7.01 14.02 1.012 32.7 19.4713 42.22 
4,101 478.089 34.84 1.39 ' 29.66 134.928 4.019 2.27 134.19 4.04 5 125.00 0.256 o.'256 0.000 1.975 7.59 15.00 1.071 34,65 21.3078 42.09 
4.429 477.761 35.38 1.49 4,22 29.72 126.812 4.245 2.30 126.16 4,27 ' 125.00 0.277 0.277 0.000 1.901 7,83 14,88 1.087 35,2 22.5787 41.78 
4.757 477.433 34.51 1.53 4.44 31.GS 115.073 4.472 2.35 11<1.40 4.50 4 125.00 0.297 0.297 0.000 1,834 7.78 14.27 1,059 34.31 24.2407 41.27 
5.085 477.105 32.05 1.52 <l.75 32,73 99.8466 4.790 2.41 99.18 4.82 4 125.00 0.318 0.318 0,000 1.774 7.42 13.17 0.982 31.84 26.6972 40.52 
5.413 476.m 33.07 1.53 4.62 33.55 96.7499 4.674 2.41 96.13 4.70 4 125.00 0.338 . 0.338 0.000 1.719 7.66 13.17 1.013 32.66 26.6937 40,36 
5.741 476.449 28.11 1.63 5.81 25.35 77.3418 5.874 2.54 76.90 5.91 3 125.00 .0.359 0.359 0.000 1.669 6.95 11.61 0.859 27,95 32,7178 39.15 
6.069 476,121 23.82 1.72 7.24 8.62 61.7978 7.338 2.68 61.67 7.35 3 125.00 0.379 0.379 0.000 1.624 : 6.33 10.27 0.726 23,77 39.3343 37.91 
6.398 475.792 23.35 1.75 7.49 4,73 57.3932 7.626 2.71 57,32 7.64 3 125.00 OAOO 0.400 0.000 1,581 6.31 9.98 0.711 23.32 41.0639 37.49 
6.726 475.464 25.01 1.76 7.04 4.71 58.4945 7.157 2.68 58.42 7.17 3 125.00 0.420 0.420 0.000 1.542 6.67 10.29 0,761 24.98 39.6542 37.60 
7.054 475.136 26.32 1.96 7.47 4.23 68.6995 7.574 2.70 58.63 7.58 3 125.00 0A41 0.441 0.000 1.606 7,09 10.67 0.801 26.29 40.6073 37.62 
7.382 474.808 26.5 1.n 6.7 3.32 56.437 6,798 2.68 56.39 6.80 3 125.00 0.461 0.461 ,0,000 1.472 i.04 10.37 0.806 26.48 39.2566 37.40 
7.71 474.480 22.44 1.48 6.61 3 45.5681 6.740 2.74 45.53 6.75 3 125.00 0.482 0.482 0.000 1.441 6.15 8.86 0.680 22.42 42.3496 36.15 

8.038 474.152 24,71 1.6 6.49 3.7 48.1864 6.609 2.71 •18.15 6.61 3 126.00 0,502 0,502 0.000 i.411 6.69 9.44 0.749 24,69 41.1319 36.48 
8.366 473.824 35.83 2.03 5.68 4.8 67.525 5.750 2.57 67.47 5.75 3 126.00 0.523 0.523 0.000 1.383 9.02 12.48 i 1.093 35.8 33.9863 38.42 
8.694 473.496 39.18 2.59 6.61 3.46 71.1049 6.703 2.61 71.07 6.71 3 125,00 0.543 0.543 0.000 1.357 10.06 13.64 U96 39.16 35.8018 38.71 
9.022 473.168 64.62 3.1 4.8 6.26 113.6 4.840 2.37 113.63 4.8•1 11 125.00 0.564 0.564 0.000 1.332 14.83 19.75 1.983 64.58 25.3247 41.23 
9.35 472.840 86.35 5.07 5.87 3.14 146.765 5.911 2.38 146.73 5.91 11 125.00 0,584 0.584 0.000 1.308 19.89 26.02 2.655 86.33 25.6191 42.54 
9.678 472.512 73.23 5.54 7.56 -2.24 120.066 7.628 2.52 120.08 7.63 11 125.00 0.605 0,605 0.000 1.286 16,01 23.18 2,24B 73.24 31.6127 41.52 
10.006 472.184 46.41 4.03 8.68 -9.82 73.2115 8.802 2.69 73.31 8.79 0 125.00 0.625 0.625 0.000 1.265 12.47 15,77 1.417 46.47 40.1446 36,88 
10.335 471.855 39,89 2.66 6.66 ·11.18 60.7552 6.778 2.65 60.86 6.77 3 125.00 0.646 0.646 0,000 1,244 10.50 13.07 1.216 39.96 38.0706 37.83 
10.663 471.527 54.17 2.97 5.48 -11.18 80.2829 5.551 2.51 80.39 5.54 3 125.00 0.666 0.666 0.000 1.226 13,28 16.26 1 1,656 54.24 31.1774 39.39 
10.991 471.199 62.34 4.01 6.44 ·10.85 89.7506 6.504 2.54 89.85 6.50" 11 125.00 0.687 0.687 0.000 1.207 15.46 18.65 i 1'909 62.41 32.3205 39.99 
11.319 470.871 75.65 4.58 6.06 -9.15 105.935 6.111 2.47 106.01 6.11 11 125.00 0.707 0.707 0.000 1,189 18.19 21.63 2:320 75.7 29.4445 40.87 
11.647 470.543 96 6.72 7 -6.93 130,879 7.053 2A7 130.93 7.05 11 125.00 0.728 0.728 0.000 1. 172 23.07 27.04 2.950 96.04 29.4226 41.97 
11.975 470.215 83.38 6.59 7.9 ·7.87 110.405 7.976 2.56 110.47 7.97 11 125.00 0.748 0.748 0,000 1.156 20.88 24.13 2.558 83.43 33.2785 41.09 
12.303 469,887 57.02 4.42 7.74 -9.36 73.1543 7.858 2.66 73.23 7.85 3 125.00 0.769 0.769 0.000 1,140 15.01 17.11 1.742 57,08 38.1113 :.18.88 
12.631 469.559 67.48 3.97 5.89 -6.63 84.4786 5.953 2.52 84.53 5.95 11 125.00 0.789 0.789 0.000 1.125 tG.61 18.70 2.065 67.62 31.6601 39.66 
12.959 469.231 79.63 5.29 6.64 -4.3 97.3162 6.711 2.53 97.35 6.71 11 125.00 0.810 0.810 0.000 1,111 19.65 21.83 2.440 79,66 31.8895 40.42 C 13.287 468.903 74.37 5.39 7.24 -3.35 88.5552 7.329 2.58 88.58 7.33 11 125.00 0.830 0,830 0.000 1.097 18.86 20.68 2.277 74.39 34.4742 39.92 13.615 468.575 71.75 5.08 7.08 -2.33 83.3188 7.165 2.59 83.34 7.16 11 126.00 0.851 0.851 0.000 1.084 18.25 19,79 i?.195 71.77 34,8502 39.59 13.943 468.247 102.33 5.18 5.06 ·0.78 116.427 5.106 2.38 116.'14 5.11 11 125.00 0.871 0,871 0.000 1.071 23.62 25.31 3,141 102.34 25,8028 41.36 ~ 14.271 467.919 114.91 6.8 5.91 2.36 127.832 5,964 2.42 127.81 5.97 11 125.00 0.892 0.8$2 0.000 1,059 26.91 28.49 3,630 114.89 27.1057 41.84 14.6 467.590 134.53 9.49 7.06 8.8 146.43 7.102 2.45 148.36 7.11 11 125.00 0.913 0,913 0.000 1.047 31.95 33.<!5 4,137 134.47 28.4187 42.53 14.928 467.262 140.8 8.87 6.3 10.72 149.911 6.342 2.40 149.64 6,3<1 11 125.00 0.933 0.S:;l3 0.000 1.035 32.73 33.88 4.330 140.73 26.4588 42.65 -t 15,256 466.934 130,39 7.43 5.7 2, 1 136.749 5.740 2.39 136.74 6.74 11 125.00 0.954 0.954 0.000 1.024 30.M 30.87 4.007 130.38 25.9423 42.15 C 
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/""'"··•,,. 

·····--······--··-·--·-······-····-····--·····--·-· ···-·········-·-·- ·············-·-·--···-·--·!~ ·- ···---··-···-···---·············-······-·-·--·- ·-·-··-f 

' Depth San AvgQI AvgFs AvgRI AvgUd Oln Rfa le Q F SBT U.Wt. .ress ES\ress Ueq Ca N60 (N1)60 s, qe 
(HJ (It) (tsf) (ts/) (%) (fl) (tsf) (%) (pcl) (Isl) (Isl) (1st) (blows/ft) (blowsfll) (Isl) (tsf) 

15.584 466.606 108.8 7.14 6.56 -4.18 111.721 6.622 2.49 111.74 6.62 11 135.00 0.974 0.965 0.009 l.018 26.34 26.81 3.338 108.82 
15.912 466.278 78.99 5.55 7.03 -5.77 79.8202 7.116 2.60 79.86 7.11 11 135.00 0.996 0.977 0.019 1,012 20.18 20.42 2.415 79.02 
16.24 465.950 119. l 5.81 4.88 ·0.48 119.401 4.920 2.37 119.40 4.92 11 135.00 1.018 0.989 0.029 1.006 27.25 27,41 3.656 119.1 
16.568 465.622 148.8 8.34 5.6 -1.5 147.633 5.644 2.36 147.64 5.64 11 135.00 1.0,10 1.001 0.040 1.000 34.oo 33.96 4.575 1<1B.81 
16.896 465.294 185.21 10.35 5.59 7.64 181 .826 5.620 2.31 161.76 5.62 11 135.00 1.0li3 1.013 0.050 0.994 41.38 41.12 5.701 185.16 
17.224 464.966 333.69 12.91 3.87 16.63 324.597 3.881 2.05 324.50 3.88 12 135.00 1.085 1,025 0.060 0.988 66.82 66.01 10.297 333.59 
17,552 464.638 421.41 1<1.07 3.34 22.43 405.472 3.3•18 1.95 405.34 3.35 12 135.00 1.107 1.037 0.070 0.982 81.17 79.72 13.012 421.27 
17.BB 464.310 395.49 15.59 3.94 0.37 376.125 3.953 2.03 3i6.12 3.95 12 135.00 1.129 1.048 0.080 0.977 78.54 76.70 12.209 395.49 

--------
Fe 
(%) 

30.1191 
35.2737 
25,0315 

24.89 
22.9713 
14.2684 
11.5386 
13.6425 

Phi 
(Dag.) 

41.15 
39.35 
41.50 
42.58 
43.60 
46.28 
47.25 
46.93 

-.J 

~ 

....( 
I:) 
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r~ 
ConeTec Ind 
lnte1prelaliori 
Aun No: 
Job No; 
Client: 
Project: 
Site: 
Location: 
Cone: 
CPT Dale: 
CPTT1me: 
CPT FIie: 

Northing (ft): 
Easting (ft): 
Elevation (ft): 

User Inputs: 

Assumed: 

erpre!alion 
• Release 1.22 Rev. Format: NU Imperial 

07-1210-1008-4589 
07-804 
CM! & Environmental Consullanls 
Pond Creek M!ne - WIiliamson Cou11.y, Illinois 
CPT-2 
Pond Creek Mine 
20TON AD211 
07/30/10 
13:46 
8D4CP02.COR 

0.000000 
0.000000 

494.21 

Weter Table De lh II): 
Nk: 32.3 
State Parameter: 
Unit Weight of Soll (pcf): 

~ 

CID 
~See Below 

Depth 
(It) 

Sample El. AvgOI AvgFs 
(Isl) 

AvgRI 
(%) 

AvgUd 
(It) 

Q\a 

('.sf) 
Ria 
(%) (It) (Isl) 

CPT area rallo: ~ 

,, Q F 

See Below 

SBT LI.WI. 
(pcf) 

Material Types and Un]t Weigh! (pcl) 

~Coarse Refuse 
LJ.g0Aesklual Soll 

Ground Surface Elev. ~ 

Copied lrom ConeTec CPT □ala FIie 

TStrnss EStress 
(Isl) (ts!) 

Ueq 
(lsf) 

c, N60 (N1)60 -i 
(blowsfll) (blows/It), 

~ ~ 
tsf tsr 

1.39 

s, 
(Isl) 

47.18 

qo 
{Isl) 

ttfil9.,. 
% 
~ 
6~_,_75 

Fo 
{%) 

J£..8y_g, 
% 

()';t 
2.9·r~ 

Phi 

(Deg.) 

-~ 
~ 

C 
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__ r- (' 
Depth sa/. -~~~a~--;~~~- -------- ---------- -------- ·------· -------- ----· 1 

\ ___ ---------···-·-----· ···------ -·-···---------- ______________ _ 
AvgR! 

(%) 
AvgUd 

(fl) 
Qlo 
(::sl) 

Rfo 
(%) 

,, Q F SBT U.Wt. 
(per) 

.;[feSS ESlress Ueq 
(tsf) (Isl) {tsf) 

Cn NGO (N1)60 1 Su qo 
(Isl) 

(It) (!11 (Isl) (tsf) 
(blows/fl) (blows/II) (lsf) 

461.894 37.05 1.05 2.B3 0.04 16.6383 3.00434 2.81778 16.6383 3.00434 6 125.00 2,10054 2.10054 , O · a.as 10.62s55 1.3a4M4 1.oa2oa 37.05 
461.566 67.03 0.55 0.82 -6.6 30 6024 0.84734 2.29207 30.6213 0.84682 8 125.00 2.12104 2,12\04 0 0.6866" 14.85918 10,20282· 2.00957 67.07 32.972 461.238 54.68 1.11 2.03 0.21 2~.533 2,11274 2.59114 24.533 2.11274 7 125.00 2,14154 2.14154 0 0.6833 13.91768 9,510511 1.62658 54,6B 33.3 •Hi0.910 49.23 1.53 3.11 ·2.91 21 7702 3.25062 2.74669 21.7794 3.24924 6 125.00 2.16204 2.16204 0 0.6801 13.58TT3 9.240913 1.45721 49,25 33.628 460.582 42,89 1.67 J.9 ·0.53 18.'6514 4,10244 2.86303 18.651'1 4.10244 5 125.00 2.18254 2.18254 0. 0.6769 12.62559 8,54615 1.26029 42.89 33.956 460.254 42.8 1.32 3.09 0.12 184277 3.25147 2.80358 18.<1277 3.251<17 6 125.00 2.20304 2.20304 0 0.6737 12,18217 8.207546° t.25687 42.8 34.284 459.926 30.89 1.35 4.37 0.37 12,8923 4.70934 3.02533 12.8878 4.71098 4 125.00 2.22354 2.22354 0 0.6706 10.02714 6.72442 0.88751 30.B8 3•!.612 459.598 24.22 1.28 5.28 0.81 9.n!303 5.82455 3.1763 9.78858 5.8272 J 125.00 2,2•M04 2.2•1404 0 0.6676 8.694916 5.804303

1 

0.68037 24.21 34.941 459.269 21.73 0.96 4.43 1.31 8:5955 4.93183 3.17671 8.59109 4.93436 4 125.00 2.26•1!1 2.264603 0 0.6645 7.602906 5.166139 0,60264 21,72 35.269 458.941 23.04 0,79 3.42 1.73 91()827 3.80633 3.09074 9.07832 3.60817 5 125.00 2.2851 2.285103 0 0.6615 7.80225 5.161394 0.6<1257 23.03 35.597 458.613 22.63 0.74 3.26 2.47 8.61522 3.64094 3.09045 8.80655 3.64453 5 125.00 2.3056 2.305603 0 0.6586 7.658449 5.043693 0.62924 22.61 35.925 458.285 23.37 0,6 2.57 J.4 9.04685 2.85118 3.02!07 9.03825 2.8539 5 125.00 2.3261 2.326103 0 0.6557 7.56159 4.95791 0.65151 23.35 36.253 457.957 29.16 0.73 2.49 9.07 114265 2.72252 2.9266 11.4009 2.72863 6 125.00 2.3466 2.346603 0 0,6528 8.691671 5.804484: 0,63014 29.1 36.5B1 457.629 30.74 0.64 2.07 12.21 1 1.9863 2.25567 2.86414 11.9525 2.26205 6 125.00 2.3671 2.367103 0 0.65 9.031228 5.870002 0.87842 30.66 36.909 457.301 30.69 0.47 1.52 13.92 11..8539 1.66064 2.79759 11.8162 1.66593 6 12S.00 2.3876 2,387603 0 0.6,172 8.680726 5.617913, 0.87624 30.6 37.237 456.973 31.76 0.55 1.72 16.67 12.1888 1.87381 2.81505 12.1431 1.88086 6 125.00 2.4081 2.408103 0 0.6444 9.066453 5.842516, 0.90873 31.65 37.565 456.645 33.62 0.61 1.8 17.92 12.8434 1.95567 2.80566 12.7981 1.96259 6 125.00 2.4286 2.428603 0 0.6417 9.549031 6.127<168 0.96568 33.51 

Fe 
(%) 

47.0264 
22,2286 
34.9261 
42,984 
49,722 

46.2004 
60.2073 
71.1657 
71.1974 
64.8082 
64.7668 
59.9152 
53.674B 
49.7897 
45.8547 
46.8672 
•16.3211 

Pl1I 
(Deg.) 

29.826 
33.739 
32.344 
31.581 
30.575 
30.497 
28.127 
26.273 
25.388 
25.762 
25,556 
25.732 
27.303 
27.622 
27.544 
27.728 
28.081 

~ 

N 

~ 

..J 
C 
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/~ 

' ·····------ --------------- -------------------- ·--------- ------- ------------ ·------- ----------- ---- ( ·------- ---------------- ------------------··· ·------------····· -·-----
Oeplh S, -'· AvoOt AvgFs AvgRI AvgUd Oto Rio ,, a F SBT U.Vv,. , Stress EStrsss u,, Co N60 (N1)G0 So QC 

(fl) (U) (ts!) (tsfJ (%) {It) (tsl) (%) (pcf) (Isl) (ls!) {Isl) (blows/It) {blows/It) (tsf) (Isl) 

37.893 456.317 32.15 0.63 1.95 18.61! 12.1273 2.12115 2.84602 12.0783 2.12975 6 125.00 2 . .1.191 2.•M9103 0 0.639 9.337317 5.966•186 0.91953 32.03 
38.221 455.989 25.87 0.58 2.25 19.84 9.47537 2.47659 2.97339 9.42678 2.49137 6 125.00 2.4696 2.45!:!603 0 0.6363 8.094387 5.15075 0.72447 25.75 
38.549 d5S.GGI 21.3 0,67 3.13 19.56 7.55386 3.56195 3.14336 7.50567 3.58482 5 125.00 2.4901 2.490103 o 0.6337 7.4:N7l1 4.711459 o.5a235 21.18 
3B.877 455.333 19.83 0.72 3.64 19.54 6.90511 4,15719 3.21395 G.85727 4.18619 4 135.00 2.6105 2.5082 0.0024 0.6314 7.271031 •l.5910B1 0,5362 19.71 
39.20G 455.004 19.78 0.91 11.59 17.32 6.84374 5.27622 3.27716 6.80009 5.31009 3 135.00 2.53281 2.520143 0.0127 0.5299 7.602996 4.789302 0.53397 19.67 
39.534 45'1.676 20.68 0.93 4.48 18.01 7.15825 5.13102 3.25407 7,11481 5.16235 3 135.00 2.55495 2.532049 0.0229 0.6284 7.814492 4.9i094 0.58115 20.57 
39.862 454.348 20.78 0.84 4.03 18.73 7.15536 4.61d65 3.22705 7.11212 4.6427 4 135.00 2.57709 2.543956 0.0331 0.627 7.69793 4.826351 0.56356 20.67 
40.19 454.020 19.42 0.88 4.52 19.38 6.58125 5.23163 3.28913 6.53•13 5.26922 3 135.00 2,59923 2.555862 0.0434 0.6255 7.528098 4.708868 0.52077 19.3 
•I0.518 453.692 16.99 0.73 4.28 19.8•1 5.59577 5.08051 3.33962 5.54903 5.1233 3 135,00 2.62137 2,56TT68 0,0536 0,6241 6.843878 4.270948 0.44485 16,67 
40.846 453.364 16.52 0.38 2.28 21.46 5.37916 2.73844 3.20777 5.32489 2.76635 5 135.00 2.64351 2.579675 0.0638 0.6226 6.015787 3.745489 0.42961 16.38 
41.174 453.036 17.43 0.34 l.93 23.46 5.6970<1 2.30284 3.14792 5.63916 2.32648 6 135.00 2.66565 2.591581 0.0741 0.6212 6.084749 3.779726 0.4571 17.28 
41.502 452.708 22.29 0.68 3.06 24.25 7.52921 3.<169 3.13915 7.46776 3.49754 5 135.00 2.68779 2.603488 0.08'13 0.6198 7.7•15791 4.800517 0.60688 22.13 
41.83 452,380 19.58 0.73 3.7•1 20.72 6A503 4.32719 3.24865 6.40059 <1.36079 4 135.00 2.70993 2.615394 0.0945 0.6183 7.359357 4.550628 0.62229 19.45 

42.158 452.052 20.78 0.6 2.67 23.56 6.66938 3.32448 3.1617 6.8161 3.35047 5 135.00 2.73207 2.6273 0.10/48 0.6169 7,337613 4.526828 0.55876 20.64 
42.486 451.724 27.89 0.85 3.06 26.14 9.52399 3.38163 3.04802 9.'15958 3.40466 5 135.00 2.75421 2.639207 0.115 0.6165 9.132647 5.6216 0.7782 27.72 
42.814 451.396 28.69 1.21 4.23 37,12 9.TT•!63 4.66935 3.12299 9.68787 4.71117 4 135.00 2,TT635 2.651113 0.1252 0,8142 9.852356 6.050983 0.80228 28.48 
43.143 451.067 21.75 0.81 3.73 40.41 7.11643 4.27408 3.214 7.02255 4.33122 4 135,00 2.79858 2,663056 0.1355 0.6128 7.931649 4.860415 0.58673 21.5 
43.471 450.739 22.78 0.69 3.01 41.96 7.46153 3.45703 3.14483 7.36059 3.50444 5 135,00 2.8207 2,674962 0.1467 0,6114 7,909522 4.836057 0.61794 22.51 
43.799 450.411 20.59 0.61 2.97 43.95 6.60515 3.43717 3.18878 6.50094 3.49227 5 135.00 2.84284 2.666869 0.156 0.6101 7.35876 4.489329 0,549<15 20.31 
44.127 <150.083 23.42 1.1 4.71 47.39 7.61643 5.35\rl9 3.24833 7,501197 5.42807 3 135.00 2.86498 2.698TT5 0.1662 0.6087 8.749722 5.32612 0.63638 23.13 
44.455 449.755 253.58 4.98 1.96 20.09 92.4833 1.98649 2.13724 92.4354 1.98753 B 135.00 2.88712 2.710662 0.1764 0.6074 52.62093 31.96092 7,76139 253.45 
44.783 •149.427 555.99 13.9 2.5 -21.27 203.145 2.5132 1.99381 203.193 2.5126 12 135,00 2.90926 2,722588 0.1867 0.6061 109.1065 66.12409 17.1232 556.12 

Fe Phi 
(%) (Deg.) 

48.6978 27.692 
56.71 26.018 

6B.672 24.471 
74.0883 23.859 
79.1712 23.806 
77.2888 24,117 
75.1234 24.118 
80.159 23.549 

8<1.4156 22.454 
73.6031 22.183 
69.0138 22.571 
68.3574 24.466 
76.8511 23.43 
70.053 23,857 

61.TT82 26.072 
67.1585 26.236 
74,0922 24.069 
68.7816 24.389 

72.126 23.557 
76.8256 24.529 
16.9566 40.151 
12.7619 44,134 

.... 
\N 

~ 

-.Ji 
°" 
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PROJECT Deformation Evaluation PROJECTNO. 072046 
Normalized PS-CPT Data and Parameter 

072046 

Correlations PAGE I-/ OF 'I?, 

MADE BY __ B_E_G __ DATE 12/28/07 CHECKEDBY zf( DATE 

NORMALIZED AND MODIFIED BY CEC 
CONETEC, INC. - CPT DATA AND CORRELATED PARAMETERS 

POND CREEK- WILLIAMSON COUNTY, ILLINOIS 
CPT-2A 
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ConeTec Inc.(~, . .:11pretallon 

Jnterpreta1ion 1 Release 1.22 Rev. Formal: NU 
Run No: 
Job No: 
Client: 
Project: 
Sile: 
locallon: 
Cone: 
CPT Date: 
CPTT!me: 
CPT FIie: 
Norlhing (It): 
Easting (ft): 
Elevation (ft): 

User Inputs: 

Assumed: 

07-1210·1008-4556 
07-804 

Imperial 

Civil & Environmental Consultants 
Pond Creek Mine - Williamson County, Illinois 
CPT-2A 
Pond Creek Mine 
20 TON AD211 
07130110 
14:50 
804CP02/\.COR 

0.000000 
0.000000 
492.4 

fl): 

State Parameter: 
Unit Weight of Soll (pcf): 

~ 

~ 
~See Below 

CPT area ratio: ~ 
See Below 

MaJerlal Types aml lJnit Welgljt /pcfl 

~Coarse Refuse 
~Residual Soil 

Ground Surface Elev. ~ 

Copied lrom ConeTec CPT Da1a FIie 

.E.bl.8Y.9.,., ~ ~ .E£.lillL. .l.!...A\!g. 
deg ts! tsf % % 

,s{1Zi3f'<Y%J;3at0 tl? 5·' 311:i i"22 ,1~--~ )\'2.23!.\ 
:,,_(}.69 2.JiQ ~§_.31 4B.1~L ?.BO 

. - ------------·-··-···-·-·--·--··--·-·-·-- -····-····· ·-·-- ··-----· -·--····-···· --·········- --··-··-·· -·-··-···-- -··-·---------·--·-··--·-·-·---···-·-· -·-··-·· 
Depth 

(It) 
Sample El. AvgQI 

(It} (1s1) 
AvgFs 

(lsf) 
AvgRf 

(%) 
/\vgUd 

(fl) 
Q\q 

{Isl) 
Rfq 

(%) 

,, a F SBT U.Wt. 
(pcf) 

TStress EStress 
(tsf) (tsf) 

u,q 
(ISi) 

c, N60 (N1)60 ' 
(blows/It) {blows/II) 

s, 
(Isl) 

q, 
{lsf) 

Fo 
(%) 

Phi 
(Deg.) 

1 

l 

"' 
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Doptl1 
(II) 

29.303 
29.691 
30.019 
30.347 
30.675 
31.004 
31.332 
31.66 

31.988 
32.316 
32.64d 
32.972 
33.3 

33.628 
33.956 
34,284 
34.612 
3-1.941 
35.269 
35.597 
35.925 
36.253 
36.581 
36.909 
37.237 
37.665 

Sari~ 
(I!) 

463.03i 
<162.709 
462,381 
462.053 
461.725 
4Gl.J96 
461.068 
460.740 
460.412 
460.084 
459.756 
<159.428 
459.101) 
458.772 
458.441! 
458.116 
457.788 
457.459 
457.131 
456.803 
<156.475 
<156.147 
455.819 
455.491 
455.163 
454.835 

·,,-\ 
·•••-······---•--••-••----------•--- -------------------------·-• ••------- ---·--•••-•• •----------· ·------- ----- I -•• -••---------------·-•--•--•--·--·---•-•--------- --•••• 

Avg□ l 
(!sf) 

31.91 
78.81 
75.42 
73.52 
61.35 
28.32 
40.8 
44.64 
35.89 
41.49 
44.62 
46.81 
34.78 
27.97 
25.2 
23.12 
2<1.88 
27.6 
22,71 
20.39 
20.1 
21.46 
16.81 
18.56 
16.65 
18.46 

AvgFs 
(Isl) 

0.9 
1.79 
2.d6 
2.38 
2.05 
1.36 
1.24 
1.3G 
0.92 
0.76 
0.87 
0.97 
0.63 
0.53 
0.51 
0.44 
0.56 
0.74 
0.58 
0.5 

0.58 
0.65 
0.64 
0.68 
0.64 
0.76 

Avglll 
(%) 

2.81 
2.27 
3.26 
3.23 
3.35 
4.8 

3.05 
3.05 
2.56 
1.84 
1.9,) 
2.07 
1.82 
1.88 
2.03 
1.91 
2.24 
2.67 
2.56 
2-'16 
2.89 
3.04 
3.38 
3.67 
5.06 
4.13 

AvgUd 
(H) 

0.93 
-13.37 
-19.88 
-21.24 
-21.62 
-15.93 
·12.77 
·16.6 
-16.6 

-15.52 
-15.36 
·12.68 
-11.57 
-11.11 
-10.93 
-10.81 
-10.49 
-10.42 
-10.21 
-9.49 
-8.69 
-5,91 
-5.48 
-4.62 
-<185 
·5.01 

Ola 
{Isl) 

Ria 
(%) 

le Q F 

17.8897 1.89558 2.6i583 17,8897 1.89558 
15.i263 2.99978 2.83696 15.7263 2.99978 
39.8707 2.32825 2.45145 39.9174 2.32553 
37.7012 3.34825 2.57393 37.7628 3.34279 
36.3335 3.32631 2.68372 36,3998 3.32028 
29.8326 3.45349 2.65802 29.903 3.44537 
13.0672 5.1692 3,04324 13.1369 5.14963 
19.0902 3.19842 2.78585 19.1296 3.19183 
20.7614 3.19334 2.75656 20.815 3.18511 
16.3228 2.72043 2.79674 16.3759 2,71161 
18.8295 1.92905 2.6602 1B.8773 1.92416 
20.1185 2.04671 2.6614 20.1658 2.04191 
20.9421 2.17116 2.65248 20.9796 2.16728 
15.1479 1.93097 2.73912 1 s.1004 L926e3 
11.8637 2.05461 2.84249 11.8959 2.04905 
10.4815 2.21689 2.90541 10.5134 2.21017 
9.43633 2.10479 2.93186 9.46793 2.09777 
10.1278 2.47304 2.94368 10.1691 2.46542 
11.2319 2.91987 2.94724 11.2585 2.91297 
8.97409 2.83853 3.02029 9.00483 2.828S4 
7.87525 2.76356 3.06177 7.89701 2.75594 
7.67164 3.26171 3.1108 7.69321 3.25256 
8.17722 3.3993 3.09836 8.19432 3.3922 
6.97406 3.89032 3.18867 6.98617 3.88324 
6.80029 4.20256 3.21677 6.81289 4,19479 
5.95614 5.8947 3.34912 5.96868 5,86231 
6.67022 4,73876 3.25313 6.6827 4.72991 

SBT 

6 
6 
7 
8 
6 
8 
3 
6 
6 
6 
6 
6 
6 
6 
6 
6 
8 
6 
6 
5 
5 
6 
5 
5 
4 
3 
4 

U.Wt. 
(pc!) 

.,ress ESlress 
(lsf) (ts!) 

125.00 1,88728 1.887275 
125.00 1.90778 1.907775 
125.00 1.92828 1.928275 

Ueq 
itsl) 

Ca NGO (N1)60 
(blows/It) [blows/fl) 

s" 
(Is!) 

0 0.7279, 9.473402 6.8958591 1.04529 
0 0.724, 9,254513 6,700235 0.92886 
0 0.7201 18.77676 13.52185 2,38024 

"' (ts!) 

35.65 
31,91 
78.9 

125.00 1.94878 1.948775 0 0.7163 19.06391 13.6562<1 2,27465 . 75.54 
126.00 1.96928 1.969276 0 0,7126 1B.Bn16 13.30937- 2,21519 73.66 
125.00 1.98978 1.989TT6 0 0.7089 16,19004 11.47746 1.83TT8 61.49 
125.00 2.0103<1 2.010338 0 0,7053 9.334539 G,583523 0.61454 28.42 
125.00 2.03084 2.030838 0 0,7017 11.52196 6.085156,'1,20028 40,88 
125.00 2.05134 2.051338 0 0.6982 12.41234 6.66633 1.31653 4<l.75 
125.00 2.07184 2,071638 0 0.6947 10.20784 7.091796 1.047 36 
125.00 2.09234 2.092338 o o.6913 10.962n 7.578869 1.21974 41.59 
125.00 2,11284 2.112BJ!l 0 0.688 11.73457 8.072984 1.31601 44.72 
125.00 2.13334 2.133338 0 0.6847 12.31082 6.428633' 1,38318 46.89 
125.00 2.1638<1 2.153838 0 0.6814 9.576763 8.524796 1.0101 34.86 
125,00 2.17434 2,17<1338 0 0.6782 8.157762 5,532317, 0,79863 28.04 
125.00 2.19484 2.194838 0 0.675 7.62481 5.146688,' 0.71223 25.27 
125.00 2.2153'1 2,215338 0 0.6719 7.108146 4.775693 0.6472 23,19 
126.00 2.23584 2,235836 0 0.6688 7.70222d 5,15105:f 0,70106 24.95 
125.00 2.2564 2.2564 0 0.6657 8,557203 5.69670G 0.78463 27.66 
125.00 2.2769 2.2169 0 0.6627 7.373349 4.86fW\3. 0.6326 22.78 
125.00 2.2974 2.2974 0 0.6598 6.794369 4.482609. 0.56014 20.44 
125.00 2.3179 2.3179 0 0.6568 6.918507 4.54428• 0.55053 20.15 
125.00 2.338-~ 2.33lM 0 0.6639 7,320835 4,787417: 0.592 21.5 
125,00 2.3589 2.3589 0 0.6511 6.8256 4.444123 0.50932 18.84 
125.00 2.3794 2.3794 0 0.6483 6.871649 4-45492 0.50095 18.59 
135.00 2.3999 2.392506 0.0074 0,6465 6.818186 4.408008' 0.44118 16.68 
135.00 2.42204 2.40H12 0.0176 0.6449 7.022524 4.528869· 0.49653 18.49 

Fe 
(%) 

39.1825 
48.1574 
28,5599 
34.0988 
34.5679 
38.2614 
61.4453 

45.182 

Phi 
(Deg.) 

28.256 
30.741 

43.5317 31.289 
45.8061 29.721 
38.3734 30.664 
37.9227 31.084 
37.978 31,34 

42.5673 29.219 
48.487 27.59 

52.3352 26.756 
54.0101 26,047 
54.7701 26.525 
55.0001 27.219 
59.8616 25.707 
62.7431 24.816 

66.264 24.639 
65.3582 25.067 
72.1173 23.985 
74.3!04 23.814 
85.2328 22.923 
77.2612 23.691 

·~ 

.._ 
6: 

""'-I 

~ 
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-··------·-·· ---------·-····---------------------------------------- ---········· ----------- ------- ----------- -- i ----- ------------ --------- ------------------------- ------- ····-····· 

Deplh $, .I. AvgOI AvgFs Avgnf AvgUd Qin Rln le Q F SBT U.W,. 1 Slress ES tress Ueq en NGO (N1)60 Su qe 
(fl) (HJ (Isl) (tsf) (%) (II) (tsf) {%) {pcl) (lsf) {Isl) (Isl) {blows/II) (blows/It) (Isl) (lsl) 

37.093 454.507 17.57 0.66 3.77 -4.48 6.25986 4,3634 3.25552 6.27228 4.35476 4 135.00 2.44418 2.416318 0.0279 0.6433 6.693•105 il.30596 0.46829 17.6 
38.221 454.179 23.26 0,72 3.08 -3.6 8.56333 3.46259 3.08679 8.57568 3.4576 5 135.00 2,116632'2.428225 0.0381 0.6417 7,869741 5.050286 0.64377 23.29 38.549 453.651 35.17 1.71 4.86 -4.65 13.3934 5.23231 3.04061 13.4056 5.22751 3 135.00 2.48846 2.<140131 0.0483 0.6402 11.54187 7.388724 1.01181 35.2 38.877 453.523 74.79 4.27 5.7 -12.75 29.4773 5.90763 2.82205 29.5099 5.9011 11 135.00 2.5106 2.•152038 0.0586 0.6386 21.5316 13.75032. 2.23775 74.87 39.206 453.194 104.68 6.22 5.94 -19.79 41.4562 6.08925 2.72869 41.5049 6.08211 11 135.00 2.53281 2.46398 0,0688 0.6371 2B.63565 18.24261 3,16245 104.8 39.534 452.866 152.53 8.46 5,55 -19.17 60,5743 5.6•!094 2,59462 60.6227 5.63643 11 135.00 2.55495 2.475887 0.0791 0.6355 38.92148 24.73568 4.64319 162.65 39.862 452.538 232.67 10,79 4.64 -19.12 92.<1888 4.68941 2.41592 92.533 4,68717 11 13s.oo 2.5nos 2.487793 o.0893 0.634 5<1.49618 34.55087 7.12362 232.78 40.19 452.210 391.32 13.96 3.57 -18.27 155.507 3.59127 2.18739 155.551 3.59025 12 135.00 2.59923 2.4997 0.0995 0.6325 82.95769 62.47014 12.0347 391.43 40.516 451.882 504.54 14.95 2.96 -19.1" 199.84 2.97857 2.05825 199.888 2.97786 12 135.00 2.62137 2.511606 0.1098 0.631 101.5206 64.05876 15.5393 504.66 
40,846 451.554 352.83 14.47 '·' 7.69 138.769 4.1320B 2.2esg1 138.754 4.13256 12 135.00 2,CM351 2.523512 0.12 0.6295 77.28576 48.65156 10.8417 352.79 
41.17<1 •151.226 428.29 14.1 3.29 55.96 167.871 3.3127B 2.14021 167.733 3.31551 12 135.00 2.66565 2.535419 0.1302 0.628 88.95563 55.86613 13.1772 427.94 

Fe 
(%) 

77.4062 
64,5241 
61.2619 
47,2766 
41.9974 
35.0952 
27.0649 
18.574 

14.5769 
21.2814 
17.0501 

Phi 
(Deg.) 

23.267 
25.388 
28.401 
33.514 

35.6 
37.815 
40.155 
42.835 
44.055 
42.264 
43.207 

---.J 

.....____\ 

.J 
t;; 
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ConeTec Inc. (\pretation 

Interpretation OL .lelease 1.22 Rev. Format: NU Imperial 
Run No: 07·1210-1008·4528 
Job No: 07-804 
Client Civil & Environmental Consultants 
Project: Pond Creek Mine - Williamson County, Illinois 
Site: CPT·3 M2!!.1rial TYPflli 2nd !,!nil W!.lig!:tl {!2!,1} f.tli..filg,, ~ ~ E£..8.'& ~ Location: Pond Creek Mina deg !sf !sf % % Cone: 20TON AD211 ~Residua! Soil I 36.95 I 1.32 I 43.13 I 32.39 I 2.49 CPTDate: 07/31/10 
CPT Time: 07:09 
CPT File: 804CP03.COR 
Nor\11lng (fl): 0.000000 
Easting (It): 0.000000 
Elevation (ft): 46G.98 

User Inputs: 

DID Water Table De th fl): Ground Surface Elev. ~ Assumed: Nk: 32.3 
State Parameter: ~ CPT area ratio: Dfil 
Unit Weight al Soi\ (pc!): See Below See Below Copied from ConeTec CPT Dale File 
----··-·-·-·-·---·-·-·-·-·-··-·-···--·--------·· ............ ····-·-·-------·--·-·-·---·--·--- -·-··------··-·-----·--·--·-·-·-·-·--·---·--· ·-·-·--

Depth Sample El. AvgOl l\vgFs AvgRI AvgUd Qt, Ria le Q F SBT U.Wt. TSlress EStress Uaq Ca N60 (N1)60 s, qe Fe Pol 
([\) (fl) (ts!) (Isl) (%) (It) (tsf) (%) (pcl) (!sf) {tsl) (Isl) (blows/II) (b!ows/11) (!sf) (Isl) (%) (Dag.) 

0.164 466.816 22.8 0.36 1.56 -0.74 2223.39 1.580 1.42 2224.37 1.58 6 125.00 0.010 0.010 0.000 2.000 3.67 7,34 0.706 22.81 1.81602 53.62 
0.492 466.488 42.<16 0.67 1.58 •5.17 1379.49 1.579 1.46 1380.46 1.58 7 125.00 0,031 0.031 0.000 2.000 6,91 13.82 1,313 42.48 2,23467 52.00 
0.82 466.160 28.94 0.66 2.29 .5.45 563.683 2.285 1.73 564.27 2.28 6 125.00 0.051 0.051 0.000 2,000 5.17 10.34 0,894 28.97 6.77422 48.62 
1.148 465.832 23.43 0.<16 1.97 -7.27 325.551 1.969 1.79 326.25 1.97 6 125.00 0.072 0.072 0.000 2.000 ,J.27 8.55 0,723 23.48 7,91659 46.30 
1.476 465.504 32.54 0.58 1.77 *11.34 351.737 1.787 1.74 352.50 1.78 6 125.00 0,092 0.092 0.000 2.000 5.82 11.65 1,005 32.61 6.82459 46.64 
UI04 465.176 38.02 0.94 2.47 ·4.06 336.206 2.480 1.87 336.38 2.<!8 6 125.00 0.113 0.113 0.000 2.000 7.12 14.25 1,174 38.04 9.67104 46.44 
2.133 464.847 36.81 1.27 3.46 ·2.93 275.118 3.463 2.04 275.27 3.46 5 125.00 0.133 0,133 0.000 2,000 7.35 14.70 1;135 36.83 14.0176 45.64 
2461 464.519 32.44 1.88 5.81 -1.76 209.906 5.823 2.29 209.97 5.82 3 125.00 0.154 0.154 0.000 2.000 7.19 14.38 1,000 32.45 22.2623 44.29 
2.789 464.191 33.21 1.93 5.82 ·0.93 189.52 5.842 2.32 189.58 5,84 3 125.00 0,174 0.17<\ 0.000 2.000 7.44 14.88 1.023 33.22 23.1469 43.80 
3,117 463.863 41.98 2.26 5.38 1.78 214.489 5.409 2.26 214.44 5.'11 3 125.00 0.195 0.195 0.000 2.00D 9,17 18.36 1,294 41.97 21.0994 44.39 
3.4,15 463.535 51.02 2.5 4.89 1.36 235.958 4.921 2.20 235.91 4.92 4 125.00 0.215 0.215 0.000 2.000 10.89 21.78 1,573 51.01 19.1479 44.83 
3.773 463.207 61.43 2.63 4.28 0.26 259.504 •1.298 2.13 259.46 4.30 5 125.00 0.236 0.236 0.000 2.000 12.73 25.48 1,895 61.42 16.8244 45.27 
<1.101 462.879 66.35 2.47 3.72 5.77 257.864 3.737 2.08 257,71 3.74 5 125.00 0.256 0.256 0.000 1.975 13.47 26.60 2.046 66.31 15.2758 45.24 
4.429 462.551 70.01 2.46 3.51 ·1.2 251.915 3.528 2.07 251.91 3,53 6 125.00 0.277 0.277 0,000 1.901 14,12 26.84 2.159 70.01 14.7869 45,1<1 
4.757 462.223 47.34 1.98 4.19 4.97 158.226 4.209 2.24 158.09 4.21 5 125.00 0.297 0.297 0.000 1.834 10.25 18.80 1.456 47.3 20.3659 42.91 
5.085 461.895 35.26 1.25 3.54 ltl.76 109.946 3.577 2.28 109.66 3.59 5 125.00 0,318 0.318 0.000 1,774 7,75 13.74 1,0B2 35.17 21.7542 41.05 
5.413 461.567 29.45 1.07 3.63 14.25 86.0497 3,675 2.36 85,78 3.69 5 125.00 0.338 0.338 0.000 1.7W 6,69 11.50 0,901 29.36 24,6747 39.74 
5.741 461.239 22.73 0,72 3.15 18.2 62,3478 3.218 2.41 62.01 3.24 5 125.00 0.359 0.359 0.000 1,669 5.213 8.81 0,693 22.61 28.8102 37.94 
6.069 460.911 20,62 0.5 2.43 23.7?. 53.3615 2.470 2.38 52.97 2.49 5 125.00 0.379 0.379 0.000 1.624 4.71 7.85 0.627 20.47 25,6663 37,04 
6.398 460.582 23.44 0.52 2.22 51.lM 57.6183 2.257 2,33 56.82 2.29 6 125.00 OAOO 0.,100 0.000 1.581 5.21 8.24 0.713 23.12 23.7246 37.44 
6.728 460.254 16.44 0.47 2.84 44.02 38,1079 2.934 2.54 37"14 2.99 5 125.00 0.420 0.420 0.000 1.542 4.02 6.20 0.498 16.16 32.6769 34.97 
7.05'1 459.926 14.75 D.41 2.79 45.61 32.4562 2.865 2,59 31.B2 2.92 5 126.00 0.441 0.441 0.000 1.508 3.68 5.55 0.443 14.47 34.9073 33.98 
7.382 459.598 17.38 0.43 2.45 47,02 36.67 2,5'12 2.52 36,04 2.59 5 125.00 0.'!61 0.461 0.000 1.1!72 4.19 6.17 0,524 17.09 31.3627 34.74 
7.71 459.270 18.54 0.47 2.51 37.83 37.4747 2,603 2.51 36.98 2.6'1 5 125.00 0.482 0.482 0.000 1,441 4.48 6.46 0.559 18.3 31.2347 34,90 
8.038 458.942 19.4 0.5 2.58 37.94 37.6166 2.646 2.62 37.16 2.68 5 125.00 0.502 0,502 0.000 1.411 4.70 6.63 o.585 19.17 31.3584 34.93 
8.366 458.614 17.21 0.55 3.2 34.73 31.9142 3.296 2.63 31.49 3.34 5 125.00 0.523 0.523 0.000 1.:?83 4.41 6.11 0,517 16.99 36.9521 33.91 
8.694 458 286 17.95 0.56 3,1 31.31 32.0343 3,217 2.62 31.68 3.25 5 125.00 0.5'13 0.543 0.000 1.357 4.59 6.23 0.539 17,76 36.4732 33.95 
9.022 457.958 19.33 0.57 2.93 27.69 33.2806 3.037 2.59 32.98 3.07 5 125.00 0.564 0.664 0.000 1.332 4.88 6.50 o.q,81 19,16 34.995 34.20 
9.35 457.630 18.87 0.64 3.4 23.97 31.2909 3.500 2.65 31.03 3.53 5 125.00 0.584 0.584 0.000 1.308 4.92 6.43 0,666 18.72 37.9977 33.82 
9.678 457.302 20.7 0.61 2.95 26.23 33.2219 3.036 2.59 32.94 3.06 6 125,00 0.605 0.605 0.000 1.286 5,23 6.72 0.622 20.53 34.9967 34.19 
10.006 456.974 20.8 0.74 3.57 10.97 32.26 3.668 2.65 32.15 3.68 5 125.00 0.625 0.625 0.000 1.265 5.45 6.89 0.625 20.73 38.0423 3-4.04 
10.335 456.645 22.06 0.78 3.52 8.13 33.1519 3.6'12 2.64 33.07 3.65 5 125.00 0.646 0.646 0.000 1.244 5.75 7.15 0,663 22.01 37.4577 34.22 
10.663 456.317 22.26 0.84 3.76 9.06 32.4015 3.1190 2.67 32.31 3.90 4 126.00 0.666 0.666 0.000 1.225 5.08 7.20 0,669 22.2 38.8361 34.07 
10.99\ 455.989 22.23 0.86 3.88 10.07 31.361 3.992 2.69 31.27 4.00 4 135.00 0.667 0.687 0,000 1.207 5.93 7.15 0.667 22,17 39.7776 33.87 
11.319 455.661 19.23 0.81 ,.2 10.53 26.3739 4.373 2.77 26.27 4.39 4 135.00 0.709 0.702 0.007 1.193 5.35 6.39 0,573 19.16 44.2873 32.78 
11,647 455.333 18 0.62 3.43 12,28 24.1809 3.590 2.74 24.07 3.61 5 135.00 0.731 0.714 0.017 1.183 4.93 5,84 0.535 17,92 42,7427 32.23 
11.975 455.005 21.25 0.62 2.92 16.42 28.2301 3.025 2.64 28.09 3.04 5 135.00 0.753 0,726 0.027 1,174 5.53 6.49 0.635 21,15 37.4988 33.21 
12.303 454.677 21.1 0.8 3.6 127 27.5413 3.936 2.73 27.43 3.95 4 135.00 0,775 0.738 0.038 1.164 5.73 6.67 0,629 21.02 41,8264 33.06 
12.631 454.349 17.94 0,7 3.88 13.37 22.8604 4.083 2.80 22.74 4,11 4 135.00 0.798 0.750 0.048 1.155 5.06 5.85 0.531 17.85 45.8564 31.88 
12.959 45'1.021 16.67 0.53 3.19 25.01 20.8069 3.344 2.78 20.60 3.38 5 135.00 0.820 0.762 0.058 1.146 4.63 5.30 0.491 16.51 44.6307 31.24 ---13.287 453.693 17.08 0.47 2.76 28.87 20.988 2.894 2.73 20.76 2.93 5 135.00 0.8•12 0,774 0.068 1.137 4.63 5.27 0.503 16.9 42.3273 31.30 ... 13.615 453.365 15.98 0.45 2.79 32.33 19.2415 2,977 2.77 18.99 3.02 5 135.00 0.864 0.786 0.078 1.128 4.42 4.98 0.468 15.78 44.472 30.73 

~ 
13.943 453.037 17 0.42 2.45 36.95 20.2055 2.606 2.72 19.92 2.64 6 135.00 0.886 0.797 0,089 1.120 4.57 5.11 0.499 16.77 41.6351 31.04 
14.271 452.709 20.35 0.53 2.61 41.32 24.0198 2.726 267 23.70 2.76 5 135.00 0.908 0.809 0.099 1.112 5.33 5.93 0,602 20.09 39.0883 32,16 

14.6 452.380 2•1.99 0.7 2.79 53.19 29.2928 2.909 2.63 28.89 2.95 5 135.00 0.931 0.821 0.109 i.103 6.39 7.05 0,745 24.66 36.6088 33.40 
14.928 452.052 25.84 0.92 3.55 51.01 29.8677 3.697 2.69 29.48 3.74 5 135.00 0.953 0,833 0.119 1.095 6.82 7.47 0.771 25.52 39.7482 33.53 
15.256 451.724 25.35 0.86 3.38 59.49 28.841 3.528 2.69 28.40 3.58 5 135.00 0.975 0.8~5 0.130 1.088 6.67 7.26 0,755 24.98 39,714 33.30 ~ 

(J 
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r-------------·--------·-·--·-·······--··-·-···-···-··- -------· --------- ----··-- ---·-······-···-··-r~ -· -------·· ·-····-····---------------········-·-··-··-·---·--Depth San'. AvgOI AvgFs AvgRI AvgUd Ola Ria lo a F SBT U.Wt. .,ress ES\ress Uoq Ca N60 (N1)60 s, QO (fl) (11) (tsf) (Isl) {%) (fl) (:sf) (%) (pc!) {lsfJ (ts!) (Isl) (blows/II) (blows/fl) {Isl) {Isl) 

15.584 451.396 25.2 0.94 3.72 60.14 282395 3.8114 2.72 27.80 3,95 5 135,00 0.997 0.857 0.140 1.080 6.75 7.29 0.749 2•1.82 15.912 451.068 23.53 0.87 3.69 59.12 25.3052 3.ll65 2.75 25.48 3.93 5 135.00 1.019 0.869 0.150 1.073 6.39 6.86 0.697 23.16 16.24 450.740 24.<12 0.79 3.22 95.<!I 26.5403 3.379 2.71 25.87 3.4/ 5 135.00 1.041 0.081 0,160 1.065 6.44 6,86 0.724 23.83 16.5GB 450.412 23.13 0.79 3.4 93.16 24J167 3.580 2.75 24.07 3.68 5 135.00 1.063 0,893 0.171 t.058 6,22 6.59 0,61!3 22.55 16.896 450.084 25.8 0.86 3.32 86.21 27.3182 3.480 2.70 26.73 3.56 5 135.00 1.086 0.905 0.181 1.051 6,81 7.16 0.765 25.27 17.224 449.755 27.36 1.09 3.99 68,75 28.5411 4.152 2.74 28.17 4.22 4 135,00 1.108 0.917 0.191 1.045 7.39 7.72 0.613 26.93 17.552 449.428 23.92 1.23 5.16 49.52 24.5451 5.397 2.86 2•1.21 5.47 3 135.00 1.130 0,929 0.201 1.038 6.!:!4 7.20 0.706 23.61 17.88 449.100 22.38 1.09 4.86 39,24 22.5732 5.135 2.87 22.31 5.20 3 135.00 1.152 0.940 0.212 1.031 6.55 6.75 0.657 22.13 18.208 448.772 17.75 0.82 4.63 24.36 17.4059 4,947 2.94 17.25 4.99 3 135,00 1.174 0.95'2 0,222 1.025 5.43 5.57 0.513 17,6 18.537 448.443 16.18 0.53 3.25 29.47 15.5391 3.537 2.89 15.35 3.58 5 135.00 1.196 0.964 0.232 1.018 4.79 4.68 0.464 16 18.865 448.115 16.38 0.38 2.32 30A<l 15.5318 2.506 2.80 15.34 2.54 5 135.00 1.218 0.976 0.242 1.012 4.61 4.66 0.469 16.19 19.193 447.787 17.22 0.42 2.44 •11.84 16.1723 2.628 2.80 15.91 2.67 5 135.00 1.241 0.988 0.253 1.006 4.83 4.BG 0.495 16.96 19.521 447.459 27.26 0.55 2.02 43.37 w.a979 2.116 2.58 25.73 2.14 6 135.00 1.253 1.000 0.263 1.000 6.82 6.82 0.805 26.99 19.8•19 <147.131 15.42 0.71 4.62 19.56 13.9691 5.023 3.02 13.85 5.07 3 135.00 1.285 1.012 0.273 0.994 4,95 4.93 0.438 15.3 20.177 '146.803 42.76 1.36 3.19 -1.64 40.4898 3.281 2.55 40.50 3.28 5 135.00 1,307 1,024 0.283 0.988 10.65 10.52 1.283 42.77 20.505 446.475 21.33 1.36 6.39 ·21.13 19..3115 6.800 2.99 19.44 6.76 3 135.00 1.329 1.036 0.293 0.983 6.83 6.71 0.619 21.46 20.833 446,147 94.63 4.34 4.59 -16.03 89.0402 4.653 2.42 89.14 4.65 11 135.UO 1.351 1.048 0.304 0.977 22.25 21.74 2.888 94.73 21.1G1 445.819 325.72 14.52 4.46 ·12.211 30€'.129 <l.477 2,11 306.20 4.48 11 135.00 1.373 t.060 0,314 0.972 67.01 65,10 I0.042 325.8 21.489 445.491 395.71 17.73 4.48 -7.11 36!:=.031 4.496 2.08 368.07 4.50 12 135.00 1.396 1.071 0.324 0.966 80.29 77.56 12.208 395.75 21.817 445.163 424.33 18.21 4.29 ·16.47 39C.385 4.306 2.05 390.48 4.30 12 135.00 1A18 1.083 0.334 0.961 85.18 81.82 13.093 424.43 

Fo 
{%) 

41.5723 
43.0523 
40.8417 
43.0416 
40.6511 
42.4056 
49.6011 
50,2616 
54.7916 
51,4876 
46.1677 
46.1732 
34.2771 
59.9097 
32.7842 
58.031 
27.3675 
16.2306 
15.201 

14.3837 

Phi 
(Deg.) 

33.17 
32.63 
32.73 
32.27 
32.94 
33.26 
32,32 
31,80 
30.15 
29.40 
29.39 
29.64 
32.71 
28.74 
35.49 
30.94 
39.97 
46.03 
46.84 
47.09 

)\ 
C 

""'\ 

-l 
1:1 
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ConeTec Inc. (\:rprelalion ·~ 

lnlerpretalion L Release 1.22 Rev. Format NLI Imperial 
Aun No: 07-1210-1008·4501 
Job No: 07-804 
Client: Civll & Environmental Consultants 
Project Pond Creek Mine - Williamson County, lllino!s 
Sile: CPT-4 Mlll!l:[]al TllQ!l::1 iJnd !)nit Wg[gl]I fi;icf} .Eb!...8.'t!L. ~ lli....8Y9.:. ~ ~ location: Pond Creek Mine 

deg Isl Isl % % Cone: 20 TON AD211 CJ:g[]Aesldual Soil I 4o.9a I 1.95 I 63.49 I 2a.02 I 2.<11 I CPT Date: 07/31/10 
CPT Time: 12:51 
CPT File: 804CP04.COR 
Northing (II): 0.000000 
Easting (fl): 0.000000 
Elevation {fl): 482.55 

User Inputs: 

Assumed: 
CED Ground Surface Elev. DfilJ 

S!ala Parameler: 

~ CPT area ralio: CfilLl 
Unit Weight or Soi! (pc!): See Below See Below Copied ifom ConeTec CPT Data File 
-----------------------------------------·------------------- ------- -------- -------·· ------------ ---------- -------- ---------- --------- ---------- -------------------------- -------

Depth Sample El, AvgOI AvgFs AvgRI AvgUd □to Rio 1, Q F SBT U.Wt. TS!ress ES\ress u,, Co N60 (N1)60 s, qo ,, Phi 
(It) {It) (Isl) (ts!) (%) (fl) (Isl) (%) (pcl) (Isl) (Isl) (tsf) (blows/II) (blows/fl) (Isl) (Isl) {%) (Deg.) 

0.164 •182.386 18.72 0.55 2.92 -0.12 1825.34 2.940 1.70 1825.34 2.!:M 5 125.00 0.010 0.010 0.000 2.000 3.30 e.60 0.679 18.72 6.13882 52.96 0.492 482.058 32.37 1.04 3.2 7.35 1051.68 3,216 1.79 1050.38 3.22 5 125.00 0.031 0.031 0,000 2.000 5.87 11.75 1,001 32.33 7.80728 51.02 0.82 481.730 59.25 1.53 2.59 5.03 1155.1 2.685 1.68 1154.51 2.59 6 125.00 0.051 0.051 0.000 2.000 10.38 20,76 1.833 59.22 5.79663 51.36 
1.1<18 <181.402 69.32 1.89 2.73 -7.9 965.132 2.729 1.73 965.83 2.73 6 125.00 0,072 0.072 0.000 2.000 12.34 2<1.68 2,144 69.37 6.60102 50.71 1.476 481.074 55.93 1.68 3.0l ·4.6 605.287 3.009 1,83 605.61 3.01 6 125.00 0.092 0.092 0.000 2.000 10.3•1 20.68 1.729 55.96 8.8217 <18.91 1.804 480.746 47.44 1.34 2.82 -9.26 419.754 2.831 1.87 420.29 2,83 6 125.00 0.113 0.113 0.000 2.000 8.91 17.82 1.465 47.5 9.76493 47.40 
2.133 480.417 31.92 1.13 3.53 -8.69 238.437 3.555 2.08 238.81 3.55 5 126.00 0.133 0.133 0.000 2.000 6.49 12.97 0.984 31.97 15.2078 44.89 2,461 480.089 34.91 0.98 2.81 -9.96 225.965 2.820 ~01 226.35 2.81 6 125.00 0.154 0.154 0.000 2.000 8.90 13.80 1.076 34.97 13.1573 44,64 
2.769 479.761 22.26 0.83 3.71 -10 126.702 3.758 2.25 127,05 3.75 ' 125.00 0.174 0.174 0.000 2.000 4.87 9.73 0.684 22.32 20.8802 41.81 
3.117 479.433 18.96 0.9 4.76 -6.79 96.3244 4.796 2.41 96.58 4.78 3 125.00 0.195 0.195 0.000 2.000 4.44 8.88 0.581 19,01 26.8756 40.38 
3.445 479.105 26.28 1.23 4.69 -6.97 121.055 4,719 2.35 121.24 4.71 3 125.00 0.215 0,215 0.000 2.000 5.97 11.94 0.807 26,32 24.2842 41,57 
3.773 478.777 29.78 1.59 5.31l -8.66 125.287 5.382 2.33 125.50 5.37 3 125,00 0.236 0.236 0.000 2.000 6.88 13.77 0.916 29,63 25,7669 41.75 
4.101 478.449 30.45 1,78 5.86 -8.64 117.8 5.895 2.43 116.00 5.69 3 125.00 0.256 0.256 0.000 1.975 7.19 14,21 0.935 30.5 27.7303 41.43 
4.429 478.121 31.27 1.79 5.72 •10,05 111.965 5.n5 2.44 112.22 5,76 3 125.00 0.277 0.277 0.000 1.901 7.41 14.08 0.960 31.34 27.9465 41.17 4.757 4n,793 29.3 1.55 5.3 -9.47 97,5•!95 5.344 2.45 97.75 5.33 3 125.00 0.297 0.297 0.000 1.834 6.97 12.78 0.898 29.36 28.3092 40.45 
5.085 477.465 29.53 L58 5.36 •6,95 91.9164 5.409 2.47 92.07 5.40 3 125.00 0.318 0.318 0.000 1.TT4 7.09 12.57 0.904 29.58 29.17 40.13 
5.413 477.137 29.07 1.51 6.21 -5.13 84.9265 6.256 2.48 85,02 5.25 3 125.00 0.338 0.336 0,000 1.719 7.01 12.05 0.890 29.1 29.6619 39.69 5.741 476.809 26.51 1.35 5.1 -4,32 72.8826 5.162 2.51 72.97 5.16 3 125.00 0.359 0.359 0.000 1.669 6.50 10.86 0.810 26.54 31.275 38.86 6.069 476.481 27.29 1.35 4.94 -2.56 70.948 5.017 2.51 71.00 5.01 3 125.00 0.379 0,379 0,000 1.624 6.69 1,0.86 0.833 27.31 31.1947 38.70 
6.398 476.152 32.7 1.45 4.43 4.16 80.7756 4.489 2.44 80.70 4.49 4 125.00 0.400 0.400 0.000 1.581 7.73 12.23 1.000 32.67 28.0404 39.41 
6.726 475.824 32.33 1.57 4.85 6.33 75.9075 4,920 2.49 75.81 4.93 3 125.00 0.420 0.420 0.000 1.542 7,81 12.05 0.988 32.29 30.1186 39.07 7.054 475.496 27.79 1.42 5.1 5.89 62.0337 5.192 2.56 61.97 5.20 3 125.00 0.441 0.441 0.000 1.506 6.96 10.49 , 0.847 27.76 33.5207 37.94 7,382 475.168 27.8 1.26 4.54 6,3 59.2547 4.609 2.54 59.17 4.62 4 125.00 0.461 0.461 0.000 1.472 6,88 10.13 0.846 27.76 32,3359 37,67 
7.71 474,840 26.97 1.13 4.2 7.16 54.9689 4.266 2.53 54.89 4.27 4 125,00 0.482 0.462 0,000 1.441 6.66 9.60 0.820 26.93 32.2137 37.24 

8.038 474.512 23.35 0,77 3.28 9.96 45.4792 3.370 2.52 45.36 3.38 5 125.00 0.502 0.502 0.000 1.411 5,72 8.07 , 0.707 23.29 31.5492 36.13 
8.3GB 474.184 23.34 0.69 3.8 13.65 43.6376 3.901 2.50 43.47 3.92 4 125.00 0.523 0.523 0.000 1.363 5.86 8.13 ' 0,706 23.25 34.2563 35.87 8.694 473.856 23.05 1.<11 6.13 7.81 41.4201 6,265 2.74 41.33 6.28 3 125.00 0.5-13 0.543 0,000 1,357 6,32 8.58 0.697 23 42.6219 35.57 9.022 473.528 21.04 1.1 5.22 9.64 36.3132 5.372 2.73 36.21 5.39 3 125.00 0,564 0.564 0,000 i.332 5.74 7.65 0.634 20.98 42.147 34.77 9.35 473.200 24.56 1.13 4.61 14 41.0278 4,713 2.65 40.87 4.7.J 3 126.00 0.584 0.584 0.000 1.308 6.43 8,41 0.742 24.47 38,0684 35.50 9.678 472.872 29.72 1.6 5.4 18.45 48.1341 5.496 2.66 47.95 5.52 3 125.00 0.605 0.605 0.000 1.286 7.78 10.01 0.901 29.61 38.1091 36.45 10.006 472.544 27.78 1.68 6.06 20.23 43.4213 6.187 2.72 •13.23 6.21 3 125.00 0,626 0,625 0.000 1.265 7,54 9,53 ! 0.8•11 27.66 41.7217 35.84 
10.335 472.215 35,02 2.44 G.96 1.71 53.2158 7.098 2.71 53.20 7.10 3 125.00 0.646 0,646 0,000 1.244 9.46 11.n 1.064 35.01 40.8687 37.06 10.663 471.867 39.84 2.72 6.62 -8.71 58.7805 6.943 2.67 58.66 6,93 3 126.00 0.666 0.666 0.000 1.225 10.58 12.96 ; 1.213 39.89 38.9729 37.64 
10,991 471.559 51.44 3.01 5.85 -13,44 73.8831 5.931 2.56 74,00 5.92 3 125.00 0.687 0.687 0.000 1.207 12.89 15.55 1.571 51.52 33.2411 38,93 
11.319 471.231 49.73 3.35 6.74 ·15.68 69.296 6.834 2.62 69.<14 6.82 3 125,00 0,707 0.707 0.000 1,169 12.87 15.31 ' 1.518 49.83 36.392 38.58 11.647 470.903 59.48 3.27 5.5 ·19.93 80.7103 5.566 2.51 60.86 5.55 11 125.00 0.728 0.728 0.000 1.172 14.58 17,09 j 1.819 59.6 31.1331 39.42 11.975 470.575 59.84 3.39 5.67 ·19.21 78.9532 5.737 2.53 79.11 5.73 11 125.00 0.7•!8 0,748 0.000 1.156 M.78 17.09 1.629 59.96 31,8713 39.30 12.303 470,247 46.27 3.26 7.05 -21.45 69.1739 7.165 2.68 59.36 7.14 3 125.00 0.769 0,769 0.000 1,140 12.36 14,09 1.409 46.41 39.3681 37.69 

~ 12.631 469.919 60.74 3.55 5.84 -21.71 75.9409 5.922 2.55 76.12 5.91 11 125.00 0.769 0.769 0.000 1.125 15.17 17,07 I 1.656 60.88 32.8461 !l9.09 
t 12.959 469.591 85.44 5.35 6.27 ·21.04 104.49 6,322 2.49 104.65 8.31 11 125,00 0.810 0.8l0 0.000 t.111 20.71 23.01 2.620 BS.57 30.0976 40.81 13.287 469.263 93.83 6.4 6.82 -21.32 111.989 6.882 2.50 112.16 6.87 11 125.00 0.830 0.830 0.000 1.097 22.88 25.10 2.879 93.97 30,668 41.17 

'-1 13.615 468.935 109,07 7.14 6.64 -21.2 127.176 6.598 2.45 127.33 6.59 II 125.00 0.851 0.851 0.000 1,084 26,01 28,20 3.350 109.2 28.6543 41.83 13.943 '168.607 131.31 8.27 6.3 -20.<19 149.682 6.3<10 2.40 149.83 6.33 11 125,00 0.671 0.871 0.000 1.071 30.56 32,73 4.038 131.44 26.4331 42.65 ld,271 466,279 130.51 8.58 6.57 ·20.11 145.322 6.619 2.42 145.47 6.61 11 125.00 0.892 0.892 0.000 1.059 30.69 32.49 4.013 .130.64 27.3685 42.50 14.6 467.950 121.15 8.14 6.72 -19.98 131.767 6.770 2.45 131.91 6.76 11 125,00 0.913 0.913 0.000 1.047 28.90 30.26 3.723 121.28 28.6919 42.01 
..J 14.928 467.622 117.27 7.69 6.56 -18.71 124.691 6.610 2.46 124.81 6.60 11 125.00 0.933 0.933 0,000 1.035 28.04 29.03 3.602 117.38 28.8952 41.72 15.256 467.294 114.1'1 5_,19 7.43 -17.94 116.;QG 7.501 Z52 118.82 7.49 1\ 125.00 OJ!54 0.954 0.000 1.024 26.04 28.72 3.504 11'1.25 31.4374 41.47 C 
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/~ 
---------------------------------------------- -------- ----- ------- ----·----- -----' '---- ---------------- -------- ·-----------------------

Depth .,. Avg□ l AvgFs AvgRI AvgUd Ola Rio le a F SBT U.W1. 1 Stress ESlress Ueq Co NGO {N1)60 s, QC 
(fl) (fl) (Isl) (ts!) (%) (fl) (I.sf) (%) {pcf) (tsl) (Isl) (ts!) (IJtows/lt) (blows/It) (tsf) (ISi) 

15.584 466.966 104.36 7.93 7.6 -18.2 10€-.146 7.670 2.55 106.27 7,66 11 125.00 0.974 0,974 0.000 1.013 26.08 26.43 3.201 104.48 
15.912 466,638 108.46 7.37 6.8 -18.02 108.06 6.858 2.51 108.17 8.85 11 125.00 0.995 0.995 0.000 1.003 26.53 26.60 3.327 108.67 
16.24 466.310 113.79 7.8 6.86 -17,9 111.108 6,916 2.50 111,22 6.91 11 125.00 1,015 1,015 0.000 0.993 27.76 27,58 3.'191 113.9 
16.568 465.982 153.77 8.7 5.66 •14.55 147.498 5.696 2.37 147.59 5.69 11 125.00 1.0:m 1.036 0.000 0.983 35.20 34.69 4.729 153.86 
16.896 465.654 147.94 9.72 6.57 -6 13!:.095 6.617 2.43 139.13 6.62 11 126.00 1.056 1.056 0.000 0.973 34.93 33.99 4.647 147.98 
17.224 465.326 138.28 8.74 6.32 -8.2 127.453 6.370 2.44 127.51 6.37 11 125.00 1.077 1.077 0.000 0.964 32.76 31,58 4.248 138.34 
17.552 464.990 221.55 7.13 3.22 -7.74 200.96 3.234 2.09 201.01 3.23 " 125,00 1.097 1.097 0.000 0.955 45.08 43.04 6.825 221.6 
17.88 464.670 100.12 6.05 6.84 -12.15 B0.592B 6.919 2.56 88.66 6.91 11 125.00 1,118 1.110 0.000 0.946 25.13 23.77 3,065 100.2 

18.208 46-1.342 76.59 4.86 6.34 -10.09 66.3023 5.,i,11 2.61 66.36 6.44 11 125.00 1.138 1.138 0.000 0.937 19.73 18.50 2.336 76.66 
1B.537 464.013 175.62 5.94 3.38 2.08 150.584 3.405 2. 18 150,58 3.40 6 125.00 1.159 1.159 0.000 0.929 37.06 34.43 5.401 175.61 

Fe 
(%) 

33.0563 
31.0225 
30.8499 
25.0169 
27.8141 
28.1122 
15.4029 
33,4931 
36.0279 
18.2355 

Phi 
(Deg.) 

40.89 
40,98 
41.13 
42.67 
42.28 
41.83 
44.08 
39.92 
38.32 
42.67 

N 
\N 

"\ 

-1:: 
0: 
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MADE BY __ B_E_G __ DATE 12/28/07 CHECKED BY ~ DATE 

NORMALIZED AND MODIFIED BY CEC 
CONETEC, INC. - CPT DATA AND CORRELATED PARAMETERS 

POND CREEK- WILLIAMSON COUNTY, ILLINOIS 
CPT-5 



R
16590

ConeTec Inc,,~·. ,erpretalion 

lnterprelatiod • Release 1.22 Rev. Formal: NU Imperial 
Run No: 07·1210·1008·4462 
Job No: 
Cllent: 
Project: 
Sile: 
Locatlon: 
Cone: 
CPTDale: 
CPTTime: 
CPT File: 
Norlhlng (fl): 
Eas1ing (fl): 
Elevat!on (fl): 

User Inputs: 

Assumed: 

07•804 
Civil & Environmenlal Consullanls 
Pond Creek Mine• Williamson County, Illinois 
CPT·5 
Pond Creek Mine 
20TON AD211 
07/30/10 
12:34 
804CP05.COR 

0.000000 
0.000000 

482.55 

ft): 

Slate Parameter: 
Unit Weight of Soil (pcf): 

CEO 
ii:21 
~See Balow 

CPT area ratio: [Q][J 
Sea Below 

Material Types and Unit Weigh) (pc[} 

~Coarse Refuse 
L.ig[]Soll Embankment 

PhlAvg. ~ 
deg tsr 

lt737l49Wij:!llill 
27,37 I 1.gs 

Ground Surface Elev. ~ 

Copied from ConeTec CPT Data File 
·- -·-·-·····-····--···---·-·---····--·······-·- -----·-·-···-····--·-··--··-··--·-··· ·-·--·-··--·-....... ___ .. 

Depth 
(II) 

Sample El. AvgQt 
(Ill (lsf) 

AvgFs 
{Isl) 

AvgRI 
(%) 

AvgUd 
{It} 

Ola 
(Isl) 

Ria 
(%) 

le Q F SST LI.Wt 
{pcf) 

TS!ress ESlress 
(Isl) (Isl) 

Ueq 
(tsl) 

Ca N60 (N1)60 
(blows/fl) (blows/It) 

s, 
(lsf) 

~~ ~ 
Isl % % 

t%49;574J1ll-f22i5Vtiltr2,24z: 
65.so I 03.68 L..~--9.:! 

q, 
(ts!) 

Fe 

(%) 
Phi 

(Deg.) 

I 
I 

......._ 

( 
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/~- /,<''\ 
-------! ·--------- ------------·------------------------------------·-· ·-------- ---------- ---------- ----------- -·---' '------- ---------------···· --------- -------·····-·---------------- -------

Depth s9, 
{It) (II) 

29.035 453,515 
29.363 •!53.187 
29.691 452.859 
30.019 452.531 
30.347 452.203 
30.675 451.675 
31,004 451.5'<6 
31.332 <151.218 
31.66 450.890 

31.988 450.562 
32.316 450.234 
32.644 449.906 
32.972 449.576 

33.3 4<19.250 
33.628 <1<18.922 
33.956 448.594 
34,284 448.266 
34.612 447.938 
34.9<1\ 4<17.609 
35.269 447.281 
35.597 446.953 
35.925 446.625 
36.253 446.297 
36.561 445.969 
36.909 445.641 
37.237 445.313 
37.565 444.985 

Avgat 
{Isl) 

30.38 
26.39 
32.99 
38.04 
35.49 
36.01 
30.49 
20.88 
16.5 
15,2 
13.42 
13.41 
13.24 
15.29 
12.74 
15.46 
19.07 
20.99 
25.65 
24.21 
22.27 
19.46 
24.68 
26.57 
22.11 
21.91 

23 

AvgFs 
(tsfJ 

1.32 
1.19 
l.13 
1.29 
1.02 
0.81 
0.67 
0.57 
0.4 
0.37 
0.31 
0.39 
0.28 
0.27 
0.24 
0.33 
0.47 
0.5 

0.82 
1.06 
0.91 
0.98 
1.3 
1.26 
0.92 
0.71 
0.88 

AvgRf 
(%) 

4.36 
4.5 

3.43 
3.39 
2.8B 
2.24 
2.19 
2.71 
2.43 
2.41 
2.32 
2.88 
2.12 
1.7-1 
1.85 
2.1,1 
2.44 
2.36 
3.18 
4.37 
4.1 
5.05 
5.26 
4.75 
4.17 
3.22 
3.81 

AvgUd 
(fl) 

-20.28 
-19.63 
-15.73 
-1<1.99 
·1<1.16 
-13.42 
•12.68 
·12.47 
-12.06 
·11.71 
-10.81 
·10.09 
-7.72 
-7.34 
·6.3 

-5.57 
-5.31 
-<l.73 
-<!.43 
-9.81 
-14.16 
-13.21 
·11.24 
-10.88 
·10.16 
-9.52 
-9.36 

a,, 
(tsf) 

Rio 
{%) 

le a F 

15.0973 4.63276 2.96484 15.1609 4.61333 
12.8329 4.86067 3.03231 12.8958 4.83696 
16.1086 3.63792 2.87768 16.1604 3.62624 

18.52 3.57428 2.62578 18.5713 3.5644 
17.0219 3.04289 2.8\16 17.0676 3.03475 
17.0975 2.38094 2.74704 17.1377 2.37535 
14.1666 2.35256 2.81069 14.2064 2,34597 
9.28147 3.02401 3.02299 9.32087 3.01123 
7.04353 2.76842 3.10136 7.08253 2.75318 
6.33648 2.81837 3. 14,15 6.37027 2,80342 
5.41388 2.73666 3.19603 5.44256 2.72224 
5.34691 3.45219 3.25342 5.38005 3.43094 
5.20624 2.52101 3.19282 5.22968 2.50971 
6.09896 2.05539 3.06974 6.11753 2.04916 
4.85926 2.2715i 3.196S5 4.67765 2.26294 
6.04~6 2.48772 3.13551 6.05747 2.48211 

7.60817 2.78855 3.07707 7.62171 2,78359 
8.<11287 2.66607 3.02992 6.<12633 2,66162 
10.4374 3.5054B 3.01977 10.4508 3.50099 
9.73329 4.8336 3.12648 9.75992 4.82041 
8.81583 4.55737 3.14431 8.85557 4.53692 
7.52587 5,71911 3.25807 7.5654 5.68923 
9.75n2 5,82oa8 J.17489 9.79268 5.8001 
10.5191 5.20634 3.11986 10,5452. 5.19347 
8.6268 4.66552 3.16289 8.55275 4.65137 

8.38756 3.64159 3.10571 8.41337 3.63042 
8.80187 4.27915 3.12957 8.82755 4.2667 

SBT 

4 
4 
6 
5 
6 
6 
6 
5 
s 
5 
5 
5 
5 
6 
5 
5 
5 
5 
5 
4 

' 3 
3 
3 
,1 
5 
4 

U.W1. 
(pcf) 

, ~tress ESlress Ueq 
(ts!) {Isl) (!sf) 

125.00 1.88728 1.887275 
125.oo 1.90773 1.901ns 
125.00 1.92828 1.928275 
126.00 1.94878 1.948776 
125,00 l.96928 1,969275 
125.oo 1,95910 1.9a9ns 
125.00 2,01034 2.010338 
125.00 2,03081 2.030838 
125.00 2.0513•1 2.051338 
125,00 2.07184 2.071638 
125.00 2,09234 2.092338 
125.00 2.11284 2.112838 
125.00 2.13324 2.133338 
125,00 2.15384 2.153838 
125.00 2.17434 2,174338 
125.00 2.19484 2.194838 
125.00 2.21534 2,215336 

Cn N60 {N1)60 Su 
(blows/fl) (blows/U) (tsf) 

0 0.7279 . 9,53739 6.942437 0.88213 
0 0.724 8.646449 6.259998: 0.75796 
0 0.7201 9.8236$2 7.074381, 0.9~186 
0 0.7163_.10.99164 7.673748; 1.11736 
0 0.7126 10.17256 7,24B986, 1.03TT9 
0 0.7089 9.958889 7.060069, 1.05326 
0 0.7053 8.735746 6.161203 0.88172 
0 0.7017 6,795869 4,768761, 0.58357 
0 0.6982 5.656888 ,3.949654 0.44733 
0 0.6947 5.364346 3,726824'. 0.40644 
0 0.6913 4,909323 3.393952, 0.3507 
0 0.688 5.118563 3.521397 0.34976 
0 0.6847 4.829065 3,306232. 0.34386 
0 0.6814 5.190141 3.5364921 0.40669 
0 0.6762 4,656115 3,157623 0.32711 
0 0.675 5.408217 3.650504 0.41089 
0 0.6719 6.41274 4.308476 0.52i62 

135.00 2.23584 2.229223 0.0066 0,6696 6.845399 4.564817, 0.68062 
135.00 2.25605 2.241166 0.0169 0.668 8.309312 5.550446 0.72421 
135.00 2.28019 2.253072 0.0271 0.6662-8.421758 5.610676: 0.67894 
135.00 2.30233 2.264979 0,0373 0.6646 7.654004 5.218661 · 0.61819 
135.00 2,32447 2,276885 0,0476 0.6627-7.449111 4.936668' 0.53051 
135.00 2.34661 2.288791 0.0578 0.661 8.883668 5.872043, 0.69144 
13!i.00 2.36B75 2,$00698 0.06B 0.6593 9.199371 6.064966

1 
0.74926 

135.00 2.39089 2.312604 0,0783 0,6576 7.887958 5_\86973· 0.6105 
135.00 2.41303 2.324511 0.0885 0.6559 7,517677 4,930806 0.60362 
135.00 2.<13517 2.336417 0.0987 0.6542 8,018715 5.2.46016 0.63668 

qc 
(Isl) 

30.5 
26,51 
33.09 
38,14 
35,58 
36.09 
30,57 
20,96 
16.58 
15.27 
13.48 
13.48 
13.29 
15.33 
12,78 
15.49 
19.1 

21.02 
25.66 
24.27 
22.36 
19.55 
24.76 
26.63 
22.17 
21.97 
23.06 

Fe 
(%) 

Phi 
(Deg.) 

66, 1472 29.211 
60.6874 28.132 
60.616 29.634 

47.4962 30.547 
46.666 29.994 

43.0037 30.021 
46.6132 28.778 
60.0464 25.941 
65.5763 2<1.077 
68.7573 23.359 
72.6678 22.298 
77.2366 22.221 
72.4383 22.031 
64,7359 23.086 
72.1283 21 565 
68.086 23 019 

63.8264 24.575 
60.6225 25 259 
59,6266 26.721 
67.4162 26.261 
66.7426 25.606 
77.6125 24.544 

71.058 26,293 
66.9282 26.796 
70, 1433 25.384 
65.8921 25.277 
67.6451 25.605 

r 
6 

~ 

t 
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----------- --------------------------------- ------------------- ---------- --------- ------- ------------- -- i ~ ------- ---------- --------- -------- ---------------------------- --------Oeplh s~ .I. AvyO! AvgFs AvyRf AvgUd ai., AL, 1., a F SBT u.w,. fSlress ES\ress Uaq c, N60 {N1)60 s" QC ,, Phi (fl) {!t) (Isl) (lsf) (%) (U) llsf) (%) (pcl) {lsf) (Isl) (tsf) {blows/fl) (blows/fl) (Isl) (Isl) (%) (Deg.) ------ -
37.893 •1<14.657 19A5 0.95 4.9 ·10 7.2361 5.59064 3.2667•! 7.26165 5.57097 3 135.00 2.45731 2.348323 0.109 0.6526 7.<182229 ,J.88261 0.52609 19.51 7B.3181 24.29 38.221 444.329 18.24 0.79 4.34 -9.37 6.137755 5.01251 3.266411 6.70297 4.9935 3 135.00 2.479•15 2.35023 0.1192 0.6509 7,016591 4.567189 0.48794 18,3 78,2934 23.755 38.549 444.001 21.57 0.78 3.6 -8.87 s_o3e5 ,1.09053 3. 1<!988 8.06379 4.0777 5 135.00 2.50159 2.372136 0.1294 0.6493 7.62679•1 4.951904 0,59035 21.63 69.1608 25.004 38.877 443.673 18.25 0.67 3.65 -8.11 6.\i9647 4.26039 3.2302 6.61745 4.24688 4 135.00 2.52373 2.384013 0,1397 0.64TT 6,83099 4.424117 0.48688 18.3 75.3741 23.677 39.206 <143.3<14 20.75 0.81 3.91 -7.44 7.'59774 4.44956 3.19132 7.61861 4.43737 4 136.00 2.54593 2.395985 0:1,\99 0.646 7,549699 4.67752 0.56369 20.8 72.3227 24.628 39.534 4<13.016 21.68 1.16 5.34 -5.611 7.9372 6.06951 3.2574,1 7.9531;12 6.05683 3 135.00 2.56807 2.407892 0.1602 0.6!144 8,272102 6.330862 0.5917 21.72 77.562 24.921 39.862 442.688 22.71 1.16 5.1 -5.2 8.J1466 5.76547 3.22768 8.33119 5.75403 3 135.00 2,59021 2.419798 0.1704 0.6429 8.477683 5.449889 0.6229 22.75 75.1893 25.237 ,10.19 442.3G0 28.63 1.19 •1.17 -3,31 tC.6993 4.57382 3.080•17 10.7076 4.57031 4 135.00 2.61235 2.431705 0.1606 0.6413 9.640615 6.18229 0.8055 28.65 64.071 26,927 40.518 442,032 28.19 1.27 4.52 -2.28 1CA581 4,96957 3.11062 10.4622 •t96763 4 135.00 2.63•149 2.443611 0,1909 0.6397 9.6813 6.193237 0.79119 28.2 66.2507 26.774 ,I0.646 441.704 26.69 1.27 11.77 ·1.8 £.7876 5.28•132 3.14971 9.79157 5,28212 3 135.00 2.65663 2.455517 0.2011 0.6382-9.4133B3 6.007229 0.74407 26.7 69.1<\8 26.331 41.174 •141.376 24.58 1.31 5.34 ·1.94 8.l:37615 5.9814 3.21633 8.8802 5.97867 3 135.00 2.67877 2.467424 0.2113 0.6366 9.086888 6.784866 0.67806 24.59 74.2759 25.676 41.502 441.048 24.83 1.39 5.59 -2.79 8.92543 6.28133 3.22741 8.9335 6.27566 3 135.00 2.70091 2.47933 0.2216 0.6351 9,257119 5.8790H 0.68511 24.85 75.1525 25.721 41.BJ 440.720 23.62 1.17 4,95 -2.61 6.'.38818 5.5969 3.21797 8.3922 5.59623 3 135.00 2.72305 2.491237 0.2318 0.6336 8.742523 5.538974 0,64696 23.63 74.4055 2E,304 42.158 440.392 2,1.4s 0.98 4.01 -1.99 8.S8301 4.5089 3.1•1929 8.687 4.50682 4 136.00 2,74519 2.503143 0.242 0.6321 8.631702 5.455739 0,6729 24.49 69.1162 25,538 42.486 440.064 22.76 1.14 5 •2.06 7.34921 5,70209 3.24129 7.95319 5.69924 3 135.00 2,76733 2.516049 0.2523 0,6306 B.568914 5.403219 0.01897 22.77 76.2598 24.949 42.814 439.736 20.25 0.99 4.9 -0.12 6.:30971 5.66993 3.28858 6.90971 5.66993 3 135.00 2.78947 2.626956 0.2625 0.6291 7.69538 4.96676 0,54057 20.25 60,1137 24.011 43.143 439.407 M.05 0,79 5.63 ·0.05 4.42646 7.02952 3.49955 4.42646 7.02952 3 135.00 2.81166 2.538898 0.2728 0.6276 6.528217 4.097056 0.34794 14.05 98.8834 21.08 43.471 439.079 11.7 0.65 5.57 1.64 3.47584 7.33123 3,59605 3.47192 7,33951 3 135.00 2.83382 2.550805 0.263 0.6261 5,953759 3.7278 0.27449 11.69 100 19.54 43.799 438.751 14.29 0.66 4.63 1.87 4.4617 5.77224 3.4474 4.45779 5.77729 3 135.00 2.85596 2,562711 0.2932 0.6247'6.334906 3.957221 0.354 14,28 93.9984 21.135 44,127 438.423 16.74 0.83 4,94 0.9 5.38406 5.98764 3.38977 5.38~06 5.98764 3 136.00 2.8781 ~674618 0.3035 0.6232 7.072565 4,407787, 0.42916 16.74 88,7893 22.371 ,14.455 11:18.096 16.83 0.84 5 0,58 5,38551 6.03025 3.391'19 5.38551 6.03025 ' 135.00 2,90024 2.586524 0.3137 0.6218 7.120717 4.427571 0.43126 16.83 88,9421 22.377 44.783 437.767 14.82 0.61 4.12 1.29 4.fi7877 5.12708 3.40827 4.57877 5.12708 3 135.00 2.92238 2.59843 0,3239 0.6204 6.358557 3.9446 0.36835 1'1,82 90.4396 21.323 45.111 437.439 17.14 0.44 2.57 3,14 5.43818 3.0995B 3.22672 5A3052 3.10395 5 135.00 2.!M45:? 2.610337 0.3342 0.6189 6.374336 3.911536 0.43949 17.12 75.mna 22.44 45.439 437.111 33.51 1.27 3.8 6.5l 11.6"78 4.15803 3.02727 11.6325 4.16348 5 135.00 2.96666 2.622243 0.3444 0.6175 10.88167 6.719778 0.£M561 33.47 60.3406 27.615 45,767 436.783 58.12 2.69 4.62 3.76 2C.9294 4.87927 2.87443 20.9218 •1.8810<1 4 135.00 2.98B8 2.63115 0,3547 0.6161 i7,21601 10.60748 1,70685 58.1 50.4166 31.363 46.096 436.<165 62.76 3.68 5.86 -7.46 Z:!.588 6.15703 2.91763 22.6069 6.15189 11 135.00 3.010!M 2.646056 0.3649 0.6148 19.09563 11.73909 1,65044 62.63 53.1048 31.86 46.423 436.127 83.6 4.9 5.86 -7.76 3C.31 l5 6.0619 2.8227'2 30.3303 6.07813 11 1:35.00 3,03306 2.66796::!: 0.3751 0.6134 24.06568 14,76127- 2.49433 83,65 47,316 33.709 46.751 435.799 294.51 7.43 2.52 -2.96 1G.164 2.54928 2.16692 109.168 2.54919 7 135,00 3.05522 2.669869 0.:3854 0.612 61.8936 37.87932 9.02337 294.52 17.9036 41.036 47.079 435.471 443,15 13.54 3.06 -9.6B 1€4.098 3.07676 2.11943 164.12 3.07635 12 136.00 3.07736 2.681775 0.3956 0.6106 91.3583 55.78749 13.6245 4•13.21 16.4026 43.103 47.408 435.142 441.36 16.48 3.73 -14.99 1E2.697 3.76032 2.19234 162.734 3.75946 12 135.00 3.09957 2.693718 0.4058 0.6093 93.75299 67.12275 13.5684 441.46 18.7382 43.062 47.736 434.814 430.27 19.31 4.<l9 -16.14 157.874 4.52068 2.2656 157.911 4,61962 12 135,00 3.12171 2.705624 0.4161 0.6079 94.26613 57.30886 13.2244 •130.37 21.268 42.913 48.064 434.486 369.54 18.25 4,94 ·18.24 1;;4,827 4.98095 2.33911 134.867 4.979'15 11 135.00 3.14385 2,717531 0.4263 0.6066 83.59886 50.71228 11.3436 369.65 23.9983 42.124 48.392 434.158 373.72 19.M 5.12 -23.12 135.762 5.16524 2.35029 135.817 5.16315 11 135.00 3.16599 2.729437 0.'1366 0.6053 64.97333 51.<1335 11.<1723 373.87 24.4307 42.16 48.72 433.830 313.66 15.82 5.04 ·20.02 1 t3.255 5.09547 2.39117 113.303 5.09334 11 135.00 3.18813 2.741344 0.-1468 0.604 72.63847 43.87175 9.61213 313.79 26.0526 41.23 
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/""" 
ConeTec Inc/ , 

' lnlerprelalion', 
Aun No: 
Job No: 
Client: 
Project: 
Site: 
Location; 
Cone: 
CPTDate: 
CPTTime: 
CPT File: 
Northing (It): 
Easting (ft): 
Elevation (fl): 

User Inputs: 

Assumed: 

c1pre!al!on 
• Release U:!2 Rev. Format: NLI lml)'.:!ria! 

07-1210-1008-4429 
07-804 

Civil & Envlronrnenlal Consultants 
Pond Creek Mine - Williamson Cour.y, !llinols 
CPT-5A 

Pond Creek Mine 
20TON AD211 
07/30/10 
10:44 
804CP05A.COR 

0.000000 
0.000000 
'83 

Wa\erTaile Depth r): 
Nk: 32.3 
State Parameter: 
Unit Weight of Soil {pcf): 

Dll:::l 
c:IO 
~See Below 

M§l!;![jal Ilmsrn and !Joi! W!;!lght {m,:11 f.llL&& ~ QQ.filr& 
de Isl tsl 

~Coarse Refuse '03 
Soi! Embankment 28.29 1A3 48.95 

Ground Surlace Elev. ~ 
CPT area ratio: ~ 

See Below Copied from ConeTec CPT Da1a FIie 
-·-··--------- -------------------------- --····-· ----·-·-···-··-·-·--····-·------------------------------------·---------·-----

Depltl 
(fl) 

Sample EL AvgQl 
(fl) (tsf) 

AvgFs 
(ts!) 

AvgRf 
(%) 

AvgUtl 
(fl) 

Ota 
(:sf) 

Ria 
(%) 

1, a F SBT U.Wt. 
(pcf) 

TS!ress ES!ress 
(Isl) (Isl) 

Ueq 
(Isl) 

Ca NGO (N1)60 
(blows/It) (blows/fl) 

So 
(Isl) 

qc 
{Isl) 

.E£..fu'.g.~ 
% ,, 

56,29 

Fe 
(%) 

% 

~ 
_ ?.94 

Phi 
(Deg.) 

" ..... 
~ 

-1: 
oc 
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r-·. ---,, -----·- ------------------- ------------------------- --------· ---------- ---------- ---------- ____ , '·----- ----------------- ----------------------------···-------Depth St 
(It) 

29.363 
29.G91 
30.019 

(Ill 

453.965 
453.637 
453.309 
452.981 

Av90l 
(ts/) 

64.33 
56.15 
58.81 
67.14 

30.347 452.653 112.05 
30.675 452.325 73.06 
31.004 451.996 39.96 
31,332 451.668 36.72 
31.66 451,340 32.6 

31.988 451.012 30.21 
32.316 450.684 30.02 
32.644 450.356 32.56 
32.972 450.028 32.57 
33.3 4•!9.700 31.3 

33.628 449.372 31,82 
33.956 448.044 28.86 
34.284 448.716 23.21 
34.612 448.388 20.41 
34.9,ll 4J8,059 23.17 
35.269 447.731 24.74 
35.597 447.<103 23.56 
35.925 447,075 26.46 
36.253 446.747 24.52 
36.581 446.419 23.35 
36,909 446.091 20.73 
37.237 445.763 23.32 
37.565 445.435 2,1.1<1 

AvgFs 
{\sf) 

0.45 
0.73 
0.91 
1.23 
2.2 

2.44 
1.78 
1.19 
0.98 
0.84 
0.75 
0.7 
0.61 
0.63 
0.66 
0.57 
0.5 
0.42 
0,41 
0.45 
0.62 
0.63 
0.58 
0.59 
0.59 
0.68 
0.81 

AvgRf 
(%) 

0.69 
1.3 

1.54 
1.84 
1.96 
3.34 
4.47 
3.25 

' 2.79 
2.5 
2.16 
1.86 
2.02 
2.08 
1.98 
2. 14 
2.06 
1.17 
1.82 
2.64 
2.39 
2.37 
2,53 
2.83 
2,92 
3.26 

AvyUd 
(It) 

-0.6 
-0.09 
0.09 
·0.11 
·0.41 
-8.34 

-10.67 
-12.47 
-11,92 
-11.04 
-!0.81 
•8.52 
·7.05 
·5.48 
·3.97 
·2.68 
·1,27 
0.02 
0.71 
2.S 

4.16 
12.8 

14.27 
14.B 
15.59 
16.49 
0.36 

Ota 
(tsl) 

Ria 
(%} 

le 

33,0862 0.72066 2.22831 

Q F 

33,0862 0.72066 
28.4322 1.34581 2.42586 28.4322 1.34581 
29,4986 1,59981 2.45535 29.4968 1.59981 
33.4524 1.88676 2.45406 33.4524 1.88676 
55.8991 1,99653 2.2978 55.8991 1.99853 
35,7177 3.43322 2.59915 35.7428 3.43081 
18.8773 4.69042 2.89568 18.9071 4.68302 
11.0812 3.43047 2.8,1204 17.1157 3.42356 
14.8921 3.208 2.87199 14,9262 3.20066 
13.5813 2.98527 2.8855 13.615 2.9m!6 
13.3476 2.68551 2,86492 13.381 2.enrn 
M.4106 2.29906 2.79963 14.4342 2,2953 
14.2672 2.00416 2.77023 14.2859 2.00153 
13.5322 2.16152 2.80746 13.5508 2.15856 
13.6343 2.2263 2.81229 13.6435 2.22479 
12.149 2.13762 2.84432 12.1581 2.13602 

9.47696 2,38156 2.96057 9.48147 2.38012 
8.12857 2.31097 3.0103 8.12857 2.31097 
9.26857 1,96045 2.92469 9.2641'1 1.96138 
9.86565 2.00329 2.90667 9,85667 2.00507 
9.25507 2.91592 3.01828 9.2•1637 2.91866 

10.419 2.60955 2.95013 10.3845 2.61823 
9.52328 2,61497 2,98363 9.48463 2.62563 
8.96558 2.81115 3.02296 8.92713 2.82326 
7,79725 3.21602 3. !0619 7.759 3.23187 
8.84389 3.25148 3.06352 8.8016 3.2671 
9.38774 3.63043 3.06819 9.36671 3.63859 

SOT 

8 
7 
7 
7 
7 
6 ,, 
5 
s 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
5 
6 
6 
5 
s 
s 
5 

U.W,. 
(pc!) 

, Stress ESlress Ueq 
(Is!) (tsf) (Isl) 

125.00 1.88728 1.887275 
125.00 i.90778 '1,907775 
125,00 1.92828 1.928275 
125.00 1,94878 1.948775 
125.00 1.96928 1.969275 
125.00 1.98918 1.989775 
125.00 2.01034 2.0!0338 
126.00 2.03084 2.030838 
126.00 2,05134 2.051338 
125,00 2.07184 2.071838 
125.00 2.09234 2.092338 
126.00 2.11284 2.112838 
125.00 2.13334 2.133338' 
125.00 2,15354 2.153838 
125.00 2.'17434 2.174338 
126.00 2.19484 2.194038 
125.00 2.21534 2.215338 
125.00 2.23584 2.235838 
125.00 2.2564 2.2564 
125.00 2.2769 2.2769 
125,00 2.2974 2.2974 

Cn N60 (N1)60 Su 
(blows/It} (blows/It) (tsf) 

0 0.7279 ,13,86901 ,, 10.0955 '1,93321 
0 0.724 13.20537 9.560644 1,67933 
0 0.7201 -14.02117 10.09717-1,76104 
0 0.7163 15.99764 -11.45968 , 2.0183 
0 0.7126 24.88619, 17.73394 3.40807 
0 0.7089 18.6832 13.24492 2.20032 
0 0.7053 12,00548 8.468011 1,17491 
0 0.7017-i0.70429 7.511391 l.07391 
0 0.6982. 9.666982 6.74951t' 0.94578 
0 0.6947 9,030416 '6,27379 0.67116 
0 0.6913 8.867287 6.130203 0,86463 
0 0.688 9.261455 6.371566 ,0.94264 
o o.6847 9,112641 6.23899:ro.94231 
0 0.6814 8.939627 6.091342 0.90236 
0 0.6782 9,106774 6.176912 0.91782 
0 0.675 8.41085 5.677269 0.82565 
o· o.6719 7,241997 4.865622 o.64999 
o o.6688 e.564749 4,390339' o.55267 
0 0.6657 7,068599 4,705711 Q.64748 
0 0.6527 7,46443'1 4.946804' 0,69545 
0 0.6698 7,509666 5.020503 0.65828 

135.00 2.3179 2.31712 0.0008 0.6569 8.176519 5.370826 0.74743 
135.00 2.34004 2.329026 0.011 0.6653 7.72607 5.063685 0,68669 
135.00 2.36216 2.340933 0.0212 0.6536 7,641419 4.928997 0,64978 
135.00 2.38432 2.362839 0.0315 0.6519 7.064865 '4.605822 0,56798 
135.00 2.40646 2.304746 0.0417 0.6503'7.727244 5.024958 0.64748 
135.00 2.4286 2.376652 0.0519 0.6487 8.24148 5.34592 0.69076 

qo 
(Isl) 

64.33 
56,15 
58.81 
67,14 
112.05 
73.11 

'40.02 
36,79 
32.67 
30.28 
30.09 
32.6t 
32.61 
31.34 
31.84 
28.68 
23.22 
20.41 
23.16 
24.72 
23.54 
26.38 
24.43 
23.26 
20.64 
23.22 
24.69 

Fo 
(%) 

19.9571 
"27.4781 
28.7271 

'28.6717 
22.4399 
35.3158 

51.728 
48.4956 
50.2673 
51.0971 

Phi 
(Deg.) 

34,218 
33.276 
33.506 
34.286 
37,347 
34.692 
30.664 
30,012 
29.107 
28.495 

49.8367 28.379 
45.9727 28.884 
44.2973 28.816 
46.4254 28.463 

46.706 28.509 
48.5967 27,736 
55.8673 26,057 
59.1814 25.012 
53.5531 25.9 
52.4146 26.32 
69.7243 25.887 
55.1876 26.673 
57,3883 26.063 
60.0438 25.655 
65.9272 24.708 
62.8665 25.566 
63.1968 25.99 

<.,J 
C, 

"""--..l... 

-1.:. 
00 
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---r~ 
Oeplh Sanr 

(U) (h1 

37.893 
38.221 
38.5•19 
36.877 
39.206 
39.534 
39.862 
40,19 

40.518 
40.846 
41.174 
41.502 
41.83 

42,158 
<12.486 
42.814 
43.143 
43.471 
43.799 
44.127 
44.4S5 
44.7133 
45.111 
45.439 
45,767 
•16.095 
46.423 
•16.761 
47.079 
47.408 
47,736 
48.064 
48.392 
<18.72 
49.0•18 
49.376 
,19.704 
50.032 
50.36 

50.688 
51,016 
51,345 
51.573 
52.001 
52.329 
52,657 

445.107 
444.779 
444.451 
4<1<1,123 
1M3.794 
443.466 
•1<!3.138 
442,810 
442.482 
442.154 
•M1.826 
441.498 
441.170 
440.842 
440.514 
4,I0.186 
439.057 
439.529 
439.201 

438.873 
438.545 
438.217 
437.889 
437.561 
437.233 
436.905 
436.577 
436.2•19 
435.921 
435.592 
435.264 
434,936 
434.608 
434.280 
433.952 
433.624 
433.296 
432.968 
432.640 
432.312 
431.984 
431.655 
431.327 
430.999 
430.671 
430.343 

AvgOI 
(Isl) 

23.87 
22.91 
25.19 
22.12 
19.76 
24.4 
25.59 
25.05 
23.27 
25.96 
25.09 
23.31 
22.11 
22.65 
21.66 
22.04 
19.95 

17 
19.37 
21.4 

19.64 
15.29 
1a.2,1 
23.11 
23.58 
23.42 
19.68 
18.67 
19.1 

21.41 
49.22 
108.31 
174.86 
126.51 
166.9 

185.28 
146.4 

154.76 
137.82 
83.38 
58.49 
40.89 
51.35 
79.13 
74.91 

267.69 

---·-- ---------------·-····-------------- ----- -------- ------- ------------ -------
. ·- -------- ·------------------------------------- ------

AvgFs 
(tsf) 

0.87 
0.77 
0.68 
0.7 

0.61 
0.75 
0.74 
0.72 
0.76 
0.88 
1.01 
0.9 

0.03 
0.97 
0.88 
0.74 
0.77 
0.74 
0.84 
1.06 
0.74 
0.69 
0.81 
0.9 
1.04 
0.95 
0.81 
0.6 

0.56 
0.69 
1.77 
4.31 
6.35 
6.37 
6.34 

8 
7.86 
6.18 
5.3 

3.81 
2.41 
1.24 
1.29 
2.66 
5.41 
12.98 

AvgRf 
(%) 

3.63 
3,37 
2.69 
3.15 
3.07 
3.06 
2.9 
2.86 
3.25 
3.4 
4.03 
3.85 
3.76 
4.29 
4.07 
3.34 
3.87 
•1.34 
4.35 
4.94 
3.78 
5.63 
4.42 
3.9 

4.42 
4.05 
4.12 
3.22 
2.91 
3.23 
3.6 

3.98 
3.63 
5.04 
3.8 
4.32 
5.37 
3.99 
3,84 
4.57 
4.12 
3.03 
2.52 
3.36 
7.23 
4.85 

AvglJd 
Ill) 

-3.35 
•3.42 
-2.47 
-2.17 
3.07 
4.32 
5.43 
6.14 
7.14 
8.43 
8.59 
10.14 
10.72 
10.46 
10.99 
10.61 
8.24 
6.35 
6.47 
0.86 
·0.78 
-1,04 
1.23 
2.4 

10.81 
11.02 
11.46 
13.05 
15.36 
16.08 
20.42 
24.9 
23.46 
9.38 
22.06 
29.84 
33.05 
62.54 
25.31 
22.91 
21.11 
26.95 
29.37 
27.12 
-2.71 
•1.85 

Oln 
(tsf) 

Flin 
(%) 

le 

8.96744 4.06176 3.11089 
8.51382 3.76765 3.10987 
9.40TT5 2.99626 3.01817 
8.08605 3.57091 3.115•!5 
7.06859 3.54226 3,1627 
8.92049 3.<13,J3 3,07189 
9.35205 3.2165 3.03903 
9-0796 3.20795 3.04897 

8.3l053 3.6818 3.11505 
9.3398'1 3.77521 3.08008 
8.93973 4.50535 3.14056 
8.18223 4.36561 3.16384 
7.66096 4.27978 3.18239 
7.82871 4.87159 3.20785 
7.39614 4.65627 3.21626 
7.50123 3.84274 3.16291 
6.64754 4.49114 3.24432 
5.46991 5.22129 3,35118 
6.3•1689 5.08456 3.29171 
7.08585 5.72093 3.28218 
6.37528 4.41888 3.25299 
4,68956 7.19239 3.48•177 
5.77311 5.29341 3.33425 
7.5681 4.46652 3.19593 

7,70187 5.04909 3.22274 
7.59993 4.6533 3,20639 
6.17208 4.86385 3.29142 
5.76411 3.8409 3.25826 
5.8e014 3.49352 3.22851 
6.69982 3.76699 3.19955 
16.7907 3.83907 2.88182 
38.1369 4.09802 2.133254 
61.9931 3.6983 2.45237 
44.3376 5.16507 2.65754 
58.5993 3.87303 2.48371 
64.8944 4.3943 2.49•136 
50.8118 5.49067 2.63756 
53.5451 4.07948 2.52808 
47.3504 3.93971 2.55353 
28.0635 4.7586 2.77386 
19.2513 4.36963 2.87161 
13.0459 3.30391 2.92987 
16.6054 2.68923 2.79202 
26.1066 3.51262 2.70938 
2,J.5434 7.56804 2.95,159 
90.3551 4.91215 2.43828 

Q F 

8.97582 4.05798 
8.52632 3.76213 
9.41189 2.99494 
8.09018 3.66909 
7.06038 3,54638 
B.90824 3.43903 
9.33579 3.22211 
9.06341 3.21368 

B.2904 3.69074 
9.3\68 3.78496 

B.91979 <l.51542 
6.15e41 4.37636 
7.63J31 4.29529 
7.80119 4.88877 
7.36874 4.67358 
7.47396 3.85676 
6.62815 4.50427 
5.45447 5.23607 
6.33152 5.0969 
7.08685 5.72093 
6.37909 4.41624 
4.69335 7.18659 
5.76934 5.29687 
7.56059 4.47096 
7.6757 5.06631 

7.57387 <1.66931 
G.1<!613 4.88438 
5.73459 3,86067 

6.852 3.51566 
6.66324 3.78767 
16,7433 3.84993 
30.0789 4.10'126 
61.9389 3.70153 

44.316 6.16758 
58.5492 3.87634 
64.8267 4.39889 
50.7373 5.49873 
53.'1072 4.09001 
47.29•1 I 3.9444 
28.01,1,1 4.76693 
19.2059 4.37995 
12,9868 3.31895 
16,5431 2.69936 
26.048 3.52062 

24.5503 7.56592 
90.3585 4.91197 

SST 

5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
4 
4 
4 
4 
4 
5 
4 
3 
3 
3 
4 
3 
3 
4 

" " 4 
5 
5 
6 
5 
5 
12 
11 
12 
11 
11 
12 
12 
11 
5 
6 

' 6 
11 
11 

U.Wt. 
(pcf) 

_,em; EStress Ueq 
{Isl) (ls!) (Isl) 

Cn NGO (N1)60 Su 
(blows/II) (blows/fl) (Isl) 

135.00 2.4507'1 2.388558 0.0622 0.647 8.203I05 5.307748 0.66313 
135.00 2.47288 2.400465 0.0724 0.6454 7.871536 6.080563 0.63273 
135.00 2.49502 2..!12371 0.0826 0.6438 8.145735 6.24<155 0.70263 
135.00 2.51716 2.424278 0.0929 0.6423 7,62211 4,895353 0.6069 
135.00 2.53937 2.43622 0.1031 0.6407 7.022462 4.499157. 0.53315 
135.00 2.56151 2.448127 0.1134 0.6391 8.154368 5.211628 0.67611 
135.00 2.58366 2.460033 0.1236 0.6376 8.369236 5.335994 0.71227 
135.00 2.60579 2.47194 0.1338 , 0.636 8.244666 5.244024 0.69487 
135.00 2.62793 2.483846 0.1441 0.8345 7.995391 5.073146 0.63907 
135.00 2.65007 2.495752 0.1543 0.633 8.713036 5.515295 0,72187 
135.00 2.67221 2.507659 0,1645'-0,6315 8.TT2768 5.539908 0.69405 
135.oo 2.69'!35 2.519565 o.1748 o.63 e.27767 5.214892 ·o,63826 
135.oo 2,71649 2.531472 o.1as o.6285 7.949599 4.996417 o.eoo42 
135.00 2.73863 2.5~3378 0.1952 0.627 8.293291 6.200217, 0,61645 
135.00 2.76077 2.555284 0.2055 0.6256 '7,977884 4.990TT6 0.58512 
135.00 2.15291 2.5a1191 0.2151 o.6241 7,8169 4.878716 ·o.59619 
135.00 2.80512 2,679i33 0.226 0,6227, 7.505574 · 4,673551 0.5308 
135,00 2.82726 2.59104 0.2362 0.6212 6.944066 4.313967 0.<13878 
135,0o 2.8494 2.602946 0.2464 0.6198·7.654698 4.682573 o.eht17 
135.00 2,8715•1 2.614853 0.2567 0.618'1 6.303236 5.13•1803 0.57364 
135.00 2.89368 2.626759 0.2669 0.617 7.458995 4.60225 0,51846 
135.00 2.91582 2.638665 0.2771 0.6156 7.014831 4.318422' 0,3831 
135.00 2.93796 2.650572 0.2874 0.6142 7.364226 4.523:32 0.47375 
135.00 2.9601 2.662478 0.2976 0.6129 8,408624 6.153258 0.62384 
135.00 2.98224 2.674385 0,3079 0.6115 8.728223 5.337205 0.6377 
135.00 3.00438 2.686291 0.3181 0.6101 8.56709 6.227052 0.63206 
135.00 3.02652 2.696197 0.3283 0.6088 7.662429 4.664783 0.51659 
1as.oo 3.04866 2.11010,i o.3386 o.6074 7.oa,1-343 4.303349 0.48363 
135.00 3.0708 2.72201 0,3488 0.606f 7.083552 4;2934<18 0.49626 
135.00 3.093 2.733953 0.359 0.6048 7.780455 4.70564 0.56709 
135.00 3.115i4 2.746869 0.3693 0.6035 14.60876 8.816064 1.42739 
135.oo 3.13128 2.1sn6a o.3795 0.5022 28.10668 1e.92509 3.25512 
135.00 3.16942 2.769672 0.3898 0.6009 41.59558 24.99384 5.31581 
135.00 3.18156 2.781579 , 0.4 0.5996 33.2856 19,95771 3.81822 
135.00 3.2031 2.793485 0.4102 0.5983 40.29083 24.10644 5.068 
135.00 3.22584 2.805391 0.4205 0.597, 44.94566 26.83435 5.63635 
135.00 3.24798 2.817298 0.4307 0.6958 38.08986 22.69306 4.43195 
135.00 3.27012 2.829204 0.4<109 0.5945'38.09591 22.64885 4.69009 
135.00 3.29228 2.841111 0.4512 0.5933 34.39466 20.40549 4.16495 
135.00 3.3144 2.853017 0.4614 0.592 23.30703 13.79859 2.47881 
135.00 3.33654 2.864923 0.4716 0.5908 17.26483 10.20013 1,70764 
135.00 3.35875 2.876666 0.4819 0.6896 12.46659 7.350011--1.16196 
135.00 3.38089 2.888772 0.4921 0.5684 14.47144 8.514418 1.48511 
135.00 3.40303 2.900679 0.5024 0.6872 21,35463 12.6384 2,34449 
135.00 3.42517 2,912585 0.5126 0.586 23.28897" 13.64618 2.21315 
135.oo 3.41731 2.924492 o.5228 o.sa,10 53,31944 31.02543 a.10009 

qc 
(Isl) 

23.89 
22.94 
25.2 

22,13 
19.74 
24.37 
25.65 
25.01 
23.22 
25.9 

25.04 
23.25 
22.04 
22.58 
21.59 
21.97 
19.9 

16.96 
19.33 
21.4 
19.65 
15.3 

16.23 
23.09 
23.51 
23.35 
19.61 
18.69 

19 
21.31 
49.09 

108,15 
174.71 
128.45 
166.70 
185,09 
146.19 
154.37 
137.66 
83.24 
68,36 
40.72 
51.17 
78,96 
74.93 
267,7 

Fe 
(%) 

66.2702 
66.190 
59.717, 
66.604 

70,1291 
63.4594 
61.1526 
61.8447 
66.5748 
64.0434 
68.4623 
70.2152 
71.6336 
73.6096 
74.2704 
70,1447 
76.5026 
85.4106 
80.3734 

79.585 
77.2014 
97.4824 
83.9659 
72.6801 

74.782 
73.495 

80.3493 
77.6282 
75.2399 
72,9615 
50.8702 
36.9663 
28.5992 
38.2311 
29.9802 
30.4315 
37.2207 
31,9538 
33.13J7 
44.6017 
50.2442 
53.883'1 
45.5351 

·40.9545 
55.4968 
27.9998 

Phi 
(Deg.) 

25.705 
25.351 
26.032 
25.012 
24.097 
25.669 
26.988 
25.792 
25,193 
25.982 
25.693 
25.095 

24,85 
24,8 

24.42 
24.510 
23,717 
22.42<1 
23.418 
24.174 
23.476 
21.456 
22.816 

24,62 
24.724 
24,638 

23.25 
22.795 
22.932 
23.796 

29.92 
35.099 
37.947 
38.007 
37,628 
38.206 
36.803 

37.1 
36.392 
33.219 
30.822 
28.264 
29.856 
32,766 
32.394 
40.035 

IA 

~ 

-'! 
o;; 
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~ConeTec lna .arpre\ation 
lnterpre!atio/, 
Run No: 
Job No: 
Client 
Project: 
Sile: 
loc:allon: 
Cone: 
CPT Date: 
CPT11me: 
CPT File: 
Northing (fl): 
Easting (ft): 
Elevation (II): 

User Inputs; 

Assumed: 

.- Release 1.22 Rev. Format: 
07-1210-1008·4397 
07-804 

NLI Imperial 

Civil & Envlronrnan1al Consullan!s 
Pond Creek Mine• Williamson County, llllnols 
CPT-5B 
Pond Creek Mine 
20TON AD211 
07/30/10 
15;44 
804CP0SB.COA 

0.000000 
0.000000 
479.9 

WaterTai!e Depth r): 
Nk: 32.3 
State Parameter; 
Unit Weight of Soil (pcl): 

DO 
c::JI:J 
~See Below 

Malarial Types and Uni1 Weigh\ (pc!) e..tJl.8yg,_ S!!..8Y.g,. ~ 

~J;!,1°3(ff,s;Tlcoarse Refuse 
125 Sol! Embanl1menl 

deft tsf ts! 
'.'.cGBi 0J'IM\1:25t,1J1:g!lo;. 

31.2a __ L taa I a2.a3 

Ground Surface Elev. ~ 
CPT area ratio: ~ 

See Below Copied lrom ConaTec CPT Data FIia 
·---·-·--·----·-·--·-------------··-------- -··-·-··-· ·-·---·---·-·--··-·- -·--------·-----·-·-·----·-----··-

Oep1h 
(fl) 

Sample EL AvgQl 
(fl) (lsf} 

/\vgFs 
(ts!) 

AvgRf 
(%) 

AvgUd 
(ft) 

Ola 
(Isl) 

Ria 
(%) 

le Q F SBT U.Wt. 
(pcf) 

TStress EStress 
(ts!) (tsf) 

u,, 
(Isl) 

Ca N60 (Nl)GO 
{blows/ft) (blowsfll) 

s" 
(tsf) 

qe 
(ts!) 

~~ 
% % 

Jf1~ :1 
S_Q.48 2.84 

Fe 
(%) 

Phi 
(Deg.) 

t\ 
U' 

~ 

-,l 
r:, 
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.~ 
t""~' / \ 

---1 ·-·--···········--···· ·-··-·-··-··-·-···-··--·-··--··--· ·--·-··· ·····-·--· ·-····-··· ------····· ··-- ·---·-··-·-·-·------·-···--····-·----··- ···--·-
Depth Sari AvgQI AvgFs AvgR/ AvgUd 

(II) (ll) (Isl) (ts!) (%) (fl) 

-0.9 
460.051 40.76 0,63 1.55 ·0.25 

20.177 459.723 38.62 0.63 1.64 ·0.16 
20.505 459.395 44.39 0.75 1.69 -0.51 
20.633 459.067 57.91 1.33 2., -0.41 
21.161 458.739 25.0B 1.34 5.36 -0.07 
21.489 458.411 21.57 0.8 3.69 2.73 
21.817 458,083 29.59 0,95 ,.2 6.9 
22.145 457.755 33.08 1.22 3.68 8.57 
22.473 •157.427 36.31 1.19 3.29 9.54 
22.802 457.098 35.83 1.22 3.4 9.26 
23.13 456.770 36.3 1.11 3.07 13.63 

23.<l58 456.442 J.1.31 1.06 3.08 15.82 
23.786 456.114 34.28 i.04 3.03 17.95 
24.11•! 455.786 34.12 1.05 3.07 21.34 
24,.J42 455.458 33.09 1.19 3.59 20.71 
24.77 455.130 35.21 1.24 3,53 21.94 

25.098 454.602 35.32 1.2 3.39 24.9 
25.426 454.474 33.07 1.09 3.29 27.37 
25.75•1 454.146 30.14 0.89 2.96 28.13 
26.082 453.818 28.04 0.96 3.41 30.18 
26.41 453.490 27.22 1.12 4.12 32.24 

26.739 453.161 25.07 I.OB ,., 31.06 
27.067 452.833 22.52 0.88 3.89 31.69 
27,395 452.505 23.13 1 4.33 31.09 
27.723 452.177 24.42 1.29 5.28 27.74 
28.051 451.849 25.99 1.44 5.53 25,13 
28.379 451.521 24.42 1,32 5.42 22.7 
28.707 451.193 24.47 1.16 4,75 25.24 
29.035 450.865 24.85 1.17 4.72 24.97 
29,363 450.537 25.04 1.24 4.96 25.89 
29.691 450.209 24.64 1.36 5.51 22.33 
30.019 449.881 19.78 1.13 5,7 16.6 
30.347 449.553 16.42 0.88 6.37 15.59 
30.675 449.225 20.02 0.87 4.36 20.02 
31.004 448.896 23.04 1.19 5.16 16.63 
31.332 448.568 21.44 1.16 5.4 11.94 
31.66 448.240 16.83 1.16 6.88 4.5 
31.988 447.912 14.1 1.08 7.64 2.65 
32.316 447.5B4 36.85 1.84 4.99 8.52 
32.644 447.256 53.58 2.7 5.03 7.3 
32.972 4413.928 41.03 2.46 5.99 2.4 

33.3 446.600 30.73 1.67 5.43 5.52 
33.628 446.272 25.44 1.21 4.77 7.23 
33.956 445.944 24.48 1,07 4.3B 8.06 
34.284 445.616 24.3 1.08 4.43 9.26 
34.612 445.288 25.03 1.22 4.87 9.17 
34.941 444.959 21.34 0.88 4.11 11.34 
35,269 444.631 22,16 0.83 3,76 13.05 
35.597 444.303 27.65 1.08 3.92 12.93 
35.925 443.975 41.71 1.36 3.26 15.45 
36.253 4•13.647 119,94 5.26 4.39 10.53 
30.561 443.319 232.84 9,81 4.21 -2.08 
36.909 442.991 245.39 11.65 •1.75 -7.92 

Ola 
(:.sf) 

Ria 
(%) 

le a F 

367141 1.7248 2.39828 36.7141 1,7248 
34 1092 1.57218 2.39964 34.1171 1.57182 
3D'6326 \.59609 2.<14144 30.6326 1.59609 
28-5024 1.68851 2.48112 28.5024 1.68851 
32:3874 1.74174 2.44<116 32.3949 1.74133 
41 8949 2.35149 2.43862 41.8949 2.35149 
17.:2993 5.65175 2.97846 17.2993 5.65176 
14.5063 3.96453 2.93879 14.4991 3.96649 
19S628 3.37137 2.78704 19.9345 3.37616 
22.0998 3.85491 2.79022 22.06•19 3.86101 
239975 3.4139 2.72893 23.9562 3.41979 
233227 3.55096 2.74942 23.282 3.55717 
23:3036 3.18907 2.7202 23.25 3.19642 
216602 3.23211 2.74896 21.5942 3.242 

2!,338 3.17602 2.74944 21.2663 3.18672 
20,9406 3.22433 2.7603 20.857 3.23725 
20.0014 3.77605 2.8192 19.9189 3.79169 
21.0599 3.68895 2.79652 20.9722 3.701!38 
208482 3.56047 2.78926 20.7554 3.57639 
192003 3.46771 2.81033 19.096<l 3.48656 
17,1828 3.12474 2.62084 17.07<!2 3.14481 
15 7093 3.64162 2.8929 15.5961 3.66806 
150249 4.38848 2.95894 14.9071 4.<12314 
13.5826 4.6251 3.00754 13.4721 4.66305 

1 .945 4.23477 3.02853 11.83 4.27593 
12.1408 4.67949 3.04924 12,0328 4.721'17 
12.7139 5.69805 3.08711 12.6129 5.74372 
13.4414 5,95316 3.07983 13.358 5.99031 
12.4741 5.84156 3.09958 12.3913 5.8806 
12.4079 5.12717 3.05558 12.3202 5.18369 
12.5224 5.09085 3.06047 12.4353 5.12654 
12.5326 5.35631 3.07414 12.446 5.39369 
12.2253 5.98377 3.1127 12.15 6.02066 
9.53812 6.33195 3.21114 9.48467 6.38764 
7.€6159 6.08413 3.27481 7.62848 8.12649 
9.52155 4.82216 3.13916 9.45822 4,85445 
11.0341 5.65603 3.1306 10.9816 5.68304 
10.1202 5.97403 3.17402 10.0837 5.99565 
7.e5841 7.84567 3.34165 7.64287 7.86162 
6.1iM66 8.97526 3.4-1974 6. 18•137 8,9902 

1~.786 5.2933 2.9516; 17.7553 5.302'15 
26.1754 5.2459 2.82443 26.15 5.251 
19.6625 6.32445 2.97035 19.6524 6.3277 
14..3582 5.84437 3.04968 14.3431 5.85051 
11.6194 5.20153 3.080-4 11.5995 5.21049 
11.0631 4.80246 3.08384 11.0382 •1.81326 
10.6983 4.89172 3.0942 10,8686 4.90505 
1-. 182 5.35417 3.10965 11.1674 5.36595 
9.3057 4.61367 3.13367 9.27155 4.63066 

9.6:3896 4.17681 3.0961 9.59531 4,19582 
12.2206 4.26212 3.01844 12.1821 4.27562 
18.8823 3.45376 2,81298 18.8392 3.48168 
56.0647 4.<17335 2.54245 56.0314 4.47602 
10El.265 4.25665 2.33841 109.269 4.25646 
1 Jo..558 4.79442 2.36708 11<1.581 4.79343 

SST 

7 
7 
7 
7 
7 
6 

' 4 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
4 
4 
4 
4 

' 3 

' ' ' ' ' ' ' 4 

' ' ' 3 

' ' ' ' ' 4 
4 

' 4 
4 

' 5 
11 
12 
11 

U.WI. 
(pcf) 

. -,tress ES tress Ueq 
{Isl) (ts!) (Isl) 

125.00 1,2'1755 1.247545 
125.00 i.26805 1.268045 
125.00 1.28855 1.288545 
125,00 1.30905 1,309045 
125.00 1.32965 1.329545 
126.00 1.35005 1.350045 
125.00 1,37055 1.370545 
125.00 1,39105 l.391045 
125.00 1.41155 1.411545 

Ca NGO (N1)60 Su 
(blows/I!) {blows/II) (!Sf) 

0 0.6953 -10.92664 9.762697' 1.41803 
0 0.888 10.&178 !1.189267 -1.33907 
0 0.8809 9.665144 8.505678 1.22203 
0 0.874 9.319563 8.145509 1.15514 
0 0.6673 ·10.53065 9.132793 1.33314 
0 '0.8606 13.69973 11:79066 1.7610B 
0 0.8542 7.90839 · 6.75525 0.73•104 
0 0.8479 6.636117 5.626566 0.62474 
0 0.8417 8.334097 7.014733 0.8724 

qc 
(ts!) 

47.05 
44.53 
40,76 
38.62 
44.4 
57.91 
25.08 
21,56, 
29.55 

125.00 1.43205 1.432045 o o.8356 9.331922'1,19a111 o.97981 , 33.03 
12s.oo 1.45:rns u52s4s 0 0.8297 9.908168 8,219431 1.07918 36.25 
125.00 1.47311 1.473108 0 0.8239 9.883284 8.142993 i,06368 35.77 
125.00 1.49361 1.493608 0 0.8182 9.862044 8.061356 1.0776 36.22 
125.00 1.51411 1.514108 0 0.8127 9.449872- 7.679759 1.01535 34.21 
126.00 1.53461 i.534608 0 0.6072 9.441263 7,621342 1.01379 34.17 
125.00 1.55511 1.555106 0 0.8019 9.44696 7.57551 1,0082 33.99 
125.00 1,57561 1.575608 0 0,7967 9.463703 7.539406 0.97568 32.96 
125.00 1.59611 1.596108 0 0.7915 9.937404 7.865761· 1.04068 35.07 
125.00 1,61661 1.616608 0 0.7865 9.93126 7.8l0917' 1.04345 35.17 
125.00 1.63711 1.637108 0 0.7816 9.399677 7.346396 0.97315 32.9 
125.00 1.66761 1.657608 0 0.7767 :8.610264 6.687682 0,88181 29.96 
125,00 1.67811 1.678108 o 0.772 8,341115 6.439401 o.a1a15 27.85 
125.00 t.69861 1.698608 0 -0.7673 8.418813 6.459581 0.79014 27.02 
125.00 1.71917 1.71917 0 0.7627 7,988621 6,092736 0,72294 24.88 
125.00 i.73967 1.73967 o o.7502 7,262346 5.606094 o.64335 22.32 
125.00 1.76017 1.76017 0 0.7537 7,553768 5.70113' 0.6618 22,94 
125.00 1.78067 1.78067 0 O 0.7494 8.192462 6.139364 0.70091 24.24 
135.00 1.80117, 1.799579 0.0016 0,7454 8.691388 6.478936 0.'74888 25.84 
135.00 1.82331 1,811485 0.0118 0,743 8,270747 6,145077,-0.69959 24.27 
135.00 1.845<i5 't,823392 0.0221 0,7406 8.100847 '6.99916 0.70045' 24.31 
135,00 1.85769 1.835298 ,0.0323 0.7382 8,200162 B.052979 0.'71153 24.69 
135.00 1.86973 1.847204 0.0425 0.7358 8.337266 6.134317; 0.71673 24.88 
1as.oo 1.9118:t' 1.859111 o.os20 o.7334 8.422159· e,1n355 o.7oa6e , 24.5, 
135.00 1.93401 1,B71017 0.J53 0.7311 7.245293 6.298642 0.55251 19.68 
135.00 l.95615 1,882924 0.0732 0,7288 6.296958 '4,588962 0.4478 16.32· 
135.00 1.97829 1,89483 0.0835 0,7265 6.965318 5.060062 0.55867 19.9 
135.00 2.0005 1.906773 0.0937 0,7242 7,982538 5,780848 0.65138 22.94 
135.00 2.02264 1.918679 0.104 0.7219 7.662654 5.531947,'0.60116 21.37 
135.00 2.04478 1,9305B6 0.1142 0,7197 6.6264S8 4.913068 0.45775 16.8 
135.00 2.06692 1.942492 0.1244 0.7175 6.258887 4.490736 0.37254 14.08 
135.00 2.08906 1.954398 0.1347 0,7153 11.41236 B,163359 1.07619 36.79 
135.00 2.1112 1.966305 0.1449 0.7131 .15.41519 10.99318 1.59346 53.53 
135,00 2.13334 1.976211 0,1551 0,711 12.86718 9.148439 1,20423 41.01 
135.oo 2.15546 1.990110 o.1654 o.7089 10.12526 1,1n39a o.88466 30,7 
135.00 2.17762 2.002024 0.1756 0.7067 ,8,591848 6.072283 0.7202 25.4 
1.35.00 2.19976 2.01393 0.1858 0.'1047 B.238887 5,80559 0.68979 24.43 
135.00 2.2219 2,025837 0.1981 0.7026 8.231024 5.782979 0.68353 24.24 
135.00 2.24404 2.03TTd3 0.2063 0.7005 8.559686 6.003302 0,70545 24.98 
135.00 2.26625 2.049686 0.2166 0.6965 7.41695 5.180619 0.59052 21.27 
136.00 2,28839 2.061592 0.2268 0.6965 7,503638 5.226013 0.61522 22.07 
135,00 2.31063 2.073499 0.237-0.6945 8.913341 6.189971 0.7845 27.57 
135.00 2.33267 2.085'105 0,2473 0.6925 11.90861 6.246427: 1.2191 I 41.62 
135.00 2.35'!81 2.097311 0.2575 0.6905 29.78849 20.56918 3.64041 119.87 
135,00 2.37695 2.109218 0.2677 0.611116 52,64439 36.248611 7.13508 232.85 
135,00 2.39909 2.121124 0.278 0.6866 56.20316 38.59027, 7,52294 245.44 

Fe 
{%) 

26.3409 
26.3963 

Phi 
(Deg.) 

34.856 
34.407 

28.1337 33,741 
29.6463 33.291 
28.2491 34.088 
28.0145 35.652 
67.0449 30.082 
54.455 28,914 

45.2501 31.009 
45.4317 31.665 
42.0101 32,192 
43.1354 32.01 
41,5368 32.001 
43.1096 31.526 

43,136 31.428 
43,7399 31.302 
47,1098 31.004 
45.7358 3\.338 
45.3767 31.27 
46,5923 30.729 

47.206 29.996 
51.555 29.398 
55.761 29.099 

58.9941 28.424 
60.4271 27.552 
61.8634 27.667 

'64.5468 27.983 
64.0251 28.368 
66.4465 27,867 
63.0122 27.832 
62.8614 27.897 
63.6191 27.906 
66.4024 27.747 

·73,66TT 26.083 
78.9785 24.616 
88.3583 26.072 
67.7209 27.081 

70.991 26.51 
84.59 24.646 

94.2141 23.229 
55.2875 30278 

-47.4168 32.767 
56.6089 30.942 
61.6941 28.881 
64.6397 27.47 
64.3124 27.142 
65.0574 27.041 
66.1725 27.219 
67.9493 25.982 
65.1947 26.215 
59,7364 27.812 
46.7462 30.682 
32.6187 37.373 
23.9715 41.04 
25.0892 41.287 37.237 442.663 185.81 11.73 6.31 -9.21 B5..3757 6.39625 2.54195 86.0038 6.39416 11 136.00 2.42123 2.133031 0.2882 0.6847 46.17875 31.61867 5.67767 185.87 '32.5936 39.766 

37.565 442,335 190.28 10.73 5.64 -3.88 87.5721 5.71241 2.49823 87.5814 5.7118 11 135.00 2.<M337 2.144937 0.2984 0.6828 46.29593 31.61081. 5.81538 190.3 30,6039 39.865 

"" ~ 
~ 

~ 

C 
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Oeplh 
(II) 

37.093 
3H.221 
38.549 
38.877 
39.206 

San. AvgQI AvgFs AvgRf AvgUcl Oln Rfn le Q F SBT LI.Wt. , d\ress ES\ress Ueq Cn N60 (N1)60 'Su qc 
(11) (Isl) (ts/) (%) (fl) (tsf) (%) {pcl) (lsf) (Isl) (Isl} (blows/ft) (blows/fl) (tsf) (Isl) 

442.007 280.56 11,76 4.19 -0.79 12B.936 4.228;a 2.29281 128.941 4.22863 12 135.00 2.•16551 2.156843 0,3087 0.6809 62.17955 42.33877 8.60974 280.57 
441.679 230.05 12.50 5.47 -8.43 104.928 5,52816 2.439,16 104.951 5.52694 11 135.00 2.48765 2.16875 0.3189 0,679 54.45582 36.97767 7.04527 230.1 
441.351 214.58 12.79 5.96 ·3.42 97.2506 6.03102 2.48953 97.2644 6.03017 11 135.oo 2.so919 2.1eoe5s o.3291 o.6772 51.9s4a9 35,2100a e.56564 214.61 
4,11.023 252.97 15.89 6.28 5.22 114.222 6.3<1.•!88 2.46678 114.208 6.34564 11 135.00 2.53193 2.192563 0.339•1 0.6753 60.62771 40.94446 7,7535 252,94 
•140.694 369.1 14.5 3.93 49.56 166.271 3.95585 2.20569 166.131 3.9592 12 135.00 2.55413 2.204505 0.3496 0,6735 76.75678 53.04353 11.3462 366.79 

,, 
(%) 

Phi 
\Deg.) 

22.2559 41.895 
28.0501 40.829 
30.2173 40.427 
29.2202 ,11.271 
19.1654 43.163 

"/'\ 

N _,, 

~ 
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f' 
ConeTec Inc .terpretalion 
lnterpmlatiori , - Release 1.22 Rev. Formal: NU Imperial 
Run No: 07-1210-1008-4364 
Job No: 07-804 
Client: Civil & Environmental Consultants 
Project Pond Creek Mina - WIiiiamson County, Illinois 
Site: CPT-6 Mi!!!Hial T~l;l§ am,! \loil W!:i;ig!JI (121,11 ~ ~ ~ .E!2fil'.g,_ ~ Location: Pond Creak Mine deg ISi ISi % % Cone: 20TON AD211 ~Residual Soll I a1.1e . I 1.3a I 45.31 I as.4s I 2.ss I CPT Date: 07/31/10 
CPT Time: 12:00 
CPT File; 804CP0G.COR 
Northing (U): 0.000000 
Easting (It): 0.000000 
Elevation (fl): 457.8 

User Inputs: 
DI:] Waler Table De th fl): Ground Surface Elev. DfilJ Assumed: Nk: 32.3 

State Parameter: 

~ CPT area ratio; ~ 
Unit Weight of Soil (pc!): See Below See Below Copied lrom ConeTec CPT Oa!a Flle 
-------------------------------------------- ------------------------- -----------------------------------------

Depth Sample Et AvgOl AvgFs Avgrn AvgUd Ola Ria ,, Q F SBT LI.Wt. TStress EStress u,, Ca N60 (N1)601 s, qo Fo Phi 
(fl) (ft) (tsf) (Isl) {%) (ft) (Isl) (%) (pcl) (ts!) (Isl) (Isl) (blows/It) (blows/II/ (Isl) (Isl) (%) (Deg.) 

0.164 457.636 8.56 0.1 1.11 -0.53 834.122 t.170 1.dO 83•1.12 1.17 5 125.00 0.010 0.010 0.000 2.000 1.37 2.74 0.265 8.56 1,52433 50.16 
0.492 457.308 9.31 0.29 3.12 -2.93 301.764 3.125 1,98 302.41 3.12 ' 125.00 0.031 0.031 0.000 2.000 1.62 3.64 0.267 9.33 12.388 45.97 
0.82 456.980 10.89 0.47 4.33 ·I0.58 211.488 4.336 2.18 212,85 4.31 3 125.00 0.051 0,051 0.000 2.000 2.31 4,63 0.336 10.96 18.2556 44,35 
1.148 456.652 15,32 0.83 5.4 ·7.37 212.519 5.443 2.26 213.08 5A3 3 125.00 0.072 0.072 0.000 2.000 3.36 6.72 0.472'' '15.36 21.1963 44.36 
1.476 456.324 38.89 1.49 3.84 3.12 420.572 3.840 1.99 420.36 3.84 ' 125.00 0.092 0.092 0.000 2.000 · 7.62 16.26 '1,201 38.87 12.7664 47.40 
1.804 455,996 64.95 2.12 3.26 8.39 575.053 3.270 1.67 574.61 3.27 6 125.00 0.113 0.113 0,000 2.000 12.18 24.3$' 2.007 64.9 9.79283 48,70 
2.133 455.667 91.43 3.22 3.53 -3.19 684.632 3.527 tea 684.98 3.53 6 125.00 0.133 0,133 0.000' '2.000 17.16 :14.36 1 2.827 91.45 9,86163 49.40 
2.461 455.339 106.27 4.78 4.5 0.53 689.906 4.504 1.98 6B9.84 4,50 11 125.00 0.151 0.154 0.000 2,000 20.72 41.43 3.265 106.26 12.339 49.42 
2.769 455,011 97.06 5.09 5.25 3.16 555.616 5.254 2.07 555.70 6.25 11 126.00 0,174 0.1i4 0,000 2.000 19,62 39,25 1 3.000 97.04 14.9656, 48.56 
3.117 454.683 63.61 4.< 5.26 13.6 426.182 5.275 2.12 427,72 5.28 11 125.00 0.195 0.195 0,000 2.000 17.19 34.38 i 2.583' , 83.62 1B.2983 47.48 
3.445 454.355 75.27 3.59 4.77 18.34 348.565 4.783 2,11 3'18.07 4.79 11 125.00 0,215 0.215 0,000 2.000 16.46 30.93 . 2,324 75.16 16.2656 46.59 
3.773 454.027 65.07 3.24 4.98 11.57 274.94 4.997 2.16 274.64 5.00 11 125.00 0.236 0.236 , 0.000 2.000, 13.73 '27.45, 1 2.007 65 16.2882 46.53 
4.101 453.699 64,94 3.2 4.93 6.12 252.363 4.947 2.19 252.21 4,95 11 125.00 0.256 0.256 0.000 1,975 13.78 27,23' 2.003 64.9 18,7426 46.14 
4.429 453.371 63.37 3.12 4.93 5.33 227.928 4.!?45 2.21 227.82 4.95 11 125.00, 0.277 0.277 0.000 1.901 ·13.67 ·25.80 j 1.953 83.34 19.4706 44.67 
4.757 453.043 55.6 282 6.07 3.75 186.009 5.099 2.27 165.91 6.10 4 125.00 0.297 ,·0.297 0.000 1,634 12,20 22,38 i 1',712 ,, 55,57 21.<1653 43,71 
5.085 452.715 46.31 2.63 5.68 ·1,89 144,715 5.718 2.37 144.75 5.72 ' 125,00 0.318 0,318 0.000 1,774 10.63 16.85 i.424 46.32 25.262 42.47 
5.413 452.387 49.15 2.45 4.98 ·2.28 144.28 6.019 2.33 144.31 6.02 ' 126,00 0.338 0,338 0,000 1.719 11,05 19.00 1,611 49.16 23.4659 42.46 
5.741 452.059 41.44 2.45 5.91 ·3.05 114.492 5,964 2.44 114.55 5.96 ' 126.00 0.359 0.35!;! 0.000 1.669 9.83 16.41 1.212 41.46 28.2345 41.28 
6.06!;! 451.731 40.26 2,34 5.61 ·3.23 105.139 5.868 2.46 105.19 6.86 ' 126.00 0,379 0.379 0.000 1.624 9.62 )5.82 i U!3$ 40,28 28,9115 40.83 
6.398 451.402 35.34 1.94 5.49 -2.68 87,3TT6 5.552 2.49 87.43 6.56 ' 125.00 o..ioo 0.400 0,000 1.5B1 6,56 13,54,; 1.082 35,36 30.1642 39.85 
G.726 451.074 29.43 1.47 4.99 -1.85 89.0069 5,067 2.52 89.06 5.0G ' 125.00 0.4:::!Q 0.420 0.000 1,542 7.25 11.18 .0.89B 29.45 ai,6997 38,55 
7.054 450.746 22.96 1.12 4.69 -1.15 51.0763 4.974 2.60 $1.10 4.97 ' 125,00 0.441 0.441 0.000 1.508 5.88 8.86 0.697 22.97 35.5076 36.83 
7.382 450.416 22.39 1.27 5.66 -4.08 47.5269 5.792 2.67 47.69 5.76 ' 125.00 0.461 0.461 0,000 t.472 5.96 8,78 0.679 22.42· 39.0065 36.41 
7.71 450,090 24.72 1.47 5,94 -5.27 50.2996 6.066 2.67 50,38 6.05 3 125,00 0.482· 0.462 0.000 1.'141 6,56 9.46 o.7so 24,76 38.9216 36.74 

6.036 449.762 26.96 1.6 6.18 ·6.42 50.8745 6,285 26B 50,76 6.28 ' 125.00 0.502 0.502 0,000 1.411 6.93 9,77, ; 0.788 26 39.4189 36.79 
8.366 449.434 23.65 1.49 6.3 -8.13 44.2307 0.<143 2.73 44.33 6.43 3 125.00 0.523 0.623 0.000 1.383 ,6.47, 8.95 0.718 23.7 41.9165 35.99 
B.69•1 449,106 24.35 1.37 5,64 ·8.36 43.8125 5.755 2.69 43.90 5,74 3 125.00 0,5-!3 0.5"3 0.000 ,, 1.357: 6.56 B.88 0.737 24.4 40.1256 35,93 
9,022 448.776 26.28 1.49 5.28 -7.83 49.153 5.378 2.64 49.24 6.37 ' 125.00 0.564 0.564 0.000 1,332 7.38 9.83 0,858 28,33 37,2649 36.61 
9.35 446.450 28,51 1.65 5.78 -7.81 48.173 5,909 2.57 48.24 6.90 ' 135.00 0.584 0.580 0.Q0S 1.313 7,68 9.96 0.865 28.65 39.1366 36.49 

9.678 448.122 28.8 1.69 5.86 -6.77 47.6562 5.994 2.66 47.72 5.99 ' 135,00 0.607 0.592 0.015 1.300 7,69 10.00: 0.873 28.64 39,6436 ' 36.43 
10.006 447.794 30.8 1.75 6.68 -4.18 49.9933 , 5.800. 2.66 50.03 5.B0 3 135.00 0.629 0.604 0.025 1.287 8,12 10.45 i 0.934' 30.82 38.2981 36,71 
10.335 447.465 27,19 1.42 5.23 ·3.66 43,1215 5.351 2.66 43.17 5.34 3 135,00 0.651 0.615 0.035 1.275 7.23 9.22 0.822 27.22 39,1905 35,84 
10.663 447,137 24.41 1.15 4,72 ·3.58 37.8365 4.845 2.66 37.87 -4.84 3 135.00 0,673 0.627 0.046 1.263 6.52 8.23 0.735 24.43 39.6428 35.06 
10.991 446.809 22.72 0.94 4.13 ·3.23 34.4535 4.268 2.66 34.48 4,26 4 135.00 0.695 0.639 0.056 1.251 6.04 7.55 0.682 22.74 39.1418 34.49 
11.319 446.481 22.41 0.62 3.65 ·2.63 33.3135 3.780 2.65 33.33 3.78 5 135.00 0.717 0,651 0.066 1,239 5.66 7.28 0.672 22.42 37,8448 34.28 
11,647 446.153 22.09 0.86 3.9 -2,01 32.1993 4.026 2.68 32.21 4,03 ' 135.00 0.739 0,663 0.076 1.226 5.613 7,23 I 0.661 22.1 39,3712 34.08 
11.975 445,625 19.57 0.62 4.2 -1.41 27.8651 4.360 2.75 27,B8 4.36 4 135.00 0.762 0,675 0.087 1.217, 5.41 6.58 0.582 19.58 43.1036 33.16 
12.303 445.497 18.59 0.79 4.26 -0.76 25.9231 4.437 2.76 25.92 4.44 ' 135.00 0.7B4 0.687 0.097 1.207 5.22 6.29 0.551 18.59 44.7056 32.73 
12.631 445.169 16.32 0.B1 4,95 ·0.6 22.2013 5.221 2.87 22.20 5.22 3 135.00 0.806 0.699 0.107 1.196 4.84 5.79 0.480 16.32 50.4414 31.75 
12.959 444,841 19.07 0.63 4.36 0.74 25.6676 4.550 2.79 25.67 4.55 3 135.00 0.626 0.711 0.117 1,186 5.38 8.38 0.565 '19.07 45,3058 32.67 ~ 
13.287 444.513 21.2 1 4.73 e.:m 26.1617 4.914 2.76 26.09 4.93 ' 135.00 0.850 0.723 0.126 1.176 5.95 7.00 0,630 , 21,15 45.0064 33.24 
13.615 444.185 20.7 0.95 4.58 10.95 26.9943 4.791 2.79 26.91 4.81 ' 135.00 0.872 0.735 0,138 1,167 5.83 6.80 0.614 20.64 45.3618 32.97 
13.943 443.857 23.12 1.2 5.2 13.55 29.7762 5.399 2.79 29.66 5.42 ' 136.00 0.894 0.746 o.~48 1,157 8.52 7.56 0,686 , 23.03 45.6855 33,58 

"-I 14.271 443.529 29.53 1.34 4.53 13.72 37.7323 4.683 2.68 37.63 4,70 4 135.00 0.917 0.758 0,158 1.148 7.83 8.99 0,886 29.45 39.2582 35.04 
14.6 443.200 26.74 0.91 3.39 16.67 33.4964 3.627 2.63 33.37 3.64 5 135.00 0.939 0.770 0.i68 1.139 6.92 7.88 0.799 26.64 36.8635 34.31 

14.928 442.872 20.25 0.7 3.44 21.11 24.6608 3.629 2.74 24.49 3,65 5 135,00 0.961 0.782 0.179 1,131 5,53 6,25 0.597 20,12 42.6233 32.39 
16.256 442.5-14 17.79 0.62 3.49 24.61 21.1653 3.689 2.80 20.96 3.72 ' 135,00 0.983 Q.794 0.189 1.122 5.00 5.61 0.520 17.63 45.8297 31.41 

< 
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,/~, 
Depth sai. 

(fl) (II) 

15.584 442.216 
15.912 441.888 
16.24 441.560 

16.668 441.232 
16.896 440.904 
17.2211 440.576 
17.552 440.248 
17.88 439.920 
18,208 439.592 
18.537 439.2G3 
18.865 438.935 
19.193 438.607 
19.521 438.279 
19.649 437,951 
20.177 437,623 
20.505 437.295 
20.833 436.967 
21,161 436.639 
21,489 •136.311 
21.817 435.983 
22.145 <136.655 

-----------------·------------------------ --------- -------- --------- ---------- ···-----(,,~•\,, - ----------------------- --····-·-·--·-------------- ---------
AvgQI Av~Fs AvgRI AvyUd Ola Rio 1, Q F SBT U.W\. , dtress EStress u,, Co NGO (Nt)60 1 So "' F, Phi 
(lsf) (Isl) (%) {It) (\sf) (%) (pcl) (Isl) (Isl) (ts!) (blows/It) (blows/fl) {Isl) (Isl) {%) {Deg.) 

15.28 0.55 3.61 26.19 17.7tb9 3.853 2,87 17.50 3.90 4 135,00 1.005 0.806 0.199 1.114 4.47 4.98 0.442 15.11 50.169 30,25 
12.73 0.44 3.46 28.B 14.3083 3.760 2.94 14.09 3,82 4 135.00 1.027 0.818 0.209 1.106 3.86 4.27 0.362 12.55 54.4336 28.84 
10.89 0.43 3.91 30.79 11.3589 4.370 3.05 11,63 4.46 3 135.00 1.0<19 0.830 0.220 1,098 3.52 3.86 0.305 10.7 61.5912 21.59 
10.9 0.3 2.76 46.79 11.6767 3.052 2.96 11.33 3.15 4 135,00 1.072 0.6'12 0.230 1.090 3,32 3.61 0.304 10.61 56.0979 27.42 
10.8 0.23 2.13 52,75 11-3708 2.370 2.91 11.00 2.45 5 135,00 1.094 0.854 0.240 1.082 3.18 3.44 0.301 10.48 52.8448 27.23 

11.97 0.28 2.35 59.86 12.5406 2.580 2.90 12.10 2.67 5 135.00 1.116 0.866 0.250 1.075 3.49 3.75 0.336 11.59 52.0107 27.86 
10.88 0.31 2.86 64.85 11.1029 3.182 3.00 10.65 3.32 4 135.00 1.138 0.877 0.281 1.068 3.35 3.57 ! 0.302 10.'18 68.4614 27.03 
8.13 0.21 2.59 64.13 7.83716 3.013 3.12 7.39 3.20 4 135.00 1.160 0.869 0,271 1.060 2.67 2.83 I 0.216 7.73 87.0317 2<1.64 
9.83 0.21 2.14 70.88 9.S534 2.428 2.99 9.11 2.56 5 135,00 1.182 0,901 0.281 1,053 2.99 3,15 I 0.268 9.39 57.9642 26.01 
14,59 0.35 2.37 85.33 14.6681 Z615 2.85 14.07 2.72 5 135,00 1.20,1 0.913 0.291 1.046 4.11 4.30 0.414 14.05 49.0242 28.86 
17.47 0.43 2.47 91.82 17.5587 2J347 2.79 16.94 2.74 6 135.00 1.227 0.925 0.302. 1,040 4.77 4,96 I 0,503 16.9 45.296B 30.07 
23.8 0,66 2.76 108.66 24.0576 2.927 2.70 23.34 3.02 5 135.00 1.249 0.937 0.312 1.033 6.23 6.44 0.698 23.12 40.6187 32.12 
26.5 1.31 4.94 95.15 26.5877 5.192 2.83 25,97 5.32 3 135.00 1.271 0.949 0.322 1.027 7.'19 7,69 0,761 25.91 47.7672 32.79 
23.66 0.83 3.52 20.44 23.2793 3.711 2.76 23.15 3.73 5 135.00 1.293 0.961 0.332 1,020 6.56 6.69 0,692 23.5'1 43.9821 32.07 
18.99 0.49 2.56 28.0I 18.1706 2.772 2.77 18.00 2.80 5 135.00 1,315 0,973 0.342 1.014 5.26 5.34 0.547 18.82 44.4019 3047 
18.95 0,78 4.1 37.55 17."8877 4.429 2.91 17.65 4.49 4 135.00 1,337 0.985 0,353 1.008 5.65 5,70 0.545 18.72 52.3926 30.35 
49.87 2.16 4.32 27.3 48."6795 4.453 2.58 48.51 4.47 s 135.00 1.359 0.997 0.363 1.002 12.61 12.63 i,502 49.7 34.6157 36.57 
83.66 5.29 6.33 -14.<13 81.5902 6.429 2.56 81.68 6.42 11 135.00 1.382 1,008 0.373 0,99$ 20.96 20.87 2,547 83.75 33.2996 39.50 

243.98 10.44 4.28 •17.83 2:;J,7<1 4.304 2.15 237.85 d.30 11 136.00 1.404 1.020 0.383 0.990 50.99 50.48 7.510 244.09 17.4322 44.88 
336.34 16.44 4.89 ·19.33 32'-.461 4.909 2.14 32,1.57 4.91 11 135.00 1,d26 1.032 0.394 0.SB•i 69.87 68.77 10.369 336.46 16.9751 46.29 
423.23 17.94 4.24 •Hl.68 403.946 4.253 2.04 404.05 4.25 12 135.00 1.448 1,044 o . .ro4 0.979 84.57 82.76 13.058 423.34 '14.0663 47.24 

I.A 
C: 

"' 
-.( 

c-: 
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ConaTec Inc. 01pretatian 
Interpretation Q,. Release 1.22 Rev. Format: NU Imperial 
Aun No: 07-1210-1008-4331 
Job No: 07-801 
Client: Civil & Environmental Consultants 
Project: Pond Creek Mine - Williamson County, Illinois 
Site: CPT-7 Ma!!llli!l !Yne§ ia□d Unit WelghJ {[!!,I) E.t!!..fil!1. .5!J..8Y.g,. QQ_filg,_ &..8Y!h ~ Location: Pond Creek Mine deg Isl "' % % Cone: 20TON AD211 ~Res,dual Soil I 39.96 I 1.00 I 58.51 I 25.19 I 2.31 CPT Date: 07/31/10 
CPTTirne: 07:58 
CPT File: 804CP07.COA 
No1thing (It): 0.000000 
Easting (ft): 0,000000 
Elevalion (II): 457.0 

User Inputs: 

Waler Taite Depth r): c::::IT:l Ground Surface Elev. OfilJ Assumed: Nk: 32.3 
Slate Parameter: ~ CPT area raUo: ~ 
Unit Weight of Soll (pcf): See Below See Below Copied from ConeTec CPT Data File 

------------- ----------- ---- ----------------------------------- -----------------------------------------------
Depth Sample El. AvgQt l\vgFs AvgRI AvgUd Ota Ria to Q F $BT U.Wt. TS\ress EStress Ueq Ca N60 (N1)60 I s" qo Fe Phi 

(fl) (fl) (ts!) (ts[) (%) (It) (Isl) (%) (pcf) (Isl) (Isl) (tsf) (blows/II) (blows/II); (lsf) (tsf) (%) (Deg.) 

0.1o4 457,636 9.8 0.17 1.69 -0.53 955.098 1.737 1.5<1 955,10 1.74 5 125.00 0.010 0.010 0.000 2,000 1.64 3.27 0.303 9.8 3.41667 50.67 0.492 457.308 30.91 0.44 1,41 -5,98 1004.2 1.425 1.45 1005,50 1.42 6 125.00 0.031 0.031 0.000 2.000 5.02 10.05 0.956 30.95 2.16306 50.86 
0.82 456.980 42 0.69 1.65 •14.97 818.512 1,645 1.54 820.46 1.64 7 125.00 0.051 0.051 0.000 · 2.000 7.03 14.07 1.299 42,1 3.40523 50.09 
1.148 •156.652 38.42 0.68 1,76 ·15.08 534.47 1.773 1.64 535.86 1,77 6 125.00 0.072 0.072 0.000 2.000 6.66 i3.33 1.187 38.52 5.10589 48,41 
1.476 456.324 35,13 0,57 1.61 ·15.89 379.813 1.627 1.68 380,90 1.62 6 125.00 0.092 0.092 0.000 2.000 6.1B 12,36 1.085 35.23 5.82026 46,98 
1.804 455.996 33.61 0.6 1.77 -9.56 297-093 1.791 1.78 297.63 1.79 6 125.00 0.113 0.113, 0.000 . 2.000 · 6.10 12.20 1.037 33,67 7.65399 45.90 
2.133 455.667 35.29 0.79 2.24 ·0.3 263.716 2.2,17 1.89 263.79 2.25 6 125.00 0.133 0,133 0.000 2.000 6.66 13.32 \ 1.088 35,3 10,1362 45,35 
2.461 455.339 39.86 1 2.5 -0.42 258.147 2.516 1.94 258,15 2.52 6 125.00 0.154 0.154 0.000 2,000 7.65 15.30 1.229 39.86 11,2767 45.25 
2,789 455.011 41.14 1.05 2.55 -0.46 235.013 2.563 1.96 235.01 2.56 6 125.00 0.174 0.174 0.000 2.000 7,96 15.97 1.268 41.14 12.0156 44.82 
3.117 45<1.683 36.47 0.82 2.25 ·0.6 186.206 2.260 1.98 186,26 2.26 6 125.00 0,195 0.195 0.000 2.000 7,12 1<1.23 1.123 36.4B 12.3943 43.72 
3.445 454,355 34.59 0.81 2.35 -0.76 159.65 2.356 2.03 159.66 2.36 6 125.00 0.215 0,215 0.000 2.000 5.89 13.79 1.064 34.59 13,9069 42.96 
3.773 454.027 45.16 1.24 2.75 -0.76 190.508 2.760 2.04 190.51 2.76 6 125.00 0,236 0.236 0.000 2.000 9.03 18.06 1,391 45.16, 14.14B9 43.82 
<1.101 453.699 52.95 1.71 3.23 -0.23 205.584 3,245 2.08 205.58 3,25 6 125.00 0.256 0.256 0.000 1.976 10,75 21.24 1,631 62.95 15.2795 44.19 
4.429 453.371 39.45 1.59 4.04 •l.97 141.515 4,059 2.26 141.41 4,06 5 125.00 0.277 0.277 0.000 1.901 8.60 16.34 1.213 39.42 20,8937 42.36 
4.757 453.043 25.66 0.97 3,77 17.39 85.3065 3,825 2.37 84.94 3.84 6 125.00 0.297 0.297 0.000 1,834' 5.87 10,76 0.785 25.55 25.3185 39,69 
5.085 452.715 16.21 0,6 3.68 17,83 50.0049 3.775 2.53 49.63 3.00 4 125.00 0.318 0,318 0,000 1,774 3,97 7,04 0.492 16.09 31,9342 36.66 
5.413 452.387 12.96 0.42 3.21 19,31 37.3078 3.328 2.58 36.95 3,36 4 125.00 0.338 0.338 0,000 01.719 3.26 5.59 0,391 12,84 34.5011 34.90 
5.7•11 452.059 11.85 0.37 3.13 19.93 32.0256 3.220 2.62 31.66 3,26 4 125.00 0.359 0.369 0.000 1,669 3.03 5.08 0,356 11.72 36.5016 33.95 
6.069 451.731 10,67 0.33 3.1 21,39 27.1298 3.207 2.68 26.79 3.25 4 125,00 0.379 0,379 0.000 1.824 2.80 ,4.55 0,319 10.54 39.2642 32,90 
6.398 451.402 9.96 0,31 3.07 23.76 23.9078 3.243 2,72 23.53 3.29 4 125.00 0.400 0.400 0.000 1.581 2.67 4.23 0,298 9.81 41.7687 32.08 
6.726 451.074 9.7 0.29 2.95 38,8 22.0746 3.125 2.75 21.50 3,21 4 125.00 0.420 0.420 0.000 1.5•12 2.61 4,03 0.287 ·sAB 43,0291 31.50 
7.054 450.746 14,29 D.3<1 2.35 47.48 31.4128 2.455 2.56 30.73 2.51 6 125.00 0.4<11 0.441 0,000 1.506 3.51 5.28 0.429 13.99 33.4317 33.76 
7.382 450.418 16.68 0.5 3 58.9 35.1528 3.083 2.59 34.37 3.15 5 125.00 0.461 0,481 0.000 1.472 4,15 6,10 0.602 16.32 3<1.7346 34.45 
7.71 450.090 21.63 0.78 3.61 62.19 43.8872 3.688 2.57 43.08 3.76 5 125.00 0.•182 0.462 0.000 VM1 5.34 7.70 0.655 21.24 33.789 35.82 

8.038 449.762 21,3 0,89 4.19 65.68 41.3986 4.279 2.63 40.58 4.37 4 125.00 0,502 0,502 0.000 1.411 5,43 7.66 0.644 20.89 36.9226 36.46 
8.366 449.434 20.62 0.75 3.62 74.41 38.-1358 3.732 2.62 37.54 3.62 4 125.00 0,523 0.623 0.000 1,383 6.19 7.18 0.622 20.15 36.1207 34.99 
6.694 449.106 21.71 0.73 3.35 61.34 38.954 3.449 2.59 36.03 3,53 5 126,00 0.543 0.543 0,000 1.357 6,39 7,31 0.655 21,21 34.7719 35,07 
9.022 448.778 22.26 0.62 2.79 96.35 38.4768 2.858 2.54 37.41 2.94 5 125.00 0.564 0.564 0.000 1,332 5.37 7,16 0.672 21.66 32.4751 34,97 
9.35 448.450 20.7 0.61 2.93 91.74 34.7004 3.032 2.69 33.70 3.12 6 135.00 0.684 0,580 0.005 1.313 5.12 6,73 0.623 20.12 · 34.9106 34,33 

9.678 4<18.122 20.96 0.7 3.35 82.7 34.4041 3.439 2.63 33.53 3.53 6 135.00 0.607 0,592 0.015 1.300 5.30 6.89 0.630 20.44 36.7405 34.30 
10.006 447.794 23.37 0.86 3.67 95.38 37.6819 3.762 2.63 36.70 3,88 6 135.00 0.629 0.604 0.026 1.287 5.90 7.60 0.704 22.78 36.7081 34.86 
10.:rn5 447.465 23.21 0.93 4.02 86.47 36.6547 4,122 2.66 35.79 4.22 4 135.00 0.651 0,615 0.035 1.275 5.98 7,62 0.698 22.68 38.3828 34.71 
10.663 447,137 22.31 0.82 3.68 48.55 34.4891 3.790 2.65 34.01 3.84 4 135.00 0.673 0.627 0.046 1.263 5,Tt 7.28 0.670 22.01 37,7717 34.40 
10.991 446.809 21.94 0.83 3.79 50,3•1 33.2333 3,907 2.67 32,73 3.97 4 135.00 0.695 0.639 0.056, 1.251 5.73 7.16 0,658 ·,, 21.62 38.8777 34.17 
11.319 446.481 23.94 0.89 3.73 69.05 35.6631 3.832 2.64 35.00 3.90 5 135.00 b.717 0.651 0.066 1.239 6.15 7.62 0.719 23,!;j 37.5487 3<1.58 1L647 446.153 31.54 1.47 •1.66 33.07 46.451 4.773 2.62 46,13 4.81 4 135.00 0.739 0.663 0,076 1.228 8.10 9.95 0,954 31.33 36.4723 36.24 
11.975 <145.825 52,03 1.94 3.73 5.47 75.9552 3.784 2.<10 76.91 3,79 5 136.00 0.762 0.676 0.087 1.217 12.09 1<1.71 1.587 52 26.4167 39.08 12.303 ,145,1197 68.4 2.67 3.91 ·22.86 98.4385 3.949 2.31 98.66 3.94 5 135.00 0.784 0.687 0.097 1.207 15.51 18.71 2.093 88.55 24.0213 40.50 

\, 12.631 <145.169 53.25 3.19 6 -25.04 75.0494 6.083 2.56 75.26 6.07 3 136.00 0.806 0.699 0.107 1.196 13,38 16.01 1.624 63.4 33.4083 39.04 
12.959 <144.841 50.44 2.84 5.63 -25.2 69.8071 5.724 2.56 70.03 5,71 3 135.00 0.828 0.711 0.117 1.186 12.67 15.03 1,538 50.6 33.3638 38.64 r 
13.287 444.513 31.23 2.43 7.77 -27.34 42.042 7.999 2,81 42.26 7.95 3 135,00 0.850 0.723 0.128 1.176 8,97 10.55 0.941 31.4 <16,5809 35.73 

"-3 13.615 444.185 36.66 2.18 5.95 ·26.55 48.723 6.091 2.68 48.94 6.06 3 135.00 0.872 0,735 0,138 1,167 9.80 11.44 1.108 36.82 39.3835 36.60 13,943 443.857 56.53 3.08 5.44 ·25.93 7•1.5365 5.536 2.53 74.75 5.52 3 135,00 0.894 0.746 0.148 1.157 14.00 16.20 1.722 56,69 32.013 39,00 
\11.271 443.529 129.14 5.32 4.12 -25.68 169.087 4.149 2.22 169.30 4.14 11 135.00 0.917 0.758 0.158 1.148 27.75 31,86 3.970 129.3 19.5836 43,26 
14.6 443.200 241.69 8.13 3.37 -25.73 312.554 3.377 2.00 312.76 3,37 12 135.00 0.939 0.770 0.168 1.139 47.59 54.23 1.454 241.85 12,9931 46,12 

14.920 442.872 231.67 8.83 3.81 ·25.66 294.958 3.827 2.06 295.16 3.82 12 135.00 0.961 0.782 0.179 1,131 48.69 52.80 7,143 231.83 14.6671 45.86 
C 15.256 442.544 258.78 8.95 3.46 -26.07 324.6•17 3.472 2.00 32•1.85 3.47 12 135.00 0.983 0.794 0.189 1.122 61,01 57.24 7,981 258,94 13.0637 46,29 
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~ 
Depth i 

,~~ 
---------- ----------- ------------------- ·------------ -------- ------- ···---- ------- --- ! ' ------ ------------------------------------ ------

(fl) , .. / 
,I. AvgQI 

(tsf) 

15.584 
15.912 
16.24 

442.216 285.B 
441.888 277.04 
441.560 219.73 

Avgr-s 
(ts!) 

8.43 
7.22 
6.99 

AvgRI AvgUd 
(%) (fl) 

2.95 ·26.9 
2.61 -26.01 
3.18 -28.89 

Oln Rln le a F SBT 
{!s!) (%) 

353.3,18 2.960 1.93 353.55 2.96 12 
337.467 2.616 1.89 337,67 2.61 7 
263.533 3.196 ~o, 263.75 3.19 12 

u.\. fS\ress ES\ress Ueq Co NGO (N1)60 So qc 
(pcf) (Isl) {ts!) (Isl) {b!ows/11) (blows/II) (ts!) (tsf) 

135.00 1.005 0.806 0.199 1.114 54.68 60.90 8.817 285.96 
135.00 1.027 0.818 0 209 1.106 52.28 57.81 6.545 277.21 
135.00 1.019 0.830 0.220 1.098 43.55 47.81; 6.770 219.91 

I 
I 

I 

Fe 
(%) 

11.0253 
10.1227 
13.4471 

Phi 
(Deg.) 

46.66 
46.'l6 
45.35 

I.!, 
V 

......____\ 

..J 
0 
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ConeTec Inc. ( .erpretatlon 
lnlerprelalion l Release 1.22 Rev. Format: NU Imperial 
Run No: 07-1210-1008-4303 
Job No; 07-904 
Client: Civil & Environmental Consultants 
Project: Pond Creek Mine - Williamson County, Illinois 
Sile: CPT-8 Mi!!eriiJI Il'12!ili! i!nci I/oil ~§llgl1I {12&:!l .E!:IL.fil'.SL. fu!.8y_g,_ ~ .&.8Yg,_ le Avg location: Pond Creek Mine 

deg Isl Isl % % Cone: 20TON AD211 ~Residual Soll I 39.so I 1.10 I 55.34 I 26.14 I 2.35 I CPT Date: 07/31/10 
CPTTlme: 09:53 
CPT File: 804CP08.COR 
Northing (ft): 0.000000 
Easting (ft): 0.000000 
Elevation (It}: 445 

User Inputs: 

DD Water Table De th ft): Ground Surface Elev. ~ Assumed: Nk: 32.3 
Slate Parameter: ~ CPT area ratio: ~ 
Uni\ Weight of Soil (pc1): See Below See Below Copied from ConeTec CPT Dale FIie 
--·----·····-·-·---·-·--·-·--·--·-·-----·---------·- ·---· -·---·-·--·------·-·--·-·------·--·· ·--·---·-Depth Sample E!. AvgQl AvgFs AvgRI AvgUt/ Oro Rio 1, a F SBT LI.Wt. TStress EStress u,, Co NGO (N1)60 i s" ,,, ,, Phi 

(I!) (fl) (Isl) (tsf) (%) (ft) (!sf) (%) (pcf) (ts!) (tsf} (1sf) (blows/ft) (blows/It) (Isl) (tsf) (%) (Deg.) 

0.164 444.836 17.37 0.13 0.75 0.35 1693.63 0.749 1.12 1693.63 0,75 6 125.00 0.010 0.010 0.000 2.000 2,55 6.11 0.537 17.37 ·1.1559 52.71 0.492 444,508 21.17 0.35 1.66 ·l.57 687.455 1.656 1.57 687.78 1.65 6 125.00 0.031 0.031 0.000 2.000 3.58 7.15 0.654 21.16 3.90719 49.41 0.82 444.180 31.35 0.66 2,09 •3,09 610,707 2,109 1.69 611.10 2.11 6 125.00 0.051 0.051 0.000 2.000 5.51 11.02 0.969 31.37 5.90214 4B.94 1.1<18 443.852 43.65 0.95 2.17 •1.25 610,15 2.170 1.70 610.29 2.17 6 126,00 0.072 0.072 0.000 2.000 7.73 15.47 1.355 43.86 6,12164 4B,94 1.476 443,524 44.4 1.46 3.29 ·0,37 480.301 3.295 1,91 480.30 3.30 5 125.00 0.092 0.092 0.000 i 2.000 ' 6.43 , 16.B7, 1,372 44.4 10.5955 47.96 1.804 443.196 47,24 1.66 3.51 0.21 417.98 3.522 1.96 417.98 3.52 5 125.00 0.113 0.113 0.000 2.000 9.15 18.30 1.469 47.24 11.8951 47.38 2.133 442.867 63.62 t.74 2.74 ·0,23 476,225 2,741 1.84 476.22 2,74 6 125.00 0,133 0.133 0.000 2.000 11.78 ,23,55 1.966 63.62 6.93891 47.93 2.461 442.539 81.01 2.67 3.29 1.B 525.68 3.302 1.89 525.62 3.30 6 125.00 0, 154 0.154 0.000 2,000 15,30 30.60 2.503 81 10.2349 48.33 2.789 442.211 87.64 3.13 3.57 -0.02 501.775 3.579 1.93 501,78 3.58 6 125.00 0,174 0.174 0.000 : 2.000 ' 16,80 33,61 2,708 87,64 11.2144 46.14 3.117 441.883 72.36 2.94 4.06 0.81 370.'13'1 4.074 2.04 370,38 4.07 5 125.00 0.195 0.196 0.000 2.000 14.45 28.90 2.234 72.35 14.0558 46.86 3.445 441.555 54.96 2.44 4.43 7.57 254.257 4.457 2.15 254.02 4.46 5 125.00 0.216 0.215 0.000 2,000 11.47 22.93 1.695 54,91 17.4107 45.18 
3.773 441.227 45.6 1.94 4.26 13.4 192,374 4.277 2.20 192.03 4.28 5 125.00 0.236 0.236 0.000 2.000 9.70 19,39 1.404 46,52 18.9745 43.86 4.101 440.899 47,91 1.89 3,94 10.16 185,92 3.966 2.18 186.69 3.97 5 125,00 0.266 0,256 0,000 1.975 10,11 19,97 1.475 47,85 18,3226 43.70 4.429 440.571 55,66 1.91 3.43 18.45 200,075 3.449 2.11 199.64 3.46 5 126.00 0.277 0.277 0.000 1.901 11.41 21.70 1.715 55,54 16.1775 44.05 
4.757 440.243 51.39 1.71 3,33 24.18 171,648 3.347 2.14 171.31 3.36 6 125.00 0.297 0.297 0.000 1.834 10.65 19.52 ! 1.582 51.23 17.0225 43.31 
5.085 439.915 45.6B 1,53 3,36 21.34 142.733 3,373 2.19 142.32 3.38 6 125.00 0.316 '0,318 0,000 1.774 9.66 11.14 I 1.404 45,55 '18,6417 42.39 6.413 439.587 37.97 1.4 3.7 20.18 111,234 3.720 2.29 110.88 3.73 6 126.00 0.338 0,338 0.000 1.719 8,38 M.40 1.165 37.85 22,1372 41.11 5.741 43!:1.259 32.73 1.25 3,83 18.96 90.2176 3.861 2.36 89.88 3.88 5 125.00 0,359 0,359 0.000 1.669 7.44 12.43 1.002 32.61 24.8088 40.00 6.069 438.931 32.51 1.3 3.99 14.67 B4.7077 4.046 2.39 64.47 4.06 6 125.00 0.379 0.379 0.000 1.624 "7.51 12.19 0.995 32.42 26,1077 39,66 6.398 438.602 30.81 1.37 4.4,\ 8.27 76,0491 4.505 2.46 75.92 4.51 4 125.00 0.400 0.400 0.000 1.581 7.34 11.61 ! 0,941 30.76 28,8283 39.08 G.726 438.274 30.16 1.35 4.47 11.29 71.4133 4,539 2.48 71.25 4.55 4 135.00 0.420 0.416 0.004 1.550 7.26 11.24 ! 0.921 30.09 29.7266 38,72 7,054 1137.946 30.78 1.3 4.22 12.22 70.824 4.285 2.46 70.64 4.30 4 135.00 0.443 0.428 0.014 1.528 7.34 , 11.22 0.939 30.7 29.0142 38.68 7,382 437,618 28.58 1.25 4.38 1'L3 63.8613 4.446 2.50 63.66 4.46 4 135.00 0.465 0.440 0.024 1,507 6.95 10.48 0.870 28.49 30,8671 38.09 7.71 437.290 25.37 1.1 4.35 16 55.0315 4.421 2.55 54.81 4.44 •I 135.00 0.487 0.452 0.035 1.487 6.29 9.36 0.770 25.27 32.7937 37.24 
8.038 436.962 23.17 1.04 4.48 16,81 48.8312 4,589 2.59 48.59 4,61 4 135,00 0.509 0.464 0.045 1.468 6.88 6.63 0.702 23,06 35,0715 36.54 
6.366 436.634 21.72 0.99 4.55 15.7 44.5168 4.672 2,63 •14.31 4.69 3 135.00 0.531 0.476 0.055 1.449 5.60 8.12 0.656 21.62 36.7119 36.00 8.694 436.306 22.5 0.76 3.39 17 44.9838 3.463 2.53 44.76 3.48 5 135,00 0.653 0.488 0.066 1.432 5.54 7.93 0,679 22.39 32.1478 36,06 
9.022 435.978 20.87 0.66 3.17 17,39 40.6065 3.252 2.55 40.41 3.27 5 135.00 0,575 0.500 0.D76 1.'115 5.17 7.31 0.628 20,77 32,7685 35.46 
9.35 435.650 20.28 0.77 3.78 19.44 38.4653 3,912 2.62 38.23 3.94 4 135.00 0.597 0.512 o.oe6 1,398 5.20 7,27 0,609 20.16 36.2763 35,13 9,678 435.322 22,23 1.07 <l.83 14.64 41.2726 4,951 2.67 41,08 4.97 3 135.00 0.620 0.524 0.096 1.382 5.88 8.10 0.669 22.13, 38,7923 35.56 10,006 434.994 27.84 Us 4.14 14.22 50.7896 4,228 2,56 50.62 4.24 4 135.00 0.642 0.536 0.106 1,367 '6,94 9.48 0.842 27.75 33.2318 36.79 10,335 434.665 30.49 1.3 4.26 ·2.51 54.4817 4.359 2,54 54,50 4.36 4 135.00 0.664 0,547 0.117 1.352 7.58 10.24 0.923 30.5 32,5983 37,22 10.663 434.337 20.58 1.04 5.04 •B.43 35.5656 5.228 2.73 35.67 5.21 3 '135.00 0.686 0,559 0,127 1,337 5.63 7,63 0.616 20.64 41.8344 34,72 10.991 434.009 21.64 0.79 3.66 ·8.2 36.6411 3,774 2.62 38.73 3.77 4 135,00 0.708 tJ.571 0.137 1.323 5.60 7.40 0.648 21.69 36.2422 34,90 11,319 433.681 18,91 0.92 4.85 -4,78 31.1738 5.061 2.76 31.23 5.05 3 135.00 0.730 0,583 0,147 1.309 5.26 6.88 0.563 18.94 43.5695 33,91 11.647 433.353 17 0.91 5.34 ·3.97 27.3032 5.601 2,83 27.35 5,59 3 135.00 0.753 0,595 0.157 1,296 4.92 6.37 0.503 17.03 47,693 33.09 11.975 433.025 20,2 l.09 5.41 ·3.4 32.0031 5.611 2.7B 32,04 5.61 3 135.00 0.775 0.607 0,168 1.284 5.68 7.30 D.601 20.22 44.908 34,07 12.303 432.697 23.77 1.16 4.87 ·3.74 37.12 5,049 2.70 37.15 5.04 3 135.00 0,797 0.619 0.178 1.271 6.41 8.15 0.711 23.79 40.6258 34.97 12.631 432,369 23.53 1.14 4,86 ·2.66 36.0038 5,020 2.71 36.02 5.02 3 135.00 0.619 0.631 0.198 (259 6.37 8.02 0,703 23.54 41.0417 34.79 12.959 432.041 25.86 1.03 3.99 ·1.59 38.9277 4.117 2.63 38.94 4.12 4 135.00 0.841 0.643 0.1il8 1.247 6,70 8,36 0.775 25.87 36,659 35.26 I., 13.287 431.713 28.74 1.22 4.25 4.68 42.5854 4.376 2.62 42.54 4.38 4 135,00 0.863 0.655 0.2G9 l.236 7.41 9.16 i 0.863 28.71 36,2582 35.79 \. 13.615 431.3B5 23.7 0.95 4.02 4,89 34.2297 4.164 2.67 34.18 4,17 4 135.00 0.885 0.667 0.219 ' 1.225 6.27 7.69 0,706 23.67 38.9352 34.48 13.943 431.057 21.82 0.56 2.55 \0,93 30,8252 2.678 2.58 30.72 2.69 5 135.00 0.908 0,678 0.229 1.214 5,50 6.68 0.647 21.75 34,3343 33.83 1<1,271 430.729 17.59 0.45 2.54 19.05 24.134 2.701 2.67 23,96 2.72 5 135.00 0.930 0.690 0.239 1.204 4.62 5.56 0.616 17.47 38.6783 32,28 ""---4 1'1.6 430.400 15.35 0.32 2.09 24.25 20.5023 2.223 2.67 20.29 2.25 5 135.00 0,952 0.702 0,250 1.193 4.03 4.81 0.446 15,2 39.0527 31,24 M.928 430.072 13.48 0.21 1.52 31.31 17,5111 1.679 2.66 17.25 1.71 6 135.00 0.974 0,714 0.260 1.183 3.61 4.15 0.387 13.29 38,5544 90.20 15,256 429.744 13.47 0.25 1,62 40.37 17.1797 2.004 2.72 16.84 2.05 5 135,00 0.996 0.726 0.270 1,11,1 3.59 4.21 0,386 13.22 41.3202 30,05 
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DeJJlh s _/, AvgO! AvgFs 
(II) I"/ (tsl) (Isl) 

15.564 429.416 18.28 0.5 
15.912 429.088 44.7 2.02 
16,24 428.760 126.44 5.34 
16,568 428.432 213.9 10.81 
16.096 428.104 378.56 14.03 
17.224 427.776 341.19 15.02 
17,552 427.448 312.91 15.43 

·---------- -------------------- --------- -------- ------- --------- _____ /'~ '---------------------------------------··------
AvgRI AvgUd Oto Rio ,, a F SBT U.\<. , Stress ESlress Uaq Co NGO (N1)60' s, qo 

(%} {fl) (Isl) (%) (pcf) (ts!) (Isl) (:sf) (blows/fl) (blows/fl), {Isl) {Isl) 

2.74 " 23.3902 2.897 2.70 22.98 2.95 5 135.00 1.018 0.738 0.280 1,164 4.84 5.tM 0,534 17,98 
4.53 28.0•I 58.2209 4.627 2.54 57.98 4.65 4 135.00 1.040 0,750 0.291 1,155 11.07 12.79 U352 44.52 
4.22 -16.<l 164.58 4.259 2.23 164.72 4.26 11 135.00 1.063 0,762 0.301 1.146 27.34 31.33 3.882 126.55 
5.05 -15.7 275.059 5.080 2.18 275.19 5.08 11 136.00 1.086 o.n<1 0.311 1.137 45.29 51.49 6.589 214 
3.71 ·15.73 480,355 3.717 1.96 480.4B 3.72 12 137.00 1.107 0.7B6 0.321 1,128 73.23 82.61 h.686 378.66 
4.4 ·16.91 426.134 4.417 2.06 426.26 4.42 12 138.00 1.129 0.798 0.331 1,119 68.32 76.47 10.528 341.29 

4.93 ·12.1 3B4.691 4,949 2.11 38'1.79 4.95 11 139,00 1.152 0.610 0.342 1.111 64.25 71,37 9,652 312,99 

Fo 
(%) 

40.5576 
32,7068 
20.1417 
18.4606 
11,787 

14,2.134 
16.0829 

Phi 
(Deg.) 

32,03 
37.60 
43.13 
45.55 
47,97 
47.46 
47.03 

\, 
0 

"'-...I 
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/~ 
ConeTec Inc. { 3rpretatlon ~ 
Interpretation C .. ~e!ease 1.22 Rev. Formal: NU Imperial 
Run No: 07-1210-1008-4276 
Job No: 07-804 
Client: Clvil & Environmental Consultants 
Project: Pond Creek Mine - WIiliamson Gourly, l!llnols 
Sile: CPT-9 M;.i]eri11l llQe,« gng llnil W!!ighl {gg[l Phi Avg:~~ f£...8yy,_ l..!...AY,g. 
Location: Pond Creek Mine deg ! ! Isl "' % % 
Cone: 20TON AD211 ~Resldual Soil ! 3s.2s I ,.as I 45.19 I 2a.02 I 2.40 I 
CPT Date: 07/31(10 
CPTTime: 09:17 
CPT File: 804CP09.COA 
Northing (II): 0.000000 
Ensling (fl): 0.000000 
ElevaUon (fl): 445.7 

User Inputs: 

DD Water Table De lh II): Ground Surface Elev. ~ 
Assumed: Nk: 32.3 

Stale Parameter: ~ CPT area ratio: [Q]D 
Unit Weight of Soll (pcl): See, Below See Below Copied lrom ConeTec CPT Data FIie 
----------------------------------------------------------------------------------------------------------------------- ----

Depth Sample El. AvgQl AvgFs AvgRf AvgUd Oto "'" 
,, Q F SBT U.Wt. TStrass EStress Ueq c, N60 (N1)60, s, qc Fe Phi 

{rt) 1ro (tsl) {Isl) (%) (rt) (::sf) (%) (pcf) {tsf) (tsf) (Isl) (blows/It) (blowsllq 1(tsf) (!sf) (%) (Deg.) 

0.164 445.536 15,38 0.2 L27 -2.59 1439.49 1.301 1.37 1501.44 1,30 6 125.00 0.010 0.010 0.000 2,000 2.43 4.B7 . 0.476 15.4 1.11893 52.29 
0.492 445,208 19."82 o.:m 1.92 -12.01 643.553 1.920 1.64 846.15 1.91 6 125.00 0.031 0.031 0.000 2.000 3.44 6.88 ! 0.613 19.9 5.03728 49.17 
0,82 444.880 30.1 0.63 2.1 -9.01 586.317 2.097 i.69 587.29 2,09 6 125.00 0.051 0.051 0.000 2.000 s.:m 10.61 i 0.930 30.15 5.98332 48.78 
1.146 444,552 43.87 0.91 2,07 •3.21 61'J.429 2.078 1.68 610.71 2.08 6 125.00 0.072 0.072 0.000 2.000 '7,69 15.39 ; U356 43,69 5.7973 48,94 
1.476 444.224 47.66 1.19 2.49 0.07 515.64 2.502 1.79 515.64 2.50 6 125.00 0.092 0.092 0.000 2,000 8.66 17.33 ; 1.473 47.66 7.8425 48,26 
1.804 443.896 45.87 1.66 3.62 0.07 405.829 3.628 1,98 405.83 3.63 5 125.00 0.113 0,113 0.000 2,000 8.94 17.89 ; 1.417 45.87 12.3418 47.25 
2.133 443.567 41.72 1.66 3.98 0.25 311.949 3.992 2.07 311.95 3.99 6 125.00 0.133 0.133 0.000 2.000 8.42 16.84 '. 1.268 41.72 14.8063 ·46,1 I 
2.461 443.239 37.44 1.52 4.06 0.39 242.413 4.077 2.13 242.41 4.08 6 125.00 0.154 0.154 0.000 2.000 7.74 15.49 i 1,154 37.44 16,6663 44.96 
2.789 442.911 44.47 1.87 4.2 0.86 254,117 4.222 2,13 254,06 4.22 5 125.00 0.174 0.174 0,000 2.000 · 9.21 18.41 i 1,371 44.46 16.7567 45.18 
3.117 442,583 59.57 2.65 4.44 0.23 30-U81 4.463 2.11 304,78 4.46 5 125.00 0.195 0,195 0.000 2,000 12.25 24.50 ! 1.838 69.57 16.2268 46.00 
3.446 442.255 70.47 2.79 3.95 1.65 326.292 3,971 2.06 326.25 3.97 6 125.00 0.215 0.215 0.000 2.000 14.16 ' 26.31 : 2,175 70.46 14.487 46.30 
3.773 '141.927 74.67 2.46 3.29 ·0.62 3t5.65 3.305 1.99 315.69 3.30 6 126.00 0.236 0.236 0.000 2.000 14.64 29,28 r 2.304 74.68 12,725 46.16 
4,101 441.599 84.53 2.85 3.37 1.85 323.793 3.382 1.99 328.75 3.38 6 125.00 0,258 0.266 0,000 1.975 16.57 32.73 j 2.609 84.52 12.7342 46.34 
4.429 441.271 104.33 3.88 3.72 1.8 375.898 3.729 2.00 375.86 3.73 6 125.00 0,277 0.277 0.000 1.901 20.54 39.03 3,221 104.32 13.0225 46,92 
4.757 440.943 96.44 3.96 4.11 2.45 323.373 4.119 2.07 323.34 4.12 5 125.00 0.297 0.297 0.000 1,834 19,50 35.76 2.977 96,43 14,9462 46.26 
5,085 440.615 102.25 4.19 ,. 1 0.62 32:>,731 4.111 2.07 320,70 4.11 5 126.00 0.318 0.318 0.000 1,774 20.68 36.68 3.156 ,102,24 14.9718 46.23 
5.413 440,287 98,2 4.51 4.59 1.13 289.264 4,609 2.14 269,23 4.61 11 125,00 0.338 0.338 0.000 1,719 20.38 35.04 8,030 98,19 16,91\03 45.77 
5.741 439.959 94.73 4.11 4.34 4.32 263.0i 4,355 2.14 262.93 4.36 11 125.00 0.359 0.359 0.000 1.669 19.66 32,80 2,922 94.7 16,694 45.33 
6.069 439.631 84,93 3.46 4.08 6.01 222.905 4.092 2.15 222.63 4.09 5 125.00 0,379 0,379 0.000 i.624 17.71 28,75 2.618 81\.9 17,3092 44.57 
6.398 439.302 87,66 3.56 4.o7 ·2.24 2Hl.219 4,080 2.15 218.24 4.08 5 125.00 0.400 OAOO 0.000 1.581 18.31 ·28.96 ' 2.702 87.67 17.4182 44.47 
6.726 438.974 69.12 3.37 4.87 4.69 163.425 4.905 2.29 163.35 4.91 11 125,00 0.<120 0.420 0.000 1.542 15.27 23.58, 2,127 69.09 22.0488 43.08 
7.054 438.640 63.77 3.03 ,1,75 3.08 143,644 4.785 2.31 J.13,60 ,l.79 ' 125.00 0.441 0.441 0.000: 1.506 14.23 21.43 ' i.961 63,75 22.8724 42,43 
7,382 438.318 53.39 2.77 5.19 7.53 114.719 5.233 2.40 114.61 6.24 ' 125.00 0.461 0,461 0.000 1,472 12.39 16.24: 1.639 53.34 26.3327 41.28 
7.71 437.990 48.17 2.41 4.99 4.9 98 9637 5.054 2.42 98.90 5.06 4 125.00 0.462 0.482 0.000: 1.441 11,31 16.30 i j.475 46.14 27.4055 40.51 

8.038 437.662 38.46 1.98 5.15 10.26 76 6699 5.216 2,50 76.55 6.23 ' 135.00 0.502 0.495 0.007 1.421 9.37 13,31 1.175 38,39 30,6807 39.12 
8.366 437.334 30.22 1.55 5.12 11.57 58 5876 5.220 2.58 58.45 5.23 ' 135,00 0.525 0.507 0.018 1.405 7.63 10,72 ! 0.919 30;15 34.4169 37,61 
8.694 437.006 28.4 1.39 4.89 12.03 53 6919 4.990 2.59 63.66 5.00 ' 135.00 0,647 0.519 0.028 1.368 7.21 10.01 ,! 0.882 28.33 34,9372 37,11 
9.022 436.678 29.4 1.32 4.5 11.46 5q,33 4.578 2.56 54.20 4.59 ' 135,00 0.569 0,531 0.038 1.373 7,35 10.09 0.893 29.33 ,' 33.449 37,16 
9.35 436.350 28.31 1.17 4.14 11.87 51,068 4.221 2.55 60.94 4.23 4 135.00 0.591 0.543 0,048 1.368 7.05 9.57 0,858 28.23 33.1117 36.$2 

9.678 436.022 26.35 1.19 4.53 15.1 46-4162 4.624 2.61 46.2•1 4,6<1 4 135.00 0.613 0.554 0.059 1.343 8.75 9.06 0.797 26.25 35.9001 36.25 
10.006 435.694 25.07 1.15 4.6 14.55 43 1414 4,706 2.64 42.98 •l.72 ' 135.00 0.635 0.566 0.069 1,329 6,51 8.65 0.756 24.98 37.2699 35,82 
I0.335 •135.365 25.89 1.2.4 4.78 13.4 43.63 4;914 2.65 43.49 4,93 ' 135.00 0.657 0,578 0.079 1.315 6.76 8.89 0.781 25.81 37,7669 35,89 
10.663 •135,037 22.8 1.2 5.26 9.91 37 4772 5.425 2.72 37.38 5.44 ' 135.00 0.680 0.590 0.089 1.302 6,20 8.07 0.685 22,74 41,7846 34.99 
10.991 434.709 27,92 1.18 4.22 10.86 45 2024 4.335 2.60 45.09 4.35 4 13!i.00 0,702 0.602 0.100 1.289 7.11 9.17 0.843 27.86 35.267 36,11 
11.319 434.361 29.42 1.45 4.92 10.86 •IG 7326 5.053 2.64 46.62 5.07 3 135.00 0.724 0.614 0.110 1.276 7,64 9.75 0.688 29.36 37.1499 36,31 
11.847 434.053 26.23 1.41 5.39 11.38 407121 5.533 2.71 40.60 5.55 ' 135.00 0.746 0.626 0.120 1,264 7,06 B.93 0,789 26.16 40.7787 35.49 
11.975 433.725 23,16 0.99 4.29 10.96 35.1046 4.421 2.68 34,99 4.44 4 135.00 0,768 0.638 0,130 1,252 6.16 7,71 0.693 23,09 39,5208 34.60 
12.303 433.397 20.42 0.52 2.55 11.83 30 2103 2.649 2.58 30.10 2.66 s 135.00 0.790 0.650 0,140 1.241 6.16 6.40 0.SOB 20.35 34,5204 33.68 
12.631 433.069 18.56 0.49 2,64 14.43 26 8524 2.758 2.63 26.72 2.77 5 135.00 0.812 0.662 0.151 1.229 4.81 6.91 0.560 18.49 37.0571 32.94 
12.959 432,741 22.2 0.51 2.28 45.47 31 7192 2.387 2.54 31.29 2.42 6 135.00 0.835 0.674 0.161 1.218 5.45 6.64 0.661 21,91 32.6626 33.92 \,, 
13.287 432.413 18.14 0.35 1.91 50.26 25 2132 2.025 2.58 24.75 2.06 6 135.00 0.857 0.665 0.171 1.208 4.52 5.45 ! 0.535 17.82 34,4848 32.46 C 
13.615 432.085 15.81 0.26 1.66 56.56 21 4099 1.741 2.60 20.91 1.78 6 135.00 0.879 0.697 0,181 1.197 3.96 4.74 0.462 16.46 35.5971 31.40 
13.943 431.757 12.95 0.21 1.59 52.01 16.9872 1.743 2.69 16,52 1.79 5 135.00 0.901 0.709 0,192 1.187 3.38 4.01 0.373 12.62 39.9818 29.89 

~ 14,271 431.429 11.94 0.19 1.55 59,86 15 2756 1.725 2.73 14.75 1,79 5 135,00 0.923 0.721 0.202 1.178 3.16 3.73 0.341 11.56 42,1627 29.15 
1'1.6 431. 100 12.26 0.19 1.51 66.28 1M33 1.679 2.72 14,87 1.74 5 135.00 0.945 0.733 0.212 1.168 3.23 3,77 0.350 11.85 41.679 29.21 

14.926 430.n2 11.19 0,19 1.7 73.44 13.7205 1.859 2.80 13.10 1.95 5 135.00 0.967 0,7,15 0.222 1,159 3.04 3.52 · 0.316 10.73 45.7106 28.39 
15.256 430.<144 15.59 o., 1.9 87.39 19.2881 2.055 2.69 16.56 2.14 5 135.00 0.990 0.757 0.233 1.149 4.03 4.63 0.452 15.04 40.03 30.65 ..., 

(; 
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-------------------------------·--------------------------- ---- ----------- ____ , ! ----- ------------------- -------------------------- ------

Depth st ), AvgOI AvgFs AvgRI AvgUd Qlo Rfo le a F SBT U,Vv,. , Stress ES tress Ueq c" NGO (N1)60 s, QC Fe Phi 
(fl) (U/ (!sf) (Is[) {%) (fl) (!sf) (%) (pcl) (tsf) {lsl) (tsf) {b!ows/11) (blows/fl) :(Isl) (!sf) (%) {Deg.) 

15.5B4 430.116 23.74 0.<14 1.84 87.72 29.5606 1,936 2.52 28.85 1.98 6 135.00 1.012 0.769 0.243 1.140 5.70 6,50 0,704 23.19 31.5153 33.43 
15.912 429,788 29.33 0,85 2,89 108.61 36.2411 3.004 2.57 35.37 3.08 5 135.00 1.034 0.761 0.253 1. 132 7.22 8.17 0.B76 28.65 33.9566 34.68 
16.24 429.460 38.72 1.<18 3.63 \03.37 47.5146 3.929 2.56 46,71 4.00 5 135.00 1,056 0.793 0.263 1,123 9_55 10,73 j 1,166 38.08 33.507 36.34 

16.568 429.132 56.19 2.18 3.88 102.93 68.4969 3,956 2.45 67.69 4.00 5 136,00 1.078 0.805 0.274 1,115 13.22 14_73 •i i,706 55,54 28,553B 38.46 
16.896 428.804 60.78 3.03 4.98 65.61 73,0TT7 5.077 2.51 72.58 5.11 11 137.00 1,100 0.617 '0,284 1,107 14.78 16,36 ·; 1.848 60.37 31.2128 38.115 
17,224 428.476 50.94 2.78 5.46 60-'14 60.1007 5.580 2,60 69.64 5.62 3 138.00 1.123 0.829 0.294 1,098 12.92 14.19 1.542 50.56 35.2623 37,75 
17.552 428.148 43.07 2.33 5A 23.93 49.8334 5.558 2.65 .t.9_55 5.58 3 139.00 1.146 0,841 0.304 1.090 11:26 12.26 i i.298 42.92 37.7709 36.70 
17.88 427.820 39.51 1.86 4.71 -0.56 44.9042 4.851 2.63 44.90 4,85 4 140.00 1.168 0.854 0.314 1.082 10.27 11,12 i.187 39.51 37,026 36,11 
18.208 427.492 41,11 1.74 4.23 0.62 46.0640 •1.359 2.59 46.06 4.36 4 141.00 1.191 0.867 0.325 1.074 10.47 11.25' 1.236 41.11 34.9935 36.27 
18.537 427,163 41.12 1,68 4,1 2.12 45.3724 4.210 2.59 45,35 4.21 5 142.00 1.215 0.880 0.335 1.066 10.44 11.13 ' 1.236 41.1 34.7084 36,17 
18.865 426.835 45.7 1.83 4 •l.37 49.814 4.116 2.55 49.79 4.12 5 143.00 1,238 0.893 0.345 1.058 11A0 12.07 · 1.377 45.66 33,0275 36,72 
19.193 426.507 43.86 2.11 4.81 4,87 47.0298 4.953 2.63 47,00 4.98 4 1114.00 1.261 0.906 0.355 1,061 11.36 11,93 r 1.319 43.83 36.6861 36.38 
19.521 426.179 36.52 1.92 5.26 11.85 38,3338 5.449 2.72 38.25 5.46 3 145.00 1.285 0.919 0.366 1.043 9.91 10.33 1'091 36.44 41.4759 35.17 
19.849 425.851 49.37 2.52 5,1 12.88 51.5286 5.243 2.62 51.43 5.25 3 146.00 1,309 0.933 0.376 1,035 12,72 13,17 1.486 49,28 36,286 36.91 
20.177 425.523 60.49 3,37 5.58 -1.34 62.5064 5,697 2.59 62,52 5.70 11 147.00 1.333 0.946 0.388 1.026 15.39 15.82 1,831, 60.5 34.8428 38.02 
20.505 426,195 75.15 3.54 4.72 -5.82 76.8443 4.797 2.47 76,69 4,79 1f 148.00 1.357 0,960 0.396 1.020 18.09 18.46 2.285 75,19 29.5495 39,17 
20.833 424.867 74.9B 3.23 4.31 -7.5 75.5377 4.389 2.45 75,59 4.39 5 t,19,00 1,381 0,974 0.407 1.013 17.84 18.07 2.279 75.03 28.4777 39.08 
21.161 424.539 51.59 2 3.88 -4.69 50.7665 3.985 2.53 50.80 3.98 5 150.00 1.405 0.989 0.417 1.006 12,78 12.85 . 1.554 51.62 32.26'16 36.84 
21.489 424.211 88.98 4,5 5.06 -4.99 87.2965 5.140 2.46 B7.34 5.14 11 151.00 1.430 1.003 0.427 0.999 21,30 21.27: 2.711 89.02 29.0451 39.87 

\J 

~ 

' 
~ 
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ConeTec Inc. ,f'. erpreta!ion 

lntarpre!aUon (. Release 1.22 Rev. Formal: NU Imperial 
Run No: 07-1210-1008-4243 
Job No: 07-804 
Client CMI & Environmental Consultants 
Project Pond Creek Mine - Williamson Cou-ity, Jlllnols 
Silo: CPT-10 Matel!i!I T)':11es lm~ lJoll W!iiQl:!I {m;;ll .e.hL8Y.9,. ~ ~ .&..ill'.g,_ 1£.A'!.g,_ Location: Pond Creek M!ne deg : tsl "' % % Cone: 20TON AD211 ~Resldual Soll I 39.49 I 1.11 I 57.88 I 2a.81 I 2.3e I CPTDale: 07/31/10 
CPTTlme: O!l:35 
CPT File: 8D<ICP10.COA 
Northing (fl): 0.000000 
Easting {II): 0.000000 
ElevaUon (fl): 442.1 

User Inputs: 

Assumed: 
DD Ground Surlace Elev. ~ 

Slate Parameter: ~ CPT area ratio: ~ 
Unit Welghl of Soil (pcf): Sse Below See Below Copied from ConeTec GPT Data FIie 
-------------------------------------------------- ---------------------- -------- -------------------

Depth Sample El. AvgQI AVl]Fs AvgAr AvgUd Ola Rfa ,, a F SBT U.Wt. TS\ress EStress Ueq Ca N60 (N1)60i s, q, Fo Phi 
(fl) (It) (Isl) {tsf) (%) (ft) (Isl) (%) (pcf) (Isl) (Isl) (Isl) (blows/fl) {blowsttq (lsf) (lsf) (%) (Deg.) 

0.164 441.936 22.84 0.17 0.75 0.53 2<.27.29 0.745 1.10 2227.29 0.74 7 125.00 0.010 0.010 0.000 2.000 3.34 6.67 i 0.707 22.84 -1.3233 53,62 0.492 441.608 28.68 0.4 1.4 -1.45 9::1.683 1.396 1.45 931.68 1AO 6 125.00 0.031 0.031 0.000 2.000 4.66 9.32 : 0.887 28.68 2.20569 50,57 
0.82 441.280 30.14 0.52 1.73 -6.33 6B7.098 1.728 1.62 587,88 1.73 6 125.00 0.051 0.051, 0.000 2.000 5.17 10.35 ! 0.932 30.18 4.63942 48.79 1.148 440.952 41.06 0.62 1.5 -7.39 571.265 1.513 1.57 671,96 l.51 7 125.00 0.072 0.072 ·o.ooo 2.000 6,94 13.88 i 1.269 41.1i 3.88432 48,68 
1.476 440.624 62.23 0.9 1.44 ·3.79 613.58 1.448 1.62 673.91 1.46 7 125.00 0.092 0,092 0.000 2.000 10.34 20.69 ' 1,924 62.28 3,15875 49,33 1,804 440.296 70.49 1.29 1.83 -0,76 6~4.188 1.833 1.63 624.28 1.83 7 126,00 0.113 0.113 0.000 2.000 12.13 24.27 ! 2.179 -70.6 4.85185 49.03 
2.133 439.957 63.39 1.44 2.28 ·1.34 474.499 2.276 1.77 474.57 2.28 6 125.00 0.133 0,133 0.000 2.000 11.44 22.87 ! 1.958 63.4 7.40369 '47.91 
2.461 439.639 64.76 1.42 2.19 -1.66 420.032 2.198 1.i8 420, 10 2.20 7 125.00 0.154 0.154 0.000 2.000 11.73 '23.40 j 2,000 64.n 7,63043 47.40 
2,789 439.311 67.64 1.58 2.34 -1.64 3E7.039 2.342 1.82 387.10 2.34 6 125.00 0.174 0.174 0.000 2.000 12.43 24.87 1 2.089 67,65 8,50804 47.05 
3.117 438.983 62.08 1.55 2.49 -2.26 3"7.665 2.505 1.89 317.77 2.50 6 125.00 0.195 0,195 0.000 2.000 11.70 23.40 i 1.916 62.1 10.0559 46.19 3.4,15 438.655 61.6 1.76 2.86 -2.61 2S5.967 2.867 1,96 287.01 2.87 6 125.00 0.215 0.214 0.001 2.000 11,93 23.86 ; 1.900 61.61 11.8668 45,73 3,773 438.327 •19.6 1.64 3.29 -3.46 2;;:1.095 3.309 2.07 221.23 3.31 6 125.00 0.236 0.224 0.012 2.000 10.08 20, 15 j 1.534 '49.83 14,9652 44,54 
4.101 437.999 35.16 1.26 3.59 ·0,53 148.88 3.610 2.20 148.92 3,61 5 125,00 0.256 0.234 0.022 2.000 7.49 14.99 ; i.OB1 35,17' 19.0045 42,62 
4.429 437.671 23.B 0.94 3.96 5.47 9€=, 1277 3.995 2.35 95.96 4.00 4 125.00 0.277 0,245 0.032 2.000 5.<11 10.81 ,; 0.728 23.78 24.5219 40.35 
4.757 437.343 20.99 0.83 3.94 15.36 61.155 4.011 2.40 60.76 4.03 4 125.00 0.297 0.265 0.042 '1,980 4.86 9,63 0.641 20.89 26,5321 39,43 
5.085 437.015 23.58 0.9 3.8 17.32 87,7022 3.869 2.37 87.29 3.89 4 125.00 0.318 0,265 0.053 1,942 5.38 10.46 I 0.720 · 23.47 25.1707 39,85 
5.413 436.687 2G.07 1.08 4.15 16.35 92.3976 4.197 2.38 93.03 4.21 4 125.00 0.338 0.278 0.063 1.905 5.98 11.39 : 0,797 25,97 26.5391 40.19 
5.741 436.359 28 1.25 4.46 13.72 9E7242 4.522 2.39 96.44 4.54 4 125.00 0.359 0.286 0.073 1.871 6.47 12.10 0.856 27.92 · 26.1485 40.39 
6.069 436.031 27.78 1.26 4.55 13.97 9:0.5575 4.598 2.41 92.25 4.61 4 126.00 0.379 0,29$ 0.083 , 1.838 6.47 )1.89, i 0.848 27.69 26,8768 40,15 
G.398 435.702 23.67 0.97 4.09 20.99 7!:-.9624 4.168 2.43 75.54 4.19 4 125.00 0.400 0.306 0.094 1.807 6.56 10.04 I 0.720 23.54 27.8545 39,07 
6.726 435.374 22.65 0,83 3.65 20.09 7t.2128 3.73•1 2.42 69.80 3,76 5 125.00 0.420 0.317 0.104 1.m 5.29 9AO / ,0,688 22.52 27.3099 38.63 
7.054 435.046 23.86 0.78 3.26 20.76 71.6456 3.331 2.38 71.25 3.35 5 126.00 0.441 0.327 0.114 1.749 5.46 9.56 ' 0.725 23.73 25,568 38.75 
7.382 434.718 19.8 0.64 3.24 24.65 57.3514 3.309 2.45 56.89 3.34 5 125.00 OA61 0.337 0.124 1.722 4.60 8.03 0.599 19.64 28.3064 37.49 
7.71 434.390 17.31 0.59 3.42 30.58 4EA398 3.506 2.52 47.89 3.55 ,, 125.00 0.482 0.347 0.134 1.697 4.20 7.13 I 0,521 17.12 31.4473 36.49 
8.038 434.062 18.65 0.73 3.9 29.61 5C.7385 4.023 2.54 50,21 4.07 4 135,00 0.502 0.358 0.145 1.672 4.59 7.68 0.562 18.46 32,7232 36.77 
8.366 433.734 15.11 0.63 4.15 30.69 38.4655 4.319 2.55 38.95 4.38 J 135.00 0.525 0,370 0.155 1.645 3.90 6.42 0.<152 14.92 37.5988 35.28 
8.694 433.406 14.94 0.58 3.89 35,5 37.7301 4.030 2.54 37.15 4.09 4 135.00 0,547 0.381 0.165 1.619 3.84 6.22 0.446 14.72 37,3103 35.00 
9.022 433.078 15.71 0.65 4.15 39.67 3E.4892 4.293 2.55 37,85 4.36 J 135.00 0.569 0.393 0.175 1.594 4.06 6.47 0.469 15.46 38.0083 35,11 
9.35 432.750 20.24 0.82 •l.06 39.19 4E.4809 4.173 2.57 47.86 4.23 4 135.00 0,591 0.-106 0.186 1.571 5.04 7.91 0.608 19.99 33.9763 36.50 

9.678 432.422 21.26 1.1 5.19 18.66 4£.4891 5,328 2.54 49.23 5.36 J 135.00 0.513 0.417 0.196 1,548 5.51 8.53 0.639 21.15 37,2394 36.66 
10.006 432.094 21.52 1.14 5.29 14.2 48.5703 5.459 2.65 •!8.116 5.48 3 135.00 0.635 0.429 0.206 1.527 5.62 8.58 0.647 21.43 37,8499 36.57 
I0.335 431.765 22.36 1.16 5.2 0.19 4£.2066 5.345 2.54 49.21 5.34 J 135.00 0.657 0.441 0.216 1.506 5.83 8.77 0,672 22.38 37.2112 35,66 
I0.063 431.437 18.99 1.06 5.57 ·6.84 •IC.4242 5,769 2.72 40,53 5.77 J 135.00 0.680 0.453 0.227. 1.486 5.18 7,69 0.567 19.04 41.4795 35.53 
10.991 431.109 14.81 0.82 5.55 -7,21 3C.3493 5.812 2.81 30.44 5.80 J 135,00 0.702 0.465 0.237 1.467 4.23 6.21 0.437 14.85 46.4001 33.80 
11.319 430.781 15.17 0.79 5.19 -6.65 3C,3001 5.469 2.79 30.38 5.45 J 135.00 0.724 0.477 0.247 1.448 4.29 5.22 0.447 15.21 45.3583 33.80 
I l.647 430.453 13.83 0.74 5.37 •5,98 26.7744 5.655 2.84 26.84 5.64 J 135.00 0.746 0.489 0.257 1.431 4.02 5.75 0.405 13.86 48.2129 33.04 
11.975 430.125 11.53 , 0.56 4.82 -4.81 21.4987 5.204 2.88 21.56 5.19 J 135,00 0.758 0.501 0.268 1.413 3.44 4.86 0.333 11.55 60,9108 31.67 
12.303 429.797 12.82 0.45 3.52 ·3.23 2::.4732 3.741 2.76 23.51 3.73 4 135.00 0.790 0.512 0.278 1,397 3.57 4.98 0.372 12.84 43.714 32.22 12.631 429.469 13.05 0.43 3.3 ·2.06 2::.3366 3.514 2.74 23.37 3.51 4 135.00 0.812 0.524 0.288 1.381 3.60 4,97 0,379 13.07 42.8475 32.18 ..., 
12.959 429.141 13.03 0.41 3.16 ·0.78 22.7399 3.362 2.74 22.74 3.36 4 135.00 0.835 0.536 0,298 1.366 3.58 4.90 0.378 13.03 42,7021 32.01 13.287 428.813 14.48 0.43 2.98 12.21 2L.8506 3.156 2.70 24,70 3.17 5 135.00 0.657 0.548 0.308 1.351 3.87 5.23 0.422 14.4 40.3482 32.53 13.615 428.485 14.54 0.43 2.97 15.45 ~.39 3.148 2.70 24.21 3.17 5 135.00 0.879 0.560 0.319 1.336 3,90 5.20 0.423 14.44 40.6879 32.41 

~ 
13.9•13 428.157 13.29 0,47 3.55 20.09 21.6584 3.794 2.80 21.43 3.83 4 135.00 0.901 0.572 0.329 1.322 3,73 4.94 0.384 13.16 45.8728 31.65 
14.271 427.829 16.42 0.51 3.08 25.66 26.5391 3.291 2.69 26.27 3.33 5 135,00 0.923 0.584 0.339 1.309 4.35 5.70 0.480 16.26 39.9534 32,91 
14.6 427.500 19.35 0.75 3.86 19.79 JC.8871 4.075 2.70 30.69 4.10 4 135.00 0.945 0.596 O.:M9 1.295 5.18 6.71 0.570 19.23 40.477 33.87 14.928 427.172 23.7 1.01 4.25 -5.33 37.4026 4.443 2.65 37.45 4.44 4 135.00 0.967 0.608 0.360 1.283 6,26 8.03 0.704 23.73 38.4335 35.07 

15.256 426.844 26.27 0.82 3.11 ·8.DI 4C.7957 3.244 2.54 40.88 3.24 5 135.00 0.990 0.520 0.370 1.270 6.53 8.30 0.783 26.32 32.4669 35.59 ' 
C 
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--r-- ----------------------------------------- --------- -------- --------- ------------------.-~ _______________________________________ : ______ --------
Sar'. AvgOl AvgFs AvgRf AvgUU Qin Rfn le Q F S8T U.Wt. .,ress EStress Ueq Cn NGO {N1)60 ! Su qc Depth 

(ft) 

15.584 
15.912 
16.24 
10.568 
16.896 
17,224 
17.552 
17.88 

18.206 
18.537 
18.865 
19.193 
19.521 
19.849 
20.177 
20.505 
20.833 
21.161 
21.489 
21.817 
22.145 
22.473 
22.802 
23.13 
23.458 
23.786 
24. 114 
24.442 
2,1_77 
25.098 
25.426 
25.75'1 

(It/ (lsf) (tsf) (%) (fl) (tsf) (%) (pcf) (tsl) (Isl) (1s1) (blows/rt) (blows/fl): (ls!) (tsf) 

426.516 
426.168 
425.860 
425.532 
425.204 
42•1.876 
424.548 
424.220 
423.892 
423.563 
423.235 
422.907 
422.579 
422.251 
421.923 
421.595 
421.267 
420.939 
420.611 
420,283 
419.955 
419.627 
419.298 
418.970 
•118.642 
418.314 
417.986 
417.658 
417.330 
417.002 
416.674 
416.346 

28.43 
34.11 
36.87 
38.02 
42.17 
49.75 
<17.56 
51.6 

65.03 
70.02 
65.59 
55.6 
110.1 

160.51 
111.07 
58.61 
53.52 
55.22 
99,33 
112.37 
57.05 
<19,22 
45.2 
86.55 
135.75 
80.31 
60.5 

127.06 
149.98 
328.34 
419.75 
389.73 

0.71 
0.83 
1.15 
1.21 
1.45 
1.96 
1.6 
i.85 
2.32 
2.53 
2.53 
2,73 
2.81 
4,84 
5.1 

3.39 
2.16 
2.52 
2.92 
3.22 
2.85 
2,02 
1,76 
1.U9 
2.31 
2.82 
2.6<1 
4.56 
9.93 
15.26 
19.4 
18.71 

2.5 
2.<12 
3.11 
3.18 
3.45 
3.95 
3.37 
3.69 
3.57 
3.61 
3.86 ,., 
2.55 
3.02 
•l.59 
5.76 
4.03 
4.56 
2.94 
2.86 
4.99 
4.1 
3.89 
2.18 
1,7 

3.51 
4,36 
3.59 
6,62 
4.65 
4,62 
4.8 

1.06 
14.23 
26.79 
114.11 
1:m.77 
80.34 
107.39 
140,27 
168,7 
155.08 
43.83 
4.71 
-0,67 

•IB.'11 
·23.58 
·23.83 
·22.7 
·21.43 
·20.71 
.15.47 
•4.13 
·0.06 
26.33 
.14.16 
0.11 
•7,76 
·3.63 
•4,92 

•11.87 
23.26 
18.11 

438.91 

43.4116 
51.4007 
54.6•143 
55.3595 
60.4516 
70.3096 
65.9285 
'70.3788 
87.5341 
92.701 
65.2026 
70.7073 
139.17 

200.145 
135.622 
69.8082 
62.2887 
63,2178 
113.098 
126.016 
62.1002 
52.4512 
47.2222 
90.4233 
140.<\45 
81.0682 
69.6725 
125.108 
1'15.622 
315.728 
397.781 
363.482 

2.590 
2.509 
3.211 
3.275 
3.531 
4.031 
3.447 
3.668 
3.634 
3.G77 
3.931 
5.024 
2.582 
3.040 
4.647 
6.900 
4.143 
4.683 
2.983 
2.903 
5.129 
4.233 
4.030 
2,224 
1.722 
3.683 
4.485 
3,636 
6,696 
4.672 
4,641 
4.8~3 

2.45 
2.39 
2.45 
2.46 
2.46 
2.45 
2.42 
2.42 
2.36 
2.34 
2.38 
2,51 
2.10 
2.06 
2.31 
2.57 
2.48 
2.52 
2.21 
2.17 
2,66 
2.54 
2.56 
2.18 
1.97 
2,36 
2.52 
2.25 
2.43 
2.12 
:2.00 
2.11 

43,40 
51.26 
54.38 
64.30 
59,17 
69.59 
84.98 
69.15 
86.09 
91.39 
84.85 
70.67 
139.17 
200.30 
135.79 
69.99 
62.<16 
63.37 
113,25 
126.13 
62.13 
52.45 
'17.04 
90,13 
140,<!3 
8l.12 
59.70 
125.M 
145.70 
315.58 
397.68 
36D.92 

2.59 
2.52 
3.23 
3.34 
3.61 
4.07 
3.50 
3.73 
3.69 
3.73 
3.95 
5.03 
2.58 
3.04 
4.64 
5.89 
4,13 
4.67 
2.98 
2,90 
5.13 
4.23 
4.05 
2.23 
1.72 
3.58 
4.48 
3.64 
6.69 
4.67 
4.6•1 
•l.86 

6 
6 
5 
5 
5 
5 
5 
5 
5 
5 
5 
4 
7 
7 
11 
11 
5 
4 
8 
6 
4 
6 
5 
7 
8 
8 
5 
8 
11 
11 
11 
11 

135,00 
135.00 
135.00 
136.00 
137.00 
138.00 
139.00 
140,00 
M1.00 
l42,00 
1•13,00 
1•14.00 
145.00 
146.00 
147.00 
148.00 
149,00 
150.00 
151,00 
162,00 
163.00 
154.00 
165.00 
156.00 
157.00 
158,00 
159.00 
160,00 
161.00 
162,00 
163.00 
164.00 

1.012 
1.034 
1.056 
1.078 
1.100 
1.123 
1.146 
i.168 
1.191 
1.215 
1.238 
1.261 
1.285 
1.309 
1,333 
1.357 
1.381 
1.405 
1.430 
1.455 
1.480 
1.505 
1.530 
1.556 
1.581 
1.607 
1.633 
1.65!;1 
1.685 
1.712 
1.738 
1.765 

0.632 
0.643 
0.655 
0.667 
0.679 
0.692 
0.704 
0,717 
0.729 
0,742 
0,755 
0.769 
0,762 
0.795 
0,809 
0.823 
0,837 
0.851 
0.866 
0,880 
0.895 
0.910, 
0,925 
0.940 
0,955 
0.971 
0,987 
1,002 
1.016 
1.035 
1.051 
1.057 

0.380 
0.390 
0.401 
0.411 
0,421 
0.431 
0.442 
0.1152 
0.462 
0.472 
0.483 
0.493 
0.503 
0.513 
0.523 
0.534 
0.544 
0.554 
0.564 
0.575 
0.585 
0.595 
0.60S 
0.616 
0.626 
0,638 
0.648 
0.657 
0.6G7 
0.677 
0.687 
0.687 

1,258 
1.247 
1.235 
1,224 
1.213 
1.202' 
1,192 
1,181 
1,171 
1,161 
1.151 
1.1'11 
1.131 
1.121 
1'112 
1.102 
1.093 
1.084 
1.075 
1.066 
1.057 
1.048 
1.040 
1.031 
1,023 
1.016 
1.007 
0,999 
0.991 
0,983 
0.976 
0,968 

6.77 
7.88 
8.72 
8.91 
9.86 
11,71 
11.00 
11,91 
14,58 
16,64 
15.00 
13.62 
22.55 
32.40 
24.86 
14,84 

. 12.97 
13.61 
21.26 
23.66 
14.28 
12.24 

"11.30 
18.23 
26.36 
18.37 
14.91 
27.63 
35.31 
67.79 
85,07 
79,6B 

8.52 
9.82 

10.78 
10.81 
11.96 
14.08 
13.11 
14.07 
17,07 
18,15 
17.33 
15,54 
25.50 
36.33 
27.63 
16.30 
14, 18 
14,75 
22.85 
25.22 
15,10 
12,84 
11.75 
18.81 
26.97 j 

~::~t l 
27.60 
34.99 
66,65 
82,99 
77.03 

0.849 
1.024 
1.109 
1,144 
1,272 
1.505 
1.437 
1.561 
1.976 
2,130' 
1.992 
L682 
3,369 
4.929 
3.397 
1,779 
1.614 
1.666 
3.031 
3.434 
1.720 
i.477 
i.352. 
2,631 
4.i54 
2.437 
1,823 
3.882 
4.591 
10,112 
12.942 
12.011 

28.'12 
34.02 
36,7 

37.31 
41.3 

49.25 
46,89 
50,72 
63,98 

· 69.05 
65.32 
55.57 
110.1 

160,63 
111,21 
58.96 
63.66 
56.35 
99.46 

112.47 
67,08 
49.22 
46.03 
86,27 
136.74 
80.36 
60.53 

127.09 
150.08 
326.19 
419.64 
386.99 

Fo 
(%) 

Phi 
(Deg.) 

28.7045 35.94 
26.1157 36.91 
26.4501 37.25 
28.9263 37,24 
28,8349 37,73 
28.4507 38.64 
27.2425 38.26 
27,3444 38.61 
24.6627 39.80 
24.1296 40.12 
25,6929 39,72 
31.2954 ·38.73 
15,903 42.30 
14.7692 44.08 
22.9849 42.18 
33,8626 38,67 
30.0156 38.04 
31.6051 38.12 
19,2589 41.25 
17,9771 41,80 
33,269' 38.01 
32.7044 37.05 
33.5817 36.42 
18.3507 40,05 
12.0719 42.35 
24,9247 39.48 
31.782 37.79 

, 20.6606 41.76 
'27.5358 42.53 
16.5598 46,17 
15.1488 47.17 
16,2214 46.75 

--1 
I' 

~ 

--1 
0 
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ConeTec: Inc. ; 3rpretalion 
/) 

lnlarprelalion 01... Release 1.22 Rev. Fomiat; NLI Imperial 
Aun No: 07-1210-1008-4215 
Job No: 07-804 
Client; Civil & Environmental Consultants 
Project: Pond Creek Mina - WUliamson County, Illinois 

EllLllY.!L.I ~ ~ .E£.filg_. k.8Y.9... 
Site: CPT-11 Mi!!!l:[li!l Tumli! snQ t Jail :-ll!l:ight (121.11 
Local!on: Pond Creek Mine deg ' ISi ISi % % Cone: 20TON AD211 ~Residual Soil I 39.00 ·1 2.16 I 89.72 I 2a.1s I 2,3s_ CPT □ate: 07/31/10 
CPTTlme: 10:31 
CPTFile: 804CP11.COA 
Northing {ft): 0.000000 
Easting (It): 0.000000 
Elevation (ft): 440.6 

User Inputs: 

D3TI Water Table De th ft): Ground Surface Elev. ~ Assumed: Nk: 32.3 
State Parameter: ~ GPT area ralio: ~ 
Unlt Welgl1t of Soll (pc!}: See Below Sea Below Copied lrom ConeTec CPT Da!a F!le 
--------------·---------------------------------------- -------- -----------------------· ---···------·------·-----·-··----

Depth Sample El. Avg□ l AvgFs AvgRI AvgUd Q\a Ria 1, a F SBT U.Wt. TStmss EStress u,q Ca NGO (N1)60 ! s, qo Fo Phi 
(It) (fl) (Isl) (ts!) (%) (fl) (lsf) (%) (pcl) (ls!) (tsf} {Isl) (blows/U) (blows/rt), {Isl) (ts!) (%) (Deg,) 

0.164 440.436 28.5 0.22 0.76 0. 16 27i9.49 0.7i2 1.11 2778.51 0.77 7 125.00 0.010 0.010 0.000 2.000 4.17 8.34 0.882 28.49 -1.2563 54.33 
0.492 440.108 28.29 0.44 1.56 -0.67 919 t.557 1.50 919.33 1.56 6 125.00 0,031 0.031 0.000 2,000 4.67 9.34 0.875 28.3 2.83988 50.52 
0.82 439.780 20.17 0.54 2.66 -2.66 392.561 2.68•1 1.87 392.76 2.68 5 125.00 0.051 0.051 0.000 2.000 3.78' 7.55 ! 0.623 20.18 9.60794 47.11 
1.146 439.452 19.6 0.52 2.63 -12.35 272.171 2.663 1.94 273.29 2.65 5 125.00 0.072 0.072 0.000 2.000 3.79 7.57 ! 0.605 19.68 11.4161 45.51 
l.476 439.124 28.99 0.42 1.43 -1.13 313.255 1.453 1.69 313.36 1.45 6 125.00 0.092 0.092 0.000 2.000 5,10 10,19 0.895 29 5.94772 46.13 
1.804 438.796 36.06 0.45 1.25 -0.07 318.823 1.252 1.63 318.82 1.25 7 125.00 0.113 0,113 0.000 2.000 6.22 12.43 1.113 36.06 4.93192 46.20 
2.133 438.467 35.17 0.54 1.52 -0.16 262.816 1.5•11 1.76 262.82 1.54 7 125.00 0.133 0.133 0.000 2.000 6.32 12.65 1.085 36.17 7.21826 45.33 
2.461 438.139 37.91 0.55 1.44 -a.as 245.469 1.457 1.76 245.47 1.46 7 125.00 0.154 0.154 0.000 2.000 6.81 13.63 1.169 37.91 7.18838 45.02 
2.789 437.811 36.47 0.68 1.87 -0.34 208.222 1.874 1.89 208.22 1.87 6 125.00 0.174 0.174 0.000 2.000 6.87 13.74 1.124 36.47 10.0384 ' 44.25 
3.117 437.483 27.44 0.59 2.16 •0.37 139.853 2.166 2,04 139.85 2.17 6 125.00 0.195 0.195 0.000 2.000 5.49 10.97 0.8•14 27.44 14,139 42.30 
3.445 437.155 20.54 0.66 3.22 -0.44 94.3962 3.247 2.29 94.40 3.25 5 125.00 0.215 0.215 0.000 2.000 4.54 9,08 0.629 20.54 22.0663 40.26 
3.773 436 827 22.61 0.6 3.52 ·l.01 94.8813 3.576 2.32 94.88 3.58 5 125.00 0.236 0.236 0.000 2.000 5.07 10.13 0.693 22.61 23.1951 40,29 
4.101 436.499 26.22 0.98 3.73 -1,36 101.297 3.775 2.32 101,30 3.77 6 125.00 0.256 0,256 0.000 1,975 5.88 11.60 0.804 26.22 23.1946 40.63 
4.42P 436.171 31.36 1.08 3.45 ·1.09 112.29 3.475 2.26 112,33 3.47 6 125,00 0.277 0.277 0.000 1.901 6.66 13.04 0.962 31.37 21.1267 41.18 
4.757 435.843 38.92 1.07 2.74 1.76 129.906 2,770 2.15 129.84 2.77 6 125,00 0.297 0.297 0.000 1,834 8.11 14.86 1.196 38.9 17.2319 41,92 
5.085 435.515 38.04 1.11 2.93 ,J.37 118.693 2.943 2.19 118.60 2.94 6 126.00 0.318 0.318 0.0□0 1.774 8.07 14.31 1.16B 38.01 18.7018 41,46 
6.413 435.187 30.78 1.06 3.45 13.37 B9.981 3.482 2.33 89.71 3.49 5 125.00 0.33B 0.338 0.000 1.719 6.90 11.66 0.942 30.69 23.4971 39.99 
5.7"11 434.859 25.89 0.85 3.29 18.6 71.1547 3.329 2.38 70.85 3.34 6 125.00 0.359 0.369 0.000 1.li69 5.94 9.91 0.790 25,78 25.6136 38.69 
6.069 434.531 23.4 0.79 3.36 23.9 60.6906 3.432 2.44 60.30 3.45 5 126.00 0.379 0.379 0.000, 1.62'1 5.50 a.93 i 0.113 23.25 28.015 37.78 
6.398 43,1.202 25.75 1.15 4.46 22.01 63.3951 4.536 2.51 63.07 4.56 4 126.00 0.400 0.400 0.000 UiB1 6,28 9.93 i 0.785 25.62 31.3104 :30.04 
6.726 433.874 29.09 1.27 4.36 14.11 68.2001 4.430 2.48 68.01 4.44 4 125.00 0.420 0.420 0.000 1.542 7.01 lo.a, ! 0.888 29.01 29.9626 38.46 
7.054 433.546 24 1 4.16 11.96 53.4372 4.245 2.54 63.28 4.26 4 126.00 0.441 0.441 0.000 1.506 5.94 8.95 0,729 23.93 32,5699 37.07 
7.382 433.218 21.53 0.911 4.35 14.92 45.6649 4.462 2.61 45.45 4.48 4 125,00 0.461 0.461 0.000 1.472 5.49 8.09 0.652 21.43 35.6188 36.14 
7.71 432.890 22.03 1.05 4.75 14.57 44.7173 4.873 2.64 44.53 4.89 3 125.00 0.482 0.482 0.000 1.441 5,72 8.24 6.667 21.94 37.2891 36.02 
8.D38 432.562 22.77 0.99 4.34 10.23 44.3247 4.446 2.61 •14.21 4.46 4 125.00 0.502 0.502 0.000 1.411 5.84 8.24 0.689 22.71 36.9462 35.97 
8.366 432.234 32.54 1.27 3.9 8.77 61.2328 3.967 2.48 61.12 3.97 5 125.00 0.523 0.523 0.000 1.::ma 7.83 10.83 l ~.991 32.48 29.7484 37,86 
8.694 431.906 28.72 1.47 5.13 1.57 51.85<18 6.217 2.61 61.84 5.22 3 125.00 0.643 0,643 0.000 1.357 7,39 10.03 o.a12 28.71 38.0889 36.91 
9.022 431.578 25.38 t.28 5.0,1 3.58 44.01 5.158 2.66 43,97 5.16 3 125.00 0.564 0.584 0.000 1.332 6.68 8.90 0,768 25.36 38.3383 35,94 
9.35 431.250 21.81 1,12 5.12 4.5 36.3219 5.277 2.72 36.27 5.28 3 125.00 0.584 0.584 0.000 1.308 5.94 7.77 0.657 21,78 41.789$ 34.76 

9.678 430.922 19.77 1.16 5.88 0.32 31.6844 6.053 2.81 31.68 6.05 3 125.00 0,605 D.605 0.000 1.286 5.64 7.25 0.593 19.77 46.4618 33.95 
10.006 430.594 16.91 1.13 6.7 7.09 26.039!3 6.939 2.91 26.98 6.96 3 125.00 0.625 0.625 0.000 1.265 5.11 6.46 0.504 16.87 52.7324 32,71 
10.335 430.265 12.18 0.6•1 6.91 7.27 17.6563 7,283 3.05 17.78 7.31 3 125.00 0.646 0.646 0,000 1.2,14 3.99 4.96 0.357 12,13 61.5745 30.26 
10.663 429.937 13.61 0.58 4.27 11.11 19.422 4.481 2.88 19.32 4.51 3 126.00 0.666 0.666 0.000 1.226 4,0.2 4.92 OA01 13.54 50.6162 30.80 
I0.991 429.609 16.16 0,58 3.6 16.15 22.5247 3.748 2.78 22.38 3.77 4 125.00 0.687 0.687 0.000 1.207 4,51' 5.44 0.479 16.06 44,7951 31.76 
11.319 429.281 20.35 0.95 4.66 10.23 27.7658 4.836 2.78 27.67 •l.85 3 125.00 0.707 0.707 0.000 1.189 5.71 6.79 0.608 20.28 45.0299 33.10 
11.647 428.953 15.41 0,83 5.37 7.37 20.3852 5.653 2.93 20.33 5.67 3 135.00 0.728 0.720 0.008 1.178 4.70 5.54 0.465 16.37 53.7104 31.14 
11.975 426.626 15.03 0.51 3.4 12.31 19.5044 3.571 2.81 19.40 3.59 4 135,00 0,750 0.732 0,018 1.169 4.28 6.00 1 0.442 14.95 46,7592 30.84 
12.303 428.297 13.48 0.39 2.86 16.05 17.0793 3,069 2.82 16.94 3.09 6 135.00 0,772 0,744 0.026 1,159 3.64 4.45 I o.393 13.38 47.1053 29.96 
12.631 427.969 14.27 0.45 3.13 24.68 17.8261 3.339 2.83 17,61 3,38 5 135.00 0.794 0,756 0.038 1.150 1.07 4.69 0.417 14.11 47.7069 30.22 
12.959 427.6•11 16.62 0.59 3.53 32.75 20.5813 3.733 2.81 20.31 3.78 4 135.00 0.816 0.768 0.049 1.141 4.69 5.36 0.489 16.41 46.6978 31.15 
13287 427.313 15.45 0.53 3.41 85.75 18.7382 3.627 2.85 18.06 3.76 4 135.00 0.839 0.780 0.059 1.132 4.36 4.94 0.452 14.92 48.9421 30.39 ' 13.615 426.985 14.31 0.'I 2,77 92.79 16.9884 2.974 2.83 16.26 3.11 5 136.00 0.861 0,792 0.069 1.124 3,98 4.47 0.416 13.7j 48,0254 29,71 
13.943 426.657 16.27 0.56 3.45 78.04 19.1483 3,639 2.84 18.54 3.76 4 136.00 0.883 0.804 0.079 1.116 4.59 5.12 '0.476 16.78 48,3929 30.57 

"' 14,271 426.329 75.29 0.83 1.1 37.25 91.2159 1.116 1.97 90.93 1.12 • 135,00 0.905 0.815 0.090 1.107 14.61 16.18 2.303 75.06 12.2389 40.07 
14.6 426.000 92.32 1.92 2.08 -13.9 110.454 2.101 2.10 110.55 2.10 7 135.00 0.927 0.827 0.100 1.099 18.90 20.78 2.829 92.4 15.8278 41.10 

14.928 425.672 64.03 2.18 3.4 -6.84 75.1558 3.456 2.37 75.22 3.45 6 135.00 0.949 0.839 0.110 1.092 14.71 16.06 1.953 64.08 25.3244 39.03 
16.256 425.344 42.81 1.68 3.92 119.63 49.1501 4.015 2.56 48.27 4.09 5 135.00 0.972 0.851 0.120 1.08'1 10.53 11.42 1.295 42.06 33.3652 36,51 

( 
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'~ ···----- ·---------···--------- --------------·-·····------ ----- ---------- ·····-··-- ---------- ··- ' ' - ---------------------
Depth Sarr,, Avgot /\vgFs AvgRf AvgUd Ota Flin le a F SBT U.Wl. , ,:,tress EStress Loq Ca N60 (N1)60; s, qe Fe Phi (It) {It) (!s1) (Isl) (%) {It) (Isl) {%) (pcl) (1s1) {ls!) (Isl) (blows/!l) {blows/II), {Isl) (tsl) (%) (Deg.) 

15.584 425.016 31.18 1.38 4.<14 80.96 34.9725 4,572 2.70 34.34 4.66 4 135.00 0.994 0,863 0.131 1.076 8.26 6.69 ! 0.935 30.63 40,6127 34.47 
15.912 .\24.688 74.08 1.85 2.5 119.6 83.4971 2.532 2.25 82.64 2.56 6 135.00 1.016 0,875 0.141 1.069 15.95 11.os l 2.2a2 73.33 20.7052 39.55 
IG.24 4211.360 168.1 3.39 2.02 -0.74 1118.354 2.029 1.9•1 186.35 2.03 7 135.00 1,038 0.887 0,151 1.062 32.30 3•t30 . 5.172 168,1 11:3615 43.77 

16.568 424,032 179.25 4.43 2.47 ·10.55 19B.239 2.486 2.00 198.32 2.49 7 136.00 1.060 0.899 0,161 1.055 35.21 37.14 5,517 179.32 12.8438 44,02 
16.896 <!23.704 134.23 3.06 2.28 ·18.82 146.166 2.298 Z05 146.30 2,30 7 137.00 1.082 0.911 0.171 1.048 26,94 28.22 4.122 134.35 14.3383 42.53 
17.224 423,376 78.48 1.39 1.78 -20.86 B3.8148 1.796 2.14 83.96 1.79 7 138.00 1.105 0.923 0.182 1.041 16.31 16.98 2,396 78.61 16.912 39.64 17.552 423,048 61.76 2.91 4.71 ·21.B 64.8083 4.799 2.52 64.96 4.79 4 139.00 1.128 0.936 0,192 1.034 15.23 15.74 I 1.877 61.9 31.6498 38.22 17.B8 422.720 131.97 4.46 3.38 ·22.01 137.977 3.409 2.20 138.12 3.'11 6 1,10.00 1.160 0.948 0202 1.027 28.14 26.90 -; 4.050 132.11 18.9817 42.25 
18.208 422.392 229.79 6.98 3.04 1.89 237.93 3.053 2.03 237.92 3.05 12 141.00 1.1'73 0.961 0.212 1.020 45,63 46.55 l 7,078 229.78 13.6451 44.88 
18.537 422.063 178.23 4.87 2.73 5.5 181.799 2.751 2.05 181.77 2.75 7 142.00 1.196 0,974 0.223 1.013 35.79 36,27 i 5.481 178.2 14.4578 43.60 
18.865 421.735 158.32 3.05 1.93 ·6.91 159.195 1.941 1.97 159.24 1.94 6 11l3.0D 1.220 0.987 0.233 1.007 30.79 31.00 4.864 158.36 12,157 42.96 
19.193 421.407 129.65 3.89 3 ·15.68 128.399 3,029 2.18 128.49 3.03 6 144,00 1,243 1.00(i 0243 1.000 27.'10 21..Jo 3.975 129.74 18.2843 41.88 
19.521 421.079 173.42 5.09 2.94 ·12.86 169,87 2.957 2.10 169.95 2.96 7 145.00 1.267 1.013 0.253 0.993 35,43 35.20 5.330 173.6 15.7016 43.28 
19.849 420.751 263.85 6.2 2.35 ·1.66 255.66 2.361 1.91 255.67 2.36 7 146.00 1.291 1.027 0,264 0.987 50.25 49.56 8.129 263.86 10.7536 45.21 
20.1n 420.423 128.37 5.69 <1.43 4.11 122.087 4.478 2.33 122.06 4.48 II 147.00 1,315 1.041 0.274 0,980 26.87 28.30 3.934 126.34 23.5384 41.62 
20.505 420.095 79.4 4.72 5.95 5.06 74.0219 6.047 2.56 73.99 6.05 11 148.00 1.339 1.056 0.264 0.974 19.92 19,40 2.417 79.37 33.6824 38.95 
20.833 419.767 78.64 4.44 5.65 •l.76 72.3155 5.746 2.55 72.29 5.75 11 149.00 1.363 1.069 0294 0.967 19.63 18.99 2.392 78.61 33,0698 38.82 
21.161 419.'139 89.37 5.02 5.61 5.8 81.2538 5.706 2.52 81.23 5.71 11 150.00 1,387 1.083 0.305 0.961 21,94 21.09 2.724 89,34 31.<1994 39.47 
21.489 419.111 108.25 5.71 5.27 5.22 97.3752 5.345 2.-15 97,35 5.35 11 151.00 1.412 1.097 0.315 0.955 25.71 24.64 3,30B 108.22 28.3906 40.'14 
21.817 418.783 132 7.15 5.41 2.48 117.444 5.476 2.41 117.43 5.48 11 152,00 l.437 L112 0.325 0.9<\8 30.78 29.19 4.042 131.98 26.7224 4'l.42 
22. 145 418.'155 152.55 8.54 5.6 •0.62 134.133 5.652 2.39 134.13 5.65 11 153.00 1.462 1.126 0.335 0.942 35.23 33.19 4,678 152.55 25.8345 42.10 
22.473 418.127 166.92 10.03 6.01 -0.81 144.956 6.063 2.39 14•1.96 6.06 11 164.00 1.487 1.1"1 0.345 0.936 38.66 36,19 5.122 166.92 26.1022 42.49 
22.802 417.798 175.61 10.85 6.18 ·0.16 150.561 6.232 2.39 150.56 6.23 11 155.00 1.512 1.156 0.356 0,930 40.69 37.84 5.390 175.61 26.1461 42.68 
23.13 417.470 186.83 11.72 6.27 0.3 158.165 6.325 2.39 158.16 6.33 11 156.00 1.537 1.172 0.366 0.924 43.17 39.89 5.737 186.82 25.9033 42.93 
23.458 417.142 212.47 12.86 6.05 ·0.81 177.701 6.097 2.35 177.70 6.10 11 157.00 1.563 1.187 0.376 0.918 48.23 44,27 6.530 212.47 24.3144 43.50 
23,786 416.814 206.47 13.26 6.42 -3.42 170.396 6.<172 2.38 170.42 6,,17 11 156,00 1.589 1.202 0.386 0.912 47.54 <$3.35 6,343 206,5 25.5551 43.29 
24.114 416.486 224.17 13.55 6.04 -3.65 182.713 6.088 2.34 182.73 6.09 " 159.00 1.616 1.218 0.397 0.906 50.73 45.97 6.890 224.19 24.049 43.63 
24.442 416.158 237,64 15A1 6.48 ·5.54 191.262 6.530 2.36 191.29 6.53 11 160.00 1.641 1.23•1 0.407 0.900 54,17 48.76 7.306 237.67 24.6695 43.85 
24.77 415,830 24<\.94 15.19 6.2 •7,81 194.633 6.244 2.34 194.66 6.24 11 161.00 1.667 1.250 0.417 0.894 55,32 49.48 7.532 244.98 23.8705 43.94 
25.098 415.602 239.96 14.94 6.23 ·11.57 188.192 6,270 2.34 188.25 6.27 11 162.00 1.693 1.266 0,427 0.889 54.42 48.36 1.an 240.03 24.2139 43.78 
25.<126 415.174 217.85 14.42 6.62 ·17.67 168.534 6,672 2.39 168.62 6.67 11 163.00 1.720 1.282 0.438 0.883 50.48 d<\.68 6.691 217.96 26.1001 43.24 
25.754 414.846 219.37 13,74 6.26 -20.97 167.543 6,314 2.37 167.64 6.31 11 164,00 1.7<17 1.299 OA4a· 0.877 50.40 44.22 6.738 219.5 25.3316 43.21 
26.082 414.518 214.66 13.21 6.15 ·22.49 161.82 6.205 2.37 161.93 6.20 11 165.00 1,77<1 1.316 0.458 0,872 49.36 43.03 6.591 214.8 25.3928 43.04 
26.41 414.190 225.4<1 13.56 6.01 •24.85 107.847 6.063 2.36 167.97 6.06 11 166.00 1.801 1.332 0.468 0.866 , 51.45 44,57 6.924 225.6 24.7228 43.22 
26.739 413.861 266.44 15.56 5.8 ·24.92 197.572 5.836 2.31 197.68 5.83 11 167.00 1,f.128 1,349 0.479 0.861 59.89 51.56 8.254 266.59 22.7802 44.01 
27.067 413.533 344.83 16.55 4.6 ·25.2 250.97 4.825 2.18 251.09 4.62 II 166,00 1.665 1.367 0.489 0,655 73.00 62.45 10.618 344.99 18.4477 45,13 

-1 
(c 

'----, 

~ 

C 
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✓--, 
ConeTec Inc 
fnlerpretatioi, 
Run No: 
Job No: 
Client: 
Project: 
Sile: 
Location: 
Cone: 
CPT Dale: 
CPTT1me: 
CPT FIie: 
Northing (ft): 
Easting (fl): 
Eleva!lon (It): 

User Inputs: 

Assumed; 

.erpreta!lon 
-Release 1.22 Rev. Fonnat 

07-1210-1008·4182 
07-804 

NLI Imperial 

Civil & Environmental Consullan1s 
Pond Creek Mine - Williamson County, Illinois 
CPT-12 
Pond Creek Mine 
2DTON AD211 
07/31/10 
11:15 
804CP12.COR 

0.000000 
0.000000 
442.1 

·;=-;=-,It): 

State Parameter: 
Unit Weight ot Soil (pcf): 

CJTI:J 
CIO 
~See Below 

CPT area ratio: ~ 
See Below 

I 

~ ~ .Q£..8Yg,_ ~ J.£.8Yg,_ 
Material TYPP.S and Uni! WelglJt Jpcf} 

~Restcrual Soll 
.de9-...,'._J§iJ... __ \sf % % I 39.01 :I 2.so I 91.11 I 27.69 I 2.37 I 

Ground Surface Elev. CEill 

Copied from ConeTec CPT Data File 

Depth 
(fl) 

Sample El. AvgO! AvgFs AvgRI AvgUd Otn Afn le a F SBT LI.Wt. TStress EStress Ueq Cn N60 (N1)60 I Su (fl) (ts!) {lsf) (%) (ft) (ts!) (%) {pcf) (tsf) (tsf) (Isl) (blows/It) (blows/11)
1 

(Isl) 
q, 

(ISi) 

,, 
(%) 

Phi 
(Deg.) 

0.164 
0.492 
0,82 
1.148 
1.476 
1.804 
2.133 
2.461 
2.789 
3.117 
3.445 
3.773 
4.101 
4.429 
4.757 
5.085 
5.413 
5.741 
6.069 
6.398 
G.726 
7.054 
7,382 
7.71 
8.03B 
8.366 
8.694 
9.022 
9.35 

9,678 
10.006 
10.335 
10.663 
10,991 
11.319 
11.647 
11.975 
12.303 
12.631 
12.959 
13.287 
13.015 
13,943 
14.271 
14.6 

14.926 
15.256 

441.936 
441.608 
441.280 
440.952 
4-10.624 
4•!0.296 
439.967 
439.639 
439.311 
438.983 
438.655 
438.327 
437.999 
437.671 
437.343 
437.015 
436.687 
436.359 
436.031 
435.702 
435.374 
435.046 
434,718 
434.390 
434.062 
433.734 
433.406 
433.078 
432,750 
432.422 
432.094 
431.765 
431.437 
431.109 
430.781 
430.453 
430.125 
429.797 
429.469 
429,141 
428.813 
428.485 
428.157 
427.829 
427.500 
<127.172 
426.844 

11.62 
7,94 
9.78 
14.93 
13.35 
10.42 
11.15 
11.4 

19.33 
28.95 
31.92 
29.03 
26.16 
24.24 
19.02 
212 
23.02 
19.94 
19,3 

19.44 
19.51 
19.87 
19.53 
17,5 
15.42 
15.44 
19.79 
19.84 
17.62 
16.33 
13.67 
12.63 
12.67 
12.7 
10.22 
8.57 
9.06 
10.52 
13.05 
13.23 
13.91 
17.32 
28.85 
35.76 
93.11 
198.6 

166.18 

0.14 
0.16 
0.15 
0.28 
0.35 
0.21 
o.a 

0.39 
0.58 
0.84 
1.09 
1.2 

1,06 
0.91 
0.82 
0.75 
0.78 
0.81 
0.6 

0.61 
0.69 
0.87 
0.85 
0.83 
0,64 
0,6 

0.74 
0.86 
0.88 
0.72 
0.59 
0.44 
0.5 

0.63 
0.46 
0.2 

0.17 
0.15 
0.29 
0.43 
0.36 
0.69 
1.37 
1.81 
1.97 
4.08 
5.12 

1.16 
2,02 
1.54 
1,85 
2,59 
2.02 
2.65 
3.39 
3.01 
2.89 
3.41 
4.13 
4,04 
3,76 
4.29 
3.53 

'" 4.05 
3.12 
3.15 
a.55 
4.39 
4.34 
4.73 
4,16 
3.86 
3.75 
4,34 
4.98 
4.42 
4.33 
3.49 
3.92 
4.97 
4.51 
2.34 
1.83 
1.38 
2.23 
3.26 
2.56 
3.96 
4,74 
5.06 
2.12 
2.06 
2.75 

-0.32 
-1.8 

-4.83 
·7,94 
·11.59 
·9.49 
-4.09 
-0.6 
0.23 
2.91 
12.38 
24.36 
36.19 
45.54 
43,88 
49.65 
49,79 
42,61 
42.66 
38.64 
28.89 
16.93 
16.6 

14.09 
15.08 
17.32 
18.06 
16.61 
13.99 
21,5 
11.13 
13.16 
14.21 
13,9 
1<1.5 
16.35 
18.91 
22.7 

28.38 
16.7 
7.57 
6.49 
1.25 
8.08 
5.47 
-1.59 
·9.91 

1"32.66 
257.211 
lf.9.829 
2Cl7.084 
1£3,715 
9- .4169 
8~.6381 
7~.1162 
1C<9.893 
1"-7.604 
147.25 
1~2.106 
tc-1.063 
SE.5683 
6~.9731 
6!:.0206 
61.0436 
54.5722 
4£.8815 
47.6152 
4!:.4109 
4<:.0695 
.11.33 

3!:.3165 
2£.6942 
2a,529 
3~4205 
34.1851 
29.1519 
2!:.9973 
2C.8589 
111.553 

18.0115 
17A879 
13.4465 
1111.773 
1· .234 

129687 
16.0505 
16 0076 
1S.601 

20 5918 
34 4741 
423427 
110.381 
233.341 
215.622 

1.206 
2.023 
1,542 
1.884 
2.640 
2.037 
2.723 
3.468 
3.028 
2.921 
3.438 
4,168 
4.092 
3.797 
4.380 
3,574 
3.439 
4.137 
3.171 
3.204 
3.615 
4.478 
4.458 
4,8n 
4.290 
4.022 
3.845 
4.461 
5,166 
4.579 
4.523 
3.672 
4.165 
5,244 
4,836 
2.550 
2,045 
1.539 
2,366 
3.464 
2.754 
4.192 
4.898 
5.193 
2.137 
2.064 
2.764 

1.37 
1.86 
1.84 
1.89 
2.10 
2.14 
2.27 
2.38 
2.22 
2.13 
2.19 
2.31 
2.35 
2.37 
2.51 
2.43 
2.41 
2.53 
2.48 
2.50 
2.55 
2.62 
2.64 
2.71 
2.73 
2.72 
2.64 
2.69 
2.79 
2.79 
2,86 
2.84 
2.88 
2.96 
3.02 
2.94 
2.87 
2.75 
2.78 
2.87 
2.80 
2,84 
2.72 
2.67 
2.11 
1.89 
2.01 

1132.66 
257.54 
190.<11 
207.78 
144.47 
91.95 
82.86 
73.12 

109,89 
147,55 
146.92 
121.47 
100.20 
85.56 
62.06 
65.05 
66.13 
53.82 
49.20 
47.02 
44.98 
43.84 
41.09 
35.13 
29.52 
28.32 
35.22 
3,1.01 
29.01 
25.77 
20.75 
18,113 
17.69 
17.37 
13.31 
10.64 
11.07 
12.78 
15.81 
15.88 
16.54 
20.54 
34.46 
42.28 
110.35 
233.35 
215.70 

1.21 
2.02 
1.54 
U!B 
2.63 
2.03 
2.72 
3.47 
3,03 
2.92 
3.45 
4,19 
4.13 
3.84 
4.44 
3.63 
3.49 
4,19 
3.22 
3.24 
3.65 
4.50 
4.48 
4.90 
4.32 
4.05 
3.67 
4.48 
5.19 
4.62 
4.55 
3.70 
4.19 
5.28 
4.89 
2.58 
2.08 
1.56 
2.40 
3.49 
2.76 
4.20 
4.90 
5.20 
2.14 
2.08 
2.76 

6 
5 
5 
5 
5 
5 
5 
4 
5 
5 
5 
4 
4 
4 
4 
5 
5 
4 
5 
5 
4 

' ' ' ' 4 
4 
4 

' ' ' 4 

' ' ' 4 
5 
5 
5 
4 
5 
4 

' ' 7 
B 
7 

125.00 
125.00 
125.00 
125.00 
125.00 
125.00 
125,00 
125.00 
125.00 
125.00 
125.00 
125.00 
125.00 
125.00 
125.00 
125.00 
125.00 
125.00 
125.00 
125,00 
125.00 
125.00 
125.00 
125.00 
125.00 
125.00 
125.00 
125.00 
125.00 
125.00 
1:m.00 
125.00 
125.00 
125.00 
125,00 
125.00 
135,00 
135.00 
135,00 
135.00 
135.00 
135,00 
135.00 
135.00 
135.00 
135,00 
135.00 

0.010 
0.031 
0.051 
0,072 
0.092 
0.113 
0.133 
0.154 
0.174 
0.195 
0.215 
0.236 
0.256 
0.2n 
0.297 
0.318 
0.338 
0,359 
0.379 
0.400 
0.420 
0.441 
0.461 
0.482 
0.502 
0.523 
0,543 
0.564 
0.584 
0.605 
0.625 
0.646 
0.666 
0.687 
0.707 
0.728 
0.748 
0,771 
0.793 
0.815 
0.837 
0.869 
0.881 
0.903 
0.928 
0.948 
0,9i0 

0.010 
0.031 
0.051 
0.072 
0.092 
0.113 
0,133 
0,154 
0.174 
0.195 
0.215 
0.236 
0.256 
0.277 
0.297 
0.318 
0,338 

· 0.359 
0.379 
0.400 
0.420 
0,441 
0,461 
0.482 
0.502 
0.523 
0.543 
0.564 
0.584 
0.605 
0.625 
0.646 
0.666 
o.687 
0.707 
0.728 
0,740 
0.762 
0.764 
0.776 
0.787 
0.799 
0.811 
0.823 
0,835 
0.847 
0.859 

0000 
0.000 
0000 
0.000 

'0.000 
· ·o.ooo 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
o.aoo 
0,000 
0,000 
0.000 
0.009 
0.D19 
0.029 
0.039 
0.050 
0.060 
0.070 
0.080 
0.090 
0,101 
0,111 

2.000 
2.000 
2.000 
2.000 
2.000 
2,000 
2.000 
2.000 
2.000 
2.000· 
2.000·, 
2.000 
1,975 
1.901 
1.834 
1.774 
1,719 
t669 
1,624 

'1.581 
1.642 
1,506 
1.472 
1'441 
1:411 
1.383 
1.357 
1.332 
1.308 
1,286 
1.265 
1.244 
1.225 
1.207 
1.189 
t,172 
1.163' 
1,163 
i.144 
1.136 
1.127 
1.118 
1.110 
1.102 
1.094 
1.087 
1.079 

1.84 
1.48 
1.82 
2.82 
2.74 
2.18 
2.45' 
2.63 
4.16 
5.99 
6.75 
6.43 
5.90 
5.50 
4,59 
4.95 
5,31 
4.87 
4,59 
4,67 
4.81 
5.10 
5,06 
4.71 
4,19 
4.18 
5,13 
5.30 
4.95 
-4.58 
3.99 
3.64 
3,75 
3,93 
3.28 
2.61 
2.64 
2.87 
3.61 
3,69 
3,93 
5.01 
7.83 
9.48 
19.09 
37A8 
38.81 

3.67 0.359 
2.96 0.245 
3.64 0.301 
5,65 0.460 
b.49 0.410 
4.36 0.319 
4.90 · 0.341 
5.28 0.34B 
8,31 0.593 

11.98 0.890 
'13.50 0.982 

12,87 0.891 
11.65 0.802 
10.45 I 0.742 
8.41 ! 0.5!10 
8.7B / 0.650 
9,13 ; 0.702 
8.13 j 0.606 
:MS 0,586 
7.38 0.589 
7.42 0.591 
7.68 0,602 
7.44 0.590 
6,79 0.527 

0.462 
0.462 
0.696 
0.597·' 
0.527 
0.481 
0.<!04 
0,371 
0.372 
0.372 
0,295 
0.243 
0,257 
0,302 
0.379 
0.384 
OAOS 
0.510 
0,866 
1,079 

5,91 
5.n .

1 6.96. 
7.05 
6.48 
5.88 
5.04 
4.53 
4.59 
4.74 
3.91 
3.05 
3.08 
3.32 
4.13 
4.42 
4.43 
5.61 
8.70 
10.45 
20.89 
40.71 
39,72 

2.854 
1 6;119 

5.734 

11.62 
7.95 
9.81 

,'14.98 
13.42 
10.48 
11.18 
11,4 

19.33 
28.94 
31.85 
28.88 
25.94 
23.96 
18.75 
20.99 
22,71 
19.67 
19.04 
19.2 
19.33 
19.n 
19.42 
17.41 
15.33 
15.33 
19.68 
19.74 
17.54 
16.19 
13,6 

12.55 
12.59 
12.62 
10.12 
8:47 
8.94 
10,38 
12.87 
13,13 
13,86 
17,28 
28.84 
35.71 
93.08 
198,61 
186.25 

1.12402 
9.3841 
9.05791 
10.0719 
15.7665 
17,1922 
21.347 

25.7091 
19.7298 
,16.7116 
18.5805 
22.7083 
24.4642 
25.2412 
31,1432 
27.7143 
26,9846 

,·32.2135 
29,74TT 
30.4945 
32,7392 
36.2175 
37.1432 
41.075 

41.9523 
41.6665 
37.304 

40.1678 
45.3203 
45.491 
49.3482 
48.2363 
50.9429 
55.6721 
60,1556 

154.4211 
50.2538 
43,3766 
44.7486 
50,3648 
45,8936 
48,2013 
41.3835 
39.0642 
16.0213 
i0.1383 
13.2956 

51.29 
45,24 
43.82 
44.24 
42.47 
40.12 
39.56 
38.87 
41.06 
42.57 
42,55 
41.58 
40,58 
39.73 
37.95 
38.21 
38.30 
37.13 
36.60 
36.34 
36.08 
35.92 
35.54 
34.59 
33.51 
33.25 
34,60 
34.39 
33.40 
32,66 
31.27 
30.50 
30.30 
30,11 
28.34 
26,83 
27,11 
28,09 
29.51 
29,54 
29.81 
31.23 
34.48 
35.72 
41.09 
44.79 
44,42 

' 
~ 
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------------------------------------------------ ---------- ----------------- ------------- /'\ ___________________________________ 
Depth -'- AvgQl AvgFs ' AvgRI AvgUd Q!o Rio ,, Q F SBT U.lh. , Stress ES tress Ueq Co NBD (N1JGO l s" qc Fe Phi (It) lll/ (Isl) (ts!) (%) (ti) (tsf) (%) (pcf) (Isl) (Isl) (Isl) (blows/It) (blows/I\) (tsf) (tsf) (%) (Deg.) 

15.584 426.516 190.04 5.3B 2.83 ·11.83 217,081 2.846 2.02 217,16 2.84 7 135.00 0.992 0.871 0.121 1.072 37,70 40.40 6.853 190.11 13.5387 44.45 1!3.912 426,188 263.65 6.16 2.34 -13.14 297.513 2,345 1.88 297.60 2.3'1 7 135.00 1,014 0.863 0,131 1.064 49.51 52.70 8.131 263,73 9.83312 45,90 16.24 425,860 284.27 6.89 2.42 •9,63 316,576 2.433 1.88 316.64 2.43 7 135.00 1.036 0.895 0.142 1.057 53.37 66.42 8,769 284.33 9.8196 48.17 16.568 425.532 255.09 5.78 2.27 -12.84 280.208 2.275 1.88 280.30 2.27 7 136.00 1.058 0.907 0,162 1,050 47,96 60,37 7,865 265.17 9.90036 45.63 16.896 425.204 262.69 5.83 2.22 •14.73 284.775 2,229 1.87 284.87 2.23 8 137.00 1.081 0.919 0.162 1,043 49,18 51,31 8.099 282.78 9.63384 45,70 17.224 424.876 262.49 6.06 2.31 ~15.84 280.793 2,318 1.89 280.90 2.32 7 138,00 1.'103 0,931 0.172 1.038 49,47 51.27 8,092 262,59 10.0493 45.64 17.552 424.548 275.92 6.o7 2.2 ·16.9 291.316 2.209 1.86 291.43 2.21 8 139.00 1,126 0,943 0.183 1.030 51,50 53,02 8.508 276.03 9.43529 45.80 17.88 424.220 282.44 5.86 2.07 -17.67 294.284 2.083 1.84 294.40 2.08 8 140.00 1,149 0,956 0.193 t023 ,52,26 53.45 8.709 282,65 8.89784 45.85 18.208 423.892 257.04 5.91 2,3 -18.27 264.17 2.310 1.90 264.28 2.31 7 141.00 1.172 0.969 0.203 1.016 48.68 49.46 7.922 257.15 10.3624 45.36 18.537 423.563 242.82 4,68 1,93 -18.43 246.178 1.937 1.85 246.30 1.94 8 142,00 l.195 0,982 0,213 1,009 45.22 45.65 7.481 242.94 9.29281 45.04 18.865 423,235 257.45 4.85 1.88 -18.64 257.634 1.893 1.83 257.75 1.69 8 143.00 1.218 0,995 0.224 1.003 47,61 47.74 1.933 257.57 8.85195 45.25 19,193 422.907 260.77 6.02 2.31 4 18.77 257.525 2.320 1.91 257.64 2.32 7 144.00 1.242 1.008 0.234 0,996 49.52 49,33 El.035 260.89 10.5471 45.25 19.521 422.579 170.7 ._, 3.81 -14.05 165.924 3.836 2.19 166,01 3.83 12 MS.DO 1.266 1.021 0.244 0,990 38.30 35,92 , 5.246 170,79 18.807 43.16 19,849 422.261 99.48 6.5 0.53 -18.39 94,8975 6.620 2,53 95.00 0,61 " 146.00 1.289 1,035 0.254 0.983 24,57 24.16 3.040 99.59 31.9422 40.31 20.177 •121.923 121.55 7,95 6.54 4 17,74 11'!,684 6,612 2.48 114.80 6.61 " 147.00 1.313 1.048 0.264 0.977 29.34 28.60 3.723 121.67 29,7886 41.30 20.505 421.595 160.73 12.29 7.65 •14.95 150.046 7.711 2.47 160.13 7,71 11 148.00 1.337 1.062 0.275 0,970 38.65 37.50 4.935 160.82 29.<1577 42.67 20.833 421.267 215.14 14.59 6.78 ·12.33 198.618 6.825 2.36 198.69 6.82 11 149.00 1.:361 1.076 0.285 0.964 49.23 47.45 6,619 215.22 24.995 44.03 21.161 420.939 213.10 15.63 7.33 2.1 194.194 7.380 2.40 194.1B 7.38 11 150.00 1.386 1.091 0.295 0,958 49,52 47.42 6.556 213.14 26.385 43.92 21.489 420.611 245.28 17.26 7.0,J 16.49 220.717 7.078 2.36 220.62 7.08 11 151.00 1.410 1.1ml 0.305 0.951 !iS.88 53.16 7.550 245,17 24.68 44.53 21.817 420.283 304.39 19.87 6.53 34.99 270.633 6.559 2.29 270.44 6.56 11 152.00 1.435 1.119 0.316 0.945 67,22 63.53 9.379 304.17 22.0175 45.47 22.1'\5 ,!19.955 331.65 17.77 5.3G 221.32 291.141 5.382 2.20 289.92 5.40 11 153.00 1.460 1.134 0.326 0,939 70.29 66.00 10,223 330.27 18,9079 45.78 
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APPENDIX A-4 

PHOTOGRAPHS OF OCTOBER 2007 FIELD TESTING 
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PHOTOGRAPHS 

PHOTOGRAPH NO. 1 
View of the Pond Creek facility and South Cell refuse looking southeast. (October 2007) 

072-046 

PHOTOGRAPH NO. 2 
View of Pond Creek facility from existing coarse refuse crest at El. 482± 

looking north toward proposed Central and North Cells. 
ConeTec rig at CPT-6 middle right. (October 2007) 
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072-046 

PHOTOGRAPHS 

PHOTOGRAPH NO. 3 
ConeTec CPT track rig at CPT-9 and proposed CentraVNorth Cells 

looking south. (October 2007) 

!( 

PHOTOGRAPH NO. 4 

f~ 
~J 

ConeTec CPT track rig at CPT-7 and proposed Central Cell 
looking northeast. (October 2007) 
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072-046 

PHOTOGRAPHS 

~~~-7~'~,•;--1-::'f~-
- 7, , , 

PHOTOGRAPH NO. 5 
View of ConeTec seismic source beam beneath track and 

hammer with grounding cable. (October 2007) 
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072-046 

PHOTOGRAPHS 

PHOTOGRAPH NO. 6 
View of ConeTec CPT rnm, rods and 

instrumentation cable from inside track :rig. 
(October 2007) 
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072-046 

PHOTOGRAPHS 

PHOTOGRAPH NO. 7 
View of ConeTec track i:ig (in far left background) at CPT-8 

looking northwest toward proposed North Cell. (October 2007) 

PHOTOGRAPH NO. 8 
View of ConeTec track rig at CPT-11 and proposed North Cell 

looking south. (October 2007) 
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APPENDIXC 

SUPPLEMENTAL SUMMARY OF ENGINEERING PROPERTIES PREPARED BY GAi AND 
SUMMARY OF ENGINEERING PROPERTIES PREPARED BY CEC 

lj gai consultants 
transforming ideas into reality 
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SUBJECT WILLIAMSON ENERGY - POND CREEK 

lj Phase 3 Subsidence Evaluation - Summary of Engineering Properties and 
Coarse Refuse Tensile Strength 

BY BEG 

cHKD.Bv'"'A"°rn=~~-

DATE 2009-MAR-31 PROJ. NO. C090403.01 .001 

DATE -5• 11.-0? SHEET NO. __ i_ OF 

CALCULATION BRIEF 
FOR 

gai consultants 

Engineers • Geologists • Planners 
Environmental Specialists 

SUPPLEMENTAL SUMMARY OF ENGINEERING PROPERTIES AND 
COARSE REFUSE TENSILE STRENGTH FOR SUBSIDENCE LIQUEFACTION AND 

EMBANKMENT CRACKING EVALUATIONS 

OBJECTIVE: 

REFERENCES: 

POND CREEK COAL REFUSE DISPOSAL SITE - PHASE 3 

Summarize engineering properties for coarse and fine coal refuse and residual soil 
materials at the Pond Creek Coal Refuse Disposal site including unit weight (y), 
specific gravity (G,), effective strength, i.e., angle of internal friction (qi') and 
cohesion (c'), total strength, peak undrained shear strength (Sup), and steady-state 
undrained shear strength (Su,) (for fine coal refuse). Also, derive a tensile strength 
to effective stress relationship for coarse coal refuse from laboratory testing to 
subsequently evaluate potential post-subsidence embankment cracking. The 
various strengths will be used in the Pond Creek Phase 3 subsidence/stability 
analyses model(s). 

1. Civil & Environmental Consultants (CEC), Inc. Calculation Brief Entitled "Estimation and Summary 
of Engineering Properties Including Peak and Steady-Sta.le Undrained Shear Strength for Refuse 
and Subgrade Materials,' Pond Creek Coal Refuse Dis·posal Site - South Pond Stage 2," BEG, 
07/12/08. 

2. Civil & Environmental Consultants, Inc. Calculation Brief Entitled "Characterization of Sand-Like 
and Clay-Like Subsurface Materials," Pond Creek Coal Refuse Disposal Site - South Cell, BEG, 
dated 7/11/08. 

3. GAi Consultants, Inc. Calculation Brief Entitled "Supplemental Characterization of Subsurface 
Materials - Coarse Refuse and Residual Soil," Pond Creek Coal Refuse Disposal Site, BEG, dated 
~1me. -

4. GAi Consultants, Inc. Calculation Brief Entitled "Summary of Laboratory Testing," Pond Creek Coal 
Refuse Disposal Site, BEG, dated 3/30/09. 

5. Civil & Environmental Consultants, Inc. Report Entitled "Abandonment Evaluation, Pond Creek No. 
1 Coal Refuse Disposal Facility, Phase 2 South Pond Slurry lmpoundment, Johnston City, 
Williamson County, Illinois," dated July 23, 2008. 

6. Civil & Environmental Consultants, Inc. Report Entitled "Permanent Deformation Evaluation, Pond 
Creek No. 1 Coal Refuse Disposal Facility, South Cell Slurry lmpoundment, Johnston City, 
Williamson County, Illinois," dated January 23, 2008. 
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7. Mine Safety and Health Administration, "Draft - Engineering and Design Manual, Coal Refuse 
Disposal Facilities, Chapter 7 - Seismic Design: Stability and Deformation Analyses," dated, 
December 2007 (Updated August 2008). 

8. Poulos, S.J., Castro, G., France, J.W. (1985), "Liquefaction Evaluation Procedure," Journal of 
Geotechnical Engineering, ASCE, 111 (6), pp. 772-791. 

9. Almes, R. A. and Butail, A. (1976) "Coal Refuse: Its Behavior Related to the Design and Operation 
of Coal Refuse Disposal Facilities," Proceedings of the Ohio River Valley Soils Seminar, Lexington, 
Kentucky, October, 1976. 

10. Winterkorn, Hans F. and Fang, Hsai-Yang. (1975) "Foundation Engineering Handbook," Van 
Nostrand Reinhold Company. New York, page 116. 

SOIL PROPERTIES: 

From Reference (Ref.) Number (No.) 1, the following soil properties were estimated based on laboratory 
testing performed for previous permanent deformation (Ref. No. 5) and abandonment (Ref. No. 4) 
analyses, and/or provided by Alliance Consulting, Inc. (Alliance), which were used in the various slope 
stability analyses. These properties will subsequently be used in subsidence-related analyses, where 
appropriate, supplemented by additional engineer(Jlg properties as necessary and described below. 

Summary of Coarse and Fine Coal Refuse and Residual Soil Engineering Properties 

Unit Friction 
Weight Angle Cohesion 

(y) (~) (c) 
Description Ioctl ldeareesl /csfl Comment 

33.7 0 Effective Strength (Drained) 

Coarse Refuse 130 18.0 736 Total Strength (Undrained) 

0 uUu'v-0.15 /See Below) Ternsile Strenqth 

36.9 0 Effective Strength (Drained) 
Fine Coal 

80 18.8 0 Total Strength (Undrained) 
Refuse 

0 Sus/a'v=0.24 (See Ref. No. 1) Steadv-State (Undrained) 

26.8 0 Effective Strength (Drained) 

Residual Soil 125 19.5 416 Total Strength (Undrained) 

0 3000 80% Peak Undrained 
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LABORATORY-DERIVED TENSILE STRENGTH OF COARSE COAL REFUSE. cri; 

As presented in Ref. No. 4. two (2) consolidated-undrained (CU) triaxial series tests (3 points each) were 
performed by Holcolm Foundation Engineering Company. Inc. (Holcolm) on remolded coarse coal refuse 
to determine effective and total strength (undrained) parameters. CU tests were performed by Holcolm in 
November 2006 and April 2007 from site specific samples of coarse coal refuse. Remolded samples were 
prepared in the laboratory to approximately 95 percent of the standard Proctor maximum dry density at 
near optimum moisture conditions. Samples were consolidated to a range of vertical effective stresses of 
about 70. 90 and 110 pounds per square inch (psi) [or 10,080 to 15.840 pounds per square foot (psf)]. All 
specimens exhibited contractive behavior when sheared under undrained conditions. In general. all 
specimens reached. or nearly reached. a steady-state of deformation within the strain limits of the test 
equipment. 

To evaluate the susceptibility of the Phase 3 compacted coarse refuse embankment to cracking during 
and following longwall mining beneath the Phase 3 impoundment. coarse refuse tensile strengths will be 
estimated from CU testing. and a relationship of tensile strength to effective stress developed to vary the 
strength in the stability model. A total of 6 CU points comprise the (2) series from which peak shear 
strength state failure conditions will he evaluated and a corresponding tensile strength calculated for each 
based on the tensile strength formula from Winterkorn and Fang (Ref. No. 10). Therefore. the following 
equation (Ref. No. 10) was used to calculate tensile strength (cr1) from laboratory test specimens of coarse 
coal refuse: 

Tensile Strength (cr1): 

cr1 = Pht(KbH-a2) 
Where. 
P = Load at failure 
K = Constant = 1. 0 (per Ref. No. 10) 
b = Radius of test specimen 
H = Height of test specimen 
a = Radius of disks/platens 

The following tensile strength data is presented from CU testing on two (2) remolded coarse coal refuse 
samples (Ref. No. 4) and applying the equation above. CU laburalury lest results are allad1ed. 

Samole No. November 2006 Coarse Coal Refuse April 2007 Coarse Coal Refuse 

CU Test No. 1 2 3 1 2 3 

(Confining (70 psi) (90 psi) (110 psi) (70 psi) (90 psi) (105 psi) 

Pressure) 
Parameter 

P (lbs.)@ Failure 278.8 383.7 682.4 185.6 243.0 560.1 

Failure Strain /% \ 14.4 14.7 15.3 14.6 12.5 15.3 

b(in.) 1.4 1.4 1.4 1.4 1.4 1.4 

H /in.) 5.65 5.57 5.60 5.59 5.58 5.58 

a /in.) 1.4 1.4 1.4 1.4 1.4 1.4 

cr1 (psi) 14.9 20.9 36.9 10.1 13.2 30.5 

Gt (psf) 2146 3010 5314 1454 1901 4392 
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Each CU test tensile strength (crJ is subsequently normalized to its confining (isotropic) pressure, which is 
converted to equivalent vertical pressure. cri is plotted versus equivalent vertical effective stress (cr'v), and 
is presented in the attached Figure 1. The purpose of developing an effective stress relationship is to 
model the variation in tensile strength with depth, i.e., effective stress within the Phase 3 coarse refuse 
embankment, and estimate a factor of safety against embankment cracking due to the longwall mining 
beneath the impoundment. 

The equivalent effective vertical stress (cr'v), is estimated at 1.5 times the isotropic effective consolidation 
stress (i.e., 1.5 * cr3). The all-around isotropic consolidation stress, cr3 is considered to be the mean 
effective stress (crm), which is converted to cr'v utilizing Ko= 0.5, and the equation: 

cr3 = crm = (1+2Ko)/3 * cr'v, 

and thus equivalent vertical stress, cr'v is: 

cr'v = 1.5 * cr3. 

(- EQUIVALENT VERTICAL STRESS: 
\ 

Sample No. November 2006 Coarse Coal Refuse Aoril 2007 Coarse Coal Refuse 
CU Test No. 1 2 3 1 2 3 
(Confining (70 psi) (90 psi) (110 psi) (70 psi) (90 psi) (105 psi) 

Pressure, cr3) 

cr'v (psf) 15120 19440 23760 15120 19440 22680 
cr, /Dsf) 2146 3010 5314 1454 1901 4392 

cr,lcr'v (dim) 0.142 0.155 0.224 0.096 0.098 0.194 

A 2/3 - 1/3 relationship of the data, as shown in the attached Figure 1, was employed to yield a 
conservative representation of the Pond Creek coarse refuse tensile strength-to-effective stress ( cri to cr'v) 
relat1onsh1p ot cri = U.1 b cr'v. 

Since site specific testing was performed, and a relationship of cri = 0.15 cr'v is considered realistic with 
some conservatism, based on the various testing conditions and conversions to effective stress. The 
Phase 3 coarse coal refuse embankment will be modeled utilizing this relationship to evaluate the potential 
for cracking. The results of post-subsidence slope stability analyses will subsequently be evaluated in 
another calculation brief to assess the likelihood of cracking of the coarse refuse embankment and 
liquefaction (flow) potential during/following longwall mining beneath the embankment/impoundment. 
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POND CREEK PHASE 3 CCR AVERAGE EFFECTIVE VERTICAL STRESS 

AND COARSE COAL REFUSE {CCR) AVERAGE TENSILE STRENGTH: 

AVERAGE EFFECTIVE VERTICAL STRESSES (KSF): 

INPUT: DEPTH BELOW GROUND SURFACE 

STA 150 200 230 255 300 360 0 0 0 
GWT 0 30 20 16 5 5 0 0 0 
CCR 0 35 45 45 30 5 0 0 0 

BCCR 0 35 45 45 45 45 0 0 0 

OUTPUT: AVERAGE EFFECTIVE VERTICAL STRESSES {ksf) 
STA 150 200 230 255 300 360 0 0 0 

DEPTH 
10 NA 1.30 1.30 1.30 1.04 0.79 NA NA NA 
20 NA 2.60 2.60 2.39 1.81 1.06 NA NA NA 
30 NA 3.90 3.38 3.17 2.59 1.34 NA NA NA 
40 NA NA 4.15 3.94 2.62 1.62 NA NA NA 
45 NA NA 4.54 4.33 2.75 1.75 NA NA NA 

Average Effective Vertical Stress: 
WT.AVG.= 3.18 ksf 

= 3184 psf 

Average CCR Tensile Strength: 
Wf. AVG.= crt = 0.15 cr'v = 0.478 ksf 

= 478 psi 

CONCLUSIONS: 

Laboratory undrained shear strength data from CU triaxial tests of coarse coal refuse were determined. 
Procedures were performed to estimate tensile strength (cr1) and a reasonable cr1 to rs'v relationship of cr1 = 
0.15 cr'v was estimated. As shown above, the average effective vertical stress within the Phase 3 
embankment is 3184 psf and the corresponding coarse refuse tensile strength is 478 psf. 

The susceptibility of the embankment to cracking and the impounded fine coal refuse to a liquefaction flow 
failure is a function of both the tensile strength of the coarse refuse, the total undrained strength of the fine 
refuse, and the in-situ driving shear stress on a critical failure plane through the Phase 3 
embankment/impoundment. The likelihood of a flow failure and embankment cracking will be assessed in 
a subsequent calculation brief by evaluating the driving shear stress and factor of safety against 
liquefaction/cracking. 
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FIGURE 1 

TENSILE STRENGTH (crt) TO EFFECTIVE STRESS (dv) - COARSE COAL REFUSE 
213 - 1/3 Relationship of Holcolm CU Data to Yield a O"t to r:/v Relationship 
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Coarse Refuse Tensile Strength vs. Equivalent Effectvie Stress 
crt v cr1v 

r:s'v r:st 

15120 2146 
19440 3010 
23760 5314 
15120 1454 
19440 1901 
22680 4392 
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HOLCOMB FOUNDATION ENGINEERING CO., INC. 

SOILS - BITUMINOUS - CONCRETE - INVESTIGATIONS AND TESTING 

SHIPPING ADDRESS 

Box 393 Wood Road 

Carbondale, IL 62901 

February 10, 2006 

Williamson Energy LLC 

PO Box 99 
Johnston City, Illinois 62951 

Attention: Mr. James Plumley 

Re: Soil Boring and Laboratory Tests 

Boring #8874 

MachMine#l 

Johnston City, Illinois 

HFE File H-05278 

www.holcambengineering.com 

MAIUNG ADDRESS 
P.O. Box BB 

Carbondale, IL 62903 

Mach Miniog Purchase Order No. ___ _ 

Dear Sir: 

s1s-s2g.s2s2 
BOD-333-1740 

FAX 618-457-8991 

In accordance with your instructions, on February 1, 2006, we drilled one soil boring and sampled 

the subsoils with Sheiby tubes. The soil sample taken from 10 to 12 feet in depth was subjected to 

laboratory tests. Results of the tests are as follows: 

Boring No.: 
Depth: 
Visual Classification: 

Atterberg Limits: 

Unit Weight: 

Moisture Content: 

Effective Cohesion: 

Effective Phi Angle: 

8874 
8.0-10.0' 

Silty CLAY (CL) 

LL=41.8% PL= 17.7% PI=24.I 

105.3 PCF 
21.5% 
OPSF 
26.8 Degrees 

CD 
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. Mach Mine #1 Soil Tests 

February 10, 2006 

Page2 

The Boring Log and test results are enclosed. If you should have any questions, or ifwe can be of 

further assistance, please feel free to contact us at your convenience. 

Sincerely, 

ON ENGINEERING CO. 

1 copy: Fred Vass - Alliance Consulting 



R16639
,- ~ T 

I 

Ci) 
g Total i Effective I I ' I I I . ' ' I i I I I I ' i ' I I ! I I ' c. I 

' 
., I I ' ' I ' ' I I I I ' ' 'I I I v; ' 

C. tsf 0.208 I 0 I I I I I I ! ! T I ' ' I -1 -i T I ; I I I 1! 1 • 1 I I 

' I I I ! ! • I l I I I ! I I I I I ' I I ' I; I I I I ! ' 

( 
4. dee, 19.5 26.8 ' I I I ' I ' ' : 1_,; I I ' ! ' ' 

Tan ii, I 0.35 I 0.51 
I I ' I I ' I I ' I I l I ! I I ~ l I ' I ' I ' ' 

I I I C I l t -i 1 l I J I I J ·-~ I I I ' I I ' I ' / I l 

l ( I I I I ' I J I I ' I I ' I I ' ' I ' I ' ! I I I I J I I I I ' I I i I I I I i I I I 

J I I I I I I I I ' I I ' ' I ' I ' I I ' I ' ' ' I ' ' I ' ' ' I I ' I ' . ' ' 

-. 6 I ' I I I I I I I I I I I I ' I I I I I I l l I I I I I I I I I I I ' ' ' I I I 

.:2 ! I I ' ' I I J I l 1 ' ' I I ' I ' ' ' ' I . I ' I' ' -: I I ' ' 
. I ' ' I l I I 

.,,- I I ' I I ' I I ' I I I ' I I 
....., I ' I I I I I I ' I ' 

' I I I I I I I • ' ' ' J J I ' ' I ' 
I , 1 l I I ' I l ' I ' ' ' 

-, 

"' ' I ' ' i I ; I I I I ; I l ' ! ' I I ,.,., , ' I I ' I ' I H-i+f-+H--
e ' I I I I I ' I ' I I I ' ' I i I ' I ' I 

I I I I I ' I . 

Vi I ' 
I I I I I I I I ' ' ' I ' ' I I ' I ' I ; ' I ' I 

'- I I ' I ' I I I I ' I ' I I I I I ' I J J I I I i I ' ' ' 

m I ' I I I J I ' I ' ' I ' I ' ' I ' I ' ' I ' I ' 
m I I ' I I I~ I I I I ' I ' I ' I ' I I 

0 3 . I I I I l I I I ; I I J ~- I I , I I ' I I I l I I I I ' 

I I ' ' I I I ' ' ' '~' ' I I I I i ' I I ' I ' 

I I I ' ' I J 
,, I J ' I I ~, 7 I ' I ' ' I I ' ' 

I I I i j J J l I I , ._, I I I I ' 
..., I I '" I I I • I I ' • I ' ' 

I I ' I I ~: I -, ' I . I I ' ' 
. ' ' I I 

I J I , I I ' 
I I ' I I " ' ' IT I I I I I I ' ' 

' I l I I C r I , I ' I I ' I I I I I ' I I I 1 I i 

I I ' ,-c I I ' ' ' i I ' ' I 
I ' I . 

I I I ' ' I ' ' ' I I I I ' 
I I I l -( i I /" T ! l ' 7-

' I • I I ' I ' ' ' I ' I I I I I I I ' i I I 
! ~++-

0 i : ' ' : ' 
I I ' ' I 
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Total Normal Stress, tsf 

I 
Effective Normal Stress, tsf - - -

g+ +--f- I ' I I I I ' Sample No. 1 2 
I I I I I 

3 

I • I I I I I 

I I I I ' Water Content, 21.5 20.8 17.6 

7.5 I I I I I I I I I I I Dry Density, pct 105.3 106.5 112.5 

I I ' I I I I I I 

' I ' I I I I I ~ Saturation, 100.0 99.7 98.9 

I I I I I ' I I I E 
-. I I ' ' I I I I I 3 

Void Ratio 0.5706 0.5536 0.4707 

.:l 6 
I ' I I I I ' Diameter, in. 2.80 2.80 2.80 

I I I I I ' f f / I 

,; I I ' I I I I I I Height, in. 5.51 5.49 5.54 

"' I I ' 
I I I I I I I l 

!:! ' I I I I I I ' ' Water Con/en~ 21.5 20.9 17.8 

cii 4.5 I : , I ' I 1 I I I I ' Dry Density, pcf 1053 106.5 

'-
I I I I I I I I I I I ui 

112.5 

0 ' I I I I I ~ Sa tura lion, 100.0 l 00.0 100.D 

:-@. I I I I I I i I I I I 

I ' ' I I ' Void Ratio 0.5706 0.5536 0.4707 

~ 
2 ~ 

m 3 I I I I I I I I I I I Diameter, h 2.80 2.80 2.80 

q I I I I I I ' I I I I I 

f I I ., I I I I Height, in. 5.51 5.49 5.54 

' I I I ' 
I I 1 Strain rate, in.Jmin. 0.00 0.00 0.00 

1.5 I ' ' ' I I I I I I 

I I ' ' ' I I ' ' 
I I Back Pressure, /sf 3.6 3.6 2.2 

I J J J I I I I I ' 
I I I I ! I I I I I ' Cell Pressure, _tsf 5.0 6.5 7.9 

I I I I 

0 I I I I I ' I I I I I I Fail. Stress, /sf 2.0 3.4 6.3 

D 5 10 15 20 Total Pore Pr., tsf 3.7 3.9 4.1 

Axial Strain, % Ult Stress, tsf 2.0 3.2 6.3 

Total Pore Pr., tsf 3.6 3.8 4.1 

Type ot lest: 
cr, Fatiure, tsf 3.3 6.0 I 0.2 

CU with Pore Pressures 
cr, Failure, tsf 1 ' 2.6 3.9 

Sample Type: Shelby Tube - Undisturbed Client: Alliance Consulting 

Description: Gray Mottled Brown Silty CLAY 
Project: Triaxial Test 

LL= 41.8 PL=li.7 Pl= 24. l Mach Mine#! 

Assumed Specific Gravity= 2.65 Location: Boring #8874 

Remarks: 
Samf}le Number: 3 Depth: J0.0-12.0' 

Proj. No.: H-05278 Da!:e: 2-1-05 

TR/AXIAL SHEAR TEST REPORT 

I Plate 
HOLCOMB FOUNDATION ENGINEERING CO. 
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TRIAXIAL COMPRESSION TEST 

CU with Pore Pressures 

Date: 

Client: 

Project: 

Location: 

Depth: 

Description: 

Remarks: 

2-1-05 

Alliance Consulting 

T riaxial Test 

MachMine#I 

Johnston City, Illinois 

Boring #8874 

10.0-12.0" 

Gray Mottled Brown Silty CLAY 

Type of Sample: Shelby Tube - Undisturbed 

Assumad Specific Gravity=2.65 LL=4 l.8 

Test Method: COE uniform strain 

Sample Number: 

PL=17.7 

3 

Spec:imen Parameter Initial Saturated Consoiidated 

Moisture content Moist sotl+tare, gms~ 

Moisture content Dry soil+tare, gms. 

Moisture content Tare, gms. 

Moisture,% 

Moist specimen weight, gms. 

Diameter, in. 

Area, in.z 

Height, in. 

Net decrease in height, in. 

Wet Density, pcf 

Dry density, pcf 

Void ratio 

Saturation, % 

Membrane modulus= 0.124105 kN/cm 2 

Membrane thickness= 0.02 cm 

Filter paper coefficient= 0.001926 kN/crn 

Filter paper coverage= 30% 

189.100 

176.100 
]]5.700 

21.5 
I 140.2 

2.80 

6.16 
5.5 I 

128.0 
I 05.3 

0.5706 

100.0 

Consolidation cell pressure= 70.00 psi (5.040 tsf) 

Consolidation back pressure= 50.00 psi (3.600 tsf) 

Consolidation effective confining stress = I .440 tsf 

Strain rate, in.lmin. = 0.00 

Fail. Stress = 1.981 tsf at reading no. 24 

Ult Stress= 1.955 tsfat reading no. 30 

21.5 21.5 

2.80 2.80 

6.16 6.16 

5.51 5.51 

0.00 0.00 

128.0 128.0 

105.3 105.3 

0.5706 0.5706 

100.0 · 100.0 

I 

2191200 
8:50 PM 

Final 

I 279.000 

1072.200 

103.200 

2 l.3 

_I ____________ ~'.)r_:::c;r,,r,3 c''.J'JNDATION ::NG1~.::=::=:;:::1r,•== :::c .. ____________ _ 
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I 

cl 

I 

Def. 
Dial Load 

No. in. Dial 

0 0.0000 18.30 

1 0.0190 20.00 

2 0.0400 21.60 

3 0.0810 113.20 

4 0.1010 129.80 

5 0.1420 143.10 

6 0.1620 161.50 

7 0. I 830 I 68.90 

Load 
lbs. 

a.a 
1.7 

3.3 

94.9 

111.5 

124'.8 

143.2 

150.6 

Strain 
% 

0.0 

0.3 

0.7 

1.5 
1.8 

2.6 

2.9 

33 

Oeviator 
Stress 

!sf 

0.000 

0.014 

0.026 

1.093 

1.280 

1.422 

1.625 

1.702 

8 02030 174.80 156.5 3.7 1.763 

9 0.2240 178.90 

10 0.2440 182.30 

11 0.2650 I &6.40 

12 0.2850 I &8.10 

13 0.3060 191.40 

14 0.3260 193.10 

15 0.3460 194.70 

16 0.3670 196.40 

17 0.3870 198.10 

18 0.4080 198.10 

19 0.4280 200.60 

20 0.4490 200.60 

21 0.4890 203.10 

22 0.5300 204.70 

23 0.5710 207 .20 

24 0.6120 208.90 

25 0.6530 209. 10 

26 0.6940 211.40 

27 0.7350 212.20 

28 0.7790 213.90 

29 0.8170 215.50 

30 0.8380 215.50 

I 60.6 

164.0 

I 68. 1 

169.8 

173.l 

174.8 

176.4 

4.1 

4.4 

4.8 

5.2 

5.6 

5.9 

6.3 

178.1 6.7 

179.8 7.0 

179.8 7.4 

182.3 7.8 

1823 8.1 

184.8 8.9 

186.4 9.6 

188.9 10.4 

190.6 11.l 

190.8 l 1.8 

·193. l 12.6 

193.9 13.3 

195.6 14.1 

197.2 14.8 

197 .2 15.2 

1.802 

1.833. 

1.871 

1.883 

i.912 

1.923 

1.933 

1.944 

1.955 

1.947 

1.966 

1.958 

1.969 

1.970 

1.980 

1.981 

1.967 

1.974 

1.965 

1.964 

1.964 

1.955 

Minor Eff. 
Stress 

!sf 

5.1!2 

2.830 

2.426 

1.505 

1.318 

1.181 

I.159 

1.145 

1.138 

1.145 

1.145 

1.152 

1.166 

i.166 

1.181 

1.18& 

1.202 

1.210 

1.224 

1.231 

1.238 

1.267 

1289 

1.310 

1.332 

1346 

1.361 

1.390 

1.404 

1.426 

1.433 

Major Eff. 
Sm,ss 

!sf 

5.112 

2.844 

2.452 

2.598 

2.597 

2.602 

2.784 

2.847 

1:3 
Ratio 

LOO 

1.00 

1.01 

I. 73 

1.97 

2.20 

2.40 

,2.49 

Pore 
Press. 

psi 

-I.DO 

30.70 

36.30 

49.10 

51.70 

53.60 

53.90 

54.10 

p Q 

!sf !sf 

5.112 0.000 

2.837 0.007 

2.439 0.013 

2.051 0.547 

1.958 __ 0.640 

1.892 0.711 

I.972 0.813 

1.996 0.851 

2.900 2.55 54.20 2.019 0.881 

2.946 

2.978 

3.023 

3.049 

3.078 

3.104 

3.121 

3.146 

3.164 

3.171 

3.197 

3.196 

3.236 

3.259 

3.290 

3.313 

3.313 

3.334 

3.354 

3.368 

3.390 

3.388 

2.57 54.10 

2.60 34.10 

2.62 54.00 

2.61 53.80 

2.64 53.80 

2.63 53.60 

2.63 53.50 

2.62 53.30 

2.62 53.20 

2.59 53.00 

2.60 52,.90 

2.58 52.80 

2.55 52.40 

2.53 52.I 0 

2.5 I 51.80 

2.49 51.50 

2.46 51.30 

2.'45 51.10 

2.41 50.7D 

2.40 50.50 

2.38 50.20 

2.36 50.l 0 

2.046 

2.061 

2.088 

2.108 

2.122 

2.142 

2.155 

2.174 

2.1 &7 

2.197 

2.214 

2.217 

2.252 

2.274 

2.300 

2.323 

2.330 

2.348 

2.372 

2.386 

2.40& 

2.4 I 0 

0.901 

0.916 

0.936 

0.941 

0.956 

0.962 

0.967 

0.972 

0.977 

0.973 

0.983 

0.979 

0.985 

0.985 

0.990 

0.991 

0.91l3 

0.987 

0.982 

0.982 

0.982 

0.978 

\! ____________ HO!..COl\li3 i=OUNDATIDN :::NGIN::::::RING CO.------------! 
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I 

Specimen Parameter Initial 

Moisture content: Moist soil+tere, gms. l54.800 

Moisture. content Dry soil+tare, gms. 145.800 

Moisture content Tare, gms. l02.600 

Moisture,% 20.8 

Moist specimen weight, gms. l l 42.2 

Diameter, in. 2.80 

Area, in. 2 6.l6 

Height, in. 5.49 

Net decrease in height, in. 

Wet Density, pcf 128.7 

Dry density, pcf 106.5 

Void ratio 0.5536 

Saturation, % 

Membrane modulus= 0.124105 kN/cm2 

Membrane thickness = 0.02 cm 

Filter paper coefficient= 0.00 i 926 kN/cm 

Filter paper coverage = 30¾ 

99.7 

Consolidation cell pressure-= 90.00 psi (6.480 tst) 

Consolidation back pressure = 50.00 psi (3 .600 tsf) 

Consolidation effective confining stress= 2.880 tsf 

Strain rate, in./min. = 0.00 

Fail. Stress = 3 .41_ 8 tsf at reading no. 24 

Ult. Stress = 3 .250 tsf at reading no. 29 

Deviator Def. 
Dial Load Load Strain Stress 

No. in. Dial lbs. 0/11 tsf 

0 0.0000 27.50 

l 0.0190 134.00 

2 0.0400 183.10 

3 0.0600 218.90 

4 0.0810 243.&0 

5 0.1010 264.60. 

6 0.1220 282.10 

7 0.1420 295.40 

8 0.1620 305.40 

9 0.1830 314.60 

l O 0.2030 322.10 

11 0.2240 327.10 

12 02440 332.90 

13 0.2650 336.20 

14 0.2850 

I 5 0.3060 

16 0.3260 

17 0.3670 

18 0.4080 

I 9 0.4490 

20 0.4890 

21 0.5300 

339.50 

343.70 

345.40 

348. 70 

352.00. 

353.70 

354.50 

355.40 

0.0 

106.5 

155.6 

191.4 

216.3 

237.l 

254.6 

267.9 

277.9 

287. l 

294.6 

299.6 

305.4 

308.7 

312.0 

316.2 

317.9 

321.2 

324.5 

326.2 

327.0 

327.9 

0.0 

0.3 

0.7 

LI 
1.5 

1.8 

2.2 

2.6 

2.9 

3.3 

J.7 

4.1 

4.4 

4.8 

5.2 

5.6 

5.9 
6.7 

7.4 
8.2 

8.9 

9.7 

0.000 

1.241 

l.&06 

2.214 

2.492 

2.721 

2.91 l 

3.052 

3.154 

3.245 

3.317 

3.360 

3.412 

3.435 

3.459 

3.491 

3.497 

3.505 

3.512 

3.502 

3.483 

3.464 

Minor Eff. 
Stress 

1sf 

4.385 

3.254 

2.750 

2.484 

2.340 

2.254 

2.210 

2.182 

2.)82 

2.189 

2.1.96 

2.218 

2.232 

2.254 

2.275 

2.297 

2.3 I 8 

2.369 

2.412 

2.44 l 

2.470 

2.498 

Saturated Conso[idated 

20.9 

2.80 

6.16 

5.49 

0.00 

128.7 

106.5 

0.5536 

100.0 

Major Eff. 
Stress 

tsf 

4.385 

4.495 

4.557 

4.698 

4.832 

4.975 

5.)21 

5.233 

5.335 

5.434 

5.513 

5.578 

5.644 

5.689 

5.734 

5.788 

5.815 

5.874 

5.924 

5.943 

5.953 

5.963 

1:3 
Ratio 

1.00 

l.38 

l.66 

l.89 

2.06 

2.21 

2.32 

2.40 

2.45 

2.48 

2.51 

2.52· 

2.53 

2.52 

Pore 
Press. 

psi 

29.10 

44.80 

51.80 

55.50 

57.50 

58.70 

59.30 

59.70 

59.70 

59.60 

59.50 

59.20 

59.00 

58.70 

2.52 58.40 

2.52 58.10 

2.51 57.80 

2.48 57.10 

2.46 56.50 

2.43 56.l 0 

2.41 55.70 

20.9 

2.80 

6.16 

5.49 

0.00 

128. 7 

106.5 

0.5536 

100.0 

p 
tsf 

4.3E5 

3.875 

3.653 

3.591 

3.586 

3.614 

3.666 

3.707 

3.758 

3.811 

3.855 

3.898 

3.938 

3.971 

4.005 

4.042 

4.067 

4.121 

4.168 

4.192 

4.21 J 

4.230 

Q 
!sf 

0.~00 

0.620 

0.903 

1.107 

1.246 

l.361 

1.455 

1.526 

1.577 

J.623 

].(,"9 

1.680 

J.706 

l.718 

1.729 

1.746 

J.748 

1.752 

1.756 

l.751 

l.742 

l.7.)'.?. 

!3 

Final 

1347.900 

l 154.100 

135.100 

19.0 

57 



R16644

,.( .. 

-c· 

Daf, Deviator Minor Eff. Major Eff. Pora 

Dial Load Load Strain Stress Stress Stress 1:3 Press. p Q 

I-lo. in. Dial lbs. % tsf tsf !sf Ratio psi tsf !sf 

22 0.5510 357.00 329.S lO.O 3.466 2.513 5.979 2.38 55.10 4.246 1.733 

23 0.5920 356.20 328.7 10.8 3.429 2.534 5.964 2.35 54.80 4.249 

24 0.6330 357.90 330.4 ]1.5 3.418 2.556 5.974 2.34 54.50 4.265 

25 0.6730 · 357.00 329.5 12.3 3.381 2.5&5 5.966 2.31 54. 10 4.275 

26 0,7140 357.90 330.4 13.0 3.361 2.599 5.960 2.29 53.90 4.280 

27 0.7550 157.90 330.4 13,7 3.332 2.614 5.946 2.27 53.70 4.280 

28 0.7960 356.20 328.7 14.5 3.286 2.628 5.914 2.25 53.50 4.271 

19 0,8370 355.40 327.9 15.2 3.250 2.635 5.&&5 2.23 53.40 4.260 

Specimen Parametar Initial Saturated Consolidated 

Moisture content: Moist soll·Hare, gms. 248.400 

Moisture content: Dry soil-t-tare, gms. 226.700 

Moisture content: Tare, gms. 103.200 

Moisture,¾ 17,6 I 7,& 17.& 

Moist specimen weight, gms. 1184. 7 

Diameter, In. 2.30 2.80 2.80 

Arsa, in..i 6.16 6.16 6.16 

Height, In. 5.54 5.54 5.54 

Net dDcrease in height, in. 0.00 0,00 

Wet Density, pcf 132.3 132.5 132.5 

Dry density, pcf 112.5 l [2.5 112.5 

Void ratio 0.4707 0.4707 0.4707 

Saturation, % 98.9 100.0 100.0 

Membrane modulus= 0.124105 kN/cm' 

Membrane thickness= 0.02 cm 

Filter paper coe-fficient = 0.001926 kN/cm 

Filter paper coverage= 30% 

Consolidation cell pressure= 110,00 psi (7.920 tsf) 

Consolidation back pressure= 30.00 psi (2.160 tsf) 

Consolidation effective confining stress = 5,760 tsf 

Strain rate, in./min. = (LOO 

Fail. Stress= 6.334 tsfat reading no. 33 

Ult. Stress = 6.334 tsf at reading no. 33 

Def. De-viator Minor Eff. Major Eff. Pore 

Dial Load Load Strain Stress Stress Stress 1:3 Press. p 

No. in. Dial lbs. % tsf tsf tsf R.itio psi t,;f 

0 0.0000 31.60 0.0 0.0 0.000 7.E 12 7.812 LOO 1.50 7,812 

1 0.0190 39.90 8.3 0.3 0,091 7.690 7.781 LOI 3.20 7.735 

2 0,0400 44.10 11.5 0.7 0,133 7.574 7.707 J,02 4.80 7.641 

3 0.0600 175.60 144,0 1.1 1.666 7.308 8.974 1.23 8.50 8.141 

4 0.0810 240.50 208.9 1.5 2.407 6.926 9.333 1.35 13.80 8.130 

5 0.1010 291.30 259.7 1.8 2.981 6.466 9.447 1.46 20.20 7.956 

6 0.1220 329.60 298.0 2.2 3.408 5.983 9.391 l.57 26.90 7,6&7 

7 0.1420 362.00 330.4 2.6 3.764 5.479 9.244 1.69 33.90 7.361 

8 0.1620 392.00 360.4 2.9 4.09! 5.040 9.131 l.81 40.00 7.085 

9 0.1830 412.80 381,2 3,3 4,310 4.666 8.976 1.92 45.20 6.821 

HOLCOMB FOUNDATION ENGINEERING CO. 

l.715 
1.709 

1.690 

l.68 l 
l.666 

1.643 
1.625 

Final 

1374.500 

1195.400 

l 27.700 
16.8 

Q 
tsf 

0.000 

0.045 

0.066 

0.833 

l .203 

1,491 

1.704 

l.882 

2.045 

2.155 

© 
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Def. Daviator Minor Eff. Major Eff. Pore 0) 
Dial Load Load Strain Stress Str&ss Stress 1:3 Prass. p a 

No. in. Dial lb$. % tsf tsf tsf Ratio psi tsf tsf 

~r 10 0.2030 432.8D 401.2 3.7 4.519 4.363 8.883 2.04 49.4D 6.623 2.260 

\ 
11 0.2240 446.9D 415.3 4.0 4.660 4.140 8.800 2.13 52.50 6.470 2.330 

12. 0.2440 465.20 433.6 4.4 4.847 3.9&2 8.828 2.22 54.70 6.405 2.423 

13 0.2650 471.00 439.4 4.8 4.892 3.852 8.744 2.27 56.50 6.298 2.446 

14 02850 483.50 451.9 5.1 5.012 3.766 8.778 2.33 57.70 6.272 2 . .506 

15 0.3060 490.2D 458.6 5.5 5.066 3.694. 8.760 2.37 58.70 6.227 2.533 

16 0.3260 503.50 471.9 5.9 5.193 3.643 &.837 2.43 59.40 6.240 2.597 

17 0.3460 516.80 485.2 6.2 5.319 3.607 8.926 2.47 59.90 6.267 2.660 

18 0.3670 521.80 490.2 6.6 5.352 3.586 S.938 2.49 60.20 6.262 2.676 

19 0.3870 530.l 0 498.5 7.0 5.422 3.571 8.993 2.52 60.40 6.282 2.71 l 

20 0.4080 538.40 506.8 7.4 5.490 3.564 9.054 2.54 60.50 6.309 2.745 

21 0.4280 543.40 51 l.8 7.7 5.522 3.564 9.086 2.5S 60.50 6.325 2.761 

22 0.4490 554.3D 522.7 8.1 5.617 3.571 9.188 2.57 60.40 6.380 2.808 

~3 0.4690 565.90 534.3 8.5 5.719 3.578 9.297 2.60 60.30 6.438 2.859 

24 0.4890 567.60 536.0 8.8 5.714 3.578 9.293 2.60 60.30 6.436 2.857 

::?.S 0.5300 581.70 550.i 9.6 5.817 3.600 9.417 2..62 60.00 6.509 2.909 

26 0.5710 591.70 560.I 10.3 5.874 3.636 9.510 2,62 59.50 6.573 2.937 

27 0.6120 605.00 573.4 11.0 5.964 3.665 9.629 2.63 59.10 6.647 2.9&2 

28 0.6530 615.00 583.4 11.& 6.018 3.701 9.719 2.63 58.60 6.710 3.009 

29 0.6940 626.70 595.1 12.5 6.087 3.737 9.824 2.63 58.10 6.780 3.044 

30 0.7350 638.30 606.7 13.3 6.153 3.773 9 . .926 2.63 57.60 6.849 .3.077 

31 0.7760 649.10 617.5 14.0 6.209 3.816 10.025 2.63 57.00 6.921 3.105 

,-~ 32 0.8170 657 .50 625.9 14.7 6.240 3.852 10,092 2.62 56.50 6.972 3.120 

( 33 0.8390 669.90 638.3 15.I 6.334 3.866 10.200 2.64 56.30 7.033 3. 167 

.._ __________ HOLCOMB FOUNDATION ENGINEERING CO. _________ ___. 
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Holcomb Foundation Engineering 
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Holcomb Foundation Engineering Company 
Laboratory Testing Results 2/8/20D6 

Project: Mach #1 Mine 

Project No: H--0527B 

Sieve Analysis - ASTM C136-96a 

Sample: Silty CLAY (CL) 

Sieve Openings us 
Standard Weight Percent Percent 

Inches Millimeters Sieve Size Retained Retained Finer 

1.5000 38.1000 1 -1 /2" 0.0 0.0 100.0 

1.0000 25.4000 1. 0.0 0.0 100.0 

0.7500 19.1000 3/4' 0.0 0.0 1 o·o.o 
0.5000 12.7000 112· 0.0 0.0 100.0 

3.7500 9.5200 3/8' 0.0 0.0 100.0 

0.1 870 4.7600 No. 4 2.1 0.9 99.1 

0.0790 2.0000 No. 10 4.6 2.0 98.0 

0.0469 1.1800 No. 16 4.6 2.0 98.0 

0.0331 0.8500 No. 20 8.6 3.8 96.2 

0.0165 0.4200 No. 40 12.6 5.5 94.5 

0.0117 0.2980 No.50 12.6 5.5 94.5 

0.0083 0.2500 No. 60 22.2 9.8 · 90.2 

0.0059 0.1490 No. 1 DO 34.6 15.2 84.8 

0.0029 0.0740 No.200 47.7 21.0 79.0 

Total Weight in Grams 227.20 
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' Holcomb Foundation Engineering Company 
Laboratory Testing Results 

Project: Mach #1 Mine 
Project No: H-05278 

Sample 2 3 

Dish Number LL1 LL, LL, 

Mass of can, W 1 (g) 34.70 

Mass of can + moist soil, W 1 (g) 62.84 

Mass of can + dry soil, W 3 [g) 54.52 

Moisture content, w (%) 41.98 

Number of blows, N 24 

Liquid Limit, LL 41.8 

Dish Number PL, 

Mass of can, W 1 (g) 39.76 

Mass of can+ moist son, W2 (g) 54.79 

Mass of can + dry sail, W3 (g) 52.53 

r- Plastic Limit, PL 17.7 

i 
'--- Pl= 24.1 

Plasticity Chart 

60 

50 

S 40 
CH or OH 

~ 
m ,, 
.i ;;o 
==-g .. 
• 
~ 20 CL or OL . 

lvlH or OH 

10 

C'....-ML ML or OL 

D 

0 10 20 30 40 50 60 70 80 90 100 

Liquid Limil (LL) 
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HOLCOMB FOUNDATION ENGINEERING CO., INC. 
SOILS - BITUMINOUS - CONCRETE - INVESTIGATIONS AND TESTING 

November 30, 2006 

SHIPPING ADDRESS 
Box 393 Wood Road 
Carbondale, IL 62901 

Williamson Energy LLC 
POBox99 
Johnston City, Illinois 62951 

Attention: Mr. James Plumley 

Re: Coarse Refuse Laboratory Tests 
Pond Creek Mine 
Johnston City, Illinois 
HFE File H-05278 

Dear Sir: 

www.holcombengineering.com 

MAILING ADDRESS 
P.O. Box BB 

Carbondale, IL 62903 

618-529-5262 
B0D-333-1740 

FAX 61 B-4S7-8991 

In accordance with your instructions, on November 17, 2006, we sampled coarse refuse at Mach 
Mine and performed laboratory tests on remolded samples. Results of the tests are as follows: 

Visual Classification: Coarse Coal Refuse (Shale, Coal, Sandstone Mixture) 

Proctor Test Results: 
Maximum Dry Unit Weight: 124.6 PCF 
Optimum Moisture Content: 9.3 % 

Specific Gravity: 2.3 7 

Triaxial Test Results: 
Effective Cohesion: 0PSF 
Effective Phi Angle: 33.7 Degrees 

Permeability: 2 x I 0-4 cm./sec. 

Results of the grain size analysis and the laboratory tests are attached. 

® 
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Pond Creek Mine #1 Coarse Refuse Tests 

November 30, 2006 

Page2 

zo f 57 

If you should have any questions, or if we can be of further assistance, please feel free to contact us 

at your convenience. 

Sincerely, 

1 copy: Justin Harry - Alliance Consulting 
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Holcomb Foundation Engineering 
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Holcomb Foundation Engineering Company 
Laboratory Testing Results 11/30/2006 

Project: Coarse Refuse Disposal Area 

· Pond Creek Mine Johnston City, Illinois 

Project No: H-05317 

Sieve Analysis -ASTM C136-96a 

Sample: Coarse Refuse 

Sieve Openings us 
Standard Weight Percent Percent 

Inches Millimeters Sieve Size Retained Retained Finer 

3 76.2 3• 0.0 0.0 100.0 

2.0000 50.8100 2" 619.6 9.5 90.5 

1.5000 38.1000 1 -1 /2" 1124.0 17.2 B2.B 

1.0000· 25.4000 1 ' 1696.2 25.9 74.1 

0.7500 19.1000 3/4' 2110.9 32.3 67.7 

0.5000 12.7000 1/2" 2513.0 3B.4 61.6 

3.7500 9.5200 3/8" 3263.7 49.9 50.1 

0.1 B70 4.7600 No.4 4310.7 65.9 34.1 

0.0790 2.0000 No. 10 5470.5 B3.6 16.4 

0.0469 1.1800 No. 16 

0.0331 0.B500 No. 20 6004.4 91.8 B.2 

0.0165 0.4200 No. 40 617B.9 94.4 5.6 

0.0117 0.2980 No. 50 

0.00B3 0.2500 No. 60 6267.B 95.B 4.2 

0.0059 0.1490 No. 100 

0.0029 0.0740 No. 200 6372.4 97.4 2.6 

Total Weight in Grams 6542.80 
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Project 

Holcomb Foundation Engineering 

Pond Creek Mina 

Johnston City, Illinois 

Moisture Density Relationship 

Location: Coarse Refuse Disposal Area 

Project No.: H-05278 Proctor Test Results 

Soll Classlflc:a.Uon: 

~ 
u 
e:. .., 

Date: 

Test Data 

125.0 

124.0 

i: 123.0 
~ 

" ::, 

1::
Cl 

122.D 

121.0 

7.D 

11/3D120D6 

ASTM 0-696 (standard) 

Moisture 

B.D 

Content(%) 

7.6 

11.2 

12.D 

9.3 

Maximum Dry Density (PCF} 

Optimum Moisture Content(%) 

9.0 

Dry Unit WL 

(PCF) 

122.B 

122.5 

12D.4 

124.B 

Proctor Curve 

1D.0 

% Moisture 

Gray Coarse Refuse 

124.B 

9.3 

11.D 12.D 
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Date: 

Project No.: 

Sample 

Coarse Refuse 

21-{ f 57 

HOLCOMB FOUNDATION ENGINEERING CO., INC. 
SOILS - BITUMINOUS - CONCRETE • INVESTIGATIONS AND TESTING 

SHIPPING ADDRESS 
Box 393 Wood Road 
Carbondale, IL 62901 

www.holcombengineering.com 

MAILING ADDRESS 
P.O. Box 88 

Carbondale, IL 62903 

Permeability Tests Results 
Laboratory Tests 
Coarse Refuse 

Pond Creek Mine - Johnston City, Illinois 

11/30/2006 Client Pond Creek Mine 
Johnston City, Illinois 

H-05278 

Moisture Content(%) Dry Unit 
Depth (Fl. l Before Test I After Test Weiaht (PCF) 

7.7 11.8 119.3 

618-529-5262 
B00-333-17 40 

FAX 618-457-8991 

Permeability 
(Cm./Sec.l 

2 X 10-4 

Permeability Tests performed in accordance with ASTM D-5084 
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Project 

'( ;t# 

uate 

In Place Mc 
Wet Wt 195.3 
Pan 94.2 
Dry Wt. 188.1 
Mc(%) 7.7 

Time(hrs) Time(min) 
======= 

7 26 
7 34 

7 33 
7 45 
7 47 

g 16 
g 23 
g 30 

( ---

======== 

--
PERMEABILITY TEST RESULTS 

Pond Creek Mine Boring/Sample Coarse Refuse 

H-05278 

11/30/2006 

After Test Mc 
Wet Wt. 
Pan 
Dry Wt 
Mc(%) 

Quantity (cc) 

24.7 
8.2 

24.5 · 
2.7 
0.8 

24.4 
9.6 
0.9 

1300.4 
103.1 
1173.6 

11.8 

Depth 
Classification 

Diameter 2.8 
Length 5.6 

Unit Weight (PCF) 
Sample Wt 

WetUW= 
Dry UW= 

Head (psi) 

1 
1 

1 
1 

1161.8 

128.5 
119.3 

======== 

Inch 
Inch 

Permeability ( cm/sec) 
-

1.75E-04 

1.54E-04 
1.44E-04 

1.79E-04 
1.43E-04 

===== ================ =========== 
Average Permeability 1.63E-04 
======-== ========= ======== ==== ======= 

I J C 

0{; 
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9 Total Effecave I ' IT I 1 ' ' I I ' ' I I I I I I 

I ' ' ' ,. ' ' I I ' ' 
C,tsf 0,507 0 I ' I 

-, I I I ' ' ' I I ' I ' 
' ' ' ' I 

,. I ' I I I ' ' 
d,, den 18.5 33,7 I I ' I I ' I I I I I ' I I I 

' ' ' I ' ' I I > I ' 
Tan 

,,, 
0.33 0.67 I I ' ' I ' ' I ' ' 

I I I I I I I I ' I I 

' I ' I I ' 
6 

I I I I I I ,,, I I I ' I I I I I 

~ I I ' ' ' I ' I ' I I 

I I I I I I I I I 

,,; I I I I 

"' I I I I I I 

~ '' I I I 

C/l 
,, I I I 

~ I I 
Ol 

, 
CI> I 

.c:: I I I I I I 
Cf) 3 I 

I 
, I 

I I I I 
I ' I I 

I ' I I I ' I I I I I 

I I ' I ' I 

' ' ' I 

I 
,. ' 

' " ' I I 

0 ' I I I I ' 
0 3 6 9 12 15 18 

Total Normal Stress, tsf ---

Effective Normal Slress, tsf - - -

9 I I I ' I Sample No. 1 
I ' 

2 3 ..,, ' 
I ' Water Content, 10. I 10.8 10.3 

I I I Dry Density, pct 118,7 117.8 7.5 I I I I I 
I 18.7 

I <ii Saturation, 97.0 99.8 99.3 
' 3 "' 

I ' I E Vold Rafio 0.2470 0.2558 0.2468 

- I I I ' Diameter, in. 2.80 2.80 2.80 
..'!l 6 I I I 
,,,- I I I Height, in. 5.65 5.57 5.60 

"' _g; I Water Content, 10.4 10.8 10.4 
Cl) 4.5 I I I I 

Dry Density, pcf 118.7 117.8 
I I I I I - 118.7 

5 I 17 I "' Ql Saturation, 100.0 100.0 100.0 
:ffi 

2 f-

> I I ~ Void Rafio 0.2470 0.2558 0.2468 

" ' I I Diameter, in. 2.80 2.80 2.80 
0 3 I I I I I ' 1 Height, in. 5.65 5.57 5.60 

' - I 
I I Strain rate, in./min. 0.01 0.01 0.01 
I I 

1,5 ' I Back Pressure, tsf 3.60 3.60 2.16 
I I 

' I Cell Pressure, tsf 5.04 6.48 7.92 
' ' I 

0 I I 7 I' ' I I Fail. Stress, tsf 2.78 3.83 6.76 

0 5 10 15 20 Total Pore Pr., tsf 3.86 4.96 5.23 

Axial Strain, % Ult. Stress, tsf 2.77 3.83 6.76 

Total Pore Pr., tsf 3.85 4.95 5.23 

Type of Test: 
a, Failure, tsf 3.96 5.35 9.44 

CU with Pore Pressures 
a, Failure, tsf 1.18 1.52 2.69 

Sample Type: Remolded Client: Pond Creek Mine 

Description: Coarse Coal Refuse 
Project: Coarse Refuse Laboratory Tests 

Assumed Specific Gravity= 2.3 7 Location: Coarse Refuse Stockpile 

Remarks: Sample Number: Coarse Refuse 

Pro), No,: H-05278 Date: 11/17/06 

TRIAXIAL SHEAR TEST REPORT 

Plate 
HOLCOMB FOUNDATION ENGINEERING CO. 

Tested By: ::LC"---------- Checked By: .,_TuH _________ _ 
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7.5 [iJ 7.5 

~ 
I 6 

I 6 
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I 
I 

I I I ,,,-- --- ------
1?. 4.5 ~ 4.5 I 
:, U> :, "' I 
"' "' ,,--- --- "' "' "'., _ I, 

,_ ___ --- "' a, - I 1.---a> b .El a, b ..'!l -a:~ ~Cl) 
~ ~ a. ~ 

Q) 0 3 ~..9 3 /-~ -
0 "' 

0"' 
a.-,; / 

a. ·s: 
- a> - "' J!! Q 

1.5 
J!! Q 

1.5 0 0 
I- I-

0 0 
0% 8% 16% 0% 8% 16% 

7.5 w 7.5 
~ 

l.,....-----"' 
I 

_,,- I -
I 

I 
6 

~ I 

I 
6 ---I /( 

- -- I 
1?. " 
:, "' 4.5 T7 5 "' 4.5 

"' "' "' "' ,,,.,_ I "' " -a> ~ "' " ~ "' o': ci5 .... I o': u5 ...... 
~ 3 ~B 3 

a> 0 
~ -
0 "' 0 "' 
a.> a."> 
- <I> - " J!! Q 

1.5 
J!! Q 

1.5 0 ~ I-

0 0 
0% 8% 16% 0% 8% 16% 

6 Peak Strength 
_.,. .,,. -Total EffecUve 

_.,. _.,. _.,. 
0.52 tsf 0.00 tsf a= 

I 

. _.,. 
CI= 17.4deg 29.4 deg 

_,.,. 
tan CI= 0.31 0.56 

_.,. ---- _.,. 
4 ~---/1 t,_..------ ___.-; 

2 
,j- _.,., SL:::: --- V / _.,. _, 

2 t:--/ lY ~y - V " L---:: ~ / . J I/ V v> _.,. y 
0 _,.,. 

0 2 4 6 a 10 12 

p, tsf 

Stress Paths: Total --- EffecUve - - -

Client: Pond Creek Mine 
Project.: Coarse Refuse Laboratory Tests 
Location: Coarse Refuse Stockpile Sample Number: Coarse Refuse 

Project No.: H-05278 Plate I HOLCOMB FOUNDATION ENGINEERING co. 

Tested By: ~L,.sC'---------- Checked By: ~T-'-H~---------
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TRIAXIAL COMPRESSION TEST 

CU with Pore Pressures 

Date: 11/17/06 

Client: Pond Creek Mine 

Project: 

Location: 

Coarse Refuse Laboratory Tests 

Coarse Refuse Stockpile 

Sample Number: Coarse Refuse 

Description: Coarse Coal Refuse 

Remarks: 

Type of Sample: Remolded 

Assumed Specific Grevi!y=2.3 7 LL= 

Test Method: COE uniform strain 

Specimen Parameter Initial 

Moisture content: Moist soll+tare, gms. 226.800 

Moisture content: Dry soil+tare, gms. 218.600 

Moisture content: Tare, gms. 137.500 

Moisture,% 10.1 

Moist specimen weight, gms. 1193.1 

Diameter, in. 

Area, In.= 

Height, in. 

Net decrease in height, in. 

Wet Density, pcf 
Dry density, pcf 

Void ratio 
Saturation 1 % 

Membrane modulus= 0.124105 kN/cm' 

Membrane thickness= 0.02 cm 

Filter paper coefficient= 0.001926 kN/cm 

Filter paper coverage = 50% 

2.80 
6.16 
5.65 

130.6 

118. 7 
0.2470 

97.0 

Consolidation cell pressure= 70.00 psi (5.040 tsf) 

Consolidation back pressure= 50.00 psi (3.600 tsf) 

Consolidation effective confin Ing stress = 1.440 tsf 

Strain rate, in./mln. = 0.01 

Fall. Stress= 2.778 tsfat reading no. 41 

Ult. Stress= 2.767 tsfat reading no. 42 

PL= 

Saturated 

10.4 

2.80 

6.16 
5.65 
0.00 

131.0 
118.7 

0.2470 
100.0 

Pl= 

Consolidated 

10.4 

2.80 

6.16 
5.65 

0.00 
131.0 

118. 7 
0.2470 

100.0 

11/30/2006 

10:19 AM 

Final 

1320.700 

1195.800 
107.600 

11.5 

HOLCOMB FOUNDATION ENGINEERING CO. ----------....J 
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Def. Devfator Minor Eff. Major Etf. Pore 

Dial Load Load Strain Strass Stress Stress 1:3 Press. p Q 

No. In. Dial lbs. ¼ tsf 13f 13f Ratio psi tsf 13f 

0 0.0010 46.60 0.0 0.0 0.000 1.498 1.498 1.00 49.20 1.498 0.000 

0.0180 160.60 114.0 0.3 1.329 1.152 2.481 2.15 54.00 1.816 0.664 

2 0.0390 189.70 143.l 0.7 1.662 I.DOI 2.663 2.66 56.ID 1.832 0.831 

3 0.0590 205.60 159.0 1.0 1.840 0.929 2.769 2.98 57.10 1.849 0.920 

4 0.0800 212.20 165.6 1.4 1.909 0.907 2.816 . 3.10 57.40 1.862 0.955 

5 0.10D0 218.90 172.3 l.8 1.979 0.900 2.879 3.20 57.50 1.890 0.99D 

6 0.1200 232.20 185.6 2.1 2.125 0.900 3.025 3.36 57.50 1.962 1.062 

7 0.1410 240.50 193.9 2.5 2.211 0.907 3.l 18 3.44 57.40 2.013 1.106 

8 0.1610 245.50 198.9 2.8 2.260 0.914 3.174 3.47 57.30 2.044 l.130 

9 0.1820 252.20 205.6 3.2 2.327 0.922 3.249 3.53 57.20 2.085 l.164 

10 0.2020 253.80 207.2 3.6 2.337 0.936 3.273 3.50 57.00 2.104 !.168 

11 0.2230 250.50 203.9 3.9 2.291 0.958 3.248 3.39 56.70 2.103 !.145 

12 0.2430 261.30 214.7 4.3 2.403 0.972 3.375 3.47 56.50 2.173 l.201 

13 0.2630 266.30 219.7 4.6 2.450 0.979 3.429 3.50 56.40 2.204 l.225 

14 0.2840 266.30 219.7 5.0 2.440 0.994 3.434 3.46 56.20 2.214 1.220 

15 03040 272.10 225.5 5.4 2.495 1.008 3.503 3.48 56.00 2.256 l.248 

16 0.3250 274.60 228.0 5.7 2.513 1.022 3.536 3.46 55.80 2.279 l.257 

l7 0.3450 268.00 221.4 6.1 2.431 1.037 3.468 3.34 55.60 2.252 1.216 

18 0.3660 273.00 226.4 6.5 2.476 l.051 3.527 3.36 55.40 2.289 1.238 

19 0.3860 278.00 231.4 6.8 2.521 1.058 3.580 3.38 55.30 2.319 l.261 

20 0.4070 278.00 231.4 7.2 2.51 l 1.066 3.577 3.36 55.20 2.321 1.256 

21 0.4270 283.00 236.4 7.5 2.556 1.073 3.629 3.38 55.10 2.351 l.278 

22 0.4470 284.60 238.0 7.9 2.563 1.080 3.643 3.37 55.00 2.362 1.282 

23 0.4680 278.80 232.2 8.3 2.491 1.087 3.578 3.29 54.90 2.333 l.245 

24 0.4880 286.30 239.7 8.6 2.561 1.087 3.648 3.36 54.90 2.368 1.281 

25 0.5090 290.40 243.8 9.0 2.594 1.094 3.689 3.37 54.80 2.392 1.297 

26 0.5290 292.10 245.5 9.3 2.602 1.102 3.704 3.36 54.70 2.403 1.301 

27 0.5500 298.80 252.2 9.7 2.662 1.109 3.771 3.40 54.60 2.440 1.331 

28 0.5700 299.60 253.0 lO. 1 2.660 1.116 3.776 3.38 54.50 2.446 l.330 

29 0.5910 294.60 248.0 l0.4 2.597 1.116 3.713 3.33 54.50 2.415 l.299 

30 0.6110 302. l 0 255.5 l0.8 2.665 1.123 3.788 3.37 54.40 2.456 1.333 

3l 0.6310 306.30 259.7 l 1.2 2.698 1.130 3.828 3.39 54.30 2.479 1.349 

32 0.6520 306.30 259.7 l 1.5 2.687 1.130 3.817 3.38 54.30 2.474 l.343 

33 0.6720 312.lO 265.5 11.9 2.736 1.145 3.881 3.39 54.10 2.513 1.368 

34 0.6930 309.60 263.0 l2.2 2.699 1.145 3.843 3.36 54.l 0 2.494 1.349 

35 0.7130 308.80 262.2 12.6 2.680 l.l52 '18'1?. ''" 54.00 2.492 l.340 

36 0.7340 309.60 263.0 l3.0 2.676 l.l59 3.835 3.31 53.90 2.497 1.338 

37 0.7540 315.40 268.8 l3.3 2.724 1.166 3.891 3.34 53.80 2.528 1.362 

38 0.7750 316.20 269.6 13.7 2.721 1.l 66 3.887 3.33 53.80 2.527 l.360 

39 0.7950 323. 70 277.1 14.1 2.785 l.l81 3.966 3.36 53.60 2.573 1.392 

40 0.8150 325.40 278.8 14.4 2.790 l.l81 3.971 3.36 53.60 2.576 1.395 

41 0.8360 325.40 278.8 l4.8 2.778 l.l 81 3.959 3.35 53.60 2.570 l.389 

42 0.8560 325.40 278.8 15.1 2.767 l.l88 3.955 3.33 53.50 2.571 1.383 

..._ __________ HOLCOMB FOUNDATION ENGINEERING CO. -----------' 
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Consolidated Final 

r~ Moisture content: Moist soil+tare, gms. 1335.900 

. ( Moisture content: Dry soil+tare, gms . 203.200 1222.200 

Moisture content: Tare. gms. 125.200 134.800 

Moisture, o/. 10.8 10.8 10.8 10.5 

Moist specimen weigh~ gms. 1175.1 

Diameter, in. 2.80 2.80 2.80 

Area, ln.z 6.16 6.16 6.16 

Height, In. 5.57 5.57 5.57 

Net decrease in height, in. 0.00 0.00 

Wet Density, pcf 130.5 130.5 130.5 

Dry density, pcf 117.8 117.8 I 17.8 

Void ratio 0.2558 0.2558 0.2558 

Saturation, % 99.8 100.0 100.0 

Membrane modulus= 0.124105 kN/cm2 

Membrane thickness = 0.02 cm 

FIiter paper coefficient= 0.001926 kN/cm 

FIiier paper coverage = 50% 

Consolidation cell pressure= 90.00 psi (6.480 tsf) 

Consolidation back pressure = 50.00 psi (3 .600 tsf) 

Consolldatton effective confining stress = 2.880 tsf 

Strain rate, lnJmin. = 0.01 

Fall. Stress= 3.829 tsfat reading no. 40 

C 
Ult. Stress = 3.828 tsf at reading no. 41 

Def. Deviator Minor Eff. Major Eff. Pora 
Dial Load Load Strain Stress Stress Stress 1:3 Press. p Q 

No. In. Dial lbs, 'lo tsf tsf tsf Ratio psi tsf ·tsf 

0 0.0000 51.60 0.0 0.0 0.000 3.377 3.377 1.00 43.10 3.377 0.000 

0.0190 185.60 134.0 0.3 1.562 2.340 3.902 1.67 57.50 3.121 0.781 

2 0.0400 233.00 181.4 0.7 2.106 1.814 3.920 2.16 64.80 2.867 l.053 

3 0.0600 253.00 201.4 1.1 2.330 1.562 3.892 2.49 68.30 2.727 1.165 

4 0.0810 263,80 212.2 1.5 2.445 1.433 3.878 2.71 70.10 2.655 1.223 

5 0.1010 270.50 218.9 1.8 2.513 J.346 3.860 2.87 71.30 2.603 J.257 

6 0.1220 274.60 223.0 2.2 2.550 1.289 3.839 2.98 72.10 2.564 1.275 

7 0.1420 281.30 229.7 2.5 2.617 1.260 · 3.877 3.08 72.50 2.569 1.309 

8 0.1620 287.10 235.5 2.9 2.674 J.238 3.912 3.16 72.80 2.575 1.337 

9 0.1830 291.30 239.7 3.3 2.711 J.23 l 3.942 3.20 72.90 2.587 l.355 

IO 0.2030 297.10 245.5 3.6 2.766 J.224 3.990 3.26 73.00 2,607 l.383 

l l 0.2240 301.30 249.7 4.0 2.802 1.224 4.026 3.29 73.00 2.625 1.401 

12 0.2440 305.40 253.8 4.4 2.838 J.224 4.062 3.32 73.00 2.643 1.419 

13 0.2650 309.60 258.0 4.8 2.873 1.224 4.097 3.35 73.00 2.661 1.437 

14 0.2850 315.40 263.8 5.1 2.927 1.231 4.158 3.38 72.90 2.695 l.463 

IS 0.3060 320.40 268.8 5.5 2.970 l.238 4.209 3.40 72.80 2.724 l.485 

16 0.3260 326.20 274.6 5.9 3.023 1.246 4.269 3.43 72.70 2.757 1.512 

17 0.3460 330.40 278.8 6.2 3.058 1.253 4.310 3.44 72.60 2.782 l.529 

18 0.3670 334,60 283.0 6.6 3.091 1.267 4.358 3.44 72.40 2,813 1.546 

( 19 0.3870 341.20 289.6 6.9 3.151 1.282 4.433 3.46 72.20 2.857 1.576 

20 0.4080 346.20 294.6 7.3 3.192 1.296 4.488 3.46 72.00 2.892 1.596 

21 0.4280 351.20 299.6 7.7 3.234 1.310 4.544 3.47 71.80 2.927 1.617 

HOLCOMB FOUNDATION ENG1NEERING CO. 
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''( 
Oaf. Davfator Minor Elf. Major Elf. Pora 
Dial Load Load Strain Stress Stress Stress 1:3 Press. p Q 

,.\ No. In. Dial lbs. % tsf tsf !sf Ratio psi !sf !sf 

22 0.4490 357.00 305.4 8.1 3.283 1.318 4.601 3.49 71.70 2.959 1.642 

23 0.4690 359.50 ·307.9 8.4 3.297 l.332 4.629 3.48 71.50 2.981 1.649 

24. 0.4890 362.80 3[1.2 8.8 3.319 1.339 4.659 3.48 71.40 2.999 1.660 

25 0.5100 368.70 317.l 9.2 3.368 1.346 4.7[5 3.50 71.30 3.031 1.684 

26 0.5300 374.50 322.9 9.5 3.4[6 1.36I 4.777 3.51 71.10 3.069 1.708 

27 0.5510 377.00 325.4 9.9 3.429 1.368 4.797 3.51 71.00 3.082 1.7l4 

28 0.5710 381.20 329.6 10.2 3.459 1.368 4.827 3.53 71.00 3.098 1.730 

29 0.5920 384.50 332.9 10.6 3.479 l.382 4.861 3.52 70.80 3.122 1.739 

30 0.6120 386.20 334.6 11.0 3.483 l.390 4.872 3.51 70.70 3.131 1.741 

31 0.6330 392.00 340.4 11.4 3.528" l.397 4.925 3.53 70.60 3.161 1.764 

32 0.6530 397.00 345.4 11.7 3.565 1.411 4.977 3.53 70.40 3.194 1.783 

33 0.6730 400.30 348.7 12.1 3.585 1.426 5.010 3.51 70.20 3.218 1.792 

34 0.6940 406.10 354.5 12.5 3.629 1.440 5.069 3.52 70.00 3.254 1.814 

35 0.7140 410.30 358.7 l2.3 3.657 1.454 5.111 3.51 69.80 3.283 1.828 

36 0.7350 413.60 362.0 13.2 3.674 1.469 5.143 3.50 69.60 3.306 1.837 

37 0.7550 420.30 368.7 13.6 3.727 1.483 5.210 3.51 69.40 3.347 1.863 

38 0.7760 423.60 372.0 [3.9 3.744 1.498 5.242 3.50 69.20 3.370 1.872 

39 0.7960 427.80 376.2 14.3 3.770 1.505 5.275 3.51 69.10 3.390 1.885 

40 0.8170 435.30 383.7 14.7 3.829 1.519 5.348 3.52 68.90 3.434 1.914 

41 0.8370 436.90 385.3 15.0 3.828 1.526 5.355 3.51 68.80 3.441 1.914 

( 
~-

,__ _________ HOLCOMB FOUNDATION ENGINEERING CO. _________ ......J 
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Specimen Parameter Initial Saturated Consolidated Final 

, ,- Moisture content: Moist soll+tare, gms. 184.300 1333.800 

( Moisture content: Dry soil+tare, gms. 177.100 1230.400 

Moisture content: Tare, gms. 107.500 135.300 

Moisture,% 10.3 10.4 10.4 9.4 

Moist specimen weight, gms. 1185.2 

Diameter, in. 2.80 2.80 2.80 

Area, in.2 6.16 6.16 6.16 

Height, in. 5.60 5.60 5.60 

Net decrease In height, in. 0.00 0.00 

Wet Density, pcf 130:9 131.0 131.0 

Dry density, pcf 118.7 118.7 11 ?.7 

Void ratio 0.2468 0.2468 0.2468 

Saturation, % 99.3 100.0 100.0 

Membrane modulus= 0.124105 kN/cm' 

Membrane th!ckness = 0.02 cm 

Filter paper coefficient= 0.001926 kN/cm 

Filter paper coverage= 50% 

Consolidation .cell pressure= 110.00 psi (7.920 tsf) 

Consolidation back pressure= 30.00 psi (2.160 tsf) 

Consolidation effective confining stress= 5.760 tsf 

Strain rate, ln./mln. = 0.01 

Fail. Stress= 6. 758 tsf at reading no. 42 

(- Ult. Stress = 6. 758 tsfat reading no. 42 

' Def. Devlator Minor Eff. Major Eff. Pore 

Dial Load Load Strain Stress Stress Stress 1:3 Press. p Q 

No. In. Dial lbs, % tsf tsf tsf Ratio psi tsf tsf 

0 0.0000 25.00 0.0 0.0 0.000 6.588 6.588 I.OD 18.50 6.588 0.000 

1 0.0190 88.20 63.2 0.3 0.736 6.458 7.195 1.11 20.30 6.827 0.368 

2 0.0400 309.60 284.6 0.7 3.304 5,623 8.927 1.59 31.90 7.275 1.652 

3 0.0600 397.00 372.0 1.1 4.303 4.795 9.098 1.90 43.40 6.947 2.152 

4 0.0810 428.60 403.6 1.4 4.651 4.234 8.885 2.10 51.20 6.559 2.326 

5 0.1010 441.90 416.9 1.8 4.787 3.830 8.617 2.25 56.80 6.224 2.393 

6 0.1220 449.40 424.4 2.2 4.854 3.521 8.375 2.38 61.10 5.948 2.427 

7 0.1420 460.20 435.2 2.5 4.960 3.283 8.243 2.51 64.40 5.763 2.480 

8 0.1620 467.70 442.7 2.9 5.027 3.017 8.044 2.67 68.10 5.530 2.513 

9 0.1830 476,00 451.0 3.3 5.101 2.837 7.938 2.80 70.60 5.387 2.551 

10 0.2030 483.50 458.5 3.6 5.167 2.693 7.860 2.92 72.60 '.l.2 /6 2.583 

11 0.2240 489.30 464.3 4.0 5.212 2.585 7.797 3.02 74.J_O 5.191 2.606 

12 0.2440 495.20 470.2 4.4 5.258 2.491 7.750 3.11 75.40 5.120 2.629 

13 0.2650 505.20 480.2 4.7 5.349 2.419 7.768 3.21 76.40 5.094 2.675 

14 0.2850 511.00 486.0 5.1 5.394 . 2.369 7.762 3.28 77.10 5.066 2.697 

15 0.3060 518.50 493.5 5.5 5.455 2.333 7.788 3.34 77.60 5.060 2.728 

16 0.3260 526.80 501.8 5.8 5.526 2.304 7.830 3.40 78.00 5.067 2.763 

17 0.3460 533.50 508.5 6.2 5.579 2.297 7.875 3.43 78.10 5.086 2.789 

18 0.3670 539.30 514.3 6.6 5.620 2.326 7.945 3.42 77.70 5.135 2.810 

19 0.3870 548.40 523.4 6.9 5.697 2.275 7.972 3.50 78.40 5.124 2.849 

20 0.4080 555.90 530.9 7.3 5.756 2.261 8.016 3.55 78.60 5.139 2.878 

21 0.4280 565.90 540.9 7.6 5.841 2.261 8.102 3.58 78.60 5.181 2.921 

HOLCOMB FOUNDATION ENGINEERING CO. 
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. ~ Dof. Deviator MlnorEff. Major Eff. Pore 

i 
\ Dial Load Load Strain Stress Stress Stress 1:3 Press. p Q 

No. in. Dial lbs. ¼ tsf tsf tsf Ratio psi !sf tsf 

22 0.4490 569.20 544.2 8.0 5.853 2.268 8.121 3.58 78.50 5.195 2.927 

23 0.4690 575.10 550.1 8.4 5.894 2.282 8.176 3.58 78.30 5.229 2.947 

24 0.4890 584.20 559.2 8.7 5.968 2.297 8.265 3.60 78.10 5.281 2.984 

25 0.5100 592.50 567.5 9.1 6.031 2.311 8.343 3.61 77.90 5.327 3.016 

26 0.5300 599.20 574.2 9.5 6.079 2.333 8.4 I 1 3.61 77.60 5.372 3.039 

27 0.5510 605.90 580.9 9.8 6.124 2.354 8.479 3.60 77.30 5.416 3.062 

28 0.5710 613.30 588.3 J0.2 6.178 2.362 8.539 3.62 77.20 5.450 3.089 

29 0.5920 617.50 592.5 10.6 6.196 2.405 8.601 3.58 76.60 5.503 3.098 

30 0.6120 626.70 601.7 10.9 6.267 2.527 8.794 3.48 74.90 5.661 3.133 

31 0.6330 638.30 613.3 I 1.3 6.361 2.426 8.787 3.62 76.30 5.607 3.180 

32 0.6530 644.10 619.1 J 1.7 6.395 2.448 8.843 3.61 76.00 5.646 3.198 

33 0.6730 650.80 625.8 12.0 6.438 2.477 8.9]5 3.60 75.60 5.696 3.219 _ 

34 0.6940 656.60 631.6 12.4 6.470 2.498 8.968 3.59 75.30 5.733 3.235 

35 0.7140 662.50 637.5 12.8 6.504 2.506 9.009 3.60 75.20 5.758 3.252 

36 0.7350 669.10 644.1 13.1 6.543 2.542 9.085 3.57 74.70 5.813 3.271 

37 0.7550 678.30 653.3 13.5 6.609 2.563 9.172 3.58 74.40 5.868 3.305 

38 0.7760 684.10 659.l 13.9 6.639 2.585 9.224 3.57 74.10 5.904 3.319 

39 0.7960 690.70 665.7 14.2 6.678 2.614 9.291 3.55 73.70 5.952 3.339 

40 0.8170 699.10 674.1 14.6 6.732 2.635 9.367 3.55 73.40 6.001 3.366 

41 0.8370 701.60 676.6 14.9 6.729 2.700 9.429 3.49 72.50 6.065 3.365 

42 0.8570 707.40 682.4 15.3 6.758 2.686 9.444 3.52 72.70 6.065 3.379 

..._ __________ HOLCOMB FOUNDATION ENGINEERING CO. _________ __, 
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HOLCOMB FOUNDATION ENGINEERING CO., INC. 
SOILS • BITUMINOUS • CONCRETE • INVESTIGATIONS AND TESTING 

SHIPPING ADDRESS 
Box 393 Wood Road 
Carbondale. IL 62901 

April 9, 2007 

Williamson Energy LLC 
PO Box 99 
Johnston City, Illinois 62951 

Attention: Mr. James Plumley 

Re: Coarse Refuse Laboratory Tests 
Mach Mine 
Johnston City, Illinois 
HFE File H-05278 

Dear Sir: 

www.holcombengineering.com 

MAILING ADDRESS 
P.O. Box as 

Carbondale, IL 62903 

618-529-5262 
BDD-333-174D 

FAX 618--457-8991 

In accordance with your instructions, on March 29, 2007, we sampled coarse refuse at Mach Mine 
and performed laboratory tests on remolded samples. Results of the tests are as follows: 

Visual Oassification: Coarse Coal Refuse (Shale, Coal, Sandstone Mixture) 

Proctor Test Results: 
Maximum Dry Unit Weight: 120.3 PCF 
Optimum Moisture Content: 10. 7 % 

Specific Gravity: 2.50 

Triaxial Test Results: 
Effective Cohesion: 
Effective Phi Angle: 

Permeability (2 tests): 

152 PSF 
29. 3 Degrees 

3 x l 0-4 crn./sec. 
2 x 1 0-4 cm.!sec. 

Results of the grain size analysis and the laboratory tests are attached. 
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Mach :Mine Coarse Refuse Tests 

April 9, 2007 

Page2 

If you should have any questions, or if we can be of further assistance, please feel free to contact us 

at your convenience. 

Sincerely, 

1 copy: Justin Harry - Alliance Consulting 

35 1 s7 
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Date: 

Project No.: 

Borina No. 

Coarse Refuse 
Sample #1 

Coarse Refuse 
Sample #2 

-sr. I 57 

HOLCOMB FOUNDATION ENGINEERING CO., INC. 
SOILS - BITUMINOUS - CONCRETE - INVESTIGATIONS AND TESTING 

SHIPPING ADDRESS 
Box 393 Wood Road 
Carbondale, IL 62901 

www.holcombengineering.com 

MAILING ADDRESS 
P.O. Bax BB 

Carbondale, IL 62903 

Permeability Tests Results 
Mach Mine 

4/9/2007 

H-05278 

Deoth (Ft) 

Johnston City, Illinois 

Client 

Moisture Content(%) 
Before Test I After Test 

10.9 

10.1 

I 

14.6 

14.3 

Williamson Energy 

Dry Unit 
Weiaht (PCF) 

115.7 

114.7 

61B-529-5262 
800-333-1740 

F/.v!.. 61B-457-8991 

Pen11eability 
/Cm./Sec.) 

3 X 10-4 

2 X 10-4 

Permeability Tests performed in accordance with ASTM 0-5084 
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Project 

Holcomb Foundation Engineering 

Pond Creek Mine 

Johnston City, Illinois 

Moisture Density Relationship 

Location: Coarse Refuse Disposal Area 

Project No.: H-05278 Proctor Test Results 
Soil Classification: 

Date: 

Test Data 

4/912007 

ASTM D-698 (standard) 

Moisture 

Content(%) 

12.B 

13.2 

10.2 

7.B 

10.7 

Maximum Dry Density (PCF) 

Weathered Coarse Refuse 

120.3 

Optimum Moisture Content{%) 10.7 

Ory Unit Wt 

(PCF) 

118.7 

116.7 

120.1 

119.1 

120.3 

122.0 ~----------------------------------~ 

Proctor Curve 

121.0 

120.0 ♦ 

/; 119.0 ♦ 

♦ 

118.0 

117.0 

♦ 

n5.D ;------------~--~----~--------~--~--~ 

7.0 B.O 9.0 10.0 11.0 12.0 13.0 14.0 
"le Moisture-

57 
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Holcomb Foundation Engineering 

21-7/2 1 314 1123/B 4 10 20 40 
100 

I I I I 
- \ 

90 
- \ 

:U) 8D 
' <1J \ ' co -
'E . ~ 7D 'O 

\ :~ --,.c 
: OJ 6D 
' "iii \ ,;: -
: >, 

50-;.o 
0) -,c 

: ·en 40- -
' Cl) . co 
: 0.. - \ 
·-'C 30 
' (l) " 'u -,~ 
' (l) Project: Mach Mine Coarse Refuse ,o.. 20-

Sample: Coarse Refuse 

1D- -

rt -
J'tr--

0-. II! I l I ! I 11 I I ! I I I ' 
' ' ' J •,, , 1 I I ' I ' 

100 10 1 

I <irnw:{ Smid 
CoM 

I Coarse / I (.'lJ//l'Je Fine Medium 

' 

60 100 200 
I I 

- - -

0.1 

Fillr! 

Grain Size Analysis 
Hydrornater 

' 11 " ' II ' 
• Weathered Coarse Refuse 

0.01 0.001 

Silt or C(191 

\ 

) 

\J,I 
Q> 

~ 

ll) 
"-l 



R16669

Project 

Project No.: 

Sample No. 

Sieve 

2" 
1.5" 
1" 
3/4" 
1/2" 
3/8" 
#4 
#10 
#20 
#40 
#60 
#100 
#200 

HOLCOMB FOUNDATION ENGINEERING CO., INC. 
SOILS • BITUMINOUS • CONCRETE • INVESTIGATIONS AND TESTING 

SHIPPING ADDRESS 
Box 393 Wood Road 
Carbondale, IL 62901 

www.hoJcombengineering.com 

MAILING ADDRESS 
P.O. Box 88 

Carbondale, IL 62903 

Grain Size Analysis 

Mach Mine Client Mach Mine 

H-05278 Date: 4/9/2007 

Coarse Refuse Total Weight: 2290.30 

Wl Retained % Rel % Passing 

0.0 0.0 100.0 
314.4 13.7 86.3 
536.7 23.4 76.6 
674.8 29.5 70.5 
901.6 39.4 60.6 

1061.2 46.3 53.7 
1522.1 66.5 33.5 
1911.6 83.5 16.5 
2091.9 91.3 8.7 
2166.2 94.6 5.4 
2202.2 96.2 3.8 
2223.7 97.1 2.9 
2245.2 98.0 2.0 

618-529-5262 
800~333-1740 

FAX 618-457-8991 
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.!'l ,,,-
"' <D 

c;5 
.; 
<D 
.c 
en 

S.7 Total Effective i 
1 1 

i------11------'-"'=-----===~'--I-~-'---+' .. .L...!...J l 

C, tsf 0.229 0.076 , , : '_J 
di, den 17.4 29.3 ; t ; , 1 : 

' ' 
' ' 

' ' ' 
Tan'·' 0.31 0.56 ' ' ; 

1 : l ; ·m·,, : : i j 
i ! : I 

Total Normal Stress, !sf --
Effective Normal Stress, tsf - - -

Sample No. 1 2 3 
Jf---,'------------------------1 

Water Content, 14.4 12.7 13.! 
Dry Density, pcf 113.2 115.l I 14.6 

Jg Saturation, 95. l 89.0 90.4 
:.S Void Ratio 0.3793 0.3560 0.3615 

-L,--~c- 7~t~-~~ 
3 rtr;I:=~=:~t~~~~~-=~-.=i,,=,==,j,j=.=,=~~

2 

Diameter, in. 2.80 2.80 2.80 
HeighL in. 5.59 5.58 5.58 

Water Content. 
-;;; Dry Density, pcf 

15.2 14.2 14:5 
113.2 115.! 114.6 

2 -t+-i 
.. • I 

; I I i ' ' ri----:--f-·•: +: ~'-~~ ... 
W' ' ' 

' ; 

10 

.;-LJ. ' I 

15 

Axial Strain, % 

20 

~ ~~~~~~:· 
Diameter, in. 
Height, in. 

Strain rate, in./min. 

Back Pressure, tsf 

Cell Pressure, tsf 
Fail. Stress, tsf 

Total Pore Pr., tsf 

UIL Stress, tsf 

100.0 100.0 100.0 
0.3793 0.3560 0.3615 

2.80 2.80 2.80 
5.59 5.58 5.58 
0.00 0.00 0.00 
3.60 3.60 1.80 
5.04 6.48 7.56 
1.85 2.67 5.55 
4.1& 5.27 4.77 
1.85 2.66 5.55 

Total Pore Pr., !sf 
!--------------------- cr, Failure, tsf 

TyfH" ofTe5t: er F•'1lu10 '·F 

4.18 5.22 4.77 
2. 71 3.88 8.34 

J '-' I I.:) 

CU \',,rith Pore Pressures 
0.86 1.21 2. 79 

Sample Type: Coarse Refuse Client: Pond Creek Mine 

Description: 

Assumed Specific Gravity= 2.50 

Remarks: 

Plate 

Tested By: ~L.::Cc__ ________ _ 

Project: Coarse Refuse Laboratory Tests 

Location: Weathered Coarse Refuse 

Proj. No.: H--05278 Date: 4/2/07 

...... TRlAXIACSHEARTEST REPORT. 

HOLCOMB FOUNDATION ENGINEERING CO. 

Checked By: ~T~H'-----------
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Stress Paths: Total --- Effective- - -

Client: Pond Creek Mine 

.P.,oj ect: . Coarse .R.ofus.e Laboratory . .T "-Sis .. 

Location: V-learhered Coarse Refuse 

Project No.: H-05278 

Tested By: =L~C~----------

Plate ___ _ HOLCOMB FOUNDATION ENGINEERING CO. 

Checked By: ~T~H~---------

.:, ( 

I 
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C 

TRIAXIAL COMPRESSION TEST 
CU with Pore Pressures 

Date: 4/2/07 
Client: Pond Creek Mine 
Project: 

Location: 
Coarse Refuse Laboratory Tests 
Weathered Coarse Refuse 

Description: 

Remarks: 
Type of Sample: Coarse Refuse 
Assumed Specific Gravity=2.50 

COE uniform strain 

Specimen Parameter 
Moisture content: Moist soil+tare, gms. 
Moisture content Dry soil+tare, gms. 
Moisture content: Tare, gms. 
Moisture,% 

Moist specim~n weight, gms. 
Diameter, in. 

Area, in.2 

Height, in. 
Net decrease in height, in. 
Wet Density, pcf 
Dry density, pcf. 
Void ratio 

Saturation, 0/2 

Membrane modulus= 0.124105 kN/cm• 
Membrane thickness= 0.02 cm 
Filte-r paper coefficient = 0.001926 kN/cm 
Filter paper coverage= 50% 

LL= 

lnltlal 
179.300 
165.700 
71.400 

14.4 

1170.0 
2.80 
6.16 
5.59 

129.5 
113.2 

0.3793 

95.1 

Consolidation cell pressure= 70.00 psi (5.040 tsf) 
Consolidation back pressure= 50.00 psi (3.600 tsf) 
Consolidation effective confining stress= 1.440 tsf 
Strain rate, inJmin. = 0.00 
Fail. Stress = 1.845 tsf at reading no. 31 
Ult. Stress 11 1.845 I.!,[ &t 1 ~dd'i11y 110. 3 I 

PL= 

15.2 

2.80 
6.16 

5.59 
0.00 

130.3 
113.2 

0.3793 

Pl= 

Consolidated 

15.2 

2.80 
6.16 
5.59 
0.00 

130.3 

113.2 
0.3793 

100.0 

4/9/2007 
11:10 AM 

1117.500 
79.600 

13.3 

.., r 

.._ __________ HOLCOMB FOUNDATION ENGINEERING CO. __________ __, 
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Def. Dsviator Minor Eff. Major Eff. Pora 

Dial Load Load Strain Stress Stress Stress 1:3 Press. p Q 

i:,,o. In. Dial lbs. % tsf tsf tsf Ratio psi tsf ts! 

0 0.0000 19. 10 0.0 0.0 0.000 1.627 1.627 1.00 47.40 1.627 0.000 

0.0190 20.00 0.9 0.3 0.001 1.642 1.642 1.00 47.20 1.642 0.000 

2 0.0400 20.00 0.9 0.7 0.000 1.656 1.656 1.00 47.00 1.656 0.000 

3 0.0600 20.00 0,9 1.1 0.000 1.663 1.663 1.00 46.90 1.663 0.000 

4 0.0810 20.00 0.9 1.4 0.000 1.678 1.678 1.00 46.70 1.678 0.000 

5 O.l O 10 25.00 5.9 1.8 0.017 1.678 1.694 1.01 46.70 1.686 0.008 

6 0.1220 99.00 79.9 2.2 0.857 1.3 l8 2.175 1.65 51.70 1.746 0.429 

7 0.1420 124.00 104.9 2.5 1.195 1.152 2.347 2.04 54.00 1.750 0.598 

8 0.1620 134.80 115.7 2.9 1.314 1.058 2.372 2.24 55.30 1.715 0.657 

9 0.1830 140.60 121.5 3.3 1.374 1.001 2.375 2.37 56.10 1.688 0.687 

10 0.2030 144.80 125.7 3.6 1.416 0.965 2.381 2.47 56.60 1.673 0.708 

1 I 0.2240 148.10 129.0 4.0 1.448 0.936 2.384 2.55 57.00 1.660 0.724 

12 0.2440 150.60 131.5 4.4 1.471 0.914 2.385 2.61 57.30 1.650 0.735 

13 0.2650 153.10 134.0 4.7 1.493 0.900 2.393 2.66 57.50 1.646 0.746 

14 0.2850 155.60 136.5 5.1 1.515 0.878 2.393 2.72 57.80 1.636 0.757 

15 0.3060 157.30 138.2 5.5 1.528 0.864 2.392 2.77 58.00 1.628 0.764 

16 0.3260 159.80 140.7 5.8 1.549 0.857 2.406 2.81 58.10 1.63 I 0.775 

17 0.3460 I 62.30 143.2 6.2 1.571 0.850 2.420 2.85 58.20 1.635 0.785 

18 0.3670 I 63.10 144.0 6.6 1.573 0.835 2.408 2.88 58.40 1.622 0.787 

19 0.3870 I 66.40 147.3 6.9 1.603 0.828 2.431 294 58.50 1.630 0.802 

20 0.4080 168.90 149.8 7.3 1.624 0.821 2.445 2.98 58.60 1.633 0.812 

21 0.4490 172.30 153.2 8.0 1.648 0.814 2.461 3.02 58.70 1.637 0.824 

22 0.4890 173.90 154.8 8.7 1.652 0.806 2.458 3.05 58.80 1.632 0.826 

23 0.5300 178.90 159.8 9.5 1.691 0.806 2.498 J.10 58.80 l .652 0.846 

24 0.5710 I 84.80 165.7 10.2 1.740 0.814 2.553 3.14 58.70 1.683 0.870 

25 0.6120 I 86.40 I 67.3 10.9 1.742 0.806 2.549 3.16 58.80 1.677 0.871 

26 0.6530 190.60 171.5 11.7 1.771 0.821 2.592 3.i'6 58.60 1.706 0.886 

r _, 0.6940 195.60 176.5 12.4 1.808 0.821 2.628 3.20 58.60 1.725 0.904 

28 0.7350 197.20 178.l I 3 .I 1.809 0.835 2.644 3.17 58.40 1.740 0.904 

29 0.7760 201.40 182.3 13.9 1.836 0.842 2.678 3.18 58.30 1.760 0.918 

30 0.8170 204.70 185.6 14.6 1.853 0.857 2.710 3.16 58.10 l.783 0.927 

31 0.8370 204.70 185.6 15.0 1.845 0.864 2.709 3.14 58.00 1.787 0.923 

.__ __________ HOLCOMB FOUNDATION ENGINEERING CO. -------------' 
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Specimen Parameter Initial 

Moisture content: Moist soil+tare, gms. 169.900 

Moisture content: Dry soil+tare, gms. 

Moisture content: Tare, gms. 

Moisture,% 

158.800 

71.200 

12.7 

Moist specimen weight, gms. 

Diameter, in. 

Area, in.2 

Height, in. 

Net decrease in height, in. 

Wet Density, pc:f 

Dry density, pcf 

Void ratio 

Saturation,% 

l 169.8 

2.80 

6.[6 

5.58 

129.7 

115.l 
0.3560 

89.0 

Membrane modulus= 0.124105 kN/cm2 

f.i!embrane thickness= 0.02 cm 

Filter paper coefficient= 0.00 l 926 k:N/cm 

Filter paper coverage = 50% 

Consolidation cell pressure= 90.00 psi (6.480 tst) 
Consolidation back pressure= 50.00 psi (3.600 tst) 
Consolidation effective confining stress= 2.880 tsf 
Strain rate, inJmln. = 0.00 

Fail. Stress= 2.666 tsf at reading no. 27 

Ult. Stress = 2.663 tsf at reading no. 31 

Def. Deviator 
Dial Load Load Strain Stress 

No. in. Dial lbs. ¾ tsf 

0 0.0000 62.40 0.0 0.0 0.000 

I 0.0220 173.10 I 10.7 0.4 1.289 

2 0.0420 206.40 144.0 0.8 !.671 

3 0.0620 223.00 160.6 l.l 1.857 

4 0.0830 230.50 168.l 1.5 1.936 

5 0.1030 235.50 173.l 1.8 l.987 

6 0.1240 238.00 l 75.6 2.2 2.008 

7 0.1440 242.20 [79.8 2.6 2.048 

8 0.1650 245.50 l 83.1 3.0 2.078 

9 0.1850 248.80 I 86.4 3.3 2.107 

10 0.2060 252.20 189.8 3.7 2.137 

11 0.2260 254.70 192.3 4.0 2.158 

12 0.2460 253.80 191.4 4.4 2.139 

13 0.2670 258.80 196.4 4.8 2.187 

14 0.2870 260.50 198.l 5.1 2.l 97 

I 5 0.3080 263.00 200.6 5.5 2.216 

16 0.3280 265.50 203.1 5.9 2.235 

17 0.3490 268.80 206.4 6.3 2.263 

--111 . ··o:,o90-· ·2Gs:so-· W6:,··· --5_5·. "T2~---

19 0.3900 273.00 210.6 7.0 2.290 

20 0.4100 275.50 21 J.I "' , ., 2.309 

21 0.4510 281.30 218.9 8.1 2.353 

Minor Eff. 
Stress 

tsf 

3.967 

2.484 

2.016 

l.764 

l.613 

1.512 

l.447 

1390 

1.346 

1.310 

1.289 

I.267 

1.253 

l.238 

1.23 l 

1.217 

1.210 

1.210 
· u02· 

l.195 

I. I 95 
1.188 

Saturated Consolidated 

14.2 14.2 

2.80 2.80 

6.16 6.16 

5.58 5.58 

0.00 0.00 

131.5 131.5 

115. l l 15.1 

0.3560 0.3560 

100.0 100.0 

Major Eff. Pore 
Stress 1:3 Press. p 

tsf Ratio psi !sf 

3.967 1.00 34.90 3.967 

3.773 1.52 55.50 3.129 

3.687 1.83 62.00 2.852 

3.621 2.05 65.50 2.693 

3.549 2.20 67.60 2.581 

3.499 2.3 I 69.00 2.505 

3.455 2.39 69.90 2.451 

3.438 2.47 70.70 2.414 

3.424 2.54 71.30 2.385 

3.418 2.61 71.80 2.364 

3.426 2.66 72.10 2.358 

3.425 2.70 72.40 2.346 

3.392 2.71 72.60 2.322 

3.425 2.77 72.80 2.332 

3.428 2.78 72.90 2.330 

3.433 2.82 73.10 2.325 

3.445 2.85 73.20 2.327 

3.472 2.87 73.20 2.341 

T45o· . ... 2'.87. 73:30 .. 2':!29 ..... 

3.486 2.92 73.40 2.340 

3.504 2.93 73.40 2.350 

3.541 2.98 73.50 2.364 

HOLCOMB FOUNDATION ENGINEERING CO. 

Q 
!sf 

0.000 

0.645 

0.836 

0.929 

0.968 

0.993 

1.004 

1.024 

l.039 

1.054 

1.069 

1.079 

1.070 

1.093 

1.099 

I. I 08 

I.I 18 

1.131 
··r:T2T 

1.145 

l.154 

l.176 

77 / 

Final 

1238.700 

1117.200 

73. l 00 

11.6 
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( Def. Deviator Minor Eff. Major Eff. 
Dial Load Load Strain Stress Stress 

No. in. Dial lbs. % t,;f tsf 

22 0.4920 284.60 222.2 8.8 2.369 l.!95 

23 0.5330 292.10 229.7 9.6 2.429 1.195 

24 0.5740 296.30 233.9 10.3 2.454 1.202 

25 0.6140 300.40 238.0 ll.O 2.477 1.202 

26 0.6440 305.40 243.0 ll.5 2.514 1.217 

27 0.6960 322.90 260.5 12.5 2.666 1.210 

28 0.7370 316.20 253.8 13.2 2.576 1.238 

29 0.7780 322.10 259.7 13.9 2.613 1.238 

30 0.8190 328.70 266.3 14.7 2.657 1.253 

31 0.8390 330.40 268.0 15.0 2.663 1.260 

Specimen Parameter Initial 

Moisture content: Moist soil+tare, gms. 171.400 

Moisture Content: Dry soil+tare, gms. 

Moisture·content Tare, gms. 

160.000 

72.800 

Moisture, 11'/IJ 13.l 

Moist specimen weight, gms. ll 68.8 

Diameter1 in. 

Area, in.2 

Height, in. 

Net decrease in height, in. 

Wet Density, pcf 

Dry density, pct 

2.80 

6.16 

5.58 

129.6 

l 14.6 

Void ratio 0.3615 

Saturation, % 

Membrane modulus= 0.124105 kN/cm2 

Membrane thickness = 0.02 cm 

Filter paper coefficient= 0.001926 k,'-f/cm 

Filter paper coverage= 50% 

90.4 

Consolidation cell pressure= 105.00 psi (7.560 tsi) 

Consolidation back pressure= 25.00 psi {l.800 tsi) 

Consolidation effective confining stress= 5.760 tsf 
Strain rate, inJmin. = 0.00 

Fail. Stress= 5.549 tsf at reading no. 35 

Ult. Stress = 5.549 tsf at reading no. 35 

Def. Deviator 
Dial Load Load Strain Stress 

No. in. Dial lbs. ¾ tsf 

0 0.0020 102.40 0.0 0.0 0.000 

0.0170 286.30 I 83.9 0.3 2.145 

2 0.0370 364.50 262.1 0.6 3.046 

3 0.0580 407.00 304.6 1.0 3.526 

·4 0:'7'1£0- 416cl(Y· 32J-:·r ····tA· 3:73'.l·· .. 

5 0.0990 437.70 335.3 1.7 3.853 

6 0.1190 449.40 347.0 2.1 3.972 

7 0.1400 457.70 ]55.3 2.5 4.052 

MinorEff. 
Stress 

tsf 

7.207 

6.674 

6.113 

5.537 
----4:997 · 

4.536 

4.133 

3.838 

stress 1:3 
t,;f Ratio 

3.564 2.98 

3.625 3.03 

3.656 3.04 

3.679 3.06 

3.730 3.07 

3.876 3.20 

3.814 3.08 

3.852 3. l l 

3.9!0 3.12 

3.923 3.l l 

Saturated 

14.5 

2.80 

6.16 

5.58 

0.00 

131.2 

114.6 

0.3615 

100.0 

Major Eff. 
Stress 1:3 

tsf Ratio 

7.207 I.DO 

8.819 1.32 

9.158 1.50 

9.063 1.64 
g-_730-- . T.7s·· 

8.389 1.85 

8.105 1.96 

7.889 2.06 

Pore 
Prass. p 

psi tsf 

73.40 2.380 

73.40 2.410 

73.30 2.429 

73.30 2.441 

73.10 2.474 

73.20 2.543 

72.80 2.526 

72.80 2.545 

72.60 2.581 

72.50 2.591 

Consolidated 

14.5 

2.80 

6.16 

5.58 

0.00 

131.2 

114.6 

0.3615 

100.0 

Pore 
Press. p 

psi t,;f 

4.90 7.207 

12.30 i,747 

20.10 7.636 

28.10 7.300 

Q 
t,;f 

1.185 

1.215 

1.227 

1.238 

1.257 

l.333 

1.288 

l.307 

1.328 

1.331 

Q 
tsf 

0.000 

1.072 

1.523 

l.i63 

Final 

1284.500 

l 180.500 

134.900 

9.9 

33:60". o.864 ···T.867 

42.00 6.462 1.926 

47.60 6.119 1.986 

5l.70 5.863 2.026 

HOLCOMB FOUNDATION ENGINEERING CO. 
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Def. Deviator MinorEff. Major Eff. Pore 

Dial Load Load Strain Stress Stress Stress 1:3 Press. p Q 

No. In. Dial lbs. % tsf tsf tsf Ratio psi tsf tsf 

8 0.1600 464.40 362.0 2.8 4.113 3.593 7.706 2.14 55.10 5.649 2.056 

9 0.1810 474.40 372.0 3.2 4.210 3.384 7.594 2.24 58.00 5.489 2.105 

10 0.2010 481.90 379.5 3.6 4.279 3.21 l 7.490 2.33 60.40 5.351 2.140 

11 0.2210 487.70 385.3 3.9 4.328 3.074 7.403 2.41 62.30 5.239 2.164 

12 0.2420 495.20 392.8 4.3 4.395 2.959 7.355 2.49 63.90 5.157 2.198 

13 0.2620 503.50 401.1 4.7 4.471 2.851 7.323 2.57 65.40 5.087 2.236 

14 0.2830 509.30 406.9 5.0 4.518 2.772 7.290 2.63 66.50 5.031 2.259 

15 0.3030 519.30 416.9 5.4 4.612 2.693 7.305 2.71 67.60 4.999 2.306 

16 0.3240 522.60 420.2 5.8 4.630 2.650 7.279 2.75 68.20 4.965 2.315 

17 0.3440 526.00 423.6 6.1 4.650 2.621 7.270 2.77 68.60 4.946 2.325 

18 0.3650 534.30 431.9 6.5 4.722 2.578 7.299 2.83 69.20 4.938 2.361 

19 0.3850 541.80 439.4 6.9 4.785 2.549 7.334 2.88 69.60 4.941 2.393 

20 0.4050 546.80 444.4 7.2 4.821 2.534 7.355 2.90 69.80 4.945 2.411 

21 0.4260 553.40 451.0 7.6 4.873 2.520 7.393 2.93 70.00 4.956 2.436 

22 0.4460 558.40 456.0 8.0 4.908 2.506 7.413 2.96 70.20 4.959 2.454 

23 0.4670 560.90 458.5 8.3 4.914 2.506 7.420 2.96 70.20 4.963 2.457 

24 0.4870 569.20 466.8 8.7 4.984 2.506 7.489 2.99 70.20 4.997 2.492 

25 0.5080 574.20 47l.8 9.1 5.016 2.513 7.529 3.00 70.10 5.021 2.508 

26 0.5280 580.10 477.7 9.4 5.059 2.520 7.579 3.01 70.00 5.050 2.530 

27 0.5690 592.50 490.1 10.2 5.148 2.534 7.683 3.03 69.80 5.109 2.574 

28 0.6100 600.00 497.6 10.9 5.184 2.570 7.755 3.02 69.30 5.163 2.592 

29 0.6510 610.90 508.5 11.6 5.254 2.599 7.853 3.02 68.90 5.226 2.627 

30 0.6920 625.80 523.4 12.4 5.363 2.628 7.991 3.04 68.50 5.310 2.682 

31 0.7330 631.70 529.3 13.1 5.378 2.671 8.049 3.01 67.90 5.360 2.689 

32 0.7730 641.60 539.2 13.8 5.434 2.707 8.141 3.01 67.40 5.424 2.717 

33 0.8140 651.60 549.2 14.6 5.487 2.750 8.238 3.00 66.80 5.494 2.744 

34 0.8350 656.60 554.2 14.9 5.513 2.772 8.285 2.99 66.50 5.528 2.756 

35 0.8540 662.50 560.1 15.3 5.549 2.786 8.335 2.99 66.30 5.561 2.775 

'------------ HOLCOMB FOUNDATION ENGINEERING CO. ----------....! 
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ATTACHMENT 

Civil & Environmental Consultants (CEC), Inc. Calculation Brief Entitled "Estimation and Summary 
of Engineering Properties Including Peak and Steady-State Undrained Shear Strength for Refuse 
and Subgrade Materials," Pond Creek Coal Refuse Disposal Site - South Pond Stage 2," BEG, 
07/12/08. 
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Civil & Environmental Consultants, Inc. 
Williamson Energy Pond Creek - South Pond 

PROJECT Phase 2 Abandonment Evaluation PROJECT NO. 080851 

Estimation and Summary of Engineering Properties PAGE I OF 

for Fine Coal Refuse 

MADE !3Y _:::::.Bc:::EG::c__ DATE _.:..;7/c;:lc::2/:..:0c.::8_ CHECKED BY ~ DATE --,,1~ (re 

CALCULATION BRIEF 
FOR 

ESTIMATION AND SUMMARY OF ENGINEERING PROPERTIBS 
INCLUDING PEAK AND STEADY-STATE UNDRAINED SHEAR STRENGTH 

FOR REFUSE AND SUB GRADE MATERIALS 

POND CREEK COAL REFUSE DISPOSAL SITE- SOUTH POND STAGE 2 

OBJECTIVE: 

REFERENCES: 

To estimate and summarize engineering properties for fine coal refuse 
materials samples obtained at the Pond Creek Coal Refuse Disposal site 
including unit weight (y), specific gravity (G,), effective strength, i.e., 
angle of internal friction (<j>') and cohesion (c'), total strength, peak 
undrained shear strength (Sup), and steady-state undrained shear strength 
(Sus)- The various strengths will be used in the South Pond abandonment 
analyses model(s). 

1. Civil & Environmental Consultants (CEC), Inc. Calculation Brief Entitled "Summary of 
Piezo-Sei~rnic Cone Penetration Testing," Pond Creek Coal Refuse Disposal Site," BEG, 
12/21/07. 

2. Civil & Environmental Consultants (CEC), Inc. Calculation Brief Entitled "Summary of 
Laboratory Testing - Fine Coal Refuse," Pond Creek Coal Refuse Disposal Site - South 
Pond," BEG, 7/10/08. 

3. Alliance Consulting, Inc., "Appendix C Laboratory Testing, Proposed Coal Refuse 
Disposal Facility No. 2, Pond Creek Mine No. 1, Williamson County, Illinois." 

4. Poulos, S.J., Castro, G., France, J.W. (1985), "Liquefaction Evaluation Procedure," 
Journal of Geotechnical Engineering, ASCE, 111(6), pp. 772-791. 
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Civil & Environmental Consultants, Inc. 
Williamson Energy Pond Creek - South Pond 

PROJECT Phase 2 Abandonment Evaluation PROJECT NO. 080851 

Estimation and Summary of Engineering Properties PAGE 2-- OF 

for Fine Coal Refuse 

MADE BY _..=B:..:E::.:G::..__ DATE _.;.;7/c::1=2/_::0.=_8_ CHECKED BY ~'> DATE l/21,(!:6 

5. Genes, B.E., Keller, T.O., and Laird, J.P. (2000) "Steady State Liquefaction Susceptibility 
of High Hazard Upstream-Constructed Coal Refuse Disposal Facilities," Proceedings of 
Tailings Dams 2000, ASDSO/USCOLD, Las Vegas, NV, March 28-30, pp. 47-58. 

6. Almes, R. A. and Butail, A. (1976) "Coal Refuse: Its Behavior Related to the Design and 
Operation of Coal Refuse Disposal Facilities," Proceedings of the Ohio River Valley 
Soils Seminar, Lexington, Kentucky, October, 1976. 

7. Bowles, Joseph E. (1984) "Physical and Geotechnical Properties of Soils," Mc-Graw Hill. 
New York: 367-369 and 393-396. 

SOIL PROPERTIES: 

The following soil properties were estimated based on laboratory testing [Reference Numbers 
(Ref. Nos.) 2 and 3] performed for abandonment analyses and/or provided by Alliance 
Consulting, Inc. for previous deformation analyses, which are used in the various slope stability 
analyses and attached for information: 

Rf S P e use/ oil ronerties 
Friction 

Unit Weight Angle Cohesion cri 

(y) (<jl) (c) 
Description (pcf) (degrees) (nsf) Comment 

Coarse Refuse 130 36 0 Frictional 

6 

36.9 0 Effective Strength (Drained) 

Fine Coal Refuse 85 18.8 0 Total Strength (Undrained) 

0 Varies (See Below) Steady-State (Undrained) 

19.5 400 Total Strength (Undrained) 
Residual Soil 125 

0 3000 80% Peak Undrained 
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Civil & Environmental Consultants, Inc. 
Williamson Energy Pond Creek - South Pond 

PROJECT Phase 2 Abandonment Evaluation PROJECT NO. 080851 

Estimation and Summary of Engineering Properties PAGE .J OF 

for Fine Coal Refuse 

MADE BY __ B_E_G __ DATE ---'-7/"'1"'2/c..:0-=.8_ CHECKED BY t--'g3. DATE 1 (2,3 /cg 

LABORATORY-DERIVED Sup and Su,: 

Two (2) consolidated - undrained (CU) triaxial series tests (3 points each) were performed on 

reconstituted bulk fine coal refuse slurry to determine effective and total strength parameters as 

well as peak (Sup) and steady-state (Sus) undrained shear strengths. Samples were prepared in the 

laboratory to simulate in-situ placement and consolidation. Samples were consolidated to a 

range of vertical effective stresses of about 5, 10 and 20 pounds per square inch (psi) [or 720 to 

2880 pounds per square foot (psf)]. All specimens exhibited contractive behavior when sheared 

under undrained conditions. In general, all specimens reached, or nearly reached, a steady-state 

of deformation within the strain limits of the test equipment. 

A total of 6 CU points comprise the (2) series from which peak and steady-state shear strength 

state. Sus represents the liquefied shear strength [i.e., the minimum (residual) strength available 

following a rapid loading event, such as an earthquake]. 

The following equations (Ref. No. 4) were used to calculate peak (Sup) and steady-state (Sus) 

shear strengths from laboratory test specimens: 

Peak: 

Sup = qup COS $p 

Or 

Sup= cr\p [cos $p sin <jlp] / (1- sin $p) 

Steady-State: 

Sus = qus COS $us 

Or 

Sus= cr' 3s [cos $us sin $us] / (1 - sin $us) 

6 
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Where, 

qup = shear stress on 45-degree plane at peak strain 

tpp = friction angle at peak = arcs in ( q/p) at peak strain 

cr' 3P = lateral effective stress at peak strain 

CHECKEDBY /Jg':, 

qus = shear stress on 45-degree plane at steady-state (max) strain 

~us= friction angle at steady-state = arcsin ( q/p) at max strain 

cr' 3u, = lateral effective stress at steady-state (max) strain 

PAGE 'i OF 

DATE 7(2,s(C8 

The following peak and steady-state data is presented from CU testing on bulk fine coal refuse 
samples Bucket 1 and Bucket 2 and applying the equations above. CU laboratory test results are 
attached. 

6 
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Sample No. Bucket 1 - Fine Coal Refuse Bucket 2 - Fine Coal Refuse 

CU Test No. 1 2 3 1 2 3 
(Confining (5.2 psi) (10.2 psi) (20.4 psi) (5.2 psi) (10.4 psi) (20.4 psi) 
Pressure) 

Parameter 

qup (psi) @ 4.61 7.54 10.82 3.37 5.73 11.67 

Peak Strain (%) 18.4 13.4 13.5 10.3 14.2 8.4 

<pp(deg) 40.4 39.6 37.8 38.3 39.2 37.5 

cr' 3p (psi) 2.5 4.3 6.8 2.1 3.3 7.5 

Sup (psi) 3.51 5.81 8.55 2.64 4.44 9.26 

qus (psi) @ 4.59 7.33 10.02 3.28 5.4 10.61 

Max. Strain(%) 21.5 21.67 21.74 17.29 21.32 21.42 

$us (deg) 40.4 39.0 36.7 36.3 38.6 35.7 

cr' 3us (psi) 2.4 4.3 6.7 2.1 3.3 7.6 

Sus (psi) 3.37 5.67 7.98 2.46 4.28 8.65 

A plot of the Sus of the reconstituted coal refuse slurry samples versus vertical effective stress 
(cr'v) is presented in the attached Figure 1. The equivalent effective vertical stress was assumed 
to be 1.5 times the isotropic effective consolidation stress (i.e., l.5*cr'3). A 2/3 - 1/3 
relationship of the data was employed to yield an Sus to cr'v relationship of Sus = 0.28 cr'v. Ref. 
No. 5 and recent undisturbed/remolded fine coal refuse testing on other projects yielded a range 
of Sus= 0.06 to 0.28 cr'v, with an average of about Sus= 0.22 cr'v. Since site specific testing was 
performed, a reasonable Sus to cr'v relationship of Sus= 0.24 cr'v is considered realistic with some 
conservatism. The impounded/abandoned fine coal refuse in the South Pond will be modeled 
utilizing this relationship. 
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Subsequent slope stability analyses determine the magnitude of driving shear stress on a failure 
plane through the fine coal refuse impoundment to assess the required Su, to maintain 
equilibrium and assess the likelihood of a (liquefaction) flow failure. Post-earthquake slope 
stability of the embankment/impoundment is evaluated as well to assess the failure potential of 
the South Pond embankment using the abandonment geometry. 

CONCLUSIONS 

Laboratory undrained shear strength data from consolidated undrained triaxial tests of fine coal 
refuse were determined. Procedures were performed to estimate Sup, Sus, and a reasonable Su, to 
cr'v relationship of Su,= 0.24 cr'v for the material. The results of the laboratory testing indicated 
Sup and Sus reach their peak and steady-state strength at high strains, and there is very little drop 
off with increasing strain. Further, Sup and Sus values generally indicated resistance to flow. 
Thus, the results suggest undrained strengths of the fine coal refuse will be maintained at or near 
peak levels during an undrained event such as an earthquake, and the susceptibility of the 
impounded fine coal refuse to a liquefaction flow failure is a function of both the undrained 
strength (worst case steady-state strength) and the in-situ driving shear stress on a critical failure 
plane through the fine refuse material. 

Based on this information, the properties evaluated/developed in Ref. No. 2 for fine coal refuse, 
as well as coarse refuse and residual soil, indicated the South Pond fine coal refuse has sufficient 
steady-state shear strength to limit the flowability of the material. The likelihood of a flow 
failure associated with the abandonment scenario will be assessed in a subsequent calculation 
brief by evaluating the driving shear stress and factor of safety against liquefaction in the fine 
coal refuse. ,._ _________ . ~,.·-----------------------------' 
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Pond Creek Phase 2 South Pond 
Steady-State Undrained Strength vs. Vertical Effective Stress 
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Client 
Client Reference 
Project No. 
Lab ID 

30 

25 ---

20 

·;;; 

CONSOLIDATED UNDRAINED TRIAXIAL TEST 
WITH PORE PRESSURE READINGS 

ASTM D4767-95 / AASHTO T297-94 (SOP-S28) 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-01 

Boring No. 
Depth(ft.) 
Sample No. 

SOUTH POND 
NA 
BUCKET 1 

Consolidated Undrained Triaxial Test with Pore Pressure 

SIN cp = TAN ex. 
a 

C= --
COS ct:> 

315 f--------------'------'-----.,;,"------+---~---------'-------j 
d 

" -t o ~---~--~~------~-=---~-------~-----------~ 
o 5 10 

··•?- Max. Effec. Stress Ratio Points 

a = 

a. = 

15 20 25 

P, (psi) 

30 

-Failure Envelope · :: Test No. 1 

0.00 
30.5 

C = 
CD = 

35 40 

--TestNo.2 

0.001 
36.14 

Tested By JCM Date 05/21 /08 Approved By U!;) 
page 1 of 8 OCN· CT-528 DATE 6-25-98 REVISION 1 

45 

--::::-Test No. 3 

544 Braddock Avenue • East Pittsburgh, PA 15112 • 412-823-7600 FAX 412-823-8999 • www.geotechnics.net 

50 



R16689

Client 

Client Reference 

Project No. 
Lab ID 

Visual Description-

CONSOLIDATED UNDRAINED TRIAXIAL TEST 
WITH PORE PRESSURE READINGS 

ASTM D4767-95 / MSHTO T297-94 (SOP-S28) 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-01 

Boring No. 
Depth(ft.) 
Sample No. 

BLACK COAL REFUSE SLURRY (REMOLDED) 

SOUTH POND 
NA 
BUCKET 1 

25 ~----------------------------------

20 

15 
·;;; 
.2' 
• • e 
in 
.'l 
ro ·, 
• 0 

10 

5 

01,------------------------------------' 
0 5 10 15 20 25 

Strain{%) 

-(;-Test No. 1 -e-Test No. 2 -a-Test No. 3 

Tested By JCM Date 05/21 /08 Approved By Date (e ftq o8 
µage 2 of B 

544 Braddock Avenue • East Pittsburgh, PA 15112 • 412-823-7600 • FAX412-823-8999 • www.geotechnics.net 
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CONSOLIDATED UNDRAINED TRIAXIAL TEST 
WITH PORE PRESSURE READINGS 

ASTM D4767-95 I AASHTO T297-94 (SOP-S28) §t~,~~'~"~ 
:!ient 

Client Reference 
Project No. 
Lab ID 

Visual Description: 

I 
Stage No. 
Test No 

PRESSURES (psi) 

Cell Pressure(psi) 
Back Pressure(psi) 
Eff. Cons. Pressure(psi) 
Pore Pressure 
Response (%) 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-01 

Boring No. 
Depth (ft.) 
Sample No. 

SOUTH POND 
NA 
BUCKET 1 

BLACK COAL REFUSE SLURRY (REMOLDED) 

36.6 
31.4 

5.2 

98 

INITIAL SAMPLE DIMENSIONS (in) 

Length 1 3.140 
Length 2 3.148 
Length 3 3.151 
Avg Leng.= 3.146 

VOLUME CHANGE 

Diameter 1 
Diameter 2 
Diameter 3 
Avg. Diam.= 

Initial Surette Reading (ml) 
Final Surette Reading (ml) 
Final Change (ml) 

MAXIMUM OBLIQUITY POINTS 

p 
Q 

= 
= 

LOAD 
(LBS) 

6.8 
8.2 
8.8 
10.3 
12.1 
15.1 
15.8 
16.2 
17.1 
17.2 
17.8 
18.4 
18.5 
18.8 
19.0 
18.9 
19.4 
19.6 
20.2 
20.7 
20.8 
21.4 
21.4 
21.6 
22.0 
21.8 
22.8 
23.1 
23.5 
23.1 
24.0 

Tested By 

6.41 
3,95 

JCM Date 

Initial Dial Reading (D.R.), mils 
D.R. After Saturation, mils 
D.R. After Consolidation, mils 

DEFORMATION 
(INCHES) 

PORE PRESSURE 
(PSI) 

0,000 
0.001 
0.002 
0,005 
0.008 
0.016 
0.020 
0.026 
0.038 
0.051 
0,069 
0.085 
0.101 
0.116 
0.132 
0.158 
0.182 
0.205 
0.236 
0.260 
0.292 
0.316 
0.340 
0.371 
0.411 
0.443 
0.490 
0.530 
0.569 
0.610 
0.664 

05/21/08 Input Checked By 

31.4 
32.1 
32.1 
32.5 
32.8 
33.2 
33.4 
33.6 
33.7 
33.8 
33,9 
34.0 
34.0 
34.1 
34.1 
34.1 
34.:i 
34.2 
34.2 
34.2 
34.1 
34.3 
34.1 
34.1 
34.1 
34.1 
34.1 
34.2 
34.1 
34.1 
34.2 

Date 
i-)Jge 3 of 8 DCN· CT.S26 DATE 6-25-98 REVISION 1 

1.375 
1.389 
1.399 
1.388 

24.0 
21.7 

2.3 

235 
250 
294 
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CONSOLIDATED UNDRAINED TRIAXIAL TEST 
WITH PORE PRESSURE READINGS 

ASTM D4767-95 / AASHTO T297-94 (SOP-828) §~!~~~,!,~! 
Client 
Client Reference 
Project No. 
Lab 10 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-01 

Boring No. 
Oepth(ft.) 
Sample No. 

SOUTH POND 
NA 
BUCKET 1 

Visual Description: BLACK COAL REFUSE SLURRY (REMOLDED) 

'. Effective Confining Pressure (psi) 

INITIAL DIMENSIONS 

Initial Sample Length (in.) 
initial Sample Diameter (in.) 
,,iitial Sample Area (inA2) 
i11iiial Sample Volume (in'3) 

Strain Deviation 

(%) Stress 

0.02 0.98 0.73 
0.07 1.39 0.75 
0.15 2.40 1.15 
0.25 3.62 1.36 
0.52 5.63 1.79 
0.66 6.03 2.01 
0.84 6.35 2.21 
1.22 6.92 2.33 
1.64 6.91 2.40 
2.25 7.31 2.55 
2.75 7.66 2.61 
3.27 7.71 2.64 
3.77 7.81 2.68 
4.28 7.90 2.74 
5.11 7.78 2.71 
5.89 8.02 2.84 
6.65 8.13 2.78 
7.66 8.39 2.83 
8.42 8.64 2.76 
9.45 8.59 2.72 
10.23 8.90 2.86 
11.00 8.80 2.67 
12.03 8.83 2.74 
13.30 8.93 2.72 
14.34 8.73 2.69 
15.88 9.12 2.66 
17.15 9.15 2.77 
13.44 9.22 2.70 
°19.74 8.86 2.70 
21.51 9.19 2.82 

Tested By JCM 

5.2 

3.15 
1.39 
1.51 
4.76 

5.45 
5.84 
6.46 
7.46 
9.04 
9.22 
9.34 
9.79 
9.71 
9.96 

10.25 
10.26 
10.34 
10.37 
10.27 
10.38 
10.56 
10.76 
11.09 
11..07 
11.25 
11.33 
11.29 
11.41 
11.25 
11.66 
11.59 
11.72 
11.36 
11.56 

Date 

4.5 
4.5 
4.1 
3.8 
3.4 
3.2 
3.0 
2.9 
2.8 
2.7 
2.6 
2.6 
2.5 
2.5 
2.5 
2.4 
2.4 
2.4 
2.4 
2.5 
2.3 
2.5 
2.5 
2.5 
2.5 
2.5 
2.4 
2.5 
2.5 
2.4 

05/21 /08 

Stage No. 
Test No 

VOLUME CHANGE 

Volume After Consolidation (inA3) 
Length After Consolidation (in) 
Area After Consolidation (inA2) 

Effective Principle 

Stress Ratio 

1.219 
1.311 
1.593 
1.941 
2.649 
2.893 
3.125 
3.417 
3.469 
3.753 
3.961 
4.017 
4.098 
4.208 
4.124 
4.400 
4.359 
4.538 
4.536 
4.464 
4.797 
4.474 
4.594 
4.601 
4.477 
4.587 
4.762 
4.691 
4.536 
4.864 

A 

0.76 
0.55 
0.49 
0.38 
0.32 
0.34 
0.36 
0.34 
0.35 
0.36 
0.35 
0.35 
0.35 
0.35 
0.36 
0.36 
0.35 
0.34 
0.33 
0.32 
0.33 
0.31 
0.32 
0.31 
0.31 
0.30 
0.31 
0.30 
0.31 
0.31 

p 

4.96 
5.14 
5.25 
5.65 
6.23 
6.20 
6.16 
6.33 
6.26 
6.31 
6.42 
6.41 
6.43 
6.41 
6.38 
6.37 
6.49 
6.56 
6.77 
6.77 
6.79 
6.93 
6.87 
6.94 
6.88 
7.10 
7.01 
7 .11 
6.93 
6.97 

1 
1 

4.55 
3.09 

1.474 

Q 

0.49 
0.69 
1.20 
1.81 
2.81 
3.02 
3.18 
3.46 
3.46 
3.65 
3.83 
3.85 
3.91 
3.95 
3.89 
4.01 
4.07 
4.19 
4.32 
4.29 
4.45 
4.40 
4.42 
4.46 
4.37 
4.56 
4.58 
4.61 
4.43 
4.59 

Input Checked By Vi& Date (o-l9i>'.'6 
µage 4 of 8 
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'nl 

CONSOLIDATED UNDRAINED TRIAXIAL TEST 
WITH PORE PRESSURE READINGS 

ASTM D4767-95 / AASHTO T297-94 (SOP-S28) 

CEC 
~nt Reference 

i-'roject No. 
POND CREEK 080851 
2008-210-01 
2008-210-01-01 

Boring No. 
Depth(ft.) 
Sample No. 

SOUTH POND 
NA 
BUCKET 1 

Lab ID 

Visual Description: BLACK COAL REFUSE SLURRY (REMOLDED) 

!Stage No. 
! Test No 

INITIAL SAMPLE DIMENSIONS (in) 

,0 RESSURES (psi) 

Length 1 
Length 2 
Length 3 
Avg Leng.= 

3.120 
3.137 
3.135 
3.131 

Diameter 1 
Diameter 2 
Diameter 3 
Avg. Diam.= Cell Pressure(psi) 

Back Pressure(psi) 
Eff. Cons. Pressure(pi 
Pore Pressure 
Response (%) 

46.5 
36.1 
10.4 

100 

VOLUME CHANGE 
Initial Surette Reading (ml) 
Final Surette Reading (ml) 
Final Change (ml) 

MAXIMUM OBLIQUITY POINTS 

p 
Q 

= 
= 

11.84 
7.45 

Initial Dial Reading (D.R.), mils 
D.R. After Saturation, mils 
D.R. After Consolidation, mils 

LOAD DEFORMATION PORE PRESSURE 
(LBS) (INCHES) (PSI) 

7.9 0.000 36.1 
13.4 0.001 36.8 
14.9 0.002 37.0 
18.3 0.005 37.4 
20.0 0.008 37.8 
22.4 0.017 38. 7 
23.0 0.020 38.9 
23.7 0.026 39.3 
24.8 0.038 39.9 
25.7 0.051 .40.3 
26.7 0.069 40.9 
27.1 0.085 41.1 
27.5 0.100 41.3 
27.5 0.110 41.5 
27.7 0.131 41.6 
27.9 0.157 41.8 
28.2 0.181 41.9 
28.6 0.204 41.9 
29.5 0.235 42.0 
30.0 0.259 42.1 
30.5 0.290 42.1 
30.4 0.313 42.0 
31.0 0.337 42.1 
31.2 0.368 42.0 
31.8 0.408 42.2 
31.8 0.439 42.1 
32.3 0.486 42.1 
33.0 0.526 42.2 
32.6 0.565 42.1 
n.1 0.W4 ~.2 

1.396 
1.398 
1.344 
1.379 

24.0 
18.4 

5.6 

77 
112 
166 

( 33.6 0.659 42.2 

_ \._ __ . ==--'T...::e:::st.:.:e:::d...::B:1.Y-,,,,,....:::J:::C.:.:M'-cc-~D:::a::.:t:::e~=c"0.::.5/:::2c::1/:::0.::.8__:l.:.:n,:_PLI::.:tc..:C::.:h.:.:e:::c:;:ke:.:dc..:B::Jy'---~/..L-...::D:.::a:;:te::._-1..1'--'-1-_;.i_-"-----
,_ .~· 5 0 DCN. CT.52B DATE 6-25-98 REVISION 1 
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R16693
CONSOLIDATED UNDRAINED TRIAXIAL TEST 

WITH PORE PRESSURE READINGS 
ASTM D4767-95 / MSHTO T297-94 (SOP-S28) 

";iit:::nt 
lient Reference 

t-'roject No. 

CEC 
POND CREEK 080851 
2008-21 0-01 
2008-210-01-01 

Boring No. 
Depth(ft.) 
Sample No. 

SOUTH POND 
NA 
BUCKET 1 

Lab ID 

Visual Description: BLACK COAL REFUSE SLURRY (REMOLDED) 

j Effective Confining Pressure (psi) 

INITIAL DIMENSIONS 

lnilial Sample Length (in.) 
Initial Sample Diameter (in.) 
lnilial Sample Area (in•2) 
Initial Sample Volume (in•3) 

Strain Deviation l:i U 
(%) Stress 

0.03 3.98 0.65 
0.06 5.09 0.89 
0.15 7.59 1.34 
0.25 8.76 1.72 
0.54 10.51 2.62 
0.67 10.94 2.79 
0.86 11 .42 3.19 
1.25 12.16 3.85 
1.67 12.77 4.19 
2.28 13.37 4.77 
2.79 13.56 5.04 
3.30 13.79 5.25 
3.60 13.76 5.40 
4.32 13.77 5.50 
5.16 13.82 5.69 
5.95 13.93 5.80 
6.72 14.04 5.83 
7.73 14.51 5.87 
8.52 14.69 6.01 
9.54 14.91 6.01 
10.30 14.68 5.94 
11.07 14.93 6.00 
12.10 14.89 5.95 
13.40 15.08 6.10 
14.44 14.89 6.03 
15.98 14.92 5.99 
17.28 15.10 6.12 
·18.58 14.65 5.96 
19.86 14.71 6.07 

10.4 

3.13 
1.38 
1.49 
4.68 

13.73 
14.59 
16.65 
17.44 
18.29 
18.56 
18.64 
18.71 
18.98 
19.00 
18.92 
18.94 
18.76 
18.67 
18.52 
18.52 
18.61 
19.04 
19.08 
19.30 
19.15 
19.33 
19.34 
19.38 
19.25 
19.34 
19.38 
19.09 
19.04 

9.7 
9.5 
9.1 
8.7 
7.8 
7.6 
7.2 
6.6 
6.2 
5.6 
5.4 
5.2 
5.0 
4.9 
4.7 
4.6 
4.6 
4.5 
4.4 
4.4 
4.5 
4.4 
4.5 
4.3 
4.4 
4.4 
4.3 
4.4 
4.3 

Stage No. 
Test No 

VOLUME CHANGE 

Volume After Consolidation (in•3) 
Length After Consolidation (in) 
Area After Consolidation (in•2) 

Effective Principle 
Stress Ratio 

1.408 
1.535 
1.838 
2.010 
2.351 
2.438 
2.584 
2.856 
3.055 
3.373 
3.530 
3.675 
3.751 
3.812 
3.934 
4.029 
4.072 
4.205 
4.349 
4.397 
4.289 
4.390 
4.346 
4.506 
4.410 
4.381 
4.528 
4.303 
4.398 

A 

0.16 
0.18 
0.18 
0.20 
0.25 
0.25 
0.28 
0.32 
0.33 
0.36 
0.37 
0.38 
0.39 
0.40 
0.41 
0.42 
0.42 
0.40 
0.41 
0.40 
0.40 
0.40 
0.40 
0.40 
0.41 
0.40 
0.41 
0.41 
0.41 
0.41 

p 

11.74 
12.05 
12.85 
13.06 
13.04 
13.08 
12.92 
12.63 
12.60 
12.32 
12.14 
12.05 
11.88 
11.79 
11.62 
11.56 
11.59 
11.78 
11.73 
11.84 
11.80 
11.87 
11.90 
11.84 
11.81 
11.88 
11.83 
11.76 
11.68 
11.65 

1 
2 

4.18 
3.04 

1.374 

Q 

1.99 
2.54 
3.79 
4.38 
5.26 
5.47 
5.71 
6.08 
6.38 
6.68 
6.78 
6.89 
6.88 
6.89 
6.91 
6.96 
7.02 
7.26 
7.35 
7.45 
7.34 
7.46 
7.45 
7.54 
7.44 
7.46 
7.55 
7.33 
7.35 
7.33 21.67 14.66 6.08 18.99 4.3 4.393 

Tested By JCM Date 05/21/08 Input Checked By 156 Date I I -lg --('\1-, 
,1e 6of 8 
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Client 
Client Reference 
Project No. 
Lab ID 

Visual Description: 

I

S/age No. 
. Test No 

PRESSURES (psi) 

Cell Pressure(psi) 
Back Pressure(psi) 
Eff. Cons. Pressure(pi 
Pore Pressure 
Response(%) 

CONSOLIDATED UNDRAINED TRIAXIAL TEST 
WITH PORE PRESSURE READINGS 

ASTM D4767-95 / AASHTO T297-94 {SOP-S28) 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-01 

Boring No. 
Depth(ft.) 
Sample No. 

SOUTH POND 
NA 
BUCKET 1 

BLACK COAL REFUSE SLURRY (REMOLDED) 

51.4 
31.0 
20.4 

99 

INITIAL SAMPLE DIMENSIONS (in) 

Length 1 
Length 2 
Length 3 
Avg Leng.= 

3.130 
3.121 
3.136 
3.129 

VOLUME CHANGE 

Diameter 1 
Diameter 2 
Diameter 3 
Avg. Diam.= 

Initial Buretta Reading (ml) 
Final Buretta Reading (ml) 
Final Change (ml) 

MAXIMUM OBLIQUITY POINTS 

p 
Q 

= 
= 

page 7 o 8 

LOAD 
(LBS) 

6.8 
13.5 
15.7 
18.9 
21.3 
25.0 
27.3 
28.7 
30.6 
31.7 
33.1 
33.8 
34.5 
34.7 
35.2 
35.9 
36.6 
37.1 
37.5 
37.8 
38.3 
38.7 
38.8 
40.1 
41.4 
41.7 
40.5 
42.1 
42.5 
41.7 
42.3 

Tested By 

17.19 
10.31 

JCM Date 

Initial Dial Reading (D.R.), mils 
D.R. After Saturation, mils 
D.R. After Consolidation, mils 

DEFORMATION 
(INCHES) 

0.000 
0.001 
0.002 
0.003 
0.005 
0.011 
0.017 
0.024 
0.036 
0.049 
0.067 
0.083 
0.099 
0.108 
0.131 
0.157 
0.180 
0.204 
0.236 
0.260 
0.290 
0.314 
0.337 
0.369 
0.408 
0.440 
0.488 
0.527 
0.566 
0.605 
0.660 

05/21/08 Input Checked By 

PORE PRESSURE 
(PSI) 
31.0 
34.0 
34.5 
35.2 
35.9 
37.4 
38.5 
39.4 
40.5 
41.4 
42.3 
42.8 
43.2 
43.4 
43.7 
44.0 
44.2 
44.3 
44.4 
44.4 
44.5 
44.5 
44.5 
44.6 
44.6 
44.6 
44.6 
44.6 
44.6 
44.6 
44.7 

Date 
OCN· CT-S28 DATE 6-25-98 REVISION 1 

1.404 
1.373 
1.371 
1.383 

48.0 
40.5 

7.5 

60 
68 

154 
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R16695

CONSOLIDATED UNDRAINED TRIAXIAL TEST 
WITH PORE PRESSURE READINGS 

ASTM D4767-95 / AASHTO T297-94 (SOP-S28) 

Client 
Client Reierence 
Project No. 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-01 

Boring No. 
Depth(ft.) 
Sample No. 

SOUTH POND 
NA 
BUCKET 1 

Lab ID 

Visual Description: BLACK COAL REFUSE SLURRY (REMOLDED) 

ressure (psi) 

INITIAL DIMENSIONS 

Initial Sample Length (in.) 
Initial Sample Diameter (in.) 
Initial Sample Area (inA2) 
Initial Sample Volume (inA3) 

Strain Deviation tl U 
(%) Stress 

0.02 4.82 3.04 
0.05 6.44 3.45 
0.10 8.70 4.15 
0.17 10.46 4.86 
0,37 13.09 6.38 
0.58 14.68 7.49 
0.80 15.66 8.40 
1.18 17.01 9.52 
1.61 17.71 10.40 
2.22 18.54 11.31 
2.74 18.96 11.76 
3.26 19.34 12.21 
3.57 19.40 12.35 
4.31 19.60 12.73 
5.17 19.89 12.96 
5,94 20.25 13.15 
6.73 20.42 13.27 
7.78 20.44 13.38 
8.55 20.50 13.40 
9.57 20.57 13.48 
10.34 20.62 13.52 
11. 11 20.56 13.51 
12.15 21.14 13.55 
13.45 21.64 13.57 
14.49 21.53 13.56 
16,07 20.44 13.58 
17.35 21.06 13.58 
18.64 20.95 13.63 
19,92 20.20 13.64 

2 .4 

3.13 
1.38 
1.50 
4.70 

22.17 
23.39 
24.95 
26.01 
27.10 
27.59 
27.66 
27.89 
27.71 
27.63 
27.60 
27.53 
27.45 
27.27 
27.33 
2'7,50 
27,54 
27.46 
27.50 
27.49 
27.50 
27.45 
27.99 
28.47 
28.36 
27.26 
27.88 
27.72 
26.96 

CJ", 
·' 

17.4 
16.9 
16.2 
15.5 
14.0 
12.9 
12.0 
10.9 
10.0 
9.1 
8.6 
8.2 
8.0 
7,7 
7.4 
7.2 
7.1 
7.0 
7,0 
6.9 
6.9 
6.9 
6.8 
6.8 
6.8 
6.8 
6.8 
6.8 
6.8 

VOLUME CHANGE 

Volume After Consolidation (inA3) 
Length After Consolidation (in) 
Area After Consolidation (inA2) 

Effective Principle 
Stress Ratio 

1,278 
1.380 
1,536 
1.673 
1.934 
2.137 
2.305 
2.563 
2.772 
3.039 
3.196 
3.361 
3.411 
3.556 
3.676 
3.795 
3.864 
3.912 
3.928 
3.973 
3.995 
3.982 
4.088 
4.170 
4.149 
3.997 
4.086 
4.094 
3.988 
3,975 

A 

0.64 
0.54 
0.48 
0.47 
0.49 
0.52 
0,54 
0.57 
0.59 
0.62 
0.63 
0.64 
0.64 
0.66 
0.66 
0.66 
0.66 
0.66 
0.66 
0.66 
0.66 
0.66 
0.65 
0.63 
0.64 
0.67 
0.65 
0.66 
0.68 
0.69 

p 

19.76 
20.17 
20.60 
20.77 
20.56 
20.25 
19.83 
19.38 
18.85 
18.36 
18.12 
17,86 
17.75 
17.47 
17.38 
17.37 
17.34 
17.24 
17.25 
17.20 
17.19 
17.17 
17.42 
17.65 
17.60 
17.04 
17.35 
17.25 
16.86 
16.75 

1 
3 

4.20 
3.04 

1,385 

Q 

2.41 
3.22 
4.35 
5.23 
6.54 
7.34 
7.83 
8.50 
8.86 
9.27 
9.48 
9.67 
9,70 
9.80 
9.95 

- 10.13 
10.21 
10.22 
10.25 
10.28 
10.31 
10.28 
10.57 
10.82 
10.76 
10.22 
10.53 
10.48 
10.10 
10.02 21.74 20.03 13.67 26,77 6.7 

Tested By JCM Date 05/21/08 Input Checked By Date /_g-\Cj-
µage8o8 
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60 

50 

40 

(/) 
0. 30 -.... 

20 

Client 
Client Ref. No. 
Project no. 
Lab ID 

10 

0 

0 

Tested By. JCM 

MOHh l 01 AL STRENGl Ii .__NVf::LOPE 

CEC Boring No. 
Depth(fl.) 

SOUTH POND 
NA 
BUCKET 1 

§te .... nnics 

POND CREEK 080851 
2008-210-01 
2008-210-01-01 

Sample No. 
Visual Description BLACK COAL REFUSE SLURRY (REMOLDED) 

C = 1.5 

,1, = 17.3 

20 40 60 BO 100 120 

a (psi) 

Date: 05/21/08 Approved By: 
NOTE: GRAPH NOT {( ~~LE 1)!3 Date.· (p V ~ 

C:\h-lSOFFICE,ExceliP1inlq\{F 197 .xls)Shee11 
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R16697

C 

REMOLDED UNIT WEIGHT BEFORE INITIAL CONSOLIDATION 
CONSOLIDATED UNDRAINED TRIAXIAL TEST 

Client 
Client Reference 
Project No. 
Lab ID 

WITH PORE PRESSURE READINGS 
ASTM 04767-95 / AASHTO T297-94 (SOP-S28) 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-01 Specific Gravity (measured) 

Visual Description: BLACK COAL REFUSE SLURRY (REMOLDED) 

SAMPLE CONDITION SUMMARY 

2.24 

Boring No. South Pond South Pond South Pond 

Depth (ft) NA NA NA 

Sample No. Bucket 1 Bucket 1 Bucket 1 

Test No. T1 T2 T3 

Deformation Rate (in/min) 0.0007 0.0007 0.0011 

Back Pressure (psi) 31.4 36.1 31 

Consolidation Time (days) 1 1 1 

Initial State (w%) 82.6 82.7 79.5 

Total Unit Weight (pcf) 76.6 84.2 80.5 

Dry Unit Weight (pct) 42.0 46.1 44.8 

Final State (w%) 36.8 34.5 32.7 

Initial State Void Ratio,e 2.333 2.035 2.119 

Tested By JCM Date 05/21/08 Input Checked By \l,I:'.) Date /n-3::0'6 
page 1 of 1 DCN CT.S28 DATE 6-25-98 REVISION· 1 C:IMSOFF1CE\Excel\Printql(F184 xls)Sheet1 
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R16698

Client 
Client Reference 
Project No. 
Lab ID 

UNIT WEIGHT AFTER INITIAL CONSOLIDATION 
CONSOLIDATED UNDRAINED TRIAXIAL TEST 

WITH PORE PRESSURE READINGS 
ASTM 04767-95 / AASHTO T297-94 (SOP-S28) 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-01 Specific Gravity (measured) 

Visual Description: BLACK COAL REFUSE SLURRY (REMOLDED) 

SAMPLE CONDITION SUMMARY 

Boring No. South Pond South Pond 

Depth (ft) NA NA 

Sample No. Bucket 1 Bucket 1 

Test No. T1 T2 

Deformation Rate (in/min) 0.0007 0.0007 

Back Pressure (psi) 31.4 36.1 

Consolidation Time (days) 1 1 

Initial State (w%) 41.7 43.3 

Total Unit Weight {pct) 102.0 102.5 

Dry Unit Weight {pct) 71.9 71.5 

Final State (w%) 36.8 34.5 

Initial State Void Ratio,e 0.944 0.955 

Tested By JCM Date 05/21/08 Input Checked By 

2.24 

South Pond 

NA 

Bucket 1 

T3 

o .0011 

31 

1 

42.4 

101.8 

71.5 
32.7 

0.956 

page 1 of 1 DCN CT-$28 DATEG-25-96 REV!S!ON· 1 C \MSOFFICE\ExcellPr1ntq\[F185 xlsj.Sheet1 
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R16699

Client 
Client Reference 
Project No. 
Lab ID 

CONSOLIDATED UNDRAINED TRIAXIAL TEST 
WITH PORE PRESSURE READINGS 

ASTM D4767-95 / AASHTO T297-94 (SOP-S28) 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-02 

Boring No. 
Depth(ft.) 
Sample No. 

SOUTH POND 
NA 
BUCKET 2 

Consolidated Undrained Triaxial Test with Pore Pressure 

35 ,..--------,--------,--------,--------,--------,-------~ 

-~ 
.:', 

ci 

30 ·-

SIN cf)= TAN ex. 
a 

C=
COS<J> 

25 f-------+-----+-------+-------!-;/-'------f-----------1 

20 

15 

5 

0 

.IL 
1L 

• t ., 
I 

,! 
~: 

➔! C l 

0 10 20 30 40 50 

P, (psi) 

·--&-- Max. Effec. Stress Ratio Points -Failure Envelope -B-Test No. 4 -··-Test No. 5 -=- Test No. 6 

Tested By 

a = 
a = 

JCM Date 

0.00 
31.5 

05/27/08 Approved By :00 Date ee( £PlD8 

60 

page 1 of 8 DCN· CT-S28 DATE 6-25-98 REVISION 1 
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R16700

Client 
Client Reference 

Project No. 

Lab ID 
Visual Description: 

CONSOLIDATED UNDRAINED TRIAXIAL TEST 
WITH PORE PRESSURE READINGS 

ASTM D4767-95 / AASHTO T297-94 (SOP-S28) 

CEC 
POND CREEK 080851 

2008-210-01 
2008-210-01-02 

Baring No. 

Depth(ft.) 
Sample No. 

BLACK COAL REFUSE SLURRY (REMOLDED) 

SOUTH POND 
NA 
BUCKET 2 

25 ,-------------------------------------, 

20 

15 
·;; 

-= • • 
~ 
"' 0 

" ·; 
• 0 

10 

5 

01>---------------------------------..J 
0 5 10 15 20 25 

Strain(%) 

-e-Test No. 4 -a-Test No. 5 ----o--Test No. 6 

Tested By JCM Date 05/27/08 Approved By Date (f) ( I B{OB 
page 2 of 8 
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( 
~--

Client 
Client Reference 
Project No. 
Lab ID 

Visual Description: 

/Stage No. 
Test No 

PRESSURES (psi) 

Cell Pressure(psi) 
Back Pressure(psi) 
Eff. Cons. Pressure(psi) 
Pore Pressure 
Response (%) 

CONSOLIDATED UNDRAINED TRIAXIAL TEST 
WITH PORE PRESSURE READINGS 

ASTM D4767-95 / AASHTO T297-94 (SOP-S28) §~!!:~,~!!:~ 
CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-02 

Boring No. 
Depth(ft.) 
Sample No. 

SOUTH POND 
NA 
BUCKET2 

BLACK COAL REFUSE SLURRY (REMOLDED) 

36.3 
31.2 

5.1 

98 

INITIAL SAMPLE DIMENSIONS (in) 

Length 1 3.150 
Length2 3.142 
Length 3 3.147 
Avg Leng.= 3.146 

VOLUME CHANGE 

Diameter 1 
Diameter 2 
Diameter 3 
Avg. Diam.= 

Initial Surette Reading (ml) 
Final Surette Reading (ml) 
Final Change (ml) 

1.453 
1.463 
1.461 
1.459 

24.0 
21.9 

2.1 
MAXIMUM OBLIQUITY POINTS 

p = 
'.) = 

LOAD 
(LBS) 

7.6 
9.3 

10.4 
11.6 
12.8 
14.0 
14.8 
15.0 
15.2 
15.7 
16.5 
16.7 
17.0 
17.2 
17.8 
18.1 
18.1 
18.6 
18.8 
19.0 
19.3 
19.5 
19.3 
19.7 
19.8 
19.9 
20.1 
20.1 

Tested By 

4.92 
2.94 

JCM Date 

Initial Dial Reading (D.R.), mils 
D.R. After Saturation, mils 
D.R. After Consolidation, mils 

DEFORMATION 
(INCHES) 

PORE PRESSURE 
(PSI) 

0.000 
0.001 
0.002 
0.005 
0.008 
0.016 
0.020 
0.025 
0.037 
0.050 
0.068 
0.084 
0.100 
0.110 
0.133 
0.159 
0.182 
0.205 
0.237 
0.261 
0.293 
0.316 
0.340 
0.372 
0.412 
0.445 
0.491 
0.531 

31.2 
32.1 
32.3 
32.6 
32.9 
33.3 
33.3 
33.6 
33.8 
33.9 
34.2 
34.2 
34.2 
34.3 
34.2 
34.3 
34.3 
34.2 
34.2 
34.3 
34.3 
34.2 
34.3 
34.2 
34.3 
34.3 
34.2 
34.2 

54 
110 
130 

paoe 3 of 8 DCtt CT.S26 DATE 5.25.95 REVISION 1 
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R16702

CONSOLIDATED UNDRAINED TRIAXIAL TEST 
WITH PORE PRESSURE READINGS 

ASTM D4767-95 / AASHTO T297-94 (SOP-S28) §~!':1,~~"~ 
Client 
Client Reference 
Project No. 
Lab ID 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-02 

Boring No. 
Depth(ft.) 
Sample No. 

SOUTH POND 
NA 
BUCKET 2 

Visua I Description: BLACK COAL REFUSE SLURRY (REMOLDED) 

j Effective Confining Pressure (psi) 

! 

INITIAL DIMENSIONS 

Initial Sample Length (in.) 
initial Sample Diameter (in.) 
Initial Sample Area (in"2) 
Initial Sample Volume (in'3) 

Strain Deviation 6 U 
(%) Stress 

0.02 1.06 0.90 
0.07 1.77 1.15 
0.15 2.55 1.44 
0.25 3.26 1.71 
0.53 4.05 2.11 
0.65 4.54 2.14 
0.82 4.65 2.39 
1.21 4.72 2.58 
1.62 5.03 2.72 
2.22 5.48 2.95 
2.74 5.62 3.02 
3.27 5.75 3.04 
3.59 5.88 3.12 
4.33 6.18 3.02 
5.17 6.27 3.08 
5.93 6.25 3.13 
6.69 6.51 3.03 
7.73 6.56 3.04 
8.50 6.63 3.14 
9.53 6.72 3.14 
10.30 6.74 3.03 
11.09 6.56 3.07 
12.10 6.71 3.03 
13.42 6.69 3.06 
14.49 6.68 3.10 
16.00 6.66 3.02 
17.29 6.55 3.03 

Tested By JCM 

5.1 

3.15 
1.46 
1.67 
5.26 

5.26 
5.72 
6.21 
6.65 
7.04 
7.50 
7.36 
7.25 
7.42 
7.63 
7.70 
7.81 
7.86 
8.27 
8.30 
8.,':1 
8.58 
8.62 
8.59 
8.68 
8.81 
8.59 
8.'7s 
8.74 
8.68 
8.74 
8.62 

Date 

4.2 
4.0 
3.7 
3.4 
3.0 
3.0 
2.7 
2.5 
2.4 
2.1 
2.1 
2.1 
2.0 
2.1 
2.0 
LU 
2.1 
2.1 
2.0 
2.0 
2.1 
2.0 
2.1 
2.0 
2.0 
2.1 
2.1 

Stage No. 
Test No 

VOLUME CHANGE 

Volume After Consolidation (in'3) 
Length After Consolidation (in) 
Area After Consolidation (in'2) 

Effective Principle 

Stress Ratio 

1.253 
1.449 
1.698 
1.959 
2.358 
2.531 
2.712 
2.873 
3.112 
3.550 
3.705 
3.790 
3.968 
3.967 
4.101 
4.'176 
4.152 
4.176 
4.380 
4.436 
4.256 
4.235 
4.233 
4.281 
4.342 
4.204 
4.171 

A 

0.86 
0.66 
0.58 
0.53 
0.53 
0.48 
0.52 
0.56 
0.55 
0.55 
0.55 
0.54 
0.54 
0.50 
0.50 
0.51 
0.48 
0.47 
0.48 
0.48 
0.46 
0.48 
0.46 
0.47 
0.47 
0.46 
0.47 

05/27/08 Input Checked By 

p 

4.73 
4.84 
4.94 
5.02 
5.01 
5.23 
5.04 
4.89 
4.90 
4.89 
4.89 
4.93 
4.92 
5.17 
5.16 
5.10 
5.32 
5.34 
5.27 
5.32 
5.44 
5.31 
5.43 
5.39 
5.34 
5.41 
5.34 

Date 

1 
4 

4.85 
3.07 

1.580 

Q 

0.53 
0.89 
1.28 
1.63 
2.03 
2.27 
2.32 
2.36 
2.52 
2.74 
2.81 
2.87 
2.94 
3.09 
3.14 
3.13 
3.26 
3.28 
3.31 
3.36 
3.37 
3.28 
3.35 
3.35 
3.34 
3.33 
3.28 

page 4 of 8 
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'ient 
.Ient Reference 

Project No. 
Lab ID 

Visual Description: 

jStage No. 
Test No 

PRESSURES (psi) 

Cell Pressure(psi) 
Back Pressure(psi) 
Eff. Cons. Pressure(p, 
Pore Pressure 
Response (%) 

CONSOLIDATED UNDRAINED TRIAXIAL TEST 

WITH PORE PRESSURE READINGS 

ASTM D4767-95 I AASHTO T297-94 (SOP-S28) 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-02 

Boring No. 
Depth(ft.) 
Sample No. 

SOUTH POND 
NA 
BUCKET2 

BLACK COAL REFUSE SLURRY (REMOLDED) 

41.1 
31.0 
10.1 

99 

INITIAL SAMPLE DIMENSIONS (in) 

Length 1 
Length 2 
Length 3 
Avg Leng.= 

3.138 
3.138 
3.137 
3.138 

VOLUME CHANGE 

Diameter 1 
Diameter 2 
Diameter 3 
Avg. Diam.= 

Initial Surette Reading (ml) 
Final Surette Reading (ml) 

Final Change (ml) 

MAXIMUM OBLIQUITY POINTS 

p = 
Cl = 

LOAD 
(LBS) 

8.5 
13.5 
14.3 
16.3 
17.2 
18.9 
19.4 
20.0 
21.0 
21.5 
22.4 
22.9 
23.4 
23.7 
23.8 
24.5 
25.1 
26.0 
26.2 
26.4 
26.2 
26.4 
26.7 
26.9 
26.5 
27.9 
28.0 
28.2 
28.1 
28.5 
28.4 

Tested By 
ge of 8 

9.00 
5.66 

JCM Date 

Initial Dial Reading (D.R.), mils 
D.R. After Saturation, mils 
D.R. After Consolidation, mils 

DEFORMATION 
(INCHES) 

0.000 
0.001 
0.002 
0.004 
0.007 
0.016 
0.020 
0.025 
0.038 
0.051 
0.070 
0.085 
0.101 
0.110 
0.132 
0.158 
0.181 
0.205 
0.236 
0.259 
0.290 
0.314 
0.338 
0.370 
0.410 
0.441 
0.488 
0.527 
0.566 
0.605 
0.661 

05/27/08 Input Checked By 

PORE PRESSURE 
(PSI) 
31.0 
32.8 
33.0 
33.4 
33.9 
34.9 
35.2 
35.6 
36.1 
36.6 
37.0 
37.2 
37.4 
37.4 
37.5 
37.6 
37.7 
37.7 
37.7 
37,8 
37.7 
37.8 
37.8 
37.8 
37.8 
37.8 
37.8 
37.8 
37.8 
37.8 
37.8 

Date l,,-
OCN· CT-528 DATE 6-25-98 REV(S10N 1 

1.407 
1.383 
1.378 
1.389 

24.0 
20.2 

3,8 

88 
94 

124 
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R16704

C 

'ient 
lient Reference 

Project No. 
Lab ID 

CONSOLIDATED UNDRAINED TRIAXIAL TEST 
WITH PORE PRESSURE READINGS 

ASTM D4767-95 / AASHTO T297-94 (SOP-S28) 

CEC 
POND CREEK 080851 

2008-210-01 
2008-210-01-02 

Boring No. 
Depth(ft.) 
Sample No. 

Visual Description: BLACK COAL REFUSE SLURRY (REMOLDED) 

Effective Confining Pressure (psi) 10.1 

INITIAL DIMENSIONS 

Stage No. 
Test No 

VOLUME CHANGE 

SOUTH POND 
NA 
BUCKET2 

Initial Sample Length (in.) 
initial Sample Diameter (in.) 
Initial Sample Area (in'2) 
Initial Sample Volume (in'3) 

3.14 
1.39 
1.52 
4.76 

Volume After Consolidation (in'3) 
Length After Consolidation (in) 
Area After Consolidation (in'2) 

Strain 
(%) 

0.04 
0.06 
0.13 
0.23 
0.51 
0.64 
0.82 
1.21 
1.63 
2.24 
2.75 
3.25 
3.56 
4.26 
5.08 
5.85 
6.60 
7.60 
8.34 
9.36 
10.13 
I 0.91 
11.94 
13.21 
14.21 
15.72 
16.98 
18.25 
19.51 
21.32 

Deviation 6. U 

Stress 

3.42 1.75 11.77 
4.03 2.01 12.12 
5.39 2.43 13.05 
5.96 2.92 13.13 
7.15 3.87 13.37 
7.46 4.19 13.37 
7.88 4.57 13.41 
8.51 5.13 13.48 
8.84 5.57 13.38 
9.37 5.97 13.50 
9.67 6.18 13.59 
9.92 6.35 13.66 
10.14 6.40 13.83 
10.10 6.55 13.65 
10.44 6.59 13.95 
10.80 6.68 14.21 
11.25 6.70 14.65 
11.27 6.75 14.63 
11.32 6.76 14.66 
11.06 6.74 14.42 
11 .11 6.76 14.46 
11.20 6.81 14.49 
11.17 6.80 14.47 
10.75 6.76 14.09 
11.47 6.77 14.80 
11.35 6.78 14.67 
11.28 6.79 14.59 
11.04 6.80 14.33 
11 . 13 6.82 14.40 
10.80 6.85 14.05 

Tested By JCM Date 

8.3 
8.1 
7.7 
7.2 
6.2 
5.9 
5.5 
5.0 
4.5 
4.1 
3.9 
3.7 
3.7 
3.6 
3.5 
3.4 
3.4 
3.4 
3.3 
3.4 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 

05/27 /08 

Effective Principle 

Stress Ratio 

1.410 
1.497 
1.703 
1.830 
2.148 
2.262 
2.427 
2.714 
2.950 
3.271 
3.468 
3.648 
3.741 
3.843 
3.978 
4.161 
4.304 
4.363 
4.395 
4.292 
4.323 
4.401 
4.383 
4.214 
4.445 
4.418 
4.411 
4.350 
4.397 
4.318 

Input Checked By 

A p 

0.52 10.06 
0.50 10.11 
0.46 10.36 
0.50 10.16 
0.55 9.80 
0.57 9.64 
0.59 9.47 
0.61 9.22 
0.64 8.96 
0.64 8.81 
0.65 8.75 
0.65 8.70 
0.64 8.76 
0.66 8.60 
0.64 8.73 
0.63 8.81 
0.60 9.03 
0.60 8.99 
0.60 9.00 
0.62 8.89 
0.61 8.90 
0.61 8.89 
0.62 8.88 
0.64 8.72 
0.60 9.06 
0.60 9.00 
0.61 8.95 
0.62 8.81 
0.62 8.84 
0.64 8.65 

Date 

1 
5 

4.50 
3.10 

1.450 

Q 

1.71 
2.01 
2.69 
2.98 
3.57 
3.73 
3.94 
4.26 
4.42 
4.69 
4.84 
4.96 
5.07 
5.05 
5.22 
5.40 
5.62 
5.64 
5.66 
5.53 
5.56 
5.60 
5.58 
5.37 
5.73 
5.68 
5.64 
5.52 
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Client 
Client Reference 

Project No. 
Lab ID 

CONSOLIDATED UNDRAINED TRIAXIAL TEST 

WITH PORE PRESSURE READINGS 

ASTM D4767-95 / AASHTO T297-94 (SOP-S28) 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-02 · 

Boring No. 
Depth(ft.) 
Sample No. 

SOUTH POND 
NA 
BUCKET 2 

Visual Description: BLACK COAL REFUSE SLURRY (REMOLDED) 

IS/age No. 
-Test No 

PRESSURES (psi) 

Cell Pressure(psi) 
Back Pressure(psi) 

Elf. Cons. Pressure(p! 

Pore Pressure 
Response (%) 

51.4 
31.3 
20.1 

97 

MAXIMUM OBLIQUITY POINTS 

p 

Q 
= 
= 

LOAD 
(LBS) 

4.3 
6.5 
11.7 
14.0 
16.6 
21.7 
25.0 
27.5 
29.6 
31.7 
32.8 
33.2 
33.9 
34.3 
35.2 
36.1 
37.0 
37.3 
38.7 
39.3 
38.9 
39.0 
39.2 
39.4 
39.9 
40.1 
41.5 
41.9 
41.2 
41.3 
41.4 

Tested B 

19.19 
11.67 

JCM Date 

INITIAL SAMPLE DIMENSIONS (in) 

Length 1 
Length 2 
Length 3 
Avg Leng.= 

3.142 
3.130 
3.141 
3.138 

VOLUME CHANGE 

Diameter 1 
Diameter 2 
Diameter 3 
Avg. Diam.= 

Initial Surette Reading (ml) 
Final Surette Reading (ml) 
Final Change (ml) 

Initial Dial Reading (D.R.), mils 

D.R. After Saturation, mils 

D.R. After Consolidation, mils 

DEFORMATION 
(INCHES) 

PORE PRESSURE 
(PSI) 

0.000 
0.001 
0.002 
0.004 
0.006 
0.012 
0.019 
0.026 
0.038 
0.051 
0.070 
0.085 
0.101 
0.11 o 
0.132 
0.157 
0.181 
0.205 
0.236 
0.259 
0.291 
0.316 
0.340 
0.371 
0.410 
0.441 
0.489 
0.528 
0.568 
0.608 
0.663 

05/27/08 Input Checked By 

31.3 
32.8 
33.9 
34.7 
35.6 
37.4 
38.7 
39.8 
40.9 
41.7 
42.4 
42.8 
43.1 
43.2 
43.4 
43.7 
43.7 
43.8 
43.8 
43.9 
43.8 
43.9 
43.9 
43.8 
43.8 
43.9 
43.8 
43.7 
43.8 
43.8 
43.8 

Date 

page lo B DCN· CT-S2B DATE 5-25-9B REVISION 1 

1.379 
1.377 
1.386 
1.381 

24.0 
17.7 
6.3 

40 
56 
91 
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CONSOLIDATED UNDRAINED TRIAXIAL TEST 

WITH PORE PRESSURE READINGS 

ASTM 04767-95 / AASHTO T297-94 (SOP-S28) 

Client 
Client Reference 
Project No. 

CEC 
POND CREEK 080851 

2008-210-01 
2008-210-01-02 

Boring No. 
Depth(ft.) 
Sample No. 

SOUTH POND 
NA 
BUCKET 2 

Lab ID 

Visual Description: BLACK COAL REFUSE SLURRY (REMOLDED) 

ressure (pst 

INITIAL DIMENSIONS 

Initial Sample Length (in.) 

Initial Sample Diameter (in.) 

Initial Sample Area (inA2) 

Initial Sample Volume (inA3) 

Strain 
(%) 

0.04 
0.07 
0.12 
0.19 
0.40 
0.61 
0.85 
1.24 
1.64 
2.26 
2.77 
3.26 
3.58 
4.27 
5.09 
5.86 
6.64 
7.63 
8.39 
9.43 
10.22 
11.00 
12.01 
13.28 
14.28 
15.84 
17.12 
18.40 
19.69 
21.49 

Deviation 

Stress 

1.58 
5.38 
7.06 
8.92 
12.65 
14.97 
16.72 
18.18 
19.63 
20.24 
20.44 
20.87 
21.09 
21.54 
21.97 
22.37 
22.41 
23.1 a 
23.33 
22.79 
22.67 
22.61 
22.49 
22.46 
22.30 
22.80 
22.66 
21.92 
21.62 
21.21 

6U 

1.52 
2.62 
3.36 
4.30 
6.12 
7.35 
8.47 
9.56 

10.41 
11. 15 
11.54 
11.82 
11.94 
12.14 
12.38 
12.43 
12.54 
12.49 
12.58 
12.55 
12.59 
12.56 
12.53 
12.52 
12.63 
12.50 
12.41 
12.46 
12.51 
12.54 

3.14 
1.38 
1.50 
4.70 

20.16 
22.86 
23.80 
24.73 
26.62 
27.72 
28.36 
28.72 
29.32 
29.19 
29.00 
29.15 
29.25 
29.50 
29.69 
30.04 
29.98 
30.71 
30.85 
30.34 
30.18 
30.14 
30.05 
30.04 
29.77 
30.40 
30.35 
29.57 
29.21 
28.77 

18.6 
17.5 
16.7 
15.8 
14.0 
12. 7 
11.6 
10.5 
9.7 
9.0 
8.6 
8.3 
8.2 
8.0 
7.7 
7.7 
7.6 
7.6 
7.5 
7.6 
7.5 
7.5 
7.6 
7.6 
7.5 
7.6 
7.7 
7.6 
7.6 
7.6 

VOLUME CHANGE 

Volume After Consolidation (inA3) 

Length After Consolidation (in) 

Area After Consolidation (inA2) 

Effective Principle 

Stress Ratio 

1.085 
1.308 
1.422 
1.565 
1.905 
2.174 
2.438 
2.724 
3.025 
3.262 
3.388 
3.521 
3.584 
3.705 
3.846 
3.918 
3.962 
4.034 
4.102 
4.018 
4.021 
4.001 
3.973 
3.961 
3.986 
4.001 
3.948 
3.868 
3.846 
3.805 

A 

0.99 
0.50 
0.49 
a.so 
0.50 
0.51 
0.52 
0.54 
0.55 
0.57 
0.58 
0.58 
0.58 
0.58 
0.58 
0.57 
0.58 
0.56 
0.56 
0.57 
0.57 
0.57 
0.57 
0.57 
0.58 
0.57 
0.56 
0.59 
0.60 
0.61 

p 

19.37 
20.17 
20.27 
20.26 
20.30 
20.23 
19.99 
19.63 
19.51 
19.07 
18.78 
18.71 
18.70 
18.73 
18.71 
18.85 
18.77 
19.16 
19.19 
18.95 
18.84 
18.84 
18.81 
18.81 
18.62 
19.00 
19.02 
18.61 
18.40 
18.17 

1 
6 

4.24 
3.09 

1.374 

Q 

0.79 
2.69 
3.53 
4.46 
6.32 
7.48 
8.36 
9.09 
9.81 
10.12 
10.22 
10.43 
10.54 
10.77 
10.99 
11.19 
11.21 
11.55 
11.67 
11.39 
11.34 
11.30 
11.24 
11.23 
11.15 
11.40 
11.33 
10.96 
10.81 
10.61 

Tested By JCM Date 05/27/08 Input Checked By M Date (r l9 -()'xi 
page 8 or 8 
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60 

50 

40 

(/) 

Client 
Client Ref. No. 
Project no. 
Lab ID 

0.. 30 -I-' 

20 

10 

0 

Tested By: JCM 

lviOllh lO"IAL STREt~Glh i::l~Vl:lOPE 

CEC Boring No. 
Depth(ft.) 

SOUTH POND 
NA 
BUCKET2 

~1 
§b,~nnics 

POND CREEK 080851 
2008-210-01 
2008-210-01-02 

Sample No. 
Visual Description BLACK COAL REFUSE SLURRY (REMOLDED) 

C = 0.3 

cJ) = 20.3 

20 40 60 80 100 120 

0 (psi) 

NOTE: GRAPH NOT TO SCALE 
Date: 05121/08 Approved By: :Pl, Date: CR((~ 10&1 

#t-JiA 
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C 

REMOLDED UNIT WEIGHT BEFORE INITIAL CONSOLIDATION 
CONSOLIDATED UNDRAINED TRIAXIAL TEST 

Client 
Client Reference 
Project No. 
Lab ID 

WITH PORE PRESSURE READINGS 
ASTM 04767-95 / AASHTO T297-94 (SOP-S28) 

CEC 
POND CREEK 080851 
2008-210-01 
2008-210-01-02 Specific Gravity (measured) 

Visual Description: BLACK COAL REFUSE SLURRY (REMOLDED) 

SAMPLE CONDITION SUMMARY 

2.24 

Boring No. South Pond South Pond South Pond 

Depth (ft) NA NA NA 

Sample No. Bucket 2 Bucket 2 Bucket 2 

Test No. T4 TS T6 

Deformation Rate (in/min) 0.0003 0.0002 0.0003 

Back Pressure (psi) 31.2 31 31.3 

Consolidation Time (days) 1 1 1 

Initial State (w%) 82.9 85.7 83.0 

Total Unit Weight (pcf) 82.6 82.2 84.5 

Dry Unit Weight (pcf) 45.2 44.3 46.2 
Final State (w%) 37.6 35.9 32.5 
Initial State Void Ratio,e 2.095 2.159 2.029 

Tested By JCM Date 05127/08 Input Checked By {\fl Date (o-5--()'6 
page 1 of 1 DCN· CT-526 DA1°E 0-25-98 REVISION· 1 C \MSGFFICEIExcel\Pr1ntql[F11:l6 x1!>):Shee11 
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Client 
Client Reference 

Project No. 
Lab ID 

Visual Description: 

Boring No. 

Depth (ft) 

Sample No. 

Test No. 

UNIT WEIGHT AFTER INITIAL CONSOLIDATION 

CONSOLIDATED UNDRAINED TRIAXIAL TEST 

WITH PORE PRESSURE READINGS 
ASTM D4767-95 / AASHTO T297-94 (SOP-S28) 

CEC 
POND CREEK 080851 

2008-210-01 
2008-210-01-02 Specific Gravity (measured) 

BLACK COAL REFUSE SLURRY (REMOLDED) 

SAMPLE CONDITION SUMMARY 

South Pond South Pond 

NA NA 

Bucket 2 Bucket 2 

T4 TS 

Deformation Rate (in/min) 0.0003 0.0002 

Back Pressure (psi) 31.2 31 

Consolidation Time (days) 1 1 

Initial State (w%) 41.5 41.5 

Total Unit Weight (pcf) 92.9 102.5 

Dry Unit Weight (pcf) 65.7 72.4 

Final State (w%) 37.6 35.9 

Initial State Void Ratio,e 1.129 0.931 

Tested By JCM Date 05/27/08 Input Checked By Date 

2.24 

South Pond 

NA 

Bucket 2 

TB 
0.0003 

31.3 

1 

40.9 

103.2 

73.2 
32.5 

0.910 

page 1 of 1 DCN· CT.SW DAiE 6-25-98 REVIS!OM; 1 C IMSOFFIC8.Excel\Pnntql[F187 .i.:ls)Sheet1 
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REFERENCE 5 AND OTHER PERTINENT FINE COAL REFUSE DATA 

EFFECTIVE STRESS -TO -STEADY STATE STRENGTH RELATIONSHIPS 
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STEADY STATE LIQUEFACTION SUSCEPTIBILITY OF HIGH HAZARD 

UPSTREAM-CONSTRUCTED COAL REFUSE DISPOSAL FACILITIES 

Blaise E. Genest, Thomas 0. Keller, P.E.2 and Joseph P. Laird, P.E.3 

1.0 Introduction 

Coal refuse disposal facilities are manifestations of deep mining and surface ·mining 

activities and the resulting need for the disposal of waste materials. Due to the massive 

volumes of materials produced annually by mining operations, these "tailings dams" are 

among the largest earth structures in the world and consequently, receive intense 

regulatory and public scrutiny. Coal refuse disposal facilities, their design, construction 

and operation are regulated by the U.S. Department of Labor, Mine Safety and Health 

Administration (MSHA). The concern for refuse disposal safety and environmental control 

by MSHA, the coal industry, engineering consultants and the public has led to the 

development of design procedures that address these concerns, particularly siting, 

material handling and placement techniques. · 

For the most part, tailings dams evaluations are similar to those of water retention 

dams and address geotechnical _ issues such as foundation materials, hydrology, 

hydraulics, seepage control, slope stability (static and seismic), construction practices and 

long-tenrn monitoring. In the past, pseudo-static analyses were perfonrned to address 

seismic stability using regional, historic seismic acceleration values and a slightly lowered 

- factor of safety limit to assess adequacy. Empirical evaluations are sometimes performed 

(_ to address seismic stability with adequacy based on comparison of limited field and 

laboratory test data with historical performance data of liquefaction and non-liquefaction 

sites from around the world. During the initial to intermediate stages of a refuse facility 

design, simplified analytical methods may be appropriate, such as those based on 

pseudo-static and cone penetration testing (CPT) or standard penetration testing (SPT). 

However, given the uniqueness and complexity of moderate to high hazard tailings dams, 

which are significantly influenced by factors such as the number and geometry of 

upstream stages, deposition history and cross-valley topography, simplified analyses are 

often inadequate to effectively address safety and cost issues. They often do not account 

for critical site-specific cond~ions and may either over-predict strengths leading to a 

potentially unconservative analysis or under-predict strengths leading to costly 

remediation efforts. 
The focus of this paper is on the application of established steady-state liquefaction 

evaluation procedures to high hazard tailings dams, assessing liquefaction susceptibility 

using site-specific data to estimate the factor of safety against a liquefaction flow slide 

failure. A significant emphasis is placed on obtaining in-situ samples and developing 

1 Geotechnical Engineering Program Manager, Almes & Associates, Inc., Consulting Engineers, Four 

Triangle Lane, Suite 200, Export, PA 15632-9255. 

2 Vice President and Branch Manager, GEi Consultants, Inc., 2141 Palomar Airport Road, Suite 160, 

Carlsbad, CA 92009-1424. 
3 Project Engineer, Almes & Associates, Inc., Consulting Engineers, Four Triangle Lane, Suite 200, Export, 

PA 15632-9255. 
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properties of the hydraulically placed, fine coal refuse consolidated beneath multiple, 

upstream-constructed stages of coarse coal refuse. Detailed evaluations have been 

performed at five Appalachian coal refuse disposal facilities in southern West Virginia as 

part of the permitting process for the various facilities. 

2.0 Analytical Approach 

Coal refuse disposal facilities are generally constructed by three methods, either 

separately or in combination, and include upstream, downstream, and centerline 

construction. Downstream and centerline constructed facilities typically pose only minor 

liquefaction concerns since critical failure surfaces pass mainly through the compacted 

coarse refuse embankments. A typical high hazard, upstream constructed coal refuse 

facility, such as the one shown in Figure 1, is constructed over long periods of time (up to 

25 to 30 years) to heights of 400-plus feet and includes multiple upstream stages "pushed 

out" into the previous stage's tailings pond. Fine coal refuse consolidated under upstream 

stages typically is loose to very loose, silty sand to sandy silt- and clay-sized particles, 

saturated and usually highly contractive. Thus, the potential exists for excess pore 

pressure generation and significant loss of strength during and following a rapid 

(undrained) loading event, such as an earthquake. 

All five facilities evaluated and discussed in the context of this paper were all 

moderate to high hazard structures with downstream toe to crest heights varying from 300 

to 440 feet. Detailed studies of liquefaction susceptibility were perfonrned using the 

methodology presented by Poulos, Castro, and France (1985) to estimate in-situ void ratio 

and undrained steady-state strength of the critical layer, fine coal refuse. Presented below 

are the generalized results of field and laboratory testing at the various sites. Field testing 

included performing fixed-piston undisturbed sampling to measure in-situ void ratio and 

piezo-seismic cone penetration testing (PS-CPT) to evaluate stratigraphy and estimate 

shear wave velocity with depth. Laboratory strength testing of undisturbed, remolded and 

slurry fine coal refuse samples was performed to estimate in-situ, undrained steady-state 

shear strength (Sus) and develop a site-specific Sus-lo-effective stress relationship. 

Liquefaction susceptibility was assessed based on the results of limit-equilibrium 

slope stability analyses. Post-earthquake deformations were estimated using one

dimensional wave propagation· and sliding block analysis techniques and the results 

compared to the available freeboard to assess the likelihood of overtopping. Based on the 

regional database of information related to Sus, various trends regarding the general 

behavior of fine coal refuse during undrained loading and the practical implications 

affecting liquefaction susceptibility of upstream-constructed coal refuse impoundments are 

discussed. Detailed discussions regarding post-earthquake deformation analyses and the 

seismic response of coal refuse facilities to acceleration time-histories from stochastic 

simulations of eastern North America earthquakes are reserved for another paper. 

3.0 Field Investigations 

Fixed Pfston Sampling 
The m!=lin purpose of the subsurface exploration program at the various sites was to 

obtain high quality "undisturbed" fine coal refuse samples of a character suitable for 
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laboratory steady-state strength testing. Multiple undisturbed samples were obtained at 

each site at various depths using a hydraulically actuated Gregory Undisturbed Sampler 

(GUS) fixed piston sampler. The GUS fixed piston sampler was used to advance a thin

wall galvanized steel sampling tube by delivering drilling fluid pressure to the top of the 

sampler, which subsequently advanced the tube around a fixed piston. Penetration of the 

tube into the soil was accurately measured to within ½ to 1 millimeter when "full 

penetration" of the sampler was achieved. Full penetration of the sampling tube was 

confirmed by observation of the fluid level in the borehole casing which would dramatically 

rise when fluid pressure applied to the top of the sampler vented through ports in the 

sampler. The technique used for undisturbed fixed piston sampling allowed samples to be 

obtained to depths as great as 344 feet below the ground surface. 

Detailed measurements of the tube inside, outside and cutting edge diameters and 

length were made and volume changes that occurred during sampling calculated in the 

field from tube penetration and sample recovery measurements. Samples were selected 

for subsequent laboratory testing based on the quality of the "undisturbed" sample using a 

criteria for the change in soil volume (i:,VN). · For the fine coal refuse, minimizing the tube 

clearance ratio [(10-CE)/CE] minimized sample volume changes, which typically ranged 

from zero to 2.5 percent. All undisturbed samples were stored in specially designed 

padded wooden boxes and changes in volume routinely monitored during storage and 

prior to and following shipment. Prior to laboratory testing, the tube samples were x-rayed 

and reviewed to select portions of the sample that had a minimum amount of stratification. 

(- Piezo-Seismic!Cone Penetrometer Testing 

'--· PS-CPT soundings were performed prior to or concurrently with undisturbed 

sampling to help delineate the depth to the top and bottom of fine coal refuse. As shown 

in Figure 2, fine coal refuse layers are characterized by significantly lower tip stresses and 

elevated pore pressure generation, while the coarse and coarse-fine mix typically yield 

much higher tip stresses and lower pore pressure generation. Using seismic downhole 

techniques, estimates of shear wave velocity were obtained at each site to correlate small 

strain shear modulus (G) with depth. These tests were generally conducted at 5-foot 

intervals throughout the soil profile to depths of 365 feet at one site. Shear wave 

velocities for coarse, coarse-fines mix and fine coal refuse ranged from about 1,000 to 

2,300 feet per second (fps), 800 to 2,000 fps and 800 to 1,200 fps, respectively. These 

velocities were based on data from 14 PS-CPT soundings. Velocities varied dramatically 

with depth, consistent with variations in placement techniques and the micro-layering 

associated with the deposition history of the facility. 

Stratification 
Much of the coarse refuse embankment drilled and sampled was dense to very 

dense as expected due to the structural placement of the material. Loose deposits of fine 

coal refuse were typically encountered below a dense mixed zone of coarse and fine coal 

refuse. The fines were characterized by corrected cone tip resistance values between 300 

to 1,000 pounds per square inch (psi). The CPT soundings (and visually verified in SPT 

samples) have shown that there are significantly thick zones of mixed coarse and fine coal 

refuse. Mixing apparently occurred during the various push-out phases of upstream 

embankment construction into the tailings pond and possibly from the "pumping" of fines 
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up into the coarse refuse during subsequent stage construction. Due to the infusion of 

coarse refuse into the fines, the mix zones typically exhibited significantly higher average 

cone tip resistance, as well as lower pore pressure generation during cone advancement. 

In-Situ Void Ratio 
A total of 34 undisturbed fine coal refuse samples were obtained from the various 

sites. In-situ void ratio was calculated for each based on the field measurements 

described previously combined with laboratory measurements of the volume of solids in 

the tube. Table 1 presents a summary of sample depth and calculated in-situ void ratio at 

each site. Samples were obtained from beneath about 65 to 344 feet of overlying refuse 

and in-situ void ratios varied from about 0.39 to 0.79, with most (82 percent) of the values 

between 0.43 and 0.59. While in-situ void ratio is influenced by mean effective stress and 

ttme rate of consolidation, the range of values is relatively narrow. Direct correlation 

between estimated mean effective stress and in-situ void ratio can not be inferred due to 

the unique and complex nature of each site's geometric constraints and deposition history. 

4.0 Laboratory Testing 

Steady-state liquefaction-related laboratory test programs of the coal refuse 

materials sampled from the five sites included performing index tests such as grain size 

distributions, Atterberg limits, and specific gravity, as well as triaxial shear strength tests 

on undisturbed, remolded and slurry samples of fine coal refuse. Table 1 presents a 

summary of laboratory test results from Sites 1 through 5. 

Index Tests 
Fine coal refuse particles vary in size from about 2 mm (No. 10 sieve) to 0.0005 

mm (finer than clay fraction). It is analogous to silty sand to silty clay-sized material. 

Fines content (passing a No. 200 sieve) for fine coal refuse from the five sites varied from 

35 to 76 percent. Fine refuse generally has a low plasticity, ranging from nonplastic to 

Plasticity Indices of 12 percent or less. Values are affected by the parent rock formation 

from which the coal was extracted and from clay layers near the coal seam that get mixed 

within the coal. The specific gravity of fine coal refuse is low and generally varied from 

about 1.4 to 2.4 for the sites tested. As a result, densities are also relatively low, with in

place total unit weight ranging from about 75 to 90 pounds per cubic foot (pcf). 

Steady-State Strength Of Undisturbed Samples 

Isotropically consolidated, undrained triaxial compression (cu) tests were 

performed on undisturbed, remolded and slurry samples of fine coal refuse. The main 

purpose of the triaxial tests was to measure the undrained steady-state shear strength of 

the samples in the laboratory to allow in-situ steady-state shear strengths to be estimated 

based on void ratio corrections (from laboratory to field). A total of 34 cu tests were 

performed on undisturbed samples of fine coal refuse from the five sites. Specimens were 

typically consolidated to an isotropic, effective consolidation stress ( cf 3c) ranging from 8 

to 16 kilograms per square centimeter (kg/cm2
) [16.3 to 32. 7 kips per square foot (ksf)}. 

These relatively high confining pressures were used to ensure contractive behavior, 
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particularly since most samples were obtained from 200 to 344 feet below the ground 

surface. The samples exhibited contractive behavior and reached or approximately 

reached a steady-state of deformation within the strain limits of the test. Laboratory 

values of Sus were corrected to represent steady-state strengths at in-situ void ratios. 

Steady-State Line and In-Situ Steady-State Strength 

Triaxial tests were performed on compacted specimens to determine the steady

state line (SSL) of the fine coal refuse representative for each site. Samples of each batch 

mix were formed using two methods: 1) by placing layers of fine coal refuse in a split mold 

and compacting each layer to a target void ratio; and 2) by placing the material in a mold 

as a slurry subject to one-dimensional consolidation to simulate in-situ placement 

conditions. The various SSL's for each batch mix are shown in Figure 3 where the slope 

(t..e/t..log Sus) varies from 0.11 to 0.13 for moist tamped batch samples with additional 

slurry prepared samples of the batch mix shown for comparison. As discussed by Poulos 

et. al (1985), the slope of the steady state line is dependent on the shape of the grains 

and the vertical position is affected by slight differences in grain-size distribution. ln 

general, the variation of the fine refuse coal particle shape from site to site would not be 

expected to vary significantly since the coal was mined from the same region using 

generally similar cleaning techniques. However, the fines content of the coal refuse 

sampled ·from the region varies widely. Thus, the SSL's in Figure 3 are consistent with the 

above observations. 
In-situ Sus for each site was estimated by "correcting" the steady-state strengths at 

laboratory void ratios to their respective in-situ void ratio along the slope of the SSL as 

defined by Poulos et. al (1985). In-situ Sus values ranged from 0.06 to 4.62 kg/cm2 

(0.122 ksf to 9.42 kst) with 74 percent of the data falling between 0.25 and 2.1 kg/cm2 

(0.51 ksf to 4.28 ksf). Figure 4 presents correlated Sus versus in-situ void ratio for 34 

tested samples at the 5 sites. Note that Sus values can vary by more than a factor of 10 

for a given void ratio. 

Sus Versus Effective Stress Relationship 

The estimation of Sus values for fine coal refuse layers that are at in-situ conditions 

different from the samples obtained and tested were estimated using a correlation 

between Sus and effective vertical stress (cr•v) determined for each site. This includes 

proposed upstream stages where sampling is not yet feasible or existing portions of the 

embankment not samplHt.l Jue to budgetary constraints. By generally assuming that Sus 

values vary linearly with cr·v, and estimating the in-situ effective stress conditions for 

proposed layers of fine coal refuse, the in-situ Sus values for the proposed additional 

zones of fine coal refuse can be approximated. Site-specific Sus /cr'v relationships are 

presented in Figure 5 and varied from 0.06 to 0.27. The various relationships were 

approximated by conservatively drawing a line from zero through the location at which 

two-thirds of the data points at a particular site lie above the line. 

The lowest strength relationship was achieved at a narrow valley fill with over 200 

feet of coarse and mixed refuse placed above the tine coal refuse. It is deduced that 

significant arching may be occurring within the coarse refuse preventing the full height of 
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overburden from consolidating the critical fine coal refuse layer. Therefore, factors such 

as cross-valley topography and deposition history are significantly relevant to the Susf cr•v 

relationship. Similarly, the database of Su5/cr'v relationships obtained from bulk fine coal 

refuse samples prepared as slurried samples may be used to investigate what kind of 

relationship with depth (or effective stress) may be expected in the slurry pond prior to any 

encroachment of coarse embankments. The effective consolidation stresses at which the 

laboratory tests were performed were converted into equivalent vertical effective stresses 

in the field, assuming that the lateral stresses are equal to one-half of the vertical stresses. 

As shown in Figure 6, an Su5 /cr'v ratio of 0.18 extends from the zero intercept to the point 

where two-thirds of the data falls above the straight line. 

5.0 Liquefaction Susceptibility Evaluations 

Liquefaction susceptibility depends on the Sus of all the soils along the potential 

failure surface compared to the driving stress along that failure surface. Zones of loose 

(contractive) cohesionless soils are critical to analyzing liquefaction potential because they 

can have an undrained strength that is significantly lower than their drained strength. 

Therefore, the embankment geometry was evaluated to assess the liquefaction potential 

of each stage of construction estimating the average driving shear stresses along the 

critical failure surface at each of the high hazard sites. Generally, as the construction of 

future upstream staging progresses, there is a corresponding increase in driving stress. 

For layers in which fixed-piston samples were obtained and tested, or layers where similar 

effective stresses are present, a weighted average of steady-state strength, such as the 

Two-Thirds Strength Method, was utilized. This method, utilized by Castro et. al. (1989) 

and recommended by the U.S. Army· Corps of Engineers (1970) in their manual for 

analyzing the stability of earth dams, involves using a design shear strength value that is 

lower than two-thirds of the total test values selected. Sus. values for fine coal refuse 

layers at in-situ cr•v values that significantly differ from the cr•v values at sample locations 

were estimated using the site specific Su5lcrv relationship as previously discussed. Limit 

equilibrium slope stability analyses were performed at each site with Sus values applied to 

fine coal refuse layers and frictional (drained) strengths applied to coarse and mixed 

refuse layers. Factors of safety against liquefaction (FL) along the critical failure surfaces 

for the various sites ranged from 1.02 to 1.32. 

6.0 Notable Trends From Completed Studies 

Liquefaction evaluations have been performed at five different sites using steady

state techniques as well as other complementary analyses. Since most of the sites are in 

the same geographical region, it is useful to compare the results of the fine coal refuse 

tested to identify trends in its engineering properties. A discussion of notable trends for 

the presented data is discussed below. 

1. Consistent with the sensitivity of Sus to void ratio, Sus values can vary over 10 times at 

the same void ratio illustrating the need for site specific testing. In-situ void ratios 

varied between 0.39 and 0.79, however, most ranged from 0.43 to 0.59. 
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2. In-situ Sus values for unsampled fine coal refuse layers can be estimated based on Sus 

versus cr'v correlations developed for a particular site. Susfcr'v relationships used for the 

coal refuse impoundment sites have ranged from 0.06 to 0.27 also illustrating the need 

for site specific testing, particularly at facilities with proposed multiple upstream stages. 

3. Sus and Susfcr'v are significantly influenced by factors such as cross-valley topography, 

deposition history, upstream embankment geometry and construction sequencing. 

7.0 Conclusions 

Steady-state methodology can be effectively applied for the detailed evaluation of 

the liquefaction susceptibility of high hazard coal refuse disposal facilities. The evaluation 

needs to be based on site specific geometry and subsurface conditions, and properties 

developed accounting for the uniqueness and complexity of each site. While it is often 

useful to express the steady-state strength with respect to an estimated vertical stress, 

proper caution should be exercised during its development. The database of slurried 

samples has shown that the behavior of newly deposited fine coal refuse can be 

reasonably predicted. The Susf cr'v ratio of fine coal refuse consolidated beneath multiple 

upstream embankment stages can vary significantly with age, loading history, arching, and 

geometric constraints. For initial or preliminary liquefaction assessments, it is 

recommended that a range of Susfcr'v ratios be used to investigate the sensitivity of the 

critical layer to liquefaction susceptibility. For detailed evaluations where significant driving 

stresses are present for multiple upstream stages, site-specific shear strength testing of 

high quality undisturbed samples is recommended to develop the site's Susfcr'v 

relationship and each individual stage evaluated to estimate the factor of safety against 

liquefaction susceptibility. In general, factors of safety against liquefaction susceptibility 

were above 1.0 for the existing and proposed staging at the various high hazard sites. 

Factors of safety below 1.0 indicated the need for remedial design of existing embank

ments or redesign of the staging for proposed expansions to·Jower driving stresses. 
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FIGURE 5 - S.,. of Fixed Piston Samples Versus Estimated Vertical Effective Stress 
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LEGEND NOTES 
• Reconstituted Coal Refuse Slurry Sample 1. Vertical effective stress for reconstituted coal ■ Undisturbed Tube Sample refuse samples assumed to be 1.5 times the 

isotropic effective consolidation stress. 
2. Vertical effective stress of undisturbed tube 

samples estimated by CEC, Inc. 
3. R'4 composed of two different soil types. S~ 

shovm is uncertain. 

Hughes Hollow Slurry lmpoundment - ESTIMATED IN-SITUS,, 
Wana, West Virginia VERSUS 
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DETERMINATION OF DOWNSTREAM AND UPSTREAM IN-SITU 
DRIVING SHEAR STRESS BY ELASTIC (PCSTABL) SOLUTION 

POND CREEK COAL REFUSE DISPOSAL SITE - PHASE 3 IMPOUNDMENT 

OBJECTIVE: To determine the initial state of static stress (a.k.a., "driving shear stress") for the 
Phase 3 fine coal refuse (FCR) impoundment in both downstream and upstream 
directions. The critical failure, in-situ driving shear stress will be used to evaluate 
the potential for a liquefaction (flow slide) failure of the Phase 3 FCR as part of the 
overall evaluation of the impact of longwall mining beneath the Phase 3 
impoundment. 

METHODOLOGY: Use limit equilibrium analyses to estimate the driving shear stress acting on the 
most critical circular failure surface passing through the Phase 3 impoundment and 
embankment geometry shown in Figure 1. Failure planes in both the upstream and 
downstream directions will be evaluated. 

REFERENCES: 

ANALYSIS: 

1. Gregory, P.E., Garry H., "PCSTABL5M with STEDwin Slope Stability Analysis 
System, Version 2.0," dated September 2001. 

2. Civil & Environmental Consultants, Inc: Calculation, "Calculation Brief for 
Estimation and Summary of Engineering Properties Including Peak and Steady
State Undrained Shear Strengths For Refuse and Subgrade Materials, Pond 
Creek Coal Refuse Disposal Site - South Pond", BEG, 7/12/08. 

3. GAi Consultants, Inc. Calculation, "Supplemental Summary of Engineering 
Properties and Coarse Refuse Tensile Strength for Subsidence Liquefaction and 
Embankment Cracking Evaluations, Pond Creek Coal Refuse Disposal Site -
Phase 3," BEG, 3/31/09. 

4. GAi Consultants, Inc. Calculation Brief Entitled "Summary of Laboratory 
Testing," Pond Creek Coal Refuse Disposal Site, BEG, dated 3/30/09. 

5. Poulos, S.J., Castro, G., and France, J.W. (1985a) "Liquefaction Evaluation 
Procedure," Journal of the Geotechnical Engineering Division, ASCE, Vol. 111, 
No. GT6, pp. 772-792. 

Liquefaction (flow slide) susceptibility was determined by evaluating whether or not the Phase 3 FCR 
would resist triggering a loss of strength, and subsequently estimating the factor of safety against post
subsidence instability. The analysis requires the in-situ static driving shear stress be determined in the 
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critical layer FCR and based on the results of the characterization and triggering evaluations, a "zero
strength" analysis of the FCR is performed. 

Poulos, et al (1985) states a soil mass susceptible to liquefaction will only experience a flow slide failure 
when a sufficiently large triggering event causes the strength of the soil to decrease to the undrained 
steady-state strength. Conversely, a soil mass which is not susceptible to liquefaction physically cannot 
fail by liquefaction since the minimum undrained strength exceeds the in-situ driving shear stress along 
the critical failure surface. 

The driving shear stress in a critical soil layer is equal to the minimum shear resistance the layer must 
have to just maintain stability of the slope. This assumes fully mobilized shear strengths in the other soil 
layers comprising the slope. The fully mobilized strengths are those that would act while deformation of 
the slope is occurring and, thus, would be available to resist a massive flow slide. These shear strengths 
can be quantified by performing a stability analysis for the slope in question. 

When evaluating slope stability by means of circular failure surface analysis (using the limit equilibrium 
approach), the driving shear stress (~d) acting along the failure surface analyzed can be determined by 
assuming that the shearing resistance (i.e., shear strength) of the material through which the failure 
surface passes is provided solely by cohesion [i.e., angle of internal friction (~ = OJ. The driving stress is 
determined by varying the cohesion value used in the analysis until a factor of safety (F.S.) of 1.0 is 
obtained. For this condition (F.S. = 1.0), the driving stress acting along the failure surface analyzed is 
equal to the cohesion value used for the material. 

The following soil properties were estimated based on previous field and laboratory testing as well as 
current FCR testing for use in the various slope stability analyses as noted in Reference Nos. 3 and 4: 

Total Unit Saturated Unit Effective Effective 
Weight Weight Friction Cohesion 

Material (Yt) (Ys) (<I>') (c') 
Tvoe lncfl lncfl Iden\ Inst\ 

Coarse Refuse 130 140 33.7 0 
Fine Refuse 80 90 0 0 
Residual Soil 125 135 19 400 

Soil Cap 130 135 30 0 

Results of Driving Shear Stress Slope Stability Analyses: 

Top of Driving Shear Stress Additional Factor 

Phase 3 Fines Top of in Fine Coal Refuse of Safety Including 

lmpoundment Elevation Cap Elevation<'> <~ct) (2) Zero-Strength FCR 

/Crest El. 500 ftl 1ft) (ft) lost\ (dim) 

Downstream 495 500 0 2.2 

Upstream 495 500 0 1.3 

(1) Cap includes 5-foot coarse refuse layer above top of fines elevation as shown In Figure 1. 
(2) Zero-strength driving shear stress analyses yielded additional factors of safety in downstream and 

upstream directions of 2.2 and 1.3, respectively. 
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Based on the information presented in this calculation brief, GAi determined that the Pond Creek -
Phase 3 impoundment geometry has ZERO (0) psf in-situ driving shear stress through the fine coal 
refuse in both the upstream and downstream directions. 

Zero-strength driving shear stress analyses yielded additional factors of safety in downstream and 
upstream directions of 2.2 and 1.3, respectively. 

The results indicate that a rapid loading event such as subsidence-related disturbance will not trigger a 
strength loss in FCR, and is therefore NOT susceptible to a flow slide failure. 

Hard copies of the Phase 3 driving shear stress downstream and upstream slope stability analyses are 
attached. 
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C:\Program Files\STEDwin\Wiliamson Energy Pond Creek\ph3-dsdp.OUT Page 1 

** PCSTABLSM ** 
by 

Purdue University 
--Slope Stability Analysis--

Simplified Janbu, Simplified Bishop 
or Spencer~s Method of Slices 

Run Date: 4/7/2009 
Time of Run: 04:20PM 
Run By: Blaise E. Genes, GAI Consultants 
Input Data Filename: C:ph3-dsdp.in 
Output Filename: C:ph3-dsdp.OUT 
Unit: ENGLISH 
Plotted Output Filename: C:ph3-dsdp.PLT 
PROBLEM DESCRIPTION Pond Creek, Phase 3 Downstream Driving S 

tress, Zero-Strength - Deep 
BOUNDARY COORDINATES 

10 Top Boundaries 
48 Total Boundaries 

Boundary X-Left Y-Left X-Right Y-Right Soil Type 
No. {ft) {ft) {ft) {ft) Below End 

1 .00 466.00 45.00 4 66. 00 1 
2 45.00 466. 00 110.00 465.00 1 
3 110.00 465. 00 120.00 4 68. 00 1 
4 120.00 4 68. 00 140. 00 4 68. 00 1 
5 140.00 4 68. 00 233.00 500.00 1 
6 233.00 500.00 268.00 500.00 1 
7 268.00 500.00 825.00 498.00 1 
8 825.00 498.00 855.00 498.00 1 
9 855.00 498.00 990.00 454.00 1 

10 990. 00 454.00 1010.00 454.00 1 
11 1010.00 454.00 1040.00 454. 00 1 
12 .00 466.00 45.00 466.00 2 
13 45.00 466.00 110. 00 465.00 2 
14 110. 00 4 65. 00 120.00 4 68. 00 2 
15 120.00 468. 00 140. 00 468.00 2 
16 140.00 468. 00 233.00 500.00 2 
17 233.00 500.00 268.00 500.00 2 
18 268.00 500.00 283.00 495.00 2 
19 283.00 495.00 812.00 495.00 2 
20 812.00 4 95. 00 825.00 498 . .00 2 
21 825.00 498.00 855.00 498.00 2 
22 855.00 498.00 990.00 454.00 2 
23 990.00 454.00 1010.00 454.00 2 
24 1010.00 454.00 1040.00 454.00 2 
25 .00 466. 00 45.00 4 66. 00 3 
26 45.00 4 66. 00 110. 00 465.00 3 
27 110.00 465.00 120.00 4 68. 00 3 
28 120.00 468.00 140.00 468.00 3 
29 140.00 468.00 233.00 500.00 3 
30 233.00 500.00 268.00 500.00 3 
31 268. 00 500.00 283.00 495. 00 3 
32 283.00 495.00 370.00 460.00 3 
33 370. 00 4 60. 00 716. 00 457.00 3 
34 716.00 457.00 812.00 495.00 3 
35 812.00 4 95. 00 825.00 498.00 3 
36 825.00 4 98. 00 855.00 498.00 3 
37 855.00 498.00 990.00 454.00 3 
38 990.00 454.00 1010.00 454.00 3 
39 1010.00 454.00 1040.00 454.00 3 
40 .00 4 66. 00 45.00 4 66. 00 4 
41 45.00 466. 00 110.00 465.00 4 
42 110.00 465.00 370.00 4 60. 00 4 
43 370.00 460. 00 716.00 457.00 4 
44 716.00 457.00 990.00 454.00 4 
45 990.00 454.00 1010.00 454. 00 4 
46 1010.00 454.00 1040.00 454.00 4 
47 .00 456.00 1010.00 439.00 5 
48 1010.00 439.00 1040.00 439.00 5 



R16735

C:\Program Files\STEDwin\Wiliamson Energy Pond Creek\ph3-dsdp.OUT Page 2 

ISOTROPIC SOIL PARAMETERS 
5 Type(s) of Soil 

Pore Piez. Soil Total Saturated Cohesion 
Type Unit Wt. Unit Wt. Intercept 

Friction 
Angle 
(deg) 
30.0 

Pressure 
Pressure 
Constant Surface 

No. (pcf) (pcf) (psf) 
1 130.0 140.0 .0 
2 80.0 90.0 .o 
3 130.0 140.0 .0 
4 125.0 135.0 416.0 
5 145.0 145.0 2000.0 

.0 
33.7 
19.5 
20.0 

Param. 
.00 
.00 
.00 
.oo 
.00 

(psf) 
.0 
• 0 
.0 
.0 
.0 

SPECIFIED 1 PIEZOMETRIC SURFACE(S) HAVE BEEN 
Unit Weight of Water= 62.40 
Piezometric Surface No. 1 Specified by 8 Coordinate Points 

Point X-Water Y-Water 
No. (ft) (ft) 

1 .00 463.00 
2 185.00 461.00 
3 283.00 495.00 
4 812.00 495.00 
5 930.00 451.00 
6 990.00 451.00 
7 1010.00 451.00 
8 1040.00 451.00 

No. 
0 
1 
1 
1 
1 

A Critical Failure Surface Searching Method, Using A Random 
Technique For Generating Circular Surfaces, Has Been Specified. 
400 Trial Surfaces Have Been Generated. 

20 Surfaces Initiate From Each Of 20 Points Equally Spaced 
Along The Ground Surface Between X = 75.00 ft. 

and X - 160.00 ft. 
Each Surface Terminates Between X = 255.00 ft. 

and X - 500.00 ft. 
Unless Further Limitations Were Imposed, The Minimum Elevation 
At Which A Surface Extends Is Y = .00 ft. 

5.00 ft. Line Segments Define Each Trial Failure Surface. 
Following Are Displayed The Ten Most Critical Of The Trial 

Failure Surfaces Examined. They Are Ordered - Most Critical 
First. 
**Safety Factors Are Calculated By The Modified Bishop Method 
Failure Surface Specified By 34 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 124.21 468.00 
2 128. 62 4 65. 65 
3 133.14 463.49 
4 137.74 461.55 
5 142.43 459.82 
6 147.20 458.31 
7 152.03 457.02 
8 156.91 455.95 
9 161.84 455.10 

10 166.80 454.48 
11 171.79 454.08 
12 176.78 453.92 
13 181. 78 453. 98 
14 186.78 454.28 
15 191.75 454.80 
16 196.69 455.54 
17 201.60 456.51 
18 206.45 457.71 
19 211.25 459.13 
20 215.97 460.76 
21 220.62 462.61 
22 225.18 464.67 
23 229.63 466.93 
24 233.98 469.40 
25 238.21 472.06 
26 242.32 474.91 

* * 
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27 246.29 477.95 
28 250 .12 481.17 
29 253.80 484.56 
30 257.31 488.11 
31 260. 67 4 91. 82 
32 263. 85 495.68 
33 266.85 499.68 
34 2 67. 06 500.00 

Circle Center At X = 177.9 y 563.2 and Radius, 109.3 

*** 2.222 *** 
Individual data on the 41 slices 

Water Water Tie Tie Earthquake 
Force Force Force Force Force Surcharge 

Slice Width Weight Top Bot Norm Tan Hor Ver Load 
No. (ft) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) 

1 4.4 675.1 .0 . 0 . 0 .0 . 0 . 0 .0 
2 2.2 820.9 . 0 . 0 .0 . 0 .0 . 0 .0 
3 2.3 1185. 7 .0 .0 . 0 .0 .0 . 0 .0 
4 4.6 3234.4 .0 . 0 .o . 0 . 0 . 0 .0 
5 .1 96.6 .0 . 0 . 0 . 0 .0 . 0 .0 
6 2.1 1887.8 .0 54.5 . 0 .0 . 0 . 0 .0 
7 2.4 2557.5 .0 194.5 .0 .0 . 0 . 0 .0 
8 4.8 6548. 6 . 0 738.6 .o .0 .o . 0 .0 
9 4.8 8588.0 .0 1160. 2 .0 .0 .0 . 0 .0 

10 4.9 10524.5 . 0 1512.7 .0 .0 . 0 .0 .0 
11 4.9 12338.2 . 0 1795.4 .0 .0 .0 . 0 .0 
12 5.0 14010.7 . 0 2007.7 .o . 0 . 0 .0 .0 
13 5.0 15525. 9 . 0 214 9 .1 .0 .0 . 0 . 0 .0 
14 5.0 16869.3 . 0 2219.3 .0 .o .0 . 0 .o 
15 5.0 18028.8 . 0 2218.2 .0 .0 . 0 . 0 .0 
16 3.2 12131. 8 . 0 1394.8 .0 . 0 .0 . 0 .0 
17 1.8 6861. 7 . 0 744.1 . 0 . 0 .0 . 0 .0 
18 5.0 19813.8 .0 2345.1 . 0 . 0 .0 . 0 . 0 
19 .2 962.5 .0 120. 9 .0 . 0 .0 .0 . 0 
20 4.7 19494.1 .0 2545.0 .0 . 0 .0 .0 . 0 
21 4.9 20888.9 .0 2916. 6 .0 . 0 . 0 .0 .0 
22 4.9 21110. 0 . 0 3096.4 .0 .0 . 0 .0 .0 
23 4.8 21121. 5 . 0 3205.1 .0 .0 . 0 .o .0 
24 4.7 20927.4 . 0 3242.5 .0 . 0 . 0 . 0 .o 
25 4.6 20534.4 . 0 3208.4 .0 .·o .0 . 0 .0 
26 . 6 2468.9 .0 389.4 . 0 . 0 .0 .0 .0 
27 4.0 17463.6 .0 2713.6 .0 .0 .0 . 0 .0 
28 4.5 19120.9 .0 2926.4 .0 . 0 .0 . 0 .o 
29 3.4 14095.7 .0 2098.7 .0 . 0 .0 .0 .0 
30 1.0 4024.1 .0 580.3 .0 . 0 . 0 .0 .0 
31 4.2 16423.9 .0 2361. 3 .0 . 0 . 0 . 0 .0 
32 4.1 14411. 2 .0 197 4 .1 .0 . 0 .0 . 0 .0 
33 4.0 12359.5 .0 1518.1 . 0 . 0 .0 . 0 .0 
34 3.8 10293.7 . 0 994.3 . 0 . 0 .0 . 0 .0 
35 3.7 8239.4 . 0 403.7 .0 . 0 .0 . 0 . 0 
36 .5 928.6 . 0 6.1 . 0 .o . 0 . 0 . 0 
37 3.0 5322.9 . 0 .0 .0 . 0 . 0 . 0 .0 
38 3.4 4373.3 .0 .0 .o . 0 .0 . 0 .0 
39 3.2 2583.4 .0 .0 . 0 . 0 .0 . 0 .0 
40 3.0 905.0 . 0 . 0 . 0 . 0 .0 . 0 . 0 
41 .2 4.6 . 0 . 0 .0 .0 . 0 . 0 . 0 

Failure Surface Specified By 33 Coordinate Points 
Point X-Surf Y-Surf 

No. (ft) (ft) 
1 133.16 468. 00 
2 137. 49 465.50 
3 141. 94 463.23 
4 14 6. 50 4 61.17 
5 151.16 459.35 
6 155.90 457.76 
7 160.71 456.40 
8 165.58 455.29 
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9 170.51 454.42 
10 175.47 453.79 
11 180.45 453.42 
12 185.45 453.29 
13 190.45 453.41 
14 195.44 453.78 
15 200.40 454.39 
16 205.32 455.25 
17 210.20 456.35 
18 215.02 457.70 
19 219.76 459.28 
20 224.42 461.10 
21 228.98 463.14 
22 233.44 465.41 
23 237.77 4 67. 90 
24 241. 98 470.60 
25 246.05 473.50 
26 249.97 4 7 6. 61 
27 253.73 479.90 
28 257.32 483.38 
29 260. 74 487.03 
30 263.97 490.85 
31 267. 01 494.82 
32 269.84 498.94 
33 270.49 499.99 

Circle Center At X = 185.6 ; y 553.9 and Radius, 100.6 
*** 2.233 *** 

Failure Surface Specified By 37 Coordinate Points 
Point X-Surf Y-Surf 
No. (ft) (ft) 

1 128. 68 4 68. 00 
2 133.17 4 65. 80 
3 137.74 4 63. 7 6 
4 142.38 4 61. 90 
5 147.09 460.22 
6 151. 86 458.72 
7 156.68 457.40 
8 161. 55 456.26 
9 166. 4 6 455.31 

10 171.40 454.55 
11 17 6. 37 453.97 
12 181. 35 453.58 
13 186.35 453.39 
14 191. 35 453.38 
15 196.35 453.56 
16 201. 33 453.93 
17 206.30 454.48 
18 211. 25 455.23 
19 216.16 456.16 
20 221.03 457.28 
21 225.86 458.58 
22 230.63 460.07 
23 235.35 461. 73 
24 240.00 463.57 
25 244.57 465.59 
26 249.07 4 67. 78 
27 253.48 470.13 
28 257.79 472.66 
29 262. 01 475.34 
30 266.13 478.18 
31 270.13 481.18 
32 274.02 484.32 
33 277.78 487.61 
34 281. 42 491.04 
35 284.92 494.61 
36 288.29 498.31 
37 289.65 499.92 
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Circle Center At X = 189.1; Y 585.3 and Radius, 131.9 
*** 2.300 *** 

Failure Surface Specified By 28 Coordinate Points 
Point X-Surf Y-Surf 

No. (ft) (ft) 
1 142 .11 468. 72 
2 146.39 466.15 
3 150.83 463. 85 
4 155.40 4 61. 83 
5 160. 09 460. 09 
6 164. 88 458. 65 
7 169.75 457. 52 
8 174.68 456.68 
9 179. 65 456.16 

10 184.65 455.94 
11 18 9. 65 456.04 
12 194. 63 456. 45 
13 199.58 457.16 
14 204.47 458.19 
15 209.30 459.51 
16 214.03 461.13 
17 218.64 463.05 
18 223 .14 465.24 
19 227.48 467. 71 
20 231. 67 470.45 
21 235. 67 473.44 
22 239.49 4'/6.68 
23 243.09 480.14 
24 246.47 483.83 
25 24 9. 62 487.71 
26 252. 51 491.79 
27 255.15 496.04 
28 257.29 500.00 

Circle Center At X = 185.6 ; y 536.3 and Radius, 80.3 
*** 2.302 *** 

Failure Surface Specified By 33 Coordinate Points 
Point X-Surf Y-Surf 

No. (ft) (ft) 
1 137.63 468.00 
2 142.10 4 65. 7 5 
3 146.66 463. 71 
4 151. 32 4 61. 89 
5 156.05 460.27 
6 160.85 458.88 
7 165. 71 457.71 
8 170.62 456.76 
9 175.57 456.04 

10 180.55 455.55 
11 185.54 455.28 
12 190.54 455.24 
13 195.54 455.44 
14 200.52 455.86 
15 205.48 456.51 
16 210.40 457.39 
17 215.27 458.49 
18 220.10 459.81 
19 224.85 461. 35 
20 229.53 463 .11 
21 234.13 465.09 
22 238.63 4 67. 27 
23 243.02 469.65 
24 247.30 472.24 
25 251.46 475.02 
26 255.48 477.98 
27 259.37 481.13 
28 263 .11 484.45 
29 266.69 487.94 
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30 270.10 491. 59 
31 273.35 495.39 
32 276.42 499.34 
33 276.86 499.97 

Circle Center At X = 188.8 ; y 564.2 and Radius, 
*** 2.319 *** 

Failure Surface Specified By 37 Coordinate Points 
Point X-Surf Y-Surf 
No. (ft) (ft) 

1 110.79 4 65. 24 
2 115. 46 4 63. 4 6 
3 120.19 461.84 
4 124.97 460. 38 
5 129.80 459.07 
6 134.67 457. 92 
7 139.57 456.93 
8 144. 50 456.11 
9 149.46 455.45 

10 154.43 454.95 
11 159.42 454.61 
12 164. 42 454.44 
13 169.42 454.44 
14 174.41 454.59 
15 179.40 454.92 
16 184.38 455. 40 
17 189.34 456.05 
18 194. 27 456.87 
19 199.18 457.84 
20 204.05 458.97 
21 208.88 4 60. 27 
22 213.66 461. 72 
23 218.39 4 63. 33 
24 223.07 465.09 
25 227.69 467. 01 
26 232.24 4 69. 08 
27 236.72 471.29 
28 241.13 473.66 
29 245.46 476.16 
30 249.70 478.81 
31 253. 85 481. 60 
32 257. 91 484.52 
33 261. 87 487.57 
34 265. 73 490.75 
35 269.48 494.05 
36 273.12 497.48 
37 275. 60 499.97 

Circle Center At X = 167 .1 ; y 606.4 and Radius, 
*** 2.331 *** 

Failure Surface Specified By 35 Coordinate Points 
Point 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

X-Surf 
(ft) 

106.32 
111. 00 
115.74 
120.53 
125.37 
130.25 
135.17 
140.11 
145.08 
150.07 
155.06 
160.06 
165.06 
170.05 
175. 03 
179. 98 

Y-Surf 
(ft) 

465.06 
463.30 
461.70 
460. 28 
459.03 
457.95 
457.04 
456.30 
455.75 
455.36 
455.16 
455.13 
455.28 
455.60 
456.10 
456.78 

109.0 

152.0 

Page 6 
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17 184.91 457. 63 
18 189.80 458c66 
19 194. 65 459.86 
20 199.46 461. 23 
21 204.22 462. 76 
22 208.92 464.47 
23 213.56 466.34 
24 210.12 4 68. 38 
25 222. 62 470.57 
26 227.03 472.92 
27 231. 36 475.43 
28 235.59 478.09 
29 239. 73 480.89 
30 243.77 483.84 
31 247.70 486.93 
32 251. 51 490.16 
33 255.21 493.53 
34 258.79 497. 02 
35 261.64 500.00 

Circle Center At X = 158.4 ; y 596.4 and Radius, 
*** 2.340 *** 

Failure Surface Specified By 37 Coordinate Points 
Point X-Surf Y-Surf 

No. (ft) (ft) 
1 97.37 465.19 
2 102.02 463.35 
3 106. 73 4 61. 67 
4 111. 49 4 60 .14 
5 116.30 458.78 
6 121.15 457.59 
7 126.04 456.55 
8 130.97 455. 68 
9 135.92 454.98 

10 140.89 454.45 
11 145.88 454.09 
12 150.87 453.89 
13 155.87 453.87 
14 160.87 454.01 
15 165.86 454.32 
16 170.84 454.80 
17 175.80 455.45 
18 180.73 456.27 
19 185.63 457.25 
20 190.50 458.40 
21 195. 32 459. 71 
22 200.10 4 61.18 
23 204.83 462.82 
24 209.49 464.61 
25 214 .10 466.56 
26 218.63 4 68. 67 
27 223.09 470.92 
28 227. 48 473.33 
29 231. 78 475.88 
30 235.99 478.58 
31 240.10 481. 42 
32 244.12 484.40 
33 248.04 487.51 
34 251. 84 490.75 
35 255.54 494.11 
36 259.12 4 97. 61 
37 261.41 500.00 

Circle Center At X = 154.1 ; y 601. 7 and Radius, 
*** 2.343 *** 

Failure 
Point 

No. 
1 

Surface Specified By 34 Coordinate Points 
X-Surf Y-Surf 

(ft) (ft) 
137.63 468.00 

141.3 

147.8 

Page 7 
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2 142.13 465. 81 
3 146.71 463. 82 
4 151.38 462. 02 
5 156.12 4 60. 43 
6 160.92 459.04 
7 165.78 457.86 
8 170.68 456.88 
9 17 5. 63 456.12 

10 180.60 455.58 
11 185.58 455.25 
12 190.58 455.13 
13 195.58 455.22 
14 200.57 455.54 
15 205.54 456.06 
16 210.49 456.80 
17 215.40 457.75 
18 220.26 458.91 
19 225.07 460. 28 
20 z'29. 82 461.86 
21 234.49 463. 63 
22 239.08 465.61 
23 243.59 467. 78 
24 247.99 470.14 
25 252.30 472. 69 
26 256.48 475.43 
27 260.55 478.33 
28 264.49 481. 42 
29 2 68. 29 484.66 
30 271. 95 488.07 
31 275.45 491. 64 
32 278.81 495.35 
33 282. 00 499.20 
34 282. 57 499.95 

Circle Center At X = 190.8 ; y 571. 4 and Radius, 116.3 
*** 2.346 *** 

Failure Surface Specified By 37 Coordinate Points 
Point X-Surf Y-Surf 

No. (ft) (ft) 
1 133.16 468. 00 
2 137.67 465. 85 
3 142.27 463. 87 
4 146.93 462. 07 
5 151. 65 460. 43 
6 156.43 458. 97 
7 161. 27 457.69 
8 166.14 456.59 
9 171. 06 455. 67 

10 176.00 454.93 
11 180.97 454.37 
12 185.96 454.00 
13 190.96 453.81 
14 195. 96 453.80 
15 200.95 453.99 
16 205.94 454.35 
17 210.91 454.90 
18 215.85 455.63 
19 220.77 456.55 
20 225.65 457.64 
21 230.48 458.92 
22 235.27 460. 37 
23 240.00 462. 00 
24 244.66 463. 80 
25 249.25 465. 77 
26 253.77 467. 91 
27 258.21 470.22 
28 262. 56 472. 68 
29 266.81 475.31 
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30 270.97 478.09 
31 275.01 481.03 
32 278.95 484 .11 
33 282.77 487.33 
34 286.47 490.70 
35 290.05 494.20 
36 293. 49 497. 82 
37 295.32 499.90 

Circle Center At X - 193.6 ; y 589.2 and Radius, 135.4 

*** 2.350 *** 
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Pond Creek, Phase 3 Upstream Driving Stress, Zero-Strength - Deep 
c:\program 'iles\stedwin\wiliamson energy pond creek\ph3-usdp.pl2 Run By: Blaise E. Genes, GAi Consultants 4/7/2009 04:32PM 
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' 

600 H e 1.39 
f 1.39 

Soil 
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CCR Cap 
Fine CR 
P3CCR 
Residual 

Seil Total Saturated Cohesion Friction Piez. 
Type Unit Wt. Unit Wt. Intercept Angle Surface 
No. (pen (pen (psn (deg) No. 
1 130.0 140.0 0.0 30.0 0 
2 80.0 90.0 a.a 0.0 W1 
3 130.0 140.0 a.a 33.7 W1 
4 125.0 135.0 416.0 19.5 W1 

g 1.39
1 
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Safety Factors Are Calculated By The Modified Bishop Method 
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Pond Creek, Phase 3 Upstream Driving Stress, Zero-Strength - Deep 
c:\program files\stedwin\wiliamson energy pond creek\ph3-usdp.plt Run By: Blaise E. Genes, GAi Consultants 4/7/2009 04:32PM 
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** PCSTABLSM ** 
by 

Purdue University 
--Slope Stability Analysis--

Simplified Janbu, Simplified Bishop 
or Spencer's Method of Slices 

Run Date: 4/7/2009 
Time of Run: 04:32PM 
Run By: Blaise E. Genes, GAI Consultants 
Input Data Filename: C:ph3-usdp.in 
Output Filename: C:ph3-usdp.OUT 
Unit: ENGLISH 
Plotted Output Filename: C:ph3-usdp.PLT 
PROBLEM DESCRIPTION Pond Creek, Phase 3 Upstream Driving Str 

ess, Zero-Strength - Deep 
BOUNDARY COORDINATES 

1D Top Boundaries 
48 Total Boundaries 

Boundary X-Left Y-Left X-Right Y-Right Soil Type 
No. (ft) (ft) (ft) (ft) Below Bnd 

1 .oo 466.00 45.00 466.00 1 
2 45.00 466.00 110.00 465.00 1 
3 110.00 4 65. 00 120.00 4 68. 00 1 
4 120.00 4 68. 00 140.00 468.00 1 
5 140.00 4 68. 00 233.00 500.00 1 
6 233.00 500.00 2 68. 00 500.00 1 
7 268. 00 500.00 825.00 498.00 1 
8 825.00 498.00 855.00 498.00 1 
9 855.00 4 98. 00 990.00 454.00 1 

10 990.00 454.00 1010.00 454.00 1 
11 1010.00 454.00 1040.00 454.00 1 
12 .00 4 66. 00 45.00 466.00 2 
13 45.00 466.00 110.00 465.00 2 
14 110.00 4 65. 00 120.00 468.00 2 
15 120. 00 4 68. 00 140.00 4 68. 00 2 
16 140.00 4 68. 00 233.00 500.00 2 
17 233.00 500.00 268.00 500.00 2 
18 268.00 500.00 283.00 495.00 2 
19 283.00 495.00 812.00 495.00 2 
20 812.00 495.00 825.00 498.00 2 
21 825.00 498.00 855.00 498.00 2 
22 855.00 498.00 990.00 454.00 2 
23 990.00 454.00 1010.00 454.00 2 
24 1010.00 454.00 1040.00 454.00 2 
25 .00 4 66. 00 45.00 466.00 3 
26 45.00 4 66. 00 110.00 465.00 3 
27 110. 00 4 65. 00 120.00 468.00 3 
28 120.00 468.00 140.00 4 68. 00 3 
29 140.00 4 68. 00 233.00 500.00 3 
30 233.00 500.00 268.00 500.00 3 
31 268. 00 500.00 283.00 495.00 3 
32 283.00 4 95. 00 370.00 460.00 3 
33 370.00 4 60. 00 716.00 457.00 3 
34 716.00 457.00 812.00 495.00 3 
35 812.00 495.00 825.00 498.00 3 
36 825.00 498.00 855.00 498.00 3 
37 855.00 498.00 990.00 454.00 3 
38 990.00 454.00 1010.00 454.00 3 
39 1010.00 454.00 1040.00 454.00 3 
40 .oo 466.00 45.00 466. 00 4 
41 45.00 4 66. 00 110.00 465.00 4 
42 110.00 465.00 370.00 460.00 4 
43 370.00 460.00 716.00 457.00 4 
44 716.00 457.00 990.00 454.00 4 

(_ 45 990.00 454.00 1010.00 454.00 4 
46 1010.00 454.00 1040.00 454.00 4 
47 .00 456.00 1010.00 439.00 5 
48 1010.00 439.00 1040.00 439.00 5 
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ISOTROPIC SOIL PARAMETERS 
5 Type(s) of Soil 

Piez. Soil Total Saturated Cohesion 
Type Unit Wt. Unit Wt. Intercept 

Friction Pore 
Angle Pressure 

Pressure 
Constant Surface 

No. (pcf) (pcf) (psf) 
1 130.0 140.0 .0 
2 80.0 90.0 .0 
3 130.0 140.0 .0 
4 125.0 135.0 416.0 
5 145.0 145.0 2000.0 

1 PIEZOMETRIC SURFACE(S) HAVE BEEN 

(deg) Param. 
30.0 .00 

.0 .00 
33.7 .00 
19.5 .00 
20. 0 . 00 
SPECIFIED 

(psf) 
.o 
. 0 
. 0 
• 0 
.0 

Unit Weight of Water= 62.40 
Piezornetric Surface No. 1 Specified by 8 Coordinate Points 

Point X-Water Y-Water 
No. (ft) (ft) 

1 .00 463.00 
2 185.00 461.00 
3 283.00 495.00 
4 812.00 495.00 
5 930.00 451.00 
6 990.00 451.00 
7 1010.00 451.00 
8 1040.00 451.00 

No. 
0 
1 
1 
1 
1 

A Critical Failure Surface Searching Method, Using A Random 
Technique For Generating Circular Surfaces, Has Been Specified. 
400 Trial Surfaces Have Been Generated. 

20 Surfaces Initiate From Each Of 20 Points Equally Spaced 
Along The Ground Surface Between X 500.00 ft. 

and X 630.00 ft. 
Each Surface Terminates Between X 830.00 ft. 

and X 950.00 ft. 
Unless Further Limitations Were Imposed, The Minimum Elevation 
At Which A Surface Extends Is Y = .00 ft. 

5.00 ft. Line Segments Define Each Trial Failure Surface. 
Following Are Displayed The Ten Most Critical Of The Trial 

Failure Surfaces Examined. They Are Ordered - Most Critical 
First. 
**Safety Factors Are Calculated By The Modified Bishop Method 
Failure Surface Specified By 60 Coordinate Points 

Point X-Surf Y-Surf 
No. (tt) (ft) 

1 623.16 498.72 
2 626.89 495.40 
3 630.71 492.17 
4 634.60 489.02 
5 638.56 485.97 
6 642.59 483.01 
7 646.69 480.15 
8 650.85 477.39 
9 655.08 474.72 

10 659.37 472.15 
11 663.72 469.69 
12 668.13 467.33 
13 672.59 465.07 
14 677.10 462.92 
15 681.67 460.87 
16 686.28 458.93 
17 690.93 457.10 
18 695.62 455.38 
19 700.36 453.77 
20 705.13 452.27 
21 709.93 450.89 
22 714.77 449.62 
23 719.63 448.46 
24 724.52 447.41 
25 729.43 446.48 
26 734.37 445.67 

* * 
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27 739.32 444.97 
28 744.28 444.39 
29 749.26 443.93 
30 754.25 443.58 
31 759.25 443.35 
32 764.24 443.24 
33 769.24 443.25 
34 774.24 443.37 
35 779.24 443. 61 
36 784.22 443.96 
37 789. 20 444.44 
38 794.17 445.03 
39 799.12 445.74 
40 804.05 446.56 
41 808.96 447.50 
42 813.85 448.55 
43 818.71 449.72 
44 823.54 451. 00 
45 828.34 452.40 
46 833.11 453.90 
47 837.84 455.52 
48 842.53 457.25 
49 847.18 459.09 
50 851. 79 461.04 
51 856.34 4 63 .10 
52 860. 85 465.26 
53 865. 31 4 67. 53 
54 869.71 469.90 
55 874.06 472.37 
56 878.34 4 7 4. 95 
57 882.57 4 77. 62 
58 886.73 480.39 
59 890.82 483.26 
60 893.70 485.39 

Circle Center At X = 766.5 y - 656.1 and Radius, 212.9 
*** 1.329 *** 

Individual data on the 67 slices 
Water Water Tie Tie Earthquake 
Force Force Force Force Force Surcharge 

Slice Width Weight Top Bot Norm Tan Hor Ver Load 
No. (ft) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) 

1 3.7 803.7 . 0 .0 . 0 .0 .0 .0 .0 
2 .5 216.2 . 0 .0 . 0 . 0 .o .0 .0 
3 3.3 2033.4 . 0 386.9 . 0 . 0 . 0 .0 . 0 
4 3.9 3406.5 .o 1374.0 . 0 .0 .0 .0 .0 
5 4.0 4567.2 .0 2340.5 . 0 .0 .0 .0 . 0 
6 4.0 5731. 2 .0 3278. 0 . 0 .0 .0 .0 .o 
7 4.1 6894.3 .0 4185.9 . 0 .0 .0 .0 .0 
8 4.2 8052.3 .o 5063.8 . 0 .0 .0 .0 . 0 
9 4.2 9201.1 .0 5911. 2 . 0 .0 .0 .0 • 0 

10 4.3 10336.7 .0 6727. 5 . 0 .o .o .0 . 0 
11 4. 4 11455.3 . 0 7512.5 . 0 .0 .0 .0 .0 
12 4.4 12552.9 .o 8265.6 . 0 .0 .0 .o .0 
13 4.5 13625.8 . 0 8986.4 . 0 .0 .0 .0 . 0 
14 4.5 14670.1 . 0 9 67 4. 5 . 0 .0 .0 .0 .0 
15 4.6 15682. 9 . 0 10329.6 . 0 .0 .0 .0 .0 
16 4.6 16660.4 . 0 10951. 3 . 0 .0 .0 .0 .0 
17 4.3 16427.9 .0 10768.8 . 0 .0 .0 .o .o 
18 . 3 1172. 3 .0 770.4 . 0 .0 .o .0 .o 
19 4.7 18698.9 .0 12093.0 . 0 .0 .0 .0 .0 
20 4.7 19899.3 .o 12612.4 . 0 .0 . 0 .0 .0 
21 4.8 21033.9 .0 13097.1 . 0 .0 .0 .0 .0 
22 4.8 22098.3 .0 13546.8 . 0 .0 .0 .o .0 
23 4.8 23089.5 .0 13961. 5 • 0 .o . 0 .0 . 0 
24 1.2 6013.4 .0 3600.3 . 0 .o . 0 .0 .0 
25 3.6 18123.4 .0 10740.3 . 0 . 0 . 0 .0 . 0 
26 4. 9 25438.8 .0 14684.3 .0 .0 . 0 .0 . 0 
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27 4.9 26680.0 . 0 14991.9 .0 .0 . 0 .0 .0 
28 4.9 27841. 8 . 0 15263.6 .0 .0 . 0 .0 .0 
29 5.0 28921. 0 . 0 15499.3 .0 . 0 . 0 . 0 . 0 
30 5.0 29914.3 . 0 15698.7 .0 . 0 . 0 . 0 . 0 
31 5.0 30818.9 . 0 15861. 7 .o . 0 .0 .0 . 0 
32 5.0 31632.6 . 0 15988.2 .0 . 0 .0 . 0 .0 
33 5.0 32353.0 .0 16078.1 . 0 . 0 .o . 0 .0 
34 5.0 32978.2 .0 16131. 3 . 0 . 0 .0 . 0 .0 
35 5.0 33507.3 .0 16148.1 . 0 .0 . 0 .0 .o 
36 5.0 33938.3 . 0 16128.1 .0 .o . 0 .0 . 0 
37 5.0 34271. 2 . 0 16071.8 .0 . 0 .o .0 . 0 
38 5.0 34504.6 .0 15978.7 .0 . 0 .0 . 0 .o 
39 5.0 34638.4 .0 15849.0 .0 . 0 .0 . 0 .0 
40 5.0 34672.9 .0 15682.9 .0 . 0 .o . 0 .0 
41 4.9 34608.7 .o 15480.6 . 0 .0 .0 . 0 .o 
42 4.9 34445.7 .0 15241. 7 . 0 . 0 .0 . 0 .0 
43 4 .. 9 34185.5 . 0 14966.9 . 0 .0 .o .o .0 
44 3.0 21070.2 . 0 9155.2 . 0 .0 .0 . 0 . 0 
45 1. 8 12719.3 36192.7 5127.1 . 0 .0 . 0 .0 . 0 
46 4.9 32858.1 95248.0 12968.9 . 0 . 0 . 0 . 0 .0 
47 4.8 31721.1 94688. 9 12080.4 .0 . 0 . 0 .0 .0 
48 1.5 937 4. 9 28570.0 3488.4 .0 .0 .0 .0 .0 
49 3.3 21147.2 65506.5 7673. 6 .0 . 0 .o .0 .0 
50 4.8 29294.2 93409.2 10214. 3 . 0 . 0 .0 . 0 .o 
51 4.7 27997.5 92690.5 9237.6 . 0 .0 .0 . 0 .o 
52 . 4 2169.3 7339.2 694.7 . 0 .0 .0 .0 .0 
53 4.3 24446.2 84581. l 7537.7 . 0 .0 . 0 .0 .0 
54 4. 6 25145.2 91098.8 7199.5 .0 . 0 . 0 .o .0 
55 4.6 23614.8 90228.1 613 9. 3 .0 . 0 . 0 .0 .0 
56 3.2 15672.0 62954.5 3676. 0 .o . 0 . 0 .0 .0 
57 1. 3 6318.3 27735.3 1376.4 .0 . 0 . 0 . 0 .0 
58 4.5 19705.2 93256. 8 3939.4 .0 . 0 . 0 .0 .o 
59 4.5 17185. 9 92608.4 2801. 0 .0 . 0 . 0 .0 .0 
60 4.4 14658.6 91894.1 1637.7 .0 . 0 . 0 .0 .0 
61 3.8 10747.4 79736.2 459.5 .0 . 0 . 0 . 0 .o 
62 .5 1384.0 11376. 9 . 0 .0 . 0 . 0 .0 .0 
63 4.3 9712.6 90266.0 . 0 .o . 0 . 0 . 0 .0 
64 4.2 7369.8 89352.1 . 0 . 0 . 0 . 0 . 0 .0 
65 4.2 5045.7 88370.9 .0 .0 . 0 . 0 .0 .o 
66 4.1 2747.6 87325.6 . 0 .0 .o· . 0 .0 .0 
67 2.9 572.8 61636.2 . 0 .o . 0 . 0 .0 .0 

Failure Surface Specified By 57 Coordinate Points 
Point X-Surf Y-Surf 

No. (ft) (ft) 
1 623 .16 498. 72 
2 626.75 495.25 
3 630.43 491.86 
4 634.21 488.58 
5 638. 07 485. 41 
6 642. 01 482.33 
7 64 6. 04 479.37 
8 650.14 476.51 
9 654.32 473.77 

10 658.57 4 71.14 
11 662. 89 468.62 
12 667.28 466.22 
13 671. 73 4 63. 94 
14 67 6. 24 4 61. 78 
15 680. 81 459.75 
16 685.43 457.83 
17 690.10 456.05 
18 694.81 454.38 
19 699.57 452.85 
20 704.37 451.45 
21 709.20 450 .17 
22 714. 07 44 9. 02 
23 718. 97 448.01 
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24 723. 89 447.13 
25 728.83 446.38 
26 733.79 445.77 
27 738. 77 445.28 
28 743.76 444.94 
29 748.75 444.72 
30 753.75 444.65 
31 758.75 444.70 
32 763. 75 444.89 
33 7 68. 74 445.22 
34 773. 72 445.68 
35 778.68 446.27 
36 783. 63 447.00 
37 788.55 447.86 
38 793.45 448.85 
39 798.33 449.98 
40 803.17 451. 23 
41 807. 97 452. 61 
42 812.74 454 .13 
43 817.46 455.77 
44 822.14 457.54 
45 826. 77 459.43 
46 831. 34 461.45 
47 835.86 4 63. 59 
48 840.32 4 65. 85 
49 844. 72 4 68. 22 
50 849.05 470.72 
51 853.31 473.33 
52 857.50 476.06 
53 861. 62 478.90 
54 8 65. 66 481. 85 
55 8 69. 62 484.90 
56 873.49 488.06 
57 876. 78 4 90. 90 

Circle Center At X = 754.2 ; y 630.4 and Radius, 185.7 

*** 1. 356 *** 
Failure Surface Specified By 50 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 630.00 498.70 
2 633. 61 4 95. 24 
3 637.32 491.89 
4 641.14 488. 67 
5 645.07 485.57 
6 649.08 482.59 
7 653.20 479.75 
8 657. 40 477.03 
9 661. 68 474.46 

10 666.05 472.02 
11 670.49 469.72 
12 675.00 4 67. 57 
13 679.58 465. 56 
14 684.22 4 63. 70 
15 688. 92 4 61. 98 
16 693. 67 460.42 
17 698.46 459.01 
18 703.30 457.75 
19 708.18 456. 65 
20 713.09 455.71 
21 718. 03 454.92 
22 722.99 454.29 
23 727. 97 453.82 
24 732. 96 453.51 
25 737.95 453.36 
26 742.95 453.37 
27 747.95 453.54 
28 7 52. 94 453.87 
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29 757. 92 454.35 
30 7 62. 87 455.00 
31 7 67. 81 455.80 
32 772. 72 456.76 
33 777.59 457.88 
34 782.43 459.15 
35 787. 22 460.58 
36 791.96 462 .15 
37 796. 65 4 63. 88 
38 801.29 4 65. 76 
39 805.86 4 67. 7 9 
40 810.36 469.96 
41 814. 80 472.27 
42 819.15 474.72 
43 823.43 477.31 
44 827. 62 480.04 
45 831. 72 482.90 
46 835.73 485.89 
47 83 9. 65 489.00 
48 843.46 492.24 
49 847.16 4 95. 60 
50 849.65 4 98. 00 

Circle Center At X = 740.2 ; y 609.9 and Radius, 156.5 
*** 1.378 *** 

Failure Surface Specified By 47 Coordinate Points 
Point X-Surf Y-Surf 
No. (ft) (ft) 

1 630.00 498.70 
2 633. 68 495.32 
3 637.48 4 92. 06 
4 641. 38 488.93 
5 645.38 485.94 
6 649.48 483.08 
7 653.67 480.35 
8 657.96 477. 77 
9 662.32 475.33 

10 666.77 473.04 
11 671. 28 470.90 
12 675. 87 468.91 
13 680.52 4 67. 07 
14 685.23 465.39 
15 68 9. 99 4 63. 87 
16 694.80 4 62. 51 
17 699.66 4 61. 30 
18 704.55 460.26 
19 709.47 459.39 
20 714. 42 458. 68 
21 719.39 458 .13 
22 724. 37 457.75 
23 729.·37 457.53 
24 734.37 457.49 
25 739.37 457. 60 
26 744.36 457.89 
27 7 4 9. 34 458.34 
28 754. 30 458. 96 
29 759.24 459.74 
30 7 64 .15 4 60. 68 
31 769.02 4 61. 7 9 
32 773.86 463.06 
33 77 8. 65 464.49 
34 783.39 4 66. 08 
35 788.08 4 67. 83 
36 792.70 469.73 
37 797.26 471.79 
38 801. 75 473.99 
39 806.16 476.35 
40 810.49 478.85 



R16752

C:\Program Files\STEDwin\Wiliamson Energy Pond Creek\ph3-usdp.OUT Page 7 

41 814. 73 481. 49 
42 818.89 484.27 
43 822.95 487.19 
44 826.91 4 90. 24 
45 830.76 493.43 
46 834.51 496.74 
47 835. 85 498.00 

Circle Center At X = 733.3 ; y 607.6 and Radius, 150.1 

*** 1.380 *** 
Failure Surface Specified By 57 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 616.32 498.75 
2 619.89 495.25 
3 623. 56 491.86 
4 627.32 488.56 
5 631.17 485.37 
6 635.11 482.29 
7 639.13 479.32 
8 643.23 476.46 
9 647.41 473.72 

10 651. 67 471.09 
11 655.99 468.58 
12 660.39 466.20 
13 664. 84 4 63. 93 
14 669. 36 461. 79 
15 67 3. 94 459.78 
16 678.57 457.89 
17 683.25 456.13 
18 687.98 454.50 
19 692.75 453.00 
20 697.56 451. 64 

( 21 702.40 450.41 

" 
22 707.28 449.31 
23 712.19 448.35 
24 717.12 447.53 
25 722.07 446.84 
26 727. 04 446.29 
27 732.03 445.88 
28 737.02 445.60 
29 742.02 445. 47 
30 747.02 445.47 
31 752.01 445.61 
32 757.01 445. 89 
33 761. 99 446.31 
34 766.96 446.86 
35 771. 91 447.55 
36 776.84 448.38 
37 781.75 449.35 
38 786. 62 450.45 
39 791.47 451. 68 
40 796. 28 453.05 
41 801.05 454.55 
42 805.77 456.18 
43 810.45 457. 95 
44 815.08 459.84 
45 819.66 461.86 
46 824 .17 464.00 
47 828.63 466.27 
48 833.02 468.66 
49 837.34 471.17 
50 841. 59 473.80 
51 845.77 476.55 
52 849.87 479.41 

( 53 853.89 482.39 

"- 54 857.83 485.47 
55 8 61. 68 488.66 
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56 8 65. 43 491.96 
57 8 67. 54 493.91 

Circle Center At X = 744.4 ; y 626.1 and Radius, 180.6 
*** 1. 389 *** 

Failure Surface Specified By 59 Coordinate Points 
Point X-Surf Y-Surf 

No. (ft) (ft) 
1 623.16 498. 72 
2 626. 72 495.22 
3 630.38 491.81 
4 634.12 488.49 
5 637.95 485.28 
6 641. 86 482.16 
7 645.85 479.15 
8 649.92 476.24 
9 654.06 473.44 

10 658.28 470.75 
11 662.56 4 68 .17 
12 666.91 465.70 
13 671. 32 4 63. 35 
14 675.79 461.11 
15 680.32 458.99 
16 684.90 456.99 
17 689.53 455.11 
18 694.21 453.35 
19 698.94 451. 71 
20 703.70 450.20 
21 708.51 448.81 
22 713.34 447.54 
23 718. 21 446.41 
24 723.11 445.40 
25 728.03 444.51 r· 26 732. 97 443.76 

~ 27 737.94 443 .14 
28 7 42. 91 442.64 
29 747.90 442.27 
30 752.89 442.04 
31 757.89 441. 94 
32 762.89 441.96 
33 767.89 442.12 
34 772. 88 442.40 
35 777.86 442.82 
36 782.83 443.36 
37 787.79 444.04 
38 792.72 444. 84 
39 7 97. 63 445.78 
40 802.52 446.84 
41 807. 38 448.02 
42 812. 20 449.34 
43 816.99 450.77 
44 821. 7 4 452.34 
45 826.45 454.02 
46 831.11 455.83 
47 835. 72 457.76 
48 840.28 459.81 
49 844.79 4 61. 97 
50 849.24 464.26 
51 853. 62 466.66 
52 857.95 469 .17 
53 862.20 471.79 
54 866.39 474.53 
55 870.50 477.37 
56 874.54 480.32 
57 878.50 483.37 . 

{ 58 882.38 486.52 

"--· 59 884.54 488.37 
Circle Center At X = 759.4 ; y 633.8 and Radius, 191.8 
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*** 1. 390 *** 
Failure Surface Specified By 60 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 630.00 498.70 
2 633.54 495.16 
3 637 .16 491. 72 
4 640.87 488.37 
5 644. 67 485.12 
6 648.55 481. 96 
7 652.51 478.91 
8 656.54 475.96 
9 660. 65 473.11 

10 664.84 470.37 
11 669.09 4 67. 7 4 
12 673.41 465. 22 
13 677. 7 9 4 62. 81 
14 682.23 460. 51 
15 686.73 458.33 
16 691. 28 456.26 
17 695.88 454.31 
18 700.54 452.48 
19 705.23 450.77 
20 709.97 4 4 9 .18 
21 714.75 447.71 
22 719.57 446.37 
23 724. 42 445.15 
24 729.30 444.06 
25 734.20 443.09 
26 739.13 442.24 
27 744.08 441. 53 
28 749.05 440.94 
29 754.02 440.48 
30 759.01 440 .14 
31 7 64. 01 439.94 
32 769.01 439.86 
33 774.01 439.91 
34 77 9. 00 440.09 
35 784.00 440.40 
36 788.98 440.83 
37 793. 94 441. 40 
38 798.90 442.09 
39 803.83 442.91 
40 808.74 443.85 
41 813.62 444.92 
42 818.48 446.11 
43 823.30 447.43 
44 828.09 448.87 
45 832.84 450.44 
46 837.55 452.12 
47 842.21 453.93 
48 846.82 455.85 
49 851. 39 457.90 
50 855. 90 460.06 
51 8 60. 35 462.33 
52 8 64. 7 4 4 64. 72 
53 869.07 4 67. 22 
54 873.34 469.83 
55 877.53 472. 55 
56 881. 66 475.37 
57 885.71 478.30 
58 88 9. 68 481. 34 
59 893.58 484.47 
60 894.39 485.16 

Circle Center At X = 7 69. 5 ; y 634.7 and Radius, 194.8 
*** 1. 390 *** 

Failure Surface Specified By 60 Coordinate Points 
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r Point X-Surf Y-Surf 
No. (ft) (ft) 

1 630.00 498.70 
2 633.88 4 95. 54 
3 637.82 492.47 
4 641.83 489.48 
5 645.90 486.58 
6 650.04 483.77 
7 654.23 481. 05 
8 658.48 4 78. 41 
9 662.79 475.87 

10 667 .15 473.43 
11 671. 56 4 71. 08 
12 676. 02 4 68. 82 
13 680.53 4 66. 66 
14 685.09 4 64. 60 
15 689. 69 4 62. 64 
16 694.33 460.77 
17 699.01 459.01 
18 703.72 457.35 
19 708.47 455.79 
20 713.26 454.33 
21 718.07 452.98 
22 722. 91 451. 73 
23 727.78 450.58 
24 732. 67 449.54 
25 737.58 448.60 
26 742.51 447.78 
27 747.46 447.05 
28 752.42 446.44 
29 757.39 445.93 
30 7 62. 38 445.53 
31 7 67. 37 445.23 
32 772. 36 445.05 
33 777.36 444.97 
34 782.36 445.00 
35 787.36 445.13 
36 792. 36 445.38 
37 797. 34 445.73 
38 802. 32 446.19 
39 807.29 446.75 
40 812.25 447.43 
41 817.18 448.21 
42 822.10 449.09 
43 827.01 450.08 
44 831. 88 451.18 
45 836.74 452.38 
46 841. 56 453.69 
47 846.36 455.10 
48 851.13 456. 61 
49 855.86 458.23 
50 860.55 459.94 
51 865.21 4 61. 7 6 
52 869.83 4 63. 68 
53 874.41 4 65. 69 
54 878.94 4 67. 81 
55 883.42 470.02 
56 887.86 472. 33 
57 892.24 474.73 
58 896. 57 477.23 
59 900.85 479.81 
60 904.22 481. 96 

Circle Center At X = 778.5; y 677.1 and Radius, 232.1 
*** 1.391 *** 

Failure Surface Specified By 54 Coordinate Points 
Point X-Surf Y-Surf 
No. (ft) (ft) 
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1 623.16 498.72 
2 626. 75 495.24 
3 630.44 4 91. 87 
4 634.23 488.61 
5 638.11 485.46 
6 642.09 482.43 
7 646.15 479.52 
8 650.30 476. 73 
9 654.53 474.06 

10 658.84 471. 52 
11 663. 22 469 .11 
12 667. 67 466.83 
13 672 .19 4 64. 69 
14 676. 76 4 62. 67 
15 681.40 460.80 
16 686.09 459.06 
17 690.83 457.47 
18 695.61 456.01 
19 700.44 454.70 
20 7 05. 30 453.53 
21 710.19 452.51 
22 715.11 451. 63 
23 720.06 450.90 
24 725.03 450.32 
25 730.01 449.88 
26 735.00 449.59 
27 740.00 449.45 
28 745.00 449.46 
29 749.99 449.62 
30 754.98 449.93 
31 759.96 450.38 
32 7 64. 93 450.98 
33 7 69. 87 451.73 
34 774.79 452. 62 
35 77 9. 68 453.66 
36 784.54 454.85 
37 789.36 456 .17 
38 7 94 .14 457.64 
39 7 98. 87 459.26 
40 803.55 461.01 
41 808.18 4 62. 90 
42 812.75 464.93 
43 817. 26 467.09 
44 821.71 469.38 
45 826.08 471.81 
46 830.38 474.36 
47 834. 60 477.04 
48 838.74 479.84 
49 842.79 482. 77 
50 846. 76 485.82 
51 850.63 488.98 
52 854.41 492.25 
53 858.09 495.64 
54 859.13 496.65 

Circle Center At X = 742.2 ; y 617.8 and Radius, 168.4 
*** 1.392 *** 

Failure Surface Specified By 46 Coordinate Points 
Point X-Surf Y-Surf 

No. (ft) (ft) 
1 630.00 498.70 
2 633.73 495.37 
3 637.57 492.17 
4 641. 51 489.09 
5 645.56 486.15 
6 64 9. 70 483.35 
7 653.93 480.69 
8 658.25 478.17 
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9 662.65 475.80 
10 667.13 473.57 
11 671. 68 4 71. 50 
12 676. 29 469.58 
13 680.97 4 67. 82 
14 685.71 466.21 
15 690.49 464.76 
16 695.33 4 63. 48 
17 700.20 4 62. 36 
18 705.11 461.40 
19 710.04 4 60. 60 
20 715. 00 459.98 
21 719.98 459.51 
22 724. 97 459.22 
23 729.97 459.09 
24 734.97 459.13 
25 739.97 459.34 
26 744.95 459. 72 
27 749.92 460. 26 
28 754.87 4 60. 97 
29 759.80 4 61. 84 
30 7 64. 69 4 62. 88 
31 7 69. 54 464.08 
32 774.35 465.45 
33 779.11 466.97 
34 783.82 4 68. 65 
35 7 88. 4 7 470.49 
36 793.06 472.49 
37 7 97. 57 4 7 4. 63 
38 802.01 476.93 
39 806. 38 479.37 

( 40 810.65 481. 96 
41 814. 84 484.69 
42 818.94 487.56 
43 822.93 4 90. 57 
44 826. 83 493.70 
45 830.61 496. 97 
46 831.73 498.00 

Circle Center At X = 731.2 ; y 608.3 and Radius, 149. 2 
*** 1. 394 *** 
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POST-SUBSIDENCE EMBANKMENT CRACKING AND TOTAL EMBANKMENT FAILURE 
SLOPE STABILITY ANALYSES AND FACTORS OF SAFETY 

POND CREEK COAL REFUSE DISPOSAL SITE - PHASE 3 IMPOUNDMENT 

OBJECTIVE: To evaluate the susceptibility of the Phase 3 coarse coal refuse (CCR) embankment 
to cracking from subsidence-induced disturbance, and failure of the embankment 
due to elevated hydrostatic (pore) pressures from water in embankment cracks. 

METHODOLOGY: Use PCSTABL limit equilibrium analyses, coarse coal refuse (CCR) tensile strength 
and zero-strength for fine coal refuse (FCR) estimated in Reference No. 3 to 
determine the factor of safety against embankment cracking. Also, utilize a total 
undrained and zero-strength approach to determine the factor of safety against a 
total strength embankment failure due to elevated hydrostatic (pore) pressures from 
the rapid loading, subsidence-induced longwall mining beneath the Pond Creek 
Phase 3 impoundment. 

REFERENCES: 

1. GAi Consultants, Inc. Calculation, "Determination of Downstream and Upstream In-Situ 
Driving Shear Stress By Elastic (PCSTABL) Solution, Pond Creek Coal Refuse 
Disposal Site - Phase 3 lmpoundment," BEG; 4/08/09. 

2. Civil & Environmental Consultants, Inc. Calculation, "Calculation Brief for Estimation 
and Summary of Engineering Properties Including Peak and Steady-State Undrained 
Shear Strengths For Refuse and Subgrade Materials, Pond Creek Coal Refuse 
Disposal Site - South Pond", BEG, 7/12/08. 

3. GAi Consultants, Inc. Calculation, "Supplemental Summary of Engineering Properties 
and Coarse Refuse Tensile Strength for Subsidence Liquefaction and Embankment 
Cracking Evaluations, Pond Creek Coal Refuse Disposal Site - Phase 3," BEG, 
3/31/09. 

4. U.S. Department of Labor, Mine Safety and Health Administration, "Engineering and 
Design Manual, Coal Refuse Disposal Facilities, Chapter 7 Seismic Design: Stability and 
Deformation Analyses," Final Draft Dated December 2007, Updated August 1, 2008. 

5. Winterkorn and Fang, (1975), "Foundation Engineering Handbook," Van Nostrand 
Reinhold Publishers. 

6. Gregory, P.E., Garry H., "PCSTABL5M with STEDwin Slope Stability Analysis System, 
Version 2.0," dated September 2001. 
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7. Poulos, S.J., Castro, G., and France, J.W. (1985a) "Liquefaction Evaluation Procedure," 
Journal of the Geotechnical Engineering Division, ASCE, Vol. 111, No. GT6, pp. 772-
792. 

ANALYSIS: 

As previously discussed in Reference No. 1, GAi evaluated the possibility of a flow slide failure of the 
Phase 3 FCR impoundment following the loingwall mining beneath the Phase 3 impoundment and the 
resulting subsidence-induced disturbance. Based on the results of analyses, triggering an FCR strength 
loss and/or flow slide failure is not a feasible failure mode since there is zero (0) driving shear stress along 
the critical failure surface through the Phase 3 impoundment FCR. 

Additionally, and as requested by the Mine Safety and Health Administration (MSHA), the susceptibility of 
the Phase 3 CCR embankment to cracking from subsidence-induced disturbance, and failure of the 
embankment due to elevated hydrostatic (pore) pressures from water in embankment cracks is evaluated 
herein. 

GAi's analysis of embankment cracking included evaluating the tensile strength (cr0 of site-specific CCR 
material was based on Winterkorn and Fang, (1975), from six (6) consolidated-undrained (CU) triaxial test 
points of compacted CCR at various confining pressures. Reference No. 3 presents the detailed 
calculations of cr1. 

The following equation was used to calculate tensile strength (crt) from laboratory test specimens of coarse 
coal refuse: 

Tensile Strength (cr1): 

cr1 = Phi:(KbH-a2
} 

Where, 
P = Load at failure 
K = Constant= 1.0 (per Ref. No. 10) 
b = Radius of test specimen 
H = Height of test specimen 
a = Radius of disks/platens 

CCR tensile strength was subsequently normalized to equivalent vertical effective stress (cr'v), also 
presented in Reference No. 3, and a conservative 2/3-1/3 relationship of cr,-to-cr'v (cr,/cr'v) estimated at 0.15, 
and the corresponding average CCR cr, for the Phase 3 embankment was estimated at 475 psf. 

This cr1 is considered to be a reasonable, low tensile strength value for the Phase 3 structurally-placed 
CCR embankment. 
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As presented herein, Phase 3 post-subsidence slope stability analyses were performed to evaluate the 
potential for embankment cracking, and included using the conservatively-derived CCR cr, value as 
cohesion (~=0, c=475 psf) for the embankment, a conservative zero (0) strength value for the FCR, and 
the total undrained shear strength parameters for residual soil. The minimum factor of safety against 
embankment cracking was estimated at 1.1. 

Additional Phase 3 post-subsidence, undrained slope stability analyses were performed to evaluate the 
possibility of a total failure of the Phase 3 embankment due to the subsidence event. The analyses 
include using undrained total strength parameters for the CCR embankment and residual soil, which 
assumes an increase in pore pressure of the saturated portions of the embankment and underlying soil 
due to the rapid subsidence loading and corresponding decrease in strength from drained to undrained, 
and a conservative zero (0) strength cohesion value for the FCR. The minimum factor of safety against 
post-subsidence embankment failure was estimated at 2.4. 

The following soil properties were estimated based on previous field and laboratory testing as well as 
current FCR testing for use in the various slope stability analyses as noted in Reference Nos. 2 and 3: 

Unit Weights Friction Angle Cohesion 
(Yt,Ys) (~) (c} 

Description /ncf\ ldearees\ losf) Strenath 

Coarse Coal Refuse 130,140 18.0 736 Total Strength 
(CCR) 0 cr,/cr'v=0.15 Tensile Strength 

Fine Coal Refuse 80, 90 0 Su/cr'v=0 Zero-Strength 
(FCR) 

Residual Soil 125,135 19.5 416 Total Strength 

Results of Embankment Cracking and Embankment Failure Slope Stability Analyses: 

Phase 3 lmpoundment Post-Subsidence 
(Crest/Cap El. 500 ft) Factor of Safety Including 

(Top of Fines El. 496 ft) Zero-Strength FCR 
(dim\ 

Embankment Cracking -
CCR Tensile Strength 

FCR Zero-Strength 1.1 
Residual Total Strenath 
Embankment Failure -

CCR Total Strength 2.4 
FCR Zero-Strength 

Residual Total Strenath 
(1) Cap includes 5-foot coarse refuse layer above top of fines elevation. 

Hard copies of the input and output files for the embankment cracking and embankment failure slope 
stability analyses are presented in Attachments 1 and 2, respectively. 
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GAi notes the following conservatisms inherent in the engineering properties used in these post
subsidence stability analyses, particularly the embankment cracking analyses, which will increase the 
estimated factor of safety: 

• CCR strength estimates discount negative pore pressures that will undoubtedly develop during 
the initial stages of the subsidence rapid loading event due to the compacted, dense initial state 
of stress of the CCR; 

• CU testing results of all six (6) CCR points suggest that the peak strain for the CCR material 
ranges from about 12.5 to 15.3 percent, which attributed to the claystone and shale rock 
materials in the CCR; and 

• Peak strain for the CCR material is significantly higher than the range of anticipated subsidence 
threshold strains of about 1 to 3 percent. 

CONCLUSIONS 

GAi has completed stability analyses to evaluate the potential for embankment cracking and embankment 
failure due to subsidence-related disturbance. Based on conservatively-derived strength parameters, 
adequate factor of safety exists relative to a total failure of the Phase 3 embankment. Marginal factor of 
safety exists relative to Phase 3 embankment cracking; however, conservatisms in the analyses exist as 
noted above. The following conclusions are noted: 

• FCR was characterized as clay-like, which typically is more resistant to strength loss (or flow) than 
sand-like materials; 

• In-situ driving shear stresses through the FCR are O psf; 

• Phase 3 minimum factors of safety against flow slide susceptibility, with zero-strength FCR in the 
downstream and upstream directions were estimated at 2.2 and 1.3, respectively, as presented in 
Ref. No. 3; 

• The Phase 3 factor of safety against embankment failure of 2.4, ar 1c..l 

• The Phase 3 factor of safety against embankment cracking of 1.1. 

Recommendations for instrumentation of the embankment prior to, during and following longwall mining 
beneath the Phase 3 impoundment are presented below. 
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Based on the results of the Phase 3 subsidence-related stability analyses, adequate factors of safety exist 
relative to catastrophic failure scenarios including a potential flow slide and embankment failure. Marginal 
stability exists relative to potential cracking of the Phase 3 embankment due to the proposed longwall 
mining beneath the impoundment; however, some conservatism exists in the analyses as previously 
noted, including derivation of tensile strength properties, negative pore pressure and increased strength 
during loading, and high strain capability of the CCR embankment materials relative to estimated induced 
subsidence strain. Consequently, GAi does not anticipate significant embankment cracking, if any. 
However, there are various unknowns relative to the actual performance of the impoundment that require 
attention. 

Therefore, GAi recommends that instrumentation installations and monitoring of the Phase 3 embankment 
be performed prior to, during and following longwall mining beneath the Phase 3 impoundment including 
installing pore pressure transducers and inclinometers. Also, GAi recommends that detailed inspections 
of the embankment, cap, toe areas and outlet structures be performed two (2) times/days prior to, daily 
during, and daily following longwall mining beneath the Phase 3 impoundment for a period of two (2) 
weeks following completion of mining, and any deviations noted. 

Further, GAi recommends that a CCR buttress or sealing layer remedial alternative, such as that proposed 
for the southern slope of the Phase 7 impoundment (Phase 7B) be designed, and construction 
implementation provisions made based on the results of the Phase 3 detailed inspections and 
instrumentation monitoring. If extensive cracking, seepage and/or other noticeable surface features are 
noted, and the magnitude of pore pressure and deformation are deemed potentially detrimental to the 
short- or long-term performance of the Phase 3 impoundment, then the implementation of the 
buttress/seal remedial alternative should be employed. 

If the post-subsidence instrumentation monitoring and inspection results indicate that the Phase 3 
embankment/impoundment distress is not a concern, i.e., no adverse cracking, seepage, excess pore 
pressure or deformation, then monitoring of the Phase 3 should continue twice a week for a period of two 
(2) months. If after an additional two (2) months of satisfactory monitoring results, and the 
embankment/impoundment continues to exhibit adequate performance characteristics, i.e., the 
magnitudes of pore pressure and deformation decrease, level off, or approach normal operating levels, 
and no increased seepage conditions or cracking exist, then monitoring of the Phase 3 embankment could 
be discontinued. 
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Pond Creek, Phase 3 Embankment Tensile Strength CCR, Zero-Strength FCR 
c:\program files\stedwin\wiliamson energy pond creek\ph3-dstl.pl2 Run By: Blaise E. Genes, GAi Consultants 417/2009 04:43PM 

700 I, I I I I I I 
# FS Soil Soil Total Saturated Cohesion Friction Piez. 
a 1.11 Desc. Type Unit Wt. Unit Wt. Intercept Angle Surface 
b 1.14 No. (pcf) (pct) (psi) (deg) No. 
c 1.14 CCR Cap 1 130.0 140.0 0.0 30.0 0 
d 1.1 s Fine CR 2 ao.o so.a a.a a.a w1 

600 e 1.16 P3 CCR T 3 130.0 140.0 475.0 0.0 W1 
r 1.18 Residual 4 125.0 135.0 416.0 19.5 W1 
g 1.19 Bedrock 5 145.0 145.0 2000.0 20.0 W1 

500 

h1.19 - . 

i120 dh r' cf' b 

~ij -~1~~,!°"-~""/='"=3,c-_-,_c-c-~.0--• ~-,,--~-,:~2-~~~-~-o~::;?--~3--~3~ 

-. Wl .... j'il•~-1~ 

5 
5 

-

400 t--

300 t-- -

200 t--

100 '-

0 L_ __ __j_ ___ _L ___ __,_ ___ .L._ ___ c_ __ ----.L ___ _,_ ___ .J.... ___ ;__ __ __, ___ _J 

0 100 200 300 400 500 600 700 800 900 1000 1100 

PCSTABL5M/si FSmin=1.11 
STED Safety Factors Are Calculated By The Modified Bishop Method 
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Pond Creek, Phase 3 Embankment Tensile Strength CCR, Zero-Strength FCR 
c:lprogram fileslstedwinlwiliamson energy pond creeklph3-dstl.plt Run By: Blaise E. Genes, GAi Consultants 417/2009 04:43PM 
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** PCSTABL5M ** 
by 

Purdue University 
--Slope Stability Analysis--

Simplified Janbu, Simplified Bishop 
or Spencer's Method of Slices 

Run Date: 4/7/2009 
Time of Run: 04:43PM 
Run By: Blaise E. Genes, GAI Consultants 
Input Data Filename: C: ph3-dstl. in 
Output Filename: C: ph3-dstl. OUT 
Unit: ENGLISH 
Plotted Output Filename: C:ph3-dstl. PLT 
PROBLEM DESCRIPTION Pond Creek, Phase 3 Ernbanklnent Tensile S 

trength CCR, Zero-Strength FCR 
BOUNDARY COORDINATES 

10 Top Boundaries 
48 Total Boundaries 

Boundary X-Left Y-Left X-Right Y-Right Soil Type 
No. (ft) (ft) (ft) (ft) Below End 

1 .00 4 66. 00 45.00 466.00 1 
2 45.00 4 66. 00 110.00 465.00 1 
3 110.00 4 65. 00 120.00 468.00 1 
4 120.00 4 68. 00 140.00 468.00 1 
5 140.00 4 68. 00 233.00 500.00 1 
6 233.00 500.00 268.00 500.00 1 
7 2 68. 00 500.00 825.00 4 98. 00 1 
8 825.00 498.00 855.00 4 98. 00 1 
9 855.00 498.00 990.00 454.00 1 

10 990.00 454.00 1010.00 454.00 1 
11 1010.00 454.00 1040.00 454.00 1 
12 .00 466.00 45.00 466.00 2 
13 45.00 466.00 110.00 465.00 2 
14 110. 00 465. 00 120.00 468.00 2 
15 120.00 468.00 140. 00 468.00 2 
16 140.00 468.00 233.00 500.00 2 
17 233.00 500.00 268.00 500.00 2 
18 268.00 500.00 283.00 495.00 2 
19 283.00 495.00 812.00 495.00 2 
20 812.00 495.00 825.00 498 . .00 2 
21 825.00 498.00 855.00 498.00 2 
22 855.00 498.00 990.00 454.00 2 
23 990.00 454.00 1010.00 454.00 2 
24 1010.00 454.00 1040.00 454.00 2 
25 .00 4 66. 00 45.00 466.00 3 
26 45.00 4 66. 00 110.00 465.00 3 
27 110.00 4 65. 00 120.00 468.00 3 
28 120.00 4 68. 00 140. 00 4 68. 00 3 
29 140.00 4 68. 00 233.00 500.00 3 
30 233.00 500.00 268. 00 500.00 3 
31 268.00 500.00 283.00 495.00 3 
32 283.00 495. 00 370.00 460.00 3 
33 370.00 460. 00 716. 00 457.00 3 
34 716. 00 457.00 812.00 495.00 3 
35 812.00 495.00 825.00 498.00 3 
36 825.00 498.00 855.00 498.00 3 
37 855.00 498.00 990.00 454.00 3 
38 990.00 454.00 1010.00 454.00 3 
39 1010.00 454.00 1040.00 454.00 3 
40 .00 466.00 45.00 466.00 4 
41 45. 00 466.00 110.00 465. 00 4 
42 110.00 465.00 370.00 4 60. 00 4 
43 370.00 460.00 716.00 457.00 4 
44 716. 00 457.00 990.00 454.00 4 
45 990.00 454.00 1010.00 454.00 4 
46 1010.00 454.00 1040.00 454.00 4 
47 .00 456.00 1010.00 439.00 5 
48 1010.00 439.00 1040.00 439.00 5 
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ISOTROPIC SOIL PARAMETERS 
5 Type(s) of Soil 

Soil Total Saturated Cohesion 
Type Unit Wt. Unit Wt. Intercept 

Friction 
Angle 
(deg) 
30.0 

Pore Pressure Piez. 
Pressure Constant Surface 

No. (pcf) (pcf) (psf) Param. (psf) No. 
1 130.0 140.0 .0 
2 80.0 90.0 .0 
3 130.0 140.0 475.0 
4 125.0 135.0 416.0 
5 145.0 145.0 2000.0 

. 0 

. 0 
19.5 
20.0 

l PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED 
Unit Weight of Water= 62.40 

.oo . 0 

.00 .0 

.00 . 0 

. 00 . 0 

.00 . 0 

Piezornetric Surface No. 1 Specified by 8 Coordinate Points 
Point X-Water Y-Water 

No. (ft) (ft) 
1 .00 463.00 
2 185.00 461.00 
3 283.00 495.00 
4 812.00 495.00 
5 930.00 451.00 
6 990.00 451.00 
7 1010.00 451.00 
8 1040.00 451.00 

A Critical Failure Surface Searching Method, Using A Random 
Technique For Generating Circular Surfaces, Has Been Specified. 
400 Trial Surfaces Have Been Generated. 

20 Surfaces Initiate From Each Of 20 Points Equally Spaced 
Along The Ground Surface Between X 75.00 ft. 

and X 180.00 ft. 
Each Surface Terminates Between X 255.00 ft. 

and X 400.00 ft. 
Unless Further Limitations Were Imposed, The Minimum Elevation 
At Which A Surface Extends Is Y = .00 ft. 

5.00 ft. Line Segments Define Each Trial Failure Surface. 
Following Are Displayed The Ten Most Critical Of The Trial 

0 
1 
1 
1 
1 

Failure Surfaces Examined. They Are Ordered - Most Critical 
First. 
**Safety Factors Are Calculated By The Modified Bishop Method 
Failure Surface Specified By 30 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 135.79 468.00 
2 140.70 467.07 
3 145.64 466.29 
4 150.60 465.67 
5 155.58 465.21 
6 160.57 464.90 
7 165.57 464.75 
8 170.57 464.76 
9 175.57 464.92 

10 180.56 465.24 
11 185.53 465.72 
12 190.49 466.35 
13 195.43 467.14 
14 200.34 468.08 
15 205.22 469.18 
16 210.06 470.43 
17 214.86 471.83 
18 219.61 473.38 
19 224.32 475.08 
20 228.96 476.93 
21 233.55 478.92 
22 238.07 481.05 
23 242.52 483.33 
24 246.90 485.74 
25 251.20 488.29 
26 255.42 490.98 

* * 
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27 259.56 493.79 
28 263. 60 496.73 
29 267. 54 4 99. 80 
30 267.78 500.00 

Circle Center At X ~ 167. 9 y - 623.9 and Radius, 159.2 

*** 1.108 *** 
Individual data on the 31 slices 

Water Water Tie Tie Earthquake 
Force Force Force Force Force Surcharge 

Slice Width Weight Top Bot Norm Tan Hor Ver Load 
No. (ft) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) 

1 4.2 218.1 . 0 . 0 .0 . 0 .0 .0 .0 
2 . 7 89.9 . 0 .0 .0 . 0 .0 .o .0 
3 4.9 1547.2 . 0 .o .0 . 0 .0 .0 .0 
4 5.0 3102.8 . 0 .0 .0 . 0 .o .0 .0 
5 5.0 4570.9 .0 .0 .0 . 0 .0 .o .0 
6 5.0 5944.9 .0 . 0 .0 .0 .0 .0 . 0 
7 5.0 7218.7 .0 . 0 .0 .0 .0 .0 . 0 
8 5.0 8386.8 .0 . 0 .0 .o .0 .0 . 0 
9 5.0 9444.4 .0 . 0 .0 . 0 .0 .0 .0 

10 5.0 10387.7 .0 .0 .0 . 0 .0 .0 .o 
11 5.0 11213.2 . 0 .0 .0 . 0 .0 .0 .0 
12 5.0 11918.4 .0 .0 .0 . 0 .0 .0 .0 
13 4.9 12501.6 . 0 .0 .0 .0 .0 .0 .0 
14 4.9 12961. 6 . 0 .0 .0 .0 .0 .0 .o 
15 4.9 13298.3 . 0 .0 .0 .o .0 .0 .0 
16 4.8 13512 .1 .0 .0 .0 .0 .0 .0 .0 
17 4.8 13604.1 .0 .0 .0 . 0 .0 .0 .0 
18 4.8 13576.4 . 0 . 0 .0 .0 .0 .0 .0 
19 4.7 13431.7 . 0 .0 .0 . 0 .0 .0 .0 
20 4.6 13173.5 . 0 .0 .o . 0 .0 .0 .0 
21 4. 0 11281. 8 . 0 .o .0 . 0 .0 .0 .0 
22 . 6 1517 .2 . 0 .0 .0 .o .0 .o .0 
23 4. 5 11765.0 . 0 . 0 .0 .0 .0 .0 . 0 
24 4.5 10308.8 .0 . 0 .0 .0 . 0 . 0 . 0 
25 4. 4 8803.8 .0 . 0 . 0 . 0 . 0 . 0 . 0 
26 4.3 7259.4 .0 . 0 . 0 .0 . 0 . 0 . 0 
27 4.2 5685.5 .0 . 0 . 0 . 0 . 0 .0 .0 
28 4.1 4092.1 . 0 .0 . 0 . 0 . 0 . 0 .0 
29 4.0 2489.7 . 0 .o . 0 .0 .o . 0 .0 
30 3.9 888.9 . 0 .0 .0 .o .0 .0 .0 
31 .2 3.1 . 0 .0 .0 . 0 .0 .0 .0 

Failure Surface Specified By 38 Coordinate Points 
Point X-Surf Y-Surf 

No. (ft) (ft) 
1 141. 32 4 68. 45 
2 14 6. 28 4 67. 84 
3 151.25 4 67. 30 
4 156.23 466.86 
5 161. 22 4 66. 50 
6 166.21 4 66. 22 
7 171. 21 4 66. 03 
8 176. 20 4 65. 92 
9 181. 20 4 65. 90 

10 186.20 4 65. 97 
11 191. 20 4 66 .12 
12 196.20 466.36 
13 201.19 4 66. 68 
14 206.17 4 67. 09 
15 211.14 4 67. 58 
16 216.11 468.16 
17 221.07 468.82 
18 22 6. 01 4 69. 57 
19 230.94 470.40 
20 235.86 471. 32 
21 240.75 472.32 
22 245.64 473.41 
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23 250. 50 474.57 
24 255.34 475.82 
25 260 .16 477.16 
26 264.95 478.57 
27 269. 72 480.07 
28 274.47 481.65 
29 279.18 483.31 
30 283.87 485.05 
31 288.53 48 6. 87 
32 293.15 488.77 
33 297.75 490.75 
34 302.30 4 92. 80 
35 306.82 494.94 
36 311. 31 497.15 
37 315.75 499.44 
38 316.48 499.83 

Circle Center At X = 179. 8 ; y 758.0 and Radius, 292.1 
*** 1.137 *** 

Failure Surface Specified By 30 Coordinate Points 
Point X-Surf Y-Surf 

No. (ft) (ft) 
1 135.79 4 68. 00 
2 140.72 4 67 .18 
3 145.68 466.50 
4 150. 65 4 65. 97 
5 155.63 465.59 
6 160. 63 465.36 
7 165. 63 4 65. 28 
8 170.63 465.35 
9 175.62 465.56 

10 180. 61 4 65. 93 
11 185.58 4 66. 44 
12 190.54 4 67 .10 
13 195.47 4 67. 91 
14 200.38 4 68. 87 
15 205.26 4 69. 97 
16 210.10 471.22 
17 214.90 472. 61 
18 219.66 474.14 
19 224.37 475.81 
20 229.03 477.63 
21 233. 64 479.58 
22 238.18 481.67 
23 242.66 483.89 
24 247.07 486.25 
25 251. 41 488.73 
26 255.67 491.35 
27 259.85 494.09 
28 263.95 496.95 
29 267. 96 499.93 
30 268.05 500.00 

Circle Center At X = 165.9 ; y - 633.0 and Radius, 167. 7 
*** 1.143 *** 

Failure Surface Specified By 31 Coordinate Points 
Point X-Surf Y-Surf 
No. (ft) (ft) 

1 157.90 474.16 
2 162.69 472.74 
3 167.53 471.49 
4 172.41 470.39 
5 177.32 469.45 
6 182.26 468.68 
7 187.22 468.07 
8 192.20 467.62 
9 197.19 467.34 

10 202.19 467.22 
11 207.19 467.27 
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12 212.19 467. 48 
13 217 .17 467.86 
14 222.15 4 68. 40 
15 227.10 469.11 
16 232.02 469.97 
17 236.91 471.00 
18 241. 77 472.19 
19 246.58 473.54 
20 251.35 475.05 
21 256.07 476. 71 
22 260. 72 478.53 
23 265.32 480.50 
24 269. 85 482. 62 
25 274.30 484.89 
26 278.68 487.30 
27 282.98 489.86 
28 287.19 492.55 
29 2 91. 31 495.39 
30 295.33 498.36 
31 297.28 499.89 

Circle Center At X = 203.2 ; y 619.0 and Radius, 
*** 1.150 *** 

Failure Surface Specified By 32 Coordinate Points 
Point X-Surf Y-Surf 

No. (ft) (ft) 
1 163.42 476.06 
2 168.05 474.17 
3 172.75 472.47 
4 177.51 470.94 
5 182.33 469.59 
6 187.19 468.42 
7 192.09 4 67. 44 
8 197.03 466. 65 
9 201. 99 466.04 

10 206.97 4 65. 62 
11 211. 97 465.39 
12 216.97 4 65. 35 
13 221.97 4 65. 49 
14 226.95 465.83 
15 231.93 466.35 
16 236.88 467.06 
17 241.80 467. 96 
18 246.68 469.04 
19 251. 51 470.31 
20 256.30 471. 76 
21 261.03 473.39 
22 2 65. 69 475.19 
23 270.28 4 77 .17 
24 274.79 479.32 
25 279.22 481. 65 
26 283 . .SG 484.13 
27 287.80 486.78 
28 2 91. 94 489.59 
29 295. 96 492.55 
30 299. 88 495.66 
31 303. 67 498. 92 
32 304.69 499.87 

Circle Center At X = 215.6 ; y 597. 6 and Radius, 
*** 1.157 *** 

Failure 
Point 

Surface Specified By 34 Coordinate Points 

No. 
1 
2 
3 
4 
5 

X-Surf Y-Surf 
(ft) (ft) 

163.42 476.06 
168.04 474.13 
172.72 472.37 
177.45 470.78 
182.25 469.35 

151. 7 

132.2 

Page 5 



R16772

C:\Prograrn Files\STEDwin\Wiliarnson Energy Pond Creek\ph3-dstl.OUT Page 6 

6 187.08 468.09 
7 191. 96 4 67. 00 
8 196.88 4 66. 08 
9 201. 82 465.34 

10 206.79 464. 77 
11 211.78 4 64. 37 
12 216.77 4 64 .15 
13 221. 77 464 .11 
14 226. 77 464.24 
15 231. 76 464.54 
16 236.74 465.02 
17 241. 69 465.68 
18 246.62 466.51 
19 251. 52 467. 51 
20 256.38 4 68. 68 
21 261. 20 470.03 
22 265.96 471.54 
23 270.68 473.22 
24 275.32 475.06 
25 27 9. 90 477.06 
26 284.41 479.23 
27 288.84 481. 55 
28 293.19 484.02 
29 297.44 486.65 
30 301. 60 489.42 
31 305.66 492.34 
32 309. 62 495.39 
33 313.46 498.59 
34 314. 86 499.83 

Circle Center At X = 220.5 ; y 606.4 and Radius, 142.3 
*** 1.180 *** 

Failure Surface Specified By 22 Coordinate Points 
Point X-Surf Y-Surf 
No. (ft) (ft) 

1 163.42 476.06 
2 168.07 474.22 
3 172. 83 472. 68 
4 177. 67 471.44 
5 182.58 470.50 
6 187.54 469.88 
7 192.53 469.57 
8 197.53 469.57 
9 202.52 469.88 

10 207.48 470.51 
11 212.40 471.45 
12 217.24 472. 69 
13 221.99 474.24 
14 226.64 4 7 6. 08 
15 231.17 478.20 
16 235.55 480. 61 
17 239.77 483.29 
18 243.82 486.23 
19 24 7. 67 489.41 
20 251. 32 492.84 
21 254.74 496.48 
22 257.66 500.00 

Circle Center At X = 195.0 ; y 549.2 anq Radius, 79.6 
*** 1.188 *** 

Failure Surface Specified By 28 Coordinate Points 
Point X-Surf Y-Surf 
No. (ft) (ft) 

1 146.84 470.35 
2 151.78 469.58 
3 156.74 468.96 
4 161.72 468.48 
5 166.71 468.15 
6 171.71 467.97 
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7 176.71 467. 93 
8 181. 71 468.04 
9 186.70 468.30 

10 191. 68 468.71 
11 196.65 469.26 
12 201. 60 469.96 
13 206.53 470.80 
14 211. 43 471. 79 
15 216. 30 472. 92 
16 221.14 474.20 
17 225. 93 475.62 
18 230.68 477.18 
19 235.38 478.88 
20 240.03 480.72 
21 244. 63 482.69 
22 249.16 484.80 
23 253. 63 487.04 
24 258.03 489. 41 
25 2 62. 36 4 91. 91 
26 2 66. 62 494.54 
27 270.79 497.29 
28 274.62 499.98 

Circle Center At X = 175.4 ; y 637.4 and Radius, 169.5 
*** 1.190 *** 

Failure Surface Specified By 38 Coordinate Points 
Point X-Surf Y-Surf 

No. (ft) (ft) 
1 152.37 472.26 
2 157.25 471.17 
3 162.15 470.18 
4 167. 07 4 69. 30 

( 
5 172.01 4 68. 52 
6 176.97 4 67. 84 
7 181. 93 4 67. 27 
8 186.91 4 66. 7 9 
9 191. 90 466.43 

10 196.89 466.16 
11 201. 89 466.00 
12 206.89 465.94 
13 211. 89 465.99 
14 216.88 466.14 
15 221. 88 466.39 
16 226.86 466.75 
17 231.84 4 67. 21 
18 236.81 4 67. 78 
19 241.77 4 68. 45 
20 246. 71 4 69. 22 
21 251. 63 470.09 
22 256.53 471.06 
23 261. 42 472.14 
24 266.28 473.32 
25 271.11 474.60 
26 275.92 475.97 
27 280.69 477.45 
28 285.44 479.03 
29 290.15 480.70 
30 294.82 482.48 
31 299.46 484.35 
32 304.06 486.31 
33 308.61 488.37 
34 313.13 490. 53 
35 317.59 4 92. 77 
36 322.01 495 .11 
37 326.38 497.55 
38 330.20 499.78 

Circle Center At X - 207.1 ; y 706. 7 and Radius, 240. 7 

*** 1.197 *** 
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Failure Surface Specified By 48 Coordinate Points 
Point X-Surf Y-Surf 
No. (ft) (ft) 

1 130. 26 4 68. 00 
2 135.22 467. 32 
3 140 .18 466.70 
4 145 .15 4 66 .13 
5 150.12 4 65. 63 
6 155.10 4 65 .19 
7 160.09 4 64. 80 
8 165.08 4 64. 48 
9 170.07 4 64. 22 

10 175.07 4 64. 02 
11 180.06 4 63. 88 
12 185.06 4 63. 79 
13 190.06 463. 77 
14 195.06 4 63. 81 
15 200.06 4 63. 91 
16 205.06 4 64. 07 
17 210.05 464.29 
18 215.05 464.57 
19 220.03 464.91 
20 225.02 4 65. 31 
21 230.00 465. 77 
22 234.97 4 66. 29 
23 239.94 4 66. 87 
24 244.90 4 67. 51 
25 249.85 4 68. 21 
26 254.79 4 68. 97 
27 259. 72 4 69. 7 9 
28 2 64. 64 4 7 0. 67 

( 
29 269.55 4 71. 61 
30 274.45 472. 61 

~-
31 279.34 473.66 
32 284.21 474.78 
33 289.07 475.95 
34 293.92 477.18 
35 298.75 478.47 
36 303.57 479.82 
37 308.36 481. 23 
38 313 .14 482.69 
39 317. 91 484.22 
40 322.65 485.80 
41 327.38 487.43 
42 332.08 489.13 
43 336.76 490.88 
44 341. 43 492.68 
45 346.07 4 94. 54 
46 350.68 496.46 
47 355.28 498.44 
48 358.07 499.68 

Circle Center At X ~ 189. 3 ; y 878.3 and Radius, 414.5 

*** 1.200 *** 
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Pond Creek, Phase 3 Embankment Total S trength CCR, Zero-Strength FCR 
c:lprogram fileslstedwin\wiliamson energy pond creeklph3-dsef.pl2 Run By: Blaise E. Genes, GAi Consultants 417/2009 04:47PM 

I I I ' I 
Soil Soil Total Saturated Cohesion Friction Piez. 

Desc. Type Unit Wt. Unit Wt. Intercept Angle Surface 
No. (pcD (pcD (psD (deg) No. 

CCR Cap 1 130.0 140.0 0.0 30.0 0 
Fine CR 2 80.0 90.0 0.0 0.0 W1 

P3 CCR T 2 130.0 140.0 736.0 18.0 W1 -
Residual 4 125.0 135.0 416.0 19.5 W1 
Bedrock E 145.0 1j5.0 2000.0 20.0 W1 
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PCSTABL5M/si FSmin=2.35 
Safety Factors Are Calculated By The Modified Bishop Method 
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** PCSTABL5M ** 
by 

Purdue University 
--Slope Stability Analysis--

Simplified Janbu, Simplified Bishop 
or Spencer's Method of Slices 

Run Date: 4/7/2009 
Time of Run: 04:47PM 
Run By: Blaise E. Genes, GAI Consultants 
Input Data Filename: C:ph3-dsef.in 
Output Filename: C:ph3-dsef.OUT 
Unit: ENGLISH 
Plotted Output Filename: C:ph3-dsef.PLT 
PROBLEM DESCRIPTION Pond Creek, Phase 3 EmbanJanent Total S 

trength CCR, Zero-Strength FCR 
BOUNDARY COORDINATES 

10 Top Boundaries 
48 Total Boundaries 

Boundary X-Left Y-Left X-Right Y-Right Soil Type 
No. {ft) {ft) {ft) {ft) Below Bnd 

1 .00 4 66. 00 45.00 4 66. 00 1 
2 45.00 4 66. 00 110. 00 4 65. 00 1 
3 110. 00 465. 00 120.00 4 68. 00 1 
4 120.00 4 68. 00 140. 00 4 68. 00 1 
5 140.00 4 68. 00 233.00 500.00 1 
6 233.00 500.00 268. 00 500.00 1 
7 268. 00 500. 00 825.00 498.00 1 
8 825.00 498.00 855.00 498.00 1 
9 855.00 498.00 990.00 454.00 1 

10 990.00 454.00 1010.00 454.00 1 
11 1010.00 454.00 1040.00 454.00 1 
12 .00 4 66. 00 45.00 4 66. 00 2 
13 45.00 4 66. 00 110.00 4 65. 00 2 
14 110.00 4 65. 00 120.00 4 68. 00 2 
15 120.00 4 68. 00 140.00 4 68. 00 2 
16 140.00 4 68. 00 233.00 500.00 2 
17 233.00 500.00 268.00 500.00 2 
18 268. 00 500.00 283.00 4 95. 00 2 
19 283.00 495.00 812.00 495.00 2 
20 812.00 495.00 825.00 498.00 2 
21 825.00 498.00 855.00 498.00 2 
22 855.00 498.00 990.00 454.00 2 
23 990.00 454.00 1010.00 454.00 2 
24 1010.00 454.00 1040.00 454.00 2 
25 .00 466.00 45.00 4 66. 00 3 
26 45.00 466.00 110.00 4 65. 00 3 
27 110.00 4 65. 00 120.00 4 68. 00 3 
28 120.00 468.00 140.00 4 68. 00 3 
29 140.00 468.00 233.00 500.00 3 
30 233.00 500.00 268.00 500.00 3 
31 268. 00 500.00 283.00 495.00 3 
32 283.00 4 95. 00 370. 00 460.00 3 
33 370.00 460.00 716. 00 457.00 3 
34 716. 00 457. 00 812.00 495.00 3 
35 812.00 4 95. 00 825.00 498.00 3 
36 825.00 498.00 855.00 498.00 3 
37 855.00 498.00 990.00 454.00 3 
38 990.00 454.00 1010.00 454.00 3 
39 1010.00 454.00 1040.00 454.00 3 
40 .00 466.00 45.00 466.00 4 
41 45.00 4 66. 00 110.00 465.00 4 
42 110.00 4 65. 00 370.00 460.00 4 
43 370.00 460.00 716. 00 457.00 4 
44 716. 00 457.00 990.00 454.00 4 
45 990.00 454.00 1010.00 454.00 4 
46 1010.00 454.00 1040.00 454.00 4 
47 .oo 456.00 1010.00 43 9. 00 5 
48 1010.00 439.00 1040.00 439. 00 5 
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ISOTROPIC SOIL PARAMETERS 
5 Type{s) of Soil 

Soil Total Saturated Cohesion 
Type Unit Wt. Unit Wt. Intercept 

Friction 
Angle 
(deg) 
30.0 

Pore Pressure Piez. 
Pressure Constant Surface 

No. {pcf) (pcf) (psf) Pararn. (psf) No. 
1 130.0 140.0 .0 
2 80.0 90.0 .0 
3 130.0 140.0 736.0 
4 125.0 135.0 416.0 
5 145.0 145.0 2000.0 

.0 
18.0 
19.5 
20.0 

1 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED 
Unit Weight of Water= 62.40 

. 00 . o 

.00 . 0 

.00 . 0 

.00 .0 

.00 .o 

Piezometric Surface No. 1 Specified by 8 Coordinate Points 
Point X-Water Y-Water 
No. {ft) (ft) 

1 .00 463.00 
2 185.00 461.00 
3 283.00 495.00 
4 812.00 495.00 
5 930.00 451.00 
6 990.00 451.00 
7 1010.00 451.00 
8 1040.00 451.00 

A Critical Failure Surface Searching Method, Using A Random 
Technique For Generating Circular Surfaces, Has Been Specified. 
400 Trial Surfaces Have Been Generated. 

20 Surfaces Initiate From Each Of 20 Points Equally Spaced 
Along The Ground Surface Between X 75.00 ft. 

and X 180.00 ft. 
Each Surface Terminates Between X 255.00 ft. 

and X 400.00 ±t. 
Unless Further Limitations Were Imposed, The Minimum Elevation 
At Which A Surface Extends Is Y = .00 ft. 

5.00 ft. Line Segments Define Each Trial Failure Surface. 
Following Are Displayed The Ten Most Critical Of The Trial 

o 
1 
1 
1 
1 

Failure Surfaces Examined. They Are Ordered - Most Critical 
First. 
**Safety Factors Are Calculated By The Modified Bishop Method 
Failure Surface Specified By 37 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) {ft) 

1 124.74 468.00 
2 129.24 465.82 
3 133.82 463.82 
4 138.47 461.99 
5 143.19 460.33 
6 147.97 458.86 
7 152.80 457.56 
8 157.67 456.45 
9 162.59 455.53 

10 167.53 454.79 
11 172.50 454.23 
12 177.49 453.87 
13 182.48 453.69 
14 187.48 453.70 
15 192.48 453.90 
16 197.46 454.29 
17 202.43 454.86 
18 207.37 455.62 
19 212.28 456.57 
20 217.15 457.70 
21 221.98 459.02 
22 226.75 460.52 
23 231.46 462.19 
24 236.10 464.04 
25 240.68 466.07 
26 245.17 468.26 

* * 
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27 249. 57 470.62 
28 253.89 473.15 
29 258.10 475.84 
30 262.21 478.69 
31 266.21 481.69 
32 270.10 484.83 
33 273.86 488.12 
34 277.50 491.56 
35 281.01 495.12 
36 284.37 498.82 
37 285.32 499.94 

Circle Center At X = 184.7 y 586.3 and Radius, 132.6 
*** 2.348 *** 

Individual data on the 46 slices 
Water Water Tie Tie Earthquake 
Force Force Force Force Force Surcharge 

Slice Width Weight Top Bot Norm Tan Hor Ver Load 
No. (ft) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) 

1 4.5 636. 8 .o . 0 .o . 0 .o .0 .0 
2 2.9 1038.5 .0 . 0 . 0 . 0 .0 . 0 .0 
3 1. 7 851.1 .0 .0 . 0 .0 .0 .0 .0 
4 4.7 3045.6 . 0 .o . 0 . 0 .0 .o .0 
5 1. 4 1142.7 . 0 .0 . 0 .0 . 0 .0 .0 
6 .1 83.9 . 0 .1 . 0 .o . 0 .0 .0 
7 3.2 3137.9 . 0 121.5 . 0 .0 .0 .0 .0 
8 4.8 638 6. 3 . 0 570.9 . 0 .0 .0 . 0 .o 
9 4. 8 8396.3 . 0 986.7 .o . 0 .o . 0 .0 

10 4.9 10324.4 .0 1345.5 .0 . 0 .0 . 0 .0 
11 4.9 12156.8 .0 1646.7 .0 . 0 .0 . 0 .o 
12 4.9 13880.9 .0 1890.2 .0 . 0 .0 . 0 .0 
13 5.0 15485.0 .0 2075.3 .o . 0 .0 . 0 .0 
14 5.0 16958.6 . 0 2202. 0 .0 . 0 .0 . 0 .0 
15 5.0 18292.2 .0 2269.9 .0 . 0 .0 . 0 .o 
16 2.5 9663. 9 .0 1149.5 .o . 0 .0 . 0 .0 
17 2.5 9814. 5 .0 1134 .1 .0 . 0 .0 . 0 .0 
18 4.5 18488.9 .0 2354.8 .0 . 0 .0 . 0 .o 
19 .5 2084.2 .o 281.1 .0 . 0 . 0 . 0 .0 
20 5.0 21527.7 .0 3060. 5 .o . 0 . 0 .0 .0 
21 5.0 22316.9 .0 3428.1 .0 .0 . 0 .0 .0 
22 4.9 22937.2 .0 3738.1 .0 .o· . 0 .0 .0 
23 4.9 23386.6 .o 3990.3 .0 .0 . 0 .o .0 
24 4.9 23664.5 .0 4184.1 .o .0 . 0 .0 .0 
25 4.8 23771. 6 .0 4319.4 . 0 .0 . 0 .0 .0 
26 4.8 23710.1 .0 4395.9 . 0 .0 . 0 .0 .0 
27 4.7 23483.4 .0 4413.5 .0 .0 . 0 .0 .o 
28 1.1 5660. 5 .o 1076.0 . 0 .0 . 0 .o .o 
29 . 4 2016.5 .0 382.7 . 0 . 0 .0 . 0 .0 
30 3.1 15191. 0 .0 2913.5 . 0 . 0 .0 . 0 .0 
31 4.6 21395.5 . 0 4272 .1 . 0 . 0 .0 . 0 . 0 
32 4.5 19767.9 . 0 4113. 2 . 0 . 0 .0 . 0 .0 
33 4. 4 18053.2 . 0 3895.9 .o . 0 .o . 0 .0 
34 4.3 16265.6 . 0 3620. 4 .0 . 0 .0 . 0 .0 
35 4.2 14420.3 . 0 3287.2 .0 . 0 .0 . 0 . 0 
36 4.1 12532.9 . 0 2896.6 .0 .0 . 0 . 0 . 0 
37 4.0 10619.7 . 0 2449.4 .o .o . 0 . 0 .0 
38 1.8 4201. 7 . 0 960.1 .0 . 0 . 0 . 0 .0 
39 2.1 44 94. 6 . 0 985.9 .0 .0 . 0 .0 .0 
40 3.8 677 5. 9 . 0 1387.2 .0 .0 . 0 .o .0 
41 3.6 4880.7 . 0 773.8 .o .o . 0 .0 .0 
42 2.3 2173.4 . 0 148.2 .o . 0 . 0 .0 .0 
43 1.2 860. 0 . 0 . 0 .0 .o . 0 . 0 .0 
44 . 4 228.1 . 0 .0 .0 . 0 . 0 . 0 .0 
45 3.0 1075.7 . 0 .0 .0 . 0 . 0 . 0 .o 

( 
46 . 9 69.2 . 0 . 0 .0 . 0 . 0 . 0 .o 

Failure Surface Specified By 38 Coordinate Points 
'-.. Point X-Surf Y-Surf 

No. (ft) (ft) 
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1 119.21 4 67. 76 
2 123. 7 6 465.68 
3 128.37 4 63. 7 6 
4 133.05 462. 00 
5 137.79 4 60. 39 
6 142.58 458.95 
7 147.41 457.68 
8 152.29 456.57 
9 157.20 455.63 

10 162 .14 454.85 
11 167.10 454.25 
12 172. 08 453.82 
13 177. 07 453.56 
14 182.07 453.47 
15 187.07 453.55 
16 192.07 453.80 
17 197.05 454.22 
18 202.01 454.81 
19 206.95 455.58 
20 211. 87 456.51 
21 216. 75 457.61 
22 221. 58 458.87 
23 226.37 460.30 
24 231.11 461.89 
25 235.80 463. 65 
26 240.41 465.56 
27 244. 97 4 67. 63 
28 249.44 469.86 
29 253.84 4 72. 24 
30 258.16 474.76 
31 2 62. 38 477.44 
32 266.51 480.25 
33 270.55 483.21 
34 274.48 486.30 
35 278.30 489.52 
36 282.00 492.88 
37 285.60 496.36 
38 289.04 499.92 

Circle Center At X = 182.2 ; y - 599.5 and Radius, 

*** 2.354 *** 
Failure Surface Specified By 36 Coordinate Points 

Point 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

X-Surf 
(ft) 

102. 63 
107.28 
111. 99 
116. 76 
121. 58 
126.44 
131. 34 
136.28 
141.24 
146. 21 
151.21 
156.21 
161. 20 
166.20 
171.18 
17 6 .14 
181.08 
185.99 
190.86 
195.68 
200.46 
205.18 
209.84 
214.43 

Y-Surf 
(ft) 

465.11 
463. 27 
4 61. 60 
4 60. 09 
458.76 
457.59 
456.61 
455.79 
455.16 
454.70 
454.42 
454.31 
454.39 
454.64 
455.08 
455.69 
456.47 
457.43 
458.57 
459.88 
461. 36 
4 63. 01 
4 64. 83 
466.81 

146. 0 
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25 218.94 4 68. 95 
26 223.38 471.26 
27 227.73 473.72 
28 231. 99 476.34 
29 236.16 479.10 
30 240.22 482.01 
31 244.18 485.07 
32 248.03 488.26 
33 251. 76 491. 59 
34 255. 37 495.05 
35 258.85 4 98. 64 
36 2 60. 08 500.00 

Circle Center At X = 156.6 ; y 594.4 and Radius, 
*** 2.360 *** 

Failure Surface Specified By 35 Coordinate Points 
Point X-Surf Y-Surf 
No. (ft) (ft) 

1 119.21 4 67. 7 6 
2 123.79 465.75 
3 128.44 4 63. 92 
4 133.16 4 62. 27 
5 137.94 4 60. BO 
6 142.77 459.52 
7 147.65 458.42 
8 152.57 457.51 
9 157.52 456.80 

10 162.49 456.27 
11 167.48 455.94 
12 172.48 455.80 
13 177.48 455.85 
14 182.47 456.09 
15 187.45 456.53 
16 192. 41 457.15 
17 197.34 457.97 
18 202.24 458.98 
19 207.10 4 60 .18 
20 211. 90 461. 56 
21 216.65 4 63 .12 
22 221.33 4 64. 87 
23 225. 95 4 66. 80 
24 230.48 4 68. 90 
25 234.94 4 71.18 
26 239.30 473.62 
27 243.56 476.24 
28 247.72 479.01 
29 251. 77 481. 94 
30 255.70 485.03 
31 259.51 488.27 
32 263.20 491.65 
33 266. 75 495 .17 
34 270.16 498.82 
35 271.17 499.99 

Circle Center At X = 173.6 ; y 585.5 and Radius, 
*** 2.385 *** 

Failure 
Point 
No. 

1 

Surface Specified By 32 Coordinate Points 
X-Surf Y-Surf 

(ft) (ft) 
135.79 468.00 

2 140.31 465.87 
3 144.93 463.95 
4 149.63 462.24 
5 154.40 460.75 
6 159.24 459.48 
7 164.13 458.44 
8 169.06 457.62 
9 174.02 457.02 

10 179.01 456.66 

140.1 

129.7 
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11 184.01 456.53 
12 18 9. 01 456. 62 
13 194.00 456.95 
14 198. 97 457.50 
15 203.91 458.28 
16 208.80 459.29 
17 213.65 460. 52 
18 218.43 461. 97 
19 223.15 4 63. 64 
20 227.78 4 65. 53 
21 232.32 467. 62 
22 236.76 469.92 
23 241. 08 4 72. 43 
24 245.29 475.13 
25 249.37 478.02 
26 253.32 481. 09 
27 257.12 484.34 
28 2 60. 7 6 487.76 
29 264.24 491. 35 
30 267.56 495.09 
31 270.70 498.98 
32 271. 44 499.99 

Circle Center At X = 184.4 ; y = 565.3 and Radius, 108.8 
*** 2. 393 *** 

Failure Surface Specified By 42 Coordinate Points 
Point X-Surf Y-Surf 
No. (ft) (ft) 

1 91.58 465.28 
2 96.32 4 63. 69 
3 101.10 462. 22 
4 105.91 460.87 
5 110.76 459. 65 
6 115. 64 458.54 
7 120.54 457.56 
8 125.46 456.70 
9 130.41 455.96 

10 135.37 455.35 
11 140.35 454.86 
12 145.34 454.50 
13 150.33 454.27 
14 155.33 454.16 
15 160.33 454.17 
16 165.33 454.31 
17 170.32 454.58 
18 175.30 454.97 
19 180.28 455.49 
20 185.24 456 .13 
21 190.18 456.89 
22 195.10 457.78 
23 199.99 458.80 
24 204.06 459.93 
25 209.70 461.19 
26 214.51 462.57 
27 219.28 4 64. 07 
28 224.01 4 65. 69 
29 228.70 4 67. 43 
30 233.34 469.28 
31 237.94 471.25 
32 242.48 473.34 
33 246.97 475.53 
34 251. 40 477.84 
35 255.78 480.27 
36 260.09 482.80 
37 264. 34 485.44 
38 268.52 488.18 
39 272. 63 491. 03 
40 276.66 493.98 
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,( 41 280.63 497. 03 
42 284.22 499.94 

Circle Center At X = 157.2 ; y - 653.1 and Radius, 199.0 
*** 2.434 *** 

Failure Surface Specified By 40 Coordinate Points 
Point X-Surf Y-Surf 

No. (ft) (ft) 
1 91. 58 4 65. 28 
2 96.31 4 63. 66 
3 101.08 462 .17 
4 105.89 460.82 
5 110.74 459.60 
6 115.62 458.51 
7 120.53 457.57 
8 125.47 456.76 
9 130.42 456.10 

10 135.40 455.57 
11 140.38 455.18 
12 145.38 454.93 
13 150.37 454.83 
14 155.37 454.86 
15 160.37 455.04 
16 165.36 455.35 
17 170.34 455.81 
18 175.31 456. 40 
19 180.25 457.13 
20 185 .17 458.01 
21 190.07 459. 02 
22 194. 94 460 .17 
23 199.77 4 61. 45 
24 204.56 462. 87 

( 25 209.32 464.43 
26 214. 02 466:11 
27 218.68 4 67. 93 
28 223. 28 469.88 
29 227.83 471.96 
30 232.32 474.17 
31 236.74 476.50 
32 241.10 478.95 
33 245.38 481. 53 
34 249.60 484.22 
35 253.73 487.03 
36 257.78 489.96 
37 261. 75 493.00 
38 265.64 496.15 
39 269.43 499.41 
40 270.07 499.99 

Circle Center At X = 151.7 ; y 632.6 and Radius, 177 .8 
*** 2.478 *** 

Failure Surface Specified By 31 Coordinate Points 
Point x-surf Y-Surf 

No. (ft) (ft) 
1 135.79 468. 00 
2 140.45 466.20 
3 145.19 4 64. 60 
4 149.99 4 63. 21 
5 154.85 462. 02 
6 159.75 461. 04 
7 164. 69 460. 27 
8 169. 66 459. 71 
9 174. 65 459.37 

10 17 9. 65 459.24 
11 184.65 459. 32 
12 189.64 459. 62 
13 194. 61 460 .13 
14 199.56 460.85 
15 204.47 461. 79 
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( 16 209.34 4 62. 93 
17 214 .15 4 64. 28 
18 218. 91 465.84 
19 223.59 4 67. 59 
20 228.19 469.55 
21 232.70 471.70 
22 237.12 474.04 
23 241.43 476.57 
24 245.63 479.28 
25 249.72 482 .17 
26 253. 67 485.23 
27 257.49 488.46 
28 261.17 4 91. 85 
29 264.70 495.39 
30 268. 07 499.08 
31 268. 84 500.00 

Circle Center At X = 180.2 ; y - 576.1 and Radius, 116.8 
*** 2.486 *** 

Failure Surface Specified By 36 Coordinate Points 
Point X-Surf Y-Surf 
No. (ft) (ft) 

1 124.74 468.00 
2 129.44 4 66. 30 
3 134.19 4 64. 7 5 
4 138.99 4 63. 35 
5 143.84 462 .11 
6 148. 72 461.02 
7 153. 63 460.09 
8 158. 57 459.31 
9 163. 53 458.69 

10 168. 51 458.23 

C 11 173.50 457.93 
12 178. 50 457.79 
13 183.50 457.81 
14 188.49 457.99 
15 193.48 458.32 
16 198.46 458.82 
17 203.42 459.47 
18 208.35 460.28 
19 213.26 461.25 
20 218 .13 462.37 
21 222.96 4 63. 65 
22 227.75 465.08 
23 232.49 466.66 
24 237.18 468.40 
25 241. 82 470.28 
26 246.39 472.31 
27 250. 8 9 474'.48 
28 255.32 476.80 
29 259. 68 4 7 9. 25 
30 263. 95 481.85 
31 268.14 484.58 
32 272. 24 487.44 
33 276.25 490.43 
34 280.16 4 93. 54 
35 283. 97 496.78 
36 287.44 499.93 

Circle Center At X = 180.4 ; y 614.7 and Radius, 156.9 
*** 2.502 *** 

Failure Surface Specified By 43 Coordinate Points 
Point X-Surf Y-Surf 
No. (ft) (ft) 

1 97 .11 465.20 

C 2 101. 92 463.85 
3 106.76 462. 60 
4 111. 63 4 61. 4 6 
5 116. 52 460.43 
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( 6 121. 44 459.51 
\ 7 126.37 458.69 

8 131.32 457.99 
9 136.28 457.39 

10 141. 26 456.91 
11 146.25 456.53 
12 151. 24 456.27 
13 156.24 456 .12 
14 161. 24 456.07 
15 166.24 456.14 
16 171. 23 456.32 
17 176.23 456.61 
18 181. 21 457.01 
19 18 6 .18 457.51 
20 191.15 458.13 
21 196.09 458.86 
22 201. 02 459.70 
23 205.93 4 60. 65 
24 210.82 4 61. 70 
25 215.68 4 62. 86 
26 220.52 4 64 .13 
27 225.32 4 65. 51 
28 230.10 4 66. 99 
29 234.84 468.58 
30 239.55 470.27 
.31 244. 21 472.07 
32 248.84 473.97 
33 253.42 4 7 5. 97 
34 257. 96 478.07 
35 262. 45 480.27 
36 266.89 482.57 

( 
37 271. 27 484.97 
38 275. 61 487.46 
39 279.88 490.05 
40 284.10 492.73 
41 288.26 495.51 
42 292.36 4 98. 38 
43 294.44 499.91 

Circle Center At X - 160.7 ; y 682.1 and, Radius , 226.1 
*** 2.511 *** 
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APPENDIX F 

SLOPE STABILITY ANALYSES RESULTS AND FACTORS OF SAFETY 
END-OF-CONSTRUCTION AND STEADY-STATE STATIC AND 

POST-EARTHQUAKE SEISMIC CONDITIONS 
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SUBJECT WILLIAMSON ENERGY - POND CREEK 

Ii Phase 7 End-of-Construction and Steady-State Static. and Post-Earthquake Seismic 
_$lope Stability Analyses 

AMH/BEG 

CHKD.BY~ 

DATE 2009-APR-08 

DATE :s:/.r ,/4 r 
' 

PROJ. NO.C090403.01 .001 

SHEET NO.-~'- OF 3/ 

CALCULATION BRIEF 
FOR 

gai consultants 

Engineers • Geologists • Planners 
Environmental Specialists 

SHORT-TERM END-OF-CONSTRUCTION AND LONG-TERM STEADY-STATE STATIC, AND 
POST-EARTHQUAKE SEISMIC SLOPE STABILITY ANALYSES AND 

FACTORS OF SAFETY 

POND CREEK COAL REFUSE DISPOSAL SITE - PHASE 7 SOUTH SLOPE 

OBJECTIVE: To determine the static and seismic factors of safety for the Pond Creek, Phase 7 
South slope (Phase 7C) embankment and impoundment. 

METHODOLOGY: Use PCSTABL limit equilibrium analyses and a "zero-strength" fine coal refuse 
(FCR) approach to determine the short-term end-of-construction and long-term 
steady-state static factors of safety. as well as the post-earthquake seismic factor of 
safety for the Phase 7 South slope (Phase 7C) embankment/impoundment 
geometry presented in Figure 2. 

REFERENCES: 

1. Civil & Environmental Consultants. Inc. Calculation. "Calculation Brief for Estimation 
and Summary of Engineering Properties Including Peak and Steady-State Undrained 
Shear Strengths For Refuse and Subgrade Materials, Pond Creek Coal Refuse 
Disposal Site - South Pond". BEG, 7/12/08. 

2. GAi Consultants. Inc. Calculation. "Supplemental Summary of Engineering Properties 
and Coarse Refuse Tensile Strength for Subsidence Liquefaction and Embankment 
Cracking Evaluations. Pond Creek Coal Refuse Disposal Site - Phase 3," BEG, 
3/31/09. 

3. GAi Consultants, Inc. Calculation. "Determination of Downstream and Upstream In-Situ 
Driving Shear Stress By Elastic (PCSTABL) Solution, Pond Creek Coal Refuse 
Disposal Site - Phase 3 lmpoundment." BEG. 4/08/09. 

4. U.S. Department of Labor. Mine Safety and Health Administration. "Engineering and 
Design Manual. Coal Refuse Disposal Facilities. Chapter 7 Seismic Design: Stability and 
Deformation Analyses," Final Draft Dated December 2007. Updated August 1. 2008. 

5. Winterkorn and Fang, (1975). "Foundation Engineering Handbook," Van Nostrand 
Reinhold Publishers. 

6. Gregory. P.E., Garry H .• "PCSTABLSM with STEDwin Slope Stability Analysis System. 
Version 2.0," dated September 2001. 

7. Poulos, S.J., Castro, G .• and France, J.W. (1985a) "Liquefaction Evaluation Procedure," 
Journal of the Geotechnical Engineering Division. ASCE. Vol. 111. No. GT6. pp. 772-
792. 
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ANALYSIS: 

DATE 2009-APR-08 
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PROJ. NO.C090403.01 .001 
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lj 
gai consultants 

Engineers • Geologists • Planners 
Environmental Specialists 

END-OF-CONSTRUCTION AND STEADY-STATE STATIC SLOPE STABILITY ANALYSES 

Static slope stability analyses were performed for the Phase 7 South slope geometry (Phase 7C). which 
includes the underlying Phase 3 impoundment FCR. The short-term, end-of-construction (EOC )analysis 
condition includes using effective strength parameters for the CCR. total undrained shear strengths for the 
residual soil, and zero (0) strength for the FCR. For the long-term. steady-state (SS) conditions stability 
analyses of the Phase 7C slope geometry, effective strength for CCR and total undrained strength for FCR 
and residual soil are utilized. The following soil properties were estimated based on previous field and 
laboratory testing as noted in Reference Nos. 1 and 2 and used in the various slope stability analyses: 

Unit Weights Friction Angle Cohesion 
(Yi,Ys) (~) (c) 

Description /ncf) (deqrees) lnsf) Streni:ith 

Coarse Coal Refuse 130, 140 33.7 0 Effective Strength 
(CCR) 

Fine Coal Refuse 
80, 90 

0 0,260 Zero Strength, Sus=0.05 
(FCR) 18.8 0 Total Strength 

Residual Soil 125, 135 19.5 416 Total Strength 

The results of the Phase 7C slope stability analyses indicate the Phase 7C embankment and underlying 
Phase 3 impoundment geometry is stable under both short-term, EOG and long-term, SS conditions. 
Utilizing conservative strength parameters for the various materials including "zero-strength" for FCR, the 
EOG and SS static factors of safety are 1.6 and 1.8. respectively. 

Results of Static Slope Stability Analyses: 

Phase 7C lmpoundment 
(Crest El. 538 ft) Factor of Safety 

(Top of Fines El. 496 ft\ ldiml 
End-Of-Construction -
CCR Effective Strength 1.6 

FCR Zero-Strength 
Residual Total Strenqth 

Steady-State -
CCR Effective Strength 1.8 

FCR Total-Strength 
Residual Total Strenqth 

Hard copies of the input and output files for the Phase 7C end-of-construction and long-term steady-state 
slope stability analyses are presented in Attachment 1. 
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POST-EARTHQUAKE SEISMIC SLOPE STABILITY ANALYSES 

lj 
gai consultants 

Engineers • Geologists • Plarmers 
Environmental Specialists 

Liquefaction susceptibility of the proposed Phase 7C slope geometry and the FCR hydraulically placed 
beneath the Phase 7 CCR embankment depends on the strength of all the soils along the critical failure 
surface. Zones of loose (contractive) soils are critical to analyzing liquefaction potential since only loose 
soils can have an undrained strength that is significantly lower than their drained strength. For the 
purpose of this evaluation, a conservative, simplified approach was employed, and assumes the FCR will 
lose strength during an earthquake, which changes the condition from drained to undrained. 

Therefore, liquefaction susceptibility was determined by evaluating the Phase ?C embankment and 
underlying Phase 3 FCR utilizing a "zero-strength" approach for the FCR to evaluate the post-earthquake 
factors of safety. A "zero-strength" type analysis of the FCR, if stable, is considered the most conservative 
analysis because a true zero-strength condition physically cannot occur. Some minimum strength, i.e., 
steady-state undrained exists even if the material is susceptible to a strength loss triggering event such as 
an earthquake. 

The post-earthquake analyses included using effective strength parameters for the CCR, total undrained 
shear strengths for the residual soil, and zero (0) strength for the FCR for a deep failure surface and 260 
psf for a shallow failure surface equating to Sus/cr'v=0.05, which is far less than the site specific laboratory 
testing Sus/cr'v=0.24. Engineering soil parameters used in the post-earthquake stability analyses are 
presented above. 

The results of the Phase ?C post-earthquake stability analyses indicate the Phase ?C embankment and 
underlying Phase 3 impoundment geometry is stable. Utilizing conservative strength parameters for the 
various materials including "zero-strength" for FCR, the post-earthquake factor of safety is 1.6 for a deep 
failure, and 1.2 for a shallow failure with Sus=260 psf. 

Results of Post-Earthquake Seismic Slope Stability Analyses: 

Phase ?C lmpoundment 
(Crest El. 538 ft) Factor of Safety 

/Too of Fines El. 496 ftl /diml 
Post-Earthquake~ 

CCR l::ffective Strength 1.6 Ueep 
FCR Zero-Strength Deep, Sus=260 psf 1.2 Shallow 

Residual Total Strength 

Hard copies of the input and output files for the Phase ?C post-earthquake slope stability analyses are 
also presented in Attachment 2. 

Poulos, et al (1985) states a soil mass that is not susceptible to liquefaction physically cannot fail by 
liquefaction since the minimum undrained strength exceeds the in-situ driving shear stress along the 
critical failure surface. Permanent deformation analyses were not considered pertinent to the Phase ?C 
geometry since there is no impounded FCR or freeboard. Therefore, permanent deformation analyses 
were not performed. 
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GAi has completed static stability analyses to evaluate the end-of-construction and steady-state conditions 
of the proposed Phase 7 South (Phase7C) slope. GAi has also completed seismic stability analyses to 
evaluate the post-earthquake condition of the Phase 7C slope. Based on conservatively-derived strength 
parameters, including a zero-strength approach for the FCR, adequate static and seismic factors of safety 
exist for the Phase 7C slope. The conclusions are based on the following: 

• Phase 7 minimum factor of safety for the short-term end-of-construction static condition, with zero
strength FCR in was estimated at 1.6 for a deep failure, and 1.2 for a shallow failure with Sus=260 
psf; 

• Phase 7 minimum factor of safety for the long-term, steady-state static condition was estimated at 
1.8; and 

• The Phase 7 factor of safety against a post-earthquake, seismic condition, with zero-strength FCR 
was estimated at 1.6 

Hard copies of the input and output files for the Phase 7C end-of-construction and long-term steady-state 
slope stability analyses are presented in Attachment 1. Hard copies of the input and output files for the 
Phase 7C post-earthquake slope stability analyses are also presented in Attachment 2 
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ATTACHMENT 1 

PHASE 7 SOUTH (PHASE 7C) SLOPE 
SHORT-TERM END-OF-CONSTRUCTION AND LONG-TERM STEADY-STATE CONDITIONS 

PCSTABL SLOPE STABILITY ANALYSES 
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Pond Creek, Phase 7C South - Zero Strength FCR Static EOG 
c:\program files\stedwin\wiliamson energy pond creek\ph7ceoc.pl2 Run By: Blaise E. Genes, GAi Consultants 4/7/2009 04:00PM 

700 r,:::::====r======i====i======i=====Fi~-~----,----,----i------,---, 
II FS 
a 1.53 
b 1.61 
C 1.63 
d 1.64 
e 1.64 
f 1.67 
g 1.67 
1, 1.67 
i 1.68 

Soil 
Desc. 

Soil Total Saturated Cohesion Friction Piez. 

600 

500 

CCR P7AC 
Fine CR 
CCR P3 
Residual 
Bedrock 

Type Unit Wt. 
No. (pcf) 
1 130.0 
2 80.0 
3 130.0 
4 125.0 
5 145.0 

Unit Wt. 
(pcf) 
140.0 
90.0 
140.0 
135.0 
145.0 

Intercept Angle Surface 
(psf) (deg) No. 
0.0 33.7 0 
o.o a.a w1 
a.a 33.7 a w1 

416.0 1~.5 W1 
2000.0 g 12odoel w1 h 

,,_;'~~--- 1 

·- - 7111~~ ~ 
- ·-· -· - '··, 3 ----~~ 

--- -- ~3 .... ~w1··1g........J!!..3_j_, • ~ ~ ~l~J.-- ~~ 5 · Sdt"""' k=i .,,,,.,,b~>a1 ·r-~ 
,/ ---~~~: ".! 

Wl 5 

400 ,_ 

300 ,_ 

200 

100 

o~--~---~---~---~---~--~---~---~---~---~--~ 
0 100 200 300 400 500 600 700 800 900 1000 1100 

STED 

~ 
~ 

PCSTABL5M/si FSmin=1.58 
Safety Factors Are Calculated By The Modified Bishop Method 
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C:\Prograrn Files\STEDwin\Wiliamson Energy Pond Creek\ph7ceoc.OUT Page 1 

** PCSTABL5M ** 
by 

Purdue University 
--Slope Stability Analysis-

Simplified Janbu, Simplified Bishop 
or Spencer~s Method of Slices 

Run Date: 4/7/2009 
Time of Run: 04:00PM 
Run By: Blaise E. Genes, GAI Consultants 
Input Data Filename: C:ph7ceoc.in 
Output Filename: C:ph7ceoc.OUT 
Unit: ENGLISH 
Plotted Output Filename: C:ph7ceoc.PLT 
PROBLEM DESCRIPTION Pond Creek, Phase 7C South - Zero Streng 

th FCR Static EOC 
BOUNDARY COORDINATES 

Note: User origin value specified. 
Add 0.00 to X-values and 0.00 to Y-values listed. 

11 Top 
48 Total 

Boundary 
No. 

l 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 · 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 

Boundaries 
Boundaries 
X-Left 

(ft) 
.00 

45.00 
110.00 
120.00 
140.00 
238.00 
250.00 
270.00 
3.75. 00 
795.00 

1045.00 
.00 

45.00 
110.00 
120.00 
140.00 
233.00 
268.00 
283.00 
812.00 
825.00 
855.00 
990.00 

1010.00 
.00 

45.00 
110.00 
120.00 
140. 00 
233.00 
268. 00 
283.00 
370.00 
716. 00 
812.00 
825.00 
855.00 
990.00 

1010.00 
.oo 

45.00 
110. 00 
370.00 
716.00 
990.00 

Y-Left 
(ft) 

466.00 
466. 00 
465.00 
4 68. 00 
468.00 
500.00 
505.00 
505.00 
538.00 
538.00 
454.00 
466.00 
466.00 
4 65. 00 
468.00 
468.00 
500.00 
500.00 
495.00 
495.00 
498.00 
4 98. 00 
454.00 
454.00 
4 66. 00 
466.00 
4 65. 00 
4 68. 00 
4 68. 00 
500.00 
500.00 
4 95. 00 
460.00 
457.00 
495.00 
498.00 
4 98. 00 
454.00 
454.00 
466. 00 
466.00 
4 65. 00 
4 60. 00 
457. 00 
454.00 

X-Right 
(ft) 
45.00 

110.00 
120.00 
140.00 
238.00 
250.00 
270.00 
375.00 
795.00 

1045.00 
1100.00 

45.00 
110.00 
120.00 
140.00 
233.00 
268.00 
283.00 
812.00 
825.00 
855.00 
990.00 

1010.00 
1100.00 

45.00 
110.00 
120.00 
140.00 
233.00 
268. 00 
283.00 
370.00 
716. 00 
812.00 
825.00 
855.00 
990.00 

1010.00 
1100.00 

45.00 
110.00 
370.00 
716. 00 
990.00 

1010.00 

Y-Right 
(ft) 

4 66. 00 
465. 00 
468.00 
4 68. 00 
500.00 
505.00 
505.00 
538.00 
538.00 
454.00 
454.00 
466.00 
465.00 
4 68. 00 
4 68. 00 
500.00 
500 . .00 
495.00 
4 95. 00 
4 98. 00 
498.00 
454.00 
454.00 
454.00 
466.00 
4 65. 00 
4 68. 00 
468.00 
500.00 
500.00 
495.00 
460.00 
457.00 
495.00 
498.00 
4 98. 00 
454.00 
454.00 
454.00 
4 66. 00 
4 65. 00 
4 60. 00 
457.00 
454.00 
454.00 

Soil Type 
Below Bnd 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
4 
4 
4 
4 
4 
4 
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46 1010. 00 
47 .00 
48 1010. 00 

ISOTROPIC SOIL PARAMETERS 
5 Type(s) of Soil 

454.00 
456.00 
439.00 

1100.00 
1010.00 
1100.00 

454.00 
439.00 
439.00 

Pore 

4 
5 
5 

Piez. Soil Total Saturated Cohesion 
Type Unit Wt. Unit Wt. Intercept 

Friction 
Angle 
(deg) 
33.7 

Pressure 
Pressure 
Constant Surface 

No. (pcf) (pcf) (psf) 
1 130.0 140.0 .o 
2 80.0 90.0 .0 
3 130.0 140.0 .0 
4 125.0 135.0 416.0 
5 145.0 145.0 2000.0 

.0 
33.7 
19.5 
20.0 

Param. 
.00 
.00 
.00 
.00 
.00 

l PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED 
Unit Weight of Water= 62.40 

(psf) 
.0 
. 0 
• 0 
• 0 
• 0 

Piezometric Surface No. 1 Specified by B Coordinate Points 
Point X-Water Y-Water 
No. (ft) (ft) 

1 .00 463.00 
2 185.00 461.00 
3 283.00 495.00 
4 812.00 495.00 
5 930.00 451.00 
6 990.00 451.00 
7 1010.00 451.00 
8 1040.00 451.00 

No. 
0 
1 
1 
1 
1 

A Critical Failure Surface Searching Method, Using A Random 
Technique For Generating Circular Surfaces, Has Been Specified. 

1600 Trial Surfaces Have Been Generated. 
40 Surfaces Initiate From Each Of 40 Points Equally Spaced 

Along The Ground Surface Between X 25.00 ft. 
and X 180.00 ft. 

Each Surface Terminates Between X 250.00 ft. 
and X 700.00 ft. 

Unless Further Limitations Were Imposed, The Minimum Elevation 
At Which A Surface Extends Is Y = .00 ft. 
10.00 ft. Line Segments Define Each Trial Failure Surface. 
Following Are Displayed The Ten Most Critical Of The Trial 

Failure Surfaces Examined. They Are Ordered 7 Most Critical 
First. 
**Safety Factors Are Calculated By The Modified Bishop Method** 
Failure Surface Specified By 36 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 136.28 468.00 
2 145.87 465.16 
3 155.54 462.61 
4 165.28 460.35 
5 175.09 458.38 
6 184.94 456.71 
7 194.85 455.32 
8 204.79 454.24 
9 214.76 453.44 

10 224.75 452.95 
11 234.74 452.75 
12 244.74 452.86 
13 254.74 453.25 
14 264.71 453.95 
15 274.66 454.94 
16 284.58 456.23 
17 294.45 457.82 
18 304.27 459.69 
19 314.04 461.86 
20 323.73 464.32 
21 333.35 467.06 
22 342.88 470.09 
23 352.31 473.40 
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L( 24 361.64 477.00 
25 370.87 480.86 
26 379.97 485.01 
27 388.94 489.42 
28 397.78 494.09 
29 406.48 499.03 
30 415.03 504.22 
31 423.41 509.67 
32 431.63 515.36 
33 439.68 521.29 
34 447.55 527.46 
35 455.23 533.87 
36 459.90 538.00 

Circle Center At X = 236.3 y 788.5 and Radius, 335.8 
*** 1. 578 *** 

Individual data on the 50 slices 
Water Water Tie Tie Earthquake 
Force Force Force Force Force Surcharge 

Slice Width Weight Top Bot Norm Tan Hor Ver Load 
No. (ft) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) 

1 3.7 265. 7 . 0 . 0 . 0 . 0 .0 .0 .0 
2 5.9 2234.l .0 .0 .0 . 0 . 0 .0 .o 
3 3.5 2624.7 .0 .o . 0 .0 .0 .0 . 0 
4 6.2 6914.7 . 0 .0 . 0 .o .0 .0 . 0 
5 5.9 9142.2 . 0 .0 . 0 . 0 . 0 . 0 .0 
6 3.9 7443.0 .o 107.1 . 0 . 0 .0 . 0 .0 
7 9.8 23519.9 .0 1118. 2 . 0 .0 .0 .0 . 0 
8 9.9 30190.0 . 0 2189.7 . 0 .0 .0 . 0 .o 
9 .1 187.0 . 0 14. 9 . 0 .0 .0 . 0 .0 

10 7.0 25226.2 .0 2499.2 . 0 . 0 .0 . 0 .0 
11 2.9 11253.1 .0 1433.7 . 0 .0 .0 . 0 .0 

C 12 9.9 42973.5 . 0 6709.0 . 0 .0 .o . 0 .0 
13 10.0 48901.1 .0 9302.9 . 0 .o .0 . 0 .o 
14 10.0 54425.2 .0 11726.5 . 0 .0 .0 . 0 .0 
15 8.3 48792.6 . 0 11383. 6 . 0 .0 .0 . 0 .0 
16 1.7 10731. 4 . 0 2593.9 . 0 .0 .0 . 0 .0 
17 3.3 20409.9 .0 5009.2 . 0 .0 .o . 0 .o 
18 6.7 44035.0 .0 11044.7 . 0 .o .0 . 0 .0 
19 5.3 36042.6 . 0 9219. 4 . 0 .0 .0 . 0 . 0 
20 4.7 33096. 4 . 0 8734.6 . 0 .0 .0 . 0 .0 
21 10. 0 69375.5 .0 19676.0 . 0 .0 .0 . 0 .0 
22 3.3 22719. 0 . 0 6852.3 . 0 .0 .o . 0 . 0 
23 2.0 13762.9 . 0 4244.6 . 0 .0 .0 . 0 .o 
24 4.7 32367.8 . 0 10121. 5 . 0 .0 .o .0 .o 
25 8.3 59423.8 .0 18900.9 . 0 .0 .0 . 0 .o 
26 1. 6 11461.8 .0 3860.6 . 0 .o .o . 0 .0 
27 9.9 71688.1 .0 23697. 4 . 0 .0 .0 . 0 .0 
28 9.8 71036.3 .0 22618.0 . 0 .0 .0 . 0 . 0 
29 6.5 46775.6 . 0 14406. 0 . 0 . 0 .0 . 0 .0 
30 3.2 23145. 9 .0 6950.2 . 0 . 0 . 0 .0 .o 
31 9.7 68270.8 . 0 19913.0 . 0 . 0 . 0 .0 .0 
32 9.6 66148.8 .0 18289.7 . 0 . 0 . 0 .0 .0 
33 9.5 63597. 2 . 0 16487.8 . 0 . 0 . 0 .o .0 
34 1.1 7121. 3 .0 1778. 6 . 0 . 0 . 0 . 0 .0 
35 8.3 54824.8 . 0 12730.3 . 0 . 0 .0 . 0 .o 
36 9.3 61927.6 . 0 12354.8 . 0 . 0 . 0 . 0 .0 
37 9.2 61590.4 . 0 10027.3 . 0 . 0 . 0 . 0 .o 
38 4.1 27672.2 . 0 3739.8 . 0 . 0 .0 .0 .o 
39 5.0 32744.4 .0 3788.6 . 0 . 0 . 0 .0 .0 
40 9.0 56462. 6 .0 4860.6 . 0 . 0 . 0 .0 .0 
41 8.8 51997.6 .0 2026.0 . 0 . 0 . 0 .0 .0 
42 1. 6 9018.9 . 0 52.2 . 0 . 0 . 0 . 0 .0 
43 7.1 37804.0 . 0 . 0 .0 . 0 . 0 .0 .0 

( 44 8.5 40413.1 .0 . 0 . 0 . 0 . 0 .0 .0 

"- 45 8.4 33864.3 .0 .0 . 0 . 0 . 0 .0 .0 
46 8.2 27242.9 . 0 . 0 . 0 . 0 . 0 . 0 .0 
47 8.0 20586.5 .0 . 0 . 0 .0 .0 . 0 .0 
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48 7.9 13933.9 .0 .0 .0 .o .0 .o .0 
49 7.7 7324.2 . 0 .0 .0 .0 . 0 .o .0 
50 4.7 1254.2 . 0 .0 .o .0 . 0 .o .0 

Failure Surface Specified By 40 Coordinate Points 
Point X-Surf Y-Surf 
No. (ft) (ft) 

1 124.36 468.00 
2 134.04 465.51 
3 143. 78 4 63. 24 
4 153.57 461. 21 
5 163. 41 459.40 
6 173.28 457.82 
7 183.19 456.47 
8 193.13 455.36 
9 203.09 454.47 

10 213.07 453.82 
11 223.06 453. 41 
12 233.06 453.22 
13 243.06 453.27 
14 253.06 453.56 
15 263.04 454.07 
16 273.01 454.82 
17 282.97 455.81 
18 292.89 457.02 
19 302.79 458.47 
20 312. 65 460 .14 
21 322. 4 6 462.05 
22 332.23 464.18 
23 341. 95 4 66. 55 
24 351.61 469.13 

C 
25 361. 20 471. 95 
26 370.73 474.98 
27 380.19 478.24 
28 389.56 481. 72 
29 398.85 485.42 
30 408.0~ 489.33 
31 417.17 493.46 
32 426.18 497.79 
33 435.08 502.34 
34 443.88 507.09 
35 452.57 512.05 
36 461.13 517.21 
37 4 69. 58 522.57 
38 477.89 528.12 
39 486.08 533.87 
40 491.68 538.00 

Circle Center At X = 235.9 ; y 881. 4 and Radius, 428.1 

*** 1. 613 *** 
Failure Surface Specified By 37 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 132.31 468.00 
2 142.00 4 65. 55 
3 151.76 463.35 
4 161. 57 461.42 
5 171.43 459. 74 
6 181. 33 458.32 
7 191.26 457.17 
8 201. 22 456.27 
9 211. 20 455.64 

10 221.19 455.27 
11 231.19 455.17 
12 241.19 455.33 
13 251.18 455.76 
14 2 61.16 456. 44 
15 271.11 457.39 
16 281.04 458.60 
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17 290.93 460.08 
18 300.78 461.81 
19 310.58 463.80 
20 320.32 466.06 
21 330.00 4 68. 56 
22 339. 61 471.32 
23 349 .15 474.34 
24 358.60 477.60 
25 3 67. 96 481.11 
26 377.23 484.87 
27 386.40 488.87 
28 395.45 493.11 
29 404.39 497.59 
30 413.21 502.30 
31 421.91 507.24 
32 430.47 512.42 
33 438.89 517.81 
34 447.16 523.43 
35 455.29 529.26 
36 463. 25 535.30 
37 4 66. 62 538.00 

Circle Center At X = 230.1 ; y 834.4 and Radius, 379.2 
*** 1. 625 *** 

Failure Surface Specified By 37 Coordinate Points 
Point X-Surf Y-Surf 
No. (ft) (ft) 

1 108.46 4 65. 02 
2 118 .16 4 62. 58 
3 127.92 460.40 
4 137.73 458.48 
5 147. 60 456.84 
6 157.50 455.47 
7 167. 4 4 454.36 
8 177. 41 453.53 
9 187.39 452.98 

10 197.39 452.69 
11 207.39 452. 68 
12 217.38 452.95 
13 227.37 453. 48 
14 237.34 454.29 
15 247.28 455.37 
16 257.19 456. 72 
17 267. 05 458.35 
18 276. 87 4 60. 24 
19 286.64 462.40 
20 296.34 464.82 
21 305.97 467. 52 
22 315.52 470.47 
23 324.99 473.68 
24 334.37 477.15 
25 343.65 480.88 
26 352.83 484.86 
27 3 61. 8 9 489.08 
28 370.83 493.56 
29 379.65 498.27 
30 388.34 503.23 
31 396.88 508.42 
32 405.28 513.84 
33 413.53 519.49 
34 421. 63 525.37 
35 429. 56 531. 46 
36 437.32 537.77 
37 437.58 538.00 

Circle Center At X = 202.8 ; y 818.4 and Radius, 365. 7 
*** 1. 635 *** 

Failure Surface Specified By 38 Coordinate Points 
Point X-Surf Y-Surf 
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C( No. (ft) (ft) 
1 108.46 465.02 
2 118.20 462.73 
3 127.98 460.68 
4 137.82 458.88 
5 14 7. 70 457.31 
6 157. 61 455.99 
7 167. 55 454.92 
8 177. 52 454.09 
9 187.50 453.50 

10 197.49 453.17 
11 207.49 453.08 
12 217.49 453.23 
13 227.48 453. 64 
14 237.46 454.28 
15 247.42 455.18 
16 257.36 456.32 
17 267. 26 457.70 
18 277.13 459.33 
19 286. 95 461. 20 
20 296. 72 463. 32 
21 306.44 465. 67 
22 316.10 4 68. 2 6 
23 325.69 471.10 
24 335.21 474.16 
25 344.65 477.46 
26 354.01 480.99 
27 363. 27 484.75 
28 372.44 488.74 
29 381. 51 492. 96 
30 390.47 497.39 
31 399. 32 502.05 
32 408.06 506.92 
33 416. 67 512.01 
34 425.15 517.30 
35 433.50 522.81 
36 441. 71 528.52 
37 449. 77 534.43 
38 454.40 538.00 

Circle Center At X = 206.2 ; y 858.3 and· Radius, 405.3 
*** 1. 640 *** 

Failure Surface Specified By 31 Coordinate Points 
Point X-Surf Y-Surf 
No. (ft) (ft) 

1 148. 21 470.68 
2 157.72 4 67. 59 
3 167. 34 464.88 
4 177. 07 462. 55 
5 18 6. 87 460.60 
6 196.75 459.04 
7 206.68 457.87 
8 216.65 457.09 
9 226. 65 456. 71 

10 236.65 456 :12 
11 246.64 457.12 
12 256.61 457.92 
13 266.53 459.11 
14 276.41 460.69 
15 286.21 4 62. 66 
16 2 95. 93 465.01 
17 305.55 4 67. 7 4 
18 315.06 470.85 
19 324.43 474.33 
20 333.66 478.18 
21 342.73 482.39 
22 351. 63 486.95 
23 360.34 491.86 
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24 368.85 497 .11 
25 377.15 502.69 
26 385.23 508.59 
27 393.06 514.81 
28 400.64 521.33 
29 407.96 528 .14 
30 415.01 535.24 
31 417.54 538.00 

Circle Center At X = 231.4 ; y 710.5 and Radius, 
*** 1. 668 *** 

Failure Surface Specified By 33 Coordinate Points 
Point X-Surf Y-Surf 
No. (ft) (ft) 

1 112.44 465.73 
2 122.09 4 63 .11 
3 131.82 4 60. 82 
4 141. 62 458.84 
5 151. 49 457.19 
6 161.40 455.86 
7 171. 35 454.86 
8 181.32 454.19 
9 191.32 453.85 

10 201.32 453.83 
11 211. 31 454.15 
12 221.29 454.79 
13 231.24 455.77 
14 241.16 457.07 
15 251.03 458.69 
16 260.83 4 60. 65 
17 270.57 462.92 
18 280.23 465.51 
19 289.80 468.42 
20 299.27 471.64 
21 308.62 475.17 
22 317.85 479.01 
23 326.96 483.15 
24 335.92 487.59 
25 344.73 4 92. 32 
26 353.38 4 97. 34 
27 361. 8 6 502. 64 
28 370.16 508.22 
29 378.27 514.07 
30 386.19 520.18 
31 393.89 526.55 
32 401. 39 533.17 
33 406. 51 538.00 

Circle Center At x = 196. 7 ; y 757.4 and Radius, 
*** 1. 673 *** 

Failure Surface Specified By 41 Coordinate Points 
Point 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

X-Surf 
(ft) 

128.33 
138.10 
147. 92 
157.76 
167. 65 
177. 56 
187. 4 9 
197. 45 
207.43 
217.41 
227. 41 
237.41 
24 7. 41 
257.40 
2 67. 39 
277. 3 6 

Y-Surf 
(ft) 

4 68. 00 
465.87 
4 63. 94 
4 62. 20 
4 60. 67 
459.34 
458.22 
457.29 
456.57 
456.06 
455.75 
455. 64 
455.73 
456.03 
456.54 
457.24 

253.9 

303.6 

Page 7 
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17 287.32 458.15 
18 297.26 459.27 
19 307.17 460.58 
20 317.06 4 62 .10 
21 326.91 4 63. 82 
22 336.72 4 65. 74 
23 346.50 467.86 
24 356. 22 470.18 
25 3 65. 90 472.70 
26 375.53 475.41 
27 385.09 478.32 
28 394.60 481. 42 
29 404.04 484.72 
30 413.41 488.21 
31 422. 71 491.89 
32 431. 93 4 95. 7 6 
33 441. 07 499.82 
34 450.13 504.06 
35 459.09 508.48 
36 4 67. 97 513.09 
37 476. 75 517.88 
38 485.43 522.85 
39 494.00 527.99 
40 502.47 533.30 
41 509.63 538.00 

Circle Center At x = 237.7 ; y - 945.7 and Radin:=;, 490.1 
*** 1. 674 *** 

Failure Surface Specified By 32 Coordinate Points 
Point X-Surf Y-Surf 
No. (ft) (ft) 

1 164.10 475.87 
2 173.23 4 71. 77 
3 182.52 468.09 
4 191. 97 464.82 
5 201. 56 461.98 
6 211. 26 459.56 
7 221.07 457.59 
8 230.95 456.05 
9 240.89 454. 96 

10 250.87 454.31 
11 260.87 454 .11 
12 270.86 454.35 
13 280.84 455.04 
14 290.77 456.17 
15 300.65 457.75 
16 310.44 459.76 
17 320.14 4 62. 21 
18 329. 71 465 .10 
19 339.15 4 68. 4 0 
20 348.43 472.12 
21 357.54 476.26 
22 366.45 480.80 
23 375.15 485.73 
24 383.62 491. 04 
25 391. 85 496. 72 
26 399.81 502.77 
27 407.50 509.17 
28 414.89 515.90 
29 421. 98 522.96 
30 428.74 530.33 
31 435.17 537.99 
32 435.18 538.00 

Circle Center At X = 260.4 ; y 678 .1 and Radius, 224.0 
*** 1. 684 *** 

Failure Surface Specified By 47 Coordinate Points 
Point x-surf Y-Surf 
No. (ft) (ft) 
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1 128. 33 4 68. 00 
2 138 .12 465.95 
3 147. 94 464.05 
4 157.79 4 62. 32 
5 167.66 460.74 
6 177.56 459.32 
7 187.48 458.07 
8 197.42 456.97 
9 207.38 456.04 

10 217.35 455.27 
11 227.33 454.66 
12 237.32 454.21 
13 247.32 453.92 
14 257.32 453.80 
15 267. 32 453.84 
16 277.31 454.03 
17 287.31 454.40 
18 297. 29 454. 92 
19 307.27 455. 60 
20 317.23 456.45 
21 327.18 457.46 
22 337.11 458.62 
23 347.03 459.95 
24 356.91 4 61. 44 
25 366. 78 463.09 
26 376.61 464.90 
27 386.42 466.87 
28 396.19 4 68. 99 
29 405.92 471.28 
30 415.62 473.72 
31 425.28 476.32 
32 434.89 4 7 9. 07 
33 444.46 481. 98 
34 453.98 485.05 
35 463. 45 488.27 
36 472. 86 491. 64 
37 482.22 495.16 
38 4 91. 52 498.83 
39 500. 7 6 502.66 
40 509.94 506.63 
41 519.05 510.75 
42 528.09 515.02 
43 537.06 519.44 
44 545.96 524.00 
45 554.79 528.70 
46 563. 54 533.54 
47 571.28 538.00 

Circle Center At X = 260.0 ; y 1071. 2 and Radius, 617.4 
*** 1. 689 *** 
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Pond Creek, Phase 7C South - Zero Strength FCR Static Long-Term SS 
c:\program files\stedwin\wiliamson energy pond creek\ph7cst.pl2 Run By: Blaise E. Genes, GAi Consultants 417/2009 04:10PM 

700 r;===;;==i======i========i====i=;,------i----i---~---r----r---i 
# FS 
a 1.84 
b 1.86 
C 1.88 
d 1.91 
e 1.91 
f 1.92 
g 1.93 
h 1.94 
i 1.94 

Soil 
Desc. 

So I Total Saturated Cohesion Friction Piez. 
Type Unit Wt. Unit Wt. Intercept Angle Surface 

600 ,_ 

500 ,_ 

400 ,_ 

300 

200 

100 ,_ 

CCRP7AC 
Fine CR 
CCRP3 
Residual 
Bedrock 

No. (pcf) (pcf) (psi) (deg) No. 
1 130.0 140.0 0.0 33.7 0 
2 80.0 90.0 0.0 18.8 W1 
3 130.0 140.0 0.0 a 33.7 W1 
4 125.0 135.0 416·0 19.5 W1 
5 145.0 145.0 2§00.0 I 2□.0hf W1 

-1, 

-~-·· ~---·> ·-· 
~-~--2::S~, 

5 

2 
3 
J~~ 

- •• - =;Q7C-O_---::c" -
.tlL_ Wl3;~_!!.!_i) 

5 

0 L_ __ __j ___ _L ___ ~-----'-----~-----'-----'----~----'------'------__J 
0 100 200 300 400 500 600 700 800 900 1000 1100 

PCSTABL5M/si FSmin=1.84 
STED Safety Factors Are Calculated By The Modified Bishop Method 

~ j . 
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Pond Creek, Phase 7C South - Zero Strength FCR Static Long-Term SS 
c:\program files\stedwin\wiliamson energy pond creek\ph7cst.plt Run By: Blaise E. Genes, GAi Consultants 417/2009 04:10PM 

700 ,-----,--'---''-----.---.------,-----,------,-----.---.------,-----,----~ 

600 ,_ 

.- --~. "! 

500 ,_ - ,,.. ·" 

:] 
.;._, '"_c...-

·>·· '• :-~ -.. ,.,.___,, 

__,o-~1 ----~--··- · 3-3____ ;;--..._----.....____ ..:::,,~ 

. ~> J~'U Wll_-f_ 3 ~,1··- WI 5 ... C · .. '. .-:::::" --=-==~• '::=:==-___, 
2i 

400 

300 ,_ 

200 ,_ 

100 

0 [_ __ __j_ ___ _L ___ _t__ ___ _,_ ___ ,__ __ __,_ ___ _L ___ _t__ ___ _t_ __ __JL_ __ _j 

0 100 200 300 400 500 600 700 800 900 1000 1100 

STED 

<05»\'1~·:1 
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* * PCSTABLSM * * 
by 

Purdue University 
--Slope Stability Analysis--

Simplified Janbu, Simplified Bishop 
or Spencer's Method of Slices 

Run Date: 4/7/2009 
Time of Run: 04:lOPM 
Run By: Blaise E. Genes, GAI Consultants 
Input Data Filename: C:ph7cst.in 
Output Filename: C:ph7cst.OUT 
Unit: ENGLISH 
Plotted Output Filename: C:ph7cst.PLT 
PROBLEM DESCRIPTION Pond Creek, Phase 7C South - Zero Streng 

th FCR Static Long-Term SS 
BOUNDARY COORDINATES 

Note: User origin value specified. 
Add 0.00 to X-values and 0.00 to Y-values listed. 

11 Top Boundaries 
48 Total Boundaries 

Boundary X-Left Y-Left X-Right Y-Right Soil Type 
No. (ft) (ft) (ft) (ft) Below End 

1 .00 4 66. 00 45.00 4 66. 00 1 
2 45.00 466.00 110.00 465. 00 1 
3 110. 00 465.00 120.00 4 68. 00 1 
4 120.00 4 68. 00 140.00 4 68. 00 1 
5 140.00 468.00 238.00 500.00 1 
6 238.00 500.00 250.00 505.00 1 
7 250.00 505.00 270.00 505.00 1 
8 270.00 505.00 375.00 538.00 1 

( 9 375.00 538.00 795.00 538.00 1 
10 795.00 538.00 1045.00 454.00 1 
11 1045.00 454.00 1100.00 454.00 1 
12 . 00 466.00 45.00 466.00 2 
13 45.00 466.00 110.00 465.00 2 
14 110.00 4 65. 00 120.00 4 68. 00 2 
15 120.00 468.00 140. 00 4 68. 00 2 
16 140.00 468.00 233.00 500.00 2 
17 233.00 500.00 268.00 500.00 2 
18 268.00 500.00 283.00 4 95. 00 2 
19 283.00 495.00 812.00 4 95. 00 2 
20 812.00 495.00 825.00 4 98. 00 2 
21 825.00 498.00 855.00 498.00 2 
22 855.00 498.00 990.00 454.00 2 
23 990.00 454.00 1010.00 454.00 2 
24 1010.00 454.00 1100.00 454.00 2 
25 .00 466.00 45.00 4 66. 00 3 
26 45.00 466.00 110.00 465.00 3 
27 110.00 465.00 120.00 4 68. 00 3 
28 120.00 468.00 140.00 468.00 3 
29 140.00 468.00 233.00 500.00 3 
30 233.00 500.00 268. 00 500.00 3 
31 268.00 500.00 283.00 495.00 3 
32 283.00 495.00 370.00 4 60. 00 3 
33 370. 00 4 60. 00 716.00 457.00 3 
34 716. 00 457.00 812.00 495.00 3 
35 812.00 495.00 825.00 498.00 3 
36 825.00 498.00 855.00 4 98. 00 3 
37 855.00, 498.00 990.00 454.00 3 
38 990.00 454.00 1010.00 454.00 3 
39 1010.00 454.00 1100.00 454.00 3 
40 .00 4 66. 00 45.00 4 66. 00 4 
41 45.00 4 66. 00 110.00 465.00 4 
42 110.00 465. 00 370.00 4 60. 00 4 
43 370.00 4 60. 00 716. 00 457.00 4 
44 716. 00 457.00 990.00 454.00 4 
45 990.00 454.00 1010.00 454.00 4 
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46 
47 
48 

1010.00 
.00 

1010.00 
ISOTROPIC SOIL PARAMETERS 

5 Type(s) of Soil 

454.00 
456.00 
439.00 

1100.00 
1010.00 
1100.00 

454.00 
43 9. 00 
439.00 

4 
5 
5 

Soil Total Saturated Cohesion 
Type Unit Wt. Unit Wt. Intercept 

Friction 
Angle 
(deg) 
33.7 
18.8 
33.7 
19.5 
20.0 

Pore Pressure Piez. 
Pressure Constant Surface 

No. (pcf) (pcf) (psf) Param. (psf) No. 
1 130.0 140.0 .0 
2 80.0 90.0 .0 
3 130.0 140.0 .o 
4 125.0 135.0 416.0 
5 145.0 145.0 2000.0 

1 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED 
Unit Weight of Water= 62.40 

.00 .0 

.00 . 0 

.00 . 0 

.00 .0 

.oo .0 

Piezometric Surface No. 1 Specified by 8 Coordinate Points 
Point X-Water Y-Water 
No. (ft) (ft) 

1 .00 463.00 
2 185.00 461.00 
3 283.00 495.00 
4 812.00 495.00 
5 930.00 451.00 
6 990.00 451.00 
7 1010.00 451.00 
8 1040.00 451.00 

A Critical Failure Surface Searching Method, Using A Random 
Technique For Generating Circular Surfaces, Has Been Specified. 

1600 Trial Surfaces Have Been Generated. 
40 Surfaces Initiate From Each Of 40 Points Equally Spaced 

Along The Ground Surface Between X 25.00 ft. 
and X 180.00 ft. 

Each Surface Terminates Between X 250.00 ft. 
and X 700.00 ft. 

Unless Further Limitations Were Imposed, The Minimum Elevation 
At Which A Surface Extends Is Y = .00 ft. 
10.00 ft. Line Segments Define Each Trial Failure Surface. 
Following Are Displayed The Ten Most Critical Of The Trial 

0 
1 
1 
1 
1 

Failure Surfaces Examined. They Are Ordered~ Most Critical 
First. 
**Safety Factors Are Calculated By The Modified Bishop Method 
Failure Surface Specified By 33 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 112.44 465.73 
2 122.09 463.11 
3 131.82 460.82 
4 141.62 458.84 
5 151.49 457.19 
6 161.40 455.86 
7 171.35 454.86 
8 181.32 454.19 
9 191.32 453.85 

10 201.32 453.83 
11 211.31 454.15 
12 221.29 454.79 
13 231.24 455.77 
14 241.16 457.07 
15 251.03 458.69 
16 260.83 460.65 
17 270.57 462.92 
18 280.23 465.51 
19 289.80 468.42 
20 299.27 471.64 
21 308.62 475.17 
22 317.85 479.01 
23 326.96 483.15 

* * 
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_r /~-
24 335.92 487.59 \J( 
25 344.73 492.32 
26 353.38 497.34 
27 3 61. 8 6 502.64 
28 370.16 508.22 
29 378.27 514.07 
30 386.19 520.18 
31 393.89 526. 55 
32 401.39 533.17 
33 406.51 538.00 

Circle Center At X = 196.7 ; y 757.4 and Radius, 303.6 
*** 1. 840 *** 

Individual data on the 48 slices 
Water Water Tie Tie Earthquake 
Force Force Force Force Force Surcharge 

Slice Width Weight Top Bot Norm Tan Hor Ver Load 
No. (ft) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) 

1 3.1 353.7 .0 .o .o .0 .0 .0 .0 
2 4.5 1757.7 .0 .0 .0 . 0 .0 .0 .0 
3 2.1 1234.9 . 0 .0 . 0 . 0 . 0 .0 .0 
4 6.4 4586.9 . 0 .0 .0 . 0 . 0 . 0 .0 
5 3.4 2930.5 .0 82.1 .0 .0 .0 .0 .0 
6 8.2 8458.9 .0 802.0 .o .0 .0 .0 .0 
7 1.6 1950.4 .0 255.7 .0 .0 .0 .0 .o 
8 9.9 15575.1 . 0 2123.6 . 0 . 0 . 0 .0 .0 
9 9.9 21804.6 .o 2 98 6. 4 . 0 . 0 .0 . 0 .0 

10 9.9 27644.7 .o 3645.3 .0 .0 . 0 .0 .0 
11 10.0 33065.4 . 0 4099.4 . 0 . 0 .0 . 0 .0 
12 3.7 13444.6 .0 1582.3 . 0 . 0 . 0 . 0 .o 
13 6.3 24639.2 .0 3039.6 .0 . 0 .0 . 0 .0 
14 . 7 2716.5 .0 372.5 . 0 . 0 .0 . 0 .0 
15 9.3 40173.7 .0 6174.6 . 0 . 0 . 0 . 0 .0 
16 10.0 47244.4 .0 8505.8 . 0 . 0 . 0 . 0 .o 
17 10.0 51091. 9 .0 10267.9 . 0 . 0 . 0 . 0 .0 
18 10.0 54417.7 .0 11831. 6 .0 . 0 .o . 0 .0 
19 1.8 9925.0 . 0 2243.7 .0 . 0 . 0 . 0 .0 
20 5.0 28751. 4 . 0 6609.0 .o . 0 .0 . 0 .o 
21 3.2 18592.7 .0 4342.5 .0 . 0 . 0 .0 .0 
22 8.8 53952.7 .0 12813.6 .0 .0 .0 .0 .0 
23 1.0 6417.4 .o 1543.5 .0 .o· . 0 . 0 .0 
24 9.8 60080.5 .0 15316.2 .0 .0 .0 . 0 .0 
25 5.8 34135.3 .0 9420.1 .o .0 .0 . 0 .o 
26 1. 4 8216.4 .0 2341. 6 .0 .0 .0 .0 .o 
27 2.0 11558. 9 .0 3346.1 .0 .0 .0 .0 .0 
28 . 6 3296.8 .0 963.7 . 0 .0 . 0 .0 .0 
29 9.7 55913.6 . 0 16621. 9 .0 .0 .0 . 0 .0 
30 2.8 16126.0 .0 4885.4 . 0 .0 . 0 .0 .0 
31 6.8 39212.7 . 0 12244.6 . 0 .0 .o . 0 .0 
32 9.5 52691.9 . 0 15581.1 . 0 .0 . 0 . 0 .0 
33 9.4 49475.2 . 0 13473.6 . 0 .0 .0 . 0 .0 
34 9.2 45040.0 . 0 11173.8 . 0 .0 .o .0 . 0 
35 2.3 10875.7 . 0 2431. 0 . 0 .0 .0 . 0 .0 
36 6.8 31961.2 . 0 6253. 2 .0 .o . 0 . 0 .0 
37 9.0 41908.2 . 0 6007.6 .0 .0 . 0 . 0 .0 
38 8.8 40765.1 . 0 3146. 9 .0 . 0 . 0 . 0 .0 
39 4.6 21080.3 . 0 445.7 . 0 . 0 . 0 .0 .0 
40 4.0 18043.1 . 0 .0 . 0 .0 .0 . 0 .0 
41 8.5 35876.4 .0 .0 . 0 . 0 .o .0 .0 
42 8.3 32094.7 .o .0 . 0 . 0 . 0 . 0 . 0 
43 4.8 17169.6 . 0 . 0 . 0 . 0 . 0 .0 . 0 
44 3.3 10674.9 . 0 .0 . 0 . 0 . 0 . 0 . 0 
45 7.9 21483.1 .o .0 .0 . 0 .0 . 0 . 0 
46 7.7 14670.9 .0 .0 .0 . 0 .0 .0 . 0 
47 7.5 7935.8 . 0 .0 .0 . 0 .0 . 0 . 0 
48 5.1 1610.1 . 0 .0 .o . 0 . 0 .0 . 0 

Failure Surface Specified By 29 Coordinate Points 
Point X-Surf Y-Surf 
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No. (ft) (ft) 
1 112.44 465.73 
2 121. 96 462. 67 
3 131. 60 4 60. 03 
4 141.35 457.80 
5 151.19 455.99 
6 161. 09 454.61 
7 171.04 453.66 
8 181. 03 453.13 
9 191. 03 453.03 

10 201. 02 453.37 
11 210.99 454.13 
12 220.92 455.33 
13 230.79 456.94 
14 240.58 458.98 
15 250.27 461. 4 4 
16 259. 85 4 64. 32 
17 2 69. 30 4 67. 60 
18 278.59 471.29 
19 287. 72 475.37 
20 296.66 479.85 
21 305.41 484.70 
22 313.93 489.93 
23 322.23 495.51 
24 330.27 501. 45 
25 338.06 507.73 
26 345.56 514.34 
27 352.78 521. 26 
28 359.69 528.49 
29 365.37 534.97 

Circle Center At X = 188.3 ; y 685.5 and Radius, 232.4 
*** 1.855 *** 

Failure Surface Specified By 37 Coordinate Points 
Point X-Surf Y-Surf 
No. (ft) (ft) 

1 108.46 465.02 
2 118 .16 462.58 
3 127.92 4 60. 4 0 
4 137.73 458.48 
5 147.60 456.84 
6 157.50 455.47 
7 167.44 454.36 
8 177.41 453.53 
9 187.39 452.98 

10 197. 3 9 452.69 
11 207. 39 452.68 
12 217.38 452.95 
13 227.37 453.48 
14 237.34 454.29 
15 247.28 455.37 
16 257.19 456.72 
17 2 67. 05 458.35 
18 276. 87 4 60. 24 
19 286.64 462.40 
20 296.34 464.82 
21 305.97 4 67. 52 
22 315.52 470.47 
23 324.99 473.68 
24 334.37 477.15 
25 343.65 480.88 
26 352.83 484.86 
27 3 61. 8 9 489.08 
28 370.83 493.56 
29 379.65 498.27 
30 388.34 503.23 
31 396.88 508.42 
32 405.28 513.84 
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33 413.53 
34 421. 63 
35 429.56 
36 437.32 
37 437.58 

Circle Center At X = 
*** 1.882 

519.49 
525.37 
531.46 
537.77 
538.00 

202.8; Y 
*** 

Failure Surface Specified By 31 
Point X-Surf Y-Surf 

No. (ft) (ft) 
1 148. 21 470.68 
2 157. 72 467.59 
3 167. 34 4 64. 88 
4 177.07 462. 55 
5 186.87 460.60 
6 196.75 459.04 
7 206. 68 457.87 
8 216.65 457.09 
9 226.65 456. 71 

10 236.65 456. 72 
11 246.64 457 .12 
12 256.61 457.92 
13 2 66. 53 459 .11 
14 276. 41 460.69 
15 286.21 462.66 
16 295.93 465.01 
17 305.55 467.74 
18 315.06 470.85 
19 324.43 474.33 
20 333.66 478.18 
21 342.73 482.39 
22 351. 63 486.95 
23 3 60. 34 4 91. 8 6 
24 368. 85 497 .11 
25 377.15 502.69 
26 385.23 508.59 
27 393.06 514.81 
28 4 00. 64 521. 33 
29 407.96 528.14 
30 415. 01 535.24 
31 417.54 538.00 

Circle Center At X = 231.4 ; y 
*** 1.908 *** 

Failure Surface Specified By 27 
Point X-Surf Y-Surf 

No. (ft) (ft) 
1 124.36 468.00 
2 133.81 4 64. 7 4 
3 143.42 4 61. 95 
4 153.15 459.64 
s lo? q8 4 S7 81 
6 172.89 456.51 
7 182.86 455.69 
8 192.85 455.37 
9 202.85 455.56 

10 212.83 456.24 
11 222.76 457.42 
12 232. 62 459.09 
13 242.38 461.26 
14 252. 02 4 63. 92 
15 261. 52 4 67. 05 
16 270.85 470.66 
17 279.98 474.72 
18 288.90 479.24 
19 297. 58 484.21 
20 306.01 489.60 
21 314.15 495.40 

818.4 and Radius, 365.7 

Coordinate Points 

710.5 and Radius, 253.9 

Coordinate Points 
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22 321.99 
23 329.51 
24 336.69 
25 343.52 
26 349. 97 
27 349.99 

Circle Center At X = 
**·k 1. 909 

501. 61 
508.20 
515.16 
522.47 
530.11 
530.14 

194.2; Y 
*** 

Failure Surface Specified By 36 
Point X-Surf Y-Surf 
No. {ft) {ft) 

1 136.28 468.00 
2 145.87 465.16 
3 155.54 462. 61 
4 165. 28 460.35 
5 175.09 458.38 
6 184. 94 456. 71 
7 194. 85 455.32 
8 204.79 454.24 
9 214.76 453.44 

10 224.75 452.95 
11 234.74 452.75 
12 244.74 452.86 
13 254.74 453.25 
14 264. 71 453.95 
15 274.66 454.94 
16 284. 58 456. 23 
17 294.45 457.82 
18 304.27 459.69 
19 314.04 461.86 
20 323.73 464.32 
21 333.35 4 67. 06 
22 342.88 470.09 
23 352.31 473.40 
24 3 61. 64 477.00 
25 370.87 480.86 
26 379.97 485.01 
27 388.94 489.42 
28 397.78 494.09 
29 406. 48 499.03 
30 415.03 504.22 
31 423.41 509.67 
32 431. 63 515.36 
33 439.68 521. 29 
34 447.55 527.46 
35 455.23 533.87 
36 459.90 538.00 

Circle Center At X = 236.3 ; y 
*** 1. 924 *** 

655.0 and Radius, 

Coordinate Points 

788.5 and Radius, 

Failure Surface Specified By 28 Coordinate Points 
Point 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

X-Surf 
{ft) 

124. 36 
133. 67 
143.16 
152.79 
162. 55 
172.40 
182.33 
192.31 
202.30 
212.30 
222.27 
232.18 
242.01 
251. 7 4 
2 61. 34 

Y-Surf 
{ft) 

4 68. 00 
4 64. 36 
4 61.19 
458.51 
456.31 
454. 61 
453.42 
452. 72 
452.53 
452.85 
453. 67 
454.99 
456.81 
459.13 
4 61. 93 

199.6 

335.8 
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16 270.78 465.22 
17 280.05 4 68. 97 
18 289.11 473.20 
19 297.95 477.87 
20 306.55 482.99 
21 314. 87 488.53 
22 322.90 494.49 
23 330. 62 500.84 
24 338.01 507.58 
25 345.05 514.68 
26 351. 73 522.13 
27 358.01 529.90 
28 3 60. 62 533.48 

Circle Center At X = 201.1 ; y 650.2 and Radius, 
*** 1.926 *** 

Failure Surface Specified By 38 Coordinate Points 
Point X-Surf Y-Surf 
No. (ft) (ft) 

1 108.46 4 65. 02 
2 118. 20 462.73 
3 127.98 460.68 
4 137.82 458.88 
5 147.70 457.31 
6 157.61 455.99 
7 167. 55 454. 92 
8 177.52 454.09 
9 187.50 453.50 

10 197.49 453.17 
11 207.49 453.08 
12 217.49 453.23 
13 227. 4 8 453.64 
14 237. 46 454.28 
15 247.42 455.18 
16 257.36 456.32 
17 267.26 457.70 
18 277.13 459.33 
19 28 6. 95 461. 20 
20 296.72 463.32 
21 306.44 4 65. 67 
22 316.10 4 68. 2 6 
23 325.69 471.10 
24 335.21 474.16 
25 344.65 477.46 
26 354.01 480.99 
27 363. 27 484.75 
28 372.44 488.74 
29 381.51 492. 96 
30 390.47 497.39 
31 399.32 502.05 
32 408.06 506.92 
33 416. 67 512.01 
34 425.15 517.30 
35 433.50 522.81 
36 441.71 528.52 
37 449.77 534.43 
38 454.40 538.00 

Circle Center At X = 206. 2 ; y 858.3 and Radius, 
*** 1. 936 *** 

Failure 
Point 

Surface Specified By 32 Coordinate Points 

No. 
1 
2 
3 
4 
5 
6 

X-Surf Y-Surf 
(ft) (ft) 
96.54 465.21 

106.24 462.77 
116.01 460.66 
125.85 458.88 
135.75 457.43 
145.68 456.32 

197.7 

405.3 
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7 155. 66 455.55 
8 165. 65 455.12 
9 175.65 455.02 

10 185.64 455.26 
11 195.63 455.85 
12 205.58 456. 77 
13 215.50 458.02 
14 225.38 459. 61 
15 235.19 461. 54 
16 244.93 463. 79 
17 254.59 466.38 
18 264 .16 469.29 
19 273.62 472.52 
20 282.97 476.07 
21 292 .19 479.93 
22 301. 28 484 .11 
23 310.22 488.59 
24 319.00 493.37 
25 327. 62 498.44 
26 336.06 503.81 
27 344.31 509.46 
28 352. 37 515.38 
29 360. 22 521. 57 
30 3 67. 86 528.02 
31 375.28 534.73 
32 378.65 538.00 

Circle Center At X = 173.5 ; y 750.2 and Radius, 295.2 
*** 1.943 *** 

Failure Surface Specified By 23 Coordinate Points 
Point X-Surf Y-Surf 
No. (ft) (ft) 

1 124.36 468.00 
2 133.58 464.13 
3 143. 03 460.85 
4 152.66 458.17 
5 162. 45 456.11 
6 172. 34 454.66 
7 182.31 453.84 
8 192.31 453.65 
9 202.30 454.08 

10 212.24 455.15 
11 222.10 456.83 
12 231. 83 459 .14 
13 241. 39 462. 05 
14 250.76 465.56 
15 259.88 469.65 
16 268.73 4 74. 31 
17 277. 27 479.51 
18 285.46 485.25 
19 293.28 491.48 
:w JUU.bs 4S8.2U 
21 307.66 505.37 
22 314 .17 512. 96 
23 320.02 520. 72 

Circle Center At X = 190.4 ; y 612.5 and Radius, 158.8 
*** 1.950 *** 
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ATTACHMENT 2 

PHASE 7 SOUTH (PHASE 7C) SLOPE 
POST-EARTHQUAKE SEISMIC CONDITIONS 

PCSTABL SLOPE STABILITY ANALYSES 
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Pond Creek, Phase 7C South - Zero Strength FCR Post-EQ Deep 
c:lprogram fileslstedwinlwiliamson energy pond creeklph7ceq.pl2 Run By: Blaise E. Genes, GAi Consultants 7/11/2009 10:59AM 

700 ,;====;r==1=====i=====F====i=====F,---r----,-----,----r----,----i 
t/: FS Soil Soil Total Saturated Cohesion Friction Piez. 

600 

500 ,_ 

400 ,_ 

300 ,_ 

200 ,_ 

100 ,_ 

a 1.58 Desc. Type Unit Wt. Unit Wt. Intercept Angle Surface 
b 1.61 No. (pc~ (pc~ (ps~ (deg) No. 
c '1.53 CCR P7AC 1 130.0 140.0 0.0 33.7 0 
d 1.64 Fine CR 2 80.0 90.0 0.0 0.0 W1 
e 1.64 CCR P3 3 130.0 140.0 0.0 33.7 a W1 
f 1.67 Residual 4 125.0 135.0 416.0 1~.5 W1 I 
g 1.67 Bedrock 5 145.0 145.0 2000.0 g 120 0e vy~ 
fl 1.67 D 

i 1.68 ______ ,,_,.... __ ..,-_?)'---,-_ ~-----,-, -----------<>-.._ 
=~=I!~ . ·;;;::::·//// 

7 !l~iil}...... . -~ • / 2 
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~-~~ 
____ JWl- u----:-0-:---..-, ,L. 
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5-

0 L___ __ __L ___ _j_ ___ _._ ___ ..L_ ___ L._ __ ___,_ ___ _,_ ___ _._ ___ J_ __ ~c__ __ _j 
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PCSTABL5M/si FSmin=1.58 
STED Safety Factors Are Calculated By The Modified Bishop Method 
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·'1 

Pond Creek, Phase 7C South - Zero Strength FCR Post-EQ Deep 
c:\program files\stedwin\wiliamson energy pond creek\ph?ceq.plt Run By: Blaise E. Genes, GAi Consultants 7/11/2009 10:59AM 700 ,------,---------,------.----.----,----,-----.------.-------,,------,---~ 
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Run Date: 

** PCSTABLSM ** 
by 

Purdue University 
--Slope Stability Analysis-

Simplified Janbu, Simplified Bishop 
or Spencer's Method of Slices 

7/11/2009 
Time of Run: 10: 59AM 
Run By: 
Input Data Filename: 

Blaise E. Genes, GAI Consultants 
· C:ph7ceq. in 

Output Filename: C:ph7ceq.OUT 
Unit: ENGLISH 

Output Filename: C:ph7ceq.PLT Plotted 
PROBLEM. DESCRIPTION Pond Creek, Phase 7C South - Zero Streng 

th FCR Post-EQ Deep 
BOUNDARY COORDINATES 

Note: User origin value specified. 
Add 0.00 to X-values and 0.00 to Y-values listed. 

11 Top Boundaries 
48 Total Boundaries 

Boundary X-Left Y-Left X-Right Y-Right 
No. (ft) (ft) (ft) (ft) 

l .DO 4 6 6. 00 45.00 466.00 
2 45.00 466.00 110.00 4 65. DO 
3 110.00 465.00 120.00 4 68. 00 
4 120.00 468.00 140.00 4 68. 00 

Soil Type 
Below End 

1 
1 
l 
l 
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5 140.00 468.00 238.00 500.00 1 
6 238.00 500.00 250.00 505.00 1 
7 250.00 505.00 270.00 505.00 1 
8 270.00 505.00 375.00 538.00 1 
9 375.00 538.00 795.00 538.00 l 

10 795.00 538.00 1045.00 454.00 1 
11 1045.00 454.00 1100. DO 454.00 1 
12 .DO 466.00 45.00 4 66. 00 2 

13 45.00 466.00 110.00 465.00 2 
14 110.00 4 65. 00 120.00 468.00 2 
15 120.00 4 68. DO 140.00 468.00 2 

16 140.00 468.00 233.00 500.00 2 
17 233.00 SOD.OD 268.00 500.00 2 
18 268.00 500.00 283.00 495.00 2 
19 283.00 4.95.00 812.00 495.00 2 
20 812.00 495.00 825.00 498.00 2 
21 825.00 498.00 855.00 498.00 2 
22 855.00 498.00 990.00 454.00 2 
23 990.00 454.00 1010.00 454.00 2 
24 1010.00 454.00 1100.00 454.00 2 
25 .DO 466.00 45.00 466.00 3 
26 45.00 466.00 llD.00 4 65. DO 3 
27 110.00 4 65. DO 120.00 468.00 3 
28 120.00 468.00 140.00 4 68. OD 3 
29 140.00 4 68. DO 233.00 500.00 3 
30 233.00 500.00 268.00 500.00 3 
31 268.00 500.00 283.00 495.00 3 
32 283.00 495.00 370.00 460.00 3 
33 370.00 460.00 716. DO 457.00 3 
34 716.00 457.00 812.00 495.00 3 
35 812.00 495.00 825.00 498.00 3 
36 825.00 498.00 855.00 498.00 3 
37 855.00 498.00 990.00 454.00 3 

38 990.00 454.00 1010.00 454.00 3 
39 1010.00 454.00 1100. 00 454.00 3 
40 .DO 466.00 45.00 466.00 4 
41 45.00 466.00 110.00 465.00 4 

42 110.00 4 65. OD 370.00 460.00 4 
43 370.00 460.00 716. DO 457.00 4 
44 716. DO 457.00 990.00 454.00 4 
45 990.00 454.00 1010.00 454.00 4 
46 1010.00 454.00 1100. 00 454.00 4 
47 .DO 456.00 1010.00 439.00 5 
48 1010.00 439.00 ll00.00 439.00 5 

ISOTROPIC SOIL PARAMETERS 
5 Type (s) of Soil 

Soil Total Saturated Cohesion Friction Pore Pressure Piez. 

Type Unit Wt. Unit Wt. Intercept .Angle Pressure Constant Surface 

No. (pcf) (pcf) (psf) (deg) Pararn. (psf) No. 

1 130.0 140.0 . 0 33.7 .OD . 0 0 
2 80.0 90.0 . 0 . 0 .OD . 0 1 

3 130.0 140.0 .0 33.7 .DO . 0 1 

4 125.0 135.0 416.0 19. 5 .DO . 0 1 

5 145.0 145. 0 2000.0 20.0 .DO . 0 1 

1 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED 
Unit Weight of Water= 62. 40 
Piezometric Surface No. 1 Specified by 8 Coordinate Points 

Point X-Water Y-Water 
No. (ft) (ft) 

1 .OD 463.00 
2 185.00 4 61. OD 
3 283.00 495.00 
4 812.00 495.00 
5 930.00 451. 00 
6 990.00 451.00 
7 1010.00 451.00 
8 1040.00 451. DO 
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A Critical Failure Surface Searching Method, Using A Random 
Technique For Generating Circular Surfaces, Has Been Specified. 

1600 Trial Surfaces Have Been Generated. 
40 Surfaces Initiate From Each Of 40 Points Equally Spaced 

Along The Ground Surface Between X 25.00 ft. 
and X 180.00 ft. 

Each Surface Terminates Between X 250.00 ft. 
and X 700.00 ft. 

Unless Further Limitations Were Imposed, The Minimum Elevation 
At Which A Surface Extends Is Y = .DO ft. 
10.00 ft. Line Segments Define Each Trial Failure Surface. 
Following Are Displayed The Ten Most Critical Of The Trial 

Failure Surfaces Examined. They Are Ordered - Most Critical 
First. 
**Safety Factors Are Calculated By The Modified Bishop Method 
Failure Surface Specified By 36 Coordinate Points 

Point X-Surf 
No. (ft) 

1 136.28 
2 145. 87 
3 155.54 
4 165.28 
5 175.09 
6 184.94 
7 194.85 
8 204.79 
9 214. 7 6 

10 224.75 
11 234.74 
12 244.74 
13 254.74 
14 2 64. 71 
15 274.66 
16 284.58 
17 294. 4 5 
18 304.27 
19 314.04 
20 323. 73 
21 333. 35 
22 342.88 
23 352. 31 
24 361.64 
25 370.87 
26 379.97 
27 388.94 
28 397.78 
29 406.48 
30 415. 03 
31 423.41 
32 431. 63 
33 439. 68 
34 447.55 
35 455.23 
36 459.90 

Circle Center At X -
*** 1. 57 8 

Individual data 
Water 

Y-Surf 
(ft) 

468.00 
465.16 
4 62. 61 
4 60. 35 
458.38 
456.71 
455.32 
454.24 
453. 4 4 
452.95 
452.75 
452.86 
453.25 
4 53. 95 
4 54. 94 
456.23 
457.82 
459.69 
4 61. 8 6 
4 64. 32 
4 67. 06 
470.09 
473.40 
477.00 
480.86 
485.01 
489.42 
4 94. 09 
499.03 
504.22 
509.67 
515.36 
521. 29 
527.46 
533.87 
538.00 

236.3 Y 

on the 50 
Water Tie 

788.5 and Radius, 335.8 

slices 
Tie Earthquake 

* * 

Force Force Force Force Force Surcharge 
Slice Width Weight Top Bot Nonn Tan Hor Ver Load 

No. (ft) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) 
1 3.7 265.7 . 0 . 0 . 0 . 0 . 0 . 0 . 0 
2 5.9 2234.1 . 0 .0 . 0 . 0 • 0 . 0 . 0 
3 3.5 2 624. 7 . 0 .0 . 0 . 0 . 0 . 0 . 0 
4 6.2 6914.7 . 0 . 0 . 0 . 0 . 0 . 0 . 0 
5 5.9 9142. 2 . 0 . 0 . 0 . 0 .0 . 0 . 0 
6 3.9 7443.0 . 0 107.1 . 0 . 0 . 0 . 0 . 0 



R16819

C: \Progra.In Files\STEDwin\Wilia.~son Energy Pond Creek\ph7ceq.OUT Page 4 

7 9.8 23519.9 .0 1118.2 . 0 . 0 . 0 . 0 .o 
8 9.9 30190.0 . 0 2189.7 . 0 . 0 . 0 . 0 . 0 
9 .1 187.0 . 0 14.9 . 0 . 0 . 0 . 0 . 0 

10 7.0 25226. 2 .0 2499.2 . 0 . 0 . 0 . 0 . 0 
11 2. 9 11253.1 . 0 1433. 7 . 0 . 0 . 0 .0 .0 
12 9. 9 42973.5 . 0 6709.0 . 0 . 0 . 0 . 0 . 0 
13 10.0 48901.l .0 9302.9 .0 . 0 . 0 . 0 . 0 
14 10.0 54425.2 . 0 11726. 5 . 0 . 0 . 0 . 0 .0 
15 8.3 48792.6 . 0 11383. 6 . 0 .0 . 0 .0 . 0 
16 1. 7 10731.4 .0 2593.9 . 0 . 0 . 0 . 0 . 0 
17 3.3 20409.9 . 0 5009.2 .0 . 0 . 0 .0 . 0 
18 6.7 44035.0 .o 11044.7 . 0 . 0 . 0 . 0 . 0 
19 5.3 36042.6 .0 9219.4 . 0 . 0 . 0 . 0 .0 
20 4. 7 33096. 4 . 0 8734.6 . 0 . 0 .0 .0 .o 
21 10.0 69375.5 . 0 19676.0 . 0 .0 . 0 .0 . 0 
22 3.3 22719.0 .0 6852.3 . 0 . 0 . 0 . 0 . 0 
23 2.0 13762.9 . 0 4244.6 .0 . 0 . 0 . 0 . 0 
24 4. 7 32367.8 .0 10121. 5 . 0 . 0 . 0 . 0 . 0 
25 8.3 59423.8 . 0 18900.9 . 0 . 0 .0 .0 . 0 
26 1. 6 11461. 8 .0 3860.6 . 0 .o . 0 . 0 . 0 
27 9.9 71688.1 . 0 23697.4 . 0 . 0 .0 . 0 .o 
28 9.8 71036.3 .0 22618.0 . 0 .0 .0 . 0 .0 
29 6.5 46775.6 .o 14406.0 . 0 . 0 . 0 . 0 . 0 
30 3.2 23145.9 .o 6950.2 . 0 . 0 . 0 . 0 . 0 
31 9.7 68270.8 .0 19913.0 . 0 . 0 .0 .0 .0 
32 9.6 66148.8 . 0 18289.7 . 0 .o . 0 . 0 . 0 
33 9.5 63597.2 . 0 16487.8 . 0 . 0 .0 . 0 .o 
34 1.1 7121. 3 . 0 1778.6 . 0 . 0 . 0 .o . 0 
35 8.3 54824.8 . 0 12730.3 . 0 . 0 .0 . 0 .0 
36 9.3 61927.6 .0 12354.8 .0 .0 .0 . 0 . 0 
37 9.2 61590. 4 .0 10027.3 . 0 . 0 . 0 .0 . 0 
38 4.1 27672.2 . 0 3739.8 . 0 .0 . 0 .o . 0 
39 5.0 32744.4 . 0 3788.6 .o . 0 . 0 . 0 . 0 
40 9.0 56462.6 .0 4860.6 . 0 .o . 0 .0 . 0 
41 8.8 51997.6 . 0 2026.0 . 0 . 0 . 0 . 0 . 0 
42 1. 6 9018.9 . 0 52.2 . 0 . 0 • 0 . 0 . 0 
43 7.1 37804.0 .0 . 0 . 0 . 0 .0 . 0 . 0 
44 8.5 40413.1 .0 .0 . 0 . 0 .0 . 0 . 0 
45 8. 4 33864.3 . 0 .o .0 . 0 . 0 . 0 . 0 
46 8.2 27242. 9 . 0 . 0 . 0 . 0 .0 . 0 . 0 
47 8.0 20586. 5 . 0 . 0 . 0 . 0 . 0 . 0 . 0 
48 7.9 13933.9 . 0 . 0 . 0 . 0 . 0 . 0 . 0 
49 7.7 7324.2 . 0 . 0 . 0 . 0 . 0 . 0 . 0 
50 4. 7 1254.2 . 0 . 0 . 0 . 0 .0 . 0 . 0 

Failure Surface Specified By 40 Coordinate Points 
Point X-Surf Y-Surf 
No. (ft) (ft) 

1 124.36 468.00 
2 134.04 4 65. 51 
3 143.78 4 63. 24 
4 153.57 4 61. 21 
:, lb.J. 41 400.40 
6 173.28 457.82 
7 183.19 456. 47 
8 193.13 455.36 
9 203.09 4 54. 4 7 

10 213. 07 4 53. 82 
11 223.06 453.41 
12 233.06 4 53. 22 
13 243.06 453.27 
14 253.06 453.56 
15 263. 04 454.07 
16 273.01 454.82 
17 282.97 455.81 
18 292. 8 9 457.02 
19 302. 7 9 458.47 
20 312.65 4 60 .14 
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21 322.46 4 62. 05 
22 332.23 464.18 
23 341. 95 466.55 
24 351. 61 469.13 
25 361.20 4 71. 95 
26 370.73 474.98 
27 380.19 478.24 
28 389.56 481. 72 
29 398.85 485.42 
30 408.06 489.33 
31 417.17 4 93. 4 6 
32 426.18 497. 79 
33 435. 08 502.34 
34 443.88 507.09 
35 452.57 512.05 
36 4 61.13 517.21 
37 4 69. 58 522.57 
38 477.89 528.12 
39 486.08 533.87 
40 4 91. 68 538.00 

Circle Center At X = 235.9 ; y 881. 4 and Radius, 428.1 
*** 1.613 *** 

Failure Surface Specified By 37 Coordinate Points 
Point X-Surf Y-Surf 

No. (ft) (ft) 
1 132. 31 468.00 
2 142. 00 4 65. 55 
3 151. 76 463.35 
4 161.57 4 61. 42 
5 171. 43 459.74 
6 181. 33 458.32 

C 
7 191.26 457.17 
8 201. 22 456.27 
9 211.20 455.64 

10 221.19 455.27 
11 231.19 455.17 
12 241.19 455.33 
13 251.18 455.76 
14 2 61.16 456.44 
15 271.11 457.39 
16 281.04 458.60 
17 290.93 4 60. 08 
18 300.78 4 61. 81 
19 310.58 463.80 
20 320.32 466.06 
21 330.00 468.56 
22 339. 61 4 71. 32 
23 349.15 474.34 
24 358.60 477.60 
25 367.96 481.11 
26 377.23 484.87 
27 386.40 488.87 
28 3 95. 4 5 493 .11 
29 404.39 497.59 
30 413.21 502.30 
31 421.91 507.24 
32 430.47 512. 4 2 
33 438.89 517. Bl 
34 447.16 523.43 
35 455.29 529.26 
36 463.25 535.30 
37 4 66. 62 538.00 

Circle Center At X - 230.1 ; y 834.4 and Radius, 379.2 
*** 1. 625 *** 

Failure Surface Specified By 37 Coordinate Points 
Point X-Surf Y-Surf 

No. (ft) (ft) 



R16821

C:\Program Files\STEDwin\Wilia.mson Energy Pond Creek\ph7ceq.OUT Page 6 

1 108.46 4 65. 02 
2 118.16 4 62. 58 
3 127.92 460.40 
4 137.73 458.48 
5 14 7. 60 456.84 
6 157.50 455.47 
7 167. 44 454.36 
8 177.41 453.53 
9 187.39 452.98 

10 197.39 452.69 
11 207.39 452. 68 
12 217.38 452.95 
13 227.37 453.48 
14 237.34 454.29 
15 247.28 455.37 
16 257.19 456.72 
17 267.05 458.35 
18 276.87 460.24 
19 286. 64 4 62. 40 
20 296.34 4 64. 82 
21 305.97 467.52 
22 315.52 470.47 
23 324.99 473.68 
24 334.37 477 .15 
25 343.65 480.88 
26 352.83 484.86 
27 3 61. 89 489.08 
28 370.83 493.56 
29 379.65 498.27 
30 388.34 503.23 
31 396.88 508.42 
32 405.28 513.84 
33 413.53 519.49 
34 421. 63 525.37 
35 429.56 531. 4 6 
36 437.32 537.77 
37 437.58 538.00 

Circle Center At X = 202.8 ; y 818.4 and Radius, 365. 7 
*** 1.635 *** 

Failure Surface Specified By 38 Coordinate Points 
Point X-Surf Y-Surf 
No. (ft) (ft) 

1 108. 4 6 4 65. 02 
2 118. 20 462.73 
3 127.98 460.68 
4 137.82 458.88 
5 147.70 457.31 
6 157.61 455.99 
7 167.55 454.92 
8 177.52 454.09 
9 187.50 453.50 

10 197.49 453.17 
11 207.49 453.08 
12 217.49 453.23 
13 227.48 4 53. 64 
14 237.46 454.28 
15 247.42 455.18 
16 257.36 456.32 
17 2 67. 2 6 457.70 
18 277.13 459.33 
19 286.95 4 61. 20 
20 296. 72 4 63. 32 
21 306.44 4 65. 67 
22 316.10 468.26 

( 23 325.69 471.10 
24 335.21 474.16 
25 344.65 477.46 
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26 354.01 480.99 
27 363. 27 484.75 
28 372.44 488.74 
29 381.51 492.96 
30 390.47 4 97. 39 
31 399.32 502.05 
32 408.06 506.92 
33 416.67 512.01 
34 425.15 517.30 
35 433. 50 522.81 
36 441. 71 528.52 
37 449. 77 534.43 
38 4.54.. 40 538.00 

Circle Center At X = 206.2 ; y 858.3 and Radius, 
*** 1.640 *** 

Failure Surface Specified By 31 Coordinate Points 
Point 

No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

X-Surf 
(ft) 

148. 21 
157. 72 
167.34 
177.07 
186.87 
196. 75 
206.68 
216. 65 
226. 65 
236. 65 
246.64 
256. 61 
266. 53 
276.41 
286.21 
295.93 
305.55 
315.06 
324.43 
333.66 
342.73 
351. 63 
360.34 
368.85 
377.15 
385.23 
393.06 
400.64 
407. 96 
415.01 
417.54 

Circle Center At X = 
*** 1. 668 

Y-Surf 
(ft) 

470. 68 
4 67. 59 
4 64. 88 
4 62. 55 
460.60 
459.04 
457.87 
457.09 
456.71 
456. 72 
457.12 
457.92 
459.11 
460.69 
4 62. 66 
465. 01 
4 67. 7 4 
470. 85 
474.33 
478.18 
482.39 
486.95 
491.86 
497 .11 
502.69 
508.59 
514.81 
521.33 
528.14 
535.24 
538.00 

231.4 ; Y 
*** 

710.5 and Radius, 

Failure Surface Specified By 33 Coordinate Points 
Point X-Surf Y-Surf 

No. {ft) (ft) 
1 112.44 465.73 
2 122.09 463.11 
3 131.82 460.82 
4 141.62 458.84 
5 151.49 457.19 
6 161.40 455.86 
7 171.35 454.86 
8 181.32 454.19 
9 191.32 453.85 

10 201.32 453.83 
11 211.31 454.15 
12 221.29 454.79 
13 231.24 455.77 

405.3 

253.9 
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14 241.16 457.07 
15 251.03 458.69 
16 260.83 4 60. 65 
17 270.57 4 62. 92 
18 280.23 4 65. 51 
19 289.80 4 68. 42 
20 299.27 471. 64 
21 308. 62 475.17 
22 317.85 479.01 
23 326.96 483.15 
24 335.92 487.59 
25 344.73 4 92. 32 
26 353.38 497.34 
27 3 61. 8 6 502. 64 
28 370.16 508.22 
29 378.27 514.07 
30 386.19 520.18 
31 393.89 526.55 
32 4 01. 3 9 533.17 
33 4 0 6. 51 538.00 

Circle Center At X = 196. 7 ; y 757.4 and Radius, 
*** 1. 673 *** 

Failure 
Point 

Surface Specified By 41 Coordinate Points 

No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 

X-Surf 
(ft) 

128.33 
138.10 
14 7. 92 
157.76 
167.65 
177.56 
187. 4 9 
197.45 
207. 43 
217.41 
227. 41 
237. 41 
247.41 
257.40 
267.39 
277.36 
287.32 
297.26 
307 .17 
317.06 
326. 91 
336.72 
346.50 
356.22 
365.90 
375.53 
385.09 
394.60 
404.04 
413.41 
422.71 
431. 93 
441.07 
450.13 
459.09 
4 67. 97 
476. 75 
485.43 
494.00 
502. 47 
50 9. 63 

Circle Center At X = 

Y-Surf 
(ft) 

4 68. 00 
4 65. 87 
463.94 
4 62. 20 
4 60. 67 
459.34 
4 58. 22 
457.29 
456.57 
456.06 
455.75 
455. 64 
455.73 
456.03 
456.54 
457.24 
458.15 
459.27 
4 60. 58 
4 62 .10 
4 63. 82 
4 65. 7 4 
4 67. 8 6 
470.18 
4 72. 70 
475.41 
478.32 
4 81. 42 
484.72 
488.21 
491.89 
4 95. 7 6 
499.82 
504.06 
508.48 
513.09 
517.88 
522. 85 
527.99 
533.30 
538.00 

237.7; Y 945.7 and Radius, 

303.6 

490.1 
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1. 674 *** 
Failure Surface Specified By 32 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 164.10 475.87 
2 173.23 471.77 
3 182.52 468.09 
4 191.97 464.82 
5 201.56 461.98 
6 211.26 459.56 
7 221.07 457.59 
8 230.95 456.05 
9 240.89 454.96 

10 250.87 454.31 
11 260.87 454.11 
12 270.86 454.35 
13 280.84 455.04 
14 290.77 456.17 
15 300.65 457.75 
16 310.44 459.76 
17 320.14 462.21 
18 329.71 465.10 
19 339.15 468.40 
20 348.43 472.12 
21 357.54 476.26 
22 366.45 480.80 
23 375.15 485.73 
24 383.62 491.04 
25 391.85 496.72 
26 399.81 502.77 
27 401.~0 509.17 
28 414.89 515.90 
29 421.98 522.96 
30 428.74 530.33 
31 435.17 537.99 
32 435.18 538.00 

Circle Center At X = 260.4 ; Y 678.1 and Radius, 224.0 
*** 1.684 *** 

Failure Surface Specified By 47 Coordinate Points 
Point X-Surf Y-Surf 

No. (ft) (ft) 
1 128.33 468.00 
2 138.12 465.95 
3 14 7. 94 464.05 
4 157.79 462.32 
5 167. 66 460.74 
6 177.56 459.32 
7 187.48 458.07 
8 197.42 456.97 
9 207.38 456. 04 

10 217.35 455.27 
11 227. 33 454.66 
12 237.32 454.21 
13 247.32 453.92 
14 257.32 453.80 
15 267.32 453.84 
16 27 7. 31 454.03 
17 287.31 454.40 
18 297.29 454.92 
19 307.27 455.60 
20 317.23 456.45 
21 327.18 457.46 
22 337.11 4 58. 62 
23 347.03 459.95 
24 35 6. 91 4 61. 4 4 
25 366.78 463.09 
26 376.61 464.90 
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27 386.42 466.87 
28 396.19 468.99 
29 4 05. 92 471.28 
30 415. 62 473. 72 
31 425.28 4 7 6. 32 
32 434.89 4 7 9. 07 
33 444.46 481.98 
34 453.98 485.05 
35 4 63. 45 488.27 
36 472.86 4 91. 64 
37 482.22 495.16 
38 4 91. 52 498.83 
39 500.76 502.66 
40 509.94 506.63 
41 519.05 510.75 
42 528.09 515.02 
43 537.06 519. 4 4 
44 545.96 524.00 
45 554. 79 528.70 
46 5 63. 54 533.54 
47 571.28 538. DD. 

Circle Center At X - 260. 0 ; y 1071. 2 and Radius, 617.4 
*** 1. 689 *** 

( 
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Pond Creek, Phase 7G South - Sus/sig=.05FCR Post-EQ Shallow 
c:\program files\stedwin\wiliamson energy pond creek\ph7bcr1.pl2 Run By: Blaise E. Genes, GAi Consultants 7/11/2009 10:20AM 

700 rc========i=====F=======i=,---,---~---,-----,-------,,---, 
# FS Soil Soil Total Saturated Cohesion Friction Piez. 
a 1.21 Desc. 
b 1.24 

Type Unit Wt. 
No. (pcf) 

C 1.27 CCR P7AC 1 130.0 
d 1.28 Fine CR 2 80.0 

600 H e 1.30 CCR P3 3 130.0 
f 1.31 Residual 4 125.0 
g 1.34 Bedrock 5 145.0 
h 1.36 
i ·1.37 

500 
. - . -:rJ.,J:f-JJ..:-

. tj=='if'=yJ,f:c>.:>P# 3 · 
-- -- J~~_j_______._ 

400 , __ 

300 ,_ 

200 ,_ 

100 ,_ 

Unit Wt. Intercept Angle 
(pcf) (psf) (deg) 
140.0 0.0 33.7 
90.o 2Go.o a.a 
140.0 0.0 a 33.7 
135.0 416.0 .J 19.5 
145.0 2000.0 >t,?,!l.0 

Surface 
No. 
0 

W1 
W1 

~1' 

I) 1 ------------------------

Jic '~~ _/4;:v ~· · 2 · a :-~ 
~~w1•.?. Wli . 

4 Wl ttw---0 ---ll 5 5 

0 L__ __ ___J ___ _L ___ __L_ ___ _L_ ___ ~------'------'----__J__---.L...---L__--_J 

0 

STED 

.,E""J·--·· 
~--

100 200 300 400 500 600 700 800 900 1000 1100 

PCSTABL5M/si FSmin=1.21 
Safety Factors Are Calculated By The Modified Bishop Method 



R
16827

Pond Creek, Phase 7C South - Sus/sig=.05FCR Post-EQ Shallow c:lprogram fileslsledwinlwiliamson energy pond creeklph7bcr1 .pit Run By: Blaise E. Genes, GAi Consultants 7/11/2009 10:20AM 700 .-----.-----,-----,-----,-----.-----,-----,-----.----~,----~,----~ 

600 ,_ 

500 f-. ~o_,·•c1:f:JCP 
}.'c).===c,:,:fP:r.JJ?~ - ! . J . 

.:'! ::~1 . .n- .< 

400 1-

300 ,_ 

200 ,_ 

100 ,_ 

-- .. 
B-

·------------- -~ -~ 
~

!l~-~~----__ ···-~ 
3 ~-~ ~ ----->''-------,1 .!'.!L. WJAU--!!l..Jl_1_ 

5 

0 \1 ____ L__ ___ L__ ___ 1___ ___ 1___ ___ c_ ___ 1___ __ ~c_ __ __JL___ __ __J ___ __j ___ __, 

O 100 200 300 400 500 600 700 800 900 1000 1100 

STED 

6D 
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** PCSTABL5M ** 
by 

Purdue University 
--Slope Stability ~.nalysis-

Sirnplified Janbu, Simplified Bishop 
or Snencer's Method of Slices 

Run Date: - 7/11/2009 
Time of Run: 10:20AM 
Run By: Blaise E. Genes, GAI Consultants 
Input Data Filename: C:ph7bcrl.in 
Output Filename: C:ph7bcrl.OUT 
Unit: ENGLISH 
Plotted Output Filename: C:ph7bcrl.PLT 
PROBLEM DESCRIPTION Pond Creek, Phase 7C South - Sus/sig=.05 

FCR Post-EQ Shallow 
BOUNDP.RY COORDINATES 

Note: User origin value specified. 
Add 0.00 to X-values and 0.00 to Y-values listed. 

11 Top Boundaries 
48 Total Boundaries 

Boundary X-Left Y-Left X-Right Y-Right Soil Type 
No. (ft) (ft) {ft) (ft) Below End 

1 .00 466.00 45.00 466.00 1 
2 45.00 4 66. 00 110.00 465.00 1 
3 110.00 4 65. 00 120.00 4 68. 00 1 
4 120.00 468.00 140.00 468.00 1 
5 140.00 4 68. 00 238.00 500.00 1 
6 238.00 500.00 250.00 505.00 1 
7 250.00 505.00 270.00 505.00 l 
8 270.00 505.00 375.00 538.00 1 
9 375.00 538.00 795.00 538.00 1 

10 7 95. 00 538.00 1045.00 454.00 1 
11 1045.00 454.00 1100.00 454.00 1 
12 .00 466.00 45.00 466.00 2 
13 45.00 466.00 110.00 465.00 2 
14 ll0.00 4 65. 00 120.00 468.00 2 
15 120.00 468.00 140.00 4 68. 00 2 
16 140.00 468.00 233.00 500.00 2 
17 233.00 500.00 268.00 500.00 2 
18 268.00 500.00 283.00 495.00 2 
19 283.00 495.00 812.00 495.00 2 
20 812.00 4 95. 00 825.00 498.00 2 
21 825.00 498.00 855.00 498.00 2 
22 855. 00 498.00 990.00 454.00 2 
23 990.00 454.00 1010.00 454.00 2 
24 1010.00 454.00 llOO. 00 454.00 2 
25 .OD 466.00 45.00 466.00 3 
26 45.00 466.00 110.00 465.00 3 
27 110.00 465.00 120.00 4 68. DO 3 
28 120.00 468.00 140.00 4 68. DO 3 
29 140.00 468.00 233.00 500.00 3 
30 233.00 SOD.DO 268.00 SOD.OD 3 
31 2 68. OD SOD.DO 283.00 495.00 3 
32 283.00 495.00 370.00 4 60. DO 3 
33 370.00 460.00 716. DO 457. OD 3 
34 716. OD 457.00 812.00 495.00 3 
35 812.00 495.00 825.00 498.00 3 
36 825.00 498.00 855.00 498.00 3 
37 855.00 498.00 990.00 454.00 3 
38 990.00 454.00 1010.00 454.00 3 
39 1010.00 454.00 1100.00 454.00 3 
40 .00 4 66. 00 45.00 466.00 4 
41 45.00 4 66. 00 110.00 465.00 4 
42 110.00 465.00 370.00 460.00 4 
43 370.00 460.00 716. 00 457.00 4 
44 716.00 457.00 990.00 454.00 4 
45 990.00 454.00 1010.00 454.00 4 
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46 1010.00 
47 . 00 
48 1010.00 

ISOTROPIC SOIL PJl._•~.A.METERS 
5 Type(s) of Soil 

454.00 
456.00 
439.00 

1100.00 
1010.00 
1100.00 

454.00 
439.00 
439.00 

Pressure 

4 
5 
5 

Piez. Soil Total Saturated Cohesion 
Type Unit Wt. Unit Wt. Intercept 

Friction 
Jl..ngle 
(deg} 
33.7 

Pore 
Pressure Constant Surface 

No. (pcf) (pcf) (psf} 
l 130.0 140.0 .0 
2 80.0 90.0 260.0 
3 130.0 140.0 .0 
4 125.0 135.0 416.0 
5 145.0 145.0 2000.0 

. 0 
33.7 
19.5 
20.0 

Param. 
. OD 
.DO 
.00 
.00 
.00 

1 PIEZOVlETRIC SURFACE(S} !L~VE BEEN SPECIFIED 
Unit Weight of Water= 62.40 

(psf} 
. 0 
• 0 
• D 
• D 
. D 

Piezometric Surface No. 1 Specified by 8 Coordinate Points 
Point X-Water Y-Water 
No. (ft} (ft} 

l .DO 463.00 
2 185.00 461.DO 
3 283.00 495.00 
4 812.00 495.00 
5 930.00 451.00 
6 990.00 451.00 
7 1010.00 451.00 
8 1040.00 451.00 

No . 
0 
1 
1 
1 
l 

A Critical Failure Surface Seaz:·ching MeUwU, U.s.i11g A Random 
Technique For Generating Circular Surfaces, Has Been Specified. 

1600 Trial Surfaces Have Been Generated. 
40 Surfaces Initiate From Each Of 40 Points Equally Spaced 

Along The Ground Surface Between X 25.00 ft. 
and X 300.00 ft. 

Each Surface Terminates Between X 350.00 ft. 
and X 700.00 ft. 

Unless Further Limitations Were Imposed, The Minimum Elevation 
At Which A Surface Extends Is Y = .OD ft. 
10.00 ft. Line Segments Define Each Trial Failure Surface. 
Following Are Displayed The Ten Most Critical Of The Trial 

Failure Surfaces Examined. They Are Ordered - Most Critical 
First. 
**Safety Factors Are Calculated By The Modified Bishop Method 
Failure Surface Specified By 18 Coordinate Points 

Point X-Surf 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 

(ft} 
271. 80 
279.64 
288.14 
297.19 
306.67 
316. 45 
326.41 
336. 40 
346.31 
356.00 
365.34 
374.21 
382.49 
390.07 
396. 86 
4 02. 7 5 
407.69 
410.19 

Circle Center At X = 
*** 1.206 

Y-Surf 
(ft} 

505.56 
499.36 
494.10 
489.84 
486.65 
484.57 
483.63 
483.84 
485.18 
487.66 
4 91. 23 
4 95. 85 
501.46 
507.98 
515.33 
523.40 
532.10 
538.00 

329. 6 Y 
*** 

570.4 and Radius, 86.9 

20 slices 
Tie Tie Earthquake 

* * 

Individual data on the 
Water Water 
Force Force Force Force Force Surcharge 
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Slice Width Weight Top Bot Norm Tan Hor Ver Load 
No. (ft) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) 

l 7.8 4419.2 . 0 . 0 . 0 . 0 . 0 . 0 . 0 
2 7.0 10945.3 . 0 . 0 . 0 . 0 . 0 . 0 . 0 
3 1.5 2996.5 . 0 48.4 .0 . 0 . 0 . 0 . 0 
4 9.1 22614.7 .0 1891. 4 .0 . 0 . 0 .0 . 0 
5 9. 5 30446.4 . 0 4213.2 . 0 . 0 . 0 .0 . 0 
6 9. 8 37586.9 . 0 5856.6 . 0 . 0 . 0 .0 . 0 
7 10.0 43623.8 .0 67 99. 9 . 0 . 0 . 0 . 0 . 0 
8 10.0 48218.5 . 0 7030.7 . 0 .0 . 0 .0 . 0 
9 9. 9 51123.8 . 0 6545.8 . 0 . 0 . 0 .0 . 0 

10 9. 7 52197.6 . 0 5351.8 . 0 . 0 . 0 . 0 . 0 
11 9.3 51410.1 . 0 3464.4 .0 . 0 . 0 .0 . 0 
12 7.2 39848.3 . 0 957. 6 .0 .0 . 0 .0 . 0 
13 1. 6 8968. 7 . 0 .0 . 0 .o . 0 . 0 . 0 
14 . 8 4292.9 . 0 .0 . 0 .0 . 0 .0 . 0 
15 7. 5 38044.0 . 0 . 0 . 0 .0 . 0 . 0 . 0 
16 7.6 32804.2 . 0 . 0 .0 . 0 .o . 0 .0 
17 6.8 23237.6 . 0 . 0 . 0 . 0 . 0 . 0 . 0 
18 5.9 14286. 4 . 0 . 0 . 0 . 0 .0 .0 . 0 
19 4. 9 6570.2 . 0 .o . 0 .o . 0 .0 . 0 
20 2.5 958.1 . 0 .0 . 0 .o . 0 .0 . 0 

Failure Surface Specified By 19 Coordinate Points 
Point X-Surf Y-Surf 

No. (ft} (ft) 
1 278.85 507.78 
2 285.92 500.71 
3 293.82 494.58 
4 302.42 489.48 
5 311. 59 485.49 
6 321.18 482.67 
7 331.06 481.07 
8 341. 05 480.72 
9 351.01 481.61 

10 3 60. 7 8 483.74 
11 370.21 487.07 
12 379.15 491.55 
13 387.47 497.10 
14 3 95. 02 503.65 
15 401. 70 511. 09 
16 407.40 519.31 
17 412.04 528.17 
18 415. 53 537.54 
19 415.64 538.00 

Circle Center At X - 338.9 ; y 560. 8 and Radius, 80.1 

*** 1.236 *** 
Failure Surface Specified By 18 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 278.85 507.78 
2 285.95 500.74 
3 293.91 494.69 
4 302.59 489.72 
5 311. 83 485.92 
6 321. 50 483.35 
7 331. 42 482.06 
8 341. 42 482.07 
9 351.33 483.38 

10 360.99 485.97 
11 370.23 489.78 
12 378.90 494.77 
13 386.84 500.84 
14 393.93 507.90 

( 
15 400.05 515.81 
16 405.08 524.45 
17 408.95 533.68 
18 410.13 538.00 
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Circle Center At X = 336.3; Y 558.5 and Radius, 76.6 
*** 1.267 *** 

Failure Surface Specified By 18 Coordinate Points 
Point X-Surf Y-Surf 
No. (ft) (ft) 

1 278.85 507.78 
2 286.11 500.91 
3 294.17 494.99 
4 302.90 490.12 
5 312.17 486.35 
6 321.83 483.77 
7 331.74 482.40 
8 341.73 482.26 
9 351.67 483.36 

10 361.40 485.68 
11 370.77 489.18 
12 379.63 493.82 
13 387.85 499.51 
14 395.30 506.18 
15 401.87 513.72 
16 407.46 522.01 
17 411.98 530.93 
18 414.53 538.00 

Circle Center At X = 337.8; Y 562.8 and Radius, 80.6 
*** 1.284 *** 

Failure Surface Specified By 19 Coordinate Points 
Point 

No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

X-Surf 
(ft) 

278.85 
286.39 
294.61 
303.40 
312. 65 
322.26 
332.12 
342.10 
352.09 
3 61. 97 
371. 61 
380.92 
389.77 
398.06 
405.69 
412. 58 
418. 63 
423.78 
427.14 

Y-Surf 
(ft) 

507.78 
501. 22 
495.52 
490.74 
486.96 
484.20 
482.50 
481.89 
482.37 
483.93 
486.56 
490.23 
494.88 
500.47 
506.93 
514.19 
522.15 
530. 72 
538.00 

Circle Center At X = 342.7 ; Y 
*** 1.296 *** 

573.6 and Radius, 

Failure 
Point 

Surface Specified By 23 Coordinate Points 

No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

X-Surf Y-Surf 
(ft) (ft) 

271.80 505.56 
280.26 500.24 
289.08 495.54 
298.22 491.47 
307.63 488.08 
317.25 485.36 
327.05 483.35 
336.96 482.03 
346.94 481.44 
356.94 481.55 
366.91 482.39 
376.79 483.93 
386.53 486.18 
396.09 489.12 
405.41 492.73 

91. 7 
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16 414.45 497.01 
17 423.16 501.92 
18 431. 50 507.44 
19 439.42 513. 54 
20 446.89 520.20 
21 453.85 527.37 
22 4 60. 29 535. 03 
23 462. 45 538.00 

Circle Center At X = 350.3 ; y 621. o and Radius, 
*** 1.309 *** 

Failure Surface Specified By 17 Coordinate Points 
Point X-Surf Y-Surf 
No. (ft) {ft) 

1 27 8. 85 507.78 
2 286. 08 500.88 
3 294.17 495.00 
4 302.97 4 90. 25 
5 312.32 486.71 
6 322.06 484.44 
7 332.02 483.48 
8 342.01 483.85 
9 351.87 485.55 

10 361. 41 488.54 
11 370.47 492.77 
12 378.89 498.17 
13 386. 52 504. 63 
14 393.22 512. 05 
15 398.88 520.30 
16 403.39 529.22 
17 406. 45 538.00 

Circle Center At X = 334.2 ; y 558.6 and Radius, 
*** 1. 337 *** 

Failure Surface Specified By 27 Coordinate Points 
Point X-Surf Y-Surf 
No. (ft) (ft) 

1 285.90 510.00 
2 292. 99 502. 95 
3 300.59 496.45 
4 308.67 490.55 
5 317 .16 485.27 
6 326.03 480.66 
7 335.23 476. 72 
8 344.69 473.49 
9 354.37 470.99 

10 364.21 469.22 
11 374.16 468.21 
12 384.16 4 67. 94 
13 394.15 4 68. 44 
14 404.07 4 69. 68 
15 413.87 471.68 
16 423.49 474.40 
l I 4.J,. 88 4 I I. 80 
18 441.98 482.00 
19 4 50. 7 4 486.82 
20 459.11 4 92. 2 9 
21 467.04 498.37 
22 474.49 505.04 
23 481.42 512.25 
24 487.78 519.97 
25 493.54 528.14 
26 498.67 536.73 
27 499.31 538.00 

Circle Center At X = 382.6 ; y 600.2 and Radius, 
*** 1. 364 *** 

Failure 
Point 

No. 

Surface Specified By 20 Coordinate Points 
X-Surf Y-Surf 

(ft) (ft) 

139.6 

75.2 

132.3 
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( 1 264. 7 4 505.00 
2 273. 38 499.95 
3 282.41 495.66 
4 2 91. 77 492.15 
5 301. 4 0 489.45 
6 311. 23 487.58 
7 321.17 486.56 
8 331.17 486.39 
9 341.15 487.07 

10 351.03 488.59 
11 360.75 4 90. 96 
12 370.23 4 94 .14 
13 379.40 498.12 
14 388.20 502.87 
15 396. 57 508.34 
16 404.44 514. 52 
17 411.75 521. 34 
18 418.46 528.75 
19 424.51 536.72 
20 425.32 538.00 

Circle Center At X~ 328.2 ; y 603.5 and Radius, 117 .2 
*** 1. 374 *** 

Failure Surface Specified By 32 Coordinate Points 
Point X-Surf Y-Surf 
No. {ft) (ft) 

1 271. 80 505.56 
2 280.41 500.48 
3 289.24 495.79 
4 298.27 4 91. 50 
5 307.48 487.61 
6 316.86 484.13 

( 
7 326.38 481.08 

.· 8 336.03 478.45 
9 345.78 476.25 

10 355.63 474.48 
11 365.54 473.16 
12 375.50 472.28 
13 385. 49 471. 84 
14 395.49 471. 85 
15 405.48 472.30 
16 415.44 473.19 
17 425.35 474.52 
18 435.19 476.30 
19 444.95 478.51 
20 454.59 481.15 
21 4 64 .11 484.22 
22 473.48 487.70 
23 482.69 491.60 
24 4 91. 71 495.91 
25 500.54 500.61 
26 509.15 505. 70 
27 517.52 511.17 
28 525.64 517.00 
29 533.50 523.19 
30 541.07 529. 72 
31 548.34 536.58 
32 549.72 538.00 

Circle Center At X ~ 390.3 ; y 696. 7 and Radius, 224.9 
*** 1. 385 *** 
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U.S. Department of Labor Mine Safety and Health Administration 
Pittsburgh Safety & Health Technology Center 
P.O. Box 18233 
Pittsburgh, PA 15236 

November 12, 2009 

MEMORANDUM FOR JOSEPH O'DONNELL 

THROUGH: 

FROM: 

SUBJECT: 

Acting District Manager, District 8 
Coal Mine Safety and Health 

-c-·9,-l--w. F~ 
1mm W. FREDLAND 
Acting Chief, Pittsburgh Safety and Health Technology Center 

S~1 01~ 
sT~~ya_lrcHALEK 
Chief, Mine Waste and Geotechnica] Engineering Division 

Recommendation for Approval of Design Plans for Phases 3 through 6, 
and Request for Additional Information for Phase 7, Refuse Disposal 
Facility No. 2, Impoundment l.D. No. 121 l-IL08-03141-02, Mach 
Mining, LLC, Mach Mine No. I, Mine l.D. No. 11-03141, Williamson 
County, Illinois 

As requested by your office, a technical review of the subject proposed impoundment plans has 
been completed. Our review included an initial submittal and two revisions submitted in 
response to our requests for additional information. Report No. MW09-077, which is attached, 
indicates that the subject plans appear to be technically acceptable only through Phase 6 and 
approval through Phase 6 is recommended. Additional information will be required before we 
can recommend approval of Phase 7. 

The proposed mining under Phase 3 will be the most significant event at this facility. Phase 3 
must be closed and covered with a stable cap of coarse refuse, be incapable of impounding water 
or slurry, and all the proposed instrumentation must be in place and operational before the 
proposed longwall mining is advanced within 100 feet of any part of the Phase 3 embankment. 

The Impoundment and !RPI data sheets have been completed for Phases 3 through 6 and are 
included ,vith the report. Please contact this office ifthere are any questions regarding this 
rev1evv. 

Attachment 

cc: L. Zeiler - Acting Director, TS 
M. Smith -Acting Chief, Safety Div., CMS&H 
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UNITED STATES DEPARTMENT OF LABOR 

MINE SAFETY AND HEALTII ADMINISTRATION 

PITTSBURGH SAFETY AND HEALTH TECHNOLOGY CENTER 
MINE WASTE AND GEOTECHNICAL ENGINEERING DIVISION 

COCHRANS MILL ROAD 
P.O. BOX 18233 

PITTSBURGH, PENNSYLVANIA 15236 

REPORT NO. MW09-077 

REVIEW OF DESIGN PLANS FOR PHASES 3 THROUGH 7 
REFUSE DISPOSAL AREA NO. 2 

MSHA I.D. NO. 1211-IL08-03141-02 
MACH MINING LLC 

MINE I.D. NO. 11-03141 
WILLIAMSON COUNTY, ILLINOIS 

NOVEMBER 12, 2009 

BY 

PAUL J. DONAHUE, P.E. 
CIVIL ENGINEER 
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REPORT NUMBER MW09-077 

OWNERSHIP AND LOCATION 

The Refuse Disposal Area No. 2 is owned and operated by Mach Mining, LLC and receives 
coarse and fine coal refuse from the preparation plant for the Mach No. I Mine. The site can be 
found on the USGS 7.5 Minute Pittsburg (IL) quadrangle map at geographic coordinates 
N 37°50'30" latitude and W 88°49'17" longitude. This facility is located on a tract comprising 
the east half of Section 12, Township 8S, and Range 3E, Third Principal Meridian. 

MATERIAL REVIEWED 

Original Design Submittal 

The original submitted design documents were prepared for Mach Mining, LLC by Alliance 
Consulting, Incorporated (Alliance) and included the following. 

1. A report entitled "Engineering Design Plan - Proposed Coal Refuse Disposal, Facility No. 2, 
Williamson County, Illinois, dated January 2007." The report included a narrative 
description of the proposed design, and the testing and analyses performed. Appendices to 
the report included construction specifications, calculations, geotechnica] test boring and 
laboratory test data. 

2. Thirteen drawings depicting plans, profiles and details of the proposed facility dated 
January 16, 2007. 

During our review of this plan, Mr. Duffy Stradner, former District 8 Impoundment Specialist, 
notified this reviewer in a phone conversation on October 23, 2007, that the impoundment layout 
and geometry would be substantially revised and a new plan submitted. Due to proposed mining 
under the impoundments and other issues that would similarly affect the new design, we 
completed the review and requested additional information in a memorandum to Robert Phillips, 
District Manager, Coal Mine Safety and Health (CMS&H) District 8, dated December 13, 2007. 
The memorandum identified 14 design issues to be addressed in the revised design submittal. 

First Revised Design Submittal 

The revised design package for the coal refuse impoundments was hand delivered to our office 
on August 19, 2008, in conjunction with a meeting with Mach Mining and Alliance Consulting 
personnel to discuss the new design. 

The design documents received at this meeting included the following items. 

1. A report entitied !!Response to February 11, 2008, Comments, I.D. 1'Jo. IL08-03141-02, 
Mach Mining, LLC- Mach No. I Mine ID No. 11-03141, Williamson County, Illinois -
Coal Refuse Disposal Facility No. 2 Phases 3 through 7," dated August 2008. Appendices to 
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the report contained construction specifications, various design calculations, geotechnical test 

boring logs, laboratory test data and a CISPM Mine Subsidence Analysis Report prepared by 

Dr. Syd Peng of West Virginia University. 

2. Nineteen drawings, with revision dates from February 14, 2008, to July 7, 2008, depicting 

plans, profiles and details of the proposed facility. 

In addition, the following additional materials were submitted concurrent with the review of this 

submittal. 

1. A set of three dra·wings depicting longwall panel surface subsidence measurements at 

Baselines "A" through "D" located over the eastern end oflongwall Panel No. 1 of the 

subject mine. These drawings are dated August 29, 2008, and were received by the Mine 

Waste and Geotechnical Engineering Division (lvIWGED) on September 3, 2008, 

2. Two Drawings entitled "Map 6 UG - Operations Plan Map" and "Map 10 - Geologic 

columns," prepared by Alliance and dated December 3, 2004, and November 29, 2004, 

respectively, and received by MWGED on September 3, 2008. 

In addition to the submitted document, we also gathered additional information, concurrent with 

the review, through phone and e-mail communication with Mr. Claudio Yon of Alliance and 

Dan Barkley of the Illinois DNR. 

We completed our review of the new design and found eleven items requiring additional 

substantiating data or calculations and/or design changes. These were outlined in our 

memorandum to Robert Phillips, District Manager, CMS&H District 8, dated 

November l 0, 2008. 

Second Revised Desiim Submittal 

The second revised design submittal was received by MWGED on July 20, 2009, and included 

the following. 

1. A report volume entitled "Additional information- Volume 1 of 3, Comments 2, 4, 5, 6, 9, 10 

and 11, Coal Refuse Disposal Facility No. 2 Phases 3 through 7," Impoundment ID No. IL08-

0314J-02 (JvfSHA ID No. 11-03141), Williamson County, Illinois," dated July 2009. This 

volume included new, revised and copies of previously submitted materials from the earlier 

August 2008 submittal and was prepared by Alliance. 

2. A second report volume entitled "Additional information- Volume 2 of 3, Comments 1, 3, 7 

and 8, Coal Refuse Disposal Facility No. 2 Phases 3 through 7," Impoundment ID No. IL08-

03141-02 (JvfSHA ID No. 11-03141), Williamson County, Illinois," dated July 2009. This 

volume contained new calculations a..'1.d analysis performed by G_A.I consultants for Alliance. 

3. A third volume containing 22 drawings, with revision dates from July 8, 2009, to 

July 13, 2009, depicting plans, profiles, and details of the proposed facility. 
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4. An addendum to the submittal, received on August 21, 2009. This addendum included 
corrected transmittal letters and tables of contents, a revised drawing B05-330-M32- Phase 5 
Plan View, revised August 18, 2009, and revised Phase 5 dam underdrain calculations. 

Additionally, prior to the receipt ofthis submittal, we received electronically transmitted 
drawings depicting a longitudinal dynamic subsidence survey over the advancing face of 
Longwall Panel No. 1 at a location immediately to the east of the future Phase 5. These drawings 
were received in our office on February 10, 2009. This survey was performed in response to 
comment No. 4 in the November JO, 2008, memorandum. 

The results of our review of this revised design are discussed in this report. 

BACKGROUND 

The revised Refuse Disposal Facility No. 2 will provide for the disposal of about 3 ½ years of 
coarse coal refuse (CCR) and 6 years of fine coal refuse (FCR) that will be produced from the 
Pond Creek No. 1 Mine following closure of previously approved Facility No. 1 which included 
Phases 1 and 2. This facility is to be constructed in five phases - Phase 3 through Phase 7. 

As planned, the facility will consist of three, approximately rectangular, diked impoundments 
aligned in a north-south direction and sharing common embankments between them. The 
southernmost impoundment will be constructed during Phase 3, with fine refuse placement 
starting upon completion of the embankment to the design crest height. The central 
impoundment will be constructed in three Phases (Phases 4, 6 and 7) with fine refuse placement 
starting during Phase 7, when the embankment will be about 50 percent of the total completed 
height. The northernmost impoundment will be constructed during Phase 5 and will be partly 
incised by excavating the footprint of the impoundment. Fine refuse placement in this 
impoundment will begin once Phase 3 is filled to capacity, and the Phase 5 embankment is about 
80 percent complete. 

The impoundments will cover about 200 acres, and all the impounding embankments v.-ill be 
raised longitudinally in segments using belt-delivered coarse coal refuse. The upstream and 
downstream slopes will be 3 horizontal to 1 vertical (3H: IV) except for Phase 3 which will have 

· 2.6H: JV upstream slopes. Maximum embankment heights will range from 49 feet for Phase 3 to 
I 00 feet for Phase 7. All embankments, with the exception of a portion of the Phase 7 central 
impoundment, will be founded on 15 to 22 feet of medium to stiff clay deposits overlying shale 
bedrock. The south-facing slope of the Phase 7 embankment will be founded on the impounded 
fine refuse of the adjoining Phase 3. 

The designer considered the impoundments to be of high hazard potential classification for the 
purposes ofhydrologic/hydraulic design. Following one year from the start of construction, all 
phases will be abie to accommodate a rainfall volurnc of t"vvo P}~1F' s \Vith pumping capacity 
capable of drawing down one 72-hour PMF in 30 days. When the final crest elevation is 
reached, an 18-inch-diameter HDPE SDR 26 decant spillway will be installed and be capable of 
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drawing down 90 percent of one PMF in less than 10 days. The only exception is the Phase 3 
impoundrnent. Because of an expected life of less than 1 year, this phase was designed to handle 
at least one half of a 72-hour PMF, but less than a full 72-hour PMF. 

The most significant consideration for these impoundments will be the concurrent mining of 
three longwall panels in the 6.5-foot-thick Herrin No. 6 coal seam beneath the impoundment 
footprints. There are 430 to 450 feet of overburden, with at least 420 feet of this being rock, 
between the embankment foundations or impoundment bottoms and the Herrin No. 6 seam. 
Boring data indicates that about 75 to 90 percent of the overburden rock is shale. A sandstone 
unit, 200 to 240 feet above the No. 6 seam and ranging from 21 to 54 feet thick, is the only 
persistent competent unit encountered in the borings. 

The development entries for the longwall mining have a calculated minimum pillar safety factor 
of 2.3 as calculated by the program ALPS. A minimum rock overburden thickness of about 65 
times the mine height is present above the seam. Therefore, this facility complies with the 
guidance contained in Bureau of Mines publication IC 8741 for limiting breakthrough risk. 
However, subsidence from the longwall mining will considerably impact surface structures over 
the mine. 

The subsidence effects on the proposed coal refuse impoundments will be largely mitigated by 
the proposed phasing of the impoundments. Except for Phases 3 and 4, all refuse placement will 
take place after mining has been completed beneath the impoundment and subsidence is 
substantially complete. For Phase 3, FCR placement will be completed to an elevation of 5 feet 
below the crest, about 9 months prior to longwall mining beneath the impoundment. A 5-foot
thick cover of coarse refuse, level with the crest, will be placed over the fine refuse in order to 
eliminate any impounded water before the mining advances beneath the impoundment. Phase 4 
will consist of a 45-foot-high non-impounding embankment placed prior to mining. After the 
mining, the 300-foot-wide Phase 6 embankment will buttress the downstream slope of the Phase 
4 embankment. The width of this embankment is expected to mitigate any possible effects of 
subsidence-related damage to the Phase 4 embankment. 

The planned mining beneath the Phase 3 impoundment, a short time after filling and capping of 
this impoundment, is the most significant issue in evaluating the subsidence impacts. There is 
currently little engineering experience in accommodating longwall mining under a coal refuse 
impoundment and a conservative consideration of all possible potential failure modes and 
mitigatory measures was the primary item of concern in the review of this plan. 

REVIEW DISCUSSION 

The submittal received on July 20, 2009, provided responses to the eleven items of additional 
information that were requested in the November 10, 2008, memorandum. Additionally the 
submitted addendum included a revised plan for the Phase 5, which will be enlarged by locating 
its north dike approximately 250 feet further north. 
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Phase 7 Stability 

The submittal did not satisfactorily address comment Nos. 7 and 8 in the November 10, 2008, 
memorandum. These comments noted that a stability analysis of the Phase 7 south dike, which 
will be founded on the settled Phase 3 FCR, had not been performed and requested this analysis 
be performed along with a seismic liquefaction and deformation analysis. The submitted analysis 
in response to these comments included only an analysis of the less-critical completed Phase 7C 
configuration, and not the critical Phase 7A, which will entail advancing the 38-foot-high south 
dike embankment over the thin cover overlying the consolidating fine refuse. An independent 
check calculation using the "Slope W" stability analysis program and normalized undrained 
strength parameters for the FCR developed in the submittal indicated a short-term post 
construction safety factor for the south dike of Phase 7 A of considerably less than one. 
Therefore, Phase 7 A, as currently planned, will require design revisions before MW GED can 
recommend approval. 

Subsidence Impacts - Phase 3 Impoundment 

The largest part of the most recent submittal consisted of various analyses and new test data 
submitted as justification for the proposed longwall mining beneath the capped Phase 3 
impoundment, as requested in items 1 through 3 of the November I 0, 2008, memorandum. 
MW GED performed this review in conjunction with a literature review of soil behavior when 
subjected to tensile strains and a published case-study of longwall mining under an impoundment 
in West Virginia.< 1 l 

The Phase 3 impoundment is located so the dike bounding the FCR pool to the north is centered 
over the Panel's 2 and 3 gateroad development entries, the east and west dikes extend southward 
to approximately the center of the longwall panel, and the south dike runs along the center 
portion of the panel. The panel width (1,400 feet) with respect to depth is such that subsidence is 
supercritical, so the south dike will be subjected only to transient tensile, then compressive, 
strains in a longitudinal direction as the mine face advances east to west. The east and west dikes 
will be subjected to pennanent tensile strains near the northwest and northeast comers of the 
impoundment and the north dike will be subjected to significant strains only near the inside toe. 

Assuming the impoundment is capped and no longer impounding water at the time the longwall 
panel is advanced, the specific potential failure mechanisms that were examined for the Phase 3 
impoundment included: 

(1) Choi, D. S., et al, I 997, "A Case Study of Undermining Impoundment Embankment by the Longwall Mining Method," 
Proc. 36th US Rock Mechanics Symposium 
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1. Stability failure of the CCR embankment due to deformations and weakening from 
subsidence-induced shear strains and cracking. 

2. The potential for the development of large, persistent transverse cracks in the CCR 
embankment or foundation materials capable of releasing flowable FCR. The calculated 
horizontal strains induced by the subsidence, using revised CISPM model calculations 
calibrated to actual subsidence measurements at this mine, is about 30 microstrain 
(3 percent). 

3. Weakening and/or liquefaction of the FCR due to subsidence strain-induced pore pressures in 
conjunction with transverse cracking, possibly resulting'in flow into, and/or erosion of, 
cracks in the CCR. 

CCR Embankment Stability Under Subsidence Condition 

In order to evaluate the possibility of the first of these mechanisms, a separate analysis performed 
by GA! Consultants for Alliance applied data from existing triaxial test data of the coarse refuse 
(CU with pore pressures) to the formula developed for the double-punch shear test developed by 
Fang and Chen<2J to determine a tensile strength for the CCR. The consolidation stresses for each 
test point were then corrected for equivalent effective vertical stress (o"v) and used to develop a 
"normalized tensile strength" ratio (cr,/ cr'v) of0.15 for the CCR. Using this ratio, an average 
tensile strength of C=475 psf and cp=0 degrees was used in a slope stability analysis to obtain a 
worst-case stability safety factor for the subsidence disturbed embankment of 1.10. We do not 
believe the derivation of this strength is technically correct. However, the strength parameter 
derived appears to be very conservative for coarse coal refuse in even the loosest condition. An 
independent analysis showed a factor of safety of 1.3 was achieved with cp=l 9 degrees, which is 
lower than CCR in its loosest condition based on the typical angle of repose of this material. 
Therefore, slope failure of the CCR embankment from subsidence-induced shear is very unlikely. 

CCR and Foundation Crack.in!! Susceotibilitv Under Subsidence 

The second failure mechanism that was evaluated was the potential for large persistent cracks 
through the CCR embankment which, in conjunction with the third mechanism, could result in a 
breach and release of flowable FCR. The submitted data showed the CCR produced at the plant 
is a well graded gravel material (USCS classification GW) with very little fines (2.0 to 2.5 
percent passing the No. 200 sieve). The gradation of oven-dried, compacted Proctor test 
specimens prepared by Alliance was somewhat higher, with an average of 30 percent passing the 
No. 200 sieve and was classified under the USCS system as "SC," a clayey sand. However, the 
lab sample preparation and oven drying likely produced a material with more fines than in the 
constructed embankment. 

(2) Fang, H. Y. and Chen, Wai-Fai, "Detennination of Tensile Strength of Soil by Unconfined Penetration Test," 
ASTM STP-740, R.N Young Ed., 1981 
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The gradation of the CCR and the foundation soil was compared to published correlations of 

deformation cracking and piping potential. The CCR as delivered to the impoundment prior to 

compaction is a cohesionless material and is not subject to cracking. The laboratory compacted 

and oven-dried CCR material was evaluated as having a medium deformation and cracking 

potential. However, this material is not likely to be representative of the material in the 

embankment which will have less fines; therefore, the overall deformation cracking susceptibility 

of the CCR was evaluated to be low. 

The foundation soils are moderately plastic clays (USCS classification CL with a plasticity index 

of24). These materials were evaluated as having low cracking potential because such materials 

in a saturated condition are subject to deformation rather than cracking under the expected 

strains. Mr. Harold Owens reported, in a phone conversation on June 4, 2009, that aside from a 

I-inch-wide crack in desiccated materials, no obvious cracking was observed in the clayey native 

soils over the previously advanced Longwall Panel No. 1 in the future Phase 5 area. 

Considerable cracking was observed in a more brittle asphalt and chip pavement that crossed the 

edge of the panel. Due to the possibility oflocalized higher than predicted tensile deformations 

at any surface point over longwall panel edges, the development of significant cracks in the 

foundation and embankments is low but cannot be excluded. 

A similar evaluation was performed for the piping resistance of the foundation and CCR 

materials. Piping resistance was evaluated as "high" for the foundation clay and plant-run CCR 

materials, and medium for the laboratory compacted materials. While not addressed in the 

submittal, we believe that if the impoundment is capped and not impounding water, there will be 

insufficient seepage water to erosively propagate any piping even if persistent cracks develop in 

the embankment. Therefore, for a capped impoundment, cracking and subsequent internal 

erosion via seepage piping is an unlikely possible failure mode. 

Subsidence Induced FCR Flow Through Cracks 

The third potential subsidence induced failure mechanism examined was the possibility of 

flowage of fluid FCR through large transverse cracks in the embankment or foundation. As 

described above, such cracks are unlikely, but cannot be precluded. However, if the FCR is not 

in a sufficiently flowable state, the cracking will be inconsequential, and this mode of failure can 

be precluded. 

The most recent submittal provided ihe results of laboratory testing and an analysis of the 

potential for triggering strength loss (liquefaction) for the FCR under cyclic stresses from either 

earthquakes or the advancing subsidence across the impoundment. The FCR produced at the 

Mach Mine preparation plant was bulk-sampled and characterized as a fine grained plastic 

material with 93 percent passing the No. 200 sieve and more than 99 percent passing the No. 40 

sieve. The liquid limit was 36 and the plasticity index was 17 and the material was classified 

under the USCS classification system as "CL." 
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The submittal included calculations from two triaxial tests performed on remolded FCR 

specimens prepared from bucket samples of the slurry produced by the preparation plant. These 

calculations showed a post-seismic strength ratio (Su.I a'v) of0.24, which is only slightly less 

than the peak (Sul a'v) value of0.27. If fully consolidated, these materials are not flowable under 

any anticipated seismic or mine subsidence conditions. However, the fine grained FCR at this 

facility is likely to dissipate excess pore pressure and consolidate under self-weight very slowly, 

so the undrained strength of the FCR at the time of mining is likely to be the most critical 

condition, with a very weak upper FCR layer being potentially flowable through cracks extending 

through the embankment. The submittal did not include specific calculations addressing this 

scenario; however, a CCR cap with a minimum thickness of 5 feet is specified to be placed over 

the impoundment prior to mining. It is expected, based on MWGED's previous observations and 

independent calculations, that when CCR is pushed-out over the FCR, the upper materials with 

undrained strength (Su) less than at least J 5 0 pounds per square foot will be displaced during the 

pushout process and therefore are unlikely to be present beneath the pushout. The FCR and/or 

mixed FCR and CCR material that has reached an Su of at least 150 psf is not flowable through a 

cracked embankment except in conjunction with erosive water flow, which will be precluded by 

the CCR cover. Therefore, provided that the Phase 3 impoundment is capped as shown in the 

submitted design, a failure by FCR flowage through cracks in the CCR embankment is also 

unlikely. 

CONCLUSIONS AND RECOMMENDATIONS 

MWGED noted some deficiencies in the submitted responses to our request for information; 

however, check calculations show the results of the analyses are conservative and the 

construction of this facility through Phase 6 is technically satisfactory. However, the submittal 

did not substantiate the stability of the Phase 7A south embankment which will be constructed 

over Phase 3A fine refuse, and an independent analysis performed in this office found that the 

design as currently planned will not be stable under static or seismic conditions. Therefore, 

approval is recommended through Phase 6 only. Additional information and design revisions as 

needed to substantiate the static and seismic stability of Phase7 A will be needed before approval 

ofthis stage can be recommended. 

Our recommendation for approval assumes the facility is constructed strictly in accordance with 

the submitted plan. In particular, the Phase 3 impoundment must be capped with a stable CCR 

cover and incapable of impounding water before longwall mining approaches the impoundment. 

Also, per the submitted Specification 6.03 for enhanced monitoring, the operability of all the 

specified instrumentation and preparations for the contingency buttress shall be verified by the 

operator's engineer before the longwall mining face is within 100 feet of any part of the Phase 3 

capped impoundment. 

The CCR embankments at this facility will be constructed in 500- to 600-foot-long longitudinal 

segments in order to take advantage of belt delivery of the CCR to the placement location. In 

order to assure the segments are adequately compacted and keyed into the adjoining segments, a 

specific placement plan was developed and is included in Appendix E of Volume 1 of the 
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submitted plan. This placement plan, particularly the use of the specified equipment, maximum 

push distances, and excavation of keys into the adjoining segment should be strictly followed. 

The design report narratives and test data should also be considered part of the approved plan. If 

dam or foundation materials or conditions are discovered that are different than those described 

in the submitted reports, the plan should be modified as needed to address the changed conditions 

and submitted to MSHA for approval. In particular, the safety of this facility is contingent on the 

adherence to the specific mining schedule shown in Drawing B05-330-M36 -Mining/Impound

ment Construction Timing Map, revised July I 0, 2009. 

Approved Plan Documents 

Care should be taken to assure the most recent revisions to the drawings and specifications are 

incorporated into the revised plan documents. The approved plan consists of all the documents 

listed in the section of this report titled "Second Revised Design Submittal" with the exception of 

drawing B05-330-M33 - Phase 7 - Plan View and any other Phase 7 details shown on other 

drawings. 

~rt Prepared by: 

( ))JC) ,C)g_,_ 
Paul J. Donahue, P.E. 
Civil Engineer 

Report Approved by: 

(2kn~/4 
Darren J rfl'~ ,P.E. 
Supervisory Civil Engineer 
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IMPOUNDMENT DATA SHEET 

Completer! by: PJD Date 27 October 2009 
All Information Pertains to Construction North lmpoundment (Stage 5) 

--- lmpoundment Name Mach Mine Coal Refuse lmpoundment 
( Site ID No. 1211-IL08-03141--02 

Hazard Potential Classification l8J High D Significant 

CONFIGURATION 
Maximum Crest Elevation 500.00 feet 
Minimum Crest Width 30 feet 

□ Low 

Minimum Required Freeboard from Max. Normal Pool to Crest is 8.0 feet 

Decant Pipe Material Type SDR 26 HOPE 
Inside Diameter 16.6 inches 

Inlet Elevation 480.0 feet 

Open Channel (Emergency) Spillway Invert Elevation NIA feet 
Bottom Width feet 

Lining Type 

Embankment Slopes 

Embankment Benches 

Groin Ditches 

COMPACTION 

Upstream 3.0H:1V 
Downstream 3.0H:1V 

Width 20.0 feet 
Vertical Interval 45.0 feet (One bench near toe) 

Lining Type NIA 

1 Test per 2000 CY or min. 1 per lift Compaction Test Frequency 
Moisture Content Range 
Compaction Density Standard 

INSTRUMENTATION 
Standpipe Piezometers 
Piezometer No. 
P-9 
P-10 
P-11 

minus 2.00 % to plus 3.00 % 
95.00 % Lift Thickness(es) 

Maximum Allowable Water 
Elevation (feet) 

437 
455 
473 

12.00 inches 

See Sheets E12, Section C-C for tip elevations. Piezometers relocated to North Dike, but all values are still applicable. 

CRITICAL CONSTRUCTION ITEMS 

CCR embankment fill will be placed in segments by belt delivery and dozer. The fill placement procedure described in 
Appendix E of the approved plan including drawing A-4 should be strictly followed. 
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IMPOUNDMENTDATASHEET 

Completer! by: PJ D Date 27 October 2009 

All Information Pertains to Construction North lmpoundment (Stage 5) 
lmpoundment Name Mach Mine Coal Refuse lmpoundment 

\ Site ID No. 1211-IL0B-03141-02 

' 
Hazard Potential Classification [:I High D Significant □ Low 

CONFIGURATION 
Maximum Crest Elevation 500.00 feet 
Minimum Crest Width 30 feet 
Minimum Required Freeboard from Max. Normal Pool to Crest is 8.0 feet 

Decant Pipe Material Type SOR 26 HOPE 
Inside D.iameter 16.6 inches 

Inlet Elevation 480.0 feet 

Open Channel (Emergency) Spillway Invert Elevation NIA feet 
Bottom Width feet 

Lining Type 

Embankment Slopes 

Embankment Benches 

Groin Ditches 

COMPACTION 
Compaction Test Frequency 
Moisture Content Range 
Compaction Density Standard 

Upstream 3.0H:1V 
Downstream 3.0H:1V 

Width 20.0 feet 
Vertical Interval 45.0 feet (One bench near toe) 

Lining Type NIA 

1 Test per 2000 CY or min. 1 per lift 
minus 2.00 % to plus 3.00 % 
95.00 % Lift Thickness(es) 12.00 inches 

INSTRUMENTATION 
Standpipe Piezometers 
Piezometer No. 

Maximum Allowable Water 
Elevation (feet) 

P-9 437 
P-10 455 
P-11 473 

See Sheets E12, Section C-C for tip elevations. Piezometers relocated to North Dike, but all values are still applicable. 

CRITICAL CONSTRUCTION ITEMS 

CCR embankment fill will be placed in segments by belt delivery and dozer. The fill placement procedure described in 

Appendix E of the approved plan including drawing A-4 should be strictly followed. 
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IMPOUNDMENT DATA SHEET 

Completed by: PJD Date 27 October 2009 
All Information Pertains to Construction Central lmpoundment (Stage 4/6) 
lmpoundment Name Mach Mine Coal Refuse lmpoundment 
Site ID No. 1211-IL0B-03141-02 

Hazard Potential Classification [8l High D Significant □ Low 

CONFIGURATION 
Maximum Crest Elevation 492.00 feet 
Minimum Crest Width 100 feet 
Minimum Required Freeboard from Pump Activation Elevation to Crest is 8.0 feet 

Decant Pipe Material Type None - pump with min capacity of 1902 gpm will be used 

Start Pumping at 481 .0 feet 

Open Channel (Emergency) Spillway 

Embankment Slopes 

Embankment Benches 

Groin Ditches 

COMPACTION 

Invert Elevation N/A feet 
Bottom Width feet 

Lining Type 

Upstream 3.0H:1V 
Downstream 3.0H:1V 

Width None feet 
Vertical Interval feet (One bench near toe) 

Lining Type N/A 

Compaction Test Frequency 1 Test per 2000 CY or min. 1 per lift 
Moisture Content Range minus 2.00 % to plus 3.00 % 
Compaction Density Standard 95.00 % Lift Thickness(es) 12.00 inches 

INSTRUMENTATION 
Standpipe Piezometers Maximum Allowable Water 
Piezometer No. Elevation (feet) 
P-12 445 
P-13 450 
P-15 451 
P-16 465 
See Sheets E12, Section D-D and E39 Section G-G for tip elevations. No FCR placement will be placed and impoundment 
will normally be dry. 

CRITICAL CONSTRUCTION ITEMS 

Stages 4/6 will be normally maintained in a dry condition. FCR placement will not start until Stage 7 raise is 50% complete. A 
pump will be provided for evacuation in event of a severe storm. See Appendix G, 

Stage 4 will be constructed then undermined by the advance of Longwall panel No. 2. A thorough post-subsidence inspection 
is required before constructing the Stage 6 on the outer slope of Stage 4. 
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IRPI DATA FROM IMPOUNDMENT PLANS 

Date 10/19/2009 Completed by: -'P'-'-"D"------------

(2) State _,_IL"'-------- (2) County Williamson 

(3) lmpoundment Name 

(4) lmpoundment ID No. 

Mach Mine South Impoundment (Phase 3) 

1211-IL08-0314 l-02 

(8) All Information Pertains to Construction Stage 

(9) Nearest Downstream CityfTown West Frankfort. IL (10) Distance to Nearest CityfTown (mi.) 6.,...5 __ _ 

(11) Latitude N 37.8389 (12) Longitude W 88.8222 
(Degrees+ (Minutes/BO}+ (Seconds/3600)) (Degrees + (Minutes/SO) + (Seconds/3600)) 

(15) Stream impoundment is located on or tributary to: .1.P_.,o,_,n.,.dc..,C_rue .. e,.,k~--------------

(16) Section/Rangeffownship East Half of S12 R3E T8S 3,ct PM 

(20) Company or consultant who prepared plan Alliance Consulting Inc. 

(35) Foundation Type (rock; rock and soil; soil; unknown) Clay/Silt Soil -12 to 20 ft thick over Shale 

(37) Core Type (earth, plastic, etc.) .._N,_,o.,n,,e~----------------------

(38) Core Position (j,Jpstream, ]:!omogeneous, Qare) 

(40) Type of Construction (j,Jpstream, .Qownstream, Qenterline) 

(41) Dam Crest Length 5,450 ft. - Rectangular diked structure feet 

(42) Structure Height (from downstream toe) . ____ _:c5c:2:.._ _______ feet 

(43) Open Channel Spillway Type □controlled ~ Uncontrolled D None 

(44) Spillway Width at Maximum Discharge ____ _,.N.:;.i..'"'A,.._ ______ feet 

(45) Maximum Storage 812 (@ min freeboard) 

(46) Normal Storage 750 (@ riser elev 494.8) 

acre-feet 

acre-feet 

(47) Maximum Discharge -----=loe4,.s.8'--____________ cfs 

(49) Drainage Area 35.0 Acres square miles 

(50) Surface Area 30. 9 Acres acres 

(51) Decant Pipe Type --""S=D'-=R"--"'26~H~D"--P'-'E"'--------------------

(52) Decant Pipe Diameter (ID) ___ .1.l1!6.16ui"'n""c!.!h_,.(,,:P_,,ipJ.1:e=a!ln.,,d..1ROJio1.ss.erc,,) _____ inches 

(54) Mining Underneath or Adjacent: ~ Yes LJ No 

(55) Hazard Potential Classification ~ High D Significant D Low 
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IRPI DATA FROM IMPOUNDMENT PLANS 

Date 10/19/2009 Completed by: -=P='-----------

(2) State ----"I=L ______ _ (2) County Williamson 

(3) lmpoundment Name 

(4) lmpoundment ID No. 

Mach Mine South Impoundment (Phase 3) 

1211-IL08-03141-02 

(8) All Information Pertains to Construction Stage 

(9) Nearest Downstream CityfTown West Frankfort, IL (10) Distance to Nearest CityfTown (mi.) 6....,.5 __ _ 

(11) Latitude N 37.8389 (12) Longitude W 88.8222 
(Degrees + (Minutes/SO) + (Seconds/3600)) (Degrees + (Minutes/60) + (Seconds/3600)) 

(15) Stream impoundment is located on or tributary to: .1.P..1.0"-n.,.dt..:C......,re..se;;,k,.__ ______________ _ 

(16) Section/Rangerrownship East Half of S12 R3E T8S 3,ct PM 

(20) Company or consultant who prepared plan Alliance Consulting: Inc. 

(35) Foundation Type (rock; rock and soil; soil; unknown) Clay/Silt Soil -12 to 20 ft thick over Shale 

(37) Core Type (earth, plastic, etc.) ..,_N-"'o"'n'-"e"------------------------

(38) Core Position (!,!pstream, ]::!omogeneous, Qare) 

(40) Type of Construction (J,Jpstream, Qownstream, Qenterline) 

(41) Dam Crest Length 5.450 ft. - Rectangular diked structure feet 

( 42) Structure Height (from downstream toe) ___ ____,5c:.:2:.._ _______ feet 

(43) Open Channel Spillway Type □controlled ~ Uncontrolled D None 

(44) Spillway Width at Maximum Discharge ____ .,_N,_,__,A"'---_______ feet 

(45) Maximum Storage 812 /@ min freeboard) 

(46) Normal Storage 750 (@ riser elev 494.8) 

acre-feet 

acre-feet 

(47) Maximum Discharge ____ ......,1.:e4"-'.8"-____________ cfs 

(49) Drainage Area -'3"'5"-'"'-"0-"A-"c"'r"'e"'s __________ square miles 

(50) Surface Area 30. 9 Acres acres 

(51) Decant Pipe Type -"'S'-"D'-"R"--='26~H~Dc:..P.._E"'--------------------

(52) Decant Pipe Diameter (ID) ----"1"'6,,.6 ...... in.,,,ca1..bw(""P..,.ipµa.e-"a"'n"'d'-'R'-'1""· s""e..,r),.._ ____ inches 

(54) Mining Underneath or Adjacent: [8j Yes ONo 

(55) Hazard Potential Classification [:8J High D Significant D Low 



R16852

IRPI DATA FROM IMPOUNDMENT PLANS 

Date 10/26/2009 Completed by: --'P'-'-=D'------------

(2) State ----"IL~------- (2) County Williamson 

(3) lmpoundment Name 

(4) lmpoundment ID No. 

Mach Mine Center Impoundment First Crest Elev. (Phase 4/ 6) 

121 l-IL0&-03141-02 

(8) All Information Pertains to Construction Stage 

(9) Nearest Downstream Cityffown West Frankfort. IL (10) Distance to Nearest Cityffown (mi.) li""""5 __ _ 

(11) Latitude N 37.8427 (12) Longitude W88.8212 
(Degrees+ (Minutes/60) + (Seconds/3600)) (Degrees + (Minutes/60) + (Seconds/3600)) 

(15) Stream impoundment is located on or tributary to: .,._P,..,o...,n,.d...,C_r..,e..,,e .. k,__ ______________ _ 

(16) Section/RangefTownship East Half of S12 R3E T8S 3rd PM 

(20) Company or consultant who prepared plan Alliance Consulting: Inc. 

(35) Foundation Type (rock; rock and soil; soil; unknown) Clay /Silt Soil 15 to 20 ft thick over Shale 

(37) Core Type (earth, plastic, etc.) _.,N.,_,o"'n-"e~-----------------------

(38) Core Position (!Jpstream, jjomogeneous, .Qare) ~ ~ 
(40) Type of Construction (!Jpstream, _Qownstream, .Qenterline) ~ ~ Ph 6 placed as outer 

(41 ) Dam Crest Length _3_7_5_0_ft_._R_e_c_t_an_g_u_l_a_r_d_ik_e_d_s_tr_u_c_tu_re ______ feet Buttress of Ph. 4 

(42) Structure Height (from downstream toe) 47 feet ----=--------
( 43) Open Channel Spillway Type D Controlled D Uncontrolled ~ None 

(44) Spillway Width at Maximum Discharge N A feet ----=~~------
(45) Maximum Storage 1066 (@ 3 ft. freeboard) acre-feet 

(46) Normal Storage 805 @ storm evacuation pump elev 481 acre-feet 

(47) Maximum Discharge --------"N"'"-A'-"-____________ cfs 

(49) Drainage Area 46.6 Acres square miles 

(50) Surface Area 31.3 acres 

(51) Decant Pipe Type _....N""o"'n""e"-------------------------

(52) Decant Pipe Diameter (ID) N ne inches 
----'-'""-'-""------------

(54) Mining Underneath or Adjacent: [:sj Yes LJNo 

(55) Hazard Potential Classification ~ High D Significant D Low 
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IRPI DATA FROM IMPOUNDMENT PLANS 

Date 10/26/2009 Completed by: -'p'--'-='--------------

(2) State _,_I""L'------- (2) County Williamson 

(3) lmpoundment Name 

(4) lmpoundment ID No. 

Mach Mine Center Irnpoundrnent First Crest Elev. (Phase 4/6) 

1211-IL08-03141-02 

(8) All Information Pertains to Construction Stage 

(9) Nearest Downstream CityfTown West Frankfort. IL (10) Distance to Nearest CityfTown (mi.) "6""5'---

(11) Latitude N37.8427 (12) Longitude W 88.8212 
(Degrees + (Minutes/SD) + {Seconds/3600)) (Degrees+ (Minutes/60) + {Seconds/3600)) 

(15) Stream impoundment is located on or tributary to: ,.P_,.o ... n.,.d,_C'-'-'re..,e.,k,_ ______________ _ 

(16) Section/RangefTownship East Half of S12 R3E TBS 3,a PM 

(20) Company or consultant who prepared plan Alliance Consulting: Inc. 

(35) Foundation Type (rock;_rock and soil; soil; unknown) Clay /Silt Soil 15 to 20 ft thick over Shale 

(37) Core Type (earth, plastic, etc.) ,._N,_,o"'n"'e~-----------------------

(38) Core Position (Upstream, !::!omogeneous, .Qore) ~ ~ 
(40) Type of Construction (Upstream, .Qownstream, .Qenterline) ~ ~ Ph 6 placed as outer 

(41 ) Dam Crest Length _3_7_50_ft_. _R_e_ct_an__:.g_u_la_r_d_ik_ed_str_u_ctu_r_e _____ feet Buttress of Ph. 4 

(42\ Structure Height (from downstream toe) ____ 4"'7,__ _______ feet 

(43) Open Channel Spillway Type □controlled D Uncontrolled ~ None 

(44) Spillway Width at Maximum Discharge ----""NCL.=.A~ ______ feet 

(45) Maximum Storage 1066 /@ 3 ft. freeboard) 

(46) Normal Storage 805@ storm evacuation pump elev 481 

acre-feet 

acre-feet 

(47) Maximum Discharge ____ _,_N~AQ.... ____________ cfs 

(49) Drainage Aren 46.6 Acn~s square miles 

(50) Surface Area 31.3 acres 

(51) Decant Pipe Type _,._N.:,;os:ene..ee=-------------------------

(52) Decant Pipe Diameter (ID) N ne inches 

(54) Mining Underneath or Adjacent: ~ Yes LJNo 

(55) Hazard Potential Classification ~ High D Significant D Low 
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IRPI DATA FROM IMPOUNDMENT PLANS 

Date 10/19/2009 Completed by: -'P'--'-=D'------------

(2) State ~I=L ______ _ (2) County Williamson 

(3) lmpoundment Name 

(4) lmpoundment ID No. 

Mach Mine North Impoundment (Phase 5) 

I 211-IL08-03141-02 

(8) All lnfonmation Pertains to Construction Stage 

(9) Nearest Downstream City/Town West Frankfort. IL (10) Distance to Nearest City/Town (mi.) 6.....,.5 __ _ 

(11) Latitude N 37.8465 (12) Longitude W 88.8202 
{Degrees + (Minutes/60) + (Seconds/3600)) (Degrees+ (Minutes/BO)+ (Seconds/360D}) 

(15) Stream impoundment is located on or tributary to: .._P""o""n""d'-'C......,re.,e_.k,.__ _____________ _ 

(16) Section/Range/Township East Half of S12 R3E T8S 3 rd PM 

(20) Company or consultant who prepared plan Alliance Consulting Inc. 

(35) Foundation Type (rock; rock and soil; soil; unknown) Clay /Silt Soil - 20 to 25 ft thick over Shale 

(37) Core Type (earth, plastic, etc.) _,._N.,_,o..,n"'e~-----------------------

(38) Core Position (.l,!pstream, ]iomogeneous, Qare) 

(40) Type of Construction (.l,!pstream, Qownstream, Qenterline) 

(41) Dam Crest Length 5,260 ft. - Rectangular diked structure feet 

(42) Structure Height (from downstream toe) ____ ..e5c,1 ________ feet 

(43) Open Channel Spillway Type D Controlled ~ Uncontrolled D None 

(44) Spillway Width at Maximum Discharge ____ N,.,_,__,_A.._ ______ feet 

(45) Maximum Storage 1382 (@ 3 ft. freeboard, excl. incised portion) 

(46) Normal Storage 750 (@ riser elev 488 excl incised portion) 

acre-feet 

acre-feet 

(47) Maximum Discharge ------=1.,,6,.,.l~ ____________ cfs 

(49) Drainage Arf'il :'\R 4 Arrf's square miles 

(50) Surface Area 36.0 acres 

(51) Decant Pipe Type --"S'"'D"°R~2:,6~H~D"'P'--'E!e-__________________ _ 

(52) Decant Pipe Diameter (ID) ___ _..1.,.6a.s.6'--'i.,.n,,,,ca.Jhw(.,._P_,,ipl'-e,._,,a,.,nelaadwRcsl,e·s,.,e,_,r)c.-____ inches 

(54) Mining Underneath or Adjacent: ~ Yes LJNo 

(55) Hazard Potential Classification ~ High D Significant D Low . 
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IRPI DATA FROM IMPOUNDMENT PLANS 

Date 10/19/2009 Completed by: -'P'--'-=D"------------

(2) State __.I'-'L'-------- (2) County Williamson 

(3) lmpoundment Name 

(4) lmpoundment ID No. 

Mach Mine North Impoundment (Phase 5) 

1211-IL08-03141-02 

(8) All Information Pertains to Construction Stage 

(9) Nearest Downstream Cityffown West Frankfort. IL (10) Distance to Nearest Cityffown (mi.) 6-5 __ _ 

(11) Latitude N37.8465 (12) Longitude W88.8202 
{Degrees+ (Minutes/60) + (Seconds/3600)) (Degrees + (Minutes/60) + {Seconds/3600)) 

(15) Stream impoundment is located on or tributary to: ..._p.,_o"-nc.di..:Cs..,.,re,.,e .. k,_ ______________ _ 

(16} Section/Rangeffownship East Half of S12 R3E T8S 3rd PM 

(20) Company or consultant who prepared plan Alliance Consulting: Inc. 

(35) Foundation Type (rock; rock and soil; soil; unknown) Clezy /Silt Soil - 20 to 25 ft thick over Shale 

(37) Core Type (earth, plastic, etc.) .!.N:!!oe1n'.!le"------------------------

(38) Core Position (!Jpstream, l:!omogeneous, Qare) 

(40) Type of Construction (!Jpstream, .Qownstream, Qenterline) 

(41) Dam Crest Length 5,260 ft. - Rectangular diked structure feet 

(42) Structure Height (from downstream toe) 51 feet ----=~-------
(43) Open Channel Spillway Type □controlled ~ Uncontrolled D None 

(44) Spillway Width at Maximum Discharge ____ _.N.,_,_._A,_ ______ feet 

(45) Maximum Storage 1382 (@ 3 ft. freeboard, excl. incised portion) acre-feet 

(46) Normal Storage 750 (@ riser elev 488 excl incised portion) acre-feet 

(47) Maximum Discharge ____ ......,_l,c6,.,.l~ ____________ cfs 

(49) Drainage Area 38.4 Acres square miles 

(50) Surface Area 36.0 acres 

(51) Decant Pipe Type --=S"'D"'R"--=26~H="D='-P"-E"'---------------------

(52) Decant Pipe Diameter (ID) ___ _.1""6,.,.6L1,..·n,sCae.hs.c(,.P_.i"'r~e_,.as._ncsd'"R"""'is~e~r),__ ____ inches 

(54) Mining Underneath or Adjacent: ~ Yes Oi'Jo 

(55) Hazard Potential Classification ~ High D Significant D Low 



R16856
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IMPOUNDMENT DATA SHEET 

Completed by: PJD Date 27 October 2009 
All Information Pertains to Construction South lmpoundment (Stage 3) 
lmpoundment Name Mach Mine Coal Refuse lmpoundment 
Site ID No. 1211-IL0B-03141-02 

Hazard Potential Classification [8J High D Significant □ Low 

CONFIGURATION 
Maximum Crest Elevation 500.00 feet 
Minimum Crest Width 30 feet 
Minimum Required Freeboard from Max. Normal Pool to Crest is 5.20 feet 

Decant Pipe Material Type SDR 26 HDPE 
lnslde Diameter 16.6 inches 

Inlet Elevation 494.8 feet 

Open Channel (Emergency) Spillway Invert Elevation N/A feet 
Bottom Width feet 

Lining Type 

Embankment Slopes 

Embankment Benches 

Groin Ditches 

COMPACTION 

Upstream 2.6H:1V 
Downstream 3.0H:1V 

Width 20.0 feet 
Vertical Interval 40.0 feet 

Lining Type NIA 

1 Test per 2000 CY or min. 1 per lift Compaction Test Frequency 
Moisture Content Range 
Compaction Density Standard 

INSTRUMENTATION 
Standpipe Piezometers 
Piezometer No. 
P-6 
P-7 
P-8 

minus 2.00 % to plus 3.00 % 
95.00 % Lift Thickness(es) 12.00 inches 

Maximum Allowable Water 
Elevation (feet) 

Pneumatic Piezometers 
Piezometer No. 

463 PN-1 
475 PN-2 
487 PN-3 

PN-4 
See sheets E39 and E48 for Tip elevations. 

Inclinometers: 
Inclinometer No. Action Criteria 

Maximum Allowable 
Pressure (PSI)' 
10.0 
10.0 
6.5 
6.5 

!:1 
1-2 

1. Development of Breaks or other discontinuities in profile; or 
2, Continued steady movement more than1 week after mine face passes borehole location 
3. Accelerating movement later than 3 days after mine face passes borehole location 

Subsidence Profile Baselines "G" and 11H" are to be used to verify previous subsidence predictions and interpret other 
instrument data. No action criteria are applicable. 

"'Pneumatic Piezo readings are to be used to measure pore pressure changes associated with consolidation of the FCR and 
from mine subsidence related shear strains. 

CRITICAL CONSTRUCTION ITEMS 
The most critical event affecting this phase will be the Longwall Panel No. 3 mining beneath this impoundment expected to 
occur mid-July through August, 2010. The following measures must be strictly implemented. No mining within 100 feet of 
the projected footprint of the Phase 3 embankment should be permitted until the following measures are in place: 

1. The CCR cap over the sett!ed FCR must be in place, s!oped for drainage, and any capability to impound any water 
removed. This is a critical measure. 

2. All instrumentation shown on drawing M30 and E47 (Piezometers and inclinometers) and M36 (Subsidence Baselines) are 
in place and operable. Also see Specification 2.05 through 2.07 and Appendix F - Subsidence Monitoring Plan 

3. The procedures in Specification Section 6.03 - Enhanced Monitoring must be strictly followed. 
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IMPOUNDMENT DATA SHEET 

Completed by: PJ D Date 27 October 2009 

A/I Information Pertains to Construction South lmpoundment (Stage 3) 
lmpoundment Name Mach Mine Coal Refuse lmpoundment 

Site ID No. 1211-IL0B-03141-02 

Hazard Potential Classification [8J High D Significant □ Low 

CONFIGURATION 
Maximum Crest Elevation 500.00 feet 
Minimum Crest Width 30 feet 
Minimum Required Freeboard from Max. Normal Pool to Crest is 5.20 feet 

Decant Pipe Material Type SDR 26 HOPE 
Inside Diameter 16.6 inches 

Inlet Elevation 494.8 feet 

Open Channel (Emergency) Spillway Invert Elevation NIA feet 
Bottom Width feet 

Lining Type 

Embankment Slopes 

Embankment Benches 

Groin Ditches 

COMPACTION 
Compaction Test Frequency 
Moisture Content Range 
Compaction Density Standard 

Upstream 2.6H:1V 
Downstream 3.0H:1V 

Width 20.0 feet 
Vertical Interval 40.0 feet 

Lining Type NIA 

1 Test per 2000 CY or min. 1 per lift 
minus 2.00 % to plus 3.00 % 
95.00 % Lift Thickness(es) 12.00 inches 

INSTRUMENTATION 
Standpipe Piezometers 
Piezometer No. 

Maximum Allowable Water 
Elevation (feet) 

Pneumatic Piezometers 
Piezometer No. 

P-6 463 
P-7 475 
P-8 487 

See sheets E39 and E48 for Tip elevations. 

Inclinometers: 
!nclinometer No. Action Criteria 

PN-1 
PN-2 
PN-3 
PN-4 

1. Development of Breaks or other discontinuities in profile; or 

Maximum Allowable 
Pressure (PSI)' 
10.0 
10.0 
6.5 
6.5 

!:1 
1-2 2, Continued steady movement more than1 week after mine face passes borehole location 

3. Accelerating movement later than 3 days after mine face passes borehole location 

Subsidence Profile Baselines 11G" and 11 H'' are to be used to verify previous subsidence predictions and interpret other 

instrument data. No action criteria are applicable. 

• Pneumatic Piezo readings are to be used to measure pore pressure changes associated with consolidation of the FCR and 

from mine subsidence related shear strains. 

CRITICAL CONSTRUCTION ITEMS 
The most critical event affecting this phase will be the Longwall Panel No. 3 mining beneath this impoundment expected lo 

occur mid-July through August, 2010. The following measures must be strictly implemented. No mining within 100 feet of 

the projected footprint of the Phase 3 embankment should be permitted until the following measures are in place: 

1, The CCR cap ove; the sett!ed FCR must be in place, sloped for drainage, and any capability to impound any water 

removed. This is a critical measure. 

2. All instrumentation shown on drawing M30 and E47 (Piezometers and inclinometers) and M36 (Subsidence Baselines) are 

in place and operable. Also see Specification 2.05 through 2.07 and Appendix F- Subsidence Monitoring Plan 

3. The procedures in Specification Section 6.03 - Enhanced Monitoring must be strictly followed. 
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IMPOUNDMENT DATA SHEET 

Completed by: PJD Date 27 October 2009 
All Information Pertains to Construction Central lmpoundment (Stage 4/6) 
lmpoundment Name Mach Mine Coal Refuse lmpoundment 
Site ID No. 1211-IL0B-03141-02 

Hazard Potential Classification C8l 1-jigh D Significant □ Low 

CONFIGURATION 
Maximum Crest Elevation 492.00 feet 
Minimum Crest Width 100 feet 
Minimum Required Freeboard from Pump Activation Elevation to Crest is 8.0 feet 

Decant Pipe Material Type None - pump with min capacity of 1902 gpm will be used 

Start Pumping at 481.0 feet 

Open Channel (Emergency) Spillway Invert Elevation N/A feet 
Bottom Width feet 

Lining Type 

Embankment Slopes 

Embankment Benches 

Groin Ditches 

COMPACTION 

Upstream 3.0H:1V 
Downstream 3.0H:1V 

Width None feel 
Vertical Interval feet (One bench near toe) 

Lining Type NIA 

1 Test per 2000 CY or min. 1 per lift Compaction Test Frequency 
Moisture Content Range 
Compaction Density Standard 

INSTRUMENTATION 
Standpipe Piezometers 
Piezometer No. 
P-12 . 
P-13 
P-15 
P-16 

minus 2.00 % to plus 3.00 % 
95.00 % Lift Thickness(es) 

Maximum Allowable Water 
Elevation (feet) 

445 
450 
451 
465 

12.00 inches 

See Sheets E12, Section D-D and E39 Section G-G for tip elevations. No FCR placement will be placed and impoundment 
will normally be dry. 

CRITICAL CONSTRUCTION ITEMS 

Stages 4/6 will be normally maintained in a dry condition. FCR placement will not start until Stage 7 raise is 50% complete. A 
pump will be provided for evacuation in event of a severe storm. See Appendix G. 

Stage 4 will be constructed then undermined by the advance of Longwall panel No. 2. A thorough post-subsidence inspection 
is required before constructing the Stage 6 on the outer slope of Stage 4. 
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ADDITIONAL INFORMATION 
VOLUME 1 OF3 

COMMENTS 2, 4, 5, 6, 9, 10 AND 11 

COAL REFUSE DISPOSAL FACILITY NO. 2 
PHASE 3 THROUGH 7 

IMPOUNDMENT I.D. NO. 1211-IL0S-0341-02 
MSHA I.D. NO. 11-03141 

WILLIAMSON COUNTY, ILLINOIS 

Prepared for 

MACH MINING LLC 
WILLIA~1SON COUNTY, ILLINOIS 

ALLIANCE PROJECT NO. B0S-330-1413 
JULY2009 
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U.S. Department of Labor 

August 21, 2009 

Mr. Claudio E. Yon, P.E. 
Principal Engineer 
Alliance Consulting, Inc. 
124 Philpott Lane 

Mine Safety and Health Administration 
2300 WHlow Street 
Suite 200 
Vincennes, Indiana 47591-5416 

Raleigh County Airport Industrial Park 
Beaver, WV 25813-9502 

Dear Mr. Yon: 

Subject: 77.216(a) - Impoundment Construction Plan 
(Revised Iniormation) (08/18/09) 
Coal Refuse Disposal Facility No. 2 
Impoundment I.D. No. 1211-IL08-03141-02 
Mach #1 Mine (11-03141) 
Mach Mining, LLC 
Mru:ion, Williamson County, Illinois 

This will acknowledge receipt of the subject report, as required by the Federal 

Mine Safety and Health Act of 1977, Public Law 91-173, as amended by Public 

Law 95-164 or implementing regulations. Review by the District Manager is 

required, and action is being started to determine that this report provides the 

required information. 

Sincerely, 

Robert L. Phillips 
District Manager 
Coal Mine Safety and Health 
District 8 
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U.S. Department of Labor 

July 'L'/, :WOY 

Mr. Harold Owens 
Project Manager, P.E. 
Alliance Consulting, Inc. 
124 Philpott Lane 

Mine Safety and Health Administration 
2300 Willow Street 
Suite 200 
Vincennes, Indiana 47591-5416 

Raleigh County Airport Industrial Park 
Beaver, WV 25813-9502 

Dear Mr. Owens: 

Subject: 77.216(a) - Impoundment Construction Plan 
(Additional Information) (07 /15/09) 
Coal Refuse Facility No. 2 
ImpoundmentI.D. No. 1211-IL0S-03141-02 
Mach #1 Mine (11-03141) 
Mach Mining, LLC 
Marion, Williamson County, Illinois 

This will acknowledge receipt of the subject report, as required by the Federal Mine 

Safety and Health Act of 1977, Public Law 91-173, as amended by Public Law 95-164 

or implementing regulations. Review by the District Manager is required, and action 

is being started to determine that this report provides the required information. 

Sincerely, 

~ +-!llr4j, 
Robert L. Phillips 
District Manager 
Coal Mine Safety and Health 
District 8 
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AllianceLI 
Consulting, Inc. July 20, 2009 

Engineers · Constructors · Scientists 

Mr. Robert L. Phillips 
District Manager 
Mine Safety and Health Administration 
2300 Willow Street, Suite00 
Vincennes, IN 47591-5416 

Dear Mr. Phillips: 

Correction 
Additional Information 

Coal Refuse Disposal Facility No. 2 
Phases 3 Through 7 

Impoundment ID No. 1211-IL0S-03141-02 
Mach Mining LLC 

Mach# 1 Mine 
Mine ID No.11-03141 

Project No. B05-330-1413 

On behalf of our client, Mach Mining LLC, please substitute the enclosed transmittal letters 
dated July 15, 2009 and July 16, 2009 and the revised Engineering Design Plan Report Table of 
Contents for the same dated letters and table of contents we sent to you on July 17, 2009. The 
enclosures correct the previously submitted information by showing the correct number of report 
volumes to be three rather than two. 

Please accept our apologies in advance for any inconvenience caused by our oversight. 

If you have any questions, or require additional information, please contact us. 

Respectively submitted, 

ALLIANCE CONSULTING, INC. 

✓~er'/~ 
Harold L. Owens, P .E. 
Senior Project Manager 

~(PR' 
Principal En meer 
3 Enclosures 

File: MSJ-IA Response OJ.doc, hlo. rev.7/20/09 
xc: w/enclosure P. Donahue and J. Slapak 

124 Philpott Lane • Raleigh County Airport Industrial Park • Beaver, v.,rv 25813-9502 • TELE: (304) 255-0491 • FAX: (304) 255-4232 



R16863
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Alliance LI 
Consulting, Inc. 

Engineers · Constructors · Scientists 

Mr. Robert L. Phillips 
District Manager, District 8 

July 15, 2009 

MINE SAFETY AND HEALTH ADMINISTRATION 
2300 Willow Street, Suite 200 
Vincennes, IN 47591 

Dear Mr. Phillips: 

Transmittal 
Additional Information 

Coal Refuse Disposal Facility No. 2 
Phase 3 through 7 

Impoundment ID No. 121 l-IL08-03141-02 
Mach Mining LLC 

MineIDNo.11-03141 
Williamson County. Illinois 

Project No. B05-330-1413 

On behalf of our client, Mach Mining, LLC, please find enclosed two copies of the information 
referencing above. This information is transmitted in response to a memo dated Nov. 10, 2008 from 
Paul J. Donahue P.E. MSHA, Pittsburgh Safety and Health Administration Technology Center, Mine 
Waste and Geotechnical Engineering Division. 

The additional information is contained in three volumes. Volumes 1 of 3 was prepared by Alliance 
Consulting, Inc. and Dr. Syd Peng, and is a response to comments 2, 4, 5, 6, 9, 10and11. Volume 2 
of 3 was prepared by GAi Consultants, Inc. and is a response to comments 1, 3, 7 and 8. One copy of 
the additional information was sent directly to Stanley J. Michalek at the MSHA Pittsburgh Technical 
Support, Mine Waste and Geotechnical Engineering Division. 

If you have any questions, or require additional information, please contact us. 

124 Philpott Lane • Raleigh County Airport Industrial Park • Beaver, VlV 25813-9502 • TELE: (304) 255-0491 • FAX: (304) 255-4232 
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Mach Mining, LLC 
Page 2 

Sincerely, 

ALLIANCE CONSULTING, /NC. 

;{/~c(~ 
Harold Owens 
Projec anager, P.E. 

//~_/. ~---
1~,P. 

Senior Project 

HO/CEY:knm 
Enclosures 

File: 05330-61 

xc: w/enclosure Paul J, Donahue and Jim Slapak 
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AllianceO 
Consulting, Inc. 

Engineers · Constro..ctors · Scientists 

Mr. Robert L. Phillips 
District Manager 
Mine Safety and Health Administration 
2300 Willow Street, Suite00 
Vincennes, IN 47591-5416 

July 16, 2009 

Transmittal 
Volume I of 3, 

Project No. B05-330-1413 

Additional Information Comments 2, 4, 5. 6, 9 IO and 11; 
Volume 2 of 3, 

Dear Mr. Phillips: 

Additional Information Comments I, 3, 7 and 8 
And 

Volume 3 of 3, 
Additional Information -Drawings 

Coal Refuse Disposal Facility No. 2 
Phases 3 Through 7 

Impoundment ID No. 121 l-IL08-0314!-02 
Mach Mining LLC 

Mach# 1 Mine 
Mine ID No.11-03141 

On behalf of our client, Mach Mining LLC, this letter and the subject report have been prepared 
in response to MSHA's Pittsburgh Safety and Health Technology Center's 
November I 0, 2008 memorandum. The memorandum requested additional information 
concerning the plan for Phases 3 through 7 of Coal Refuse Disposal Facility No. 2. The 
impoundment plan has been modified to include the following information requested in the 
memorandum: 

Comments - Design Analysis 

I. Characterization of Fine Refuse 

Fine coal refhse samples vveie collected fron1 the Phase 2 impoundment and tested. 
The testing results are described in the report "Response to MSHA Comments I, 3, 7 
and 8, Pond Creek Mine No. I, Coal Refuse Facility No. 2, Phases 3 and 7, Impoundment 

124 Philpott Lane • Raleigh County Airport Industrial Park •· Beaver, WV 25813-9502 • TELE: (304) 255-0491 • FAX: (304) 255-4232 
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I.D. No. 1211-1108-03141-02, Williamson Energy LLC, Mach Mining Company, 
Williamson County, Illinois," Project C090403.0J, GAI Consultants, Inc., May 12, 2009. 
This report is Volume 2 of3 of this report. 

2. Impacts of Greater Than Predicted Subsidence Strains 

The subsidence prediction model previously submitted was recalibrated and revised 
based on the subsidence measurements made to date. Revised predicted subsidence, 
horizontal strain, and displacement profiles have been include in the report"Prediction of 
Ground Movement due to Longwall Mining During Different Phases oflmpoundment 
Construction, A Modified Report", Dr. Syd S. Peng and Thomas Du, May 2009. This 
report is included as Appendix H of Volume I of 3 of this report. 

The impacts of the subsidence-induced deformations and strains are addressed in Volume 
2 of 3 of this report. The predicted factor of safety against Phase 3 embankment cracking 
due to subsidence is 1.1 and significant embankment cracking is not anticipated due to 
the high peak strain characteristic of the coarse coal refuse. Additional monitoring and 
contingency measures to be implemented during Iongwall mining beneath Phase 3 are 
described in Item 3, below. 

3. Fine Refuse Behavior when Subjected to Subsidence 

It is intended that the fine coal refuse in Phase 3 will be dewatered and covered with 
coarse coal refuse before the Iongwall face passes under the phase. Fine coal refuse 
laboratory testing, properties, and flow slide susceptibility are presented in Volume 2 of 3 
of this report. Flow slide factors of safety of 2.2 and 1.3 in the downstream and upstream 
directions, respectively, were obtained. The additional instrumentation, additional 
embankment monitoring, and a contingency buttress/seal plan for the Phase 3 
embankment as recommended in GAI's report will be implemented. These 
provisions are included in Appendix A, "Guideline Technical Specifications", in 
Volume I of3 of this report. 

4. Longwall Mining Subsidence Monitoring - Baseline "A" 

As recommended, an additional subsidence baseline, "Subsidence Survey Panel No. I" 
was established and data was obtained on the progression of the dynamic subsidence 
profile. This data was used to calibrate the revised dynamic subsidence prediction model 
refe11e<l lo i11 lle111 2, auove. The <lala was µ1eviously suumille<l lo MSHA an<l is shown 
on Drawing No. B05-330-M44. 

5. Longwall Mining Subsidence Monitoring - Baselines "E" through "I" 

Appendix F in Volume 1 of 3 of this report has been revised to reflect the recommended 
rlj'.:1-ih it r"n f'rPnllP.Tir-"lr f'rn• 't"Oma; .... ;,.,g haso11n,,.,. ....... ~,,. .... + .... +e~ 'n ·he d'-ec..._;,.. __ .rm'n'11g ....... ,.,./ fil0fi.o. 0 .. 1,,,.g .,_,_..,'1.._...,,._....,J .1.v1. .1...,.1. .a .1..u..u.1 V '-'J.J. J.,_,.:J Vln.,utc:u U 11 L1 U LIUH Ul 1 11 J • 

Based on the results of the previously surveyed baselines, the baseline lengths and 
distances between the monitoring stations have been adjusted to target critical 
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information. Baseline measurement points will be 25 feet apart to meet the criteria of the 
overburden depth divided by 20. 

6. Longwall Mining Subsidence Monitoring - Phase 3 Monitoring 

As recommended, a baseline "H" will be located on the southern crest of the Phase 3 
impoundment. The locations of the subsidence monitoring baselines are shown on 
Drawing No. B05-330-M36 and the subsidence monitoring plan is in Appendix Fin 
Volume I of3 of this report. 

7. Stability of Phase 7 South Slope 

Stability analysis were performed for the Phase 7 south slope (Phase 7C) using zero 
strength for the fine coal refuse for the end-of -construction condition and total undrained 
strength for the long-term condition. Safety factors of I .6 and 1.8, respectively, were 
obtained. These stability analyses are contained in Volume 2 of3 of this report. 

8. Seismic Stability of Phase 7 South Slope 

A liquefaction susceptibility evaluation and a post-earthquake stability analysis were 
performed for the Phase 7 south slope (Phase 7C). The post-earthquake factor of safety 
was found to be 1.6. The analyses are contained in Volume 2 of 3 of this report. 

Comments - Plans and Specifications 

9. Specification Paragraph 2.08a- Decant Pipe Alignment 

The profile for the Phase 3 decant pipe has been put on Drawing No. B05-33-E13 and 
Specification 2.09.a has been revised to cite the correct drawing. 

10. Drawing No. B05-330-E24 

The tractive forces and the uniform section mat ditch lining anchorage requirements 
have been reevaluated for Ditches "D", "F", "I", "L", "M", and the Decant Ditches. The 
anchorage capacity for a 5/8-inch diameter bolt with embedment length of 4-foot into the 
embankment has been determined and the required anchor bolt spacing for the various 
ditches has been shown on Drawing B05-330-E24 The revised and additional 
computations are in Appendix B of Volume I of3 of this report. A tractive force 
analysis of the grouted riprap channel lining was also performed. 

I I . Coarse Coal Refuse Placement Guidelines 

Appendix E, "Coarse Coal Refuse Placement Guidelines," in Volume I of3 of this report 
has been revised to include provisions concerning lift thickness, end slopes, tri1111ning 
slopes, and keying new and old fills together. A typical drawing, B05-330-A4, showing 
refuse placement procedures, has been added to Appendix E. 
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( 
The report narrative, technical specifications, computations, appendices, and drawings have all 
been revised as needed. The accompanying report, Volume 1 of3 and Volume 3 of 3, 
supercedes the previously submitted design reports. 

If you have any questions, or require additional information, please contact us. 

Respectively submitted, 

ALLIANCE CONSULTING, INC. 

~~ 
Harold L. Owens, P.E. 

''~7~ t~Yon,Pr.~ 
Principal Enginee'f 

File: 05330-MSHA Response 
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AllianceO 
Consulting, Inc. 

Engineers · Constructors · Scientists 

Mr. Robe1i L. Phillips 
District Manager, District 8 

July 15, 2009 

MINE SAFETY AND HEALTH ADMINISTRATION 
2300 Willow Street, Suite 200 
Vincennes, IN 47591 

Dear Mr. Phillips: 

Transmittal 
Additional Information 

Coal Refuse Disposal Facility No. 2 
Phase 3 through 7 

Impoundment ID No. 121 l-IL08-03141-02 
Mach Mining LLC 

Mine ID No. 11-03141 
Williamson Countv. Illinois 

Project No. B05-330-1413 

On behalf of our client, Mach Mining, LLC, please find enclosed two copies of the information 
referencing above. This information is transmitted in response to a memo dated Nov. 10, 2008 from 
Paul J. Donahue P.E. 

The additional information is contained in two volumes. Volume I of II and was prepared by Alliance 
Consulting, Inc. and Dr. Syd Peng, and is a response to comments 2, 4, 5, 6, 9, 10 and 11. Volume II 
of II was prepared by GAi Consultants, Inc. and is a response to comments 1, 3, 7 and 8. One copy of 
the additional information was sent directly to Stanley J. Michalek at the MSHA Pittsburgh Technical 
Suppmi, Mine Waste and Geotechnical Engineering Division. 

If you have any questions. or require additional information, please contact us. 

124 Philpott Lane • Ral~igh Coumy Airpmt Industrial Park • Beaver, WV 25813-9502 • TELE: (304) 255-0491 • FAX: (304) 255-4232 
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Mr. Robert L. Phillips 
Mach Mining, LLC 
Page2 

Sincerely, 

ALL~E CONSULTING, ]NC. 

~r~ P~r,,z-P0,__ 
' aud10 E. Yon, P . 
Senior Project M nager 

HO/CEY:knm 
Enclosures 

File: 05330-61 

xc: w/enclosure Paul J, Donahue and Jim Slapak 
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AllianceO 
Consulting, Inc. 

Engineers · Constructors · Scientists 

Mr. Robert L. Phillips 
District Manager 
Mine Safety and Health Administration 
2300 Willow Street, SuiteO0 
Vincennes, IN 47591-5416 

July 16, 2009 

Project No. B0S-330-1413 

Transmittal 
Additional Information Comments 2. 4. 5. 6. 9 10 and 11 

Volume 1 of2 

Dear Mr. Phillips: 

and 
Additional Information Comments 1. 3. 7 and 8 

Volume 2 of2 
Coal Refuse Disposal Facility No. 2 

Phases 3 Through 7 
Impoundment ID No. 121 l-IL08-03141-0? 

Mach Mining LLC 
Mach# 1 Mine 

Mine ID No.11-03141 

On behalf of our client, Mach Mining LLC, this letter and the subject report have been prepared 
in response to MSRA.'s Pittsburgh Safety and Health Technology Center's 
November 10, 2008 memorandum. The memorandum requested additional information 
concerning the plan for Phases 3 through 7 of Coal Refuse Disposal Facility No. 2. The 
impoundment plan has been modified to include the following information requested in the 
memorandum: 

Comments - Design Analysis 

1. Characterization of Fine Refuse 

Fine coal refuse samples were collected from the Phase 2 impoundment and tested. 
The testing results are described in Lhe reporl "Response lo iviSHA Curnrnents 1, 3, 7 
and 8, Pond Creek Mine No. 1, Coal Refuse Facility No. 2, Phases 3 and 7, Impoundment 
I.D. No. 121 l-IL08-03141-02, Williamson Energy LLC, Mach Mining Company, 

124 Philpott Lane • Raleigh County Airport Industrial Park • Beaver, WV 25813-9502 • TELE: (304) 255-0491 • FAX: (304) 255-4232 
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Williamson County, Illinois," Project C090403.0I, GAI Consultants, Inc., May 12, 2009. 
This repmi is Volume 2 of 2 of this report. 

2. Impacts of Greater Than Predicted Subsidence Strains 

The subsidence prediction model previously submitted was recalibrated and revised 
based on the subsidence measurements made to date. Revised predicted subsidence, 
horizontal strain, and displacement profiles have been include in the report"Prediction of 
Ground Movement due to Longwall Mining During Different Phases of Impoundment 
Construction, A Modified Repmi", Dr. Syd S. Peng and Thomas Du, May 2009. This 
report is included as Appendix Hof Volume I of2 of this report. 

The impacts of the subsidence-induced deformations and strains are addressed in Volume 
2 of 2 of this report. The predicted factor of safety against Phase 3 embankment cracking 
due to subsidence is 1.1 and significant embankment cracking is not anticipated due to 
the high peak strain characteristic of the coarse coal refuse. Additional monitoring and 
contingency measures to be implemented during longwall mining beneath Phase 3 are 
described in Item 3, below. 

3. Fine Refuse Behavior when Subjected to Subsidence 

It is intended that the fine coal refuse in Phase 3 will be dewatered and covered with 
coarse coal refuse before the longwall face passes under the phase. Fine coal refuse 
laboratory testing, properties, and flow slide susceptibility are presented in Volume 2 of 2 
of this report. Flow slide factors of safety of2.2 and 1.3 in the downstream and upstream 
directions, respectively, were obtained. The additional instrumentation, additional 
embankment monitoring, and a contingency buttress/seal plan for the Phase 3 
embankment as recommended in GAI's repmi will be implemented. T11ese 
provisions are included in Appendix A, "Guideline Technical Specifications", in 
Volume 1 of 2 of this report. 

4. Longwall Mining Subsidence Monitoring - Baseline "A" 

As recommemkd, an additional snhsidenr,e baseline, "Subsidence Survey Panel No. 1" 
was established and data was obtained on the progression of the dynamic subsidence 
profile. This data was used to calibrate the revised dynamic subsidence prediction model 
referred to in Item 2, above. The data was previously submitted to MSHA and is shown 
on Drawing No. B05-330-M44. 

5. Longwali Mining Subsidence Monitoring - Baselines "E" through 'T' 

Appendix F in Volume I of 2 of this repmi has been revised to reflect the recommended 
daily monitoring frequency for remaining baselines orientated in the direction of mining. 
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Based on the results of the previously surveyed baselines, the baseline lengths and 
distances between the monitoring stations have been adjusted to target critical 
information. Baseline measurement points will be 25 feet apart to meet the criteria of the 
overburden depth divided by 20. 

6. Lom!wall Mining Subsidence Monitoring - Phase 3 Monitoring 

As recommended, a baseline "H" will be located on the southern crest of the Phase 3 
impoundment. The locations of the subsidence monitoring baselines are shown on 
Drawing No. B05-330-M36 and the subsidence monitoring plan is in Appendix F in 
Volume I of2 of this report. 

7. Stability of Phase 7 South Slope 

Stability analysis were perfonned for the Phase 7 south slope (Phase 7C) using zero 
strength for the fine coal refuse for the end-of-construction condition and total undrained 
sh·ength for the long-term condition. Safety factors of 1.6 and 1.8, respectively, were 
obtained. These stability analyses are contained in Volume 2 of 2 of this repmi. 

8. Seismic Stabilitv of Phase 7 South Slope 

A liquefaction susceptibility evaluation and a post-earthquake stability analysis were 
perfonned for the Phase 7 south slope (Phase 7C). The post-earthquake factor of safety 
was found to be 1.6. The analyses are contained in Volume 2 of 2 of this report. 

Comments - Plans and Specifications 

9. Specification Paragraph 2.08a- Decant Pipe Alignment 

The profile for the Phase 3 decant pipe has been put on Drawing No. B05-33-El3 and 
Specification 2.09.a has been revised to cite the correct drawing. 

IO. Drawing No. B05-330-E24 

The tractive forces and the uniform section mat ditch lining anchorage requirements 
have been reevaluated for Ditches "D", "F", "I", "L", "M", and the Decant Ditches. The 
anchorage capacity for a 5/8-inch diameter bolt with embedment length of 4-foot into the 
embankment has been determined and the required anchor bolt spacing for the various 
ditches has been shown on Drawing B05-330-E24 The revised and additional 
computations are in Appendix B of Volume 1 of2 of this repmi. A tractive force 
analysis of the grouted riprap channel lining was also performed. 

11. Coarse Coal Refuse Placement Guidelines 
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Appendix E, "Coarse Coal Refuse Placement Guidelines," in Volume 1 of2 of this report 
has been revised to include provisions concerning lift thickness, end slopes, trimming 
slopes, and keying new and old fills together. A typical drawing, B05-330-A4, showing 
refuse placement procedures, has been added to Appendix E. 

The report narrative, technical specifications, computations, appendices, and drawings have all 
been revised as needed. The accompanying report, Volume 1 of 1, supcrccdes the previously 
submitted design reports. 

If you have any questions, or require additional information, please contact us. 

Respectively submitted, 

ALLIMCE CONSULTING, INC. 

~r~~ 
Ihrold L. Owen:/4. 
Senior Project Manager 

/47.. 
~ ;:c;L_ 

Claudio E. Yon):E, -
Principal Engineer 

File: 05330-MSHA Response 
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U.S. Department of Labor Mine Safety and Health Administration 

Pittsburgh Safety & Health Technology Center 

P.O. Box 18233 
Pittsburgh, PA 15236 

.Mine Waste and Geotechnical Engineering Division 

Novemberl0,2008 

MEMORANDUM FOR ROBERT L. PHILLIPS 
District Manager, District 8 

THROUGH: 

FROM: 

SUBJECT: 

Coal Mine Safety and Health 

~ _5't'd;J/U'_,,-;:i"7~~ 

M. TERRY HO 
Chief, Pittsburgh Safety and Health Technology Center 

s(~J~ 
Chief, Mme Waste and Geotechnical Engineering Division 

c2,,,J~;i'.'. 
DARREJf BLANK 
Supervisory Civil Engineer, Mine Waste and Geotechnical 

~e;o~ 
~ill, J. DONAHUE 

Civil Engineer, Mine Waste and Geotechnical Engineering 

Division 

Request for Additional Information for Coal Refuse Disposal 

Facility No. 2, Phases 3 through 7, Impoundment I.D. No. 1211-

IL08-03141-02, Williamson Energy LLC, Mach Mining -

Company, Pond Creek Mine No. 1, Mine LD. No. 11-03141, 

Williamson County, Illinois 

As requested by your office, we have reviewed the revised design documents submitted 

by Williamson Energy LLC/Mach Mining, and prepared by Alliance Consulting, 

Incorporated. The submitted materials included the following: 

1. A report entitled "Response to Comments - February 11, 2008, LD. No. 1211-IL08-

03141-02 - Mach Mining, LLC - Mach No. 1 Mine I.D. No. 11-03141 - Vvilliamson 

County, Illinois - Coal Refuse Disposal Facility No. 2 Phases 3 through 7." 

Appendices to the report contained proposed construction guidance specifications, 

various design calculations; geotechnical test boring and laboratory test data; and 
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thirteen drawings depicting plans, profiles, and details of the proposed facility. This 

report is dated August 2008 and was hand delivered to our office on 

August 19, 2008, in conjunction with a meeting with Mach Mining and Alliance 

Consulting personnel to discuss the plan. 

2. A set of three drawings depicting longwall panel subsidence measurements at 

Baselines "A" through "D" at the subject mine. These drawings are dated 

August 29, 2008, and were received in our office on September 3, 2008. 

Description of Proposed Facility 

The revised Disposal Facility No. 2 will provide for the disposal of about 3 ½ years of 

coarse coal refuse (CCR) and 6 years of fine coal refuse (FCR) produced from the Pond 

Creek No. 1 Mine. This facility is to be constructed in five phases - Phase 3 through 

Phase 7. Phases 1 and 2 are part of Disposal Facility No. 1 which lies immediately to the 

south of Disposal Facility No. 2. 

The currently planned facility will consist of three, four-sided diked impoundments 

aligned in a north-south direction and sharing common embankments between them. 

The southernmost impoundment will be constructed during Phase 3 with fine refuse 

placement starting upon completion of the embankment to the design crest height. The 

central impoundment will be constructed during Phases 4, 6 and 7 with fine refuse 

placement starting during Phase 7 when the embankment will be about 50 percent of 

the total completed height. The northernmost impoundment will be constructed during 

Phase 5 and will be partly incised by excavating the bottom of the impoundment. Fine 

refuse placement in this impo,undment will begin when the embankn1ent is about 80 

percent complete. 

The impoundments will cover about 200 acres, and all the impounding coarse refuse 

embankments will be raised by dovvnstream or centerline construction methods. The 

upstream and downstream slopes will be of 3· horizontal to 1 vertical (3H:1 V) except for 

Phase 3 wJ,Jch ·will have 2.6H:1 V upstream slopes. Maximum slope heights will range 

from 49 feet for Phase 3 to 100 feet for Phase 7. All embankments vvith the exception of 

a portion of Phase 7 will be founded on 15 to 22 feet of medium to stiff clay deposits 

overlying shale bedrock. The south-faci.Hg slu_1Je uf lhe I'hase 7 en1bankmcnt will be 

founded on the impounded fine refuse of the adjoining Phase 3. 

The designer considered the impoundments to be of high-hazard potential classification 

for the purposes of hydrologic/hydraulic design. Following 1 year from the start of 

consh"l.lction., all phases will be able to accommodate a ramfall volume of hvo Plv.lF' s 

with purnpirlg capacity capable of drawing dovm one 72-hour P}✓...F i,7. 30 days. vVhen 

the final crest elevation is reached, an IS-inch-diameter HDPE SDR 26 decant spillway 

will be installed and be capable of drawing down 90 percent of one PMF in less than 10 
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days. The only exception is the Phase 3 impoundment. Because of an impoundment 

life of less than 1 year, this impoundment was designed to handle at least one half of a 

72 hour PMF but less than a full 72-hour PMF. 

The most significant consideration for these h--npoundments will be the concurrent 

mining of three longwall panels in the 6.5-foot-thick Herrin No. 6 coal seam beneath the 

impoundment footprints. There is 430 to 450 feet of overburden with at least 420 feet of 

this being rock between the embankment foundations or impoundment bottoms and 

the Herrin No. 6 seam. Also, the development entries for the longwali mining have a 

calculated minimum pillar safety factor of 2.3 as calculated by the program ALPS. 

Therefore, breakthrough or sinkhole potential is low, but surface subsidence will· 

considerably impact the facility. 

The construction is to be phased so that, with the exception of Phases 3 and 4, all refuse 

placements will take place after mining has been completed beneath the impoundment 

and subsidence is substantially complete. For Phase 3, FCR placement will be 

completed to an elevation 5 feet below the crest, about 9 months prior to longwall 

mining beneath the impoundment. A 5-foot-thick cover of coarse refuse, level with the 

crest, will be placed over the fine refuse in order to eliminate any impounded water 

before the mining advances beneath the impoundment. Phase 4 will consist of a 45-

foot-high non-impounding embankment placed prior to mining. After the mining and 

treatment of any subsidence related surface cracks, the 300-foot-wide Phase 6 

embankment will buttress the downstream slope of the Phase 4 embankment. The 

width of this embankment is expected to mitigate the effects of any subsidence-related 

cracking of the Phase 4 embankment. 

Based on our review of this submittal, t.'le items of additional information for the 

original design, outlined in our memorandum dated December 13, 2007, have been 

satisfactorily addressed. However, the new impoundrnent design includes extensive 

changes from the old design, and mine subsidence data became available after the 

design was finalized. This subsidence data indicates the potential for more severe 

subsidence impacts which will require some additional analysis to justify the safety of 

the impoundment design. 

The pla1u,etl HillLLllg Le:11e11lh lhc Phase 3 impoundment, a short time after filling an<l 

capping of this impoundment, is a critical issue. There is currently very little 

engineering experience in safely accommodating longwall mining under a coal refuse 

dam, and a conservative consideration of all possible potential failure modes and the 

implementation of mitigatory measures may be required. 
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The following items of additional information will be required to complete our review: 

COMMENTS - DESIGN ANALYSIS 

1. Characterization of Fine Refuse 

The submittal does not include any site-specific fine refuse strength test data. 

Laboratory and/ or in-situ testing of fine refuse should be performed and submitted 

as appropriate to address the additional analyses requested in items 3, 7 and 8 

below. 

2. Imnacts of Greater than Predicted Subsidence Strains 

The submitted subsidence data from Baselines "B" and "C" indicated up to 250 

percent greater subsidence-related angular deformations, and consequently, much 

higher surface strains than the predictions furnished by Syd Peng, Anil Ray, and 

Thomas Doe that were relied on for the design. An independent subsidence analysis 

done in this office, using the computer program SDPS, with parameters calibrated 

from the actual measured subsidence profiles, indicates maximum horizontal tensile 

strains of about 3.3 percent compared with about 1.0 percent in Peng' s analysis. 

The expected subsidence-related deformations and surface strains should be 

recalculated based on the actual survey measurements. The impacts of the higher 

deformations and strains on the embankments and related structures should be re

evaluated. If necessary, the proposed measures for subsidence monitoring and 

mitigation of the subsidence should be revised or new measures proposed. 

3. Fine Refuse Behavior when Subiected to Subsidence 

The mining of the westernmost 2,300 feet of Longwall Panel No 3 is scheduled to 

occur beneath the Phase 3 impoundment about 9 months after completion of fine 

refuse placement, and an unspecified time after a 5-foot coarse refuse cover is 

placed. The submitted subsidence measurements indicate that somewhat higher

than-predicted tensile strains will occur in conjunction with a transient lowering of 

the eastern embankment crest to the approximate fine refuse elevation as the mine 

face advances beneath the embankment. The degree that the fine refuse will 

consolidate, gain strength, or resist possible strength loss under subsidence-related 

disturbance is not known. The possibilities of fine refuse flowage through large 

cracks in the embankment, or failures resulting from hydrostatic pressures from 

flowable slurry or water in subsidence-induced embankment cracks have not been 
--- 1~.--....l' ,..._ ....... ~ ..... 1 .... ..4',.,,,4' 
d.llct.lJ.£..C:U U.l. c;;A,1.....lU.UCU., 
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Appropriate field and/ or lab test analyses and calculations should be furnished that 

exclude the failure mode described above. Mitigatory measures to preclude a 

cracking and fine refuse flowage failure mode should also be provided if needed. 

Such measures may include provisions to dewater or aq::elerate the consolidation of 

the fine refuse prior to subsidence, or measures to prevent continuous cracks 

through the embankment. 

Alternatively, any mining under Phase 3 may be limited to room-and-pillar mining 

using conservative pillar safety factors. 

4. Long:wall Mining Subsidence Monitoring - Baselines "A" 

The submitted subsidence survey readings at Baseline II A" were not performed as 

specified in the submitted subsidence monitoring plan. No readings were taken· 

until the mir.i'1g face had advar1ced well beyond the end of the line. Since the 

purpose of this survey baseline was to obtain data on the progression of the 

dynamic subsidence profile in the direction of the longwall mining, no useful data 

was obtained at this line. 

A new mid-panel survey baseline should be established as soon as possible and 

readings taken at sufficient frequency to obtain measurements of the subsidence 

profile in the direction of mining and its progression over time. The subsidence data 

should be submitted to this office for review. 

5. Long:wall Mining Subsidence Monitoring - Baselines "E" through "I" 

The subsidence monitoring plan (Appendix F) does not specify a frequency of 

readings for these baselines shown on Drawing B05-330-M36. A frequency of 

readings should be specified for each line. Because of the dynamic nature of 

settlement in the direction of mining more frequent readings, daily at a minimum, 

will be required along Baseline "F." 

6. Long:wall Mining Subsidence Monitoring -Phase 3 Monitoring 

The most critical phase of surface subsidence monitoring will be when mining of 

Panel No. 3 advances beneath the recently completed and capped Phase 3 

impoundment. In addition to Baseline "I," an additional baseline should be 

considered for the southern crest of this impoundment, or other suitable location 

that is aligned in the direction of mining. 
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7. Stabilitv of Phase 7 South Slope 

The Phase 7 embankment will be founded on the impounded FCR from Phase 3 and 

therefore is the most critical stability analysis case. However, no stability analysis 

was furnished for this slope. 

A stability analysis should be provided for a section through the Phase 7 and 

underlying Stage 3, using site-specific FCR strength parameters as requested in item 

No. 1 above. Because of the anticipated speed at which the Stage 7 embankment will 

be raised, analyses should be run for both the short-term end-of-construction and 

long-term steady-state conditions. Note that for loading of the consolidating, 

saturated FCR, appropriate undrained (phi=O) strength parameters should be used. 

8. Seismic Stability of Phase 7 South Slope 

The fine refuse-on which Phase 7 will be founded may be subject to triggering 

strength loss (liquefaction) under earthquake shaking. 

An evaluation of the susceptibility of the fine refuse to strength loss under 

appropriate earthquake shaking should be performed, and if required, the post 

seismic stability evaluated using estimated reduced post-seismic strengths. 

Alternatively, stability analyses can be performed using conservatively estimated 

post-earthquake strengths for the fine and coarse refuse. If a factor of safety of 1.20 

or greater can be obtained with this conservative analysis, then additional 

liquefaction analyses will not be needed. 

COMMENTS - PLANS AND SPECIFICATIONS 

9. Specification Paragraph 2.08a - Decant Pipe Align,.'Tient 

This paragraph references Drawing BOS-330-E-14 and BOS-330-E-32 for decant pipe 

profiles. However, drawing E-13, not E-14, contains the profiles for the Phase 5 and 

Phase 7 decants. Drawing E-32 does not exist ir1 the submittal, and no profile or 

other elevation information was provided for the Phase 3 decant in any of the 

drawings. 

A detail showing the intended Phase 3 decant profile with riser, inlet and outlet 

elevations should be added to the design drawings. 

10. Drawing No. B05-330-E24 - Detail No. 5 

This detail shows 5/8-inch-diameter roof bolts extending 4 feet into the 

embankment soil for anchorage of the Armorform uniform section grouted mats 

which will be used to line the decant outlet ditches running down the embankment 
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slopes. However, the design calculations show that a satisfactory factor of safety 

against sliding relies on the full allowable shear strength of the roof bolts. This is 

not possible if the bars are embedded into only 4 feet of soil. 

Appropriate concrete deadman blocks or other provisions should be added to the 

design to provide satisfactory anchorage for the proposed roof bolts. 

11. Coarse Coal Refuse Placement Guidelines 

These guidelLr1es specify the proposed CCR placement procedures using conveyors 

and dozers. The guidelines specify the use of two D-9 dozers and a D-10 dozer 

equipped with reclamation universal blades and maximum average push distances 

of 500 to 600 feet. Consequently, the operator's proposed construction rnet.hod ,,vill 

be to construct the CCR dike embankments to their design crest elevation in 500 to 

600 feet long segments by pushing refuse from a conveyor stacker at the end of the 

previously completed segment. Supporting calculations are included with the 

guidelines. 

While the calculations appear to show this placement approach may be satisfactory 

with regard to the material handling capacity of the dozers, other potential problems 

must be addressed if such a placement method is used. The proposed dozer 

placement procedure must address a number of potential issues that include the 

following: 

a. Inadequate compaction or excessive lift thickness at the conveyor end of a new 

embankment segment, or at the far end of the dozer pushes; 

b. Preventing loose, over steepened and effectively end-dumped slopes at the end 

and sides of each dozed-out embankment segment; 

c. Assuring that adequately compacted CCR extends to the !Lrnits of the design 

embankment template; 

d. Assurmg each embankment segment is suitably tied-in, by benching or other 

means, to assure loose or permeable zones are not present between segments. 

Suitable drawmgs, cross sections and written specifications should be provided that 

address these issues and show the specific conveyor/ dozer placement procedure 

that is proposed. 

Satisfaclory sub.ut.ission of the requested information ,vill be required before we can 

recommend technical approval of this impoundment design from Phase 3 through 

Phase 7. However, item Nos. 7 and 8 are only applicable to Phase 7. Therefore, to 
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facilitate approval of the earlier phases, Mach Mining may first address all issues except 

for item Nos. 7 and 8 in an initial submittal with item Nos. 7 and 8 addressed in a later 

submittal. 

If there are any questions concerning this review, please contact this office. 

cc: S. Gigliotti- Chief, Safety Div., CMS&H 

M. Skiles - Director, TS 
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Alliance LI 
Consulting, Inc. 

Engineers · Constructors · Scientists 

Mr. Robert L. Phillips 
District Manager 

November 9, 2009 

MINE SAFETY AND HEALTH ADMINISTRATION 
Coal Mine Safety and Health, District 8 
2300 Willow Street, Suite 200 
Vincennes, fN 47591-5416 

Dear Mr. Phillips: 

Transmittal 
Response to Verbal Comments 

Phase V Enlargement 
Impoundment ID No. 121 I-IL0S-03141-02 

Mach Mining LLC 
Mach# I Mine. Mine ID No.I 1-03141 

Project No. B0S-330-1413 

On behalf of our client, Mach Mining LLC, please find enclosed two copies of response to verbal 
comments from Mr. Paul Donahue to Mr. Harold Owen concerning enlargement of Phase 5. The 
northern embankment of Phase 5 was moved approximately 3 00 feet north. This move was made as a 
result of the purchase of a piece of property. Enclosed is a set ofrevised drawings and calculations 
showing the enlarged Phase 5 cell. 

One copy of the info1111ation has been sent directly to Mr. Donahue at Pittsburgh, Tech Support. 

If you have any questions, or require additional information, please contact us. 

Sincerely, 

ALLIANCE CONSUL~TING, [NC. . _ 

£·- 7) ' -
"ZJt-'/4"] '-/., · v"' ~ [l' , D 
Brian W. Matherly 
Assistant oject Engineer 

~.E.r-~ 
Principal Engineer / -

BWM/CEY:wmb 
Enclosures 

File: 05330-67 

cc: Paul Donahue (w/enclosures) 
J. Slapak (w/enclosures) 

124 Philpott Lane • Raleigh Counly Airport Industrial Park • Beaver, WV 25813-9502 • TELE: (304) 255-0491 • FAX: (304) 255-4232 
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Alliance LI 
Consulting, Inc. 

Engineers · Constructors · Scientists 
November I 0, 2009 

Mr. Paul J. Donahue 
PITTSBURGH SAFETY AND HEALTH TECHNOLOGY CENTER 
Cochrans Mill Road, Building 38 
Pittsburgh, PA 15236 

Dear Mr. Donahue: 

Transmittal 
Response to Verbal Comments 

Phase V Enlargement 
Impoundment ID No. 1211-JL08-03141-02 

Mach Mining LLC 
Mach# 1 Mine. Mine ID No.11-03141 

Project No. B05-330-1413 

On behalf of our client, Mach Mining LLC, please find enclosed one copy of response to verbal 
comments to Mr. Harold Owen concerning enlargement of Phase 5. The northern embankment of Phase 
5 was moved approximately 300 feet north. This move was made as a result of the purchase of a piece of 
property. Enclosed is a set of revised drawings and calculations showing the enlarged Phase 5 cell. 

Two copies of the information has been sent directly to Mr. Robert L. Phillips at the Mine Safety and 
Health Administration in Vincennes, IN. 

If you have any questions, or require additional information, please contact us. 

Sincerely, 

ALLIANCE CONSULTING, [NC. 

/' -- J.__,~~ll 
e'~i:dv; t~ -/ ~

1 Brian W. Matherly 
Assistant oject Engineer 

audio E. Yon 
Principal Engin r ~ 
BWM/CEY:knm 
Enclosures 

File: 05330-68 

cc: Robe1t L. Phillips (w/enclosures) 
J. Slapak (w/enclosures) 

124 Philpott Lane • Raleigh County Airport Industrial Park • Beaver, WV 25813-9502 • TELE: (304) 255-0491 • FAX: (304) 255-4232 
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Williamson Energy, LLC 
PO Box 99 
Johnston City, IL 629 51 
Office: 618-983-3020 Fax: 618-983-3017 

Mr. Robert L. Phillips 
District Manager 

August 8, 2008 

MINE SAFETY AND HEAL TH ADMINISTRATION 
2300 Willow Street, Suite 200 
Vincennes, IN 47591 

Re: Pond Creek Mine No. 1, MSHA ID No. 1211IL0803141-01 

Dear Mr. Phillips: 

This letter authorizes Alliance Consulting, Inc. (Alliance) to perform work on MSHA Id No. 

1211IL0803141-01 and make corrections as necessary. Please send copies of any comments to 

Alliance as well as Williams Energy, LLC. 

Thank you for your cooperation. 

Sincerely, 

WfLL!AMSON ENER~X LLC 

/ l ; // I 1 i ,__./[v '/ __ ,,.. 
: • ,,.,_ <'\ ~ ! . , ' ,,.. 
' /,/4/VJ-v , ;,,- /J ,; I. I , ~./r ~Vy,., /,J v / 1 './'-' V ~,.- .~_,v,, V,/ 

f/ ,,11 

James Plumley - Authorized Person ,,, 
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AllianceO 
Consulting, Inc. 

Engineers · Constructors · Scientists 

Mr. Robert L. Phillips 
District Manager 

August 6, 2008 

J\1INE SAFETY AND HE.ALTH ADMINISTR4..TION 
2300 Willow Street, Suite 200 
Vincennes, IN 47591 

Dear Mr. Phillips: 

Transmittal 
Williamson Energy 

Pond Creek Mine No. ! 
MSHA ID No. 1211IL0803141-01 

Williamson Countv. Illinois 

Project No. BOS-330-1413 

On behalf of our client, Willian1son Energy, LLC, please find enclosed two copies of the above
referenced application for your review. A preliminary review of this plan was conducted with Messers 
Mark Eslinger and Douglas Stradner of your office. 

c~ .ie copy of this application will be provided to MSHA, Pittsburgh Safety And Technology Center, P. ·o. Box I 8233, Pittsburgh, PA 15236 at a meeting to be held to review the final plan 

If you have any questions, please contact us. 

I:,espectfully submitted, 

ALLIANCE CONSULTING, INC. 

,,4d✓~.-
~ 

Harold R. Owens, P. E. 

~=~Eo~ 
( ~- Yon_,,Y.E. 

Senior Project"K1anager 

HRO/CEY:wmb 
Enclosures 

lames Plumley, Mach Mining 

FILE: 05330-49 
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( 
AllianceO 

Consulting, Inc. 
Engineers · Constructors · Scientists 

August 5, 2008 

Mr. Robert L. Phillips, District Manager 
MINE SAFETY AND HEALTH ADMINISTRATION 
2300 Willow Street, Suite 200 
Vincennes, IN 47591-5416 

Dear Mr. Phillips: 

Transmittal 
Additional Information 

Coal Refuse Disposal Facility No. 2 
Phases 3 Throuf!h 7 

Inmoundmen! I. D. No. 1211-IL08-03141-02 
\Villiamson Enernv. LLC 
Pond Creek Mine No. 1 
Mine I. D. No. I 1-03141 

Williamson Countv. Illinois 

Project No. B07-03 8-1413 

On behalf of our client, V/illiamson Energy, LLC, this letter has been prepared in response lo 
your request for additional information dated February 11, 2008. 

As described in !he memorandum attached lo your letter on Page 3, the plan has been modified 
slightly since the original submittal. The sequence of construction will be from South to Center 
Cells to North Cell rather than South Cell to North Cell to Center Cells. The North and Center 
Cell configuration have changed but the overall concept remains !he same. It should be noted 
that the two most southerly cells, Phase 2 and 3 will have been constructed, filled with fine coal 
refuse and abandoned prior to mining beneath the abandoned structures. The northern most cell 
will not be constructed until the longwall mining is completed and subsidence has occurred. 
Drawing No. B05-330-M36 entitled "Mining/Impoundment Construction" has been included 
which depicts !he individual phases of construction sequentially and the timing of the mining. 
The following infom1ation has been included in response to your letter. 

1. Lonf!wall Mininf! Subsidence Analysis and Mitif!ation 

a) Predicted subsidence, horizontal strain and displacement profiles have been included in a 
report en!i!led "Prediction of Ground Movement Parameters due to Longwall Mining 
During different Phases oflmpoundments'' by Dr. Syd Peng and are included in 
Appendix H of this response. 
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Mr. Robert L. Phillips 

MINE SAFETY AND HEALTH ADMINISTRATION 
Page 2 
August 5, 2008 

b) Measures for mitigation of the effects of mining subsidence on the dam embankment and 
foundation are included in Section 3.i. 

Mining subsidence impact and mitigation measures for the various phases is described as 
follows: 

Phase 3 -This impounding embankment of Phase 3 will be completed and slurry 
pumping into the impoundment will be completed before mining beneath the phase 
occurs. The Phase 3 impoundment will be capped before undermining occurs. Based on 
subsidence predictions, the internal drainage system for the embankment has been 
redesigned to continue to function post-subsidence. Any disruption of surface drainage 
features due to subsidence will be repaired. 

Phase 4 - Phase 4 is an intermediate phase in preparation for the construction of Phases 
5, 6, and 7. No slurry will be pumped into Phase 4 and no internal drainage features are 
included in this phase. Undennining of Phase 4 will occur shortly after its construction. 
The embankment and pool area of this phase will be examined for subsidence cracks and 
repairs will be made as needed. It is anticipated that when slurry pun1ping begins in 
Phase 7 any undetected subsidence cracks in the Phase 4 embankment and foundation 
will be sealed by the slurry. This Phase will be buttressed to the south by Phase 3, which 
will be already completed and full of slurry; by Phase 6 to the east and west, which will 
be built post-subsidence; and by Phase 5 to the north, which will be also built post
subsidence. 

Phase 5 - Phase 5 will be built post-undennining and the pool and embankment 
foundation area will be exan1ined for subsidence cracks and repairs will be made as 
needed prior to construction. As previously stated, it is anticipated that theslurry will seal 
any undetected cracks. Phase 5 will be buttressed to the south by Phase 4. Phase 5 will 
contain an internal drain. This phase is predicted to be pumped full 22 months after 
construction starts (provides 17 months of slurry pumping). 

Phase 6 - Phase 6 will be built post-mining and the embankment foundation area will be 
examined for subsidence cracks and repairs made as needed prior to construction. Phase 
6 buttresses Phase 4 and an underdrain will be installed in this phase. No slurry will be 
pumped into Phase 6. 

Phase 7 - Phase 7 will be built post-mining. Phase 7 A will paiiially cap and consolidate 
the slurry in Phase 3. Phase 7B will provide a lining/buttress between the Phase 7 pool 
and the potemially cracked Phase 3 embai1kment (Phase 3 will be undermined after it has 
been pumped full of slurry). The remainder of Phase 7 will sit on rnp of1he previousiy 
constructed Phases 4, 5, and 6. Phase 7C will finish covering ai1d consolidating the slurry 
contained in the Phase 3 embankment. As previously stated, it is anticipated that the 
slurry will seal any undetected cracks not detected and repaired during Phases 4 and 6. 
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2. Treatment of Subsidence Cracking 

The horizontal strain map, Drawing No. B05-330-M42, included in this report shows the 
areas that are most susceptible to cracking and which will be given special attention for 
the detection and repair of subsidence cracks. Areas considered susceptible to snbsidence 
cracking are those predicted to have surface horizontal tensile strain of 0.1 percent or 
greater. 

Examination of the subsidence prediction study data shows that horizontal strain and 
vertical subsidence values do not change significantly when mining occurs in a longwall 
panel adjacent to a previously mined panel directly beneath a phase undergoing 
construction. Overlapping subsidence and strain profiles should have negligible impact 
ori ongoing construction. 

The coarse coal refuse fill to be used in all phases of construction is broadly graded and 
should be Jess susceptible to cracking than earthem materials traditionally usually used in 
dam construction. Comparison of the gradation curves of the foundation soil and coarse 
coal refuse indicates that they do not fall into the most critical range for cracking (see 
Fig. 2.3:6 adopted from "Design of Earth and Earth Rock Dams", Sherard, eta!, 1963, and 
the gradation curves for lhe foundation soil and coarse coal refuse contained in .... of this 
report). Based on Table 2.2.1 contained in Sherard, on a scale of I (highest) to 8 
(lowest), the foundation soil has a piping resistance of (2, high) and the coarse coal refuse 
has a piping resistance of(3, intermediate). 

2.a Crack Repair - Slurry discharge lines will be moved around the interior perimeter of each 
impoundment phase to maintain a delta against the slope and aid in sealing any 
embankment and foundation cracks not discovered by visual observation and sealed. 

Subsidence crack repair of the foundation and the Phase 4 embankment will consist of 
excavation of the areas containing cracks to a depth ofat least four feet, proof rolling the 
areas, and backfilling and sealing the areas with a compacted coarse coal refuse seal 
placed to the compaction standard in the Guideline Technical Specifications. In the 
unlikely event that extensive, deep cracking is discovered, a slurry trench or cutoff trench 
will lie exle:uc.lt:d lo Led10d. Lluougli Ll1e dffecled a1ett,. Tl1e l1ewJ1 will \,e localed 
beneath the underdrain alignment for Stages 5 and 6. !fit is discovered that a slurry or 
culofftrench is needed, a specific design will be submitted for approval prior to its 
construction. 

The Phase 4 embankment is the only embankment subject to subsidence cracking prior to 
slmTy pumping. Before the construction of Phase 6, the Phase 4 embankment will be 
examined for cracking and any areas containing cracks will be excavated to a depth of at 
least 4 feet and sealed with compacted coarse coal refuse. Any additional cracks 
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discovered after slurry pumping begins during Phase 7 will be sealed by directing the 
slurry into the pool adjacent to the cracks. 

2.b Defensive Measures - Phase 6, a wide zone of embankment, will be constructed post
mining by the downstream construction method on the east and west sides of Phase 4. It 
would serve as a "crack stopper" for any undetected cracks which may develop in the 
east and west sides of the Phase 4 embankment. The Phase 4 embankment will be 
buttressed on the north side by the Phase 5 embankment and impoundment. Phase 7 will 
be constructed partially on top of Phase 4, the resulting additional consolidation should 
aid in closing any cracks in the Phase 4 embankment. Likewise, the construction of 
Phases 6 and 7 should cause consolidation which should aid in closing any cracks in the 
underlying foundation soil. 

The Stage 5 and 6 embankment underdrains have been redesigned to lower them as 
closely as possible to the predicted subsided original ground surface and still maintain 
gravity outlets. Neglecting the flow capacity of the gravel, the perforated collection pipes 
are designed to have a flow capacity safety factor of five or greater. The use of a safety 
factor of five for the collection pipe is felt to be justified as the entry of seepage water 
into the gravel drain envelope has a safety factor in excess often and the collection pipe 
is an engineered material which will be installed in a controlled fashion. 

3. Subsidence Monitorin~ Plan 

A subsidence monitoring plan which includes subsidence monument locations, reading schedules 
has been included in Appendix F, the rate and magnitude of vertical and horizontal movement 
will be recorded. The location of subsidence monuments are shown on Drawing No. B05-330-
M36. 

4. Coordination of Mini1m and Surface Disposal Operations 

The construction timing and staging are contained in the calculation brief and are based on 
production ratios and rates provided by Mach Mining, LLC (Mach Mining). Mach Mining is the 
operator of the deep mine, preparation plant and coal refuse disposal facility. Therefore, 
coordination of the mining operation and surface operation should not be an issue. The timing of 
the panel advancement and developmental mining was modeled by Mach Mining. The modeling 
was perfom1ed using SurvCADD software. The mining completed during each stage is color 
coded on the map of each stage. Charts with the dates of mining, beginning and ending, fine and 
coarse coal refuse placement has been included for each phase on the "Mining/Impoundment 
Timing lv1ap", Drawing No. B05-330-M36. 

5. Drawing 

The decant outlet ditch has been shown on Drawing Nos. B05-330-M30 and B05-330-M33. 
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6. The horizontal scale for the impoundment curve has been corrected on Drawing No. B05-
330-E13. 

7. Additional piezometer locations have been indicated on Drawing Nos. B05-330-M30, B05-
330-M32, B05-330-M33 and B05-330-M34. 

8. Desig:n Comments - Soecifications 

The reference to maintaining a four-foot thick (minimum) soil layer between the coal refuse and 
bedrock has been deleted from Page A-3. This was an issue related to groundwater protection. 
and was applicable to construction of the Phase 1 (incised area only) for the Illinois Department 
of Natural Resources. This language was contained in the approved MSHA plan (lLOS-03131-
01) for Phase 1 and was the method by which it was constructed. 

A soil layer inside the incised portion would not affect the stability of the embankment. 

9. Additional infom1ation has been provided on Page A-3 for the replacement of soft or wet soils 
with compacted coarse coal refuse. We propose that the soft soils be removed and replaced with 
coarse coal refuse. 

10. 
a) If subsidence cracks are discovered in the pool or embankment foundation area of Phases 

5 or 6, areas containing cracks will be excavated to a depth of at least four feet, proof 
rolled, and sealed with a compacted coarse coal refuse placed to the compaction standard 
in the Guideline Technical Specifications. 

b) The topsoil has already been removed from the entire site. No drain tiles or drain pipes 
were encountered. Additionally, the sediment cell has already been excavated around the 
entire perimeter of the facility to depths greater than the topsoil removal. The minimum 
excavation depth was approximately 4 feel up to approximately 15 feet. No drain tiles or 
pipes were encountered. We assume these excavations would have encountered any such 
structure and therefore no addition to the specifications should be required. 

11. A placement plan for utilizing belts and dozcrs has been included in Appendix E. This plan 
is similar to the r.1mently approved plan for Phase ?. (ID No. TI .08-0, 141-01) for this type of 
placement at this facility except that an additional D-9 dozer has been purchased and two 
stackers (dump points) are proposed in-lieu of one. Compaction has been achieved by dozer 
traffic. 

12. The pump activation levels have been added to Drawing No. B05-330-M5 for Phase 4, 
Drawing No. B05-330-M7 for Phase 6 and Drawing No. B05-330-MS for Phase 7. 

A statement has been added to the specifications in Section 3 .1 of the engineering repo1i stating 
that no significant depth of impounded water will be allowed prior to any of the required 
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remediation of subsidence disturbance or prior to the raising of the post subsidence stages to a 
suitable elevation. 

13. Grout mix and placement procedures have been provided in Section 4.04, Page A-12. 
Uniform section mat has also been provided as an option for grouted rip-rap on Drawing No. 
B05-330-E24. 

14. Additional Required Specifications 

a) Specific pump specifications have been provided in Appendix G. The maximun1 
required pumping rate for Phases 4 and 6 are 1,902 gpm with 32.5 feet of static head. For 
Phase 7, a pump will be required until the decant line is instaiied. The pump wiii be a 
Goodwin CD 3000 M Dri-Prime Pump manufactured by Goodwin Pumps of America, 
Inc. with a Caterpillar -9 diesel engine or equivalent. This pump will deliver 4,870 gpm 
at a total suction head of 120 feet. 

b) Measures to address mine subsidence have been added in Section 3.1. 

If you have any questions, or require additional information, please contact us. 

Respectfully submitted, 

ALLIANCE COJ\'SULTING, [NC. 

Harold L. Owens, P. E. 
Senior Project Engineer 

~Cf--Claudio E. Yon, P.,. 
Principal Engineer 

HLO/CEY:wmb 
Enclosures 

r'H r 1,-,r,-,c, 1 ""1 
llLL,. \JIVJo~11 
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U.S. Department of Labor 

February 11, 2008 

Mr. Justin L. Harry, Staff Engineer 
Alliance Consulting, Inc. 
124 Philpott Lane 

Mine Safety and Health ,l.l,dministration 
2300 Willow Street 
Suite 200 
Vincennes, Indiana 47591-5416 

Raleigh County Airport Industrial Park 
Beaver, WV 25813-9502 

Dear Mr. Harry: 

Re: Request of Additional Information dated December 13, 2007, for Coal Refuse Disposal 
Facility No. 2, Impoundment I.D. Number IL08 03141-02, Mach Mining, LLC, Mach #1 Mine, 
tv'.fine I.D. No.11-03141, Johnston City, Wfiliamson County, Illinois 

The Mine Safety Health Administration completed a review of the ens'llleering plan for the 
design, construction, and maintenance of Mach #1 !vfu1e, l\.fach Mining, I.LC. Before the plan 
car1 be approved, some additional i... ..... Jorrr-.ation is needed. 

Please find attached a memorandum from the Mine Waste and Geotechnical Engineering 
Division of the Pittsburgh Safety and Health Technology Division. The information requested in 
the memorandum must be satisfactorily answered before approval can be granted. 

C If you have any questions concerning this matter, please contact Mark Eslinger, Supervisory 
!11ining Engineer (Ventilation) at 812-882-7617. 

SiTicerely, 

'7ei1f'"/,3fl ILj;:! 
Robert L. Phillips 
District Manager 
Coal Mine Safety and Health 
Dish·ict 8 

A ttaclunent 

cc: M:J.i~tJ;t~~~§H:~ifi:1rit1~;: Presicfefrt 
Mach Mining, LLC 
P.O. Box 300 
Johnston City, IL ti?.951 
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U.S. Department of Labor Mine Safety and Health Administration 
Pittsburgh Safety & Health Technology Center 
P.O. Box 18233 
Pittsburgh. PA 15236 

Mine Waste and Geotechnical Engineering Division RECEtvr:r; 
JAN l r aJf/8 

CMs & December 13, 2007 
121)) \ H/Dist 8 .'Jncennes, IN 

MEMORANDUM FOR ROBERT PHILLIPS 

THROUGH: 

FROM: 

SUBJECT: 

District Manager, District 8 
Coal Mine Safety and Health 

///,:;: d/4~;;%L 
M. TERRY HQCH 
Chiet Pittsburgh Safety ar1d Health Technology Center 

S~lt1Ll~ 
STANLEY J~CHALEK 
Chief, l'vf.ine "\!\Taste and Geoteclmica.l Engineering Division 
/ A A.z /L-,---c: /flJ\/4~ 

DONALD T. KIRKWOOD 
Supervisory Civil Engineer, Mine Waste and Geotechnica.] 

~inee(r)·in:~ivision 

\~).,,4 °0.-Y~ 
PAULJ. DONAHUE 
Civil Engineer, Mine Waste and Geoteclmical Engineering 
Division 

Request for Additional Information, Coal Refuse Disposal 
Facility No. 2, Phases 3 through 7, Impoundment I.D. No. 1211-
IL0S-03141-02, Vvilliamson Energy LLC, Pond Creek Mine No. 1, 
Mine I.D. No. 11-03141, Williamson County, Illinois 

As requested by your office, we have reviewed the design documents submitted by 
1!\l'illiamson Energy LLC, and prepared by Alliance Consulting, Incorporated The 
submitted material was received in our office on February 8, 2007. 

The submitted design document consists of a report entitled: "Engineering Design Plan, 
Proposed Coal Refuse Disposal, Facility No. 2, Williamson County, Illinois, dated 
Jr\n11r\r~, ?nn7." TI1e report includes a narrative Jescription of the proposed design, and 
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the testing and analyses performed. Appendices to the report contain various design 
calculations; geotechnical test boring and laboratory test data; and thirteen drawings 
depicting plans, profiles, and details of the proposed facility. 

Disposal Facility No. 2, as currently planned, will provide for the disposal of about 11 
years of coarse coal refuse and 17 years of fine coal refuse produced from the Pond 
Creek No. 1 Mine, which has been previously referred to in District 8 correspondence as 
the "Mach No. 1 Mine." Htis facility is to be constructed in five phases - Phases 3 
tlrrough 7. Phases 1 and 2 are part of currently active Disposal Facility No. 1, which lies 
immediately to tl1e soutl1 of the proposed Disposal Facility No 2. 

Descriution of Prouosed Facilitv 

TI1e currently planned facility· vvill consist of hvo four-sided diked irnpound1nents that, 
upon completion, will share a common embankment separating tl1em on their southern 
and northern margins, respectively. The smaller, partly incised north impoundment 
will be consh·ucted as part of tl1e placement Phases 3 and 5, and the larger south 
impoundment that will be constructed as part of Phases 4, 6 and 7. The north 
impou..T1dment will be 1250 by 1850 feet, and the south impoundment 2400 feet by 
2400 feet, in footprint dimensions. Both impoundments will be raised by downsh·eam 
construction methods with upstream and downstream slopes of 3 horizontal to 1 
vertical. The north impoundment will be a maximum of 52 feet in height above the 
downstream toe, and the south impoundment will be a maximum of 98 feet above the 
downstream toe. 

The designer considered the impoundments to be of high hazard potential classification 
for the purposes of hydrologic/hydraulic design. Following 1 year from the start of 
consh·uction, Phases 3, 4, and 6 will accommodate a rainfall volume of hvo PMF's with 
pumping capacity capable of drawing down one PMF in 30 days. Phases 5 and 7 will 
utilize an 18-inch SOR 26 decant spillway capable of drawing down 90% of one P111F in 
less than 10 days. 

The most significant consideration for these impoundme_nts will be the longvrall mining 
of tl1e 6.5-foot-thick Herrin No. 6 Coal Seam beneath the impoundment footprints 
concurrent with the disposal facility development. There is 420 to 450 feet of 
overburden, with at least 420 feet of this being rock, between the embankment 
foundations or impoundment bottoms and the Herrin No. 6 se.an1. Also, the headgate 
and tailgate pillarn have a calculated minimum pillar safety factor of 2.3 as calculated by 
the program ALPS. Therefore, breakthrough or sinld10le potential is low, but surface 
subsidence is a significant consideration in the design of this facility. 

The north impoundment will span the surface projection of the northernmost of tbe 
tlu·ee 1200-foot-wide longwall panels that will impact the impoundments. The south 
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impoundment will span the southern i:vvo panels. The Iongwall mining for each panel 
will proceed east to west and panels will be mined north to south. TI1e designer intends 
to accommodate the surface subsidence from the expected longwall mining by staging 
construction so that the downstream coarse refuse stage of each impoundment is placed 
after longwall mining is completed, subsidence is substantially ended, and surficial 
cracks on critical parts of the pre-mining stage are treated. No fine refuse slurry will be 
placed in either impoundment until this post-subsidence downstream stage has been 
raised to at least the expected slurry level. Fine refuse will be placed in the currently 
active Disposal Facility No. 1 impoundment prior to the start of the first post
subsidence stage. Longwall mining will be performed under Facility No. 1 after its 
closure. Thus, the safe operation of the proposed impoundments will rely on critical 
coordination of the surface disposal activities vvith the undergrowtd rrdning activities. 

Design Comments - Lcng1,vall !\1ining I:rnpacts 

Based on our review of the submittal, we have concluded that additional engineering 
analyses will be required to assure the safe operation of the proposed mine waste 
facility. The potential irnpacts of mine subsidence on this facility are significant. 
However, the submittal does not contain sufficient information to demonstrate that the 
designer has thoroughly considered the adverse effects of longvvall subsidence on the 
en,bankments or their foundations in the design of this facility. 

In a phone conversation with Mr. Douglas (Duffy) Sb·adner, District 1 Impoundment 
Specialist, on October 23, 2007, we were notified that major revisions to the 
impoundment layout and geometry may be forthcoming. However, we expect that the 
comments and requested infonnation i11 this 1nemorandum 1:11.rill be applicable to any 
revised designs. 

The followmg items of additional information will be required to complete our review: 

1. Long,vall Mining Subsidence Analvsis and Mitig-ation 

The designer used the Bureau of Mm.es IC 8741 guidance to demonstrate that an 
adequate overburden thickness exists to preclude breakthrough. However, 
IC 8741 also specifies a dam protection zone where no mining is allowed within 
specified "safety zone " limits beneath the footprint of a dan1. MSHA generally has 
allowed only essential ventilation or haulage way development mining within the 
IC 8741 limits at coal waste dams unless it can be demonsh·ated that the mining will 
not impact the integrity of the dam or that specific proposed measures will protect 
the integrity of the dam. Therefore, a detailed analysis of the mining related 
subsidence and possible impacts on the planned irnpoundrnents should be 
provided. This analysis should include the foliowing: 
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a. Develop predicted subsidence, horizontal strain, and displacement profiles, at all 
significant stages of the mining and impoundment construction; 

b. Furnish any designs and supporting calculations for any measures needed to 
mitigate the effects of the mining subsidence on the dam embankment and 
foundation. Additional, post-subsidence remedial features, such as a cutoff 
trench, compacted clay liner, or other defensive anti-seepage measures to 
address foundation or embankment disturbance should be considered. 

2. Treatment of Subsidence Crackincr 

The submitted report na.1.Tative proposes to "over excavate and fill cracks to a 
minimum depth of 5 to 10 feet" at the south side of the Phase 5 embankment after 
.OVT'\P/"'h'.:>ri Iongur~ Tl 1....,in-ino- suhs1· rla1"'\t""O "'nd nr•ac],; ..... g has onc ......... ed w ........ ,,,. .... ,..,,. ....... ·-o -,~,r',._,._.,,.._._.. ,.~ ;,,.....,_.._..__.L .<.L.u. C, '-' '-'-'-- ,L\...\... U. I,.. \.UL lL I,.. 1.-l.Ll. , J..1.V\IYCVCJ.

1 
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construction details of the proposed repair were provided. Also, the effectiveness of 
this repair is questionable because it will only address the near surface part of a 
crack and cracks that are visible at the surface. 

a. The designer should provide additional details of the proposed crack repair 
procedure with specific dimensions for the excavation and backfilling for the 
various sizes of cracks expected, and provide a justification that the repairs will 
be effective. 

b. Alternatively, the designer should consider suitable defensive design measures 
such as a graded rock filter zone between the pre- and post-mining stages, which 
may predude the need for crack repair. 

'.'\, Subsidence MoPitoring 

The proposed design relies on mine surface subsidence being substantially complete 
before placing the dovvnstream stages of the impoundments. However, no 
subsidence monitoring has been proposed. A subsidence monitoring plan should be 
proposed. This plan should include monument locations, reading schedules, and 
action thresholds for the rates and magnitudes of vertical and horizontal movement. 

4. Coordination of Mining and Surface Disposal Ooerations 

TI1e proposed facility design relies on close coordination between the longwall 
mining operations and the staging of the surface refuse disposal operations. "D1e 
mine operator should provide a plan for coordinating the underground mining and 
lhe su1'face disposal acri\'ities and any supporting docun1entation. This shouid 
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include timelines for the longwall mining development and impoundment 
construction that supports the assumptions used in the impoundment staging 
design. 

!--,fining and impoundment funeline and expected production data should be 
provided in bar chart or other form for easy reference by mine and MSHA 
inspection personnel. 

Design Comments - Drawings 

5. Drawings B05-33-M6 and MS - Decant Outlet Ditch 

A decant ditch is specified on the ditch schedule on Drawing No. 05-330-E14, but is 
not show11 on the plan drawings. TI-,e locations and intended plan extents of this 
ditch should be shown on the plan drawings. 

6. Drawing B05-330-E13 - Stage/Storage Curves 

The horizontal axis (storage volume) scale for the Phase 3/5 impoundment curve is 
incorrect (too high by a factor of 10). This error should be corrected. 

7. Dra,,vings B05-33-M6 and MS - Piezometer Locations 

The above drawings show pairs of proposed piezometers to be installed on] y in the 
101,ver half of the downstream slopes. In order to verify assumptions used in the 
slope stability analysis and confirm adequate performance of the underdrain, at least 
one additional piezometer will be needed further up tl1e slope. Therefore, 
additional piezometers should be specified for the downstreru"ll edge of the Phase 5 · 
and Phase 8 crests, or other suitable higher location, or justification provided for the 
currently proposed piezometer layout. 

Design Com1nenr:; - .::,pec1ncanons 

8. Paragravh 1.0? - Stripving and Topsoil Removal 

This paragraph specifies that a 4-foot-th.ick (minimum) soil layer shall be maintained 
between the coal refuse and bedrock. 

a. It should be clarified if this minimum soil layer thickness is intended for beneath 
the impounded fine refuse as well as the coarse refuse ern bankrnent. 

b. A list of specific acceptable soil types for the protective layer, using the Unified 
Soil classification System (USCS) should be included in this specification. 
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c. A means to confirm this soil thickness should be provided. 

d. The excavation of the incised bottom of the north pond will likely encounter 
bedrock in some portions of the pond bottom. I£ the minimum soil layer 
requirement is applicable to the pond bottom, a specific treatment, such as over 
excavation and replacement with compacted clay soil, should be included in this 
specification. 

9. Paragraph 1.03. Surface Sealing/Proof rolling 

Specific acceptable USCS soil types should be specified for replacement of soft or 
wet soils. 

10. Section 1.0 - Site Preparation - General 

a. AE required to address Comment No. 1, additional preparation measures in both 
the embankment foundation ar,d impoundment bottom areas will likely be 
needed to address mine subsidence impacts. The specific measures developed to 
address this issue should be included in this section of the specifications. 

b. Underdrains or "drain tiles" arc often used in level, low-lying former cropland 
such as this site. The site preparation specifications should include measures to 
explore for, and if necessary, remove a suitable portion of any drain pipes that 
could provide a seepage path under the coarse refuse embankment. 

11. Paragraph 2.02.e. - Coarse Coal Refuse Placement and Comnaction - Construction 
Procedures 

TI-I.is paragrnph specifies that fill shall be placed in "nearly horizontal layers." 
However, similar wording has been used on sites where MSHA has observed 
excessively sloping coarse refuse fill with thick or poorly defined lifts. This typically 
occurs when dozers ai:e used to push the coarse refuse excessive distances from the 
tail end of a conveyor used to convey the coarse refuse to the darn crest. 

The specification should be revised with additional details to clearly define the 
maximum tolerable slope of the fill surface, and describe specific, acceptable lift 
spreading methods. 

12. Parauranh 3.0? - Clarified "\,Vater Removal 

a. This paragraph states that the water level in the impoundments should be 
m.aintained as "low as practicable." However, the submittal contains 
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calculations for specific maximum design storm storage water levels and pump 
activation levels prior to installation of the decant spillways. These elevations 
need to be provided in table or other form in the specifications for easy reference. 

b. Additionally, the longwall mining will significantly disturb Phases 3, 4 and 6 
embankments. Therefore, the specification should contain measures to prevent 
any impounding of water prior to any required remediation of subsidence 
disturbance or prior to the raising of the post-subsidence stages to a suitable 
elevation. 

13. Paragraph 4.04 - Rock Riprap 

a. "Grouted rock riprap" is specified for the decant ditches and other steep surface 
drainage ditches that ·v-rill run dov'1n the err .. ba..rikment slopes. Hovl·ever, 
specifications for the grout mix and grout placement procedures were not 
provided. These details should be added to this specification. 

b. Subparagraph "d" of this specification also provides the option of using grouted 
8-inch filter point mat or 4-inch uniform section mat in place of riprap. 
Clarification is needed whether this lining is intended as a replacement for both 
grouted and ungrouted riprap lining. Additionally, calculations supporting the 
suitability of this alternate channel lining for the steep channels on the 
embankment slopes should be provided. 

14. Additional Reouired Soecifications 

Additional significant construction requirements were not included in the submitted 
specifications. Additional sections to the specification should be provided for the 
following: 

a. Pumping Reouirernents 

Pumping will be required to meet storm water handling requirements during 
certain stages of construction. Required pumping capacity calculations were 
furnished, but no pump spPCification, were provided. Spccificatiorn should be 
furnished with specific requirements for pump capacity, power source or supply, 
and any testing required to assure reliable operation. 

b. Specifications for Measures to Address Mine Subsidence 

!i r-lri;ti,...,,..,..,1 rlc..,.,...;1c.-l S'"",..,,,...;.c~,....,.,....;...,...,. ,..,,.,.,....i.-;..-. • .._,.., ,..,1 ... ,.., •• 1,..:i 1 ... ,....- - .... ,.... •. ;_.:i;::),..-i ~~ •7 ~,...._.:i-....-1 £,.., •• ----·· ~ ,.......,....._,L VJ,.U.J,.J. V. Lt.UJ. \.,l }''-'-...1.J.J.\...ULJ.V.ll .:,<.:;-'-..LJ.VJ.1..:1 .-:,lLULI.lU UC p1tJl'lU ... U; ct.:, !..C:t;;I_LC:U1 ,!_<,..,.!. ~.l.l)' 

new features of work developed from the additional subsidence analysis 
requested in items 1 through 4 0£ this memorandum. 
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If there are any questions concerning this review, please contact this office. 

cc: S. Gigliotti - Acting Chief, Safety Div., CMS&H 
M. Skiles - Director, TS 
J. Fredland - DSO, TS 
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REPORT 
ENGINEERING DESIGN PLAN 

PROPOSED COAL REFUSE DISPOSAL FACILITY NO. 2 
MACH#l MINE 

MACH MINING LLC 
WILLIAMSON COUNTY, ILLINOIS 

JOHNSON CITY, ILLINOIS 

1.0 INTRODUCTION 

Plans have been developed for the construction of a coarse and fine coal refuse disposal facility 
to be located near Johnston City in Williamson County, Illinois. The proposed coal refuse 
disposal facility will provide disposal capacity for both coarse and fine coal refuse produced by 
the Mach #1 mine coal preparation plant located approximately 0.25 mile west of the proposed 
facility. The location of the site is just southwest of the intersection ofDwina Road and Dean 
Road and is shown on Figure No. 1. 

The plan, as presented herein, provides for the disposal of approximately 4 years of coarse coal 
refuse and 7 years of fine coal refuse based on production rates provided by Mach Mining 
operations for Mach Mining LLC (Mach Mining). The facility shall be constructed in five 
phases of coarse coal refuse embankment construction (Phases 3 through 7). During the initial 
construction of the Disposal Facility No. 2, fine coal refuse shall be disposed in the Disposal 
Facility No. 1 impoundmenl1l MSHA ID No. 1211-IL08-03141-02 (Phases 1 and 2). 

The proposed facility has been designed as a high hazard impoundment using the Probable 
Maximum Flood (PMF) storm event. Based on the design production rates, at the !-year 
anniversary of initial impounding capability and thereafter, the facility will be capable of storing 
the runoff associated with the design stom1 event. The stored runoff volume, as well as 
operational water, shall be evacuated using a pump for Phases 4 and 6 and decant pipes for 
Phases 3, 5 and 7. 

Combination sedimentation and perimeter ditches, access road gutters and bench gutters have 
been specified to convey storm runoff away from the embankment in a controlled manner. The 
ditches have been designed for routing the runoff associated with the 100-year, 6-hour recunence 
interval storm event. 

This report presents the design drawings, guideline technical specifications (Appendix A), and 
calculations (Appendix B) necessary for the design and construction of the embankment. The 
laboratory data and boring logs are contained in Appendices C and D, respectively. 

(t) Alliance Consulting, Inc. report entitled "Report, Engineering Design Plan, Proposed Coal Refuse Disposal 
Facilily, Pond Creek Mine No. 1, Williamson County, Illinois" prepared for Williamson Energy, LLC, Beckley, 
West Virginia, dated April 2006. 

FILE: Report Facility 2 Revised 
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2.0 EXISTING SITE CONDITIONS 

2.1 Site Characteristics 

The general area of the proposed impoundment has previously been used for agricultural 
purposes and has relatively flat to mild slopes to the ridgeline at approximate Elevation 572. 
The surrounding landscape is characterized by extensive agricultural and rural residential 
land use. Regionally, the proposed pennit area is located on the southern shelf of the Illinois 
Basin in the Mt. Vernon Hill Country physiographic division. Surrounding landforms are 
the results of both Wisconsinian glaciations and nonnal degradation processes such as 
weathering, mass wasting, and stream erosion. Surrounding topography is characterized by 
generally flat ridge tops, moderately steep hill slopes and broad flat valley floors associated 
with major streams. The local drainage pattern is dendritic reflecting the regional generally 
horizontal bedrock stratigraphy. The total relief of the Facility No. 2 footprint is 
approximately 32 feet ranging from approximately 436' to 468' above mean seal level 
(based on aerial photography). 

Glacial deposits of the Carmi Member of the Equality Fom1ation, consisting of quiet water 
lake silt and clay, constituted the original surface materials within the proposed permit area. 

2.2 Geology 

The proposed pennit area is underlain by lower Pennsylvanian age rocks consisting of shale, 
sandstone, and siltstone with minor underclay, coal and limestone. These sequences reflect 
fluctuating shorelines, deltas, and shallow seas indicating deltaic, fluvial, and coal swamp 
depositional environments. These bedrock units can be highly variable in thickness and 
continuity. Mississippian rocks unconfonnably underlie the Pennsylvanian, however, they do 
not outcrop in the subject area and were not penetrated during exploration drilling. 

The major stratigraphic marker is the Herrin No. 6 coal which is generally uniform and 
continuous in the subject area and occurs at approximate Elevation 10 beneath the proposed 
refuse disposal facility. Shale and sandstone units in the subject area exhibit a high degree of 
lateral facies changes and interbedding. The Hen-in No. 6 seam is described as a normal 
bright-banded coal with a lower portion that contains a prominent claystone parting. The 
base of the Herrin No. 6 exhibits an undulating surface with a general structural trend toward 
the north-northeast dipping approximately 60 feet per mile. No major faults or other 
structural anomalies are known to be present within the proposed permit. 

3.0 MINING OPERATIONS AND COAL REFUSE PRODUCTION 

3.1 Mining Operations 

The Herrin No. 6 coal seam (average Elevation 10 feet above mean sea level) is proposed to 
be mined by both longwall and conventional mining techniques beneath the footprint area of 
the proposed facility. The disposal plan has been staged to minimize the impacts of the 
mining on the integrity of the embankments. Due to the timing of the proposed mining, it 
will be necessary to initiate Phases 3 and 4 embankment construction above =ined areas. 

-2-
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Based on a report prepared by Syd S. Peng, etai<2l, it is anticipated that substantially all of the 
significant surface subsidence resulting from the longwall mining activities should occur 
within approximately 14 to 21 days following longwall mining. Phase 3 shall be filled to 
capacity with fine coal refuse and the impounding capability eliminated before being mined 
under. Prior to the deposition of the fines, but following the subsidence period, a 
downstream stage (Phase 6) will be constructed around the Phase 4 impoundment area. This 
phase essentially "rings" the initial embankment and should serve to mitigate any cracks that 
may have developed in the initial embankment as a result of the subsidence. Internal drains 
have been specified for the Phase 3, 5, and 6 embankments to collect and convey potential 
seepage. Based on the predicted subsidence, the drains have been designed so that positive 
drainage will occur post subsidence. Also, as discussed in Section 6 of this report, observed 
cracks in the pool area of Phase 4, on the upstream and downstream slopes of Phase 4, the 
pool area and foundation area of Phase 5, and the foundation area of Phase 6 shall be over 
excavated to a depth of at least 4 feet and backfilled with compacted coarse coal refuse. 

Subsidence monitoring baselines will be used to calibrate the subsidence prediction model 
and compare predicted to actual subsidence due to mining. The location of the baselines are 
shown on Figure No. 17 and the monitoring plan is discussed in Appendix F. 

Concerning breakthrough potential, the Bureau of Mines Infonnation Circular 8741 
recommends an overburden thickness equal to 60 times the extraction height for total 
extraction mining. The lowest level of the proposed pool area is Elevation 426, and the 
bottom of coal sean1 is at average Elevation 10 feet with an extraction height of 6.5 feet. 
Therefore, the existing overburden thickness is greater than the recommended thickness and 
there is no significant potential for a catastrophic breakthrough of fine coal refuse slurry into 
the mine to occur. 

Chapter 8, Section 25 of the MSHA Coal Mine Inspection and Plan Review Handbook, 
October, 2007, recommends a pillar factor of safety should be greater than 2.0 for the long
term support of critical areas. The maximum crest elevation of the proposed embanlm1ent is 
538 which create an overburden height of 528 feet. Based on these dimensions, the ALPS 
factor of safety is 2.30, which is greater than the recommended minimum of 2.0. 

Based on these conditions and recommended guidelines, it is expected that no adverse 
effects shall impact the stability or breakthrough potential of the impoundments. 

No significant depth of impoundment water will be allowed prior to any of the required 
remediation of subsidence disturbance prior to the raising of the post-subsidence stages to a 
suitable elevation. 

<
2JReport entitled "Prediction of Ground Movement Parameters due to Longwall Mining During different Phases of 
Impoundments1

\ prepared by Syd S. Peng and Thomas Du, Department of Mining Engineering, West Virginia 
University, May 2009. 

-3-
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3 .2 Coal Refuse Production 

Based on information provided by Mach Mining, the following annual production quantities, 
beginning with the first year of plant operation, were used in the design (see Calculations in 
Appendix B). 

• Coarse Coal Refuse 

• Fine Coal Refuse 

Prior to longwall staiiup 
After longwall startup 
Prior to longwall staiiup 
After longwall startup 

34,330 cubic yards/year 
2.53 million cubic yards/year 
17,945 cubic yards/year 
1.32 million cubic yards/year 

4.0 SUBSURFACE EXPLORATION 

4.1 Subsurface Exoloration 

During the month of February 2006, a subsurface exploration program consisting of drilling 
one soil boring (No. 8874) was conducted within the footprint of the proposed embankment. 
The intent of the prograin was to obtain soil sainples to define the conditions and 
engineering characteristics relative to the construction and operation of the fine coal refuse 
slurry disposal impoundment. In addition to this soil boring, the results of a previous 
subsurface exploration prograin performed by Holcomb Foundation Engineering Co. 
(Holcomb) are presented in Appendix C and indicate the following: 

• Sainple number, type, standard penetration test blow counts, and depth; 
, An overall description of the consistency, color and character of the soil; and, 
• Indication of the observed groundwater level in the boreholes at the time of 

dtilling. 

The locations of the borings are depicted on Figure No. 2. 

Generally, the soils encountered beneath the dain footprint consist of brown and gray silty 
clay with sand ai1d pebbles. The thickness of the soil varied from 12.5' to 22.5' while the 
surface elevation for the borings vai·ied from Elevation 438.5± to Elevation 473.0±. Each 
of the borings was terminated at the top of the bedrock. 

Groundwater was encountered in two (2) of the seven (7) borings (i.e. Nos. 8293 and 
8295). Following drilling, the depth from the ground surface to groundwater level varied 
from 10 to 13.5 feet or from Elevation 432.4± to Elevation 438.5± in the borings. 

5.0 FIELD AJ\~D LABORATORY TESTING 

5.1 Soil 

Sainples of the soils obtained during the subsurface exploration program from Boring No. 
8874 were used for laboratory testing. The scope of the testing is discussed below and the 
results ai·e presented in Appendix D. 

-4-
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Visual classification tests were performed by Holcomb on the split spoon samples obtained 
during drilling. Samples from the borings represent the foundation conditions for the 
proposed embankment. Additional testing performed on the borings included the following: 

• Grain Size Analysis - Grain size analysis were performed on a san1ple from 
Boring No. 8874; 

• Atterberg Limits Test- Atterberg Limits tests were performed on a sample from 
Boring No. 8874; 

• Unit Weight Determination- Performed on a Shelby tube sample from Boring 
No. 8874; and, 

• Shear Strength Test - A consolidated, undrained triaxial shear strength test with 
pore pressure measurements was performed on a Shelby tube sample from Boring 
No. 8874. 

5 .2 Coarse Coal Refuse 

The proposed embankment shall be constructed with coarse coal refuse. The coarse coal 
refuse used to constrnct the embankment has been sampled from the Mach #1 Mine coal 
processing plant and has undergone laboratory testing. The scope of the testing is discussed 
below and results are presented in Appendix C. 

• Grain Size Analvsis A grain size analysis was performed on the coarse coal 
refuse sample. 

• Shear Strength Test - A consolidated, undrained triaxial shear strength test with 
pore pressure measurements was performed on re-molded san1ples of the coarse 
coal refuse. Material from the sample was re-molded to a density equivalent to 
approximately 9 5 percent of Standard Proctor maximum dry density. 

• Permeability - A constant head permeability test was performed on a re-molded 
sample to determine the permeability characteristics of the coarse coal refuse for 
the embanlanent construction. The sample was compacted to approximately 95 
percent of the Standard Proctor maximum dry density. 

• Compaction Test - A Standard Proctor compaction test was performed on the 
coarse coal refuse sample. 

5 .3 Fine Coal Refuse 

Two fine coal refuse bulk samples were obtained from the South Pond (Phase 2) for 
laboratory testing. The scope of the testing is discussed below and the results are presented 
in Appendix I C3l (under separate cover). 

• Moisture Content - Moisture contents were performed on the two fine coal 
refuse samples. 

• Grain-size Analvsis- Grain size distribution analysis was performed on the two 
fine coal refuse samples (sieve and hydrometer). 

• Atterburg Limits - Atterberg Limit tests were performed on the two fine coal 
refuse samples. 

-5-
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• Specific Gravity - Specific gravity tests were perfom1ed on the two fine coal 
refuse samples. 

• Shear Stren2:th - Six consolidated - undrained triaxial tests were run on 
remolded fine coal refuse samples. These six tests included moisture content 
and total and dry density detenninations. 

5.3 Piezo-Seismic Cone Penetration Testing 

• Fifteen piezo-seismic cone penetration soundings were performed at the Pond Creek site 
to measure tip stress, sleeve stress, pore water pressure, and shear wave velocities. The 
testing g was used to correlate index and strength parameters for the coarse coal refuse 
and foundation soil and for use in a deformation analysis. 

• The testing data and results are presented in Appendix I (under separate cover). 

6.0 COAL REFUSE DISPOSAL PLAN 

The proposed plan provides disposal capacity for approximately 4 years of coarse and 7 years of 
fine coal refuse production. The plan has been developed in accordance with prudent 
engineering principles and practices and current Mine Safety and Health Administration (MSHA) 
design criteria for coal refuse disposal facilities. It is intended that the construction of the facility 
be monitored by experienced persons knowledgeable of the design, specifications and regulatory 
requirements. 

A brief description of the disposal plan is as follows: 

I. Sedimentation control for the construction of the embmlknlent shall be provided by 
sedimentation ditches. Bench gutters and conveyance ditches shall be constructed to 
route the runoff from the embankment area to the sedimentation ditches. 

2. Following topsoil removal, the Phase 3 embanknlent footprint shall be proofrolled and 
the Phase 3 embankment shall be constructed. Snbsequently, the Phase 4 embankrnent 
footprint shall be proofrolled and Phase 4 embmilanent constructed followed by Phases 
5, 6 and 7. Phase 6 shall be constructed using downstremn construction techniques and 
Phase 7 shall raise the Phase 6 crest. 

3. Fine coal refuse slurry may be pumped into the Phase 3 impoundment upon 
commencement of the construction of the Phase 4 embankment. The dischm·ge line(s) 
shall be moved to result in a relatively uniform surface of fines tln·oughout the 
impoundment and to minimize the depth of any water impounded directly against the 

Pl GAi Consulting. Inc. rep011 entitled" Response to MSHA Comment Nos. 1, 3, 7 and 8, Pond Creek Mine No. I, 
Coal Refuse Disposal Facility No. 2, Phases 3 and 7, lmpoundment ID No. 121 I-IL0S-03141-02, Williamson 
Energy LLC, Mach Mining Company, Williamson County, Illinois," prepared for Alliance Consulting, Inc., Project 
C090403.0I, May 2009. 
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embankment slope. Generally, a delta of fine coal refuse shall be maintained along the 
embankment slope. 

4. Operational pump(s) and discharge line(s) shall be maintained to remove clarified water 
and normal rainfall from the impoundment. The facility has been designed to store the 
rnnoff associated with a PMF design storm event. Decant pipes have been specified to 
evacuate the design storn1 runoff. 

5. An internal drainage system located within the Phases 3, 5 and 6 embankments shall be 
installed to aid in controlling the phreatic level within the embankments. 

6. Bench and road gutters shall be installed to control surface rnnoff and minimize 
eros10n. All final surfaces shall be revegetated upon completion. 

6.1 Phase 3 

Prior to Phase 2 embankment construction, it will be necessary to initiate general site preparation 
activities to include topsoil removal and proof rolling. Soft areas encountered during the proof 
rolling shall be compacted or the material shall be removed and replaced with the same material 
as used in the Phase 3 embankment. Following proofrolling, the Phase 3 embankment shall be 
constructed using coarse coal refuse from the Mach # 1 Mine coal preparation plant. The 
approximate location of the Phase 3 embankment is shown in plan and cross section on Figure 
Nos. 3 and 8, respectively, requires approximately 0.5 years of coarse coal refuse production to 
constrnct. Pe1tinent constrnction items include: 

1. Coarse Coal Refuse Disposal - Phase 3 involves constructing an embanlanent 50 feet 
high to Elevation 500 using coarse coal refuse. As shown on Figure No. 8, the 
upstream slope of the embankment shall be constrncted on a grade of2.6H:1 V and the 
downstream slope shall be on a grade of 3H:1 V. 

2. Fine Coal Refuse Disposal - Fine coal refuse slurry may be pumped into the 
impoundrnent upon the end of Phase 3 constrnction. Periodic relocation of the slurry 
discharge line shall be performed to promote a more uniform distribution of the fine 
coal refuse and to minimize the depth of clarified water impounded directly against the 
embankment slope. 

3. Decant Pipe- Constrnction of the decant pipe shall be perfonned concurrent with the 
construction of the Phase 3 embankment. The installation includes excavating a trench 
into the embankment and placing an HDPE pipe and appmtenant strnctures ( drop inlet, 
ditch, filter and drainage diaphragm and outlet drain). The drop inlet shall be extended 
ve1tically to Elevation 494.8 by adding the appropriate length of 18-inch diameter SDR 
26 HPDE pipe to the HDPE elbow attached to the transport section of the decant pipe. 
The decant pipe shall be installed in accorJance with the details presented on Figure 
No. 11. 

4. Internal Drain - An internal drainage system consisting of a perforated pipe and gravel, 
both wrapped with filter fabric, shall be installed during the constrnction of Phase 3 to 
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aid in controlling the phreatic level within the embankment. The location and invert 
elevations for the internal drain are presented on Figure No. 3. Details pertaining to 
the drain construction are provided in the guideline technical specifications and on 
Figure No. 10. 

5. Surface Drainage - Sedimentation/perimeter ditches shall be constructed as shown on 
Figure No. 3, to collect surface water and clarify the runoff before it is discharged into 
an existing channel. Ditch details are included on Figure Nos. 10, 11 and 12. 

6. Instrnmentation - Piezometer Nos. P-6, P-7, and P-8 shall be installed during Phase 3 
construction at the locations shown on Figure No. 3. The proposed piezometer tip 
elevations are presented on Figure No. 15 and the piezometer installation detail is 
presented on Figure No. 13. Pressure transducers PN-1 and PN-2 (pneumatic 
piezometers or vibrating wire piezometers) and inclinometers I-1 and I-2 shall be 
installed in the Phase 3 embankment prior to undermining the phase. Their locations 
are shown on Figure No. 3. The proposed pressure transducer elevations are shown on 
Figure No. 16 and the installations details for the transducers and inclinometers are 
shown on Figure No. 13. 

7. This impounding embankment of Phase 3 will be completed and sluny pumping into 
the impoundment will be completed before mining beneath the phase occurs. The 
Phase 3 impoundment will be capped before undermining occurs. Based on 
subsidence predictions, the internal drainage system for the embankment has been 
redesigned to continue to function post-subsidence. Any disruption of surface drainage 
features due to subsidence will be repaired. In the unlikely event embankment cracking 
and potential loss ofsluny occurs during undennining of Phase 3, a contingency 
buttress and blanket drain have been designed as shown on Figure No. 13. 

6.2 Phase4 

Phase 4, which is shown in plan and cross section on Figure Nos. 4 and 8, respectively, requires 
approximately 0.5 years of coarse coal refuse production to construct. Pertinent construction 
items include: 

1. Embankment Construction - The Phase 4 embankment shall be situated approximately 
as shown on Figure No. 4 with an upstream toe at Elevation 446± and a final crest at 
Elevation 492. The embankment will require the placement of approximately 1.33 
million cubic yards of coarse coal refuse. The material used for the embankment 
constrnction shall be compacted to 95 percent of Standard Proctor maximum dry 
density. The moisture content of the material shall be within -2 to +3 percent of the 
optimum moisture content. As indicted on Figure No. 8 the upstream and downstream 
slopes of the Phase 4 embankment shall be constrncted on a grade of3 (horizontal) to 1 
(vertical). 

2. Fine Coal Refuse Disposal - During construction of the Phase 4 embankment, the fine 
coal refuse sluny shall continue to be pumped into the Phase 2 and 3 impoundments. 
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3. Pump Installation-An operational pump, of sufficient capacity to remove clarified 
water and normal precipitation, and associated discharge lines shall be installed during 
construction of Phase 4. The pump shall discharge into Sediment Pond No. 6 and/or 
the Freshwater Pond. 

Phase 4 is an intermediate phase in preparation for the construction of Phases 5, 6, and 7. No 
slurry will be pumped into Phase 4 and no internal drainage features are included in this phase. 
Undermining of Phase 4 will occur shortly after its construction. The embankment and pool area 
of this phase will be exan1ined for subsidence cracks and repairs will be made as needed. It is 
anticipated that when slurry pumping begins in Phase 7 any undetected subsidence cracks in the 
Phase 4 embankment and foundation will be sealed by the slurry. 111is Phase will be buttressed 
to the south by Phase 3, which will be already completed and full of slurry; by Phase 6 to the east 
and west, which will be built post-subsidence; and by Phase 5 to the north, which will be also 
built post-subsidence. 

7.3 Phase 5 

Phase 5 will be built post-undennining. Prior to Phase 5 embankment construction, the 
Phase 5 cell shall be excavated and general site preparation activities including topsoil 
removal, subsidence crack sealing, and proof rolling. Soft areas encountered during the 
proof rolling shall be compacted or the material shall be removed and replaced with the 
same material as used in the Phase 5 embankment. Following subsidence crack sealing and 
proof rolling, the Phase 5 embankment shall be constructed using coarse coal refuse from 
the Mach # 1 Mine preparation plant. The approximate location of the Phase 5 embankment 
is shown in plan and cross section on Figure Nos. 5 and 8, respectively, requires 
approximately 0.6 years of coarse coal refuse production to construct. Pertinent 
construction items include: 

1. Coarse Coal Refuse Disposal - Phase 5 involves constructing an embankment 50 feet 
high to Elevation 488 using coarse coal refuse. The upstream slope of the embankment 
shall be constructed on a grade of3H:1V and the downstream slope shall be on a grade 
of3H:1V. 

2. Fine Coal Refuse Disoosal - Fine coal refuse slurry may be pumped into the 
impoundment throughout Phase 5 construction. The average settled fine coal refuse 
level is expected to rise to Elevation 432± by the completion of the phase. Periodic 
relocation of the slurry discharge line shall be perfom1ed to promote a more uniform 
distribution of the fine coal refuse and to minimize the depth of clarified water 
impounded directly against the embankment slope. 

3. Internal drain - An internal drainage system consisting of either a geocomposite and 
perforated pipe or non-calcareous gravel wrapped with a geotextile and perforated 
pipe, shall be insrnlled during the construction of Phase 5 to aid in conlrolling lhe 
phreatic level within the embankment. The location and inve1i elevations for the 
internal drain are presented on Figure No. 5. Details pe1iaining to the drain 
construction are provided in the guideline technical specifications and on Figure No. 
10. 
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4. Surface Drainage - Bench gutters shall be constructed as shown on Figure No. 5, to 
collect and convey surface water runoff to the sediment ditches. Ditch details are 
presented on Figure No. 10, 11 and 12. 

5. Instrumentation - Piezometer Nos. P-9, P-10 and P-11 shall be installed during Phase 5 
construction at the locations shown on Figure No. 5. The proposed piezometer tip 
elevations are presented on Figure No. 14 and the piezometer installation detail is 
presented on Figure No. 13. 

6. Decant Pipe - Construction of the decant pipe shall be performed concurrent with the 
construction of the Phase 5 embankment. The installation includes excavating a trench 
into the embankment and placing approximately 94 feet ofHDPE pipe and appmienant 
structures ( drop inlet, ditch, filter and drainage diaphragm and outlet drain). The drop 
inlet shall be extended vertically to Elevation 480 by adding the appropriate length of 
18-inch diameter SDR 26 HPDE pipe to the HDPE elbow attached to the transport 
section of the decant pipe. The decant pipe shall be installed in accordance with the 
details presented on Figure No. 11. 

7. Subsidence Crack Repair - The Phase 5 pool area will be examined for cracking and 
any areas containing cracks will be excavated to a depth of at least four feet, proof 
rolled, and backfilled and sealed with compacted coarse coal refuse placed to the 
compaction standard in the Guideline Technical Specifications. In the event that 
extensive, deep cracking is discovered, a sluny trench or cutoff trench will be 
extended to bedrock through the affected areas. The trench will be located beneath the 
underdrain alignment for Stage 5. Ifit is discovered that a sluny or cutoff trench is 
needed, a specific design will be submitted for approval prior to its construction. Any 
additional cracks discovered after slurry pumping begins during Phase 5 will be sealed 
by directing the sluny into the pool over to the cracks. 

Phase 5 will be buttressed to the south by Phase 4. 

6.4 Phase 6 

Phase 6 will be built post-mining and no slurry will be pumped into this phase. Phase 6, which is 
shown in plan and cross section on Figure Nos. 6 and 8, respectively, requires approximately 0.7 
years of coarse coal refuse production to construct. Pe1iinent construction items include: 

I. Coarse Coal Refuse Disposal - Phase 6 involves widening the Phase 4 embankment 
crest and downstream construction techniques. The upstrean1 and downstream slopes 
of the embankment shall be constructed on a grade of3H:IV. 

2. Fine Coal Refuse Disposal - Fine coal refuse sluuy shall continue to be pumped into 
the Phase 3/5 impoundment throughout Phase 6 construction. The average settled 
fine coal refuse level is expected to rise to Elevation 462± in Phase 5 by the 
completion of Phase 6. Periodic relocation of the sluny discharge line shall be 
performed to promote a more uniform distribution of the fine coal refuse and to 
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minimize the depth of clarified water impounded directly against the Phase 5 
embankment slope. 

3. Pump Installation-An operational pump, of sufficient capacity to remove clarified 
water and normal precipitation, and associated discharge lines shall be installed 
during construction of Phase 6. The pump shall discharge into Sediment Pond No. 6 
and/or the Fresh Water Pond. 

4. Internal drain - An internal drainage system consisting of either a geocomposite and 
perforated pipe or non-calcareous gravel wrapped with a geotextile and perforated 
pipe, shall be installed during the construction of Phase 6 to aid in controlling the 
phreatic level within the embankment. The location and invert elevations for the 
internal drain are presented on Figure No. 6. Details pertaining to the drain 
construction are provided in the guideline technical specifications and on 
Figure No. 10. 

5. Surface Drainage - Sedimentation/perimeter ditches shall be constructed as shown 
on Figure No. 6, to collect surface water and clarify the runoff before it is discharged 
into an existing cham1el. Ditch details are included on Figure Nos. 10, 11 and 12. 

6. Instrumentation - Piezometer Nos. P-12, P-13, P-15 and P-16 shall be installed 
during Phase 6 construction at the locations shown on Figure No. 6. The proposed 
piezometer tip elevations are presented on Figure Nos. 14 and 15 and the piezometer 
installation detail is presented on Figure No. 13. 

7. Subsidence Crack Repair - Prior to construction of the Phase 6 embankment, the 
Phase 4 pool area, Phase 4 embankment, and Phase 6 foundation area will be 
examined for cracking and any areas containing cracks will be excavated to a depth 
of at least four feet, proof rolled, and backfilled and sealed with a compacted coarse 
coal refuse placed to the compaction standard in the Guideline Technical 
Specifications. In the event that extensive, deep cracking is discovered, a slurry 
trench or cutoff trench will be extended to bedrock through the affected areas. The 
trench will be located beneath the underdrain alignment for Stage 6. If it is 
discovered that a slurry or cutoff trench is needed, a specific design will be submitted 
for approval prior to its construction. Any additional cracks discovered after slurry 
pumping begins during Phase 6 will be sealed by directing the slurry into the pool 
over to the cracks. The Phase 4 embankment is the only embankment subject to 
subsidence cracking prior to slurry pumping. Any additional cracks discovered after 
slurry pumping begins during Phase 6 will be sealed by directing the slurry into the 
pool over to the cracks. 

6.5 Phase 7 

Phase 7, which is shown in plan and cross section on Figures No. 7 and on Figure 8, respectively, 
requires approximately 1.0 years of coarse coal refuse production to construct. Pertinent 
construction items include: 
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1. Coarse Coal Refuse Disposal - Phase 7 involves raising the Phase 6 embankment crest 
46 feet to Elevation 538 using coarse coal refuse. Phase 7 will be constructed in three 
phases, A, B and C, to facilitate impacts by undermining. The upstream and 
downstream embankment slopes shall be constructed to 3H:1V. The final 
embankment slopes shall be soil covered and vegetated in accordance with the Illinois 
reclamation pe1mit. 

2. Fine Coal Refuse Disposal - Fine coal refuse slurry shall be pumped into the Phase 5 
impoundment to maximum Elevation 480, at which time slurry shall begin to be 
pumped into the Phase 7 impoundment. The average settled fine coal refuse level is 
expected to rise to Elevation 464± by the completion of the Phase 7 embankment. 
Periodic relocation of the slurry discharge line shall be performed to promote a more 
uniform distribution of the fine co.al refuse and to minimize the depth of clarified water 
impounded directly against the embankment slope. 

3. Surface Drainage - Bench and access road gutters shall be constructed as shown on 
Figure No. 7, to control and convey surface water rw10ff. Ditch details are presented 
on Figure Nos. 10, II and 12. 

4. Instrumentation - Piezometer Nos. P-14 and P-17 shall be installed, during Phase 7 
construction at the locations shown on Figure No. 7. Piezometer extension and 
installation details are presented on Figure No. 13. The piezometer tip elevations are 
specified on Figure Nos. 14 and 15. Pressure transducers PN-3 and PN-4 will be 
installed after Phase 3 is capped but before Phase 7C is started at the locations shovm 
on Figure No. 3. The proposed pressure transducer elevations are shown on Figure 16 
and the installation details are shown on Figure No. 13. 

5. Decant Pipe - Construction of the decant pipe shall be performed concun-ent with the 
construction of the Phase 7 embankment. The installation includes excavating a trench 
into the embankment and placing approximately 190 feet of HDPE pipe and 
appurtenant structures ( drop inlet, ditch, filter and drainage diaphragm and outlet 
drain). The drop inlet shall be extended ve1iically to Elevation 530 by adding the 
appropriate length of 18-inch diameter SDR 26 HPDE pipe to the HDPE elbow 
attached to the transport section of the decant pipe. The decant pipe shall be installed 
in accordance with the details presented on Figure No. 11. 

Phase 7 will be built post-mining. Phase 7 A will paiiially cap ai1d consolidate the slurry in Phase 
3. Phase 7B will provide a lining/buttress between the Phase 7 pool aiid the potentially cracked 
Phase 3 embankment (Phase 3 will be undermined after it has been pumped full of slmTy). The 
remainder of Phase 7 will sit on top of the previously constructed Phases 4, 5, and 6. Phase 7C 
will finish covering and consolidating the slurry contained in the Phase 3 embankment. As 
previously stated. it is anticipated that the slurry will seal any undetected cracks not detected and 
repaired during Phases 4 and 6. 
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6.6 Abandonment Plan 
(-
' An abandonment grading plan has been provided on Figure No. 22. Briefly, the 

impounding capability shall be eliminated by filling the impoundment with coarse coal 
refuse. The final embankment configuration shall be constructed to drain as per the lines 
and grades shown on Figure No. 22 and the entire site shall be soil covered and seeded in 
accordance with the Illinois reclamation permit. The plan shall be reevaluated prior to 
abandonment based on actual coal refuse production rates, existing site conditions and 
embankment configuration, and revised if necessary. 

C 

7.0 ENGINEERING ANALYSES 

In support of the plan, engineering analyses included slope stability analyses and the hydro logic 
and hydraulic studies for the impoundment and surface drainage facilities. The calculations 
describing the design assumptions, methodology and results are included in Appendix B. 

7.1 Hvdrologic and Hydraulic Analyses 

The proposed facility has been evaluated using storm criteria for high hazard dams. Upon the 
one-year anniversary and thereafter, the impoundment shall be capable of storing the runoff 
associated with a PMF design storm event plus three feet of freeboard. 

Evacuation of the stored water shall be accomplished by pumping for Phases 4 and 6. The 
required pumping capacity ( 1901. 8 gallons per minute for Phases 4 and 6) is based on storing 
the runoff associated with two design stonn events and evacuating the runoff associated with 
one design storm event within a reasonable time period (approximately 30 days). Should the 
available storage capacity be reduced to one design storm event, the emergency pumps shall 
be mobilized to the site to evacuate the stored runoff and provisions shall be made so the 
pumps and associated discharge line are readily available, when needed. 

Evacuation of the stored runoff shall be accomplished by means of a decant pipe for the 
Phases 3, 5 and 7 impoundments. The required pipe size, 18-inch SDR 26, is based on 
evacuating 90% of the runoff associated with one design storm event within 10 days. 
The surface drainage facilities, including road and bench gutters, and Ditches C through M 
have been sized to convey mnoff associated with the 100-year, 6-hour recurrence interval 
stom1 event. The computed peak discharges were estimated using the computer program 
SedCad developed by the University of Kentucky. All permanent facilities have been 
designed with appropriate protection to minimize the potcntidl fu1 d1a1111el e10sion. Delails 
for the surface drainage facilities are presented on Figure Nos. 10, 11 and 12. 

7.2 Slope Stability Analvses 

"'-p- -"'-.-t..:1: ... ~. ,., ___ 1 •. _,.,__ t.._.,_ t..ee- -"" .. + .................. ...l +,.. •. .,.1 ... ,... ...... ,.,+ •• ,,.,.. ........ ,.,.,1rl rl..--.,u,-. .... +,-o,,,...,., ,--,lr.,--.a.,., ,....f' UlU C ::itctUUll)' i:lHa.1)'::,c;::, uavc; U 11 p1.:.,11v1u1vu lVJ. LU,., U_lJ,:)1..J.1,,.,C.UH cu U U.VV\"U,.)1..Jl,,.,(,1.111 .;,ivp1,,.,.:, V-'-

the Phases 3, 5 and 7 embankments using PCSTABL5, a computerized version of the 
modified Bishop Method of Slices, developed by Purdue University and the Indiana State 
Highway Commission. The critical potential failure surfaces, minimum factors of safety, 
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and material properties used in the slope stability analyses are presented on Figure Nos. 14, 
15 and 16 and in the calculation brief. 

Slope stability was analyzed for both static and seismic (pseudo static) loading conditions 
for the downstream and upstream embankment slopes. For the static analysis, effective 
properties for the coal refuse and existing soil were used. For the pseudo-static analysis, 
total stress properties were used for the existing soils. The use of effective stress properties 
for the coal refuse and total stress properties for the existing cohesive soils is appropriate, 
giving the effects of the sudden loading in an earthqualce event and the relatively slow 
drainage characteristics of the soils. Also, for the pseudo-static analysis, a horizontal 
acceleration of O. l 5gC4

l was used. The phreatic level used in the stability analyses was 
conservatively based on top flow line calculations performed on a transformed section. The 
transformed section was based on the horizontal permeability of the embankment material 
being nine times greater than the vertical permeability. The engineering properties of the 
embankment material were based on laboratory test results and our experience with similar 
materials. 

The most critical potential long-term failure surfaces, as shown on Figure Nos. 14, 15 and 
I 6, are summarized below: 

Minimum Minimum 
Stage Case Static F.S. Seismic F .S. 

Phase 3 Downstream 1.51 1.23 
Upstream 1.89 1.20 

Phase 5 Downstream 1.50 1.26 
Upstream 1.76 1.32 

Phase 7 Downstream 1.52 1.20 
Upstream 1.82 1.26 

Phase 7C Downstream 1.50 * 
South Slope 

As indicated in the above table, the computed factors of safety meet the minimum requirements 
(1.5 and 1.2 for the static and seismic cases, respectively). 

* A liquefaction susceptibility analysis for Phase 7C was performed using zero-strength to very 
low strength for the fine coal refuse to evaluate the post-earthquake factors of safety. Factors of 
safety range from 1.2 to 1.6 for shallow and deep failure circles, respectively. The possibility of 
liquefaction of the fine coal refuse in Phase 3 during mining subsidence related disturbance was 
evaluated using a driving shear stress slope stability analysis with zero strength for the fine coal 
refuse. Factors of safety for the Phase 3 embankment, in the upstream and downstream directions, 
were 2.2 and 1.3 respectively. The factor of safety against embanlrn1ent cracking during mine 
subsidence was evaluated and estimated to be 1.1. These analyses are contained in Appendix I 
(under separate cover). 

<
4
> National Earthquake Hazards Reduction Program, Part I, Provisions for the Development of Seismic Regulations 

for New Buildings, Map I, 1991 Edition. 
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8.0 SUMMARY 

The design plans for the proposed Mach #1 Mine Coal Refuse Disposal Facility No. 2 (Phases 3 
through 7) are based on the subsurface exploration program, field and laboratory testing, and the 
engineering analyses described herein. The plan should provide disposal for approximately 3.3 
years of coarse coal refuse and 5. 8 years of fine coal refuse. 

We trust that the plans, design calculations and guideline technical specifications described herein 
arc acceptable to Mach Mining and the appropriate regulat01y authorities. In preparing this 
document, our professional services have been performed with care and skill ordinarily exercised 
by reputable members of the profession practicing under similar conditions at the same time and 
the same or similar locality. No warranty, expressed or implied, is made by rendition of these 
consulting services or by furnishing oral or written reports of the findings made. 

If there are any questions, or if further clarification is required, please contact us. 

Respectfully submitted, 

ALLIANCE CONSULTING, INC. 

H~Pf(--~ 
&~~~ 
e~Yon,P.E.f'L 
Principal Engineer 1/ -
HLO/CEY:knm 
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APPENDIX A 

GUIDELINE TECHNICAL SPECIFICATIONS 
ENGINEERING DESIGN PLAN 

PROPOSED COAL REFUSE DISPOSAL FACILITY NO. 2 
MACH#lMINE 

MACH MINING LLC 
WILLIAMSON COUNTY, ILLINOIS 

JOHNSON CITY, ILLINOIS 

INTRODUCTION 

These specifications are intended to serve as guidelines for the construction of the Pond Creek No. 

1 Mine Coal Refuse Disposal Facility No. 2 to serve Mach Mining LLC's (Mach Mining) coal 

preparation plant in Williamson County, Illinois. The information contained herein, including the 

accompanying drawings which illustrate the disposal plan, is sufficiently detailed to provide Mach 

Mining with the technical guidance required to perform coal refuse disposal operations in a 

manner consistent with the design assumptions and sound engineering practice. These 

specifications are intended to be supplemented with periodic site visits by persons knowledgeable 

of the design in order to conduct inspections of the construction procedures, conduct field tests 

and, if necessary, obtain samples and perfonn laboratory testing. 

The specifications have been prepared to aid Mach Mining in the design, planning, and 

construction of the specific project. Its scope is limited to the project and location described 

herein and represents our w1derstanding of the significant aspects relevant to the planned 

operations. If there are any differences in location and/or design features, the modification should 

be reviewed to determine if revision of conclusions or recommendations is required. 

This refuse disposal plan provides for the construction of a two embankments sharing a common 

side, utilizing coarse coal refuse to form an impoundment for the disposal of fine coal refuse 

slurry. The disposal plan for the facility will provide approximately 4 years of coarse and 7 years 

of fine coal refuse disposal capacity based on refuse production rates supplied by Mach Mining. 

Briefly, the work items required in the coal refuse disposal plan include: 

! . Site Preparation - In areas of embanJ<.ment constrnction, the site preparation items include 

topsoil stripping and stockpiling and proofrolling/sealing. During the disposal operations, 

benching of each lift of material into existing slopes shall be required as well as scarifying 

previously compacted surfaces. 
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2. Embankment Construction - Coarse coal refuse embankments shall be constructed to 

provide disposal capacity for approximately 7 years of fine coal refuse. 

3. Subsurface Drainage - An internal drainage system shall be installed in the Phases 5 and 6 

embankment to aid in controlling the phreatic level. 

4. Fine Coal Refuse Disposal - Upon commencement of Phase 4 construction, fine coal refuse 

slurry may be pumped into the Phase 3 impowidment. A water pumping system shall be 

used to remove excess clarified slurry water and precipitation from the impoundment. 

5. Surface Drainage Facilities - To control and direct surface water runoff from the 

embankment and road ditches, Ditches C through M shall be constructed concurrent with 

construction operations. 

6. Abandonment - An abandonment grading plan has been provided. The plan shall be re

evaluated prior to abandonment based on actual coal refuse production rates, existing site 

conditions and embankment configuration, and revised if necessary. 

7. Revegetation - To control erosion and provide an acceptable post mining land use, all 

completed embankment surfaces shall be revegetated in accordance with Mach Mining Mine 

Permit. 

8. Monitoring and Maintenance - A program ofregular monitoring and maintenance of the 

disposal operations is described herein. 

LIST OF DRAWINGS 

The following drawings form a part of these specifications: 

FIGURE DRAWING 
NO. NO. TITLE 

I B05-330-T2 Title Sheet 
2 B05-330-Ml 9 Plan - Existing Conditions 
3 B05-330-1'.130 Plan - Phase 3 
4 B05-330-M3 l Plan - Phase 4 
5 B05-330-M32 Plan - Phase 5 
6 B05-330-M34 Plan - Phase 6 
7 B05-330-M33 Plan - Phase 7 
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FIGURE DRAWING 
NO. 
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12 
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14 
15 
16 
17 
18 
19 
20 
21 
22 

NO. 
B05-330-E13 
B05-330-E22 
B05-330-El4 
B05-330-E24 
B05-330-E49 
B05-330-E47 
B05-330-El2 
B05-330-E39 
B05-330-E48 
B05-330-M36 
B05-330-E46 
B05-330-M50 
B05-330-M51 
B05-330-M44 
B05-330-M20 

TITLE 
Sections C-C, D-D and F-F 
Section E-E 
Details 
Decant Installation and Uniform Section Mat Details 
Ditch "F" Profile and Details 
Instrumentation and Contingency Buttress Details 
Slope Stability Analysis - Sections C-C and D-D 
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SITE PREPARATION 

1.01 General 

Beneath all areas of the coarse coal refuse embankment, site preparation shall be 

required. 

1.02 Stripping and Topsoil Removal 

Stripping and stockpiling of topsoil and root matter are required to provide an adequate 

foundation for facility construction. All topsoil shall be removed prior to embankment 

construction. The stripped topsoil shall be stockpiled. 

1.03 Surface Sealing/Proofrolling 

The footprint of the embankment shall be proofrolled following stripping and topsoil 

removal to seal and compact the foundation soils. A minimum of lhree passes shall be 

made over each area using a large sheepsfoot roller or rubber-tired equipment (i.e. 

loaded truck) to produce a minimum dry density equivalent to 95 percent of the 

maximum dry density attainable by the Standard Proctor method of compaction 

(ASTM D 698). Any soft or wet soils shall be removed to a minimum depth of 2 feet 

below the previously excavated surface and replaced with coarse coal refuse. The 
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over-excavated area shall be backfilled in 12-inch lifts, and compacted to 95 percent of 

the Standard Proctor maximum dry density (ASTM D 698). 

Random in-place density testing shall be performed throughout the impoundment area 

to verify that the existing stripped surface is compacted to 95 percent of the Standard 

Proctor maximum dry density prior to fine coarse coal refose slurry disposal. 

If subsidence cracks are discovered in the pool or embankment foundation area of 

Phases 5 or 6, areas containing cracks will be excavated to a depth of at least four feet, 

proof rolled, and sealed with compacted coarse coal refose placed to the compaction 

standards in Section 2.02 of these specifications. 

2.0 EMBANKMENT CONSTRUCTION 

2. 0 1 General 

To provide storage capacity for approximately 4 years of coarse and 7 years of fine 

coal refose, 3 embankments shall be constructed of coarse coal refose sharing a 

common side. Drawing Nos. B05-330-M30, -M31, -M32, -M33, -M34 and -El3 

present the plans and section of the proposed embankment phases. 

Sediment control shall be provided by the combination sediment/perimeter ditches. 

Conveyance ditches shall be constructed to convey surface runoff to the 

sediment/perimeter ditches. 

2.02 Coarse Coal Refose Placement and Compaction 

a. Lines and Grades - Coarse coal refose shall be placed to the lines and grades 

shown on the drawings for the various stages. Control for placement can be 

established from the coordinate system provided on the drawings. 

b. Material: Rw1-of-plant coarse coal refuse from the coal preparation plant shall be 

used for the embankment construction. Placement and compaction of the refuse 

shall be in accordance with Sections 2.02.c m1d d. 

c. Placement: Coarse coal refuse shall be spread in lifts not more than 1 foot thick 

when compacted. Material that is too wet to be properly compacted shall be spread 
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and graded to facilitate drainage. Upon drying to within the acceptable moisture 

content range, compaction shall proceed. 

d. Compaction: The coarse coal refuse in the impounding embankment shall be 

spread in layers having a compacted thickness of 1 foot or less. The material shall 

be compacted by routing heavy equipment ( dozers, trucks, etc.) over it or utilizing 

specialized compaction equipment to attain the specified degree of compaction. No 

special compaction procedures are anticipated to be required to provide resulting 

densities which are consistent with those used in the design. A field density testing 

program shall be conducted during the placement operations to determine the actual 

dry density being achieved. 

Field density testing of the foundation soil and coarse coal refuse placed in the 

embankment areas shall be performed to confirm that the compactive effort 

employed is yielding an in-place dry density of at least 95 percent of the maximum 

density obtainable by the Standard Proctor Compaction Method (ASTM D 698). 

Density testing shall be performed at equivalent frequencies of one test per 2,000 

cubic yards of material placed and compacted and at least one test for each lift. 

Locations, elevations and dates of the tests shall be recorded and maintained for 

documentation purposes. The moisture at time of compaction shall be within the 

range of optimum moisture by -2 percent to +3 percent. If in-place dry densities are 

observed to be less than that required, additional compaction shall be performed on 

the effective test area and the area retested. Such work shall continue until 

satisfactory results are obtained. 

At least one Standard Proctor test of the material shall be verified for every 20 field 

density tests performed. Additionally, should mining or preparation plant 

operations change such that a change in refuse material properties is anticipated, 

the Proctor shall be verified. 

e. Construction Procedures: The work surface shall be advanced upward in nearly 

horizontal layers. To minimize penetration of precipitation, the work surface shall 

be sloped to drain and backbladed as the material is spread. No fill shall be placed 

that is or on frozen material. If the surface where fill is to be placed is frozen, the 

frozen material shall be removed over an area where one day's refuse will be placed 

prior to placement of a new lift. The frozen material shall be stored until it is 

thawed and then replaced. Surface material in the impounding embankment too 
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wet to support construction equipment shall be removed to expose drier material 

prior to placement of the next refuse layer. After drying, these wet materials can be 

reused in the embankment. As the level of the embankment is raised, it shall be 

graded smoothly to the contours shown on the plans. Coarse coal refuse placement 

guidelines are contained in Appendix E. 

2.03 Survey Control 

Survey control shall include establishment of permanent monuments outside of, but 

adjacent to the refuse disposal facility and underground mining limits. This control 

shall be used for the management of day-to-day operations. 

2.04 Subsurface Drains 

a. General - To minimize the possible rise in the phreatic level as the impoundment 

level rises, internal underdrains shall be installed within the embankment. The 

drains shall consist of either a geocomposite drainage material or non-calcareous 

gravel both with an HDPE perforated pipe wrapped entirely with geotextile. The 

approximate alignment and elevations of the drains are indicated on Drawing Nos. 

B05-330-M30, -M32, -M34 and-E22. The underdrain details are presented on 

Drawing No. B05-330-El4. 

b. Filter Fabric - The filter fabric shall be "Propex 4550" manufactured by Propex 

Fabrics, Inc., or an approved equivalent geotextile that is ultraviolet stabilized to 

resist deterioration. The filter fabric shall be protected from ultraviolet exposure 

during storage. 

c. Pipe - The pipe used in !he internal drain shall be a perforated high-density 

polyethylene pipe as specified on the individual phase drawings. The perforations 

shall be in accordance with the detail on Drawing No. B05-330-El4. The outlet 

pipes shall not be perforated. 

d. Rock Gravel - Competent, durable, clean gravel in the size range of 3/8" to I½" 

shall be used in the drains. The gravel shall consist of non-acid, non-toxic, non

calcareous rock that will not slake in water or degrade to soil material during the 

life of the facility, and which is free of coal, clay or other non-durable material. 
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e. Geocomposite - If a geocomposite drainage material is selected for the drain in 

lieu of the river gravel, the geocomposite shall be PermaNet HL, manufactured by 

GSE Lining Technologies, or equivalent. The geocomposite shall be entirely 

wrapped with filter fabric and shall be wrapped around the HDPE perforated 

collection/conveyance pipe. The geocomposite underdain detail is presented on 

Drawing No. B05-330-El4. 

3. Installation - Details pertaining to the internal drains are presented on Drawing No. 

B05-330-El4. As shown on the drawing, the pipe shall be perforated with 

½ - inch diameter holes and wrapped entirely with filter fabric with a minimum 2-

foot overlap for Phase 3. For Phases 5 and 6, 3/8 - inch perforations may be used 

in lieu if wrapping the pipe with filter fabric. The drain shall be constructed to the 

dimensions shown on the drawing. 

The installation of the underdrains shall be monitored by the engineer responsible 

for certifying the construction of the embankment or by a qualified person 

designated by the engineer. 

2.05 Standpipe Piezometers 

Standpipe Piezometers shall be installed at the locations shown on the drawings and 

in accordance with the detail on Drawing No. B05-330-E47. Clean concrete sand 

may be substituted for the pea gravel if the latter is difficult to obtain. The 

perforated section of the piezometer pipe shall be wrapped with filter fabric. 

Bentonite seals shall be placed immediately above the perforated section and just 

below the ground surface to isolate the piezometer tip from potential perched water 

tables and minimize any influence associated with surface water. 

2.06 Pore Pressure Transducers (Piezometers) 

a. Installed in Embankment - Pore pressure transducers shall be installed at the 

locations shown on the Drawing No. B05-330-M30 and in accordance with the 

details on Drawing No. B05-330-M4 7 Either pneumatic or vibrating wire 

piezometers may be used. Bentonite seals shall be placed inu11ediately above the 

filter zone and just below the ground surface to isolate the piezometer from 

potential perched water tables and to minimize any influence associated with 
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surface water. Alternately, the borehole may be completely backfilled above the 

sand filter with bentonite or bentonite-cement grout. 

b. Installed in Slurry - Pneumatic piezometers enclosed in a push-in well point or 

vibrating wire push-in piezometers shall be installed at the locations shown on 

the Drawing No. B05-330-M30 and in accordance with the detail on Drawing 

No. B05-330-M47 Bentonite seals shall be placed in the borehole through the 

coarse coal refuse immediately above the slurry zone and just below the ground 

surface to isolate the piezometer from potential perched water tables and to 

minimize any influence associated with surface water. The remainder of the 

borehole shall backfilled above the slurry zone with bentonite or bentonite

cement grout. 

c. Pneumatic piezometers shall meet the following requirements: 

Sensor Type 

Range 

Resolution 

Accuracy 

Repeatability 

Filter 

Materials 

Diameter 

Twin-tube pneumatic transducer 

180 psi, pressure rated for 400 psi 

0.01 psi 

± 0.015% FS (digital gauge) 

± 0.05 psi 

Sintered stainless steel, 50 micron pores 

ABS and PVC plastic body, synthetic rubber 

diaphragm 

~ 1 inch 

d. Vibrating wire piezometers shall meet the following requirements: 

Sensor Type 

Range 

Resolution 

Accuracy 

Maximum Pressure 

Filter 

Temperature Coefficient 

Materials 

Dimensions 

Pluck-wire vibrating wire sensor with built-in 

thennistor or RTD 

100 psi 

0.025% 

O.l¾FS 

150% ofrange 

Sintered stainless steel, 50 micron pores 

<0.04%FS per °C 

Stainless steel 

~ 0.75" X 7.75" 
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2.07 Inclinometers 

Inclinometers shall be installed at the locations shown on Drawing No. 

B05-330-M30. The inclinometer casing shall be 85 mm (3.34- inch) diameter QC 

or Standard Casing as manufactured by Durham Geo Slope Indicator, or equivalent. 

The inclinometer casing shall grouted into a borehole extending to bedrock as shown 

in the detail on Drawing No. B05-330-M47. 

Casing grooves are to be aligned with the direction of expected ground movement 

(north-south and east-west). Casing shall be supported evenly during transpmiation 

and storage and kept out of direct until installation to prevent deformation. 

The top of the inclinometer casings shall be accurately located in plan view and 

elevation by surveying after installation. The locations shall be resurveyed prior to 

each reading during periods of ground movement (i.e. before the longwall 

approaches within JOO-foot of the east side of the Phase 3 embanlanent, during 

mining under the embankment, and for two weeks after longwall wall mining under 

the east side of the Embanlanent) 

2.08 Refuse Haul and Access Road Construction 

An access road shall be extended to refuse facility operations as shown on the 

drawings. Throughout construction, access roads on the refuse pile shall be 

constructed to provide routes for access to the impoundment. Variations of road 

width or grade shall be determined by Mach Mining based upon site-specific 

considerations. The locations of the roads may vary from the roads shown on the 

drawings provided the specified crest widths and embankment slope grades are 

maintained. 

2.09 · Decant Installation 

a. General 

To aid in maintaining a normal pool elevation in the impoundment and to provide a 
mechanism to evacuate stored storm runoff, a I 8-inch outside diameter, SDR 26 high 
density polyethylene (HOPE) decant pipe shall be installed at the elevations shown on 
Drawing No. B05-330-E13 where it shall discharge into a smface drainage ditch. 
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2.10 

b. Decant Pipe 

The pipe used for decant construction shall be 18-inch outside diameter, SDR 26 
HDPE pipe (average inside diameter of 1.38 feet). The pipe joints shall be welded 
(fused) all around and pressure tested. Pressures used for the testing shall be for the 
maximum anticipated static water head of approximately 13 feet or approximately 6 
pounds per square inch (psi) measured at the outlet end of the pipe. The pipe shall 
be tested prior to backfilling to facilitate repair or rewelding. End caps used for the 
pressure testing shall be welded sufficiently to withstand the test pressures. A 
pressure relief valve and pressure gauge shall be mounted on the downstream end of 
the pipe. The pipe shall maintain the constant test pressure for a minimum time 
period of2 hours. No leakage is recommended, so extreme care shall be tal,en to 
account for any water added to or discharged from the pipe to maintain the specified 
test pressures. Records of the testing shall be maintained. Safety precautions for 
conducting the pressure testing shall be in accordance with cunent MSHA and 
Occupational Safety and Health Administration (OSHA) guidelines. 

Pipe Installation 

a. General - The decant pipe shall be installed on an adequate foundation in a 
manner to minimize differential settlement and excessive seepage along the 
outside of the pipe. All pipe installation shall be supervised by qualified 
persom1el familiar wiili the intent of the design and knowledge of proper 
installation procedures. 

b. Aligmnent - The pipe shall be placed in a trench excavated into the embankment 
at locations shown on Drawings No. B05-330-M30, -M32 and --M33 as 
determined by the engineer. Compacted fill used to level the pipe subgrade and 
form the bedding shall be a minimum of 6 inches thick, but shall not exceed 
approximately 2 feet beneath the pipe invert. Compaction shall be achieved in 
accordance with the detail presented on Drawing No. B05-330-E24 and Section 
2.08e of these specifications. The decant drop inlet shall extended vertically 
from the upstream end of the pipe to the elevations shown on Drawing No. 

B0S-330-EJ 3. 

c. Foundation Preparation - A 4-foot wide (minimum) trench shall be excavated at a 
location, detem1ined by the Engineer. as per the detail presented on Drawing No. 
B05-330-E24. The trench shall be excavated 2 feet (minimum) below the final 
pipe invert. The backfill envelope shall be placed, as per the details shown on 
Drawing No. B05-330-E24 and in accordance with these specifications. 
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d. Pipe Connections - To provide a water-tight seal, the joints shall be welded 

(fused) sufficiently to withstand the design internal water pressure (6 psi, 
minimum) without leakage. 

e. Backfilling - The backfill envelope, as shown on Drawing No. B05-330-E24, 

shall be raised uniformly on both sides of the pipe in 6-inch thick layers (8-inch 

thit:k loose lifts) aud compacted to a density g1eale1 lhau 01 e4ual lo 100 pen:e11l 
Standard Proctor maximum dry density (ASTM D 698) within -2 to +3 percent of 

the optimum water content. The bedding material shall be shaped to embed the 

18-inch HDPE a minimum of 4 inches. One field density test (minimum) shall 
be performed for every 200 cubic yards of backfill placed and compacted with at 

least one test per lift. 

f. Materials for Backfill - Materials used for backfilling shall consist of coarse coal 

refuse, free of any particles larger than 3 inches in any dimension. 

2.11 Drop Inlet 

a. General - To facilitate the installation of the trash rack and to prevent fines from 

entering the decant pipe, a drop inlet fabricated out of a 18-inch diameter SDR 26 
HDPE 90 degree elbow shall be used. The elbow shall be fuse welded to the 

decant transport section and to the drop inlet riser. 

b. Riser- The riser used to extend the drop inlet shall be 18-inch outside diameter, 
SDR 26 HDPE pipe, flange fitted at one end to facilitate connection to the trash 

rack. The riser com1ections shall be in accordance with the manufacturer's 

recommendations. 

2.12 Trash Rack 

a. General - To prevent large particles from entering and possibly clogging the 

decant pipe, a trash rack design has been provided. The trash rack shall be bolted 
to the riser pipe and can be removed for extension of the decant pipe. The trash 

rack may be fabricated with readily available parts. 

b. Material - Materials required for the trash rack include I inch by 1 inch by 1 /8-

inch angle irons, No. 4 rebar, and 1/8-inch thick steel plate. Details are shown on 

Drawing No. B05-330-E24. The trash rack shall be flange fitted and bolted to 

the riser flange. 
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c. Paint - The trash rack shall be protected with rust-resistant paint after fabrication. 
The trash rack shall be inspected periodically and any da.,1age repaired 
accordingly. 

2.13 Filter and Drainage Diaphragm 

a. General - A filter diaphragm shall be installed, as shown in plan and in detail on 
Drawing No. B05-330-E24, to minimize internal erosion (piping) along the 
outside of the decant pipe. 

b. Material - The diaphragm shail be constructed of hard, durable, non-calcareous 
aggregate within the following gradation range and wrapped entirely in "Propex 
4550" filter fabric or an equivalent approved by the Engineer. 

Sieve Size Percent Finer 
3-inch 100 
1-1/2-inch 84 to 100 
3/4-inch 36 to 100 
3/8-inch 6 to 100 
No. 4 0 to 52 
No. 10 0 to 10 
No. 20 0 to 9 
No. 40 0 to 8 
No. 60 0 to 7 
No. 140 0 to 6 
No. 200 0 to 5 

c. Filter and Drainage Diaphragm Outlet Drain - To convey seepage collected by the 
filter and drainage diaphragm to a surface drainage ditch, an outlet drain shall be 
constructed in accordance with the detail presented on Drawing No. B05-330-E24. 

3.0 FINE COAL REFUSE DISPOSAL 

3.01 General 

Following disposal of the fine coal refuse in the Phase 2 impoundment to maximum 

Elevation 496, fine coal refuse shall be disposed in the Phase 3 impoundment. The 

maintain a relatively uniform fines level within the impoundment. Discharge shall 

initiate on the impoundment bottom and continue on fine coal refuse beaches as the 

slurry settles. In no case shall direct discharge onto embankment slopes be allowed. 
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4.0 

3.02 Clarified Water Removal 

Clarified water from the slurry impoundment shall be removed by a pumping system 

and directed into the proposed perimeter ditch system or to the coal preparation plant. 

The water level in the impoundment shall be maintained as low as practicable. 

SURF ACE WATER DRAINAGE FACILITIES 

4.01 General 

A system of sediment/perimeter ditches, access road gutters, bench gutters, and 

conveyance ditches shall be constructed to control surface runoff and minimize 

erosion. All runoff collected from the embankment area will be directed toward 

proposed sediment/perimeter ditches located at the toe of the Phases 5 and 7 

embankment slopes. The conveyance ditches convey the flow from the 

embankment benches to the sediment/perimeter ditches. 

4.02 Ditches C through M 

To convey runoff from the embankment and slopes to the sediment/perimeter 

ditches, Ditches C through M, shall be constructed. The ditch locations are shown 

on the plan view Drawing Nos. B05-330-M20, -M30, -M32, -M33, and -M34 and 

the construction details are presented on Drawing Nos. B05-330-El4, -E24, and 

-E49. The final ditches shall be lined with the erosion protection specified on 

Drawing No. B05-330-El4. Temporary ditches shall be maintained around the base 

of the slopes. Any erosion damage sustained shall be immediately repaired. 

4.03 Access Road Gutters 

Surface runoff intercepted by access roads shall be kept off the road surface and in 

gutters on the uphill side. The roadway shall slope toward the gutter with the gutter 

approximately the same gradient as the access road. Permanent gutters shall be 

provided at abandonment with erosion protection (riprap) as shown in detail on 

Drawing No. B05-330-E!4. 
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4.04 Rock Riprap 

Where rock riprap protection is required in ditches and gutters because of high flow 

velocity, the riprap must have the following characteristics: 

a. Material - Riprap shall be hard, durable cobbles and boulders of sandstone or 

limestone in the sizes specified on the details. 

b. Size Gradation - Riprap size shall be predominantly in the range specified on the 

drawings. Smaller stones and cobbles shall be used to fill the voids between 

larger pieces. 

c. Subgrade Preparation - The riprap subgrade shall be well compacted before 

riprap is placed. A layer of "Propex 4550" filter fabric, or approved equivalent, 

shall be placed on the subgrade prior to the riprap placement. 

d. Riprap Placement - Riprap shall be spread to the thickness required in a single 

lift. 

e. Grouted Riprap - The grout shall be a sand-concrete mixture, proportioned to 

result in a minimum 28-day compressive strength of 2000 pounds per square 

inch (psi). The stones shall be thoroughly moistened and any excess fines shall 

be sluiced to the underside of the stone blanket before grouting. The grout may 

be delivered to the site by any means that will assure tmiformi1y and prevent 

segregation of the particles. The grout shall be vibrated by mechanical means to 

achieve grout penetration. If pressure grouting is used, care shall be taken to 

avoid unseating the stones. Penetration of the grout into the rock riprap shall be 

at least 12 inches. For a smooth surface, grout shall fill the void spaces to 

within ½-inch of the surface. Weep holes shall be provided through the blanket. 

A weep hole detail is presented on Drawing No. B05-330-E24. 

Curing and Protection - The completed finished surface shall be prevented from 

drying for a minimum curing pe1iod of 7 days following placement. Exposed 

surfaces shall be maintained in a moist condition continuously for the 7-day 

curing period or until curing compound has been applied as specified in this 
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section. Moisture shall be maintained by sprinkling, fog spraying or by covering 

with continuously moistened canvas, cloth mats, straw, sand, or other approved 

material. Water or moist covering shall be used to protect the grout during the 

curing process without causing damage to the grout surface by erosion or other 

mechanisms that may cause physical damage. 

The grouted rock may be coated with an approved curing compound as an 

alternative method to maintaining a continuous moisture condition during the 

curing period. The compound shall be sprayed on the moist grout surface as 

soon as free water has disappeared and all surface finishing has been completed. 

The compound shall be applied at a minimum uniform rate of I gallon per 175 

square feet of surface and shall form a continuous adherent membrane over the 

entire surface. Curing compound shall not be applied to surfaces requiring bond 

to subsequently placed grout and/or concrete. Iftl1e membrane is damaged 

during the curing period, the damaged area shall be re-sprayed at the rate of 

application specified for the original treatment. 

Grout mix shall be placed when the temperature is above 35 degrees Fahrenheit 

and rising and shall be protected from freezing. Grout mix shall not be placed 

on a frozen surface. After grouting is completed, no weight shall be placed on 

fue grouted riprap until the grout has cured properly. 

4.05 Uniform Section Mat 

a. Material - In lieu of riprap, 4-inch thick Armorform®, or equivalent, unifonn 

section mat may be used. The mat shall be keyed 18 inches (minimwn) along 

both edges of the ditch and at the upstrean1 end of each section. The mat shall be 

underlain with Propex 4550 filter fabric and installed in accordance with the 

manufacturer's recommendations. Weep holes shall be provided at 15-foot 

elevation intervals and anchor bolls shall be installed on the spacing shown on 

Drawing No. B0S-330- E24. 

b. Grout - The grout shall be a pumpable fine aggregate concrete (structural grout) 

proportioned to result in a minimw11 28-day compressive strength of3000 
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pounds per square inch (psi). A pozzolan grade fly ash may be substituted for 

up to 35 percent of the cement. Fine aggregate concrete consistency should be 

in the 9 - 11 second range when passed through the ¾ - inch orifice of the 

standard flow cone described in ASTM C-939-93. Tests utilizing a concrete 

slump cone are not appropriate. The grouted mat shall be protected from 

freezing and damage as described in Section 4.04.f above. 

5.0 REVEGETATION OF COMPLETED AREAS 

Revegetation of coarse coal refuse slopes can be accomplished by placing a cover of natural 

soil or other materials capable of suppo1iing vegetation and subsequent planting to establish a 

continuous stand of vegetation. Soil cover and vegetation shall be in accordance with the 

Illinois reclamation permit. 

6.0 MONITORING AND MAINTENANCE 

6.01 Piezometers and Impoundment Level 

(-
. Except as required by Section 6.03 below, water level readings from the piezometers 

and the impoundment level shall be recorded at 7-day intervals and compared to the 

levels used in the design. The standpipe piezometers shall be flushed on an annual 

basis to ensure they are functioning properly. Should the piezometers become 

damaged during operations, they shall be repaired or replaced. Maximum piezometer 

water levels used in the design of the embanlanents are shown in tables on Drawing 

Nos. B05-330-EI 2, -E39, and -E48. The piezometer levels in the tables are based on 

estimated maximum allowable phreatic surface to maintain a slope stability factor of 

safety of 1.5 for the static condition and 1.2 for seismic loading. Exceedance of the 

tabulated values does not necessarily mean that the slope stability has been reduced to 

unacceptable levels. It does mean that maximum anticipated phreatic level has been 

exceeded and that action in the fon11 ofreevaluation of the slope stability, reduction of 

the amount of water in the impoundment, reduction in the rate of embankment 

construction, installation of additional piezometers, or other remedial measures may 

be needed. 
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6.02 General Observations 

Observations of the embankment and its appurtenant structures shall be made at 7-day 

intervals and immediately following any unusual events such as floods, heavy 

rainfalls, abnormal structural behavior, etc. Any unusual features shall be reported 

immediately to the engineer responsible for certifying the construction. 

a. Embankment Slopes - Any irregularities such as scarps, wet areas, or vegetation 

disturbance shall be recorded. 

b. Working Disposal Surface - hTegularities shall be recorded. 

c. Access Road Gutters and Discharge Channels - General condition of channels, 

soil erosion adjacent to or beneath riprap and seeded slopes, blockage by debris, 

etc. shall be noted. 

d. Pumps. Spillway Pipes and Underdrain Outlets - General condition of the 

discharge facilities and that they are not blocked and are functioning properly. 

Underdrain discharges shall be measured or estimated. 

e. Vicinitv of the Embankment - General conditions throughout the area of the 

embankment shall be observed to note any changes which could be associated 

with the behavior of the embankment and its foundation. During and post

longwall mining Paiiicular attention should be paid to the predicted areas of 

high surface strain for the Phase 3 and Phase 4 embankments when the longwall 

mining passes beneath them. Horizontal strain and vertical subsidence 

predictions are shown on Drawing Nos. B05-330-M50 and -M5 l. Embankment 

defom1ation, cracking, and pore pressure buildup are of particular concern. 

6.03 Phase 3 Enhai1ced Monitoring 

a. Pore Pressure Transducers (pneumatic or vibrating wire) ai1d Inclinometers will 

be installed in the Phase 3 embaiilinent after the phase is capped with coarse 

coal refuse but prior to Phase 7C construction or longwall undermining under 

Phase 3. 
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b. Monitoring Frequency- Phase 3 instruments and general observations will be 

made twice daily beginning when the longwall face is within 100 feet of the 

eastern perimeter of the Phase 3 embankment and ending two weeks after the 

longwall face passes under its western end. 

If post-subsidence instrumentation monitoring_and inspection results indicate 

that Phase 3 embankment/impoundment distress is not a concern, i.e., no 

adverse cracking, seepage, excess pore pressure or deformation, then general 

observations and instrumentation readings for Phase 3 shall be conducted twice 

weekly for two additional months. If, after the two months of additional 

monitoring, no adverse pore pressures or embankment performance factors 

exist, monitoring may then revert to a 7-day basis until the site is reclassified as 

a non-impounding embankment or is abandoned. 

If embankment distress such as excessive seepage, elevated pore pressures, 

excessive deformation or cracking is evident, remedial measures will be 

initiated and the inspection and instrumentation reading frequency will be 

decreased to eight hours until stable conditions are achieved. The construction 

of the Contingency Buttress shovvn on Drawing No. D05-330-E47 will be 

implemented. 

c. Abandonment of Instrumentation - The pneumatic piezometers and the 

inclinometers may be left in place but considered abandoned and auxiliary to the 

approved plan starting two months after Phase 7C is completed - provided that 

no adverse conditions exists at the Phase 3 and Phase 7C embar1kments. 

6.04 Subsidence Baselines - Subsidence baselines "A" through "H" sha11 be monitored 

as described in Appendix F. 

6.05 Maintenance 

The following maintenance shall be performed regularly: 

a. Routine Maintenance - Maintenance, including replacement or patching of 

grouted riprap, regrading temporary bench and haul road gutters, backfilling of 

erosion rills and gullies, removal of debris from the ditches al the site, etc. shall 

be performed. 
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b. Maintenance After Unusual Meteorological Events (Heavy Precipitation Events 

and Floods). - The most important maintenance tasks at these times are the 

timely backfilling of all erosion scarps and slumps and the repair and 

improvement of drainage systems and riprap. 

c. Maintena..rice After Abnormal Changes in the Behavior of the Structure - If 

abnormal behavior of any portion of the embankment is observed, qualified 

persons knowledgeable of the facility design characteristics shall be advised 

immediately and any recommended maintenance measures undeiiaken. 

6.04 Data Review 

All facility performance data and data obtained during periodic inspections and 

maintenance shall be reviewed by qualified persons lmowledgeable of the facility 

construction and disposal requirements, including the design recommendations 

presented in these documents. 
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SCALE: 1 

ELEV. (FT) PLANIM. READING AREA (SQ.FT.) 

452 1727.00 1.73E+03 

454 12582.00 1.26E+04 

456 46388.00 4.64E+04 

458 18282:'.00 1.83E+05 

460 51414" .00 5.14E+05 

462 71034" .00 7.10E+05 

464 758662.00 7.59E+05 

466 783329.00 7.83E+05 

468 807685.00 8.08E+05 

470 83211,.00 8.32E+05 

480 95720,.00 9.57E+05 

490 1087747.00 1.09E+06 

500 1223733.00 1.22E+06 

0 
VOLUME COMPUTATIONS 

CALCS. BY: JLH 10-22-07 

CHECKED BY: /'1 OLl 

AVG AREA (SQ.FT.) CHANGE IN EL. VOL. (CU.FT.) CUM. VOL. (CU.FT.) CUM VOL.(CU.YD.) 

0.00E+00 0.00E+00 
7.15E+03 2 1.43E+04 

1.43E+04 5.30E+02 
2.95E+04 2 5.90E+04 

7.33E+04 2.71E+03 
1.15E+05 2 2.29E+05 

3.02E+05 1.12E+04 
3.48E+05 2 6.97E+05 

9.99E+05 3.70E+04 
6.12E+05 2 1.22E+06 

2.22E+06 8.24E+04 
7.35E+05 2 1.47E+06 

3.69E+06 1.37E+05 
7.71E+05 2 1.54E+06 

5.23E+06 1.94E+05 
7.96E+05 2 1.59E+06 

6.83E+06 2.53E+05 
8.20E+05 2 1.64E+06 

8.47E+06 3.14E+05 
8.95E+05 10 8.95E+06 

1.74E+07 6.45E+05 
1.02E+06 10 1.02E+07 

2.76E+07 1.02E+06 
1 :16E+06 10 1.16E+07 

3.92E+07 1.45E+06 
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PROJECT NO.: 805-330-14 ·13 

PROJECT NAME: WILLIAMSON ENERGY 
PHASE 4 EMB VOL 

SCALE: 1 

El.EV. !FTJ PLANIM. READING AREA (SQ.FT.) 

444 26965.00 2.70E+04 

446 222931.00 2.23E+05 

448 649798.00 6.50E+05 

450 823513.00 8.24E+05 

452 962794.00 9.63E+05 

454 1087982.00 1.09E+06 

456 1085414.00 1.09E+06 

458 1055127.00 1.06E+06 

460 1024374.00 1.02E+06 

462 995317.00 9.95E+05 

464 966870.00 9.67E+05 

466 934862.00 9.35E+05 

468 893583.00 B.94E+05 

4i0 852054.00 B.52E+05 

480 640656.00 6.41E+05 

490 423007.00 4.23E+05 

492 378726.00 3.79E+05 

0 
VOLUME COMPUTA T/ONS 

CALCS. BY: JLH 10-22-07 

Cl1ECl<ED BY: \-'ID\::, 

AVG AREA (SQ.FT.) CHANGE IN El. VOL. (CU.FT.) CUM. VOl._iCU.FT.J CUM VOL.ICU.YD~ 

O.OOE+OO 0.00E+00 
1.25E+05 2 2.50E+05 

2.50E+05 9.26E+03 
4.36E+05 2 8.73E+05 

1.12E+06 4.16E+04 
7.37E+05 2 1.47E+06 

2.60E+06 9.61E+04 
8.93E+05 2 1.79E+06 

4.38E+06 1.62E+05 
1.03E+06 2 2.05E+06 

6.43E+06 2.38E+05 
1.09E+06 2 2.17E+06 

8.61E+06 3.19E+05 
1.07E+06 2 2.14E+06 

1.07E+07 3.98E+05 
1.04E+06 2 2.0BE+06 

1.28E+07 4.75E+05 
1.01E+06 2 2.02E+06 

1.48E+07 5.50E+05 
9.81E+05 2 1.96E+06 

1.68E+07 6.23E+05 
9.51E+0S 2 1.90E+0G 

1.B7E+07 6.93E+05 
9.14E+05 2 1.83E+0G 

2.05E+07 7.61E+05 
8.73E+05 2 1.75E+06 

2.23E+07 8.25E+05 
7.46E+05 10 7.46E+06 

2.97E+07 1.10E+06 
5.32E+05 10 5.32E+06 

3.51E+07 1.30E+06 
4.01E+05 2 ll.02E+05 

3.59E+07 1.33E+06 
(-::> 
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PROJECT NO.: B05-330-1413 

PROJECT NAME: WILLIAMSON ENERGY (PHASE 5) 
EMB. VOLS 

SCALE: 1 

ELEV. (FT) PLANIM. READING AREA (SQ.FT.) 

436 8,117 8.12E+03 

438 65,894 6.59E+04 

440 237,202 2.37E+05 

442 572,057 5.72E+05 

444 1,118,526 1.12E+06 

445 1,351,072 1.35E+06 

445 1,250,920 1.25E+06 

446 1,310,776 1.31 E+06 

450 1,368,975 1.37E+06 

455 1,249,069 1.25E+06 

460 1,127,319 1.13E+06 

465 1,003,768 1.00E+06 

470 878,628 8.79E+05 

475 751,474 7.51 E+05 

VOLUME COMPUTATIONS 

. CALCS. BY: BWM 11-04-09 

CHECKED BY: Ct\D 

AVG AREA ISO.FT.) CHANGE IN EL. VOL. ICU.FT.) CUM. VOL. (CU.FT.) ' CUM VOL.(CU.YD.\ 
' . .. 0.00E+00 0.00E+00 

3.70E+04 2 '7.40E+04 
7.40E+04 2.74E+03 

1,52E+05 2 3.03E+05 
3.77E+05 I 1.40E+04 

4.05E+05 2 8.09E+05 ' 
1.19E+06 4.39E+04 

8.45E+05 2 1.69E+06 
2.88E+06 : 1.07E+05 

1.23E+06 1 1.23E+06 
4.11E+06 1.52E+05 

1.30E+06 0 0.00E+00 ! 
4.11 E+06 1.52E+05 

1.28E+06 1 1.28E+06 
5.39E+06 2.00E+05 

1.34E+06 4 5.36E+06 ' 
1.08E+07 3.98E+05 

1.31 E+06 5 6.55E+06, . 
1.73E+07 6.41E+05 c 

1.19E+06 5 5.94E+06 ; 
2.32E+07 8.61E+05 

( 

( 
1.07E+06 5 5.33E+06 

2.86E+07 1.06E+06 ,; 
9.41E+05 5 4.71E+06 I 

' 3.33E+07 1.23E+06 
8.15E+05 5 4.08E+06 

3.73E+07 1.38E+06 

0 
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6.87E+05 5 3.43E+06 
480 I 622,199 I 6.22E+05 I 

5.57E+05 5 2.78E+06 
485 I 491,443 I 4.91E+05 I 

4.52E+05 3 1.36E+06 
488 I 412,125 I 4.12E+05 I 

I 4.08E+07 I 1.51E+06 

I 4,36E+07 I 1.61E+06 

I 4.49E+07 I 1.66E+06 

~ 
s c, 

l3 
:::: 
~ 
~ 
---0 

0 
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Allian.ce~I 
Co11sulting, Inc. 

Engineers · Constructors · Scientists 

PROJECT NO.: B05-330-1413 

PROJECT NAME: WILLIAMSON ENERGY (PHASE 5) 
IMP. VOLS 

SCALE: 1 

ELEV._lFT) PLANIM. READING AREA (SQ.FT.) 

426 863,976 8.64E+05 

430 909,372 9.09E+05 

435 967.748 9.68E+05 

440 1,027,935 1.03E+06 

445 1,089,935 1.09E+06 

450 1,153,746 1.15E+06 

455 1,219,370 1.22E+06 

460 1,286,743 1.29E+06 

465 1,355,821 1.36E+06 

470 1,426,605 1.43E+06 

475 1,499,093 1.50E+06 

480 1,573,288 1.57E+06 

VOLUME COMPUTATIONS 

CALCS. BY: BWM 11-04-09 

' 
CHECKED BY: CAD 

AVG AREA (SQ.FT.) CHANGE IN EL. VOL. (CU.FT.) CUM. VOL._tCU.FT.J' 

0.00E+00 
8.87E+05 4 3.55E+06 

3.55E+06 
9.39E+05 5 4.69E+06 

8.24E+06 
9.98E+05 5 4.99E+06 

1.32E+07 
1.06E+06 5 5.29E+06 

1.85E+07 
1.12E+06 5 5.61E+06 

2.41E+07 
1.19E+06 5 5.93E+06 

. 

3.01E+07 
1.25E+06 5 6.27E+06 

3.63E+07 
1.32E+06 5 6.61E+06 

4.29E+07 
1.39E+06 5 6.96E+06 

4.99E+07 
1.46E+06 5 7.31E+06 

5.72E+07 
1.54E+06 5 7.68E+06 

i 

6.49E+07 
1.61 E+06 5 8.06E+06 

CUM VOL.\CU.YD.) 

0.00E+00 

1.31 E+05 

3.05E+05 

4.90E+05 

6.86E+05 

8.94E+05 

1.11E+06 

1.35E+06 

1.59E+06 

1.85E+06 

2.12E+06 

2.40E+06 

~ 

! 
( 
I 

: 

-<:,...... 

® 
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485 

488 

1,649,305 

1,695,545 

1.65E+06 

1.70E+06 
1.67E+06 3 5.02E+06 

7.29E+07 

7.80E+07 

2.70E+06 

2.89E+06 

~ 
":'. 
l/\ 

B 
:::: 
~ 
0-
--.J) 

@ 
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Allia.z1.ce L.J." 
Consulting, I11.c. 0 Engineers · Constructors· Scie.z1tists 

VOLUME COMPUTATIONS 

PROJECT NO.: 805-330-1413 CALCS. BY: JLH 10-22-07 

PROJECT NAME: WILLIAMSON ENERGY CHECKED BY: Jv'\OG 
PHASE 6 EMB VOL 

SCALE: I 

ELEV. (FT) PLANIM. READING AREA (SQ.FT.} AVG AREA (SQ.FT.I CHANGE IN El. VOL. (CU.FT.) CUM. VOL. (CU.FT.I CUM VOL.ICU.YD.I 
440 20548.00 2.05E+04 0.00E+00 0.00E+00 3.93E+05 10 3.\I3E+06 450 765316.00 7.65E+05 3.93E+06 1.46E+05 8.77E+05 10 8.77E+06 460 988066.00 9.88E+05 1.27E+07 4.70E+05 9.98E+05 10 9.\I8E+06 470 1008580.00 1.01E+06 2.27E+07 8.40E+05 1.02E+06 10 1.02E+07 480 1027914.00 1.03E+06 3.29E+07 1.22E+06 1.04E+06 8 8.28E+06 488 1043059.00 1.04E+06 4.11E+07 1.52E+06 1.20E+06 o 0.00E+00 488 1350082.00 1.35E+06 4.11 E+07 1.52E+06 1.34E+06 2 2.68E+06 
490 1330975.00 1.33E+06 4.38E+07 1.62E+06 1.32E+06 2 2.64E+06 492 13·1187'1.00 1.31 E+06 4.65E+07 1.72E+06 

( 
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. illliance L7 
Con.suiting, In.c . 

Engineers · Constructors· Scientists 

PROJECT NO.: B05-330-14 n 

PROJECT NAME: WILLIAMSON ENERGY 
PHASE 7 EMB VOL 

SCALE: 1 

ELEV. (FT) PLANIM. READING AREA (SQ.FT.) 

492 1689957.00 1.69E+06 

500 2130161.00 2.13E+06 

5rn 1739771.00 1.74E+06 

520 1349290.00 1.35E+06 

530 958717.00 9.59E+05 

538 646196.00 6.46E+05 

0 
VOLUME COMPUTATIONS 

CALCS. BY: JLH 10-22-07 

CHECl<EDBY: MDI::, 

AVG AREA (SQ.FT.) CHANGE IN EL VOL ICU.FT.) CUM. VOL ICU.FT.I CUM VOL.ICU.YD.) 

0.00E+00 0.00E+00 1.91 E+06 8 1.53E+07 
1.53E+07 5.66E+05 1.93E+06 10 1.93E+07 
3.46E+07 1.28E+06 1.54E+06 10 1.54E+07 
5.01E+07 1.85E+06 I / 

1.15E+06 10 1.15E+07 
6.16E+07 2.28E+06 8.02E+05 8 6.42E+06 
6.80E+07 2.52E+06 

'N 
~ 
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Alliance 1--7 
(-;onsultiiJ.g, Inc. 

Engineers · Constructors· Scientists 

PROJECT NO: B05-330-14 13 

PROJECT NAIVIE: WILLIAMSON ENERGY 
PHASE 7 IMP VOL 

SCALE: 1 

ELEV. (FT) PLANIM. READING AREA (SQ.FT.! 

448 59575 00 5.96E+04 

450 295995.00 2.96E+05 

452 540498.00 5.40E+05 

454 805935.00 8.06E+05 

456 1030203.00 1.03E+06 

458 W62845.00 1.06E+06 

460 1087807.00 1.09E+06 

470 1216944.00 1.22E+06 

480 1353294.00 1.35E+OG 

490 "1496858.00 1.50E+06 

500 ·1647636.00 1.65E+06 

510 1805627.00 1.81E+06 

520 1970832.00 1.97E+06 

530 2143251.00 2.14E+06 

538 2286379.00 2.29E+06 

0 
VOLUME COMPUTATIONS 

CALCS. BY: JLH 10-22-07 

C/-/ECKEDBY: \AOtl, 

AVG AREA /SQ.FT.) CHANGE IN EL VOL. ICU.FT.! CUM. VOL. ICU.FT.! CUM VOL.(CU.YD.l 

0.00E+00 0.00E+00 1.78E+05 2 3.56E+05 

3.56E+05 1.32E+04 4.18E+05 2 8.36E+05 

1.19E+06 4.42E+04 6.73E+05 2 1.35E+06 
2.54E+06 9.40E+04 9.18E+05 2 1.84E+06 

4.37E+06 1.62E+05 1.05E+06 2 2.09E+06 

6.47E+06 2.40E+05 1.08E+06 2 2.15E+06 

8.62E+06 3.19E+05 115E+06 10 1.15E+07 
2.01E+07 7.46E+05 1.29E+06 10 1.29E+07 

3.30E+07 ·J.22E+06 1.43E+06 10 1.43E+07 
4.72E+07 1.75E+06 1.57E+06 10 1.57E+07 

6.30E+07 2.33E+06 1.73E+06 10 1.73E+07 

8.02E+07 2.97E+06 1.89E+06 10 1.89E+07 
9.91E+07 3.67E+06 2.06E+06 10 2.06E+07 

1.20E+08 4.43E+06 2.21E+06 8 1.77E+07 

1.37E+08 5.09E+06 

~ 
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r-111me Report 2/21/2008 12:18 

o:(- ring Grid: / /Aci-acad/caddrawings/05330/7B-7C MERGED. grd 
\ and Grid: //Aci-acad/caddrawings/05330/7B-7C PROPOSED EMB.grd 

rid corner locations: 357504.45,426355.33 to 360456.45,427963.33 
rid resolution X: 492, Y: 268 Grid cell size X: 6.00, Y: 6.00 
rea in Cut : 382.3 S.F., 0.01 Acres 
rea in Fill: 428,616.4 S.F., 9.84 Acres 
otal inclusion area: 428,998.6 S.F., 9.85 Acres 
ut to Fill ratio: 0.00 
verage Cut Depth: 0.11 Average Fill Depth: 14.51 
ax Cut Depth: 0.52 Max Fill Depth: 22.85 
ut (C.Y.) / Area (acres): 0.16 
ill (C.Y.) I Area (acres): 23389.91 
ut volume: 41.8 C.F., 1.55 C.Y. 
ill volume: 6,219,569.8 C.F., 230,354.44 C.Y. 

10age 1 of l 
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TAGE 7B 

olumes by elevation zone 2/21/2008 12:19 

onA 453.19 to 460.00 
~(-::,lume '. 38.8 C.F., 1.44 C.Y. 
l.L volume. 348,025.6 C.F., 12,889.84 C.Y. 
unning total: 
ut volume: 38.8 C.F., 1.44 C.Y. 
ill volume: 348,025.6 C.F., 12,889.84 C.Y. 

one 460.00 to 470.00 
ut volume : 1.3 C.F., 0.05 C.Y. 
ill volume: 740,644.0 C.F., 27,431.26 C.Y. 
unning total: 
ut volume: 40.1 C.F., 1.49 C.Y. 
ill volume: 1,088,669.6 C.F., 40,321.10 C.Y. 

Jne 470.00 to 480.00 
Jt volume: 1.6 C.F., 0.06 C.Y. 
ill volume: 755,968.6 C.F., 27,998.84 C.Y. 
Jnning total: 
1tvolume: 41.SC.F., l.55C.Y. 
Lll volume: 1,844,638.2 C.F., 68,319.93 C.Y. 

)ne 480.00 to 490.00 
.L volume : 1.2 C.F., 0.04 C.Y. 

volume: 739,011.0 C.F., 27,370.78 C.Y. 
mning total: 
1 ( 1 ume : 4 3 . 0 C . F. , 1 . 5 9 C . Y . 
. lL--,,olume: 2,583,649.3 C.F., 95,690.71 C.Y. 

me 490.00 to 500.00 
1t volume: 1.2 C.F., 0.05 C.Y . 
. 11 volume: 718,441.7 C.F., 26,608.95 C.Y. 
inning total: 
it volume : 44.2 C.F., 1.64 C.Y . 
. 11 volume: 3,302,091.0 C.F., 122,299.67 C.Y. 

,ne 500.00 to 510.00 
t volume : 0.7 C.F., 0.02 C.Y. 
11 volume: 723,597.6 C.F., 26,799.91 C.Y. 
nning total: 
t volume : 44.9 C.F., 1.66 C.Y. 
11 volume: 4,025,688.6 C.F., 149,099.58 C.Y. 

ne 510.00 to 520.00 
t -:lc:lume: 0.9 C.F., 0.03 C.Y. 
11 -,1 o l ume : 7 ~. 5 ! 2 7 7 . 5 C.'i. 
nning total: 

volume : 45.8 C.F., 1.70 C.Y. 
~,.rolume: ~1,780,966.1 C.F., 177,072.82 C.Y . 

. 0.00 "CO 530.00 
Pa.ge 1 :if 2 
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U. ,._ V V .L \-<Hl'-- • .L • ...J '-- • 1. • f V • V ...J '-', .J. • 

'ill volume: 786,986.3 C.F., 29,147.64 C.Y . 
. unning total: 
:ut volume : 47.1 C.F., 1.74 C.Y. 
'i"' volume: 5,567,952.4 C.F., 206,220.46 C.Y. 

o~- 530.00 to 540.00 
u l, ::,l ume : 1. 4 C. F. , 0. 0 5 C. Y. 
'ill volume: 651,624.1 C.F., 24,134.23 C.Y. 
unning total: 
ut volume: 48.5 C.F., 1.80 C.Y. 
ill volume: 6,219,576.5 C.F., 230,354.69 C.Y. 

Page 2 cf 2 
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~ ·"Ile Report 2/21/2008 11:38 

r 
o~ ring Grid: //Aci-acad/caddrawings/05330/7B-7C MERGED.grd 

and Grid: //Aci-acad/caddrawings/05330/7B-7C PROPOSED EMB.grd 
rid corner locations: 357504.45,426355.33 to 360456.45,427963.33 
rid resolution X: 492, Y: 268 Grid cell size X: 6.00, Y: 6.00 
rea in Cut: 27.4 S.F., 0.00 Acres 
rea in Fill: 942,91'/.l S.F., 21.6~ Acres 
Jtal inclusion area: 942,944.5 S.F., 21.65 Acres 
ut to Fill ratio: 0.00 
lferage Cut Depth: 0.07 Average Fill Depth: 25.05 
ax Cut Depth: 0.44 Max Fill Depth: 38.00 
1t (C. Y.) I Area (acres): 0. 00 
ill (C.Y.) / Area (acres): 40417.06 
1t volume: 1.9 C.F., 0.07 C.Y. 
Lll volume: 23,622,547.1 C.F., 874,909.15 C.Y. 
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TAGE 7C 

r'"mes by elevation zone 2/21/2008 11:39 

o( 500.00 to 510.00 
ut volume : 1.3 C.F., 0.05 C.Y. 
ill volume: 6,851,079.0 C.F., 253,743.67 C.Y. 
unning total: 
ut volume : 1.3 C.F., 0.05 C.Y. 
ill volume: 6,851,079.0 C.F., 253,743.67 C.Y. 

one 510.00 to 520.00 
ut volume : 0.0 C.F., 0.00 C.Y. 
ill volume: 6,292,799.0 C.F., 233,066.63 C.Y. 
unning total: 
ut volume : 1.3 C.F., 0.05 C.Y. 
ill volume: 13,143,878.0 C.F., 486,810.30 C.Y. 

Jne 520.00 to 530.00 
~t volume : 0.0 C.F., 0.00 C.Y. 
ill volume: 5,899,045.6 C.F., 218,483.17 C.Y. 
rnning total: 
1t volume : 1.3 C.F., 0.05 C.Y. 
Lll volume: 19,042,923.7 C.F., 705,293.47 C.Y. 

·- 530.00 to 538.00 
;olume : 0.0 C.F., 0.00 C.Y . 

. l •olume: 4,578,137.9 C.F., 169,560.66 C.Y. 
11 19 total: 
1t volume : 1.3 C.F., 0.05 C.Y . 
. 11 volume: 23,621,061.6 C.F., 874,854.13 C.Y. 

F2ge 1 of 1 
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l 

PROJECT NAME: 

PROJECT NO.: 

DESCRIPTION: 

PIPE FLOW CALCULATIONS 

WILLIAMSON ENERGY 

805-330-1413 

PHASE 3 

A11ianceL7 
Consulting, Inc. 

Engineers · Constructors · Scientists 

CALC. BY: MOB 4/2/08 

CHECKED sY, /-urnl ✓-oz-at 

~Vli~'E=l~R_F_L~O_W ____ Q=C(3.14)0Hh1.5 REF. MSHA MANUAL, PAGE 6.136 
C=3.22+0.44(H/P) 

INLET DIAMETER(□)= __ .:.c1-::.:38:___ FEET 
WEIR HEIGHT(P)= FEET 

INLET EL.= __ .:::4,c94:c-,c8 __ 

..:cO:.:.R::::IFc..:l:::.C:::.E.cF..:cL:.::Oc:W.:__ __ Q=CA(2GH)'O. 5 REF. HANDBOOK OF CONCRETE CULVERT PIPE HYDRAULICS, 
PORTLAND CEMENT ASSOCIATION, PAGE 70 

DISCHARGE 
' COEFFICIENT(C)= ___ O:c·;:.6 __ 
ORIFICE DIAMETER 1.38 FEET 

AREA(A)= 1.50 SQ. FT. 
ORIFICE CONTROL ELEV. ___ 4:.::9cc3 __ 

PRESSURE FLOW Q=AV 

V=(2GH/F(UD)+K+1 )"0.5 REF. MSHA MANUAL, PAGE 6.154 
F=185(Nh2/0h_33) 

MANNING'S N= 0.012 
PIPE LENGTH(L)= __ .;c9~8 __ FEET 

ENERGY LOSSES(K)= __ .=2c,.5 __ 
OUTLET EL.= ___ 4:.:8:.::2 __ 

PIPE DIA = 1.38 FEET 

ELEVATION HEAD, FT. 

494.B 0 
495 0.2 

495.6 0.8 
496 1.2 
497 2.2 

Q.CFS 

WEIR ORIFICE 

0.00 10.18 
1.28 10.58 
11.08 12.05 
21.36 12.88 
59.25 14.76 

PRESSURE 

18.83 
18.98 
19.41 
19.70 
20.39 
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C 

STORM EVACUATION 

PROJECT NAME: 

PROJECT NUMBER: 

DESCRIPTION: 

TOTAL STORED VOLUME: 

VOLUME BELOW DECANT; 

WILLIAMSON ENERGY 

805-330-1413 

PHASE 3 

.=2::..:.3:..:.7 ____ (FT'3 X 10'6) 

ELEV. CUM.VOLUME 
(FT.'3 X 10'6) 

494.8 33.16 

495 33.4 

495.6 34.09 

496 34.56 

497 35.53 

..::3.::.3:..:.1.::.6 ___ (FT'3 X 10'6) 

10% VOLUME ;~0~.2_3_7 ___ (FT'3 X 10'6) 

DISCHARGE 
(CFS) 

0 

1.28 

11.08 

12.88 

14.76 

TIME 
(HRS) 

104.17 

31.01 

10.90 

19.50 

CALC.BY:~M=D=B'-----

CHECKED BY: ffe;'7J1 

CUM. TIME CUM. TIME 
(HRS) (DAYS) 

165.58 6.90 

61.41 2.56 

30.39 1.27 

19.50 0.81 

0.00 0.00 

10% LEVEL 90% EVACUATIOl'I 

ELEV. VOLUMC: 
(FT."3 X 1QA6 

494.8 33.16 494.8 6.9 

495.00 33.397 495.00 5.47 

495.6 34.09 495.6 1.27 
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PROJECT NAME: 

PROJECT NO.: 

DESCRIPTION: 

WILLIAMSON 

B05-330-1413 

PHASE 5 

PIPE FLOW CALCULATIONS 

Alliance LI 
Consulting, Inc. 

Engineers · Constructors· Scientists 

CALC. BY: JLH 12/20/06 ------~--
CHECKED BY: :fZ.Jr I z/u>( [)l...p 

WEIR FLOW Q•C(3.14)DHh1.5 
~'--~----C•3.22+0.44(H/P) 

REF. MSHA MANUAL, PAGE 6.136 

INLET DIAMETER(D)• 1.38 FEET 
WEIR HEIGHT(P)• ---"'=---FEET 

INLET EL.• ___ 4_8_0 __ 

-'O~R~IF_IC~E~F_L_O_W ___ O•CA(2GH)'0.5 REF. HANDBOOK OF CONCRETE CULVERT PIPE HYDRAULICS, 

PORTLAND CEMENT ASSOCIATION, PAGE 70 

DISCHARGE 

COEFFICIENT(C)• --~O.='c6c-_ 
ORIFICE DIAMETER 1.38 FEET 

AREA(A)• 1.50 SQ. FT. 

ORIFICE CONTROL ELEV. __ 4_7_8_.o_o __ 

PRESSURE FLOW Q•AV 
V•(2GH/F(UD)+K+1 )'0.5 
F•185(Nh2/Dh,33) 

REF. MSHA MANUAL, PAGE 6.154 

MANNING'S N• __ 0_._01~2 __ 

PIPE LENGTH(L)• 100 FEET 

ENERGY LOSSES(K)• __ C:C2c'.5~-
0 UTLET EL.• __ 4-'c7'-'2"'. 7'---

PIPE DIA. : 1.38 FEET 

ELEVATION HEAD, FT. Q.CFS 

WEIR ORIFICE 

480 0 0.00 10.18 

480.85 0.85 12.21 12.16 

482 2 50.28 14.40 

483 3 102.27 16.10 

484.1 4.1 180.82 17.79 

485 5 262.71 19.05 

486 I 6 373.38 20.37 

488 B 661.19 22.77 

PRESSURE 

14.18 
14.98 
16.00 
16.84 
17.71 
18.40 
19.13 
20.52 
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STORM EVA CUA TJON 

PROJECT NAME: Williamson Energy 

PROJECT NUMBER: B05-330-1413 

DESCRIPTION: Phase 5 

TOTAL STORED VOLUME: _:.7.:.:.2:..:.1 ____ (FT'3 X 10A6) 

ELEV. CUM. VOLUME DISCHARGE 
(FT.A3 X 10A6) (CFS) 

480 64.9 0 

480.85 66.3 12.16 

482 68.1 14.4 

483 69.7 16.1 

484.1 71.5 17.71 

484.5 72.1 18.0 

VOLUME BELOW DECANT= 64.9 (FT'3 X 10A6) 

10% VOLUME= 0.721 (FT'3 X 10A6) 

10% LEVEL 

ELEV. VOLUME 
(FT. A3 X 1 OAS) 

480 64.9 

480.44 65.621 

480.85 66.3 

TIME 
(HRS) 

63.96 

37.65 

29.14 

29.58 

9.33 

CALC. BY: BWM 11/04/09 

CHECKED BY:-:Kl.F li/l.floOr 
. \ 

CUM. TIME CUM. TIME 
(HRS) (DAYS) 

169.67 7.07 

105. 71 4.40 

68.06 2.84 

38.91 1.62 

9.33 0.39 

0.00 0.00 

90% EVACUATION 

ELEV TIME,DAYS 

480 7.07 

480.44 5.69 

480.85 4.4 
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STORM EVACUATION 

PROJECT NAME: 

PROJECT NUMBER: 

DESCRIPTION: 

TOTAL STORED VOLUME: 

VOLUME BELOW DECANT; 

WILLIAMSON ENERGY 

B05-330-1413 

PHASE 7 

..c9:.::.9:..:7 ____ (FT•3 X 10•6) 

ELEV. CUM. VOLUME 
(FT.•3 X 10•6) 

530 120 

530.85 121.81 

532 124.25 

533 126.38 

534 128.5 

534.72 130.02 

120 (FT"3 X 10"6) -""'-----

10% VOLUME ;_Q_.9_9_7 ____ (FT"3 X 10A6) 

ELEV. 

530 

530.20 

530.85 

10% LEVEL 

VOLUME 
(FT. '3 X 10'6) 

120 

121.002 

124.25 

DISCHARGE 
(CFS) 

0 

12.16 

14.14 

14.91 

15.64 

16.13 

TIME 
(HRS) 

82.69 

51.54 

40.73 

38.55 

CALC. BY: ~M:.::D:..:Bc....... ___ _ 

CHECKED BY: 'J/J1,ArJrJ 
{ 

CUM. TIME CUM. TIME 
(HRS) (DAYS) 

213.52 8.90 

130.83 5.45 

79.29 3.30 

38.55 1.61 

0.00 0.00 

90% EVACUATION 

EL::V 

530 

530.20 

530.85 

TIME,DAYS 

8.9 

8.09 

5.45 
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BY: I J ' J DATE: 3, 1 "i/0~ CHKD BY: 't!·ZtJ77 DATE: 

~ 
' ()'1-0t 

PROJECT NAME: N\LL,P.MW ,:: f.J,o"l-/;:y 

PROJECT NO. Do$- 230 - 14-1? SHEET OF 

DESCRIPTION 'f'~ f:::m,f-0 CNcc.jJ;'\\ei-J 

3: I 

\,S't ,\ 
"' 1.5'~ ;I. \ 'S' - 2.:;; 7 -· X r;s 
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PROJECT NAME:WILLIAMSON ENERGY 

PROJECT NO. 805-330-1413 SHEET ___ OF __ 

-:;1Dee1~s 
Dstroctors 

BECKLEY, YN 
(304) 255-04gi 

BR/STOL, VA 
(540) 466-2710 

DESCRIPTION FILTER DRAINAGE DIAPHP-AGM DESIGN 
-~~~~=.c..=--=-"-'-~-"'..C~='-'"-'-------

(' •~nrisrs 

. -: I · ... _: ___ :~.! · __ ·. ___ -~-·--f~_:,~---~~i_l ___ -.-·--·-<1.~~-:-~-- .. --~1:_·-. · --:_:_L.·. =_:-·· -

The purpose o1 the following cal~ula1ion5is to 9esign a filter drainage/ _ _:-· .:. 
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Alliance£1 
Consulting, Inc. 

Engineers · Constructors· Scientists 

DITCH PROPERTIES 

BY: HLO 

PROJECT NAME: 

PROJECT NO.: 

DESCRIPTION: 

ENTERED VALUES 
DESIGN DISCHARGE (cfs), Q= 99.10 

BOTTOM WIDTH (ft), b= 12.00 
CHANNEL SLOPE {%), So= 33.33 

SIDE SLOPES, Z= 2.00 

TYPE OF MATTO BE DESIGNED= __ _,U'-'S"'M"---

UNIT WEIGHT OF CONCRETE (pcQ, Ge= ___ 1,;4~0cc.O:,c0 __ 
UNIT WEIGHT OF WATER (pcQ, Gw= __ _,6:c2c.;.4ce0 __ _ 

SUB GRADE FRICTION ANGLE (deg), 6= ---=2cc5.c,.Oce0 __ _ 

TRACTIVE STRESSES DUE TO FLOW OF WATER 

BOTTOM STRESS 

lb=Gw'R'So (psQ= __ _,6c:c.O,cB'--

SIDE SLOPE STRESS 

SIDE SLOPE COEFFICIENT= __ __:O::.. 7:c9:_ __ 

ts=0.79.lb (psQ= ___ 4::..B,cO,__ __ 

TOTAL STRESS 

I (psQ = 
T (lb/ft) = 

REQUIRED RESISTING STRESS 

6.08 
81.37 

DESIRED FACTOR OF SAFETY= ___ _c1 ·ec5 __ _ 

REQUIRED RESISTING STRESS (psQ= ---cc':9'='.1~2cc---
(lb/ft) = 122.06 

RESISTING STRESS 

BOTTOM STRESS 

MAT THICKNESS (in), t= ____ 4,__ __ _ 

6/9/2009 CHKD BY: ~----DATE: __ _ 

Williamson Energy LLC 
B05-330-1413 SHEET OF 

Ditch "D" Tractive Force Computations, 4" USM 

CONDITION 
ARMORFORM ON 

SOIL 
ARMORFORM ON 

n • ""'" 

File: Ditch D 4-in USM.xis 

CALCULATED VALUES 
MANNING'S COEFFICIENT, n= 0.015 

DEPTH OF FLOW (ft), y= 0.31 
AREA OF FLOW (sq ft), A= 3.91 

WETTED PERIMETER (ft), P= 13.39 
HYDRAULIC RADIUS (ft), R= 0.29 

VELOCITY OF FLOW (fps), V= 25.19 

LINING PERIMETER (ft)= ____ 1;.;9"c.7,'6'----
TOP WIDTH (ft)= ----'1,cB-,c94'----

FREEBOARD (ft)= ___ ...,1,.c;.4,'3'---
TOTAL DITCH DEPTH (ft), d= ____ 1::..7cc4 __ _ 

COARSE 
GRAINED 

25 

JO 

SIDE SLOPE COEFFICIENT 

<1.5 
2 
3 
4 

MAT TYPE 
ABM 
FPM 
USM 

FINE GRAINED NO 
COHESION 

25 

25 

FINE GRAINED 
LOW COHESION 

30 

25 

0.76 
0.79 
0.85 
0.94 

n 
0,045 
0.025 
0.015 

COHESIVE 

45 

32.5 

t(Gc-Gw) ( ) tr.b= .J , tan(d)-So (ps0= ___ 3_._26 __ _ 
1+So-

SIDE SLOPE STRESS 

sol (psQ= ---"2"'.0"'6 __ _ 
) 

AVERAGE TOTAL RESISTING STRESS FROM MAT 

Tr,! (psQ= __ __:2"'.-"79'---- Tr,! (lb/ft) = 

NOTE: TOTAL RESISTING STRESS INCLUDES FREEBOARD 
PORTION OF MAT, CONSERVATIVELY USING MAT'S 

SUBMERGED UNIT WEIGHT FOR FREEBOARD ZONE 

55.12 
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BY: HLO 

PROJECT NAME: 

PROJECT NO.: 

DESCRIPTION: 

Engineers · Constructors· Scientists 

ANCHOR RESISTING STRESS 

REMAINING RESISTANCE REQUIRED (psQ= __ ---"6"'.3,:.3 __ _ 

ANCHOR RESISTANCE (PSF)= As•(Phi)(fs)/L'2 

REBAR SIZE(#)= ___ ,:.5 __ _ 

SOLVE FOR REQUIRED ANCHOR SPACING 

L (ft)= ___ 2""8"".8"5'---

USE REBAR SPACING OF ___ 2e,0"".o"o'---

RESISTANCE PROVIDED (psO= -----'-'13ec, 1,,Bc...,_ __ 

6/9/2009 CHKD BY: _____ DATE: __ _ 

Williamson Energy LLC 
B05-330-1413 SHEET OF 

Ditch "D" Tractive Force Computations, 4" USM 

File: Ditch D 4-in USM.xis 

(lb/ft) = --'6"'6"-'.9'--'4 __ 

20 ft MAXIMUM 

As=CROSS-SECTIONAL AREA OF REBAR TO BE USED (sq in) 
Phi=SHEAR FACTOR=0.85 
fs=ALLOWABLE STRESS FOR STEEL=20,000 psi 
L=ANCHOR SPACING 

REBAR# As (sq in) 
3 0.11 
4 0.20 
5 0.31 
6 0.44 
7 0.60 
8 0.79 

NOTE: ABOVE IS BASED ON YIELD SHEAR STRESS ON BOLT, MUST ALSO CHECK GROUND ANCHORAGE CAPACITY OF BOLT! 

CHECK UPLIFT 

REQUIRED WEIGHT (lbs), W= ---"Cc,w,;•Hcc·c:Gc'w'-_ 
12*Z'".33 

Cw= ___ ,:.3".7 __ _ 

W (lbs)= ___ 4".7'-4'----

MAT WEIGHT (lbs), Wm= __ -'lt(ccGo,c:;,•Ge,w!J.) __ 
12 

= ----=2,:.5."'8'-7 __ _ 

CW= 1.3 FOR USM OR FPM, SHORT TERM 
3.7 FOR USM OR FPM, LONG TERM 
2.0 FOR ABM 

Wm IS GREATER THAN W. NO ADDITIONAL UPLIFT RESISTANCE IS NEEDED. 

DESIGN: USE 4 INCH USM WITH ROOF BOLT (#5) ANCHORS ON 20 FOOT SPACING. 

Design procedure based on Nicolon Corporation, Design Theory Manual for Armorform Erosion Protection Mats, dated September 25, 1989. 



R16992

Alliance£1 
Consulting, Inc. 

Engineers · Constructors· Scientists 

DITCH PROPERTIES 

BY: HLO 
PROJECT NAME: 

PROJECT NO.: 

DESCRIPTION: 

ENTERED VALUES 
DESIGN DISCHARGE (els), Q= 119.30 

BOTTOM WIDTH (ft), b= 12.00 
CHANNEL SLOPE (%), So= 33.33 

SIDE SLOPES, Z= 2.00 

TYPE OF MAT TO BE DESIGNED= USM 

UNIT WEIGHT OF CONCRETE (pen, Ge= --~14~0~.0~0~--
UNIT WEIGHT OF WATER (pen, Gw= __ -=6=2~.4=0 __ _ 

SUBGRADE FRICTION ANGLE (deg), o= ---=2=5-~0=0 __ _ 

TRACTIVE STRESSES DUE TO FLOW OF WATER 

BOTTOM STRESS 

tb=Gw•wso (psn= ---"6"".8~1 __ _ 

SIDE SLOPE STRESS 

SIDE SLOPE COEFFICIENT= ___ 0'-'.7'-9'----

ts=0.79•tb (psn=_-~5".~38~-

TOTAL STRESS 

I (psn = 
T (lb/ft) = 

REQUIRED RESISTING STRESS 

6.81 

DESIRED FACTOR OF SAFETY= ___ ~1~.5 __ _ 

REQUIRED RESISTING STRESS (psn=_-~1=0-~2=2 __ _ 
(lb/ft)= 138.67 

RESISTING STRESS 

BOTTOM STRESS 

MAT THICKNESS (in), I= ____ 4'-----

DATE: 5/14/09 CHKD BY: __ _ DATE: __ _ 

Williamson Energy LLC 
B05-330-1413 SHEET OF 

Ditch "F" Tractive Force Computations, 4" USM 

CONDITION 
ARMORFORM ON 

SOIL 
ARMORFORM ON 

' ""'" 

File: Ditch F 4-in USM.xis 

CALCULATED VALUES 
MANNING'S COEFFICIENT, n= 0.015 

DEPTH OF FLOW (ft), y= 0.35 
AREA OF FLOW (sq ft), A= 4.45 

WETTED PERIMETER (ft), P= 13.57 
HYDRAULIC RADIUS (ft), R= 0.33 

VELOCITY OF FLOW (fps), V= 27.18 

LINING PERIMETER (ft)= ___ _:c20"-.,"18,__ __ 
TOP WIDTH (fl)= ____ 1~9~.3=2 __ _ 

FREEBOARD (ft)= ___ __.c1-c.48"----
TOTAL DITCH DEPTH (ft), d= ___ -'1-".8:,e3 __ _ 

COARSE 
GRAINED 

25 

30 

SIDE SLOPE COEFFICIENT 

<1.5 

2 
3 
4 

MAT TYPE 
ABM 
FPM 
USM 

FINE GRAINED NO 
COHESION 

25 

25 

FINE GRAINED 
LOW COHESION 

30 

25 

0.76 
0.79 
0.85 
0.94 

n 
0.045 
0.025 
0.015 

COHESIVE 

45 

32,5 

r(Gc-Gw) ( · ) rr,b= -J " tan(d)-So (psn= ___ 3~.2~6'----
J+So-

SIDE SLOPE STRESS 

tr s = t(Gc-0111( Ztan(d) 

, -vI+Scl \.-vl+Z' 
so] 

) 
(psn= ----'2".0"'8'----

AVERAGE TOTAL RESISTING STRESS FROM MAT 

Tr,! (psn= ---"2"'.7-'-7 __ _ Tr,! (lb/ft)= 

NOTE: TOTAL RESISTING STRESS INCLUDES FREEBOARD 
PORTION OF MAT, CON SERVA TIVEL Y USING MA T'S 

SUBMERGED UNIT WEIGHT FOR FREEBOARD ZONE. 



R16993

A11iance£1 
Consulting, Inc. 

Engineers · Constructors· Scientists 

ANCHOR RESISTING STRESS 

BY: HLO 
PROJECT NAME: 

PROJECT NO.: 

DESCRIPTION: 

REMAINING RESISTANCE REQUIRED (psD= __ '--7~.4~5~-

ANCHOR RESISTANCE (PSF)= As'(Phi)(fs)/L'2 

REBAR SIZE (#)= ___ ec4 __ _ 

SOLVE FOR REQUIRED ANCHOR SPACING 

DATE: 5/14/09 CHKD BY: __ _ DATE: __ _ 

Williamson Energy LLC 
B05-330-1413 SHEET 

Ditch "F" Tractive Force Computations, 4" USM 

File: Ditch F 4win USM.xis 

~ 
(lb/ft) = 

OF 

A S SECTIONAL AREA OF REBAR TO BE USED (sq in) 
Phi=SHEAR FACTOR=0.85 
fs=ALLOWABLE STRESS FOR STEEL=20,000 psi 
L=ANCHOR SPACING 

REBAR# As (sq in) 
L (ft)- 21.37 3 0.11 

4 0.20 
USE REBAR SPACING OF 20.00 20 ft MAXIMUM 5 0.31 

6 0.44 
RESISTANCE PROVIDED (ps0= 8.50 7 0.60 

8 0.79 
NOTE: ABOVE IS BASED ON YIELD SHEAR STRESS ON BOLT, MUST ALSO CHECK GROUND ANCHORAGE CAPACITY OF SOLT! 

CHECK UPLIFT 

REQUIRED WEIGHT (lbs), W= _ _,C'-"wcc•Hcc'-'cG'cw'---
12*Z".33 

Cw= __ _,3:c.7c_ __ 

W (lbs)= __ _cc5cc.3=.6 __ _ 

MAT WEIGHT (lbs), Wm= __ t"'(G~c~-G=-w~)'---
12 

25.87 

CW= 1.3 FOR USM OR FPM, SHORT TERM 
3. 7 FOR USM OR FPM, LONG TERM 
2.0 FOR ABM 

Wm IS GREATER THAN W. NO ADDITIONAL UPLIFT RESISTANCE IS NEEDED. 

DESIGN: USE 4 INCH USM WITH ROOF BOLT (#4) ANCHORS ON 20 FOOT SPACING. 

Design procedure based on Nicolon Corporation, Design Theory Manual for Armorform Erosion Protection Mats, dated September 25, 1989. 



R16994

Alliance£1 
Consulting, Inc. 

Engineers · Constructors· Scientists 

DITCH PROPERTIES 

BY: HLO 
PROJECT NAME: 

PROJECT NO.: 

DESCRIPTION: 

ENTERED VALUES 
DESIGN DISCHARGE (els), Q= 82.90 

BOTTOM WIDTH (ft), b= 12.00 
CHANNEL SLOPE (%), So= 33.33 

SIDE SLOPES, Z= 2.00 

TYPE OF MAT TO BE DESIGNED= USM 

UNIT WEIGHT OF CONCRETE (pen, Ge= ___ 1,c4,;0:c,.Dc,0c_ __ 
UNIT WEIGHT OF WATER (pen, Gw= --~6~2-~4~0 __ _ 

SUBGRADE FRICTION ANGLE (deg), Ii= __ _c2c,5c,.0c,0c_ __ 

TRACTIVE STRESSES DUE TO FLOW OF WATER 

BOTTOM STRESS 

tb=Gw'R'So (psn= --~5"'.5~2~-

SIDE SLOPE STRESS 

SIDE SLOPE COEFFICIENT= __ _c0~.7-'9 __ _ 

ts=0.79'tb (psn= ___ 4~.3~6~--

TOTALSTRESS 

I (psn = 
T (lb/ft) = 

REQUIRED RESISTING STRESS 

5.52 
73.15 

DESIRED FACTOR OF SAFETY= ___ _,_1'-".5'---

REQUIRED RESISTING STRESS (psn= __ -,-!'8".2"8~--
(lblft) = 109.72 

RESISTING STRESS 

BOTTOM STRESS 

MAT THICKNESS (in), t= ___ _:4,_ __ _ 

6/9/2009 CHKD BY: _____ DATE: __ _ 

Williamson Energy LLC 
B0S-330-1413 SHEET OF 

Ditch "I" Tractive Force Computations, 4" USM 

CONDITION 
ARMORFORM ON 

SOIL 
ARMORFORM ON 

''""'" 

File: Ditch I 4~in USM.xis 

CALCULATED VALUES 
MANNING'S COEFFICIENT, n= 0.015 

DEPTH OF FLOW (ft), y= 0.28 
AREA OF FLOW (sq ft), A= 3.52 

WETTED PERIMETER (ft), P= 13.25 
HYDRAULIC RADIUS (ft), R= 0.27 

VELOCITY OF FLOW (fps), V= 23.62 

LINING PERIMETER (ft)= ____ 1~9._45~--
TOP WIDTH (ft)= ____ 1~8~.6~7 __ _ 

FREEBOARD (ft)= ___ _c1cc.3,c::9 __ _ 
TOTAL DITCH DEPTH (ft), d= 1.67 

COARSE 
GRAINED 

25 

JO 

SIDE SLOPE COEFFICIENT 

<1.5 
2 
3 
4 

MAT TYPE 
ABM 
FPM 
USM 

Fl1''E GRANED NO 
COHESION 

25 

25 

FINE GRAJNED 
LOW COHESION 

JO 

25 

0.76 
0.79 
0.85 
0.94 

n 
0.045 
0.025 
0.015 

COHESIVE 

45 

]2.5 

t(Gc-Gw)( ) 
tr,b==~~~~:,-'- tan(d)-So 

..J1 +So" 
(psn- ___ 3"'.""26'---

SIDE SLOPE STRESS 

tr,s = t(Gc-G"')[ Ztan(d) 

.J1+sd \..Jl+Z" 
soj (psn= ---'2"'-.0"'6'---

/ 

AVERAGE TOTAL RESISTING STRESS FROM MAT 

Tr,t (psn= __ __,2c,.Bc,Dc_ __ Tr,t (lb/ft) = 

NOTE: TOTAL RESISTING STRESS INCLUDES FREEBOARD 
PORTION OF MAT, CONSERVATIVELY USING MAT'S 

SUBMERGED UNIT WEIGHT FOR FREEBOARD ZONE. 



R16995

Alliance£1 
Consulting, Inc. 

BY: HLO 

PROJECT NAME: 

PROJECT NO.: 

DESCRIPTION: 

Engineers · Constructors· Scientists 

ANCHOR RESISTING STRESS 

REMAINING RESISTANCE REQUIRED (ps0- __ _,5".4"'8'--

ANCHOR RESISTANCE (PSF)= As•(Phi)(fs)IL'2 

REBAR SIZE (#)= ___ -"5 __ _ 

SOLVE FOR REQUIRED ANCHOR SPACING 

L (ft)= __ -=.31cc.0=..1c._ __ 

USE REBAR SPACING OF __ -=2~0~.0-"0 __ _ 

RESISTANCE PROVIDED (ps0= __ --"13"-.1'-'8'----

61912009 CHKD BY: _____ DATE: __ _ 

Williamson Energy LLC 
B0S-330-1413 SHEET OF 

Ditch "I" Tractive Force Computations, 4" USM 

File: Ditch I 4~in USM.xis 

(lb/ft) = __ 5~5~.2~5'-_ 

20 ft MAXIMUM 

As=CROSS-SECTIONAL AREA OF REBAR TO BE USED (sq in) 
Phi=SHEAR FACTOR=0.85 
fs=ALLOWABLE STRESS FOR STEEL=20,000 psi 
L=ANCHOR SPACING 

REBAR# As (sq in) 

3 0.11 
4 0.20 
5 0.31 
6 0.44 
7 0.60 
8 0.79 

NOTE: ABOVE IS BASED ON YIELD SHEAR STRESS ON BDL T, MUST ALSO CHECK GROUND ANCHORAGE CAPACITY OF BOL Tl 

CHECK UPLIFT 

REQUIRED WEIGHT (lbs), W= --'C'-'w'-c•ccWc-'G'-'w'---
12*2".33 

Cw= __ __,3c:.7 __ _ 

W (lbs)= __ _,_4.cc2=..9 __ _ 

MAT WEIGHT (lbs), Wm= --'t"'(G~ccc-G=-w~)'--
12 

25.87 

CW= 1.3 FOR USM OR FPM, SHORT TERM 
3.7 FOR USM OR FPM, LONG TERM 
2.0 FOR ABM 

Wm IS GREATER THAN W. NO ADDITIONAL UPLIFT RESISTANCE IS NEEDED. 

DESIGN: USE 4 INCH USM WITH ROOF SOLT (#5) ANCHORS ON 20 FOOT SPACING. 

Design procedure based on Nicolon Corporation, Design Theory Manual for Armorform Erosion Protection Mats, dated September 25, 1989. 



R16996

A1liance£1 
Consulting, Inc. 

Engineers · Constructors· Scientists 

DITCH PROPERTIES 

BY: HLO 

PROJECT NAME: 

PROJECT NO.: 

DESCRIPTION: 

ENTERED VALUES 
DESIGN DISCHARGE {cfs}, Q= 118.00 

BOTTOM WIDTH (ft}, b= 12.00 
CHANNEL SLOPE {%}, So= 33.33 

SIDE SLOPES, Z= 2.00 

TYPE OF MAT TO BE DESIGNED= __ -=.US~M~-

UNIT WEIGHT OF CONCRETE {pcf}, Ge= ----'1~40"'.~oo,_ __ 
UNIT WEIGHT OF WATER {pcf}, Gw= __ __c6,,2~.4c,0 __ _ 

SUBGRADE FRICTION ANGLE {deg), o= ----'2"5~.0c,O __ _ 

TRACTIVE STRESSES DUE TO FLOW OF WATER 

BOTTOM STRESS 

lb=Gw'R'So (psf}= ---=-6-ccB=.2 __ _ 

SIDE SLOPE STRESS 

SIDE SLOPE COEFFICIENT= __ _c0c.c.7.c.9 __ _ 

ts=0.79"1b (psf}= __ ---=5=.3=8 __ _ 

TOTAL STRESS 

I {psf} = 
T {lb/ft} = 

REQUIRED RESISTING STRESS 

6.82 

DESIRED FACTOR OF SAFETY=_-~1~.5,_ __ 

REQUIRED RESISTING STRESS (psf}= ___ 1--'o=.2=2~--
{lb/ft} = 138.68 

RESISTING STRESS 

BOTTOM STRESS 

MAT THICKNESS {in}, I= ---~4 __ _ 

6/9/2009 CHKD BY: _____ DATE: __ _ 

Williamson Energy LLC 
B05-330-1413 SHEET OF 

Ditch "L" Tractive Force Computations, 4" USM 

CONDITION 
ARMORFORM ON 

SOIL 
ARMORFORM ON 

". ""'" 

File: Ditch L 4•in USM.xis 

CALCULATED VALUES 
MANNING'S COEFFICIENT, n= 0.015 

DEPTH OF FLOW (ft}, y= 0.35 
AREA OF FLOW {sq ft}, A= 4.45 

WETTED PERIMETER {ft}, P= 13.57 
HYDRAULIC RADIUS {ft), R= 0.33 

VELOCITY OF FLOW {fps}, V= 27.18 

LINING PERIMETER (ft}= ___ =20"'.~18,_ __ 
TOP WIDTH {ft}= ---~19cc·=c:32,_ __ 

FREEBOARD {ft}= ____ 1~.4~8 __ _ 
TOTAL DITCH DEPTH {ft}, d= ___ __c1~.8=3 __ _ 

COARSE 
GRAINED 

25 

JO 

SIDE SLOPE COEFFICIENT 

<1.5 
2 
3 
4 

MAT TYPE 
ABM 
FPM 
USM 

FINE GRAINED NO 
COHESION 

25 

25 

FINE GRAINED 
LOW COHESION 

JO 

25 

0.76 
0.79 
0.85 
0.94 

n 
0.045 
0.025 
0.015 

COHESIVE 

45 

32.5 

t(Gc-Gw)( ) tr,b-
1 

, tan(d)-So (psf}= __ -=.3-=-26,_ __ 
-v I +So-

SIDE SLOPE STRESS 

sol \psf)= ___ 2cc-~06'---
) 

AVERAGE TOTAL RESISTING STRESS FROM MAT 

Tr,! {psf}= ---=-2~. 7~7 __ _ Tr,! {lb/ft) = 

NOTE: TOTAL RESISTING STRESS INCLUDES FREEBOARD 
PORTION OF MAT, CONSERVATIVELY USING MA T'S 

SUBMERGED UNIT WEIGHT FOR FREEBOARD ZONE. 



R16997

Ailiance£1 
Consulting, Inc. 

Engineers · Constructors· Scientists 

ANCHOR RESISTING STRESS 

BY: HLO 
PROJECT NAME: 

PROJECT NO.: 

DESCRIPTION: 

REMAINING RESISTANCE REQUIRED (psQ= __ ----'-7c,.4,:_5 __ _ 

ANCHOR RESISTANCE (PSF)= As"(Phi)(fs)IL'2 

REBAR SIZE(#)= ___ .=,5 __ _ 

SOLVE FOR REQUIRED ANCHOR SPACING 

L (fl)= __ _c2c,6c,.6cc0 __ _ 

61912009 CHKDBY: _____ DATE: __ _ 

Williamson Energy LLC 
B0S-330-1413 SHEET OF 

Ditch "L" Tractive Force Computations, 4" USM 

File: Ditch L 4-in USM.xis 

(lb/ft) = _ _c8c,2c,, 7...c1 __ 

As=CROSS-SECTIONAL AREA OF REBAR TO BE USED (sq in) 
Phi=SHEAR FACTOR=0.85 
fs=ALLOWABLE STRESS FOR STEEL=20,000 psi 
L=ANCHOR SPACING 

REBAR# As (sq in) 

USE REBAR SPACING OF __ ~2.=.0-~0.=.0 ___ 20 ft MAXIMUM 

3 
4 
5 
6 
7 
8 

0.11 
0.20 
0.31 
0.44 
0.60 
0.79 

RESISTANCE PROVIDED (psQ= __ ----'-1"-3,e,1,cB __ _ 

NOTE: ABOVE IS BASED ON YIELD SHEAR STRESS ON BOLT, MUST ALSO CHECK GROUND ANCHORAGE CAPACITY OF BOL Tl 

CHECK UPLIFT 

REQUIRED WEIGHT (lbs), W= _ __,C'-'w'-•'-'w-'G'-'w'---
12"'2'".33 

Cw= __ __,3"-.7'----

W (lbs)= -------"5'-'.3"-6 __ _ 

MAT WEIGHT (lbs), Wm= __ t~(G"-c~-G-=-w~)'---
12 

25.87 

CW= 1.3 FOR USM OR FPM, SHORT TERM 
3.7 FOR USM OR FPM, LONG TERM 
2.0 FOR ABM 

Wm IS GREATER THAN W. NO ADDITIONAL UPLIFT RESISTANCE JS NEEDED. 

DESIGN: USE 4 INCH USM WITH ROOF BOLT (#5) ANCHORS ON 20 FOOT SPACING. 

Design procedure based on Nicolon Corporation, Design Theory Manual for Armorform Erosion Protection Mats, dated September 25, 1989. 



R16998

A1lianceL7 
Consulting, Inc. 

Engineers · Constructors· Scientists 

DITCH PROPERTIES 

BY: HLO 
PROJECT NAME: 

PROJECT NO.: 

DESCRIPTION: 

ENTERED VALUES 
DESIGN DISCHARGE (cfs), Q= 75.40 

BOTTOM WIDTH (ft), b= 12.00 
CHANNEL SLOPE (%), So= 33.33 

SIDE SLOPES, Z= 2.00 

TYPE OF MAT TO BE DESIGNED= USM 

UNIT WEIGHT OF CONCRETE (pcQ, Ge= ----'1_,_40~·=-ooc_ __ 
UNIT WEIGHT OF WATER (pcQ, Gw= ----'6'-'2~.4"'0'---

SUBGRADE FRICTION ANGLE (deg), 6= ----'2'-'5~.o"'o __ _ 

TRACTIVE STRESSES DUE TO FLOW OF WATER 

BOTTOM STRESS 

tb=Gw•wso (psQ= __ _,5"'.3'-'3'----

SIDE SLOPE STRESS 

SIDE SLOPE COEFFICIENT= __ __c0c..7cc9c_ __ 

ts=0.79"1b (psQ= ___ 4~.2=-1'-----

TOTAL STRESS 

t (psD = 
T (lb/ft) = 

REQUIRED RESISTING STRESS 

5.33 

DESIRED FACTOR OF SAFETY= ___ 1~.5'-----

REQUIRED RESISTING STRESS (psQ= __ --".Bc,c.0,c0 __ _ 
(lb/ft) = 105.64 

RESISTING STRESS 

BOTTOM STRESS 

MAT THICKNESS (in), 1= ____ 4c_ __ _ 

6/9/2009 CHKD BY: _____ DATE: __ _ 

Williamson Energy LLC 
B05-330-1413 SHEET OF 

Ditch "M" Tractive Force Computations, 4" USM 

CONDITION 
ARMORFORM ON 

SOIL 
ARMORFORM ON 

r;•nn,n 

File: Ditch M 4Hin USM.xis 

CALCULATED VALUES 
MANNING'S COEFFICIENT, n= 0.Q15 

DEPTH OF FLOW (ft), y= 0.27 
AREA OF FLOW (sq ft), A= 3.39 

WETTED PERIMETER (ft), P= 13.21 
HYDRAULIC RADIUS (ft), R= 0.26 

VELOCITY OF FLOW (fps), V= 23.08 

LINING PERIMETER (ft)= ___ _,_1~9-=-35'-----
TOP WIDTH (ft)= 18.57 

FREEBOARD (ft)= ----'1""_3=7'---

TOTAL DITCH DEPTH (ft), d= ___ --'1-".6'-'4 __ _ 

COARSE 
GRAINED 

25 

JO 

SIDE SLOPE COEFFICIENT 

<1.5 
2 
3 
4 

MAT TYPE 
ABM 
FPM 
USM 

FINE GRAINED NO 
COHESION 

25 

25 

FINE GRAINED 
LOW COHESION 

JO 

25 

0.76 
0.79 
0.85 
0.94 

n 
0.045 
0.025 
0.015 

COHESIVE 

45 

32.5 

b t(Gc-Gw) ( (d) S ) tr, =--"-=--ac-'- tan - o 
.J1+S02 

(psn= ----"3"".2-'-6 __ _ 

SIDE SLOPE STRESS 

sol (psf)= __ --=c2·cc0=.6 __ _ 

/ 

AVERAGE TOTAL RESISTING STRESS FROM MAT 

Tr,t (psQ= __ _,2"'.8'-'0'----- Tr,t (lb/ft) = 

NOTE: TOTAL RESISTING STRESS INCLUDES FREEBOARD 
PORTION OF MAT, CONSERVATIVELY USING MAT'S 

SUBMERGED UNIT WEIGHT FOR FREEBOARD ZONE. 



R16999

Alliance£1 
Consulting, Inc. 

Engineers · Constructors· Scientists 

ANCHOR RESISTING STRESS 

BY: HLO 
PROJECT NAME: 

PROJECT NO.: 

DESCRIPTION: 

REMAINING RESISTANCE REQUIRED (psn= ___ "-5.c.1=.9 __ _ 

ANCHOR RESISTANCE (PSF)= As*{Phi)(fs)/L "2 

REBAR SIZE(#)= ---~5'---

SOLVE FOR REQUIRED ANCHOR SPACING 

L (ft)= --~31~-~85~-

USE REBAR SPACING OF __ -"2"'0".o"'o __ 

RESISTANCE PROVIDED (psn= ---'1-"3'-'.1-"8 __ _ 

6/9/2009 CHKD BY: _____ DATE: __ _ 

Williamson Energy LLC 
B05-330-1413 SHEET OF 

Ditch "M" Tractive Force Computations, 4" USM 

File: Ditch M 4·in USM.xis 

(lb/ft) = --=-51~.3"8'---

20 ft MAXIMUM 

As=CROSS-SECTIONAL AREA OF REBAR TO BE USED (sq in) 
Phi=SHEAR FACTOR=0.85 
fs=ALLOWABLE STRESS FOR STEEL=20,000 psi 
L=ANCHOR SPACING 

REBAR# As (sq in) 

3 0.11 
4 0.20 
5 0.31 
6 0.44 
7 0.60 
8 0.79 

NOTE: ABOVE IS BASED ON YIELD SHEAR STRESS ON BOLT. MUST ALSO CHECK GROUND ANCHORAGE CAPACITY OF BOLT! 

CHECK UPLIFT 

REQUIRED WEIGHT (lbs), W= --~C~w-•H=•~G"-w~-
12*Z".33 

Cw= ___ ~3~.7~--

W (lbs)= ___ ~4-~1"3 __ _ 

MAT WEIGHT (lbs), Wm= __ _,t,.,(G,.,c'-c•G,cw,:,),__ 
12 

25.87 

CW= 1.3 FOR USM OR FPM, SHORT TERM 
3.7 FOR USM OR FPM, LONG TERM 
2.0 FOR ABM 

Wm IS GREATER THAN W. NO ADDITIONAL UPLIFT RESISTANCE IS NEEDED. 

DESIGN: USE 4 INCH USM WITH ROOF BOLT (#5) ANCHORS ON 20 FOOT SPACING. 

Design procedure based on Nicolon Corporation, Design Theory Manual for Armorform Erosion Protection Mats, dated September 25, 1989. 



R17000

AmanceCI 
Consulting, Inc. 

Engineers · Constructors· Scientists 

DITCH PROPERTIES 

BY: HLO 
PROJECT NAME: 

PROJECT NO.: 

DESCRIPTION: 

ENTERED VALUES 
DESIGN DISCHARGE (cfs), Q= 19.10 

BOTTOM WIDTH (ft), b= 0.00 
CHANNEL SLOPE (%), So= 33.33 

SIDE SLOPES, Z= 2.00 

TYPE OF MAT TO BE DESIGNED= USM 

UNIT WEIGHT OF CONCRETE (pcfj, Ge= ----'14~0"-.o"'o~--
UNIT WEIGHT OF WATER (pcfj, Gw= __ -=6=2'-'.4"'0 __ _ 

SUBGRADE FRICTION ANGLE (deg), 1i= --~25"-.o"'o~--

TRACTIVE STRESSES DUE TO FLOW OF WATER 

BOTTOM STRESS 

61912009 CHKD BY: _____ DATE: __ _ 

Williamson Energy LLC 
B0S-330-1413 SHEET OF 

Decant Ditch Tractive Force Computations, 4" USM 

File: Decant Ditch 4-in USM.xis 

CALCULATED VALUES 
MANNING'S COEFFICIENT, n= 0.015 

DEPTH OF FLOW (ft), y= 0.63 
AREA OF FLOW (sq ft), A= 0.79 

WETTED PERIMETER (ft), P= 2.82 
HYDRAULIC RADIUS (ft), R= 0.28 

VELOCITY OF FLOW (fps), V= 24.58 

LINING PERIMETER (ft)= ___ _,9,".6c,5'---
TOP WIDTH (ft)= ___ _,,_B"c.6"-3 __ _ 

FREEBOARD (ft)= 1 .53 
TOTAL DITCH DEPTH (ft), d= ___ __,2"-.1~6 __ _ 

SIDE SLOPE COEFFICIENT 

<1.5 0.76 
2 0.79 
3 0.85 
4 0.94 

tb=Gw'R'So (psfj= ----'5"'."-86e._ __ THE DITCH IS V-SHAPED THEREFORE BOTTOM TRACTIVE STRESS IS ZERO. 
BOTTOM TRACTIVE STRESS IS ONLY CALCULATED TO ALLOW CALCULATION 

SIDE SLOPE STRESS OF SIDE SLOPE TRACTIVE STRESS. 

SIDE SLOPE COEFFICIENT= ___ _c.0·c.7.c.9 __ _ 

ts=0.79'1b (psfj= ___ '--4."'6"-3 __ _ 

TOT AL STRESS 

I (psfj = 
T (lb/ft) = 

REQUIRED RESISTING STRESS 

4.63 
13.04 

DESIRED FACTOR OF SAFETY= ___ ~1__,.5~--

REQUIRED RESISTING STRESS (psfj= ___ B~-~94~--
(lblft) = 19.57 

RESISTING STRESS 

BOTTOM STRESS 

MAT THICKNESS (in), I= -----'4 __ _ 

COARSE 
CONDITION GRAINED 

ARMORFORM ON 25 
SOIL 

ARMORFORM ON JO , ....• 

MAT TYPE 
ABM 
FPM 
USM 

FINE GRAINED NO 
COHESION 

25 

25 

FINE GRAINED 
LOW COHESION 

JO 

25 

n 
0.045 
0.025 
0.015 

COHESIVE 

45 

32.5 

t(Gc-Gw)( ) 
tr, b = --'-=--~ tan(d) - So 

✓l +So2 

(psfj= __ --'0--'.o"-o ___ DITCH JS V-SHAPED THEREFORE BOTTOM STRESS JS ZERO 

SIDE SLOPE STRESS 

tr, 
5 

= t( Ge- G11i) ( Z tan (d) 

"1 +Sd \. -J1 +Z" 
sol (psfj= __ __c2"'.0""6 __ _ 

.J 

AVERAGE TOTAL RESISTING STRESS FROM MAT 

Tr,! (psfj= __ --'2"'."-06~-- Tr,! (lb/ft)= 

NOTE: TOTAL RESISTING STRESS INCLUDES FREEBOARD 
PORTION OF MAT, CONSERVATIVELY USING MAT'S 

SUBMERGED UNIT WEIGHT FOR FREEBOARD ZONE. 

19.82 
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ANCHOR RESISTING STRESS 

BY: HLO 
PROJECT NAME: 

PROJECT NO.: 
DESCRIPTION: 

REMAINING RESISTANCE REQUIRED (psQ= __ _:::4-"'.8"-9 __ _ 

61912009 CHKD BY: _____ DATE: __ _ 

Williamson Energy LLC 
B05-330-1413 SHEET OF 

Decant Ditch Tractive Force Computations, 4" USM 

File: Decant Ditch 4~in USM.xis 

(lb/ft) - _ _,-0"'.2""6:__ 

NOTE: NO ANCHOF/S REQUIRED FOR THIS DITCH, REQUIRED RESISTING STRESS < AVE. RESISTING STRESS FROM MAT IN LB/FT I 

CHECK UPLIFT 

REQUIRED WEIGHT (lbs), W= _ _,Cc:,w,_•!..!W_,Ge,w,____ 
12"Z1·.33 

Cw= __ _,3~.7 __ _ 

W (lbs)=_-~9~.6~4 __ _ 

MAT WEIGHT (lbs). Wm= __ ,cl(G,cce::-G,:w:::.),___ 
12 

25.87 

CW= 1.3 FOR USM OR FPM, SHORT TERM 
3.7 FOR USM OR FPM, LONG TERM 
2.0 FOR ABM 

Wm IS GREATER THAN W. NO ADDITIONAL UPLIFT RESISTANCE IS NEEDED. 

Design procedure based on Nicolon Corporation, Design Theory Manual for Armorform Erosion Protection Mats, dated September 25, 1989. 
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DITCH PROPERTIES 

BY: HLO 

PROJECT NAME: 

PROJECT NO.: 

DESCRIPTION: 

ENTERED VALUES 
DESIGN DISCHARGE (els), Q= 119.30 

BOTTOM WIDTH (ft), b= 12,00 
CHANNEL SLOPE (%), So= 33,33 

SIDE SLOPES, Z= 2.00 

TYPE OF MAT TO BE DESIGNED= Grouted Riprap 

UNIT WEIGHT OF CONCRETE (pen, Ge- ___ 1'i'5,"0.,,00:C---
UNIT WEIGHT OF WATER (pen, Gw= __ -"'62"'.4"0'---

SUBGRADE FRICTION ANGLE (deg), o= ---"'25"-.o"'o'---

TRACTIVE STRESSES DUE TO FLOW OF WATER 

BOTTOM STRESS 

tb=Gw'R'So (psn= ---"10"'.8"'8'--

SIDE SLOPE STRESS 

SIDE SLOPE COEFFICIENT= __ __::D;..;, 7.:.9 __ _ 

ts=0.79.lb (psn= __ _,:8c.:c.5c:.9 __ _ 

TOTAL STRESS 

I (psn = 
T (lb/ft) = 

REQUIRED RESISTING STRESS 

DESIRED FACTOR OF SAFETY= ___ 1ec.5'----

REQUIRED RESISTING STRESS (psn-__ _c16"-'.:,,32,...._ __ 
(lb/ft) = 238.12 

RESISTING STRESS 

BOTTOM STRESS 

MAT THICKNESS (in), t= ___ -"15'---

DATE: 7/2/09 CHKD BY: __ _ DATE: __ _ 

Williamson Energy LLC 
B0S-330-1413 SHEET OF 

Ditch "F" Tractive Force Computations, 15" Grouted RRP 

CONDITION 
ARMORFORM ON 

SOIL 
ARJ\.10RFOR/vl ON 

crnn,o 

File: Ditch F 15Min GRRP 

CALCULATED VALUES 
MANNING'S COEFFICIENT, n= 0.D35 

DEPTH OF FLOW (ft), y= 0.58 
AREA OF FLOW (sq ft), A= 7.63 

WETTED PERIMETER (ft), P= 14.59 
HYDRAULIC RADIUS (ft), R= 0.52 

VELOCITY OF FLOW (fps), V= 15.91 

LINING PERIMETER (ft)= ----';2'=0.';'55=---
TOP WIDTH (ft)= ----'1"'9.;,;65e._ __ 

FREE BOARD (ft)= ____ 1ec.3e,3c_ __ 
TOTAL DITCH DEPTH (ft), d= ____ 1"".9'-'1'---

COARSE 
GRAINED 

25 

JO 

SIDE SLOPE COEFFICIENT 

<1.5 
2 
3 
4 

MAT TYPE 
ABM 
FPM 
USM 

FINE GRAINED NO 
COHESION 

25 

25 

FINE GRAINED 
LOW COHESION 

JO 

25 

,2 7"0, z_ LB 

/Sc. 8 L-8 

0.76 
0.79 
0.85 
0.94 

n 
0.045 
0.025 
0.015 

COHESIVE 

45 

32.5 

t(Gc-Gw) ( ) tr,b= .J 
O 

tan(d)-So (psn= ___ 1c:c3:cc.8c.=2 __ 
!+So-

SIDE SLOPE STRESS 

(psn= ___ 8_.7_0 __ _ 

AVERAGE TOTAL RESISTING STRESS FROM MAT 

Tr,t (psn= ---"11"'.6~9 __ _ Tr,t (lb/ft)= 

" /,3 L,-"/C/_ 

/ 2 ,,. 4/-'av -r
/v .,.,;{ 7/A-:7" /0- ,< ..J 
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BY: HLO 
PROJECT NAME: 

PROJECT NO.: 

DESCRIPTION: 

REMAINING RESISTANCE REQUIRED (psQ= ___ 4~.6~3~--

CHECK UPLIFT 

REQUIRED WEIGHT (lbs), W= --~Cw~•'"H~•~G~w __ 
12*Z".33 

W (lbs)=_-~8~.8~8 __ _ 

iviAT WEIGHT (lbs), Wrn= __ t~(G~c~-G~w~)~_ 
12 

109.50 

DATE: 712109 CHKDBY: __ _ DATE: __ _ 

Williamson Energy LLC 
B05-330-1413 SHEET OF 

Ditch '"F'" Tractive Force Computations, 15" Grouted RRP 

(lb/ft) = 

CW= 1.3 FOR USM OR FPM, SHORT TERM 
3.7 FOR USM OR FPM, LONG TERM 
2.0 FOR ABM 

Wm IS GREATER THAN W. NO ADDITIONAL UPLIFT RESISTANCE IS NEEDED. 

Design procedure based on Nicolon Corporation, Design Theory Manual for Armorform Erosion Protection Mats, dated September 25, 1989. 



R17004

AllianceO 
Consulting, Inc. 
Engineers 
Constructors 
Scientists 

BECKLEY, Wv 
(JO-I-) 255-0491 

BY:/40C) DATE: c:2;?,03/477 CHKD BY: --r,~ DATE:·· /J. .® 
PROJECT NAME: h{,~/.4,,;,25",:;.1'..I &c.5.CG"">;, L /. C. 

PROJECT NO. §0.5-330 -/4"/3 SHEET / OF ---- ---

DESCRIPTION /)~~/MG /2'7C:?W-<0 ,,-i, ~7.7n;r,1 r.C -'%5 
/,L,,vC#C'<AC6" 4-VA4r/FY /4"'° /7 di;:J£7'" 

1

-- _ i ....?,'.-./,.,v <"'«?'5/k-04¥.:;;ec.:r,zy.c,3,=:~ JL\ Pk'.e: aM-:ii,.:>.E-4 L',:'.J"..PL?.,,-v-£,a 2,,,) 
Ct?.~.efG /VE .:r?? ef -p~=-.r'i/'C /4-k:-:;7"'~~ ... ~~ Im-p.p ~~;;7~/l ,; 5 P:.=" v ..!=L.J111--~a 

t>~Lf"k. .3 7?P'1~,Ji _ ?1'✓c:--· ~?~ ecz:7· d~z,..,~ 12t.l-J 1A~1;c-r-:-:;/, l 
f. ·/_I .. .. ~,:,,-;l~,.;!'.-•~J,£'.. ,l _ _.~ ~-•·---· L-- .. .:··;:,J, _. .-.• •· ·• l r, --~ 

--r· ~ ~~-=,.~~-- ✓rY.:-. £/~f.~~---~~;i.;,~1-~ cas-/2~;: 1~:~/Ul.:5 hrf~X" · 
--~~·- --~-- • ' I 

'c · D 
r rr <E--~ \~- -,,,-,_.-. --

~ 

, l 

' ' ' ' ' :,c .- f?_ ~RoLr 
! ,r ')', \ //'< I 

' I LJ ,P, - ff, ..___ /-'", I 

/ \~ -~·--' l 

--~d 
1\ I 

I . b I'--" 
- - - -- - ~"'-------. 

t'""=-===::::::~c· 
e 

D 
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.,-9,'/CNO,,'! ,v,:;,$ {/'J,;'"1 e,,..-y' cJr A e'c,.q-
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-~------- --~- ----~------------- .. ---

~2 = <ft:>~ 
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DATE: J/20/49 CHl<D BY: j),i;-

PROJECT NAME: /,N/LL./4W''J;0,.J ~/2'.CY .t.t:;C 

PROJECT NO. ,E-4£-:?3'0 -/4'8 SHEET ,!./ OF __ _ 

DESCRIPTION Z}£7c_,,, n7,,,-.,,5 ,,0G??Vo.D ;;B' -4:f:'T/,-r,u{' ;;-c /1/? 
~C,,k>M<,6 CAJ,-,Jr!?-TY ,t;;P" "'" .~ 

. ' 

,, !>//:-.) -,J?.l (31.'p,-fra)' ~ ,tz;=:iz--/-::;,.v.1·"-~j =-,,., 
I.,.'(/ .~ _5 \, ...)/\,£, ~lq U 

,, riv - ;--12.z.,✓; h-k,, ) ---,L r c.2- / 2 ,t..- _ J-,. • =- /:) 
,.. c;:.. (-' 1:" d/ 

2 
t? nr> 11 oJ -

/1/4::·-~~~~~;--~-,-L-----;-vfl-,,~i:~;-:~;~"'-J v~,~~.,:~~~~~ - t~x_; D-1 :~~:---;-1 
Zi.1 a'.:'/:-v C. ;:;.,Yo b:;,:c,,z_ _;,"2;,.:..vs ;=q:: :z //,.,'.?.;; r<-x I 

;::r--/<-le- ==- v I - ;;- t 

I 
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SHEET __5 

DESCRIPTION: Drainaoe Channel USM Linino- Anchorane Bolt Design 

Lined Channel Anchor Bolt Capacity -4' long, 5/8" diameter 
Case: Cohesionless Soil 
Factor 

y = soil weight, PCF 
ct>= effective angle of soil friction, degrees 
D = Bolt anchorage depth, FT 
z = trial distance to balance forces 
FTX = Horizontal component of channel tractive force, LB 
a= channel slope, degrees 

Ka= tan2(45° - ct>/2) 

Kp = tan2(45° + ct>/2) 
d = bolt diameter, feet 

r Forces x = O 

FTx + (yD2/2)(Ka-3Kp) + zyD(3Kp-Ka) = 0 
For given D, Compute FTX for trial z distance 
Fr= Frx/(cosa) 

D (FT\ Bolt ct> (FTI Trial z /FT} FTx (LB} 
4 0,05208 1,2 207 
4 0,05208 1.3 181 
4 0,05208 1.4 155 
4 0,05208 1.526 122 

r Moments = O (about bottom of bolt) 

FTX + (yz2/3)(3Kp-Ka) = (yD2/6)(3Kp-Ka) 

FT (LB) 
218 
191 
163 
129 

For given D, use trial z and trial FTX to make EM= 0 

Q1Eil Bolt ct> (FT) Trial z (FT} Trial FTx /LB} 
4 0,05208 1.4 130 
4 0,05208 1,014 150 
4 0.05208 1.526 122 

FT /LB) 
137,0 
158,1 
128,6 

Value 
120 
34 
4 

18.44 

0.28271 

3,53713 
0,05208 

(yD2/2)(Ka-3KQ} 
-516 
-516 
-516 
-516 

(yz2/3)(3Kp-Ka\ 
42.2 
22,1 
50,1 

rFx balanced with l:M=0 at z = 1.53', FT~ ~ 
Note: FT and FTX multiplied by bolt ct> to get pounds on bolt 

If it is impossible to make r M = 0, D is is too short 

File: Channel Anchor Bolts - No 5 - 4 fl long.xis, Sheet 1, hie, rev. 05/18/09 

zyD(3KQ-Ka} 
310 
336 
361 
394 

(yD2/6}/3ko-Ka) 
172,1 
172.1 
172,1 

l:M=? 
0,0 
0,0 
0.0 

OF 

Channel 
Slope a 
(H:V) (degrees} 
2: 1 26,565 

2,5: 1 21,801 
3: 1 18.435 

3,5: 1 15,945 

4: 1 14,036 

Bolt ct> Bolt ct> 
(inches) (FTi 

1/2 0,04167 

5/8 0,05208 
3/4 0,06250 

0.08333 
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PROJECT NAME: Williamson Energy LLC 

PROJECT NO.: B0S-330-1413 SHEET~ 

DATE: 

OF 

DESCRIPTION: Drainage Channel USM Lining Anchorage Bolt Design 

D 

Case: Cohesionless Soils 

FTX.._ __ ,,. 

' 
'-------+-

d 

l 
f 

Pe= yD(3Kp - Ka) I+---~ 

D = depth of bolt penetration 
FTx = tractive force of water in x directon 

' 

' ' ' ' ' ' ' 
' 

C 

PA,= yDKa 

P J = y0(3Kp -Ka) 

I Fx = 0 by force areas 
FTX + (oec) + (fdj) - (cfo) = 0, reduces to : 

FTX + (yD2/2)(Ka - 3Kp) + zyD(3Kp - Ka) = 0 

IMe = 0 by force areas 
(D)FTX + (oec)0/3 + (fdj)z/3 - (cfo)D/3 = 0, reduces to: 

FTX - (y02/6)(3Kp - Ka) + (yz2/3)(3kp-Ka) = 0 

Reference: "Foundation Design", Wayne C. Teng, Prentice Hall, Inc., 1962, 
Figure 12-8. 

File: Channel Anchor Bolts Force Diagram.xis, h1o, rev. 05/19/09 
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PROJECT NO . . Be~- ,176 -/-rd SHEET 7 OF __ _ 
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Scientists 

BECKLEY, WV 
(J04) 255-0491 

D Esc R i PT1O N LJR,4,,,,v A c;.C: CiVn,v-Nc'°L v 5 /--;; ,:::.,,,,,,.,, / ,,,-.,,,;;-

,::;'r!EC/::: ):/NCH,:>,<.4¢ ~€S5'E.5 b✓ SCUT.5 A'=6 Cu.JcAt;;r.£ 

,dloL.7.5 

,::',;?A.o/8?>£7 =- -?;;;; 7 ;::.e,,f-r r c:!;,c, kbws c-c)/[-fL ,ec,c7s - R<"""-Y 
. . . . 

- -:- - - ·-· -- ·- ·· -- - --•--------~-=:- -/ -2¥-- -~z;;<§o±-r-•--···•-----· -- 1 
---·- ·- ·-·--·- - --- :_ -- --- ----- --·· _____ 1.. _______ -- -· -

/l L~O,t.;J ,5 : /4 BS¾ = ~, 8 S ("z ".8 Or» ,PS J = /? oo O >'"'...:"' / 
V 

~TT-WC. 7;7 ~ /d~-£.6/00'/~~z-;;. ~G.0,PS/./ 

Cc:YVc;,e-G"rE (U5""7 j 
-/4_'_ =-~ ~::?Q ,.:?~.!"./<'-.£._ ,/?,0J,2,'b,S:,/6'.f'-'/ /2-7.AT ...... -------- - ... . . 

(/l CZ - 3/ $ -~ --7?:C,,"':, / (), I iJ 
i 

~ = ,:::?,7{) 

/4 =- c::>, 70 /a, 8 :5J 4-L Q.c::>o ( ,,::;'. s) 
(,4C/- 3/8-9.::C ;:,e:=r j'; Y,2. r) 

! 
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·gacr Re:.,,..) 
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Z> 7,S' I ,..,. /,, I r .~ - ' .T /') f ! ?' 
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~ 
I I 

I 
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Engineers · Constructors· Scientists '· - · DESCRIPTION 'Phase 5 & 6 Unllenlrain Design Revisions I I -1 ---
- --- - -----,----------;·- ---- :Outlet Pipes \ File: PonllCkUDOutlels.xls --

-, -- - ,. ---- ____ .L_, ___ ,_ I ! I - I - --- . --

l ·1 I - . - ---- -------· '----

____ , 
Phases 5 & 6: Revised Design - Underdrain Collector Pipe Outlets Capacity 
12" SDF! 13.5 HDPE Pipe, ID= 10.749", n = 0.015 (aged) 
16" SDF( 13.5 HDPE Pipe. ID= 13.488", n = 0.015 (aged) 
10" SDH 26 HDPE Pipe, ID= 9.874", n = 0.015 (aged) 

Phase_ 
------ -

Sta. ;: Ill to 

Sta. 

- . - ----- --~------- -- --- ---- --- . ------,-- .----- --- --· ,r Q to 11nlet [Outlet ,Outlet Pipe Pipe) !,Outlet 7out1et _ _____ -------~-~ -------+ I I • , I I Sta. :Elev. :Elev ;pipe Slope Q (full) iPipe Pipe , -- ----· -------~-------,----- I 
' I ill! 11illlli!l i(msl) l(msl) 1

Le1J.!l!!.! (fl/ft) llll!!!!l Flow S.F. lY@ / ______ , _______ .............. -:---- 1·--- j 
i I I I 

5 3+40 1080' 
,.,_____ ···1 _.--~· 

I ·--

437.0I ., 150 0.01000 18' 317, 438.5i l3'! 
"IO+00 8201 142, 435.o\ 433.5[ 

34+00 

2i 6.8 110" SDR 26 HOPE ------------ --- ·1-- ---- ·- -- :---------·-+-------',----+1----f----- - . ' 16+00 440; 76 44·1.51 440.5 110' 0.00909 71 
29+50. c_ 130()~- - -225:·- 435:o] 4330/ 110 001818 11 --- --- --- - ---- _, _____________ ·_ .. _________ +-------· --l 

_6o~L _ 104: __ 4~6.o[ ___ 435.:_D ___ -~:i_ci _ 0.00909 _!I 
I ' ; 39+00 I 710! 427' 438.5! 437.0 110 0.01364 22 _______ ;._ ----------· ----- ---,-----~---r-

962 1 

j 
6: 
--j 

11 -
16 
--
10 

' 
I 

G (EAST) 

1
7
2++

6
3°0 • -- :~~.-- - ;~~·----:~;~;-- -~;~~~ :~~I ~:~~:~:1 --- --- --- 1- -- ----· ·---i- --·------:--------;--· ' 

I i : I I - -- -·- ---- t---·- - -- - _J __ -- ---- - 1------- ·---' -------;----------+------, 
206; I 444.0! I 

, - - -· . --1 -----·- - ~---- , I 
46ol 215j ---~~~~--- 442.01 3301

1 
0.01051\ 

' I ' I 700! 3281 446.0' 443.01 360 0.00833 ·-'- ·--- ·-r- -------·-·-· I I 

I ! ! L: 2Q30j --- --- -- -·. ------1-------- - ➔-j-------_j ________ , _____ _ 
I I i i I I - -··· ------· ··--·--. -------·---'----------·-J_________ I ~lote: 1\ I 6"' SDR 26 HDPE Pi~e can be used instead of a 16" SDf~ 13.5 HOPE Pipe for Phase 5 (except at Sta. 3+40). ! I -- . - - - -T --· .. ···-· ----- 1 ----------r··- - ---.---~------ -~---·1--- ------ ------- ------j-------t---------Oullel l'ipB Footage: 10" SDR 26 = 330' :12" SDR 13.5 = 330' I _ 116" SDR 13.5 = 1370' / 

6 (WES1) 

---~------- '---·---·- ,----- ---------------
0+00 19\ _________ i_ 442.5: --

0+00 

7+60 

'13+40 

1805[ 
t 

10761 
' 

-4 
1064 -
1727 _____, 

\ 

I 
-----

5.4_i6" SDR 13.5 HDPE 

5. 7 16" SDR 13.5 HDPE 

Connect to Phase 5 

4.9 12" SDR 13.5 HDPE 

5.3 16" SOR 13.5 HOPE 

~ 
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TITLE: 'Phase 5 Underdrain Design Revisions 
------- --------···-·---~-···--·-··---r-· I 

i -for Predicted Subsidence File: PondCkUD5(rev2).xls) ·- - ------ ·-•·-·-------r-,---;----------,------,-----,-, -----,---~~~;--------,-----i 

_ _L ____ J___ i ! I i 
Phase 5 Underdrain: Revised Design: Post Subsidence Underdrain Collector Pipe Capacity 
12" SDR 13.5 HDPE Collector Pipe, ID= 10.749", n = 0.015 (aged), 0+00 TO 3+40 
_10" SDR 2~_HDPE C~llection Pip~, ID=_9_:_~-4~-~ =0.015 (a~(-d)~, 3~+_4~0~t~o-i(~0_+9~0,____~,------,- ___ 

1 
_____ _ 

Sta. /J. L (ftl_ Pipe L Pipe Pipe I r /J.L I r Inflow Post Sub. I ;-/ __ 

----+--------~_ln_v_e_rt __ l _S_lo~p_e_+-_Q~(f_u_ll~)-,!_S_ta_:_!'?__S_ta-+-__ Q __ ~_F_lo_w __ + '! --+-- ______ _ 

, I -=E=le_v~+l-~'=ftl=ft=l'-----+-~'98_!ll __ l_+--+illl=ft~--1--~(=g=p=m=)-+--=S=.F=·,_____
1 

__ -'--·-----. . r~·~,+j----44_4 __ -oo-1---0.-0-1-61-8+---1-3_1_4_+-_1_1_0_-l-'-----"'-----'+-----5-:8--+::-::-:-t-:-~_:.~.::_:_;:_:e.::_
6
_6 

---1--- --+----+------+------+-----+· 

(206 gpm) 

225 -·---
' 1101 442.22 -- ---+~---+------+------+-----+------+------+-----+---'-------

! 
I 
i 230 0.01618 1314 340 265 5.0 

--------c-+------+--c==+-----t-----+-----+----+-------+-cc--c-t----l 
340, 438.50 i outlet 

-----·------~---·---+----i----=-c==r--c=c---+---=-=---+--=-+--,-,---c----r----+----1 
_ ..... _ _J _____ 3_0_0i------+----0_.0_05_0_0+-_5_8_2 ___ 3_0_0_-i--__ 52_ --+--1 !-~--,--i --+----1 

6401 440.00 
-·· - ··-------+··----·-··-·-·-- ----------t-----i------+------,----+----~--~--- ,-·- ---· ··-. 

: 360 o.01389 939 360 ! 62 15.1 ! 1 
i •• --- ···- ---1 ---------: -·---------

- __ ~ ~~-0~: ___ __j __ 4_3_5:00 ____ J _____ +; 1 ____ -i-----+-----fu!l_e_t_! ___ 
1 

__ L 160 I _ __ __ Q_.~09~s I___ _7!_l_~_ 460 , __ 80 ______ 1 o o _ -:---- ! ____ _ 
11601 i 436 so: i j__ ·-·- ---·- j 

-·- - 300:- · 1 ci:02157! - 1213- 300 -, 52 
---· -- --- ---- ------------·--·-·-, -------- ___ , -------·- -i 

1460: 443.00i : ' 
•• I __ • _ : ••••••• , •• _., • ~- __ 1 ----·-------;·- .... ,.. .. ···---.i 

-16DOi- - 1~0: 44i.so·i- -- 0.010711_ 853 i _140 ; 24 ! 35.2 f~utl;t ----

- ____ , __ i~QC ___ i ____ o.00667[__ 693 : 300 __ i_~-52_:J~_1_~.t!_ __ l _~i ____ _ 
-- __ 1900, --- I 443.50 I ! ! i _ i --------- _ -- _: ___ --

i 600' I o.oo5ooj 582 i 600 104 I 5.6 , : 
------· · 1- - -- J __ ··-·-·------···· ,-·----·-··7·-- --- --·-··-·· I ---···- ··--+ ·--·· ------ 1-- - 1 ·-- ---

- 2500 _____ _I l\_4_00~g: ________ ---+------ _J__ ------! _____ +- _ .. ... -I _ _l 
4501 ! 0.01222, 911 ' 1050 : 182' 5.0 z-sso: -- _ .. ___ T 435.00 1 ----------+-- --- - -: ---· ! - ------ -- 1 -- --------- --- ---~~tl~t I 

-2soi -- _, - 0.012001--- --903 -- ' -- -2so - -: -43-- --- - ·20~9 - - , - -
- 3200! - ~-43s:aoi - ---- ·- --- --; ---- 1 - - + -- ---- -

-- --
' -- - ··- - -

3400 -- --

200' -· !------ -------~---
' . - -···· !. 436.00 L.. __ --------' --- ----- _ , -- _ --- _ 

400: 0_011251 874 400 69 
' -- ·-- 12.6 - --

3800 ----
440.50 I 

-- - 1- - - -- a i--- L. 
100 0.02000, 1165 100 17 68.5 

3900 438.50 

190 0.02105 1195 190 230 5.2 
4()90 442.50 

,:: 4090 ,: (bold) = 4090 (197 gpm) 

-- ---- -- - - -- -- - - ~ 

3old - grade change Bold & !tame - sum of foot of pipe draining to outlet 

,: Inflow Q = 0.173 gpm/ft of pipe for Phase 5 embankment 

--- --
.outlet ,_ 

-- ' 

outlet 

ties to phase 6 

from Phase 6 
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PROJECT NO. BOS-33-14131 SHEET! _3' i OF ! /2 

1eers · Constructors · Scientists 
1
1 

_,-

-( ! I I i 
DESCRIPTION :rhase 5 Underdrain Design Revisions 

I 

I for Predicted Subsidence (File: PondCkUDS.xls) 
' 

i ! I I I I 
Phase 5 Underdrain: Existing Design: Underdrain Collector Pipe Capacity 
12" SOR 13.5 HOPE Collector Pipe, ID= 10.749", n = 0.015 (aged) 

Sta. i t. L (ft) I Pipe I Pipe Pipe I: t.L r Inflow 
I Invert Slope I Q (full) Sta. to Sta Q 

Elev (f+Jft) /..,...,.m\ /fi-1 (gom} ~ = 
0 444.00 

i 

Post Sub. 

Flow 

S.F (1) 

ties to phase 6 ! 
110 0.00588 +----+---+---1-------,-----,-----t---+----+l---+-I __ _ 

i ! 
792 110 21 37.3 

110 

3915 • 

4090 

Z:= 

230 
I 

175 

4090 

443.35 
7M 340 ,~~ 

----•-----·- --· --------

190 I 

360 ' I 
i 

' 

-,---------- ·t·-- -- ----- -- -----

I 0.00494, 726 230 

442.86 

0.00494, 726 405 

442.00 

I {bold)= 4090 

66 .. ----· 

37 

69 
·-· 

44 

78 

old - grade change l: Inflow Q = 0. I 93 gpm/ft of pipe 
- . 

-"'r: & Bold - sum of foot of pipe draining to outlet 
·-· - - "". --- - - -- - -- -- -

i 12.1 
--·-·· ··- ·-·-- -- - ··--·- ----

20.4 

13.6 

' 

. .. 
I 16.4 
I ... I 

r 

i 

9.3 

ties to phase 6 
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I I 

I 
[ BY: I HLO ' ! DATE: 

I I ' ~---' -- I I_[';} 
I 5/14/2008 

1
CHKD BY: Qq :DATE:'il,_-J_o-r.,,_,/ 

Alliance fl 
Consulting, Inc. 

PROJECT NAME: 

1 PROJECT NO . 

'Williamson EnerP,Y LLC 

,B0S-33-1413[ SHEET! f./ 
. eers · Constructors · Scientists I DESCRIPTION !Phase 6 Underdrain Design Revisions - ,vest Side 

I OF ! /Z--

-+!---+-~ ___ ·r ,1 ------1!-------+! _____ ' .... ro .... r .... P .... r .... e .... d:..:ic .... te .... d-'S .... u .... b .... si .... d .... en=-c .... e_(";'~-"il'-'e .... : P=-o:..:n:..:d:..:C:..:k.:..:· U:..:'D:...6:...\\ .... '-"(r..:e .... v:c2l,;;•x:::·I:::,s )'----------l 

I i I 
i Phase 6 Underdrain: Revised Design - Post Subsidence Underdrain Collector Pipe Capacity 
'West Side 12" SOR 13.5 HOPE Collector Pipe, ID= 10.749", n = 0.015 (aged) 

Sta. I fl L /ft) -- ' 
Pipe Pipe Pipe r Inflow J Post Sub. 

Invert Slope Q {full) / Sta. to Sta. Q Flaw 

l=!ev (gpm} loam\ /1) S.F. t1l 

0 444.00 

i 

I 

290 0.01023 1045 440 206 
I 

5.1 ·connect to phase 5 

290 

150 

440 -
60 

500 

15301 
- +·- L 

· 20' 
-- - ___ J_ ______ --- -- : __ 

1550, 

J 
16()0 

Z= 

50 

1600· 

oid - grade change 

446.97 

0.01023 
•· .. -------,·-- .. - ----- -----·--

448.50 I --
10011 I 0.00938 60 I .. 

447.94i I 
i 0.00938 10011 220 

446.44! ' --·---
0.00938; 1001 j 320 

445.501 L ---· --
0.03929[ 2048 140 

4~7.10j _; ___ ,, __ , __ : ... 
0.00577' 

-- -- - -- r· -- ---- .. -- --
785 70 _ ___ J _____ _ 

447.21, 

0.00577 785 1 50 
447.50· 

I (bold)= 1600 

E inflow Q = 0.468 gpmift of plpe 
"··- --- ---------- ---

a/lie & Bold - sum of foot of pipe draining to outlet 

33 

23 

I 
!-

24.0; 
--- - T 

33.5 
' 

I 
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I ! I ! i 

' ' I I BY: ' HLO 

A1liance0 
- .. I 

PROJECT NAME: 

I I ! 
DATE: I 5/3/2008 1cHKD BY: Cbl 

;Williamson Energy LLC 

Consulting, Inc. ' 
I PROJECT NO. IB0S-33--14131 SHEET, r 

.1eers · Constructors · Scientists ' DESCRIPTION :(- ! iPhase 6 Underdrain Design Revisions - \Vest Side 

I I I I i I i 
T ' 7 ' 

I 
!for Predicted Subsidence (File: PondCkUD6W.xls) 

! : i j 
Phase 6 Underdrain: Existing Design - Underdrain Collector Pipe Capacity 
West Side 12" SDR 13.5 HDPE Collector Pipe, ID= 10.749", n = 0.015 (aged) 

Sta. AL {ft) Pipe Pipe · 1-··Pipe r AL r Inflow Post Sub. 

1DATE: .'I---/ 

I OF i /Z 

I 
Invert Slope Q (full) Sta. to Sta Q 

I 
!--=:..L:::2...+-===-==+---=--+--'-Fl:=o.:..:w_+-----1-/ ----+-_,_I ___ 1 

S.F.111 / / Elev !ft/ft) 
' 

(gpm) ill} (qpm} {1} 
sg_l---~'---+-'=====-1--==-===--f--_L----1---1----· 

444.00 0 ---'o-i----+--'-'--'-:+----i----+-----+-----+----+t'-le0 s:_t:.:.o.2:pcch:.:.a.;.se::._::5 ____ J-___ .f ____ _ 
900 421 2.7 I 290 0.01222 1142 

447.54 

210 r, r,,f ,.,,.,,., 
1142 V.V lit..£.it.. 

! =+----+----1-----f-----+----+---+----+--c_c_-
! 285 4.0 

450.11 
156 0.01222 1142 400 187 6.1 

656 452.02 I 

I 
. -· 

104 0.012221 1142 244 114 10.0 
7601 453.29 

66 i 17.4 

-

i j 

' ---1 
3.8 I 

I 
3.6 T 

I 

I 
' 

781 700 --- ---t --- --- --- 320 2.4 

'-·----- -·· i_ -· -- -·- l --·-· --
:tiE>_s_ to p_hase3 

L (bold)= _____ 16_()_0; _ _( __ 

I) - l~ot including fiows into or from Phases 3 or 5 underdrains 
- - ··- --------

lold • grade change ,: Inflow = 0.468 gpm/ft of pipe 

·afiic & Boid - sum of foot of pipe draining to outlet 
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' I I I I i I I l'lJi_,cJ_\_ 

L7 BY: HLO ! DATE: ! __ 511:41200~ ICHKD BY: \.'.ts.J 'DATE: 1'.__ :;7 
Alliance ==PR=O=J=E=CT=NA=M=E=:=1:::w=i=ll=ia=n=,s=on==E=ne~r=g):::'''::"L::'L::':C"'.:::l===::::='':::::::::===='tst'4/D"I-

Consu1ting, Inc, PROJECT No. iBos-33--14131 i sHEETI ,:;. I oF I 12-
Engi.neers · Constructors· Scientists ==:::::i'====::;,===='======::t:=============='===-:::I-

DESCRIPTION :Phase 6 Underdrain Design Revisions -East Side 

I I 'for Predicted Subsidence - File: PondCkUD6E(rev).xls 
I I 

i : I I I 
Phase 6 Underdrain: Revised Design - Underdrain Collector Pipe Capacity 
East Side 12" SDR HDPE Collector Pipe, ID= 10.749", n = 0.015 (aged) 

Note: Phase 6 will be built post subsidence. I 

I 
I 

Sta. t,. L /ft) Pipe Pipe Pipe I:t,.L 
--·-

Invert Slope Q (full) Sta. to Sta 

Elev. (ftlft) ill!2!!ll illl 
0 442.50 

----
225 0.0i07i i069 420 

225 444.91 I 

I I I I 
I 

I 
I: Inflow Post Sub. I I 

-·-·- ·---
Q Flow I 

ill!2!!ll S.F. 
' , Connect to Phase 5 

197 ' 5.4 
I I 

--+ I 
I 

I I --
0.01071 1069 /-----+-----+-----/-----+-----l-----/----,-----1---+----I 165 195 91 11.7 i 

I I 

390 446.68 I I 
··---- . 

30 0.01071 1069 

420 i 447.oo I 
I 30 14 76.1 ; 

i i ' i I I 

' 
60 28 29.6 T 

----~------~-
I ! - ---------- --·-
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• ' I _L BY: HLO DATE: 5/6/,2008 _~Cf:11\.[)El_Y, [1;'::I ·---□ATE:~'"5,7 Alliance O . PRO=J=E=C=T=N=A=M=E=: ==\\=,i=ll=ia=m=s=o=n=E:tn:...e=r =,::L=L=c=-- --- -- - -- _____ ,__ ___ ... .. ?,ft i ai 

Consulting, Inc. , ==P=Ro=J=E=c=r=N=o=. ==B=o=s=-3=3=--=14::::1c-:3:::-1 C"C'-c-:==i:::==sH=E=E=T=I ==7====o=F=! ===i 
1.eers ·Constructors· Scientists~---· DESCRIPTION I Phase 6 Underdrain Design Revisions -East Side b{-· +--~-----;----+- ---,------,/_ro_r_P_r_e_di_c_te_dT"S_u_b_si_d_en_c_e_(,.F_il_e:_P_o_n_d_C.,.k_U_D_6_E_,x_·I~s)~------l ~. 

I ! 1 ! ~l _____ l~---~'------+'----r! ____ -+-1 ____ , -~ Phase 6 Underdrain: Existing Design - Underdrain Collector Pipe Capacity I / 1 
' ----------=------=--------,--·-=----,--,--,----,-----''----·i-----1---+' ---East Side 12" SDR 13.5 HDPE Collector Pipe, N = 0.015 (aged) f / ! 

I ' I I I i I 

210 : 
-· - ----- .. /- 98 9.8 

i --------
90 42 25.9 
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Project Description 
Project File 
Worksheet 
Flow Element 
Method 
Solve For 

Constant Data 
Mannings Coefficient 
Depth 
Diameter 

Input Data 

10" SDR 13.5 HDPE Pipe Rating Curve 
Plotto9 Curves for Circular Channel 

c: lh aestadlimwlpondck. im2 
1 0" SDR 13.5 HOPE Pipe Rating Curve 
Circular Channel 
Manning's Formula 
Discharge 

0.015 
9.062 in 
9.062 in 

MaffeM?~ fiEA!..57' ££C. 

.&;!5-_3'.?0 -/4/.3 

?51<2.;::.e .:9/!A ,,..,,.,,...,,> ,,kv:-s:::,,~ 
-"' - ~ / /N,,-tSZ::5 ~ ~ ~....,~ ,,;.:::, 

/✓7.9 1'l:if"/f:>3 
;,.,r~ & CJ/" / Z-

Minimum Maximum Increment 
Channel Slope 0.001000 0.040000 0.000200 ft/ft 

1400.0 

1000.0 

I 800.0 

600.0 

400.0 

200.0 
0.0 

)5/20/08 
)4·55.24 PM 

I 
/ 

I 

I 
/ 

I 

Discharge vs Channel Slope 

I~ 
~ 

/ v/ 
/ 

V 
/' 

/' 

/ 
I/ 

0.005 0.01 0.015 0.02 0.025 0.03 
Channel Slope (ft/ft) 

Haestad Methods, lnc. 37 Brookside Road Waterbury, CT 06708 (203) 755-1665 

I~ 
/' 

0.035 0.04 

Fiowlvlaster vS.13 
Page 1 of 1 
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Project Description 
Project File 
Worksheet 
Flow Element 
Method 
Solve For 

Constant Data 
Mannings Coefficient 
Depth 
Diameter 

Input Data 

10" SOR 26 HOPE Pipe Rating Curve 
Plotted Curves for Circular Channel 

c: lhaestad\fmwlpondck. fm2 
1 0" SDR 26 HDPE Pipe Rating curve 
Circular Channel 
Manning's Formula 
Discharge 

0.015 
9.874 in 
9.874 in 

Minimum Maximum Increment 
Channel Slope 

1800.0 

'JO.O 

1200.0 

1000.0 

800.0 

600.0 

400.0 

'.200.0 
0.0 

l 
:5/13}-,:;,__, ~:.,:: 

/ 

/ 
I 

... 

0.005 

0.001000 0.040000 0.000200 ft/ft 

Discharge vs Channel Slope 

~ 
/ 

~ 
i__,,. 

// 
,. 

// 

,./ 
, 

// 
/' 

/ 

0.01 0.015 0.02 0.025 
Channel Slope (ft/ft) 

cf?t:J$- 5'30- /.:-.r/3 

,?;,VJt;a.;3/.!.4//...) .,,f}v/'5/>K 

,P,</,f',Z"$' -t .5" ,?'4? ? 
.k'-7 c,,""- +-' /2 9 A, e 
~Pc':£ r 9 ,:,IC I 2-

.,...-, 

-~ 

_____,,.,.. 

0.03 0.035 0.04 

'417.27Pfv1 Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 (203) 755-1666 
FlowMaster v5 13 

Page 1 of 1 
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2200.0 

2000.0 

1400.0 

i 
~ 1200.0 
u 
J) 

o 1000.0 

800.0 

GOO 0 

400.0 

200.0 I 
1, 

Project Description 
Project File 
Worksheet 
Flow Element 
Method 
Solve For 

Constant Data 
Mannings Coefficient 
Depth 
Diameter 

Input Data 

12" SOR 13.5 HOPE Pipe Rating Curve 
Plotted Curves for Circular Channel 

c: \haestad\fmwlpondck. f m2 
12" SDR 13.5 HDPE Pipe Rating Curye 
Circular Channel 
Manning's Formula 
Discharge 

0.015 
10.749 in 
10.749in 

AfU/A'A'f $°C?.J pt,y"-4)" LLC 

/.?,"75- ..?30 - /~::_J' 

:;/,-:.~5/.f/1/-'t4 r /~J "/!,1.n~:r_;:;.,..~5 
..,,_...,,...-?r.-:.v~,..,::;::: /1/"i:.(;,:;......- .,.,, ./ ✓ ... r-: ~ ,:., .. 

1.,J ..7 tJ .y 1±? /,.'!' .5' 

.;:;:;;.,z;-.r-.r Io ~~,::- / z.... 

Minimum Maximum Increment 

Channel Slope 0.000100 0.040000 0.000200 ft/ft 

Discharge vs Channel Slope 

-------
~ 

v--

~ ., 

v/ ,,.-..r 
,/ . 

,,-/,/ 

_./ ., 
_,,/ 

.// 
/ 

/ 

/ 
/ 

/ 

/ . , , 
/ 

/ , 
/ 

I 

I 

; 

I I 0.0 
0.0 0.005 0.01 0.015 0.02 0.025 0.03 0.035 0.04 

Channel Slope (ft/ft) 

Haestad Methods, Inc 37 Brookside Road Waterbury, CT 06708 (203) 755-1666 
FlowMaster v5. 13 

Page 1 of 1 



R17022

4000.0 

)0.0 

( 
3b--J.0 

2500.0 

' 

Project Description 
Project File 
Worksheet 
Flow Element 
Method 
Solve For 

Constant Data 
Mannings Coefficient 
Depth 
Diameter 

Input Data 

16" SDR 13.5 HOPE Pipe Rating Curve 
Plotted Curves for Circular Channel 

c: \haestad\fmw\pondck. fm2 
16" SDR 13.5 HDPE Pipe Rating curve 
Circular Channel 
Manning's Formula 
Dischan:ie 

0.015 
13.488 in 
13.488 in 

/. /, .,C.,,,c-:, . ,,, ./ ,,,.-ff/.?.?- /4/J1 ;;<Pd P ~:e::1/'.oCy .::;:_,,.._._ 

8 os- - 3 3 a --/~,-:? 
/,,1/✓ tJC-,,2,c?/v,.-,...1/✓ ,, ... -,-:;;. .. ~_,, /~ ,,,-1tJ5 

/ -
Veer / I oc I 2--

Minimum Maximum Increment 

Channel Slope 0.000010 0.040000 0.000200 ft/ft 

Discharge vs Channel Slope 

I~ 
,.,..-,--,..,,---

_,-~ 

,/ 

/-
_,,✓ 

/ 
/ 

// 

/ 
, 2000.0 / 

1500.0 

1000.0 

500.0 

//' 
I 
/ 

0.0 
0.0 

( 
05/\-., __ _,g / , 7 ·:-: · 

02.20.27 PM 

/' 
/ 

/ 

// 
' 

0.005 

/ 

/ 
// 

I 
' 

0.01 0.015 0.02 0.025 0.03 0.035 
Channel Slope (ft/ft) 

Haestad Met~1ods, Inc. '37 Brookside Road Waterbury, CT 06708 (203) 755-1566 

0.04 0.045 

FlowMaster v5 13 
Page 1 of 1 
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Project Description 
Project File 
Worksheet 
Flow Element 
Method 
Solve For 

Constant Data 
Mannings Coefficient 
Depth 
Diameter 

Input Data 

16" SDR 26 HDPE Pipe Rating Curve 
Plotted Curves for Circular Channel 

c:\haestad\fmwlpondck.fm2 
12" SOR HOPE Pipe Rating Curye 
Circular Channel 
Manning's Formula 
Discharge 

0.015 
14.696 in 
14.696 in 

J,,/,,;::.,:./,,./?J.,ro,v JA5/'...c,,Y ec 
5::z;-- 3]0 -/.'.,.-/_3 

,t/,..-v'~/.!,,."tJ/~'.,I , . ..!2:- 05°"/-i,-£ 
/ 

t-7;/-,,-.."';' ?.,, -::= ,rti~ ¢ rr,,o~ -

Minimum Maximum Increment 

Channel Slope 

5000.0 

10.0 

3500.0 

3000.0 

>2500.0 

2000.0 

1500.0 

1000.0 

I 

5::JO.O ' 

11 
0.0 

0.0 

I 
I 

I 

I 

05 1~ 5/08 ,,-·--:-· _-::' 

05 37.20 PM 

I// 
/ 

/ , 
' 

0.005 

0.000100 0.040000 0.000200ft/ft 

Discharge vs Channel Slope 

1~~ 
_,,-

~ 
-~ 

1.-/ /. 
/ ,_ . . ,,..---/ 

' .• 
, . 

/ 

/ 
/ 

/ 
/ 

0.01 0.015 0.02 0.025 0.03 0.035 
Channel Slope (ft/ft) 

Haestad Methods, Inc 37 Brookside Road Waterbury, CT 06708 (203) 755-1666 

-~ 

0.04 

FlowMasler v5. 13 
Page 1 of 1 
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Title: !,,1/J.(-,t/A' ,,,.~ 5 . .-";/./ _G..,,_,.:-~6'Y, a C 
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Alliance Consulting, fnc. 
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GEOTEX 501 is a polypropylene, staple fiber, needlepunched nonwoven geotextile 
produced by Propex, and will meet the following Minimum Average Roll Values (MARV) 
when Lested in accordance with the methods listed below. The fibers are needled to form 
a stable network that retains dimensional stability relative to each other. The geotextile 
is resistant to ultraviolet degradation and to biological and chemical environments 
normally found in soils. 

GEOTEX 501 conforms to the property values listed below. 1 Propex performs internal 
Manufacturing Quality Control (MQC) tests that have been accredited by the Geosynthetic 
Accreditation Institute• Laboratory Accreditation Program (GAi-LAP). 

Mechanical 
Tensile Strength (Grab) ASTM D-4632 140 lbs 623 N 
Elongation ASTM D-4632 50% 50% 
Puncture ASTM D-4833 85 lbs 378 N 
CBR Puncture ASTM D-6241 360 lbs 1601 N 
Mullen Burst ASTM D-3786 280 psi 1930 kPa 
Trapezoidal Tear ASTM D-4533 60 lbs 267 N 
Endurance 
UV Resistance ASTM D-4355 70% 70% 
Hyd,au!ic 
Apparent Opening Size 
(AOS)3 ASTM D-4751 70 US Std. Sieve 0.212 mm 
Permittivity ASTM D-4491 1 .40 sec· 1.40 sec· 
Water Flow Rate ASTM D-4491 115gpm/ft' 4686 l/ min/ m 
Ro!! Sizes 15 ft X 360 ft 4.57 m x 109.8 m 

NOTES: 
1. The property values listed above are effective 08/2005 and are subject to change without notice. 
z. Values shown are in weaker principal direction. Minimum average roll values (MARV) are calculated as the typical minus two standard deviations. Stalistical/y, it yields a 97.7% degree of confidence that any samples taken from quality assurance testing will exceed the value reported. 3. Maximum average roll value 

C::iEOSYNTH[T/CS 

L<'<lte~•, LandloS', Pycamat' • t-3', ~ur,,.-rl,ro', ~eiromat' and Petco ta< ••~ ,eg"\~n,d Uad~m,,rk> of f'rope~ lru:. 

Propex 1nc. 
6025 Lee H1ghv-,ay, Suite 425 
PO Box 22788 
Cnattanooga, TN 37422 

PH: 423 899 0444 
PH: 800 621 1273 
FAX: 423 899 7619 
www. ~eotext ile. com 

THIS PUDUCATIDH SHOUU) !IOT 8( COI/STRUE:D IS tl!Glt!OERl!!G AD'IICL WHILE UlrORJMTIOU (O!ITAIIIED Ill TH)S PUEUCl,TIOH IS AC CU RAT£ TD THE BEST or OUR f.lWWLfDGE, PROPEX DOES !WT WARRAIIT ITS ACCURACY OR WMl'LfTWESS, Tllf ULTIM,\T[ CU5TOMEk AtlO usrn or THE PRO DU CTI StfOUU, ASSU!.'.( SOLf RESPOUSIBILITY roR TH( fltlAl OCT(RIIIUATIO!I Of THE SUIT/,BILJTY OF THE l>ffORMAT1011 I.NO THE PRODUCTS fOR THE CONTt!.'.l'U.TfO AUD ACiUAL USE. TtiE OIIL't YU,RRJ\tlTY MAO[ 6Y PROPEX FOR ITS PRODUCTS IS SET fORTJ-1 If/ OUR PRODUCT 0A11. SH£ETS FOR HJ[ PROOUCl, OR SUCH OTHER WRIITEII WAARANTY AS MAY BE AGREED BY PROPEX t.tm INDIVIDUAL CUSTO~irns. PROPO- SPECfflCALLY OISCLAl/1,S ALL OTHER WARRAITTIES, EXPR(SS OR u~rurn. IHCLUOIUG WITHOUT UMITATIOtl, WAf\RAUllE5 Of MERCKANTt.B!LITY OR FITNESS fOR A P~RTICUi.AR Pl/RP05£, OR I.RISING FROM PROVISIOII OF SAMPLES, A COUR5E OF Oft.UNG OR USI..Gf OF TRI..D[ 

[12006 Propex Inc. 
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Time Dependent Modulus of Elasticity for 
Poiyethyiene Pipe vs. Stress Intensity (73.4°F) 
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Holcomb Foundation Engineering Company 
Laboratory Testing Results 

Project: Mach #1 Mine 

Project No: H-05278 

Sieve Analysis - ASTM C136-96a 

Sample: Silty CLAY (CL) 

Sieve Openings us 
Standard Weight 

Inches Millimeters Sieve Size Retained 

1.5000 38.1000 1 -1 /2" 0.0 
1.0000 25.4000 1" 0.0 
0.7500 19.1000 3/4" 0.0 
0.5000 12.7000 1/2" 0.0 
3.7500 9.5200 3/8" 0.0 
0.1 870 4.7600 No. 4 2.1 
0.0790 2.0000 No. 10 4.6 
0.0469 1.1 BOO No. 16 4.6 
0.0331 0.8500 No. 20 8.6 
0.0165 0.4200 No. 40 12.6 
0.0117 0.2980 No. 50 12.6 
0.0083 0.2500 No. 60 22.2 
D.0059 0.1490 f\Jo. 100 34.6 
0.0029 0.0740 No.200 47.7 

Total Weigh1 in Grams 227.20 

Wrt-?l/10 ,;o,., pv,:cµ::;y ,:;;./-c 

,!gc5"- ?"!J0-/4'l3 
~o✓-O....C ,.,,.;;--.:;..,,J ..::5.b/L 

:X,'2:C7 5 o,r-;2/ 

2/8/2006 

Percent Percent 
Retained Finer 

0.0 100.0 
0.0 100.0 
0.0 100.0 
0.0 100.0 
0.0 100.0 
0.9 99.1 
2.0 98.0 
2.0 98.0 
3.8 96.2 
5.5 94.5 
5.5 94.5 
9.8 90.2 

15.2 84.8 
21.0 79.0 
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Holcomb Foundation Engineering Company 
Labo;atory Testing Results 

Project: Mach #1 Mine 
Project No: H-05278 

Sample 

Dish Number 

Mass of can, W 1 (g) 

Mass of can+ moist soil, W2 (g) 

Mass of can + dry soil, W3 (g) 

Moisture content, w (%) 

Number of blows, N 

Liauid Limit, LL 

D!sh Number 

Mass of can, W 1 (g) 

Mass of can+ moist soil, W2 (g) 

Mass of can + dry soil, W 3 (g) 

Plastic Limit, PL 

Pl= 

LL1 

34.70 

62.84 

54.52 

41.98 

24 

41.8 

PL1 

39.76 

54.79 

52.53 

17.7 

24.1 

Plasticity Chart 

X • 
" 

60 

50 

.= 30 
~ 
u 
m 

.!E 20 
C. 

CH or OH 

CL or OL 

2 

LL2 

tv!H or OH 

!AL or :)L 

60 70 

3 

LL3 

7 00 

~ 

..5(/c£T 6 d°-Z/ 
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Holcomb Foundation Engineering Company 
Laboratory Tesiing Results 11/30/2006 

Project: Coarse Re/use Disposal Area 

Pond Creek Mine Johnston City, Illinois 

Project No: H-05317 

Sieve Anaiysis • ASTM C136-96a 

Sample: Coarse Refuse 

Sieve Openings us 
Standard Weight Percent Percent 

Inches Millimeters Sieve Size Retained Retained Finer 

3 76.2 31, 0.0 0.0 100.0 

2.0000 50.8100 2" 619.6 a " v,v 
an -............. 0 

1.5000 38.1000 1 -1/2" 1124.0 17.2 82.8 

1.0000 25.4000 1 " 1696.2 25.9 74.1 

0.7500 19.1000 3/4" 2110.9 32.3 67.7 

0.5000 12.7000 i/2;r 2513.0 38.4 61.6 

3.7500 9.5200 3/8 11 3263.7 49.9 50.1 

0.1870 4.7600 No. 4 4310.7 65.9 34.1 

0.0790 2.0000 No. 10 5470.5 83.6 16.4 

0.0469 1.1800 No. 16 

0.0331 0.8500 No. 20 6004.4 91.8 8_2 

0.0165 0.4200 No. 40 6178.9 94.4 5.6 

0.0117 0.2980 No. 50 

0.0083 0.2500 No. 60 6267.B 95.8 4.2 

0.0059 0.1490 No. 100 

0.0029 0.0740 No. 200 6372.4 97.4 2.6 

Total Wsighi in Grams 6542.BO 
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R17060.ient: MACH MINING 
coject: POND CREEK MINE REFUSE DISPOSAL FACILITY 
-~;ect Number: B06-328-1444 

,u.1.ce: 
u"ttpl.e No . : 

Sample Data 

Lev. or Depth: 
,cation: 

Sample Length(in./cm.): 

,scription: 4-30-07 STANDARD PROCTOR 
,te: 4-30-07 PL: LL: PI: 

;cs Classification: 
:?sting Rernarks: 

AASHTO Classification: 

Mechanical. Analysis Data 

Initial. 
cy san,pl.e and tare= 4012.00 
,re = 215.40 
~y sai.llple weight = 3796.60 
.nus #200 from wash= 18.1 % 

After wash 
3326.00 

215. 4 0 
3110.60 

,re for cumulative weight retained= .00 
Sieve Cumul. Wt. Percent 

3 inch 
2 inch 
1 • 5 inch 

nch 

. c·•- inch 
inch 

# 4 
# 10 
# 20 
# 4 0 
# 60 
# 14 0 
# 200 

retained finer 
0.00 100.0 
0.00 100.0 J 

'l' 0.00 100.0 J 104.50 97.2 
201.30 
446.90 

1059.70 
1598.10 
2156.50 
2522.10 
2718.80 
2944.50 
3110.90 

94.7 ~ 
88.2 I 
72.1 ---l 
57.9 ' 
43.2 ? 
33. 6 , •. 

"'I 
28.4 _111 
22.4 
18.l 

Fractional Components 

:avel/Sand based on #4 
~nd/Fines based on #200 
COBBLES = 0 . 0 
FINES= 18.l 

% GRAVEL= 27.9 

:s= B. 09 DGo= 2. 30 Dso= 1. 26 
10= 0. 30 

% SAND = 54. 0 

ALLIANCE CONSULTING, INC. 
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' GRAIN SIZE - mm 

% COBBLES I %GRAVEL ¾SAND ¾SILT ¾CLAY 

I 0.0 I 27.9 54.0 I 8.1 

SIEVE PERCENT SPEC: PASS? Material Descriolion 

SIZE FINER PERCENT (X=NO) 4-30-07 STANDARD PROCTOR 
3 in. 100.0 
7· _m. 100.0 

1.5 in. 100.0 
1 in. 97.2 Atterberg Limits 

.75 in. 94.7 PL= LL= Pl= 
.375 in. 88.2 

#4 72.1 Coefficients 
#JO 57.9 

D55= 8.09 D50= 2.30 D50= 1.26 #20 43.2 
#40 33.6 D30= 0.302 D15= D10= 
#60 28.4 Cu= Cc= 

#140 22A 
Classification #200 18.1 

USCS= AASHTO= 

Remarks 

. 
1 no spcc1ficaunn provid:!d) 

Sample No.: Source of Sarnp!e: Date: 4-30•07 
Location: Elev./Depth: 

,i ALLIANCE Client: MACH MINING 

CONSUL TING, !NC. Project: POND CREEK MINE REFUSE DISPOSAL FACILITY 

II Beaver. Vvest Virainfa Project No: BOG· 328-1444 Figure 
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GRAIN SIZE DISTRIBUTION TEST DATA 

lient: MACH MINING 
i::oject: POND CREEK MINE REFUSE DISPOSAL FACILITY 
~ ~ct Number: 806-328-1444 

Sample Data 

::,urce: 
sunple No.: 
lev. or Depth: 
::,cation: 

Sample Length(in./cm.): 

3scription: 8-22-07 STANDARD PROCTOR 
a.te: 8-22-07 PL: LL: PI: 
3CS Classification: 
3sting Remarks: 

l>.ASHTO Classification: 

Mechanical Analysis Data 

Initial 
t.. :t .:,, ,::: .. .m_pl-= and ta.re= 3 9 9 2 . 0 0 
,re = 436.00 
cy sample weight = 3556.00 
Lnus #200 from wash= 44.9 % 

2396.90 
436.00 

1960.90 

,re for cumulative weight retained= .00 
Sieve Cumul. Wt. Percent 

3 inch 
2 inch 

, inch 

(,n~~ch 

. :°s", .::> inch 
# 4 
# 10 
# 20 
# 4 0 
# 60 
# 14 0 
# 200 

retained 
0.00 
0.00 
0.00 
0.00 

58.50 
293.80 
911.80 

1402.30 
1630.40 
1722.60 
1768.00 
1837.70 
1959.90 

finer 
100.0 
100.0 
100.0 
100.0 

98.4 
91. 7 
74.4 
60.6 
54.2 
51. 6 
50.3 
48.3 
44.9 

Fractional Components 

·avel/Sand based on #4 
md/Fines based on #200 
COBBLES= 0.0 % GRAVEL= 25.6 
FINES = 44. 9 

:s= 7.12 D50= 1.89 D50= 0.17 

% SAND= 29.5 

J>.LLIAHCE CONSULTING, IHC. 



R17063Particle Size Distribution Report 
~ .5 

.E .£ " .£ ':! " " .5 
0 0 0 0 

0 ~ 0 
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0.. 

40 
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: 
20 

i 
10 

1: 

0 ' : 
500 100 10 1 0,1 0,01 0,001 

GRAIN SIZE - mm 

' 
¾ COBBLES % GRAVEL %SAND % SILT % CLAY 

0,0 I 25.6 29.5 44,9 

SIEVE PERCENT SPEC.' PASS? Material Descri[!tion 
SIZE FINER PERCENT (X=NO) 8-22-07 STANDARD PROCTOR 
3 in. 100,0 
o· ,..m. 100,0 

1.5 in. 100.0 
I in. 100,0 Atterberg Limits .75 in. 98.4 PL= LL= Pl= .375 in. 91.7 

#4 74.4 
Coefficients #JO 60.6 

D35= 7.12 D50= l.89 D50= 0, 168 #20 54.2 
#40 5 J.6 D30= D15= D10= 
#60 50.3 Cu= Cc= 

#140 48.3 
#200 44,9 91assifi,.~tiQ□ 

USCS= AASHTO= 

Remarks 

. 
(nu spt.:c1flc.it1rn1 prm·1ded) 

Sampie No.: Source of S2:mp!e: Date: 8-22-07 
Location: Elev./Depth: 

I ALLIANCE Client: MACH MINING 
I 

Project: POND CREEK MINE REFUSE DISPOSAL F ACIUTY 

1( 
CONSUL TiNG, INC. 

Beaver, VI/est Virairda Proiect No: B06-3°8-1444 Figure 
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GRAIN SIZE DISTRIBUTION TEST DATA 

:lient: MACH MINING 
'roject: POND CREEK MINE REFUSE DISPOSAL FACILITY 
>r-.;ect Number: B06-328-1444 

Sample Data 

:ource: 
:ample No.: 
lev. or Depth: 
ocation: 

Sample Length(in./crn.): 

ascription: 10-26-07 STANDARD PROCTOR 
ate: 10-26-07 PL: LL: PI: 
SCS Classification: 
esting Remarks: 

AASHTO Classification: 

Mechanical Analysis Data 

Initial After wash 
LY sample and tare= 3949.30 
a.re = 4 12 . 5 0 
cy sample weight = 3536.80 
Lnus #200 from wash= 24.3 % 

3089.10 
412.50 

2676.60 

,re for cumulative weight retained= .00 
Sieve Cumul. Wt. Percent 

retained 
3 inch 0.00 
2 inch 0.00 

5 inch 0.00 
('-'<Ch 120.20 

. inch 270.30 

. :; 15 inch 1023.50 
~ " 1562.90 TI" ~ 

# 10 2144.50 
# 20 2386.40 
# 40 2482.30 
# 60 2526.70 
# 140 2587.30 
# 200 2667.70 

avel/Sand based on #4 
nd/Fines based on #200 

finer 
100.0 
100.0 
100.0 

96.6 
92.4 
71. 1 
55.8 
39.4 
32.5 
29.8 
28.6 
26.8 
24.6 

Fractional 

:OBBLES = 0.0 % GRAVEL= 44.2 
!?INES = 24. 6 

0= 14.55 D6o= 5.90 Dso= 3.57 
j= 0. 4 5 

Components 

% S~.ND = 3 1. 2 

F..LLIF.NCE CONSULTING, INC. 
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,..,-,-_. ~ , , , - . -

Particle Size Distribution Report ~ .s -~ 
s .5 ~ .s .S .5 
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GRA!N SIZE - mm 

•· . % COBBLES 7 % GRAVEL %SAND % SILT %CLAY I 
0.0 l 44.2 31.2 24.6 I 

SIEVE PERCENT SPEC.* PASS? Material Descriotion 
SIZE FINER PERCENT (X=NO) 10-26-07 STANDARD PROCTOR 
3 in. ]00.0 
?' _m. l 00.0 

1.5 in. ]00.0 
I in. 96.6 Atterberg Limits 

.75 in. 92.4 PL= LL= Pl= .375 in. 7l.l 
#4 55.8 Coefficients #10 39.4 

D35= 14.5 D50= 5.90 D50= 3.57 #20 32.5 
#40 29.8 D30= 0.453 D15= D10= 
#60 28.6 Cu= Cc= 

#140 . 26.8 
#200 24.6 Classification 

USCS= AASHTO= 

Remarks 

. 
(no spce1ficmion provided) 

Sample No.: Source of Sampis: r"'>-"--· 10-26-07 Udt':::. 

Location: Elev./Depth: 

ALLIANCE Client: MACH MINING 

CONSUL T!NG, INC. Project: POND CREEK MINE REFUSE DISPOSAL FACIUTY 

II Beaver. \'\fest VirCTinra Proiect No: 806-328-1444 Fiaure 



R17066.ient: MACH MINING 
:eject: POND CREEK MINE REFUSE DISPOSAL FACILITY 

·eject Number: B06-328-1444 

lIIlple No. : 
.ev. or Depth: 
>Cation: 

Specimen Data 

Sample Length(in./cm.): 

,scription: 4-15-08 STANDARD PROCTOR 

,ter Content: Liquid Limit: 32 Plasticity Index: 10 

:CS : AASHTO: 

,sting Remarks: 116.6 1-'CF@ 11.2% (METHOD "C") 

,rcent retained on 3/4 in. sieve: 6.9 

,rcent passing No. 200 sieve: 32.8 Specific gravity: 2.23 

Test Data And Results 

?e of test: ASTM D 698-91 Procedure C Standard 

,ldDia.: 6.00 in. Hammer Wt.: 5.5 lb. Drop: 12 in. 

Layers: three Blows per Layer: 56 

POINT NO. 1 2 
18 WM+ ws 9720.0 9606.0 

16 
-/ ~ -- . 

I "\ 

\ 

WM 5550.0 5550.0 
ww+T #1: 25 6~ 5 6 235.69 
WD+T #1 244.70 224.58 
TARE #1 102.78 94.55 

12 
I 

'\_ 
-, __ 

I 

MOIST #1 8.4 8.5 
WW+T #2 261.85 270.29 
WD+T #2 248.96 259.08 
TARE #2 104.64 102.78 
MOIST #2 8.9 7.2 

10 MOISTURE 8.6 7.9 
DRY DEN 112.8 110.5 

08 

3 
9960.0 
5550.0 
223.31 
204.41 
38.96 
11. 4 
232.15 
212.88 
35.38 
10.9 
11. l 
116.6 

4 
9955.0 
5550.0 
2 67. 4 5 
224.60 
36.57 
22.8 
251.18 
238.33 
39.84 
6.5 
14.6 
113.0 

" 0 9 13 

Uncorrected Results: 

:TM D 4718 Correction Data: 

17 Max dry den= 118.0 pcf 
Max dry den= 116.6 pcf 

Opt moisture= 10.8 % 
Opt moisture= 11.2 % 

Bulk Specific Gravity of Oversize 1-.faterial = 2.23 

Moisture of Oversize Material= 5.5 % 

:rrection.s ltpplied to Calculated Maximum Density and Optimum Moisture Values 

ALLIAHCE CONSULTING, INC. 
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No. 
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I 

i\ I \/ ' COMPACTION TEST REPORT ;, I\ 
' ' \ ..;:;-~ /.:; 6'"" Z-/ ,, \\'-\ 

DATE: 4/29/2008 
\ ' PROJECT NO.: B06-328-J444 

' \ \. PROJECT: POND CREEK MINE REFUSE DISPOSAL FACILITY 
' '- I ' 

\I 'I-. I\ Test specification: 

1\I 
ASTM D 698-91 Procedure C Standard 

\ Oversize correction applied to final results )\ ' ' I I'\. \ 

' \. I '\ 100% SATURATION CURVES 

. I ' \ ' 
FOR SPEC. GRAV. EQUAL TO: 

,, ,._ '\ \ \. 2.8 

- .... ',I I'. 2.7 
• '\ 'i's. ",,... 2.6 

\.I 1-. "----
' 
~ "' '', 'I'-

I" " 
' ' 'I'. 

', "'1, ,, 
' " ' "1 ' ,1 

''" 'I' ",.. I' i-... ' ·, ,:'-,.__ 
I ' I'---.." 
I N !'-,, '-
I I r-- ' 

I I I I I I 
5 10 15 20 25 30 35 40 

Water content, % 

LOCATION AND DESCRIPTION REMARKS 

Source: 116.6 PCF@ 11.2% (METHOD "C" ! 

4-15-08 STANDARD PROCTOR 

uses LL Pl NAT. MOIST. OVERSIZE %< No.ZOO MAX. DRY DEN. OPT. MO/ST. 

118 0 ref 

( 
1'-•-----------------.ALUANCE COr-!SULTlNG, !NC.---------F_i_g_u_re ____ ~ 
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,._,.._....,,..,_ .... ~ ................................ ~----...---- .... -· - --
:lient: MACH MINING 
>reject: POND CREEK MINE REFUSE 
>rniect Number: B06-328-1444 

DISPOSAL FACILITY 

-'( 
Sample Data 

;01.i .... ~e: 
:ample No.: 
:lev. or Depth: 
,ocation: 
,escription: 4-15-08 STANDARD PROCTOR 
ate : 4 - 15 - 0 8 PL : 2 2 
SCS Classification: 
es ting Remarks : 

Sample Length(in./cm.) 

LL: 32 PI: 10 
AASHTO Classification: 

M:echanical Ai.J.alysis Data 

ry sample and tare= 
3..re = 
r:y sample weight = 
cnus #200 from wash= 

Initial 
3750.30 

332.00 
3418.30 

32.8 % 

After wash 
2627.80 
332.00 

2295.80 

ere for cumulative weight retained= .00 
Sieve Cumul. Wt. Percent 

retained 
3 inch 0.00 
2 inch 0.00 
' 5 inch 0.00 

,_nch 117.90 

( inch 234.90 
inch 436.40 

# 4 1157.70 
# 10 1666.30 
# 20 1907.60 
# 40 2009.80 
# 60 2078.70 
# 140 2187.00 
# 200 2297.90 

1vel/Sand based on #4 
~d/Fines based on #200 

finer 
100.0 
100.0 
100.0 

96.6 
93.1 
87.2 
66. 1, 
51-.3 
44.2 
41. 2 
39.2 
36.0 
32.8 

Fractional 

:OBBLES = 0. 0 % GRAVEL = 33. 9 
?INES = 32. 8 

;= 8. 64 D6o= 3. 70 D50= 1. 76 

Components 

% SAND= 33.3 

FT,LI~JiCE CONSULTING, INC. 
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Particle Size Distribution Report _:y~r ,.-:9 

or~ c \ \\jl g £ !' ~ s 
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l I : 
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500 100 10 1 0.1 0.01 0.001 
GRAIN SIZE-mm 

% COBBLES I % GRAVEL I %SAND I % SILT I % CLAY I 
0.0 I 33.9 I 33.3 32.8 I 

SIEVE PERCENT SPEC: PASS? Material Descriotion 

SIZE FINER PERCENT (X=NO) 4-15-08 STANDARD PROCTOR 

3 in. 100.0 
o· 
- Ill. 100.0 

1.5 in. 100.0 
I ,n, 96.6 Atterberg Limits 

.75 in. 93.1 PL= 22 LL= 32 Pl= 10 
.375 in. 87.2 

#4 66.1 ·Coefficients 
#10 51.3 

Dss= 8.64 D50= 3.70 D50= 1.76 
#'.'.O 44.2 
#40 41.2 D30= D15= D10= 
#60 39.2 Cu= Cc= 

#140 36.0 
#200 32.8 Classification 

USCS= AASH1O= 

Remarks 

. 
inn spcc1f"lcat1011 rrov1dcdl 

Sampie No.: Source of Sarnp!e: 
r,._,. __ 

4- 15-08 wat:::. 

Location: EievJDepth: 

;1 ALLIANCE Client: MACH MINfNG 

\r CONSULTING, !NC. Project: POND CREEK MINE REFUSE DISPOSAL FACILITY 

Beaver. West Virainia Proiect No: 806-3'.'.8-14"4 i=igure 



R17070+3/4 INCH SPECIFIC GRAVITY Gi: 

I -
'( 

Weiqht of dry sample & pan 

Weiqht of pan 

Weiqht of oven-dried sample (A) 

Weiqht of saturated surface-dry sample & pan 

Weiqht of pan 

Weiqht of saturated surface-dry sample (B) 

'v\/eiqf-1t of saturated sampfe in ,Nater & basket 

VVeiqht of basket in water 

Weiqht of saturated sample in water (C) 

TEST RES UL TS 

Specific qravity of sample A/(B-C) 

Percent absorption B-PJA X 100 

Project No.: 806-328-1444 

Project: por;o CREEK MINE 

Source: REFUSE FACILITY 

Client: WILLIAMSON 
ENERGY, LLC 

Sample D~te: 4-15-08 

Samole I-Jo.: 

+3/4 INCH SPEClrlC GRAVi I Y 

2.23 

5.5% 

Tested By: CRKII 
• _,dJ I I 

Checked By:.,4:/ 'lf'Z';,ftg 

Clev./Depth: 

ALLIAJ'l!CE CONSUL TING, tNC. 

3405.0 gms 

424.3 gms 

2980.7 gms 

3570.0 gms 

424.3 gms 

3145.7 gms 

3600.0 gms 

1790.0 gms 

1810.0 gms 

Material Description 

COARSE COAL REFUSE 

Remarl-::s: 

Paae No. 



R17071lient: MACH MINING 
roject: POND CREEK MINE REFUSE DISPOSAL FACILITY 
roject Number: B06-328-1444 

.5+-'&e-7" 26 zr 21 

@ 
1

- _________________ S_am_,p'---l_e_D_a_t_a ___________________ _ 
( 
oti ..... _:e: 
ample No.: 
lev. or Depth: 
ocation: 

Sample Length(in./cm.): 

escription: Clayey gravel with sand4-15-08 STANDARD PROCTOR 
ater Content: uses: GC A.~SHTO: 
esting Remarks: 

Run No. 

W""'t+Tare 
Drv+Tare 

Tare 
# Blows 

Moisture 

34. 6 

32.2 

31 4 

Run No. 

let+Tare 
•ry+Tor= I . _ ..... ----- ~-- -
Ioisturc. i 

( 
\.__ 

lr.:.r .(/4 /t 

1 

36. 4 6 
31.08 
15.20 

15 
33.9 

10 

1 

19. 8? 
1 0 u • 99 

2?.3 

1\ 

Blows 

--·-· 

Liquid Limit Data 

2 3 4 

39.14 35.32 35.46 
33.19 30.41 
15.23 15.21 15.26 

20 25 30 
33.1 32.3 31. 4 

\ 
\ 

\ 
\I ,, 

\ 

\ 

\ 

I 
20 . 40 

Plastic Limit Data 

2 3 4 

70. 62 1 0 
..t. u. 

O? 
u~ 

1 9. 62 18. 17 
1 S. ;•1 lS.21 
2?.7 

P..LLIAliCE CONSULTING, INC. 

5 6 

38.23 
32.78 
15.?l 

35 
31. 0 

Liquid Lirnit=--3=2 __ 
Plastic Limit=-~2~2 __ 

Plasticity Index= __ l-0 __ 

i 
I 
I 
' ---· 
i ----
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LIQUID AND PLASTIC LIMITS TEST REPORT 

>< w 
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50 

40 

t 30 
0 
~ 
Cf) 

::5 
0.. 

20 

10 -

7 

Dashed line indicates the approximate 
upper limit boundary for natural soils -~-+---

I 
I 
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I 
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I 
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DEPTH 

I 

I 
I 

I 

I 

50 

I 

I 
I 

I 

LIQUID LIMIT 

SOIL DATA 
NA1 URAL 

WATER 

I 

70 

PLASTIC 
SOURCE 

SAMPLE 
SYMBOL 

NO. (~-) CONTENT LIMIT 
(%) (%) 

• 22 

i LIQUID AND PLASTIC Llil/llTS TEST REPORT Client: MACH lvl!NiNG 

I 
I 

ffH o· O'' , I 

1

, n 

LIQUID 

LIMIT 
(¾) 

-, ·'-

90 

PLASTICITY 
INDEX 

(%) 

10 

I ALLIANCE Project: POND CREEK lvllNE REFUSE DISPOSAL FACILITY 

CONSUL Tlh!G, INC. 
JL ___ Beaver West Virainia Project No.: B06-328-1444 __ F_lg_ure 

110 

uses 

GC 
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STABILTY ANALYSIS FILES- Phase 3 & Phase 7 
Williamson Energy, LLC 

Refuse Disposal Area No. 2 
Project No.: B05-330-1413 

File Name Subject F.S. 

PH3DSST2 Downstream static, Phase 3, Section F-F 1.51 

PH3DSSE1 Downstream seismic, Phase 3, two phreatic surfaces, to get 1.23 
Allowable phreatic level for Piezometers P-6, -7 and -8 

PH3USSE2 Upstream seismic, Phase 3 two phreatic surfaces, pond about 1.16 
1/2 full, (these are shallow circles that do not go through the crest) 

PH3USSE3 Upstream seismic, Phase 3, two phreatic surfaces, pond full, 1.20 
done to check if slurry can be released during earthquake 

PH3USSE4 Upstream seismic, Phase 3, two phreatic surfaces, pond about 1/4 full 1.20 

PH3USST Upstream static, Phase 3, pond about½ full 1.89 

PH7DSST Downstream static, Phase 7, toe circle. 1.53 

PH7DSST2 Downstream static, Phase 7, Section G-G, whole slope circle. 1.52 

PH7DDSE Downstream seismic, Phase 7, Section G-G, two phreatic 1.20 
surfaces, pond level the same as for Section D-D, to get allow 
Phreatic level for Piezometers P-15 -16, and -17. 

PH7USSE Upstream seismic, Phase 7, Section G-G, two phreatic surfaces, 1.26 
pond level the same as for Section D-D. 

PH7USST Upstream static, Phase 7, Section G-G, pond level same as for Section D-D. I .82 

PH7CEOC1 Downstream static, total stress foundation soil, total strength 1.50 
FCR, effective stress CCR, - for allowable phreatic level end of 
constrnction Phase 3/7C, Section F-F (P-6, -7, & -8), deep toe circles. 

PH7CEOC2 Downstream static, total stress foundation soil, total strength 2.05 
FCR, effective stress CCR, - for allowable phreatic level end 
of constrnction Phase 3/7C, Section F-F (P-6, -7, & -8),. 
"hinge" circles Phase 3 to Phase 7 interface. 

PH7CDSL T Downstream static, effective stress foundation soil, FCR, & CCR 
- for allowable phreatic level long term Phase 3/&C, Section F-F 
(P-6, -7, & -8), deep toe circles. 

1.50 

(File: Stability Runs.doc, hlo, rev. 06/26/09) 



R17074AllianceO 
Consulting, Inc. 
Sngineers 
Constructors 

- 'cientists 

BECKLEY, Wv 
(304) 255-049\ 

BY: /./, c> 

PROJECT NO. /Ja- ?,3'0-/-V,:3 SHEET I OF / -~--

DESCRIPTION ,0/,,.,,-c ,? f;-44,-,,: /TV C,-,ws-$ • Yc,~a:;;,-J 
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PHASE 3 DOWNSTREAM STATIC REFUSE DISPOSAL AREA NO. 2 C:\DOCUME~1\HOWENS\MYDOCU~1\WILLIA-1\STABIL~1\PH3DSST2.PL2 Run By: HLO 6/27/20(8 4:08PM 580 r- ,---. ..........,1 
# FS 
a 1.51 
b 1.52 
C 1.52 
d 1.52 

Soil Soil Total Saturated Friction Piez. 
Desc. Type Unit Wt. Unit Wt. Angle Surface 

No. (pcf) (pcf) (deg) No. 
CCR 1 130.0 140.0 33.7 W1 
FCR 2 80.0 90.0 28.0 W1 

540 He 1.s2
1
c___. _ _.c..:_.__.:__-==---"=-=:__~_J f 1.52 

g 1.52 

SOIL 3 12S.0 135.0 26.8 W1 

h 1.53 
i 1.53 

1.53 
500 ,_ 

lnit Points: 50. to 130. 
Term Lirnits: 220. to 320. 

a j • 
ch' d 7 ------------ ' ii~ ct 6 ··---------------- 2----~4~ ..___ 

.1, . ..i;.•~:::::;-- ~~~---------~ 460,; 1
3..,..._..,._ •.• ~-- ~ 

,:c..·--- ------- !!_ 
1 

-------- - ~-
420 ,_ 

380 

340 

300 ~---~~---~----:i;;----~:;;--~:::::----~-=----.1.......-----'------'---__J 40 80 120 160 200 240 280 320 360 400 

STED 

~~ 
l1~~s 

PCSTABL5M/si FSmin=1.51 
Safety Factors Are Calculated By The Modified Bishop Method ~ 

Q 
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** PCSTABLSM ** 
by 

Purdue University 
--Slope Stability Analysis-

Simplified Janbu, Simplified Bishop 
or Spencer's Method of Slices 

Run Date: 6/27/2008 
Time of Run: 
Run By: 
Input Data Filename: 
Output Filename: 
Unit: 

4,D8PM 
HLO 
C:ph3dsst2. 
C,ph3dsst2.OUT 
ENGLISH 

Plotted 
PROBLEM 

Output Filename: C:ph3dsst2.PLT 
DESCRIPTION PHASE 3 DOWNSTREAM STATIC 

REFUSE DISPOSAL AREA NO. 2 
BOUNDARY COORDINATES 

Note: User origin value specified. 
Add 0.00 to X-values and 300.00 to Y-values listed. 

7 Top 
9 Total 

Boundary 

Buu.udc.J.._;_,;;:::;, 

Boundaries 
X-Left 

(ft) 
Y-Left X-Right Y-Right Soil Type 

No. 
1 
2 
3 
4 
5 
6 
7 

(ft) (ft) (ft) Below Bnd 

8 
9 

.OD 
100.00 
136.00 
156.Q0 
252.00 
282.00 
295.00 
295.00 

.DO 
ISOTROPIC SOIL PARAMETERS 

3 Type(s) of Soil 

156.00 
156.00 
168.00 
168.00 
2-00.00 
200.00 
195.00 
195.00 
156.00 

100.00 
136.00 
156.00 
252.00 
282.00 
295.00 
389.00 
389.00 
389.00 

156.00 3 
168.00 1 
168.00 1 
200.00 1 
200.00 1 
195.00 1 
195.00 2 
159.00 1 
159.00 3 

Soil Total Saturated 
Type Unit Wt. Unit Wt. 

Cohesion 
Intercept 

{psf) 

Friction 
Angle 
(deg) 
33.7 

Pore Pressure Piez. 
Pressure Constant Surface 

No. (pcf) (pcf) Param. (psf) No. 
l 130.0 140.0 • 0 
2 80.0 90.0 . 0 
3 125.0 135.0 .0 

28.0 
26.8 

.OD 

.OD 

.00 

. 0 

. 0 

. 0 
l PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED 
Unit Weight of Water= 62.40 
Piezometric Surface No. l Specified by 4 Coordinate Points 

Point X-Water Y-Water 
No. (ft) (ft) 

1 .DO 156.00 
2 105.00 156.00 
3 289.80 197.00 
4 389.00 197.00 

1 
1 
1 

Searching Routine Will Be Limited To An Area Defined By 1 Boundaries 
Of Which The First 1 Boundaries Will Deflect Surfaces Upward 
Boundary X-Left Y-Left X-Right Y-Right 

No. (ft) (ft) (ft) (ft) 
1 .00 136.00 389.00 136.00 

A Critical Failure Surface Searching Method, Using A Random 
Technique For Generating Circular Surfaces, Has Been Specified. 
400 Trial Surfaces Have Been Generated. 

20 Surfaces Initiate From Each Of 20 
Along The Ground Surface Between X 

and X 
R;:ir.h .Surface Terminates Between 

and 
X 
X 

Points Equally Spaced 
50.00 ft. 

130.00 ft. 
2~0.00 
320.00 

fc. 

Unless Further Limitations Were Imposed, The Minimum Elevation 
At Which P. Surface Extends Is Y = . 00 ft. 
10.00 ft. Line Segments Define Each Trial Failure Surface. 
Following Are Displayed The Ten Most Critical Of The Trial 

Failure Surfaces Examined. They P.re Ordered - Most Critical 
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Slice 
( No. 
\__ 1 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 

c,\docume-l\howens\mydocu-l\willia-l\stabil-l\ph3dsst2.OUT Page 2 

First. 
**Safety Factors Are Calculated By The Modified Bishop Method** 
Failure Surface Specified By 22 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 79.47 
2 88.79 
3 98. 31 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

156.00 
152.36 
149.31 
146.86 
145.04 
143. 83 
143.25 
143.30 
143.98 
145.29 
147.21 
149.76 
152.90 
156.64 
160.95 
165.82 
171. 23 
177 .16 
183.59 
190.48 
197.82 

~ 

16 
17 
18 
19 
20 
21 
22 

108.01 
117. 84 
127. 77 
137.75 
147.75 
157.73 
167.64 
177.45 
187.12 
196.62 
205.89 
214.92 
223.65 
232.06 
240 .11 
24 7. 77 
255.02 
261. 81 
263.59 200.00,., 

Circle Center At X = 141.9 Y = 301. 9 and Radius, 158.7 

Width 
(ft) 
9.3 
9.5 
1.7 
5.0 
3.0 

. 8 
9.1 
9.9 
8.2 
1. 7 

10.0 
8.3 
1. 7 
9.9 
9.8 
9.7 
9.5 
9.3 
2.0 
7.0 
8.7 
8.4 
8.1 
7.7 
4.2 
1.4 
l.6 
6.8 
1.8 

*** 1.513 ••• 
Individual data on the 29 slices 

Weight 
(lbs} 

2229.3 
6574.4 
1561. 3 
5751.1 
4394.6 
1243.4 

17703.0 
25619.0 
25582.2 

5834.7 
33509.6 
27467.6 

5750.9 
34700.8 
36606.4 
37452.6 
37257.4 
36063.5 

7746.6 
26133.5 
30721.4 
26818.7 
22313.1 
17358.2 

7631.6 
2105.8 
2197.2 
516 8. 6 

Water 
Force 

Top 
(lbs) 

• 0 
• 0 
. 0 
. 0 
• 0 
• 0 
. 0 
.o 
.0 
• 0 

Water 
Force 

Bot 
(lbs) 

1136.4 
3224.1 

750.4 
2492.6 
1718.1 

477.5 
6717. 4 
9455.1 
9233.8 
2111.2 

.0 12856.9 

.0 11498.2 

.0 2486.6 

. 0 14724.5 

. 0 15072.8 

.0 15028.4 

.0 14591.5 
13763. 8 . 0 

. 0 2937.2 
• 0 9611. 4 

Tie 
Force 
Norm 
(lbs) 

• 0 
• 0 
• 0 
.o 
.0 
. 0 
• 0 
.o 
.0 
. 0 
. 0 
.0 
.0 
. 0 
. 0 
.0 
.0 
.o 
. 0 
. 0 

Tie 
Force 

Tan 
(lbs) 

.0 
• 0 
. 0 
• 0 
.0 
. 0 
. 0 
. 0 
.0 
. 0 
• 0 
• 0 
. 0 
. 0 
. 0 
• 0 
• 0 
. 0 
.0 
.0 

.0 10950.6 .0 .0 

.0 8976.4 .0 .o 

.o 6633.6 .0 .o 

.o 3931.6 .0 .o 

.0 905.6 .o .0 

.0 58.1 .o .o 

. 0 . 0 . 0 . 0 

. 0 . 0 . 0 . 0 
252.5 .0 .0 .0 .o 

Earthquake 
Force Surcharge 

Hor Ver Load 
(lbs) (lbs) (lbs) 

.0 .o .0 

.0 .0 .o 

.o . 0 . 0 

.o .o . 0 

.0 .0 .0 

.0 .0 . 0 

.0 .0 .0 

.o .o .0 

.o .o . 0 

. 0 . 0 . 0 

.0 .0 .o 

.0 .0 .0 

.0 .0 . 0 

.o .0 . 0 

.o . 0 . 0 

.0 .o . 0 

.0 .0 .o 

.o .o .0 

.o .o . 0 

.0 . 0 .0 

.0 .0 .o 

.0 .0 .o 

.0 .0 .0 

.0 . 0 . 0 

.o .o .0 

.o .o .0 

.o . 0 . 0 

.0 . 0 . 0 

.0 .0 .o 
Failure Surface Specified By 20 Coordinate Points 

Point 
No. 

1 

X-Surf Y-Surf 
(ft) (ft) 
83.68 156.00 
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2 93.07 152.54 
3 102.66 149.72 
4 112. 42 147.55 
5 122. 31 14 6. 04 
6 132.27 145. 21 
7 142. 27 145.04 
8 152.26 145. 55 
9 162 .19 146. 74 

10 172.02 148. 58 
11 181.70 151.09 
12 191.19 154.24 
13 200.44 158.03 
14 209.42 162.43 
15 218.09 167.42 
16 226.39 172.99 
17 234.31 179.10 
18 241.79 185.74 
19 248.81 192. 86 
20 254.95 200.00 

Circle Center At X = 139.7 ; y 

*** 1.516 *** 
Failure Surface Specified By 22 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 79.47 156.00 
2 88.61 151.93 
3 98.00 148.49 
4 107.60 145.68 
5 11 7. 36 143.52 
6 127.25 142. 02 
7 137.21 141.18 
8 147.21 141.02 
9 157.20 141.52 

10 167.13 142.69 
11 176.96 144.53 
12 186.64 14 7. 02 
13 l96.14 150.15 
14 205.41 153.91 
15 214.40 158.28 
16 223.08 163.25 
17 231.41 16 8. 78 
18 239.35 174.86 
19 246.86 181.46 
20 253.92 188.55 
21 260.48 196.09 
22 263.45 200.00 

Circle Center At X = 144.7 ; y 

*** 1.517 *** 
Failure 

Point 
Surface Specified By 22 

No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

X-Surf Y-Surf 
(ft) (ft) 
83.68 156.00 
93.10 152.63 

102.70 14 9. 83 
112.45 147.60 
122.31 145.95 
132.25 144.89 
14.2.24 144.42 
152.24 144.54 
162.22 14.5.26 
l72.l3 .!.'!O. ::it 

181.95 148.46 
191.64 150.93 
201.17 153.98 
210.49 157.58 
219.59 161. 72 
228.43 166.41 

293.3 and Radius, 148. 3 

Coordinate Points 

290.0 and Radius, 14-9.1 

Coordinate Points 
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17 
18 
19 
20 
21 
22 

236.97 
245.20 
253.06 
260.55 
267.64 
270.17 

171.60 
177.30 
183.47 
190.09 
197.15 
200.00 

Circle Center At X = 145.1 ; Y 
*** 1.520 *** 

312.B and Radius, 168.4 

Failure Surface Specified By 21 Coordinate Points 
Point X-Surf Y-Surf 
No. (ft} (ft} 

1 75.26 156.00 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

84.54 
94.05 

103.74 
113.57 
123.50 
133.49 
143.49 
153.46 
163.35 
1 73 .13 
182.75 
192.16 
201. 34 
210.23 
218.80 
227.02 
234.84 
242.23 
249.17 
254.78 

152.28 
149.17 
146.70 
144.87 
143. 70 
143 .18 
143.31 
144.11 
145.56 
14 7. 66 
150.40 
153.77 
157.74 
162.32 
167.47 
173.17 
179.40 
186.13 
193.34 
200.00 

Circle Center At X = 136.4 ; Y 
*** 1.523 *** 

Failure 
Point 

No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
lS 
16 
17 
18 
19 
20 

Surface Specified By 20 
X-Surf Y-Surf 

(ft} (ft} 
92.11 

101.31 
110.79 
120.47 
130.31 
140.26 
150.25 
160.24 
170.17 
179.99 
189.63 
199.06 
208.21 
217.04 
22S.S0 
233.54 
241.11 
248.18 
254.71 
259.17 

156.00 
152.10 
148.89 
146.39 
144.62 
143.58 
143.28 
143.72 
144.90 
146. 81 
149.45 
152.79 
156.82 
161.51 
lGG.0S 
172.80 
179.33 
186.40 
193.97 
200.00 

Circle Center At X = 149. 3 ; Y· 
1.524 

Failure 
Point 
No. 

1 
2 
3 
4 
5 

Surface Specified By 21 
X-Surf Y-Surf 

(ft) (ft} 
83.68 156.00 
92.73 

102.07 
111. 64 
121.40 

151. 74 
148.15 
145.26 
143.08 

294.9 and Radius, 151.8 

Coordinate Points 

278.1 and Radius, 134.8 

Cocrdinace Poin~s 
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6 131. 29 141. 62 
7 141.27 140.90 
8 151.27 140.90 
9 161.24 141.64 

10 171.13 143 .11 
11 180.89 145.30 
12 190.46 148.20 
13 199.79 151. 79 
14 208.83 156.06 
15 217.54 160.98 
16 225.86 166.53 
17 233.75 172. 67 
18 241.1 7 179.38 
19 248.08 186.61 
20 254.43 194. 33 
21 258.45 200.00 

Circle Center At X = 146.2 ; y 277.0 and Radius, 136.2 
*** 1.524 *** 

Failure Surface Specified By 21 Coordinate Points 
Point X-Surf Y-Surf 
No. {ft) (ft) 

1 92.11 156.00 
2 101.18 151. 80 
3 110. 55 148.30 
4 120.16 145. 53 
5 129.95 143.50 
6 139.87 142.22 
7 149. 85 141. 70 
8 159.85 141.95 
9 169.80 142.95 

10 179.64 144. 71 
11 189.33 147.22 
12 198.79 150.46 
13 207.98 154.40 
14 216.84 159.04 
15 225.32 164.34 
16 233.37 170.27 
17 240.94 176.80 
18 248.00 183.88 
19 254.50 191. 48 
20 260.40 199.56 
21 260.67 200.00 

Circle Center At X = 151.7 ; y 272. 8 and Radius, 131.1 
*** 1. 532 *** 

Failure Surface Specified By 22 Coordinate Points 
Point X-Surf Y-Surf 
No. (ft) (ft) 

1 83.68 156.00 
2 93.23 153.03 
3 102.93 150.59 
4 112. 75 148.69 
5 122.66 147.32 
6 132.62 146.51 
7 142.62 146. 23 
8 152.61 146. 51 
9 162.58 147.33 

10 172.49 148.70 
11 182.30 150.61 
12 192.00 153.06 
13 201.55 156.03 
14 210. 92 159.52 
15 220.08 153.52 
16 229.02 168.01 
17 237.69 172. 99 
18 246.08 178.43 
19 254.15 184.33 
20 261. 90 190.66 
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21 269.28 197.41 
22 271.82 200.00 

Circle Center At X = 142.6 ; y 328.5 and Radius, 182.2 
*** 1. 534 *** 

Failure Surface Specified By 22 Coordinate Points 
Point x-surf Y-Surf 

No. (ft) (ft) 
1 87.90 156.00 
2 96.96 151.77 
3 106.29 148.17 
4 115.84 145.22 
5 125.58 142. 94 
6 135. 45 141. 32 
7 145.40 140.39 
8 155.40 14 0 .14 
9 165.39 140.58 

10 175.33 141.70 
1l 185.16 143.50 
12 194. 85 145,97 
l3 204.35 149.09 
14 213. 61 152.86 
15 222.60 157.26 
16 231.25 162.27 
17 239.55 167.85 
18 247.44 173. 99 
19 254.89 180.66 
20 261. 87 187.82 
21 268.34 195.45 
22 271. 70 200.00 

Circle Center At X = 154.0 ; y 285.7 and Radius, 145.6 
*** 1.535 *** 
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620 

I! r:3 
b 1.24 
C 1.25 
d 1.25 

PHASE 3 DOWNSTREAM SEISMIC REFUSE DISPOSAL AREA NO. 2 , C:\DOCUME~1\HOWENS\MYOOCU~1\WILLIA~1\STABIL~1\PH3DSSE1.PL2 Run By: HLO 6/27/2008 4:29PM 
Soil Soil Total Saturated Cohesion Friction Piez. 

Desc. Type Unit Wt. Unit Wt. Intercept Angle Surface
1
, . ·-··- r ~. ,~~:;, 1 No. (pcf) (pcD (psf) (deg) No. 

CCR 1 130.0 140.0 0.0 33.7 W1 
FCR 2 80.0 90.0 0.0 28.0 W1 

lnit Points: 50. to 130. 
Term Limits: 220. to 320. 

580 H e 1.26 '----__c_----'.:..::::=--__:_::::.:..::__...::::::'.:c'...._~=-..:..'..'.c_j f ·1.26 1 

g 1.27 

SOIL 3 135.0 135.0 400.0 19.5 W2 

540 ,_ 

500 

h 1.27 
1.28 
1.29 

h 

a 

d 
ig 

I;,; 7 Ii 

460 !:___ ~ ~ 1 _.- / . ,f''.✓-'~----1-·w
1 

., , ' ~ -/J" 1/ L --,······•-•-r,-'->?~:ii0 ~ ., . _____ , ', '~ 
*1 -----------------------w, 

420 ,_ 

380 ,_ 

340, 1-___ __j___ ___ _.__l ____ _i_ ___ -L_--~----~------'-----'-----~---~ 0 40 80 120 160 200 240 280 320 360 400 
PCSTABL5M/si FSmin=1.23 STED Safety Factors Are Calculated By The Modified Bisllop Method 

~ 
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** PCSTABLSM ** 
by 

Purdue University 
--Slope Stability Analysis-

Simplified Janbu, Simplified Bishop 
or Spencer~s Method of Slices 

Run Date: 6/27/2008 
Time of Run: 
Run By: 
Input Data Filename: 
Output Filename: 
Unit: 

4,29PM 
HLO 
C:ph3dssel. 
C:ph3dssel.OUT 
ENGLISH 

Plotted 
PROBLEM 

Output Filename: C:ph3dssel.PLT 
DESCRIPTION PHASE 3 DOWNSTREAM SEISMIC 

REFUSE DISPOSAL AREA NO. 2 
BOUNDARY COORDINATES 

Note: User origin value specified. 
Add 0.00 to X-values and 340.00 to Y-values listed. 

7 Top Boundaries 
9 Total Boundaries 

Boundary X-Left Y-Left X-Right Y-Right Soil Type 
No. (ft) (ft) (ft) (ft) Below Bnd 

1 .00 
2 100.00 
3 136. 00 
4 156.00 
5 252.00 
6 282.00 
7 295.00 
8 295.00 
9 100.00 

ISOTROPIC SOIL PARAMETERS 
3 Type(sj of Soil 

Soil Total Saturated 

116. 00 
116.00 
128.00 
128.00 
160.00 
160.00 
155.00 
155.00 
116. 00 

100.00 116. 00 3 
136.00 128.00 1 
156.00 128.00 1 
252.00 160.00 1 
282.00 160.00 1 
295.00 155. 00 1 
389.00 155.00 2 
389.00 119. 00 1 
389.00 119. 00 3 

Pore Pressure Piez. 
Type Unit Wt. Unit Wt. 

(pcf) 
140. 0 

90.0 

Cohesion 
Intercept 

{psf) 

Friction 
Angle 
(deg) 
33.7 
28.0 

Pressure Constant Surface 
No. (pcf} Param. {psf) No. 

1 130.0 . 0 
2 80.0 .o 
3 135.0 135.0 400.0 19.5 

2 PIEZOMETRIC SURFACE(S} HAVE BEEN SPECIFIED 
Unit Weight of Water= 62.40 

.00 . 0 

.00 . 0 

.00 . 0 

Piezometric Surface No. 1 Specified by 4 Coordinate Points 
Point X-Water Y-Water 

No. (ft) (ft) 
1 .00 116.00 
2 105.00 116.00 
3 295.00 155.00 
4 

Piezometric 
Point 

No. 
1 
2 

389.00 
Surface No. 

X-Water 
(ft) 
.00 

389.00 

155.00 
2 Specified by 
Y-Water 

(ft) 
96.00 
99.00 

2 Coordinate Points 

1 
1 
2 

Searching Routine Will 
Of Which The First 1 

Be Limited 
Boundaries 

Y-Left 
{ft) 

To An Area Defined By 
Will Deflect Surfaces 

1 Boundaries 
Upward 

Boundary 
No. 

X-Left 
(ft) 

.oo 

X-Right Y-Right 
(ft) (ft) 

l 96. 00 389.00 
A Horizontal Earthquake Loading Coefficient 
Of .150 Has Been Assigned 
A Vertical Earthquake Loading Coefficient 
Of .ooo Has Been Assigned 
Cavitation Pressure= .O {psf) 

99.00 

A Critical Failure Surface Searching Method, Using A Random 
Technique For Generating Circular Surfaces, Has Been Specified. 
400 Trial Surfaces Have Been Generated. 
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20 Surfaces Initiate From Each Of 20 Points Equally Spaced 
Along The Ground Surface Between X so.oo ft. 

and X 130.00 ft. 
Each Surface Terminates Between X 220.00 ft. 

and X 320.00 ft. 
Unless Further Limitations Were Imposed, The Minimum Elevation 
At Which A Surface Extends Is Y = 96.00 ft. 
10.00 ft. Line Segments Define Each Trial Failure Surface. 
Following Are Displayed The Ten Most Critical Of The Trial 

Failure Surfaces Examined. They Are Ordered - Most Critical 
First. 
**Safety Factors Are Calculated By The Modified Bishop Method** 
Failure Surface Specified By 18 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 117.37 121.79 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 

127.15 
13 7. 04 
14 7. 00 
157.00 
166.99 
176.95 
186.84 
196. 61 
206.24 
215.69 
224.93 
233.92 
242.62 
251. 02 
259.08 
266.76 
268.03 

119. 72 
118. 24 
11 7. 36 
11 7. 08 
117.41 
118.33 
119.85/ 
121.96 
124.66 
127.93 
131. 76 
136. 14 
141.06 
146.49 
152.41 
158.81 
160.00 

Circle Center At X = 156.6 y 
*** 1.231 *** 

Individual data on the 
Water Water 

22 
Tie 

283.1 and Radius, 166.0 

slices 
Tie Earthquake 

Force Force 
Slice Width Weight 

Force 
Top 

(lbs) 
.o 
. 0 
. 0 
. 0 
.o 
. 0 
. 0 
.o 
.o 
. 0 
.0 
.0 

Force 
Bot 
(lbs) 

• 0 
51.2 

1310.2 
267.5 

3543.8 
4570.B 

Force Surcharge 
Norm Tan Hor Ver Load 

No. 
l 
2 
3 
4 

5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

(ft) 
7.8 
2.0 
a.a 
1.0 

10.0 
9.0 
1.0 

10.0 
10.0 

9.9 
9. 8 
9.6 
9.5 
9.2 
9.0 
8.7 
7.2 
1. 2 
1.0 
7.1 
7.7 

(lbs) 
2154.5 
1243.4 
8794.B 
1354.5 

13770.1 
13318.4 

1531.8 
17594.6 
21165.7 
23767.3 
25379.1 
26003.4 
25665.2 
24411.8 
22311.6 
19453.1 
13925.0 

2021. 5 
1650.2 
9380.0 
4.386.6 

98.2 

• 0 
. 0 
.0 
.0 
. 0 
.o 
. 0 

0 
.c 
• 0 

579.4 
6391.3 
7262.4 
7760.4 
7883.5 
7631.2 
7004.5 
6005.7 
4.638. 3 
2907.3 
840.6 

. 0 

.o 

.0 
• C 
.0 

(lbs) (lbs) 
. 0 . 0 
.o . 0 
.o .o 
. 0 . 0 
.o .o 
. 0 . 0 
. 0 . 0 
.0 . 0 
. 0 . 0 
. 0 .o 
.o . 0 
.o .0 
.0 .0 
. 0 . 0 
.o . 0 
.0 . 0 
. 0 .0 
.o . 0 
.o .o 
.0 . 0 
.c .c 
.0 . 0 

(lbs) (lbs) (lbs) 
323.2 .o .0 
186.5 .0 .0 

1319.2 .0 .o 
203.2 .0 .o 

2065.5 .o .0 
1997.8 .0 .o 

229.8 
2639.2 
3174.9 
3565.1 
3806.9 
3900.5 
3849.8 
3661.8 
3346.7 
2918.0 
2088.8 

303.2 
247.5 

1407.0 
658.0 
14.7 

.o 

.o 

. 0 

.0 

.0 
• 0 
. 0 
. 0 
.0 
.0 
.o 
.o 
. 0 
.0 

. 0 

.0 

.0 

. 0 

. 0 

.o 

.o 

. 0 

.o 

.o 

. 0 

. 0 

.0 

. 0 

.o 

. 0 
Failure 

Point 
No. 

l 

Surface Specified By 18 Coordinate Points 
X-Surf Y-Surf 

(ft} (ft) 
117.37 121.79 

2 127.18 l'.:..9. 67 
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3 137.09 118. 48 
4 14 7. 05 117. 63 
5 157.04 117. 32 
6 167.04 117.55 
7 177.01 118.33 
8 186.93 119.64 
9 196. 75 121. 49 

10 206.47 123. 86 
11 216. 04 126.76 
12 225.44 130.17 
13 234.64 134.09 
14 243.62 138.50 
15 252.34 143.38 
16 260.79 148.74 
17 268.93 154.54 
18 275.78 160.00 

Circle Center At X = 157.8 ; y 

*** 1. 243 * ~ .. * 
301.9 and Radius, 184.5 

Failure Surface Specified By 19 Coordinate Points 
Point X-Surf Y-Surf 

No. (ft) (ft) 
l 113.16 120.39 
2 123.06 119.00 
3 133.02 118.07 
4 143.01 117.59 
5 153.01 117.57 
6 163.00 118.00 
7 172.96 118.89 
8 182.87 120.23 
9 192.71 122.02 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

202.45 
212.09 
221. 59 
230.94 
24 0. 12 
249 .11 
257.89 
266. 45 
274.76 
278.19 

124.26 
126.94 
130.05 
133.59 
137.56 
141. 94 
146. 72 
151.90 
157.47 
160.00 

Circle Center At X = 148.5 ; Y 
*** 1.247 *** 

Failure 
Point 

No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

Surface Specified By 16 
X-Surf Y-Surf 

(ft) (ft) 
130.00 126.00 
13 9. 3 3 
148.95 
158.79 
168.75 
178.75 
188.70 
198.51 
208.10 
217.37 
226.26 
234.67 
242.54 
249.80 
256.38 
258.40 

122.40 
119.69 
117.89 
117 .02 
117.10 
118.11 
120. 04 
122.89 

131. 22 
136.62 
142.79 
149.67 
157.20 
160.00 

Circle Center At X = 173.0 ; Y 
*** 1.255 *** 

Failure 
Point 
No. 

1 

Surface Specified By 18 
X-Surf Y-Surf 

(ft) ( ft) 
121.58 123.19 

337.1 and Radius, 219.5 

Coordinate Points 

223.2 and Radius, 106.3 

Coordinate Points 
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2 131. 44 121.53 
3 141.37 120.38 
4 151.35 119. 75 
5 161.35 119.64 
6 171.34 120.06 
7 181. 30 121. 00 
8 191.19 122.45 
9 201. 00 124.42 

10 210.69 126.90 
11 220.23 129.87 
12 229.61 133.35 
13 238.79 137.31 
14 247.76 141. 74 
15 256.48 14 6. 63 
16 264.93 151.97 
17 273.10 157.75 
18 275.95 160.00 

Circle Center At X = 158.4 ; y 

*** 1.261 *** 
Failure Surface Specified By 17 

Point X-Surf Y-Surf 
No. {ft) {ft) 

1 117.37 121. 79 
2 127. 31 120. 72 
3 137.29 120 .13 
4 14 7. 29 120.04 
5 157.29 120.43 
6 167.25 121. 31 
7 177.15 122.67 
8 186.98 124.51 
9 196. 71 126.84 

10 206.31 129.63 
11 215. 76 132.89 
12 225.05 136.61 
13 234.14 140.78 
14 243.01 145.38 
15 251.66 150.42 
16 260.04 155.86 
17 265.77 160.00 

Circle Center At X = 144.3 ; y 

*** l. 261 *** 
Failure 

Point 
Surface Specified By 19 

No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

X-Surf Y-Surf 
{ft) {ft) 

113 .16 
123.10 
133.08 
143.07 
153 . 07 
163.06 
173.02 
182.94 
192.80 
202.58 
212.28 
221.87 
231.35 
240.69 
249.89 
258.92 
267.78 
276.45 
283.75 

120. 3 9 
119. 32 
118.64 
118.36 
118. 4 7 
118.97 
119.86 
121. 15 
122.82 
124.88 
127. 3 2 
130.14 
133. 33 
136.90 
140.83 
145 .12 
149.75 
154.74 
159.33 

Circle Center At X = 145.3 ; Y 
*** 1.273 *** 

310.9 and Radius, 191.3 

Coordinate Points 

324.8 and Radius, 204.8 

Coordinate Points 

372.9 and Radius, 254.5 

Failure Surface Specified By 15 Coordinate Points 
Point X-Surf Y-Surf 
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No. (ft) If t) 
l 117.37 121. 79 
2 127.18 119.83 
3 137.10 118. 62 
4 147.09 118 .16 
5 157.09 118.45 
6 167.03 119.50 
7 176.87 121. 30 
8 186.54 123.83 
9 196.00 127. 08 

10 205.18 131. 04 
11 214. 04 135.69 
12 222.52 140.98 
13 230.58 146.90 
14 23 8 .1 7 153.42 
15 241 .13 156.38 

Circle Center At X = 148 .2 ; y 

*** l. 273 *** 
Failure 

Point 
No. 

l 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

Surface Specified By 20 
X-Surf Y-Surf 

(ft) (ft) 
104.74 117.58 
114. 70 
124.69 
134. 69 
144.68 
154.67 
164.62 
174.52 
184.37 
194.15 
203.85 
213.45 
222.94 
232.30 
241.53 
250.61 
259.53 
268.28 
276.84 
280.45 

116. 72 
116.24 
116 .12 
116. 37 
116.99 
117.99 
119.34 
121. 07 
123.15 
125.60 
128.40 
131.56 
135.06 
138.91 
143 .10 
147.62 
152.47 
157.63 
160.00 

Circle Center At X = 132.9 i Y 
*** 1.280 *** 

Failure 
Point 

No. 
l 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 

Surface Specified By 18 
X-Surf Y-Surf 

(ft) (ft) 
113.16 120.39 
123.15 119.88 
J.33.14 
143.14 
153.12 
163. 06. 
172.96 
182.79 
192.54 
202.20 
211.74 
221.17 
230.45 
239.58 
248.55 
257.33 
265.92 

119.76 
120. 04 
120.70 
121.76 
123.21 
125. 04 
127.26 
129.86 
132. 83 
136 .18 
139.90 
143. 97 
148.40 
153.18 
158.30 

18 268.54 150.00 
Circle Center At X = 131.2 ; Y 

1.286 

250.6 and Radius, 132. 4 

Coordinate Points 

386.2 and Radius, 270.0 

Coordinate Points 

374.3 and Radius, 254.6 
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PHASE 3 UPSTREAM SEISMIC REFUSE DISPOSAL AREA NO. 2 
C:\DOCUME~1\HOWENSIMYDOCU~1\WILLIA~1\STABIL ~1\PH3USSE2.PL2 Run By: HLO 6/30/2008 11:46AM 620 I ,--

# FS 
a 1.16 
b 1.16 

Soil Soil Total Saturated Cohesion Friction Piez. I Load Value l 
Desc. Type Unit Wt. Unit WI. Intercept Angle Surface Horiz Eqk 0.150 g< 

No. (pcf) (pcf) (psf) (deg) No. 

7 

C 1.17 CCR 1 130.0 140.0 0.0 33.7 W1 
d 1.17 FCR 2 8□ .o 9o.o a.a 28.0 w·1 

580 H e 1.17 SOIL 3 135.0 135.0 400.0 19.5 W2 
f 1.18 
g 1.18 
h 1.18 
i 1.18 
j 1.19 

540 r 

a 

500 I- if h ibL ey C I,, 3 

w, ---•0s••L-.. - . ~~ 4 

7 
!nit Points: 50. to 140. 
Term Limits: 180. to 240. 

-

-

-

5 

I ----- ~ . . . ..._ •-• .. :•-•·• ~~------ ------ 1 
3 9 ~--------------~------

3 ·-· 

460 

1
_ i ~I -------- ~··-------.. ~6 

~~----:-----.j~ -
-- w1W1 

Wl --- - -- - ~ - ~~ ~ - - - =-,. - - -- - - - -- ---- - - - - -------~--;-2--------

420 ,_ 

380 

340 
0 

STED 

~
~ 

. --~ 
. ;_/'.:; 

I I 

40 80 

I I I I I 

120 160 200 240 280 

PCSTABL5M/si FSmin=1.16 
Safety Factors Are Calculated By The Modified Bishop Method 

w, 

-

-

I I 

320 360 400 

(ii\ v 
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** PCSTABLSM ** 
by 

Purdue University 
--Slope Stability Analysis-

Simplified Janbu, Simplified Bishop 
or Spencer~s Method of Slices 

Run Date, 6/30/2008 
Time of Run: 11:46AM 
Run By: HLO 
Input Data Filename: C:ph3usse2. 
Output Filename: C:ph3usse2.0UT 
Unit: ENGLISH 
Plotted Output Filename: C:ph3usse2.PLT 
PROBLEM DESCRIPTION PHASE 3 UPSTREAM SEISMIC 

REFUSE DISPOSAL AREA NO. 2 
BOUNDARY COORDINATES 

Note: User origin value specified. 
Add 0.00 to X-values and 340.00 to Y-values listed. 

6 Top Boundaries 
Boundaries 9 Total 

Boundary X-Left Y-Left X-Right Y-Right Soil Type 
No. 

1 
2 
3 
4 
5 
6 
7 

(ft) (ft) (ft) (ft) Below Bnd 
.00 139.00 

152.00 13 9. 00 
207.00 160.00 
237.00 160.00 
333.00 128.00 
353.00 128.00 

.00 120.00 
8 100.00 119.00 
9 100.00 119.00 

ISOTROPIC SOIL PARAMETERS 
3 Type{s} of Soil 

Soil Total Saturated 
Type Unit Wt. Unit Wt. 

No. (pcf) (pcf) 
1 130.0 140.0 
2 80.0 90.0 

Cohesion 
Intercept 

(psf) 
. 0 
.0 

152.00 
207.00 
237.00 
333.00 
353.00 
389.00 
100.00 
152.00 
389.00 

Friction 
Angle 
(deg) 
33.7 
28.0 

3 135.0 135.0 400.0 19.5 

139. 00 
160.00 
160.00 
128.00 
128.00 
116. 00 
119. 00 
139.00 
116.00 

Pore 
Pressure 

Param. 

Pressure 
Constant 

(psfl 
.00 . 0 
.00 . 0 
.00 • 0 

2 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED 
Unit Weight of Water= 62.40 
Piezometric Surface No. l Specified by 4 Coordinate Points 

Point X-Water Y-Water 
No. (ft) (ft) 

l .00 139.00 
2 152.00 139.00 
3 384.00 116.00 
4 

Piezometric 
Point 
No. 

1 

389.00 
Surface No. 

X-Water 
(ft) 

116. 00 
2 Specified by 
Y-Water 

(ft) 
99.00 
96.00 

2 Coordinate Points 

2 
1 
1 
1 
1 
1 
3 
1 
3 

Piez. 
Surface 

No . 
1 
1 
2 

2 
Searching 

Of Which 
Boundary 

No. 

.00 
389.00 

Routine Will 
The First 2 

Y.-Left 

Be Limited 
Boundaries 

To .Z1Jl .n.:::-ea Defined By 
Will Deflect Surfaces 

2 Boundaries 
Upward 

Y-Left 
(ft) 
99.00 
99.00 

X-Right Y-Right 
(ft) 

.00 
100.00 

lftl 1ft I 
1 
2 

100.00 
389.00 

A Horizontal Earthquake Loading Coefficient 
Of .150 Has Been Assigned 
A Vercical Earthquake Loading Coefficient 
Of .000 Has Been Assigned 
Cavitation Pressure= .O (psf) 

99.00 
96.00 

A Cricical Failure Surface Searching Method, Using A Random 
Technique For Generating Circular Surfaces, Has Been Specified. 
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400 Trial Surfaces Have Been Generated. 
20 Surfaces Initiate From Each Of 20 

Along The Ground Surface Between X 
and X 

Each Surface Terminates Between X 
and X 

Points 
SO.DO 

140.00 
180.00 
240.00 

Equally Spaced 
ft. 
ft. 
ft. 
ft. 

Unless Further Limitations Were Imposed, The Minimum Elevation 
At Which A Surface Extends Is Y = 99.00 ft. 
10.00 ft. Line Segments Define Each Trial Failure Surface. 
Following Are Displayed The Ten Most Critical Of The Trial 

Failure Surfaces Examined. They Are Ordered - Most Critical 
First. 
**Safety Factors Are Calculated By The Modified Bishop Method** 
Failure Surface Specified By 16 Coordinate Points 

Point X-Surf Y-Surf 
No. {ft) {ft) 

l 64.21 139.00 
2 74.01 137.01 
3 83.90 135.52 
4 93.85 134.52 
5 103.84 134.02 
6 113.84 134.03 
7 123.82 134.53 
8 133.77 135.53 
9 143.66 137.03 

10 153.46 139.02 
11 163.15 141.50 
12 172.70 144.46 
13 
14 
15 
16 

182.09 
191.30 
200.30 
207.34 

Circle Center At X = 
""""* 1.161 

147.89 
151. 79 
156.15 
160.00 

108.8 Y 

on the 
Water 

333.5 and Radius, 199.5 

19 slices 
Tie Tie Earthquake 

Individual data 
Water 
Force Force Force Force Force Surcharge 

Slice 
No. 

l 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
13 
19 

Width 
{ft) 
9.8 
9.9 

10.0 
10.0 
10.0 
10.0 

9.9 
9.9 
6. 8 
1.5 

.9 

.5 
9.7 
~-6 
9.4 
9.2 
9.0 
6.7 

.3 

Weight 
{lbs) 
876.2 

2432.6 
3563.3 
4248.9 
4477.3 
4244.9 
3555.5 
2421.0 

784.4 
70.3 
44.2 
34.6 

14 4 7. 0 
~61U. / 
3078.7 
2879.2 
2052.0 

Top 
{lbs) 

.0 

.0 

. 0 
• 0 
.0 
. 0 
• 0 
• 0 
. 0 
. 0 
• 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 

644.3 .0 

Bot 
{lbs) 
619.8 

1705.8 
2483.0 
2949.5 
3104.3 
2946.9 
2477.6 
1697.7 

554. 9 
42.2 
8.1 

.0 

. 0 

.0 

. 0 

.0 

.0 

.0 
4. 1 . 0 . 0 

Failure 
Point 

Surface Specified By 16 
X-Surf Y-Surf 

No 
1 
2 
3 
4 
5 
6 

\ft) (ft) 
64.21 139.00 
73.97 136.81 
83.83 
93.76 

103.74 
113.74 

135.14 
134.00 
133.40 
133.33 

Norm 
{lbs) 

. 0 

. 0 

. 0 

.o 

.0 

.o 

.0 

.0 

.o 

.0 

. 0 

. 0 

. 0 

.0 

.0 

. 0 

. 0 

. 0 

.0 

Tan 
{lbs) 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

.0 

.0 

. 0 

.o 

.o 

.o 

.0 

.0 

.0 

.0 

. 0 

Hor 
(lbs) 
131.4 
364.9 
534.5 
637.3 
671.6 
636.7 
533.3 
363.2 
117.7 
10.5 

6.6 
5.2 

217.1 
391. 6 
461.8 
431.9 
307.8 

96. 7 
.6 

Coordinate Poin:s 

Ver Load 
(lbs) {lbs) 

.o . 0 

.0 . 0 

.0 . 0 

.o . 0 

.0 . 0 

. 0 . 0 

. 0 . 0 

. 0 .0 

. 0 .o 

.0 .0 

. 0 .0 

. 0 .0 

.0 .o 

. 0 .0 

.o .o 

. 0 . 0 

. 0 . 0 

. 0 .0 

. 0 ,0 
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7 123.73 133. 80 
8 133.68 134. 80 
9 143.57 136.34 

10 153.35 13 8. 4 0 
11 163.01 140.98 
12 172.52 144.07 
13 181. 85 147.67 
14 190.97 151.76 
15 199.87 156.34 
16 204.48 159.04 

Circle Center At X = 110.0 ; y 

*** 1.161 *** 
Failure 

Point 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 

Surface Specified By 17 
X-Surf Y-Surf 

(ft) (ft) 
50.00 
59.58 
69.31 
79.16 
89.09 
99.07 

109.07 
119.06 
129.00 
138.86 
148.62 
158.23 
167.68 
176.92 
185.93 
194.68 
197.15 

139. 00 
136 .14 
133.84 
132. 09 
130. 90 
130.27 
130. 22 
130. 73 
131.81 
133.45 
135. 64 
138.39 
141. 68 
145.50 
149. 84 
154.68 
156.24 

Circle Center At X = 105.1 ; Y 
*** 1.166 •** 

319.6 and Radius, 186.3 

Coordinate Points 

306.3 and Radius, 176.1 

Failure Surface Specified By 16 Coordinate Points 
Point X-Surf Y-Surf 
No. (ft) (ft) 

1 68.95 139.00 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

78.76 
88.67 
98.63 

108.62 
118. 62 
128.60 
138.53 
148.40 
158.17 
167.81 
177.31 
186.64 
195.77 
204.69 
208.08 

137.10 
135.69 
134.80 
134.41 
134. 53 
135 .16 
13 6. 3 o 
137.94 
140.08 
142. 72 
145. 84 
14 9. 44 
153.52 
158.05 
160.00 

Circle Center At X = 111.2 ; Y 
*** 1.168 *** 

330.4 and Radius, 196.0 

Failure Surface Specified By 9 Coordinate Points 
Point X-Surf Y-Surf 
No. (ft) (ft) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

106.84 
116.61 
126.55 
136.55 
146.49 
155.26 
165.75 
174.84 
181.46 

139.00 
136.85 
135. 77 
135.76 
136.83 
13 8. 96 
142.13 
146.30 
150.25 
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Circle Center At X = 131.6; Y 
*** 1.174 *** 

Failure 
Point 

No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

Surface Specified By 11 
X-Surf Y-Surf 

(ft) (ft) 
102 .11 
111. 90 
121. 83 
131. 83 
141. 81 
151.69 
161.39 
170.83 
179.94 
188.64 
169.91 

139.00 
136. 97 
135.84 
135.59 
136.25 
137.80 
140.24 
143.53 
147.66 
152.59 
153. 4 7 

Circle Center At X = 129.5 ; Y 
*** 1.178 *** 

Failure 
Point 

No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

Surface Specified By 10 
X-Surf Y-Surf 

(ft) (ft) 
102.11 139.00 
111.84 136.69 
121. 74 
131. 74 
141. 72 
151.59 
161. 25 
170.61 
179.57 
186.85 

135. 35 
134. 99 
135. 63 
137.24 
139.82 
143.34 
14 7. 77 
152.31 

Circle Center At X = 130.3 ; Y 
*** 1.179 *** 

Failure 
Point 

No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

X-Surf 
(ft) 
64.21 
73.70 
83.39 
93.23 

103.17 
113.16 
123.15 
133.10 
142.96 
152.68 
162.20 
171.49 
180.50 
189.18 
195.29 

Y-Surf 
(ft) 

139.00 
135. 85 
133.37 
131.58 
130.47 
130. 07 
130. 36 
131.35 
133.04 
135.41 
138.45 
142.15 
14 6. 4 9 
151.45 
155.53 

Circle Center At X = 114.0 ; Y 
*** 1.181 *** 

Failure Surface Specified By 12 
Point X-Surf Y-Surf 

No. (ft) ( ft) 
1 67.90 139.00 
2 97.4.3 136.00 
3 107.21 133.89 
4 11 7 .14 13.2. 70 
5 127.14 132.44 
6 137.11 133.11 
7 :.45.99 134.70 
8 156.67 13 7 .19 
9 165.08 140.58 

10 l 75 .13 144.82 
11 183.76 149.89 

228.5 and Radius, 

Coordinate Points 

246.8 and Radius, 

Coordinate Points 

235.9 and Radius, 

Coordinate Points 

92.8 

111.2 

100.9 

273.0 and Radius, 143.0 

Coordinate Points 



R17093

c:\docume-1\howens\mydocu-1\willia-1\stabil-1\ph3usse2.OUT Page 5 

12 187.41 152.52 
Circle Center At X = 124.9; Y 

*** 1.182 *** 
Failure 

Point 
No. 

1 

Surface Specified By 14 
X-Surf Y-Surf 

(ft) (ft) 
83.16 139.00 

2 92. 71 136. 03 
3 102.46 133.82 
4 112. 36 132.40 
5 122.34 131. 76 
6 132.34 131. 91 
7 142.29 132.85 
8 152.14 134. 57 
9 161. 82 137.07 

10 171. 28 140.33 
11 180.45 144.32 
12 189.27 149.03 
13 197.69 154.42 
14 203.08 158. 50 

Circle Center At X = 125.4 ; y 

*** 1.188 *** 

239.6 and Radius, 107.2 

Coordinate Points 

257.7 and Radius, 126.0 
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620 

580 

540 ,_ 

500 ,_ 

# FS 
a 1.20 
b 1.20 
C 1.21 
d 1.24 

PHASE 3 UPSTREAM SEISMIC REFUSE DISPOSAL AREA NO. 2 C:\DOCUME-1\HOWENS\MYDOCU-1\WILLIA-1\STABIL-1\PH3USSE4.PL2 Run By: HLO 6/3012008 1:55PM 
Soil Soil Total Saturated Cohesion Friction Piez. I Load Value Oesc. Type Unit WI. Unit WI. Intercept Angle Surface Horiz Eqk 0.150 g< No. (pcf) (pcD (psf) (deg) No. 

CCR 1 130.0 140.0 0.0 33.7 W1 
FCR 2 80.0 90.0 0.0 28.0 W1 

lnit Points: 50. to 140. 
Term Limits: 180. to 240. 

e 1.24I''------------------------~ f 1.26 
SOIL 3 135.0 135.0 400.0 19.5 W2 

g 1.26 
h 1.26 

1.26 
1.26 

a 

3 

1 
..____ 

1.. 
1 J~ 

•:-----------~· .... _,,__'.~ ~ w,1 7 > ----- -=~---••-•• •• ••--- h •• •• •• •• 1 '----..Q 460 r , 9 ·· -- ----- -- -- .•.... ----1~--3 
3 

WlWl 

w2- - *1 __..,.__,.. 
~ - ~ .--..--.. *2 

w, 
420 ,_ 

380 , __ 

34ll 
0
;-----:c;----:i~--~~---~;----~;;;----;~---~=-----1._ ___ J_ ___ _, 40 80 120 160 200 240 280 320 360 400 

PCSTABL5M/si FSmin=1.20 STED Safety Factors Are Calculated By The Modified Bishop Method 

( 
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** PCSTABLSM ** 
by 

Purdue University 
--Slope Stability Analysis-

Simplified Janbu, Simplified Bishop 
or Spencer~s Method of Slices 

Run Date: - 6/30/2008 
1'55PM 
HLO 

Time of Run: 
Run By: 
Input Data Filename: 
Output Filename: 
Unit: 

C,PH3USSE4. 
C,PH3USSE4.0UT 
ENGLISH 

Plotted 
PROBLEM 

Output Filename: C:PH3USSE4.PLT 
DESCRIPTION PHASE 3 UPSTREAM SEISMIC 

REFUSE DISPOSAL AREA NO. 2 
BOUNDARY COORDINATES 

Note: User origin value specified. 
Add o.oo to X-values and 340.00 to Y-values listed. 

6 Top Boundaries 
9 Total Boundaries 

Boundary X-Left Y-Left X-Right Y-Right Soil Type 
No. (ft) (ft) (ft) (ft) Below Bnd 

1 .00 129.00 126.00 129.00 2 
2 126.00 129.00 207.00 160.00 1 
3 207.00 160.00 23 7. 00 160.00 1 
4 237.00 160.00 333.00 128.00 1 
5 333.00 128.00 353.00 128.00 1 
6 353.00 12 8. 00 389.00 116. 00 1 
7 .00 120.00 100.00 119.00 3 
8 100.00 119.00 152.00 139.00 1 
9 100.00 119.00 389.00 116. 00 3 

ISOTROPIC SOIL PARAMETERS 
3 Type{s) of Soil 

Pore Pressure Piez. Soil Total Saturated Cohesion 
Type Unit Wt. Unit Wt. Intercept 

Friction 
Angle 
(deg) 
33.7 

Pressure Constant Surface 
No. (pcf) (pcf) (psf) Param. 

1 130.0 140.0 .0 
2 80.0 90.0 .o 28.0 
3 135.0 135.0 400.0 19.5 

2 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED 
Unit Weight of Water= 62.40 

.00 

.00 

.00 

(psf) 
. 0 
. 0 
. 0 

Piezometric Surface No. 1 Specified by 4 Coordinate Points 
Point X-Water Y-Water 
No. (ft) (ft) 

1 .00 129.00 
2 126.00 128.00 
3 384.00 116.00 
4 389.00 116.00 

Piezometric 
Point 
No. 

1 
2 

Surface No. 
X-Water 

(ft) 
.00 

389.00 

2 specified by 
Y-Water 

(ft) 
99.00 
96.00 

2 Coordinate Points 

No. 
1 
1 
2 

Searching Routine Will 
Of Which The First 2 

Be Limited 
Boundaries 

To An Area Defined By 
Will Deflect Surfaces 

2 Bounda:i:-ies 
Upward 

Boundary 
No. 

1 
2 

X-Left 
(ft) 

.00 
100.00 

Y-Left 
(ft) 
99.00 
99.00 

X-Right Y-Right 
(ft) (ft) 

100.00 99.00 
329.00 96.00 

J.~ ::-Iorizont:al Earthquake Loading Coefficient 
Of . 2.50 Has Been Ji.ssigned 
A Vertical Earthquake Loading Coefficient 
Of .ODO Has Been Assigned 
Cavitation Pressure= .O (psf) 
A Critical Failure Surface Searching Method, Using A Random 
Technique For Gene:i:-ating Circular Surfaces, Has Been Specified. 
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400 Trial Surfaces Have Been Generated. 

20 Surfaces Initiate From Each Of 20 Points Equally Spaced 

Along The Ground Surface Between X SO.DO ft. 
and X 140.00 ft. 

Each Surface Terminates Between X 180.00 ft. 
and X 240.00 ft. 

Unless Further Limitations Were Imposed, The Minimum Elevation 

At Which A Surface Extends Is Y = 99.00 ft. 

10.00 ft. Line Segments Define Each Trial Failure Surface. 

Following Are Displayed The Ten Most Critical Of The Trial 

Failure Surfaces Examined. They Are Ordered - Most Critical 

First. 
**Safety Factors Are Calculated By The Modified Bishop Method** 

Failure Surface Specified By 9 Coordinate Points 

Point X-Surf Y-Surf 
No, (ft) (ft) 

1 135.26 132.55 
2 144.98 134.92 
3 154.60 137.63 
4 164.13 140.68 
5 
6 
7 
8 
9 

173.54 
182.83 
191. 98 
200.98 
208.30 

Circle Center At X = 
*** 1.195 

144.06-
147.76 
151.80 
156.15 
160.00 

72 .5 Y 
*** 

410.6 and Radius, 285.1 

Individual data on the 
Water 

10 slices 
Water Tie Tie 

Slice 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

Width 
(ft) 
9.7 

Force 
Weight Top 

(lbs) (lbs) 
849.6 . 0 

Force Force Force 
Bot Norm Tan 
(lbs) (lbs) (lbs) 

.0 .0 .0 

Earthquake 
Force Surcharge 

Load 
(lbs) 

.o 

Hor 
(lbs) 
127.4 
232.8 
111.0 

Ver 
(lbs) 

.0 

10 

7.0 1551.9 . 0 .o .0 .0 

2.6 739. 9 .0 .0 .0 .0 

9.5 3239.4 . 0 .0 .0 .0 

9.4 3702.5 . 0 .o .0 .0 

9.3 3695.1 . 0 . 0 . 0 . 0 

9.2 3235.3 . 0 .0 .0 .0 

9.0 2345. 1 . 0 .0 .0 .0 

6.0 874.0 .0 .o .0 .0 

57.5 .0 .0 .o .0 

485.9 
555.4 
554.3 
485.3 
351.8 
131.1 

8.6 1. 3 
Failure Surface Specified By 7 Coordinate Points 

Point 
No. 

1 
2 
3 
4 
5 
6 
7 

X-Surf Y-Surf 
(ft) (ft) 

135.26 132.55 
145.04 
154.65 
164.06 
173.23 
182.12 
187.14 

134.66 
137.42 
140.80 
144.79 
149.37 
152.40 

. 0 

.0 

.0 

. 0 

.0 

.0 

.o 

. 0 

. 0 

Circle Center At X = 108.0 ; Y 262.1 and Radius, 152.0 

*** l.:dUl *** 
Failure 

Point 
Surface Specified By 8 Coordinate Points 

No. 
1 
2 
3 
4 
5 
6 
7 
8 

x-surf Y-Surf 
(ft) (ft) 

135.26 
14 5. 13 
154.86 
164.4.0 

182.76 
191. 49 
198.20 

132.55 
134 .19 
136.50 
13 9. 4 9 
143 .1.2 
147.38 
152.26 
156.63 

Circle Center At X = 116.6 ; Y 

*** 1. 214 *** 
275.7 and Radius, 144.3 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 
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Failure Surface Specified By 8 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 130.53 130.73 
2 140.48 i31.73 
3 150.29 133.67 
4 159.87 136.54 
5 169.13 140.32 
6 177.99 144.96 
7 186.36 150.42 
8 190.40 153.65 

Circle Center At X = 125.3 ; Y 234.0 and Radius, 103.4 

*** 1.242 *** 
Failure Surface Specified By 9 Coordinate Points 

Point x-surf Y-surf 
No. (ft) (ft) 

1 140.00 134.36 
2 
3 
4 
5 
6 
7 
8 
9 

149.91 
159. 71 
169.36 
178.87 
188.15 
197.18 
205.94 
211. 87 

135. 73 
137.70 
140.26 
143.41 
14 7 .13 
151.42 
156.24 
160.00 

Circle Center At X = 122.6 ; Y 297.2 and Radius, 163.7 

*** 1.243 *** 
Failure Surface Specified By 17 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 54.74 129.00 
2 64.12 125.53 
3 73.73 122.79 
4 83.53 120.78 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 

93.45 
103.44 
113.44 
123. 3 8 
133.22 
142.90 
152.36 
161.55 
170. 41 
178.89 
186.94 
194.52 
196.19 

Circle Center At X = 

*** 1.257 

119.53 
119. 03 
119.29 
120. 31 
122.09 
124.60 
127.85 
131.80 
136.44 
141. 74 
147.67 
154.19 
155.86 

105.0 ; Y 

*** 
Failure Surface Specified By 17 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 S9. IJ. 7 129 00 
2 69.17 126.56 

3 79.00 124.73 

4 88.93 123.50 

5 98.91 122.88 
6 108.91 122.88 
7 118.89 123.50 

8 128.81 124.72 

9 13 8. 64 126.56 

10 14.8.34. 128.99 
11 157.87 132.02 

12 167.20 135.63 

13 176.29 139.80 
14 185.10 144.53 

15 193.61 149.79 

250.6 and Radius, 

Coordinate Points 

131. 5 
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16 
17 

201.77 
207.30 

155.56 
160.00 

Circle Center At X = 103.9 ; Y 
*** 1.261 *** 

Failure 
Point 

No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

17 

Surface Specified By 17 
X-Surf Y-Surf 

(ft) (ft) 
64.21 129.00 
73.87 
83.67 
93.59 

103.57 
113.57 
123.54 
133.46 
143. 27 
152.94 
162.42 
171.67 
180.65 
189.32 
197.65 
205.61 
209.27 

126.40 
124. 44 
123 .13 
122. 46 
122. 45 
123.08 
124.37 
126.30 
128.87 
132.06 
135. 86 
140.26 
145.23 
150.76 
156.82 
160.00 

Circle Center At X = 108.8 ; Y 
*** *** 1.261 

Failure 
Point 

Surface Specified By 18 

No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 

X-Surf Y-Surf 
(ft) (ft) 
59.47 129.00 
68.90 125.67 
78.54 122.99 
88.34 121.00 
98.25 119.69 

108.23 
118. 23 
128.20 
138.09 
147.86 
157.46 
166.83 
175.95 
184.75 
193.20 
201.27 
208.90 
212.61 

lJ.9.07 
119 .14 
119. 91 
121.37 
123.52 
126.33 
129.81 
133. 93 
138. 67 
144.01 
149.93 
156.39 
160.00 

Circle Center At X = 112.1 ; Y 
*** 1.262 *** 

285.4 and Radius, 162.5 

Coordinate Points 

275.6 and Radius, 

Coordinate Points 

153.3 

262.7 and Radius, 143.7 

Failure Surface Specified By 16 Coordinate Points 
Point X-Surf Y-Surf 
No. (ft) (ft) 

1 59.47 129.00 
2 68.97 125.85 
3 78.67 123.44 
4 88.53 121.79 
5 98.49 120.90 
6 108.49 120.78 
7 118.47 121.44 
8 128.37 122.86 
9 138.13 1:3.04 

10 147.69 l.2'/.96 
11 157.00 131.62 
12 166.00 135. 98 
13 1 74. 64 141.02 
14 182.86 146.71 
15 190.61 153.02 
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16 191.86 154.20 
Circle Center At X = 105.0 ; Y 250.2 and Radius, 129.4 

*** 1.263 *** 
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PHASE 3 UPSTREAM SEISMIC REFUSE DISPOSAL AREA NO. 2 
C:\DOCUME~1\HOWENS\MYDOCU~1\WILLIA~1\STABIL~1\PH3USSE3.PL2 Run By: HLO 6/27/2008 5:24PM 620 r,===--=-7,7 =i=====i=====i=======,;==i======,---,----,--,========;i 

580 

540 

# FS 
a 1.20 
b 1.23 
C 1.23 
d 1.23 
e 1.24 
f 1.24 
g 1.25 
h 1.26 

1.27 
1.27 

Soil Soil Total Saturated Cohesion Friction Piez. I Load Value 
Oesc. Type Unit Wt. Unit Wt. Intercept Angle Surface Horiz Eqk 0.150 g< 

No. (pcf) (pcf) (psD (deg) No. -
CCR 1 130.0 140.0 0.0 33.7 W1 
FCR 2 80.0 90.0 0.0 28.0 W1 
SOIL 3 135.0 135.0 400.0 19.5 W2 

a 
j g ~ 
),e 

!nit Points: 0. to 100. 
Term Limits: 216. to 250. 

I •---•· sook~•---, - ~ ,- ~ 
"""·---- -------- -- - ____ , - ------~ - , __ _ 

~-----t:----·~
1
-_-----~ _ ,wiw1 460 L-----t:~-------<0-<C....--

W2 *1 -- - - - - *2 - - -
w, 

420 ,_ 

380 

340 '----.-L..-----'-----~---~---~----~---~----~---~---~ 
0 40 80 120 160 200 240 280 320 360 400 

PCSTABL5M/si FSmin=1.20 
STED Safety Factors Are Calculated By The Modified Bishop Method 

il-N''f,,: ... ,.Jrt~~ d 
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** PCSTABLSM ** 
by 

Purdue University 

Run Date: 

--Slope Stability Analysis-

Simplified Janbu, Simplified Bishop 

or Spencer~s Method of Slices 
6/27/2008 

Time of Run: 
Run By, 
Input Data Filename: 
Output Filename: 
Unit: 

5:24PM 
HLO 
C:ph3usse3. 
C :ph3usse3. OUT 

ENGLISH 

Plotted 
PROBLEM 

Output Filename: C:ph3usse3.PLT 

DESCRIPTION PHASE 3 UPSTREAM SEISMIC 

REFUSE DISPOSAL AREA NO. 2 

BOUNDA.~Y COORDINATES 
Note: User origin value specified. 

Add 0.00 to X-values and 340.00 to Y-values listed. 

6 Top Boundaries 

9 Total Boundaries 
Boundary X-Left Y-Left X-Right Y-Right Soil Type 

No. ( ft) (ft) 
155.00 
155.00 
160.00 
160.00 
128.00 
128.00 

(ft) 
194.00 
207.00 
237.00 
333.00 
353.00 
389.00 
100.00 

(ft) Below Bnd 

1 .00 
2 194.00 
3 207.00 
4 237 .. 00 
5 333.00 
6 353.00 
7 .00 
8 100.00 
9 100.00 

ISOTROPIC SOIL PARAMETERS 
3 Type(s) of Soil 

120.00 
119.00 
119.00 

194.00 
389.00 

Soil Total Saturated Cohesion Friction 

Type Unit Wt. Unit Wt. Intercept Angle 

No. (pcf) (pcf) (psf) (deg) 

1 130.0 140.0 .o 33.7 

2 80.0 90.0 .o 28.0 

3 135.0 135.0 400.0 19.5 

155.00 
160.00 
160.00 
128.00 
128.00 
116.00 
119. 00 
155.00 
116.00 

Pore Pressure 
Pressure Constant 

Param. (psf) 
.00 . 0 
.OD . 0 
.00 . 0 

2 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED 

Unit Weight of Water= 62.40 

Piezometric Surface No. 1 Specified by 4 Coordinate Points 

Point 
No. 

1 
2 
3 
4 

X-Water 
(ft) 

.OD 
194.00 
384.00 
389.00 

Piezometric Surface Nv. 
Point 

No. 
1 
2 

X-Water 
(ft) 

.OD 
389.00 

Y-Water 
(ft) 

155.00 
155.00 
116.00 
116.00 
2 Specified by 2 Coordi.nRtf' Poi.nts 

Y-Water 
(ft) 

99.00 
96.00 

2 
1 
1 
1 
1 
1 
3 
l 
3 

Piez. 
Surface 

No. 
1 
1 
2 

Searching Routine Will Be Limited 

Of Which The First 2 Boundaries 
To ~n Area Defined By 

Will Deflect Surfaces 
2 Boundaries 

Upward 

Boundary X-Left Y-Left X-Right Y-Right 

No. (ft) (ft) 1ft) 1ft) 

1 .OD 99.00 

2 100.00 99.00 
100.00 
389.00 

A Horizontal Earth~Jake Loading Coefficient 

Of .150 Has Been Assigned 

A Vertical Earthquake Loading Coefficient 

Of .000 Has Been Assigned 

99.00 
96. 00 

Cavitation Pressure= .o (osf) 

A Critical Failure Surface Sea~ching Method, Using A 

Technique For Generating Circular Surfaces, Has Been 
Random 
Specified. 
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400 Trial Surfaces Have Been Generated. 

20 Surfaces Initiate From Each Of 20 Points Equally Spaced 

Along The Ground surface Between X .00 ft. 
· and X 100.00 ft. 

Each Surface Terminates Between X 216.00 ft. 
and X 250.00 ft. 

Unless Further Limitations Were Imposed, The Minimum Elevation 

At Which A Surface Extends Is Y = 99.00 ft. 

10.00 ft. Line Segments Define Each Trial Failure Surface. 

Following Are Displayed The Ten Most Critical Of The Trial 

Failure Surfaces Examined. They Are Ordered - Most Critical 

First. 
**Safety Factors Are Calculated By The Modified Bishop Method** 

Failure Surface Specified By 24 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 .00 155.00 
2 9.81 153.06 
3 19.66 151.31 
4 29.54 149.77 
5 39.45 148.42 
6 49.38 147.28 
7 59.33 146.33 
8 69.31 145.59 
9 79.29 145.05 

10 89.29 144.71 
11 99.29 144.57 
12 109.29 144.64 
13 119.28 144.91 

14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

Circle 

129.27 
139.25 
149.21 
159.15 
169.07 
178.96 
188.82 
198.64 
208.43 
218.16 
223.48 

Center At X 

*** 1. 202 
= 

145. 3 8 
146.05 
146. 93 
148.00 
149. 28 
150.75 
152.43 
154.30 
156.38 
158.65 
160.00 

101.0 Y 
*** 

638.6 and Radius, 494.0 

Individual data 27 slices 
Water Tie Tie Earthquake 

Force Force Surcharge 

Slice Width Weight Top 

on the 
Water 
Force 

Bot 
(lbs) 
606.5 

Force Force 
Norm Tan Hor 

(lbs) 
128.7 
374.4 
595.1 
790.2 
959.2 

Ver Load 

No. If t) (lbs) 

1 9.8 858.0 
2 9.8 24 95. 7 
3 9.9 3967 .1 
4 9.9 5267.9 
5 9.9 63 94. 5 
6 10.0 7343.7 
7 10.0 8112. 8 
8 10.0 8699.7 
9 10.0 9102. 6 

10 10.0 9320.5 
JI 10.0 9352.7 
12 10.0 9199.2 
13 10.0 8860.4 
14 10.0 8337.2 
15 10.0 7631.1 
F -0 9.9 6744.1 
17 9.9 5678.7 
18 9.9 4437.9 
19 7.1 2328.4 
20 2.8 737. 4 

(lbs) 
.0 
. 0 
. 0 
.o 
. 0 
. 0 
.0 
.0 
.0 
. 0 
.o 
. 0 
. 0 
. 0 
. 0 
. 0 
.0 
.o 
. 0 
. 0 

1757.3 
2784.0 
3685.9 
4462.9 
5114. 5 
5640.5 
6040.6 
6314.8 
6462.8 
6484.7 
6380.4 
6150.0 
5793.5 
5311.2 
4703.1 
3969.7 
3111.0 
1637.5 

490.1 

(lbs) (lbs) 
. 0 . 0 
. 0 . 0 
.o .0 
. 0 . 0 
. 0 . 0 
. 0 . 0 
. 0 . 0 
.o .0 
.o .0 
. 0 . 0 
.o .0 
.o .o 
. 0 . 0 
. 0 . 0 
. 0 . 0 
. 0 . 0 
. 0 . 0 
. 0 . 0 
. 0 . 0 
. 0 . 0 

1101.6 
1216.9 
1305.0 
1365.4 
1398.1 
1402.9 
1379.9 
1329 .1 
1250.6 
1144.7 
1011. 6 

851. 8 
665.7 
349.3 
110. 6 

(lbs) (lbs) 
.o .0 
. 0 . 0 
. 0 . 0 
. 0 . 0 
. 0 . 0 
. 0 
.o 
.o 
. 0 
. 0 
. 0 
. 0 
.o 
.o 
.o 
.o 
• 0 
• 0 
.o 
.o 

. 0 

. 0 

.0 

. 0 

. 0 

. 0 

. 0 

.0 

.0 

.o 

. 0 

. 0 

.0 

.0 

. 0 
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21 
22 
23 
24 
25 
26 
27 
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5.2 1249.6 .0 683.6 . 0 .0 187.4 
4.0 1054.2 .0 196.8 . 0 . 0 158.1 

.6 203.4 .o .o . 0 .0 30.5 
8.4 3481.1 .0 .0 . 0 .o 522.2 
1.4 699.3 .0 . 0 . 0 .0 104.9 
9.7 3150.4 .0 . 0 . 0 . 0 472.6 
5.3 467.5 . 0 .0 . 0 . 0 70.1 
Failure Surface Specified By 18 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 57.90 155.00 
2 67.62 152.69 
3 77.43 150.71 
4 87.29 149.07 
5 97 .21 147. 77 
6 107.16 146.80 
7 117.14 146.18 
8 127 .14 145.90 
9 137.14 145.96 

10 147 .13 146.36 
11 157.10 147.10 
12 167.04 148 .19 
13 176.94 149.61 
14 186.78 151.37 
15 196.56 153.46 
16 206.26 155.89 
17 215.88 158.65 
18 220.05 160.00 

Circle Center At X = 130.3 ; y 438.0 and Radius, 
*** 1. 226 *** 

Failure Surface Specified By 20 Coordinate Points 
Point X-Surf Y-Surf 

No. (ft) (ft) 

1 42.11 155.00 
2 51.64 152.00 
3 61.29 149.37 
4 71.03 147 .11 
5 80.86 145.23 
6 90.74 143. 74 
7 100.68 142.62 
8 110.66 141.90 
9 120.65 141. 56 

10 130.65 141.60 
11 140. 64 142. 04 
12 150.61 142. 86 
13 160.53 144. 06 
14 170.41 145.65 
15 180.21 14 7. 62 
16 189.93 149. 97 
17 199.55 1 S2. f;q 

18 209.06 155.78 
19 218.45 159.24 
20 220.28 160.00 

Circle Center At X = 124.4 ; y 399.6 and Radius, 
*** 1.228 *** 

Failure Surface Specified By 23 Coordinate Points 
Point x-surf Y-Surf 

No. (ft) (ft) 
1 15.79 155.00 
2 
3 
4 
5 
6 
7 
8 
9 

25.55 
35. 35 
4.5 .21 
55.10 
65.02 
74.97 
84.94 
94.93 

152.81 
150.85 
149.14 
147.66 
146. 42 
145.43 
144.67 
144.16 

.0 .o 

.0 .0 

.0 . 0 

.0 .0 

. 0 . 0 

.0 . 0 

. 0 . 0 

292.1 

258.1 
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10 104. 92 143. 90 
11 114.92 143.87 
12 124.92 144. 09 
13 134. 91 144.55 
14 144. 89 145.25 
15 154.84 146.19 
16 164.77 14 7. 3 8 
17 174.67 148.80 
18 184.53 150.47 
19 194. 3 5 152.37 
20 204 .11 154.51 
21 213.83 156.89 
22 223.48 159.50 
23 225.15 160.00 

Circle Center At X = 111.0 ; y 

*** 1.231 *** 
Failure 

Point 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

Surface Specified By 23 
X-Surf Y-Surf 

(ft) (ft) 
15.79 155.00 
25.59 153.01 
35.43 151.24 
45 .31 149.69 
55.22 148.36 
65.16 14 7. 25 
75.12 146.36 
85.10 145.69 
95.09 145.25 

105.09 145. 02 
115.09 145.01 
125.08 145.23 
135.07 145.67 
145.05 146.33 
155.01 147.21 
164.95 148.31 
174.87 149.64 
184.75 151.18 
194.59 152. 94 
204.39 154.92 
214.15 157 .11 
223.85 159.52 
225.61 160.00 

555.9 and Radius, 412.0 

Coordinate Points 

Circle Center At X = 110.3 ; Y 596.0 and Radius, 451.0 
*** 1.237 *** 

Failure Surface Specified By 23 Coordinate Points 
Point X-Surf Y-Surf 
No. (ft) (ft) 

l 15.79 155.00 
2 25.28 151.85 
3 34.87 149.03 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

44.56 
54.32 
64.15 
74.04 
83.97 
93.94 

103.93 
113.92 
123. 92 
133.91 
143.87 
153.79 
163.67 
173.49 
183.24 
192.91 
202.48 

146.53 
144.36 
142. 53 
141. 04 
13 9. 88 
139. 06 
138.58 
138.44 
138.64 
13 9. 18 
140. 07 
141.29 
142.84 
144.74 
146.96 
149.52 
152.41 
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21 
22 
23 

211. 95 
221. 31 
223.36 

155.61 
159.14 
160.00 

circle Center At X = 113.0; Y 
*** 1.238 *** 

Failure 
Point 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

Surface Specified By 22 
X-Surf Y-Surf 

(ft) (ft) 
26.32 155.00 
35. 72 
45.25 
54.89 
64.63 
74.45 
84.34 
94.27 

104.25 
114. 24 
124.24 
134. 23 
144.20 
154.12 
164.00 
173.80 
183.51 
193.13 
202.63 
212.01 
221.24 
221.91 

151.60 
148.58 
145.92 
143.65 
141.76 
140.25 
139.13 
138.39 
138.05 
138. 09 
138.53 
139.35 
140. 57 
142.16 
144 .15 
146.51 
149.25 
152.36 
155.84 
159.69 
160.00 

Circle Center At X = 118.1 ; Y 
*** 1.245 *** 

Failure 
Point 

No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

Surface Specified By 22 
X-Surf Y-Surf 

(ft) (ft) 
21.05 155.00 
30.87 153.10 
40.73 
50.62 
60. 54 
70.4B 
80.45 
90.43 

10 0. 42 
110.42 
120.42 
130.42 
140.41 
150.38 
160.34 
170.27 
180.18 
190.06 
199.90 
209.70 
219.45 

151.41 
149.93 
148.68 
14 7. 64 
146.81 
146.21 
145.82 
145.65 
145.70 
145.97 
146. 45 
147.16 
148. OB 
149. 21 
150.57 
152.14 
153.92 
155.92 
158.14 

22 226.90 160.00 
Circle Center At X = 113.1 , Y 

Failure 
Point 

No. 
1 
2 
3 
4 
5 

1.259 *** 
Surface Specified By 22 

X-Surf Y-Surf 
I ft) !ft) 
26.32 155.00 
36.03 152.64 
45. 81 
55.65 
65.52 

150.55 
148.73 
147.17 

432.1 and Radius, 293.6 

Coordinate Points 

394.3 and Radius, 256.3 

Coordinate Points 

Coordinate Points 
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6 75.44 145. 67 
7 85. 39 144.85 
8 95.36 144.09 
9 105.35 143. 60 

10 115. 34 143.39 
11 125.34 143. 44 
12 135.34 143.77 
13 145.32 144.36 
14 155.28 145.22 
15 165.22 146.35 
16 175.12 14 7. 75 
17 184.98 149.42 
18 194.79 151. 35 
19 204.55 153.55 
20 214 .24 156.01 
21 223.66 158. 73 
22 227.93 160.00 

Circle Center At X = 118 .3 ; y 

*** 1.272 *** 
Failure 

Point 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

Surface Specified By 14 
X-Surf Y-Surf 

(ft) (ft) 
94.74 

104.62 
114. 55 
124.52 
134. 50 
144.50 
154.50 
164.49 
174.45 
184.38 
194.27 
204.10 
213.86 
217.60 

155.00 
153.49 
152.31 
151.47 
150.96 
150.79 
150.96 
151. 4 7 
152. 31 
153.49 
155.01 
156.85 
159.03 
160.00 

Circle Center At X = 144.4 ; Y 
*** 1.275 *** 

513 .1 and Radius, 369.7 

Coordinate Points 

446. O and Radius, 295. 2 
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PHASE 3 UPSTREAM STATIC REFUSE DISPOSAL AREA NO. 2 
C:\DOCUME-1 \HOWENS\MYDOCU-1\WILLIA-1 \STABIL ~1 \PH3USST.PL2 Run By: HLO 6/27/2008 5:16PM 

580 rr====c;;==ic=====i=====i=====,--,----r------,----,------,---;c===i======;: 
II FS r Soil Soil Total Saturated Friction Piez. !nit Points: 50. to 140. 
a 1.89 Desc. Type Unit Wt. Unit Wt. Angle Surface Term Limits: 180. to 240. 
b 1.90 No. (pd) (pcD (deg) No. 
c 1 91 CCR 1 130.0 140.0 33.7 W1 
d 1 92 FCR 2 80.0 90.0 28.0 W1 

540 H e 1.93 SOIL 3 125.0 ·[35.0 26.8 W1 

500 

f 1.99 
g 2.02 
h 2.02 
i 2.02 a 
j 2.04 

n h 
--~ de i .. __._.. .. ,I, __..d~ 

7 ~-.. ~~ 

3 
1 

1.. 

-··-··-··-··-· -· 1 

460 
3 ---~ ·-··-··-· 

9 -·· - - -· ~ 
3 ··- .. _:c------6 

~~-

"1 - ~ 

420 

380 ,_ 

340 ,_ 

300 
O All nn ,1-,n ,tc:n "1nn .,A,.,, ........ ---- __ _ 4u 80 ·120 160 200 240 280 320 360 

STED 

~,~ 

.,21~~ 

PCSTABL5IVl/si FSrnin=1.89 
Safety Factors Are Calculated By The Modified Bishop Method 

WlWl 

400 

(~ 
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** PCSTABLSM ** 
by 

Purdue University 
--Slope stability Analysis-

Simplified Janbu, Simplified Bishop 
or Spencer~s Method of Slices 

Run Date: 6/27/2008 
Time of Run: 5:16PM 
Run By: HLO 
Input Data Filename: C:ph3usst. 
Output Filename: C:ph3usst.OUT 
Unit: ENGLISH 
Plotted Output Filename: C:ph3usst.PLT 
PROBLEM DESCRIPTION PHASE 3 UPSTREAM STATIC 

REFUSE DISPOSAL AREA NO. 2 
BOUNDARY COORDINATES 

Note: User origin value specified. 
Add 0.00 to X-values and 300.00 to Y-values listed. 

6 Top 
9 Total 

Boundary 

Boundaries 
Boundaries 
X-Left 

(ft) 
Y-Left X-Right Y-Right Soil Type 

No. 
1 
2 
3 
4 
5 
6 

(ft) 
179.00 
179.00 
200.00 
200.00 
168.00 
168.00 

(ft) 
152.00 
207.00 
237.00 
333.00 
353.00 
389.00 

(ft) Below Bnd 
.00 

152.00 
207.00 
237.00 
333.00 
353.00 

7 . 00 
8 100.00 
9 100.00 

ISOTROPIC SOIL PARAMETERS 
3 Type(s) of Soil 

160.00 
159.00 
159.00 

100.00 
152.00 
389.00 

179.00 2 
200.00 1 
200.00 1 
168.00 1 
168.00 1 
156.00 1 
159.00 3 
179.00 1 
156.00 3 

Soil Total Saturated Cohesion 
Type Unit Wt. Unit Wt. Intercept 

Friction 
Angle 
(deg) 
33.7 
28.0 

Pore Pressure Piez. 
Pressure Constant Surface 

No. (pcf) (pcf) (psf) Param. (psf) No. 
1 130.0 140.0 .0 
2 80. 0 90. 0 . 0 
3 1.25.0 135.0 .o 26.8 

1 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED 
Unit weight of Water= 62.40 

.00 . 0 

.00 .o 

.00 . 0 

Piezometric Surface No. 1 specified by 4 Coordinate Points 
Point X-Water Y-Water 

No. (ft) (ft) 
1 .00 179.00 
2 152.00 179.00 
3 384.00 156.00 
4 389.00 156.00 

1 
1 
1 

Searching Routine Nill Be Limited 
Of Which The First 2 Boundaries 

To An Area Defined By 
Will Deflect Surfaces 

2 Boundaries 
Upward 

Boundary X-Left Y-Left X-Right Y-Right 
No. (ft) (ft) (ft) (ft) 

1 .00 139.00 100.00 139.00 
2 100.00 139.00 389.00 136.00 

A Critical Failure Surface Searching Method, Using A Random 
Technique For Generating Circular Surfa=es, Has Been Specified. 
400 Trial Surfaces Have Been Generated. 

20 Surfaces Initiate From Each Of 20 Points Equally Spaced 
Along The Ground Surface Between X 50.00 ft. 

and X 140.00 ft. 
Each Surface Terminates Between 

and 
X 
X 

180.00 ft. 
240.00 ft. 

Unless Further Limitations Were Imposed, The Minimum Elevation 
At Which A Surface Extends Is Y =i39.00 ft. 
10.00 ft. Line Segments Define Each Trial Failure surface. 
Following Are Displayed The Ten Most Critical Of The Trial 
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Slice 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
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Failure Surfaces Examined. They Are Ordered - Most Critical 
First. 
**Safety Factors Are Calculated By The Modified Bishop Method 
Failure Surface Specified By 8 Coordinate Points 

Point X-Surf Y-Surf 
No. {ft) {ft) 

1 140.00 179.00 
2 149.94 177.88 
3 15"9.93 178.24 
4 169.76 180.09 
5 179.20 183.38 
6 188.05 188.04 
7 
8 

196.11 
199.18· 

Circle Center At X = 

193.96 
197.01 

152.5 Y 
*** 1.895 

Individual data on the 
Water Water 

244.l and Radius, 66.3 

10 slices 
Tie Tie Earthquake 

* * 

Force Force Force Force Force Surcharge 
Width 

{ft) 
9.3 

. 7 
2.1 
7.7 

.2 
9.8 
9.4 
8.8 
8.1 
3.1 

Weight Top Bot Norm Tan 
{lbs) {lbs) {lbs) {lbs) {lbs) 
437.7 .0 305.4 .0 .0 

70.5 .o 45.4 .0 .0 
272.9 .o 140.0 .0 .0 

2433.3 .O 251.8 .0 .0 
99.5 .0 .o .o .0 

6054.0 .0 .0 .0 .0 
7180.4 .o .0 .0 .0 
6175.1 .0 .0 .o .0 
3463.3 .o .0 .o .o 
375.9 .0 .0 .0 .0 

Hor 
{lbs) 

.0 

.o 

. 0 

.o 
• 0 
• 0 
.o 
.0 
.0 
.o 

Failure Surface Specified By 8 Coordinate Points 
Point x-surf Y-Surf 

No. 
1 
2 
3 
4 
5 
6 
7 
8 

{ft) {ft) 
135.26 179.00 
145.13 
155 .13 
165.03 
174.59 
183.60 
191.83 
196.34 

177.39 
177.30 
178.74 
181. 67 
186.01 
191.68 
195.93 

Circle Center At X = 150.7 i Y 

*** 1.902 *** 
242.0 and Radius, 

Failure 
Point 

Surface Specified By 6 Coordinate Points 

No. 
1 
2 
3 
4 
5 
6 

X-Surf Y-Surf 
{ft) {ft) 

140.00 
149.92 
159.89 
169.50 
178.36 
185.78 

179.00 
177.70 
178.44 
181. 19 
185.83 
191.90 

Circle Center At X = 151.3 ; Y 
*** 1.909 *** 

226.6 and Radius, 

Failure Surface Specified By 6 Coordinate Points 
Point X-Surf Y-Surf 

No. 
1 
2 
3 
4 
5 
6 

( ft.i 
135.26 
145.15 
15 5. 14 
164. 84 
173.88 
181. 39 

(ft) 
179.00 
177.49 
177.95 
180.36 
184.64 
190.22 

Circle Center At X = 147.8 ; Y 
*** 1.919 *** 

227.8 and Radius, 

Failure Surface Specified By 11 Coordinate Points 

Ver Load 
{lbs) {lbs) 

.o . 0 

.o . 0 

. 0 . 0 

.0 . 0 

.o . 0 

.o . 0 

. 0 . 0 

.0 . 0 

.o • 0 

.0 .0 

64.8 

49.0 

50.4 
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Point 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

X-Surf 
(ft) 

116.32 
12 6. 13 
136.08 
146.08 
156.04 
165.87 
175.49 
184.80 
193.74 
202.21 
208.71 

Y-Surf 
(ft) 

179.00 
177. 09 
176 .11 
176.07 
176.97 
178.80 
181.55 
185.19 
189.69 
195.00 
200.00 

Circle Center At X = 141.5 ; Y 
*** *** 1.929 

Failure 
Point 

No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

Surface Specified By 11 
X-Surf Y-Surf 

(ft) (ft) 
116.32 
125.96 
13 5. 86 
145.85 
155.81 
165.58 
175. 02 
184.00 
192.39 
200.06 

179.00 
176.37 
174.91 
174.66 
175.60 
177. 73 
181.02 
185.42 
190.87 
197.28 

11 200.17 197.39 
Circle Center At X = 143.0 ; Y 

*** 1.989 *** 

282.3 and Radius, 

Coordinate Points 

257.8 and Radius, 

Failure 
Point 

Surface Specified By 8 Coordinate Points 

No. 
1 
2 
3 
4 
5 
6 
7 
8 

X-Surf Y-Surf 
(ft) (ft) 

135.26 179.00 
144.68 175.63 
154.61 174.41 
164.56 175.40 
174.05 178.54 
182.63 
189.87 
192.44 

183.68 
190.58 
194.44 

Circle Center At X = 155.1 ; Y 
*** 2.017 *** 

219.2 and Radius, 

Failure 
Point 

Surface Specified By 7 Coordinate Points 

No. 
1 
2 
3 
4 
5 
6 
7 

X-Surf Y-Surf 
(ft) (ft) 

135. 26 
144.73 
154.70 
164.55 
173.65 
181. 43 
184.59 

179.00 
175.78 
175.02 
176.77 
180. 91 
187.20 
191. 44 

Circle Cencer At X = 152.7 ; Y 
2.017 *** 

214.8 and Radius, 

Failure Surface Spe~ified By 13 Coordinate Points 
Poinl :,:- Surf Y-Surf 
No. (ft) (ft) 

1 102.11 179.00 
2 
3 
4 
5 
6 
7 
8 

111.90 
121.81 
131. 80 
141. 79 
151.75 
161.61 
171.32 

176.96 
175.66 
175.10 
175.28 
176.21 
177.87 
180.26 

106.3 

83.2 

44.8 

39.8 
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9 180.83 183.37 
10 190.08 187.17 
11 199.02 191. 65 
12 207.60 196. 79 
13 212.16 200.00 

Circle Center At X = 134.3 ; y 
*** 2. 022 *** 

Failure 
Point 
No. 

l 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

Surface Specified By 13 
X-Surf Y-Surf 

(ft) (ft) 
102.11 179.00 
111.84 176.72 
121.73 175.20 
131.70 174.46 
141. 70 
151. 57 
161. 54 
171.26 
180.77 
190.01 
198. 92 
207.46 
213 .14 

174.49 
175.30 
176.88 
179.23 
182.32 
186.lS 
190.68 
195.89 
200.00 

Circle Center At X = 136.3 ; Y 
*** 2.037 *** 

309.5 and Radius, 134.4 

Coordinate Points 

302.9 and Radius, 128.5 
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-~ 

1000 r·:==:c .. -==i 
_ # FS Soil Soil Total Salurated Friction Piez. 

lnit Points: 160. to 30□.-1 a 1.52 Desc. Type Unit Wt. Unit Wt. Angle Surface 
Term Limits: 350. to 420. b 1 52 No. :pcf) (pcf) (deg) No. 

c 1.52 CCR 1 130.0 140.0 33.7 W1 
d 1.52 FCR 2 30.0 90.0 28.0 W1 900 1-1 e 1.52 SOIL 3 125.0 135.0 26.8 W1 
f 1.52 
g 1.53 
h 1.53 
i 1.54 

1.54 
800 

700 ,_ 

600 , -

500 I-

a JI ,U __ .. LL -------- .. ---------·,, hi ~- 1-------'.:;-;--~------- -- -- 2 .f JO ____ • ' 
'", ..... ______ 1___________ 1 4 

8 . - --........_ I 6 2 ••• ~--- 15 3 __ j _____ ~--~-.. ,~ .. ''1'!''3,;~ ~ _3 __ Wl 3 ~1 __ L_~ ~---------.1--
400 ,_ 

300 -- _...J... ___ _L ___ =:----;;;;~--~;----~;----~;----~;----~;-----;:o;;----;~ 0 ·100 200 300 400 500 600 700 800 900 1000 1100 
PCSTABL51Vl/si FSmin=1.52 STED Safety Factors Are Calculated By The Modified Bishop Method 

.. \ . f. A~~~~l ® 
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** PCSTABLSM ** 
by 

Purdue University 
--Slope Stability Analysis-

Simplified Janbu, Simplified Bishop 

Run Date: 
or Spencer's Method of Slices 

7/11/2008 
Time of Run: 
Run By: 
Input Data Filename: 
Output Filename: 
Unit: 

l,39PM 
hlo 
C,PH7DSST. 
C,PH7DSST.OUT 
ENGLISH 

Plotted 
PROBLEM 

Output Filename: C:PH7DSST.PLT 
DESCRIPTION PHASE 7 D.S. STATIC, PIEZ. 15, 16, 17 

REFUSE DISPOSAL A..~EA NO. 2 
BOUNDARY COORDINATES 

Note: User origin value specified. 
Add 0.00 to X-values and 300.00 to Y-values listed. 

13 Top 
16 Total 

Boundary 
No. 

1 
2 
3 
4 
5 
6 
7 

Boundaries 
Boundaries 
X-Left 

(ft) 
.00 

Y-Left 
(ft) 

151. 50 
152.50 
152.00 
145.30 
145.30 
152.00 
155.30 
155.30 
193.60 
193. 60 
238.00 
238.00 
230.00 
230.00 
152.00 
152.00 

X-Right 
(ft) 
80.00 

180.00 
200.00 
220.00 
240.00 
250.00 
270.00 
385.00 
405.00 
538.20 
638.20 
662.20 

Y-Right 
(ft) 

152.50 
152.00 
145.30 
145 .30 
152.00 
155.30 
155.30 
193.60 
193.60 
238.00 
238.00 
230.00 
230.00 
152.00 
152.00 
150.00 

Soil Type 
Below Bnd 

3 

8 
9 

10 
11 
12 
13 
14 
15 
16 

80.00 
180.00 
200.00 
220.00 
240.00 
250.00 
270.00 
385.00 
405.00 
538.20 
638.20 
662.20 
662.20 
240.00 
896.20 

ISOTROPIC SOIL PARAMETERS 
3 Type(s) of Soil 

Soil Total Saturated Cohesion 
Type Unit Wt. Unit Wt. Intercept 

No. (pcf I (pcf) (psf I 
1 130.0 140.0 .0 
2 80.0 90.0 .o 
3 125.0 135.0 .o 

1030.00 
896.20 
896. 20 

1030.00 

Friction 
Jmgle 
(deg) 
33.7 
28.0 
26.8 

Pore 
Pressure 

Param. 
. 00 
.00 
.oo 

1 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED 
Unit Weight of Water= 62.40 

Pressure 
Constant 

(psf) 
. 0 
.0 
. 0 

Piezometric Surface No. 1 Specified by 5 Coordinate Points 
Point X-Water Y-Water 

No. (ft) (ft) 
1 .00 151.50 
2 
3 
4 
5 

152.00 
152.00 
235.00 
235.00 

3 
3 
3 
3 
1 
1 
l 
1 
1 
1 
1 
2 
1 
3 
3 

Piez. 
surface 

No . 
1 
1 
1 

.=iearching 
Of Which 
Boundary 

No. 

BO.DO 
260.00 
647.20 

1030.00 
Routine Will 
The First 1 

X-Left 

Be Limited 
Boundaries 

Y-Left 
(ft) 

132.00 

To An Area Defined By 
Will Deflect Surfaces 

1 Boundaries 
Upward 

1 
(ft) 

.00 

X-Right Y-Right 
(ft) (ft) 

1020.00 132.00 
A Critical Failure Surface Searching Method, Using A Random 
Technique For Generating Circular Surfaces, Has Been Specified. 400 Trial Surfaces Have Been Generated. 

20 Surfaces Initiate From Each Of 20 Points Equally Spaced 
Along The Ground Surface Between X = 160.00 ft. 
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and X 300.00 ft. 
Each Surface Terminates Between X = 350.00 ft. 

and x = 420.00 ft. 
Unless Further Limitations were Imposed, The Minimum Elevation 
At Which A surface Extends Is Y = .00 ft. 
10.00 ft. Line Segments Define Each Trial Failure Surface. 
Following Are Displayed The Ten Most Critical Of The Trial 

Failure Surfaces Examined. They Are Ordered - Most Critical 
First. 
**Safety Factors Are Calculated By The Modified Bishop Method** 
Failure Surface Specified By 21 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 218.95 145.30 
2 228.53 142.43 
3 238.27 140.16 
4 248.13 138.50 
5 258.07 13 7. 4 5 
6 268.06 137.01 
7 278.06 137.20 
8 288.03 138.00 
9 297.93 139.41 

10 307.72 141.44-
11 317.37 
12 326.84 
13 336 .09 
14 345.09 
15 353.80 
16 362.20 
17 370.24 
18 377 .90 
19 
20 
21 

Circle 

385.14 
391.95 
392.95 

Center At X = 
*** 1. 516 

Individual data 
Water 

144.06 
147.28 
151.08 
155.44 
160.34 
165.78 
1 71. 73 
178.16 
185.05 
192.37 
193.60 

270.1 y 

*** 
on the 28 

Water Tie 

298.8 and Radius, 161.8 

slices 
Tie Earthquake 

Force Force Force Force Force Surcharge 
Slice Width Weight Top Bot Norm Tan Hor 

(lbs) 
.o 
. 0 

Ver Load 
No. (ft) (lbs) (lbs) 

1 1.1 22.4 439.9 
2 8.5 3476.2 2958.5 
3 9.7 11162.3 1417.6 
4 1.7 2735.2 33 .1 
5 8.1 15477.7 .0 
6 1. 9 4165.0 .0 
7 8.1 18855.5 .o 
8 1. 9 4624.3 .o 
9 8.1 19621. 8 .0 

10 1. 9 4 775. 3 .o 
11 8.1 21264.9 .o 
12 10.0 29735.5 .o 
13 9.9 32516.2 .o 
14 9.8 34273.6 . 0 
15 9.6 35004.6 .o 
16 9.5 34729.7 .o 
17 9.::l 33493.2 ,o 
18 1.9 6776.2 .o 
19 7.1 24524.7 . 0 
20 8.7 28167.4 .0 
21 8.4 24323.9 . 0 
22 8.0 19906.7 .o 
23 6.2 12600.4 . 0 
24 1.4 2470.1 .o 
25 7.1 10050.8 . 0 
26 .1 159.1 . 0 

(lbs) (lbs) 
469.9 . 0 

4605.4 .o 
6677.9 . 0 
1314.0 .0 
6591.0 . 0 
1597.5 .o 
7154. 3 . 0 
1756.9 . 0 
7720. 3 .0 
1998.6 . 0 
8799.7 .o 

11803. 9 .o 
12427.l .0 
12665.6 .0 
12518.4 .0 
11986.2 .o 
11070.9 .0 
2194.1 .o 
7582.0 .o 
8106.7 .0 
6069.0 .0 
3670.9 .o 

971.4 .o 
.0 .o 
.0 . 0 
. 0 . 0 

(lbs) 
.0 
. 0 
. 0 
. 0 
.o 
. 0 
.o 
. 0 
.0 
.0 
. 0 
. 0 
.0 
. 0 
.o 
.0 
. 0 
.0 
. 0 
.0 
. 0 
.0 
. 0 
.0 
. 0 
. 0 

.0 
• 0 
.0 
.0 
. 0 
.0 
• 0 
. 0 
.o 
.o 
.o 
. 0 
.0 
.o 
. 0 
. 0 
. 0 
.o 
. 0 
.o 
. 0 
. 0 
.o 
. 0 

(lbs) (lbs) 
• 0 . 0 
. 0 . 0 
. 0 . 0 
. 0 . 0 
. 0 . 0 
. 0 . 0 
. 0 . 0 
.o 
. 0 
. 0 
.0 
.0 
• 0 
.o 
.0 
.o 
.o 
. 0 
.0 
.0 
.o 
. 0 
. 0 
.o 
. 0 
.o 

• 0 
. 0 
. 0 
.0 
.0 
. 0 
. 0 
. 0 
.0 
.o 
. 0 
.o 
. 0 
.0 
. 0 
• 0 
.o 
. 0 
.o 
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6.8 4326.6 . 0 . 0 .0 .0 . 0 
1. 0 80.2 . 0 .o .0 .0 . 0 
Failure Surface Specified By 20 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 218.95 145.30 
2 228.34 141. 86 
3 237.94 139. 08 
4 24 7. 72 136.99 
5 257.62 135.58 
6 267.60 134. 88 
7 277. 60 134. 87 
8 287.57 135.57 
9 297.48 136.96 

10 307.26 139.05 
11 316.87 141.81 
12 326.26 145.24 
13 335.39 149.33 
14 344.21 154.04 
15 352.67 159.36 
16 360.75 165.26 
17 368 .39 171.71 
18 375.56 178.68 
19 3 82. 22 186.14 
20 388.00 193.60 

Circle Center At X = 272. 7 ; y 277.3 and Radius, 
*** 1.518 *** 

Failure Surface Specified By 21 Coordinate Points 
Point x-surf Y-Surf 

No. (ft) (ft) 
1 211.58 145.30 
2 221.07 142 .16 
3 230.75 139.62 
4 240.56 137.70 
5 250.48 136.41 
6 260.45 135.75 
7 270.45 135.72 
8 280.44 136.32 
9 290.36 137.56 

10 300.18 139.42 
11 309.67 141. 90 
12 319.38 144.99 
13 328.68 148.67 
14 337.73 152.94 
15 346. 4 8 157.77 
16 354.91 163.14 
17 362.99 169.04 
18 370.68 175.44 
19 377. 94 182.31 
20 384.76 189.62 
21 388.02 193.60 

Circle Center At X = 265.9 ; y 293.5 and Radius, 
*** 1.518 *** 

Failure Surface Specified By 21 Coordinate Points 
Point X-Surf Y-Surf 

No. (ft) (ft) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

211.58 14.5.30 
220.83 141.49 
230.32 13 8. 34 
240.00 135.84 
249.83 134.02 
259.77 132.89 
269.76 13 2. 44 
279.75 132. 69 
289.71 133.63 
299.58 135.25 
309.31 137.55 

.0 . 0 

. 0 . 0 

142. 5 

157.8 
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12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

318. 86 
328.18 
337.23 
345.96 
354.34 
362.31 
369.86 
376.92 
383.49 
389.27 

140. 52 
144 .14 
148.40 
153.27 
158. 73 
164.76 
171. 33 
178.40 
185.95 
193.60 

Circle Center At X = 271.2 ; Y 
*** 1.522 *** 

277.0 and Radius, 144.6 

Failure Surface Specified By 23 Coordinate Points 
Point X-Surf Y-Surf 
No. (ft) (ft) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

204.21 
213.59 
223.15 
232.88 
242. 72 
252.65 
262.63 
272. 63 
282.62 
292.54 
302.39 
312.10 
321.67 
331.04 
340.19 
349.08 
357.69 
365.98 
373. 92 
381.49 
388.66 
395.40 
396. 98 

145.30 
141.83 
138. 91 
136.57 
134.81 
133.63 
133.05 
133.06 
133.66 
134.85 
136. 62 
138.98 
141.91 
145.40 
149.44 
154.01 
159.10 
164.69 
170. 77 
177. 30 
184. 27 
191. 66 
193.60 

Circle Center At X = 267.5 ; Y 
*** 1.523 *** 

Failure 
Point 

No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

Surface Specified By 23 
X-Surf Y-Surf 

(ft) (ft) 
204.21 
213.59 
223.15 
232.86 
242.70 
252.62 
262.60 
272. 60 
282.59 
292.53 
302.39 
312 .14 
321.74 
331.17 
..340. 39 
349.36 
358.07 
366.48 
374.55 
382.28 
389.62 
396.55 
400.30 

145.30 
141.82 
138.89 
136.52 
134. 72 
133.49 
132.84 
132.77 
133. 27 
134. 36 
136. 02 
138.24 
141.03 
144.37 
148.25 
152.66 
157.58 
162.99 
168.89 
175.24 
182.03 
189.23 
193.60 

Circle Center At X = 268.9 ; Y 

301.7 and Radius, 168.7 

Coordinate Points 

305.2 and Radius, 172.5 
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*** 1.525 *** 
Failure Surface Specified By 20 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 226.32 147.42 
2 235.52 143.49 
3 244.99 140.29 
4 254.68 137.82 
5 264.53 136.09 
6 274.48 135.13 
7 284.48 134.93 
8 294.46 135.49 
9 304.37 136.82 

10 314.15 138.90 
11 323.75 141.73 
12 333.10 145.28 
13 342.15 149.53 
14 350.84 154.47 
15 
16 
17 
18 
19 
20 

359.14 
366.98 
374.32 
381.13 
387.35 
391. 01 

160.05 
166.26 
173.04 
180.37 
188.20 
193.60 

Circle Center At X = 282.1 ; Y 
*** 1.529 *** 

Failure 
Point 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

Surface Specified By 19 
X-Surf Y-Surf 

(ft) (ft) 
218.95 145.30 
228.45 142.18 
238.15 139.74 
247.99 137.99 
257.94 136.94 
267.93 136.60 
277.93 136.96 
287.87 138.03 
297.71 139.80 
307.40 142.26 
316.90 145.40 
326.15 149.20 
335.10 153.65 
343.73 158.71 
351.97 164.38 
359.79 170.61 
367.15 177.38 
374.01 184.65 
379.96 191.92 

265.3 and Radius, 

Coordinate Points 

130. 4 

Circle Center At X = 267.8 ; Y 278.0 and Radius, 141.4 
*** 1.532 *** 

Failure Surface Specified By 22 Coordinate Points 
Point X-Surf Y-Surf 
No. (ft) (ft) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

204.21 
213.51 
223.02 
232.73 
242.57 
252.50 
262.49 
272.49 
282.45 
292. 34 
302.09 
311.69 
321.07 
330.20 

145.30 
141.61 
138.55 
136.12 
134.34 
133.23 
132.77 
132.98 
133.85 
135.38 
137. 56 
140.39 
143.85 
147.92 
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15 339.05 152.59 
16 347.56 157.83 
17 355.71 163.64 
18 363.45 169. 96 
19 370.75 176.79 
20 377.59 184.09 
21 383.93 191.83 
22 385.19 193.60 

Circle Center At X = 264.4 ; y 283.2 and Radius, 150.4 
*** 1. 536 *** 

Failure Surface Specified By 19 Coordinate Points 
Point x-surf Y-Surf 
No. (ft} (ft} 

1 233.68 149.88 
2 243.02 146.29 
3 252.59 143. 41 
4 262.36 141. 26 
5 272. 26 139. 84 
6 2s2·.24 13 9. 17 
7 292. 24 13 9. 25 
8 302.20 140.08 
9 312. 08 141.65 

10 321.81 143.96 
11 331.34 146.99 
12 340.61 150. 72 
13 349.58 155.14 
14 358.20 160.22 
15 366.40 165.93 
16 374.16 172. 25 
17 381.42 179.12 
18 388.15 186.52 
19 393.68 193.60 

Circle Center At X = 286.2 ; y 272.5 and Radius, 133. 3 
*** 1.536 *** 
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PHASE 7 D.S. STATIC, PIEZ. 15, •JG, 17 REFUSE DISPOSAL AREA NO. 2 
C:\DCCUME-1\HO\IVENS\MYDOCU-1\\IVILLIA-1\STABIL-1\PH7DSST2.PL2 Run By: hlo 7/11/2008 11 :48AM 

1nnn ,--;==-:: .. c--,;;c,.cc.+=====i=====i======i=,--,---,---,-----,---,--;c===i===== 
Soil Total Saturated Friction Piez. lnit Points: 220. to 300. 

Type Unit Wt. Unit Wt. Angle Surface Term Limits: 480. to 640. 

~ 

# FS II Soil 
a 1 52 Desc. 

No. (ocf) (pcf) (deg) No. 
1 130.0 140.0 33.7 WI 
2 80.0 90.0 28.0 W1 
3 125.0 135.0 26.8 W1 900 

b 1 53 

C 15)11 CCR 
d 1 53 FCR 
e -1 5~~ SOIL -
f 1 53 
g ·1 54 
h 1 ;,1\ 
i ·1 54 

8001-'---· . 

I 

700 [_ . 

600 ·-· a 
. 

500 1· 
I 

I I ' ""- -· - ,, 
Wl 3 '" 3 
I 

ii h 

f~, ~b. I/ L._ ........ _ .. _ .. - ....... .Ll.. ............... - ........ 
1 ~· ,,, ' _..,..-c~ ·- --

9 ---- , ~ . --- ,/ 
...o-o-- -. /.-/ ~ 

j - ·~:-:::-=::-1~ 15 ~ 16 • ~ 'i ()\]lli::::: -----'-:';-------- 3 
J~"~~J.!:g== -~-- ----- .. -.i- - _3 ___ ------- - - -· -··---··-·-·- ·- -

. 

' 
400 ;- -

300 '·~-·--'----------'------'------'------'------'------'------'-----...L....--___J 

0 '100 200 300 400 500 600 700 800 900 1000 1100 

PCSTABL5M/si FSmin=1.52 
STED 

~~j 
Sa[ety Factors Are Calculated By The Modified Bishop Method 

® 
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** PCSTABLSM ** 
by 

Purdue University 
--Slope Stability Analysis-

Simplified Janbu, Simplified Bishop 

Run Date: 
or Spencer's Method of Slices 

7/11/2008 
Time of Run: 
Run By: 
Input Data Filename: 
Output Filename: 
Unit: 

ll,48AM 
hlo 
C,ph7dsst2. 
C,ph7dsst2.0UT 
ENGLISH 

Plotted 
PROBLEM 

Output Filename: C:ph7dsst2.PLT 
DESCRIPTION P!L~SE 7 D.S. STATIC, PIEZ. 15, 16, 17 

REFUSE DISPOS.AL AREA NO. 2 
BOUNDARY COORDINATES 

Note: User origin value specified. 
Add 0.00 to X-values and 300.00 to Y-values listed. 

13 Top Boundaries 
16 Total Boundaries 

Boundary X-Left Y-Left X-Right 
(ft} 
80.00 

180.00 
200.00 
220.00 
240.00 
250.00 
270.00 
385.00 
405.00 
538.20 
638.20 
662.20 

Y-Right Soil Type 
No. (ft} (ft} 

151.50 
152.50 
152.00 
145. 3 0 
145.30 
152.00 
155.30 
155.30 
193.60 
193.60 
238.00 
238.00 
230.00 

(ft} Below Bnd 
1 .00 
2 80.00 
3 180.00 
4 200.00 
5 220.00 
6 240.00 
7 250.00 
8 270.00 
9 385.00 

10 405.00 
11 538.20 
12 638.20 
13 662.20 
14 662.20 230.00 
15 240.00 152.00 
16 896.20 152.00 

ISOTROPIC SOIL PARAMETERS 
3 Type(s} of Soil 

1030.00 
896. 20 
896.20 

1030.00 

152.50 
152.00 
145. 30 
145.30 
152.00 
155.30 
155.30 
193.60 
193.60 
238.00 
238.00 
230.00 
230.00 
152.00 
152.00 
150.00 

3 
3 
3 
3 
3 
1 
1 
1 
1 
1 
1 
1 
2 
1 
3 
3 

Soil Total Saturated Cohesion 
Type Unit Wt. Unit Wt. Intercept 

Friction 
Angle 
{deg} 
33.7 

Pore Pressure Pie~. 
Pressure Constant Surface 

No. (pcf} (pcf} (psf} Param. {psf} No. 
1 130.0 140.0 .0 
2 80. 0 90. 0 . 0 28.0 
3 125.0 135.0 .o 26.8 

1 PIEZOMETRIC SURFACE (S} HAVE BEEN SPECIFIED 
Unit Weight of Water= 62.40 

.00 .0 

.00 . 0 

.00 . 0 

Piezometric Surface No. 1 Specified by 5 Coordinate Points 
Point X-Water Y-Water 

No. (ft} (ft} 
1 .00 151.50 
2 80.00 152.00 
3 260.00 152.00 
4 647.20 235.00 
5 1030.00 235.00 

1 
1 
1 

'T'r,, Zln Zir,::,.-"l nof i n,::,.f'i ~Y 1 'Rn11nd::1ri ,::,.c:: 

Of Which 
Boundary 

No. 
1 

The First 
X-Left 

(ft) 
.00 

1 Boundaries 
Y-Left 

(ft} 
132.00 

Will Deflect Surfaces Upward 
X-Right Y-Right 

(ft) (ft) 
1020.00 132.00 

A Critical Failure Surface Searching Method, Using A Random 
Technique For Generating Circular Surfaces, Has Been Specified. 
400 Trial Surfaces Have Been Generated. 

20 Surfaces Initiate From Each Of 20 Points Equally Spaced 
Along The Ground Surface Between X = 220.00 ft. 
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and X 
Each Surface Terminates Between X 

and X 

300.00 ft. 
480.00 ft. 
640.00 ft. 

Unless Further Limitations Were Imposed, The Minimum Elevation 
At Which A Surface Extends Is Y = .00 ft. 
10.00 ft. Line Segments Define Each Trial Failure Surface. 
Following Are Displayed The Ten Most Critical Of The Trial 

Failure Surfaces Examined. They Are Ordered - Most Critical 
First. 
**Safety Factors Are Calculated By The Modified Bishop Method** 
Failure Surface Specified By 35 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 220.00 145.30 
2 229.61 142.53 
3 239.31 140.10 
4 
5 
6 
7 

8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 

249.09 
258.93 
268.83 
278.77 
288.74 
298.73 
308.73 
318.73 
328.71 
33 8. 66 
348.57 
3 5 8. 43 
3 6 8. 23 
377.96 
387.59 
397.13 
406.56 
415.88 
425.06 
434.09 
442.98 
451.70 
460.25 
468.62 
476.79 
484.76 
492.51 
500.05 
507.35 
514.42 
521. 24 

35 525.69 
Circle Center At X = 

*** 1.524 
Individual data 

Water 

138.00 
136.23 
134. 81 
133.73 
132.99 
132.59 
132.54 
132.83 
133. 4 7 
134.4.5 
135.77 
137.43 
139.43 
141. 77 r•' 

144.43 
147.43 
150.76 
154.41 
158.37 
162.65 
167.24 
172.13 
177.32 
182.79 
188.56 
194.60 
200.91 
207.48 
214.31 
221.39 
228. 71 
233.83 

305.2 y 

*** 
on the 42 

Water Tie 

423.1 and 

slices 
Tie 

Force Force Force Force 

Radius, 290.6 

Earthquake 
Force Surcharge 

Slice Width Weight Top Bot No:::m Tan Hor Ver Load 
Ne. {ft} ( 7 \.-.~I .,_~:::, I (lbs) (lbs) (lbs) (lbs) (11.,s) (lbs) {lbs) 

1 9.6 3883.3 3218.9 5044.3 . 0 .o .0 . 0 .o 
7 9. 7 11560.6 ::.184. 7 66€.7.7 .o .0 .o .o .0 
3 7 1107 .0 5. 3 s::rn.s . 0 . 0 .0 .0 0 
4 9.1 17749.9 . 0 7554.5 . 0 .0 .o .0 .0 
5 .9 2113.1 .0 816.5 . 0 .0 .o .0 .o 
0 8.9 21872.0 .0 84 71. 8 .o .o . 0 .0 .o 
7 1.1 2750.2 .0 1009.7 .o .0 . 0 .o .o 
8 8.8 23564.8 .o 9525.2 .0 .0 .o . 0 . 0 
9 1.2 3253.6 .0 1387.5 .0 . 0 .o .o .0 

10 8.8 26720.5 .0 11238.5 .0 . 0 .o . 0 .0 
11 10.0 35769.9 . 0 14484.3 . 0 . 0 .0 .0 . 0 
12 10.0 41131.6 .0 16136.4 .o . 0 .0 . 0 .0 
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13 10.0 46002.2 . 0 17580.7 . 0 .0 .0 .0 . 0 
14 10.0 50357.2 . 0 18815.1 . 0 . 0 .0 .o . 0 
15 10.0 54176.6 .0 19838.4 .0 .0 .o . 0 . 0 
16 1.0.0 57444.6 .0 20649.3 . 0 .0 .0 . 0 . 0 
17 9.9 60148.6 .0 21246.8 . 0 .0 .0 . 0 . 0 
18 9.9 62280.9 . 0 21630.2 . 0 . 0 .0 . 0 . 0 
19 9.8 63838.0 . 0 21799.2 . 0 .o . 0 .0 . 0 
20 9.7 64819.9 .0 21753.4 . 0 . 0 .0 .0 . 0 
21 7.0 47606.0 . 0 15746.2 . 0 .0 .o . 0 . 0 
22 2.6 17479.3 . 0 5746.7 . 0 . 0 . 0 .0 . 0 
23 9.5 62038.7 .o 21018.1 .o . 0 .0 .o . 0 
24 7.9 48243.7 . 0 17013.1 . 0 . 0 .0 .0 . 0 
25 1.6 9309.2 . 0 3316.4 . 0 .0 .o . 0 . 0 
26 3.2 18830.0 . 0 6728. 9 . 0 . 0 .0 . 0 . 0 
27 6.1 36219.2 . 0 12699.0 . 0 .o .0 . 0 . 0 
28 9.2 53255.8 . 0 18314.4 . 0 . 0 .0 . 0 . 0 
29 9.0 50965.3 . 0 16990.3 . 0 .o . 0 .o . 0 
30 8.9 48216.5 . 0 15457.2 .0 .0 . 0 . 0 . 0 
31 8.7 45042.4 . 0 13716. 8 .0 . 0 .0 .0 . 0 
32 8.5 41479. 5 . 0 11771. 4 . 0 . 0 .0 . 0 . 0 

33 8.4 37567.0 . 0 9623.0 . 0 . 0 .o .0 . 0 
34 8.2 33347.4 .0 7274.4 .0 .0 .0 . 0 . 0 
35 8.0 28866.0 . 0 4728.2 .0 .0 . 0 . 0 . 0 
36 7.8 24170.5 . 0 1987.6 . 0 . 0 . 0 . 0 . 0 
37 1.4 3961.8 . 0 53.5 . 0 .o .o . 0 . 0 
38 6.1 15469.4 . 0 .0 .0 . 0 .0 . 0 . 0 
39 7.3 14814.4 . 0 .0 . 0 . 0 .0 .0 . 0 
40 7.1 10142.1 . 0 . 0 .o . 0 .0 . 0 . 0 
41 6.8 5459.1 . 0 . 0 .0 .0 .o . 0 .0 
42 4.5 1053.3 . 0 .o .0 . 0 . 0 . 0 . 0 

Failure Surface Specified By 34 Coordinate Points 
Point X-Surf Y-Surf 

No. (ft) (ft) 
1 224.21 146. 71 
2 233. 72 143. 62 
3 243.34 140.90 
4 253.06 138.55 
5 262.86 13 6. 56 
6 272.73 134.95 
7 282.66 133. 71 
8 292.62 132.86 
9 302.61 132.38 

10 312.61 132.28 
11 322.60 132. 56 
12 332.58 133.23 
13 342.53 13 4. 26 
14 352.43 135.68 
15 362.27 13 7. 4 7 
1.6 372.03 13 9. 64 
17 381.70 14 2. 1 7 
18 391.27 145.07 
:!.9 400.73 148.33 
20 410.05 151.95 
21 419. 23 155.92 
22 428.25 160.24. 
23 437.10 164.89 
24 44 5. 77 169.88 
25 454.24 175.19 
26 462.50 180.82 
27 470.55 186.76 
28 478.36 193.01 
'.'9 ~85.93 199.S4 
30 493.24 206.36 
31 500.29 213.45 
32 507.07 220 .80 
33 513.57 228.41 
34 515.05 230.28 
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Circle Center At X = 310 .2 ; y 395.4 and Radius, 263.1 
*** 1. 531 *** 

Failure Surface Specified By 31 Coordinate Points 
Point X-Surf Y-Surf 
No. (ft) (ft) 

1 220.00 145.30 
2 229.53 142. 28 
3 239.18 139.65 
4 248.93 137.40 
5 258.75 135.55 
6 268.65 134.10 
7 278.59 133.05 
8 288.57 132. 40 
9 298.57 132.15 

10 308.57 132.30 
11 318.55 132. 85 
12 328.51 133.81 
13 338.41 135.16 
14 348.26 136.92 
15 358.02 139. 06 
16 367.70 141. 60 
17 377.26 144.53 
18 386.70 147.84 
19 395.99 151.52 
20 405.13 155.58 
21 414.10 160.00 
22 422.89 164. 78 
23 431.47 169.90 
24 439.85 l 75. 3 7 
25 447.99 181.17 
26 455.90 187.30 
27 463.55 193.73 
28 470.94 200.47 
29 478.05 207.51 
30 484.87 214.82 
31 491.39 222.40 

Circle Center At X = 299.8 ; y 380.6 and Radius, 248.5 
*** 1.532 *** 

Failure Surface Specified By 31 Coordinate Points 
Point X-Surf Y-Surf 

No. (ft} {ft} 
1 220.00 145.30 
2 229.53 142.27 
3 239.17 139.62 
4 24 8. 92 137.37 
5 258.74 135.52 
6 268.64 134.06 
7 278.58 133. 02 
8 288.56 132.37 
9 298.56 132 .13 

10 308.56 132.30 
11 318.54 132.87 
12 328.49 133. 85 
13 338.40 135.23 
14 348.24 137.01 
15 258.00 13 9. 19 
16 367.66 141.77 
17 377.21 144. 73 
18 386.63 148.08 
19 395.91 151. 82 
20 405.03 :1..55. 92 
21 413.97 lG0.39 
22 422.73 165.22 
23 431. 28 170.40 
24 439.62 175.93 
25 447.72 181.79 
26 455.58 187.97 
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27 
28 
29 
30 
31 

463.18 
470.51 
477.56 
484.31 
489.36 

194.47 
201.27 
208.37 
215. 74 
221. 72 

Circle Center At X = 299.4 ; Y 
*** 1.532 *** 

Failure 
Point 

No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 

Surface Specified By 33 
X-Surf Y-Surf 

(ft) (ft) 
220.00 
229.64 
23 9. 3 6 
249 .17 
259.04 
268.96 
278.92 
288.90 
298.90 
308.90 
318.89 
328.84 
33 8. 76 
348.63 
358.43 
368.15 
377. 78 
387.31 
396.73 
406. 01 
415.15 
424 .14 
432.97 
441.62 
450.09 
458.35 
466.41 
474.25 
481. 86 
489. 22 
496.34 
503.20 
505.68 

145.30 
142.63 
140.31 
138. 34 
13 6. 73 
135.47 
134.58 
134. 04 
133. 87 
134.06 
134. 61 
135.52 
136.79 
138. 42 
140.40 
142.74 
145.43 
148.46 
151.84 
155.56 
159.61 
163. 98 
168.68 
173.70 
179.02 
184. 65 
190.57 
196.78 
203.27 
210.04 
217.06 
224.33 
227.16 

Circle Center At X = 298.7 ; Y 

*** 1.534 
Failure 

Point 
No. 

1 

Surface Specified By 31 

2 
3 
4 

5 
6 
7 

8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

X-Surf Y-Surf 
(ft I (ft) 

220.00 
229.53 
239.17 
24 8. 91 
258.74 
268.64 
278.59 
288.57 
298.57 
308.57 
318.55 
328.49 
338.38 
348.20 
357.93 
367.55 
377.06 
386.43 
395.64 

145.30 
142.25 
139.61 
13 7. 3 7 
13 5. 53 
134. 11 
133.10 
132.51 
132.33 
132.58 
133. 23 
134.31 
135.79 
:3..37.69 
14 0. 00 
14.2.71 
145.81 
149.32 
153.21 

378.3 and Radius, 246.2 

Coordinate Points 

410.3 and Radius, 276.4 

Coordinate Points 
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20 404.68 157.48 
21 413. 54 162.12 
22 422.19 167.13 
23 430.63 1 72. 49 
24 438.84 178.20 
25 446.80 184.25 
26 454.51 190.63 
27 461.94 197.32 
28 469.08 204.32 
29 475.93 211. 60 
30 482.47 219.17 
31 482.74 219.51 

Circle Center At X = 297.8 ; y 372 .1 and Radius, 

*** 1. 535 *** 
Failure Surface Specified By 33 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 220.00 145.30 
2 229.66 142.71 
3 239.41 140.47 
4 249.23 138.58 
5 259 .11 137. 04 
6 269.03 135.85 
7 279.00 135. 02 
8 288.99 134.54 
9 298.99 134.41 

10 308.99 134.65 
11 318.97 135.23 
12 328.92 136.18 
13 338.84 13 7. 48 
14 348.70 139.13 
15 358.50 141.13 
15 368.22 143.47 
17 377.85 146 .17 
18 387.38 149.20 
19 396.79 152.57 
20 406.08 156.27 
21 415.23 160.30 
22 424.24 164.66 
23 433.08 169.33 
24 441.75 174.32 
25 450.23 179.61 
26 458.52 185.20 
27 466.61 191.08 
28 474.49 197.24 
29 482 .13 203.68 
30 489.55 210.39 
31 496.72 217.36 
32 503.64 224.58 
33 506.05 227.28 

Circle Center J>.t X = 297.4 ; y 415.2 and Radius, 

*** 1.537 ~'** 
Failure Surface Specified By 36 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 232.63 149.53 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

242.08 
~51.64 
261.30 
271.05 
280.87 
290.75 
300.68 
310.64 
320.63 
330.63 
340.63 

]46.26 
14.3.32 
140.73 
138.49 
136.60 
135.07 
133.89 
133.07 
132.61 
132.51 
132.77 

239.8 

280.8 
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13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 

350.61 
360.56 
370.47 
380.33 
390.12 
399.83 
409.45 
418.96 
428.35 
437.62 
446.75 
455.72 
464.53 
473.16 

133.39 
134.36 
135.70 
137.38 
139.43 
141. 82 
144. 56 
147.64 
151. 06 
154.82 
158.91 
163.33 
168.06 
173 .11 

481.60 178.47 
489.85 184.12 
497.89 190.07 
505.71 196.31 
513.30 202.82 
520.65 209.60 
527,75 216.64 
534.60 223.93 
541,18 231.46 
546.49 238.00 

Circle Center At X = 328.S ; Y 410.6 and Radius, 278.1 
*** 1.537 *** 

Failure Surface Specified By 34 Coordinate Points 
Point X-Surf Y-Surf 
No. (ft) (ft) 

1 220.00 145.30 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 

229.71 
239.49 
249.33 
259.23 
269.16 
279.13 
289.12 
299 .12 
3 09 .12 
319.11 
329.07 
339.00 
348.88 
358.71 
368.47 
378.15 
387.75 
397.25 
406.64 
415.92 
425.06 
434.06 
442.92 
4 51. 62 
460.15 
468.51 
476.68 
484.GS 
492.42 
499.98 
507.32 
514.43 
519.76 

Circle Center At X = 
*** 1.538 

142.89 
140.80 
139.04 
137.60 
136.49 
135. 71 
135. 26 
135 .14 
135.34 
135.88 
136.75 
137. 94 
139.46 
141.31 
143.48 
145.97 
148.78 
151.90 
155.34 
159.08 
163 .13 
167.48 
172 .12 
1 77. 05 
]82.27 
187.76 
193.53 
199.57 
205.86 
212.41 
219.20 
226.23 
231.85 

297.8 ; Y 
**' 

438.1 and Radius, 

Failure Surface Specified By 31 Coordinate Points 
Point X-Surf Y-Surf 

303.0 
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No. (ft) (ft) 
1 224.21 146. 71 
2 233.70 143.55 
3 243.31 140.78 
4 253.03 138.43 
5 262.84 136. 49 
6 272. 72 134. 97 
7 282.66 133.86 
8 292. 64 133.18 
9 302.63 132. 92 

10 312.63 133.08 
11 322.61 133.66 
12 332.56 134. 67 
13 342.46 136.09 
14 352.29 137.93 
15 362.03 140.19 
16 371.67 142.85 
17 381.19 145.92 
18 390.57 149.39 
19 399.79 153.25 
20 408.84 157.50 
21 417. 71 162 .13 
22 426.37 167.13 
23 434.81 172.49 
24 443.02 178.20 
25 450.98 184.25 
26 458.68 190.63 
27 466.10 197.34 
28 473.23 204.35 
29 480.06 211. 65 
30 486.57 219.24 
31 4 8 8. 23 221.34 

Circle Center At X = 303.8 ; y 369.5 and Radius, 236.6 

*** 1.541 *** 
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PHASE 7 D.S. SEISMIC, PIEZ. 15, 11>, 17 REFUSE DISPOSAL AREA NO. 2 
C:\DOCUME-1\HOWENS\MYDOCU-1\WILLIA-1\STABIL-1\PH7DSSE.PL2 Run By: hlo 7/14/2008 10:35AM 

1000 r·.==~cc 7,==i====i======i====F====;i=====r====;-.----i-----,-,=========;i 
ft FS Soil Soil Total Saturated Cohesion Fr,iction Piez. Load Value I 1 1 1 llnit Points: 200. to 300. 11 

a 1.20 Desc. Tvpe UnitWt. UnitWt. Intercept Angle Surface HorizEqk 0.1509< Termlimits:480.to640. 
b 1 20 No. (pd) (pcf) (psf) (deg) No. 

900 ,. 

800 ,_ 

700 ,_ 

600 ,_ 

c 1.20 CCR 1 130.0 140.0 0.0 33.7 W1 
d 1.20 FCF\ 2 8C.0 90.0 0.0 28.0 W1 
e 1.20 SOIL 3 135.0 135.0 400.0 19.2 W2 
f 1 20 
fl 1 21 
h 1 21 
i 1 21 
j 1.21 

. a 
J g!e hi 

~..;}h,11 

"-~---'3-- ., 2 3_ I - - 8~~~-~/.,~~-1 ______ .'f;,-:,-, c::::::::::------ 1, 
., ·---··· _, ,,~~'- _ .. f; -- " 

'"" - ,="'6.-"' &' ~2 ' -.. " ' : -- -- 'i ' - _,. ____ _ --·--- . 
500 

300--
0 100 200 300 400 500 600 700 800 900 

STED 

~~&~ 
~~ 

PCSTABL5M/si FSmin=1.20 
Safety Factors Are Calculatecl By The Modified Bishop Method 

-

-

-

-

Wl 

'Ii • .j 

·w2 

1000 1100 

® 
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Run Date: 

** PCSTABLSM ** 
by 

Purdue University 
--Slope Stability Analysis-

Simplified Janbu, Simplified Bishop 
or Soencer's Method of Slices 

Time of Run: 
- 7/14/2008 

10,35AM 
hlo Run By: 

Input Data Filename: 
Output Filename: 
Unit: 

C:PH7DSSE. 
C,PH7DSSE.OUT 
ENGLISH 

Plotted 
PROBLEM 

Output Filename: C:PH7DSSE.PLT 
DESCRIPTION PHASE 7 D.S. SEISMIC, PIEZ. 15, 16, 17 

REFUSE DISPOSAL AREA NO. 2 
BOUl\TDAR.Y COORDINATES 

Note: User origin value specified. 
Add 0.00 to X-values and 300.00 to Y-values listed. 

13 'l'nn P;r.11nf'1:::i,-~ oc:, --~ 
16 Total Boundaries 

Boundary X-Left Y-Left X-Right Y-Right Soil Type 
No. (ft) (ft) (ft) (ft) Below Bnd 

1 .00 151. 50 80.00 152.50 3 
2 80.00 152.50 180.00 152.00 3 
3 180.00 152.00 200.00 145.30 3 
4 200.00 145.30 220.00 145.30 3 
5 220.00 145.30 240.00 152.00 3 
6 240.00 152.00 250.00 155.30 l 
7 250.00 155.30 270.00 155.30 l 
8 270.00 155.30 385.00 193.60 l 
9 385.00 193.60 405.00 193.60 l 

10 405.00 193.60 538.20 238.00 l 
11 538.20 238.00 638.20 238.00 l 
12 63 8. 2 0 238.00 662.20 230.00 l 
13 662.20 230.00 1030.00 230.00 2 
14 662.20 230.00 896.20 152.00 l 
15 240.00 152.00 896.20 152.00 3 
16 896.20 152.00 1030.00 150.00 3 

ISOTROPIC SOIL PARAMETERS 
3 Type Is) of Soil 

Soil Total Saturated Cohesion Friction Pore Pressure Piez. 
Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface 

No. (pcf) (pcf) (psf) (deg) Pararn. lpsf) No. 
l 130.0 140.0 . 0 33.7 .00 . 0 l 
2 80.0 90.0 .o 28.0 .00 .0 l 
3 135.0 135. 0 400.0 19.2 .00 .0 2 

2 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED 
Unit Weight of Water = 62.40 
Pi P.zomf'tri r Rnrfnrf' Nn 1 qpf'ri fi PC1. by 5 Coordin~t~ Pointa 

Point X-Water Y-Water 
No. (ft) (ft) 

1 .00 151.50 
2 80.00 152.00 
3 300.00 152.00 
4 662.20 230.00 
5 1030.0:1 0 ::rn.oc 

Pi. '2 zome t .r i:..: Su.r.fctc!c:: Nv. 2 Spec.1.fi-:::d L'Y 
Point X-Wacer Y-Wacer 

No. {ft) If t) 
l .00 132.00 
2 1020.00 132.00 

Searching 
Of Which 
Boundary 

No. 

Routine Will :ae Limited 
The First 1 Boundaries 

To An Area Defined By 
Will Deflect Surfaces 

1 Boundaries 
Upward 

X-Left Y-Lefc Y.-Right Y-Right 
ifc: I 1ft) (ft I 1ft) 

l .oo 132.00 1020.00 132.00 

Page l 
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A Horizontal Earthquake Loading Coefficient 
Of .150 Has Been Assigned 
A vertical Earthquake Loading Coefficient 
Of .ODO Has Been Assigned 
Cavitation Pressure: .o (psf) 
A critical Failure Surface Searching Method, Using A 
Technique For Generating Circular Surfaces, Has Been 
400 Trial Surfaces Have Been Generated. 

20 Surfaces Initiate From Each Of 20 Points 
Along The Ground Surface Between X 200.00 

and X 300.00 
Each Surface Terminates Between 

and 
X 
X 

480.00 
640.00 

Equally 
ft. 
ft. 
ft. 
ft. 

Random 
Specified. 

Spaced 

Unless Further Limitations Were Imposed, The Minimum Elevation 
At Which A Surface Extends Is Y = .DO ft. 
10.00 ft. Line Segments Define Each Trial Failure Surface. 
Following Are Displayed The Ten Most Critical Of The Trial 

Failure Surfaces Examined. They Are Ordered - Most Critical 

**Safety Factors Are Calculated By 'T'h.<> Modifi ... n BishQp Method** 
Failure Surface Specified By 39 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 215.79 145.30 
2 225.45 142.73 
3 235.19 140.45 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
25 

244.99 
254.84 
264.73 
274.67 
284.63 
294.61 
304.61 
314.61 
324.60 
334.59 
344.55 
354.48 
364.38 
374.23 
384.03 
393.76 
403.43 
413.02 
422.52 
431. 93 
441.23 
450.43 
459.51 
468.47 
4 7 7. 29 
485.98 
4 94. 51 
502.90 
511.12 
519.18 
527.05 

36 542.28 
37 549.60 
38 556.72 
39 558.89 

13 8. 44 
136.72 
135. 28 
134 .13 
133.26 
132. 68 
132.39 
132.39 
132. 68 
133.25 
134 .12 
135.26 
136.70 
138.42 
140.42 
142.71 
145.27 
148.11 
151.23 
154.62 
158.28 
162.20 
166.39 
170.84 
175.55 
180.50 
185. 71 
191.16 
196.85 
202. 77 
JGR.S.3 

221.91 
228.72 
235.74 
238.00 

Circle Cencer At X = 309.7 Y 479.3 and Radius, 346.9 
*** 1.197 

Individual data on the 
Water Water 
Force Force 

48 slices 
Tie Tie 

Force Force 
Earthquake 

Force Surcharge 
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Slice Width Weight Top Bot Norm Tan Hor Ver Load 
No. (ft) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) 

l 4.2 317.8 .0 .0 . 0 . 0 47. 7 . 0 . 0 
2 5.5 2029.8 .o .0 . 0 .0 304.5 . 0 . 0 
3 9.7 9421.2 . 0 . 0 .o .0 1413.2 .0 . 0 
4 4.8 7299. 9 .o .0 . 0 . 0 1095.0 . 0 . 0 
5 5.0 9:118. 2 . 0 . 0 .0 .o 1397.7 .o . 0 
6 5.0 11086.2 . 0 .0 . 0 . 0 1662.9 .0 . 0 
7 4.8 11778.6 .0 . 0 .0 . 0 1766.8 . 0 . 0 
8 9.9 25623.5 .0 . 0 . 0 . 0 3843.5 .o . 0 
9 5.3 14365.8 . 0 . 0 . 0 .0 2154.9 .0 . 0 

10 4.7 13562.5 . 0 . 0 .0 .0 2034.4 . 0 . 0 
11 10.0 33055 .4 . 0 .0 . 0 .0 4958.3 .0 .o 
12 10.0 38407.6 . 0 . 0 . 0 . 0 5761.1 .0 . 0 
13 5.4 22787.l .o . 0 .0 . 0 3418.1 .o . 0 
14 4.6 20579.5 . 0 . 0 .0 . 0 3086.9 .o . 0 
15 10.0 48066.7 . 0 . 0 .o .0 7210. 0 . 0 . 0 
16 10.0 52392.2 .o . 0 . 0 . 0 7858.8 .0 .0 
17 10.0 56275.6 .o . 0 . 0 . 0 8441. 3 .0 . 0 
18 10.0 59705.3 .0 . 0 .0 . 0 8955.8 . 0 . 0 
19 9.9 62672.0 . 0 . 0 . 0 .0 9400.8 . 0 . 0 
20 9.9 65168.7 . 0 . 0 . 0 . 0 9775. 3 .o . 0 
21 9.9 67191. 3 . 0 . 0 .o . 0 10078.7 . 0 . 0 
22 9.8 68737.8 .0 .0 . 0 . 0 10310.7 . 0 . 0 
23 1.0 6904. 4 . 0 . 0 . 0 . 0 1035.7 .o . 0 
24 8.8 61241. 2 .0 . 0 . 0 . 0 9186. 2 . 0 .o 
25 9.7 64716.1 .o .0 . 0 . 0 9707.4 . 0 . 0 
26 1.6 10208.4 . 0 . 0 . 0 . 0 1531. 3 . 0 . 0 
27 8.0 52080.8 . 0 . 0 . 0 . 0 7812.1 . 0 .o 
28 9.5 61983.9 . 0 . 0 . 0 . 0 9297.6 . 0 . 0 
29 2.1 13973.9 . 0 . 0 .0 . 0 2096.1 .o . 0 
30 7.3 47267.8 . 0 12404.2 . 0 . 0 7090.2 . 0 . 0 
31 9.3 59957.1 .o 15233.2 .0 . 0 8993.6 . 0 . 0 
32 9.2 58243.6 .0 14134. 9 .o .0 8736.5 . 0 . 0 
33 9.1 56123.6 .0 12859.9 . 0 .0 8418.5 .0 . 0 
34 9.0 53616.6 . 0 11409.4 . 0 . 0 8042.5 .0 . 0 
35 8.8 50745.2 . 0 9784. 5 . 0 . 0 7611.8 . 0 . 0 
36 8.7 47533.5 . 0 7986.6 .o . 0 7130.0 . 0 .o 
37 8.5 44007.1 .o 6017.2 .0 .o 6601.1 . 0 .0 
38 8.4 40194.6 . 0 3877.9 . 0 .o 6029.2 .o . 0 
39 8.2 36125.3 . 0 1570.5 . 0 .0 5418.8 .0 . 0 
40 1.2 4902.2 . 0 27.5 . 0 .0 735.3 .0 .o 
41 6.9 27048.6 .o .0 .0 . 0 4057.3 . 0 .0 
42 7.9 27790.7 .o .0 .o . 0 4168.6 . 0 .o 
43 7.7 23480.3 .0 . 0 .o .0 3522.0 . 0 .0 
44 3.4 9212.5 .o .0 . 0 .0 1381.9 .0 . 0 
45 4.1 94 76. 5 . 0 . 0 . 0 .o 1421.5 .0 . 0 
46 7.3 12076.5 . 0 . 0 . 0 .0 1811. 5 .o . 0 
47 7.1 5344.7 . 0 . 0 .0 .o 801. 7 .0 . 0 
48 2.2 318.7 .0 . 0 .0 . 0 47.8 . 0 . 0 

Failure Surface Specified By 40 Coordinate Points 
Point X-Surf Y-Surf 

No. {ft} (ft) 
1 210.53 145.30 
2 220.21 142.79 
3 229.95 140.56 
4 239.'76 2.:: 8. 59 
5 .:.-=.:::, • O.i. 

~ .... ,.. ,.. " ..,_.:,o. o:::, 

6 259.51 135.47 
7 269.44 134.31 
8 279.41 133.44 
9 289.39 132.83 

10 299.38 132.51 
11 309.38 132.46 
12 319.38 132.68 
13 329.37 133.18 
14 339.34 133.95 
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15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

349.28 
359.19 
369.07 
3 78. 8 9 
388.66 
398.37 
408.00 
417.56 
427.04 
436.42 
445.70 
454.88 
463.94 
4 72. 89 
481.71 
490.39 
498.94 
507.34 
515.58 
523.67 
531.59 
539.34 
546. 91 
554.30 
561. 51 
562.05 

Circle Center At X = 

135.00 
136. 33 
137. 92 
139.79 
141. 93 
144.33 
147.01 
149.94 
153.14 
156.60 
160.32 
164.29 
168.51 
172.98 
177.70 
182.65 
187.85 
193.28 
198.93 
204.82 
210.92 
217.24 
223.77 
230.51 
237. 44 
238.00 

306.3 ; Y 

*** 1.199 *** 
495.2 and Radius, 

Failure Surface Specified By 39 Coordinate Points 
Point X-Surf Y-Surf 

No. (ft) (ft) 
1 210.53 145.30 
2 220.21 142.78 
3 229.95 140.54 
4 239.75 138.57 
5 249.61 136.87 
6 259.51 135.45 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
76 

28 
29 
30 
31 
32 
33 
34 
35 
36 

269.44 
279.41 
289.39 
299.38 
309.38 
319.38 
329.37 
339.33 
349.27 
359.18 
3 6 9. 04 
378.86 
388.G2 
398.31 
407.93 
417.47 
426.92 
436.28 
445.53 
-154. 68 
4$3.71 
472.62 
481.39 
490.03 
4.98. S2 
506.87 
515.05 
523.08 
530.93 
538.61 

134. 31 
133.45 
132.86 
132.55 
132. 52 
132.78 
133.31 
134.12 
135. 20 
136.57 
13 8. 21 
14 0. 12 
142.31 
144.77 
147.50 
150.50 
153.77 
157.29 
161.08 
165. l::? 
169.-12 
173.97 
178.76 
183.80 
189.08 
194.59 
200.33 
206.30 
212.50 
218. 90 

362.7 
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37 
38 
39 

546.10 
553.41 
559.12 

225.52 
232.35 
238.00 

Circle Center At X = 305.4 ; Y 
*** 1.199 *** 

490.5 and Radius, 358.0 

Failure Surface Specified By 38 Coordinate Points 
Point X-Surf Y-Surf 
No. (ft} (ft} 

1 226.32 147.42 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 

235.87 
245.51 
255.24 
265.03 
274.89 
284.79 
294.73 
304.70 
314.70 
324.69 
334.69 
344.68 
354.64 
364. 57 
374.46 
384.29 
394.07 
403.76 
413. 3 8 
422.90 
432.32 
4.41.62 
450.81 
459.86 
468.77 
4 77. 53 
486.12 
494.56 
502.81 
510.88 
518.75 
526.43 
533.89 
541.13 
54 8. 15 
554.~4 
556.92 

144. 46 
141. 82 
139. 49 
137.47 
135.76 
134.38 
133.31 
132.56 
132.13 
132. 03 
132. 24 
132.78 
133.64 
134. 81 
136.31 
13 8 .12 
140.25 
142.68 
145.43 
148.49 
151. 85 
155.52 
159.47 
163.73 
168.27 
173.09 
178.19 
183.57 
189.22 
195.12 
201. 29 
207.70 
214.36 
221.25 
228.37 
235.72 
238.00 

Circle Center At X = 323.0 ; Y 
*** 1.199 *** 

443.2 and Radius, 311.2 

Failure Surface Specified By 39 Coordinate Points 
Point X-Surf Y-Surf 

No. (ft} (ft) 
1 
2 
3 
4 
5 
6 
7 

8 
9 

10 
11 
12 
13 
14 
15 
16 

226.32 
235.92 
245.61 
255.36 
265.18 
275.05 
"" a ,-.~ .~ D'"I • ;;,o 

294.91 
304.88 
314.87 
324.87 
334.87 
344.86 
354.83 
364. 77 
374.68 

147.42 
144.63 
142.14 
139.94 
138.03 
136.42 
, -, ,- , " 
.L.;) _,. ~.v 

134.07 
133.35 
132.92 
132.50 
132.97 
133.44 
134.21 
135.'27 
136.64 
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17 384.54 138.29 
18 394.35 14 0. 25 
19 404.09 142.49 
20 413.76 145.03 
21 423.36 147.85 
22 432.86 150.96 
23 442.27 154.35 
24 451.57 158.02 
25 460.76 161.97 
26 469.82 166.19 
27 478.76 170.GO 
28 487.56 175.44 
29 496.21 180.45 
30 504.70 185.73 
31 513.04 191.25 
32 521.21 197.02 
33 529.20 203. 03 
34 537.00 209.28 
35 544.62 215. 76 
36 552.04 222.47 
37 559.26 229.39 
38 566.26 23 6. 52 
39 567.63 238.00 

Circle Center At X = 324.1 ; y 467.3 and Radius, 334.5 
*** 1.200 *** 

Failure Surface Specified By 39 Coordinate Points 
Point X-Surf Y-Surf 

No. (ft) (ft) 
1 215. 79 145.30 
2 225.52 142.98 
3 23 5. 31 140.93 
4 245.15 139.15 
5 255.03 137.64 
6 264.95 136. 40 
7 274. 91 135.42 
8 284.88 134. 72 
9 294.87 134.30 

10 304.87 134 .14 
11 314.87 134.26 
12 324.86 134. 65 
13 334.84 135.31 
14 344.80 136. 25 
15 354. 72 137.45 
16 364.61 138.93 
17 374.46 140.68 
18 384.26 142.69 
19 393.99 144.97 
20 403.66 147.51 
21 413.26 150.32 
22 422.78 153.39 
23 4.32.21 156.72 
24 441.54 160.30 
25 450.78 164.14 
26 459.91 158.22 
27 468.92 172.56 
28 477.81 177.14 
29 4 86. 5'7 181.95 
30 195-~0 187.01 
31 503.68 192.30 
32 512.02 197.82 
33 520.21 203.57 
34 S28.23 209.53 
35 536.09 215.71 
36 543.78 222.11 
37 551.29 228. 71 
38 558.62 235.52 
39 561.15 238.00 
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Circle Center At X = 305.6 ; Y 
*** 1.203 *** 

Failure 
Point 

No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 

Surface Specified By 37 
X-Surf Y-Surf 

(ft) (ft) 
231.58 149.18 
241.09 
250.69 
260.39 
270.16 
280.00 
289.89 
299.83 
309.80 
319.79 
329.79 
339.79 
349.77 
359.73 
369.65 
379.52 
389.33 
399.07 
408.73 
418.29 
427.75 
437.09 
446.31 
455.39 
464.32 
473.10 
481.70 
490 .13 
4.98. 3 7 
506. 41 
514.25 
521. 86 
529.26 
536.42 
543.34 
550.01 
552.76 

146.07 
143. 30 
140.84 
138. 72 
136. 94 
135.49 
134.37 
133. 60 
133 .16 
133.06 
133. 31 
133.89 
134.81 
136.07 
137.67 
139.60 
141.87 
144.46 
14 7. 3 8 
150.63 
154.19 
158.07 
162.26 
166.76 
171. 56 
176.65 
182.04 
187.70 
193.65 
199.86 
206.34 
213. 07 
220.05 
227.27 
234.72 
238.00 

Circle Center At X = 327.6 ; Y 
*** 1.207 *~* 

Failure Surface Specified By 41 
Point X-Surf Y-Surf 

No. (ft) (ft) 
1 205.26 145.30 
2 215.01 143.05 
3 224.80 141. 04 
4 234.65 139. :n 
5 244.53 137.73 
6 254.44 136.44 
7 264.39 135.38 
8 274.35 134.57 
9 284.34 134.00 

J 0 :?94.:? 3 133.€7 
11 -..-., "" ~-.-. r n .:, ~J '± • .:, .:, .J..~.:O • JU 

12 314. 33 133.73 
13 324.32 134.13 
14 334.30 134.76 
15 344. c6 135.64 
16 354.20 136.76 
17 364.11 138.12 
18 3 73 . 9 8 139.72 
19 383.81 141.55 
20 393.59 143.63 

500.7 and Radius, 366.6 

Coordinate Points 

427.1 and Radius, 294.1 

Coordinate Points 
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21 403.32 145. 94 
22 412.99 148.48 
23 422.60 151.26 
24 432.14 154.27 
25 441.60 157.51 
26 450.98 160.97 
27 460.27 164.67 
28 469.47 16 8. 58 
29 478.57 172.72 
30 487.58 177.08 
31 496. 4 7 181.65 
32 505.25 186.44 
33 513.91 191.44 
34 522.45 196. 64 
35 530.86 202.05 
36 539.13 207.67 
37 54 7. 2 7 213.48 
38 555.26 219.49 
39 563.11 225.69 
40 570.81 232.07 
41 577.61 238.00 

Circle Center At X = 303. 0 ; y 546.9 and Radius, 413.3 
*** 1.209 *** 

Failure Surface Specified By 40 Coordinate Points 
Point X-Surf Y-Surf 
No. (ft) (ft) 

1 226. 32 147.42 
2 236.01 144.97 
3 245.77 142. 78 
4 255.58 140.84 
5 265.44 139.16 
6 275.34 137.73 
7 285.27 136.57 
8 295.23 135.66 
9 305.20 135.01 

10 315. 20 134.63 
11 325.20 134. 50 
12 335.20 134. 63 
13 345.19 135.03 
14 355.17 135.68 
15 365.12 136.59 
16 375.06 137.77 
17 384.95 139.20 
18 394.81 140.89 
19 404.62 142.83 
20 414.37 145. 03 
21 424.07 147.48 
22 433. 70 150.19 
23 443.25 153. 14 
24 452. 72 156.34 
25 462.11 159.79 
26 471.40 163.48 
27 480.60 167.41 
28 489.69 171.58 
29 198.66 175.99 
30 507.52 180.63 
31 .s::.6. 26 :!.35.49 
32 5:24.87 190.59 
33 533.34 195.90 
34 541.67 201.43 
35 549.65 207.18 
JG 5S7.88 213.14 
37 565.75 219.31 
38 573.46 225.68 
39 581.00 232.25 
40 587.26 238.00 

Circle Center P..t X = 325.1 ; y 518.4 and Radius, 383.9 
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*** 1.210 *** 
Failure 

Point 
No. 

1 

Surface Specified By 36 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 

X-Surf Y-Surf 
(ft) (ft) 

221.05 145.65 
230.65 142.85 
240.34 140.37 
250.11 138.22 
259.94 
269.83 
279.76 
289.73 
299.72 
309.72 
319. 72 
329.70 
339.66 
349.59 
359.46 
369.28 
379.03 
388.69 
398.27 
407.74 
417.09 
426.32 
435.42 
444.36 
453.15 
461.78 
470.22 
478.48 
486.54 
494 . 4 0 
502.04 
509.46 
516.65 

136.41 
134. 93 
133.78 
132. 98 
132.51 
132. 3 9 
132. 60 
133. 1.5 
134.05 
135.28 
136. 84 
138.74 
140. 98 
143.54 
146.43 
14 9. 64 
153.18 
157.02 
161.19 
165.65 
170.42 
175.48 
180.84 
186.48 
192.39 
198.58 
205.02 
211. 73 
218.68 

34 523.60 225.88 
35 530.30 233.30 
36 532.72 236.17 

Circle Center At X = 308.4 ; Y 
*** 1. 212 *** 

Coordinate Points 

426.6 and Radius, 294.2 
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500 
# FS 
a ·1.26 
b 1 27 
C 1.27 
d 1.29 
e 1.:11 
f 1.31 

Ii 9 u 1 
400 - h 1.32 

1.32 
1.33 

300 c-

200 c-

PHASE 7 UPSTREAM SEISMIC, SECTION G-G REFUSE DISPOSAL AREA NO. 2 
C:\DOCUME-1\HOWENS\MYDOCU-1\WILLIA-1\STABIL-1\PH7USSE.PL2 Run By: HLO 7/14/2008 2:17PM 

Soil Soil Total Saturated Cohesion Friction Piez. \ Load Value Desc. Type Unit Wt. Unit Wt. Intercept Angle Surface Horiz Eqk 0.150 g< No. (pcf) (pcf) (psi) (deg) No. 
CCR 1 130.0 140.0 0.0 33.7 W1 
FCR 2 80.0 90.0 0.0 28.0 W1 
SOIL 3 135.0 135.U 400.0 19.2 W2 

ie h}' 

lnit Points: 25. to 125. 
Tenn Limits: 460. to 610. 

C b .>.,,-------'3';--- _ 

' I ,
1
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PCSTABL5M/si FSmin=1.26 
Safety Factors Are Calculated By The Modified Bishop Method 

700 

® 
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GUO ~--
# FS 
a ·1,25 
b I 27 
C 1-27 
d L29 
e I 31 
f U1 -

400 g U1 
- h L32 

i 1,32 
j 1.33 

300 -

200 -

I 
i 

PHASE 7 UPSTREAM SEISMIC, SECTION G-G REFUSE DISPOSAL AREA NO. 2 
C::IDOCUME~1\HOWENSIMYDOCU~1\WILLIA~1\STABIL~1\PH7USSEPL2 Run By: HLO 7/14/2008 2:17PM 

I I Soil Soil Total Saturated Cohesion Friction Piez. Load Value 

I Desc_ Type Unit Wt Unit Wt Intercept Angle Surface Horiz Eqk 0.150 g< 
No. (pcf) (pcf) (psf) (deg) No. 

CCR 1 130.0 140.0 0.0 33.7 W1 
FCR 2 80,0 90.0 0.0 28.0 W1 
SOIL 3 135.0 135.0 400.0 19.2 W2 

a j 11} 
b 

C ~v 1 
--~ 1 

~i-~ 
-~~~ ~~:::=:-:: .. · __ __ _____ __ __ -------------------------------------------·w1 

~-~1-41~0-t'fl•--!.!_•~ 
---==~·- ::s .,, < •--- 3 3 I ______ 
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PCSTABL51'11/si FSmin=1.26 
Safety Factors Are Calculated By The Modified Bishop Method 
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** PCSTABLSM ** 
by 

Purdue University 
--Slope Stability Analysis-

Simplified Janbu, Simplified Bishop 
or Spencer's Method of Slices 

Run Date: 
Time of Run: 
Run By: 
Input Data Filename: 
Output Filename: 
Unit: 

7/14/2008 
2,17PM 
HLO 
C:PH7USSE. 
C,PH7USSE.OUT 
ENGLISH 

Output Filename: C:PH7USSE.PLT Plotted 
PROBLEM DESCRIPTION PHASE 7 UPSTREAM SEISMIC, SECTION 

REFUSE DISPOSAL AREA NO. 2 
BOUlIDARY COORDINATES 

4 Top Boundaries 
7 Total Boundaries 

Boundary X-Left Y-Left X-Right Y-Right 

G-G 

Soil Type 
No. (ft) !ft) (ft) 

290.00 
512.00 
612.00 
660.00 
254.00 
290.00 
660.00 

(ft) Below Bnd 
l .00 
2 290.00 
3 512.00 
4 612.00 
5 .00 
6 254.00 
7 254.00 

ISOTROPIC SOIL PAR.A!VlETERS 
3 Type(s) of Soil 

164.00 164.00 2 
164.00 238.00 l 
238.00 238.00 1 
238.00 222.00 l 
150.00 152.00 3 
152.00 164.00 l 
152.00 150.00 3 

Soil Total Saturated 
Type Unit Wt. Unit Wt. 

Cohesion 
Intercept 

(psf) 

Friction 
Angle 
(deg) 
33.7 

Pore Pressure Piez. 
Pressure Constant Surface 

No. (pcf) (pcf) Param . (psf) No. 
l 130.0 140.0 . 0 
2 80.0 90.0 .0 28.0 
3 135.0 135.0 400.0 19.2 

2 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED 
Unit Weight of Water= 62.40 

. 00 . 0 

.00 . 0 

.00 . 0 

Piezometric Surface No. 1 Specified by 3 Coordinate Points 
Point X-Water Y-Water 

No. (ft) (ft) 
l .DO 164.00 
2 290.00 164.00 
3 660.00 

Piezometric Surface No. 
Point X-Water 

No. 
l 
2 

{ft) 
.oo 

660.00 

175.00 
2 Specified by 2 Coordinate Points 
Y-Water 

(ft) 
132.00 
132.00 

l 
1 
2 

Searching Routine Will Be Limited 
Of Which The First 1 Boundaries 

To An Area Defined By 
Will Deflect Surfaces 

·1 Boundaries 
Upward 

Boundary X-Left Y-Left X-Right Y-Right 
No. (ft) (ft) (ft) (ft) 

1 .00 132.00 660.00 132.00 
J:... Horizontal Earthquake Loading C'o 0 ffi ri ,=,nt

Of . 150 Has Been j\ssigned 
A Ve::..-tical Earthquake Loading Coefficient 
Of .ODO Has Been Assigned 
r=,~~r::,t--i,-,n D...-o~c:11-.-.0 =- .0 r;:,sf) 

A Critical Failure Surface Searching Method, Using A Random 
Technique For Generating Circular Surfaces, Has Been Specified. 
400 Trial Surfaces Have Been Generated. 

20 Surfac.ss Initiate From Each Gf 20 Points Equally Spaced. 
Along The Ground Surface Between X 25.00 ft. 

and X 125.00 ft. 
Each Surface Terminates Between 

and 
X 
X 

460.00 ft. 
610.00 ft. 

Unless Further Limitations Were Imposed, The Minimum Elevation 
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At Which A Surface Extends Is Y = .00 ft. 
10.00 ft. Line Segments Define Each Trial Failure Surface. 
Following Are Displayed The Ten Most Critical Of The Trial 

Slice 
No. 

Failure Surfaces Examined. They Are Ordered - Most Critical 
First. 
**Safety Factors Are Calculated By The Modified Bishop Method** 
Failure Surface Specified By 51 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 25.00 164.00 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
·18 
4.9 
50 
51 

34.86 
44.73 
54.63 
64.54 
74.47 
84.42 
94. 38 

104.35 
114.32 
124.31 
134. 3 0 
144.30 
154.30 
164.30 
174.30 
184.29 
194.29 
204.27 
214.25 
224.22 
234.18 
244.12 
254.05 
263.97 
273.86 
283. 74 
293.59 
303.43 
313.23 
323.01 
332. 77 
342.49 
352.18 
361.84 
371.46 
381.05 
390.60 
400.11 
409.58 
419.00 
428.38 
437.71 
447.00 
456.24 
465.42 
4 74. 53 

483.€3 

501.62 
509.07 

162.30 
160.74 
159. 3 0 
157.99 
156.82 
155.77 
154.85 
154.07 
153 .41 
152.89 
152.49 
152.23 
152.10 
152.10 
152.23 
152. 4 9 
152.89 
153.41 
154.07 
154.85 
155.77 
156.82 
157.99 
159.30 
160.74 
162.30 
164.00 
165.83 
167.78 
169.86 
1 72. 07 
174.41 
176.88 
179.47 
182.19 
185.03 
188.00 
191.10 
194.32 
197.66 
201.13 
204.72 
208.43 
212.26 
216.21 
220.29 
'.;]4. 4 8 

Circle Center At X = 

233.22 
237.02 

159. 3 Y 914.8 and Radius, 762.7 

Width 
( fc) 

tct.,;.- 1.262 ", 
Individual data on the 

Weigh'C 
(lbs) 

Water 
Force 

Top 
(lbs) 

Water 
Force 

Bot 
(lbs) 

53 slices 
Tie Tie 

Force 
Norm 
(lbs) 

Force 
Tan 

(lbs) 

Earthqua}::.e 
Force 

Hor Ver 
(lbs) 

Surcharge 
Load 
(lbs) (lbs) 
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1 9.9 752.2 .0 529.2 . 0 .0 112. 8 . 0 .o 
2 9.9 2204.0 .0 1547.2 . 0 .0 330.6 . 0 .0 
3 9.9 3546.1 .0 2484.4 . 0 .o 531.9 . 0 .o 
4 9.9 4776.9 . 0 3340.7 .0 . 0 716 .5 . 0 .0 
5 9.9 5895.0 .0 4115.B . 0 . 0 884.3 .o .0 
6 9.9 6899.0 . 0 4809.7 . 0 .0 1034.9 . 0 .o 
7 10.0 7787.7 .0 5422.3 .0 . 0 1168. 2 .0 .0 
8 10.0 8560.1 . 0 5953.4 . 0 .0 1284.0 .o .o 
9 10.0 9215.1 . 0 6402.9 .0 . 0 1382.3 . 0 .o 

10 10.0 9752.2 . 0 6770.8 . 0 .o 1462.8 .0 . 0 
11 10.0 10170.5 .0 7057.0 .0 .0 1525.6 . 0 .0 
12 10.0 10469.7 .0 7261. 5 . 0 . 0 1570.5 . 0 .0 
13 10.0 10649.3 . 0 7384.2 . 0 . 0 1597.4 .0 . 0 
14 10.0 10709.2 . 0 7425.0 . 0 .o 1606.4 .0 .o 
15 10.0 10649.2 . 0 7384.1 .0 .0 1597.4 .0 .0 
16 10.0 10469.5 .0 7261. 4 .o .0 1570.4 . 0 .o 
17 10.0 10170.3 .0 7056.8 . 0 . 0 1525.5 . 0 .o 
18 10.0 9751.9 . 0 6770.6 . 0 .0 1462.8 .o . 0 
19 10.0 9214. 7 .0 6402.6 .o .0 1382.2 .0 .o 
20 10.0 8559.6 . 0 5953.J. .o . 0 1283.9 . 0 .0 
21 10.0 7787.2 . 0 5421. 9 . 0 . 0 11.68.1 . 0 . 0 
22 9.9 6898.4 . 0 4809.3 . 0 .0 1034.8 .o . 0 
23 9.9 5894.3 .0 4115. 3 .0 . 0 884.1 .0 .o 
24 9.9 4776.1 . 0 3340.1 .o . 0 716. 4 . 0 .o 
25 9.9 3545.2 .0 2483.8 . 0 .o 531. 8 .0 . 0 
26 9.9 2203.1 . 0 1546.6 .0 . 0 330.5 . 0 .o 
27 2.4 324.9 .0 228.6 . 0 .0 48.7 . 0 . 0 
28 3.8 385.7 . 0 229.7 . 0 . 0 57.9 . 0 .0 
29 3.6 437.0 . 0 82.3 .0 . 0 65.6 . 0 .o 
30 . 7 110.3 .o 2.3 . 0 .0 16.5 . 0 . 0 
31 9.2 2348.2 .0 . 0 . 0 .o 352.2 . 0 . 0 
32 9.8 4216. 0 .o . 0 . 0 .0 632.4 . 0 . 0 
33 9.8 5789.4 .o . 0 . 0 .o 868.4 . 0 . 0 
34 9.8 7179.0 .0 . 0 .0 .o 1076.8 . 0 . 0 
35 9.7 8385.1 . 0 . 0 . 0 .0 1257.8 . 0 . 0 
36 9.7 9408.6 . 0 .0 . 0 .o 1411.3 .0 .0 
37 9.7 10250.4 . 0 .0 . 0 . 0 1537.6 . 0 .o 
38 9.6 10911.7 . 0 .o .0 . 0 1636.8 .o .o 
39 9.6 11393.9 . 0 . 0 .0 . 0 1709.1 .o .0 
40 9.5 11698.6 .o . 0 .o . 0 1754.8 .0 .0 
41 9.5 11827.7 . 0 . 0 . 0 .o 1774.2 . 0 . 0 
42 9.5 11783.1 . 0 .0 . 0 .o 1767.5 . 0 . 0 
43 9.4 11567.2 .0 .o .0 .o 1735.1 . 0 .o 
44 9.4 11182.2 .0 . 0 .o . 0 1677.3 .0 .o 
45 9.3 10631.0 .0 . 0 .0 . 0 1594.6 .o .o 
46 9.3 9916.3 . 0 .o .0 .o 1487.4 .o .0 
47 9.2 9041.1 . 0 .0 .0 .0 1356.2 .o .o 
48 9.2 8008.7 . 0 .0 . 0 .0 1201.3 .o . 0 
49 9.1 6822.6 . 0 .0 . 0 .o 1023.4 . 0 . 0 
so q 1 C:.486 ., 0 0 0 0 8?? q 0 0 
51 9.0 4003.7 .0 . 0 .o .0 600.5 .0 . 0 
52 9.0 2378.6 .0 . 0 .0 . 0 356.8 . 0 . 0 
53 7.5 639.7 .o . 0 .0 . 0 96.0 .o .o 

Failure Surface S;,ecified By 46 Coordinate Points 
Point :-:-surf Y-Surf 

No. I ft) (ft) 
1 :: 6. 58 164.00 
2 66 4? 162.24 

3 '76.::9 160.63 
4 86.19 159.17 
5 96.10 157.86 
G 106.03 156.70 
7 115. 98 155.69 
8 125.94 154.83 
9 135.92 154.12 

10 145.90 153.56 
11 155.90 153.16 
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12 165.89 
13 175.89 
14 185.89 
15 195.89 
16 205.88 
17 215.87 
18 225.85 
19 235.82 
20 245.77 
21 255.71 
22 265.63 
23 275.53 
24 285.41 
25 295.26 
26 305.09 
27 314.89 
28 324.66 
29 334.39 
30 344.08 
31 353.74 
32 363.36 
33 372.94 
34 382.47 
35 391.95 
36 401.39 
37 410.77 
38 420.10 
39 429.38 
40 438.60 
41 447.76 
42 456.85 
43 465.88 
44 474.85 
45 483.75 
46 487.16 

Circle Center At X = 
*** 1.266 

152.90 
152.80 
152.85 
153. 05 
153.40 
153.90 
154.55 
155.35 
156.31 
157.41 
158.67 
160.07 
161.62 
163.33 
165.18 
167.18 
169.33 
1 71. 63 
174.07 
176.66 
179.40 
182.28 
185.30 
188.47 
191. 79 
195.24 
198.84 
202.57 
206.45 
210.47 
214.62 
218. 91 
223.34 
227.90 
229.72 

177.7 ; Y 
*** 

Failure 
Point 

Surface Specified By 39 

No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
J7 

19 
20 
21 
22 
23 
24 
25 
:'6 
27 

X-Surf Y-Surf 
(ft) (ft) 
98.68 164.00 

108.50 162.11 
118.36 160.40 
l2 8 . 24 
138.15 
148.09 
158.04 
168.01 
178.00 
187.99 
197.99 
207.99 
217.99 
227.98 
237.95 
247.93 
:?':,7.89 
267.23 
277.74 
287.62 
297.~8 
J0?.30 
317.08 
326.83 
336.53 
34c6.18 
355.78 

158.88 
157.55 
156.41 
155.46 
154.70 
154.12 
153.74 
153.54 
153.54 
153.72 
154.09 
154.66 
155. 41 
156. 3 5 
157.48 
158.80 
16 0 . 31 
162.00 
163.88 
165.95 
168.20 
170.64 
173.26 
176.06 

813.5 and Radius, 660.7 

Coordinate Points 
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28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 

365.32 
374.81 
384.23 
393.59 
402.88 
412.10 
421. 24 
430.31 
439.29 
44 8 .19 

179.05 
182.21 
185.56 
189.08 
192.78 
196.66 
200. 71 
204.93 
209.33 
213.89 

457.00 218.62 
461.57 221.19 

Circle Center At X = 203.3 ; Y 
*** 1.270 *** 

Failure Surface Specified By 44 
Point X-Surf Y-Surf 
No. (ft) (ft) 

1 103.95 164.00 
2 113.78 162.19 
3 123.65 160.54 
4 133.54 159.07 
5 143.45 157.77 
6 153.39 156.65 
7 163.34 155.69 
8 173.31 154.91 
9 183.29 154.31 

10 193.28 153.87 
11 203.28 153.61 
12 213.28 153.53 
13 223.28 153.61 
14 233.28 153.88 
15 243.27 154.31 
16 253.25 154.92 
17 263.22 155.70 
18 273.17 156.66 
19 283.ll 157.79 
20 293.02 159.09 
21 302.91 160.56 
22 312.78 162.21 
23 322.61 164.03 
24 332.41 166.01 
25 342.18 168.17 
26 351.90 170.50 
27 361.59 172.99 
28 371.23 175.66 
29 380.82 178.49 
30 390.36 181.48 
31 399.84 184.65 
32 409.27 187.97 
33 418.64 191.46 
34 
35 
36 
37 
38 
39 
40 

42 
43 

427.95 
437.20 
446.37 
455.48 
464.51 
473.47 
482.:?S 

499.86 
508.48 

195.12 
198.93 
202.90 
207.04 
211.33 
215.77 
220.~8 
:2s.1::. 

44 513.24 

230.04 
235.10 
238.00 

Circle Center ht X = 213.2 ; Y 
*** 1.294 

Failure 
Point 
No. 

1 

Surface Specified By 44 
X-Surf Y-Surf 

I ft) (ft) 
103.95 164.00 

680.4 and Radius, 

Coordinate Points 

728.6 and Radius, 

Coordinate Poin~s 

526.9 

375.0 
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2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 

113. 86 
123.78 
133.73 
143.69 
153.66 
163. 64 
173.63 
183.63 
193.62 
203.62 
213. 62 
223.62 
233.61 
243.59 
253.56 
263.52 
273.46 
283.38 
293.29 
303.17 
313.03 
322.86 
332.66 
342.43 
352.17 
361. 87 
371. 53 
3 81.16 
3 90. 74 
400.27 
4 09. 76 
419.20 
428.59 
437.92 
447.20 
456.42 
465.58 
4 74. 68 
483. 72 
492.69 
501.58 
510.41 
513.25 

162.64 
161.44 
160. 3 8 
159.48 
158.73 
158.13 
157.69 
157.39 
157.25 
157.26 
157.42 
157.74 
158.21 
158.83 
159.60 
160.52 
161. 60 
162.83 
164.21 
165.73 
167.41 
169.24 
171. 22 
173.35 
175.63 
178.05 
180.62 
183.34 
186.21 
189.22 
192.38 
195.68 
199.12 
202. 71 
206.44 
210.31 
214.32 
218.47 
222.75 
227.18 
231.74 
236.44 
238.00 

Circle Center At X = 197.9 ; Y 
*** 1.306 *** 

Failure 
Point 

No. 
1 
2 
3 
4 

5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

Surface Specified By 50 
X-Surf Y-Surf 

(ft) (ft) 
56.58 164.00 
66.42 
76.29 
86.18 
96. 09 

106.01 
115.96 
125.91 
:!.35.88 
145.86 
155.85 
165.84 
175.84 
185.84 
195.84 
205.84 
215. 83 
225.82 
235.80 

162.24 
160.61 
159.13 
157.78 
156.57 
155.SO 
154.57 
153.77 
153. J..2 
152.61 
152.24 
152.00 
151.91 
151.96 
152.14 
152.47 
152.94 
153.54 

813.2 and Radius, 656.0 

Coordinate Points 
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20 245.77 154.29 
21 255.73 155.17 
22 265.68 156.20 
23 275.61 157.36 
24 285.53 158.66 
25 295.42 160.10 
26 305.30 161.68 
27 315.15 163.40 
28 324.98 165.25 
29 334.78 167.25 
30 344.55 169.38 
31 354.29 l 71. 64 
32 363.99 174.04 
33 3 73. 67 176.58 
34 383.30 179.25 
35 3 92. 90 182.06 
36 402.46 185.00 
37 411.98 188.07 
38 421. 45 191. 28 
39 430.87 194.62 
40 440.25 198.09 
41 449.58 201.69 
42 458.86 205.42 
43 468.08 209.28 
44 4 77. 25 213.27 
45 486.37 217.39 
46 495.42 221. 63 
47 504.41 226.01 
48 513.35 230.50 
49 522.21 235.12 

' 
/-

50 527.55 238.00 

~ Circle Center At X = 187.5 ; y 866.6 and Radius, 714. 6 

*** 1. 306 *** 
Failure Surface Specified By 50 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

l 56.58 164.00 
2 66.45 162.39 
3 76.34 160.91 
4 86.25 159.56 
5 96.17 158.35 
6 106.12 157.27 
7 116. 07 156.32 
8 126.04 155.51 
9 136.01 154.82 

10 14 6. 00 154.27 
11 155.99 153.86 
12 165.99 153.57 
13 175.98 153.42 
14 185.98 153.41 
15 195.98 153.53 
16 205.98 153.78 
17 215.97 1S4.16 
18 225.9G 154.68 
19 235.94 155.33 
20 245.91 156.11 
21 255. 87 157.03 -- 265.81 153.08 " 
23 275.74 159.26 
24 285.65 160.58 
25 295.55 162.03 
26 305. 42 163.61 
27 315.28 165.32 
28 325.10 167.16 
29 334.91 169.13 
30 34.4.68 171.23 
31 354.43 173.47 
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364.15 
373.83 
383.48 
393.10 
402.67 
412.21 
421.71 
431.16 
440.57 
449.93 
459.25 
468.52 
477.73 
486.89 
496. 00 
SOS.OS 
514 .OS 
522.98 
528.00 

175.83 
178.33 
180.95 
183.70 
186.58 
189.58 
192. 72 
195.98 
199.36 
202.87 
206.51 
210.27 
214. 15 
218 .16 
222.29 
226.54 
230.90 
235.39 
238.00 

Circle Center At X = 182.2 ; Y 902.5 and Radius, 749.1 
*** 1.314 *** 

Failure Surface Specified By 47 Coordinate Points 
Point X-Surf Y-Surf 
No. (ft) (ft) 

1 82.90 164.00 
2 92.78 162.49 
3 102.69 161.13 
4 112.61 159.90 
5 122.55 158.81 
6 132.51 157.87 
7 142.48 157.07 
8 152.45 156.41 
9 162.44 155.89 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
2.5 
26 
27 
28 
29 
30 
31 

33 
34. 
35 
36 
37 
38 
39 
40 
41 
42 
43 

172. 43 
182.43 
192.43 
202.43 
212.43 
222.42 
232.41 
242.39 
252.36 
262.32 
272.27 
282.20 
292.11 
302.00 
311.87 
321. 72 
331.54 
341.33 
351.10 
360.83 
370.53 
380.19 
389.81 
3S9.40 
408.94 
418.44 
427.90 
437.30 
.;46.G6 
455.97 
465.23 
474.43 
483.57 
492.65 

155.51 
155.28 
155.18 
155.23 
155.42 
155.76 
156.23 
156.85 
157.61 
158.51 
159.55 
160.73 
162.06 
163.52 
165 .13 
166.87 
168.76 
170.78 
172.94 
175.24 
177.68 
180.26 
162.98 
:as ~3 
188.01 
191.93 
195.19 
198.58 
202.10 
205.76 
209.55 
213.47 
217.52 
221.69 
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44 
45 
46 
47 

501.68 
510.64 
519.54 
525.20 

226.00 
230.44 
235.00 
238.00 

Circle Center At X = 194.0 ; Y 
*** 1.319 *** 

Failure 
Point 

No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
,q 

50 
51 
S2 

54 

Surface Specified By 54 
X-Surf Y-Surf 

(ft) (ft) 
25.00 164.00 
34.88 162.45 
44.78 161.02 
54.69 159.70 
64.62 158.50 
74.56 157.42 
84.51 156.46 
94.48 155.61 

104.45 154.88 
114.43 154.26 
124.42 153.77 
134.41 153.39 
144.41 
154.41 
164.41 
174.41 
184.40 
194.40 
204.39 
214.37 
224.35 
234.32 
244.28 
254.22 
264.16 
274.08 
283.98 
293.87 
303.74 
313.59 
323.42 
333.22 
343.00 
352.76 
362.49 
372.19 
381.87 
391.51 
401.12 
410.70 
420.25 
429.76 
439.23 
448.66 
458.05 
467.40 
476. 71 
485.98 
4 95. 20 
504.38 
513.51 
522.59 
.S31.C2 
532.34 

153.12 
152.98 
152.95 
153.05 
153.25 
153.58 
154.02 
154.59 
155.26 
156.06 
156.97 
158.00 
159.15 
160.41 
161.80 
163.29 
164.90 
166.63 
168.48 
170.44 
172.51 
174.70 
177. 01 
179.43 
181.96 
184.61 
187.37 
190.24 
193.22 
196.32 
199.53 
202.85 
206.28 
209.82 
~13.47 
217.23 
~21.10 
225.07 
229.16 
233.~5 
2~7.GS 
238.00 

859.1 and Radius, 703.9 

Coordinate Points 

circle Center At X = 161.6 ; Y = 1003.3 and Radius, 850.4 *** 1.319 *** 
Pailure Surfa,:;e Specified By 47 Cocrdir,a::e Points Point X-Surf Y-Surf 
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No. (ft) (ft) 
l 93.42 164.00 
2 103.29 162.40 
3 113 .19 160.95 
4 123.10 159.64 
5 133. 03 158.48 
6 142.98 157.47 
7 152.95 156.61 
8 162. 92 155.89 
9 172. 90 155.32 

10 182.89 154.90 
11 192.89 154.63 
12 202.89 154.51 
13 212.89 154.53 
14 222.89 154.70 
15 232.88 155.02 
16 242.87 155.49 
17 252.85 156 .11 
18 262.82 156.87 
19 272. 78 157.79 
20 282.73 158.85 
21 292. 65 160.05 
22 302.56 161. 41 
23 312. 45 162.91 
24 322.31 164.55 
25 332.15 166.35 
26 341.96 168.28 
27 351. 74 170.37 
28 361.49 172.60 
29 371.20 174.97 
30 380.88 177.48 
31 390.52 180.14 
32 400.12 182.95 
33 409.68 185.89 
34 419.19 188.97 
35 428.66 192.20 
36 438.07 195.57 
37 447.44 199.07 
38 4.56. 75 202. 71 
39 466.01 206.49 
40 4 75. 21 210. 41 
41 484.35 214.46 
42 493. 43 218.65 
43 502.45 222.98 
44 511.40 227.43 
45 520.29 232.02 
46 529.10 236.74 
47 531.38 238.00 

Circle Center At X = 206.3 ; y 829.3 and Radius, 674.8 

*** 1. 331 *** 
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PHASE 7 UPSTREAM STATIC, SECTION G-G REFUSE DISPOSAL AREA NO. 2 
C:\DOCUME~1\HOWENSIMYDOCU~1\WILLIA~1\STABIL~1\PH7USST.PL2 Run By: HLO 7/15/2008 11:43AM 

# FS Soil Soil Total Saturaled Friction Piez. 
a 1.82 Desc. Type Unit Wt. Unit Wt. Angle Surface 

lnil Points: 150. to 250. 
Term Limits: 460. to 610. 

400 

300 

200 1-

b 1.82 No. (pcf) (pcf) (deg) No. 
c 1.82 CCR 1 130.0 140.0 33.7 W1 
d 1.82 FCR 2 80.0 90.0 28.0 W1 
e 1.82 SOIL 3 125.0 135.0 26.8 W1 
f 1 82 
g 1 82 
h 1.82 
i ·1 83 

1 83 

2 

a j 

9, hdet? 
3 
1 1.. 

1 

w, I I --------- 1 
O~-- 5 _.2 o•••••••••t • _____..--' ________ ,5_,,.__jc.:.=:::: ···~---~-----
L__ - - - -- - __ _: _ - - - - ~~=-------~:;::;;;~-~-~==·~~~-~-~-~-~-~-~-~ ~ 

100 ,_ 

0L _____ [___ ___ __J ____ __1 ____ ---1. ____ ___[_ ____ __,_ ____ ~ 

700 0 100 200 300 400 500 600 

PCSTABL5M/si FSmin=1.82 
STED Safely Factors Are Calculated By The Modified Bishop Method 

- ,_.,:,:.:,)::!£ ~Jj
-·cv, 
· ~?iftl 

f ~? 
® 
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** PCSTABLSM ** 
by 

Purdue University 
--Slope Stability Analysis-

Simplified Janbu, Simplified Bishop 
or Spencer~s Method of Slices 

Run Date: 
Time of Run: 
Run By: 
Input Data Filename: 
Output Filename: 
Unit: 

7/14/2008 
2,30PM 
HLO 
C,PH7USST. 
C,PH7USST.OUT 
ENGLISH 

Plotted Output Filename: C:PH?USST.PLT 
PROBLEM DESCRIPTION PHASE 7 UPSTREAM SEISMIC, SECTION G-G 

REFUSE DISPOSAL AREA NO. 2 
BOUNDARY COORDINATES 

4 Top Boundaries 
7 Total Boundaries 

Boundary X-Left 
No. (ft) 

1 .OD 

Y-Left 
!ft) 

164.00 

X-Right 
(ft) 

290.00 
512.00 
612.00 
660.00 
254.00 
290.00 
660.00 

Y-Right 
(ft) 

164.00 
238.00 
238.00 
222.00 
152.00 
164.00 
150.00 

Soil Type 
Below Bnd 

2 
2 290.00 164.00 1 
3 512.00 238.00 1 
4 612. 00 238.00 1 
5 .OD 150.00 3 
6 254.00 152.00 1 
7 254.00 152.00 3 

ISOTROPIC SOIL PARAMETERS 
3 Type(s) of Soil 

Soil Total Saturated Cohesion 
Type Unit Wt. Unit Wt. Intercept 

Friction 
Angle 
(deg) 
33.7 

Pore Pressure Piez. 
Pressure Constant Sm.:-face 

No. (pcf) (pcf) (psf) Param . (psf) No. 
1 130.0 140.0 .o 
2 80.0 90.0 .0 
3 125.0 135.0 .0 

28.0 
26.8 

1 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED 
Unit Weight of Water= 62.40 

. OD . 0 

.OD . 0 

.DO . 0 

Piezornetric Surface No. 1 Specified by 3 Coordinate Points 
Point X-Water Y-Water 

No. (ft) (ft) 
1 .OD 164.00 
2 
3 

2 90. 00 
660.00 

164.00 
175.00 

1 
1 
1 

Searching Routine Will Be Limited 
Of Which The First 1 Boundaries 

To An Area Defined By 
Will Deflect Surfaces 

1 Boundaries 
Upward 

Boundary 
No. 

X-Left 
(ft) 

.OD 

Y-Left 
(ft) 

132.00 

X-Right Y-Right 
If t) (ft) 

1 660.00 132.00 
A Critical Failure Surface Searching Method, Using A Random 
Technique For Generating Circular Surfaces, Has Been Specified. 
400 Trial Surfaces Have Been Generated. 

20 Surfaces Initiate From Each Of 20 Points Equally Spaced 
Along The Ground Surface Between X 150.00 ft. 

and X 250.00 ft. 
Each Surface Terminates Between X 460.00 ft. 

and X 610.00 ft. 
UnJ.ess Further Limita~i~ns Were Imposed, The Minimum Elevation 
.n.t Which .1:.. Surface Ex.t~nds TR Y = . 00 ft. 
10.00 ft. Line Segments Define Each Trial Failure Surface. 
Following Are Displayed The Ten Most Critical Of The Trial 

Failure Surfaces Ex&mined. They A"!.:-e Ordered - Most Critical 
First. 
**Safety Factors Are Calculated By The Modified Bishop Method** 
Failure Surface Specified By 35 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 207.90 164.00 
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2 216.56 159.01 
3 225.45 154.42 
4 234.54 150.26 
5 243.81 146. 52 
6 253.25 143. 22 
7 262.84 140.36 
8 272. 54 13 7. 95 
9 282.35 136. 00 

10 292.24 134.51 
11 302.18 133.48 
12 312.17 132.91 
13 322.17 132.81 
14 332.16 133.18 
15 342 .13 134. 01 
16 352.04 135. 31 
17 361.89 137.06 
18 3 71. 64 139.27 
19 381.28 141. 94 
20 390.78 145.05 
21 400 .13 148. 60 
22 409.30 152.58 
23 418.28 156.99 
24 427.04 161.81 
25 435.57 167.03 
26 443.84 172.65 
27 451.85 178.64 
28 459. 56 185.00 
29 466.98 191. 71 
30 474.07 198. 77 
31 480.82 206.14 
32 4 8 7. 22 213. 82 
33 493.26 221. 79 
34 498.92 230.04 
35 501.74 234.58 

Circle Center At X = 319. 3 y 347.3 and Radius, 214.5 
*** 1.817 *** 

Individual data on the 39 slices 
Water Water Tie Tie Earthquake 
Force Force Force Force Force Surcharge 

Slice Width Weight Top Bot Norm Tan Hor Ver Load 
No. (ft} (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) 

1 8.7 1946.9 . 0 1558.0 . 0 . 0 . 0 .o .o 
2 8.9 5827.6 . 0 4546.4 . 0 . 0 .0 . 0 . 0 
3 5.7 5560.8 . 0 4240.9 . 0 . 0 . 0 .o .0 
4 3.4 4102.1 .0 3 03 5. 4 .o . 0 . 0 .0 . 0 
5 9.3 14491.5 . 0 9741.7 .o .0 .0 . 0 . 0 
6 9.4 19263.3 .0 11937.5 . 0 . 0 .0 .o . 0 
7 .7 1704.0 .0 1016.5 . 0 .o . 0 .o .o 
8 8. 8 22505.5 .o 12842.1 .0 .o .o . 0 . 0 
9 9.7 29C,?6 1 0 1 c;c;cn 1 .0 . 0 . 0 .0 . 0 

10 9. 8 34318.9 .0 16861.3 .o .0 . 0 .0 .0 
11 7.7 29490. 5 . 0 13796.3 .0 .0 .0 . 0 .o 
12 2.2 9101.5 .0 4142. 9 .o . 0 .o . 0 . 0 
13 9.9 44027.6 .0 18849.1 .o . 0 . 0 .o .0 
14 10.0 49611.B .0 19531.8 .0 .o .o .o .o 
15 10.0 54500.0 .0 19924.7 .0 .o . 0 .o .o 
16 10.0 58647.S .o 20027.0 .o .o .o .o .o 
17 10 0 620J.Cj. :l .0 ]9838.5 .o .o . 0 . 0 .0 
18 9.9 64590.3 .0 19359.6 .o .0 .0 .0 .o 
19 9.8 66345.8 .o 18591.3 .o . 0 .o .o .o 
20 9.8 67:281.3 .o 17535.4 . 0 .o . 0 .o .o 
21 9.6 67402.7 . 0 16193.9 .0 .o .o .0 .o 
22 9.5 66726.4 .0 14570.1 .o . 0 . 0 .0 .0 
23 9.3 65278.9 .o 12667.2 .o .0 .0 .0 .0 
24 6.1 42099.7 .o 7233.3 .0 . 0 .0 .0 .o 
25 3.1 20965.2 .o 3256.2 . 0 . 0 . 0 . 0 .o 
26 9.0 60064.0 .o 8041.7 . 0 .o .o .o . 0 
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27 8.8 56357.3 . 0 5329.2 . 0 . 0 . 0 .0 . 0 
28 8.5 52073.5 . 0 2357.7 . 0 . 0 . 0 .o . 0 
29 2.0 11733.2 .0 97.5 .0 .0 .0 .0 . 0 
30 6.3 35681.2 .o .o . 0 .o .o . 0 . 0 
31 8.0 42634.7 .0 . 0 .0 .0 .o .0 .o 
32 7.7 37532.1 . 0 . 0 . 0 .o .0 .0 .0 
33 7.4 32180.4 .o . 0 . 0 .o .o .o .o 
34 7.1 26670.8 .0 . 0 . 0 .0 . 0 .0 .o 
35 6.8 21098.5 . 0 .o .o .0 . 0 . 0 . 0 
36 6.4 15561.1 .o .0 .0 .o . 0 . 0 . 0 
37 6.0 10158.7 .o .0 .0 .o .o . 0 . 0 
38 5.7 4991. 6 .0 .0 .0 .0 . 0 . 0 . 0 
39 2.8 660.3 . 0 .o .o .0 . 0 . 0 . 0 

Failure Surface Specified By 35 Coordinate Points 
Point X-Surf Y-Surf 

No. ( ft) (ft) 
1 218. 42 164.00 
2 227.24 159.28 
3 236.26 154.97 
4 245.46 151.06 
5 254.84 147.57 
6 264.35 144.51 
7 274.00 141.87 
8 283.76 139. 68 
9 293.60 137. 92 

10 303.52 13 6. 61 
11 313.48 135. 75 
12 323.47 135.33 
13 333.47 135.37 
14 343.46 135.85 
15 353.41 136. 79 
16 363.32 138.17 
17 373.15 139. 99 
18 382.89 142. 25 
19 392.52 144.95 
20 402.02 148.08 
21 411.36 151.64 
22 420.54 155.61 
23 429.53 159.99 
24 438.32 164.77 
25 446.88 169.94 
26 455.19 175.49 
27 463.26 181.41 
28 471.04 187.68 
29 08.54 194.30 
30 485.73 201.25 
31 492.60 208.51 
32 499.14 216.08 
33 505.33 223.93 
34 511.16 232.06 
35 515.04 238.00 

Circle Center At X = 327.7 ; y 357.6 and Radius, 222.3 

*** 1. 819 *** 
Failure Surface Specified By 34 Coordinate Points 

Point X-Surf Y-Surf 
No. (fc) (ft) 

1 218. 4 2 164.00 
2 227.16 159.13 
3 236.11 154.69 
4 245.28 150.68 
5 254.62 147.12 
6 264.13 144.02 
7 273.77 141. 3 7 
8 283.53 139.20 
9 293.39 137.50 

10 303.31 136. 27 
11 313.28 135.53 
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12 323.28 135.26 
13 333.28 135.48 
14 343. 25 13 6. 18 
15 353.18 137.36 
16 363.04 13 9. 02 
17 372.81 141.lb 
18 382.47 143.75 
19 391.99 146.82 
20 401.35 150.33 
21 410.53 154.30 
22 419.51 158.70 
23 428.27 163.53 
24 436.78 168.78 
25 445.03 174.43 
26 453.00 180.47 
27 460.66 186.89 
28 468.01 193.68 
29 475.02 200.81 
30 481.69 208.26 
31 487.98 216.03 
32 493.89 224.10 
33 499. 41 232.44 
34 500.42 234.14 

Circle Center At X = 323.7 ; y 342.6 and Radius, 207.3 
*** 1.819 *** 

Failure Surface specified By 38 Coordinate Points 
Point X-Surf Y-Surf 

No. (ft) (ft) 
1 197.37 164.00 
2 206.17 159.25 
3 215.16 154.67 
4 224.32 150.86 
5 233.64 14 7. 23 
6 243.10 143. 99 
7 252.68 141.14 
8 262.38 138. 69 
9 272.17 136.65 

10 282.03 135.01 
11 291.96 133. 77 
12 301.92 132.95 
13 311.91 132. 54 
14 321.91 132.54 
15 331.90 132.95 
16 341.87 133.77 
17 351. 79 135. 01 
18 361.66 136.65 
19 371.45 138.70 
20 381.14 141.15 
21 390.73 144. 00 
22 400.19 147.24 
23 409.51 150.87 
24 418.67 154.88 
25 427.65 15 9. 2 6 
26 436.45 164.01 
27 445.05 169.12 
28 453.43 174.58 
~9 461.57 180.38 
30 469.17 186,5? 
31 477.11 192.97 
32 4 84. 4 8 199.73 
33 4!:11.56 206.79 
34 498.35 214.14 
35 504.82 221. 76 
36 510.98 229.64 
37 516.81 237.76 
38 516.96 238.00 

Circle Center At X = 316.9 ; y 374.9 and Radius, 242.4 
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*** 1.819 *** 
Failure Surface Specified By 37 Coordinate Points 

Point X-Surf Y-Surf 
No. {ft) (ft) 

1 197.37 164.00 
2 206.12 159.15 
3 215.06 154.69 
4 224.19 150.61 
5 233.49 146.93 
6 242.94 143.66 
7 252.52 140.80 
8 262.22 138.35 
9 272. 01 136.32 

10 281.88 134. 72 
11 291.81 133.55 
12 301. 79 132.80 
13 311.78 132.49 
14 321.78 132.61 
15 331.77 133. 15 
16 341. 72 134.13 
17 351.62 135. 54 
18 361. 45 13 7. 38 
19 3 71.19 139.63 
20 380.83 142.31 
21 3 90. 34 145.39 
22 399.71 148. 89 
23 4 08. 92 152.79 
24 417.95 157.08 
25 426.79 161.75 
26 43 5. 42 166.80 
27 443.82 1 72. 22 
28 451.98 178.00 
29 459.89 184.13 
30 467.52 190.59 
31 474.87 197. 37 
32 481.92 204.46 
33 488.65 211. 86 
34 495.06 219.53 
35 501.14 227.48 
36 506.86 235.68 
37 507.35 236.45 

Circle Center At X = 314.l ; y 364.2 and Radius, 231. 7 

*** 1.822 *** 
Failure Surface Specified By 32 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) {ft) 

l 213 . 16 164.00 
2 221.80 158.97 
3 230.70 154.40 
4 239.81 150.28 
5 249.12 146.64 
6 258.61 143. 4 9 
7 268.25 140.82 
8 278.01 138.65 
9 287.87 136.99 

10 297.81 135.83 
11 307.78 135.18 
12 31 7. 78 135.05 
13 327.78 135.43 
14 337.74 136.33 
15 347.64 13 7. 73 
16 357.45 139.64 
17 367.16 142.05 
18 376.73 144.95 
19 386.13 148.35 
20 395.36 152.22 
21 404.36 156.55 
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22 413.14 161.35 
23 421. 6 6 166.59 
24 429.90 1 72. 26 
25 437.83 178.34 
26 445.44 184.83 
27 452.71 191. 69 
28 459.62 198. 92 
29 466.15 206.50 
30 472.28 214. 40 
31 478.00 222.60 
32 481.20 227. 73 

Circle Center At X = 315.3 ; y 

••• 1.823 ••• 
Failure 

Point 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

Surface Specified By 31 
X-Surf Y-Surf 

(ft) (ft) 
218.42 
227.07 
23 5. 97 
245.10 
254.44 
263.95 
273. 61 
283.40 
293.28 
303.23 
313.21 
323.21 
333.20 
343.14 
353.00 
362.76 
372.40 
381.88 
391.18 
400.27 
409.12 
41 7. 72 
426.03 
434. 03 
441.71 
44 9. 03 
455.98 
462.54 
468.69 
474.41 
478.22 

164.00 
158.98 
154.42 
150.34 
146.76 
143.67 
141.09 
139. 04 
13 7. 50 
136.49 
136.01 
136.06 
13 6. 64 
13 7. 75 

141.55 
144.23 
147.41 
151. 09 
155.26 
159.91 
165.02 
170.58 
176.57 
182.98 
189.79 
196.98 
204.53 
212. 42 
220.62 
226. 74 

Circle Center At X = 317.3 ; Y 
*** 1.823 *** 

Failure Surface Specified By 33 
Point X-Surf Y-Surf 
No. (ft) (ft) 

1 213 .16 164.00 
2 222.03 159.39 
3 231. 11 155.20 
4 240.38 151.44 
5 249.81 148.12 
6 259.39 145. 24 
7 259.09 142.81 
8 278.89 140.84 
9 288.78 139.33 

10 298.72 138.28 
11 308.70 137.70 
12 318.70 137.59 
13 328.70 137.94 
14 338.65 13 8. 76 
15 348.58 140.05 

329.7 and Radius, 194.7 

Coordinate Points 

324.2 and Radius, 188.2 

Coordinate Points 
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16 358.43 141.80 
17 368.18 144.00 
18 377.82 146.66 
19 387.32 149.77 
20 396.67 153.32 
21 405.85 157.31 
22 414.82 161. 71 
23 423.58 166.53 
24 432 .11 171. 76 
25 440.38 177.38 
26 448.38 183.38 
27 456.09 189.75 
28 463.50 196. 4 7 
29 470.58 203.53 
30 477.32 210.91 
31 483.71 218. 60 
32 489.74 226.58 
33 493.28 231.76 

Circle Center At X = 316.1 ; y 

*** 1.824 *** 
Failure 

Point 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 

Surface Specified By 38 
X-Surf Y-Surf 

(ft) (ft) 
197.37 164.00 
206.21 159.33 
215.23 
224.41 
233.74 
243.21 
252.80 
262.50 
272.28 
282.14 
292.06 
302.02 
312.01 
322.00 
332.00 
341.98 
351.92 
361.80 
3 71. 62 
381.36 
391.00 
400.53 
409.93 
419.19 
428.28 
437.21 
445.95 
454.49 
462.81 
4 70. 91 
478.77 
486.38 
493. 73 
500.79 
507.58 
514.06 
520.24 
524.15 

155.01 
151.05 
147.46 
144.24 
141. 40 
138.95 
136. 88 
135.21 
133.92 
133. 04 
132.55 
132.45 
132.76 
133.46 
134.55 
136.05 
137.93 
140.20 
142.86 
145.90 
149.31 
153.10 
157.25 
161.75 
166.61 
171.82 
177.36 
183.22 
189.40 
195.89 
202.68 
209.76 
217.11 
224.72 
232.58 
238.00 

Circle Center At X = 319.3 ; Y 
*** 1.825 *** 

351. 4 and Radius, 213. 8 

Coordinate Points 

383.9 and Radius, 251.5 

Failure Surface Specified By 38 Coordinate Points 
Point X-Surf Y-Surf 
No. (ft) (ft) 

l 197.37 164.00 
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2 206.22 159.35 
3 215.26 155.06 
4 224.45 151.13 
5 233.79 147.57 
6 243.27 144. 38 
7 252.87 141.57 
8 262.57 139 .14 
9 272. 36 137.10 

10 282.22 135.45 
11 292 .14 134 .19 
12 302.10 133.32 
13 312.09 132.85 
14 322.09 132. 78 
15 332.09 133 .11 
16 342.06 133. 83 
17 352.00 134.95 
18 351.89 136.46 
19 3 71. 70 138.36 
20 381.44 140.64 
21 391.07 143.32 
22 400.60 146.37 
23 409.99 149. 80 
24 419.24 153.60 
25 428. 33 157.76 
26 437.25 162.28 
27 445.99 167.15 
28 454.52 1 72. 36 
29 462. 84 1 77. 91 
30 4 70. 94 183. 78 
31 478.79 189.97 
32 486.39 196.47 
33 493. 73 203.26 
34 500.80 210.34 
35 507.57 217.69 
36 514.06 225.30 
37 520.23 233.17 
38 523.72 238.00 

Circle center At X - 318 .9 ; y 384.7 and Radius, 251.9 
*** 1.825 *** 
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PHASE EMB 5 OS STATIC C:ISTEDWIN\STEELH~1\RUNSTO~1\STH125.PL2 Run By: JLH '1115/2007 8:13AM 
# FS Soil Soil Total Saturated Friction Piez. 

lnit Points: 255. to 350. 

900 ~ 

800 ,_ 

700 ,_ 

600 1-

500 , __ 

400 ,_ 

300 
0 

STED 

a 1.50 Desc. Type Urit Wt. Unit Wt. Angle Surface 
Term Limits: 430. lo 540. CCR 

FCR 
ORIG 

No. (pcf) (pcf) (deg) No. 
1 130.0 140.0 33.7 W1 
2 80.0 90.0 28.0 W1 
3 125.0 135.0 26.8 W1 

a 

I .~- -~r-· -- -- -- ----- -- -· -- -- ·- -- -- -- -- ·- -- -- --~------ • ~1 2 l ,.._.. ---/ ~~ .· ~- 1 Wl 3 1 wif 3 3 ---------------------~---~--2--i~----,-----

·100 200 300 400 500 600 700 800 
PCSTABL5M/si FSmin=1.50 

Safety Factors Are Calculated By The Modified Bishop Method 

-

900 

([) 

·, 



R17160

C: \stedwin\steelh~l \runsto-1 \sth125. OUT Page 1 

* * PCSTABLSM * * 
by 

Purdue University 
--Slope Stability Analysis-

Simplified Janbu, Simplified Bishop 
or Spencer's t•1ethod of Slices 

Run Date: 1/15/2007 
Time of Run: 8:13AM 
Run By: JLH 
Input Data Filename: C:sth125. 
Output Filename: C:sth125.0UT 
Unit: ENGLISH 
Plotted Output Filename: C:sth125.PLT 
PROBLEM DESCRIPTION PHASE EMB 5 DS STATIC 
BOUND.lLP.Y COORDINATES 

Note: User origin value specified. 
Add 0.00 to X-values and 300.00 to Y-values listed. 

11 Top Boundaries 
22 Total Boundaries 

Boundary X-Left 
No. (ft) 

1 120.00 
2 226.50 
3 252.20 
4 257.20 
5 276.70 
6 296.70 
7 316.20 
8 336.20 
9 465.20 

10 485.20 
11 509.20 
12 226. 50 
13 509.20 
14 452.70 
15 452.70 
16 534.20 
17 478.80 
18 539.40 
19 
20 
21 
22 

554.20 
553.30 
632. 90 
671. 20 

I30TROF·rc SOIL FARAMETEP.S 
3 Type{s) of Soil 

Y-Left 
(ft) 

136.00 
136. 4 0 
145.00 
145.00 
138.50 
138.50 
145.00 
145.00 
188.00 
188.00 
180.00 
136.40 
180.00 
137.80 
137. 80 
165.00 
138.00 
138. 00 
165.00 
138.00 
138.70 
126.00 

X-Right 
(ft) 

22 6. 50 
252.20 
257.20 
276. 70 
296.70 
316.20 
336.20 
465.20 
485.20 
509.20 
84 0. 00 
452.70 
554.20 
534.20 
478. 80 
554.20 
53 9. 40 
553.30 
632.90 
632. 90 
671. 20 
840.00 

Y-Right 
(ft) 

136. 40 
145.00 
145.00 
138.50 
138.50 
145. 00 
145.00 
188.00 
188.00 
180.00 
180.00 
137.80 
165.00 
165.00 
138. 00 
165.00 
138. 00 
138.00 
138. 7 0 
138.70 
126.00 
126.00 

Soil Type 
Below Bnd 

3 
1 
1 
1 
1 
1 
1 
l 
1 
1 
2 
3 
1 
1 
3 
1 
3 
3 
1 
3 
3 
3 

Soil Total Saturated Cohesion 
Type Unit Wt. Oni t Wt. Intercept 

Fric1:ion 
Angle 
(deg) 
33.7 
28.0 
26.8 

Pore 
Pressure 

Pressure 
Constant 

Piez. 
Surface 

No. (pcf) (ocf) (pf) 
l 130.0 140.0 .0 
2 80.0 90.0 .0 
3 125.0 135.0 .0 

Pdl.dlll. 

. 00 

.00 

.00 
l PIEZOMETRIC SURFACE(S) HAVE BEEN 
Unit Weight of Water= 62.40 

SPECIFIED 

Piezometric 
Point 

Surface Ho. 
>:-h7ater 

1 Specified by 5 Coordinate 

No. 
1 
2 
3 
4 
5 

(ft) 

120.00 
22 6. so 
320.00 
494.20 
840.00 

Y-WaI.er 
(ft) 

136.00 
136. 40 
137.20 
185.00 
185.00 

Searching Routine Will Be Limited 
Of Which The First 1 Boundaries 
Boundary 

No. 
1 

X-Left 
(ft) 

120.00 

Y-Left 
(ft) 

121.00 

To An Area Defined By 
Will Deflect Surfaces 

X-Right Y-Right 
(ft) (ft) 

840.00 120.00 

(].,Sf) 

. 0 

.0 

. 0 

Points 

l~o. 
1 
1 
1 

1 Boundaries 
Upward 
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( 
C:\stedwin\steelh~l\runsto~l\sth125.0UT Page 2 

A Horizontal Earthquake Loading Coefficient 
Of .150 Has Been Assigned 
A Vertical Earthquake Loading Coefficient 
Of .ODO Has Been Assigned 
Cavitation Pressure= .0 {psf) 
A Horizontal Earth~~ake Loading Coefficient 
Of .000 Has Been Assigned 
A Vertical Earthquake Loading Coefficient 
Of .000 Has Been Assigned 
Cavitation Pressure= .0 (psf) 
A Critical Failure Surface Searching Method, Using A Random 
Technique For Generating Circular Surfaces, Has Been Specified. 
400 Trial Surfaces Have Been Generated. 

20 Surfaces Initiate From Each Of 20 Points Equally Spaced 
Along The Ground Surface Between X 255.00 ft. 

and X 350.00 ft. 
Each Surface Terminates Between X 430.00 ft. 

and X 540.00 ft. 
Unless Further Limitations Were Imposed, The Mini:mu.,n Elevation 
At Which A Surface Extends Is Y =100.00 ft. 
10.00 ft. Line Segments Define Each Trial Failure Surface. 
Following Are Displayed The Ten Most Critical Of The Trial 

Failure Surfaces Examined. They Are Ordered - Most Critical 
First. 
* * Safety Factors ltre Calculated By The Modified Bishop Method 
Failure Surface Specified By 23 Coordinate Points 

Point }:-surf Y-Surf 
No. (ft) (ft) 

1 285.00 138.50 
2 294.24 134.67 
3 303.69 131.41 
4 313.33 128.75 
5 323.12 126.69 
6 333.01 125.23 
7 342.97 124.39 
8 352. 97 12 4 .16 
9 362.96 124.55 

10 372.91 125.56 
11 382.78 127.18 
12 392.53 129.41 
13 402.12 132.23 
14 411.52 135.64 
15 420.69 139.63 
16 429.60 144.17 
17 438.21 149.26 
18 446.49 154.86 
19 454.41 160.97 
20 461.94 167.55 
21 469.04 174.59 
22 475.70 182.05 
23 480.38 188.00 

Circle Center At X = 351.6 ; Y 286.1 and Radius, 161.9 
*~* 1,503 +Y* 

* * 
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900,~I Soil 
a ·1.2Ei Desc. 

CCR 
FCR 

ORIG 
000 I-

700 ,_ 

600 ,_ 

500 f-

400 ,_ 

PHASE 5 EMEi DS SEISMIC 
. C:\STEDWIN\STEELH-1\RUNSTO-1\STH124.PL2 Run By: JLH 1212012006 1:31PM 

Soil Total Saturated Cohesion Friction Piez. I Load Value l Type Unit WI. Unit Wt. Intercept Angle Surface Horiz Eqk 0.150 g< No. (pcf) (pcf) (psf) (deg) No. 

7 7 

1 130.0 140.0 0.0 33.7 W1 
2 80.0 90.0 0.0 28.0 W1 
3 135.0 135.0 400.0 19.5 W2 

a 

lnil Poirls: 277. lo 360. 
Term Limits: 430. to 540. 

-

-

-

Wl 
Wl -----.. ~-~ .TP-.,--L- •>°

1
1.

1
- _. ""!!---·· 1 --~•1~;:------

---- 1 ~3 1 
----- • 1 2 

______ 3_ 3 - 1 ·1 ___ _2 3 _____ £-====:.==-~ --:i- ---., 
-

300 L ____ L__ ___ __1 ____ -:;::;:-----:n;;-----~;----~~;--------;~----;;~------; 0 100 200 300 400 500 llOO 700 800 900 
PCSTABL51Vl/si FSmin=1.26 STED Safety Factors Are Calculated By The Modified Bishop Method 

~i~~ (~ 

·!!J 
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C:\stedwin\steelh~l\runsto~l\sth124.0UT Page 1 

** PCSTABLSM ** 
by 

Purdue University 
--Slope Stability Analysis-

Simplified Janbu, Simplified Bishop 
or Spencer's Method of Slices 

Run Date: 12/20/2006 
Time of Run: 1:31PM 
Run By: JLH 
Input Data Filename: C:sth124. 
Output Filename: C:sthl24.0UT 
Unit: ENGLISH 
Plotted Output Filename: C:sthl24.PLT 
PROBLEM DESCRIPTION PHASE 5 EMB OS SEISMIC 
BOUNDARY COORDINATES 

Note: User origin value specified. 
Add 0.00 to X-values and 300.00 to Y-values listed. 

11 Top Boundaries 
22 Total Boundaries 

Boundary X-Left 
No. (ft} 

l 120.00 

Y-Left 
(ft) 

136.00 

X-Right 
(ft) 

226.50 
252.20 
257.20 
276.70 
296.70 
316.20 
336.20 
465.20 
'iBS.20 
509.20 
840.00 
452.70 
554.20 
534.20 
478.80 
554.20 
53 9. 4 0 
553.30 
632.90 
632.90 
671.20 
840.00 

Y-Right 
(ft) 

136.40 
145.00 
145. 00 
138.50 
138.50 
145.00 
145.00 
188.00 
188.00 
180.00 
180.00 
137.80 
165.00 
165.00 
138.00 
165. 00 
138.00 
138.00 
138.70 
138.70 
12 6. 00 
126.00 

Soil Type 
Below End 

3 
2 22 6, 50 136,40 
3 252.20 145. 00 
4 257.20 145.00 
5 27 6, 7 0 138.50 
6 296.70 138.50 
7 316.20 145.00 
8 336.20 145, 00 
9 465.20 188.00 

10 485.20 188.00 
11 509.20 180.00 
12 226.50 136.40 
13 509.20 180.00 
14 452.70 137.80 
15 452.70 137.80 
16 534.20 165.00 
17 478.80 138.00 
18 539.40 138.00 
19 554.20 165.00 
20 553.30 138.00 
21 632.90 138. 7 0 
22 671. 2 0 126.00 

ISOTROPIC SOIL PARAMETERS 
3 Type(s) of Soil 

Soil Total Saturated Cohesion 
Type Unit Wt. Unit Wt. Intercept 

No. (pcf) (pcf) (psf) 
1 130.0 140.0 .0 
2 80.0 90,0 ,0 

Friction 
Angle 
(deg) 
33.7 
28.0 

3 135.0 135.0 400.0 19.5 

Pore 
Pressure 
Param. 

. 00 

.00 

.DO 
2 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED 
Unit Weight of Water= 62.40 

Pressure 
Constant 

(psfl 
,0 
. 0 
,0 

Piezometric Surface No. 1 Specified by 5 Coordinate Poin"'.:s 
Point Z-Water Y-Water 

l~o. {ft) (ft) 
1 120.00 13G.00 
2 226.50 136.40 
3 320.00 137.20 
4 509.20 180.00 
5 840.00 180.00 

Piezometric 
Point 

No. 
1 
2 

Surface No. 
X-Wa-c.er 

(ft) 
120.00 
840.00 

2 Specified by 
Y-Water 

(ft) 
121.00 
120.00 

2 Coordinate Points 

1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
3 
1 
1 
3 
1 
3 
3 
1 
3 
3 
3 

Piez. 
Surface· 

N0. 
1 
l 
2 
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C:\stedwin\steelh~l\runsto~l\sth124.0UT Page 2 
Searching 

Of Which 
Boundary 

No. 

Routine Will Be Limited To An Area Defined By 
The First 1 Boundaries Will Deflect Surfaces 

1 Boundaries 
Opward X-Left Y-Left X-Right Y-Right 

(ft) (ft) (ft) (ft) 
1 120.00 121.00 840.00 120.00 A Horizontal Earthquake Loading Coefficient 

Of . 150 Has Been Assigned 
A Vertical Earthquake Loading Coefficient 
Of .000 Has Been Assigned 
Cavitation Pressure = . 0 (psf) 
A Critical Failure Surface Searching Method, Using A Random Technique For Generating Circular Surfaces, Has Been Specified, 400 Trial Surfaces Have Been Generated. 

20 surfaces Initiate From Each Of 20 Points Equally Spaced Along The Ground Surface Between X 277.00 ft. 
and X 360.00 ft. Each Surface Terminates Between X 430.00 ft. 

and X 540.00 ft. Unless Further Limitations Were Imposed, The Minimum Elevation At Which A Surface Extends Is Y =100.00 ft. 
10.00 ft. Line Segments Define Each Trial Failure Surface. Following Are Displayed The Ten Most Critical Of The Trial Failure Surfaces Examined. They Are Ordered - Most Critical First. 

**Safety Factors Are Calculated By The Modified Bishop Method* * Failure Surface Specified By 17 Coordinate Points Point X-Surf Y-Surf 
No. (ft) (ft) 

1 329.42 145.00 
2 339.25 143.13 
3 34 9. 18 141. 95 
4 35 9. 16 141.45 
5 369.16 141. 65 
6 379.12 142.53 
7 389.00 144.10 
8 398.74 146.34 
9 408.31 149.26 

10 41 7. 65 152.82 
11 426. 73 157.02 
12 435. 4 9 161.84 
13 443.90 167. 25 
14 451.92 173.23 
15 459.50 179.75 
16 466.62 186.77 
17 467.70 188.00 

Circle Center At ,. - 361. 4 ; y 286.3 and Radius, 144.9 * ,., * 1. 259 *** 
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PHASE 5 US STATIC 

C:\STEDWtN\STEELH~1\RUNST0~1\STH127.PL2 Run By: MOB 4114/2008 9:43AM 

800 
--[--/':t1r==S=o=il==rS=oi=I =T=o=(a=I =S=at=u=ra=(e"d'fF=,=ic=ti=on==Pi=e=z.7 -,------

,-------
,-------

--;cl=ni"'t P=o=ln"t"s:=1=8=0=. (=o=2=45=_, 

a 1.76j Desc. Type Ur.it Wt. Unit Wt. Angle Surface 

Term Limits: 300. to 430. 

----
No. !pen (pcf) (deg) No. 

700 ,_ 

600 >--

CCR 
FCR 
ORIG 

1 • 30.0 140.0 33.7 W1 

2 80.0 90.0 28.0 W1 

3 125.0 ·135.0 26.8 W1 

'"' v:-
/ 1 
~ 

J ~~ --
_ -·- ----- .. ,;,4~-::-,,,-1 ~-1 

•\·- -- -- -- --
-- l tn.Ui•lii;~ Wl 

3 

~=------3L-- ------~~------------------------

! 
400 

-

-

300 ~----C-C-----~-------'----------"-------'-------'------~ 

D 
100 200 300 400 500 

STED 

L 1t1:~1~ 
-:~ . ..../-

PCSTABLSM/si FSmin=1.76 

Safety Factors Are Calculated By The Modified Bishop Method 

600 700 

(:£ 
~ 
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C:\stedwin\steelh-l\runsto-1\sth127.0UT Page 1 

** PCSTABL5M ** 
by 

Purdue University 

--Slope Stability A.nalysis-

Simplified Janbu, Simplified Bishop 

or Spencer-s Method of Slices 

Run Date: 
4/15/2008 

Time of Run: 
2:55PM 

Run By: 
MDB 

Input Data Filename: C:sth127. 

Output Filename: 
C:sth127.0UT 

Unit: 

ENGLISH 

Plotted Output Filename: C:sthl27.PLT 

PROBLEM DESCRIPTION PHASE 5 US STATIC 

BOUNDARY COORDINATES 

Note: User origin value specified. 

Add 0.00 to X-values and 300.00 to Y-values listed. 

10 Top Boundaries 

13 Total Boundaries 

Boundary X-Left Y-Left X-Right Y-Right Soil Type 

No. 
(ft) (ft) (ft) 

(ft) Below Bnd 

1 
.00 132.00 

2 245.00 132. 00 

3 
414.70 188.00 

4 
434.70 188.00 

5 
563.70 145.00 

6 
583.70 145. 00 

7 
603.20 138.50 

8 
623. 20 138.50 

9 
642.70 145. 00 

10 
647.70 145.00 

11 
.00 126.00 

12 228.70 126.00 

13 
245.00 132,00 

ISOTROPIC SOIL PARAMETERS 

3 Type(s) of Soil 

Soil Total Saturated Cohesion 

Ty-pe Unit Wt. Unit Wt. Intercept 

No. (pcf) (pcf) (psf) 

l 130.0 140.0 
.0 

2 80.0 90.0 
.o 

3 125.0 135.0 
.o 

245.00 132,00 

414, 70 188.00 

434. 70 188.00 

563. 70 145.00 

583,70 145, 00 

603,20 138.50 

623.20 138.50 

642.70 145.00 

647.70 145.00 

673.40 136,40 

228.70 126.00 

245.00 132.00 

673.40 136.40 

Friction Pore 

Angle Pressure 
Pressure 

Constant 

{deg) Param. 

33.7 .oo 
28.0 .oo 

26.8 .oo 

SPECIFIED 

(psf) 

. 0 
.o 
.o 

2 
1 
1 
1 
l 
1 
1 
l 
l 
1 
3 
3 
3 

Piez. 

Surface 

No. 
1 
1 
1 

1 PIEZOMETRIC SURFACE(S) HAVE BEEN 

Unit Weight of Water= 62.40 

Piezometric Surface No, 1 Specified by 4 Coordinate Points 

Point X-Water Y-Water 

No. 
(ft) 

(ft) 

1 
.00 132.00 

2 
297,70 132.00 

3 
4 

Searching 

Of Which 

Boundary 
No. 

1 

563. 70 

673.40 

Routine Will 

The First 1 

X-Left 
(ft} 

.00 

137.00 

136.40 

Be Limited 

Boundaries 

Y-Left 
(ft) 

120.00 

To An Area Defined By 

Will Deflect Surfaces 

X-Right Y-Right 

{ft) 
{ft} 

673.40 121.00 

A Horizontal Earthquake Loading Coefficient 

Of .150 B.as Been J-~ssigned 

A Vertical Earthquake Lo?:lding Coefficient 

Of .000 Has Been Assigned 

Cavitation Pressure= .0 {psf) 

A Horizontal Earthquake Loading coefficient 

Of .000 Has Been Assigned 

A vertical Earthquake Loading Coefficient 

Of .000 Has Been Assigned 

Cavitation Pressure= . O {psf) 

1 Boundaries 

Upward 
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C,\stedwin\steelh-1\runsto-1\sthl27.0UT Page 2 

A Critical Failure Surface Searching Method 1 Using A Random 

Technique For Generating Circular Surfaces, Has Been Specified. 

400 Trial Surfaces Have Been Generated. 

20 Surfaces Initiate From Each Of 20 Points Equally Spaced 

Along The Ground Surface Between X ~ 180.00 ft. 

and X ~ 245.00 ft. 

Each Surface Terminates Between X 300.00 ft. 

and X ~ 430.00 ft. 

Unless Further Limitations Were Imposed, The Minimum Elevation 

At Which A Surface Extends Is Y =100.00 ft. 

10.00 ft. Line Segments Define Each Trial Failure Surface. 

Following Are Displayed The Ten Most Critical Of The Trial 

Failure Surfaces Examined. They Are Ordered - Most critical 

First. 
**Safety Factors Are Calculated By The Modified Bishop Method** 

Failure Surface Specified By 12 Coordinate Points 

Point X-Surf Y-Surf 

No. (ft) {ft) 

1 217.63 132.00 

2 226.71 127.82 

3 236.29 124.95 

4 246.18 123.45 

5 256.18 123.35 

6 266.10 124.65 

7 275.73 127.33 

8 284.89 131.34 

9 293.40 136.59 

10 301.10 142.98 

ll 307.82 150.38 

12 309.87 153.41 

Circle Center At X = 251.8 ; Y 194.1 and Radius, 70.9 

*** 1.762 *** 
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PHASE 5 US SEISMIC 

C:\STEDWIN\STEELH~1\RUNST0-1\STH·/26.Pl2 Run By: MOB 411512008 2:56PM 

800 r 

1 

__ ,, 

II FS 1· 
, a 1.321 

Soil 
Desc. 

Soil Tota! Saturated Cohesion Friction Plez. j Load Value 

Type UnitWt. UnitWt. lnte,cept Angle Surtace HorizE k 0.150g< 

lnit Points: 75. to 150. 

Term Limi/s: 375. to 450. 

700 

600 

500 , .. 

I CCR 
FCR 
ORIG 

No. (pcf) lpcf) (psf) (deg) No. 
-

1 130.0 140.0 0.0 33.7 W1 

2 80.0 90.0 o.o 28.0 W1 

3 135.0 135.0 400.0 19.5 wz 

~ 1 -.-. 

. ,I 
<~ -· 

- -- .......... ,"'=1~-~ 

... _ - ·- • ~14214Cl41NI -
;.--- i 

Wl 

3 
r------,-·--i· Wl 

:~-= -----------s----------......_!-3 ______ *1 -----
-----

-----
-----

--- W2 

400 •· 

300 
0 

STED 

..c::-~.11'1. 
-----4/- F9t1~ 

·\....J:· ··•· 

100 200 300 400 500 600 

PCSTABL5M/si FSmin=1.32 

Safety Factors Are Calculated By The Modified Bishop Method 

700 

® 
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C:\stedwin\steelh-1\runsto-l\sthl26.OUT Pagel 

* * PCST-1\BLSM * * 
by 

Purdue University 

--Slope Stability P.nalysis-

Simplified Janbu, simplified Bishop 

or Spencer~s Method of Slices 

Run Date, 
4/15/2008 

Time of Run: 2:56PM 

Run By: 
MDB 

Input Data Filename: C:sth126. 

Output Filename: C:sth126.OUT 

Unit: 
ENGLISH 

Plotted output Filename: C:sth126.PLT 

PROBLEM DESCRIPTION PHASE 5 US SEISMIC 

BOUNDARY COORDINATES 

Note: User origin value specified. 

Add 0.00 to X-values and 300.00 to Y-values listed. 

10 Top Boundaries 

13 Total Boundaries 

Boundary X-Left Y-Left X-Right Y-Right Soil Type 

No. (ft) If tl 1ft) 1ft) Below Bnd 

1 .00 132.00 245.00 132.00 2 

2 245.00 132.00 414. 70 188.00 1 

3 414. 70 188.00 434.70 188.00 1 

4 434.70 188.00 563.70 145.00 1 

5 563.70 145.00 583.70 145.00 1 

6 583.70 145. 00 603.20 138.50 1 

7 603.20 138.50 623.20 13 8. 5 0 1 

8 623.20 13 8. 50 642.70 145.00 1 

9 642.70 145.00 647.70 145.00 1 

10 647.70 145.00 673.40 136.40 1 

11 .00 126.00 228.70 126.00 3 

12 228.70 126.00 245.00 132.00 3 

13 245.00 132.00 673.40 136.40 3 

ISOTROPIC SOIL PARl\METERS 

3 Type(s) of Soil Pore Pressure Piez. 

Soil Total Saturated Cohesion 

Type Unit Wt. Unit Wt. Intercept 
Friction 

Angle 
(deg) 

33.7 
28.0 

Pressure Constant Surface 

No. (pcf) (pcf) (psf) · Param. 

1 130.0 140.0 .0 

2 80.0 90.0 .0 

3 135.0 135.0 400.0 19.5 

2 PIEZOMETRIC SUP.FACE(S) HAVE BEEN SPECIFIED 

Unit Weight of Water= 62.40 

.00 

.00 
.00 

(psf I 
.o 
. 0 
.0 

Piezometric Surface No. 1 Specified by 4 coordinate Points 

Point X-Water Y-Water 

No. (ft) (ft) 

1 .00 132.00 

2 297.70 132.00 

3 563.70 137.00 

4 673.40 136.40 

Piezometric 
Point. 

No. 
1 
2 

Surface No. 

X-Water 
(ft) 

.oo 
673.40 

2 Specified by 

Y-Water 
I ft I 

120.00 
121.00 

2 Coordinate Points 

No. 
1 
1 
2 

s~arching Roucine Will 

Of Which The First l 
Be Limited 

BoundarleS 
Y-Left 

(ft) 

120.00 

To Ji.n Area Defined By 

·1'1::_::.1 :)s:'1sct Surfaces 
1 Boundaries 

Upward 

Boundary 
No. 

1 

X-Left 
(ft) 

.oo 

X-Right 
(ft) 

673.40 

A Horizontal Earthquake Loading Coefficient 

Of .lS0 Has Been Assigned 

A Vertical Earthquake Loading Coefficient 

Of .000 Has Been Assigned 

Cavitation Pressure= . o (psf) 

Y-Right 
( ft) 

121. 00 
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A Critical Failure Surface Searching Method, Using A Random 

Technique For Generating Circular Surfaces, Has Been Specified. 

400 Trial Surfaces Have Been Generated. 

20 Surfaces Initiate From Each Of 20 Points Equally Spaced 

Along The Ground Surface Between X 75.00 ft. 

and X 150.00 ft. 

Each Surface Terminates Between X 375.00 ft. 

and X 450.00 ft. 

Unless Further Limitations Were Imposed, The Minimum Elevation 

.7.1,..t Which A Surface Extends Is Y =100. 00 ft. 

10.00 ft. Line Segments Define Each Trial Failure Surface. 

Following Are Displayed The Ten Most Critical Of The Trial 

Failure Surfaces Examined. They Are Ordered - Most Critical 

First. 
**Safety Factors Are Calculated By The Modified Bishop Method** 

Failure Surface Specified By 34 Coordinate Points 

Point X-Surf Y-Surf 

No. (ft) (ft) 

1 98.68 132.00 

2 108.59 130.66 

3 118.53 129.50 

4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 

Circle 

128.48 128.55 

138.45 
148.44 
158.43 
168,43 
178.43 
188.43 
198.42 
208.40 
216. 3 7 
228.32 
238.25 
248,15 
258.02 
267.87 
277.67 
287.44 
297.16 
306. 83 
316.45 
326.02 
335.53 
344.97 
354.35 
363.66 
372. 90 
382.06 
391.14 
400.14 
409.05 
415.17 

127. 7_9 
127.22 
126.85 
126.68 
126.70 
126.91 
127.32 
127.93 
128.73 
129.73 
130.92 
132.30 
133.88 
135.65 
137.62 
139.77 
142.12 
144.65 
14.7.38 
150.29 
153.38 
156.67 
160.13 
163.78 
167.62 
171.63 
175.82 
180.18 
184.72 
188.00 

Center At X = 172.4 ; Y 

*** 1.322 *** 
637.8 and Radlus, 511.1 
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PHASE 7 EMB OS STATIC 

900 
C:\STEDWIN\STEELH-nRUNSTO-1\STH101.PLZ Run By: JLH 1:2/20/2006 1:20PM 

·-----,===========c;-i-----i,-----,----,----,--;
::===== 

II-F!o-l Soil 

800 ,_ 

700 

600 ,_ 

a ·1.721 Desc. 

CCF\ 
FCR 
ORIG 

Soil Tola\ Saturated Friction Piez. 

Tvpe Unit Wt. Unit Wt. Angle Surface 

No. (pcD (pcf) ( deg) No. 

1 130.0 140 O 33.7 W1 

2 80.0 90.0 28.0 W1 

3 125.o 135.o 26.B w·1 

a 

\ 

I 

lnit Points: 239.5 lo 335. 

Term Limits: 575. to 725. 

500 I-

~7-
. 1 _ .. 

-- -• - - / - "'' 

-- ': - - ~--~,------:°'. - - - - .. -----
- .i" - - - .. ,1 _3_::J~c---"""'=-- 2 .... 3 *3 ---- • 

'" 
400 ,_ 

300 ,_ 

200 
0 

STED 

- w'"'.1 

~

·("a~:, 

.... ,, ~,,,1,ti'i 

·100 200 

·2 --------
-----

300 400 500 600 700 800 900 1000 

PCSTABL5M/si FSmin=1.72 

Safety Factors Are Calculated By The Modified Bishop Method (~\ v 
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** PCSTP.BL5M ** 
by 

Purdue University 

--Slope Stability ~I~alysis-

Simplified Janbu, Simplified Bishop 

or Spencer· s Method cf Slices 

Run Date: 
12/20/2006 

1:20PM 
Time of Run: 

Run By: 
Input Data Filename: 

Output Filename: 

Unit: 

JLH 
C: sthl0l. 

C:sthl01.OUT 

ENGLISH 

Plotted Output Filename: C:sthlOl.PLT 

PROBLEM DESCRIPTION PHASE 7 EVJll DS STATIC 

BOUNDARY COORDINATES 

Note: User origin value specified. 

Add 0.00 to X-values and 200.00 to Y-values listed. 

14 Top Boundaries 

17 Total Bn,,-nf"i;,,-; c-c:: 

Boundary X-Left Y-Left 

No. (ft) (ft) 

1 .00 241.00 

X-Right 
(ft) 

208.60 

Y-Right 
(ft) 

242.90 

Soil Type 
Below Bnd 

3 

2 208.60 242.90 

3 214. 90 245.00 

4 219. 90 245.00 

5 23 9. 4 0 238.50 

6 259.40 238.50 

7 274. 40 243.40 

8 291.00 249.00 

9 311.00 249.00 

10 445.10 293,70 

11 4 65 .10 293.50 

12 597. 90 338.00 

13 697.90 338.00 

14 721. 90 330.00 

15 274.40 243.40 

16 721. 90 330.00 

17 455.30 246.00 

ISOTROPIC SOIL PARJl..METERS 

3 Type{s) of Soil 

Soil Total Saturated Cohesion 

Type Unit \/~t. Unit Wt.. Intercept 

No. {pcf) (pcf) {psf) 

1 130.0 140.0 .o 

2 60.0 90.0 .0 

3 125.0 135.0 .0 

214. 90 245.00 

219. 90 245.00 

239.40 238.50 

259.40 238. 50 

274.40 243.40 

291. 00 249.00 

311. 00 249.00 

445.10 293.70 

465.10 293.50 

597. 90 338.00 

697.90 338.00 

721. 90 330.00 

97 0. 7 0 330.00 

455,30 246.00 

97 0. 7 0 247.00 

970,70 247.00 

F::::iction Pore P=essure 

Angle Pressure Constant 

(deg) Param. (psf) 

33.7 ,00 . 0 

28.0 ,00 .0 

26.8 .DO . 0 

l PIEZOMETRIC SURFACE (S) HAVE BEEN SPECIFIED 

Unit Wei~ht of Water= 62.40 

Piezometric Surface No. 1 Specified by 5 Coordinate Poini::s 

Po::..nt 
No. 

1 
2 
3 
4 

(ft) 

.uo 
225.00 
360.00 
695. 70 
970,71 

Y-Water 
(ft) 

:40.00 
240.00 
242.00 
32,5. 00 
:;35,00 

3 
3 
3 
3 
3 
1 
1 
1 
1 
1 
1 
1 
2 
3 
1 
3 

Piez. 
Surface 

No. 
1 
1 
1 

Sesr~hi~g ~s~tirse W~ll Be 7 ~r~-~d 

Of Which The First 3 Boundar.iss 
To .1-.n J-..re.a :,e::ir112.d By 

Will Deflec~ Sur!a=es 
3 B::iur:d2:ri'::'S 

Boundary X-Lsft Y-Left 

Ho. (:'ti (ft) 

l .00 220.00 

2 277.00 :::3.00 

3 455.00 226.00 

X-P.ight 
(ft.) 

277.00 
~ :)5. 00 

970.00. 

A Horizontal Eart.bquake Loading Coefficient 

Of .150 Has Bee;1 .L • .ssigned 

A Vertical Eart:!',qua.1-::e Loading Cvei:ficien: 

Y-R1ghc 
( f-1.:.) 
23.00 
26. 00 
27.00 
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Of .000 Has 3een Assigned 
cavitation Pressure= .0 {psf) 

A Horizontal Earthquake Loading Coefficient 

Of . 000 Has Been Jl.ssigned 
A Vertical Earthquake Loading Coefficient 

Of .000 Has Been Assigned 
Cavitation P=essure = .0 (psf) 

A Critical Failure Surface Searching Method, Using A Random 

Technique For Generating Circular Surfaces, Has Been Specified. 

400 Trial Surfaces Have Been Generated. 

20 Surfaces Initiate From Each Of 20 Points Equally Spaced 

Along The Ground Surface Between X 239.50 ft. 
and X 335.00 ft. 

Each Surface Terminates Between X 575.00 ft. 
and X 725.00 ft. 

Unless Further Limitations Were Imposed, The Minimum Elevation 

At Which A Surface Extends Is Y =200.00 ft. 

10.00 ft. Line Segments Define Each Trial Failure Surface, 

Following JI.re Displayed The Ten Most Critical Of The Trial 

;:;-:::,.; 1,,,.-.:, c:::nrf'=-,-.oc: -Pv=-mino.-i, They .?:..re O.,..,..;o.,..orl - Mnc:t ,-,.,..;+-;,...=-1 

First. 
**Safety Factors Are Calculated By The Modified Bishop Method 

Failure Surface Specified By 41 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 254.58 238.50 
2 264.21 235.82 
3 273.92 233.43 
4 283.70 231.30 
5 293.52 229.46 
6 303.40 227.90 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
:1 
::2 
jj 

34 
35 
36 
37 
38 
39 
40 
41 

Circle Cent.er 

313.32 
323.27 
333.25 
343.24 
353.24 
363.23 
373.23 
383.20 
393.15 
403.07 
412. 94 
422.77 
4 32. 54 
442.25 
451.88 
4 61. 43 
470.90 
4 80. 27 
489.53 
498.E9 
507. 7 2 
516.63 
525. 41 
S34.04 
:,,;2,53 
:::,o. 8 6 
- r n n A 
J._J;.,. ~·., 

567.04 
574.87 
~,52. :,2 
529.98 
597.25 
604.32 
611.19 
611.36 
At X 

226.63 
225.63 
224. 92 
224.50 
224.36 
224.51 
224. 94 
225.66 
226.66 
227.94 
229.51 
231.36 
2~3. 4 9 
235.89 
2::;a. :,a 
2 41. 53 
244.76 
248.26 
252.02 
256.CS 
260.33 
264.87 
2 69. 67 
274.cl 
cB0.00 
'.2 e 5. :JL 
.?~1 . .:.:;, 
:::: 97. 28 
:rn3. 50 
309.04 
J16.60 
323.47 
330.54 
337.81 
338.00 

- 353.l ; y 574.7 and Radius, 350.3 

* * 
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900 c# F:S 11-Soil 
a 1.20 Desc. 

800 ,_ 

700 , .. 

600 ,_ 

500 I-

CCR 
FCR 
ORIG 

r~ 
_;&:c.,, . r 'D-D 

PHASE 7 EMB OS SEISMIC 
C:\STEDWIN\STEELH-1\RUNSTO-1\STH100.PL2 Run By: JLH 12/2012006 1:19PM 

Soil Total Saturated Cohesion Friction Piez. I Load Value 
Type Unit Wl. Unit Wt. Intercept Ani;.ile Surface Horiz Eqk 0.150 g_< 
No. (pcf) (pcf) (psi) (deg) No. 

1 130.0 140.0 0.0 33.7 W1 
2 80.0 90.0 0.0 28.0 W1 
3 135.0 135.0 400.0 19.5 W2 

a 

~/ 

lnit Points: 240. to 335. 
Term Limits: 575. to 725. 

2 Wl 

:~- -· 3 .. 1 ~~·- 1 --~_.::'.- 1 ___ .. ---1··,, 

'"' ' -- -- ,,~ ' - --- - --- /--
·1 ___ ..::.._3_~1··:::-~---•• ~ .--------·· 

*2 --~-----
_______ 3 

~-------------
W2 

JOO •-

200 L 100 
0 200 

STED 

[> · .,..ecJii 

300 -·--400 500 600 

PCSTABL.5M/si FSmin=1.20 

700 

Safety Factors Are Calculated By The Modified Bishop Method 

800 900 1000 

® . 
' 
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* * PCSTJ>.BL5M * * 
by 

Purdue University 
--Slope Stability Analysis-

Simplified Janbu, Simplified Bishop 
or Spencer's Method of Slices 

Run Date: 12/20/2006 
Time of Run; 1:19PM 
Run By: JLH 
Input Data Filename: C:sthlOO. 
Output Filename: C:sthlOO.OUT 
Unit: ENGLISH 
Plotted Output Filename: C:sthlOO.PLT 
PROBLEM DESCRIPTION PF~.SE 7 EMB DS SEISMIC 
BOUNDARY COORDINATES 

Note: User origin value specified. 
Add O. 00 to X-values and 200. 00 to Y-values listed. 

14 Top Boundaries 
17 Total Bcundaries 

Boundary X-Left Y-Left X-Right Y-Right 

No. (ft) (ft) (ft) (ft) 

1 .00 241.00 208.60 242.90 
2 208.60 242.90 214.90 245.00 
3 214. 90 245.00 219.90 245.00 
4 219.90 245.00 23 9. 4 0 238.50 
5 239.40 238.50 259.40 238.50 
6 259.40 238.50 27 4. 4 0 243.40 
7 274.40 243.40 291.00 249.00 
8 291.00 249.00 311. 00 249.00 
9 311. 00 249.00 445.10 293.70 

10 445.10 293.70 465.10 293.50 
11 4 65 .10 293.50 597.90 338.00 
12 597.90 338.00 697.90 338.00 

13 697. 90 338.00 721. 90 330.00 
14 721. 90 330.00 970.70 330.00 
15 274.40 243.40 455.30 2 4 6. 00 
16 721. 90 330.00 970.70 247.00 
17 455.30 246.00 97 0. 7 0 247.00 

ISOTROPIC SOIL PARAMETERS 
3 Type Isl of Soil 

Soil 
Below 

3 
3 
3 
3 
3 
3 
1 
1 
1 
1 
1 
1 
1 
2 
3 
1 
3 

Soil Total Saturated Cohesion Friction Pore Pressure 

Type 
Bnd 

Piez.. 

Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface 

No. (pcf) (pcf) (psf) (deg) Param. 

1 130.0 140.0 .o 33. 7 
2 80.0 90.0 . 0 28.0 
3 135.0 135.0 400.0 19.5 

2 PIEZOMETRIC SURFACE(S) HP-.VE BEEN SPECIFIED 
Unit Weight of Water= 62.40 

.00 

.oo 

. 00 

(psf) 
.0 
. 0 
. 0 

Piezometn.c Sur:tace No. 1 Speci.Cl'::!c.1 Liy 5 Cu01.dinate Pc,ints 

Point X-Water Y-Water 
No. (ft) 1ft) 

1 .00 240.00 
2 225.00 242.00 
3 060.00 242.00 
4 721.90 230.00 
5 970./1 230.00 

Pie::ometric 
Point 

No. 
1 
2 
3 
4 

Surfac:e l~o. 
X-Wat.er 

(ft) 

.00 
277.00 
455.00 
S-70.00 

2 Specified by 
Y-Water 

(ft) 
220.00 
223.00 
226.00 
227.00 

4 Coord~nate Poir.ts 

No. 
1 
1 
2 

Searching 
Of Wbich 
3ounda:!."y 

Routine Will Be Limited 
The First 3 S8~ndaries 

To .ri..n Area Defined By 
Will D:::flect Surfaces 

X-?.ight Y-Right 

3 Boundaries 
Upwa:::-d 

Y.-Left Y-Left 
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No. 
1 
2 
3 

(ft) 
.oo 

277.00 
455.od 

(ft) 
220.00 
223.00 
226.00 

{ft) 
277.00 
455.00 
970.00 

A Horizontal Earthquake Loading Coefficient 

Of .150 Has Been Assigned 
A Vertical Earthquake Loading Coefficient 

Of .000 Has Been Assigned 
Cavitation Pressure= .O (psf) 

!ft) 
223.00 
226.00 
227.00 

A Critical Failure Surface Searching Method, Using A Random 

Technique For Generating Circular Surfaces, Has Been Specified. 

400 Trial Surfaces Have Been Generated. 

20 Surfaces Initiate From Each Of 20 Points Equally Spaced 

Along The Ground Surface Between X 240.00 ft. 
and X 335.00 ft. 

Each Surface Terminates Between X 575.00 ft. 
and X 725.00 ft. 

Unless Further Limitations Were Imposed, The Minimum Elevation 

At Which A Surface Extends Is Y =200.00 ft. 

10.00 ft. Line Segments Define Each Trial Failure Surface. 

Following Are Displayed The Ten Most Critical Of The Trial 

Failure Surfaces Examined. They Are Ordered - Most Critical 

First. 
* * Safety Factors Are Calculated By The Modified Bishop Method** 

Failure Surface Specified By 42 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 260.00 238.70 
2 269.67 236.13 
3 279.40 233.82 
4 289.18 231.78 
5 299.02 229.99 
6 308.91 228.48 
7 318.83 227.22 
8 328.78 226.23 
9 338.75 225.51 

10 348.74 225.06 
11 358.74 224.87 
12 368.74 224.96 
13 378.74 225.30 
14 
15 
16 
17 
18 
19 
20 
21 

32 
33 
:4 
::,5 
36 
37 
~8 
39 
40 

..... ,,,.., ..,,., 

.)00 • IL 

398.68 
4 08. 61 
416.51 
428.37 
438.18 
447.93 
457.62 
4 67. 2 4 
476. 79 
406.25 
495.63 
504.90 
514.07 
5~3.14 
532.CB 
:'·~0.?0 
,.. , n ~"' _ .. , ;, . .,_,., 

5S8. l 6 
5t6.57 
5--; 4. S4 
502. S.6 
5~0.S2 
5S8.?l 
606.23 
613.77 
621.04 

225.92 
226.81 
227.96 
229.37 
231.05 
2J2.99 
235.20 
237.66 
240.39 
243.]7 
246.60 
250.09 
253.83 
:;s7.a1 
2€2.04 
266.51 
'.:71..:'1 
2.., 6 .1 € 
281. 33 
286.73 
292. ::,5 
2:JB.19 
304.:?5 
310.52 
316.99 
3::_3. 67 
330.54 
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41 628.11 
42 628.49 

Circle Center At X = 
"** 1.203 

337.61 
338.00 

360.7 ; Y 
*** 

C:\stedwin\steelh~l\runsto~l\sthl00.OUT Page 3 

598.4 and Radius, 373.5 
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5l D.,J lJ-.D 
PHASE 7 EMB US STATIC 

C:\STEDWIN\STEELH-1\RUNST0-1\STH103.PL2 Run By: MOB 4/14/2008 2:15PM 800 

111-FS II Soil ' - I 
1 1 1 

I ii ~.87J Desc. 
Soil Total Saturated Friction Piez. 

Type Unit Wt. Unit Wt. Angle Surface 
No. (pcf) (pcf) (deg) No. 

lnit Points: 150. to 220. 
Term limits: 480. to 625. 

700 ,_ 

600 ,_ 

CCR 
FINES 
ORIG 

1 130.0 140.0 33.7 Wl 
2 80.0 90.0 28.0 W1 
3 125.0 135.0 26.8 W-I 

a 

1 
1 

f- ::=:-:·==~~;~2~3;==---------'"" ' ·~ .;-, 3 

1 

·------------------------------------·w1 

'1 ----

400 ,_ 

300 ,,_ _____ L_ _____ L_ _____ c__ ____ __, _____ __,_ _____ __L _____ __, 

3 100 200 300 400 500 600 700 

PCSTABL5M/si FSmin=1.87 
STED Safety Factors Are Calculated By The Modified Bishop Method 

~~ - ~~;j\fl 
~.1:e;j:F,J 

~,~::/'. ® . 

-
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** PCSTABLSM ** 
by 

Purdue University 
--Slope Stability Jlnalysis-

Simplified Janbu, Simplified Bishop 
or Spencer~s Method of Slices 

Run Date: 4/15/2008 
Time of Run: 2:50PM 
Run By: MDB 
Input Data Filename: C:sth103. 
Output Filename: C:sth103.0UT 
Unit: ENGLISH 
Plotted Output Filename: C:sth103.PLT 
PROBLEM DESCRIPTION PHASE 7 EMB US STATIC 
BOUNDARY COORDINATES 

Note: User origin value specified. 
Add 0.00 to X-values and 300.00 to Y-values listed. 

4 Top Boundaries 
8 Total Boundaries 

Boundary X-Left Y-Left 
No. (ft) (ft) 

1 .00 164.00 

X-Right 
(ft) 

280.00 

Y-Right 
(ft) 

164.00 

Soil Type 
Below Bnd 

2 

2 280.00 164.00 
3 502.00 238.00 
4 602.00 238.00 
5 .OD 147.00 
6 229.00 147.00 
7 229.00 147.00 
8 .DO .OD 

ISOTROPIC SOIL PARAMETERS 
3 Type{s) of Soil 

Soil Total Saturated Cohesion 
Type Unit Wt. Unit Wt. Intercept 

No. (pcf) (pcf) (psf) 
1 130.0 140.0 .0 
2 80.0 90.0 .0 
3 125.0 135.0 .0 

502.00 
602.00 
649.00 
229.00 
280.00 
649.00 

.DO 

Friction 
Angle 
(deg) 
33.7 
28.0 
26.8 

238.00 
238.00 
222.00 
147.00 
164.00 
14 6. 00 

.DO 

Pore Pressure 
Pressure Constant 

Param . (psf) 
. 00 . 0 
.OD . 0 
.OD . 0 

1 PIEZOMETRIC SURFACE (S) I-Lii..VE BEEN SPECIFIED 
Unit Weight of Water= 62.40 
Piezometric Surface No. 1 Specified by 3 Coordinate Points 

Point X-Water Y-Water 
No. (ft) (ft) 

l .OD 164.00 
2 388.00 164.00 
3 

1 
1 
1 
3 
1 
3 
0 

Piez. 
Surface 

No. 
1 
1 
1 

Searching 
Of Which 
Boundary 

No. 

649.00 
Routine Will 
The First 1 

X-Left 
(ft) 

.00 

175.00 
Be Limited 
Boundaries 

Y-Left 
(ft) 

127.00 

To An Area Defined By 
Will Deflect Surfaces 

1 Boundaries 
Upward 

X-Right Y-Right 
(ft) (ft) 

1 649.00 
A Horizontal Earthquake Loading Coefficient 
Of . 150 Has Been Jl.ssigned 
P•. Vertical Earthquake Loading Coefficient 
Of .ooo Has Been Assigned 
Cavitation Pressure= .O {psf) 
A Horizontal Earthquake Loading Coefficient 
Of . 000 Has Been J>.ssigned 
A Vertical Earthquake Loading Coefficient 
Of .000 Has Been Assigned 
Cavitation Pressure= .O (psf) 

126.00 

P•. Critical Failure Surface Searching Me~hod, Using A Random 
Technique For Generating Circular Surfaces, Has Been Specified. 
400 Trial Surfaces Have Been Generated. 

20 Surfaces Initiate From Each Of 20 Points Equally Spaced 
Along The Ground Surface Between X 150.00 ft. 

and X = 220.00 ft. 
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Each Surface Terminates Between 
and 
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X = 480.00 ft. 
X = 625.00 ft. 

Unless Further Limitations ·Were Imposed, The Minimum Elevation 
At Which A Surface Extends Is Y =100.00 ft. 
10.00 ft. Line Segments Define Each Trial Failure Surface. 
Following Are Displayed The Ten Most Critical Of The Trial 

Failure Surfaces Examined. They Are Ordered - Most Critical 
First. 
**Safety Factors Are Calculated By The Modified Bishop Method** 
Failure Surface Specified By 38 Coordinate Points 

Point x-surf Y-Surf 
No. (ft) (ft) 

1 183.16 164.00 
2 191.72 158.84 
3 200.50 154.05 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 

Circle Center 
*** 

209.48 
218.63 
227.95 
237.41 
247.01 
256. 71 
266.51 
276.39 
286.32 
296.30 
306.29 
316.29 
326.28 
336.23 
346 .13 
355.96 
365.70 
375.34 
384.86 
394.23 
403.45 
412.50 
421.35 
430.00 
438.43 
446.61 
454.55 
462.22 
469.60 
476.69 
483.48 
489.94 
496.08 
501.86 
506.75 
At X 
1.867 

= 

149.64 
145.61 
141. 99 
138. 76 
13 5. 94 
133.53 
131. 54 
129.97 
128.82 
128.10 
127.81 
127.94 
12 8. 50 
129.48 
130.89 
13 2. 72 
134.97 
137.64 
140. 71 
144.19 
14 8. 06 
152.33 
156.98 
162.00 
167.38 
173.12 
179.21 
185.63 
192.37 
199.42 
205.77 
214.40 
222.30 
230.45 
238.00 

308.2 ; Y 
*** 

361.8 and Radius, 234.0 
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PHASE 7 EIVIB US SEISMIC 

C:ISTEDWINISTEELH-1\RUNST0-1\STH102.PL2 Run By: MOB 411512008 2:47PM 

F Soil Soil Tota! Saturated Cohesion Friction Piez. Load Value lnit Points: 25. to 125. 
Boo 'li 
~ ~ . I I 

1. Desc. Type Unit Wt. Unit Wt. Intercept Angle Surface Horiz Eqk 0.150 g< Term Limits: 480. to 625. 
- No. (pcf) (pcf) (psf) (cleg} No. 

CCR 1 130.0 140.0 0.0 33.7 W1 
FINES 2 80.0 90.0 ' a.a 28.0 W1 
ORIG 3 135.0 135.0 400.0 19.5 W2 

700 ,_ -

600 ,_ -

J 
500 

~- 1 1---._ 

[, -------=~ --·-··-··-··-··-··-··-··-··-· ,, 
Wl 

~ 

11$1tt1••• .. •••..._~ <+----~ ------Wl ----------------· 
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3 • L_ 
" . -~- --- -----~ 
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300 
0 

STED 
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100 200 300 400 500 600 

PCSTABL5IV1/si FSmin=1.27 
Safety Factors Are Calculated By The Modified Bishop Method 

700 

® :i, 
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** PCSTABLSM ** 
by 

Purdue University 
--Slope Stability Analysis-

Simplified Janbu, Simplified Bishop 
or Spencer's Method of Slices 

Run Date, 4/15/2008 
Time of Run: 2:47PM 
Run By: MDB 
Input Data Filename: C:sthl02. 
Output Filename: C:sth102.0UT 
Unit: ENGLISH 
Plotted Output Filename: C:sth102.PLT 
PROBLEM DESCRIPTION PH.~SE 7 EMB US SEISMIC 
BOUNDARY COORDINATES 

Note: User origin value specified. 
Add o.oo to X-values and 300.00 to Y-values listed. 

4 Top Boundaries 
7 Total Boundaries 

Boundary X-Left Y-Left X-Right Y-Right Soil Type 
No. (ft) (ft) (ft) (ft) Below Bnd 

1 .00 164.00 
2 280.00 164.00 
3 502.00 238.00 
4 602.00 238.00 
5 .00 147.00 
6 229.00 147.00 
7 229.00 147.00 

ISOTROPIC SOIL PAR~METERS 
3 Type(s) of Soil 

Soil Total Saturated Cohesion 
Type Unit Wt. Unit Wt. 

No. (pcf) (pcf) 
1 130.0 140.0 
2 80.0 90.0 
3 135.0 135.0 

Intercept 
(psf) 

. 0 

. 0 
400.0 

280.00 164.00 
502.00 238.00 
602.00 238.00 
649.00 222.00 
229.00 147.00 
280.00 164.00 
649.00 146.00 

Friction Pore Pressure 
Angle Pressure Constant 
(deg) Param. (psf) 
33.7 .00 .0 
28.0 .00 .0 
19.5 .00 .0 

2 PIEZOMETRIC SURFACE(S) MVE BEEN SPECIFIED 
Unit Weight of Water= 
Piezometric Surface No. 

Point 
No. 

1 
2 
3 

Piezometric 
Point 

No. 
1 
2 

X-Water 
(ft) 

.00 
376.00 
649.00 

Surface No. 

62.40 
1 Specified by 
Y-Water 

(ft) 
164.00 
164.00 
175.00 
2 Specified 
Y-Water 

(ft) 
127.00 
126.00 

by 

3 Coordinate Points 

2 Coordinate Points 

2 
1 
1 
1 
3 
1 
3 

Piez. 
Surface 

No. 
1 
1 
2 

Searching 
Of Which 
Boundary 

No. 

X-Water 
(ft) 

.00 
64 9. 00 

Routine Will 
The First 1 

X-Left 
(ft) 

.00 

Be Limited 
Boundaries 

Y-Left 
(ft) 

:!.27.00 

To An Area Defined By 
Will Deflect Surfaces 

1 Boundaries 
Upward 

X-Right Y-Right 
(ft) (ft) 

1 649.00 126.00 
A Horizontal Earthquake Loading Coefficient 
Of .150 Has Been Assigned 
A Vertical Earthquake Loading Coefficient 
Of .000 Has Been Assigned 
Cavitation Pressure= .O (osf) 
A Critical Failure Surface Sea~ching Method, Using A Random 
Technique For Generating Circular Surfaces, Has Been Specified. 
400 Trial Surfaces Have Been Generated. 

20 Surfaces Initiate From Each Of 20 Points Equally Spaced 
Along The Ground Surface Between X 25.00 ft. 

and X 125.00 ft. 
Each Surface Terminates Between X 480.00 ft. 
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and X = 625.00 ft. 
Unless Further Limitations Were Imposed, The Minimum Elevation 
At Which A Surface Extends Is Y =100.00 ft. 
10.00 ft. Line Segments Define Each Trial Failure Surface. 
Following Are Displayed The Ten Most Critical Of The Trial 

Failure Surfaces Examined. They Are Ordered - Most Critical 
First. 
**Safety Factors Are Calculated By The Modified Bishop Mechod * * 
Failure Surface Specified By 44 Coordinate Points 

Pulr1L X-5uL( Y-SuL[ 
No. (ft) (ft) 

1 82.90 164.00 
2 92.58 161.49 
3 102.31 159.18 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 

Circle Center 
* .. 

112.08 
121.90 
131. 75 
141. 64 
151. 55 
161.49 
171.45 
181. 42 
191.41 
201. 41 
211. 41 
221. 41 
231.40 
241.39 
251. 36 
261. 32 
271.25 
281.16 
291.04 
300.88 
310.69 
320.46 
330.18 
339.85 
349.46 
359.02 
368.51 
377.94 
387.30 
396.58 
405.79 
414.91 
423.95 
432.90 
441. 76 
450.52 
459.18 
467.73 
476.18 
484..51 
4.87.12 

At X 
1. 270 

a 

157.07 
155.16 
153.46 
151. 95 
150.65 
149.55 
148.65 
14 7. 96 
147.47 
147.18 
147.10 
14 7. 23 
147.56 
148.09 
148.83 
149. 77 
150.91 
152.26 
153.81 
155.56 
157.52 
159.67 
162.02 
164.57 
167.32 
170.26 
173.40 
176.74 
180.26 
183.98 
187.88 
191.97 
196.25 
200. 71 
205.36 
210.18 
215.18 
220.36 
225.71 
231.24 
233.04 

210.3 ; Y 635.8 and Radius, 488.7 



R
17185

PHASE 3/7C DOWNSTREAM EOC STATIC REFUSE DISPOSAL AREA NO. 2 fl~ '7 / /~ '! 
C:\DOCUME-1\HOWENS\MYDOCU-1\WILUA-1\STABIL-1\PH7CEOC1 .PL2 Run By: HLO 6/26/2009 3:32PM 1 ('-' 

740 rc=======i=============;----r------,-------======:::;i # FS Soil Soil Total Saturated Cohesion Friction Piez. 
a 1.50 Desc. Type Unit Wt. Unit Wt. Intercept Angle Surface 
b 1.50 No. (pcf) (pcf) (psi) (deg) No. 
c 1.50 CCR-PH3 1 130.0 140.0 0.0 33.7 W1 
d 1.51 FCR 2 80.0 90.0 0.0 18.8 W1 
,, 1.51 CCR-PH? 3 130.0 140.0 0.0 33.7 W1 
I 1.51 SOIL 4 125.0 135.0 400.0 19.5 W1 
!l 1.51 
11 1.51 
i 1.51 

640 j 1.51 

540 

6 

____.+-.~ 3 
./ 

e 
7 
3 

lnit Points: 50. to 150. 
Term Limits: 350. to 600. 

--------------- ----------------------------
10 Wl 

2 

13 I ~ 
1 11 •. -------·· 

I 2 3 , .-------------· -., 

l·1i1 --4••···· \J{.~~·.···~·1-- _____________ ...... ---

440 t:::... ~ W2 --------~--- ...,:::--,~--_------j/'22
4 4 

*1 W2 

340 c__ _____ __j ______ __1 _____ ~__,_ ______ __L ______ _j_ ______ _, 

0 100 200 300 400 500 600 
PCSTABL5M/si FSmin=1.50 

STED Safety Factors Are Calculated By The Modified Bishop Method @ 
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** PCSTABL5M ** 
by 

Purdue University 
--Slope Stability _i::;.nalysis-

Simplified Janbu, Simplified Bishop 
or Spencer's Method of Slices 

Run Date, 6/26/2009 
Time of Run: 3:32PM 
Run By: HLO 
Input Data Filename: C:ph?ceocl. 
Output Filename: C:ph?ceocl.OUT 
Unit: ENGLISH 
Plotted output Filename: C:ph?ceocl.PLT 
PROBLEM DESCRIPTION PHASE 3/?C DOWNSTREAM EOC STATIC 

REFUSE DISPOSAL AREA NO. 2 
BOUN"IJARY COORDINATES 

Note: user origin value specified. 
Add 0.00 to X-values and 340.00 to Y-values listed. 

7 Top Boundaries 
13 Total Boundaries 

Boundary X-Left Y-Left X-Right Y-Right Soil Type 
No. (ft) (ft) (ft) (ft) Below Bnd 

1 . 00 116. 00 
2 100.00 116.00 
3 136.00 128.00 
4 156.00 128.00 
5 252.00 160.00 
6 272. 00 160.00 
7 396. 00 198.00 
8 272. 00 160.00 
9 282.00 160.00 

10 295.00 155.00 
11 295.00 155.00 
12 100.00 116.00 
13 389.00 119.00 

ISOTROPIC SOIL PARANJETERS 
4 Type(s) of Soil 

Soil Total Saturated 
Type Unit Wt. Unit Wt. 

No. (pcf) (pcf) 
1 130.0 140.0 
2 80.0 90.0 

Cohesion 
Intercept 

(psf) 
• 0 
.o 

100.00 
136. 00 
156.00 
252.00 
272.00 
396.00 
600.00 
282.00 
295.00 
600.00 
389.00 
389.00 
600.00 

Friction 
Angle 
(deg) 
33.7 
18.8 

3 130.0 140.0 .0 33.7 
4 125.0 135.0 400.0 19.5 

116. 00 
128.00 
128.00 
160.00 
160.00 
198.00 
198.00 
160.00 
155.00 
155.00 
119. 00 
119. 00 
119.00 

Pore Pressure 
Pressure Constant 

Param . (psf) 
. 00 .0 
.00 . 0 
.00 .0 
.00 . 0 

2 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED 
Unit Weight of water= 62.40 
Piezornetric Surface No. 1 Specified by 5 Coordinate Points 

Point X-Water Y-Water 
No. (ft) (ft) 

1 .00 116.00 
2 105.00 116.00 
3 295.00 153.90 
4 396.00 174.00 
S 600.00 174.00 

Piezometric Surface No. 2 Specified by 2 Coordinate Points 
Point X-Water Y-Water 

No. (ft) (ft) 
1 .00 96.00 
2 600.00 99.00 

4 
1 
1 
1 
1 
3 
3 
1 
1 
2 
1 
4 
4 

Piez. 
Surface 

No. 
1 
1 
1 
1 

Searching Routine Will Be Limited 
Of Which The First 1 Boundaries 

To A.~ Area Defined By 
Will Deflect Surfaces 

1 Boundaries 
Upward 

Boundary X-Left Y-Left X-Right Y-Right 
No. (ft) (ft) (ft) ( ft) 

1 .00 96.00 600.00 99.00 
A Critical Failure Surface Searching Method, using A Random 
Technique For Generating Circular Surfaces, Has Been Specified. 
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400 Trial Surfaces Have Been Generated. 
20 Surfaces Initiate From Each Of 20 Points Equally Spaced 

Along The Ground Surface Between X 50.00 ft. 
and X 150.00 ft. 

Each Surface Terminates Between X 350.00 ft. 
and x 600.00 ft. 

Unless Further Limitations Were Imposed, The Minimum Elevation 
At Which A Surface Extends Is Y = 96.00 ft. 
10.00 ft. Line Segments Define Each Trial Failure Surface. 
Following Are Displayed The Ten Most Critical Of The Trial 

Failure Surfaces Examined. They Are Ordered - Most Critical 
First. 
* * Safety Factors Are calculated By The Modified Bishop Method** 
Failure Surface Specified By 38 Coordinate Points 

Point x-surf Y-surf 
No. (ft) (ft) 

1 97.37 116.00 
2 106.82 
3 116. 38 
4 126.02 
5 135.74 
6 145.54 
7 155.39 
8 165.30 
9 175.24 

10 185.21 
11 195.20 
12 205.20 
13 215.20 
14 225.19 
15 235.15 
16 245.08 
17 254. 96 
18 264.80 
19 274.56 
20 284.26 
21 293.87 
22 303.38 
23 312. 79 
24 322.09 
25 331.27 
26 340.31 
27 349.21 
28 357.95 
29 366.54 
30 3 74. 96 
31 383.19 
32 391.25 
33 399.10 
34 406.76 

'" 414.20 
36 421.42 
37 428.41 
38 431.90 

Circle Center At X = 
*** 1. 496 

Individual data 
Water 
Force 

112.74 
109.79 
107.14 
104.81 
102.79 
101.09 

99. 71 
98.65 
97. 91 
97.49 
97.39 
97.61 
98.16 
99.03 

100.22 
101.72 
103.55 
105.69 
108.15 
110. 91 
113. 99 
117.37 
121. 05 
125.03 
129.30 
13 3. 86 
138.71 
143.84 
14 9. 24 
154.90 
160.84 
167.02 
173.46 
180 .14 
187.06 
194.20 
198.00 

203.2 Y 

*** 
on the 

Water 
Force 

407.5 and Radius, 310.2 

53 slices 
Tie Tie Earthquake 

Force Force Force Surcharge 
Slice Width Weight Top Bot Norm Tan Hor Ver Load 

No. (ft) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) 
1 2.6 161. 1 .0 78.8 . 0 . 0 . 0 . 0 . 0 
2 5.0 1735.3 .0 583.9 .0 .0 . 0 . 0 .0 

3 . 3 160.2 .0 48.1 .0 . 0 . 0 . 0 .0 
4 1.5 1033.1 .o 321. 0 .0 . 0 . 0 .o .0 
5 9,6 11020.6 .0 3705.0 .0 . 0 . 0 . 0 .0 
6 9.6 18951.4 .0 6590.0 .0 . 0 . 0 . 0 .0 



R17188(!jj) 

c:\docume-1\howens\mydocu-1\willia~l\stabil~l\ph7ceocl.OUT Page 3 

7 9.7 26630.9 . 0 9295.3 .0 . 0 . 0 .0 . 0 
8 .3 797.5 . 0 277 .1 .0 . 0 . 0 . 0 .0 
9 9.5 31249.5 .0 11540.8 .0 . 0 .0 . 0 . 0 

10 9.9 34898.6 .0 14155.3 . 0 . 0 . 0 . 0 . 0 
11 .6 2227.0 .o 939. 4 . 0 .0 .0 . 0 . 0 
12 9. 3 36965. 2 .0 15365.5 . 0 .0 .0 . 0 . 0 
13 9.9 45442.6 . 0 18264.8 . 0 .0 .0 . 0 . 0 
14 10.0 51280.5 .0 20032.6 .0 . 0 . 0 . 0 .0 
15 10.0 56670.4 .0 21606.7 . 0 . 0 . 0 . 0 .0 
16 10.0 61587.9 . 0 22985.3 . 0 .0 .0 . 0 . 0 
17 10.0 66011. 6 . 0 24167.2 . 0 .0 .0 . 0 . 0 
18 10.0 69923.4 . 0 25150.9 . 0 .0 .0 . 0 . 0 
19 10.0 73308.3 .0 25935.5 .o . 0 . 0 .0 .0 
20 9. 9 76154.9 .0 26520.3 .0 . 0 . 0 .0 .0 
21 6.9 54682.8 .0 18809.3 . 0 . 0 . 0 .0 .0 
22 3.0 23581.9 .o 8095.2 .o . 0 . 0 .0 .0 
23 9.8 76846.9 . 0 27087.8 . 0 .o . 0 .0 . 0 
24 7.2 54775.0 .0 19977. 7 . 0 . 0 . 0 .0 .0 
25 2.6 19272.8 . 0 7092. 2 . 0 .0 . 0 . 0 . 0 
26 7.4 56240.9 .0 20627.6 .0 .0 .0 . 0 . 0 
27 2.3 17153.0 .o 6223.6 .0 .0 .0 . 0 . 0 
28 9. 6 73245.7 .0 26431.4 .0 .0 .0 . 0 . 0 
29 1.1 8652.0 .0 3111. 6 . 0 .0 . 0 . 0 .o 
30 1. 9 14391.6 . 0 5167.6 .0 . 0 .0 . 0 .0 
31 3.6 27484.9 . 0 9864.4 . 0 . 0 . 0 .0 . 0 
32 2.9 21378. 7 .0 7668.6 . 0 .0 . 0 .0 . 0 
33 9.4 69050.4 .0 24989.7 .0 .0 .0 . 0 .0 
34 2.2 15636.1 . 0 5713. 0 . 0 . 0 . 0 .0 . 0 

35 7.1 50069.7 . 0 18255.0 . 0 . 0 . 0 .0 .0 
36 9.2 61843.5 .0 22748.5 . 0 . 0 . 0 . 0 . 0 
37 9. 0 57596. 0 .0 21332.5 . 0 .0 . 0 .0 . 0 

38 8.9 53000.5 . 0 19721. 2 . 0 .0 . 0 - .0 .0 

39 .4 2295.6 .o 862.6 . 0 . 0 . 0 .0 . 0 

40 8.3 47428.2 . 0 17054.0 . 0 .0 . 0 .0 .0 

41 8.6 48071. 6 . 0 15920.4 . 0 . 0 . 0 .0 .0 
42 8.4 46134.2 . 0 13734.7 . 0 . 0 .0 . 0 .0 

43 8.2 43929.1 . 0 11361.7 . 0 . 0 .0 .0 .0 

44 .1 680.7 . 0 162.8 . 0 . 0 .0 .0 .0 
45 7.9 39643.2 .0 8641.2 . 0 . 0 . 0 .0 .0 

46 4. 8 21864.7 .0 4007.5 . 0 . 0 . 0 . 0 .0 
47 3.1 13241. 6 .0 2020.6 . 0 .0 . 0 .0 .0 
48 7.7 27904.3 .0 2345.B .0 .0 . 0 .0 .0 

49 .6 1902.3 .0 13.7 .0 .0 . 0 . 0 .0 

50 6.8 18608.4 .0 .0 . 0 .0 . 0 .0 .0 
51 7.2 13522. 1 . 0 .o .0 .0 . 0 .o .0 
52 7.0 6703.4 .0 .0 .0 .o . 0 .0 .o 
53 3.5 860.6 .0 .0 .0 .0 . 0 .0 .0 

Failure Surface Specified By 38 Coordinate Points 
Point X-Surf Y-Surf 

No. (ft) (ft) 

1 102.63 116. 88 
2 112.04 113.48 
3 121.55 110.40 
4 131.16 107.63 
5 140.86 105.18 
6 150.63 103.05 
7 160.46 101.25 
8 170.35 99.76 
9 180.28 98.60 

10 190.25 97.77 
11 200.24 97.27 
12 210.24 97.10 
13 220.23 97.25 

( 14 230.22 97.73 

\ .. 15 240.19 98.55 
16 250.12 99.68 
17 260.02 101.15 
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18 269.86 102.94 
19 279.63 105.05 
20 289.33 107.48 
21 298.94 110. 23 
22 308.46 113. 29 
23 317.88 116. 67 
24 327.17 120.35 
25 336.35 124.33 
26 345.38 128.62 
27 354.27 133.20 
28 363.00 138.07 
29 371.57 143. 22 
30 379.97 148. 66 
31 388.18 154.36 
32 396. 20 160.34 
33 404.02 166.57 
34 411. 63 173.06 
35 419.03 179.79 
36 426.19 186.76 
37 433 .13 193.97 
38 436.76 198.00 

Circle Center At X = 210. 5 ; y 401. 2 and Radius, 304.1 

*** 1.498 *** 
Failure Surface Specified By 40 Coordinate Points 

Point x-surf Y-Surf 
No. (ft) (ft) 

1 76.32 116. 00 
2 85.80 112.84 
3 95.38 109. 96 
4 105.04 107.36 
5 114. 77 105.06 
6 124.56 103.05 
7 134.41 101.32 
8 144.31 99.90 
9 154.25 98.76 

10 164.21 97. 93 
11 174.20 97.39 
12 184.19 97.14 
13 194.19 97.20 
14 204.19 97.55 
15 214.17 98.20 
16 224.12 99 .14 
17 234.04 100.38 
18 243.93 101.92 
19 253.76 103.75 
20 263.53 105.87 
21 273.23 108.28 
22 282.86 110.98 
23 292.41 113. 96 
24 301. 86 117.23 
25 311. 21 120.77 
26 320.45 124.60 
27 329.57 128.69 
28 338.57 133.06 
29 347.43 137.69 
30 356.16 142.58 
31 364.73 147.73 
32 373.14 153.13 
33 381.39 158.78 
34 389.47 164.68 
35 397.37 170. 81 
36 405.09 177.17 
37 412.61 183.76 
38 419.93 190.57 
39 427.05 197.60 
40 427.43 198.00 

Circle Center At X = 187.4 ; y 433.2 and Radius, 336.1 
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*** l. 504 *** 
Failure Surface Specified By 37 Coordinate Points 

Point 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 

X-Surf Y-Surf 
(ft) (ft) 
92.11 

101.58 
111.15 
120.82 
130.56 
140.37 
150.24 
160.16 
170.12 
180.10 
190.09 
200.09 
210.09 
220.06 
230.01 
23 9. 92 
249. 78 
259.57 
269.30 
278. 94 
288.49 
297.94 
307.27 
316.48 
325.56 
334.50 
343.28 
351. 89 
360.34 
368.61 
376.68 
384.56 
392.23 
399.68 
406.91 
413.90 
418.45 

116.00 
112. 80 
109. 91 
107.34 
105.09 
103.16 
101. 56 
100.29 

99.34 
98. 72 
98. 43 
98.47 
98.84 
99.54 

100.57 
101.92 
103.60 
105.61 
107.94 
110.59 
113. 55 
116.83 
120.42 
124.31 

. 128.50 
133.00 
137.78 
142.85 
148.21 
153.84 
159.73 
165.90 
172.31 
178.98 
185.89 
193.04 
198.00 

Circle Center At X = 193.9 ; Y 
*** 1.507 *** 

Failure Surface Specified By 41 
Point X-Surf Y-Surf 

No. (ft) (ft) 

1 76.32 116.00 
2 85.84 112. 96 
3 95.45 110. 18 
4 105.13 107.67 
5 114.87 105.42 
6 124.68 103.45 
7 134.53 101.75 
8 144,43 100.32 
9 154.36 99.17 

10 164.32 98.30 
11 174.31 97.69 
12 184.30 97.37 
13 194.30 97.32 
14 204.30 97.55 
15 214.28 98.06 
16 224.25 98.84 
17 234.20 99.90 
18 244.11 10 l. 24 
19 253.98 102.84 
20 263.80 104.72 
21 273.57 106.87 

401.5 and Radius, 303.l 

Coordinate Points 



R17191

c:\docume~l\howens\mydocu~l\willia~l\stabil-l\ph7ceocl.OUT Page 6 

( 22 283.27 109.30 

\ 23 292.90 111. 98 
24 3 02. 45 114.94 
25 311. 92 118.16 
26 321.30 121. 63 
27 330.57 125.37 
28 339.74 129.36 
29 348.80 133.61 
30 357.73 138.10 
31 366.54 142.84 
32 375.21 147.82 
33 363.74 153.04 
34 3 92. 12 158.49 
35 400.35 164.18 
36 408.41 170.08 
37 416. 32 176.21 
38 424.04 182.56 
39 431.59 189.12 
40 438.96 195.88 
41 441.14 198.00 

Circle Center At X = 191. 0 ; y 458.5 and Radius, 361.2 
*** 1. 508 *** 

Failure Surface Specified By 38 Coordinate Points 
Point x-surf Y-Surf 
No. (ft) (ft) 

1 81.58 116. 00 
2 91.07 112. 85 
3 100.65 109.99 
4 110.32 107.44 
5 120.06 105.19 
6 129.87 103.24 
7 139.74 101.60 
8 149.65 100.27 
9 159.60 99.25 

10 169.57 98.54 
11 179.56 98.14 
12 189.56 98.06 
13 199.56 98.28 
14 209.55 98.82 
15 219.51 99.67 
16 229.44 100.83 
17 239.33 102.30 
18 249.18 104.08 
19 258. 96 106.17 
20 268.67 108.55 
21 278.30 111. 25 
22 287.84 114.24 
23 297.28 117.52 
24 306.62 121. 10 
25 315.84 124.97 
26 324.94 129. 13 
27 333.90 133.56 
28 342.72 138.28 
29 351.39 143.26 
30 359.89 148.52 
31 368.23 154.04 
32 376.40 159.81 
33 384.38 165.84 
34 392.16 172.12 
35 399.75 178.63 
36 407.13 185.38 
37 414.30 192.35 
38 419.75 198.00 

Circle Center At X = 187.3 ; y 418.3 and Radius, 320.3 
*** 1.510 *** 

Failure Surface Specified By 38 Coordinate Points 
Point X-Surf Y-Surf 
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No. (ft) (ft) 
1 81. 58 116.00 
2 91. 07 112.85 
3 100.65 109.99 
4 110.32 107.44 
5 120.06 105.19 
6 129.87 103. 24 
7 139.74 101.61 
8 149.65 100.28 
9 159.60 99.27 

10 169.57 98.56 
11 179.57 98.17 
12 189.57 98.09 
13 199.56 98.33 
14 209.55 98.88 
15 219.51 99.73 
16 229.44 100.91 
17 239.33 102.39 
18 249.17 104.18 
19 258.95 106.27 
20 268.66 108.68 
21 278.28 111. 38 
22 287.82 114.39 
23 297.26 117. 69 
24 306.59 121. 28 
25 315.81 125.17 
26 324.89 12 9. 34 
27 333.85 133.80 
28 342.66 138.53 
29 351.31 143.53 
30 359.81 148.81 
31 368.14 154.35 
32 376.29 160 .14 
33 384.25 166.19 
34 392. 02 172.48 
35 399.59 179.02 
36 406.95 185.79 
37 414.10 192.78 
38 419 .11 198.00 

Circle center At x = 187.1 ; y 417.5 and Radius, 319.4 

*** 1. 511 *** 
Failure Surface Specified By 39 Coordinate Points 

Point x-surf Y-Surf 
No. (ft) (ft) 

1 76.32 116.00 
2 85.80 112.82 
3 95.37 109.94 
4 105.03 107.35 
5 114.77 105.06 
6 124.57 103.07 
7 134.42 101.39 
8 144.33 100.00 
9 154.27 98.92 

10 164.24 98.15 
11 174.23 97.69 
12 184.23 97.53 
13 194.23 97.68 
14 204.22 98.13 
15 214.19 98.90 
16 224.13 99.97 
17 234.03 101.34 
18 243.89 103.02 
19 253.69 105.00 
20 263.43 107.28 

I 21 273.09 109.86 
~- 22 282.67 112.74 

23 292.16 115. 90 
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24 301.54 119.36 
25 310.81 123.11 
26 319.96 127.13 
27 328.99 131. 44 
28 337.88 136.02 
29 346.62 140.88 
30 355.21 146.00 
31 363.64 151.38 
32 371. 90 157.02 
33 379.98 162.91 
34 387.87 169.04 
35 395.58 175.42 
36 403.08 182.03 
37 410.38 188.87 
38 417.47 195.92 
39 419.43 198.00 

Circle Center At X = 184.4 ; y 

*** 1. 511 *** 
Failure Surface Specified By 37 

Point x-surf Y-Surf 
No. (ft) (ft) 

1 97.37 116. 00 
2 106.88 112.92 
3 116. 49 110 .16 
4 126.19 107.70 
5 135.96 105.56 
6 145.79 103.73 
7 155.67 102.22 
8 165.60 101.03 
9 175.56 100.16 

10 185.55 99.61 
11 195.55 99.39 
12 205.54 99.48 
13 215.54 99.90 
14 225.51 100.64 
15 235.45 101.70 
16 245.36 103.08 
17 255.21 104.77 
18 265.01 106.79 
19 274.73 109.12 
20 284.38 111.76 
21 293. 93 114.71 
22 303.39 117.96 
23 312.73 121. 52 
24 321. 96 125.38 
25 331.05 129.53 
26 340.01 133.98 
27 348.82 138. 71 
28 357.48 143. 72 
29 365.96 149. 01 
30 374.28 154.57 
31 382.41 160.39 
32 390.34 166.47 
33 398.08 172.81 
34 405.61 179.39 
35 412. 93 186.21 
36 420.02 193.26 
37 424.49 198.00 

Circle center At X = 197.6 ; y 

*** 1. 512 *** 
Failure 

Point 
Surface Specified By 37 

No. 
1 
2 
3 
4 

x-surf Y-Surf 
(ft) (ft) 
81.58 116.00 
91.00 

100.54 
110 .17 

112.66 
109.64 
106.95 

422.8 and Radius, 325.3 

Coordinate Points 

409.8 and Radius, 310.4 

Coordinate Points 
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I 5 119.88 104.58 
\ 6 129.68 102.55 

7 139.53 100.85 
8 149.44 99.49 
9 159.38 98.46 

10 169.36 97. 77 
11 179.35 97.43 
12 189.35 97.42 
13 199.35 97.75 
14 209.33 98.42 
15 219.28 99.43 
16 229.18 100.78 
17 239.04 102.46 
18 248.84 104.48 
19 258.56 106.83 
20 268.19 109.51 
21 277.73 112. 52 
22 287.16 115.84 
23 296.47 119.49 
24 305.65 123.45 
25 314.70 127.72 
26 323.59 132.29 
27 332.32 13 7. 1 7 
28 340.88 142.34 
29 349.26 147.79 
30 357.45 153.53 
31 365.44 159.54 
32 373.22 165.83 
33 380. 78 172.37 
34 3 88. 12 179.16 
35 395.22 186.20 
36 402.08 193.48 
37 406.06 198.00 

Circle Center At X = 184.6 ; y 391.6 and Radius, 294.2 

*** 1.515 *** 
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PHASE 3/7C DOWNSTREAM EOC STATIC REFUSE DISPOSAL AREA NO. 2 
C:\DOCUME-1\HOWENS\MYDOCU-1\WILLIA~1\STABIL-1\PH7CEOC2.PL2 Run By: HLO 6/26/2009 3:22PM 

./ 

-1''4- 7 /,,/J9 
# FS Soil Soil Total Saturated Cohesion Friction Piez. 
c1 2.05 Desc. Type Unit Wt. Unit Wt. Intercept Angle Surface 
b 2.06 No. (pcf) (pcf) (psf) (deg) No. 
c: 2.11 CCR-PH3 1 130.0 140.0 a.a 33.7 W1 
cl 2.11 FCR 2 80.0 90.0 0.0 18.8 W2 
" 2.17 CCR-PH? 3 130.0 140.0 a.a 33.7 W1 
I 2.17 SOIL 4 125.0 '135.0 400.0 19.5 W2 
[I 2.18 
h 2.20 

640 
i 2.20 
j 2.21 

540 

a 

h g 
j i 

f d e 

7. 

lnit Points: 220. to 320. 
Term Limits: 350. to 500. 

J 
~- .. .... 3 
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STED Safety Factors Are Calculated By The Modified Bishop Method 

·---
~::• ti]) 

( -~ 
\ ' 



R17196

c:\docume-l\howens\mydocu-1\willia-1\stabil~l\ph7ceoc2.0UT Page 1 

** PCST.ABLSM ** 
by 

Purdue University 
--Slope Stability Analysis-

Simplified Janbu, Simplified Bishop 
or Spencer~s Method of Slices 

Run Date: 6/26/2009 
Time of Run: 
Run By: 
Input Data Filename: 
Output Filename: 
Unit: 

3,22PM 
HLO 
C,PH7CEOC2. 
C: f.>H'/C.l!:UC2. ou·r 
ENGLISH 

Plotted 
PROBLEM 

Output Filename: C:PH7CEOC2.PLT 
DESCRIPTION PHASE 3/7C DOWNSTREAM EOC STATIC 

REFUSE DISPOSAL AREA NO. 2 
BOUI\JD~-RY COORDINATES 

Note: User origin value specified. 
Add 0.00 to X-values and 340.00 to Y-values listed. 

7 Top 
13 Total 

Boundary 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

Boundaries 
Boundaries 

X-Left 
(ft) 

.00 
100.00 
136.00 
156.00 
252.00 
272. 00 
396.00 
272.00 
282.00 
295.00 
295.00 
100.00 
389.00 

Y-Left 
(ft) 

116. 00 
116. 00 
128.00 
128.00 
160.00 
160.00 
198.00 
160.00 
160.00 
155.00 
155.00 
116.00 
119.00 

X-Right 
(ft) 

100.00 
136.00 
156.00 
252.00 
272. 00 
396.00 
600.00 
282.00 
295.00 
600.00 
389.00 
389.00 
600.00 

Y-Right 
(ft) 

116. 00 
128.00 
128.00 
160.00 
160.00 
198.00 
198.00 
160.00 
155.00 
155.00 
119. 00 
119. 00 
119. 00 

Soil Type 
Below Bnd 

4 

10 
11 
12 
13 

ISOTROPIC SOIL PARAMETERS 
4 Type(s) of Soil 

Soil Total saturated Cohesion 
Type Unit Wt. Unit wt. Intercept 

No. (pcf) (pcf) (psf) 
1 130.0 140.0 .0 
2 80.0 90.0 .0 
3 130.0 140.0 .0 
4 125.0 135.0 400.0 

Friction 
Angle 
(deg) 
33.7 
18.8 
33.7 
19.5 

Pore 
Pressure 

Param. 
. 00 
.00 
.00 
.00 

2 PIEZOMETRIC SURFACE(S} HAVE BEEN SPECIFIED 
Unit Weight of water= 62.40 

Pressure 
Constant 

(psf) 
. 0 
.0 
. 0 
.0 

Piezometric Surface No. 1 Specified by 5 Coordinate Points 
Point X-Water Y-Water 
No. (ft) (ft) 

1 .00 116.00 
2 105.00 116.00 
3 295.00 153.90 
4 396.00 174.00 
5 600.00 174.00 

Piezometric Surface No. 
Point X-Water 
No. (ft) 

1 .00 
2 600.00 

2 Specified by 2 Coordinate Points 
Y-Water 

(ft) 
96. 00 

1 
1 
1 
1 
3 
3 
1 
1 
2 
1 
4 
4 

Piez. 
surface 

No . 
1 
2 
1 
2 

Searching Routine Will 
Of Which The First 1 

99.00 
Be Limited 
Boundaries 

Y-Left 

To An Area Defined By 
Will Deflect Surfaces 

1 Boundaries 
Upward 

Boundary 
No. 

1 

X-Left 
( ft) 

.00 
(ft) 
96. 00 

X-Right Y-Right 
(ft) (ft) 

600.00 99.00 
A Critical Failure surface Searching Method, Using A Random 
Technique For Generating Circular Surfaces, Has Been Specified. 
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400 Trial Surfaces Have Been Generated. 
20 Surfaces Initiate From Each Of 20 Points 

Along The Ground Surface Between X 220.00 
and X 320.00 

Each Surface Terminates Between 
and 

X 
X 

350.00 
500.00 

Equally Spaced 
ft. 
ft. 
ft. 
ft. 

Unless Further Limitations were Imposed, The Minimum Elevation 
At Which A Surface Extends Is Y = 96.00 ft. 
10.00 ft. Line Segments Define Each Trial Failure Surface. 
Following Are Displayed The Ten Most Critical Of The Trial 

Failure Surfaces Examined. They Are Ordered - Most Critical 
First. 

* * Safety Factors Are Calculated By The Modified Bishop Method 
Failure surface Specified By 16 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 277.90 161.81 
2 286.87 157.39 
3 296.28 154.02 
4 306.02 151. 75 
5 315.96 150.60 
6 325.96 150.59 
7 335.89 151. 72 
8 345.63 153.98 
9 355.06 157.33 

10 364.04 161.73 
11 372.46 167.13 
12 380.21 173.44 
13 387.19 180.61 
14 3 93. 3 0 188.51 
15 398.48 197.07 
16 398.91 198.00 

Circle Center At X = 321. 0 y 238.0 and Radius, 87.6 

*** 2.046 *** 
Individual data on the 25 slices 

water water Tie Tie Earthquake 

* * 

Force Force Force Force Force Surcharge 
Slice Width Weight Top Bot Norm Tan Hor Ver Load 

No. (ft) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) 

1 3.7 699.1 .0 .0 . 0 .0 . 0 .0 . 0 
2 .4 175.8 .0 .0 . 0 .0 . 0 . 0 . 0 
3 4.9 3304.3 .0 .0 . 0 .0 . 0 .0 . 0 
4 8.1 10432.1 . 0 .0 .0 .0 . 0 .0 .0 
5 1.0 1744.5 .o . 0 .o .0 . 0 . 0 .0 
6 . 2 407.1 .0 1.0 .0 . 0 .o . 0 .0 
7 . 6 1054.9 .0 10.1 .0 . 0 .0 . 0 . 0 
8 2.6 4799.5 .0 159.9 . 0 .o .0 . 0 .o 
9 1.0 1915.2 .0 .0 . 0 . 0 .0 . 0 .0 

10 5.5 11589.7 .0 .0 . 0 . 0 .0 . 0 . 0 
11 9.9 25120.6 . 0 .0 .. o .0 .0 .0 . 0 
12 10.0 29914.7 . 0 .0 . 0 .0 .0 .0 . 0 
13 9.9 33417.4 . 0 .0 .0 .0 .0 .o .0 
14 9.7 35457.0 . 0 . 0 .0 .0 . 0 .0 . 0 
15 2.9 10832.2 .0 .0 .0 .0 . 0 .0 . 0 
16 6.6 24667.8 .0 3845.2 .0 .o . 0 .0 . 0 
17 9.0 32502. 7 .0 4416.9 .o .0 . 0 .0 .0 
18 8.4 27771.6 . 0 2478.4 .0 . 0 .0 . 0 .0 
19 3.6 10545.0 . 0 307.0 . 0 . 0 .0 . 0 .0 
20 4.2 11344.0 .0 .0 .o .0 .0 . 0 . 0 
21 7.0 15611.3 .0 . 0 . 0 .0 .0 .0 . 0 
22 6.1 9288.1 .0 .o .0 .0 .0 .0 . 0 
23 2.7 2398.7 . 0 .0 .0 .0 .0 .0 . 0 
24 2.5 962. 2 . 0 .0 .0 .0 . 0 .0 .o 
25 .4 25.8 . 0 .0 .0 .0 . 0 .0 .0 

Failure Surface Specified By 16 Coordinate Points 
Point X-Surf Y-Surf 

No. (ft) (ft) 
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1 283.16 163.42 
2 291.77 158.33 
3 300.95 154.36 
4 310.55 151.56 
5 320.42 149.99 
6 330.42 149.66 
7 340.37 150.58 
8 350.14 152.73 
9 359.56 156.09 

10 368.48 160.60 
11 376.78 166.19 
12 384.31 172. 76 
13 390.96 180.23 
14 396. 63 188.47 
15 401. 23 197.35 
16 401. 46 198.00 

Circle Center At X = 328.0 ; y 229.5 and Radius, 79.9 

*** 2.064 *** 
Failure Surface Specified By 15 Coordinate Points 

Point x-surf Y-Surf 
No. (ft) (ft) 

1 283.16 163.42 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

292.02 
301. 37 
311. 06 
320.98 
330.98 
340.92 
350.68 
360. 11 
369.08 
377.48 
385.19 
392.10 
398 .11 
403. 14 

158.79 
155.23 
152.79 
151.49 
151.37 
152.42 
154.62 
157.95 
162.36 
167.78 
174.16 
181.39 
189.38 
198.00 

Circle Center At X = 327.0 ; Y 
*** 2.109 *** 

Failure 
Point 

No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 

Surface Specified By 18 
X-Surf Y-Surf 

(ft) (ft) 
272.63 
282.10 
291. 79 
301. 63 
311.58 
321.57 
331.56 
341.49 
351.29 
360.93 
370.33 
379.46 
388.25 
396.66 
404.65 
412.16 
419.16 
421.53 

160.19 
156.98 
154.49 
152.73 
151.70 
151. 43 
151. 90 
153. 12 
155.08 
157.76 
161.16 
165.25 
170.01 
175.42 
181.44 
188.04 
195.18 
198.00 

Circle Center At X = 320.2 ; Y 
*** 2.114 *** 

Failure 
Point 
No. 

1 
2 
3 

Surface Specified By 20 
x-surf Y-Surf 

(ft) (ft) 
262.11 160.00 
271. 38 
280.88 

156.25 
153. 14 

236.6 and Radius, 

Coordinate Points 

85.3 

284.8 and Radius, 133.4 

Coordinate Points 
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4 290.57 150.68 
5 300.41 148.88 
6 310.35 147.75 
7 320.34 147.29 
8 330.33 147.51 
9 340.29 148.41 

10 350.17 149.98 
11 359.92 152.21 
12 369.49 155.10 
13 378.85 158.62 
14 387.95 162.77 
15 396.74 167.53 
16 405.20 172. 87 
17 413.27 178.77 
18 420.93 185.21 
19 428.13 192 .14 
20 433.44 198.00 

Circle Center At X = 322.1 ; y 294.9 and Radius, 
*** 2 .171 *** 

Failure Surface Specified By 18 Coordinate Points 
Point X-Surf Y-Surf 

No. (ft) (ft) 
1 272.63 160.19 
2 281. 29 155.19 
3 290.41 151.08 
4 299.88 147.89 
5 309.63 145.67 
6 319.56 144.42 
7 329.55 144.18 
8 339.53 144.92 
9 349.37 146.66 

10 359.00 149.37 
11 368.31 153.03 
12 377.20 157.60 
13 385.60 163.03 
14 393.42 169.27 
15 400.57 176.25 
16 406.99 183.92 
17 412.62 192 .18 
18 415.78 198.00 

Circle Center At X = 327.0 ; y 244.2 and Radius, 
*** 2 .172 *** 

Failure Surface Specified By 13 Coordinate Points 
Point x-surf Y-Surf 

No. (ft) (ft) 
1 283.16 163.42 
2 291.26 157.56 
3 300.24 153.15 
4 309.82 150.30 
5 319.75 149.10 
6 329.74 149.59 
7 339.50 151.74 
8 348.77 155.50 
9 357.27 160.77 

10 364.77 167.38 
11 371.05 175.16 
12 375.94 183.88 
13 379.13 192.83 

Circle Center At X = 321.9 ; y 208.5 and Radius, 
*** 2.185 *** 

Failure 
Point 

Surface Specified By 7 Coordinate Points 

No. 
1 
2 
3 
4 

x-surf Y-Surf 
(ft) (ft) 

320.00 
329.85 
33 9. 5 8 
349.15 

174.71 
176.44 
178.76 
181.65 

147.6 

100.1 

59.4 
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5 
6 
7 

358.53 
367.69 
368.58 

185.12 
189.14 
189.60 

Circle Center At X = 296.1 ; Y 
*** 2.200 *** 

Failure 
Point 

No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

Surface specified By 21 
x-surf Y-Surf 

(ft) (ft) 
256.84 
265.91 
275.25 
284.82 
294.57 
304.44 
314.41 
324.41 
334.39 
344.32 
354 .13 
363.79 
373. 24 
382.44 
391. 34 
399.91 
408.09 
415.86 
423.16 
429.98 
433.32 

160.00 
155.79 
152.21 
149.30 
147.07 
145.51 
144.65 
144.49 
145.03 
146.26 
148.18 
150.78 
154.04 
157. 96 
162.51 
167.67 
173.42 
179.72 
186.55 
193.87 
198.00 

Circle Center At X = 321.7 ; Y 
*** 2.201 *** 

Failure 
Point 

Surface Specified By 19 

No. 
l 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

X-Surf Y-Surf 
(ft) (ft) 

272.63 160.19 
281.19 
290.21 
299.61 
309.30 
319.18 
329.17 
339.16 
349.06 
358.78 
368.22 
377.29 
385.91 
394.00 
401.47 
408 .. 26 
414.30 
419. 53 
420.58 

155.02 
150. 71 
147.29 
144.81 
143.29 
142.74 
143.17 
144.56 
146.92 
150.22 
154.42 
159.49 
165.37 
172.02 
179.36 
187.33 
195.85 
198.00 

Circle Center At X = 329.8 ; Y 
*** 2.212 *** 

339.7 and Radius, 166.7 

Coordinate Points 

287.8 and Radius, 143.3 

Coordinate Points 

245 .1 and Radius, 102. 3 
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PHASE 3/'TC DOWNSTREAM LONGTERM REFUSE DISPOSAL AREA NO. 2 
C:\DOCUME~1\HOWENSIMYDOCU~1\WILLIA~1\STABIL~11PH7CDSLT,PL2 Run By: HLO 6/26/2009 3:58PM 

// 
/''f/4--1 j 

7/v;J1 
740 · . ' 

I --=-::7 

640 

540 

Soil 
Desc. 

Soil Total Saturated Friction Piez. 
Type Unit Wt. Unit Wt. Angle Surface 
No. (pcf) (pcf) (deg) No. 
1 130.0 140.0 33.7 W1 
2 80.0 90.0 28.0 W1 
3 130.0 140.0 33.7 W1 

# FS 
a 1.50 
b 1.50 
G 1.50 
d 1.51 
B 1.51 
f 1.51 
!l 1.511~--------------__J 
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** PCSTABLSM ** 
by 

Purdue University 
--Slope Stability Analysis-

Simplified Janbu, Simplified Bishop 

Run Date: 
or Spencer~s Method of Slices 

6/26/2009 
'l'ime of .Run: 
Run By: 
Input Data Filename: 
Output Filename: 
Unit: 

3:58PM 
HLO 
C:ph7cdslt. 
C:ph7cdslt.OUT 
ENGLISH 

Plotted 
PROBLEM 

Output Filename: C:ph7cdslt.PLT 
DESCRIPTION PHASE 3/7C DOWNSTREAM LONGTERM 

REFUSE DISPOSAL AREA NO. 2 
BOUNDARY COORDINATES 

Note: User origin value specified. 
Add 0.00 to X-values and 340.00 to Y-values listed. 

7 Top 
13 Total 

Boundary 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

Boundaries 
Boundaries 

X-Left 
(ft} 

.00 
100.00 
136.00 
156.00 
252.00 
272.00 
396.00 
272. 00 
282.00 
295.00 
295.00 
100.00 
389.00 

Y-Left 
(ft} 

116. 00 
116. 00 
12 8. 00 
12 8. 00 
160.00 
160.00 
198.00 
160.00 
160.00 
155.00 
155.00 
116. 00 
119.00 

X-Right 
(ft} 

100.00 
136.00 
156.00 
252.00 
272. 00 
396.00 
600.00 
282.00 
295.00 
600.00 
389.00 
389.00 
600.00 

Y-Right 
(ft} 

116. 00 
128.00 
128.00 
160.00 
160.00 
198.00 
198.00 
160.00 
155.00 
155.00 
119. 00 
119. 00 
119. 00 

Soil Type 
Below Bnd 

4 

10 
11 
12 
13 

ISOTROPIC SOIL PARAMETERS 
4 Type{s) of Soil 

Soil Total Saturated 
Type Unit Wt. Unit Wt. 

No. (pcf} (pcf} 
l 130.0 140.0 
2 80.0 90.0 

Cohesion 
Intercept 

(psf} 
.0 
.0 

3 130.0 140.0 .0 
4 125.0 135.0 .0 

Friction 
Angle 
(deg} 
33.7 
28.0 
33.7 
26.8 

Pore Pressure 
Pressure Constant 

Param. (psf} 
.00 .0 
.00 .0 
.00 . 0 
.00 . 0 

2 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED 
Unit Weight 
Piezometric 

Point 
No. 

1 
2 
3 
4 
5 

of Water= 
Surface No, 
x-Water 

(ft} 
.00 

105.00 
295.00 
396.00 
600.00 

Piezometric Surface No. 
Point X-Water 
No. (ft} 

1 .00 
2 600.00 

62.40 
1 Specified by 
Y-Water 

(ft} 
116.00 
116.00 
157.80 
180.00 
180.00 

5 Coordinate Points 

2 Specified by 2 Coordinate Points 
Y-Water 

(ft} 
96. 00 
99.00 

1 
1 
1 
1 
3 
3 
1 
1 
2 
1 
4 
4 

Piez. 
Surface 

No. 
1 
1 
1 
1 

Searching Routine Will Be Limited 
Of Which The First 1 Boundaries 

To An Area Defined By 
Will Deflect Surfaces 

1 Boundaries 
Upward 

Boundary X-Left Y-Left X-Right Y-Right 
No. (ft} (ft} (ft) (ft} 

1 .00 96.00 600.00 99.00 
A Critical Failure surface Searching Method, Using A Random 
Technique For Generating Circular surfaces, Has Been Specified. 
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400 Trial Surfaces Have Been Generated. 
20 Surfaces Initiate From Each Of 20 Points 

Along The Ground Surface Between X 50.00 
and X 150.00 

Each Surface Terminates Between 
and 

X 
X 

350.00 
500.00 

Equally Spaced 
ft. 
ft. 
ft. 
ft. 

Unless Further Limitations Were Imposed, The Minimum Elevation 
At Which A Surface Extends Is Y = 96.00 ft. 
10.00 ft. Line Segments Define Each Trial Failure Surface. 
Following Are Displayed The Ten Most Critical Of The Trial 

Failure Surfaces Examined. They Are Ordered - Most critical 
First. 
**Safety Factors Are Calculated By The Modified Bishop Method** 
Failure Surface Specified By 38 Coordinate Points 

Point x-surf Y-Surf 
No. {ft) {ft) 

l 71.05 116.00 
2 80.50 
3 90.04 
4 99.68 
5 109.40 
6 119. 20 
7 129.05 
8 138. 96 
9 148.90 

10 158.88 
11 168.87 
12 178.87 
13 188.87 
14 198.85 
15 208.80 
16 218. 72 
17 228.60 
18 238.41 
19 248.16 
20 257.82 
21 267.40 
22 276.88 
23 286.24 
24 295.49 
25 304.60 
26 313. 5 8 
27 322.40 
28 331.07 
29 339.56 
30 347.87 
31 356.00 
32 363.93 
33 371.66 
34 379.17 
35 386.46 
36 393.52 
37 400.34 
38 400.87 

circle Center At X = 

*** 1.503 
Individual data 

Water 
Force 

112.71 
109.73 
107.07 
104. 72 
102.70 
101.01 

99.64 
98.59 
97.88 
97.50 
97.44 
97. 72 
98.33 
99.26 

100.53 
102.12 
104.03 
106.27 
108.83 
111.71 
114.90 
118. 40 
122.21 
126.33 
130.74 
135.44 
140.44 
145. 72 
151.27 
157.10 
163.19 
169.54 
176.14 
182.99 
190.07 
197.38 
198.00 

175.5 Y 

*** 
on the 

Water 
Force 

400.3 and Radius, 302.8 

52 slices 
Tie Tie Earthquake 

Force Force Force Surcharge 
Slice Width Weight Top Bot Norm Tan Hor Ver Load 

No. (ft) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) 

1 9.4 2098.7 ,0 1027.3 .o .0 .0 . 0 . 0 
2 9.5 6163.1 .0 2984.2 .0 .0 .0 . 0 . 0 

3 9.6 9894.0 .0 4744.S .0 ,0 .0 .0 . 0 
4 .3 387.3 .o 184.1 .0 .0 .0 .0 . 0 
5 5.0 7030.4 .0 3085.4 .0 .0 .0 . 0 . 0 
6 . 2 396.9 .0 159.5 .0 .0 .0 . 0 . 0 
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7 4.2 7371.7 .0 2940.7 . 0 .0 . 0 . 0 .0 

8 9.8 22475.3 .0 8737.6 . 0 .0 . 0 . 0 .0 

9 9.9 29483.0 .0 11188.1 .0 .0 . 0 . 0 .0 

10 6.9 24686.2 .0 9207.4 .0 .0 . 0 .0 .0 

11 3.0 11251. 9 .0 4240.3 .o .0 . 0 .0 .0 

12 9.9 38956.6 .0 15514.0 . 0 .0 . 0 . 0 .0 

13 7.1 28670.3 .0 12189.1 . 0 .0 . 0 . 0 .0 

14 2.9 11967. 4 . 0 5195.7 . 0 . 0 . 0 . 0 . 0 

15 10.0 44888.7 . 0 19058.0 . 0 . 0 .o . 0 . 0 

16 10.0 49756.9 . 0 20531. 9 . 0 . 0 .0 . 0 . 0 

17 10.0 54128.6 • 0 21804.6 . 0 . 0 .0 .0 . 0 

18 10.0 57985.2 . 0 22875.0 . 0 . 0 .o .0 .0 

19 10.0 61311. 6 . 0 23741.9 .0 .0 . 0 .0 . 0 

20 9. 9 64096. 2 .0 24404.2 .0 .o . 0 .o . 0 

21 9.9 66331. 2 .o 24861.3 . 0 .0 .0 .0 .0 

22 9.8 68012.4 . 0 25112.7 .0 . 0 .0 .o . 0 

23 9.7 69139.1 . 0 25158.0 . 0 . 0 .0 .0 . 0 

24 3. 8 27609.1 . 0 9970.4 . 0 . 0 .0 . 0 . 0 

25 5.8 41370.8 . 0 15027.0 .0 . 0 .0 .0 . 0 

26 9.6 65341.2 .0 24630.8 . 0 . 0 .0 . 0 . 0 

27 4.6 30076.4 . 0 11760.5 .0 .0 .0 . 0 . 0 

28 4.9 31369.0 .0 12298.3 .0 . 0 .0 . 0 . 0 

29 5.1 32789.3 . 0 12841.5 . 0 .0 .0 . 0 . 0 

30 3.0 18806.5 . 0 7285.4 .0 .0 .0 . 0 . 0 

31 1. 3 8190.5 .0 3155.0 .0 .0 . 0 . 0 .0 

32 4.1 26024.1 .0 10083.2 . 0 .0 . 0 .0 .0 

33 4.6 28900.8 . 0 11063. 6 . 0 .0 .0 .0 .0 

34 . 5 3034.7 . 0 1154.2 . 0 . 0 .0 .0 . 0 

35 9. 1 54727.2 . 0 21117. 4 . 0 . 0 . 0 .0 . 0 

36 9.0 50388.9 . 0 19730.8 . 0 . 0 . 0 .0 . 0 

37 8.8 45714.5 . 0 18144.0 . 0 .0 . 0 .0 . 0 

38 8.7 40741.7 .0 16358.9 . 0 .0 • 0 .0 .0 

39 ,7 3305.2 .0 1346.6 .0 .0 .0 . 0 .0 

40 7.7 33712.5 .0 13030.7 .0 .0 .o . 0 .0 

41 8. 3 35115.4 .0 12201.3 .0 .0 .0 . 0 . 0 

42 5.2 21272.7 . 0 6576.8 .0 .0 .0 . 0 . 0 

43 2.9 11548.9 . 0 3256.8 . 0 . 0 .0 . 0 . 0 

44 7.9 28567.8 . 0 7276.4 . 0 . 0 . 0 . 0 . 0 

45 7.7 23649.5 .0 4532.7 .0 .0 .0 . 0 . 0 

46 7.5 18598.4 . 0 1605.4 . 0 . 0 .0 . 0 . 0 

47 . 2 474.8 . 0 1.5 . 0 . 0 . 0 .0 . 0 

48 7.1 13163.6 .0 .0 . 0 . 0 . 0 . 0 . 0 

49 7.1 8834.1 . 0 . 0 . 0 . 0 . 0 .0 . 0 

50 2.5 2007.7 . 0 . 0 . 0 .0 . 0 .o . 0 

51 4.3 1657.5 . 0 .0 . 0 . 0 .o .0 . 0 

52 . 5 21. 5 .0 . 0 . 0 .o . 0 .0 .0 

Failure Surface Specified By 38 Coordinate Points 
Point x-surf Y-Surf 
No. (ft) (ft) 

1 65.79 116. 00 
2 75.27 112. 83 
3 84.85 109.96 
4 94.52 107.39 
5 104.26 105.14 
6 114.07 103.19 
7 123.93 101.56 
8 133.85 100.24 
9 143. 80 99. 23 

10 153.77 98.54 
11 163.77 98.17 
12 173.77 98 .11 
13 183.76 98.38 
14 193.75 98.96 
15 203. 71 99.85 
16 213.63 101.06 
17 223.51 102.59 
18 233.34 104.43 
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19 243.11 106.58 
20 252.80 109.03 
21 262.41 111. 80 
22 271. 93 114.87 
23 281.35 118. 23 
24 290.65 121.90 
25 299.83 125.86 
26 308.89 130. 11 
27 317.80 134.64 
28 326.57 139.45 
29 335.17 144. 54 
30 343.62 149.90 
31 351.88 155.53 
32 359. 97 161. 41 
33 367. 86 167.55 
34 375.56 173.93 
35 383.05 180.56 
36 390.33 187.42 
37 397.38 194.51 
38 400.64 198.00 

Circle Center At X = 170.5 ; y 413.1 and Radius, 315.0 
*** 1.505 *** 

Failure Surface Specified By 37 Coordinate Points 
Point X-Surf Y-Surf 

No. (ft} (ft} 
1 81.58 116.00 
2 90.98 112.60 
3 100.50 109.53 
4 110.12 106.78 
5 119.82 104.37 
6 129.60 102.30 
7 139.45 100.57 
8 14 9. 3 6 99.17 
9 15 9. 3 0 98.12 

10 169.28 97.42 
11 179.27 97.06 
12 189.27 97.04 
13 199.26 97.37 
14 209.24 98.04 
15 219.19 99.06 
16 229.10 100.42 
17 238.95 102.12 
18 248. 74 104.16 
19 258.45 106.54 
20 268.08 109.25 
21 277.60 112.29 
22 287.02 115.66 
23 296.31 119. 36 
24 305.47 123.37 
25 314.49 127.69 
26 323.35 132.32 
27 332.05 137.26 
28 34 0. 5 7 142.49 
29 34 8. 91 148.02 
30 357.04 153.83 
31 364.98 159.91 
32 372.70 166.27 
33 380.19 172.89 
34 387.46 179.76 
35 394.48 186.89 
36 401.25 194. 24 
37 404.47 198.00 

Circle Center At X = 184.7 ; y 386.6 and Radius, 289.6 
*** 1.505 *** 

Failure Surface Specified By 38 Coordinate Points 
Point X-Surf Y-Surf 

No. (ft} (ft} 
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1 Bl. 58 116.00 
2 91. 02 112. 72 
3 100.57 109.74 
4 110.21 107.08 
5 119.93 104.73 
6 129.72 102.71 
7 139.58 101. 00 
B 149. 48 99.62 
9 159.43 98.56 

10 169.40 97.83 
11 179.39 97.42 
12 189.39 97.34 
13 199.39 97.59 
14 209.37 98.16 
15 219.33 99.06 
16 229.26 100.28 
17 23 9. 14 101.82 
18 248.96 103.69 
19 258.72 105.88 
20 268.40 108.39 
21 277.99 111.21 
22 287.49 114.34 
23 296. BB 117.78 
24 306.15 121.52 
25 315.30 125.57 
26 324.30 129.91 
27 333.16 134.55 
28 341.87 139.47 
29 350.41 144.67 
30 358.78 150.15 
31 366.96 155.90 
32 374.95 161.91 
33 3 82. 74 168.19 
34 390.32 174.71 
35 3 97. 68 181.47 
36 404.82 188.48 
37 411.72 195. 71 
38 413.77 198.00 

Circle Center At x = 186.9 ; y 403.4 and Radius, 306.1 

*** 1. 506 *** 
Failure Surface Specified By 37 Coordinate Points 

Point x-surf Y-Surf 
No. (ft) (ft) 

1 81. 58 116. 00 
2 90.98 112.58 
3 100.49 109.49 
4 110.10 106.74 
5 119.81 104.33 
6 129.59 102.26 
7 139.44 100.53 
B 149. 34 99.15 
9 159.29 98.12 

10 169.27 97.44 
11 179.26 97 .11 
12 189.26 97. 14 
13 199.25 97.51 
14 2 0 9. 23 98.24 
15 219.17 99.31 
16 229.07 100.73 
17 238.91 102.50 
18 248.68 104.62 
19 258.38 107.08 
20 267.98 109.87 
21 277.48 113.00 
22 286.86 116.47 
23 296 .11 120.26 
24 305.23 124.37 
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25 314.19 128.80 
26 322.99 133.55 
27 331.62 138.60 
28 340.07 143. 95 
29 348.33 149.59 
30 356.38 155.52 
31 364.22 161.73 
32 371. 83 168.21 
33 379.22 174. 96 
34 386.36 181.95 
35 393.25 189.20 
36 399.88 196.68 
37 400.97 198.00 

Circle Center At X = 183.6 ; y 381.7 and Radius, 284.6 
*** 1. 507 *** 

Failure Surface Specified By 38 Coordinate Points 
Point X-Surf Y-Surf 
No. (ft) (ft) 

1 65.79 116.00 
2 75.22 112.68 
3 84.76 109.68 
4 94.39 106.99 
5 104.11 104.63 
6 113. 90 102.59 
7 123.75 100.88 
8 133.66 99.49 
9 143.60 98. 44 

10 153.57 97.71 
11 163.57 97.32 
12 173.57 97.26 
13 183.56 97.53 
14 193.54 98.13 
15 203.50 99.06 
16 213.42 100.32 
17 223.29 101. 92 
18 233. 11 103.83 
19 242.85 106.08 
20 252.52 108.64 
21 262.09 111. 53 
22 271. 57 114.73 
23 280.93 118.25 
24 290.17 122.07 
25 299.28 126.20 
26 308.24 130. 63 
27 317.06 135.35 
28 325. 71 140.36 
29 334.19 145.66 
30 342.49 151.24 
31 350.60 157.09 
32 358.51 163.20 
33 366.22 169.58 
34 373.71 176.20 
35 380.97 183.08 
36 388.01 190.18 
37 3 94. 80 197.52 
38 394.93 197.67 

Circle Center At X = 170.4 ; y 398.4 and Radius, 301.1 
*** 1.507 *** 

Failure surface Specified By 37 Coordinate Points 
Point x-surf Y-Surf 
No. (ft) (ft) 

1 Bl. 58 116.00 
2 91. 09 112. 91 
3 100.70 110. 15 
4 110.40 107.70 
5 120.17 105.57 
6 130.01 103.78 
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7 13 9. 90 102.30 
8 149.83 101.16 
9 159.80 100.35 

10 169.79 99.87 
11 179.78 99. 72 
12 189.78 99.90 
13 199.77 100.41 
14 209.73 101.25 
15 219.67 102.43 
16 229.55 103.93 
17 239.38 105.76 
18 249.15 107.92 
19 258.84 110.40 
20 268.44 113.19 
21 277. 94 116.31 
22 287.33 119.74 
23 296. 61 123.48 
24 305.75 127.52 
25 314.76 131.86 
26 323. 62 136.51 
27 332.32 141.44 
28 340.85 146. 66 
29 349.20 152.16 
30 357.36 157.93 
31 365.33 163.97 
32 373.10 170.27 
33 380.65 176.83 
34 387.98 183.63 
35 395.08 190.67 
36 401. 94 197.95 
37 401. 99 198.00 c- Circle Center 11..t X = 179.3 ; y 401.1 and Radius, 301.4 

*** 1.509 *** .. Failure Surface Specified By 40 Coordinate Points 
Point x-surf Y-Surf 

No. (ft) (ft) 
1 60.53 116.00 
2 70.04 112.91 
3 79.63 110.08 
4 89.30 107.53 
5 99.04 105.26 
6 108.83 103.26 
7 118.69 101.54 
8 128.58 100.10 
9 138.51 98.95 

10 148.48 98.07 
11 158.46 97.48 
12 168.45 97.17 
13 178.45 97.15 
14 188.45 97.41 
15 198.44 97.95 
16 208.40 98.78 
17 218.34 99.89 
18 228.24 101.28 
19 238.10 102.95 
20 247.91 104.90 
21 257.66 107.13 
22 267.34 109.63 
23 276.95 112.41 
24 286.47 115.46 
25 295.90 118. 78 
26 305.24 122.36 
27 314. 4 7 126.21 
28 323.59 130.32 
29 332.58 134.68 
30 341. 45 139.30 
31 350.19 144.17 
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32 358.78 149.29 
33 367.22 154.65 
34 375.51 160.24 
35 383.64 166.07 
36 391.60 172.12 
37 399.38 178.40 
38 406.98 184.90 
39 414.39 191. 61 
40 421. 06 198.00 

Circle Center At X = 174.3 ; y 449.4 and Radius, 352.3 
*** 1.509 *** 

Failure Surface specified By 36 coordinate Points 
Point x-surf Y-Surf 
No. (ft) (ft) 

1 86.84 116.00 
2 96.23 112.54 
3 105.73 109.42 
4 115. 33 106.64 
5 125.03 104.21 
6 134.81 102.12 
7 144.66 100.39 
8 154.56 99.01 
9 164.51 97.99 

10 174.49 97.32 
11 184.49 97 .01 
12 194.49 97.06 
13 204.48 97.46 
14 214.45 98.23 
15 224.38 99.34 
16 234.28 100.82 
17 244.11 102.65 

/- 18 253.87 104.82 I 

\ 19 263.54 107.35 
20 273 .12 110.22 
21 282.59 113.43 
22 291. 94 116.98 
23 301.16 120.86 
24 310.23 125. 07· 
25 319.14 129.60 
26 327.89 134.45 
27 336.46 139.60 
28 344.84 145. 06 
29 353.02 150.82 
30 360.98 156.86 
31 368.73 163.19 
32 376.24 169.79 
33 383.51 176.65 
34 390.53 183.77 
35 3 97. 3 0 191.14 
36 403.16 198.00 

Circle Center At X = 188.1 ; y 376.3 and Radius, 279.3 
*** 1.510 *** 

Failure Surface specified By 39 Coordinate Points 
Point x-surf Y-Surf 
No. (ft) (ft) 

1 76.32 116.00 
2 85.83 112. 93 
3 95.44 110.14 
4 105.12 107.63 
5 114.87 105.42 
6 124.68 103.49 
7 134.55 101.86 
8 144.46 100.53 

l 
9 154.40 99.48 

10 164.38 98.74 
11 174.37 98.28 
12 184.36 98.13 
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13 194.36 98.27 
14 204.35 98. 72 
15 214.33 99.45 
16 224.27 100.48 
17 234.18 101.81 
18 244.05 103.43 
19 253.87 105.35 
20 263. 62 107.55 
21 273.30 110.05 
22 282.91 112. 83 
23 292.43 115.89 
24 301.85 119. 24 
25 311.17 122. 86 
26 320.38 126.76 
27 329.47 130.93 
28 338.43 135.37 
29 347.26 140.07 
30 3 55. 94 145.04 
31 364.47 150.26 
32 372.84 155.73 
33 381.04 161.44 
34 389.08 167.40 
35 3 96. 93 173.59 
36 404.59 180.02 
37 412.06 186.67 
38 419.33 193.53 
39 423.78 198.00 

Circle Center At X = 184.5 ; y 434.8 and Radius, 336.6 

*** l.Sll *** 

( 
',,, 
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ALPS, 1/23/2007, 11:41:04 

ALPS module build: 5.1.21 
Project File: OnTitled 
Units: (ft) (psi) 

[ PROJECT TITLE) 
POND CREEK NO. l PILLP.R STABILITY 

[PROJECT DESCRIPTION] 
J-1.REA UNDER PHASE 7 IMPOUNDMENT 

[GEOMETRY PARAMETERS] 
Entry Height ....................................... 8 ( ft) 
Depth of Cover .................................... 528 ( ft) 
Panel Width ....................................... 1250 (ft) 
Entry Width ....................................... 18 (ft) 
Number of Entries ................................. 3 
Center to Center Distance #1 ...................... 100 (ft) 
Center to Center Distance #2 ...................... 100 (ft) 
Crosscut Spacing .................................. 100 (ft) 

[DEFAULT PAR.JI.METERS] 
In Situ Coal Strength ............................. 900 (psi) 
Abutment .n..ngle ..................•................. 21 (deg) 
Unit Weight of Overburden ......................... 154 (pcf) 

[ALPS STABILITY FACTORS - STANDARD GEOMETRY] 

Classic ALPS 
Development Loading ............ 4.64 
Headgate Loading ............... 3.70 
Bleeder Loading ................ 3.08 
Tailgate Loading ............... 2.49 
Isolated Loading ............... 2.30 

[ PILLAR LOAD BEARING CAPACITY) 

PILLAR #1 

ALPS (R) 
4.64 
3.70 
3.08 
2.49 
2.30 

for Pillar Width (ft) .......................................... 82. 0 
and Pillar Length (ft) ......................................... 82.0 
Width/Height Ratio ............................................. 10. 25 
Unit Pillar Strength (psi) ..................................... 3897 
Pillar Load Bearing Capacity (lbs) / (ft) of gate entry ........ 3.77E+07 

Unit Pillar Strength {R) {psi) ................................. 3897 
Pillar Load Bearing Capacity (R) (lbs) / {ft) of gate entry .... 3.77E+07 

PILLAR #2 
for Pillar Width (ft) .......................................... 82.0 
and Pilla:r Length (ft) ......................................... 82.0 
Width/Height Ratio ............................................. 10. 25 
Unit Pillar Strength (psi) ..................................... 3897 
Pillar Load Bearing Capacity [lbs) / (ft) of gate entry ........ 3.77E+07 

Unit Pillar Strength (R) (psi) ................................. 3897 
Pillar Load Bearing Capacity (R} (lbs) / (ft) of gate entry .... 3. 77E+07 

TOTf'.L PILLAR SYSTEM LOAD BEJ'.-.RING 2P.PACITY lALt'S Classic] 
Tvtal Lc,ad flbs) / (ft) c,f qai:e entry .......................... 7.5SE.-t07 

TOTAL PILLP..R SYSTEM LOAD BEARING C.t'.PACI7Y [Ja.LPS (R)] 
(lb~) / !ft) of gate <>nt" ru -·· - - --' . 

, 7. ')C,f.+07 

[DESIGN LOP..DINGS ON PILLJ>.R SYSTEM {lbs) / (ft) of gate entry} 



R17212
ALPS, 1/23/2007, 11:41:04 

Development Loading ................................ 16, 262,400 
,- Headgate Loading ................... , ............... 20,381,370 

Bleeder Loading .................................... 24,500,340 
*~* Tailgate Loading ................................... 30,270,590 

Isolated Loading ................................... 32,742,620 

[INDIVIDUAL PILLAR LOADING (psi)] 

LOADING 
CONDITION 

Development 
Headgate 
Bleeder 
Unit Pill. Str. 
Unit Pill.Str. (R) 

PILLAR 
#1 

840 
1201 
1562 
3897 
3897 

PILLAR 
#2 

840 
904 
968 

3897 
3897 

NOTE: INDIVIDUAL PILLAR LOADINGS DO NOT CONSIDER LOAD 
TPP-~SFER DUE TO PILL~.R YIELDING! 

Un I+ we1':)1+ oC averb0rd.erv = 

!00,YJ30/6 (co, I re.le=)+- 20''1- i~/1, (e1.1si1r:JS0,\) 1- {lrJt'o,z.l!, (120"4)-: sz9 

= ;s1( pc.( 

.Cn-1-ry 1/e(/rf- :c. /5 g 1 
111 3e17er-q I \-J 1+£-i qG 111uc,/,; Qs /() 1 

/11 /.::,o/q ted c;re'i..S 
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5 

'-
.8 4 
(_) 
Cu 

LL 3 

- 2 .a 
Cu 

ci5 1 

Analysis of Longwall Pillar 
Stability 

/ Development Loading 

/ Headgate Loading 

, Bleeder Loading 

0 ~---+---+----+--+---------< 
500 1000 1500 2000 2500 / TAILGATE Loading 0 

Panel Width (ft) 
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( 

AllianceO 
Consulting, Inc. 
Engineers 
Constructors 
Scientists 

BECKLEY, WV 
{304) 255-0491 

DATE: ,;,/ ,5 /4) 9 CHKD BY: ~ DATE: ~ ---- ---
PROJECT NAME: M ,:..,,.....,,4,,,,,, _.,-o,-J bv~ Y e,,:.,C 

PROJECT NO. /,;h 5 ~ 3 30 - /1//3 SHEET ___ OF __ _ 

DESCRIPTION ~E 5->.d~.cc & s,sL..,,,_,5 Q,_~.,e,,A 

I . i 
. I 

i 

i 
--- ~-------·- - - - ----.!-



R17215



R17216
SEDCAD 4 for \~indows 

MACH MI~.JING 

i=i\ename: DITCH C.sc4 

JLH 

ALLJANCE CONSULTING INC 

124 PHILP0-1 I LAl~E 

BEAVER WV 25813 

Phone: 304-255-0491 

Printed C5-23~2006 
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SEDCAD 4 for V\l'indows 

General Information 

Stor.111 Infor.111ation: 
Storm Type: NRCS Type II 

Design Storm: 100 yr - 6 hr 

Rainfall Depth: 6.210 inches 

File name: DITCH C.sc4 Printed 05-23-2006 



R17218
SEDCAD 4 for Windows 
r,,-,rn,~inht 100R D::>..,...<>l::> I C::rh,M::>h 

3 

Structure Netv.1orking: 
Type I 

Stru · (fiows Stru I Musk. K Musk. X De~cri~!ion; •· 
# into) · # (hrs) . 

Null I #1 ==> End I 0.000 0.000 DITCH C 

File name: DITCH C.sc4 Printed 05-23-2006 



R17219
SEDCAD 4 for Windows 
f"nn"ri..,ht 100R P::imol::, I <:::rhur.>h 

Structure Summary: 

#1 39.500 39.500 95.83 

Filename: DITCH C.sc4 

· Total 
Runoff\· 

VoJume:, 

·· c:~:ft)'. 
13.07 

4 

Printed 05-23-2006 



R17220
SEDCAD 4 for \fll'indows 
r,...-,11~,,.,nt 100R P::omol:::. 1 C::.,-h,.,::,h 

Structure # 1 (Nu/!} 

DJTCHC 

Filename: DITCH C.sc4 

5 

Structure Detail: 

Printed 05-23-2006 
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SEDCAD 4 for \'Vindows 

Stru 
# 

#1 

sws 
# 

1 

I: 

SWS Area 

(ac) 

39.500 

39.500 

Subl!V'atershed Hydrology Detail: 
Time of 

Cone 

. (h;sf' . 

0.667 

Mus~K: · 
.. (hrsi 

0.000 0.000 80.000 M 

Peak 
Discharge 

., (cfsj''c 

95,83 

95.83 

Runoff 
Volume 

(ac-ft) 

13.072 

13.072 

Subwatershed Time of Concentration Details: 
.- . . Vert. Dist .. :· Horiz. Disf/ Velocity• 

Stru sws. 
Land Flo"'. Conditiori 

., 
Slope(%) · Time (hrs) 

# # 
". (ft) (ft) 

. (fps) 
. 

·' 

#1 1 
8. Large gullies, diversions, and low 1.00 9.00 900.00 3.000 0.083 
flowing streams 

8. Large gullies, diversions, and low 0.25 7.88 3,155.00 1.500 0.584 
flowing streams 

#1 l Time of Concentrotion: 0.667 

Filename: DITCH C.sc4 Printed 05-23-2006 

6 
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CALCULATED BY: JLl:l, ,. 5/24/2006 
CHECKED BY@J'iq t-/zo/or, 

DITCH SIZING UTILITY FOR TRIANGULAR AND TRAPEZOIDAL CONFIGURATIONS USING MANNING'S EQUATION: 

INPUT: 

PEAK FLOW= 
BOTTOM WIDTH = 
SIDE SLOPE 1 = 
SIDE SLOPE 2 = 
CHANNEL SLOPE= 
MANNING'S N = 

OUTPUT: 

DITCH C 

TRAPEZOIDAL DITCH 

WETTED PERIMETER= 
AREA OF FLOW = 
HYDRAULIC RADIUS, Rh= 
CALC. VELOCITY = 

FREEBOARD REQUIRED = 

TOTAL DEPTH= 

95.8 
12 

2.00:1 
2.00:1 
0.0025 
0.033 

CFS 
FT 

FT/FT 
FP(1/6) 

20.95 FT 
32.05 SQ.FT. 
1.53 FT 
2.99 FPS 

1.09 FT 

3.1 FT 

t 
3.1 FT 

1 l.S':::::,,.,, .... ·.···············--··················"' 
2.0 2.0 

--e--12.0 FT-->-

DEPTH OF FLOW = 2.00 FT 
MEAN DEPTH = 1.60 FT 
FROUDE NO.= 0.42 SUBCRITICAL 

(1 +D.D25vd'1 /3) 

(CHANNEL LINING: SOIL AND GRASS) 
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SEDCAD 4 for Windows 
r'nn,trinht 1001< D::imo.l,:, I C,-h,""'h 

Filename: DITCH D.sc4 

DITCH "D" 

JLH 

ALLIANCE CONSUL TING INC 
124 PHILP0-I I LAl~E 
BEAV:=R WV 25813 

Phone: 304-255-0491 

1 

Printed 05-23-2006 



R17224

SEDCAD 4 for Windows 
rnn,,rinhl 1 CQR D:,,.....,<>l::i I ,;::..-hur.,h 

2 

General Information 

Storm Information: 
Storm Type: NRCS Type II 

Design Storm: 100yr-6hr 

Rainfall Depth: 6.210 inches 

Filename: DITCH D.sc4 Printed 05-23-2006 
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SEDCAD 4 for \1\/indows 
3 

( 
Structure Netv;1orking: 

Type 
Stru 

' 
(flows Stru I Musk. K· 

Musk. X /. ~eS~riP~□~ -.'"-" # ,. into). , #'· (hrs)-··: .. 

Null #1 ==> End I 0.000 0.000 / DITCH D 

Filename: DITCH D.sc4 Printed 05-23-2005 
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SEDCAD 4 for Windows 
4 

Structure Summary: 

#1 41.000 41.000 99.13 13.57 
fu 

r"i!ename· DITCH D.sc4 Printed 05-23-2006 
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SEDCAD 4 for Vvindows 
rnn,,rinhl 1 QQR D:.m,:,.I:, I C:,-,hu,:,h 

Structure #1 (Null) 

DITCHD 

Filename: DITCH D.sc4 

5 

Structure Detail: 

Printed 05-23-2006 
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SEDCAD 4 for Windows 
/"":nn,ll'inhf 1 QQA DcamoC.. I C:.,-hur.:ah 

6 

Subwatershed Hydrology Detail: 
nm·e of -- ~c .. .• j Peak· Runoff SWS Area MuskK:··. Curv8,:i .. 

Stru sws Cone ... " Discharge . Volume MuskX UHS # # (ac)' (hrs) .. tlumber . ·• 
(hrs) , .. , • !.. ..• r (cfs) · (ac-ft) - . • 

#1 1 41.000 0.671 0.000 0.000 BO.ODO M 99.13 13.568 

I: 41.000 99.13 13.568 

Subwatershed Time of Concentration Details: 
Stru. sws ·: 

Land Flow C:o~dition.; a r " . !; . . -
Vert. Dist .. ;· Horiz. Dist. . : Velocity· -.. 

Slope(%); ; · Time (hrs) # # ,. (ft),. (ft)· (fps)' 

#1 1 
8. Large gullies, diversions, and !ow 

1.00 9.00 900.00 3.000 0.083 flowing streams 

8. Large gullies, diversions, and low 
27.59 72.00 260.00 15.780 0.004 flowing streams 

8. Large gullies, diversions, and low 
0.25 7.88 3,155.00 1.500 0.584 flowing streams 

#i' 1 Time of Concentration: 0.671 

Filename: DiTCH D.sc4 Printed 05-23-2006 
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SEDCAD 4.0 
r.nn11.-inht 1 OOR P,:amab J <::;,.._h..,::,k 

CULVERT NO. 1 

Culvert Inputs: 

Length (ft) · 

Culvert Results: 

SEDCAD Utility Run 

30.00 3.00 0.0240 5.00 0.00 0.90 

Minimum pipe diameter required: 36 inches 

Detailed Perforrnance ruri.res 

Design Discharge= 49.56 ds 'f.._ 2 pipes =- 99, l3c. c:'s 

Maximum Headwater = 5.00 ft 

(BOLD indicates design pipe size) 

··.:t37. · · J:5iScharg~)-;,::_::·_.J?iSCharget~··j_· DisCha·rge-r; 
·. Headwater., ; --.-,-. /;~~-l~r~~}.?t1:c~,~;)(~~t\··_. ~~~~_'.i, ;:-(ft)\"· .. , .• ( 30 1n) .. , ·, -( 36 m)-'·e, ~> ( 42 in) ·• ·• : 

0.50 1.86 2.22 2.59 

1.00 5.24 6.28 7.33 

1.50 9.62 11.54 13.47 

2.00 14.81 17.77 20.73 

2.50 20.69 24.E:3 28.97 

3.00 26.85 32.64 38.08 

3.50 31.83 41..13 47.99 

4.00 36.21 47.70 58.63 

4.50 40.12 53.79 67.36 

5.00 43'.6B 59.27 75.38 

5.50 46.97 64.27 82.63 

6.00 50.04 68.91 89.30 

6.50 52.94 73.27 95.50 

7.00 55.69 77.37 101.32 

7.50 I 58.30 81.27 106.82 
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( 

CALCULATED BY: JLbl'.1 /Ot2412D06 
CHECKED BYr;;'',/4/ 71 r';/ o/o/.,f ,- . . 

DITCH SIZING UTILITY FOR TRIANGULAR AND TRAPEZOIDAL CONFIGURATIONS USING MANNING'S EQUATION: 

INPUT: 

PEAK FLOW= 
BOTTOM WIDTH = 
SIDE SLOPE 1 = 
SIDE SLOPE 2 = 
CHANNEL SLOPE= 
MANNING'S N = 

OUTPUT: 

DITCH D 

TRAPEZOIDAL DITCH 

WETTED PERIMETER = 
AREA OF FLOW = 
HYDRAULIC RADIUS, Rh= 
CALC. VELOCITY = 

FREEBOARD REQUIRED= 

TOTAL DEPTH= 

99.1 CFS 
12 FT 

2.00:1 
2.00:1 
0.33 FT/FT 

0.035 FP(1/6) 

14.31 FT 
6.72 SQ.FT. 
0.47 FT 

14.74 FPS 

1.30 FT 

1.8 FT 

. ·•:•,:;:•::(::,::::,::::::::,::,.•.·.•.•,•,·,1J.~~---.•.•,•.•,•:::'/::2:] 1 

2.0 2.0 
<i--12.0 FT--i> 

DEPTH OF FLOW = 0.52 FT 
MEAN DEPTH = 0.48 FT 
FROUDE NO. = 3.76 SUPERCRITICAL 

(1 +0.025vd'1 /3) 

(CHANNEL LINING: GROUTED RIPRAP) 
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( 

SEDCAD 4 for VVindows 

MACH MINING 

Filename: DITCH E.sc4 

DITCH "E" 

JLH 

ALUANCE CONSULTING me 
124 PHILP0-1 I LANE 
8=:AVER WV 25813 

Phone: 304-255-0491 

Printed 05-23-2006 
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SEDCAD 4 for Windows 

General Information 

Storm Information: 
Storm Type: NRCS Type II 

Design Storm: 100yr-6hr 

Rainfall Depth: 6.210 inches 

Filename: DfTCH E.sc4 
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SEDCAD 4 for Windows 

Structure Networking: 

Null #1 ==> End I 0.000 0.000 I DITCH E 

Filename: DITCH E.sc4 

~ 
\__~ 3 

Printed 05-23-2006 
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SEDCAD 4 for Vvindows 
f"";r,.r",r-inht 1 OClA D::i,..,.,c.!:, I ~r-hw::,h 

#1 

Filename: DITCH E.sc4 

Structure Summary: 
Immediate··, .:·: : Tatar::, 

Contributing.- Contributing 
Area - Are2f ·_ 

42.000 42.000 

Peak 
Discharge;_ . 

CdiJ' \' 
101.89 

Total 
Runoff. 
Volume 

•• _:,! 

(ac-ft) 

13.90 

Printed 05-23-2006 
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SEDCAD 4 for Vvindows 

Structure #1 (Null) 

DITCH£ 

File name: DITCH E.sc4 

Structure Detail: 

Printed 05-23-2005 
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r 
\, 

SEDCAD 4 for VVindows 
rnn11rinht 1aaR P:::,m.cl,:, I c::,.,.1-,,.,::,h 

Sub111fatershed Hydrology Detail: 
Time of 

; 

Stru· sws SWS Area Cone Musk K · ·;. Curve · .. Musk X . UHS 
# # (ac) '• (hrs) ' Number 

(hrs) ·· . ,: . . , ;;_ . 

#1 1 42.000 0.667 0.000 0.000 80,000 M 

~ 42.000 

Peak Runoff 
Discharge Volume 

.. 
(cfs). •. (ac-ft) -: · 

101.89 13.899 

101.89 13.899 

Subv.ratershed Time of Concentration Details: 
Stnu . SWS 

. . , ·, '. . ., '~: ; .;, .. Vert. Dist . Horiz. Dist;·' Velocity_· e 
La~d Flow Condition .', 

' ,· Slope(%) .. , Time (hrs) 
# ·, # ,. . ;-'·_:,. (ft) .· . (ft) . (fps) 

#1 1 
D. I "'"go g• ,llioe

1 
rli\/.or-c-inni::

1 
::,nrl lnw 

1.00 
flowing streams 

9.UO 900.00 3.000 0.083 

8. Large gullies, diversions, and low 0.25 7.88 
flowing streams 

3,155.00 1.500 0.584 

#1 1 Time of Concentration: 0.567 

Filename: DiTCH !::.s:4 Printed 05-23-2006 

6 
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CALCULATED BY: Jl.H7 1 r5i24/2006 
CHECKED BY,ft/i/'2(/ f,/70 ,,J'.ry(~ 

- • ~ I ' 

DITCH SIZING UTILITY FOR TRIANGULAR AND TRAPEZOIDAL CONFIGURATIONS USING MANNING'S EQUATION: 

INPUT: 

PEAK FLOW= 
BOTTOM WIDTH = 
SIDE SLOPE 1 = 
SIDE SLOPE 2 = 
CHANNEL SLOPE= 
MANNING'S N = 

OUTPUT: 

DITCH E 

TRAPEZOIDAL DITCH 

WETTED PERIMETER = 
AREA OF FLOW = 
HYDRAULIC RADIUS, Rh= 
CALC. VELOCITY = 

FREEBOARD REQUIRED= 

'JTAL DEPTH = 

101.9 
12 

2.00:1 
2.00:1 
0.0025 
0.033 

21.27 
33.45 
1.57 
3.05 

CFS 
FT 

FT/FT 
FT'(1/6) 

FT 
SQ.FT. 
FT 
FPS 

1.10 FT 

3.2 FT 

DEPTH OF FLOW = 
MEAN DEPTH= 
FROUDE NO.= 

(1 +0.025vd'1 /3) 

2.07 
1.65 
0.42 

FT 
FT 
SUBCRITICAL 

(CHANNEL Llt-J!NG: SO!L AND GRASS) 



R17238

0CAD 4 for VVindows 

MACH MINING 

Filename: DITCH F.sc4 

DITCH "F" 

JLH 

ALUANCE CONSUL TING INC 

124 PHILPOTT LANE 

BEAVER WV 25813 

Phone: 304-255-0491 

Printed 05-23-2006 
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SEDCAD 4 for Windows 

General Information 

Storm Information: 
Storm Type~ NRCS Type II 

Design Storm: 100 yr· 6 hr 

Rainfall Depth: 6.210 inches 

Fiiename: DITCH F.sc4 Printed 05-23-2006 



R17240

SEDCAD 4 for \f\l'indows 
rnnunnht 100J:l D::,m<>l<> I C::.,-.hu.1::,h 

Type· 

Null 

Filename: DITCH F.sc4 

Stru 
#• 

#l 

Structure lvetv.rorking: 

==> End / 0.000 0.000 / DITCH F 
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SEDCAD 4 for Windows 

#1 

Fiiename: DiTCH F.sc4 

Structure Summary: 
Immediate ... _ 

· Contributing " 
' Ai-eE!}'.; "-.~ 

(a~O:i · 
49.400 49.400 119.34 

4 

16.35 

P~·:-ited 05-23-2006 
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SEDCAD 4 for Windows 
f"'.nn,lrinhl 1 COP. D::am<>l::i I ~rh"''"h 

Structure Detail: 

Structure # 1 (Null) 

DJTCHF 

Filename: DITCH F.sc4 Printed 05-23-2006 
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SEDCAD 4 for Windows 

Stru 
# 

#1 1 49.400 

49.400 

Subv.ratershed Hydrology Detail: 

0.672 0.000 0.000 80.000 M 

Peak_ 
Discha·rge 

,- . 
(cfs) ··: · •-' 

119-34 

119.34 

Runoff 
Volume· 

(ac-ft) · 

16.348 

16.348 

Subwatershed Ti,ne of Concentration Details: 
Stru sws ,,; - . ~ -,~ ,·,. Vert. Dist>· Horiz. Dist.\_-~, Velocity 

# # 
Land Flow Condition' 

" 
Slope(%)' 

" (ft). . . (ft) - (fps) 
Time (hrs) .. . ' -

#1 1 
a. Large gullies, diversions, and low 1.00 9.00 900.00 3.000 0.083 
flowing streams 

8. Large gullies, diversions, and low 28.67 86.00 300.00 16.060 0.005 
flowing streams 

8. Large gullies, diversions, and low 0.2S 7.88 3,155.00 1.500 0-584 
flowing streams 

#1 1 Time of Concentration: 0.672 

Filename: DiTCH F .sc4 Printed 05-23-2006 

6 
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SEDCAD 4.0 

Culvert Inputs: 

Culvert Results: 

SEDCAD Utility Run 

CULVERT NO. 2 

30.00 3.00 0.0240 5.05 0.00 0.90 

Minimum pipe diameter required: 36 inches 

Detailed Perfor,rnance Curi✓es 
Design Discharge= 59.67 cfs 'f.. 2-p,pes = I /q. 3t./c.f:.s 

Maximum Headwater = 5.05 ft 

(BOLD indicates design pipe size) 

Headwater". · 
Discharge)~ 'DischargEf:'~ Discharge, -. '. 

. (cfs)•-i ·., •-.; '(cfs)" · • {cfs) · 
_:;' 

(ft)- . ,. :< 30 in): :: .•.. c.:iG iri) · ,.: ,{. 

{ 42 in)·:. ... -, ! 

0.50 1.88 2.26 2.63 

1.01 5.32 6.38 7.44 

1.51 9.76 ll.72 13.67 

2.02 15.03 18.03 21.04 

2.53 21.00 25.20 29.41 

3.03 27.09 33.13 38.65 

3.54 32.15 41.55 48.71 

4.04 36.54 48.21 59.51 

4.55 40.45 54.31 68.11 

5.05 44.02 59.78 76.13 

5.56 47.32 64.80 83.39 

6.06 50.40 69.45 90.06 

6.57 53.31 73.81 96.27 

7.07 I 56.06 77.92 102.10 

7.58 I 58.69 Sl.83 107.62 

Printed 05-23~2006 
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( 

DITCH SIZING UTILITY FOR TRIANGULAR AND TRAPEZOIDAL CONFIGURATIONS USING MANNING'S EQUATION: 

INPUT: 

PEAK FLOW= 
BOTTOM WIDTH = 
SIDE SLOPE 1 = 
SIDE SLOPE 2 = 
CHANNEL SLOPE= 
MANNING'S N = 

OUTPUT: 

DITCH F 

TRAPEZOIDAL DITCH 

\f\lETTED PER.!METER = 
AREA OF FLOW = 
HYDRAULIC RADIUS, Rh= 
CALC. VELOCITY= 

FREEBOARD REQUIRED= 

TOTAL DEPTH= 

119.3 CFS 
12 FT 

2.00:1 
2.00:1 
0.33 FT/FT 

0.035 FP(1/6) 

14.57 FT 
7.57 SQ.FT. 
0.52 FT 

15.76 FPS 

1.33 FT 

1.9 FT 

DEPTH OF FLOW ::: 0,58 FT 
MEAN DEPTH= 0.53 FT 
FROUDE NO.= 3.82 SUPERCRITICAL 

(1+0.025vd'1/3) 

(CHANNEL LiNING: GROUTED RIP RAP) 
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Project Description 
Project File 
Worksheet 
Flow Element 
Method 
Solve For 

Input Data 

Williamson Energy, LLC, Ditch F, USM 
Worksheet for Trapezoidal Channel 

c:\haestad\fmwlwilliams.fm2 
Williamson Energy, LLC - Ditch "F" 
Trapezoidal Channel 
Manning's Formula 
Channel Depth 

Mannings Coefficient 
Channel Slope 

0.015 
0. 1 00000 ft/ft 
2.000000 H : V 
2. 000000 H : V 

Left Side Slope 
Right Side Slope 
Bottom Width 
Discharge 

Results 
Depth 
Flow Area 
Wetted Perimeter 
Top Width 
Critical Depth 
Critical Slope 
Velocity 

12.00 ft 
119.30 

0.50 ft 
6.45 ft' 

14.22 ft 
13.99 ft 

1.34 ft 
0.003296 ft/ft 

18.49 ft/s 
Velocity Head 5.32 ft 

//2 ,4/2'.,,y',-v ub/C Specific Energy c§) ft 
Froude Number - ...I l,J,.,7 /-l 
Flow is supercritical. 

/ o¾ .:5£C-;,-;,o,,.J /#,€DC/6°/-/ 

D .&1/ C# c;' V7 / c.;r£. 

, 
o.s-
/d, f-'9 ,..c,LJJ 

== /0 .-' o, 02s V _ij 
Li 

~ /,:or 0,'7" -= /, '1/ 
/ 

/ ~ 

/~-;;-7 
05/19/09 
02:02:34 PM Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 (203) 755-1666 

FlowMaster vS.13 
Page 1 of 1 
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SEDCAD 4 for Vvindows 
rnn,,rinh! 100A O,::,molo J C::rhut::ih 

MACH MINING 

Filename: DITCH G.sc4 

DITCH "G" 

JLH 

ALLIANCE CGNSUL TING INC 
124 PHILPOTT LANE 
SEAVER WV 25813 

Phone: 304-255-0491 

1 

Printed 05-23-2006 



R17248

SEDCAD 4 for Windows 
(",..,,.,.,..;nhl 1 aaR. D:,,..,,o.l::i I C::,-h,.r.;r,h 

2 

( 

General Information 

Storm Information: 
Stonn Type: NRCS Type II 

Design Storm: 10Dyr-6hr 

Rainfall Depth: 6.210 inches 

Filename: DITCH G.sc4 Printed 05-23-2006 



R17249

SEDCAD 4 for \lvindows 
rnn11rinht 100A P::,.mal::,. J c:::,..n,u::.h 

3 

<::~ri,cf-u l'"t:2 N,:::, f-•A.,n ,..,~;ng.· ,..,t,. i,,f ..,_. - ,. ___ ., -1 tt,;,,,, 

Type 

Null #1 ==> End 0.000 0.000 I DITCH G 

Filename: DITCH G.sc4 



R17250

SEDCAD 4 for Windows 
t"'"'n"rinhf 10QR D::r,rn,:il::r, I C:,-h.,_1::r,h 

#1 

Filename: DITCH G.sc4 

Structure Summary: 
.:. imITlediate':..-~
. Contributing···· 

Area::·_ -' 
· ;;"i~ci ; 

7.200 7.200 28.29 

4 

2.38 



R17251

SEDCAD 4 for Windows 

Structure #1 (Null) 

DITCHG 

Filename: DITCH G.sc4 

5 

Structure Detail: 

Printed 05h23-2D06 



R17252

SEDCAD 4 for \/Vindows 
6 

Sub1¥atershed Hydrology Detail: 

Stru sws. sws Area 

# #. (ac) .··. 

Peak."· ·' · ' Runoff;· 
Discharge · Volume . • 

(ci'~f~ ::, . ·(aftii'' 
#1 1 7.200 0.170 0.000 0.000 80.000 M 28.29 2.383 

~ 7.200 28.29 2.363 

Sub:,vatershed Time of Concentration Details: 

La~d Fl~~ c~~dition 
•· .... _. ,.•,:·1 ',1}~ Vert. Dist. 

~. 
H0riZ. Dist:~,., : . Velocity _'•· .. Stru sws , .. 

., 
' Slope(%) .. ·' Time (hrs) 

# # (ft) (ft; •· -~ (fps) 

#1 1 
S. Large gu!!ies, diversions, and !ow 1.00 5.00 500.00 3.000 0.046 flowing streams 

8. Large gullies, diversions, and low 
0.25 1.67 670.00 1.500 0.124 flowing streams 

#1 1 Time of Concentration: 0.170 

Fi!er.am-e: DITCH G.s::A Printed 05-23-2006 



R17253

( 

CALCULATED BY: JLl;I 5124/2006 
CHECKED BY:/',::;: 177/ t,) .z,Vn.r 

/ .. • .. i;.L. 

DITCH SIZING UTILITY FOR TRIANGULAR AND TRAPEZOIDAL CONFIGURATIONS USING MANNING'S EQUATION: 

INPUT: 

PEAK FLOW= 
BOTTOM WIDTH= 
SIDE SLOPE 1 = 
S /DE SLOPE 2 = 
CHANNEL SLOPE= 
MANNING'S N = 

OUTPUT: 

DITCH G 

TRAPEZOIDAL DITCH 

WETTED PERIMETER = 
AREA OF FLOW = 
HYDRAULIC RADIUS, Rh = 
CALC. VELOCITY = 

FREEBOARD REQUIRED= 

·~QTAL DEPTH = 

28.3 
12 

2.00:1 
2.00:1 
0.0025 
0.033 

16.47 
14.00 
0.85 
2.02 

CFS 
FT 

FT/FT 
FP(1/6) 

FT 
SQ.FT. 
FT 
FPS 

1.05 FT 

2.1 FT 

. ·•:•.:;:•::(::•::::•::::::::•:: .. •,.·.-.•.·.~·I.~~ .. ·.·.·.·.•--:::'/::::•:•· j 1 

2~ 2~ 

DEPTH OF FLOW = 
MEAN DEPTH= 
FROUDE NO.= 

(1 +0.025vdA1 /3) 

1.00 
0.88 
0.38 

+---12.0 FT--;, 

FT 
FT 
SUBCRITICAL 

(CHAN MEL LINING: SOIL AND GRASSj 



R17254

SEDCAD 4 for \IVindows 
rnnvcinhl 100A P:omcl<> I C;,-hu,,:,h 

MACH MINING 

DITCH "H" 

JLH 

ALUANCE CONSUL TING INC 
124 PHILPOTT LANE 
BEAVER WV 25813 

Phone: 304-255-0491 

Filename· DITCH H.sc4 Printed 05-23-2006 



R17255

SEDCAD 4 for Windows 
rnn,,rinht 1 OOR D,:orn.cil::, I C::,-h,.1::,h 

2 

General Information 

Storm Information: 
Storm Type: NRCS Type II 

Design Storm: 100 yr - 6 hr 

Rainfall Depth: 6.210 inches 

( 

( 

F1!ename: DiTCH ~.s:4 



R17256

SEDCAD 4 for \fl/indows 
("nrwr,nhl 1 OQP; P::>mc!::> I C:::,-.hu,:.h 3 

Structure NenA,1orki.11g: 

I 
Stru (flows, Stru . Musk: K,c,: ~~sk:'x I D~~;iption •,c, Type.' # into) #,;· ., (hrs) i"' . . '.' , ~· 

Null I #1 --> End 0.000 0.000 / DITCH H 

Filename· DITCH H.sc4 Printed o:::.-:2--2006 



R17257

SEDCAD 4 for VV'indows 
('nn\lrinht 100A P<:1mol,:o I C:::,-h,•1::ih 

Structure Summary: 
·; Immediate . , Total , ,~. , 

Peak 
Total 

Contributing , Contribu□ng ' 
Di.Scharge 

Runoff 
Area 

,. ___ 
' Voluine Mlt::Cl·• 

(ac) , (ac) 
(cfs) · -

(ac-~) 

#1 1L500 11.500 37,18 3,81 

Filename: DITCH H.sc4 Prrflted 05~23-2006 



R17258

SEDCAD 4 for Windows 
5 

Structure Detail: 

Structure #1 (Null) 

DITCHH 

Filename: DITCH H.sc4 Printed 05-23-2006 



R17259

SEDCAD 4 for Windows 
("',-.nuronht 100n p.,,..,.,,., I <::rh,.1::>h 6 

Subwatershed Hydrology Detail: 
. Time of 

. Peak Runoff 

Stru sws SWS Area Cone 
Musk K Curve Discharge Volume; . MuskX -, i' 1 UHS 

# # ,•' (uc) .-
ciiisJ 

(hrs) ,., .. 
.. ". ; 

Number , (a~:nj :,; · 
' ,';. .. ,. .. -.· ,rt_\ .. ' .·~', •. 

.. . • . (cfs),' · . 

#1 1 11.500 0.356 0.000 0.000 80.000 M 37.18 3.806 

I: 11.500 37.18 3.806 

Subwatershed Time of Concentration Details: 
stru· sws Land Flow'condition 

,., .. Vert. Dist. Horiz. Dist. Velocity ', . Slope(%). Time (hrs) 
# #' (ft) (ft) ~. : (fps):-· 

.:.:• 1 
8. Large gu!lies1 diversions, and low 

u flowing streams 
1.00 5.20 520.00 3.000 0.048 

8. Large gullies, diversions, and low 
flowing streams 

0.25 4.17 1,668.00 1.500 0.308 

#l l Time of Concentration: 0.::?56 

i="ilename· DITCH H.sc4 Printed 05-23-2006 



R17260

CALCULATED BY: JLl-j, 5124/2006 
CHECKED BY: ✓-!-1,. /ffe /,/z,,/4 <, 

,_. I,. .,. • 

DITCH SIZING UTILITY FOR TRIANGULl\R AND TRAPEZOIDAL CONFIGURATIONS USING MANNING'S EQUATION: 

INPUT: 

PEAK FLOW= 
BOTTOM WIDTH = 
SIDE SLOPE 1 = 
SIDE SLOPE 2 = 
CHANNEL SLOPE= 
MANNING'S N = 

OUTPUT: 

DITCH H 

TRAPEZOIDAL DITCH 

WETTED PERIMETER= 
AREA OF FLOW = 
HYDRAULIC RADIUS, Rh= 
CALC. VELOCITY = 

FREEBOARD REQUIRED= 

TOTAL DEPTH = 

37.2 
12 

2.00:1 
2.00:1 
0.0025 
0.033 

17.23 
16.78 
0.97 
2.21 

CFS 
FT 

FT/FT 
FP(1/6) 

FT 
SQ.FT. 
FT 
FPS 

1.06 FT 

2.2 FT 

t 

1 I ·-:-:,,:-,,,,,,,,.,, .... ·.·.·.·.·.~·:~ .. : .... ·.·.·.•.•:''';:::-:2:J 1 
20 2~ 

DEPTH OF FLOW = 
MEAN DEPTH= 
FROUDE NO.= 

(1+0.025vd'1/3) 

1.17 
1.01 
0.39 

-<------12.0 FT---+ 

FT 
FT 
SUBCRITICAL 

(CHANNEL LINll,G: SOIL AND GRASS) 



R17261
SEDCAD 4 for Windows 

Fiiename: DITCH l.sc4 

MACH MINING 
_.,. -r-r-,.., • ff T" II 
i.J .I. I f.., n .I. 

JLH 

ALLIANCE CONSULTING INC 

124 PHILPOTT LANE 
BEAVER WV 25813 

Phone: 304-255-0491 

1 

Prrnted 06-21-2006 



R17262
SEDCAD 4 for Windows 
r,..,-,.,...,nht 1aaA p,,.,.,..,,.1,,. J C.:rh,.,,,h 

2 

General Information 

Storm Information: 
>O' < 

Storm Type: NRCS Type II 

Design Storm: 100yr-6hr 

Rainfall Depth: 6.210 inches 

Filename: DITCH !.sc4 Printed 06-21-2006 



R17263
SEDCAD 4 for Windows 

Structure Networking: 

Type I Stru (fiows" Stru I Musk. K 
Musk. X I Description 

. # into) # (hrs) ·. -

Null I #1 ==> End I 0.000 0.000 I DITCH I 

Filename: DITCH i.sc4 Printed 06~2•1-2006 



R17264SEDCAD 4 for Vvindows 

Structure Summary: 
Immediate Total Peak 

Total 

Contributing Contributing 
Discharge. 

Runoff 

Area Area Volume 

{ac) 
. (ac) 

(cfs) . {ac-ft) 

#1 25.700 25.700 82.86 8.51 

Filename: DITCH l.sc4 
Primed 06-21-2006 



R17265
SEDCAD 4 for VVindows 

Structure Detail: 
{ 

Structure #1 (Null) 

r,,rr/.1 T 
i-".1,. l ,_,, I .l, 

i=l!ena me: D!TCH !.sc4 Printed 06-21-2006 



R17266
SEDCAD 4 for Windovvs 

l, 

Subv.ratershed Hydrology Detail: 

SWS Area 
Time of Musk K Curve 

Peak Runoff 

Stnu sws Cone 
- Discharge Volume 

MuskX UHS 
# # (ac) (hrs) Number 

(hrs) . {cfs) (ac-ft) 

#1 1 25.700 0.359 0.000 0.000 80.000 M 82.86 8.505 

~ 25.700 82.86 8.505 

Sub1¥atershed Time of Concentration Details: 

5tru sws ' ,· ' Vert. Dist. Horiz. Dist. Velocity 
Land Flow Condition · - .. 

Slope(%) · Time (hrs) 
~ # (ft) (ft) (fps) 
ft 

. 

#1 1 
B. Large gullies, diversions, and low 1.00 5.20 520.00 3.000 0.048 
fiowing streams 

8. Large gullies, diversions, and low 24.21 46.00 190.00 14.760 0.003 
flowing streams 

8. Large gullies, diversions, and low 0.25 4.17 1,668.00 1.500 0.308 
flowing streams 

#1 1 Time of Concentration: 0.359 

Filename: DITCH l.sc4 Printed 06~21-2006 



R17267SEDCAD 4.0 
r,..,..,,,,;,-,ht 100R O,::,m .. l::> l C::,-h .. ,,:,i,.. 

Culvert Inputs: 

Culvert Results: 

( 

s::DCAD Utiiity Run 

CULVERT NO. 3 

Length (ft) Slope (%) Manning's n 
Max. Tailwater· ~ 

Headwater 
(ft) 

(ft) 

30.00 3.00 0.0240 5.60 0.00 

Minimum pipe diameter required: 42 inches 

Detailed Performance Curves 

Design Discharge = 82.85 cfs 

Maximum Headwater = 5.50 ft 

(BOLD indicates design pipe size) 

Headwater 
(ft) . -

0.56 

1.12 

1.68 

2.24 

2.80 

3.92 

4.48 

5.04 

5.60 

6.16 

6.72 

7.28 

7.84 

8.40 

Discharge.·,._· Discharge •~· Discharge 
.. (cfs) :· (cfs) , .' ;, (cfs) 

( 36 in) ( 42 in) '· ( ~5 in) 

2.63 3.07 3.29 

7.45 8.69 9.31 

13.68 lS.96 17.10 

21.06 24.57 26.33 

29.44 34.34 36.79 

38.69 45.14 48.36 

46.65 56.88 60.94 

53.56 67.01 73.53 

59.68 75.99 84.06 

65.22 84.01 93.58 

70.34 91.32 102.22 

75.09 98.io 110.18 

I 79.57 104.44 117.60 

I 83.82 110.41 124.58 

I s7.8s 116.08 131.19 

Entrance 
Loss Coef. 

(Ke) 

0.90 

Printed 06-21-2006 



R17268

CALCULATED BY: JL!,1, • 6/29/2006 
CHECKED BY: f?n)P'I c../:so/r,r,. 

> I I 

DITCH SIZING UTILITY FOR TRIANGULAR AND TRAPEZOIDAL CONFIGURATIONS USING MANNING'S EQUATION: 

INPUT: 

PEAK FLOW= 
BOTTOM WIDTH= 
SIDE SLOPE 1 = 
SIDE SLOPE 2 = 
CHANNEL SLOPE= 
MANNING'S N = 

OUTPUT: 

DITCH I 

TRAPEZOIDAL DITCH 

WETTED PERIMETER= 
AREA OF FLOW = 
HYDRAULIC RADIUS, Rh= 
CALC. VELOCITY = 

FREEBOARD REQUIRED= 

TOTAL DEPTH= 

82.9 
12 

2.00:1 
2.00:1 
0.33 

0.035 

CFS 
FT 

FT/FT 
FT'(1/6) 

14.07 FT 
6.00 SQ.FT. 
0.43 FT 

13.81 FPS 

1.27 FT 

1.7 FT 

DEPTH OF FLOW = 
MEAN DEPTH= 
FROUDE NO.= 

(1+0.025vd'1/3) 

0.46 FT 
0.43 FT 
3. 70 SUPERCRITICAL 

(CHANNEL LINING: GROUTED RIPRAP) 



R17269SEDCAD 4 for Vvindows 
(',...,..,,.;,,ht 1oaA O:::,m,:,I:, l C;,-.h,.,,::,,h 

MACH MINING 

Filename: DITCH J.sc4 

DITCH ''J" 

JLH 

ALLIANCE CONSUL TING INC 
124 PHILPOTT LANE 
B':P,\'':E WV 25813 

Phone: 304-255-0491 

1 

Printed 05-23·2006 



R17270SEDCAD 4 for Windows 
rnn"rinht 100A D:.mol<> I C::rhur.,h 

2 

General Information 

Storm Information: 
Storm Type: NRCS Type II 

Design Storm: 100 yr - 6 hr 

Rainfall Depth: 6.210 inches 

Filename: DITCH J.sc4 Printed 05-23-2006 



R17271SEDCAD 4 for Windows 
3 

I 
Stru (flows 

S~ru-1 Musk.K~/M tx "-'" ' ,,,,- . 

Type # into) 
•' '(h)· us. Descripti6ri ::·~. ;,,,,,. ,. . 

• rs .. - ·. ,,, . 
"' 

Null I #1 ==> End ! 0.000 0.000 DITCH J 

Fiie name: UiTCH J.sc4 Printed 05-23•2006 



R17272SEDCAD 4 for \!Vindows 
rnnurinht 100A. D::>m.c.l::, I C::r-hut::>h 

4 

Structure Summary: 
Immediate· "-_- ' _. · ~ Total r,.. P - · k · Total 

Contributing-.·. :· Contributing·_._- . ea ·· · · Runoff. ·-
Area, - . · -~ · ' · A.--- ' · Discharge Volume;. 

(ac) , . (::;, :, • :; (~),:- ;. (ac·ft) · 

#1 7,900 7,900 31.07 2,61 

Filename: DITCH J.sc4 Printed 05-23-2006 



R17273
SEDCAD 4 for Windows 

Stiucture Detail: 

Structure # 1 (Null) 

DITCH] 

File.name: DITCH J.sc4 Printed 05~23-2006 



R17274SEDCAD 4 for Vvindows 

Stru sws SWS Area·, 

# #. (a~?, 

#1 1 7.900 

~ 7.900 

Subt11atershed Hydrology Detail: 

0.169 

· Mu~~ .K-, _;

(hrsr ·: '--,• 
"' - . '.~ ·~· -

0.000 

. . 

~us~f-.Jir,1::::\•.·} uHss': 
0.000 80.000 M 

.Peak·· · 
Discharge , 

(cfs)\ .··.: .. : 

31.07 

Runoff 
Volunie:'. 

(ac-ft) .· 

2.614 

31.07 2.614 

SubMratershed Time of Concentration Details: 
Stru sws Land Flow Condition Slope(%)>: 

Vert. Dist. Horiz. Dist. Velocity nme (hrs) 
~ ~ 

.. 
(ft) (ft) (fps) 

~ ~ 

t1 1 
8. Large gullies, diversions, and low 1.00 
flowing streams 

5.00 500.00 3.000 0.04G 

8. Large gullies, diversions, and low 0.25 1.67 
flowing streams 

668.00 1.S00 0.123 

#1 1 Time of Concentration: 0.169 

Filename: DITCH J.sc4 Printed 05-23-2006 

6 



R17275

CALCULATED BY: JLH 5/24/2006 1 

CHECKED BY2f{--1//7t/ 1,12."ll ~ t., 
r-" . ' 

.JITCH SIZING UTILITY FOR TRIANGULAR AND TRAPEZOIDAL CONFIGURATIONS USING MANNING"S EQUATION: 

INPUT: 

PEAK FLOW= 
BOTTOM WIDTH = 
SIDE SLOPE 1 = 
SIDE SLOPE 2 = 
CHANNEL SLOPE= 
MANNING"S N = 

OUTPUT: 

DITCH J 

TRAPEZOIDAL DITCH 

WETTED PERIMETER= 
AREA OF FLOW = 
HYDRAULIC RADIUS. Rh= 
CALC. VELOCITY= 

FREEBOARD REQUIRED= 

TOTAL DEPTH = 

31.0 CFS 
12 FT 

2.00:1 
2.00:1 
0.0025 FT/FT 
0.033 FP(1/6) 

16.72 
14.88 
0.89 
2.08 

FT 
SQ.FT. 
FT 
FPS 

1.05 FT 

2.1 FT 

DEPTH OF FLOW= 
MEAN DEPTH= 
FROUDE NO.= 

(1 +0.025vd'1 /3) 

2.0 

t 
2.1 FT 

·.·.:•.·.·.·.-.·.·.·.·.·.·.·.·.·.·.·.·.·.·.•.-:''·<<tJ 1 
2.0 

1.05 
0.92 
0.38 

<c-----12.0 FT-

FT 
FT 
SUBCRITICAL 

(CHANNEL LINING: SOIL AND GRASS) 



R17276SEDCAD 4 for Windows 

MACH ivJir-+JING 

File name: DtTCH K.sc4 

DITCH "K" 

JLH 

ALLIANCE CONSUL TI!% INC 
12~ PHILPOTT LN 

E'.-E,!\\/.'.:P., WV ::5813 

Phone: 304 
Email: 255-0491 

1 

Printed 01-08-2007 



R17277SEDCAD 4 for \IVindows 
rnnunnhl 1001:1 _?nO? D,:amob 1 ~,.h,.,,,.1-, 

2 

General Information 

Storm Information: 
Storm Type: NRCS Type II 

Design Storm: 100yr-6hr 

Rainfall Depth: 6.210 inches 

Filename: DITCH K.sc4 Printed 01-08-2007 



R17278SEDCAD 4 for Vvindows 
3 

Structure Neti¥orking: 

Type I 
Stru (flows Stru 

I 
Musk. K 

Musk. X Description 
# into) # (hrs) 

Null I #1 ==> End I 0.000 0.000 DITCH K 

Filename: DITCH K.sc4 Printed 01-08-2007 



R17279
SEDCAD 4 for Windows 
rrm11rinht 1aoA _?nn? D:>rn<>I<> I C:::,-hv.,::,h 

4 

( Structure Summary: 
Immediate Total Peak Total 

Contributing Contributing 
Discharge 

Runoff 
Area Area Volume 

(ac) (ac) 
(cfs) (ac-ft) 

#1 10.800 10.800 34.53 2.85 

Filename: DITCH K.sc4 Printed 01-08-2007 



R17280
SEDCAD 4 for Vvindows 

5 

Structure Detail: 

Structure # 1 (Nu!!) 

DITCHK 

Filename. DITCH K.sc4 



R17281
SEDCAD 4 for VVindows 

6 

Subv.ratershed l-fydrofogy Detail: 

SWS Area 
llme of Musk K Curve 

Peak Runoff 
Stru sws Cone Musk X UHS Discharge Volume 

# # (ac) (hrs) Number 
(hrs) (cfs) (ac-ft) 

#1 1 10.800 0.368 0.000 0.000 80.000 M 34.53 2.852 

:E 10.800 34.53 2.852 

Subwatershed Time of Concentration Details: 
Stru sws Land Flow Condition Slope(%) 

Vert. Dist. Horiz. Dist. Velocity Time (hrs) 
# # (ft) (ft) (fps) 

#1 1 
8. Large guHies, diversions, and low 1.00 
flowing streams 

5.20 520.00 3.000 0.048 

8. Large gullies, diversions, and low 0.25 4.32 1,730.00 1.500 0.320 
. flowing streams 

#1 1 Time of Concentration: 0.368 

Filename: DITCH K.sc4 Printed 01-08-2007 



R17282

CALCULATED BY: JLH 1/8/2007 
CHECKED BY ::;,<-~1__"';::----,-,./ (,,''i','"'. ;'-=o-=-,'---

..JITCH SIZING UTILITY FOR TRIANGULAR AND TRAPEZOIDAL CONFIGURATIONS USING MANNING'S EQUATION: 

INPUT: 

PEAK FLOW= 
BOTTOM WIDTH = 
SIDE SLOPE 1 = 
SIDE SLOPE 2 = 
CHANNEL SLOPE= 
MANNING'S N = 

OUTPUT: 

DITCH K 

TRAPEZOIDAL DITCH 

WETTED PERIMETER = 
AREA OF FLOW = 
HYDRAULIC RADIUS, Rh= 
CALC. VELOCITY = 

FREEBOARD REQUIRED= 

TOTAL DEPTH = 

34.5 CFS 
12 FT 

2.00:1 
2.00:1 
0.0025 FT/FT 
0.033 FT'(1/6) 

17.02 FT 
15.98 SQ.FT. 
0.94 FT 
2.16 FPS 

1.06 FT 

2.2 FT 

DEPTH OF FLOW = 1.12 FT 
MEAN DEPTH= 0.97 FT 
FROUDE NO.= 0.39 SUBCRITICAL 

(1 +0.025vd'1/3) 

(CHANNEL LINING: SOIL AND GRASS) 



R17283SEDCAD 4 for Windows 

fJIACH Mir.JING 

Filename: DITCH L.sc4 

DITCH "l" 

JLH 

ALLIANCE CONSUL TING INC 
124 PHILPOTT LANE 
BEAVER WV 25813 

Phone: 304-255-0491 

1 

Printed 06-28-2006 



R17284SEDCAD 4 for Vlfindows 
f"'nnurinhl 1 OQA P,:,mcl:o I <::::r-hu,"h 

General Information 

Storm Information: 
Storm Type: NRCS Type 11 

Design Storm: 100 yr-6 hr 

Rainfall Depth: 6.210 inches 

Filename: DITCH L.sc4 



R17285SEDCAD 4 for \Nindows 

Type .· Stru (flows Stru I · Musk.!( ·Musk. X ~ D;scription 
~ intof #" ' (hrs) ~ 

Null #1 ==> End I 0.000 0.000 ! DITCH L 

l 
Fiiename: DITCH L.sc4 Printed 06-28-2006 



R17286
SEDCAD 4 for Windows 
f':nn11r,nhl 10OSl. P,:im<>I"' I C::.;,h,u:,h 

4 

Structure Summary: 
1mmediate Total·• 

Peak.· Total 
Contributing Contributing c 

Discharge Runoff 
Area Area '''" Volume 

(ac)' (acj (cfs) (ac-~) 

#1 37.000 37.000 117.98 12.24 

Filena:-ne: DITCH L.sc4 Printed 06-28-2006 



R17287SEDCAD 4 for Vvindows 

Structure # 1 (Null) 

DITCHL 

Filename; DITCH l.sc4 

Structure Detail: 

Printed 06-28-2006 



R17288
SEDCAD 4 for \IVindows 

Sub1,1vatershed Hya'rofogy Detail: 

SWS Area Time of Musk K Curve Peak Runoff 
Stru sws Cone Musk X UHS Discharge Volume 
# # (ac) (hrs) Number (hrs) (cfs) (ac-ft) 

#1 1 37.000 0.371 0.000 0.000 80.000 M 117.98 l?.145 

:E 37.000 117.98 12.245 

Subv.ratershed Time of Concentration Details: 
Stru sws 

Land Fiow Condition Slope(%) 
Vert. Dist. Horiz. Dist. Velocity 

Time (hrs) # # (ft) (ft) (fps) 

#1 l 
8, Laroe aumes, diversions, and !ow 1.00 5.20 520.00 3.000 0.048 flowing streams 

8. Large gullies, diversions, and low 21.50 43.00 200.00 13.910 0.003 
flowing streams 

8. Large gullies, diversions, and low 
0.25 4.31 1,728.00 1.500 0.320 flowing streams 

#l l Time of Concentration: 0.371 

Fiiename. DITCH L.sc4 Printed 06-28-2006 



R17289
SEDCAD 4.0 
rnr'\\lrinht 10CR P::imo!::, J C:::r-hur.:ih 

CULVERT NO. 6 
'( 

Culvert Inputs: 

Max •. Entrance 
Length (ft) 

Tailwater 
Slope(%) · Manning1s n · Headwater 

(ft). 
Loss Coef. 

Culvert Results: 

SC:DCAD Utility Run 

(ft). . (Ke) 

30.00 3.00 0.0240 5.00 0.00 0.90 

Minimum pipe diameter required: 36 inches 

Detailed Performance Curves 
Design Discharge= 59.00 cfs 12.p,pes ~ 117.CJ '2c.C.s. 

Maximum Headwater = 5.00 ft 

(BOLD indicates design pipe size) 

·-, ,. 
HeadWElter 

Jft). • 

0.50 

1.00 

1.50 

2.00 

2.50 

3.00 

3.50 

4.00 

4.50 

5.00 

5.50 

6.00 

6.50 

7.00 

7.50 

Discharge-:~;.., Discharge~· ·; Discharge ,-' 
. (cfs) >: • ',(cfs) ,.; •. (cfs) 

· ( 301n}:,,,.: ( 36 in);:,·/ ( 42 in) · 

1.86 2.22 2.59 

5.24 6.28 7.33 

9.62 11.54 13.47 

14.81 17.77 20.73 

20.69 24.83 28.97 

26.85 32.64 38.08 

31.83 41.13 47.99 

36.21 47.70 58.63 

40.12 53.79 67.36 

43.68 59.27 75.38 

46.97 64.27 82.63 

50.04 68:.91 89.30 

52.94 73.27 95.50 

55.69 77.37 101.32 

58.30 81.27 106.82 



R17290

CALCULATED BY: ..:J;;.LH:..:__~----'6::.12;:c8:;_/2::.;0:.::0.=.6_ 

CHECKED BY;zl:s,.L£.',:"",,'?J1"", ·C+--U'-"""-'/ 2e:."'.;,,-/.'-"O:_el,:__ 

DITCH SIZING UTILITY FOR TRIANGULAR AND TRAPEZOIDAL CONFIGURATIONS USING MANNING'S EQUATION: 

INPUT: 

PEAK FLOW= 
BOTTOM WIDTH= 
SIDE SLOPE 1 = 
SIDE SLOPE 2 = 
CHANNEL SLOPE= 
MANNING'S N = 

OUTPUT: 

DITCH L 

TRAPEZOIDAL DITCH 

VVc 1 1 c:D PcR11Vl= 1 cR = 
AREA OF FLOW = 
HYDRAULIC RADIUS, Rh= 
CALC. VELOCITY = 

FREEBOARD REQUIRED= 

TOTAL DEPTH = 

118.0 CFS 
12 FT 

2.00:1 
2.00:1 
0.33 FT/FT 

0.035 FT'(116) 

14.56 FT 
7.51 SQ.FT. 
0.52 FT 

15.69 FPS 

1.33 FT 

1.9 FT 

t 
1.9 FT 

1 i_S-::,:::~:,.,_,-,.., ____ ~-----~---·-_;-___ t,. _____ ~_._._~---.-~.-.-✓-=.-.-:. 
2.0 

DEPTH OF FLO\IV = 
MEAN DEPTH= 
FROUDE NO.= 

(1 +0.025vd'1 /3) 

-<-------12. 0 FT---a,-

0.57 FT 
0.53 FT 
3.81 SUPERCRITICAL 

(CHANNEL LINING: GROUTED RIPRAP) 

2.0 



R17291
SEDCAD 4 for Vlfindows 

MACH MINING 

rile name. DJTSH h/i.sc4 

DITCH "M" 

JLH 

ALLIANCE CONSUL Tll~G INC 
124 PHILPOTT LN 

SEP.VCR, VVV 25313 

Phone: 304 
Email: 255-0491 

Printed 01-08-2007 



R17292
SE DC.AD 4 for Vvindows 

General Information 

Storm Information: 
Storm Type: NRCS Type II 

Design Storm: 100 yr - 6 hr 

Rainfall Depth: 6.210 inches 

File name: DITCH lv1.sc4 Printed 01-08-2007 



R17293
SEDCAD 4 for Windows 
f"'nn11nnhl 100A: .?fVl? P,:in-.cb I <:::..-h,,.,:,h 

c;:..~,:l:_,,.l:l:Pe Atet"~'orir,;l!""tt""'I• 
~LI &,,lt..,,&,,E,,,EI I~ fl't" n.lll!::f• 

Type 
Stru (flows Stru Musk. K 

Musk. X I Description 
# into) ~ (hrs)· ~ 

Null #1 ==> End 0.000 0.000 I DITCH M 

Fllenaille: DiTCH M.sc4 Printed 01-08-2007 



R17294
SEDCAD 4 for Windows 
r,,-,n.,,inht 100$l .?flf\? O:,rr,cf,:, I C::,-h,.,,:,h 

Structure Summary: 
Immediate Total Peak Total 

Contributing Contributing Discharge Runoff 
Area Area Volume 

(ac) (ac) 
(cfs) (ac-ft) 

#l 14.500 14.500 75.40 5.39 

Filename: D!TCH M.sc4 



R17295
SEDCAD 4 for Windows 
r,-,""rinht 1 ooP.. ?nn? D<>mol::i r c::,..h,.,:,h 

Structure Detail: 

Structure #1 (Null) 

DITCHM 

File name: DITCH M.sc4 Printed 0 1-08-2007 



R17296
SEDCAD 4 for Vvindows 

Subt¥atershed Hydrology Detail: 

SWS Area T1me of Musk K Curve 
Peak Runoff 

Stru sws Cone Musk X UHS Discharge Volume . # (ac) (hrs) Number . 
(hrs) (cfs) (ac-ft) 

#1 1 14.500 0.277 0.000 0.000 87.000 F 75.40 5.390 

I: 14.500 75.40 5.390 

Subwatershed Time of Concentration Details: 
Stru sws 

Land Flow Condition Slope(%) 
Vert. Olst. Horiz. Dist. Velocity 

Time (hrs) 
# # (ft) (ft) (fps) 

#1 1 
8. Large gullies, diversions, and !ow 10.00 40.00 400.00 9.480 0.011 flowing streams 

8. Large gullies, diversions, and low 
0.50 10.17 2,035.00 2.120 0.266 

flowing streams 

8. Large gullies, diversions, and low 
33.33 20.00 60.00 17.320 0.000 flowing streams 

#1 1 Time of Concentration: 0.277 

Filename. DITCH M.sc4 Printed 01-08-2007 



R17297

CALCULATED BY: ,;.J;cLHc;,..-__ ---,-:;1/c::8c.::/20=07'--
CHECKED BY:.fi,___:'.c.l .!...F __ -'--'-//--"5')'!-' / Oe:.-,I.7_ 

' 
.JITCH SIZING UTILITY FOR TRIANGULAR AND TRAPEZOIDAL CONFIGURATIONS USING MANNING'S EQUATION: 

INPUT: 

PEAK FLOW= 
BOTTOM WIDTH= 
SIDE SLOPE 1 = 
SIDE SLOPE 2 = 
CHANNEL SLOPE = 
MANNING'S N = 

OUTPUT: 

DITCH M 

TRAPEZOIDAL DITCH 

WETTED PERIMETER = 
AREA OF FLOW = 
HYDRAULIC RADIUS, Rh= 
CALC. VELOCITY = 

FREEBOARD REQUIRED= 

TOTAL DEPTH= 

75.4 CFS 
12 FT 

2.00:1 
2.00:1 
0.33 FT/FT 

0.035 FP(1l6) 

13.96 FT 
5.65 SQ.FT. 
0.40 FT 
13.34 FPS 

1.25 FT 

1.7 FT 

t 

·~·':t::•:,,:•::,:\.:,. .·.·.·.·.·.1·L: .... · ... ·.•.•:':',::',:'"':'"':i· ~ 
2.0 2.0 

DEPTH OF FLOW= 0.44 FT 
MEAN DEPTH = 0.41 FT 
FROUDE NO.= 3.67 SUPERCRITICAL 

(1 +0.025vd'1l3) 

(CHANNEL LINING: GROUTED RIPRAP) 



R17298SEDCAD 4 for \IVindows 

WILLIAMSON ENERGY, LLC 

Filer,ame: DITCH N.sc4 

POND CREEK MINE NO. 1 

WILLIA!efSON COUNTY, IllI/iOIS 

DITCH "N" 

AND 

C{)[f UI=R r..::: 12 11 '"D 1::: Ji- F S-1 _, ..... F .rs _,__, 

JLH 

ALUANCE co1,,SLJL TING INC 
124 PHILPOTT LN 

BEA'/cR, WV 25813 

Phone: 304 
Email: 255-0491 

Pnnred 01-0.1-2007 



R17299SEDCAD 4 for Windows 
rn.n.,nnhl 100R _?fln? D::irn<>-1<> I C::::,.,h,u::ih 

General Information 

Storm Information: 
Storm Type: NRCS Type II 

Design Storm: 10 yr - 24 hr 

Rainfall Depth: 5.210 inches 

Fi!ename: DITCH N.sc4 Primed 01-04-2007 



R17300SEDCAD 4 for V\findows 

Structure l'r/etworkiny: 
Type I Stru (flows Stru I Musk. K 

Musk. X Description # into) # (hrs) 
Null I Ill ==> End I 0.000 0.000 DITCH N 

r"ilename DITCH N scA. 
Printed 01-04-2007 



R17301SEDCAD 4 for Windows 

Structure Summary: 
Immediate Total Peak Total 

Contributing Contributing Discharge Runoff 
Area Area Volume 

(ac) (ac) 
(cfs) (ac-ft) 

#1 75.500 75.500 84.55 14.49 

Filename: DfTCH N.sc4 Printed 01-04-2007 



R17302SEDCAD 4 for VVindows 

Structure # 1 (Null) 

DITCHN 

Filename: D!TCH N.sc4 

5 

Structure Detail: 

Printed 01-04<?.Q07 



R17303SEDCAD 4 for Windows 
r,,,.,.,inht 1aan _-:,nn-:, r>nmafn I C',-h,.,,.,n 

6 

Sub1/j(atershed Hydrology Detail: 

SWS Area 
Time of 

Musk K Curve 
Peak Runoff 

Stru sws Cone MuskX UHS Discharge Volume 
# # (ac) (hrs) Number 

(hrs) (cfs) (ac-ft) 

#1 1 75.500 0.854 0.000 0.000 78.000 M 84.55 14.486 

:E 75.500 84.SS 14.486 

5tru sws 
Land Flow Condition Slope(%) 

Vert. Dist. Horiz. Dist. Velocity 
Time (hrs) 

# # (ft) (ft) (fps) 

#1 1 
8. Large gullies, diversions, and low 0.27 
flowing streams 

5.00 1,867.06 1.550 0.334 

8. Large gullies, diversions, and low 
flowing streams 

2.32 12.00 518.00 4.560 0.031 

8. Large gullies, diversions, and low 
flowing streams 

0.25 5.70 2,286.00 1.490 0.426 

8. Large gullies, diversions, and low 
flowing streams 

1.00 2.42 243.00 2.990 0.022 

( 
8. Large gullies, diversions, and low 1.50 8.17 545.00 3.670 0.041 
flowing streams 

#1 1 Time of Concentrntior.: 0.854 

Filename DITCH N.sc4 Printed 01-0,4-2007 



R17304

CALCULATED BY: JLH 1/4/2007 
CH ECK ED BY: ""X"°'l..?"'~~---,1,---;/'c-i'{ci'/ ()~, 7-,--

..JITCH SIZING UTILITY FOR TRIANGULAR AND TRAPEZOIDAL CONFIGURATIONS USING MANNING'S EQUATION: 

INPUT: 

PEAKFLOW= 
BOTTOM WIDTH = 
SIDE SLOPE 1 = 
SIDE SLOPE 2 = 
CHANNEL SLOPE = 
MANNING'S N = 

OUTPUT: 

DITCH N 

TRAPEZOIDAL DITCH 

Vi/t. I I :::.U /-''i:::KIIVit:. i t:.K = 
AREA OF FLOW = 
HYDRAULIC RADIUS, Rh= 

CALC. VELOCITY= 

FREEBOARD REQUIRED= 

TOTAL DEPTH= 

84.6 CFS 
12 FT 

2.00:1 
2.00:1 
0.D15 FT/FT 
0.033 FTh(1/6) 

17.02 FT 
15.98 SQ.FT. 
0.94 FT 
5.29 FPS 

1.14 FT 

2.3 FT 

-12.0 FT--+ 

DEPTH OF FLO\t1J = 1.12 FT 
MEAN DEPTH= 0.97 FT 
FROUDE NO.= 0.95 SUBCRITICAL 

(1+0.025vdh1/3) 

(CHANNEL LINING: SOIL LINED) 



R17305SEDCAD 4.0 
r,-,r,11cinhl 100R...?(10? D::,mcb I C::rhw:::ih 

CULVERTS 12 AND 15 

Culvert Inputs: 

Max. 
Length (It) Slope(%) Manning's n Headwater 

(It) 

60.00 3.00 0.0240 4.70 

Culvert Results: 

Tailwater 
(It) 

0.00 

Entrance 
Loss Coef. 

(Ke) 

0.90 

Minimum pipe diameter: 1 - 48 inch pipe(s) required 

SEDCAD Utilrty Run 

Detailed 1:
0elforlnal1cc Curv=s 

Design Discharge = 84.55 cfs 

Maximum Headwater = 4.70 ft 

(BOLD indicates design pipe size) 

Headwater 
Discharge -, Discharge Discharge -

(cfs) ., (cfs) (cfs) 
(It) 

( 45 in) ( 48 in) ( 54 in) 

0.47 2.53 2.70 3.04 

0.94 7.16 7.63 8.59 

1.41 13.15 14.03 15.78 

1.88 20.24 21.59 24.29 

2.35 28.29 30.17 33.95 

2.82 37.19 39.57 44.62 

3.29 46.86 49.98 56.23 

3.76 57.25 61.06 68.70 

ll.23 68.31 72.86 81.97 

4.70 77.71 85.07 96.01 

5.17 86.36 94.61 110.76 

5.64 94.22 i03.87 122.59 

6.11 101.47 112.37 134.05 

6.58 108.24 120,26 144.62 

7.05 I 114.61 127.67 154.46 

Printed 01•04-2007 



R17306SEDCAD 4 for Windows 

MACH MINING 

Filename· CULV::RT 4.sc4 

CUL VERT r'"IO. 4 

JLH 

ALUANCE cor\~SUL TING INC 
124 PHILPOTT Ll\NE 
BEAVER WV 25813 

Phone: 304-255-0491 

1 

Printed 06-28-2006 



R17307SEDCAD 4 for Vvindows 
2 

General Information 

Storm Information: 
Storm Type: NRCS Type II 

Design Storm: 100yr-6hr 

Rainfall Depth: 6.210 inches 

Fiiename· CULVERT 4.sc4 Printed 05-28-2006 



R17308SEDCAD 4 for Windows 

Structure tietilvorkif;g: 

Type 
Stru (fiows Stru 

I 
Musk. K 

Musk. X I Description _ 
# into) # (hrs) 

Null #1 ==> End I 0.000 0.000 I CULVERT NO. 4 

r'iiename· CULV::RT 4.sc4 Printed 06-28~2006 



R17309SEDCAD 4 for Windows 

Structure Summary: 
Immediate Total 

Peak Total 
Contributing Contributing 

Discharge Runoff 
Area Area Volume 
(ac) (ac) (cfs) 

(ac·ft) 
#1 5.300 5.300 33.09 2.08 

r'l/ename· CULVERT 4.sc4 
Printed 06-28-2005 



R17310ScDCAD 4 for Windows 
rnn,mnht 100R D::imol<> I C::.,-h,.,:,h 

Structure # 1 (Nulf) 

CULVERTNO. 4 

Fiiename: CULVERT 4.sc4 

Structure Detail: 

?rimed 06-28-2006 



R17311SEDCAD 4 for Windows 

Subwatershed Hydrology Detail: 

SWS Area 
Time of 

Musk K Curve Peak Runoff 
Stru sws Cone Musk X UHS Discharge Volume 
# # (ac) (hrs) Number 

(hrs) (cfs) (ac-ft) 

#1 1 5.300 0.084 0.000 0.000 87.000 F 33.09 2.084 

:E 5.300 33.09 2.084 

Subivat::rshed Tf:r:e of Concentration Details: 
Stru sws 

Land Flow Condition Slope(%) 
Vert. Dist. Horiz. Dist. Velocity 

Time (hrs) # # (ft) (ft) (fps) 

#1 1 
8. Large gullies, diversions, and iow 

31.62 43.00 136.00 16.860 0.002 flowing streams 

8. Large gullies, diversionsr and low 
1.00 8.89 890.00 3.000 0.082 flowing streams 

#1 1 Time of Concentration: 0.084 

Fils r,ame: CULVCRT ~.sc4 Primed 06-28-2006 



R17312SEDCAD 4.0 

Culvert Inputs: 

Length (ft) 

30.00 

Culvert Results: 

CULVERT NO. 4 

Max. 
Slope(%) Manning 1s n Headwater 

(ft) 

3.00 0.0240 5.00 

Tailwater 
(ft) 

0.00 

Minimum pipe diameter required: 30 inches 

SEDCA.O Utility Run 

Design Discharge = 33.09 cfs 

Maximum Headwater = 5.00 ft 

(BOLD indicates design pipe size) 

Headwater 
Discharge Discharge Discharge. 

(cfs) {cfs) (cfs) 
(ft) 

( 24 in) { 30 ln) ( 36 in) 

0.50 1.49 1.86 2.22 

1.00 4.19 5.24 6.28 

1.50 7.69 9.62 11.54 

2.00 11.85 14.81 17.77 

2.50 16.11 20.69 24.83 

3.00 19.52 26.ES 32.64 

3.50 22.43 31.83 41.13 

4.00 25.01 36.21 47.70 

4.50 27.23 40.12 53.79 

5.00 29.01 43.68 59.27 

5.50 30.67 46.97 64.27 

6.00 32.26 50.04 68.91 

6.50 33.78 52.94 73.27 

7.00 35.24 55.69 77.37 

7.50 I 36.63 58.30 81.27 

Entrance 
Loss Coef. 

(Ke) 

0.90 



R17313SEDCAD 4 for Windows 
r.nr"mnht 100A Deimal<I I C:.,-h,.,:.h 

MACH MifiiriG 

Filename- CUL\/i=KT 5.sc4 

CUL VERT NO. 5 

JLH 

ALLIANCE CONSUL TING INC 
124 PHILPOTT LANE 
BEAVER VI/V 25813 

Phone: 304-2~5-0491 



R17314SEDCAD 4 for Windows 
r,""""'h! IOCA D:u,,,.,i., l cz,,j,,.,:.,I, 

General Inforaiation 

Storm Information: 
Storm Type: NRCS Type II 

Design Storm: 100yr-6hr 

Rainfall Depth: 6.210 inches 

i=iiename: CULVERT 5.sc4 Pnnted 05-28-2006 



R17315SEDCAD 4 for Windovis 
r,-,,,"nnht 1 OQP. D:,,...,o!:, I <:;;rhur.:,h 

structure fiet-working: 
Type I 

Stru (flows Stru Musk. K 
Musk. X I Description a into) # (hrs) ~ 

Null I #1 ==-> End 0.000 0.000 I CULVERT NO. 5 

File nams: CULVERT 5.sc4 Printed 0€,-28-2006 



R17316
SEDCAD 4 for Windov.-s 

Structure Summary: 
Immediate Total Peak 

Total 

Contributing Contributing 
Discharge 

Runoff 

kea Area Volume 

(ac) (ac) 
{cfs) (ac-ft) 

#1 2.800 2.800 17.48 1.10 

Filename CULV=:RT 5.s::4 
Printed 06-28-2006 



R17317
SEDCAD 4 for Windows 
rnn"cinht 1aas:i: P,:,mol:, r C:,-hv,.1,;:,h 

Structure Detail: 
Structure #1 (Null) 

CULVERT NO. S 

Fiier,ame. CULVERT 5.sc4 Printed 06-28-2006 



R17318
SEDCAD 4 for \IVindows 

Sub1,vatershed Hydrology Detail: 

SWS Area Time of 
Musk K Curve Peak Runoff 

Stnu sws Cone MuskX . UHS Discharge Volume 
# # (ac)· (hrs) .. - Nu'mber 

(hrs) (cfs). (ac-ft) 

#1 1 2.800 0.071 0.000 0.000 87.000 F 17.48 1.101 

:E 2.800 17.48 1.101 

Subwatershed Titne of Concentration Details: 

I 
Stru sws 

Land Flow Condition Slope(%) Vert. Dist. Horiz. Dist. Velocity 
Time (hrs) # # . (ft) (ft) (fps) 

#1 1 8. Large gullies, diversions, and row 
31.62 43.00 136.00 16.860 0.002 flowing streams 

8. Large gullies, diversions, and low 
1.00 7.50 750.00 3.000 0.069 flowing streams 

#1 l Time of Concentration: 0,071 

i=iler,ame. CULVi::KT 5.sc4 Printed 06-28-2006 



R17319
SEDCAD 4.0 

CULVERT NO. 5 

Culvert Inputs: 

Max. 
Length (ft) Slope(%) Manning's n Headwater 

Tail water 
(ft) 

Culvert Results: 

S EDCAD Utiirty Run 

(ft) 

30.00 3.00 0.0240 5.00 0.00 

Minimum pipe diameter required: 21 inches 

Detaiied Performance Lurves 

Design Discharge = 17.48 ds 

Maximum Headwater = 5.00 It 

(BOLD indicates design pipe size) 

Headwater 
Discharge Discharge Discharge 

(cfs) (cfs) (cfs) 
(ft) 

( 18 in) ( 21 in) ( 24 in) 

0.50 1.12 1.30 1.49 

1.00 3.14 3.66 4.19 

1.50 5.77 6.73 7.69 

2.00 8.43 10.33 11.85 

2.50 10.45 13.32 16.11 

3.00 11.83 15.78 19.52 

3.50 12.91 17.78 22.43 

4.00 13.91 19.28 25.01 

4.50 14.83 20.64 27.23 

5.00 15.71 21.92 29.01 

5.50 16.54 23.13 30.67 

6.00 17.33 24.28 32.26 

6.50 18.08 25.38 33.78 

7.00 18.80 26.43 35.24 

7.50 19.50 27.44 36.63 

Entrance 
Loss Coef. 

(Ke) 

0.90 

Printed 05-24-2006 



R17320SEDCAD 4 for Windows 

MACH MINING 

Filename: CULVERT 7.sc4 

CULVERT NO. 7 

JLl·I 

ALLIANCE CONSUL TING INC 
124 PHILPOTT LN 

DEAVER, VVV 25813 

Phone: 304 
Email: 255-0491 

Printed 01-08·2007 



R17321SEDCAD 4 for Vl/indows 

General Information 

Storm Information: 
Storm Type: NRCS Type II 

Design Storm: 100 yr - 6 hr 

Rainfall Depth: 6.210 inches 

Fiiename: CULVERT 7.sc4 Printed 01-08-2007 



R17322SEDCAD 4 for Vll'indows 
rnn.,rinht 1 OOA _?nn? P::,...,,.,:,I::,. I C::r-h,.,:,h 

Structure f{etvvorkfng: 
Type I 

Stru (flows · Stru Musk. K Musk. X Description 
# into) # (hrs) 

Null I #1 ==> End 0.000 0.000 CULVERT NO. 7 

Filename· CULVERT 7.sc4 Printed 01-08-2007 



R17323SEDCAD 4 for Windows 

Structure Summary: 
.• 

Immediate Total Total 
Peak 

Contributing Contributing 
Discharge 

Runoff 

Area Area Volume 

(ac) (ac) 
(cfs) (ac-ft) 

#1 3.600 3.600 22.48 1.41 

Filer.arne, CULVERT 7.sc4 
Printed 01-08-2007 



R17324
SEDCAD 4 for \1\/'indows 

Structure ii 1 (Null) 

CULVERT NO. 7 

Filename. CULVERT 7 .sc4 

Structure Detail: 

Pnmed 01-08-2007 



R17325
SEDCAD 4 for \'Vindows 

Subwatershed Hydrology Detail: 

Time of 

. Peak Runoff 

Stru sws SWS Area Cone 
Musk K Curve Discharge Volume 

Musk X UHS 

# # (ac) (hrs) Number 
(hrs) 

(cfs) (ac-ft) 

#1 1 3.600 0.015 0.000 0.000 87.000 F 22.48 1.411 

I: 3.600 
22.48 1.411 

Subi,vatershed Time of Concentration Details: 

Stru SWS Land Flow Condition Slope(%) 
Vert. Dist. Horiz. Dist. Velocity Time (hrs) 

# # 
(ft) (ft) (fps) 

#1 1 
8. Large gullies, diversions, and low 10.00 52.10 521.00 9.480 0.015 

flowing streams 

#l l Time of Concentration: 
0.015 

Filename: CULVERT 7 .s:4 
Printed 01-08-2007 



R17326SEDCAD 4.0 

Culvert Inputs: 

Length (ft) 

30.00 

Culvert Results: 

CULVERT NO. 7 

Max. 
Slope(%) Manning's n Headwater 

(ft) 

3.00 0.0240 5.00 

Tailwater 
(ft) 

0.00 

Entrance 
Loss Coef. 

(Ke) 

0.90 

Minimum pipe diameter: 1 - 24 inch pipe(s) required 

SE=DC~D Utility Run 

Design Discharge = 22.48 cfs 

Maximum Headwater = 5.00 ft 

(BOLD indicates design pipe size) 

Headwater 
Discharge Discharge Discharge 

(cfs) (cfs) (cfs) 
(ft) 

( 21 in) ( 24 in) ( 30 in) 

0.50 1.30 1.49 1.86 

1.00 3.66 4.19 5.24 

1.50 6.73 7.69 9.62 

2.00 10.33 ll.85 14.81 

2.50 13.32 16.11 20.69 

3.00 15.78 19.52 26.85 

3.50 17.78 2.2.43 31.83 

4.00 19.28 2.5.0l 36.21 

4.50 20.64 27.23 40.12 

5.00 21.92 29.01 43.68 

5.50 23.13 30.67 46.97 

6.00 24.28 32.26 50.04 

6.50 25.38 33.78 52.94 

7.00 I 26.43 2'5.24 55.69 

7.50 I 27.44 36.E3 58.30 

Printed 01 -08-200i 



R17327
SEDCAD 4 for \IVindows 
r.nn\lrinhl 1 oo,q P::,,.,..,o!::, I C::rh1>r:::ah 

Filename CULVERT 8.sc4 

CUL VERT NO. 8 

JLH 

ALLIANCE CONSULTING INC 
124 PHILPOTT LAl,E 
c=A\l:::O \M\I '):::;Q-;1. 
u:....nvi...1s. --•~ ,_..,..,, ... .,, 

Phone: 304-255-0491 

Printed 05-28-2006 



R17328

SEDCAD 4 for V\lindows 
r.,-,n,n-inkt 1 aaR D::arT>""l:i l ~,-huc:,h 

General Information 

Storm Information: 
Storm Type: NRCS Type II 

Design Storm: 100 yr - 6 hr 

Rainfall Depth: 6.210 inches 

l 

Fiiename· CUL\it:RT 8.sc4 Printed D6·28-2006 



R17329

SEDCAD 4 for Windows 
r,.,,.,.,,,,,nt 100A o.,mol:, I <::.,-;,,,,.,::,h 

Type 

Null 

Fi!er,ame: CULV:=RT 8.sc4 

Stru 
#" 

#1 

Structure Neti,1vorking: 
(fiows Stru I Musk. K 
into) # (hrs) 

Musk.""x I Description 

--> End I 0.000 0.000 I CULVERT NO. 8 

Printed 06-28-2006 



R17330

SEDCAD 4 for Windows 
r'nn"rinhl 100A P::o=c!" I c;;,.;,,..,,,h 

Structure Summary: 
Immediate Total Peak Total 

Contributing Contributing 
Discharge 

Runoff 
Area Arna Volume· 

(ac) (ac) (cfs) (ac-~) 

#1 1.200 1.200 7.49 o.~7 

F 1 lename · :'.:UL '✓CRT 8.sc4 Printed 06-2S-20DG 



R17331

SEDCAD 4 for \fvindows 
r'nnunnht 100P. P::imc.!::> I (:;,..h,.,,,h 

Structure #1 (Null) 

CUL VERT NO. 8 

Filename: CULV~RT 8.sc4 

Structure Detail: 

Printed 08-28-2006 



R17332

SEDCAD 4 for \11/indows 
rnn"rir,ht 1 □ ai:: D:.rnol:> l C::,-h,.,:,h 

Sub111ratershed Hydrology Detail: 

SWS Area 
Time of 

Musk K Curve 
Peak Runoff 

Stru sws Cone Musk X UHS Discharge Volume 
#" # (ac) . (hrs) Number 

(hrs) (cfs) (ac-ft} 

#1 1 1.200 0.053 0.000 0.000 87.000 F 7.49 0.472 

::E 1.200 7.49 · 0.472 

Subv;raterslied Time of Concentration Details: 
Stru sws 

Land Flow Condition Slope(%) 
Vert. Dist. Horiz. Dist. Velocity 

nme (hrs) 
# # (ft) (ft) (fps) 

#1 1 
8. Large gullies, diversions, and low 

0.50 2.05 410.00 2.120 0.053 flowing streams 

#1 l Time of Concentration: 0.053 

Filename CULV:::RT e s:4 Prmted 06-28-2006 



R17333

SEDCAD 4.0 

( CULVERT NO. 8 

Culvert Inputs: 

Max. 
Length (ft) Slope (%) Manning's n Headwater Tailwater 

(ft) 

Culvert Results: 

s=DCPD Utility Run 

(ft) 

30.00 3.00 0.0240 5.00 0.00 

Minimum pipe diameter required: 15 inches 

Detaiied Perforn1a11ce Curves 
Design Discharge = 7.49 cfs 

Maximum Headwater= 5.00 It 

(BOLD indicates design pipe size) 
. Discharge Discharge Discharge 

Headw.3ter (cfs) (cfs): (cfs) 
(ft) 

( 12 in) ( 15 in) ( 18 in) 

0.50 0.74 0.94 1.12 

1.00 2.10 2.62 3.14 

1.50 3.37 4.78 5.77 

2.00 3.99 6.36 8.43 

2.50 4.45 7.28 10.45 

3.00 4.87 8.02 11.83 

3.50 5.25 8.70 12.91 

4.00 5.61 9.32 13.91 

4.50 5.95 9.90 14.83 

5.00 6.27 10.46 15.71 

5.50 6.57 10.99 16.54 

6.00 6.86 H.49 17.33 

6.50 7.14 11.98 18.08 

7.00 7.40 12.44 18.80 

7.50 I 7.67 12.89 19.50 

Entrance 
Loss Coef. 

(Ke) 

0.90 

Printed 05-24-2006 



R17334

SEDCAD 4 for Vv'indows 
rnnllrinht 100A O,:imcb 1 O:::.rhut:>h 

C 

Filename: CULVERT 9.s.:.4 

Iii. A C LI llAI "Ii Ill T ,._, G 
1v1 H n 1v1.1.1 ~ .!. i, 

CUL VERT NO. 9 

JLH 

ALLJANCE CONSUL TING INC 
124 PHILPOTT LN✓ E 

BEAVER VVV 25813 

Phone: 304-255-0491 



R17335SEDCAD 4 for Windows 
r_,.,,.,,;,,1,1 1CQJ:l D1->t1,ab I Q.1•!11..,:.,h 

General Information 

Storm Information: 
Storm Type: NRCS Type II 

Design Storm: 100yr-6hr 

Rainfall Depth: 6.210 inches 

FHen ame: CULVERT 9.sc4 Printed 06-28-2006 



R17336
SEDCAD 4 for Wlndows 
rnn.,cinht 100A D::,m.<>I:, I ~,-h-..,:oh 

Structure Networking: 

I 
Musk. K -Stru (flows Stru 

Musk. X Description Type # into) # (hrs) 

Null I #1 ==> End 0.000 0.000 CULVERT NO. 9 

r"ilename. C:.JL'/ERT 9.sc4 Printed 06·28·2005 



R17337

SEDCAD 4 for Vv'indows 
r,..,..,,,,.,,.ht 100R D.,mc.l,:::, I C:::rh,.,::.h 4 

Structure Summary: 
Immediate Total Peak Total 

Contributing Contributing Discharge 
Runoff· 

Area· Area Volume 

(ac) (ac) 
ccrs) (ac·ft) 

#1 16.200 16,200 84.24 6.37 

Fiiename: CUL\/ERT 9.sc4 
Printed 06-26-2006 



R17338
SEDCAD 4 for Vv'indovvs 
r_,-,n,,r,nhl 1 aaR D::ornol:, I C::.,..h .. ,:.h 

Structure #1 (Null) 

CUL VERT NO. 9 

File name: CULVERT 9.sc4 

Structure Detail: 

Printed 06-28-2006 



R17339SEDCAD 4 for Windows 
6 

Subvvatershed Hydrology Detail: 

SWS Area 
Time of Musk K Curve 

Peak Runoff 
Stru sws Cone MuskX UHS Discharge Volume 
# # (ac) 

(hrs) 
(hrs) Number (cfs) (ac-ft) 

#1 1 16.200 0.277 0.000 0.000 87.000 F 84.24 6.370 

L 16.200 84.24 6.370 

Sub~vatershed Ti me of Concentration Details: 
Stru sws Land Flow Condition Slope (%) 

Vert. Dist. Horiz. Dist. Velocity 
Time (hrs) 

# # (ft) (ft) (fps) 

Ill 1 
8. Large gullies, diversions, and low 
flowing streams 

10.00 40.00 400.00 9.480 0.011 

8. Large gullies, diversions, and low 
flowing streams 

33.33 20.00 60.00 17.320 0.000 

8. Large gullies, diversions, and low 
flowing streams 

0.50 10.17 2,035.00 2.120 0.266 

#1 1 Time of Concentration: 0.277 

Filename· CULV::RT 9.sc4 Printed 06-28-2006 



R17340
SEDCAD 4.0 

CULVERT NO. 9 

rr rl\/cr+ Tnn1 rh:::::· ........ ' ............. 'r' ..... ........ . 

Max. 
Length (ft) Slope(%) Manning1s n Headwater 

Tailwater 
(ft) 

Entrance 
Loss Coef. 

(Ke) 

Culvert Results: 

C 

SEDC:AD Utility Run 

(ft) 

30.00 3.00 0.0240 5.00 0.00 0.90 

Minimum pipe diameter required: 30 inches 

Detailed Performance Curves ... 
1 

r. 
~ ~ :.-{ 7.., <--t-" n,.-.,po<-~61, 

Design Discharge = 42.12 cfs 'I- "\-"'' · V..., 

Maximum Headwater= 5.00 ft 

(BOLD indicates design pipe size) 

Headwater 
Discharge Discharge Discharge 

(cfs) {cfs) (cf$) 
{ft) 

( 24 in) { 30 in) ( 36 in) 

0.50 1.49 1.86 2.22 

1.00 4.19 5.24 6.28 

1.50 7.69 S.62 11.54 

2.00 11.85 14.81 17.77 

2.50 16.11 20.69 24.63 

3.00 19.52 2.6.85 32.64 

3.50 22.43 31.63 41.13 

4.00 25.01 36.21 47.70 

4.50 27.23 40.12 53.79 

5.00 29.01 43.68 59.27 

5.50 30.67 46.97 6'1.27 

6.00 32.26 50.04 68.91 

6.50 33.78 52.94 73.27 .. -·· --~ ·-
7.00 35.24 55.69 77.37 

7.50 36.63 58.30 81.27 

Printed 05-24-2006 



R17341
SEDCAD 4 for Windows 
r..-.,nrrir,nt 1oaA Domc,I,:, I <::;,-,h,..,::,h 

MACH fJIINING 

Filename. CUL\/E:RT '1 0.sc4 

ClJLVERTNO.10 

JLH 

ALLIANCE COl6ULTING INC 
124 PHILPOTT LANE 
8EAV5R V\JV 25813 

Phone: 304-255-0491 

Prir.ted 05-24-2005 



R17342SEDCAD 4 for Windows 
rn""""hl 100A P::,.mcb I C::rh,.,:.h 

General Information 

Storm Information: 
Storm Type: NRCS Type II 

Design Storm: 100yr-6hr 

Rainfall Depth: 6.210 inches 

i="1!ename: CULVERT 'i0.sc4 Printed 05-24-2006 



R17343SEDCAD 4 for Vv'indows 
r,,,..,m,,ht 1ClCH't f'lnmnln I <':f'h»mh 

Structure Networking: 

I 
Stru (flows Stru 

I 
Musk. K 

. 

Type- Musk. X DeScription # into) # (hrs)" -
Null I #1 ==> End I 0.000 0.000 CULVERT NO. 10 

Filer.a me: CU!...V:=:RT 1 0.sc4 Printed 05~24-2006 



R17344SEDCAD 4 for Vvindows 
(',-,n,rri,,hl 1 OOA D,:amclc I C::,-1-,,.,::,h 

#1 

Filename; CULVERT 10.sc4 

Structure Summary: 
1mmediate -,'. .. 
Contributing · 

Area·, 

(ac) 

1.500 

r~· T~tal~. •j - P~ak , , _ Total_ 
Contnbutrng 

0
. h • - Runoff 

Area:! isc argE: ~ofume.· 
(cfs) 

(ac-ft) 

1.500 9.37 0.59 

Printed C5-24-20J6 



R17345SEDCAD 4 for Windows 
r-,..,,n.,nnhl 100A: P:i=<>I"' I C:r-h1>1<>h 

Structure #1 (Null) 

CULVERT NO, 10 

r"ilename: CULVERT 1 0.sc4 

Structure Detail: 

Printed 05-24-2006 



R17346SEDCAD 4 for Windows 
r ,...,.,,,,.;nhf 1 ooi:i. D<>mt>I<> I C:::rhu,:,h / 

SubV'.ratershed Hydrology Detail: 
Time of - ' Peak Runoff 

Stru sws SWS Area Cone 
MuskK Curve Discharge Volume MuskX UHS 

# # (ac) - (hrs) Number 
(hrs) - .. (cfs) (ac-ft) 

#1 1 LS00 0.087 0.000 0.000 87.000 F 9.37 0.590 

I: 1.500 9.37 0.590 

Subwatershed Time of Concentration Details: 
- ' - -, 

Velocity Stnu sws ·-·· "" ' .·,, -. ·.; .. ·;,- -•~r Vert. Dist. Horiz. Dist. 
Land FiO'w Condition Slope(%) ', Time (hrs) 

# #' (ft) (ft) (fps) · 

#1 1 
8. Lcsry:::: yUiiic::., Uiv:::1 :.i1.J1 i:;,.1 011~ ;uvY 0.50 
flowing streams 

3.35 670.00 2.120 0.087 

#1 1 Time of Concentration: 0.087 

Filename: CULV::RT 1 0.sc4 Printed 05-24-2006 



R17347SEDCAD 4.0. 
rr-1n11r-inht 1 CQA. Oe,mcl<> I C:.,-hu,::,h 

CULVERT NO. 10 

Culvert Inputs: 

Max: 
Length (ft) . Slope (%) Manning1s n. Headwater 

Tailwater 
. (ft) 

Culvert Results: 

S~DC.A.D Utility Run 

(ft) _, . -- . 

30.00 3.00 0.0240 5.00 0.00 

Minimum pipe diameter required: 15 inches 

Design Discharge = 9.37 cfs 

Maximum Headwater = 5.00 ft 

(BOLD indicates design pipe size) 

' ,. Discharge·=1;f Discharge· Discharge • 
Headwater (cfs) . (cfsp::':: . . -. (cfs) . . 

,·i \ (ft) .. '[liin5 
'",,:·· ~ .. " 

( 18 in)' .. ·e· ·( 15 in),'.;• . 
0.50 0.74 0.94 1.12 

1.00 2.10 2.62 3.14 

1.50 3.37 4.78 5.77 

2.00 3.99 6.36 8.43 

2.50 4.45 7.28 10.45 

3.00 4.87 8.02 11.83 

3.50 I 5.25 8.70 12.91 

4.00 5.61 9.32 13.91 

4.50 5.95 9.90 l4.83 

5.00 6.27 10.46 15.71 

5.50 6.57 10.99 16.54 

6.00 6.86 11.49 17.33 

6.50 7.14 11.98 18.08 

7.00 7.40 12.44 18.80 

7.50 7.67 12.!!9 19.50 

Entrance 
Loss Coef. · 

(Ke) . 

0.90 

Printed 05-2~-2006 



R17348SEDCAD 4.0 
('nnurinhl 1aaJ::;_?nn? D::,m.cil::, I C::rhw::>h 

Culvert Inputs: 

Length (ft) 

170.00 

Culvert Results: 

CULVERT 11 

Max., 
Slope (%) Manning1s n· : Headwater 

(ft) 

1.00 0.0240 5.20 

Tailwater 
(ft) 

0.00 

Entrance 
Loss Coef. 

(Ke) 

0.90 

Minimum pipe diameter: 1 - 48 inch pipe(s) required 

Detailed Perforrna.11ce Cu,,...✓es 

Design Discharge = 86.22 cfs / 

Maximum Headwater = 5.20 ft 

(BOLD indicates design pipe size) 

Discha~ge . . Discharge Discharge . 
Headwater (cfs) · (cfs) (cfs) 

(ft) 
( 45 in) ( 48 in)" ( 54 in) 

0.52 18.97 2.1.43 26.54 

1.04 22.68 25.78 32.32 

1.56 26.02 29.69 37.54 

2.08 29.06 33.27 42.33 

2.60 31.90 36.60 46.76 

3.12 37.00 39.70 50.91 

3.64 48.36 50.77 55.47 

4.16 60.05 63.64 69.72 

4.68 70.71 76.44 85.18 

5.20 76.26 86.49 100.75 

5.72 81.42 92.69 116.12 

6.24 86.28 98.50 124.23 

6.76 90.88 103.99 131.85 

7.28 95.25 109.20 139.05 

7.80 I 99.44 114.18 H5.87 

(9 

SEDCAD Utility Run Printed 01-04-2007 

1 



R17349SEDCAD 4.0 
rnnur,nhf 1001L?nfl? D;:,mcb I C::.,-h,.r.:,h 

Culvert Inputs: 

Length (ft) 

30.00 

Culvert Results: 

CULVERTS 13 AND 14 

Max. 
Slope (%) Manning's n Headwater 

(ft) • 

3.00 0.0240 5.00 

Tailwater 
(ft) 

0.00 

Entrance 
Loss Coef. 

(Ke) . 

0.90 

Minimum pipe diameter: 1 - 21 inch pipe(s) required 

St:DCAD Utility Run 

Detailed Performance Curves 

! 

Design Discharge = 19.10 cfs ::Ji. 

Maximum Headwater = 5.00 ft 

(BOLD indicates design pipe size) 

Headwater 
Discharge Discharge Discharge 

(ft) 
(cfs) 

' 
(cfs)_ (cfs) 

{ 18 in) ;( 21 in): ( 24 iri) 

0.50 1.12 1.30 1.49 

1.00 3.14 3.66 4.19 

1.50 5.77 6.73 7.69 

2.00 8.43 10.33 11.85 

2.50 10.45 13.32 16.11 

3.00 11.83 15.78 19.52 

3.50 12.91 17.78 22.43 

4.00 13.91 19.28 25.01 

4.50 14.83 20.64 27.23 

5.00 15.71 21.92 29.01 

5.50 16.54 23.13 30.67 

6.00 17.33 24.28 :i2.:?6 

6.50 18.08 25.38 33.78 

7.00 I 18.80 26.43 35.24 

7.50 I 19.50 27.44 36.63 

1 

Printed 01-04-2007 



R17350SEDCAD 4 for Vv'indows 
('r,n\lrinhl 100A P::,mob I (;;,-hu,:,h 

MACH MINING 

Filename: ROAD GUTTER.sc4 

ROAD GUTTER 

JLH 

ALlJANCE CONSULTING INC 
124 PHILPOTT LANE 
BEAVER WV 25813 

Phone: 304-255-0491 

Printed 05-25-2006 



R17351SEDCAD 4 for Windows 
r.nnurinhl 1 QQJ:l. O,:,mc,.l::i I C::rhu,:,h 

General Information 

Storm Information: 
Storm Type: NRCS Type II 

Design Storm: 100 yr - 6 hr 

Rainfall Depth: 6.210 inches 

Filename. ROAD GUTTER.sc4 Printed 05-25-2006 



R17352SEDCAD 4 for Windows 

Structure Netivorking: 
Type I 

Stru - (flows ' Stru Musk. K 
_ ~~~-~. >;, r De;~p~tion # into) #. (hrs)· 

Null I #1 ==> End 0.000 0.000 / ROAD GUTTER 

Filename: ROAD GUTTER.sc4 Printed 05-25-2006 



R17353SEDCAD 4 for \l\findows 
4 

Structure Summary: 
. 

Immediate: 
,. 

Total· 
·. 

Total Peak 
Contributing Contributing 

Disqtarge Runoff 
Area Area: Volume 

. (ac) (ac) (cfs) (ac·ft) 

#1 0.900 0.900 5.62 0.35 

C 

Filer, ame: ROAD GUTTER.sc4 Printed 05<:~5~2006 



R17354SEDCAD 4 for Vv'indows 
i'r.n.,rinht 1CQR D,:,mol"" l C:.,-h,.t<>h 

Structure Detaf I: 

Structure #1 (Null) 

ROADGU7TER 

i="i!ename. ROAD GUTTER.sc4 Printed 05-25-2006 



R17355SEDCAD 4 for Windows 
("':,-,n,,nnhl 1 OCR D;:,mob I ~,-h.,r.,,h 

6 

Subwatershed Hydrology Detail: 
Time of 

. 
Peak· Runoff 

Stru sws SWS Area 
Cone• 

Musk K . curve 
Discharge Volume Musk X UHS 

" # (ac) ": (hrs) 
. 

Number , ~--
. (hrs)' (cfs) · (ac·ft) . ·, ,, '. 

#l 1 0.900 0.011 0.000 0.000 87.000 F 5.62 0.354 

I: 0.900 5.62 0.354 

Subwatershed Time of Concentration Details: 
Stru sws . . Vert. Dist~.· Horiz. Dist. Velocity 
# # 

Land Flow Condition• Slope(%) · 
(ft) (ft) . (fps) 

Time (hrs) 
. . . " 

. 

#1 1 
8. Large gu!iies, diversions, and low 10.00 40.00 400.00 9.480 0.011 
flowing streams 

#1 1 Time of Concentration: 0.011 

rilename: ROAD GUTTER.sc4 Printed 05-25-2006 



R17356

( 
CALCULATED BY: JLl:j,_ 5/25/2006 

CHECKED BY,7-'~""~,',lf!w;::::J~::,;,~/~~~/~o~f.,.~ p= ::::.µ.._"- l 

C) 

DITCH SIZING UTILITY FOR TRIANGULAR AND TRAPEZOIDAL CONFIGURATIONS USING MANNING'S EQUATION: 

INPUT: ROAD GUTTER 

PEAK FLOW= 
BOTTOM WIDTH = 
SIDE SLOPE 1 = 
SIDE SLOPE 2 = 
CHANNEL SLOPE= 
MANNING'S N = 

OUTPUT: 

TRIANGULAR DITCH 

\NETTED PERIMETER = 
AREA OF FLOW = 
HYDRAULIC RADIUS, Rh= 
CALC. VELOCITY= 

TOTAL DEPTH= 

5.6 
0 

3.00:1 
2.00:1 

0.1 
0.035 

CFS 
FT 

FT/FT 
FP(1/6) 

3.34 FT 
0.96 SQ.FT. 
0.29 FT 
5.84 FPS 

0.00 FT 

1.0 FT 

DEPTH OF FLOW= 
MEAN DEPTH= 
FROUDE NO.= 

(1+0.025vd'1/3) 

0.62 FT 
0.31 FT 
1.85 SUPERCRITICAL 

(SLOPE OF ROAD WILL PROVIDE ADDITIONAL FREEBOARD) 



R17357SEDCAD 4 for VV'indows 

Filename· B:=NCH GUTTER.sc4 

BENCH GUTTER 

JLH 

ALUANCE CONSUL TING INC 
124 PHILPOTT LANE 
BEAVER WV 25813 

Phone: 304-255-0491 

Printed 05-25-2006 

I 
1 



R17358SEDCAD 4 for VVindows 
2 

General Information 

Storm Information: 
Storm Type: NRCS Type II 

Design Storm: 100 yr - 6 hr 

Rainfall Depth: 6.210 inches 

Filename: B:::NCH GUTTER.sc4 Printed 05-25-2006 



R17359SEDCAD 4 for Windows 
r.-.,.,.,,ir,hl 100R P::,mol::i I C::,.h,.,:,h 

Structure NetMlorkf ng: 
.. 

I 
Stru (flows:' Stru 

, 
Musk. K _Mu~( X ~~?~J~;;i'~ti~-~: , " Type .. 

# into} # (hrs) 7 

Null I #1 ==> End 0.000 0.000 j BENCH GUTTER 

Filename. BENCH GUTTCR.sc4 Printed 05·25-2006 



R17360SEDCAD 4 for VVindows 
4 - ; 

Structure Summary: 
. 

Immediate Total· .~' Total 
Contributing Contributing , Peak_ 

Runoff 
Area Area. Dis.~hi:irge; s Volume 
(ac) (ac)· (cfs) 

(ac-ft) 

#1 8.200 8.200 40.81 3.22 

r"i!s-name: B:i::NCH Gu-,-1 =:.R.sc4 Printed 05-25-2006 



R17361S EDCAD 4 for Vlfindows Q0 
r-nn,,rinhl 1COR D=>rri<>b I (;;,-h,.,:,h 

Structure Detail: 

Structure #1 (Null) 

BENCH GUTTER 

Filename. BENCH GUTTER.sc4 Printed 05-25-2006 



R17362
SEDCAD 4 for VV'indows 
rnn.,rinht 100R 0,,..,,..,.1,, r C::,-.h,.u::oh 

Subv.ratershed Hydrology Detail: 
. 

Time of Peak Runoff Stru · sws SWS Area cone Musk K Curve 
Discharge Volume . # MuskX UHS • (ac) (hrs) Number · (hrs) . . (cfs) (ac-ft) 

#1 1 8.200 0.338 0.000 0.000 87.000 F 40.81 3.224 

I: 8.200 40.81 3.224 

Subwatershed Time of Concentration Details: 
Stru SWS· .· . ., 

~ ,.,. . 
Vert. Disl:. Horiz. Dist. Velocity Land Flow Co-ndition' .. 

Slope(%) Time (hrs) • # (ft) (ft) (fps) . . . 

#1 1 8. Large gu!!ies, diversions, and !ow 
0.50 12.92 2,586.00 2.120 0.338 flowing streams 

#1 1 Time of Concentration: 0.338 

Filename: BC.NCH GUTTER.sc4 Printed 05-25-2006 



R17363

CALCULATED BY: JLH 6/28/2006 
CHECKED BY:7f ~"';;'"',-.7?1-,--t,""/::C7"'E,""!o'-'C.-=--

DITCH SIZING UTILITY FOR TRIANGULAR AND TRAPEZOIDAL CONFIGURATIONS USING MANNING'S EQUATION: 

INPUT: BENCH GUTTER 

PEAK FLOW= 
BOTTOM WIDTH= 
SIDE SLOPE 1 = 
SIDE SLOPE 2 = 
CHANNEL SLOPE = 
MANNING'S N = 

OUTPUT: 

TRIANGULAR DITCH 

WETTED PERIMETER = 
AREA OF FLOW = 
HYDRAULIC RADIUS, Rh= 
CALC. VELOCITY= 

TOTAL DEPTH= 

40.8 
0 

3.00:1 
7.00:1 
0.005 
0.033 

CFS 
FT 

FT/FT 
FT'(1/6) 

17.41 FT 
14.48 SQ.FT. 
0.83 FT 
2.82 FPS 

0.00 FT 

2.0 FT 

DEPTH OF FLOVI/ = 1. 70 FT 
MEAN DEPTH = 0.85 FT 
FROUDE NO. = 0.54 SUSCRITICAL 

(1+0.025vd'1/3) 

(SLOPE OF BENCH WILL PROVIDE ADDITIONAL FREEBOARD) 



R17364

CALCULATED BY: .::J,:LHc:...._ __ ..:.1:::21.:::28:::.l:c:20::.,0:.:::....6 
CHECKED BY: _______ _ 

( .)ITCH SIZING UTILITY FOR TRIANGULAR AND TRAPEZOIDAL CONFIGURATIONS USING MANNING'S EQUATION: 

INPUT: DECANT DITCH 

PEAK FLOW= 
BOTTOM WIDTH= 
SIDE SLOPE 1 = 
SIDE SLOPE 2 = 
CHANNEL SLOPE= 
MANNING'S N = 

OUTPUT: 

TRIANGULAR DiTCH 

WETTED PERIMETER= 
AREA OF FLOW = 
HYDRAULIC RADIUS, Rh= 
CALC. VELOCITY= 

FREEBOARD REQUIRED= 

TOTAL DEPTH= 

19.1 CFS 
0 FT 

2.00:1 
2.00:1 
0.33 FT/FT 

0.035 FP(1/6) 

3.84 FT 
1.48 SQ.FT. 
0.38 FT 

12.89 FPS 

1.31 FT 

2.2 FT 

FLOW BASED ON MAXIMUM FLOW OF DECANT PIPE 

~✓~ 

DEPTH OF FLOW = 0.86 FT 
MEAN DEPTH = 0.43 FT 
FROUDE NO. = 3.47 SUPERCRITICAL 

(1 +0.025vd'1/3) 

(CHANNEL LINING: GROUTED RIP RAP) 
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HOLC0~18 FOUNDATION ENGINEERING CO., INC. G) 
SOILS - BITUMINOUS • CONCRETE • 1/NESTIGATIONS AND TESTING 

February I 0, 2006 

SHIPPING ADDRESS 
Box 393 Wood Road 
Carbondale, IL 62901 

Williamson Energy LLC 
PO Box 99 
Johnston City, IIIinois 62951 

Attention: Mr. James Piumley 

Re: Soil Boring and Laboratory Tests 
Boring #8874 
Mach lv'ooe #1 
Johnston City, Illinois 
HFE File H-05278 

www.holcombengineering.com 

MAILING ADDRESS 
P.O. Box 88 

Carbondaie, IL 62903 

lvfach Mining Purchase Order No. ___ _ 

Dear Sir: 

618-529-5262 
800-333-i740 

FAX 61 8-457-8991 

In accordance with your in.structions, on February 1, 2006, we drilled one soil boring and san1pled 
the subsoils with Shelby tubes. The soil sample taken from JO to 12 feet in depth was subjected to 
laboratory tests. Results of the tests are as follows: 

Boring No.: 
Depth: 
Visual Classification: 
Atterberg Limits: 
Unit ·weight: 
lvfoisture Content: 
Effective Cohesion: 
Effective Phi Angle: 

8874 
8.0-JOO' 
Silty CLAY (CL) 
LL=41.8% PL= 17.7% PI=24.l 
105.3 PCF 
21.5% 
OPSF 
26.8 Degrees 



R17368

Mach Mine #1 Soil Tests 

February I 0, 2006 
Page 2 

The Boring Log and test results are enclosed. If you should have any questions, or ifwe can be of 

further assistance, please feel free to contact us at your convenience. 

Sincerely, 

-ION ENGINEERING CO. 

I copy: Fred Vass - Alliance Consulting 

0 
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I I I I I I I I 
I I I I I I ' I I I I I I I I __LJ_j+ I ' I 
I I I I I I I 6 ! I I I I I I 
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I I I I I I I 
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I I I I I I ' 
I I I ' I ' 
I I I I I I I 
I I I ' I I 
I I I ' I I 
I I I IT l I 

' ' I I ' ' I I I 
I I I I I I I 
I I I I I I 

Tata/ Normal Stress, tsf --
Effective Normal Stress, tsf - - -

I I 
Sampl& No. I I 

I I 
I I Water Content, 
I I Dry Density, pcf I I 
I I ~ Saturation, 
I I :;.; Void Ratio I I 3 ..:: 
I I · Diameter, in. 
I I 
I I Height, in. 

I I I I ; I I I I I I I I I 
I I I I I I I I I I I ' I Water Content, 

4.5 ' ' ; I , I I I I I I I I I I I I 
Dry Density, pcf I I ,/ I I I I I I I I I I I I I I I I ui 

I I ,, I I ' I I ' I I I ' ~ Saturation, 
I 1, I I I I I I I ' I I I I I I I I 
I II I ' ' ' I I I I 1 I Void Ratio 

2 
3 ' I I I ' I ' I I I I ' I ' I I <:( 

Diameter, in. l ,; I ' ' I I I I I I I I I I I I I 
1/1 I I I I I I ·I I I I I I I I I I I Height, in. 

I I I I I I I ' I I I I I ' I 
I I ' I I I I 1 Strain rate, inJmin. 

1.5 I ; I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I Back Pressure, isf 

I I I I I I ' I I I I I I I 
I I I I I-+-+ I I I I I I J •• L..!- Cell Pressure, tsf 

' ,-H--J I I I I I J. I I I I I 
o'" I I I I I I I i I I I I I ' Fail. Stress, ts:f 

0 ·5 10 15 20 Total Pore Pr., ts:f 

Axial Strain, o, 
/0 Ult. Stress, tsf 

Tata/ Pore Pr., tsf 

1 2 3 

21.5 20.8 17.6 
l 05.3 106.5 l 12.5 
]00.0 99.7 98.9 

0.5706 0.5536 0.4707 
2.80 2.80 2.80 
5.5] 5.49 5.54 

21.5 20.9 I 7.& 
l 05.3 ]06.5 J 12.5 
]00.0 100.0 l 00.0 

0.5706 0.5536 0.4707 
2.80 2.80 2.&0 
5.51 5.49 5.54 
0.00 0.00 0.00 
3.6 3.6 2.2 

5.0 6.5 7.9 
2.0 3.4 6.3 
3.7 3.9 4.1 
2.0 3.2 6.3 
3_6 3.8 4.1 

Type of Test: 
cr, Failure, tsf 3.3 6.0 10.2 

o', Failure, tsf 1.3 '.!.6 3.9 
CU with Pore Pressures 

Sample Type: Shelby Tube - Undisturbed Ciient: Alliance Consulting 

Description: Gray Mottled Brown Silty CLAY 
Project: Triaxial Test 

LL= 41.8 PL= 17.7 Pf= 24.1 Ma.ch Mine #1 

I b. csflmod Specific Gravity= 2.65 Location: Boring #88/4 

Remarks: Samp,!& !'<lumber: 3 Depth: J0.0-12.0' 

Proj. No.: H-05'.!78 Date: 2-1-05 

( 
TR/AXIAL SHEAR TEST RE?ORT 

7 

0 

I 

""-.... ___ 
I Pfate 

HOLCOMB FOUNDATION ENGINEERING CO. 

T£5ted 3y: LC -~--------------- -::h e::::ked 3y: ~T_'-1-'---------------
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a= 0.17 tsf 
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tan a:= 0.34 
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Client: Alliance Consulting 
· ·0ject: Triaxial Test 

.:ation: Boring #8874 
Project No.: H-05278 

2 

,,-

I 
" 0 

~~ 
- Ql -2 Cl 
~ 

16% 

I -

I 

16% 

Effective 
0.00 tsf 

24.1 deg 

0.45 
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I 
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Stress Paths: Total-- Effective - - -

Depth: 10.0-12.0' Sample Number: 3 

-
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Plate __ _ HOLCOMB FOUNDATiOt,' ::"-31N::::RING CO. 

Che::ked 3y: TH -'-'-~-----------
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TRIAXIAL COMPR::SSION T::ST 
CU with Pore Pressures 

Date: 
Client: 
Project: 

Location: 
Depth: 
Description: 

Remarks: 

Type of Sample: 

2-1-05 
Aliiance Consulting 

Triaxial Test 
Mach !vfine # 1 
Johnston City, Illinois 
Boring #8874 
10.0-12.0' 
Gray Mottled Brown Silty CLAY 

Shelby Tube - Undisturbed 
t>.ssumed Specific Gravity=2.65 LL=4 l .8 
Test Method: COE unifonn strain 

Specimen Parameter Initial 

Moisture content liiioist soil+tare, gms. 189. I 00 
Moisture content: Dry soil+tare, gms. 176. l 00 

Moisture content Tare, gms. l 15.700 

Moisture, % 
Moist specimen weight, gms. 

21.5 
1140.2 

Sample Number: 

PL=l7.7 

Saturated 

21.5 

3 

Consoiidated 

21.5 

Diameter, in. 2.80 2.80 2.80 
Area, in.' 6.16 6.16 6.16 
Height, in. 5.51 5.51 5.51 
Net decrease in height, in, 0.00 0.00 
Wet Density, pcf 128.0 128.0 128.0 
Drydensity,p::f 105.3 105.3 105.3 
Void ratio 0.5706 0.5706 0.5706 
Saturation,% I 00.0 I 00.0 100.0 

;_ .:,, 

G 

Final 

1279.000 
l 072.200 

103.200 
21.3 

@#iii#ii§i~~~~·~l.9i&•3llfi 
Membrane modulus= 0.124 I 05 kN/cm z 

Membrane thickness= 0.02 cm 

Filter paper coefficient= 0.001926 kN/cm 

Filter paper coverage = 30% 

Consolidation cell pressure= 70.00 psi (5.040 tsf) 
Consolidation back pressure= 50.00 psi (3.600 tsf) 
Consolidation effective confining stress = i .440 tsf 

Strain rate, in./min. = 0.00 
Fail. Stress = 1.981 tsf at reading no. 24 

Ult Stress= 1.955 tsfat reading no. 30 
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Def. Deviatcr Minor Eff. Major Eff. ?ore 

CD Dial Load Load Strain Stress Stress Stress 1:3 Press. p Q 

No. in. Dial lbs. % tsf tsf tsf Ratio psi tsf tsf 

I 
0 0.0000 18.30 0.0 0.0 0.000 5.112 5.112 1.00 -1.00 5.l 12 0.000 

0.0190 20.00 1.7 0.3 0.014 2.830 2.844 1.00 30.70 2.837 0.007 

2 0.0400 21.60 3.3 0.7 0.026 2.426 2.452 1.01 36.30 2.439 0.013 

3 0.08i0 i 13.20 94.9 1.5 l.093 1.505 " ::n.o 1.73 49.JO 2.051 0.547 ,f.,.J70 

4 0.1010 129.80 111.5 1.8 l.280 J.318 2.597 1.97 51.70 l.958 0.640 

5 0.1420 143.10 124'.8 2.6 1.422 1.181 2.602 2.20 53.60 1.892 0.711 

6 0.1620 J 61.50 143.2 2.9 1.62S 1.159 2.784 2.40 53.90 1.972 0.813 

7 0.1830 J 68.90 150.6 3.3 1.702 1.145 2.847 2.49 54.10 1.996 0.851 

8 0.2030 174.80 ]56.5 3.7 1.763 1.138 2.900 2.55 54.20 2.019 0.881 

9 0.2240 178.90 160.6 4.1 1.802 1.145 2.946 2.57 54. JO 2.046 0.901 

JO 0.2440 I 82.30 164.0 4.4 1.833 1.145 2.978 2.60 54.10 2.061 0.916 

I 
11 0.2650 186.40 I 68.1 4.8 1.871 1.152 3.023 2.62 54.00 2.088 0.936 

12 0.2850 I 88.10 169.8 5.2 J .883 1.166 3.049 2.61 53.80 2.108 0.941 

13 0.3060 19 l.40 173.J 5.6 1.912 1.166 3.078 2.64 53.80 2.122 0.956 

14 0.3260 193.10 174.8 5.9 1.923 l. l 81 3.104 2.63 53.60 2.142 0.962 

15 0.3460 194.70 176.4 6.3 1.933 1.188 3.121 2.63 53.50 . 2.155 0.967 

16 0.3670 196.40 178.l 6.7 1.944 1.202 3.146 2.62 53.30 2.174 0.972 

17 0.3870 J 98. I 0 179.8 7.0 i.955 1.210 3.164 2.62 53.20 2.187 0.977 

18 0.4080 198.10 179.8 7.4 1.947 J.224 3.171 2.59 53.00 2.197 0.973 

19 0.4280 200.60 182.3 7.8 1.966 1.231 3.197 2.60 52.90 2.214 0.983 

20 0.4490 200.60 182.3 . 8. l 1.958 1.238 3.196 2.58 52.80 2.217 0.979 

/ 21 0.4890 203.10 l 84.8 8.9 1.969 1.267 3.236 2.55 52.40 2.252 0.985 

\ 22 0.5300 204.70 J &6.4 9.6 1.970 1.289 3.259 2.53 52.10 2.274 0.985 

I 23 0.5710 207.20 l 88.9 J0.4 1.980 1.3]0 3.290 2.51 51.&0 2.300 0.990 

24 0.6120 208.90 190.6 l I. I J.98 l 1.332 3.313 2.49 51.50 2.323 0.991 

I :::s 0.653~ 209.10 l 90.8 11.8 J.957 !346 3.313 2.46 51.30 2.330 0.983 

26 0.6940 211.40 I 93.l 12.6 1.974 1.361 3.334 2.45 5!.JO 2.348 0.987 

'27 0.7350 212.20 193.9 13.3 J.965 1.390 3.354 2.41 50.70 2.372 0_982 

28 0.7790 213.90 195.6 14. I 1.964 1.404 3.368 2.40 50.50 2.386 0.982 

29 0.8170 215.50 I 97.2 14.8 1.964 1.426 3.390 2.38 50.20 2.408 0.982 

30 0.8380 215.50 l 97.2 15.2 1.955 1.433 3.388 2.36 50.10 2.410 0.978 

I 
I 
I 

I 
I 

I 
\ 

c-1Y ... C:Of\/:3 r'.JIJl\!D!\Tl'.JN ::NGll'1::::Ril.J·3 C:0. ___________ _, 
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Specimen Parameter Initial 

Moisture content: Moist soil+tare, gms. 154.800 

Moisture.content: Dry soil+tare, gms. 145.800 

Moisture content: Tare, gms. 

Moisture,% 

Moist specimen weight, gms. 

Diameter, in. 

Area, in.2 

Height, in. 

Net decrease in height, in. 

Wet Density, pcf 

Dry density, pcf 

Void ratio 

Saturation, % 

I 02.600 

20.8 

1142.2 

2.80 

6.16 

5.49 

128.7 

106.5 

0.5536 

99.7 

Membrane modulus= 0.124105 k:N/cm• 

Membrane thickness = 0.02 cm 

Filter paper coefficient= 0.001926 k:N/cm 

Filter paper coverage = 30% 

Consolidation cell pressure-= 90.00 psi (6.480 tsf) 

Consolidation back pressure= 50.00 psi (3.600 tsf) 
Consolidation effective confining stress = 2.880 tsf 
Strain rate, in./min. = 0.00 

Fail. Stress = 3.4 l_ 8 tsf at reading no. 24 

Ult. Stress = 3 .250 tsf at reading no. 29 

Def. Deviator Minor Eff. 
Dial Load Load Strain Stress Stress 

No. in. Dial lbs. '/, tsf tsf 

0 0.0000 27.50 0.0 0.0 0.000 4.385 

I 0.0190 134.00 106.5 0.3 l.241 3.254 

2 0.0400 1&3.10 155.6 0.7 1.806 2.750 

3 0.0600 218.90 191.4 1.1 2.214 2.484 

4 0.0810 243.80 216.3 1.5 2.492 2.340 

5 0.1010 264.60 237.J 1.8 2.721 2.254 

6 0.1220 282.10 254.6 2.2 2.91 l 2.210 

7 0.1420 295.40 267.9 2.6 3.052 2.182 

8 0.J 620 305.40 277.9 2.9 3.154 2.182 

9 0.l 830 314.GO 287.1 3.3 3.245 2.189 

JO 0.2030 322.10 294.6 'J.7 3.3 l 7 2.J 96 

II 0.2240 327.10 299.6 4.1 3.360 2.218 

12 0.2440 332.90 305.4 4.4 3.412 2.232 

13 0.2650 336.20 308.7 4.8 3.435 2.254 

14 0.2850 339 .50 312.0 5.2 3.459 2.275 

15 0.3060 343.70 316.2 5.6 3.491 2.297 

16 0.3260 345.40 31 i.9 5.9 3 497 2.318 

17 0.3670 348.70 321.2 6.7 3.505 2.369 

18 0.4080 352.00. 324.5 7.4 3.512 2.412 

19 0.4490 353.70 326.2 8.2 3.502 2.44 l 

20 0.4890 354.50 327.0 8.9 3.483 2.470 

2 I 0.5300 355.40 327.9 9.7 3.464 2.498 

Saturated Consolidated 

20.9 20.9 

2.80 2.80 

6.16 6.16 

5.49 5.49 

0.00 0.00 

128.7 128.7 

106.5 106.5 

0.5536 0.5536 

100.0 l 00.0 

Major Eff. Pore 
Sb'ess 1:3 Press. p 

tsf Ratio psi tsf 

4.385 1.00 29.J 0 4.3~5 
4.495 l.38 44.80 3.875 

4.557 l.66 51.80 3.653 

4.698 1.89 55.50 3.591 

4.832 2.06 57.50 3.586 

4.975 2.21 58.70 3.614 

5.121 2.32 59.30 3.666 

5.233 2.40 59.70 3.707 

5.335 2.45 59.70 3.758 

5.434 2.48 59.60 3.81 l 

5.513 2.51 59.50 3.I::::5 

5.578 2.52· 59.20 3.898 

5.644 2.53 59.00 3.938 

5.689 2.52 58.70 3.971 

5.734 2.52 58.40 4.005 

5.788 2.52 58. l 0 4.042 

5.815 2.51 57.80 4.067 

5.874 2.48 57.l 0 4.121 

5.924 2.46 56.50 4. I 68 

5.943 2.43 56.l 0 4.192 

5.953 2.41 55.70 4 .211 

5.963 2.39 55.30 4.230 

~+:i~::JfV:3 ~·:)U!·JD4 71 JN. ::t-J-3!~!:::=:Rlh!•:; GO. 

~ Final 

\.....2..)1347.900 

1154.100 

135.100 

19.0 

Q 
ts! 

o.aao 
0.620 

0.903 

1.l 07 

l.246 

1.361 

1.455 

l.526 

1.577 

1.623 
].(C9 

1.680 

l.706 

l.718 

1.7:29 

1.746 

l .748 

l.752 

1.756 

1.751 

1.742 

1.7~2 
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Dof. Deviator Minor E.ff. Major Eff. 
Dial Load Load St--ain Stress Stree:s 

No. in. Dial lbs. % !sf tsf 

22 0.5510 357.00 329.5 10.0 3.466 2.513 
0" _., 0.5920 356.20 328.7 l 0.8 3.429 2.534 

_:4 0.6330 357.90 330.4 11.5 3.418 2.556 

25 0.6730 · 357.00 329.5 12.3 3.381 2.5&5 
O' -0 0. 7140 357.90 330.4 13.0 3.361 2.599 

27 0.7550 357.90 330.4 13.7 3.332 2.614 

28 0. 7960 356.20 328.7 14.5 3.286 2.628 

29 0.8370 355.40 327.9 15.2 3.250 2.635 

Specimen Parameter Initial 

Moisture content: Moist so!l•<-f:are, gms. 248.400 

Moisture content: Dry soil+tars, gms. 226.700 

Moisture content: Tare 1 gms, J 03 .200 

Moisture,¾ 17.6 

Moist specimen weight, gms. 1184.7 

Diameter, in. 
n nn 
--OV 

Area, in.!' 6.J6 
Height, in, 5.54 
Net decrease in height, in. 
Vie-t Densftyj pcf 132.3 

Dry density, pcf 112.5 

Void ratio 0.4707 

Saturation, 0/o 98.9 

Membrane modulus= 0.12.4105 kN/cm= 

Membrane thickness= 0.02 cm 

Filter paper coefficient-' 0.001926 kN/cm 
Filter papar coverage = 30% 
Consolidation cell pressure= 110.00 psi (7.920 tsf) 

Consolidation back pressure = 30.00 psi (2.160 tst) 

Consolidation effective confining stress= 5.760 tsf 

Strain rate, in./min. = (J.00 
Fail. Stress= 6.334 tsfat reading n.o. 33 
Ult. Stress = 6.334 tsf at reading no. 33 

Def. 
Dial 

No. in. 

0 0.0000 
l 0.0190 

2 0,0400 

3 (J.0600 

4 00810 

.5 0.1010 

6 0.1:20 

7 (i.1"-120 
8 0.)620 

9 0.1830 

Load 
Dial 

3 l.60 

39.90 

44.10 

175.60 

240.SO 

291.30 

302.00 

?92.00 

412.SO 

Lead 
lb:;;.. 

0.0 

8.3 

12.5 

144.0 
2(18.9 

298.0 

360.4 
381.2 

Strain 
% 

0.0 

0.3 

0.7 

l. l 
l.5 
' n LO 

2.2 

:.6 
2.9 

3.3 

Dewiator Minor Eff. 
Stress Stress 

tsf tsf 

0.000 7.812 

0.091 7.690 

0.133 7.574 

l.666 7.308 

2.407 6.926 
:.98 l 6.466 

3.408 5.983 

3.7G4 5.479 

4.U91 5.040 

4.3)0 4.666 

Stress 1:3 
tsf Ratio 

5.979 2.38 

5.964 2.35 
5.974 2.34 

5.966 2.31 

5.960 2.29 
5.946 2.27 

5.914 2.25 

5.885 2.23 

Saturated 

I 7.8 

2.80 

6.16 
5.54 
0.00 

132.5 

J 12.5 
0.4707 

100.0 

Major Eff. 
Stre!.a 

tsf 

7.812 

7.781 

7.707 

8.974 
q --, 
~ .. ).;~, 

9.391 

9.131 

B.976 

1:3 
P..atio 

l.00 

1.01 

J.02 

1.35 
l.46 

1.57 

l.81 

1.92 

Fora. 
Press. p 

psi tsf 

55.10 4.246 

54.80 4.2-49 
.54.50 4.265 

54.10 4.275 

53.90 4.280 
53.70 4.280 

53.50 4.271 

53.40 4.260 

Consolidated 

17.& 

n on .;,.ov 

6. 16 

5.54 
0.00 

132.5 
112.5 

0.4707 

Pore 
Prns~. 

psi 

1.50 

3.:w 
4 .80 

8.50 

JJ.80 

20.20 

26.90 

:3.90 
40.00 

45.20 

100.0 

p 
tsf 

7.812 

7.735 

7.641 

8.141 

8.130 

?.9:05 

7.6!::7 

7.361 
7.fl85 

6.S'.::1 

Q © tsf 

1.733 

!.71 5 
1.709 

1.690 
1.681 

1.666 

l.643 
1.625 

Final 
1374.500 
1195.400 

127.700 
l6.8 

Q 
tsf 

0.000 
0.045 

0.066 

0.833 

l.203 

1.491 

!.704 

l .f.f.2 
2.045 

2.155 

______________ HOLC0f;ii3 FOUNDATION :NGIN::P-!NG CO. ____________ ___, 
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Def. Oeviator Minor Eff. Major Eff. f>ore 

,,., 

Dial Load Load Strain Stress Stress Stress 1:3 Press. p Q 0 No. in. Dial lbs. % tsf t:sf !sf Ratio psi !sf tsf 

10 0.2030 432.80 401.2 3.7 4.519 4.363 8.883 2.04 49.40 6.623 2.260 

( 11 0.2:?:40 446.90 415.3 4.0 4.660 4.140 s.soo 2.13 52.50 6.470 2.330 

12 0.2440 · 465.20 433.6 4.4 4.847 3.9&2 8.828 2.22 54.70 6.405 2.423 

I 13 0.2650 471.00 439.4 4.8 4.892 3.852 8.744 2.27 56.50 6.298 2.446 

14 0.2850 483.50 451.9 5.1 5.012 3.766 8.778 2.33 57.70 6.272 2.506 

15 0.3060 490.20 458.6 5.5 5.066 3.694 8.760 2.37 58.70 6.227 2.533 

16 0.3260 503.50 471.9 5.9 5.193 3.643 8.837 2.43 59.40 6.240 2.597 

17 0.3460 516.80 485.2 6.2 5.319 3.607 8.926 2.47 59.90 6.267 2.660 

18 0.3670 521.80 490.2 6.6 5.352 3.586 8.938 2.49 60.20 6.262 2.676 

19 0.3&70 530.10 498.5 7.0 5.422 3.571 8.993 2.52 60.40 6.282 2.711 

20 0.4080 538.40 506.8 7.4 5.490 3.564 9.054 2.54 60.50 6.309 2.745 

21 0.4280 543.40 51 l.8 7.7 5.522 3.564 9.086 2.55 60.50 6.325 2.761 

I 22 0.4490 554.30 522.7 8.1 5.617 3.571 9.1&8 2.57 60.40 6.380 2.80& 

23 0.4690 565.90 534.3 8.5 5.719 3.578 9.297 2.60 60.30 6.438 2.859 

I 24 0.4890 567.60 536.0 8.8 5.714 3.578 9.293 2.60 60.30 6.436 2.857 

I 25 0.5300 5& !. 70 550.1 9.6 5.817 3.600 9.417 2.62 60.00 6.509 2,909 

I 
26 0.5710 591. 70 560.1 10.3 5.874 3.636 9.510 2.62 59.50 6.573 2.937 

27 0.6120 605.00 573.4 11.0 5.964 3.665 9.629 2.63 59.10 6.647 2.9&2 

28 0.6530 615.00 583.4 11.8 6.018 3.701 9.719 2.63 . 58.60 6.710 3.009 

~9 0.6940 626.70 595.l ., ' 6.087 3.737 9.824 ".l ~ ... 58.10 6.780 3.044 

I 
!--~ -,v.J 

30 0.7350 638.30 606.7 13.3 6.153 3.773 9.926 2.63 57.60 6.849 3.077 

31 0.7760 649.10 617.5 14.0 6.209 3.816 10.025 2.63 57.00 6.921 3.105 

32 0.8170 657.50 625.9 14.7 6.240 3.852 10.092 ? ,., 56.50 6.972 3.120 ..... o_ 

33 0.8390 669.90 638.3 lS .l 6.334 3.866 i0.200 2.64 56.30 ... ""'~ f .V_"'l_i 3.167 

{ 

-------------- HOLCOM3 FOU~~DATION !::NGlh!S:::R.lt~G CO. ___________ ....., 
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Holcomb Foundation Engineering Company 
Laboratory Testing Results 

Project: Mach #1 Mine 

Project No: H-05278 

Sieve Analysis - ASTM C135-96a 

Samnlo• •r--·-· Silty CLAY (CL) 

Sieve Openings us 
Standard \A/eight 

Inches Millimeters Sieve Size Retained 

1.5000 38.1000 1 -1 /2" 0.0 

1.0000 25.4000 1 " 0.0 

0.7500 19.1000 3/4" 0.0 

0.5000 12.7000 1/211 0.0 

3.7500 9.5200 3/8" D.O 

0.1 870 4.7600 No. 4 2.1 

0.0790 2.0000 No. 10 4.6 

0.0469 1.1800 No. 16 4.6 

0.0331 0.8500 No. 20 8.6 

0.0165 0.4200 No. 40 12.6 

0.0117 0.2980 No. 50 12.6 

0.0083 0.2500 No. 60 22.2 

0.0059 0.1490 No. 100 2-4.6 
D.00'.:'9 0.0740 r-.Jo. 200 47.7 

227 .20 

G) 

2/8/2006 

Percent Percent 
Retained Finer 

0.0 100.0 
0.0 100.0 
0.0 100.0 
O.D 100.0 
0.0 100.0 
0.9 99.1 
2.0 98.0 
2.0 98.0 
3.8 96.2 
5.5 94.5 
5.5 94.5 
9.8 90.2 

15.2 84.B 
21.0 79.0 
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'-iolcomb Foundation Engineering Company 
_aborntory Testing Results 

Project: Mach #1 Mine 
Project f✓o: H-05278 

Sample 

Dish hJumber 

Mass of can, W, (g) 

Mass of can+ moist soil, W 2 (g) 

Mass of can+ dry soil, W3 (g) 

tV1oisture content, w (%) 

Number of blows, N 

Liouid Limit, LL 

Dish I-lumber 

Mass of can, W 1 (g) 

Mass of can+ moist soil, W2 (g) 

Mass o1 can+ dry soil, W3 (g) 

Plastic Limit, PL 

Pl= 

LL1 

34.70 

62.84 

54.52 

41.98 

24 

41.B 

PL, 

39.76 

54.79 

52.53 

17.7 

24.1 

Plasticity Chart 

60 

50 

[ 40 
X • 
" -" 30 
::::-
;g -~ 20 

CH or OH 

CL or OL 

2 

LL2 

10 1~ ______ /✓// 
IJ!H or OH 

! =~ -ML / i-.'iL 01 ::JL 

o-1-----~--~-~--~ 
0 50 50 70 

Liquid Umi\ (LL) 

3 

LL3 

90 '00 
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HOLCOMB FOUNDATION ENGINEERING CO., INC. 
SOILS . 8!TUM!NOUS · CONCRETE · INVESTIGATIONS AND TESTING 

November 30, 2006 

SHIPPING ADDRESS 
Box 393 Wood Road 
Carbondale, IL 62901 

Williamson Energy LLC 
PO Box 99 
Johnston City, Illinois 62951 

Attention: Mr. James Plumley 

Re: Coarse Refuse Laboratory Tests 
Pond Creek Mine 
Johnston City, IHinois 
HFE File H-05278 

Dear Sir: 

www.ho!combengineering.com 

MAILING ADDRESS 
P.O. Box BB 

Carbondale, IL 62903 

618-529-5262 
800-333-17 40 

FPY. 618-457-8991 

In accordance with your instructions, on November 17, 2006, we sampled coarse refuse at Mach 
Mine and performed laboratory tests on remoided samples. Results of the tests are as follows: 

Visual Classification: Coarse Coal Refuse (Shale, Coal, Sandstone Mixture) 

Proctor Test Results: 
Maximum Dry Unit Weight: 124.6 PCF 
Optimum Moisture Content: 9.3 % 

Specific Gravity: 2.3 7 

Triaxial Test Results: 
Effective Cohesion: 0PSF 
Effective Phi Angle: 33.7 Degrees 

Permeability: 2 x 10-4 cm./sec. 

Results of the grain size analysis and the laboratory tests are attached. 
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Pond Creek Mine #1 Coarse Refuse Tests 
November 30, 2006 
Page 2 

If you should have any questions, or ifwe can be of.further assistance, please feel free to contact us 
at your convenience. 

Sincerely, 

HOL~UNDATION ENGINEERING CO. 

/;f,t/J/ ?l/l--
Timoth .J. Ho comb, P.E. 

I copy: Justin Harry- Alliance Consulting 
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Holcomb Foundation Engineering Grain Size Analysis 
2 1-1/2 1 3/4 1/2 3/8 4 10 20 40 60 100 200 Hydrometer 100 
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Project: Pond Creek Mine Johnston City, Illinois -

co' ~ _ Project Number: H-05278 {/) BO 
Sample: Coarse Fief use <U - I\ E 
Date: November ·1 1, 2006 ,_ 70- ---.s2. 

~ -:c 
r:n 60 -
tll \ ;s: -
>, 
D 50-· -
O> - ,I 
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'(ii 
-{/) 40-

f\ <U -Cl. - ' -
i= 30 --"' I 

\ u -,_ 
• Coarse Refuse '" "' (L 20-- ~-

'r-,-, -

10- -
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100 10 1 0.1 0.01 0.001 
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Sill or Clay 
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Holcomb Foundation Engineering Company 
Laboratory Testing Results 11/30/2006 

Project: Coarse Refuse Disposal Area 
Pond Creek Mine Johnston City, Illinois 

Project No: H-05317 

Sieve Anaiysis • ASTM c136-96a 

Sample: Coarse Refuse 

Sieve Openings us 
Standard Weight Percent Percent 

Inches Millimeters Sieve Size Retained Retained Finer 

3 76.2 3" 0.0 0.0 100.0 
2.0000 50.8100 2" 619.6 9.5 90.5 
1.5000 38.1000 1 -1/2" 1124.0 17.2 82.8 
1.0000 25.4000 1" 1696.2 25.9 74.1 
0.7500 19.1000 3/4" 2110.9 32.3 67.7 
0.5000 12.7000 1/2" 2513.0 38.4 61.6 
3.7500 9.5200 3/8" 3263.7 49.9 50.1 
0.1870 4.7600 No. 4 4310.7 65.9 34.1 

0.0790 2.0000 No. iO 5470.5 83.6 16.4 
0.0469 1.1800 No. 16 
0.0331 0.8500 No. 20 6004.4 91.8 8.2 

0.0165 0.4200 No. 40 6178.9 94.4 5.6 
0.0117 0.2980 No. 50 
0.0083 0.2500 No. 60 6267.8 95.8 4.2 
0.0059 0.1490 I\Jo. 100 
0.0029 0.0740 No. 200 6372.4 97.4 2.6 

Total Weight in Grams 6542.80 
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Project: 

Holcomb Foundation Engin::ering 

Pond Creek Mine 

Johnston City, Illinois 

Moisture Density Relationship 

Location: Coarse Refuse Disposal Area 

Project No.: H-05278 Proctor Test Results 

Soll Classification: 

u:: 
rJ 
':. 

Date: 

Test Data 

125.0 

124.0 

g 123.0 

c 
::, 

1c 
0 

i22.0 

11/30/2006 

ASTM D-598 (standard) 

Moisture 

Content(%) 

7.6 

11.2 

12.0 

9.3 

Maximum Dry Density (PCF) 

Optimum Moisture Content{%) 

Dry Unit Wt. 

(PCF) 

122.8 

122.5 

"i20A 

124.B 

Proctor Curve 

Gray Coarse Refuse 

124.8 

9.3 

\ "'' j 
120.0 .J._ ___________________________________ __, 

7 0 8.0 9.0 0 11.0 

% 1'lt01sture 
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( 

Date: 

Project No.: 

Sample 

Coarse Refuse 

HOLCOMB FOUNDATION ENGINEERING CO., I NC. 
SOILS • SfTUMINOUS - CONCRETE - JNVCSTJGATIONS AND TESTING 

SHIPPING ADDRESS 
Box 393 Wood Road 
Carbondale, IL 62901 

WVN✓,holcombengineering.com 

MAILING ADDRESS 
P.O. Box 88 

Carbondale, IL 62903 

Permeability Tests Results 
Laboratory Tests 
Coarse Refuse 

Pond Creek Mine - Johnston City, Illinois 

11/30/2006 Client: Pond Creek Mine 
Johnston City, Illinois 

H-05278 

I Moisture Content (%) flr-.t I !nit 

I 
-·; ........ 

Depth (Ft.) Before Test After Test Weiqht (PCF) 

7.7 11.8 119.3 

618-529-5262 
800-333-17 40 

FAX 618-457-8991 

PermeablHty 
/Cm./Sec.) 

2x10-4 

Permeability Tests performed in accordance with ASTM D-5084 
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Project 

in Place ivic 
Wet Wt. 
Pan 
Dry Wt. 
Mc(%) 

195.3 
94.2 

188.1 
7.7 

======== --~ 
fime(hrs) Time(min) 
======== === 

7 
7 

7 
7 
7 

9 
9 
9 

·-

======= 

26 
34 

33 
45 
47 

16 
23 
30 

======== 

======== 

Pond Creek Mine 

H-05278 

11/30/2006 

After Test Mc 
Wet Wt. 
Pan 
Dry Wt. 
Mc(%) 

Quantity ( cc) 

24.7 
8.2 

24.5 
2.7 
0.8 

24.4 
9.6 
0.9 

1300.4 
103.1 

1173.6 
11.8 

PERMEABILITY TEST RESULTS 

Boring/Sample 
Depth 
Classification 

Coarse Refuse 

Diameter 
Length 

2.8 Inch 
5.6 Inch 

Unit VJeiaht (PCF) 
Sample Wt. 1161.8 

Wet UW= 128.5 
Dry UW= 119.3 

---------===--=== =========== 
Head (psi) Permeability (cm/sec) 

'===== ====-----===== 
1 1.75E-04 

1 1.54E-04 
1 1.44E-04 

1 1.79E-04 
1 1.43E-04 

Average Permeability 1.63E-04 
--------- -------- = 
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9 Total Effective ' ' ' ' I ' ' I ' ' 
' I I I I I 

C, tsf 0.507 0 ' ' I ' I I I I 
I I I I I 

d>,deq 18.5 33.7 I ' ' I ' I YI 

Tan/d,\ 0.33 0.67 ' I ' I ' ' 
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I ' 
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Total Normal Stress, tsf ---

Effective Normal Stress, tsf - - -
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! I t I 1 1 I l I 

I l I I I I I I I I l 

I I I J I I I I ! I I I I 
7.5 .....,,~~ ,-i-,+-1 -+-+1-+-,--i-+-;.....,,-+1-+1 -+-+,--;-,-+, -,'--< 

I I ! I I I l I I 

I I I I I I I 
, 

I ' 
I I I I I I I l 

6 1 : 
I I 

I ' ' I I ' I 
I I I I l 
I I I I 

' I ' ' ' 
I I I I I I I 

I 1 I I ! I I I I I 
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Axial Strnin, % 

3 

2 

Sample No. 

Water Content, 
Dry Density, pcf 

~ Saturation, 
:S Void Ratio 

Diameter, in. 
Height, in. 

Water Content, 
-;;; Dry Density, pcf 
~ Saturation, 
::;: Void Ratio 

Diameter, in. 
Height, in. 

Strain rate, in./min. 

Back Pressure, tsf 

Cell Pressure, tsf 

Fail. Stress, tsf 

Total Pore Pr., tsf 

Ult. Stress, tsf 

Total Pore Pr., tsf 

1---------------------1 ;acr1 Failure, tsf 

Type of Test: a, Failure, tsf 
CU with Pore Pressures 

Sample Type: Remolded Client: Pond Creek Mine 

Description: Coarse Coal Refuse 

' ' ' I ,_ 
• I 
I I I 
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I ' ' 

' I ' 

' I 

' I ' I 

' ' ' ' ' 
' I ' I ' 
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97.0 

0.2470 
2.80 
5.65 

10.4 
118.7 
100.0 

0.2470 
2.80 
5.65 
O.Ql 
3.60 
5.04 
2.78 
3.86 
2.77 
3.85 
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I I 
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' ' ! I l I 

' I I I 
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' ' ' ' 
15 

2 

10.8 
117.8 
99.8 

0.2558 
2.80 
5.57 

10.8 
117.8 
100.0 

0.2558 
2.80 
5.57 

0.01 
3.60 
6.48 
3.83 
4.96 
3.83 
4.95 
5.35 
1.52 

I Assumed Specific Gravity: 2.37 

Project: Coarse Refuse Laboratory Tests 

0 .... ..- ... .-Ve-• :•.,;;::-1,,g., .. .,.. 

Location: Coarse Refuse Stoel-pile 

Sample Number: Coarse Refuse 

Proj. No.: H-05278 Date: I l /17/06 

' 

(aj 
I ' ' I I ' 

I I I I 

I ' ' I ' I ' 
I ' I ' ' I ' 

' I I 
I ' 

' 
I I 

I 

' I 
I I I ' 
I I I ' 
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I I I I 

I 
I I I I 

' ' ' I I I I 
I I I ' 
I I ' I I I 

I , I 

' ' ' ' ' 
18 

3 

10.3 
118.7 
99.3 

0.2468 
2.80 
5.60 

10.4 
118.7 
100.0 

0.2468 
2.80 
5.60 
O.Dl 
2.16 
7.92 
6.76 
5.23 
6.76 
5.23 

9.44 
2.69 

Plate 

I RIAXIAL SHt:.AR I ES I REPOR 1 

HOLCOMB FOUNDATION ENGINEERING CO. 

Tested Sy: ~L~C~---------- Checlrnd Sy: TH ++~----------
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I 
! 
I 

l 
Date: 
Client: 
Project: 

Location; 

Sample Number: 

Description: 

Romarks.: 

Type of Sample: 

11/17/06 

TRIAXIAL COMPRESSION TEST 

CU with Pore Pressures 

Pond Creek Mine 
Coarse Refuse Laboratory Tests 

Coarse Refuse Stockpiie 
Coarse Refuse 

Coarse Coal Refuse 

Remolded 

Assumed Specific Gravity=2.3 7 LL= PL= 

Test Method: COE uniform strain 

Pl= 

11/30/2006 

10:19 AM 

_,'""'""~* ,~ .: ~ ~", .. , ,,.. ;',," ~ 1~r~, l'~~•n;,,1:1...., ~ ,,;;, .§1. ,, 

' ' ,.._,~ t,t •'Q"'- ... < - - ' ~ ~ ~ -- ..... ' 

Specimen Parameter initial 

Moisture content: Moist soll+tare, gms. 226.800 

Moisture content: Dry soil+tare, gms. 

Moisture content: Tare, gms. 

Moisture1 % 

Moist specimen weight, gms. 

Diameter, in. 
Area, in.2 

Height, in. 

Net decrease in height, in. 

Wet Density, pcf 
Dry density, pcf 

218.600 
137.500 

10.1 

1193.1 
2.80 

6.16 
5.65 

130.6 
118.7 

Saturated 

2.80 
6.16 
5.65 
0.00 

131.0 
118.7 

Consolidated 

2.80 
6.16 
5.65 
0.00 

131.0 
118.7 

Void ratio 0.2470 0.2470 0.2470 

Final 

1320. 700 
1195.800 

107.600 
11.5 

Saturation,% 97.0 100.0 100.0 

M'MidhsiiMilitfii@@tii@MiiUiii_»_ 
Membrane modulus= 0.124105 kNicm' 

Membrane thickness= 0.02 cm 
Filter paper coefficient = 0.001926 lu~/cm 

Filter paper coverage = 50% 
Consolidation cell pressure= 70.00 psi (5.040 tsf) 
Consolidation back pressure= 50.00 psi (3.600 tsf) 

Consolidation effective confining stress= 1.440 tsf 

Strain rate, in./min. = 0.01 
Fall. Stress= 2.778 tsfat reading no. 41 
U!t. StreEs = 2.767 tsf at re~dir:g no. 42 

HOLCOM:3 FOUl,DATION ENGlf,E::RING CO. -----------.....J. 
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Def. Deviator MinorEff. Major Eff. Pore 
Dial Load Load St-ain Stress Stress Stress 1:3 ?ress, p Q 

No. in. Dial lbs. % tsf tsf tsf Ratio psi tsf tsf 

0 0.0010 46.60 0.0 0.0 0.000 1.498 1.498 1.00 49.20 l.498 0.000 

0.0180 160.60 114.0 0.3 1.329 1.152 2.481 2.15 54.00 1.816 0.664 

2 0.0390 189.70 143.1 0.7 l.662 l.001 2.663 2.66 56.10 1.832 0.831 

I 
3 0.0590 205.60 159.0 i.O i.840 0.929 2.769 2.98 57.10 J.849 0.920 

4 0.0800 212.20 165.6 J.4 l.909 0.907 2.816 3.10 57.40 1.862 0.955 

5 0.1000 218.90 172.3 J.8 1.979 0.900 2.879 3.20 57.50 1.890 0.990 

6 0.l 200 232.20 l 85.6 2.1 2.125 0.900 3.025 3.36 57.50 1.962 J.062 

7 0.1410 240.50 193.9 2.5 2.211 0.907 3.J ! 8 3.44 57.40 2.013 1.106 

I 8 0.1610 245.50 198.9 2.8 2.260 0.914 3.174 3.47 57.30 2.044 1.130 

9 0.1820 252.20 205.6 3.2 2.327 0.922 3.249 3.53 57.20 2,085 1.164 

10 0.2020 253.80 207.2 3.6 2.337 0.936 3.273 3.50 57.00 2.104 1.168 

l 1 0.2230 250.50 203.9 3.9 2.291 0.958 3.248 3.39 56.70 2.103 1.145 

12 0.2430 261.30 214.7 4.3 2.403 0.972 3.375 3.47 56.50 2.l 73 J.201 

13 0.2630 266.30 219.7 4.6 2.450 0,979 3.429 3.50 56.40 2.204 1.225 

14 0.2840 266.30 219.7 5.0 2.440 0.994 3.434 3.46 56.20 2.214 J.220 

15 0.3040 272.10 225.5 5.4 2.495 J.008 3.503 3.48 56.00 2.256 J.248 

16 0.3250 274.60 228.0 5.7 2.513 J.022 3.536 3.46 55.80 2.279 l.257 

17 0.3450 268.00 221.4 6.1 2.431 J.037 3.468 3.34 55.60 2.252 1.216 

l 8 0.3660 273.00 226.4 6,5 2.476 I.OSI 3.527 3.36 55.40 2.289 J.238 

19 0.3860 278.00 231.4 6.8 2.521 J.058 3.580 3.38 55.30 2.319 1.261 

20 0.4070 278.00 231.4 7.2 2.511 1.066 3.577 3.36 55.20 2.321 J.256 

21 0.4270 283.00 236.4 7.5 2.556 J.073 3.629 3.38 55.J0 2.351 1.278 

22 0.4470 284.60 238.0 7.9 2.563 J.080 3.643 3.37 55.00 2.362 J.282 

23 0.4680 278.80 232.2 8.3 2.491 J.087 3.578 3.29 54.90 2.333 J.245 

24 0.4880 286.30 239.7 8.6 2.561 J.087 3.648 3.36 54.90 2.368 1.281 

25 0.5090 290.40 243.8 9.0 2.594 J.094 3.689 3.37 54.80 2.392 1.297 

I 26 0.5290 292.10 245.5 9.3 2.602 1.102 3.704 3.36 54.70 2.403 1.301 

I 27 0.5500 298.80 252.2 9.7 2.662 1.109 3.771 3.40 54.60 2.440 1.331 

28 0.5700 299.60 253.0 JO.I 2.660 J. l l 6 3.776 3.38 54.50 2.446 1.330 

29 0.5910 294.60 248.0 10.4 2.597 J.l l 6 3.713 3.33 54.50 2.415 J.299 

30 0.6110 302.!0 255.5 10.8 2.665 1.123 3.788 3.37 54.40 2.456 1.333 

31 0.63 l 0 306.30 259.7 11.2 2.698 J.i30 3.828 3.39 54.30 2.479 1.349 

32 0.6520 306.30 259.7 I l.5 2.687 1.130 3.817 3.38 54.30 2.474 1.343 

33 0.6720 312.10 265.5 11.9 2.736 1.145 3.881 3.39 54.l 0 2.513 1.368 

34 0.6930 309.60 263.0 12.2 2.699 1.145 3.843 3.36 54.10 2.494 1.349 

35 0.7[30 308.80 262.2 [2.6 2,680 l.152 3.832 3.33 54.00 2.492 1.340 

36 0.7340 309.60 263.0 [3.0 2.676 1. I 59 3.835 3.31 53.90 2.497 1.338 

37 0.7540 315.40 268.8 13.3 2.724 J. l 66 3.891 3.34 53.80 2.528 J.362 

38 0.7750 316.20 269.6 13.7 2.721 1.166 3.887 3.33 53.80 2.527 1.360 

I 
39 0.7950 323.70 277.1 i4.l 2.7E5 J. l 8 l 3.966 3.36 53.60 2.573 1.392 

40 0.8[50 3:::'.5.40 278.8 14.4 2.790 l.181 3.971 3.36 53.60 2.576 1.395 

I 41 n C'"l.<::n "l ') <:: ti(\ 27t.8 l ~-B "} 1"10 1 1 QJ 3.Y59 3.35 c, ,r:_(\ ,, ::-,n 1 'lc>n 
v.u.,vv _,,..,,-rv .._,I, u ,. , u' - ..,_,.,_, .;.,J IV J ,J,;,;; 

<12 0.8560 325.40 278.8 ! 5.1 2.767 !.; 88 3.955 '" 53.50 2.571 1.383 
I 

~-~.., 

I 
( 

' HOLCOMB FOUNDATION ENGINEERING CO. 
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Specimen Parameter Initial Saturated Consolidated Final 
Moisture content: Moist soil+tare, gms. 211.600 1335.900 
Moisture content: Dry soil+tare, gms. 203.200 1222.200 
Moisture content: Tare, gms. 125.200 134.800 
Moisture,'% 10.8 10.8 10.8 10.5 
Moist specimen weight, gms. 1175.1 

Diameter, in. 2.80 2.80 2.80 

Area, in.2 6.16 6.16 6.16 

Height, in. 5.57 5.57 5.57 

Net decrease in height, in. 0.00 0.00 

Wet Density, pcf 130.5 130.5 130.5 

Dry density, pcf 117.8 117.8 117.8 

Void ratio 0.2558 0.2558 0.2558 

Saturation, % 99.8 iOO.O iOO.O 
~ • , , _ , , -,• 0 , • ' ,a. < -.;, " '• ,.!O , .,,,- ,- ,.,,. , •- '•" ~ , , ~ > Tt:-'", M > ,, ,-
\,-,,:, , • .,, ,~~•I(~~~~••:,•~,,.;.,•""""<'!'",,,·.'."\ ~ ";;flt'f" #f'(• ,•r;,,_-" ~~4,,,,, , 

Membrane modulus= 0.124105 kNicm' 
Mo.!'?'!h!'"2nt> fhi,...~n.acc: = O.fl'J rm 

Filler paper coefficient= 0.001926 l".N/cm 

FIiter paper coverage = 50% 

Consolidation cell pressure= 90.00 psi (6.480 tsf) 

Consolldatlon back pressure = 50.00 psi (3.600 tsf) 

Consolidation effective confining stress= 2.880 tsf 

Strain rate, in./min. = 0.01 

Fall. Stress= 3.829 tsf al reading no. 40 

Ult. Stress= 3.828 tsfal reading no. 41 

Def. Deviator Minor Eff. Major Elf. Pore 
Dial Load Load Strain Stress Stress Stress 1:3 Press, p Q 

No. In. Dial lbs. % tsf tsl tsl Ratio psi tsl tsl 

0 0.0000 51.60 0.0 0.0 0.000 3.377 3.377 1.00 43.10 3.377 0.000 

0.0190 l 85.60 134.0 0.3 l.562 2.340 3.902 1.67 57.50 3.121 0.781 

2 0.0400 233.00 181.4 0.7 2.106 1.814 3.920 2.16 64.80 2.867 1.053 

3 0.0600 253.00 201.4 I.I 2.330 l.562 3.892 2.49 68.30 2.727 1.165 

4 0.0810 263.80 212.2 1.5 2.445 1.433 3.878 2.71 70.10 2.655 1.223 

5 0.1010 270.50 218.9 1.8 2.513 1.346 3.860 2.87 71.30 2.603 1.257 

6 0.1220 274.60 223.0 2.2 2.550 1.289 3.839 2.98 72.10 2.564 1.275 

7 0.1420 281.30 229.7 2.5 2.617 1.260 3.877 3.08 72.50 2.569 1.309 

8 0.1620 287.10 235.5 2.9 2.674 1.238 3.912 3.16 72.80 2.575 1.337 

9 0.1830 291.30 239.7 3.3 2.711 1.231 3.942 3.20 72.90 2.587 1.355 
,n 0.2030 297.10 245.5 3.6 2.766 1.224 3.990 3.26 73.00 2.607 l .383 ,v 

11 0.2240 301.30 249.7 4.0 2.802 1.224 4.026 3.29 73.00 2.625 1.401 

12 0.2440 305.40 253.8 4.4 2.838 1.224 4.062 3.32 73.00 2.643 1.419 

13 0.2650 309.60 258.0 4.8 2.873 1.224 4.097 3.35 73.00 2.661 1.437 

!4 0.2850 3 I 5.40 263.8 5.1 2.927 1.231 4.158 3.38 72.90 2.695 1.463 

15 0.3060 320 40 268.8 5.5 2.970 1.238 4.209 3.40 72.80 2.724 l 485 

I 
i6 0.3260 326.20 274.6 5.9 3.023 1.246 4.269 3.43 72.70 2.757 l .5i2 
17 0.3460 330.40 278.8 6.2 3.058 1.253 4.310 3.44 72.60 2.782 1.529 
j8 0.3670 334.60 283.0 6.6 3.091 1.267 4.358 3.44 72.40 2.813 1.546 

19 0.3870 341.20 289.6 6.9 3.151 1.2£2 4.433 3.46 72.20 2.857 1.576 
I 20 0.4080 346.20 294.6 7.3 3.192 1.296 4.488 3.46 72.00 2.892 1.596 ' ~, 21 0.4280 351.20 299.6 7.7 3.234 1.310 4.544 3.47 71.80 2.927 1.617 

HOLCOMB FOUNDATION ENGINEERING CO. 
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Def. Deviator Minor Eff. Major Eff. Pore ® Dial Load Load Strain Stress Stress Stress 1:3 Press. p Q 

No. ln. Dial lbs. ¾ tsf tsf tsf Ratio psi tsf tsf 

22 0.4490 357.00 305.4 8.1 3.283 1.318 4.601 3.49 71.70 2.959 1.642 

23 0.4690 359.50 307.9 8.4 3.297 1.332 4.629 3.48 71.50 2.981 1.649 

24 0.4890 362.80 311.2 8.8 3.319 1.339 4.659 3.48 71.40 2.999 1.660 

25 0.5100 368.70 317.1 9.2 3.368 1.346 4.715 3.50 71.30 3.031 1.684 

26 0.5300 374.50 322.9 9.5 3.416 1.361 4.777 3.51 71.10 3.069 1.708 

27 0.5510 377.00 325.4 9.9 3.429 1.368 4.797 3.51 71.00 3.082 1.714 

28 0.5710 381.W 329.6 10.2 3.459 1.368 4.827 3.53 71.00 3.098 1.730 

29 0.5920 384.50 332.9 10.6 3.479 1.382 4.861 3.52 70.80 3.122 1.739 

30 0.6120 386.20 334.6 11.0 3.483 1.390 4.872 3.51 70.70 3.131 1.741 

31 0.6330 392.00 340.4 11.4 3.528 1.397 4.925 3.53 70.60 3.161 1.764 

32 0.6530 397.00 345.4 11.7 3.565 1 .411 4.977 3.53 70.40 3.194 1.783 

I 
33 0.6730 400.30 348.7 12.1 3.585 1.426 5.010 3.51 70.20 3.218 1.792 

34 0.6940 406.10 354.5 12.5 3.629 1.440 5.069 3.52 70.00 3.254 1.814 

35 0.7140 A!/'\ "f\ "J.t::O ~ 12.8 3.657 !.454 5.111 3.51 69.80 3.283 1.828 
"TlV,JV -'-''-'•' 

36 0.7350 413.60 362.0 13.2 3.674 1.469 5.143 3.50 69.60 3.306 1.837 

37 0.7550 420.30 368.7 13.6 3.727 1.483 5.210 3.51 69.40 3.347 1.863 

38 0.7760 423.60 372.0 13.9 3.744 1.498 5.242 3.50 69.20 3.370 1.872 

39 0.7960 427.80 376.2 14.3 3.770 1.505 5.275 3.51 69.10 3.390 1.885 

40 0.8170 435.30 383.7 14.7 3.829 1.519 5.348 3.52 68.90 3.434 1.914 

41 0.8370 436.90 385.3 15.0 3.828 1.526 5.355 3.51 68.80 3.441 1.914 
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Specimen Parameter Initial Saturated Consolidated Final 

Moisture content: Moist soil+tare 1 gms. 184.300 1333.800 © Moisture content: Dry soiH·t2re: gms. 177.100 ! 230.400 

Moisture content: Tare, gms. 107.500 135.300 

Moisture, 0/o 10.3 10.4 10.4 9.4 

Moist specimen weight, grns. 1185.2 

Diameter, in. 2.80 2.80 2.80 

Area, in.2 6.16 6.16 6.16 

Height, in. 5.60 5.60 5.60 

Net decrease in height, in. 0.00 0.00 

Wet Density, pcf 130.9 131.0 131.0 

Dry density, pcf 118.7 118. 7 118.7 

Void ratio 0.2468 0.2468 0.2468 

Saturation,% 99.3 100.0 100.0 

Membrane modulus= 0.124105 kN/cm2 

M,:m·1h!"'2na. thi:-:knn.c:::c. = ()_fl? rm 

Filter paper coefficient= 0.001926 kN/cm 

Fi!ter paper coverage= 50% 

Consolidation cell pressure= 110.00 psi (7.920 tsf) 

Consolidation back pressure= 30.00 psi (2.160 tsf) 

Consolidation effective confining stress= 5.760 tsf 

Strain rate, in./min. = 0.01 

Fail. Stress= 6.758 tsfat reading no. 42 

Ult. Stress = 6. 758 tsf at reading no. 42 

Def. Deviator Minor Eff. Ma)or :=ff. Pore 
Dial Load Load Strain Stress Stress Stress 1:3 Press. p Q 

No. in. Dial lbs. % tsf tsf tsf Ratio psi tsf tsf 

0 0.0000 25.00 0.0 0.0 0.000 6.588 6.588 1.00 18.50 6.588 0.000 

0.0190 88.20 63.2 0.3 0.736 6.458 7.195 1.11 20.30 6.827 0.368 

2 0.0400 309.60 284.6 0.7 3.304 5.623 8.927 1.59 31.90 7.275 1.652 

3 0.0600 397.00 372.0 1.1 4.303 4.795 9.098 1.90 43.40 6.947 2.152 

4 0.0810 428.60 403.6 1.4 4.651 4.234 8.885 2.10 51.20 6.559 2.326 

5 0.10 l 0 441.90 416.9 1.8 4.787 3.830 8.617 2.25 56.80 6.224 2.393 

6 0.1220 449.40 424.4 2.2 4.854 3.521 8.375 2.38 61.10 5.948 2.427 

I 
7 0.1420 460.20 435.2 2.5 4.960 3.283 8.243 2.51 64.40 5.763 2.480 

8 0.1620 467.70 442.7 2.9 5.027 3.017 8.044 2.67 68.10 5.530 2.513 

9 0.1830 476.00 45!.0 3.3 5.l 01 2.837 7.938 2.80 70.60 5.387 2.55] 

JO 0.2030 483.50 458.5 3.6 5.167 2.693 7.860 2.92 72.60 5.276 2.583 

11 0.2240 489.30 0 64.3 4.0 5.212 2.585 7.797 3.02 74.!0 5.191 2.606 

12 0.2440 495.20 470.2 4.4 5.258 2.49] 7.750 3.11 75.40 5.120 2.629 

13 0.2650 505.20 480.2 4.7 5.349 2.419 7.768 3.21 76.40 5.094 7..675 

14 0.2850 511.00 486.0 5.1 5.394 2.369 7.762 3.28 77.I 0 5.066 2.697 

15 0.3060 518.50 493.5 5.5 5.455 2.333 7.788 3.34 77.60 5.060 2.728 

I l6 0.3260 526.80 50i.8 5.8 5.526 2.304 7.S30 3.40 /S.00 5.067 2.763 

i 7 0.3460 533.50 508.5 6.2 5.579 2.297 7.075 3.43 78.]0 5.086 2.789 

I 18 0.3670 539.30 514.3 6.6 5.620 2.320 7.945 3.42 /7.70 5.i35 2.810 

l 9 C.3870 548.40 523.4 6.9 5.697 2.275 7.972 3.50 78.40 5.124 2.849 

' \ 20 0.4080 555.90 530.9 7.3 5.756 2.26] 8.016 3.55 78.60 5.139 2.878 '~-, 21 0.4280 565.90 540.9 7.6 5.841 2.26] 8.102 3.58 78.60 5.18] 2.921 

HOLCOMB FOUNDATION :::NGINEER.ING CO. 
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Def. Oeviator Minor Eff. Major Elf. Pore 

® (~ Dial Load Load Strain Stress Stress Stress 1:3 Press. p Q 

No. In. Dial lbs, ¾ tsf !sf tsf Ratio psi tsf tsf 

22 0.4490 569.20 544.2 8.0 5.853 2.268 8.121 3.58 78.50 5.195 2.927 

23 0.4690 575.10 550.1 8.4 5.894 2.282 8.176 3.58 78.30 5.229 2.947 

24 0.4890 584.20 559.2 8.7 5.968 2.297 8.265 3.60 78.10 5.281 2.984 

I 
25 0.5100 592.50 567.5 9.1 6.031 2.311 8.343 3.61 77.90 5.327 3.0i6 

26 0.5300 599.20 574.2 9.5 6.079 2.333 8.411 3.61 77.60 5.372 3.039 

27 0.5510 605.90 580.9 9.8 6.124 2.354 8.479 3.60 77.30 5.416 3.062 

28 0.5710 613.30 588.3 10.2 6.178 2.362 8.539 3.62 77.20 5.450 3.089 

29 0.5920 617.50 592.5 10.6 6.196 2.405 8.601 3.58 76.60 5.503 3.098 

30 0.6120 626.70 601.7 10.9 6.267 2.527 8.794 3.48 74.90 5.661 3.133 

31 0.6330 638.30 613.3 11.3 6.361 2.426 8.787 3.62 76.30 5.607 3.180 

32 0.6530 644.10 619.1 11.7 6.395 2.448 8.843 3.61 76.00 5.646 3.198 

33 0.6730 650.80 625.8 12.0 6.438 2.477 8.915 3.60 75.60 5.696 3.219 

34 0.6940 656.60 631.6 12.4 6.470 2.498 8.968 3.59 75.30 5.733 3.235 

35 0.7140 662.50 637.5 i2.8 6.504 ..., t:f\.C 
L,..JVV 

n nn.o 
.7,vv., 3.60 75.20 5.758 3.252 

36 0.7350 669.10 644.1 13.1 6.543 2.542 9.085 3.57 74.70 5.813 3.271 

37 0.7550 678.30 653.3 13.5 6.609 2.563 9.172 3.58 74.40 5.868 3.305 

38 0.7760 684.10 659.1 13.9 6.639 2.585 9.224 3.57 74.10 5.904 3.319 

39 0.7960 690.70 665.7 !4.2 6.678 2.614 9.291 3.55 73.70 5.952 3.339 

40 0.8170 699.10 674.1 14.6 6.732 2.635 9.367 3.55 73.40 6.001 3.366 

41 0.8370 701.60 676.6 14.9 6.729 2.700 9.429 3.49 72.50 6.065 3.365 

42 0.8570 707.40 682.4 15.3 6.758 2.686 9.444 3.52 72.70 6.065 3.379 

.. I ___________ HOLCOMB FOUNDATION ENGINEERING co. ----------....J 
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APPENDIXE 

COARSE COAL REFUSE PLACEMENT GUIDELINES 
COAL REFUSE DISPOSAL FACILITY NO. 2 

MACH#lMINE 
MACH MINING LLC 

WILLIAMSON, ILLINOIS 

INTRODUCTION 

This coal refuse placement plan is intended to serve as a guidance document for the 

placement of coarse coal refuse at the Pond Creek Mine No. I coal refuse disposal area 

which serves Mach Mining LLC's (Mach Mining) Mach #1 Mine coal preparation plant 

located in \Villiamson County, Illinois. The information contained herein is sufficiently 

detailed to provide Mach Mining with the technical guidance required to perfonn coal 

refuse disposal operations in a manner consistent with generally accepted construction 

techniques and sound engineering practice. This plan has been developed based on our 

understanding of the proposed production rates, proposed placement techniques, and the 

heavy equipment available for use at the facility, as provided by Mach Mining. The 

general placement technique for the coarse coal refuse proposed by Mach Mining is to 

discharge the refuse from a conveyor belt into a stockpile adjacent to the active work 

surface of the disposal area. Tracked dozers will then be used to push the refuse 

contained in the stockpile across the work surface in lifts. 

HEAVY EQUIPMENT AND ESTIMATED PRODUCTION CAPABILITY 

As provided by Mach Mining, two Caterpillar D-9 tracked type dozers and one D-10 

tracked type dozer will be available for use at the disposal facility. The D-9 dozers will 

be dedicated to placing refuse at disposal facility. The D-10 dozer will be utilized at the 

disposal facility on an as needed basis and be a backup dozer for the D-9 dozers in the 

event of unexpected downtime. The D-10 will also be used to perform other task at the 

mine facility. Both the D-9 and D-10 dozers are equipped with a reclamation universal 

blade which has added capacity over a standard universal blade. 

Utilizing infonnation and procedures contained in the Caterpillar Performance 

detem1ined. The procedures require obtaining the maximum estimated production 

capability of the machine for an average distance of push from a cha1i and applying 
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appropriate conection factors to the maximum production in order to estimate on the job 

performance. 

The estimated production capability of the D-9 dozer was determined to be 136 cubic 

yards/hour at an average push distance of 600 feet and 170 cubic yards/hour at an average 

push distance of 500 feet. The estimated production capability of the D-10 dozer was 

dete1mined to be 256 cubic yards/hour at an average push distance of 600 feet and 292 

cubic yards/hour at an average push distance of 500 feet. One of the conection factors 

used to estimate the production capability provided that each dozer would place refuse 

for 45 minutes of each hour worked. This factor allows approximately 2 hours per each 

IO hour work shift for work surface grading, backblading and compaction. The 

suppo1iing calculations are attached. 

The information taken from the handbook and used to detennine these production rates is 

based on a wide variety of job conditions and should only be considered estimates. The 

only correct way to determine machine perfonnance is by measuring on the job 

production. 

PRODUCTION RATE AND OPERATING SCHEDULE 

As provided by Mach Mining, coarse coal refuse production is estimated to be 2.53 x 106 

cubic yards per year or 486 cubic yards per hour. Mach Mining is projecting to be 

operating on a double shift, 20 hour per day, 5 days per week work schedule. 

REFUSE PLACEMENT 

Coarse coal refuse will be transported to the work surface by a conveyor belt and 

discharged at two different locations from a stacker belt into stockpiles located adjacent 

to the active work surfaces. The refuse production will be divided by approximately 50 

percent between the two different stockpile locations. The dozers will be used to push 

the refuse out of the stockpiles onto the two work surfaces in lifts. The dozers will also 

be used to provide compactive effo1i to the refuse. 

Comparing the production rates and work schedule to the estimated production capability 

of the dozers indicates that both of the D-9 dozers and the D-10 dozer will be required to 

manage the refuse production. One D-9 dozer will be required to place refuse on a full 

time basis from each stockpile area. The D-10 will be required to provide additional 
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placement capacity for an estimated combined maximum time of 10 hours per day. The 

dozers will be able to place the refuse in lifts extending an average distance of 500 to 600 

feet from the stockpile. 

Refuse shall be placed in lifts not to exceed one-foot thickness as specified in the 

Technical Specifications. The work surface should be graded to drain surface water away 

from the refuse stockpile area. As a section of the lift is completed the area should be 

backbladed to eliminate windrows. With each backblade pass the dozer should be offset 

one half of the dozer width to provide compactive effort over the work surface. The field 

density testing program will indicate if additional passes are required. 

Mach Mining proposes to construct the embankments in 500 to 600 feet long sections. 

Each section will be completed from the foundation to the proposed crest elevation in 

compacted lifts not exceeding one-foot. As each section is completed, the conveyor belt 

and stacker will be advanced on the completed section. The refuse belt discharge point 

shall be positioned so that the stockpile is over top of the previously placed and 

compacted refuse. 

Refuse shall be pushed from the stockpile area on top of the completed section down onto 

the working surface on a slope of 2 horizontal to I vertical or flatter. All embankment 

side slopes, except the working end slope of the completed section, shall be kept trimmed 

to design grade in compacted material. When each new one-foot thick lift is started, it 

shall be keyed in to the end slope of the completed section trimmed to no steeper than 2 

horizontal to I vertical in compacted material as shown on Drawing No. B05-33-A4. 

Compacted material means coarse coal refuse compacted to the density required in the 

Technical Specifications. 

Each of the proposed stacker belts which will discharge the refuse is approximately 29 

feet high. Assuming that the natural angle of repose of the refuse is 36", each belt will 

stockpile approximately 1,800 cubic yards or a total of3,600 cubic yards for both belts. 

This volw11e provides approximately 8 hours of refuse production storage. This storage 

volume should be adequate to provide time for the dozers to perform other tasks on the 

work surface. 

These recommendations are based on information contained in the Caterpillar 

Performance Handbook. This information has been developed from studies performed at 

various job sites operating W1der various conditions and should only be considered 
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estimates of performance. These guidelines may have to be altered to best suit actual 

field conditions. 
File: Appendix E Revised.doc, hlo, 6/11/09 
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APPENDIXF 

SUBSIDENCE MONITORING PLAN 
PROPOSED COAL REFUSE DISPOSAL FACILITY NO. 2 

MACH#lMINE 
WILLIAMSON ENERGY LLC 

JOHNSON CITY, ILLIOIS 

Installation and Location 

Subsidence survey control monuments will be installed away from areas of potential ground 
movement. The monuments will be constructed to minimize the impact of frost heave. A detail 
of the monument is included on Drawing No. B05-330-A3. 

The locations for all of the subsidence monitoring baselines are shown on Drawing No. 
B05-330-M36. 

Subsidence monitoring baseline stations have been installed on 25-foot spacing for Baselines A 
through D on the eastern end of Panel No. I. 

Baseline A has been installed near the center of the panel. The direction of the baseline is east to 
west and starts at a point 300 feet west of the initial longwall face. The baseline is 325-foot long. 

Baseline B has been installed 700 feet west of the initial longwall face and runs from Baseline A 
north for a distance of I 200 feet. 

Baseline Chas been installed 1250 feet west of the initial longwall face and is 550-foot long 
running south to north over the developmental entries between Panel No. I and Panel No. 2. The 
purpose for this baseline is to determine the effect of the chain pillars on surface subsidence after 
mining on both sides of the chain pillars. 

Baseline D has been installed in the northeast corner of Panel I and extends at an Azimuth of 45 
degrees for a distance of 500 feet. This baseline provides information on surface subsidence in 
the panel corners. 

Baselines E and F will be installed in the Phase 4 pool area over Panel No. 2 on 25-foot station 
spacing. These baselines will provide information as to when foundation subsidence is complete 
and provide dynamic subsidence data. Baseline E will be 650 feet long, extending one-half the 
panel width in a south to nmth direction. Baseline F will run west to east for 300 feet over the 
center of the panel. 

Baseline I has been replaced by Baselines G and H. 

Baselines G and H - Baseline G and H will be installed on the Stage 3 embankment crest on 25-
foot station spacing. Baseline G will be located on the entire length of eastern crest running a 
distance of 400 feet north to south. This baseline begins over the Panel No. 3 edge and should 

F-1 
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provide data on the maximum embankment strain and slope. Baseline H will be located on the 
southern crest for a distance of 400 feet over the center of Panel No. 3 and should provide data 
on the maximum vertical surface movement for Phase 3 and the dynamic subsidence profile in 
the direction of mining. 

Pneumatic piezometers and inclinometers will be installed in the Phase 3 
embankment/impoundment prior to its being undermined as described in Technical Specification 
6.03. 

Panel No. I Subsidence Survey baseline was established over the center of Panel No. I in a west 
to east direction starting about 250 feet east of the impoundment Phase 5 footprint. This line 
contained 21 surface subsidence monuments spaced 30 feet apart. The main purpose of this 
baseline was to obtain dynan1ic subsidence survey measurements. 

Monitoring 
The monitoring will consist of collecting data including elevation, coordinates in east and north 
planes, date of monitoring, time of monitoring and the location of the longwall face by its 
underground survey station. 

Baselines A, B, C, and D were surveyed on April 24, May 6, and May 19, 2008. The longwall 

started in Panel I on March 18, 2008. The longwall face passed under the southwest end of 

Baseline Don April 2, 2008, under Baseline Bon April 10, 2008, and under the western end of 

Baseline A on April 14, 2008. The longwall face passed under Baseline Con April 24, 2(\08, the 

day the first post-mining subsidence monitoring survey was conducted. 

Due to the time lag between the subsidence monitoring surveys and the position of the longwall 

face with respect to the baseline locations, the survey measurements for Baseline A, B, and D 

represent near total surface subsidence. 

Panel No. I Subsidence Survey Baseline was surveyed from November 18, 2008 through 

January 9, 2009. TI1e longwall face moved under the eastern end of this baseline on November 

21, 2008 and left its western end on December 9, 2008. The subsidence monwnents were 

surveyed on a daily basis from November 18, 2008 through January 9, 2009 on those days when 

the longwall was advancing. Drawing No. B05-330-M36 (and Drawing No. B05-330-

B4 in this Appendix) show the location of the baseline survey points and the timing of the 

longwall face movement and Drawing No. B05-330-M44 shows the tabular and plotted data. 

The subsidence measurement data from the five baselines described above was used to 

recalibrate the subsidence prediction model used in our August 2008 rep01t. The modified 

subsidence prediction report is contained in Appendix Hand the drawings which show 

subsidence predictions have been revised to reflect the changes. 

Baseline E will be surveyed daily staiting when or before the longwall face approaches it within 

I 00 feet ai1d ending two weeks after the face passes under it. 
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Baseline F will be surveyed daily starting when or before the longwall face is within 100 feet of 
its eastern end and ending tvva weeks after the face passes under its western end. 

Baseline G will be surveyed daily starting when or before the longwall face approaches it within 
100 feet and ending two weeks after the face passes under it. 

Baseline H will be surveyed daily starting when or before the longwall face is within 100 feet of 
its eastern end and ending two weeks after the face passes under its western end. 

Before, during, and after undermining of the Phase 3 embankment and impoundment, Phase 3 
inspections and instrumentation readings will be done on the frequency described in Technical 
Specification 6.03.b 

The top of the inclinometer casings shall be accurately located in plan view and elevation by 

surveying after installation. The locations shall be resurveyed prior to each reading during 

periods of ground movement (i.e. before the longwall approaches within 100-foot of the east side 

of the Phase 3 embankment, during mining under the embankment, and for two weeks after 

longwall wall mining under the east side of the Embankment) 

File: Appendix F Revised.doc, hlo, rev. 7 /16/09 
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APPENDIXG 

PUMP SPECIFICATIONS 

The following specifications are for a pump capable of evacuating 1902 gpm with 32.5 feet 
of static head during Phases 4 through 6 construction until the Phase 7 decant is installed. 

If this particular pump is not utilized, any equally sized pump will be maintained. 

CD 
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618 998 8649 
MACH MINING 11 41.25a m 01-15-2008 

gedwin 
pumps 

ENGINEERING CATALOG 
CD300M Dri-Primea, Pump Engineering Data 

I;) 

'-:: ~ ' ~ 
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't:::- ~ --
The Godwin CD300M Dri-Prime pump is a 12 inch (300mm) centrifugal trash pump perfect for your biggest 
jobs. Offering Rows to 6,000 gallons per minute (380 liters per second}, discharge heads to 200 feet 
(60 meters), and solids handling to 3-3/ 4" (95mm) in diameter, the CD300M moves large volumes of water 
and provides automatic self-priming to 28 feet. For intermittent Rows, the double high pressure mechanical 
seal means the CD300M can run dry indefinitely without damage. And the underslung discharge Range makes 
pump connections easy and efficient. When your job calls for both high volume and high head, the Godwin 
CD300M is the pump that does it all. 

Features 

• Direct drive automatic priming 12" (300mm) high volume centrifugal pump with vacuum priming 
compressor mounted to a diesel engine. Also available in electric drive or as bore shaft pumpencl. 

• Extensive opplication Aexibi!ily- handles raw sewage, sludges and liquids with solids up to 3-3/4" 
(95mm) in diameter. 

• Continuously operated "Godwin" air ejector priming device requiring no form of periodic adjustment 
or control. 

• Compact design - Pump is direct coupled to engine Aywheel for increased reliabilily. 
• Underslung side discharge for easy pipe connection. 
• Double, high pressure mechanical seal with high abrasion resistant silicon carbide interfaces. Oil bath 

immersion f-or dry running. 
• Skid base incorporating integral overnight running fuel tank. 
• Simple maintenance - normally limited to checking engine oil, compressor oil and se:il lubrication. 
• Standard Caterpillar C-9 engine. Also available with 

a variety of other engines including John Deere, Cummins and Deutz. 
• Balanced unit with centralized lifting bracket for easy handling. 

Godwin Pumps of America, Inc. Engineering Calofog • Issue 4 • Rev, April 2005 
CD300M- I 
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gedwin 
pumps 

ENGINEERING CATALOG 
CD300M Ori-Prime® Pump Engineering Data 

Summary Performance Curve 
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Performance Table 

Diesel Set: CaterpillarC-9, 275 hp (170 kw)@ 1800 rpm 
Impeller Diameter: 14-1 / 4 in. (362 mm) 

Total Suction Head -
Total Delivery Head - Feet 

Feet 40 80 120 160 
Output- GPM 

10 6000 5810 4870 3010 
15 5480 5250 4700 3000 
20 4850 4780 4500 2900 
25 4300 4100 3800 2800 

Performance data listed in table and curves are based on water tests at sea level and 68° F (20° C). Larger 
diameter pipes may be required for maximum Rows. 

Godwin Pumps of America, Inc. Engineering Catalog • Issue 4 • Rev. April 2005 
CD300M-2 
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pumps 

ENGINEERING CATALOG 
CD300M Ori-Prime® Pump Engineering Data 

Dimensions 

CD~OOM, Caterpillar C-9, Skid Bose 
Weight: 9,600 lbs. (4,344 kg.) 

Specifications 

Maximum Operating Speed 
Maximum Operating Temperature 
Maximum Working Pressure 
Maximum Suction Pressure 
Maximum Casing Pressure 
Fuel tank Capacity 
Fuel Consumption 
Pipe Connections 
Solids Handling 

Materials 

75-314• 
192dmrr, 

,s· 
48.1mm 

31-3/4' 
806mm 

Pump Cosing, Suction Cover and Seporation Tank 
Impeller 
Front Vv'earplate 
Reor Vlearplate 
Pumo shaft 
Non· Return Valve Body Eiector Housing 
!...Jon Return Vdve F!cpper 
Mechanical Seal Faces 

1800 rpm 
+212° F {100° C) 
87 psi (6.0 BAR) 
88 psi (6.1 BAR) 
130 psi {9.0 BAR) 
250 gollons {946 liiers) 

90-114• 
2292mm 

11.1 gph (42.0 lph) @ 1800 rpm 
12" (300mm} ASA 150# 
3-3/ 4" (95mm} diameter 

Close Grained Cast Iron 
Nitride Hardened Cast Chromium Steel 
25% Chromium Iron 
r-.Jitride Hardened Cast Iron 
1-1/2% Nickel/Chromium Steel 
Close Groined Cast Iron 
Hi~h f'4itri!e Rubber 
Solid Silicon Carbide 

Godwin Pumps of America, fnc. En9inee.rin9 Catalog • Issue 4 • Rev. April 2005 
CD300M -3 
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ENGINEERING CATALOG 
CD300M Ori-Prime® Pump Engineering Data 

Pump 
Curve 
Branch Sizes 
Speed 

CD300M 
CD300M 2B· 1 
12' x 12" (300mm x 300mm) 
Variable 

TOTAL HEAD 
{m) (ft.) 220 

60- 200 

,so 
50 160 

140 
40 

120 

30 100 

so 
20 60 

10 
40 

20 

0- 0 

100 

BO 

EFF 60 

(%} 40 

20 

0 
240 

POW~;~:: 
(KW) 80 
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40 40 

0 0 

1800 RPM ..___ 

~SOOAPM 

~ 

1200 RPM 

----
MIN.FLO~ 

,,:?-

/' 
HP\ 

20 
(It\ 
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I _, 
I ----I 
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-
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----
----- ----.... 

~ - "-
----
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- -... l V\ll""'IF ... 

1500RP 

--------
--------- -,, 

0 0 
Add 0.5 Meters to NPSHR tost figures for field applications. 

' . ' 

-· 

1800RPM 

1800RPM 

0 1000 2000 3000 4000 5000 6000 USGPM 

' 0 50 100 150 200 250 300 350 400 USEC. 

Notes: CAPACITY 

1. Max. impeJler diameter 362mm {14.25"). 
2. Min. impeller diameter 330mm {13"). 
3. Max. !>oHds handling 95.0mm (3.75~j. 
4. Add I 2% for V-belt clrives. 
5. Mox. V-belt spc>ed 1600 rpm. 
6. Wnere a compressor is fitied, add 2.6Kw {3.5 HP) for small size and for large size 8.25 Kw (11.1 HP) 
7. Published pertormance is achieved at total sudion heads up lo 2.05m ( l Off.). ½'hen great, reduce performance. 

Godwin Pumps of America, Inc. ~n9ineering Cotolog • issue 4 • Rev. April 2005 
CD300M-4 
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ENGINEERING CATALOG 
CD300M Dri-Prime® Pump Engineering Data 

Pump 
Curve 
Branch Sizes 
Speed 

CD300M Electric 
CD300M-2B-2A 
12' x 12" (300mm x 300mm) 
1800 rpm 

TOTAL HEAD 
(m) (ft.) 220 

60 - 200 

180 

50 160 

140 
40 

30 

20 

10 

0 

120 

100 

80 

60 

40 

20 
0 

362MM 

---- I 
- I 

--;---.. 
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MfN.r-1..v· nRnuc 

-----
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-----
---..._ 

---..._ "'-
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100 

60 

EFF 60 
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20 

0 
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./ 
HPl 

,& p 

::~~= 
362MM .,.. "' 

POWER 
(KW) 80 

1
:: 

40 40 

0 0 (ft.) 
6 20 

15 
4 

NPSH 10 ~~ 
(m) 2 

5 
--M 

0 0 
Add 0.5 ~eters to NPSHR test figures for field applications. 

' ' ' 0 1000 2000 3000 4000 5000 6000 USGPM 

' 0 50 100 150 200 25!) ' 300 350 400 USEC. 

Notes: 
1. Max. imoeHer diameter 362mm (14.25"). 
2 Min. impeller diameter 330mm (13 11

). 

3. !-/-.ex. :;.:;lids hv1.d!1n9 ?5.0mrn (3.75"} . 
.i. Add 12% for V-belt clcives. 

CAPACrrY 

5. Mox. V-belt speed 1600rpm. 
6. Where o compressor is fitted, odd 2.6Kw (3.5 HP) for small size and for large size 8.25 Kw (11.1 HP). 
7. Published performance is achieved ot total suction heads up lo 2.05m (TOft.). Vvhen great, reduce performance. 

Godwin Pumps of America, Inc. Engineering Catalog • Issue 4 • Rev. April 2005 
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CD300M Ori-Prime® Pump Engineering Data 
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1.0 INTRODUCTION - REGRESSION ANALYSIS OF THE MEASURED 
SUBSIDENCE DATA IN PANEL 1 

Among the five survey lines in panel 1 (Fig. 1), line A with 13 monuments was located at the 
panel center along the mining direction; line D was diagonal and intersects the tailgate comer of 
the set-up room; lines Band C were transverse to panel 1 mining direction; and points 1-21 just 
east of the proposed impoundment location (Phase 5), was at the panel center along the mining 
direction. Therefore, only line B and C are amenable for regression calibration. 

CISPM, a subsidence prediction software developed by the senior author, was used to 
calibrate the subsidence parameters using lhe subsidence dala measured on lines B aud C iu 
Panel I (Fig. I). The regression results of calibration are shown in Figs. 2 and 3 for lines B and C, 
respectively. From these two figures, the subsidence factors are: 

For line B: 

For line C 

Subsidence factor= 0.83 

Major influence angle= 75.86° 

Offset of inflection point (left) = 112 ft 

Offset of inflection point (right)= 76.46 ft 

Subsidence factor= 0.81 

Major influence angle= 78.53° 

Offset of inflection point (left)= 157.16 ft 

Offset of inflection point (right)= 119.78 ft 

Combine the regression results for line Band C, the modified subsidence parameters are: 

Subsidence factor= 0.83 

Major influence angle = 80° 

Offset of inflection point (left) = 140 ft 

Offset of inflection point (right) = 110 ft 

The above modified subsidence paran1eters were used to predict the final and dynamic 
subsidence indices along lines A, B, and C, and points 1-21, respectively. Figs. 4, 5 and 6 show 
the measured and predicted subsidence profiles and slope profiles using the regressed subsidence 
paran1eters for line A, line B, and the combined regression results, respectively. The subsidence 
profiles match perfectly except on both edges. For the slope profiles, using the line B combined 
parameters match better than using the regression parameters. 

Figs. 7 and 8 show the measured and predicted subsidence profiles and slope profiles 
using lhe regressed subsidence parameters for lines C and the combined regression resuits, 
respectively. Similarly, the subsidence profiles match well except on both edges probably 
showing the effect of not a complete survey line where the monuments did not extend far enough 
toward the panel center. For the slope profiles. using the line C combined parameters match 
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better than using the regression parameters. Note the slope for C line is positive while for B is 
negative because they are in opposite direction. 

For calibration of dynamic subsidence profile, only those subsidence data obtained for 
points 1-21 were used. Those obtained for line A could not be used for two reasons: (1) Line A is 
flat and only the final subsidence profile was available, and (2) Line A had only 13 monuments, 
too short for dynamic subsidence calibration. 

Figures 9 a11d 10 show the dynamic subsidence and slope profiles for points 1-21, 
respectively. The solid lines with subsidence and slope data points are the measured dynamic 
profiles, while the dashed lines are the predicted dynamic profiles using the combined regressed 
subsidence parameters. Note the maximum possible subsidence is 5 .1 ft and since the mining 
height in points 1-21 is 82 in. (6.83 ft.), the subsidence factor in this area is 0.75 (5.1/6.83) 
instead of 0.83 in lines A, B and C areas. 

In summary, using the subsidence survey data for lines A, B, C, and points 1-21, the 
combined regressed subsidence parameters were obtained which proved to be valid for 
subsidence prediction for snbsequent panels as demonstrated by Figs. 4 -10. 

The calibrated input parameters were used to predict the subsidence profiles from Figs. 
11 to 18 using the subsidence prediction program CISPM. 

2.0 Predicted subsidence movements 

Figure 1 shows the location of impoundments and longwall panels 1 to 4. The gateroads 
of the longwall panels are orientated towards east-west direction. Table 1 shows the mining 
conditions for the four longwall panels over which impoundment will be constructed. The panel 
widths are 1,250 for the first two longwall panels and 1,400 ft for the third and fourth longwall 
panel. The width of chain pillar /gateroad system is 220 ft for all the panels. 

Cross section 'A-A' (Figure I) parallel to the longwall panel width and in the center of the 
impoundment has been considered for prediction of the subsidence movements. Table 1 shows 
the longwall panel parameters. 

Table 1 Longwall panels parameters 

Panel Panel Panel 

No. 
Length, 

Width, Overburden Depth, ft Mining Height, ft 
ft 

ft 
Max. Min. Average Max. Min. Average 

Panel! 17,200 1,250 498 470 482 6.83 5.8 6.3 

Panel 2 17.200 1.250 522 486 501 5.8 5.8 5.8 

Panei 3 17.200 i,400 522 490 506 5.8 5.8 5.8 

Panel4 18.000 1.400 504 464 475 6.0 6.0 6.0 
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3.0 Prediction of Final Subsidence Parameters 

In order to estimate the ground movement parameters associated with longwall mining over the 
surface where impoundments are located, a local coordinate system has been selected with origin 
(0, 0) at the right edge of 1st longwall panel gateroad system (Figure 1). The X-axis is parallel to 
the mining direction and the distance is measured from the setup room. The Y-axis is along the 
panel width direction or along section A-A. 

The prediction of surface subsidence and subsidence parameters due to mining on the 
surface was performed with monument spacing at 20 ft interval across the panel width. The total 
width along the cross section A-A is 6,360 ft covering all four longwall panels and gateroad 
systems. The prediction points along the cross section A-A are shown in Figure 1. 

The final surface movements and deformations along the cross-section A-A have been 
predicted using the subsidence prediction progran1 CISPM version 2.0 I. Average mining 
parameters of longwall panels (Table I) were used for this subsidence prediction. 

3.i Surface Subsidence during Phases 2 and 3 

The predicted final subsidence profile across the impoundments after phase 2 and 3 and before 
phase 5 is shown in Fig. 11. Since there is no longwall workings below phase 2 and 3 before 
phase 2 and 3 gets eliminated, no ground movement effect will be observed during phase 2 and 3 
periods. 

3.2 Subsidence movements during Phase 4 

Phase 4 will be built before completion of longwall retreat in panel I. So during construction it 
will not be influenced by mining induced subsidence. 

3.3 Surface movements during Phase 5 

Before Phase 5 construction starts, the surface will experience mmmg induced ground 
movements. The subsidence, horizontal displacement, slopes and horizontal strain profiles are 
shovm in Figures 11, 12, 13, and 14. 

The maximum subsidence may be 5.67 ft at the center of the panel with a flat bottom. 
The predicted value of maximum horizontal displacement, slopes and horizontal strain are 1.87 ft, 
6.6% and 3.50xl 0·2 ft/ft, respectively. 

3.4 Subsidence Movements during Phase 6 

During Phases 4 and 6 the longwall retreat will be below the impoundments in panel 2. Hence it 
may be affected by the mining induced subsidence and other ground movements. During Phases 
4 and 6 the final surface movements are shown in Figs. 15, 16, 17 and 18. 

4.0 Time Required to Attain Majority of Final Surface movements 

From past field experience, the final subsidence at any point/cross section takes place after 2 to 3 
n,o,,.l,s ,-,.f' n".>c-s;1,a r.f th,::, 1,.... .... fT\l'".:111 f',;i,-.p ~11-rthPrrY'lf"\l"P thP. fin-::il c111•f,;i,-.,:,, c,11h5irlPt1f"'P. -::ilcr\ r1PY'\Pnrlc 
YV"-'"''"- V.l }' ...... ..,, .Uib V Lli...., 1vu5••u.1J. ......... ,...,. ;. \.UL.UVllUVl'-', LHV ..L.L-'..U.U .JU.J..H ............. ., ..... ..., .,._,..,_,_,,.,..., ...... ..,...., ...._...,}''-'-U'-'-'-' 

upon the face retreat rate. 

The dynamic subsidence prediction has been performed for three face retreat rate, i.e., 60, 
80, and 100 ft/day [2] as shown in figure 19. 
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There is no subsidence when the longwall face is directly under the point of interest. 
Thereafter, the subsidence process accelerates and reaches about one half of its final subsidence 
at which subsidence process is most active. A deceleration process is followed. The ground 
surface re-establishes about 500 ft behind the face. Figure 19 also shows that a slower advance 
rate induces a steeper subsidence development curve. However, the differences between the 
subsidence development curves are not significant for the range of high face advance rates used 
in the dynamic subsidence predictions. 

Based on the dynamic subsidence prediction for face retreat rate of 60 ft/day, it will take 
more than 10 working days for Lhe <ly11a.tnic subsidence to reach the values of final subsidence. 
Hence, on the safe side, 2 weeks is used as the time required to reach the final subsidence. 

5.0 Reference 

1. S.S. Peng and Y Luo, Instruction Manual for CISPM software for Subsidence prediction 

2. S.S. peng, Khaled Morsey, Anil Ray and Thomas Du, "Assessment of subsidence 
influence on Buried Pipeline due to Longwall Mining: Williamson Energy, Johnson City, 
IL ,July 2007 
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Appendix 1 

Final subsidence parameters along cross section A-A after mining ail four longwall 
panels (note -the distance is measured from the right edge of panel1) 

Points Distance along Subsidence, Horizontal Slope,% Strain, fUft Curvature, 1 /ft 
cross section, ft displacement, 

A-A, ft ft 

1 -220 0 0 O.OOE+OO O.OOE+OO O.OOE+OO 
2 -200 0 0 O.OOE+OO O.OOE+OO O.OOE+OO 
3 -180 0 0 O.OOE+OO O.OOE+OO O.OOE+OO 
4 -160 0 0 0.00E+OO O.OOE+OO O.OOE+OO 
5 -140 0 0 O.OOE+OO O.OOE+OO O.OOE+OO 
6 -120 0 0 O.OOE+OO 0.00E+OO O.OOE+OO 
7 -100 0 0 O.OOE+OO O.OOE+OO O.OOE+OO 
8 -80 0 0 O.OOE+OO O.OOE+OO O.OOE+OO 
9 -59 0 0 O.OOE+OO O.OOE+OO O.OOE+OO 
10 -39 0 0 O.OOE+OO O.OOE+OO O.OOE+OO 
11 -19 0 0 0.00F+QO O.OOE+OO O.OOF+QO 
12 1 0 0 O.OOE+OO O.OOE+OO O.OOE+OO 
13 21 0 0 O.OOE+OO 0.00E+OO O.OOE+OO 
14 41 0.002 0.006 2.01 E-04 4.42E-04 1.56E-05 
15 61 0.048 0.104 3.66E-03 6.72E-03 2.37E-04 
16 81 0.224 0.394 1.39E-02 1.95E-02 6.88E-04 
17 101 0.702 0.954 3.37E-02 3.12E-02 1.10E-03 
18 121 1.627 1.595 5.64E-02 2.48E-02 8.76E-04 
19 141 2.903 1.866 6.59E-02 -3.70E-03 -1.30E-04 
20 161 4.154 1.532 5.41 E-02 -3.00E-02 -1.10E-03 
21 181 5.028 0.88 3.11 E-02 -3.40E-02 -1.20E-03 
22 201 5.462 0.347 1.23E-02 -2.10E-02 -7.60E-04 
23 221 5.615 0.085 3.02E-03 -9.30E-03 -3.30E-04 
24 241 5.654 0.001 3.52E-05 -3.70E-03 -1.30E-04 
25 262 5.669 0 O.OOE+OO O.OOE+OO O.OOE+OO 
26 282 5.669 0 0.00E+OO O.OOE+OO O.OOE+OO 
27 302 5.669 0 O.OOE+OO O.OOE+OO O.OOE+OO 
28 322 5.669 0 O.OOE+OO O.OOE+OO O.OOE+OO 
29 342 5.669 0 O.OOE+OO O.OOE+OO O.OOE+OO 
30 362 5.669 0 O.OOE+OO O.OOE+OO O.OOE+OO 
31 382 5.669 0 O.OOE+OO O.OOE+OO O.OOE+OO 
32 402 5.669 0 O.OOE+OO O.OOE+OO O.OOE+OO 
33 422 5.669 0 O.OOE+OO O.OOE+OO O.OOE+OO 
34 442 5.669 0 O.OOE+OO O.OOE+OO O.OOE+OO 
35 462 5.669 0 O.OOE+OO O.OOE+OO O.OOE+OO 
36 482 5.669 0 O.OOE+OO O.OOE+OO O.OOE+OO 
37 502 5.669 0 0.00F+OO O.OOF+OO O.OOF+OO 
38 522 5.669 0 O.OOE+OO O.OOE+OO O.OOE+OO 
39 542 5.669 0 O.OOE+OO O.OOE+OO O.OOE+OO 
40 562 5 669 0 O.OOF+OO O.OOF+OO O.OOF+OO 
41 583 5.669 0 O.OOE+OO O.OOE+OO O.OOE+OO 
42 603 5.669 0 O.OOE+OO O.OOE+OO O.OOE+OO 
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Points Distance along Subsidence, Horizontal Slope,% Strain, ft/ft Curvature, 1 /ft 
cross section, ft displacement, 

A-A, ft ft 
43 623 5.669 0 O.OOE+OO O.OOE+OO O.OOE+OO 
44 643 5.669 0 O.OOE+OO O.OOE+OO O.OOE+OO 
45 663 5.669 0 O.OOE+OO O.OOE+OO O.OOE+OO 
46 683 5.669 0 O.OOE+OO O.OOE+OO O.OOE+OO 
47 703 5.669 0 O.OOE+OO O.OOE+OO O.OOE+OO 
48 723 5.669 0 O.OOE+OO O.OOE+OO 0.00E+OO 
49 743 5.669 0 O.OOE+OO O.OOE+OO O.OOE+OO 
50 763 5.669 0 O.OOE+OO O.OOE+OO O.OOE+OO 
51 783 5.669 0 O.OOE+OO O.OOE+OO O.OOE+OO 
52 803 5.669 0 O.OOE+OO O.OOE+OO O.OOE+OO 
53 823 5.669 0 O.OOE+OO O.OOE+OO 0.00E+OO 
54 843 5.669 0 O.OOE+OO O.OOE+OO O.OOE+OO 
55 863 5.669 0 O.OOE+OO O.OOE+OO O.OOE+OO 
56 883 5.669 0 O.OOE+OO O.OOE+OO O.OOE+OO 
57 904 5.669 0 O.OOE+OO O.OOE+OO O.OOE+OO 
58 924 5.669 0 O.OOE+OO U.001::+00 O.OOE+OO 
59 944 5.669 0 O.OOE+OO O.OOE+OO O.OOE+OO 
60 964 5.669 0 O.OOE+OO O.OOE+OO 0.00E+OO 
61 984 5.669 0 O.OOE+OO O.OOE+OO O.OOE+OO 
62 1004 5.669 0 O.OOE+OO O.OOE+OO O.OOE+OO 
63 1024 5.669 0 O.OOE+OO 0.00E+OO 0.00E+OO 
64 1044 5.649 -0.013 -4.60E-04 -4.60E-03 -1.60E-04 
65 1064 5.593 -0.127 -4.50E-03 -1.20E-02 -4.1 OE-04 
66 1084 5.392 -0.444 -1.60E-02 -2.40E-02 -8.70E-04 
67 1104 4.873 -1.015 -3.60E-02 -3.40E-02 -1.20E-03 
68 1124 3.918 -1.604 -5.70E-02 -2.40E-02 -8.60E-04 
69 1144 2.67 -1.776 -6.30E-02 4.82E-03 1.71 E-04 
70 1164 1.51 -1.378 -4.90E-02 2.78E-02 9.82E-04 
71 1184 0.742 -0.747 -2.60E-02 2.78E-02 9.82E-04 
72 1204 0.381 -0.276 -9.80E-03 1.47E-02 5.21 E-04 
73 1225 0.261 -0.061 -2.1 OE-03 4.03E-03 1.43E-04 
74 1245 0.234 0 O.OOE+OO O.OOE+OO O.OOE+OO 
75 1265 0.234 0 O.OOE+OO O.OOE+OO O.OOE+OO 
76 1285 0.234 0 O.OOE+OO O.OOE+OO O.OOE+OO 
77 1305 0.234 0 O.OOE+OO O.OOE+OO O.OOE+OO 
78 1325 0.234 0 0.00E+OO O.OOE+OO O.OOE+OO 
79 1345 0.234 0 O.OOE+OO O.OOE+OO O.OOE+OO 
80 1365. 0.234 0 O.OOE+OO O.OOE+OO O.OOE+OO 
81 1385 0.234 0 O.OOE+OO O.OOE+OO O.OOE+OO 
82 1405 0.234 0 O.OOE+OO O.OOE+OO O.OOE+OO 
83 1425 0.234 0 O.OOE+OO O.OOE+OO O.OOE+OO 
84 1445 0.234 0 O.OOE+OO 0.001::+00 O.OOE+OO 
85 1465 0.234 0 O.OOE+OO O.OOE+OO O.OOE+OO 
86 1485 0.234 0 O.OOE+OO O.OOE+OO O.OOE+OO 
n~ 1505 0.235 0.002 7.64E-05 i .69t:-04 !J. 151::-06 Of 

88 1525 0.266 0.07 2.38E-03 4.32E-03 1.47E-04 
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Points Distance along Subsidence, Horizontal Slope,% Strain, ft/ft Curvature, 1 /ft 
cross section, ft displacement, 

A-A,ft ft 
89 1546 0.383 0.271 9.20E-03 1.33E-02 4.53E-04 
90 1566 0.705 0.675 2.29E-02 2.31 E-02 7.84E-04 
91 1586 1.351 1.186 4.03E-02 2.19E-02 7.45E-04 
92 1606 2.297 1.497 5.09E-02 3.62E-03 1.23E-04 
93 1626 3.309 1.363 4.63E-02 -1.90E-02 -6.50E-04 
94 1646 4.099 0.893 3.03E-02 -2.80E-02 -9.40E-04 
95 1666 4.549 0.417 1.42E-02 -2.10E-02 -7.20E-04 
96 1686 4.736 0.133 4.53E-03 -1.10E-02 -3.60E-04 
97 1706 4.793 0.021 7.09E-04 -4.40E-03 -1.50E-04 
98 1726 4.814 0 O.OOE+OO O.OOE+OO 0.00E+OO 
99 1746 4.814 0 0.00E+OO 0.00E+OO O.OOE+OO 
100 1766 4.814 0 O.OOE+OO O.OOE+OO O.OOE+OO 
101 1786 4.814 0 O.OOE+OO O.OOE+OO O.OOE+OO 
102 1806 4.814 0 O.OOE+OO 0.00E+OO 0.00E+OO 
103 1826 4.814 0 O.OOE+OO O.OOE+OO O.OOE+OO 
104 1846 4.814 0 O.OOE+OO O.OOE+OO O.OOE+OO 
105 1867 4.814 0 O.OOE+OO O.OOE+OO 0.00E+OO 
106 1887 4.814 0 O.OOE+OO O.OOE+OO O.OOE+OO 
107 1907 4.814 0 O.OOE+OO O.OOE+OO O.OOE+OO 
108 1927 4.814 0 O.OOE+OO O.OOE+OO O.OOE+OO 
109 1947 4.814 0 0.00E+OO O.OOE+OO O.OOE+OO 
110 1967 4.814 0 O.OOE+OO O.OOE+OO O.OOE+OO 
111 1987 4.814 0 0.00E+OO O.OOE+OO O.OOE+OO 
112 2007 4.814 0 O.OOE+OO O.OOE+OO O.OOE+OO 

( 113 2027 4.814 0 0.00E+OO O.OOE+OO O.OOE+OO 
114 2047 4.814 0 O.OOE+OO O.OOE+OO O.OOE+OO 
115 2067 4.814 0 O.OOE+OO O.OOE+OO O.OOE+OO 
116 2087 4.814 0 O.OOE+OO O.OOE+OO O.OOE+OO 
117 2107 4.814 0 0.00E+OO O.OOE+OO O.OOE+OO 
118 2127 4.814 0 O.OOE+OO O.OOE+OO O.OOE+OO 
119 2147 4.814 0 O.OOE+OO O.OOE+OO O.OOE+OO 
120 2168 4.814 0 O.OOE+OO 0.00E+OO O.OOE+OO 
121 2188 4.814 0 0.00E+OO O.OOE+OO O.OOE+OO 
122 2208 4.814 0 O.OOE+OO O.OOE+OO O.OOE+OO 
123 2228 4.814 0 0.00E+OO O.OOE+OO O.OOE+OO 
124 2248 4.814 0 O.OOE+OO O.OOE+OO O.OOE+OO 
125 2268 4.814 0 O.OOE+OO O.OOE+OO O.OOE+OO 
126 2288 4.814 0 O.OOE+OO O.OOE+OO O.OOE+OO 
127 2308 4.814 0 O.OOE+OO O.OOE+OO O.OOE+OO 
128 2328 4.814 0 O.OOE+OO O.OOE+OO O.OOE+OO 
129 2348 4.814 0 O.OOE+OO O.OOE+OO O.OOE+OO 
130 2368 4.814 0 O.OOE+OO O.OOE+OO O.OOE+OO 
131 2388 4.814 0 O.OOE+OO O.OOE+OO O.OOE+OO 
132 2408 4.814 0 O.OOE+OO O.OOE+OO O.OOE+OO 
133 2428 4.814 0 O.OOE+OO O.OOE+OO O.OOE+OO 
134 2448 4.814 0 0.00E+OO O.OOE+OO O.OOE+OO 
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Points Distance along Subsidence, Horizontal Slope,% Strain, fUft Curvature, 1 /ft 
cross section, ft displacement, 

A-A, ft ft 
135 2468 4.814 0 O.OOE+OO O.OOE+OO 0.00E+OO 
136 2489 4.814 0 O.OOE+OO O.OOE+OO O.OOE+OO 
137 2509 4.798 -0.008 -2.60E-04 -3.50E-03 -1.20E-04 
138 2529 4.759 -0.09 -3.10E-03 -8.50E-03 -2.90E-04 
139 2549 4.619 -0.32 -1.1 OE-02 -1.80E-02 -6.20E-04 
140 2569 4.252 -0.755 -2.60E-02 -2.70E-02 -9.20E-04 
141 2589 3.549 -1.26 -4.30E-02 -2.30E-02 -7.90E-04 
142 2609 2.569 -1.512 -5.10E-02 -2.90E-03 -9.90E-05 
143 2629 1.571 -1.307 -4.40E-02 1.87E-02 6.34F-04 
144 2649 0.831 -0.812 -2.80E-02 2.45E-02 8.32E-04 
145 2669 0.43 -0.358 -1.20E-02 1.63E-02 5.54E-04 
146 2689 0.272 -0.106 -3.60E-03 6.27E-03 2.13E-04 
147 2709 0.226 -0.012 -4.20E-04 7.68E-04 2.51 E-05 
148 2729 0.222 0 0.00E+OO O.OOE+OO O.OOE+OO 
149 2749 0.222 0 O.OOE+OO O.OOE+OO O.OOE+OO 
·j50 2769 0.222 0 0.00E+OO 0.00E+OO 0.00E+OO 
151 2789 0.222 0 0.00E+OO O.OOE+OO O.OOE+OO 
152 2810 0.222 0 O.OOE+OO O.OOE+OO 0.00E+OO 
153 2830 0.222 0 O.OOE+OO O.OOE+OO 0.00E+OO 
154 2850 0.222 0 O.OOE+OO O.OOE+OO O.OOE+OO 
155 2870 0.222 0 0.00E+OO O.OOE+OO 0.00E+OO 
156 2890 0.222 0 O.OOE+OO O.OOE+OO O.OOE+OO 
157 2910 0.222 0 O.OOE+OO O.OOE+OO 0.00E+OO 
158 2930 0.222 0 O.OOE+OO O.OOE+OO O.OOE+OO 

( 159 2950 0.222 0 0.00E+OO O.OOE+OO O.OOE+OO 
160 2970 0.222 0 O.OOE+OO O.OOE+OO O.OOE+OO 
161 2990 0.242 0.046 1.56E-03 2.94E-03 9.88E-05 
162 3010 0.329 0.207 6.95E-03 1.08E-02 3.62E-04 
163 3030 0.587 0.559 1.88E-02 2.11 E-02 7.09E-04 
164 3050 1.143 1.063 3.58E-02 2.38E-02 8.00E-04 
165 3070 2.021 1.457 4.90E-02 9.69E-03 3.?6F-04 
166 3090 3.039 1.449 4.87E-02 -1.40E-02 -4.60E-04 
167 3110 3.907 1.044 3.51 E-02 -2.70E-02 -9.10E-04 
168 3131 4.45 0.542 1.82E-02 -2.40E-02 -8.00E-04 
169 3151 4.699 0.198 6.65E-03 -1.30E-02 -4.50E-04 
170 3171 4.782 0.043 1.45E-03 -5.80E-03 -2.00E-04 
171 3191 4.814 0 O.OOE+OO O.OOE+OO O.OOE+OO 
172 3211 4.814 0 O.OOE+OO O.OOE+OO O.OOE+OO 
173 3231 4.814 0 O.OOE+OO O.OOE+OO O.OOE+OO 
174 3251 4.814 0 O.OOE+OO O.OOE+OO O.OOE+OO 
175 3271 4.814 0 O.OOE+OO O.OOE+OO O.OOE+OO 
176 3291 4.814 0 O.OOE+OO O.OOE+OO O.OOE+OO 
177 3311 4.814 0 O.OOE+OO O.OOE+OO O.OOE+OO 
178 3331 4.814 0 O.OOE+OO O.OOF+OO O.OOE+OO 
179 335-j 4.814 0 O.OOt:+00 O.OOt:+00 0.00E+O_O 
180 3371 4.814 0 O.OOE+OO O.OOE+OO O.OOE+OO 

( 
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Points Distance along Subsidence, Horizontal Slope,% Strain, ft/ft Curvature, 1 /ft 
cross section, ft displacement, 

A-A, ft ft 
181 3391 4.814 0 0.00E+OO O.OOE+OO O.OOE+OO 
182 3411 4.814 0 O.OOE+OO O.OOE+OO O.OOE+OO 
183 3431 4.814 0 O.OOE+OO O.OOE+OO O.OOE+OO 
184 3452 4.814 0 O.OOE+OO O.OOE+OO O.OOE+OO 
185 3472 4.814 0 O.OOE+OO O.OOE+OO O.OOE+OO 
186 3492 4.814 0 0.00E+OO 0.00E+OO O.OOE+OO 
187 3512 4.814 0 0.00E+OO O.OOE+OO O.OOE+OO 
188 3532 4.814 0 O.OOE+OO O.OOE+OO O.OOE+OO 
189 3552 4.814 0 O.OOE+OO O.OOE+OO O.OOE+OO 
190 3572 4.814 0 O.OOE+OO O.OOE+OO 0.00E+OO 
191 3592 4.814 0 O.OOE+OO 0.00E+OO O.OOE+OO 
192 3612 4.814 0 0.00E+OO O.OOE+OO O.OOE+OO 
193 3632 4.814 0 O.OOE+OO O.OOE+OO O.OOE+OO 
194 3652 4.814 0 O.OOE+OO O.OOE+OO 0.00E+OO 
195 3672 4.814 0 O.OOE+OO O.OOE+OO O.OOE+OO 
196 3692 4.814 0 O.OOE+OO O.OOE+OO 0.00E+OO 
197 3712 4.814 0 O.OOE+OO O.OOE+OO O.OOE+OO 
198 3732 4.814 0 O.OOE+OO 0.00E+OO O.OOE+OO 
199 3752 4.814 0 O.OOE+OO O.OOE+OO O.OOE+OO 
200 3773 4.814 0 O.OOE+OO O.OOE+OO O.OOE+OO 
201 3793 4.814 0 O.OOE+OO O.OOE+OO O.OOE+OO 
202 3813 4.814 0 O.OOE+OO O.OOE+OO O.OOE+OO 
203 3833 4.814 0 O.OOE+OO O.OOE+OO O.OOE+OO 
204 3853 4.814 0 O.OOE+OO O.OOE+OO O.OOE+OO 

( 205 3873 4.814 0 O.OOE+OO 0.00E+OO O.OOE+OO 
206 3893 4.814 0 O.OOE+OO O.OOE+OO O.OOE+OO 
207 3913 4.814 0 O.OOE+OO 0.00E+OO O.OOE+OO 
208 3933 4.814 0 O.OOE+OO O.OOE+OO O.OOE+OO 
209 3953 4.814 0 O.OOE+OO O.OOE+OO 0.00E+OO 
210 3973 4.814 0 O.OOE+OO O.OOt:+00 O.OOE+OO 
211 3993 4.814 0 O.OOE+OO O.OOE+OO O.OOE+OO 
212 4013 4.814 0 O.OOE+OO O.OOE+OO 0.00E+OO 
213 4033 4.814 0 O.OOE+OO 0.00E+OO O.OOE+OO 
214 4053 4.814 0 O.OOE+OO 0.00E+OO O.OOE+OO 
215 4074 4.814 0 O.OOE+OO O.OOE+OO O.OOE+OO 
216 4094 4.814 0 O.OOE+OO O.OOE+OO O.OOE+OO 
217 4114 4.814 0 0.00E+OO O.OOE+OO O.OOE+OO 
218 4134 4.792 -0.023 -7.80E-04 -4.60E-03 -1.50E-04 
219 4154 4.733 -0.139 -4.70E-03 -1.10E-02 -3.70E-04 
220 4174 4.543 -0.425 -1.40E-02 -2.1 OE-02 -7.10E-04 
221 4194 4.093 -0.899 -3.00E-02 -2.80E-02 -9.30E-04 
222 4214 3.308 -1.366 -4.60E-02 -1.90E-02 -6.40E-04 
223 4234 2.304 -1.504 -5.1 OE-02 3.26E-03 1.09E-04 
224 4254 1.36 -1 .202 -4.00E-02 2.15E-02 7.24E-04 
225 4274 O.r07 -0.695 -LJOt:-OL' 2.32E-02 7.78E-04 
226 4294 0.376 -0.286 -9.60E-03 1.37E-02 4.62E-04 

( 
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Qi) 

Points Distance along Subsidence, Horizontal Slope,% Strain, ft/ft Curvature, 1 /ft 
cross section, ft displacement, 

A-A, ft ft 
227 4314 0.253 -0.077 -2.60E-03 4.67E-03 1.57E-04 
228 4334 0.22 -0.004 -1.50E-04 3.31 E-04 1.11 E-05 
229 4354 0.218 0 O.OOE+OO O.OOE+OO O.OOE+OO 
230 4374 0.218 0 O.OOE+OO O.OOE+OO O.OOE+OO 
231 4395 0.218 0 O.OOE+OO O.OOE+OO O.OOE+OO 
232 4415 0.218 0 O.OOE+OO O.OOE+OO O.OOE+OO 
233 4435 0.218 0 0.00E+OO O.OOE+OO O.OOE+OO 
234 4455 0.218 0 0.00E+OO O.OOE+OO O.OOE+OO 
235 4475 0.218 0 0.001::+00 O.OOE+OO O.OOE+OO 
236 4495 0.218 0 O.OOE+OO O.OOE+OO O.OOE+OO 
237 4515 0.218 0 O.OOE+OO O.OOE+OO O.OOE+OO 
238 4535 0.218 0 O.OOE+OO O.OOE+OO O.OOE+OO 
239 4555 0.218 0 O.OOE+OO 0.00E+OO 0.00E+OO 
240 4575 0.218 0 O.OOE+OO O.OOE+OO O.OOE+OO 
241 4595 0.218 0 O.OOE+OO O.OOE+OO O.OOE+OO 
242 4615 0.238 0.046 1.63E-03 3.09E-03 1.11E-04 
243 4635 0.336 0.224 8.05E-03 1.24E-02 4.44E-04 
244 4655 0.641 0.63 2.26E-02 2.43E-02 8.72E-04 
245 4675 1.309 1.191 4.28E-02 2.50E-02 8.98E-04 
246 4695 2.334 1.554 5.58E-02 4.72E-03 1.70E-04 
247 4716 3.445 1.406 5.05E-02 -2.20E-02 -7.70E-04 
248 4736 4.292 0.881 3.16E-02 -3.00E-02 -1.10E-03 
249 4756 4.746 0.377 1.36E-02 -2.10E-02 -7.70E-04 
250 4776 4.918 0.104 3.72E-03 -9.90E-03 -3.60E-04 
251 4796 4.963 0.009 3.07E-04 -3.90E-03 -1.40E-04 

( 252 4816 4.98 0 O.OOE+OO 0.00E+OO O.OOE+OO 
253 4836 4.98 0 O.OOE+OO O.OOE+OO O.OOE+OO 
254 4856 4.98 0 0.00E+OO O.OOE+OO O.OOE+OO 
255 4876 4.98 0 O.OOE+OO O.OOE+OO O.OOE+OO 
256 4896 4.98 0 O.OOE+OO O.OOE+OO O.OOE+OO 
257 4916 4.98 0 O.OOE+OO 0.00E+OO O.OOE+OO 
258 4936 4.98 0 O.OOE+OO O.OOE+OO O.OOE+OO 
259 4956 4.98 0 O.OOE+OO O.OOE+OO O.OOE+OO 
260 4976 4.98 0 O.OOE+OO O.OOE+OO O.OOE+OO 
261 4996 4.98 0 O.OOE+OO O.OOE+OO O.OOE+OO 
262 5016 4.98 0 O.OOE+OO O.OOE+OO O.OOE+OO 
263 5037 4.98 0 O.OOE+OO O.OOE+OO O.OOE+OO 
264 5057 4.98 0 O.OOE+OO O.OOE+OO O.OOE+OO 
265 5077 4.98 0 O.OOE+OO O.OOE+OO O.OOE+OO 
266 5097 4.98 0 O.OOE+OO O.OOE+OO O.OOE+OO 
267 5117 4.98 0 O.OOE+OO O.OOE+OO O.OOE+OO 
268 5137 4.98 0 O.OOt:+00 0.00E+OO 0.00E+OO 
269 5157 4.98 0 O.OOE+OO O.OOE+OO O.OOE+OO 
270 5177 4.98 0 O.OOE+OO O.OOE+OO O.OOE+OO 
271 5197 4.98 0 0.00E+OO O.OOt:+00 O.OOt:+00 
272 5217 4.98 0 O.OOE+OO O.OOE+OO O.OOE+OO 
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Points Distance along Subsidence, Horizontal Slope,% Strain, ft/ft Curvature, 1 /ft 

cross section, ft displacement, 
A-A,ft ft 

273 5237 4.98 0 O.OOE+OO O.OOE+OO O.OOE+OO 
274 5257 4.98 0 O.OOE+OO O.OOE+OO 0.00E+OO 
275 5277 4.98 0 O.OOE+OO O.OOE+OO O.OOE+OO 
276 5297 4.98 0 O.OOE+OO O.OOE+OO O.OOE+OO 
277 5317 4.98 0 O.OOE+OO O.OOE+OO O.OOE+OO 
278 5337 4.98 0 O.OOE+OO O.OOE+OO O.OOE+OO 
279 5358 4.98 0 O.OOE+OO O.OOE+OO O.OOE+OO 
280 5378 4.98 0 O.OOE+OO O.OOE+OO O.OOE+OO 
281 5398 4.98 0 O.OOE+OO O.OOE+OO O.OOE+OO 
282 5418 4.98 0 0.00E+OO O.OOE+OO 0.00E+OO 
283 5438 4.98 0 O.OOE+OO O.OOE+OO O.OOE+OO 
284 5458 4.98 0 O.OOE+OO O.OOE+OO O.OOE+OO 
285 5478 4.98 0 O.OOE+OO O.OOE+OO O.OOE+OO 
286 5498 4.98 0 O.OOE+OO 0.00E+OO 0.00E+OO 
287 5518 4.98 0 O.OOE+OO O.OOE+OO O.OOE+OO 
288 5538 4.98 0 O.OOE+OO 0.00E+OO O.OOE+OO 
289 5558 4.98 0 O.OOE+OO 0.00E+OO O.OOE+OO 
290 5578 4.98 0 O.OOE+OO O.OOE+OO O.OOE+OO 
291 5598 4.98 0 O.OOE+OO O.OOE+OO O.OOE+OO 
292 5618 4.98 0 O.OOE+OO O.OOE+OO O.OOE+OO 
293 5638 4.98 0 O.OOE+OO O.OOE+OO 0.00E+OO 
294 5658 4.98 0 O.OOE+OO O.OOE+OO O.OOE+OO 
295 5679 4.98 0 O.OOE+OO O.OOE+OO 0.00E+OO 
296 5699 4.98 0 O.OOE+OO O.OOE+OO O.OOE+OO 
297 5719 4.98 0 O.OOE+OO O.OOE+OO O.OOE+OO 
298 5739 4.98 0 O.OOE+OO O.OOE+OO O.OOE+OO 
299 5759 4.958 -0.022 -7.90E-04 -4.90E-03 -1.80E-04 
300 5779 4.891 -0.154 -5.50E-03 -1.30E-02 -4.50E-04 
301 5799 4.659 -0.498 -1.80E-02 -2.50E-02 -9.00E-04 
302 5819 4.094 -1.06 -3.80E-02 -3.20E-02 -1.1 OE-03 
303 5839 3.123 -1.554 -5.60E-02 -1.70E-02 -6.1 OE-04 
304 5859 1.948 -1.58 -5.70E-02 1.14E-02 4.10E-04 
305 5879 0.946 -1.115 -4.00E-02 2.80E-02 1.00E-03 
306 5899 0.343 -0.542 -1.90E-02 2.31 E-02 8.27E-04 
307 5919 0.088 -0.175 -6.30E-03 1.04E-02 3.71 E-04 
308 5939 0.012 -0.028 -1.00E-03 2.09E-03 7.50E-05 
309 5959 0 0 O.OOE+OO O.OOE+OO O.OOE+OO 
310 5979 0 0 O.OOE+OO O.OOE+OO O.OOE+OO 
311 6000 0 0 O.OOE+OO O.OOE+OO O.OOE+OO 
312 6020 0 0 O.OOE+OO O.OOE+OO O.OOE+OO 
313 6040 0 0 O.OOE+OO O.OOE+OO O.OOE+OO 
314 6060 0 0 O.OOE+OO 0.00E+OO 0.00E+OO 
315 6080 0 0 O.OOE+OO O.OOE+OO O.OOE+OO 
316 6100 0 0 O.OOE+OO O.OOE+OO O.OOE+OO 
317 6120 0 0 O.OOE+OO 0.00E+OO O.OOE+OO 
318 6140 0 0 O.OOE+OO O.OOE+OO O.OOE+OO 
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STATE OF ILLINOIS 

ENVIRONMENTAL PROTECTION AGENCY 

Subject: Williamson Energy, LLC - Pond Creek Mine 

Data: Log No. 8091-10 

Reviewed by: D. Maschhoff Date: 2/20/15 

Page I of I 

Log No. 8091-10 ⇒ IBR No. 25 to OMM Pennit No. 375 

-------------------------------------------------------------------------------------

Log No. 8091-10 

• IBR consisting of 8.10 acres located in Sections 9 and I 0, Township 8 South, 
Range 4 East, Williamson County. 

• Activities will include two (2) concrete transport boreholes, the installation of a 
turbine pump site, installation and maintenance of a buried waterline and power 
line, and an access road. 

• The boreholes will be drilled to pump concrete into the mine roof for stabilization 
of the bleeder entries to insure ventilation of the mine. 

• A turbine pump site is being proposed to help de-water the mine. A water line 
and power line will be installed along the access road and will connect to 
previously installed water and power lines. 

• Cuttings from the hole will be deposited in a cutting pit and the pit will be 
reclaimed after the installation of the pump. 

• The water discharge line will be buried in a trench and will connect with the 
discharge line located on the previous IBR area. 

• Upon completing the pump installation, the entire area will be seeded and mulched 
using the approved revegetation plan. 

• Surface drainage in the turbine pump site will be directed to the cuttings pond for 
retention and de-watering. Berms, silt fence and/or straw/hay bales will be used 
where needed to prevent sedimentation from entering the receiving stream. 

* Action: Reference IEPA Log No. 8091-10 in renewed and modified 
NPDES pennit for additional 8.10 acres for an access road, water and power lines, 
emergency boreholes and a turbine pump site. 
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Illinois Department of 
Natural Resources 
One Natural Resources Way Springfield, Illinois 62702-1271 
http://dnr.statc.il.us 

March 5, 2010 

Michael Beyer 
Williamson Energy 
PO Box 99 
Johnston City, IL 62951 

Re: Pe1mit No. 375 
Incidental Boundary Revision No. 25 

Dear Mr. Beyer: 

8091·/10 
~ du:iQ: 1 /-J.;;i-1( 

Pat Quinn, Governor 
Marc Miller, Director 

TT5Jill;~~ll\t?~]1\> 
,LN,, ,1/.,,) 

MAR l I 20!0 ·'"'6 

IL Environmental Protecuon Agenc 
MARION REGIONAL OFFICE y 

The appropriate Department technical staff have reviewed the proposed incidental boundary 
revision dated January 4, 2010 and the supplemental information dated February 25, 2010, 
submitted by Williamson Energy for Pond Creek Mine, Permit No. 375. The request would add 
8.10 acres to conduct surface coal mining activities. The additional acres would be used for an 
access road, water and power lines, emergency concrete boreholes and a turbine pump site. 

The Department finds Williamson Energy has demonstrated in its request, and field inspections 
by the Department's field representative have confirmed that these areas (8.lOacres) meet the 
requirements for an incidental boundary change as outlined in 62 Ill. Adm. Code 1774.13(d). The 
Department finds section 1774.13(d)(6) publication requirements have been met. This request is 
approved with the following condition: 

The applicant shall submit a cultural and historic survey to the Department and have the 
appropriate finding of no sites eligible for National Register listing 

The fee for the area will be $202.00. The fee is comprised of $202.00 for non-surface mining 
area ($5/acres x 8.10 acres x 5 years the bond is in force). 

The bond for the area will be $61,090.00. Copies of bond fo1m SCML-2 have been enclosed for 
your use. For additional bonding and other forms, please contact this office or download a copy 
from the web at: www.dnr.state.il.us/mines/lrd/forms.htm. Please note many forms have been 
modified. Only the most cunent versions will be accepted. 

Upon receipt by the Department of the fee and bond, plus forwarding three complete copies of 
your request letter and map(s) to Ronald Morse, Illinois Environmental Protection Agency, 2309 
West Main Street, Marion, Illinois 62959, and meeting the required condition listed above, 
mining activities on these 8.10 acres may commence, following Department approval. 
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Alliancel7 
Consulting, Inc. 

Engineers · Constructors · Scientists 

March 10, 2010 

&081·/10 
~·\l,Q__ dQ-t._ -4- -:v- 1c 

Project No. B09-514-1413 

Mr. Ronald Morse 
ILLINOIS ENVIRONMENT AL 
PROTECTION AGENCY 
2309 West Main Street 
Marion, IL 62959 

Dear Mr. Morse: 

Transmittal Letter 
8.10 Acres Incidental Boundary Revision 
Williamson Energy LLC - Permit No. 375 

Pond Creek Mine No. 1 
Williamson County, Illinois 

The Illinois Department of Natural Resources; Land Reclamation Division approved IBR No. 25 for 
Permit 375 on March 5, 2010. Per Mr. Scott Fowler's approval letter, Alliance Consulting, Inc. is 
submitting three copies of the IBR on behalf of our client, Williamson Energy LLC. 

This IBR is for the purpose of drilling a new turbine pump hole and to drill to holes for transporting 
concrete into the mine. 

If you have any questions, or require additional information, please contact us. 

Respectfully submitted, 

ALLIANCE CONSULTING, ]NC. 

1r77ff 
Stephen M. Sutphin 
Project Manager 

SMS:sms 
Enclosures 

FILE: 09514-05 lL Envircm: ,..n,al r1uh ... .,JPAgancy 
MARION REGIONAL OFFICE 

124 Philpon Lane • Raleigh County Airport Industrial Park • Beaver, WV 25813-9502 • TELE: (304) 255-0491 • FAX (304) 255-4232 
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AllianceO 
Consulting, Inc. 

Engineers · Constructors · Scientists 

Mr. Scott Fowler 
ILLINOIS DEPARTMENT 
OF NATURAL RESOURCES 
Office of Mines and Minerals 
Land Reclamation Division 
One Natural Resources Way 
Springfield, IL 62 702-12 71 

January 4, 2010 

Request for Incidental 
Boundary Revision for 8.10 Acres 

Williamson Energy LLC - Permit No. 3 75 
Pond Creek Mine No. 1 

Williamson County. Illinois 

/ Dear Mr. Fowler: 

Project No. B09-514-1413 

On behalf of our client, Williamson Energy LLC, Alliance Consulting, Inc. is submitting an original 
and one copy of an 8.10 acres IBR application. This IBR is to drill a new turbine pump hole and to 
drill to concrete bore holes. The concrete bore holes are needed to repair roof falls located in the 
ventilation bleeder entries. Please refer to the enclosed incidental boundary revision form, narrative, 
revised reclamation estimate spreadsheet and associated maps. 

Please be advised that one copy of this IBR application has been sent to Mr. Brad Murphy in the 
Benton office. 

If you have any questions, or require additional information, please contact us. 

Respectfully submitted, 

ALLIAf'!CE CONSU~LTING JNC .• 

/~ /up~~ -p~ 
/ Stephen M. Sutphin 

Project Manager 

SMS:sms 
-~ Enclosures 

FILE: 09514-01 

l24 Philpott Lane • Raleigh County Airport Jndustrial Park • Beaver, WV 25813-9502 • TELE: (304) 255-0491 • FAX: (304} 255-4232 
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AllianceO 
Consulting, Inc. 

Engineers · Constructors · Scientists 

Mr. Brad Murphy 
ILLINOIS DEPARTMENT 
OF NATURAL RESOURCES 
Land Reclamation Division 
503 E. Main, FL 001 
Benton, IL 62812 

January 4, 2010 

Request for Incidental 
Boundary Revision for 8. 10 Acres 

Williamson Energy LLC - Permit No. 375 
Pond Creek Mine No. 1 

Williamson Countv. Illinois 

Dear Mr. Murphy: 

Project No. B09-514-l 413 

On behalf of our client, Williamson Energy LLC, Alliance Consulting, Inc. is submitting a copy of an 
8 .10 acres IBR application. This IBR is to drill a new turbine pump hole and to drill to concrete bore 
holes. The concrete bore holes are needed to repair roof falls located in the ventilation bleeder entries. 
Please refer to the enclosed incidental boundary revision form, narrative, revised reclamation estimate 
spreadsheet and associated maps. 

Please be advised that an original and one copy of this IBR application have been sent to Mr. Scott 
Fowler in the Springfield office. 

If you have any questions, or require additional information, please contact us. 

Respectfully submitted, 

ALLIANCE CONSULTING, [NC. 

L -+-=fl ::t---

1.ttt:: n;?17.!1Jy--k= 
faephen M. Sutphin 

/ Project Manager 

SMS:sms 
Enclosures 

FILE: 095 I 4-02 

124 Philpott Lane • Raleigh County Airport Industrial Park • Beaver, WV 25813-9502 • TELE: (304) 255-0491 • FAX: (304) 255-4232 
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INCIDENTAL BOUNDARY REVISION 
FOR 

PERMIT NO. 375 

(8.10 ACRES FOR EMERGENCY CONCRETE 
BOREHOLES & TURBINE PUMP SITE) 

WILLIAMSON COUNTY, IL 
POND CREEK MINE NO. 1 

. Preparedfor 

WILLIAMSON ENERGY LLC 
JOHNSTON CITY, IL 

ALLIANCE PROJECT NO. B09-514-1413 
· JANUARY 2010 



R17469

Williamson Energy, LLC 
PO Box 99 
Johnston City, IL 62951 
Office: 618-983-3020 Fax: 618-983-3017 

Mr. Scott K. Fowler, Supervisor 
ILLINOIS DEPARTMENT OF 
NATURAL RESOURCES 
One Natural Resomces Way 
Springfield, IL 62702-1271 

Re: Williamson Energy, LLC- Penni! No. 375; 8.10 acres IBR 

Dear Mr. Fowler: 

This letter authorizes Mr. Jim Slapak and Alliance Consulting, Inc. (Alliance) and its 
representatives, permission to perform work on, receive comments and submit corrections on the 
above referenced application. Please send copies of any comments to Alliance Consulting, Inc. 
at 124 Philpott Lane, Beaver, WV 25813, as well as Williamson Energy, LLC at the above 
address. 

Thank you for your cooperation. 

Sincerely, 

WILLIAMSON ENERGY, LLC 

HJt~ 
Michael J. Beyer 
Authorized Agent 
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State of Illinois 
Department of Natural Resources 

Office of Mines and Minerals 
Land Reclamation Division 

One Natural Resources Way 
Springfield, IL 62702-1271 

APPLICATION FOR SURFACE COAL MINING AND RECLAMATION OPERATIONS 
INCIDENTAL BOUNDARY REVISION IBR-1 

PART I 

DATE: ______________ _ 

NOTICE : This state agency is requesting disclosure ofinformation that is necessary to accomplish 
the statutory purpose as outlined under Ill. Rev. Stat. I 987 Ch. 96 1/2, par. 7901.01 et seq. Disclosure of this information 
is voluntary, however failure to comply may result in this form not being processed. This form has been approved by the 
Forms Management Center. 

I) A) General Information 

(f)(-We)(The) __ W"-'-'ileali""an"'1""so"'1"-1 -"'E""n,,,e1,_,·g,.,y~L"'L"'C"'-------------------
(Namc of Company, Corporation. Partnership or Individual) 

P. 0. Box 99. Johnston Citv. IL 62951 /618) 983-3020 
(Address) (Telephone Numbc:r) 

hereby submit application for an Incidental Boundary Revision to Pe1mit ---"'-3-"75"---

Name of Mine Pond Creek No. I 

MSHA No. I 1-03141 

I, -------------"M'-"1,.,· c"-h"'a"'e"-1-"J~. -=B,.,e'-'v_,,ee.r ______________ under penalty of 
(vice president or his duly authorized representative under the existing permit} 

perjury declare that all information provided in this application is true and correct to the best ofmy knowledge. 

Authorized Agent 
Title 

Surface Area: 

ADDITIONAL ACRES REQUESTED ---"'-8.'-"]-"0- EXISTING PERMIT ACREAGE 604.8? 
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B) Indicate the type of disturbance and associated acreage. 

Type of Disturbance Existing Pennit !BR Total 

Area Stripping 20.13 0 20.13 

Mine Waste Areas 277.39 0 277.39 

Processing Areas 
& Support Facilities 111.97 8.10 120.07 

Access, Haul Roads 
& Transport Facilities 23.57 0 23.57 

Soil Storage Areas 75.70 0 75.70 

Diversions 32.85 0 32.85 

Coal Recovery 
(Gob & Slurry) 0 0 0 

Other 30.46 0 30.46 

Not to be Disturbed 37.19 0 37.19 

01 
:; (. 

2) A) Provide name and address of every legal or equitable owner ofrecord of the !BR area. ,
1 

,1~ 

RESPONSE: Refer to Attachment Part I.2.A. 

B) Provide name and address of the owner ofrecord for all surface and subsurface areas 
contiguous to any part of the proposed !BR area. 

RESPONSE: Refer to Attachment Part I.2.B. 

C) Show location of owners of record of those lands, both surface and subsurface, 
included in or contiguous to the !BR area on premining land use map or another 
map, if necessary. 

RESPONSE: Refer to Map 6 S.F. - Sheet 2 of 2. 

3) Provide name and address ofany holder ofrecord of leasehold interest for the !BR area. 

RESPONSE: Refer to Attachment Part I.3. 

4) Affidavits, Certifications 

A) Complete affidavit regarding applicant's legal right to enter and begin surface coal mining and reclamation 
operations in the !BR area and whether that right is the subject of pending litigation. Identify the 
documents upon which affidavit is based by type and date of execution and identify specific lands to which 
each document pertains and explain the legal rights claimed by the applicant (I 778.15(a)). If the private 
mineral estate to be mined has been severed from the private surface estate, provide copies of the 
documents required under Section I778.15(B)(l)-(3). On the permit map or other designated map show the 
boundaries of land within the permit area upon which the applicant has the legal right to enter and begin 
surface mining activities. 

RESPONSE: Refer to Attachment Part I.4.A. 
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B) Complete certification for engineering aspects of the application. In addition to the general certification, 

three specific certifications are included which are applicable only if the box in front of each is marked. 

The first two cover special permit requirements and should be marked only when they occur for the 

proposed permit. The third certification covers the Illinois Environmental Protection Agency permit 

requirements. In most cases, an Illinois registered engineer will be required to certify !EPA permit 

requirements. Except as otherwise provided all maps, plans and cross-sections included in the permit 

application shall be prepared by, or under the direction of, and sealed by a qualified registered professional 

engineer licensed under the Illinois Professional Engineering Act, a qualified registered structural engineer 

licensed under the Illinois Structural Engineering Act or if authorized by state law, a qualified registered 

professional land survey or licensed under the Illinois Land Surveyors Act with assistance from experts in 

related fields. 

RESPONSE: Refer to Attachment Part I.4.B. 

5) Areas Designated Unsuitable for Mining 

A) Does proposed !BR area include --

(I) Lands within boundaries of the National Park System, National Wildlife Refuge System, National 

Recreation Areas, etc. [Section 1761.1 !(a)]? 

Yes _____ No -~X~--

(2) National forest land? 

Yes ____ No_~X"---

(3) Any land which will adversely affect any publicly-owned park or places included in or eligible for 

listing in the National Register of Historic places, etc. [per 62 Ill. Adm. Code 1761.11 (a)(3) or Section 

10, (B)(C) of the SCM-1? 

Yes _____ No -~X"---

Ifyes, complete Part II, Section 10, (B) & (C) of the SCM-1 or the UCM-1 Application. 

(4) Any public roads which are to be removed, relocated or temporarily closed? 

Yes _____ No -~X"---

Indicate on the pre-mining land use map or other designated map the location of the public roads and 

attach a copy of the written agreement from the appropriate authority authorizing the relocation, 

removal or temporary closure. Describe the measures to be used to insure that the interest of the 

public and land owners affected will be protected. 

B) Will proposed !BR area be located --

(I) Within 100 feet of the right-of-way line of any public road? 

Yes ____ No -~X"---

Ifyes, explain proposed procedure for complying with regulation section 1761.l l(d), 

including request for variance, if relevant. Provide location of public roads on pre-mining 

land use map or other designated map. Describe the measures to be used to insure that the 

interest of the public and land owners affected will be protected. 
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(2) Within 300 feet measured horizontally from any occupied dwelling? 

Yes ____ No --"-'X,__ __ 

If so, is waiver provided meeting requirements of Section 1761.15? 

(3) Within 300 feet measured horizontally of any public building, school, church, community or 
institutional building or public park? 

Yes ____ No _~X~--

( 4) Within 100 feet measured horizontally of a cemetery? 

Yes ____ No _ _,_X._ __ 

C) Are valid existing rights (per 176 I. I I) claimed for any part of the !BR area? 

Yes _____ No _ _,_X~--

Ifyes, provide documentation to substantiate claim. 

D) Provide a draft copy of the proposed newspaper notice and name of local newspaper of general circulation in 
which advertisement of the application will be published, per 62 Ill. Adm. Code 1774.13(d)(6). Certification 
of publication is to be furnished to the Department and must be received prior to Department approval of the 
!BR. 

RESPONSE: Refer to Attachment Part I.5.D. 
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Map Key ID Owners Address City State Zip 

A080409-l 07 WILLIAMSON DEVELOPMENT CO, LLC P.O. Box 1829 Marion IL 62959 

A080409-215 WILLIAMSON DEVELOPMENT CO, LLC P.O. Box 1829 Marion IL 62960 

A080410-104 RANDY L. & REBECCA A. WRIGHT 917 13th St. Clound FL 34772 

A080410-301 RANDY L. & REBECCA A. WRIGHT 91713th St. Clound FL 34772 

A080410-308 RANDY L. & REBECCA A. WRIGHT 917 13th St. Clound FL 34772 

i 
8 
(I) 

g 
>-< 
N 

Alt I 2 A and B.xls\Att I. 2.A. ?>-



R17478

ATTACHMENT PART 1.2.B 



R
17479

~. 

All J'. J.x!s\Atl l 2 ll 

-· A080409-l07 WILLIAMSON DEVELOPMENT CO, LLC P.O. Box 1829 Marion 

A080409-2 I 5 WILLIAMSON DEVELOPMENT CO, LLC P.O. Box 1829 Marion 

A080410-!04 RANDY L. & REBECCA A. WRIGHT 917 1301 St. Clound 

A0804 I 0-30 I RANDY L. & REBECCA A. WIUGl·ff 917 13th St. Clound 

A080410-308 RANDY L. & REBECCA A. WRIGHT 917 1301 St. Clound 

IL 62959 COLT LLC, P. 0. BOX 1829, MARION, IL 62959 

IL 62960 COLT LLC, P. 0. BOX 1829, MARION, IL 62960 

FL 34772 COLT LLC, P. 0. BOX 1829, MARION, IL 62961 

FL 34772 COLT LLC, P. 0. BOX 1829, MARION, IL 62962 

FL 34772 COLT LLC, P. 0. BOX 1829, MARION, IL 62963 

WARRENTY DEED 

WARRENTY DEED 

WARRENTY DEED 

WARRENTY DEED 

WARRENTY DEED 

i 
cr" 
s 
" g_ 
~ 

iv 
b::I 
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Attachment I.3 

Williamson Energy LLC entered into a lease agreement with the land owners, Randy L. and 

Rebecca A. Wright. The lease agreement was signed on December 11, 2009 and will be in effect 

for a term of 10 years. 
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Attachment 1.4.A 

(I) (We) -------"M"'-"ic"'h""aee,l_,,J"-. -"'B"'es_ve,,,1~· ___________________ _ 
(Individual or Individuals) 

under penalty of perjury declare on behalf of the applicant, Williamson Energy LLC 
that said applicant has valid documents which bestow upon the applicant a legal right to enter and commence surface coal 
mining and reclamation operations upon lands contained in the proposed JBR area, and such legal right is not in any way 
the subject of pending court litigation. 

Dated this 

State of----'-n=/c'-'----)rl=Ci~ClJ-=---

County or~Pc~bl-"--tn_----'W=c..cl=G..~-'----'v=--

Signed by and subscribed to before me on / d, - 10-- OC/ 
(date) 

.. ~;~,'.~U,t,;,. ERIN R MENDEZ 
{~.J))f:,'iMod<i:OMMISSION # DD875102 
',;?foF_.ri-~~~ EXPIRES March 29, 2013 

'•qpl' 
(407) ::rna-Oi S3 FlondaNot~ryService.com 

, 9'CXY{ 

by N·,0ho.e.L ::r: f:i.Q.,LJfl[ 
(name of person) 4 

(Signature oqNotary Puiif'c) 
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Attachment 1.4.B. 

ENGINEERlNG CERTIFICATION 

I hereby certify the engineering design used in preparation of this application, attachments, and supplements was done by 

me or under my direct supervision. 

I further certify to the best ofmy knowledge all such design is in accordance with all applicable local, state and federal 

laws, rules and regulations. I have placed an "X" in the box below if that 

item is relevant. 

D Whereas the Reclamation Plan calls for an alternative land use, I also certify the plans to conform to applicable 

accepted standards for adequate land stability, drainage, vegetative cover, and aesthetic design appropriate for 

the post~mining use of the site. 

D Whereas the operation proposes disposal of spoil or waste materials in areas other than mining workings or 

excavations, I also certify such fills are designed in accordance with recognized professional standards and all 

applicable laws. 

[:8J Certification of Illinois Environmental Protection Agency-35 Ill. Adm. Code 405.104(a) Permit. In my 

professional judgement, the plans and specifications submitted as part of this application describe an operation 

which will meet all applicable effluent and water quality standards. I certify that I am familiar with all of the 

plans, specifications, reports, and maps submitted as part of this application and that said plans, etc. are accurate 

insofar as they represent existing condi_tions. 

Claudio E. Yon 
Name 

Alliance Consulting. Inc. 
Firm 

124 Philpott Lane. Beaver. West Virginia 25801 

Address 

I .-
Signature / 

062-050632 
Illinois Registration Number (Seal) 

(304) 255-0491 
Phone Number 

Date I I 
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Attachment I.5.D. 

PUBLIC NOTICE 

Pursuant to the Surface Coal Mining Land Conservation and Reclamation Act (PA-81-1015, as 

amended) and the Rules and Regulations of the Act, Williamson Energy LLC, P. 0. Box 99, Johnston 

City, IL 62951 hereby gives notice that on ___________ 2010, an incidental boundary 

revision (IBR) has been submitted to the Illinois Department of Natural Resources, Office of Mines and 

Minerals, Land Reclamation Division, One Natural Resources Way, Springfield, IL 62702-1271. The 

IBR application is for 8.10 acres located in Williamson County, Township 8 South, Range 4 East, the 

northeast quadrant of Section 9 and the northwest and southwest quadrants of Section 10, , south of 

Locust Road. 

Activities will include two concrete transport bore holes, the installation of a turbine pump site, 

installation and maintenance of a buried waterline and power line, and an access road. 

Copies of the application are on file with the Illinois Department of Natural Resources, Office of Mines 

and Mineral, 503 East Main St., Benton, Illinois 62812, and the Springfield, Illinois Office. 

Written comments concerning the operations should be addressed to the Office of Mines and Minerals, 

Land Reclamation Division at the Springfield office, no later than 7 days from the date of this notice. 
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PART II 

PREMINING INFORMATION 

Premining information is to be displayed on premining land use map unless otherwise indicated. 

I) Describe how the !BR area perimeter will be marked and discuss the method or system employed to locate 

pennit area perimeter and set markers along it. Designate a reference point outside the IBR area if different then 

the original permit. Provide a description of the reference point and a sketch relating the reference point to the 

IBR area perimeter. 

RESPONSE: The perimeter of the IBR area will be delineated by using PVC and/or metal post and 

be located within eye sight of one another, if the property owner will allow it. A 

reference point will be adjacent permitted site. 

2) Explain and locate areas where the IBR is contiguous to an existing pennit. 

RESPONSE: The IBR area is adjacent to the previously pem1itted IBR No. 16 pump site. Two 

separate roof falls have occurred in the bleeder entries necessary for the ventilation of 

the active mine works. In order to stabilize the mine roof and protect the health and 

safety of the miners, concrete must be pumped into the fallen area. This IBR area is to 

construct an access road to the surface areas above the roof fall areas, bore drill two 

seven (7) inch dian1eter bore holes over the roof fall area. The seven (7) inch bore 

holes will be cased to five (5) inch diameter holes and will have a depth of 

approximately 500 to 530 feet. When the bore holes is no longer needed, they will be 

grouted the entire length. In addition to the concrete bore holes, a turbine pump site 

will be drilled to help control water, which inhibits ventilation of the mine. 

3) Give the acreages of each land use within the proposed IBR and existing permit area, employing land use 

categories of Section 1701.5 listed below, and delineate on premining land use map existing land uses in the 

proposed permit area and adjacent to it. Include on the premining land use map the location of all buildings and 

identify the current use of these buildings. 

4) 

Pre-Mine Land Use Existing Permit IBR Total 

Cropland 503.22 0 503.22 

Pasture land 0 0 0 

Grazing land 0 0 0 

Forestry 101.86 0 101.86 

Residential 2.55 0 2.55 

Industrial/Commercial 

Recreation 0 0 0 

Fish and Wildlife Habitat 0.20 8.10 8.30 

Developed Water Resources 1.44 0 1.44 

Undeveloped land 0 0 0 

Soils Information Map 

A) Does the submitted soils map represent a map developed by the National Resources Conservation 

Service (NRCS)? 

Yes X No -----

If no, explain. 
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B) Delineate on the soils map(s) the area which will incur actual mining (removal of overburden and/or 

deposition of overburden for the extraction of coal). 

RESPONSE: No removal of overburden or deposition of overburden for the extraction of coal will 

occur on the IBR area. Topsoil material will be temporarily stored on site. 

C) Are any of the identified map units correlated as prime farmland byNRCS criteria? 

Yes X No -----

If yes, explain and provide documentation to meet the requirements of Section 

1785.17, if a determination for grandfathering and/or negative determination is 

sought. If prime farmlands exist, which will not meet the exemption criteria 

described above, the approved prime farmlands restoration plan must be followed. 

RESPONSE: Map 5 - Soils Resources Map indicates a small portion of the IBR area (1.90 acres) as 

being prime farmland. Another 1.16 acres is identified as prime farmland if the area is 

drained and protected from flooding. However, the IBR area has been utilized for 

hunting and not for farmland. 

D) Submit, by completing soils information chart, acreage totals of each map unit (soil type and slope 

classification) and land use capability classes in the !BR area and the percent slope range of each lettered 

slope classification used on the soil map. 

RESPONSE: Refer to Map 5 - Soils Resources Map. Additional information can be found in the 

NRCS Custom Soil Resource Report. 

E) Provide, by completing soil information chart, acreage for each of the map units of high capability land 

(including grandfathered and negatively determined prime farmland) and non-cropland capability land with 

respect to areas which will be mined and areas which will incur other forms of disturbance (i.e., roads, 

ditches, etc.). Identify and provide map unit acreage values, if any, for areas which will not be disturbed. 

RESPONSE: Refer to Map 5 - Soils Resources Map. Although the Soil Resource Report indicates 

that some soil types are or could prime farmland, the area has been designated as 

hunting club property for a number of years and has not been cultivated for farming. 

F) Are selected overburden materials proposed to be used in lieu of or as a supplement to the A-horizon? 

Yes ___ No_~X~--

Ifyes, provide the appropriate information required under 1780. I 8(b)(4)/l 784.13(b)(4). 
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Preface 

Soil surveys contain information that affects land use planning in survey areas. They 
highlight soil limitations that affect various land uses and provide information about 
the properties of the soils in the survey areas. Soil surveys are designed for many 
different users, including farmers, ranchers, foresters, agronomists, urban planners, 
community officials, engineers, developers, builders, and home buyers. Also, 
conservationists, teachers, students, and specialists in recreation, waste disposal, 
and pollution control can use the surveys to help them understand, protect, or enhance 
the environment. · 

Various land use regulations of Federal, State, and local governments may impose 
special restrictions on land use or land treatment. Soil surveys identify soil properties 
that are used in making various land use or land treatment decisions. The information 
is intended to help the land users identify and reduce the effects of soil limitations on 
various land uses. The landowner or user is responsible for identifying and complying 
with existing laws and regulations. 

Although soil survey information can be used-for general farm, local, and wider area 
planning, onsite investigation is needed to supplement this information in some cases. 
Examples include soil quality assessments (http://soils.usda.gov/sqi/) and certain 
conservation and engineering applications. For more detailed information, contact 
your local USDA Service Center (http://offices.sc.egov.usda.gov/ locator/app? 
agency=nrcs) or your NRCS State Soil Scientist (http://soils.usda.gov/contact/ 
state_ offices/). 

Great differences in soil properties can occur within short distances. Some soils are 
seasonally wet or subject to flooding. Some are too unstable to be used as a 
foundation for buildings or roads. Clayey or wet soils are poorly suited to use as septic 
tank absorption fields. A high water table makes a soil poorly suited to basements or 
underground installations. 

The National Cooperative Soil Survey is a joint effort of the United States Department 
of Agriculture and other Federal agencies, State agencies including the Agricultural 
Experiment Stations, and local agencies. The Natural Resources Conservation 
Service (NRCS) has leadership for the Federal part of the National Cooperative Soil 
Survey. 

Information about soils is updated periodically. Updated information is available 
through the NRCS Soil Data Mart Web site or the NRCS Web Soil Survey. The Soil 
Data Mart is the data storage site for the official soil survey information. 

The U.S. Department of Agriculture (USDA) prohibits discrimination in all its programs 
and activities on the basis of race, color, national origin, age, disability, and where 
applicable, sex, marital status, familial status, parental status, religion, sexual 
orientation, genetic information, political beliefs, reprisal, or because all or a part of an 
individual's income is derived from any public assistance program. (Not all prohibited 
bases apply to all programs.) Persons with disabilities who require alternative means 

2 
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for communication of program information (Braille, large print, audiotape, etc.) should 
contact USDA's TARGET Center at (202) 720-2600 (voice and TDD). To file a 
complaint of discrimination, write to USDA, Director, Office of Civil Rights, 1400 
Independence Avenue, S.W., Washington, D.C. 20250-9410 or call (800) 795-3272 
(voice) or (202) 720-6382 (TDD). USDA is an equal opportunity provider and 
employer. 

3 
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How Soil Surveys Are Made 

Soil surveys are made to provide information about the soils and miscellaneous areas 
in a specific area. They include a description of the soils and miscellaneous areas and 
their location on the landscape and tables that show soil properties and limitations 
affecting various uses. Soil scientists observed the steepness, length, and shape of 
the slopes; the general pattern of drainage; the kinds of crops and native plants; and 
the kinds of bedrock. They observed and described many soil profiles. A soil profile is 
the sequence of natural layers, or horizons, in a soil. The profile extends from the 
surface down into the unconsolidated material in which the soil formed or from the 
surface down to bedrock. The unconsolidated material is devoid of roots and other 
living organisms and has not been changed by other biological activity. 

Currently, soils are mapped according to the boundaries of major land resource areas 
(MLRAs). MLRAs are geographically associated land resource units that share 
common characteristics related to physiography, geology, climate, water resources, 
soils, biological resources, and land uses (USDA, 2006). Soil survey areas typically 
consist of parts of one or more MLRA. 

The soils and miscellaneous areas in a survey area occur in an orderly pattern that is 
related to the geology, landforms, relief, climate, and natural vegetation of the area. 
Each kind of soil and miscellaneous area is associated with a particular kind of 
landform or with a segment of the landform. By observing the soils and miscellaneous 
areas in the survey area and relating their position to specific segments of the 
landform, a soil scientist develops a concept, or model, of how they were formed. Thus, 
during mapping, this model enables the soil scientist to predict with a considerable 
degree of accuracy the kind of soil or miscellaneous area at a specific location on the 
landscape. 

Commonly, individual soils on the landscape merge into one another as their 
characteristics gradually change. To construct an accurate soil map, however, soil 
scientists must determine the boundaries between the soils. They can observe only 
a limited number of soil profiles. Nevertheless, these observations, supplemented by 
an understanding of the soil-vegetation-landscape relationship, are sufficient to verify 
predictions of the kinds of soil in an area and to determine the boundaries. 

Soil scientists recorded the characteristics of the soil profiles that they studied. They 
noted soil color, texture, size and shape of soil aggregates, kind and amount of rock 
fragments, distribution of plant roots, reaction, and other features that enable them to 
identify soils. After describing the soils in the survey area and determining their 
properties, the soil scientists assigned the soils to taxonomic classes (units). 
Taxonomic classes are concepts. Each taxonomic class has a set of soil 
characteristics with precisely defined limits. The classes are used as a basis for 
comparison to classify soils systematically. Soil taxonomy, the system of taxonomic 
classification used in the United Slates, is based mainly on the kind and character of 
soil properties and the arrangement of horizons within the profile. After the soil 
scientists classified and named the soils in the survey area, they compared the 
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individual soils with similar soils in the same taxonomic class in other areas so that 
they could confirm data and assemble additional data based on experience and 
research. 

The objective of soil mapping is not to delineate pure map unit components; the 
objective is to separate the landscape into landforms or landform segments that have 
similar use and management requirements. Each map unit is defined by a unique 
combination of soil components and/or miscellaneous areas in predictable 
proportions. Some components may be highly contrasting to the other components of 
the map unit. The presence of minor components in a map unit in no way diminishes 
the usefulness or accuracy of the data. The delineation of such landforms and 
landform segments on the map provides sufficient information for the development of 
resource plans. If intensive use of small areas is planned, onsite investigation is 
needed to define and locate the soils and miscellaneous areas. 

Soil scientists make many field observations in the process of producing a soil map. 
The frequency of observation is dependent upon several factors, including scale of 
mapping, intensity of mapping, design of map units, complexity of the landscape, and 
experience of the soil scientist. Observations are made to test and refine the soil
landscape model and predictions and to verify the classification of the soils at specific 
locations. Once the soil-landscape model is refined, a significantly smaller number of 
measurements of individual soil properties are made and recorded. These 
measurements may include field measurements, such as those for color, depth to 
bedrock, and texture, and laboratory measurements, such as those for content of 
sand, silt, clay, salt, and other components. Properties of each soil typically vary from 
one point to another across the landscape. 

Observations for map unit components are aggregated to develop ranges of 
characteristics for the components. The aggregated values are presented. Direct 
measurements do not exist for every property presented for every map unit 
component. Values for some properties are estimated from combinations of other 
properties. 

While a soil survey is in progress, samples of some of the soils in the area generally 
are collected for laboratory analyses and for engineering tests. Soil scientists interpret 
the data from these analyses and tests as well as the field-observed characteristics 
and the soil properties to determine the expected behavior of the soils under different 
uses. Interpretations for all of the soils are field tested through observation of the soils 
in different uses and under different levels of management. Some interpretations are 
modified to fit local conditions, and some new interpretations are developed to meet 
local needs. Data are assembled from other sources, such as research information, 
production records, and field experience of specialists. For example, data on crop 
yields under defined levels of management are assembled from farm records and from 
field or plot experiments on the same kinds of soil. 

Predictions about soil behavior are based not only on soil properties but also on such 
variables as climate and biological activity. Soil conditions are predictable over long 
periods of time, but they are not predictable from year to year. For example, soil 
scientists can predict with a fairly high degree of accuracy that a given soil will have 
a high water table within certain depths in most years, but they cannot predict that a 
high water table will always be at a specific level in the soil on a specific date. 

After soil scientists located and identified the significant natural bodies of soil in the 
survey area, they drew the boundaries of these bodies on aerial photographs and 
identified each as a specific map unit. Aerial photographs show trees, buildings, fields, 
roads, and rivers, all of which help in locating boundaries accurately. 

6 
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Soil Map 

The soil map section includes the soil map for the defined area of interest, a list of soil 
map units on the map and extent of each map unit, and cartographic symbols 
displayed on the map. Also presented are various metadata about data used to 
produce the map, and a description of each soil map unit. 

7 
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Map Unit Legend 

Williamson County, Illinois (IL 199) 

Map Unit Symbol Map Unit Name Acres inAOI Percent of AOI 

10C Plumfield silty clay loam, 5 to 10 percent slopes 40.6 

10D Plumfield silty clay loam, 10 to 18 percent 7.6 
slopes 

14B Ava sill loam, 2 to 5 percent slopes 4.1 

14B2 Ava silt loam, 2 to 5 percent slopes, eroded 14.4 

14C2 Ava silt loam, 5 to 1 O percent slopes, eroded 7.0 
- -· 

14C3 Ava silty clay loam, 5 to 10 percent slopes, 2.9 
severely eroded 

3018 Grantsburg silt loam, 2 to 5 percent slopes 9.0 

34003 Zanesville silty clay loam, 1 Oto 18 percent 10.4 
slopes, severely eroded 

90803 Hickory-Kell clay loams, 10 to 18 percent 17.2 
slopes, severely eroded 

3072A Sharon silt loam, Oto 2 percent slopes, 17.5 
frequently flooded 

3382A Belknap silt loam, D to 2 percent slopes, 30.5 
frequently flooded 

w Water 0.8 

Totals for Area of Interest 162.0 

Map Unit Descriptions 

The map units delineated on the detailed soil maps in a soil survey represent the soils 
or miscellaneous areas in the survey area. The map unit descriptions, along with the 
maps, can be used to determine the composition and properties of a unit. 

A map unit delineation on a soil map represents an area dominated by one or more 
major kinds of soil or miscellaneous areas. A map unit is identified and named 
according to the taxonomic classification of the dominant soils. Within a taxonomic 
class there are precisely defined limits for the properties of the soils. On the landscape, 
however, the soils are natural phenomena, and they have the characteristic variability 
of all natural phenomena. Thus, the range of some observed properties may extend 
beyond the limits defined for a taxonomic class. Areas of soils of a single taxonomic 
class rarely, if ever, can be mapped without including areas of other taxonomic 
classes. Consequently, every map unit is made up of the soils or miscellaneous areas 
for which it is named and some minor components that belong to taxonomic classes 
other than those of the major soils. 

Most minor soils have properties similar to those of the dominant soil or soils in the 
map unit, and thus they do not affect use and management. These are called 
noncontrasting, or similar, components. They may or may not be mentioned in a 
particular map unit description. Other minor components, however, have properties 
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and behavioral characteristics divergent enough to affect use or to require different 
management. These are called contrasting, or dissimilar, components. They generally 
are in small areas and could not be mapped separately because of the scale used. 
Some small areas of strongly contrasting soils or miscellaneous areas are identified 
by a special symbol on the maps. If included in the database for a given area, the 
contrasting minor components are identified in the map unit descriptions along with 
some characteristics of each. A few areas of minor components may not have been 
observed, and consequently they are not mentioned in the descriptions, especially 
where the pattern was so complex that it was impractical to make enough observations 
to identify all the soils and miscellaneous areas on the landscape. 

The presence of minor components in a map unit in no way diminishes the usefulness 
or accuracy of the data. The objective of mapping is not to delineate pure taxonomic 
classes but rather to separate the landscape into landforms or landform segments that 
have similar use and management requirements. The delineation of such segments 
on the map provides sufficient information for the development of resource plans. If 
intensive use of small areas is planned, however, onsite investigation is needed to 
define and locate the soils and miscellaneous areas. 

An identifying symbol precedes the map unit name in the map unit descriptions. Each 
description includes general facts about the unit and gives important soil properties 
and qualities. 

Soils that have profiles that are almost alike make up a soi/ series. Except for 
differences in texture of the surface layer, all the soils of a series have major horizons 
that are similar in composition, thickness, and arrangement. 

Soils of one series can differ in texture of the surface layer, slope, stoniness, salinity, 
degree of erosion, and other characteristics that affect their use. On the basis of such 
differences, a soil series is divided into soi/ phases. Most of the areas shown on the 
detailed soil maps are phases of soil series. The name of a soil phase commonly 
indicates a feature that affects use or management. For example, Alpha silt loam, 0 
to 2 percent slopes, is a phase of the Alpha series. 

Some map units are made up of two or more major soils or miscellaneous areas. 
These map units are complexes, associations, or undifferentiated groups. 

A complex consists of two or more soils or miscellaneous areas in such an intricate 
pattern or in such small areas that they cannot be shown separately on the maps. The 
pattern and proportion of the soils or miscellaneous areas are somewhat similar in all 
areas. Alpha-Beta complex, 0 to 6 percent slopes, is an example. 

An association is made up of two or more geographically associated soils or 
miscellaneous areas that are shown as one unit on the maps. Because of present or 
anticipated uses of the map units in the survey area, it was not considered practical 
or necessary to map the soils or miscellaneous areas separately. The pattern and 
relative proportion of the soils or miscellaneous areas are somewhat similar. Alpha
Beta association, Oto 2 percent slopes, is an example. 

An undifferentiated group is made up of two or more soils or miscellaneous areas that 
could be mapped individually but are mapped as one unit because similar 
interpretations can be made for use and management. The pattern and proportion of 
the soils or miscellaneous areas in a mapped area are not uniform. An area can be 
made up of only one of the major soils or miscellaneous areas, or it can be made up 
of all of them. Alpha and Beta soils, 0 to 2 percent slopes, is an example. 

Some surveys include miscellaneous areas. Such areas have little or no soil material 
and support little or no vegetation. Rock outcrop is an example. 
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Custom Soil Resource Report 

Williamson County, Illinois 

10C-Plumfield silty clay loam, 5 to 10 percent slopes 

Map Unit Setting 
Elevation: 360 to 840 feet 
Mean annual precipitation: 35 to 46 inches 
Mean annual air temperature: 54 to 57 degrees F 
Frost-free period: 175 to 195 days 

Map Unit Composition 
Plumfield and similar soils: 85 percent 

Description of Plumfield 

Setting 
Landform: Till plains 
Landform position (two-dimensional): Shoulder, backslope 
Landform position (three-dimensional): Head slope, side slope 
Down-slope shape: Convex 
Across-slope shape: Linear 

Properties and qualities 
Slope: 5 to 10 percent 
Depth to restrictive feature: 5 to 20 inches to fragipan 
Drainage class: Moderately well drained 
Capacity of the most limiting layer to transmit water (Ksat): Low to moderately low 

(0.01 to 0.06 in/hr) 
Depth to water table: About 18 to 42 inches 
Frequency of flooding: None 
Frequency of ponding: None 
Available water capacity: Very low (about 1.8 inches) 

Interpretive groups 
Land capability (nonirrigated): 4e 

Typical profile 
0 to 5 inches: Silty clay loam 
5 to 12 inches: Silt loam 
12 to 36 inches: Silt loam 
36 to 60 inches: Silt loam 

10D-Plumfield silty clay loam, 10 to 18 percent slopes 

Map Unit Setting 
Elevation: 360 to 840 feet 
Mean annual precipitation: 35 to 46 inches 
Mean annual air temperature: 54 to 57 degrees F 
Frost-free period: 175 to 195 days 

12 
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Custom Soil Resource Report 

Map Unit Composition 
Plumfield and similar soils: 100 percent 

Description of Plumfield 

Setting 
Landform: Till plains 
Landform position (two-dimensional): Shoulder, backslope 
Landform position (three-dimensional): Head slope, side slope 
Down-slope shape: Linear 
Across-slope shape: Linear 

Properties and qualities 
Slope: 10 to 18 percent 
Depth to restrictive feature: 5 to 20 inches to fragipan 
Drainage class: Moderately well drained 
Capacity of the most limiting layer to transmit water (Ksat): Low to moderately low 

(0.01 to 0.06 in/hr) 
Depth to water table: About 18 to 42 inches 
Frequency of flooding: None 
Frequency of ponding: None 
Available water capacity: Very low (about 1.8 inches) 

Interpretive groups 
Land capability (nonirrigated): Be 

Typical profile 
0 to 5 inches: Silty clay loam 
5 to 12 inches: Silt loam 
12 to 36 inches: Silt loam 
36 to 60 inches: Silt loam 

14B-Ava silt loam, 2 to 5 percent slopes 

Map Unit Setting 
Elevation: 360 to 660 feet 
Mean annual precipitation: 35 to 46 inches 
Mean annual air temperature: 54 to 57 degrees F 
Frost-free period: 175 to 195 days 

Map Unit Composition 
Ava and similar soils: 90 percent 

Description of Ava 

Setting 
Landform: Till plains 
Landform position (two-dimensional): Summit 
Landform position (three-dimensional): lnterfluve 
Down-slope shape: Convex 
Across-slope shape: Convex 
Parent material: Peoria loess/roxana loess/drift 

13 
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Custom Soil Resource Report 

Properties and qualities 
Slope: 2 to 5 percent 
Depth to restrictive feature: 25 to 40 inches to fragipan 
Drainage class: Moderately well drained 
Capacity of the most limiting layer to transmit water (Ksat): Low to moderately low 

(0.01 to 0.06 in/hr) 
Depth to water table: About 18 to 42 inches 
Frequency of flooding: None 
Frequency of ponding: None 
Maximum salinity: Nonsaline (0.0 to 2.0 mmhos/cm) 
Sodium adsorption ratio, maximum: 5.0 
Available water capacity: Moderate (about 7.4 inches) 

Interpretive groups 
Land capability (nonirrigated): 2e 

Typical profile 
0 to 8 inches: Silt loam 
8 to 18 inches: Silt loam 
18 to 36 inches: Silty clay loam 
36 to 53 inches: Silt loam 
53 to 80 inches: Silt loam 

14B2-Ava silt loam, 2 to 5 percent slopes, eroded 

Map Unit Setting 
Elevation: 360 to 660 feet 
Mean annual precipitation: 35 to 46 inches 
Mean annual air temperature: 54 to 57 degrees F 
Frost-free period: 175 to 195 days 

Map Unit Composition 
Ava and similar soils: 85 percent 

Description of Ava 

Setting 
Landform: Till plains 
Landform position (two-dimensional): Summit 
Landform position (three-dimensional): lnterfluve 
Down-slope shape: Convex 
Across-slope shape: Convex 

Properties and qualities 
Slope: 2 to 5 percent 
Depth to restrictive feature: 25 to 40 inches to fragipan 
Drainage class: Moderately well drained 
Capacity of the most limiting layer to transmit water (Ksat): Low to moderately low 

(0.01 to 0.06 in/hr) 
Depth to water table: About 18 to 42 inches 
Frequency of flooding: None 
Frequency of ponding: None 

14 
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Custom Soil Resource Report 

Available water capacity: Moderate (about 6.4 inches) 

Interpretive groups 
Land capability (nonirrigated): 2e 

Typical profile 
0 to 9 inches: Silt loam 
9 to 28 inches: Silty clay loam 
28 to 64 inches: Silty clay loam 
64 to 78 inches: Silt loam 

14C2-Ava silt loam, 5 to 10 percent slopes, eroded 

Map Unit Setting 
Elevation: 360 to 660 feet 
Mean annual precipitation: 35 to 46 inches 
Mean annual air temperature: 54 to 57 degrees F 
Frost-free period: 175 to 195 days 

Map Unit Composition 
Ava and similar soils: 90 percent 

Description of Ava 

Setting 
Landform: Till plains 
Landform position (two-dimensional): Summit 
Landform position (three-dimensional): lnterfluve 
Down-slope shape: Convex 
Across-slope shape: Linear 

Properties and qualities 
Slope: 5 to 1 O percent 
Depth to restrictive feature: 25 to 40 inches to fragipan 
Drainage class: Moderately well drained 
Capacity of the most limiting layer to transmit water (Ksat): Low to moderately low 

(0.01 to 0.06 in/hr) 
Depth to water table: About 18 to 42 inches 
Frequency of flooding: None 
Frequency of ponding: None 
Available water capacity: Low (about 5.5 inches) 

Interpretive groups 
Land capability (nonirrigated): 3e 

Typical profile 
O to 9 inches: Silt loam 
9 to 28 inches: Silty clay loam 
28 to 64 inches: Silty clay loam 
64 to 78 inches: Silt loam 
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Custom Soil Resource Report 

14C3-Ava silty clay loam, 5 to 10 percent slopes, severely eroded 

Map Unit Setting 
Elevation: 360 to 660 feet 
Mean annual precipitation: 35 to 46 inches 
Mean annual air temperature: 54 to 57 degrees F 
Frost-free period: 175 to 195 days 

Map Unit Composition 
Ava and similar soils: 90 percent 

Description of Ava 

Setting 
Landform: Till plains 
Landform position (two-dimensional): Shoulder, backslope 
Landform position (three-dimensional): Side slope 
Down-slope shape: Convex 
Across-slope shape: Linear 

Properties and qualities 
Slope: 5 to 1 0 percent 
Depth to restrictive feature: 25 to 40 inches to fragipan 
Drainage class: Moderately well drained 
Capacity of the most limiting layer to transmit water (Ksat): Low to moderately low 

(0.01 to 0.06 in/hr) 
Depth to water table: About 18 to 42 inches 
Frequency of flooding: None 
Frequency of ponding: None 
Available water capacity: Low (about 5.5 inches) 

Interpretive groups 
Land capability (nonirrigated): 3e 

Typical profile 
0 to 9 inches: Silty clay loam 
9 to 28 inches: Silty clay loam 
28 to 64 inches: Silty clay loam 
64 to 78 inches: Silt loam 

3018-Grantsburg silt loam, 2 to 5 percent slopes 

Map Unit Setting 
Elevation: 360 to 660 feet 
Mean annual precipitation: 35 to 46 inches 
Mean annual air temperature: 54 to 57 degrees F 
Frost-free period: 175 to 195 days 
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Custom Soil Resource Report 

Map Unit Composition 
Grantsburg and similar soils: 90 percent 

Description of Grantsburg 

Setting 
Landform: Loess hills 
Landform position (two-dimensional): Backslope, summit, shoulder 
Landform position (three-dimensional): lnterfluve 
Down-slope shape: Convex 
Across-slope shape: Convex 
Parent material: Peoria loess /roxana loess/residuum 

Properties and qualities 
Slope: 2 to 5 percent 
Depth to restrictive feature: 24 to 40 inches to fragipan 
Drainage class: Moderately well drained 
Capacity of the most limiting layer to transmit water (Ksat): Low to moderately low 

(0.01 to 0.06 in/hr) 
Depth to water table: About 18 to 42 inches 
Frequency of flooding: None 
Frequency of ponding: None 
Available water capacity: Moderate (about 6.5 inches) 

Interpretive groups 
Land capability (nonirrigated): 2e 

Typical profile 
0 to 11 inches: Silt loam 
11 to 24 inches: Silt loam 
24 to 38 inches: Silty clay loam 
38 to 61 inches: Silt loam 
61 to 80 inches: Silt loam 

340D3-Zanesville silty clay loam, 1 Oto 18 percent slopes, severely 
eroded 

Map Unit Setting 
Elevation: 360 to 660 feet 
Mean annual precipitation: 35 to 46 inches 
Mean annual air temperature: 54 to 57 degrees F 
Frost-free period: 175 to 195 days 

Map Unit Composition 
Zanesville and similar soils: 85 percent 

Description of Zanesville 

Setting 
Landform: Hillslopes 
Landform position (two-dimensional): Backslope 

17 
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Custom Soil Resource Report 

Landform position (three-dimensional): Side slope, head slope 
Down-slope shape: Linear 
Across-slope shape: Linear 

Properties and qualities 
Slope: 10 to 18 percent 
Depth to restrictive feature: 19 to 32 inches to fragipan; 40 to 80 inches to lithic 

bedrock 
Drainage class: Moderately well drained 
Capacity of the most limiting layer to transmit water (Ksat): Low to moderately high 

(0.01 to 0.20 in/hr) 
Depth to water table: About 18 to 42 inches 
Frequency of flooding: None 
Frequency of ponding: None 
Available water capacity: Low (about 3.8 inches) 

Interpretive groups 
Land capability (nonirrigated): 6e 

Typical profile 
0 to 2 inches: Silty clay loam 
2 to 19 inches: Silty clay loam 
19 to 39 inches: Silt loam 
39 to 49 inches: Channery silt loam 
49 to 59 inches: Bedrock 

908D3-Hickory-Kell clay loams, 1 O to 18 percent slopes, severely eroded 

Map Unit Setting 
Elevation: 360 to 660 feet 
Mean annual precipitation: 35 to 46 inches 
Mean annual air temperature: 54 to 57 degrees F 
Frost-free period: 175 to 195 days 

Map Unit Composition 
Hickory and similar soils: 50 percent 
Kell and similar soils: 50 percent 

Description of Kell 

Setting 
Landform: Hillslopes 
Landform position (two-dimensional): Backslope 
Landform position (three-dimensional): Head slope, side slope 
Down-slope shape: Linear 
Across-slope shape: Linear 

Properties and qualities 
Slope: 10 to 18 percent 
Depth to restrictive feature: 20 to 40 inches to paralithic bedrock; 20 to 40 inches to 

lithic bedrock 
Drainage class: Well drained 

18 
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Custom Soil Resource Report 

Capacity of the most limiting layer to transmit water (Ksat): Low to high (0.01 to 2.00 
in/hr) 

Depth to water table: More than 80 inches 
Frequency of flooding: None 
Frequency of ponding: None 
Available water capacity: Low (about 5.2 inches) 

Interpretive groups 
Land capability (nonirrigated): 4e 

Typical profile 
0 to 7 inches: Clay loam 
7 to 13 inches: Silt loam 
13 to 35 inches: Very channery silt loam 
35 to 60 inches: Bedrock 

Description of Hickory 

Setting 
Landform: Till plains 
Landform position (two-dimensional): Backslope, shoulder 
Landform position (three-dimensional): Head slope, side slope 
Down-slope shape: Linear 
Across-slope shape: Linear 

Properties and qualities 
Slope: 10 to 18 percent 
Depth to restrictive feature: More than 80 inches 
Drainage class: Well drained 
Capacity of the most limiting layer to transmit water (Ksat): Moderately high to high 

(0.60 to 2.00 in/hr) 
Depth to water table: More than 80 inches 
Frequency of flooding: None 
Frequency of ponding: None 
Calcium carbonate, maximum content: 10 percent 
Available water capacity: High (about 9.9 inches) 

Interpretive groups 
Land capability (nonirrigated): 4e 

Typical profile 
0 to 8 inches: Clay loam 
8 to 46 inches: Clay loam 
46 to 58 inches: Clay loam 
58 to 80 inches: Loam 

3072A-Sharon silt loam, 0 to 2 percent slopes, frequently flooded 

Map Unit Setting 
Elevation: 360 to 660 feet 
Mean annual precipitation: 35 to 46 inches 
Mean annual air temperature: 54 to 57 degrees F 
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Custom Soil Resource Report 

Frost-free period: 175 to 195 days 

Map Unit Composition 
Sharon, frequently flooded, and similar soils: 85 percent 

Description of Sharon, Frequently Flooded 

Setting 
Landform: Flood plains 
Down-slope shape: Linear 
Across-slope shape: Linear 
Parent material: Alluvium 

Properties and qualities 
Slope: 0 to 2 percent 
Depth to restrictive feature: More than 80 inches 
Drainage class: Moderately well drained 
Capacity of the most limiting layer to transmit water (Ksat): Moderately high to high 

(0.60 to 2.00 in/hr) 
Depth to water table: About 36 to 72 inches 
Frequency of flooding: Frequent 
Frequency of ponding: None 
Available water capacity: High (about 11.0 inches) 

Interpretive groups 
Land capability (nonirrigated): 2w 

Typical profile 
0 to 13 inches: Silt loam 
13 to 40 inches: Silt loam 
40 to 80 inches: Silt loam 

3382A-Belknap silt loam, 0 to 2 percent slopes, frequently flooded 

Map Unit Setting 
Elevation: 330 to 660 feet 
Mean annual precipitation: 35 to 46 inches 
Mean annual air temperature: 54 to 57 degrees F 
Frost-free period: 175 to 200 days 

Map Unit Composition 
Belknap, frequently flooded, and similar soils: 85 percent 
Minor components: 4 percent 

Description of Belknap, Frequently Flooded 

Setting 
Landform: Flood plains 
Down-slope shape: Linear 
Across-slope shape: Linear 
Parent material: Silty alluvium 
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Custom Soil Resource Report 

Properties and qualities 
Slope: 0 to 2 percent 
Depth to restrictive feature: More than 80 inches 
Drainage class: Somewhat poorly drained 
Capacity of the most limiting layer to transmit water (Ksat): Moderately high to high 

(0.20 to 2.00 in/hr) 
Depth to water table: About 6 to 24 inches 
Frequency of flooding: Frequent 
Frequency of ponding: None 
Available water capacity: Very high (about 13.7 inches) 

Interpretive groups 
Land capability (nonirrigated): 3w 

Typical profile 
0 to 7 inches: Silt loam 
7 to 59 inches: Silt loam 
59 to 80 inches: Silt loam 

Minor Components 

Bonnie, frequently flooded 
Percent of map unit: 2 percent 
Landform: Flood plains 
Landform position (two-dimensional): Toeslope 
Down-slope shape: Linear 
Across-slope shape: Linear 

Piopolis, frequently flooded 
Percent of map unit: 2 percent 
Landform: Flood plains 
Landform position (two-dimensional): Toeslope 
Down-slope shape: Linear 
Across-slope shape: Linear 

W-Water 

Map Unit Composition 
Water. 100 percent 
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Soil Information for All Uses 

Suitabilities and Limitations for Use 

The Suitabilities and Limitations for Use section includes various soil interpretations 
displayed as thematic maps with a summary table for the soil map units in the selected 
area of interest. A single value or rating for each map unit is generated by aggregating 
the interpretive ratings of individual map unit components. This aggregation process 
is defined for each interpretation. 

Land Classifications 

Land Classifications are specified land use and management groupings that are 
assigned to soil areas because combinations of soil have similar behavior for specified 
practices. Most are based on soil properties and other factors that directly influence 
the specific use of the soil. Example classifications include ecological site 
classification, farmland classification, irrigated and nonirrigated land capability 
classification, and hydric rating. 

Farmland Classification 

Farmland classification identifies map units as prime farmland, farmland of statewide 
importance, farmland of local importance, or unique farmland. It identifies the location 
and extent of the soils that are best suited to food, feed, fiber, forage, and oilseed 
crops. NRCS policy and procedures on prime and unique farmlands are published in 
the "Federal Register," Vol. 43, No. 21, January 31, 1978. 
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MAP LEGEND 
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MAP INFORMATION 

Map Scale: 1 :8, 11 0 if printed on A size (8.5" x 11 "} sheet. 

The soil surveys that comprise your AOI were mapped at 1 :12,000. 

Please rely on the bar scale on each map sheet for accurate map 
measurements. 

Source of Map: Natural Resources Conservation Service 
Web Soil Survey URL: http://websoilsurvey.nrcs.usda.gov 
Coordinate System: UTM Zone 16N NAD83 

This product is generated from the USDA-NRCS certified data as of 
the version date(s) listed below. 

Soil Survey Area: 
Survey Area Data: 

Williamson County, Illinois 
Version 5, Sep 14, 2009 

Date(s) aerial images were photographed: 6/13/2007 

The orthophoto or other base map on which the soil lines were 
compiled and digitized probably differs from the background 
imagery displayed on these maps. As a result, some minor shifting 
of map unit boundaries may be evident. 
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Custom Soil Resource Report 

Table-Farmland Classification 

Farmland Classification- Summary by Map Unit- Williamson County, Illinois 

Map unit symbol Map unit name Rating 

10C Plumfield silty clay loam, 5 to 10 Not prime farmland 
percent slopes 

--- ----- - ---- ---- ----------

10D Plumfield silty clay loam, 1 O to 18 Not prime farmland 
percent slopes 

148 Ava silt loam, 2 to 5 percent slopes All areas are prime farmland 

1482 Ava silt loam, 2 to 5 percent slopes, All areas are prime farmland 
eroded 

14C2 Ava silt loam, 5 to 10 percent Farmland of statewide importance 
slopes, eroded 

14C3 Ava silty clay loam, 5 to 10 percent Farmland of statewide importance 
slopes, severely eroded 

301B Grantsburg silt loam, 2 to 5 percent All areas are prime farmland 
slopes 

340D3 Zanesville silty clay loam, 1 O to 18 Not prime farmland 
percent slopes, severely eroded 

908D3 Hickory~Kell clay loams, 10 to 18 Not prime farmland 
percent slopes, severely eroded 

3072A Sharon silt loam, O to 2 percent Prime farmland if protected from 
slopes, frequently flooded flooding or not frequently 

flooded during the growing 
season 

3382A Belknap silt loam, O to 2 percent Prime farmland if drained and 
slopes, frequently flooded either protected from flooding or 

not frequently flooded during the 
growing season 

w Water Not prime farmland 

Totals for Area of Interest 

Rating Options-Farmland Classification 

Aggregation Method: No Aggregation Necessary 

Tie-break Rule: Lower 

25 

Acres in AOI 

40.6 

7.6 

4.1 

14.4 

7.0 

2.9 

9.0 

10.4 

17.2 

17.5 

30.5 

0.8 

162.0 

Percent of AOI 

25.1% 

4.7% 

2.6% 

8.9% 

4.3% 

1.8% 

5.5% 

6.4% 

10.6% 

10.8% 

18.8% 

0.5% 
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Custom Soil Resource Report 

Soil Properties and Qualities 

The Soil Properties and Qualities section includes various soil properties and qualities 
displayed as thematic maps with a summary table for the soil map units in the selected 
area of interest. A single value or rating for each map unit is generated by aggregating 
the interpretive ratings of individual map unit components. This aggregation process 
is defined for each property or quality. 

Soil Qualities and Features 

Soil qualities are behavior and performance attributes that are not directly measured, 
but are inferred from observations of dynamic conditions and from soil properties. 
Example soil qualities include natural drainage, and frost action. Soil features are 
attributes that are not directly part of the soil. Example soil features include slope and 
depth to restrictive layer. These features can greatly impact the use and management 
of the soil. 

Unified Soil Classification (Surface) 

The Unified soil classification system classifies mineral and organic mineral soils for 
engineering purposes on the basis of particle-size characteristics, liquid limit, and 
plasticity index. It identifies three major soil divisions: (i) coarse-grained soils having 
less than 50 percent, by weight, particles smaller than 0.074 mm in diameter; (ii) fine
grained soils having 50 percent or more, by weight, particles smaller than 0.074 mm 
in diameter; and (iii) highly organic soils that demonstrate certain organic 
characteristics. These divisions are further subdivided into a total of 15 basic soil 
groups. The major soil divisions and basic soil groups are determined on the basis of 
estimated or measured values for grain-size distribution and Atterberg limits. ASTM 
D 2487 shows the criteria chart used for classifying soil in the Unified system and the 
15 basic soil groups of the system and the plasticity chart for the Unified system. 

The various groupings of this classification correlate in a general way with the 
engineering behavior of soils. This correlation provides a useful first step in any field 
or laboratory investigation for engineering purposes. It can serve to make some 
general interpretations relating to probable performance of the soil for engineering 
uses. 

For each soil horizon in the database one or more Unified soil classifications may be 
listed. One is marked as the representative or most commonly occurring. The 
representative classification is shown here for the surface layer of the soil. 
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MAP INFORMATION 

Map Scale: 1 :8, 11 O if printed on A size (8.5" x 11 ") sheet. 

The soil surveys that comprise your AOI were mapped at 
1:12,000. 

n 

Please rely on the bar scale on each map sheet for accurate map 
measurements. 

Source of Map: Natural Resources Conservation Service 
Web Soil Survey URL: http://websoilsurvey.nrcs.usda.gov 
Coordinate System: UTM Zone 16N NAD83 

This product is generated from the USDA-NRCS certified data as 
of the version date(s) listed below. 

Soil Survey Area: 
Survey Area Data: 

Williamson County, Illinois 
Version 5, Sep 14, 2009 

Date(s) aerial images were photographed: 6/13/2007 

The orthophoto or other base map on which the soil lines were 
compiled and digitized probably differs from the background 
imagery displayed on these maps. As a result, some minor shifting 
of map unit boundaries may be evident. 
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Table-Farmland Classification 

Farmland Classification-Summary by Map Unit- Williamson County, Illinois 

Map unit symbol Map unit name Rating 

10C Plumfield silty clay loam, 5 to 10 Not prime farmland 
percent slopes 

100 Plumfield silty clay loam, 10 to 18 Not prime farmland 
percent slopes 

14B Ava silt loam, 2 to 5 percent slopes All areas are prime farmland 

14B2 Ava silt loam, 2 to 5 percent slopes, All areas are prime farmland 
eroded 

14C2 Ava silt loam, 5 to 10 percent Farmland of statewide importance 
slopes, eroded 

14C3 Ava silty clay loam, 5 to 10 percent Farmland of statewide importance 
slopes, severely eroded 

301B Grantsburg silt loam, 2 to 5 percent All areas are prime farmland 
slopes 

34003 Zanesville silty clay loam, 10 to 18 Not prime farmland 
percent slopes, severely eroded 

90803 Hickory-Kell clay loams, 10 to 18 Not prime farmland 
percent slopes, severely eroded 

3072A Sharon silt loam, Oto 2 percent Prime farmland if protected from 
slopes, frequently flooded flooding or not frequently 

flooded during the growing 
season 

3382A Belknap silt loam, O to 2 percent Prime farmland if drained and 
slopes, frequently flooded either protected from flooding or 

not frequently flooded during the 
growing season 

w Water Not prime farmland 

Totals for Area of Interest 

Rating Options-Farmland Classification 

Aggregation Method: No Aggregation Necessary 

Tie-break Rule: Lower 

25 

Acres lnAOI 

40.6 

7.6 

4.1 

14.4 

7.0 

2.9 

9.0 

10.4 

17.2 

17.5 

30.5 

0.8 

162.0 

Percent of AOI 

25.1% 

4.7% 

2.6% 

8.9% 

4.3% 

1.8% 

5.5% 

6.4% 

10.6% 

10.8% 

18.8% 

0.5% 

100.0% 
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Soil Properties and Qualities 

The Soil Properties and Qualities section includes various soil properties and qualities 
displayed as thematic maps with a summary table for the soil map units in the selected 
area of interest. A single value or rating for each map unit is generated by aggregating 
the interpretive ratings of individual map unit components. This aggregation process 
is defined for each property or quality. 

Soil Qualities and Features 

Soil qualities are behavior and performance attributes that are not directly measured, 
but are inferred from observations of dynamic conditions and from soil properties. 
Example soil qualities include natural drainage, and frost action. Soil features are 
attributes that are not directly part of the soil. Example soil features include slope and 
depth to restrictive layer. These features can greatly impact the use and management 
of the soil. 

Unified Soil Classification (Surface) 

The Unified soil classification system classifies mineral and organic mineral soils for 
engineering purposes on the basis of particle-size characteristics, liquid limit, and 
plasticity index. II identifies three major soil divisions: (i) coarse-grained soils having 
less than 50 percent, by weight, particles smaller than 0.074 mm in diameter; (ii) fine
grained soils having 50 percent or more, by weight, particles smaller than 0.074 mm 
in diameter; and (iii) highly organic soils that demonstrate certain organic 
characteristics. These divisions are further subdivided into a total of 15 basic soil 
groups. The major soil divisions and basic soil groups are determined on the basis of 
estimated or measured values for grain-size distribution and Atterberg limits. ASTM 
D 2487 shows the criteria chart used for classifying soil in the Unified system and the 
15 basic soil groups of the system and the plasticity chart for the Unified system. 

The various groupings of this classification correlate in a general way with the 
engineering behavior of soils. This correlation provides a useful first step in any field 
or laboratory investigation for engineering purposes. It can serve to make some 
general interpretations relating to probable performance of the soil for engineering 
uses. 

For each soil horizon in the database one or more Unified soil classifications may be 
listed. One is marked as the representative or most commonly occurring. The 
representative classification is shown here for the surface layer of the soil. 
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Area of Interest (AOI) 

□ Area of Interest (AOI) 

Soils 

Soi Map Units 

Soll Ratings 

D CH 

D CL 

D CL-A (proposed) 

D CL-K (proposed) 

D CL-ML 

D CL-O (proposed) 

D CL-T (proposed) 

D GC 

D GC-GM 

D GM 

D GP 

D GP-GC 

□ GP-GM 

D GW 

□ GW-GC 

D GW-GM 

D MH 

D MH-A (proposed) 

D MH-K (proposed) 

D M H-O (proposed) 

D MH-T (proposed) 

MAP LEGEND 

D ML 

D ML-A (proposed) 

D ML-K (proposed) 

D ML-O (proposed) 

D ML-T (proposed) 

D OH 

D OH-T (proposed) 

D OL 

D PT 

D SC 

D SC-SM 

D SM 

D SP 

D SP-SC 

D SP-SM 

D SW 

D SW-SC 

D SW-SM 

Not rated or not available 

Polltlcal Features 

• Cities 

Water Features 

n Oceans 

.,.._. Streams and Canals 

Transportation 

-H+ Rails 

0 
Custom Soil Resource Report 

- Interstate Highways 

.,.._.,. US Routes 

Major Roads 

.,,,...,, Local Roads 

MAP INFORMATION 

Map Scale: 1 :8, 110 if printed on A size (8.5" x 11 ") sheet. 

The soil surveys that comprise your AOI were mapped at 

1:12,000. 

n 

Please rely on the bar scale on each map sheet for accurate map 

measurements. 

Source of Map: Natural Resources Conservation Service 

Web Soil Survey URL: http://websollsurvey.nrcs.usda.gov 

Coordinate System: UTM Zone 16N NAD83 

This product is generated from the USDA-NRCS certified data as 

of the version date(s) listed below. 

Soil Survey Area: 
Survey Area Data: 

Williamson County, Illinois 
Version 5, Sep 14, 2009 

Date(s) aerial images were photographed: 6/13/2007 

The orthophoto or other base map on which the soil lines were 

compiled and digitized probably differs from the background 

imagery displayed on these maps. As a result, some minor shifting 

of map unit boundaries may be evident. 
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Table-Unified Soil Classification (Surface) 

Unified Soil Classification (Surface}- Summary by Map Unit- WIiiiamson County, Illinois 

Map unit symbol Map unit name Rating Acres in ADI 

10C Plumfield silty clay loam, 5 to 10 CL 40.6 
percent slopes 

100 Plumfield silty clay loam, 1 Oto 18 CL 7.6 
percent slopes 

148 Ava silt loam, 2 to 5 percent slopes CL-ML 4.1 

1482 Ava silt loam, 2 to 5 percent slopes, CL 14.4 
eroded 

14C2 Ava silt loam, 5 to 1 O percent slopes, CL 7.0 
eroded 

14C3 Ava silty clay loam, 5 to 10 percent CL 2.9 
slopes, severely eroded 

3018 Grantsburg silt loam, 2 to 5 percent ML 9.0 
slopes 

34003 Zanesville silty clay loam, 10 to 18 CL 10.4 
percent slopes, severely eroded 

90803 Hickory-Kell clay loams, 10 to 18 CL 17.2 
percent slopes, severely eroded 

3072A Sharon silt loam, O to 2 percent slopes, CL-ML 17.5 
frequently flooded 

3382A Belknap silt loam, Oto 2 percent CL-ML 30.5 
slopes, frequently flooded 

w Water 0.8 

Totals for Area of Interest 162.0 

Rating Options-Unified Soil Classification (Surface) 

Aggregation Method: Dominant Condition 

Component Percent Cutoff: None Specified 

Tie-break Rule: Lower 

Layer Options: Surface Layer 

29 

Percent of ADI 

25.1% 

4.7% 

2.6% 

8.9% 

4.3% 

1.8% 

5.5% 

6.4% 

10.6% 

10.8% 

18.8% 

0.5% 

100.0% 
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Soil Reports 

The Soil Reports section includes various formatted tabular and narrative reports 
(tables) containing data for each selected soil map unit and each component of each 
unit. No aggregation of data has occurred as is done in reports in the Soil Properties 
and Qualities and Suitabilities and Limitations sections. 

The reports contain soil interpretive information as well as basic soil properties and 
qualities. A description of each report (table) is included. 

Vegetative Productivity 

This folder contains a collection of tabular reports that present vegetative productivity 
data. The reports (tables) include all selected map units and components for each 
map unit. Vegetative productivity includes estimates of potential vegetative production 
for a variety of land uses, including cropland, forestland, hayland, pastureland, 
horticulture and rangeland. In the underlying database, some states maintain crop 
yield data by individual map unit component. Other states maintain the data at the 
map unit level. Attributes are included for both, although only one or the other is likely 
to contain data for any given geographic area. For other land uses, productivity data 
is shown only at the map unit component level. Examples include potential crop yields 
under irrigated and nonirrigated conditions, forest productivity, forest site index, and 
total rangeland production under of normal, favorable and unfavorable conditions. 

Forestland Productivity 

This table can help forestland owners or managers plan the use of soils for wood crops. 
It shows the potential productivity of the soils for wood crops. 

Potential productivity of merchantable or common trees on a soil is expressed as a 
site index and as a volume number. The site index is the average height, in feet, that 
dominant and codominant trees of a given species attain in a specified number of 
years. The site index applies to fully stocked, even-aged, unmanaged stands. 
Commonly grown trees are those that forestland managers generally favor in 
intermediate or improvement cuttings. They are selected on the basis of growth rate, 
quality, value, and marketability. More detailed information regarding site index is 
available in the "National Forestry Manual," which is available in local offices of the 
Natural Resources Conservation Service or on the Internet. 

The volume of wood fiber, a number, is the yield likely to be produced by the most 
important tree species. This number, expressed as cubic feet per acre per year and 
calculated at the age of culmination of the mean annual increment (CMAI), indicates 
the amount offiber produced in a fully stocked, even-aged, unmanaged stand. 

Trees to manage are those that are preferred for planting, seeding, or natural 
regeneration and those that remain in the stand after thinning or partial harvest. 

Reference: 
United States Department of Agriculture, Natural Resources Conservation Service, 
National forestry manual. 
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Report-Forestland Productivity 

Forestland Productivity-Williamson County, Illinois 

Map unit symbol and soil name Potential productivity Trees to manage 

Common trees Site Index Volume of 
wood fiber 

Cuftlac 
--· 
1 OC-Plumfietd silty clay loam, 5 

to 1 O percent slopes 

Plumfield Northern red oak 64 0 Black oak, Chinkapin oak, 

White oak 58 0 
Hickory, Northern red oak, 
Southern red oak, White oak 

1 OD-Plumfield silty clay loam, 
1 O to 18 percent slopes 

Plumfield Northern red oak 60 0 Black oak, Chinkapin oak, 

White oak 54 0 
Hickory, Northern red oak, 
Southern red oak, White oak 

14B-Ava silt loam, 2 to 5 
percent slopes 

Ava Northern red oak 71 0 Black oak, Chinkapin oak, 
·- Hickory, Northern red oak, 

White oak 70 0 White oak 

Yellow poplar 90 0 

14B2-Ava silt loam, 2 to 5 
percent slopes, eroded 

Ava Northern red oak 68 0 Black oak, Chinkapin oak, 
- Hickory, Northern red oak, 

White oak 66 0 White oak 

Yellow poplar 85 0 

14C2-Ava silt loam, 5 to 10 
percent slopes, eroded 

.. 
Ava Northern red oak 63 - Black oak, Chinkapin oak, 

Whiteoak 62 
Hickory, Northern red oak, - White oak 

Yellow poplar 81 -
. 

14C3-Ava silty clay loam, 5 to 
10 percent slopes, severely 
eroded 

Ava Northern red oak 61 - Black oak, Chinkapin oak, 

White oak 60 
Hickory, Northern red oak, 

- White oak 

Yellow poplar 77 -
--- -- ·-- ·-

301 B-Grantsburg silt loam, 2 to 
5 percent slopes 

. 

Grantsburg Northern red oak 71 - Black oak, Chinkapin oak, 
.. --···--- ---- --- -- ~ - . ~ ------- Hickory, Northern red oak, 

White oak 70 - Southern red oak, White oak 
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Forestland Productivity-Williamson County, Illinois 

Map unit symbol and soil name Potential productivity 

Common trees Site Index Volume of 
wood fiber 

Cuft/ac 

340D3-Zanesville silty clay 
loam, 1 Oto 18 percent slopes, 
severely eroded 

. ----· --- -~-
Zanesville Northern red oak 43 -

White oak 45 -
.. 

908D3-Hickory-Kell clay 
loams, 10 to 18 percent 
slopes, severely eroded 

Hickory Eastern cottonwood 86 -
Northern red oak 61 -
White ash 65 -
White oak 65 -

. 
Kell Northern red oak ·.·· 

. 
57 . . ·. : .. -

. · 
Whiteash 

. · ... 50 .. . . . -
. : Whiteoak C 

. . 
54 .. 

. 
> __ ,' ·- . . -

3072A-Sharon silt loam, O to 2 
percent slopes, frequently 
flooded 

Sharon, frequently flooded Eastern cottonwood 103 -
Pin oak 93 -

3382A-Belknap silt loam, Oto 2 
percent slopes, frequently 
flooded 

. 

Belknap, frequently flooded Eastern cottonwood 102 -
. 

Pin oak 92 -

W-Water 

Water - - -
. 

Irrigated and Nonirrigated Yields by Map Unit 
Component 

Trees to manage 

------

Black oak, Chinkapin oak, 
Hickory, Northern red oak, 
Southern red oak, White oak 

Black oak, Chinkapin oak, 
Hickory, Northern red oak, 
Southern red oak, White ash, 
White oak 

Black oak, Chlnkapln oak, . 
, Hickoiy, Northern red oak, .. 

Southern red_ oak, White ash, 
VVhite oak_" 

"' ·•. . -,,,-

Black walnut, Cherrybark oak, 
Common persimmon, Pecan, 
Shellbark hickory, Swamp 
white oak 

Bur oak, Cherrybark oak, 
Common persimmon, Eastern 
cottonwood, Pin oak, Red 
maple, Shellbark hickory, 
Swamp chestnut oak, Swamp 
white oak, Sweetgum 

-

The average yields per acre that can be expected of the principal crops under a high 
level of management are shown in this table. In any given year, yields may be higher 
or lower than those indicated in the table because of variations in rainfall and other 
climatic factors. 
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The yields are based mainly on the experience and records of farmers, 
conservationists, and extension agents. Available yield data from nearby counties and 
results of field trials and demonstrations also are considered. 

The management needed to obtain the indicated yields of the various crops depends 
on the kind of soil and the crop. Management can include drainage, erosion control, 
and protection from fiooding; the proper planting and seeding rates; suitable high
yielding crop varieties; appropriate and timely tillage; control of weeds, plant diseases, 
and harmful insects; favorable soil reaction and optimum levels of nitrogen, 
phosphorus, potassium, and trace elements for each crop; effective use of crop 
residue, barnyard manure, and green manure crops; and harvesting that ensures the 
smallest possible loss. 

If yields of irrigated crops are given, it is assumed that the irrigation system is adapted 
to the soils and to the crops grown, that good-quality irrigation water is uniformly 
applied as needed, and that tillage is kept to a minimum. 

Pasture yields are expressed in terms of animal unit months. An animal unit month 
(AUM) is the amount of forage required by one mature cow of approximately 1,000 
pounds weight, with or without a calf, for 1 month. 

The estimated yields reflect the productive capacity of each soil for each of the 
principal crops. Yields are likely to increase as new production technology is 
developed. The productivity of a given soil compared with that of other soils, however, 
is not likely to change. 

Crops other than those shown in the table are grown in the survey area, but estimated 
yields are not listed because the acreage of such crops is small. The local office of 
the Natural Resources Conservation Service or of the Cooperative Extension Service 
can provide information about the management and productivity of the soils for those 
crops. 

The land capability classification of map units in the survey area is shown in this table. 
This classification shows, in a general way, the suitability of soils for most kinds offield 
crops (United States Department of Agriculture, Soil Conservation Service, 1961). 
Crops that require special management are excluded. The soils are grouped 
according to their limitations for field crops, the risk of damage if they are used for 
crops, and the way they respond to management. The criteria used in grouping the 
soils do not include major and generally expensive landforming that would change 
slope, depth, or other characteristics of the soils, nor do they include possible but 
unlikely major reclamation projects. Capability classification is not a substitute for 
interpretations designed to show suitability and limitations of groups of soils for 
rangeland, for forestland, or for engineering purposes. 

In the capability system, soils are generally grouped at three levels: capability class, 
subclass, and unit. 

Capability classes, the broadest groups, are designated by the numbers 1 through 8. 
The numbers indicate progressively greater limitations and narrower choices for 
practical use. The classes are defined as follows: 

Class 1 soils have slight limitations that restrict their use. 

Class 2 soils have moderate limitations that restrict the choice of plants or that 
require moderate conservation practices. 

Class 3 soils have severe limitations that restrict the choice of plants or that 
require special conservation practices, or both. 

Class 4 soils have very severe limitations that restrict the choice of plants or that 
require very careful management, or both. 
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Class 5 soils are subject to little or no erosion but have other limitations, 
impractical to remove, that restrict their use mainly to pasture, rangeland, 
forestland, or wildlife habitat. 

Class 6 soils have severe limitations that make them generally unsuitable for 
cultivation and that restrict their use mainly to pasture, rangeland, forestland, or 
wildlife habitat. 

Class 7 soils have very severe limitations that make them unsuitable for 
cultivation and that restrict their use mainly to grazing, forestland, or wildlife 
habitat. 

Class 8 soils and miscellaneous areas have limitations that preclude commercial 
plant production and that restrict their use to recreational purposes, wildlife 
habitat, watershed, or esthetic purposes. 

Capability subclasses are soil groups within one class. They are designated by adding 
a small letter, e, w, s, or c, to the class numeral, for example, 2e. The letter e shows 
that the main hazard is the risk of erosion unless close-growing plant cover is 
maintained; w shows that water in or on the soil interferes with plant growth or 
cultivation (in some soils the wetness can be partly corrected by artificial drainage); 
s shows that the soil is limited mainly because it is shallow, draughty, or stony; and 
c, used in only some parts of the United States, shows that the chief limitation is climate 
that is very cold or very dry. 

In class 1 there are no subclasses because the soils of this class have few limitations. 
Class 5 contains only the subclasses indicated by w, s, or c because the soils in class 
5 are subject to little or no erosion. 

Capability units are soil groups within a subclass. The soils in a capability unit are 
enough alike to be suited to the same crops and pasture plants, to require similar 
management, and to have similar productivity. Capability units are generally 
designated by adding an Arabic numeral to the subclass symbol, for example, 2e-4 
and 3e-6. These units are not given in all soil suNeys. 

Reference: 
United States Department of Agriculture, Soil ConseNation SeNice. 1961. Land 
capability classification. U.S. Department of Agriculture Handbook 210. 
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Irrigated and Nonlrrigated Yields by Map Unit Component-Wllllamson County, llllnols 

Map symbol and soil name Land capability Com Grain sorghum Soybeans 

Irrigated Nonlrrfgated Irrigated Nonlrrlgated Irrigated Nonlrrfgated Irrigated Nonlrrlgated 

Bu Bu Bu 

1 OC-Plumfietd silty clay 
loam, 5 to 1 O percent 
slopes ·----·---

Plumfield - 4e - 92 - 78 - 31 
"-

1 OD-Plumfield silty clay 
loam, 1 O to 18 percent 
slopes 

I- ---- " 

Plumfield - 6e - - - - - -
" 

148-Ava silt loam, 2 to 5 
percent slopes 

--- "" 

Ava - 2e - 120 - 95 - 39 
-·-· 
1482-Ava silt loam, 2 to 5 

percent slopes, eroded 
~- -------

Ava - 2e - 113 - 89 - 36 
--""" "----- "" 

14C2-Ava silt foam, 5 to 10 
percent slopes, eroded 

" 

Ava - 3e - 109 - 86 - 35 
_,_,,. ___ 
14C3-Ava silty clay loam, 5 

to 10 percent slopes, 
severely eroded 

•.. ,. ----
Ava - 3e - 90 - 71 - 29 

" 

301 B-Grantsburg silt loam, 
2 to 5 percent slopes 

Grantsburg - 2e - 119 - 93 - 41 

340D3-Zanesville silty clay 
loam, 1 O to 18 percent 
slopes, severely eroded 

Zanesville - 6e - - - - - -
-----
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Irrigated and Nonirrlgated Yields by Map Unit Component-Williamson County, Illinois 

Map symbol and soil name Land capability Com Grain sorghum Soybeans 

Irrigated Nonlrrlgaled Irrigated Nonlrrlgaled Irrigated Nonlrrlgaled Irrigated Non Irrigated 

Bu Bu Bu 
-----··~ 

908D3-Hickory-Kell clay 
loams, 1 O to 18 percent 
slopes, severely eroded 

--- "--- ----" - - """ 

Hickory - 4e - 86 - - - 29 

Kell "" .. :.... """"· 4e• . .. ·i-l•.t/;.- I • ',',' ', ,, ' •: /._:< 73 .:.·' ... ,·_-i\\- .· • • .· •. .· 57 I < - 24 " ... · .. I'• .,- ' . ', -,' ·•, ", " ,', · .. ;:· ' 

·-· -··-·--~ 
3072A-Sharon silt loam, Oto 

2 percent slopes, frequently 
flooded 

--
Sharon, frequently flooded - 2w - 133 - - - 43 

f----- -
3382A-Belknap silt loam, O 

to 2 percent slopes, 
frequently flooded -- -

Belknap, frequently flooded - 3w - 127 - - - 42 

W-Water 
-· ·- a•-• 

Water - - - - - - - -
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1.71 301B Grantsburg 2-5 PF 
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0.45 3072A Sharon 0 - 2 PF 

0.26 3382A Belknap 0-2 PF 
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* REFER TO TME NRCS SOIL RESOURCE REPORT FOR 
ADDITTONAL INFORMATION ON SOIL CAPABILITTES. 
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OPERATIONS PLAN 

I) Explain the proposed operation and why the !BR is needed. Locate on a mining operations map. 

RESPONSE: The purpose of this IBR is to permit access to two emergency concrete 

bore holes located in the bleeder entries. The location of the bore holes are dictated by 

the location of the roof falls and the it is necessary to stabilize the mine roof of the 

bleeder entries to insure ventilation of the mine. The bore holes will be drilled to a 

diameter of 71/, and cased to an opening of 6 inches. Concrete will be pumped into the 

bore hole to fill the mine roof void and to grout the bore hole. 

A turbine pump site is being proposed to help de-water the mine. A water line 

and a power line will be installed along the access road and will connect to previously 

installed water and power lines. Topsoil will be removed prior to disturbing the site 

and trees will be windrowed in accordance to the land owners request. A drill hole 

will be drilled to a diameter of 18½ inches. A 15 ½ steel casing will be installed and 

grouted into the hole. Cuttings from the hole will be deposited in a cutting pit. The 

pit will be reclaimed after the installation of the pump. 

Access to the site will be by using the previously permitted access road. Topsoil will 

be stripped and stockpiled and/or windrowed. Trees will be windrowed along the road 

in accordance to the land owners' request. Existing roads/trails will be utilized where 

possible. An 8-foot diameter pipe will be place in the first stream crossing and gravel 

will be used to bridge over the pipe. A second crossing, located between the two 

concrete bore holes, will be installed. A 30-inch CMP will used as a temporary 

crossing and removed upon completion of the concrete operation. A letter requesting 

a Nationwide Permit 14 will be sent to the U. S Army Corps of Engineers. 

The water discharge line will be buried in a trench and will connect with the discharge 

line located on the previous IBR area. Power will be provided by overhead lines and 

will terminate at a pole located near the pump site. A small 12 X 12 foot concrete pad 

will be installed for electrical transformer. Connections to the pump will be by buried 

cable. 

Upon the completing the pump installation, the entire disturbed area will be seeded 

and mulched using the approved revegetation plan. 

Refer to Map 6 S.F. - Sheet 2 of2 and Map 6 S.F. for the location of the IBR area 

outlined in red. 

2) Surface Drainage Control 

A) I) Locate on the mining operations map or on a separate drainage map all proposed drainage control systems. 

Show drainage patterns of all affected mining areas. 

RESPONSE: Refer to Map 6 S.F. - Sheet 2 of 2. 

2) Will all surface drainage from the affected mining area be collected and treated prior to leaving the !BR 

area? 
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Yes ___ No -~X __ _ 

If yes, delineate how and where surface drainage will be collected and treated, and list permit numbers and 

type of permit that the drainage control systems are operated under. If above answer is no, explain how 

regulatory compliance will be achieved without treatment, i.e., address the requirements of 

1816.46( e)/1817.46( e ). 

RESPONSE: The applicant is requesting to utilize alternate sediment control measures as described 

in 1817.46(e). Disturbance will be kept to a minimum to compile with the land 

owners' request. Topsoil and vegetation will be windrowed along the access road and 

to the specifications of the land owner. An existing road/trail will be utilized where 

possible. Access to the emergency concrete bore holes will be reclaimed and 

vegetated as soon as the concrete pumping is completed. 

Surface drainage in the turbine pump site will be directed to the cuttings pond for 

retention and de-watering. Berms, silt fence and/or straw/hay bales will be used where 

needed to prevent sedimentation from entering the receiving stream. All disturbances 

will be vegetated with the approved seed mixture as soon as possible. 

B) Will all surface drainage from unaffected areas be intercepted and diverted around the affected mining area? 

Yes ____ No --'-X"----

If no, please discuss. 

( RESPONSE: There will be no unaffected areas within the IBR area. 

C) Overland Flow Diversions and Sediment Ponds: 

Are either overland flow diversions or sediment ponds to be constructed? 

Yes _____ No --X __ _ 

If yes, complete applicable parts of the SCM-1 or UCM-1 Part IV (surface drainage control). 

D) Does a perennial or intermittent stream occur within the proposed !BR area? 

Yes _____ No X 

If yes, is an exception to the 100 foot buffer zone being requested or is a stream diversion being proposed. For an 

exception to the 100 foot buffer zone, indicate how compliance with 1816.57/1817.57 will be assured. For a 

stream diversion, complete applicable parts of the SCM-1 or UCM-1. 

3) Roads and other activities: 

A) Are roads to be constructed in the !BR area? 

Yes -~X~ __ No ____ _ 

If yes, complete the applicable part of the SCM-lor UCM-1 (transportation facilities). 

B) If the operations involve other activities not specifically addressed above complete applicable parts of the SCM-

1 orUCM-1. 
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RESPONSE: Refer to Attachment III.3 .A. 

4) Are any existing structures proposed for utilization in the !BR? 

Yes No~X,.,_ __ 

If yes, complete Part IV.4 of the SCM-1 or UCM-1. 
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ATTACHMENT PART III.3.A 
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PART III ATTACHMENTS 

( 
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Attachment III.3 .A. 

Transportation Facilities 

I) Provide a detailed description on mining operations map or other map and show location of the 

following: 

a) Proposed road(s), conveyor system(s), or rail system. 

b) Related sediment control facilities. 

c) Earth borrow locations and/or locations for deposition of excess excavation. 

RESPONSE: From a previously permitted pump site, a new access road will be constructed to tie 

into an existing road/trail. The existing road/trial will be upgraded to allow vehicular 

traffic. In order to have access to the emergency concrete pump bore holes and the 

proposed turbine pump site, construction of a new portion of access road will be 

built. 

2) Provide specifications and plan-profiles of existing gradeline, proposed road centerline, ditch flow lines, 

road cut, fill embankment, culvert, bridge and drainage structures. Provide typical cross sections where 

appropriate. 

RESPONSE: Refer to the Access Road Plan View, Profile and Section drawing. 

3) For all transportation facilities to be constructed, provide construction details for all sediment control 

facilities to be constructed to prevent additional contributions of suspended solids to streamflow or to 

runoff outside the permit area. 

RESPONSE: The access road will be constructed and graveled. Topsoil material and vegetation 

will be stockpile (windrowed) on-site. Gravel and temporary/permanent vegetation 

will be utilized to prevent additional contributions of suspended solids or runoff. As 

needed, silt fence, straw and/or hay bales will be installed. 

4) Discuss the revegetation of ditch and b01TOW areas involved in construction. 

RESPONSE: No ditches or borrow areas are proposed by this IBR application. 

5) Discuss the estimated life of each facility and how materials will be removed when the facility becomes 

inactive. 

RESPONSE: The current lease agreement is for a term of 10 years and this should be adequate 

time for the mining operation. The access road to the emergency concrete bore holes 

will be graded and seeded as soon as the concrete pumping is completed and weather 

will allow such work. The main access to the proposed turbine pump site will be 

graded and seeeded within the 10 years time frame. However, as stated in the lease 

agreement, prior to reclaiming the sites, Williamson Energy "will offer the Lessor 

the option to leave in place roads, electrical facilities and water transportation lines." 

If the land owner requests the roads and other facilities to remain, the disturbed area 

will be vegetated and lease agreement will be terminated. 
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PARTIV 

RECLAMATION PLAN 

I) Provide a reclamation plan map outlining proposed reclamation of the lands within the proposed !BR area and state 

how the !BR area will be reclaimed in conformity with the original plan. 

RESPONSE: Refer to Map 7 S.F.; Reclamation Plan Map. The reclamation of the IBR areas will 

comply with the approved reclamation. 

2) Post Mining Land Use 

A) Provide a detailed description of proposed post-mining land uses and capabilities employing land use and 

capability categories listed below. Provide acreage figures for each post-mining land use proposed for the 

existing permit, the IBR area and total permit after inclusion of the IBR acreage and designate the postmining 

land uses on the Post Mining Land Use Map. Acreage figures for postmining land use must differentiate between 

mined and surface disturbance areas based on the mining line used in the premining section of the application. 

RESPONSE: Refer to Map 7 S.F.; Reclamation Plan Map 

Capability 

Existing Permit (ac) !BR (ac) 

Land Use Prime HCan NonCr Prime HCan NonCr 

Cropland 0.00 0.00 

Pasture Land 0.00 0.00 

Grazing Land 0.00 0.00 

Forestry 13.36 0.00 

Residential 0.00 0.00 

Industrial I 0.00 0.00 
Commercial 

Recreation 0.00 0.00 

Fish & Wildlife 18.40 8.10 
Habitat (Herbaceous) 

Fish & Wildlife 558.25 0.00 
Habitat (Woody) 

Fish & Wildlife 0.00 0.00 
Habitat (Wetland) 

Developed Water 19.26 0.00 
Resources 

Undeveloped Land 0.00 0.00 

Prime: Prime farmland 
HCap: High Capability- meeting productivity requirements of62 lll. Adm. Code 1825. 

NonCrop: Non-Cropland - All soils which do not qualify as prime farmland or high capability. 

Total (ac) 

Prime HCan NonCr 

0.00 

0.00 

0.00 

13.36 

0.00 

0.00 

0.00 

26.50 

558.25 

0.00 

19.26 

0.00 
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Map 7 S.F. - RECLAMATION PLAN MAP 

--,_ 
GENERAL INFORMATION 

- MINING PERMIT #375 SURFACE FACILITIES 

1 - PROPOSED IBR AREA (8.10 AC.) 

ROAD 

SOIL INFORMATION 

~ LOW CAPABILITY SOILS 

~ ALTERNATIVESOILS 

-~ ----, 
8.10 AC. L J WOODYWILDLIFEAREA 

- HERBACEOUS WILDLIFE AREA 

~ PONDS, STREAMS & WETLANDS 

LAND USE INFORMATION 
C CROPLAND 

F FORESTRY 

WL WILDLIFE 

W WATER 

400' o· 400' 

~ sr + 
N SCALE: 1 "=400' 

Mine Name: POND CREEK MINE #1 Pennit No: 375 

Quadrangle: PITTSBURG, ILLINOIS Description: WILLIAMSON COUNTY, ILLINOIS 
TSS R3E-SECTIONS 1, 2, 11, 12, 13, 14, 23, & 24 

Date: 12/09/09 TSS R4E - SECTIONS 4, 5, 6, 7, 8, 9, 16, 17, 18, 19, 20, & 21 

02/ 23/ 10 REVISED IBR BOUNDARY 
- --

REV. 

BECKLEY, YN 
(30-4) 255-0-491 

CAD BY 

DATE DESCRIPTION 

Alliance fill 
Consulting, Inc. 

Engineers Constructors Scientists 

MAP 7 S.F. 
RECLAMATION PLAN MAP 

POND CREEK 1 MINE 

Prepared For 

WILLIAMSON ENERGY LLC. 

JOHNSTON CITY, IL 

SMS I 12/ 09/ 09 PROJECT NO. 
809-514-1413 

SMS 

P.M. 

CHECKED BY SMS 12/ 31 / 09 ,__ _ ____ __._ ________ _. 

APPROVED BY SMS 12/ 31 / 09 DRAWING NO. B09-514-B2 
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AllianceLI 
Consulting, Inc. 

Engineers · Constructors · Scientists 

December 29, 2009 

Mr. Larry Crislip 
Illinois Environmental Protection Agency 
Mine Pollution Control Program 
23 09 West Main Street 
Suite 116 
Marion, IL 62959 

Transmittal 

,..5 55 I 9 

~ \,U_ cia:h_ J,- I I - IQ 

Project No. B09-444-1413 

NPDES Renewal for IL0077666 
Williamson Energy LLC - Pond Creek No. 1 Mine 

Williamson County, Illinois 

Dear Mr. Crislip: 

On behalf of our client, Williamson Energy LLC, we are submitting an original and two copies of the 
renewal for the above referenced permit. 

If there are any questions or you require additional information, please contact us. 

Respectfully submitted, 

ALLIANCE CONSULTING, INC. 

Stephen M. Sutphin 
Project Manager 

SMS:sms 
Enclosures 

FILE: 09444-02 

rrt ,-~w 
DEC 3 t 2009 " 

IL Enl/iro~imeni;:1 Frniecuon Agency 
MM1iiN ~IOIONAL OFFICE 

124 Philpott Lane • Rale igh County Airport Industrial Park • Beaver, WV 258 13-9502 • TELE: (304) 255-0491 • FAX: (304) 255-4232 
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AllianceLI 
Consulting, Inc. 

Engineers · Constructors · Scientists 

Mr. Larry Crislip 
ILLINOIS ENVIRONMENTAL 
PROTECTION AGENCY 
2309 West Main Street 
Suite 116 
Marion, IL 62959 

December 29, 2009 

Williamson Energy LLC - NPDES No. 0077666 
Renewal No. 1 

Pond Creek Mine No. 1 
Williamson County. Illinois 

Dear Mr. Crislip: 

Project No. B09-444-1413 

Attached, please the Permit Renewal information for Williamson Energy LLC; Pond Creek No. 1 Mine located 
in Williamson County, Illinois. This renewal package includes: 

• EPA Form 1 
• EPA Form 2C 
• Water analysis from each sediment pond. Ponds were not discharging, therefore grab samples were 

taken. 
• Receiving stream sample - Un-named tributary of Pond Creek 
• Schedule A identifying each outfall. 
• Information regarding volume and discharge rate of mine pumpage. 
• 1" = 400' Location Maps showing the current permit boundary with acreages, NPDES outfall locations 

and stream monitoring point. 

Should you have any questions, or require additional information, please contact us. 

Respect lly submitted for Williamson Energy LLC, 

Stephen M. Sutphi 
ALLIANCE CONSULTING, INC. 
Project Manager 

SMS:sms 
Enclosures 

FILE: 09444-01 

124 Philpott Lane • Raleigh County Airport Industrial Park • Beaver, WV 25813-9502 • TELE: (304) 255-0491 • FAX: (304) 255-4232 
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NPDES RENEWAL #1 
FOR 

PERMIT NO. IL0077666 
(IDNR PERMIT 375) 

WILLIAMSON COUNTY, IL 
POND.CREEK MINE NO. 1 

Prepared for 

WILLIAMSON ENERGY LLC 
JOHNSTON CITY, IL 

ALLIANCE PROJECT NO. B09-444-1413 
DECEMBER 2009 
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EPA FORM 1 
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~ 

FORM 

1 &EPA 
U.S. ENVIRONMENTAL PROTECTION AGENCY 

GENERAL INFORMATION 
Consolidated Permits Program 

I. EPA I.D. NUMBER 
s 
F 

TIA C 

D 

GENERAL (Read the "General Instructions" before starting.) 2 13 14 15 

LABEL ITEMS 

EPA I.D. NUMBER 

II. FACILITY NAME 

GENERAL INSTRUCTIONS 
If a preprinted label has been provided, affix it in the 
designated space. Review the infonnation carefully; 
if_any of it is incorrect cross through It and enter the 
correct data in the appropriate fill~in area below, 
Also, if any of the preprinted data is absent (the 

Ill. FACILITY MAILING 
ADDRESS 

PLEASE PLACE LABEL IN THIS SPACE 
, area to the left of the label space lists _the 
information that should appear), please provide it in 
the proper fill-in area(s) below. If th~ label is , 
complete and correct, you need not complete Items 
I, Ill, V, and Vl(except VI-B which must be 
completedregardless). Complete all items if no 

IV. FACILITY LOCATION 

II. POLLUTANT CHARACTERISTICS 

label h_as been proved., Refer to the instructions for , 
detailed ite_m descriptions and_ for the leQal 
authorizatiori underwhich this data ls collected. 

INSTRUCTIONS: Complete A through J to determine whether you need to subrr\lt any permit ap-plicalion foi-ms fa the EPA If you answer ~yes~ to any questions, you _must submit 
this form and the supplemental from listed in the parenthesis following the question .. Mark "X" In the box in the third column if the supplemental form is attached, If you answer_ "no" to 
each question, you need not submit any of these forms. You may answer "n_o" if your activity_is excluded from permit requlrements; se_e Section C of the instructions. See also, Section D 
of the instructions for definitions of bold-faced terms. · · · · · · · 

MARK"X" MARK"X" 
SPECIFIC QUESTIONS FORM SPECIFIC QUESTIONS FORM YES NO 

ATTACHED 
YES NO ATTACHED 

A. Is this facility a publicly owned treatment B. Does or will this facility (either existing or 
works which results in a discharge to waters of □ [8J □ proposed) include. _a_ concentrated anlmal □ [8J □ the U.S.? (FORM 2A) feeding.·-._ operation -- ·' or aquatic animal 

_ production facility which results l_n ~_discharge:: 
16 17 18 towatersoftheU.S.?(FORM2B);- · · ·-- -- 19 20 21 

C. ls this facility which currently . results in [8J □ □ D. Is· this,_ proposal facility · (other than. those □ [8J □ discharges to waters of the U.S. other than described in A or B above) which will result in-a 
those described in A or B above? (FORM 2C) 22 23 24 discharge to waters of the U.S.? (FORM 2D) · 25 26 27 

E. Does or ·will this facility treat, store, or dispose of F. Do you or will you inject at this facility industrial or 
hazardous wastes? (F_O~~ 3) □ [8J □ municJpal effluent below the lowermost stratum □ [8J □ containing, within one quarter mile of the well bore, 

28 29 30 underground sources of drinking water? (FORM 4) 31 32 33 

G. Do you or will you inject at this facility any produced H. Do you or wilt you inject at this facility fluids for 
water other fluids which are brought to the surface 

□ [8J □ 
special processes such as mining_ of sulfer by the 

□ [8J □ in connection with conventional oil or natural gas Frasch process, solution mining of_ minerals,_ in ·_ 
production, inject fluids used for enhanced recovery situ -combustion of fossil fuel,: 9r rec_qvery -of-< 
of oil or natural gas, or inject fluids for storage of g~o}~_ei:mal·_epergy? "({_O_~_M _4)_, ::,.-,-, · 

. liquid hydrocarbons? (FORM 4) 34 35 36 37 38 39 

ls this facility- a proposed stationary source J. . Is this. faciUty_ a· proposed stationary source. 
which ls one of the 28 industrial categories listed 

□ [8J □ 
which is NOT one of the 28 industrial categories 

□ [8J □ in the Instructions and which will potentially emit listed in the instructions and which will potentially 
100 tons per year of any air pollutant regulated emit 250> 'tons ~er year of any air pollutant 
under the Clean Air Act and ma6 affect or_ be regulated under t e Clean Air Act and may:affect 
located in an attainment area? F RM 5 , or be located in an attainment are? FORM 5 

Ill. NAME OF FACILITY 
SKIP POND CREEK 1 MINE 

16-29 30 

IV. FACILITY CONTACT 
A. N 

SLAPAK, JAMES - CHIEF SU 

16 

V. FACILITY MAILING ADDRESS 

P. 0. BOX 300 

16 

B. CITY OR TOWN D. ZIP CODE 

JOHNSTON CITY 62651 

16 

VI. FACILITY LOCATION 
A. STREET, ROUTE NO. OR OTHER SPECIFIC IDENTIFIER 

16468 LIBERTY SCHOOL ROAD 

16 45 

B. COUNTY NAME 

WILLIAMSON 
70 

C. CITY OR TOWN D.STATE E. ZIP F. COUNTY CODE 
CODE 

MARION IL 62959 

16 40 41 42 47 51 52 54 

EPA FORM 3510-1 (8-90) CONTINUED ON REVERSE 
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C 

C 

CONTINUED FROM THE FRONT 

VII. SIC CODES 4-digit, in order of priority) 
A. FIRST 

1222 (specify) 
l---:',,----t-=

16
--

1
=
7
--; COAL MINING - UNDERGROUND 

C. THIRD 
(specify) 

15 1s 11 N/A 
VIII. OPERATOR INFORMATION 

A. NAME B. Is the name listed in Item 
i---,,.........,...,.W..,....,,,IL...,.L...,.IA.,....,....M:-:S:-:0:-:N--,--,:E:-c-N-,-.,E=-R=-G-=-c-Y-L-L-C----~~~ - ------------------1 VIII-A also the owner? 

F = FEDERAL M = PUBLIC (other than federal or state) p (specify) 
S = STATE O = OTHER (specify) 
P = PRIVATE 

E. STREET OR PO BOX 

P. 0 . BOX 99 
26 

F. CITY OR TOWN 

JOHNSTON CITY 

X. EXISTING ENVIRONMENT AL PERMITS 
A. NPDES Discha~ es to Surface Water 

C T IL0077666 
9 N 
15 16 17 18 

8. UIC Under round 1n·ection of Fluids 
C T N/A 
9 u 
15 16 17 18 

C. RCRA Hazardous Wastes 
C T N/A 
9 R 
15 16 17 

XI. MAP 
Attach to 
show the outline of the facility, the locatio 
hazardous waste treatment, storage, or disp 
rivers and other surface water bodies in the 

XII. NATURE OF BUSINESS rovide ab 

30 

30 

~ YES ONO 

IX. INDIAN LAND 
Is the facility localed o 

UNDERGROUND BITUMINOUS COAL MINE WITH COAL PREPARATION PLANT, REFUSE DISPOSAL FA ILITIES 
AND COAL HANDLING FACILITIES. 

XIII. CERTIFICATION see instructions 
I certify under penalty of law that I have personally examined and am familiar wit.h the information submitted in this application and 
all attachments and that, based on my inquiry of those persons immediately responsible for obtaining the information contained in 
the application, I believe that the information is true, accurate and complete. I am aware that there are significant penalties for 
submittin false information, includin the ossibilit offi. e and im risonment. 

A. NAME & OFFICIAL TITLE (type or print) B. S G R 

MICHAEL J. BEYER 

COMMENTS FOR OFFICIAL USE ONLY 

16 

EPA FOR~l 3510-1 (8-90) 
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EPAFORM2C 
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002 37 50 26 88 49 51.5 UN-NAMED TRIBUTARY TO POND CREEK 

003 37 50 26 88 49 58 UN-NAMED TRIBUTARY TO POND CREEK 

004 37 50 25 88 49 56.6 UN-NAMED TRIBUTARY TO POND CREEK 

005 37 50 9.1 88 50 0 UN-NAMED TRIBUTARY TO POND CREEK 

006 37 50 28.4 88 50 40.6 UN-NAMED TRIBUTARY TO POND CREEK 

007 37 50 29.5 88 49 34 UN-NAMED TRIBUTARY TO POND CREEK 

008 37 50 31.4 88 49 33.9 UN-NAMED TRIBUTARY TO POND CREEK 

11:' F:lows;:.Sources:bf;Polltltiori;'arid TreatinentTechnoloaiesi; • 

( - --:-;_J;f\~%-:~-~~~;?,~Jf~!!(P.t~-VI~--~j~~~,~~_priP.!!.£!JJ;>t(1J:~,,1;eP:~r_aJiop~:~S~ntrie~tirigj}'._a~t$~ft.~f:t9 .!h-f~tfL~~--~~;J~9l,~5!,i_~g __ prbC~--~-t~_a_s,l~)Y~.t~r ,;_~aj:it8r'f_·;)\\/.;; 
~ _j~;:::l:»:.~-~-t~_•tt,~1~f:i(RP9hO~~~~-t~x;,--~-~~ · s,t9f!1:i.~?t~(Lr~_!Jp~_;:;,,{2_) JQ~ -~y:era,9.~. ~()Vf:~.R~tn~:~t~-9 : ~~ _:_e_~g_h_ ope_r_a~1_op_;_}~n~.; (3_}J~e ·._tr~~t!!l.~n1;,re_c~1v~_d _ ~Y:;;, ;:;, --- " 

, ·:~ -- -";fTJX'.'. the-wastewater:>-Contmue -on -·add 1tlonal •sheets·-1f, necessarv. :_::1:_-,·":>ic•.,<:,>< ·, 

~ i:If;iiii,iif iif;~:;;;;&~1~1::~\''.~~t~~~;::;~ GtsL§~ > :z.~:'nESCRIPl"i◊N'" . ib.>Cisf{CQ[)ESjfR6Mh;~:r~ 1~-i 
001 Stormwater Runoff 2 gpm Sedimentation 1-U 

002 Stormwater Runoff 1gpm Sedimentation 1-U 

003 Stormwater Runoff 1gpm Sedimentation 1-U 

004 Stormwater Runoff 2gpm Sedimentation 1-U 

005 Stormwater Runoff 5gpm Sedimentation 1-U 

006 Stormwater Runoff, 2gpm Sedimentation 1-U 

Process Wastewater, 3gpm Sedimentation 1-U 

Deep Mine Drainage 10gpm Sedimentation 1-U 

007 Stormwater Runoff 1gpm Sedimentation 1-U 

008 Stormwater Runoff 1gpm Sedimentation 1-U 

Process Wastewater 2gpm Sedimentation 1-U 

' \.- ---'---------'-------...I------..__ ____ ..__ ___ ___, 

EPA FORM 3510-2C (Rev. 2-85) Page 1 of 4 CONTINUED ON REVERSE 
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( 
\ 

CONTINUED FROM THE FRONT 

;111,PRODUCTION••.z,,;:r·•.; 
,; A,Does 'a!i;effluent'gµideline lin,itatiompromulgated•by;EPA un.der.'Section304Qf the'C\eanWater),ct apply to yoqr ,fs1cility?;j;tW ,;J;Mfi'..',. r .. 
; ;; ?fi;i:;J.))Ik'l&l\1YEsl(cdfl),O/Ei~/tJm'iir2B)k/.Yb;.21t:t;(,./cfi' · .. ; ~ • NO (gbto 'seciion/vj\s'ii0 ;'Jif,,j,, ;i,; '''ii. ;; i:! y• .... 

o_:s;: B. ~re \~e Hm~tio~~,iD J~e'aeplic~ble ~uent gui~e;lin~ ~xpressed ~ terms✓ of production (or.other~measure of ope;:ationJ? -- ~, _ --:;:.:,'..~.··.,.•,·.r.:v.'.· •. ':.•.::.:.~.-:,;.-:.-:-.; 

• ✓ • ' • , 2:, YES (complete Item /If.CJ c;,,;. ,. :, • • IC>l NO (go to Section IV) • < • • <, . · ' . . ··· 

~ C. If you answerect;"yes" to Item 111-B~ list the quantity which represents an actual measurement of your level of production, expressed in the terms , 

,,.,, and units Used in he✓ a licable 'efflu'elll'auidellne~ 811d indlcate the affecteO outfalls."~ ""*:;: " ~"" " ;, , """ ~ ✓ V ' 

,,;,.,,, i~~~~~~~ , 2 • , 2. AFFECTED 

~fij Yt: i: ·•·· .. OUTFALLS 
, ,.,, ,; :.>:. J,. ,._, '.i{;l/?-4:T'.1(: < (list outfall nUmbers) 

c.;.'' , ~~~ =¥'= ,_-,:- "'<<-/<-, ::-- ,.,. {i,H:'<-;tSJt:i, 

·. M. IMPROVEMENTSc 
;:::·:i;'MA;t~;_:yr:ju\.:;11_9if{3,L~5iWt0_,d)l;l_Y,;\-~lJ)'.:J:!3.d_f:[i:llt:_$_t~_-tfrj}()f/19,ca}::_,,;3"ut99~i,tY),c_t~!3~t:antJ[llPl~IT!~J!.,~-tJor,1_:J~h¢qy11:;,:,tc:,r·i~_~_,-:_c:pps~ructj()f1i_ ·upgr8(;1in,g/·.o,r;/. 

j_,:·~:\.\{'o~efati§~':Qf~-~~-t~w~~~!\tf~_atrffi~t:,~BW~~~-1Jf~(p_ra~I~tf~(a,lJ~-Pt~~~'.~!1Yi(onl_!i~-~t~l_;pt6gr~~~:Whi_c~;,m~l/'.afl13ct_ ,~_e,,:diSc~13-rges,,c~f9;;cri,qed;in_;: -.\>.· 

i:':tr_,s' '_aBP,J1_c,a,ttoD?:?:':;f_h1s, ·-;_1nclu_d.~_~;:\J?.~t ?1~/nqt, }hm,_1t_etj \ t():;-: pe,rn11t }CPJ1d_1t,1o_n_s; :, :-~-~-rnff11sJr~11y;e,: /Or:;_e l'lf ()f~~-IJl'f Of O(d_~rs~_;_-.e,11for_c~n,_e nt J'.:_orr,ip_lt_ap_ce, :-.I 

?sche~~":~l~\!~~~sl!r~r~1;~;.~~~~;,rt~~✓~~~i~~~}~¥~~,r:J,~~~~~~.~Tkil\i{ff;•'~f~~~~~~~~~~:;,; ;1l~,C.k1;1~·2\.;?.;· .. ,;· .. :...···•.•··•···/• ··• ••• 

'; .··•.· ..• ·? .• ;Y(~~.::.;)s;l\.!1i ;:j ~ ~~"~-0[&\~~~~l/\;,i~· ~-~ :f j ,;,.•i;·ij?~~2~C>rt: tfi~'f~!·~~~ 

·- -' ,_ s_:_.:,,:_()F';f.l()_Nt~:- './Yp:u· }l!~Y.. -~~~ac~:;8,~ __ d~ti()n_~t .. s_~~~t~ . .-d,~~C:rib_i_ng ~~y_ia?ditipnal .-Y"'.~ter:pol_l_uti(?~ · con_tf.()_l_ p_rogran,s · (o[-pth_e_r !7,mtfronm~_ntal prpjects · : :._ 

\_}·\.·:.-W. h .. ·.'.c·.··.h_.p.1_.E!·Y ... '.·a._".ffl.f;_ . .p!··•·y.0 ... 1.!.'.'.·.d .. '.~c_h., .• .. f9 ... ~.J)._yo·,·u Ji. o·w··· .;·J.Jl:, .. ve_;'~.IJ.~e.ry;·ey· .... -}?L\N· .. ·h•·' .. c ... -~.· .• y. ·o····" . .-P.· .. 1 ... -~ .. n.· ;': .. l·n.·.· .. ~-.i.c· ... •.tt= ...... w.·.~-~-th .. • .. ' .. •.•. -~.~.h •.. P,r. o·· ..• 9.}··• .. ··P·.,·.·.•.•}.5:-. ".,PVl_··•."." .. d .. •.·.rw .... .-_a.x:.ot···p····•.l ... ann~.d .... •·.·.· .• ·. ; .. 
.c-.<-/:and _md!cate:yc;,ur actua!_.or planr:ied.?chedules for.-construct1oni" <--·-:-·· .. :-;:-:- ··:-- :;:-.-f:'. :--.,;- -<-_.··:- '_:·.-.-<- .-::. _.- ." -:.:-<?-,.-::: ._, .>.-'_,_·,;: i·•·: ·. _ _._ ·:· . .--: '- ·--:-_.-._-.-_. _ ·.:._ .:: :"\·:--:.:: :> -:·.:· ___ ·:.-:.:· -: 

.. . . .. . .. . .. ·• 'i. 0 MARK."X''IFDESCRIPT\ON OF ADDITIONAL CONTROL PROGRAM IS ATTACHED · 

EPA FORM 3510-2C (Rev. 2-85) Page 2 of 4 CONTINUED ON PAGE 3 



R17554EPA ID Number (Copy from Item 1 of Form 1) 

CONTINUED FROM PAGE 2 
WJNTAKEAND.EFFLUENT;CHARACTERISTICS 
_A,· B,-:&:·:c::\·:tli~i:~ee_·instr~_ctio:rJs'..beforeJ,roCeeding' :.'.;•;-.P9mp1eie _one s·et:of_ table~f or. eaph··Outfall .:-:AnnOtateJhe· outfall-nuh,ber-i_n_;the'spa·ce · j:)ro_Videdfi-> · 
·0,,·· · ,,:< ,,.NOTE:L'l"ablesV,A,V~B,andV-G are included Onse arate sheetsriiimberV,1'ltirou Ji V09'. 

. (.. -'"': __ \LJ.~_~/f hfsp~C~_';~elO,v{ fJi~f ah_y\of)_h~:,PO_Jluta_rit_s :_ l_ist~d)n)~ at,,_l~s _2c~_3 :_ ()f_-t~ejr,str_Upti()_~~; :. YJ~ i_ch: Yi?IJ ~~ ·ovr O_r,._ h~IJ~ _ re~s_qh -ie>·· P.~li~'-'.~-'.i~ -diScharg~_d :p_rt:;_ 
'._~i1rbf ~-hi"c_~_ifr9~~ ;Jr~rii/fr!y olltf~ll_?>_:~or :~verl p911_utc,1ht_iou: list;', briefly d~sCribe:_th_S,i_eaSOn_s_ ·you-b_eliBye :!t-to · bS-·µ·r_es~_nt_ a11d. repqrt c:1_ny· __ an_a1yt_iCa,! '::'.'-; 
--dataJfr-"'oUf 0s59SSiOO;-f· ~- ----- "¼·· ·· · ·· · · - · • -- • -- · · , - - - - -· -

• .. faPOLLUTANT:·, • · ;;.2,.SOURGE'•:>• •· :LPOLLUTANT 2. SOURCE 

NIA 

Vli'POTENTIALDISCHARGES.:NOTCOVERED BYANALYSIS> 
:}(~!;'!la· S:hy'.Pblh,1ta'ntJiate_d · trfJtern. V ~C- :a: :1_uQ1ta_nce· .or -~;_oo_ri)l)orient- of, 1-_SUbiitanC8',wt1 iph .you·.-.CU trantly_ ,Us~ii; o"(fu~nuf■_ot(J(e · ■1: -~n ,_jr,~ert}'1_~disJe}~(lf 11!i.1 _-~;;. :_-f: 

, ,:: r~i~~;~;b;!r~~~~J~:_t;j ;s:;r~[ ~ ji{~•/4~t :;{;i;;~;;o#~f~,;;;';:;b~): ,c::;:~;~'.:'f .·· ;, ~ NO (g:1:·i1~m t,-a) , :. . . ... ~ 

EPA FORM 3510-2C (Rev. 2-85) Page 3 of 4 CONTINUED ON REVERSE 



R17555

CONTINUED FROM THE FRONT 
VII. BIOLOGICAL TOXICITY TESTING DATA 
Do you have any knowledge or reason to believe that any biological test for acute or chronic toxicity has been made on any of your discharges or on a 
receiving water in relation to err discharge within the last 3 years? 

YES (identify the test(s) and describe their purpose below) ~ NO /go to Section VIII) 

VIII. CONTRACT ANALYSIS INFORMATION 

( Were any of the ana~es reported in Item V performed bY a contract laboratory or Consulting- firrii? .· 

YES (list the name, address, and telephone number of, and pollutants 0 NO /go to Section IX) 
anahned bv, each Such -Jaborat/'l/'11 or firm below) 

C. TELEPHONE D. POLLUTANTS ANALYZED 
A.NAME B.ADDRESS . farea code & no.) /fist! . 

SUMMIT 7630HIGHWAY60, WEST (270) 744-6172 1M-15M 
ENVIRONMENTAL PADUCAH, KY 42086 

( ) 
( ) 
( ) 
( ) 
( ) 
( ) 
( J 
( ) 
( ) 
( ) 
( ) 
( ) 
( ) 

IX. CERTIFICATION 
I certify under penalty of law that t~is dcicurrierit and 'all attachmBntS were pie(iafec/ undei' my i:Jifectio'ri Or Super'Visiorf in 8CC(.)fdand3 w"ith -a- system_ 
designed to assure that qualified personnel properly gatherand evaluate the informatipn submitted.- Based on my inquiry of the person or persons 
who manage the system or:those persons directly responsible for gathering,the information, the information submitted is~ to the best of my 
knowledge and belief, true, _accurate, and complete. I am aware that there are significant penalties for submitting false information, including the 
oossibi/ity of fine and imprisonment for knowin.a violations. 

A. NAME & OFFICIAL TITLE (type or print) B. PHONE NO. (area code & no.) 

MICHAEL J. BEYER, AUTHORIZED AGENT (618) 983-3020 
' ' -C. SIGNATURE 

~ !) l, ~11\ D. ~1 E SlrED 
,2,1,,0J 

'-J 
EPA FORM 3510-2C (Rev. 2-85) Page 4of 4 
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,~ 
I I 

PLEASE PRINT OR TYPE IN THE UNSHADED AREAS ONLY. You may report some or EPA I.D. NUMBER (copy from Item 1 of Form 1) 
all of this information on separate sheets (use the same format) instead of completing 
these pages. SEE INSTRUCTIONS. 
V. INTAKE AND EFFLUENT CHARACTERISTICS continued from a e 3 of Form 2-C 001 '-cc-----, 
PART A - You must provide the results of at least one analysis for every pollutant in this table. Complete one table for each outfall. See instructions for additional details. 

2. EFFLUENT 3. UNITS 4. INTAKE o tional) 

1. POLLUTANT 

a. Biochemical Oxygen 
Demand (BOD) 
b. Chemical Oxygen 
Demand (COD) 
c. Total Organic Carbon 
{TOG) 
d. Total Suspended Solids 
(TSS) 

e. Ammonia (as NJ 

f. Flow 

g. Temperature (winter) 

h. Temperature (summer) 

a. MAXIMUM DAILY b. MAXIMUM 30 DAY VALUE c. LONG TERM AVRG. VALUE (specify if blank) a. LONG TERM 
VALUE (if available) . (if available) d. NO. OF · AVERAGE VALUE 

i1J ti> tiJ ANALYSIS a CONCEN- b MASS "' 
CONCHITAATION {2)MASS CONCEITTR/ITION {2) MASS CONCEmRATION (2)MIISS TRATION • CONCEtnAATION {2) MASS 

8 mg!L 1 

Value 

0 
Value Value 

1 
Value 

Value Value Value oc Value 

Value Value Value oc Value 

Minimum Maximum Minimum Maximum 
i. pH • g_ 2 1 . ·• . STl'-NDARD UNT_IS 

b. NO. OF 
ANALYSES 

PART B - Mark "X" in co_lumn 2-a for each pollutant you know or have reason to believe is.present Mark ','X'' in column 2-b.for each pollutant you believe.to,be';absent. If you 
mark column 2a for any. pollutant which is_ limited either directly, c,r indirectly but expressly,dn an effluent limitation guideline, you must pmvide the results of at _least 
one analysis for that pollutant. For other pollutants.for which you mark column _2a,' you must provide quantitatjve.data or. an exrlanatio~ of their pre~~nce i~ your 
discharge. Complete one table for each outfall. See the instructions.for additional details and requirements. · · ' · · · 

1.POLLUT- 2.MARK'X' 2:.EFFLUENT' 3.UNITS 4.INTAKE:- o tional 
ANT AND J~~- ~~D a. MAXIMUM DAILY b, MAXIMUM 30 DAY VALUE , ,_c. LONG TERM AVRG.-\(ALUE, , (specify if blank) a. LONG TERM 

C O l"f PRES~ All- VALUE (ifa'lai/able) (ifavaifable) d. NO. OF , ' ', , - ,,, AVERAGE VALUE b. NO. OF 
AS N . 11 ENT ' SENT cii 111 1,1 ANALYSIS a CONCEN· b- MASS (1) ANALYSES 
available) coNc~RATio 121w.ss coNCEITTRATion <2,w.ss coNcENTAATioN 12lMAss - TRATION • coNcemRAnot1 mMAss 

a. Bromide 
□ IZI 24959-67-9 

b. Chlorine, 

□ IZI Total 
Residual 

c. Color □ IZI 
d. Fecal 

□ IZI Coliform 
e. Fluoride 

□ IZI 116984-48-8) 
f. Nitrate-

□ IZI Nitrite (as N) 

EPA FORM 3510-2C (Rev. 2-85) Page V-1 CONTINUE ON REVERSE 
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f 
ITEM\ ;ONTINUED FROM FRONT 

r . \ ~\ 

1. POLLUT- 2. MARK'X' 2. EFFLUENT . 3. UNITS 4. INTAKE (optional) 
ANT AND 

•.ilE• B,llE• a. MAXIMUM DAILY b. MAXIMUM 30 DAY VALUE c. LONG TERM AVRG. VALUE . (specifyif blank) a. LONGTERM UEVEO UEVED 
(if available) (if available) · , d. NO. OF b. NO. OF 

CAS NO. (if 
PRES- ·~ VALUE AVERAGE VALUE 
"" '"" "' '" '" ANALYSIS a. CONCEN- b.MASS "' ANALYSES 

available) CONCENTRATIO (2)WISS CONCENTRATION (2)1MSS CONCENTRATION (2)W.SS CONCE/Hll/\TION "'-" TRATION 
g. Nitrogen, 

□ IXI Total Organic 
(as NJ 
h. Oil and 

□ IXI Grease 
i. Phosphorus 

□ □ (as P), Total 
(7723-14-0) 

j. Radioactivity . 

(1) Alpha, 
□ IXI Total 

(2) Bets, 
□ IXI Total 

(3) Radium, 
□ IXI Total 

(4) Radium 
□ IXI 226, Total 

k. Sulfate (as IXI □ 250 mg/L 1 S04) 
(14808-79-8/ 

I. Sulfide 
□ IXI (as S) 

m. Sulfite (as 

□ IXI SO,)( 
14265-4$-31 

n. Surfactants □ IXI 
o. Aluminum, 

□ IXI Total 
(7 429-90-5) 
p. Barium, 

□ IXI Total 
(7440-39-3) 
q. Boron, 

□ IXI Total 
(7 440-42-8\ 
r. Cobalt, 

□ IXI Total 
(7440-48-4) 
s. Iron, Total IXI □ <0.006 mg/L 1 17439.gg-4) 
t Magnesium, 

□ IXI Total 
{7439-95-4) 
u. Molybdenum, 

□ IXI Total 
{7439-98-7) 
v. Manganese, 

□ IXI Total 
17439-96-5} 

w. Tin, Total 
□ IXI (7 440-31-5) 

x. Titanium, 

□ IXI Total . 
(7 440-32-6) 

EPA FORM 3510-2C (Rev. 2-85) Page V-2 CONTINUE ON PAGE V-3 
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I EPA I.D. NUMBER (cop; .,1 llem 1 of Form 1) I OUTFALL NUMBER 
001 

PART C - lf you are a primary industry and this outfall contains process wastewater, refer to Table 2c-2 in the instructions to determine which of the GC/MS fractions you must test for. Mark "X" in column 2-a for all such GC/MS 
fractions that apply to your industry and for ALL toxic metals, cyanides, and total phenols. If you are not required to mark column -2-a (secondary industries, nonprocess wastewater outfalfs, and non-required GC/MS 
fractions}, mark "X" in column 2-b for each pollutant you know or have reason to believe is present: Mark "X" in column 2--c for each pollutant you believe is absent If you mark column 2a for any pollutant, you must 
provide the results of at least one analysis for that pollulanl If you mark column 2b for any pollutant, you must provide the results of at least one analysis for that pollutant. If you know or have reason to believe it will be 
discharged in concentrations of 1 o ppb or greater. If you mark column 2b for acrolein, acrylonitrile, 2,4 dini!ropheno1, or 2-methyl-4, 6 dinitrophenol, you must provide the results of at least one analysis for each of these 
pollutants which you know or have reason to believe that you discharge in concentrations of 100 ppb or greater.· Otherwise, for pollutants-for which you mark column 2b, you must either submit at least one analysis or 
briefly describe the reasons the pollutant is expected to be discharged. Note that there are 7 pages to this part; please review each carefully. Complete one table (all 7 pages) for each outfall. See instructions for 
additional details and reauirements. . . . 

2. MARK'X' 2. EFFLUENT ·. .. 3. UNITS 4. INTAKE (ootiona/J 1. POLLUT-
ANT AND a. TEST- b. BE- c. BE- a. MAXIMUM DAILY VALUE b. MAXIMUM 30 DAY VALUE c. LONG TERM AVRG. . . 

1 ·. · (specify if blank) a. LONGTERM 
ING RE- LIEVED . LIEVE (if available) 

• 
VALUE d. NO.OF AVERAGE VALUE . b. NO. OF 

GAS NO. (if 
QUIRED PRE- D 

fif available! 'ANALYSI., ANALYSE 
available) (1) CON CENT- {1) CONCENT- (1) CONCENT• 

(2) MASS ·· s .. b. MASS '" s SENT ASSEN RATION {2) MASS RATION (2) MASS RATION CONCEIITRATIO (2)W.SS 
CONCEN- " T .. TRATION 

I . . 
METALS, CYANIDE, AND TOTAL PHENOLS . . 

1m. Antimony, □ [gJ □ <0.002 mg/L 1 
Total 
(7440-36-0\ 
2M. Arsenic. 

□ [gJ □ <0.002 mg/L 1 
Total 
(7440-38-2) 
3M. Beryllium, □ [gJ □ <0.001 mg/L 1 
Total 
(7 440-41-71 
4M. Cadmium, □ [gJ □ 0.003 mg/L 1 
Total 
(7440-43-9) 
SM Chromium, □ [gJ □ <0.006 mg/L 1 
Total 
(7440-47-3) 
SM Copper, □ [gJ □ 0.013 mg/L 1 
Total 
{7440-50-8) 
7M lead, Total □ [gJ □ <0.0075 mg/L 1 
(7439-92-1) 
SM Mercury, □ [gJ □ <0.002 mg/L 1 
Total 
(7439-97-6) 
9M Nickel, □ [gJ 
Total □ <0.010 mg/L 1 
(7440-02-0) 
10M Selenium, □ [gJ 
Total □ <0.002 mg/L 1 
(7782-49-2) 
11M Silver, □ [gJ 
Total □ <0.002 mg/L 1 
(7440-22-4) 
12M Thallium, □ [gJ 
Total □ <0.020 mg/L 1 
17440-28-0) 
13M Zinc, □ [gJ 
Total □ <0.001 mg/L 1 
(7 440-66-6) 
14M Cyanide, □ [gJ 
Total □ <0.007 mg/L 1 
(57-12-5\ 
15M Phenols, □ [gJ □ 0.006 mg!L 1 
Total 

. 

2,3,7,8-Tetra- □ □ [gJ DESCRIBE RESULTS 
ch!orodibenzo-
P-Dioxin 
{1764 01-6) 

EPA FORM 3510-2C (Rev. 2-85) Page V-3 CONTINUE ON REVERSE 
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CONTINUL .OM THE FRONT 

1. POLLUT-
2.MARK'X' 

ANT AND a. TEST- b. BE- c. BE-

CAS NO. (ii ING RE- LIEVED LIEVED 
QUIRED PRE- ABSENT• 

available) SENT 

GC/MS. VOLATILE COMPOUNDS 

1V. Acrolein 

□ □ ~ (107-02-8) 
2V Acrylonitrilfe 

□ □ ~ (107-13-1) 

3V Benzene 

□ □ ~ (71-43-2) 
4V Bis (Ch/oro-

□ □ ~ methyl) Ether 
(542-88-1) 
5V Bromofonn 

□ □ ~ (75-25-2) 
GVCarbon 

□ □ ~ Tetrachloride 
(56-2J..5l 
7V Ch\orol>enzene 

□ □ ~ (108-90-7) 

av Chlorodi-

□ □ ~ bromomethane 
(124-48-1' 
9V Chloroelhane 

□ □ ~ (75-00-3) 

10V 2-Chloro-

□ □ ~ ethylvinyl Ether 
{110-75•8' 
11V Chloroform 

□ □ ~ (67-66--3) 

12V Dichiaro-

□ □ ~ bfomoethane 
(75--71-8) 
13V Oichloro--

□ □ ~ dinuoromelhane 
175-71-6) 
14V 1,1-Dichlorcr 

□ □ ~ ethane . 

175-,.34-3\ 
15V 1,2-Dichloro-

□ □ ~ ethane 
(107-06-21 
16V 1, 1-Dichloro-

□ □ ~ ethylene 
(75335-4) 
17V 1,2-Dich!oro-· 

□ □ ~ propane 
(78-87-5) 
1BV 1,3--Dichlorcr 

□ □ ~ propylene 
1542-7(3-.6) 
19V 

□ □ ~ Ethylbenzene 
1100-41-4\ 
20V Methyl 

□ □ ~ Bromide 
(74-83·9' 
21VMethyl 

□ □ ~ Chloride 
174-87-3\ 

EPA FORM 3510-2C (Rev. 2-85) 

a. MAXIMUM DAILY 
VALUE 

{1) CONCENT• 
RATION (2) MASS 

/~ 
\ 

2. EFFLUENT 
b. MAXIMUM 30 DAY VALUE 

(if available) 

. 
. 

c, LONG TERM AVRG. ,'. 
VALUE . {jf availablel 

(1) CONCENT• 
{2JMASS 

{1) CONCENT-
(2) MASS RATION RATION 

. 

. •··· .. 
. 

Page V-4 

~ 
3. UNITS 4. INTAKE fontional) 

(specify if blank) a. LONGTERM 
d. NO. OF I AVERAGE VALUE b. NO. OF 
ANALYSI ANALYSE 

s a. . b:MASS '" s 
CONCEN-

CONCENTRATIO "'""' 
TRATION ' " . 

-. . .· 

CONTINUE ON PAGE V-5 
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I EPA I.D. NUMBER (cop, n Item 1 of Form 1) I OUTFALL NUMBER 
I - - . - - -- - - - - --•. 001 

2.MARK'X' -c . . 2. EFFLUENT . ', •,·' 3. UNITS · 4. INTAKE footional) 
1. POLLUT- . 

ANT AND a. TEST- b. BE- c. BE- a. MAXIMUM DAILY b. MAXIMUM 30 DAY VALUE c. LONG TERM AV,RG. ·. (specify if blank) a. LONGTERM 

CAS NO. (if ING RE- LIEVED LIEVED VALUE (if available) VALUE d. NO. OF AVERAGE VALUE b. NO. OF 
lif avaifabfel 

QUIRED PRE- ABSENT. ANALYSI ANALYSE 
available) SENT 

(1) CONCENT- (1) CONCENT• (1) CONCENT• 
{2),-~S :'- s a. b. MASS 

,,, 
O,JMASS s 

RATION (2) MASS RATION {2) MASS RATION CONCEN- · 
COI-ICEITTRi\TION 

' ... 
. . TRATION 

. ~. . . . 
GC/MS - VOLATILE COMPOUNDS (continued) 
22 V Melhy!ene 

~i0J~2l □ □ ~ 
23V 1,1,2,2-Tetra-

□ □ ~ Chloroethane 
(79-34-5) 
24VTetrachloro-

□ □ ~ ethtene ( 
12 -18-4S 
"-"v 101uene 

□ □ ~ (108-88-3) 

Lv v , ,;,:-1 ran&-

□ □ ~ Dich!oroe1gr1ene 
(156-60-5 
,,v ·1;1,1-1n-

□ □ ~ chloroe~~ane 
(71-55-6 
,vv ·1,·1,..:-1r1-

□ □ ~ tb~S5:~~ane 
"-" v I ncmoro-

□ □ ~ ri~~b1~~l . 

..,.., v I ncmoro-

□ □ ~ fluoromf!hane 
(75-69-4 
..,, v vmy1 

~~~t1~:, □ □ ~ 
. . 

GC/MS FRACTION - ACID COMPOUNDS . . . .. . . 

1A 2-Chtoropheno! 
(95-57-8) □ □ ~ 
2A 2,4-Dichloro-
phenol 
(120-83-2) □ □ ~ 
3A 2,4-Dimelhyl-
phenol 
{105-67-9) □ □ ~ 
.. ,... -.,v-w1mtro-

□ □ ~ g-~g~~1l 
'-':' ,:.,..--ummo-

□ □ ~ phenol 
(51-28-5) 
v,\ :.l-l'>il ro-

□ □ ~ flhenol 
88-75-5) 
'" ... ro-

□ □ ~ phenol 
100-02-7) 

v, \ _r---~, ''.Oro-

~f~~~l □ □ ~ 
::::" r-enta-

□ □ ~ fhlorop~;nol 
87-86-5 

(1u0/)i~~)OI □ □ ~ 
I 1114, •,v·lfl-

(;k~a°l.~{nol □ □ ~ 

EPA FORM 3510-2C (Rev. 2-85) Page V-5 CONTINUE ON REVERSE 
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r 
CONTINL 'ROM THE FRONT 

~ 

! 

1. POLLUT- 2. MARK'X' 2. EFFLUENT 3. UNITS 4. INTAKE7ootiona/J 

ANT AND a. TEST- b. BE- c. BE- a. MAXIMUM DAILY b. MAXIMUM 30 DAY c. LONG TERM AVRG. (specify if blank) a. LONGTERM 
ING RE- LIEVED LIEVED VALUE VALUE VALUE d. NO. OF AVERAGE VALUE b. NO. OF 

GAS NO. (if tif available) lif available) ANALYSI 
. 

ANALYSE QUIRED PRE- ABSENT available) SENT 
{1) CONCENT• 

(2) MASS 
{1) CONCENT-

{2)MASS 
{1) CONCENT-

(2) MASS s a. b. MASS '" (2)/MSS s 
RATION RATION RATION CONCEN· 

CONCEITTAATION 

. TRATION 

GC/MS FRACTION - BASE/NEUTRAL COMPOUNDS 

1B Acenphthene 

□ □ ~ (83-32-9) 
2B Accnap!ilylene 

□ □ ~ (208-96-8) 

38 Anthracene 

□ □ ~ (120-12-7) 
48 Benzidine 

□ □ ~ (92-87-5) 
5B Benzo (a) 

□ □ ~ Anthracene 
/56-56-3) 
6B Benzo (a) 

□ □ ~ Pyrena (50-32-8) 

7B 3,4-Benzo-

□ □ ~ fluoranthene 
1205-99-2) 
88 Benzo (ghi) 

□ □ ~ Perylene 
(191-24-2) 
9B Benzo (k) 

□ □ ~ Fluoranthene 
(207-08-9) 
108 Bis (2· 

□ □ ~ Ch/oroethoxy) 
Methane 
(111-91-1) 
11B 81s {2·Clik>n:r 

□ □ ~ ethyl) Ether 
/111-44-4) 
126 Bis (2· 

□ □ ~ Ch/oroisepropy/) 
Ether (102-60.1 
13B Bis(2-Ethyl• 

□ □ ~ hexyl) Phthalate 
(117-81-7) 
14 B 4-Brorno-

□ □ ~ phenyl Phenyl 
Ether (101-55-31 
158 Butyl Benzyl 

□ □ ~ Phlha!ate 
(85-68-7) 
16B 2-Chloro-

□ □ ~ naphthalene 
{91-68-7) 
17B 4-Chloro-

□ □ ~ phenyl Phenyl 
Ether '7005-72-31 
188 Chrysene 

□ □ ~ (218-01-9) 
198 Oibenzo (a,h) 

□ □ ~ Anthracene 
(53-70-3) 
2081,2-Dichloro• 

□ □ ~ benzene 
(95-50-1) 
21s 1,3-Dich!oro-

□ □ ~ benzene 
(541-73-1) 

EPA FORM 3510-2C (Rev. 2-85) Page V-6 CONTINUE ON PAGE V-7 
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(\ 
I EPA I.D. NUMBER (cop, ., Item 1 of Form 1) I OUTFALL NUMBER 

VVl'llll'IVL..U' n.vn,. ,.......,._ ,r-v 001 

1. POLLUT-
2. MARK'X' ' 2.EFFLUENT ',, 

,, 3. UNITS 4. INTAKE footional) 

ANT AND a. TEST- b. BE- c. BE- a. MAXIMUM DAILY , b. MAXIMUM 30 DAY VALUE c. LONG TERM AVRG.' 
I d.NO.OF 

(spec;ify if blank) ' 
a. LONGTERM 

ING RE- LIEVEO LIEVED VALUE (if available) VALUE ,, , AVERAGE VALUE b. NO. OF 
CAS NO. (if ' (if availabfel ' ANALYSI ' ANALYSE 

QUIRED PRE- ABSENT 
available) SENT 

(1) CONCENT-
(2)MASS ,-' 

(1) CONCENT• " 
(2) MASS 

(1) CONCENT• 
(2) MASS , s a. CONCEN- b. MASS '" {2)1MSS s 

RATION RATION RATION ' TRATION 
CONCENTRATION 

GC/MS - BASE/NEUTRAL COMPOUNDS (continued) 
,' 

',, . ·.• ' 

' • 
' 

' '' 

2281,4-Dichloro-

□ □ ~ benzene 
(106-46-7) 
23B 3,3'-Dich!oro-

□ □ ~ benzidine 
(91-94-1) 
248 Diethyl 

□ □ ~ Phthalate 
{84-66"2) 
25B Dimethyl 

□ □ ~ Phlhalate 
{131-11-3) 
268 Di-N-Butyl 

□ □ ~ Phthalate 
(131-11-3\ 
27B 2,4-Dini1ro-

□ □ ~ toluene 
(121-14,-2) 
288 2,6-0initro-

□ □ ~ toluene 
1606-20-2\ 
298 Di-N-Octyl 

□ □ ~ Phtha!ate 
(117-84-0\ 
30B 1,2-Diphenyl-

□ □ ~ hydrazine (as 
Azo-benzene) 
{122-66-7) 
31B Fluoranthene 

□ □ ~ (206-44--0) 

328 Fluorene 

□ □ ~ (86-73-7) 
338 Hexa-

□ □ ~ chlorobenzene 
{118-74-1\ 
348 Hexa-

□ □ ~ chlorobutadiene 
(87-68-3' 
358 Hexach\oro-

□ □ ~ cyclopentadiene 
(77-47-4) 
368 Hexa-

□ □ ~ chloroethane 
(67-72-1\ 
37B lndeno 

□ □ ~ (1,2,3-<XI) Pyrene 
(193-39-5\ 
38B lsophorone 

□ □ ~ (78-59-1) 

39B Napthalene 

□ □ ~ (91-20-3) 

40B Nitrobenzene 

□ □ ~ (98-95-3) 

41B N-Nilro-

□ □ ~ sodimethylamine 
(62-75-9, 
42B N-Nitrosdi-N-

□ □ ~ Propylamine 
(621-64-7) 

EPA FORM 3510-2C (Rev. 2-85) Page V-7 CONTINUE ON REVERSE 
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r-, 
CONTINUl .OM THE FRONT 

1. POLLUT- 2. MARK'X' 2. EFFLUENT · 3. UNITS 4. INTAKEfootiona/J 
ANT AND a. TEST- b. BE- c. BE- a. MAXIMUM DAILY b. MAXIMUM 30 DAY VALUE c. LONG TERM AVRG. (specify if blank) a. LONGTERM 

GAS NO. (if ING RE- LIEVED LIEVED VALUE (if_availab/e) VALUE d. NO.OF AVERAGE VALUE b. NO. OF 
QUIRED PRE- ABSENT r,f avaifabfel ANALYSI ANALYSE 

available) SENT 
(1) CONCENT-

{2JMASS 
(1) CONCEITT- (1) CON CENT• s a.CONCEN- b. MASS 

,,, 
mw.ss s 

RATION RATION (2) MASS RATION (2)MASS CONCElfTRATIO 
TRATION " 

GCIMS FRACTION - BASE/NEUTRAL COMPOUNDS (continued) 

438 N-Nitro-

□ □ IS'.I sodiphenylamine 
(86-30-61 
448 Pliermnthrcne 

□ □ IS'.I (85-01-/ 

458 Pyrene 

□ □ IS'.I (129-0Q...0) 
468 1,2,4-Tri-

□ □ IS'.I chlorobenzene 
(120-82-1~ 

GC/MS FRACTION - PESTICIDES ... 

1PAldrin 

□ □ IS'.I (309-00-2) 

2P !3-Bhc 

□ □ IS'.I (319-85-7) 

4Pr-BHC 

□ □ IS'.I (58-89-9) 
SP &-BHC 

□ □ IS'.I {319-86-8) 
6P Chlordane 

□ □ IS'.I (57-74-9) 
7P 4,4'-DDT 

□ □ IS'.I (SQ..29-3) 
SP 4,4'-0DE 

□ □ IS'.I (72-55,-9) 

9P4,4'-DDD 

□ □ IS'.I (72-54-8) 
10P Dieldrin 

□ □ IS'.I (60-57-1) 

11 P «-Endo-

□ □ IS'.I sulfan 
(115-29-7) 
12P p-Endo-

□ □ IS'.I sulfan 
(115-29-7 
13P Endosulfan 

□ □ IS'.I Sulfate 
11031-07-81 
14P Endrin 

□ □ IS'.I (72-20-8) 

15P Endrln 

□ □ IS'.I Aldehyde 
(7421-93-4) 
16P Hepta-

□ □ IS'.I chlor 
(76-44-8) 

EPA FORM 3510-2C (Rev. 2-85) Page V-8 CONTINUE ON PAGE V-9 



R
17564

I EPA I.D. NUMBER (copy from Item 1 of Form 1) I OUTFALL NUMBER 
001 I 

1. POLLUT- 2. MARK'X' 2. EFFLUENT . 3. UNITS 4. INTAKE footional) 

ANT AND a. TEST- b. BE- c. BE- a. MAXIMUM DAILY b. MAXIMUM 30 DAY VALUE c. LONG TERM AVRG. (specify if blank) . a: LONGTERM 
ING RE- LIEVED LIEVED VALUE (if available) VALUE d.N0.0F AVERAGE VALUE b. NO. OF 

CAS NO. (if QUIRED PRE- ABSENT 
·. 'if availabfel ANALYSI ANALYSE 

available) SENT 
(1) CONCENT• (1) CONCENT- (1)CONCENT- s a.CONCEN- b. MASS "' s 

RATION {2)MASS RATION {2) MASS RATION (2)MASS CONCENTRI\TIO {2)MAS5 
TRATION ' 

GC/MS - PESTICIDES (continued) . 

17P Heptachlor 

□ □ [gJ Expxide 
11024-57-31 
18P PCB-1242 

□ □ [gJ (53469-21-9) 
19P PCB-1254 

□ □ [gJ (11097-69-1) 
20P PCB-1221 

□ □ [gJ {11104-28-2) 

21P PCB-1232 

□ □ [gJ (1114M6-5) 
22P PCB-1248 

□ □ [gJ (12672-29-6) 
23P PCB-1260 

□ □ [gJ (11096-82-5) 
24P PCB-1016 

□ □ [gJ (12674-11-2) 
25PToxa-

□ □ [gJ phene 
18001-35-2\ 

EPA FORM 3510-2C (Rev. 2-85) Page V-1 CONTINUE ON REVERSE 
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~~~~{;~~ ;~~ ~;~~~~~•t~~ARACTERISTICS (continued from oaae 3 of Form 2-CJ _ _ _ 002 
PART A- You must nrovide the results of at least one analvsis for everv nol\utant in this table. Complete one table for each outfall. See instructions for additional details. 

· 2. EFFLUENT 
. 3, UNITS 4. INTAKE fontionall 

1. POLLUTANT a. MAXIMUM DAILY b. MAXIMUM30 DAY VALUE - c. LONG TERM AVRG. VALUE,, .· (specify if blank) . a. LONG TERM 

VALUE (if availabfe) ' -- (if available) ' d.NO.OF I AVERAGE VALUE b. NO. OF 

'" "' CONCEmJY.TION , 
ANALYSIS a. CONCEN- b. MASS '" ANALYSES 

CONCENTRATION (2)W.SS CONCENTRATION "'~~ {2)W\SS 
TRATION 

CONCEtlTRATION "'~~ 
a. Biochemical Oxygen 
Demand /BODI 
b. Chemical Oxygen 
Demand /CODI 
c. Total Organic Carbon 
ITOC! 
d. Total Suspended Solids 3 mg/L 1 
fTSS! 

e. Ammonia (as NJ 

Value Value Value Value 
f. Flow 0 1 

Value Value Value Value 
g. Temperature (winter) •c 

h. Temperature (summer) Value Value Value Value 
•c 

·. Minimum Maximum Minimum Maximum 
. 

i.pH 8 1 STANDARD UNTIS 
- ·. 

PART B - Mark "X" in column 2-a for each pollutant you know or have reason to believe. is present. · Mark ."X" in column 2-b for. each pollutant you believe to be absent. If you 
mark column 2a for any pollutant which is limited either directly, or indirectly but expressly, in an effluent limitation guideline, you must provide the_ results of at least 
one analysis for that pollutant. For other pollutants for which you mark column 2a, you must provide quantitative data. or an .explanation of their presence in your 
dischar□e. Com lete one table for each outfall. See the instructions for additional details and reauirements. -· -. -

1. POLLUT- 2. MARK'X' . . -· · 2. EFFLUENT .. ' ', '!' ,' 3. UNITS .· 4. INTAKE (oational) 

ANT AND a.BE• B.BE- a. MAXIMUM DAILY b. MAXIMUM 30 DAY VALUE c. LONG TERM AVRG, VALUE ··I· . (specify if blank) · a. LONGTERM 
=eo UEVEO 
PRES• ... VALUE (if available) . .· (i(avalfabfe) d.No.:oF AVERAGE VALUE b. NO. OF 

CAS NO. (if = ""' '" '" '" ANALYSIS a. CONCEN- b. MASS 
,,, ANALYSES·. 

1 • available) CONCEIITRATIO {2)MASS CONCEliTRATION "'=' . CONCENTRATION {2)MA$S . CONCEHTAATION "'~~ 
. " 

TRATION 

a. Bromide 
□ [gJ 

(24959-67-9\ 
b. Chlorine, 

□ [gJ Total 
Residual 

c. Color □ [gJ 
d. Fecat 

□ [gJ 
Coliform 
e. Fluoride 

□ [gJ 
(16984-48-8' 
f. Nitrate-

□ [gJ 
Nitrite (as NJ 

EPA FORM 3510-2C (Rev. 2-85) Page V-1 CONTINUE ON REVERSE 
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r 
ITEM \ ,ONTINUED FROM FRONT 

f', 

1. POLLUT-
2.MARK'X' 2. EFFLUENT 

. .. 3. UNITS 4. INTAKE iootional! 

ANT AND 
.~. ll.BE- a. MAXIMUM DAILY b. MAXIMUM 30 DAV VALUE c. LONG TERM AVRG. VALUE (specify if blank) a. LONGTERM 

UEVED UEVED (if availabfe) (if available) d.NO.OF b. NO. OF 
CAS NO. (if 

PRES, ... VALUE . AVERAGE VALUE 
<ITT S,ITT 

"' '" '" ANALYSIS a. CONCEN- b. MASS· "' ANALYSES 
available) CONCENmA.TIO m=• CONCENTRATION (2)/MSS CONCENTAATION 12)MASS CONCENTAATION ' (2)/MSS 

" 
. TRATION 

g. Nitrogen, 
□ [Zl Total Organic 

(as NJ 
h. Oil and 

□ [Zl 
Grease 
i. Phosphorus 

□ □ (as PJ, Total 
17723-14-m 

. · . · . 
j. Radioactivity . 

/1) Alpha, 
□ [Zl 

Total 
(2) Bets, 

□ [Zl 
Total 
(3) Radium, 

□ [Zl 
Total 
(4) Radium 

□ [Zl 
226, Total 
k. Sulfate (as [Zl □ 110 mg/L 1 
SO") 
(14808-79-81 
I. Sulfide 

□ [Zl 
(as S) 
m. Sulfite (as 

□ [Zl 
SO~/ 
14265-45-3) 

n. Surfactants □ [Zl 
o. Aluminum, 

□ [Zl Total 
f7429-90-5) 
p. Barium, 

□ [Zl Total 
(7 440-39-3) 
q. Boron, 

□ [Zl 
Total 
(7440-42-8) 
r. Cobalt. 

□ [Zl Total 
(7440-48-4\ 
s. Iron, Total [Zl □ <0.006 mg/L 1 
(7439-89-4) 
t. Magnesium, 

□ [Zl Total 
(7439-95-4\ 
u. Molybdenum, 

□ [Zl Total 
17439-98-71 
v. Manganese, 

□ [Zl Total 
(7 439-96-51 

w. Tin, Total 
□ [Zl 

(7 440-31-5) 
x. Titanium, 

□ [Zl Total 
(7 440-32-6\ 

EPA FORM 3510-2C (Rev. 2-85) Page V-2 CONTINUE ON PAGE V-3 
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/~ 
I EPA I.D. NUMBER (copy,. item 1 of Fonn 1) I OUTFALL NUMBER 

002 
PART C - If you are a primary industry and this outfall contains process wastewater, refer to Table 2c-2 in the instructions to determine which of the GC/MS fractions you must test for. Mark "X" in colum_n 2-a for all such GC/MS 

fractions that apply to your industry and for ALL toxic metals, cyanides, and total phenols. If you are not required to mark column 2-a (seco.ndary industries, nonprocess wastewater outfalls, and non-required GC/MS 
fractions), mark "X" in column 2-b for each pollutant you know or have reason to believe is present Mark "X" in column 2-c for each pollutant you believe is absent. If you mark column 2a for any pollutant, you must 
provide the results of at least one analysis for that pollutant. If you mark column 2b for any pollutant, you must provide the results of at least one analysis for that pollutant. If you know or have reason to believe ii will be 
discharged in concentrations of 1 O ppb or greater. lf you mark column 2b for acrolein, acrylonitrile, 2,4 dinitrophenol, or 2-methyl-4, 6 dinitrophenol, you must provide the results of at least one analysis for each of these 
pollutants which you know or have reason to believe that you discharge in concentrations· of 100 ppb or greater. Otherwise,.for pollutants for which you mark column 2b, you must either submit at,teast one analysis or 
briefly describe the reasons the pollutant is expected to be discharged. Note that tl)ere are 7 pages to this part; please review each carefully. Complete one table (alf 7 pages) for each outfall.· See instructions for 
additional details and reauirements. . 

1. POLLUT- 2. MARK'X' . .· 2. EFFLUENT ... . . 3. UNITS 4. INTAKE (ootiona/J 
ANT AND a. TEST- b. BE- c. BE- a. MAXIMUM DAILY VALUE b. MAXIMUM 30 DAY VALUE c. LONG TERM AVRG. · (specify if blank) a. LONG TERM . 

ING RE- LIEVED LIEVE {if available) VALUE d. NO. OF AVERAGE VALUE b. NO. OF 
GAS NO. (if 

QUIRED PRE- D 
. (if avai/ableJ ANALYSI ANALYSE 

available) (1) CONCENT• (1) CONCENT- . (1) CONCENT•. s ,. b. MASS "' s SENT ABSEN RATION (2) MASS RATION (2) MASS RATION (2)MASS CONCEHTAATIO 121!'1'-SS .. CONCEN- " T . . TRATION . ·• 

.· . 
METALS, CYANIDE, AND TOTAL PHENOLS . 

1m. Antimony, □ lg] □ <0.002 mg/L 1 
Total 
{7440-36-0l 
2M. Arsenic, □ lg] □ <0.002 mg/L 1 
Tota! 
(7440-38-2) 
3M. Beryllium, □ lg] □ <0.001 mg/L 1 
Total 
'7440-41-7) 
4M. Cadmium, 

□ lg] □ 0.003 mg/L 1 
Total 
(7440-43-9} 
5M Chromium, □ lg] □ <0.006 mg/L 1 
Total 
(7440-47-3} 
6M Copper, □ lg] □ <0.003 mg/L 1 
Total 
(7440-50-8} 
7M lead, Total □ lg] □ <0.0075 mg/L 1 
17439-92-1\ 
SM Mercury, □ lg] □ <0.002 mg/L 1 
To!al 
17439-97-6\ 
9M Nickel, □ lg] □ <0.010 mg/L 1 
Total 
(7440-02-0\ 
10M Selenium, □ lg] □ <0.002 mg/L 1 
Total 
(7782-49-21 
11M Silver, □ lg] □ <0.002 mg/L 1 
Total 
(7440-22-4) 
12M Thallium, □ lg] □ <0.020 mg/L 1 
Total 
(7440-28-0) 
13M Zinc, □ lg] 
Total □ <0.001 mg/L 1 
(7440-66-6) 
14M Cyanide, □ lg] □ <0.008 mg/L 1 
Total 
(57-12-5) 
15M Phenols, □ lg] 
Total □ 0.007 mg/L 1 

2,3,7,8-Tetra- □ □ lg] DESCRIBE RESULTS 
ch!orodibenzo-
P-Dioxin 
{1764-01-6) 

EPA FORM 3510-2C (Rev. 2-85) Page V-3 CONTINUE ON REVERSE 
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r 
CONTINUL .OM THE FRONT 

0 

1. POLLUT- 2.MARK'X' 2. EFFLUENT 3. UNITS 4. INTAKE fontional) 

ANT AND 1 - a. TEST- b. BE- c.BE- a. MAXIMUM DAILY b. MAXIMUM 30 DAY VALUE c. LONG TERM AVRG. (specify if blank) a. LONG TERM 

ING RE- LIEVED L\EVED VALUE (if available) VALUE d. NO. OF AVERAGE VALUE b. NO. OF 
GAS NO. (ff 

QUIRED PRE- ABSENT 
, , , , tif avaifab/el ANALYSI 

·. ANALYSE 

available) SENT 
{1) CONCENT-

(2) MASS 
(1) CONCENT• 

(2) MASS 
(1) CONCEITT• 

{2)MASS s a. ·. b .. MASS '" m=• s 
RATION RATION RATION CONCEN-

CO~CEITTRATIO 

·. . " TRATION 

' 
.•. 

GC/MS - VOLATILE COMPOUNDS .. ·· •·· 

1V. Acrofein 

□ □ ~ {107-02-8) 
2V Ac:ry/onitrille 

□ □ ~ (107-13-1) 

3V Benzene 

□ □ ~ (71-43-2) 
4V Bis (Chloro-

□ □ ~ methyl) Ether 
(542-88-1) 
5V Brornoform 

□ □ ~ (75-25-2) 
6V Carbon 

□ □ ~ Tetrachloride 
{56-23-5) 
7V Chloroben~one 

□ □ ~ (108-90-7) 

8V Chlorodi-

□ □ ~ bromomethane 
'124-48-1! 
9V Chtoroelhane 

□ □ ~ (75-00-3) 

10V 2-Chloro.-

□ □ ~ ethylvinyl Ether 
(110-75-Bl 
11V Chloroform 

□ □ ~ (67-66-3) . 

12V D!ch!oro-

□ □ ~ bromoethane 
{75-71-8\ 
13V Dichloro-

□ □ ~ dinuoromethane 
{75-71-8) 
14V 1, 1-Dichtoro-

□ □ 0 ethane 
(75-34-3) 
15V 1,2-Dichloro-

□ □ ~ ethane 
(107-06-2\ 
16V 1,1-Dichloro-

□ □ ~ ethylene 
{75335-4\ 
17V 1,2-Dichloro-

□ □ ~ propane 
{78-87-5\ 
18V 1,3-Dichloro-

□ □ ~ propylene 
(542~76-6\ 
19V 

□ □ ~ Ethylbenzene 
{100-41-4) 
20V Methyl 

□ □ ~ Bromide 
(74-83-9) 
21V Methyl 

□ □ ~ Chloride 
{74-87-3) 

EPA FORM 3510-ZC (Rev. 2-85) Page V-4 CONTINUE ON PAGE V-5 
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I EPA I.D. NUMBER (cop) ., Item 1 of Form 1) I OUTFALL NUMBER 

I 002 
1. POLLUT- 2. MARK'X' 2. EFFLUENT . 3. UNITS 4. INTAKE (optional) 
ANT AND a. TEST- b. BE- c. BE- a. MAXIMUM DAILY b, MAXIMUM 30 DAY VALUE c. LONG TERM AVRG. · 

'd. NO. OF 
(specify if blank) a. LONGTERM 

CA$ NO. (if ING RE- LIEVED UEVED VALUE (if available) VALUE AVERAGE VALUE b. NO. OF 
QUIRED PRE- ABSENT 

. (if aval/ab/e) ANALYSI ANALYSE 
available) SENT {1) CONCENT- (1) CON CENT- (1) CON CENT- s a. b. MASS '" s RATION (2) MASS RATION (2) MASS RATION (2) MASS - ; •. CONCEN- CONCENTRATION (2)MASS 

TRATION .. 

GCIMS - VOLATILE COMPOUNDS (continued) 
. . . · .. 

. 

22 V Methylene 

fhlorid~) 
75-09-2 □ □ ~ 

23V 1, 1,2,2-T ,ltfa-

□ □ ~ Chloroe~~ane 
(79-34-5 
24V Tetrachloro-

□ □ ~ elhf.'ene
4
{ 

12 -18-4 
L"v 101uene 

□ □ ~ (108-88-3) 

L<JV l ,L-1 rans-

□ □ ~ Dichtoroe\hylene 
(156-60-5) 
,_, v ·1,·1, I· In• 

chloroemane 
{71-55-6 □ □ ~ 
r..vv ·1,1,..:-1n-

□ □ ~ ~i~bi:};~ane 
L., v I ncmoro-

□ □ ~ ethylene 
(79-01-6} 
vv v 1 n..., .,oro-

□ □ ~ fluoromelhane 
{75-69-4) 
..,,v v1ny1 

~~i\~~' □ □ ~ 
. . . 

GCIMS FRACTION • ACID COMPOUNDS . . · . 

' . 
1A 2-Ctilorophenol 

□ □ ~ (95-57-8) 

2A 2,4-Dichloro-

□ □ ~ phenol 
(120-83--2) 
3A 2,4-Dimethyl-f
1
heno1 
105-67-9) □ □ ~ 

'!.,..._ .. ,u-1..,11rntro-

□ □ ~ O-cresol 
(534-52-1) 
..,,..._ £,"l;"ulnl!ro-

□ □ ~ f,"•nol 51-28-5) 
OM. £"1';1IU0-

□ □ ~ phenol 
(88-75-5\ 
fl"\ '+-l';ll(O• 

□ □ ~ phenol 
(100-02-71 
~t'J-'-v,,\oro-

□ □ ~ M-Cresol 
(59-50-7\ 
"'r-.t-'en,a-
ch!orophenol 
(87-86-5) □ □ ~ 
1u,..._ r-1_1enoI 
(10/-95-2) □ □ ~ 

,r . .:., ,,..,---,n-
chlorop~inol 
(88-06-2 □ □ ~ 

EPA FORM 3510-2C (Rev. 2-85) Page V-5 CONTINUE ON REVERSE 
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CONT/NU/ __ _ 0 
JM THE FRONT 

1. POLLUT- 2. MARK'X' 2. EFFLUENT 3. UNITS 4. INTAKE (ootiona/J 
ANT AND a. TEST- b. BE- c. BE- a. MAXIMUM DAILY b. MAXIMUM 30 DAY c. LONG TERM AVRG. (specify if blank) a. LONGTERM 

ING RE- LIEVED LIEVED VALUE VALUE VALUE d.NO.OF AVERAGE VALUE b. NO. OF 
CAS NO. (if 

QUIRED PRE- ABSENT fif available) (if available) ANALYSI . 
ANALYSE 

available) SENT 
{1) CONCENT- (1) CONCENT- (1) CONCENT• s a. b. MASS '" "'~~ s RATION (2) MASS RATION (2)MASS RATION (2)MASS 

CONCEN- CONCENTRATIO~ 

. 
TRATION 

GC/MS FRACTION - BASE/NEUTRAL COMPOUNDS . 

18 Acenphlhene 

□ □ 0 (83-32-9) 
28 Acenaphtylene 

□ □ 0 (208-96-8) 

3B Anthracene 

□ □ 0 (120-12-7) 
48 Benzidine 

□ □ 0 (92-87-5) 
SB Benzo (a) 

□ □ 0 Anlhracene 
(56-SS.3) 
6B Benzo (a) 

□ □ 0 Pyrene {50-32-8) 

7B 3,4-Benz<r 

□ □ 0 nuoranthene 
(205-99-2) 
8B Benzo (ghi) 

□ □ 0 Pery!ene 
(191-24-2) 
9B Benzo (k) 

□ □ 0 Fluoranthene 
(207-08-9) 
108 Bis (2-

□ □ 0 Ch/oroethoxy) 
Methane 
(111-91-1) 
118 Bis (2-Chlott,. 

□ □ 0 elhyt) Ether 
(111-44-4) 
128 Bis (2-

□ □ 0 Ch/oroisepropyf) 
Elher/102-60-1 
13B BiS(2•Ethyl-

□ □ 0 hexyf) Phlhalate 
(117-81-7) 
14 B 4-Bromo--

□ □ 0 phenyl Phenyl 
Ether 1101.ss...3, 
15B Butyl Bem:yl 

□ □ 0 Phthalate 
(85-68-7) 
168 2-Chloro-

□ □ 0 naphthalene 
(91-68-7) 
178 4-Chloro-

□ □ 0 phenyl Phenyl 
Ether (7005-72.3, 

18B Chrysene 

□ □ 0 (218-01-9) 
198 Dlbenw (a,h) 

□ □ 0 Anlhracene 
(53-70-3\ 
20B 1,2•Dictiloro--

□ □ 0 benzene 
(95-50-1} 
216 1,3-Dictiloro-

□ □ 0 benzene 
(541-73-1) 

EPA FORM 3510-2C (Rev. 2-85) Page V-6 CONTINUE ON PAGE V-7 
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I EPA I.D. NUMBER (cop, .n Item 1 of Form 1) I OUTFALL NUMBER 

002 

1. POLLUT- 2.MARK'X' . 2. EFFLUENT · .. · . 3. UNITS·· 4. INTAKE tontiona/J 

ANT ANO a. TEST- b. BE- c. BE- a. MAXIMUM DAILY ---: b. MAXIMUM 30 DAY VALUE c. LONG TERM AVRG. I• (specify if blank) • . a. LONG TERM 
ING RE- LIEVED LIEVED VALUE (if available) VALUE -·<· d:NO.OF AVERAGE VALUE b. NO. OF 

GAS NO. (if 
QUIRED PRE- ABSENT (if avaflabfeJ . ·. ·-ANALYSI ANALYSE 

available) SENT 
(1) CONCENT-

(2) MASS 
(1) CONCENT• 

(2) MASS 
(1) CONCENT• s a.CONCEN-

1

• b. MASS "' (2)MASS s 
RATION RATION RATION (2) MASS TRATION 

CONCEtlH!AnON 

GC/MS - BASE/NEUTRAL COMPOUNOS (continued) 
.· .. . . . 

. 

228 1,4-Dichloro--

□ □ ~ benzene 
1106-46-7) 
238 3,3'•0iciiloro-

□ □ ~ benzidine 
(91-94-1\ 
24B Diethyl 

□ □ ~ Phthalate 
(84-66-2) 
25B Dimethyl 

□ □ ~ Phlhalale 
(131-11-3) 
268 Di-N-Butyl 

□ □ ~ Phthalale 
(131-11-3) 
278 2,4-Dinitro-

□ □ ~ toluene 
{121-14-2) 
28B 2,6-Dinltro-

□ □ ~ toluene 
(606-20-2) 
298 Di-N-Octyl 

□ □ ~ Phthafale 
(117-84-0) 
30B 1,2-Diphanyl• 

□ □ ~ hydrazine (as 
Azo-banzena) , 
(122-66--7\ 
318 Fluoranlhane 

□ □ ~ (206-44-0) 

32B Fluorene 

□ □ ~ (86-73-7) 

338 Hexa-

□ □ ~ chlorobenzene 
1118-74-1\ 
34B Hexa-

□ □ ~ chlorobutadiene 
(87-68-3) 
35B Hexacfiloro-

□ □ ~ cyciopentadiene 
177-47-41 
36B Hexa-

□ □ ~ chloroethane 
(67-72-1) 
37B !ndeno 

□ □ ~ (1,2,3-cd) Pyrene 
(193-39-5) 
38B lsophorone 

□ □ ~ (78-59-1) 

39B Napthatene 

□ □ ~ (91-20-3) 

408 Nilrobenzene 

□ □ ~ (98-95-3) 

418 N-Nitro-

□ □ ~ sodimelhylamine 
(62-75-9) 
428 N-Nitrosdi-N-

□ □ ~ Propylamine 
{621-64-7) 

EPA FORM 3510-ZC (Rev. 2-85) Page V-7 CONTINUE ON REVERSE 
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CONTINU ROM THE FRONT 

1. POLLUT- 2. MARK'X' .. 2. EFFLUENT 3. UNITS 4. INTAKE7ootiona/J 

ANT AND a. TEST- b. BE- c. BE- a. MAXIMUM DAILY b. MAXIMUM 30 DAY VALUE c. LONG TERM AVRG. ' · (specify if blank) a. LONGTERM 

GAS NO. /if ING RE- LIEVED LIEVED VALUE (if available) VALUE d:NO.OF I AVERAGE VALUE b. NO. OF 

QUIRED PRE- ABSENT 
. {if ava//ablel ANALYSI ANALYSE 

available) SENT 
(1) CONCENT• (1)CONCENT• , (1) CON CENT- s . a.CONCEN• b. MASS '" s 

RATION (2) MASS RATION {2) MASS RATION {2)MASS TRATION 
CONCENTAATIO (2)MASS 

" 
GC/MS FRACTION - BASE/NEUTRAL COMPOUNDS (continued) 

' 
·. 

438 N-Nitro-

□ □ [:g] sodiphenylamine 
(86-30-6) 
448 Pllenanthmne 

□ □ [:g] (85-0H 

458 Pyrene 

□ □ [:g] (129-00-0) 
468 1,2,4-Tri-

□ □ [:g] chlorobenzene 
(120-82-1) 

. 
GC/MS FRACTION - PESTICIDES 

. 
. .. 

1P Aldrin 

□ □ [:g] (309-00-2) 
2P p-Bhc 

□ □ [:g] (319-85-7) 
4Py-BHC 

□ □ [:g] (58-89-9) 

SP 6-BHC 

□ □ [:g] (319-86-8) 
SP Chlordane 

□ □ [:g] (57-74-9) 
7P 4,4'-ODT 

□ □ [:g] (50-29-3) 
8P4,4'-DDE 

□ □ [:g] (72-55-9) 
9P 4,4'-DDD 

□ □ [:g] (72-54-8) 
10P Die!drin 

□ □ [:g] (60-57-1) 
11 P a-Endo-

□ □ [:g] sulfan 
(115-29-7) 
12P ])-Endo-

□ □ [:g] sulfan 
(115-29-7 
13P Endosulran 

□ □ [:g] Sulfate 
(1031-07-8) 
14P Endrin 

□ □ [:g] (72-20.B) 
15P Endrin 

□ □ [:g] Aldehyde 
(7421-93-4' 
16P Hepta-

□ □ [:g] chlor 
{76-44-8) 

EPA FORM 3510-2C (Rev. 2-85) Page V-8 CONTINUE ON PAGE V-9 



R
17573

!\ 

I EPA I.D. NUMBER (copy from Item 1 of Form 1) I OUTFALL NUMBER 
002 

1. POLLUT- 2. MARK'X' 2. EFFLUENT 3. UNITS 4. INTAKE (optional) 
ANT AND a. TEST- b. BE- c. BE- a. MAXIMUM DAILY b. MAXIMUM 30 DAY VALUE c. LONG TERM AVRG. (specify if blank) . a. LONGTERM 

GAS NO. (if ING RE- LIEVED LIEVED VALUE (if available) VALUE d.NO.OF AVERAGE VALUE b. NO. OF 
QUIRED PRE- ABSENT ·• (if available) ANALYSI ANALYSE 

available) SENT 
(1) CONCENT- (1) CONCENT- {I) CONCENT- s a.CONCEN- b. MASS '" s RATION (2) MASS RATION (2)MASS RATION (2) MASS TRATION COtlCENTRATIO {i)Mo\SS 

" 
GC/MS • PESTICIDES (continued) 
17P Heptachlor 

□ □ IZl Expx!de 
(1024-57-3\ 
18P PCB-1242 

□ □ IZl (53469-21-9) 

19P PCB-1254 

□ □ IZl (11097-69-1) 
20P PCB-1221 

□ □ IZl (11104-28-2) 
21P PCB-1232 

□ □ IZl (11141-16-5) 

22P PCB-1248 

□ □ IZl (12672-29-6) 

23P PCB-1260 

□ □ IZl (11096-82-5) 

24P PCB-1016 

□ □ IZl (12674-11-2) 
25PToxa-

□ □ IZl phene 
(8001-35-2) 

EPA FORM 3510-2C (Rev. 2-85) Page V-1 CONTINUE ON REVERSE 
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V~INTAKE. AN~ EFFLUENr°CHARACTERISTICS (continued from oaae 3 of Form 2-C) 003 
PART A- You must orovide the results of at least one analvsis for everv nollutant in this table. Comolete one table for each outfall. See instructions for additional details. 

· 2. EFFLUENT . 
. 3. UNITS 4. INTAKE7ootiona7J 

1. POLLUTANT a. MAXIMUM DAILY b. MAXIMUM 30 DAY VALUE ----:- c. LONG TERM AVRG. VALUE (specify_ if blank) a. LONG TERM -
VALUE (if available) . (if available} d. NO. OF AVERAGE VALUE b. NO. OF 

'" "' CONCJR.AATION I " 0,lAASS 
ANALYSIS a. CONCEN· b. MASS "' ANALYSES 

CONCENTRATION m=• CONCEtlTRATION m=• TRATION 
CONCENTRATION "''"" 

a. Biochemical Oxygen 
Demand !BOD) 
b. Chemical Oxygen 
Demand !COD) 
c. Total Organic Carbon 
/TOCJ 
d. Total Suspended Solids 3 mg/L 1 
ITSSJ 

e. Ammonia (as NJ 

Value Value Value Value 
f. Flow 0 1 

Value Value Value Value 
g. Temperature (winter) "C 

h. Temperature (summer) Value Value Value 
'C 

Value 

Minimum Maximum Minimum Maximum 
STANDARD UNTIS i. pH 7.2 1 - . 

PART B - Mark "X" in column 2-a for each pollutant you know or have reason to believe is present. Mark "X" in column 2-b for each pollutant you believe to be absent. If you 
mark column 2a for any pollutant which. is limited either directly, or.indirectly but expressly, in· an effluent limitation guideline, you must provide the results of at least 
one analysis for that pollutant. · For other pollutants for- which you mark column 2a, · you must provide quantitative data or an explanation of their presence in your 
discharae. Com lete one table for each outfall. See the instructions for additional details and reauirements. · ·· •·· ·· 

2. MARK'X' . . ·.· .. 2. EFFLUENT • · •·· • 
. 

.· •· . .·· 3. UNITS . . 4. INTAKE (ontiona/J 1. POLLUT-
ANT AND 

a.lJE· 8.llE• a. MAXIMUM DAILY b. MAXIMUM 30 DAY, VALUE, ': c. LONG TERM AVRG. VALUE (specify if blank) 
.. a. LONGTERM 

UEVEIJ UEVEII ... (if available) d.NO.OF b. NO. OF 
CAS NO. (if 

Me~ '"· VALUE (if available) , .. AVERAGE VALUE 
= ""' '" '" '" ANALYSIS a. CONCEN- b. MASS 

,,, ANALYSES 
available} CONCEITTRATIO (2)MASS COUCEtfl'RATION 01= CONCENTAAT!ON m= CONCEITTRATION (:1JMIISS 

" 
TRATION 

a. Bromide 
□ IS] 

124959-67-9\ 
b. Chlorine, 

□ IS] Total 
Residual 

c. Color □ IS] 
d. Fecal 

□ IS] 
Coliform 
e. Fluoride 

□ IS] 
(16984-48-8' 
f. Nitrate-

□ IS] 
Nitrite (as NJ 

EPA FORM 3510-2C (Rev. 2-85) Page V-1 CONTINUE ON REVERSE 
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ITEM( ,ONTINUED FROM FRONT 
~\I 

1. POLLUT- 2. MARK'X' 2. EFFLUENT 3. UNITS 4. INTAKE (ootiona/J 
ANT AND o.llE- B.IIE• a. MAXIMUM DAILY b. r-AAXIMUM 30 DAY VALUE c::. LONG TERM AVRG. VALUE (specify if blank) a. LONGTERM UEVEll u=, 

(if available) (if avaifabfe) d. NO. OF b. NO. OF 
GAS NO. (if 

PRES- ,~ VALUE AVERAGE VALUE 
,ITT ,m 

'" '" '" ANALYSIS a. CONCEN- b. MASS "' ANALYSES 
available) CONCENTRATIO (2)1MSS CONCENTRATION "'~~ CONCENTRATION (2JMASS CONCENTRATION (2)WISS 

" TRATION 
g. Nitrogen, 

□ 1:2:J Total Organic 
las NI 
h. Oil and 

□ 1:2:J Grease 
i. Phosphorus 

□ □ (as P), Total 
(7723-14-0) 

.. 
j. Radioactivity . 

(1) Alpha. 
□ 1:2:J Total 

(2) Bets, 
□ 1:2:J Total 

(3) Radium, 
□ 1:2:J Tolal 

(4) Radium 
□ 1:2:J 226, Total 

k. Sulfate (as 
1:2:J □ 30 mg/L 1 S04) 

/14808-79-8) 
I. Sulfide 

□ 1:2:J (as S) 
m. Sulfite (as 

□ 1:2:J SO~( 
14265-45-3) 

. 

□ 1:2:J n. Surfactants 

o. Aluminum, 

□ 1:2:J Total 
(7 429-90-5\ 
p. Barium, 

□ 1:2:J Total 
(7 440-39-3) 
q. Boron, 

□ 1:2:J Total 
17 440-42-8) 
r. Cobalt, 

□ 1:2:J Total 
(7440-48-4) 
s. lron, Total 

1:2:J □ 0.133 mg/L 1 /7439-89-4) 
t Magnesium, 

□ 1:2:J Total 
(7439-95-4) 
u. Molybdenum, 

□ 1:2:J Total 
f7439-98-7\ 
v. Manganese, 

□ 1:2:J Tola! 
(7439-96-5\ 

w. Tin, Total 
□ 1:2:J (7440-31-5) 

x. Titanium, 

□ 1:2:J Total 
(7440-32-6) 

EPA FORM 3510-2C (Rev. 2-85) Page V-2 CONTINUE ON PAGE V-3 
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I EPA I.D. NUMBER (cop> ,1 Item 1 of Form 1) I OUTFALL NUMBER 
003 

PART C - If you are a primary industry and this outfall contains process wastewater, refer to Table 2c-2 in the instructions to determine which of the GC/MS fractions you must test for. Mark '-'X" in column 2-a for all such GC/MS 
fractions that apply to your industry and for ALL toxic metals, cyanides, and total phenols. If you are- not required to mark column 2-a (secondary industries, nonprocess wastewater outfalls, -and non-required GC/MS 
fractions), mark "X" in column 2-b for each pollutant you know or have reason to believe is present., Mark. "X'' in column 2-c for each pollutant you believe is absent If you mark column 2a for any pollutant, you must 
provide the results of at least one analysis for that pollutant If you mark column 2b for any pollutant, you must provide the results of at least one analysis for that pollutant. If you know or have reason to believe it will be 
discharged in concentrations of 10 ppb or greater. If you mark column 2b for acrolein, acrylonitrile, 2,4 dinitrophenol, or 2-methyl-4, 6 dinitrophenol, you must provide the results of at least one analysis for each of these 
pollutants which you know or have reason to believe that you discharge in concentrations of 100 ppb or greater. Otherwise, for pollutants for which you mark column 2b, you must either submit at least one analysis or 
briefly describe the reasons the pollutant is expected to be discharged. Note that there are 7 pages to this part; please review each carefully. Complete one table (all 7 pages) for each outfall. , See instructions for 
additional details and reauirements. 

1. POLLUT- 2. MARK'X' . 2. EFFLUENT 3. UNITS 4. INTAKE (ootiona/! 
ANT AND a. TEST- b. BE- c. BE- a. MAXIMUM DAILY VALUE b. MAXIMUM 30 DAY VALUE ·. c. LONG TERM AVRG. (specify if blank) . · a. LONG TERM 

ING RE- LIEVED LIEVE (if available) · VALUE d. NO. OF· AVERAGE VALUE b. NO. OF 
CAS NO. (if .· tif avalfabfel ANALYSI ANALYSE 
available) 

QUIRED PRE- D 
(1) CONCENT- (1) CONCENT• (1) CONCENT- b. MASS "' SENT ASSEN (2) MASS (2) MASS (2) MASS s .. a. 

CONCEIITAATIO "'""~ ' 
s 

RAT!ON RATION RATION . · CONCEN- " T 
' TRATION 

. . 

METALS, CYANIDE, AND TOTAL PHENOLS . . 

1m. Antimony, 
□ !?SJ □ <0.002 mg/L 1 

Tola! 
(7440-36-0\ 
2M. Arsenic, □ !?SJ □ <0.002 mg/L 1 
Total 
(7440-38-2\ 
3M. Beryllium, □ !?SJ □ <0.001 mg/L 1 
Total 
{7440-41-7) 
4M. Cadmium, □ !?SJ □ 0.008 mg/L 1 
Total 
(7440-43-9) 
SM Chromium, □ I;;;;] □ <0.006 mg/L 1 
Total 
(7440-47-3) 
6M Copper, 

□ !?SJ □ 0.007 mg/L 1 
Total 
(7440-50-8) 
7M lead, Total □ I;;;;] □ <0.0075 mg/L 1 
(7439-92-1) 
SM Mercury, □ !?SJ Total □ <0.002 mg/L 1 
(7439-97-6) 
9M Nickel, □ !?SJ Total □ <0.010 mg/L 1 
(7440-02-0\ 
1 OM Selenium, □ !?SJ Total □ <0.002 mg/L 1 
(7782-49-2) 
11M Silver, □ I;;;;] 
Total □ <0.002 mg/L 1 
(7440-22-4} 
12M Thallium, □ !?SJ □ <0.020 mg/L 1 
Total 
<7440-28-0l 
13M Zinc, □ I;;;;] 
Total □ <0.001 mg/L 1 
(7440-66-6\ 
14M Cyanide, □ !?SJ □ <0.008 mg/L 1 
Total 
(57-12-5\ 
15M Phenols, □ I;;;;] □ 0.006 mg/L 1 
Total 

2,3,7,8-Tetra- □ □ I;;;;] DESCRIBE RES UL TS 
chlorodibenzo-
P-Dioxin 
11764-01-6) 

EPA FORM 3510-2C (Rev. 2-85) Page V-3 CONTINUE ON REVERSE 
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CONTINUL ,OM THE FRONT 

1. POLLUT- 2.MARK'X' 2. EFFLUENT . . 3. UNITS 4. INTAKE (optional) 

ANT AND a. TEST- b. BE- c. BE- a. MAXIMUM DAILY b.MAXIMUM30DAYVALUE . c, LONG TERM AVRG. (specify if blank) a. LONGTERM 

CAS NO. (if ING RE- LIEVED LIEVEO VALUE (if available) VALUE d. NO. OF AVERAGE VALUE b. NO. OF 

QUIRED PRE- ABSENT 
(if available) ANALYSI ANALYSE 

available} SENT 
{1) CONCENT- (1) CONCENT-

(2) MASS 
(1) CONCENT-

(2) MASS s a. b. MASS '" s 
RATION {2) MASS RATION RATION CONCEN-

CONCWTRATIO (2)MASS 

" TRATJON 

GC/MS - VOLATILE COMPOUNDS 
. 

. 

1V. Acro/ein 

□ □ IXI (107-02-8) 
2V ACl}'/onilril/e 

□ □ IXI (107-13-1) 

3V Benzene 

□ □ IXI (71-43-2) 
4V Bis (Ch/oro-

□ □ IXI methyl) Ether 
(542·88-1) 
SV Bromoform 

□ □ IXI (75-25-2) 
6V Carbon 

□ □ IXI Tetrachloride 
(56-23-51 
7V Chlorobonzone 

□ □ IXI (108-90.-7) 

av Chlorodi-

□ □ IXI bromomethane 
(124-48-1\ 
9V Chloroelhane 

□ □ IXI {75-00-3) 

10V 2-Chloro-

□ □ l8J ethylvinyl Ether 
(110-75-8\ 
11VCh!oroform 

□ □ IXI (67-66-3) 

12V Dichiaro.-

□ □ IXI bromoethane 
'75-71-81 
13V Dichiaro-

□ □ l8J dilluoromethane 
(75-71-81 
14V 1,1-Dichloro-

□ □ IXI ethane 
(75-34-3\ 
15V 1,2-Dichloro-

□ □ IXI ethane 
(107-06-2) 
16V 1, 1-0ichloro-

□ □ IXI ethylene 
175335-41 
17V 1,2-Dichtoro-

□ □ IXI propane 
(78-87-51 
18V 1,3-Dichloro-

□ □ IXI propylene 
(542-76-6\ 
19V 

□ □ l8J Ethylbenzene 
(100-41-4\ 
20V Methyl 

□ □ IXI Bromide 
(74-83-9\ 
21V Methyl 

□ □ l8J Chloride 
{74-87-3\ 

EPA FORM 3510-2C (Rev. 2-85) Page V-4 CONTINUE ON PAGE V-5 
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I EPA I.D. NUMBER (cop, n Item 1 of Form 1) I OUTFALL NUMBER I - -- - .... - -- - .. - . - - - - - - . 003 

1. POLLUT-
2. MARK'X' 2.EFFLUENT . . 3. UNITS · . 4. INTAKE fontiona/J . 

ANT AND a. TEST- b. BE- c. BE- a. MAXIMUM DAILY b. MAXIMUM 30 DAY VALUE· c. LONG TERM AVRG. (specify if blank) a. LONGTERM 

ING RE- LIEVED LIEVEO VALUE (if available) VALUE " id. NO, OF AVERAGE VALUE b. NO. OF 
CAS NO. (if 

QUIRED PRE- ABSENT 
fif avaifabfel ANALYSI.. ANALYSE 

available) SENT 
(1) CONCENT-

(2) MASS ·. 
(1) CONCENT-

{2) MASS 
(1) CONCENT• 

{2)MASS s a. b. MASS "' s 
RATION RATION. . RATION CONCEN-. 

CONCEHTRo\TlON "'~" 
' TRATION 

. . 

GC/MS - VOLATILE COMPOUNDS (continued) . ·· 

22 V Methylene 

□ □ l2l Chloride 
175-09-2) 
23V 1, 1,2,2-Telra-

□ □ l2l Chloroethane 
(79-34-5) 
24VTetrachloro-

□ □ l2l et~!ene ( 
12 -18-4'1 

ffovB-~~~Jte □ □ l2l 
... v. 1,.:.-1 rans-

□ □ l2l ~ichloroet~{lene 
156-60-5 

,1;._1 _v , , ,_._1-·1 n-

□ □ l2l 7?1loroemane 
71-55-6 

£_0_V I, 1_,_2-1 n• 

□ □ l2l chloroethane 
{79-00-5) 
"'"!v.' ncnIoro-

□ □ l2l ethylene 
- (79-01-6) 

.,;,vv , ncn_Ioro-

□ □ l2l fluoromethane 
175-69-4\ 

Chl~~d,1 

□ □ l2l 
(75-01-4\ 

. · ... ·• ... . . . .•.·. 
-·•·· GC/MS FRACTION - ACID COMPOUNDS .. .. . . .. .•. . . . . 

1A 2-Chlorophenol 

□ □ l2l {95-57-8) 

2A 2,4-0lchloro-

f1hfJ1_i3-2\ □ □ l2l 
3A 2,4-Dimethyl-

□ □ l2l pfgiii.,_g\ 
~,... <+,u-'-:'Imtro-

□ □ l2l Q..cresol 
(534-52-1) 
'-'!"' "', .. _-uImtro-

□ □ l2l phenol 
t51-28-5l 
'-'!"';!-, luO-

□ □ l2l phenol 
(88-75-5\ 
'!"' 4-['!trO-

□ □ l2l f
1
henol 
100-02-7\ 

~f>._!'·v11ioro-

□ □ l2l M-Cresol 
(59-50-7\ 
"'~ .---ema-
chloropheno! 
(87-86-5\ □ □ l2l 
l1"0/.95-~)0I □ □ l2l 
I I/-\L,":,o-1n-

tlorop~~nol 
88-06-2 □ □ l2l 

EPA FORM 3510-ZC (Rev. 2-85) Page V-5 CONTINUE ON REVERSE 
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(~ 

CONTINJ ROM THE FRONT 
1 

1. POLLUT- 2.MARK'X' 2. EFFLUENT 3. UNITS 4. INTAKE footiona/J 
ANT AND a. TEST- b. BE- c. BE- a. MAXIMUM DAILY b. MAXIMUM 30 DAY , _c. LONG TERM AVRG. (specify if blank) a. LONGTERM 

GAS NO. /if ING RE- LIEVED L\EVED VALUE VALUE VALUE d. NO. OF AVERAGE VALUE b. NO. OF 
QUIRED PRE- ABSENT (if available) (if avaifab/el ANALYSI ANALYSE 

available) SENT 
(1) CONCENT• 

(2} MASS 
(1} CONCENT-

(2) MASS 
(1) CONCENT• s a. b. MASS '" s RATION RATION RATION (2) MASS 

CONCEN-
CONCENTRATIOfl (2)1MSS 

. TRATION 
. 

GC/MS FRACTION - BASE/NEUTRAL COMPOUNDS 
16 Acenphlhene 

□ □ igJ (83-32-9) 
28 Aconnphtylenc 

□ □ igJ (208-96-8) 

38 Anthracene 

□ □ igJ (120-12-7) 
48 Benzidine 

□ □ igJ (92-87-5) 
58 Benzo (a) 

□ □ igJ Anthracene 
iSS-.55-31 
68 Benzo (a) 

□ □ igJ Pyrene (50-32-8) 

7B 3,4-Benzo-

□ □ igJ fluoranthene 
(205-99-2) 
8B Benzo (ghi) 

□ □ igJ Perylene 
(191-24-2) 
98 Benzo (k) 

□ □ igJ Fluoranthene 
(207-08-9) 
10B Bis (2-

□ □ igJ Chloroethoxy) 
Methane 
(111-91-1) 
118 Bis (2.ch/oro-

□ □ igJ ethyl) Ether 
1111-44-4) 
126 Bis (2-

□ □ igJ Chloroisepropyl) 
Elher/102·60-1 
136 Bis(2-Elhyf· 

□ □ lg] hexyQ PhUmlate 
1117-81-7) 
14 B 4-Bromo-

□ □ igJ phenyl Phenyl 
Ether (101-55-31 
156 Butyl Bencyl 

□ □ igJ Phlhalato 
/85-68-7\ 
168 2-Ch!oro-

□ □ lg] naphthalene 
(91-68-7) 
17B 4-Chloro-

□ □ igJ phenyl Phenyl 
Ether 17005,72-31 

18B Chrysene 

□ □ lg] (218-01-9) 
198 Oibcnio (a,h} 

□ □ lg] Anthracene 
(53-70-3) 
20B 1,2-Dichlo!O· 

□ □ igJ benzene 
(95-50-1) 
218 1,3•Dlchloro-

□ □ lg] benzene 
(541-73-1) 

EPA FORM 3510-ZC (Rev. 2-85) Page V-6 CONTINUE ON PAGE V-7 
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r I EPA I.D. NUMBER (cop) ., Item 1 of Form 1) l OUTFALL NUMBER 
'-'"'U I II~._,,_._. , n._,,,,, ,-,_.~ • - 003 

1. POLLUT-
2. MARK'X' .-· 2. EFFLUENT 3. UNITS 4. INTAKE (ootiona/J 

ANT AND a. TEST- b. BE- c. BE- a. MAXIMUM DAILY b. MAXIMUM 30 DAY VALUE c. LONG TERM AVRG. (specify if blank) . a. LONGTERM 

ING RE- LIEVED LIEVEO VALUE (if available) VALUE d. NO.OF AVERAGE VALUE b. NO. OF 
CAS NO. (if 

QUIRED PRE- ABSENT 
fifavailablel ANALYSI ANALYSE 

available) SENT 
(1) CONCENT-

(2) MASS 
(1) CONCENT• 

(2)MASS_ 
(1) CONCENT• 

(2)MASS s . a. CONCEN- b. MASS "' s 
RATION RATION RATION TRATION 

CONCEITTMT!ON (:!)WISS 

GC/MS - BASE/NEUTRAL COMPOUNDS (continued) 
.... . 

. 

22B 1,4-0ichloro· D D ['gj benzene 
(106-46-7) 
238 3,3',Dlchtoro- D D ['gj benzidine 
{91-94-1\ 
248 Diethyl D D ['gj Phlha!ate 
(84-66-2) 
258 Dimethyl D D ['gj Phthalate 
(131-11-31 
268 Di-N-Butyl D D ['gj Phlhalate 
1131-11-31 
278 2,4-Dinilro-

D D ['gj toluene 
(121-14-2) 
28B 2,6-0inilro-

D D ['gj toluene 
(606-20-2) 
29B Di-N-Octyl D D ['gj Phthalate 
{117-84-0' 
3061,2-Diphenyl• 

D D ['gj hydrazine (as 
Azo-benzene) 
(122-66-7\ 
31B Fluoranthene 

D D ['gj (206-44-0) 

328 Fluorene D D ['gj (86-73-7) 
338 Hexa- D D ['gj chlorobenzene 
(118-74-1) 
348 Hexa- D D 0 chtorobutadiene 
(87--68-31 
358 Hexach1oro-

D D ['gj cyclopentadiene 
(77-47-4) 
368 Hexa- D D ['gj chloroethane 
167-72-1) 
37B tndeno 

D D ['gj (1,2,3-<Xi) Pyrene 
(193-39-Sl 
38B lsophorone 

D D ['gj (78-59-1) 
39B Napthalene 

D D ['gj (91-20-3) 
40B Nitroben:zene 

D D ['gj (98-95-3) 

418 N-Nitro- D D ['gj sodimelhylamine 
(62-75-9\ 
42B N-Nitrosdi-N• 

D D ['gj Propylamine 
(621-64-7) 

EPA FORM 3510-2C (Rev. 2-85) Page V-7 CONTINUE ON REVERSE 
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/~-
CONTINUE JM THE FRONT 

1. POLLUT- 2. MARK'X' 2.EFFLUENT 3. UNITS 4. INTAKE tootiona/J 
ANT AND a. TEST- b, BE- C. BE- a. MAXIMUM DAILY b. MAXIMUM 30 DAY VALUE c. LONG TERM AVRG. (specify if blank) a. LONGTERM 

CAS NO. (if ING RE- LIEVED LIEVED VALUE (tf available) VALUE d. NO. OF > AVERAGE VALUE b. NO. OF 

QUIRED PRE- ABSENT 
· fif aval/abfel ANALYSI ANALYSE 

available) (1) CONCENT• (1) CONCENT- (1)CONCENT• . s a.CONCEN- b. MASS 
,,, 

' s SENT RATION (2) MASS RATION {2)MASS RATION (2)MASS TRATION I . COIICElfTAATIO <'>""" . 

" 
GCIMS FRACTION - BASE/NEUTRAL COMPOUNDS (continued) ' I .. 

43B N-Nilro-

□ □ ~ sodiphenylamine 
186-30-6) 
448 Phenan\hreno 

□ □ ~ (85-01-/ 

458 Pyrene 

□ □ ~ (129-00-0) 
4681,2,4-Tri-

□ □ ~ ch!orobenzene 
(120-82-1) 

GC/MS FRACTION - PESTICIDES 
. 

.... ... 
1PA!drin 

□ □ ~ (309-00-2) 

2P p-Bhc 

□ □ ~ (319-85-7) 
4P y-BHC 

□ □ ~ 
, 

(58-89-9) 

SP 6-BHC 

□ □ ~ 1319-86-8) 
6P Chlordane 

□ □ ~ (57-74-9) 

7P 4,4'-DDT 

□ □ ~ (50-29-3) 
BP 4,4'-DDE 

□ □ ~ (72-55-9) 
9P4,4'-DDD 

□ □ ~ (72-54-8) 
10P Oieldrin 

□ □ ~ (60-57-1) 

11 P a-Endo-

□ □ ~ sulfan 
(115-29-7\ 
12P !!•Endo· 

□ □ ~ sulfan 
(115-29-7 
13P Endosulfan 

□ □ ~ Sulfate 
11031-07-8\ 
14P Endrln 

□ □ ~ (72-20-8) 
15P Endrin 

□ □ ~ Aldehyde 
{7421-93-4) 
16P Hepla• 

□ □ ~ chlor 
(76-44-8) 

EPA FORM 3510-2C (Rev. 2-85) Page V-8 CONTINUE ON PAGE V-9 
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i 

I EPA I.D. NUMBER (copy from Item 1 of Form 1) I OUTFALL NUMBER 
003 

1. POLLUT-
2. MARK 'X' 2. EFFLUENT . 3. UNITS 4. INTAKE (ootional! 

ANT AND a. TEST- b. BE- c. BE- a. MAXIMUM DAILY b. MAXIMUM 30 DAY VALUE c. LONG TERM AVRG. (specify if blank) a. LONGTERM 
ING RE- LIEVED LIEVEO VALUE (if available) VALUE d. NO. OF AVERAGE VALUE b. NO. OF 

GAS NO. (if 
QUIRED PRE- ABSENT nt available I ANALYSI ANALYSE 

available) (1) CONCENT- (1) CONCENT• {1) CONCENT-
I--. (2) MASS s a. CONCEN- b. MASS '" s SENT RATION {2)MASS RATION (2)MASS RATION ,' CONCEITTl1All0 <'l=• TRATION ' 

GC/MS - PESTICIDES (continued) 
·. . 

·.· . 

17P Heplachlor 

□ □ l:8'l Expxide 
{1024-57-3) 
18P PCB-1242 

□ □ l:8'l (53469-21-9) 
19P PCB-1254 

□ □ l:8'l (11097-69-1) 

20P PCB-1221 

□ □ l:8'l (11104-28-2) 
21P PCB-1232 

□ □ l:8'l (1114H6-5) 
22P PCB-1248 

□ □ l:8'l (12672-29-6) 
23P PCB-1260 

□ □ l:8'l (11096-82-5) 

24P PCB-1016 

□ □ l:8'l (12674-11-2) 
25PToxa-

□ □ l:8'l phene 
(8001-35-2) 

EPA FORM 3510-2C (Rev. 2-85) Page V-1 CONTINUE ON REVERSE 
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mese pages. "~~""',,we-, ,v""· I EPA LD. NUMBER (copy from Item 1 of Fann 1) 1....,.,..,..---, 
V. INTAKE AND EFFLUENT CHARACTERISTICS (continued from page3 of form 2-C)- 004 
PART A - You must nrovide the results of at least one analysis for everv oollutant in this table. Comnlete one table for each outfall, See instructions for additional deta~i~ls-. ----l 

2. EFFLUENT .-·• . 3. UNITS · · . 4. INTAKE footiona/J . 

1 POLLUTANT a. MAXIMUM DAILY b. MAXIMUM 30 DAY VALUE c. LONG TERM AVRG. VALUE (specify if blank) a. LONG TERM 
• VALUE (if available) (ifavailabfe), d. NO. OF · · AVERAGE VALUE b. NO. OF 

t11 <1> ttl . ANALYSIS a CONCEN- b MASS . tii ANALYSES 
CONCENTRATION (2)!MSS CONCl;NTMTION (2)MAS5 CONCENTT!ATIOH (2)MASS TRATION • CONCENTRATIOH (l)J.IASS 

a. Biochemical Oxygen 
Demand /BODI 
b. Chemical Oxygen 
Demand (COD) 
c. Total Organic Carbon 
/TOG! 
d. Total Suspended Solids 3 mg/L 1 
/TSSJ 

e. Ammonia (as N) 

Value Value Value Value 
f. Flow O 1 

Value Value Value Value 
g. Temperature (winter) 

0 c 
h. Temperature (summer) Value Value Value Value 'C 

. Minimum Maximum Minimum Maximum ·STAND UNTIS 
1. pH . • 8.9 1 _. . ARD 

PART B - Mark "X" in column 2-a for each pollutant you.know or _have reason to believe is present. Mark "X" in column 2-b for each pollutant you believe to be absent. If you 
mark column 2a for any pollutant which is limited· either directly, or. indirectly but expressly; in. an' effluent limitation guideline, you must provide the results of at least 
one analysis for that pollutant. For ot_her pollutants for.which you.mark column 2a, you must provide quantitativecdata oran explanation oftheir presence in your 
discharne. Com lete one table for each outfall. See the instructions for additional details.and reauirements. · ··. · · ·.. · .. 

1 
_ POLLUT- 2. MARK 'X' · ·.. ·· ·• 2. EFFLUENT " . · ·. . . " •3. UNITS 4. INTAKE (ootiona/1 
ANT AND ~E- 8.I.IE· a. MAXIMUM DAILY': · b. MAXIMUM 30DAYVALUE c. LONGTERM AVRG. VALUE ,. (specify if blank) a. LONGTERM · . 

• PRE';': u;':0 VALUE (if available) . . (ifavaifable) d. NO. OF · .. · ,. · AVERAGE VALUE .·· b. NO. OF 
CAS NO. (If ENT SENT t,, <11 (I) . • _. ANALYSIS a CONCEN- b MASS t1) ANALYSES 
available) coNCE;fRAno (2)w.ss coNcENTRAnor-1 (2)1,Mss coNcEr-1TRAnoN •. 121= . . i-RATION .· '" . coNcErtTRAnoN mMASs 

a. Bromide D 1v1 
(24959-67-9\ ~ 
b. Chlorine, □ iv, 
Total ~ 
Residual 

c. Color D [g] 
d. Fecal D [g] 
Coliform 
e. Fluoride D 1v1 
{16984-48-8\ ~ 
f. Nitrate- D [g] 
Nitrite (as NJ 

EPA FORM 3510-2C (Rev. 2-85) Page V-1 CONTINUE ON REVERSE 
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ITEM r· ONTINUED FROM FRONT 

1. POLLUT- 2.MARK'X' 

ANT AND •~- e.m;:. a. MAXIMUM DAILY 
UEVED LIEVEO 

CAS NO. (if 
PRES- "· VALUE 
"" "ITT '" available) CONCENTI!ATIO ••= " 

g. Nitrogen, 

□ [ZJ Total Organic 
fas NJ 
h. Oil and 

□ [ZJ 
Grease 
i. Phosphorus 

□ □ (as P), Total 
(7723-14-0) 

j. Radioactivity 

(1) Alpha, 
□ [ZJ 

Total 
(2) Bets, 

□ [ZJ 
Total 
(3) Radium, 

□ [ZJ 
Total 
(4) Radium 

□ [ZJ 
226, Total 
k. Sulfate (as [ZJ □ 3 mg!L SO,) 
114808-79-8) 

I. Sulfide 
□ [ZJ 

(as S) 
m. Sulfite (as 

□ [ZJ 
SO,!( 
14265-45-3) 

n. Surfactants □ [ZJ 
o. Aluminum, · 

□ [ZJ Total 
(7429-90-5) · · 
p. Barium, 

□ [ZJ Total 
(7440-39-3) 
q. Boron, 

□ [ZJ Total 
(7 440-42-81 
r. Cobalt, 

□ [ZJ 
Total 
(7440-48-4) 
s. Iron, Total [ZJ □ <0.006 mg!L 17439-89-4) 
t. Magnesium, 

□ [ZJ 
Total 
(7439-95-41 
u. Molybdenum, 

□ [ZJ Tota! 
(7439-98-7\ 
v. Manganese, 

□ [ZJ Total 
(7439-96-5) 

. 

w. Tln, Total 
□ [ZJ 

(7440-31-5) 
x. Titanium, 

□ [ZJ Total . 
(7 440-32-6) 

EPA FORM 3510-2C (Rev. 2-85) 

2. EFFLUENT 
b. MAXIMUM 30 DAY VALUE c. LONG TERM AVRG. VALUE 

(if available) (if available) d. NO. OF·. 
.· 

"' '" ANALYSIS 
CONCENTRATION (2)MA$S . CONCENTRATION (2)!M.SS 

1 

1 

Page V-2 

3. UNITS 
(specify if blank) 

a. CONCEN- b. MASS 
TRATJON 

/"" 
I 

4. INTAKE /ootiona/l 
a. LONGTERM 

AVERAGE VALUE b. NO. OF 

'" ANALYSES 
CONCENTilATION (2)MASS 

CONTINUE ON PAGE V-3 
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I EPA I.D. NUMBER (copy,,. ,/em 1 of Form 1) I OUTFALL NUMBER 
004 

_PART C - lf you are a primary industry and this outfall contains process wastewater, refer to Table 2c-2 in the instructions to determine which of the GC/MS fractions you must test for. Mark "X" in column 2-a for all such GC/MS 
fractions that apply to your industry and for ALL toxic metals, cyanides, and total phenols., -If you are not required to mark column 2-a (secondary industries, nonprocess wastewater outfalls, and non-required GC/MS 
fractions), mark "X" in column 2-b for each pollutant you know or have reason to believe is present Mark "X'' in column 2-c for each pollutant you believe is absent. 1f you mark column 2a for any pollutant, you must 
provide the results of at least one analysis for that pollutant. If you mark column 2b for any pollutant, you must provide the results of at least one analysis for that pollutant. If you know or have reason to believe it will be 
discharged in concentrations of 1 o ppb or greater. If you mark column 2b for acro!ein, acrylonitrile, 2,4 dinitrophenol, or 2-methyl-4, 6 dinitrophenol, you must provide the results of at least one analysis for each of these 
pollutants which you know or have reason to believe that you discharge in concentrations of 100 ppb or greater. Otherwise, for pollutants for which you mark column 2b, You must either submit at least one analysis or 
briefly describe the reasons the pollutant is expected to be discharged. Note that there .. are 7 pages to this part; please review each carefully. Complete one table (all 7 pages) for each outfall. See instructions for 
additional details and requirements. · · ·: .: ··. 

1. POLLUT- 2. MARK'X' 2. EFFLUENT . . . 3. UNITS 4. INTAKE (ootiona/J 

ANT AND a. TEST- b. BE- c. BE- r •a.MAXIMUM DAILY VALUE b. MAXIMUM 30 DAY VALUE c. LONG TERM AVRG. (specify if blank) a. LONGTERM 
ING RE- LIEVED LIEVE (if available) VALUE d. NO. OF AVERAGE VALUE b. NO. OF 

GAS NO. /ii . . . · fif available) ANALYSI ANALYSE QUIRED PRE- D 
available) (1) CONCENT• (1) CONCENT• 

: (2) MASS 
(tJ CONCENT· s ,. b. MASS '" s SENT ASSEN RATION (2) MASS RATION RATION (2) MASS CONCEN-

CONCENIBATIO (2JMASS 

T I " . . . TRATION 

METALS, CYANIDE, AND TOTAL PHENOLS 
·• ·. ·. . . . 

. . 

1m. Antimony, 
□ [g] □ <0.002 mg/L 1 

Total 
(7 440-36-0) 
2M. Arsenic, □ [g] □ <0.002 mg/L 1 
Total 
(7440-38-2) 
3M. Beryllium, □ [g] □ <0.001 mg/L 1 
Total 
(7 440-41-7) 
4M. Cadmium, □ [g] □ 0.004 mg/L 1 
Total 
(7440-43-9) 
SM Chromium, □ [g] □ <0.006 mg/L 1 
Total 
17440-47-3) 
SM Copper, □ [g] □ <0.003 mg/L 1 
Total 
(7440-50-8) 
7M lead, Total □ [g] □ <0.0075 mg/L 1 
<7439-92-1) 
8M Mercury, □ [g] □ <0.002 mg/L 1 
Total 
(7439-97-6) 
9M Nickel, □ [g] □ <0.010 mg/L 1 
Total 
17440-02-0\ 
10M Selenium, □ [g] □ <0.002 mg/L 1 
Tola! 
(7782-49-2\ 
11M Silver, □ [g] 
Total □ <0.002 mg/L 1 
(7440-22-4) 
12M Thallium, □ [g] □ <0.020 mg/L 1 
Total 
(7440-28-0) 
13M Zinc, □ [g] 
Total □ <0.001 mg/L 1 
(7440-66-6) 
14M Cyanide, □ [g] 
Total □ <0.007 mg/L 1 
(57-12-5) 
15M Phenols, □ [g] □ <0.005 mg/L 1 
Total 

2,3,7,8-Tetra- □ □ [g] DESCRIBE RESULTS 
chlorodibenzo-
P-Dioxin 
(1764-01-6\ 

EPA FORM 3510-2C (Rev. 2-85) Page V-3 CONTINUE ON REVERSE 
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( 
CONTINUE. .OM THE FRONT 

1. POLLUT-
2. MARK'X' . 2. EFFLUENT 3. UNITS . 4. INTAKE footiona/J 

ANT AND a. TEST- b. BE- c. BE- a. MAXIMUM DAILY b. MAXIMUM 30 DAY VALUE c. LONG TERM AVRG. (specify if blank) a. LONGTERM 

GAS NO. /if ING RE- LIEVEO LIEVED VALUE (if !JVailable) VALUE d.NO.OF . AVERAGE VALUE b. NO. OF 
. (if availabfel · · · ANALYSI . ANALYSE 

QUIRED PRE- ABSENT 
available) SENT 

(1) CONCENT- (1) CONCENT• (1) CONCENT• s •. b. MASS_ I• 11) s 
RATION (2) MASS RATION (2) MASS RATION (2) MASS CONCENTAATIO "'""" CONCEN· ' . TRATION 

. 
GC/MS - VOLATILE COMPOUNDS ' 

·.· . 

1 V. Acrolein 

□ □ ~ (107-02-8) 
2V Acry/oni/ril/a 

□ □ ~ (107-13-1) 

3V Benzene 

□ □ ~ (71-43-2) 
4V Bis (Ch/oro-

□ □ ~ methyl) Ether 
(542-88-1) 
SV Bromoform 

□ □ ~ (75-25-2) 
6V Carbon 

□ □ ~ Tetrachloride 
(56-23-5\ 
7V Chlcrobenienc 

□ □ ~ (108-90-7) 

8V Chlorodi-

□ □ ~ bromomethane 
(124-48-1\ 
9V Ch!oroelhane 

□ □ ~ (75-00-3) 

10V 2-Chloro-

□ □ ~ ethylvinyl Ether 
(110-75-8) 
11V Chlorofonn 

□ □ ~ (67-66-3) 

12V Dichloro-

□ □ ~ bromoethane 
(75-71-8) 
13V Dichloro-

□ □ ~ drlluorome\hane 
(75-71-8) 
14V 1,1-0ichloro-

□ □ ~ ethane , 
(75-34-3\ 
15V 1,2-Dichloro-

□ □ ~ ethane 
(107-06-2\ 
16V 1,1-0ichloro-

□ □ ~ ethylene 
(75335-4) 
17V 1,2-Dichloro-

□ □ ~ propane 
(78-87-5} 
18V 1,3-Dichtoro-

□ □ ~ propylene 
(542-76-6) 
19V 

□ □ ~ Ethylbenzene 
(100-41-4) 
20VMelhyl 

□ □ ~ Bromide 
174-83-9) 
21V Methyl 

□ □ ~ Chloride 
{74-87-3) 

EPA FORM 3510-2C (Rev. 2-85) Page V-4 CONTINUE ON PAGE V-5 
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I EPA I.D. NUMBER (copy,. item 1 of Form 1) I OUTFALL NUMBER 
I 004 

1. POLLUT-
2. MARK'X' 2. EFFLUENT 3. UNITS 

. 
4. INTAKE lootiona/J 

ANT AND a. TEST- b. BE- c.BE- a. MAXIMUM DAILY· b. MAXIMUM 30 DAY VALUE c. LONG TERM AVRG. (specify if blank) a. LONGTERM 
ING RE- LIEVED LIEVED VALUE (if available) VALUE d.NO.OF AVERAGE VALUE b. NO. OF 

CAS NO. (if 
QUIRED PRE- ABSENT · fif available! · ANALYSI ANALYSE 

available) SENT 
(1) CONCENT• 

{2) MASS 
(1) CONCENT• 

(2) MASS 
(I) CONCENT-

J2)MASS s ,. b. MASS '" s 
RATION RATION RATION CONCEN-

CONCEHTR,\TION \2)1MSS 

··. . TRATION 
.· 

GC/MS - VOLATILE COMPOUNDS (continued) .. . . 

22 V Methylene 

D D [g] Chlorid~) 
(75-09-2 
23V 1, 1,2,2-Tctra-

D D [g] Chloroethane 
<79-34-5) 
24VTetrachloro-

D D [g] eth-1.'ene ( 
12 -18-4}' 
'7~_v_ 1_ oiuene 
(108-88-3) D D [g] 
Lov 1,i-1rans-

D D [g] Dichloroet~rene 
£156-60-5 
L!," 1,1,,l•lrl· 

D D [g] chloroethane 
(71-55-6) 
.:.~_v l, l_,L· I rl· 

D D [g] chloroethane 
179-00-5) 
£~ v • 1 ncmoro-
ethylene 
(79-01-6) 

D D [g] 
.:,uv I ricn_Ioro-

D D [g] fluoromethane 
f75-69-4) 

Chl~~d°l D D [g] 
175-01-4) 

GC/MS FRACTION - ACID COMPOUNDS . 
. . .. , . 

.. . . . . . 
1A 2·Ch!orcphenol 
(95-57-8) D D [g] 
2A 2,4-0ichloro-

D D [g] r
1
henol 
120-83-2} 

3A 2,4-Dimethyl-

D D [g] r
1
henol 
105-67-9) 

-« \ 't,O-L lnitrO-
O-cresol 
(534-52-1' D D [g] 
v, \ L, ,-~ Im1ro-

D D [g] ~henol 
51-28-51 

.,, ' .. -,.1 ro-
D D [g] jhenol 

88-75-51 
, • ,-1-.,ro-

r1h8B.i
I
2-1, D D [g] 

.,, , ~ -~, .. oro-

~g~~i~~: D D [g] 
"'/-'\ ren!a- D D [g] chlorophenol 
187-86-5) 
1UA n_1enoI 
{10/-95-2) D D [g] 
1,r.L,4,0·lrl• 
chlorop~~nol 
/88-06-2 

D D [g] 

EPA FORM 3510-2C (Rev. 2-85) Page V-5 CONTINUE ON REVERSE 
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r 
CONTINUl (OM THE FRONT 

1. POLLUT- 2. MARK'X' 2. EFFLUENT 3. UNITS 4. INTAKE fontiona/1 
ANT AND a. TEST- b. BE- c. BE- a. MAXIMUM DAILY b. MAXIMUM 30 DAY c. LONG TERM AVRG. (specify if blank) a. LONGTERM . 

ING RE- LIEVED LIEVED VALUE VALUE VALUE d.NO.OF AVERAGE VALUE b. NO. OF 
CAS NO. (if 

QUIRED PRE' ABSENT fif available' lif availabfel ANALYSI ANALYSE 
available) SENT 

(1) CONCENT• 
(2)MASS 

(1) CONCENT-
(2)MASS 

(1) CONCENT- s ,. b. MASS 
,,, 

(2)1MSS s 
RATION RATION RATION , __ (2} MASS 

CONCEN-
CONCENTRATION 

TRATION 

GCIMS FRACTION • BASE/NEUTRAL COMPOUNDS 
1 B Acenphthene 

□ □ 18] (83-32-9) 
28 Acenaphty!one 

□ □ 18] (208-96-8) 

38 Anlhracene 

□ □ 18] (120-12-7) 
4B Benzidine 

□ □ 18] (92-87-5) 
SB Benzo{a) 

□ □ 18] Anthracene 
156-55-3) 
68 Benzo (a) 

□ □ 18] Pyrene (50·32-8) 

78 3,4-Benzo-

□ □ 18] fluoranthene 
(205-99-2) 
88 Benzo (ghl) 

□ □ 18] Perylene 
(191-24-2\ 
98 Benzo (k) 

□ □ 18] Fluoranthene 
(207-08-91 
108 Bis (2-

□ □ 18] Ch/oroethoxy) 
Methane 
(111-91-1) 
11B Bis(2.c/l[()ro. 

□ □ 18] ethyl) Ether 
(111-44-4) 
12B Bis (2-

□ □ 18] Ch/oroisepropyf) 
Ether/102-60-1 
136 Bis(2-E/hy/-

□ □ 18] /lexyf) Phthalate 
(117-81-7\ 
14 B 4-Bromo-

□ □ 18] phenyl Phenyl 
Etheri1D1-55-3) 
156 Butyl Benz.yl 

□ □ 18] Phthalale 
(85-68-7\ 
168 2-Ch!oro-

□ □ 18] naphthalene 
(91-68-7) 
178 4-Chloro-

□ □ 18] phenyl Phenyl 
Ether nooS-72-31 
188 Chrysene 

□ □ 18] (218-01-9) 
198 Dibenzo (a,/1) 

□ □ 18] Anthracene 
(53-70-3} 
2O01,2-Dichloro-

□ □ 18] benzene 
{95-50-1\ 
218 1,3-Dichloro-

□ □ 18] benzene 
(541-73-1) 

EPA FORM 3510-2C (Rev. 2-85) Page V-6 CONTINUE ON PAGE V-7 
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I EPA I.D. NUMBER (cop; , Item 1 of Form 1) I OUTFALL NUMBER 

--·-····---. ··----. ··-- . 004 

1. POLLUT-
2. MARK'X' 2. EFFLUENT 3. UNITS 4. INTAKE lootiona/) 

ANT AND a. TEST- b. BE- · c. BE- a. MAXIMUM DAILY b.·MAXIMUM 30 DAY VALUE c. LONG TERM AVRG. · 
d:NO.OF 

(specify if blank) a. LONGTERM 

INGRE- LIEVED LIEVED VALUE I (if available) VALUE . AVERAGE VALUE b. NO. OF 
CAS NO. (if 

QUIRED PRE- ABSENT 
tif avaifabfel ANALYSI ANALYSE 

available) SENT 
(1) CONCENT- (1) CO NC ENT- (1) CONCENT• s a. CONCEN- b. MASS "' s 

RATION (2) MASS RATION (2)MASS RATION (2)MASS . TRATION 
CONCENTRATION · {2)MA.SS 

·.• . 
GC/MS - BASE/NEUTRAL COMPOUNDS (continued) . 

22B 1,4-Dichloro-

□ □ IX] benzene 
(106-46-7) 
236 3,3',0ichloro-

□ □ IX] benzidine 
(91-94-1) 
248 Diethyl 

□ □ IX] Phtha!ate 
(84-66-2) 
258 Dimethyl 

□ □ IX] Phlhalate 
(131-11-3) 
268 Di-N-Bulyl 

□ □ IX] Phtha[ate 
(131-11-3) 
27B 2,4-Dinitro-

□ □ IX] toluene 
f12H4-2) 
288 2,6-Dinitro-

□ □ IX] toluene 
(606-20-2) 
298 Di-N-Octyl 

□ □ IX] Phtha!ate 
(117-84-0) 
3081,2•Diphenyl• 

□ □ IX] hydrazine (as 
Azo-benzene) 
{122·66-7) 
318 f!uoronlhene 

□ □ IX] (206-44-0) 

328 Fluorene 

□ □ IX] (86-73-7) 
33B Hexa-

□ □ IX] chlorobenzene 
(118-74-1) 
348 Hexa-

□ □ IX] chlorobutadiene 
{87-68-3) 
358 Hexachloro-

□ □ IX] cyclopentadiene 
(77-47-4) 
368 Hexa-

□ □ IX] chloroethane 
(67-72-1) 
378 lndeno 

□ □ IX] (1,2,3-cd) Pyrene 
(193-39-5) 
388 lsophorone 

□ □ IX] (78-59-1) 

398 Naptha!ene 

□ □ IX] (91-20-3) 

408 Nitrobenzene 

□ □ IX] (98-95-3) 

41B N-Nitro-

□ □ IX] sodirnelhylamine 
(62-75-9) 
428 N-Nilrosdi-N-

□ □ IX] Propylarnine 
(621-64-7} 

EPA FORM 3510-2C (Rev. 2-85) Page V-7 CONTINUE ON REVERSE 
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r 
CONTINUE. .OM THE FRONT 

1. POLLUT- 2. MARK'X' 2. EFFLUENT .· 3. UNITS 4. INTAKE7ontiona/J 

ANT AND a. TEST- b. BE- c. BE- a. MAXIMUM DAILY b. MAXIMUM 30 DAY VALUE ,c. LONG TERM AVRG. (specify if blank) a. LONGTERM 

CAS NO. (if ING RE- LIEVED LIEVED VALUE (if available) .. VALUE d. NO. OF AVERAGE VALUE _ b. NO. OF 

QUIRED PRE- ABSENT 
lif available I ANALYSI . ANALYSE 

available) SENT 
{1) CONCENT• 

(2) MASS 
(1) CONCENT-

{2) MASS 
(l)CONCENT• 

(2)MASS s a. CONCEN- b. MASS '" s 
RATION RATION RATION 

CONCEITTAATIO (2)MASS 
TRATION " 

GC/MS FRACTION • BASE/NEUTRAL COMPOUNDS (continued) . 

438 N-Nitro-

□ □ iZJ sodiphenylamine 
(86-30-6) 
44B Phe1mnlhrene 

□ □ iZJ (85-01-/ 

458 Pyrene 

□ □ iZJ (129-00-0) 

468 1,2,4-Tri-

□ □ iZJ chlorobenzene 
1120-82-1\ .· 
GC/MS FRACTION - PESTICIDES 

1P Aldrin 

□ □ iZJ {309-00-2) 

2P ~-She 
□ □ iZJ (319--85-7) 

4P y-BHC 

□ □ iZJ (58-89-9) 

SP 6-BHC 

□ □ iZJ {319-86-8) 
6P Chlordane 

□ □ iZJ (57-74-9) 
7P 4,4'-DDT 

□ □ iZJ (50-29-3) 
BP 4,4'-DDE 

□ □ iZJ (72-55-9) 
gp 4,4'-000 

□ □ iZJ (72-54-8) 
10P Dieldrin 

□ □ iZJ (60-57-1) 

11P a-Endo-

□ □ iZJ sulfan 
(115-29-71 
12P fl-Endo-

□ □ iZJ sulfan 
(115-29-7 
13P Endosullan 

□ □ iZJ Sulfate 
(1031-07-8) 
14P Endrin 

□ □ iZJ (72-20-8) 
15P Endrin 

□ □ iZJ Aldehyde 
17421-93-4) 
16P Hepta-

□ □ iZJ chlor 
(76-44-81 

EPA FORM 3510-2C (Rev. 2-85) Page V-8 CONTINUE ON PAGE V-9 
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I EPA I.D. NUMBER (copy from Item 1 of Form 1) I OUTFALL NUMBER 
004 

1. POLLUT- 2. MARK'X' 2. EFFLUENT 3. UNITS 4. INTAKE (optional) 
ANT AND a. TEST- b. BE- c. BE- a. MAXIMUM DAILY b. MAXIMUM 30 DAY VALUE c. LONG TERM AVRG. (specify if blank) a.LONGTERM 

CAS NO. (if ING RE- LIEVED LIEVED VALUE (if available) . VALUE d. NO. OF AVERAGE VALUE b. NO. OF 
QUIRED PRE- ABSENT 

. . (if availabfe) ANALYSI ANALYSE 
available) SENT 

(1) CONCENT• (1) CONCENT• {1) CONCENT• s a.CONCEN- b. MASS '" s RATION (2) MASS RATION (2) MASS RATION (2) MASS 
TRATION 

CONCENTRATIO (<)MASS 

' . 
GC/MS - PESTICIDES (continued) 

·. 
. . 

17P Heptachlor 

□ □ [Zl Expxide 
(1024-57-3) 
18P PCB-1242 

□ □ [Zl (53469-21-9) 
19P PCB-1254 

□ □ [Zl (11097-69-1) 
20P PCB-1221 

□ □ [Zl (11104-28-2) 

21P PCB-1232 

□ □ [Zl (11141-16-5) 

22P PCB-1248 

□ □ [Zl {12672-29-6) 
23P PCB-1260 

□ □ [Zl (11096-82-5) 

24P PCB-1016 

□ □ [Zl (12674-11-2) 
25P Toxa-

□ □ [Zl phene 
£aoo1-35-2\ 

EPA FORM 3510-2C (Rev. 2-85) Page V-1 CONTINUE ON REVERSE 
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~~~~;;~; ..x'~~ ~·;~~-~ENT.CHARACTERISTICS (continued from page 3 of Form 2-C)_O_o_s __ ~ 
PART A - You must nrovide the results of at least one analysis for everv nollutant in this table. Comnlete one table for each outfall. See instructions for additional details. 

2. EFFLUENT .· ··.· · 3. UNITS ·· 4. INTAKE fontiona/1 
1 POLLUTANT a. MAXIMUM DAILY b. MAXIMUM 30 DAY VALUE . .· C. LONG TERM AVRG. VALUE (specify if blank) a. LONG TERM 

• VALUE (if available) , , (itavaifable) d. NO; OF - , AVERAGE VALUE b. NO. OF 
<1> ti> 111 ANALYSIS a CONCEN• b MASS t1> ANALYSES 

CONCENTRAllON (2) MASS CONCEITTRAT10!,1 (2) MASS CONCENTRATION (2J MASS TRATION , • CONCElmtATIOff (2)1w\SS 

a. Biochemical Oxygen 
Demand /BODI 
b. Chemical Oxygen 
Demand /CODI 
c. Total Organic Carbon 
{TOCI 

1rJ;\al Suspended Solids 35 mg/L 1 

e. Ammonia (as NJ 
Value Value Value Value 

f. Flow O 1 
Value Value Value Value 

g. Temperature (winter) °C 

h. Temperature (summer) Value Value Value Value oc 

i. pH Mini~um Ma~-~um Minimum Maximum 1 STANDARD UNTIS, 

PART B. Mark "X" in column 2-a for each.pollutant you know or have reason to believe is present. _Mark "X" in column 2-b for each pollutant you believe to be absent. If you 
mark column 2a for any pollutant which is limited either directly, or indirectly but expressly/ in an effluent limitation guideline, you must provide the results of at least 
one analysis for. that pollutant. For other pollutants for which you mark_ column 2a, you. must provide quantitative data or an explanation of their presence in your 

. discharae. Com lete one table for each outfall. See the instructions for additional details and renuirements. · . 

1
_ POLLUT- 2. MARK'X' · ·. 2. EFFLUENT · .·· ·. · 3. UNITS , 4. INTAKE (ootional) 
ANT ANO a.ee- e.ui:- a. MAXIMUM DAILY b. MAXIMUM 30 DAY VALUE c. LONG TERM AVRG. VALUE · . (specify jf blank) ··; a. LONG TERM · . ~i ~o VALUE (if available) .. (if available) · d. NO. OF .. AVERAGE VALUE b. NO. OF 

GAS NO. {tf ENT sem (tl 111 (IJ ANALYSIS a, CONCEN- b MASS 111 ANALYSES 
available) CONC~ATIO {1)MASS CONCENTMTION (2)MASS ,, CONCEITTAATION {2)1w\SS ' '' ' TRATJON • CONCENTRATION (:2JMASS 

a. Bromide D 1v1 
(24959-67-9) l6I 
b. Chlorine, D 1v1 
Total l6I 
Residual 

c. Color D 12:J 
d. Fecal D 12:J 
Coliform 
e. Fluoride D 1v1 
(16984-48-8) l6I 

f. Nitrate- D 12:J 
Nitrite (as NJ 

EPA FORM 3510-2C (Rev. 2-85) Page V-1 CONTINUE ON REVERSE 
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(' 
ITEN ~ONTINUED FROM FRONT 

1. POLLUT- 2. MARK'X' 

ANT AND 
a.BE• B.BE• a. MAXIMUM DAILY UEVEO Ulo\l'ED 

CAS NO. (if 
PRES- "· VALUE ,ITT SENT 

'" available) CONCENTRATIO "'""" " g. Nitrogen, 

□ ~ Total Organic 
(as NJ 
h. Oil and 

□ ~ Grease 
i. Phosphorus 

□ □ (as PJ, Total 
17723-14-01 

j. Radioactivity 

(1) Alpha, 
□ ~ Total 

(2) Bets, 
□ ~ Total 

(3) Radium, 
□ ~ Total 

(4) Radium 
□ ~ 226, Total 

k. Sulfate (as 
~ □ 120 mg/L S0-t) 

114808-79-81 

I. Sulfide 
□ ~ las Sl 

m. Sulfite (as 

□ ~ SO~( 
14265-45-31 

n. Surfactants □ ~ 
o. Aluminum, 

□ ~ Total 
17 429-90-5) 
p. Barium, 

□ ~ Total 
(7 440-39-3) 
q. Boron, 

□ ~ Total 
(7440-42-8) 
r. Cobalt, 

□ ~ Total 
17440-48-4) 
s. Iron, Total 

~ □ 0.593 mg/L 17439-89-4) 
t. Magnesium, 

□ ~ Total 
/7439-95-4) 
u. Molybdenum, 

□ ~ Total 
(7439-98-7) 
v. Manganese, 

□ ~ Total 
(7439-96-51 

w. Tin, Total 
□ ~ (7 440-31-5) 

x. Titanium, 

□ ~ Total 
(7 440-32-61 

EPA FORM 3510-2C (Rev. 2-85) 

~-

2. EFFLUENT . . 3. UNITS 4. INTAKE (ootiona/1 
-

b. MAXIMUM 30 DAY VALUE c. LONG TERM AVRG. VALUE (specify if blank) a.LONGTERM 
(if available) (if available) d.NO.OF b. NO. OF AVERAGE VALUE ,,, 

CONceSkTioN . 
ANALYSIS a.CONCEN- b. MASS '" ANALYSES 

CONCENTRATION (2)MASS . (2)Mo\SS CONCENTRATION (2)MA.SS 
. TRATION 

I . .· . 

1 

1 

Page V-2 CONTINUE ON PAGE V-3 
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f\ 
I EPA I.D. NUMBER (cop) . Item 1 of Form 1) I OUTFALL NUMBER 

005 
PART c. If you are a primary industry and this outfall contains process wastewater, refer to Table 2c-2 in the instructions to determine which of the GC/MS fraclionsyou must test for. Mark "X" in column 2-a for all such GC/MS 

fractions that apply to your industry and for ALL toxic metals, cyanides, and total phenols. If you are not required to mark column 2-a (secondary industries, nonprocess wastewater outfalls, and non-required GCIMS 
fractions), mark "X" in column 2-b for each pollutant you know or have reason to believe is-present. Mark "X" in column 2-c for each pollutant you believe is absent. If you mark column 2a for any pollutant, you must 
provide the results of at least one analysis for that pollutant. lf you mark column 2b for any pollutant, you must provide the results of at least one analysis for that pollutant. If you know or have reason to believe it will be 
discharged in concentrations of 1 o ppb or greater. lf you mark column 2b for acrolein, acrylonilrile, 2,4 'dinitrophenol, or 2-methyl-4, 6 dinitrophenol, you must provide the results of at least one analysis for each of these 
pollutants which you know or have reason to believe that you discharge in concentrations of 100 ppb or greater.· Otherwise, for pollutants for which you mark column 2b, you must either submit at least one analysis or 
briefly describe the reasons the pollutant is expected to be discharged. Note that there.are :7 pages to this part;.please review each carefully .. Complete one table (all 7 pages) for each outfall. See instructions for 
additionaldelailsandreauirements. -'· ·.·· · · .. ,_ ··· · · 

1. POLLUT- 2. MARK'X' .. ••. • 2. EFFLUENT . ... . . , • ... 3. UNITS 4. INTAKE fontiona/1 
ANT AND a. TEST- b. BE- c. BE- a. MAXIMUM DAILY VALUE , b.MAXIMUM 30 DAY VALUE c. LONG TERM AVRG. - (specify if blank) · a. LONGTERM 

ING RE- LIEVED LIEVE ' (if available) , VALUE ':d. NO. OF J ... ''. ,., AVERAGE VALUE b. NO. OF 
CAS NO. (if 

QUIRED PRE- D . . fif available'. ANALYSI ANALYSE 
available) (1) CONCENT• (1) CONCENT•. (1) CONCENT- s ---: a.--: b. MASS 

,,, 
o,=s s SENT ASSEN RATION (2)MASS RATION•._. (2)MASS RATION {2)MASS . CONCENTRATIO 

T ·. 
I·;· CONCEN- " TRATION 

,• 

·.·. 
. ,• 

METALS, CYANIDE, AND TOTAL PHENOLS . ' I 

1m. Antimony, □ IZl Total □ <0.002 mg!L 1 
17440-36-01 
2M. Arsenic, □ IZl Total □ <0.002 mg!L 1 
(7440-38-2) 
3M. Beryllium, □ IZl Total □ <0.001 mg!L 1 
(7440-41-7} 
4M. Cadmium, □ IZl □ 0.006 mg!L 1 
Total 
(7440.-43-9} 
SM Chromium, □ IZl □ <0.006 mg!L 1 
Total 
17440-47-3) 
6M Copper, □ IZl □ 0.003 mg!L 1 
Total 
(7440-50-8) 
7M lead, Total □ IZl □ <0.0075 mg!L 1 
(7439-92-1) 
SM Mercury, □ IZl □ <0.002 mg!L 1 
Total 
17439-97-61 
9M Nickel, □ IZl □ <0.010 mg!L 1 
Total 
t7440-02-m 
10M Selenium, □ IZl □ <0.002 mg!L 1 
Total 
(7782.-49-2) 
11M Silver, □ IZl □ <0.002 mg!L 1 
Total 
(7440-22.-4) 
12M Thallium, □ IZl □ <0.020 mg!L 1 
Total 
(7440-28-0) 
13MZinc, □ IZl □ <0.001 mg!L 1 
Total 
(7440-66-6) 
14M Cyanide, □ IZl □ <0.008 mg!L 1 
Total 
(57-12-5) 
15M Phenols, □ IZl □ <0.005 mg!L 1 
Total 
u 
2,3,7.8-Tetra- □ □ IZl DESCRIBE RESULTS 
chlorodibenzo-
P-Dioxin 
{1764-01-6\ 

EPA FORM 3510-ZC (Rev. 2-85) Page V-3 CONTINUE ON REVERSE 
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r 
CONTINUE .JM THE FRONT 

1. POLLUT- 2.MARK'X' 2. EFFLUENT . 3. UNITS 4. INTAKE (ootiona/1 

ANT AND a. TEST- b. BE- c. BE- a. MAXIMUM DAILY b. MAXIMUM 30 DAY VALUE e. LONG TERM AVRG. (specify if blank) a. LONGTERM 

ING RE- LIEVEO LIEVED VALUE (if available) , VALUE d. NO. OF AVERAGE VALUE b. NO. OF 
CAS NO. (if . . . 'if avaT/able' ' ANALYSI . ANALYSE 

QUIRED PRE- ABSENT 
available) SENT 

{1) CONCENT• 
(2)MASS 

{1) CONCENT- (2) MASS ',, 
(1) CONCENT~ s a. b. MASS "' s 

RATION RATION RATION,, "(2) MASS CONCEN-
CONCENTRATIO "'""" ' TRATION 

. 

GC/MS - VOLATILE COMPOUNDS 
··.·. =. ' ' 

1V. Acrolein D D IZI (107-02-B) 
2V Acrylcmi/til/e 

D D IZI (107-13-1) 

3V Benzene D D IZI (71-43-2) 
4V Bis (Ch/om,. D D IZI methyl) Ether 
(542-88-1' 
5V Bromoform D D IZI (75-25-2) 
GVCarbon D D IZI Tetrachloride 
(56-23-5) 
7V Clilorobenzene 

D D IZI (108-90-7) 

av Chlorodi- D D IZI bromomethane 
(124-48-1\ 
9V Chloroethane 

D D IZI (75-00-3) 

10V 2-Chloro- D D IZI ethylvinyl Ether 
(110-75-8) 
1WChloroform 

D D IZI {67-66-3) 

12V Dichiaro- D D IZI bromoethane 
(75-71-8\ 
13V Dichiaro- D D IZI difluoromelhane 
(75-71-8) 
14V 1,1-0ichloro-

D D IZI ethane 
175-34-3) 
15V 1,2-Dichloro-

D D IZI ethane 
1107-06-2' 
16V 1, 1-Dichloro-

D D IZI ethylene 
(75335-4) 
17V 1,2-Dlchloro- D D IZI propane 
(78-87-5) 
18V 1,3-0ichloro-

D D IZI propylene 
(542-76-6) 
19V D D IZI Ethylbenzene 
(iOQ-41-4) 
20V Methyl D D IZI Bromide 
174-83-9' 
21VMethyl D D IZI Chloride 
174-87-3) 

EPA FORM 3510-2C (Rev. 2-85) Page V-4 CONTINUE ON PAGE V-5 
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I EPA I.D. NUMBER (cop; , Item 1 of Form 1) I OUTFALL NUMBER 

I __ ,.,,.. ___ . ··-···· ---- 005 

1. POLLUT-
2. MARK'X' 2. EFFLUENT · 3. UNITS . 4. INTAKE fontionaf) 

ANT AND a. TEST- b. BE- c. BE- a. MAXIMUM DAILY b. MAXIMUM 30 DAY VALUE . c. LONG TERM AVRG. (specify if blank) a.LONGTERM 

ING RE- LIEVED LIEVED VALUE (if available) VALUE d. NO. OF AVERAGE VALUE b. NO. OF 
CAS NO. (if 

QUIRED PRE- ABSENT 
.· .. llf availab/el ANALYSI ANALYSE 

available) SENT 
{1) CONCENT-

(2) MASS 
(1) CONCENT· 

{2)MASS 
{1) CONCENT-

(2) MASS. s a. b. MASS <•> s 
RATION RATION . RATION CONCEN-

CONCENTRA110N (2)MASS 

TRATlON 
. . 

GC/MS - VOLATILE COMPOUNDS (continued) . 

22 V Methylene 

~~~J~~~' □ □ IZI 
23V 1.1.2,2-Tctra-

□ □ IZI fhloroe~rane 
79-34-5 

24V Tetrachtoro--

□ □ IZI elhl.'enet~ 
12 -18-4 
,:;:iv 1oluene 

□ □ IZI (108-88-3) 

r..vv l,t.-Hans-

□ □ IZI Dichtoroe1gfene 
{156-60-5 
.._,v l,"1,"1·10· 
ch!oroemane 
'71-55-6 □ □ IZI 
LOV 1,1,L•lrl• 

79J::oi:mane □ □ IZI 
c;,v I n1,;rnoro-

□ □ IZI Tii:b~~~, 
~~ 1 ni.;r11oro-

□ □ IZI f¥i-~::}hane 
~IV vinyl 

□ □ IZI ~~~J\~:) . . 
· . · . 

GC/MS FRACTION - ACID COMPOUNDS 
. 

·.· ,. 
• . · . . ·. 

1A 2-Chlorophenol 

□ □ IZI (95-57-8) 

2A 2,4-Dlchloro-

□ □ IZI r
1
henol 
120-83-2) 

3A 2,4-Dimelhyl-

f1h~J1.i
1
7-9\ □ □ IZI 

<tr-I 4,6-Dirntro-

□ □ IZI O-cresol 
1534-52-1) 
.,n .:,'+-uinitro-

rt1e-~t5, □ □ IZI 
~,..,_ ... -1~1 ro-

□ □ IZI rrenol 
88-75-5\ 
fM '1-l~\ro• 

□ □ IZI phenol 
(100-02-7) 
o/-\ i--vworo-

□ □ IZI ~-Cres~{ 
59-50-7 

:,!">.Penta-

□ □ IZI chlorophenol 
{87-8&,5) 

(1uQ/_~g:z)ol □ □ IZI 
,,,. .. , -,o-1n-

f;~~gi~fnol □ □ IZI 

EPA FORM 3510-2C (Rev. 2-85) Page V-5 CONTINUE ON REVERSE 
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CONTINU ROM THE FRONT 

1. POLLUT- 2.MARK'X' . 2. EFFLUENT 3. UNITS 4. INTAKE (ootiona/J 
ANT AND a. TEST- b. BE- c. BE- a. MAXIMUM DAILY b. MAXIMUM 30 DAY c. LONG TERM AVRG. . (specify if blank) a. LONGTERM 

ING RE- LIEVED LIEVED _ VALUE VALUE VALUE d. NO. OF AVERAGE VALUE b. NO. OF 
CAS NO. (if 

PRE- ABSENT 
, tif available I fifavailablel ,_-,- ANALYSI . ANALYSE QUIRED 

available) SENT 
(1) CONCENT• 

(2) MASS , 
(1) CONCENT-

(2) MASS 
(1) CONCENT-

(2) MASS s .. b. MASS 
,,, 

m=• s RATION RATION RATION CONCEN· 
CONCENTRATION 

. . TRATION 

GC/MS FRACTION • BASE/NEUTRAL COMPOUNDS . . . 

1B Acenphlhene 

□ □ ~ (83-32-9) 
2B Ac11naphlyl11n11 

□ □ ~ (208-96-8) 

3B Anthracene 

□ □ ~ (120-12-7) 
48 Benzidine 

□ □ ~ (92-87-5) 

58 Benzo (a) 

□ □ ~ Anthracene 
{56-55-3) 
68 Benzo (a) 

□ □ ~ Pyrena (50-32-8) 

78 3,4-Benzo-

□ □ ~ fluoranthene 
<2os-eg..21 
88 Benzo (gh1) 

□ □ ~ Perylene 
(191-24-2) 
98 Benzo (k) 

□ □ ~ Fluoranthene 
1207-0S..9) 
10B Bis (2-

□ □ ~ Ch/oroethoxy) 
Methane 
t111-9M\ 
11 B Bis (2-Chloro-

□ □ ~ ethyQ Ether 
(111-44-4) 
12B Bis (2-

□ □ ~ Chloroisepropy/) 
Ether 1102--60--1 
13B Bis(2-ElhJ'i· 

□ □ ~ hexyl) Phthalate 
{117-81-7\ 
14 B 4-Bromo-

□ □ ~ phenyl Phenyl 
Ether 1101-55-3\ 
15B Butyl Benzyl 

□ □ ~ Phthalate 
{85-68-7) 
16B 2-Ch[oro-

□ □ ~ naphthalene 
191-68-7\ 
17B 4-Chloro-

□ □ ~ phenyl Phenyl 
Ether f7005-72-3l 
18B Chrysene 

□ □ ~ (218-01-9) 
19B Dlbcm.:o (1.1,h} 

□ □ ~ Anlhracene 
(53-70-3) 
20B 1,2-Dich!oro-

□ □ ~ benzene 
195-50-1} 
2181,3-Dich!oro-

□ □ ~ benzene 
(541-73-1} 

EPA FORM 3510-2C (Rev. 2-85) Page V-6 CONTINUE ON PAGE V-7 
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,,...\ 
I EPA I.D. NUMBER (copy, .tern 1 of Fann 1) I OUTFALL NUMBER 

.......... ' ... ..,._ .... ,, ...... ,. ·--~--. ~ 005 
2. MARK'X' 2. EFFLUENT 

. 
3. UNITS . 4. INTAKE footiona/J 

1. POLLUT-
ANT AND a. TEST- b. BE- c. BE- a. MAXIMUM DAILY b. MAXIMUM 30 DAY VALUE c. LONG TERM AVRG. : (specify if blank) a. LONGTERM 

(if available) VALUE d. NO. OF AVERAGE VALUE b. NO. OF 
CAS NO. (if ING RE- LIEVED LIEVED VALUE 

{if available) · 
QUIRED PRE- ABSENT ANALYSI ANALYSE 

available) (1) CONCENT• (1) CONCENT- I (1) CONCENT• s a. CONCEN- b.MASS '" s SENT RATION (2) MASS RATION (2)MASS RATION (2) MASS TRATION 
CONCENTRATION (2)MASS 

GC/MS - BASE/NEUTRAL COMPOUNDS (continued) 
.. 

228 1,4-Dichloro- D D lg] benzene 
{106-46-7) 
236 3,3'-Dichloro- D D lg] benzidine 
(91-94-1\ 
24B Diethyl D D lg] Phthalate 
(84-66-2) 
258 Dimethyl D D lg] Phlhalate 
(131-11-3) 
268 Di-N-Butyl D D lg] Phtha!ate 
(131-11-3) 
278 2,4-Dlnitro- D D lg] toluene 
f12M4-2l 
28B 2,6-Dinilro-

D D lg] toluene 
(606-20-2) 
298 Di-N-Octyl D D lg] Phthalale 
(117-84-0) 
3081,2•Diphenyl• 

D D lg] hydrazine (as 
Azo-benzene) 
(122-66-7) 
318 FluoranUume 

D D lg] (206-44-0) 

32B Fluorene D D lg] (86-73-7) 
33B Hexa- D D lg] chlorobenzene 
{118-74-1' 
34B Hexa- D D lg] chlorobutadiene 
!87-68-31 
35B Hexach!oro-

D D lg] cyclopentadiene 
(77-47--4) , 
36B Hexa- D D lg] chloroethane 
(67-72-1\ 
37B lndeno 

D D lg] (1,2,3-<Xi) Pyrene 
(193-39-5) 
388 lsophomne 

D D lg] (78-59-1) 
398 Napthalene 

D D lg] (91-20·3) 

408 Nitrobenzene 
D D lg] (98-95-3) 

418 N-Nitro- D D 0 sodimethylamine 
162-75-9} 
428 N-Nitmsdi-N- D D lg] Propylamlne 
(621-64-7) 

EPA FORM 3510-2C (Rev. 2-85) Page V-7 CONTINUE ON REVERSE 
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CONTINr ROM THE FRONT 

-~'"', 

I 

1. POLLUT- 2.MARK'X' 2. EFFLUENT . 
. 3. UNITS 4. INTAKE (optional) 

ANT AND a. TEST- b. BE- c. BE- a. MAXIMUM DAILY b. MAXIMUM 30 DAY VALUE c. LONG TERM AVRG. (specify if blank) a. LONGTERM 
ING RE- LIEVED LIEVED VALUE (if available) VALUE d. NO. OF AVERAGE VALUE b. NO. OF 

CAS NO. (if 
QUIRED PRE- ABSENT - fif avairableJ I, ANALYSI ANALYSE 

available) SENT 
(1) CONCENT- (1) CON CENT• 

(2) MASS , 
(1) CONCENT- s a. CONCEN- b. MASS '" (2)MASS s RATION (2)MASS RATION RATION (2) MASS CONCENTRATIO TRATION " 

GC/MS FRACTION - BASE/NEUTRAL COMPOUNDS (continued) ; . 

. 

438 N-Nilro-

□ □ rgJ sodiphenylamine 
{86-30-6) 
44B Phenanlhrene 

□ □ rgJ {85-01-/ 

458 Pyrene 

□ □ rgJ (129-00-0) 
468 1,2,4-Tri-

□ □ rgJ chlorobenzene 
{120-82-1) 

GC/MS FRACTION - PESTICIDES 

1P Aldrin 

□ □ rgJ (309-00-2) 
2P p-Bhc 

□ □ rgJ (319-85-7) 
4Py-BHC 

□ □ rgJ (58-89-9) 

SP 0-BHC 

□ □ rgJ (319-86-8} 
6P Chlordane 

□ □ rgJ (57-74-9) 
7P 4,4'-DDT 

□ □ rgJ (50-29-3) 
SP 4.4'-DDE 

□ □ rgJ (72-55-9) 
9P 4,4'-DDD 

□ □ rgJ (72-54-8) 
10P Dieldrin 

□ □ rgJ {60-57-1) 

11P a-Endo-

□ □ rgJ sulfan 
1115--29-7} 
12P P-Endo-

□ □ rgJ sulfan 
(115-29-7 
13P Endosulfan 

□ □ rgJ Sulfate 
(1031-07-8) 
14P Endrin 

□ □ rgJ (72-20-8) 
15P Endrin 

□ □ rgJ Aldehyde 
{7421-93-4-' 
16P Hepta-

□ □ rgJ chlor 
{76-44-8\ 

EPA FORM 3510-2C (Rev. 2-85) Page V-8 CONTINUE ON PAGE V-9 
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1. POLLUT-
2. MARK'X' 

ANT AND a. TEST- b. BE- c. BE-
ING RE- . LIEVED LIEVED 

GAS NO. (if 
QUIRED PRE· ABSENT 

available) SENT 

GC/MS - PESTICIDES (continued) 

17P Heptachtor 

□ □ !XI Expxide 
(1024-57-3) 
18P PCB-1242 

□ □ !XI (53469-21-9) 
19P PCB-1254 

□ □ !XI (11097-69-1) 
20P PCB-1221 

□ □ !XI (11104-28-2) 
21P PCB-1232 

□ □ !XI (11141-16-5) 
22P PCB-1248 

□ □ !XI (12672-29..S) 
23P PCB-1260 

□ □ !XI (11096-82-5) 
24P PCB-1016 

□ □ !XI (12674-11-2) 
25P Toxa-

□ □ !XI phene 
i8001-35-21 

EPA FORM 3510-2C (Rev. 2-85) 

~, 
f 1 

I EPA 1.D. NUMBER (copy from Item 1 of Form 1) 

·.·.· . 2.EFFLUENT .. .. · 

a. MAXIMUM DAILY b. MAXIMUM 30 DAY VALUE c. LONG TERM AVRG. 

VALUE ' 
(if available) VALUE 

· · fif available: · · 
(1)CONCENT• 

{2)MASS: 
(1) CONCENT-

(2) MASS 
{1) CONCENT-

(2) MASS RATION RATION RATION 

. . .. 

Page V-1 

, OUTFALL NUMBER 

005 
3. UNITS 4. INTAKE lootiona/J 

(specify if blank) a.LONGTERM 
d. NO. OF, .. · . . AVERAGE VALUE b. NO. OF 
ANALYSI . ANALYSE 

s a, CONCEN- b. MASS '" ('.l)W.55 s 
TRATION 

CONCENTRATIO 

" 
' 

. 

CONTINUE ON REVERSE 
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~\ 

these pages. ~"" IN~ 

1 

KUL, I IVN'>. I EPA 1.0. NUMBER (copy from Item 1 of Fonn 1) I 

V. INTAKE AND EFFLUENT CHARACTERISTICS. (continued from oage 3 of Form 2-C) -,...0.,.,0"'6--~ 
PART A- You must orovide the results of at least one analvsis for everv oollutant in this table: Comolete one table for each outfall. See instructions for additional deta"i~ls-.-----l 

·· . 2. EFFLUENT · · 3. UNITS • ··.·.· 4. INTAKE footiona/J 
1 POLLUTANT a. MAXIMUM DAILY b. MAXIMUM_300AYVALUE c. LONGTERM<VRG. VALUE (specify if blank) •· a. LONGTERM ·. 

• VALUE (if available) {ifavalfable) . d. NO. OF , . · ·:• . ·. AVERAGE VALUE b. NO. OF 
t1J t1! ttJ · ANALYSIS a CONCEN• b MASS. c11 ANALYSES 

CONCENTRATION 12)!,!ASS CONCENTR/ITION (2)Mo\.SS CONCENTRA1'10fl ' (2)1MSS TRATION ' • CONCENTRATION (2)1MSS 

a. Biochemical Oxygen 
Demand /BODI 
b. Chemical Oxygen 
Demand /CODI 
c. Total Organic Carbon 
!TOC) 
d. Total Suspended Solids 1 mgiL 1 
(TSS) 

e. Ammonia (as NJ 
Value Value Value Value 

f. Flow O 1 
Value Value Value Value 

g. Temperature (winter) °C 

h. Temperature (summer) Value Value Value Value 'C 

Minimum Maximum Minimum Maximum T ND is· · L pH • B.6 1 . . S A ARD UNT_ 

PART B - Mark "X" in column 2-a for each pollutant you know or have reason to believe is present. Mark "X''in column 2-b for each pollutant you believe to be absent. If you 
mark column 2a for any pollutant which is limited either directly, or indirectly but expressly, in an effluent limitation guideline, you must provide the results of at least 
one analysis for that pollutant. For other pollutants for which you mark colum_n 2a, you must provide quantitative data or an explanation of their presence in your 
discharoe. Com ,Iete one table for each outfall. See the instructions for additional details and reauirements. . • . · 

1
_ POLLUT- 2.MARK'X' · . 2. EFFLUENT ,• . · · ·; :C ·c. ·• ·· 3. UNITS . 4. INTAKE(optiona/J 
ANT AND ~J~D ~~ a. MAXIMUM DAILY b. MAXIMUM3?DAYVALUE c. LONG~ERM~VRG'.,VALU~ . , (specify i(blank) a. LONG TERM ,, 

• PREs- AB- VALUE (ifavarfable) .-' (1fa_v;J1.able) ', ., d.·NO.OF · . ,_ •. · AVERAGEVALUE b.NO.OF 
CAS NO. (If err SEtrr tiJ ('> (1) ,,. ANALYSIS a.CONCEN--·. b MASS {1) ANALYSES 
available) coticEWRATio f2lMAss coticEUTRATioN t2JMASS . coNcEITTRAr10N (2)1MSS TRATION • coNcENTRATioN 12)= . 

a. Bromide D rv, 
(24959-67-9' ~ 
b. Chlorine, □ rv, 
Total L6J 
Residual 

c. Color D [g] 
d. Fecal D [g] 
Coliform 
e. Fluoride D rv, 
116984-48-8' l6J 

f. Nitrate- D [g] 
Nitrite (as NJ 

EPA FORM 3510-ZC (Rev. 2-85) Page V-1 CONTINUE ON REVERSE 
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(~, 

ITEM\ ,ONTINUED FROM FRONT 

1. POLLUT- 2.MARK'X' 2. EFFLUENT 3. UNITS 4. INTAKE /optional/ 

ANT AND 
•.IIE• B. IIE- a. MAXIMUM DAILY b. MAXIMUM 30 DAY VALUE c. LONG TERM AVRG. VALUE (specify if blank) a. LONGTERM 

UEVEO UEVEO (if available) (if available) d. NO.OF b. NO. OF 

GAS NO. /if 
PRES- "· VALUE AVERAGE VALUE 
,m SENT 

'" "' '" ANALYSIS a. CONCEN· b. MASS '" ANALYSES 

available} CONCEITTRATIO "'"'"' CONCENTRATION "'~~ CONCE!ffi!ATION (,)MASS CONCEIITRATION , (2)MASS 

' 
TRATIQN 

g. Nitrogen, 

□ 1:8:1 Total Organic 
fas NI 
h. Oil and 

□ 1:8:1 Grease 
i. Phosphorus 

□ □ (as P}, Total 
(7723-14-0l 

j. Radioactivity 
. 

/1) Alpha, 
□ 1:8:1 Total 

(2) Bets, 
□ 1:8:1 Total 

(3) Radium, 
□ 1:8:1 

Total 
(4) Radium 

□ 1:8:1 226, Total 
k. Sulfate (as 

1:8:1 □ 330 mg/L 1 
so,,J 
114808-79-81 

I. Sulfide 
□ 1:8:1 (as S) 

m. Sulfite (as 

□ 1:8:1 SO,)( 
14265-45-3) 

n. Surfactants □ 1:8:1 
o. Aluminum, 

□ 1:8:1 Total 
(7429-90-5) 
p. Barium, 

□ 1:8:1 Total 
<7440-39-3) 

q. Boron, 
□ 1:8:1 Total 

17 440-42-81 
r. Cobalt, 

□ 1:8:1 Total 
(7440-48-4) 
s. Iron, Total 

1:8:1 □ <0.006 mg/L 1 
(7439-89-41 
t. Magnesium, 

□ 1:8:1 Total 
17439-95-41 
u. Molybdenum, 

□ 1:8:1 Total 
(7439-98-7} 
v. Manganese, 

1:8:1 □ 0.022 mg/L 1 
Total 
17 439-96-51 

w. Tin, Total 
□ 1:8:1 

(7 440-31-5) 
x. Titanium, 

□ 1:8:1 Total 
17 440-32-6) 

EPA FORM 3510-2C (Rev. 2-85) Page V-2 CONTINUE ON PAGE V-3 
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EPA I.D. NUMBER (copy. .tern 1 of Form 1) I OUTFALL NUMBER 
006 

PART c _ If you are a primary industry and this outfall contains process wastewater, refer to Table 2c-2 in the instructions to determine which of the GC/MS fractions you must test for. Mark "X" in column 2-a for all such GC/MS 
fractions that apply to your industry and for ALL toxic metals, cyanides, and total phenols. If you are not required to mark column 2-a (secondary industries, nonprocess wastewater outfalls, and non-required GCIMS 
fractions), mark "X" in column 2-b for each pollutant you know or have reason to believe is present. Mark "X" in column 2-c for each pollutant you believe is absent. If you mark column 2a for any pollutant, you must 
provide the results of at least one analysis for that pollutant. If you mark column 2b focany pollutant, you must provide the results of at least one analysis for that pollutant. If you know or have reason to believe it will be 
discharged in concentrations of 1 O ppb or greater. If you mark column 2b for acrolein, acrylo.nitrile, 2,4 dinitrophenol, or 2-methyl.:.4, 6 dinitrophenol, you must provide the results of at least one analysis for each of these 
pollutants which you know or have reason to believe that you discharge in concentrations of 100 ppb or greater. OthetWise,- for pollutants for which you mark column 2b, you must either submit at l_east one analysis or 
briefly describe the reasons the pollutant is expected to be discharged. Note that there are 7 pages to this part; please revie'I{ each carefully. Complete one table (all 7 pages) for each outfall.· See instructions for 
additional details and requirements. · · "' · · 

1. POLLUT- 2. MARK'X' . . 2 .. EFFLUENT ... · . 3. UNITS 4. INTAKE7ootiona/J 

ANT AND a. TEST• b. BE- I' C, BE- a. MAXIMUM DAILY VALUE . b. MAXIMUM 30 DAY VALUE c. LONG TERM AVRG. : .. · 
d.NO.OF 

1 (specify if blank) .. a. LONGTERM 
ING RE- LIEVED LJEVE (if available) VALUE 

·.· AVERAGE VALUE b. NO. OF 
GAS NO. (if . · fjf avallabfo' ANALYSI ·· ANALYSE QUIRED PRE- D 
available) SENT ABSEN 

(1) CONCENT- (1) CONCENT-
"(2) MASS' 

(1) CONCENT-
·,(2)MASS·.':. s a. b. MASS '" (2)MASS s 

RATION (2)MASS, I· RATION RATION CONCEN- I CONCE~TIO 

T . I .. ··. ·.· .· TRATION 
-

METALS, CYANIDE, AND TOTAL PHENOLS .· I . 

1m. Antimony, □ [gJ 
Total □ <0.002 mg/L 1 
! 7 440-36-0) 
2M. Arsenic, □ [gJ 
Total □ <0.002 mg/L 1 
(7440-38-2) 
3M. Beryllium, □ [gJ □ <0.001 mg/L 1 
Total 
(7440-41-7) 
4M. Cadmium, □ [gJ □ 0.003 mg/L 1 
Total 
(7440-43-9) 
SM Chromium, □ [gJ □ <0.006 mg/L 1 
Total 
(7440-47-3) 
6M Copper, □ [gJ □ 0.003 mg/L 1 
Total 
(7440-50-8) 
7M lead, Total □ [gJ □ <0.0075 mg/L 1 
17439-92-11 
SM Mercury, □ [gJ □ <0.002 mg/L 1 
Total 
(7439-97-61 
9M Nickel, □ [gJ □ <0.010 mg/L 1 
Total 
(7440-02-0\ 
1 OM Selenium, □ [gJ □ <0.002 mg/L 1 
Total 
(7782--49-2\ 
11M Silver, □ [gJ □ <0.002 mg/L 1 
Total 
(7440-22--4\ 
12M Thallium, □ [gJ □ <0.020 mg/L 1 
Total 
(7440-28·0) 
13M Zinc, □ [gJ □ <0.001 mg/L 1 
Total 
(7 440-66-61 
14M Cyanide, □ [gJ □ <0.007 mg!L 1 
Total 
(57-12-5) 
15M Phenols, □ [gJ □ <0.005 mg/L 1 
Total 

2,3,7,8-Telra- □ □ [gJ DESCRIBE RESULTS 
chlorodibenzo-
P-Dioxin 
[1764-01-6) 

EPA FORM 3510-2C (Rev. 2-85) Page V-3 CONTINUE ON REVERSE 
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(~ 
CONTINUE. ,OM THE FRONT 

:~ ~\ 

1. POLLUT- 2. MARK 'X' 2. EFFLUENT 3. UNITS 4. INTAKE lootiona/J 

ANT AND a. TEST- b. BE- c. BE- a. MAXIMUM DAILY b. MAXIMUM 30 DAY VALUE c. LONG TERM AVRG. (specify if blank) · a. LONGTERM 

ING RE- LIEVED LIEVED VALUE (if available) VALUE d. NO. OF AVERAGE VALUE b. NO. OF 
CAS NO. /if 

QUIRED PRE- ABSENT 
. (if availab/el ANALYSI ANALYSE 

available) SENT 
(1) CONCENT-

(2) MASS 
(1) CONCENT-

(2) MAss 
(1) CONCENT-

.{2) MASS s a. b. MASS '" s 
RATION RATION RATION CONCEN-

CONCENTT!A.l10 <'>=• 
" . 

. TRATION 
. 

GC/MS - VOLATILE COMPOUNDS 
· .. 

1V. Acrofein 

□ □ 12:l (107-02-8) 
2V Ac,ylonitri//e 

□ □ 12:l (107-13-1} 

3V Benzene 

□ □ lg] (71-43-2) 
4V Bis (Chiaro-

□ □ lg] methyl) Ether 
(542-88-1) 
SV Bromoform 

□ □ lg] (75-25-2) 
6V Carbon 

□ □ lg] Tetrachloride 
(56-23-5) 
7V Chiaro benzene 

□ □ lg] (108-90-7) 

av Ch!orodi-

□ □ lg] bromomethane 
(124-48-1) 
9V Chloroolhane 

□ □ lg] (75-00-3) 

10V 2-Ch!oro-

□ □ lg] ethylvinyl Ether 
(110-75-8) 
11VCh1oroform 

□ □ lg] (67-66-3) 

12V Dichloro-

□ □ lg] 
bromoethane 
{75-71-8) 
13V Dichloro-

□ □ lg] difluoromethane 
{75-71-8) 
14V 1,1-Dich!oro-

□ □ 12:l ethane . 

[75-34-3\ 
15V 1,2-0ichloro-

□ □ lg] ethane 
[107-05-2} 
16V 1,1-Dichloro-

□ □ lg] ethylene 
[75335-4\ 
17V 1,2-Dichtoro-

□ □ lg] 
propane 
{78-87-5) 
18V 1,3-Dichloro-

□ □ lg] propylene 
1542-76-6\ 
19V 

□ □ lg] 
Ethylbenzene 
(100-41-41 
20V Methyl 

□ □ 12:l Bromide 
(74-83-91 
21V Methyl 

□ □ lg] 
Chloride 
[74-87-3\ 

EPA FORM 3510-2C (Rev. 2-85) Page V-4 CONTINUE ON PAGE V-5 
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I EPA I.D. NUMBER (cop, n Item 1 of Fann 1) I OUTFALL NUMBER 
I 006 

1. POLLUT- 2. MARK'X' ·: '. 2. EFFLUENT ' 
,, 

3. UNITS 4. INTAKE lootiona/J 

ANT AND a. TEST- b. BE- c. BE- a. MAXIMUM DAILY b. MAXIMUM30 DAY VALUE. c. LONG TERM AVRG. . ,' 

(specify if blank) a. LONGTERM 
ING RE- LIEVED LIEVED VALUE (if available) VALUE- d. NO. OF AVERAGE VALUE b. NO. OF 

GAS NO. (if 
QUIRED PRE- ABSENT 

fif avaifab/al J. ANALYSI _ ANALYSE 
available) SENT 

(1) CONCENT• 
(2) MASS 

(1) CONCENT-
(2) MASS 

(1) CONCENT-
(2) MASS s a. b. MASS "' (2)MASS s 

RATION RATION RATION · CONCEN-
CONCEIHJV.TlON 

' 
' - TRATION '' 

'' 
,, '', ', 

GC/MS. VOLATILE COMPOUNDS (continued) '' 
' 

22 V Methylene 

~i0l9~~, □ □ [g] 
23V 1,1,2,2-Tatra-

□ □ [g] ~t~eJrane 
24V Tetrachloro-

□ □ [g] et'1,>'.len:tf 12 -18-4 
,:ov I o·uene 

□ □ [g] (108-88-3) 

"'"~ 1,L-1 rans-
□ □ [g] Dichloroe!~~lene 

1156-60-5 
.,_, • ·1;1,_·1-1 n-

□ □ [g] rioroe~~ane 
71-55-6 

.._..,, 1,1,L•ln• 

fFi~oti:~~ane □ □ [g] 
... .,, 1nc111oro-

□ □ [g] ethylen~, 
{79-01-6 
...,..., 1 ncrnoro-

□ □ [g] ff~!i:J!hane 
.... , • vmy1 

~~~tt~\ □ □ [g] 

GC/MS FRACTION - ACID COMPOUNDS ·1,c, ---,,: 
', _: ,, 

' 
' ' 

1A 2-Chtoropheoo! 

□ □ [g] (95-57-8) 

2A 2,4-Dichloro-
fhenol 
120-83-21 □ □ [g] 

3A 2,4-Dimethyl-
phenol 
(105-67-9) □ □ [g] 
'!_/"\ 4,0-L 1nitro-

□ □ [g] O-cresol 
(534-52-1) 
'-'!°" L,""."..,mnro-

F£1e-~i
1
.51 □ □ [g] 

<>:', :t-,~1 ro-

□ □ [g] phenol 
(88-75-5) 
•~~,,,ro-

□ □ [g] phenol 
(100-02-7) 
~t' .! • ..,, '!ora-. 

□ □ [g] M-Cresol 
(59-50-7) 
"'!"'! 1-'en,a-

□ □ [g] chlorophenol 
{87-86-5} 
!~~ ':!.'eno1 
(10/-95-2) □ □ [g] 
1 ,, , .:,<1:,o-1n-

;;J~Q?~fnol □ □ [g] 

EPA FORM 3510-2C (Rev. 2-85) Page V-5 CONTINUE ON REVERSE 
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/~ 
CONTINUL .OM THE FRONT 

0 -~ 

1. POLLUT- 2.MARK"X' 2. EFFLUENT . 3. UNITS 4. INTAKE lootional) 

ANT AND a. TEST- b. BE- c. BE- a. MAXIMUM DAILY b. MAXIMUM 30 DAY c. LONG TERM AVRG. (specify if blank) a. LONGTERM 

GAS NO. (if ING RE- LIEVED LIEVED VALUE VALUE VALUE , d. NO. OF . AVERAGE VALUE b. NO. OF 

QUIRED PRE- ABSENT lif available' (if availabfej ANALYSI . ANALYSE 
available) SENT 

(1) CONCENT• (1) CONCENT• 
(2) MASS 

(1) CON CENT~ . 
(2)MASS s .. b. MASS 

,,, s 
RATION (2)MASS RATION RATION_ CONCEN-

CONCHITAATION .. -, 
TRATION . 

~ .. . .. .. . ·· . . 

GC/MS FRACTION • BASE/NEUTRAL COMPOUNDS ·.· . . 

1 B Acenphlhene 

□ □ ~ (83-32-9) 
2B Acenaphtyfeoo 

□ □ ~ (208-96-8) 
38 Anthracene 

□ □ ~ (120-12-7) 

48 Benzidine 

□ □ ~ (92-87-5) 
5B Benzo (a) 

□ □ ~ Anthracene 
(56-55-3) 
6B Benzo (a) 

□ □ ~ Pyrene (50-32-8) 

7B 3,4-Benzo-

□ □ ~ fluoranthene 
(206-99-2) 
BB Benzo (ghi) 

□ □ ~ Perylene 
(191-24-2) 
98 Benzo (k) 

□ □ ~ Fluoranthene 
(207-08-9) 
108 Bis (2-

□ □ ~ Chforoethoxy) 
Methane 
(111-91-1) 
,,a Bis (2-Chl<>ltl+ 

□ □ ~ elhyQ Ether 
(111-44-4) 
12B Bis (2• 

□ □ ~ Ch/oroisepropyl) 
Etherf102-6Q..1 
13B 8Is(2-Elhyf-

□ □ ~ hexyl) Phthalate 
(117-81-7) 
14 B 4-Bromo- , 

□ □ ~ phenyl Phenyl 
Etherf101-SS-3l 
158 Butyl Benzy! 

□ □ jg! PhUrn!ate 
(85--68-7) 
168 2-Chloro-

□ □ ~ naphthalene 
(91-68•7) 
178 4-Chloro-

□ □ ~ phenyl Phenyl 
Ether r?OOS-72-31 
188 Chrysene 

□ □ ~ (218·01-9) 
19B DlbellZO (a,h) 

□ □ ~ Anlhracene 
(53•70-3) 
2081,2-Dichloro-

□ □ ~ benzene 
(95-50·1) 
216 1,3-D!chloro-

□ □ jg! benzene 
(541-73"-1) 

EPA FORM 3510-2C (Rev. 2-85) Page V-6 CONTINUE ON PAGE V-7 
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[ EPA I.D. NUMBER (copy. Item 1 of Form 1) I OUTFALL NUMBER 

................. -~ ........... ··--. - 006 
2.MARK'X' 2. EFFLUENT 

. 
3. UNITS 4. INTAKE fontiona/J 

1. POLLUT-
ANT AND a. TEST- b. BE- c. BE- a. MAXIMUM DAILY b. MAXIMUM 30 DAY VALUE c, LONG TERM AVRG. (specify if blank) a. LONGTERM 

ING RE- LIEVED LIEVED VALUE (if available) VALUE d. NO. OF AVERAGE VALUE b. NO. OF 
GAS NO. (if QUIRED PRE- ABSENT 

lif available! · · ANALYSI . ANALYSE 
available) (1) CONCENT- . {1) CONCENT• (1) ~~lg~NT-.. 

.· s a.CONCEN- b. MASS "' s 
SENT RATION (2) MASS RATION (2) MASS (2) MASS TRATION 

CONCENTRATION (2)MASS 

GC/MS - BASE/NEUTRAL COMPOUNDS (continued) . . 

22B 1.4-Dictiloro- D D lg] benzene 
(106-46-71 
23B 3,3'-0ichloro- D D lg] benzidine 
(91-94-1\ 
248 Diethyl D D lg] Phthalate 
/84-66-21 
258 Dimethyl D D lg] Phtha!ale 
(131-11-3) 
268 Di-N-Butyl D D lg] Phthalate 
(131-11-31 
27B 2,4-Dinitro-

D D lg] toluene 
(121-14-2\ 
28B 2,6-0inilro-

D D lg] toluene 
{606-20-2) 
298 D!-N-Octyl D D lg] 
Phtha!ate 
(117-84-Q\ 
30B 1,2-Dipheny!-

D D lg] hydrazine (as 
Aw-benzene) 
(122-66-7) 
318 Fluoranthene 

D D lg] (206-44-0) 

32B Fluorene D D lg] (86-73-7) 

338 Hexa- D D lg] 
chlorobenzene 
(118-74-1) 
34B Hexa- D D lg] chlorobutadiene 
187-68-31 
35B Hexachloro-

D D lg] cyclopentadiene 
(77-47-4) 
368 Hexa- D D lg] chloroethane 
{67-72-1) 
378 lndeno 

D D lg] (1,2,3-cd) Pyrene 
(193-39-5\ 
388 lsophorone 

D D lg] (78-59-1) 

398 Napthalene 

D D lg] (91-20-3) 
408 Nilrobenzene 

D D lg] (98-95--3) 

41 B N-Nitro- D D lg] sodimelhylamlne 
162-76-9) 
428 N-Nitrosd!-N-

D D lg] Propylamine 
(621-64-7) 

EPA FORM 3510-2C (Rev. 2-85) Page V-7 CONTINUE ON REVERSE 
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(~\ 
CONTINUl .OM THE FRONT 

1. POLLUT- 2.MARK'X' 2. EFFLUENT 
. 

3. UNITS 4. INTAKE (ootiona/J 

ANT AND a. TEST- b. BE- c. BE- a. MAXIMUM DAILY b. MAXIMUM 30 DAY VALUE c. LONG TERM AVRG. · (specify if blank) a. LONGTERM 

ING RE- LIEVED LIEVED VALUE (if available) VALUE d. NO.OF AVERAGE VALUE b. NO. OF 

CAS NO. (if QUIRED PRE- ABSENT 
.. lit avaifabfe) ANALYSI· ANALYSE 

available) SENT 
(1) CONCENT-

(2)MASS 
{1) CONCENT-

(2)MASS 
(1) CONCENT• 

(2) MASS s a. CONCEN- b. MASS "' s 
RATION RATION RATION 

CONCENTRATIO (2)MASS 
TRATION ' 

GC/MS FRACTION - BASE/NEUTRAL COMPOUNDS (continued) 
. 

' . I . 

438 N-Nitro-

□ □ 0 sodiphenylamine 
(86-30-6) 
44B Phcn:mlhrcoc 

□ □ 0 (85-01-/ 

458 Pyrene 

□ □ 0 (129-00-0) 

46B 1,2,4-Tri-

□ □ 0 chlorobenzene 
(120-82-1) 

GC/MS FRACTION - PESTICIDES 
. ' · .. 

. 

1PAIdrin 

□ □ 0 (309-00-2) 
2P p-Bhc 

□ □ 0 (319-85-7) 
4Pr-BHC 

□ □ 0 (58-89-9) 

5P0-8HC 

□ □ 0 {319-86-8) 
6P Chlordane 

□ □ 0 (57-74-9) 
7P 4,4'-DDT 

□ □ 0 (50-29-3) 
8P4,4'-DDE 

□ □ 0 (72-55-9) 
9P 4,4'-DDD 

□ □ 0 (72-54-8) 
10P Dieldrin 

□ □ 0 (60-57-1) 
11P a-Endo-

□ □ 0 sulfan 
{115--29-7) 
12P P-Endo-

□ □ 0 sultan 
1115--29-7 
13P Endosulfan 

□ □ 0 Sulfate 
(1031-07-8) 
14P Endrin 

□ □ 0 (72-20-8) 

15P Endrin 

□ □ 0 Aldehyde 
(7421-93-4) 
16P Hepta-

□ □ 0 chlor 
(76-44-8) 

EPA FORM 3510-2C (Rev. 2-85) Page V-8 CONTINUE ON PAGE V-9 
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I EPA I.D. NUMBER (copy from Item 1 of Form 1) • OUTFALL NUMBER 

006 

1. POLLUT- 2.MARK'X' . 2. EFFLUENT 3. UNITS 4. INTAKE lootiona/J 

ANT AND a. TEST- b. BE- c. BE- a. MAXIMUM DAILY b. MAXIMUM 30 DAY VALUE c. LONG TERM AVRG. (specify if blank) a. LONGTERM 
ING RE- LIEVED L\EVED VALUE - (if available) I VALUE d. NO.OF AVERAGE VALUE b. NO. OF 

GAS NO. (if QUIRED PRE- ABSENT fif avaifab/e: . ANALYSI ANALYSE 
available) (1) CONCENT- (1) CONCENT- . {1) CONCENT• s . a. CONCEN- b. MASS 

,,, s SENT RATION (2) MASS RATION (2) MASS RATION (2) MASS CONCEITTRATIO C,l)WIS$ 
TRATION ' 

GCIMS - PESTICIDES (continued) . 
. 

17P Heptachlor 

□ □ ~ Expxide 
11024-,57-3~ 
18P PCB-1242 

□ □ ~ (53469-21-9) 
19P PCB-1254 

□ □ ~ (11097-69-1) 

20P PCB-1221 

□ □ ~ {11104-28-2) 

21P PCB-1232 

□ □ ~ (11141-16-5) 
22P PCB-1248 

□ □ ~ (12672-29-6) 
23P PCB-1260 

□ □ ~ (11096-82-5) 

24P PCB-1016 

□ □ ~ (12674-11-2) 
25P Toxa-

□ □ ~ phene 
(8001-35-2) 

EPA FORM 3510-ZC (Rev. 2-85) Page V-1 CONTINUE ON REVERSE 
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PLEASE PRINT OR TYPE IN THE UNSHADED AREAS ONLY. You may report some or EPA I.D. NUMBER (copy from Item 1 of Form 1) 
all of this information on separate sheets (use the same format) instead of completing 
these pa es. SEE INSTRUCTIONS. 
V. INTAKE AND EFFLUENT CHARACTERISTICS (continued from page 3 of Form 2-CJ ""~ 
PART A- You must provide the results of at least one analysis for every pollutant in this table. Complete one table for each outfall. See instructions for additional details. 

2. EFFLUENT 3. UNITS 4. INTAKE o tional 

1 
POLLUTANT I a. MAXIMUM DAILY _ b. MAXIMUM3D DAYVALUE • ,. LONGTERM AVRG. VALUE (specify if blank) a. LONG TERM 

• VALUE (if available) (ifavaifabfe) d. NO. OF AVERAGE VALUE b. NO. OF 

coNcE!UAAnoN I (2)iAASS I "' I cmlCEtlTRATION "1= I '" CONCarrAATION I (2)1M$S 
ANALYSIS a. CONCEN- b MASS (IJ ~ ANALYSES 

TRATION • CONCENTRATION (2)W.~s 

a. Biochemical Oxygen 
Demand (BOD/ 
b. Chemical Oxygen 
Demand (COD/ 
c. Total Organic Carbon 
(TOG/ 
d. Total Suspended Solids I 1 I mg/L 
(TSS/ 

e. Ammonia (as NJ 

l Value 
I I Value 

( I Value 
f. Flow 0 

g. Temperature (winter) 
Value I Value l Value 

h. Temperature (summer) Value Value Value 

1 

I I I Value 
1 _, 

oc I Value 

oc Value 

i.pH 
Minimum Maximum 

9.1 
Minimum Maximum 

1 STANDARDUl'JTIS 

PART B - Mark "X" in column 2-a for each pollutant you know or have reason to. believe is present. Mark 'I)('' in column 2-b for,each pollutant you believe to be absent. If you 
mark column 2a for any pollutant which is limited either directly, or .. indirectly but _expressly, in an .. effluent limitation guideline, you must provide the results ofat least 
one analysis for that pollutant. For other pollutants for which you mark column 2a, you must_ pmvide · quantitative data or an explanation of their presence in your 
discharge. Complete one table for each outfall. See the instructions for additional details and requirements. · · 

1
_ POLLUT- 2. MARK 'X' 2. EFFLUENT· 3. UNITS 4. INTAKE (o tional) 
ANT AND a.BE- 8• 8E- a. MAXIMUM DAILY b. MAXIMUM 30DAYVALUE, c. LONGTERM AVRG. VALUE ,, ,(specify if blank) a. LONG TERM . ~~i~ u~o VALUE (if available) (it available) d: NO. OF - AVERAGE VALUE b. NO. OF 

CAS NO. (rf ENT seNT 
111 11i 111 ANALYSIS a. CONCEN- b MASS (1) ANALYSES 

available) coNcE~ITRA•to 121 w.ss coNcEmAAnoN 12>w.ss coNcEmRA110N 121 w.ss TRATION • coNcEmRA110N 121 MAss 

a. Bromide 
□ ~ 24959-67-9 

b. Chlorine, 

□ ~ Total 
Residual 

c. Color □ ~ 
d. Fecal 

□ ~ Coliform 
e. Fluoride 

□ ~ (16984-48-~ 
f. Nitrate-

□ ~ Nitrite (as NJ 

EPA FORM 3510-2C (Rev. 2-85) Page V-1 CONTINUE ON REVERSE 
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/~ 
ITE~, ;ONTINUED FROM FRONT - 2.MARK'X' . 2. EFFLUENT 3. UNITS 4. INTAKE lontiona/1 
1. POLLUT-
ANT AND 

a,BE· B.BE- a. MAXIMUM DAILY b. MAXIMUM 30 DAY VALUE c. LONG TERM AVRG. VALUE ' (specify if blank) a. LONGTERM =eo LIE;VED (if available) (if available} d. NO. OF AVERAGE VALUE b. NO. OF 
GAS NO. (if 

PRES• ,. VALUE ,m ,em ,,, 
'" '" ANALYSIS:. a. CONCEN• b. MASS '" ANALYSES 

available) COIICENTRATIO r,l)MASS CONCENlRATION """"' CONCENTRATION (2)MASS CONCENTRATION "'""' " TRATION 

g. Nitrogen, 
□ [ZJ Total Organic 

las NJ 
h. Oil and 

□ [ZJ 
Grease 
i. Phosphorus 

□ □ (as P), Total 
(7723-14-01 

j. Radioactivity 

(1) Alpha, 
□ [ZJ 

Total 
(2) Bets, 

□ [ZJ 
Total 
(3) Radium, 

□ [ZJ 
Total 
(4) Radium 

□ [ZJ 
226, Total 
k. Sulfate (as [ZJ □ 1130 mg/L 1 
SO-t) 
(14808-79-81 

I. Sulfide 
□ [ZJ 

(as S) 
m. Sulfite (as 

□ [ZJ 
SO~/ 
14265-45-3) 

n. Surfactants □ [ZJ 
o. Aluminum, 

□ [ZJ Total 
(7429-90-51 
p. Barium, 

□ [ZJ Total 
(7440-39-3\ 
q. Boron, 

□ [ZJ Total 
(7 440-42-8\ 
r. Cobalt, 

□ [ZJ Total 
(7440-48-41 
s. Iron, Total [ZJ □ <0.006 mg/L 1 
(7439-89-4) 
t. Magnesium, 

□ [ZJ Total 
(7439-95-4) 
u. Molybdenum, 

□ [ZJ Total 
17439-98-7) 
v. Manganese, [ZJ □ 0.741 mg/L 1 Total 
17439-96-51 

w. Tin, Total 
□ [ZJ 

(7440-31-5\ 
x. Titanium, 

□ [ZJ 
Total 
(7440-32-61 

EPA FORM 3510-2C (Rev. 2-85) Page V-2 CONTINUE ON PAGE V-3 
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/\ 
I EPA I.D. NUMBER (copy,. Item 1 of Form 1) I OUTFALL NUMBER 

007 
PART C - If you are a primary industry and this outfall contains process wastewater, refer to Table 2c-2 in the instructions to determine which of the GC/MS fractions you must test for. Mark "X" in column 2-a for all such GC/MS 

fractions that apply to your industry and for ALL toxic metals, cyanides, and total phenols. - If you are not required to mark column 2-a (secondary industries, nonprocess wastewater outfalls, and non-required GC/MS 
fractions), mark "X" in column 2-b for each poliutant you know or have reason to believe is present. Mark "X" in column 2~ for each pollutant you believe is absent. lf you mark column 2a for any pollutant, you must 
provide the results of at least one analysis for that pollutant. If you mark column 2b for any pollutant, yciu must provide the results of at least one analysis for that pollutant. If you know or have reason to believe it will be 
discharged in concentrations of 1 o ppb or greater. If you mark column 2b for acrolein, acrylonitrile, 2,4 dinitrophenol, or 2-methyl-4, 6 dinitropheno!, you must provide the results of at least one analysis for each of these 
pollutants which you know or have reason to believe that you discharge in concentrations of 100 ppb or greater, Otherwise, for pollutants for which you mark column 2b, you must either submit at least one analysis or 
briefly describe the reasons the pollutant is expected to.be discharged. Note that the~e.are-7 pages Jo this_ part; please review each_ carefully._ Complete one table (a/17 pages) for each outfall ... See instructions for 
additional details and renuirements. 

1. POLLUT- 2. MARK'X' • 2. EFFLUENT ··. ·.· . . .. .3. UNITS 4. INTAKE (optional) ... 

ANT AND a. TEST- b. BE- c. BE- a.MAXIMUM DAILY VALUE b. MAXIMUM 30 DA'(_ VALUE -. . c. LONG TERM AVRG. (specify if blank). a. LONG TERM · -
. b. NO. OF ING RE- LIEVED · LIEVE (lf available) VALUE . d. NO. OF AVERAGE VALUE CAS NO. (if . . . . (if available) ANALYSL 

. 
ANALYSE 

available) 
QUIRED PRE- D 

{1) CONCENT- {1) CONCENT• (1) CONCENT- ,. b. MASS 
,,, 

s SENT . ABSEN {2) MASS ' (2)MASS (2)MASS s CONCENTRA no (2)W\SS RATION RATION RATION CONCEN- " T . . TRATION . 

METALS, CYANIDE, AND TOTAL PHENOLS 
. . . ·. . 

.. . 

1m. Antimony, □ [Z] □ <0.002 mg/L 1 
Total 
17440-36-0l 
2M. Arsenic, 

□ [Z] □ <0.002 mg/L 1 
Total 
(7440-38-2) 
3M. Beryllium, □ [Z] □ <0.001 mg/L 1 
Total 
(7 440-41-7) 
4M. Cadmium, □ [Z] □ 0.006 mg/L 1 
Total 
(7440-43-9) 
SM Chromium, □ [Z] □ <0.006 mg/L 1 
Total 
17440-47-3) 
6M Copper, □ [Z] □ 0.003 mg/L 1 
Total 
17440-50-8\ 
7M lead, Total □ [Z] □ <0.0075 mg/L 1 
17439-92-1) 
SM Mercury, □ [Z] □ <0.002 mg/L 1 
Total 
17439-97-6) 
9M Nickel, □ ~ Total □ <0.010 mg/L 1 
17440-02-0\ 
10M Selenium, □ [Z] 
Total □ <0.002 mg/L 1 
(7782-49-2\ 
11M Silver, □ [Z] 
Total □ <0.002 mg!L 1 
17440-22-4) 
12M Thallium, □ [Z] 
Total □ <0.020 mg/L 1 
(7440-28-0) 
13M Zinc, □ [Z] 
Total □ <0.001 mg/L 1 
(7440-66-6) 
14M Cyanide, □ [Z] 
Total □ <0.007 mg/L 1 

. (57-12-5) 
15M Phenols, □ [Z] □ 0.005 mg/L 1 
Total 

. .· 

2,3,7,8-Tetra- □ □ [Z] DESCRIBE RESULTS 
chlorodibenzo-
P-Dioxln 
(1764-01-6' 

EPA FORM 3510-2C (Rev. 2-85) Page V-3 CONTINUE ON REVERSE 
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CONTIN[-~. 

2, MARK'X' .· 2. EFFLUENT ~ 3. UNITS 4. INTAKE footiona/J 
1. POLLUT-
ANT AND a. TEST- b. BE- c. BE- a. MAXIMUM DAILY b. MAXIMUM 30 DAY VALUE c. LONG TERM AVRG. (specify if blank} . ' a. LONG TERM 

ING RE- LIEVEO LIEVED VALUE (if available) VALUE d. NO.OF AVERAGE VALUE b. NO. OF 
GAS NO. (if 

QUIRED PRE- ABSENT 
. 1ifavailab/e1· · ANALYSI. ANALYSE 

available) SENT 
(1) CONCENT• 

(2),MASS . 
{1) CQNCENT-

(2)MASS 
(t) CONCENT-

(2) MASS 
. 5 a. b. MASS "' 5 

RATION RATION RATION CONCEN· ' 
CONCENTRA110 l'l=• 

··,_.,. ; ,,, . ' . TRATION 

ROM THE FRONT 

. .· 
GC/MS - VOLATILE COMPOUNDS ·• 

. . .. ;. . . ... 
1V. Acrolein 

□ □ ~ (107-02-8) 
2V Acrylonitrille 

□ □ ~ (107-13-1) 

3VBenzene 

□ □ ~ (71-43-2) 
4V Bis (Chloro--

□ □ ~ methyl) Ether 
(542-88-11 
SV Bromoform 

□ □ ~ (75-25-2) 
6V Carbon 

□ □ ~ Tetrachloride 
(56-23-5) 
7V Chlorobcnzene 

□ □ ~ (108-90-7) 

av Chlorodi-

□ □ ~ bromomethane 
(124-48-1\ 
9V Chloroelhane 

□ □ ~ (75-00-3) 

10V 2-Chloro-

□ □ ~ ethylvinyl Ether 
(110-75-8\ 
11V Chloroform 

□ □ ~ (67-66-3) 
12v Dich!oro-

□ □ ~ bromoethane 
(75-71-8) 
13V Dichiaro-

□ □ ~ difluoromethane 
{75-71-8) 
14V 1, 1-Dlch!oro-

□ □ ~ ethane 
(75-34-3) 
15V 1,2-Dichloro-

□ □ ~ ethane 
{107-05-21 
16V 1, 1-Dich1oro-

□ □ ~ ethylene 
{75335-4) 
17V 1,2-Dlchloro-

□ □ ~ propane 
{78-87-5) 
18V 1,3-Dichloro-

□ □ ~ propylene 
{542-76-6} 
19V 

□ □ ~ Ethylbenzene 
(100-41-4} 
20V Methyl 

□ □ ~ Bromide 
(74-83-9\ 
21VMethyl 

□ □ ~ Chloride 
(74-87-3) 

EPA FORM 3510-2C (Rev. 2-85) Page V-4 CONTINUE ON PAGE V-5 
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I EPA I.D. NUMBER (cop_ , Item 1 of Fann 1) l OUTFALL NUMBER I --······---. ··---- - - - - . 007 

/\ 

2. MARK'X' 2. EFFLUENT 
. 3. UNITS 4. INTAKE footional) 

1. POLLUT-
ANT AND a. TEST- b, BE- c. BE- a. MAXIMUM DAILY b. MAXIMUM 30 DAY VALUE c. LONG TERM AVRG. . (specify if blank) a. LONGTERM 

ING RE- LIEVED LIEVED VALUE (if available) 
' 

VALUE d.NO.OF · .. AVERAGE VALUE b. NO. OF 
CAS NO. (if 

QUIRED PRE- ABSENT 
rdavaifab/el ANALYSI ANALYSE 

available) SENT 
(1} CON CENT-

{2) MASS 
(1) CONCENT-

(2)MASS 
(1) CONCENT• 

{2)MASS s .. b. MASS '" s 
RATION RATION RATION CONCEN-

, CONCENTT!AT!ON (2)MASS 

. TRATION 

GC/MS - VOLATILE COMPOUNDS (continued) 
. . . I 

··. 

22 V Methylene 

□ □ lg] Chloride 
(75-09-2) 
23V 1.1.2.2-Tetra-

□ □ lg] Chloroethane 
(79-34-51 
24V Tetrachloro-

□ □ lg] e!h-1.'ene ( 
12 -18-4) 

(to"e-~~~:~re □ □ lg] 
.. ~ • ,.:-Trans-

□ □ lg] P~t~so:g{1ene 
.:._1_v l ,l_,.1-1 n-

□ □ lg] chloroethane 
<71-55-6\ 
Lf;J_V 1, l_,_i-1 rl· 

□ □ lg] chtoroethane 
(79-00-5) 
,:;~v., ncmoro-

□ □ lg] ethylene 
(79-01-6) 
~vv , ncmoro-

□ □ lg] fluoromethane 
(75-69-4) 
,.,, V lJlnYI 

□ □ lg] ~~1~1 ~ . 

GC/MS FRACTION - ACID COMPOUNDS ·.· .· . . 

1A2-Chloropheno1 

□ □ lg] (95-57-8) 

2A 2,4-Dichloro-

□ □ lg] 
f1hiS..i

1
3-2\ 

3A 2,4-Dimelhyl-

□ □ lg] p
1
henol 
05-67-9\ 

.,,.., ,,,.,--..,1m ro-

□ □ lg] O-cresol 
(534-52-1' 
-,,-,, 4,"1-Ulnl ro-
ppenol 51-28-5) □ □ lg] 
vr. ,:-1, llro-

□ □ lg] phenol 
t88-75-51 
II'\ -,-,.,re-

□ □ lg] rrenol 00-02-71 
ur' t'-,., ... oro-

□ □ lg] ~g~~i~tl 
_,,.,,, enca-

□ □ lg] 
f~}~~?~~nol 
·10, .. eno1 

□ □ lg] {10/-95-2) 

'.'r" :.!,"';,o-lrl· 

□ □ lg] chlorophenol 
(88-06-2} 

EPA FORM 3510-ZC (Rev. 2-85) Page V-5 CONTINUE ON REVERSE 
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r· 
CONTIN( ROM THE FRONT 

1. POLLUT- 2. MARK'X' . 2. EFFLUENT 3. UNITS 4. INTAKE fontiona/) 
ANT AND a. TEST- b. BE- c. BE- a. MAXIMUM DAILY b. MAXIMUM 30 DAY c. LONG TERM AVRG. (specifyif blank) a. LONGTERM 

ING RE- LIEVED LIEVED VALUE VALUE VALUE d. NO. OF AVERAGE VALUE b. NO. OF 
GAS NO. (if 

QUIRED PRE- ABSENT 
(if availabte: 1ifavai/abfe' ANALYSI ANALYSE 

available) SENT 
(1) CONCENT• (1) CONCENT• 

: (2) MASS 
{1)CONCENT• s a. b. MASS• "' m~, s 

RATION (2)MASS RATION RATION (2),MASS, CONCEN-
CONCENTRATION 

. TRATION 

GC/MS FRACTION - BASE/NEUTRAL COMPOUNDS 
.· . . 

. 

18 Acenphlhene 

□ □ ~ (83-32-9) 
28 Acenaphty!ene 

□ □ ~ (208-96-8) 

3B Anthracene 

□ □ ~ (120-12-7) 
4B Benzidine 

□ □ ~ (92-87-5) 
58 Benzo (a) 

□ □ ~ Anthracene 
(56-55-3\ 
6B Benzo (a) 

□ □ ~ Pyrene (50-32-8} 

7B 3,4-Benzo-

□ □ ~ fluoranthene 
(205-99-2) 
BB Benzo (gh1J 

□ □ ~ Pery!ene 
(191-24-21 
9B Benzo (k) 

□ □ ~ Fluoranthene 
(207-08-91 
108 Bis {2-

□ □ ~ Ch/oroethoxy) 
Methane 
(111-91-1) 
118 B•s (2-Chloro-

□ □ ~ ethyl) EU1er 
(111-44-41 
128 Bis (2• 

□ □ ~ ChloroisepropyQ 
Ether/102-60-1 
13B Bis(2-EI/Jyl· 

□ □ ~ hexyl) Phlhalate 
(117-81-71 
14B4-Bromo--

□ □ ~ phenyl Phenyl 
Ether {101-ss-31 
15B Butyl Benzyl 

□ □ ~ Phlhalate 
(85-68-7} 
168 2-Ch!oro-

□ □ ~ naphthalene 
(91-68-7) 
17B 4-Chloro-

□ □ ~ phenyl Phenyl 
Ether f7005-72-3\ 
18B Chrysene 

□ □ ~ (218-01-9) 

19B Dibenzo (e,h) 

□ □ ~ Anthracene 
(53-70-31 
20B 1,2-Dichloro-

□ □ ~ benzene 
(95-50-1} 
21B 1,3-Dlchloro-

□ □ ~ benzene 
(541-73-11 

EPA FORM 3510-2C (Rev. 2-85) Page V-6 CONTINUE ON PAGE V-7 
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(' 
[ EPA I.D. NUMBER (cop, , Item 1 of Fann 1) I OUTFALL NUMBER 

007 

1. POLLUT-
2. MARK'X' 2. EFFLUENT 

. ... 3. UNITS .· . 4. INTAKE (optional) 

ANT AND a. TEST- b. BE- c. BE- a. MAXIMUM DAILY b. MAXIMUM 30 DAY VALUE c. LONG TERM AVRG. .. (specify if blank) a. LONGTERM 

ING RE- LIEVED LIEVED VALUE (if available) VALUE d. NO.OF 
. 

AVERAGE VALUE b. NO. OF 

CAS NO. /if 
QUIRED PRE- ABSENT 

.. fit avaifabtei . ANALYSI . 1 ANALYSE 

available) SENT 
(1) CONCEITT• 

{2)MASS 
(1) CONCENT. 

{2) MASS 
(1) CONCENT• 

(2)MASS s a. CONCEN- b. MASS "' s 
RATION RATION RATION TRATION 

COHCEHTRATIOH o,~ 
. . 

GC/MS - BASE/NEUTRAL COMPOUNDS (continued) 
. 

. 

22B 1,4-0ichloro-

□ □ ~ benzene 
(106-46-7) 
238 3,3'-Dichloro-

□ □ ~ benzidine 
(91-94-1\ 
248 Diethyl 

□ □ ~ Phlhalate 
184--66-2} 
25B Dimethyl 

□ □ ~ Phtha!ate 
(131-11-3) 
268 Di-N-Butyl 

□ □ IX] 
Phthalale 
(131-11-3) 
278 2,4-Dinitro-

□ □ ~ toluene 
(121-14-2) 
288 2,S.Dinilro-

□ □ IX] toluene 
(606-2()-.2) 

29B Di-N-Octyl 

□ □ ~ Phlhalate 
1117-84-0l 
308 1,2-Diphenyl-

□ □ IX] hydrazine (as 
Aw-benzene) 
(122-66-7) 
31B Fluoranthene 

□ □ IX] (206-44-0) 

328 Fluorene 

□ □ ~ (86-73-7) 

33B Hexa-

□ □ ~ ch!orobenzene 
(118-74-1) 
34B Hexa-

□ □ ~ chtorobutadiene 
(87-68-3) 
358 Hexach!oro-

□ □ ~ cyclopentadiene 
(77-47-4) 
36B Hexa-

□ □ ~ chi ore ethane 
(67-72-11 
37B lndeno 

□ □ ~ (1,2,34;:d) Pyrene 
(193-39-5\ 
38B lsophorone 

□ □ ~ (78-59-1) 

39B Napthalene 

□ □ ~ (91-20-3) 

408 Nitrobenzene 

□ □ ~ (98-95-3) 

418 N-Nitro-

□ □ ~ sodimethylamine 
(62-75-9) 
428 N-Nitrosdi-N-

□ □ IX] Propylamine 
(621-64-7) 

EPA FORM 3510-2C (Rev. 2-85) Page V-7 CONTINUE ON REVERSE 
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r 
CONTINL ROM THE FRONT 

1. POLLUT- 2. MARK'X' . 2. EFFLUENT . . 3. UNITS 4. INTAKE tootiona/J 

ANT AND a. TEST- b. BE- c. BE- a. MAXIMUM DAILY , b. MAXIMUM 30 DAY VALUE, I , c. LONG TERM AVRG, (specify if blank) a. LONGTERM I 

ING RE- LIEVED LIEVED VALUE (if available) ' VALUE . d. NO. OF AVERAGE VALUE _ b. NO. OF 
CAS NO. (if PRE- ABSENT 

. fif available I ANALYSI 
. ANALYSE QUIRED 

available) SENT 
(1) CONCENT-

(2) MASS 
(1) CONCENT• 

{2)MASS 
(1) CONCENT-

(2) MASS s a. CONCEN- b. MASS· 
,,, .,-, s 

RATION RATION RATION TRATION 
CONCENTRA.TIO 

' .·. 
GC/MS FRACTION - BASE/NEUTRAL COMPOUNDS (continued) ·. .· . • . 

438 N-Nitro-

□ □ 12'.1 sodipheny!amine 
(86-30-6) 
448 Phenanlhrene 

□ □ 12'.1 (85-01-/ 

45B Pyrene 

□ □ 12'.1 (129-00-0) 
4681,2,4-Tri-

□ □ 12'.1 ch!orobenzene 
(120-82-1\ . . . 
GCIMS FRACTION - PESTICIDES . 

1P Aldrin 

□ □ 12'.1 (309-00-2) 
2P p-Bhc 

□ □ 12'.1 (319-85-7) 

4Py-BHC 

□ □ 12'.1 (58-89-9) 

SP 6-BHC 

□ □ 12'.1 (319-86-8) 
GP Chlordane 

□ □ 12'.1 (57-74-9) 
7P 4,4'-0DT 

□ □ 12'.1 (50-29-3) 
8P4,4'-DDE 

□ □ 12'.1 (72-55-9) 
9P 4,4'-DDD , 

I, (72-54-8) □ □ 12'.1 
10P Dieldrin 

□ □ 12'.1 (60-57-1) 
11P «-Endo• 

□ □ 12'.1 sulfan 
(115-29-7) 

12P p-Endo-

□ □ 12'.1 sulfan 
(115-29-7 
13P Endosulfan 

□ □ 12'.1 Sulfate 
(1031-07-8) 
14P Endrin 

□ □ 12'.1 (72-20-8) 
15P Endrin 

□ □ 12'.1 Aldehyde 
(7421-93-4) 
16P Hepta• 

□ □ 12'.1 chlor 
176-44-8\ 

EPA FORM 3510-2C (Rev. 2-85) Page V-8 CONTINUE ON PAGE V-9 
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I EPA 1.D. NUMBER (copy from Item 1 of Form 1) I OUTFALL NUMBER 
007 

1. POLLUT-
2. MARK"X' . ,,·, .,, ' 2. EFFLUENT .· . . · . I 3. UNITS 4. INTAKE lontional! 

ANT AND a. TEST- b. BE- c. BE- a. MAXIMUM DAILY .b. MAXIMUM 30 DAY VALUE c. LONG TERM AVRG. ·· I•· .. · (specify if blank) ' a. LONG TERM 
ING RE- LIEVED LIEVED VALUE .• ·. (if available) . ·VALUE-', d. NO.OF AVERAGE VALUE b. NO. OF 

GAS NO. (if 
QUIRED PRE- ABSENT 

. (if availabteJ · '· · -- ANALYSI ANALYSE 
available) (1) CONCENT• ~ (1) CONCENT- (1) CONCENTa s a. CONCEN- b. MASS CONCEWnu.no I '. s SENT RATION {2)MASS · RATION (2) MASS RATION {2) MASS 

TRATJON . 
(2)W.SS 

' . .. ... ·• .... . ·. . 
GCIMS - PESTICIDES (continued) · . I 

. 

17P Heptachlor 

□ □ ~ Expxide 
(1024-57-3) 
18P PCB-1242 

□ □ ~ (53469-21-9) 
19P PCB-1254 

□ □ ~ (11097-69-1) 

20P PCB-1221 

□ □ ~ (11104-28-2) 

21P PCB-1232 

□ □ ~ (11141-16-5) 

22P PCB-1248 

□ □ ~ (12672-29-6) 

23P PCB-1260 

□ □ ~ (11096-82-5) 

24P PCB-1016 

□ □ ~ (12674-11-2) 
25PToxa-

□ □ ~ phene 
ia□D1-35-2\ 

EPA FORM 3510-2C (Rev. 2-85) Page V-1 CONTINUE ON REVERSE 
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(~ 
! 

these pages. >ice IN>i 

I 

Kuc; I IUN"'. I EPA l.D. NUMBER (copy from Item 1 of Fonn 1) I 

V. INTAKE AND EFFLUENT CHARACTERISTICS (continued from aage 3 of Form 2-C)-,..0,..,0
7

8----, 
PART A- You must nrovide the results of at least one analvsis for everv aollutant in this table. Comalete one table for each outfall: See instructions for additional deta~i~ls-.---l 

~ ... ·· 2. EFFLUENT · .. · ·· -·.· ·· · · . 3._ UNITS : 4. INTAKE foationaTi 
1 POLLUTANT a. MAXIMUM DAILY b. MAXIMUM 30 DAY VALUE. ,. LONG TERM AVRG. VALUE . (specify if blank) a. LONG TERM . 

• VALUE . (ifavaifableJ . · (if available) d. NO. OF · · AVERAGE VALUE b. NO. OF 
(1) <1> (IJ . ANALYSIS a CONCEN- b MASS 111 ANALYSES 

CONCENlRATION {2)MASS CONCEUTRATIOI-I (2)1MSS CONCENT!!Al!Ofl' ' {2)MASS TRATION ' • CONCENTRATION (<)MASS 

a. Biochemical Oxygen 
Demand /BODI 
b. Chemical Oxygen 
Demand /CODl 
c. Total Organic Carbon 
/TOCl 
1-i-i~\al Suspended Solids 19 mg/L 1 

e. Ammonia (as N) 

Value Value Value Value 
I. Flow O 1 

Value Value Value Value 
g. Temperature (winter) · 

0

c 
h. Temperature (summer) Value Value Value Value oc 

i. pH Mini~um Ma
8
xim

7
um Minimum Maximum 1 STA,NDARD __ UNTIS,_-. _: 

1-c===~cc--,-=cc--..L----,.,....--,--_j__-i'-'-.'-c~.L.,.--c---'---;---- ' , , ; , 
PART B - Mark "X" in column 2-a for each pollutant you.know or have reason to believe is present. _Mark 1'X" in column 2-b for each pollutant you believe to _be absent. If you 

mark column 2a for any pollutant which is limited either directly, or. indirectly. bufexpressly; in an effluent limitation guideline, you must provide the results of at least 
one analysis for that pollutant. For other pollutants for which you mark column. 2a;yo~ must provide quantitative data. ~r an explanation of their presence in your 
discharae. Com lete one table for each outfall. ·Seethe instructions for additional details and reouirements. · •. 

1
.POLLUT- 2.MARK'X' · .2.EFFLUENT .·. . : ··· .. ·· • ··.· -· • ·. 3.UNITS· .· 4.INTAKE(ontiona/J 
ANT AND a.eE- 0.01:- a. MAXIMUM DAILY b. MAX!MUM30 DAY VALUE c. LONGTERMAVRG.yALUE 1- (specify if blank) --, a. LONGTERM , _ ~~i u~o VALUE (if available) (ifavailabte) d. NO. OF AVERAGE VALUE , b. NO. OF 

GAS NO. (If ENT SENT (l) 1,, (1) , ANALYSIS a CONCEN- b MAS <1J ANALYSES 
available) coNcE~110 mw.ss coNcE1rrMTioN mtMss coNcEITTAATioN (2)1,!ASS TRATION . S coNcENTl!ATION (2)MASs 

a. Bromide D rv, 
(24959-67-9) LC:J 

b. Chlorine, D rv, 
Total LC:J 
Residual 

c.Color D ~ 

ct.Fecal D ~ 
Coliform 
e. Fluoride D rv, 
(16984-48-8' ~ 
f. Nitrate- D ~ 
Nitrite (as NJ 

EPA FORM 3510-2C (Rev. 2-85) Page V-1 CONTINUE ON REVERSE 
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(~. 
ITEM\ ;ONTINUED FROM FRONT 

1. POLLUT- 2. MARK'X' 2. EFFLUENT 3. UNITS 4. INTAKE /optional) 

ANT AND 
•.IIE- B.IIE- a. MAXIMUM DAILY b. MAXIMUM 30 DAY VALUE ,c. LONG TERM AVRG. VALUE (specify if blank) a. LONGTERM 

UEVED u~ (if available) (if availabfe) d.NO.OF b. NO. OF 
GAS NO. (if 

P!lES. "· VALUE . . . . . AVERAGE VALUE 
= ,m 

"' "' "' , (2jMASS 
ANALYSIS a. CONCEN- b. MASS "' ANALYSES 

available} CONCEHTRATIO .. ~~ ccmCEITTRATION m= CONC€lflRATIOll CONCENTRATION ''"""' 
' 

. TRATION 

g. Nitrogen, 

□ IZ] Total Organic 
las NJ 
h. Oil and 

□ IZ] 
Grease 
i. Phosphorus 

□ □ (as PJ, Total 
(7723-14-0) · 

. 

j. Radioactivity 
·. 

. 

(1) Alpha, 
□ IZ] 

Total 
(2) Bets, 

□ IZ] 
Total 
(3) Radium, 

□ IZ] 
Total 
(4) Radium 

□ IZ] 
226, Total 
k. Sulfate (as IZ] □ 1100 mg/L 1 
SO,) 
(14808-'79-81 

I. Sulfide 
□ IZ] 

(as Sl 
m. Sulfite (as 

□ IZ] 
SO~( 
14265-45-3) 

. 

n. Surfactants □ IZ] 
o. Aluminum, 

□ IZ] 
Total 
(7 429-90-5) 
p. Barium, 

□ IZ] Total 
'7440-39-3) 
q. Boron, 

□ IZ] Total 
17440-42-8' 
r. Cobalt, 

□ IZ] 
Total 
{7440-48-4\ 
s. Iron, Total IZ] □ <0.006 mg/L 1 
(7439-89-41 
t Magnesium, 

□ IZ] 
Total 
(7439-95-4\ 
u. Mo!ylxlenum, 

□ IZ] Tola! 
17439-98-7\ 
v. Manganese, IZ] □ 0.011 mg/L 1 
Total 
17439-96-5\ 

w. Tin, Total 
□ IZ] 

(7440-31-5) 
x. Titanium, 

□ IZ] 
Total 
(7 440-32-61 

. 

EPA FORM 3510-2C (Rev. 2-85) Page V-2 CONTINUE ON PAGE V-3 
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I EPA I.D. NUMBER (cop, _; Item 1 of Fonn 1) I OUTFALL NUMBER I - - -- - -····. 008 
PART c _ If you are a primary industry and this outfall contains process wastewater, refer to Table 2c-2. in the instructions to detennine which of the_ GC/MS fractions you must test for. Mark "X" in column 2-a for all such GC/MS 

fractions that apply to your industry and for ALL toxic metals, cyanides, and total phenols .. ,· )f you are not required to mark column 2-a (secondary industries,· nonprocess wastewater outfalfs, and non-required GC/MS 
fractions), mark "X" in column 2-b for each pollutant you know or have reason to believe-ls·present Mark "X" in column 2-c for_ each pollutant you believe is absent· If you mark column 2a for any pollutant, you must 
provide the results of at least one analysis for that pollutant· Ir you mark column 2b for any_pollutan_t, you must provide the results of at least one analysis for that pollutant. If you know or have reason to believe it will be 
discharged in concentrations of 1 o ppb or greater. If you mark column 2b for acrolein, _acrylonitrile,.2,4 dinitrophenol, or 2-methyl-4,- 6 dinitrophenol, you must provide the results of at least one analysis for each of these 
pollutants which you know or have reason to believe that you discharge in concentrations.of 100 ppb _or greater. Otherwise, for pollutants.for which you mark column 2b, you must either submit at least one analysis or 
briefly describe the reasons the pollutant is expected to be discharged. Note that there:a.re,} pages,to this part; please review.each_carefully. Complete one table (a/17 pages) for each outfall. See instructions for 
additional details and reauirements. - "': · · · ·: · · 

1. POLLUT- . 2.MARK'X' . .. ,.) 2, EFFLUENT . .·.·· 3. UNITS 4. INTAKE lontiona/J 

ANT AND a. TEST- b. BE- c. BE- a. MAXIMUM DAILY VALUE b. MAXIMUM30DAY.VALUE c. LONG TERM AVRG:·:->:· 
. 1 

• (specify if blank) a. LONGTERM 

ING RE- - LIEVED LIEVE (if avaifable) _. VALUE d.NO. OF AVERAGE VALUE 
. b. NO. OF 

GAS NO. (if 
QUIRED PRE- D 

(if available} 'ANALYSI ANALYSE 
available) ABSEN 

(1) CONCEITT- (1) CONCENT• 
1. ;,(2)MASS-. 

(1) CONCENT• (2)MASS ,. s ,. ,. b. MASS '" s SENT RATION (2) MASS RATION .. RATION CONCEN- CONCENTRATIO (:!)MASS 
. 

T · .. ·. ' . .. TRATION 
. 

METALS, CYANIDE, AND TOTAL PHENOLS 
.. 

. . 

1m. Antimony, □ ~ □ <0.002 mg!L 1 
Total 
(7440-36--0l 
2M. Arsenic, 

□ 181 D <0.002 mg/L 1 
Total 
(7440-38-2) 
3M. Beryllium. □ ~ □ <0.001 mg!L 1 
Total 
{7 440-41-7l 
4M. Cadmium, □ 181 D 0.008 mg!L 1 
Total 
(7440-43-9) 
SM Chromium, □ ~ D <0.006 mg!L 1 
Total 
(7440-47-3) 
SM Copper, □ ~ □ 0.003 mg!L 1 
Total 
(7440-50-8) . 

7M lead, Total □ ~ □ <0.0075 mg/L 1 
(7439-92-1\ 
8M Mercury, □ ~ □ <0.002 mg!L 1 
Total 
(7439-97-6\ 
9M Nickel, □ ~ □ <0.010 mg/L 1 
Total 
17440-02-Ql 
10M Selenium, □ ~ □ <0.002 mg!L 1 
Total 
17782-49-21 
11M Silver, D 181 □ <0.002 mg!L 1 
Total 
{7440-22-4) 
12M Thallium, D ~ □ <0.020 mg!L 1 
Total 
(7440-28-0) 
13M Zinc, □ ~ □ <0.001 mg!L 1 
Total 
17440-66-6) 
14M Cyanide, □ ~ □ <0.007 mg!L 1 
Total 
(57-12-5\ 
15M Phenols, □ ~ □ 0.005 mg!L 1 
Total 

. 

2,3,7,8-Tetra- □ D 181 DESCRIBE RESULTS 
ch!orodibenzo-
P-Dioxin 
(1764 01-6) 

EPA FORM 3510-2C (Rev. 2-85) Page V-3 CONTINUE ON REVERSE 
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~- ~-
CONTINU( 

1. POLLUT- 2. MARK'X' 2. EFFLUENT . . 3. UNITS 4. INTAKE/ontiona/J 

ANT AND a. TEST- b. BE- c. BE- a. MAXIMUM DAILY b. MAXIMUM 30 DAY VALUE c. LONG TERM AVRG. (specify if blank) a. LONGTERM 

CAS NO. (if I·. ING RE- LIEVED LIEVED VALUE (if available) 1--'' - VALue·· d. NO.OF .... AVERAGE VALUE b. NO. OF 

QUIRED PRE- ABSENT 
. ·.·. fif avalfabfel · ANALYSI ANALYSE 

available) SENT 
(1) CONCENT-

(2) MASS 
(1)CONCENT-

(')MASS 
(1) CONCENT• ··- {2)MAss·": s ,. b .. MASS 

,,, 
m= s . 

RATION RATION RATION ., 
CONCEITTRATIO 

CONCEN- .. " 

OM THE FRONT 

. . TRATION . 

GC/MS - VOLATILE COMPOUNDS 
. . ·· .. _.··. ; ·•··· •·· ;· . '.:': . 

. ' 
.. . 

1V. Acrolein 

□ □ ~ (107-02-8) 
2V Ac,yfonitril/e 

□ □ ~ (107-13-1) 

3V Benzene 

□ □ ~ (71-43-2) 
4V Bis (Chiaro-

□ □ ~ methyl) Ether 
(542-88-1) 
5V Bromoform 

□ □ ~ (75-25-2) 

6V Carbon 

□ □ ~ Tetrachloride 
(56-23--5) 
7V Chlorobcnzene 

□ □ ~ (108-90-7) 

av Chlorodi-

□ □ ~ bromomethane 
1124-48-1) 
9V Chloroethane 

□ □ ~ (75-00-3) 

10V 2-Chloro- ·. 

□ □ ~ ethylvinyl Ether 
(110-75-81 
11VCh!orofonn 

□ □ ~ {67-66-3) 

12V Dichloro-

□ □ ~ bromoethane 
(75-71-8\ 
13V Dichloro-

□ □ ~ dITTuoromethane 
(75-71-8) 
14V 1,1-Dichloro-

□ □ ~ ethane 
(75-34-3) 
15V 1,2-Dichloro-

□ □ ~ ethane 
(107-06-2) 
16V 1,1-Dichtoro-

□ □ ~ ethylene 
'75335-4) 
17V 1,2-Dichforo-

□ □ ~ propane 
(78-87-5) 
18V 1,3-Dichloro-

□ □ ~ propylene 
(542-76-6\ 
19V 

□ □ ~ Ethylbenzene 
/100-41-4\ 
20V Methyl 

□ □ ~ Bromide 
/74-83-9) 
21VMethyl 

□ □ ~ Chloride 
/74-87-3) 

EPA FORM 3510-2C (Rev. 2-85) Page V-4 CONTINUE ON PAGE V-5 
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I EPA I.D. NUMBER (cop) .1 Item 1 of Form 1) I OUTFALL NUMBER I ..., ........ ···-~~ . '·-··· .. ·-- .. 008 

1. POLLUT- 2.MARK'X' 2. EFFLUENT . 3. UNITS 4. INTAKE lootional) 

ANT AND a. TEST- b. BE- c. BE- a. MAXIMUM DAILY b. MAXIMUM 30 DAY VALUE c. LONG TERM AVRG.' (specify if blank) a. LONG TERM 

ING RE- L\EVED LIEVED VALUE . (if available) VALUE d. NO. OF AVERAGE VALUE b. NO. OF 
CAS NO. (if 

QUIRED PRE- ABSENT 
. . . 'if availabfe1 ANALYSI ANALYSE 

available) {1) CONCENT- (1) CONCENT• {1) CONCENT- s . 
b. MASS 

,,, s SENT RATION (2) MASS .. RAT!ON (2) MASS RATION {2) MASS 
) ,. 

CONCENTIV.TION (2)1MSS 
. . CONCEN-

TRATION . 
.. · . ·.· 

GC/MS - VOLATILE COMPOUNDS (continued) . 

22 V Methylene 

□ □ [g] Chloride 
(75-09-2\ 
23V 1,1,2,2•Tetra-

□ □ [g] Chloroethane 
(79-34-5\ 
24V Totrachloro-

□ □ [g] ethtene ( 
12 -18-M 

H'o8-~0~~;re □ □ [g] 
... ..,v 1,.:-1rans-

□ □ [g] ~ichloroel~tlene 
156-60-5 

--• I, I_,_ 1-Trl• w~~t~mane □ □ [g] 
,:av 1,1,2-Tn-

7 p~~a°o:mane □ □ [g] 
,!.;:,v_1nchloro-

rit~b~~i, □ □ [g] 
-,:uv , ncn_toro-

□ □ [g] fiuoromethane 
(75-69-4) 

Ch!o~d
0l1 □ □ [g] 

(75-01-4) ·. . ·. 

' 
.. 

GC/MS FRACTION - ACID COMPOUNDS . I I . . 

1A 2-Chlorophenol 
(95-57-B) □ □ [g] 
2A 2,4-Dichloro-

□ □ [g] rhenol 
120-83-2' 

3A 2,4-Dimethyl-
phenol 
(105-67-9) □ □ [g] 
"!."' -.,tl·UlnllrO--
g3~~J~~1) □ □ [g] 
'"'"' ,,-.-umnro-
fEheno! 
51-28-5\ □ □ [g] 

vnL-1'\ll ro-

□ □ [g] phenol 
IBB-75-5\ 
,r .... ,.,ro-

□ □ [g] f
1
heno1 
00-02-7' 

vr. t'-...,, .. oro--

□ □ [g] ~-Cres~{ 
59-50-7 

<Jr, t'ema-

□ □ [g] 
?!1{~/-~fnol 
!~~~,,enm 
(10/-95-2) □ □ [g] 
1_1,-,.£,"':,u-ln-

f£J~Q?~fnol □ □ [g] 

EPA FORM 3510-2C (Rev. 2-85) Page V-5 CONTINUE ON REVERSE 
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(\ -~ 
CONTINl ROM THE FRONT 

1. POLLUT- 2. MARK'X' . 2. EFFLUENT 3. UNITS 4. INTAKE fontiona/J 
ANT AND a. TEST- b.BE- c. BE- a, MAXIMUM DAILY 'b. MAXIMUM 30 DAY c. LONG TERM AVRG, (specify if blank) a. LONGTERM 

ING RE- LIEVED LIEVED VALUE VALUE VALUE d. NO. OF AVERAGE VALUE b. NO. OF 
CAS NO. (if 

QUIRED PRE- ABSENT , fif available' •ifavai/abfel ANALYSI ANALYSE 
available) SENT 

(1) CONCENT• (1) CONCENT- (1) CONCENT- s . a, b. MASS . '" s 
RATION (2) MASS RATION (2) MASS RATION (2) MASS 

CONCEN· 
CONCENTRATION (2)MASS 

.. .. TRATION 

. 
.. '· ... . 

GCIMS FRACTION - BASE/NEUTRAL COMPOUNDS . . 
1B Acenphthena 

□ □ cgJ (83-32-9) 
2B Acenophlylene 

□ □ cgJ (208-96-8) 

38 Anthracene 

□ □ cgJ (120-12-7) 
48 Bem:idine 

□ □ cgJ (92-87-5) 
58 Benzo {a) 

□ □ cgJ Anthracene 
(56-55-3) 
68 Benzo (a) 

□ □ cgJ Pyrene (50-32-8) 

7B 3,4-Benzo-

□ □ cgJ fluoranthene 
(205-99-21 
88 Benzo (ghi) 

□ □ 18:1 Perylene 
1191-24-2) 
98 Benzo (k) 

□ □ 18:1 Fluoranthene 
(207-08-9) 
108 Bis (2-

□ □ 18:1 Ch/oroethoxy) 
Methane 
{111-91-1\ 
11B Bis (2-ChJoro. 

□ □ 18:1 ethyl) Ether 
1111-44-4) 
128 Bis (2-

□ □ 18:1 Ch/oroisepropyl) 
Ether{102-60-1 
13B Bls(2•Efhy/-

□ □ cgJ hexyl) Phthalate 
(117-81-7) 
14 B 4-Bromo-

□ □ cgJ phenyl Phenyl 
Ether 1101-55-3\ 
156 Butyl Benzyl 

□ □ 18:1 Phthala\e 
(85-68-7) 
16B 2-Chloro-

□ □ 18:1 naphthalene 
(91-68-7) 
17B 4-Chloro-

□ □ 18:1 phenyl Phenyl 
Ether 17005-72-3\ 
1 BB Chrysene 

□ □ 18:1 (218-01-9) 
19B Olb!mzo (a,h) 

□ □ 18:1 Anthracene 
(53-70-3) 
20B 1,2-Dichloro-

□ □ 18:1 benzene 
(95-50-1) 
21B 1,3-0ichloro-

□ □ 18:1 benzene 
(541-73-1) 

EPA FORM 3510-2C (Rev. 2-85) Page V-6 CONTINUE ON PAGE V-7 
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I EPA I.D. NUMBER (cop; Item 1 of Form 1) I OUTFALL NUMBER 

vvn 1 11•v1...u , "-'-'••• , ,-,......,._ ,.. -..., 008 

1 

1. POLLUT-
2. MARK'X' 2. EFFLUENT ···. 3. UNITS 4. INTAKE footiona/J 

ANT AND a. TEST- b. BE- c. BE- a. MAXIMUM DAILY b. MAXIMUM 30 DAY VALUE c. LONG TERM AVRG. (specify if blank) a. LONGTERM 

ING RE- LIEVED LIEVED VALUE .· (if available) VALUE d.NO.OF AVERAGE VALUE b. NO. OF 
CAS NO. (if 

QUIRED PRE- ABSENT 
. llf availablel ANALYSI . ANALYSE 

available) SENT 
(1) CONCENT• 

(2) MASS 
(1) CONCENT• 

(2)MASS 
{1) CONCENT• 

(2)MASS s a.CONCEN- b. MASS "' s 
RATION RATION RATION TRATION 

CONCENTRATION (2)1AASS 

·. ,. ·. ·.· 
GC/MS - BASE/NEUTRAL COMPOUNDS (continued) .. 

228 1,4-Dichloro-

□ □ 12:l benzene 
(106-46-7\ 
23B 3,3'-D!chloro-

□ □ 12:l benzidine 
(91-94-1\ 
24B Diethyl 

□ □ 12:l Phthalale 
(84-66-2\ 
25B Dimethyl 

□ □ 12:l Phthalate 
(131-11-3) 
268 Di-N-Butyl 

□ □ 12:l Phthalate 
(131-11-3\ 
27B 2,4-Dinilro-

□ □ 12:l toluene 
t12M4-2l 
288 2,6-Dinitro-

□ □ 12:l toluene 
1606-20-2) 
298 Di-N-Octyl 

□ □ 12:l Phthalate 
{117-84-0) 
3061,2-Diphenyl-

□ □ 12:l hydrazine (as 
Azo-benzene) 
(122-66-7\ 
316 Fluoranlhene 

□ □ 12:l (206-44-0) 

32B Fluorene 

□ □ 12:l (86-73-7) 

338 Hexa-

□ □ 12:l chlorobenzene 
(118-74-1\ 
348 Hexa-

□ □ 12:l chlorobutadiene 
(87-68-3) 
35B Hexachloro-

□ □ 12:l cyclopentadiene 
(77-47-4\ 
368 Hexa-

□ □ 12:l chloroethane 
(67-72-1\ 
37B lndeno 

□ □ 12:l {1,2,3-<=d) Pyrene 
(193-39-5\ 
38B lsophorone 

□ □ 12:l (78-59-1) 

39B Napthalene 

□ □ 12:l (91-20-3) 

406 Nitrobenzene 

□ □ 12:l (98-95-3) 

418 N-Nitro-

□ □ 12:l sodimelhylamina 
162-75-9) 
428 N-Nitrosdi-N-

□ □ 12:l Propylamine 
(621-64-71 

EPA FORM 3510-2C (Rev. 2-85) Page V-7 CONTINUE ON REVERSE 
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CONTINUl .OM THE FRONT 

1 
1. POLLUT-

2. MARK'X' 2. EFFLUENT 
. 3. UNITS 4. INTAKE fontional) 

ANT AND a. TEST- b. BE- c. BE- a. MAXIMUM DAILY b. MAXIMUM 30 DAY VALUE 
' 

c. LONG TERM AVRG. (specify if blank) a. LONGTERM 

ING RE- LIEVED LIEVED VALUE (if available) VALUE d. NO. OF AVERAGE VALUE b. NO. OF 
CAS NO. (if 

QUIRED PRE- ABSENT 
' - fif availablel ANALYSI ANALYSE 

available) SENT 
{1) CONCENT• 

(2) MASS 
(1) CONCENT-

{2)MASS 
11) CONCENT-

(2) MASS s a. CONCEN- b. MASS "' s 
RATION RATION RATION . CONCENTRATIO (2)W.SS 

TRATION " . ' 
. 

GC/MS FRACTION - BASE/NEUTRAL COMPOUNDS (continued) 

438 N-Nitro-

□ □ [Z] sodiphenylamine 
(86-30-6) 
446 Phemmlhrene 

□ □ [Z] (85-01-/ 

458 Pyrene 

□ □ [Z] (129-00-0) 
46B 1,2,4-Tri-

□ □ [Z] ch!orobenzene 
(120-82-1' 

GC/MS FRACTION - PESTICIDES . 

1PAldrin 

□ □ [Z] (309-00-2) 

2P p-Bhc 

□ □ [Z] 
(319-85-7) 
4P y-BHC 

□ □ [Z] 
(58-89-9\ 
SP 6-BHC 

□ □ [Z] 
(319-86--8) 
SP Chlordane 

□ □ [Z] (57-74-9) 
7P 4,4'-DDT 

□ □ [Z] (50-29-3) 
SP 4,4'-DDE 

□ □ [Z] 
(72-55-9) 
9P4,4'-DDD 

□ □ [Z] (72-54-8} 
10P Dleldrin 

□ □ [Z] 
(60-57-1) 

11P ct-Endo-

□ □ [Z] 
sulfan 
(115-29-7) 
12P p-Endo-

□ □ [Z] 
sulfan 
(115-29-7 
13P Endosulfan 

□ □ [Z] Sulfate 
(1031-07-81 
14P Endrin 

□ □ [Z] 
(72-20-8) 
15P Endrin 

□ □ [Z] 
Aldehyde 
(7421-93-4\ 
16P Hepta-

□ □ [Z] 
chlor 
{76-44-8\ 

EPA FORM 3510-2C (Rev. 2-85) Page V-8 CONTINUE ON PAGE V-9 
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I EPA I.D. NUMBER (copy item 1 of Form 1) I OUTFALL NUMBER 
008 

1. POLLUT- 2.MARK'X' . 2. EFFLUENT 3. UNITS 4. INTAKE (octiona/J . 

ANT AND a. TEST- b. BE- c. BE- a. MAXIMUM DAILY b. MAXIMUM 30 DAY VALUE c. LONG TERM AVRG. 1· d.No.·oF (specify if blank) a. LONGTERM 

GAS NO. (if ING RE- LIEVED LIEVED VALUE (if available) VALUE AVERAGE VALUE b. NO. OF 
QUIRED PRE- ABSENT •ifavaifabfel ANALYSI . 

ANALYSE 
available) SENT 

{1) CONCENT-
(2) MASS 

(1) CON CENT• {1) CONCENT- s a.CONCEN• b. MASS. "' s 
RATION RATION (2) MASS RATION (2) MASS CONCENTRATIO (2}1,!ASS 

TRATJON " 
GC/MS - PESTICIDES (continued) 

. . 
.. 

17P Heptachlor 

□ □ IZ1 Expxide 
(1024-57-31 
18P PCB-1242 

□ □ IZ1 (53469-21-9) 
19P PCB-1254 

□ □ IZ1 (11097-69-1) 
20P PCB-1221 

□ □ IZ1 (11104-28-2) 
21P PCB-1232 

□ □ IZ1 (11141-16-5) 
22P PCB-1248 

□ □ IZ1 (12672-29-6) 

23P PCB-1260 

□ □ IZ1 (11096-82-5) 
24P PCB-1016 

□ □ IZ1 (12674-11-2) 
25P Toxa-

□ □ IZ1 phene 
(8001-35.2) 

EPA FORM 3510-2C (Rev. 2-85) Page V-9 
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SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

CLIENT: Mach Mining 
PDL: 14084-1 
SAMPLE ID: Pond 1 
DATE SAMPLED: 11-17-09 

17650 Route 37 
West Frankfort, Illinois 62896 

Phone ( 618) 983-8280 
Fax (618) 983-8208 

Website: w,vw.summitenviro.com 

REPORT DATE: 12-04-09 
COMMENT: No Flow 
SAMPLED BY: Client 
DATE RECEIVED: 11-17-09 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD DATE/ 
LIMIT ANALYST 

Acidity < 10 mg/L 10 305.1 11-17-09 LS 
Alkalinity 135 mg/L 2 3 JO. I 11-17-09 LS 
Chlorides 273.6 mg/L I 325.3 11-19-09 LS 
Cyanide <0.007 mg/L 0.007 335.4 11-25-09 TL 
pH 9.2 Unit ISO.I ll-17-09LS 
Phenols, Total Recoverable 0.006 mg/L 0.005 420.1 11-23-09 TL 
Sulfates 250 mg/L 1.0 375.4 11-20-09 LS 
Total Suspended Solids 8 mg/L 160.2 11-18-09 LS 
Metals: 
Antimony <0.002 mg/L 0.002 204.1 12-04-09 JB 
Arsenic < 0.002 mg/L 0.002 206.4 12-04-09 JB 
Beryllium < 0.001 mg/L 0.001 210.1 12-04-09 JB 
Cadmium 0.003 mg/L 0.002 213.1 12-04-09 JB 
Chromium < 0.006 mg/L 0.006 218.1 12-04-09 JB 
Copper 0.013 mg/L 0.003 220.1 12-04-09 JB 
Iron < 0.006 mg/L 0.006 236.1 12-04-09 JB 
Lead < 0.0075 mg/L 0.0075 239.1 12-04-09 JB 
Mercury <0.002 mg/L 0.002 245.1 12-04-09 JB 
Nickel < 0.010 mg/L 0.010 249.1 12-04-09 JB 
Selenium < 0.002 mg/L 0.002 270.2 12-04-09 JB 
Silver < 0.002 mg/L 0.002 272.1 12-04-09 JB 
Thallium < 0.020 mg/L 0.020 279.1 12-04-09 JB 
Zinc < 0.001 mg/L 0.001 289.1 12-04-09 JB 

Reviewed by: Joseph Benciniw , ~ <· 
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SUMMIT 
ENVIRONMENTAL 

~~:?,J SERVICES, INC. 
CHEMICAL ANALYSTS & CONSULTANTS 

CLIENT: 
POL: 
SAMPLE ID: 
DATE SAMPLED: 

Mach Mining 
14084-2 
Pond2 
11-17-09 

REPORT DATE: 
COMMENT: 
SAMPLED BY: 

17650 Route 3 7 
Wt~s1 Frnnkfori, lllinni1.; 62896 

Phone (618) 983-8280 
Fax(618)983-8208 

Website: www.summitenviro.com 

DATE RECEIVED: 

12-04-09 
No Flow 
Client 
11-17-09 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD DATE/ 
LIMIT ANALYST 

Acidity < 10 mg/L 10 305.1 11-17-09 LS 
Alkalinity 116 mg/L 2 310.1 11-17-09 LS 
Chlorides 74.0 mg/L I 325.3 11-19-09 LS 
Cyanide <0.008 mg/L 0.008 335.4 11-25-09 TL 
pH 8.0 Unit 150.1 11-17-09 LS 
Phenols, Total Recoverable 0.007 mg/L 0.005 420.1 11-23-09 TL 
Sulfates 110 mg/L 1.0 375.4 11-20-09 LS 
Total Suspended Solids 3 mg/L I 160.2 11-18-09 LS 
Metals: 
Antimony < 0.002 mg/L 0.002 204.1 12-04-09 JB 
Arsenic <0.002 mg/L 0.002 206.4 12-04-09 JB 
Beryllium < 0.001 mg/L 0.001 210.1 12-04-09 JB 
Cadmium 0.003 mg/L 0.002 213.1 12-04-09 JB 
Chromium <0.006 mg/L 0.006 218.1 12-04-09 JB 
Copper < 0.003 mg/L 0.003 220.1 12-04-09 JB 
Iron < 0.006 mg/L 0.006 236.1 12-04-09 JB 
Lead < 0.0075 mg/L 0.0075 239.1 12-04-09 JB 
Mercury < 0.002 mg/L 0.002 245.1 12-04-09 JB 
Nickel < 0.010 mg/L 0.010 249.1 12-04-09 JB 
Selenium < 0.002 mg/L 0.002 270.2 12-04-09 JB 
Silver <0.002 mg/L 0.002 272.1 12-04-09 JB 
Thallium <0.020 mg/L 0.020 279.1 12-04-09 JB 
Zinc < 0.001 mg/L 0.001 289.1 12-04-09 JB 

Reviewed by: ,Joseph Bencini{)n(/1 , ~ 1-
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SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

CLIENT: 
PDL: 
SAMPLE ID: 
DATE SAMPLED: 

Mach Mining 
14084-3 
Pond 3 
11-17-09 

REPORT DATE: 
COMMENT: 
SAMPLED BY: 

17650 Route 3 7 
West Frankfort, Illinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

DATE RECEIVED: 

12-04-09 
No Flow 
Client 
11-17-09 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD DATE/ 
LIMIT ANALYST 

Acidity < 10 mg/L IO 305.1 ll-17-09LS 
Alkalinity 54 mg/L 2 310.1 11-17-09 LS 

Chlorides 7.2 mg/L 1 325.3 ll-19-09LS 

Cyanide < 0.008 mg/L 0.008 335.4 11-25-09 TL 

pH 7.2 Unit 150.1 11-17-09 LS 

Phenols, Total Recoverable 0.006 mg/L 0.005 420.l 11-23-09 TL 

Sulfates 30 mg/L 1.0 375.4 11-20-09 LS 
Total Suspended Solids 3 mg/L 160.2 11-18-09 LS 

Metals: 
Antimony < 0.002 mg/L 0.002 204.l 12-04-09 JB 

Arsenic < 0.002 mg/L 0.002 206.4 12-04-09 JB 
Beryllium < 0.001 mg/L 0.001 210.1 12-04-09 JB 

Cadmium 0.008 mg/L 0.002 213.1 12-04-09 JB 
Chromium <0.006 mg/L 0.006 218.1 12-04-09 JB 

Copper 0.007 mg/L 0.003 220.l 12-04-09 JB 

Iron 0.133 mg/L 0.006 236.1 12-04-09 JB 

Lead < 0.0075 mg/L 0.0075 239.1 12-04-09 JB 

Mercury <0.002 mg/L 0.002 245.l 12-04-09 JB 

Nickel < 0.010 mg/L 0.010 249.l 12-04-09 JB 

Selenium <0.002 mg/L 0.002 270.2 12-04-09 JB 

Silver <0.002 mg/L 0.002 272.l 12-04-09 JB 

Thallium <0.020 mg/L 0.020 279.1 12-04-09 JB 

Zinc < 0.001 mg/L 0.001 289.1 12-04-09 JB 

Reviewed by: Joseph Benciniw, ~ t· 
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SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

CLIENT: 
PDL: 
SAMPLE ID: 
DATE SAMPLED: 

Mach Mining 
14084-4 
Pond4 
11-17-09 

17650 Route 37 
West Frankfort, Illinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

REPORT DATE: 
COMMENT: 
SAMPLED BY: 
DATE RECEIVED: 

12-04-09 
No Flow 
Client 
11-17-09 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD DATE/ 
LIMIT ANALYST 

Acidity < JO mg/L 10 305.1 11-17-09 LS 
Alkalinity 84 mg/L 2 3 JO. I 11-17-09LS 

Chlorides 13.2 mg/L I 325.3 11-19-09 LS 

Cyanide < 0.007 mg/L 0.007 335.4 Jl-25-09 TL 

pH 8.9 Unit 150.1 11-17-09LS 
Phenols, Total Recoverable < 0.005 mg/L 0.005 420.1 ll-23-09 TL 
Sulfates 110 mg/L 1.0 375.4 Jl-20-09 LS 
Total Suspended Solids 3 mg/L I 160.2 11-18-09 LS 

Metals: 
Antimony < 0.002 mg/L 0.002 204.1 12-04-09 JB 

Arsenic < 0.002 mg/L 0.002 206.4 12-04-09 JB 

Beryllium < 0.001 mg/L 0.001 210.1 12-04-09 JB 

Cadmium 0.004 mg/L 0.002 213.1 12-04-09 JB 

Chromium < 0.006 mg/L 0.006 218.1 12-04-09 JB 

Copper < 0.003 mg/L 0.003 220.1 12-04-09 JB 

Iron < 0.006 mg/L 0.006 236.1 12-04-09 JB 

Lead < 0.0075 mg/L 0.0075 239.1 12-04-09 JB 

Mercury < 0.002 mg/L 0.002 245.1 12-04-09 JB 

Nickel <0.010 mg/L 0.010 249.1 12-04-09 JB 

Selenium < 0.002 mg/L 0.002 270.2 12-04-09 JB 

Silver < 0.002 mg/L 0.002 272.1 12-04-09 JB 

Thallium < 0.020 mg/L 0.020 279.1 12-04-09 JB 

Zinc < 0.001 mg/L 0.001 289.1 12-04-09 JB 

Reviewed by: Joseph Benciniw , ~ ,. 
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SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

CLIENT: 
PDL: 
SAMPLE ID: 
DATE SAMPLED: 

Mach Mining 
14084-5 
Pond 5 
11-17-09 

17650 Route 37 
West Frnnkfort. Illinois 62896 

Phone ( 6 l 8) 983-8280 
Fax (618) 983-8208 

Website: w,vw.summitenviro.com 

REPORT DATE: 
COMMENT: 
SAMPLED BY: 
DATE RECEIVED: 

12-04-09 
No Flow 
Client 
11-17-09 

TEST DESCRIPTION RESULT - UNITS DETECTION METHOD DATE/ 
LIMIT ANALYST 

Acidity < 10 mg/L 10 305.1 11-17-09 LS 
Alkalinity 51 mg/L 2 310.1 11-17-09 LS 
Chlorides 12.0 mg/L I 325.3 11-19-09 LS 
Cyanide < 0.008 mg/L 0.008 335.4 11-25-09 TL 
pH 7.5 Unit 150.1 11-17-09 LS 
Phenols, Total Recoverable < 0.005 mg/L 0.005 420.1 11-23-09 TL 
Sulfates 120 mg/L 1.0 375.4 11-20-09 LS 
Total Suspended Solids 35 mg/L I 160.2 11-18-09 LS 
Metals: 
Antimony < 0.002 mg/L 0.002 204.1 12-04-09 JB 
Arsenic < 0.002 mg/L 0.002 206.4 12-04-09 JB 
Beryllium < 0.001 mg/L 0.001 210.1 12-04-09 JB 

Cadmium 0.006 mg/L 0.002 213.1 12-04-09 JB 
Chromium < 0.006 mg/L 0.006 218.1 12-04-09 JB 

Copper < 0.003 mg/L 0.003 220.1 12-04-09 JB 
Iron 0.593 mg/L 0.006 236.1 12-04-09 JB 

Lead < 0.0075 mg/L 0.0075 239.1 12-04-09 JB 
Mercury < 0.002 mg/L 0.002 245.1 12-04-09 JB 

Nickel <0.010 mg/L 0.010 249.1 12-04-09 JB 
Selenium < 0.002 mg/L 0.002 270.2 12-04-09 JB 

Silver < 0.002 mg/L 0.002 272.1 12-04-09 JB 

Thallium < 0.020 mg/L 0.020 279.1 12-04-09 JB 

Zinc < 0.001 mg/L 0.001 289.1 12-04-09 JB 

Reviewed by: Joseph Bencini<-)v(/1, ~ ,. 
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' . 

SUMMIT 
ENVIRONMENTAL 

~~ SERVICES, INC. 
CHEMICAL ANALYSTS & CONSULTANTS 

CLIENT: 
PDL: 
SAMPLE ID: 
DATE SAMPLED: 

Mach Mining 
14084-6 
Pond6 
11-17-09 

REPORT DATE: 
COMMENT: 
SAMPLED BY: 

17650 Route 37 
Wcs1 Frankfort, lllinnis 62896 

Phonc(618)983-8280 
Fax (618) 983-8208 

Website: \\'\\'w.summitenviro,com 

DATE RECEIVED: 

12-04-09 
No Flow 
Client 
11-17-09 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD DATE/ 
LIMIT ANALYST 

Acidity < 10 mg/L 10 305.1 11-17-09LS 
Alkalinity 68 mg/L 2 310.1 11-17-09 LS 
Chlorides 316 mg/L 1 325.3 11-19-09 LS 
Cyanide <0.007 mg/L 0.007 335.4 11-25-09 TL 
pH 8.6 Unit 150.1 11-17-09 LS 
Phenols, Total Recoverable < 0.005 mg/L 0.005 420.1 11-23-09 TL 
Sulfates 330 mg/L 1.0 375.4 11-20-09 LS 
Total Suspended Solids mg/L 1 160.2 11-18-09LS 
Metals: 
Antimony < 0.002 mg/L 0.002 204.1 12-04-09 JB 

Arsenic < 0.002 mg/L 0.002 206.4 12-04-09 JB 

Beryllium < 0.001 mg/L 0.001 210.1 12-04-09 JB 

Cadmium 0.003 mg/L 0.002 213.1 12-04-09 JB 

Chromium < 0.006 mg/L 0.006 218.1 12-04-09 JB 

Copper < 0.003 mg/L 0.003 220.1 12-04-09 JB 

Iron < 0.006 mg/L 0.006 236.1 12-04-09 JB 

Lead < 0.0075 mg/L 0.0075 239.1 12-04-09 JB 

Manganese 0.022 mg/L 0.002 243.1 12-04-09 JB 

Mercury < 0.002 mg/L 0.002 245.1 12-04-09 JB 

Nickel < 0.010 mg/L 0.010 249.1 12-04-09 JB 

Selenium < 0.002 mg/L 0.002 270.2 12-04-09 JB 
Silver <0.002 mg/L 0.002 272.1 12-04-09 JB 

Thallium < 0.020 mg/L 0.020 279.1 12-04-09 JB 

Zinc < 0.001 mg/L 0.001 289.1 12-04-09 JB 

Reviewed by: Joseph Benciniw , ~ t· 
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SUMMIT 
ENVIRONMENTAL 

~~ SERVICES, INC. 
CHEMICAL ANALYSTS & CONSULTANTS 

CLIENT: Mach Mining 
PDL: 14084-7 
SAMPLE ID: Pond 7 
DATE SAMPLED: 11-17-09 

17650 Route 37 
Wcsl Frnnkfort, Illinois 62896 

Phone ( 6 I 8) 983-8280 
Fax (618) 983-8208 

\Vebsite: www.summitenviro.com 

REPORT DATE: 12-04-09 
COMMENT: No Flow 
SAMPLED BY: Client 
DATE RECEIVED: 11-17-09 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD DATE/ 
LIMIT ANALYST 

Acidity < IO mg/L 10 305.l 11-17-09 LS 
Alkalinity 208 mg/L 2 310. l 11-17-09 LS 
Chlorides 831 mg/L I 325.3 11-19-09 LS 
Cyanide < 0.007 mg/L 0.007 335.4 11-25-09 TL 
pH 9.1 Unit 150.1 11-17-09 LS 
Phenols, Total Recoverable < 0.005 mg/L 0.005 420.1 11-23-09 TL 
Sulfates 1,130 mg/L l.0 375.4 11-20-09 LS 
Total Suspended Solids I mg/L I 160.2 11-18-09 LS 
Metals: 
Antimony < 0.002 mg/L 0.002 204.1 12-04-09 JB 
Arsenic < 0.002 mg/L 0.002 206.4 12-04-09 JB 
Beryllium < 0.001 mg/L 0.001 210.1 12-04-09 JB 
Cadmium 0.006 mg/L 0.002 213.1 12-04-09 JB 
Chromium < 0.006 mg/L 0.006 218.1 12-04-09 JB 
Copper < 0.003 mg/L 0.003 220.l 12-04-09 JB 
Iron < 0.006 mg/L 0.006 236.1 12-04-09 JB 
Lead < 0.0075 mg/L 0.0075 239.1 12-04-09 JB 
Manganese 0.741 mg/L 0.002 243.1 12-04-09 JB 
Mercury < 0.002 mg/L 0.002 245.1 12-04-09 JB 
Nickel < 0.010 mg/L 0.010 249.1 12-04-09 JB 
Selenium < 0.002 mg/L 0.002 270.2 12-04-09 JB 
Silver < 0.002 mg/L 0.002 272.1 12-04-09 JB 
Thallium < 0.020 mg/L 0.020 279.1 12-04-09 JB 
Zinc < 0.001 mg/L 0.001 289.1 12-04-09 JB 

( Reviewed by: Joseph Bencini¥'1rl1 , ~,. 

'--· 
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SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

CLIENT: 
PDL: 
SAMPLE ID: 
DATE SAMPLED: 

Mach Mining 
14084-8 
Pond 8 
11-17-09 

REPORT DATE: 
COMMENT: 
SAMPLED BY: 

17650 Route 37 
\Vl~st Frankfort, Illinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

\Vebsite: www.summitenvirn.com 

DATE RECEIVED: 

12-04-09 
No Flow 
Client 
11-17-09 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD DATE/ 
LIMIT ANALYST 

Acidity < 10 mg/L 10 305.l 11-17-09 LS 
Alkalinity 114 mg/L 2 310.l 11-17-09 LS 
Chlorides 745 mg/L l 325.3 11-19-09 LS 
Cyanide <0.007 mg/L 0.007 335.4 l 1-25-09 TL 
pH 8.7 Unit 150.l ll-17-09 LS 
Phenols, Total Recoverable 0.005 mg/L 0.005 420.l 11-23-09 TL 
Sulfates 1,100 mg/L 1.0 375.4 11-20-09 LS 
Total Suspended Solids 19 mg/L 1 160.2 11-18-09 LS 
Metals: 
Antimony < 0.002 mg/L 0.002 204.1 12-04-09 JB 
Arsenic < 0.002 mg/L 0.002 206.4 12-04-09 JB 
Beryllium < 0.001 mg/L 0.001 210.1 12-04-09 JB 
Cadmium 0.008 mg/L 0.002 213.1 12-04-09 JB 
Chromium < 0.006 mg/L 0.006 218.1 12-04-09 JB 
Copper < 0.003 mg/L 0.003 220.1 12-04-09 JB 
Iron < 0.006 mg/L 0.006 236.1 12-04-09 JB 
Lead <0.0075 mg/L 0.0075 239.l 12-04-09 JB 
Manganese 0.011 mg/L 0.002 243.1 12-04-09 JB 
Mercury <0.002 mg/L 0.002 245.1 12-04-09 JB 
Nickel < 0.010 mg/L 0.010 249.1 12-04-09 JB 
Selenium < 0.002 mg/L 0.002 270.2 12-04-09 JB 
Silver < 0.002 mg/L 0.002 272.l 12-04-09 JB 
Thallium < 0.020 mg/L 0.020 279.l 12-04-09 JB 
Zinc < 0.001 mg/L 0.001 289.1 12-04-09 JB 

Reviewed by: Joseph Bencini(}-;(f' , ~ ,. 
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UN-NAMED TRIBUTARY OF 
POND CREEK STREAM SAMPLES 
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SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONS.ULTANTS 

CLIENT: 
POL: 

Pond Creek 
14094-12 f 
Unnamed Tributary (PC) 

REPORT DATE: 
COMMENT: 
SAMPLED BY: 

17650 Route 37 
West Frankfort, Illinois 62896 

Phone(618)983-8280 
Fax (618) 983-8208 

V•lebsite: www.summitenviro.com 

12/10/09 
Flow= I cu.ft/sec 
Client 

SAMPLE ID: 
DA TE SAMPLED: 11/30/09 1'C.-I DATE RECEIVED: 11/30/09 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD DATE/ 

LIMJT ANALYST 

Acidity < 10 mg/L 10 305.1 12/01/09 BH 

Alkalinity 246 mg/L 2 310.1 12/01/09 BH 

Chlorides 1,170 mg/L 1 325.3 12/01/09 BH 

Hardness, Total 400 mg/L 0.250 130.2 12/02/09 LS 

pH 8.1 Unit 150.1 11/30/09 TG 

Sulfates 860 mg/L 1.0 375.4 12/02/09 BH 

Total Suspended Solids 2 mg/L I 160.1 12/01/09 LS 

Iron, Total < 0.006 mg/L 0.006 236.1 12/04/09 JB 

lron, Dissolved < 0.006 mg/L 0.006 236. l 12/04/09 JB 

Manganese, Total 0.212 mg/L 0.002 243.1 12/04/09 JB 

Manganese, Dissolved 0.199 mg/L 0.002 243.1 12/04/09 JB 
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SUMMIT 
ENVIRONMENTAL 

.:/1 

SERVICES,. INC. 
CHEMICAL ANALYSTS & CONSULTANTS 

CLIENT: 
PDL: 
SAMPLE ID: 

Pond Creek 
14110-1 

REPORT DATE: 
COMMENT: 
SAMPLED BY: 

17650 Roule 37 
West Frankfort. Illinois 62896 

Phone (618) 983-8280 
Fax(618)983-8208 

Website: WW\\',summitenviro.com 

12-21-09 
Flow= 2.0 cu.ft./sec 
Client 

DATE SAMPLED: 
Unnamed Tributary 1'C.- I 
12-10-09 DATE RECEIVED: 12-10-09 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD DATE/ 
LIMIT ANALYST 

Acidity 12 mg/L 10 305.1 12/I0/09 LS 
Alkalinity 168 mg/L 2 310.1 12/10/09 LS 
Chlorides 290 mg/L 325.3 12/14/09 LS 
Hardness, Total 200 mg/L 0.250 130.2 12/14/09 LS 
pH 6.7 Unit 150.1 12/10/09 LS 
Sulfates 270 mg/L LO 375.4 l2/l 6/09 LS 
Total Suspended Solids 9 mg/L I 160.l l2/l4/09 LS 
Iron, Dissolved 0.332 mg/L 0.006 236.1 12/21/09 JB 
Iron. Total 0.716 mg/L 0.006 236.l 12/21/09 JB 
Manganese, Dissolved < 0.002 mg/L 0.002 243.1 12/21/09 JB 
Manganese, Total 0.035 mg/L 0.002 243.1 12/21/09 JB 

Reviewed by: Joseph Bencini9»r1 1 ~ ,. 



R17640

=~/ 

SUMMIT 
ENVIRONMENTAL 
SERVICES,. INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

CLIENT: 
PDL: 
SAMPLE ID: 

Pond Creek 
14110-2 

REPORT DA TE: 
COMMENT: 
SAMPLED BY: 

17650 Routt 3 7 
Wcs1 Frankfort. lllinois 62896 

Phone I 6 I 8) 983-8280 
Fax\618)983-8208 

Website: www.summitenviro.com 

I 2-21-09 
Flow; 1.5 cu.f\./sec 
Client 

DA TE SAMPLED: 
Unnamed Tributary ft-I 
12-11-09 DA TE RECEIVED: 12-11-09 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD DATE/ 
LIMIT ANALYST 

Acidity < IO mg/L IO 305.l 12110/09 LS 
Alkalinity 103 mglL 2 310.1 12110/09 LS 
Chlorides 280 mg/L I 325.3 12114/09 LS 
Hardness, Total 300 mg/L 0.250 130.2 12114/09 LS 
pl-I 7.6 Unit 150. I 12110109 LS 
Sulfates 350 rng/L 1.0 375.4 12116109 LS 
Total Suspended Solids IO mg/L I 160. I 12/14/09 LS 
Iron, Dissolved 0.163 mg/L 0.006 236.1 12/21/09 JB 
Iron, Total 0.457 mg/L 0.006 236.1 12/21109 JB 
Manganese, Dissolved 0.004 mg/L 0.002 243.1 12121/09 JB 
Manganese, Total 0.088 mg/L 0.002 243.1 12121/09 JB 

Reviewed by: .Joseph Bencini()n(/i 1 :~,. 
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SCHEDULE A INFORMATION 

C 
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( 

Pond Classification 

Currently, Pond Nos. 006, 007, and 008 are classified as Acid Mine Drainage ponds. However, based 
upon the grab samples from these ponds, the pH ranges from 8.6 to 9.1. Therefore, the applicant is 
requesting the ponds to be re-classified as Alkaline Mine Drainage. 
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SCHEDULE A 

001 

NW 

12 

8 South 

3 East 

Williamson 

Precipitation 

Precipitation 

Surface Runoff 

Grab 

20 

300 

0.05 

1.5 

0.2 

6.5 - 8.5 

0.1 

1.0 

10 -50 

2000 

450 

500 

Unnamed 

Pond Creek 

Big Muddy 
River 

Mississippi 
River 

002 

SW 

12 

8 South 

3 East 

Williamson 

Precipitation 

Precipitation 

Surface Runoff 

Grab 

20 

300 

0.05 

3 

0.2 

6.5 8.5 

0.1 

1.0 

10-50 

2000 

450 

500 

Unnamed 

Pond Creek 

Big Muddy 
River 

Mississippi 
River 

003 

SW 

12 

8 South 

3 East 

Williamson 

Precipitation 

Precipitation 

Surface Runoff 

Grab 

20 

300 

0.05 

1.0 

0.2 

6.5-8.5 

0.1 

0.8 

5-20 

2000 

450 

500 

Unnamed 

Pond Creek 

Big Muddy 
River 

Mississippi 
River 
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SW 

12 

8 South 

3 East 

Williamson 

Precipitation 

Precipitation 

Surface Runoff 

Grab 

20 

300 

0.05 

3 

0.2 

6.5-8.5 

0.1 

1.0 

10-50 

2000 

450 

500 

Unnamed 

Pond Creek 

Big Muddy 
River 

Mississippi 
River 

005 

SW 

12 

8 South 

3 East 

Williamson 

Precipitation 

Precipitation 

Surface Runoff 

Grab 

20 

300 

0.05 

3 

0.2 

6.5 - 8.5 

0.1 

1.0 

10- 50 

2000 

450 

500 

Unnamed 

Pond Creek 

Big Muddy 
River 

Mississippi 
River 
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006 

SW 

12 

8 South 

3 East 

Williamson 

Precipitation 

Precipitation 

Surface Runoff 

Grab 

20 

300 

0.05 

3 

0.2 

6.5-8.5 

0.1 

1.0 

10-50 

2000 

450 

500 

Unnamed 

Pond Creek 

Big Muddy 
River 

Mississippi 
River 

SCHEDULE A 

007 008 

NW NW 

12 12 

8 South 8 South 

3 East 3 East 

Williamson Williamson 

Precipitation Precipitation 

Precipitation Precipitation 

Surface Runoff Surface Runoff 

Grab Grab 

20 20 

300 300 

0.05 0.05 

3 3 

0.2 0.2 

6.5-8.5 6.5 - 8.5 

0.1 0.1 

1.0 1.0 

10-50 10- 50 

2000 2000 

450 450 

500 500 

Unnamed Unnamed 

Pond Creek Pond Creek 

Big Muddy Big Muddy 
River River 

Mississippi Mississippi 
River River 
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MINE PUMP AGE INFORMATION 



R17646

MINE Pl.Th.1P AGE 

A series of pumps have been installed to pump mine water to Pond No. 6. HDPE pipes are used 
to connect the pumps to Pond No. 6. 

Refer to the attached chart for the pump name/location and the maximum gallons per minute 
capacity of each pump. 
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Pond Creek No. 1 Mine 
Mine Pumps & Maximum GPM 

PUMP NAME HP GPMMAX COMMENTS 
ZEIGLER 350 1500 ZIEGLER PUMPS NO LONGER RUNNING. 

PONDS 35 1000 POND 5 PUMP WATER USED FOR UNDERGROUND AT 
APPROX. 1000 -1500 GPM. CAN ALSO BE USED AT PLANT 

POND6 140 1800 
POND 6 HAS A PUMP BUT ONLY PUMPS BACK TO FRESH 
WATER LAKE FOR USE IN PLANT. 

FRESH WATER LAKE 95 2000 FRESH WATER LAKE USED IN PLANT AT 1500-2000 GPM. 
90% RUNTIME. 

SLURRY CELL DECANT PUMP 25 600 SLURRY DECANT PUMP ONLY USED ABOUT 10 HOURS PER 
WEEK. EQUIVALENT TO 42000GPD. 

POND#1 25 600 
PONDS 1-4 USED FOR ADDITIONAL MAKE UP WATER ONLY. 

PONDS #2,#3,#4 5 200 

BLEEDER SHAFT 125 500 

JOHNSTON CITY LAKE PUMPS (2) 100 1000 
JOHNSTON CITY LAKE PUMP RUNS WHEN POND 5 POOL 
ELVATION DROPS. ONE PUMP ONLY. 

RETURN SHAFT TURBINE 250 1000 RETURN SHAFT TURBINE PUMPING 200000GPD. 

XC136 -TG- SWAG PUMP** 200 1000 XC136 PUMPING 575000GPD. 

XC169-HG#1 PUMP 300 1000 NO LONGER IN SERVICE. 

XC47-HG1- DWINA ROAD PUMP 100 300 XC47 DWINA RD NO LONGER PUMPING. 

XC144-HG#2 THOMPSONVILLE RD 250 1000 XC144 HG2 PUMPING 150000 GPO. 

SEDIMENT DITCHES 2 AND 1 (POND #11) 
POND 11 PUMPING WITH TWO ELECTRICS AND ONE 6" 

25 600 DIESEL PUMPING AROUND CLOCK. DIESEL - 1000GPM -25HP 
(2) 4" AND 8" DISCHARGE LINES 8" DISCHARGE-500GPM - 25 HP 4" LINE - 250GPM OR 2.3MGD 

POND# 9 PUMPS EVERY TWO MONTHS FOR ABOUT 24 
POND #9 AT BLEEDER SHAFTS 50 500 HOURS -APPROXIMATELY 10000 GPO (AVERAGED OVER 365 

DAYS) 

6" DIESEL PUMP GODWIN CDM150 1700 

NOTE: THE GPM IS THE RATED FLOWS AS INITIALLY DESIGNED. THE FURTHER DISTANCE PUMPS MAY SLIGHTLY VARY. 

**NOTE: THE 136 PUMP 2-STAGES LESS THAN THE 169 AND 144 PUMP. WE OPTED TO STANDARDIZE JUST AFTER THAT 

INSTALLATION. 
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MAP 6 S.F. 
(SURF ACE FACILITIES MAP) 
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DOCUMENT 

77 
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AllianceLI 
Consulting, Inc. 

Engineers · Constructors · Scientists 

December 29, 2009 

Mr. Larry Crislip 
Illinois Environmental Protection Agency 
Mine Pollution Control Program 
2309 West Main Street 
Suite 116 
Marion, IL 62959 

Transmittal 

(Ofc.V ) J<t /V ~ I ,... r) 

~\u_ ol~a:;,L_ J · 1 t-1, 

IEPA-OMSION OF REC OROS MANAOE~CNT 
RrLEA'.f•["-~ 

AUG O 2 2019 

RtVltWi:K: SAB 

Project No. B09-444-1413 

NPDES Renewal for IL0077666 
Williamson Energy LLC - Pond Creek No. 1 Mine 

Williamson County, Illinois 

Dear Mr. Crislip: 

On behalf of our client, Williamson Energy LLC, we are submitting an original and two copies of the 
renewal for the above referenced permit. 

If there are any questions or you require additional information, please contact us. 

Respectfully submitted, 

ALLIANCE CONSULTING, INC. 

Stephen M. Sutphin 
Project Manager 

SMS:sms 
Enclosures 

FILE: 09444-02 

mr · '!;[ID 
DEC 3 12009 · 

IL Envirgnmomal 1--·roiOCt1on Agency 
MAlflliJN /i#IQIONAL OFFICE 

m®©®~lfj) 
JAN 12 2010 ~ 

Environmental Protect1011 Agency 
WPC--Permit Log In 

124 Philpott Lane • Raleigh County Airport lndustrral Park • Beaver, WV 25813-9502 • TELE: {304) 255-0491 , FAX: (304) 255-4232 
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AllianceO 
Consulting, Inc. 

Engineers · Constructors · Scientists 

Mr. Larry Crislip 
ILLINOIS ENVIRONMENTAL 
PROTECTION AGENCY 
2309 West Main Street 
Suitell6 
Marion, IL 62959 

December 29, 2009 

Project No. B09-444-1413 

Williamson Energy LLC - NPDES No. 0077666 
Renewal No. 1 

Pond Creek Mine No. 1 
Williamson County, Illinois 

Dear Mr. Crislip: 

Attached, please the Permit Renewal infonnation for Williamson Energy LLC; Pond Creek No. I Mine located 
in Williamson County, Illinois. This renewal package includes: 

• EPA Fonn I 
• EPAFonn 2C 
• Water analysis from each sediment pond. Ponds were not discharging, therefore grab samples were 

taken. 
• Receiving stream sample - Un-named tributary of Pond Creek 
• Schedule A identifying each outfall. 
• Information regarding volume and discharge rate of mine pumpage. 
• I"= 400' Location Maps showing the current permit boundary with acreages, NPDES outfall locations 

and stream monitoring point. 

Should you have any questions, or require additional information, please contact us. 

Respect lly submitted for Williamson Energy LLC, 

Stephen M. Sutphi 
ALLIANCE CONSU TING, INC. 
Project Manager 

SMS:sms 
Enclosures 

FILE: 09444-0 I 

JftlE©JE~)J; 
JAN I 2 20IO JJ)) 

Environme t 1 W n a Prote;c11 ... ....,Gsncy 
PC--Permit Log In 

124 Philpott Lane • Raleigh County Airport Industrial Park • Beaver, WV 25813-9502 • TELE: (304) 255-0491 • FAX: (304) 255-4232 
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NPDES RENEWAL #1 
FOR 

PERMIT NO. IL0077666 
(IDNR PERMIT 375) 

WILLIAMSON COUNTY, IL 
POND.CREEK MINE NO. 1 

Prepared for 

WILLIAMSON ENERGY LLC 
JOHNSTON CITY, IL 

ALLIANCE PROJECT NO. B09-444-1413 
DECEMBER 2009 
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R17654... FORM 

1 &EPA 
U.S. ENVIRONMENTAL PROTECTION AGENCY 

GENERAL INFORMATION 
Consolidated Permits Program 

I. EPA 1.0. NUMBER 
s 
F 

TIA C 

D 

GENERAL (Read the "General Instructions" before starting.) 2 13 14 15 

LABEL ITEMS 

EPA I.D. NUMBER 

II. FACILITY NAME 

Ill. FACILITY MAILING 
ADDRESS ., 

' ! 
IV. FACILITY LOCATION 

II. POLLUTANT CHARACTERISTICS 

GENERAL INSTRUCTIONS 
If a preprinted label has been provided, af!Ix it In the 
designated space. Review the information carefully; 
if any of It is Incorrect, cross 1hrough It and enter the 
coi:rect data In 1he appropriate fill-in area below. 
Also, If any of the preprinted data Is absent (the· 
area to the left of the label space lists the n 

information that should appear), please provide It In 
the proper Hll-in area(s) below. If the label is 
complete and correct, you need not complete Items 
I, IIJ, V, and Vl(except Vi-8 which must be , 
completed regardless). Complete all items if no 
label has been proved. Refer to the Instructions for 
detailed item descriptions and for the legal 
authorization under which this data is oollected. 

INSTRUCTIONS: Complete A through J to determine whether you need to submit any permit appllcatlon forms to 1he EPA. If you answer 'yes' to any questlons, you must submit , 
this form and the s~pplemental from listed In the parenthesis following the question. Mark ''/: In the box In the third oolumn if the supplemental form is attached. If you answer 'no' to 
each question, you need not submit any of these forms. You may answer 'no'. If your activity is excluded from pem,Jt requirements: see Section C of the Instructions. See also, Section D 
of the Instructions for definitions of bold-faced terms. .); '· ·' • , • "- 1 

SPECIFIC QUESTIONS 

A. Is this facility a publicly owned treatment 
works which results In a discharge lo waters of 
the U.S.? (FORM 2A) ' ,t,. ., 

11 ~ ~ 
.1 ' 

,\. l~ I 

C, Is this facility which currently results in 
discharges to waters of the u.s: other than 
those described in A or B above? (FORM 2c 

E. Does or will this faclli* treat, store, or dispose of 
hazardous w&1tes? ( ORM 3} 

G. Do you or will you inject at this facility any produced 
water other fluids which are brought to the surf.ice 
In connection with conventional oil or natural gas 
production, Inject fluids used for enhanced recovery 
of oil or natural gas, or In~ fluids for storage of' 
liquid hydrocarbor1s? (FOR_ 4) 

I. Is this facility a proposed stationary source 
which Is one of the 28 industrial categories listed 
In the Instructions and which will potentially emit 
100 tons per year of any air pollutant regulated 
under the Clean Air Act and ma6 affect or be 
located in an attainment area? F RM 5 

Ill. NAME OF FACILITY 
SKIP POND CREEK 1 MINE 

IV. FACILITY CONTACT 
A.N 

SLAPAK, JAMES - CHIEFS 

16 

V. FACILITY MAILING ADDRESS 

P. 0. BOX300 

16 

B, CITY OR TOWN 

JOHNSTON CITY 

VI. FACILITY LOCATION 

MARK"X" 
FORM YES NO ATTA HED 

□ ~ □ 
16 17 18 

~ D D 
22 23 24 

□ [81 D 
2:e 30 

D [81 □ 
34 35 36 

D [81 □ 

A. STREET, ROUTE NO. OR OTHER SPECIFIC IDENTIFIER 

16468 LIBERTY SCHOOL ROAD 

16 

B. COUNTY NAME 

'"IILLIAMSON 
70 

C. CITY OR TOWN 

MARION 

16 40 

EPA FORM 3510-1 (8-90) 

SPECIFIC QUESTIONS 
MARK"X" 

' FORM · YES NO ATTACHED 
B. Does or will this facility (either existing or 

, ~posed) Include a concentrated animal □ [81 □ eedlng~ o/!eratlon or aquatic' anlmal 
-t production clllty which results In a discharge 

• to waters of the U.S.? (FORM 2B) . : • 19 20 21 
D. , Is this proposal faclllty (other than those D [81 D ., described in A or B above) which will result in a 

dlschar e to waters of the U.S.? (FORM 20 25 • 26 27 
F. Do you or will )'OU Inject at this facility Industrial or 

D [81 municipal effluent below the lowennost stratum □ , containing, within one quarter mlle of the well bore, 
underground sources of drinklng water? (FORM 4) 31 32 33 

H. Do you or wlll you inject at thfs facility fluids for 
special processes such as mining of suffer b(s the 

□ [81 □ Frasch process, solution mining of ~lnera s, in · 
situ combustion of fossil fuel, or recovery of 
geothetmal energy? (f ORM 4) • 1 ' t 

I ~ f I J, 37 38 39 . 
J. Is this facil!JY a proposed stationary source 

which is. NO one of the 28 industrial categories 
□ [81 □ listed In the instructions and which will potentially· 

emit 250 tons ~er ~ear of any air pollutant 
regulated under I e C ean Air Act and ma~ affect 
or be located In an attainment are? FOR 5 

D. STATE E. ZIP F. COUNTY CODE 
CODE 

IL 62959 

41 42 ◄7 51 52 5,4 

CONTINUED ON REVERSE 
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CONTINUED FROM THE FRONT 
Vil. SIC CODES 4-di it, in order of 

A. FIRST 

1222 {Specify) 

f---',,-+-.,.,,.--,::--j COAL MINING - UNDERGROUND 
16 17 

C. THIRD D.FOURTH 

VIII. OPERA TOR INFORMATION 
~~....-----------------=-:c..!.!:...:.:.::.==--------------------1 B. ls the name listed in Item 

WILLIAMSON ENERGY LLC VIII-A also the owner? 

F " FEDERAL M " PUBLIC jother I (specify) 
S = STATE O = OTHER ~1pecily) 
P=PRIVATE 

E. STREET OR PO BOX 

P. 0. BOX 99 
26 

F. CITY OR TOWN 

~ JOHNSTON CITY 
15 16 

X. EXISTING ENVIRONMENTAL PERMITS 
A. NPDES D/scha es to Surface Water 

C T I IL0077666 
9 N 
15 16 17 18 

C 
9 
15 

C 
9 

B. UIC Under round In ection of Fluids 
T I N/A u 
16 17 18 

C. RCRA Hazardous Wastes 
T N/A 
R 

Attach to 
show the outline of the· facility, the locatio 
hazardous waste treatment, storage, or disp 
rivers and other surface water bodies In the 

XII. NATURE OF BUSINESS rovide ab 

30 

30 

~ YES ONO 

IX. INDJAN LAND · 
Is the facility located o 

UNDERGROUND BITUMINOUS COAL MINE WITH COAL PREPARATION PLANT, REFUSE DISPOSAL FACILITIES 
AND COAL HANDLING FACILITIES. 

XIII. CERTIFICATION see instructions 
I certify under penalty of law that I have personally examined and am familiar with the information submitted in this application and 
all attachments and that, based on my inquiry of those persons immediately responS1hle for obtaining the information contained in 
the application, I believe that the information is true, accurate and complete. I am aware that there are signiftcent penalties for 
submittin false information. includin the ossibil' of fi e and im risonment. 

A. NAME & OFFICIAL TITLE (type or print) B. S R 

MICHAEL J. BEYER 

COMMENTS FOR OFFICIAL USE ONLY 

16 

£rA FORM 3510-1 (8-90) 
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R17657EPA ID Number (Copy from Item 1 of Form 1) Form ~proved 

Please type or print In the u_tlshaded areas only 
0MB o. 2040-0086 

roval ex ires 7-31-88 
orm U.S. ENVIR N N ALM.OTE NAGENCY • 

2C .ft 
APPLICA1'.ION FOR PERMIT TO DISCHARGE WASTEWATER 

~ 
EXISTING MANUFACTURING, COMMERCIAL, MINING AND SILVICUTLRAL OPERATIONS 

.NPDES 
Consolidated Permits Program 

.. ,outfall Location 

~or this·outfall, list the latitude ~nd long.ltude, and name of the receiving water(s) 

Outfall Latitude Lon itude Receiving Water(name) 
Number list De Min Sec De Min Sec 

001 37 50 59.2 88 49 37.5 UN-NAMED TRIBUTARY TO POND CREEK 

002 37 50 26 88 49 51.5 UN-NAMED TRIBUTARY TO POND CREEK 

003 37 50 26 88 49 58 UN-NAMED TRIBUTARY TO POND CREEK 

004 37 50 25 88 49 56.6 UN-NAMED TRIBUTARY TO POND CREEK 

005 37 50 9.1 88 50 0 UN-NAMED TRIBUTARY TO POND CREEK 

006 37 50 28.4 88 50 40.6 UN-NAMED TRIBUTARY TO POND CREEK 

007 37 50 29.5 88 49 34 UN-NAMED TRIBUTARY TO POND CREEK 

008 37 50 31.4 88 49 33.9 UN-NAMED TRIBUTARY TO POND CREEK 

11. Flows, Sources of Pollution, and Treatment Technolo les 
A. ~ F~r each·outfall,,pro'-'.lde a descriptiOfl of. (1)"all operations contributing wastewater to the effluent, including_process wastewater, sanitary. 

wastewater, cooling w~ter, a11d stormwater runoff; (2) the average f\ow contributed by each operation;_and (3) the treatment received by· 
the wastewater. Continue on addltlonal sheets lf"necessa , 
For each outfall, provide,a description or (1) all operations contributing \11/astewater to the effluent, incl1.1dlng process wastewater, sanitary. 
wastewater, cooling;water, and stormwater n,i.noff; (2) ~he average flow contributed by each operation;.and .(3) t~e treatment received:by 
th~e wastewater. C!ontihue on additional sheets if necessa . 

3. Treatment 1. Outfall ' 2. 0 erations Contributin Flow 
Number a; OPERATION (/{st) b. AVERAGE FLOW a. DESCRIPTION . b. LIST CODES FROM TABLE 2C-1 

001 Stormwater Runoff 2gpm Sedimentation 1-U 

002 Stormwater Runoff 1gpm Sedimentation 1-U 

003 Stormwater Runoff 1gpm Sedimentation 1-U 

004 Stormwater Runoff 2gpm Sedimentation 1-U 

005 Stormwater Runoff 5gpm Sedimentation 1-U 

006 Stormwater Runoff, 2gpm Sedimentation 1-U 

Process Wastewater, 3gpm Sedimentation 1-U 

Deep Mine Drainage 10gpm Sedimentation 1-U 

007 Stormwater Runoff 1gpm Sedimentation 1-U 

008 Stormwater Runoff 1gpm Sedimentation 1-U 

Process Wastewater 2gpm Sedimentation 1-U 

EPA FORM 3510-2C (Rev. 2-85) Page 1 of 4 CONTINUED ON REVERSE 



R17658CONTINUED FROM THE FRONT 
C. Except for stonn runoff, leaks, or spills, are any of the discharges described in Items II-A or B Entermitte,nt or seasonal? --

n YES (complete the followin( table) [8] NO ,,.,,... to Section·lfJJ 
3. FREQUENCY 4. FLOW 

1,,,.1.. OUTFALL 2. OPERATJON(s) a. DAYS b. MONTHS a. FLOW RATE b. TOTAL VOLUME 

~ 'lUMBER CONTRIBUTING F,LOW PER WEEK PER YEAR ({n mad) /srvtr.lfv with units c. OUR-

(specify (specify ATION 
, n (lfst) (list), 

average) average) 1.LONGTeRM 2 MAXIMUM 1. LONGTERM 2. MAXIMUM (in days) • .. . - AVERAGE , DAILY AVERAGE DAILY 

I 

Ill. PRODUCTION. 
A. Does an effluent guidellne limitation promulgated·by EPA under Section 304 of the Clean Water Act apply to your facility? 'rlt '~ , • .n YES (complete Item /Jl~B) _ Ix] NO ftto to Section /VJ :·,.:-,t ---~ 
B. Are the llmitatlona in the applicable effluent guideline expressed;ln terms of production (or other measure of operation)? 

.... •- ••~ 'P. .. -~ :TI:.~ 

'.n '. YES (comDlete Item 111-C) • . ~ Ix] NO (tm to Section f VJ 
C. If you answere.<J ,"yes" to ltem·III-B, list th~ quantity w}llch represents en actual measurement of your level of production, expresse9 in the terms ( 

and units used in the S""'llcable effluent aU/dellne and indicate the affected.outfalls. · ' . 
., ... 1. AVERAGE DAILY PRODUCTION ., ·-"" ..... , _ ... 2.AFFECTED 

, .... OUTFALLS 

a, QUAM;ITY PERDAY ~ b. UNITS OF MEASURE c OPERATION, PRODUCT, MATERIAL, ETC, ;\., . ., __ 
(list outfall numbers) 

' Ill '" .,. eJ,· i~. . 1$"""'1!.,1 • . •·-' r 

t~ 

IV. IMPROVEMENTS 

Ii' 
A. Are you now required by any Federal, State, or local authority to meet any implementation schedule for the construction, upgrading, or 

operation of was~ewater treatment equipment or practices or any other envlronmental programs which may affect the discharges describe_d in 

11. 
this appllcatlon? This includes, but" ls not limited to, .permit conditions, administrative or enforcement orders, enforcement compliance 

· schedule letters, stipulations, court orders, and grant or loan conditions. 
K . " n ;.ves· (comDlete the fo/lowina tebtel [8J 'NO (go to Item /V-B) 

v 2. AFFECTE,_0 OUTFALLS 
•,/ 4. FINAL 

1. IOENTIFICATION OF CONOITIQN, .. 3. BRIEF DESCRIPTION OF PROJECT COMPLIANCE DATE 
AGREEMENT, ETC., ., a. No ' b. ~OURCE OF DISCHARGEt • a. REO- b. PRO-

- UIREO JECTED 

B. OPTIONAL: You may attach additional sheets describing any additional water pollution control programs (or other environmental projects 

~ 
which may effect your discharges) you nciw have underway or which you plan. Indicate whether each program is now underway or planned, 
and indicate your actual or planned schedules for construction. . 

, 0 MARK "X'.' IF DESCRIPTION OF ADDITIONAL CONTROL PROGRAM.IS ATTACHED 

EPA FORM 3510-2C (Rev. 2-85) Page 2 of4 CONTINUED ON PAGE 3 
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' . 

EPA ID Number (Copy from Item 1 of Form 1) 

CONTINUED FROM PAGE 2 
V. INTAKE ANO,EFFLUENT CHARACTERISTICS 
A, !3, & C: See Instructions before proceeding·• Complete one set of tables or each outfall • Annotate the outfall number in the space provided .. 

NOTE: Tables V--A, V-B and V-C are inch.1cied ori se arate sheets number V-1 throu h V-9. . 
~ Use the space below t list any of the pollutants list.ad in Tables 2c-3 of the instructi9ns, which you know or have reason to believe iS discharged or 

may 6e discharged from any outfall. For every pollutant you list, briefly describe the reasons you believe it to be present and report any analytical 
., .data in our ossesslon: . ' 

NIA 

VI: POTENTIAL DISCHARGES NOT COVERED BY ANALYSIS 
ls.any pollutant-listed in Item V-C a substance. C\f a;component of a substance which you currently use or manufacture as iln intermediate or final 
pro.duct or byproduct? • 

YES- I/st all such NO ~ o to Item V/~13 · 

EPA FORM 3510-2C (Rev. 2-85) Page 3 of 4 CONTINUED ON REVERSE 
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. . 

CONTINUED FROM THE FRONT 
VII. BIOLOGICAL TOXICITY TESTING DATA 
Do you have any knowledge or reason to believe that any biological test for acute or chronic toxicity has been made on any of your dlscharg es or on a 
receiving water In retalionto)'!?ur discharge within the last 3 years? ''t. ' ' ·· . · · · ··. '. · /· .,·. ""·· 

LJ YES (identi the test(s} and describe their ur se below ~ NO o to Section VIII) 

VIII. CONTRACT ANALYSIS INFORMATION 
Were any of the ana!)'.!,es reported ii) Item V performe~ by,a,'conyact l~boratory_or consultlnl@'fi,~?-- . • .;~ ·.· ·'. ', · • ~ •f·'c" .. .,1:·.-~.\:/.·:;~fJf, 

~ YES (/isl the name, address, and telephone number of, and pollutants - · 0 NO (go to Section IX) r· 

· ana ed b • each such laborat · or firm below · 

. A. NAME 

SUMMIT 
ENVIRONMENTAL 

IX. CERTIFICATION 

B.ADDRESS 

7630 HIGHWAY 60, WEST 
PADUCAH, KY 42086 

' I ,, ' . C. TELEPHONE 
area code & no. 

(270) 744-6172 

D. POLLUTANTS ANALYZED 
list 

I certify under penalty of law that this document end ell attachments W(lre prepared under my direction or supeNision in accordance wHh a system • 
designed to assure that qualified personnel properly gather end evaluate the information submitted. Based on my inquiry of the person or persons: 
who menage the system or .those persons directly responsible for gathering tha information, the information submitted is. to the best of my · 
knowledge and belief, true, accurate, and complete. I am awa/ll that there ar& signfficant penatties for submitting falstt information, including the 

slbllit of fine and im ·sonment for knowin violations. 
A. NAME & OFFICIAL TITLE (type or print) 

MICHAEL J. BEYER, AUTHOR/ZED AGENT 

C. SIGNATURE 

EPA FORM 3510-2C {Rev. 2-85} Page 4 of 4 

B. PHONE NO. (aree code & no.) 

(618) 983-3020 
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AllianceO 
Consulting, Inc. 

Engineers · Constructors · Scientists 

Mr. Larry Crislip 

ILLINOIS ENVIRONMENT AL 
PROTECTION AGENCY 
2309 West Main Street, Suite 116 

Marion, IL 62959 

Dear Mr. Crislip: 

May 15, 2009 

Transmittal 
IPR For Permit No. 375 

Dated April 21, 2009 
Williamson Energy, LLC 
Pond Creek No. 1 Mine 

Williamson County. Illinois 

Project No. B09-018-1413 

On behalf of our client, Williamson Energy, LLC, Alliance Consulting, Inc. is submitting two copies 
of Supplemental Information for the insignificant permit rev ision submitted April 21, 2009. The 
Supplemental Information is a result of a conversation with Mr. Tim DeVardo in the Benton IDNR 
office. 

A copy of this Supplemental Information has been sent to Mr. Tim DeVardo in the IDN R Benton 
office and two copies of the Supplemental Information have been sent to Mr. Scott Fowler in the 
IDNR Sprinffield office. 

If you have any questions, or require additional information regarding this application, please contact 
us. 

Sincere ly, 

1/ 
~ ONSULTTN ,_1,,_,N_c_. ~ --

/ Ste~ M. 2Zin 
Project Manager 

SMS :knm 
Enc losures 

FlLE: 09018-05 

124 Philpott Lane • Raleigh County Airport Industrial Park • Beaver, WV 25813-9502 • TELE: (304) 255-0491 • FAX: (304) 255-4232 
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GENERAL INFORMATION 
Permit No. 375 
Structure ID: Sediment Ditch Structure No. 1 
Type: Combination (Dam, Incised, or Combination) 

DESIGN DETAILS 
A. Design Storm: I 00yrl6hr 6.21 in 

B. Estimated Runoff Area: 139.10 acres 

C. Estimated Distrubed Area: 139.10 acres 

D. Runoff Coefficient: 100.00 percent 

E. Quanitity ofRunoff(I0 hrs ofa 10yrl24hr slot 14.47 ac/ft 

F. Sediment Volume (Dist. Area X 0.1 ): 13.91 aclft 

G. Pit Pumpage: 2000.00 gpm 

H. Pit Pumpage Treatment: None 

I. Basin Volume (Required at Normal Pool*): 32.80 aclft 

J. 

K. 

L. 

M. 

N. 

Notes: 

Basin Volume (Provided at Normal Pool): 

Basin Freeboard (Designed Storm 100yrl6hr): 

Surface Area at Design Storm (25yrl6hr): 

Diversion Ditching: 

Inlet Elevation**: 
Outlet Elevation 
Outfall Elevation 

Emergency Spillway System**: 
(Design Storm 25yrl6hr) 

aclft 

2.00 feet 

____ acres 

None 

NIA feet 
NIA feet 
NIA feet 

None 

(Reference SCS-IL, June, 1992) 

* Basin Volume Required= (0.33 X Runoff Volume)+ Sediment Volume+ (pit Pumpage X 0.00442 X 0.5) 

** Detailed drawings are submitted with the basin plan view and sections. 

C:\Work\Hydrology Design\Pond Creek Refuse\SED STRUCTURE I Vol Calc-4-14-09.xls 5/1512009 
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EXCAVATED SEDIMENT DITCH 
STRUCTURE PROPORTIONING SHEET 

PROJECT NAME: POND CREEK MINE NO.1 
PROJECT NUMBER: B09-018-1413 
DESCRIPTION: SEDIMENT DITCH NO. 1 

SEDIMENT STORAGE REQUIREMENTS: 
DRAINAGE AREA NO. : SD1 
TOTALAREA = 139.10 ACRES DISTURBED AREA = 
SED STORAGE FACTOR= 0.1 AC.FT./AC REQUIRED SED VOL = 
10YR. 24HR. RUNOFF VOL 34.737 AC.FT REQUIRED RUNOFF VOL= 
PUMPAGE 2000 GPM PUMPAGE VOLUME = 

LINEAR FEET OF DITCHLINE AVAILABLE = 6438 FEET 
PROPOSED DITCH DIMENSIONS: 
SIDE SLOPE (L) = 2.00:1 SIDE SLOPE (R) = 
BOTTOM WIDTH = 20.0 FEET BARRIER DAM HEIGHT (MIN)= 
NUMBER OF CELLS = 13 BARRIER SPACING= 
NUMBER OF BARRIERS = 12 TOP WIDTH (TOTAL)= 
POOL AREA= 7.89 AC. 
SEDIMENT DITCH CAPACITY: 
TOTAL VOLUME OF DITCH (NO BARRIERS) = 33.40 ACRE FEET 
TOTAL VOLUME OF BARRIERS= 0.47 ACRE FEET 
TOTAL AVAILABLE STORAGE VOLUME= 32.94 ACRE FEET 
60% CLEANOUT DEPTH = 4.04 FEET 

BARRIER/SPILLWAY DIMENSIONS: 
SPILLWAY LENGTH = 5.0 FEET REQD SPILLWAY FLOW= 

SPILLWAY CHECK BASED ON WEIR EQUATION 
Q = CLW1 .5 OR WHERE: 
Q = CH'1.5(L+0.4(Z1+Z2)H) COEFFICIENT C = 2.8 

139.10 
13.91 
14.47 
4.42 
32.80 

2.00:1 
6.76 

495.23 
60.88 

243.82 

REF. (MESA MANUAL, Pg. 6.136) BOTTOM WIDTH L = 
SIDE SLOPE Z1 = 

__ _:4""7.=-0 __ FEET 
2 

REF. (OPEN CHANNEL HYDRAULICS, SIDE SLOPE Z2 = 
CHOW, Pg. 53) 

SPILLWAY FLOW DEPTH= 1.46 FEET 
AREA OF FLOW= 72.95 SQ.FT. 
VELOCITY= 3.34 FPS 
FREEBOARD = 2.00 FEET 
TOP WIDTH= 60.88 FEET 

QACTUAL = 243.91 CFS 

TOTAL SPILLWAY DEPTH (DEPTH ABOVE BARRIER DAM) = 
TOTAL (MINIMUM) DITCH DEPTH= 

2 

NOTES: 1. BARRIERS SHALL BE SPACED TO MAINTAIN A BOTTOM GRADE ON THE SEDIMENT 
DITCH OF 0%, BUT IN NO CASE MORE THAN 500 FT APART. 
2. ALL BARRIER DAM UPSTREAM AND DOWNSTREAM SIDE SLOPES WILL BE 3:1. 

FEET 
FEET 

ACRES 
AC. FT. 
AC. FT. 
AC. FT. 
TOTAL REQ. 

FEET 
FEET 
FEET 

CFS 

s(;s/01 
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AllianceO 
Consulting, Inc. 

Engineers · Constructors · Scientists 
April 22, 2009 

9 1 9 8 · / 0 9 
~~ d~ (Q-5-CH 

Project No. B09-018-1413 

Mr. Larry Crislip 
Illinois Environmental Protection Agency 
Mine Pollution Control Program 
2309 West Main Street 
Suite 116 
Marion, IL 62959 

Dear Mr. Crislip: 

Transmittal 
IPR for'"Permit 375 / lL0077666 

Williamson Energy LEC - Pond Creekl--Jo. J Mine 
Williamson County, Illinois 

The above referenced insignificant permit revision has been submitted to the IDNR Land Reclamation Division. The IPR addresses the expansion of the Coal RefuseJ)isposal Eacility No. 2 toward the north. The expansion is a result of Williamson Energy LLC purchasing the dwellings on the north side of Dean Road, which eliminated the 300 foot buffer that had prevented the refuse faci lity from being designed closer to the permit boundary. 

As a result of the expansion, Pond O 11 - Sediment Ditch 1 has been lengthened. In addition, this IPR proposes a buried pipel ine from.Pond 001 to Pond 011 - Sediment Ditch 1. Sediment Ditch 1 has been re-designed to account for the additional length and a pump volume of 2000 gpm. 

With the expansion of the Coal Refuse Disposal Facility No. 2 to the north, Ground Water Well GW-11 is proposed to be.moved. This IPR shows the new location of GW-11 and the IPR is requesting that Ground Water Well GW-n replace Ground Water Well GW-3 and GW-3 be deleted from the monitoring program. 

If there are any questions or you require additional information, please contact us. 

Respectfully submitted, 

ALLIANCE CONSULTING, /NC. 

SMS:knm 
Enclosures 

FILE: 09018-03 

IB: . ' APR 2 3 2009 

124 Philpott Lane • Raleigh County Airport Industrial Park • Beaver, WV 25813-9502 • TELE: (304) 255-0491 • FAX: (304) 255
-4

2
3
2 
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Alliance O 
Consulting, Inc. 

Engineers · Constructors · Scientists 

Mr. Larry Crislip 
ILLINOIS ENVIRONMENTAL 
PROTECTION AGENCY 
2309 West Main Street, Suite 116 
Marion, IL 62959 

Dear Mr. Crislip: 

April 22, 2009 

Transmittal 
IPR For Permit No. 375 

Williamson Energy, LLC 
Pond Creek No. 1 Mine 

Williamson County, Illinois 

Project No. B09-018-1413 

( On behalf of our client, Williamson Energy, LLC, Alliance Consulting, Inc. is submitting two 
copies of an insignificant permit revision. 

( 

Each change is outlined below and addressed within this letter: 
• Propose a 248-foot expansion of the Coal Refuse Disposal Facility No. 2 (Phase 5) 

to the north. 
• Modify Sediment Pond No. 11 (Sediment Ditch 1, and Sediment Ditch). 
• Propose to pump water from Sediment Pond 001 into Sediment Pond 0 11 

(Sediment Ditch 1 ). 
• Relocate Ground Water Well GW-11 and sealing of Ground Water Well GW-3. 

• Expansion of the Coal Refuse Disposal Facility No. 2 

Phase 5 of the coal refuse disposal facility contained in Permit 375; Revision No. 2 was 
limited by a 300-foot buffer zone which has been maintained from residential structures 
located along Dean Road. Williamson Energy has purchased the residential property and 
thus eliminated the need of the 300-foot buffer. Therefore, Williamson Energy is proposing 
to expand the north portion for Coal Refuse Disposal Facility No. 2 (Phase 5) to the north 
approximately 248 feet and within SO-feet of the existing permit boundary. The expansion 
has been shown on drawings for Phases 5, 6, 7 and the abandonment plan. Refer to Phase 5-
Plan View (Drawing No. B09-018-M2), Phase 6-Plan View (Drawing No. B09-0l 8-M4), 

124 Philpott Lane • Raleigh County Airport Industrial Park • Beaver, WV 25813-9502 • TELE: (304) 255-0491 • FAX: (304) 255-4232 
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Phase 7-Plan View (Drawing No. B09-018-M3), Abandonment Plan (Drawing No. B09-018-
Ml), and Section E-E (Drawing No. B09-018-El). 

• Modify Sediment Pond 011 (Sediment Ditch 1 and Sediment Ditch 2) 

Due to the expansion of Phase 5 and the addition of a pump discharge, Sediment Pond O 11, 
which consists of Sediment Ditches 1, 2, 3, and 4, will be modified. 

The drainage area for Sediment Ditch 1 will be increase by 10.41 acres from 128.71 acres to 
139.12 acres. In addition to the increased size of the drainage area, the ditch will receive a 
pump discharge from Sediment Pond 001. Details concerning the pump and proposed 
pipeline are included in this submittal and Map 6 S.F. A pump discharge rate of 2000 
gallons per minute has been added to the calculation of Sediment Ditch l. Refer to the 
design information and SedCad printouts for Sediment Ditch 1. Due to the pump discharge 
and the additional drainage area into Sediment Ditch 1, Sediment Ditch 2 has been modified 
to accommodate the increased flow. The spillway for Sediment Pond 011 (Sediment Ditches 
I, 2, 3, & 4) has been reviewed and the modifications of the proposed will not affect the 
approved spillway dimensions. 

Refer to the General Design Information Sheets and the SedCad printouts for information 
pertaining to Outlet O 11. 

• Propose to pump water from Pond 001 into Pond 011 (Sediment Ditch 1). 

Due to quality issues associated with water that is collected in underground sumps, the 
permittee is requesting to pump water from Sediment Pond 001. Therefore, the permittee is 
requesting to place a 2000 gpm pump into Sediment Pond 001 and install a pipeline within 
the existing permit boundary and discharge into Sediment Pond O 11 and specifically into 
Sediment Ditch 1 of Pond O 11 . The pump discharge has been incorporated into the design 
calculations for Sediment Ditch 1 and the required flow for Sediment Pond O 11 has been 
revised based upon the routing of the storm flow through Sediment Ditches 1 and 2. 

A buried power line will be installed from the Dean Road intake shaft to the pump in Pond 
001. The discharge line from the pump will be buried within the permit boundary and the 
Dean Road right-of-way. Refer to the attached letter from the Williamson County Highway 
Department. A portion of the buried waterline will cross beneath the un-named tributary of 
Pond Creek. If, for any reason, the installation activities would encroach on the stream 
buffer zone area, temporary sediment control structures, such as hay bales and/or silt fence 
will be installed between the disturbance and the stream. Upon completion of the waterline 
installation, an approved temporary and permanent seed mixture will be sewn to insure the 
stabilization of the disturb area within the stream buffer zone. 
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To avoid disturbance within the stream channel, the permittee intends to bore beneath the 
stream channel. Since no disturbance is planned within the stream channel, no additional 
permits will be necessary. Refer to Map 6 S.F - Sheet 1 of 3 (Drawing No. B09-018-MS). 

Any disturbance within an area designated for a small area drainage exemption will utilize 
hay bales and/or silt fence during construction and upon completion of the construction, an 
approved temporary and permanent seed mixture will be sewn to insure the stabilization of 
the disturbed area within the small area drainage exemption area. Refer to Map 6 S.F - Sheet 
1 of 3 (Drawing No. B09-018-MS). 

Sediment Ponds 007 and 008 are still active and functioning. As specified in the approval for 
IPR No. 8/IBR No. 9, Sediment Ditch 1 discharges into Sediment Ditch 2, which discharges 
into Sediment Pond 008 until IEPA approved the installation of Outlet O 11. However, due to 
elevation differences, a open channel spillway, approximately three feet wide and three feet 
deep has been constructed from Sediment Pond 008 to Sediment Pond O 11 (Sediment Ditch 
2). An open channel spillway of the same dimensions has been constructed from Sediment 
Pond 007 to Sediment Pond 008. The existing pump, which was previously located in 
Sediment Pond 008, has been re-located and placed in Sediment Ditch 2. The pump is part 
of the approved closed-loop water system utilized by the mine and the preparation plant and 
keeps Sediment Ponds 007, 008 and O 11 from discharging. The operator will maintain the 
pool elevations of Sediment Ponds 007 & 008 to prevent a discharge except during a 10 
year/24 hour storm event of 5.21 inches as specified by NPDES Permit No. IL0077666. 

• Relocate Ground Water Well No. 11 and deletion of Ground Water Well No. 3 

As a result of expanding Phase 5 of the refuse facility, Ground Water Well G W-11 will need 
to be relocated. The well location will be 248-feet north of the approved location. All 
requirements pertaining to the installation of G W-11 and detailed in Permit 3 7 5; Revision 
No. 2 will be met. The well will be located at the toe of the Sediment Pond 011 (Sediment 
Ditch 1 ). Refer to Phase 5-Plan View (Drawing No. B09-018-M2), Phase 6-Plan View 
(Drawing No. B09-01 8-M4), Phase 7-Plan View (Drawing No. B09-018-M3), Abandonment 
Plan (Drawing No. B09-018-Ml) and Map 6 SF (Drawing No. B09-018-MS). 

The permittee is requesting to seal Ground Water Well GW-3. The location of this ground 
water well is approximately 296 feet northeast from the location of the proposed Ground 
Water Well GW-1 1 location. GW-3 will not be sealed until GW-11 is installed and 
functioning. At that time, the approved abandonment procedures will be followed to seal 
GW-3. Sealing documentation will be submitted to IDNR upon completion of the well. 

An additional copy has been sent to Mr. Bill O'Leary in the IDNR-Benton office and two copies 
of this IPR have been sent to Mr. Scott Fowler, IDNR-Springfield office. 
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If you have any questions, or require additional information regarding this application, please contact us. 

Sincerely, 

ALLIANCE CONSULTING, INC. 

J . J i::t:')n~a: 
Ste;t'~M . S~t/~n VT 
Project Manag_~t 

SMS:knm 
Enclosures 

FILE: 09018-02 

LI 
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Williamson Energy, LLC 
PO Box 99 
Johnston City, IL 62951 
Office: 618-983-3020 Fax: 618-983-3017 

Mr. Scott K. Fowler, Supervisor 
Land Reclamation Division 

April 14, 2009 

ILLINOIS DEPARTMENT OF NATURAL RESOURCES 
One Natural Resources Way 
Springfield, ILL 62702-1271 

Dear Mr. Fowler: 

IPR For Permit No. 3 75 
Modification to the Coal Refuse Disposal Facility No. 2 Plans 

Williamson Energy. LLC 
Pond Creek No. I Mine 

Williamson County. Illinois 

This letter authorizes Alliance Consulting, Inc. to prepare an application and make conections, 
as necessary, for Permit No. 375 to modify the Coal Refuse Disposal Facility No. 2. Please send 
Williamson Energy LLC and Alliance Consulting, Inc. copies of all correspondence concerning 
this application. 

If you have any questions or require additional information, please do not hesitate to contact me. 

Sincerely, 

WILLIAMSON ENERGY, LLC 

g1~ 
Micha~ J. Beyer 
Authorized Agent 
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AllianceO 
Consulting, Inc. 

Engineers · Constructors · Scientists 

Mr. Scott K. Fowler, Supervisor 
Land Reclamation Division 

April 21, 2009 

ILLINOIS DEPARTMENT OF NATURAL RESOURCES 
One Natural Resources Way 
Springfield, IL 62702-1271 

Dear Mr. Fowler: 

Transmittal 
IPR For Permit No. 375 

Williamson Energy. LLC 
Pond Creek No. I Mine 

Williamson County. Illinois 

Project No. B09-018-1413 

On behalf of our client, Williamson Energy, LLC, Alliance Consulting, Inc. is submitting t-wo 
copies of an insignificant permit revision. This IPR submittal supersedes the IPR submitted on 
March 27, 2009 by Mr. Jim Slapak. 

Each change is outlined below and addressed within this letter: 
• Propose a 248-foot expansion of the Coal Refuse Disposal Facility No. 2 (Phase 5) 

to the north. 
• Modify Sediment Pond No. 11 (Sediment Ditch 1, and Sediment Ditch). 
• Propose to pump water from Sediment Pond 001 into Sediment Pond 011 

(Sediment Ditch 1 ). 
• Relocate Ground Water Well GW-11 and sealing of Ground Water Well GW-3. 

• Expansion of the Coal Refuse Disposal Facility No. 2 

Phase 5 of the coal refuse disposal facility contained in Permit 375; Revision No. 2 was 
limited by a 300-foot buffer zone which has been maintained from residential structures 
located along Dean Road. Williamson Energy has purchased the residential property and 
thus eliminated the need of the 3 00-foot buffer. Therefore, Williamson Energy is proposing 
to expai.->id the north portion for Coal Refuse Disposal Facility 1-.Jo. 2 (Phase 5) to the north 
approximately 248 feet and within 50-feet of the existing permit boundary. The expansion 
has been shown on drawings for Phases 5, 6, 7 and the abandonment plan. Refer to Phase 5-
Plan View (Drawing No. B09-018-M2), Phase 6-Plan View (Drawing No. B09-018-M4 ), 

124 Philpott Lane • Raleigh County Airporl lndustrial Park • Beaver, WV 25813-9502 • TELE: (304) 255-0491 • FAX: (304) 255-4232 
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Phase 7-Plan View (Drawing No. B09-018-M3), Abandonment Plan (Drawing No. B09-018-
Ml), and Section E-E (Drawing No. B09-018-El). 

• Modify Sediment Pond 011 (Sediment Ditch 1 and Sediment Ditch 2) 

Due to the expansion of Phase 5 and the addition of a pump discharge, Sediment Pond O 11, 
which consists of Sediment Ditches 1, 2, 3, and 4, will be modified. 

The drainage area for Sediment Ditch 1 will be increase by 10.41 acres from 128.71 acres to 
139.12 acres. In addition to the increased size of the drainage area, the ditch will receive a 
pump discharge from Sediment Pond 001. Details concerning the pun1p and proposed 
pipeline are included in this submittal and Map 6 S.F. A pump discharge rate of2000 
gallons per minute has been added to the calculation of Sediment Ditch 1. Refer to the 
design information and SedCad printouts for Sediment Ditch 1. Due to the pump discharge 
and the additional drainage area into Sediment Ditch 1, Sediment Ditch 2 has been modified 
to accommodate the increased flow. The spillway for Sediment Pond O 11 (Sediment Ditches 
1, 2, 3, & 4) has been reviewed and the modifications of the proposed will not affect the 
approved spillway dimensions. 

Refer to the General Design Information Sheets and the SedCad printouts for information 
pertaining to Outlet O 11. 

• Propose to pump water from Pond 001 into Pond O 11 (Sediment Ditch 1 ). 

Due to quality issues associated with water that is collected in underground sumps, the 
permittee is requesting to pump water from Sediment Pond 001. Therefore, the permittee is 
requesting to place a 2000 gpm pump into Sediment Pond 00 I and install a pipeline within 
the existing permit boundary and discharge into Sediment Pond O 11 and specifically into 
Sediment Ditch I of Pond O 11. The pump discharge has been incorporated into the design 
calculations for Sediment Ditch 1 and the required flow for Sediment Pond O 11 has been 
revised based upon the routing of the storm flow through Sediment Ditches 1 and 2. 

A buried power line will be installed from the Dean Road intake shaft to the pump in Pond 
001. The discharge line from the pump will be buried within the permit boundary and the 
Dean Road right-of-way. Refer to the attached letter from the Williamson County Highway 
Department. A portion of the buried waterline will cross beneath the un-named tributary of 
Pond Creek. If) for any reason, t.he installation activities vvould encroach on the stream 
buffer zone area, temporary sediment control structures, such as hay bales and/or silt fence 
will be installed between the disturbance and the stream. Upon completion of the waterline 
installation, an approved temporary and permanent seed mixture will be sewn to insure the 
stabilization of the disturb area within the stream buffer zone. 
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To avoid disturbance within the stream channel, the permittee intends to bore beneath the 
stream channel. Since no disturbance is planned within the stream channel, no additional 
permits will be necessary. Refer to Map 6 S.F- Sheet 1 of3 (Drawing No. B09-018-M5). 

Any disturbance within an area designated for a small area drainage exemption will utilize 
hay bales and/or silt fence during construction and upon completion of the construction, an 
approved temporary and permanent seed mixture will be sewn to insure the stabilization of 
the disturbed area within the small area drainage exemption area. Refer to Map 6 S.F - Sheet 
1 of3 (Drawing No. B09-018-M5). 

Sediment Ponds 007 and 008 are still active and functioning. As specified in the approval for 
IPR No. 8/IBR No. 9, Sediment Ditch 1 discharges into Sediment Ditch 2, which discharges 
into Sediment Pond 008 until IEPA approved the installation of Outlet 011. However, due to 
elevation differences, a open channel spillway, approximately three feet wide and three feet 
deep has been constructed from Sediment Pond 008 to Sediment Pond 011 (Sediment Ditch 
2). An open channel spillway of the same dimensions has been constructed from Sediment 
Pond 007 to Sediment Pond 008. The existing pump, which was previously located in 
Sediment Pond 008, has been re-located and placed in Sediment Ditch 2. The pump is part 
of the approved closed-loop water system utilized by the mine a.."!d the preparation plant and 
keeps Sediment Ponds 007, 008 and O 11 from discharging. The operator will maintain the 
pool elevations of Sediment Ponds 007 & 008 to prevent a discharge except during a 10 

. year/24 hour stonn event of 5.21 inches as specified by NPDES Permit No. 110077666. 

• Relocate Ground Water Well No. 11 and deletion of Ground Water Well No. 3 

As a result of expanding Phase 5 of the refuse facility, Ground Water Well GW-11 will need 
to be relocated. The well location will be 248-feet north of the approved location. All 
requirements pertaining to the installation ofGW-11 and detailed in Permit 375; Revision 
No. 2 will be met. The well will be located at the toe of the Sediment Pond 011 (Sediment 
Ditch 1). Refer to Phase 5-Plan View (Drawing No. B09-018-M2), Phase 6-Plan View 
(Drawing No. B09-018-M4), Phase 7-Plan View (Drawing No. B09-018-M3), Abandonment 
Plan (Drawing No. B09-018-Ml) and Map 6 SF (Drawing No. B09-0l 8-M5). 

The permittee is requesting to seal Ground Water Well GW-3. The location of this ground 
water well is approximately 296 feet northeast from the location of the proposed Ground 
Water Well GW-11 location. GW-3 will not be sealed until GW-11 is installed and 
-C'.mrtionino At th:::it timP thP ~nnrrn,Prl -:ih-:inrlnnn,pnt ,.,,.,.n,.,.odn..-os .... ,;11 1-.c. +,....11,....~-ueA +.-- ,..,... ... 1 !l---'-'•------•o• • -• -•-• •••••-, - .. .., -.t'.t'_._..., ,..,...,_ ,.._._,...,,._,..._.,._,.._ ...... .._..._,_,,._. ,l-'._,._,._,.,_. u..J.,_, \IVJ..l.L U\., .LV.LJ.UVV U. LU .::01,.,Q,1 

GW-3. Sealing documentation will be submitted to IDNR upon completion of the well. 

An additional copy has been sent to Mr. Bill O'Leary in the Benton office and two copies of this 
IPR have been sent to Mr. Larry Crislip, IEP A. 
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If you have any questions, or require additional information regarding this application, please 
contact us. 

Sincerely, 

ALLIANCE CONSULTING, INC. 

ruC< 17!~ 
/Stephen M. Suiphin / 

Project Manager 

/4 r:g4.J!__/ 5(_TC, "------
Claudio E. Yon 
Senior Project Mana er 

SMS/CEY:knm 
Enclosures 

FILE: 090 I 8-0 I 
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ENGINEERING CERTIFICATION 

I hereby certify the engineering design used in preparation of this application, attachments, and supplements was 
done by me or under my direct supervision. 

I further certify to the best of my knowledge all such design is in accordance with all applicable local, state and 
federal laws, rules and regulations. I have placed an "X" in the box below if that item is relevant. 

D 

□ 

Whereas the Reclamation Plan calls for an alternative land use, I also certify the plans to conform to 
applicable accepted standards for adequate land stability, drainage, vegetative cover, and aesthetic design 
appropriate for the post-mining use of the site. 

Whereas the operation proposes disposal of spoil or waste materials in areas other than mining workings or 
excavations, I also certify such fills are designed in accordance with recognized professional standards and 
all applicable laws. 

Certification of the Illinois Environmental Protection Agency-35 Ill. Adm. Code 405.104(a) Pennit. 
In my professional judgment, the plans and specifications submitted as part of this application describe an 
operation, which will meet all applicable effluent and water quality standards. I certify that I am familiar 
with all of the plans, specifications, reports, and maps submitted as part of this application and that said 
plans, etc. are accurate insofar as they represent existing conditions. 

1,,uuu.,,, 
~~''\io\O E:.1_/'1,, 

....... t-,: ........... J..-:. 4'.,_ 
Claudio E. Yon .. ~ ,Y,•· • .. 0 '• 062-050632 --~==N~~~---~_fii!-=,,,.·- ·• .. "1, ':;. 11· . b (S 1) 

ame .. • OS2 • I mois Registration Num er ca • : -050632 •. : : * i LICENSED \ : 
Alliance Consulting_ Inc. ?. \ PROFESSIONAL i *: (304) 255-0491 

---===F~i~rm======--':~.-,-<.P_.,__i·-.. -a,l:li•GINEER ./ .: Phone Number 
.... ~ .. ,•· !:-i~ •,, ~r;,:· ......... • '2-o ,,' 

124 Philpott Lane. ',,,, OF lL\.-\,,•' · Beaver. WV 25813 ---~~~~~-~~~=~------=•_,,.,_,,,1&!111' 

4,:' 
I Signatury/ / ate 
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JAMES J WEBB 

SCOTT BARGER 

Y,•0!~t-1E RH ... H!c.R! 

,,n,c1: ,.,,,,,,~L" 

WILLIAMSON COUNTY 

HIGHWAY DEPARTMENT 

MARION lLLINOJS 62959 

PERMIT REQUEST TO 
INSTALL WATERLINE 

1817 NORTH COURT ST 

TEL£P~•O'IE 1G18, 997 \30< 

f;,,'.T 145 

WHEREAS, Mach Mining. LLC, Williamson County, Illinois, has requested permission to 
constrnct a waterline along roads in \Villiamson County which is subject to the jurisdiction and 
authority of said County and its officers. 

WHEREAS, the proposed construction consists of various waterline sizes which \-vill be 
laid along and under Dean Road and Thorn Road (See Attachment Drawings). 

THEREFORE, be it permitted and granted by the County Engineer of Williamson County. 
Illinois, that permission be granted to proceed with said construction, subject to the following 
conditions: 

1. That the developer shall fornish all materials, do all work and pay all costs of 
such work. 

2. That one-way traffic be maintained during the period of construction and 
adequate protection for the safety oflhe public be provided. 

3. Tlial the petitioner or his assigns shall assume all risks and liability for accidents 
and damages that mriy occur to persons or property on account of said work. 

4. That this permit is effective insofar only as the County has jurisdiction and does 
not presume to release the petitioner from compliance ,.vith the provisions of any 
existing statute relative to the work involved. 

5. That the said work shall be constructed lo the satisfaction of the County 
Engineer. 

6. That the work shall be performed so as not to pern1anently impair the existing 
road, and thm any damage to the said road that might be done during the time of 
constrnction shall be repaired to the satisfoction of the County Engineer. 

7. That the waterline shall be a minimum of three (3) feet below the present grade 
of the road where the waterline crosses the roadway or two feet below tbc existing 
ground line if located outside of the roadbed but within the R.O.W. The said 
waterline will be placed in the back slope oflhe ditch. 
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8. 11ml the waterline shall be relocated at no expense to the County if such a move is 
needed or maintenance or construction work on the road 

9. Open cutting of the road surface will not be allowed. 

I 0. 111e county will not be held liable for any damage to the meter or waterline that is 
installed on cow1tyR.O.W. The meter shall be flagged properly to avoid damage while 
mowing on or maintaining R.O. W. 

PERMIT REQUESTED BY\ 
A..i f-/,ort~e. J. Pe,.s,.,,; /br: Mach Mining, LL 

IN WITNESS WHEREOF, J have hereunto set my hand and seal as the County Engineer of 
Willia111son rount[y, Illinois, this 9th day of February, 2009. 

/TI ' 
1/ l f 

I / ~Jtt(,__ 
/ , I Ulvu 

/ Janhes J. Webb 
( CoHl1ty Engineer 
\.-V(/illiamson County Highway Dept. 
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GENERAL INFORMATION 

Permit No. 375 

Structure ID: Sediment Ditch Structure No. 1 

Type: Combination (Dam, Incised, or Combination) 

DESIGN DETAILS 

A. Design Storm: I 00yrl6hr 6.21 in 

B. Estimated Runoff Area: 139.10 acres 

C. Estimated Distrubed Area: 139.10 acres 

D. Runoff Coefficient: 100.00 percent 

E. Quanitity of Runoff (8 hrs of a I 0yrl24hr storn 11.58 aclft 

F. Sediment Volume (Dist. Area X 0.1): 13.91 aclft 

G. Pit Pumpage: 2000.00 gpm 

H. Pit Pumpage Treatment: None 

I. Basin Volume (Required at Normal Pool*): 29.91 aclft 

J. 

K. 

L. 

M. 

N. 

Notes: 

Basin Volume (Provided at Normal Pool): 

Basin Freeboard (Designed Storm I 00yrl6hr): 

Surface Area at Design Storm (25yrl6hr): 

Diversion Ditching: 

Inlet Elevation**: 
Outlet Elevation 

Outfall Elevation 

Emergency Spillway System**: 

(Design Storm 25yrl6hr) 

aclft 

2.00 feet 

acres ----
None 

NIA feet 
NIA feet 
NIA feet 

None 

(Reference SCS·IL, June, 1992) 

* Basin Volume Required= (0.33 X Runoff Volume)+ Sediment Volume+ (pit Pumpage X 0.00442 X 0.5) 

** Detailed drawings are submitted with the basin plan view and sections. 

C:\Work\Hydrology Design\Pond Creek Refuse\SED STRUCTURE I Vol Calc-4·14-09.xls 4/20/2009 
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PROJECT NAME: 
PROJECT NUMBER: 
DESCRIPTION: 

EXCAVATED SEDIMENT DITCH 
STRUCTURE PROPORTIONING SHEET 

POND CREEK MINE NO.1 
B09-018-1413 
SEDIMENT DITCH NO. 1 

SEDIMENT STORAGE REQUIREMENTS: 
DRAINAGE AREA NO. : SD1 
TOTAL AREA = 139.10 ACRES DISTURBED AREA = 139.10 ACRES 

SED STORAGE FACTOR= 0.1 AC.FT./AC REQUIRED SEO VOL = --13~.9~1--AC. FT. 

10YR. 24HR. RUNOFF VOL 34.737 AC.FT REQUIRED RUNOFF VOL= 11.58 AC. FT. 

PUMPAGE 2000 GPM PUMPAGE VOLUME= 4.42 AC. FT. 

LINEAR FEET OF DITCHLINE AVAILABLE = 
PROPOSED DITCH DIMENSIONS: 

6438 FEET 29.91 TOTAL REQ. 

SIDE SLOPE (L) = 2.00:1 SIDE SLOPE (R) = 2.00:1 

BOTTOM WIDTH = 20.0 FEET 6.33 FEET 

NUMBER OF CELLS= 13 
BARRIER DAM HEIGHT (MIN) = 
BARRIER SPACING= --4"'9-=-5,"'23,---FEET 

NUMBER OF BARRIERS= 12 59.29 FEET TOP WIDTH (TOTAL)= -----
POOL AREA= 7.65 AC. 
SEDIMENT DITCH CAPACITY: 
TOTAL VOLUME OF DITCH (NO BARRIERS) = 
TOTAL VOLUME OF BARRIERS= 
TOTAL AVAILABLE STORAGE VOLUME= 
60% CLEANOUT DEPTH = 3.78 FEET 

BARRIER/SPILLWAY DIMENSIONS: 
SPILLWAY LENGTH = 5.0 FEET 

SPILLWAY CHECK BASED ON WEIR EQUATION 
Q = CLH'1.5 OR WHERE: 

30.47 ACRE FEET 
-~0"'".4"'3--ACREFEET 

30.04 ACRE FEET -----

REQD SPILLWAY FLOW= 

Q = CH'1.5(L +0.4(Z1+Z2)H) COEFFICIENT C = 2.8 

243.82 CFS 

REF. (MESA MANUAL, Pg. 6.136) BOTTOM WIDTH L = 
SIDE SLOPE Z1 = 

45.3 FEET 

REF. (OPEN CHANNEL HYDRAULICS, SIDE SLOPE Z2 = 

CHOW, Pg. 53) 

SPILLWAY FLOW DEPTH= 1.49 FEET 
AREA OF FLOW= 72.15 SQ.FT. 
VELOCITY= 3,38 FPS 
FREEBOARD = 2.00 FEET 
TOP WIDTH= 59.29 FEET 

QACTUAL= 243,85 CFS 

TOTAL SPILLWAY DEPTH /DEPTH ABOVE BARRIER DAM)= 
TOTAL (MINIMUM) DITCH DEPTH = 

----,_2 __ _ 

2 

NOTES: 1. BARRIERS SHALL BE SPACED TO MA!NTA!N A BOTTOM GR.ADE ON THE SEDIMENT 

DITCH OF 0%, BUT IN NO CASE MORE THAN 500 FT APART. 
2. ALL BARRIER DAM UPSTREAM AND DOWNSTREAM SIDE SLOPES WILL BE 3:1. 

FEET 
FEET 



R17681

GENERAL INFORMATION 

Permit No. 375 

Structure ID: Sediment Ditch Structure No. 2 

Type: Combination (Dam, Incised, or Combination) 

DESIGN DETAILS 
A. 

B. 

C. 

D. 

E. 

F. 

G. 

H. 

I. 

Design Storm: 100yr/6hr 

Estimated Runoff Area: 

Estimated Distrubed Area: 

Runoff Coefficient: 

Quanitity of Runoff (8 hrs of a 1 0yr/24hr storn 

Sediment Volume (Dist. Area X 0.1): 

Pit Pumpage: 

Pit Pumpage Treatment: 

Basin Volume (Required at Normal Pool*): 

Basin Volume (Provided at Normal Pool): 

Basin Freeboard (Designed Storm 100yrl6hr): 

Surface Area at Design Storm (25yrl6hr): 

6.21 in 

43.50 acres 

43.50 acres 

100.00 percent 

3.98 ac/ft 

4.35 aclft 

0.00 gpm 

None 

8.33 aclft 

aclft 

2.00 feet 

acres 

J. 

K. 

L. 

M. 

----

N. 

Notes: 

Diversion Ditching: 

Inlet Elevation**: 
Outlet Elevation 

Outfall Elevation 

Emergency Spillway System**: 
(Design Storm 25yrl6hr) 

None 

NIA feet 
N/A feet 
NIA feet 

None 

(Reference SCS-IL, June, 1992) 

* Basin Volume Required - (0.5 X Runoff Volume)+ Sediment Volume+ (pit Pumpage X 0.00442 X 0.5) 

** Detailed drawings are submitted with the basin plan view and sections. 

C:\Work\Hydrology Design\Pond Creek Refuse\SED STRUCTURE 2 Vol Cale 4-14-09.xls 4/20/2009 
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EXCAVATED SEDIMENT DITCH 
STRUCTURE PROPORTIONING SHEET 

PROJECT NAME: POND CREEK MINE NO.1 
PROJECT NUMBER: B09-018-1413 
DESCRIPTION: SEDIMENT DITCH NO. 2 

SEDIMENT STORAGE REQUIREMENTS: 
DRAINAGE AREA NO. : SD2 
TOTALAREA = 43.50 ACRES 
SED STORAGE FACTOR= 0.1 AC.FT./AC 
10YR. 24HR. RUNOFF VOL 11.939 AC.FT 

LINEAR FEET OF DITCHLINE AVAILABLE = 
PROPOSED DITCH DIMENSIONS: 
SIDE SLOPE (L) = 2.00:1 
BOTTOM WIDTH = 20.0 FEET 
NUMBER OF CELLS= 4 
NUMBER OF BARRIERS= 3 
POOL AREA= 2.34 AC. 
SEDIMENT DITCH CAPACITY: 
TOTAL VOLUME OF DITCH (NO BARRIERS) = 
TOTAL VOLUME OF BARRIERS= 
TOTAL AVAILABLE STORAGE VOLUME= 
60% CLEANOUT DEPTH = 3.62 FEET 

BARRIER/SPILLWAY DIMENSIONS: 
SPILLWAY LENGTH = 5.0 FEET 

SPILLWAY CHECK BASED ON WEIR EQUATION 
Q = CLH'1.5 OR WHERE: 

DISTURBED AREA = 
REQUIRED SED VOL = 

REQUIRED RUNOFF VOL= 
1910 FEET 

SIDE SLOPE (R) = 
BARRIER DAM HEIGHT (MIN) = 
BARRIER SPACING= 
TOP WIDTH (TOTAL)= 

8.47 ACRE FEET 
---0.-10--ACREFEET 

8.37 ACRE FEET --=c--

REQD SPILLWAY FLOW= 

Q = CH'1.5(L +0.4(Z1+Z2)H) COEFFICIENT C = 2.8 

43.50 ACRES 
4.35 AC. FT. 
3.98 AC. FT. 
8.33 TOTAL REQ. 

2.00:1 
6.07 FEET 

477.50 FEET 
58.88 FEET 

279.42 CFS 

REF. (MESA MANUAL, Pg. 6.136) BOTTOM WIDTH L = 
SIDE SLOPE Z1 = 

---'44,,..3'--_FEET 
2 

REF. (OPEN CHANNEL HYDRAULICS, SIDE SLOPE Z2 = 
CHOW, Pg. 53) 

SPILLWAY FLOW DEPTH = 1.65 FEET 
AREA OF FLOW= 78.70 SQ.FT. 
VELOCITY= 3.55 FPS 
FREEBOARD = 2.00 FEET 
TOP WIDTH= 58.88 FEET 

QACTUAL= 279.50 CFS 

TOTAL SPILLWAY DEPTH (DEPTH ABOVE BARRIER DAM)= 
TOTAL (MINIMUM) DITCH DEPTH= 

2 

NOTES: 1. BARRIERS SHALL BE SPACED TO MAINTAIN A BOTTOM GRADE ON THE SEDIMENT 

DITCH OF 0%, BUT IN NO CASE MORE THAN 500 FT APART. 
2. ALL BARRIER DAM UPSTREAM AND DOWNSTREAM SIDE SLOPES WILL BE 3:1. 

FEET 
FEET 
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Coal Refuse Disposal Facility No.2 

100yr. 6hr. Event 

Combined Routing of Diversion Ditches and Sediment Ditches 
1-4 

BLA 

Alliance Consulting, inc. 
124 Philpott Lane 
Beaver, WV 25813 

Phone: (304)-255-0491 

1 
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2 

( 
General Information 

Storm Information: 
Storm Type: NRCS Type II 

Design Storm: 100 yr - 6 hr 

Rainfall Depth: 6.210 inches 

Filename: REF-DITCHES-100YR.sc4 Printed 04-14-2009 
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Structure Networking: 
Type 

Stru (flows Stru 

I 
Musk. K Musk. X i Description 

# into) # (hrs) 

Null #1 ==> #4 I 0.427 0.234 DITCH 8-A 
' -- - --- - ·-· - ----- - ----· 1------ -

Null #2 ==> #4 0.101 0.234 DITCH 8-B 

SED DITCH 3 
Null #4 ==> #5 0.072 0.277 

Null #5 ==> #6 0.153 0.234 DITCH N 
------------ - ------ ----~-1 --

#6 ==> #9 0.000 0.000 ' SED DITCH 4 Null 
--~-------- . - --- -------l 

Null #7 ==> #8 0.337 0.234 , SED DITCH 1 
--- -- - --- --- ·- --··· --------- - ------i----- -· 

Null #8 ==> #9 0.000 0.000 SED DITCH 2 
------- ------- ----- -· - -------

outlet 
Null #9 ==> End 0.000 0.000 

# 
#7 

Null 

# 
#8 

Null 

# 
#2 

Null 

# 
#1 

Null 

# 
#4 

Null 

# 
#5 

Null 

# 
#6 

Null 

#9 

Null 

Structure Routing Details: 
Stru 

# 
Land Flow Condition 

8. Large gullies, diversions, and low 
flowing streams 

#1 Muskingum K: 

#2 

#2 

8. Large gullies, diversions, and low 
flowing streams 

Muskingum K: 

Filename: REF-DITCHES-100YR.sc4 

Slope(%) 

0.25 

0.25 

Vert. Dist. 
(ft) 

C 77 
J,I I 

1.37 

Horiz. Dist. 
(ft) 

2,310.00 

550.00 

Velocity 
(fps) 

< rn 
.1..JU 

1.50 

'Time (hrs) 

n. ,...,.., 
u . .:LI 

0.427 

0.101 

0.101 

3 
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4 

Stru Land Flow Condition Slope(%) 
Vert. Dist. Horiz. Dist. Velocity 

11me (hrs) 
# (ft) (ft) (fps) 

#4 
8. Large gullies, diversions, and low 

0.50 2.75 550.00 2.12 0.072 
flowing streams 

---------- - -
#4 Muskingum K: 0.072 

------ - -- -- --- ---------

#5 
8. Large gullies, diversions, and low 

0.25 2.07 830.00 1.50 0.153 
flowing streams 

#5 Muskingum K: 0.153 
-- -"--- -"- -

#7 
8. Large gullies, diversions, and low 

0.25 4.54 1,820.00 1.50 0.337 
flowing streams 

- ----- ---

#7 Muskingum K: 0.337 

Filename: REF-DITCHES-1 00YR.sc4 Printed 04-14-2009 
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5 

Structure Summary: 
Immediate Total Peak 

Total 
Contributing Contributing Discharge 

Runoff 
Area Area Volume 

(ac) (ac) 
(cfs) (ac-ft) 

#7 139.100 139.100 243.82 43.53 
-·--- ·~ - -·-- - -· -· --- ----------

#8 47.700 186.800 279.42 58.49 
-------- - -------- ----- --------- ----

#2 19.400 19.400 77.79 6.10 
-------- -- - ---------- -- ----

#1 32.600 32.600 113.07 10.21 
--------- ----- -----

#4 20.000 72.000 179.64 22.59 
----- - - --------- -- ----·--·---- ·-

#5 3.300 75.300 181.36 23.89 
--·- -- --------

#6 4.600 79.900 184.79 25.35 
----- --- -- -

#9 0.000 266.700 416.54 83.84 

Filename: REF-DITCHES-1 00YR.sc4 Printed 04-14-2009 
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Structure # 7 (Null) 

SEDDITCH1 

Structure #8 (Null) 

SEDDITCH2 

Structure #2 (Null) 

DITCHB-B 

Structure #1 (Null) 

DITCHB-A 

Structure #4 (Null) 

SEDDITCH3 

Structure #5 (Null) 

DITCHN 

Structure #6 (Null) 

SEDDITCH4 

Structure #9 (Null) 

Outlet 

Filename: REF-DITCHES-1 00YR.sc4 

6 

Structure Detail: 

Printed 04-14-2009 
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Subwatershed Hydrology Detail: 

SWS Area 
Time of 

Musk K Curve 
Peak Runoff 

Stru SWS Cone Musk X UHS Discharge Volume 
# # (ac) (hrs) Number 

(hrs) (cfs) (ac-ft) 

#7 1 139.100 1.462 0.000 0.000 87.000 M 243.82 43.528 
---- - ------ ------ - - .. ------. -- - -- --- - -

L 139.100 243.82 43.528 
- ------·· - . ---- -- --- -

#8 1 47.700 0.499 0.000 0.000 87.000 M 159.52 14.960 
- ----- -- -- -- --··· ---------- - - --- ----- -· ---- ------ -------- -----

L 186.800 279.42 58.488 
-- - - -- --- - -- . -- - -

#2 1 19.400 0.286 0.000 0.000 87.000 M 77.79 6.098 
--·-- ------- -- --------· - ---- - - -- ---- --- --- -

L 19.400 77.79 6.098 
- - ---- - - -· -· - - -- - -

#1 1 32.600 0.460 0.000 0.000 87.000 M ! 113.07 10.214 
-·. - ----

L 32.600 113.07 10.214 
- ·-

#4 1 20.000 0.427 0.000 0.000 87.000 M 71.59 6.281 
------ - -

L 72.000 179.64 22.594 
- ' 

#5 1 3.300 0.072 0.000 0.000 87.000 M 20.60 1.294 

L 75.300 181.36 23.887 
- . - - - ----- -

#6 1 4.600 0.184 0.000 0.000 87.000 M 20.44 1.460 
.. -· . -- --

L 79.900 184.79 25.348 
-

#9 L 266.700 416.54 83.836 

Subwatershed Time of Concentration Details: 
Stru 5WS Land Flow Condition Slope(%) 

Vert. Dist. Horiz. Dist. Velocity 
Time (hrs) 

# # (ft) (ft) (fps) 

#4 1 
B. Large gullies, diversions, and low 

0.25 
flowing streams 

5.77 2,310.00 1.500 0.427 

#4 1 Time of Concentration: 0.427 

#5 1 
8. Large gullies, diversions, and low 0.50 
flowing streams 

2.75 550.00 2.120 0.072 

#5 1 Time of Concentration: 0.072 

#6 1 
8. Large gullies, diversions, and !ow 

8.00 
flowing streams 

76.79 960.00 8.480 0.031 

8. Large gullies, diversions, and low 
0.25 2.07 

flowing streams 
830.00 1.500 0.153 

#6 1 Time of Com:entration: 0.184 

#7 1 
8. Large gullies, diversions, and low 

1.00 31.00 3,100.00 3.000 0.287 
flowing streams 

8. Large gullies, diversions, and low 
0.25 15.87 

flowing streams 
6,348.00 1.500 1.175 

\... #7 1 Time of Concentration: 1.462 

Filename: REF-DITCHES-100YR.sc4 Printed 04-14-2009 
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""----- - ---- -- - ---- - --·--·- - -----. 

Stru sws Land Flow Condition Slope(%) 
Vert. Dist. Horiz. Dist. Velocity lime (hrs) 

# # (ft) (ft) (fps) 

#8 1 
8. Large gullies, diversions, and low 

1.00 17.50 1,750.00 3.000 0.162 
flowing streams 

-- ------. . - -- - -- ---- . 

8. Large gullies, diversions, and low 0.25 4.54 1,820.00 1.500 0.337 
flowing streams 

#8 1 Time of Concentration: 0,499 

Filename: REF-DITCHES-1 00YR.sc4 Printed 04-14-2009 
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Coal Refuse Disposal Facility No.2 

1 Oyr. 24hr. Event 

Combined Routing of Diversion Ditches and Sediment Ditches 
1-4 
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Alliance Consulting, inc. 
124 Philpott Lane 
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Phone: (304)-255-0491 

1 
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Filename: REF-DITCHES-1 0YR.sc4 

General Information 

Storm Information: 
Storm Type: 

Design Storm: 

Rainfall Depth: 

NRCS Type II 

10yr-24hr 

5.210 inches 

2 

Printed 04-14-2009 
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Structure Networking: 

I 
' Stru (flows Stru Musk. K ' Type # into) # (hrs) 

Musk. X I Description 
I 

Null #1 ==> #4 0.427 0.234 I DITCH 8-A 
-- ------ ---- - ·---- -- ----·---· . I 

Null #2 ==> #4 0.101 0.234 DITCH 8-B 
---- - - 1-

SED DITCH 3 
Null #4 ==> #5 0.072 0.277 

------·-- -- ---------~ -------·--

Null #5 ==> #6 0.153 0.234 DITCH N 
---- .. -- ·- -

Null #6 ==> #9 0.000 0.000 . SED DITCH 4 
. 

0.234 I SED DITCH 1 Null #7 ==> #8 0.337 
- -- ------ --- ------- --- - ------+----

Null #8 ==> #9 0.000 0.000 SED DITCH 2 
- --- - - ----------- ------ -

outlet 
Null #9 ==> End 0.000 0.000 

{5' 
#7 

Null 

{5' 
#8 

Null 

{5' 
#2 

Null 
--- ----- --- -- --- ·- -

{5' 
#1 

Null 

{5' 
#4 

Null 

{5' 
#5 

Null 

{5' 
#6 

Null 

#9 

Null 

Structure Routing Details: 
Stru 

# 
Land Flow Condition 

8. Large gullies, diversions, and low 
flowing streams 

#1 Muskingum K: 

#2 
8. Large gullies, diversions, and low 
flowing streams 

#2 Muskingum K: 

Filename: REF-DITCHES-10YR.sc4 

Slope(%) 

0.25 

0.25 

Vert. Dist. 
(ft) 

C,, .J,, , 

1.37 

Horiz. Dist. 
(ft) 

2,310.00 

550.00 

Velocity 
(fps) 

1.50 

1.50 

Time (hrs) 

0.427 

0.427 

0.101 

0.101 

3 
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4 
.. .. . 

Stru Land Flow Condition Slope(%) 
Vert. Dist. Horiz. Dist. Velocity 

llme (hrs) 
~ 

# (ft) (ft) (fps) 

( 
#4 

8. Large gullies, diversions, and low 
0.50 

flowing streams 
2.75 550.00 2.12 0.072 

#4 Muskingum K: 0.072 
-- --- ~ -

#5 
8. Large gullies, diversions, and low 

0.25 
flowing streams 

2.07 830.00 1.50 0.153 

#5 Muskingum K: 0.153 

#7 
8. Large gullies, diversions, and low 

0.25 
flowing streams 

4.54 1,820.00 1.50 0.337 

#7 Muskingum K: 0.337 

Filename: REF-DITCHES-1 OYR.sc4 Printed 04-14-2009 
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Structure Summary: 
Immediate Total 

Peak 
Total 

Contributing Contributing Discharge Runoff 
Area Area Volume 

(ac) (ac) 
(cfs) 

(ac-ft) 

#7 139.100 139.100 144.63 34.74 

#8 47.700 186.800 165.46 46.68 

#2 19.400 19.400 44.85 4.87 

#1 32.600 32.600 65.69 8.15 

#4 20.000 72.000 105.63 18.03 

#5 3.300 75.300 106.72 19.06 
- - - ------- ---

#6 4.600 79.900 108.67 20.23 

#9 0.000 266.700 246.34 66.91 

Filename: REF-DITCHES-1 0YR.sc4 Printed 04-14-2009 
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Structure #7 (Null) 

SEDDITCH1 

Structure #8 (Null) 

SEDDITCH2 

Structure #2 (Null) 

DITCH8-B 

Structure # 1 (Null) 

DITCHB-A 

Structure #4 (Null) 

SEDDITCHJ 

Structure #5 (Null) 

DITCHN 

Structure #6 (Null) 

SEDDITCH4 

Structure #9 (Null) 

Outlet 

Filename: REF-DITCHES-1 0YR.sc4 

6 

Structure Detail: 

Printed 04-14-2009 



R17697SEDCAD 4 for Windows 
rnn,snnhl 100R _'Jf"\f"I? D::imi:,l::1 l C:rhw::,h 

7 

( Subwatershed Hydrology Detail: 

SWS Area 
Time of Musk K Curve 

Peak Runoff 
Stru sws Cone MuskX UHS Discharge Volume 

# # (ac) (hrs) Number 
(hrs) (cfs) (ac-ft) 

#7 1 139.100 1.462 0.000 0.000 87.000 M 144.63 34.737 

2'. 139.100 144.63 34.737 

#8 1 47.700 0.499 0.000 0.000 87.000 M 92.80 11.939 

L 186.800 165.46 46.676 

#2 1 19.400 0.286 0.000 0.000 87.000 M 44.85 4.867 
-· ----- -

L 19.400 44.85 4.867 

#1 1 32.600 0.460 0.000 0.000 87.000 M 65,69 8.151 

L 32.600 65.69 8.151 

#4 1 20.000 0.427 0.000 0.000 87.000 M 41.54 5.013 

L 72.000 105.63 18.030 

#5 1 3.300 0.072 0.000 0.000 87.000 M 11.75 1.035 

L 75.300 106.72 19.065 

#6 1 4.600 0.184 0.000 0.000 87.000 M 11.72 1.165 
------- --·-

L 79.900 108.67 20.230 

#9 2'. 266.700 246.34 66.906 

Subwatershed Time of Concentration Details: 
5tru sws Land Flow Condition Slope{%) 

Vert. Dist. Horiz. Dist. Velocity Time (hrs) 
# # (ft) (ft) (fps) 

#4 1 
8. Large gullies, diversions, and low 0.25 
flowing streams 

5.77 2,310.00 1.500 0.427 

#4 1 Time of Concentration: 0.427 

#5 1 
8. Large gullies, diversions, and low 0.50 2.75 550.00 2.120 0.072 
flowing streams 

#5 1 Time of Concentration: 0.072 

#6 1 
8. Large gullies, diversions, and low 8.00 
flowing streams 

76.79 960.00 8.480 0.031 

8. Large gullies, diversions, and low 0.25 2.07 
flowing streams 

830.00 1.500 0.153 

#6 i Time of Concentration: 0.184 

#7 1 
8. Large gullies, diversions, and low 1.00 
flowing streams 

31.00 3,100.00 3.000 0.287 

8. Large gullies, diversions, and low 0.25 15.87 
flowing streams 

6,348.00 1.500 1.175 

#7 1 Time of Concentration: 1.462 

Filename: REF-DITCHES-1 OYR.sc4 Printed 04-14-2009 
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Stru sws 
Land Flow Condition Slope(%) 

Vert. Dist. Horiz. Dist. Velocity 
Time (hrs) 

# # (ft) (ft) (fps) 
~-

( #8 1 
8. Large gullies, diversions, and low 1.00 17.50 1,750.00 3.000 0.162 
flowing streams 

-

8. Large gullies, diversions, and low 0.25 4.54 1,820.00 1.500 0.337 
flowing streams 
- - --

#8 1 Time of Concentration: 0.499 

Filename: REF-DITCHES-1 0YR.sc4 Printed 04-14-2009 
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Bottom 
Width (ft) 

20.00 

SEDCAD Utility Run 

Outlet 011 Channel Design 

Left 

Material: Riprap 

Trapezoidal Channel 

Right Freeboard Free board 
Sideslope Sideslope Slope(%) 

Depth (ft) % of Depth Ratio Ratio 

2.0:1 2.0:1 o.s I 1.00 

PADER Method - Mild Slope Design 

w/o Freeboard w/ Freeboard 

Design Discharge: 416.54 cfs 

Depth: 2.92 ft 3.92 ft 

Top Width: 31.66 ft 35.66 ft 

Velocity: 5.53 fps 

X-Section Area: 75.32 sq ft 

Hydraulic Radius: 2.280 ft 

Froude Number: 0.63 

Manning's n: 0.0330 

Dmin: 

D50: 

Dmax: 

2.00 in 

3.00 in 

4.50 in 

1 

Freeboard 

Mult. x 
(VxD) 

Printed 04-15-2009 
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Coal Refuse Disposal Facility No.2 

1 00yr. 6hr. Event 

Combined Routing of Diversion Ditches and Sediment Ditches 
1-4 

BLA 

Alliance Consulting, inc. 
124 Philpott Lane 
Beaver, WV 25813 

Phone: (304)-255-0491 

1 
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2 

General Information 

Storm Information: 
Storm Type: NRCS Type II 

Design Storm: 100 yr - 6 hr 
-- ------- ----~-~-- -~ -
Rainfall Depth: 6.210 inches 

C 

Filename: REF-DITCHES-1 D0YR.sc4 Printed 04-15-2009 
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Structure Networking: 
I Stru (flows Stru 

I 
Musk. K 

Type I # into) # (hrs) 

Null #1 ==> #4 i 0.427 
. + .. 

Null #2 ==> #4 0.101 
. 

Null #4 ==> #5 0.072 

#9 

Null 

#8 

Null 

{? 

#6 

Null 

#7 

Null 

{? 

#5 

Null 

Musk. X I Description 

0.234 DITCH S·A 

0. 234 DITCH 8-B 

0.277 

{? 

#4 

Null 

SED DITCH 3 

#2 

Null 

#1 

Null 

Structure Routing Details: 
Stru 

# 

#1 

Land Flow Condition 

8. Large gullies, diversions, and low 
flowing streams 

#1 Muskingum K: 

#2 
8. Large gullies, diversions, and low 
flowing streams 

#2 Muskingum K: 

Filename: REF-DITCHES-100YR.sc4 

Slope(%) 

0.25 

Vert. Dist. 
(ft) 

5.77 

1.37 

Horiz. Dist. 
(ft) 

550.00 

Velocity 
(fps) 

1.50 

1.50 

"Time (hrs) 

0.427 

0.101 

0.101 

3 

Printed D4-15-2009 
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Stru Land Flow Condition 
# 

#4 
8. Large gullies, diversions, and low 
flowing streams 

#4 Muskingum K: 

#S 
8. Large gullies, diversions, and low 
flowing streams 

#5 Muskingum K: 

#7 
8. Large gullies, diversions, and low 
flowing streams 

#7 Muskingum K: 

Filename: REF-DlTCHES-1 00YR.sc4 

Slope(%) 

a.so 

0.25 

0.25 

Vert. Dist. Horiz. Dist. 
(ft) (ft) 

2.75 550.00 

2.07 830.00 

4.54 1,820.00 

. -

Velocity 
(fps) 

2.12 

1.50 

1.50 

Time (hrs) 

0.072 

0.072 

0.153 

0.153 

0.337 

0.337 

4 
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( Structure Summary: 
Immediate Total Peak 

Total 
Contributing Contributing Discharge 

Runoff 
Area Area Volume 

(ac) (ac) 
(cfs) (ac-ft) 

#7 139.100 139.100 243.82 43.53 

#8 47.700 186.800 279.42 58.49 
----- ---

#2 19.400 19.400 77.79 6.10 
-- -------- -- ·--· -·- --· 

#1 32.600 32.600 113.07 10.21 
.. --------- ---- ·----------

#4 20.000 72.000 179.64 22.59 
---- ---- -

#5 3.300 75.300 181.36 23.89 

#6 4.600 79.900 184.79 25.35 

#9 0.000 266.700 416.54 83.84 

C 

Filename: REF-DITCHES-100YR.sc4 Printed 04-15-2009 
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Structure #7 (Null) 

SEDDITCH1 

Structure #8 (Null) 

SEDDITCH2 

Structure #2 (Null) 
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Subwatershed Hydrology Detail: 

SWSArea "Time of Musk K Curve 
Peak Runoff 

Stru sws Cone MuskX UHS Discharge Volume 
# # (ac) (hrs) Number 

(hrs) (cfs) (ac-ft) 

#7 1 139.100 1.462 0.000 0.000 87.000 M 243.82 43.528 

L 139.100 243.82 43.528 

#8 1 47.700 0.499 0.000 0.000 87.000 M 159.52 14.960 

L 186.800 279.42 58.488 

#2 1 19.400 0.286 0.000 0.000 87.000 M 77.79 6.098 

L 19.400 77.79 6.098 

#1 1 32.600 0.460 0.000 0.000 87.000 M 113.07 10.214 

L 32.600 113.07 10.214 

#4 1 20.000 0.427 0.000 0.000 87.000 M 71.59 6.281 

L 72.000 179.64 22.594 

#5 1 3.300 0.072 0.000 0.000 87.000 M 20.60 1.294 

L 75.300 181.36 23.887 

#6 1 4.600 0.184 0.000 0.000 87.000 M 20.44 1.460 

C L 79.900 184.79 25.348 

#9 L 266.700 416.54 83.836 

Subwatershed Time of Concentration Details: 
Stru sws Land Flow Condition Slope(%) Vert. Dist. Horiz. Dist. Velocity Time (hrs) 

# # (ft) (ft) (fps) 

#4 1 
8. Large gullies, diversions, and low 

0.25 5.77 2,310.00 1.500 0.427 
flowing streams 

#4 1 Time of Concentration: 0.427 

#5 1 
8. Large gullies, diversions, and low 

0.50 2.75 550.00 2.120 0.072 
flowing streams 

#5 1 Time of Concentration: 0.072 

#6 1 
8. Large gullies, diversions, and low 

8.00 76.79 960.00 8.480 0.031 
flowing streams 

8. Large gullies, diversions, and low 
0.25 2.07 830.00 1.500 0.153 

flowing streams 

=- 1 Time of Coiicentrafam: 0.184 ffU 

#7 1 
8. Large gullies, diversions, and low 

1.00 31.00 3,100.00 3.000 0.287 flowing streams 

8. Large gullies, diversions, and low 0.25 15.87 6,348.00 1.500 1.175 
flowing streams 

#7 1 Time of Concentration: 1.462 

Filename: REF-DITCHES-1 OOYR.sc4 Printed 04-15-2009 
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Stru 
# 

#8 

SWS 
# 

1 

Land Flow Condition 

8. Large gullies, diversions, and low 
flowing streams 

8. Large gullies, diversions, and low 
flowing streams 

#8 1 Time of Concentration: 

Filename: REF-DITCHES-1 00YR.sc4 

Slope(%) 

1.00 

0.25 

8 

Vert. Dist. Horiz. Dist. Velocity 
Time (hrs) 

(ft) (ft) (fps) 

17.50 1,750.00 3.000 0.162 
--- ~- -·---

4.54 1,820.00 1.500 0.337 

0.499 
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AllianceO 
Consulting, Inc. 

Engineers · Constructors · Scientists 

January 6, 2009 

Mr. Ronald Morse 
ILLINOIS ENVIRONMENTAL 
PROTECTION AGENCY 
2309 West Main Street 
Marion, IL 62949 

Dear Mr. Morse: 

Transmittal 
Permit No. 375 

Williamson Energy. LLC 
Insignificant Revision No. 16 

Project No. B0S-516-1413 

On behalf of our client, Williamson Energy, LLC, and as requested by Mr. Scott Fowler's letter 
dated December 10, 2008, please find enclosed two copies of the above-referenced permit 
application. 

If you have any questions, or require additional information, please contact us. 

Sincerely, 

ALLIANCE CONSULTING, /NC. 

Stephen M. Sutphin 
Przanager 

~ut~n~f-
Senior Project ~;~er 

SMS/CEY:wmb 
Enclosures 

FILE: 08516-03 

124 Philpott Lane • Raleigh County Airport Industrial Park • Beaver, WV 25813-9502 • TELE: {304) 255-049 I • FAX: (304} 255-4232 
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Illinois Department of 
Natural Resources 
One Natural Resources Way· Springfield, Illinois 62702-1271 
http ://dnr.state.il. us 

Michael J. Beyer 
\Villiainson Energy) LLC 
P.O. Box 99 
Johnston City, IL 62951 

Re: Permit No. 375 
Insignificant Revision No. 16 

Dear Mr. Beyer: 

December 10, 2008 

Rod R. Blagojevich, Governor 

Sam Flood, Acting Director 

The appropriate Department technical staff have reviewed the proposed change dated November 
5, 2008, submitted by Alliance Consulting for the Pond Creek Mine. The permittee has 
requested approval to dispose of coal refuse in areas beyond that currently approved. Since this 
operation is not currently approved, it will constitute a change to the approved plan. Insignificant 
permit revisions are allowed under 62 Ill. Adm. Code l774.13(b)(2). 

The Department has determined the proposed alteration is in compliance with 62 Ill. Adm. 
Code 1700 - 1850, and is insignificant and hereby exempts the perrnittee from submitting a 
permit revision application in accordance with Section l774. l3(b)(2). The Department grants 
permission to dispose of refuse as proposed. 

No additional bond is required because of this change. 

All conditions and provisions contained in the approved pe.rmit also apply to this revision. 
Approval from this agency does not relieve rhe perrnittee from obtaining approval from other 
agencies requiring such. 

Please submit two additional copies of your request letter and maps to Ronald Morse, !!!inois 
Environmental Protection Agency, 2309 West Main Street, Marion, Illinois 62959. 
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Michael Beyer 
Pennit No. 375 
Insignificant Revision No. 16 
Page 2 

Should you have any questions, please contact William O'Leary at our Benton office. 

SKF:WO:gr 
cc: W. O'Leary 

OSMRE 
R. Morse 

12030847 wpd 

Sincerely, 

~ . Scott K. Fowler, Supervisor 
Land Reclamation Division 
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AllianceLJJ' 
Consulting, Inc. 

Engineers · Constructors · Scientists 

Mr. Scott Fowler 
ILLINOIS DEPARTMENT 
OF NATURAL RESOURCES 
Land Reclamation Division 
503 E. Main, FL 001 
Benton, IL 62812 

November 5, 2008 

IPR for Permit No. 375 

Phases 3 and 4 Refuse Expansion 
Williamson Energv. LLC 
Pond Creek Mine No. I 

Williamson Countv. Illinois 

Dear Mr. O'Leary: 

Project No. B08-5I6-1413 

< On behalf of our client, Williamson Energy, LLC, Alliance Consulting, Inc. is submitting an 

original and one copy of an insignificant pennit revision for placement of coal refuse in Phases 3 

and 4 and removing soil from the Phase 5 footprint. A road will also be constructed to haul the 

soil from the Phase 5 area to the south topsoil stockpile. One copy of the application has been 

submitted to William O'Leary. 

If you have any questions, or require additional information, please contact us. 

Sincerely, 

ALLI~lj CONSULTING, [NC. 

.,// . {// 
///7_/, 7 

l /~ . I <.___.... 

OJ2udio E. Yon, P. E/ 
Senior Project Manager 

CEY:_ica 
Enclosures 

rtLL 02516-0:2 

124 Philpott Lane • Raleigh County Airpo11 Industrial Park • Be.-ivcr, WV 25813-9502 • TELE: (304) 255-0491 • FAX: (304) 255-4:2.32 
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REPORT 
ENGINEERING DESIGN PLAN 

POND CREEK MINE NO. 1 
PROPOSED COAL REFUSE DISPOSAL FACILITY NO. 2 

PHASES 3 AND 4 
V,.7ILLIAl\1SON COUNTY, ILLI~.JOIS 

WILLIAMSON ENERGY, LLC 
JOHNSON CITY, ILLINOIS 
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REPORT 
ENGINEERING DESIGN PLAN 

POND CREEK MINE NO. 1 

PROPOSED COAL REFUSE DISPOSAL FACILITY NO. 2 

PHASE3 AND4 
\VILLIAMSON COUNTY, ILLINOIS 

WILLIAMSON ENERGY, LLC 
JOHNSON CITY, ILLINOIS 

1.0 INTRODUCTION 

Plans have been developed for the construction of a coarse and fine coal refuse disposal facility 

to be located near Johnston City in Williamson County, Illinois. The proposed coal refuse 

disposal facility wi11 provide disposal capacity for both coarse and fine coal refuse produced by 

the Pond Creek No. 1 Mine coal preparation plant located approximately 0.25 mile west of the 

proposed facility. The location of the site is just southwest of the intersection of Dwina Road 

and Dean Road. 

The proposed facility has been designed as a high hazard impoundment using the Probable 

Maximum Flood (PMF) storm event. Based on the design production rates, at the 1-year 

anniversary of initial impounding capability and thereafter, the facility wi11 be capable of storing 

the runoff associated with the design storm event. The stored runoff volume, as we11 as 

operational water, sha11 be evacuated using a decant pipe for Phase 3 and a pump for Phases 4. 

Combination sedimentation and perimeter ditches, access road gutters and bench gutters have 

been specified to convey storm runoff away from the embankment in a contro1led manner. The 

ditches have been designed for routing the runoff associated "~th the J 00-year, 6-hour recun-ence 

interval storm event. 

2.0 EXISTING SITE CONDITIONS 

2.1 Site Characteristics 

The general area of the proposed impoundment has previously been used for agricultural 

purposes and has relatively flat to mild slopes to the ridgeline at approximate Elevation 572. 

The surrounding landscape is characterized by extensive agricultural and rural residential 

land use. Regiona11y, the proposed permit area is located on the southern shelf of the Illinois 

Basin in the Mt. Vernon J-li11 Count1y physiographic division. Sunounding landforms are 

the results of both Wisconsinian glaciations and normal degradation processes such as 

weathering. mass wasting. and stream erosion. Sun-ounding topography is characterized by 

generally !lat ridge tops. moderately steep hil1 slopes and broad flat valley floors associated 

with major streams. The local drainage pattern is dcndritic reflecting the regional gcncra!Jy 

horizontal bedrock stratigraphy. The totai reiief of the Faciiity No. 2 footprint is 

approximately 32 feet ranging from approximately 436' to 468. above mean seal level 

(based on aerial photography). 

,__ Glacial deposits of the Carmi Member of the Equality Formation, consisting of quiet water 

lake silt and clay, constituted the original surface materials within the proposed pe1mit 

FILE: Rcpo11 
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2.2 Geolm!V 

TI1e proposed pennit area is underlain by lower Pennsylvanian age rocks consisting of shale, 
sandstone, and siltstone with minor underclay, coal and limestone. These sequences reflect 
fluctuating shorelines, deltas, and shallow seas indicating deltaic, fluvial, and coal swamp 
depositional environments. These bedrock units can be highly variable in thickness and 
continuity. Mississippian rocks unconformably underlie the Pennsylvanian, however, they do 
not outcrop in the subject area and were not penetrated during exploration drilling. 

The major stratigraphic marker is the Herrin No. 6 coal which is generally uniform and 
continuous in the subject area and occurs at approximate Elevation IO beneath the proposed 
refuse disposal facility. Shale and sandstone units in the subject area exhibit a high degree of 
lateral facies changes and interbedding. The Herrin No. 6 seam is described as a normal 
bright-banded coal with a lov,er portion that contains a prominent claystone patting. The 
base of the Herrin No. 6 exhibits an undulating surface with a general stmctural trend toward 
the north-northeast dipping approximately 60 feet per mile. No major faults or other 
stmctural anomalies are known to be present within the proposed permit. 

3.0 COAL REFUSE PRODUCTION 

3 .1 Coal Refuse Production 

Based on information provided by Williatnson Energy, the following annual production 
quantities, beginning with the first year of plat1t operation, were used in the design. 

• 

• 

Coarse Coal Refuse 

Fine Coal Refuse 

Prior to longwall startup 
After longwall startup 
Prior to longwall stattup 
After longwall startup 

34,330 cubic yards/year 
2.53 million cubic yards/year 
17,945 cubic yards/year 
1.32 million cubic yards/year 

4.0 SUBSURFACE EXPLORATION 

4.1 Subsurface Exploration 

During the month of February 2006, a subsurface exploration program consisting of drilling 
one soil boring (No. 8874) was conducted within the footprint of the proposed embankment. 
The intent of the program was to obtain soil samples to define the conditions and 
engineering characteristics relative to the construction and operation of the fine coal refuse 
slurry disposal impoundment. In addition to this soil boring, the results of a previous 
subsurface exploration program performed by Holcomb Foundation Engineering Co. 
(Holcomb) indicate the following: 

• San1ple nu1nber, rype, standard penetration test biov..,' counts, and depth; 
• An overall description of the consistency, color and character of the soil: and, 
• Indication of the observed groundwater level in the boreholes al the time of 

drilling. 

-2-
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Generally, the soils encountered beneath the dam footprint consist of brown and gray silty 

clay with sand and pebbles. The thickness of the soil varied from 12.5' to 22.5' while the 

surface elevation for the borings varied from Elevation 438.5± to Elevation 473.0±. Each 

of the borings was terminated at the top of the bedrock. 

Groundwater was encountered in two (2) of the seven (7) borings (i.e. Nos. 8293 and 

8295). Following drilling, the depth from the ground surface to groundwater level varied 

from 10 to 13.5 feet or from Elevation 432.4± to Elevation 438.5± in the borings. 

5.0 FIELD AND LABORATORY TESTING 

5.1 Soil 

Samples of the soils obtained during the subsurface exploration program from Boring No. 

8874 were used for laboratory testing. The scope of the testing is discussed below. 

Visual classification tests were performed by Holcomb on the split spoon samples obtained 

during drilling. Samples from the borings represent the foundation conditions for the 

proposed embankment. Additional testing pe1formed on the borings included the following: 

• Grain Size Analysis - Grain size analysis were performed on a sample from 

Boring No. 8874; 
• Atterberg Limits Test -Atterberg Limits tests were performed on a san1ple from 

Boring No. 8874; 
• Unit Weight Determination - Performed on a Shelby tube sample from Boring 

No. 8874; and, 
• Shear Strenl!th Test -A consolidated, undrained triaxial shear strength test with 

pore pressure measurements was performed on a Shelby tube sample from Boring 

No. 8874. 

5.2 Coarse Coal Refuse 

The proposed embankment shall be consh·ucted with coarse coal refuse. The coarse coal 

refuse used to construct the embankment has been sampled from the Pond Creek Mine No. I 

coal processing plant and has undergone laboratory testing. The scope of the testing is 

discussed below. 

• Grain Size Analvsis - A grain size analysis was performed on the coarse coal 

refuse sample. 
• Shear Stren£!th Test - A consolidated, undrained triaxial shear strength test with 

pore pressure measurements was performed on re-molded samples of the coarse 

coal refuse. Material from the sample was re-molded to a density equivalent to 

approxin1a1e!y 95 percent of Standard Proctor 111axi111um dry density. 

• Permeability - A constant head permeability test was perfom1ed on a re-molded 

sample to determine the permeability characteristics of the coarse coal refuse for 

the embankment construction. The sample was compacted lo approximately 95 

percent of the Standard Proctor maximum dry density. 
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2. Fine Coal Refuse Disposal - During construction of the Phase 4 embankment, the fine 

coal refuse slurry shall continue to be pumped into the Phase 2 and 3 impoundment. 

3. Pump Installation - An operational pump, of sufficient capacity to remove clarified 

water and normal precipitation, and associated discharge lines shall be installed during 

construction of Phase 4. The pump shall discharge into a surface drainage ditch. 

7.0 ENGINEERING ANALYSES 

7.1 Hvdrolorric and Hvdraulic Analvses 

7.2 

The proposed facility has been evaluated using stom1 criteria for high hazard dan1s. Upon the 

one-year anniversary and thereafter, the impoundment shall be capable of storing the runoff 

associated with a PMF design st01m event plus three feet of free board. 

Evacuation of the stored water shall be accomplished by pumping for Phase 4. The required 

pumping capacity (1901.8 gallons per minute for Phase 4) is based on storing the runoff 

associated with two design storm events and evacuating the runoff associated with one design 

storm event within a reasonable time period (approximately 30 days). Should the available 

storage capacity be reduced to one design stonn event, the emergency pun1ps shall be 

mobilized to the site to evacuate the stored runoff and provisions shall be made so the pumps 

and associated discharge line are readily available, when needed. 

Evacuation of the stored runoff shall be accomplished by means of a decant pipe for the 

Phase 3. The required pipe size, 18-inch SDR 26, is based on evacuating 90% of the runoff 

associated with one design storm event within 10 days. 

The surface drainage facilities, including road and bench gutters, and Ditches C through Iv! 

have been sized to convey runoff associated with the 100-year, 6-hour recurrence interval 

storm event. The computed peak discharges were estimated using the computer program 

SedCad developed by the University of Kentucky. All permanent facilities have been 

designed with appropriate protection to minimize the potential for channel erosion. 

Slope Stabilitv Analvses 

Slope stability analyses have been performed using PCSTABL5, a computerized version of 

the modified Bishop Method of Slices, developed by Purdue University and the Indiana 

State Highway Commission. The critical potential failure surfaces, minimum factors of 

safety, and material prope1iies used in the slope stability analyses are presented on drawings 

contained herein. 

Slope stability was analyzed for both static and seismic (pseudo static) loading conditions 
ro ... ,l_,.. ,..1~···•-.-.-f-................ ,,. ... d ..... ,.,+ •• ,,..,..,,,,., ,...,.,,1.,..,,-,J.,,"1,,...!"1-t c,lrn ... r-c- Ff""'\1• 1hP <:.:t'.'.l1~f' --:n,;i]v,;;:ic.: pf.rpc1,,,,, 
l l UlC uvvv11.:,u1.,u.1u ,u1 UIJ.:,uva111 v111uu1u\...L.Uvu~ .• Hv!J...,~. v ... .,u .... ..,., .... u~ C'!..!, .... ,.J ..... ~, -~l'- ~· -

prope1iies for the coal refuse and existing soil were used. For the pseudo-static analysis, 

lotal stress properties were used for the existing soils. The use of effective stress properties 

for the coal refuse and total stress prope1iies for the existing cohesive soils is appropriate, 

giving the effects of the sudden loading in an eaiihquake event and the relatively slow 

drainage characteristics of the soils. Also. for the pseudo-static analysis. a horizontal 

-6-
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acceleration of0.lsg<4l was used. The phreatic level used in the stability analyses was 

conservatively based on top flow line calculations performed on a transformed section. The 

transformed section was based on the horizontal permeability of the embankment material 

being nine times greater than the vertical permeability. The engineering properties of the 

embankment material were based on laboratory test results and our experience with similar 

materials. 

Minimum Minimum 

Sta"e Case Static F.S. Seismic F.S. 

Phase 5 Downstream 1.50 1.26 

Upstream 1.85 1.21 

Phase 7 Downstream 1.72 1.20 

Upstream 2.06 1.20 

As indicated in the above table, the computed factors of safety n1eet the n1inin1um require1nents 

(1.5 and 1.2 for the static and seismic cases, respectively). 

8.0 SUMMARY 

The design plans for the proposed Pond Creek No. 1 Mine Coal Refuse Disposal Facility No. 2 

(Phases 3 and 4) are based on the subsurface exploration program, field and laboratory testing, 

and the engineering a11alyses described herein. 

We trust that the pla11s, design calculations and guideline technical specifications described herein 

are acceptable to Williamson Energy a11d the appropriate regulatory authorities. In preparing this 

document, our professional services have been performed with care and skill ordinarily exercised 

by reputable members of the profession practicing under similar conditions at the same time and 

the same or similar locality. No warranty, expressed or implied, is made by rendition of these 

consulting services or by furnishing oral or written reports of the findings made. 

If there are any questions, or if further clarification is required, please contact us. 

Respectfully submitted, 

ALLIANCE CONSULTING, INC. 

,,f!/ / d_ 
I/ ~C<O ~?,,____ 
Cl{udio E. Yon, P, E. 
]'rincipal Engineer 

CEY:jea 

r~l National Earthquake Hazards Reduction Program, Part l, Provisions for the Development of Seismic Regul 

for New Buildings, Map l, 1991 Edition. 

-7-
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APPENDIX A 

GUIDELINE TECHNICAL SPECIFICATIONS 

ENGINEERING DESIGN PLAN 

POND CREEK MINE NO. 1 

PROPOSED COAL REFUSE DISPOSAL FACILITY NO. 2 

PHASES 3 AND 4 

WILLIAMSON COUNTY, ILLINOIS 

WILLIAMSON ENERGY, LLC 

JOHNSON CITY, ILLINOIS 

INTRODUCTION 

These specifications are intended to serve as guidelines for the construclion of the Pond Creek 

No. 1 Mine Coal Refuse Disposal Facility No. 2 to serve Williamson Energy, LLC's (Williamson 

Energy) coal preparation plant in Williamson County, Illinois. The infonnation contained herein, 

including the accompanying drawings which illustrate the disposal plan, is sufficiently detailed to 

provide Williamson Energy with the technical guidance required to perfonn coal refuse disposal 

operations in a mam1er consistent with the design assumptions and sound engineering practice. 

These specifications are intended to be supplemented with periodic site visits by persons 

knowledgeable of the design in order to condnct inspections of the construction procedures, 

conduct field tests and, if necessary, obtain san1ples and perform laboratory testing. 

The specifications have been prepared to aid \Villiamson Energy in the design, planning, and 

construction of the specific project. Its scope is limited to the project and location described 

herein and represents our understanding of the significant aspects relevant to the planned 

operations. If there are any differences in location and/or design features, the modification 

should be reviewed to determine if revision of conclusions or recommendations is required. 

This refuse disposal plan provides for the construction of a two embankments sharing a common 

side, utilizing coarse coal refuse to fonn an impoundment for the disposal of fine coal refuse 

slurry. The disposal plan for the facility will provide approximately 4 years of coarse and 7 years 

of fine coal refuse disposal capacity based on refuse production rates supplied by Williamson 

Energy. 

Brieny. the work items required in the coal refuse disposal plan include: 

A-1 
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I. Site Preparation - In areas of embankment construction, the site preparation items include 

topsoil stripping and stockpiling and proofrolling/sealing. During the disposal operations, 

benching of each lift of material into existing slopes shall be required as well as scarifying 

previously compacted surfaces. 

2. Embankment Construction - Coarse coal refuse embankments shall be constructed to the 

appropriate lines and grades on the drawings. 

3. Subsurface Drainage - An internal drainage system shall be installed in the Phases 5 and 6 

embankment to aid in controlling the phreatic level. 

4. Fine Coal Refuse Disposal - Upon commencement of Phase 4 construction, fine coal refuse 

slurry may be pumped into the Phase 3 impoundment. A water pumping system shail be 

used to remove excess clarified slurry water and precipitation from the impoundment. 

5. Surface Draina£:e Facilities - To control and direct surface water runoff from the 

embanlm1ent and road ditches, Ditches C tln·ough M shall be constructed concurrent with 

construction operations. 

6. Reve£:etation - To control erosion and provide an acceptable post mining land use, all 

completed embankment surfaces shall be revegetated in accordance with Williamson 

Energy's Mine Permit. 

7. Monitoring and Maintenance - A program of regular monitoring and maintenance of the 

disposal operations is described herein. 

The following drawings form a paii of these specifications: 

DR,!,,WINGNO. 
B08-5 l 6-lvi3 
B0S-516-Ml 

B08-516-E2 

TITLE 
Map 6 S.F. - Operations Plan Map Surface Facilities 

Phase 3/Phase 4 
Slope Stability Analysis Sections D-D and F-F 
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1.0 SITEPREPARATION 

1.01 General 

Beneath all areas of the coarse coal refuse embankment, site preparation shall be 

required. 

1.02 Stripping and Topsoil Removal 

Stripping and stockpiling of topsoil and root matter are required to provide an 

adequate foundation for facility construction. All topsoil shall be removed prior to 

embankment construction. The stripped topsoil shall be stockpiled. 

1.03 Surface Sealing/Proofrolling 

The footprint of the embankment shall be proofrolled following stripping and topsoil 

removal to seal and compact the foundation soils. A minimum of three passes shall 

be made over each area using a large sheepsfoot roller or rubber-tired equipment (i.e. 

loaded truck) to produce a minimum dry density equivalent to 95 percent of the 

maximum dry density attainable by the Standard Proctor method of compaction 

(ASTM D 698). Any soft or wet soils shall be removed to a minimum depth of 2 feet 

below the previously excavated surface and replaced with coarse coal refuse. The 

over-excavated area shall be backfilled in 12-inch lifts, and compacted to 95 percent 

of the Standard Proctor maximum dry density (ASTM D 698). 

Random in-place density testing shall be performed throughout the impoundment area 

to verify that the existing stripped surface is compacted to 95 percent of the Standard 

Proctor maximum dry density prior to fine coarse coal refuse sluITy disposal. 

2.0 EMBANKMENT CONSTRUCTION 

2.01 General 

Tu pro\·ide storage (,apacity for fine coal refuse,~ cmbankn1cnts shall be 

constructed of coarse coal refuse sharing a common side. The plans and section of 

the proposed embankment phases arc contained herein. 
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Sediment control shall be provided by the combination sediment/perimeter ditches. 

Conveyance ditches shall be constructed to convey surface runoff to the 

sediment/perimeter ditches. 

2.02 Coarse Coal Refuse Placement and Compaction 

a. Lines and Grades - Coarse coal refuse shall be placed to the lines and grades 

shown on the drawings for the various stages. Control for placement can be 

established from the coordinate system provided on the drawings. 

b. Material: Run-of-plant coarse coal refuse from the coal preparation plant shall be 

used for the embankment construction. Placement and compaction of the refuse 

shall be in accordance with Sections 2.02.c and d. 

c. Placement: Coarse coal refuse shall be spread in lifts not more than I foot thick 

when compacted. Material that is too wet to be properly compacted shall be 

spread and graded to facilitate drainage. Upon drying to within the acceptable 

moisture content range, compaction shall proceed. 

d. Compaction: The coarse coal refuse in the impounding embankment shall be 

spread in layers having a compacted thickness of 1 foot or less. The material shall 

be compacted by routing heavy equipment (dozers, trucks, etc.) over it or utilizing 

specialized compaction equipment to attain the specified degree of compaction. 

No special compaction procedures are anticipated to be required to provide 

resulting densities which are consistent with those used in the design. A field 

density testing program shall be conducted during the placement operations to 

detem1ine the actual dry density being achieved. 

Field density testing of the foundation soil and coarse coal refuse placed in the 

embankment areas shall be performed to confirm that the compaclive eff01i 

employed is yielding an in-place dry density of al least 95 percent of the maximum 

density obtainable by the Standard Proctor Compaction Method (ASTM D 698). 

Density testing shall be performed al equivalent frequencies of one test per 2,000 

c,tbic) ards uf material placed and compacted and at least one tc:,t ror each lift. 

Locations, elevations and dates of the tests shall be recorded and maintained for 

documentation purposes. The moisture at time of compaction shall he within the 

range of optimum moisture by -2 percent to + 3 percent. If in-place dry densities 
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are observed to be less than that required, additional compaction shall be 

performed on the effective test area and the area retested. Such work shall 

continue until satisfactory results are obtained. 

At least one Standard Proctor test of the material shall be verified for every 20 

field density tests performed. Additionally, should mining or preparation plant 

operations change such that a change in refuse material properties is anticipated, 

the Proctor shall be verified. 

e. Construction Procedures: The work surface shall be advanced upward in nearly 

horizontal layers. To minimize penetration of precipitation, the work surface shall 

be sloped to drain and backbladed as the material is spread. No fill shall be 

placed that is or on frozen material. If the surface where fill is to be placed is 

frozen, the frozen material shall be removed over an area where one day's refuse 

will be placed prior to placement of a new lift. The frozen material shall be stored 

until it is thawed and then replaced. Surface material in the impounding 

embankment too wet to support construction equipment shall be removed to 

expose drier material prior to placement of the next refuse layer. After drying, 

these wet materials can be reused in the embankment. As the level of the 

embankment is raised, it shall be graded smoothly to the contours shown on the 

plans. Coarse coal refuse placement guidelines are contained in Appendix E. 

2.03 Survey Control 

Survey control shall include establishment ofpennanent monuments outside of, but 

adjacent to the refuse disposal facility and underground mining limits. This control 

shall be used for the management of day-to-day operations. 

2.04 Subsurface Drains 

a. General - To minimize the possible rise in the phreatic level as the impoundment 

level rises, internal underdrains shall be installed within the embankment. The 

drains shall consist of either a geocornposite drainage material or non-calcareous 

gravel bolh with an HDPE perforated pipe wrapped entirely with geotextile. The 

approximate alignment and elevations of the drains are indicated on drawings 

contained herein. 
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i 

6. Filter Fabric -The filter fabric shall be "Propex 4550" manufactured by Propex 

Fabrics, Inc., or an approved equivalent geotextile that is ultraviolet stabilized to 

resist deterioration. The filter fabric shall be protected from ultraviolet exposure 

during storage. 

c. Pipe -The pipe used in the internal drain shall be a 12-inch diameter, SDR-13.5 

or 26.5, perforated high-density polyethylene pipe as specified on the individual 

phase drawings. The outlet pipes shall not be perforated. 

d. Rock Gravel - Competent, durable, clean gravel in the size range of¼" to I½" 

shall be used in the drains. The gravel shall consist of non-acid, non-toxic, non

calcareous rock that will not slake in water or degrade to soil material during the 

life of the faciiity, and which is free of coal, clay or other non-durable materiai. 

e. Geocomposite -Ifa geocomposite drainage material is selected for the drain in 

lieu of the river gravel, the geocomposite shall be PennaNct HL, manufactured 

by GSE Lining Technologies, or equivalent. TI1e geocomposite shall be entirely 

wrapped with filter fabric and shall be wrapped around the HDPE perforated 

collection/conveyance pipe. 

3. Installation - The pipe shall be wrapped entirely with filter fabric with a 

minimum 2-foot overlap. The drain shall be constructed to the dimensions 

specified. 

The installation of the underdrains shall be monitored by the engineer responsible 

for ce1iifying the construction of the embanlm1ent or by a qualified person 

designated by the engineer. 

2.05 Piezometers 

Piezomeiers shall be installed at the locations shown on the drawings contained 

herein. Clean concrete sand may be substituted for the pea gravel if the latter is 

difficult to obtain. The perforated section of the piezometer pipe shall be wrapped 

\Vith filter fabric. Dcntonitc seals shall be pL.iccd in1111cdiatcly above the pcrforat-.:<l 

section and just below the ground surface to isolate the piezometcr tip from 

potential perched water tables and minimize :my influence associated with surface 

water. 
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2.06 Refuse Haul and Access Road Construction 

An access road shall be extended to refuse facility operations as shown on the 

drawings. Throughout construction, access roads on the refuse pile shall be 

constructed to provide routes for access to the impoundment. Variations of road 

width or grade shall be determined by Williamson Energy based upon site-specific 

considerations. The locations of the roads may vary from the roads shown on the 

drawings provided the specified crest widths and embankment slope grades are 

maintained. 

2.07 Decant Installation 

a. General 

To aid in maintaining a normal pool elevation in the impoundment and to provide a 

mechanism to evacuate stored storm runoff, a 18-inch outside diameter, SDR 26 high 

density polyethylene (HDPE) decant pipe shall be installed where applicable at the 

elevations shown on the drawings where it shall discharge into a surface drainage 

ditch. 

b. Decant Pipe 

The pipe used for decant construction shall be 18-inch outside dian1eter, SDR 26 

HDPE pipe (average inside diameter of 1.38 feet). The pipe joints shall be welded 

(fused) all around and pressure tested. Pressures used for the testing shall be for the 

maximum anticipated static water head of approximately 13 feet or approximately 6 

pounds per square inch (psi) measured at the outlet end of the pipe. The pipe shall 

be tested prior to backfilling to facilitate repair or rewelding. End caps used for the 

pressure testing shall be welded sufficiently to withstand the test pressures. A 

pressure relief valve and pressure gauge shall be mounted on the downstream end of 

the pipe. The pipe shall maintain the constant test pressure for a minimum time 

period of 2 hours. No leakage is recommended, so extreme care shall be taken to 

account for any water added to or discharged from the pipe to maintain the specified 

test pressures. Records of the testing shall be maintained. Safety precautions for 

conducting the pressure testing shall be in accordance with cun-ent MSHA and 

Occupational Safety and I-I cal th Adn1ini:~tration (OSI L/\) guidelines. 
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2.08 Pipe Installation 

a. General - The decant pipe shall be installed on an adequate foundation in a 
manner to minimize differential settlement and excessive seepage along the 
outside of the pipe. All pipe installation shall be supervised by qualified 
personnel familiar with the intent of the design and knowledge of proper 

installation procednres. 

b. Alignment - The pipe shall be placed in a trench excavated into the embankment 
and at a location determined by the engineer. Compacted fill used to level the 
pipe subgrade and form the bedding shall be a minimum of 6 inches thick, but 
shall not exceed approximately 2 feet beneath the pipe invert. Compaction shall 
be achieved in accordance with Section 2.08e of these specifications. 

c. Foundation Preparation - A 4-foot wide (minimum) trench shall be excavated at a 
location, determined by the Engineer, as per the detail presented on Drawing No. 
B05-330-E24. The trench shall be excavated 2 feet (minimum) below the final 
pipe invert. The backfill envelope shall be placed in accordance with these 

specifications. 

d. Pipe Com1ections - To provide a water-tight seal, the joints shall be welded 
(fused) sufficiently to withstand the design internal water pressure (6 psi, 

minimum) without leakage. 

e. Backfilling - The backfill envelope shall be raised uniformly on both sides of the 
pipe in 6-inch thick layers (8-inch thick loose lifts) and compacted to a density 
greater than or equal to 100 percent Standard Proctor maximum dry density 

(ASTM D 698) within -2 to +3 percent of the optimun1 water content. The 
bedding material shall be shaped to embed the 18-inch HDPE a minimum of 4 
inches. One field density test (minimum) shall be performed for every 200 cubic 

yards of backfill placed and compacted with at least one test per lift. 

f. Materials for Backfill - Materials used for backfilling shall consist of coarse coal 

refuse, free of any pa.iii cl es larger than 3 inches in any dimension. 

2.09 Drop Inlet 

a. General - To facilitate the installation of the trash rack and to prevent fines from 
entering the decant pipe, a drop inlet fabricated out of a 18-inch diameter SDR 26 
HDPE 90 degree elbow shall be used. The elbow shall be fuse welded lo the 

decant transport section a.i1d to the drop inlet riser. 
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b. Riser- The riser used to extend the drop inlet shall be 18-inch outside diameter, 

SDR 26 HDPE pipe, flange fitted at one end to facilitate connection to the trash 

rack. The riser connections shall be in accordance with the manufacturer's 

recommendations. 

2.10 Trash Rack 

a. General - To prevent large particles from entering and possibly clogging the 

decant pipe, a trash rack design has been provided. The trash rack shall be bolted 

to the riser pipe and can be removed for extension of the decant pipe. The trash 

rack may be fabricated with readily available parts. 

b. Material - Materials required for the trash rack include 1 inch by 1 inch by 1/8-

inch angle irons, No. 4 rebar, and 1/8-inch thick steel plate. 1ne trash rack shall 

be flange fitted and bolted to the riser flange. 

c. Paint - The trash rack shall be protected with rust-resistant paint after fabrication. 

The trash rack shall be inspected periodically and any damage repaired 

accordingly. 

2.11 Filter and DrainaQe Diaphra= 

a. General - A filter diaphragm shall be installed to minimize internal erosion 

(piping) along the decant. 

b. Material - The diaphragm shall be constructed of hard, durable, non-calcareous 

aggregate within the following gradation range and wrapped entirely in "Propex 

4550" filter fabric or an equivalent approved by the Engineer. 

Sieve Size Percent Finer 

3-inch 100 
1-1/2-inch 84 lo 100 
3/4-incb 36 to 100 
3/8-inch 6 to 100 
No. 4 0 to 52 
No. 10 0 lo 10 
No. 20 0 to 9 
No. 40 (J to 8 

No. 60 0 lo 7 
No. 140 0 to 6 
No. :mo 0 to 5 
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c. Filter and Drainage Diaphragm Outlet Drain - To convey seepage collected by the 

filter and drainage diaphragm to a surface drainage ditch, an outlet drain shall be 

constructed. 

3.0 Ffl'iE COAL REFUSE DISPOSAL 

3.01 General 

Following disposal of the fine coal refuse in the Phase 2 impoundment to maximum 

Elevation 496, fine coal refuse shall be disposed in the Phase 3 impoundment. The 

slurry line(s) shall be periodically moved along the slope of the impoundment to 

maintain a relatively uniform fines level within the impoundment. Discharge shall 

initiate on the in1poundn1ent bottom and continue on fine coal refuse beaches as the 

slurry settles. In no case shall direct discharge onto embankment slopes be allowed. 

3.02 Clarified Water Removal 

Clarified water from the slurry impoundment shall be removed by a pumping system 

and directed into the proposed perimeter ditch system or to the coal preparation plant. 

The water level in the impoundment shall be maintained as low as practicable. 

4.0 SURF ACE WATER DRAINAGE FACILITIES 

4.01 General 

A system of sediment/perimeter ditches, access road gutters, bench gutters, and 

conveyance ditches shall be constructed to control surface runoff and minimize 

erosion. All runoff collected from the embankment area will be directed toward 

proposed sediment/perimeter. The conveyance ditches convey the flow from the 

embankment benches to the sediment/perimeter ditches. 

4.02 Ditches C through M 

To convey runoff from the embankment and slopes lo the sediment/perimeter 

ditches. Ditches C through M. shall be constructed. Tempor::iry ditches shall he 

maintained around the base oflhe slopes. Any erosion damage sustained shaii be 

immediately repaired. 

A-JO 



R17731

4.03 Access Road Gutters 

Surface runoff intercepted by access roads shall be kept off the road surface and in 

gutters on the uphill side. The roadway shall slope toward the gutter with the gutter 

approximately the same gradient as the access road. Permanent gutters shall be 

provided at abandonment with erosion protection (riprap ). 

4.04 Rock Riprap 

Where rock riprap protection is required in ditches and gutters because of high flow 

velocity, the riprap must have the following characteristics: 

a. Material - Riprap shall be hard, durable cobbles and boulders of sandstone or 

limestone in the sizes specified on the details. 

b. Size Gradation - Riprap size shall be predominantly in the range specified on the 

drawings. Smaller stones and cobbles shall be used to fill the voids between 

larger pieces. 

c. Subrrrade Preparation - The riprap subgrade shall be well compacted before 

riprap is placed. A layer of "Propex 4550" filter fabric, or approved equivalent, 

shall be placed on the subgrade prior to the riprap placement. 

d. Riprap Placement - Riprap shall be spread to the thickness required in a single 

lift. In lieu of riprap, 8-inch filter point mat or 4-inch uniform section may be 

used. The mat shall be keyed 18 inches (minimum) along both edges of the ditch 

and at the upstream end of each section. The mat shall be underlain with Propex 

4550 filter fabric and installed in accordance with the manufacturer's 

recommendations. lf uniform section mat is used, weep hoies shall be provided 

at 15-foot elevation intervals. 

e. Grouted Riprap - The grout shall be a sand-concrete mixture. proportioned lo 

result in a minimum 28-day compressive strength of 2000 pounds per square 

inch (psi). The stones shall be thoroughly moistened and any excess fines shall 

be sluiced to the underside of the stone blanket before grouting. The grout may 

A-11 



R17732

be delivered to the site by any means that will assure uniformity and prevent 

segregation of the particles. The grout shall be vibrated by mechanical means to 

achieve grout penetration. If pressure grouting is used, care shall be taken to 

specified. For a smooth surface, grout shall fill the void spaces to within ½-inch 

of the surface. Weep holes shall be provided through the blanket. 

Grout shall be placed only when the temperature is above 35 degrees Fahrenheit 

and rising. It shall be protected from freezing and cured the san1e as for 

concrete. After grouting is completed, no weight shall be placed on the grouted 

riprap umil the grout has cured properly. 

5.0 REVEGETATION OF COMPLETED AREAS 

Revegetation of coarse coal refuse slopes can be accomplished by placing a cover of 

natural soil or other materials capable of supporting vegetation and subsequent 

planting to establish a continuous stand of vegetation. Soil cover and vegetation shall 

be in accordance with the Illinois reclan1ation pennit. 

6.0 MONITORJNG AND MAINTENANCE 

6.01 Piezometers and Impoundment Level 

Water level readings from the piezometers and the impoundment level shall be 

recorded at 7-day intervals and compared to the levels used in the design. The 

piezometers shall be flushed on an annual basis to ensure they are functioning 

properly. Should the piezometers become dan1aged during operations, they shall be 

repaired or replaced. 

6.02 General Observations 

Observations of lhe embankment anJ its appurlenanl structures shail be maue al 7-Ja:y 

intervals and immediately following any unusual events such as floods, heavy 

rainfalls. abnormal suucrnral behavior, etc. Any unusual features shall be reporleJ 

immediately to the engineer responsible for ce1tit,ing the construction. 
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a. Embankment Slopes - Any i1Tegularities such as scarps, wet areas, or vegetation 

disturbance shall be recorded. 

b. Working Disposal Surface - Irregularities shall be recorded. 

c. Access Road Gutters and Discharne Charmels - General condition of channels, 

soil erosion adjacent to or beneath riprap and seeded slopes, blockage by debris, 

etc. shall be noted. 

d. Vicinitv of the Embankment - General conditions throughout the area of the 

embankment shall be observed to note any changes which could be associated 

with the behavior of the embankment and i.ts foundation. 

6.03 Maintenance 

The following maintenance shall be performed regularly: 

a. Routine Maintenance - Maintenance, including replacement or patching of 

grouted riprap, regrading temporary bench and haul road gutters, backfilling of 

erosion rills and gullies, removal of debris from the ditches at the site, etc. shall 

be performed. 

b. Maintenance After Unusual Meteorolorrical Events (Heavv Precipitation Events 

and Floods). - The most important maintenance tasks at these times are the 

timely backfilling of all erosion scarps and slumps and the repair and 

improvement of drainage systems and riprap. 

c. Maintenance After Abnormal Chan!Ies in the Behavior of the Structure - If 

abnormal behavior of any portion of the embankment is observed, qualified 

persons knowledgeable of the facility design characteristics shall be advised 

immediately and any recommended maintenance measures unde1iaken. 

6.04 Data Review 

All facility performance data and data obtained during periodic inspections and 

mainlenance ,hall be reviewed by qualified persons knowledgeable of the facility 
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construction and disposal requirements, including the design recommendations 

presented in these documents. 
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CERTIFICATION OF PLAN 

I, Claudio E. Yon, P. E., certify(!) the plan entitled "Phases 3 and 4 Refuse Expansion, Pond 

Creek Mine No. 1, Williamson County, Illinois" was developed in accordance with prudent 

engineering principles and practices and Illinois Department of Environmental Protection design 

criteria. 

SIGNED: -f-~-~-"----,,. ___ ).(_-,_ =~=~--
Claudio E. Yon, P. E. 

DATE: 
ALLIANCE c6NSULTING, INC. 

(1) The term "certify," as used herein, i~ defined ab follows: "An Engineer's certification of conditions is a 
declaration of professional judgment. It does not constitute a warranty or guarantee, either expressed or implied. nor 
does it relieve any other party of their responsibility to abide by contract documents, applicable codes, standards, 

. regulations and ordinances." 
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Date: 

To: 

From: 

Subject: 

December 11, 2008 

Larry Crislip 

Bill Buscher-£.£!-

MEMORANDUM 

·14G5·/C7•-i:: 
~u..L ~; /-c).3-09 

Review and Co1mnent on Pond Creek Mine #1, Permit #375, Williamson County, 
Revision No. 2, Response to C01mnents, April 4, 2008 

At the request of the Mine Pollution Control Program (MPCP) the Groundwater Section has 
reviewed the additional data provided in Revision No. 2, Response to Comments, dated April 4, 
2008 for the Pond Creek Mine #1 site. The purpose of the review is to evaluate grom1dwater 
protection for the new 1mdergrom1d mine and refuse disposal area. 

1. The Agency requests that previous language included for Refuse Disposal Facility 
No. 1 regarding the proposed method of slurry pond construction, including 
exploratory drilling on a 200 by 200 foot grid and/or probing at a minimum 100 
by I 00 foot grid to determine elevation of bedrock, also be included for Refuse 
Disposal Facility No. 2, cell 4, the cell furthest to the north. This will be followed 
by placement of compacted soils if needed to ensure total clay layer thickness 
between refuse and bedrock is at least four feet. 
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Alliancetll 
Consulting, Inc. 

Engineers · Constructors · Scientists 

September 24, 2008 

Mr. Scott Fowler 
ILLINOIS DEPARTMENT OF NATURAL RESOURCES 
OFFICE OF MINE AND MINERALS 
Land Reclamation Division 
One Natural Resources Way 
Springfield, IL 62702-1271 

Dear Mr. Fowler: 

Williamson Energy, LLC 
Pond Creek No. 1 Mine 

IDNR/OMM Application No. 375. Revision No. 2 
IEPA Log No. 1465-07 

1 4 6 5 · I O 7 •· 0 
~ dcdJ.. : 11-1-oi 

B07-038-1413 

This letter is written in response to Mr. Larry Crislip's letter dated December 5, 2007. The 
following information is provided. 

I. Part I, Page I of the application states that 16.52 acres will be added to the permit area; 
however, Part II(]) states that no additional area will be added to the permit. The cited acreage 
is apparently an Incidental Boundary Revision submitted separately. This apparent discrepancy 
should be corrected to provide consistency with the remainder of the application which states 
that no area is being added 

Part I, Page 1 of the application has been changed to state that no acreage will be added · 
to the permit area. 

2. It does not appear sediment control plans are adequate to prevent effluent violations or to 
comply with 62 Ill. Adm. Code 1817.46(b)(J). 

a. Sediment ditches are proposed in lieu of sediment ponds. Impounding structure, 
whether a pond or ditch, receiving drainage from coal mine affected areas should 
provide a minimum average detention time of 8 hours for runoff from a JO-year, 24-

hour precipitation event, plus a sediment storage volume of 0. 1 acji mii-~JIDITWn~rr 1 

SEP 2 9 2008 . ., .. ~ 

IL Environmental P'ro«icut,n Ag~ncy 
124 Philpott Lane • Raleigh County Airpon Industrial Park • Beaver. WV 258 13-9502 • TELE: (304) 255-0491 • F~/'tllEtiJONAL. OP/tJCI£ 
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Mr. Scott Fowler 
ILLINOIS DEPARTMENT OF NATURAL RESOURCES 
OFFICE OF MINE AND MINERALS 
Page2 
September 24, 2008 

acre for impoundments to be functional in excess of three (3) years. The sediment 
ditches as designed do not provide adequate volume to meet these criteria. 

The Applicant should revise the sediment control plan to include sufficient detention 
and sediment storage volume in accordance with the above guidelines to insure 
compliance with 62 Ill. Adm. Code 1784.13(b)(9) as it pertains to effiuentcontaminant 
concentrations. It is also noted that the fl.ow from the internal drains should be 
considered and addressed in the revised impoundment designs. 

The sediment control structures or "sediment ditches" are in actuality elongated 
sediment ponds. These structures in series we believe will provide better 
sediment control than one large structure. Calculations have been included that 
show a minimum average detention time of 8 hours for runoff from a I 0-year, 24-
hour precipitation event, plus a sediment storage volume of 0.1 ac-ft per disturbed 
acre has been provided. 

The flow from the internal drains is insignificant compared to the required volume 
for the sediment control structures. These drains are designed to control the 
phreatic level in the dam embankment to a level which increases slope stability. 
The drains may weep some flow into the sediment control structures but no 
substantial flow is anticipated. Page 45 of the original permit application 
estimates the flow from the drain to be 0.3 gpm/day/lf. 

b. Disposal of accumulated sediments from sediment ditches was not discussed in Part 
JV(7)(G) of the application. Since sediment collecting in the ditches will be affected 
by refuse, a discussion should be provided regarding proper disposal of this material. 

The Applicant should submit a plan for sediment ditch cleanout material disposal that 
will comply with 62 Ill. Adm. Code 1817-81 (a)(l) and prevent contamination of 
surface water. 

Accumulated sediments from sediment control structures will be disposed of in 
the coal refuse disposal impoundment. This has been added to Part IV(7)(G) on 
Page No. 23. 

c. Appropriate design information to comply with 62 Jll. Adm. Code 1817.49(c),for the 
discharges from Outfall O 11 does not appear to have been provided The Applicant 
should provide design information for a 25-year, 6 hour precipitation event/or 
discharges from Outfall 011. The Applicant should also note additional design 
information required by Item No. 3(c) below. 

Design information for a 25-year, 6 hour precipitation event for discharges from 
Outfall O I I had been provided. 
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d. The location of the decant pipe depicted on Drawing No. B07-038-lvf6 appears to be 
at an elevation o/520 MSL with aflow path down the side slope of the embankment 
which does not appear to be a designed channel. The Applicant should provide design 
information to demonstrate that all flow paths and channels are adequate to safely 
convey the discharges from the decant pipe to an appropriately designed sediment 
ditch. In addition, areas that may be subject to erosion due to concentrated flows, 
such as the flow ji·om the decant pipe, should be identified on an appropriate map or 
drawing, and a detailed discussion of erosion measures should be provided regarding 
such areas. 

The refuse disposal facility has been completely redesigned and this comment is 
no longer applicable. 

3. Complete plans and designs for proposed Outfall O 11 from the sediment ditches do not 
appear to be provided in the application. The following iriformation should be provided for 
proposed Outfall 011 to insure compliance with 62 Ill. Adm. Code 1817.42. 

a. Sulfate concentrations of 200 mg/! as estimated in the Schedule 1 (submitted in 
correspondence dated September 12, 2007) are not likely to be representative of 
concentrations expected in runoff from coal refuse. The Applicant should review this 
estimate ·with consideration of the effects of drainage ji·om coal refuse and 
under drains. 

The sulfate concentration has been revised and a revised Schedule A is included. 
The revised concentration has been revised based upon previous monitoring 
reports and a review of a permit application that proposed a pond as sediment 
control for a refuse disposal area. 

b. As the unaffected receiving stream watershed upstream of Outfall OJ 1 consists of only 
approximately 16 acres which appears insufficient to provide beneficial mixing, the 
permit effluent limit will be established equal to the sulfate water quality standard. 
Therefore, to determine the applicable sulfate water quality standard, three (3) 
samples of the effluent from a similar discharge will be required to be analyzed/or 
hardness, sulfate and chloride. It appears that discharges ji·om Pond 006 which 
receives flow ji·om the south refuse area may likely be similar to the discharges 
expected fi·om proposed Outfall 011 and would be acceptable for the required 
analyses. 

Please refer to the attached three samples taken from Outlet 006. 

c. In general, in accordance with 62 Ill. Adm. Code 1817.49, the sedimentation ditches 
are to be designed with a treatment volume adequate to provide an 8-hour detention 
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time for a I 0-year, 24-hour precipitation event, with a discharge structure capable of 
safely discharging the flow from a 25-year, 6-hour precipitation event as discussed 
and required in Item No. 2(c) above. However, as impounding structures and 
drainage control structures in the watershed of the sediment ditches and Outfall OJ I 
requires designs to safely convey the flow from a I 00-year, 6-hour precipitation event, 
the Applicant should also provide design information for this precipitation event to 
demonstrate that the sediment ditches and discharge structure (Outfall O 11) are 
adequate to safely convey this flow. 

Calculations to demonstrate that the sedimentation ditches are designed with a 
treatment volume adequate to provide an 8-hour detention time for a I 0-year, 24-
hour precipitation event, with a discharge structure capable of safely discharging 
the flow from a I 00-year, 6-hour precipitation event have been included. 

d. The Antidegradation Assessment for the modified NP DES Permit to incorporate 
proposed Outfall O 11 for this facility will require "Assessments of Alternatives for 
Less Increase in Loading or Minimal Environmental Degradation". Therefore, a 
detailed alternatives analysis is required for the proposed increase in loading fi·om 
proposed Outfall O I I. This alternative analysis should include a detailed discussion 
of all alternatives considered to the proposed discharge, and the justification for the 
option selected. In order that all reviewers have this information available, the 
Applicant should submit the required Alternatives Analysis with the modification 
responses. 

A detailed alternatives analysis has been included for the proposed increase in 
loading from proposed Outfall O 11. 

4. Additional groundwater monitoring and reporting for the proposed refuse area will be 
required as follows: 

a. Monitoring Well No. GW-6 may be abandoned as requested; however, a new well 
should be constructed north of the current Well No. GW-6 location and south of 
Refuse Disposal Facility No. I. The new well should be finished at a lower 
elevation within the water bearing zone in order to obtain up-gradient water 
quality data. The Applicant should commit to constructing this replacement for 
Well No. GW-6 in the described location. 

A new well (GW-8) has been constructed northwest of the current Well 
No. GW-6 location and south of Refuse Disposal Facility No. I as shown 
on Drawing No. B05-330-M8. This well replaces Well No. GW-6. The 
new well is finished at a lower elevation within the water bearing zone in 
order to obtain up-gradient water quality data. 
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b. The Applicant should commit to installing three (3) additional monitoring wells 
for the Refuse Disposal facility No. 2 expansion as follows: 

i. A well should be located just north of the waterway on the west side of the 
disposal area. 

ii. A well should be located west of the area where the northern and southern 
portions of the disposal area meet. 

iii. A well should be located on the northern side of the area approximately 
25 0 feet west of the northeast corner of the disposal area. 

The wells described above should be located 30-35 feet from the edge of the 
impoundment and screened in the first water bearing zone beneath the elevation 
of the bottom of the refuse disposal area. 

Three (3) additional monitoring wells for the Refuse Disposal Facility No. 2 
expansion will be provided as follows: 

i. A well will be located just north of the waterway on the west side of the 
disposal area. 

11. A well will be located west of the area where the northern and southern 
portions of the disposal area meet. 

111. A well will be located on the northern side of the area approximately 250 
feet west of the northeast comer of the disposal area. 

These wells will be located approximately 30-35 feet from the edge of the 
impoundment and screened in the first water bearing zone beneath the 
elevation of the bottom of the refuse disposal area. The locations of the wells, 
GW-9, GW-10 and GW-11 are shown on Drawing No. B07-038-M8. 

5. The Applicant should modify the groundwater monitoring plan for Monitoring Well No. GW-5 
as well as the monitoring wells required in accordance with Item No. 4 above to include 
monitoring during six (6) separate sample events within one year(approximately bi-monthly) 
prior to the placement of refi,se for the inorganic parameters listed in Table A to establish 
background concentrations. Following completion of these background monitoring 
requirements, quarterly monitoring for the parameters listed in Table B should be proposed: 
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Antimony 
Arsenic 
Barium 
Beryllium 
Boron 
Cadmium 
Chloride 
Chromium 
Cobalt 
Copper 

Chloride 
Iron 
Manganese 

TABLE A 
Cyanide 
Fluoride 
Iron 
Lead 
Manganese 
Mercury 
Molybdenum 
Nickel 
Selenium 
Silver 

TABLEB 

Sulfate 
Thallium 
Total Dissolved Solids (IDS) 
Vanadium 
Zinc 
pH 
Alkalinity 
Acidity 
Hardness 
Static Water Levei 

Total Dissolved Solids (IDS) 
pH 

Acidity 
Hardness 

Sulfate Static Water Level 
Alkalinity 

The groundwater monitoring plan for Monitoring Well No. GW-5 as well as the 
proposed monitoring wells will be sampled during six ( 6) separate sample events 
within one year(approximately bi-monthly) prior to the placement ofrefuse for 
the following inorganic parameters: 

Antimony Cyanide Sulfate 
Arsenic Fluoride Thallium 
Barium Iron Total Dissolved Solids (IDS) 
Beryllium Lead Vanadium 
Boron Manganese Zinc 
Cadmium Mercury pH 
Chloride Molybdenum Alkalinity 
Chromium Nickel Acidity 
Cobalt Selenium Hardness 
Copper Silver Static Water Level 

Following completion of these background monitoring requirements, quarterly 
monitoring for the following parameters are proposed: 

Chloride 
Iron 
Manganese 

Total Dissolved Solids (IDS) 
pH 
Sulfate 

Acidity 
Hardness 
Static Water Level 
Alkalinity 
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6. A statistical representation of existing water quality must be established using the method 
outlined in Attachment 1 for Monitoring Well No. GW-5 as well as the monitoring wells required 
in accordance with item No. 4 above. This method should be used to determine the 95 percent 
confidence limit for each parameter. The Applicant should commit to submitting the results of 
the calculations within 90 days of completion of background monitoring. 

A statistical representation of existing water quality will be established using the 
method outlined below for Monitoring We11 No. GW-5 as we11 as the proposed 
monitoring. This method will be used to determine the 95 percent confidence 
limit for each parameter. The results of the calculations will be submitted to the 
Illinois Environmental Protection Agency within 90 days of completion of 
background monitoring. 

MONITORING WELL METHODOLOGY 

A. This method should be used to predict the confidence limit when single groundwater 
samples are taken from each monitoring (test) V-'.~ll. 

I. Determine the arithmetic mean ( X b) of each parameter for the background 
sampling period. If more than one background we!! is used, an equal number of 
samples must be taken from each well. 

_ X +X + ... X 
v _ 1 2 n ,,-

n 

X b = Average background value for a given chemical parameter 

X,, - Background values for each sample 

n = Number of background samples taken 

2. Calculate the background variance (Sb2) and standard deviation (Sb) for each 
parameter using the values CXn) from each background sample of the wcll(s) as 
follows: 

3. Calculate the upper confidence limit using the following formula: 

CL= X t ± t.JXb +t1 +1/n(S0 ) 

Where: 

CL= upper confidence limit prediction 
(upper and lower limits should be calculated for pH) 

r = one-tailed t value at the required significance 
level and at n•l degrees of freedom from Table I 
(a two•tailed t value should be used for pH) 

4. If the value of any routine parameter for any monitoring \-Veil exceeds the upper 
confidence limit for that parameter, the permittee shall conclude that a statistically 
significant change bas occurred at that we!!. 
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5. For background values that are less than the 1'1ethod Detection Limit (MDL), a 
value of one-half (1/2) the MDL shall be substituted for each background value 
that is reported as less than the MDL. All other computations shall be calculated 
as given above. 

B. If all background. values are less than the MDL for a given parameter, the Practical 
Quantitation Limit (PQL), as given in 35 m. Adm. Code Part 724, Appendix I, shall be 
used to evaluate data from monitoring wells. If an analytical result from any monitoring 
well exceeds two (2) times the PQL for any single parameter, or if it exceeds the PQLs for 
two or more parameters, the permittee shall conclude that a statistically significant change 
has occurred. 

Table 1 
Standard T-Tables Level of Significance 

t-values t-values 

Degrees of freedom (one-tail) (two-tail)* 
99% 95% 99% 95% 

4 3. 747 2.132 4.604 2.776 

5 3.365 2.015 4.032 2.571 

6 3.143 1.943 3.707 2.447 

7 2.998 1.895 3.499 2.365 

8 2.896 l.860 3.355 2.306 

9 2.821 1.833 3.250 2.262 

10. 2.764 l.812 3. 169 2.228 

11 2.718 1.796 3.106 2.201 

12 2.681 1.782 3.055 2.179 

13 2.650 l.771 3.012 2.160 
14 2.624 1.761 2.977 2.145 
15 2.602 I.753 2.947 2.131 

16 2.583 I.746 2.921 2.120 
17 2.567 1.740 2.898 2.1 IO 
18 2.552 I.734 2.878 2.101 

19 2.539 1.729 2.861 2.093 

20 2.528 l.725 2.845 2.086 

21 2.518 1.721 2.831 2.080 
22 2.508 l.717 2.819 2:074 

23 2.500 l.714 2.807 2.069 

24 2.492 1.711 2.797 2.064 

25 2.485 l.708 2.787 2.060 
30 2.457 1.697 2.750 2.042 

40 2.423 l.684 2.704 2.021 

Adopted from Table Ul of"Statistical Tables for Biological Agricultural and Medical Research" 
(194 7. R.A. Fisher and F. Yates). 

*For pH only when required. 
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7. The Applicant should provide technical justification for allowing the planned subsidence 
associated with long wall mining beneath the proposed refuse disposal areas at this facility. 
This discussion should address in detail the affects of subsidence on the permeability of the 
foundation soils. 

The timing of the mining in relationship to construction and elimination of the 
impoundments is shown on Drawing No. B05-330-E38, contained in Volume 4 of 
5. Calculations for the underdrain and subsidence effects calculations are 
contained on Page Nos. 59-91, horizontal strain due to subsidence calculations are 
contained on Page No. 98, piping and cracking potential of foundation soil and 
coarse coal refuse due to subsidence calculations are contained on Page Nos. 99-
119, all contained in Appendix B of Volume 4 of 5. A report entiiled "Prediction 
of Grow1d Movement Parameters Due to Longwall Mining During Different 
Phases oflmpoundments" by Syd. S. Peng dated March 2008 is contained in 
Appendix H contained in Volume 4 of 5. Measures for mitigation of the effects 
of mining subsidence on the darn embankment and foundation are included in 
Section 3 .1 on Page Nos. 2 and 3 of the Engineering Report. A "flowability 
analysis" of the fine coal refuse at abandonment is contained in Volume 5 of 5. 

8. As longwall mining with planned subsidence beneath the existing refuse disposal area would 
threaten the integrity of the existing impoundment, such mining is prohibited by the Agency. The 
Applicant should modify the underground mine plan for the area beneath the existing refuse 
disposal are to eliminate the longwall mining in this area. 

The plan has been modified slightly since the original submittal to minimize 
potential impacts of mining. The sequence of construction will be from South to 
Center Cells to North Cell rather than South Cell to North Cell to Center Cells. 
The North and Center Cell configuration have changed but the overall concept 
remains the same. It should be noted that the two most southerly cells, Phase 2 
and 3 will have been constructed, filled with fine coal refuse and abandoned by 
filling the pool area with coarse coal refuse prior to mining beneath the 
abandoned structures. The northern most cell will not be constructed until the 
longwall mining is completed beneath the area where it is to be constructed and 
subsidence has occurred. Drawing No. B07-038-E38 entitled 
"Mining/Impoundment Construction" has been included which depicts the 
individual phases of construction sequentially and the timing of the mining. 

The following is a description of the phases of construction in relation to the 
mining and mitigative measures. 

Phase 3 - This impounding embankment of Phase 3 will be completed and slurry 
pumping into the impoW1dment will be completed before mining beneath the phase 
occurs. The Phase 3 impoW1dment will be capped before undermining occurs. Based on 
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subsidence predictions, the internal drainage system for the embankment has been 
redesigned to continue to function post-subsidence. Any disruption of surface drainage 
features due to subsidence will be repaired. 

Phase 4 - Phase 4 is an intermediate phase in preparation for the construction of Phases 
5, 6, and 7. No slurry will be pumped into Phase 4 and no internal drainage features are 
included in this phase. Undermining of Phase 4 will occur shortly after its construction. 
The embankment and pool area of this phase will be examined for subsidence cracks and 
repairs will be made as needed. It is anticipated that when slurry pumping begins in 
Phase 7 any undetected subsidence cracks in the Phase 4 embankment and foundation 
will be sealed by the slurry. This Phase will be buttressed to the south by Phase 3, which 
will be already completed and full of slurry; by Phase 6 to the east and west, which will 
be built post-subsidence; and by Phase 5 to the north, which will be also built post
subsidence. 

Phase 5 - Phase 5 will be built post-undermining and the pool and embankment 
foundation area will be examined for subsidence cracks and repairs will be made as 
needed prior to construction. As previously stated, it is anticipated that the slurry will 
seal any undetected cracks. Phase 5 will be buttressed to the south by Phase 4. Phase 5 
will contain an internal drain. This phase is predicted to be pumped full 22 months after 
construction starts (provides 17 months of slurry pumping). 

Phase 6 - Phase 6 will be built post-mining and the embankment foundation area will be 
examined for subsidence cracks and repairs made as needed prior to construction. Phase 
6 buttresses Phase 4 and an underdrain will be installed in this phase. No slurry will be 
pumped into Phase 6. 

Phase 7 - Phase 7 will be built post-mining. Phase 7 A will partially cap and consolidate 
the slurry in Phase 3. Phase 7B will provide a lining/buttress between the Phase 7 pool 
and the potentially cracked Phase 3 embankment (Phase 3 will be undermined after it has 
been pumped full of slurry). The remainder of Phase 7 will sit on top of the previously 
constructed Phases 4, 5, and 6. Phase 7C will finish covering and consolidating the slurry 
contained in the Phase 3 embankment. As previously stated, it is anticipated that the 
slurry will seal any undetected cracks not detected and repaired during Phases 4 and 6. 

The horizontal strain map, Drawing No. B05-330-M42, included in this report shows the 
areas that are most susceptible to cracking and which will be given special attention for 
the detection and repair of subsidence cracks. Areas considered susceptible to subsidence 
cracking are those predicted to have surface horizontal tensile strain of 0.1 percent or 
greater. 

Examination of the subsidence prediction study data shows that horizontal strain and 
vertical subsidence values do not change significantly when mining occurs in a longwall 
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panel adjacent to a previously mined panel directly beneath a phase undergoing 
construction. Overlapping subsidence and strain profiles should have negligible impact 
on ongoing construction. 

The coarse coal refuse fill to be used in all phases of construction is broadly graded and 
should be less susceptible to cracking than earthern materials traditionally usually used in 
dam construction. Comparison of the gradation curves of the foundation soil and coarse 
coal refuse indicates that they do not fall into the most critical range for cracking (see 
Fig. 2.3:6 adopted from "Design of Earth and Earth Rock Dams", Sherard, eta!, 1963, and 
the gradation curves for the foundation soil and coarse coal refuse contained in .... of this 
report). Based on Table 2.2.1 contained in Sherard, on a scale of I (highest) to 8 
(lowest), the foundation soil has a piping resistance of (2, high) and the coarse coal refuse 
has a piping resistance of (3, intermediate). 

Slurry discharge lines will be moved around the interior perimeter of each impoundment 
phase to maintain a delta against the slope and aid in sealing any embankment and 
foundation cracks not discovered by visual observation and sealed. 

Subsidence crack repair of the foundation and the Phase 4 embankment will consist of 
excavation of the areas containing cracks to a depth of at least four feet, proof rolling the 
areas, and backfilling and sealing the areas with a compacted coarse coal refuse seal 
placed to the compaction standard in the Guideline Technical Specifications. In the 
unlikely event that extensive, deep cracking is discovered, a slurry trench or cutoff trench 
will be extended to bedrock through the affected areas. The trench will be located 
beneath the underdrain alignment for Stages 5 and 6. If it is discovered that a slurry or 
cutoff trench is needed, a specific design will be submitted for approval prior to its 
construction. 

The Phase 4 embankment is the only embankment subject to subsidence cracking prior to 
slurry pumping. Before the construction of Phase 6, the Phase 4 embankment will be 
examined for cracking and any areas containing cracks will be excavated to a depth of at 
least 4 feet and sealed with compacted coarse coal refuse. Any additional cracks 
discovered after slurry pumping begins during Phase 7 will be sealed by directing the 
slurry into the pool adjacent to the cracks. 

Phase 6, a wide zone of embankment, will be constructed post-mining by the downstream 
construction method on the east and west sides of Phase 4. It would serve as a "crack 
stopper" for any undetected cracks which may develop in the east and west sides of the 
Phase 4 embankment. The Phase 4 embankment will be buttressed on the north side by 
the Phase 5 embankment and impoundment. Phase 7 will be constructed partially on top 
of Phase 4, the resulting additional consolidation should aid in closing any cracks in the 
Phase 4 embankment. Likewise, the construction of Phases 6 and 7 should cause 
consolidation which should aid in closing any cracks in the underlying foundation soil. 
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The Stage 5 and 6 embankment underdrains have been redesigned to lower them as 
closely as possible to the predicted subsided original ground surface and still maintain 
gravity outlets. Neglecting the flow capacity of the gravel, the perforated collection pipes 
are designed to have a flow capacity safety factor of five or greater. The use of a safety 
factor of five for the collection pipe is felt to be justified as the entry of seepage water 
into the gravel drain envelope has a safety factor in excess of ten and the collection pipe 
is an engineered material which will be installed in a controlled fashion. 

A subsidence monitoring plan which includes subsidence monument locations, reading 
schedules has been included in Appendix F, the rate and magnitude of vertical and 
horizontal movement will be recorded. The location of subsidence monuments are 
shown on Drawing No. B05-330-M36. 

9. Pursuant to 35 Ill. Adm. Code 620.450(b)(4)(C), groundwater underlying a coal refuse 
disposal area may be deemed Class IV; however, Class II standards will apply outside the Class 
IV zone. The Applicant should provide contingency plans for the following: 

c. In the event that groundwater quality in private wells in the area is adversely 
impacted by a release of contaminants from the refuse disposal area, the 
Applicant should include the replacement source for private well owners. 

In the event that groundwater quality in private wells in the area is 
adversely impacted by a release of contaminants from the refuse disposal 
area, a replacement well will be drilled or public water will be provided by 
the Applicant. The replacement water will be of at least equal quality and 
quantity. 

d. The Applicant should provide a plan to minimize the impact to on-site 
groundwater in the event there is a release of contaminants ji·om the refuse 
disposal area, and propose a plan for preventing off-site migration of 
contaminants should such a release occur. 

Internal drains will be installed to minimize the phreatic surface inside the 
embankment. This water will be collected and discharged into the series 
of sediment structures around the impoundment. The groundwater 
monitoring wells will be used to monitor the migration of contaminants. 
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J 0. Pursuant to 62 ill. Adm. Code 1817.49(a)(2), a registered professional engineer's seal is 
needed for the responses to the above items. 

An Engineer's Certification is provided. 

Should you need any additional information, please do not hesitate to contact us. 

Sincerely, 

~1/~ 
Principal Engineer 

SMS/CEY:wmb 
Enclosures 

FILE: 07038-26 
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CHEMICAL ANALYSTS & C'ONSL'LTANTS 

CLIENT: 
PDL: 
SAJ\lPLE rn: 
DA TE SAl\.'IJ'LED: 

Mach Mining 
13172--1 
Stream Prior To Pond #6 Discharge 
01--05--()8 

REPORT DA TE: 
COI\-1ME:-.T: 
SAl\1PLED BY: 
DATE RECEIVED: 

TEST DESCR!PT!O"I RESULT I UNITS DETECTION METHOD 
l.lMfT 

Sul fat-es /98 mg:'L J.(J 375.4 
Chloridc,s 95 mg:'L 325.3 
Him:.im.·s.s. Total 336 mg:'L 0.1 130,2 

P.O. Bn:-.. JOD2 
20[1 En.s1 L·nion Stn?c! 
~'lanon, lll1t11)ls 6295<J 
Phon..: i{,l8J 997 42l)0 

F,u, f 61 SI 997 _q:!()J; 

Website: ww,, ,c;umrniter~,·im.cnm 

01--08--08 
Surface Wmer 
Client 
01--07--0& 

DATE/ 
ANALYST 

01--07-0S Bi-l 
01-07-08 BH 
Ol-07--0S B!l 
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SUJVIlVIIT 
ENVIRON1·'IENTAL 
SERVICES, Il'-JC. 

CHEMICAL ANALYSTS & CONSULTANTS 

CLIENT: 
l'DL: 
SAMPLE ID: 
OATE SAMPLED: 

TEST DESCRlPTlON 

Sulfates: 
Chlorides 
Kardness, Total 

Mach tvfining 
13172-2 
Stream Prior To Pond #6 Discharge 
0 J .()(,-08 

RE.PORT DA TE: 
COMMENT: 
SAMPLED BY: 
DATE RECEIVED: 

RESULT UNITS DETECTJON METHOD 
LIMIT 

no mg/l. I.U 375.4 

136 mg/L .1!5.3 

352 rng/L (l.l 130.2 

P.O. Hn:-.. Ii)(}~ 

lfJ() Eas.1 Unior1 S1rccl 

!i.hlri<.~n. lllintJi,') 62959 
Phone f618)997 9200 

F:,x r6!8; 997-92114 

01-08-08 
Surface Wa,cr 
Client 
OJ-07-0& 

DATE/ 
ANALYST 

(J 1-07-08 Bl-I 
01-07-08 HH 
01-07-\lS BH 
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':;'.' ":;"H:~ Sillvil\fIT 
,. • \;,zi'fJ~\ ENVIRO NivIBNTAL 
· -- SERVICES, It-JC. 

------------------· 
CHEMICAL A:-:ALYSTS & COJ\SULTANTS 

CLIENT: 
PDL: 
SAJ\·IPLE JT}: 
DA TE SAl\IPLEI): 

TEST DESCRIPTION 

Sulfates 
Chlorides-
Hardnc!::s.. 1 m-i!1 

l'v!ach 1vlining 
13172-3 
Stream Prior To Pond #6 Discharge 
o:-Oi-08 

REPORT DA TE: 
COMIVTENT: 
SAMPLED H\': 
DA TE RECEIVED: 

RESIILT llNlTS DETECl'IC!N METl!Ol) 
I.IMrt ·-·~-~--·-

638 mg:'L 1.0 37S,4 

61 mg:L 325.3 
::,w mg.:'L O.i 13il.1 

P.O. Bnx IOC'r~ 
:?00 E;::.s-1 Union Stret'l 
htrmon, fllinnis. 6:'.!959 
Phone i6!8-) 997~Q]O(i 

ht:\ i-6!8.,19'·fl~920-I-

0 l-08-08 
Surface \:'\later 
Client 
01-07-08 

. DATE/ 

ANAL \'ST 

01-07 ,01; Bil 
O l-07-li& fill 
0 I .()7.{)8 BH 
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STATE OF ILLINOIS 

ENVIRONMENTAL PROTECTION AGENCY 

Subject: Williamson Energy, LLC - Pond Creek Mine 

Data: Log No. 0369-08 

Reviewed by: D. Maschhoff Date: 3/3/15 

Page 1 of 1 

Log No. 0369-08 ⇒ IBR No. 14 to OMM Permit No. 375 
-------------------------------------------------------------------------------------------

Log No. 0369-08 

• IBR consisting of 3.57 acres located in Section 9, Township 8 South, Range 4 
East, Williamson County. 

• Two (2) boreholes will be drilled and a vertical pump will be install to ensure no 
mine water has blocked the mine ventilation. 

• The pump discharge pipeline will be buried and will connect to a pipeline located 
along the railroad spur right-of-way. 

• The vertical pump will pump mine water to an existing buried waterline. 
• A sediment pond exemption is requested for this permit area. Silt fence and/or 

straw bales will be placed for drainage control. 

* Action: Reference IEPA Log No. 0369-08 in renewed and modified 
NPDES permit for additional 3.57 acres for the installation of a vertical pump, a 
concrete borehole and buried waterline. 
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Illinois Department of 
Natural Resources 
One Natural Resources Way• Springfield, Illinois 62702-1271 
http://dnr.state.ii.us 

Michael J. Beyer 
Williamson Energy, LLC 
P.O.Box99 
Johnston City, IL 62951 

Re: Permit No. 375 
Incidental Boundary Revision No. 14 

- ., Dear Mr. Beyer: 

December 30, 2008 

\!\~\=_ 

~ J~fo-'b1~01 

Rod R. Blagojevich, Governor 

Sam Flood, Acting Director 

The appropriate Department technical staff have reviewed the proposed incidental boundary 
revision dated September 19, 2008 submitted by Williamson Energy for Pond Creek Mine, · 
Permit No. 375. The request would add 3.57 acres to conduct surface coal mining activities. 
The additional acres would be used for a water recovery borehole and associated facilities. 

The Department finds Williamson Energy has demonstrated in its request, and field inspections 
by the Department's field representative have confirmed that these areas (total of 3.57acres) meet 
the requirements for an incidental boundary change as outlined in 62 Ill. Adm. Code 1774.B(d). 
Section 1774.13(d)(6) publication requirements have been met. 

The fee for the area will be $89.25. The fee is comprised of $0 for surface mining area 
($125/acres x 0 acres) and $89.25 ($5/acres x 3.57 non-surface mined acres x 5 years). 

The bond for the area will be $35,449.00 Copies of bond form SCML-2 have been enclosed for 
your use. For additional bonding and other forms, please contact this office or download a copy 
from the web at: www.dnr.state.il.us/mines/lrd/forrils.htm. Please note many forms have been 
modified. Only the most current versions will be accepted. 

Upon receipt by the Department of the fee and bond, plus forward two copies of your request 
letter and map(s) to Ronald Morse, Illinois Environmental Protection Agency, 2309 West Main 
Street, Marion, Illinois 62959, mining activities on these 3.57acres may commence, following 
Department approval. 

!ID~1m11'~'.,,;.,,' \~Lt,, 
. . 
JAN~ 22009 

IL ~~ental Pro,~"""', ,1Qon~; 
"ll'fnfVf' REGIONAL OFFICE 
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Mr. Larry Crislip '': 1 

ILLINOIS ENVIRONMENTAL 
PROTECTION AGENCY 
Mine Pollution Control Program 
2309 West Main Street 
Suite 116 
Marion, IL 62959 

September 19, 2008 

I•, 

Request for Incidental 

0 068·/08 
~ &~--}0-~1-()~ 

~ ~ ,.. UI/, 'r !1' -,~ 

J ·: t 1, ,•!ctl _.r,11l;,, .. )'' 

. . '.'l 

·. · ,;.\1l, 
• : • ;11., , :. ) 

• Boundary Revision for 3.57 Acres 
Williamson nergy LLC - Permit No. 375 

Pond Creek Mine No. 1 
Williamson County, Illinois 

Dear Mr. Crislip: 

' . ' Williamson Energy LLC, is submitting two copies of a 3.57 acre non-contiguous incidental boundary revision to add a water ecovery borehole site and infrequently used access.road. Please refer to the enclosed incidental boundary revision form, narrative, revised reclamation estimate spreadsheet and associated maps. 

Please be advised that an original and two copies of this IBR application has been sent to IDNR. 

If you have any questions, or require additional information, please contact us. 

Respectfully submitted, 

WILLIAMSON ENERGY, LLC. 

James Plumley 
Engineer 

SMS:wmb 
Enclosures 

cc: Steve Supthin, Alliance Consulting, Inc. w/enclosures 

FILE: 07363-02 

'TT5} ffil-~ n~ rnw·1 ;l!1fm
1 LK\Jb~~.,_}. \,; .. /~ J!J 

~ SEP 2221m ·. 

IL Erwironmsntal Protection Agency 
MAAION REGIONAL C,,,.,1(2 
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PART I 

State of Illinois 
Department of Natural Resources 

Office of Mines and Minerals 
Land Reclamation Division 
One Natural Resources Way 
Springfield, IL 62702-1271 

APPLICATION FOR SURF ACE COAL MINING AND RECLAMATION OPERATIONS 
INCIDENTAL BOUNDARY REVISION IBR-1 

DATE: ______ 9~-~1~8-~0~8 _____ _ 

NOTICE : This state agency is requesting disclosure of information that is necessary to accomplish 
the statutory purpose as outlined under Ill. Rev. Stat. 1987 Ch. 96 1/2, par. 7901.01 et seq. Disclosure of this 
information is voluntary, however failure to comply may result in this form not being processed. This form has been 
approved by the Forms Management Center. 

1) A) General Information 

(l)(We)(The) _ _;Wc.:...=il=li=am=so=n-=-E=n=e=r=g.,_y-=L=L=..:C"------------------
(Name of Company, Corporation, Partnership or Individual) 

P. 0. Box 99, Johnston City, IL 62951 (618) 983-3020 
(Address) (Telephone Number) 

hereby submit application for an Incidental Boundary Revision to Permit ___ 3_7_5 __ 

Name of Mine Pond Creek No. 1 

MSHA No. 81-0669143 

I, ___________ M~ i=c=h=ae=l~J'---'-.--=B~e=--y'--'e=r ______________ under penalty 
(vice president or his duly authorized representative under the existing permit) 

of perjury declare that all information provided in this application is true and correct to the best of 
my knowledge. 

CEO 

Surface Area: 
ADDITIONAL ACRES REQUESTED __ 3_._5_7_ EXISTING PERMIT ACREAGE 592.56 -=--"-==-''-----
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\ 
B) Indicate the type of disturbance and associated acreage. 

2) A) 

Type of Disturbance Existing Permit !BR 

Area Stripping 20.13 0 

Mine Waste Areas 277.39 0 

Processing Areas 
& Support Facilities 117.20 3.57 

Access, Haul Roads 
& Transport Facilities 18.16 0 

Soil Storage Areas 59.18 0 

Diversions 32.85 0 

Coal Recovery 
(Gob & Slurry) 0 0 

Other 30.46 0 

Not to be Disturbed 37.19 0 

Provide name and address of every legal or equitable owner of record of the !BR 
area. 

Total 

20.13 

277.39 

120.77 

18.16 

59.18 

32.85 

0 

30.46 

37.19 

RESPONSE: Williamson Development Company LLC, P.O. Box 99, Johnston City, IL 62951. 

B) Provide name and address of the owner ofrecord for all surface and subsurface areas 
contiguous to any part of the proposed !BR area. 

RESPONSE: Refer to Attachment Part I.2.B. 

C) Show location ofowners ofrecord of those lands, both surface and subsurface, 
included in or contiguous to the !BR area on premining land use map or another 
map, if necessary. 

RESPONSE: Refer to Map 6 S.F. 

3) Provide name and address of any holder of record of leasehold interest for the !BR area. 

RESPONSE: Refer to Attachment Part I.3. 

4) Affidavits, Certifications 

A) Complete affidavit regarding applicant's legal right to enter and begin surface coal mining and 
reclamation operations in the !BR area and whether that right is the subject of pending litigation. Identify 
the documents upon which affidavit is based by type and date of execution and identify specific lands to 
which each document pertains and explain the legal rights claimed by the applicant (1778.IS(a)). If the 
private mineral estate to be mined has been severed from the private surface estate, provide copies of the 
documents required under Section 1778. IS(B)(l )-(3). On the permit map or other designated map show 
the boundaries of land within the permit area upon which the applicant has the legal right to enter and 
begin surface mining activities. 
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RESPONSE: Refer to Attachment Part I.4.A. 

B) Complete certification for engineering aspects of the application. In addition to the general certification, 
three specific certifications are included which are applicable only if the box in front of each is marked. 
The first two cover special permit requirements and should be marked only when they occur for the 
proposed permit. The third certification covers the Illinois Environmental Protection Agency permit 
requirements. In most cases, an Illinois registered engineer will be required to certify !EPA permit 
requirements. Except as otherwise provided all maps, plans and cross-sections included in the permit 
application shall be prepared by, or under the direction of, and sealed by a qualified registered 
professional engineer licensed under the Illinois Professional Engineering Act, a qualified registered 
structural engineer licensed under the Illinois Structural Engineering Act or if authorized by state law, a 
qualified registered professional land survey or licensed under the Illinois Land Surveyors Act with 
assistance from experts in related fields. 

RESPONSE: Refer to Attachment Part I.4.B. 

5) Areas Designated Unsuitable for Mining 

A) Does proposed !BR area include --

(I) Lands within boundaries of the National Park System, National Wildlife Refuge System, National 
Recreation Areas, etc. [Section 1761.l l(a)]? 

Yes _____ No -~X'------

(2) National forest land? 

Yes ____ No _ _,__X,_ __ 

(3) Any land which will adversely affect any publicly-owned park or places included in or eligible for 
listing in the National Register of Historic places, etc. [per 62 Ill. Adm. Code 1761.1 l(a)(3) or Section 
10, (B)(C) of the SCM-1? 

Yes _____ No _ _,__X,_ __ 

If yes, complete Part II, Section 10, (B) & (C) of the SCM-1 or the UCM-1 Application. 

(4) Any public roads which are to be removed, relocated or temporarily closed? 

Yes _____ No _ _,__X,_ __ 

Indicate on the pre-mining land use map or other designated map the location of the public roads 
and attach a copy of the written agreement from the appropriate authority authorizing the relocation, 
removal or temporary closure. Describe the measures to be used to insure that the interest of the 
public and land owners affected will be protected. 

B) Will proposed !BR area be located --

(I) Within 100 feet of the right-of-way line of any public road? 

Yes X No ____ _ 

If yes, explain proposed procedure for complying with regulation section 1761.11 ( d), 
including request for variance, ifrelevant. Provide location of public roads on pre-mining 
land use map or other designated map. Describe the measures to be used to insure that the 
interest of the public and land owners affected will be protected. 
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RESPONSE: Waiver from County Highway Department Attached. 

(2) Within 300 feet measured horizontally from any occupied dwelling? 

Yes ____ No_~X~--

If so, is waiver provided meeting requirements of Section 1761.15? 

(3) Within 300 feet measured horizontally of any public building, school, church, community or 
institutional building or public park? 

Yes ____ No_~X~--

(4) Within 100 feet measured horizontally ofa cemetery? 

Yes _____ No -~X~--

C) Are valid existing rights (per 1761.11) claimed for any part of the !BR area? 

Yes _____ No -~X~--

If yes, provide documentation to substantiate claim. 

D) Provide a draft copy of the proposed newspaper notice and name of local newspaper of general circulation 
in which advertisement of the application will be published, per 62 lll. Adm. Code 1774.13(d)(6). 
Certification of publication is to be furnished to the Department and must be received prior to Department 
approval of the !BR. 

RESPONSE: Refer to Attachment Part I.5.D. 
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Attachment I.4.A 

(I) (We) -----=-M=1=· c=h=ae=l--=-J-'-. B=-=-ey,J....;e=r ___________________ _ 
(Individual or Individuals) 

under penalty of perjury declare on behalfofthe applicant, Williamson Energy LLC 
that said applicant has valid documents which bestow upon the applicant a legal right to enter and commence surface 
coal mining and reclamation operations upon lands contained in the proposed IBR area, and such legal right is not in 
any way the subject of pending court litigation. 

Dated this - -~I 9~t=h _____ day of September 2008 

Signature /Title 
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Attachment 1.5.D. 

PUBLIC NOTICE 

Pursuant to the Surface Coal Mining Land Conservation and Reclamation Act (PA-81-1015, as 
amended) and the Rules and Regulations of the Act, Williamson Energy LLC, P.O. Box 99, 
Johnston City, IL 62951 hereby gives notice that on _________ 2008, a permit 
incidental boundary revision (IBR-1) has been submitted to the Illinois Department of Natural 
Resources, Office of Mines and Minerals, One Natural Resources Way, Springfield, IL 62702-1271. 
The IBR application is for 3.57 acres located in Williamson County., NE¼ SE¼ NW¼ of Section 
9, Township 8 South, Range 4 East, Williamson County, Illinois and along portions of the 
Thompsonville Road, as support area to Permit No. 375. 

Activities will include drilling two bore holes for concrete grouting. Construction of and 
infrequently used access road is proposed within 100' of the outside right-of way- of Thompsonville 
Road. 

Copies of the application for this permit request are available for inspection at the following 
locations: 

Copies of the application are on file with the Illinois Department of Natural Resources, Office of 
Mines and Minerals. Written comments concerning the operations should be addressed to the 
Office of Mines and Minerals, Land Reclamation Division at the address above, no later than 7 days 
from the date of this notice. 
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Attachment l.4.B. 

ENGINEERJNG CERTIFICATION 

I hereby certify the engineering design used in preparation of this application, attachments, and supplements was done 
by me or under my direct supervision. 

I further certify to the best of my knowledge all such design is in accordance with all applicable local, state and federal 
~~------- _____ Jaws,rules.and.regulations. lhaye __ pJ<1ced a.n."X".inJb.e.box __ !)_e!Q_!\'i.f_ tb_ii! ______ . 

item is relevant. 

0 Whereas the Reclamation Plan calls for an alternative land use, I also certify the plans to conform to applicable 
accepted standards for adequate land stability, drainage, vegetative cover, and aesthetic design appropriate for 
the post-mining use of the site. 

0 Whereas the operation proposes disposal of spoil or waste materials in areas other than mining workings or 
excavations, I also certify such fills are designed in accordance with recognized professional standards and all 
applicable laws. 

rn Certification of Illinois Environmental Protection Agency-35 111. Adm. Code 405. l 04(a) Permit. In my 
professional judgement, the plans and specifications submitted as part of this application describe an operation 
which will meet all applicable effluent and water quality standards. I certify that I am familiar with all of the 
plans, specifications, reports, and maps submitted as part of this application and that said plans, etc. are 
accurate insofar as they represent. existing conditions. \\\l~£<1!.1Hil1Brs,, 

#"~ 010 l:f..t •••• 
... i- .................. ~ }":.o"" .. 

Claudio E. Yon 
~ ·• .. ~~ : .... ~ ... ~ 

?° / 062..050632 \ ': 062-050632 
Illinois Registration Number (Seal) f; _,, ! LICENSED i :: 

:; . I PROFESSIONAL ; * : 
Name 

Alliance Consulting. Inc. 
Firm 

(304) 255-0491 
Phone Number 

124 Philpott Lane. Beaver. West Virninia 25801 
Address 

Date 

\ \ ENGINEER / f 
"'} ~,,., "o.- tt' .... eo ~ 
~~ .... .. ~0""' 
?~ -yxc.,.;~.u~ ... ~~ \~ ~I+,%' 

~,,,; II:' vf 11,.V ••• 
'lifJtt1UilJr:tfif: v, i>6 "'" 
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JAMES J. WEBB 
COUNTY ENGINEER 

SCOTT BARGER 
DESIGN E,..,GINEER WILLIAMSON COUNTY 

YVO~NE RICHERT 
OFFICE MANAGER 

HIGHWAY DEPARTMENT 

August 13, 2008 

Mr. James Plumley 
Williamson Energy, LLC 
P. O.Box99 
Johnston City, IL 62951 

Dear Mr. Plumley: 

MARION. ILLINOIS 62959 

1817 NORTH COURT ST. 

TELEPHONE: (618) 997-13( 
EXT. 145 

The Williamson County Highway Department hereby grants Williamson Energy, LLC permission to be within 100 feet of Thompsonville Road (FAS 1887), in Williamson County, IL for the purpose of constructing an infrequently used access road. · 
Please call if you have any questions. 

es . Webb 
o Engineer 

Williamson County Highway Department 
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PART II 

PREMINING INFORMATION 

Premining information is to be displayed on premining land use map unless otherwise indicated. 

I) Describe how the !BR area perimeter will be marked and discuss the method or system employed to locate 
permit area perimeter and set markers along it. Designate a reference point outside the !BR area if different 
then the original permit. Provide a description of the reference point and a sketch relating the reference point to 
the !BR area perimeter. 

RESPONSE: The perimeter of the permit area will be delineated by using PVC or metal post and 
the posts will be located within eye sight of one another. A reference point will be 
located at the approximately 1/2 mile south of the intersection of Locus Grove Road 
and Thompsonville Road. 

2) Explain and locate areas where the !BR is contiguous to an existing permit. 

RESPONSE: The IBR area will be located west side of the Thompsonville Road and 
approximately 1,500 feet south of the Locus Grove Bleeder Shafts on Permit 375. 

3) Give the acreages of each land use within the proposed !BR and existing permit area, employing land use 
categories of Section 1701.5 listed below, and delineate on premining land use map existing land uses in the 
proposed permit area and adjacent to it. Include on the premining land use map the location of all buildings and 
identify the current use of these buildings. 

4) 

Pre-Mine Land Use Existing Permit IBR Total 
Cropland 486.71 3.57 490.28 
Pasture land 0 0 
Grazing land 0 0 
Forestry 101.86 0 
Residential 2.55 0 
Industrial/Commercial 
Recreation 0 0 
Fish and Wildlife Habitat 0 0 
Developed Water Resources 1.44 0 
Undeveloped land 0 0 

Soils Information Map 

A) Does the submitted soils map represent a map developed by the National Resources 
Conservation Service (NRCS)? 

Yes X No ____ _ 

If no, explain. 

0 
0 

101.86 
2.55 

0 
0 

1.44 

0 

RESPONSE: Information previously submitted in UCM-1 application for Permit 375. 

B) Delineate on the soils map(s) the area which will incur actual mining (removal of overburden and/or 
deposition of overburden for the extraction of coal). 

RESPONSE: Information previously submitted in UCM-1 application for Permit 375. 
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C) Are any of the identified map units correlated as prime farmland by NRCS criteria? 

Yes X No _____ . 

If yes, explain and provide documentation to meet the requirements of Section 
1785.17, if a determination for grandfathering and/or negative determination is 
sought. If prime farmlands exist which will not meet the exemption criteria 
described above, the approved prime farmlands restoration plan must be followed. 

RESPONSE: Information previously submitted in UCM-1 application for Permit 375. 

D) Submit, by completing soils information chart, acreage totals of each map unit (soil type and slope 
classification) and land use capability classes in the !BR area and the percent slope range of each lettered 
slope classification used on the soil map. 

RESPONSE: Information previously submitted in UCM-1 application for Permit 375. 

E) Provide, by completing soil information chart, acreage for each of the map units of high capability land 
(including grandfathered and negatively determined prime farmland) and non-cropland capability land 
with respect to areas which will be mined and areas which will incur other forms of disturbance (i.e., 
roads, ditches, etc.). Identify and provide map unit acreage values, if any, for areas which will not be 
disturbed. 

RESPONSE: Information previously submitted in UCM-1 application for Permit 375. 

F) Are selected overburden materials proposed to be used in lieu of or as a supplement to the A-horizon? 

Yes ___ No._~X,_._ __ 

If yes, provide the appropriate information required under ] 780.18(b)( 4)/l 784.13(b )( 4). 
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PART III 

OPERATIONS PLAN 

1) Explain the proposed operation and why the !BR is needed. Locate on a mining operations map. 

RESPONSE: The purpose of this IBR is to permit an infrequency used access road and area for a 
water recovery borehole(s). In mining the permitted coal seam, the operation has 
mined through a low area and to insure that no mine water has block the mine 
ventilation, the mine operator is requesting to drill a hole(s) from the surface into the 
mine and install a vertical turbine pump(s). The drill site is being permitted large 
enough to drill two 18-inch boreholes, if needed. The pump discharge pipeline will 
be buried within the confines of the access road boundary. This pipeline will 
connect to a pipeline located along the railroad spur right-of-way. Each borehole 
will be approximately 530 feet deep and will be fully cased and grouted between the 
casing and the sides of the borehole. Upon abandonment, the boreholes will be fully 
grouted. 

2) Surface Drainage Control 

A) 1) Locate on the mining operations map or on a separate drainage map all proposed drainage control systems. 
Show drainage patterns of all affected mining areas. 

RESPONSE: Refer to the Surface Operations Map; Map 6 S.F. 

2) Will all surface drainage from the affected mining area be collected and treated prior to leaving the !BR area? 

Yes ___ No __ X~--

Ifyes, delineate how and where surface drainage will be collected and treated, and list permit numbers and 
type of permit that the drainage control systems are operated under. If above answer is no, explain how 
regulatory compliance will be achieved without treatment, i.e., address the requirements of 
1816.46( e)/1817.46(e ). 

B) Will all surface drainage from unaffected areas be intercepted and diverted around the affected mining area? 

Yes _____ No __ X~--

Ifno, please discuss. 

RESPONSE: 

C) Overland Flow Diversions and Sediment Ponds: 

Are either overland flow diversions or sediment ponds to be constructed? 

Yes ____ No __ X~--

Ifyes, complete applicable parts of the SCM-1 or UCM-1 Part IV (surface drainage control). 

D) Does a perennial or intermittent stream occur within the proposed !BR area? 
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Yes _____ No X 

If yes, is an exception to the 100 foot buffer zone being requested or is a stream diversion being proposed. For an exception to the 100 foot buffer zone, indicate how compliance with 1816.57/1817.57 will be assured. For a stream diversion, complete applicable parts of the SCM-1 or UCM-1. 

3) Roads and other activities: 

A) Are roads to be constructed in the !BR area? 

Yes ____ No_-'-'X~--

Ifyes, complete the applicable part of the SCM-lor UCM-1 (transportation facilities). 

B) If the operations involve other activities not specifically addressed above complete applicable parts of the SCM-1 orUCM-1. 

RESPONSE: Refer to Attachment III.3 .A. 

4) Are any existing structures proposed for utilization in the !BR? 

Yes _____ No -~X~--

lfyes, complete Part IV.4 of the SCM-1 or UCM-1. 

RESPONSE: Refer to Attachment III.3.A. 



R
17772

·~ .~ 

Map Key ID Owners Address City State Zip 

8407100-008 WILLIAMSON DEVELOPMENT CO, LLC 430 HARPER PARK DR SUITE A BECKLEY WV 25801 

f g -iv All I 2 A and BIAII L 2A 
?'-
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i\11liAa,-.)h-,o112B 

,,,,'\KCit-:._ ,-:\ .(',; ' .. J<C ~;;,:;~ ~ ~ ~ A080409-J09 MICIIAEL& RUTII MILLER• 567 SOUTH THOMPSONVILLE RD THOMPSONVILLE IL 62890 8409700-003 INDEPENDENCE LAND COMPANY, LLC' LEASE A080409·213 MICHAEL & RUTH MILLER• 567 SOUTH THOMPSONVILLE RD THOMPSONVILLE IL 62890 8409700-004 INDEPENDENCE LAND COMPANY. LLC LEASE 

A080409- I 02 THOMAS MICK• 21671 LOCUSGROVERD. THOMPSONVILLE IL 62890 8409700-001 INDEPENDENCE LAND COMPANY. LLC LEASE 

t abow hmd oww:r lo allow imoroorutc 

( 
g -iv 
bl 
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Attachment Part I 3 

MINERAL 
GRANTOR OWNER OF DOCUMENT OF RECORD TYPE RIGHT Independence Land, Inc. Deed Williamson Development 

Company, LLC Williamson Development Lease Independence Land, Inc. Companv,LLC 
Williamson Energy, LLC Sub-lease Williamson Development 

Comoauv, LLC 
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PARTIV 

RECLAMATION PLAN 

1) Provide a reclamation plan map outlining proposed reclamation of the lands within the proposed !BR area and state 
how the !BR area will be reclaimed in conformity with the original plan. 

2) Post Mining Land Use 

A) Provide a detailed description of proposed post-mining land uses and capabilities employing land use and 
capability categories listed below. Provide acreage figures for each post-mining land use proposed for the 
existing permit, the !BR area and total permit after inclusion of the !BR acreage and designate the postmining 
land uses on the Post Mining Land Use Map. Acreage figures for postmining land use must differentiate 
between mined and surface disturbance areas based on the mining line used in the premining section of the 
application. 

RESPONSE: Refer to Attachment IV.2.A. 

Capability 

Existing Permit ( ac) I !BR (ac) 

Land Use Prime HCap NonCr Prime HCap NonCr 

Cropland 0.00 0.00 
Pasture Land 0.00 0.00 
Grazing Land 0.00 0.00 
Forestry 13.36 0.00 
Residential 0.00 0.00 
Industrial/Commercial 0.00 0.00 
Recreation 0.00 0.00 
Fish & Wildlife 
Habitat (Herbaceous) 0.00 0.00 
Fish & Wildlife 
Habitat (Woody) 559.94 3.57 
Fish & Wildlife 
Habitat (Wetland) 0.00 0.00 
Developed Water 
Resources 19.26 0.00 
Undeveloped Land 0.00 0.00 

Prime: Prime farmland 
HCap: High Capability- meeting productivity requirements of62 Ill. Adm. Code 1825. 
NonCrop: Non-Cropland - All soils which do not qualify as prime farmland or high capability. 

I Total (ac) 

Prime HCap NonCr 

0.00 

0.00 

0.00 

13.36 

0.00 

0.00 

0.00 

0.00 

563.51 

0.00 

19.26 

0.00 
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Number Width 

Topsoil Borehole Site 1 2.87 
Topsoil on IUA Road 1 0.7 

Lime 1 3.57 
Control Building 1 100 

Water Recovery Boreholes 2 2 

ATTACHMENTV.1.B 
REFUSE AREA 

RECLAMATION ESTIMATE 
PERMIT No. 375 

WATER RECOVERY BOREHOLES 

Length 

Acres 
Acres 
Acres 
Sq Ft 

2 

Height 

0.5 

530 

Description 

Topsoil Redistributed 
Topsoil Redistributed 

Revegetation 
Concrete pad 

Backfill Boreholes 

Units Price COST 

4,630 Yards 1.5 $6,945 
1,129 Yards 2.5 $2,823 
3.2 Acres 500 $1,600 

100.00 Sq Ft 1 $100 

1,060.0 Yards 1.5 $1,590 

TOTAL $13,059 
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DOCUMENT 

84 
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STATE OF ILLINOIS 

ENVIRONMENTAL PROTECTION AGENCY 

Subject: Williamson Energy, LLC - Pond Creek Mine 

Data: Log No. 0371-08 

Reviewed by: D. Maschhoff Date: 7/13/17 

Page 1 of 1 

Log No. 0371-08 ⇒ IPR No. 13 to OMM Permit No. 375 

Log No. 0371-08 

• Installation of a concrete sump at the existing road tunnel and pipeline to 
Sediment Pond No. 003. 

• This operation keeps the road tunnel operational at all times (heavy rainfalls) for 
health and safety issues. 

* Action: Reference IEPA Log No. 0371-08 in renewed and modified 
NPDES permit for installation of a concrete sump at the existing road tunnel and 
pipeline to Sediment Pond No. 003. 
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Illinois Department of 
Natural Resources 
One Natural Resources Way· Springfield, Illinois 62702-1271 

http:// d nr.state. i I. us 

Mr. James Plumley 

Williamson Energy, LLC 

P.O. Box 99 

Johnston City, IL 62951 

Re: Permit No. 375 

Insignificant Revision No. 13 

Dear Mr. Plumley: 

April 14, 2008 

0371·/0P, 
~ d ~-:t.- 0-d-'ti·O'b 

Rod R. Blagojevich, Governor 

Sam Flood, Acting Director 

Wlm©LITTJ!\\lf~ITT)l \ 
~ J'~, 

APR 2 12008 "" 

IL Environmental 1-1~,v,,,cd /l,goncy 
MARION R/£GIONhL 0?1''101!: 

The appropriate Department technical staff have reviewed the proposed change dated March 26, 

2008, submitted by Williamson Energy for the Pond Creek Mine. The permittee has requested 

approval to drill an emergency concrete supply borehole, and install a concrete sump for the road 

tunnel drainage ditches. Since this operation is not currently approved, it will constitute a change 

to the approved plan. Insignificant permit revisions are allowed under 62 Ill. Adm. Code 

1774. 13(b)(2). 

The Department has determined the proposed alteration is in compliance with 62 Ill. Adm. 

Code 1700 - 1850, and is insignificant and hereby exempts the permittee from submitting a 

permit revision application in accordance with Section 1774.13(b)(2). The Department grants 

permission to install the emergency concrete supply boreho_le, and a concrete sump for the road 

tunnel drainage ditches. 

No additional bond is required because of this change. 

All conditions and provisions contained in the approved permit also apply to this revision. 

Approval from this agency does not relieve the permittee from obtaining approval from other 

agencies requiring such. 

Please submit two additional copies of your request letter and maps to Ronald Morse, Illinois 

Environmental Protection Agency, 2309 West Main Street, Marion, Illinois 62959. 

Printed on recycled and recyclable paper 
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ILLINOIS ENVIRONMENTAL PROTECTION AGENCY 

1021 NORTH GRAND AVENUE EAST, P.O. Box 19276, SPRINGFIELD, ILLINOIS 62794-9276 - ( 217) 782-3397 

)AMES R. THOMPSON CENTER, 100 WEST RANDOLPH, SUITE 11-300, CHICAGO, IL 60601 - (312) 814-6026 

ROD R. BLAGOJEVICH, GOVERNOR DOUGLAS P. SCOTT, DIRECTOR 

July 14, 2008 

Mr. James Plumley 
Williamson Energy, LLC 
P.O. Box 99 
Johnston City, IL 62951 

Re: Williamson Energy, LLC - Pond Creek Mine No. 1 
Permit No. 375 
Insignificant Revision No. 13 

Dear Mr. Plumley: 

618/993-7200 

The Agency is in receipt of the Office of Mines and Minerals approval letter dated April 14, 2008, for the 
above referenced project. In the OMM approval letter, it is so indicated that two (2) copies of the request 
letter and map(s) were to be forwarded to Ronald Morse, Illinois Environmental Protection Agency, 2309 
West Main Street, Suite 116, Marion, IL, 62959. To date, the Agency has no record of receipt of the above 
referenced sub mi Ital. 

The referenced OMM approval letter indicates that approval from the Office Mines and Minerals does not 
relieve Williamson Energy, LLC, from obtaining approval from other agencies requiring such. 

Please be advised that approval from the Office of Mines and Minerals is in no way to be considered as 
approval from this Agency, and any action taken on the proposed activities without prior Agency approval, if 
required, may be a violation of Title 35, Subtitle D: Mine Related Water Pollution regulations and the IEPA 
Permit for your facility. The required copies shall be forwarded to the Agency no later than August 15, 2008. 

Should you have any questions or comments regarding the above, or need any additional information 
concerning Agency requirements, please contact Environmental Protection Engineer, Iwona Ward at 618/993-
7200 or the Marion address listed below. 

Sincerely, 

£tie~:ff 
Manager, Permit Section 
Mine Pollution Control Program 
Bureau of Water 

LDC:IKW:jkb/4983c/07-14-08 

cc: IDNR/Office of Mines and Minerals 

bee: 
Stephen M. Sutphin, Alliance Consulting, Inc. 
BOW /MPCP/FOS/Springfield/ 
BOW/MPCP/FOS/Marion ./ 

ROCKFORD - 4302 North Main Street, Rockford, IL 61103 - (815) 987-7760 • DES PLAINES- 9511 w. Harrison St., Des Plaines, IL 60016 - (847) 294-4000 
ELGIN - 595 South State, Elgin, IL 60123 - (847) 608-3131 • PEORIA - 5415 N. University St., Peoria, IL 61614 - (309} 693-5463 

BUREAU OF LAND - PEORIA - 7620 N. University St., Peoria, IL 61614 - (309) 693-5462 • CHAMPAIGN - 2125 South First Street, Champaign, IL 61820 - (217) 278-5800 
SPRINGFIELD - 4SOO S. Sixth Street Rd., Springfield, IL 62706 - (217) 786-6892 • COLLINSVILLE - 2009 Mall Street, Collinsville, IL 62234 - (618) 346-51 20 

MARION- 2309 W. Main St., Suite 116, Marion, ll 62959 -{618) 993-7200 

PRINTED ON RECYCLED PAPER 
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Williamson Energy, LLC 
PO Box 99 
Johnston City, IL 62951 
Office: 618-983-3020 Fax: 618-983-3017 

Mr. William O' Leary 
ILLINOIS DEPARTMENT 
OF NATURAL RESOURCES 
Land Reclamation Division 
503 E. Main, FL 001 
Benton, IL 62812 

Dear Mr. O'Leary: 

March 26, 2008 

IPR for Permit No. 375 
Refuse/Underdrain Placement 

Williamson Energy, LLC 
Pond Creek Mine No. 1 

Williamson County, Illinois 

Project No. B08-180-1413 

fillm©ImllWlml]) 
SEP 2 22008 · 

IL Envlrcnmantal Protoetkln Agenoy 
MARION REGIONAL OfVl'ICE 

Williamson Energy, LLC, is submitting an original and two copies of an insignificant permit 
revision to show an emergency concrete borehole located within the railroad loop near 
Pond 003, a concrete sump for the road tunnel drainage and two road drainage ditches. 

A roof fall in the mine slope entry has occurred and has mandated that Williamson Energy 
will drill a seven (7) inch diameter borehole over the roof fall area. The seven (7) inch 
borehole will be cased to a five (5) inch diameter hole and will have a depth of 
approximately 180 feet. The purpose of the borehole is to transport concrete to the slope 
entry. When the borehole is no longer needed, it will be grouted the entire length. Refer 
to Map 6 S.F. (Drawing B08-180-B1) for the location of the borehole. 

Due to the recent rainfall, the operator is proposing to install a concrete sump at the 
existing road tunnel and install a pipe and pipeline. The pipeline would discharge into the 
existing Pond No. 003. The sump would be approximately 11 feet long X 6 feet wide X 4.5 
feet deep. The operator must keep this tunnel accessible at all times because of health and 
safety issues. Two road drainage ditches are proposed along the access road at the tunnel. 
The ditch located outside the railroad loop will drain toward railroad which just better 
defines the natural drainage pattern in that area. The ditch located inside the railroad loop 
will drain away from the tunnel and into a 15 inch steel pipe located under the roadbed and 
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within the ditch line. The ditch and pipe will discharge into the existing Pond No. 003. 
Refer to Map 6 S.F. (Drawing B08-180-B1) for the location of the sump and the ditches. 
If you have any questions, or require additional information, please contact us. 

Sincerely, 

~ 
(; . 

James Plumley 
Authorized Representative 

SMS:wmb 
Enclosures 

FILE: 08180 - 01 
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Mine Name: POND CREEK MINE #1 I Permit No: 375 

Quadrangle: PITTSBURG, ILLINOIS Description: WILLIAMSON COUNTY, ILLINOIS 
T8S R3E - SECTIONS 1,2, 11, 12, 13, 14,23, &24 

Date: 03/25/08 T8S R4E - SECTIONS 4, 5 ,_ll.2._8,_ 0, 16, 17, 16, 19, 20, & 21 

REV. DATE 

BECKl.£Y, 'IN (304) ___ , 

DESCRIPTION 

AllianceUI 
Consulting, Inc. 

Engineers Constructors Scientists 

MAP 6 S.F. 

P.M. 

OPERATIONS PLAN MAP (SURFACE FACILITIES) 
POND CREEK MINE NO. 1 

Prepared For 

WILLIAMSON ENERGY LLC. 
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